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Chapter 1

Introduction

Traits of great importance for the biology of organisms and their evolution are driven by clusters

of tandemly duplicated genes (CTDG). CTDGs like the Hox, protocadherin and β -globin genes are

fundamental in the development of animals [1–3], and genes in CTDGs like the major histocompat-

ibility complex (MHC) and the killer-cell immunoglobulin-like receptor (KIR) are important in im-

munity [4, 5] and even speciation [6]. Moreover, expansions and contractions of CTDGs have been

associated with lineage-specific traits such as venom in snakes and platypus [7, 8], and increased ol-

faction perception in rodents and elephants [9]. Despite their biological importance, CTDGs are often

studied in a case by case basis, limiting the scope of comparative and evolutionary analyses in the topic.

I will start with discussing the molecular processes that generate CTDGs. Then, I will cover fun-

damental aspects of animal biology where CTDGs are involved, and the ways in which CTDGs can

generate molecular diversity, from molecular phenotypes, to potentially speciation-inducing variabil-

ity. I will also review the ways in which CTDG have been studied in the past, some challenges we have

when studying CTDGs. By the end of this dissertation I will propose an “evolution research-friendly”

definition of CTDG, as well as strategies about how to study CTDGs in evolutionary context.

1.1 Gene duplication and the evolution of gene families

Back in the early 1900’s, it was observed that variations in the number of loci via partial or complete

chromosome duplications, had the potential to increase phenotypic diversity (reviewed in [10]).It was

well known allelic mutations alone could not account for all the variation seen in vertebrates, and the

role of gene duplication in the evolution of vertebrates was proposed back in the 1960’s [11]. With the

available tools of that time, various genes were inferred to be duplicated via whole genome duplication

or other mechanisms, by comparing the C-value (or the number of chromosomes) of two related taxa

to their gene copy number. For example, from the similar C-values estimated for placental mammals

and the presence two copies of the enzyme lactate dehydrogenase, it was inferred that whole genome

duplication events did not occur after the diversification of mammals [11]. On the other hand, work
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done on plants of the genus Anemone showed that although some species had the same number of

chromosomes, their length tend to be a multiple of a reference, suggesting that segmental duplication,

but not whole genome duplication took place in those species [11, 12].

The model of gene family evolution by gene duplication proposed by Ohno tried to explain how

gene duplicates were retained via accumulation of beneficial mutations. However, beneficial muta-

tions are quite rare, and there are significantly more duplicated genes retained in genomes than what

it would be predicted by Ohno’s model [13]. Study of this observation led to the proposal of the

Duplication, Degeneration, Complementation model (DDC) [14], and other models (reviewed by De-

muth and Hahn [15]). Since the main mechanisms by which gene families evolve involve genome or

chromosome level changes, like tandem gene duplication, translocations, or even whole genome du-

plications [16], knowing how genome evolution is studied is important to further our understanding of

how gene families in general, and clusters of tandemly duplicated genes (CTDG) in particular, evolve.

1.2 Genome dynamics and the evolution of gene families

Genomes evolve by insertion, deletion, replacement, and rearrangement of DNA regions [17]. How-

ever, evolutionary frameworks able to model how structural variation occur in genomes (e.g. genomic

translocations, inversions, segmental duplications) remain limited in scope and resolution, mainly be-

cause several molecular mechanisms can result in a specific duplication outcome. For example, an

tandem inverted duplication can be obtained in one step if a DNA break is fixed using a homologous

region on the same chromatid upstream of the damaged site. Conversely, a similar inverted duplication

can be obtained in at least two steps, one duplication via non-homologous recombination, and one in-

version (fig. 1.1 [16]). Importantly, given that several molecular mechanisms can generate very similar

outcomes, calculating the the rates at which a genome structure evolves (fig. 1.1; e.g. duplication inver-

sion) remains a challenge, which makes the statistical modeling of such processes difficult, hampering

the design of the above mentioned evolutionary framework to study genome structure evolution.

Gene families evolve in this dynamic context of genomic rearrangements. A gene family should in-

clude all the genes that come from the same ancestor. However, from a practical perspective, gene fam-

ilies are often defined by clustering genes by sequence similarity (reviewed by Demuth and Hahn [15]).

In conjunction with gene sequence divergence, gene families evolve by increasing or decreasing the

2



Palindromic sequences

Gene (part of CTDG)

DNA break
Base DNA template

DNA template after duplication

Crossover

A

B

B1

B2

A1

Target duplication

Legend

Figure 1.1: CTDG duplication inversion can occur by mechanisms of varying complexity. A. CTDG
inversion duplication by DNA break repair and template switching. A.1: After a DNA break, palin-
dromic sequences can force a the damaged DNA to use itself as template to repair the damage, and
palindromic sequences at the other end of the damage can provoke template switching, causing the
repair mechanisms to continue in the homologous strand (modified from Reams and Roth, 2015). B:
CTDG duplication inversion by non-homologous recombination (B1) and inversion (B2) (modified
from [18]). Note that B1 and B2 are independent events.

number of genes in them [15].

Interestingly, the processes that give rise to these gene family expansions and contractions influence

the probability of gene duplicate retention. It has been well documented that after whole genome

duplications (WGD), genes coding for proteins that are strongly regulated in their relative concentration

to other proteins will tend to be retained to maintain the stoichiometry of the processes they are involved

in. This is known as the gene balance hypothesis [19]. On the other hand, especially in eukaryotes,

the genes families that tend to show significant expansions (i.e. increase in gene copies) are often

involved with increasing pathogenicity, resistance to toxic substances, or sensing environmental signals

3



in response to stress [15].

1.3 Studying CTDG evolution

1.3.1 Genome-level mechanisms involved in CTDG remodeling

Substantial work has been done documenting cases of gene duplication and its consequences. How-

ever, less work has been done deciphering the molecular mechanisms driving tandem gene duplication,

which usually give rise to CTDGs, mainly because of practical and theoretical challenges. One of the

challenges of modeling CTDG evolution is gene conversion. Since gene conversion removes sequence

variation of gene duplicates in a CTDG, using classic phylogenetic methods becomes risky because

the sequence variation necessary to perform phylogenetic analyses deteriorates after gene conversion,

which in turn can obscure inferences about the timing of duplication events, because instead of ob-

serving the diversification history of a CTDG along the CTDG phylogeny, we would see the history of

gene conversion events (at best), or a very poorly resolved tree (at worst). However, gene conversion

has been hypothesized to be an important biological mechanism for maintaining the integrity of the

function of CTDGs. For example, the protocadherin CTDG generates high diversity of receptor types

by splicing several variable exons (exons that contribute the sequence diversity of the spliced gene)

expressed independently with constant exons (exons that are always expressed in the spliced gene). In-

terestingly, evidence exists supporting that although gene conversion is not common among the variable

exons, it is a common occurrence between the constant exons, which ensures sequence and function

stability of the spliced gene [20]. As CTDGs are genomic features (regions of the genome with specific

characteristics), they are influenced by many evolutionary processes, both at the scale of the genes they

contain, as well as the different molecular mechanisms that generate them. For example, CTDGs can

be formed (or amplified) by genomic exchanges between sister chromatids as a way of resolving DNA

lesions, and they can produce duplications in the same strand or inversions, depending on the chromatid

that was used as template to repair the lesion (fig. 1.1 [16]). Moreover, CTDGs can be amplified one,

a few, or several genes at the time, depending on the size of the duplicated genomic region [21]. In

adition to genome-level mechanisms that modify, add, or remove gene duplicates, CTDGs can also

be remodeled over evolutionary time by inversions, translocations, and other genomic-level rearrange-

4



ments, shadowing the biological processes that generated them [22].

1.3.2 CTDGs are structural features of the genome

When performing phylogenetic studies on genes, population-genetics and evolutionary theory pro-

vide a robust background from which evolutionary hypotheses can be tested. Since point mutations are,

as the name implies, restricted to one nucleotide, the spatial relationships between a focal nucleotide

and others is not part of the intrinsic characteristics of the mutation. However, since CTDGs are clus-

ters, (i.e. a spatially determined gene organization), when studying a CTDG, not only the homology

relationships between their genes is required to define said CTDG, but also the spatial relationships be-

tween the genes in a CTDG and its genomic neighborhood are intrinsic characteristics of the CTDG [23]

(fig. 1.2).

0

0

ND IGRegion

CTDG
Other sequences

ND: Number of duplicates
IG:  Intergenic distance

Figure 1.2: Representation of the defining characteristics of a CTDG in four hypothetical genomic
regions of equal length. The number of gene duplicates in a CTDG (ND) is not enough to describe a
CTDG. Specifically, the intergenic distances (IG) inside (black horizontal lines) and outside (colored
horizontal lines) CTDGS can vary substantially, depend on the length and number of duplicates of a
CTDG, and should be considered in the context of the genomic background specific to each species.

Looking at the complexity introduced in defining a CTDG, it is worth asking if we need to define

what a CTDG is. Are CTDGs really biological entities, spatially and evolutionarily constrained? In

other words, are the parameters and characteristics used to define a CTDG (fig. 1.2) of such evolutionary
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relevance to require delineating yet another biological definition?

1.4 The importance of CTDGs in biological systems and their influence in phenotypic variation

1.4.1 Conserved CTDGs driving polymorphic traits

Arguably some of the most well-known CTDGs are the four Hox CTDGs. Hox genes are transcrip-

tion factors containing a homeodomain region, and drive the anterior-posterior patterning of body plans

in metazoans [24]. The importance of the four sets of Hox genes as a CTDGs relies on the fact that

they are expressed along an animal axis during development in the order they exist in the CTDGs (i.e.

Hox genes at the 5’ end are mostly expressed in the posterior section of the embryo, and Hox genes

at the 3’ end are mostly expressed in the anterior section of the embryo). The importance of the Hox

CTDGs as such is accentuated by the identification of the Hox CTDGs in almost all bilaterian species

with their genes mostly in the same order. The conservation of gene order across almost 1,000 million

years supports the idea that Hox CTDGs work as a biological entity that must be conserved to achieve

their function of body plan patterning [24]. For example, the expression pattern and timing of some 3’

Hox genes are important in the development of the little skate (Leucoraja erinacea) pectoral fin, but

not in the development of the anterior fins of the related bamboo shark [25].

Many other gene families with several duplication events have been shown to have a crucial role in

metazoan early development. Zinc finger-associated domain genes (ZAD), which are expressed in the

female germline in D. melanogaster; NHR genes involved in molting and metamorphosis in C. elegans;

and T-box genes, expanded in C. elegans and involved in cell-fate determination; are some interesting

examples [26]. Notably, although many genes from the examples presented above are located in close

proximity to each other and are recognized as lineage-specific expansions, they were not explicitly

characterized as part of CTDGs.

It is important to note that although the general organization of each paralogous Hox gene in each

of the Hox CTDGs is maintained, other defining parameters of CTDGs are not. For example, it has

been observed that only one Hox CTDG exists in the ascidian Ciona intestinalis, which lacks some

Hox genes conserved in other species. Moreover, the Hox CTDG in C. intestinalis is not as compact

as in other species, even suggesting that it is not one but several CTDGs [27]. Similarly, a significant
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amount of transposable elements have been observed in the Hox CTDGs of the anole lizard (Anolis

carolinensis), increasing the length of such CTDGs [28], and non-conserved gene order and length

of the only Hox CTDG in the sea urchin (Strongylocentrotus purpuratus) has been studied [29]. It is

tempting to speculate that differences in the genomic organization of the conserved Hox CTDG can

explain part of the body plan architecture in some animals, especially in non-vertebrate chordates, like

C. intestinalis or S. purpuratus. However, we have to keep in mind that although conserved, some level

of variation in the Hox CTDGs exists, and those “deviations” from the norm, are part of the spectrum

of natural variation inherent to the Hox CTDGs [30].

The β -globin CTDG has been extensively characterized, and its conservation across mammals has

been noted [1]. Interestingly, the expression pattern of each globin in the CTDG is also develop-

mentally restricted, and mutations disturbing the structure of the CTDG can cause diseases such as

thalassaemia [31] and the “hemoglobin Kenya” [32]. A region 5’ of the genes in the β -globin CTDG is

considered conserved in mammals, and it has been identified as a locus control region (LCR), respon-

sible of the regulation of genes in the β -globin CTDG [33, 34].

The Hox and β -globin CTDGs are examples of how some level of conservation is needed to ensure

the proper function of a CTDG. However, there are CTDGs that are highly polymorphic, in part because

generating molecular diversity is an integral part of their function.

1.4.2 Molecular diversity-generating CTDGs

Protocadherins are mainly expressed in synaptic regions on neurons to avoid improper neuronal

connections, and are necessary for the neuron expressing them to connect to their correct target neu-

ron [35]. As expected, such a function requires high levels of molecular diversity. There are two

sections of the protocadherin CTDG: the variable region, and the constant region [36]. A protocadherin

protein is produced by splicing together one exon from the variable region, and three exons from the

constant region [35]. Moreover, even higher molecular diversity is achieved by regulating the expres-

sion of each protocadherin exon in a monoallelic manner [37].

Another CTDG that is very well known for its polymorphism-generating characteristic is the vertebrate-

specific MHC CTDG. The main function of MHC genes is to generate glycoproteins to present peptides

to T cells [5]. Similarly to the protocadherin CTDG, the MHC CTDG-encoded proteins are composed
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by a conserved domain, and two or three extracellular domains (for class I and class II molecules respec-

tively), and a more conserved transmembrane domain. Molecular and phylogenetic evidence suggest

that the MHC CTDG maintains high levels of molecular diversity via tandem duplication, unequal

crossover, somatic recombination, and gene conversion on different sections of the CTDG [5].

Of interest is another CTDG involved in immune response, the KIR CTDG, which encode for re-

ceptors that interact with motifs of the MHC class I molecules to elicit or inhibit immune response

in natural killer cells. Similarly to the MHC and protocadherin CTDGs, it is a CTDG where signifi-

cant polymorphisms have been observed [4]. However, in the KIR CTDG, genomic and phylogenetic

analyses suggest that most of the molecular diversity of the KIR CTDG was generated by insertion

and movement of transposable elements in and out of the CTDG [4]. As opposed to the the protocad-

herin and MHC CTDGs, the diversity is not all contained in one organism, but as at least 30 different

haplotypes observed across human populations [38].

1.4.3 Lineage-specific CTDG remodeling and their phenotypic products

Some of the more charismatic CTDGs involve lineage-specific expansions or contractions that are

correlated with phenotypes characteristic to that lineage. A classic example involves the CTDG expan-

sion of olfaction receptors in rodents and elephants, which rely heavily on olfaction cues [9].

The reduction in ORs has been associated with the evolution of color vision in primates [39, 40]

(but see [41]), which caused them to rely more on visual cues, and less on olfaction. Gene loss in

OR CTDGs in primates (via pseudogenization) concurrent with the evolution of trichromatic vision

in primates has been put forward as evidence for the hypothesis of gene turnover as a response to

ecological changes [9, 39, 40, 42]. In a similar fashion, it has been observed that the number of OR

has decreased significantly in platypuses and dolphins, concurrent with their evolution to semi-aquatic

or fully aquatic lifestyles, as well as the evolution of bill sense and echolocation sensory systems

respectively [43]. Similarly, the number of genes in CTDG showing high levels of molecular variation,

like the phospholipase-A [7], defensins [8], and kallikreins [44] gene families (not in all cases explicitly

characterized as CTDGs) were expanded in venomous crotalous snakes, platypuses, and the king cobra

(respectively) compared to non-venomous relatives.

Recently, the expansion of the Apolipoprotein D (ApoD) CTDG has been reported in different

8



teleost fishes [45]. In this case, it is of interest that non-expanded ApoD genes tend to have conserved

expression patterns, but expanded ApoD orthologs tended to be expressed in sub-sets of the tissues that

their non-expanded orthologs expression pattern, and even got expressed in tissues their non-expanded

orthologs did not [45].

Another interesting example of how CTDGs can promote phenotypic variation is the MHC CTDG,

this time, not regarding MHC molecules, but speciation rates. It was reported that lineage-specific

expansions and contractions of the MHC locus in several branches of the teleosts phylogeny were cor-

related with speciation rates in those lineages [6]. This discovery is particularly interesting because it

support the hypothesis explaining how the number of MHC copies is restricted to the habitat of specific

species [46]. Briefly, that hypothesis shows how if the balance of MHC copy number in an organism

is broken (in hybrids from parents with different MHC copy number), the organism would have less

fitness to the habitat of either of its parents, stabilizing species by reducing the fitness of the hybrids.

This example, although different in mechanism, is similar to the well-known case of the chromosomal

inversion causing barriers to recombination in heliconia butterflies [47]. In the case of heliconia butter-

flies, local chromosomal rearrangements can cause maintenance of linkage disequilibrium to the point

of promoting speciation [47].

The prolactin CTDG is an interesting but more complicated example. Although it was first identified

for its ability to stimulate lactation in rabbits, it has been implicated in functions as diverse as electrolyte

balance, metamorphosis, brain development, behavior, and immunoregulation [48] across vertebrates.

However, in rodents and bovids, where prolactin is part of a CTDG, one prolactin mainly expressed

in the pituitary gland, and the rest of the prolactins in the CTDG are expressed the mammary gland

and placenta, and other tissues. Interestingly, independent lineage-specific expansions of the prolactin

CTDG have been reported in bovids and rodents [49]. However, the wide expression patterns of its

genes make the interpretation of these expansions difficult to interpret.

As seen from these examples, CTDGs can drive high levels of phenotypic diversity by various

mechanisms. Genes in CTDGs can be expressed in different tissues and developmental stages, dras-

tically changing the phenotypic output of their molecular function (e.g. Hox CTDGs driving develop-

mental programs in different parts of the embryo, or pancreatic enzymes expressed in a snake venom

gland). CTDGs can also achieve high levels of phenotypic diversity by concentrating somatic recombi-
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nation among their genes (e.g. MHC), or combining their genes via splicing (e.g. protocadherins). Also,

high degrees of diversity can be achieved by CTDGs if recurrent CTDG expansions are permissible in

lineage-specific manner (e.g. OR, ApoD, prolactin). Importantly, variation in CTDG copy number has

been linked to speciation events, which reiterates the importance of CTDG in the biology of genes,

organisms, population, and species.

The high conservation and biological importance of CTDGs like the Hox [50], β -globins [51],

prolactin [52], or protocadherins [20] make a strong case justifying the need of considering a CTDG

as a biological entity. However, we are still in need of a theoretical framework able to explain that the

characteristics defining a CTDG are exploited by the biology of the genomes that harbor them, and that

CTDGs are subject to evolutionary forces. In order to start proposing such a model, we first need to see

how have CTDGs been defined and studied.

1.5 History of CTDG discovery and definitions

1.5.1 Identifying CTDGs before genome sequencing technologies

One of the first CTDGs ever characterized was the histone cluster. There was evidence suggesting

that the partially characterized S9 mRNA from cleaving sea urchin embryos contained three RNA

regions that coded for the three major histone fractions. Using RNA-DNA hybridization and DNA

denaturation experiments, Kedes and Birnstiel showed that the S9 mRNA fraction not only contained

at least the three major histone coding sequences, but also that the S9 mRNA contained very similar

sequences in close proximity [53].

A few years later, it became evident that five non-α-globins existed and evolved from the dupli-

cation of a β -globin gene [54]. Data from pathologies like the “hemoglobin Kenya” [32] and the

“hemoglobin Lepore” [55], in which the fusion of β -globin with γ- and δ - globins (respectively) is

observed, suggested that the hemoglobin Kenya was a product of non-homologous recombination of

tandemly arranged genes, which could also include other members of the globin gene family. More

direct evidence supporting the hypothesis of the globin cluster came in the form of a restriction enzyme

physical map, confirming that the delta and beta globins were next to each other, and promoting further

research, which confirmed the existence of the beta-globin cluster (reviewed in [1]).
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1.5.2 Gene-specific sequencing and CTDG identification

Advances in molecular biology techniques and sequencing benefited research in CTDGs. Through

gene sequencing, it was known that the human growth hormone has high sequence similarity to the

human prolactin gene and to other growth hormone-related genes (reviewed in [56]). Later on, the or-

ganization of the growth hormone CTDG was characterized by probing a phage clone library of human

genomic sequences with the human growth hormone gene clone, and recognizing that several overlap-

ping clones contained several copies of the growth hormone probe [57]. Similar techniques were used

to identify the CTDG harboring the myosin heavy chains (myHC) [58]. However, the case of the myHC

CTDG, in-situ hybridization experiments were used to further characterize the chromosomal location

of the CTDG to the band q12 of the chromosome 14 [59]. Similarly, several olfaction receptor (OR)

CTDGs were identified by in-situ hybridization of PCR products of the OR3B and OR5B genes [60].

Given the wide distribution of the OR CTDGs and their biological and evolutionary importance, the

OR CTDG on chromosome 17 was independently sequenced, providing an even more detailed picture

of that specific CTDG at that time [42].

1.5.3 CTDGs in the genomic era

As expected, the advent of genome sequencing in the late 1990s brought valuable tools and re-

sources to the field of CTDG genomics. In 1999, by using BLAST searches against sections of avail-

able human genomic sequences, Wu and collaborators were able to locate the protocadherin CTDG

composed by 52 gene duplicates to the band q31 of the human chromosome 5 [61]. With improved

bioinformatics methods, the development of better computational resources, and a significant rise in

the number of available vertebrate genomes, comparative studies on the structure and evolution of CT-

DGs across species was made possible. One such instance of early comparative analyses of CTDGs

took place studying the evolution of the Siglec CTDG. By sequencing four Siglec CTDGs in Chim-

panzee, Baboon, Mouse, and Rat; comparisons of their gene structure with that of the human Siglec

CTDG provided valuable evidence supporting a hypothesis of CTDG expansion, diversification, and

contraction in the Siglec CTDG [62]. That study provided the starting material for even larger studies,

including human, chimpanzee, macaque, mouse, rat, dog, and opossum, where an interesting pattern

of inversion duplication was observed, and it was hypothesized that such inverse duplication occurred
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over 180 million years ago, before the diversification of mammals [63].

Since at least the early 70s, CTDGs have been a fascinating and fertile field of molecular biology

research. However, as can be observed from the studies mentioned above, the techniques, parameters,

and types of results (e.g. chromosomal bands from in-situ hybridization, vs. restriction maps) are so

different, that integrative approaches able to compare not only genes in CTDGs, but CTDGs in genomes

using different CTDG identification techniques have been impractical. For example, how close two in-

situ hybridization signals have to be to be as close as two mRNAs being in an arbitrarily short stretch

of DNA cut by a pair of restriction enzymes?.

Given how important gene duplication is in the evolution of gene families and how dynamic the

genome is in terms of its structure and gene order, being able to analyze CTDGs in a comparative

framework is fundamental to understand how gene families and their genomic environment interact in

the course of evolution. However, such an endeavor has been difficult to pursue because a historical lack

of a unified method for defining and identifying CTDGs. As will be noted, although some effort has

been done in the genomics community to develop CTDG identification methods, more work is needed

to give the field of CTDG genomics the solid theoretical and methodological foundation it needs to

make use of its full potential.

1.6 CTDGs definitions: challenges and proposed solutions

The first computational approaches to identify CTDGs were based only on sequence similarity. The

idea was to use BLAST or related algorithms to identify all the genes similar to a query. For example,

Martin and collaborators used blastn to find 6 killer cell immunoglobulin-like receptors (KIR) on an

available section of chromosome 19 [4]. The authors used the resources available at the time, and

leveraged them to produce a map of the putative KIR CTDG. However, although they report the

intergenic distance between the KIR duplicates in the KIR CTDG as short (1–3 kbp), it is not clear

how do they define the intergenic distances of those genes “short enough” to be considered part of a

CTDG. It is important to mention that at that time, the human genome lacked relevant chromosome-

level genomic sequences, so accounting for the gene duplicate density in the genome was not possible.

With the availability of more and longer genomic sequences, other methods for identifying CTDGs

emerged. For example, a Casein and Enamel matrix protein CTDG was identified using sequence
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searches, but in this case, the structure of the duplicates in the cluster (i.e. intron – exon organization)

in human and mouse was characterized using a dot-plot approach. In this case, the 12 duplicates of the

cluster span more than 776 kbp on the human chromosome 4 [64]. Similarly, CTDGs were predicted in

the human genome using dotplots from a self-alignment of the human genome [65]. Interestingly, the

same authors used inter-species dotplots to predict the beta-globin CTDG in the galago genome [65].

However, discussion of the gene duplicate density of CTDGs in different species was lacking.

More recent methods have tried to include estimations of gene density in their calculations. For

example, Cannon and collaborators used the average gene density of 50 Kbp or 30 Kbp in Arabidopsis

thaliana as their length unit, so that tandem duplications are operationally defined as a set of homolo-

gous genes in a genomic region of 50 Kbp [66]. This threshold is based on the observation that there is

on average one gene per 5 Kbp in A. thaliana, and that most of the regions between 5 Kbp and 50 Kbp

contain densities of duplicated genes above their genome-wide estimate for a region of 5 Kbp.

In order to account for differences in gene family sizes, the authors placed N genes in random

places on a 100 Mbp hypothetical genome, and calculated the “expected values” of having tandem

duplications on a gene family of N genes “by chance alone”. However, it must be pointed out that

this null model could be greately improved, mainly because it assumes that genes are not duplicated

from an existing gene, but somehow duplicated several times instantly and then put in random places

in the genome. Although null models of gene duplication are needed, special attention should be put

on proposing models or standardizing expected values that are biologically relevant.

In order to appreciate the importance of considering the gene duplicate density of a CTDG com-

paratively to the genome it belongs to, let us consider the hypothetical example of the fusion of two

homologous chromosomes and a gene translocation event (fig. 1.3). In such a scenario, and considering

only the fact that two genes from a gene family are in the same chromosome (as implied in articles de-

scribing CTDGs without considering gene duplicate density in their methods), spurious CTDGs could

be called. In the case of the gene translocation (fig. 1.3 A.), if the gene copy is retro-transposed in the

same chromosome (and exon-intron structure are not compared), a spurious CTDG could be called. In

the case of the chromosome fusion, every gene will be clustered because there would be a copy of itself

at the other end of the (now fused) chromosome (fig. 1.3 B.). Both of these events are biologically

different from CTDGs that evolved by tandem gene duplications like the Hox, globin, or protocadherin
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CTDGs, and should be studied independently. The problem of defining a CTDG without taking into

account the gene duplicate density of the CTDG candidate with respect of that of comparable regions

across the genome is apparent from the above mentioned hypothetical chromosome, because such a

“definition” would make a categorical claim (this region is a CTDG) from only the observation of a

quantity (the gene duplicates are in a X bp region; X being any number of base pairs). A more practical

example, and in depth discussion was crafted by Duboule, in its criticism against the representation of

the Hox cluster as a clean and organized CTDG across species, where he explains how it is misleading

to classify Hox CTDGs across species as equally organized, without considering the immense diversity

of such a CTDG [29, 67] and the phenotypes it can drive [30]. It is important to point out that I am

assuming that closely (compared with its genomic background) spaced genes are generated by tandem

gene duplication. However, substantial evidence exists supporting that claim [7, 61, 68–75].

+ or=

A B

Figure 1.3: Scenarios where processes other than tandem gene duplication could result in spurious
CTDGs if gene densities are not taking into account. A. Gene transposition. B. Chromosome fusion.
In both cases exemplify how observing two genes of the same gene family (orange or blue) in the same
chromosome is not enough evidence to call a CTDG

As shown above, defining what a CTDG is not only challenging, but also of prime importance if

we want to study their evolution. In order to test if CTDGs are biological entities subject to selection,

first we have to be able to define and identify CTDGs. However, the variability in gene density across

chromosomes and more importantly, across species, make the identification of regions of “high” gene

duplicate density challenging. Moreover, the methodological incongruence across CTDG identification

(e.g. FISH, restriction maps, sequencing) has made comparisons between CTDGs, especially between

species, difficult. In the first chapter, I propose a definition of CTDG that takes into account the speci-
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ficities of gene density and gene duplicates positions in a genome, and implement such definition as an

algorithm (CTDGFinder) that uses a spatial clustering algorithm to identify potential CTDGs, and then

validates them taking into account the intergenic distance composition in the target genome. I evaluated

the performance of CTDGFinder by identifying several well-known CTDGs (β -globin, Hox, protocad-

herin, galectin, Siglec, luteinizing hormone beta, prolactin, and growth hormone). Interestingly, all

those CTDGs were first identified by several methods, but all were recovered by CTDGFinder. How-

ever, although previously identified as one CTDG, CTDGFinder identified two CTDGs for each of the

galectin and siglec CTDGs, I found that the separation of each of those CTDGs corresponds to im-

portant evolutionary (cluster duplication) and regulatory (tissue expression enhancement) events in the

Siglec and galectin CTDG respectively.

Are CTDGs just a statistical anomaly coming from random gene duplication?. Are CTDGs tem-

porary errors during the evolution of gene families that are swiftly removed from a species genome?.

Or, are CTDGs conserved features of genomes? Using CTDGFinder to map the repertoire of CTDGs

on 22 selected mammalian genomes, chapter 2 is devoted to tackle these questions. By studying the

distribution of CTDGs across genomes, I show how there are CTDGs that are indeed conserved across

genomes, but are not uniformly distributed across chromosomes. Digging deeper into this observation,

I discuss in how the human chromosome 19 (the most clustered chromosome in the human genome)

evolved from two ancestral chromosomes, one of which has been highly clustered at least since the

divergence of the eutherian lineage. Moreover, I show how the syntenic regions of chromosome 19

with other mammals have been under contraction, possibly consolidating CTDGs and increasing their

gene duplicates density. Finally, I discuss evolutionary hypotheses derived from these analyses with

high potential of improving our understanding of genome evolution and gene family organization.
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Chapter 2

A novel homology-based algorithm for identifying closely spaced clusters of tandemly duplicated

genes1

2.1 Abstract

Closely spaced clusters of tandemly duplicated genes (CTDGs) contribute to the diversity of many

phenotypes, including chemosensation, snake venom, and animal body plans. CTDGs have tradition-

ally been identified subjectively as genomic neighborhoods containing several gene duplicates in close

proximity; however, CTDGs are often highly variable with respect to gene number, intergenic distance,

and synteny. This lack of formal definition hampers the study of CTDG evolutionary dynamics and the

discovery of novel CTDGs in the exponentially growing body of genomic data. To address this gap,

we developed a novel homology-based algorithm, CTDGFinder, which formalizes and automates the

identification of CTDGs by examining the physical distribution of individual members of families of

duplicated genes across chromosomes. Application of CTDGFinder accurately identified CTDGs for

many well-known gene clusters (e.g. Hox and beta-globin gene clusters) in the human, mouse, and 20

other mammalian genomes. Differences between previously annotated gene clusters and our inferred

CTDGs were due to the exclusion of nonhomologs that have historically been considered parts of spe-

cific gene clusters, the inclusion or absence of genes between the CTDGs and their corresponding gene

clusters, and the splitting of certain gene clusters into distinct CTDGs. Examination of human genes

showing tissue-specific enhancement of their expression by CTDGFinder identified members of several

well-known gene clusters (e.g. cytochrome P450s and olfactory receptor) and revealed tht they were

unequally distributed across tissues. By formalizing and automating CTDG annotation, CTDGFinder

will facilitate our understanding of CTDG evolutionary dynamics, their functional implications, and

how they are associated with phenotipic diversity.

1This chapter was published in Molecular Biology and Evolution. 2007 [23]
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2.2 Introduction

Gene duplications are among the most frequent types of mutational changes in genomes [16] and

arguably the largest source of novel gene functions [76–78]. Gene duplication can occur by many

different mechanisms [78], including transposition [79], polyploidization [80, 81], and recombination

[82]. Recombination-based gene duplication results in tandem gene duplication, in which the gene

duplicates lie adjacent to each other and are closely spaced on the chromosome [42, 61, 64]. Chro-

mosomal regions containing multiple homologs that have arisen through tandem gene duplication are

common features of genomes, and are often described as clusters of tandemly duplicated genes (CT-

DGs) [4, 20, 36, 83–85].

Notable examples of CTDGs include the vertebrate protocadherin gene clusters [20, 86], the ver-

tebrate and invertebrate olfactory receptor gene cluster [9, 40, 87], the vertebrate natural killer cell

receptor gene clusters [88], and the Hox gene clusters found in one or more copies across metazoans

[4, 20, 75]. Many CTDGs contribute to traits that are highly variable, such as the composition of snake

venom [44], the architecture of animal body plans [89], the olfactory repertoire [42] or the immune

response [4].

Given the many CTDGs from diverse gene families found in a wide diversity of organisms, the

absence of a formal definition of what constitutes a “cluster of tandemly duplicated genes” is surpris-

ing. The standard, informal definition that unites the known examples of CTDGs is that they represent

groups of duplicated genes that are closely spaced [70], although CTDGs sometimes also contain non-

homologous genes [90]. As practical as this definition may be, it is subjective. For example, should

two genes located adjecent to each other on a chromosome be considered a cluster? Answering this

question is challenging without considering the probability of observing two duplicates next to each

other in the chromosome, which in turn requires knowledge of the number and distribution of duplictes

in the genome a well as comparison of the intergenic distance between genes in the cluster with those

in the rest of the chromosome.

An examination of the organization of the Hox gene cluster across diverse metazoans, which is of-

ten protrayed as a conserved, organized, and temporally and spatially clustered set of duplicated genes

[24, 89, 91], is a good case in point. Whereas genes in vertebrate Hox gene clusters are typically closely
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spaced and encoded on the same strand, Hox gene clusters in other animal phyla show striking differ-

ences in the number of genes that are members of the gene cluster, in their intergenic spacing, as well as

in their general organization [30]. For example, the Hox gene cluster in sea urchin Strongylocentrotus

purpuratus contains genes exhibiting long intergenic distances and are encoded in both strands [29]

(fig. 2.1). In the fruit fly Drosophila melanogaster, the Hox “gene cluster” is actually composed by two

distinct clusters; the ANT-C cluster, which contains 11 non-Hox genes and five Hox genes encoded

in both strands (five non-Hox genes and four Hox genes are in the 3‘ strand and the others in the 5‘

strand), and the BX-C cluster, which contains three Hox genes in the 3‘ strand and two non-Hox genes,

one in each strand (fig. 2.1). In contrast, the HoxD gene cluster in the Mouse Mus musculus -one of the

four Hox clusters in this organism- is composed by nine contiguous homologous genes in thes same

strand (fig. 2.1).

Hox cluster of the sea urchin (Strongylocentrus purpuratus)

BX-C cluster of the fly (Drosophila melanogaster)

HoxD cluster of the mouse (Mus musculus)

Ant-C cluster of the fly (D. melanogaster)
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Figure 2.1: An illustration of the variation in the genomic organization of Hox “gene clusters” in three
different animal species. The Hox gene cluster of the sea urchin (Strongylocentrotus purpuratus), the
Bithorax complex (BX-C), and the Antennapedia complex (ANT-C) clusters of the fruit fly (Drosophila
melanogaster), and the HoxD cluster of the mouse (Mus musculus). Genes belonging to the Hox gene
family are shown in blue and intervening non-Hox genes in gray.
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2.3 Methods

Gene Annotation

Genome annotation for all the mammalian species with assembled chromosomes available from

the NCBI was downloaded from ftp://ftp.ncbi.nih.gov/genomes (table B.47). Genes were annotated

using CDS (coding sequence) features from their annotation GenBank files. If two CDS features had

the same start or end coordinate, the longest gene was selected. If two genes in the same strand had

overlapping coordinates but different start coordinates, the gene with the start coordinate downstream

from the other gene was removed.

CTDGFinder Validation on Previously Described (Reference) Gene Clusters

Representative protein sequences from the prolactin, growth hormone, Hox, Galectin, luteinizing

hormone beta (LHB), β -globin, Siglec, galectin, and protocadherin (PCDH) gene clusters were down-

loaded from the NCBI (table B.1). Gene family cluster analysis was performed for each downloaded

set of sequences using the CTDGFinder algorithm described below.

Phylogenetic Analysis of Orthologous CTDGs

In order to identify orthologous CTDGs, phylogenetic trees were built using the protein sequences

from all the CTDGs in a gene family. The best substitution model was selected using ProtTest [92]. The

phylogenetic tree was estimated using the rapid bootstrap function implemented in RAxML, version

8.2.4 [93], and 100 bootstrap pseudoreplicates were performed. The tree was rooted using evolutionary

information about each family, and the leaves containing genes from known CTDGs in human and

mouse were used to identify the clade with CTDG orthologs (selected clade). Given that CTDGs

in human and mouse could have experienced gene deletions or accelerated rates of evolution, sister

branches of the selected clade were also inspected for the presence of members of the known CTDGs.

The set of CTDG orthologs was defined as the CTDGs with all their genes in the selected clade.
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CTDGFinder Programing Environment

CTDGfinder was coded in Python 3.43 using the Pandas library v0.16.2 for table manipulation,

Numpy v1.9.2 [94] for numerical arrays manipulation, BioPython v1.65 [95] for sequence manipula-

tion and communication with the NCBI servers, scikit-learn v0.16.1 [96] for statistical analysis, and

matplotlib v1.4.3 [97] and Bokeh v0.9.2 for graphics generation. CTDGFinder is freely available from

https://github.com/biofilos/ctdg finder.

Assessing the Degree of Clustered Genes with Human Tissue-Enhanced Expression

The “RNA gene data” expression dataset was downloaded from the Protein Atlas (tissue dataset)

[98], and genes that were tissue enhanced were selected. Protein sequences from these selected genes

were downladed using the BioMart API from Ensembl. In cases where several protein sequences were

mapped to the same gene identifier, only the longest proteins sequence was used. CTDGFinder was

run for each of the selected genes. To evaluate whether a given gene was a member of a CTDG,

its coordiantes were contrasted with those of all the clustered genes found by CTDGFinder. If the

coordinates of a selected gene overlapped with those of a clustred gene, the gene was annotated as

clustered.

Gene Family Cluster Analysis (CTDGFinder Algorithm)

Each query protein or protein set was used as a query for BLASTP (default E-value: 0.001 was used;

it can be changed by the user) against all the proteome of the species under study. BLASTP hits that

were either more than three times the length of the query or less than one third the length of the query

were removed (length ratio less than 0.3). The set of BLASTP hits in each chromosome (pre-clusters)

was processed using the meanshift algorithm as implemented in scikit-learn [96]. Since the meanshift

algorithm is implemented to identify clusters in more than one dimension, the start coordinates of the

pre-clusters were considered to be the x coordinates and the y coordinates were set to zero. The mean

plus the standard deviation of all intergenic distances in the chromosomes where a given pre-cluster

resides were used as the bandwidth parameter for the meanshift implementation. In the meanshift step,

the pre-clusters can be ignored, subdivided, or confirmed as proto-clusters. Its output consists of a set

of proto-clusters per chromosome.
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In order to extract clusters that have more duplciates than expected in the genome, 1,000 random

regions of the length of each proto-cluster were taken from the genome for the following analysis:

an all vs. BLASTP search of the complete set of proteomes under study was used to extract the gene

duplicates of the genes in the region, and the maximum number of hits was considered the maximum

number of gene duplicates. Proto-clusters containing more gene duplicates than the 95th percentile

from the genome-wide sample set were considered clusters of tandemly duplicated genes (CTDG).

2.4 Results

Defining a Cluster of tandemly duplicated genes

We define a cluster of tandemly duplicated genes (CTDG) in a given genome as a genomic region

that contains a statistically significant higher number of tandemly duplicated genes from a specific gene

family than the average background genomic region of the same length.

The CTDG Finder algorithm

To formally define CTDGs we developed the CTDGFinder algorithm (fig. 2.2), which uses se-

quence similarity and the density of the distribution of duplicated genes across the genome to statis-

tically assess and demarcate the presence of CTDGs in a genome. CTDGFinder is written in Python

and is freely available from https://github.com/biofilos/ctdg finder. Briefly, given a query reference

protein sequence, or a set of sequences, and a subject genome or set of genomes, CTDGFinder uses the

BLAST algorithm [99] to identify sequences that statistically significantly similar (homologs) in the

subject genome(s). The sets of closely spaced duplicated genes identified on each of the chromosomes

are considered candidate clusters.

Whether the genes in these candidate clusters comprise one or more genuine clusters of tandemly

duplicated genes (CTDGs) is evaluated and determined by the meanshift algorithm [100]. Specifi-

cally, the meanshift algorithm treats a parameter as an empirical density function, and its objective is

to find the region(s) of the parameter space with the highest density (or densities). In the context of

the distribution of duplicated genes across a given chromosome, the meanshift algorithm identifies the

genomic region(s) with the highest density (or densities) of duplicated genes of the protein reference
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sequence(s). Statistical assessment is performed by comparing the number of duplicated genes present

in the genomic region(s) identified by the meanshift algorithm against an empirical distribution of du-

plicated genes. Such an empirical distribution is obtained by counting the highest number of duplicated

genes from any gene family contained in each of 1,000 randomly sampled genomic regions from the

same genome of length equal to that of the cluster candidate from the meanshift step. Genomic re-

gions with more duplicated genes than the genome-wide 95th percentile of this empirical distribution

are considered CTDGs (an overview of the algorithm is shown in fig. 2.2).

Sample 1,000 random locations
of length L in the genome

Query: user-specified query fasta
Subject: annotated proteomes
E-value: 0.001
Length ratio: < 0.3

Blastp

Input: chromosome specific gene hits
(pre-clusters) + Genomic coordinates of Blasthits
Bandwidth parameter: mean + SD of
chromosome intergenic distances
Output: proto-clusters (clustered sets of genes)

MeanShift

For each proto-cluster:
Statistical assessment

Input: proto-cluster
Output: boolean (is it a CTDG?)

Output
CTDG coordinates

Gene annotations for each CTDG

Extract:
Np: Number of duplicates
L: Length of the proto-cluster

Input: genomic coordinates
Output: Maximum number
of duplicates

For each sample:
Genome
sampling

Duplicates threshold
Input: set of maximum number of duplicates
Output: p95 = percentile 95

Np > p95 Yes

No

CTDG = True

CTDG = False

Return CTDG

Genome sampling

Get genes contained in the
sample region

For each gene in the
sample region

Input: gene accession
Output: Number of duplicates

Return maximum number of
region-specific blast hits

Extract blastp hits:
Query: gene accession
Subject: annotated proteomes
E-value: 0.001
Length ratio: < 0.3

Filter out blast hits that are outside
the sample region

Return number of region-specific
blast hits

Figure 2.2: Overview of the CTDGFinder algorithm
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CTDGFinder Recovers Several Well-Known CTDGs

To evaluate the performance of CTDGFinder, we first examined whether it was able to identify a

diverse set of previously characterized, well-known gene clusters in the human and mouse genomes. To

capture as much sequence diversity as possible, we retrieved all the genes from each of eight published

gene clusters in either mouse (Mus musculus) or in the human (Homo sapiens) genome and used them

as a combined query in CTDGFinder to identify CTDGs in the same or other genome. The list of mouse

and human gene clusters used, and of the mouse and human genes used as queries for CTDGFinder are

described in (table B.1).

CTDGFinder Performance When Searching the Same Genome

Using previously reported genes from eight gene clusters found in human and/or mouse genomes

as queries, CTDGFinder correctly identified the CTDGs in their corresponding genomes (table 2.1).

For example, all five genes reported to be part of the growth hormone gene cluster on the human

chromosome 17 [101], all 26 protocadherin genes on the mouse chromosome 18 [102], all 11 HoxA

genes in the human (chromosome 7 [103]) and mouse (chromosome 6 [103]) genomes, all five beta-

globin genes in the human (chromosome 11 [34]) and mouse (chromosome 5 [104]) genomes, and all

seven duplicated genes that are part of the luteinizing hormone beta (LHB) gene cluster in the human

chromosome 19 [90] were identified as statistically significant CTDGs by CTDGFinder.

CTDGFinder also correctly identified known additional CTDGs in searches of the same genome

(table 2.1). For example, using all 11 HoxA genes in the human chromosome 7 as query, CTDGFinder

correctly identified CTDGs corresponding to the human HoxA, HoxB, HoxC, and HoxD clusters in the

human genome; the same results were obtained for mouse (table 2.1).

The correspondance between the identified CTDGs and the previously described gene clusters was

very good (table 2.1) and the few observed differences fell into three categories. The first concerned

differences associated with the exclusion of nonhomologous genes that have historically been annotated

as part of the cluster. For exaple, the RUVBL2 and NTF5 genes have historically been considered parts

of mammalian LHB gene clusters, but their inclusion simply reflects the knowledge that those genes

flank the LHB genes in human and chimpanzee.

The second category included cases in which the CTDGs contained one or a few additional genes
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not originally described as part of the cluster. For example, the HoxB cluster in both the human (chro-

mosome 17) and mouse (chromosome 11) genomes included Hoxb13, which was not originally de-

scribed as part of the mammalian HoxB gene cluster [103], but was subsequently added to it [105].

Similarly, using the 52 protocadherin genes in human chromosome 5 as a query [61], CTDGFinder

identified a CTDG that additionally contained PCDHB16, whereas using the four Siglec genes on

mouse chromosome 7 as a query [102], CTDGFinder identified a 7-gene CTDG that additionally con-

tained genes 4931406B18Rik, Iglon5, and Vsig10L (table 2.1).

The third and arguably most interesting category included cases in which CTDGFinder split a previ-

ously described gene cluster into two distinct sub-clusters, which may or may not be both CTDGs. For

example, CTDGFinder identified two distinct galectin cTDGs, a 4-gene and a 3-gene one, instead of

the single 7-gene cluster previously reported to reside on human chromosome 19 [106]. CTDGFinder

identified two separate CTDGs because the average intergenic distances of the genes in the 3-gene and

4-gene CTDGs are 13 and 38 kb, respectively, which are significantly smaller than the 790 kb that

separates the to CTDGs. Interestingly, examination of tissue expression patterns of the genes in the two

galectin CTDGs using data from the ProteinAtlas project [98] showed that expression of the genes in

the 4-gene CTDG was enhanced in the placenta and bone marrow, whereas expression of the 3-gene

CTDG was enhanced in skin and digestive tract (table B.2). Similarly, genes previously reported as

part of the 9-gene Siglec cluster on human chromosome 19 [63] were identified by CTDGFinder as

part of two separate CTDGs, containing four and seven genes (with mean intergenic distances of 38

and 29 kb), respectively, separated by 142 kb. In addition to the genes reported in the literature, the 4-

gene CTDG additionally contained the SiglecL1 gene, and the 7-gene CTDG additionally contained the

loc1053722490 gene. Interestingly, the two CTDGs directly correspond with the A and B sub-clusters

that resulted from an inverse duplication of the CD33rSiglec cluster in eutherian mammals [63]. No

significant difference in tissue expression patterns was found between the CTDGs (table B.2). Finally,

using the 26 genes in the prolactin cluster on mouse chromosome 13 [107] as query, CTDGFinder

identified as single 24-gene CTDG (table 2.1). An additional candidate cluster located 13.7 Mbp away

and comprised of the genes Prl2c3, Prl2c2, and Prl2c5 was also identified, but it was below the 95th

percentile of the empirical distribution of gene duplicates for a genomic region of that size and was not

recognized as a CTDG.
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CTDGFinder Performance When Searching Different genomes

Given that CTDGFinder correctly identified several well known gene clusters in searches of the

same genome, including known additional homologous CTDGs (table 2.1), we next sought to examine

the performance of CTDGFinder on the human genome when using gene queries from the mouse

genome (table 2.2) as well as on the mouse genome when using gene queries from the human genome

(table 2.2).

In general, CTDGFinder correctly identified CTDGs for several well-known gene clusters in the

human and mouse genomes. For example, using the 11 hoxA genes from the human genome as a

query, CTDGFinder correctly identified a CTDG corresponding to the mouse HoxA gene cluster (ta-

ble 2.2); similarly, using the 11 mouse HoxA genes as a query, CTDGFinder identified the human

HoxA gene cluster (table 2.2). The same was true for the mouse galectin and β -globin gene clsuters,

which were identified using their human homologs (table 2.2), as well as for the human β -globin gene

cluster, which was identified by CTDGFinder using mouse homologs (table 2.2). CTDGFinder also

correctly identified known additional homologous CTDGs in a given genome. For example, using all

11 HoxA genes from human chromosome 7, CTDGFinder correctly identified CTDGs corresponding

to the HoxA, HoxB, HoxC, and HoxD clusters in the mouse genome (table 2.2). Likewise, using the

mouse HoxA genes as a query. CTDGFinder correctly identified CTDGs corresponding to the human

HoxA, HoxB, HoxC, and HoxD gene clusters (table 2.2).

Similarly to the results performance of CTDGFinder when searching the same genome, the differ-

ences between the inferred CTDGs and the previously described gene clusters when searching other

genomes fell into three categories. The first category concerned differences associated with the ex-

clusion of nonhomologous genes that have historically been considered to be parts of specific gene

clusters, the second included single or a few gene differences between the CTDGs and their corre-

sponding gene clusters, and the third category, cases in which a previously described gene cluster was

split by CTDGFinder into two distinct CTDGs (table 2.2).

The most conspicuous differences between the identified CTDGs and the previously described gene

clusters were observed in the mouse and human Siglec gene clusters. Specifically, using the Siglec

genes on human chromosome 19 as a query, CTDGFinder identified a 6-gene CTDG on mouse chro-

mosome 7 that contained two additional genes (4931406B18Rik and Vsig10L) in addition to those
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previously described for the mouse Siglec gene cluster [62]. Furthermore, using the four Siglec genes

on mouse chromosome 7 as a query, CTDGFinder identified two separate CTDGs 69.0 Kb from each

other, containing five and seven genes (with average intergenic distances of 44.5 and 29.4 kb), respec-

tively, that correspond to the A and B sub-clusters previously identified by Cao and collaborators [63]

(table 2.2). In addition to the genes previously reported [63], the 5-gene CTDG additionally contained

SiglecL1 and VSIG10L, and the 7-gene CTDG additionally contained loc1053722490 (table 2.2). In-

terestingly, the human gene VSIG10L was identified as part of this CTDG only whem using mouse

Siglec genes as queries (table 2.1, and table 2.2)
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Identifying CTDGs Across Placental Mammals

Given that CTDGFinder performed very well in recovering several well-known CTDGs in the hu-

man and mouse genomes, we next used all the paralogs from each of six published gene clusters in

the human genome and used them as a combined query in CTDGFinder (table B.1) to identify CT-

DGs from the same gene families (galectin, hox, β -globin, Siglec, protocadherin, LHB, and growth

hormone/prolactin) in 20 other mammalian genomes (fig. 2.3 and tables B.3 to B.14).

Overall, CTDGFinder identified all the CTDGs that are expected to be present and conserved in

these 20 mammalian genomes (tables B.3 to B.14). for example, running CTDGFinder with the HoxA

genes frm human as a query identified four Hox clusters in all the studied genomes, with the exceptions

of HoxA and HoxB in vole (Microtus ochrogaster), HoxB in orangutan (Pongo abelii), and HoxC

in opossum (Monodelphis domestica) (tables B.3 to B.14). The reason for these exceptions is that

these clusters are present in nonassembled scaffolds that are not part of the standard genome assembly

peovided by GenBank.

Using the human β -globins as the query, CTDGFinder also identified both α- and β -globin CTDGs

in all species, except in vole, where only the α-globin was found, and in horse (Equus caballus) and

rabbit (Oryctolagus cuniculus) where only the β -globin was found (α- and β -globin CTDGs were

differentiated by constructing their phylogeny; see methods). The number of genes contained in the

β -globin CTDG varied across species (fig. 2.3). The largest β -globin CTDG was found in goat (Capra

hircus) and stemmed from a previously reported β -globin cluster duplication [51], followed by the

rat (Rattus norvegicus) 8-gene CTDG. Most species contained either 5-, 4-, or 3-gene CTDGs, but

opossum (Monodelphis domestica) contained a 2-gene CTDG. this variation is likely due to both gene

duplicates gain and loss, as well as errors in annotation.

Running CTDGFinder with the 52 reported genes from the human protocadherin cluster [61] as a

query identified one protocadherin CTDG per species, with the number of duplictes per CTDG ranging

from 15 in dog (Canis lupus familiaris), to 53 in human (tables B.10 and B.11). the only exception was

pig, where a 13-gene CTDG (average intergenic distance of 13.1 kb) and a 20-gene CTDG (average

intergenic distance of 16.0 kb) were found in the same chromosome but separated by 213 kb.

The galectin CTDG in all species was identified by CTDGFinder using the 7-gene human galectin

cluster reported by Than and collaborators [106] as a query. Orthologous galectin CTDGs were
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Figure 2.3: Distribution of CTDGs in five sepected gene families across 22 mammalian genomes. For
gene families with more than one CTDG in a given organism, numbers of gene duplicates reflect the
total number found in all CTDGs associated with that gene family.

extracted from all the galectin CTDGs using phylogenetic trees rooted on the clade containing the

galectins LGALS1 and LGALS2, following a previously reported galectin phylogeny [108] (tables B.3

and B.4). No orthologous CTDGs were found in cat (Felis catus), vole, rabbit, and sheep, although

vole and cat contained other homologous galectin CTDGs. One orthologous 3-gene CTDG was found

in cow, dog, and horse, whereas mouse, rat, and pig, contained one orthologous 2-gene CTDG. All

other mammals contained two orthologous galectin CTDGs containing 2-3, and 3-7 genes respectively

(tables B.3 and B.4).

Using the protein sequences from the previously reported Siglec cluster in human [63], CTDGFinder

identified a Siglec CTDG in cow, dog, goat, green monkey (Chrlorocebus sabaeus), horse, cat, rhe-
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sus macaque (Macaca mulatta), mouse, sheep, chimpanzee (Pan troglodytes), baboon (Papio anubis),

orangutan, rat, and pig (tables B.13 and B.14). The number of paralogs in these CTDGs ranged from

two in dog and green monkey, to 11 in orangutan and 18 in horse. No Siglec CTDG was found in rabbit

and vole. Two Siglec CTDGs were found in marmoset (Callithrix jacchus), gorilla (Gorilla gorilla),

crab-eating macaque (Macaca fascicularis), human, and gibbon (Nomascus leucogenys). In all these

cases, the number of genes in the first (ordered by genomic coordinates) CTDG (ranging between two

and six gene duplicates) was smaller or equal to the number of genes in the second CTDG (2-9 gene

duplicates) (fig. 2.3 and tables B.13 and B.14).

Finally, CTDGFinder accurately identified CTDGs for clusters that are known to be taxonomically

restricted to certain lineages. For example, using genes from the human LHB cluster, CTDGFinder

identified an LHB CTDDG in primate lineages (table B.9), consistent with the previously described

primate-specific presence of this gene cluster [90]. However, a small CTDG of two LHB duplicates was

identified in cow and horse; Interestingly, the duplications that led to the formation of these CTDGs

appear to have been independent of the duplications that led to the formation of the primate LHB

cluster. Similarly, using the genes from the prolactin cluster in mouse as query, CTDGFinder was

able to identify CTDGs for previously described prolactin clusters in certain rodents (rat and vole) and

bovids (cow) [107, 109] (table B.12). Among the bovids, a previously unreported 12-gene prolactin

CTDG was identified in goat (Capra hircus).

What Fraction of Genes Showing Enhanced Expression in Human tissues is Clustered?

To illustrate the potential of CTDGFinder as a tool for furthering our understanding of the function

of CTDGs in the human genome, we used the 3,450 genes showing tissue-specific enhancement of

their expression in 32 human tissues and organs (genes showing tissue-specific enhancement were

those exhibiting “at least five-fold higher mRNA levels in a particular tissue as compared with average

levels in all tissues”) [98] as individual queries in CTDGFinder to examine whether they were clustered

or not. On average, 25% of these enhanced genes were part of CTDGs. However, clustered genes were

unequally distributed across tissues, with the percentage of clustered genes per tissue ranging from 56%

(49/88) in the appendix, to 12% (74/597) in the cerebral cortex (fig. 2.4).

Examination of the enhanced genes that reside within CTDGs identified members of several well-
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Figure 2.4: Relative abundance of clustered genes (i.e. genes contained in CTDGs) in each tissue
showing tissue-specific enhancement of their expression across 32 human tissues and organs.

known gene clusters. In general, gene families that are known to be parts of clusters like olfactory

receptors [40], phospholipase A [110], golgins [111], histones [112], cytochromes P450s [75], aqua-

porins [113], myosin chains [114], Hox genes [83], and protocadherins [61], were enhanced in different

tissues (tables B.15 to B.46). For example, nine of the 49 clustered genes with enhanced expression in

the appendix are chemokine ligands or receptors, six are eukocyte immunoglobulin-like receptors, and

four are Siglecs. Similarly, 20 of the 75 clustered genes in the bone marrow are annotated as part of the

histone cluster 1, 32 of 72 clustered genes in the lymph node are involved in the immune system (e.g.

chemokines, MHC, T-cell, and B-cell associated), and six of 12 clustered genes in the endometrium

belong to the Hox gene family (clusters A and D). Finally, in the palcenta, clustered genes encode for

proteins important in tissue structure remodelling like metallopeptidases (2 of 41 clustered genes), col-

lagen (3 genes), and gap junction proteins (3 genes), as well as immunity related genes (one interleukin

receptor) (tables B.15 to B.46).

Usage recomendations

CTDGs are features of the spatial rearrengement of genes in chromosomes. For that reason,

genomes with high quality assemblies (e.g. genomes with assembled chromosomes) and gene anno-
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tation will give optimal results. However, genomes with fragmented assemblies can also be used,

as long as they contain the coordinates of genes present in their corresponding scaffolds along with

their protein sequence information. Although CTDGFinder works for any genome, its application in

genomes with highly fragmented assemblies might be problematic because of the lack of continuity of

non-assembled chromosomes. This fragmentation might also influence the statistical sampling process

by lowering the number of gene duplicates per sample (because the sampled regions will be shorter),

leading to spurious genome-wide 95th percentile thresholds. Similarly, application of CTDGFinder

in poorly annotated genomic regions (i.e. regions where many actual genes are unnanotated), espe-

cially ones containing CTDGs, will be problematic, due to inaccurate information about the structural

arrangement of genes.

To further explore our algorithm’s behavior with assemblies of different quality, we examined CT-

DGFinder’s performance in chromosome-level and scaffold-level assemblies and their corresponding

gene annotations of the human genome (chromosome-level assembly: 32,010 genes in 260 linkage

groups; 23 of these linkage groups are chromosome-level in size, the remaining 237 have fewer than

238 genes, and 173 linkage groups have fewer than 10 genes; scaffold-level assembly: 32,010 genes

in 335 linkage groups; none of these linkage groups are chromosome-level in size, and 202 have fewer

than less than 10 genes). We used the same queries as previously (see section “Identifying CTDGs

Across Placental Mammals”) and employed CTDGFinder to identify CTDGs in Hox, protocadherin,

globin, galectin, and Siglec families. In all but one case, the same number of TDGs was found for each

human assembly. The only exception was in the protocadherin gene family, where PCDHGA2 was

found as part of a CTDG using the chromosome-level assembly, but not when using the scaffold-level

assembly because the gene was not present in this assembly’s annotation. Furthermore, comparison of

the mean 95th percentile (MP95) values showed that they were slighty lower when using scaffold-level

assemblies (MP95: 2.34) compared to when using the chromosome-level assembly (MP95: 2.47, but

such a difference was not statistically significant (T-test Pvalue: 0.700), suggesting that the process

used in our statistical sampling is robust to differences in the quality of the assembly.

Data input: CTDGFinder uses a series of annotation files and one pre-computed all vs. all BLASTP

results output to run. Specification and helper scripts, as well as instructions on how to use

them can be accessed on the “extras” directory of the CTDGFinder repository (https://github.
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com/biofilos/ctdg finder). CTDGFinder requires protein sequences as its input and cannot be

used with genomic DNA sequences. If genomic DNA sequences were used (via TBLASTN),

multiple BLAST hits could either be due to the presence of duplicated genes or to the presence

of duplicated domains in one protein sequence. Furthermore, users should take into account that

gene duplicates from different gene families can vary in their evolutionary dynamics. All the

sequences (and their BLAST hits) from a query sequence set provided by the user are assumed

to belong to a gene family, and all the hits from them will be treated as hits of that gene family.

With this in mind, the query sequence set should include as many sequences belonging to the

gene family under study as possible. In that way, as much sequence divergence as possible

will be accounted for, including highly diverged gene sequences from a gene family, increasing

the chances of a comprehensive search for CTDGs. However, CTDGFinder can also be run

using only one sequence as query. In this case, CTDGFinder will perform well if the sequence

divergence between the genes in the family under study is low, but not so well if the sequence

divergence between gene family members is very high (highly divergent genes might be missed

in the BLAST search).

To help the user in the delimitation of a query sequence set (especially in highly divergent

gene families, CTDGFinder can be run in iterative mode (option –iterative). In this mode, CT-

DGFinder will perform the BLAST search and length overlap filters using the query sequence

set provided by the user, and then all the complete sequences resulting from the first BLAST

step will be extracted and used as a new query. A good case in point is the Hox cluster. Using a

query containing the genes from the HoxA cluster without EVX1 (a very distant homolog to the

Hox genes) in iterative mode, CTDGFinder identified all the CTDs incuding EVX1 and EVX2.

Whereas powerful, it is important to note that, since the itertive mode uses all the proteins from

a BLAST search as the new queries, it might also result in spurious results because the sequence

search space will be so big that sequences with poor sequence similarity can get included in

CTDGs.

Finally, CTDGFinder is coded to use several CPU cores, if needed (this is useful when testing

various E-value thresholds and sequence inputs). As a reference, the mean running wall time of

CTDGFinder when using the queries reported in table B.1 for human and mouse was 59.38s in
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default mode, and 5.05m in –iterative mode (this time estimate does not include calculation of

pre-computed all vs. all BLAST results output).

Sensitivity of the BLAST E-value threshold: CTDGFinder uses the E-value extracted from BLAST

(plus the length overlap filter encoded in CTDGFinder) to identify potential gene duplicates. Se-

lecting an appropriate E-value threshold depends on the variability of the gene family in question.

To explore the effects of varying the E-value threshold on CTDG inference, CTDGFinder was

run using E-values ranging from 1−10 to 1 for all the gene families under study in human and

mouse. The number of CTDGs and total number of gene duplicates (TDG) identified for the

galectin, globin, Hox, and protocadherin gene families did not change in either human or mouse

(number of CTDGs and TDG did not change for the primate-specific LHB CTDG) (fig. A.1).

The number of CTDGs and TDGs in the GH gene family did not change in human, but changed

in mouse. this is because a query containing GH was able to identify the distantly related (ro-

dent and bovid specific) prolactins at high (0.1, 1) E-values. Similarly, using a query containing

prolactin sequences yielded variable results on both human and mouse. The number of prolactin

CTDGs was observed to change in mouse because there is a small cluster of four genes that

was seen at the edge of several percentile 95 thresholds. It might seem counter-intuitive that

decreasing the E-value will increase the number of clusters. However, if the genes in question

have enough similarity, but the number of gene duplicates is close to the 95th percentile of the

empirical distribution of gene duplicates, a low E-value might cause such empirical distribution

to filter out more potential duplicates, thus resulting in a lower 95th percentile threshold. For this

reason, it might be advisable to increase the number of sampled regions used to build the empir-

ical distribution when using very lo E-values. Finally, the Siglec gene family showed variations

in both the number of CTDGs and TDGs. This is a consequence of the high sequence variation

between the Siglec CTDGs and the genes in the Siglec family.

2.5 Discussion

From the clssic globin and Hox gene clusters [1, 103] to the more recenty described venom-related

gene clusters in snakes [7, 44], the study of protein families whose genes are closely spaced on chro-
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mosomes has greatly enhanced our understanding of physiology, development, and the genetic basis of

phenotypic diversity [3, 8, 87, 115]. In the post-genomic era, however, the fact that such gene clusters

are still defined arbitrarily and in different ways in each gene family or genome, makes attempts for

the kind of comparative analyses required to understand the dynamics of gene cluster evolution and

function problematic.

Our formal definition and identification of clusters of tandemly duplicated genes (CTDGs; imple-

mented as CTDGFinder) through a statistical approach that takes into account both intergenic distance

and homology solves this problem. This approach not only enables the comparison of the genomic

arrangement of well-known clusters in different model organisms, but also the discovery of novel gene

clusters or novel gene arrangements in genomes. For example, by using previously known sequences

of the prolactin gene cluster in mouse, CTDGFinder was able to find novel prolactin CTDGs in goat

and sheep (table B.12), providing further evidence supporting the independent evolution of prolactin

clusters in ruminants and rodents [56]. Thus, coupled with robust phylogenetic analysis at the gene

and species levels, CTDGFinder could be very useful for distinguishing between different types of

clusters (e.g. primary, secondary, and independently evolved) comprised of paralogous genes and the

evolutionary history of their assemblies [116].

Using a formal definition for CTDGs also has the potential to help identify interesting gene ar-

rangement and orientation features in clusters and inform our understanding of the evolutionary steps

that explain their current assembly. For example, according to CTDGFinder, the single Siglec gene

cluster on the human chromosome 19 is actually comprised of two distinct CTDGs (tables 2.1 and 2.2).

Interestingly, the two inferred CTDGs correspond precisely to the two sub-clusters (A and B) that Cao

and co-workers previously identified and inferred to have been generated through a large-scale inverse

duplication of the ancestral Siglec locus in a vertebrate ancestor [63]. Such inversions can help stabilize

the size of a gene cluster by reducing the effectiveness of recombination to add or remove additional

gene duplicates to the existing cluster [63, 117].

Availability of a formal definition and means of characterizing CTDGs will also facilitate efforts to

understand the functional implications of clustering. For example, CTDGFinder inferred two galectin

CTDGs on the human chromosome 19 (table 2.1), rather than a single cluster [118]. This split into

two CTDGs appears to be informative for function; genes on one CTDG showed enhanced expression
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placenta and bone marrow, whereas genes on the other CTDG are enhanced in skin and digestive tract

(table B.2). At a broader level, CTDGFinder can be used to understand whether tissue-specific ex-

pression of clustered genes is evenly distributed across human tissues and organs (fig. 2.4), which in

turn could be associated with the types of functions of genes expected to function in them (e.g. many

secreted proteins are known to be expressed such as the liver and salivary glands) [98]. Additionally,

given that CTDGFinder can simultaneously analyze the genomes of multiple species, a formal defini-

tion enables the investigation of the types of functional categories of genes (e.g. immunity, metabolism)

that tend to be clustered in the genomes of organisms from diverse lineages and which potentially could

be implicated in the generation of interesting lineage-specific phenotypes.

Finally, a formal definition for CTDGs has the potential to greatly aid in understanding the re-

lationship between the specific genomic organization of a given gene cluster with its mechanism of

regulation. For example, using a diverse and rich body of data on animal Hox gene cluster organi-

zation, Duboule [30] has argued that Hox gene cluster organization in different animals (fig. 2.1) has

strong implications for how the activity of Hox genes is regulated in these organisms. The first step

toward answering this question, not just for the animal Hox gene clusters, but for the wide diversity of

gene families forming gene clusters, is the availability of a clear, precise, unambiguous, and easy to

implement definition, such the one provided in this study.
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Chapter 3

The Genomic Geography and Evolution of Clusters of Tandemly Duplicated Genes in the Human and

Mammal Genomes

3.1 Abstract

Clusters of tandemly duplicated genes (CTDGs) are nearly ubiquitous in life’s genomes, and are as-

sociated with several well-known gene families, such as olfactory receptors, zinc fingers, and immunity-

related genes, as well as with several highly variable traits, including olfaction, body plan architecture,

and pathogen resistance. However, these observations are usually anecdotal, restricted to specific cases,

and lacking evolutionary context. In this study, we use a robust statistical approach to characterize the

CTDG repertoire and analyze the distribution of CTDGs across 18 mammal genomes, including hu-

man. We found that, on average, 16% of the genes in each species are parts of CTDGs. Although genes

in CTDGs are enriched for several biological processes, these tend to be involved in the interactions be-

tween the organism and its environment. We further found that mammalian CTDGs are not uniformly

distributed across chromosomes and that orthologs of the human chromosome 19 are among the most

clustered chromosomes in nearly all mammalian genomes analyzed. We also found evidence that the

human chromosome 19 was formed by a fusion event that occurred before the diversification of the

rodent and primate lineages and maintained its high density of CTDGs during its subsequent evolution.

Finally, using chromosome-level alignments across mammalian genomes, we show how the syntenic

regions of the human chromosome 19 have been shrinking, increasing their gene density and possibly

increasing the compactness of its CTDGs. These results suggest that CTDGs are a major feature of

mammalian genomes and provide novel insights into the origin and evolution of regions with unusually

high densities of CTDGs.

3.2 Introduction

Clusters of tandemly duplicated genes (CTDGs) are a familiar feature of genomes across the tree of

life. CTDGs have been associated with phenotypic diversity in a wide variety of traits and organisms,
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such as in cellulose degradation in bacteria [119], copper resistance in yeasts [120], antimicrobial

protection and venom in mammals and reptiles [8], and pathogen resistance in plants [121]. The classic

example of how CTDGs are involved in the generation of phenotypic diversity are the Hox gene clusters

found in diverse metazoans; variation in the function and regulation of the Hox genes is one of the

major contributors to the diversity of metazoan body plans [24, 91]. Similarly, the gene duplications,

conversions, and functional divergence of genes in the globin CTDGs in vertebrates are responsible

for the functional diversity in the binding and transport of oxygen exhibited by members of this gene

family [65, 122].

One of the major dimensions of variation in CTDGs across genomes is the number of genes con-

tained in a cluster. For example, the CTDGs formed by olfactory receptors (ORs) can be highly variable,

from a single OR and the absence of a CTDG in elephant sharks, to thousands of ORs and 345 CT-

DGs in mouse [9, 40]. A similar trend is exhibited by genes in Killer Cell lectin-like receptor (KLRA)

CTDGs; whereas only one KLRA pseudogene is found in human chromosome 12, 11 and 25 func-

tional KLRA genes (plus 9 and 4 pseudogenized copies) are found in the syntenic regions of mouse

chromosome 6 and rat chromosome 4, respectively [88].

In the human genome, in addition to the above mentioned OR, Hox, and globin examples, CTDGs

are also known for gene families whose functions have been implicated in diverse processes, such as

brain development (e.g,̇ Protocadherin [20]), immunity (e.g,̇ KIR and Siglec [4, 63]), and pregnancy

(e.g,̇ Psg [115]). Interestingly, some of these CTDGs are known to be near each other in the genome.

By far the most conspicuous aggregation of CTDGs to a single genomic region is human chromosome

19, which is characterized by an unusually high density of CTDGs [123]. For example, zinc finger

genes [124], cytochrome P450 genes [75], Siglec genes [63], and gonadotropin β -subunit genes [125]

all exist as CTDGs in chromosome 19.

Although many human CTDGs have been well-characterized [69, 75, 118, 124–127] and the high

density of CTDGs in chromosome 19 is well-established [123], a systematic study of the distribution of

CTDGs in humans and the degree to which they are conserved in other mammals is lacking. For exam-

ple, are CTDGs a common feature of the human genome, and more generally of mammalian genomes,

or a rare one? Are CTDGs randomly distributed across human and mammalian chromosomes? How

conserved are human CTDGs and CTDG neighborhoods in other primates and mammals?
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To address these questions, we comprehensively characterized the genomic geography and evolu-

tion of CTDGs in the human and select high-quality mammalian genomes. We found that CTDGs

are common genomic features, being present in all mammalian genomes examined and significantly

associated with biological processes, such as olfaction, signaling, and immunity. Furthermore, mam-

malian CTDGs are not uniformly distributed; the most spectacular case of this deviation is the human

chromosome 19 and its orthologs in mammals, which are 1.75 times more densely populated with CT-

DGs than the average mammalian chromosome. Interestingly, we found that human chromosome 19

formed from the fusion of two ancestral chromosomes, only one of which was CTDG-rich. By ex-

ploring the relationship between gene family dynamics and CTDG membership, we observed that gene

number expansion and contraction events are concentrated at the base of the mammalian phylogeny,

suggesting that most CTDGs present in mammalian genomes stabilized their gene numbers prior to the

diversification of the major mammalian lineages.

Aside from mapping the genomic geography of CTDGs across mammals and tracing their evo-

lution, this work provides a methodological framework for the genome-wide evolutionary study of

CTDGs as well as support for the idea that CTDGs are biologically relevant features of genomes. Our

data show that CTDGs are not mere statistical artifacts distributed at random; rather, they are concen-

trated in some regions, with human chromosome 19 being an extreme such example. Furthermore,

CTDGs can be both diverse in gene numbers and density at the interchromosomal level, but also stable

across (chromosome) orthologs. These observations open interesting avenues of research. For exam-

ple, understanding how evolutionary processes modulate the diversification and stabilization of CTDGs

could yield insights into how the evolution of genes, gene families, and chromosomes are related.

3.3 Methods

Data acquisition

The genomes of select primates (Callithrix jacchus, marmoset; Chlorocebus sabaeus, green mon-

key; Gorilla gorilla, gorilla; Homo sapiens, human; Macaca mulatta, macaque; Nomascus leucogenys,

gibbon; Pan troglodytes, chimpanzee; Papio anubis, baboon; Pongo abelii, orangutan), and select

mammals (Bos taurus, cow; Canis familiaris, dog; Equus caballus, horse; Felis catus, cat; Mon-
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odelphis domestica, opossum; Mus musculus, mouse; Ovis aries, sheep; Rattus norvegicus, rat; Sus

scrofa, pig) were downloaded from the REST Ensembl service (https://rest.ensembl.org, https://rest.

ensemblgenomes.org; date of access: Aug 10, 2018). For each species, gene annotations, proteome se-

quences, and chromosome lengths were downloaded from Ensembl, keeping only genome contigs with

more than 10 genes and longer than 10 Kbp (see table B.48 for genome assembly version information).

CTDG identification

To identify clusters of tandemly duplicated genes, we used a modified version of the CTDGFinder

software [23]. Instead of using blast results from a given sequence query, CTDGFinder was modified

to use the Panther database of protein families [128]. Briefly, all the HMM profiles of protein domains

in the Panther (v. 12 [128]) database were first used to annotate the proteomes of each genome using

the HMMer sequence search software, version 3.1b2 [129]. HMMer subject-query hits with less than

30% mutual coverage were discarded.

Next, for each protein domain identified in a genome, the chromosomal coordinates of all the pro-

teins in each chromosome (or genomic scaffold) that contained that protein domain were processed

by the MeanShift algorithm [100] to obtain CTDG candidates (i.eṫhe genomic region(s) with the high-

est densities of that domain). Statistical significance, i.eẇhether a CTDG candidate was considered

a CTDG, was evaluated by comparing the number of proteins belonging to a Panther family in the

genomic region identified by the MeanShift algorithm against an empirical distribution obtained by

counting the highest number of genes that belong to a Panther family in each of 1,000 randomly sam-

pled genomic regions from the same genome of length equal to that of the CTDG candidate. A CTDG

candidate was considered a CTDG if its number of genes belonging to a Panther family was equal of

greater than the 95th percentile value of the distribution generated by the examination of 1,000 ran-

domly sampled genomic regions. In that way, CTDGFinder analysis resulted in clusters containing

proteins that shared at least one Panther family.

The next step consisted of collapsing CTDGs with overlapping coordinates, so that potential nested

CTDGs were collapsed into a single CTDG. As a result, each CTDG may contain genes that belong

to one or more Panther families. Finally, we rerun the MeanShift algorithm to further refine CTDG

boundaries.
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As CTDGFinder uses a statistical approach to identify clusters of tandemly duplicated genes, some

CTDGs also contain genes that do not share homology with the set of tandemly duplicated genes that

defines the cluster (e.g,̇ a 5-gene CTDG may be comprised of 4 duplicated genes and 1 unrelated gene).

Those unrelated genes were not considered when calculating various gene-based metrics (e.g,̇ total gene

length, number of genes), but were considered for the calculation of various cluster-based metrics (e.g,̇

length of clustered regions, percentage of chromosome length spanned by CTDGs), as they contributed

to the length of the entire cluster.

GO enrichment

To explore any potential biases in the gene functional categories present in CTDGs, we performed

GO enrichment analyses. Per gene GO annotation from human and mouse was downloaded from the

BioMart service on Ensembl (last accessed Aug 10, 2018), and the gene ontology files were downloaded

from geneontology.org (last accessed April 29, 2017). GO enrichment analysis was performed by

comparing the distributions of clustered genes in each chromosome against all protein-coding genes

in the genome for human and mouse using the python module Goatools (doi: 10.5281/zenodo.31628).

Statistical significance was assessed using the Benjamini/Hochberg false discovery rate method [130]

with a significance cutoff of 0.005.

Chromosome orthology calling

To compare the chromosomal distribution of CTDGs across species, we inferred orthologous protein-

coding regions for all human chromosomes. To do so, we first downloaded Ensembl’s orthology as-

signments for all the genes in the genomes we examined using Ensembl’s REST service (www.rest.

ensembl.org; last accessed March 10, 2018). Next, given two chromosomes (A, B), one from the hu-

man genome and the other from a different mammalian genome, we calculated the proportion of genes

in chromosome A that have orthologs in chromosome B (OA,B). Similarly, we calculated the proportion

of genes in chromosome B that have orthologs in chromosome A (OB,A). Finally, if at least one of OA,B

or OB,A was greater than 0.25, we considered chromosomes A and B to be orthologs.
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Clusteredness estimation

The distribution of CTDGs is not uniform across chromosomes. To compare the distribution of

CTDGs between species, we first quantified how clustered each chromosome is by calculating how dif-

ferent each chromosome’s distribution of CTDGs was to all the other chromosomes in a given genome.

Examination of the ranking of each chromosome in a given genome based on its proportion of CTDGs

provided an assessment of how clustered each chromosome was in that genome. We call this ranking

the clusteredness of a chromosome.

The clustering pattern of a chromosome was measured by calculating the distribution of clustered

genes in non-overlapping 10Kb windows on each chromosome. That distribution was normalized, so

that it could be treated as a probability mass function (PMF). To compare the clustering pattern of two

chromosomes, we calculated the Jensen-Shannon distance (JSD) [131] from their PMFs. The all versus

all pairwise JSDs were then used to generate a graph, where each chromosome corresponds to each

node in the graph, and each JSD between each pair of chromosomes corresponds to each edge in the

graph. We then used the farness centrality measure (FCM) [132] to measure how distant a chromosome

was to the rest of the chromosomes in a genome. Briefly, the FCM for a given chromosome A was

computed by adding all the JSDs connecting to A, and then normalized by dividing the raw FCM value

by the number of nodes minus one. The clusteredness rank of a chromosome was computed by sorting

the chromosomes according to their normalized FCM values, so that the chromosome with rank 1 was

the chromosome with the most different clustering pattern relative to the rest of the chromosomes.

Chromosome length evolution

The observation that certain chromosomes remained highly clustered through evolutionary time

proved to be an interesting aspect of our analysis. To gain further insight into the evolutionary pro-

cesses underlying this conservation, we examined the dynamics of CTDG expansions and contractions

of all human chromosomes specifically along the path from the mammalian common ancestor to the

human lineage tip in each chromosome. Multiple chromosome alignments for all human chromosomes

were downloaded from Ensembl, using their “25 mammals” EPO alignments [133], including inferred

syntenic sequences for internal nodes in the chromosome alignment tree accompanying each alignment

(alignment tree). The dynamics of contractions and expansions during the mammalian history of each
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human chromosome were examined by performing linear correlations between the length of the align-

ment at each node on all alignment trees (for each human chromosome), and the relative age of each

node (defined as the distance from the root of the tree, to the most recent common ancestor of the focal

node and the human tip, normalized by the length of the tree).

Gene copy dynamics

It has been well established that gene duplication and loss are the main processes by which gene

families evolve [134]. Since CTDGs are typically the result of a series of gene duplication and loss

events, we investigated the gene number dynamics of clustered genes. The OMA standalone ver-

sion [135] was used to identify hierarchical orthology groups [136] of the clustered genes found in this

study. Gene gain and loss events were estimated using the PyHam python module, using the mam-

malian species phylogeny obtained from the TimeTree database [137].

3.4 Results

CTDGs are abundant and non-uniformly distributed across mammalian genomes

To get a comprehensive picture of the distribution of CTDGs across species, we used CTDGFinder

to identify CTDGs in select high-quality mammal genomes (see methods). A CTDG is described

here as a region of the genome that contains a significantly higher number of duplicated genes than

the average region of the same length on that genome. CTDGs can be described in terms of their

sequence length as well as in terms of the number of clustered genes they contain. On average, 16.0%

(standard deviation 4.3%) of the genes in a mammalian genome are clustered. The genome with the

smallest fraction of clustered genes was that of pig (6.2%) and that with the largest was mouse (24.3%).

Examination of the distribution of CTDGs in the context of the mammalian phylogeny reveals a small

decrease in the fraction of clustered genes in the primate lineage (fig. 3.1A; average percentage of

genes clustered in primates = 14.4%, average in non-primate mammals = 17.7%). Our GO enrichment

analysis shows that the biological processes most commonly enriched in clustered genes in human and

mouse are related to olfaction and immunity (fig. A.2 and table B.49).

Importantly, CTDGs are not uniformly distributed across chromosomes (fig. 3.1A, fig. A.3). In
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all species, there are at most two chromosomes that seem to have a higher fraction of clustered genes

compared with the rest of the chromosomes in each genome (fig. A.3). This observation is of particular

interest, because it suggests that extreme clustering patterns could have been conserved in orthologous

chromosomes during the evolution of mammals, giving rise to the idea that the genomic organization

of CTDGs is subject to selection, and serves as a relevant hypothesis to be tested in this study.
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Figure 3.1: A large proportion of genes in mammalian genomes belongs to CTDGs. (A) Distribution
of CTDGs across the mammalian phylogeny. Violin plot: distribution of the proportion of clustered
genes across chromosomes. Lines inside the plots show the interquartile ranges. Black dots: Mean
proportion of clustered genes in each species. Colored dots: chromosomes with higher proportion of
clustered genes than the 95th percentile. (B) Detail of the distribution of the proportion of clustered
genes in the human genome. Ticks: data points for each chromosome. Blue curve: KDE estimate.
Dashed curve: Fitted normal distribution. Red line: 95th percentile. Purple line: mean + standard
deviation. Labeled blue bars: Chromosome with higher proportion of clustered genes than the 95th

percentile.

One fifth of human genes are part of CTDGs

To infer the distribution of clustered genes in the human genome, we used the CTDGFinder algo-

rithm to examine the frequency of CTDG occurrence across all human chromosomes. We found that

3,821 / 19,665 (19.4%) human genes belong to 961 CTDGs, which collectively occupy 163.5 Mbp
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(5.3%) of the human genome. The average length of clustered genes (i.e,̇ belonging to CTDGs) is

18 Kbp, which is significantly lower than an average length of 53 Kbp for non-CTDG genes (Mann-

Whitney P-value: 6.6× 10−256). The high number of clustered ORs in mammalian genomes as well

as their intron-less structure [40] might bias the average length of clustered genes. Removal of all

ORs from the mammalian genomes examined did not change the average length of non-clustered genes

(53 Kbp) but slightly increased the average length of clustered genes changes to 20.1 Kbp. However,

the difference in length between clustered and non-clustered genes remained statistically significant

(Mann-Whitney P-value: 5.4×10−151).

Consistent with our previous results [23], the CTDGFinder software accurately identified several

well-known CTDGs (fig. 3.2). For example, the Siglec [126], Hox [103], and globin [1] CTDGs were

all correctly identified in the human genome. Similarly, the HLA genes [138] were found in 3 CTDGs

composed of 12, 4, and 19 genes in chromosome 6; the protocadherin CTDG was found in chromosome

5 with 55 genes [20]; the previously reported ORs in chromosome 11 [40] were recovered as 14 CTDGs

that contained a total of 193 genes; and the histone cluster in chromosome 6 [112] was found in three

CTDGs of 47, 4, and 15 gene duplicates. Interestingly, the longest CTDG in the human genome is the

protocadherin CTDG [61] on chromosome 5 with 55 genes.. The 4-gene beta-globin CTDG was found

in embedded in an OR-rich CTDG on chromosome 11 [33]. The next largest CTDG, with 46 duplicates

was a histone-containing CTDG on chromosome 6. A comprehensive table with the CTDGs (and their

genes) for all mammalian genomes analyzed in this study, including the human genome, can be found

in table B.50.

Human chromosomes 19 and Y have the highest densities of CTDGs

To test if CTDGs are uniformly distributed across the human genome, we characterized each of

the human chromosomes in terms of their number and total length of clustered genes, as well as the

number and length of CTDGs. We found that on average, 5.92% of each chromosome’s length is

covered by CTDGs and on average, 19.23% of genes in each chromosome belong to CTDGs. The

two chromosomes that exhibit the highest percentages of clustered genes in the human genome are

chromosome Y (19 clustered genes / 45 genes; 42.2%) and chromosome 19 (525 clustered genes /

1,431 genes; 36.7%) (fig. 3.1B fig. 3.1C). The high percentage of clustered genes in chromosome Y
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Figure 3.2: Distribution of CTDGs across all human chromosomes. Each plot represents a chromo-
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plot. Representative CTDGs are highlighted by a rectangle in the top section of the plots. An extended
polygon is included in short CTDGs to improve visibility.

is likely due to its small number of genes. Furthermore, the percentage of chromosome Y length

spanned by CTDGs is 2.9%, which is below the average (5.9%) and on par with several other human

chromosomes. The longest CTDGs in chromosome Y contain RNA-binding motif Y chromosome

(RBMY) genes, which encode for nuclear proteins involved in spermatogenesis [139]. Other CTDGs

include deleted in azoospermia (DAZ) genes [140], and testis-specific protein Y-linked (TSPY) genes

[141].

In contrast to chromosome Y, whose high percentage of CTDGs appears to be at least in part a con-

sequence of its small gene number, the much larger chromosome 19 appears to be genuinely densely

populated with CTDGs. Specifically, not only more than one third of its genes belong to CTDGs (525
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/ 1,431), but also 32.0% of its length is composed by CTDGs, by far the highest of human chromo-

somes. For comparison, the chromosome with the second highest percentage of chromosome length

spanned by CTDGs is chromosome 11, with only 12.1%. Furthermore, the percentage of the length

of chromosome 19 that is spanned by CTDGs is higher than the 95th percentile of the data, and higher

than the mean plus a standard deviation of a normal distribution fitted to the percentage of chromosome

length spanned by CTDGs in all the human chromosomes (fig. 3.1B). These data suggest that CTDGs

are not uniformly distributed across chromosomes, with chromosome 19 being by far the most notable

deviation (fig. 3.1B). The CTDG with most genes in chromosome 19 contains 19 zinc finger duplicated

genes. In addition to these zinc finger CTDG, chromosome 19 also contains the KIR [4], kallikrein

[127], Siglec [63], OR [40], CEACAM [63], PSG [69], and Galectin [118] CTDGs.

Gene family dynamics of CTDGs

To gain insight into when gene families associated with CTDGs experienced gene gain and loss

events, we estimated gene duplication and loss events on genes that are parts of CTDGs using a graph-

based approach as implemented by the OMA standalone version [136]. We found that most of the

duplication events in the dataset preceded the diversification of eutherians. Interestingly, most gene

gains and losses in clustered genes occurred in the rodent lineage (fig. 3.3).
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Figure 3.3: Gene family dynamics across the mammalian lineage. Gene gains, losses and net gains
(gene gains + gene losses) in different mammalian clades
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The extreme clustering of human chromosome 19 is highly conserved across mammals

Our finding that there are at most three chromosomes in each mammalian genome that contained a

significantly higher fraction of clustered genes than the rest of the chromosomes raised the possibility

that these highly clustered chromosomes are in fact orthologous and have maintained their clusteredness

during the evolution of mammals. We found that in all the genomes studied here, except dog and pig,

at least one of the five most clustered chromosomes is orthologous to the human chromosome 19

(hc19 ortholog). In the case of the dog genome, the two chromosomes with highest clusteredness rank

are orthologs of the human chromosome 11, which is the third most clustered human chromosome

(below chromosome 19 and chromosome Y) and is also known to be rich in CTDGs, including an

OR CTDG [40] and a fibroblast growth factor CTDG [142]. Most mammalian genomes contain a

single hc19 ortholog that is highly clustered; that is the case for all primates, except gibbon, rodents, as

well as horse (fig. 3.4). Moreover, in genomes that contain two chromosomes considered by our cut-

offs orthologous to hc19 (see methods), except gibbon, only one of these two chromosomes is highly

clustered.

The gibbon chromosomes are the exception, presumably because the gibbon genome has experi-

enced a very large number of genomic rearrangements, especially around transposable elements (TEs),

compared with other primates [143]. Although CTDGs tend to be depleted in TEs, the significantly

higher amount of TEs in the gibbon genome could have increased the probability of TE insertion in

CTDGs [123], increasing the likelihood of CTDGs from the hc19 orthologs in gibbon being broken

up by TE insertions, shuffled, or transposed to other chromosomes. To test whether the highly re-

arranged genome influenced the distribution of CTDGs in gibbon, we run phylogenetic independent

contrasts [144] on the mean fraction of chromosome length spanned by clusters, and the mean fraction

of clustered genes across chromosomes in the primates in our dataset. We found that although gibbon

has the lowest mean fraction of chromosome length spanned by CTDGs, it differs from marmoset (the

second lowest value) in less than 0.002 PIC units (mean PIC: 0.05; fig. 3.5.A). Similarly, the mean frac-

tion of clustered genes per chromosome in gibbon shows little variation from the rest of the primates

(fig. 3.5.B).

To understand the evolution of clustering of human chromosomes, we used the EPO genomic chro-

mosome alignments from Ensembl [133], including inferred ancestral sequences, to estimate the rela-
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tive time (in phylogenetic tree units) at which the syntenic regions of each of the human chromosomes

across 26 mammals changed in size. By examining the change in the length of syntenic sequences

(extant and ancestral) for each human chromosome in the context of the mammalian phylogeny, we in-

ferred the rate at which each the orthologous regions of each chromosome shrunk or expanded (fig. 3.6).

Specifically, for all the human multiple chromosome alignments we built linear regressions of the

aligned genomic ancestral sequences at each node and the ages of the nodes examined. The slopes

of the regressions between changes in alignment length and evolutionary time are positive for all hu-

man chromosomes, which suggests that all human chromosomes, or more precisely all aligned regions

of human chromosomes, have been shrinking (fig. 3.6.A). Furthermore, along with chromosome Y
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(Pearson R value = 0.17; fig. 3.6.D), chromosome 19 shows the largest slope (Pearson R value = 0.19;

fig. 3.6.C), suggesting that human chromosome 19 has been shrinking at a higher rate than the rest

of the human chromosomes. To test if the observed behavior was a byproduct of chromosome size,

we carried out a correlation of the calculated slope against chromosome size. We found a strong but

non-significant correlation between slope and chromosome length (Pearson coefficient: -0.34, P-value:

0.1), suggesting that although chromosome length is a confounding variable in our calculations, it is

not significant to explain the variance in the calculated slopes for each chromosome. Both chromosome

19 an Y showed by far the highest slope of all human chromosomes, including when compared to other

small human chromosomes, such as chromosomes 20, 21, and 22 (fig. 3.6.B).

3.5 Discussion

Historically, the discovery and description of CTDGs has been piecemeal and subjective [23, 30].

Although studies on subjectively defined CTDGs have been extremely useful and have greatly ad-

vanced our knowledge of their evolution and function [20, 85, 91, 118], a comprehensive investigation

of CTDG evolution has so far been lacking. In this study, we provide the first systematic characteriza-

tion of the genomic geography and evolution of CTDGs in mammalian genomes. Although it is hardly

surprising that mammalian genomes harbor CTDGs, our findings suggest that CTDGs are highly preva-
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Figure 3.6: Rate of human chromosome shrinking in the mammalian lineage. A: slope calculated
from correlations between the total alignment length of all EPO Ensembl alignments for each human
chromosome and the normalized distance to the root of the tree of the EPO alignment at each node. B:
Influence of chromosome length in the slope calculated in A. C: Example correlation for chromosome
19 (R: Pearson R value; Pval: P-value). D: Example correlation for chromosome Y.

lent – nearly one in five mammalian genes are part of CTDGs – and constitute common and conserved

features of mammalian genomes.

CTDGs are not uniformly distributed across mammalian genomes; the same is true for the human

genome (fig. 3.2). Our results showcase that CTDGs can vary widely in terms of their gene density

(number of genes / Kbp), length, and number of genes. For example, with a cluster length of 147.5 Kbp

and 10 gene duplicates, the iconic Hox-A cluster in humans [3] (fig. 3.2, chromosome 7) is more dense

(0.07 genes per Kbp) than a zinc finger CTDG in the same genome [124] (fig. 3.2, chromosome 19)

with 9 genes over 444.3 Kbp (0.02 genes per Kbp). The diversity of CTDG length and gene density can

be further appreciated in the 14 OR-containing CTDG in chromosome 11 on the human genome [40]

(fig. 3.2, chromosome 11), which have sizes ranging from 30 Kbp to 917 Kbp. Moreover, while the

longest CTDG (1.4 Mbp) has 10 gene duplicates, the second longest CTDG (1.2 Mbp) has 43 gene

duplicates.

From the genomic landscape perspective presented here, we can visualize how chromosome 19 is

especially CTDG-rich, with more than 13% of the clustered genes in the human genome being located

there (fig. 3.2, chromosome 19). Furthermore, our study found that 36.7% of the genes in chromosome

19 are part of CTDGs, a substantial increase over the previously reported estimate of 30% [145].

Importantly, CTDGs can contain more than one cluster; such is the case of the 5-gene globin cluster,
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which is located inside an 8-gene OR cluster [33] (fig. 3.2 chromosome 11). In terms of the high

physical linkage of their genes and their involvement in complex phenotypes, it could be said that

CTDGs resemble supergenes [146]. However, we did not see a high difference in recombination rate

on sites inside and outside CTDGs (fig. A.4), with the expected exception of chromosome 6, where

the MHC complex resides, and has been observed to be highly polymorphic, with high recombination

observed inside the MHC cluster [5].

The high density of CTDGs in chromosome 19 puzzled us because the evolutionary maintenance

of all these CTDGs “in place” likely required strong selection. By tracing the evolutionary history of

chromosome 19 “clusteredness”, we found that chromosome 19 was formed by a chromosomal fusion

before the diversification of primates and rodents (fig. 3.3). Interestingly, we found that most of the CT-

DGs in the human chromosome 19 come from only one of the two proposed chromosome 19 orthologs,

which points to a model where CTDGs have indeed been maintained in the mammalian lineage. Fur-

thermore, examination of chromosome-level sequence alignments suggests that the syntenic regions

of chromosome 19 have been shrinking (fig. 3.6.A). A caveat of our experiments is that we can only

examine the evolution of the parts of chromosome 19 that are syntenic and alignable across species;

thus, it is possible that the chromosome itself could be expanding if the amount of non-homologous

sequence has increased during evolutionary time. That caveat notwithstanding, we hypothesize that the

high density of CTDGs might have evolved by contractions in chromosome length.

Why would CTDGs in mammalian genomes appear to be so well conserved? One likely explanation

is that mutations that alter the position and / or orientation of genes within CTDGs can be deleterious.

In classic examples, like the Hox and beta-globin CTDGs, regulatory elements close to the CTDGs

have been identified to be important in the expression of CTDG genes, and importantly, mutations that

change the position or orientation of genes in a CTDG can have phenotypic consequences [33, 147].

The gibbon genome showed an interesting pattern supporting the hypothesis of CTDG conserva-

tion: if CTDGs were not conserved, the gibbon genome would have significantly more CTDGs of

smaller size, because its history of drastic genome rearrangements [143] would have broken existing

CTDGs randomly, increasing their number but decreasing their size (in number of genes. However, we

found that the gibbon genome has mean fractions of clustered regions and genes across chromosomes

similar to those of the rest of the primates (fig. 3.5). This suggests that the higher rate of genomic
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rearrangements in the gibbon genome did not significantly affect the length and composition of its

CTDGs.

A model in which CTDG maintenance is necessary for conservation of gene regulation could ex-

plain how, because CTDGs can function as “regulatory domains” of the genes they harbor, CTDGs

are maintained across evolutionary time. Similarly, large sets of co-regulated duplicated genes in close

proximity would optimize their concomitant expression, because that arrangement would minimize the

number of chromatin relaxation events needed for the transcription machinery to access those genes.

For example, it has been shown that chromatin interactions via CTCF binding sites are necessary for

the co-expression of the gene duplicates in the fibrinogen cluster [148].

Several additional models, not necessarily at odds with one another, could explain how CTDGs

could be maintained. Right after gene duplication, it is reasonable to assume that the regulatory pro-

grams of any of the duplicates in the CTDG would activate most of the duplicates. If the increased

expression of the genes in the CTDG is selected for, then a limited number of regulatory elements

would be necessary. From that it follows that the regulatory elements of most duplicates in a CTDG

will tend to degrade (or not being duplicated along with the gene in the first place). At that point,

the CTDG would be maintained because most of the duplicates would be disregulated without the few

remaining regulatory elements left. At the other end of the functional spectrum, we can imagine how

CTDGs can remain duplicate-dense to increase the combinatorial potential of the CTDG. For exam-

ple, the protocadherin CTDG harbors exons that can be independently regulated. In that way, many

different protocadherin isoforms can be produced, increasing their functional potential as drivers of

neuronal identity specification [37, 149]. Also, different combinations of Hox genes are expressed at

different time points in the development of vertebrates, depending on the regulatory programs that are

required [3]. Under this model, genes in a CTDG would be maintained in close proximity to facilitate

the expression of selected but different genes in the CTDG, increasing their functional repertoire.

Gene family dynamics (gene gains and gene losses) have been of great interest in evolutionary

genomics research [15, 150]. Assuming neutral evolution [13], gene families rich in CTDGs should

have a higher rate of gene duplication than gene families depleted in CTDGs because the probability

of gene duplication for a gene family would be directly correlated with the number of existing gene

duplicates. However, our findings suggest that duplication events have generally remained stable across
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gene families, regardless of the number of clustered genes in each gene family. Overall, our analysis

shows that most of the gene gains per family occurred prior to the origin of mammals, which aligns

with previous reports supporting that only a minority of mammal-specific homologous gene groups

experienced gene duplication events in the mammalian phylogeny [151]). These data, along with our

experiment on the conservation of CTDGs in chromosome 19, are consistent with a model by which

gene families greatly expanded before mammals diversified, and then stabilized in gene number. If

this model is supported by additional data, it would call our attention to include parameters about the

“genomic geography” of CTDGs to build a model about the evolutionary mechanisms behind gene

family evolution in particular, and genome structure in general.
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Chapter 4

Spatial, evolutionary, and functional order conservation in the mammalian Keratin cluster.

Implications for the study of complex homology in clustered gene families

4.1 Abstract

After gene duplication, a decrease in selective pressure is often invoked. However, there are more

retained gene duplicates in genomes than what we would expect according to the model of relaxation

of selection after gene duplication. A particularly dramatic example of this observation are clusters

of tandemly duplicated genes (CTDG). CTDGs can be very gene-rich and dynamic, and they have

been observed driving important and polymorphic traits, like body plan architecture, olfaction, and

venom composition. Such dynamic nature tend to give the idea that CTDGs are continuosly changing.

However, important CTDGs as the β -globin or Hox CTDGs are evidence that CTDGs can be conserved

in gene order throughout long evolutionary time-scales. Here, we want to explore the extent at which

CTDGs can be conserved in gene order across mammalian genomes. In order to acomplish that, we

developed LOLCAT, an algorithm that identifies subsets of CTDGs that are ordered both in the genome

as well as in the phylogeny, which we call “sequentially duplicated clusters” (SDC). We find that the

Keratin type I CTDG is highly ordered. In horse, for example, all the genes in the cluster follow

the order of divergence of its phylogeny. We leverage LOLCAT to propose novel Keratin orthologs

in the cat and cow genomes. We also show how LOLCAT can be used to identify an SDC in the

cystatin CTDG, in which the divergence pattern of such SDC correspond to the expression of its genes

in humans. With this work, we present the Keratin CTDG as an example of how comparatively long

CTDGs can be maintained in order over evolutionary time, and how that information can be leveraged

to help in the resolution of complex orthology calling problems.

4.2 Introduction

After gene duplication, it is commonly reported in the literature that the selection pressure in at

least one of the copies will tend to decrease because only one copy is required to maintain its func-
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tion. Following that model (proposed by Ohno [11]), the gene copy that is not conserved can ac-

cept more mutations without interfeering with its function, increasing the probability of positive selec-

tion [90, 152–154], resulting most of the time in the accumulation of degenerative mutations ending in

the pseudogenization of one copy, the subfunctionalization of both copies via reciprocally deleterious

mutations, or less likely, the generation of novel functions via accumulation of beneficial mutations in

one copy (neofunctionalization) [78].

Following that model, we would expect that gene duplicates will tend to be removed from the

genome, which will result in a low number of gene duplicates surviving in a genome. However, impor-

tant gene families like the Hox genes [3], olfaction receptors (OR) [155], β -globins [1], and prolactins

(PRL) [85] have not only preserved at least part of their gene duplicates, but their high copy number is

essential to their biological function; and in general, the high prevalence of gene duplicates in genomes

across the tree of life has been reported extensively [23, 77, 78].

The gene families referenced above and many others [23] are not only rich in gene duplicates, but

also exist in one or more clusters of tandemly duplicated genes (CTDG) in mammals. However, the

relationship between CTDG dynamics (gene duplicate gains and losses) and its impact on the phyloge-

netic pattern of divergence of genes in CTDGs remains poorly understood.

We reasoned that if a CTDG expands linearly (i.e. adding one gene at the time at the end of the

CTDG), that should be reflected in the phylogenetic tree built from genes in that CTDG as a “ladder-

like” tree or clade (fig. 4.1A). We call this kind of CTDGs where the genomic order resembles the

phylogenetic order of divergence a “sequentially duplicated cluster” (SDC). It is important to note that

SDC can be sub-sets of a CTDG, when for example, only one section of the CTDG was expanded

linearly.

It is reasonable to expect a very low number of SDCs in a genome, especially because an SDC

would require a very coordinated, and even lower than expected evolutionary rate, compared with

other rapidly evolving gene families after several rounds of gene duplication [78]. We hypothesize

that evidence of SDC suggests that the generation or expansion of CTDGs can lower the evolutionary

rate of the newly duplicated genes, securing their place in both the genome and their phylogeny. We

call this phenomenon “genomic locking”. Although it is not a very common occurrence, a decrease in

evolutionary rate after CTDG amplification has been reported in the prolactin/growth hormone (Prl/GH)
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Figure 4.1: Schematic of an SDC. Phylogenetic (A) and genomic organization (B) patterns expected in
an ideal SDC

CTDG, where it was hypothesized that the evolutionary rate in the expansion of Prl/GH increased

because of changes in the internal or external environments in primates, rodents, and artyodactyls, and

then, after the gene duplicated and changed to meet the new environment, its evolutionary rate slowed

down [156].

Although this hypothesis remains to be thoroughly tested, the observation of a decrease in evolu-

tionary rate after a CTDG expansion remains an important data point. Other important and well-studied

CTDG, like the Hox and β -globin CTDGs have shown how gene order has to be maintained to avoid

deleterious phenotypes [34, 147]. All these examples considered, we sought to find cases of SDCs

across the mammalian CTDG repertoire, so that interesting hypothesis of how CTDGs evolve and are

maintained could be tested.

In order to identify SDCs, we developed the algorithm “Ladder-like Ordered Linear Cluster Anal-

ysis for Trees” (LOLCAT). Briefly, LOLCAT flags clades of a CTDG-specific phylogenetic tree as

sequentially duplicated clusters (SDC) if the phyletic order of the genes in the CTDG is correlated with

the genomic organization of those genes (see methods).

Here, we report the prevalence of SDCs in the Type I Keratin CTDG (Keratin CTDG) across mam-

malian genomes, and the potential application of SDC analysis in cases of high CTDG dynamics where

orthology calling is complicated by extensive paralogy, which is problematic when using syntenic and

phylogenetic methods alone.
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4.3 Methods

4.3.1 Data acquisition

The genomes of selected mammals (Bos taurus; cow, Chlorocebus sabaeus; green monkey, Equus

caballus; horse, Felis catus; cat, Homo sapiens; human, Macaca mulatta; macaque, Monodelphis do-

mestica; opossum, Mus musculus; mouse, Nomascus leucogenys; gibbon, Rattus norvegicus; rat) were

downloaded from the REST Ensembl service (http://rest.ensembl.org; date of access: August 10, 2018).

Chromosomes (or scaffolds) with less than 10 genes or shorter than 10 kbp were not included in the

analysis. Assembly versions can be found in table B.47.

4.3.2 CTDG identification

CTDGs were identified using CTDGFinder with 1,000 replicates [23], following the procedure

from chapter 3.

4.3.3 Phylogenetic analysis

In order to perform phylogenetic reconstructions using only homologous genes, subclusters were

extracted from the collapsed super-clusters, so that all the genes in each subcluster have at least

one gene family in common. Protein alignments were performed for the genes in each cluster us-

ing MAFFT [157], and Pal2nal [158] was used to convert protein alignments to codon alignments.

Phylogenetic trees for the codon alignments of each cluster were estimated using Raxml [93] with

100 bootstrap replicates and using the GTR+G substitution model with the arguments “-# 100 -f a -m

GTRGAMMA”.

4.3.4 Identifying sequentially-duplicated clusters (SDC): The LOLCAT algorithm

A strict SDC is defined as a cluster (or sub-cluster) where the gene at one end of a cluster is

also the earliest diverged gene in a clade of a phylogenetic tree built from the clustered genes in that

cluster (cluster tree), and further genes in the cluster are closer to the tip of the clade, generating a

high correlation between the gene order distances (number of genes between two genes) and phyletic

distances (number of nodes between two genes in a tree) of all possible pairs of different genes in a
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cluster.

In order to identify SDC, we took all clusters with four or more clustered genes for each species,

estimated their phylogenetic trees, and calculated the Kendall tau [159] correlation on each node for

each maximum likelihood cluster tree (focal node) and on the nodes of all bootstrap replicates that

contain the same genes as those in the focal node (bootstrap tau distribution) (see below). A focal node

was identified as a SDC if they passed all the following tests:

• Filter 1: The p-value of the tau correlation on the maximum likelihood tree is less than 0.05.

• Filter 2: More than half of the bootstrap replicates have significant tau correlation values.

• Filter 3: The tau correlation on the maximum likelihood tree (ML tree) has a value that is dif-

ferent to the mean of the bootstrap replicates on less than the standard deviation of the bootstrap

replicates tau.

• Filter 4: The tau correlation of the “perfect” ladder tree has a p-value less than 0.05.

• Filter 5: The tau correlation on the ML tree is closer to the tau value of the perfect tree than to

the mean of 100 tau values calculated on random trees.

• Filter 6: The tau value on the ML tree is greater than the percentile 95 of the tau distribution on

100 random trees.

4.3.5 Tau-based phylogenetic-genomic correlation

In order to calculate the correlation between genomic organization and phylogenetic divergence

between genes A and B, we counted the number of genes between A and B (genomic distance), and the

number of node between nodes A and B in the CTDG-specific tree (tree distance). Because CTDGs

usually undergo genomic rearrangements, we calculated all vs all pairwise genomic distances and tree

distances for all the genes in the CTDG. In this way, a more biologically relevant environment of the

CTDG is taken into account.
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4.4 Results and discussion

LOLCAT identified clades of the Keratin CTDG in several mammalian genomes (fig. 4.2 red

branches). The most striking example was seen in the horse Keratin CTDG, where the divergence

pattern of the genes in the cluster linearly reflect their order in the genome. However, the cow Keratin

CTDG called our attention because the SDC identified by LOLCAT was inverted with respect to the

general organization of the CTDG. The Keratin genes that are part of the SDC we report here (KRT42,

KRT17, KRT16, KRT14) are Keratins related to the basal epidermis and hyperkeratosis (K-SDC) that

are also conserved in terrestrial and aquatic mammals [160]. The only exception is KRT16, which is

not reported in the study, but it exists in Ensembl as protein-coding gene, and was identified by us as

part of the CTDG [160].

Interestingly, the orientation of transcription is the same as the rest of the Keratins in the CTDG,

which suggests that the anticorrelation of their divergence and genomic order could be caused by evolu-

tionary mechanisms. In support of that hypothesis, a similar behavior was observed in the organization

of those genes (or their orthologs) in cat, rat, green monkey, and macaque (fig. A.5). With these data,

we show how LOLCAT was able to identify a clade of Keratins with conserved function (the K-SDC)

among a larger set of Keratins (the Keratin CTDG). Furthermore, we show how the SDC contains genes

that are genomically and functionally conserved across mammals with significant diverse life histories

(e.g. human, cow, dolphins, and whales) [160], supporting the hypothesis of orthology of the genes in

that SDC.

Another example to illustrate how we can resolve situations of complex homology in clustered

genes is the relationship between KRT31 and KRT34, and KRT32 and KRT35. In many CTDGs,

several rounds of gene expansions and contractions make the use of synteny by itself a problematic

tool to define orthology relationships, because it is not clear which genes in a CTDG should be aligned,

especially with highly dynamic CTDGs. In fig. 4.2 we can see how several gene sub-families are

inferred (colored lines) by a sequence similarity method. By looking at the sequential divergence in the

same species and the position of neighboring genes, the following pattern is noted: KRT35 and KRT32

are in sister clades, and KRT32 is next to KRT35 in the genome. A similar pattern can be observed

for the KRT32 and KRT35 across the Keratin CTDG in several species (fig. A.5). It is important to
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Figure 4.2: High correlation between gene order and phylogenetic divergence of the genes in the Ker-
atin CTDG in the cow, cat, and horse genomes. The phylogenetic trees are rooted on the first gene in
the CTDG, so that divergence steps can be appreciated in the vertical axis. Colored lines represent gene
sub-families from a one-to-one orthology network based on OMA [135]. Each line connects a gene to
its position in the CTDG. Red branches in the phylogenetic tree represent SDCs with high statistical
significance

highlight that although these kinds of patterns can be observed manually by looking at the synteny and

a gene family-level gene tree, with LOLCAT, this process can be automated.

Using gene family trees to identify orthologs usually involves finding clades in the phylogeny where

the genes in that clade recapitulate the overall topology of the species tree where they come from.

However, although this method can account for gene duplicates, its reliability suffers when sequence

similarity is high, especially within species, and more so if recurrent gene conversion has taken place.

In a similar manner, sequence similarity based methods of orthology calling suffer from high sequence

similarity because it would call many-to-many orthologous relationships between all the gene dupli-
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cates that belong to all the species represented in one cluster of sequences, leaving pair-wise orthology

relationships unclear.

Looking at the phylogenetic tree of all the Keratin CTDG in this study (fig. A.6, specifically the

clade in fig. 4.3), we can see how LOLCAT can aid orthology calling procedures. As expected with a

gene duplicate-rich phylogeny, the branch lengths are short, and support values in many sub-terminal

branches are low (fig. 4.3). Moreover, the branching pattern on the tree suggests a scenario of three

independent CTDG expansions. However, from knowledge of how the Keratin CTDG is organized,

as well as the functions of the genes in it [160], it is unlikely that a subset of a CTDG would expand

three times maintaining the relative positions of all the independently duplicated genes and the flanking

regions of the duplication across species. Although more data is needed to generalize this hypothesis,

the high conservation of gene order in all three species suggests that a CTDG expansion occurred before

the divergence of horses, cows and cats, followed by selection acting in maintaining the order of the

duplicated genes. If on the other hand, a sequence similarity method was used, all the genes in our

focal clade (fig. 4.3) would have been identified as belonging to the same orthology group (red bars

in fig. 4.2). Importantly, a gene-family level phylogeny is still useful in this case. For example, in

cases where we were the identification of gene sub-families is not possible, potential orthologs could

be found in the same relative order (fig. 4.3, color bars).

By using the SDCs identified by LOLCAT, we can see a clearer picture of potential novel orthology

calls. For example, observing that the SDC containing KRT31, KRT34, KRT33B, and KRT33A in

horse, we can observe that genes in the same orthology group (using sequence similarity) follow the

same order in cow (i.e. in horse: KRT31 follows KRT34, KRT33B, and KRT33A, and in cow: KRT31

is followed by KRT34, ENSBTAG00000030519, and KRT33A), a pattern that extend all the way to

KRT36 in both cow and horse. In this scenario, we suggest that ENSBTAG00000030519 is the or-

tholog of KRT33B. Similarly, we can follow the orthologs of the cat Keratin CTDG, and identify ENS-

FCAG00000042726, ENSFCAG00000040812, ENSFCAG00000043294, and ENSFCAG00000032558,

which we suggest, are orthologs of KRT31, KRT34, KRT33B, and KRT33A respectively. It is very im-

portant to keep in mind that we are assuming that the orientation of transcription of these genes has not

changed during the evolution of the CTDG, as we see its genes in the same orientation in the species

studied here.
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Figure 4.3: Clade from gene family-level phylogenetic tree containing all the Keratin CTDGs that
contain orthologs of a horse SDC in cow and cat. Vertical lines: relative order of the genes with respect
to one another. Color bars: equivalent relative position of a gene in their corresponding CTDG

The technique we described above can be summarized as follow:

1. Use a sequence-based orthology-calling algorithm to find gene families and subfamilies.

2. Identify CTDGs using CTDGFinder.

3. Build phylogenetic trees of each species-specific CTDG.

4. Run LOLCAT to dentify SDCs in all the CTDG-specific trees.

5. Analyze the relative positions of sequence-based orthologs, paying special attention to relative

positions (i.e. in a species, genes A, B, and C in positions 2, 3, and 4 should be analyzed if

sequence-based orthologs are in positions 10, 11, and 12) and look for potential orthologs.

6. If the sequence-based orthology calling algorithm was not able to resolve more than one gene

family, build a phylogenetic tree with all the genes in the focal CTDG from all species under

study, and select the clade containing the SDC identified by LOLCAT.
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7. Call orthologs that share homology at the sequence, phylogenetic, and now, shared gene order

level.

Another interesting example is the cystatin type II CTDG. Although it is a very ancient gene family,

cystatins have expanded several times across multiple animal lineages [161]. Moreover, its origin can be

traced back to ancestral lineages of eukaryotes [162]. In vertebrates, cystatins have evolved from their

inhibitory activity to be involved in innate immunity [162]. Out of the eight members of the cystatin

CTDG, an SDC of four genes were identified by LOLCAT (fig. 4.4). Interestingly, the cystatins in the

SDC cluster according to their expression patterns (according to the GTEx database), when compared

with all the cystatins in the CTDG (fig. A.7).
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CST2|7

CST4|5

CST1|6

0.447393
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Figure 4.4: Human cystatin CTDG. Legend follows fig. 4.2

Defining homology relationships is challenging in CTDGs because of the high similarity between

sets of genes of the same gene family in the same species. Although SDCs are very rare, here we

report the striking case of the Keratin CTDG SDC across mammals. We also show how by combin-

ing the analysis of gene order in time (phylogenetically) and space (genomically) we can strengthen

orthology hypotheses between genes. Given that gene order conservation has been observed to have

functional consequences in important phylogenetically conserved CTDGs like the β -globin [34] and

Hox CTDGs [147], with this report we show how by using genomic and phylogenetic information

simultaneously, the spatial conservation of important orthologous genes in the Keratin CTDG were
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identified as a proof of concept of a tool that can aid in the identification of orthologous relationships

in complex gene families.

Finally, we present LOLCAT, a valuable tool in aiding the often difficult task of orthology calling.

Importantly, LOLCAT is best suited to be used in CTDGs with relatively ordered genes. Also, it has

to be noted that this method is insufficient to identify orthologs by itself, and it should be used in

conjunction with other methods to leverage its potential.
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Chapter 5

Conclusions

CTDGs can be defined, and more importantly, computationally identified (chapter 2). With such

a definition, evolutionarily and functionally interesting features of CTDGs can be uncovered by sys-

tematically applying it to the study of CTDGs in mammalian genomes. CTDGs are integral parts of

mammalian genomes ( chapter 3[23]), and evidence exist strongly suggesting that the same is true for

other groups [66, 80, 163, 164].

CTDGs are not only common among mammals, but also maintained as such. Genomic contraction

is likely to be at play in the evolutionary processes that have preserved the mammalian repertoire of

CTDGs, and future research in that direction is bound to be exciting. Given that CTDGs are indeed

biological entities likely subject to evolutionary forces, we can use characteristics of CTDGs as part of

our toolkit for describing and discovering the intricate processes of the evolution of genomes and gene

families (chapter 4).

There is still a lot that we do not know, and many new avenues of research have opened. For exam-

ple, now that we can describe linear CTDGs (in 1D along the length of the genome), what about three

dimensional CTDGs? We know that chromatin conformation is an active source of genic regulation,

and with the tools now at our disposal, we could start describing how CTDGs organize in three dimen-

sional space, and maybe more interestingly, how gene duplicates that are not close along the genome,

can come together to form transient but functionally important chromatin-level CTDGs. We now can

also start to think again the level at which our assumptions of orthology have to go (or can go). By

systematically adding a new level of biological organization (the CTDG), we can now incorporate it to

our protocols for modeling the evolution of gene families.

Finally, with tools like CTDGFinder and LOLCAT, we can start developing more sophisticated

algorithms to model how the genome as a whole is organized, potentially informing robust statistical

models that incorporate not only gene family descriptions, but also the parameters that describe their

organization in the genome.
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Appendix A

Figures

Figure A.1: Effect of BLAST E-value in the number of CTDGs (top) and numbr of gene duplicates
(bottom) in human (left) and mouse (right) identified by CTDGFinder.
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Figure A.2: GO enrichment analysis of clustered genes compared to non-clustered genes in human and
mouse. The percentage of clustered genes in each chromosome enriched for biological processes is
used to color the heatmap. The GO terms represented in the heatmap belong to the depth 6 because it
is the depth in the ontology graph with the highest diversity of terms.
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Figure A.3: Distribution of CTDGs across mammalian species. X axis: fraction of chromosome length
spanned by CTDGs (A), and fraction of clustered genes (i.e., genes in CTDGs) per chromosome (B). Y
axis: density. Axes are plotted only on the human distribution to increase readability. Dotted line: fitted
normal distribution, blue line: kernel density estimate, orange line: percentile 95, purple line: standard
deviation plus the mean of the standard distribution fitted to the data, bottom blue ticks: data for every
chromosome or scaffold, middle blue lines: data for chromosomes beyond the percentile 95. All plots
are plotted on the same scale on both axes.
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Chromosome

Figure A.4: Mean recombination rate difference between regions inside and outside of CTDGs. The
excess recombination rate inside CTDGs was calculated by subtracting the mean recombination rate
outside CTDGs from the mean recombination rate inside CTDGs.

Figure A.5: High correlation between gene order and phylogenetic divergence of the genes in the
keratin CTDG in mammalian genomes. The figure follows the legend in fig. 4.2 The image can be
accessed at https://figshare.com/account/home#/projects/61319

Figure A.6: Gene-family level phylogenetic tree of all the keratins under study. Blue: focus clade in
fig. 4.3. Image can be accessed at https://figshare.com/account/home#/projects/61319

Figure A.7: Expression pattern of the human genes in the CST CTDG (From the GTEx database).Image
can be accessed at https://figshare.com/account/home#/projects/61319
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Appendix B

Tables

Table B.1: Query sequences used for each gene family in human and mouse

Species Family Accession Symbol
human galectins NP 001819.2 CLC
human galectins XP 011525176.1 LGALS13
human galectins NP 064514.1 LGALS14
human galectins NP 001177370.2 LGALS16
human galectins XP 011525276.1 LGALS4
human galectins NP 002298.1 LGALS7
human galectins NP 001035972.1 LGALS7B
human ghs NP 001308.1 CSH1
human ghs NP 072171.1 CSH2
human ghs NP 001309.3 CSHL1
human ghs XP 011522914.1 GH1
human ghs NP 072052.1 GH2
human globins NP 000509.1 HBB
human globins NP 000510.1 HBD
human globins NP 005321.1 HBE1
human globins NP 000550.2 HBG1
human globins NP 000175.1 HBG2
human hoxes NP 005513.1 HOXA1
human hoxes NP 061824.3 HOXA10
human hoxes NP 005514.1 HOXA11
human hoxes NP 000513.2 HOXA13
human hoxes NP 006726.1 HOXA2
human hoxes NP 109377.1 HOXA3
human hoxes NP 002132.3 HOXA4
human hoxes NP 061975.2 HOXA5
human hoxes NP 076919.1 HOXA6
human hoxes NP 008827.2 HOXA7
human hoxes NP 689952.1 HOXA9
human lhbs NP 000728.1 CGB
human lhbs NP 203695.2 CGB1
human lhbs NP 203696.2 CGB2
human lhbs NP 149032.1 CGB5
human lhbs NP 149133.1 CGB7
human lhbs NP 149439.1 CGB8
human lhbs XP 011525277.1 LHB
human protocadherins NP 113598.1 PCDHA1
human protocadherins NP 114065.1 PCDHA10
human protocadherins NP 114067.1 PCDHA11
human protocadherins NP 114070.1 PCDHA12
human protocadherins NP 114071.1 PCDHA13
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Table B.1: Query sequences used for each gene family in human and mouse

Species Family Accession Symbol
human protocadherins NP 113683.1 PCDHA2
human protocadherins NP 113685.1 PCDHA3
human protocadherins NP 113688.1 PCDHA4
human protocadherins NP 113689.1 PCDHA5
human protocadherins NP 114036.1 PCDHA6
human protocadherins NP 114040.1 PCDHA7
human protocadherins NP 114062.1 PCDHA8
human protocadherins NP 054724.1 PCDHA9
human protocadherins NP 114088.2 PCDHAC1
human protocadherins NP 114089.1 PCDHAC2
human protocadherins NP 037472.2 PCDHB1
human protocadherins NP 061753.1 PCDHB10
human protocadherins NP 061754.1 PCDHB11
human protocadherins NP 061755.1 PCDHB12
human protocadherins NP 061756.1 PCDHB13
human protocadherins NP 061757.1 PCDHB14
human protocadherins NP 061758.1 PCDHB15
human protocadherins NP 061759.1 PCDHB2
human protocadherins NP 061760.1 PCDHB3
human protocadherins NP 061761.1 PCDHB4
human protocadherins NP 056484.2 PCDHB5
human protocadherins NP 061762.2 PCDHB6
human protocadherins NP 061763.1 PCDHB7
human protocadherins NP 061993.3 PCDHB8
human protocadherins NP 061992.3 PCDHB9
human protocadherins NP 114382.1 PCDHGA1
human protocadherins NP 114479.1 PCDHGA10
human protocadherins NP 114480.1 PCDHGA11
human protocadherins NP 115265.1 PCDHGA12
human protocadherins NP 114398.1 PCDHGA2
human protocadherins NP 114400.1 PCDHGA3
human protocadherins NP 114442.2 PCDHGA4
human protocadherins NP 114443.1 PCDHGA5
human protocadherins NP 114475.1 PCDHGA6
human protocadherins NP 114476.1 PCDHGA7
human protocadherins NP 054723.1 PCDHGA8
human protocadherins NP 114478.1 PCDHGA9
human protocadherins NP 115266.1 PCDHGB1
human protocadherins NP 115267.1 PCDHGB2
human protocadherins NP 115268.2 PCDHGB3
human protocadherins NP 115269.1 PCDHGB4
human protocadherins NP 115270.1 PCDHGB5
human protocadherins NP 115271.1 PCDHGB6
human protocadherins NP 115272.1 PCDHGB7
human protocadherins NP 115778.1 PCDHGC3
human protocadherins NP 115782.1 PCDHGC4
human protocadherins NP 115783.1 PCDHGC5
human siglecs XP 011525833.1 CD33
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Table B.1: Query sequences used for each gene family in human and mouse

Species Family Accession Symbol
human siglecs NP 001164632.1 SIGLEC10
human siglecs NP 201586.1 SIGLEC12
human siglecs NP 001092082.1 SIGLEC14
human siglecs NP 003821.1 SIGLEC5
human siglecs NP 001171018.1 SIGLEC6
human siglecs XP 006723203.1 SIGLEC7
human siglecs XP 011525037.1 SIGLEC8
human siglecs XP 011525035.1 SIGLEC9
mouse galectins NP 034836.1 Lgals4
mouse galectins NP 032522.2 Lgals7
mouse globins NP 032245.1 Hbb-bh1
mouse globins XP 006508067.1 Hbb-bh2
mouse globins NP 001188320.1 Hbb-bs
mouse globins NP 032246.2 Hbb-bt
mouse globins NP 032247.1 Hbb-y
mouse hoxes NP 034579.3 Hoxa1
mouse hoxes NP 032289.2 Hoxa10
mouse hoxes NP 034580.1 Hoxa11
mouse hoxes NP 032290.1 Hoxa13
mouse hoxes NP 034581.1 Hoxa2
mouse hoxes NP 034582.1 Hoxa3
mouse hoxes NP 032291.1 Hoxa4
mouse hoxes NP 034583.1 Hoxa5
mouse hoxes NP 034584.1 Hoxa6
mouse hoxes XP 006505675.1 Hoxa7
mouse hoxes NP 034586.1 Hoxa9
mouse prolactins NP 035294.2 Prl
mouse prolactins NP 064375.1 Prl2a1
mouse prolactins NP 079808.1 Prl2b1
mouse prolactins XP 006516640.1 Prl2c2
mouse prolactins XP 006516641.1 Prl2c3
mouse prolactins NP 036084.2 Prl2c4
mouse prolactins XP 011242563.1 Prl2c5
mouse prolactins NP 080172.1 Prl3a1
mouse prolactins NP 032891.1 Prl3b1
mouse prolactins NP 038794.1 Prl3c1
mouse prolactins NP 001192251.1 Prl3d1
mouse prolactins XP 006516702.1 Prl3d2
mouse prolactins XP 006516703.1 Prl3d3
mouse prolactins NP 035295.1 Prl4a1
mouse prolactins NP 076235.1 Prl5a1
mouse prolactins NP 035296.1 Prl6a1
mouse prolactins NP 032956.1 Prl7a1
mouse prolactins XP 006516644.1 Prl7a2
mouse prolactins XP 011242659.1 Prl7b1
mouse prolactins XP 006516796.1 Prl7c1
mouse prolactins XP 006516643.1 Prl7d1
mouse prolactins NP 082753.1 Prl8a1
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Table B.1: Query sequences used for each gene family in human and mouse

Species Family Accession Symbol
mouse prolactins NP 034218.1 Prl8a2
mouse prolactins NP 035297.1 Prl8a6
mouse prolactins NP 076230.1 Prl8a8
mouse prolactins XP 006516792.1 Prl8a9
mouse protocadherins XP 006526384.1 Pcdh1
mouse protocadherins NP 059074.2 Pcdh12
mouse protocadherins NP 473413.1 Pcdha1
mouse protocadherins NP 444356.1 Pcdhb1
mouse protocadherins NP 444365.1 Pcdhb10
mouse protocadherins NP 444366.3 Pcdhb11
mouse protocadherins NP 444367.1 Pcdhb12
mouse protocadherins NP 444368.1 Pcdhb13
mouse protocadherins NP 444369.3 Pcdhb14
mouse protocadherins NP 444370.1 Pcdhb15
mouse protocadherins NP 444371.3 Pcdhb16
mouse protocadherins NP 444372.2 Pcdhb17
mouse protocadherins NP 444373.1 Pcdhb18
mouse protocadherins NP 444374.2 Pcdhb19
mouse protocadherins NP 444357.1 Pcdhb2
mouse protocadherins NP 444375.2 Pcdhb20
mouse protocadherins NP 444376.1 Pcdhb21
mouse protocadherins NP 444377.3 Pcdhb22
mouse protocadherins NP 444358.2 Pcdhb3
mouse protocadherins NP 444359.3 Pcdhb4
mouse protocadherins NP 444360.1 Pcdhb5
mouse protocadherins NP 444361.1 Pcdhb6
mouse protocadherins NP 444362.3 Pcdhb7
mouse protocadherins NP 444363.1 Pcdhb8
mouse protocadherins NP 444364.3 Pcdhb9
mouse protocadherins NP 291062.1 Pcdhga1
mouse siglecs NP 001104528.1 Cd33
mouse siglecs XP 006541383.1 Siglece
mouse siglecs NP 663556.1 Siglecf
mouse siglecs XP 006540925.1 Siglecg
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Table B.2: Expression enhancement of genes in the CTDs from galectins and Siglecs in chromosome
19

Ensembl ID NCBI ID symbol cluster order enhanced
ENSG00000105695 NP 542167.1 MAG siglecs-19 4 1 cerebral cortex, ovary
ENSG00000012124 NP 001172029.1 CD22 siglecs-19 4 2 lymph node, tonsil
ENSG00000105388 NP 004354.3 CEACAM5 siglecs-19 5 1 colon, rectum
ENSG00000086548 NP 002474.4 CEACAM6 siglecs-19 5 2 bone marrow, colon,

esophagus, gallblad-
der, lung, rectum

ENSG00000243130 NP 976032.2 PSG11 siglecs-19 3 1 placenta
ENSG00000242221 NP 112536.2 PSG2 siglecs-19 3 2 placenta
ENSG00000204941 NP 002772.3 PSG5 siglecs-19 3 3 placenta
ENSG00000243137 NP 001263424.1 PSG4 siglecs-19 3 4 placenta
ENSG00000129450 NP 055256.1 SIGLEC9 siglecs-19 2 1 appendix
ENSG00000168995 NP 001264130.1 SIGLEC7 siglecs-19 2 2 spleen
ENSG00000105383 NP 001171079.1 CD33 siglecs-19 2 3 non enhanced
ENSG00000179213 NP 775906.1 SIGLECL1 siglecs-19 2 4 testis
ENSG00000142512 NP 001164632.1 SIGLEC10 siglecs-19 1 1 appendix
ENSG00000105366 NP 055257.2 SIGLEC8 siglecs-19 1 2 non enhanced
ENSG00000254521 NP 201586.1 SIGLEC12 siglecs-19 1 3 spleen
ENSG00000105492 NP 001171018.1 SIGLEC6 siglecs-19 1 4 placenta
ENSG00000105501 NP 003821.1 SIGLEC5 siglecs-19 1 6 appendix, bone mar-

row
ENSG00000254415 NP 001092082.1 SIGLEC14 siglecs-19 1 7 appendix, spleen
ENSG00000205076 NP 002298.1 LGALS7 galectins-19 2 1 skin
ENSG00000178934 NP 001035972.1 LGALS7B galectins-19 2 2 skin
ENSG00000171747 NP 006140.1 LGALS4 galectins-19 2 3 colon, duodenum, rec-

tum, small intestine
ENSG00000105198 NP 037400.1 LGALS13 galectins-19 1 1 placenta
ENSG00000249861 NP 001177370.2 LGALS16 galectins-19 1 2 placenta
ENSG00000006659 NP 064514.1 LGALS14 galectins-19 1 3 placenta
ENSG00000105205 NP 001819.2 CLC galectins-19 1 4 bone marrow
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Table B.3: Mammalian CTDGs based on the 7 galectins on human chromosome 19

Species Chromosome Cluster Gene duplicates

Bos taurus
18 galectins-18 1 3
19 galectins-19 1 2
5 galectins-5 1 2

Callithrix jacchus
22 galectins-22 1 6
22 galectins-22 2 3

Canis lupus familiaris
1 galectins-1 1 3
10 galectins-10 1 2

Capra hircus
18 galectins-18 1 3
18 galectins-18 2 3

Chlorocebus sabaeus
6 galectins-6 1 4
6 galectins-6 2 3

Equus caballus
10 galectins-10 1 3
11 galectins-11 1 4

Felis catus B4 galectins-B4 1 2

Gorilla gorilla
19 galectins-19 1 4
19 galectins-19 2 3
22 galectins-22 1 2

Homo sapiens
19 galectins-19 1 4
19 galectins-19 2 3
22 galectins-22 1 2

Macaca fascicularis
16 galectins-16 1 2
19 galectins-19 1 5
19 galectins-19 2 2

Macaca mulatta
10 galectins-10 1 2
19 galectins-19 1 5
19 galectins-19 2 2

Microtus ochrogaster 15 galectins-15 1 2

Monodelphis domestica
4 galectins-4 1 3
8 galectins-8 1 4

Mus musculus
15 galectins-15 1 2
7 galectins-7 1 2

Nomascus leucogenys
11 galectins-11 1 2
17 galectins-17 1 2
7b galectins-7b 1 2

Pan troglodytes

17 galectins-17 1 2
19 galectins-19 1 3
19 galectins-19 2 3
22 galectins-22 1 2

Papio anubis
10 galectins-10 1 2
19 galectins-19 1 7
19 galectins-19 2 3

Pongo abelii

11 galectins-11 1 2
17 galectins-17 1 2
19 galectins-19 1 6
19 galectins-19 2 3
22 galectins-22 1 2

Rattus norvegicus
1 galectins-1 1 2
7 galectins-7 1 2

Sus scrofa
5 galectins-5 1 2
6 galectins-6 1 2
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Table B.4: Mammalian CTDGs based on the 2 galectins on mouse chromosome 7

Species Chromosome Cluster Gene duplicates

Bos taurus
18 galectins mm-18 1 3
19 galectins mm-19 1 2
5 galectins mm-5 1 2

Callithrix jacchus
22 galectins mm-22 1 6
22 galectins mm-22 2 3

Canis lupus familiaris
1 galectins mm-1 1 3
10 galectins mm-10 1 2

Capra hircus
18 galectins mm-18 1 3
18 galectins mm-18 2 3

Chlorocebus sabaeus
6 galectins mm-6 1 4
6 galectins mm-6 2 3

Equus caballus
10 galectins mm-10 1 3
11 galectins mm-11 1 4

Felis catus B4 galectins mm-B4 1 2

Gorilla gorilla
19 galectins mm-19 1 4
19 galectins mm-19 2 3
22 galectins mm-22 1 2

Homo sapiens
19 galectins mm-19 1 4
19 galectins mm-19 2 3
22 galectins mm-22 1 2

Macaca fascicularis
16 galectins mm-16 1 2
19 galectins mm-19 1 4
19 galectins mm-19 2 2

Macaca mulatta
10 galectins mm-10 1 2
19 galectins mm-19 1 5
19 galectins mm-19 2 2

Microtus ochrogaster 15 galectins mm-15 1 2

Monodelphis domestica
4 galectins mm-4 1 3
8 galectins mm-8 1 4

Mus musculus
15 galectins mm-15 1 2
7 galectins mm-7 1 2

Nomascus leucogenys
11 galectins mm-11 1 2
17 galectins mm-17 1 2
7b galectins mm-7b 1 2

Pan troglodytes

17 galectins mm-17 1 2
19 galectins mm-19 1 3
19 galectins mm-19 2 3
22 galectins mm-22 1 2

Papio anubis
10 galectins mm-10 1 2
19 galectins mm-19 1 6
19 galectins mm-19 2 3

Pongo abelii

11 galectins mm-11 1 2
17 galectins mm-17 1 2
19 galectins mm-19 1 5
19 galectins mm-19 2 3
22 galectins mm-22 1 2

Rattus norvegicus
1 galectins mm-1 1 2
7 galectins mm-7 1 2

Sus scrofa
5 galectins mm-5 1 2
6 galectins mm-6 1 2
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Table B.5: Mammalian β -globin CTDG using the 5 β -globin genes in the human chromosome 11

species chromosome cluster gene duplicates

Bos taurus
15 globins-15 1 5
25 globins-25 1 6

Callithrix jacchus
11 globins-11 1 4
12 globins-12 1 3

Canis lupus familiaris
21 globins-21 1 5
6 globins-6 1 4

Capra hircus
15 globins-15 1 10
25 globins-25 1 4

Chlorocebus sabaeus
1 globins-1 1 4
5 globins-5 1 5

Equus caballus 7 globins-7 1 5

Felis catus
D1 globins-D1 1 4
E3 globins-E3 1 3

Gorilla gorilla gorilla
11 globins-11 1 5
16 globins-16 1 6

Homo sapiens
11 globins-11 1 5
16 globins-16 1 5

Macaca fascicularis
14 globins-14 1 5
20 globins-20 1 4

Macaca mulatta
14 globins-14 1 5
20 globins-20 1 6

Microtus ochrogaster 7 globins-7 1 5

Monodelphis domestica
4 globins-4 1 2
6 globins-6 1 5

Mus musculus
11 globins-11 1 5
7 globins-7 1 5

Nomascus leucogenys
15 globins-15 1 3
18 globins-18 1 2

Oryctolagus cuniculus 1 globins-1 1 4

Ovis aries
15 globins-15 1 3
24 globins-24 1 3

Pan troglodytes
11 globins-11 1 5
16 globins-16 1 2

Papio anubis
14 globins-14 1 4
20 globins-20 1 5

Pongo abelii 11 globins-11 1 4

Rattus norvegicus
1 globins-1 1 8
10 globins-10 1 4

Sus scrofa
3 globins-3 1 4
9 globins-9 1 4
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Table B.6: Mammalian β -globin CTDG using the 5 β -globin genes in the mouse chromosome 7

species chromosome cluster gene duplicates

Bos taurus
15 globins mm-15 1 5
25 globins mm-25 1 6

Callithrix jacchus
11 globins mm-11 1 4
12 globins mm-12 1 3

Canis lupus familiaris
21 globins mm-21 1 5
6 globins mm-6 1 4

Capra hircus
15 globins mm-15 1 10
25 globins mm-25 1 4

Chlorocebus sabaeus
1 globins mm-1 1 4
5 globins mm-5 1 5

Equus caballus 7 globins mm-7 1 5

Felis catus
D1 globins mm-D1 1 4
E3 globins mm-E3 1 3

Gorilla gorilla gorilla
11 globins mm-11 1 5
16 globins mm-16 1 6

Homo sapiens
11 globins mm-11 1 5
16 globins mm-16 1 5

Macaca fascicularis
14 globins mm-14 1 5
20 globins mm-20 1 4

Macaca mulatta
14 globins mm-14 1 5
20 globins mm-20 1 6

Microtus ochrogaster 7 globins mm-7 1 5

Monodelphis domestica
4 globins mm-4 1 2
6 globins mm-6 1 5

Mus musculus
11 globins mm-11 1 5
7 globins mm-7 1 5

Nomascus leucogenys
15 globins mm-15 1 3
18 globins mm-18 1 2

Oryctolagus cuniculus 1 globins mm-1 1 4

Ovis aries
15 globins mm-15 1 3
24 globins mm-24 1 3

Pan troglodytes
11 globins mm-11 1 5
16 globins mm-16 1 2

Papio anubis
14 globins mm-14 1 4
20 globins mm-20 1 5

Pongo abelii 11 globins mm-11 1 4

Rattus norvegicus
1 globins mm-1 1 8
10 globins mm-10 1 4

Sus scrofa
3 globins mm-3 1 4
9 globins mm-9 1 4
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Table B.7: Mammalian Hox CTDG using the 11 HoxA genes in the human chromosome 7

species chromosome cluster gene duplicates

Bos taurus

19 hoxes-19 1 7
2 hoxes-2 1 7
4 hoxes-4 1 9
5 hoxes-5 1 8

Callithrix jacchus

5 hoxes-5 1 9
5 hoxes-5 2 2
6 hoxes-6 1 7
8 hoxes-8 1 9
9 hoxes-9 1 7

Canis lupus familiaris

14 hoxes-14 1 9
25 hoxes-25 1 2
27 hoxes-27 1 6
36 hoxes-36 1 7
9 hoxes-9 1 9

Capra hircus

19 hoxes-19 1 9
2 hoxes-2 1 8
4 hoxes-4 1 9
5 hoxes-5 1 9

Chlorocebus sabaeus

10 hoxes-10 1 7
11 hoxes-11 1 6
16 hoxes-16 1 6
21 hoxes-21 1 10
3 hoxes-3 1 2

Equus caballus

11 hoxes-11 1 8
17 hoxes-17 1 3
18 hoxes-18 1 6
4 hoxes-4 1 8
6 hoxes-6 1 7

Felis catus

A1 hoxes-A1 1 3
A2 hoxes-A2 1 10
B4 hoxes-B4 1 9
C1 hoxes-C1 1 9
E1 hoxes-E1 1 9

Gorilla gorilla gorilla

12 hoxes-12 1 8
13 hoxes-13 1 2
2B hoxes-2B 1 11
5 hoxes-5 1 9
7 hoxes-7 1 11

Homo sapiens

12 hoxes-12 1 9
13 hoxes-13 1 2
17 hoxes-17 1 10
2 hoxes-2 1 9
7 hoxes-7 1 12

Macaca fascicularis

11 hoxes-11 1 8
12 hoxes-12 1 8
16 hoxes-16 1 7
17 hoxes-17 1 2
3 hoxes-3 1 10

Macaca mulatta

11 hoxes-11 1 8
12 hoxes-12 1 8
16 hoxes-16 1 10
17 hoxes-17 1 2
3 hoxes-3 1 10

Microtus ochrogaster
15 hoxes-15 1 8
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Table B.7: Mammalian Hox CTDG using the 11 HoxA genes in the human chromosome 7

species chromosome cluster gene duplicates
2 hoxes-2 1 2
4 hoxes-4 1 8

Monodelphis domestica

2 hoxes-2 1 7
4 hoxes-4 1 7
4 hoxes-4 2 2
8 hoxes-8 1 6

Mus musculus

11 hoxes-11 1 10
15 hoxes-15 1 9
2 hoxes-2 1 9
5 hoxes-5 1 2
6 hoxes-6 1 11

Nomascus leucogenys

11 hoxes-11 1 7
17 hoxes-17 1 9
22a hoxes-22a 1 9
9 hoxes-9 1 2

Oryctolagus cuniculus

10 hoxes-10 1 10
19 hoxes-19 1 6
4 hoxes-4 1 8
7 hoxes-7 1 9

Ovis aries

11 hoxes-11 1 5
2 hoxes-2 1 3
3 hoxes-3 1 7
4 hoxes-4 1 4

Pan troglodytes

12 hoxes-12 1 7
13 hoxes-13 1 3
17 hoxes-17 1 8
2B hoxes-2B 1 9
7 hoxes-7 1 9

Papio anubis

11 hoxes-11 1 7
12 hoxes-12 1 8
16 hoxes-16 1 8
17 hoxes-17 1 2
3 hoxes-3 1 11

Pongo abelii

12 hoxes-12 1 7
13 hoxes-13 1 2
2B hoxes-2B 1 9
7 hoxes-7 1 11

Rattus norvegicus

10 hoxes-10 1 10
12 hoxes-12 1 2
3 hoxes-3 1 7
4 hoxes-4 1 13
7 hoxes-7 1 9

Sus scrofa

11 hoxes-11 1 3
12 hoxes-12 1 8
15 hoxes-15 1 8
18 hoxes-18 1 12
5 hoxes-5 1 6
9 hoxes-9 1 2
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Table B.8: Mammalian Hox CTDG using the 11 HoxA genes in the mouse chromosome 6

species chromosome cluster gene duplicates

Bos taurus

19 hoxes mm-19 1 7
2 hoxes mm-2 1 7
4 hoxes mm-4 1 9
5 hoxes mm-5 1 8

Callithrix jacchus

5 hoxes mm-5 1 9
5 hoxes mm-5 2 2
6 hoxes mm-6 1 7
8 hoxes mm-8 1 9
9 hoxes mm-9 1 7

Canis lupus familiaris

14 hoxes mm-14 1 9
25 hoxes mm-25 1 2
27 hoxes mm-27 1 6
36 hoxes mm-36 1 7
9 hoxes mm-9 1 9

Capra hircus

19 hoxes mm-19 1 9
2 hoxes mm-2 1 8
4 hoxes mm-4 1 9
5 hoxes mm-5 1 9

Chlorocebus sabaeus

10 hoxes mm-10 1 7
11 hoxes mm-11 1 6
16 hoxes mm-16 1 6
21 hoxes mm-21 1 10
3 hoxes mm-3 1 3

Equus caballus

11 hoxes mm-11 1 8
17 hoxes mm-17 1 3
18 hoxes mm-18 1 6
4 hoxes mm-4 1 8
6 hoxes mm-6 1 7

Felis catus

A1 hoxes mm-A1 1 3
A2 hoxes mm-A2 1 10
B4 hoxes mm-B4 1 9
C1 hoxes mm-C1 1 9
E1 hoxes mm-E1 1 9

Gorilla gorilla gorilla

12 hoxes mm-12 1 8
13 hoxes mm-13 1 3
2B hoxes mm-2B 1 11
5 hoxes mm-5 1 9
7 hoxes mm-7 1 11

Homo sapiens

12 hoxes mm-12 1 9
13 hoxes mm-13 1 3
17 hoxes mm-17 1 10
2 hoxes mm-2 1 9
7 hoxes mm-7 1 11

Macaca fascicularis

11 hoxes mm-11 1 8
12 hoxes mm-12 1 8
16 hoxes mm-16 1 7
17 hoxes mm-17 1 3
3 hoxes mm-3 1 10

Macaca mulatta

11 hoxes mm-11 1 8
12 hoxes mm-12 1 8
16 hoxes mm-16 1 10
17 hoxes mm-17 1 2
3 hoxes mm-3 1 10

Microtus ochrogaster
15 hoxes mm-15 1 8

103



Table B.8: Mammalian Hox CTDG using the 11 HoxA genes in the mouse chromosome 6

species chromosome cluster gene duplicates
2 hoxes mm-2 1 2
4 hoxes mm-4 1 8

Monodelphis domestica

2 hoxes mm-2 1 7
4 hoxes mm-4 1 6
4 hoxes mm-4 2 2
8 hoxes mm-8 1 6

Mus musculus

11 hoxes mm-11 1 10
15 hoxes mm-15 1 9
2 hoxes mm-2 1 9
5 hoxes mm-5 1 3
6 hoxes mm-6 1 11

Nomascus leucogenys

11 hoxes mm-11 1 7
17 hoxes mm-17 1 8
22a hoxes mm-22a 1 9
9 hoxes mm-9 1 2

Oryctolagus cuniculus

10 hoxes mm-10 1 10
19 hoxes mm-19 1 6
4 hoxes mm-4 1 8
7 hoxes mm-7 1 9

Ovis aries

11 hoxes mm-11 1 5
2 hoxes mm-2 1 3
3 hoxes mm-3 1 7
4 hoxes mm-4 1 4

Pan troglodytes

12 hoxes mm-12 1 7
13 hoxes mm-13 1 3
17 hoxes mm-17 1 8
2B hoxes mm-2B 1 9
7 hoxes mm-7 1 9

Papio anubis

11 hoxes mm-11 1 7
12 hoxes mm-12 1 8
16 hoxes mm-16 1 8
17 hoxes mm-17 1 2
3 hoxes mm-3 1 11

Pongo abelii

12 hoxes mm-12 1 7
13 hoxes mm-13 1 3
2B hoxes mm-2B 1 9
7 hoxes mm-7 1 11

Rattus norvegicus

10 hoxes mm-10 1 10
12 hoxes mm-12 1 2
3 hoxes mm-3 1 7
4 hoxes mm-4 1 13
7 hoxes mm-7 1 9

Sus scrofa

11 hoxes mm-11 1 3
12 hoxes mm-12 1 8
15 hoxes mm-15 1 8
18 hoxes mm-18 1 12
5 hoxes mm-5 1 6
9 hoxes mm-9 1 2
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Table B.9: Mammalian LHB CTDG using the 7 LHB genes in the human chromosome 19

species chromosome cluster gene duplicates
Bos taurus 15 lhbs-15 1 2
Chlorocebus sabaeus 6 lhbs-6 1 2
Equus caballus 7 lhbs-7 1 2
Gorilla gorilla gorilla 19 lhbs-19 1 3
Homo sapiens 19 lhbs-19 1 7
Macaca fascicularis 19 lhbs-19 1 3
Macaca mulatta 19 lhbs-19 1 2
Papio anubis 19 lhbs-19 1 2
Pongo abelii 19 lhbs-19 1 6
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Table B.10: Mammalian protocadherin CTDG using the 52 protocadherin genes in the human chromo-
some 5

species chromosome cluster gene duplicates
Bos taurus 7 protocadherins-7 1 19
Callithrix jacchus 2 protocadherins-2 1 35
Canis lupus familiaris 2 protocadherins-2 1 15
Capra hircus 7 protocadherins-7 1 28
Chlorocebus sabaeus 23 protocadherins-23 1 18
Equus caballus 14 protocadherins-14 1 36
Felis catus A1 protocadherins-A1 1 22
Gorilla gorilla gorilla 5 protocadherins-5 1 29
Homo sapiens 5 protocadherins-5 1 53
Macaca fascicularis 6 protocadherins-6 1 22
Macaca mulatta 6 protocadherins-6 1 20
Microtus ochrogaster 18 protocadherins-18 1 31
Monodelphis domestica 1 protocadherins-1 1 25
Mus musculus 18 protocadherins-18 1 24
Nomascus leucogenys 2 protocadherins-2 1 20
Oryctolagus cuniculus 3 protocadherins-3 1 18
Ovis aries 5 protocadherins-5 1 18
Pan troglodytes 5 protocadherins-5 1 22
Papio anubis 6 protocadherins-6 1 20
Pongo abelii 5 protocadherins-5 1 37
Rattus norvegicus 18 protocadherins-18 1 19

Sus scrofa
2 protocadherins-2 1 20
2 protocadherins-2 2 13
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Table B.11: Mammalian protocadherin CTDG using the 26 protocadherin genes in the mouse chromo-
some 18

species chromosome cluster gene duplicates

Bos taurus
7 protocadherins mm-7 1 19
7 protocadherins mm-7 2 2

Callithrix jacchus 2 protocadherins mm-2 1 37
Canis lupus familiaris 2 protocadherins mm-2 1 15

Capra hircus
7 protocadherins mm-7 1 27
7 protocadherins mm-7 2 2

Chlorocebus sabaeus 23 protocadherins mm-23 1 19
Equus caballus 14 protocadherins mm-14 1 38
Felis catus A1 protocadherins mm-A1 1 24

Gorilla gorilla gorilla
5 protocadherins mm-5 1 29
5 protocadherins mm-5 2 2

Homo sapiens 5 protocadherins mm-5 1 55
Macaca fascicularis 6 protocadherins mm-6 1 23
Macaca mulatta 6 protocadherins mm-6 1 21
Microtus ochrogaster 18 protocadherins mm-18 1 31

Monodelphis domestica
1 protocadherins mm-1 1 26
7 protocadherins mm-7 1 2

Mus musculus 18 protocadherins mm-18 1 26
Nomascus leucogenys 2 protocadherins mm-2 1 22
Oryctolagus cuniculus 3 protocadherins mm-3 1 22
Ovis aries 5 protocadherins mm-5 1 17
Pan troglodytes 5 protocadherins mm-5 1 22
Papio anubis 6 protocadherins mm-6 1 21
Pongo abelii 5 protocadherins mm-5 1 38
Rattus norvegicus 18 protocadherins mm-18 1 20

Sus scrofa
11 protocadherins mm-11 1 2
2 protocadherins mm-2 1 19
2 protocadherins mm-2 2 12
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Table B.12: Mammalian Prolactin using the 26 Prolactin genes in the mouse chromosome 13

species chromosome cluster gene duplicates
Bos taurus 23 prolactins-23 1 11
Callithrix jacchus 5 prolactins-5 1 3
Capra hircus 23 prolactins-23 1 10
Chlorocebus sabaeus 16 prolactins-16 1 2
Gorilla gorilla gorilla 5 prolactins-5 1 4
Macaca fascicularis 16 prolactins-16 1 5
Macaca mulatta 16 prolactins-16 1 4
Microtus ochrogaster 16 prolactins-16 1 20
Mus musculus 13 prolactins-13 1 24
Ovis aries 20 prolactins-20 1 7
Pan troglodytes 17 prolactins-17 1 4
Papio anubis 16 prolactins-16 1 4

Rattus norvegicus
17 prolactins-17 1 22
17 prolactins-17 2 5
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Table B.13: Mammalian Siglec using the 9 Siglec genes in the human chromosome 19

species chromosome cluster gene duplicates

Bos taurus
18 siglecs-18 1 3
3 siglecs-3 1 2

Callithrix jacchus
22 siglecs-22 1 5
22 siglecs-22 2 2
22 siglecs-22 3 2

Canis lupus familiaris 1 siglecs-1 1 2

Capra hircus
18 siglecs-18 1 6
18 siglecs-18 2 2

Chlorocebus sabaeus 6 siglecs-6 1 2
Equus caballus 10 siglecs-10 1 18
Felis catus E2 siglecs-E2 1 7

Gorilla gorilla gorilla

19 siglecs-19 1 6
19 siglecs-19 2 7
19 siglecs-19 3 2
19 siglecs-19 4 2

Homo sapiens

19 siglecs-19 1 7
19 siglecs-19 2 4
19 siglecs-19 3 4
19 siglecs-19 4 2
19 siglecs-19 5 2

Macaca fascicularis
19 siglecs-19 1 3
19 siglecs-19 2 2
19 siglecs-19 3 2

Macaca mulatta 19 siglecs-19 1 4
Microtus ochrogaster 21 siglecs-21 1 2

Monodelphis domestica
4 siglecs-4 1 4
4 siglecs-4 3 2

Mus musculus
7 siglecs-7 1 6
7 siglecs-7 2 2

Nomascus leucogenys
10 siglecs-10 1 9
10 siglecs-10 2 2

Ovis aries 14 siglecs-14 1 4

Pan troglodytes
19 siglecs-19 1 9
19 siglecs-19 2 2
2A siglecs-2A 1 2

Papio anubis
19 siglecs-19 1 4
19 siglecs-19 2 2

Pongo abelii 19 siglecs-19 1 11

Rattus norvegicus
1 siglecs-1 1 5
1 siglecs-1 2 3
13 siglecs-13 1 2

Sus scrofa

6 siglecs-6 1 6
6 siglecs-6 2 3
9 siglecs-9 1 2
9 siglecs-9 2 2
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Table B.14: Mammalian Siglec using the 4 Siglec genes in the mouse chromosome 7

species chromosome cluster gene duplicates

Bos taurus
18 siglecs mm-18 1 5
3 siglecs mm-3 1 2

Callithrix jacchus
22 siglecs mm-22 1 5
22 siglecs mm-22 2 2
22 siglecs mm-22 3 2

Canis lupus familiaris 1 siglecs mm-1 1 2

Capra hircus
18 siglecs mm-18 1 7
18 siglecs mm-18 2 2

Chlorocebus sabaeus 6 siglecs mm-6 1 2

Equus caballus
10 siglecs mm-10 1 17
10 siglecs mm-10 2 2

Felis catus
E2 siglecs mm-E2 1 7
F1 siglecs mm-F1 1 3

Gorilla gorilla gorilla
19 siglecs mm-19 1 14
19 siglecs mm-19 2 2

Homo sapiens

19 siglecs mm-19 1 7
19 siglecs mm-19 2 5
19 siglecs mm-19 3 3
19 siglecs mm-19 4 2

Macaca fascicularis
19 siglecs mm-19 1 2
19 siglecs mm-19 2 2

Macaca mulatta 19 siglecs mm-19 1 4
Monodelphis domestica 4 siglecs mm-4 1 4

Mus musculus
7 siglecs mm-7 1 7
7 siglecs mm-7 2 2
7 siglecs mm-7 3 2

Nomascus leucogenys
10 siglecs mm-10 1 10
10 siglecs mm-10 2 2

Ovis aries 14 siglecs mm-14 1 3

Pan troglodytes
19 siglecs mm-19 1 9
19 siglecs mm-19 2 2
2A siglecs mm-2A 1 2

Papio anubis
19 siglecs mm-19 1 4
19 siglecs mm-19 2 2

Pongo abelii 19 siglecs mm-19 1 11

Rattus norvegicus
1 siglecs mm-1 1 5
1 siglecs mm-1 2 4

Sus scrofa

10 siglecs mm-10 1 2
6 siglecs mm-6 1 6
6 siglecs mm-6 2 3
9 siglecs mm-9 1 3
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Table B.15: Clustered genes with enhanced expression in adipose tissue

Ensembl Gene Gene description
ENSG00000166106 ADAMTS15 ADAM metallopeptidase with thrombospondin type 1 motif,

15
ENSG00000165810 BTNL9 Butyrophilin-like 9
ENSG00000205502 C2CD4B C2 calcium-dependent domain containing 4B
ENSG00000174807 CD248 CD248 molecule, endosialin
ENSG00000275385 CCL18 Chemokine (C-C motif) ligand 18 (pulmonary and activation-

regulated)
ENSG00000163734 CXCL3 Chemokine (C-X-C motif) ligand 3
ENSG00000122756 CNTFR Ciliary neurotrophic factor receptor
ENSG00000106823 ECM2 Extracellular matrix protein 2, female organ and adipocyte

specific
ENSG00000094963 FMO2 Flavin containing monooxygenase 2 (non-functional)
ENSG00000164849 GPR146 G protein-coupled receptor 146
ENSG00000102287 GABRE Gamma-aminobutyric acid (GABA) A receptor, epsilon
ENSG00000137878 GCOM1 GRINL1A complex locus 1
ENSG00000165478 HEPACAM Hepatic and glial cell adhesion molecule
ENSG00000196917 HCAR1 Hydroxycarboxylic acid receptor 1
ENSG00000159387 IRX6 Iroquois homeobox 6
ENSG00000205362 MT1A Metallothionein 1A
ENSG00000205364 MT1M Metallothionein 1M
ENSG00000157654 PALM2-AKAP2 PALM2-AKAP2 readthrough
ENSG00000135917 SLC19A3 Solute carrier family 19 (thiamine transporter), member 3
ENSG00000120332 TNN Tenascin N
ENSG00000122691 TWIST1 Twist family bHLH transcription factor 1
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Table B.16: Clustered genes with enhanced expression in adrenal gland

Ensembl Gene Gene description
ENSG00000085563 ABCB1 ATP-binding cassette, sub-family B (MDR/TAP), member 1
ENSG00000174156 GSTA3 Glutathione S-transferase alpha 3
ENSG00000070886 EPHA8 EPH receptor A8
ENSG00000106004 HOXA5 Homeobox A5
ENSG00000214510 SPINK13 Serine peptidase inhibitor, Kazal type 13 (putative)
ENSG00000112936 C7 Complement component 7
ENSG00000260869 AC002310.13 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000455659)
ENSG00000123999 INHA Inhibin, alpha
ENSG00000188488 SERPINA5 Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

antitrypsin), member 5
ENSG00000027644 INSRR Insulin receptor-related receptor
ENSG00000135914 HTR2B 5-hydroxytryptamine (serotonin) receptor 2B, G protein-

coupled
ENSG00000197859 ADAMTSL2 ADAMTS-like 2
ENSG00000137878 GCOM1 GRINL1A complex locus 1
ENSG00000112038 OPRM1 Opioid receptor, mu 1
ENSG00000162594 IL23R Interleukin 23 receptor
ENSG00000142494 SLC47A1 Solute carrier family 47 (multidrug and toxin extrusion),

member 1
ENSG00000135111 TBX3 T-box 3
ENSG00000144355 DLX1 Distal-less homeobox 1
ENSG00000106038 EVX1 Even-skipped homeobox 1
ENSG00000203722 RAET1G Retinoic acid early transcript 1G
ENSG00000115297 TLX2 T-cell leukemia homeobox 2
ENSG00000135409 AMHR2 Anti-Mullerian hormone receptor, type II
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Table B.17: Clustered genes with enhanced expression in appendix

Ensembl Gene Gene description
ENSG00000160593 AMICA1 Adhesion molecule, interacts with CXADR antigen 1
ENSG00000111729 CLEC4A C-type lectin domain family 4, member A
ENSG00000166523 CLEC4E C-type lectin domain family 4, member E
ENSG00000205846 CLEC6A C-type lectin domain family 6, member A
ENSG00000172243 CLEC7A C-type lectin domain family 7, member A
ENSG00000178789 CD300LB Free fatty acid receptor 2
ENSG00000186407 CD300E CD300e molecule
ENSG00000102970 CCL17 Chemokine (C-C motif) ligand 17
ENSG00000102962 CCL22 Chemokine (C-C motif) ligand 22
ENSG00000163823 CCR1 Chemokine (C-C motif) receptor 1
ENSG00000121807 CCR2 Chemokine (C-C motif) receptor 2
ENSG00000169245 CXCL10 Chemokine (C-X-C motif) ligand 10
ENSG00000169248 CXCL11 Chemokine (C-X-C motif) ligand 11
ENSG00000163735 CXCL5 Chemokine (C-X-C motif) ligand 5
ENSG00000163464 CXCR1 Chemokine (C-X-C motif) receptor 1
ENSG00000180871 CXCR2 Chemokine (C-X-C motif) receptor 2
ENSG00000064886 CHI3L2 Chitinase 3-like 2
ENSG00000203710 CR1 Complement component (3b/4b) receptor 1 (Knops blood

group)
ENSG00000197405 C5AR1 Complement component 5a receptor 1
ENSG00000163599 CTLA4 Cytotoxic T-lymphocyte-associated protein 4
ENSG00000127507 EMR2 Egf-like module containing, mucin-like, hormone receptor-

like 2
ENSG00000131355 EMR3 Egf-like module containing, mucin-like, hormone receptor-

like 3
ENSG00000150337 FCGR1A Fc fragment of IgG, high affinity Ia, receptor (CD64)
ENSG00000162747 FCGR3B Fc fragment of IgG, low affinity IIIb, receptor (CD16b)
ENSG00000171051 FPR1 Formyl peptide receptor 1
ENSG00000171049 FPR2 Formyl peptide receptor 2
ENSG00000126262 FFAR2 Free fatty acid receptor 2
ENSG00000185897 FFAR3 Free fatty acid receptor 3
ENSG00000154451 GBP5 Guanylate binding protein 5
ENSG00000140678 ITGAX Integrin, alpha X (complement component 3 receptor 4 sub-

unit)
ENSG00000104974 LILRA1 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 1
ENSG00000187116 LILRA5 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 5
ENSG00000244482 LILRA6 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 6
ENSG00000104972 LILRB1 Leukocyte immunoglobulin-like receptor, subfamily B (with

TM and ITIM domains), member 1
ENSG00000131042 LILRB2 Leukocyte immunoglobulin-like receptor, subfamily B (with

TM and ITIM domains), member 2
ENSG00000204577 LILRB3 Leukocyte immunoglobulin-like receptor, subfamily B (with

TM and ITIM domains), member 3
ENSG00000019169 MARCO Macrophage receptor with collagenous structure
ENSG00000262406 MMP12 Matrix metallopeptidase 12 (macrophage elastase)
ENSG00000103313 MEFV Mediterranean fever
ENSG00000137558 PI15 Peptidase inhibitor 15
ENSG00000027869 SH2D2A SH2 domain containing 2A
ENSG00000142512 SIGLEC10 Sialic acid binding Ig-like lectin 10
ENSG00000254415 SIGLEC14 Sialic acid binding Ig-like lectin 14
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Table B.17: Clustered genes with enhanced expression in appendix

Ensembl Gene Gene description
ENSG00000105501 SIGLEC5 Sialic acid binding Ig-like lectin 5
ENSG00000129450 SIGLEC9 Sialic acid binding Ig-like lectin 9
ENSG00000196209 SIRPB2 Signal-regulatory protein beta 2
ENSG00000101916 TLR8 Toll-like receptor 8
ENSG00000124731 TREM1 Triggering receptor expressed on myeloid cells 1
ENSG00000173535 TNFRSF10C Tumor necrosis factor receptor superfamily, member 10c, de-

coy without an intracellular domain
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Table B.18: Clustered genes with enhanced expression in bone marrow

Ensembl Gene Gene description
ENSG00000128383 APOBEC3A Apolipoprotein B mRNA editing enzyme, catalytic

polypeptide-like 3A
ENSG00000179750 APOBEC3B Apolipoprotein B mRNA editing enzyme, catalytic

polypeptide-like 3B
ENSG00000140379 BCL2A1 BCL2-related protein A1
ENSG00000172322 CLEC12A C-type lectin domain family 12, member A
ENSG00000166523 CLEC4E C-type lectin domain family 4, member E
ENSG00000172243 CLEC7A C-type lectin domain family 7, member A
ENSG00000007129 CEACAM21 Carcinoembryonic antigen-related cell adhesion molecule 21
ENSG00000186407 CD300E CD300e molecule
ENSG00000110848 CD69 CD69 molecule
ENSG00000277632 CCL3 Chemokine (C-C motif) ligand 3
ENSG00000275302 CCL4 Chemokine (C-C motif) ligand 4
ENSG00000276070 CCL4L1 Chemokine (C-C motif) ligand 4-like 1
ENSG00000263020 CSNK2B-LY6G5B-1181 Chimera CSNK2B-LY6G5B splicing isoform 1181

(ECO:0000313 EMBL:CCI79697.1); Uncharacterized
protein (ECO:0000313 Ensembl:ENSP00000365040)

ENSG00000133048 CHI3L1 Chitinase 3-like 1 (cartilage glycoprotein-39)
ENSG00000213937 CLDN9 Claudin 9
ENSG00000197721 CR1L Complement component (3b/4b) receptor 1-like
ENSG00000186529 CYP4F3 Cytochrome P450, family 4, subfamily F, polypeptide 3
ENSG00000137441 FGFBP2 Fibroblast growth factor binding protein 2
ENSG00000171051 FPR1 Formyl peptide receptor 1
ENSG00000126266 FFAR1 Free fatty acid receptor 1
ENSG00000126262 FFAR2 Free fatty acid receptor 2
ENSG00000121742 GJB6 Gap junction protein, beta 6, 30kDa
ENSG00000197465 GYPE Glycophorin E (MNS blood group)
ENSG00000060558 GNA15 Guanine nucleotide binding protein (G protein), alpha 15 (Gq

class)
ENSG00000130656 HBZ Hemoglobin, zeta
ENSG00000113749 HRH2 Histamine receptor H2
ENSG00000278463 HIST1H2AB Histone cluster 1, H2ab
ENSG00000196866 HIST1H2AD Histone cluster 1, H2ad
ENSG00000196747 HIST1H2AI Histone cluster 1, H2ai
ENSG00000276368 HIST1H2AJ Histone cluster 1, H2aj
ENSG00000278677 HIST1H2AM Histone cluster 1, H2am
ENSG00000274290 HIST1H2BE Histone cluster 1, H2be
ENSG00000278588 HIST1H2BI Histone cluster 1, H2bi
ENSG00000273703 HIST1H2BM Histone cluster 1, H2bm
ENSG00000274641 HIST1H2BO Histone cluster 1, H2bo
ENSG00000278272 HIST1H3C Histone cluster 1, H3c
ENSG00000197409 HIST1H3D Histone cluster 1, H3d
ENSG00000277775 HIST1H3F Histone cluster 1, H3f
ENSG00000275379 HIST1H3I Histone cluster 1, H3i
ENSG00000197153 HIST1H3J Histone cluster 1, H3j
ENSG00000278637 HIST1H4A Histone cluster 1, H4a
ENSG00000278705 HIST1H4B Histone cluster 1, H4b
ENSG00000274618 HIST1H4F Histone cluster 1, H4f
ENSG00000197238 HIST1H4J Histone cluster 1, H4j
ENSG00000184270 HIST2H2AB Histone cluster 2, H2ab
ENSG00000184260 HIST2H2AC Histone cluster 2, H2ac
ENSG00000255398 HCAR3 Hydroxycarboxylic acid receptor 3
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Table B.18: Clustered genes with enhanced expression in bone marrow

Ensembl Gene Gene description
ENSG00000169896 ITGAM Integrin, alpha M (complement component 3 receptor 3 sub-

unit)
ENSG00000105371 ICAM4 Intercellular adhesion molecule 4 (Landsteiner-Wiener blood

group)
ENSG00000125538 IL1B Interleukin 1, beta
ENSG00000115607 IL18RAP Interleukin 18 receptor accessory protein
ENSG00000170442 KRT86 Keratin 86
ENSG00000167633 KIR3DL1 Killer cell immunoglobulin-like receptor, three domains, long

cytoplasmic tail, 1
ENSG00000125498 KIR2DL1 Killer cell immunoglobulin-like receptor, two domains, long

cytoplasmic tail, 1
ENSG00000243772 KIR2DL3 Killer cell immunoglobulin-like receptor, two domains, long

cytoplasmic tail, 3
ENSG00000116852 KIF21B Kinesin family member 21B
ENSG00000239998 LILRA2 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 2
ENSG00000187116 LILRA5 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 5
ENSG00000131042 LILRB2 Leukocyte immunoglobulin-like receptor, subfamily B (with

TM and ITIM domains), member 2
ENSG00000204424 LY6G6F Lymphocyte antigen 6 complex, locus G6F
ENSG00000238243 OR2W3 Olfactory receptor, family 2, subfamily W, member 3
ENSG00000170909 OSCAR Osteoclast associated, immunoglobulin-like receptor
ENSG00000141506 PIK3R5 Phosphoinositide-3-kinase, regulatory subunit 5
ENSG00000109272 PF4V1 Platelet factor 4 variant 1
ENSG00000105501 SIGLEC5 Sialic acid binding Ig-like lectin 5
ENSG00000268500 SIGLEC5 Sialic acid binding Ig-like lectin 5
ENSG00000059804 SLC2A3 Solute carrier family 2 (facilitated glucose transporter), mem-

ber 3
ENSG00000124731 TREM1 Triggering receptor expressed on myeloid cells 1
ENSG00000112195 TREML2 Triggering receptor expressed on myeloid cells-like 2
ENSG00000204613 TRIM10 Tripartite motif containing 10
ENSG00000232810 TNF Tumor necrosis factor
ENSG00000276043 UHRF1 Ubiquitin-like with PHD and ring finger domains 1
ENSG00000254979 RP11-872D17.8 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000431536)
ENSG00000093134 VNN3 Vanin 3
ENSG00000229676 ZNF492 Zinc finger protein 492
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Table B.19: Clustered genes with enhanced expression in cerebral cortex

Ensembl Gene Gene description
ENSG00000149305 HTR3B 5-hydroxytryptamine (serotonin) receptor 3B, ionotropic
ENSG00000008300 CELSR3 Cadherin, EGF LAG seven-pass G-type receptor 3
ENSG00000075429 CACNG5 Calcium channel, voltage-dependent, gamma subunit 5
ENSG00000185933 CALHM1 Calcium homeostasis modulator 1
ENSG00000105270 CLIP3 CAP-GLY domain containing linker protein 3
ENSG00000183196 CHST6 Carbohydrate (N-acetylglucosamine 6-O) sulfotransferase 6
ENSG00000168329 CX3CR1 Chemokine (C-X3-C motif) receptor 1
ENSG00000133048 CHI3L1 Chitinase 3-like 1 (cartilage glycoprotein-39)
ENSG00000144355 DLX1 Distal-less homeobox 1
ENSG00000269502 DMRTC1 DMRT-like family C1
ENSG00000184911 DMRTC1B DMRT-like family C1B
ENSG00000184845 DRD1 Dopamine receptor D1
ENSG00000116661 FBXO2 F-box protein 2
ENSG00000166206 GABRB3 Gamma-aminobutyric acid (GABA) A receptor, beta 3
ENSG00000165478 HEPACAM Hepatic and glial cell adhesion molecule
ENSG00000167178 ISLR2 Immunoglobulin superfamily containing leucine-rich repeat 2
ENSG00000167755 KLK6 Kallikrein-related peptidase 6
ENSG00000213424 KRT222 Keratin 222
ENSG00000205809 KLRC2 Killer cell lectin-like receptor subfamily C, member 2
ENSG00000205810 KLRC3 Killer cell lectin-like receptor subfamily C, member 3
ENSG00000183908 LRRC55 Leucine rich repeat containing 55
ENSG00000033122 LRRC7 Leucine rich repeat containing 7
ENSG00000144893 MED12L Mediator complex subunit 12-like
ENSG00000187243 MAGED4B Melanoma antigen family D, 4B
ENSG00000108852 MPP2 Membrane protein, palmitoylated 2 (MAGUK p55 subfamily

member 2)
ENSG00000104722 NEFM Neurofilament, medium polypeptide
ENSG00000125820 NKX2-2 NK2 homeobox 2
ENSG00000177432 NAP1L5 Nucleosome assembly protein 1-like 5
ENSG00000196368 NUDT11 Nudix (nucleoside diphosphate linked moiety X)-type motif

11
ENSG00000105088 OLFM2 Olfactomedin 2
ENSG00000196071 OR2L13 Olfactory receptor, family 2, subfamily L, member 13
ENSG00000125510 OPRL1 Opiate receptor-like 1
ENSG00000082556 OPRK1 Opioid receptor, kappa 1
ENSG00000243444 PALM2 Paralemmin 2
ENSG00000235961 PNMA6A Paraneoplastic Ma antigen family member 6A
ENSG00000182013 PNMAL1 Paraneoplastic Ma antigen family-like 1
ENSG00000059915 PSD Pleckstrin and Sec7 domain containing
ENSG00000184388 PABPC1L2B Poly(A) binding protein, cytoplasmic 1-like 2B
ENSG00000182870 GALNT9 Polypeptide N-acetylgalactosaminyltransferase 9
ENSG00000153233 PTPRR Protein tyrosine phosphatase, receptor type, R
ENSG00000250120 PCDHA10 Protocadherin alpha 10
ENSG00000249158 PCDHA11 Protocadherin alpha 11
ENSG00000204967 PCDHA4 Protocadherin alpha 4
ENSG00000081842 PCDHA6 Protocadherin alpha 6
ENSG00000204963 PCDHA7 Protocadherin alpha 7
ENSG00000243232 PCDHAC2 Protocadherin alpha subfamily C, 2
ENSG00000177839 PCDHB9 Protocadherin beta 9
ENSG00000204956 PCDHGA1 Protocadherin gamma subfamily A, 1
ENSG00000253846 PCDHGA10 Protocadherin gamma subfamily A, 10
ENSG00000254245 PCDHGA3 Protocadherin gamma subfamily A, 3
ENSG00000253537 PCDHGA7 Protocadherin gamma subfamily A, 7
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Table B.19: Clustered genes with enhanced expression in cerebral cortex

Ensembl Gene Gene description
ENSG00000253305 PCDHGB6 Protocadherin gamma subfamily B, 6
ENSG00000240184 PCDHGC3 Protocadherin gamma subfamily C, 3
ENSG00000169313 P2RY12 Purinergic receptor P2Y, G-protein coupled, 12
ENSG00000175077 RTP1 Receptor (chemosensory) transporter protein 1
ENSG00000117152 RGS4 Regulator of G-protein signaling 4
ENSG00000242173 ARHGDIG Rho GDP dissociation inhibitor (GDI) gamma
ENSG00000212864 RNF208 Ring finger protein 208
ENSG00000249884 RNF103-CHMP3 RNF103-CHMP3 readthrough
ENSG00000198794 SCAMP5 Secretory carrier membrane protein 5
ENSG00000153253 SCN3A Sodium channel, voltage-gated, type III, alpha subunit
ENSG00000132164 SLC6A11 Solute carrier family 6 (neurotransmitter transporter), member

11
ENSG00000173898 SPTBN2 Spectrin, beta, non-erythrocytic 2
ENSG00000184905 TCEAL2 Transcription elongation factor A (SII)-like 2
ENSG00000182916 TCEAL7 Transcription elongation factor A (SII)-like 7
ENSG00000095970 TREM2 Triggering receptor expressed on myeloid cells 2
ENSG00000092445 TYRO3 TYRO3 protein tyrosine kinase
ENSG00000248751 RP1-130H16.18 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000400319)
ENSG00000255641 NKG2-E Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000437563)
ENSG00000169884 WNT10B Wingless-type MMTV integration site family, member 10B
ENSG00000152977 ZIC1 Zic family member 1
ENSG00000174963 ZIC4 Zic family member 4
ENSG00000152467 ZSCAN1 Zinc finger and SCAN domain containing 1
ENSG00000276302 RP5-874C20.8 Predicted intracellular proteins
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Table B.20: Clustered genes with enhanced expression in colon

Ensembl Gene Gene description
ENSG00000104267 CA2 Carbonic anhydrase II
ENSG00000172828 CES3 Carboxylesterase 3
ENSG00000079385 CEACAM1 Carcinoembryonic antigen-related cell adhesion molecule 1

(biliary glycoprotein)
ENSG00000105388 CEACAM5 Carcinoembryonic antigen-related cell adhesion molecule 5
ENSG00000275718 CCL15 Chemokine (C-C motif) ligand 15
ENSG00000166920 C15orf48 Chromosome 15 open reading frame 48
ENSG00000165215 CLDN3 Claudin 3
ENSG00000237289 CKMT1B Creatine kinase, mitochondrial 1B
ENSG00000188833 ENTPD8 Ectonucleoside triphosphate diphosphohydrolase 8
ENSG00000186564 FOXD2 Forkhead box D2
ENSG00000171124 FUT3 Fucosyltransferase 3 (galactoside 3(4)-L-fucosyltransferase,

Lewis blood group)
ENSG00000089356 FXYD3 FXYD domain containing ion transport regulator 3
ENSG00000044012 GUCA2B Guanylate cyclase activator 2B (uroguanylin)
ENSG00000113249 HAVCR1 Hepatitis A virus cellular receptor 1
ENSG00000170689 HOXB9 Homeobox B9
ENSG00000128713 HOXD11 Homeobox D11
ENSG00000170178 HOXD12 Homeobox D12
ENSG00000179914 ITLN1 Intelectin 1 (galactofuranose binding)
ENSG00000174562 KLK15 Kallikrein-related peptidase 15
ENSG00000171431 KRT20 Keratin 20
ENSG00000114248 LRRC31 Leucine rich repeat containing 31
ENSG00000177984 LCN15 Lipocalin 15
ENSG00000183034 OTOP2 Otopetrin 2
ENSG00000188257 PLA2G2A Phospholipase A2, group IIA (platelets, synovial fluid)
ENSG00000162896 PIGR Polymeric immunoglobulin receptor
ENSG00000178172 SPINK6 Serine peptidase inhibitor, Kazal type 6
ENSG00000115616 SLC9A2 Solute carrier family 9, subfamily A (NHE2, cation proton

antiporter 2), member 2
ENSG00000160180 TFF3 Trefoil factor 3 (intestinal)
ENSG00000204616 TRIM31 Tripartite motif containing 31
ENSG00000242366 UGT1A1 UDP glucuronosyltransferase 1 family, polypeptide A1
ENSG00000267881 CEA Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000469926)
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Table B.21: Clustered genes with enhanced expression in duodenum

Ensembl Gene Gene description
ENSG00000186038 HTR3E 5-hydroxytryptamine (serotonin) receptor 3E, ionotropic
ENSG00000164270 HTR4 5-hydroxytryptamine (serotonin) receptor 4, G protein-

coupled
ENSG00000198074 AKR1B10 Aldo-keto reductase family 1, member B10 (aldose reductase)
ENSG00000227471 AKR1B15 Aldo-keto reductase family 1, member B15
ENSG00000162482 AKR7A3 Aldo-keto reductase family 7, member A3 (aflatoxin aldehyde

reductase)
ENSG00000114771 AADAC Arylacetamide deacetylase
ENSG00000275718 CCL15 Chemokine (C-C motif) ligand 15
ENSG00000258941 RP11-407N17.3 CTAGE family member 5 (ECO:0000313 En-

sembl:ENSP00000452252)
ENSG00000108242 CYP2C18 Cytochrome P450, family 2, subfamily C, polypeptide 18
ENSG00000165841 CYP2C19 Cytochrome P450, family 2, subfamily C, polypeptide 19
ENSG00000167600 CYP2S1 Cytochrome P450, family 2, subfamily S, polypeptide 1
ENSG00000106258 CYP3A5 Cytochrome P450, family 3, subfamily A, polypeptide 5
ENSG00000186204 CYP4F12 Cytochrome P450, family 4, subfamily F, polypeptide 12
ENSG00000188833 ENTPD8 Ectonucleoside triphosphate diphosphohydrolase 8
ENSG00000205436 EXOC3L4 Exocyst complex component 3-like 4
ENSG00000165140 FBP1 Fructose-1,6-bisphosphatase 1
ENSG00000176920 FUT2 Fucosyltransferase 2 (secretor status included)
ENSG00000073605 GSDMB Gasdermin B
ENSG00000156510 HKDC1 Hexokinase domain containing 1
ENSG00000257743 RP11-1220K2.2 Homo sapiens maltase-glucoamylase (alpha-glucosidase)

(LOC93432), mRNA.
ENSG00000133328 HRASLS2 HRAS-like suppressor 2
ENSG00000171431 KRT20 Keratin 20
ENSG00000179528 LBX2 Ladybird homeobox 2
ENSG00000177984 LCN15 Lipocalin 15
ENSG00000150526 MIA2 Melanoma inhibitory activity 2
ENSG00000169688 MT1B Metallothionein 1B
ENSG00000169894 MUC3A Mucin 3A, cell surface associated
ENSG00000162896 PIGR Polymeric immunoglobulin receptor
ENSG00000165828 PRAP1 Proline-rich acidic protein 1
ENSG00000172023 REG1B Regenerating islet-derived 1 beta
ENSG00000242173 ARHGDIG Rho GDP dissociation inhibitor (GDI) gamma
ENSG00000146039 SLC17A4 Solute carrier family 17, member 4
ENSG00000142583 SLC2A5 Solute carrier family 2 (facilitated glucose/fructose trans-

porter), member 5
ENSG00000197165 SULT1A2 Sulfotransferase family, cytosolic, 1A, phenol-preferring,

member 2
ENSG00000196228 SULT1C3 Sulfotransferase family, cytosolic, 1C, member 3
ENSG00000204610 TRIM15 Tripartite motif containing 15
ENSG00000204614 TRIM40 Tripartite motif containing 40
ENSG00000135220 UGT2A3 UDP glucuronosyltransferase 2 family, polypeptide A3
ENSG00000142539 CTD-2545M3.6 UDP glucuronosyltransferase 2 family, polypeptide A3

120



Table B.22: Clustered genes with enhanced expression in endometrium

Ensembl Gene Gene description
ENSG00000128710 HOXD10 Homeobox D10
ENSG00000143768 LEFTY2 Left-right determination factor 2
ENSG00000253293 HOXA10 Homeobox A10
ENSG00000257184 HOXA10-HOXA9 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000421799)
ENSG00000170166 HOXD4 Homeobox D4
ENSG00000128709 HOXD9 Homeobox D9
ENSG00000122691 TWIST1 Twist family bHLH transcription factor 1
ENSG00000078098 FAP Fibroblast activation protein, alpha
ENSG00000124939 SCGB2A1 Secretoglobin, family 2A, member 1
ENSG00000135914 HTR2B 5-hydroxytryptamine (serotonin) receptor 2B, G protein-

coupled
ENSG00000128713 HOXD11 Homeobox D11
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Table B.23: Clustered genes with enhanced expression in esophagus

Ensembl Gene Gene description
ENSG00000108602 ALDH3A1 Aldehyde dehydrogenase 3 family, member A1
ENSG00000132746 ALDH3B2 Aldehyde dehydrogenase 3 family, member B2
ENSG00000179593 ALOX15B Arachidonate 15-lipoxygenase, type B
ENSG00000178363 CALML3 Calmodulin-like 3
ENSG00000158477 CD1A CD1a molecule
ENSG00000180871 CXCR2 Chemokine (C-X-C motif) receptor 2
ENSG00000137975 CLCA2 Chloride channel accessory 2
ENSG00000134755 DSC2 Desmocollin 2
ENSG00000137857 DUOX1 Dual oxidase 1
ENSG00000140254 DUOXA1 Dual oxidase maturation factor 1
ENSG00000135373 EHF Ets homologous factor
ENSG00000094963 FMO2 Flavin containing monooxygenase 2 (non-functional)
ENSG00000171124 FUT3 Fucosyltransferase 3 (galactoside 3(4)-L-fucosyltransferase,

Lewis blood group)
ENSG00000156413 FUT6 Fucosyltransferase 6 (alpha (1,3) fucosyltransferase)
ENSG00000153294 GPR115 G protein-coupled receptor 115
ENSG00000138271 GPR87 G protein-coupled receptor 87
ENSG00000188910 GJB3 Gap junction protein, beta 3, 31kDa
ENSG00000121742 GJB6 Gap junction protein, beta 6, 30kDa
ENSG00000060558 GNA15 Guanine nucleotide binding protein (G protein), alpha 15 (Gq

class)
ENSG00000069812 HES2 Hes family bHLH transcription factor 2
ENSG00000277224 HIST1H2BF Histone cluster 1, H2bf
ENSG00000277157 HIST1H4D Histone cluster 1, H4d
ENSG00000136689 IL1RN Interleukin 1 receptor antagonist
ENSG00000129451 KLK10 Kallikrein-related peptidase 10
ENSG00000167757 KLK11 Kallikrein-related peptidase 11
ENSG00000186474 KLK12 Kallikrein-related peptidase 12
ENSG00000167755 KLK6 Kallikrein-related peptidase 6
ENSG00000167916 KRT24 Keratin 24
ENSG00000186442 KRT3 Keratin 3
ENSG00000180155 LYNX1 Ly6/neurotoxin 1
ENSG00000197353 LYPD2 LY6/PLAUR domain containing 2
ENSG00000205364 MT1M Metallothionein 1M
ENSG00000102891 MT4 Metallothionein 4
ENSG00000149573 MPZL2 Myelin protein zero-like 2
ENSG00000133020 MYH8 Myosin, heavy chain 8, skeletal muscle, perinatal
ENSG00000182938 OTOP3 Otopetrin 3
ENSG00000163218 PGLYRP4 Peptidoglycan recognition protein 4
ENSG00000243708 PLA2G4B Phospholipase A2, group IVB (cytosolic)
ENSG00000143217 PVRL4 Poliovirus receptor-related 4
ENSG00000005001 PRSS22 Protease, serine, 22
ENSG00000101213 PTK6 Protein tyrosine kinase 6
ENSG00000175591 P2RY2 Purinergic receptor P2Y, G-protein coupled, 2
ENSG00000164520 RAET1E Retinoic acid early transcript 1E
ENSG00000203722 RAET1G Retinoic acid early transcript 1G
ENSG00000165799 RNASE7 Ribonuclease, RNase A family, 7
ENSG00000189334 S100A14 S100 calcium binding protein A14
ENSG00000188643 S100A16 S100 calcium binding protein A16
ENSG00000196754 S100A2 S100 calcium binding protein A2
ENSG00000197632 SERPINB2 Serpin peptidase inhibitor, clade B (ovalbumin), member 2
ENSG00000168447 SCNN1B Sodium channel, non-voltage-gated 1, beta subunit
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Table B.23: Clustered genes with enhanced expression in esophagus

Ensembl Gene Gene description
ENSG00000132164 SLC6A11 Solute carrier family 6 (neurotransmitter transporter), member

11
ENSG00000205413 SAMD9 Sterile alpha motif domain containing 9
ENSG00000104055 TGM5 Transglutaminase 5
ENSG00000131015 ULBP2 UL16 binding protein 2
ENSG00000248751 RP1-130H16.18 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000400319)
ENSG00000267881 CEA Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000469926)
ENSG00000186806 VSIG10L V-set and immunoglobulin domain containing 10 like
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Table B.24: Clustered genes with enhanced expression in fallopian tube

Ensembl Gene Gene description
ENSG00000147117 ZNF157 Zinc finger protein 157
ENSG00000173467 AGR3 Anterior gradient 3
ENSG00000139330 KERA Keratocan
ENSG00000235098 ANKRD65 Ankyrin repeat domain 65
ENSG00000058085 LAMC2 Laminin, gamma 2
ENSG00000175920 DOK7 Docking protein 7
ENSG00000163286 ALPPL2 Alkaline phosphatase, placental-like 2
ENSG00000120075 HOXB5 Homeobox B5
ENSG00000174156 GSTA3 Glutathione S-transferase alpha 3
ENSG00000180509 KCNE1 Potassium voltage-gated channel, Isk-related family, member

1
ENSG00000110195 FOLR1 Folate receptor 1 (adult)
ENSG00000180881 CAPS2 Calcyphosine 2
ENSG00000217236 SP9 Sp9 transcription factor
ENSG00000172000 ZNF556 Zinc finger protein 556
ENSG00000145002 FAM86B2 Family with sequence similarity 86, member B2
ENSG00000101443 WFDC2 WAP four-disulfide core domain 2
ENSG00000128652 HOXD3 Homeobox D3
ENSG00000168077 SCARA3 Scavenger receptor class A, member 3
ENSG00000168515 SCGB1D1 Secretoglobin, family 1D, member 1
ENSG00000124939 SCGB2A1 Secretoglobin, family 2A, member 1
ENSG00000182742 HOXB4 Homeobox B4
ENSG00000070731 ST6GALNAC2 ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-

acetylgalactosaminide alpha-2,6-sialyltransferase 2
ENSG00000198889 DCAF12L1 DDB1 and CUL4 associated factor 12-like 1
ENSG00000198354 DCAF12L2 DDB1 and CUL4 associated factor 12-like 2
ENSG00000107014 RLN2 Relaxin 2
ENSG00000172789 HOXC5 Homeobox C5
ENSG00000128645 HOXD1 Homeobox D1
ENSG00000108511 HOXB6 Homeobox B6
ENSG00000197208 SLC22A4 Solute carrier family 22 (organic cation/zwitterion trans-

porter), member 4
ENSG00000167755 KLK6 Kallikrein-related peptidase 6
ENSG00000198353 HOXC4 Homeobox C4
ENSG00000174586 ZNF497 Zinc finger protein 497
ENSG00000164393 GPR111 G protein-coupled receptor 111
ENSG00000259120 SMIM6 Small integral membrane protein 6
ENSG00000174326 SLC16A11 Solute carrier family 16, member 11
ENSG00000184925 LCN12 Lipocalin 12
ENSG00000197576 HOXA4 Homeobox A4
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Table B.25: Clustered genes with enhanced expression in gallbladder

Ensembl Gene Gene description
ENSG00000138316 ADAMTS14 ADAM metallopeptidase with thrombospondin type 1 motif,

14
ENSG00000227471 AKR1B15 Aldo-keto reductase family 1, member B15
ENSG00000100739 BDKRB1 Bradykinin receptor B1
ENSG00000163751 CPA3 Carboxypeptidase A3 (mast cell)
ENSG00000138615 CILP Cartilage intermediate layer protein, nucleotide pyrophospho-

hydrolase
ENSG00000124875 CXCL6 Chemokine (C-X-C motif) ligand 6
ENSG00000164220 F2RL2 Coagulation factor II (thrombin) receptor-like 2
ENSG00000168542 COL3A1 Collagen, type III, alpha 1
ENSG00000171903 CYP4F11 Cytochrome P450, family 4, subfamily F, polypeptide 11
ENSG00000140279 DUOX2 Dual oxidase 2
ENSG00000176678 FOXL1 Forkhead box L1
ENSG00000213424 KRT222 Keratin 222
ENSG00000139330 KERA Keratocan
ENSG00000100079 LGALS2 Lectin, galactoside-binding, soluble, 2
ENSG00000139329 LUM Lumican
ENSG00000187123 LYPD6 LY6/PLAUR domain containing 6
ENSG00000196611 MMP1 Matrix metallopeptidase 1 (interstitial collagenase)
ENSG00000137673 MMP7 Matrix metallopeptidase 7 (matrilysin, uterine)
ENSG00000106809 OGN Osteoglycin
ENSG00000204967 PCDHA4 Protocadherin alpha 4
ENSG00000139988 RDH12 Retinol dehydrogenase 12 (all-trans/9-cis/11-cis)
ENSG00000124233 SEMG1 Semenogelin I
ENSG00000100665 SERPINA4 Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

antitrypsin), member 4
ENSG00000198075 SULT1C4 Sulfotransferase family, cytosolic, 1C, member 4
ENSG00000172236 TPSAB1 Tryptase alpha/beta 1
ENSG00000197253 TPSB2 Tryptase beta 2 (gene/pseudogene)
ENSG00000196620 UGT2B15 UDP glucuronosyltransferase 2 family, polypeptide B15
ENSG00000248235 AC037459.4 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000428700)
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Table B.26: Clustered genes with enhanced expression in heart muscle

Ensembl Gene Gene description
ENSG00000102287 GABRE Gamma-aminobutyric acid (GABA) A receptor, epsilon
ENSG00000112276 BVES Blood vessel epicardial substance
ENSG00000175920 DOK7 Docking protein 7
ENSG00000157654 PALM2-AKAP2 PALM2-AKAP2 readthrough
ENSG00000160678 S100A1 S100 calcium binding protein A1
ENSG00000249884 RNF103-CHMP3 RNF103-CHMP3 readthrough
ENSG00000159387 IRX6 Iroquois homeobox 6
ENSG00000109846 CRYAB Crystallin, alpha B
ENSG00000170276 HSPB2 Heat shock 27kDa protein 2
ENSG00000127472 PLA2G5 Phospholipase A2, group V
ENSG00000126890 CTAG2 Cancer/testis antigen 2
ENSG00000121743 GJA3 Gap junction protein, alpha 3, 46kDa
ENSG00000137821 LRRC49 Leucine rich repeat containing 49
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Table B.27: Clustered genes with enhanced expression in kidney

Ensembl Gene Gene description
ENSG00000177465 ACOT4 Acyl-CoA thioesterase 4
ENSG00000205669 ACOT6 Acyl-CoA thioesterase 6
ENSG00000197859 ADAMTSL2 ADAMTS-like 2
ENSG00000157399 ARSE Arylsulfatase E (chondrodysplasia punctata 1)
ENSG00000185758 CLDN24 Claudin 24
ENSG00000156284 CLDN8 Claudin 8
ENSG00000169031 COL4A3 Collagen, type IV, alpha 3 (Goodpasture antigen)
ENSG00000258941 RP11-407N17.3 CTAGE family member 5

ECO:0000313—Ensembl:ENSP00000452252
ENSG00000173253 DMRT2 Doublesex and mab-3 related transcription factor 2
ENSG00000162897 FCAMR Fc receptor, IgA, IgM, high affinity
ENSG00000076258 FMO4 Flavin containing monooxygenase 4
ENSG00000156413 FUT6 Fucosyltransferase 6 (alpha (1,3) fucosyltransferase)
ENSG00000243955 GSTA1 Glutathione S-transferase alpha 1
ENSG00000244067 GSTA2 Glutathione S-transferase alpha 2
ENSG00000113249 HAVCR1 Hepatitis A virus cellular receptor 1
ENSG00000078399 HOXA9 Homeobox A9
ENSG00000108511 HOXB6 Homeobox B6
ENSG00000120068 HOXB8 Homeobox B8
ENSG00000180818 HOXC10 Homeobox C10
ENSG00000128713 HOXD11 Homeobox D11
ENSG00000175879 HOXD8 Homeobox D8
ENSG00000027644 INSRR Insulin receptor-related receptor
ENSG00000188883 KLRG2 Killer cell lectin-like receptor subfamily G, member 2
ENSG00000144214 LYG1 Lysozyme G-like 1
ENSG00000125144 MT1G Metallothionein 1G
ENSG00000161270 NPHS1 Nephrosis 1, congenital, Finnish type (nephrin)
ENSG00000100344 PNPLA3 Patatin-like phospholipase domain containing 3
ENSG00000124157 SEMG2 Semenogelin II
ENSG00000166828 SCNN1G Sodium channel, non-voltage-gated 1, gamma subunit
ENSG00000132874 SLC14A2 Solute carrier family 14 (urea transporter), member 2
ENSG00000145217 SLC26A1 Solute carrier family 26 (anion exchanger), member 1
ENSG00000142494 SLC47A1 Solute carrier family 47 (multidrug and toxin extrusion),

member 1
ENSG00000173930 SLCO4C1 Solute carrier organic anion transporter family, member 4C1
ENSG00000183018 SPNS2 Spinster homolog 2 (Drosophila)
ENSG00000198203 SULT1C2 Sulfotransferase family, cytosolic, 1C, member 2
ENSG00000127412 TRPV5 Transient receptor potential cation channel, subfamily V,

member 5
ENSG00000121236 TRIM6 Tripartite motif containing 6
ENSG00000167165 UGT1A6 UDP glucuronosyltransferase 1 family, polypeptide A6
ENSG00000145626 UGT3A1 UDP glycosyltransferase 3 family, polypeptide A1
ENSG00000158955 WNT9B Wingless-type MMTV integration site family, member 9B
ENSG00000203995 ZYG11A Zyg-11 family member A, cell cycle regulator
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Table B.28: Clustered genes with enhanced expression in liver

Ensembl Gene Gene description
ENSG00000262660 SLC25A10 39S ribosomal protein L12, mitochondrial

ECO:0000313—Ensembl:ENSP00000439565;
Mitochondrial dicarboxylate carrier
ECO:0000313—Ensembl:ENSP00000461324; cDNA
FLJ60124, highly similar to Mitochondrial dicarboxylate
carrier ECO:0000313—EMBL:BAG59593.1

ENSG00000166743 ACSM1 Acyl-CoA synthetase medium-chain family member 1
ENSG00000005187 ACSM3 Acyl-CoA synthetase medium-chain family member 3
ENSG00000183549 ACSM5 Acyl-CoA synthetase medium-chain family member 5
ENSG00000205669 ACOT6 Acyl-CoA thioesterase 6
ENSG00000160323 ADAMTS13 ADAM metallopeptidase with thrombospondin type 1 motif,

13
ENSG00000118137 APOA1 Apolipoprotein A-I
ENSG00000114771 AADAC Arylacetamide deacetylase
ENSG00000157399 ARSE Arylsulfatase E (chondrodysplasia punctata 1)
ENSG00000091262 ABCC6 ATP-binding cassette, sub-family C (CFTR/MRP), member 6
ENSG00000081041 CXCL2 Chemokine (C-X-C motif) ligand 2
ENSG00000163347 CLDN1 Claudin 1
ENSG00000126218 F10 Coagulation factor X
ENSG00000088926 F11 Coagulation factor XI
ENSG00000166278 C2 Complement component 2
ENSG00000244731 C4A Complement component 4A (Rodgers blood group)
ENSG00000224389 C4B Complement component 4B (Chido blood group)
ENSG00000258941 RP11-407N17.3 CTAGE family member 5

ECO:0000313—Ensembl:ENSP00000452252
ENSG00000108242 CYP2C18 Cytochrome P450, family 2, subfamily C, polypeptide 18
ENSG00000165841 CYP2C19 Cytochrome P450, family 2, subfamily C, polypeptide 19
ENSG00000160870 CYP3A7 Cytochrome P450, family 3, subfamily A, polypeptide 7
ENSG00000171903 CYP4F11 Cytochrome P450, family 4, subfamily F, polypeptide 11
ENSG00000186529 CYP4F3 Cytochrome P450, family 4, subfamily F, polypeptide 3
ENSG00000165140 FBP1 Fructose-1,6-bisphosphatase 1
ENSG00000243955 GSTA1 Glutathione S-transferase alpha 1
ENSG00000244067 GSTA2 Glutathione S-transferase alpha 2
ENSG00000213931 HBE1 Hemoglobin, epsilon 1
ENSG00000114378 HYAL1 Hyaluronoglucosaminidase 1
ENSG00000169688 MT1B Metallothionein 1B
ENSG00000100344 PNPLA3 Patatin-like phospholipase domain containing 3
ENSG00000165828 PRAP1 Proline-rich acidic protein 1
ENSG00000100003 SEC14L2 SEC14-like 2 (S. cerevisiae)
ENSG00000100012 SEC14L3 SEC14-like 3 (S. cerevisiae)
ENSG00000100665 SERPINA4 Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

antitrypsin), member 4
ENSG00000188488 SERPINA5 Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

antitrypsin), member 5
ENSG00000174327 SLC16A13 Solute carrier family 16, member 13
ENSG00000167165 UGT1A6 UDP glucuronosyltransferase 1 family, polypeptide A6
ENSG00000196620 UGT2B15 UDP glucuronosyltransferase 2 family, polypeptide B15
ENSG00000145626 UGT3A1 UDP glycosyltransferase 3 family, polypeptide A1
ENSG00000093134 VNN3 Vanin 3
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Table B.29: Clustered genes with enhanced expression in lung

Ensembl Gene Gene description
ENSG00000178084 HTR3C 5-hydroxytryptamine (serotonin) receptor 3C, ionotropic
ENSG00000134917 ADAMTS8 ADAM metallopeptidase with thrombospondin type 1 motif,

8
ENSG00000127249 ATP13A4 ATPase type 13A4
ENSG00000198183 BPIFA1 BPI fold containing family A, member 1
ENSG00000105974 CAV1 Caveolin 1, caveolae protein, 22kDa
ENSG00000105971 CAV2 Caveolin 2
ENSG00000275385 CCL18 Chemokine (C-C motif) ligand 18 (pulmonary and activation-

regulated)
ENSG00000169031 COL4A3 Collagen, type IV, alpha 3 (Goodpasture antigen)
ENSG00000172752 COL6A5 Collagen, type VI, alpha 5
ENSG00000206384 COL6A6 Collagen, type VI, alpha 6
ENSG00000197446 CYP2F1 Cytochrome P450, family 2, subfamily F, polypeptide 1
ENSG00000142973 CYP4B1 Cytochrome P450, family 4, subfamily B, polypeptide 1
ENSG00000186160 CYP4Z1 Cytochrome P450, family 4, subfamily Z, polypeptide 1
ENSG00000094963 FMO2 Flavin containing monooxygenase 2 (non-functional)
ENSG00000110195 FOLR1 Folate receptor 1 (adult)
ENSG00000069122 GPR116 G protein-coupled receptor 116
ENSG00000013588 GPRC5A G protein-coupled receptor, class C, group 5, member A
ENSG00000266524 GDF10 Growth differentiation factor 10
ENSG00000278637 HIST1H4A Histone cluster 1, H4a
ENSG00000105371 ICAM4 Intercellular adhesion molecule 4 (Landsteiner-Wiener blood

group)
ENSG00000176842 IRX5 Iroquois homeobox 5
ENSG00000256980 KHDC1L KH homology domain containing 1-like
ENSG00000125498 KIR2DL1 Killer cell immunoglobulin-like receptor, two domains, long

cytoplasmic tail, 1
ENSG00000188883 KLRG2 Killer cell lectin-like receptor subfamily G, member 2
ENSG00000019169 MARCO Macrophage receptor with collagenous structure
ENSG00000198502 HLA-DRB5 Major histocompatibility complex, class II, DR beta 5
ENSG00000204301 NOTCH4 Notch 4
ENSG00000170909 OSCAR Osteoclast associated, immunoglobulin-like receptor
ENSG00000173391 OLR1 Oxidized low density lipoprotein (lectin-like) receptor 1
ENSG00000251664 PCDHA12 Protocadherin alpha 12
ENSG00000188015 S100A3 S100 calcium binding protein A3
ENSG00000100012 SEC14L3 SEC14-like 3 (S. cerevisiae)
ENSG00000214491 SEC14L6 SEC14-like 6 (S. cerevisiae)
ENSG00000121068 TBX2 T-box 2
ENSG00000124731 TREM1 Triggering receptor expressed on myeloid cells 1
ENSG00000095917 TPSD1 Tryptase delta 1
ENSG00000111981 ULBP1 UL16 binding protein 1
ENSG00000267261 CTD-2132N18.3 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000468275)
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Table B.30: Clustered genes with enhanced expression in lymph node

Ensembl Gene Gene description
ENSG00000163568 AIM2 Absent in melanoma 2
ENSG00000156127 BATF Basic leucine zipper transcription factor, ATF-like
ENSG00000069493 CLEC2D C-type lectin domain family 2, member D
ENSG00000198178 CLEC4C C-type lectin domain family 4, member C
ENSG00000197992 CLEC9A C-type lectin domain family 9, member A
ENSG00000184293 CLECL1 C-type lectin-like 1
ENSG00000012124 CD22 CD22 molecule
ENSG00000178562 CD28 CD28 molecule
ENSG00000167286 CD3D CD3d molecule, delta (CD3-TCR complex)
ENSG00000198851 CD3E CD3e molecule, epsilon (CD3-TCR complex)
ENSG00000160654 CD3G CD3g molecule, gamma (CD3-TCR complex)
ENSG00000117091 CD48 CD48 molecule
ENSG00000110448 CD5 CD5 molecule
ENSG00000013725 CD6 CD6 molecule
ENSG00000110848 CD69 CD69 molecule
ENSG00000066294 CD84 CD84 molecule
ENSG00000173578 XCR1 Chemokine (C motif) receptor 1
ENSG00000102970 CCL17 Chemokine (C-C motif) ligand 17
ENSG00000137077 CCL21 Chemokine (C-C motif) ligand 21
ENSG00000112486 CCR6 Chemokine (C-C motif) receptor 6
ENSG00000163599 CTLA4 Cytotoxic T-lymphocyte-associated protein 4
ENSG00000189057 FAM111B Family with sequence similarity 111, member B
ENSG00000162894 FAIM3 Fas apoptotic inhibitory molecule 3
ENSG00000163534 FCRL1 Fc receptor-like 1
ENSG00000143297 FCRL5 Fc receptor-like 5
ENSG00000162897 FCAMR Fc receptor, IgA, IgM, high affinity
ENSG00000122025 FLT3 Fms-related tyrosine kinase 3
ENSG00000159618 GPR114 G protein-coupled receptor 114
ENSG00000147138 GPR174 G protein-coupled receptor 174
ENSG00000125245 GPR18 G protein-coupled receptor 18
ENSG00000120436 GPR31 G protein-coupled receptor 31
ENSG00000178732 GP5 Glycoprotein V (platelet)
ENSG00000145649 GZMA Granzyme A (granzyme 1, cytotoxic T-lymphocyte-

associated serine esterase 3)
ENSG00000113088 GZMK Granzyme K (granzyme 3; tryptase II)
ENSG00000154016 GRAP GRB2-related adaptor protein
ENSG00000189152 GRAPL GRB2-related adaptor protein-like
ENSG00000154451 GBP5 Guanylate binding protein 5
ENSG00000197153 HIST1H3J Histone cluster 1, H3j
ENSG00000140511 HAPLN3 Hyaluronan and proteoglycan link protein 3
ENSG00000131203 IDO1 Indoleamine 2,3-dioxygenase 1
ENSG00000163600 ICOS Inducible T-cell co-stimulator
ENSG00000172183 ISG20 Interferon stimulated exonuclease gene 20kDa
ENSG00000103522 IL21R Interleukin 21 receptor
ENSG00000172578 KLHL6 Kelch-like family member 6
ENSG00000139187 KLRG1 Killer cell lectin-like receptor subfamily G, member 1
ENSG00000213809 KLRK1 Killer cell lectin-like receptor subfamily K, member 1
ENSG00000239961 LILRA4 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 4
ENSG00000186818 LILRB4 Leukocyte immunoglobulin-like receptor, subfamily B (with

TM and ITIM domains), member 4
ENSG00000167618 LAIR2 Leukocyte-associated immunoglobulin-like receptor 2
ENSG00000122224 LY9 Lymphocyte antigen 9
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Table B.30: Clustered genes with enhanced expression in lymph node

Ensembl Gene Gene description
ENSG00000226979 LTA Lymphotoxin alpha
ENSG00000237541 HLA-DQA2 Major histocompatibility complex, class II, DQ alpha 2
ENSG00000179344 HLA-DQB1 Major histocompatibility complex, class II, DQ beta 1
ENSG00000167984 NLRC3 NLR family, CARD domain containing 3
ENSG00000117215 PLA2G2D Phospholipase A2, group IID
ENSG00000173200 PARP15 Poly (ADP-ribose) polymerase family, member 15
ENSG00000078589 P2RY10 Purinergic receptor P2Y, G-protein coupled, 10
ENSG00000163564 PYHIN1 Pyrin and HIN domain family, member 1
ENSG00000127074 RGS13 Regulator of G-protein signaling 13
ENSG00000188404 SELL Selectin L
ENSG00000180096 SEPT1 Septin 1
ENSG00000170054 SERPINA9 Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

antitrypsin), member 9
ENSG00000089012 SIRPG Signal-regulatory protein gamma
ENSG00000117090 SLAMF1 Signaling lymphocytic activation molecule family member 1
ENSG00000162739 SLAMF6 SLAM family member 6
ENSG00000269404 SPIB Spi-B transcription factor (Spi-1/PU.1 related)
ENSG00000145850 TIMD4 T-cell immunoglobulin and mucin domain containing 4
ENSG00000100721 TCL1A T-cell leukemia/lymphoma 1A
ENSG00000213231 TCL1B T-cell leukemia/lymphoma 1B
ENSG00000112195 TREML2 Triggering receptor expressed on myeloid cells-like 2
ENSG00000074966 TXK TXK tyrosine kinase
ENSG00000181896 ZNF101 Zinc finger protein 101
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Table B.31: Clustered genes with enhanced expression in ovary

Ensembl Gene Gene description
ENSG00000154736 ADAMTS5 ADAM metallopeptidase with thrombospondin type 1 motif,

5
ENSG00000167311 ART5 ADP-ribosyltransferase 5
ENSG00000135409 AMHR2 Anti-Mullerian hormone receptor, type II
ENSG00000154263 ABCA10 ATP-binding cassette, sub-family A (ABC1), member 10
ENSG00000154258 ABCA9 ATP-binding cassette, sub-family A (ABC1), member 9
ENSG00000006606 CCL26 Chemokine (C-C motif) ligand 26
ENSG00000169515 CCDC8 Coiled-coil domain containing 8
ENSG00000269502 DMRTC1 DMRT-like family C1
ENSG00000134201 GSTM5 Glutathione S-transferase mu 5
ENSG00000197757 HOXC6 Homeobox C6
ENSG00000103742 IGDCC4 Immunoglobulin superfamily, DCC subclass, member 4
ENSG00000123999 INHA Inhibin, alpha
ENSG00000115461 IGFBP5 Insulin-like growth factor binding protein 5
ENSG00000163884 KLF15 Kruppel-like factor 15
ENSG00000147145 LPAR4 Lysophosphatidic acid receptor 4
ENSG00000205978 NYNRIN NYN domain and retroviral integrase containing
ENSG00000214456 PLIN5 Perilipin 5
ENSG00000136546 SCN7A Sodium channel, voltage-gated, type VII, alpha subunit
ENSG00000126549 STATH Statherin
ENSG00000092445 TYRO3 TYRO3 protein tyrosine kinase
ENSG00000172000 ZNF556 Zinc finger protein 556
ENSG00000197360 ZNF98 Zinc finger protein 98
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Table B.32: Clustered genes with enhanced expression in pancreas

Ensembl Gene Gene description
ENSG00000197360 ZNF98 Zinc finger protein 98
ENSG00000161270 NPHS1 Nephrosis 1, congenital, Finnish type (nephrin)
ENSG00000126266 FFAR1 Free fatty acid receptor 1
ENSG00000126549 STATH Statherin
ENSG00000269533 AC003002.6 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000472277)
ENSG00000104826 LHB Luteinizing hormone beta polypeptide
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Table B.33: Clustered genes with enhanced expression in placenta

Ensembl Gene Gene description
ENSG00000139567 ACVRL1 Activin A receptor type II-like 1
ENSG00000138316 ADAMTS14 ADAM metallopeptidase with thrombospondin type 1 motif,

14
ENSG00000166106 ADAMTS15 ADAM metallopeptidase with thrombospondin type 1 motif,

15
ENSG00000163286 ALPPL2 Alkaline phosphatase, placental-like 2
ENSG00000109321 AREG Amphiregulin
ENSG00000150048 CLEC1A C-type lectin domain family 1, member A
ENSG00000126890 CTAG2 Cancer/testis antigen 2
ENSG00000196337 CGB7 Chorionic gonadotropin, beta polypeptide 7
ENSG00000042304 C2orf83 Chromosome 2 open reading frame 83
ENSG00000184697 CLDN6 Claudin 6
ENSG00000187498 COL4A1 Collagen, type IV, alpha 1
ENSG00000134871 COL4A2 Collagen, type IV, alpha 2
ENSG00000080573 COL5A3 Collagen, type V, alpha 3
ENSG00000198223 CSF2RA Colony stimulating factor 2 receptor, alpha, low-affinity

(granulocyte-macrophage)
ENSG00000100122 CRYBB1 Crystallin, beta B1
ENSG00000152207 CYSLTR2 Cysteinyl leukotriene receptor 2
ENSG00000064195 DLX3 Distal-less homeobox 3
ENSG00000108813 DLX4 Distal-less homeobox 4
ENSG00000197594 ENPP1 Ectonucleotide pyrophosphatase/phosphodiesterase 1
ENSG00000121743 GJA3 Gap junction protein, alpha 3, 46kDa
ENSG00000187513 GJA4 Gap junction protein, alpha 4, 37kDa
ENSG00000265107 GJA5 Gap junction protein, alpha 5, 40kDa
ENSG00000069812 HES2 Hes family bHLH transcription factor 2
ENSG00000106302 HYAL4 Hyaluronoglucosaminidase 4
ENSG00000131203 IDO1 Indoleamine 2,3-dioxygenase 1
ENSG00000123243 ITIH5 Inter-alpha-trypsin inhibitor heavy chain family, member 5
ENSG00000081985 IL12RB2 Interleukin 12 receptor, beta 2
ENSG00000167618 LAIR2 Leukocyte-associated immunoglobulin-like receptor 2
ENSG00000187123 LYPD6 LY6/PLAUR domain containing 6
ENSG00000204632 HLA-G Major histocompatibility complex, class I, G
ENSG00000173391 OLR1 Oxidized low density lipoprotein (lectin-like) receptor 1
ENSG00000178226 PRSS36 Protease, serine, 36
ENSG00000113555 PCDH12 Protocadherin 12
ENSG00000171631 P2RY6 Pyrimidinergic receptor P2Y, G-protein coupled, 6
ENSG00000135917 SLC19A3 Solute carrier family 19 (thiamine transporter), member 3
ENSG00000126549 STATH Statherin
ENSG00000104953 TLE6 Transducin-like enhancer of split 6
ENSG00000159450 TCHH Trichohyalin
ENSG00000254979 RP11-872D17.8 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000431536)
ENSG00000115596 WNT6 Wingless-type MMTV integration site family, member 6
ENSG00000180532 ZSCAN4 Zinc finger and SCAN domain containing 4
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Table B.34: Clustered genes with enhanced expression in prostate

Ensembl Gene Gene description
ENSG00000166743 ACSM1 Acyl-CoA synthetase medium-chain family member 1
ENSG00000179593 ALOX15B Arachidonate 15-lipoxygenase, type B
ENSG00000121270 ABCC11 ATP-binding cassette, sub-family C (CFTR/MRP), member

11
ENSG00000121005 CRISPLD1 Cysteine-rich secretory protein LCCL domain containing 1
ENSG00000186526 CYP4F8 Cytochrome P450, family 4, subfamily F, polypeptide 8
ENSG00000106038 EVX1 Even-skipped homeobox 1
ENSG00000166105 GLB1L3 Galactosidase, beta 1-like 3
ENSG00000169224 GCSAML Germinal center-associated, signaling and motility-like
ENSG00000196866 HIST1H2AD Histone cluster 1, H2ad
ENSG00000277075 HIST1H2AE Histone cluster 1, H2ae
ENSG00000273802 HIST1H2BG Histone cluster 1, H2bg
ENSG00000203814 HIST2H2BF Histone cluster 2, H2bf
ENSG00000128713 HOXD11 Homeobox D11
ENSG00000244355 LY6G6D Lymphocyte antigen 6 complex, locus G6D
ENSG00000111049 MYF5 Myogenic factor 5
ENSG00000109063 MYH3 Myosin, heavy chain 3, skeletal muscle, embryonic
ENSG00000185792 NLRP9 NLR family, pyrin domain containing 9
ENSG00000180785 OR51E1 Olfactory receptor, family 51, subfamily E, member 1
ENSG00000082556 OPRK1 Opioid receptor, kappa 1
ENSG00000184388 PABPC1L2B Poly(A) binding protein, cytoplasmic 1-like 2B
ENSG00000100003 SEC14L2 SEC14-like 2 (S. cerevisiae)
ENSG00000007908 SELE Selectin E
ENSG00000124233 SEMG1 Semenogelin I
ENSG00000164647 STEAP1 Six transmembrane epithelial antigen of the prostate 1
ENSG00000141469 SLC14A1 Solute carrier family 14 (urea transporter), member 1 (Kidd

blood group)
ENSG00000125508 SRMS Src-related kinase lacking C-terminal regulatory tyrosine and

N-terminal myristylation sites
ENSG00000165125 TRPV6 Transient receptor potential cation channel, subfamily V,

member 6
ENSG00000279219 AL008723.1 Transient receptor potential cation channel, subfamily V,

member 6
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Table B.35: Clustered genes with enhanced expression in rectum

Ensembl Gene Gene description
ENSG00000134028 ADAMDEC1 ADAM-like, decysin 1
ENSG00000106541 AGR2 Anterior gradient 2
ENSG00000104267 CA2 Carbonic anhydrase II
ENSG00000172828 CES3 Carboxylesterase 3
ENSG00000079385 CEACAM1 Carcinoembryonic antigen-related cell adhesion molecule 1

(biliary glycoprotein)
ENSG00000105388 CEACAM5 Carcinoembryonic antigen-related cell adhesion molecule 5
ENSG00000275718 CCL15 Chemokine (C-C motif) ligand 15
ENSG00000106178 CCL24 Chemokine (C-C motif) ligand 24
ENSG00000006606 CCL26 Chemokine (C-C motif) ligand 26
ENSG00000166920 C15orf48 Chromosome 15 open reading frame 48
ENSG00000156284 CLDN8 Claudin 8
ENSG00000186564 FOXD2 Forkhead box D2
ENSG00000089356 FXYD3 FXYD domain containing ion transport regulator 3
ENSG00000113249 HAVCR1 Hepatitis A virus cellular receptor 1
ENSG00000170689 HOXB9 Homeobox B9
ENSG00000179914 ITLN1 Intelectin 1 (galactofuranose binding)
ENSG00000171431 KRT20 Keratin 20
ENSG00000114248 LRRC31 Leucine rich repeat containing 31
ENSG00000204033 LRIT2 Leucine-rich repeat, immunoglobulin-like and transmem-

brane domains 2
ENSG00000153898 MCOLN2 Mucolipin 2
ENSG00000183034 OTOP2 Otopetrin 2
ENSG00000130035 GALNT8 Polypeptide N-acetylgalactosaminyltransferase 8
ENSG00000168229 PTGDR Prostaglandin D2 receptor (DP)
ENSG00000146039 SLC17A4 Solute carrier family 17, member 4
ENSG00000115616 SLC9A2 Solute carrier family 9, subfamily A (NHE2, cation proton

antiporter 2), member 2
ENSG00000160180 TFF3 Trefoil factor 3 (intestinal)
ENSG00000204616 TRIM31 Tripartite motif containing 31
ENSG00000267881 CEA Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000469926)
ENSG00000221874 ZNF321P Zinc finger protein 321, pseudogene
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Table B.36: Clustered genes with enhanced expression in salivary gland

Ensembl Gene Gene description
ENSG00000161798 AQP5 Aquaporin 5
ENSG00000187527 ATP13A5 ATPase type 13A5
ENSG00000198183 BPIFA1 BPI fold containing family A, member 1
ENSG00000125999 BPIFB1 BPI fold containing family B, member 1
ENSG00000142224 IL19 Interleukin 19
ENSG00000176842 IRX5 Iroquois homeobox 5
ENSG00000174562 KLK15 Kallikrein-related peptidase 15
ENSG00000214456 PLIN5 Perilipin 5
ENSG00000111344 RASAL1 RAS protein activator like 1 (GAP1 like)
ENSG00000165125 TRPV6 Transient receptor potential cation channel, subfamily V,

member 6
ENSG00000186806 VSIG10L V-set and immunoglobulin domain containing 10 like
ENSG00000101443 WFDC2 WAP four-disulfide core domain 2
ENSG00000267748 CTB-102L5.4 Predicted intracellular protein
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Table B.37: Clustered genes with enhanced expression in skeletal muscle

Ensembl Gene Gene description
ENSG00000170667 RASA4B RAS p21 protein activator 4B
ENSG00000006788 MYH13 Myosin, heavy chain 13, skeletal muscle
ENSG00000133020 MYH8 Myosin, heavy chain 8, skeletal muscle, perinatal
ENSG00000260458 KCNJ18 Potassium inwardly-rectifying channel, subfamily J, member

18
ENSG00000160678 S100A1 S100 calcium binding protein A1
ENSG00000255526 NEDD8-MDP1 NEDD8-MDP1 readthrough
ENSG00000111049 MYF5 Myogenic factor 5
ENSG00000170276 HSPB2 Heat shock 27kDa protein 2
ENSG00000180818 HOXC10 Homeobox C10
ENSG00000146054 TRIM7 Tripartite motif containing 7
ENSG00000180806 HOXC9 Homeobox C9
ENSG00000155367 PPM1J Protein phosphatase, Mg2+/Mn2+ dependent, 1J
ENSG00000131152 RP11-178L8.4 Protein phosphatase, Mg2+/Mn2+ dependent, 1J
ENSG00000266953 RP11-618P17.4 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000475682)
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Table B.38: Clustered genes with enhanced expression in skin

Ensembl Gene Gene description
ENSG00000147160 AWAT2 Acyl-CoA wax alcohol acyltransferase 2
ENSG00000132746 ALDH3B2 Aldehyde dehydrogenase 3 family, member B2
ENSG00000198483 ANKRD35 Ankyrin repeat domain 35
ENSG00000187527 ATP13A5 ATPase type 13A5
ENSG00000256660 CLEC12B C-type lectin domain family 12, member B
ENSG00000205863 C1QTNF9B C1q and tumor necrosis factor related protein 9B
ENSG00000062038 CDH3 Cadherin 3, type 1, P-cadherin (placental)
ENSG00000255221 CARD17 Caspase recruitment domain family, member 17
ENSG00000158477 CD1A CD1a molecule
ENSG00000137975 CLCA2 Chloride channel accessory 2
ENSG00000196337 CGB7 Chorionic gonadotropin, beta polypeptide 7
ENSG00000163347 CLDN1 Claudin 1
ENSG00000172752 COL6A5 Collagen, type VI, alpha 5
ENSG00000163354 DCST2 DC-STAMP domain containing 2
ENSG00000176797 DEFB103A Defensin, beta 103A
ENSG00000177243 DEFB103B Defensin, beta 103B
ENSG00000064195 DLX3 Distal-less homeobox 3
ENSG00000137857 DUOX1 Dual oxidase 1
ENSG00000140254 DUOXA1 Dual oxidase maturation factor 1
ENSG00000143590 EFNA3 Ephrin-A3
ENSG00000261150 EPPK1 Epiplakin 1
ENSG00000161243 FBXO27 F-box protein 27
ENSG00000164393 GPR111 G protein-coupled receptor 111
ENSG00000153294 GPR115 G protein-coupled receptor 115
ENSG00000138271 GPR87 G protein-coupled receptor 87
ENSG00000188910 GJB3 Gap junction protein, beta 3, 31kDa
ENSG00000069812 HES2 Hes family bHLH transcription factor 2
ENSG00000123388 HOXC11 Homeobox C11
ENSG00000204866 IGFL2 IGF-like family member 2
ENSG00000115598 IL1RL2 Interleukin 1 receptor-like 2
ENSG00000016402 IL20RA Interleukin 20 receptor, alpha
ENSG00000176842 IRX5 Iroquois homeobox 5
ENSG00000168970 JMJD7-PLA2G4B JMJD7-PLA2G4B readthrough
ENSG00000167757 KLK11 Kallikrein-related peptidase 11
ENSG00000167767 KRT80 Keratin 80
ENSG00000171403 KRT9 Keratin 9
ENSG00000204033 LRIT2 Leucine-rich repeat, immunoglobulin-like and transmem-

brane domains 2
ENSG00000213903 LTB4R Leukotriene B4 receptor
ENSG00000213906 LTB4R2 Leukotriene B4 receptor 2
ENSG00000232629 HLA-DQB2 Major histocompatibility complex, class II, DQ beta 2
ENSG00000183695 MRGPRX2 MAS-related GPR, member X2
ENSG00000137675 MMP27 Matrix metallopeptidase 27
ENSG00000102891 MT4 Metallothionein 4
ENSG00000105088 OLFM2 Olfactomedin 2
ENSG00000163218 PGLYRP4 Peptidoglycan recognition protein 4
ENSG00000143217 PVRL4 Poliovirus receptor-related 4
ENSG00000260458 KCNJ18 Potassium inwardly-rectifying channel, subfamily J, member

18
ENSG00000151006 PRSS53 Protease, serine, 53
ENSG00000101213 PTK6 Protein tyrosine kinase 6
ENSG00000164520 RAET1E Retinoic acid early transcript 1E
ENSG00000139988 RDH12 Retinol dehydrogenase 12 (all-trans/9-cis/11-cis)
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Table B.38: Clustered genes with enhanced expression in skin

Ensembl Gene Gene description
ENSG00000165799 RNASE7 Ribonuclease, RNase A family, 7
ENSG00000204618 RNF39 Ring finger protein 39
ENSG00000197632 SERPINB2 Serpin peptidase inhibitor, clade B (ovalbumin), member 2
ENSG00000132164 SLC6A11 Solute carrier family 6 (neurotransmitter transporter), member

11
ENSG00000217236 SP9 Sp9 transcription factor
ENSG00000173898 SPTBN2 Spectrin, beta, non-erythrocytic 2
ENSG00000104055 TGM5 Transglutaminase 5
ENSG00000167723 TRPV3 Transient receptor potential cation channel, subfamily V,

member 3
ENSG00000137747 TMPRSS13 Transmembrane protease, serine 13
ENSG00000168671 UGT3A2 UDP glycosyltransferase 3 family, polypeptide A2
ENSG00000135925 WNT10A Wingless-type MMTV integration site family, member 10A
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Table B.39: Clustered genes with enhanced expression in small intestine

Ensembl Gene Gene description
ENSG00000186038 HTR3E 5-hydroxytryptamine (serotonin) receptor 3E, ionotropic
ENSG00000164270 HTR4 5-hydroxytryptamine (serotonin) receptor 4, G protein-

coupled
ENSG00000134028 ADAMDEC1 ADAM-like, decysin 1
ENSG00000198074 AKR1B10 Aldo-keto reductase family 1, member B10 (aldose reductase)
ENSG00000162482 AKR7A3 Aldo-keto reductase family 7, member A3 (aflatoxin aldehyde

reductase)
ENSG00000173467 AGR3 Anterior gradient 3
ENSG00000118137 APOA1 Apolipoprotein A-I
ENSG00000114771 AADAC Arylacetamide deacetylase
ENSG00000085563 ABCB1 ATP-binding cassette, sub-family B (MDR/TAP), member 1
ENSG00000152672 CLEC4F C-type lectin domain family 4, member F
ENSG00000185015 CA13 Carbonic anhydrase XIII
ENSG00000275718 CCL15 Chemokine (C-C motif) ligand 15
ENSG00000106178 CCL24 Chemokine (C-C motif) ligand 24
ENSG00000165215 CLDN3 Claudin 3
ENSG00000258941 RP11-407N17.3 CTAGE family member 5

ECO:0000313—Ensembl:ENSP00000452252
ENSG00000108242 CYP2C18 Cytochrome P450, family 2, subfamily C, polypeptide 18
ENSG00000106258 CYP3A5 Cytochrome P450, family 3, subfamily A, polypeptide 5
ENSG00000186204 CYP4F12 Cytochrome P450, family 4, subfamily F, polypeptide 12
ENSG00000197635 DPP4 Dipeptidyl-peptidase 4
ENSG00000188833 ENTPD8 Ectonucleoside triphosphate diphosphohydrolase 8
ENSG00000154269 ENPP3 Ectonucleotide pyrophosphatase/phosphodiesterase 3
ENSG00000073605 GSDMB Gasdermin B
ENSG00000044012 GUCA2B Guanylate cyclase activator 2B (uroguanylin)
ENSG00000156510 HKDC1 Hexokinase domain containing 1
ENSG00000257743 RP11-1220K2.2 Homo sapiens maltase-glucoamylase (alpha-glucosidase)

(LOC93432), mRNA.
ENSG00000133328 HRASLS2 HRAS-like suppressor 2
ENSG00000187242 KRT12 Keratin 12
ENSG00000171431 KRT20 Keratin 20
ENSG00000170421 KRT8 Keratin 8
ENSG00000177984 LCN15 Lipocalin 15
ENSG00000150526 MIA2 Melanoma inhibitory activity 2
ENSG00000169894 MUC3A Mucin 3A, cell surface associated
ENSG00000188257 PLA2G2A Phospholipase A2, group IIA (platelets, synovial fluid)
ENSG00000165828 PRAP1 Proline-rich acidic protein 1
ENSG00000172023 REG1B Regenerating islet-derived 1 beta
ENSG00000146039 SLC17A4 Solute carrier family 17, member 4
ENSG00000142583 SLC2A5 Solute carrier family 2 (facilitated glucose/fructose trans-

porter), member 5
ENSG00000197165 SULT1A2 Sulfotransferase family, cytosolic, 1A, phenol-preferring,

member 2
ENSG00000196228 SULT1C3 Sulfotransferase family, cytosolic, 1C, member 3
ENSG00000167723 TRPV3 Transient receptor potential cation channel, subfamily V,

member 3
ENSG00000204610 TRIM15 Tripartite motif containing 15
ENSG00000204614 TRIM40 Tripartite motif containing 40
ENSG00000135220 UGT2A3 UDP glucuronosyltransferase 2 family, polypeptide A3

141



Table B.40: Clustered genes with enhanced expression in smooth muscle

Ensembl Gene Gene description
ENSG00000128710 HOXD10 Homeobox D10
ENSG00000143768 LEFTY2 Left-right determination factor 2
ENSG00000253293 HOXA10 Homeobox A10
ENSG00000138615 CILP Cartilage intermediate layer protein, nucleotide pyrophospho-

hydrolase
ENSG00000188828 GLRA4 Glycine receptor, alpha 4
ENSG00000137558 PI15 Peptidase inhibitor 15
ENSG00000162891 IL20 Interleukin 20
ENSG00000145936 KCNMB1 Potassium large conductance calcium-activated channel, sub-

family M, beta member 1
ENSG00000106819 ASPN Asporin
ENSG00000135914 HTR2B 5-hydroxytryptamine (serotonin) receptor 2B, G protein-

coupled
ENSG00000037965 HOXC8 Homeobox C8
ENSG00000168542 COL3A1 Collagen, type III, alpha 1
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Table B.41: Clustered genes with enhanced expression in spleen

Ensembl Gene Gene description
ENSG00000166523 CLEC4E C-type lectin domain family 4, member E
ENSG00000175544 CABP4 Calcium binding protein 4
ENSG00000177675 CD163L1 CD163 molecule-like 1
ENSG00000186074 CD300LF CD300 molecule-like family member f
ENSG00000276409 CCL14 Chemokine (C-C motif) ligand 14
ENSG00000163739 CXCL1 Chemokine (C-X-C motif) ligand 1 (melanoma growth stim-

ulating activity, alpha)
ENSG00000124875 CXCL6 Chemokine (C-X-C motif) ligand 6
ENSG00000163464 CXCR1 Chemokine (C-X-C motif) receptor 1
ENSG00000203710 CR1 Complement component (3b/4b) receptor 1 (Knops blood

group)
ENSG00000134830 C5AR2 Complement component 5a receptor 2
ENSG00000070886 EPHA8 EPH receptor A8
ENSG00000188820 FAM26F Family with sequence similarity 26, member F
ENSG00000162894 FAIM3 Fas apoptotic inhibitory molecule 3
ENSG00000162747 FCGR3B Fc fragment of IgG, low affinity IIIb, receptor (CD16b)
ENSG00000163534 FCRL1 Fc receptor-like 1
ENSG00000122025 FLT3 Fms-related tyrosine kinase 3
ENSG00000154016 GRAP GRB2-related adaptor protein
ENSG00000189152 GRAPL GRB2-related adaptor protein-like
ENSG00000213203 GIMAP1 GTPase, IMAP family member 1
ENSG00000114378 HYAL1 Hyaluronoglucosaminidase 1
ENSG00000255398 HCAR3 Hydroxycarboxylic acid receptor 3
ENSG00000140678 ITGAX Integrin, alpha X (complement component 3 receptor 4 sub-

unit)
ENSG00000167633 KIR3DL1 Killer cell immunoglobulin-like receptor, three domains, long

cytoplasmic tail, 1
ENSG00000240403 KIR3DL2 Killer cell immunoglobulin-like receptor, three domains, long

cytoplasmic tail, 2
ENSG00000125498 KIR2DL1 Killer cell immunoglobulin-like receptor, two domains, long

cytoplasmic tail, 1
ENSG00000243772 KIR2DL3 Killer cell immunoglobulin-like receptor, two domains, long

cytoplasmic tail, 3
ENSG00000189013 KIR2DL4 Killer cell immunoglobulin-like receptor, two domains, long

cytoplasmic tail, 4
ENSG00000205809 KLRC2 Killer cell lectin-like receptor subfamily C, member 2
ENSG00000205810 KLRC3 Killer cell lectin-like receptor subfamily C, member 3
ENSG00000183542 KLRC4 Killer cell lectin-like receptor subfamily C, member 4
ENSG00000134539 KLRD1 Killer cell lectin-like receptor subfamily D, member 1
ENSG00000213809 KLRK1 Killer cell lectin-like receptor subfamily K, member 1
ENSG00000104974 LILRA1 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 1
ENSG00000239998 LILRA2 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 2
ENSG00000239961 LILRA4 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 4
ENSG00000104972 LILRB1 Leukocyte immunoglobulin-like receptor, subfamily B (with

TM and ITIM domains), member 1
ENSG00000105609 LILRB5 Leukocyte immunoglobulin-like receptor, subfamily B (with

TM and ITIM domains), member 5
ENSG00000103313 MEFV Mediterranean fever
ENSG00000166927 MS4A7 Membrane-spanning 4-domains, subfamily A, member 7
ENSG00000189430 NCR1 Natural cytotoxicity triggering receptor 1
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Table B.41: Clustered genes with enhanced expression in spleen

Ensembl Gene Gene description
ENSG00000164128 NPY1R Neuropeptide Y receptor Y1
ENSG00000164129 NPY5R Neuropeptide Y receptor Y5
ENSG00000180644 PRF1 Perforin 1 (pore forming protein)
ENSG00000109272 PF4V1 Platelet factor 4 variant 1
ENSG00000173200 PARP15 Poly (ADP-ribose) polymerase family, member 15
ENSG00000181631 P2RY13 Purinergic receptor P2Y, G-protein coupled, 13
ENSG00000171631 P2RY6 Pyrimidinergic receptor P2Y, G-protein coupled, 6
ENSG00000150681 RGS18 Regulator of G-protein signaling 18
ENSG00000154133 ROBO4 Roundabout, axon guidance receptor, homolog 4 (Drosophila)
ENSG00000180096 SEPT1 Septin 1
ENSG00000254521 SIGLEC12 Sialic acid binding Ig-like lectin 12 (gene/pseudogene)
ENSG00000254415 SIGLEC14 Sialic acid binding Ig-like lectin 14
ENSG00000268500 SIGLEC5 Sialic acid binding Ig-like lectin 5
ENSG00000168995 SIGLEC7 Sialic acid binding Ig-like lectin 7
ENSG00000168356 SCN11A Sodium channel, voltage-gated, type XI, alpha subunit
ENSG00000159450 TCHH Trichohyalin
ENSG00000249240 AC069368.3 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000397942
ENSG00000255641 NKG2-E Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000437563
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Table B.42: Clustered genes with enhanced expression in stomach

Ensembl Gene Gene description
ENSG00000104267 CA2 Carbonic anhydrase II
ENSG00000106541 AGR2 Anterior gradient 2
ENSG00000197353 LYPD2 LY6/PLAUR domain containing 2
ENSG00000146755 TRIM50 Tripartite motif containing 50
ENSG00000111780 AL021546.6 Glutamyl-tRNA(Gln) amidotransferase subunit C, mitochon-

drial (ECO:0000313 Ensembl:ENSP00000229384)
ENSG00000019102 VSIG2 V-set and immunoglobulin domain containing 2
ENSG00000125850 OVOL2 Ovo-like zinc finger 2
ENSG00000198203 SULT1C2 Sulfotransferase family, cytosolic, 1C, member 2
ENSG00000198074 AKR1B10 Aldo-keto reductase family 1, member B10 (aldose reductase)
ENSG00000115616 SLC9A2 Solute carrier family 9, subfamily A (NHE2, cation proton

antiporter 2), member 2
ENSG00000125508 SRMS Src-related kinase lacking C-terminal regulatory tyrosine and

N-terminal myristylation sites
ENSG00000125820 NKX2-2 NK2 homeobox 2
ENSG00000125999 BPIFB1 BPI fold containing family B, member 1
ENSG00000167600 CYP2S1 Cytochrome P450, family 2, subfamily S, polypeptide 1
ENSG00000227471 AKR1B15 Aldo-keto reductase family 1, member B15
ENSG00000108602 ALDH3A1 Aldehyde dehydrogenase 3 family, member A1
ENSG00000259120 SMIM6 Small integral membrane protein 6
ENSG00000155428 TRIM74 Tripartite motif containing 74
ENSG00000042980 ADAM28 ADAM metallopeptidase domain 28
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Table B.43: Clustered genes with enhanced expression in testis

Ensembl Gene Gene description
ENSG00000167311 ART5 ADP-ribosyltransferase 5
ENSG00000258529 ALG9 ALG9, alpha-1,2-mannosyltransferase
ENSG00000102048 ASB9 Ankyrin repeat and SOCS box containing 9
ENSG00000161798 AQP5 Aquaporin 5
ENSG00000121270 ABCC11 ATP-binding cassette, sub-family C (CFTR/MRP), member

11
ENSG00000140798 ABCC12 ATP-binding cassette, sub-family C (CFTR/MRP), member

12
ENSG00000256660 CLEC12B C-type lectin domain family 12, member B
ENSG00000008300 CELSR3 Cadherin, EGF LAG seven-pass G-type receptor 3
ENSG00000126890 CTAG2 Cancer/testis antigen 2
ENSG00000198930 CSAG1 Chondrosarcoma associated gene 1
ENSG00000173894 CBX2 Chromobox homolog 2
ENSG00000000460 C1orf112 Chromosome 1 open reading frame 112
ENSG00000184697 CLDN6 Claudin 6
ENSG00000160318 CLDND2 Claudin domain containing 2
ENSG00000269897 COMMD3-BMI1 COMMD3-BMI1 readthrough
ENSG00000271079 CTAGE15 CTAGE family, member 15
ENSG00000271321 CTAGE6 CTAGE family, member 6
ENSG00000236761 CTAGE9 CTAGE family, member 9
ENSG00000197446 CYP2F1 Cytochrome P450, family 2, subfamily F, polypeptide 1
ENSG00000163354 DCST2 DC-STAMP domain containing 2
ENSG00000198889 DCAF12L1 DDB1 and CUL4 associated factor 12-like 1
ENSG00000198354 DCAF12L2 DDB1 and CUL4 associated factor 12-like 2
ENSG00000064218 DMRT3 Doublesex and mab-3 related transcription factor 3
ENSG00000205085 FAM71F2 Family with sequence similarity 71, member F2
ENSG00000146276 GABRR1 Gamma-aminobutyric acid (GABA) A receptor, rho 1
ENSG00000088053 GP6 Glycoprotein VI (platelet)
ENSG00000278662 GOLGA6L10 Golgin A6 family-like 10
ENSG00000261794 GOLGA8H Golgin A8 family, member H
ENSG00000179938 GOLGA8J Golgin A8 family, member J
ENSG00000249931 GOLGA8K Golgin A8 family, member K
ENSG00000188626 GOLGA8M Golgin A8 family, member M
ENSG00000268738 HSFX2 Heat shock transcription factor family, X linked 2
ENSG00000138646 HERC5 HECT and RLD domain containing E3 ubiquitin protein lig-

ase 5
ENSG00000130656 HBZ Hemoglobin, zeta
ENSG00000196787 HIST1H2AG Histone cluster 1, H2ag
ENSG00000275221 HIST1H2AK Histone cluster 1, H2ak
ENSG00000276410 HIST1H2BB Histone cluster 1, H2bb
ENSG00000124635 HIST1H2BJ Histone cluster 1, H2bj
ENSG00000106302 HYAL4 Hyaluronoglucosaminidase 4
ENSG00000204866 IGFL2 IGF-like family member 2
ENSG00000167178 ISLR2 Immunoglobulin superfamily containing leucine-rich repeat 2
ENSG00000123999 INHA Inhibin, alpha
ENSG00000027644 INSRR Insulin receptor-related receptor
ENSG00000164509 IL31RA Interleukin 31 receptor A
ENSG00000167216 KATNAL2 Katanin p60 subunit A-like 2
ENSG00000178502 KLHL11 Kelch-like family member 11
ENSG00000170486 KRT72 Keratin 72
ENSG00000256980 KHDC1L KH homology domain containing 1-like
ENSG00000176681 LRRC37A Leucine rich repeat containing 37A
ENSG00000160886 LY6K Lymphocyte antigen 6 complex, locus K
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Table B.43: Clustered genes with enhanced expression in testis

Ensembl Gene Gene description
ENSG00000185674 LYG2 Lysozyme G-like 2
ENSG00000144893 MED12L Mediator complex subunit 12-like
ENSG00000108852 MPP2 Membrane protein, palmitoylated 2 (MAGUK p55 subfamily

member 2)
ENSG00000255526 NEDD8-MDP1 NEDD8-MDP1 readthrough
ENSG00000186086 NBPF6 Neuroblastoma breakpoint family, member 6
ENSG00000136327 NKX2-8 NK2 homeobox 8
ENSG00000179873 NLRP11 NLR family, pyrin domain containing 11
ENSG00000122824 NUDT10 Nudix (nucleoside diphosphate linked moiety X)-type motif

10
ENSG00000196368 NUDT11 Nudix (nucleoside diphosphate linked moiety X)-type motif

11
ENSG00000204657 OR2H2 Olfactory receptor, family 2, subfamily H, member 2
ENSG00000159961 OR3A3 Olfactory receptor, family 3, subfamily A, member 3
ENSG00000127530 OR7C1 Olfactory receptor, family 7, subfamily C, member 1
ENSG00000188000 OR7D2 Olfactory receptor, family 7, subfamily D, member 2
ENSG00000112038 OPRM1 Opioid receptor, mu 1
ENSG00000188086 PRSS45 Protease, serine, 45
ENSG00000155367 PPM1J Protein phosphatase, Mg2+/Mn2+ dependent, 1J
ENSG00000204963 PCDHA7 Protocadherin alpha 7
ENSG00000204961 PCDHA9 Protocadherin alpha 9
ENSG00000223638 RFPL4A Ret finger protein-like 4A
ENSG00000161939 RNASEK-C17orf49 RNASEK-C17orf49 readthrough
ENSG00000214510 SPINK13 Serine peptidase inhibitor, Kazal type 13 (putative)
ENSG00000188488 SERPINA5 Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

antitrypsin), member 5
ENSG00000138378 STAT4 Signal transducer and activator of transcription 4
ENSG00000142583 SLC2A5 Solute carrier family 2 (facilitated glucose/fructose trans-

porter), member 5
ENSG00000181240 SLC25A41 Solute carrier family 25, member 41
ENSG00000170374 SP7 Sp7 transcription factor
ENSG00000173898 SPTBN2 Spectrin, beta, non-erythrocytic 2
ENSG00000205238 SPDYE2 Speedy/RINGO cell cycle regulator family member E2
ENSG00000173678 SPDYE2B Speedy/RINGO cell cycle regulator family member E2B
ENSG00000260097 SPDYE6 Speedy/RINGO cell cycle regulator family member E6
ENSG00000145850 TIMD4 T-cell immunoglobulin and mucin domain containing 4
ENSG00000213231 TCL1B T-cell leukemia/lymphoma 1B
ENSG00000166984 TCP10L2 T-complex 10-like 2
ENSG00000215029 TCP11X2 T-complex 11 family, X-linked 2
ENSG00000274808 AC003976.2 TBC1 domain family member 3B
ENSG00000260287 TBC1D3G TBC1 domain family, member 3G
ENSG00000273513 TBC1D3K TBC1 domain family, member 3K
ENSG00000183632 TP53TG3 TP53 target 3
ENSG00000261509 TP53TG3B TP53 target 3B
ENSG00000205457 TP53TG3C TP53 target 3C
ENSG00000205456 TP53TG3D TP53 target 3D
ENSG00000162931 TRIM17 Tripartite motif containing 17
ENSG00000146755 TRIM50 Tripartite motif containing 50
ENSG00000183439 TRIM61 Tripartite motif containing 61
ENSG00000170236 USP50 Ubiquitin specific peptidase 50
ENSG00000111981 ULBP1 UL16 binding protein 1
ENSG00000131019 ULBP3 UL16 binding protein 3
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Table B.43: Clustered genes with enhanced expression in testis

Ensembl Gene Gene description
ENSG00000251569 RP11-724O16.1 Uncharacterized protein (ECO:0000313 En-

sembl:ENSP00000424363)
ENSG00000182931 WFDC10B WAP four-disulfide core domain 10B
ENSG00000152467 ZSCAN1 Zinc finger and SCAN domain containing 1
ENSG00000197279 ZNF165 Zinc finger protein 165
ENSG00000157429 ZNF19 Zinc finger protein 19
ENSG00000159915 ZNF233 Zinc finger protein 233
ENSG00000229676 ZNF492 Zinc finger protein 492
ENSG00000198633 ZNF534 Zinc finger protein 534
ENSG00000187187 ZNF546 Zinc finger protein 546
ENSG00000188868 ZNF563 Zinc finger protein 563
ENSG00000196109 ZNF676 Zinc finger protein 676
ENSG00000196946 ZNF705A Zinc finger protein 705A
ENSG00000242852 ZNF709 Zinc finger protein 709
ENSG00000269067 ZNF728 Zinc finger protein 728
ENSG00000183850 ZNF730 Zinc finger protein 730
ENSG00000186777 ZNF732 Zinc finger protein 732
ENSG00000185869 ZNF829 Zinc finger protein 829
ENSG00000197360 ZNF98 Zinc finger protein 98
ENSG00000203995 ZYG11A Zyg-11 family member A, cell cycle regulator
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Table B.44: Clustered genes with enhanced expression in thyroid gland

Ensembl Gene Gene description
ENSG00000127249 ATP13A4 ATPase type 13A4
ENSG00000116985 BMP8B Bone morphogenetic protein 8b
ENSG00000064218 DMRT3 Doublesex and mab-3 related transcription factor 3
ENSG00000137857 DUOX1 Dual oxidase 1
ENSG00000140254 DUOXA1 Dual oxidase maturation factor 1
ENSG00000112796 ENPP5 Ectonucleotide pyrophosphatase/phosphodiesterase 5 (puta-

tive)
ENSG00000179938 GOLGA8J Golgin A8 family, member J
ENSG00000188626 GOLGA8M Golgin A8 family, member M
ENSG00000206127 GOLGA8O Golgin A8 family, member O
ENSG00000186399 GOLGA8R Golgin A8 family, member R
ENSG00000074706 IPCEF1 Interaction protein for cytohesin exchange factors 1
ENSG00000135480 KRT7 Keratin 7
ENSG00000188883 KLRG2 Killer cell lectin-like receptor subfamily G, member 2
ENSG00000184925 LCN12 Lipocalin 12
ENSG00000152939 MARVELD2 MARVEL domain containing 2
ENSG00000125144 MT1G Metallothionein 1G
ENSG00000197822 OCLN Occludin
ENSG00000221970 OR2A1 Olfactory receptor, family 2, subfamily A, member 1
ENSG00000212807 OR2A42 Olfactory receptor, family 2, subfamily A, member 42
ENSG00000177212 OR2T33 Olfactory receptor, family 2, subfamily T, member 33
ENSG00000177462 OR2T8 Olfactory receptor, family 2, subfamily T, member 8
ENSG00000238243 OR2W3 Olfactory receptor, family 2, subfamily W, member 3
ENSG00000153246 PLA2R1 Phospholipase A2 receptor 1, 180kDa
ENSG00000172780 RAB43 RAB43, member RAS oncogene family
ENSG00000196420 S100A5 S100 calcium binding protein A5
ENSG00000142319 SLC6A3 Solute carrier family 6 (neurotransmitter transporter), member

3
ENSG00000104953 TLE6 Transducin-like enhancer of split 6
ENSG00000160180 TFF3 Trefoil factor 3 (intestinal)
ENSG00000256229 ZNF486 Zinc finger protein 486
ENSG00000160352 ZNF714 Zinc finger protein 714
ENSG00000203995 ZYG11A Zyg-11 family member A, cell cycle regulator
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Table B.45: Clustered genes with enhanced expression in tonsil

Ensembl Gene Gene description
ENSG00000163568 AIM2 Absent in melanoma 2
ENSG00000124557 BTN1A1 Butyrophilin, subfamily 1, member A1
ENSG00000069493 CLEC2D C-type lectin domain family 2, member D
ENSG00000198178 CLEC4C C-type lectin domain family 4, member C
ENSG00000184293 CLECL1 C-type lectin-like 1
ENSG00000158481 CD1C CD1c molecule
ENSG00000012124 CD22 CD22 molecule
ENSG00000178562 CD28 CD28 molecule
ENSG00000167286 CD3D CD3d molecule, delta (CD3-TCR complex)
ENSG00000198851 CD3E CD3e molecule, epsilon (CD3-TCR complex)
ENSG00000160654 CD3G CD3g molecule, gamma (CD3-TCR complex)
ENSG00000117091 CD48 CD48 molecule
ENSG00000013725 CD6 CD6 molecule
ENSG00000137077 CCL21 Chemokine (C-C motif) ligand 21
ENSG00000102962 CCL22 Chemokine (C-C motif) ligand 22
ENSG00000272980 CCR6 Chemokine (C-C motif) receptor 6
ENSG00000112486 CCR6 Chemokine (C-C motif) receptor 6
ENSG00000064886 CHI3L2 Chitinase 3-like 2
ENSG00000082293 COL19A1 Collagen, type XIX, alpha 1
ENSG00000163599 CTLA4 Cytotoxic T-lymphocyte-associated protein 4
ENSG00000176797 DEFB103A Defensin, beta 103A
ENSG00000177243 DEFB103B Defensin, beta 103B
ENSG00000189057 FAM111B Family with sequence similarity 111, member B
ENSG00000162894 FAIM3 Fas apoptotic inhibitory molecule 3
ENSG00000163534 FCRL1 Fc receptor-like 1
ENSG00000143297 FCRL5 Fc receptor-like 5
ENSG00000162746 FCRLB Fc receptor-like B
ENSG00000162897 FCAMR Fc receptor, IgA, IgM, high affinity
ENSG00000159618 GPR114 G protein-coupled receptor 114
ENSG00000147138 GPR174 G protein-coupled receptor 174
ENSG00000125245 GPR18 G protein-coupled receptor 18
ENSG00000171657 GPR82 G protein-coupled receptor 82
ENSG00000154016 GRAP GRB2-related adaptor protein
ENSG00000189152 GRAPL GRB2-related adaptor protein-like
ENSG00000163600 ICOS Inducible T-cell co-stimulator
ENSG00000136689 IL1RN Interleukin 1 receptor antagonist
ENSG00000112116 IL17F Interleukin 17F
ENSG00000103522 IL21R Interleukin 21 receptor
ENSG00000164485 IL22RA2 Interleukin 22 receptor, alpha 2
ENSG00000129451 KLK10 Kallikrein-related peptidase 10
ENSG00000167755 KLK6 Kallikrein-related peptidase 6
ENSG00000172578 KLHL6 Kelch-like family member 6
ENSG00000167916 KRT24 Keratin 24
ENSG00000126337 KRT36 Keratin 36
ENSG00000170454 KRT75 Keratin 75
ENSG00000167767 KRT80 Keratin 80
ENSG00000239961 LILRA4 Leukocyte immunoglobulin-like receptor, subfamily A (with

TM domain), member 4
ENSG00000122224 LY9 Lymphocyte antigen 9
ENSG00000226979 LTA Lymphotoxin alpha
ENSG00000237541 HLA-DQA2 Major histocompatibility complex, class II, DQ alpha 2
ENSG00000167984 NLRC3 NLR family, CARD domain containing 3
ENSG00000117215 PLA2G2D Phospholipase A2, group IID
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Table B.45: Clustered genes with enhanced expression in tonsil

Ensembl Gene Gene description
ENSG00000173200 PARP15 Poly (ADP-ribose) polymerase family, member 15
ENSG00000078589 P2RY10 Purinergic receptor P2Y, G-protein coupled, 10
ENSG00000127074 RGS13 Regulator of G-protein signaling 13
ENSG00000165799 RNASE7 Ribonuclease, RNase A family, 7
ENSG00000196754 S100A2 S100 calcium binding protein A2
ENSG00000188404 SELL Selectin L
ENSG00000170054 SERPINA9 Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

antitrypsin), member 9
ENSG00000197632 SERPINB2 Serpin peptidase inhibitor, clade B (ovalbumin), member 2
ENSG00000089012 SIRPG Signal-regulatory protein gamma
ENSG00000117090 SLAMF1 Signaling lymphocytic activation molecule family member 1
ENSG00000162739 SLAMF6 SLAM family member 6
ENSG00000269404 SPIB Spi-B transcription factor (Spi-1/PU.1 related)
ENSG00000100721 TCL1A T-cell leukemia/lymphoma 1A
ENSG00000213231 TCL1B T-cell leukemia/lymphoma 1B
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Table B.46: Clustered genes with enhanced expression in urinary bladder

Ensembl Gene Gene description
ENSG00000112116 IL17F Interleukin 17F
ENSG00000204616 TRIM31 Tripartite motif containing 31
ENSG00000108405 P2RX1 Purinergic receptor P2X, ligand-gated ion channel, 1
ENSG00000100739 BDKRB1 Bradykinin receptor B1
ENSG00000258691 RP11-404P21.8 Uncharacterized protein ECO:0000313 En-

sembl:ENSP00000450984
ENSG00000128422 KRT17 Keratin 17
ENSG00000163735 CXCL5 Chemokine (C-X-C motif) ligand 5
ENSG00000120068 HOXB8 Homeobox B8
ENSG00000184995 IFNE Interferon, epsilon
ENSG00000163739 CXCL1 Chemokine (C-X-C motif) ligand 1 (melanoma growth stim-

ulating activity, alpha)
ENSG00000242366 UGT1A1 UDP glucuronosyltransferase 1 family, polypeptide A1
ENSG00000198183 BPIFA1 BPI fold containing family A, member 1
ENSG00000124875 CXCL6 Chemokine (C-X-C motif) ligand 6
ENSG00000262406 MMP12 Matrix metallopeptidase 12 (macrophage elastase)
ENSG00000137648 TMPRSS4 Transmembrane protease, serine 4
ENSG00000007908 SELE Selectin E
ENSG00000141469 SLC14A1 Solute carrier family 14 (urea transporter), member 1 (Kidd

blood group)
ENSG00000186723 OR10H1 Olfactory receptor, family 10, subfamily H, member 1
ENSG00000133048 CHI3L1 Chitinase 3-like 1 (cartilage glycoprotein-39)
ENSG00000105991 HOXA1 Homeobox A1
ENSG00000179934 CCR8 Chemokine (C-C motif) receptor 8
ENSG00000135480 KRT7 Keratin 7
ENSG00000167165 UGT1A6 UDP glucuronosyltransferase 1 family, polypeptide A6
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession

Bos taurus

313678 01 AC 000158.1
313678 02 AC 000159.1
313678 03 AC 000160.1
313678 04 AC 000161.1
313678 05 AC 000162.1
313678 06 AC 000163.1
313678 07 AC 000164.1
313678 08 AC 000165.1
313678 09 AC 000166.1
313678 10 AC 000167.1
313678 11 AC 000168.1
313678 12 AC 000169.1
313678 13 AC 000170.1
313678 14 AC 000171.1
313678 15 AC 000172.1
313678 16 AC 000173.1
313678 17 AC 000174.1
313678 18 AC 000175.1
313678 19 AC 000176.1
313678 20 AC 000177.1
313678 21 AC 000178.1
313678 22 AC 000179.1
313678 23 AC 000180.1
313678 24 AC 000181.1
313678 25 AC 000182.1
313678 26 AC 000183.1
313678 27 AC 000184.1
313678 28 AC 000185.1
313678 29 AC 000186.1
313678 X AC 000187.1

Callithrix jacchus

6608 01 NC 013896.1
6608 02 NC 013897.1
6608 03 NC 013898.1
6608 04 NC 013899.1
6608 05 NC 013900.1
6608 06 NC 013901.1
6608 07 NC 013902.1
6608 08 NC 013903.1
6608 09 NC 013904.1
6608 0Y NC 013919.1
6608 10 NC 013905.1
6608 11 NC 013906.1
6608 12 NC 013907.1
6608 13 NC 013908.1
6608 14 NC 013909.1
6608 15 NC 013910.1
6608 16 NC 013911.1
6608 17 NC 013912.1
6608 18 NC 013913.1
6608 19 NC 013914.1
6608 20 NC 013915.1
6608 21 NC 013916.1
6608 22 NC 013917.1
6608 X NC 013918.1

Canis lupus familiaris

317138 01 NC 006583.3
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
317138 02 NC 006584.3
317138 03 NC 006585.3
317138 04 NC 006586.3
317138 05 NC 006587.3
317138 06 NC 006588.3
317138 07 NC 006589.3
317138 08 NC 006590.3
317138 09 NC 006591.3
317138 10 NC 006592.3
317138 11 NC 006593.3
317138 12 NC 006594.3
317138 13 NC 006595.3
317138 14 NC 006596.3
317138 15 NC 006597.3
317138 16 NC 006598.3
317138 17 NC 006599.3
317138 18 NC 006600.3
317138 19 NC 006601.3
317138 20 NC 006602.3
317138 21 NC 006603.3
317138 22 NC 006604.3
317138 23 NC 006605.3
317138 24 NC 006606.3
317138 25 NC 006607.3
317138 26 NC 006608.3
317138 27 NC 006609.3
317138 28 NC 006610.3
317138 29 NC 006611.3
317138 30 NC 006612.3
317138 31 NC 006613.3
317138 32 NC 006614.3
317138 33 NC 006615.3
317138 34 NC 006616.3
317138 35 NC 006617.3
317138 36 NC 006618.3
317138 37 NC 006619.3
317138 38 NC 006620.3
317138 X NC 006621.3

Capra hircus

524258 01 NC 022293.1
524258 02 NC 022294.1
524258 03 NC 022295.1
524258 04 NC 022296.1
524258 05 NC 022297.1
524258 06 NC 022298.1
524258 07 NC 022299.1
524258 08 NC 022300.1
524258 09 NC 022301.1
524258 10 NC 022302.1
524258 11 NC 022303.1
524258 12 NC 022304.1
524258 13 NC 022305.1
524258 14 NC 022306.1
524258 15 NC 022307.1
524258 16 NC 022308.1
524258 17 NC 022309.1

154



Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
524258 18 NC 022310.1
524258 19 NC 022311.1
524258 20 NC 022312.1
524258 21 NC 022313.1
524258 22 NC 022314.1
524258 23 NC 022315.1
524258 24 NC 022316.1
524258 25 NC 022317.1
524258 26 NC 022318.1
524258 27 NC 022319.1
524258 28 NC 022320.1
524258 29 NC 022321.1
524258 X NC 022322.1

Chlorocebus sabaeus

132581 01 NC 023642.1
132581 02 NC 023643.1
132581 03 NC 023644.1
132581 04 NC 023645.1
132581 05 NC 023646.1
132581 06 NC 023647.1
132581 07 NC 023648.1
132581 08 NC 023649.1
132581 09 NC 023650.1
132581 0Y NC 023672.1
132581 10 NC 023651.1
132581 11 NC 023652.1
132581 12 NC 023653.1
132581 13 NC 023654.1
132581 14 NC 023655.1
132581 15 NC 023656.1
132581 16 NC 023657.1
132581 17 NC 023658.1
132581 18 NC 023659.1
132581 19 NC 023660.1
132581 20 NC 023661.1
132581 21 NC 023662.1
132581 22 NC 023663.1
132581 23 NC 023664.1
132581 24 NC 023665.1
132581 25 NC 023666.1
132581 26 NC 023667.1
132581 27 NC 023668.1
132581 28 NC 023669.1
132581 29 NC 023670.1
132581 X NC 023671.1

Equus caballus

286598 01 NC 009144.2
286598 02 NC 009145.2
286598 03 NC 009146.2
286598 04 NC 009147.2
286598 05 NC 009148.2
286598 06 NC 009149.2
286598 07 NC 009150.2
286598 08 NC 009151.2
286598 09 NC 009152.2
286598 10 NC 009153.2
286598 11 NC 009154.2
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
286598 12 NC 009155.2
286598 13 NC 009156.2
286598 14 NC 009157.2
286598 15 NC 009158.2
286598 16 NC 009159.2
286598 17 NC 009160.2
286598 18 NC 009161.2
286598 19 NC 009162.2
286598 20 NC 009163.2
286598 21 NC 009164.2
286598 22 NC 009165.2
286598 23 NC 009166.2
286598 24 NC 009167.2
286598 25 NC 009168.2
286598 26 NC 009169.2
286598 27 NC 009170.2
286598 28 NC 009171.2
286598 29 NC 009172.2
286598 30 NC 009173.2
286598 31 NC 009174.2
286598 X NC 009175.2

Felis catus

250841 A1 NC 018723.2
250841 A2 NC 018724.2
250841 A3 NC 018725.2
250841 B1 NC 018726.2
250841 B2 NC 018727.2
250841 B3 NC 018728.2
250841 B4 NC 018729.2
250841 C1 NC 018730.2
250841 C2 NC 018731.2
250841 D1 NC 018732.2
250841 D2 NC 018733.2
250841 D3 NC 018734.2
250841 D4 NC 018735.2
250841 E1 NC 018736.2
250841 E2 NC 018737.2
250841 E3 NC 018738.2
250841 F1 NC 018739.2
250841 F2 NC 018740.2
250841 X NC 018741.2

Gorilla gorilla gorilla

415668 01 NC 018424.1
415668 03 NC 018427.1
415668 04 NC 018428.1
415668 05 NC 018429.1
415668 06 NC 018430.1
415668 07 NC 018431.1
415668 08 NC 018432.1
415668 09 NC 018433.1
415668 10 NC 018434.1
415668 11 NC 018435.1
415668 12 NC 018436.1
415668 13 NC 018437.1
415668 14 NC 018438.1
415668 15 NC 018439.1
415668 16 NC 018440.1
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
415668 17 NC 018441.1
415668 18 NC 018442.1
415668 19 NC 018443.1
415668 20 NC 018444.1
415668 21 NC 018445.1
415668 22 NC 018446.1
415668 2A NC 018425.1
415668 2B NC 018426.1
415668 X NC 018447.1

Homo sapiens

599081 01 NC 000001.11
599081 02 NC 000002.12
599081 03 NC 000003.12
599081 04 NC 000004.12
599081 05 NC 000005.10
599081 06 NC 000006.12
599081 07 NC 000007.14
599081 08 NC 000008.11
599081 09 NC 000009.12
599081 0Y NC 000024.10
599081 10 NC 000010.11
599081 11 NC 000011.10
599081 12 NC 000012.12
599081 13 NC 000013.11
599081 14 NC 000014.9
599081 15 NC 000015.10
599081 16 NC 000016.10
599081 17 NC 000017.11
599081 18 NC 000018.10
599081 19 NC 000019.10
599081 20 NC 000020.11
599081 21 NC 000021.9
599081 22 NC 000022.11
599081 X NC 000023.11

Macaca fascicularis

704988 01 NC 022272.1
704988 02 NC 022273.1
704988 03 NC 022274.1
704988 04 NC 022275.1
704988 05 NC 022276.1
704988 06 NC 022277.1
704988 07 NC 022278.1
704988 08 NC 022279.1
704988 09 NC 022280.1
704988 10 NC 022281.1
704988 11 NC 022282.1
704988 12 NC 022283.1
704988 13 NC 022284.1
704988 14 NC 022285.1
704988 15 NC 022286.1
704988 16 NC 022287.1
704988 17 NC 022288.1
704988 18 NC 022289.1
704988 19 NC 022290.1
704988 20 NC 022291.1
704988 X NC 022292.1

Macaca mulatta

588981 01 NC 027893.1
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
588981 02 NC 027894.1
588981 03 NC 027895.1
588981 04 NC 027896.1
588981 05 NC 027897.1
588981 06 NC 027898.1
588981 07 NC 027899.1
588981 08 NC 027900.1
588981 09 NC 027901.1
588981 0Y NC 027914.1
588981 10 NC 027902.1
588981 11 NC 027903.1
588981 12 NC 027904.1
588981 13 NC 027905.1
588981 14 NC 027906.1
588981 15 NC 027907.1
588981 16 NC 027908.1
588981 17 NC 027909.1
588981 18 NC 027910.1
588981 19 NC 027911.1
588981 20 NC 027912.1
588981 X NC 027913.1

Microtus ochrogaster

504458 01 NC 022009.1
504458 02 NC 022010.1
504458 04 NC 022011.1
504458 05 NC 022012.1
504458 06 NC 022013.1
504458 07 NC 022014.1
504458 08 NC 022015.1
504458 10 NC 022016.1
504458 15 NC 022017.1
504458 16 NC 022018.1
504458 17 NC 022019.1
504458 18 NC 022020.1
504458 19 NC 022021.1
504458 21 NC 022022.1
504458 22 NC 022023.1
504458 24 NC 022024.1
504458 26 NC 022025.1
504458 X NC 022026.1

Monodelphis domestica

237648 01 NC 008801.1
237648 02 NC 008802.1
237648 03 NC 008803.1
237648 04 NC 008804.1
237648 05 NC 008805.1
237648 06 NC 008806.1
237648 07 NC 008807.1
237648 08 NC 008808.1
237648 X NC 008809.1

Mus musculus

558528 01 NC 000067.6
558528 02 NC 000068.7
558528 03 NC 000069.6
558528 04 NC 000070.6
558528 05 NC 000071.6
558528 06 NC 000072.6
558528 07 NC 000073.6
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
558528 08 NC 000074.6
558528 09 NC 000075.6
558528 0Y NC 000087.7
558528 10 NC 000076.6
558528 11 NC 000077.6
558528 12 NC 000078.6
558528 13 NC 000079.6
558528 14 NC 000080.6
558528 15 NC 000081.6
558528 16 NC 000082.6
558528 17 NC 000083.6
558528 18 NC 000084.6
558528 19 NC 000085.6
558528 X NC 000086.7

Nomascus leucogenys

506498 02 NC 019817.1
506498 03 NC 019818.1
506498 04 NC 019819.1
506498 05 NC 019820.1
506498 06 NC 019821.1
506498 08 NC 019823.1
506498 09 NC 019824.1
506498 10 NC 019825.1
506498 11 NC 019826.1
506498 12 NC 019827.1
506498 13 NC 019828.1
506498 14 NC 019829.1
506498 15 NC 019830.1
506498 16 NC 019831.1
506498 17 NC 019832.1
506498 18 NC 019833.1
506498 19 NC 019834.1
506498 1a NC 019816.1
506498 20 NC 019835.1
506498 21 NC 019836.1
506498 22a NC 019837.1
506498 23 NC 019838.1
506498 24 NC 019839.1
506498 25 NC 019840.1
506498 7b NC 019822.1
506498 X NC 019841.1

Oryctolagus cuniculus

182491 01 NC 013669.1
182491 02 NC 013670.1
182491 03 NC 013671.1
182491 04 NC 013672.1
182491 05 NC 013673.1
182491 06 NC 013674.1
182491 07 NC 013675.1
182491 08 NC 013676.1
182491 09 NC 013677.1
182491 10 NC 013678.1
182491 11 NC 013679.1
182491 12 NC 013680.1
182491 13 NC 013681.1
182491 14 NC 013682.1
182491 15 NC 013683.1
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
182491 16 NC 013684.1
182491 17 NC 013685.1
182491 18 NC 013686.1
182491 19 NC 013687.1
182491 20 NC 013688.1
182491 21 NC 013689.1
182491 X NC 013690.1

Ovis aries

585171 01 NC 019458.2
585171 02 NC 019459.2
585171 03 NC 019460.2
585171 04 NC 019461.2
585171 05 NC 019462.2
585171 06 NC 019463.2
585171 07 NC 019464.2
585171 08 NC 019465.2
585171 09 NC 019466.2
585171 10 NC 019467.2
585171 11 NC 019468.2
585171 12 NC 019469.2
585171 13 NC 019470.2
585171 14 NC 019471.2
585171 15 NC 019472.2
585171 16 NC 019473.2
585171 17 NC 019474.2
585171 18 NC 019475.2
585171 19 NC 019476.2
585171 20 NC 019477.2
585171 21 NC 019478.2
585171 22 NC 019479.2
585171 23 NC 019480.2
585171 24 NC 019481.2
585171 25 NC 019482.2
585171 26 NC 019483.2
585171 X NC 019484.2

Pan troglodytes

255628 01 NC 006468.3
255628 03 NC 006490.3
255628 04 NC 006471.3
255628 05 NC 006472.3
255628 06 NC 006473.3
255628 07 NC 006474.3
255628 08 NC 006475.3
255628 09 NC 006476.3
255628 0Y NC 006492.3
255628 10 NC 006477.3
255628 11 NC 006478.3
255628 12 NC 006479.3
255628 13 NC 006480.3
255628 14 NC 006481.3
255628 15 NC 006482.3
255628 16 NC 006483.3
255628 17 NC 006484.3
255628 18 NC 006485.3
255628 19 NC 006486.3
255628 20 NC 006487.3
216221 21 NC 006488.3
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
255628 22 NC 006489.3
255628 2A NC 006469.3
255628 2B NC 006470.3
255628 X NC 006491.3

Papio anubis

399268 01 NC 018152.1
399268 02 NC 018153.1
399268 03 NC 018154.1
399268 04 NC 018155.1
399268 05 NC 018156.1
399268 06 NC 018157.1
399268 07 NC 018158.1
399268 08 NC 018159.1
399268 09 NC 018160.1
399268 10 NC 018161.1
399268 11 NC 018162.1
399268 12 NC 018163.1
399268 13 NC 018164.1
399268 14 NC 018165.1
399268 15 NC 018166.1
399268 16 NC 018167.1
399268 17 NC 018168.1
399268 18 NC 018169.1
399268 19 NC 018170.1
399268 20 NC 018171.1
399268 X NC 018172.1

Pongo abelii

395158 01 NC 012591.1
395158 03 NC 012594.1
395158 04 NC 012595.1
395158 05 NC 012596.1
395158 06 NC 012597.1
395158 07 NC 012598.1
395158 08 NC 012599.1
395158 09 NC 012600.1
395158 10 NC 012601.1
395158 11 NC 012602.1
395158 12 NC 012603.1
395158 13 NC 012604.1
395158 14 NC 012605.1
395158 15 NC 012606.1
395158 16 NC 012607.1
395158 17 NC 012608.1
395158 18 NC 012609.1
395158 19 NC 012610.1
395158 20 NC 012611.1
395158 21 NC 012612.1
395158 22 NC 012613.1
395158 2A NC 012592.1
395158 2B NC 012593.1
395158 X NC 012614.1

Rattus norvegicus

191871 01 NC 005100.4
191871 02 NC 005101.4
191871 03 NC 005102.4
191871 04 NC 005103.4
191871 05 NC 005104.4
191871 06 NC 005105.4
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Table B.47: Genome assemblies used in the study

Scientific name Assembly ID Chromosome chromosome accession
191871 07 NC 005106.4
191871 08 NC 005107.4
191871 09 NC 005108.4
191871 0Y NC 024475.1
191871 10 NC 005109.4
191871 11 NC 005110.4
191871 12 NC 005111.4
191871 13 NC 005112.4
191871 14 NC 005113.4
191871 15 NC 005114.4
191871 16 NC 005115.4
191871 17 NC 005116.4
191871 18 NC 005117.4
191871 19 NC 005118.4
191871 20 NC 005119.4
191871 X NC 005120.4

Sus scrofa

304498 01 NC 010443.4
304498 02 NC 010444.3
304498 03 NC 010445.3
304498 04 NC 010446.4
304498 05 NC 010447.4
304498 06 NC 010448.3
304498 07 NC 010449.4
304498 08 NC 010450.3
304498 09 NC 010451.3
304498 0Y NC 010462.2
304498 10 NC 010452.3
304498 11 NC 010453.4
304498 12 NC 010454.3
304498 13 NC 010455.4
304498 14 NC 010456.4
304498 15 NC 010457.4
304498 16 NC 010458.3
304498 17 NC 010459.4
304498 18 NC 010460.3
304498 X NC 010461.4

162



Table B.48: Genome assemblies used in the study

Species Assembly
Bos taurus UMD3.1
Callithrix jacchus ASM275486v1
Canis familiaris CanFam3.1
Chlorocebus sabaeus ChlSab1.1
Equus caballus EquCab2
Felis catus Felis catus 9.0
Gorilla gorilla .gorGor4
Homo sapiens GRCh38
Macaca mulatta Mmul 8.0.1
Monodelphis domestica monDom5
Mus musculus GRCm38
Nomascus leucogenys Nleu 3.0
Ovis aries Oar v3.1
Pan troglodytes Pan tro 3.0
Papio anubis Panu 3.0
Pongo abelii PPYG2
Rattu norvegicus Rnor 6.0
Sus scrofa Sscrofa11.1
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Table B.49: GO analysis. Enriched categories at selected depth in mouse and human for biological
processes

species GO GO term depth p fdr bh chromosome

Homo sapiens

GO:0007608 sensory perception of smell 6 4.21708527557463e-88 11
GO:0007608 sensory perception of smell 6 1.51889289806345e-42 1
GO:0042742 defense response to bacterium 6 2.49246965790805e-18 8
GO:0007608 sensory perception of smell 6 6.83740406785496e-16 9
GO:0010469 regulation of receptor activity 6 2.1816439221646e-10 9
GO:0007608 sensory perception of smell 6 2.57584435500666e-10 14
GO:0019221 cytokine-mediated signaling

pathway
6 3.42331211596682e-10 9

GO:0007608 sensory perception of smell 6 3.94614768135192e-10 12
GO:0042981 regulation of apoptotic process 6 4.14541896792115e-10 4
GO:0043330 response to exogenous dsRNA 6 3.54659245786316e-09 9
GO:0042742 defense response to bacterium 6 6.33326383821042e-09 20
GO:0051607 defense response to virus 6 1.40463821165743e-08 9
GO:0001580 detection of chemical stimulus

involved in sensory perception
of bitter taste

6 2.0936345831244e-08 12

GO:0007608 sensory perception of smell 6 1.6237690680113e-07 6
GO:0007608 sensory perception of smell 6 8.95473280489903e-07 3
GO:0042742 defense response to bacterium 6 9.4731027594783e-07 6
GO:0061844 antimicrobial humoral im-

mune response mediated by
antimicrobial peptide

6 1.46604910393086e-06 4

GO:0007608 sensory perception of smell 6 2.27218634231578e-06 7
GO:0019221 cytokine-mediated signaling

pathway
6 2.69346697512603e-06 2

GO:0071280 cellular response to copper ion 6 5.39497154508523e-06 16
GO:0071294 cellular response to zinc ion 6 5.39497154508523e-06 16
GO:0050909 sensory perception of taste 6 6.28302854672165e-06 12
GO:0032755 positive regulation of

interleukin-6 production
6 3.48635937297813e-05 2

GO:0007608 sensory perception of smell 6 3.90730946548007e-05 17
GO:0010469 regulation of receptor activity 6 3.98679438606913e-05 17
GO:0071276 cellular response to cadmium

ion
6 4.36238559344426e-05 16

GO:0071347 cellular response to
interleukin-1

6 4.43720029985695e-05 17

GO:0060968 regulation of gene silencing 6 5.57063119243323e-05 6
GO:0007608 sensory perception of smell 6 0.000152978213098681 15
GO:0071222 cellular response to

lipopolysaccharide
6 0.000224423556929832 2

GO:0071222 cellular response to
lipopolysaccharide

6 0.000437148143630299 4

GO:0010469 regulation of receptor activity 6 0.00111760327551263 4
GO:0060326 cell chemotaxis 6 0.00119344671030012 3
GO:0061844 antimicrobial humoral im-

mune response mediated by
antimicrobial peptide

6 0.00127791985224567 8

GO:0071356 cellular response to tumor
necrosis factor

6 0.00147701290796805 17

GO:0050832 defense response to fungus 6 0.00178046332380012 8
GO:0061844 antimicrobial humoral im-

mune response mediated by
antimicrobial peptide

6 0.00315270349244047 6

164



Table B.49: GO analysis. Enriched categories at selected depth in mouse and human for biological
processes

species GO GO term depth p fdr bh chromosome
GO:0061844 antimicrobial humoral im-

mune response mediated by
antimicrobial peptide

6 0.00343849558507611 2

GO:0042981 regulation of apoptotic process 6 0.0040983603675449 8
GO:0051607 defense response to virus 6 0.00568638407712805 22
GO:0007608 sensory perception of smell 6 0.0105336552513843 19
GO:0071346 cellular response to interferon-

gamma
6 0.0141552031584823 17

GO:0001913 T cell mediated cytotoxicity 6 0.0168449576082598 6
GO:0002479 antigen processing and presen-

tation of exogenous peptide
antigen via MHC class I, TAP-
dependent

6 0.0168449576082598 6

GO:0007608 sensory perception of smell 6 0.0206794194344771 5
GO:0071395 cellular response to jasmonic

acid stimulus
6 0.026070920673981 10

GO:0044598 doxorubicin metabolic process 6 0.026070920673981 10
GO:0006898 receptor-mediated endocytosis 6 0.026078800805003 2
GO:0090305 nucleic acid phosphodiester

bond hydrolysis
6 0.0289255278891878 14

GO:0015671 oxygen transport 6 0.0335946376154424 16
GO:0050909 sensory perception of taste 6 0.0337748240101389 7
GO:0043434 response to peptide hormone 6 0.0356518949965671 2
GO:0007519 skeletal muscle tissue develop-

ment
6 0.0399517058031403 12

GO:0002480 antigen processing and presen-
tation of exogenous peptide
antigen via MHC class I, TAP-
independent

6 0.0419652787460946 6

GO:0010469 regulation of receptor activity 6 0.04336368910453 2
GO:0017121 phospholipid scrambling 6 0.0473752717688974 3
GO:0042267 natural killer cell mediated cy-

totoxicity
6 0.0477821534159313 6

Mus musculus

GO:0007608 sensory perception of smell 6 1.5573814555991e-193 2
GO:0007608 sensory perception of smell 6 1.05333535679868e-96 7
GO:0007608 sensory perception of smell 6 5.47829066916301e-81 9
GO:0007608 sensory perception of smell 6 2.11915150107754e-51 11
GO:0007608 sensory perception of smell 6 1.1862110678921e-42 10
GO:0007608 sensory perception of smell 6 1.91126023091457e-39 19
GO:0042742 defense response to bacterium 6 2.04774212931842e-31 8
GO:0007608 sensory perception of smell 6 1.24348631245485e-28 17
GO:0007608 sensory perception of smell 6 4.72625166733471e-19 1
GO:0061844 antimicrobial humoral im-

mune response mediated by
antimicrobial peptide

6 5.10783721114977e-18 8

GO:0007608 sensory perception of smell 6 4.02085660117788e-17 16
GO:0050909 sensory perception of taste 6 9.91742881468636e-16 6
GO:0007608 sensory perception of smell 6 1.13417335328823e-15 14
GO:0051607 defense response to virus 6 3.82318541680495e-15 4
GO:0007608 sensory perception of smell 6 1.36400573777545e-14 4
GO:0001580 detection of chemical stimulus

involved in sensory perception
of bitter taste

6 1.42510573269166e-14 6
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Table B.49: GO analysis. Enriched categories at selected depth in mouse and human for biological
processes

species GO GO term depth p fdr bh chromosome
GO:0043330 response to exogenous dsRNA 6 1.40925817992277e-13 4
GO:0071222 cellular response to

lipopolysaccharide
6 1.49083611705873e-13 8

GO:0019221 cytokine-mediated signaling
pathway

6 8.65099933621852e-13 4

GO:0007608 sensory perception of smell 6 6.22341209611904e-12 6
GO:0050909 sensory perception of taste 6 4.18612975716179e-09 7
GO:0010469 regulation of receptor activity 6 1.51436227727289e-08 4
GO:0007608 sensory perception of smell 6 1.72905965910573e-05 13
GO:0007608 sensory perception of smell 6 2.81001463829565e-05 15
GO:0070584 mitochondrion morphogenesis 6 4.79467675752365e-05 4
GO:0031649 heat generation 6 4.79467675752365e-05 4
GO:0010888 negative regulation of lipid

storage
6 4.79467675752365e-05 4

GO:0042742 defense response to bacterium 6 7.16881290803292e-05 2
GO:0030162 regulation of proteolysis 6 7.62735091574265e-05 3
GO:0051607 defense response to virus 6 0.000151009567621272 5
GO:0008207 C21-steroid hormone

metabolic process
6 0.000244732043703717 3

GO:0071346 cellular response to interferon-
gamma

6 0.000260236343985398 5

GO:0060326 cell chemotaxis 6 0.000427454875925172 8
GO:0043434 response to peptide hormone 6 0.000612157928884465 12
GO:0061844 antimicrobial humoral im-

mune response mediated by
antimicrobial peptide

6 0.000921899395375275 13

GO:0071347 cellular response to
interleukin-1

6 0.000986021486345496 11

GO:0061844 antimicrobial humoral im-
mune response mediated by
antimicrobial peptide

6 0.00124632968879284 5

GO:0045834 positive regulation of lipid
metabolic process

6 0.00148056717221677 4

GO:0060968 regulation of gene silencing 6 0.00267686322425951 13
GO:0035458 cellular response to interferon-

beta
6 0.00310198318263796 11

GO:0009060 aerobic respiration 6 0.00456861398687385 4
GO:0051603 proteolysis involved in cellular

protein catabolic process
6 0.00881974252133851 13

GO:0010469 regulation of receptor activity 6 0.0126573443398326 13
GO:0008626 granzyme-mediated apoptotic

signaling pathway
6 0.0138175087093708 14

GO:0090305 nucleic acid phosphodiester
bond hydrolysis

6 0.026305875252421 14

GO:0071222 cellular response to
lipopolysaccharide

6 0.0267891457713527 5

GO:0071356 cellular response to tumor
necrosis factor

6 0.0270830571741903 11
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length

Bos taurus

1 1 10X0 65265657 65462923 2 197266
1 1 11X0 66968007 67046927 2 78920
1 1 12X0 67559268 67659266 2 99998
1 1 13X0 69935163 70106415 2 171252
1 1 14X0 73740503 73802039 3 61536
1 1 15X0 74545919 74769754 2 223835
1 1 16X0 77469357 77611958 2 142601
1 1 17X0 81097636 81209114 4 111478
1 1 18X0 83643182 83721672 3 78490
1 1 19X0 84062791 84211374 2 148583
1 1 1X0 401206 492432 2 91226
1 1 20X0 95125675 95166199 2 40524
1 1 21X0 98303615 98369907 3 66292
1 1 22X0 107879883 108058677 2 178794
1 1 23X0 109661962 109729694 2 67732
1 1 24X0 116974391 117168355 2 193964
1 1 25X0 117636823 117835976 5 199153
1 1 26X0 119605842 119823457 3 217615
1 1 27X0 120236686 120315813 2 79127
1 1 28X0 121863151 121886919 2 23768
1 1 29X0 122821128 123273104 4 451976
1 1 2X0 1376827 1627137 4 250310
1 1 30X0 130588843 130710118 2 121275
1 1 31X0 131089308 131170538 3 81230
1 1 32X0 136573249 136676796 2 103547
1 1 33X0 136683311 136790649 2 107338
1 1 34X0 143119272 143204865 2 85593
1 1 35X0 143569076 143755849 2 186773
1 1 36X0 144067291 144196576 3 129285
1 1 37X0 145801880 145887681 2 85801
1 1 38X0 145901591 146077070 4 175479
1 1 39X0 146437114 146583242 4 146128
1 1 3X0 4775170 4956408 4 181238
1 1 40X0 147404396 147570736 2 166340
1 1 41X0 150054221 150153934 3 99713
1 1 4X0 5035870 5096443 2 60573
1 1 5X0 8811792 8963815 2 152023
1 1 6X0 41700079 41824958 2 124879
1 1 7X0 41955547 42469403 9 513856
1 1 8X0 54481399 54516574 2 35175
1 1 9X0 58015564 58125875 2 110311
10 10 10X0 21920977 22009402 6 88425
10 10 11X0 23636371 23934477 6 298106
10 10 11X1 23330788 23632510 10 301722
10 10 11X2 23978360 24283878 13 305518
10 10 11X3 22552579 22900718 10 348139
10 10 11X4 23099397 23221949 4 122552
10 10 12X0 24646142 25548213 26 902071
10 10 13X0 25589275 25654241 5 64966
10 10 14X0 26113954 26632354 14 518400
10 10 15X0 26667693 26686302 2 18609
10 10 16X0 26880575 27524781 33 644206
10 10 16X1 27641548 28256440 22 614892
10 10 16X2 28281890 28578629 2 296739
10 10 17X0 35903021 36013346 2 110325
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
10 10 18X0 37346275 37664678 4 318403
10 10 19X0 42749352 42808107 2 58755
10 10 1X0 5409681 5655684 2 246003
10 10 20X0 43278649 43484579 2 205930
10 10 21X0 52648527 52771273 2 122746
10 10 22X0 58569062 58711813 3 142751
10 10 23X0 59961836 60037841 2 76005
10 10 24X0 60202862 60207710 2 4848
10 10 25X0 61600903 61751865 2 150962
10 10 26X0 65492593 65558771 4 66178
10 10 27X0 76943981 76979552 2 35571
10 10 28X0 80135428 80167935 2 32507
10 10 29X0 82467738 82532119 3 64381
10 10 2X0 7777600 7964929 3 187329
10 10 30X0 85358158 85449397 4 91239
10 10 31X0 86557298 86762452 2 205154
10 10 32X0 86883739 87132202 3 248463
10 10 3X0 10072118 10151271 2 79153
10 10 4X0 12218639 12291146 2 72507
10 10 5X0 20207483 20354153 2 146670
10 10 6X0 20569774 20600789 2 31015
10 10 7X0 20665546 20934454 8 268908
10 10 8X0 21325414 21377051 2 51637
10 10 9X0 21652617 21663680 2 11063
11 11 10X0 19578982 19780728 2 201746
11 11 11X0 21526906 21761348 2 234442
11 11 12X0 26124239 26174650 2 50411
11 11 13X0 27200797 27263699 2 62902
11 11 14X0 44707028 44785035 4 78007
11 11 15X0 46349422 46706152 10 356730
11 11 16X0 47008475 47174623 4 166148
11 11 17X0 47915426 47995400 2 79974
11 11 18X0 49060227 49173648 4 113421
11 11 19X0 49249763 49264015 2 14252
11 11 1X0 65466 181573 2 116107
11 11 20X0 56528811 56642712 2 113901
11 11 21X0 67246030 67289445 3 43415
11 11 22X0 72067123 72312020 4 244897
11 11 23X0 74984268 75023692 2 39424
11 11 24X0 92215374 92374682 3 159308
11 11 25X0 93121981 93158576 2 36595
11 11 26X0 93268704 94190302 35 921598
11 11 27X0 95514365 95586792 2 72427
11 11 28X0 97582042 97652610 2 70568
11 11 29X0 98509474 98541363 2 31889
11 11 2X0 1747909 1891332 3 143423
11 11 30X0 98568364 98594176 2 25812
11 11 31X0 100210927 100227150 2 16223
11 11 32X0 103181661 103328557 6 146896
11 11 33X0 104373528 104505740 2 132212
11 11 34X0 106244291 106440173 11 195882
11 11 35X0 107191850 107261718 3 69868
11 11 3X0 1935216 1957806 2 22590
11 11 4X0 2690660 2762524 2 71864
11 11 5X0 2768909 2782703 2 13794
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
11 11 6X0 6721485 7221257 6 499772
11 11 7X0 7229706 7414636 2 184930
11 11 8X0 10105101 10122607 2 17506
11 11 9X0 13572118 13596639 2 24521
12 12 10X0 90508105 90541989 3 33884
12 12 11X0 91148973 91156716 2 7743
12 12 1X0 11363648 11443817 2 80169
12 12 2X0 21514646 21593686 2 79040
12 12 3X0 29991971 30039901 2 47930
12 12 4X0 32317772 32357227 2 39455
12 12 5X0 36310779 36374313 3 63534
12 12 6X0 80095128 80244063 3 148935
12 12 7X0 80714189 80724166 2 9977
12 12 8X0 82907167 83115415 2 208248
12 12 9X0 87654333 87684129 2 29796
13 13 10X0 43654794 44214277 12 559483
13 13 11X0 47400413 47449390 2 48977
13 13 12X0 50354055 50400983 13 46928
13 13 13X0 52563657 52576188 2 12531
13 13 14X0 53169426 53304213 2 134787
13 13 15X0 53668954 53941056 4 272102
13 13 16X0 54247557 54255011 2 7454
13 13 17X0 54591299 54606206 2 14907
13 13 18X0 60208924 60232034 2 23110
13 13 19X0 61082324 61187210 2 104886
13 13 1X0 216569 339068 2 122499
13 13 20X0 61314568 61615456 7 300888
13 13 21X0 61900820 62140119 2 239299
13 13 22X0 63196226 63329709 3 133483
13 13 22X1 62850752 62950669 3 99917
13 13 23X0 65532018 65592912 2 60894
13 13 24X0 67835164 67974925 3 139761
13 13 25X0 74202932 74339570 7 136638
13 13 26X0 74526199 75284423 13 758224
13 13 27X0 75354606 75362820 2 8214
13 13 28X0 75885062 75942663 2 57601
13 13 2X0 17540994 17639994 2 99000
13 13 3X0 17788337 17883719 3 95382
13 13 4X0 28204600 28275573 2 70973
13 13 5X0 41031399 41107079 2 75680
13 13 6X0 42217371 42247239 2 29868
13 13 7X0 42463338 42566091 5 102753
13 13 8X0 43253789 43422283 2 168494
13 13 9X0 43493944 43508178 2 14234
14 14 10X0 79372712 79733755 5 361043
14 14 11X0 79862685 79896055 2 33370
14 14 1X0 1136304 1322214 4 185910
14 14 2X0 1445334 1788087 4 342753
14 14 3X0 1825982 2240765 5 414783
14 14 4X0 2266062 2540475 3 274413
14 14 5X0 2563160 2856167 11 293007
14 14 6X0 23263815 23395443 2 131628
14 14 7X0 24847257 24976948 2 129691
14 14 8X0 25105062 25179651 2 74589
14 14 9X0 46644609 46891306 5 246697
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
15 15 10X0 29001571 29233495 2 231924
15 15 11X0 29257448 29389165 5 131717
15 15 12X0 29441565 29469747 3 28182
15 15 13X0 38041580 38340230 3 298650
15 15 14X0 43413545 43585976 2 172431
15 15 15X0 43703911 43770016 2 66105
15 15 16X0 45175108 45575215 15 400107
15 15 17X0 46368597 46412894 2 44297
15 15 18X0 46417938 46732271 17 314333
15 15 19X0 46902643 47005492 2 102849
15 15 1X0 771399 1296403 9 525004
15 15 1X1 182645 578564 6 395919
15 15 20X0 48405343 49085845 33 680502
15 15 20X1 47384234 48332456 35 948222
15 15 20X10 55103366 55122512 2 19146
15 15 20X2 50412563 51073006 29 660443
15 15 20X3 49098192 49535828 18 437636
15 15 20X4 49562175 49852276 13 290101
15 15 20X5 49922808 50404606 17 481798
15 15 20X6 51316034 51797639 16 481605
15 15 20X7 52184590 52605536 10 420946
15 15 20X8 53492850 53564982 2 72132
15 15 20X9 54196170 54224051 2 27881
15 15 21X0 55676067 55973229 6 297162
15 15 22X0 56827092 56974713 3 147621
15 15 23X0 61698326 61767248 2 68922
15 15 24X0 75032941 75068534 2 35593
15 15 25X0 77719053 77966408 5 247355
15 15 26X0 79563651 79981032 22 417381
15 15 26X1 80244344 80829405 23 585061
15 15 26X2 79135786 79508721 18 372935
15 15 26X3 80842358 81738412 22 896054
15 15 27X0 81869684 81956829 3 87145
15 15 28X0 82511487 83157432 21 645945
15 15 29X0 83365200 83515102 4 149902
15 15 2X0 5912037 6400322 8 488285
15 15 30X0 83580546 83605727 2 25181
15 15 31X0 83767120 84279377 15 512257
15 15 32X0 84361364 84404937 2 43573
15 15 33X0 84485248 84691574 7 206326
15 15 34X0 84899737 85011313 3 111576
15 15 3X0 6585516 6654015 2 68499
15 15 4X0 22547742 22557344 2 9602
15 15 5X0 22566929 22572575 2 5646
15 15 6X0 24779413 24851695 2 72282
15 15 7X0 25419219 25524857 2 105638
15 15 8X0 27871672 27934085 3 62413
15 15 9X0 28909315 28963808 2 54493
16 16 10X0 24929465 24998201 2 68736
16 16 11X0 27702967 27840009 2 137042
16 16 12X0 29663583 29721104 2 57521
16 16 13X0 36963321 36979962 2 16641
16 16 14X0 38049259 38192433 3 143174
16 16 15X0 39506590 39759444 5 252854
16 16 16X0 42376258 42493773 2 117515
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species chromosome cluster start end duplicates length
16 16 17X0 42700409 42713502 2 13093
16 16 18X0 42881664 42912457 3 30793
16 16 19X0 47798009 47952892 2 154883
16 16 1X0 297300 759737 5 462437
16 16 20X0 52264771 52379152 2 114381
16 16 21X0 53272046 53302109 2 30063
16 16 22X0 55718640 56118319 12 399679
16 16 23X0 56552275 56706787 2 154512
16 16 24X0 64965975 65015946 2 49971
16 16 25X0 65028277 65210675 3 182398
16 16 26X0 65545497 65771215 2 225718
16 16 27X0 70886830 71016271 2 129441
16 16 28X0 72740451 72832974 2 92523
16 16 29X0 77490629 77911587 4 420958
16 16 2X0 925083 1069419 3 144336
16 16 3X0 2117057 2121226 2 4169
16 16 4X0 2557488 2683555 2 126067
16 16 5X0 2763988 3108506 3 344518
16 16 6X0 3168635 3250256 2 81621
16 16 7X0 4113295 4365926 3 252631
16 16 8X0 4402474 4612613 7 210139
16 16 9X0 4765914 5123974 3 358060
17 17 10X0 63278104 63311098 2 32994
17 17 11X0 63611774 63678163 3 66389
17 17 12X0 64899652 64913110 2 13458
17 17 13X0 64913867 65014401 2 100534
17 17 14X0 71551242 71619967 3 68725
17 17 15X0 72690558 72754666 2 64108
17 17 16X0 72808678 73202019 11 393341
17 17 17X0 73273379 73319008 5 45629
17 17 18X0 73425746 73452741 2 26995
17 17 19X0 73784639 73828749 2 44110
17 17 1X0 2823044 2884552 2 61508
17 17 20X0 74319809 74519770 4 199961
17 17 21X0 74607593 74613377 2 5784
17 17 22X0 74663544 74880531 2 216987
17 17 2X0 14230809 14333746 2 102937
17 17 3X0 25033671 25057633 2 23962
17 17 4X0 35768716 35873721 2 105005
17 17 5X0 44506802 44665571 2 158769
17 17 6X0 44966897 45223845 6 256948
17 17 7X0 51260767 51648371 3 387604
17 17 8X0 55035080 55054749 2 19669
17 17 9X0 56173049 56275072 2 102023
18 18 10X0 25446367 25504738 3 58371
18 18 11X0 25608275 25753920 3 145645
18 18 12X0 34394579 34556068 4 161489
18 18 13X0 34757953 34810221 3 52268
18 18 14X0 34918530 35117221 3 198691
18 18 15X0 35576307 35587974 2 11667
18 18 16X0 36095734 36243479 2 147745
18 18 17X0 39204698 39218132 2 13434
18 18 18X0 45337460 45440643 2 103183
18 18 19X0 45562957 45689249 2 126292
18 18 1X0 1772754 1821405 2 48651
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18 18 20X0 45705247 45891786 3 186539
18 18 21X0 46033469 46078935 4 45466
18 18 22X0 46184320 46239044 2 54724
18 18 23X0 46243828 46314341 4 70513
18 18 24X0 46398986 46410960 2 11974
18 18 25X0 46721282 46890070 7 168788
18 18 26X0 47193774 47422682 5 228908
18 18 26X1 47431025 47883111 9 452086
18 18 26X2 46960041 47180829 6 220788
18 18 27X0 47928221 47971681 2 43460
18 18 28X0 48769012 48810095 3 41083
18 18 29X0 49214936 49281315 2 66379
18 18 2X0 2590736 2611931 3 21195
18 18 30X0 49552815 49580639 2 27824
18 18 31X0 49872449 50013518 3 141069
18 18 32X0 50040253 50053543 2 13290
18 18 33X0 50345655 50666554 5 320899
18 18 34X0 51373917 51507155 3 133238
18 18 35X0 51707795 52334826 15 627031
18 18 36X0 52380158 52675994 8 295836
18 18 36X1 52732800 53007832 5 275032
18 18 37X0 53634883 53777767 2 142884
18 18 38X0 54753334 54781917 2 28583
18 18 39X0 55173175 55212513 2 39338
18 18 3X0 2662463 2838848 3 176385
18 18 40X0 55235067 55287983 2 52916
18 18 41X0 55369206 55444508 4 75302
18 18 42X0 55753309 55832924 3 79615
18 18 43X0 56175613 56250611 3 74998
18 18 44X0 57338709 57499297 13 160588
18 18 45X0 57537670 57910816 17 373146
18 18 45X1 57938695 58220103 11 281408
18 18 46X0 58494237 58682409 7 188172
18 18 46X1 58688854 59004703 3 315849
18 18 48X0 60352473 60466851 2 114378
18 18 48X1 60117464 60344819 4 227355
18 18 48X2 60545413 61032896 6 487483
18 18 48X3 59692586 60077406 4 384820
18 18 49X0 61040309 61417516 7 377207
18 18 4X0 12379750 12434808 3 55058
18 18 50X0 61608937 61951470 7 342533
18 18 51X0 62052428 62121184 3 68756
18 18 52X0 62194105 62260863 2 66758
18 18 53X0 62347609 62638443 8 290834
18 18 54X0 62717575 62735263 2 17688
18 18 55X0 62827495 63486978 26 659483
18 18 56X0 63520186 63604895 4 84709
18 18 57X0 63610150 63683298 3 73148
18 18 58X0 63687553 63923147 14 235594
18 18 58X1 63968610 64282112 7 313502
18 18 59X0 64607953 64891741 9 283788
18 18 59X1 65538898 65980686 11 441788
18 18 59X2 64908196 65078903 5 170707
18 18 59X3 65132596 65506427 7 373831
18 18 5X0 13811387 13964622 2 153235

172



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
18 18 6X0 16551061 16732300 2 181239
18 18 7X0 24031967 24098654 2 66687
18 18 8X0 24106722 24165538 6 58816
18 18 9X0 24765330 24854379 2 89049
19 19 10X0 19641109 19757359 2 116250
19 19 11X0 19833725 19952293 5 118568
19 19 12X0 20615339 20796711 4 181372
19 19 13X0 21725905 21844511 2 118606
19 19 14X0 23403657 23430667 2 27010
19 19 15X0 24470226 24802537 22 332311
19 19 16X0 24854533 24913053 2 58520
19 19 17X0 25010757 25135095 2 124338
19 19 18X0 25530011 25634931 2 104920
19 19 19X0 26949113 26975114 2 26001
19 19 1X0 118123 150708 2 32585
19 19 20X0 27331075 27434258 3 103183
19 19 21X0 27455597 27461346 2 5749
19 19 22X0 27467161 27532634 3 65473
19 19 23X0 27893175 27904808 2 11633
19 19 24X0 28310097 28371440 3 61343
19 19 25X0 28913867 29001212 2 87345
19 19 26X0 29956798 30251091 6 294293
19 19 27X0 33673396 33739141 2 65745
19 19 28X0 34483124 34619450 4 136326
19 19 29X0 36610213 36675085 2 64872
19 19 2X0 6313771 6464109 3 150338
19 19 30X0 36811806 36845371 2 33565
19 19 31X0 36877017 36927313 2 50296
19 19 32X0 37296591 37320363 2 23772
19 19 33X0 38428299 38596261 8 167962
19 19 34X0 39194570 39296505 2 101935
19 19 35X0 40894257 40955437 2 61180
19 19 36X0 41017271 41048228 2 30957
19 19 37X0 41515535 41841840 13 326305
19 19 38X0 41846176 41867171 3 20995
19 19 39X0 41903870 42113449 14 209579
19 19 3X0 9209310 9352851 8 143541
19 19 40X0 42185570 42484047 15 298477
19 19 41X0 42666504 42689873 2 23369
19 19 42X0 42749145 42809906 2 60761
19 19 43X0 42812569 42903081 2 90512
19 19 44X0 42960226 43132624 3 172398
19 19 45X0 43316471 43365350 2 48879
19 19 46X0 43508614 43571700 5 63086
19 19 47X0 44310879 44412456 2 101577
19 19 48X0 44437199 44458077 3 20878
19 19 49X0 45444316 45459216 2 14900
19 19 4X0 9441828 9484176 2 42348
19 19 50X0 45973041 46071153 2 98112
19 19 52X0 48447902 48487616 2 39714
19 19 53X0 48570157 48656396 2 86239
19 19 54X0 48750715 48867609 3 116894
19 19 55X0 49175892 49292988 2 117096
19 19 56X0 50537804 50562978 2 25174
19 19 57X0 50827280 50849924 2 22644
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19 19 58X0 50867137 50984331 4 117194
19 19 59X0 51461750 51469340 2 7590
19 19 5X0 11865527 11951411 2 85884
19 19 60X0 51499066 51528822 2 29756
19 19 61X0 53318969 53377423 3 58454
19 19 62X0 54633144 54666987 2 33843
19 19 63X0 55749013 55822126 2 73113
19 19 64X0 55904213 55918416 2 14203
19 19 65X0 56359579 56377735 2 18156
19 19 66X0 57097872 57121003 2 23131
19 19 67X0 57328131 57621461 7 293330
19 19 68X0 61185603 61229571 2 43968
19 19 69X0 61873253 62151579 4 278326
19 19 6X0 12536191 12573533 2 37342
19 19 70X0 63621226 63745798 3 124572
19 19 7X0 14568542 14831157 11 262615
19 19 8X0 15098771 15184294 3 85523
19 19 9X0 16110980 16234839 4 123859
2 2 10X0 72049607 72250165 2 200558
2 2 11X0 79939485 80043984 2 104499
2 2 12X0 89517811 89858016 3 340205
2 2 13X0 90139395 90301820 2 162425
2 2 14X0 92325180 92587607 3 262427
2 2 15X0 105338358 105397646 2 59288
2 2 16X0 106906773 107014997 3 108224
2 2 17X0 107544683 107576619 2 31936
2 2 18X0 107921714 107942525 2 20811
2 2 19X0 120845481 120913882 4 68401
2 2 1X0 916140 994208 2 78068
2 2 20X0 120975092 120993968 2 18876
2 2 21X0 121847012 121975687 2 128675
2 2 22X0 122030511 122146489 3 115978
2 2 23X0 122503653 122649721 2 146068
2 2 24X0 122814786 122835401 2 20615
2 2 25X0 126276335 126518906 2 242571
2 2 26X0 129315264 129378160 2 62896
2 2 27X0 130769172 130795255 3 26083
2 2 28X0 132470750 132529468 2 58718
2 2 29X0 133088083 133376607 8 288524
2 2 2X0 7139738 7344001 2 204263
2 2 30X0 133953059 133983362 2 30303
2 2 31X0 135812788 136103406 5 290618
2 2 3X0 19257062 19326224 2 69162
2 2 4X0 20759890 20856159 8 96269
2 2 5X0 24489074 24506672 2 17598
2 2 6X0 26619585 26798046 2 178461
2 2 7X0 34297726 34571758 3 274032
2 2 8X0 44930623 44973211 2 42588
2 2 9X0 71099131 71285350 2 186219
20 20 1X0 13234 133868 4 120634
20 20 2X0 6721327 6794112 2 72785
20 20 3X0 9179368 9315274 2 135906
20 20 4X0 10154909 10265817 2 110908
20 20 5X0 10300553 10314075 2 13522
20 20 6X0 23212633 23355111 2 142478
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20 20 7X0 24033747 24107687 3 73940
20 20 8X0 58563065 58664249 2 101184
20 20 9X0 71182950 71318130 3 135180
21 21 10X0 34231528 34734990 6 503462
21 21 11X0 34903758 34952418 2 48660
21 21 12X0 35112322 35267979 10 155657
21 21 13X0 47130288 47198449 2 68161
21 21 14X0 49637067 49738270 2 101203
21 21 15X0 55515505 55579813 2 64308
21 21 16X0 59496451 59830426 9 333975
21 21 17X0 60927758 61032824 5 105066
21 21 18X0 62100003 62136163 2 36160
21 21 19X0 62701850 62772148 2 70298
21 21 1X0 736183 784819 2 48636
21 21 20X0 66852437 66882899 2 30462
21 21 21X0 68150604 68151509 2 905
21 21 22X0 69418979 69466051 2 47072
21 21 23X0 71453627 71596399 6 142772
21 21 2X0 20002742 20030816 2 28074
21 21 3X0 20082490 20685028 14 602538
21 21 4X0 20800158 20886141 2 85983
21 21 5X0 22661292 22871700 3 210408
21 21 6X0 26543823 26600056 2 56233
21 21 7X0 26811825 26962870 2 151045
21 21 8X0 31483268 31537227 3 53959
21 21 9X0 34088423 34230892 2 142469
22 22 10X0 49557992 49630194 6 72202
22 22 11X0 50593627 50601799 2 8172
22 22 12X0 50655648 50756457 4 100809
22 22 13X0 50789615 50892474 2 102859
22 22 14X0 50928327 50969031 2 40704
22 22 15X0 51335299 51482027 2 146728
22 22 16X0 52143306 52221924 9 78618
22 22 17X0 53236358 53343856 5 107498
22 22 18X0 53567797 54057181 9 489384
22 22 19X0 55497704 55714644 2 216940
22 22 1X0 5650 34397 3 28747
22 22 20X0 57122412 57204951 2 82539
22 22 21X0 58768219 58783528 2 15309
22 22 22X0 59609594 59642750 2 33156
22 22 2X0 6789385 7024065 3 234680
22 22 3X0 11674127 11894086 4 219959
22 22 4X0 12015691 12356183 3 340492
22 22 5X0 12613418 12679638 2 66220
22 22 6X0 16367996 16523810 5 155814
22 22 7X0 16877938 16896124 2 18186
22 22 8X0 48615397 48669271 3 53874
22 22 9X0 49282960 49552848 4 269888
23 23 10X0 19369192 19395134 2 25942
23 23 11X0 20708929 20758331 2 49402
23 23 12X0 22130935 22261583 3 130648
23 23 13X0 22997916 23122686 2 124770
23 23 14X0 24346988 24397956 2 50968
23 23 15X0 24823652 24977317 6 153665
23 23 16X0 25351507 25656497 11 304990
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23 23 17X0 25855146 25980368 2 125222
23 23 18X0 26916511 27011946 3 95435
23 23 19X0 27083669 27196793 4 113124
23 23 1X0 6975320 7220390 12 245070
23 23 20X0 27225270 27243367 2 18097
23 23 21X0 27331773 27338328 2 6555
23 23 22X0 27407611 27446642 5 39031
23 23 23X0 27451817 27560628 5 108811
23 23 24X0 27600055 27867532 7 267477
23 23 25X0 28177338 28224731 2 47393
23 23 26X0 28299437 28506312 5 206875
23 23 27X0 28530978 28676470 6 145492
23 23 28X0 28828555 29207889 25 379334
23 23 28X1 29223821 29463723 11 239902
23 23 28X2 29480530 29785578 15 305048
23 23 29X0 30079857 30343084 9 263227
23 23 2X0 7426487 7571700 2 145213
23 23 30X0 30349199 30696900 14 347701
23 23 31X0 30713382 30768030 16 54648
23 23 32X0 30978065 30996482 2 18417
23 23 33X0 31111555 31127004 4 15449
23 23 34X0 31235365 31252079 2 16714
23 23 35X0 31343551 31373121 2 29570
23 23 36X0 31456886 31674743 32 217857
23 23 37X0 31721014 31861069 4 140055
23 23 38X0 31914984 31918508 2 3524
23 23 39X0 34357710 34818877 10 461167
23 23 3X0 9944807 10045045 2 100238
23 23 40X0 34861310 35113759 4 252449
23 23 41X0 45312387 45372316 2 59929
23 23 42X0 47328131 47352621 2 24490
23 23 43X0 50354843 50394279 2 39436
23 23 44X0 50394684 50417050 2 22366
23 23 45X0 50515222 50678845 5 163623
23 23 46X0 52388044 52445489 3 57445
23 23 4X0 11093689 11132861 2 39172
23 23 5X0 13057053 13181324 3 124271
23 23 6X0 15081867 15163188 4 81321
23 23 7X0 15901126 15921069 2 19943
23 23 8X0 16640766 16794939 2 154173
23 23 9X0 17257357 17269998 2 12641
24 24 10X0 47246084 47297664 2 51580
24 24 11X0 62248909 62638833 12 389924
24 24 1X0 314607 511067 3 196460
24 24 2X0 4231234 4278276 2 47042
24 24 3X0 12694119 12765314 2 71195
24 24 4X0 22080132 22100704 2 20572
24 24 5X0 25388382 25496186 2 107804
24 24 6X0 25913549 26448151 7 534602
24 24 7X0 37820258 37910130 2 89872
24 24 8X0 43983880 44024553 2 40673
24 24 9X0 45787843 45924550 2 136707
25 25 10X0 2536214 2855519 12 319305
25 25 11X0 14469282 14643306 2 174024
25 25 12X0 18102959 18143260 2 40301
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25 25 13X0 18207129 18413889 3 206760
25 25 14X0 18539756 18656582 2 116826
25 25 15X0 21587069 21620834 2 33765
25 25 16X0 25139417 25268874 2 129457
25 25 17X0 26361862 26381153 2 19291
25 25 18X0 26437044 26547977 2 110933
25 25 19X0 26831623 27161868 6 330245
25 25 1X0 192905 217650 6 24745
25 25 20X0 27222530 27230804 2 8274
25 25 21X0 27382282 27418925 2 36643
25 25 22X0 27431639 27447066 2 15427
25 25 23X0 27450356 27501201 3 50845
25 25 24X0 27602222 27736719 2 134497
25 25 25X0 27811921 27837967 2 26046
25 25 26X0 33212217 33493476 3 281259
25 25 27X0 33983208 34083970 4 100762
25 25 28X0 35018574 35039183 2 20609
25 25 29X0 35930035 36088161 2 158126
25 25 2X0 292324 347325 2 55001
25 25 30X0 36120546 36276673 3 156127
25 25 31X0 36673965 36855872 2 181907
25 25 32X0 36905467 36947947 3 42480
25 25 33X0 37025335 37242576 3 217241
25 25 34X0 37343014 37469998 4 126984
25 25 35X0 37546485 37587556 2 41071
25 25 36X0 39006993 39089918 4 82925
25 25 37X0 42259657 42282988 2 23331
25 25 3X0 517559 552281 2 34722
25 25 4X0 649253 660655 2 11402
25 25 5X0 987390 1022334 4 34944
25 25 6X0 1524318 1742107 4 217789
25 25 7X0 1796660 1945919 2 149259
25 25 8X0 2126944 2275410 8 148466
25 25 9X0 2433850 2438483 2 4633
26 26 10X0 21823912 21896298 2 72386
26 26 11X0 24275663 24309613 3 33950
26 26 12X0 25060238 25119647 3 59409
26 26 13X0 37192556 37366138 3 173582
26 26 14X0 42824587 42877424 3 52837
26 26 15X0 43034075 43086628 2 52553
26 26 16X0 43257908 43272421 2 14513
26 26 17X0 49504091 49620555 2 116464
26 26 18X0 50573881 50681525 4 107644
26 26 1X0 34600 106867 2 72267
26 26 2X0 337785 402566 2 64781
26 26 3X0 10211198 10540469 5 329271
26 26 4X0 11069934 11127464 4 57530
26 26 5X0 14447529 14463796 2 16267
26 26 6X0 15931985 16538258 7 606273
26 26 7X0 18430347 18443469 2 13122
26 26 8X0 19201799 19222118 2 20319
26 26 9X0 21711025 21730353 2 19328
27 27 1X0 4788447 6196146 18 1407699
27 27 2X0 13208048 13210908 2 2860
27 27 3X0 15326026 15370080 2 44054
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27 27 4X0 16630109 16850282 4 220173
27 27 5X0 32774355 32915668 2 141313
27 27 6X0 33816038 34625508 6 809470
27 27 7X0 34686577 34774452 2 87875
27 27 8X0 37164686 37209034 2 44348
27 27 9X0 41695665 41883521 2 187856
28 28 10X0 35592783 35854765 5 261982
28 28 11X0 35923906 35958219 2 34313
28 28 12X0 39505113 39527943 2 22830
28 28 13X0 41912322 41924801 2 12479
28 28 14X0 42612012 42640763 2 28751
28 28 15X0 44819689 45003218 5 183529
28 28 16X0 46026267 46053236 3 26969
28 28 1X0 2556212 2855792 7 299580
28 28 2X0 12923499 13246045 4 322546
28 28 3X0 25207673 25249032 2 41359
28 28 4X0 25335074 25399768 2 64694
28 28 5X0 25752421 25924368 2 171947
28 28 6X0 27613178 27685834 2 72656
28 28 7X0 29074151 29105086 2 30935
28 28 8X0 30008049 30009656 2 1607
28 28 9X0 30993339 31048603 2 55264
29 29 10X0 29933714 29979585 2 45871
29 29 11X0 32757309 32829939 2 72630
29 29 12X0 33546279 33703975 2 157696
29 29 13X0 36684172 36809433 2 125261
29 29 14X0 37098498 37165575 2 67077
29 29 15X0 37639043 37725179 4 86136
29 29 16X0 37892577 38026747 2 134170
29 29 17X0 38135609 38668543 13 532934
29 29 18X0 38727762 39270024 13 542262
29 29 19X0 39326930 39635792 7 308862
29 29 1X0 5175376 5474084 5 298708
29 29 20X0 39662643 40007570 7 344927
29 29 21X0 40034226 40466766 8 432540
29 29 22X0 40940932 41102449 3 161517
29 29 23X0 41378327 41504719 3 126392
29 29 24X0 41645576 41846745 2 201169
29 29 25X0 41944850 42372760 8 427910
29 29 26X0 42426069 42451969 2 25900
29 29 27X0 42478123 42608367 2 130244
29 29 28X0 42735180 42791900 2 56720
29 29 29X0 43126404 43154681 2 28277
29 29 2X0 5682483 5892565 4 210082
29 29 30X0 43416170 43471503 2 55333
29 29 31X0 43648614 43696730 2 48116
29 29 32X0 44370408 44460617 2 90209
29 29 33X0 44766936 44771529 2 4593
29 29 34X0 45299519 45347624 3 48105
29 29 35X0 45844928 45971982 2 127054
29 29 36X0 45988625 46046958 2 58333
29 29 37X0 46143363 46203015 2 59652
29 29 38X0 46969455 47011851 3 42396
29 29 39X0 47591667 47699877 3 108210
29 29 3X0 9962193 9997407 2 35214
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29 29 40X0 48988149 49026889 2 38740
29 29 41X0 49842969 49926003 2 83034
29 29 42X0 50036101 50062631 2 26530
29 29 43X0 50218484 50287648 2 69164
29 29 44X0 50560713 50699835 2 139122
29 29 4X0 17974605 18121808 2 147203
29 29 5X0 26390466 26553359 4 162893
29 29 6X0 26693329 26734926 3 41597
29 29 7X0 27820502 28423743 27 603241
29 29 7X1 26802126 27265974 21 463848
29 29 7X2 27301299 27787786 11 486487
29 29 8X0 28595576 28767534 3 171958
29 29 9X0 29429085 29459846 2 30761
3 3 10X0 10977984 11355939 15 377955
3 3 10X1 11412357 12189914 20 777557
3 3 11X0 12308303 12907593 6 599290
3 3 12X0 13743911 13784728 2 40817
3 3 13X0 14019444 14055462 2 36018
3 3 14X0 14755582 14915294 2 159712
3 3 15X0 15521494 15591685 3 70191
3 3 16X0 15603805 15636992 2 33187
3 3 17X0 18881347 18970566 2 89219
3 3 18X0 19361111 19557450 2 196339
3 3 19X0 19779460 19806629 2 27169
3 3 1X0 20751 96237 2 75486
3 3 20X0 19994998 20047228 2 52230
3 3 21X0 20770059 20825680 11 55621
3 3 22X0 20871006 20975445 2 104439
3 3 23X0 21519979 21605094 2 85115
3 3 24X0 21859235 21999397 2 140162
3 3 25X0 22310554 22349850 2 39296
3 3 26X0 22768703 22899870 2 131167
3 3 27X0 23510977 23558293 3 47316
3 3 28X0 26158672 26414580 3 255908
3 3 29X0 26735793 26889208 2 153415
3 3 2X0 7881817 8040506 4 158689
3 3 30X0 32047399 32284496 4 237097
3 3 31X0 32851233 33035163 3 183930
3 3 32X0 33768050 33880598 6 112548
3 3 33X0 33952094 34013930 2 61836
3 3 34X0 39885182 39948945 2 63763
3 3 35X0 42703661 42766060 2 62399
3 3 36X0 53475696 53862657 3 386961
3 3 37X0 54031912 54525762 8 493850
3 3 38X0 54587049 55075636 7 488587
3 3 39X0 57499184 57792193 5 293009
3 3 3X0 8229236 8508122 3 278886
3 3 40X0 59252316 59351124 2 98808
3 3 41X0 66282837 66318248 2 35411
3 3 42X0 86404311 86640839 4 236528
3 3 43X0 93978825 94046956 2 68131
3 3 44X0 94049248 94197896 2 148648
3 3 45X0 98660627 98722981 2 62354
3 3 46X0 99666161 99957408 5 291247
3 3 47X0 100285863 100338715 2 52852
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3 3 48X0 100401226 100419716 2 18490
3 3 49X0 103238486 103422206 2 183720
3 3 4X0 8519572 8742728 4 223156
3 3 50X0 103480291 103689535 8 209244
3 3 51X0 104603593 104612391 2 8798
3 3 52X0 106216832 106275253 2 58421
3 3 53X0 106917951 107097489 2 179538
3 3 54X0 108508805 108555472 2 46667
3 3 55X0 110338488 110558237 3 219749
3 3 56X0 111481702 111525013 4 43311
3 3 57X0 113943011 114031371 4 88360
3 3 58X0 118191441 118223089 2 31648
3 3 59X0 119687614 120111016 16 423402
3 3 5X0 8794793 9293445 8 498652
3 3 6X0 9468431 9576282 2 107851
3 3 7X0 9605197 9670496 2 65299
3 3 8X0 9695129 10000540 8 305411
3 3 9X0 10236168 10683411 10 447243
4 4 10X0 49263419 49472239 2 208820
4 4 11X0 52173110 52235915 2 62805
4 4 12X0 65671028 66090181 3 419153
4 4 13X0 69252420 69402503 11 150083
4 4 14X0 74836426 74911776 2 75350
4 4 15X0 76705105 76725301 2 20196
4 4 16X0 83280521 83478290 5 197769
4 4 17X0 88965021 89161368 4 196347
4 4 18X0 93475459 93524304 2 48845
4 4 19X0 94861073 94949979 3 88906
4 4 1X0 11060376 11079756 2 19380
4 4 20X0 99016785 99140956 2 124171
4 4 21X0 99787244 99948547 2 161303
4 4 22X0 103799172 103862938 2 63766
4 4 23X0 105874500 106937743 56 1063243
4 4 24X0 106996940 107062131 2 65191
4 4 25X0 107184504 107216578 3 32074
4 4 26X0 107295010 107347462 3 52452
4 4 27X0 107720864 108378588 16 657724
4 4 28X0 113021969 113630153 10 608184
4 4 29X0 113675490 114151331 11 475841
4 4 2X0 12389567 12520270 3 130703
4 4 30X0 114199462 114212312 2 12850
4 4 31X0 115246102 115360689 2 114587
4 4 3X0 14276357 14296237 2 19880
4 4 4X0 25258619 25333477 2 74858
4 4 5X0 27854574 27890570 2 35996
4 4 6X0 32077891 32269539 2 191648
4 4 7X0 33026387 33193999 2 167612
4 4 8X0 40432906 40643369 3 210463
4 4 9X0 48956493 49092515 2 136022
5 5 10X0 30070404 30103142 3 32738
5 5 11X0 30155763 30298109 2 142346
5 5 12X0 30713144 30868119 4 154975
5 5 13X0 30918838 31097555 4 178717
5 5 14X0 31483512 31776650 7 293138
5 5 14X1 31859948 32264561 5 404613
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5 5 15X0 34028553 34198996 2 170443
5 5 16X0 44351615 44720976 11 369361
5 5 17X0 56334244 56350443 2 16199
5 5 18X0 56863815 57026537 3 162722
5 5 19X0 57303355 57318372 2 15017
5 5 1X0 4824769 5021025 3 196256
5 5 20X0 57486017 57699615 5 213598
5 5 21X0 59178071 59717840 19 539769
5 5 21X1 59793588 60158008 12 364420
5 5 21X2 58751279 59170684 10 419405
5 5 21X3 58260957 58619384 8 358427
5 5 21X4 57934910 58208574 9 273664
5 5 22X0 72049628 72082472 3 32844
5 5 23X0 74631082 75084280 7 453198
5 5 24X0 75810521 75827375 2 16854
5 5 25X0 89258893 89509795 3 250902
5 5 26X0 95516924 95531308 2 14384
5 5 27X0 97402843 97453094 2 50251
5 5 28X0 99035752 99243044 8 207292
5 5 29X0 99974365 100401104 13 426739
5 5 29X1 100479659 100961494 9 481835
5 5 29X2 99463834 99870803 6 406969
5 5 2X0 10330469 10342660 2 12191
5 5 30X0 101133130 101545688 4 412558
5 5 31X0 101686492 101730873 2 44381
5 5 32X0 102076231 102168602 4 92371
5 5 33X0 102940224 103207769 4 267545
5 5 34X0 103634595 103779250 4 144655
5 5 35X0 103987752 104173568 4 185816
5 5 36X0 104302583 104415588 3 113005
5 5 37X0 105538144 105764041 3 225897
5 5 38X0 106016835 106126587 2 109752
5 5 39X0 106157909 106216757 2 58848
5 5 3X0 20909663 21119087 4 209424
5 5 40X0 106975989 107052441 2 76452
5 5 41X0 107649324 107709872 2 60548
5 5 42X0 109933973 110017878 2 83905
5 5 43X0 111045317 111088530 2 43213
5 5 44X0 113596984 113625976 4 28992
5 5 45X0 114494264 114627819 2 133555
5 5 46X0 114966366 115075690 3 109324
5 5 47X0 115517820 115608935 2 91115
5 5 48X0 119821435 119837101 2 15666
5 5 4X0 26136686 26252315 9 115629
5 5 5X0 26695587 26759487 2 63900
5 5 6X0 26769555 26985686 3 216131
5 5 7X0 27171925 27910785 30 738860
5 5 8X0 28038532 28106733 2 68201
5 5 9X0 28887967 29172757 5 284790
6 6 10X0 85177921 85716159 6 538238
6 6 11X0 85926576 86865690 12 939114
6 6 12X0 86917981 87094952 3 176971
6 6 13X0 87189736 87239005 2 49269
6 6 14X0 90232762 90312046 3 79284
6 6 15X0 90559882 90824270 7 264388
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6 6 16X0 90992364 91480129 4 487765
6 6 17X0 92600177 92646326 3 46149
6 6 18X0 93633306 93758039 2 124733
6 6 19X0 98916665 98990087 2 73422
6 6 1X0 2385668 2423445 2 37777
6 6 20X0 99655644 99754969 2 99325
6 6 21X0 103971537 104056137 2 84600
6 6 22X0 104341538 104453232 2 111694
6 6 23X0 115687877 115858942 2 171065
6 6 24X0 117798819 117923220 2 124401
6 6 2X0 5344468 5499008 2 154540
6 6 3X0 23096104 23254634 2 158530
6 6 4X0 26547390 26916216 6 368826
6 6 5X0 37479804 37793279 3 313475
6 6 6X0 59670233 59706713 2 36480
6 6 7X0 68405247 68530673 2 125426
6 6 8X0 69144752 69187082 2 42330
6 6 9X0 73838854 73997338 2 158484
7 7 10X0 11459646 11831715 3 372069
7 7 11X0 13922169 13939754 2 17585
7 7 12X0 14527360 15288535 21 761175
7 7 13X0 15302198 15485011 5 182813
7 7 14X0 15647684 15709872 5 62188
7 7 15X0 15894542 16252264 7 357722
7 7 16X0 17051782 17254000 5 202218
7 7 17X0 17757622 17814125 3 56503
7 7 18X0 18306841 18582713 3 275872
7 7 19X0 18709398 18834685 2 125287
7 7 1X0 2184137 2394402 4 210265
7 7 20X0 18960639 18970399 2 9760
7 7 21X0 19076010 19190363 3 114353
7 7 22X0 19235826 19258805 2 22979
7 7 23X0 19846208 19936959 3 90751
7 7 24X0 20816181 20841683 2 25502
7 7 25X0 21132389 21429075 3 296686
7 7 26X0 21440493 21478598 2 38105
7 7 27X0 21907306 22195989 8 288683
7 7 28X0 22368335 22385179 2 16844
7 7 29X0 23329260 23425468 2 96208
7 7 2X0 2453803 2555050 3 101247
7 7 30X0 40445995 40479104 2 33109
7 7 31X0 41154755 41780369 16 625614
7 7 32X0 42084486 42914770 25 830284
7 7 32X1 43044539 43567568 17 523029
7 7 32X2 43593814 43978409 9 384595
7 7 32X3 44096134 44522295 6 426161
7 7 33X0 44797942 45034833 7 236891
7 7 34X0 45354486 45462547 2 108061
7 7 35X0 53487090 53507322 2 20232
7 7 36X0 53585216 54281944 25 696728
7 7 37X0 54624665 54702923 2 78258
7 7 38X0 54857213 55041418 4 184205
7 7 39X0 61446179 61734503 3 288324
7 7 3X0 2948734 3074600 2 125866
7 7 40X0 63379480 63641028 3 261548
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7 7 41X0 64524873 64684500 2 159627
7 7 42X0 70213686 70348692 2 135006
7 7 43X0 98582890 98878164 3 295274
7 7 4X0 5655109 5671232 2 16123
7 7 5X0 7972554 8330618 15 358064
7 7 6X0 8389985 8651746 7 261761
7 7 7X0 8754284 8805446 2 51162
7 7 8X0 8999056 9715604 16 716548
7 7 9X0 9911860 10557186 12 645326
7 7 9X1 10687060 11340452 13 653392
8 8 10X0 65834278 66114341 4 280063
8 8 11X0 70804358 70896918 2 92560
8 8 12X0 71663195 71702901 2 39706
8 8 13X0 72403760 72596739 3 192979
8 8 14X0 73147853 73184369 2 36516
8 8 15X0 76468680 76531334 2 62654
8 8 16X0 77260361 77368154 2 107793
8 8 17X0 77394838 77422532 2 27694
8 8 18X0 82396095 82491694 2 95599
8 8 19X0 83524639 83581560 2 56921
8 8 1X0 7099561 7162249 4 62688
8 8 20X0 85453132 85579683 4 126551
8 8 21X0 95761537 96153861 10 392324
8 8 22X0 100138374 100144156 2 5782
8 8 23X0 101484812 101552954 2 68142
8 8 24X0 103906601 103943464 2 36863
8 8 25X0 104101561 104206275 2 104714
8 8 26X0 104218993 104296480 2 77487
8 8 2X0 8573278 8633235 3 59957
8 8 3X0 22114512 22151549 2 37037
8 8 4X0 22563337 23310956 38 747619
8 8 5X0 39437808 39514616 2 76808
8 8 6X0 43780986 43972570 3 191584
8 8 7X0 60207472 60386110 3 178638
8 8 8X0 60483506 60682800 12 199294
8 8 9X0 62935793 63029685 2 93892
9 9 10X0 71468912 71804207 18 335295
9 9 11X0 71833315 71913826 2 80511
9 9 12X0 75979324 76116593 3 137269
9 9 13X0 85813503 85961158 2 147655
9 9 14X0 88232044 88639753 7 407709
9 9 15X0 91215612 91292179 2 76567
9 9 16X0 97750746 98014739 3 263993
9 9 17X0 103460841 103477813 2 16972
9 9 1X0 274516 320732 2 46216
9 9 2X0 12969175 12982550 2 13375
9 9 3X0 25681086 25766095 2 85009
9 9 4X0 34605304 34689575 3 84271
9 9 5X0 34872096 34893768 2 21672
9 9 6X0 39618967 39759908 2 140941
9 9 7X0 45452891 45522649 2 69758
9 9 8X0 61667230 61836839 2 169609
9 9 9X0 64859552 64929935 2 70383
X X 10X0 39187430 39363370 7 175940
X X 11X0 39805525 40247095 7 441570
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X X 12X0 50449123 50531696 3 82573
X X 13X0 55171775 55451996 7 280221
X X 14X0 57142324 57477875 6 335551
X X 15X0 57664213 57715859 2 51646
X X 16X0 58242198 58505529 2 263331
X X 17X0 63896594 64080463 2 183869
X X 18X0 78187378 78639361 3 451983
X X 19X0 82642268 82779631 2 137363
X X 1X0 3646867 3701262 2 54395
X X 20X0 84029852 84080527 2 50675
X X 21X0 84662118 84745441 2 83323
X X 22X0 85499886 85702893 3 203007
X X 23X0 90997109 91275259 3 278150
X X 24X0 92287878 92320415 4 32537
X X 25X0 95546166 95714844 2 168678
X X 26X0 99440294 99529359 3 89065
X X 27X0 102429175 102885917 3 456742
X X 28X0 107357735 107383173 2 25438
X X 29X0 111387160 111633453 3 246293
X X 2X0 4355493 4518975 3 163482
X X 30X0 121951935 121979509 2 27574
X X 31X0 123603172 124337612 9 734440
X X 32X0 126010550 126053438 2 42888
X X 33X0 135436138 135503524 2 67386
X X 34X0 138379924 138472330 2 92406
X X 35X0 138986761 139033616 2 46855
X X 36X0 140154706 140215657 2 60951
X X 37X0 141075572 141104299 2 28727
X X 38X0 148319908 148780901 6 460993
X X 3X0 15127648 15454970 3 327322
X X 4X0 18812423 19117275 4 304852
X X 5X0 23534850 23651841 2 116991
X X 6X0 24998138 25009992 2 11854
X X 7X0 32630887 32979646 5 348759
X X 8X0 33460693 33634304 2 173611
X X 9X0 37593403 37598760 2 5357

Callithrix jacchus

NTIC01000001.1 NTIC01000001.1 10X0 27736090 27757925 2 21835
NTIC01000001.1 NTIC01000001.1 11X0 29476204 29528012 2 51808
NTIC01000001.1 NTIC01000001.1 12X0 30426664 30489181 3 62517
NTIC01000001.1 NTIC01000001.1 13X0 33052806 33154785 3 101979
NTIC01000001.1 NTIC01000001.1 14X0 33725699 33777264 3 51565
NTIC01000001.1 NTIC01000001.1 15X0 35170811 35190226 2 19415
NTIC01000001.1 NTIC01000001.1 16X0 35301117 35318773 2 17656
NTIC01000001.1 NTIC01000001.1 17X0 38688573 38708887 2 20314
NTIC01000001.1 NTIC01000001.1 18X0 40550940 40582060 2 31120
NTIC01000001.1 NTIC01000001.1 19X0 41611939 41662007 2 50068
NTIC01000001.1 NTIC01000001.1 1X0 2304640 2319373 2 14733
NTIC01000001.1 NTIC01000001.1 20X0 45523252 45531801 2 8549
NTIC01000001.1 NTIC01000001.1 21X0 45694938 46041683 12 346745
NTIC01000001.1 NTIC01000001.1 22X0 55275461 55332760 2 57299
NTIC01000001.1 NTIC01000001.1 23X0 58191586 58272983 2 81397
NTIC01000001.1 NTIC01000001.1 24X0 63851807 64042297 5 190490
NTIC01000001.1 NTIC01000001.1 25X0 73800536 73873017 5 72481
NTIC01000001.1 NTIC01000001.1 26X0 75147638 75167773 2 20135
NTIC01000001.1 NTIC01000001.1 27X0 76074673 76141527 2 66854
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NTIC01000001.1 NTIC01000001.1 28X0 87448829 87487790 2 38961
NTIC01000001.1 NTIC01000001.1 29X0 88069765 88325077 6 255312
NTIC01000001.1 NTIC01000001.1 2X0 3086113 3135242 4 49129
NTIC01000001.1 NTIC01000001.1 30X0 90169078 90244201 2 75123
NTIC01000001.1 NTIC01000001.1 31X0 103951536 104054204 2 102668
NTIC01000001.1 NTIC01000001.1 32X0 131975407 132110665 4 135258
NTIC01000001.1 NTIC01000001.1 33X0 132807368 132881480 2 74112
NTIC01000001.1 NTIC01000001.1 34X0 134848223 134932164 2 83941
NTIC01000001.1 NTIC01000001.1 35X0 196527611 196550257 2 22646
NTIC01000001.1 NTIC01000001.1 36X0 209300568 209363670 3 63102
NTIC01000001.1 NTIC01000001.1 3X0 4946745 4961532 2 14787
NTIC01000001.1 NTIC01000001.1 4X0 6954853 6992621 2 37768
NTIC01000001.1 NTIC01000001.1 5X0 16770724 16837142 3 66418
NTIC01000001.1 NTIC01000001.1 6X0 22416800 22462273 2 45473
NTIC01000001.1 NTIC01000001.1 7X0 22953971 23019145 2 65174
NTIC01000001.1 NTIC01000001.1 8X0 23217562 23574158 11 356596
NTIC01000001.1 NTIC01000001.1 9X0 25269848 25329253 2 59405
NTIC01000002.1 NTIC01000002.1 10X0 68132297 68199479 2 67182
NTIC01000002.1 NTIC01000002.1 11X0 68642698 68759075 9 116377
NTIC01000002.1 NTIC01000002.1 12X0 69343250 69358745 2 15495
NTIC01000002.1 NTIC01000002.1 13X0 69763776 70162056 13 398280
NTIC01000002.1 NTIC01000002.1 14X0 70700064 70707318 2 7254
NTIC01000002.1 NTIC01000002.1 15X0 71946722 71967126 2 20404
NTIC01000002.1 NTIC01000002.1 16X0 83032567 83080362 2 47795
NTIC01000002.1 NTIC01000002.1 17X0 108507433 108666945 4 159512
NTIC01000002.1 NTIC01000002.1 18X0 108852405 108923808 2 71403
NTIC01000002.1 NTIC01000002.1 19X0 110212497 110257684 3 45187
NTIC01000002.1 NTIC01000002.1 1X0 18571902 18632932 2 61030
NTIC01000002.1 NTIC01000002.1 20X0 110496022 110546198 2 50176
NTIC01000002.1 NTIC01000002.1 21X0 111377366 111514156 3 136790
NTIC01000002.1 NTIC01000002.1 22X0 113412579 113490985 2 78406
NTIC01000002.1 NTIC01000002.1 23X0 115212679 115276670 4 63991
NTIC01000002.1 NTIC01000002.1 24X0 117812819 117848530 2 35711
NTIC01000002.1 NTIC01000002.1 25X0 118111282 118621184 10 509902
NTIC01000002.1 NTIC01000002.1 26X0 118896305 119213195 11 316890
NTIC01000002.1 NTIC01000002.1 27X0 120783004 120822272 2 39268
NTIC01000002.1 NTIC01000002.1 2X0 18981618 19088618 3 107000
NTIC01000002.1 NTIC01000002.1 3X0 44481864 44624695 3 142831
NTIC01000002.1 NTIC01000002.1 4X0 51114046 51125563 2 11517
NTIC01000002.1 NTIC01000002.1 5X0 63772390 63788528 2 16138
NTIC01000002.1 NTIC01000002.1 6X0 64727951 64751459 3 23508
NTIC01000002.1 NTIC01000002.1 7X0 66699045 66779775 2 80730
NTIC01000002.1 NTIC01000002.1 8X0 66928496 67660162 22 731666
NTIC01000002.1 NTIC01000002.1 9X0 68034328 68116471 2 82143
NTIC01001113.1 NTIC01001113.1 10X0 26404491 26488635 2 84144
NTIC01001113.1 NTIC01001113.1 11X0 28036735 28103657 2 66922
NTIC01001113.1 NTIC01001113.1 12X0 46726210 46772377 3 46167
NTIC01001113.1 NTIC01001113.1 13X0 50777043 50806624 2 29581
NTIC01001113.1 NTIC01001113.1 14X0 61100231 61177424 2 77193
NTIC01001113.1 NTIC01001113.1 15X0 62852050 62890928 2 38878
NTIC01001113.1 NTIC01001113.1 16X0 66910265 67652934 25 742669
NTIC01001113.1 NTIC01001113.1 16X1 65473707 66607667 31 1133960
NTIC01001113.1 NTIC01001113.1 16X2 68136963 68445447 9 308484
NTIC01001113.1 NTIC01001113.1 16X3 69232761 69433952 5 201191
NTIC01001113.1 NTIC01001113.1 16X4 64620231 64963682 4 343451
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NTIC01001113.1 NTIC01001113.1 16X5 63546125 63608888 2 62763
NTIC01001113.1 NTIC01001113.1 16X6 80222689 80278620 2 55931
NTIC01001113.1 NTIC01001113.1 17X0 104228815 104265619 2 36804
NTIC01001113.1 NTIC01001113.1 18X0 108409832 109959505 41 1549673
NTIC01001113.1 NTIC01001113.1 19X0 110096043 110109329 2 13286
NTIC01001113.1 NTIC01001113.1 1X0 306174 746375 9 440201
NTIC01001113.1 NTIC01001113.1 20X0 110727219 111125364 13 398145
NTIC01001113.1 NTIC01001113.1 21X0 111789512 112156578 7 367066
NTIC01001113.1 NTIC01001113.1 22X0 112268567 112314955 2 46388
NTIC01001113.1 NTIC01001113.1 23X0 112469898 113003467 8 533569
NTIC01001113.1 NTIC01001113.1 24X0 113971838 114151013 3 179175
NTIC01001113.1 NTIC01001113.1 25X0 114426770 114475369 2 48599
NTIC01001113.1 NTIC01001113.1 26X0 114730995 114805060 2 74065
NTIC01001113.1 NTIC01001113.1 27X0 115398958 115439291 2 40333
NTIC01001113.1 NTIC01001113.1 28X0 115609176 115744360 4 135184
NTIC01001113.1 NTIC01001113.1 29X0 115913038 115972664 2 59626
NTIC01001113.1 NTIC01001113.1 2X0 9416736 9423039 2 6303
NTIC01001113.1 NTIC01001113.1 30X0 116741252 116772586 2 31334
NTIC01001113.1 NTIC01001113.1 31X0 116957778 117016582 2 58804
NTIC01001113.1 NTIC01001113.1 32X0 117715289 117808681 2 93392
NTIC01001113.1 NTIC01001113.1 33X0 118796118 118860842 2 64724
NTIC01001113.1 NTIC01001113.1 34X0 119642931 119713123 2 70192
NTIC01001113.1 NTIC01001113.1 35X0 121575249 121707585 3 132336
NTIC01001113.1 NTIC01001113.1 36X0 124296734 124327923 2 31189
NTIC01001113.1 NTIC01001113.1 37X0 124642386 124737173 2 94787
NTIC01001113.1 NTIC01001113.1 3X0 11423811 11504772 2 80961
NTIC01001113.1 NTIC01001113.1 4X0 14286240 14326356 3 40116
NTIC01001113.1 NTIC01001113.1 5X0 15329836 15352833 2 22997
NTIC01001113.1 NTIC01001113.1 6X0 15665064 15798761 5 133697
NTIC01001113.1 NTIC01001113.1 7X0 15846535 15870403 2 23868
NTIC01001113.1 NTIC01001113.1 8X0 21269701 22039987 19 770286
NTIC01001113.1 NTIC01001113.1 9X0 22219995 22407617 5 187622
NTIC01002224.1 NTIC01002224.1 10X0 93316509 93548200 8 231691
NTIC01002224.1 NTIC01002224.1 11X0 93607922 94416689 12 808767
NTIC01002224.1 NTIC01002224.1 12X0 99150163 99735422 9 585259
NTIC01002224.1 NTIC01002224.1 13X0 100570555 100748669 3 178114
NTIC01002224.1 NTIC01002224.1 14X0 100844883 100886436 2 41553
NTIC01002224.1 NTIC01002224.1 15X0 101169988 101300225 4 130237
NTIC01002224.1 NTIC01002224.1 16X0 103466764 103533167 2 66403
NTIC01002224.1 NTIC01002224.1 17X0 108344359 108434980 2 90621
NTIC01002224.1 NTIC01002224.1 18X0 112489650 112614733 4 125083
NTIC01002224.1 NTIC01002224.1 1X0 12942900 12966555 2 23655
NTIC01002224.1 NTIC01002224.1 2X0 15479702 15485587 2 5885
NTIC01002224.1 NTIC01002224.1 3X0 27980947 28127208 10 146261
NTIC01002224.1 NTIC01002224.1 4X0 38576647 38663058 2 86411
NTIC01002224.1 NTIC01002224.1 5X0 49428823 49448092 2 19269
NTIC01002224.1 NTIC01002224.1 6X0 51034214 51166178 3 131964
NTIC01002224.1 NTIC01002224.1 7X0 52471706 52486965 2 15259
NTIC01002224.1 NTIC01002224.1 8X0 56051330 56136445 2 85115
NTIC01002224.1 NTIC01002224.1 9X0 93247200 93260115 2 12915
NTIC01003335.1 NTIC01003335.1 10X0 99722097 100261811 9 539714
NTIC01003335.1 NTIC01003335.1 1X0 6430665 6903495 18 472830
NTIC01003335.1 NTIC01003335.1 2X0 8262588 8294580 2 31992
NTIC01003335.1 NTIC01003335.1 3X0 14508193 14537041 2 28848
NTIC01003335.1 NTIC01003335.1 4X0 36434382 37092542 5 658160
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
NTIC01003335.1 NTIC01003335.1 5X0 40526577 40588321 2 61744
NTIC01003335.1 NTIC01003335.1 6X0 42554125 42614419 2 60294
NTIC01003335.1 NTIC01003335.1 7X0 54040687 54068597 2 27910
NTIC01003335.1 NTIC01003335.1 8X0 67691072 68215798 7 524726
NTIC01003335.1 NTIC01003335.1 9X0 71808594 71900644 3 92050
NTIC01004446.1 NTIC01004446.1 10X0 31701328 31728125 2 26797
NTIC01004446.1 NTIC01004446.1 11X0 32634088 32660880 2 26792
NTIC01004446.1 NTIC01004446.1 12X0 33427231 33446847 2 19616
NTIC01004446.1 NTIC01004446.1 13X0 36157905 36198365 3 40460
NTIC01004446.1 NTIC01004446.1 14X0 40116970 40152669 2 35699
NTIC01004446.1 NTIC01004446.1 15X0 40550803 40590402 3 39599
NTIC01004446.1 NTIC01004446.1 16X0 44944770 45012827 2 68057
NTIC01004446.1 NTIC01004446.1 17X0 70749995 70966612 5 216617
NTIC01004446.1 NTIC01004446.1 18X0 71438693 71619774 4 181081
NTIC01004446.1 NTIC01004446.1 19X0 75243428 75260060 2 16632
NTIC01004446.1 NTIC01004446.1 1X0 14765831 14805726 2 39895
NTIC01004446.1 NTIC01004446.1 20X0 79497644 79512572 2 14928
NTIC01004446.1 NTIC01004446.1 21X0 85711027 85745178 3 34151
NTIC01004446.1 NTIC01004446.1 22X0 86523196 86564900 2 41704
NTIC01004446.1 NTIC01004446.1 23X0 98608731 98816764 4 208033
NTIC01004446.1 NTIC01004446.1 24X0 105298255 105330665 2 32410
NTIC01004446.1 NTIC01004446.1 25X0 105553437 105567435 2 13998
NTIC01004446.1 NTIC01004446.1 2X0 14867658 15034687 3 167029
NTIC01004446.1 NTIC01004446.1 3X0 17347084 17383561 2 36477
NTIC01004446.1 NTIC01004446.1 4X0 22356848 22382037 2 25189
NTIC01004446.1 NTIC01004446.1 5X0 22741583 23638951 16 897368
NTIC01004446.1 NTIC01004446.1 6X0 23639653 23694213 3 54560
NTIC01004446.1 NTIC01004446.1 7X0 23824775 23951912 3 127137
NTIC01004446.1 NTIC01004446.1 8X0 24628812 24765034 3 136222
NTIC01004446.1 NTIC01004446.1 9X0 27046123 27119986 3 73863
NTIC01005557.1 NTIC01005557.1 10X0 20483272 20561776 2 78504
NTIC01005557.1 NTIC01005557.1 11X0 28234921 28326155 4 91234
NTIC01005557.1 NTIC01005557.1 12X0 32795252 32813472 2 18220
NTIC01005557.1 NTIC01005557.1 13X0 36902147 36926216 2 24069
NTIC01005557.1 NTIC01005557.1 14X0 38899217 38935453 2 36236
NTIC01005557.1 NTIC01005557.1 15X0 63278189 63361349 2 83160
NTIC01005557.1 NTIC01005557.1 16X0 64461671 64512515 2 50844
NTIC01005557.1 NTIC01005557.1 17X0 69128215 69200178 2 71963
NTIC01005557.1 NTIC01005557.1 18X0 84215052 84281828 2 66776
NTIC01005557.1 NTIC01005557.1 1X0 816967 885596 3 68629
NTIC01005557.1 NTIC01005557.1 2X0 2047421 2082703 2 35282
NTIC01005557.1 NTIC01005557.1 3X0 2089064 2106697 2 17633
NTIC01005557.1 NTIC01005557.1 4X0 4037872 4085902 2 48030
NTIC01005557.1 NTIC01005557.1 5X0 7407631 7545825 3 138194
NTIC01005557.1 NTIC01005557.1 6X0 15658761 15723476 2 64715
NTIC01005557.1 NTIC01005557.1 7X0 16141534 16295033 3 153499
NTIC01005557.1 NTIC01005557.1 8X0 18762369 18912621 5 150252
NTIC01005557.1 NTIC01005557.1 9X0 19218016 19602096 8 384080
NTIC01006668.1 NTIC01006668.1 10X0 26954844 27068878 5 114034
NTIC01006668.1 NTIC01006668.1 11X0 27142949 27153083 2 10134
NTIC01006668.1 NTIC01006668.1 12X0 27953749 28005857 3 52108
NTIC01006668.1 NTIC01006668.1 13X0 59566258 59593710 2 27452
NTIC01006668.1 NTIC01006668.1 14X0 81567925 81651814 2 83889
NTIC01006668.1 NTIC01006668.1 15X0 92511094 92580271 2 69177
NTIC01006668.1 NTIC01006668.1 1X0 5685846 5751787 3 65941
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
NTIC01006668.1 NTIC01006668.1 2X0 8260997 8380045 4 119048
NTIC01006668.1 NTIC01006668.1 3X0 15960265 16013258 3 52993
NTIC01006668.1 NTIC01006668.1 4X0 19986292 20227255 7 240963
NTIC01006668.1 NTIC01006668.1 5X0 21353473 21832500 7 479027
NTIC01006668.1 NTIC01006668.1 6X0 22112337 22144010 3 31673
NTIC01006668.1 NTIC01006668.1 7X0 25129084 25171232 2 42148
NTIC01006668.1 NTIC01006668.1 8X0 25438393 25501477 2 63084
NTIC01006668.1 NTIC01006668.1 9X0 25534751 25552536 3 17785
NTIC01007779.1 NTIC01007779.1 1X0 44214071 44672475 12 458404
NTIC01007779.1 NTIC01007779.1 2X0 44696773 44753147 3 56374
NTIC01007779.1 NTIC01007779.1 3X0 45072839 45108370 2 35531
NTIC01007779.1 NTIC01007779.1 4X0 46087718 46323021 5 235303
NTIC01007779.1 NTIC01007779.1 5X0 53392267 53603152 4 210885
NTIC01008890.1 NTIC01008890.1 10X0 61722034 61875786 3 153752
NTIC01008890.1 NTIC01008890.1 11X0 69343173 69380894 2 37721
NTIC01008890.1 NTIC01008890.1 1X0 9024319 9099126 3 74807
NTIC01008890.1 NTIC01008890.1 2X0 18550262 18614718 2 64456
NTIC01008890.1 NTIC01008890.1 3X0 25518602 25554827 2 36225
NTIC01008890.1 NTIC01008890.1 4X0 27940363 28009285 2 68922
NTIC01008890.1 NTIC01008890.1 5X0 29320852 29347128 2 26276
NTIC01008890.1 NTIC01008890.1 6X0 36383972 36459706 2 75734
NTIC01008890.1 NTIC01008890.1 7X0 36836328 36863275 2 26947
NTIC01008890.1 NTIC01008890.1 8X0 41720183 41802325 2 82142
NTIC01008890.1 NTIC01008890.1 9X0 44087065 44104965 2 17900
NTIC01010001.1 NTIC01010001.1 10X0 32498301 32974384 12 476083
NTIC01010001.1 NTIC01010001.1 11X0 33057543 33286363 4 228820
NTIC01010001.1 NTIC01010001.1 12X0 33948527 34016456 5 67929
NTIC01010001.1 NTIC01010001.1 1X0 1348922 1415528 2 66606
NTIC01010001.1 NTIC01010001.1 2X0 11668683 11669852 2 1169
NTIC01010001.1 NTIC01010001.1 3X0 23164849 23223215 2 58366
NTIC01010001.1 NTIC01010001.1 4X0 25007313 25058246 2 50933
NTIC01010001.1 NTIC01010001.1 5X0 25173609 25332995 3 159386
NTIC01010001.1 NTIC01010001.1 6X0 28917523 29020712 2 103189
NTIC01010001.1 NTIC01010001.1 7X0 29068819 29205434 4 136615
NTIC01010001.1 NTIC01010001.1 8X0 29207349 29278002 3 70653
NTIC01010001.1 NTIC01010001.1 9X0 32351413 32366055 2 14642
NTIC01011112.1 NTIC01011112.1 10X0 187324918 187471099 4 146181
NTIC01011112.1 NTIC01011112.1 11X0 187848393 187901677 3 53284
NTIC01011112.1 NTIC01011112.1 12X0 190038263 190071280 2 33017
NTIC01011112.1 NTIC01011112.1 13X0 191320662 191375835 2 55173
NTIC01011112.1 NTIC01011112.1 14X0 198534198 199209989 5 675791
NTIC01011112.1 NTIC01011112.1 1X0 50293202 50364137 2 70935
NTIC01011112.1 NTIC01011112.1 2X0 130097976 130128509 2 30533
NTIC01011112.1 NTIC01011112.1 3X0 130621079 130827245 4 206166
NTIC01011112.1 NTIC01011112.1 4X0 151647818 151725766 2 77948
NTIC01011112.1 NTIC01011112.1 5X0 161323662 161415168 2 91506
NTIC01011112.1 NTIC01011112.1 6X0 161779020 162414636 13 635616
NTIC01011112.1 NTIC01011112.1 7X0 162638691 162664541 2 25850
NTIC01011112.1 NTIC01011112.1 8X0 184972204 185097862 4 125658
NTIC01011112.1 NTIC01011112.1 9X0 187184000 187245414 2 61414
NTIC01011113.1 NTIC01011113.1 10X0 6878457 6936874 3 58417
NTIC01011113.1 NTIC01011113.1 11X0 7394611 7471547 4 76936
NTIC01011113.1 NTIC01011113.1 12X0 26981677 27174245 14 192568
NTIC01011113.1 NTIC01011113.1 12X1 26641147 26724333 6 83186
NTIC01011113.1 NTIC01011113.1 12X10 9085076 9240355 5 155279
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
NTIC01011113.1 NTIC01011113.1 12X11 35256629 35361700 5 105071
NTIC01011113.1 NTIC01011113.1 12X12 36253781 36398586 5 144805
NTIC01011113.1 NTIC01011113.1 12X13 8667151 8844589 5 177438
NTIC01011113.1 NTIC01011113.1 12X14 9290836 9452554 5 161718
NTIC01011113.1 NTIC01011113.1 12X15 21221720 21325026 5 103306
NTIC01011113.1 NTIC01011113.1 12X16 8871138 8982357 4 111219
NTIC01011113.1 NTIC01011113.1 12X17 23269032 23332658 5 63626
NTIC01011113.1 NTIC01011113.1 12X18 23033660 23167054 4 133394
NTIC01011113.1 NTIC01011113.1 12X19 24198831 24282310 4 83479
NTIC01011113.1 NTIC01011113.1 12X2 23832022 23970516 7 138494
NTIC01011113.1 NTIC01011113.1 12X20 22618946 22695381 3 76435
NTIC01011113.1 NTIC01011113.1 12X21 36923876 37109271 5 185395
NTIC01011113.1 NTIC01011113.1 12X22 22771657 22844013 3 72356
NTIC01011113.1 NTIC01011113.1 12X23 35140231 35190844 4 50613
NTIC01011113.1 NTIC01011113.1 12X24 26317797 26413640 4 95843
NTIC01011113.1 NTIC01011113.1 12X25 35693508 35775249 4 81741
NTIC01011113.1 NTIC01011113.1 12X26 24392752 24554233 5 161481
NTIC01011113.1 NTIC01011113.1 12X27 36635578 36744042 4 108464
NTIC01011113.1 NTIC01011113.1 12X28 34926985 35025814 4 98829
NTIC01011113.1 NTIC01011113.1 12X29 36133962 36232313 3 98351
NTIC01011113.1 NTIC01011113.1 12X3 21766829 21888335 6 121506
NTIC01011113.1 NTIC01011113.1 12X30 36778358 36892451 3 114093
NTIC01011113.1 NTIC01011113.1 12X31 20901503 21013505 3 112002
NTIC01011113.1 NTIC01011113.1 12X32 21059709 21173799 3 114090
NTIC01011113.1 NTIC01011113.1 12X33 16579721 16685306 3 105585
NTIC01011113.1 NTIC01011113.1 12X34 36469599 36568627 3 99028
NTIC01011113.1 NTIC01011113.1 12X35 26156471 26198271 3 41800
NTIC01011113.1 NTIC01011113.1 12X36 22462194 22573959 3 111765
NTIC01011113.1 NTIC01011113.1 12X37 16449828 16509597 2 59769
NTIC01011113.1 NTIC01011113.1 12X38 22900742 23016017 3 115275
NTIC01011113.1 NTIC01011113.1 12X39 25136304 25212615 3 76311
NTIC01011113.1 NTIC01011113.1 12X4 21399085 21541517 6 142432
NTIC01011113.1 NTIC01011113.1 12X40 26516222 26610618 3 94396
NTIC01011113.1 NTIC01011113.1 12X41 17248627 17338222 3 89595
NTIC01011113.1 NTIC01011113.1 12X42 19641069 19700987 2 59918
NTIC01011113.1 NTIC01011113.1 12X43 16160857 16205971 2 45114
NTIC01011113.1 NTIC01011113.1 12X44 11432182 11459354 2 27172
NTIC01011113.1 NTIC01011113.1 12X45 17808126 17857865 2 49739
NTIC01011113.1 NTIC01011113.1 12X46 21952426 22016077 2 63651
NTIC01011113.1 NTIC01011113.1 12X47 11901184 11953112 2 51928
NTIC01011113.1 NTIC01011113.1 12X48 25620631 25689870 2 69239
NTIC01011113.1 NTIC01011113.1 12X5 21580390 21654485 4 74095
NTIC01011113.1 NTIC01011113.1 12X6 12311229 12483991 7 172762
NTIC01011113.1 NTIC01011113.1 12X7 25874899 25996784 6 121885
NTIC01011113.1 NTIC01011113.1 12X8 21690616 21751699 3 61083
NTIC01011113.1 NTIC01011113.1 12X9 20703314 20815185 6 111871
NTIC01011113.1 NTIC01011113.1 13X0 38004019 38039615 3 35596
NTIC01011113.1 NTIC01011113.1 14X0 38155212 38236979 2 81767
NTIC01011113.1 NTIC01011113.1 15X0 38708413 38713281 2 4868
NTIC01011113.1 NTIC01011113.1 16X0 38842743 38913227 3 70484
NTIC01011113.1 NTIC01011113.1 17X0 39144629 39156879 2 12250
NTIC01011113.1 NTIC01011113.1 18X0 39207597 39278382 3 70785
NTIC01011113.1 NTIC01011113.1 19X0 39352022 39419222 2 67200
NTIC01011113.1 NTIC01011113.1 1X0 28735 107255 2 78520
NTIC01011113.1 NTIC01011113.1 20X0 39573391 39588954 2 15563
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species chromosome cluster start end duplicates length
NTIC01011113.1 NTIC01011113.1 21X0 39950050 40105596 5 155546
NTIC01011113.1 NTIC01011113.1 22X0 40359945 40438440 3 78495
NTIC01011113.1 NTIC01011113.1 23X0 41264929 41406596 4 141667
NTIC01011113.1 NTIC01011113.1 23X1 41156246 41219880 2 63634
NTIC01011113.1 NTIC01011113.1 24X0 41469678 41540609 3 70931
NTIC01011113.1 NTIC01011113.1 25X0 41609076 41747435 4 138359
NTIC01011113.1 NTIC01011113.1 26X0 41939779 42122524 8 182745
NTIC01011113.1 NTIC01011113.1 26X1 42130495 42197249 3 66754
NTIC01011113.1 NTIC01011113.1 26X2 42231656 42363257 4 131601
NTIC01011113.1 NTIC01011113.1 27X0 42371994 42505908 4 133914
NTIC01011113.1 NTIC01011113.1 28X0 43731102 43750175 2 19073
NTIC01011113.1 NTIC01011113.1 29X0 44764449 44799215 2 34766
NTIC01011113.1 NTIC01011113.1 2X0 747240 802825 3 55585
NTIC01011113.1 NTIC01011113.1 30X0 46086994 46133707 2 46713
NTIC01011113.1 NTIC01011113.1 3X0 836442 873310 2 36868
NTIC01011113.1 NTIC01011113.1 4X0 932383 980589 2 48206
NTIC01011113.1 NTIC01011113.1 5X0 3254122 3327431 2 73309
NTIC01011113.1 NTIC01011113.1 6X0 4003854 4036305 2 32451
NTIC01011113.1 NTIC01011113.1 7X0 4524744 4537189 2 12445
NTIC01011113.1 NTIC01011113.1 8X0 5177170 5274502 5 97332
NTIC01011113.1 NTIC01011113.1 9X0 6455723 6547399 4 91676
NTIC01011113.1 NTIC01011113.1 9X1 6566638 6598101 2 31463
NTIC01011113.1 NTIC01011113.1 9X2 6665127 6713144 2 48017
NTIC01012224.1 NTIC01012224.1 1X0 1599594 1643770 3 44176
NTIC01012224.1 NTIC01012224.1 2X0 2460801 2538360 2 77559
NTIC01012224.1 NTIC01012224.1 3X0 7527880 7603129 2 75249
NTIC01012224.1 NTIC01012224.1 4X0 9239044 9308581 2 69537
NTIC01012224.1 NTIC01012224.1 5X0 10277840 10461897 4 184057
NTIC01012224.1 NTIC01012224.1 6X0 10637377 10682459 2 45082
NTIC01012224.1 NTIC01012224.1 7X0 12757624 13433006 11 675382
NTIC01012224.1 NTIC01012224.1 8X0 13496463 13555099 2 58636
NTIC01013335.1 NTIC01013335.1 10X0 34162814 34263296 3 100482
NTIC01013335.1 NTIC01013335.1 11X0 34305386 34636287 14 330901
NTIC01013335.1 NTIC01013335.1 12X0 34682391 34853468 5 171077
NTIC01013335.1 NTIC01013335.1 13X0 35201429 35429559 5 228130
NTIC01013335.1 NTIC01013335.1 14X0 35689548 35731659 2 42111
NTIC01013335.1 NTIC01013335.1 15X0 35935045 35975851 2 40806
NTIC01013335.1 NTIC01013335.1 16X0 36154798 36195155 2 40357
NTIC01013335.1 NTIC01013335.1 17X0 37694674 37770376 3 75702
NTIC01013335.1 NTIC01013335.1 18X0 37787430 37818843 2 31413
NTIC01013335.1 NTIC01013335.1 19X0 39411140 39459447 2 48307
NTIC01013335.1 NTIC01013335.1 1X0 18371 93452 2 75081
NTIC01013335.1 NTIC01013335.1 20X0 40413595 40571322 3 157727
NTIC01013335.1 NTIC01013335.1 21X0 42860802 43003145 5 142343
NTIC01013335.1 NTIC01013335.1 22X0 43827559 43892586 2 65027
NTIC01013335.1 NTIC01013335.1 23X0 44107319 44130725 2 23406
NTIC01013335.1 NTIC01013335.1 24X0 44946367 45009131 2 62764
NTIC01013335.1 NTIC01013335.1 2X0 14618013 14658413 2 40400
NTIC01013335.1 NTIC01013335.1 3X0 20487955 20600210 3 112255
NTIC01013335.1 NTIC01013335.1 4X0 21831419 22068611 4 237192
NTIC01013335.1 NTIC01013335.1 5X0 29792373 29859255 2 66882
NTIC01013335.1 NTIC01013335.1 6X0 31655353 31764253 3 108900
NTIC01013335.1 NTIC01013335.1 7X0 32269087 32776597 11 507510
NTIC01013335.1 NTIC01013335.1 8X0 33175338 33269675 2 94337
NTIC01013335.1 NTIC01013335.1 9X0 33710110 33772376 2 62266
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
NTIC01014446.1 NTIC01014446.1 10X0 31015012 31067677 3 52665
NTIC01014446.1 NTIC01014446.1 11X0 31735493 31865255 6 129762
NTIC01014446.1 NTIC01014446.1 12X0 32475873 32668207 3 192334
NTIC01014446.1 NTIC01014446.1 1X0 2121591 2188382 3 66791
NTIC01014446.1 NTIC01014446.1 2X0 13471171 13541342 2 70171
NTIC01014446.1 NTIC01014446.1 3X0 13787572 13807986 2 20414
NTIC01014446.1 NTIC01014446.1 4X0 15929478 15961708 2 32230
NTIC01014446.1 NTIC01014446.1 5X0 20844557 20861077 2 16520
NTIC01014446.1 NTIC01014446.1 6X0 21650445 21700978 2 50533
NTIC01014446.1 NTIC01014446.1 7X0 21860015 21932630 3 72615
NTIC01014446.1 NTIC01014446.1 8X0 22168643 22288705 4 120062
NTIC01014446.1 NTIC01014446.1 9X0 30742086 30867600 3 125514
NTIC01015557.1 NTIC01015557.1 1X0 17552144 17555312 2 3168
NTIC01015557.1 NTIC01015557.1 2X0 20358910 20407523 2 48613
NTIC01015557.1 NTIC01015557.1 3X0 22054900 22093540 2 38640
NTIC01016668.1 NTIC01016668.1 1X0 87255 112962 3 25707
NTIC01016668.1 NTIC01016668.1 3X0 1422060 1469264 4 47204
NTIC01016668.1 NTIC01016668.1 4X0 1755638 1788768 2 33130
NTIC01016668.1 NTIC01016668.1 5X0 1935510 1971631 2 36121
NTIC01018890.1 NTIC01018890.1 1X0 655309 776510 3 121201
NTIC01021112.1 NTIC01021112.1 1X0 581355 621442 2 40087
NTIC01022223.1 NTIC01022223.1 10X0 117079125 117219029 3 139904
NTIC01022223.1 NTIC01022223.1 11X0 120581206 120617683 2 36477
NTIC01022223.1 NTIC01022223.1 12X0 124456862 124485553 2 28691
NTIC01022223.1 NTIC01022223.1 13X0 125337276 125513082 6 175806
NTIC01022223.1 NTIC01022223.1 14X0 127407393 127553123 3 145730
NTIC01022223.1 NTIC01022223.1 15X0 130301677 131006094 4 704417
NTIC01022223.1 NTIC01022223.1 16X0 131045445 131057149 2 11704
NTIC01022223.1 NTIC01022223.1 17X0 133646300 134045855 13 399555
NTIC01022223.1 NTIC01022223.1 18X0 134230962 134247067 2 16105
NTIC01022223.1 NTIC01022223.1 19X0 135226106 135244771 2 18665
NTIC01022223.1 NTIC01022223.1 1X0 37564071 37643285 4 79214
NTIC01022223.1 NTIC01022223.1 20X0 135451597 135505947 4 54350
NTIC01022223.1 NTIC01022223.1 21X0 135591600 135601498 3 9898
NTIC01022223.1 NTIC01022223.1 22X0 135674905 136344355 6 669450
NTIC01022223.1 NTIC01022223.1 23X0 136813316 137134911 5 321595
NTIC01022223.1 NTIC01022223.1 24X0 138118054 138305416 5 187362
NTIC01022223.1 NTIC01022223.1 25X0 143186110 143314295 3 128185
NTIC01022223.1 NTIC01022223.1 26X0 144369451 144433613 2 64162
NTIC01022223.1 NTIC01022223.1 27X0 166712835 167363760 32 650925
NTIC01022223.1 NTIC01022223.1 28X0 167745609 167763085 4 17476
NTIC01022223.1 NTIC01022223.1 29X0 167945267 168003922 2 58655
NTIC01022223.1 NTIC01022223.1 2X0 53739445 53827957 3 88512
NTIC01022223.1 NTIC01022223.1 30X0 168450092 168530330 13 80238
NTIC01022223.1 NTIC01022223.1 31X0 168544133 168635830 5 91697
NTIC01022223.1 NTIC01022223.1 32X0 168647419 169088351 14 440932
NTIC01022223.1 NTIC01022223.1 33X0 169657466 169693314 2 35848
NTIC01022223.1 NTIC01022223.1 3X0 54008888 54026283 2 17395
NTIC01022223.1 NTIC01022223.1 4X0 63215799 63216621 2 822
NTIC01022223.1 NTIC01022223.1 5X0 65161454 65227854 2 66400
NTIC01022223.1 NTIC01022223.1 6X0 97106123 97196966 5 90843
NTIC01022223.1 NTIC01022223.1 7X0 114030199 114153265 4 123066
NTIC01022223.1 NTIC01022223.1 8X0 114642016 114696274 2 54258
NTIC01022223.1 NTIC01022223.1 9X0 116932859 117003983 4 71124
NTIC01024446.1 NTIC01024446.1 1X0 178454 197865 5 19411
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species chromosome cluster start end duplicates length
NTIC01025557.1 NTIC01025557.1 1X0 75802 139815 5 64013
NTIC01025557.1 NTIC01025557.1 2X0 312363 376084 4 63721
NTIC01025557.1 NTIC01025557.1 3X0 449930 511763 2 61833
NTIC01025557.1 NTIC01025557.1 4X0 600981 618844 2 17863
NTIC01031111.1 NTIC01031111.1 1X0 186079 213353 2 27274
NTIC01033278.1 NTIC01033278.1 10X0 97758891 97786330 2 27439
NTIC01033278.1 NTIC01033278.1 11X0 97818972 97861875 2 42903
NTIC01033278.1 NTIC01033278.1 12X0 98652825 99278359 5 625534
NTIC01033278.1 NTIC01033278.1 13X0 114424229 114485416 2 61187
NTIC01033278.1 NTIC01033278.1 14X0 124377643 124409019 2 31376
NTIC01033278.1 NTIC01033278.1 15X0 147268139 147296396 2 28257
NTIC01033278.1 NTIC01033278.1 16X0 156271390 156307305 2 35915
NTIC01033278.1 NTIC01033278.1 1X0 1597430 1720203 3 122773
NTIC01033278.1 NTIC01033278.1 2X0 3980253 4006610 2 26357
NTIC01033278.1 NTIC01033278.1 3X0 13326504 13381335 2 54831
NTIC01033278.1 NTIC01033278.1 4X0 80450674 80545491 2 94817
NTIC01033278.1 NTIC01033278.1 5X0 85411732 85488737 2 77005
NTIC01033278.1 NTIC01033278.1 6X0 91909253 91943009 3 33756
NTIC01033278.1 NTIC01033278.1 7X0 93773656 94068899 9 295243
NTIC01033278.1 NTIC01033278.1 8X0 94307698 94416376 3 108678
NTIC01033278.1 NTIC01033278.1 9X0 97403840 97469500 2 65660
NTIC01033390.1 NTIC01033390.1 1X0 116912 136254 2 19342
NTIC01034389.1 NTIC01034389.1 10X0 38547640 38569328 2 21688
NTIC01034389.1 NTIC01034389.1 11X0 56116496 56133655 2 17159
NTIC01034389.1 NTIC01034389.1 12X0 56651998 56664292 2 12294
NTIC01034389.1 NTIC01034389.1 13X0 61586975 61620280 2 33305
NTIC01034389.1 NTIC01034389.1 14X0 62179071 62252494 2 73423
NTIC01034389.1 NTIC01034389.1 15X0 65532798 65545836 2 13038
NTIC01034389.1 NTIC01034389.1 16X0 66302750 66330066 2 27316
NTIC01034389.1 NTIC01034389.1 17X0 67076596 67161732 3 85136
NTIC01034389.1 NTIC01034389.1 18X0 67714459 67721434 2 6975
NTIC01034389.1 NTIC01034389.1 19X0 67755513 67867817 3 112304
NTIC01034389.1 NTIC01034389.1 1X0 3831903 4086894 5 254991
NTIC01034389.1 NTIC01034389.1 20X0 68094208 68099864 2 5656
NTIC01034389.1 NTIC01034389.1 21X0 68238743 68250767 2 12024
NTIC01034389.1 NTIC01034389.1 22X0 68750342 68796618 2 46276
NTIC01034389.1 NTIC01034389.1 23X0 70930405 71265746 6 335341
NTIC01034389.1 NTIC01034389.1 24X0 79422120 79444732 2 22612
NTIC01034389.1 NTIC01034389.1 25X0 82658504 82755716 2 97212
NTIC01034389.1 NTIC01034389.1 26X0 82901536 82931957 5 30421
NTIC01034389.1 NTIC01034389.1 27X0 84909369 84988806 2 79437
NTIC01034389.1 NTIC01034389.1 28X0 85058617 85085785 3 27168
NTIC01034389.1 NTIC01034389.1 29X0 85142208 85226393 2 84185
NTIC01034389.1 NTIC01034389.1 2X0 5563054 5836001 11 272947
NTIC01034389.1 NTIC01034389.1 30X0 85376459 85644375 13 267916
NTIC01034389.1 NTIC01034389.1 31X0 85665475 85907250 14 241775
NTIC01034389.1 NTIC01034389.1 32X0 85924466 85939421 3 14955
NTIC01034389.1 NTIC01034389.1 33X0 85949066 86279608 12 330542
NTIC01034389.1 NTIC01034389.1 34X0 88942184 89029444 2 87260
NTIC01034389.1 NTIC01034389.1 35X0 91756449 91963256 6 206807
NTIC01034389.1 NTIC01034389.1 36X0 92412574 92509699 3 97125
NTIC01034389.1 NTIC01034389.1 37X0 93379460 93477768 5 98308
NTIC01034389.1 NTIC01034389.1 38X0 100198721 100217464 2 18743
NTIC01034389.1 NTIC01034389.1 39X0 109282761 109317706 2 34945
NTIC01034389.1 NTIC01034389.1 3X0 7047340 7149107 3 101767
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NTIC01034389.1 NTIC01034389.1 40X0 109353927 109422393 2 68466
NTIC01034389.1 NTIC01034389.1 41X0 109659125 109696362 2 37237
NTIC01034389.1 NTIC01034389.1 42X0 109801447 109824217 2 22770
NTIC01034389.1 NTIC01034389.1 43X0 111033053 111222260 10 189207
NTIC01034389.1 NTIC01034389.1 44X0 111850778 111926636 2 75858
NTIC01034389.1 NTIC01034389.1 45X0 114452581 114481588 3 29007
NTIC01034389.1 NTIC01034389.1 46X0 119479145 119521606 2 42461
NTIC01034389.1 NTIC01034389.1 47X0 123790246 123955064 5 164818
NTIC01034389.1 NTIC01034389.1 48X0 129206454 129250307 2 43853
NTIC01034389.1 NTIC01034389.1 49X0 139295130 139364106 2 68976
NTIC01034389.1 NTIC01034389.1 4X0 8431041 8446065 2 15024
NTIC01034389.1 NTIC01034389.1 50X0 142331382 142494111 3 162729
NTIC01034389.1 NTIC01034389.1 51X0 149502076 149578831 3 76755
NTIC01034389.1 NTIC01034389.1 52X0 150952568 150988376 2 35808
NTIC01034389.1 NTIC01034389.1 53X0 153730769 153790397 3 59628
NTIC01034389.1 NTIC01034389.1 54X0 156764654 156827832 2 63178
NTIC01034389.1 NTIC01034389.1 55X0 158391881 158416569 2 24688
NTIC01034389.1 NTIC01034389.1 5X0 9986919 10013959 2 27040
NTIC01034389.1 NTIC01034389.1 6X0 28166603 28445138 7 278535
NTIC01034389.1 NTIC01034389.1 7X0 31245967 31322888 2 76921
NTIC01034389.1 NTIC01034389.1 8X0 37921226 38072107 6 150881
NTIC01034389.1 NTIC01034389.1 9X0 38312682 38439211 3 126529
NTIC01035500.1 NTIC01035500.1 10X0 133953084 133972815 2 19731
NTIC01035500.1 NTIC01035500.1 11X0 134197106 134272435 2 75329
NTIC01035500.1 NTIC01035500.1 12X0 146779831 146801085 2 21254
NTIC01035500.1 NTIC01035500.1 13X0 146869506 146889925 2 20419
NTIC01035500.1 NTIC01035500.1 1X0 241776 288181 2 46405
NTIC01035500.1 NTIC01035500.1 2X0 16254859 16308832 2 53973
NTIC01035500.1 NTIC01035500.1 3X0 17113950 17142892 2 28942
NTIC01035500.1 NTIC01035500.1 4X0 47736296 47843920 10 107624
NTIC01035500.1 NTIC01035500.1 5X0 72899847 72933157 2 33310
NTIC01035500.1 NTIC01035500.1 6X0 115454719 115606775 3 152056
NTIC01035500.1 NTIC01035500.1 7X0 131445538 131478924 2 33386
NTIC01035500.1 NTIC01035500.1 8X0 132846589 132969406 3 122817
NTIC01035500.1 NTIC01035500.1 9X0 133559249 133594273 2 35024
NTIC01036611.1 NTIC01036611.1 10X0 80933111 81037658 3 104547
NTIC01036611.1 NTIC01036611.1 11X0 86651523 86688740 4 37217
NTIC01036611.1 NTIC01036611.1 12X0 89034090 89131202 2 97112
NTIC01036611.1 NTIC01036611.1 13X0 97107761 97173775 2 66014
NTIC01036611.1 NTIC01036611.1 14X0 98549116 98576690 3 27574
NTIC01036611.1 NTIC01036611.1 15X0 99192362 99202996 2 10634
NTIC01036611.1 NTIC01036611.1 16X0 100334247 100393063 2 58816
NTIC01036611.1 NTIC01036611.1 17X0 101737144 101773808 2 36664
NTIC01036611.1 NTIC01036611.1 18X0 104582338 104605643 2 23305
NTIC01036611.1 NTIC01036611.1 19X0 105149838 105183144 2 33306
NTIC01036611.1 NTIC01036611.1 1X0 9443161 9635750 4 192589
NTIC01036611.1 NTIC01036611.1 20X0 107301335 107358156 2 56821
NTIC01036611.1 NTIC01036611.1 21X0 108163497 108176253 2 12756
NTIC01036611.1 NTIC01036611.1 22X0 108356399 108380689 3 24290
NTIC01036611.1 NTIC01036611.1 23X0 111011736 111076840 2 65104
NTIC01036611.1 NTIC01036611.1 24X0 113424028 113451262 2 27234
NTIC01036611.1 NTIC01036611.1 25X0 129197133 129248595 2 51462
NTIC01036611.1 NTIC01036611.1 26X0 147502386 147736192 6 233806
NTIC01036611.1 NTIC01036611.1 27X0 147927320 147953724 2 26404
NTIC01036611.1 NTIC01036611.1 2X0 11151852 11177358 2 25506
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NTIC01036611.1 NTIC01036611.1 3X0 11219549 11281089 2 61540
NTIC01036611.1 NTIC01036611.1 4X0 12422742 12437358 2 14616
NTIC01036611.1 NTIC01036611.1 5X0 31808480 32195950 7 387470
NTIC01036611.1 NTIC01036611.1 6X0 52540872 52548700 2 7828
NTIC01036611.1 NTIC01036611.1 7X0 73970936 73991820 2 20884
NTIC01036611.1 NTIC01036611.1 8X0 77267639 77301238 2 33599
NTIC01036611.1 NTIC01036611.1 9X0 79310352 79321980 2 11628
NTIC01038832.1 NTIC01038832.1 1X0 3149931 3200645 2 50714
NTIC01038832.1 NTIC01038832.1 2X0 3203944 3294767 2 90823
NTIC01038832.1 NTIC01038832.1 3X0 10191452 10202527 2 11075
NTIC01038832.1 NTIC01038832.1 4X0 16331525 16395815 2 64290
NTIC01038833.1 NTIC01038833.1 10X0 71654567 71682210 2 27643
NTIC01038833.1 NTIC01038833.1 11X0 89841538 89872638 4 31100
NTIC01038833.1 NTIC01038833.1 12X0 93806508 93833614 2 27106
NTIC01038833.1 NTIC01038833.1 13X0 104789506 104861130 2 71624
NTIC01038833.1 NTIC01038833.1 14X0 107214593 107271429 2 56836
NTIC01038833.1 NTIC01038833.1 1X0 11604883 11673653 2 68770
NTIC01038833.1 NTIC01038833.1 2X0 26389686 26669751 5 280065
NTIC01038833.1 NTIC01038833.1 3X0 26882640 26967927 3 85287
NTIC01038833.1 NTIC01038833.1 4X0 27693782 27771006 4 77224
NTIC01038833.1 NTIC01038833.1 5X0 55102749 55140550 2 37801
NTIC01038833.1 NTIC01038833.1 6X0 66625776 66833908 4 208132
NTIC01038833.1 NTIC01038833.1 7X0 68895709 69033399 3 137690
NTIC01038833.1 NTIC01038833.1 8X0 69596866 69615901 2 19035
NTIC01038833.1 NTIC01038833.1 9X0 71261805 71548173 6 286368
NTIC01038834.1 NTIC01038834.1 10X0 54275966 54353057 2 77091
NTIC01038834.1 NTIC01038834.1 11X0 67049861 67138787 2 88926
NTIC01038834.1 NTIC01038834.1 12X0 79095161 79173049 4 77888
NTIC01038834.1 NTIC01038834.1 13X0 79492072 79502717 2 10645
NTIC01038834.1 NTIC01038834.1 14X0 80483393 80499039 2 15646
NTIC01038834.1 NTIC01038834.1 15X0 81718764 81781014 3 62250
NTIC01038834.1 NTIC01038834.1 16X0 82126989 82182966 2 55977
NTIC01038834.1 NTIC01038834.1 17X0 82393398 82609838 8 216440
NTIC01038834.1 NTIC01038834.1 18X0 82859439 83551662 14 692223
NTIC01038834.1 NTIC01038834.1 19X0 92517207 92589236 2 72029
NTIC01038834.1 NTIC01038834.1 1X0 1076393 1111724 2 35331
NTIC01038834.1 NTIC01038834.1 20X0 104714616 104787812 4 73196
NTIC01038834.1 NTIC01038834.1 21X0 106342100 106444308 3 102208
NTIC01038834.1 NTIC01038834.1 22X0 110652497 110730700 3 78203
NTIC01038834.1 NTIC01038834.1 23X0 130568579 130602493 2 33914
NTIC01038834.1 NTIC01038834.1 24X0 130684933 130864490 3 179557
NTIC01038834.1 NTIC01038834.1 2X0 3816853 3855635 2 38782
NTIC01038834.1 NTIC01038834.1 3X0 7929534 7965243 2 35709
NTIC01038834.1 NTIC01038834.1 4X0 8491758 8517202 2 25444
NTIC01038834.1 NTIC01038834.1 5X0 9534634 9892253 11 357619
NTIC01038834.1 NTIC01038834.1 6X0 30367850 30388980 2 21130
NTIC01038834.1 NTIC01038834.1 7X0 36134002 36201008 2 67006
NTIC01038834.1 NTIC01038834.1 8X0 39593056 39636475 2 43419
NTIC01038834.1 NTIC01038834.1 9X0 51739878 51811592 2 71714

Canis familiaris

1 1 10X0 70049818 70176078 2 126260
1 1 11X0 72099571 72168267 2 68696
1 1 12X0 78438091 78657310 2 219219
1 1 13X0 89677533 89881004 3 203471
1 1 14X0 93471149 93688867 4 217718
1 1 15X0 98831898 98959173 4 127275
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1 1 16X0 100345157 100866365 18 521208
1 1 16X1 101108258 101563617 15 455359
1 1 16X10 115702047 115971886 6 269839
1 1 16X11 111486389 111834729 8 348340
1 1 16X12 99893640 100284657 6 391017
1 1 16X13 117436239 117734060 7 297821
1 1 16X14 110542524 110890184 7 347660
1 1 16X15 115992633 116197901 5 205268
1 1 16X16 101582593 101877099 6 294506
1 1 16X17 116658081 116814413 7 156332
1 1 16X18 103467177 103724523 7 257346
1 1 16X19 112734986 112992652 7 257666
1 1 16X2 105567193 106028331 16 461138
1 1 16X20 115323206 115657149 5 333943
1 1 16X21 113905414 114324703 8 419289
1 1 16X22 115007134 115306304 5 299170
1 1 16X23 104520326 104914837 6 394511
1 1 16X24 116302327 116589575 4 287248
1 1 16X25 102362733 102960845 7 598112
1 1 16X26 103910451 104206379 4 295928
1 1 16X27 113262460 113652076 5 389616
1 1 16X28 108644945 108719964 4 75019
1 1 16X29 108161285 108221577 3 60292
1 1 16X3 102972294 103403633 12 431339
1 1 16X30 107162476 107256782 3 94306
1 1 16X31 111902537 112271208 3 368671
1 1 16X32 106520300 106561318 2 41018
1 1 16X33 107614264 107644255 2 29991
1 1 16X34 99130539 99454847 5 324308
1 1 16X4 111181194 111443670 6 262476
1 1 16X5 101896556 102228796 10 332240
1 1 16X6 110916106 111170054 6 253948
1 1 16X7 105119927 105555559 12 435632
1 1 16X8 99495014 99875655 10 380641
1 1 16X9 117054817 117423691 8 368874
1 1 17X0 118778224 118849659 2 71435
1 1 1X0 4876977 4931752 2 54775
1 1 2X0 13213440 13638925 9 425485
1 1 3X0 24388280 24431456 2 43176
1 1 4X0 29506545 29669676 2 163131
1 1 5X0 40602291 40636942 2 34651
1 1 6X0 49269241 49495146 3 225905
1 1 7X0 54932810 54977116 2 44306
1 1 8X0 56894631 56978049 3 83418
1 1 9X0 66270560 66331231 2 60671
10 10 10X0 25910928 25918970 2 8042
10 10 11X0 26932351 27015748 2 83397
10 10 12X0 27370669 27567023 4 196354
10 10 13X0 28132195 28149721 2 17526
10 10 14X0 28503873 28539012 2 35139
10 10 15X0 35494461 35644453 3 149992
10 10 16X0 40579698 41003665 6 423967
10 10 17X0 43399980 43469225 2 69245
10 10 18X0 45138538 45197417 2 58879
10 10 19X0 46272962 46319695 2 46733

195



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
10 10 1X0 301089 423604 2 122515
10 10 20X0 47340619 47403507 2 62888
10 10 21X0 67766127 67793587 2 27460
10 10 22X0 69166611 69190289 2 23678
10 10 2X0 1005900 1134325 3 128425
10 10 3X0 1546387 1564073 2 17686
10 10 4X0 1576236 1585087 2 8851
10 10 5X0 15901193 15976729 3 75536
10 10 6X0 16037166 16159020 2 121854
10 10 7X0 21709300 21775013 2 65713
10 10 8X0 22367367 22489371 2 122004
10 10 9X0 23956823 23998240 2 41417
11 11 10X0 50365924 50523747 2 157823
11 11 11X0 51227595 51334380 2 106785
11 11 12X0 51334891 51359207 2 24316
11 11 13X0 52167237 52342202 2 174965
11 11 14X0 52399132 52504571 7 105439
11 11 15X0 58085495 58109339 2 23844
11 11 16X0 60467150 60692527 11 225377
11 11 17X0 64028093 64033788 2 5695
11 11 18X0 65692887 66033099 2 340212
11 11 19X0 67416463 67456917 2 40454
11 11 1X0 239003 444959 6 205956
11 11 20X0 67528480 67625798 2 97318
11 11 21X0 67641411 67691754 3 50343
11 11 22X0 68338935 68560565 2 221630
11 11 2X0 509648 957886 6 448238
11 11 3X0 2516079 2919685 8 403606
11 11 4X0 3508845 3527501 2 18656
11 11 5X0 9511237 9599151 2 87914
11 11 6X0 20598888 20683073 2 84185
11 11 7X0 40668156 40880272 2 212116
11 11 8X0 41223261 41264379 2 41118
11 11 9X0 45179230 45376504 2 197274
12 12 10X0 8115793 8232093 2 116300
12 12 11X0 9914891 10055604 6 140713
12 12 12X0 10788656 10806651 2 17995
12 12 13X0 11559843 11774631 4 214788
12 12 14X0 14353487 14385171 2 31684
12 12 15X0 15017055 15189507 2 172452
12 12 16X0 15721491 15767598 2 46107
12 12 17X0 17538987 17685906 2 146919
12 12 18X0 17791239 17836200 2 44961
12 12 19X0 18447343 18570222 2 122879
12 12 1X0 892388 1021690 4 129302
12 12 20X0 19854129 19908417 2 54288
12 12 21X0 20320070 20443200 4 123130
12 12 22X0 35415803 35450007 3 34204
12 12 23X0 48437341 48537879 2 100538
12 12 24X0 62542269 62601339 2 59070
12 12 25X0 67674646 67749620 2 74974
12 12 26X0 71917210 71937285 2 20075
12 12 2X0 1049069 1148566 5 99497
12 12 3X0 1155288 1201102 5 45814
12 12 4X0 1281472 1300710 3 19238
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12 12 5X0 1574724 1641321 2 66597
12 12 6X0 2055181 2607784 16 552603
12 12 7X0 4897221 4913701 2 16480
12 12 8X0 4942447 5250404 3 307957
12 12 9X0 6243549 6258366 2 14817
13 13 10X0 58276083 58752217 7 476134
13 13 11X0 58911538 59177515 5 265977
13 13 12X0 59229514 59343734 3 114220
13 13 13X0 62152698 62232992 3 80294
13 13 14X0 62434792 62531005 3 96213
13 13 15X0 62804225 62934656 3 130431
13 13 1X0 2068832 2126209 2 57377
13 13 2X0 21377316 21634830 2 257514
13 13 3X0 36773699 37009111 9 235412
13 13 4X0 37019086 37289442 4 270356
13 13 5X0 37317105 37945942 4 628837
13 13 6X0 38061904 38205547 6 143643
13 13 7X0 38312372 38355436 3 43064
13 13 8X0 43910590 44015356 2 104766
13 13 9X0 44608274 44653460 2 45186
14 14 10X0 19419136 19431295 2 12159
14 14 11X0 20565886 20681700 3 115814
14 14 12X0 22066067 22085230 2 19163
14 14 13X0 36971420 37183274 2 211854
14 14 14X0 40267026 40422046 12 155020
14 14 15X0 43365233 43756571 3 391338
14 14 16X0 46657635 46881015 2 223380
14 14 17X0 55437622 55492691 2 55069
14 14 1X0 467363 649378 6 182015
14 14 2X0 862354 959328 2 96974
14 14 3X0 1993715 2849348 19 855633
14 14 3X1 1184208 1626812 8 442604
14 14 4X0 6562815 6665649 3 102834
14 14 5X0 7516959 7711366 2 194407
14 14 6X0 7907075 7958861 2 51786
14 14 7X0 11703906 11770158 3 66252
14 14 8X0 13542668 13743053 2 200385
14 14 9X0 16074785 16139843 2 65058
15 15 10X0 16798320 16977405 2 179085
15 15 11X0 17225363 17625150 12 399787
15 15 12X0 17842734 18123719 9 280985
15 15 13X0 18641193 18646850 2 5657
15 15 14X0 23039070 23051112 2 12042
15 15 15X0 31670414 31877417 4 207003
15 15 16X0 49196161 49229170 2 33009
15 15 17X0 52220730 52270169 3 49439
15 15 18X0 53174157 53313711 2 139554
15 15 19X0 55781571 56019541 2 237970
15 15 1X0 235912 300786 4 64874
15 15 20X0 59580561 59608218 2 27657
15 15 2X0 1086549 1096519 2 9970
15 15 3X0 3156394 3302289 2 145895
15 15 4X0 4547920 4590989 2 43069
15 15 5X0 6145898 6356719 3 210821
15 15 6X0 6703533 7006185 3 302652
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15 15 7X0 7168197 7197784 4 29587
15 15 8X0 13510165 13694493 6 184328
15 15 9X0 13994580 14040870 2 46290
16 16 10X0 14919165 14932939 2 13774
16 16 11X0 15082147 15266417 2 184270
16 16 12X0 15841169 15951359 2 110190
16 16 13X0 23005420 23040012 2 34592
16 16 14X0 25316588 25407289 2 90701
16 16 15X0 25500368 26551122 7 1050754
16 16 16X0 27445601 27583484 2 137883
16 16 17X0 42953884 43000036 2 46152
16 16 18X0 44466300 44516482 2 50182
16 16 19X0 47010183 47013037 2 2854
16 16 1X0 1021225 1040923 2 19698
16 16 20X0 53978452 54028773 2 50321
16 16 21X0 54043532 54090367 4 46835
16 16 22X0 58871018 59033519 6 162501
16 16 2X0 5692102 6568564 21 876462
16 16 3X0 6650574 6705704 2 55130
16 16 4X0 6754820 7436097 28 681277
16 16 5X0 9263325 9325940 2 62615
16 16 6X0 13598123 13642331 2 44208
16 16 7X0 13743404 13753963 2 10559
16 16 8X0 14141642 14712580 10 570938
16 16 9X0 14752828 14901510 8 148682
17 17 10X0 36970573 37250891 8 280318
17 17 11X0 37499225 37829005 12 329780
17 17 12X0 38345758 38400360 2 54602
17 17 13X0 39326012 39426229 2 100217
17 17 14X0 39489119 39499535 2 10416
17 17 15X0 44826667 44861903 2 35236
17 17 16X0 48626020 48643917 2 17897
17 17 17X0 53973029 54185647 2 212618
17 17 18X0 54341484 54558020 3 216536
17 17 19X0 58289327 58425391 2 136064
17 17 1X0 773790 875117 2 101327
17 17 20X0 58497412 58536691 2 39279
17 17 21X0 59119612 59176095 6 56483
17 17 22X0 59893335 59936715 2 43380
17 17 23X0 60104958 60134605 2 29647
17 17 24X0 60353864 60495279 2 141415
17 17 25X0 60853493 60924770 2 71277
17 17 26X0 61094689 61136824 2 42135
17 17 27X0 61544781 61805810 2 261029
17 17 2X0 21332621 21537241 2 204620
17 17 3X0 21567211 21687062 2 119851
17 17 4X0 29496128 29688217 2 192089
17 17 5X0 30645843 30816120 2 170277
17 17 6X0 31202968 31439118 2 236150
17 17 7X0 34853502 34919586 4 66084
17 17 8X0 34977298 35065259 2 87961
17 17 9X0 36597936 36687197 2 89261
18 18 10X0 38654390 38744500 2 90110
18 18 11X0 39168192 39607517 30 439325
18 18 11X1 39711186 40258633 29 547447
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species chromosome cluster start end duplicates length
18 18 11X2 41249258 41571773 10 322515
18 18 11X3 40499425 40885975 12 386550
18 18 11X4 41020077 41242043 10 221966
18 18 11X5 38878947 39140355 2 261408
18 18 12X0 45197226 45244801 2 47575
18 18 13X0 46077958 46148399 2 70441
18 18 14X0 46296960 46324933 2 27973
18 18 15X0 46422530 46473960 2 51430
18 18 16X0 47135617 47213754 2 78137
18 18 17X0 48383274 48468782 3 85508
18 18 18X0 49802351 49859927 2 57576
18 18 19X0 49905161 49953881 2 48720
18 18 1X0 1464409 1618925 2 154516
18 18 20X0 49960671 50017854 2 57183
18 18 21X0 50034554 50167485 2 132931
18 18 22X0 50638097 50800845 5 162748
18 18 23X0 51594274 51681152 2 86878
18 18 24X0 51925010 51981842 2 56832
18 18 25X0 52542498 52584443 2 41945
18 18 26X0 53180772 53236479 2 55707
18 18 27X0 53382682 53463130 4 80448
18 18 28X0 53503572 53744235 4 240663
18 18 29X0 53855282 54037163 2 181881
18 18 2X0 11353904 11730184 7 376280
18 18 30X0 54188081 54338105 4 150024
18 18 31X0 54533388 54670815 3 137427
18 18 32X0 55131441 55166311 2 34870
18 18 33X0 55217817 55309983 2 92166
18 18 34X0 55489013 55814753 4 325740
18 18 3X0 12517157 12700157 2 183000
18 18 4X0 12818100 12941647 2 123547
18 18 5X0 17020338 17225582 2 205244
18 18 6X0 25434478 25662393 5 227915
18 18 7X0 37037184 37514501 18 477317
18 18 8X0 37584024 37620583 2 36559
18 18 9X0 37867183 38285155 17 417972
19 19 1X0 29990064 30241064 2 251000
19 19 2X0 30862296 31034421 2 172125
19 19 3X0 50846379 51069137 2 222758
2 2 10X0 42375787 42425609 3 49822
2 2 11X0 42611905 42762902 2 150997
2 2 12X0 43144071 43260246 2 116175
2 2 13X0 54441812 54545430 2 103618
2 2 14X0 55264868 55383113 2 118245
2 2 15X0 58781680 58887526 3 105846
2 2 16X0 59001473 59045465 3 43992
2 2 17X0 59602961 59643370 4 40409
2 2 18X0 60236180 60306083 2 69903
2 2 19X0 66826189 66967274 2 141085
2 2 1X0 23186095 23253489 2 67394
2 2 20X0 67940747 68163060 2 222313
2 2 21X0 68694870 68824437 2 129567
2 2 22X0 68874543 68996711 3 122168
2 2 23X0 69353359 69492506 2 139147
2 2 24X0 72678384 72920438 2 242054
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species chromosome cluster start end duplicates length
2 2 25X0 74553802 74580211 2 26409
2 2 26X0 75428213 75478812 2 50599
2 2 27X0 76649363 76670143 3 20780
2 2 28X0 78166449 78224596 2 58147
2 2 29X0 78687534 78837719 5 150185
2 2 2X0 28368004 28506240 2 138236
2 2 30X0 80888958 81149288 5 260330
2 2 31X0 83737052 83829486 2 92434
2 2 32X0 84396073 84408369 2 12296
2 2 33X0 84545930 84570127 2 24197
2 2 3X0 29932127 30034106 2 101979
2 2 4X0 30095983 30314174 2 218191
2 2 5X0 30411502 30431684 2 20182
2 2 6X0 30674594 30703389 2 28795
2 2 7X0 35828592 35850523 2 21931
2 2 8X0 35944005 36480128 9 536123
2 2 9X0 36813586 36900729 2 87143
20 20 10X0 39029018 39047356 3 18338
20 20 11X0 39059245 39161325 4 102080
20 20 12X0 39199236 39334107 2 134871
20 20 13X0 41970311 42051815 4 81504
20 20 14X0 42270477 42384217 4 113740
20 20 14X1 42511431 42616823 3 105392
20 20 15X0 43541276 43568517 2 27241
20 20 16X0 46391445 46588842 8 197397
20 20 17X0 46611481 46694052 3 82571
20 20 18X0 46773530 46809732 2 36202
20 20 19X0 47145651 47356182 10 210531
20 20 19X1 47424053 47616143 6 192090
20 20 1X0 27659 49035 2 21376
20 20 20X0 47844170 47968581 3 124411
20 20 20X1 48021369 48220048 3 198679
20 20 21X0 49425534 49443595 2 18061
20 20 22X0 49458696 49539566 2 80870
20 20 23X0 50808989 50827914 3 18925
20 20 24X0 51239732 51459125 8 219393
20 20 25X0 51579751 51720118 5 140367
20 20 26X0 52449871 52520931 3 71060
20 20 27X0 53238798 53465258 3 226460
20 20 28X0 53722942 53745885 2 22943
20 20 29X0 53916844 53981643 2 64799
20 20 2X0 3098937 3171166 2 72229
20 20 30X0 54208840 54225841 2 17001
20 20 31X0 54345210 54414119 2 68909
20 20 32X0 55465078 55704949 3 239871
20 20 33X0 55713800 55747466 2 33666
20 20 34X0 56138659 56161071 2 22412
20 20 35X0 56209815 56390521 5 180706
20 20 36X0 56966668 57024344 2 57676
20 20 37X0 57416935 57525318 2 108383
20 20 38X0 57783153 57880169 3 97016
20 20 3X0 4167354 4260128 2 92774
20 20 5X0 8342660 8367658 2 24998
20 20 6X0 37458129 37465768 2 7639
20 20 8X0 37738670 37746979 2 8309
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20 20 9X0 37797267 37889736 7 92469
21 21 10X0 26203333 26296027 2 92694
21 21 11X0 28047095 28654490 33 607395
21 21 11X1 27225856 27598763 20 372907
21 21 11X2 28687790 29605725 36 917935
21 21 11X3 27613634 28035192 14 421558
21 21 11X4 26635476 27198390 17 562914
21 21 12X0 30082563 30640747 15 558184
21 21 13X0 30650626 30707418 2 56792
21 21 14X0 31359682 31493248 8 133566
21 21 15X0 37658340 37918226 4 259886
21 21 16X0 40598093 40704315 4 106222
21 21 17X0 40834559 41006448 4 171889
21 21 18X0 50334769 50369183 2 34414
21 21 19X0 50448936 50733704 9 284768
21 21 1X0 10273971 10388785 4 114814
21 21 2X0 13787148 13820314 2 33166
21 21 3X0 15943521 15998477 2 54956
21 21 4X0 20660163 20800622 2 140459
21 21 5X0 21915956 22056918 2 140962
21 21 6X0 22834671 23001371 2 166700
21 21 7X0 24929780 24996055 2 66275
21 21 8X0 25917318 25947503 2 30185
21 21 9X0 25976207 25998114 2 21907
22 22 1X0 2511379 3112499 3 601120
22 22 2X0 9388832 9469152 2 80320
22 22 3X0 49288343 49334270 2 45927
22 22 4X0 49936039 49951896 2 15857
22 22 5X0 52182115 52395759 2 213644
22 22 6X0 60572511 60596983 2 24472
23 23 10X0 30603285 30749184 3 145899
23 23 11X0 35205836 35249236 2 43400
23 23 12X0 35619227 35698170 2 78943
23 23 13X0 41411292 41739546 4 328254
23 23 14X0 42509756 42538734 2 28978
23 23 15X0 43645532 43748625 2 103093
23 23 16X0 43979890 44054097 2 74207
23 23 17X0 44082290 44262234 3 179944
23 23 18X0 45782630 45910513 5 127883
23 23 19X0 46289398 46363365 2 73967
23 23 1X0 1821414 1940465 3 119051
23 23 20X0 51963107 52019047 2 55940
23 23 2X0 7932254 8218841 4 286587
23 23 3X0 8280793 8613345 3 332552
23 23 4X0 8936791 9019127 2 82336
23 23 5X0 9923607 9979936 3 56329
23 23 6X0 11790314 11986393 2 196079
23 23 7X0 12295777 12508186 3 212409
23 23 8X0 19547145 19787455 2 240310
23 23 9X0 27439868 27899273 3 459405
24 24 10X0 20614030 20989827 12 375797
24 24 11X0 21284562 21513489 2 228927
24 24 12X0 22275899 22555981 6 280082
24 24 13X0 24578230 24647433 2 69203
24 24 14X0 26774177 26906360 3 132183
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species chromosome cluster start end duplicates length
24 24 15X0 32487264 32568464 5 81200
24 24 16X0 32720435 33102815 6 382380
24 24 17X0 33163491 33177526 2 14035
24 24 18X0 33684698 33755706 2 71008
24 24 19X0 46548720 46765965 2 217245
24 24 1X0 73973 202313 5 128340
24 24 2X0 559973 601649 2 41676
24 24 3X0 1931076 2036434 2 105358
24 24 5X0 16825655 16847632 2 21977
24 24 6X0 18182856 18194002 2 11146
24 24 7X0 18700293 18782729 2 82436
24 24 8X0 19097392 19573560 7 476168
24 24 9X0 20361797 20457489 2 95692
25 25 10X0 40364426 40420187 2 55761
25 25 11X0 42868638 43042947 2 174309
25 25 12X0 44166152 44183489 2 17337
25 25 13X0 45033066 45161632 2 128566
25 25 14X0 49982598 50260238 8 277640
25 25 1X0 9145011 9200046 2 55035
25 25 2X0 11701226 11855169 3 153943
25 25 3X0 17920820 18004160 3 83340
25 25 4X0 25904179 25964005 2 59826
25 25 5X0 27419275 27502327 2 83052
25 25 6X0 32463497 32498570 2 35073
25 25 7X0 32946078 33147802 3 201724
25 25 8X0 33781879 33816626 2 34747
25 25 9X0 37245728 37296628 2 50900
26 26 10X0 27364199 27632004 9 267805
26 26 10X1 27265388 27354548 3 89160
26 26 10X2 25886955 26080218 5 193263
26 26 10X3 25571077 25753391 4 182314
26 26 10X4 26151663 26451731 5 300068
26 26 10X5 26760401 27165446 5 405045
26 26 10X6 26570289 26704730 3 134441
26 26 11X0 27782117 27844572 2 62455
26 26 12X0 28304432 28347613 2 43181
26 26 13X0 28526356 28580865 5 54509
26 26 14X0 28750742 28834679 3 83937
26 26 15X0 30170326 30215776 2 45450
26 26 16X0 30428085 30497645 2 69560
26 26 17X0 31013607 31177352 2 163745
26 26 18X0 38419869 38622343 4 202474
26 26 1X0 46172 257312 5 211140
26 26 2X0 7896837 7983848 2 87011
26 26 3X0 9423486 9470336 3 46850
26 26 4X0 10385074 10451332 3 66258
26 26 5X0 16269219 16369615 2 100396
26 26 6X0 16836790 16869102 2 32312
26 26 7X0 23542659 23612282 3 69623
26 26 8X0 24884853 25026600 2 141747
26 26 9X0 25050205 25455562 6 405357
27 27 10X0 5333820 5463452 3 129632
27 27 11X0 5509630 5686692 3 177062
27 27 12X0 5861071 5901362 2 40291
27 27 13X0 5928245 6075130 6 146885
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27 27 13X1 6107219 6347985 4 240766
27 27 14X0 8056308 8174464 2 118156
27 27 15X0 25780103 25974768 3 194665
27 27 16X0 26035792 26198320 2 162528
27 27 17X0 26348490 26549041 3 200551
27 27 18X0 31792144 31803070 2 10926
27 27 19X0 33177639 33302370 2 124731
27 27 1X0 40637 306017 11 265380
27 27 20X0 33417456 33460377 2 42921
27 27 21X0 34739537 34899902 6 160365
27 27 22X0 35144651 35215448 2 70797
27 27 22X1 35309329 35386012 2 76683
27 27 23X0 35864121 36145641 7 281520
27 27 23X1 36152112 36376701 4 224589
27 27 23X2 35565795 35838821 4 273026
27 27 24X0 36412031 36696052 3 284021
27 27 25X0 37064014 37113663 2 49649
27 27 26X0 37519570 37568357 2 48787
27 27 27X0 37935664 37985995 3 50331
27 27 28X0 39792638 40045812 3 253174
27 27 29X0 40440576 40509766 2 69190
27 27 2X0 848200 877029 2 28829
27 27 30X0 41478516 41648367 2 169851
27 27 31X0 42269697 42336459 2 66762
27 27 3X0 1210345 1323370 8 113025
27 27 4X0 1729206 1795509 2 66303
27 27 5X0 1802588 2004180 3 201592
27 27 6X0 2609661 2883787 10 274126
27 27 6X1 2189327 2545103 11 355776
27 27 7X0 3012761 3090670 2 77909
27 27 8X0 4727561 4751001 3 23440
27 27 9X0 4801623 4944783 2 143160
28 28 10X0 32666938 32687981 2 21043
28 28 11X0 40950955 41035293 3 84338
28 28 12X0 41078615 41122819 2 44204
28 28 1X0 2260719 2385710 3 124991
28 28 2X0 3484422 3541294 3 56872
28 28 3X0 13807720 13877118 2 69398
28 28 4X0 13988517 14301924 2 313407
28 28 5X0 15814429 15842455 3 28026
28 28 6X0 16568909 16591387 2 22478
28 28 7X0 27139260 27212128 3 72868
28 28 8X0 32251189 32465175 3 213986
28 28 9X0 32479841 32527475 2 47634
29 29 1X0 4773409 5052699 2 279290
29 29 2X0 7367481 7512253 2 144772
29 29 3X0 23231812 23399408 2 167596
29 29 4X0 28489947 28701204 4 211257
29 29 5X0 31784610 31975411 4 190801
29 29 6X0 41767804 41802495 3 34691
3 3 10X0 51814598 51833514 2 18916
3 3 11X0 52015706 52042064 2 26358
3 3 12X0 52738294 52759981 2 21687
3 3 13X0 53815273 54056768 4 241495
3 3 14X0 58403292 58611898 2 208606

203



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
3 3 15X0 64529721 64641059 2 111338
3 3 16X0 70809592 71002819 2 193227
3 3 17X0 73520706 73570744 3 50038
3 3 1X0 8632397 8825682 2 193285
3 3 2X0 12681688 12919295 3 237607
3 3 3X0 23999219 24226507 2 227288
3 3 4X0 27731288 27790126 2 58838
3 3 5X0 29799435 29975589 3 176154
3 3 6X0 30776403 31186599 3 410196
3 3 7X0 31306813 31571035 9 264222
3 3 8X0 32003457 32097303 2 93846
3 3 9X0 36314104 36365870 2 51766
30 30 10X0 29702776 29777531 2 74755
30 30 11X0 36845157 36990110 2 144953
30 30 12X0 37291848 37329458 2 37610
30 30 13X0 37706678 37903702 5 197024
30 30 14X0 37906058 38029576 2 123518
30 30 1X0 410672 698401 7 287729
30 30 1X1 41360 272687 5 231327
30 30 2X0 7361964 7462665 2 100701
30 30 3X0 8868294 9164608 4 296314
30 30 4X0 10065515 10148830 3 83315
30 30 5X0 11521841 11588202 4 66361
30 30 6X0 16358958 16453807 2 94849
30 30 7X0 17455927 17595323 2 139396
30 30 8X0 17889709 18116499 2 226790
30 30 9X0 22760781 22876424 2 115643
31 31 10X0 35860596 35929863 2 69267
31 31 11X0 36638762 36684660 3 45898
31 31 12X0 37653072 37746203 2 93131
31 31 13X0 38183532 38261972 2 78440
31 31 14X0 38306559 38396459 3 89900
31 31 15X0 38834608 38956271 2 121663
31 31 16X0 39301588 39448160 2 146572
31 31 1X0 22169406 22289456 2 120050
31 31 2X0 25041093 25090720 2 49627
31 31 3X0 25144046 25315783 7 171737
31 31 4X0 25345975 25583403 2 237428
31 31 5X0 27674126 27721393 2 47267
31 31 6X0 27869402 28049722 4 180320
31 31 7X0 28759607 28948914 4 189307
31 31 8X0 29777154 29859118 2 81964
31 31 9X0 31316431 31423731 4 107300
32 32 1X0 557199 600003 2 42804
32 32 2X0 1613746 1728227 2 114481
32 32 3X0 7001312 7089031 2 87719
32 32 4X0 11695052 11978818 3 283766
32 32 5X0 21249740 21437450 4 187710
32 32 6X0 24292979 24405528 2 112549
33 33 1X0 5093779 5397165 10 303386
33 33 2X0 14457713 14493209 2 35496
33 33 3X0 17272560 17629170 3 356610
33 33 4X0 24713002 24836184 2 123182
33 33 5X0 25640915 25801465 3 160550
33 33 6X0 27928744 28044355 2 115611
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33 33 7X0 31340428 31360330 2 19902
34 34 10X0 34407701 34470243 3 62542
34 34 1X0 122610 210758 2 88148
34 34 2X0 11210939 11344518 3 133579
34 34 3X0 16446944 16620899 2 173955
34 34 4X0 16851376 17089640 5 238264
34 34 5X0 19221060 19318160 4 97100
34 34 6X0 19675614 19831943 2 156329
34 34 7X0 22302592 22412102 2 109510
34 34 8X0 26332805 26498821 2 166016
34 34 9X0 32331034 32624469 2 293435
35 35 10X0 25263532 25719965 12 456433
35 35 11X0 26016794 26179533 4 162739
35 35 12X0 26256379 26394245 4 137866
35 35 1X0 3147428 3263311 3 115883
35 35 2X0 23071318 23169723 2 98405
35 35 3X0 23677318 23691758 4 14440
35 35 4X0 23725328 23852228 4 126900
35 35 5X0 23974030 24289167 29 315137
35 35 6X0 24543339 24558879 4 15540
35 35 7X0 24742416 24796822 2 54406
35 35 8X0 24999530 25061935 12 62405
35 35 9X0 25078788 25194856 2 116068
36 36 1X0 3541248 3818650 2 277402
36 36 2X0 5569724 5793654 2 223930
36 36 3X0 7438641 7647681 2 209040
36 36 4X0 11108050 11561455 3 453405
36 36 5X0 14206403 14434299 2 227896
36 36 6X0 16485227 16502192 2 16965
36 36 7X0 19887524 19996296 8 108772
36 36 8X0 21271603 21330692 2 59089
36 36 9X0 30488591 30677658 2 189067
37 37 1X0 9838063 9992935 2 154872
37 37 2X0 10283661 10401822 3 118161
37 37 3X0 12503905 12737748 3 233843
37 37 4X0 23545856 23596146 2 50290
37 37 5X0 24839130 24943267 3 104137
37 37 6X0 25453926 25475491 2 21565
37 37 7X0 25794367 26007702 4 213335
37 37 8X0 26008461 26079488 2 71027
38 38 10X0 21893001 21999598 2 106597
38 38 11X0 22023393 22080856 2 57463
38 38 12X0 22096531 22320700 6 224169
38 38 13X0 22472210 23284259 29 812049
38 38 14X0 23294565 23493501 6 198936
38 38 1X0 103799 221830 3 118031
38 38 2X0 1481531 1600682 2 119151
38 38 3X0 1670091 2001965 3 331874
38 38 4X0 2037450 2127510 2 90060
38 38 5X0 2196391 2351385 2 154994
38 38 6X0 15426910 15485200 2 58290
38 38 7X0 19683202 19778927 2 95725
38 38 8X0 20009666 20278374 2 268708
38 38 9X0 21378144 21768148 9 390004
38 38 9X1 20943916 21211572 5 267656
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4 4 10X0 35928497 36251858 2 323361
4 4 11X0 37383255 37552910 2 169655
4 4 12X0 49006946 49578074 3 571128
4 4 13X0 53018990 53131340 3 112350
4 4 14X0 57837526 58013981 3 176455
4 4 15X0 58800921 59009920 3 208999
4 4 16X0 60024886 60327235 2 302349
4 4 17X0 60454573 60473800 2 19227
4 4 18X0 72461733 72577186 2 115453
4 4 1X0 63038 141487 4 78449
4 4 2X0 153460 436743 5 283283
4 4 3X0 19054718 19159847 2 105129
4 4 4X0 20073139 20340882 3 267743
4 4 5X0 20354231 20516136 2 161905
4 4 6X0 29394768 29433622 2 38854
4 4 7X0 29493062 29514409 2 21347
4 4 8X0 32464825 32477693 2 12868
4 4 9X0 34996577 35018160 2 21583
5 5 10X0 15576742 15752710 2 175968
5 5 11X0 15801888 15823057 2 21169
5 5 12X0 16740359 16776768 3 36409
5 5 13X0 19022616 19064649 2 42033
5 5 14X0 19324444 19396997 2 72553
5 5 15X0 21180081 21186071 2 5990
5 5 16X0 27133771 27179203 2 45432
5 5 17X0 28853642 29194593 8 340951
5 5 18X0 29293036 29337240 2 44204
5 5 19X0 31883544 32037775 2 154231
5 5 1X0 753035 931452 3 178417
5 5 20X0 32059463 32244022 3 184559
5 5 21X0 32844494 33018422 5 173928
5 5 22X0 33471196 33605342 2 134146
5 5 23X0 34618393 34936610 5 318217
5 5 24X0 39203759 39401249 4 197490
5 5 25X0 40493711 40664010 3 170299
5 5 26X0 40832203 41040385 2 208182
5 5 27X0 43197365 43368441 2 171076
5 5 28X0 56566388 56693429 2 127041
5 5 29X0 60051282 60279124 2 227842
5 5 2X0 1082047 1316834 2 234787
5 5 30X0 63043496 63121684 2 78188
5 5 31X0 64661108 64853343 2 192235
5 5 32X0 66283528 66347925 3 64397
5 5 33X0 69927984 70038748 2 110764
5 5 34X0 75500419 75518686 3 18267
5 5 35X0 76332872 76369090 2 36218
5 5 36X0 77246058 77272685 2 26627
5 5 37X0 80759112 80913018 2 153906
5 5 38X0 82159592 82204373 2 44781
5 5 39X0 82640259 82726778 5 86519
5 5 3X0 4457959 4517483 2 59524
5 5 4X0 5736511 5812794 2 76283
5 5 5X0 8752716 8813176 2 60460
5 5 6X0 9520760 9673068 4 152308
5 5 7X0 10297144 10698707 17 401563
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5 5 7X1 9826884 10260671 16 433787
5 5 8X0 15377812 15415551 3 37739
5 5 9X0 15446739 15560441 5 113702
6 6 10X0 11952306 12129347 6 177041
6 6 11X0 15792897 15825118 3 32221
6 6 12X0 16808971 16996535 4 187564
6 6 13X0 17096996 17148633 3 51637
6 6 14X0 17149403 17870087 13 720684
6 6 15X0 18014717 18115188 2 100471
6 6 16X0 19179574 19272157 2 92583
6 6 17X0 22150057 22176450 2 26393
6 6 18X0 22440182 22593478 2 153296
6 6 19X0 24558190 24639226 2 81036
6 6 19X1 24862966 24940992 2 78026
6 6 1X0 5657889 5963867 3 305978
6 6 20X0 24993089 25027339 2 34250
6 6 21X0 25765909 25902478 2 136569
6 6 22X0 27800109 27989560 2 189451
6 6 23X0 37793337 38115352 7 322015
6 6 24X0 38170608 38173203 2 2595
6 6 25X0 38200359 38471005 5 270646
6 6 26X0 38595117 38712112 2 116995
6 6 27X0 38762103 38964641 4 202538
6 6 28X0 39477693 39506955 2 29262
6 6 29X0 39820852 39832346 2 11494
6 6 2X0 6488348 6595281 4 106933
6 6 30X0 40158250 40233303 2 75053
6 6 31X0 40324263 40343504 5 19241
6 6 32X0 40646351 40718462 2 72111
6 6 33X0 41343610 41497254 3 153644
6 6 34X0 42188441 42207944 2 19503
6 6 35X0 42259702 42315412 2 55710
6 6 36X0 43296811 43475039 3 178228
6 6 37X0 58692792 59048718 3 355926
6 6 38X0 59150614 59411940 3 261326
6 6 39X0 61510741 61704722 4 193981
6 6 3X0 7150741 7179455 2 28714
6 6 40X0 68364900 68400785 2 35885
6 6 41X0 75515640 75710605 2 194965
6 6 4X0 7645981 7666484 2 20503
6 6 5X0 9272713 9462751 2 190038
6 6 6X0 9524958 9587011 3 62053
6 6 7X0 9688452 9909036 5 220584
6 6 8X0 9931501 10102598 6 171097
6 6 9X0 10192601 10245017 2 52416
7 7 10X0 12555151 12617869 2 62718
7 7 11X0 13411792 13501541 2 89749
7 7 12X0 15747616 15792956 3 45340
7 7 13X0 15813247 16080403 3 267156
7 7 14X0 16406353 16624085 2 217732
7 7 15X0 24045302 24299082 2 253780
7 7 16X0 25349786 25484264 2 134478
7 7 17X0 26525328 26561320 2 35992
7 7 18X0 27159022 27253654 2 94632
7 7 19X0 27568036 27845626 5 277590
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7 7 1X0 205382 327607 3 122225
7 7 20X0 28888977 28995600 3 106623
7 7 21X0 39755785 40022337 2 266552
7 7 22X0 40334172 40451710 2 117538
7 7 23X0 40481121 40857017 9 375896
7 7 24X0 40956024 40991742 2 35718
7 7 25X0 41140931 41176758 2 35827
7 7 26X0 41752921 41900917 2 147996
7 7 27X0 42233311 42249405 2 16094
7 7 28X0 42373920 42431709 3 57789
7 7 29X0 42443820 42466673 2 22853
7 7 2X0 731601 888325 2 156724
7 7 30X0 45378307 45489588 2 111281
7 7 31X0 54665927 54758964 5 93037
7 7 32X0 57523710 57607975 2 84265
7 7 33X0 57983729 58457593 7 473864
7 7 34X0 69866914 69894878 2 27964
7 7 3X0 1598553 1658556 2 60003
7 7 4X0 5674454 5752812 2 78358
7 7 5X0 5818734 5903839 2 85105
7 7 6X0 5932705 6047097 4 114392
7 7 7X0 6048957 6107032 3 58075
7 7 8X0 6484113 6643653 3 159540
7 7 9X0 10789098 10853332 2 64234
8 8 10X0 28480478 28538838 2 58360
8 8 11X0 35565835 35748709 3 182874
8 8 12X0 38913832 38952619 2 38787
8 8 13X0 41653831 41695447 2 41616
8 8 14X0 44109780 44266287 4 156507
8 8 15X0 46853060 46911577 3 58517
8 8 16X0 48027599 48218449 2 190850
8 8 17X0 48330836 48561208 3 230372
8 8 18X0 50271098 50285876 2 14778
8 8 19X0 63324277 63596747 9 272470
8 8 1X0 332660 796834 7 464174
8 8 20X0 64974782 65026775 2 51993
8 8 21X0 68578262 68606872 2 28610
8 8 22X0 72847361 73267073 5 419712
8 8 23X0 73639115 74224248 8 585133
8 8 2X0 2210577 2952167 19 741590
8 8 3X0 3342703 3356136 2 13433
8 8 4X0 3838617 4309140 8 470523
8 8 5X0 4368782 4410598 2 41816
8 8 6X0 4438211 4511843 4 73632
8 8 7X0 22550532 22669527 2 118995
8 8 8X0 26305253 26364891 2 59638
8 8 9X0 26780137 26958893 2 178756
9 9 10X0 12181059 12266468 2 85409
9 9 11X0 16436630 16475722 2 39092
9 9 12X0 18373992 18387336 2 13344
9 9 13X0 19385788 19395605 2 9817
9 9 14X0 19418182 19504401 2 86219
9 9 15X0 20173910 20185103 2 11193
9 9 16X0 20539480 20719680 3 180200
9 9 17X0 20754213 20853837 2 99624
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9 9 18X0 20873946 20922435 2 48489
9 9 19X0 20975032 20989021 2 13989
9 9 1X0 1839640 1855777 2 16137
9 9 20X0 21147248 21418028 14 270780
9 9 21X0 21677999 21688332 2 10333
9 9 22X0 21710269 21971964 10 261695
9 9 23X0 22462014 22493495 2 31481
9 9 24X0 24178438 24245280 2 66842
9 9 25X0 24792889 24961243 10 168354
9 9 26X0 26001253 26023071 2 21818
9 9 27X0 26352034 26402205 2 50171
9 9 28X0 26599959 26661574 2 61615
9 9 29X0 32899293 32937785 2 38492
9 9 2X0 2991130 3014639 2 23509
9 9 30X0 35166353 35246249 2 79896
9 9 31X0 37681034 37823880 8 142846
9 9 32X0 38934058 39010042 5 75984
9 9 33X0 45844004 45848761 2 4757
9 9 34X0 45876114 45902636 2 26522
9 9 35X0 47061492 47317920 8 256428
9 9 36X0 47368564 47431893 2 63329
9 9 38X0 48287202 48299478 2 12276
9 9 39X0 48528903 48567038 4 38135
9 9 3X0 4101050 4165054 2 64004
9 9 40X0 48644113 48808734 8 164621
9 9 41X0 49602669 49758479 9 155810
9 9 42X0 49786682 49799337 2 12655
9 9 43X0 49839252 49959981 2 120729
9 9 44X0 54017916 54036050 2 18134
9 9 45X0 55503369 55536086 2 32717
9 9 46X0 56397995 56465016 2 67021
9 9 47X0 58385846 58488207 2 102361
9 9 48X0 59969865 60118956 4 149091
9 9 4X0 4714086 4731882 2 17796
9 9 5X0 5708132 5976435 9 268303
9 9 6X0 10081637 10172753 2 91116
9 9 7X0 10287952 10328751 2 40799
9 9 8X0 11497182 11535099 2 37917
9 9 9X0 11613175 11703416 2 90241
JH373243.1 JH373243.1 1X0 242582 259598 2 17016
X X 10X0 21525932 21654736 2 128804
X X 11X0 22982302 23029413 3 47111
X X 12X0 35883708 36108217 3 224509
X X 13X0 37677493 37884192 2 206699
X X 14X0 41353292 41652600 3 299308
X X 15X0 42273806 42299487 2 25681
X X 16X0 43916754 44069130 2 152376
X X 17X0 44451636 44682895 2 231259
X X 18X0 46501987 46615697 2 113710
X X 19X0 48017384 48090398 2 73014
X X 1X0 780894 911428 4 130534
X X 20X0 48420527 48429586 2 9059
X X 21X0 54516776 54684042 3 167266
X X 22X0 56770402 56860380 2 89978
X X 23X0 61174658 61420672 2 246014
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X X 24X0 75402944 75519218 5 116274
X X 25X0 76017820 76047740 2 29920
X X 26X0 76272606 76317833 2 45227
X X 27X0 76373430 76755594 7 382164
X X 28X0 77023034 77055971 2 32937
X X 29X0 79603965 79859594 2 255629
X X 2X0 1012952 1120489 2 107537
X X 30X0 82335592 82602970 2 267378
X X 31X0 91471708 91527183 2 55475
X X 32X0 92057968 92129748 3 71780
X X 33X0 99375977 99413876 2 37899
X X 34X0 105397067 105463162 2 66095
X X 35X0 105634893 105934389 5 299496
X X 36X0 117556011 117810235 7 254224
X X 37X0 118088226 118339465 5 251239
X X 38X0 118820517 118999359 2 178842
X X 39X0 119870193 120032312 3 162119
X X 3X0 1412931 1461118 2 48187
X X 40X0 120946336 121095076 4 148740
X X 41X0 121489009 121987418 5 498409
X X 42X0 122185170 122567736 3 382566
X X 4X0 1516352 1635990 4 119638
X X 5X0 2893379 2925206 3 31827
X X 6X0 9334062 9399887 2 65825
X X 7X0 11511669 11567726 2 56057
X X 8X0 11913239 12040221 2 126982
X X 9X0 19878167 19906268 2 28101

Chlorocebus sabaeus

1 1 10X0 5563977 5594234 2 30257
1 1 11X0 6507755 6607145 2 99390
1 1 12X0 6740211 6808456 2 68245
1 1 13X0 6828682 6995259 2 166577
1 1 14X0 7594677 7665576 2 70899
1 1 15X0 8385020 8714763 4 329743
1 1 16X0 9390825 9451818 2 60993
1 1 17X0 9632645 9679813 2 47168
1 1 18X0 10428432 10483159 2 54727
1 1 19X0 10632566 10804423 4 171857
1 1 1X0 93334 607893 7 514559
1 1 20X0 10886690 10925983 2 39293
1 1 21X0 11063265 11302472 2 239207
1 1 22X0 11470195 11669890 6 199695
1 1 23X0 11910318 12055159 3 144841
1 1 24X0 12594379 12653780 2 59401
1 1 25X0 12719333 12877704 2 158371
1 1 26X0 13036412 13685000 16 648588
1 1 27X0 13694537 13785652 2 91115
1 1 28X0 13813835 13849516 2 35681
1 1 29X0 14087468 14206125 6 118657
1 1 2X0 639345 673763 2 34418
1 1 30X0 14441116 14682393 6 241277
1 1 31X0 14846517 15205273 10 358756
1 1 32X0 16359212 17106975 29 747763
1 1 32X1 15738207 16192481 8 454274
1 1 33X0 21293958 21330477 2 36519
1 1 34X0 30591273 30785774 2 194501
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1 1 35X0 45930332 46050947 2 120615
1 1 36X0 46334562 46540441 5 205879
1 1 37X0 46672577 46894914 7 222337
1 1 38X0 49840286 49954092 2 113806
1 1 39X0 56856497 57089676 5 233179
1 1 3X0 824343 987610 3 163267
1 1 40X0 57822351 57880699 2 58348
1 1 41X0 57891612 58062732 3 171120
1 1 42X0 58555321 58773887 4 218566
1 1 43X0 61912772 62460659 15 547887
1 1 43X1 60877898 61869312 19 991414
1 1 44X0 63067083 63085138 2 18055
1 1 45X0 63293676 63313293 2 19617
1 1 46X0 63346807 63441743 4 94936
1 1 47X0 64479642 64542207 2 62565
1 1 48X0 65235775 65278807 2 43032
1 1 49X0 66935584 67021182 2 85598
1 1 4X0 1659470 1738477 2 79007
1 1 50X0 67864609 68002490 2 137881
1 1 51X0 69219985 69381551 2 161566
1 1 52X0 76869431 76897841 2 28410
1 1 53X0 80881379 81190817 7 309438
1 1 54X0 86212761 86271843 2 59082
1 1 55X0 93889198 94334747 9 445549
1 1 56X0 96283235 96480359 5 197124
1 1 57X0 103257347 103263952 2 6605
1 1 58X0 105288865 105374664 2 85799
1 1 59X0 105923408 106071176 3 147768
1 1 5X0 1936830 1966613 2 29783
1 1 60X0 108155641 108203609 3 47968
1 1 61X0 109186886 109209424 2 22538
1 1 62X0 109270750 109495224 2 224474
1 1 63X0 109509979 109645145 5 135166
1 1 64X0 109681065 109732014 3 50949
1 1 65X0 110684458 110791569 2 107111
1 1 66X0 115162700 115717525 12 554825
1 1 67X0 115896167 116080125 5 183958
1 1 68X0 116796896 117001796 4 204900
1 1 69X0 119969370 120057023 2 87653
1 1 6X0 2110467 2211389 2 100922
1 1 70X0 121465883 121535609 2 69726
1 1 71X0 124974027 125211322 2 237295
1 1 72X0 125360454 125454965 2 94511
1 1 7X0 3035455 3046673 2 11218
1 1 8X0 3086903 3182381 2 95478
1 1 9X0 4746696 4859102 3 112406
10 10 10X0 76492533 76674928 2 182395
10 10 11X0 86782240 86943829 3 161589
10 10 12X0 87778167 87908589 2 130422
10 10 13X0 89471730 89732944 3 261214
10 10 14X0 102469669 102531724 2 62055
10 10 15X0 104022811 104145413 3 122602
10 10 16X0 104760045 104794854 2 34809
10 10 17X0 105150421 105387810 2 237389
10 10 18X0 113028552 113335312 2 306760
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10 10 19X0 116947905 117552943 3 605038
10 10 1X0 11163604 11388999 2 225395
10 10 20X0 118388992 118479499 2 90507
10 10 21X0 118546464 118565610 2 19146
10 10 22X0 119635523 119797366 2 161843
10 10 23X0 126087495 126098496 2 11001
10 10 2X0 36679830 36715809 2 35979
10 10 3X0 42942284 43281177 2 338893
10 10 4X0 47394093 47652689 2 258596
10 10 5X0 57590838 57608079 2 17241
10 10 6X0 58589300 58717615 2 128315
10 10 7X0 61654829 61766081 10 111252
10 10 8X0 63860341 64054358 2 194017
10 10 9X0 74455068 74659366 2 204298
11 11 10X0 10621391 11143994 12 522603
11 11 11X0 12816729 12857124 2 40395
11 11 12X0 12990594 13119541 2 128947
11 11 13X0 14706660 14723889 2 17229
11 11 14X0 20880399 21283796 3 403397
11 11 14X1 20555846 20761161 2 205315
11 11 15X0 42421910 42595484 2 173574
11 11 16X0 44686450 44811615 3 125165
11 11 17X0 45097076 45525212 10 428136
11 11 18X0 45976700 46131155 2 154455
11 11 19X0 46180387 46206161 3 25774
11 11 1X0 192398 264719 2 72321
11 11 20X0 48082135 48166813 2 84678
11 11 21X0 48315946 49081642 23 765696
11 11 22X0 49288374 49512541 3 224167
11 11 23X0 49525641 49600335 2 74694
11 11 24X0 50049509 50166267 9 116758
11 11 25X0 50746518 50764346 2 17828
11 11 26X0 51210918 51585370 10 374452
11 11 27X0 51871563 52098440 4 226877
11 11 28X0 52710758 52854167 3 143409
11 11 29X0 53348742 53370322 2 21580
11 11 2X0 4398675 4473916 2 75241
11 11 30X0 63831673 63886761 2 55088
11 11 31X0 70937927 71104778 3 166851
11 11 32X0 76182151 76193549 2 11398
11 11 33X0 86374285 86586891 4 212606
11 11 34X0 94087620 94099997 2 12377
11 11 35X0 108163299 108252836 3 89537
11 11 36X0 108642694 108693815 2 51121
11 11 37X0 115701408 115822700 2 121292
11 11 38X0 116529346 116609511 2 80165
11 11 39X0 118042809 118057643 2 14834
11 11 3X0 4854570 5087335 3 232765
11 11 40X0 128240319 128497779 7 257460
11 11 4X0 6364330 6499738 3 135408
11 11 5X0 6653445 6860104 4 206659
11 11 6X0 7125367 7177324 3 51957
11 11 7X0 7848703 8017559 2 168856
11 11 8X0 8190370 8321274 4 130904
11 11 9X0 9481275 10398481 20 917206
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12 12 10X0 11252192 11302325 2 50133
12 12 11X0 13592088 13666863 2 74775
12 12 12X0 15214777 15224237 2 9460
12 12 13X0 15334587 15517890 4 183303
12 12 14X0 26242384 26293083 2 50699
12 12 15X0 26311334 26419634 2 108300
12 12 16X0 26485828 26544285 2 58457
12 12 17X0 29219827 29301530 2 81703
12 12 18X0 30083128 30382212 2 299084
12 12 19X0 30691018 30700266 2 9248
12 12 1X0 1211487 1456008 7 244521
12 12 20X0 34865596 35019206 5 153610
12 12 21X0 44605030 44735442 4 130412
12 12 22X0 44793253 44990183 2 196930
12 12 23X0 45768187 45930904 4 162717
12 12 24X0 45955863 46069944 2 114081
12 12 25X0 46818779 46888890 2 70111
12 12 26X0 58362756 58706182 12 343426
12 12 27X0 73938042 74056806 2 118764
12 12 28X0 74186116 74372729 3 186613
12 12 29X0 78461987 78678284 3 216297
12 12 2X0 2601380 2648073 3 46693
12 12 30X0 80307380 80577500 2 270120
12 12 31X0 102908479 103053678 4 145199
12 12 32X0 104617683 104939414 2 321731
12 12 33X0 108453156 108527219 2 74063
12 12 3X0 3231325 3283549 2 52224
12 12 4X0 4562864 4714386 2 151522
12 12 5X0 4759388 4785385 2 25997
12 12 6X0 4863165 4988978 4 125813
12 12 7X0 8312650 8333950 2 21300
12 12 8X0 9634483 9873767 2 239284
12 12 9X0 10205705 10238350 2 32645
13 13 10X0 57536749 57560893 2 24144
13 13 11X0 62606556 62786048 2 179492
13 13 12X0 68648685 68707885 2 59200
13 13 13X0 69831005 69833031 2 2026
13 13 14X0 87456260 87523098 2 66838
13 13 15X0 87745023 88074946 3 329923
13 13 16X0 88083200 88322644 2 239444
13 13 17X0 94865936 94914030 2 48094
13 13 1X0 3909430 4046875 2 137445
13 13 2X0 13936016 14073757 2 137741
13 13 3X0 21498772 21740910 6 242138
13 13 4X0 36203004 36397302 3 194298
13 13 5X0 40762296 40855171 2 92875
13 13 6X0 40889682 40973691 5 84009
13 13 7X0 41681213 41918259 2 237046
13 13 8X0 46170872 46248983 2 78111
13 13 9X0 57252676 57354318 3 101642
14 14 10X0 15789013 16151326 9 362313
14 14 11X0 16609594 17917273 51 1307679
14 14 12X0 18807427 18883885 2 76458
14 14 13X0 21458986 21499850 2 40864
14 14 14X0 21562847 21579820 2 16973
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14 14 15X0 28066956 28163996 4 97040
14 14 16X0 32762310 32779931 2 17621
14 14 17X0 38145559 38179457 2 33898
14 14 18X0 60027801 60287200 2 259399
14 14 19X0 62213115 62281127 2 68012
14 14 1X0 214100 254059 2 39959
14 14 20X0 63390433 63438917 2 48484
14 14 21X0 67931940 68196066 2 264126
14 14 22X0 70072330 70296463 2 224133
14 14 23X0 80011536 80234046 2 222510
14 14 2X0 437662 464578 2 26916
14 14 3X0 1095719 1159085 2 63366
14 14 4X0 1165361 1187796 2 22435
14 14 5X0 2948502 3005561 2 57059
14 14 6X0 5673163 6114028 6 440865
14 14 7X0 6137368 6364617 2 227249
14 14 8X0 11622043 11871767 4 249724
14 14 9X0 15303456 15403012 2 99556
15 15 10X0 38855348 38954333 2 98985
15 15 11X0 39359612 39496030 5 136418
15 15 12X0 41206957 41394054 3 187097
15 15 13X0 41807727 41877377 2 69650
15 15 14X0 43281433 43309187 2 27754
15 15 15X0 44106757 44457509 4 350752
15 15 16X0 51011771 51102249 2 90478
15 15 17X0 51487831 51535955 3 48124
15 15 18X0 56472634 56560045 2 87411
15 15 19X0 59519231 59985569 3 466338
15 15 1X0 80909 182744 4 101835
15 15 20X0 68632197 68902292 2 270095
15 15 21X0 76748220 77005095 3 256875
15 15 22X0 81468965 81978207 3 509242
15 15 23X0 84516478 84619660 2 103182
15 15 24X0 87357409 87646708 2 289299
15 15 25X0 88437957 88494018 3 56061
15 15 2X0 467210 867457 3 400247
15 15 3X0 933070 1255925 4 322855
15 15 4X0 2753810 2817514 3 63704
15 15 5X0 5315240 5393468 3 78228
15 15 6X0 5732928 5913734 2 180806
15 15 7X0 19529565 19605777 3 76212
15 15 8X0 30400222 30577484 2 177262
15 15 9X0 32112205 32180384 2 68179
16 16 10X0 6796842 6803655 2 6813
16 16 11X0 7425990 7500428 3 74438
16 16 12X0 8159400 8322320 2 162920
16 16 13X0 9647777 9994402 6 346625
16 16 14X0 14922584 14952958 2 30374
16 16 15X0 15047426 15179169 2 131743
16 16 16X0 17421229 17532828 2 111599
16 16 17X0 18125252 18312756 4 187504
16 16 18X0 22379129 22621676 4 242547
16 16 19X0 23762444 23918783 2 156339
16 16 1X0 1392571 1424077 2 31506
16 16 20X0 24042254 24061827 2 19573
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16 16 21X0 27763555 27872329 5 108774
16 16 22X0 28739499 29033380 6 293881
16 16 23X0 29350391 29567906 6 217515
16 16 24X0 29620618 29708614 2 87996
16 16 25X0 29875024 29897544 2 22520
16 16 26X0 32627819 32711674 2 83855
16 16 27X0 35120581 35207874 3 87293
16 16 28X0 35232927 35247997 2 15070
16 16 29X0 42176524 42195616 2 19092
16 16 2X0 2668273 2947421 8 279148
16 16 30X0 42573240 42642046 2 68806
16 16 31X0 42795782 42829785 2 34003
16 16 32X0 42866741 42947655 2 80914
16 16 33X0 43188022 43226329 2 38307
16 16 34X0 43340576 43366474 2 25898
16 16 35X0 43573867 43605220 2 31353
16 16 36X0 45038943 45116378 2 77435
16 16 37X0 45791865 45811469 2 19604
16 16 38X0 46730972 46756452 2 25480
16 16 39X0 46944921 47170038 6 225117
16 16 3X0 3019602 3090330 2 70728
16 16 40X0 51452567 51494596 2 42029
16 16 41X0 52278573 52697992 5 419419
16 16 42X0 54383204 54569097 3 185893
16 16 43X0 56809159 56950999 2 141840
16 16 44X0 57348824 57410337 5 61513
16 16 45X0 57550703 57669720 2 119017
16 16 46X0 60473029 60586596 2 113567
16 16 47X0 60735274 60876861 2 141587
16 16 48X0 61236566 61261845 2 25279
16 16 49X0 62439813 62453871 2 14058
16 16 4X0 3226582 3366741 2 140159
16 16 50X0 62487453 62600459 2 113006
16 16 51X0 63418091 63449079 3 30988
16 16 52X0 63619346 63680571 2 61225
16 16 53X0 63922862 64070445 3 147583
16 16 54X0 64115059 64242521 2 127462
16 16 55X0 64267371 64333138 2 65767
16 16 56X0 64394926 64422674 2 27748
16 16 57X0 64617219 64887488 16 270269
16 16 58X0 64913512 65085587 4 172075
16 16 59X0 65100839 65156850 8 56011
16 16 5X0 3914406 4022678 2 108272
16 16 60X0 65174629 65189986 3 15357
16 16 61X0 65199256 65532372 12 333116
16 16 62X0 66079089 66118079 2 38990
16 16 63X0 66194174 66266381 2 72207
16 16 64X0 68247695 68327753 2 80058
16 16 65X0 68941746 69139382 10 197636
16 16 66X0 71741500 71802051 3 60551
16 16 67X0 74611703 74645562 2 33859
16 16 6X0 4556690 4575643 2 18953
16 16 7X0 6243242 6369738 2 126496
16 16 8X0 6395927 6402606 2 6679
16 16 9X0 6433573 6551456 3 117883

215



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
17 17 10X0 26082451 26117080 2 34629
17 17 11X0 28868627 29123565 4 254938
17 17 12X0 29957508 29977487 2 19979
17 17 13X0 30873666 31008036 5 134370
17 17 14X0 32816553 32947190 3 130637
17 17 15X0 34919373 34925980 2 6607
17 17 16X0 35983430 36284900 3 301470
17 17 17X0 36320541 36339416 3 18875
17 17 18X0 38609944 38762277 2 152333
17 17 19X0 38763206 39851127 14 1087921
17 17 1X0 1609752 1630150 2 20398
17 17 20X0 40203936 40211676 2 7740
17 17 21X0 40301880 40353659 4 51779
17 17 22X0 40359961 40439433 2 79472
17 17 23X0 40557156 41188248 5 631092
17 17 24X0 41941869 41964872 2 23003
17 17 25X0 42142073 42428787 7 286714
17 17 26X0 42688085 42903326 3 215241
17 17 27X0 43029422 43534390 12 504968
17 17 28X0 43975284 44512637 10 537353
17 17 29X0 44639024 44723809 6 84785
17 17 2X0 1775955 1922579 5 146624
17 17 30X0 45061170 45118612 2 57442
17 17 31X0 45363109 45378192 2 15083
17 17 32X0 45705703 45884925 5 179222
17 17 33X0 46006665 46527748 19 521083
17 17 34X0 54541267 54866058 2 324791
17 17 35X0 68956102 69029801 2 73699
17 17 36X0 69207684 69328865 3 121181
17 17 37X0 70534821 70827478 3 292657
17 17 3X0 4674162 4854128 2 179966
17 17 4X0 19575876 19771592 5 195716
17 17 5X0 20264481 20318785 2 54304
17 17 6X0 21604067 21727772 2 123705
17 17 7X0 22390429 22452699 3 62270
17 17 8X0 22551309 22721751 3 170442
17 17 9X0 25237852 25430061 2 192209
18 18 1X0 5317542 5397100 2 79558
18 18 2X0 15765671 16283764 11 518093
18 18 3X0 45418568 45526501 3 107933
18 18 4X0 48603965 48711604 2 107639
18 18 5X0 49174409 49709529 7 535120
18 18 6X0 62501879 62529131 2 27252
18 18 7X0 65996234 66123266 2 127032
18 18 8X0 72264815 72289105 2 24290
19 19 10X0 14928160 15079766 2 151606
19 19 11X0 18406678 18492020 2 85342
19 19 12X0 19716180 19735194 2 19014
19 19 13X0 20275294 20383464 2 108170
19 19 14X0 21625056 21749288 5 124232
19 19 15X0 23778433 23829631 2 51198
19 19 16X0 24667282 24688691 2 21409
19 19 17X0 25576379 25714342 2 137963
19 19 18X0 26397163 26462210 2 65047
19 19 19X0 26606974 26711541 2 104567
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species chromosome cluster start end duplicates length
19 19 1X0 2718883 2788076 2 69193
19 19 20X0 32743124 32760798 2 17674
19 19 21X0 33223380 33235016 2 11636
19 19 2X0 2981757 3373070 20 391313
19 19 3X0 3461735 3485863 2 24128
19 19 4X0 3587711 3768500 15 180789
19 19 4X1 3877187 4092479 6 215292
19 19 5X0 7000793 7077848 2 77055
19 19 6X0 7087145 7104316 2 17171
19 19 7X0 7325057 7399221 2 74164
19 19 8X0 11567528 11614168 2 46640
19 19 9X0 13276913 13387453 3 110540
2 2 10X0 33750108 33763172 2 13064
2 2 11X0 35287063 35885391 13 598328
2 2 12X0 36207901 36490190 2 282289
2 2 13X0 37379651 37633307 5 253656
2 2 14X0 50380003 50502438 2 122435
2 2 15X0 52043746 52082029 2 38283
2 2 16X0 52832181 53019336 5 187155
2 2 17X0 54101063 54221973 2 120910
2 2 18X0 54589437 55097223 7 507786
2 2 19X0 58743922 58954790 4 210868
2 2 1X0 143029 155292 2 12263
2 2 20X0 59109287 59153458 2 44171
2 2 21X0 61548881 61953481 16 404600
2 2 22X0 62016228 62069376 2 53148
2 2 23X0 65254285 65385918 2 131633
2 2 24X0 80096955 80164248 2 67293
2 2 25X0 85289689 85368507 2 78818
2 2 26X0 85685932 85879005 2 193073
2 2 27X0 86190399 86243795 3 53396
2 2 28X0 88254996 88397620 5 142624
2 2 29X0 89608625 89758425 2 149800
2 2 2X0 657623 676109 2 18486
2 2 3X0 1255203 1574689 2 319486
2 2 4X0 7576483 7595602 2 19119
2 2 5X0 17359487 17428657 2 69170
2 2 6X0 18000473 18026506 2 26033
2 2 7X0 18100770 18707188 12 606418
2 2 8X0 25374755 25449958 2 75203
2 2 9X0 33344808 33370366 2 25558
20 20 10X0 6094610 6370125 5 275515
20 20 11X0 6736327 6781445 2 45118
20 20 12X0 6987905 7028557 2 40652
20 20 13X0 7203378 7240183 2 36805
20 20 14X0 7794884 7976819 2 181935
20 20 15X0 8025074 8200960 2 175886
20 20 16X0 8696241 8766830 3 70589
20 20 17X0 10405138 10459478 2 54340
20 20 18X0 10696549 11189545 8 492996
20 20 19X0 12236145 12399497 2 163352
20 20 1X0 2344502 2512372 5 167870
20 20 20X0 12570343 12877977 3 307634
20 20 22X0 14264136 14359290 2 95154
20 20 23X0 16511609 16815651 3 304042
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species chromosome cluster start end duplicates length
20 20 24X0 16953811 17208671 3 254860
20 20 25X0 22184849 22356924 3 172075
20 20 26X0 22870880 23027509 3 156629
20 20 27X0 23799177 23890926 3 91749
20 20 28X0 23933737 23999072 2 65335
20 20 29X0 25153065 25460131 4 307066
20 20 2X0 3126040 3463901 7 337861
20 20 2X1 2665737 2984269 3 318532
20 20 30X0 29803801 29845754 2 41953
20 20 31X0 43752370 43905691 2 153321
20 20 32X0 44056783 44386713 6 329930
20 20 33X0 46786102 47006646 4 220544
20 20 34X0 48306631 48426171 2 119540
20 20 35X0 54539392 54586030 2 46638
20 20 36X0 65714618 65938024 2 223406
20 20 37X0 80047073 80214422 2 167349
20 20 38X0 84647795 84835691 2 187896
20 20 39X0 85481622 85505076 2 23454
20 20 3X0 3606293 3729479 2 123186
20 20 40X0 85802179 86018055 4 215876
20 20 41X0 86370868 86412982 2 42114
20 20 42X0 89444165 89625474 2 181309
20 20 43X0 90758455 90770198 2 11743
20 20 44X0 92374930 92474941 3 100011
20 20 45X0 93161877 93360398 2 198521
20 20 46X0 94823783 94873616 2 49833
20 20 47X0 96801900 97056051 3 254151
20 20 48X0 98092785 98130083 4 37298
20 20 49X0 99381677 99601860 2 220183
20 20 4X0 3759597 3828692 2 69095
20 20 50X0 100275390 100405616 2 130226
20 20 51X0 100499350 100618015 2 118665
20 20 52X0 101081197 101295467 2 214270
20 20 53X0 108502050 108568371 2 66321
20 20 54X0 110002864 110020854 2 17990
20 20 55X0 111772973 111837377 2 64404
20 20 56X0 112375528 112635992 6 260464
20 20 57X0 113234210 113299970 2 65760
20 20 58X0 115176446 115520828 5 344382
20 20 59X0 116241569 116276253 2 34684
20 20 5X0 3848946 4148730 8 299784
20 20 60X0 116801843 116836844 2 35001
20 20 61X0 118833949 119018681 7 184732
20 20 62X0 119070235 119152854 2 82619
20 20 63X0 119932021 119945917 2 13896
20 20 64X0 120116169 120144258 3 28089
20 20 65X0 121823328 121921621 2 98293
20 20 66X0 122683373 122748899 2 65526
20 20 67X0 125143114 125167014 2 23900
20 20 68X0 125325167 125496335 2 171168
20 20 69X0 129877142 130038604 2 161462
20 20 6X0 4635328 4777298 2 141970
20 20 7X0 4873008 5095868 4 222860
20 20 8X0 5142874 5510659 14 367785
20 20 9X0 5572822 5730061 6 157239
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species chromosome cluster start end duplicates length
21 21 10X0 55098261 55118113 2 19852
21 21 11X0 55878526 55912015 2 33489
21 21 12X0 58701578 58783351 2 81773
21 21 13X0 76578665 76721139 2 142474
21 21 14X0 76829443 77040725 2 211282
21 21 15X0 85197537 85258627 2 61090
21 21 16X0 91490582 91495125 2 4543
21 21 17X0 92654174 92744715 2 90541
21 21 18X0 97270993 97329596 2 58603
21 21 19X0 98898373 99021350 4 122977
21 21 1X0 2243635 2868696 4 625061
21 21 1X1 1564412 2090936 3 526524
21 21 20X0 103059991 103266363 4 206372
21 21 21X0 108198147 108294078 2 95931
21 21 22X0 110516303 110673519 4 157216
21 21 23X0 110697544 110873336 2 175792
21 21 24X0 110988631 111024576 2 35945
21 21 25X0 111044530 111693873 48 649343
21 21 26X0 111750945 111811847 2 60902
21 21 27X0 111901400 111932041 2 30641
21 21 28X0 112058368 112375680 4 317312
21 21 29X0 112404776 112957981 13 553205
21 21 2X0 12905280 12937891 2 32611
21 21 30X0 117637075 118058029 7 420954
21 21 30X1 118330789 118542147 3 211358
21 21 31X0 118596947 118927211 6 330264
21 21 32X0 118982603 118996471 2 13868
21 21 33X0 119209675 119412054 4 202379
21 21 3X0 20153875 20268556 6 114681
21 21 4X0 27278788 27739116 3 460328
21 21 5X0 31123397 31275551 12 152154
21 21 6X0 39011258 39041146 2 29888
21 21 7X0 41240863 41326663 2 85800
21 21 8X0 52036401 52054985 2 18584
21 21 9X0 53607541 53739875 3 132334
22 22 10X0 11679585 11709454 3 29869
22 22 11X0 12003994 12050903 2 46909
22 22 12X0 13133783 13270856 6 137073
22 22 13X0 13300799 13520345 4 219546
22 22 14X0 14160680 14213603 3 52923
22 22 15X0 45933785 45960164 2 26379
22 22 16X0 46857569 47078844 2 221275
22 22 17X0 51497238 51750586 2 253348
22 22 18X0 55809901 55930454 2 120553
22 22 19X0 58134973 58337124 3 202151
22 22 1X0 1967936 2030755 2 62819
22 22 20X0 67862783 68009761 2 146978
22 22 21X0 71435925 71474328 2 38403
22 22 22X0 82314491 82620915 5 306424
22 22 2X0 4110354 4367759 3 257405
22 22 3X0 5919544 6209700 8 290156
22 22 4X0 7354489 7847353 8 492864
22 22 5X0 8135046 8242958 4 107912
22 22 6X0 10510423 10732104 2 221681
22 22 7X0 11112953 11309980 3 197027
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
22 22 8X0 11343214 11507096 2 163882
22 22 9X0 11545455 11665418 4 119963
23 23 10X0 53834653 54047935 3 213282
23 23 11X0 59423334 59500836 2 77502
23 23 12X0 77589060 77841467 2 252407
23 23 13X0 79097429 79453113 2 355684
23 23 14X0 80407085 80828920 6 421835
23 23 15X0 82617506 82825039 4 207533
23 23 1X0 5704129 5965068 2 260939
23 23 2X0 35124433 35223137 2 98704
23 23 3X0 43307415 43331401 2 23986
23 23 4X0 43422340 44137770 16 715430
23 23 5X0 44139360 44277678 2 138318
23 23 6X0 44481056 44590074 2 109018
23 23 7X0 50365269 50977838 6 612569
23 23 8X0 51087285 51447401 2 360116
23 23 9X0 52664076 52899375 3 235299
24 24 10X0 40780596 40796107 2 15511
24 24 11X0 41690705 41740654 2 49949
24 24 12X0 44909001 44971836 2 62835
24 24 13X0 50788229 50834407 3 46178
24 24 14X0 52124793 52342724 2 217931
24 24 15X0 52497521 52785978 3 288457
24 24 16X0 72058780 72415507 10 356727
24 24 17X0 73548165 73570348 2 22183
24 24 18X0 74118210 74146592 2 28382
24 24 19X0 78250796 78292773 2 41977
24 24 1X0 1122631 1132596 2 9965
24 24 20X0 81073662 81113509 2 39847
24 24 21X0 83490807 84916725 54 1425918
24 24 2X0 1189063 1322462 4 133399
24 24 3X0 1381483 1419852 2 38369
24 24 4X0 1471725 1577798 4 106073
24 24 5X0 13310846 13381185 2 70339
24 24 6X0 26742644 26833870 2 91226
24 24 7X0 27396911 27604295 2 207384
24 24 8X0 29350749 29409575 2 58826
24 24 9X0 37700513 37911612 3 211099
25 25 10X0 22454382 22594836 4 140454
25 25 11X0 22629729 22891920 3 262191
25 25 12X0 23341490 23577695 2 236205
25 25 13X0 23682834 23774451 2 91617
25 25 14X0 23809352 24195085 3 385733
25 25 15X0 24261651 24474635 2 212984
25 25 16X0 25835906 26220776 6 384870
25 25 17X0 27092717 27283350 2 190633
25 25 18X0 27997709 28054120 2 56411
25 25 19X0 32357993 32507705 4 149712
25 25 1X0 1272427 1279200 2 6773
25 25 20X0 46131827 46353557 2 221730
25 25 21X0 46683783 46915475 3 231692
25 25 22X0 46964056 46981195 2 17139
25 25 23X0 49452289 49530723 2 78434
25 25 24X0 55306282 55473175 2 166893
25 25 25X0 57728614 57995613 4 266999
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species chromosome cluster start end duplicates length
25 25 26X0 59322913 59462598 3 139685
25 25 27X0 60464445 60506661 2 42216
25 25 28X0 65608303 65735381 2 127078
25 25 29X0 78990362 79083762 2 93400
25 25 2X0 1315164 1335504 2 20340
25 25 30X0 84031794 84346550 3 314756
25 25 31X0 84465283 84955353 15 490070
25 25 31X1 85017722 85525423 10 507701
25 25 32X0 85688714 85699760 2 11046
25 25 3X0 1666053 1788663 2 122610
25 25 4X0 3830059 3884151 2 54092
25 25 5X0 5846298 6021530 2 175232
25 25 6X0 8717436 8782379 2 64943
25 25 7X0 16834957 16922213 2 87256
25 25 8X0 21655969 22245727 4 589758
25 25 9X0 22389314 22447732 3 58418
26 26 10X0 34329322 34546842 2 217520
26 26 11X0 38038771 38109636 4 70865
26 26 12X0 39701479 39794173 3 92694
26 26 13X0 40836266 41157965 4 321699
26 26 14X0 41429556 41501956 2 72400
26 26 15X0 41666966 41703106 2 36140
26 26 16X0 42737613 42855306 2 117693
26 26 17X0 53676125 53746399 2 70274
26 26 18X0 57939330 57980041 2 40711
26 26 1X0 4701321 4776822 3 75501
26 26 2X0 8454857 8628081 2 173224
26 26 3X0 8628454 8861425 3 232971
26 26 4X0 9314572 9358304 2 43732
26 26 5X0 9772914 9926109 2 153195
26 26 6X0 18158859 18252581 2 93722
26 26 7X0 25791219 25916205 2 124986
26 26 8X0 31471362 31624905 2 153543
26 26 9X0 32786271 32866073 2 79802
27 27 1X0 1361261 1424270 2 63009
27 27 2X0 2024719 2190398 2 165679
27 27 3X0 11459181 11514671 3 55490
27 27 4X0 34248751 34277315 2 28564
27 27 5X0 34376271 34525196 2 148925
27 27 6X0 42763302 42829791 2 66489
27 27 7X0 48419685 48518469 2 98784
28 28 10X0 13538395 13689447 5 151052
28 28 11X0 15826717 15910594 4 83877
28 28 12X0 16195607 16206819 2 11212
28 28 13X0 20492188 20523900 2 31712
28 28 1X0 1620359 1698311 2 77952
28 28 2X0 1730062 1864827 2 134765
28 28 3X0 2189520 2384341 2 194821
28 28 4X0 8363057 8601921 2 238864
28 28 5X0 9242909 9303108 2 60199
28 28 6X0 10036337 10069695 2 33358
28 28 7X0 10646228 10680182 2 33954
28 28 8X0 13000838 13056332 3 55494
28 28 9X0 13216548 13519507 5 302959
29 29 10X0 23753309 23799771 2 46462
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species chromosome cluster start end duplicates length
29 29 11X0 24016071 24185634 2 169563
29 29 1X0 3553618 3769890 2 216272
29 29 2X0 7165964 7196387 2 30423
29 29 3X0 7394265 7439666 2 45401
29 29 4X0 8286828 8315678 2 28850
29 29 5X0 20230361 20774009 14 543648
29 29 6X0 20969559 20984931 4 15372
29 29 7X0 21033443 21532139 13 498696
29 29 8X0 22027035 22922519 46 895484
29 29 9X0 23390401 23412459 2 22058
3 3 10X0 81241412 81456247 2 214835
3 3 11X0 91110380 91171042 3 60662
3 3 1X0 782251 848286 3 66035
3 3 2X0 6923832 7087285 3 163453
3 3 3X0 9779925 9847431 2 67506
3 3 4X0 11159342 11285607 2 126265
3 3 5X0 19389455 19453679 2 64224
3 3 6X0 26333023 26624133 2 291110
3 3 7X0 29951153 30045216 2 94063
3 3 8X0 77911915 77954297 2 42382
3 3 9X0 78615177 78636548 2 21371
4 4 10X0 70886113 71110005 3 223892
4 4 11X0 73289652 73352434 2 62782
4 4 12X0 90600690 90863268 3 262578
4 4 1X0 1033125 1258866 3 225741
4 4 2X0 14300065 14389987 2 89922
4 4 3X0 17127782 17154071 2 26289
4 4 4X0 34795751 34912475 2 116724
4 4 5X0 49082787 49380051 2 297264
4 4 6X0 51270612 51348249 2 77637
4 4 7X0 52101410 52214584 2 113174
4 4 8X0 65506474 65644787 2 138313
4 4 9X0 66557778 66699405 2 141627
5 5 10X0 18596144 18638719 2 42575
5 5 11X0 18698330 18929729 4 231399
5 5 12X0 20891416 21107824 2 216408
5 5 13X0 21396204 21431962 2 35758
5 5 14X0 25046701 25153703 2 107002
5 5 15X0 26536532 26688389 2 151857
5 5 16X0 26842746 27298904 8 456158
5 5 16X1 27466162 27752954 4 286792
5 5 17X0 27771384 27839907 3 68523
5 5 18X0 27957324 28086838 2 129514
5 5 19X0 28517720 28845973 2 328253
5 5 1X0 108804 134681 5 25877
5 5 20X0 33883290 34032184 2 148894
5 5 21X0 41514205 41788465 4 274260
5 5 22X0 42478706 42638611 15 159905
5 5 23X0 43297897 43348599 3 50702
5 5 24X0 43495843 43620471 3 124628
5 5 25X0 52244909 52393532 5 148623
5 5 26X0 52634602 52670788 2 36186
5 5 27X0 53443037 53521566 2 78529
5 5 28X0 54578928 54609465 2 30537
5 5 29X0 55205338 55228612 2 23274
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species chromosome cluster start end duplicates length
5 5 2X0 214964 290575 2 75611
5 5 30X0 58578146 58775339 2 197193
5 5 31X0 59195753 59345108 2 149355
5 5 32X0 59440951 59468890 3 27939
5 5 33X0 60229389 60295452 3 66063
5 5 34X0 60685372 60705571 2 20199
5 5 35X0 71898786 71965002 3 66216
5 5 36X0 73864461 74065999 2 201538
5 5 3X0 511660 610359 4 98699
5 5 4X0 1106239 1154126 4 47887
5 5 5X0 1864680 2105739 4 241059
5 5 6X0 2494390 2532107 3 37717
5 5 7X0 2756747 2759364 2 2617
5 5 8X0 2813268 3144023 11 330755
5 5 9X0 14972646 15242811 2 270165
6 6 1X0 576840 613498 3 36658
6 6 2X0 43867596 44139733 16 272137
6 6 2X1 49917351 50033632 7 116281
6 6 2X10 50565540 50691326 5 125786
6 6 2X100 43396029 43428297 2 32268
6 6 2X101 36708311 36798288 2 89977
6 6 2X102 41235094 41272077 2 36983
6 6 2X104 10527281 10630923 2 103642
6 6 2X105 45539904 45652774 2 112870
6 6 2X11 14126086 14263494 4 137408
6 6 2X12 46043328 46298909 7 255581
6 6 2X13 46605245 46777298 6 172053
6 6 2X14 11199304 11242024 2 42720
6 6 2X15 50706724 50846241 5 139517
6 6 2X16 48935957 49164925 8 228968
6 6 2X17 37500752 37665791 5 165039
6 6 2X18 44783533 44971487 7 187954
6 6 2X19 5463660 5560141 6 96481
6 6 2X2 49757454 49910500 7 153046
6 6 2X20 48725956 48833798 5 107842
6 6 2X21 34132832 34286645 6 153813
6 6 2X22 47206172 47453199 8 247027
6 6 2X23 2607592 2715272 5 107680
6 6 2X24 48298005 48415552 5 117547
6 6 2X25 45804981 45910505 4 105524
6 6 2X26 11060810 11179237 4 118427
6 6 2X27 37710952 37808975 4 98023
6 6 2X28 31770639 32035860 5 265221
6 6 2X29 35314764 35520745 6 205981
6 6 2X3 46887065 47076855 8 189790
6 6 2X30 30736966 30862658 5 125692
6 6 2X31 44690163 44762648 3 72485
6 6 2X32 8527129 8641252 4 114123
6 6 2X33 37369280 37528939 5 159659
6 6 2X34 31599643 31750252 4 150609
6 6 2X35 13454313 13533933 5 79620
6 6 2X36 50303866 50437236 5 133370
6 6 2X37 32173099 32425668 7 252569
6 6 2X38 8341934 8494361 5 152427
6 6 2X39 33842635 33903894 5 61259
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6 6 2X4 48116111 48235938 8 119827
6 6 2X40 7175032 7258421 5 83389
6 6 2X41 30227442 30378419 5 150977
6 6 2X42 45936423 46026825 3 90402
6 6 2X43 45442191 45514681 3 72490
6 6 2X44 50512152 50554791 2 42639
6 6 2X45 10677518 10812080 4 134562
6 6 2X46 31369241 31412073 2 42832
6 6 2X47 11283323 11384361 4 101038
6 6 2X48 30052066 30104530 4 52464
6 6 2X49 32064611 32119775 2 55164
6 6 2X5 14267401 14387104 6 119703
6 6 2X50 37837799 37893327 2 55528
6 6 2X51 35907670 36040856 4 133186
6 6 2X52 36900795 36980995 3 80200
6 6 2X53 45057672 45197170 4 139498
6 6 2X54 37050665 37191754 4 141089
6 6 2X55 43091818 43206758 4 114940
6 6 2X56 38127434 38187342 3 59908
6 6 2X57 48441029 48577623 3 136594
6 6 2X58 44568501 44642207 3 73706
6 6 2X59 41930398 42001841 3 71443
6 6 2X6 44156925 44336295 7 179370
6 6 2X60 31455723 31584336 3 128613
6 6 2X61 34521297 34585127 3 63830
6 6 2X62 9322550 9348284 3 25734
6 6 2X63 2751525 2932138 4 180613
6 6 2X64 37933500 38059378 3 125878
6 6 2X65 48600935 48708934 2 107999
6 6 2X66 18699200 18773499 2 74299
6 6 2X67 33403952 33436904 3 32952
6 6 2X68 21193762 21301974 3 108212
6 6 2X69 8695074 8856679 4 161605
6 6 2X7 47457094 47624160 7 167066
6 6 2X70 18417812 18661700 3 243888
6 6 2X71 45279250 45382338 3 103088
6 6 2X72 39493609 39639623 3 146014
6 6 2X73 44367624 44479651 3 112027
6 6 2X74 31207357 31332205 3 124848
6 6 2X75 49559862 49733627 4 173765
6 6 2X76 31017409 31138693 3 121284
6 6 2X77 10949715 10964498 2 14783
6 6 2X78 6031366 6063842 2 32476
6 6 2X79 18241912 18347718 2 105806
6 6 2X8 50163707 50271946 5 108239
6 6 2X80 5244000 5328511 2 84511
6 6 2X81 40633448 40672069 2 38621
6 6 2X82 42247343 42273330 2 25987
6 6 2X83 18135054 18164749 2 29695
6 6 2X84 29652797 29690489 2 37692
6 6 2X85 17686410 17727715 2 41305
6 6 2X86 33555240 33629223 2 73983
6 6 2X87 20482362 20580589 2 98227
6 6 2X88 13966702 14023148 2 56446
6 6 2X89 34879118 34894949 2 15831
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
6 6 2X9 50040160 50155300 4 115140
6 6 2X90 19569082 19629281 2 60199
6 6 2X91 38288537 38361742 2 73205
6 6 2X92 34639506 34720781 2 81275
6 6 2X93 29860068 29887779 2 27711
6 6 2X94 4229480 4261126 2 31646
6 6 2X95 28343907 28421452 2 77545
6 6 2X96 38828375 38853804 2 25429
6 6 2X97 49249280 49313455 2 64175
6 6 2X98 47726002 47752204 2 26202
6 6 2X99 42979674 43017879 2 38205
7 7 10X0 24507130 24542832 3 35702
7 7 11X0 30731175 30810720 2 79545
7 7 12X0 35682130 35777229 2 95099
7 7 13X0 36739566 37066994 3 327428
7 7 14X0 47190294 47590593 5 400299
7 7 15X0 51011592 51183015 2 171423
7 7 16X0 75097492 75162750 2 65258
7 7 17X0 101106483 101157111 3 50628
7 7 18X0 102238477 102381251 2 142774
7 7 19X0 109774918 109801536 2 26618
7 7 1X0 88633 428292 3 339659
7 7 20X0 111371014 111398159 2 27145
7 7 21X0 129294170 129297035 2 2865
7 7 22X0 132144420 132208155 2 63735
7 7 23X0 133960679 134009241 2 48562
7 7 2X0 486135 1145673 5 659538
7 7 3X0 17971037 18123659 2 152622
7 7 4X0 18203827 18330741 2 126914
7 7 5X0 18415786 18445142 2 29356
7 7 6X0 18849839 18925760 3 75921
7 7 7X0 21876132 21972739 3 96607
7 7 8X0 22202527 22633914 12 431387
7 7 9X0 22844202 23308287 4 464085
8 8 10X0 49049238 49362947 2 313709
8 8 11X0 51919808 52151274 2 231466
8 8 12X0 76697007 76949291 5 252284
8 8 13X0 80617898 80848707 4 230809
8 8 14X0 136926456 137440909 13 514453
8 8 15X0 137471524 137905923 4 434399
8 8 16X0 137932364 138058553 2 126189
8 8 17X0 138319103 138503661 2 184558
8 8 18X0 138547817 139173282 12 625465
8 8 1X0 6643556 7166128 19 522572
8 8 2X0 16314446 16494621 2 180175
8 8 3X0 21102267 21351673 3 249406
8 8 4X0 21791422 21825801 2 34379
8 8 5X0 22430579 22633039 3 202460
8 8 6X0 23039282 23083222 2 43940
8 8 7X0 37017545 37809910 6 792365
8 8 8X0 37930562 38027632 2 97070
8 8 9X0 40706666 40766236 2 59570
9 9 10X0 47588923 47608805 2 19882
9 9 11X0 51811052 51914021 3 102969
9 9 12X0 56262099 56335764 3 73665
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9 9 13X0 61917440 62099221 2 181781
9 9 14X0 62111648 62424006 3 312358
9 9 15X0 82035967 82242574 5 206607
9 9 16X0 82711612 82805599 5 93987
9 9 17X0 86311950 86328775 2 16825
9 9 18X0 87938712 88183458 2 244746
9 9 19X0 90622613 90745716 2 123103
9 9 1X0 981926 1003963 2 22037
9 9 20X0 94149126 94250545 2 101419
9 9 21X0 96493488 96527841 3 34353
9 9 22X0 97305010 97349422 2 44412
9 9 23X0 109238862 109453689 4 214827
9 9 24X0 115311395 115553178 2 241783
9 9 25X0 115556589 115595766 2 39177
9 9 26X0 115807486 115821508 2 14022
9 9 2X0 5013032 5423972 8 410940
9 9 3X0 5609912 5635905 2 25993
9 9 4X0 5751299 5997657 2 246358
9 9 5X0 7617999 7794933 2 176934
9 9 6X0 37806893 38113520 5 306627
9 9 7X0 39135578 39302669 4 167091
9 9 8X0 40971653 41015776 2 44123
9 9 9X0 44067469 44092484 2 25015
KE148049.1 KE148049.1 1X0 364420 389662 2 25242
KE148049.1 KE148049.1 2X0 389997 390939 2 942
KE148049.1 KE148049.1 3X0 1509879 1550652 2 40773
KE148108.1 KE148108.1 1X0 880125 941359 2 61234
KE148108.1 KE148108.1 2X0 1512691 1560669 2 47978
X X 10X0 45281336 45571891 9 290555
X X 11X0 46267358 46299773 2 32415
X X 12X0 46415031 46678837 4 263806
X X 13X0 48082447 48269666 2 187219
X X 14X0 48365285 48422046 2 56761
X X 15X0 48621533 48832931 2 211398
X X 16X0 48994883 49096937 3 102054
X X 17X0 50898324 51013942 2 115618
X X 18X0 51328223 51346037 2 17814
X X 19X0 52780705 52929005 2 148300
X X 1X0 837104 1018013 2 180909
X X 20X0 59863866 60082546 3 218680
X X 21X0 61474680 61555480 2 80800
X X 22X0 67764914 68180602 3 415688
X X 23X0 89870253 89974273 4 104020
X X 24X0 90299327 90313878 2 14551
X X 25X0 90584653 90734092 3 149439
X X 26X0 90984686 91525594 10 540908
X X 27X0 91894198 91966688 3 72490
X X 28X0 105660614 105693641 2 33027
X X 29X0 110422761 110488319 2 65558
X X 2X0 1108267 1314997 4 206730
X X 30X0 110522126 110583996 2 61870
X X 31X0 116797877 117124879 4 327002
X X 32X0 118400889 118589347 2 188458
X X 33X0 124264066 124470984 3 206918
X X 34X0 125174289 125354377 2 180088
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X X 35X0 127243534 127662410 5 418876
X X 36X0 127769179 127859858 2 90679
X X 37X0 127917536 127941164 2 23628
X X 38X0 128099682 128583432 5 483750
X X 39X0 128725454 128827287 2 101833
X X 3X0 11367110 11404029 2 36919
X X 40X0 129121944 129130892 2 8948
X X 4X0 13708259 13783846 2 75587
X X 5X0 24612338 24661850 2 49512
X X 6X0 28622915 28654000 4 31085
X X 7X0 38664042 38931854 3 267812
X X 8X0 40834159 41054641 2 220482
X X 9X0 45068146 45229653 3 161507
X X 9X1 44586388 44632856 2 46468

Equus caballus

1 1 10X0 33814996 34174512 4 359516
1 1 11X0 34382342 34648231 4 265889
1 1 12X0 35909927 35926783 2 16856
1 1 13X0 38900183 38997995 3 97812
1 1 14X0 39498462 39960976 7 462514
1 1 15X0 48188588 48293987 2 105399
1 1 16X0 57167856 57439533 3 271677
1 1 17X0 62535401 62606059 2 70658
1 1 18X0 69201657 69225318 2 23661
1 1 19X0 70495340 70656636 3 161296
1 1 1X0 171786 367589 8 195803
1 1 20X0 71391094 71642584 3 251490
1 1 21X0 80229112 80324827 5 95715
1 1 22X0 82865162 82890774 2 25612
1 1 23X0 85736310 85756295 2 19985
1 1 24X0 88922677 89000284 3 77607
1 1 25X0 92397477 92609573 4 212096
1 1 26X0 94539643 94563167 2 23524
1 1 27X0 110153086 110262807 2 109721
1 1 28X0 113934089 114014970 2 80881
1 1 29X0 116200062 116252509 3 52447
1 1 2X0 9681191 9695057 2 13866
1 1 30X0 118791350 118908967 2 117617
1 1 31X0 118911236 119119328 5 208092
1 1 32X0 119506525 119544940 2 38415
1 1 33X0 119849077 119973481 2 124404
1 1 34X0 123884172 123913284 2 29112
1 1 35X0 138610187 138731050 2 120863
1 1 36X0 139717547 139786052 2 68505
1 1 37X0 144263880 144328545 4 64665
1 1 38X0 145647731 145733123 3 85392
1 1 39X0 146626190 146941954 4 315764
1 1 3X0 9888824 9959038 2 70214
1 1 40X0 147182214 147231499 2 49285
1 1 41X0 148242346 148343175 2 100829
1 1 42X0 155719515 156205474 19 485959
1 1 42X1 156736323 157063408 15 327085
1 1 42X2 155245477 155640245 17 394768
1 1 42X3 154744595 155214568 17 469973
1 1 42X4 156280102 156725179 17 445077
1 1 43X0 157264136 157412002 4 147866
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1 1 44X0 157443268 157908962 9 465694
1 1 45X0 159891517 160771968 32 880451
1 1 45X1 158361968 158797075 22 435107
1 1 45X2 158825183 159126310 11 301127
1 1 45X3 159155661 159402461 13 246800
1 1 45X4 159472712 159882028 14 409316
1 1 46X0 160882311 160938397 4 56086
1 1 47X0 161212225 161223006 2 10781
1 1 48X0 161476365 161527244 2 50879
1 1 49X0 161674601 161975043 3 300442
1 1 4X0 9990756 10217825 3 227069
1 1 50X0 162045426 162053202 2 7776
1 1 51X0 162098055 162228522 2 130467
1 1 52X0 162300084 162331242 2 31158
1 1 53X0 162711436 163203258 9 491822
1 1 53X1 162420224 162699085 5 278861
1 1 54X0 172980142 173037957 2 57815
1 1 55X0 180152005 180200369 2 48364
1 1 56X0 183724796 183777520 2 52724
1 1 57X0 184185846 184314578 2 128732
1 1 58X0 185704994 185755011 2 50017
1 1 5X0 10228660 10310340 4 81680
1 1 6X0 15482866 15636794 4 153928
1 1 7X0 26079852 26116965 2 37113
1 1 8X0 26857483 26886829 3 29346
1 1 9X0 28713095 28785092 2 71997
10 10 10X0 9751450 9801460 3 50010
10 10 11X0 9901269 10089412 3 188143
10 10 12X0 10121912 10173436 3 51524
10 10 13X0 10561597 10607424 2 45827
10 10 14X0 10718535 10825623 2 107088
10 10 15X0 11119008 11133587 2 14579
10 10 16X0 11324800 11463585 4 138785
10 10 16X1 11581227 11802423 4 221196
10 10 17X0 12689854 13008250 4 318396
10 10 17X1 13044461 13297099 3 252638
10 10 18X0 13546960 13668047 2 121087
10 10 19X0 14122675 14240249 4 117574
10 10 1X0 5687725 5844139 3 156414
10 10 20X0 14324494 14397253 3 72759
10 10 21X0 14484913 14746342 8 261429
10 10 22X0 14807576 15232553 11 424977
10 10 23X0 15325897 15476758 5 150861
10 10 24X0 16138750 16254828 2 116078
10 10 25X0 16445800 16583422 4 137622
10 10 26X0 17408742 17423267 2 14525
10 10 27X0 17779191 18054135 4 274944
10 10 28X0 18071866 18110291 2 38425
10 10 29X0 18269934 18306134 3 36200
10 10 2X0 5973976 6004849 2 30873
10 10 30X0 18702940 18765702 4 62762
10 10 31X0 19126132 19162578 2 36446
10 10 32X0 19737712 19756461 2 18749
10 10 33X0 19992502 20056083 2 63581
10 10 34X0 20256588 20520701 13 264113
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10 10 34X1 20484423 20920489 12 436066
10 10 34X2 20959230 21337161 8 377931
10 10 35X0 21413871 21914919 16 501048
10 10 35X1 22018035 22712666 17 694631
10 10 36X0 22957780 23035974 2 78194
10 10 37X0 23271422 23500381 5 228959
10 10 38X0 23629243 23894462 5 265219
10 10 39X0 23933632 24265756 9 332124
10 10 3X0 6118948 6143853 2 24905
10 10 40X0 24355535 24373121 2 17586
10 10 41X0 24471617 24670422 5 198805
10 10 42X0 24700515 24746232 4 45717
10 10 43X0 24807141 24949082 4 141941
10 10 44X0 24962529 25065391 3 102862
10 10 45X0 25185543 25558442 9 372899
10 10 46X0 25586551 25710319 9 123768
10 10 47X0 25730254 25793033 2 62779
10 10 48X0 27135450 27333069 4 197619
10 10 48X1 27926863 28177463 6 250600
10 10 48X2 26078963 26492472 8 413509
10 10 48X3 27698089 27892824 5 194735
10 10 48X4 27396763 27615342 5 218579
10 10 48X5 26855824 27109226 5 253402
10 10 48X6 26548788 26832268 3 283480
10 10 49X0 28827298 28884741 2 57443
10 10 4X0 6289312 6329854 3 40542
10 10 50X0 41629332 41729551 2 100219
10 10 51X0 59240929 59364975 3 124046
10 10 52X0 60557764 60639255 2 81491
10 10 53X0 64808972 64821348 2 12376
10 10 54X0 64980076 65058211 3 78135
10 10 55X0 65103492 65242920 3 139428
10 10 56X0 74307724 74384294 2 76570
10 10 57X0 78661274 78846196 11 184922
10 10 58X0 78874830 78932322 2 57492
10 10 59X0 82434211 82566499 3 132288
10 10 5X0 6445506 6494352 2 48846
10 10 6X0 6503587 6562124 2 58537
10 10 7X0 7020275 7171296 5 151021
10 10 8X0 7776219 8006217 5 229998
10 10 8X1 8302182 8631441 7 329259
10 10 8X2 7538476 7753460 4 214984
10 10 8X3 7232727 7516933 6 284206
10 10 8X4 8011911 8264185 5 252274
10 10 8X5 8690022 9020254 5 330232
10 10 9X0 9043021 9096109 2 53088
11 11 10X0 15078834 15181535 2 102701
11 11 11X0 15646282 15727932 2 81650
11 11 12X0 15812147 15849932 2 37785
11 11 13X0 18057259 18146410 2 89151
11 11 14X0 18561823 18575592 2 13769
11 11 15X0 19501957 19511565 2 9608
11 11 16X0 19529053 19618185 2 89132
11 11 17X0 20226994 20254973 3 27979
11 11 18X0 20385008 20422020 2 37012
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11 11 19X0 20610215 20726070 3 115855
11 11 1X0 486060 509047 2 22987
11 11 20X0 20782867 20922462 4 139595
11 11 21X0 20974011 20989849 2 15838
11 11 22X0 21153831 21388420 15 234589
11 11 23X0 21442194 21495779 2 53585
11 11 24X0 21594713 21619271 6 24558
11 11 25X0 21665928 21978588 13 312660
11 11 26X0 22402568 22421804 2 19236
11 11 27X0 22489533 22546131 2 56598
11 11 28X0 24021983 24088074 2 66091
11 11 29X0 24581790 24743227 9 161437
11 11 2X0 3100454 3117805 2 17351
11 11 30X0 25846533 25880472 2 33939
11 11 31X0 26077679 26135367 2 57688
11 11 32X0 26164813 26193215 2 28402
11 11 33X0 26331318 26384543 2 53225
11 11 34X0 31308080 31368384 2 60304
11 11 35X0 32411678 32446134 3 34456
11 11 36X0 32458346 32543784 3 85438
11 11 37X0 34635880 34710859 2 74979
11 11 38X0 37197929 37345300 6 147371
11 11 39X0 37593800 37760847 4 167047
11 11 3X0 4384048 4409682 2 25634
11 11 40X0 38505372 38594301 3 88929
11 11 41X0 41572047 41665036 3 92989
11 11 42X0 42554741 42750103 4 195362
11 11 43X0 45398478 45421641 2 23163
11 11 44X0 46844902 47054375 11 209473
11 11 44X1 46515370 46829915 12 314545
11 11 45X0 47108438 47166952 2 58514
11 11 46X0 47869036 47954974 2 85938
11 11 47X0 49427292 49457246 2 29954
11 11 48X0 50061536 50067419 2 5883
11 11 49X0 50104227 50203849 4 99622
11 11 4X0 5558246 5619093 2 60847
11 11 50X0 50403867 50409273 2 5406
11 11 51X0 50941750 51004840 3 63090
11 11 52X0 51609145 51741179 2 132034
11 11 53X0 52794922 53118147 5 323225
11 11 54X0 57517336 57734761 4 217425
11 11 55X0 58772116 58850188 3 78072
11 11 55X1 58885760 59012179 2 126419
11 11 5X0 6171628 6186523 2 14895
11 11 6X0 6916663 6935551 2 18888
11 11 7X0 7133017 7362725 6 229708
11 11 8X0 10866361 10903989 2 37628
11 11 9X0 11536750 11767408 3 230658
11 11 9X1 11789275 11942751 2 153476
12 12 10X0 22106465 22252101 5 145636
12 12 11X0 22584866 22738323 4 153457
12 12 12X0 23172031 23298145 3 126114
12 12 13X0 23489077 23597667 2 108590
12 12 14X0 23720139 24009444 5 289305
12 12 15X0 24963310 25007976 2 44666
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12 12 16X0 25676638 25761547 2 84909
12 12 17X0 26588658 26622089 2 33431
12 12 18X0 27060312 27184398 2 124086
12 12 19X0 27201205 27254212 2 53007
12 12 1X0 8924682 8954869 2 30187
12 12 20X0 27260357 27294513 2 34156
12 12 21X0 27344032 27412265 2 68233
12 12 22X0 28690211 28849553 3 159342
12 12 23X0 30633633 30661665 2 28032
12 12 24X0 30763486 30826955 2 63469
12 12 25X0 31933166 31965740 2 32574
12 12 26X0 32956829 32985269 4 28440
12 12 2X0 15713281 15951780 12 238499
12 12 2X1 13251410 13524613 10 273203
12 12 2X10 18206495 18350547 4 144052
12 12 2X11 12963245 13206778 7 243533
12 12 2X12 14647818 14871912 8 224094
12 12 2X13 17808211 18008300 6 200089
12 12 2X14 19013823 19365715 10 351892
12 12 2X15 15454415 15673769 6 219354
12 12 2X16 13801478 14009095 5 207617
12 12 2X17 16072601 16375498 6 302897
12 12 2X18 16524741 16845441 5 320700
12 12 2X19 17321481 17557129 4 235648
12 12 2X2 12367499 12756614 11 389115
12 12 2X20 15216596 15397865 4 181269
12 12 2X3 12762955 12936767 8 173812
12 12 2X4 18025703 18186013 7 160310
12 12 2X5 14168110 14540233 11 372123
12 12 2X6 18381455 18509953 7 128498
12 12 2X7 13566468 13718578 7 152110
12 12 2X8 19485206 19714077 9 228871
12 12 2X9 18614128 18816340 9 202212
12 12 3X0 19790776 19821168 2 30392
12 12 4X0 19932778 20106576 5 173798
12 12 5X0 20134061 20377023 6 242962
12 12 6X0 20526491 20583744 3 57253
12 12 7X0 20748362 20843908 2 95546
12 12 8X0 20892575 21266254 9 373679
12 12 9X0 21722550 21872504 3 149954
13 13 10X0 10728292 10749290 2 20998
13 13 11X0 11305602 11402983 2 97381
13 13 12X0 11664189 11749229 2 85040
13 13 13X0 18476085 18591972 3 115887
13 13 14X0 18678936 18726900 3 47964
13 13 15X0 18727672 18745158 2 17486
13 13 16X0 18758124 18791366 2 33242
13 13 17X0 18869481 18877190 2 7709
13 13 18X0 18968572 19170856 5 202284
13 13 18X1 19255114 19419183 2 164069
13 13 19X0 19550152 19697585 2 147433
13 13 1X0 220152 260756 2 40604
13 13 20X0 20725748 20811832 2 86084
13 13 21X0 23124260 23154654 2 30394
13 13 22X0 24883561 25195609 3 312048
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13 13 23X0 27009483 27042804 2 33321
13 13 24X0 27685267 27823960 2 138693
13 13 25X0 29616043 29765350 2 149307
13 13 26X0 39354533 39692102 13 337569
13 13 27X0 39836937 39965259 3 128322
13 13 28X0 40133354 40168055 2 34701
13 13 29X0 40380844 40544772 2 163928
13 13 2X0 2086922 2160263 4 73341
13 13 30X0 40600871 40641344 2 40473
13 13 31X0 40817360 40826731 2 9371
13 13 32X0 41461557 41476068 2 14511
13 13 33X0 41883769 41894384 2 10615
13 13 34X0 41969344 42023029 2 53685
13 13 35X0 42263771 42333694 4 69923
13 13 36X0 42432800 42456189 2 23389
13 13 3X0 5960510 5996766 3 36256
13 13 4X0 6790713 6882342 4 91629
13 13 5X0 6996565 7509191 7 512626
13 13 6X0 7617868 7672541 2 54673
13 13 7X0 7917367 8012374 3 95007
13 13 8X0 8924938 9020418 2 95480
13 13 9X0 10175447 10200055 2 24608
14 14 10X0 35492138 36117354 18 625216
14 14 11X0 36214470 36231271 2 16801
14 14 12X0 43157130 43254600 2 97470
14 14 13X0 51450957 51479862 2 28905
14 14 14X0 51724785 51793182 2 68397
14 14 15X0 58197614 58319155 2 121541
14 14 16X0 71808888 72037550 3 228662
14 14 17X0 86340792 86389187 2 48395
14 14 18X0 88195790 88362393 3 166603
14 14 19X0 91769416 91887290 2 117874
14 14 1X0 130219 153790 2 23571
14 14 20X0 92566005 92669710 2 103705
14 14 21X0 92739545 92969632 8 230087
14 14 22X0 93194580 93327388 4 132808
14 14 23X0 93627806 93714239 2 86433
14 14 2X0 1339186 1758352 5 419166
14 14 3X0 3327906 3852292 8 524386
14 14 4X0 4539203 4569558 2 30355
14 14 5X0 22058284 22087546 2 29262
14 14 6X0 26678565 26849125 3 170560
14 14 7X0 27119141 27164836 2 45695
14 14 8X0 27721132 27925728 3 204596
14 14 9X0 35083166 35164668 2 81502
15 15 10X0 17759330 17817376 2 58046
15 15 11X0 17933462 18062586 2 129124
15 15 12X0 18796493 18835902 2 39409
15 15 13X0 18894401 18906282 2 11881
15 15 14X0 24573402 24616068 3 42666
15 15 15X0 28885798 28910821 2 25023
15 15 16X0 29348808 29361671 2 12863
15 15 17X0 31757501 31780383 2 22882
15 15 18X0 33372243 33414151 3 41908
15 15 19X0 54785442 54826184 2 40742
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15 15 1X0 1518938 1714008 3 195070
15 15 20X0 58633592 58806751 2 173159
15 15 21X0 60376732 60562250 2 185518
15 15 22X0 68826720 68946749 2 120029
15 15 2X0 7202599 7642168 6 439569
15 15 3X0 10024295 10136919 2 112624
15 15 4X0 11758708 11769143 2 10435
15 15 5X0 12775412 12839785 3 64373
15 15 6X0 13230708 13256724 2 26016
15 15 7X0 13353758 13662976 4 309218
15 15 8X0 15701256 16054212 9 352956
15 15 9X0 16359629 17119239 24 759610
16 16 10X0 37279526 37319365 2 39839
16 16 11X0 37355649 37429465 2 73816
16 16 12X0 38709075 38787184 3 78109
16 16 13X0 40021149 40083053 5 61904
16 16 14X0 40348736 40751509 8 402773
16 16 15X0 41737842 41979909 6 242067
16 16 16X0 45088489 45132230 2 43741
16 16 17X0 45996473 46077255 2 80782
16 16 18X0 46916752 46970874 2 54122
16 16 19X0 51689223 51797209 2 107986
16 16 1X0 1727451 1839275 2 111824
16 16 20X0 66256406 66706204 5 449798
16 16 21X0 69298174 69415432 2 117258
16 16 22X0 73947604 74029664 2 82060
16 16 23X0 79601661 79770199 3 168538
16 16 24X0 80484607 80509005 2 24398
16 16 25X0 82062506 82218415 3 155909
16 16 26X0 83671446 83795225 5 123779
16 16 27X0 84099707 84201621 2 101914
16 16 2X0 6940051 6962502 2 22451
16 16 3X0 10473388 10615256 2 141868
16 16 4X0 34940926 34991796 3 50870
16 16 5X0 35683399 35693020 2 9621
16 16 6X0 35753038 35832035 4 78997
16 16 7X0 36950327 36966058 3 15731
16 16 8X0 36977158 37083266 4 106108
16 16 9X0 37115629 37234990 2 119361
17 17 10X0 62922476 62948641 2 26165
17 17 11X0 68395707 68536595 3 140888
17 17 12X0 79888991 79936368 3 47377
17 17 1X0 1038093 1122812 3 84719
17 17 2X0 1830522 1873245 2 42723
17 17 3X0 7516029 7672956 3 156927
17 17 4X0 14967009 15031146 2 64137
17 17 5X0 19133042 19199710 2 66668
17 17 6X0 22407468 22419872 2 12404
17 17 7X0 28846488 28913106 2 66618
17 17 8X0 36348467 36442071 2 93604
17 17 9X0 55653571 55750331 3 96760
18 18 1X0 33400202 33440434 2 40232
18 18 2X0 51258772 51275856 2 17084
18 18 3X0 54540670 54647154 8 106484
18 18 4X0 76188969 76329380 3 140411
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18 18 5X0 78369777 78603605 3 233828
19 19 10X0 35624674 35669124 2 44450
19 19 11X0 36754148 36931354 3 177206
19 19 12X0 44838120 44922356 2 84236
19 19 13X0 47707821 47736371 2 28550
19 19 14X0 56380318 56819084 13 438766
19 19 15X0 58168261 58274747 2 106486
19 19 1X0 2120160 2210127 2 89967
19 19 2X0 10244433 10310009 3 65576
19 19 3X0 21923494 22082190 2 158696
19 19 4X0 22433760 22460296 2 26536
19 19 5X0 22765571 22840016 2 74445
19 19 6X0 24672174 24752928 4 80754
19 19 7X0 24784339 24929063 3 144724
19 19 8X0 27781751 27885521 2 103770
19 19 9X0 31151181 31205878 3 54697
2 2 10X0 24467444 24579065 3 111621
2 2 11X0 30009867 30027396 2 17529
2 2 12X0 30879376 30925749 2 46373
2 2 13X0 32050237 32070218 3 19981
2 2 14X0 33515526 33562790 2 47264
2 2 15X0 34048368 34215662 6 167294
2 2 16X0 34700133 34728290 2 28157
2 2 17X0 36238925 36503259 5 264334
2 2 18X0 37393127 37422963 2 29836
2 2 19X0 37461298 37581374 2 120076
2 2 1X0 11343274 11745360 9 402086
2 2 20X0 39522328 39622081 2 99753
2 2 21X0 39795584 39806895 2 11311
2 2 22X0 39938409 39956907 2 18498
2 2 23X0 41335752 41406626 2 70874
2 2 24X0 44041698 44062299 2 20601
2 2 25X0 47305618 47330572 2 24954
2 2 26X0 52365001 52394973 2 29972
2 2 27X0 53011408 53222398 3 210990
2 2 28X0 53666192 53698815 2 32623
2 2 29X0 54305193 54406754 3 101561
2 2 2X0 15104801 15336181 7 231380
2 2 30X0 58559677 58592798 2 33121
2 2 31X0 60609118 60694575 2 85457
2 2 32X0 69687661 69783995 3 96334
2 2 33X0 71161734 71188687 2 26953
2 2 34X0 78275329 78376812 2 101483
2 2 35X0 79340078 79384295 3 44217
2 2 3X0 16174377 16216990 2 42613
2 2 4X0 17616117 17698404 3 82287
2 2 5X0 18282527 18472757 3 190230
2 2 6X0 21435171 21523022 2 87851
2 2 7X0 22113495 22202820 2 89325
2 2 8X0 22384701 22422483 4 37782
2 2 9X0 24305643 24417976 2 112333
20 20 10X0 25624045 25709907 2 85862
20 20 11X0 26069023 26133406 14 64383
20 20 12X0 26161356 26489190 14 327834
20 20 13X0 26538750 26913171 13 374421
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20 20 14X0 26981915 27024133 2 42218
20 20 15X0 27836373 28241955 19 405582
20 20 15X1 27461487 27826604 16 365117
20 20 15X2 28303442 28730112 16 426670
20 20 16X0 28779273 28951488 6 172215
20 20 17X0 28994106 29462636 9 468530
20 20 18X0 30176091 30433336 5 257245
20 20 19X0 30522205 30835411 7 313206
20 20 1X0 3298143 3443474 3 145331
20 20 20X0 30893697 31330405 9 436708
20 20 21X0 31337014 31429707 5 92693
20 20 22X0 31436721 31450853 2 14132
20 20 23X0 31476634 31481111 2 4477
20 20 24X0 31550871 31566581 2 15710
20 20 25X0 31652406 31671369 2 18963
20 20 26X0 31828901 31895951 2 67050
20 20 27X0 33339018 33557879 10 218861
20 20 27X1 32596235 32791723 6 195488
20 20 27X2 32804256 33198487 5 394231
20 20 28X0 33737871 33849668 2 111797
20 20 29X0 35799670 35820026 2 20356
20 20 2X0 3635183 3694885 2 59702
20 20 30X0 36991854 37002510 2 10656
20 20 31X0 38732413 38853886 3 121473
20 20 32X0 40551166 40718695 6 167529
20 20 33X0 41398410 41415550 2 17140
20 20 34X0 42089837 42269299 4 179462
20 20 35X0 44738570 44760346 2 21776
20 20 36X0 45409022 45569354 2 160332
20 20 37X0 46087067 46133920 2 46853
20 20 38X0 47664031 47871684 4 207653
20 20 39X0 48613949 48732717 2 118768
20 20 3X0 23673573 23849242 4 175669
20 20 40X0 49863357 49909879 2 46522
20 20 41X0 50347190 50613800 7 266610
20 20 4X0 23928324 24171536 33 243212
20 20 5X0 24552641 24631896 3 79255
20 20 6X0 24738927 24842914 5 103987
20 20 7X0 25014455 25148611 2 134156
20 20 8X0 25223154 25237952 4 14798
20 20 9X0 25518584 25521664 2 3080
21 21 1X0 24483 389195 6 364712
21 21 2X0 622122 660094 2 37972
21 21 3X0 735918 1403836 12 667918
21 21 4X0 4003592 4101057 2 97465
21 21 5X0 16399502 16540847 2 141345
21 21 6X0 17208490 17303723 2 95233
21 21 7X0 29204050 29315110 3 111060
21 21 8X0 45485999 45557611 2 71612
22 22 10X0 23759109 23850908 4 91799
22 22 11X0 25183607 25257354 2 73747
22 22 12X0 26363890 26427974 2 64084
22 22 13X0 28509821 28569166 2 59345
22 22 14X0 34230815 34335813 4 104998
22 22 15X0 34540836 34760986 7 220150
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22 22 16X0 34828382 34846432 2 18050
22 22 17X0 35366312 35375355 2 9043
22 22 18X0 49278323 49304560 2 26237
22 22 19X0 49781910 49792733 2 10823
22 22 1X0 1877201 2078128 6 200927
22 22 2X0 5040971 5095032 2 54061
22 22 3X0 18380455 18401535 2 21080
22 22 4X0 19691112 19701748 2 10636
22 22 5X0 20231208 20347901 2 116693
22 22 6X0 20676164 21097254 5 421090
22 22 7X0 21854932 21975477 2 120545
22 22 8X0 22136128 22270987 4 134859
22 22 9X0 22440848 22562585 5 121737
23 23 10X0 50484877 50582294 2 97417
23 23 11X0 50605846 50769988 5 164142
23 23 12X0 55235202 55352684 4 117482
23 23 1X0 623659 736197 3 112538
23 23 2X0 2765176 2846437 2 81261
23 23 3X0 2880954 2972946 2 91992
23 23 4X0 10468559 10504292 2 35733
23 23 5X0 12858704 12928003 2 69299
23 23 6X0 26780635 26873890 2 93255
23 23 7X0 40099096 40389005 17 289909
23 23 8X0 40990896 41029286 2 38390
23 23 9X0 49792490 49842485 2 49995
24 24 10X0 44677905 44703864 2 25959
24 24 1X0 3921230 3984063 2 62833
24 24 2X0 7906025 8085887 3 179862
24 24 3X0 11297091 11337005 2 39914
24 24 4X0 13946226 13993686 2 47460
24 24 5X0 19292112 19351227 3 59115
24 24 6X0 20677112 20902469 3 225357
24 24 7X0 36942535 37291564 11 349029
24 24 8X0 38694878 38719121 2 24243
24 24 9X0 42214122 42242442 2 28320
25 25 10X0 15434364 15512774 2 78410
25 25 11X0 17646984 17699028 2 52044
25 25 12X0 17847085 17910426 2 63341
25 25 13X0 18097099 18193473 2 96374
25 25 14X0 18206728 18253221 2 46493
25 25 15X0 19128597 19144604 2 16007
25 25 16X0 25109204 25195850 3 86646
25 25 17X0 26698220 27034620 20 336400
25 25 17X1 26482907 26661712 9 178805
25 25 17X2 26070331 26462611 16 392280
25 25 18X0 27136728 27153522 2 16794
25 25 19X0 30393182 30451168 2 57986
25 25 20X0 31271108 31299217 2 28109
25 25 21X0 31315171 31335137 2 19966
25 25 22X0 32679227 32695330 2 16103
25 25 23X0 35406766 35517432 3 110666
25 25 24X0 35629136 35753320 2 124184
25 25 25X0 36801475 36825451 2 23976
25 25 26X0 38177356 38523613 10 346257
25 25 27X0 38629189 38678986 2 49797
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25 25 2X0 1102823 1255388 3 152565
25 25 3X0 3403237 3550703 2 147466
25 25 4X0 3987144 4129819 2 142675
25 25 5X0 4132818 4269257 3 136439
25 25 6X0 7672053 7704874 2 32821
25 25 7X0 10704281 10959714 9 255433
25 25 7X1 10431381 10646422 7 215041
25 25 8X0 10979092 11018161 2 39069
25 25 9X0 14266532 14274149 2 7617
26 26 10X0 38418197 38534299 2 116102
26 26 11X0 39054925 39070073 2 15148
26 26 12X0 39576125 39664636 2 88511
26 26 13X0 39723149 39832504 6 109355
26 26 14X0 41057463 41218017 2 160554
26 26 1X0 24313408 24439348 2 125940
26 26 2X0 27166569 27207225 2 40656
26 26 3X0 27262301 27430211 4 167910
26 26 4X0 27885646 27897027 2 11381
26 26 5X0 29897051 30082749 4 185698
26 26 6X0 30892092 30967695 2 75603
26 26 7X0 32397606 32438938 2 41332
26 26 8X0 37021987 37090380 2 68393
26 26 9X0 37835367 37878249 3 42882
27 27 1X0 2801126 2852221 2 51095
27 27 2X0 5111652 5188915 2 77263
27 27 3X0 6718445 6803569 2 85124
27 27 4X0 13590423 13636512 2 46089
27 27 5X0 22586694 22625927 2 39233
27 27 6X0 24009616 24065887 2 56271
27 27 7X0 26480660 26484458 2 3798
27 27 8X0 33042424 33096410 2 53986
27 27 9X0 33317878 33514252 7 196374
28 28 10X0 39440090 39559781 2 119691
28 28 11X0 40153584 40204842 2 51258
28 28 12X0 40322519 40413530 2 91011
28 28 13X0 45680975 45707939 2 26964
28 28 14X0 45716635 45734492 2 17857
28 28 1X0 350029 400314 2 50285
28 28 2X0 3517946 3671706 3 153760
28 28 3X0 8070376 8081927 2 11551
28 28 4X0 16786570 16996770 4 210200
28 28 5X0 34275830 34312069 2 36239
28 28 6X0 34369221 34384493 2 15272
28 28 7X0 35928335 35996231 4 67896
28 28 8X0 37765149 37807188 2 42039
28 28 9X0 38520641 38707111 7 186470
29 29 1X0 79031 251974 3 172943
29 29 2X0 501638 810135 3 308497
29 29 3X0 2264381 2280938 2 16557
29 29 4X0 21458270 21503315 2 45045
29 29 5X0 26322180 26475885 2 153705
29 29 6X0 28371632 28396858 2 25226
29 29 7X0 28641073 29303208 13 662135
3 3 10X0 21964965 22041392 2 76427
3 3 11X0 22365168 22394822 2 29654
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3 3 12X0 23269213 23322405 2 53192
3 3 13X0 24110610 24133714 2 23104
3 3 14X0 36259276 36555709 5 296433
3 3 15X0 36933469 37059062 2 125593
3 3 16X0 39569308 39720636 2 151328
3 3 17X0 44959511 44984355 2 24844
3 3 18X0 50358221 50432146 2 73925
3 3 19X0 53962816 54024955 2 62139
3 3 1X0 1393445 1541223 2 147778
3 3 20X0 54619894 54696527 2 76633
3 3 21X0 59105837 59216533 2 110696
3 3 22X0 60077014 60132447 3 55433
3 3 23X0 61688780 62104983 10 416203
3 3 24X0 62121985 62235961 4 113976
3 3 25X0 66605784 67117210 8 511426
3 3 26X0 76415086 76436616 2 21530
3 3 27X0 80157317 80202758 2 45441
3 3 28X0 80719113 80863124 2 144011
3 3 29X0 88384273 88442929 3 58656
3 3 2X0 7911072 8383333 6 472261
3 3 30X0 107579827 107690114 2 110287
3 3 31X0 114517954 114589746 3 71792
3 3 32X0 118098093 118172615 2 74522
3 3 3X0 8978911 9045064 7 66153
3 3 4X0 9610450 9652893 3 42443
3 3 5X0 9773162 9878005 3 104843
3 3 6X0 17158083 17241080 4 82997
3 3 7X0 17469089 17495216 2 26127
3 3 8X0 18297852 18311869 2 14017
3 3 9X0 18864350 19011211 2 146861
30 30 1X0 12689 72169 2 59480
30 30 2X0 9294065 9448119 2 154054
30 30 3X0 22072642 22092901 2 20259
30 30 4X0 28282116 28310221 2 28105
30 30 5X0 29622406 29751076 3 128670
31 31 1X0 2380989 2629905 3 248916
31 31 2X0 7669293 7685494 2 16201
31 31 3X0 10313741 10460366 7 146625
31 31 4X0 16745031 16957903 6 212872
31 31 5X0 19577657 19711636 2 133979
4 4 10X0 38674493 38794452 3 119959
4 4 11X0 40177116 40194251 2 17135
4 4 12X0 43420453 43511825 2 91372
4 4 13X0 49266235 49334113 2 67878
4 4 14X0 53209070 53213287 2 4217
4 4 15X0 58124458 58273515 11 149057
4 4 16X0 61445609 61576149 2 130540
4 4 17X0 63049608 63153923 2 104315
4 4 18X0 73625826 73679217 2 53391
4 4 19X0 78715737 78720542 2 4805
4 4 1X0 7617053 7734447 2 117394
4 4 20X0 79608248 79912973 4 304725
4 4 21X0 83600830 83639489 2 38659
4 4 22X0 84868298 84944623 2 76325
4 4 23X0 92756790 92821386 2 64596
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4 4 24X0 94566327 94760210 6 193883
4 4 25X0 94788854 94937186 2 148332
4 4 26X0 94980395 95391597 27 411202
4 4 26X1 95406020 95907408 25 501388
4 4 27X0 95957150 96009680 2 52530
4 4 28X0 96685820 97416466 26 730646
4 4 28X1 96116872 96658223 10 541351
4 4 29X0 101160025 101454771 7 294746
4 4 2X0 8766008 8997179 5 231171
4 4 30X0 101740352 101931465 2 191113
4 4 31X0 101957689 102353280 9 395591
4 4 32X0 102446502 102554371 2 107869
4 4 33X0 103426974 103546182 2 119208
4 4 34X0 104766812 104802401 2 35589
4 4 3X0 9211896 9759479 6 547583
4 4 4X0 16280516 16300689 2 20173
4 4 5X0 23666301 23733586 2 67285
4 4 6X0 29638016 29662239 2 24223
4 4 7X0 34202958 34271084 2 68126
4 4 8X0 36749161 36792765 2 43604
4 4 9X0 37417410 37529711 2 112301
5 5 10X0 7290194 7481006 4 190812
5 5 11X0 9407486 9555547 2 148061
5 5 12X0 14141220 14172564 2 31344
5 5 13X0 16305639 16427719 2 122080
5 5 14X0 17332683 17397208 2 64525
5 5 15X0 19521400 19567481 3 46081
5 5 16X0 19577742 19756201 3 178459
5 5 17X0 26005544 26077751 2 72207
5 5 18X0 30661442 30832144 3 170702
5 5 19X0 35676703 35961144 5 284441
5 5 1X0 99128 244214 3 145086
5 5 20X0 36152427 36296376 4 143949
5 5 21X0 36816101 37108811 7 292710
5 5 22X0 37235331 37337374 2 102043
5 5 23X0 37365143 37424718 2 59575
5 5 24X0 37577853 37718801 5 140948
5 5 25X0 37777677 37905781 2 128104
5 5 26X0 37953158 38236743 10 283585
5 5 27X0 38333107 38510401 4 177294
5 5 28X0 38589608 39136702 27 547094
5 5 29X0 39172736 39366239 5 193503
5 5 2X0 1472507 1588210 2 115703
5 5 30X0 39642856 39720453 2 77597
5 5 31X0 40053383 40398658 4 345275
5 5 32X0 41215248 41254498 2 39250
5 5 33X0 41436475 41472932 2 36457
5 5 34X0 42095065 42241744 2 146679
5 5 35X0 42744773 42801833 3 57060
5 5 36X0 42813626 42838583 2 24957
5 5 37X0 44263530 44294640 2 31110
5 5 38X0 45434842 45481225 2 46383
5 5 39X0 46152185 46179899 2 27714
5 5 3X0 1662114 1973994 3 311880
5 5 40X0 46341891 46390153 2 48262
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5 5 41X0 47063193 47116826 7 53633
5 5 42X0 48228678 48349159 2 120481
5 5 43X0 52067023 52148091 2 81068
5 5 44X0 55580924 55726678 2 145754
5 5 45X0 56934870 57072201 3 137331
5 5 46X0 57666620 57752244 2 85624
5 5 47X0 58419854 58459646 4 39792
5 5 48X0 58523950 58577764 2 53814
5 5 49X0 74638952 74765769 2 126817
5 5 4X0 2000657 2083747 2 83090
5 5 50X0 74897622 75267540 4 369918
5 5 51X0 77308114 77552085 5 243971
5 5 52X0 78753553 78838921 2 85368
5 5 53X0 84251017 84287586 2 36569
5 5 5X0 2738080 2956869 3 218789
5 5 6X0 2987183 3114942 3 127759
5 5 7X0 3117106 3173462 3 56356
5 5 8X0 3377848 3460033 2 82185
5 5 9X0 6026628 6140251 3 113623
6 6 10X0 32541188 32768813 3 227625
6 6 11X0 33940005 34012044 2 72039
6 6 12X0 34261123 34301295 2 40172
6 6 13X0 34515391 34567899 3 52508
6 6 14X0 35113757 35289380 5 175623
6 6 15X0 35706105 35743004 2 36899
6 6 16X0 36554193 36867535 6 313342
6 6 17X0 37104343 37449068 7 344725
6 6 18X0 37755158 37867260 4 112102
6 6 19X0 38227853 38358104 2 130251
6 6 1X0 6594703 6625833 2 31130
6 6 20X0 38981213 39117394 3 136181
6 6 20X1 38705588 38826110 4 120522
6 6 21X0 40662156 40692395 2 30239
6 6 22X0 40816676 40933662 2 116986
6 6 23X0 42299000 42311564 2 12564
6 6 24X0 47333344 47546471 3 213127
6 6 25X0 64255509 64372882 2 117373
6 6 26X0 66223613 66525494 14 301881
6 6 26X1 65860190 66149961 6 289771
6 6 27X0 66694302 66871233 5 176931
6 6 28X0 66914624 67033054 3 118430
6 6 29X0 67407035 67534652 2 127617
6 6 2X0 7857487 7956835 3 99348
6 6 30X0 67559953 67610811 2 50858
6 6 31X0 69092922 69159160 2 66238
6 6 32X0 69280851 69593753 17 312902
6 6 32X1 69613165 69974648 13 361483
6 6 33X0 70186370 70365718 3 179348
6 6 34X0 70376121 70431193 2 55072
6 6 35X0 70802998 70919290 9 116292
6 6 36X0 71251019 71273173 2 22154
6 6 37X0 72048941 72345930 14 296989
6 6 37X1 72673423 73072029 17 398606
6 6 37X2 72376664 72652110 13 275446
6 6 37X3 71668228 72033893 15 365665
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6 6 37X4 73145302 73432228 10 286926
6 6 38X0 73651511 73842892 5 191381
6 6 39X0 74322075 74408059 2 85984
6 6 3X0 8790796 8809653 2 18857
6 6 40X0 74602745 74650356 4 47611
6 6 41X0 75028276 75042308 2 14032
6 6 4X0 18326672 18508778 2 182106
6 6 5X0 19572895 19591143 2 18248
6 6 6X0 25628453 25729705 7 101252
6 6 7X0 29614146 29695221 2 81075
6 6 8X0 31491824 31559085 2 67261
6 6 9X0 32136373 32203036 2 66663
7 7 10X0 5103751 5145681 3 41930
7 7 11X0 5553148 5729534 2 176386
7 7 12X0 12297642 12815411 10 517769
7 7 13X0 14574017 14619023 3 45006
7 7 14X0 20466837 20472354 2 5517
7 7 15X0 22305735 22367036 2 61301
7 7 16X0 22839080 22956190 3 117110
7 7 17X0 24834459 24883126 3 48667
7 7 18X0 25762756 25783939 2 21183
7 7 19X0 25832965 26025047 2 192082
7 7 1X0 824546 889918 2 65372
7 7 20X0 26040708 26146595 5 105887
7 7 21X0 26182418 26210911 3 28493
7 7 22X0 30077950 30282327 2 204377
7 7 23X0 74109976 74564185 22 454209
7 7 23X1 72492906 72741849 16 248943
7 7 23X10 76148604 76435111 14 286507
7 7 23X11 51337075 51681352 14 344277
7 7 23X12 31794364 32059106 10 264742
7 7 23X13 32387514 32564876 6 177362
7 7 23X14 50693540 51235233 16 541693
7 7 23X15 32095313 32343701 8 248388
7 7 23X16 30826281 31108228 10 281947
7 7 23X17 31409764 31742769 10 333005
7 7 23X18 31142920 31387099 7 244179
7 7 23X19 75793223 76067305 8 274082
7 7 23X2 73625529 73859244 12 233715
7 7 23X20 32865297 33091755 7 226458
7 7 23X21 51804657 52127114 11 322457
7 7 23X22 32608482 32790425 7 181943
7 7 23X23 71392364 71674767 7 282403
7 7 23X24 50091153 50618913 9 527760
7 7 23X25 33134497 33458721 7 324224
7 7 23X26 49644897 49796362 6 151465
7 7 23X27 45895273 46098084 5 202811
7 7 23X28 45641390 45861923 4 220533
7 7 23X29 47096680 47447956 5 351276
7 7 23X3 73360904 73611938 14 251034
7 7 23X30 44107613 44376746 4 269133
7 7 23X31 48202603 48476881 4 274278
7 7 23X32 68984877 69021981 4 37104
7 7 23X33 46440497 46606643 3 166146
7 7 23X34 42448236 42663053 3 214817
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
7 7 23X35 48605491 48854805 3 249314
7 7 23X36 56530526 56664799 3 134273
7 7 23X37 37470386 37545283 2 74897
7 7 23X38 46818732 46842487 2 23755
7 7 23X39 59964239 59990418 2 26179
7 7 23X4 73056176 73342230 14 286054
7 7 23X40 52666867 52736938 2 70071
7 7 23X41 66311060 66419063 2 108003
7 7 23X42 34587598 34646519 2 58921
7 7 23X43 36702926 36844166 2 141240
7 7 23X44 38847607 38907555 2 59948
7 7 23X45 68413959 68490292 2 76333
7 7 23X46 67506431 67645493 2 139062
7 7 23X47 69851732 69886120 2 34388
7 7 23X5 72758804 73040745 14 281941
7 7 23X6 73872631 74099559 12 226928
7 7 23X7 77070400 77502095 21 431695
7 7 23X8 72059592 72461941 17 402349
7 7 23X9 74603241 75289118 20 685877
7 7 24X0 83443346 83697430 4 254084
7 7 25X0 86624979 86804684 4 179705
7 7 26X0 86988866 86999025 2 10159
7 7 27X0 92233214 92328729 2 95515
7 7 28X0 96116000 96165734 2 49734
7 7 29X0 98226271 98343539 2 117268
7 7 2X0 1467857 1706771 5 238914
7 7 3X0 1811263 1833888 2 22625
7 7 4X0 2272120 2564781 4 292661
7 7 5X0 3388372 3449475 2 61103
7 7 6X0 3975900 3995720 2 19820
7 7 7X0 4105595 4184430 2 78835
7 7 8X0 4196690 4289454 2 92764
7 7 9X0 4554655 4580669 2 26014
8 8 10X0 6502073 6581188 2 79115
8 8 11X0 12970733 13129839 4 159106
8 8 12X0 13204590 13244872 2 40282
8 8 13X0 13681720 13770313 2 88593
8 8 14X0 19159655 19189973 2 30318
8 8 15X0 19465590 19516482 2 50892
8 8 16X0 21708977 21792180 2 83203
8 8 17X0 22831535 22842138 2 10603
8 8 18X0 29820452 30034900 6 214448
8 8 19X0 34226372 34270844 2 44472
8 8 1X0 380778 393066 2 12288
8 8 20X0 51959710 52472129 7 512419
8 8 21X0 52855303 52952120 2 96817
8 8 22X0 55612300 55708503 5 96203
8 8 23X0 64711737 64834380 2 122643
8 8 24X0 79778980 80329754 14 550774
8 8 25X0 88906186 88964604 2 58418
8 8 2X0 494062 575759 4 81697
8 8 3X0 730710 793425 2 62715
8 8 4X0 1259667 1293683 2 34016
8 8 5X0 1477085 1557499 5 80414
8 8 6X0 2160539 2900415 7 739876
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
8 8 7X0 4648067 4994903 13 346836
8 8 7X1 3730193 4144803 12 414610
8 8 7X2 4210606 4590612 5 380006
8 8 8X0 5039099 5144387 2 105288
8 8 9X0 5399186 5454425 2 55239
9 9 10X0 82888818 82974531 2 85713
9 9 11X0 83277475 83413846 5 136371
9 9 1X0 3139003 3330058 4 191055
9 9 2X0 6377131 6574536 5 197405
9 9 3X0 27236703 27307849 2 71146
9 9 4X0 40092531 40232047 2 139516
9 9 5X0 48814812 48937340 2 122528
9 9 6X0 70970701 71101356 3 130655
9 9 7X0 81449605 81890492 9 440887
9 9 8X0 82267556 82288331 2 20775
9 9 9X0 82679925 82823979 3 144054
Un0002 Un0002 1X0 212558 218731 2 6173
Un0002 Un0002 2X0 947007 990041 2 43034
Un0011 Un0011 1X0 674945 768934 5 93989
Un0011 Un0011 1X1 576506 652695 4 76189
X X 10X0 33782100 33805328 2 23228
X X 11X0 38414539 38504509 2 89970
X X 12X0 38862249 39046638 3 184389
X X 13X0 39612602 39637956 2 25354
X X 14X0 41459952 41495756 2 35804
X X 15X0 41832762 41982785 3 150023
X X 16X0 43536477 43548409 2 11932
X X 17X0 46027201 46249978 3 222777
X X 18X0 51957728 52212146 3 254418
X X 19X0 58087764 58135854 2 48090
X X 1X0 401485 573171 5 171686
X X 20X0 58554971 58970146 4 415175
X X 21X0 62114201 62242381 2 128180
X X 22X0 73993741 74047798 2 54057
X X 23X0 79858878 79973513 6 114635
X X 24X0 80084932 80186168 2 101236
X X 25X0 80734275 80886290 3 152015
X X 26X0 81087979 81145079 3 57100
X X 27X0 81170086 81376212 5 206126
X X 28X0 81658764 81711148 2 52384
X X 29X0 85349355 85364067 2 14712
X X 2X0 2165874 2281485 2 115611
X X 30X0 94846177 94854097 2 7920
X X 31X0 94973941 95017631 2 43690
X X 32X0 104330844 104606922 5 276078
X X 33X0 107155373 107212085 2 56712
X X 34X0 107667301 107945324 3 278023
X X 35X0 109926517 110055896 2 129379
X X 36X0 118567949 118821107 3 253158
X X 37X0 121806322 121866030 2 59708
X X 38X0 121921614 121951428 2 29814
X X 3X0 6123963 6148502 2 24539
X X 4X0 8675768 8739205 2 63437
X X 5X0 10764705 10822729 2 58024
X X 6X0 19230850 19394876 2 164026
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
X X 7X0 20017304 20097605 3 80301
X X 8X0 21376937 21436625 3 59688
X X 9X0 30115574 30131941 2 16367

Felis catus

A1 A1 10X0 83397995 84379011 13 981016
A1 A1 11X0 84425205 84501213 3 76008
A1 A1 12X0 84609646 84625358 2 15712
A1 A1 13X0 85029833 86173628 13 1143795
A1 A1 14X0 86694732 87760829 19 1066097
A1 A1 15X0 87925132 88019680 5 94548
A1 A1 16X0 88309953 88403634 2 93681
A1 A1 17X0 91415868 91757293 8 341425
A1 A1 18X0 93365920 93807007 8 441087
A1 A1 19X0 94440092 94455744 2 15652
A1 A1 1X0 1246106 1280216 2 34110
A1 A1 20X0 111420516 111501695 2 81179
A1 A1 21X0 111650599 111844072 2 193473
A1 A1 22X0 118930367 118950349 2 19982
A1 A1 23X0 119048617 120032422 18 983805
A1 A1 24X0 125374200 125708445 4 334245
A1 A1 25X0 126487223 126597315 2 110092
A1 A1 26X0 138297019 138408794 2 111775
A1 A1 27X0 139238076 139357624 2 119548
A1 A1 28X0 143147870 143349887 3 202017
A1 A1 29X0 145392911 145455902 2 62991
A1 A1 2X0 7445463 7603603 3 158140
A1 A1 30X0 176823765 176999476 2 175711
A1 A1 31X0 193007116 193125356 3 118240
A1 A1 32X0 197966892 198104280 3 137388
A1 A1 33X0 198375096 198425140 2 50044
A1 A1 34X0 198916441 199603991 4 687550
A1 A1 35X0 200182786 200448240 2 265454
A1 A1 36X0 200605285 200646804 3 41519
A1 A1 37X0 213067192 213218889 3 151697
A1 A1 38X0 230109432 230207940 2 98508
A1 A1 39X0 241229899 241384936 3 155037
A1 A1 3X0 7629927 7915911 3 285984
A1 A1 4X0 10118138 10173442 2 55304
A1 A1 5X0 19434187 19505810 2 71623
A1 A1 6X0 29371829 29448873 2 77044
A1 A1 7X0 71317891 71347691 2 29800
A1 A1 8X0 73605683 73834027 2 228344
A1 A1 9X0 82236813 82261461 2 24648
A2 A2 10X0 4810690 4833282 2 22592
A2 A2 11X0 5225821 5312596 2 86775
A2 A2 12X0 6076142 6109521 2 33379
A2 A2 13X0 6854639 7387829 24 533190
A2 A2 14X0 7673742 7839662 8 165920
A2 A2 15X0 8428854 8660492 2 231638
A2 A2 16X0 8680385 8985041 7 304656
A2 A2 17X0 9023502 9041511 2 18009
A2 A2 18X0 10381921 10568458 4 186537
A2 A2 19X0 10670027 11203245 23 533218
A2 A2 1X0 326164 442221 3 116057
A2 A2 20X0 11527303 11572351 2 45048
A2 A2 21X0 11641844 11703566 2 61722
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species chromosome cluster start end duplicates length
A2 A2 22X0 11729703 11821334 4 91631
A2 A2 23X0 13181021 13393146 2 212125
A2 A2 24X0 14625706 14649658 2 23952
A2 A2 25X0 15607533 15962529 6 354996
A2 A2 26X0 16186344 16266990 4 80646
A2 A2 27X0 18238312 18397503 2 159191
A2 A2 28X0 18711803 18737288 2 25485
A2 A2 29X0 18854550 18893969 2 39419
A2 A2 2X0 735084 874024 2 138940
A2 A2 30X0 18917798 19060720 2 142922
A2 A2 31X0 19090509 19196521 4 106012
A2 A2 32X0 19207642 19225899 3 18257
A2 A2 33X0 20356777 20362138 2 5361
A2 A2 34X0 20482773 20564886 5 82113
A2 A2 35X0 20576017 20872282 3 296265
A2 A2 36X0 21325790 21376288 3 50498
A2 A2 37X0 51150755 51173939 2 23184
A2 A2 38X0 56620059 56690160 2 70101
A2 A2 39X0 63310755 63333416 2 22661
A2 A2 3X0 1260252 1343841 2 83589
A2 A2 40X0 77339699 77517232 4 177533
A2 A2 41X0 78413186 78574503 2 161317
A2 A2 42X0 78730276 78860478 2 130202
A2 A2 43X0 93005934 93194177 2 188243
A2 A2 44X0 95577393 95641466 2 64073
A2 A2 45X0 95744848 95809353 2 64505
A2 A2 46X0 97274863 97298027 2 23164
A2 A2 47X0 98962864 98979229 2 16365
A2 A2 48X0 100169466 100286924 3 117458
A2 A2 49X0 101759625 101777991 2 18366
A2 A2 4X0 1931450 1999208 3 67758
A2 A2 50X0 111293539 111355503 2 61964
A2 A2 51X0 113454011 113486795 2 32784
A2 A2 52X0 117155307 117366167 2 210860
A2 A2 53X0 120508432 120657611 10 149179
A2 A2 54X0 124016903 124146188 2 129285
A2 A2 55X0 125515854 125736705 2 220851
A2 A2 56X0 142804811 142859691 2 54880
A2 A2 57X0 146852657 146882846 2 30189
A2 A2 58X0 148084247 148185034 4 100787
A2 A2 59X0 155999270 156046935 2 47665
A2 A2 5X0 2376671 2406601 2 29930
A2 A2 60X0 157878202 158054043 5 175841
A2 A2 61X0 158082937 158252558 2 169621
A2 A2 62X0 158278509 158525965 7 247456
A2 A2 63X0 158608283 158666908 2 58625
A2 A2 64X0 159128624 159656934 19 528310
A2 A2 64X1 158756726 158773712 2 16986
A2 A2 65X0 163688275 163970622 8 282347
A2 A2 65X1 164076593 164266702 4 190109
A2 A2 66X0 164779293 164942939 3 163646
A2 A2 67X0 165904496 166005434 2 100938
A2 A2 6X0 2459508 2513786 2 54278
A2 A2 7X0 2945630 3176588 3 230958
A2 A2 8X0 4178642 4248767 2 70125
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
A2 A2 9X0 4574798 4633370 2 58572
A3 A3 10X0 28770772 29163529 7 392757
A3 A3 11X0 29480924 29588428 2 107504
A3 A3 12X0 30091772 30106541 2 14769
A3 A3 13X0 31442239 31462792 2 20553
A3 A3 14X0 43557616 43793384 2 235768
A3 A3 15X0 46682892 46785228 2 102336
A3 A3 16X0 48125271 48165225 2 39954
A3 A3 17X0 48539090 48790136 5 251046
A3 A3 18X0 54362825 54386202 2 23377
A3 A3 19X0 54789638 55001604 3 211966
A3 A3 1X0 473823 487572 2 13749
A3 A3 20X0 60173311 60610674 6 437363
A3 A3 21X0 63112338 63165556 2 53218
A3 A3 22X0 64888976 64909159 2 20183
A3 A3 23X0 64916019 64976197 2 60178
A3 A3 24X0 66060418 66109103 2 48685
A3 A3 25X0 67165083 67237449 2 72366
A3 A3 26X0 68937539 69173692 2 236153
A3 A3 27X0 88560563 88591379 2 30816
A3 A3 28X0 90150994 90185689 2 34695
A3 A3 29X0 91896516 92155214 2 258698
A3 A3 2X0 935155 956092 2 20937
A3 A3 30X0 93186391 93205201 2 18810
A3 A3 31X0 97118492 97158190 2 39698
A3 A3 32X0 102707457 102719424 2 11967
A3 A3 33X0 103823473 103883903 2 60430
A3 A3 34X0 104466811 104595833 6 129022
A3 A3 35X0 104847813 105121118 6 273305
A3 A3 36X0 105443069 105539931 2 96862
A3 A3 37X0 107248901 107318041 4 69140
A3 A3 38X0 110804107 111068177 2 264070
A3 A3 39X0 112646816 112848696 2 201880
A3 A3 3X0 10220290 10582692 3 362402
A3 A3 40X0 120945032 121135169 2 190137
A3 A3 41X0 123890980 123930523 2 39543
A3 A3 42X0 142245983 142360114 2 114131
A3 A3 4X0 15418513 15886480 9 467967
A3 A3 5X0 21621896 21682800 2 60904
A3 A3 6X0 25947066 26218074 6 271008
A3 A3 7X0 26950261 27180522 2 230261
A3 A3 8X0 27464840 27750096 10 285256
A3 A3 9X0 27907492 27998401 2 90909
B1 B1 10X0 46802626 46947588 2 144962
B1 B1 11X0 55169166 55245150 4 75984
B1 B1 12X0 65332371 65477749 4 145378
B1 B1 13X0 67049409 67077339 2 27930
B1 B1 14X0 74054061 74201925 2 147864
B1 B1 15X0 75180157 75229105 3 48948
B1 B1 16X0 121425166 121572701 2 147535
B1 B1 17X0 124654503 124850748 4 196245
B1 B1 18X0 134459201 134747591 3 288390
B1 B1 19X0 135608920 135677274 2 68354
B1 B1 1X0 6862001 7285871 15 423870
B1 B1 20X0 139569351 139652229 2 82878
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
B1 B1 21X0 140234423 140332491 3 98068
B1 B1 22X0 145026793 145137202 2 110409
B1 B1 23X0 146137267 146202668 3 65401
B1 B1 24X0 147886171 148130339 6 244168
B1 B1 25X0 148280851 148423061 4 142210
B1 B1 26X0 151391237 151523240 3 132003
B1 B1 27X0 151594328 151735888 2 141560
B1 B1 28X0 151873775 152380631 7 506856
B1 B1 29X0 166609454 166656055 2 46601
B1 B1 2X0 14494111 14496995 2 2884
B1 B1 30X0 167270017 167382020 2 112003
B1 B1 31X0 196182899 196318277 2 135378
B1 B1 32X0 202637266 202814159 2 176893
B1 B1 33X0 203057188 203129886 2 72698
B1 B1 34X0 203553160 203595586 3 42426
B1 B1 3X0 17132773 17177817 2 45044
B1 B1 4X0 18747295 18796631 2 49336
B1 B1 5X0 33772754 33993822 4 221068
B1 B1 6X0 34677425 34713964 2 36539
B1 B1 7X0 42285640 42353856 2 68216
B1 B1 8X0 44675737 44782301 2 106564
B1 B1 9X0 44820973 45915545 6 1094572
B2 B2 10X0 25709866 25764996 2 55130
B2 B2 11X0 25959399 26086326 3 126927
B2 B2 12X0 31998620 32106374 3 107754
B2 B2 13X0 32459068 32708658 14 249590
B2 B2 14X0 32786138 32802651 3 16513
B2 B2 15X0 32899623 32917912 2 18289
B2 B2 16X0 33601519 34161918 17 560399
B2 B2 17X0 34400254 34927411 13 527157
B2 B2 18X0 34928370 35056143 2 127773
B2 B2 19X0 37191471 37484539 3 293068
B2 B2 1X0 182990 287315 4 104325
B2 B2 20X0 40384282 40496742 3 112460
B2 B2 21X0 42223048 42364092 5 141044
B2 B2 22X0 43102230 43121551 2 19321
B2 B2 23X0 43865094 44057276 4 192182
B2 B2 24X0 46738287 46772529 2 34242
B2 B2 25X0 47435700 47597590 2 161890
B2 B2 26X0 48173171 48225825 2 52654
B2 B2 27X0 50128657 50330747 2 202090
B2 B2 28X0 50394304 50505509 5 111205
B2 B2 29X0 51137746 51269579 2 131833
B2 B2 2X0 456506 933531 16 477025
B2 B2 2X1 1008325 1608861 12 600536
B2 B2 30X0 52598447 52666783 2 68336
B2 B2 31X0 53099907 53212149 5 112242
B2 B2 32X0 69029091 69054367 3 25276
B2 B2 33X0 82686749 82780564 2 93815
B2 B2 34X0 97479898 97537395 2 57497
B2 B2 35X0 101525020 101610730 2 85710
B2 B2 36X0 102829064 102977924 2 148860
B2 B2 37X0 107535705 107556822 2 21117
B2 B2 38X0 107744865 107825341 3 80476
B2 B2 39X0 107903272 108090683 3 187411
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
B2 B2 3X0 1670159 2377396 15 707237
B2 B2 40X0 117775944 117834212 2 58268
B2 B2 41X0 122436580 122566981 10 130401
B2 B2 42X0 126417765 126556639 2 138874
B2 B2 43X0 147038122 147294934 3 256812
B2 B2 44X0 152771416 152813899 2 42483
B2 B2 4X0 2864965 2974633 4 109668
B2 B2 5X0 3017273 3083965 13 66692
B2 B2 6X0 3303811 3376343 2 72532
B2 B2 7X0 3650291 3683666 3 33375
B2 B2 8X0 3848276 4375363 34 527087
B2 B2 9X0 18342087 18397816 2 55729
B3 B3 10X0 34040725 34081039 2 40314
B3 B3 11X0 34384613 34529863 2 145250
B3 B3 12X0 41871081 41956171 2 85090
B3 B3 13X0 54501445 54631742 2 130297
B3 B3 14X0 55687102 55784055 2 96953
B3 B3 15X0 60712194 60778466 4 66272
B3 B3 16X0 62195163 62289726 3 94563
B3 B3 17X0 63200835 63499117 4 298282
B3 B3 18X0 64934040 65032739 2 98699
B3 B3 19X0 72925540 73384251 18 458711
B3 B3 19X1 71684579 72487790 19 803211
B3 B3 19X2 72516547 72907883 9 391336
B3 B3 1X0 169537 257051 3 87514
B3 B3 20X0 73680749 74055854 9 375105
B3 B3 21X0 74538141 74613941 5 75800
B3 B3 22X0 74707687 75046337 9 338650
B3 B3 23X0 75861602 75873932 2 12330
B3 B3 24X0 76134102 76187655 2 53553
B3 B3 25X0 76333775 76775834 5 442059
B3 B3 26X0 76786889 76792801 2 5912
B3 B3 27X0 76871619 76915707 2 44088
B3 B3 28X0 76948977 77039271 6 90294
B3 B3 29X0 87948476 88015727 2 67251
B3 B3 2X0 2295287 2366668 2 71381
B3 B3 30X0 99746093 99815525 2 69432
B3 B3 31X0 100263725 100455887 2 192162
B3 B3 32X0 102100682 102162931 2 62249
B3 B3 33X0 109467600 109658305 2 190705
B3 B3 34X0 112999193 113049485 2 50292
B3 B3 35X0 115835505 115875025 2 39520
B3 B3 36X0 118262090 118319532 4 57442
B3 B3 37X0 121030010 121152135 4 122125
B3 B3 38X0 122255515 122450772 2 195257
B3 B3 39X0 122573871 122803344 3 229473
B3 B3 3X0 4789473 5028926 3 239453
B3 B3 40X0 139523969 139807122 8 283153
B3 B3 41X0 140746202 140782610 2 36408
B3 B3 42X0 147353622 147385738 2 32116
B3 B3 43X0 149331443 149567911 4 236468
B3 B3 4X0 6097999 6119446 2 21447
B3 B3 5X0 6864744 6914412 2 49668
B3 B3 6X0 7082475 7107932 2 25457
B3 B3 7X0 23202606 23251363 2 48757
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
B3 B3 8X0 28201062 28331424 2 130362
B3 B3 9X0 33313520 33638726 7 325206
B4 B4 10X0 42111645 42150955 2 39310
B4 B4 11X0 42625173 42765863 4 140690
B4 B4 12X0 43178711 43219672 2 40961
B4 B4 13X0 43423309 43777656 4 354347
B4 B4 14X0 45950652 46515462 15 564810
B4 B4 14X1 46682489 47198348 7 515859
B4 B4 15X0 47404518 47554803 4 150285
B4 B4 16X0 48894949 48944542 2 49593
B4 B4 17X0 49055164 49178786 2 123622
B4 B4 18X0 55969638 56181363 3 211725
B4 B4 19X0 56297917 56739299 4 441382
B4 B4 1X0 4647400 4756740 2 109340
B4 B4 20X0 75476989 75602856 2 125867
B4 B4 21X0 77091252 77115370 2 24118
B4 B4 22X0 77421474 77688337 13 266863
B4 B4 23X0 77873336 78058983 5 185647
B4 B4 24X0 78103371 78243644 3 140273
B4 B4 25X0 78638813 78783470 2 144657
B4 B4 26X0 78833170 78856432 3 23262
B4 B4 27X0 80485189 80563067 2 77878
B4 B4 28X0 80691531 81404817 27 713286
B4 B4 29X0 81586089 81790853 3 204764
B4 B4 2X0 4880297 4901318 2 21021
B4 B4 30X0 81798199 81857158 2 58959
B4 B4 31X0 82272248 82391286 9 119038
B4 B4 32X0 83243128 83913559 12 670431
B4 B4 33X0 83920081 84344041 16 423960
B4 B4 34X0 84788004 84795610 2 7606
B4 B4 35X0 85336438 85489412 4 152974
B4 B4 36X0 95382387 95421346 2 38959
B4 B4 37X0 101300560 101442619 3 142059
B4 B4 38X0 106072285 106085024 2 12739
B4 B4 39X0 115077290 115215798 3 138508
B4 B4 3X0 6932921 7093599 2 160678
B4 B4 40X0 133206301 133379325 4 173024
B4 B4 41X0 133721516 133808110 2 86594
B4 B4 42X0 136806527 136855281 2 48754
B4 B4 43X0 138316070 138440135 2 124065
B4 B4 44X0 139202110 139278814 2 76704
B4 B4 45X0 144023385 144040369 2 16984
B4 B4 4X0 32281833 32284806 2 2973
B4 B4 5X0 37702640 37766339 2 63699
B4 B4 6X0 38470960 38638010 2 167050
B4 B4 7X0 39605489 39678939 2 73450
B4 B4 8X0 40048663 40284635 3 235972
B4 B4 9X0 41824162 41885635 2 61473
C1 C1 10X0 18933269 18953915 2 20646
C1 C1 11X0 20588589 20831703 2 243114
C1 C1 12X0 24000748 24134760 2 134012
C1 C1 13X0 24501323 24615669 3 114346
C1 C1 14X0 24661942 24800857 2 138915
C1 C1 15X0 26731350 26768600 3 37250
C1 C1 16X0 26936721 27273552 3 336831
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
C1 C1 17X0 27612394 27836249 3 223855
C1 C1 18X0 29443825 29489297 2 45472
C1 C1 19X0 30762788 30913196 2 150408
C1 C1 1X0 4313808 4335007 2 21199
C1 C1 20X0 31276759 31621451 4 344692
C1 C1 21X0 33086699 33093959 2 7260
C1 C1 22X0 33907567 33985339 5 77772
C1 C1 23X0 34041184 34214588 2 173404
C1 C1 24X0 37427626 37591443 5 163817
C1 C1 25X0 37823167 37845802 2 22635
C1 C1 26X0 42818160 42997559 2 179399
C1 C1 27X0 55937699 56113955 2 176256
C1 C1 28X0 66279091 66315202 2 36111
C1 C1 29X0 71893129 71981885 2 88756
C1 C1 2X0 6954541 7037106 2 82565
C1 C1 30X0 73278691 73502144 4 223453
C1 C1 31X0 75718031 76035010 5 316979
C1 C1 32X0 76168097 76518449 3 350352
C1 C1 33X0 92694783 92822796 2 128013
C1 C1 34X0 93833849 93891971 2 58122
C1 C1 35X0 93948234 93973751 3 25517
C1 C1 36X0 95397040 95488248 4 91208
C1 C1 37X0 96697920 96839725 2 141805
C1 C1 38X0 100404983 100538684 2 133701
C1 C1 39X0 103867202 103895794 2 28592
C1 C1 3X0 8503267 8522773 3 19506
C1 C1 40X0 105085104 105182459 9 97355
C1 C1 41X0 105900812 105952068 2 51256
C1 C1 42X0 106375493 106519337 2 143844
C1 C1 43X0 106870612 106926677 2 56065
C1 C1 44X0 107600004 107860481 3 260477
C1 C1 45X0 121575202 121771473 2 196271
C1 C1 46X0 142544889 142782343 2 237454
C1 C1 47X0 144346196 144374394 2 28198
C1 C1 48X0 151897263 152153839 2 256576
C1 C1 49X0 160935839 161132383 2 196544
C1 C1 4X0 12208353 12478761 5 270408
C1 C1 50X0 163234640 163252940 2 18300
C1 C1 51X0 166849207 166958083 10 108876
C1 C1 52X0 168261159 168319785 2 58626
C1 C1 53X0 178525279 178639310 2 114031
C1 C1 54X0 180440415 180583939 2 143524
C1 C1 55X0 188088286 188248547 3 160261
C1 C1 56X0 190521003 190746651 3 225648
C1 C1 57X0 202003835 202038612 2 34777
C1 C1 58X0 203278105 203384065 3 105960
C1 C1 59X0 203887110 203919611 2 32501
C1 C1 5X0 14049275 14065651 2 16376
C1 C1 60X0 204244176 204261684 2 17508
C1 C1 61X0 204452399 204524509 2 72110
C1 C1 62X0 211573760 211624943 2 51183
C1 C1 63X0 214061075 214239050 2 177975
C1 C1 64X0 215349937 215367733 2 17796
C1 C1 6X0 14579870 14735256 4 155386
C1 C1 7X0 15205603 15263563 2 57960
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
C1 C1 8X0 16779945 16801352 3 21407
C1 C1 9X0 17998315 18050096 2 51781
C2 C2 10X0 12286779 12331238 2 44459
C2 C2 11X0 14519367 14744401 7 225034
C2 C2 12X0 14775112 14939039 10 163927
C2 C2 13X0 14999473 15049786 2 50313
C2 C2 14X0 17941310 18079078 2 137768
C2 C2 15X0 46303024 46636890 11 333866
C2 C2 16X0 56329297 56364686 2 35389
C2 C2 17X0 58994055 59852915 5 858860
C2 C2 18X0 68301636 68466781 3 165145
C2 C2 19X0 74410021 74467454 3 57433
C2 C2 1X0 690866 855467 2 164601
C2 C2 20X0 79887867 80006213 2 118346
C2 C2 21X0 83090317 83185609 4 95292
C2 C2 22X0 85343349 85569128 5 225779
C2 C2 23X0 85789854 85970585 2 180731
C2 C2 24X0 98343587 98411985 3 68398
C2 C2 25X0 106810136 106995947 2 185811
C2 C2 26X0 108429994 108521147 2 91153
C2 C2 27X0 114798519 114871313 2 72794
C2 C2 28X0 115312106 115447000 5 134894
C2 C2 29X0 117030564 117232899 3 202335
C2 C2 2X0 1931045 1970247 2 39202
C2 C2 30X0 117251309 117355124 2 103815
C2 C2 31X0 117609049 117675809 2 66760
C2 C2 32X0 118890691 118918857 2 28166
C2 C2 33X0 119697806 120019973 4 322167
C2 C2 34X0 126081574 126174828 2 93254
C2 C2 35X0 126599621 126611506 2 11885
C2 C2 36X0 131213849 131393253 4 179404
C2 C2 37X0 145600476 145811284 2 210808
C2 C2 38X0 150292461 150504268 3 211807
C2 C2 39X0 150823095 151019727 2 196632
C2 C2 3X0 2097954 2179394 2 81440
C2 C2 40X0 152888809 152945150 3 56341
C2 C2 41X0 153837644 153931766 2 94122
C2 C2 42X0 154204418 154575132 3 370714
C2 C2 43X0 154761369 154807988 2 46619
C2 C2 44X0 160890371 161112948 6 222577
C2 C2 4X0 2622907 2736711 2 113804
C2 C2 5X0 3740947 3787817 3 46870
C2 C2 6X0 4037956 4211024 2 173068
C2 C2 7X0 9362511 9489134 4 126623
C2 C2 8X0 11009600 11090113 2 80513
C2 C2 9X0 11922324 12131244 4 208920
D1 D1 10X0 15775945 15886646 5 110701
D1 D1 11X0 15914466 15937041 2 22575
D1 D1 12X0 20825081 21650253 37 825172
D1 D1 13X0 21808137 21962848 5 154711
D1 D1 14X0 22981851 23062198 2 80347
D1 D1 15X0 25802481 25882749 2 80268
D1 D1 16X0 27178226 27245514 2 67288
D1 D1 17X0 31020204 31282015 3 261811
D1 D1 18X0 40718073 40735298 2 17225
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
D1 D1 19X0 45256823 45365204 3 108381
D1 D1 1X0 1041682 1095582 2 53900
D1 D1 20X0 48416645 48462235 2 45590
D1 D1 21X0 49021426 49055297 2 33871
D1 D1 22X0 56153339 56305639 2 152300
D1 D1 23X0 57520355 57663148 2 142793
D1 D1 24X0 58436795 58524393 2 87598
D1 D1 25X0 59939149 59974257 2 35108
D1 D1 26X0 102983531 103319580 22 336049
D1 D1 26X1 62868573 63277661 28 409088
D1 D1 26X10 105555897 106242153 17 686256
D1 D1 26X11 104893800 105394049 14 500249
D1 D1 26X12 102049984 102413344 9 363360
D1 D1 26X13 61564512 61869785 7 305273
D1 D1 26X14 104204842 104611749 7 406907
D1 D1 26X15 66602402 66737395 7 134993
D1 D1 26X16 76106891 76359899 6 253008
D1 D1 26X17 60594157 60662532 2 68375
D1 D1 26X18 98404583 98435996 2 31413
D1 D1 26X2 63331417 63832472 32 501055
D1 D1 26X3 103334132 103957530 29 623398
D1 D1 26X4 102472759 102947949 26 475190
D1 D1 26X5 62278137 62844017 21 565880
D1 D1 26X6 64283782 64580790 17 297008
D1 D1 26X7 64596461 65077672 17 481211
D1 D1 26X8 63852886 64255104 15 402218
D1 D1 26X9 65628517 65916145 15 287628
D1 D1 27X0 106313305 106348934 2 35629
D1 D1 28X0 106445060 107005953 10 560893
D1 D1 29X0 107142348 107268885 2 126537
D1 D1 2X0 1185300 1523789 9 338489
D1 D1 30X0 107322817 107357926 2 35109
D1 D1 31X0 107813442 107946791 3 133349
D1 D1 32X0 108144180 108229203 3 85023
D1 D1 33X0 108383310 108560008 2 176698
D1 D1 34X0 108672301 108860598 2 188297
D1 D1 35X0 108895298 109025191 3 129893
D1 D1 36X0 109146517 109220722 2 74205
D1 D1 37X0 109799072 109838100 2 39028
D1 D1 38X0 110016229 110060090 2 43861
D1 D1 39X0 110662157 110754620 2 92463
D1 D1 3X0 3159883 3205621 2 45738
D1 D1 40X0 111611415 111663409 3 51994
D1 D1 41X0 112170307 112302513 2 132206
D1 D1 42X0 112319760 112379624 2 59864
D1 D1 43X0 112471565 112547844 2 76279
D1 D1 44X0 113852454 113932711 3 80257
D1 D1 45X0 115941577 115972658 2 31081
D1 D1 46X0 116112828 116184884 2 72056
D1 D1 47X0 117010020 117052986 4 42966
D1 D1 48X0 117475373 117503775 2 28402
D1 D1 4X0 9944204 9950758 2 6554
D1 D1 5X0 11794370 11863214 2 68844
D1 D1 6X0 12129089 12170690 2 41601
D1 D1 7X0 14536192 14572621 3 36429
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
D1 D1 8X0 15511698 15553097 2 41399
D1 D1 9X0 15580212 15760878 2 180666
D2 D2 10X0 47212575 47226341 2 13766
D2 D2 11X0 50243443 50366472 6 123029
D2 D2 12X0 51448884 51471007 2 22123
D2 D2 13X0 55346636 55364381 2 17745
D2 D2 14X0 56668363 56745366 2 77003
D2 D2 15X0 61786458 61856093 2 69635
D2 D2 16X0 63741699 63770204 3 28505
D2 D2 17X0 64539353 64577413 2 38060
D2 D2 18X0 75270043 75438934 4 168891
D2 D2 19X0 79667235 79773246 2 106011
D2 D2 1X0 8237286 8472843 5 235557
D2 D2 20X0 80787481 80863562 2 76081
D2 D2 21X0 80884144 80939726 2 55582
D2 D2 22X0 81104713 81119575 2 14862
D2 D2 23X0 89735098 89804906 2 69808
D2 D2 24X0 89945036 90021125 3 76089
D2 D2 2X0 8945464 9024849 4 79385
D2 D2 3X0 9032416 9387491 3 355075
D2 D2 4X0 32030104 32312154 3 282050
D2 D2 5X0 32326288 32521678 2 195390
D2 D2 6X0 37493054 37563286 2 70232
D2 D2 7X0 41696937 41740619 3 43682
D2 D2 8X0 41801532 41826613 2 25081
D2 D2 9X0 44873327 44896457 2 23130
D3 D3 10X0 19129510 19167619 4 38109
D3 D3 11X0 19351902 19401542 2 49640
D3 D3 12X0 19873044 19960991 2 87947
D3 D3 13X0 20087626 20978521 23 890895
D3 D3 14X0 21010839 21152233 2 141394
D3 D3 15X0 22467406 22544707 3 77301
D3 D3 16X0 22658201 22685257 2 27056
D3 D3 17X0 29133106 29140016 2 6910
D3 D3 18X0 29545630 29724898 2 179268
D3 D3 19X0 30226320 30386350 2 160030
D3 D3 1X0 188601 393985 6 205384
D3 D3 20X0 30510341 30581872 2 71531
D3 D3 21X0 33119732 33204203 2 84471
D3 D3 22X0 42846050 42874695 2 28645
D3 D3 23X0 54938177 55477895 7 539718
D3 D3 24X0 55838221 55930718 2 92497
D3 D3 25X0 58788924 58886151 5 97227
D3 D3 26X0 68165709 68280217 2 114508
D3 D3 27X0 83423901 83788475 9 364574
D3 D3 28X0 92286837 92344642 2 57805
D3 D3 2X0 7105249 7121198 2 15949
D3 D3 3X0 8241568 8331200 2 89632
D3 D3 4X0 9768437 9788669 2 20232
D3 D3 5X0 10679741 10742441 3 62700
D3 D3 6X0 11018073 11049300 2 31227
D3 D3 7X0 16708259 16805677 2 97418
D3 D3 8X0 17268767 17306978 2 38211
D3 D3 9X0 18872313 19070236 3 197923
D4 D4 10X0 49515759 49734355 2 218596
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
D4 D4 11X0 57605532 57659204 2 53672
D4 D4 12X0 58369591 58473684 2 104093
D4 D4 13X0 58501171 58521712 2 20541
D4 D4 14X0 59359088 59530864 2 171776
D4 D4 15X0 59580881 59707239 8 126358
D4 D4 16X0 61810495 61943413 2 132918
D4 D4 17X0 65328673 65357579 2 28906
D4 D4 18X0 67858145 68164198 12 306053
D4 D4 19X0 68192803 68244376 2 51573
D4 D4 1X0 557757 682408 4 124651
D4 D4 20X0 71657868 71665658 2 7790
D4 D4 21X0 71999733 72196573 2 196840
D4 D4 22X0 72864469 72928065 2 63596
D4 D4 23X0 75170784 75236902 2 66118
D4 D4 24X0 75296646 75406496 2 109850
D4 D4 25X0 75416057 75479258 2 63201
D4 D4 26X0 82562382 82635052 3 72670
D4 D4 27X0 83503671 84068216 22 564545
D4 D4 28X0 84157548 84175270 2 17722
D4 D4 29X0 87618275 87665954 2 47679
D4 D4 2X0 6200087 6342302 2 142215
D4 D4 30X0 88511717 88539257 2 27540
D4 D4 31X0 88709017 88854208 7 145191
D4 D4 32X0 90101901 90118801 2 16900
D4 D4 33X0 94262068 94282577 2 20509
D4 D4 34X0 95210292 95582295 11 372003
D4 D4 35X0 95667650 95705432 2 37782
D4 D4 3X0 6375807 6434998 2 59191
D4 D4 4X0 10150871 10286208 2 135337
D4 D4 5X0 28236740 28631178 5 394438
D4 D4 6X0 28634900 28700386 2 65486
D4 D4 7X0 30880303 31013347 2 133044
D4 D4 8X0 47624644 47829647 10 205003
D4 D4 9X0 48177372 48224606 2 47234
E1 E1 10X0 9312036 9434936 3 122900
E1 E1 11X0 10515512 10588147 2 72635
E1 E1 12X0 10627083 10727218 2 100135
E1 E1 13X0 13277248 13410278 2 133030
E1 E1 14X0 13517254 13581729 2 64475
E1 E1 15X0 13629763 13944794 16 315031
E1 E1 16X0 15083678 15107018 2 23340
E1 E1 18X0 17972834 18183659 4 210825
E1 E1 19X0 22086119 22151908 4 65789
E1 E1 1X0 548845 620493 2 71648
E1 E1 20X0 23276062 23419041 6 142979
E1 E1 21X0 28163604 28240694 2 77090
E1 E1 22X0 30565120 30645904 3 80784
E1 E1 23X0 30656244 30683302 3 27058
E1 E1 24X0 37153363 37181285 2 27922
E1 E1 25X0 37216123 37268946 2 52823
E1 E1 26X0 37468269 37503401 2 35132
E1 E1 27X0 37595724 37622235 2 26511
E1 E1 28X0 38619061 38794088 10 175027
E1 E1 29X0 39342093 39401107 2 59014
E1 E1 2X0 1678893 1816711 2 137818
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
E1 E1 30X0 41069694 41100928 2 31234
E1 E1 31X0 41584837 41836820 11 251983
E1 E1 32X0 41848907 41866794 3 17887
E1 E1 33X0 41885825 42116875 10 231050
E1 E1 34X0 42150814 42409233 17 258419
E1 E1 35X0 42566804 42585367 2 18563
E1 E1 36X0 42640520 42695860 2 55340
E1 E1 37X0 42702218 42801439 2 99221
E1 E1 38X0 42838902 42968081 3 129179
E1 E1 39X0 43165089 43207086 2 41997
E1 E1 3X0 2062837 2068652 2 5815
E1 E1 40X0 43345086 43373384 3 28298
E1 E1 41X0 43982243 44067681 2 85438
E1 E1 42X0 44083943 44093512 2 9569
E1 E1 43X0 45505655 45599347 2 93692
E1 E1 44X0 47943443 48020476 2 77033
E1 E1 45X0 49718426 49881003 3 162577
E1 E1 46X0 51980946 52216642 3 235696
E1 E1 46X1 51790884 51952174 2 161290
E1 E1 47X0 52888259 52932658 2 44399
E1 E1 48X0 56566483 56603927 3 37444
E1 E1 48X1 56722631 56820071 2 97440
E1 E1 49X0 57008187 57029478 2 21291
E1 E1 4X0 2088360 2146538 3 58178
E1 E1 50X0 57782398 57798066 2 15668
E1 E1 51X0 58347244 58401897 2 54653
E1 E1 52X0 60691595 60749382 3 57787
E1 E1 53X0 62384799 62395796 2 10997
E1 E1 54X0 63189125 63213958 2 24833
E1 E1 5X0 2344817 2349721 2 4904
E1 E1 6X0 2454425 2465860 2 11435
E1 E1 7X0 2855987 2913361 3 57374
E1 E1 8X0 3465847 3603925 2 138078
E1 E1 9X0 4628000 4939733 6 311733
E2 E2 10X0 4965132 5189799 3 224667
E2 E2 11X0 5232809 5272941 2 40132
E2 E2 12X0 5444071 5618276 5 174205
E2 E2 13X0 5795305 5963117 4 167812
E2 E2 14X0 6051602 6075799 2 24197
E2 E2 15X0 6117907 6510592 10 392685
E2 E2 16X0 6568745 6750065 7 181320
E2 E2 17X0 6783124 6836072 2 52948
E2 E2 18X0 6935311 7280593 12 345282
E2 E2 19X0 7307799 7492431 14 184632
E2 E2 1X0 1169875 1446159 12 276284
E2 E2 1X1 1447681 1812964 10 365283
E2 E2 1X2 257716 651741 10 394025
E2 E2 1X3 696310 1054460 7 358150
E2 E2 20X0 8184301 8220235 2 35934
E2 E2 21X0 8640978 8699570 2 58592
E2 E2 22X0 8993440 9089126 2 95686
E2 E2 23X0 10817737 10838735 2 20998
E2 E2 24X0 11051895 11201608 4 149713
E2 E2 25X0 11205584 11278816 2 73232
E2 E2 26X0 11745946 12008840 6 262894
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
E2 E2 27X0 12773342 13029029 10 255687
E2 E2 27X1 12514105 12756252 5 242147
E2 E2 27X2 12029609 12472641 10 443032
E2 E2 28X0 13183349 13311077 3 127728
E2 E2 29X0 13787762 13991096 6 203334
E2 E2 2X0 2074369 2714117 17 639748
E2 E2 30X0 14267383 14279562 2 12179
E2 E2 31X0 14302325 14624492 4 322167
E2 E2 32X0 14874679 14919922 2 45243
E2 E2 33X0 14955516 15151579 3 196063
E2 E2 34X0 15262296 15279177 2 16881
E2 E2 35X0 16737191 17112020 8 374829
E2 E2 35X1 16038564 16378728 7 340164
E2 E2 35X2 16399727 16713826 5 314099
E2 E2 35X3 17199884 17571529 7 371645
E2 E2 36X0 17634122 17749102 4 114980
E2 E2 37X0 17764987 17793466 2 28479
E2 E2 38X0 18151242 18219558 3 68316
E2 E2 39X0 18224496 18263907 2 39411
E2 E2 3X0 2726528 3016931 4 290403
E2 E2 40X0 18365988 18413911 4 47923
E2 E2 41X0 18542918 18635688 2 92770
E2 E2 42X0 19771098 19847674 2 76576
E2 E2 43X0 28414304 28577467 2 163163
E2 E2 44X0 35202882 35308423 2 105541
E2 E2 45X0 35869710 35924873 5 55163
E2 E2 46X0 36482889 36526085 3 43196
E2 E2 47X0 36642159 36758477 3 116318
E2 E2 48X0 44402372 44542502 4 140130
E2 E2 49X0 44740339 44786401 2 46062
E2 E2 4X0 3073465 3132626 7 59161
E2 E2 50X0 44908547 44953849 2 45302
E2 E2 51X0 46189993 46356337 2 166344
E2 E2 52X0 49982690 49999067 2 16377
E2 E2 53X0 51009633 51065302 2 55669
E2 E2 54X0 51835574 51862176 3 26602
E2 E2 55X0 57575137 57695914 2 120777
E2 E2 56X0 61213504 61266958 2 53454
E2 E2 57X0 62674976 62895882 4 220906
E2 E2 5X0 3154464 3358078 3 203614
E2 E2 6X0 3446856 3465224 2 18368
E2 E2 7X0 3560074 4126363 12 566289
E2 E2 8X0 4149307 4222630 3 73323
E2 E2 9X0 4420370 4779372 6 359002
E3 E3 10X0 10280270 10388428 4 108158
E3 E3 11X0 10879014 11196826 3 317812
E3 E3 12X0 20096448 20315178 3 218730
E3 E3 13X0 20444250 20512064 5 67814
E3 E3 14X0 20527419 20561593 2 34174
E3 E3 15X0 20641598 20648360 2 6762
E3 E3 16X0 20734079 21060549 6 326470
E3 E3 17X0 21181426 21210187 2 28761
E3 E3 18X0 22832028 22918895 2 86867
E3 E3 19X0 24657862 24707258 2 49396
E3 E3 1X0 1040545 1071783 2 31238
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
E3 E3 20X0 25831393 25860463 2 29070
E3 E3 21X0 26126915 26289528 2 162613
E3 E3 22X0 27441040 27526578 2 85538
E3 E3 23X0 28080805 28166691 2 85886
E3 E3 24X0 28395579 28502345 2 106766
E3 E3 25X0 28556936 28591493 2 34557
E3 E3 26X0 29368696 29514954 2 146258
E3 E3 27X0 31475930 31604466 2 128536
E3 E3 28X0 41742143 42051116 12 308973
E3 E3 29X0 42124804 42127476 2 2672
E3 E3 2X0 4693461 4835396 4 141935
E3 E3 30X0 42277351 42376378 6 99027
E3 E3 31X0 42623725 42712784 2 89059
E3 E3 32X0 42764289 42970804 3 206515
E3 E3 33X0 43532762 43553618 3 20856
E3 E3 34X0 44005981 44089788 4 83807
E3 E3 35X0 44302051 44381359 2 79308
E3 E3 36X0 44461815 44481309 6 19494
E3 E3 3X0 6585372 6633422 2 48050
E3 E3 4X0 6749879 6897168 5 147289
E3 E3 5X0 6966460 7072376 2 105916
E3 E3 6X0 7212875 7320663 3 107788
E3 E3 7X0 7737167 7915493 2 178326
E3 E3 8X0 9192637 9214262 2 21625
E3 E3 9X0 9691595 9708715 2 17120
F1 F1 10X0 37255005 37591991 6 336986
F1 F1 11X0 37706049 37769177 3 63128
F1 F1 12X0 37771136 37883379 4 112243
F1 F1 13X0 37911708 37997598 2 85890
F1 F1 14X0 38135159 38215948 2 80789
F1 F1 15X0 42194974 42252965 2 57991
F1 F1 16X0 42865612 43041114 2 175502
F1 F1 17X0 43499264 43632861 2 133597
F1 F1 18X0 43826053 43874113 2 48060
F1 F1 19X0 43959161 44086165 3 127004
F1 F1 1X0 2553327 2660844 2 107517
F1 F1 20X0 45322841 45448610 2 125769
F1 F1 21X0 45514028 45841739 3 327711
F1 F1 22X0 45881175 45961396 2 80221
F1 F1 23X0 46030209 46193419 2 163210
F1 F1 24X0 59917693 59986440 2 68747
F1 F1 25X0 61413457 61468306 2 54849
F1 F1 26X0 65634589 65749549 4 114960
F1 F1 27X0 65946660 66520586 9 573926
F1 F1 28X0 66789784 66849014 2 59230
F1 F1 29X0 66862244 67116521 8 254277
F1 F1 2X0 4014243 4047355 2 33112
F1 F1 30X0 67423576 67638683 8 215107
F1 F1 31X0 67845999 68146645 13 300646
F1 F1 32X0 68178530 68462798 8 284268
F1 F1 33X0 68511308 68879024 6 367716
F1 F1 34X0 68999281 69035663 2 36382
F1 F1 35X0 69186516 69222290 2 35774
F1 F1 36X0 69784275 69927054 3 142779
F1 F1 37X0 70274303 70291839 2 17536
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
F1 F1 38X0 70416244 70478633 3 62389
F1 F1 39X0 70490133 70518030 2 27897
F1 F1 3X0 9713426 9807373 2 93947
F1 F1 40X0 71470402 71542514 2 72112
F1 F1 4X0 11748449 11933209 2 184760
F1 F1 5X0 14188813 14294921 3 106108
F1 F1 6X0 15454766 15651818 5 197052
F1 F1 7X0 17907992 18046650 2 138658
F1 F1 8X0 27899420 27946399 3 46979
F1 F1 9X0 30172552 30256352 2 83800
F2 F2 1X0 7731961 7963322 2 231361
F2 F2 2X0 10302927 10451477 2 148550
F2 F2 3X0 31876352 32176957 5 300605
F2 F2 4X0 35390315 35599672 3 209357
F2 F2 5X0 68381929 68644070 2 262141
F2 F2 6X0 84118508 84403691 11 285183
F2 F2 7X0 84413816 84719417 4 305601
F2 F2 8X0 85076631 85186299 2 109668
F2 F2 9X0 85228033 85732719 7 504686
X X 10X0 38676872 38874471 2 197599
X X 11X0 41810145 42488341 5 678196
X X 12X0 43168903 43194195 2 25292
X X 13X0 44776919 44942813 2 165894
X X 14X0 45393142 45712838 4 319696
X X 15X0 47800650 47940356 2 139706
X X 16X0 50197949 50318152 2 120203
X X 17X0 59522397 59698023 3 175626
X X 18X0 61815792 61848260 2 32468
X X 19X0 66528771 66993283 4 464512
X X 1X0 85872 131925 2 46053
X X 20X0 83743876 83822462 4 78586
X X 21X0 84261380 84284887 2 23507
X X 22X0 85146674 85485861 5 339187
X X 23X0 86272290 86313403 2 41113
X X 24X0 90344972 90579781 2 234809
X X 25X0 100039630 100086380 2 46750
X X 26X0 110675889 110820860 4 144971
X X 27X0 113469683 113536376 2 66693
X X 28X0 113897424 113983190 2 85766
X X 29X0 125894744 126048243 2 153499
X X 2X0 912887 993943 2 81056
X X 30X0 128653120 129125892 5 472772
X X 31X0 130003983 130014191 2 10208
X X 3X0 1064259 1225581 2 161322
X X 4X0 1755811 1872577 4 116766
X X 5X0 9893077 9951025 2 57948
X X 6X0 12064094 12124435 2 60341
X X 7X0 20642129 20663484 2 21355
X X 8X0 23702073 23751176 2 49103
X X 9X0 32701182 33120440 5 419258

Gorilla gorilla

1 1 100X0 184789150 184894737 2 105587
1 1 101X0 184982989 185376746 3 393757
1 1 102X0 186247233 186509643 3 262410
1 1 103X0 186544250 186678319 4 134069
1 1 104X0 186680402 186746983 3 66581
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 105X0 186866591 187118298 4 251707
1 1 106X0 187250586 187593042 3 342456
1 1 107X0 200749767 200814708 2 64941
1 1 108X0 203726153 203879412 2 153259
1 1 109X0 205598534 205653469 2 54935
1 1 10X0 15398872 15455989 3 57117
1 1 110X0 207664221 207822171 2 157950
1 1 111X0 208155016 208275631 5 120615
1 1 112X0 227044723 227398287 5 353564
1 1 113X0 228160044 228634145 14 474101
1 1 113X1 227527719 228138332 14 610613
1 1 11X0 16899654 17251281 5 351627
1 1 12X0 19153418 19186776 2 33358
1 1 13X0 19810757 20067199 5 256442
1 1 14X0 20623092 20691803 2 68711
1 1 15X0 21947991 21988452 2 40461
1 1 16X0 22630688 22655871 3 25183
1 1 17X0 24151694 24223040 2 71346
1 1 18X0 25473284 25475893 2 2609
1 1 19X0 27480226 27751002 2 270776
1 1 1X0 1068880 1304565 5 235685
1 1 20X0 31786077 31923700 2 137623
1 1 21X0 32384581 32538776 3 154195
1 1 22X0 32639255 32773713 2 134458
1 1 23X0 32794971 32825324 2 30353
1 1 24X0 33515808 33738180 2 222372
1 1 25X0 35051948 35056675 2 4727
1 1 26X0 35281435 35414157 2 132722
1 1 27X0 36121949 36380381 3 258432
1 1 28X0 39895865 40051327 2 155462
1 1 29X0 40927036 41031218 3 104182
1 1 2X0 6222143 6245067 2 22924
1 1 30X0 42649687 42661031 2 11344
1 1 31X0 43674800 43866888 2 192088
1 1 32X0 44638714 44661793 2 23079
1 1 33X0 45545326 45592616 2 47290
1 1 34X0 46181537 46212275 2 30738
1 1 35X0 47414880 47736260 5 321380
1 1 36X0 53382932 53495653 2 112721
1 1 37X0 54647355 54673243 2 25888
1 1 38X0 68045324 68238772 2 193448
1 1 39X0 79603445 79647470 2 44025
1 1 3X0 8679346 8744665 2 65319
1 1 40X0 85887876 86009378 2 121502
1 1 41X0 87409483 87589876 3 180393
1 1 42X0 90096914 90506317 8 409403
1 1 43X0 90638809 91018357 3 379548
1 1 44X0 104984571 105071528 2 86957
1 1 45X0 109658623 109802317 2 143694
1 1 46X0 110923482 111000192 2 76710
1 1 47X0 111059109 111132146 3 73037
1 1 48X0 111956853 112114771 3 157918
1 1 49X0 112666480 112890435 5 223955
1 1 4X0 9551843 9648400 2 96557
1 1 50X0 118020906 118276880 3 255974
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 51X0 118458217 118694057 3 235840
1 1 52X0 120942748 121142972 3 200224
1 1 53X0 125511476 125790731 4 279255
1 1 54X0 127005347 127158804 2 153457
1 1 55X0 128101934 128133148 2 31214
1 1 56X0 128764455 128868553 12 104098
1 1 57X0 129499385 129526989 2 27604
1 1 58X0 129749179 129820120 2 70941
1 1 59X0 130032742 130054506 2 21764
1 1 5X0 11385916 11413306 3 27390
1 1 60X0 130286534 130441134 4 154600
1 1 61X0 130724941 130744584 2 19643
1 1 62X0 130891203 130961446 2 70243
1 1 63X0 131568703 132063187 9 494484
1 1 64X0 132360850 132413077 2 52227
1 1 65X0 134098485 134130996 2 32511
1 1 66X0 134143409 134211552 2 68143
1 1 67X0 134685362 134839501 2 154139
1 1 68X0 134983547 135165615 2 182068
1 1 69X0 135929098 135970630 2 41532
1 1 6X0 11586596 11601084 2 14488
1 1 70X0 136185432 136231871 2 46439
1 1 71X0 136597590 136886922 5 289332
1 1 72X0 137146959 137443827 6 296868
1 1 73X0 137484059 137904965 11 420906
1 1 74X0 137929439 138177826 4 248387
1 1 75X0 138295799 138653037 8 357238
1 1 76X0 138924802 139083823 5 159021
1 1 77X0 139106097 139171691 2 65594
1 1 78X0 139496271 140114931 9 618660
1 1 79X0 140434029 140659572 4 225543
1 1 7X0 12408503 12495786 2 87283
1 1 80X0 141419779 141718128 2 298349
1 1 81X0 142007102 142151266 2 144164
1 1 82X0 145901533 146052124 2 150591
1 1 83X0 147570938 147609073 2 38135
1 1 84X0 148608442 148753811 3 145369
1 1 85X0 150093657 150347246 5 253589
1 1 86X0 150794732 150830015 2 35283
1 1 87X0 152798189 152958465 2 160276
1 1 88X0 159040687 159116711 2 76024
1 1 89X0 161681673 161902939 3 221266
1 1 8X0 12541679 12863937 10 322258
1 1 90X0 162262832 162494289 2 231457
1 1 91X0 165729199 165748380 2 19181
1 1 92X0 171997674 172212864 2 215190
1 1 93X0 176400507 176566962 3 166455
1 1 94X0 180507279 180524702 2 17423
1 1 95X0 181027665 181083232 2 55567
1 1 96X0 181863476 182106833 4 243357
1 1 97X0 182972854 183020187 2 47333
1 1 98X0 183140900 183308555 3 167655
1 1 99X0 183483343 183557705 2 74362
1 1 9X0 12935077 13369978 9 434901
10 10 10X0 64338078 64341526 2 3448
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
10 10 11X0 66447978 66673071 4 225093
10 10 12X0 82561574 82859284 4 297710
10 10 13X0 93677748 94185454 3 507706
10 10 14X0 94556477 94588656 2 32179
10 10 15X0 98521994 98543103 2 21109
10 10 16X0 101235470 101297399 2 61929
10 10 17X0 101506073 101649652 2 143579
10 10 18X0 102919024 103780336 11 861312
10 10 19X0 107452837 107469102 2 16265
10 10 1X0 1013608 1044673 2 31065
10 10 20X0 109129279 109557130 4 427851
10 10 21X0 111960146 111980726 2 20580
10 10 22X0 115778622 115871133 2 92511
10 10 23X0 116165158 116342041 2 176883
10 10 24X0 117912593 117919169 2 6576
10 10 25X0 118051300 118060125 2 8825
10 10 26X0 118110574 118143692 3 33118
10 10 27X0 118920863 118969125 2 48262
10 10 28X0 120386795 120392219 2 5424
10 10 29X0 131419015 131618779 3 199764
10 10 2X0 4884680 5335138 5 450458
10 10 30X0 137905786 138020609 4 114823
10 10 31X0 138206846 138221375 2 14529
10 10 32X0 139870881 139911994 2 41113
10 10 3X0 5686105 5937579 2 251474
10 10 4X0 7646890 7827007 2 180117
10 10 5X0 34645510 34707560 2 62050
10 10 6X0 40479578 40658257 2 178679
10 10 7X0 40672753 40978561 3 305808
10 10 8X0 58481224 58491931 2 10707
10 10 9X0 62811730 62838793 2 27063
11 11 10X0 3961882 3973686 2 11804
11 11 11X0 5294550 5992462 21 697912
11 11 11X1 4840189 5259191 19 419002
11 11 11X2 4073739 4766186 20 692447
11 11 11X3 6491593 6659503 8 167910
11 11 12X0 6669799 6744555 2 74756
11 11 13X0 54927146 55733930 24 806784
11 11 13X1 57943378 58857398 15 914020
11 11 13X10 70849497 71262277 6 412780
11 11 13X11 18105458 18463133 6 357675
11 11 13X12 55745271 56092791 5 347520
11 11 13X13 63734250 64025141 4 290891
11 11 13X14 62116803 62371704 4 254901
11 11 13X15 65749605 65926005 4 176400
11 11 13X16 18829277 18922969 3 93692
11 11 13X17 50850132 50907674 3 57542
11 11 13X18 68987303 69111404 3 124101
11 11 13X19 7581542 7715346 3 133804
11 11 13X2 57160839 57835753 12 674914
11 11 13X20 34618539 34798605 2 180066
11 11 13X21 14811960 14928930 2 116970
11 11 13X22 68269947 68296253 2 26306
11 11 13X23 44350334 44386623 2 36289
11 11 13X24 49264263 49292436 2 28173
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
11 11 13X25 72315077 72379026 2 63949
11 11 13X26 64730635 64822534 2 91899
11 11 13X27 66484809 66669025 2 184216
11 11 13X28 54446466 54806456 3 359990
11 11 13X3 59490572 59909462 7 418890
11 11 13X4 59919452 60387159 7 467707
11 11 13X5 60932229 61560674 9 628445
11 11 13X6 62521941 62998336 7 476395
11 11 13X7 56309356 56641596 7 332240
11 11 13X8 48515452 48802334 6 286882
11 11 13X9 58970563 59462027 5 491464
11 11 14X0 73059358 73093952 2 34594
11 11 15X0 75732021 75870916 2 138895
11 11 16X0 77042968 77203802 2 160834
11 11 17X0 85178723 85206857 2 28134
11 11 18X0 88612419 88727073 2 114654
11 11 19X0 89410943 89500180 3 89237
11 11 1X0 104252 117753 3 13501
11 11 20X0 102077856 102134545 2 56689
11 11 21X0 102321124 102705794 8 384670
11 11 22X0 104671621 104849449 4 177828
11 11 23X0 113869863 113962605 2 92742
11 11 24X0 114505708 114659534 3 153826
11 11 25X0 116796453 116843583 3 47130
11 11 26X0 117834035 117856772 2 22737
11 11 27X0 117922384 118118758 2 196374
11 11 28X0 118138730 118270866 5 132136
11 11 29X0 118313335 118348321 2 34986
11 11 2X0 293254 608911 4 315657
11 11 30X0 119172696 119195327 2 22631
11 11 31X0 119305692 119424017 2 118325
11 11 32X0 121343737 121367956 2 24219
11 11 33X0 122935460 123197470 2 262010
11 11 34X0 123867475 124696550 21 829075
11 11 35X0 124888241 125078044 5 189803
11 11 36X0 125832001 125960592 2 128591
11 11 37X0 126114846 126231002 2 116156
11 11 38X0 129028993 129114306 2 85313
11 11 39X0 130605495 130676683 2 71188
11 11 3X0 641912 673069 2 31157
11 11 40X0 134111063 134349511 2 238448
11 11 41X0 134474130 134573653 2 99523
11 11 4X0 771748 844009 2 72261
11 11 5X0 846844 928711 2 81867
11 11 6X0 1642689 1742193 2 99504
11 11 7X0 1931891 1963618 2 31727
11 11 8X0 2996471 3007658 2 11187
11 11 9X0 3390565 3415436 2 24871
12 12 10X0 10214946 10439392 5 224446
12 12 11X0 10648697 11032126 9 383429
12 12 12X0 11114412 11245471 3 131059
12 12 13X0 12721571 12782507 2 60936
12 12 14X0 12904369 13072928 3 168559
12 12 15X0 14712115 14729798 2 17683
12 12 16X0 20599676 20983682 3 384006

262
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12 12 17X0 28664920 28688525 2 23605
12 12 18X0 29174236 29387729 3 213493
12 12 19X0 29790359 29851921 2 61562
12 12 1X0 156132 230141 2 74009
12 12 20X0 30005565 30191878 5 186313
12 12 21X0 30496240 30989281 12 493041
12 12 22X0 31501800 31519306 2 17506
12 12 23X0 32113648 32231054 9 117406
12 12 24X0 32685912 32752425 2 66513
12 12 25X0 32765037 32992434 3 227397
12 12 26X0 33223150 33961620 24 738470
12 12 27X0 34142951 34224549 2 81598
12 12 28X0 36195038 36218301 3 23263
12 12 29X0 36265031 36419112 2 154081
12 12 2X0 4391686 4467138 2 75452
12 12 30X0 36901946 37037087 3 135141
12 12 31X0 37090218 37302110 4 211892
12 12 32X0 39850602 40023510 2 172908
12 12 33X0 63791173 63933563 2 142390
12 12 34X0 67309869 67361634 2 51765
12 12 35X0 68880022 68881683 2 1661
12 12 36X0 74626436 74788815 3 162379
12 12 37X0 80013808 80025869 2 12061
12 12 38X0 90499866 90648291 3 148425
12 12 39X0 112845314 112963646 3 118332
12 12 3X0 4829030 5071922 3 242892
12 12 40X0 113344408 113390270 2 45862
12 12 41X0 121211171 121302078 2 90907
12 12 42X0 133170794 133414818 7 244024
12 12 4X0 6698208 6905916 4 207708
12 12 5X0 7133698 7178912 3 45214
12 12 6X0 7874547 8025123 4 150576
12 12 7X0 8564856 8651044 3 86188
12 12 8X0 8938095 9303095 3 365000
12 12 9X0 9445082 9944950 12 499868
13 13 10X0 82827315 82847694 2 20379
13 13 11X0 85627500 85856149 2 228649
13 13 12X0 96015577 96078688 3 63111
13 13 1X0 1098648 1103032 2 4384
13 13 2X0 1690101 1771967 3 81866
13 13 3X0 9431907 9588738 3 156831
13 13 4X0 12534381 12603314 2 68933
13 13 5X0 22924052 22989119 2 65067
13 13 6X0 23116760 23184975 2 68215
13 13 7X0 30318819 30578295 2 259476
13 13 8X0 34037294 34126374 2 89080
13 13 9X0 82099225 82148632 2 49407
14 14 10X0 32994964 33086441 2 91477
14 14 11X0 33651649 33852863 2 201214
14 14 12X0 35465624 35526487 2 60863
14 14 13X0 37168208 37184774 2 16566
14 14 14X0 47836549 47878131 2 41582
14 14 15X0 51133365 51179834 2 46469
14 14 16X0 53809711 54126929 4 317218
14 14 17X0 57180341 57243517 3 63176
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14 14 18X0 58550434 58766011 2 215577
14 14 19X0 59081650 59190424 2 108774
14 14 1X0 8709925 8768409 2 58484
14 14 20X0 65082851 65109532 2 26681
14 14 21X0 78334438 78678854 10 344416
14 14 22X0 79781333 79811754 2 30421
14 14 23X0 80301447 80366268 2 64821
14 14 24X0 84306856 84345125 2 38269
14 14 25X0 90247840 90828992 8 581152
14 14 2X0 20760987 20884413 4 123426
14 14 3X0 20953232 21001452 2 48220
14 14 4X0 21058769 21727642 10 668873
14 14 5X0 21940867 21992670 2 51803
14 14 6X0 22329131 22342924 2 13793
14 14 7X0 23200140 23291456 2 91316
14 14 8X0 23702761 23803924 4 101163
14 14 9X0 25152864 25611185 15 458321
14 14 9X1 24349163 24842740 12 493577
15 15 10X0 26970830 27106646 2 135816
15 15 11X0 28637637 28744230 2 106593
15 15 12X0 29988285 30137637 2 149352
15 15 13X0 30428628 30683343 2 254715
15 15 14X0 33459647 33508627 2 48980
15 15 15X0 37786078 37794190 2 8112
15 15 16X0 43804986 43900855 2 95869
15 15 17X0 46734775 46786185 2 51410
15 15 18X0 52268758 52421674 2 152916
15 15 19X0 52862374 52885931 2 23557
15 15 1X0 1871450 1929036 2 57586
15 15 20X0 53339023 53563070 5 224047
15 15 21X0 53564393 53718677 2 154284
15 15 22X0 57338452 57412171 3 73719
15 15 23X0 67220771 67255120 2 34349
15 15 24X0 68353778 68386143 2 32365
15 15 2X0 18163623 18277915 2 114292
15 15 3X0 19490460 19566372 2 75912
15 15 4X0 19763021 19862283 2 99262
15 15 5X0 20174459 20349731 2 175272
15 15 6X0 21118747 21297032 2 178285
15 15 7X0 21355870 21460879 3 105009
15 15 8X0 21756204 21859889 2 103685
15 15 9X0 23251686 23324655 4 72969
16 16 10X0 3221471 3581880 9 360409
16 16 11X0 4628179 4678109 2 49930
16 16 12X0 16447601 16704651 2 257050
16 16 13X0 18733669 18778559 2 44890
16 16 14X0 20652272 20691809 2 39537
16 16 15X0 20752280 21132713 5 380433
16 16 16X0 23411279 23621817 2 210538
16 16 17X0 23922439 23956989 2 34550
16 16 18X0 27710282 27808553 2 98271
16 16 19X0 29431814 29639302 2 207488
16 16 1X0 29960 66564 4 36604
16 16 20X0 30124829 30268793 2 143964
16 16 21X0 30501330 30903024 9 401694
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16 16 22X0 31114497 31161936 2 47439
16 16 23X0 31183534 31206774 2 23240
16 16 24X0 31207059 31273488 3 66429
16 16 25X0 31388600 31560024 3 171424
16 16 26X0 31679261 31859620 2 180359
16 16 27X0 33816901 33828339 2 11438
16 16 28X0 37998031 38016274 2 18243
16 16 29X0 38527476 38676978 2 149502
16 16 2X0 171328 207705 4 36377
16 16 30X0 46348813 46466620 3 117807
16 16 31X0 47190140 47313665 10 123525
16 16 32X0 48003244 48059749 3 56505
16 16 33X0 48192497 48336322 3 143825
16 16 34X0 48834512 48872427 2 37915
16 16 35X0 55176590 55203205 2 26615
16 16 36X0 57537624 57611930 3 74306
16 16 37X0 57915245 58081900 4 166655
16 16 38X0 58250606 58302003 2 51397
16 16 39X0 59070939 59088770 2 17831
16 16 3X0 298609 369436 2 70827
16 16 40X0 59674589 59849412 2 174823
16 16 41X0 60981151 61213173 2 232022
16 16 42X0 61323656 61401466 2 77810
16 16 43X0 62503526 62544821 2 41295
16 16 44X0 63141258 63178775 3 37517
16 16 45X0 66332062 66353619 2 21557
16 16 46X0 66604288 66665033 2 60745
16 16 47X0 66798294 66866208 3 67914
16 16 48X0 75370942 75425930 2 54988
16 16 49X0 75962194 76037210 2 75016
16 16 4X0 614415 711658 4 97243
16 16 50X0 77834025 77846416 2 12391
16 16 5X0 786044 809672 2 23628
16 16 6X0 1260878 1278733 2 17855
16 16 7X0 2021616 2280012 3 258396
16 16 8X0 2689205 2750978 2 61773
16 16 9X0 2822185 2976354 4 154169
17 17 10X0 7041738 7300669 5 258931
17 17 11X0 7367864 7377147 4 9283
17 17 12X0 7440970 7448388 2 7418
17 17 13X0 8069702 8150205 3 80503
17 17 14X0 8854086 8963039 2 108953
17 17 15X0 10370490 10734448 6 363958
17 17 16X0 17339857 17396680 2 56823
17 17 17X0 19681513 19902313 3 220800
17 17 18X0 26118104 26247207 2 129103
17 17 19X0 39962901 40097568 2 134667
17 17 1X0 1202481 1268064 2 65583
17 17 20X0 40539852 40709054 2 169202
17 17 21X0 40859261 40949127 2 89866
17 17 22X0 42941878 43166091 2 224213
17 17 23X0 59280414 59387335 2 106921
17 17 24X0 77941703 77997579 2 55876
17 17 25X0 80877855 81016950 2 139095
17 17 26X0 92182629 92241936 2 59307
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17 17 27X0 94396753 94643076 3 246323
17 17 2X0 1615736 1650875 2 35139
17 17 3X0 2989718 3308152 10 318434
17 17 4X0 3400070 3479629 2 79559
17 17 5X0 3556082 3795619 4 239537
17 17 6X0 4366321 4473396 2 107075
17 17 7X0 4610466 4963294 3 352828
17 17 8X0 5033443 5129968 3 96525
17 17 9X0 6895662 7016451 2 120789
18 18 10X0 72364631 72448861 2 84230
18 18 1X0 906961 967760 2 60799
18 18 2X0 2556958 2561358 2 4400
18 18 3X0 11753887 11779930 2 26043
18 18 4X0 14332804 14510222 2 177418
18 18 5X0 27752079 28322305 7 570226
18 18 6X0 32080359 32214624 4 134265
18 18 7X0 42621794 42780100 2 158306
18 18 8X0 44078511 44160465 4 81954
18 18 9X0 60983214 61525298 11 542084
19 19 10X0 5599182 5636089 3 36907
19 19 11X0 6215680 6245735 2 30055
19 19 12X0 6322404 6469650 2 147246
19 19 13X0 6823061 6836162 2 13101
19 19 14X0 7506826 7732364 5 225538
19 19 15X0 8915448 9034650 5 119202
19 19 16X0 56577417 57094534 21 517117
19 19 16X1 50104673 50393453 15 288780
19 19 16X10 57526734 57916477 10 389743
19 19 16X11 57184541 57468645 9 284104
19 19 16X12 11343250 11673323 8 330073
19 19 16X13 43497634 43784334 8 286700
19 19 16X14 55326722 55566973 7 240251
19 19 16X15 11916737 12139250 5 222513
19 19 16X16 14398535 14729336 9 330801
19 19 16X17 55726913 55974656 8 247743
19 19 16X18 53836711 54104352 7 267641
19 19 16X19 42586776 42895933 8 309157
19 19 16X2 50516144 50834699 12 318555
19 19 16X20 9150600 9542363 8 391763
19 19 16X21 43904899 44182885 7 277986
19 19 16X22 36887789 37276086 8 388297
19 19 16X23 36178349 36410290 5 231941
19 19 16X24 15440496 15806510 8 366014
19 19 16X25 35333513 35538939 7 205426
19 19 16X26 40383499 40680301 7 296802
19 19 16X27 50921465 51212729 6 291264
19 19 16X28 12145814 12397162 5 251348
19 19 16X29 40975494 41214265 6 238771
19 19 16X3 52412718 52918044 13 505326
19 19 16X30 9889273 10107424 6 218151
19 19 16X31 53548788 53664553 4 115765
19 19 16X32 52065684 52322793 6 257109
19 19 16X33 34803641 34962319 6 158678
19 19 16X34 42944009 43109819 4 165810
19 19 16X35 39045471 39243311 5 197840
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19 19 16X36 34019992 34260121 5 240129
19 19 16X37 38299745 38557073 5 257328
19 19 16X38 39533040 39744026 4 210986
19 19 16X39 35887101 36133665 5 246564
19 19 16X4 51214024 51509777 9 295753
19 19 16X40 39762666 39972899 4 210233
19 19 16X41 53256500 53418096 5 161596
19 19 16X42 55126397 55315710 4 189313
19 19 16X43 36418847 36878358 5 459511
19 19 16X44 19732378 20083138 5 350760
19 19 16X45 38765937 38822300 4 56363
19 19 16X46 49209270 49281358 4 72088
19 19 16X47 35622476 35762953 3 140477
19 19 16X48 45300192 45491357 4 191165
19 19 16X49 20763144 21104086 5 340942
19 19 16X5 11686551 11910496 7 223945
19 19 16X50 47071186 47268067 4 196881
19 19 16X51 48313219 48351514 4 38295
19 19 16X52 34614066 34652446 3 38380
19 19 16X53 22366580 22482909 3 116329
19 19 16X54 21896293 22144914 3 248621
19 19 16X55 15161397 15364746 3 203349
19 19 16X56 42138654 42298621 2 159967
19 19 16X57 22624063 22900743 3 276680
19 19 16X58 46573265 46595210 2 21945
19 19 16X59 21254205 21384575 2 130370
19 19 16X6 43175359 43475037 10 299678
19 19 16X60 19075110 19125928 2 50818
19 19 16X61 49647565 49679509 2 31944
19 19 16X62 41929022 42019668 2 90646
19 19 16X63 14157588 14248170 2 90582
19 19 16X64 20437343 20543242 2 105899
19 19 16X65 44848332 44944340 2 96008
19 19 16X66 19532957 19595137 2 62180
19 19 16X67 23297164 23418589 2 121425
19 19 16X68 32739685 32816927 2 77242
19 19 16X69 34424188 34456983 2 32795
19 19 16X7 54851290 55070073 9 218783
19 19 16X70 47958710 48008565 2 49855
19 19 16X71 41481597 41535610 2 54013
19 19 16X72 56148228 56549610 3 401382
19 19 16X8 51615655 51934629 9 318974
19 19 16X9 54128448 54397102 8 268654
19 19 1X0 324937 473205 2 148268
19 19 2X0 611511 648094 4 36583
19 19 4X0 2597633 2707906 4 110273
19 19 5X0 2748397 2806890 2 58493
19 19 6X0 2870710 2925816 2 55106
19 19 7X0 3492383 3525588 2 33205
19 19 8X0 3724465 3893199 2 168734
19 19 9X0 5349596 5436347 2 86751
20 20 10X0 30478343 30771273 2 292930
20 20 11X0 31664618 31990833 5 326215
20 20 12X0 34314298 34367076 2 52778
20 20 13X0 37091765 37147881 2 56116

267



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
20 20 14X0 43938945 44086939 6 147994
20 20 15X0 44306416 44655149 7 348733
20 20 16X0 44723508 44749957 2 26449
20 20 17X0 58922868 59010805 2 87937
20 20 18X0 62479254 62498821 2 19567
20 20 19X0 63039346 63056643 2 17297
20 20 1X0 22737 223986 5 201249
20 20 2X0 349686 474121 2 124435
20 20 3X0 1448710 1908780 6 460070
20 20 4X0 2950513 2964188 2 13675
20 20 5X0 4570797 4589365 2 18568
20 20 6X0 18226994 18518507 2 291513
20 20 7X0 21671535 21792242 2 120707
20 20 8X0 23740828 24182793 7 441965
20 20 9X0 29897322 30094875 6 197553
21 21 10X0 33548967 33603568 3 54601
21 21 11X0 34773996 34921691 2 147695
21 21 12X0 35458245 35587372 2 129127
21 21 13X0 35692929 35849616 8 156687
21 21 14X0 37166968 37318533 2 151565
21 21 1X0 4696573 4701403 2 4830
21 21 2X0 17896808 18026374 2 129566
21 21 3X0 19933142 20117847 2 184705
21 21 4X0 21252774 21310318 2 57544
21 21 5X0 21356108 21511388 5 155280
21 21 6X0 21564882 21707489 9 142607
21 21 7X0 24317513 24505843 4 188330
21 21 8X0 27203858 27277297 2 73439
21 21 9X0 32613626 32705029 2 91403
22 22 10X0 20569110 20747125 2 178015
22 22 11X0 21175155 21284217 2 109062
22 22 12X0 22508573 22619164 4 110591
22 22 13X0 24759777 24810348 2 50571
22 22 14X0 26539658 26684498 2 144840
22 22 15X0 27464679 27532617 2 67938
22 22 16X0 27662829 27772399 2 109570
22 22 17X0 34153713 34167851 2 14138
22 22 1X0 3848322 3896558 2 48236
22 22 2X0 4633306 4678981 2 45675
22 22 3X0 5818657 5846432 2 27775
22 22 4X0 5869466 5889900 2 20434
22 22 5X0 6417219 6504658 2 87439
22 22 6X0 7268141 7436161 7 168020
22 22 7X0 13932506 14078833 4 146327
22 22 8X0 19271590 19353852 2 82262
22 22 9X0 19782211 19917759 4 135548
2A 2A 10X0 17794619 18171912 4 377293
2A 2A 11X0 18933515 18968364 2 34849
2A 2A 12X0 19885566 19958718 2 73152
2A 2A 13X0 21064904 21106165 2 41261
2A 2A 14X0 27669671 27807990 4 138319
2A 2A 15X0 36036133 36062069 2 25936
2A 2A 16X0 37916809 37952406 2 35597
2A 2A 17X0 38494235 38547784 2 53549
2A 2A 18X0 62175613 62242689 2 67076
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2A 2A 19X0 63332441 63389165 2 56724
2A 2A 1X0 463901 532155 3 68254
2A 2A 20X0 67896747 68081011 2 184264
2A 2A 21X0 69914323 70125026 2 210703
2A 2A 22X0 79774031 80017008 2 242977
2A 2A 23X0 83264809 83335049 2 70240
2A 2A 2X0 1370785 1409653 2 38868
2A 2A 3X0 1900636 1943009 2 42373
2A 2A 4X0 1949933 1968308 2 18375
2A 2A 5X0 4132607 4193937 2 61330
2A 2A 6X0 6951648 7443838 6 492190
2A 2A 7X0 7466704 7702681 2 235977
2A 2A 8X0 13218999 13393424 3 174425
2A 2A 9X0 17244477 17306503 3 62026
2B 2B 10X0 64485103 64502256 2 17153
2B 2B 11X0 68486581 68630445 11 143864
2B 2B 12X0 77619087 77812981 2 193894
2B 2B 13X0 81687547 81799010 2 111463
2B 2B 14X0 83723909 83901034 2 177125
2B 2B 15X0 93909049 94043674 3 134625
2B 2B 16X0 94204846 94693634 3 488788
2B 2B 17X0 95021371 95028305 2 6934
2B 2B 18X0 96552669 96808970 3 256301
2B 2B 19X0 109228395 109269313 2 40918
2B 2B 1X0 733132 881411 2 148279
2B 2B 20X0 109861293 109899143 2 37850
2B 2B 21X0 111269406 111472663 4 203257
2B 2B 22X0 111884086 111922421 2 38335
2B 2B 23X0 112080931 112115383 2 34452
2B 2B 24X0 112473812 112711184 4 237372
2B 2B 25X0 112714757 112798568 2 83811
2B 2B 26X0 123557011 123734899 2 177888
2B 2B 27X0 124262426 124898974 3 636548
2B 2B 28X0 125758711 125809459 2 50748
2B 2B 29X0 125874343 125893714 2 19371
2B 2B 2X0 1269164 1644200 10 375036
2B 2B 30X0 134043267 134062445 2 19178
2B 2B 3X0 7734515 7956784 2 222269
2B 2B 4X0 41266974 41533536 2 266562
2B 2B 5X0 43356696 43397074 2 40378
2B 2B 6X0 49405563 50002307 3 596744
2B 2B 7X0 54239107 54489535 2 250428
2B 2B 8X0 61868052 62116657 2 248605
2B 2B 9X0 62172607 62195168 2 22561
3 3 10X0 45265131 45552342 6 287211
3 3 11X0 46783729 47300304 8 516575
3 3 12X0 47655072 47686294 3 31222
3 3 13X0 50404879 50425387 2 20508
3 3 14X0 51057382 51129835 2 72453
3 3 15X0 51169411 51286928 4 117517
3 3 16X0 51309481 51328866 2 19385
3 3 17X0 52806362 52929585 6 123223
3 3 18X0 52953219 53302082 3 348863
3 3 19X0 53828570 53881760 3 53190
3 3 1X0 10176034 10206711 2 30677
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3 3 20X0 54272189 54349355 3 77166
3 3 21X0 99302580 99765083 10 462503
3 3 22X0 102976142 102981064 2 4922
3 3 23X0 109767928 109979554 2 211626
3 3 24X0 110156864 110179944 2 23080
3 3 25X0 110737626 110781448 2 43822
3 3 26X0 114320254 114491307 2 171053
3 3 27X0 115771263 115919857 2 148594
3 3 28X0 116855042 116892859 2 37817
3 3 29X0 120874778 120918550 2 43772
3 3 2X0 10267205 10323785 2 56580
3 3 30X0 124235974 124449426 2 213452
3 3 31X0 126642606 126791469 2 148863
3 3 32X0 129495007 129822391 2 327384
3 3 33X0 131897372 131935028 2 37656
3 3 34X0 133002207 133059653 2 57446
3 3 35X0 135868335 135948154 2 79819
3 3 36X0 141087328 141131829 3 44501
3 3 37X0 141542345 141630184 2 87839
3 3 38X0 148376148 148789426 4 413278
3 3 39X0 149600290 149623572 2 23282
3 3 3X0 24479882 24730334 2 250452
3 3 40X0 151095592 151162258 2 66666
3 3 41X0 151546788 151730439 3 183651
3 3 42X0 153510788 153650595 3 139807
3 3 43X0 154066703 154137017 2 70314
3 3 44X0 161202355 161268240 2 65885
3 3 45X0 162835921 163018471 2 182550
3 3 46X0 163938953 163984031 2 45078
3 3 47X0 172589686 172666022 3 76336
3 3 48X0 186584006 186785566 2 201560
3 3 49X0 187157330 187229838 3 72508
3 3 4X0 32771026 33042427 3 271401
3 3 50X0 189788560 189920037 3 131477
3 3 51X0 197710995 197733088 2 22093
3 3 5X0 38952428 39004937 2 52509
3 3 6X0 39244887 39719821 3 474934
3 3 7X0 40037037 40099571 2 62534
3 3 8X0 41255581 41295781 2 40200
3 3 9X0 43406551 43678793 3 272242
4 4 10X0 59310267 60100129 5 789862
4 4 11X0 60139978 60804669 5 664691
4 4 12X0 80141943 80430162 4 288219
4 4 13X0 80506409 80638953 3 132544
4 4 14X0 80711724 80740131 2 28407
4 4 15X0 80775719 80837981 3 62262
4 4 16X0 81135011 81183148 3 48137
4 4 17X0 84265400 84361954 3 96554
4 4 18X0 84614199 84966288 10 352089
4 4 19X0 86946222 86980828 3 34606
4 4 1X0 41753 449548 5 407795
4 4 20X0 87999506 88127997 2 128491
4 4 21X0 93131712 93437674 3 305962
4 4 22X0 98419615 98502624 2 83009
4 4 23X0 99517515 99882561 3 365046
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4 4 24X0 110355298 110711962 7 356664
4 4 25X0 114270967 114446476 2 175509
4 4 26X0 124135386 124167377 2 31991
4 4 27X0 167084179 167156666 2 72487
4 4 28X0 168207983 168347753 2 139770
4 4 29X0 176031238 176058862 2 27624
4 4 2X0 3498766 3556560 2 57794
4 4 30X0 177664335 177753784 3 89449
4 4 31X0 180955013 181221947 2 266934
4 4 32X0 182758003 182793780 2 35777
4 4 33X0 196296827 196299695 2 2868
4 4 34X0 199100365 199157181 2 56816
4 4 35X0 200972406 201029196 2 56790
4 4 3X0 5697158 5962554 2 265396
4 4 4X0 6798756 6868255 3 69499
4 4 5X0 8752131 9072334 2 320203
4 4 6X0 15225883 15364913 2 139030
4 4 7X0 15455919 15483189 2 27270
4 4 8X0 47940115 48104391 2 164276
4 4 9X0 48716292 48789785 2 73493
5 5 10X0 16094158 16315505 3 221347
5 5 11X0 19365720 19385424 2 19704
5 5 12X0 19557069 19637599 2 80530
5 5 13X0 19822696 19841156 2 18460
5 5 14X0 21809156 21892636 2 83480
5 5 15X0 25109029 25178955 2 69926
5 5 16X0 32854738 32891106 2 36368
5 5 17X0 32929201 33018945 2 89744
5 5 18X0 33317004 33355051 2 38047
5 5 19X0 33472824 33498882 2 26058
5 5 1X0 355053 393037 2 37984
5 5 20X0 34749927 34940859 9 190932
5 5 21X0 35577121 35650684 2 73563
5 5 22X0 36082748 36318618 2 235870
5 5 23X0 36598335 36706419 2 108084
5 5 24X0 38266686 38287857 2 21171
5 5 25X0 39508613 39521363 2 12750
5 5 26X0 40513669 40544313 3 30644
5 5 27X0 41043525 41206805 3 163280
5 5 28X0 41395573 41485508 2 89935
5 5 29X0 41551535 41574963 2 23428
5 5 2X0 3210270 3267061 2 56791
5 5 30X0 41795234 42075817 15 280583
5 5 31X0 42130313 42433304 23 302991
5 5 32X0 42458423 42472143 3 13720
5 5 33X0 42483294 42773107 11 289813
5 5 34X0 43125713 43420546 3 294833
5 5 35X0 43505734 43576607 2 70873
5 5 36X0 43755585 44022342 2 266757
5 5 37X0 45323954 45399413 3 75459
5 5 38X0 47114206 47320641 8 206435
5 5 39X0 47749907 48081196 6 331289
5 5 3X0 4588802 4636714 2 47912
5 5 40X0 48967086 49097076 6 129990
5 5 41X0 54758487 54885938 2 127451
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5 5 42X0 59059079 59277037 4 217958
5 5 43X0 62091286 62196852 2 105566
5 5 44X0 66087335 66324338 2 237003
5 5 45X0 79752432 80006372 3 253940
5 5 46X0 115744250 115845068 2 100818
5 5 47X0 123013395 123018470 2 5075
5 5 48X0 124200087 124245320 6 45233
5 5 49X0 124372133 125054391 14 682258
5 5 4X0 6368344 6463710 2 95366
5 5 50X0 125413421 125509518 2 96097
5 5 51X0 131820853 131958940 4 138087
5 5 52X0 133765167 133984124 3 218957
5 5 53X0 135018365 135208801 3 190436
5 5 54X0 140862450 140943092 2 80642
5 5 55X0 145582065 146073516 3 491451
5 5 56X0 159492637 159735535 2 242898
5 5 57X0 160957720 161194673 2 236953
5 5 58X0 161428450 161457669 2 29219
5 5 59X0 162785897 163142323 6 356426
5 5 5X0 7138169 7160029 2 21860
5 5 60X0 164992511 165289116 7 296605
5 5 6X0 8092248 8117401 2 25153
5 5 7X0 8336247 8522950 6 186703
5 5 8X0 12879179 12957623 2 78444
5 5 9X0 13740421 14248587 5 508166
6 6 10X0 29656834 30222698 15 565864
6 6 11X0 30414193 30681531 4 267338
6 6 12X0 30763651 31046002 7 282351
6 6 13X0 32035010 32102426 2 67416
6 6 14X0 32153080 32270435 5 117355
6 6 15X0 32275064 32326767 4 51703
6 6 16X0 32596543 32634089 2 37546
6 6 17X0 32781010 33980075 20 1199065
6 6 18X0 33981046 34107417 2 126371
6 6 19X0 36421135 36441338 3 20203
6 6 1X0 2738698 2869418 3 130720
6 6 20X0 36475377 37183764 4 708387
6 6 21X0 39878272 40008321 3 130049
6 6 22X0 41927162 42129621 6 202459
6 6 23X0 42954617 42976297 2 21680
6 6 24X0 43838639 44077615 4 238976
6 6 25X0 47074773 47125565 2 50792
6 6 26X0 47858849 48025587 2 166738
6 6 27X0 48744574 48877803 2 133229
6 6 28X0 49200597 49276668 2 76071
6 6 29X0 50776328 50941067 3 164739
6 6 2X0 7414160 7417578 2 3418
6 6 30X0 51032051 51128362 4 96311
6 6 31X0 51814880 51945179 2 130299
6 6 32X0 53169266 53225271 2 56005
6 6 33X0 53809339 53974183 4 164844
6 6 34X0 75180493 75378624 6 198131
6 6 35X0 85332971 85351031 2 18060
6 6 36X0 91466811 91610344 2 143533
6 6 37X0 107321993 107404983 2 82990
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6 6 38X0 110315578 110361637 2 46059
6 6 39X0 113283134 113476918 2 193784
6 6 3X0 26344064 27114101 40 770037
6 6 40X0 114869560 114870743 2 1183
6 6 41X0 118502825 118529953 2 27128
6 6 42X0 118719424 118827409 3 107985
6 6 43X0 134121360 134355592 2 234232
6 6 44X0 135024530 135118642 5 94112
6 6 45X0 139522158 139743676 3 221518
6 6 46X0 146169709 146244050 2 74341
6 6 47X0 146893249 146955179 2 61930
6 6 48X0 152636557 152810360 6 173803
6 6 49X0 162978171 163299301 3 321130
6 6 4X0 27204111 27226426 2 22315
6 6 50X0 163381893 163633836 2 251943
6 6 51X0 170084222 170108944 2 24722
6 6 5X0 27701259 27716568 4 15309
6 6 6X0 27927178 28040290 3 113112
6 6 7X0 28393014 28472977 13 79963
6 6 8X0 28490374 28619755 2 129381
6 6 9X0 28683066 29206797 14 523731
7 7 10X0 65333642 65704661 5 371019
7 7 11X0 72276742 72435959 4 159217
7 7 12X0 74048332 74064635 2 16303
7 7 13X0 75561397 75579370 2 17973
7 7 14X0 77342690 77368923 3 26233
7 7 15X0 77995443 78065131 3 69688
7 7 16X0 78095873 78116696 2 20823
7 7 17X0 78299399 78454303 3 154904
7 7 18X0 78472493 78618750 4 146257
7 7 19X0 78711675 78775925 3 64250
7 7 1X0 985104 1023748 2 38644
7 7 20X0 81089447 81106956 2 17509
7 7 21X0 82719864 82854150 4 134286
7 7 22X0 84232875 84252224 2 19349
7 7 23X0 90601100 90817944 2 216844
7 7 24X0 101363030 101474155 2 111125
7 7 25X0 106542683 106677835 2 135152
7 7 26X0 106805177 107013032 2 207855
7 7 27X0 123155037 123278069 2 123032
7 7 28X0 129675499 129773769 3 98270
7 7 29X0 133795871 133941798 3 145927
7 7 2X0 6433223 6897939 4 464716
7 7 30X0 141377320 141582915 5 205595
7 7 31X0 141620802 141845143 2 224341
7 7 32X0 141878894 141918945 2 40051
7 7 33X0 142168646 142201072 2 32426
7 7 34X0 142412703 142461926 6 49223
7 7 35X0 142559741 142621505 2 61764
7 7 36X0 142713754 142764558 3 50804
7 7 37X0 142899431 143226621 6 327190
7 7 38X0 143385698 143479420 2 93722
7 7 39X0 143536410 143752050 8 215640
7 7 3X0 12620510 12622604 2 2094
7 7 40X0 143827752 143919352 2 91600
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7 7 41X0 148665935 149371238 9 705303
7 7 42X0 150050249 150339391 6 289142
7 7 43X0 150391086 150404706 2 13620
7 7 44X0 150758963 150807767 2 48804
7 7 45X0 151599747 151759403 2 159656
7 7 4X0 16741333 16830866 2 89533
7 7 5X0 27155167 27302028 10 146861
7 7 6X0 30792587 30843357 2 50770
7 7 7X0 33145536 33348118 2 202582
7 7 8X0 46568612 46602179 2 33567
7 7 9X0 63124051 63732738 5 608687
7 7 9X1 63843607 64378374 4 534767
8 8 10X0 29721196 29964054 4 242858
8 8 11X0 33400396 33476627 2 76231
8 8 12X0 33543219 33832065 5 288846
8 8 13X0 59674805 59857230 2 182425
8 8 14X0 62584630 62895085 2 310455
8 8 15X0 73544069 73605193 2 61124
8 8 16X0 76268699 76365350 2 96651
8 8 17X0 78244285 78409904 2 165619
8 8 18X0 81952181 82000298 2 48117
8 8 19X0 137085773 137088313 2 2540
8 8 1X0 6656656 7335185 15 678529
8 8 20X0 144351156 144835224 11 484068
8 8 21X0 144868538 145321033 4 452495
8 8 22X0 145690601 145697746 2 7145
8 8 23X0 145726050 145955999 2 229949
8 8 24X0 145999798 146644694 9 644896
8 8 2X0 9644718 9703050 2 58332
8 8 3X0 11189874 11211277 3 21403
8 8 4X0 11258075 11311337 2 53262
8 8 5X0 17306689 17510495 2 203806
8 8 6X0 22109547 22346844 4 237297
8 8 7X0 22810363 22836010 2 25647
8 8 8X0 23438950 23683655 3 244705
8 8 9X0 29316295 29555506 5 239211
9 9 10X0 44368970 44484107 2 115137
9 9 11X0 44599850 44806249 4 206399
9 9 12X0 49061344 49211981 2 150637
9 9 13X0 63929602 64052466 3 122864
9 9 14X0 74350561 74489641 4 139080
9 9 15X0 76592780 76675496 2 82716
9 9 16X0 78452095 78911947 3 459852
9 9 17X0 86693362 86916769 7 223407
9 9 18X0 86941240 86967136 2 25896
9 9 19X0 91184462 91193375 2 8913
9 9 1X0 13474356 13618854 4 144498
9 9 20X0 91622066 91898871 2 276805
9 9 21X0 92678047 92781002 2 102955
9 9 22X0 95506488 95584899 2 78411
9 9 23X0 95692617 95821468 2 128851
9 9 24X0 95832619 95896836 2 64217
9 9 25X0 96641172 96919880 4 278708
9 9 26X0 100381572 100508787 2 127215
9 9 27X0 105340029 105414338 2 74309
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9 9 28X0 105808919 106121581 9 312662
9 9 29X0 106243128 106252284 2 9156
9 9 2X0 13678811 13826449 2 147638
9 9 30X0 107879216 107953953 2 74737
9 9 31X0 110243184 110291815 2 48631
9 9 32X0 113306177 113327846 2 21669
9 9 33X0 116645272 116783084 4 137812
9 9 34X0 116853579 116877652 2 24073
9 9 35X0 116926008 117078249 2 152241
9 9 36X0 118365570 118402621 2 37051
9 9 37X0 119020523 119161159 4 140636
9 9 38X0 120181286 120434076 7 252790
9 9 3X0 14621734 14738270 2 116536
9 9 4X0 14753690 14774383 2 20693
9 9 5X0 14801512 14827692 2 26180
9 9 6X0 16014383 16081508 2 67125
9 9 7X0 27662284 27701775 2 39491
9 9 8X0 28192633 28588855 6 396222
9 9 9X0 34840985 34852482 2 11497
X X 10X0 42168517 42177610 2 9093
X X 11X0 44176626 44330615 2 153989
X X 12X0 47030800 47115622 2 84822
X X 13X0 47974003 48059288 2 85285
X X 13X1 48475973 48622721 2 146748
X X 14X0 48776540 49008331 3 231791
X X 15X0 49289383 49316161 2 26778
X X 16X0 49760380 49788920 2 28540
X X 17X0 49900762 50268392 3 367630
X X 18X0 52099262 52190335 3 91073
X X 19X0 52379022 52661160 3 282138
X X 1X0 1230130 1464877 2 234747
X X 20X0 52826035 53438116 7 612081
X X 21X0 53991913 54019778 4 27865
X X 22X0 55462766 55554485 2 91719
X X 23X0 55698072 55874347 2 176275
X X 24X0 56081217 56087532 2 6315
X X 25X0 58198130 58518938 2 320808
X X 26X0 69785495 69990849 3 205354
X X 27X0 71062090 71199546 2 137456
X X 28X0 71451888 71552504 3 100616
X X 29X0 72680561 72783190 2 102629
X X 2X0 2282488 2386644 2 104156
X X 30X0 80559196 80571816 2 12620
X X 31X0 100792633 100828376 2 35743
X X 32X0 102116186 102332620 2 216434
X X 33X0 102466765 102593045 2 126280
X X 34X0 102912745 103508110 9 595365
X X 35X0 107877886 108108314 2 230428
X X 36X0 116338777 116532630 2 193853
X X 37X0 119251860 119318711 2 66851
X X 38X0 119943203 119992452 2 49249
X X 39X0 120775738 120806453 2 30715
X X 3X0 2477619 2695348 4 217729
X X 40X0 134834066 134918351 2 84285
X X 41X0 135065713 135180348 2 114635
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X X 42X0 135367511 135445058 2 77547
X X 43X0 142065274 142374528 3 309254
X X 44X0 149770605 149883424 2 112819
X X 45X0 150799095 150967036 2 167941
X X 46X0 153632332 153717052 2 84720
X X 47X0 153991090 154537787 5 546697
X X 48X0 154781080 154934809 3 153729
X X 4X0 12625682 12682582 2 56900
X X 5X0 15058485 15142414 2 83929
X X 6X0 26320795 26417175 3 96380
X X 7X0 28001221 28239974 2 238753
X X 8X0 30499692 30530831 4 31139
X X 9X0 39115529 39164701 2 49172

Homo sapiens

1 1 10X0 16022052 16057285 2 35233
1 1 11X0 17079031 17401699 5 322668
1 1 12X0 19267130 19311907 3 44777
1 1 13X0 19920009 20175194 5 255185
1 1 14X0 22637580 22661536 3 23956
1 1 15X0 24119771 24187248 2 67477
1 1 16X0 25272393 25420806 2 148413
1 1 17X0 27355391 27626240 2 270849
1 1 18X0 31617700 31764047 2 146347
1 1 19X0 32209094 32364312 3 155218
1 1 1X0 69055 686673 3 617618
1 1 20X0 32465069 32600990 2 135921
1 1 21X0 34755047 34795090 4 40043
1 1 22X0 34986980 35422058 3 435078
1 1 23X0 35808172 35930528 2 122356
1 1 24X0 37996770 38046794 2 50024
1 1 25X0 39572393 39763914 2 191521
1 1 26X0 40161373 40548169 4 386796
1 1 27X0 42153421 42164718 2 11297
1 1 28X0 43172330 43363203 2 190873
1 1 29X0 44118850 44141631 2 22781
1 1 2X0 1418422 1630589 5 212167
1 1 30X0 46040142 46176488 2 136346
1 1 31X0 46798998 47149735 5 350737
1 1 32X0 47416072 47440691 2 24619
1 1 33X0 52726467 52894991 2 168524
1 1 34X0 84926685 85048470 2 121785
1 1 35X0 86424086 86580754 3 156668
1 1 36X0 89052319 89386461 6 334142
1 1 37X0 89568241 89936001 3 367760
1 1 38X0 99970018 100083377 3 113359
1 1 39X0 103571100 103758690 5 187590
1 1 3X0 1635738 2185190 5 549452
1 1 40X0 109656390 109740304 5 83914
1 1 41X0 110211500 110675033 4 463533
1 1 42X0 111227659 111427777 3 200118
1 1 43X0 111722064 111755797 2 33733
1 1 44X0 112701127 112711355 2 10228
1 1 45X0 116910057 117034250 2 124193
1 1 46X0 119414931 119514800 2 99869
1 1 47X0 145866560 145964582 2 98022
1 1 48X0 147756200 147909257 2 153057
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1 1 49X0 149782689 149887916 11 105227
1 1 4X0 9850659 9942768 2 92109
1 1 50X0 150732567 150807434 2 74867
1 1 51X0 151024742 151046845 2 22103
1 1 52X0 151287484 151459179 2 171695
1 1 53X0 152510844 153032900 12 522056
1 1 54X0 153297862 153348840 2 50978
1 1 55X0 155018533 155049264 2 30731
1 1 56X0 155063748 155134857 4 71109
1 1 57X0 155659443 155857295 2 197852
1 1 58X0 155900594 156070514 2 169920
1 1 59X0 156213007 156243321 2 30314
1 1 5X0 11654857 11674030 2 19173
1 1 60X0 156815656 156881794 2 66138
1 1 61X0 157092044 157138367 2 46323
1 1 62X0 157531964 158100261 6 568297
1 1 63X0 158179947 158357553 5 177606
1 1 64X0 158398522 159536007 23 1137485
1 1 64X1 159802424 160647295 15 844871
1 1 64X2 160683519 161727664 15 1044145
1 1 65X0 162497251 162780421 2 283170
1 1 66X0 166918866 167090631 2 171765
1 1 67X0 168540765 168582077 2 41312
1 1 68X0 169603026 169733660 3 130634
1 1 69X0 171090919 171342084 4 251165
1 1 6X0 11845712 11858931 2 13219
1 1 70X0 173714984 173886636 2 171652
1 1 71X0 179843931 179918171 2 74240
1 1 72X0 182450146 182671853 3 221707
1 1 73X0 183023460 183244900 2 221440
1 1 74X0 196652056 197067267 7 415211
1 1 75X0 201359015 201421746 2 62731
1 1 76X0 202122858 202319207 2 196349
1 1 77X0 203178981 203229671 2 50690
1 1 78X0 203340628 203491352 2 150724
1 1 79X0 203795706 203854124 2 58418
1 1 7X0 12644547 12728400 2 83853
1 1 80X0 205142505 205527825 3 385320
1 1 81X0 205579566 205680459 2 100893
1 1 82X0 205770300 205994439 2 224139
1 1 83X0 206470495 206734283 3 263788
1 1 84X0 206768695 206869217 3 100522
1 1 85X0 206913801 206970625 3 56824
1 1 86X0 207089283 207793646 6 704363
1 1 87X0 212608628 212699985 2 91357
1 1 88X0 220754972 220808976 2 54004
1 1 89X0 223541609 223776016 2 234407
1 1 8X0 12774841 13421328 26 646487
1 1 90X0 225886282 225941383 2 55101
1 1 91X0 227918656 228061260 2 142604
1 1 92X0 228395534 228493885 3 98351
1 1 93X0 235362954 235448932 2 85978
1 1 94X0 246985323 247329245 5 343922
1 1 95X0 247450953 248682304 43 1231351
1 1 96X0 248838280 248858860 2 20580
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1 1 9X0 15438439 15482357 3 43918
10 10 10X0 68901289 68985067 2 83778
10 10 11X0 69220303 69401879 2 181576
10 10 12X0 75037836 75109099 2 71263
10 10 13X0 79557187 79982614 5 425427
10 10 14X0 80336108 80367281 2 31173
10 10 15X0 84220495 84241461 2 20966
10 10 16X0 87225500 87370695 2 145195
10 10 17X0 88664458 89252039 5 587581
10 10 18X0 89302046 89421001 5 118955
10 10 19X0 93061264 93077890 2 16626
10 10 1X0 1018907 1048397 2 29490
10 10 20X0 94683775 95067430 4 383655
10 10 21X0 97319267 97334709 2 15442
10 10 22X0 97584374 97676434 2 92060
10 10 23X0 103446789 103479240 3 32451
10 10 24X0 104254710 104299417 2 44707
10 10 25X0 116427867 116645143 4 217276
10 10 26X0 122849096 122913111 2 64015
10 10 27X0 123135962 123150672 2 14710
10 10 28X0 133308941 133352548 3 43607
10 10 29X0 133420666 133569835 2 149169
10 10 2X0 4826296 5218947 5 392651
10 10 3X0 5498697 5526771 2 28074
10 10 4X0 5638868 5889906 2 251038
10 10 5X0 7571405 7749339 2 177934
10 10 6X0 13586968 13655929 2 68961
10 10 7X0 37828765 38123348 4 294583
10 10 8X0 43437126 43648704 4 211578
10 10 9X0 47300386 47326270 2 25884
11 11 10X0 76657525 76798153 2 140628
11 11 11X0 78016593 78176302 4 159709
11 11 12X0 85628573 85656543 2 27970
11 11 13X0 89710650 90042025 7 331375
11 11 14X0 93741664 93812378 2 70714
11 11 15X0 94997173 95051338 3 54165
11 11 16X0 102317450 102377913 2 60463
11 11 17X0 102520508 102955705 9 435197
11 11 18X0 104885718 105023168 2 137450
11 11 19X0 111786284 111879425 2 93141
11 11 1X0 298200 327537 4 29337
11 11 20X0 111908622 111914093 2 5471
11 11 21X0 113931385 113990310 2 58925
11 11 22X0 114521716 114706933 3 185217
11 11 23X0 116789373 116837950 3 48577
11 11 24X0 117820140 117877031 3 56891
11 11 25X0 117907454 118119839 2 212385
11 11 26X0 118136961 118264536 5 127575
11 11 27X0 118304899 118342631 2 37732
11 11 28X0 119308529 119728553 3 420024
11 11 29X0 123753488 124571141 22 817653
11 11 2X0 494513 805245 3 310732
11 11 30X0 124748106 124936412 5 188306
11 11 31X0 125672493 125840069 3 167576
11 11 32X0 125946056 126021522 2 75466
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11 11 33X0 128838015 128916731 2 78716
11 11 34X0 130404925 130476641 2 71716
11 11 35X0 134276741 134376321 2 99580
11 11 3X0 832952 867116 2 34164
11 11 4X0 1607565 1697755 2 90190
11 11 5X0 1732410 1757452 2 25042
11 11 6X0 1839673 1938492 2 98819
11 11 7X0 2132716 2161209 3 28493
11 11 8X0 5253190 6170408 32 917218
11 11 8X1 4998983 5324297 13 325314
11 11 8X10 60280586 60801305 9 520719
11 11 8X11 63079940 63598715 7 518775
11 11 8X12 66509079 66721370 8 212291
11 11 8X13 61846591 62423195 8 576604
11 11 8X14 72080859 72221949 6 141090
11 11 8X15 48216810 48489780 7 272970
11 11 8X16 62649694 63015839 4 366145
11 11 8X17 58708758 59155034 6 446276
11 11 8X18 61210754 61481842 5 271088
11 11 8X19 64555956 64844569 4 288613
11 11 8X2 56093277 56743811 26 650534
11 11 8X20 71538025 71884561 4 346536
11 11 8X21 56988872 57390636 4 401764
11 11 8X22 67266481 67524517 4 258036
11 11 8X23 7795905 7939594 4 143689
11 11 8X24 69698232 69819024 3 120792
11 11 8X25 49952391 49982535 2 30144
11 11 8X26 68980021 69013382 2 33361
11 11 8X27 3217944 3232386 2 14442
11 11 8X28 73218457 73298599 2 80142
11 11 8X29 18933813 19060681 2 126868
11 11 8X3 55343151 56031393 20 688242
11 11 8X30 63974607 63988346 2 13739
11 11 8X31 44047981 44084214 2 36233
11 11 8X32 14966669 15082342 2 115673
11 11 8X33 54603069 54707902 2 104833
11 11 8X34 33698261 33736422 2 38161
11 11 8X35 49028857 49059112 2 30255
11 11 8X4 4233288 4955713 26 722425
11 11 8X5 59364412 59866575 10 502163
11 11 8X6 58030930 58508105 13 477175
11 11 8X7 59878809 60184666 8 305857
11 11 8X8 18089438 18588681 12 499243
11 11 8X9 6199146 7020235 12 821089
11 11 9X0 75719374 75801535 2 82161
12 12 10X0 10801532 11186937 18 385405
12 12 11X0 11265924 11395566 4 129642
12 12 12X0 12891974 12952147 2 60173
12 12 13X0 13088743 13216773 2 128030
12 12 14X0 14803572 14824415 2 20843
12 12 15X0 20695597 21334900 6 639303
12 12 16X0 48202083 48562956 3 360873
12 12 17X0 48857145 49069837 3 212692
12 12 18X0 49128454 49273330 3 144876
12 12 19X0 49950754 49974007 3 23253
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12 12 1X0 190077 262873 2 72796
12 12 20X0 51915448 51994925 2 79477
12 12 21X0 52168996 52952900 25 783904
12 12 22X0 53180700 53416446 3 235746
12 12 23X0 53425116 53493866 2 68750
12 12 24X0 53938765 54056030 9 117265
12 12 25X0 54630812 54648493 2 17681
12 12 26X0 55129681 55637854 15 508173
12 12 27X0 55716531 55721794 2 5263
12 12 28X0 55757275 55829636 3 72361
12 12 29X0 55932028 56160945 3 228917
12 12 2X0 4368227 4445614 2 77387
12 12 30X0 56300177 56316059 2 15882
12 12 31X0 56763324 56958319 3 194995
12 12 32X0 57434760 57458008 2 23248
12 12 33X0 68201351 68253504 2 52153
12 12 34X0 75334683 75422932 2 88249
12 12 35X0 80707498 80719673 2 12175
12 12 36X0 89519408 89526198 2 6790
12 12 37X0 90971800 91179582 4 207782
12 12 38X0 111753890 111817529 2 63639
12 12 39X0 112938352 113011216 2 72864
12 12 3X0 4809176 5046788 4 237612
12 12 40X0 113398515 113438241 2 39726
12 12 41X0 120346222 120469571 5 123349
12 12 42X0 121132828 121234104 2 101276
12 12 43X0 122207663 122227534 2 19871
12 12 44X0 122701293 122730843 3 29550
12 12 45X0 132921462 133205023 6 283561
12 12 4X0 6452084 6820808 3 368724
12 12 5X0 7060676 7109210 3 48534
12 12 6X0 7812513 7936275 2 123762
12 12 7X0 8455926 8539255 3 83329
12 12 8X0 8845004 9208370 3 363366
12 12 9X0 10030677 10454616 8 423939
12 12 9X1 9594551 10018619 10 424068
13 13 10X0 99962964 99986773 2 23809
13 13 11X0 102799049 102876001 3 76952
13 13 12X0 113105788 113172380 3 66592
13 13 1X0 20138255 20193010 2 54755
13 13 2X0 27792643 27971139 3 178496
13 13 3X0 28003274 28322633 3 319359
13 13 4X0 36168794 36297842 2 129048
13 13 5X0 41127569 41194566 2 66997
13 13 6X0 52065407 52159861 2 94454
13 13 7X0 57140918 57170218 5 29300
13 13 8X0 61409685 61427849 2 18164
13 13 9X0 99254714 99307405 2 52691
14 14 10X0 24398786 24438408 2 39622
14 14 11X0 24505506 24634160 4 128654
14 14 12X0 36517217 36582607 2 65390
14 14 13X0 49693129 49783122 2 89993
14 14 14X0 50331927 50532609 2 200682
14 14 15X0 52267812 52328606 2 60794
14 14 16X0 60508951 60724348 3 215397
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14 14 17X0 61485535 61657964 2 172429
14 14 18X0 64486839 64533690 2 46851
14 14 19X0 64914493 65062598 2 148105
14 14 1X0 19712904 20243820 17 530916
14 14 1X1 20510453 21058455 16 548002
14 14 20X0 67685153 67734450 2 49297
14 14 21X0 70325081 70417045 3 91964
14 14 22X0 70452157 70535015 2 82858
14 14 23X0 73537394 73619888 4 82494
14 14 24X0 74903954 75127080 2 223126
14 14 25X0 93184993 93212127 2 27134
14 14 26X0 94283315 94624052 8 340737
14 14 27X0 95686417 95714196 2 27779
14 14 28X0 96204839 96264754 2 59915
14 14 29X0 103100144 103137439 2 37295
14 14 2X0 21569803 21670920 4 101117
14 14 3X0 22946228 22982258 2 36030
14 14 4X0 23025902 23044276 2 18374
14 14 5X0 23306967 23325334 2 18367
14 14 6X0 23381990 23435718 2 53728
14 14 7X0 23638816 24299460 10 660644
14 14 8X0 24310151 24316946 2 6795
14 14 9X0 24332310 24340045 2 7735
15 15 10X0 32392782 32607310 3 214528
15 15 11X0 34379071 34533260 2 154189
15 15 12X0 39953975 40277487 4 323512
15 15 13X0 40695129 40732158 2 37029
15 15 14X0 41503967 41583586 2 79619
15 15 15X0 41828107 42156636 6 328529
15 15 16X0 43197235 43302255 3 105020
15 15 17X0 43594042 43697217 2 103175
15 15 18X0 45092655 45165573 2 72918
15 15 19X0 48740506 48878050 2 137544
15 15 1X0 21579912 21653276 3 73364
15 15 20X0 50424387 50546699 2 122312
15 15 21X0 51751667 51915725 2 164058
15 15 22X0 57592033 57714745 2 122712
15 15 23X0 64841883 64930920 2 89037
15 15 24X0 65329579 65423072 2 93493
15 15 25X0 73592008 73714509 2 122501
15 15 26X0 74131240 74176872 2 45632
15 15 27X0 74719542 74756202 2 36660
15 15 28X0 74788544 74842676 2 54132
15 15 29X0 74850512 75019061 2 168549
15 15 2X0 22015233 22095857 3 80624
15 15 30X0 75258599 75295807 2 37208
15 15 31X0 78580890 78621179 2 40289
15 15 32X0 79844976 79923754 2 78778
15 15 33X0 82339998 82436762 2 96764
15 15 34X0 82536788 82628152 2 91364
15 15 35X0 84603901 84806430 2 202529
15 15 36X0 89748661 89778692 2 30031
15 15 37X0 90265705 90314499 2 48794
15 15 38X0 101803509 101923095 3 119586
15 15 3X0 22786632 22868384 2 81752
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15 15 4X0 23128268 23447234 3 318966
15 15 5X0 23643544 23687330 2 43786
15 15 6X0 28378664 28848675 4 470011
15 15 7X0 30083053 30145567 2 62514
15 15 8X0 30403740 30614561 3 210821
15 15 9X0 30626200 30685606 2 59406
16 16 10X0 4340251 4416627 2 76376
16 16 11X0 14711689 14765413 2 53724
16 16 12X0 15395754 15515348 2 119594
16 16 13X0 16350098 16393954 2 43856
16 16 14X0 18317947 18372785 2 54838
16 16 15X0 20409534 20697744 4 288210
16 16 16X0 23182715 23380803 2 198088
16 16 17X0 23678822 24220611 3 541789
16 16 18X0 27341289 27450485 2 109196
16 16 19X0 28342555 28772807 7 430252
16 16 1X0 152687 181181 5 28494
16 16 20X0 29443230 29454964 2 11734
16 16 21X0 29663279 29697524 2 34245
16 16 22X0 30053090 30070420 2 17330
16 16 23X0 30395112 31150061 14 754949
16 16 24X0 31259994 31426505 3 166511
16 16 25X0 48082973 48235177 2 152204
16 16 26X0 55803049 55944464 2 141415
16 16 27X0 56565049 56683603 11 118554
16 16 28X0 57358772 57416062 3 57290
16 16 29X0 57542689 57688695 3 146006
16 16 2X0 269269 352449 2 83180
16 16 30X0 66552582 66696707 5 144125
16 16 31X0 66934460 67009314 3 74854
16 16 32X0 67161689 67226998 2 65309
16 16 33X0 67975663 67993863 2 18200
16 16 34X0 68644993 68835541 2 190548
16 16 35X0 69299682 69339667 4 39985
16 16 36X0 70299194 70372582 3 73388
16 16 37X0 71448093 71884190 3 436097
16 16 38X0 72054609 72077245 2 22636
16 16 39X0 75204106 75223607 2 19501
16 16 3X0 649417 690444 2 41027
16 16 40X0 75478428 75535170 2 56742
16 16 41X0 75660227 75726442 3 66215
16 16 42X0 81053665 81096296 2 42631
16 16 43X0 86510527 86582160 3 71633
16 16 44X0 87302801 87334273 2 31472
16 16 45X0 88453317 88686493 2 233176
16 16 46X0 89917879 89936092 3 18213
16 16 4X0 1221651 1258998 4 37347
16 16 5X0 1967273 2209352 4 242079
16 16 6X0 2493597 2527955 4 34358
16 16 7X0 2712418 2858154 5 145736
16 16 8X0 3012456 3018187 2 5731
16 16 9X0 3088894 3443542 10 354648
17 17 10X0 7074796 7179564 2 104768
17 17 11X0 7203474 7234061 2 30587
17 17 12X0 7420360 7427568 2 7208
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17 17 13X0 7548891 7561608 3 12717
17 17 14X0 8039040 8119047 3 80007
17 17 15X0 8150816 8162975 2 12159
17 17 16X0 8802737 8912517 2 109780
17 17 17X0 10300866 10657309 6 356443
17 17 18X0 15436021 15563561 2 127540
17 17 19X0 15571491 15682879 2 111388
17 17 1X0 1742836 1777574 2 34738
17 17 20X0 16551387 16653853 2 102466
17 17 21X0 19021863 19159000 2 137137
17 17 22X0 19533880 19745612 4 211732
17 17 23X0 27798806 27893365 2 94559
17 17 24X0 28714281 28859113 2 144832
17 17 25X0 31305356 31321884 2 16528
17 17 26X0 34255285 34363231 5 107946
17 17 27X0 35243089 35558098 6 315009
17 17 28X0 35872002 36439566 14 567564
17 17 29X0 37924415 38192541 6 268126
17 17 2X0 3062669 3433841 11 371172
17 17 30X0 39904597 39970565 2 65968
17 17 31X0 40068903 40100725 2 31822
17 17 32X0 40655620 40984308 11 328688
17 17 33X0 40993430 41009114 3 15684
17 17 34X0 41026026 41309253 30 283227
17 17 35X0 41346092 41624541 15 278449
17 17 36X0 41837780 41865431 2 27651
17 17 37X0 42020123 42154916 3 134793
17 17 38X0 42199168 42388414 3 189246
17 17 39X0 42609686 42667006 2 57320
17 17 3X0 3510503 3592350 2 81847
17 17 40X0 42844601 42858128 2 13527
17 17 41X0 42950550 42980528 3 29978
17 17 42X0 43801443 43907942 2 106499
17 17 43X0 43940815 43953940 2 13125
17 17 44X0 44899712 44905390 2 5678
17 17 45X0 45148502 45170035 2 21533
17 17 46X0 46762506 46886730 2 124224
17 17 47X0 47844914 47917856 2 72942
17 17 48X0 48542655 48729178 9 186523
17 17 49X0 49972939 49993703 2 20764
17 17 4X0 3679611 3916500 4 236889
17 17 50X0 50112671 50150630 2 37959
17 17 51X0 50381238 50468966 2 87728
17 17 52X0 50508384 50542496 2 34112
17 17 53X0 51153636 51171744 2 18108
17 17 54X0 58155133 58171411 2 16278
17 17 55X0 58192737 58280935 3 88198
17 17 56X0 61399896 61483997 2 84101
17 17 57X0 63622710 63714057 2 91347
17 17 58X0 63872015 63918838 3 46823
17 17 59X0 64319415 64468642 2 149227
17 17 5X0 4433688 4537798 2 104110
17 17 60X0 66877273 67056797 3 179524
17 17 61X0 68867292 69327182 5 459890
17 17 62X0 70075225 70180048 2 104823
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17 17 63X0 74523153 74705255 5 182102
17 17 64X0 74924275 74949416 2 25141
17 17 65X0 75874161 75896911 2 22750
17 17 66X0 76566133 76643838 2 77705
17 17 67X0 79795204 79839429 2 44225
17 17 68X0 81703357 81721016 3 17659
17 17 69X0 82716787 82751197 2 34410
17 17 6X0 4671385 5028401 3 357016
17 17 7X0 5078248 5191883 3 113635
17 17 8X0 7013733 7017520 2 3787
17 17 9X0 7036075 7043923 2 7848
18 18 1X0 3252275 3278284 2 26009
18 18 2X0 13825544 13915707 2 90163
18 18 3X0 30990086 31549008 6 558922
18 18 4X0 35242473 35264223 2 21750
18 18 5X0 45614801 45752520 2 137719
18 18 6X0 46962768 47035264 5 72496
18 18 7X0 49482152 49492479 2 10327
18 18 8X0 63477127 63989371 10 512244
19 19 10X0 5830626 5903756 5 73130
19 19 11X0 6426039 6459735 2 33696
19 19 12X0 6530999 6670588 2 139589
19 19 13X0 7018971 7058640 5 39669
19 19 14X0 7382834 7472477 2 89643
19 19 15X0 7677088 7682854 2 5766
19 19 16X0 7688758 7769604 3 80846
19 19 17X0 9093179 9343843 10 250664
19 19 17X1 9324341 9768617 9 444276
19 19 18X0 10106395 10231331 3 124936
19 19 19X0 10287004 10296778 2 9774
19 19 1X0 544035 695461 2 151426
19 19 20X0 11767092 12189881 15 422789
19 19 20X1 12272329 12631921 11 359592
19 19 20X2 11483427 11738945 3 255518
19 19 21X0 12670248 12696581 2 26333
19 19 22X0 14381444 14475362 2 93918
19 19 23X0 14619117 14776842 2 157725
19 19 24X0 14799146 15088221 6 289075
19 19 25X0 15353385 15419026 2 65641
19 19 26X0 15525333 15697145 4 171812
19 19 27X0 15728020 15949958 7 221938
19 19 28X0 16577651 16660130 2 82479
19 19 29X0 17435509 17460804 2 25295
19 19 2X0 827836 863238 4 35402
19 19 30X0 18207961 18255419 2 47458
19 19 31X0 18868545 18896144 2 27599
19 19 32X0 19145584 19192138 2 46554
19 19 33X0 19211973 19262796 2 50823
19 19 34X0 19516227 19536076 2 19849
19 19 35X0 19668901 19934626 5 265725
19 19 35X1 20004418 20200490 3 196072
19 19 36X0 20936606 21183158 4 246552
19 19 36X1 21291160 21538660 3 247500
19 19 36X2 20621367 20807322 2 185955
19 19 37X0 21726529 21852068 2 125539
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19 19 38X0 21970683 22196951 3 226268
19 19 38X1 22286408 22422346 2 135938
19 19 39X0 23116975 23395446 4 278471
19 19 39X1 22634324 23003176 4 368852
19 19 3X0 1269268 1432690 2 163422
19 19 40X0 23652801 23758891 2 106090
19 19 42X0 33299934 33382686 2 82752
19 19 43X0 34677639 34773215 3 95576
19 19 44X0 34926903 34960703 2 33800
19 19 45X0 35116262 35169881 4 53619
19 19 46X0 35248656 35347355 3 98699
19 19 47X0 35351552 35451765 4 100213
19 19 48X0 35826380 36032671 7 206291
19 19 49X0 37412555 37779590 9 367035
19 19 49X1 36445119 36639537 5 194418
19 19 49X2 36711240 36952741 6 241501
19 19 49X3 36334453 36418656 2 84203
19 19 49X4 37078480 37390770 6 312290
19 19 49X5 36111203 36238771 3 127568
19 19 4X0 2841444 2944933 4 103489
19 19 50X0 38770971 38808805 3 37834
19 19 51X0 38915404 39032525 4 117121
19 19 52X0 39243553 39298673 3 55120
19 19 53X0 39530990 39540333 2 9343
19 19 54X0 39602501 39738028 4 135527
19 19 55X0 39997076 40090938 3 93862
19 19 56X0 40191744 40390187 3 198443
19 19 57X0 40421592 40444275 2 22683
19 19 58X0 40843538 41128254 5 284716
19 19 59X0 41576249 41880980 7 304731
19 19 5X0 2977580 3045788 2 68208
19 19 60X0 42076166 42228201 2 152035
19 19 61X0 42230190 42255132 2 24942
19 19 62X0 43015120 43269523 5 254403
19 19 62X1 42754233 42937166 3 182933
19 19 62X2 42509207 42740384 3 231177
19 19 63X0 43353659 43719272 8 365613
19 19 64X0 43833505 44177683 13 344178
19 19 64X1 44212538 44500523 7 287985
19 19 65X0 44511010 44878938 6 367928
19 19 66X0 44942256 44949563 3 7307
19 19 67X0 45589764 45681988 2 92224
19 19 68X0 46039748 46231243 4 191495
19 19 69X0 47309874 47342015 2 32141
19 19 6X0 3113463 3163769 2 50306
19 19 70X0 47801243 47843323 2 42080
19 19 71X0 47968046 48025142 2 57096
19 19 72X0 48696039 48755390 2 59351
19 19 73X0 49015980 49055779 8 39799
19 19 74X0 50819153 51084245 14 265092
19 19 75X0 51142370 51646889 15 504519
19 19 76X0 51746420 51825808 3 79388
19 19 77X0 53044738 53193374 5 148636
19 19 77X1 52764195 53016122 9 251927
19 19 77X2 51872550 52160648 10 288098
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19 19 77X3 52274462 52511142 7 236680
19 19 77X4 53235385 53580269 9 344884
19 19 77X5 52527653 52735044 4 207391
19 19 78X0 53912817 54012664 3 99847
19 19 79X0 54048366 54339150 9 290784
19 19 7X0 3958454 4124117 2 165663
19 19 80X0 54769825 55032865 9 263040
19 19 80X1 54502907 54753052 8 250145
19 19 81X0 55132832 55156725 2 23893
19 19 82X0 55481197 55645621 8 164424
19 19 83X0 55711433 56061810 8 350377
19 19 84X0 56087366 56209200 4 121834
19 19 85X0 57191775 57592390 19 400615
19 19 85X1 57599885 57933905 16 334020
19 19 85X2 58278951 58572775 11 293824
19 19 85X3 57940833 58264092 7 323259
19 19 85X4 56382752 56671760 7 289008
19 19 85X5 56774562 57145202 3 370640
19 19 8X0 4502180 4535224 2 33044
19 19 9X0 5586999 5668326 2 81327
2 2 10X0 68945297 68980974 2 35677
2 2 11X0 70808813 70835822 2 27009
2 2 12X0 70939318 70995336 2 56018
2 2 13X0 79025727 79159753 4 134026
2 2 14X0 85657318 85698747 2 41429
2 2 15X0 86505444 86623028 2 117584
2 2 16X0 86785920 86861924 2 76004
2 2 17X0 89266494 89330421 2 63927
2 2 18X0 89852186 89960754 4 108568
2 2 19X0 95148303 95215603 3 67300
2 2 1X0 18554723 18589564 2 34841
2 2 20X0 95476967 95599778 2 122811
2 2 21X0 96760902 96833911 2 73009
2 2 22X0 96837915 96858095 2 20180
2 2 23X0 99243456 99304742 2 61286
2 2 24X0 102008515 102452384 6 443869
2 2 25X0 108247195 108387640 3 140445
2 2 26X0 112215865 112340063 2 124198
2 2 27X0 112773915 113133121 9 359206
2 2 28X0 118942166 119158889 2 216723
2 2 29X0 130539095 130582406 2 43311
2 2 2X0 27377235 27623215 2 245980
2 2 30X0 151247940 151290057 2 42117
2 2 31X0 159771851 160062610 3 290759
2 2 32X0 161992241 162242998 2 250757
2 2 33X0 169479480 169773385 4 293905
2 2 34X0 176077472 176190907 9 113435
2 2 35X0 177548998 177618966 2 69968
2 2 36X0 188974386 189179879 2 205493
2 2 37X0 190975642 191151260 2 175618
2 2 38X0 197500413 197551279 2 50866
2 2 39X0 201133036 201278161 3 145125
2 2 3X0 37105143 37317079 2 211936
2 2 40X0 203706475 203961577 3 255102
2 2 41X0 218129287 218263848 3 134561
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2 2 42X0 219245896 219493632 4 247736
2 2 43X0 230225730 230403730 2 178000
2 2 44X0 232378534 232460032 3 81498
2 2 45X0 232526160 232545716 2 19556
2 2 46X0 233617645 233773310 9 155665
2 2 47X0 240028965 240046072 2 17107
2 2 48X0 240676422 240698479 2 22057
2 2 4X0 39178547 39437301 2 258754
2 2 5X0 43812842 43878466 2 65624
2 2 6X0 44941898 45009430 2 67532
2 2 7X0 48530186 48679605 3 149419
2 2 8X0 53670293 53860160 2 189867
2 2 9X0 68643589 68658247 2 14658
20 20 10X0 23439685 23879750 8 440065
20 20 11X0 31257664 31473013 7 215349
20 20 12X0 31819373 32101519 2 282146
20 20 13X0 32632183 32743523 2 111340
20 20 14X0 33007600 33309878 5 302278
20 20 15X0 36574553 36612384 2 37831
20 20 16X0 38304150 38377023 2 72873
20 20 17X0 45109452 45790072 15 680620
20 20 18X0 45857617 45885265 2 27648
20 20 19X0 49936407 49988886 2 52479
20 20 1X0 87710 261096 6 173386
20 20 20X0 50081124 50153637 3 72513
20 20 21X0 56524486 56536520 2 12034
20 20 22X0 63528001 63547504 2 19503
20 20 23X0 64085016 64107171 2 22155
20 20 2X0 1476140 1939894 6 463754
20 20 3X0 2296001 2432753 2 136752
20 20 4X0 2814968 2818066 2 3098
20 20 5X0 3071620 3084724 2 13104
20 20 6X0 4686543 4728460 2 41917
20 20 7X0 18567453 18744216 2 176763
20 20 8X0 21395367 21514026 2 118659
20 20 9X0 23045633 23086340 2 40707
21 21 10X0 41361943 41459213 2 97270
21 21 11X0 41798227 42010387 2 212160
21 21 12X0 42312074 42366594 3 54520
21 21 13X0 43659548 43805293 2 145745
21 21 14X0 44329891 44462196 2 132305
21 21 15X0 44538981 44697807 13 158826
21 21 16X0 45981769 46129805 2 148036
21 21 1X0 5116343 5133805 2 17462
21 21 2X0 26835747 26966513 2 130766
21 21 3X0 30165564 30216073 2 50509
21 21 4X0 30281309 31038476 25 757167
21 21 5X0 32578823 32612555 2 33732
21 21 6X0 33025935 33072420 2 46485
21 21 7X0 33246774 33437502 4 190728
21 21 8X0 34364024 34511325 2 147301
21 21 9X0 36070035 36146566 2 76531
22 22 10X0 37010859 37025081 2 14222
22 22 11X0 37570246 37679806 4 109560
22 22 12X0 38290692 38398522 2 107830
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22 22 13X0 38957522 39102558 8 145036
22 22 14X0 42126501 42144577 2 18076
22 22 15X0 43039776 43187133 2 147357
22 22 16X0 43879679 43947061 2 67382
22 22 17X0 44026304 44198717 2 172413
22 22 18X0 44725261 44862784 2 137523
22 22 19X0 50252903 50270393 2 17490
22 22 1X0 21383374 21551461 2 168087
22 22 20X0 50523568 50526145 2 2577
22 22 2X0 22484873 22520270 2 35397
22 22 3X0 23573369 23754468 2 181099
22 22 4X0 23857000 24005409 8 148409
22 22 5X0 30285146 30305631 3 20485
22 22 6X0 30459230 30546682 3 87452
22 22 7X0 32059170 32361161 4 301991
22 22 8X0 35648395 35729483 2 81088
22 22 9X0 36141027 36267530 4 126503
3 3 10X0 45886509 46903755 13 1017246
3 3 11X0 49416794 49429310 3 12516
3 3 12X0 49859255 49903609 2 44354
3 3 13X0 50159019 50277139 4 118120
3 3 14X0 50295124 50322777 3 27653
3 3 15X0 51778563 51903335 5 124772
3 3 16X0 51933430 52278643 9 345213
3 3 17X0 52779921 52826917 3 46996
3 3 18X0 52833150 52897596 2 64446
3 3 19X0 63864560 64003462 2 138902
3 3 1X0 9902848 9933620 2 30772
3 3 20X0 98087173 98533150 11 445977
3 3 21X0 109293788 109337572 2 43784
3 3 22X0 112819768 112974912 2 155144
3 3 23X0 122531773 122730840 3 199067
3 3 24X0 129087575 129161037 2 73462
3 3 25X0 139005468 139044892 3 39424
3 3 26X0 139454772 139539829 2 85057
3 3 27X0 146192339 146606216 4 413877
3 3 28X0 147386048 147416719 2 30671
3 3 29X0 149322368 149487687 3 165319
3 3 2X0 10816200 11036917 2 220717
3 3 30X0 151198427 151384812 5 186385
3 3 31X0 151733927 151824860 2 90933
3 3 32X0 158666414 158732442 2 66028
3 3 33X0 159764002 159897349 2 133347
3 3 34X0 160258180 160448937 2 190757
3 3 35X0 169793473 169869833 3 76360
3 3 36X0 183487531 183673008 2 185477
3 3 37X0 184035104 184106693 3 71589
3 3 38X0 184249695 184293031 2 43336
3 3 39X0 186570678 186597103 2 26425
3 3 3X0 32238679 32503408 3 264729
3 3 40X0 186613066 186743948 4 130882
3 3 41X0 194340772 194398354 3 57582
3 3 4X0 38265812 38318575 2 52763
3 3 5X0 39263495 39333446 2 69951
3 3 6X0 40477113 40539794 3 62681
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3 3 7X0 42658814 42916995 2 258181
3 3 8X0 42936859 43032292 2 95433
3 3 9X0 44439770 44737083 8 297313
4 4 10X0 67820876 68497604 5 676728
4 4 11X0 68537184 69653247 10 1116063
4 4 12X0 69995931 70058841 3 62910
4 4 13X0 70360761 70410194 3 49433
4 4 14X0 73436247 73504001 2 67754
4 4 15X0 73740541 74099293 9 358752
4 4 16X0 74309097 74770156 4 461059
4 4 17X0 76001275 76041415 3 40140
4 4 18X0 82359516 82430225 2 70709
4 4 19X0 86886472 86934732 2 48260
4 4 1X0 53295 499156 5 445861
4 4 20X0 87303789 87391149 2 87360
4 4 21X0 99076292 99435510 7 359218
4 4 22X0 102911434 103077282 2 165848
4 4 23X0 109713916 109802179 2 88263
4 4 24X0 143875313 144127908 3 252595
4 4 25X0 154563026 154612635 2 49609
4 4 26X0 155667663 155806824 2 139161
4 4 27X0 164954446 165060554 3 106108
4 4 28X0 183318194 183322426 2 4232
4 4 29X0 186227518 186288780 2 61262
4 4 2X0 5562439 5758311 2 195872
4 4 30X0 188091337 188147622 2 56285
4 4 3X0 6640091 6709880 3 69789
4 4 4X0 9210657 9364721 20 154064
4 4 5X0 15715328 15840490 2 125162
4 4 6X0 15935569 15963236 2 27667
4 4 7X0 25160663 25279092 2 118429
4 4 8X0 38772239 38829473 3 57234
4 4 9X0 48831227 48906828 2 75601
5 5 10X0 79069767 79131484 2 61717
5 5 11X0 132294443 132394272 2 99829
5 5 12X0 132449652 132646079 2 196427
5 5 13X0 134160996 134226071 2 65075
5 5 14X0 140676654 140698938 2 22284
5 5 15X0 140786291 141959062 55 1172771
5 5 16X0 146203550 146339251 2 135701
5 5 17X0 147827086 148339849 6 512763
5 5 18X0 149495896 150289629 4 793733
5 5 19X0 151277351 151480143 3 202792
5 5 1X0 1201595 1445430 3 243835
5 5 20X0 156919389 157109122 3 189733
5 5 21X0 175440039 175684313 2 244274
5 5 22X0 178711592 179083537 6 371945
5 5 23X0 180739042 181368262 10 629220
5 5 2X0 14581775 14699711 2 117936
5 5 3X0 17486231 17635053 14 148822
5 5 4X0 35962874 36066882 2 104008
5 5 5X0 55024253 55110252 2 85999
5 5 6X0 55859509 55976314 2 116805
5 5 7X0 69355492 69370013 2 14521
5 5 8X0 69419386 69558104 2 138718
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5 5 9X0 76617373 76835315 3 217942
6 6 10X0 28080975 28587335 14 506360
6 6 11X0 29044213 29588968 15 544755
6 6 12X0 29657210 30346854 12 689644
6 6 13X0 31269339 31511123 4 241784
6 6 14X0 31572283 31582425 3 10142
6 6 15X0 31669118 31721845 8 52727
6 6 16X0 31809619 31830255 3 20636
6 6 17X0 31927724 31952053 3 24329
6 6 18X0 31982068 32035417 2 53349
6 6 19X0 32394736 33087201 19 692465
6 6 1X0 1312440 1613897 3 301457
6 6 20X0 33314406 33457548 2 143142
6 6 21X0 34417467 34426069 2 8602
6 6 22X0 35776619 35796850 2 20231
6 6 23X0 35833034 36547470 4 714436
6 6 24X0 39188973 39322588 3 133615
6 6 25X0 41158507 41350864 5 192357
6 6 26X0 42155406 42194916 2 39510
6 6 27X0 43037620 43272626 4 235006
6 6 28X0 46129993 46170971 2 40978
6 6 29X0 46852512 47018499 2 165987
6 6 2X0 2832332 2903280 2 70948
6 6 30X0 47673371 47722021 2 48650
6 6 31X0 49692358 49866499 3 174141
6 6 32X0 49946101 50048651 5 102550
6 6 33X0 50713828 50847613 2 133785
6 6 34X0 52186387 52244537 2 58150
6 6 35X0 52750089 52994261 5 244172
6 6 36X0 73223544 73395133 5 171589
6 6 37X0 89177508 89315299 2 137791
6 6 38X0 116249961 116279903 2 29942
6 6 39X0 116462467 116558575 3 96108
6 6 3X0 3153669 3227735 2 74066
6 6 40X0 132538290 132646003 6 107713
6 6 41X0 149918707 150069066 5 150359
6 6 42X0 160121936 160452581 3 330645
6 6 43X0 160531483 160753306 2 221823
6 6 44X0 166858094 166956589 2 98495
6 6 45X0 167111807 167158329 2 46522
6 6 4X0 10722915 10756971 2 34056
6 6 5X0 25726132 26509935 47 783803
6 6 6X0 27132370 27147515 4 15145
6 6 7X0 27388992 27473118 2 84126
6 6 8X0 27807444 27893843 15 86399
6 6 9X0 27911185 27958182 2 46997
7 7 10X0 55887277 55955239 2 67962
7 7 11X0 63998874 65401135 10 1402261
7 7 12X0 66075884 66153289 3 77405
7 7 13X0 73768997 73832693 2 63696
7 7 14X0 74505992 75146931 4 640939
7 7 15X0 75769533 75823356 2 53823
7 7 16X0 90154375 90237678 2 83303
7 7 17X0 93099513 93148345 2 48832
7 7 18X0 93906594 93928610 2 22016
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7 7 19X0 95297676 95435072 3 137396
7 7 1X0 1055285 1093809 2 38524
7 7 20X0 97007425 97024950 2 17525
7 7 21X0 99325879 99394814 3 68935
7 7 22X0 99416739 99466164 2 49425
7 7 23X0 99472841 100079167 13 606326
7 7 24X0 100358015 100400096 2 42081
7 7 25X0 102347206 102671601 9 324395
7 7 26X0 107660828 107803207 2 142379
7 7 27X0 107959506 108130356 2 170850
7 7 28X0 116499780 116561184 2 61404
7 7 29X0 122697712 122702967 2 5255
7 7 2X0 6615617 6706923 3 91306
7 7 30X0 123848070 123960039 2 111969
7 7 31X0 130266827 130388114 4 121287
7 7 32X0 134442350 134579549 3 137199
7 7 33X0 139340359 139422599 2 82240
7 7 34X0 141764097 141973773 5 209676
7 7 35X0 141995879 142222324 2 226445
7 7 36X0 142749468 142774564 2 25096
7 7 37X0 142871707 142933723 2 62016
7 7 38X0 143026158 143053347 2 27189
7 7 39X0 143183419 143478796 4 295377
7 7 3X0 16797631 16881987 2 84356
7 7 40X0 143571801 143902155 5 330354
7 7 41X0 143935166 144319057 11 383891
7 7 42X0 149069963 149773479 8 703516
7 7 43X0 150368790 150408274 4 39484
7 7 44X0 150450630 150744063 7 293433
7 7 45X0 150791292 150803808 2 12516
7 7 46X0 151028422 151227166 3 198744
7 7 47X0 151956447 152122160 2 165713
7 7 4X0 17298622 17467234 2 168612
7 7 5X0 19115468 19145421 2 29953
7 7 6X0 27100354 27247825 10 147471
7 7 7X0 30496623 30550761 2 54138
7 7 8X0 30771417 30925516 3 154099
7 7 9X0 45888497 45921140 2 32643
8 8 10X0 24384470 24526970 2 142500
8 8 11X0 39913284 40016391 2 103107
8 8 12X0 42697419 42768610 2 71191
8 8 13X0 55879835 56113982 2 234147
8 8 14X0 81280867 81531378 4 250511
8 8 15X0 85245527 85481493 3 235966
8 8 16X0 94371960 94475109 2 103149
8 8 17X0 123219957 123274284 2 54327
8 8 18X0 132024220 132085655 2 61435
8 8 19X0 142680457 143217170 15 536713
8 8 1X0 6924693 7056734 6 132041
8 8 20X0 143246928 143695380 6 448452
8 8 21X0 143716378 143840630 2 124252
8 8 22X0 144330565 144950888 6 620323
8 8 2X0 7332387 7338707 2 6320
8 8 3X0 7414860 7896711 16 481851
8 8 4X0 7971661 7977985 2 6324
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8 8 5X0 10723768 10839847 3 116079
8 8 6X0 11973937 12318316 7 344379
8 8 7X0 18216894 18400993 2 184099
8 8 8X0 23022311 23225061 4 202750
8 8 9X0 23680988 23706598 2 25610
9 9 10X0 92389854 92536092 4 146238
9 9 11X0 94558720 94640249 2 81529
9 9 12X0 96385941 96853072 3 467131
9 9 13X0 100442271 100577636 2 135365
9 9 14X0 104504263 104695485 8 191222
9 9 15X0 104747688 104774010 2 26322
9 9 16X0 108854589 108863759 2 9170
9 9 17X0 109239731 109498313 2 258582
9 9 18X0 109780456 110169909 3 389453
9 9 19X0 110243811 110337884 2 94073
9 9 1X0 976964 1057550 2 80586
9 9 20X0 111631386 111670246 2 38860
9 9 21X0 112997120 113056688 2 59568
9 9 22X0 113150942 113264492 2 113550
9 9 23X0 113275642 113340272 2 64630
9 9 24X0 114060992 114333252 3 272260
9 9 25X0 122476958 123035696 17 558738
9 9 26X0 124481236 124595808 2 114572
9 9 27X0 126805006 126885875 2 80869
9 9 28X0 127885321 127916996 2 31675
9 9 29X0 129803268 129824134 2 20866
9 9 2X0 5163863 5339873 3 176010
9 9 30X0 133351805 133376166 2 24361
9 9 31X0 135521455 135665913 5 144458
9 9 32X0 136739525 136985761 6 246236
9 9 33X0 137217452 137221323 2 3871
9 9 3X0 5450503 5571254 2 120751
9 9 4X0 21077105 21482313 16 405208
9 9 5X0 34551434 34660819 2 109385
9 9 6X0 34689857 34710069 2 20212
9 9 7X0 35869263 35958154 2 88891
9 9 8X0 69035750 69255208 2 219458
9 9 9X0 81928514 81995256 3 66742
X X 10X0 41447460 41730135 3 282675
X X 11X0 47370583 48132613 7 762030
X X 12X0 48186220 48411910 5 225690
X X 13X0 49171926 49200199 2 28273
X X 14X0 49303669 49833973 14 530304
X X 15X0 51332830 51496596 2 163766
X X 16X0 51617024 51712131 3 95107
X X 17X0 52369030 52868068 7 499038
X X 18X0 52899383 52995472 2 96089
X X 19X0 54807599 54931429 2 123830
X X 1X0 1190897 1382689 3 191792
X X 20X0 55075071 55264730 4 189659
X X 21X0 57119683 57137523 2 17840
X X 22X0 70040542 70240627 3 200085
X X 23X0 71667804 71767199 3 99395
X X 24X0 72845042 72943675 2 98633
X X 25X0 73003517 73079512 2 75995
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X X 26X0 78271480 79172229 4 900749
X X 27X0 101390890 101412165 2 21275
X X 28X0 101550531 101659891 4 109360
X X 29X0 102125688 102142970 2 17282
X X 2X0 1403139 1643081 2 239942
X X 30X0 102215839 102471812 4 255973
X X 31X0 102601137 102752438 4 151301
X X 32X0 103062651 103832228 11 769577
X X 33X0 104012712 104040864 2 28152
X X 34X0 119399060 119471319 2 72259
X X 35X0 120070672 120165630 3 94958
X X 36X0 120872603 120985788 13 113185
X X 37X0 134769567 134854610 2 85043
X X 38X0 134990938 135428074 5 437136
X X 39X0 141002591 141698739 5 696148
X X 3X0 2691187 2816500 2 125313
X X 40X0 141880562 142205290 3 324728
X X 41X0 146809784 146814726 2 4942
X X 42X0 149548210 149931287 7 383077
X X 43X0 150568619 150735499 2 166880
X X 44X0 151912889 152138578 2 225689
X X 45X0 152698767 153183880 6 485113
X X 46X0 153344277 153426481 2 82204
X X 47X0 153781001 154271805 7 490804
X X 48X0 154477769 154653568 4 175799
X X 4X0 2903970 3112706 4 208736
X X 5X0 12867083 12922202 2 55119
X X 6X0 15243989 15315656 2 71667
X X 7X0 26138343 26218270 4 79927
X X 8X0 27746809 27981449 2 234640
X X 9X0 30215560 30252038 4 36478
Y Y 1X0 9337510 9530675 5 193165
Y Y 2X0 13985772 14056958 2 71186
Y Y 3X0 17877410 18028597 2 151187
Y Y 4X0 21511425 22417881 6 906456
Y Y 5X0 23130710 23291356 2 160646
Y Y 6X0 24763069 24905683 2 142614

Macaca mulatta

1 1 10X0 21417868 21439751 2 21883
1 1 11X0 30671807 30809523 2 137716
1 1 12X0 33899882 33941890 4 42008
1 1 13X0 34137390 34278728 2 141338
1 1 14X0 34996853 35240875 3 244022
1 1 15X0 39758944 39854362 3 95418
1 1 16X0 41498189 41509857 2 11668
1 1 17X0 42673041 42851810 2 178769
1 1 18X0 43677899 43699181 2 21282
1 1 19X0 46386958 46609330 5 222372
1 1 1X0 5721388 5745344 2 23956
1 1 20X0 52391262 52517160 2 125898
1 1 21X0 66974565 67164240 2 189675
1 1 22X0 78667141 78707531 2 40390
1 1 23X0 85164567 85286801 2 122234
1 1 24X0 86609493 86831674 4 222181
1 1 25X0 89295544 89585755 5 290211
1 1 26X0 89757538 90116384 3 358846
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1 1 27X0 104406691 104545286 2 138595
1 1 28X0 109112281 109430375 4 318094
1 1 29X0 110560523 110633021 2 72498
1 1 2X0 8172105 8229020 2 56915
1 1 30X0 110683374 110765376 4 82002
1 1 31X0 111536587 111698738 3 162151
1 1 32X0 112237421 112392245 4 154824
1 1 33X0 117584924 117846493 3 261569
1 1 34X0 117987422 118253289 3 265867
1 1 35X0 120566187 120789947 4 223760
1 1 36X0 122615510 122767466 2 151956
1 1 37X0 123383712 123478850 2 95138
1 1 38X0 124142938 124243290 5 100352
1 1 39X0 125192083 125270204 2 78121
1 1 3X0 10908209 10936004 3 27795
1 1 40X0 125788737 125930397 2 141660
1 1 41X0 126375222 126441613 2 66391
1 1 42X0 127057124 127506935 7 449811
1 1 43X0 129706852 129743132 2 36280
1 1 44X0 129774499 129831298 2 56799
1 1 45X0 130478140 130672368 2 194228
1 1 46X0 132162950 132469737 4 306787
1 1 47X0 132828475 133030850 3 202375
1 1 48X0 133087364 133500833 8 413469
1 1 49X0 133560456 133780493 4 220037
1 1 4X0 11111921 11126510 2 14589
1 1 50X0 133877030 134018568 2 141538
1 1 51X0 134023754 134272076 4 248322
1 1 52X0 134529817 134833889 6 304072
1 1 53X0 135224316 135612488 6 388172
1 1 54X0 135626765 135698601 2 71836
1 1 55X0 135795118 135947997 3 152879
1 1 56X0 136330228 136442018 3 111790
1 1 58X0 139399220 139509958 5 110738
1 1 59X0 142502258 142649131 2 146873
1 1 5X0 11951831 12035774 2 83943
1 1 60X0 158788494 158931493 2 142999
1 1 61X0 159121555 159502939 4 381384
1 1 62X0 159635112 159697208 3 62096
1 1 63X0 159737125 159843965 3 106840
1 1 64X0 159883541 160140399 3 256858
1 1 65X0 161047274 161435603 3 388329
1 1 66X0 161507945 161642356 2 134411
1 1 67X0 163121273 163289331 3 168058
1 1 68X0 163408391 163460211 2 51820
1 1 69X0 163709094 163883751 2 174657
1 1 6X0 12101823 12173980 3 72157
1 1 70X0 164425659 164617715 2 192056
1 1 71X0 165353036 165408869 2 55833
1 1 72X0 169798574 170196614 4 398040
1 1 73X0 174094300 174335200 2 240900
1 1 74X0 184080614 184270055 2 189441
1 1 75X0 184700328 184850513 3 150185
1 1 76X0 184963571 184981354 2 17783
1 1 77X0 187504092 187579951 2 75859
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1 1 78X0 193681272 193840438 2 159166
1 1 79X0 196268245 196541900 5 273655
1 1 7X0 15764261 16110899 3 346638
1 1 80X0 197890148 198034618 3 144470
1 1 81X0 204460302 204586161 2 125859
1 1 82X0 223619189 223956009 6 336820
1 1 83X0 224536243 224758735 7 222492
1 1 83X1 224922015 225308826 7 386811
1 1 83X2 224081578 224485815 5 404237
1 1 84X0 225328849 225409362 2 80513
1 1 85X0 225491690 225502813 2 11123
1 1 8X0 18059924 18094249 2 34325
1 1 9X0 18774231 18967019 3 192788
10 10 10X0 35900674 35922951 2 22277
10 10 11X0 37574938 37602947 2 28009
10 10 12X0 56190839 56229789 2 38950
10 10 13X0 56591369 56870687 7 279318
10 10 14X0 58931960 58943610 2 11650
10 10 15X0 62244512 62308495 2 63983
10 10 16X0 63903192 64351138 20 447946
10 10 16X1 64377833 64838781 14 460948
10 10 16X2 63540975 63781594 8 240619
10 10 17X0 65015402 65112721 2 97319
10 10 18X0 65847954 65974462 7 126508
10 10 19X0 66185997 66229225 2 43228
10 10 1X0 176770 192989 2 16219
10 10 20X0 72302255 72384150 3 81895
10 10 21X0 73941860 74118507 2 176647
10 10 22X0 77569269 77647273 2 78004
10 10 23X0 78061977 78159250 3 97273
10 10 24X0 78991676 79006376 2 14700
10 10 25X0 79556239 79670576 2 114337
10 10 26X0 80941100 81076521 6 135421
10 10 27X0 84233025 84254021 2 20996
10 10 28X0 84655900 84725269 2 69369
10 10 29X0 85196574 85332659 2 136085
10 10 2X0 7897622 7918860 2 21238
10 10 30X0 86040452 86106072 2 65620
10 10 31X0 86227526 86359327 2 131801
10 10 3X0 18731938 18991541 7 259603
10 10 4X0 19245372 19269310 2 23938
10 10 5X0 25679078 25755599 2 76521
10 10 6X0 31011020 31086183 3 75163
10 10 7X0 32605302 32881400 7 276098
10 10 8X0 33134644 33266007 2 131363
10 10 9X0 34252759 34469542 5 216783
11 11 10X0 11854882 12046483 4 191601
11 11 11X0 13575092 13622808 2 47716
11 11 12X0 13758713 13885645 2 126932
11 11 13X0 15478562 15498729 2 20167
11 11 14X0 21664920 22284236 5 619316
11 11 15X0 44354831 44593441 2 238610
11 11 16X0 46735386 46790919 2 55533
11 11 17X0 47137727 47359948 3 222221
11 11 18X0 47415827 47560796 3 144969
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11 11 19X0 48028736 48179162 2 150426
11 11 1X0 4982966 5219997 3 237031
11 11 20X0 48235211 48258525 3 23314
11 11 21X0 50215007 50302516 2 87509
11 11 22X0 50825168 51598241 26 773073
11 11 23X0 51815034 52050229 3 235195
11 11 24X0 52064984 52135549 2 70565
11 11 25X0 52624099 52703596 2 79497
11 11 26X0 53324699 53342856 2 18157
11 11 27X0 53826135 54359577 13 533442
11 11 28X0 54663973 54912271 3 248298
11 11 29X0 55690181 55740862 2 50681
11 11 2X0 6551789 6692259 2 140470
11 11 30X0 56226272 56250674 2 24402
11 11 31X0 56737533 56739995 2 2462
11 11 32X0 66942738 66998300 2 55562
11 11 33X0 74198542 74384295 3 185753
11 11 34X0 79595962 79608309 2 12347
11 11 35X0 90638572 90793975 2 155403
11 11 36X0 112949466 113044703 3 95237
11 11 37X0 113422309 113476239 2 53930
11 11 38X0 120556862 120698210 2 141348
11 11 39X0 121419351 121523373 2 104022
11 11 3X0 7395069 7471314 4 76245
11 11 40X0 133134466 133146363 2 11897
11 11 41X0 133271667 133496812 6 225145
11 11 4X0 8143677 8274437 2 130760
11 11 5X0 8691640 8789430 3 97790
11 11 6X0 9138466 9589453 4 450987
11 11 7X0 9955495 10415249 11 459754
11 11 7X1 10421057 10899261 9 478204
11 11 8X0 11243168 11384425 3 141257
11 11 9X0 11589406 11755886 5 166480
12 12 10X0 81915682 82278974 3 363292
12 12 11X0 82634669 82705985 2 71316
12 12 12X0 82914892 82983757 2 68865
12 12 13X0 85399569 85656296 3 256727
12 12 14X0 98707196 98764511 2 57315
12 12 15X0 100155672 100356252 4 200580
12 12 16X0 101380020 101402492 2 22472
12 12 17X0 101567158 101695641 2 128483
12 12 18X0 113345323 113562990 2 217667
12 12 19X0 114916292 114969850 2 53558
12 12 1X0 37805208 37840831 2 35623
12 12 20X0 115037071 115056369 2 19298
12 12 21X0 116262623 116281343 2 18720
12 12 2X0 43967236 44627543 3 660307
12 12 3X0 48722453 48975989 2 253536
12 12 4X0 52908075 53422419 3 514344
12 12 5X0 63122233 63180019 6 57786
12 12 6X0 64596862 64663679 2 66817
12 12 7X0 65608246 65791334 2 183088
12 12 8X0 76381451 76493465 2 112014
12 12 9X0 78594581 78771452 2 176871
13 13 10X0 87415726 87453786 2 38060
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13 13 11X0 89337846 89411830 2 73984
13 13 12X0 90024279 90266094 2 241815
13 13 13X0 90316572 91339881 36 1023309
13 13 14X0 91539713 91577592 2 37879
13 13 15X0 91793453 91819016 2 25563
13 13 16X0 97426523 97852787 6 426264
13 13 17X0 97873962 98100030 2 226068
13 13 18X0 103701910 103963251 2 261341
13 13 19X0 107272612 107371690 2 99078
13 13 1X0 24373607 24419914 2 46307
13 13 20X0 107765464 108130599 7 365135
13 13 21X0 108616722 108965385 8 348663
13 13 2X0 37575434 37796911 2 221477
13 13 3X0 39721582 39922942 2 201360
13 13 4X0 44534928 44591487 2 56559
13 13 5X0 45687701 45756031 2 68330
13 13 6X0 69105645 69133662 2 28017
13 13 7X0 69980059 70015671 2 35612
13 13 8X0 71915229 71941635 2 26406
13 13 9X0 80394553 80503678 3 109125
14 14 10X0 6856605 6928474 2 71869
14 14 11X0 6947703 7123340 2 175637
14 14 12X0 7699288 7873539 4 174251
14 14 13X0 9615109 9664565 2 49456
14 14 14X0 10751171 10820551 2 69380
14 14 15X0 11028686 11219720 4 191034
14 14 16X0 11285512 11325364 2 39852
14 14 17X0 11458753 11710380 2 251627
14 14 18X0 11893175 12061808 2 168633
14 14 19X0 12345611 12488523 3 142912
14 14 1X0 110278 144220 3 33942
14 14 20X0 12815468 13071746 2 256278
14 14 21X0 13158985 13312542 2 153557
14 14 22X0 13465075 14146625 10 681550
14 14 23X0 14605499 14662210 3 56711
14 14 24X0 14741750 14818719 2 76969
14 14 25X0 14879188 14914947 2 35759
14 14 26X0 14928883 15090658 4 161775
14 14 27X0 15261356 15620764 5 359408
14 14 28X0 16259429 16274221 2 14792
14 14 29X0 16783899 17753466 23 969567
14 14 29X1 16411995 16756746 2 344751
14 14 2X0 336292 650195 3 313903
14 14 30X0 21966911 22003896 2 36985
14 14 31X0 31246834 31428560 2 181726
14 14 32X0 47726366 47949074 4 222708
14 14 33X0 48115451 48334096 2 218645
14 14 34X0 58633171 58798675 2 165504
14 14 35X0 59602193 59665234 2 63041
14 14 36X0 59703823 59837922 3 134099
14 14 37X0 60513540 60830475 6 316935
14 14 38X0 61378615 61895283 14 516668
14 14 38X1 62508758 63161921 16 653163
14 14 38X2 61961031 62463051 11 502020
14 14 39X0 63769657 63789190 2 19533
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14 14 3X0 682980 716720 2 33740
14 14 40X0 64062640 64161768 4 99128
14 14 41X0 65209328 65289724 2 80396
14 14 42X0 66048497 66094250 2 45753
14 14 43X0 67199373 67220017 2 20644
14 14 44X0 67893897 67974454 2 80557
14 14 45X0 68836519 68974231 2 137712
14 14 46X0 82247149 82518375 8 271226
14 14 47X0 87592998 87697790 4 104792
14 14 48X0 95415721 95855252 9 439531
14 14 49X0 97784838 97885629 3 100791
14 14 4X0 934546 1103789 2 169243
14 14 50X0 106779891 106863900 2 84009
14 14 51X0 107399418 107529648 3 130230
14 14 52X0 109647545 109663626 2 16081
14 14 53X0 110757331 110963359 2 206028
14 14 54X0 110999344 111088277 3 88933
14 14 55X0 111140735 111177842 2 37107
14 14 56X0 112176792 112274741 2 97949
14 14 57X0 116717171 117306748 9 589577
14 14 58X0 117487437 117629067 3 141630
14 14 59X0 123109919 123181479 2 71560
14 14 5X0 1675881 1750381 2 74500
14 14 60X0 127294660 127395240 2 100580
14 14 6X0 1954752 1984024 2 29272
14 14 7X0 3147195 3208893 3 61698
14 14 8X0 5601869 5632976 2 31107
14 14 9X0 6620971 6719952 2 98981
15 15 10X0 26072666 26129560 2 56894
15 15 11X0 26142497 26246049 2 103552
15 15 12X0 27820787 27900955 2 80168
15 15 13X0 29208881 29304495 2 95614
15 15 14X0 30709218 30718601 2 9383
15 15 15X0 34783519 34815878 2 32359
15 15 16X0 34837880 35020261 3 182381
15 15 17X0 42578574 42720291 2 141717
15 15 18X0 44411959 44786662 2 374703
15 15 19X0 48156902 48265425 5 108523
15 15 1X0 1306544 1565235 7 258691
15 15 20X0 48450739 48653648 2 202909
15 15 21X0 49435211 49541488 2 106277
15 15 22X0 49550518 49577801 2 27283
15 15 23X0 50503855 50573440 2 69585
15 15 24X0 50762686 50903686 2 141000
15 15 25X0 61917015 61955305 2 38290
15 15 26X0 62417156 62863531 7 446375
15 15 27X0 78886369 78989472 2 103103
15 15 28X0 79122520 79213084 2 90564
15 15 29X0 83488227 83704828 2 216601
15 15 2X0 2692610 2825013 4 132403
15 15 30X0 98301363 98353550 2 52187
15 15 31X0 103804795 104116150 2 311355
15 15 32X0 108366403 108447747 2 81344
15 15 33X0 110561089 110635107 2 74018
15 15 3X0 3445397 3471486 2 26089
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15 15 4X0 4785860 4942041 2 156181
15 15 5X0 4996385 5021737 2 25352
15 15 6X0 10973816 11006589 2 32773
15 15 7X0 12048737 12134726 2 85989
15 15 8X0 14493560 14567628 2 74068
15 15 9X0 16053612 16669649 7 616037
16 16 10X0 8818641 8985690 2 167049
16 16 11X0 10349193 10701495 6 352302
16 16 12X0 19354954 19509709 2 154755
16 16 13X0 22619968 22761218 2 141250
16 16 14X0 24968066 25092207 4 124141
16 16 15X0 28231966 28334332 5 102366
16 16 16X0 29225120 29319417 2 94297
16 16 16X1 29429254 29508216 2 78962
16 16 17X0 29829331 30057421 7 228090
16 16 18X0 30138021 30174707 2 36686
16 16 19X0 31375631 31463242 3 87611
16 16 1X0 1634499 1671348 2 36849
16 16 20X0 39008489 39042382 2 33893
16 16 21X0 39403637 39441589 2 37952
16 16 22X0 39551548 39574183 2 22635
16 16 23X0 41273004 41357911 3 84907
16 16 24X0 41995071 42073489 2 78418
16 16 25X0 45875502 45906580 2 31078
16 16 26X0 46524894 46792662 10 267768
16 16 27X0 46852802 47080449 16 227647
16 16 28X0 47139340 47415353 15 276013
16 16 29X0 47675293 47702397 2 27104
16 16 2X0 3031685 3190129 7 158444
16 16 30X0 47770519 47865253 2 94734
16 16 31X0 48047928 48202574 3 154646
16 16 32X0 48701782 48730811 3 29029
16 16 33X0 49594672 49745188 2 150516
16 16 34X0 49790718 49804289 2 13571
16 16 35X0 51068854 51092359 2 23505
16 16 36X0 51761726 51882363 2 120637
16 16 37X0 60485460 60529405 2 43945
16 16 38X0 62299473 62551636 3 252163
16 16 38X1 62557782 62732651 2 174869
16 16 39X0 63458900 63506092 2 47192
16 16 3X0 3377605 3464020 2 86415
16 16 40X0 68101151 68348449 6 247298
16 16 41X0 69590636 69613179 2 22543
16 16 42X0 70325363 70399526 2 74163
16 16 43X0 73631207 73651080 2 19873
16 16 44X0 76644815 76685342 2 40527
16 16 4X0 4351408 4445345 2 93937
16 16 5X0 5027050 5072227 3 45177
16 16 6X0 6841450 6971369 2 129919
16 16 7X0 7033496 7152558 3 119062
16 16 8X0 7396781 7403674 2 6893
16 16 9X0 8055212 8140969 3 85757
17 17 1X0 734276 818188 3 83912
17 17 2X0 20399455 20471439 2 71984
17 17 3X0 31438598 31532624 2 94026

299



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
17 17 4X0 80961828 81016207 2 54379
17 17 5X0 81653500 81671223 2 17723
17 17 6X0 94584340 94644592 3 60252
18 18 1X0 6212823 6241579 2 28756
18 18 2X0 19546578 20081801 6 535223
18 18 3X0 23942441 24073945 3 131504
18 18 4X0 34568699 34687515 2 118816
18 18 5X0 35895455 35902363 2 6908
18 18 6X0 53050700 53634388 11 583688
18 18 7X0 64660112 64743444 2 83332
19 19 1X0 595162 630937 4 35775
19 19 2X0 1814850 1910340 2 95490
19 19 3X0 51644839 51745989 6 101150
19 19 3X1 51747281 51856787 6 109506
19 19 3X10 39322416 39402995 4 80579
19 19 3X11 11965244 12194508 8 229264
19 19 3X12 47905690 48187977 6 282287
19 19 3X13 33197909 33434800 5 236891
19 19 3X14 48400566 48568201 5 167635
19 19 3X15 46698731 46792555 4 93824
19 19 3X16 2727783 2869190 5 141407
19 19 3X17 47099448 47176579 3 77131
19 19 3X18 39409307 39514388 3 105081
19 19 3X19 9270507 9410095 5 139588
19 19 3X2 46187527 46384135 10 196608
19 19 3X20 32954132 33168665 6 214533
19 19 3X21 37412579 37584473 5 171894
19 19 3X22 31221016 31372354 5 151338
19 19 3X23 47489211 47639123 5 149912
19 19 3X24 12480922 12638240 5 157318
19 19 3X25 44420002 44460439 5 40437
19 19 3X26 48677653 48818730 5 141077
19 19 3X27 49255774 49408271 5 152497
19 19 3X28 50986772 51144842 5 158070
19 19 3X29 36626697 36730591 4 103894
19 19 3X3 50007777 50155152 7 147375
19 19 3X30 39129163 39287997 4 158834
19 19 3X31 52416799 52611685 4 194886
19 19 3X32 51194450 51300560 3 106110
19 19 3X33 46413820 46561206 4 147386
19 19 3X34 15631871 15741939 4 110068
19 19 3X35 32253423 32439668 4 186245
19 19 3X36 51881321 52015945 4 134624
19 19 3X37 33451062 33554310 3 103248
19 19 3X38 52649417 52774200 4 124783
19 19 3X39 31743026 31830265 4 87239
19 19 3X4 51366821 51497538 6 130717
19 19 3X40 39529520 39725048 4 195528
19 19 3X41 35780972 35870785 3 89813
19 19 3X42 36817657 36952390 4 134733
19 19 3X43 46597503 46682668 2 85165
19 19 3X44 38533242 38682671 4 149429
19 19 3X45 32801118 32910904 3 109786
19 19 3X46 49561390 49670029 4 108639
19 19 3X47 10294749 10368088 3 73339
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species chromosome cluster start end duplicates length
19 19 3X48 2923802 3102333 4 178531
19 19 3X49 46975396 47052497 3 77101
19 19 3X5 49807031 49982745 7 175714
19 19 3X50 21296371 21443278 3 146907
19 19 3X51 47737172 47816245 3 79073
19 19 3X52 31012815 31096180 3 83365
19 19 3X53 9482612 9561008 3 78396
19 19 3X54 12320409 12404968 3 84559
19 19 3X55 52088255 52150025 2 61770
19 19 3X56 32456064 32582448 3 126384
19 19 3X57 7926620 7953275 3 26655
19 19 3X58 50696004 50777367 2 81363
19 19 3X59 44062839 44123927 2 61088
19 19 3X6 51514503 51631574 4 117071
19 19 3X60 20482827 20563458 2 80631
19 19 3X61 29258114 29335724 2 77610
19 19 3X62 5744366 5825402 2 81036
19 19 3X63 20170091 20242138 2 72047
19 19 3X64 42681348 42718947 2 37599
19 19 3X65 50191689 50352893 3 161204
19 19 3X66 38329220 38409472 2 80252
19 19 3X67 9728240 9769238 2 40998
19 19 3X68 15874298 15916141 2 41843
19 19 3X69 20909896 21017074 2 107178
19 19 3X7 35283788 35505012 7 221224
19 19 3X70 34681722 34768738 2 87016
19 19 3X71 30830017 30866790 2 36773
19 19 3X72 30637191 30670840 2 33649
19 19 3X73 45465141 45482718 2 17577
19 19 3X74 19798781 19849355 2 50574
19 19 3X75 14643370 14725276 2 81906
19 19 3X76 34526070 34552659 2 26589
19 19 3X77 32115069 32193378 2 78309
19 19 3X78 43319676 43361143 2 41467
19 19 3X79 5990167 6017957 2 27790
19 19 3X8 50832982 50933203 5 100221
19 19 3X80 37873921 37927101 2 53180
19 19 3X81 36169571 36192637 2 23066
19 19 3X82 35932736 35995503 2 62767
19 19 3X83 40115383 40196623 2 81240
19 19 3X84 11768583 11938217 3 169634
19 19 3X85 32665735 32732728 2 66993
19 19 3X86 6623090 6660690 2 37600
19 19 3X87 21722029 21805776 2 83747
19 19 3X88 34987245 35043416 2 56171
19 19 3X9 47199458 47383444 7 183986
19 19 4X0 52908802 53047287 5 138485
19 19 5X0 53207696 53374001 3 166305
19 19 5X1 53071963 53189634 2 117671
19 19 6X0 53533912 53606820 6 72908
2 2 10X0 90334811 90494805 5 159994
2 2 11X0 91991409 92026709 3 35300
2 2 12X0 92042286 92162830 2 120544
2 2 13X0 92212181 92350349 2 138168
2 2 14X0 93048408 93263106 2 214698
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species chromosome cluster start end duplicates length
2 2 15X0 95728254 95835992 5 107738
2 2 16X0 96139855 96658703 8 518848
2 2 17X0 97848380 98152066 8 303686
2 2 18X0 99722997 99975244 3 252247
2 2 19X0 102153717 102212720 3 59003
2 2 1X0 15410396 15416673 2 6277
2 2 20X0 103770188 104178110 3 407922
2 2 21X0 104245450 104599468 4 354018
2 2 22X0 106210063 106322605 3 112542
2 2 23X0 108943909 109022100 3 78191
2 2 24X0 119320343 119323090 2 2747
2 2 25X0 123974830 124049991 3 75161
2 2 26X0 134271483 134447873 2 176390
2 2 27X0 135999502 136170781 2 171279
2 2 28X0 137986114 138165594 5 179480
2 2 29X0 138580634 138682505 2 101871
2 2 2X0 19099854 19339426 3 239572
2 2 30X0 145817751 145929891 2 112140
2 2 31X0 154342015 154373763 2 31748
2 2 32X0 155170731 155541118 4 370387
2 2 33X0 168109712 168186442 2 76730
2 2 34X0 170567101 170637603 2 70502
2 2 35X0 171339526 171795059 3 455533
2 2 36X0 180767013 180966731 2 199718
2 2 37X0 188603470 188866928 3 263458
2 2 38X0 192269205 192500801 2 231596
2 2 39X0 200034272 200324876 2 290604
2 2 3X0 30401140 30435751 2 34611
2 2 40X0 201129736 201152966 2 23230
2 2 4X0 33918821 34029267 2 110446
2 2 5X0 43754524 43952182 2 197658
2 2 6X0 55272897 55493263 2 220366
2 2 7X0 56440216 56468740 2 28524
2 2 8X0 89348243 89394948 3 46705
2 2 9X0 89721651 90304310 7 582659
20 20 10X0 15836815 16014631 2 177816
20 20 11X0 19489582 19528943 2 39361
20 20 12X0 19586197 19850699 4 264502
20 20 13X0 21859871 22086016 2 226145
20 20 14X0 22382264 22418347 2 36083
20 20 15X0 26133577 26241718 2 108141
20 20 16X0 27557415 27602833 3 45418
20 20 17X0 27997461 28417041 5 419580
20 20 18X0 28708601 28717484 2 8883
20 20 19X0 28935604 28954086 2 18482
20 20 1X0 133491 140054 2 6563
20 20 20X0 29006611 29026849 2 20238
20 20 21X0 29103625 29228660 2 125035
20 20 22X0 29599485 29735559 2 136074
20 20 23X0 31856092 32006397 2 150305
20 20 24X0 39787442 39996826 4 209384
20 20 25X0 40701830 40845274 9 143444
20 20 26X0 41570914 41623502 2 52588
20 20 27X0 41771511 41902093 3 130582
20 20 28X0 50832600 50960940 2 128340
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20 20 29X0 51201330 51271908 2 70578
20 20 2X0 250465 335687 2 85222
20 20 30X0 52338273 52354943 2 16670
20 20 31X0 53029844 53219285 2 189441
20 20 32X0 55730650 55765790 2 35140
20 20 33X0 56689428 56709201 2 19773
20 20 34X0 59491501 59513675 2 22174
20 20 35X0 59781529 59838972 2 57443
20 20 36X0 73329914 73506974 2 177060
20 20 3X0 573622 676754 4 103132
20 20 4X0 751950 770654 2 18704
20 20 5X0 1185640 1248571 5 62931
20 20 6X0 1956805 2230149 3 273344
20 20 7X0 3511451 3853413 7 341962
20 20 8X0 3909696 3914811 2 5115
20 20 9X0 4138177 4175282 2 37105
3 3 10X0 16315080 16323601 3 8521
3 3 11X0 16475981 16579751 4 103770
3 3 12X0 16653628 16707227 2 53599
3 3 13X0 19965199 20100745 2 135546
3 3 14X0 34972290 35011126 2 38836
3 3 15X0 39973880 40067033 2 93153
3 3 16X0 41512194 41556625 2 44431
3 3 17X0 42431267 42767956 3 336689
3 3 18X0 43618309 43684649 2 66340
3 3 19X0 50154362 50228737 2 74375
3 3 1X0 641695 788789 2 147094
3 3 20X0 51038132 52054194 7 1016062
3 3 21X0 55152381 55197564 2 45183
3 3 22X0 63012114 63046778 2 34664
3 3 23X0 70456384 70498016 2 41632
3 3 24X0 80969612 81040584 3 70972
3 3 25X0 89064659 89094946 2 30287
3 3 26X0 92732291 92814479 2 82188
3 3 27X0 103740502 103827182 2 86680
3 3 28X0 118405398 118454888 2 49490
3 3 29X0 119274266 119293936 2 19670
3 3 2X0 2036035 2193666 10 157631
3 3 30X0 120653710 120786929 3 133219
3 3 31X0 124912903 125068388 4 155485
3 3 32X0 125092064 125377444 4 285380
3 3 33X0 125527350 125595276 3 67926
3 3 34X0 127040567 127065979 2 25412
3 3 35X0 133330638 133547278 2 216640
3 3 36X0 149851609 150040663 3 189054
3 3 37X0 156403331 156498340 3 95009
3 3 38X0 160580724 160824804 4 244080
3 3 39X0 168162158 168612380 7 450222
3 3 3X0 2269945 2389398 2 119453
3 3 40X0 168648749 169351393 31 702644
3 3 41X0 169423894 169517469 2 93575
3 3 42X0 174934256 175473485 12 539229
3 3 43X0 175622411 176055915 7 433504
3 3 44X0 176533834 176576033 3 42199
3 3 45X0 176618955 176963224 7 344269
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3 3 46X0 177026174 177039996 2 13822
3 3 47X0 178175099 178329857 2 154758
3 3 4X0 2916524 3077330 2 160806
3 3 5X0 4522386 4702123 2 179737
3 3 6X0 5222289 5303169 2 80880
3 3 7X0 13249961 13458156 3 208195
3 3 8X0 13626899 13670768 2 43869
3 3 9X0 16123962 16163368 3 39406
4 4 10X0 28331150 28383361 2 52211
4 4 11X0 28406707 29017996 14 611289
4 4 12X0 29497128 30048864 10 551736
4 4 13X0 30176724 30618888 5 442164
4 4 14X0 30772889 31065690 7 292801
4 4 15X0 31982538 32364224 5 381686
4 4 16X0 32430770 32441942 3 11172
4 4 17X0 32680549 32700878 2 20329
4 4 18X0 33284317 33930487 14 646170
4 4 19X0 34158412 34313174 2 154762
4 4 1X0 2757695 2880681 3 122986
4 4 20X0 36703464 36722913 3 19449
4 4 21X0 36763736 37068127 3 304391
4 4 22X0 40180925 40264572 3 83647
4 4 23X0 42110733 42322096 5 211363
4 4 24X0 43167687 43189902 2 22215
4 4 25X0 44053247 44291719 4 238472
4 4 26X0 47940313 48108481 2 168168
4 4 27X0 48754835 48911411 3 156576
4 4 28X0 50750835 50877447 2 126612
4 4 29X0 50971154 51060530 4 89376
4 4 2X0 3063263 3131387 2 68124
4 4 30X0 51720991 51845261 2 124270
4 4 31X0 53157019 53203695 2 46676
4 4 32X0 53753292 53915049 5 161757
4 4 33X0 71261227 71409832 3 148605
4 4 34X0 71536395 71559367 2 22972
4 4 35X0 87242754 87379803 2 137049
4 4 36X0 105086923 105163826 2 76903
4 4 37X0 116248266 116588544 8 340278
4 4 38X0 134701575 134782968 2 81393
4 4 39X0 134819417 134929788 8 110371
4 4 3X0 10688854 10829054 2 140200
4 4 40X0 151262036 151357342 3 95306
4 4 41X0 156685249 156863781 3 178532
4 4 42X0 161258066 161577888 3 319822
4 4 4X0 10860294 10943065 2 82771
4 4 5X0 26313543 26864906 33 551363
4 4 6X0 26979981 27138030 7 158049
4 4 7X0 27529455 27551288 4 21833
4 4 8X0 27763472 27866289 3 102817
4 4 9X0 28220633 28305384 12 84751
5 5 10X0 51970151 52044180 2 74029
5 5 11X0 57372842 57501507 2 128665
5 5 12X0 58528129 58550730 2 22601
5 5 13X0 59776006 60272317 4 496311
5 5 14X0 60487858 60840023 8 352165
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5 5 15X0 61188565 61254256 2 65691
5 5 16X0 64240491 64324102 3 83611
5 5 17X0 64629700 64660237 2 30537
5 5 18X0 64794349 64917765 2 123416
5 5 19X0 64989796 65758594 7 768798
5 5 1X0 33212 436731 3 403519
5 5 20X0 65821479 66406396 3 584917
5 5 21X0 85650955 85751647 2 100692
5 5 22X0 86783877 87112844 3 328967
5 5 23X0 97723224 98170094 8 446870
5 5 24X0 101765303 101921844 2 156541
5 5 25X0 154466961 154518292 3 51331
5 5 26X0 163629967 163660425 2 30458
5 5 27X0 165209379 165300671 3 91292
5 5 28X0 168437914 168684091 2 246177
5 5 29X0 183728375 183731240 2 2865
5 5 2X0 5790055 6031691 2 241636
5 5 30X0 186737041 186796452 2 59411
5 5 31X0 188585296 188640881 2 55585
5 5 3X0 6866918 6933158 3 66240
5 5 4X0 8846137 9100224 2 254087
5 5 5X0 15014622 15146609 2 131987
5 5 6X0 15254249 15283603 2 29354
5 5 7X0 38420183 38477080 3 56897
5 5 8X0 48073565 48248417 2 174852
5 5 9X0 48873247 48942282 2 69035
6 6 10X0 75787720 75850059 2 62339
6 6 11X0 80290540 80491819 2 201279
6 6 12X0 93751393 94006490 3 255097
6 6 13X0 99499289 99756270 2 256981
6 6 14X0 119842917 119895982 2 53065
6 6 15X0 129984049 130098581 2 114532
6 6 16X0 138612471 139742391 14 1129920
6 6 17X0 146451826 146471177 2 19351
6 6 18X0 146617729 146945758 2 328029
6 6 19X0 148187885 148423916 3 236031
6 6 1X0 1104408 1335115 3 230707
6 6 20X0 149372640 149585661 3 213021
6 6 21X0 155076323 155261188 2 184865
6 6 22X0 173806005 174053650 2 247645
6 6 23X0 177222773 177655476 6 432703
6 6 24X0 179688434 180023263 6 334829
6 6 2X0 17969646 17985425 3 15779
6 6 3X0 24808770 24847673 2 38903
6 6 4X0 36304442 36408819 2 104377
6 6 5X0 43735264 43805927 4 70663
6 6 6X0 55939390 56018484 2 79094
6 6 7X0 56777664 56895184 2 117520
6 6 8X0 67592590 67778619 2 186029
6 6 9X0 73276060 73398552 2 122492
7 7 10X0 19618245 19721133 3 102888
7 7 11X0 21396124 21467918 2 71794
7 7 12X0 25066892 25188113 2 121221
7 7 13X0 26781485 26891788 2 110303
7 7 14X0 28148250 28283761 2 135511
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7 7 15X0 42009619 42094773 2 85154
7 7 16X0 50158778 50302128 2 143350
7 7 17X0 51327715 51370808 2 43093
7 7 18X0 51830633 52066722 5 236089
7 7 19X0 52067355 52247095 2 179740
7 7 1X0 265580 344466 2 78886
7 7 20X0 55970667 56039722 3 69055
7 7 21X0 62742032 62956031 2 213999
7 7 22X0 67772073 67805595 2 33522
7 7 23X0 80689454 81451890 17 762436
7 7 24X0 81723149 82168928 10 445779
7 7 25X0 82856589 83790535 31 933946
7 7 26X0 84373252 84390256 2 17004
7 7 27X0 84734495 84786086 2 51591
7 7 28X0 85419680 85752185 9 332505
7 7 29X0 85813921 85856958 2 43037
7 7 2X0 448331 501285 2 52954
7 7 30X0 85907612 86030974 3 123362
7 7 31X0 112344677 112540053 2 195376
7 7 32X0 114199260 114250936 2 51676
7 7 33X0 126425395 126469132 2 43737
7 7 34X0 129842097 129902213 2 60116
7 7 35X0 132448186 132818685 5 370499
7 7 36X0 135927485 135972339 2 44854
7 7 37X0 137296954 137513685 2 216731
7 7 38X0 137822988 137944642 2 121654
7 7 39X0 156540600 156899480 8 358880
7 7 3X0 702302 744749 2 42447
7 7 40X0 157963093 157985672 2 22579
7 7 41X0 158479212 158543624 2 64412
7 7 42X0 165398131 165436292 2 38161
7 7 43X0 166060309 166073396 2 13087
7 7 44X0 168800930 169544212 24 743282
7 7 44X1 168040903 168737827 12 696924
7 7 4X0 6695644 6758478 2 62834
7 7 5X0 8225284 8439101 2 213817
7 7 6X0 16481657 16599416 2 117759
7 7 7X0 17876463 17953536 2 77073
7 7 8X0 18241495 18553429 4 311934
7 7 9X0 18824778 19000378 2 175600
8 8 10X0 53899344 54073708 2 174364
8 8 11X0 79548509 79808496 4 259987
8 8 12X0 79893071 79955690 2 62619
8 8 13X0 83645619 83845623 2 200004
8 8 14X0 141939978 142462583 10 522605
8 8 15X0 142487349 142942358 3 455009
8 8 16X0 143345549 143533854 2 188305
8 8 17X0 143579433 144287666 8 708233
8 8 1X0 7160820 7249528 4 88708
8 8 2X0 7311414 7318063 2 6649
8 8 3X0 7325493 7783871 10 458378
8 8 4X0 17961794 18147148 2 185354
8 8 5X0 22995672 23245314 3 249642
8 8 6X0 23682824 23714068 2 31244
8 8 7X0 24322606 24549908 3 227302
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8 8 8X0 39447589 40388354 5 940765
8 8 9X0 40457840 40557197 2 99357
9 9 10X0 41803182 41830563 2 27381
9 9 11X0 45111246 45207772 2 96526
9 9 12X0 48223310 48243202 2 19892
9 9 13X0 52253184 52287636 2 34452
9 9 14X0 52636135 52729141 4 93006
9 9 15X0 63056637 63237027 2 180390
9 9 16X0 63476671 63560983 2 84312
9 9 17X0 83778833 83998147 5 219314
9 9 18X0 84486216 84582174 4 95958
9 9 19X0 88273278 88290574 2 17296
9 9 1X0 913528 941976 2 28448
9 9 20X0 89898366 90425459 5 527093
9 9 21X0 92820319 92837894 2 17575
9 9 22X0 99260846 99273693 2 12847
9 9 23X0 100080199 100127969 2 47770
9 9 24X0 112459157 112559723 3 100566
9 9 25X0 118622983 118846691 2 223708
9 9 2X0 4806984 5119927 4 312943
9 9 3X0 5363761 5390259 2 26498
9 9 4X0 5511469 5763490 2 252021
9 9 5X0 7540123 7702331 2 162208
9 9 6X0 15096648 15188304 4 91656
9 9 7X0 36429212 36526730 2 97518
9 9 8X0 37355142 37596586 3 241444
9 9 9X0 38976991 39066107 3 89116
X X 10X0 47549556 47656198 2 106642
X X 11X0 48018946 48248612 3 229666
X X 12X0 48291285 48655837 9 364552
X X 13X0 49404362 49432108 2 27746
X X 14X0 49548220 49838189 4 289969
X X 15X0 51318443 51522830 2 204387
X X 16X0 51965278 52215023 2 249745
X X 17X0 52235844 52276468 2 40624
X X 18X0 54235419 54361592 2 126173
X X 19X0 54567967 54831547 6 263580
X X 1X0 1948730 2161963 4 213233
X X 20X0 66023397 66155234 3 131837
X X 21X0 66415731 66485087 2 69356
X X 22X0 67509636 67696324 3 186688
X X 23X0 72618093 73163639 3 545546
X X 24X0 95735627 95842409 4 106782
X X 25X0 96185710 96201475 2 15765
X X 26X0 96235167 96260533 2 25366
X X 27X0 96410566 96575499 4 164933
X X 28X0 96811438 97378239 10 566801
X X 29X0 97681180 97907035 5 225855
X X 2X0 12062000 12116636 2 54636
X X 30X0 110186598 110389354 2 202756
X X 31X0 113830518 113881081 2 50563
X X 32X0 114580677 114587031 2 6354
X X 33X0 124292250 124325807 2 33557
X X 34X0 128747401 128831352 2 83951
X X 35X0 128967392 129411763 5 444371
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X X 36X0 135575959 135725349 4 149390
X X 37X0 137152598 137345108 2 192510
X X 38X0 143330159 143568867 4 238708
X X 39X0 144200523 144369786 2 169263
X X 3X0 14535447 14615904 2 80457
X X 40X0 146370818 146436197 5 65379
X X 41X0 146814184 146894902 2 80718
X X 42X0 147136484 147645981 5 509497
X X 43X0 147954961 147992780 2 37819
X X 4X0 23749843 23799068 2 49225
X X 5X0 25596541 25674062 4 77521
X X 6X0 27277210 27548236 2 271026
X X 7X0 29844572 29878773 4 34201
X X 8X0 41646373 41683956 2 37583
X X 9X0 43706588 43977723 2 271135
Y Y 1X0 8812707 8904928 2 92221
Y Y 2X0 9880133 10069059 5 188926

Monodelphis domestica

1 1 100X0 422367952 422421200 2 53248
1 1 101X0 423445557 423780386 4 334829
1 1 102X0 423857986 423907912 2 49926
1 1 103X0 424058012 424549205 8 491193
1 1 103X1 424728685 425261645 4 532960
1 1 104X0 427039549 427168140 2 128591
1 1 105X0 436577238 436727707 2 150469
1 1 106X0 446202775 446427046 3 224271
1 1 107X0 447482720 447554919 3 72199
1 1 108X0 448585857 448676099 3 90242
1 1 109X0 449446423 449477493 2 31070
1 1 10X0 25374083 25403160 2 29077
1 1 110X0 450245258 450382836 2 137578
1 1 111X0 450823878 451103034 2 279156
1 1 112X0 452742989 452799100 2 56111
1 1 113X0 452830272 452969001 2 138729
1 1 114X0 453298184 453332933 2 34749
1 1 115X0 456067741 456086845 2 19104
1 1 116X0 460277763 460443080 2 165317
1 1 117X0 460621050 460654230 2 33180
1 1 118X0 467276506 467690244 6 413738
1 1 119X0 467941998 468483534 8 541536
1 1 11X0 38583197 39122130 7 538933
1 1 120X0 468793176 468834847 2 41671
1 1 121X0 469163420 469247486 5 84066
1 1 122X0 472322030 472408735 2 86705
1 1 123X0 473616008 473724141 2 108133
1 1 124X0 480065039 480068691 2 3652
1 1 125X0 482389499 482575582 2 186083
1 1 126X0 500942573 501387594 3 445021
1 1 127X0 503076118 503161801 2 85683
1 1 128X0 508690287 508964768 2 274481
1 1 129X0 524002961 524195706 2 192745
1 1 12X0 51850227 51947342 3 97115
1 1 130X0 527094269 527251009 6 156740
1 1 131X0 561992900 562031356 3 38456
1 1 132X0 562960190 563037000 2 76810
1 1 133X0 564232992 564509493 2 276501
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 134X0 566232477 566242491 2 10014
1 1 135X0 574040213 574642321 4 602108
1 1 136X0 574712956 574878074 2 165118
1 1 137X0 578293248 578354141 2 60893
1 1 138X0 591006982 591338507 7 331525
1 1 139X0 591437139 591624446 2 187307
1 1 13X0 58150944 58271251 2 120307
1 1 140X0 598108311 598167088 2 58777
1 1 141X0 600244740 600369388 2 124648
1 1 142X0 650470940 650782998 2 312058
1 1 143X0 653513967 653658790 2 144823
1 1 144X0 655027464 655082154 2 54690
1 1 145X0 657765974 657886203 2 120229
1 1 146X0 661345080 661626283 2 281203
1 1 147X0 668880033 669114393 4 234360
1 1 148X0 669147301 669732031 13 584730
1 1 149X0 669738928 669844579 2 105651
1 1 14X0 59479151 59698335 2 219184
1 1 150X0 677557999 677698383 2 140384
1 1 151X0 683713015 684050057 6 337042
1 1 152X0 684347676 684445964 2 98288
1 1 153X0 684760119 685029173 2 269054
1 1 154X0 691481736 691611129 3 129393
1 1 155X0 695000105 695280858 2 280753
1 1 156X0 697587972 697660377 2 72405
1 1 157X0 698572510 698713705 2 141195
1 1 158X0 703523979 703839215 5 315236
1 1 159X0 705293348 705693318 6 399970
1 1 15X0 59758224 60179533 6 421309
1 1 160X0 706989483 707022055 2 32572
1 1 161X0 710519288 710689056 3 169768
1 1 162X0 711315114 711821171 8 506057
1 1 163X0 712257005 712689751 3 432746
1 1 164X0 712733801 713263462 20 529661
1 1 165X0 714128911 714776346 11 647435
1 1 165X1 713287528 713951450 7 663922
1 1 165X2 714937039 715379022 4 441983
1 1 166X0 715429485 715902454 13 472969
1 1 167X0 716608305 716677051 2 68746
1 1 168X0 718189042 718314318 2 125276
1 1 169X0 729096059 729178031 3 81972
1 1 16X0 60283380 60332966 2 49586
1 1 170X0 737606142 737640540 2 34398
1 1 171X0 738252380 738514097 3 261717
1 1 172X0 739261608 739307126 2 45518
1 1 173X0 739815551 739886863 2 71312
1 1 174X0 739960170 740450991 11 490821
1 1 175X0 745213361 745682828 7 469467
1 1 175X1 746047916 746211807 3 163891
1 1 17X0 65447060 65473884 2 26824
1 1 18X0 67004409 67042549 2 38140
1 1 19X0 76489213 76680079 5 190866
1 1 1X0 8847731 8941370 3 93639
1 1 20X0 82181556 82294903 4 113347
1 1 21X0 83133874 83325346 2 191472
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 22X0 84077064 84129743 2 52679
1 1 23X0 84485594 84508595 2 23001
1 1 24X0 84800076 85329695 10 529619
1 1 25X0 90834595 91206009 2 371414
1 1 26X0 93430656 93565140 3 134484
1 1 27X0 107484259 107745054 2 260795
1 1 28X0 108570469 108613768 3 43299
1 1 29X0 111096843 111214706 2 117863
1 1 2X0 10060250 10235314 3 175064
1 1 30X0 112114927 112364297 3 249370
1 1 31X0 117149674 117281888 2 132214
1 1 32X0 121112605 121277728 2 165123
1 1 33X0 121533211 121665507 2 132296
1 1 34X0 122228637 122270079 2 41442
1 1 35X0 123190487 123296907 2 106420
1 1 36X0 123498003 123524259 2 26256
1 1 37X0 151235723 151364330 2 128607
1 1 38X0 157043441 157052180 2 8739
1 1 39X0 163476084 163667264 2 191180
1 1 3X0 13828644 14325613 8 496969
1 1 40X0 166329081 168208656 47 1879575
1 1 40X1 168244191 169189695 12 945504
1 1 40X2 169498857 169667068 3 168211
1 1 41X0 170212782 170385738 6 172956
1 1 42X0 170467178 171634192 37 1167014
1 1 43X0 171746301 171909355 5 163054
1 1 44X0 173161124 173693430 8 532306
1 1 45X0 173712491 173722825 2 10334
1 1 46X0 181105906 181182202 2 76296
1 1 47X0 182637711 182778666 2 140955
1 1 48X0 196673848 196906130 2 232282
1 1 49X0 198476511 198562520 2 86009
1 1 4X0 16487669 17311834 26 824165
1 1 50X0 199334643 199551397 2 216754
1 1 51X0 200908630 201086588 2 177958
1 1 52X0 203042567 203165940 4 123373
1 1 53X0 203268960 203445166 2 176206
1 1 54X0 222107840 222178308 2 70468
1 1 55X0 247670483 248168550 3 498067
1 1 56X0 248338992 248641642 2 302650
1 1 57X0 250398982 250518691 3 119709
1 1 58X0 262010808 262243076 3 232268
1 1 59X0 267145687 267197939 2 52252
1 1 5X0 20593118 20769860 2 176742
1 1 60X0 272039248 272113070 2 73822
1 1 61X0 275824649 275928604 2 103955
1 1 62X0 287967759 288165057 2 197298
1 1 63X0 294929032 295177494 2 248462
1 1 64X0 297352689 297661583 4 308894
1 1 65X0 297946596 298771689 13 825093
1 1 66X0 306615747 306732397 2 116650
1 1 67X0 306966870 307152760 2 185890
1 1 68X0 312973116 313158920 2 185804
1 1 69X0 318470218 318605884 2 135666
1 1 6X0 21765170 21839986 2 74816

310



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 70X0 325600334 325685871 2 85537
1 1 71X0 328157916 328638211 7 480295
1 1 72X0 328647384 328741482 2 94098
1 1 73X0 332292316 332319924 2 27608
1 1 74X0 332637457 333339521 16 702064
1 1 75X0 333698839 333808820 2 109981
1 1 76X0 336860842 336905187 2 44345
1 1 77X0 342879191 343235495 3 356304
1 1 78X0 345209460 345539051 3 329591
1 1 79X0 346385770 346403060 2 17290
1 1 7X0 22458804 22600542 2 141738
1 1 80X0 351857109 352013882 3 156773
1 1 81X0 359857941 360156883 2 298942
1 1 82X0 364256294 364259552 2 3258
1 1 83X0 366797232 367043272 2 246040
1 1 84X0 369413345 369469695 2 56350
1 1 85X0 377965826 378185003 2 219177
1 1 86X0 378518591 378736565 3 217974
1 1 87X0 379038476 379267402 3 228926
1 1 88X0 380434192 380612602 2 178410
1 1 89X0 384854750 385116307 2 261557
1 1 8X0 23042533 23350852 5 308319
1 1 90X0 385459498 385561772 2 102274
1 1 91X0 389063021 389138321 2 75300
1 1 92X0 399394932 399700021 3 305089
1 1 93X0 400111951 400283451 4 171500
1 1 94X0 401380029 401674143 2 294114
1 1 95X0 402840476 403034863 2 194387
1 1 96X0 404401017 404546855 3 145838
1 1 97X0 414417241 414625167 2 207926
1 1 98X0 415906570 416138255 3 231685
1 1 99X0 416168933 416683704 14 514771
1 1 9X0 23352212 23592797 2 240585
2 2 100X0 284679064 284777134 3 98070
2 2 101X0 285842341 286083848 3 241507
2 2 102X0 287170439 287375465 2 205026
2 2 103X0 291786877 291815400 2 28523
2 2 104X0 293990380 294231222 3 240842
2 2 105X0 296539218 296969034 4 429816
2 2 106X0 298460628 298632399 2 171771
2 2 107X0 300545662 300629878 2 84216
2 2 108X0 301326777 301548920 4 222143
2 2 109X0 312522955 312846275 2 323320
2 2 10X0 36491789 36837155 4 345366
2 2 110X0 314010207 314295966 3 285759
2 2 111X0 332354647 332712145 13 357498
2 2 112X0 341398693 341443175 2 44482
2 2 113X0 346430324 346623930 2 193606
2 2 114X0 369135575 369265423 2 129848
2 2 115X0 377020421 377189116 2 168695
2 2 116X0 384574059 384751672 4 177613
2 2 117X0 406713166 407116293 13 403127
2 2 118X0 407136967 407176398 2 39431
2 2 119X0 412753809 412997574 3 243765
2 2 11X0 37999152 38027262 2 28110
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
2 2 120X0 431242916 431380856 2 137940
2 2 121X0 442243855 442321336 3 77481
2 2 122X0 442563452 442978064 3 414612
2 2 123X0 451262038 451314739 2 52701
2 2 124X0 451494662 451812402 2 317740
2 2 125X0 456829654 457259107 3 429453
2 2 126X0 458981153 459182710 2 201557
2 2 127X0 466347750 466635297 2 287547
2 2 128X0 471998786 472244729 2 245943
2 2 129X0 477235853 477439237 2 203384
2 2 12X0 38107615 38639215 6 531600
2 2 130X0 478664373 478735358 2 70985
2 2 131X0 478806289 478824655 2 18366
2 2 132X0 480171926 480482082 3 310156
2 2 133X0 481121540 481332128 7 210588
2 2 134X0 488739000 489094300 3 355300
2 2 135X0 491969194 492270894 3 301700
2 2 136X0 493197216 493374604 6 177388
2 2 137X0 493421635 493426268 2 4633
2 2 138X0 493797770 493802342 2 4572
2 2 139X0 493813155 494062422 2 249267
2 2 13X0 41328377 41433462 2 105085
2 2 140X0 494306094 494405211 2 99117
2 2 141X0 494856488 495000068 5 143580
2 2 142X0 495916736 495979495 2 62759
2 2 143X0 496461344 496657330 2 195986
2 2 144X0 497807659 498013410 3 205751
2 2 144X1 497395409 497488086 2 92677
2 2 145X0 498864656 499020992 9 156336
2 2 146X0 500917520 500993124 3 75604
2 2 147X0 505448037 505499653 2 51616
2 2 148X0 506638529 506776918 2 138389
2 2 149X0 514690760 514908861 2 218101
2 2 14X0 43169438 43346414 2 176976
2 2 150X0 515113265 515144838 2 31573
2 2 151X0 518892146 519270090 6 377944
2 2 152X0 521045982 521115093 3 69111
2 2 153X0 521805003 522419218 10 614215
2 2 154X0 523542878 523648624 2 105746
2 2 155X0 523789760 523856003 2 66243
2 2 156X0 524325425 524414180 2 88755
2 2 157X0 525850338 525998491 2 148153
2 2 158X0 528722843 528770451 2 47608
2 2 159X0 530274795 530432458 3 157663
2 2 15X0 52245331 52400503 4 155172
2 2 160X0 531405874 531483278 2 77404
2 2 161X0 532076152 532290326 4 214174
2 2 162X0 532316023 532508373 2 192350
2 2 163X0 533095001 533235701 2 140700
2 2 164X0 535431126 535723943 7 292817
2 2 165X0 537366524 537828154 6 461630
2 2 166X0 538198109 538754445 6 556336
2 2 167X0 539372242 539737288 4 365046
2 2 168X0 539877272 540161442 2 284170
2 2 16X0 54158121 54314937 2 156816
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
2 2 17X0 58303631 58441656 3 138025
2 2 18X0 60627963 60654638 2 26675
2 2 19X0 61819596 62046079 3 226483
2 2 1X0 2003769 2075466 2 71697
2 2 20X0 63345257 63657410 7 312153
2 2 21X0 66154429 66334103 2 179674
2 2 22X0 73835500 73891114 2 55614
2 2 23X0 77175047 77451641 3 276594
2 2 24X0 83156028 83161477 2 5449
2 2 25X0 102285475 102707170 3 421695
2 2 26X0 103068472 103292567 2 224095
2 2 27X0 104958857 105062964 2 104107
2 2 28X0 106008049 106291783 2 283734
2 2 29X0 107145909 107168443 2 22534
2 2 2X0 2397225 2513380 2 116155
2 2 30X0 107458261 107576625 2 118364
2 2 31X0 107744697 107963541 3 218844
2 2 32X0 108789476 109465444 6 675968
2 2 33X0 110585428 110879302 2 293874
2 2 34X0 112662411 113079663 3 417252
2 2 35X0 113139394 113377464 4 238070
2 2 36X0 113380406 113450717 2 70311
2 2 37X0 113719432 114177140 5 457708
2 2 38X0 120835088 121011773 2 176685
2 2 39X0 134976177 135271725 2 295548
2 2 3X0 3004396 3190181 2 185785
2 2 40X0 164317798 164546244 4 228446
2 2 41X0 164625005 165189395 5 564390
2 2 42X0 165770117 165839552 2 69435
2 2 43X0 165939502 166222196 5 282694
2 2 44X0 167396193 168330642 21 934449
2 2 44X1 166715007 167338184 7 623177
2 2 45X0 168478824 169276585 9 797761
2 2 46X0 171005611 171129192 2 123581
2 2 47X0 174202812 174373939 3 171127
2 2 48X0 189629649 189662906 2 33257
2 2 49X0 189676882 189791667 3 114785
2 2 4X0 7154315 7187582 2 33267
2 2 50X0 190440527 190702092 2 261565
2 2 51X0 190755421 190927995 2 172574
2 2 52X0 191924997 192022257 3 97260
2 2 53X0 192999537 193218033 2 218496
2 2 54X0 194024737 194214386 3 189649
2 2 55X0 194268149 194564286 4 296137
2 2 56X0 194983030 195458971 13 475941
2 2 57X0 195972287 196076470 3 104183
2 2 58X0 196193408 196759169 15 565761
2 2 59X0 197211273 197474011 3 262738
2 2 5X0 7458787 7854592 4 395805
2 2 60X0 197597196 197858415 4 261219
2 2 61X0 198066662 198346871 2 280209
2 2 62X0 200127027 200235342 2 108315
2 2 63X0 201101199 201365724 9 264525
2 2 64X0 201484853 201507000 2 22147
2 2 65X0 203256670 203302947 2 46277
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
2 2 66X0 203484901 203544192 2 59291
2 2 67X0 203900532 203920647 2 20115
2 2 68X0 210828866 210999570 2 170704
2 2 69X0 213075910 213121840 2 45930
2 2 6X0 15049257 15216689 2 167432
2 2 70X0 214568792 214592962 2 24170
2 2 71X0 222052174 222108593 2 56419
2 2 72X0 228016137 228172310 2 156173
2 2 73X0 231306172 231347245 2 41073
2 2 74X0 232216828 232314723 2 97895
2 2 75X0 236350698 236462603 2 111905
2 2 76X0 239793780 239873508 2 79728
2 2 77X0 250273125 250661065 6 387940
2 2 77X1 250801548 251172080 6 370532
2 2 77X2 249761007 250178947 4 417940
2 2 78X0 251239203 251508429 8 269226
2 2 79X0 251694342 251756752 2 62410
2 2 7X0 15380776 15706478 7 325702
2 2 80X0 253091912 253260555 3 168643
2 2 81X0 254153238 254453115 4 299877
2 2 82X0 255494945 255677085 3 182140
2 2 83X0 255809118 255932246 2 123128
2 2 84X0 257748746 257856937 3 108191
2 2 85X0 257888326 258375340 12 487014
2 2 86X0 258383457 258450957 2 67500
2 2 87X0 258650739 259693314 14 1042575
2 2 88X0 261422579 261899343 6 476764
2 2 89X0 265479489 266210149 19 730660
2 2 89X1 264904049 265445303 10 541254
2 2 8X0 24066480 24241707 2 175227
2 2 90X0 266311039 266779070 7 468031
2 2 91X0 267432261 267558003 3 125742
2 2 92X0 267628535 267804655 5 176120
2 2 93X0 267981732 267987078 2 5346
2 2 94X0 268413240 268885486 10 472246
2 2 95X0 269111369 269728881 8 617512
2 2 96X0 270106252 270430980 6 324728
2 2 97X0 275178486 275348369 2 169883
2 2 98X0 280146866 280382258 2 235392
2 2 99X0 283574492 283887939 6 313447
2 2 9X0 31438650 32070785 9 632135
3 3 10X0 94393556 94396085 2 2529
3 3 11X0 112604110 112756611 2 152501
3 3 12X0 143603320 144480445 14 877125
3 3 13X0 144551559 144617440 11 65881
3 3 14X0 144768547 144959856 5 191309
3 3 15X0 145416780 145786884 4 370104
3 3 16X0 151767568 152220582 6 453014
3 3 17X0 162436586 162736824 2 300238
3 3 18X0 183699430 183789084 2 89654
3 3 19X0 184001514 184254331 2 252817
3 3 1X0 2308886 2449026 2 140140
3 3 20X0 186009121 186035378 2 26257
3 3 21X0 199990816 200114529 2 123713
3 3 22X0 200748948 201490659 6 741711
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
3 3 23X0 230470651 230474964 2 4313
3 3 24X0 231579225 231582996 2 3771
3 3 25X0 282199347 282308632 2 109285
3 3 26X0 300038674 300195990 2 157316
3 3 27X0 302431077 302572690 2 141613
3 3 28X0 331630980 331736656 2 105676
3 3 29X0 333633802 333702607 2 68805
3 3 2X0 11643161 11766800 2 123639
3 3 30X0 343367858 343430583 2 62725
3 3 31X0 345018485 345347842 3 329357
3 3 32X0 346785909 347060180 2 274271
3 3 33X0 362626632 362668300 2 41668
3 3 34X0 378016852 378238887 2 222035
3 3 35X0 392526698 392532183 2 5485
3 3 36X0 400316809 400388346 2 71537
3 3 37X0 406668723 406988658 5 319935
3 3 38X0 424231521 424346826 2 115305
3 3 39X0 428776794 428995158 5 218364
3 3 3X0 18337333 18464806 2 127473
3 3 40X0 429176551 429305895 2 129344
3 3 41X0 430472869 430671698 3 198829
3 3 42X0 430865325 431665649 4 800324
3 3 43X0 432002681 432485550 6 482869
3 3 44X0 432538411 433229661 7 691250
3 3 45X0 433577723 434190900 7 613177
3 3 46X0 434255385 434543581 2 288196
3 3 47X0 435903760 435927400 2 23640
3 3 48X0 436078629 436176443 4 97814
3 3 49X0 436592067 436791849 3 199782
3 3 4X0 19050009 19229098 2 179089
3 3 50X0 437379176 437616126 3 236950
3 3 51X0 438815320 439254032 4 438712
3 3 52X0 439278754 439560157 4 281403
3 3 53X0 440020486 440589636 3 569150
3 3 54X0 443004712 443082565 2 77853
3 3 55X0 444636654 444828383 2 191729
3 3 56X0 445056945 446177368 8 1120423
3 3 57X0 447534879 447923502 3 388623
3 3 58X0 447952069 448179722 3 227653
3 3 59X0 449391797 449507635 2 115838
3 3 5X0 36920809 36981977 2 61168
3 3 60X0 450226609 450602243 11 375634
3 3 61X0 454082892 454332559 2 249667
3 3 62X0 459013037 459057113 2 44076
3 3 63X0 459648559 459821167 2 172608
3 3 64X0 460598500 461446520 6 848020
3 3 65X0 462905191 463096613 4 191422
3 3 66X0 464110005 464506719 6 396714
3 3 67X0 475944106 476065035 2 120929
3 3 68X0 478123178 479166479 20 1043301
3 3 68X1 476917001 477920208 13 1003207
3 3 68X2 480388927 480434562 2 45635
3 3 69X0 480972827 481008425 2 35598
3 3 6X0 40520640 40898974 3 378334
3 3 70X0 482320600 482381148 2 60548
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
3 3 71X0 484475100 484654826 3 179726
3 3 72X0 486224264 486245634 2 21370
3 3 73X0 490227773 490347754 2 119981
3 3 74X0 493575202 494930278 18 1355076
3 3 75X0 495034161 495295824 2 261663
3 3 76X0 495734205 495788049 2 53844
3 3 77X0 496195451 496439413 5 243962
3 3 78X0 500497690 501268948 14 771258
3 3 78X1 499519009 500400453 14 881444
3 3 78X2 502931849 503528859 11 597010
3 3 78X3 503602861 504459541 12 856680
3 3 78X4 501950690 502617610 10 666920
3 3 78X5 501342542 501783390 4 440848
3 3 79X0 509527030 509815917 7 288887
3 3 7X0 46065496 46261096 2 195600
3 3 80X0 513321608 513705389 3 383781
3 3 81X0 514161395 514168371 2 6976
3 3 82X0 518847228 518943415 2 96187
3 3 83X0 519483705 519836352 5 352647
3 3 84X0 523886211 524525811 20 639600
3 3 84X1 523356518 523871375 13 514857
3 3 84X2 524512502 525216976 14 704474
3 3 84X3 521714968 522659263 16 944295
3 3 84X4 522733398 523267984 8 534586
3 3 84X5 525413116 525903891 13 490775
3 3 84X6 520738553 521645184 10 906631
3 3 85X0 525942863 527012867 14 1070004
3 3 86X0 527161035 527413146 7 252111
3 3 87X0 527480568 527577123 7 96555
3 3 8X0 56605138 56853376 4 248238
3 3 9X0 91644557 91994580 3 350023
4 4 10X0 68636528 68658557 2 22029
4 4 11X0 73575796 73738152 2 162356
4 4 12X0 86687828 86727367 2 39539
4 4 13X0 87086018 87377997 3 291979
4 4 14X0 89340816 89390419 2 49603
4 4 15X0 90872329 91059405 2 187076
4 4 16X0 94030410 94140074 2 109664
4 4 17X0 94218280 94446626 2 228346
4 4 18X0 102054418 102216894 2 162476
4 4 19X0 124430853 124535513 2 104660
4 4 1X0 6229411 6374624 2 145213
4 4 20X0 153668926 153724306 2 55380
4 4 21X0 176610994 176733784 2 122790
4 4 22X0 182292747 182314378 2 21631
4 4 23X0 187417681 187540762 9 123081
4 4 24X0 205641166 205883275 2 242109
4 4 25X0 208199290 208402301 2 203011
4 4 26X0 222801260 224060274 32 1259014
4 4 28X0 231719143 231765523 3 46380
4 4 29X0 231822466 231969994 4 147528
4 4 2X0 8347357 8463955 3 116598
4 4 30X0 231987926 232324779 2 336853
4 4 31X0 232433162 232649563 2 216401
4 4 32X0 233867325 233920354 3 53029
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4 4 33X0 237047544 237257217 2 209673
4 4 34X0 238276723 238359109 2 82386
4 4 35X0 240988423 241109240 2 120817
4 4 36X0 241316336 241322341 2 6005
4 4 37X0 250103436 250365549 6 262113
4 4 38X0 258736645 258809483 2 72838
4 4 39X0 258976469 259562430 8 585961
4 4 3X0 9882867 10149082 2 266215
4 4 40X0 270659572 271072246 18 412674
4 4 40X1 271113994 271576590 14 462596
4 4 41X0 271830394 272005241 3 174847
4 4 42X0 278471712 278629247 2 157535
4 4 43X0 280670556 280771209 2 100653
4 4 44X0 287664560 287724816 3 60256
4 4 45X0 287921712 288126774 3 205062
4 4 46X0 289097245 289225803 3 128558
4 4 47X0 298302797 298500675 3 197878
4 4 48X0 304203517 304331747 2 128230
4 4 49X0 304985727 304988615 2 2888
4 4 4X0 11131637 11191037 2 59400
4 4 50X0 322975254 323216419 4 241165
4 4 51X0 335259135 335450689 2 191554
4 4 52X0 337561676 337705141 2 143465
4 4 53X0 340395774 340575315 2 179541
4 4 54X0 342405284 342580170 2 174886
4 4 55X0 343427383 343864728 6 437345
4 4 56X0 345193475 345244428 2 50953
4 4 57X0 351009274 351882484 36 873210
4 4 57X1 351999319 352607242 30 607923
4 4 57X2 353420178 354546870 33 1126692
4 4 57X3 350193753 350945204 26 751451
4 4 57X4 352678696 353401311 23 722615
4 4 57X5 349118336 350096776 21 978440
4 4 57X6 348008774 348528870 7 520096
4 4 57X7 347434995 347742740 4 307745
4 4 57X8 346152482 346332816 2 180334
4 4 58X0 355261794 355281831 2 20037
4 4 59X0 357572247 357645875 2 73628
4 4 5X0 13069991 13141092 2 71101
4 4 60X0 358492245 358781882 6 289637
4 4 61X0 360641183 360693446 2 52263
4 4 62X0 365688946 365739736 3 50790
4 4 63X0 366942174 367051537 2 109363
4 4 64X0 367759495 367779811 2 20316
4 4 65X0 370005149 370640062 9 634913
4 4 65X1 369209273 369971090 7 761817
4 4 65X2 368507977 368919007 3 411030
4 4 66X0 371714865 371842104 2 127239
4 4 67X0 373501541 373599977 2 98436
4 4 68X0 374136185 374600565 5 464380
4 4 69X0 376124876 376161462 2 36586
4 4 6X0 14326433 14586665 4 260232
4 4 70X0 376944383 377015555 2 71172
4 4 71X0 377465373 377482862 2 17489
4 4 72X0 377531232 377926814 9 395582
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4 4 73X0 378038333 378076923 2 38590
4 4 74X0 378176928 378462337 3 285409
4 4 75X0 382386534 382497747 2 111213
4 4 76X0 382669438 383228509 9 559071
4 4 77X0 406792831 407475420 23 682589
4 4 77X1 409272089 409867131 16 595042
4 4 77X10 399663716 400410861 13 747145
4 4 77X11 398408151 398855948 8 447797
4 4 77X12 410275623 410786043 9 510420
4 4 77X13 413286874 413983096 12 696222
4 4 77X14 383877534 384615962 12 738428
4 4 77X15 408451675 409050182 10 598507
4 4 77X16 403851237 404270004 7 418767
4 4 77X17 404320525 404686290 6 365765
4 4 77X18 405121575 405910024 8 788449
4 4 77X19 411000893 411550756 8 549863
4 4 77X2 397480620 398335239 21 854619
4 4 77X20 384937019 385291431 7 354412
4 4 77X21 411588506 412038499 4 449993
4 4 77X22 407489390 408270507 7 781117
4 4 77X23 401365828 401776270 5 410442
4 4 77X24 386388036 386922518 5 534482
4 4 77X25 412100372 412694707 5 594335
4 4 77X26 401798564 402141026 4 342462
4 4 77X27 402182296 402770085 4 587789
4 4 77X28 400664122 401197881 5 533759
4 4 77X29 386962221 387501409 4 539188
4 4 77X3 403360710 403779535 10 418825
4 4 77X30 385560170 385847670 4 287500
4 4 77X31 396676788 396877423 3 200635
4 4 77X32 388059305 388069598 3 10293
4 4 77X4 409873153 410220847 7 347694
4 4 77X5 405808093 406663702 14 855609
4 4 77X6 402822588 403301797 9 479209
4 4 77X7 398911282 399522369 12 611087
4 4 77X8 404738644 405178928 8 440284
4 4 77X9 383243949 383610461 12 366512
4 4 78X0 415111149 415188923 2 77774
4 4 79X0 417584933 417637638 4 52705
4 4 7X0 14833079 14927168 2 94089
4 4 80X0 418687168 418970094 3 282926
4 4 81X0 421657940 421719997 2 62057
4 4 82X0 423521429 423564234 2 42805
4 4 83X0 425628394 425729407 2 101013
4 4 84X0 425804702 425939098 2 134396
4 4 85X0 428513858 428541602 2 27744
4 4 86X0 429213527 429232973 2 19446
4 4 87X0 429771965 429986356 5 214391
4 4 88X0 430031677 430376142 3 344465
4 4 89X0 433688125 433797584 2 109459
4 4 8X0 19328224 19625495 2 297271
4 4 9X0 21891920 21947212 2 55292
5 5 10X0 23086162 23173853 2 87691
5 5 11X0 27052674 27118629 2 65955
5 5 12X0 31659288 31772837 2 113549
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5 5 13X0 32516441 32593137 2 76696
5 5 14X0 33543316 33687399 2 144083
5 5 15X0 34846674 34905637 2 58963
5 5 16X0 46800244 46982442 2 182198
5 5 17X0 51618231 52086700 6 468469
5 5 18X0 78560404 78642441 2 82037
5 5 19X0 80667489 80731862 2 64373
5 5 1X0 1693959 1804034 2 110075
5 5 20X0 82376246 82379300 2 3054
5 5 21X0 87146109 87429419 2 283310
5 5 22X0 100114340 100741124 8 626784
5 5 23X0 101293523 101322689 2 29166
5 5 24X0 110254677 110352567 2 97890
5 5 25X0 120564380 120638049 3 73669
5 5 26X0 120741861 120902096 2 160235
5 5 27X0 122235155 122301677 3 66522
5 5 28X0 154263000 154505661 3 242661
5 5 29X0 154663611 154896226 2 232615
5 5 2X0 3164868 3218980 3 54112
5 5 30X0 155075565 155795041 7 719476
5 5 31X0 174176246 174273834 2 97588
5 5 32X0 174856735 175079115 2 222380
5 5 33X0 185150455 185434095 2 283640
5 5 34X0 202601638 202709118 2 107480
5 5 35X0 211848944 212087999 2 239055
5 5 36X0 213532001 213566921 2 34920
5 5 37X0 213659888 213822297 2 162409
5 5 38X0 228309165 228328481 2 19316
5 5 39X0 237426247 237471296 2 45049
5 5 3X0 5583831 5788811 2 204980
5 5 40X0 237689607 237717198 2 27591
5 5 41X0 238518489 238551629 3 33140
5 5 42X0 241635147 242043907 11 408760
5 5 43X0 242367763 242677426 4 309663
5 5 44X0 289822123 291178020 48 1355897
5 5 44X1 286678651 287557470 30 878819
5 5 44X2 288639511 289660032 31 1020521
5 5 44X3 287568941 288618981 26 1050040
5 5 44X4 285022991 285765759 20 742768
5 5 44X5 285817177 286664232 16 847055
5 5 44X6 254349270 254391787 3 42517
5 5 44X7 280499930 280549700 2 49770
5 5 45X0 291533138 291568902 3 35764
5 5 46X0 291591808 291739292 2 147484
5 5 47X0 292011868 292850291 32 838423
5 5 48X0 294192183 295134901 20 942718
5 5 48X1 293297713 294068881 15 771168
5 5 49X0 295273525 295320917 2 47392
5 5 4X0 9949596 10056218 2 106622
5 5 50X0 295512649 295805976 5 293327
5 5 51X0 295865194 296480733 15 615539
5 5 52X0 296506798 297232527 8 725729
5 5 53X0 297275455 298292590 12 1017135
5 5 54X0 298457368 298909490 8 452122
5 5 55X0 299110179 299249931 2 139752
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5 5 56X0 299671414 299736399 2 64985
5 5 57X0 300549994 300654862 3 104868
5 5 58X0 300844005 301175304 3 331299
5 5 59X0 301923441 302733969 11 810528
5 5 5X0 12669359 12899776 3 230417
5 5 60X0 303671561 303719422 2 47861
5 5 61X0 304488292 304612433 3 124141
5 5 6X0 18169650 18212074 2 42424
5 5 7X0 20924861 21038281 3 113420
5 5 8X0 21251775 21396257 3 144482
5 5 9X0 21642603 21874879 3 232276
6 6 10X0 58317074 58525276 2 208202
6 6 11X0 59600676 59637734 2 37058
6 6 12X0 59722360 60018139 4 295779
6 6 13X0 62738212 62834571 2 96359
6 6 14X0 69543952 69641724 2 97772
6 6 15X0 80548698 80814644 4 265946
6 6 16X0 83481810 83588390 2 106580
6 6 17X0 85651351 85960433 7 309082
6 6 17X1 85131160 85387323 4 256163
6 6 18X0 85963223 86023203 3 59980
6 6 19X0 99635121 99907995 3 272874
6 6 1X0 4334958 4403471 2 68513
6 6 20X0 104993020 105036280 2 43260
6 6 21X0 119141989 119205147 2 63158
6 6 22X0 119530104 119607450 2 77346
6 6 23X0 120297473 120352066 2 54593
6 6 24X0 122554899 122793581 2 238682
6 6 25X0 124030508 124052681 2 22173
6 6 26X0 134894273 135150303 12 256030
6 6 27X0 141236610 141968313 18 731703
6 6 28X0 146919080 147665261 19 746181
6 6 29X0 147753199 147756704 2 3505
6 6 2X0 16959323 17078882 2 119559
6 6 30X0 148026051 148144806 6 118755
6 6 31X0 148552314 148686548 3 134234
6 6 32X0 149396422 149447414 4 50992
6 6 33X0 150666230 150987011 4 320781
6 6 34X0 151342446 151461413 2 118967
6 6 35X0 155062071 155223256 3 161185
6 6 36X0 157464085 157611189 2 147104
6 6 37X0 158202942 158367682 2 164740
6 6 38X0 158640325 158774045 2 133720
6 6 39X0 160472912 160613438 2 140526
6 6 3X0 26402604 26496653 2 94049
6 6 40X0 163267476 163343326 2 75850
6 6 41X0 167082640 167221527 2 138887
6 6 42X0 190455693 190830647 2 374954
6 6 43X0 193130111 193225867 2 95756
6 6 44X0 195029250 195083400 2 54150
6 6 45X0 196346131 196507306 3 161175
6 6 46X0 197659597 197742237 3 82640
6 6 47X0 198153832 198233621 2 79789
6 6 48X0 199685576 200174636 6 489060
6 6 49X0 200206528 200233888 2 27360
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6 6 4X0 26632576 26769021 3 136445
6 6 50X0 201195825 201264440 2 68615
6 6 51X0 203334509 203679825 3 345316
6 6 52X0 203745136 203873467 2 128331
6 6 53X0 204069448 204324641 2 255193
6 6 54X0 204348106 204401543 3 53437
6 6 55X0 242711106 242744017 2 32911
6 6 56X0 273394526 273436480 2 41954
6 6 57X0 274904415 274999119 2 94704
6 6 58X0 275076223 275094461 2 18238
6 6 59X0 275998784 276213137 3 214353
6 6 5X0 35511085 35662828 5 151743
6 6 60X0 277014357 277381782 2 367425
6 6 61X0 277754122 277771393 2 17271
6 6 62X0 278888725 278986598 2 97873
6 6 63X0 283847974 283888151 3 40177
6 6 64X0 288151353 288623510 3 472157
6 6 65X0 291638600 291751962 2 113362
6 6 6X0 36297238 36336868 2 39630
6 6 7X0 43732288 43985014 2 252726
6 6 8X0 51562449 51690526 3 128077
6 6 9X0 52952306 53186354 2 234048
7 7 10X0 60708523 60796118 2 87595
7 7 11X0 63957305 64750886 10 793581
7 7 12X0 65591021 66136167 6 545146
7 7 13X0 73293162 73535599 5 242437
7 7 14X0 77793419 77934447 3 141028
7 7 15X0 84044936 84284186 4 239250
7 7 16X0 87629205 87903736 2 274531
7 7 17X0 93903085 93936628 3 33543
7 7 18X0 97598758 97626309 2 27551
7 7 19X0 98340941 98759965 3 419024
7 7 1X0 16810375 16816649 2 6274
7 7 20X0 111212521 111345617 2 133096
7 7 21X0 149143148 149149972 2 6824
7 7 22X0 171396300 171687760 4 291460
7 7 23X0 173073828 173134880 2 61052
7 7 24X0 173143095 173393173 4 250078
7 7 25X0 173825605 173887036 2 61431
7 7 26X0 174479235 174598998 3 119763
7 7 27X0 176420021 176496540 2 76519
7 7 28X0 177185449 177347015 2 161566
7 7 29X0 192090339 192416520 3 326181
7 7 2X0 18941428 19235470 10 294042
7 7 30X0 206841185 207034826 4 193641
7 7 31X0 207349310 207516907 5 167597
7 7 32X0 209516965 209640400 3 123435
7 7 33X0 210052534 210138083 2 85549
7 7 34X0 211738093 211765872 2 27779
7 7 35X0 212616950 213003482 4 386532
7 7 36X0 232396755 232460313 3 63558
7 7 37X0 242746147 243021928 4 275781
7 7 38X0 250265880 250450048 3 184168
7 7 39X0 250524568 250642450 3 117882
7 7 3X0 24889815 25022744 2 132929
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7 7 40X0 256914766 257075247 2 160481
7 7 41X0 260534534 260854726 4 320192
7 7 4X0 32610321 32632765 2 22444
7 7 5X0 46805620 47077298 4 271678
7 7 6X0 47275679 47402050 2 126371
7 7 7X0 49447390 49828321 3 380931
7 7 8X0 52278591 52390517 2 111926
7 7 9X0 53430724 53539857 2 109133
8 8 10X0 26288900 26441708 2 152808
8 8 11X0 28481007 28634995 2 153988
8 8 12X0 29487504 29572812 2 85308
8 8 13X0 29709452 29831292 2 121840
8 8 14X0 31073147 31925666 15 852519
8 8 15X0 33709917 34003258 8 293341
8 8 16X0 34418021 34510963 4 92942
8 8 17X0 35700724 36472960 14 772236
8 8 18X0 36555381 36626420 2 71039
8 8 19X0 44181571 44329217 3 147646
8 8 1X0 10224051 10262213 2 38162
8 8 20X0 54961258 55039642 2 78384
8 8 21X0 67200831 67474419 4 273588
8 8 22X0 79499931 79742603 2 242672
8 8 23X0 80506375 80835191 4 328816
8 8 24X0 91637386 91910982 4 273596
8 8 25X0 92516758 92655215 2 138457
8 8 26X0 97655840 97899851 2 244011
8 8 27X0 105169817 105222916 2 53099
8 8 28X0 105296785 105617290 3 320505
8 8 29X0 107654952 107763404 2 108452
8 8 2X0 11270239 11492668 2 222429
8 8 30X0 108172191 108258922 2 86731
8 8 31X0 108535844 108624191 3 88347
8 8 32X0 110968941 111227953 2 259012
8 8 33X0 111348962 111432847 2 83885
8 8 34X0 113474625 113849610 6 374985
8 8 35X0 114146633 114284130 2 137497
8 8 36X0 116894546 116995280 2 100734
8 8 37X0 121178199 121358533 2 180334
8 8 38X0 121761906 122038747 2 276841
8 8 39X0 122488085 122905056 3 416971
8 8 3X0 12683416 12702804 2 19388
8 8 40X0 129230897 129431385 2 200488
8 8 41X0 159517389 159678975 2 161586
8 8 42X0 159833412 160076643 2 243231
8 8 43X0 174330894 174691536 5 360642
8 8 44X0 181920805 182120898 3 200093
8 8 45X0 188491416 188563233 2 71817
8 8 46X0 190295767 190395231 3 99464
8 8 47X0 192874802 193000456 2 125654
8 8 48X0 201569232 201696401 2 127169
8 8 49X0 204320975 204583618 4 262643
8 8 4X0 13000178 13112991 2 112813
8 8 50X0 204627118 204836985 3 209867
8 8 51X0 204871162 204905255 2 34093
8 8 52X0 204930250 205433162 21 502912
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8 8 53X0 205494486 205585367 2 90881
8 8 54X0 205775088 205908711 5 133623
8 8 55X0 206189807 207357678 14 1167871
8 8 56X0 213308335 213589653 7 281318
8 8 56X1 213888317 214326619 5 438302
8 8 57X0 214354999 214658454 3 303455
8 8 58X0 214976940 215215880 6 238940
8 8 59X0 215594194 215853903 2 259709
8 8 5X0 13308611 13540077 2 231466
8 8 60X0 228958362 229069066 3 110704
8 8 61X0 245487976 245723537 2 235561
8 8 62X0 249941132 250069984 2 128852
8 8 63X0 259421285 259941484 3 520199
8 8 64X0 262500029 262628597 2 128568
8 8 65X0 266020785 266190850 4 170065
8 8 66X0 266632871 266790293 2 157422
8 8 67X0 271058486 271574611 7 516125
8 8 68X0 271589088 271724539 2 135451
8 8 69X0 274636898 275189449 3 552551
8 8 6X0 13776874 14101565 3 324691
8 8 70X0 283745768 284064963 2 319195
8 8 71X0 284115845 284420003 2 304158
8 8 72X0 292251651 292414847 3 163196
8 8 73X0 297227600 297429569 11 201969
8 8 74X0 300227620 300391539 2 163919
8 8 75X0 304069648 304139676 2 70028
8 8 76X0 306062196 306117729 2 55533
8 8 77X0 311255240 311441313 2 186073
8 8 7X0 15092722 15310459 2 217737
8 8 8X0 17179240 17291465 2 112225
8 8 9X0 23142176 23196571 2 54395
Un Un 10X0 14679317 14793232 2 113915
Un Un 11X0 15043299 15129643 2 86344
Un Un 12X0 16593547 16923637 5 330090
Un Un 13X0 17052906 17296070 9 243164
Un Un 14X0 17540639 17732336 2 191697
Un Un 15X0 17933807 17982549 2 48742
Un Un 16X0 22449061 22534880 3 85819
Un Un 17X0 23346908 23387569 2 40661
Un Un 18X0 24748100 24986437 3 238337
Un Un 19X0 25590584 25719698 7 129114
Un Un 1X0 231287 260450 2 29163
Un Un 20X0 26274688 26365435 3 90747
Un Un 21X0 26618413 26748834 3 130421
Un Un 22X0 26900104 26979843 3 79739
Un Un 23X0 27764598 27788499 2 23901
Un Un 24X0 30212587 30310363 5 97776
Un Un 25X0 30671467 30772511 2 101044
Un Un 26X0 30925688 31126119 5 200431
Un Un 27X0 37130722 37308380 2 177658
Un Un 28X0 37553322 37651826 2 98504
Un Un 29X0 41439657 41494299 2 54642
Un Un 2X0 6886953 6963741 2 76788
Un Un 30X0 43057180 43135434 2 78254
Un Un 31X0 43298894 43404698 2 105804
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Un Un 32X0 43479837 43610158 2 130321
Un Un 33X0 44138522 44183291 3 44769
Un Un 34X0 45911330 45971631 2 60301
Un Un 35X0 49216362 49250299 2 33937
Un Un 36X0 50396467 50621203 4 224736
Un Un 37X0 50656506 50690903 2 34397
Un Un 38X0 52259754 52343110 3 83356
Un Un 39X0 52399928 52428514 4 28586
Un Un 3X0 7888584 7970629 2 82045
Un Un 40X0 52631243 52707703 2 76460
Un Un 41X0 52756516 52786781 2 30265
Un Un 42X0 53293228 53317321 3 24093
Un Un 43X0 53732483 53775676 4 43193
Un Un 44X0 54509060 54535762 2 26702
Un Un 45X0 55186950 55193196 2 6246
Un Un 46X0 55789330 55999940 4 210610
Un Un 46X1 56132324 56272546 2 140222
Un Un 46X2 56412985 56531497 2 118512
Un Un 47X0 58893235 59038404 2 145169
Un Un 48X0 67146240 67282436 2 136196
Un Un 49X0 76814471 76976746 2 162275
Un Un 4X0 8188660 8331363 4 142703
Un Un 50X0 83278669 83382463 2 103794
Un Un 51X0 87745337 87913958 2 168621
Un Un 52X0 92134438 92256029 2 121591
Un Un 5X0 8398623 8470407 2 71784
Un Un 6X0 9502265 9791492 6 289227
Un Un 6X1 9246779 9500052 4 253273
Un Un 7X0 9931202 10086927 2 155725
Un Un 8X0 10131621 10202905 2 71284
Un Un 9X0 13719846 13896203 2 176357
X X 10X0 32568123 32718207 5 150084
X X 11X0 35982925 36053789 2 70864
X X 12X0 39010656 39124199 2 113543
X X 13X0 39846700 40018106 2 171406
X X 14X0 42203468 42635756 4 432288
X X 15X0 42739747 42862902 2 123155
X X 16X0 43782299 43808557 2 26258
X X 17X0 56516128 57108936 5 592808
X X 18X0 69461976 69581479 2 119503
X X 19X0 69642559 69710977 3 68418
X X 1X0 3167955 3197265 2 29310
X X 20X0 70671827 70774347 3 102520
X X 21X0 71527369 71580736 2 53367
X X 22X0 71639844 72092433 6 452589
X X 23X0 72310089 72350285 2 40196
X X 2X0 3518646 3538121 2 19475
X X 3X0 3627247 3699969 3 72722
X X 4X0 5272421 5315105 2 42684
X X 5X0 7156418 7337017 2 180599
X X 6X0 10816683 10919647 2 102964
X X 7X0 21673456 22044378 3 370922
X X 8X0 25259452 25376289 3 116837
X X 9X0 26319142 26394198 2 75056

Mus musculus

1 1 10X0 40580081 40727681 2 147600

324
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species chromosome cluster start end duplicates length
1 1 11X0 53297095 53318035 2 20940
1 1 12X0 60746358 61000320 3 253962
1 1 13X0 65100619 65123193 2 22574
1 1 14X0 72825322 72874884 2 49562
1 1 15X0 74153989 74279624 3 125635
1 1 16X0 74771892 74804179 2 32287
1 1 17X0 87086695 87127912 3 41217
1 1 18X0 87190844 87208295 2 17451
1 1 19X0 88055481 88220002 9 164521
1 1 1X0 18236473 18265080 2 28607
1 1 20X0 92479681 92986391 9 506710
1 1 21X0 93478993 93509733 2 30740
1 1 22X0 93861346 94017147 3 155801
1 1 23X0 106870234 107610484 12 740250
1 1 24X0 117697131 118202307 6 505176
1 1 25X0 130576716 130661610 2 84894
1 1 26X0 130800902 130880791 3 79889
1 1 27X0 130882074 131024974 4 142900
1 1 28X0 131056889 131276951 3 220062
1 1 29X0 133323966 133329722 2 5756
1 1 2X0 19103022 19234624 2 131602
1 1 30X0 133619862 133661380 4 41518
1 1 31X0 133900834 134048277 3 147443
1 1 32X0 134138646 134190029 2 51383
1 1 33X0 135805057 135852260 2 47203
1 1 34X0 153665709 153844142 3 178433
1 1 35X0 153849542 153900208 3 50666
1 1 36X0 156004599 156068861 2 64262
1 1 37X0 156524012 156642716 2 118704
1 1 38X0 161017756 161131511 2 113755
1 1 39X0 162793883 162984527 5 190644
1 1 3X0 20730905 20790617 2 59712
1 1 40X0 164048234 164150026 3 101792
1 1 41X0 166483613 166681835 3 198222
1 1 42X0 170232749 170286769 2 54020
1 1 43X0 170907273 171948073 14 1040800
1 1 44X0 172082832 172196389 2 113557
1 1 45X0 172223513 172298064 2 74551
1 1 46X0 172322087 172374085 2 51998
1 1 47X0 172475358 172602551 5 127193
1 1 48X0 172956768 173271137 6 314369
1 1 49X0 173455354 174031755 13 576401
1 1 4X0 21349641 21386373 3 36732
1 1 50X0 174041118 174449602 13 408484
1 1 51X0 180893108 180938400 2 45292
1 1 52X0 184786776 184846451 2 59675
1 1 53X0 191098325 191218039 2 119714
1 1 54X0 195036826 195171168 3 134342
1 1 5X0 34498410 34560920 2 62510
1 1 6X0 36471620 36528237 2 56617
1 1 7X0 36530193 36547231 3 17038
1 1 8X0 37905923 37957759 2 51836
1 1 9X0 40084698 40551705 6 467007
10 10 10X0 51480640 51496613 3 15973
10 10 11X0 58222972 58236701 3 13729
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10 10 12X0 62429209 62651218 3 222009
10 10 13X0 63024512 63077962 2 53450
10 10 14X0 74990841 75054061 2 63220
10 10 15X0 75771233 75860240 7 89007
10 10 16X0 75954514 76189265 3 234751
10 10 17X0 77689957 77862882 23 172925
10 10 18X0 77897575 77986905 2 89330
10 10 19X0 78517428 79035802 10 518374
10 10 1X0 19591949 19760053 3 168104
10 10 20X0 79148797 79492154 4 343357
10 10 21X0 79689020 79892655 5 203635
10 10 22X0 80167778 80288408 2 120630
10 10 23X0 80602896 80615783 2 12887
10 10 24X0 80629656 80671976 2 42320
10 10 25X0 81119340 81262975 3 143635
10 10 26X0 81367509 81600900 5 233391
10 10 27X0 81607025 82379636 12 772611
10 10 28X0 86763972 86838389 2 74417
10 10 29X0 97482367 97682454 4 200087
10 10 2X0 22158586 22374139 3 215553
10 10 30X0 100335676 100382560 6 46884
10 10 31X0 104144317 104196203 7 51886
10 10 32X0 107482908 107494737 2 11829
10 10 33X0 111985448 112160327 4 174879
10 10 34X0 117233761 117292868 3 59107
10 10 35X0 118204942 118354105 10 149163
10 10 36X0 127348857 127370431 2 21574
10 10 37X0 127759721 128000678 9 240957
10 10 38X0 128254150 128270153 2 16003
10 10 39X0 128490860 128744075 5 253215
10 10 3X0 23851462 23905343 2 53881
10 10 40X0 129540539 130211149 34 670610
10 10 40X1 128989431 129527167 28 537736
10 10 41X0 130385316 130497379 4 112063
10 10 4X0 23920356 24109534 15 189178
10 10 5X0 33766424 33879475 2 113051
10 10 6X0 34041223 34127984 3 86761
10 10 7X0 34282190 34301320 2 19130
10 10 8X0 39890018 40142255 6 252237
10 10 9X0 45289402 45372479 2 83077
11 11 10X0 52144593 52213987 2 69394
11 11 11X0 53864542 54028090 3 163548
11 11 12X0 55124815 55233837 3 109022
11 11 13X0 58199556 58222771 2 23215
11 11 14X0 58307069 58323346 2 16277
11 11 15X0 58379043 58842042 26 462999
11 11 16X0 58847158 58904225 3 57067
11 11 17X0 58917908 58991457 4 73549
11 11 18X0 59248033 59333552 2 85519
11 11 19X0 59461197 59506644 2 45447
11 11 1X0 4031783 4118831 3 87048
11 11 20X0 59570699 59614225 3 43526
11 11 21X0 61208745 61267185 2 58440
11 11 22X0 61301631 61378345 2 76714
11 11 23X0 62711265 62789462 2 78197
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species chromosome cluster start end duplicates length
11 11 24X0 67078300 67371502 6 293202
11 11 25X0 68432121 68552698 2 120577
11 11 26X0 69125896 69197809 3 71913
11 11 27X0 69682932 69695809 2 12877
11 11 28X0 69816566 69822180 2 5614
11 11 29X0 70055881 70170811 4 114930
11 11 2X0 7197782 7213923 2 16141
11 11 30X0 70213910 70220994 2 7084
11 11 31X0 70248963 70352031 3 103068
11 11 32X0 71092236 71201298 2 109062
11 11 33X0 72451638 72550301 2 98663
11 11 34X0 73026585 73138294 2 111709
11 11 35X0 73240310 73300363 2 60053
11 11 36X0 73774849 74045272 12 270423
11 11 36X1 74053776 74365609 10 311833
11 11 36X2 73329741 73603520 11 273779
11 11 37X0 77044292 77151925 2 107633
11 11 38X0 78073376 78293745 4 220369
11 11 39X0 79513385 79530589 2 17204
11 11 3X0 22834744 22982184 2 147440
11 11 40X0 82035571 82179812 6 144241
11 11 41X0 82954661 83286726 8 332065
11 11 42X0 83525778 83664683 5 138905
11 11 43X0 83703991 83711348 2 7357
11 11 44X0 85832551 85916097 2 83546
11 11 45X0 87794209 87875536 3 81327
11 11 46X0 87888959 87915003 3 26044
11 11 47X0 93949817 93968293 2 18476
11 11 48X0 94284652 94339509 2 54857
11 11 49X0 94489599 94507355 2 17756
11 11 4X0 32276893 32300873 5 23980
11 11 50X0 94565047 94645216 2 80169
11 11 51X0 94996064 95026087 2 30023
11 11 52X0 95120119 95146263 2 26144
11 11 53X0 96194316 96368256 9 173940
11 11 54X0 96954219 97024731 2 70512
11 11 55X0 98626360 98677708 3 51348
11 11 56X0 98753586 98974942 3 221356
11 11 57X0 99279959 99543158 11 263199
11 11 58X0 99550130 99566630 4 16500
11 11 59X0 99579976 99986597 30 406621
11 11 5X0 46454969 46844332 6 389363
11 11 60X0 100011195 100269871 15 258676
11 11 61X0 100441927 100472741 2 30814
11 11 62X0 100545694 100613342 2 67648
11 11 63X0 100623011 100738215 2 115204
11 11 64X0 100780731 100939479 3 158748
11 11 65X0 101119938 101161787 2 41849
11 11 66X0 101325087 101341938 2 16851
11 11 67X0 101406839 101424796 3 17957
11 11 68X0 102017336 102088515 2 71179
11 11 69X0 102099930 102107416 2 7486
11 11 6X0 48806404 48850555 2 44151
11 11 70X0 103116231 103139876 2 23645
11 11 71X0 103727364 103817957 2 90593
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11 11 72X0 105975208 106005443 2 30235
11 11 73X0 107703218 107911362 3 208144
11 11 74X0 109934273 110337622 5 403349
11 11 75X0 111023860 111076821 2 52961
11 11 76X0 114890041 115133992 11 243951
11 11 77X0 115322925 115346926 2 24001
11 11 78X0 116105752 116131126 2 25374
11 11 79X0 116675303 116775507 2 100204
11 11 7X0 48865249 49294314 14 429065
11 11 7X1 49317548 49564860 13 247312
11 11 80X0 119022962 119086221 3 63259
11 11 81X0 120725399 120731944 2 6545
11 11 82X0 121036747 121081130 3 44383
11 11 83X0 121116215 121148319 2 32104
11 11 84X0 121421401 121443505 2 22104
11 11 8X0 50814564 51070685 11 256121
11 11 9X0 51234125 51256264 2 22139
12 12 10X0 72939892 73113456 3 173564
12 12 11X0 76348900 76396950 2 48050
12 12 12X0 79175551 79212755 2 37204
12 12 13X0 81376991 81568474 6 191483
12 12 14X0 83987861 84104453 6 116592
12 12 15X0 85473890 85709087 3 235197
12 12 16X0 87494721 88321481 16 826760
12 12 17X0 102719975 102758672 3 38697
12 12 18X0 103616675 104414329 22 797654
12 12 19X0 105147033 105222793 6 75760
12 12 1X0 4715549 4769267 2 53718
12 12 20X0 105563226 105605428 2 42202
12 12 21X0 108825873 108856815 2 30942
12 12 22X0 111421561 111454678 2 33117
12 12 23X0 113489511 113546465 2 56954
12 12 24X0 114406477 114416895 2 10418
12 12 2X0 31438219 31559969 2 121750
12 12 3X0 33928425 33959829 2 31404
12 12 4X0 35925620 36004087 2 78467
12 12 5X0 55089202 55263020 5 173818
12 12 6X0 56531958 56613284 2 81326
12 12 7X0 69241832 69310687 2 68855
12 12 8X0 69746848 69893163 2 146315
12 12 9X0 72618954 72664909 2 45955
13 13 10X0 27057570 28151611 22 1094041
13 13 11X0 32845673 33335370 10 489697
13 13 12X0 33395761 33936083 6 540322
13 13 13X0 34074274 34130354 2 56080
13 13 14X0 34948084 34994144 2 46060
13 13 15X0 49504810 49624501 4 119691
13 13 16X0 55530410 55681256 2 150846
13 13 17X0 59700083 59744917 4 44834
13 13 18X0 60781887 61570127 11 788240
13 13 19X0 62453472 62607499 3 154027
13 13 1X0 3803485 3854730 3 51245
13 13 20X0 62700108 62777089 2 76981
13 13 21X0 65138089 65153152 2 15063
13 13 22X0 66119547 66227573 2 108026
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species chromosome cluster start end duplicates length
13 13 23X0 67038596 67843113 27 804517
13 13 24X0 73536747 73700780 3 164033
13 13 25X0 74371426 74482943 2 111517
13 13 26X0 93616675 93674302 2 57627
13 13 27X0 95511732 95702739 3 191007
13 13 28X0 99319647 99411328 2 91681
13 13 29X0 100144063 100446511 4 302448
13 13 2X0 4059591 4609174 9 549583
13 13 30X0 100498114 100616971 2 118857
13 13 31X0 100651343 100656059 2 4716
13 13 32X0 111425932 111549947 2 124015
13 13 33X0 112464081 112562074 2 97993
13 13 34X0 113093827 113180897 2 87070
13 13 35X0 119335528 119408997 2 73469
13 13 36X0 119828089 120318178 14 490089
13 13 3X0 8885994 8960945 3 74951
13 13 4X0 21072349 21703965 19 631616
13 13 5X0 21715763 22043676 22 327913
13 13 6X0 22087878 22621135 18 533257
13 13 7X0 22772399 23250323 16 477924
13 13 8X0 23463748 23488847 2 25099
13 13 9X0 23531050 23934851 35 403801
14 14 10X0 30886521 30943289 3 56768
14 14 11X0 33923587 33947198 2 23611
14 14 12X0 33988417 34076405 2 87988
14 14 13X0 37054830 37073743 2 18913
14 14 14X0 41049117 41092197 2 43080
14 14 15X0 41131788 41185149 3 53361
14 14 16X0 41278805 41772441 13 493636
14 14 16X1 41901813 42524282 15 622469
14 14 17X0 42594502 43115190 10 520688
14 14 18X0 43179867 43784745 14 604878
14 14 19X0 43818913 44103534 5 284621
14 14 1X0 3030007 4087136 20 1057129
14 14 20X0 44123851 44750340 14 626489
14 14 21X0 44851235 45003820 2 152585
14 14 22X0 49894258 51256112 44 1361854
14 14 23X0 51361756 51922773 14 561017
14 14 24X0 52035082 52495325 8 460243
14 14 25X0 54883441 54898137 2 14696
14 14 26X0 54941926 54994626 2 52700
14 14 27X0 55578575 55591101 2 12526
14 14 28X0 55650207 55788857 4 138650
14 14 29X0 55854036 55896781 2 42745
14 14 2X0 4983998 6125742 27 1141744
14 14 30X0 55941453 56262260 15 320807
14 14 31X0 57034460 57133281 3 98821
14 14 32X0 59244441 59395381 5 150940
14 14 33X0 62977524 63037846 4 60322
14 14 34X0 64075445 64113755 3 38310
14 14 35X0 68083863 68124846 2 40983
14 14 36X0 68497336 68655842 3 158506
14 14 37X0 69171802 69194662 2 22860
14 14 38X0 79426511 79454816 2 28305
14 14 39X0 121911253 121965195 2 53942
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14 14 3X0 6216224 6720251 10 504027
14 14 40X0 122456795 122479852 2 23057
14 14 4X0 6736742 7643972 20 907230
14 14 5X0 12283976 12324454 2 40478
14 14 6X0 14175095 14408198 3 233103
14 14 7X0 19532896 19602581 3 69685
14 14 8X0 21684946 21748626 2 63680
14 14 9X0 25942539 26269436 6 326897
15 15 10X0 79229391 79256674 2 27283
15 15 11X0 82371615 82794294 7 422679
15 15 12X0 83491874 83595157 2 103283
15 15 13X0 84112621 84186206 2 73585
15 15 14X0 84232043 84342978 2 110935
15 15 15X0 88862186 89149628 3 287442
15 15 16X0 98186013 98498406 11 312393
15 15 17X0 98672217 98894123 5 221906
15 15 18X0 98931425 99038110 4 106685
15 15 19X0 99579055 99605477 3 26422
15 15 1X0 9279829 9370955 2 91126
15 15 20X0 100304789 100384436 5 79647
15 15 21X0 101128522 101213684 2 85162
15 15 22X0 101348323 102032027 27 683704
15 15 23X0 102356781 102436404 2 79623
15 15 24X0 102921103 103036852 9 115749
15 15 25X0 103419968 103448459 2 28491
15 15 2X0 63775971 63902936 4 126965
15 15 3X0 74714839 75599481 23 884642
15 15 4X0 75940952 75975734 2 34782
15 15 5X0 76535721 76639958 2 104237
15 15 6X0 76853010 76918010 3 65000
15 15 7X0 77045278 77757003 14 711725
15 15 8X0 78283446 78493756 5 210310
15 15 9X0 78899667 78919032 2 19365
16 16 10X0 30256378 30310779 3 54401
16 16 11X0 35832874 35972605 2 139731
16 16 12X0 36122169 36455392 10 333223
16 16 13X0 36603869 36726741 2 122872
16 16 14X0 38347022 38362297 2 15275
16 16 15X0 44765736 44960867 4 195131
16 16 16X0 45382135 45532050 3 149915
16 16 17X0 48283787 48319723 2 35936
16 16 18X0 48816856 48874496 3 57640
16 16 19X0 58613675 58638739 2 25064
16 16 1X0 3747887 3872396 3 124509
16 16 20X0 58717433 59362216 26 644783
16 16 21X0 85795476 85901828 2 106352
16 16 22X0 88505807 88563183 2 57376
16 16 23X0 88610705 88829484 13 218779
16 16 24X0 88868917 89206394 19 337477
16 16 25X0 89403218 89420111 2 16893
16 16 26X0 91225457 91271933 2 46476
16 16 27X0 91372899 91565623 5 192724
16 16 28X0 92295616 92358874 2 63258
16 16 29X0 93607889 93690990 3 83101
16 16 2X0 3884619 3923912 3 39293
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16 16 30X0 97447037 97560899 2 113862
16 16 3X0 16860671 16869255 2 8584
16 16 4X0 17894223 17900024 2 5801
16 16 5X0 18620466 18629939 2 9473
16 16 6X0 19285743 19625101 8 339358
16 16 7X0 20611625 20646485 2 34860
16 16 8X0 22921745 23080170 4 158425
16 16 9X0 26356642 26482763 2 126121
17 17 10X0 19361949 19812536 5 450587
17 17 11X0 20540517 20914363 9 373846
17 17 11X1 20029425 20503195 9 473770
17 17 11X2 20993727 21314912 5 321185
17 17 12X0 21383748 21845759 12 462011
17 17 12X1 21879570 22007301 4 127731
17 17 12X2 22144359 22455838 5 311479
17 17 13X0 22547941 22619133 2 71192
17 17 14X0 22943184 23077425 2 134241
17 17 15X0 23290934 23479597 4 188663
17 17 16X0 23556769 23609698 3 52929
17 17 17X0 23679365 23684018 2 4653
17 17 18X0 23833360 24045954 12 212594
17 17 19X0 24264279 24410201 2 145922
17 17 1X0 7352064 7385464 2 33400
17 17 20X0 24473550 24718057 4 244507
17 17 21X0 25298394 25374385 6 75991
17 17 22X0 25736040 25754327 2 18287
17 17 23X0 25823627 25919642 4 96015
17 17 24X0 26138828 26211324 2 72496
17 17 25X0 28692568 28778698 2 86130
17 17 26X0 29519281 29549593 2 30312
17 17 27X0 31125306 31165053 3 39747
17 17 28X0 32303676 32350581 2 46905
17 17 29X0 32468462 33394641 24 926179
17 17 2X0 12419972 12675838 3 255866
17 17 30X0 33919332 34600896 20 681564
17 17 31X0 34856384 34872507 3 16123
17 17 32X0 34956436 34979285 3 22849
17 17 33X0 35071443 35115428 4 43985
17 17 34X0 35194626 35205351 3 10725
17 17 35X0 35262730 35474563 7 211833
17 17 36X0 36006269 36286490 9 280221
17 17 37X0 36772910 37023199 11 250289
17 17 37X1 36323201 36672219 6 349018
17 17 38X0 37085191 37467152 20 381961
17 17 38X1 37492529 37851553 17 359024
17 17 38X2 37903522 38336097 13 432575
17 17 39X0 40221777 40319207 2 97430
17 17 3X0 12841115 13052280 5 211165
17 17 40X0 42657091 42742179 2 85088
17 17 41X0 44078845 44105764 2 26919
17 17 42X0 47385404 47400584 2 15180
17 17 43X0 48125605 48367021 9 241416
17 17 44X0 55864892 55949500 3 84608
17 17 45X0 56100591 56290511 3 189920
17 17 46X0 56562939 56606294 2 43355
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17 17 47X0 56843103 56888904 2 45801
17 17 48X0 57032925 57053582 2 20657
17 17 49X0 78852564 79020816 2 168252
17 17 4X0 13221188 13236454 2 15266
17 17 50X0 84658488 84698963 2 40475
17 17 51X0 85621031 85688254 2 67223
17 17 5X0 13948373 14001765 2 53392
17 17 6X0 14995787 15041537 2 45750
17 17 7X0 17064113 17146831 2 82718
17 17 8X0 17876471 18022704 4 146233
17 17 9X0 18049424 18598157 7 548733
18 18 10X0 62566463 62741387 3 174924
18 18 11X0 68337603 68429251 2 91648
18 18 12X0 78101649 78206440 2 104791
18 18 13X0 84610509 84681996 2 71487
18 18 1X0 19962970 20604521 9 641551
18 18 2X0 23954705 24020320 3 65615
18 18 3X0 34579846 34624601 2 44755
18 18 4X0 36766530 36791694 2 25164
18 18 5X0 36930285 38284357 61 1354072
18 18 6X0 43728069 44206018 8 477949
18 18 7X0 52615982 52663733 2 47751
18 18 8X0 60212080 60392627 4 180547
18 18 9X0 61045200 61132149 2 86949
19 19 10X0 8062209 8218673 2 156464
19 19 11X0 8591254 8628299 2 37045
19 19 12X0 8735839 8741223 2 5384
19 19 13X0 8883732 8895064 4 11332
19 19 14X0 10041548 10196870 3 155322
19 19 15X0 10718143 10829856 2 111713
19 19 16X0 10997025 11392790 10 395765
19 19 17X0 11414841 11640834 8 225993
19 19 18X0 11647280 11691150 2 43870
19 19 19X0 13445014 13920044 22 475030
19 19 19X1 11828077 12395212 21 567135
19 19 19X2 12861742 13103284 12 241542
19 19 19X3 13145642 13411500 8 265858
19 19 19X4 12422265 12719117 8 296852
19 19 1X0 3913493 3981645 3 68152
19 19 20X0 20601961 20727562 2 125601
19 19 21X0 25505706 25679010 3 173304
19 19 22X0 29321344 29334670 2 13326
19 19 23X0 29367455 29471157 2 103702
19 19 24X0 33459609 33517776 2 58167
19 19 24X1 33555167 33769142 2 213975
19 19 25X0 33776546 34122687 5 346141
19 19 26X0 34550710 34650009 6 99299
19 19 27X0 37685581 37701528 2 15947
19 19 28X0 39007019 39186756 3 179737
19 19 29X0 39287074 39568529 3 281455
19 19 2X0 4035407 4059295 3 23888
19 19 30X0 39608842 39886769 4 277927
19 19 31X0 39992424 40187286 4 194862
19 19 32X0 41829970 41848132 2 18162
19 19 33X0 44203288 44407709 4 204421
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19 19 34X0 45150680 45235812 2 85132
19 19 35X0 47105353 47157764 3 52411
19 19 36X0 47854970 47886324 2 31354
19 19 37X0 58670365 58777533 3 107168
19 19 3X0 4083519 4139609 2 56090
19 19 4X0 4756571 4811585 4 55014
19 19 5X0 5689131 5771401 2 82270
19 19 6X0 6067842 6080324 2 12482
19 19 7X0 6306456 6345742 2 39286
19 19 8X0 7557477 7639642 2 82165
19 19 9X0 7673061 7802667 2 129606
2 2 10X0 71528113 71546754 2 18641
2 2 11X0 74655616 74765142 11 109526
2 2 12X0 75935849 75981967 3 46118
2 2 13X0 83955693 83993045 7 37352
2 2 14X0 84600781 84678041 2 77260
2 2 15X0 84838850 84944586 2 105736
2 2 16X0 84980461 84993886 2 13425
2 2 17X0 85136225 86456269 61 1320044
2 2 17X1 87387656 88006776 35 619120
2 2 17X10 104071066 104115349 2 44283
2 2 17X11 98662237 98667301 2 5064
2 2 17X12 93835438 93869157 2 33719
2 2 17X2 88755741 89125729 21 369988
2 2 17X3 88387062 88746886 18 359824
2 2 17X4 88024702 88344727 14 320025
2 2 17X5 86482799 87372478 37 889679
2 2 17X6 89143508 89618245 21 474737
2 2 17X7 89629940 90401674 28 771734
2 2 17X8 111230818 111665814 22 434996
2 2 17X9 111754251 112157007 17 402756
2 2 18X0 119751328 119818104 2 66776
2 2 19X0 120027507 120314165 5 286658
2 2 1X0 24153161 24350936 6 197775
2 2 20X0 121023650 121109795 3 86145
2 2 21X0 121460235 121506665 2 46430
2 2 22X0 122279247 122347972 4 68725
2 2 23X0 122439747 122528040 2 88293
2 2 24X0 125563088 125673502 2 110414
2 2 25X0 126707360 126783444 2 76084
2 2 26X0 127634874 127729932 2 95058
2 2 27X0 128926268 129018563 2 92295
2 2 28X0 129299610 129371139 2 71529
2 2 29X0 130405239 130408256 2 3017
2 2 2X0 25234983 25244261 2 9278
2 2 30X0 130576173 130582554 2 6381
2 2 31X0 131909928 131956130 3 46202
2 2 32X0 147083316 147186404 2 103088
2 2 33X0 148404466 148443563 2 39097
2 2 34X0 148750396 148875692 5 125296
2 2 35X0 150117156 150485091 10 367935
2 2 36X0 151086786 151103041 2 16255
2 2 37X0 152459055 152623053 12 163998
2 2 38X0 153649454 153729907 2 80453
2 2 39X0 153875045 154240902 6 365857
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2 2 3X0 25466709 25825537 13 358828
2 2 40X0 154257854 154320646 2 62792
2 2 41X0 156091958 156180238 2 88280
2 2 42X0 158258094 158332852 2 74758
2 2 43X0 164177467 164718068 21 540601
2 2 44X0 164805098 164826871 2 21773
2 2 45X0 165351298 165388259 2 36961
2 2 46X0 167607850 167661556 3 53706
2 2 47X0 175010319 175432182 7 421863
2 2 47X1 175651005 176237609 8 586604
2 2 48X0 176317638 176811223 8 493585
2 2 48X1 176916769 177202829 4 286060
2 2 48X2 177264654 177578199 5 313545
2 2 49X0 177768044 178078425 7 310381
2 2 4X0 30952959 30967933 2 14974
2 2 50X0 181193721 181213185 2 19464
2 2 5X0 32587625 32620804 2 33179
2 2 6X0 33406108 33462353 2 56245
2 2 7X0 35354218 35423327 3 69109
2 2 8X0 36376778 37520603 31 1143825
2 2 9X0 51924451 51973004 2 48553
3 3 10X0 83007861 83049863 3 42002
3 3 11X0 86986586 86999441 2 12855
3 3 12X0 87258939 87457836 3 198897
3 3 13X0 87778244 87816052 2 37808
3 3 14X0 88242874 88287210 2 44336
3 3 15X0 88368622 88384433 3 15811
3 3 16X0 89081939 89101099 2 19160
3 3 17X0 89271740 89338028 3 66288
3 3 18X0 89350219 89377549 2 27330
3 3 19X0 92436809 92993426 23 556617
3 3 1X0 10012548 10301174 5 288626
3 3 20X0 93651542 94266784 13 615242
3 3 21X0 94310089 94347350 2 37261
3 3 22X0 95243060 95282076 2 39016
3 3 23X0 95499256 95556403 2 57147
3 3 24X0 96219865 96270132 9 50267
3 3 25X0 98446608 98859794 8 413186
3 3 26X0 100993532 101110278 2 116746
3 3 27X0 105973711 106406182 6 432471
3 3 28X0 107896247 108044859 7 148612
3 3 29X0 108094448 108146146 2 51698
3 3 2X0 14641727 14900770 3 259043
3 3 30X0 109080469 109168457 2 87988
3 3 31X0 113247178 113532428 5 285250
3 3 32X0 116631164 116681260 2 50096
3 3 33X0 135307745 135397827 2 90082
3 3 34X0 138217760 138455499 6 237739
3 3 35X0 142496900 142638008 5 141108
3 3 36X0 144729916 145099106 7 369190
3 3 37X0 146121672 146195512 2 73840
3 3 38X0 151730922 151762892 2 31970
3 3 3X0 20215620 20275733 2 60113
3 3 4X0 30624267 30699843 3 75576
3 3 5X0 59096448 59220259 5 123811
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3 3 6X0 59729790 60040160 5 310370
3 3 7X0 64081642 64844765 8 763123
3 3 8X0 67457998 67515523 2 57525
3 3 9X0 82032045 82145787 2 113742
4 4 10X0 49381778 49503120 3 121342
4 4 11X0 52825399 52971567 5 146168
4 4 12X0 52989284 53021576 2 32292
4 4 13X0 56740005 56744925 2 4920
4 4 14X0 57943373 58009124 2 65751
4 4 15X0 59003210 59041903 2 38693
4 4 16X0 60418977 60821463 6 402486
4 4 16X1 59956804 60222599 5 265795
4 4 17X0 61224307 62150863 11 926556
4 4 18X0 62291547 62391769 2 100222
4 4 19X0 62408797 62470887 2 62090
4 4 1X0 3172083 3185358 2 13275
4 4 20X0 63143275 63365878 4 222603
4 4 21X0 73401032 73920760 10 519728
4 4 22X0 88522025 88880201 30 358176
4 4 23X0 96042660 96664154 8 621494
4 4 24X0 101835134 101990014 6 154880
4 4 25X0 108181934 108301096 2 119162
4 4 26X0 111919555 112300468 5 380913
4 4 27X0 114906282 114926013 2 19731
4 4 28X0 115108682 115641899 10 533217
4 4 29X0 116173384 116299841 2 126457
4 4 2X0 3995936 4076931 2 80995
4 4 30X0 117724475 117765648 2 41173
4 4 31X0 118665519 118934840 13 269321
4 4 32X0 119637704 119658954 2 21250
4 4 33X0 124656807 124708611 2 51804
4 4 34X0 126332732 126533472 3 200740
4 4 35X0 127311421 127358181 4 46760
4 4 36X0 129353628 129440818 2 87190
4 4 37X0 129489014 129558372 2 69358
4 4 38X0 135686287 135752140 2 65853
4 4 39X0 136880129 136898803 3 18674
4 4 3X0 12089441 12146731 2 57290
4 4 40X0 137401554 137430540 2 28986
4 4 41X0 138216627 138261332 2 44705
4 4 42X0 138725325 138882817 6 157492
4 4 43X0 140727355 140952586 5 225231
4 4 44X0 141384610 141416014 2 31404
4 4 45X0 141683563 141723419 2 39856
4 4 46X0 141814962 141846359 2 31397
4 4 47X0 143394428 143853235 14 458807
4 4 47X1 143894237 144408464 13 514227
4 4 48X0 144453771 144786583 7 332812
4 4 49X0 145514884 145899975 4 385091
4 4 4X0 33063112 33163588 2 100476
4 4 50X0 146097345 146198749 2 101404
4 4 51X0 146449023 146539395 2 90372
4 4 52X0 146971976 147848366 11 876390
4 4 53X0 148145716 148166424 3 20708
4 4 54X0 149485294 149564508 2 79214
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4 4 55X0 150119283 150168482 2 49199
4 4 56X0 152008803 152027661 2 18858
4 4 57X0 155656943 155793173 2 136230
4 4 5X0 41033074 41098183 2 65109
4 4 6X0 41657498 41769474 2 111976
4 4 7X0 42612195 42773993 5 161798
4 4 8X0 43694784 43855463 6 160679
4 4 9X0 45848947 45950774 2 101827
5 5 10X0 31151142 31180117 2 28975
5 5 11X0 37313269 37425055 2 111786
5 5 12X0 43818891 43912375 2 93484
5 5 13X0 64924680 64960047 2 35367
5 5 14X0 72695980 72868446 2 172466
5 5 15X0 73292895 73341028 2 48133
5 5 16X0 86231752 86745815 7 514063
5 5 17X0 86889767 87490871 11 601104
5 5 18X0 87514689 87591594 3 76905
5 5 19X0 87666233 87824321 3 158088
5 5 1X0 5664831 5749326 2 84495
5 5 20X0 90460897 90578605 4 117708
5 5 21X0 90759378 90905938 7 146560
5 5 22X0 92321347 92363277 3 41930
5 5 23X0 93925078 94876892 13 951814
5 5 24X0 94988626 95804708 11 816082
5 5 25X0 99966027 100038869 2 72842
5 5 26X0 103963461 104021838 2 58377
5 5 27X0 105014153 105343929 7 329776
5 5 28X0 108797193 109453387 10 656194
5 5 29X0 109674545 110129102 7 454557
5 5 2X0 11417626 11922788 7 505162
5 5 2X1 10947805 11345021 6 397216
5 5 30X0 110786094 110874145 2 88051
5 5 31X0 112353801 112451738 2 97937
5 5 32X0 114809036 114823468 3 14432
5 5 33X0 114901353 114937915 2 36562
5 5 34X0 120460688 120483932 2 23244
5 5 35X0 120730333 120921652 9 191319
5 5 36X0 121518613 121545482 2 26869
5 5 37X0 121604572 121660514 2 55942
5 5 38X0 123863570 123880020 2 16450
5 5 39X0 134184027 134456716 3 272689
5 5 3X0 14910122 15032998 4 122876
5 5 40X0 134914249 134987472 3 73223
5 5 41X0 135560448 135573049 2 12601
5 5 42X0 136038496 136064326 2 25830
5 5 43X0 137821952 137871758 3 49806
5 5 44X0 138021276 138065767 3 44491
5 5 45X0 138085084 138648836 6 563752
5 5 46X0 139406387 139427800 2 21413
5 5 47X0 139807978 139826843 2 18865
5 5 48X0 143172186 143292356 6 120170
5 5 49X0 145204668 145291278 3 86610
5 5 4X0 15471703 15714271 6 242568
5 5 50X0 145345287 146113285 8 767998
5 5 51X0 147188696 147307270 3 118574

336



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
5 5 5X0 17373180 17480936 2 107756
5 5 6X0 21519179 21645557 2 126378
5 5 7X0 24479753 24540592 2 60839
5 5 8X0 25181502 25265918 2 84416
5 5 9X0 25935791 26264308 12 328517
6 6 10X0 40491233 40613310 5 122077
6 6 11X0 40895270 41525079 14 629809
6 6 12X0 41621068 41680655 2 59587
6 6 13X0 41847585 42042851 5 195266
6 6 14X0 42140936 42435464 5 294528
6 6 15X0 42460076 43236636 23 776560
6 6 16X0 47819266 48086593 7 267327
6 6 17X0 48436613 48633689 4 197076
6 6 18X0 48647384 48766958 6 119574
6 6 19X0 48835514 48844775 2 9261
6 6 1X0 3993792 4008445 2 14653
6 6 20X0 48904986 48991722 4 86736
6 6 21X0 52162417 52260802 8 98385
6 6 22X0 56956466 57432602 17 476136
6 6 23X0 57842830 58472878 11 630048
6 6 24X0 66552180 66805332 8 253152
6 6 25X0 71322788 71379173 2 56385
6 6 26X0 78370898 78468872 6 97974
6 6 27X0 83068591 83088243 2 19652
6 6 28X0 83644542 83677857 2 33315
6 6 29X0 85707173 85915604 8 208431
6 6 2X0 5171783 5298455 3 126672
6 6 30X0 87345650 87388935 3 43285
6 6 31X0 89714203 90270053 16 555850
6 6 32X0 113458895 113483140 2 24245
6 6 33X0 116493611 116584195 5 90584
6 6 34X0 117841242 117872765 2 31523
6 6 35X0 118428687 118479320 2 50633
6 6 36X0 121300227 121365372 2 65145
6 6 37X0 122553801 122600127 2 46326
6 6 38X0 122921848 123289870 8 368022
6 6 39X0 124493113 124636085 5 142972
6 6 3X0 6863334 6882085 2 18751
6 6 40X0 124864692 124911705 2 47013
6 6 41X0 126532551 126740674 3 208123
6 6 42X0 127015586 127081408 2 65822
6 6 43X0 128375503 128408932 2 33429
6 6 44X0 128483567 128581608 2 98041
6 6 45X0 129268259 129775849 18 507590
6 6 45X1 129831164 130386874 10 555710
6 6 45X2 128706442 129186534 7 480092
6 6 46X0 131486400 131553757 2 67357
6 6 47X0 131629823 131690063 6 60240
6 6 48X0 132206795 132600702 5 393907
6 6 49X0 132656953 133055816 18 398863
6 6 4X0 23648874 23655136 2 6262
6 6 50X0 135065651 135118283 2 52632
6 6 51X0 136830421 136840507 2 10086
6 6 5X0 24733245 24891805 4 158560
6 6 6X0 29281141 29335854 2 54713
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6 6 7X0 30541582 30645363 4 103781
6 6 8X0 34310605 34423142 4 112537
6 6 9X0 38627261 38680864 2 53603
7 7 100X0 104552884 104734362 11 181478
7 7 101X0 104768160 104862667 3 94507
7 7 102X0 104880709 105470898 26 590189
7 7 103X0 106677534 107148329 26 470795
7 7 104X0 107814580 108212527 18 397947
7 7 104X1 108255192 108565793 12 310601
7 7 104X2 108612280 108894420 12 282140
7 7 105X0 112349394 112413102 2 63708
7 7 106X0 114634372 114723063 2 88691
7 7 107X0 119442542 119479255 2 36713
7 7 108X0 119526341 119784889 4 258548
7 7 109X0 122159439 122186204 2 26765
7 7 10X0 6676923 6730421 2 53498
7 7 110X0 125552120 125633570 2 81450
7 7 111X0 126760749 126884703 2 123954
7 7 112X0 127015051 127017352 2 2301
7 7 113X0 127233255 127615272 9 382017
7 7 114X0 127712944 127732166 2 19222
7 7 115X0 127807372 127849000 2 41628
7 7 116X0 127865993 127885992 2 19999
7 7 117X0 127886093 127946725 3 60632
7 7 118X0 128062683 128205501 4 142818
7 7 119X0 131326099 131336716 2 10617
7 7 11X0 7114690 7209998 4 95308
7 7 120X0 131542867 131558014 2 15147
7 7 121X0 140159999 140705267 19 545268
7 7 122X0 140818087 140857577 2 39490
7 7 123X0 140948958 141016908 6 67950
7 7 124X0 141468822 141493421 2 24599
7 7 125X0 141633972 141873084 3 239112
7 7 126X0 142211859 142304594 5 92735
7 7 127X0 142371148 142387857 2 16709
7 7 128X0 142443171 142516003 2 72832
7 7 129X0 142650769 142679533 2 28764
7 7 12X0 7231327 7566786 5 335459
7 7 130X0 143764906 143784500 2 19594
7 7 131X0 144838595 144899881 3 61286
7 7 132X0 145300828 145324086 2 23258
7 7 13X0 7670887 7902462 3 231575
7 7 14X0 8136950 8489075 5 352125
7 7 15X0 8906772 9223653 4 316881
7 7 16X0 9754636 10176286 5 421650
7 7 17X0 10273828 10754364 6 480536
7 7 18X0 11306378 11614112 4 307734
7 7 18X1 10900740 11166159 4 265419
7 7 19X0 12041299 12369273 8 327974
7 7 19X1 11669599 11931285 5 261686
7 7 1X0 3332955 3435163 3 102208
7 7 20X0 12415153 12494338 2 79185
7 7 21X0 12581470 12733105 4 151635
7 7 22X0 12768092 13053684 9 285592
7 7 23X0 13084289 13220289 5 136000
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7 7 24X0 13450856 13571067 2 120211
7 7 25X0 15750381 15904020 4 153639
7 7 26X0 16234726 16259540 2 24814
7 7 27X0 16671331 16725214 2 53883
7 7 28X0 17087934 17215760 3 127826
7 7 29X0 17713238 18070427 5 357189
7 7 2X0 3489071 4063204 8 574133
7 7 30X0 18348210 18821607 11 473397
7 7 31X0 19076258 19206479 2 130221
7 7 32X0 19671579 19681410 2 9831
7 7 33X0 19724161 19991104 6 266943
7 7 34X0 20509617 20912347 15 402730
7 7 34X1 20101158 20474925 12 373767
7 7 34X2 21011532 21361291 11 349759
7 7 34X3 21511780 21844267 7 332487
7 7 35X0 22370122 22714910 12 344788
7 7 35X1 21909807 22329717 12 419910
7 7 35X2 22761697 22984673 5 222976
7 7 35X3 23019006 23275243 7 256237
7 7 36X0 23301192 23441922 2 140730
7 7 37X0 23504642 24055691 10 551049
7 7 38X0 24081924 24316666 10 234742
7 7 39X0 24349196 24760311 10 411115
7 7 3X0 4237754 4397728 3 159974
7 7 40X0 25077284 25227507 2 150223
7 7 41X0 25464460 25539819 2 75359
7 7 42X0 26061497 26315088 3 253591
7 7 42X1 25802475 25926559 2 124084
7 7 43X0 26364691 26574144 3 209453
7 7 44X0 26665227 26939380 5 274153
7 7 44X1 27029090 27158564 3 129474
7 7 45X0 27527059 27674598 3 147539
7 7 46X0 27692502 28008416 8 315914
7 7 47X0 28071236 28164811 2 93575
7 7 48X0 28267881 28279489 2 11608
7 7 49X0 28508836 28524322 2 15486
7 7 4X0 4845162 4896973 2 51811
7 7 50X0 28543596 28737482 3 193886
7 7 51X0 28833854 28866284 2 32430
7 7 52X0 29768552 30235725 16 467173
7 7 53X0 30291753 30487223 7 195470
7 7 54X0 30670722 30700380 2 29658
7 7 55X0 30818357 30861564 3 43207
7 7 56X0 30866584 30914327 2 47743
7 7 57X0 30922389 30944032 2 21643
7 7 58X0 31042513 31074952 3 32439
7 7 59X0 31290519 31376916 4 86397
7 7 5X0 4915217 5053335 10 138118
7 7 60X0 32209173 32327245 2 118072
7 7 61X0 32334182 32442722 2 108540
7 7 62X0 33063449 33374559 4 311110
7 7 63X0 34021567 34100837 2 79270
7 7 64X0 35050315 35121928 2 71613
7 7 65X0 40987555 41045302 2 57747
7 7 66X0 41373790 41650596 5 276806
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7 7 67X0 42473386 42867234 6 393848
7 7 68X0 43187170 43313255 2 126085
7 7 69X0 43351548 43659353 12 307805
7 7 6X0 5146218 5454838 5 308620
7 7 70X0 43690418 44229543 26 539125
7 7 71X0 45125922 45136231 3 10309
7 7 72X0 45259031 45288993 2 29962
7 7 73X0 45465984 45488805 2 22821
7 7 74X0 45617606 45694402 3 76796
7 7 75X0 46847082 46958527 4 111445
7 7 76X0 47185717 47601372 6 415655
7 7 77X0 47980837 48199288 4 218451
7 7 78X0 48388526 48643811 4 255285
7 7 79X0 55935856 56019954 2 84098
7 7 7X0 5544172 6011010 6 466838
7 7 80X0 62346569 62381640 2 35071
7 7 81X0 78902579 78920187 2 17608
7 7 82X0 79792241 79813439 2 21198
7 7 83X0 84853571 84920861 3 67290
7 7 84X0 84940169 85237704 4 297535
7 7 85X0 85558703 85754981 3 196278
7 7 86X0 86268730 86697507 15 428777
7 7 87X0 86795141 87037968 3 242827
7 7 88X0 90450700 90476001 2 25301
7 7 89X0 98350668 98501831 2 151163
7 7 8X0 6131491 6396915 7 265424
7 7 90X0 99153658 99238619 2 84961
7 7 91X0 99735145 99768130 2 32985
7 7 92X0 100472993 100498256 2 25263
7 7 93X0 100937630 101011974 2 74344
7 7 94X0 101410886 101512819 2 101933
7 7 95X0 101899803 101920774 2 20971
7 7 96X0 102065778 102096396 2 30618
7 7 97X0 102097114 102111156 2 14042
7 7 98X0 103491915 103791821 22 299906
7 7 98X1 103812524 104190205 26 377681
7 7 98X2 102476773 102857271 24 380498
7 7 98X3 102877122 103135242 17 258120
7 7 98X4 103143590 103471358 17 327768
7 7 99X0 104225507 104483426 9 257919
7 7 9X0 6439836 6570919 8 131083
8 8 10X0 40675077 40827037 4 151960
8 8 11X0 43129807 43193881 2 64074
8 8 12X0 43519762 43699487 4 179725
8 8 13X0 45241174 45294859 2 53685
8 8 14X0 47822143 47825476 2 3333
8 8 15X0 64980884 65018584 3 37700
8 8 16X0 66680721 66706792 2 26071
8 8 17X0 67490758 67548627 3 57869
8 8 18X0 69427980 69522976 2 94996
8 8 19X0 69611414 69774911 6 163497
8 8 1X0 3682824 4137707 8 454883
8 8 20X0 70083457 70120873 2 37416
8 8 21X0 71882019 71971716 4 89697
8 8 22X0 72057660 72110538 3 52878
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8 8 23X0 83541093 83741173 3 200080
8 8 24X0 85060055 85080746 2 20691
8 8 25X0 92855395 92918823 2 63428
8 8 26X0 93020214 93535707 9 515493
8 8 27X0 94137197 94180327 3 43130
8 8 28X0 94745590 94812036 3 66446
8 8 29X0 94923694 95045250 2 121556
8 8 2X0 13026034 13076026 3 49992
8 8 30X0 104250944 104395807 4 144863
8 8 31X0 104734018 105150109 10 416091
8 8 32X0 105264648 105326259 2 61611
8 8 33X0 105973513 105996394 3 22881
8 8 34X0 110974996 111031751 2 56755
8 8 35X0 117663333 117759027 2 95694
8 8 36X0 120608786 120668079 3 59293
8 8 37X0 121084386 121130644 3 46258
8 8 3X0 18974940 19497775 17 522835
8 8 4X0 20892669 21948850 39 1056181
8 8 5X0 22073637 22162494 2 88857
8 8 6X0 24532454 24597009 2 64555
8 8 7X0 24602246 25016922 5 414676
8 8 8X0 26119534 26160819 2 41285
8 8 9X0 27368782 27413944 2 45162
9 9 10X0 30899155 30962856 2 63701
9 9 11X0 32315920 32399197 2 83277
9 9 12X0 35452076 35518269 2 66193
9 9 13X0 35607093 35790112 5 183019
9 9 14X0 36431884 36541963 3 110079
9 9 15X0 37402046 37433246 2 31200
9 9 16X0 37711348 38607417 37 896069
9 9 16X1 39613544 40188094 26 574550
9 9 16X2 38657458 39047549 16 390091
9 9 16X3 39059729 39573314 16 513585
9 9 17X0 44045672 44142724 4 97052
9 9 18X0 44973620 45009613 3 35993
9 9 19X0 45040177 45154152 5 113975
9 9 1X0 3000922 3038316 9 37394
9 9 20X0 45370185 45410278 2 40093
9 9 21X0 46228721 46271919 3 43198
9 9 22X0 48899214 48964990 2 65776
9 9 23X0 54981533 55048779 3 67246
9 9 24X0 57443646 57580912 2 137266
9 9 25X0 57589452 57653631 2 64179
9 9 26X0 57676937 57703824 2 26887
9 9 27X0 58157773 58204306 2 46533
9 9 28X0 58524300 58651318 2 127018
9 9 29X0 65101486 65185872 2 84386
9 9 2X0 5298517 5358823 3 60306
9 9 30X0 66779193 66834648 2 55455
9 9 31X0 71479325 71592265 2 112940
9 9 32X0 73102470 73122382 2 19912
9 9 33X0 78191947 78347168 5 155221
9 9 34X0 78367052 78378725 2 11673
9 9 35X0 89199209 89240240 3 41031
9 9 36X0 91360500 91389348 2 28848
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9 9 37X0 92192936 92492456 5 299520
9 9 38X0 98422961 98509771 2 86810
9 9 39X0 98842503 98904622 4 62119
9 9 3X0 7272514 7699585 10 427071
9 9 40X0 103111807 103266225 5 154418
9 9 41X0 105130207 105145076 2 14869
9 9 42X0 106440051 106452920 2 12869
9 9 43X0 106499992 106627675 4 127683
9 9 44X0 107569117 107586661 3 17544
9 9 45X0 107740500 107872829 2 132329
9 9 46X0 107906873 107949683 2 42810
9 9 47X0 109142363 109790670 12 648307
9 9 48X0 110798166 110864628 6 66462
9 9 49X0 114731173 114844152 2 112979
9 9 4X0 18443456 18485239 2 41783
9 9 50X0 121760033 121783818 2 23785
9 9 51X0 122851914 122931028 3 79114
9 9 52X0 123590800 123678782 2 87982
9 9 53X0 123774540 124124731 8 350191
9 9 5X0 19248357 19497688 8 249331
9 9 5X1 19883309 20336094 12 452785
9 9 5X2 19537011 19849747 7 312736
9 9 5X3 18754553 19177312 10 422759
9 9 6X0 20345136 20594471 5 249335
9 9 7X0 21015985 21039036 3 23051
9 9 8X0 22055700 22307638 5 251938
9 9 9X0 26765203 26923081 3 157878
JH584299.1 JH584299.1 1X0 4975 176134 3 171159
JH584299.1 JH584299.1 2X0 477246 625594 3 148348
JH584299.1 JH584299.1 3X0 716296 924675 5 208379
X X 10X0 21115820 21175653 2 59833
X X 11X0 23892784 23958934 2 66150
X X 12X0 31117674 31383918 3 266244
X X 13X0 36743659 36798807 2 55148
X X 14X0 37213804 38129967 33 916163
X X 15X0 53243415 53331185 2 87770
X X 16X0 53742901 53797696 2 54795
X X 17X0 56136572 56212881 2 76309
X X 18X0 67682900 67706350 2 23450
X X 19X0 73123068 73149450 2 26382
X X 1X0 4800496 4954077 2 153581
X X 20X0 73342621 73428385 2 85764
X X 21X0 73657276 73778925 2 121649
X X 22X0 74569153 74595275 2 26122
X X 23X0 77837902 78245921 7 408019
X X 24X0 101261376 101269023 2 7647
X X 25X0 101791225 101798642 2 7417
X X 26X0 107089234 107296769 3 207535
X X 27X0 114905012 114908510 2 3498
X X 28X0 134717963 134809221 4 91258
X X 29X0 135167624 135615805 6 448181
X X 2X0 6047453 6173015 2 125562
X X 30X0 135742733 135891078 4 148345
X X 31X0 135993824 136034946 2 41122
X X 32X0 136066564 136271978 6 205414
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X X 33X0 136448107 136534061 2 85954
X X 34X0 136666611 136711478 2 44867
X X 35X0 136954988 136976869 2 21881
X X 36X0 154001590 154484682 6 483092
X X 37X0 154924012 155089793 6 165781
X X 38X0 157565947 157598650 2 32703
X X 39X0 164438058 164539752 2 101694
X X 3X0 7722245 7731064 2 8819
X X 40X0 167242732 167330497 2 87765
X X 4X0 8327424 8880750 12 553326
X X 5X0 8962134 9063861 5 101727
X X 6X0 11299257 11328151 10 28894
X X 7X0 13632769 13667433 2 34664
X X 8X0 20688418 20860208 2 171790
X X 9X0 21029589 21089229 2 59640
Y Y 1X0 2599099 2720674 2 121575
Y Y 2X0 2785165 3782910 10 997745
Y Y 3X0 21166083 21243821 2 77738

Nomascus leucogenys

10 10 1X0 913475 1498277 23 584802
10 10 1X1 62169852 62839822 18 669970
10 10 1X10 72118250 72547182 10 428932
10 10 1X11 61751958 62118580 8 366622
10 10 1X12 71460398 71897158 11 436760
10 10 1X13 4474143 5124522 10 650379
10 10 1X14 41231916 41628538 9 396622
10 10 1X15 2727789 3135086 9 407297
10 10 1X16 72893026 73196547 7 303521
10 10 1X17 42464410 42661830 5 197420
10 10 1X18 2385911 2713256 7 327345
10 10 1X19 72555375 72863437 6 308062
10 10 1X2 8400 336651 11 328251
10 10 1X20 58681234 59147976 10 466742
10 10 1X21 40781847 41199338 8 417491
10 10 1X22 53625664 53850465 3 224801
10 10 1X23 54486054 54909797 6 423743
10 10 1X24 53885721 54068930 3 183209
10 10 1X25 53241029 53602525 5 361496
10 10 1X26 54160702 54410068 3 249366
10 10 1X27 73362679 73464050 4 101371
10 10 1X28 42004370 42307703 5 303333
10 10 1X29 69406813 69437776 4 30963
10 10 1X3 3880060 4454617 13 574557
10 10 1X30 66453236 66516237 3 63001
10 10 1X31 59421459 59594848 3 173389
10 10 1X32 30054469 30274143 3 219674
10 10 1X33 50880865 51321181 4 440316
10 10 1X34 51608730 51826800 3 218070
10 10 1X35 14575697 14724980 3 149283
10 10 1X36 52457774 52884684 4 426910
10 10 1X37 55352589 55397447 2 44858
10 10 1X38 63972390 64051649 2 79259
10 10 1X39 37341643 37396049 2 54406
10 10 1X4 640887 901251 8 260364
10 10 1X40 24740798 24752983 2 12185
10 10 1X41 70638921 70674184 2 35263
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10 10 1X5 354561 574220 6 219659
10 10 1X6 71121991 71355244 11 233253
10 10 1X7 3581887 3852197 9 270310
10 10 1X8 64553764 65103687 13 549923
10 10 1X9 1797912 2237158 10 439246
10 10 2X0 83118205 83134480 2 16275
10 10 3X0 86783165 86881675 3 98510
10 10 4X0 87254907 87299067 2 44160
10 10 5X0 95110285 95208038 2 97753
10 10 6X0 106644953 106907524 6 262571
11 11 10X0 56723117 56852641 2 129524
11 11 11X0 57218030 57383213 4 165183
11 11 12X0 57830032 57847177 2 17145
11 11 13X0 58412602 58534244 8 121642
11 11 14X0 59014693 59076935 2 62242
11 11 15X0 59089019 59167372 2 78353
11 11 16X0 59569546 60345621 27 776075
11 11 17X0 70887284 70978891 2 91607
11 11 18X0 71719877 71745892 2 26015
11 11 19X0 73086553 73193262 2 106709
11 11 1X0 668329 690727 2 22398
11 11 20X0 73582593 73762317 3 179724
11 11 21X0 75594264 75735268 4 141004
11 11 22X0 76163960 76249899 2 85939
11 11 23X0 78784485 78866979 2 82494
11 11 24X0 83308502 83362475 2 53973
11 11 25X0 84884040 85079547 2 195507
11 11 26X0 94248249 94332766 3 84517
11 11 27X0 108355804 108544068 2 188264
11 11 28X0 108891357 108940191 3 48834
11 11 29X0 111459385 111608624 4 149239
11 11 2X0 21288610 21411947 2 123337
11 11 30X0 121135030 121228908 2 93878
11 11 3X0 25107488 25127829 2 20341
11 11 4X0 26518520 26649198 3 130678
11 11 5X0 28281407 28302775 2 21368
11 11 6X0 39280658 39371584 2 90926
11 11 7X0 46961781 47991816 21 1030035
11 11 8X0 55322323 55347077 2 24754
11 11 9X0 55826525 56009308 3 182783
12 12 10X0 28631672 28787051 2 155379
12 12 11X0 31223079 31497781 5 274702
12 12 12X0 32868500 33001212 3 132712
12 12 13X0 35576837 35740856 2 164019
12 12 14X0 39342836 39444643 2 101807
12 12 15X0 40872301 41017075 4 144774
12 12 15X1 41183756 41491150 3 307394
12 12 16X0 41555378 41605934 2 50556
12 12 17X0 41619726 41918304 6 298578
12 12 18X0 42079498 42208974 2 129476
12 12 19X0 42247753 42313672 2 65919
12 12 1X0 1602673 1697899 2 95226
12 12 20X0 42336928 42653243 8 316315
12 12 21X0 42897957 43255636 7 357679
12 12 22X0 43355598 43547319 4 191721
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12 12 23X0 43569271 43906063 8 336792
12 12 24X0 43967075 44107969 5 140894
12 12 25X0 44493127 44788024 5 294897
12 12 26X0 44995585 45042857 2 47272
12 12 27X0 46458751 46561356 2 102605
12 12 28X0 46932054 46967803 4 35749
12 12 29X0 47041594 47105350 3 63756
12 12 2X0 4079298 4083993 2 4695
12 12 30X0 47123545 47153049 2 29504
12 12 31X0 48823081 48877584 2 54503
12 12 32X0 49188812 49528969 4 340157
12 12 33X0 50241598 50312078 2 70480
12 12 34X0 50759532 50895948 2 136416
12 12 35X0 51152878 51187571 2 34693
12 12 36X0 51411537 51495610 2 84073
12 12 37X0 52312389 52400320 6 87931
12 12 38X0 53182101 53329767 2 147666
12 12 39X0 56557666 56656413 2 98747
12 12 3X0 4307597 4437607 2 130010
12 12 40X0 58026633 58254491 5 227858
12 12 41X0 60654157 60752697 2 98540
12 12 42X0 60916017 61175034 3 259017
12 12 43X0 66342639 66491983 4 149344
12 12 44X0 67046996 67205271 3 158275
12 12 45X0 68004773 68089045 3 84272
12 12 46X0 68135874 68203433 2 67559
12 12 47X0 73383588 73433392 2 49804
12 12 48X0 87167567 87316807 2 149240
12 12 49X0 87415109 87570509 4 155400
12 12 4X0 5126887 5386589 3 259702
12 12 50X0 89975572 90132785 3 157213
12 12 51X0 91516011 91643725 2 127714
12 12 5X0 9717158 9819716 3 102558
12 12 6X0 11396437 11407913 2 11476
12 12 7X0 12492988 12689401 2 196413
12 12 8X0 13457985 13477202 2 19217
12 12 9X0 22366988 22448287 2 81299
13 13 10X0 35019448 35454466 5 435018
13 13 11X0 35830898 35968422 2 137524
13 13 12X0 36638415 36653605 2 15190
13 13 13X0 43053300 43356758 6 303458
13 13 14X0 43704709 43745161 2 40452
13 13 15X0 45303807 45425507 2 121700
13 13 16X0 67612992 67671215 2 58223
13 13 17X0 75134934 75260886 2 125952
13 13 18X0 81406459 81530205 4 123746
13 13 19X0 85646138 85799232 3 153094
13 13 1X0 174434 197684 2 23250
13 13 20X0 93633742 93673578 2 39836
13 13 21X0 94154792 94178239 3 23447
13 13 22X0 94278798 94342719 2 63921
13 13 23X0 94593417 94636301 2 42884
13 13 24X0 95195007 95287240 3 92233
13 13 25X0 100195934 100632908 8 436974
13 13 26X0 101017618 101060119 3 42501
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13 13 27X0 101103411 101301700 5 198289
13 13 28X0 101347629 101366091 2 18462
13 13 29X0 101589476 101791461 4 201985
13 13 2X0 727548 744891 2 17343
13 13 30X0 102537981 102674887 2 136906
13 13 3X0 18864574 18896579 2 32005
13 13 4X0 18966169 19274995 8 308826
13 13 5X0 19533321 19636023 4 102702
13 13 6X0 26454472 26513629 2 59157
13 13 7X0 31472897 31788439 5 315542
13 13 8X0 33353491 33761260 10 407769
13 13 9X0 33897556 34030776 2 133220
14 14 10X0 48365277 48384031 2 18754
14 14 11X0 50072633 50126503 2 53870
14 14 12X0 54850610 54930406 2 79796
14 14 13X0 57817266 58047153 3 229887
14 14 14X0 59852860 59874101 2 21241
14 14 15X0 64215308 64252706 2 37398
14 14 16X0 70599613 70641650 2 42037
14 14 17X0 72743195 72827210 2 84015
14 14 18X0 74691688 74998074 7 306386
14 14 19X0 75343199 75463355 2 120156
14 14 1X0 617382 656827 2 39445
14 14 20X0 77482367 77601682 2 119315
14 14 21X0 83135123 83592567 5 457444
14 14 22X0 88697221 88716120 2 18899
14 14 23X0 92002237 92080898 2 78661
14 14 24X0 92816849 92846004 2 29155
14 14 25X0 93808406 93835510 2 27104
14 14 26X0 94458024 94496515 2 38491
14 14 2X0 1107468 1139354 2 31886
14 14 3X0 8341456 8413092 2 71636
14 14 4X0 8799307 8886636 3 87329
14 14 5X0 11463892 11531710 2 67818
14 14 6X0 37623326 37659182 2 35856
14 14 7X0 42313573 42534789 4 221216
14 14 8X0 47027228 47092810 3 65582
14 14 9X0 48286181 48357571 2 71390
15 15 10X0 18388807 18443635 3 54828
15 15 11X0 20620251 20780752 3 160501
15 15 12X0 21355988 21439807 2 83819
15 15 13X0 23548092 23553576 2 5484
15 15 14X0 30625470 30692762 3 67292
15 15 15X0 32673606 33102341 9 428735
15 15 16X0 33259244 33314780 2 55536
15 15 17X0 40683741 40733154 3 49413
15 15 18X0 46111233 46217269 3 106036
15 15 19X0 47303384 47351372 2 47988
15 15 1X0 578967 686313 2 107346
15 15 20X0 51543061 51573971 2 30910
15 15 21X0 60765232 60908325 2 143093
15 15 22X0 61796442 61886952 2 90510
15 15 23X0 63570441 63597885 2 27444
15 15 24X0 64393810 64450620 2 56810
15 15 25X0 65537044 65606889 3 69845
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15 15 26X0 65848113 65867749 2 19636
15 15 27X0 66376899 67958751 42 1581852
15 15 27X1 68005973 68737495 7 731522
15 15 28X0 68789464 68874974 2 85510
15 15 29X0 69648546 69714407 2 65861
15 15 2X0 4660641 4732811 2 72170
15 15 30X0 78384085 78387169 2 3084
15 15 31X0 80038427 80129703 3 91276
15 15 32X0 80269995 80373461 3 103466
15 15 33X0 80373517 80487099 2 113582
15 15 34X0 80790725 80852108 2 61383
15 15 35X0 105797123 105835423 2 38300
15 15 36X0 110213286 110353332 4 140046
15 15 3X0 6243981 6323868 2 79887
15 15 4X0 9261425 9353872 2 92447
15 15 5X0 9511223 9658571 2 147348
15 15 6X0 10414247 10589848 5 175601
15 15 7X0 10817960 11393372 7 575412
15 15 8X0 16903407 17035624 5 132217
15 15 9X0 17301128 17361726 2 60598
16 16 1X0 22861219 22897108 6 35889
16 16 2X0 23011524 23218873 3 207349
16 16 3X0 26902775 26993588 2 90813
16 16 4X0 27064351 27319802 4 255451
16 16 5X0 46912729 47079527 2 166798
16 16 6X0 97871511 98332464 12 460953
16 16 7X0 98366562 98789722 4 423160
16 16 8X0 98809585 98935572 2 125987
16 16 9X0 99795134 100024601 5 229467
17 17 10X0 35139936 35207872 3 67936
17 17 11X0 38260280 38291855 2 31575
17 17 12X0 40005686 40067527 2 61841
17 17 13X0 40777986 40825779 2 47793
17 17 14X0 41437259 41485758 2 48499
17 17 15X0 50489628 50868577 5 378949
17 17 15X1 49706267 50108982 4 402715
17 17 15X2 50142909 50347737 2 204828
17 17 16X0 62949776 62981437 2 31661
17 17 17X0 81425255 81574570 8 149315
17 17 18X0 86146981 86202556 3 55575
17 17 19X0 90207634 90878346 19 670712
17 17 19X1 89594452 90061797 8 467345
17 17 19X2 86841341 87224288 7 382947
17 17 19X3 88157475 88359805 5 202330
17 17 19X4 88983961 89493409 6 509448
17 17 19X5 87611793 87852061 5 240268
17 17 19X6 88549063 88706044 2 156981
17 17 1X0 2819223 2954681 3 135458
17 17 20X0 90889170 91204475 6 315305
17 17 21X0 92349907 92483898 4 133991
17 17 22X0 94353883 94439719 2 85836
17 17 23X0 95918068 96252625 3 334557
17 17 24X0 96854341 96903850 2 49509
17 17 25X0 96991385 97026082 2 34697
17 17 26X0 97059853 97198918 5 139065
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17 17 27X0 99228928 99405561 5 176633
17 17 2X0 4747066 4881637 6 134571
17 17 3X0 5713721 5757218 2 43497
17 17 4X0 6712475 6851826 2 139351
17 17 5X0 27022354 27063633 2 41279
17 17 6X0 32282252 32374511 2 92259
17 17 7X0 34389339 34451586 2 62247
17 17 8X0 34534105 34703481 5 169376
17 17 9X0 34720531 34941805 4 221274
18 18 10X0 67331643 67452737 2 121094
18 18 11X0 81155343 81305612 2 150269
18 18 12X0 89181463 89452640 3 271177
18 18 13X0 101528667 101864925 9 336258
18 18 14X0 102135494 102260365 4 124871
18 18 15X0 102683983 102938119 4 254136
18 18 16X0 104101956 104122084 2 20128
18 18 17X0 104195505 104301319 4 105814
18 18 18X0 104557978 104644119 2 86141
18 18 19X0 104740654 104756301 3 15647
18 18 1X0 18258188 18588698 3 330510
18 18 2X0 20319329 20345055 2 25726
18 18 3X0 24293072 24489453 4 196381
18 18 4X0 32222119 32285747 2 63628
18 18 5X0 37143836 37232224 3 88388
18 18 6X0 37358185 37390914 2 32729
18 18 7X0 41339313 41360106 2 20793
18 18 8X0 45539978 45957170 5 417192
18 18 9X0 66426570 66488845 2 62275
19 19 10X0 33543256 33890732 12 347476
19 19 11X0 34207479 34506393 3 298914
19 19 12X0 34600329 34674934 2 74605
19 19 13X0 36732919 36861999 5 129080
19 19 14X0 39685546 39949190 4 263644
19 19 15X0 45977936 46067434 2 89498
19 19 16X0 50687879 50876228 2 188349
19 19 17X0 52851529 53035853 2 184324
19 19 18X0 65914256 65988127 2 73871
19 19 19X0 70962683 71323944 6 361261
19 19 1X0 24023909 24095337 2 71428
19 19 20X0 72718406 72827196 2 108790
19 19 21X0 73529198 73574809 2 45611
19 19 22X0 74188430 74194620 2 6190
19 19 23X0 74485764 74520538 2 34774
19 19 24X0 74553486 74560926 2 7440
19 19 25X0 74591165 74716614 2 125449
19 19 26X0 76513580 76535447 2 21867
19 19 27X0 76593192 76685146 2 91954
19 19 28X0 77193817 77293869 2 100052
19 19 29X0 77835071 77988253 2 153182
19 19 2X0 27965449 28050539 2 85090
19 19 30X0 78137129 78222113 2 84984
19 19 31X0 79758264 79790114 2 31850
19 19 3X0 29692561 29877464 2 184903
19 19 4X0 30961477 31079726 2 118249
19 19 5X0 31589080 31613219 2 24139
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19 19 6X0 32810097 32823852 2 13755
19 19 7X0 32848613 32955049 2 106436
19 19 8X0 33436114 33494091 5 57977
19 19 9X0 33527338 33533355 2 6017
1a 1a 10X0 38471751 38550401 2 78650
1a 1a 11X0 42737838 42890413 4 152575
1a 1a 12X0 52799316 52851663 2 52347
1a 1a 13X0 72383056 72397607 4 14551
1a 1a 14X0 73054623 73143858 14 89235
1a 1a 15X0 73171079 73239996 2 68917
1a 1a 16X0 73272940 73809678 14 536738
1a 1a 17X0 74633335 75284482 13 651147
1a 1a 18X0 76139269 76301569 3 162300
1a 1a 19X0 76371353 76382216 3 10863
1a 1a 1X0 1568073 1794853 3 226780
1a 1a 20X0 76485326 76541144 4 55818
1a 1a 21X0 76880234 77017824 2 137590
1a 1a 22X0 77230188 78146331 18 916143
1a 1a 23X0 78147296 78297454 2 150158
1a 1a 24X0 80669116 80686861 3 17745
1a 1a 25X0 80726759 81050752 3 323993
1a 1a 26X0 81545052 81639466 2 94414
1a 1a 27X0 82210399 82416066 2 205667
1a 1a 28X0 84197701 84254461 2 56760
1a 1a 29X0 96710458 96750811 2 40353
1a 1a 2X0 6041735 6237396 4 195661
1a 1a 30X0 100086686 100144693 2 58007
1a 1a 31X0 111105016 111175052 2 70036
1a 1a 32X0 118477483 118490061 2 12578
1a 1a 3X0 6332424 6453966 2 121542
1a 1a 4X0 22455830 22793993 8 338163
1a 1a 5X0 23235567 23276021 2 40454
1a 1a 6X0 24941793 25041634 2 99841
1a 1a 7X0 26433992 26443246 2 9254
1a 1a 8X0 30591814 30617887 2 26073
1a 1a 9X0 30673736 30868131 4 194395
2 2 10X0 40632184 40656937 2 24753
2 2 11X0 48921407 48999659 2 78252
2 2 12X0 50096909 50139751 2 42842
2 2 13X0 55124338 55143797 2 19459
2 2 14X0 55932489 55988551 2 56062
2 2 15X0 56159656 56285775 4 126119
2 2 16X0 65762839 65898773 3 135934
2 2 17X0 66023683 66081179 4 57496
2 2 18X0 66774044 66892068 11 118024
2 2 19X0 67607183 67760600 3 153417
2 2 1X0 37341 197621 4 160280
2 2 20X0 79747218 79887776 3 140558
2 2 21X0 80000368 80067075 3 66707
2 2 22X0 80070513 80988446 12 917933
2 2 23X0 81429166 81503857 7 74691
2 2 24X0 82838991 82954165 2 115174
2 2 25X0 86651075 86686349 2 35274
2 2 26X0 89173509 89485149 3 311640
2 2 27X0 89544869 89587653 2 42784
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2 2 28X0 90666936 90879387 3 212451
2 2 29X0 93149574 93207420 2 57846
2 2 2X0 1823257 2038049 5 214792
2 2 30X0 111044825 111315344 3 270519
2 2 31X0 146647485 146748809 2 101324
2 2 32X0 148075501 148112983 2 37482
2 2 33X0 148289692 148338836 3 49144
2 2 3X0 4810121 5049452 2 239331
2 2 4X0 23954470 24134240 3 179770
2 2 5X0 29648422 29718196 2 69774
2 2 6X0 30737414 30980027 3 242613
2 2 7X0 32732288 33238406 5 506118
2 2 8X0 39298668 39401495 2 102827
2 2 9X0 39761233 40499166 16 737933
20 20 1X0 997959 1027544 2 29585
20 20 2X0 38715413 38788064 2 72651
20 20 3X0 39516962 39687927 2 170965
20 20 4X0 48739873 48793016 3 53143
20 20 5X0 70858036 70987142 2 129106
20 20 6X0 79350009 79410511 3 60502
20 20 7X0 84875674 85078302 3 202628
20 20 8X0 85128108 85343360 3 215252
21 21 10X0 86054766 86080345 3 25579
21 21 1X0 12184545 12225569 2 41024
21 21 2X0 23150566 23503737 7 353171
21 21 3X0 45758816 45893526 2 134710
21 21 4X0 48111815 48264073 2 152258
21 21 5X0 51801385 51872138 2 70753
21 21 6X0 58041737 58070644 2 28907
21 21 7X0 85215789 85316352 2 100563
21 21 8X0 85490189 85519626 2 29437
21 21 9X0 85832980 85881469 2 48489
22a 22a 10X0 40194446 40204741 2 10295
22a 22a 11X0 40883645 40934123 2 50478
22a 22a 12X0 42107955 42185784 2 77829
22a 22a 13X0 42597694 42603713 2 6019
22a 22a 14X0 43374554 43555178 4 180624
22a 22a 15X0 43865632 43959520 5 93888
22a 22a 16X0 44738857 44834282 2 95425
22a 22a 17X0 51620046 51755329 4 135283
22a 22a 18X0 52266388 52324118 2 57730
22a 22a 19X0 53779709 53920090 2 140381
22a 22a 1X0 52792 306499 5 253707
22a 22a 20X0 54561773 54578554 2 16781
22a 22a 21X0 54633310 54805272 3 171962
22a 22a 22X0 56325628 56385360 2 59732
22a 22a 23X0 61947596 61964444 2 16848
22a 22a 24X0 66088249 66205267 9 117018
22a 22a 25X0 67651362 67719971 2 68609
22a 22a 26X0 68634545 68834665 2 200120
22a 22a 27X0 79049884 79161814 2 111930
22a 22a 28X0 91361645 91508508 3 146863
22a 22a 29X0 91653743 91818906 2 165163
22a 22a 2X0 2865380 2904254 2 38874
22a 22a 30X0 94055963 94314798 3 258835
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22a 22a 31X0 107431809 107517720 2 85911
22a 22a 32X0 109803591 109831619 2 28028
22a 22a 33X0 110181682 110202939 2 21257
22a 22a 34X0 110352307 110487329 3 135022
22a 22a 35X0 122129575 122336551 2 206976
22a 22a 36X0 123587713 123609766 2 22053
22a 22a 37X0 123675651 123696671 2 21020
22a 22a 3X0 9865308 9895998 2 30690
22a 22a 4X0 10411795 10440920 2 29125
22a 22a 5X0 11502328 11881739 9 379411
22a 22a 6X0 30798536 30913946 2 115410
22a 22a 7X0 32770121 32818054 3 47933
22a 22a 8X0 39759342 39861685 4 102343
22a 22a 9X0 39902910 39942525 2 39615
23 23 10X0 27797002 27981570 4 184568
23 23 11X0 30093245 30174503 2 81258
23 23 12X0 34303566 34374476 2 70910
23 23 1X0 14101343 14280551 2 179208
23 23 2X0 20638465 20651732 2 13267
23 23 3X0 22252564 22386957 2 134393
23 23 4X0 22527017 22593901 2 66884
23 23 5X0 24015473 24456926 11 441453
23 23 6X0 25026436 25489301 10 462865
23 23 6X1 24655771 24974590 5 318819
23 23 7X0 26474377 26528193 3 53816
23 23 8X0 26715563 26933559 3 217996
23 23 9X0 27500100 27545935 3 45835
24 24 10X0 19106850 19289319 5 182469
24 24 11X0 19845895 19909959 2 64064
24 24 12X0 21788731 21819182 3 30451
24 24 13X0 23112273 23176515 2 64242
24 24 1X0 6588075 6611196 2 23121
24 24 2X0 8953988 9018849 2 64861
24 24 3X0 9796058 9895120 2 99062
24 24 4X0 11702746 11730902 3 28156
24 24 5X0 12687706 12731972 2 44266
24 24 6X0 12798334 12963736 10 165402
24 24 7X0 14988097 15045865 3 57768
24 24 8X0 15582041 15632976 4 50935
24 24 9X0 15861281 16053603 4 192322
25 25 10X0 27772725 27857327 2 84602
25 25 11X0 28133385 28336757 2 203372
25 25 12X0 28617942 28651459 3 33517
25 25 13X0 29774697 29919720 2 145023
25 25 14X0 30631095 30764661 9 133566
25 25 15X0 32017409 32142266 2 124857
25 25 1X0 8432930 8576817 2 143887
25 25 2X0 13417344 13552654 2 135310
25 25 3X0 16781472 16834935 2 53463
25 25 4X0 16935644 17037134 2 101490
25 25 5X0 17167508 17182751 2 15243
25 25 6X0 17185284 17206491 2 21207
25 25 7X0 19783680 19964045 3 180365
25 25 8X0 20942666 21022594 2 79928
25 25 9X0 22576748 22643416 2 66668
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3 3 10X0 45645347 45890422 5 245075
3 3 11X0 57894850 58045386 6 150536
3 3 12X0 75882055 76019251 2 137196
3 3 13X0 92344866 92431184 2 86318
3 3 14X0 98298019 98482378 2 184359
3 3 15X0 103479930 103507219 2 27289
3 3 16X0 103699016 103791555 3 92539
3 3 17X0 119904274 119911008 2 6734
3 3 18X0 124398647 124621526 3 222879
3 3 19X0 137471696 137598499 5 126803
3 3 1X0 10499807 10513801 2 13994
3 3 2X0 10700750 10813089 4 112339
3 3 3X0 17197213 17422530 4 225317
3 3 4X0 29973085 30018454 2 45369
3 3 5X0 30805813 30838173 3 32360
3 3 6X0 33109486 33211435 2 101949
3 3 7X0 39338244 39543612 3 205368
3 3 8X0 41289773 41308256 2 18483
3 3 9X0 45034111 45118703 4 84592
4 4 10X0 77778429 77890405 2 111976
4 4 11X0 78604483 78935368 5 330885
4 4 12X0 79216041 79413637 4 197596
4 4 13X0 79531606 79603292 2 71686
4 4 14X0 79669223 80029248 5 360025
4 4 15X0 80153446 80193664 2 40218
4 4 16X0 80364655 81194121 11 829466
4 4 17X0 81376936 81489800 2 112864
4 4 18X0 82140586 82149009 2 8423
4 4 19X0 82158871 82323828 3 164957
4 4 1X0 5702044 5781953 2 79909
4 4 20X0 82624404 82842766 5 218362
4 4 21X0 83441918 83699168 4 257250
4 4 22X0 83865266 84005622 4 140356
4 4 23X0 84184256 84248641 2 64385
4 4 24X0 84994458 85036140 2 41682
4 4 25X0 85232142 85285187 2 53045
4 4 26X0 85965862 86056690 2 90828
4 4 27X0 87016250 87076540 3 60290
4 4 28X0 87686874 87861118 2 174244
4 4 29X0 87883620 87953330 2 69710
4 4 2X0 16144769 16590154 9 445385
4 4 30X0 88080661 88158763 2 78102
4 4 31X0 89930171 90065981 2 135810
4 4 32X0 91831048 91842637 2 11589
4 4 33X0 92603393 92696707 2 93314
4 4 34X0 92841869 92872237 2 30368
4 4 35X0 93073414 93206299 2 132885
4 4 36X0 100039867 100101097 3 61230
4 4 37X0 100611757 100959783 3 348026
4 4 38X0 100986279 101104130 5 117851
4 4 39X0 102405160 102429334 3 24174
4 4 3X0 33201220 33222778 5 21558
4 4 40X0 102443525 102564273 4 120748
4 4 41X0 102606387 102769417 2 163030
4 4 42X0 105911319 105941853 3 30534
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4 4 43X0 106271171 106540501 4 269330
4 4 44X0 107738844 108009958 8 271114
4 4 45X0 111909946 111965941 3 55995
4 4 46X0 114139266 114189506 2 50240
4 4 47X0 120095753 120368280 3 272527
4 4 48X0 140883874 141308686 10 424812
4 4 49X0 142709161 142751009 2 41848
4 4 4X0 34486205 34610174 2 123969
4 4 50X0 145222657 145334107 5 111450
4 4 5X0 45202037 45324269 5 122232
4 4 6X0 49078307 49621688 7 543381
4 4 7X0 63365375 63391793 2 26418
4 4 8X0 76252897 77597727 23 1344830
4 4 9X0 77746515 77760688 2 14173
5 5 10X0 54799940 54867415 3 67475
5 5 11X0 54902594 55000332 3 97738
5 5 12X0 55038292 55296282 3 257990
5 5 13X0 56043886 56149072 2 105186
5 5 14X0 56195111 56580915 3 385804
5 5 15X0 56664067 56794217 2 130150
5 5 16X0 64804711 64900354 3 95643
5 5 17X0 68737791 68803441 2 65650
5 5 18X0 79760393 79856195 2 95802
5 5 19X0 84666289 84678162 2 11873
5 5 1X0 209961 734940 10 524979
5 5 20X0 127910337 127931035 2 20698
5 5 21X0 141255655 141322389 3 66734
5 5 22X0 142460090 142498165 3 38075
5 5 2X0 1029486 1335684 5 306198
5 5 3X0 20043631 20050414 2 6783
5 5 4X0 20090883 20112977 2 22094
5 5 5X0 20443057 20560667 2 117610
5 5 6X0 22468483 22525514 2 57031
5 5 7X0 24142955 24294199 2 151244
5 5 8X0 27037999 27103542 2 65543
5 5 9X0 54191192 54689868 5 498676
6 6 10X0 76273326 76358520 2 85194
6 6 11X0 84727436 84810632 2 83196
6 6 12X0 93136148 93281514 2 145366
6 6 13X0 93667316 93715427 2 48111
6 6 14X0 93887417 94416323 6 528906
6 6 15X0 94897473 94911094 2 13621
6 6 16X0 98127521 98212779 3 85258
6 6 17X0 104266446 104473227 2 206781
6 6 18X0 108885163 108913745 2 28582
6 6 1X0 977417 1209717 3 232300
6 6 2X0 13783815 13891389 2 107574
6 6 3X0 48635918 48796720 2 160802
6 6 4X0 49985404 50085164 2 99760
6 6 5X0 51682970 51817839 2 134869
6 6 6X0 55513727 55584903 4 71176
6 6 7X0 57354589 57452803 3 98214
6 6 8X0 58493665 58828042 4 334377
6 6 9X0 59092045 59154823 2 62778
7b 7b 10X0 53039764 53132813 2 93049
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7b 7b 11X0 53274358 53281767 2 7409
7b 7b 12X0 53939741 54011577 2 71836
7b 7b 13X0 54245822 54288982 2 43160
7b 7b 14X0 54441295 54671627 5 230332
7b 7b 15X0 60518255 60581411 2 63156
7b 7b 16X0 61381538 61400167 2 18629
7b 7b 17X0 78500990 78553226 3 52236
7b 7b 18X0 79580333 79720713 2 140380
7b 7b 19X0 88793563 88881259 2 87696
7b 7b 1X0 550104 566192 2 16088
7b 7b 20X0 107446737 107449610 2 2873
7b 7b 21X0 110474963 110556447 2 81484
7b 7b 22X0 112368946 112422633 2 53687
7b 7b 2X0 6692594 6760290 2 67696
7b 7b 3X0 8510029 8539767 3 29738
7b 7b 4X0 9402434 9453165 2 50731
7b 7b 5X0 11543180 11642999 4 99819
7b 7b 6X0 13542795 13561651 2 18856
7b 7b 7X0 14758293 14803787 2 45494
7b 7b 8X0 49776326 49830712 2 54386
7b 7b 9X0 52529778 52862811 7 333033
8 8 10X0 29778724 30007281 3 228557
8 8 11X0 45117643 45460449 3 342806
8 8 12X0 45534922 45649391 2 114469
8 8 13X0 48345342 48409743 2 64401
8 8 14X0 53225035 53338611 3 113576
8 8 15X0 53546082 53613432 2 67350
8 8 16X0 76754212 76760518 2 6306
8 8 17X0 76795559 76958121 4 162562
8 8 18X0 77049438 77308496 29 259058
8 8 19X0 77392671 77515156 6 122485
8 8 1X0 66536 142548 2 76012
8 8 20X0 81862859 81874110 2 11251
8 8 21X0 82060332 82271528 2 211196
8 8 22X0 83159947 83188549 2 28602
8 8 23X0 84111715 84190132 2 78417
8 8 24X0 91902534 91992039 2 89505
8 8 25X0 92035708 92154014 2 118306
8 8 26X0 92165140 92233756 2 68616
8 8 27X0 101614109 101808584 6 194475
8 8 28X0 102054556 102063366 2 8810
8 8 29X0 107071410 107104238 2 32828
8 8 2X0 2109375 2131979 2 22604
8 8 30X0 109006734 109027654 2 20920
8 8 31X0 112604626 112628839 2 24213
8 8 32X0 114075548 114112592 2 37044
8 8 33X0 114723269 114847896 5 124627
8 8 34X0 115918753 116163057 7 244304
8 8 3X0 2183140 2316613 2 133473
8 8 4X0 2776488 2915993 3 139505
8 8 5X0 2976102 3190519 5 214417
8 8 6X0 11464455 11551438 2 86983
8 8 7X0 17141465 17266722 3 125257
8 8 8X0 28566995 28704370 2 137375
8 8 9X0 29142233 29169907 2 27674
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9 9 10X0 53363946 54136822 8 772876
9 9 11X0 54211012 54350023 2 139011
9 9 12X0 54490243 54558437 3 68194
9 9 13X0 54873922 54953618 3 79696
9 9 14X0 58012813 58117208 3 104395
9 9 15X0 58361069 58719350 9 358281
9 9 16X0 60708074 60866184 3 158110
9 9 17X0 61894786 62017897 2 123111
9 9 18X0 67143722 67436043 3 292321
9 9 19X0 72334577 72419501 2 84924
9 9 1X0 8356390 8426130 2 69740
9 9 20X0 73326217 73656670 3 330453
9 9 21X0 83850896 84216355 6 365459
9 9 22X0 87750990 87918230 2 167240
9 9 23X0 113094208 113401036 5 306828
9 9 24X0 117207265 117238444 2 31179
9 9 2X0 11414573 11549789 2 135216
9 9 3X0 12689199 12868079 3 178880
9 9 4X0 12978730 13029383 2 50653
9 9 5X0 14816173 14871759 2 55586
9 9 6X0 19188783 19527704 5 338921
9 9 7X0 35573509 35726455 2 152946
9 9 8X0 37395825 37853124 4 457299
9 9 9X0 47481132 47483275 2 2143
GL397432.1 GL397432.1 1X0 230835 325894 6 95059
GL397444.1 GL397444.1 1X0 966959 1026499 4 59540
GL397444.1 GL397444.1 2X0 2490463 2515192 2 24729
GL397460.1 GL397460.1 1X0 5199 10288 2 5089
GL397460.1 GL397460.1 2X0 48099 119216 6 71117
GL397460.1 GL397460.1 3X0 237369 286514 4 49145
GL397460.1 GL397460.1 3X1 187595 225748 3 38153
GL397460.1 GL397460.1 4X0 302934 371039 6 68105
GL397460.1 GL397460.1 5X0 411673 431233 2 19560
GL397460.1 GL397460.1 6X0 516041 530550 2 14509
GL397460.1 GL397460.1 7X0 741299 768691 2 27392
GL397460.1 GL397460.1 8X0 1770188 1783512 2 13324
GL397538.1 GL397538.1 1X0 674909 715116 4 40207
GL397538.1 GL397538.1 2X0 760914 804442 3 43528
X X 10X0 42125285 42392538 5 267253
X X 11X0 43180516 43428751 4 248235
X X 12X0 43491959 43736718 3 244759
X X 13X0 44090738 44174636 2 83898
X X 14X0 48053627 48231041 2 177414
X X 15X0 63154481 63342539 3 188058
X X 16X0 64435260 64549242 2 113982
X X 17X0 64800665 64839943 2 39278
X X 18X0 70283302 70649570 3 366268
X X 19X0 77319541 77492680 2 173139
X X 1X0 953972 1037912 2 83940
X X 20X0 89054490 89090870 2 36380
X X 21X0 90232061 90424986 2 192925
X X 22X0 90512728 90556012 2 43284
X X 23X0 90861416 91360244 9 498828
X X 24X0 103524788 103573265 2 48477
X X 25X0 106384387 106447646 2 63259
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X X 26X0 121446859 121528682 2 81823
X X 27X0 121910079 121996941 2 86862
X X 28X0 135716480 135779436 2 62956
X X 29X0 136445982 136631598 2 185616
X X 2X0 1139206 1434295 4 295089
X X 30X0 139056376 139138496 2 82120
X X 31X0 139394520 139498122 2 103602
X X 3X0 10855360 10910675 2 55315
X X 4X0 13247223 13321269 2 74046
X X 5X0 24275504 24303011 2 27507
X X 6X0 28322282 28358865 2 36583
X X 7X0 37353520 37512532 2 159012
X X 8X0 37613447 37712351 2 98904
X X 9X0 40466054 40635330 2 169276

Ovis aries

1 1 10X0 20645335 20659452 2 14117
1 1 11X0 20722662 20776025 2 53363
1 1 12X0 21119180 21467954 6 348774
1 1 13X0 22406675 22502105 3 95430
1 1 14X0 26944008 27073109 2 129101
1 1 15X0 27075758 27139474 2 63716
1 1 16X0 34452841 34712820 4 259979
1 1 17X0 54450661 54495155 2 44494
1 1 18X0 61332244 61434315 2 102071
1 1 19X0 62895304 63196907 5 301603
1 1 1X0 1290546 1479046 6 188500
1 1 20X0 65625202 66040377 5 415175
1 1 21X0 66179794 66551541 3 371747
1 1 22X0 77192131 77255046 2 62915
1 1 23X0 85995810 86030014 2 34204
1 1 24X0 86103887 86237871 5 133984
1 1 25X0 86673229 87058005 3 384776
1 1 26X0 87710082 87982027 8 271945
1 1 27X0 89330380 89460021 2 129641
1 1 28X0 93028623 93139453 2 110830
1 1 29X0 93478527 93573646 2 95119
1 1 2X0 7058779 7154292 4 95513
1 1 30X0 96211023 96404843 3 193820
1 1 31X0 97838727 97978779 2 140052
1 1 32X0 98228230 98310688 2 82458
1 1 33X0 98693968 98784214 2 90246
1 1 34X0 98848183 98906550 10 58367
1 1 35X0 99623159 99677407 2 54248
1 1 36X0 99863474 99891563 2 28089
1 1 37X0 100109335 100283344 2 174009
1 1 38X0 100688677 100770288 2 81611
1 1 39X0 101579898 101930299 4 350401
1 1 3X0 9558414 9563266 2 4852
1 1 40X0 102253641 102291777 2 38136
1 1 41X0 102566103 102639148 2 73045
1 1 42X0 103807551 103839259 2 31708
1 1 43X0 103853881 103919989 3 66108
1 1 44X0 104509459 104671086 2 161627
1 1 45X0 105365778 105451105 3 85327
1 1 46X0 106317637 107003419 8 685782
1 1 46X1 105698315 106268329 5 570014
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1 1 47X0 107108011 107649490 12 541479
1 1 47X1 107710982 108103688 11 392706
1 1 48X0 108164514 108277577 2 113063
1 1 49X0 108452661 108823372 8 370711
1 1 4X0 10521948 10741067 3 219119
1 1 50X0 109141097 109448988 9 307891
1 1 51X0 109476936 109541160 2 64224
1 1 52X0 109569606 109681985 2 112379
1 1 53X0 109863404 110649461 11 786057
1 1 53X1 110829042 111175156 6 346114
1 1 54X0 112790132 112936012 2 145880
1 1 55X0 119257114 119343098 2 85984
1 1 56X0 120327318 120571823 4 244505
1 1 57X0 123359533 123378489 2 18956
1 1 58X0 123422302 123578504 3 156202
1 1 59X0 123650073 123832843 7 182770
1 1 5X0 13972375 14164083 2 191708
1 1 60X0 123915092 123973280 2 58188
1 1 61X0 127592697 127756508 2 163811
1 1 62X0 160568914 160692910 2 123996
1 1 63X0 160946471 161288907 9 342436
1 1 64X0 172525876 172562743 2 36867
1 1 65X0 175438052 175498685 2 60633
1 1 66X0 175935175 176381603 3 446428
1 1 67X0 184627807 184734131 2 106324
1 1 68X0 185222516 185325662 2 103146
1 1 69X0 187947243 188056039 2 108796
1 1 6X0 14510336 14883985 3 373649
1 1 70X0 191400063 191437795 2 37732
1 1 71X0 195151317 195295348 2 144031
1 1 72X0 198138027 198315225 2 177198
1 1 73X0 198708986 198813239 4 104253
1 1 74X0 201245864 201326718 3 80854
1 1 75X0 201668544 201821749 2 153205
1 1 76X0 215545763 215608486 3 62723
1 1 77X0 225078853 225247042 2 168189
1 1 78X0 226893623 226959880 2 66257
1 1 79X0 234199476 234380044 3 180568
1 1 7X0 16465544 16474553 2 9009
1 1 80X0 234815179 234964434 5 149255
1 1 81X0 236691318 236913148 3 221830
1 1 82X0 236943080 237045220 2 102140
1 1 83X0 237343563 237431369 2 87806
1 1 84X0 239011056 239040481 2 29425
1 1 85X0 239967093 240351917 4 384824
1 1 86X0 247591841 247687648 2 95807
1 1 87X0 248099281 248193390 4 94109
1 1 88X0 253571546 253626541 2 54995
1 1 89X0 253633735 253733748 2 100013
1 1 8X0 17386096 17587221 6 201125
1 1 90X0 259688071 259762804 2 74733
1 1 91X0 260634425 260705731 3 71306
1 1 92X0 261810911 261953055 4 142144
1 1 93X0 262453451 262536528 2 83077
1 1 94X0 262593750 262710074 4 116324
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1 1 95X0 263809116 263975267 2 166151
1 1 96X0 266404853 266492080 4 87227
1 1 9X0 17634305 17818632 2 184327
10 10 10X0 75465173 75607852 3 142679
10 10 11X0 78274732 78472545 2 197813
10 10 12X0 85829334 85861100 3 31766
10 10 1X0 11689685 11772210 2 82525
10 10 2X0 18533288 18769088 2 235800
10 10 3X0 21746108 21831130 2 85022
10 10 4X0 30217152 30265933 2 48781
10 10 5X0 32053343 32276062 2 222719
10 10 6X0 32304264 32342084 2 37820
10 10 7X0 36253000 36305769 3 52769
10 10 8X0 64690523 64759576 2 69053
10 10 9X0 70848921 71223980 3 375059
11 11 10X0 22453045 22478665 2 25620
11 11 11X0 23509437 23829312 15 319875
11 11 12X0 23853979 23909161 2 55182
11 11 13X0 24008302 24122789 2 114487
11 11 14X0 24527709 24633665 2 105956
11 11 15X0 26004562 26125739 2 121177
11 11 16X0 26321704 26425109 3 103405
11 11 17X0 26447251 26453354 2 6103
11 11 18X0 26457911 26529770 3 71859
11 11 19X0 26731465 26737001 2 5536
11 11 1X0 5800378 5970414 3 170036
11 11 20X0 26842600 26853534 2 10934
11 11 21X0 27256343 27321627 3 65284
11 11 22X0 27434978 27455340 2 20362
11 11 23X0 27862277 27948643 2 86366
11 11 24X0 28880149 29169247 6 289098
11 11 25X0 32631477 32695198 3 63721
11 11 26X0 33426696 33548855 4 122159
11 11 27X0 33629196 33756798 2 127602
11 11 28X0 35517434 35575612 2 58178
11 11 29X0 35715931 35750603 2 34672
11 11 2X0 8522316 8674890 4 152574
11 11 30X0 35781196 35831177 2 49981
11 11 31X0 36043787 36079960 2 36173
11 11 32X0 36195487 36220371 2 24884
11 11 33X0 37337231 37509285 10 172054
11 11 34X0 39819278 39884850 2 65572
11 11 35X0 39957731 39977351 2 19620
11 11 36X0 40438505 40762811 12 324306
11 11 37X0 40766480 40786669 4 20189
11 11 38X0 40811713 41009391 10 197678
11 11 39X0 41042320 41338864 15 296544
11 11 3X0 8770204 8807810 2 37606
11 11 40X0 41511929 41535388 2 23459
11 11 41X0 41589669 41649382 2 59713
11 11 42X0 41653598 41748783 2 95185
11 11 43X0 41807519 41934839 3 127320
11 11 44X0 42166004 42215648 2 49644
11 11 45X0 42353843 42402155 2 48312
11 11 46X0 43114080 43211534 2 97454
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11 11 47X0 43246612 43259202 2 12590
11 11 48X0 44759833 44855421 2 95588
11 11 49X0 47222569 47266860 2 44291
11 11 4X0 13779812 14117595 14 337783
11 11 50X0 47346954 47425001 2 78047
11 11 51X0 47525517 47645553 3 120036
11 11 52X0 47957629 48061882 2 104253
11 11 53X0 49293868 49318361 2 24493
11 11 54X0 49557349 49581823 2 24474
11 11 55X0 49678876 49711157 2 32281
11 11 56X0 50014563 50023438 2 8875
11 11 57X0 51704269 51762847 3 58578
11 11 58X0 53004485 53036753 2 32268
11 11 59X0 54124802 54195420 2 70618
11 11 5X0 14377648 14465104 3 87456
11 11 60X0 54280969 54295283 2 14314
11 11 61X0 54739292 54753637 2 14345
11 11 62X0 55479278 55501215 2 21937
11 11 63X0 55693429 55946573 9 253144
11 11 64X0 59478483 59519150 2 40667
11 11 65X0 60194810 60435471 4 240661
11 11 66X0 61878125 62006804 3 128679
11 11 6X0 15377590 15507249 4 129659
11 11 7X0 18877132 18988041 2 110909
11 11 8X0 19681858 19865755 4 183897
11 11 9X0 20719581 20905075 4 185494
12 12 10X0 34300387 34319227 2 18840
12 12 11X0 35391480 35536270 3 144790
12 12 12X0 36801185 37060513 5 259328
12 12 13X0 39630985 39748949 2 117964
12 12 14X0 39958532 39971270 2 12738
12 12 15X0 40138218 40172744 3 34526
12 12 16X0 44908843 44931429 2 22586
12 12 17X0 45422916 45570611 2 147695
12 12 18X0 49071662 49196241 2 124579
12 12 19X0 49581741 49705466 2 123725
12 12 1X0 522962 667966 3 145004
12 12 20X0 50089624 50116738 2 27114
12 12 21X0 52249182 52667825 15 418643
12 12 22X0 53140561 53280142 2 139581
12 12 23X0 59115276 59200099 2 84823
12 12 24X0 61591772 61639956 2 48184
12 12 25X0 61651860 61835896 3 184036
12 12 26X0 68984008 69069280 2 85272
12 12 27X0 73705977 74114558 6 408581
12 12 28X0 77948098 78037269 2 89171
12 12 2X0 2239744 2586767 3 347023
12 12 3X0 2651299 2738876 2 87577
12 12 4X0 2818397 3031185 2 212788
12 12 5X0 3528897 3783235 3 254338
12 12 6X0 3820935 3956683 4 135748
12 12 7X0 3958538 4026874 3 68336
12 12 8X0 22355069 22415876 2 60807
12 12 9X0 25081358 25241603 2 160245
13 13 10X0 52521878 52854357 4 332479
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13 13 11X0 53097296 53110212 2 12916
13 13 12X0 53446523 53461499 2 14976
13 13 13X0 58960755 58985079 2 24324
13 13 14X0 59833973 59935282 2 101309
13 13 15X0 60050291 60373600 15 323309
13 13 16X0 60667341 60921921 2 254580
13 13 17X0 61611933 61711550 4 99617
13 13 18X0 62197295 62243153 2 45858
13 13 19X0 64318446 64329675 2 11229
13 13 1X0 11718823 11865867 2 147044
13 13 20X0 64408134 64499282 2 91148
13 13 21X0 66754362 66906063 3 151701
13 13 22X0 73036214 73118692 4 82478
13 13 23X0 73265630 74097806 19 832176
13 13 24X0 79098073 79418351 3 320278
13 13 2X0 37399961 37599154 2 199193
13 13 3X0 40956482 40983359 2 26877
13 13 4X0 41190185 41299663 6 109478
13 13 5X0 41989254 42167257 2 178003
13 13 6X0 42254474 42268534 2 14060
13 13 7X0 42404771 43042300 19 637529
13 13 8X0 46225254 46252021 2 26767
13 13 9X0 52030761 52173973 2 143212
14 14 10X0 34149168 34340963 3 191795
14 14 11X0 34789200 34803228 2 14028
14 14 12X0 35337828 35459641 2 121813
14 14 13X0 38887068 38924638 2 37570
14 14 14X0 43017755 43097426 2 79671
14 14 15X0 44257056 44578735 10 321679
14 14 16X0 44616468 44797352 3 180884
14 14 17X0 44951568 44993838 4 42270
14 14 18X0 45067277 45150045 3 82768
14 14 19X0 45155223 45223904 4 68681
14 14 1X0 1934718 1955712 3 20994
14 14 20X0 45356047 45449119 3 93072
14 14 21X0 45656452 45687144 2 30692
14 14 22X0 45702859 45820851 2 117992
14 14 23X0 45892869 46257029 9 364160
14 14 23X1 46565263 46857852 8 292589
14 14 23X2 46321079 46536568 6 215489
14 14 24X0 46905204 46951654 2 46450
14 14 25X0 47687488 47725503 3 38015
14 14 26X0 47825668 48092858 6 267190
14 14 27X0 48113820 48176517 3 62697
14 14 28X0 48739975 48884833 3 144858
14 14 29X0 48910893 48921463 2 10570
14 14 2X0 2006995 2177411 2 170416
14 14 30X0 49202173 49393112 5 190939
14 14 30X1 49532621 49582843 2 50222
14 14 30X2 49728829 49880496 3 151667
14 14 31X0 50093951 50224092 3 130141
14 14 32X0 50807110 51077252 9 270142
14 14 32X1 50403061 50716754 8 313693
14 14 33X0 51115840 51375030 8 259190
14 14 34X0 51380571 51687767 6 307196
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14 14 35X0 52187624 52253835 2 66211
14 14 36X0 52276414 52405854 2 129440
14 14 37X0 53371557 53397914 2 26357
14 14 38X0 53854491 53911095 3 56604
14 14 39X0 53989046 54057456 5 68410
14 14 3X0 16007907 16189218 2 181311
14 14 40X0 54353631 54416588 2 62957
14 14 41X0 54757605 54832746 3 75141
14 14 42X0 55362680 55408095 2 45415
14 14 43X0 55932085 56086295 13 154210
14 14 44X0 56120052 56543412 14 423360
14 14 45X0 56646818 56816870 6 170052
14 14 46X0 56819363 57200168 14 380805
14 14 47X0 57597302 57892255 9 294953
14 14 48X0 58191275 58435433 7 244158
14 14 48X1 58512819 58762845 6 250026
14 14 49X0 58865825 58932185 2 66360
14 14 4X0 23434607 23498927 2 64320
14 14 50X0 59077405 59105747 2 28342
14 14 51X0 59188170 59297484 6 109314
14 14 52X0 59539421 59556856 2 17435
14 14 53X0 59643790 60011146 14 367356
14 14 54X0 60075634 60367533 5 291899
14 14 55X0 60399063 60433703 4 34640
14 14 56X0 60434087 60504466 3 70379
14 14 57X0 60569935 60578732 2 8797
14 14 58X0 61826624 62099144 10 272520
14 14 58X1 61422255 61785173 14 362918
14 14 58X2 60580844 61065832 12 484988
14 14 58X3 62459468 62699804 7 240336
14 14 58X4 62169608 62418633 5 249025
14 14 5X0 23505870 23562844 4 56974
14 14 6X0 24794346 24854796 3 60450
14 14 7X0 24960829 25104433 3 143604
14 14 8X0 33634983 33731040 4 96057
14 14 9X0 33986663 34037380 3 50717
15 15 10X0 27968008 27990954 2 22946
15 15 11X0 28065641 28300796 2 235155
15 15 12X0 28322151 28446802 5 124651
15 15 13X0 28501024 28529013 3 27989
15 15 14X0 29353626 29452173 2 98547
15 15 15X0 37098593 37372978 3 274385
15 15 16X0 44116583 44464961 11 348378
15 15 17X0 45212904 45257501 2 44597
15 15 18X0 45291920 45571845 14 279925
15 15 19X0 48075006 48399333 17 324327
15 15 19X1 48411559 49266685 31 855126
15 15 19X2 47700418 48056945 15 356527
15 15 19X3 47018027 47679562 26 661535
15 15 19X4 46168959 47008547 29 839588
15 15 1X0 50615 133079 2 82464
15 15 20X0 49652293 49717302 4 65009
15 15 21X0 49927737 49948591 2 20854
15 15 22X0 49993284 50034889 3 41605
15 15 23X0 51596036 51628720 2 32684
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15 15 24X0 52504597 52546345 3 41748
15 15 25X0 53068022 53356145 5 288123
15 15 26X0 54189957 54346348 2 156391
15 15 27X0 59124632 59190048 2 65416
15 15 28X0 72348534 72389751 2 41217
15 15 29X0 76826527 77679529 26 853002
15 15 29X1 76139437 76786772 16 647335
15 15 2X0 222804 639922 4 417118
15 15 30X0 77816389 77834803 2 18414
15 15 31X0 77878362 77965571 2 87209
15 15 32X0 78393959 78994303 10 600344
15 15 33X0 79179627 79288198 3 108571
15 15 34X0 79496430 79908754 10 412324
15 15 35X0 80000452 80046922 2 46470
15 15 36X0 80068770 80095965 2 27195
15 15 37X0 80103848 80412010 8 308162
15 15 38X0 80547423 80674032 3 126609
15 15 3X0 5258462 5717067 8 458605
15 15 4X0 5861839 5967347 2 105508
15 15 5X0 14891501 14913650 2 22149
15 15 6X0 21674873 21679815 2 4942
15 15 7X0 23910103 23985964 2 75861
15 15 8X0 24567161 24678323 2 111162
15 15 9X0 26930074 26994743 3 64669
16 16 1X0 5792030 5861262 2 69232
16 16 2X0 6839129 6908793 2 69664
16 16 3X0 9242499 9374702 2 132203
16 16 4X0 10211260 10319662 2 108402
16 16 5X0 23267860 23392995 2 125135
16 16 6X0 24075358 24153334 3 77976
16 16 7X0 38069831 38131379 2 61548
16 16 8X0 58378017 58454930 2 76913
16 16 9X0 71554894 71695091 2 140197
17 17 10X0 62296759 62396924 2 100165
17 17 11X0 68936119 69029382 3 93263
17 17 12X0 70018319 70109962 2 91643
17 17 13X0 70136803 70485028 11 348225
17 17 14X0 70578342 70598980 3 20638
17 17 15X0 70712275 70733791 2 21516
17 17 1X0 2657181 2715366 3 58185
17 17 2X0 43174199 43319709 2 145510
17 17 3X0 43624823 43918149 6 293326
17 17 4X0 52373620 52391453 2 17833
17 17 5X0 52931436 53002859 2 71423
17 17 6X0 53511024 53616466 2 105442
17 17 7X0 54923732 55017200 2 93468
17 17 8X0 60655935 60693139 2 37204
17 17 9X0 61848477 61889731 3 41254
18 18 10X0 57825384 58178141 10 352757
18 18 11X0 59208858 59250673 2 41815
18 18 12X0 63869774 63904907 2 35133
18 18 13X0 65194253 65195158 2 905
18 18 14X0 66480650 66495905 2 15255
18 18 15X0 68448003 68551257 3 103254
18 18 1X0 18773141 18805714 2 32573

362



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
18 18 2X0 18812462 19382132 18 569670
18 18 3X0 19520823 19571940 2 51117
18 18 4X0 29994614 30061504 3 66890
18 18 5X0 32747886 32957201 5 209315
18 18 6X0 33398299 33444372 2 46073
18 18 7X0 33604837 33736798 7 131961
18 18 8X0 53953811 54001653 2 47842
18 18 9X0 57586531 57630796 2 44265
19 19 10X0 48598004 48967002 5 368998
19 19 11X0 48970460 49039744 6 69284
19 19 12X0 49974113 49988891 3 14778
19 19 13X0 50037255 50136691 4 99436
19 19 14X0 50170137 50280996 2 110859
19 19 15X0 50302387 50341594 2 39207
19 19 16X0 50708003 50856490 2 148487
19 19 17X0 51520643 51589754 7 69111
19 19 18X0 52591644 52701058 7 109414
19 19 19X0 52912035 53340806 7 428771
19 19 1X0 2538555 2540860 2 2305
19 19 20X0 54752592 54964101 2 211509
19 19 21X0 57941567 57958832 2 17265
19 19 2X0 6716368 6845557 3 129189
19 19 3X0 11578992 11793283 2 214291
19 19 4X0 12488293 12553961 2 65668
19 19 5X0 13236727 13310243 2 73516
19 19 6X0 14718770 14738919 2 20149
19 19 7X0 16224437 16373650 7 149213
19 19 8X0 16730706 16753272 2 22566
19 19 9X0 48037537 48091789 3 54252
2 2 10X0 36684455 36795204 2 110749
2 2 11X0 37506644 37564903 2 58259
2 2 12X0 40522108 40558659 2 36551
2 2 13X0 41012453 41220272 3 207819
2 2 14X0 41867521 41907137 2 39616
2 2 15X0 47144650 47204625 2 59975
2 2 16X0 52245976 52275573 2 29597
2 2 17X0 52423842 52607846 2 184004
2 2 18X0 68630812 68813039 3 182227
2 2 19X0 73044621 73143766 2 99145
2 2 1X0 709822 786165 2 76343
2 2 20X0 88871549 89257528 13 385979
2 2 21X0 103251573 103307651 2 56078
2 2 22X0 104544028 104559224 2 15196
2 2 23X0 104709999 104749490 3 39491
2 2 24X0 112778077 112837285 2 59208
2 2 25X0 119063656 119270385 2 206729
2 2 26X0 130517833 130693174 2 175341
2 2 27X0 131379920 131446354 2 66434
2 2 28X0 132820016 132926561 10 106545
2 2 29X0 136584803 136602848 2 18045
2 2 2X0 10332512 10398584 2 66072
2 2 30X0 138681642 138856360 2 174718
2 2 31X0 150789011 151059867 2 270856
2 2 32X0 157033323 157073134 2 39811
2 2 33X0 183217546 183402771 2 185225
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2 2 34X0 201796182 202104732 3 308550
2 2 35X0 202371262 202557903 2 186641
2 2 36X0 204637945 204873693 3 235748
2 2 37X0 217607709 217669182 2 61473
2 2 38X0 219176197 219204184 2 27987
2 2 39X0 219811922 219844940 2 33018
2 2 3X0 10416301 10517310 2 101009
2 2 40X0 220171144 220475937 8 304793
2 2 41X0 231786976 231978154 2 191178
2 2 42X0 233074053 233158712 4 84659
2 2 43X0 233224523 233251567 2 27044
2 2 44X0 233255802 233275235 2 19433
2 2 45X0 234111750 234242941 2 131191
2 2 46X0 234303477 234419987 3 116510
2 2 47X0 234812335 234959661 2 147326
2 2 48X0 238570808 238803401 2 232593
2 2 49X0 240595063 240617850 2 22787
2 2 4X0 10653132 10679453 2 26321
2 2 50X0 241618700 241679859 2 61159
2 2 51X0 243051704 243078666 3 26962
2 2 52X0 244750617 244806309 2 55692
2 2 53X0 245350941 245618188 7 267247
2 2 54X0 246181823 246216518 2 34695
2 2 55X0 248054811 248351464 5 296653
2 2 5X0 12957435 13028295 2 70860
2 2 6X0 18273095 18495035 6 221940
2 2 7X0 28621797 28737039 4 115242
2 2 8X0 31653188 31765595 2 112407
2 2 9X0 36644216 36666948 2 22732
20 20 10X0 19430738 19457651 2 26913
20 20 11X0 20765718 20828101 2 62383
20 20 12X0 22188728 22326873 3 138145
20 20 13X0 22382209 22443011 4 60802
20 20 14X0 23054320 23178184 2 123864
20 20 15X0 24394173 24428779 2 34606
20 20 16X0 24871703 25013919 4 142216
20 20 17X0 25666699 26029599 8 362900
20 20 17X1 25353186 25608591 6 255405
20 20 18X0 26237128 26339178 3 102050
20 20 19X0 26463053 26515796 3 52743
20 20 1X0 7164298 7425930 11 261632
20 20 20X0 26649266 26666275 3 17009
20 20 21X0 26727242 26768301 5 41059
20 20 22X0 26850361 26859917 3 9556
20 20 23X0 26924091 27141475 6 217384
20 20 24X0 27446468 27499475 2 53007
20 20 25X0 27566931 27769637 4 202706
20 20 26X0 27786720 28008640 8 221920
20 20 27X0 28111661 28446611 13 334950
20 20 27X1 28472967 28651401 7 178434
20 20 27X2 28703395 28964002 9 260607
20 20 28X0 29190452 29570737 11 380285
20 20 29X0 29583479 29903426 10 319947
20 20 2X0 7582445 7728984 2 146539
20 20 30X0 29930396 29991703 16 61307
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20 20 31X0 30152364 30184206 2 31842
20 20 32X0 30305149 30316927 4 11778
20 20 33X0 30524486 30582945 3 58459
20 20 34X0 30634402 30842673 24 208271
20 20 35X0 30890662 31023504 4 132842
20 20 36X0 31077040 31080597 2 3557
20 20 37X0 33537858 33930211 8 392353
20 20 38X0 34080419 34266900 4 186481
20 20 39X0 49563909 49648102 3 84193
20 20 3X0 9537073 9545402 2 8329
20 20 4X0 9880500 9894286 2 13786
20 20 5X0 9920838 10182291 3 261453
20 20 6X0 13101448 13224512 3 123064
20 20 7X0 15158837 15237353 4 78516
20 20 8X0 15994971 16014486 2 19515
20 20 9X0 16727427 16964261 4 236834
21 21 10X0 31445460 31528698 3 83238
21 21 11X0 32204737 32362290 2 157553
21 21 12X0 35685217 35750447 2 65230
21 21 13X0 36240528 36337457 4 96929
21 21 14X0 36499871 36653161 2 153290
21 21 15X0 36714148 37214599 14 500451
21 21 16X0 37359746 37839504 7 479758
21 21 17X0 37988416 38185249 4 196833
21 21 18X0 38225332 38547817 6 322485
21 21 19X0 38621009 39182575 10 561566
21 21 1X0 4740779 5298388 11 557609
21 21 20X0 39652537 39813053 3 160516
21 21 21X0 40081840 40188084 3 106244
21 21 22X0 40333115 40538442 2 205327
21 21 23X0 40623582 41131798 10 508216
21 21 24X0 41152231 41278440 3 126209
21 21 25X0 41421748 41490013 2 68265
21 21 26X0 42338172 42383929 2 45757
21 21 27X0 43015535 43105245 2 89710
21 21 28X0 43951242 43999246 3 48004
21 21 29X0 44484585 44610751 2 126166
21 21 2X0 9341467 9480340 2 138873
21 21 30X0 44627876 44685101 2 57225
21 21 31X0 44692716 44722852 2 30136
21 21 32X0 44780244 44839141 2 58897
21 21 33X0 45593239 45642961 3 49722
21 21 34X0 46224390 46329754 3 105364
21 21 35X0 49743059 49792831 4 49772
21 21 3X0 17274681 17411025 2 136344
21 21 4X0 18163745 18649670 3 485925
21 21 5X0 25476296 25641018 4 164722
21 21 6X0 25773003 25829605 4 56602
21 21 7X0 25864695 26184035 13 319340
21 21 7X1 26242848 26566383 9 323535
21 21 7X2 26622891 27215656 15 592765
21 21 8X0 27444759 27619070 5 174311
21 21 9X0 28322389 28384658 2 62269
22 22 10X0 41405011 41457647 3 52636
22 22 11X0 41612410 41662622 2 50212
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22 22 12X0 50569811 50590967 2 21156
22 22 1X0 64240 138525 3 74285
22 22 2X0 10012134 10240383 4 228249
22 22 3X0 10770400 10835980 4 65580
22 22 4X0 14113175 14129084 2 15909
22 22 5X0 15607416 15937730 5 330314
22 22 6X0 21103942 21179307 2 75365
22 22 7X0 23110257 23145246 3 34989
22 22 8X0 23877943 23940751 3 62808
22 22 9X0 35829080 35990153 3 161073
23 23 10X0 49154028 49159743 2 5715
23 23 11X0 61974470 62330628 10 356158
23 23 1X0 105182 210793 4 105611
23 23 2X0 3926172 3967571 2 41399
23 23 3X0 12582187 12641984 2 59797
23 23 4X0 22019242 22093233 4 73991
23 23 5X0 25364704 25456840 2 92136
23 23 6X0 25896411 26427620 7 531209
23 23 7X0 37747768 37776271 2 28503
23 23 8X0 43867867 43894748 2 26881
23 23 9X0 45567409 45696614 2 129205
24 24 10X0 2535825 2864490 9 328665
24 24 11X0 14341016 14518770 2 177754
24 24 12X0 16885341 17040297 2 154956
24 24 13X0 17926803 17963018 2 36215
24 24 14X0 18027363 18245264 3 217901
24 24 15X0 18411601 18526247 2 114646
24 24 16X0 21338359 21370787 2 32428
24 24 17X0 24897923 25002160 2 104237
24 24 18X0 26188152 26294593 2 106441
24 24 19X0 26444852 26921216 7 476364
24 24 1X0 147873 158052 3 10179
24 24 20X0 27012122 27032517 2 20395
24 24 21X0 27112495 27154401 2 41906
24 24 22X0 27170160 27185904 2 15744
24 24 23X0 27188022 27231806 3 43784
24 24 24X0 27341076 27473467 3 132391
24 24 25X0 32635145 32902784 3 267639
24 24 26X0 33395757 33499104 4 103347
24 24 27X0 33953102 33982087 2 28985
24 24 28X0 34407750 34426790 2 19040
24 24 29X0 35409415 35438155 2 28740
24 24 2X0 220472 272301 2 51829
24 24 30X0 35554263 35624755 3 70492
24 24 31X0 36287233 36328608 3 41375
24 24 32X0 36450665 36645659 3 194994
24 24 33X0 36692057 36820519 7 128462
24 24 34X0 36885477 36926200 2 40723
24 24 35X0 38382711 38460219 3 77508
24 24 36X0 41446559 41465034 2 18475
24 24 3X0 489843 535781 2 45938
24 24 4X0 921705 942423 2 20718
24 24 5X0 953067 993397 2 40330
24 24 6X0 1510460 1721314 4 210854
24 24 7X0 1787914 1928169 2 140255
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24 24 8X0 2109485 2233876 6 124391
24 24 9X0 2409319 2411880 2 2561
25 25 10X0 41554041 41693923 2 139882
25 25 11X0 41835784 41861362 2 25578
25 25 12X0 45176441 45216521 2 40080
25 25 1X0 2035527 2734430 10 698903
25 25 2X0 12976510 13055784 2 79274
25 25 3X0 25001146 25371374 3 370228
25 25 4X0 25385759 25560202 2 174443
25 25 5X0 30693143 30760364 3 67221
25 25 6X0 35214535 35281088 4 66553
25 25 7X0 35349401 35386268 2 36867
25 25 8X0 38818831 38840028 2 21197
25 25 9X0 41183169 41193792 2 10623
26 26 1X0 5666629 6047793 16 381164
26 26 2X0 12908705 12911506 2 2801
26 26 3X0 14999909 15047055 2 47146
26 26 4X0 16362576 16402747 2 40171
26 26 5X0 32750491 33475095 5 724604
26 26 6X0 33532844 33625109 2 92265
26 26 7X0 35955868 36016236 2 60368
3 3 10X0 14290904 14400494 3 109590
3 3 11X0 31618393 31675782 2 57389
3 3 12X0 34278335 34513217 4 234882
3 3 13X0 39264293 39319994 3 55701
3 3 14X0 49907517 50018149 3 110632
3 3 15X0 57272769 57284889 2 12120
3 3 16X0 57360889 57395975 2 35086
3 3 17X0 58476359 58552174 2 75815
3 3 18X0 59304260 59417902 8 113642
3 3 19X0 59709089 60088697 10 379608
3 3 1X0 544747 585846 2 41099
3 3 20X0 61703391 61769403 3 66012
3 3 21X0 79242090 79306342 2 64252
3 3 22X0 80333311 80384030 2 50719
3 3 23X0 84680681 84920666 2 239985
3 3 24X0 86686321 86871162 2 184841
3 3 25X0 92818953 92842334 2 23381
3 3 26X0 96286823 96304041 2 17218
3 3 27X0 99015266 99191678 2 176412
3 3 28X0 99200154 99683489 6 483335
3 3 29X0 103584795 103598419 2 13624
3 3 2X0 909517 966613 6 57096
3 3 30X0 104397723 104432413 3 34690
3 3 31X0 104476131 104619322 3 143191
3 3 32X0 106215630 106328687 2 113057
3 3 33X0 111181346 111357456 3 176110
3 3 34X0 116604900 116622399 2 17499
3 3 35X0 127257338 127458485 4 201147
3 3 36X0 132314501 132429375 9 114874
3 3 37X0 132874525 132937701 2 63176
3 3 38X0 132949220 133155342 2 206122
3 3 39X0 133329883 134042991 29 713108
3 3 3X0 2371399 2501464 2 130065
3 3 40X0 134169941 134236131 2 66190
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3 3 41X0 134994204 135193662 3 199458
3 3 42X0 136144860 136178344 3 33484
3 3 43X0 136228882 136366740 2 137858
3 3 44X0 136794891 136929972 2 135081
3 3 45X0 136976492 137151088 4 174596
3 3 46X0 137462191 137810591 5 348400
3 3 47X0 139936867 140063468 2 126601
3 3 48X0 144527676 144604144 2 76468
3 3 49X0 150225121 150439510 6 214389
3 3 4X0 3542728 3634070 4 91342
3 3 50X0 151427327 151470372 2 43045
3 3 51X0 161898847 161916030 2 17183
3 3 52X0 162414465 162604684 4 190219
3 3 53X0 162903225 162921999 2 18774
3 3 54X0 163152226 163276634 2 124408
3 3 55X0 163532333 164035525 15 503192
3 3 55X1 164104035 164853127 16 749092
3 3 56X0 176752381 176784127 3 31746
3 3 57X0 179324267 179532260 4 207993
3 3 58X0 180166727 180373738 4 207011
3 3 59X0 193610779 193867360 3 256581
3 3 5X0 6663184 6678962 2 15778
3 3 60X0 199925153 199940386 2 15233
3 3 61X0 201508686 201664371 2 155685
3 3 62X0 201807778 201842949 2 35171
3 3 63X0 203291302 203324978 2 33676
3 3 64X0 203469549 203667549 5 198000
3 3 65X0 203872448 205197724 32 1325276
3 3 66X0 205321986 205535076 3 213090
3 3 67X0 205622220 205709408 2 87188
3 3 68X0 205985865 206040784 2 54919
3 3 69X0 206376134 206459013 4 82879
3 3 6X0 8222957 8250043 2 27086
3 3 70X0 206582108 207098973 4 516865
3 3 71X0 207275702 207366557 3 90855
3 3 72X0 207577228 207878690 5 301462
3 3 73X0 207881562 207984844 3 103282
3 3 74X0 209636333 209698301 2 61968
3 3 75X0 210506053 210559513 2 53460
3 3 76X0 211137409 211199991 2 62582
3 3 77X0 213422852 213503025 2 80173
3 3 78X0 214514393 214557335 2 42942
3 3 79X0 217850300 217992766 2 142466
3 3 7X0 11238597 11309195 2 70598
3 3 80X0 218607386 218672240 2 64854
3 3 81X0 218742630 218892320 2 149690
3 3 8X0 12748373 12757704 2 9331
3 3 9X0 12880614 13322141 12 441527
4 4 10X0 50075590 50118654 2 43064
4 4 11X0 51786039 51848168 2 62129
4 4 12X0 65212844 65646350 5 433506
4 4 13X0 68787397 68937869 10 150472
4 4 14X0 74385704 74454728 2 69024
4 4 15X0 76176920 76192761 2 15841
4 4 16X0 82590902 82755780 6 164878
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4 4 17X0 87135683 87141028 2 5345
4 4 18X0 88181214 88369080 4 187866
4 4 19X0 92718819 92767515 2 48696
4 4 1X0 2255574 2448893 2 193319
4 4 20X0 94073222 94163486 3 90264
4 4 21X0 98109027 98217241 2 108214
4 4 22X0 102742335 102801541 2 59206
4 4 23X0 104791789 105566665 49 774876
4 4 24X0 105627309 105690505 2 63196
4 4 25X0 105907079 105976545 3 69466
4 4 26X0 106006371 106312585 5 306214
4 4 27X0 106334954 106961405 12 626451
4 4 28X0 111592405 112197087 8 604682
4 4 29X0 112226366 112744989 14 518623
4 4 2X0 11110712 11128973 2 18261
4 4 30X0 112797026 112817293 2 20267
4 4 31X0 113001972 113194740 2 192768
4 4 32X0 113862258 113975698 2 113440
4 4 3X0 12410438 12539560 3 129122
4 4 4X0 14251019 14268503 2 17484
4 4 5X0 14338474 14426196 2 87722
4 4 6X0 25372592 25441508 2 68916
4 4 7X0 27866988 27902556 2 35568
4 4 8X0 40240542 40458528 3 217986
4 4 9X0 48690960 48821011 2 130051
5 5 10X0 9069829 9270698 2 200869
5 5 11X0 9450503 9660161 2 209658
5 5 12X0 10886065 10903121 2 17056
5 5 13X0 10960312 11105734 4 145422
5 5 14X0 11326459 11724281 6 397822
5 5 14X1 11836336 12084118 3 247782
5 5 15X0 12500037 12554248 4 54211
5 5 16X0 13494355 13628213 2 133858
5 5 17X0 14206784 14264659 3 57875
5 5 18X0 14743613 14985321 2 241708
5 5 19X0 15000428 15289527 4 289099
5 5 1X0 2001405 2165961 3 164556
5 5 20X0 15629500 15650634 2 21134
5 5 21X0 16230123 16320581 3 90458
5 5 22X0 16881793 17411466 4 529673
5 5 23X0 17475008 17764228 3 289220
5 5 24X0 17777750 17798765 2 21015
5 5 25X0 18220154 18515015 8 294861
5 5 26X0 19584507 19682216 2 97709
5 5 27X0 36555486 36589395 2 33909
5 5 28X0 39016773 39576733 11 559960
5 5 28X1 39593734 40331781 19 738047
5 5 28X2 37374982 38242276 13 867294
5 5 28X3 38269294 38974936 13 705642
5 5 29X0 40576104 40809220 6 233116
5 5 2X0 2248075 2447777 2 199702
5 5 30X0 41052615 41329922 4 277307
5 5 31X0 46711565 46739388 2 27823
5 5 32X0 49189098 49210025 2 20927
5 5 33X0 49268610 49972087 15 703477
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5 5 34X0 50316483 50401204 2 84721
5 5 35X0 56965953 57257104 6 291151
5 5 36X0 58896827 59146308 3 249481
5 5 37X0 60054082 60211077 3 156995
5 5 38X0 65700254 66100753 4 400499
5 5 39X0 93487749 93788740 3 300991
5 5 3X0 2734761 2867743 2 132982
5 5 4X0 5467620 5488372 2 20752
5 5 5X0 6693182 7052066 9 358884
5 5 6X0 7130482 7414174 7 283692
5 5 7X0 7513910 7561201 2 47291
5 5 8X0 7753295 8381209 8 627914
5 5 9X0 8688503 8953241 4 264738
6 6 10X0 84116959 84839654 11 722695
6 6 11X0 84886613 85009405 2 122792
6 6 12X0 85089487 85195356 2 105869
6 6 13X0 88136611 88256794 4 120183
6 6 14X0 88474889 88746948 7 272059
6 6 15X0 88912478 89414148 4 501670
6 6 16X0 90526788 90571258 3 44470
6 6 17X0 91541615 91663290 2 121675
6 6 18X0 96762530 96833647 2 71117
6 6 19X0 97495356 97570005 2 74649
6 6 1X0 2564603 2596986 2 32383
6 6 20X0 101704087 101893341 2 189254
6 6 21X0 102188189 102311822 2 123633
6 6 22X0 112285626 112521495 4 235869
6 6 2X0 21899540 22040542 2 141002
6 6 3X0 25339921 25489934 3 150013
6 6 4X0 36005466 36306670 3 301204
6 6 5X0 57991535 58037166 3 45631
6 6 6X0 66735049 66924657 2 189608
6 6 7X0 67463055 67504063 2 41008
6 6 8X0 72195008 72347656 2 152648
6 6 9X0 83395525 83926260 7 530735
7 7 10X0 23285953 23767364 15 481411
7 7 11X0 23994539 24657202 27 662663
7 7 11X1 24692680 25196145 19 503465
7 7 12X0 32810619 32910333 2 99714
7 7 13X0 33947472 33999790 2 52318
7 7 14X0 34254112 34572784 4 318672
7 7 15X0 39795308 39851596 2 56288
7 7 16X0 40308578 40504372 2 195794
7 7 17X0 55457452 55598875 2 141423
7 7 18X0 56789155 56845482 2 56327
7 7 19X0 62233421 62300717 4 67296
7 7 1X0 5243233 5490813 2 247580
7 7 20X0 68194988 68260633 2 65645
7 7 21X0 69617164 69805671 3 188507
7 7 22X0 73551879 73584536 2 32657
7 7 23X0 76438390 76480520 2 42130
7 7 24X0 79039070 79109447 3 70377
7 7 25X0 81886695 81984430 3 97735
7 7 26X0 83066587 83275670 2 209083
7 7 27X0 83397872 83654245 3 256373
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7 7 28X0 83681822 83877586 4 195764
7 7 2X0 7644832 7840879 3 196047
7 7 3X0 9894376 9969339 2 74963
7 7 4X0 12049147 12123534 2 74387
7 7 5X0 18953504 18984672 2 31168
7 7 6X0 19988579 20139147 2 150568
7 7 7X0 20353214 20393188 2 39974
7 7 8X0 20452478 20718944 6 266466
7 7 9X0 21870715 22843871 62 973156
8 8 10X0 73866471 73892672 2 26201
8 8 11X0 82967383 83231704 3 264321
8 8 12X0 88547398 88563818 2 16420
8 8 1X0 21064326 21114184 2 49858
8 8 2X0 21215915 21263198 2 47283
8 8 3X0 26261261 26398457 2 137196
8 8 4X0 47992889 48094878 2 101989
8 8 5X0 52785999 52879447 2 93448
8 8 6X0 56800675 57018342 2 217667
8 8 7X0 57670167 57862663 13 192496
8 8 8X0 57886671 57962047 2 75376
8 8 9X0 62006022 62144778 3 138756
9 9 10X0 50990373 51183564 2 193191
9 9 11X0 57354087 57593537 5 239450
9 9 12X0 89631198 89894106 4 262908
9 9 13X0 90028854 90069351 2 40497
9 9 1X0 542456 553613 2 11157
9 9 2X0 3960965 4151747 2 190782
9 9 3X0 13264571 13559172 3 294601
9 9 4X0 13595454 13986027 5 390573
9 9 5X0 14292401 14656183 11 363782
9 9 6X0 33682501 33877561 2 195060
9 9 7X0 34449585 34587699 2 138114
9 9 8X0 36031532 36133062 2 101530
9 9 9X0 36264636 36324915 2 60279
X X 10X0 27392853 27486505 2 93652
X X 11X0 31759639 31841708 2 82069
X X 12X0 33096792 33282762 3 185970
X X 13X0 34755314 34776472 2 21158
X X 14X0 38780731 38803527 2 22796
X X 15X0 40680225 40812225 2 132000
X X 16X0 43187759 43223228 2 35469
X X 17X0 43337196 43520388 2 183192
X X 18X0 46457640 46569706 3 112066
X X 19X0 50712450 50878327 2 165877
X X 1X0 481198 608881 4 127683
X X 20X0 52680779 52700821 2 20042
X X 21X0 53363457 53468846 3 105389
X X 22X0 53626874 54173336 6 546462
X X 23X0 54609055 54686142 2 77087
X X 24X0 59512247 59705026 3 192779
X X 25X0 66363570 66814725 3 451155
X X 26X0 68992686 69105773 2 113087
X X 27X0 76387463 76554434 2 166971
X X 28X0 76735588 77147108 4 411520
X X 29X0 77461651 77732189 3 270538
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X X 2X0 621541 773215 2 151674
X X 30X0 77957662 78020687 2 63025
X X 31X0 78098141 78139835 2 41694
X X 32X0 78941075 79083946 2 142871
X X 33X0 80062469 80194856 2 132387
X X 34X0 80775148 81272063 13 496915
X X 35X0 85134097 85307009 2 172912
X X 36X0 90178637 90265695 2 87058
X X 37X0 94749082 94792273 2 43191
X X 38X0 109342823 109391313 2 48490
X X 39X0 112732368 112738904 2 6536
X X 3X0 1210289 1257152 2 46863
X X 40X0 121827573 121855537 2 27964
X X 41X0 121919777 122074995 4 155218
X X 42X0 122175023 122221841 3 46818
X X 43X0 122610814 122617371 2 6557
X X 44X0 125570541 125820620 8 250079
X X 45X0 126210243 126226543 2 16300
X X 46X0 126315607 126412968 2 97361
X X 47X0 126480122 126517417 2 37295
X X 4X0 1295130 1362876 3 67746
X X 5X0 2375775 2956273 10 580498
X X 6X0 10344925 10400506 2 55581
X X 7X0 12709059 12782477 2 73418
X X 8X0 21580141 21621570 2 41429
X X 9X0 24886477 24913745 3 27268

Pan troglodytes

1 1 10X0 15998618 16339673 5 341055
1 1 11X0 18273546 18307509 2 33963
1 1 12X0 18925890 19192839 5 266949
1 1 13X0 19739282 19812299 2 73017
1 1 14X0 21083636 21119312 2 35676
1 1 15X0 21764852 21793705 3 28853
1 1 16X0 23302259 23369700 2 67441
1 1 17X0 31587441 31677879 2 90438
1 1 18X0 34074526 34079254 2 4728
1 1 19X0 39861002 39961487 3 100485
1 1 1X0 647192 728465 3 81273
1 1 20X0 41602904 41614377 2 11473
1 1 21X0 43630433 43652334 2 21901
1 1 22X0 46635116 46742538 3 107422
1 1 23X0 47012656 47035956 2 23300
1 1 24X0 78742962 78786954 2 43992
1 1 25X0 86845557 87070510 5 224953
1 1 26X0 89493552 89871149 8 377597
1 1 27X0 104337711 104433312 3 95601
1 1 28X0 110051287 110122361 2 71074
1 1 29X0 116148944 116380700 6 231756
1 1 2X0 5847950 5870860 2 22910
1 1 30X0 118767560 118868237 2 100677
1 1 31X0 124685605 124897634 4 212029
1 1 32X0 126422634 126481817 3 59183
1 1 33X0 127723571 127800906 2 77335
1 1 34X0 127801241 127802180 2 939
1 1 35X0 128685401 128756413 2 71012
1 1 36X0 128980418 129010294 2 29876
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1 1 37X0 131363006 131414330 2 51324
1 1 38X0 133106218 133138450 2 32232
1 1 39X0 133150474 133222622 3 72148
1 1 3X0 8334190 8418743 2 84553
1 1 40X0 133302235 133331478 2 29243
1 1 41X0 134968297 135009014 2 40717
1 1 42X0 135219212 135265866 2 46654
1 1 43X0 135639501 135725135 2 85634
1 1 44X0 136316244 136491239 5 174995
1 1 45X0 136537901 136951422 13 413521
1 1 46X0 136984022 137209798 4 225776
1 1 47X0 137937943 138095369 5 157426
1 1 48X0 138264158 138330249 2 66091
1 1 49X0 139020663 139088329 2 67666
1 1 4X0 11122124 11148803 3 26679
1 1 50X0 139155332 139255746 2 100414
1 1 51X0 139668135 139812421 3 144286
1 1 52X0 146803296 146845429 2 42133
1 1 53X0 147965143 148000239 2 35096
1 1 54X0 149396317 149648346 5 252029
1 1 55X0 158361604 158435250 2 73646
1 1 56X0 180205607 180267345 2 61738
1 1 57X0 182051362 182101503 2 50141
1 1 58X0 182221151 182391840 3 170689
1 1 59X0 183855217 183960763 2 105546
1 1 5X0 11320533 11333860 2 13327
1 1 60X0 185522631 185619338 2 96707
1 1 61X0 185654525 185756061 3 101536
1 1 62X0 185792625 185859112 3 66487
1 1 63X0 204889857 204944933 2 55076
1 1 64X0 207443047 207547406 7 104359
1 1 65X0 226525542 226904111 6 378569
1 1 66X0 227026663 227811623 23 784960
1 1 66X1 227845394 228300564 11 455170
1 1 67X0 228329902 228369681 2 39779
1 1 68X0 228465323 228476376 2 11053
1 1 6X0 12135046 12218882 2 83836
1 1 7X0 12263786 12522402 8 258616
1 1 8X0 14586224 14638962 3 52738
1 1 9X0 15187245 15242400 2 55155
10 10 10X0 81557395 81588054 2 30659
10 10 11X0 85485513 85506450 2 20937
10 10 12X0 88294391 88370980 2 76589
10 10 13X0 89820181 90055837 5 235656
10 10 14X0 90540909 90652915 5 112006
10 10 15X0 94438830 94455470 2 16640
10 10 16X0 98672890 98687993 2 15103
10 10 17X0 104929774 104963042 3 33268
10 10 18X0 105747602 105791880 2 44278
10 10 19X0 124693964 124794448 4 100484
10 10 1X0 4986183 5482896 6 496713
10 10 20X0 124977654 124992288 2 14634
10 10 2X0 5686091 5712583 2 26492
10 10 3X0 38989431 39285979 4 296548
10 10 4X0 39558827 39590759 2 31932
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10 10 5X0 45299796 45479410 4 179614
10 10 6X0 48032874 48061307 2 28433
10 10 7X0 69967100 70047879 2 80779
10 10 8X0 76253600 76315561 2 61961
10 10 9X0 81375204 81439293 2 64089
11 11 10X0 95072533 95143368 5 70835
11 11 11X0 102574902 102622290 2 47388
11 11 12X0 102765624 103205734 9 440110
11 11 13X0 105159922 105343870 4 183948
11 11 14X0 112297993 112303440 2 5447
11 11 15X0 114327300 114393235 2 65935
11 11 16X0 117212078 117259693 3 47615
11 11 17X0 118262975 118285540 2 22565
11 11 18X0 118582068 118713023 5 130955
11 11 19X0 118753397 118788381 2 34984
11 11 1X0 168132 191180 4 23048
11 11 20X0 124265210 125084931 21 819721
11 11 21X0 125262472 125456473 4 194001
11 11 22X0 130969294 131041179 2 71885
11 11 2X0 421677 478356 2 56679
11 11 3X0 786256 820168 2 33912
11 11 4X0 1834136 1925352 2 91216
11 11 5X0 2143445 2175544 2 32099
11 11 6X0 5492134 6070052 21 577918
11 11 6X1 4173353 5037048 28 863695
11 11 6X10 56725503 57276625 7 551122
11 11 6X11 54529655 55327181 9 797526
11 11 6X12 63476449 63850550 6 374101
11 11 6X13 17915966 18096673 6 180707
11 11 6X14 49195798 49400399 6 204601
11 11 6X15 62149022 62389865 6 240843
11 11 6X16 71373631 71775228 4 401597
11 11 6X17 7582010 7744600 4 162590
11 11 6X18 64589047 64878362 4 289315
11 11 6X19 67553373 67841237 4 287864
11 11 6X2 55978340 56517719 18 539379
11 11 6X20 3228208 3577838 4 349630
11 11 6X21 49700038 49801578 3 101540
11 11 6X22 69593355 69714319 3 120964
11 11 6X23 75091019 75157393 3 66374
11 11 6X24 73953405 74000904 2 47499
11 11 6X25 73172332 73235985 2 63653
11 11 6X26 65587821 65676993 2 89172
11 11 6X27 62979047 63018431 2 39384
11 11 6X28 66726933 66764354 2 37421
11 11 6X29 68854102 68887588 2 33486
11 11 6X3 5118255 5476417 8 358162
11 11 6X4 55455009 55902195 16 447186
11 11 6X5 58885988 59673577 15 787589
11 11 6X6 57788776 58289218 11 500442
11 11 6X7 6576393 6788215 8 211822
11 11 6X8 48516076 48781211 8 265135
11 11 6X9 71790737 72139412 5 348675
11 11 7X0 75740701 75818134 2 77433
11 11 8X0 85798484 85827270 2 28786
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11 11 9X0 89931973 90039694 5 107721
12 12 10X0 13481966 13530521 2 48555
12 12 11X0 15408144 15425816 2 17672
12 12 12X0 32358079 32385005 2 26926
12 12 13X0 32858939 32895295 2 36356
12 12 14X0 33693453 33699866 2 6413
12 12 15X0 34290985 34598440 8 307455
12 12 16X0 35094431 35111908 2 17477
12 12 17X0 35721427 35838433 9 117006
12 12 18X0 36288487 36363510 2 75023
12 12 19X0 36859927 37669638 26 809711
12 12 1X0 163961 243334 2 79373
12 12 20X0 37844275 37929489 2 85214
12 12 21X0 39923337 39947350 3 24013
12 12 22X0 40636848 40798077 3 161229
12 12 23X0 40948297 40964590 2 16293
12 12 24X0 70308121 70359848 2 51727
12 12 25X0 83126849 83138886 2 12037
12 12 26X0 93607644 93755632 3 147988
12 12 27X0 116040520 116145073 3 104553
12 12 28X0 116518453 116564059 2 45606
12 12 29X0 126114923 126167011 3 52088
12 12 2X0 4569798 4646834 2 77036
12 12 30X0 136809954 137095616 7 285662
12 12 3X0 7091490 7134817 2 43327
12 12 4X0 7388619 7434661 3 46042
12 12 5X0 8553860 8559774 2 5914
12 12 6X0 8820861 8919794 3 98933
12 12 7X0 10021589 10905355 17 883766
12 12 8X0 11284174 11718019 19 433845
12 12 9X0 11835986 11901420 2 65434
13 13 1X0 4699951 4787541 3 87590
13 13 2X0 15654304 15723804 2 69500
13 13 3X0 25971685 26047924 2 76239
13 13 4X0 37125177 37216381 2 91204
13 13 5X0 84949733 84989522 2 39789
13 13 6X0 85677841 85701572 2 23731
13 13 7X0 99080715 99143386 3 62671
14 14 10X0 8193549 8323295 3 129746
14 14 11X0 20491526 20557149 2 65623
14 14 12X0 36401473 36462778 2 61305
14 14 13X0 48838489 48878515 2 40026
14 14 14X0 52064955 52121051 2 56096
14 14 15X0 54710124 55003002 4 292878
14 14 16X0 58084858 58137037 3 52179
14 14 17X0 79448239 79780003 9 331764
14 14 18X0 80850345 80878087 2 27742
14 14 19X0 81400669 81464803 2 64134
14 14 1X0 3611710 3978392 10 366682
14 14 20X0 85513215 85563970 2 50755
14 14 21X0 88409553 88447764 2 38211
14 14 22X0 91735078 91800579 3 65501
14 14 2X0 4286800 4759827 12 473027
14 14 3X0 5285366 5399835 4 114469
14 14 4X0 5808963 5902876 2 93913
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species chromosome cluster start end duplicates length
14 14 5X0 7130714 7183198 2 52484
14 14 6X0 7815346 7826292 2 10946
14 14 7X0 7900390 7904248 2 3858
14 14 8X0 8002714 8008842 2 6128
14 14 9X0 8091015 8133357 2 42342
15 15 10X0 55781258 55844533 2 63275
15 15 11X0 59587028 59648901 3 61873
15 15 12X0 69329966 69380823 2 50857
15 15 13X0 70524258 70553789 2 29531
15 15 14X0 82898995 83063960 4 164965
15 15 1X0 4115808 4201632 2 85824
15 15 2X0 9298169 9368059 2 69890
15 15 3X0 10968361 11037213 2 68852
15 15 4X0 22045402 22119261 2 73859
15 15 5X0 23783770 23888568 3 104798
15 15 6X0 24182941 24285880 2 102939
15 15 7X0 25642355 25714338 4 71983
15 15 8X0 46185988 46282493 2 96505
15 15 9X0 55716573 55749924 2 33351
16 16 10X0 23107892 23142150 2 34258
16 16 11X0 28309149 28326596 2 17447
16 16 12X0 29298766 29686209 9 387443
16 16 13X0 29794377 29809188 2 14811
16 16 14X0 29891261 29939218 2 47957
16 16 15X0 29965704 29988358 2 22654
16 16 16X0 29988408 30053462 3 65054
16 16 17X0 46458178 46530955 2 72777
16 16 18X0 47236670 47349758 11 113088
16 16 19X0 48036737 48095968 3 59231
16 16 1X0 171289 197819 6 26530
16 16 20X0 48224884 48371607 3 146723
16 16 21X0 57386318 57515118 4 128800
16 16 22X0 57751012 57804820 3 53808
16 16 23X0 58037995 58105113 2 67118
16 16 24X0 58865162 58882982 2 17820
16 16 25X0 61188160 61262451 2 74291
16 16 26X0 62378457 62413615 2 35158
16 16 27X0 63007394 63057815 2 50421
16 16 28X0 66189717 66210257 2 20540
16 16 29X0 66463903 66524221 2 60318
16 16 2X0 296914 387668 2 90754
16 16 30X0 66655636 66731535 3 75899
16 16 31X0 77770712 77837289 3 66577
16 16 3X0 713983 770884 4 56901
16 16 4X0 858698 882371 2 23673
16 16 5X0 1379887 1393542 2 13655
16 16 6X0 2362813 2404845 2 42032
16 16 7X0 2930657 3111271 4 180614
16 16 8X0 3359730 3704246 9 344516
16 16 9X0 19895491 19934954 2 39463
17 17 10X0 9925189 9995771 2 70582
17 17 11X0 12370920 12392065 2 21145
17 17 12X0 13656197 13668930 2 12733
17 17 13X0 13709148 13791331 2 82183
17 17 14X0 14691428 14721909 3 30481
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17 17 15X0 14897360 14954361 2 57001
17 17 16X0 15741216 15764783 2 23567
17 17 17X0 16002415 16280727 17 278312
17 17 18X0 16320038 16564642 21 244604
17 17 19X0 16582223 16595984 3 13761
17 17 1X0 1744688 1777588 2 32900
17 17 20X0 16605504 16944661 12 339157
17 17 21X0 17523085 17561069 2 37984
17 17 22X0 17645381 17722277 2 76896
17 17 23X0 19489490 19506467 2 16977
17 17 24X0 21090900 21317816 7 226916
17 17 25X0 21629528 21934663 5 305135
17 17 26X0 22867721 22970353 5 102632
17 17 27X0 37546087 37635898 2 89811
17 17 28X0 37895961 38002062 2 106101
17 17 29X0 38051223 38067665 2 16442
17 17 2X0 3168889 3581483 11 412594
17 17 30X0 38871111 38973682 2 102571
17 17 31X0 40798135 40813916 2 15781
17 17 32X0 45987866 46346181 6 358315
17 17 33X0 48559980 48639415 3 79435
17 17 34X0 49083057 49109495 2 26438
17 17 35X0 49231926 49269898 2 37972
17 17 36X0 49500861 49587835 2 86974
17 17 37X0 49627326 49660406 2 33080
17 17 38X0 57476153 57565089 3 88936
17 17 39X0 60753505 60839015 2 85510
17 17 3X0 3658611 3736494 2 77883
17 17 40X0 63357857 63375951 2 18094
17 17 41X0 69550221 69602696 2 52475
17 17 42X0 73952029 74190740 7 238711
17 17 43X0 74409068 74435528 2 26460
17 17 44X0 75432886 75455760 2 22874
17 17 45X0 79419375 79466780 2 47405
17 17 4X0 4631162 4730780 2 99618
17 17 5X0 5323263 5415695 3 92432
17 17 6X0 7289782 7298506 2 8724
17 17 7X0 7329083 7431709 3 102626
17 17 8X0 7682194 7694476 3 12282
17 17 9X0 9096253 9302482 10 206229
18 18 1X0 5625999 5674110 2 48111
18 18 2X0 14749757 14776153 2 26396
18 18 3X0 28144506 28628723 6 484217
18 18 4X0 32377006 32508596 4 131590
18 18 5X0 44227211 44234552 2 7341
18 18 6X0 60956517 61478675 10 522158
18 18 7X0 72232581 72317671 2 85090
19 19 10X0 8077793 8160683 5 82890
19 19 11X0 59677825 60354721 25 676896
19 19 11X1 57028992 57546150 17 517158
19 19 11X10 45875868 46201142 10 325274
19 19 11X11 57893843 58085694 9 191851
19 19 11X12 46478674 46754721 6 276047
19 19 11X13 60740041 60966671 5 226630
19 19 11X14 12214893 12614094 8 399201
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species chromosome cluster start end duplicates length
19 19 11X15 46207927 46451347 6 243420
19 19 11X16 60365835 60717594 9 351759
19 19 11X17 56871279 56999537 5 128258
19 19 11X18 37238598 37397396 6 158798
19 19 11X19 42870316 43209147 8 338831
19 19 11X2 53047628 53373226 14 325598
19 19 11X20 39238432 39681639 10 443207
19 19 11X21 13090188 13361180 6 270992
19 19 11X22 12852952 13064379 4 211427
19 19 11X23 58893045 59354095 8 461050
19 19 11X24 9928748 10296260 8 367512
19 19 11X25 38876035 39149601 7 273566
19 19 11X26 54547593 54900638 8 353045
19 19 11X27 38558623 38811603 6 252980
19 19 11X28 58611474 58888247 5 276773
19 19 11X29 44816295 45054131 6 237836
19 19 11X3 56574515 56740992 9 166477
19 19 11X30 37766443 38068262 7 301819
19 19 11X31 46764826 47025119 6 260293
19 19 11X32 16314362 16863061 9 548699
19 19 11X33 15753774 15890695 6 136921
19 19 11X34 53828067 54122503 5 294436
19 19 11X35 55557808 55899249 6 341441
19 19 11X36 21061685 21348085 4 286400
19 19 11X37 43543165 43728190 5 185025
19 19 11X38 20792666 21021265 4 228599
19 19 11X39 58149301 58449221 5 299920
19 19 11X4 12640533 12846574 8 206041
19 19 11X40 45100264 45306551 4 206287
19 19 11X41 56259462 56459761 5 200299
19 19 11X42 38136485 38408362 5 271877
19 19 11X43 36878466 37100695 5 222229
19 19 11X44 42002201 42251000 4 248799
19 19 11X45 36483840 36720356 4 236516
19 19 11X46 41547150 41630905 4 83755
19 19 11X47 44464849 44722348 4 257499
19 19 11X48 21831711 22272766 5 441055
19 19 11X49 10801903 10875064 4 73161
19 19 11X5 53433769 53748116 10 314347
19 19 11X50 48174438 48325479 4 151041
19 19 11X51 42269680 42496534 3 226854
19 19 11X52 23008285 23367420 4 359135
19 19 11X53 40762205 40815204 3 52999
19 19 11X54 18164130 18188625 3 24495
19 19 11X55 51237009 51276515 3 39506
19 19 11X56 24642139 24747228 2 105089
19 19 11X57 50883456 50931652 2 48196
19 19 11X58 20315410 20366466 2 51056
19 19 11X59 49443674 49465737 2 22063
19 19 11X6 9627145 9898312 10 271167
19 19 11X60 49973644 50001090 2 27446
19 19 11X61 52185892 52209297 2 23405
19 19 11X62 47703972 47795468 2 91496
19 19 11X63 52508529 52540733 2 32204
19 19 11X64 19482782 19507641 2 24859
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
19 19 11X65 45551250 45620127 2 68877
19 19 11X7 54132736 54436282 9 303546
19 19 11X8 60999109 61295049 9 295940
19 19 11X9 55019245 55506557 13 487312
19 19 1X0 775851 810568 4 34717
19 19 2X0 1989840 2084396 2 94556
19 19 3X0 2931483 3048208 5 116725
19 19 4X0 3112641 3186957 2 74316
19 19 5X0 3236001 3306582 2 70581
19 19 6X0 3886121 3925161 2 39040
19 19 7X0 6085501 6100902 2 15401
19 19 8X0 6705462 6741097 2 35635
19 19 9X0 7369925 7414209 3 44284
20 20 10X0 39862656 39923715 2 61059
20 20 11X0 46778887 46935097 6 156210
20 20 12X0 47189974 47420840 4 230866
20 20 13X0 47556996 47583295 2 26299
20 20 14X0 58496947 58509102 2 12155
20 20 15X0 65702795 65726706 2 23911
20 20 16X0 66289827 66344805 2 54978
20 20 1X0 10455 154450 4 143995
20 20 2X0 1515652 1569818 2 54166
20 20 3X0 2927405 2941286 2 13881
20 20 4X0 4583159 4615855 2 32696
20 20 5X0 23181020 23221913 2 40893
20 20 6X0 23564438 24046168 8 481730
20 20 7X0 32625998 32838623 7 212625
20 20 8X0 34379389 34697581 5 318192
20 20 9X0 37093070 37180201 2 87131
21 21 10X0 32826703 32848099 2 21396
21 21 1X0 16559613 16610666 2 51053
21 21 2X0 16677126 16800046 6 122920
21 21 3X0 16857088 16994454 10 137366
21 21 4X0 19466829 19510994 2 44165
21 21 5X0 19687325 19871935 4 184610
21 21 6X0 20816225 20904744 2 88519
21 21 7X0 22532920 22608991 2 76071
21 21 8X0 28849754 28899647 3 49893
21 21 9X0 31104293 31258412 11 154119
22 22 10X0 25582156 25678103 5 95947
22 22 11X0 27895601 27951843 2 56242
22 22 12X0 28813257 28845490 2 32233
22 22 13X0 30647092 30716537 2 69445
22 22 14X0 37237484 37254474 2 16990
22 22 1X0 7019640 7059743 2 40103
22 22 2X0 8644820 8957022 5 312202
22 22 3X0 9145534 9235441 2 89907
22 22 4X0 9871254 9898027 2 26773
22 22 5X0 10302170 10388521 4 86351
22 22 6X0 16982817 17126896 4 144079
22 22 7X0 22250443 22324222 2 73779
22 22 8X0 22733817 22795723 2 61906
22 22 9X0 23549608 23563874 2 14266
2A 2A 10X0 89988142 90053703 2 65561
2A 2A 11X0 94202730 94276040 3 73310
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species chromosome cluster start end duplicates length
2A 2A 12X0 95917622 95960686 2 43064
2A 2A 13X0 95967627 95986216 2 18589
2A 2A 14X0 98147248 98200608 2 53360
2A 2A 15X0 101022400 101473575 6 451175
2A 2A 16X0 110883072 111175353 7 292281
2A 2A 1X0 24586523 24653865 2 67342
2A 2A 2X0 44802583 44876205 2 73622
2A 2A 3X0 45960270 46027314 2 67044
2A 2A 4X0 70349743 70385529 2 35786
2A 2A 5X0 72276645 72303245 2 26600
2A 2A 6X0 75988845 76008098 2 19253
2A 2A 7X0 80656020 80784045 5 128025
2A 2A 8X0 87377070 87413406 2 36336
2A 2A 9X0 88499914 88575771 2 75857
2B 2B 10X0 110415458 110490944 2 75486
2B 2B 11X0 123450272 123527743 3 77471
2B 2B 12X0 123593209 123612616 2 19407
2B 2B 13X0 124812030 124823764 2 11734
2B 2B 14X0 131847427 131871776 2 24349
2B 2B 1X0 41051264 41093855 2 42591
2B 2B 2X0 62359354 62376540 2 17186
2B 2B 3X0 66384681 66501144 10 116463
2B 2B 4X0 67861807 67931761 2 69954
2B 2B 5X0 91746115 91889104 3 142989
2B 2B 6X0 107562064 107597929 2 35865
2B 2B 7X0 109040604 109166292 3 125688
2B 2B 8X0 109774406 109808872 2 34466
2B 2B 9X0 110169547 110190875 2 21328
3 3 10X0 52883950 53010273 5 126323
3 3 11X0 53076811 53088026 2 11215
3 3 12X0 53906769 53960022 3 53253
3 3 13X0 100774166 101195375 6 421209
3 3 14X0 104386635 104464552 4 77917
3 3 15X0 112314696 112379963 2 65267
3 3 16X0 134657347 134679410 2 22063
3 3 17X0 137145070 137224865 2 79795
3 3 18X0 142431666 142470848 3 39182
3 3 19X0 142883553 142970170 2 86617
3 3 1X0 10156457 10187860 2 31403
3 3 20X0 150865762 150889576 2 23814
3 3 21X0 154723401 154867974 4 144573
3 3 22X0 155284591 155354017 2 69426
3 3 23X0 162264024 162330290 2 66266
3 3 24X0 173481183 173557744 3 76561
3 3 25X0 188008679 188081995 3 73316
3 3 26X0 190726075 190873007 3 146932
3 3 27X0 198693190 198750549 3 57359
3 3 2X0 39018355 39071179 2 52824
3 3 3X0 41331418 41389166 3 57748
3 3 4X0 43558572 43598286 2 39714
3 3 5X0 45338865 45695207 7 356342
3 3 6X0 46889296 47416676 8 527380
3 3 7X0 47713915 47746400 3 32485
3 3 8X0 51277982 51343728 2 65746
3 3 9X0 51378883 51407326 3 28443
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species chromosome cluster start end duplicates length
4 4 10X0 60683417 60716902 2 33485
4 4 11X0 60792026 60929373 3 137347
4 4 12X0 61027189 61905306 8 878117
4 4 13X0 61946152 62601803 5 655651
4 4 14X0 83167699 83246862 2 79163
4 4 15X0 89661064 89759442 2 98378
4 4 16X0 101733174 102135053 6 401879
4 4 17X0 158447509 158497330 2 49821
4 4 18X0 167296607 167324240 2 27633
4 4 19X0 169050920 169071526 2 20606
4 4 1X0 7108159 7176836 3 68677
4 4 20X0 187645434 187648304 2 2870
4 4 21X0 190578681 190635370 2 56689
4 4 22X0 192526984 192587020 2 60036
4 4 2X0 9567311 9618691 3 51380
4 4 3X0 16238435 16263982 2 25547
4 4 4X0 48010006 48102967 2 92961
4 4 5X0 54467186 54507339 3 40153
4 4 6X0 56404297 56772593 9 368296
4 4 7X0 57007439 57108155 3 100716
4 4 8X0 60225927 60274055 3 48128
4 4 9X0 60578689 60650615 3 71926
5 5 1X0 44942130 44955814 2 13684
5 5 2X0 59534710 59620936 2 86226
5 5 3X0 132241291 132342877 2 101586
5 5 4X0 140690501 140728954 2 38453
5 5 5X0 140996918 141999312 20 1002394
5 5 6X0 150269907 150335419 2 65512
5 5 7X0 157315877 157395026 2 79149
5 5 8X0 179245586 179632423 6 386837
5 5 9X0 181508648 181861570 8 352922
6 6 10X0 28304570 28827144 14 522574
6 6 11X0 29284994 29816955 17 531961
6 6 12X0 29948688 30224359 7 275671
6 6 13X0 30318602 30571698 6 253096
6 6 14X0 31603516 31663286 2 59770
6 6 15X0 31718744 31740453 3 21709
6 6 16X0 31829129 31880936 3 51807
6 6 17X0 31968676 31985234 2 16558
6 6 18X0 32152402 32244267 7 91865
6 6 19X0 32644829 33639492 20 994663
6 6 1X0 2730688 2863394 3 132706
6 6 20X0 36127860 36148060 3 20200
6 6 21X0 41617310 41814642 6 197332
6 6 22X0 42635039 42656388 2 21349
6 6 23X0 46655347 46696502 2 41155
6 6 24X0 48700133 48766329 2 66196
6 6 25X0 50488743 50590985 5 102242
6 6 26X0 52785928 52846348 2 60420
6 6 27X0 53368179 53641341 6 273162
6 6 28X0 75899442 76071208 6 171766
6 6 29X0 108535850 108614656 2 78806
6 6 2X0 3102121 3211762 3 109641
6 6 30X0 119880337 119904528 2 24191
6 6 31X0 120085801 120184016 3 98215
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6 6 32X0 136444426 136552358 6 107932
6 6 33X0 153987318 154151873 6 164555
6 6 34X0 171671777 171718240 2 46463
6 6 3X0 26133234 26294829 4 161595
6 6 4X0 26381168 26657336 20 276168
6 6 5X0 26737399 26878507 7 141108
6 6 6X0 27349694 27364857 4 15163
6 6 7X0 27580090 27681918 3 101828
6 6 8X0 28035724 28123561 14 87837
6 6 9X0 28189655 28293643 2 103988
7 7 10X0 64146248 64480039 4 333791
7 7 11X0 64970423 65037350 2 66927
7 7 12X0 75439427 75499975 2 60548
7 7 13X0 77711028 77742666 2 31638
7 7 14X0 78010484 78054625 2 44141
7 7 15X0 93023518 93107702 2 84184
7 7 16X0 96780844 96800640 2 19796
7 7 17X0 98179250 98309312 3 130062
7 7 18X0 99876508 99895531 2 19023
7 7 19X0 102262887 102324222 2 61335
7 7 1X0 5166096 5218644 2 52548
7 7 20X0 102430804 102601315 4 170511
7 7 21X0 102619499 102915633 4 296134
7 7 22X0 103072302 103134524 3 62222
7 7 23X0 128395714 128497358 2 101644
7 7 24X0 134838518 134933199 3 94681
7 7 25X0 139000122 139135693 3 135571
7 7 26X0 146377229 146577811 4 200582
7 7 27X0 147405157 147460996 6 55839
7 7 28X0 147557627 147619473 2 61846
7 7 29X0 147711872 147738857 2 26985
7 7 2X0 15861483 15953521 2 92038
7 7 30X0 148358014 148427504 2 69490
7 7 31X0 148486100 148779803 8 293703
7 7 32X0 153579445 154256920 9 677475
7 7 33X0 154869898 155143304 6 273406
7 7 34X0 155191326 155204890 2 13564
7 7 3X0 18182145 18210764 2 28619
7 7 4X0 26275053 26422541 10 147488
7 7 5X0 43452372 43551678 4 99306
7 7 6X0 45327920 45361496 2 33576
7 7 7X0 48266038 48345833 2 79795
7 7 8X0 56203457 56211846 2 8389
7 7 9X0 58161514 58169882 2 8368
8 8 10X0 147132561 147812293 7 679732
8 8 1X0 7289685 7376933 3 87248
8 8 2X0 9865500 9923135 2 57635
8 8 3X0 11362623 11376556 2 13933
8 8 4X0 23079993 23105388 2 25395
8 8 5X0 42424293 42494350 2 70057
8 8 6X0 63926666 63933462 2 6796
8 8 7X0 87161506 87287927 13 126421
8 8 8X0 145396778 145959785 12 563007
8 8 9X0 145992574 146040816 3 48242
9 9 10X0 82331848 82550428 7 218580
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9 9 11X0 82575365 82600895 2 25530
9 9 12X0 86722533 86731519 2 8986
9 9 13X0 91115007 91221361 2 106354
9 9 14X0 91232546 91300673 2 68127
9 9 15X0 92278136 92308702 2 30566
9 9 16X0 100579646 100878317 12 298671
9 9 17X0 100980377 100989516 2 9139
9 9 18X0 102555765 102630165 2 74400
9 9 19X0 104936518 104984970 2 48452
9 9 1X0 5215929 5399968 4 184039
9 9 20X0 106024532 106055389 2 30857
9 9 21X0 108016154 108039733 2 23579
9 9 22X0 111644473 111668682 2 24209
9 9 23X0 113889294 113965152 4 75858
9 9 2X0 21586404 22007623 12 421219
9 9 3X0 35446965 35467570 2 20605
9 9 4X0 36709890 36867021 4 157131
9 9 5X0 63596391 63667767 2 71376
9 9 6X0 65528404 65589846 2 61442
9 9 7X0 70103210 70255255 4 152045
9 9 8X0 72223709 72316910 2 93201
9 9 9X0 74473752 74573380 2 99628
KV420888.1 KV420888.1 1X0 2448516 2532639 2 84123
KV420889.1 KV420889.1 1X0 1261024 1321591 2 60567
KV420904.1 KV420904.1 1X0 91127 126604 2 35477
KV420904.1 KV420904.1 2X0 347096 386674 2 39578
KV420904.1 KV420904.1 3X0 530714 557699 2 26985
KV420905.1 KV420905.1 1X0 458071 490829 2 32758
KV420905.1 KV420905.1 2X0 584818 610676 3 25858
KV420913.1 KV420913.1 1X0 161201 316070 11 154869
KV420955.1 KV420955.1 1X0 1070546 1112729 3 42183
KV420955.1 KV420955.1 2X0 1153601 1269772 3 116171
KV420955.1 KV420955.1 3X0 1385393 1438047 2 52654
KV420955.1 KV420955.1 4X0 1486828 1500640 2 13812
KV420955.1 KV420955.1 5X0 1848647 1893588 2 44941
KV420959.1 KV420959.1 1X0 836296 904711 2 68415
KV421231.1 KV421231.1 1X0 118855 173387 3 54532
KV421314.1 KV421314.1 1X0 186241 250201 3 63960
KV421314.1 KV421314.1 2X0 349400 389033 3 39633
KV421314.1 KV421314.1 3X0 414142 439063 2 24921
KV421314.1 KV421314.1 4X0 452097 507249 3 55152
KV421332.1 KV421332.1 1X0 420326 464499 2 44173
KV421332.1 KV421332.1 2X0 640946 821347 4 180401
KV421455.1 KV421455.1 1X0 119741 160964 4 41223
X X 10X0 51463487 51557865 3 94378
X X 11X0 52213279 52449838 4 236559
X X 12X0 52501842 52530258 2 28416
X X 13X0 54793212 55034824 4 241612
X X 14X0 56971245 56988752 2 17507
X X 15X0 71118202 71242271 4 124069
X X 16X0 100456616 100492514 2 35898
X X 17X0 101187883 101295376 3 107493
X X 18X0 101823075 101880942 2 57867
X X 19X0 101982655 102042765 2 60110
X X 1X0 12730019 12785462 2 55443
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
X X 20X0 102197641 102352943 4 155302
X X 21X0 102674505 103015822 6 341317
X X 22X0 103216282 103273122 2 56840
X X 23X0 103509433 103583468 3 74035
X X 24X0 119006733 119073641 2 66908
X X 25X0 119737964 119786672 2 48708
X X 26X0 120518792 120528927 2 10135
X X 27X0 135005248 135066015 2 60767
X X 28X0 135131337 135205792 2 74455
X X 29X0 146515911 146547069 2 31158
X X 2X0 15134747 15206208 2 71461
X X 30X0 149209646 149262390 2 52744
X X 31X0 152437666 152468677 3 31011
X X 32X0 153014008 153092899 2 78891
X X 33X0 154001597 154177166 6 175569
X X 3X0 24497424 24551772 2 54348
X X 4X0 26333535 26356350 2 22815
X X 5X0 30404415 30437362 3 32947
X X 6X0 47577053 47673389 2 96336
X X 7X0 48183034 48269614 2 86580
X X 8X0 48315108 48487506 5 172398
X X 9X0 49336822 49365044 2 28222
Y Y 1X0 2070514 2125870 4 55356
Y Y 2X0 10876744 10922271 3 45527
Y Y 3X0 12771812 12845471 2 73659
Y Y 4X0 15064647 15098735 2 34088
Y Y 5X0 21594468 21668154 2 73686

Papio anubis

1 1 10X0 14534859 14566243 2 31384
1 1 11X0 15375567 15726587 5 351020
1 1 12X0 18263844 18522458 5 258614
1 1 13X0 19078188 19142823 2 64635
1 1 14X0 20910175 20932415 2 22240
1 1 15X0 22416308 22481177 2 64869
1 1 16X0 29905913 30043183 2 137270
1 1 17X0 30498405 30650521 3 152116
1 1 18X0 30737298 30889934 2 152636
1 1 19X0 31587954 31808400 2 220446
1 1 1X0 422417 480580 3 58163
1 1 20X0 33085615 33090321 2 4706
1 1 21X0 33313278 33447702 2 134424
1 1 22X0 34164992 34409997 3 245005
1 1 23X0 38714270 38817263 3 102993
1 1 24X0 40434733 40446405 2 11672
1 1 25X0 41593286 41774183 2 180897
1 1 26X0 42552723 42575008 2 22285
1 1 27X0 45152794 45395892 5 243098
1 1 28X0 45697939 45721630 2 23691
1 1 29X0 46375887 46571104 2 195217
1 1 2X0 5423894 5447187 2 23293
1 1 30X0 51110649 51261916 2 151267
1 1 31X0 65485101 65674805 2 189704
1 1 32X0 76981883 77029143 2 47260
1 1 33X0 82082016 82202240 2 120224
1 1 34X0 83524754 83744472 4 219718
1 1 35X0 86079668 86399431 7 319763
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 36X0 86547346 86728064 2 180718
1 1 37X0 101024434 101083725 2 59291
1 1 38X0 105572644 105891999 4 319355
1 1 39X0 106908314 106976123 2 67809
1 1 3X0 7866190 7935066 2 68876
1 1 40X0 107040531 107087958 2 47427
1 1 41X0 107859925 108016214 3 156289
1 1 42X0 108565312 108728426 4 163114
1 1 43X0 113777760 114034839 3 257079
1 1 44X0 114171379 114441380 3 270001
1 1 45X0 116696577 116798305 2 101728
1 1 46X0 118020778 118110957 2 90179
1 1 47X0 119110723 119260275 2 149552
1 1 48X0 120076684 120147731 7 71047
1 1 49X0 121016562 121090476 2 73914
1 1 4X0 8721922 8811978 2 90056
1 1 50X0 121599971 121733794 2 133823
1 1 51X0 122183446 122256225 2 72779
1 1 52X0 122872117 123188605 4 316488
1 1 53X0 123639899 123699334 2 59435
1 1 54X0 125372376 125407148 2 34772
1 1 55X0 125420730 125495762 3 75032
1 1 56X0 125576895 125608432 2 31537
1 1 57X0 126143807 126154694 2 10887
1 1 58X0 126304462 126498025 2 193563
1 1 59X0 127059655 127096595 2 36940
1 1 5X0 10523313 10549747 3 26434
1 1 60X0 127281575 127322516 2 40941
1 1 61X0 127530515 127575814 2 45299
1 1 62X0 127906944 128221654 5 314710
1 1 63X0 128482822 128750271 7 267449
1 1 64X0 128876949 129258069 4 381120
1 1 65X0 129288889 129506146 4 217257
1 1 66X0 129621761 129738618 2 116857
1 1 67X0 129743693 129990273 3 246580
1 1 68X0 130254835 130557185 7 302350
1 1 69X0 130579579 130644617 2 65038
1 1 6X0 10724465 10738278 2 13813
1 1 70X0 130944033 131747405 12 803372
1 1 71X0 131958578 132088265 4 129687
1 1 72X0 133418748 133529038 5 110290
1 1 73X0 133872069 133995295 2 123226
1 1 74X0 135985688 136041712 2 56024
1 1 75X0 138007310 138156792 2 149482
1 1 76X0 140878444 140943815 2 65371
1 1 77X0 152872475 153185435 3 312960
1 1 78X0 153294509 153515289 3 220780
1 1 79X0 153657589 153720565 3 62976
1 1 7X0 11542311 11622563 2 80252
1 1 80X0 153761929 153869371 3 107442
1 1 81X0 153907503 154163640 3 256137
1 1 82X0 154627809 154855058 2 227249
1 1 83X0 155092077 155316534 2 224457
1 1 84X0 157131807 157299851 3 168044
1 1 85X0 157416824 157469077 2 52253
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 86X0 158391303 158583283 2 191980
1 1 87X0 159289937 159345363 2 55426
1 1 88X0 163659549 164069769 4 410220
1 1 89X0 178468027 178687512 3 219485
1 1 8X0 11676459 11885148 11 208689
1 1 90X0 181044630 181117706 2 73076
1 1 91X0 186971694 187119468 2 147774
1 1 92X0 190925042 191069388 3 144346
1 1 93X0 192058189 192097760 2 39571
1 1 94X0 193554532 193719088 2 164556
1 1 95X0 197279455 197374813 2 95358
1 1 96X0 215889435 216205726 5 316291
1 1 97X0 216655287 217167433 11 512146
1 1 98X0 217186817 217259961 3 73144
1 1 99X0 217347042 217358096 2 11054
1 1 9X0 13905008 13979938 2 74930
10 10 10X0 34452437 34631787 3 179350
10 10 11X0 35260644 35398105 2 137461
10 10 12X0 36029063 36042337 2 13274
10 10 13X0 52785595 52787631 2 2036
10 10 14X0 54356089 54479306 2 123217
10 10 15X0 56410831 56775169 8 364338
10 10 16X0 62028627 62070381 2 41754
10 10 17X0 63246681 63456176 2 209495
10 10 18X0 63703565 64125784 11 422219
10 10 19X0 64498303 64590436 2 92133
10 10 1X0 715596 733346 2 17750
10 10 20X0 64757663 64782044 2 24381
10 10 21X0 65348001 65604543 4 256542
10 10 22X0 71298929 71442806 4 143877
10 10 23X0 72990799 73168630 2 177831
10 10 24X0 76488958 76580204 2 91246
10 10 25X0 76997044 77089534 3 92490
10 10 26X0 77578067 77592670 2 14603
10 10 27X0 78167101 78284477 2 117376
10 10 28X0 79613421 79675041 3 61620
10 10 29X0 81852823 81908830 2 56007
10 10 2X0 7764375 7783713 2 19338
10 10 30X0 82571292 82578465 2 7173
10 10 31X0 82769278 82790063 2 20785
10 10 32X0 83627124 83775849 2 148725
10 10 33X0 84490638 84556075 2 65437
10 10 34X0 84700632 84805659 2 105027
10 10 35X0 90791734 90809513 2 17779
10 10 3X0 18474277 18500993 2 26716
10 10 4X0 18576029 18873957 8 297928
10 10 5X0 19089507 19226345 6 136838
10 10 6X0 25929533 26005238 2 75705
10 10 7X0 31052366 31315784 5 263418
10 10 8X0 32831367 33212703 13 381336
10 10 9X0 33367812 33495845 2 128033
11 11 10X0 10851817 10961454 6 109637
11 11 11X0 11075234 11114800 2 39566
11 11 12X0 12637677 12696629 2 58952
11 11 13X0 12833652 12961186 2 127534
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
11 11 14X0 20398293 20936976 5 538683
11 11 15X0 42193481 42357583 2 164102
11 11 16X0 44533567 44592762 2 59195
11 11 17X0 44939161 45159103 5 219942
11 11 18X0 45275311 45366283 2 90972
11 11 19X0 45850263 46003318 2 153055
11 11 1X0 208826 279669 2 70843
11 11 20X0 46052381 46075420 3 23039
11 11 21X0 47990253 48071073 2 80820
11 11 22X0 48222639 48982397 23 759758
11 11 23X0 49218297 49453490 3 235193
11 11 24X0 49468369 49536768 2 68399
11 11 25X0 50006420 50122923 8 116503
11 11 26X0 50705737 50723631 2 17894
11 11 27X0 51238595 51527802 5 289207
11 11 28X0 51858162 52000265 2 142103
11 11 29X0 52053212 52061865 2 8653
11 11 2X0 4451091 4529065 2 77974
11 11 30X0 52691849 52842841 3 150992
11 11 31X0 53326016 53347653 2 21637
11 11 32X0 63957324 64012059 2 54735
11 11 33X0 71161764 71330432 3 168668
11 11 34X0 76480208 76491772 2 11564
11 11 35X0 90885304 91030770 3 145466
11 11 36X0 112733091 112826475 3 93384
11 11 37X0 113205563 113266184 2 60621
11 11 38X0 120237253 120369470 2 132217
11 11 39X0 121071162 121159221 2 88059
11 11 3X0 4913052 5148019 3 234967
11 11 40X0 132656019 132920627 6 264608
11 11 4X0 6448822 6588073 2 139251
11 11 5X0 6754014 6969798 4 215784
11 11 6X0 7231770 7305774 5 74004
11 11 7X0 8251980 8383790 4 131810
11 11 8X0 9538991 10329050 15 790059
11 11 9X0 10620131 10689515 2 69384
12 12 10X0 86912274 87067070 3 154796
12 12 11X0 89656578 89897903 3 241325
12 12 12X0 93704924 93772075 2 67151
12 12 13X0 102585088 102617506 2 32418
12 12 14X0 104021181 104220174 2 198993
12 12 15X0 104855709 104879963 2 24254
12 12 16X0 105241517 105262969 2 21452
12 12 17X0 105483000 105558611 2 75611
12 12 18X0 116194271 116372872 2 178601
12 12 19X0 116868052 117088099 2 220047
12 12 1X0 23221175 23650884 10 429709
12 12 20X0 118307224 118399734 3 92510
12 12 21X0 118467897 118487328 2 19431
12 12 22X0 119714757 119733571 2 18814
12 12 2X0 37263013 37295361 2 32348
12 12 3X0 43205711 43447340 2 241629
12 12 4X0 57827669 57844432 2 16763
12 12 5X0 61841647 61951842 10 110195
12 12 6X0 63288416 63354874 2 66458
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
12 12 7X0 74754671 74866893 2 112222
12 12 8X0 76627626 76802124 2 174498
12 12 9X0 86208046 86568670 3 360624
13 13 10X0 78143073 78290980 6 147907
13 13 11X0 84811306 84838566 2 27260
13 13 12X0 86251264 86329218 2 77954
13 13 13X0 87715457 87984319 4 268862
13 13 13X1 87266315 87522065 2 255750
13 13 14X0 88202473 88276934 3 74461
13 13 15X0 89142698 89188457 2 45759
13 13 16X0 89195664 89217670 2 22006
13 13 17X0 91036511 91090803 2 54292
13 13 18X0 93792437 94235700 6 443263
13 13 19X0 103493137 103591957 2 98820
13 13 1X0 23253668 23328117 2 74449
13 13 20X0 103965729 104337608 9 371879
13 13 21X0 104802144 104825085 2 22941
13 13 2X0 26536916 26762877 2 225961
13 13 3X0 38276351 38538239 2 261888
13 13 4X0 42991259 43040659 2 49400
13 13 5X0 44143068 44219645 2 76577
13 13 6X0 66710468 66715497 2 5029
13 13 7X0 68140642 68173720 2 33078
13 13 8X0 70079406 70105979 2 26573
13 13 9X0 73699259 73717167 2 17908
14 14 10X0 6673804 6842218 2 168414
14 14 11X0 7415685 7585226 4 169541
14 14 12X0 8482860 8576403 2 93543
14 14 13X0 9264123 9323811 2 59688
14 14 14X0 9516037 9559792 2 43755
14 14 15X0 10296992 10357246 2 60254
14 14 16X0 10519165 10664606 4 145441
14 14 17X0 10744899 10784273 2 39374
14 14 18X0 11347605 11585361 7 237756
14 14 19X0 11836874 11974010 3 137136
14 14 1X0 125980 153907 3 27927
14 14 20X0 12646628 12794232 2 147604
14 14 21X0 12944875 13598936 10 654061
14 14 22X0 13728373 13764227 2 35854
14 14 23X0 14051609 14115428 3 63819
14 14 24X0 14327123 14369590 2 42467
14 14 25X0 14384324 14601650 3 217326
14 14 26X0 15627358 15734018 2 106660
14 14 27X0 15751112 15765432 2 14320
14 14 28X0 16644620 17030322 9 385702
14 14 28X1 16255930 16629710 9 373780
14 14 29X0 21173548 21209582 2 36034
14 14 2X0 332488 391764 2 59276
14 14 30X0 30324206 30505020 2 180814
14 14 31X0 46510094 46725162 5 215068
14 14 32X0 46865584 47143633 6 278049
14 14 33X0 50125657 50249721 2 124064
14 14 34X0 58014385 58075050 2 60665
14 14 35X0 58148640 58408912 4 260272
14 14 36X0 60106497 60526536 11 420039

388



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
14 14 36X1 59329159 60095061 13 765902
14 14 36X2 60574459 61032673 8 458214
14 14 37X0 61107481 61300357 2 192876
14 14 38X0 61922428 61940466 2 18038
14 14 39X0 62213451 62280130 2 66679
14 14 3X0 676193 708462 2 32269
14 14 40X0 63369680 63432016 2 62336
14 14 41X0 64144558 64187474 2 42916
14 14 42X0 65245229 65265378 2 20149
14 14 43X0 65891735 65973492 2 81757
14 14 44X0 66834923 66970245 2 135322
14 14 45X0 68215705 68384191 2 168486
14 14 46X0 76029391 76057640 2 28249
14 14 47X0 80033664 80191936 6 158272
14 14 48X0 85283153 85313985 2 30832
14 14 49X0 92470496 92518561 2 48065
14 14 4X0 864402 953844 2 89442
14 14 50X0 92661428 93086861 9 425433
14 14 51X0 95024726 95178542 4 153816
14 14 52X0 101968100 101973207 2 5107
14 14 53X0 103965826 104044617 2 78791
14 14 54X0 104606896 104712724 2 105828
14 14 55X0 106757835 106804825 3 46990
14 14 56X0 107789428 107811385 2 21957
14 14 57X0 107877535 108078434 2 200899
14 14 58X0 108092791 108219577 5 126786
14 14 59X0 108258857 108293932 2 35075
14 14 5X0 1523612 1600473 2 76861
14 14 60X0 113689923 114243182 8 553259
14 14 61X0 114419594 114596887 5 177293
14 14 62X0 115327752 115465100 2 137348
14 14 63X0 115605462 115681198 2 75736
14 14 64X0 119949097 120017547 2 68450
14 14 65X0 123452295 123676892 2 224597
14 14 66X0 123822607 123916257 2 93650
14 14 6X0 1800268 1828838 2 28570
14 14 7X0 4583826 4698350 3 114524
14 14 8X0 6348120 6448945 2 100825
14 14 9X0 6583473 6653075 2 69602
15 15 10X0 21546830 21610022 2 63192
15 15 11X0 21622877 21725243 2 102366
15 15 12X0 21786334 21852521 2 66187
15 15 13X0 24608660 24701762 2 93102
15 15 14X0 26082669 26091963 2 9294
15 15 15X0 30174037 30205450 2 31413
15 15 16X0 30229081 30418293 4 189212
15 15 17X0 37581802 37701838 2 120036
15 15 18X0 40145211 40253532 5 108321
15 15 19X0 40407986 40607684 2 199698
15 15 1X0 1241952 1508412 8 266460
15 15 20X0 41517847 41544713 2 26866
15 15 21X0 42490249 42556994 2 66745
15 15 22X0 42751947 42899330 2 147383
15 15 23X0 53911941 54290627 6 378686
15 15 24X0 55740803 55743452 2 2649
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
15 15 25X0 69974493 70086292 2 111799
15 15 26X0 70222606 70419537 3 196931
15 15 27X0 74650299 74800259 2 149960
15 15 28X0 89130117 89185988 2 55871
15 15 29X0 97223955 97255890 2 31935
15 15 2X0 2615711 2754242 5 138531
15 15 30X0 98268903 98319093 2 50190
15 15 31X0 102361139 102491892 4 130753
15 15 32X0 104313315 104393126 2 79811
15 15 33X0 106461567 106552290 2 90723
15 15 3X0 3335010 3390635 3 55625
15 15 4X0 4665637 4821026 2 155389
15 15 5X0 4868632 4893385 2 24753
15 15 6X0 8185795 8208118 2 22323
15 15 7X0 10194105 10269013 2 74908
15 15 8X0 11824975 11846106 2 21131
15 15 9X0 11951235 12164314 2 213079
16 16 10X0 7116938 7129762 3 12824
16 16 11X0 7764713 7844157 3 79444
16 16 12X0 8496517 8662897 2 166380
16 16 13X0 9991298 10337369 6 346071
16 16 14X0 15572462 15652645 2 80183
16 16 15X0 18813805 18962575 2 148770
16 16 16X0 22043968 22179735 2 135767
16 16 17X0 27453790 27562130 5 108340
16 16 18X0 28596949 28741813 3 144864
16 16 19X0 29059430 29301441 7 242011
16 16 1X0 1507675 1544476 2 36801
16 16 20X0 29455967 29529072 2 73105
16 16 21X0 30162941 30359727 10 196786
16 16 22X0 31608250 31634044 2 25794
16 16 23X0 31749291 31787889 2 38598
16 16 24X0 32032630 32114305 2 81675
16 16 25X0 32153095 32186650 2 33555
16 16 26X0 39298001 39385777 3 87776
16 16 27X0 41879167 41966212 2 87045
16 16 28X0 46789863 46862704 2 72841
16 16 29X0 46965915 46989880 2 23965
16 16 2X0 2820976 3097727 8 276751
16 16 30X0 47607457 47874881 10 267424
16 16 31X0 47935948 48168294 18 232346
16 16 32X0 48281687 48502158 14 220471
16 16 33X0 48714166 48738496 2 24330
16 16 34X0 48808995 48900162 2 91167
16 16 35X0 49081790 49231004 3 149214
16 16 36X0 49494425 49554584 2 60159
16 16 37X0 49729538 49743437 2 13899
16 16 38X0 50601228 50690356 2 89128
16 16 39X0 50743524 50757300 2 13776
16 16 3X0 3174764 3256740 2 81976
16 16 40X0 51960026 51982615 2 22589
16 16 41X0 52657518 52767709 2 110191
16 16 42X0 55986315 56021694 4 35379
16 16 43X0 58783886 59009519 3 225633
16 16 44X0 60608952 60859068 3 250116
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
16 16 44X1 60866955 61036970 2 170015
16 16 45X0 61805897 61883058 2 77161
16 16 46X0 66194447 66373215 4 178768
16 16 47X0 66575833 66602190 2 26357
16 16 48X0 67559150 67581015 2 21865
16 16 49X0 68280899 68356246 2 75347
16 16 4X0 4121144 4226968 2 105824
16 16 50X0 69800436 69823839 2 23403
16 16 51X0 71451813 71498599 2 46786
16 16 52X0 74396031 74435266 2 39235
16 16 5X0 4575234 4725166 2 149932
16 16 6X0 4793923 4832549 3 38626
16 16 7X0 6547845 6679181 2 131336
16 16 8X0 6705115 6711719 2 6604
16 16 9X0 6741766 6862469 3 120703
17 17 10X0 90308923 90368901 3 59978
17 17 1X0 848543 868575 2 20032
17 17 2X0 7085873 7252464 3 166591
17 17 3X0 9975810 10043109 2 67299
17 17 4X0 19803851 19877137 2 73286
17 17 5X0 30488205 30583011 2 94806
17 17 6X0 35523482 35579639 2 56157
17 17 7X0 77034360 77076886 2 42526
17 17 8X0 77740334 77761471 2 21137
17 17 9X0 80410588 80632432 2 221844
18 18 1X0 10041129 10070202 2 29073
18 18 2X0 23171208 23641665 6 470457
18 18 3X0 27353132 27456805 3 103673
18 18 4X0 37834608 37952824 2 118216
18 18 5X0 39199667 39207789 2 8122
18 18 6X0 56018493 56541796 12 523303
18 18 7X0 67003380 67088978 2 85598
19 19 1X0 544567 575425 4 30858
19 19 2X0 1737846 1812646 2 74800
19 19 3X0 44066552 44360147 16 293595
19 19 3X1 49996051 50498908 18 502857
19 19 3X10 11162736 11471582 10 308846
19 19 3X11 10904396 11089732 7 185336
19 19 3X12 46379420 46637310 7 257890
19 19 3X13 51162797 51338009 7 175212
19 19 3X14 46139808 46364790 6 224982
19 19 3X15 10728033 10873292 4 145259
19 19 3X16 46976465 47153864 6 177399
19 19 3X17 49009800 49225508 6 215708
19 19 3X18 50700902 50829376 4 128474
19 19 3X19 31570770 31832495 7 261725
19 19 3X2 37560086 37829181 11 269095
19 19 3X20 42360842 42397542 6 36700
19 19 3X21 2577066 2764088 5 187022
19 19 3X22 31858338 32110984 7 252646
19 19 3X23 47267077 47458676 6 191599
19 19 3X24 51016849 51094802 3 77953
19 19 3X25 37984861 38115464 4 130603
19 19 3X26 49350717 49574286 7 223569
19 19 3X27 31160512 31301588 4 141076
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
19 19 3X28 8487796 8677565 5 189769
19 19 3X29 30937723 31115997 4 178274
19 19 3X3 44385880 44763554 12 377674
19 19 3X30 36791566 37095476 6 303910
19 19 3X31 35393294 35582411 5 189117
19 19 3X32 31345752 31483982 4 138230
19 19 3X33 8255804 8427424 5 171620
19 19 3X34 37185492 37384371 5 198879
19 19 3X35 29918084 30064978 5 146894
19 19 3X36 50858689 50990589 3 131900
19 19 3X37 14266484 14444096 4 177612
19 19 3X38 47598516 47784993 4 186477
19 19 3X39 34413338 34612643 5 199305
19 19 3X4 48471476 48638453 9 166977
19 19 3X40 18275069 18614099 6 339030
19 19 3X41 2766724 2929803 3 163079
19 19 3X42 38159235 38335944 4 176709
19 19 3X43 30743937 30911143 3 167206
19 19 3X44 30411202 30495260 4 84058
19 19 3X45 48786300 48990613 4 204313
19 19 3X46 9201925 9272507 3 70582
19 19 3X47 45738576 45919730 4 181154
19 19 3X48 14452506 14623255 3 170749
19 19 3X49 45379984 45520578 4 140594
19 19 3X5 47798211 47983958 6 185747
19 19 3X50 35201273 35305947 3 104674
19 19 3X51 35922986 36094061 4 171075
19 19 3X52 33931747 34140340 4 208593
19 19 3X53 41172115 41235693 3 63578
19 19 3X54 38435903 38513330 2 77427
19 19 3X55 19554589 19767682 3 213093
19 19 3X56 5578380 5615990 3 37610
19 19 3X57 19231603 19413462 3 181859
19 19 3X58 10424999 10677240 3 252241
19 19 3X59 33598170 33654679 3 56509
19 19 3X6 44982929 45285302 10 302373
19 19 3X60 29753650 29785874 3 32224
19 19 3X61 33128897 33176847 3 47950
19 19 3X62 43272847 43292657 2 19810
19 19 3X63 18753278 18833991 2 80713
19 19 3X64 17804331 17856882 2 52551
19 19 3X65 39128704 39223003 2 94299
19 19 3X66 13175886 13271453 2 95567
19 19 3X67 20400693 20472594 2 71901
19 19 3X68 6168538 6200434 2 31896
19 19 3X69 43586176 43615127 2 28951
19 19 3X7 37841518 37971522 4 130004
19 19 3X70 36342170 36406224 2 64054
19 19 3X71 7375026 7403211 2 28185
19 19 3X72 14098648 14148483 2 49835
19 19 3X73 5329460 5413373 2 83913
19 19 3X74 29270699 29360633 2 89934
19 19 3X75 47994453 48142671 3 148218
19 19 3X76 27982713 28064442 2 81729
19 19 3X77 13603431 13633384 2 29953
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19 19 3X78 45570204 45665203 2 94999
19 19 3X79 6693022 6710164 2 17142
19 19 3X8 48703058 48782163 4 79105
19 19 3X80 9030510 9151494 2 120984
19 19 3X9 50508839 50663630 6 154791
2 2 10X0 83744233 83898733 5 154500
2 2 11X0 85335890 85365672 3 29782
2 2 12X0 85381892 85503909 4 122017
2 2 13X0 85547039 85671912 2 124873
2 2 14X0 85757896 85793890 2 35994
2 2 15X0 86354079 86570904 2 216825
2 2 16X0 88944791 89053721 4 108930
2 2 17X0 89352679 89876574 7 523895
2 2 18X0 91066433 91364965 8 298532
2 2 19X0 92971315 93218770 2 247455
2 2 1X0 18251137 18543776 6 292639
2 2 20X0 95344438 95402875 3 58437
2 2 21X0 97535216 97591498 2 56282
2 2 22X0 99241783 99312519 3 70736
2 2 23X0 101902425 101956283 3 53858
2 2 24X0 102305949 102501457 2 195508
2 2 25X0 116380015 116428251 2 48236
2 2 26X0 126323963 126507241 2 183278
2 2 27X0 128079009 128144110 2 65101
2 2 28X0 134768128 134875022 2 106894
2 2 29X0 135312266 135449916 5 137650
2 2 2X0 29277206 29314724 2 37518
2 2 30X0 137191462 137379733 3 188271
2 2 31X0 137801551 137876485 2 74934
2 2 32X0 139306586 139335160 2 28574
2 2 33X0 140140300 140504438 4 364138
2 2 34X0 147203511 147293234 2 89723
2 2 35X0 152731724 152809023 2 77299
2 2 36X0 155160161 155183977 2 23816
2 2 37X0 173323402 173587471 3 264069
2 2 38X0 181231972 181335549 2 103577
2 2 39X0 187930759 188108991 2 178232
2 2 3X0 32577094 32705841 2 128747
2 2 4X0 33936772 34075550 2 138778
2 2 5X0 42164266 42371138 2 206872
2 2 6X0 44598313 44741102 2 142789
2 2 7X0 50463855 50495252 2 31397
2 2 8X0 82769003 82822140 3 53137
2 2 9X0 83364214 83710055 3 345841
20 20 10X0 15013856 15194201 2 180345
20 20 11X0 18550368 18589456 2 39088
20 20 12X0 18649303 18900837 4 251534
20 20 13X0 20886535 21111932 2 225397
20 20 14X0 21402405 21438672 2 36267
20 20 15X0 25056573 25167298 2 110725
20 20 16X0 26576900 26623856 5 46956
20 20 17X0 26745974 26976505 3 230531
20 20 18X0 27096575 27108899 2 12324
20 20 19X0 27195343 27245509 2 50166
20 20 1X0 20709 47849 6 27140
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20 20 20X0 27268471 27289695 2 21224
20 20 21X0 27290415 27367872 3 77457
20 20 22X0 27483830 27651633 3 167803
20 20 23X0 30600476 30747485 2 147009
20 20 24X0 32564124 32585727 2 21603
20 20 25X0 38328721 38602917 5 274196
20 20 26X0 39223906 39388462 16 164556
20 20 27X0 40059444 40111259 3 51815
20 20 28X0 40320617 40380872 2 60255
20 20 29X0 48897557 49049380 3 151823
20 20 2X0 145915 228111 2 82196
20 20 30X0 49290236 49347183 3 56947
20 20 31X0 49509505 49558940 2 49435
20 20 32X0 50351887 50381217 3 29330
20 20 33X0 51051415 51249440 2 198025
20 20 34X0 54624390 54646089 2 21699
20 20 35X0 55228338 55260892 2 32554
20 20 36X0 56328503 56387992 2 59489
20 20 37X0 57099152 57122796 2 23644
20 20 38X0 57598717 57625003 2 26286
20 20 39X0 68460790 68528515 3 67725
20 20 3X0 467487 569240 4 101753
20 20 4X0 644140 661288 2 17148
20 20 5X0 1068589 1146283 6 77694
20 20 6X0 1853581 2093710 3 240129
20 20 7X0 2520799 2596183 4 75384
20 20 8X0 2882525 3233498 9 350973
20 20 9X0 14307675 14354047 2 46372
3 3 10X0 33754519 33788846 2 34327
3 3 11X0 37641652 37880734 4 239082
3 3 12X0 39235455 39326621 3 91166
3 3 13X0 40846145 40907282 2 61137
3 3 14X0 40986470 41134152 4 147682
3 3 15X0 41157031 41418440 5 261409
3 3 16X0 41577727 41631254 3 53527
3 3 17X0 41803324 41845784 2 42460
3 3 18X0 43600774 43633153 2 32379
3 3 19X0 44234908 44267834 2 32926
3 3 1X0 647973 793911 2 145938
3 3 20X0 45043281 45105780 2 62499
3 3 21X0 52555633 52720710 2 165077
3 3 22X0 52934647 53756563 6 821916
3 3 22X1 53897191 54277123 4 379932
3 3 23X0 65749110 65784955 2 35845
3 3 24X0 76297716 76520297 2 222581
3 3 25X0 78348132 78552036 2 203904
3 3 26X0 84093937 84242849 9 148912
3 3 27X0 87528757 87778242 2 249485
3 3 28X0 92175190 92202657 2 27467
3 3 29X0 94423086 94503864 2 80778
3 3 2X0 2062549 2197151 9 134602
3 3 30X0 105509198 105526809 2 17611
3 3 31X0 107111226 107235625 3 124399
3 3 32X0 108594557 108613552 2 18995
3 3 33X0 112247402 112337664 2 90262
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3 3 34X0 130484612 130626532 2 141920
3 3 35X0 146749684 146848933 2 99249
3 3 36X0 152845607 152942516 3 96909
3 3 37X0 157038046 157155174 2 117128
3 3 38X0 162047403 162127818 2 80415
3 3 39X0 164494764 164707556 2 212792
3 3 3X0 2896519 3053341 2 156822
3 3 40X0 165348257 165419243 6 70986
3 3 41X0 165526400 165586212 2 59812
3 3 42X0 166305654 166371075 2 65421
3 3 43X0 166463041 166738986 5 275945
3 3 44X0 171573338 172010150 7 436812
3 3 45X0 172299369 172517794 3 218425
3 3 46X0 172595014 172899008 8 303994
3 3 47X0 172963605 172977441 2 13836
3 3 48X0 173300674 173349089 2 48415
3 3 49X0 174120570 174264738 2 144168
3 3 4X0 4274295 4326710 3 52415
3 3 5X0 5149535 5221562 2 72027
3 3 6X0 13132827 13346289 4 213462
3 3 7X0 15918349 15955691 2 37342
3 3 8X0 16031540 16082292 4 50752
3 3 9X0 19707595 19840073 2 132478
4 4 10X0 28758004 29115245 5 357241
4 4 11X0 29439045 29532154 3 93109
4 4 12X0 29621844 29753362 6 131518
4 4 13X0 30837796 30927674 2 89878
4 4 14X0 30974023 31101483 5 127460
4 4 15X0 31107912 31161652 3 53740
4 4 16X0 31254869 31282382 2 27513
4 4 17X0 31838387 32672901 14 834514
4 4 18X0 35164582 35191334 2 26752
4 4 19X0 35233679 35539718 3 306039
4 4 1X0 2641019 2758475 3 117456
4 4 20X0 38674054 38802092 3 128038
4 4 21X0 40597148 40818454 5 221306
4 4 22X0 42554573 42787044 4 232471
4 4 23X0 45612361 45637673 2 25312
4 4 24X0 49043793 49208655 3 164862
4 4 25X0 49292791 49369736 4 76945
4 4 26X0 50051519 50174874 2 123355
4 4 27X0 51483908 51537196 2 53288
4 4 28X0 52151627 52233740 2 82113
4 4 29X0 69205963 69364234 6 158271
4 4 2X0 2935965 3001978 2 66013
4 4 30X0 69519910 69533627 2 13717
4 4 31X0 84889645 85027203 2 137558
4 4 32X0 101008965 101085061 2 76096
4 4 33X0 112908282 113275599 11 367317
4 4 34X0 125857221 126046023 2 188802
4 4 35X0 130399793 130477739 2 77946
4 4 36X0 130516697 130625122 6 108425
4 4 37X0 146611244 146714624 3 103380
4 4 38X0 146901740 146928510 2 26770
4 4 39X0 151707539 151886443 2 178904

395



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
4 4 3X0 7767015 7812810 2 45795
4 4 40X0 156167605 156484963 3 317358
4 4 41X0 156542040 156693439 3 151399
4 4 4X0 25737310 26295061 32 557751
4 4 5X0 26382728 26559936 6 177208
4 4 6X0 26898177 26913839 4 15662
4 4 7X0 27160040 27221517 2 61477
4 4 8X0 27589640 27674614 14 84974
4 4 9X0 27775861 28333511 14 557650
5 5 10X0 67850804 67948127 3 97323
5 5 11X0 70899475 70989534 3 90059
5 5 12X0 71241769 71294461 3 52692
5 5 13X0 71329254 71358222 2 28968
5 5 14X0 71425904 71551971 2 126067
5 5 15X0 71629844 72311045 6 681201
5 5 16X0 72366640 72937993 4 571353
5 5 17X0 89405686 89472167 2 66481
5 5 18X0 90100126 90270842 2 170716
5 5 19X0 94901734 95326625 7 424891
5 5 1X0 8113 400300 3 392187
5 5 20X0 98783678 98951319 2 167641
5 5 21X0 148841308 148892300 3 50992
5 5 22X0 149977826 150089529 2 111703
5 5 23X0 157597259 157626035 2 28776
5 5 24X0 159177060 159241855 2 64795
5 5 25X0 177394775 177397658 2 2883
5 5 26X0 180274249 180335245 2 60996
5 5 27X0 181966280 182021551 2 55271
5 5 2X0 6537426 6568091 2 30665
5 5 3X0 14514433 14662114 2 147681
5 5 4X0 37654767 37680773 2 26006
5 5 5X0 54183409 54277703 2 94294
5 5 6X0 58818576 58899009 2 80433
5 5 7X0 64063316 64184358 2 121042
5 5 8X0 65191176 65226912 3 35736
5 5 9X0 67165387 67623530 12 458143
6 6 10X0 77957541 78147834 2 190293
6 6 11X0 91354325 91607551 3 253226
6 6 12X0 121629387 121784793 2 155406
6 6 13X0 126638078 126741970 2 103892
6 6 14X0 134967178 134991320 2 24142
6 6 15X0 135239075 136245330 15 1006255
6 6 16X0 142136912 142751487 6 614575
6 6 17X0 144448311 144683171 3 234860
6 6 18X0 145624081 145826008 3 201927
6 6 19X0 151246575 151429844 3 183269
6 6 1X0 907326 1138947 3 231621
6 6 20X0 169730837 169975418 2 244581
6 6 21X0 172873369 173236698 6 363329
6 6 22X0 175075373 175309007 4 233634
6 6 2X0 14678279 14791639 2 113360
6 6 3X0 42813667 42876301 2 62634
6 6 4X0 51412146 51494879 2 82733
6 6 5X0 51641609 51818822 2 177213
6 6 6X0 52263923 52384577 2 120654
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6 6 7X0 65593674 65732336 2 138662
6 6 8X0 66675417 66810150 2 134733
6 6 9X0 71124408 71347684 3 223276
7 7 10X0 26117325 26255112 2 137787
7 7 11X0 39786996 39882761 2 95765
7 7 12X0 48209551 48359033 2 149482
7 7 13X0 48803766 48850018 2 46252
7 7 14X0 49314903 49553189 5 238286
7 7 15X0 53195539 53237045 2 41506
7 7 16X0 59603415 59812121 2 208706
7 7 17X0 63534794 63601796 2 67002
7 7 18X0 64461259 64490890 2 29631
7 7 19X0 64799140 65053802 2 254662
7 7 1X0 366233 409136 2 42903
7 7 20X0 76498472 77180872 7 682400
7 7 21X0 77564717 77748322 3 183605
7 7 22X0 78527482 78619110 4 91628
7 7 23X0 80012975 80030987 2 18012
7 7 24X0 80384518 80436134 2 51616
7 7 25X0 81035329 81409344 8 374015
7 7 26X0 81470090 81509629 2 39539
7 7 27X0 81564193 81695883 3 131690
7 7 28X0 93351277 93416605 2 65328
7 7 29X0 106690389 106785973 2 95584
7 7 2X0 4080107 4157962 2 77855
7 7 30X0 107347195 107551070 2 203875
7 7 31X0 109217453 109265841 2 48388
7 7 32X0 121424977 121469153 2 44176
7 7 33X0 124406109 124467484 2 61375
7 7 34X0 127000502 127195616 4 195114
7 7 35X0 130267731 130290686 2 22955
7 7 36X0 131621524 131836877 2 215353
7 7 37X0 132149858 132265845 2 115987
7 7 38X0 151133861 151492229 11 358368
7 7 39X0 152552477 152575069 2 22592
7 7 3X0 14737519 14855810 2 118291
7 7 40X0 153077390 153145343 2 67953
7 7 41X0 160033089 160070533 2 37444
7 7 4X0 16133459 16208066 2 74607
7 7 5X0 16496179 16810626 4 314447
7 7 6X0 17860630 17961154 3 100524
7 7 7X0 19497368 19568422 4 71054
7 7 8X0 23107028 23236510 2 129482
7 7 9X0 24804409 24915421 2 111012
8 8 10X0 81382699 81584624 2 201925
8 8 11X0 138235555 138759632 14 524077
8 8 12X0 139263215 139393641 2 130426
8 8 13X0 139604467 140292691 8 688224
8 8 1X0 6559708 7025847 17 466139
8 8 2X0 21070445 21300406 3 229961
8 8 3X0 21777415 21808370 2 30955
8 8 4X0 22418567 22651092 3 232525
8 8 5X0 37343909 38244755 6 900846
8 8 6X0 38316262 38415812 2 99550
8 8 7X0 41164338 41244382 2 80044
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8 8 8X0 52202157 52371778 2 169621
8 8 9X0 77362862 77618950 4 256088
9 9 10X0 60658307 60836362 2 178055
9 9 11X0 60849047 61159541 3 310494
9 9 12X0 81092862 81302895 5 210033
9 9 13X0 81795951 81894517 4 98566
9 9 14X0 85439029 85455530 2 16501
9 9 15X0 87092433 87365961 4 273528
9 9 16X0 89516965 89533271 2 16306
9 9 17X0 93322481 93422862 2 100381
9 9 18X0 93661061 93902501 2 241440
9 9 19X0 95727845 95761302 3 33457
9 9 1X0 1109569 1129687 2 20118
9 9 20X0 96547555 96591204 2 43649
9 9 21X0 108551782 108774480 4 222698
9 9 22X0 114942343 114982945 2 40602
9 9 23X0 115197578 115212384 2 14806
9 9 24X0 125629677 125761422 2 131745
9 9 2X0 5048952 5422386 4 373434
9 9 3X0 36250432 36687524 5 437092
9 9 4X0 38036244 38118086 3 81842
9 9 5X0 42417345 42442592 2 25247
9 9 6X0 46029491 46050616 2 21125
9 9 7X0 49989411 50021816 2 32405
9 9 8X0 50364075 50471109 4 107034
9 9 9X0 54897817 54963745 2 65928
KZ097459.1 KZ097459.1 1X0 31131 41356 2 10225
KZ097459.1 KZ097459.1 2X0 151059 174197 2 23138
X X 10X0 44529894 44625815 2 95921
X X 11X0 44990749 45230850 3 240101
X X 12X0 45284236 45600711 8 316475
X X 13X0 46331592 46359959 2 28367
X X 14X0 46475658 46776899 7 301241
X X 15X0 48290609 48483176 2 192567
X X 16X0 49354215 49627448 3 273233
X X 17X0 51847506 52060240 5 212734
X X 18X0 61832879 62020937 3 188058
X X 19X0 62909437 63033434 3 123997
X X 1X0 59676 166011 2 106335
X X 20X0 63288792 63295896 2 7104
X X 21X0 91777460 91853973 2 76513
X X 22X0 92132355 92169593 2 37238
X X 23X0 92369254 92458996 3 89742
X X 24X0 92693186 93026849 6 333663
X X 25X0 108341702 108406884 2 65182
X X 26X0 108979748 109029389 2 49641
X X 27X0 109745047 109755447 2 10400
X X 28X0 119210312 119243386 2 33074
X X 29X0 123550732 123638318 2 87586
X X 2X0 261604 469527 4 207923
X X 30X0 124140346 124200136 2 59790
X X 31X0 133491056 133512499 2 21443
X X 32X0 137844083 138143598 3 299515
X X 33X0 138778684 138980351 2 201667
X X 34X0 141267185 141340192 2 73007
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X X 35X0 141687299 142195409 5 508110
X X 36X0 142388354 142541992 3 153638
X X 3X0 6061983 6298432 2 236449
X X 4X0 10199151 10254992 2 55841
X X 5X0 10657467 10677887 2 20420
X X 6X0 12613017 12685330 2 72313
X X 7X0 21690383 21739275 2 48892
X X 8X0 23526790 23581127 3 54337
X X 9X0 43654346 43725125 2 70779

Pongo abelii

1 1 10X0 43175139 43272143 3 97004
1 1 11X0 43272188 43410438 4 138250
1 1 12X0 43447370 43719625 2 272255
1 1 13X0 44665793 45056544 3 390751
1 1 14X0 45132702 45380342 2 247640
1 1 15X0 46721044 47131282 6 410238
1 1 16X0 47985171 48183067 2 197896
1 1 17X0 53373965 53561177 3 187212
1 1 18X0 57543660 57793833 2 250173
1 1 19X0 67430398 67580707 2 150309
1 1 1X0 116903 126574 2 9671
1 1 20X0 68020989 68230770 3 209781
1 1 21X0 70944570 71019657 2 75087
1 1 22X0 77102798 77278249 2 175451
1 1 23X0 79767826 80037149 5 269323
1 1 24X0 81420296 81573194 3 152898
1 1 25X0 82577879 82619106 2 41227
1 1 26X0 88135662 88280825 2 145163
1 1 27X0 88573144 88877414 2 304270
1 1 28X0 89671275 89811417 5 140142
1 1 29X0 89997938 90870537 12 872599
1 1 2X0 351153 952872 14 601719
1 1 2X1 1041415 1497566 10 456151
1 1 30X0 91024775 91153683 2 128908
1 1 31X0 91182170 91257501 2 75331
1 1 32X0 91275075 91585661 8 310586
1 1 33X0 91872347 92241041 5 368694
1 1 34X0 92346538 92587360 4 240822
1 1 35X0 92626329 93054181 10 427852
1 1 36X0 93106559 93285130 5 178571
1 1 37X0 93707142 93976694 4 269552
1 1 38X0 94360560 94407090 2 46530
1 1 39X0 94619650 94663481 2 43831
1 1 3X0 1665206 2049511 6 384305
1 1 40X0 95434803 95620766 2 185963
1 1 41X0 95658387 95854927 2 196540
1 1 42X0 96355959 96429082 3 73123
1 1 43X0 96443599 96474142 2 30543
1 1 44X0 98181414 98241288 2 59874
1 1 45X0 98543765 99058625 8 514860
1 1 46X0 99663376 99733997 2 70621
1 1 47X0 100138513 100301469 2 162956
1 1 48X0 100556225 100595512 2 39287
1 1 49X0 100801197 100874600 2 73403
1 1 4X0 21083865 21202603 3 118738
1 1 50X0 101749768 101795644 4 45876
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1 1 51X0 107057302 107211915 2 154613
1 1 52X0 107261057 107382854 2 121797
1 1 53X0 111117980 111652426 5 534446
1 1 54X0 116826618 117047471 4 220853
1 1 55X0 117613675 117769650 3 155975
1 1 56X0 118533552 118611257 5 77705
1 1 57X0 118653858 118720081 2 66223
1 1 58X0 138931708 139289917 3 358209
1 1 59X0 139439471 139839660 6 400189
1 1 5X0 21545454 21666555 2 121101
1 1 60X0 142352108 142527119 3 175011
1 1 61X0 143928424 144062112 2 133688
1 1 62X0 150417592 150455325 2 37733
1 1 63X0 162007310 162239983 2 232673
1 1 64X0 176830087 177011428 2 181341
1 1 65X0 182770434 183063470 4 293036
1 1 66X0 185810965 185842449 2 31484
1 1 67X0 186556405 186763265 2 206860
1 1 68X0 187918047 187929516 2 11469
1 1 69X0 189550763 189643947 3 93184
1 1 6X0 23727082 23781855 2 54773
1 1 70X0 190321929 190627498 4 305569
1 1 71X0 194143237 194390189 3 246952
1 1 72X0 195116886 195255349 2 138463
1 1 73X0 195444720 195482951 3 38231
1 1 74X0 196702929 196933208 2 230279
1 1 75X0 197623743 197768344 2 144601
1 1 76X0 197867574 197963568 2 95994
1 1 77X0 198492878 198638703 2 145825
1 1 78X0 202705652 202994441 2 288789
1 1 79X0 206263802 206314027 2 50225
1 1 7X0 25828459 26039407 2 210948
1 1 80X0 207533782 207841626 5 307844
1 1 81X0 209573051 209635431 2 62380
1 1 82X0 210147756 210419959 6 272203
1 1 83X0 211035702 211080531 3 44829
1 1 84X0 213024724 213415498 5 390774
1 1 85X0 214391123 214422117 2 30994
1 1 86X0 214980515 215071434 2 90919
1 1 87X0 217050049 217445219 6 395170
1 1 88X0 217492855 217610888 2 118033
1 1 89X0 218432663 218448229 2 15566
1 1 8X0 37245559 37352531 2 106972
1 1 90X0 218629059 218659792 3 30733
1 1 91X0 221359700 221441633 2 81933
1 1 92X0 222554669 222558618 2 3949
1 1 93X0 223906888 223930448 2 23560
1 1 94X0 229056621 229135603 3 78982
1 1 9X0 42333912 42655641 3 321729
10 10 10X0 54853408 54885363 2 31955
10 10 11X0 55352502 55545226 3 192724
10 10 12X0 60049166 60122229 2 73063
10 10 13X0 66022422 66213559 2 191137
10 10 14X0 66225472 66668785 3 443313
10 10 15X0 85606251 85722068 3 115817
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species chromosome cluster start end duplicates length
10 10 16X0 87986244 88111388 5 125144
10 10 17X0 91797842 91814821 2 16979
10 10 18X0 93459060 93823829 3 364769
10 10 19X0 100162743 100268778 2 106035
10 10 1X0 5029068 5462087 5 433019
10 10 20X0 102534846 102565633 3 30787
10 10 21X0 103359381 103403709 2 44328
10 10 22X0 115870236 116096957 4 226721
10 10 23X0 122426918 122456071 2 29153
10 10 24X0 122757434 122772408 2 14974
10 10 2X0 5772699 5800353 2 27654
10 10 3X0 5936737 6222184 2 285447
10 10 4X0 7866402 8066629 2 200227
10 10 5X0 38167185 38485198 4 318013
10 10 6X0 42041267 42228444 4 187177
10 10 7X0 45217721 45250150 2 32429
10 10 8X0 45668575 45800638 2 132063
10 10 9X0 50685124 50704711 2 19587
11 11 10X0 8394932 8449094 2 54162
11 11 11X0 8467513 8643338 2 175825
11 11 12X0 9258387 9320462 3 62075
11 11 13X0 9374152 9390756 2 16604
11 11 15X0 11106266 11162530 2 56264
11 11 16X0 11353273 11404029 2 50756
11 11 17X0 11598526 12088887 3 490361
11 11 18X0 12151237 12224170 2 72933
11 11 19X0 12437711 12560060 3 122349
11 11 1X0 21316 597056 7 575740
11 11 20X0 12634659 13176571 5 541912
11 11 21X0 13323493 13572912 2 249419
11 11 22X0 13760335 14054661 5 294326
11 11 23X0 14383531 14539510 3 155979
11 11 24X0 15225720 15421185 2 195465
11 11 25X0 15634197 16450092 13 815895
11 11 26X0 16467230 16594273 2 127043
11 11 27X0 16663469 16700357 2 36888
11 11 28X0 16823493 17219598 4 396105
11 11 29X0 17702714 18059848 4 357134
11 11 2X0 630882 668407 2 37525
11 11 30X0 18315986 18762732 10 446746
11 11 31X0 19371148 19485055 2 113907
11 11 32X0 19502344 19515933 2 13589
11 11 33X0 20173620 20273513 3 99893
11 11 33X1 19659817 19922755 2 262938
11 11 34X0 24662152 24697985 2 35833
11 11 35X0 34647700 34835982 2 188282
11 11 36X0 51059519 51184685 2 125166
11 11 37X0 51537968 51748224 5 210256
11 11 38X0 55052528 55169107 2 116579
11 11 39X0 62375855 62683363 3 307508
11 11 3X0 800995 1044817 3 243822
11 11 40X0 63450805 63516929 2 66124
11 11 41X0 63551427 63692772 6 141345
11 11 42X0 65757023 66380788 20 623765
11 11 42X1 65347028 65701548 6 354520
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
11 11 42X2 64943901 65328323 12 384422
11 11 42X3 64194162 64880358 14 686196
11 11 42X4 67084509 67456303 6 371794
11 11 42X5 68600479 68661419 2 60940
11 11 43X0 69347408 69379296 2 31888
11 11 44X0 71168993 71268004 2 99011
11 11 45X0 72132182 72271802 2 139620
11 11 46X0 73507658 73681574 2 173916
11 11 47X0 81406972 81434724 2 27752
11 11 48X0 85592186 85717233 4 125047
11 11 49X0 98814418 99267694 6 453276
11 11 4X0 1689493 1804416 2 114923
11 11 50X0 101294526 101476464 4 181938
11 11 51X0 108653719 108659252 2 5533
11 11 52X0 110715030 110809868 2 94838
11 11 53X0 111358066 111538021 3 179955
11 11 54X0 113745243 113763109 2 17866
11 11 55X0 114746357 114804015 2 57658
11 11 56X0 114828568 115048940 2 220372
11 11 57X0 115066172 115201095 5 134923
11 11 58X0 115249965 115288792 3 38827
11 11 59X0 116258880 116690577 3 431697
11 11 5X0 3409602 3439676 2 30074
11 11 60X0 120016451 120027230 2 10779
11 11 61X0 120627008 121514157 20 887149
11 11 62X0 121711222 121913836 5 202614
11 11 63X0 125932437 126015982 2 83545
11 11 64X0 131373945 131477875 3 103930
11 11 6X0 3585683 3702076 2 116393
11 11 7X0 4471632 4482863 2 11231
11 11 8X0 6211139 6336738 3 125599
11 11 9X0 7051083 7084819 2 33736
11 random 11 random 1X0 455395 481474 2 26079
11 random 11 random 2X0 592816 664596 2 71780
12 12 10X0 15281797 15300052 2 18255
12 12 11X0 21972399 22193204 2 220805
12 12 12X0 27963807 27998944 2 35137
12 12 13X0 45720931 45930204 2 209273
12 12 14X0 48167456 48216845 2 49389
12 12 15X0 48510749 48730514 5 219765
12 12 16X0 48848233 48939471 2 91238
12 12 17X0 49424033 49588613 2 164580
12 12 18X0 49628791 49653950 3 25159
12 12 19X0 51614730 51711017 2 96287
12 12 1X0 4941464 5181880 3 240416
12 12 20X0 51870777 52717101 22 846324
12 12 21X0 52953770 53182901 2 229131
12 12 22X0 53190348 53260085 2 69737
12 12 23X0 53713386 53810922 8 97536
12 12 24X0 54415793 54433241 2 17448
12 12 25X0 54900091 55298240 8 398149
12 12 26X0 55686111 55922001 5 235890
12 12 27X0 56552994 56770443 3 217449
12 12 28X0 65898084 65997581 2 99497
12 12 29X0 68416021 68475701 2 59680
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
12 12 2X0 6999036 7048556 2 49520
12 12 30X0 75771715 75958630 3 186915
12 12 31X0 81210466 81222156 2 11690
12 12 32X0 91877793 92123453 4 245660
12 12 33X0 111579472 111780074 2 200602
12 12 34X0 114850421 114954397 3 103976
12 12 35X0 115358643 115406397 2 47754
12 12 36X0 122541666 122683572 2 141906
12 12 37X0 123387093 123513648 2 126555
12 12 38X0 136027268 136330758 8 303490
12 12 3X0 7295050 7376200 3 81150
12 12 4X0 8173029 8248705 2 75676
12 12 5X0 8451171 8577945 3 126774
12 12 6X0 8861851 9294445 3 432594
12 12 7X0 9777694 10904763 18 1127069
12 12 8X0 11122618 11604206 15 481588
12 12 9X0 13532299 13665587 2 133288
12 random 12 random 1X0 5466880 5750310 2 283430
12 random 12 random 2X0 10687425 10729543 2 42118
13 13 10X0 102301876 102325928 2 24052
13 13 11X0 105053903 105269650 2 215747
13 13 12X0 115735651 115801705 3 66054
13 13 1X0 19231933 19315376 3 83443
13 13 2X0 27232754 27411264 3 178510
13 13 3X0 27444198 27940323 3 496125
13 13 4X0 30382011 30451456 2 69445
13 13 5X0 31942634 32080630 2 137996
13 13 6X0 41096136 41161469 2 65333
13 13 7X0 48594999 48895731 2 300732
13 13 8X0 52370236 52502815 2 132579
13 13 9X0 101592947 101635074 2 42127
14 14 10X0 50765233 50971443 2 206210
14 14 11X0 52696363 52755430 2 59067
14 14 12X0 61238642 61453018 3 214376
14 14 13X0 65392881 65434694 2 41813
14 14 14X0 68660348 68717634 2 57286
14 14 15X0 71288349 71608036 3 319687
14 14 16X0 74702328 74780772 3 78444
14 14 17X0 76066639 76285852 2 219213
14 14 18X0 76441996 76715412 3 273416
14 14 19X0 95638032 96011119 11 373087
14 14 1X0 18932072 19560027 8 627955
14 14 20X0 97092466 97118433 2 25967
14 14 21X0 97628615 97678713 2 50098
14 14 22X0 101810162 101851261 2 41099
14 14 23X0 104761442 104798731 2 37289
14 14 24X0 108297670 108769425 12 471755
14 14 24X1 107387381 108206835 10 819454
14 14 2X0 19816078 20402743 13 586665
14 14 3X0 20961698 22029927 35 1068229
14 14 4X0 22496684 22517937 2 21253
14 14 5X0 23008940 23022259 2 13319
14 14 6X0 23092121 23817133 7 725012
14 14 7X0 23878130 23916776 2 38646
14 14 8X0 23987463 24120122 4 132659
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
14 14 9X0 45339838 45371470 3 31632
14 random 14 random 1X0 395447 596169 3 200722
14 random 14 random 2X0 2296615 2406988 2 110373
14 random 14 random 3X0 5406193 5988396 5 582203
14 random 14 random 4X0 7097176 7305495 2 208319
15 15 10X0 41515683 41588028 4 72345
15 15 11X0 45278252 45505261 2 227009
15 15 12X0 47031261 47154576 2 123315
15 15 13X0 48378343 48537610 2 159267
15 15 14X0 62438231 62520350 2 82119
15 15 15X0 70958354 71117830 2 159476
15 15 16X0 71566981 71614540 2 47559
15 15 17X0 72024756 72253705 5 228949
15 15 18X0 72255014 72434586 2 179572
15 15 19X0 76190877 76264482 3 73605
15 15 1X0 18725488 18755075 3 29587
15 15 20X0 79973383 80073268 2 99885
15 15 21X0 85246245 85296682 2 50437
15 15 22X0 85483654 85545030 2 61376
15 15 23X0 99078403 99138272 2 59869
15 15 2X0 19047271 19129955 2 82684
15 15 3X0 36519055 36643680 2 124625
15 15 4X0 37945138 38021010 2 75872
15 15 5X0 38227314 38240420 2 13106
15 15 6X0 38292898 38642068 4 349170
15 15 7X0 39650773 39755075 3 104302
15 15 8X0 39987205 40144086 4 156881
15 15 9X0 41311248 41496420 2 185172
15 random 15 random 1X0 4607639 4811350 2 203711
15 random 15 random 2X0 9435649 9639154 2 203505
16 16 10X0 19833475 20219011 5 385536
16 16 11X0 22281779 22497658 2 215879
16 16 12X0 22824449 22859895 2 35446
16 16 13X0 26589072 26698293 2 109221
16 16 14X0 28015878 28075909 2 60031
16 16 15X0 28150371 28302541 2 152170
16 16 16X0 29428158 29686837 9 258679
16 16 16X1 28909706 29303131 7 393425
16 16 17X0 29805497 29945066 2 139569
16 16 18X0 35018150 35171367 2 153217
16 16 19X0 43009650 43106133 3 96483
16 16 1X0 152493 172577 3 20084
16 16 20X0 43812381 43932098 5 119717
16 16 21X0 44619433 44652631 2 33198
16 16 22X0 44797321 44885075 3 87754
16 16 23X0 53838250 53984158 3 145908
16 16 24X0 54286490 54366825 3 80335
16 16 25X0 54567522 54751360 2 183838
16 16 26X0 55361933 55381336 2 19403
16 16 27X0 60351592 60388983 2 37391
16 16 28X0 62528313 62568641 2 40328
16 16 29X0 62846238 62906900 2 60662
16 16 2X0 609482 715297 4 105815
16 16 30X0 74219508 74291161 2 71653
16 16 31X0 76080675 76289385 2 208710
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
16 16 3X0 1240055 1248684 2 8629
16 16 4X0 2027108 2286345 4 259237
16 16 5X0 2809504 3033720 4 224216
16 16 6X0 3153351 3156011 2 2660
16 16 7X0 3236561 3524232 9 287671
16 16 8X0 16106107 16308465 2 202358
16 16 9X0 19729630 19771699 2 42069
16 random 16 random 1X0 11943690 11950650 2 6960
16 random 16 random 2X0 12024409 12036695 3 12286
17 17 10X0 8058330 8138427 2 80097
17 17 11X0 8850411 9009384 2 158973
17 17 12X0 10370079 10653164 4 283085
17 17 13X0 16891020 17013936 2 122916
17 17 14X0 23345091 23605235 4 260144
17 17 15X0 28988984 29102765 5 113781
17 17 16X0 29992788 30254399 4 261611
17 17 17X0 30648601 30886777 7 238176
17 17 18X0 31139885 31213662 2 73777
17 17 19X0 33869318 33938196 3 68878
17 17 1X0 1604475 1639220 2 34745
17 17 20X0 41999374 42026240 2 26866
17 17 21X0 42071423 42171598 2 100175
17 17 22X0 42877526 42997167 2 119641
17 17 23X0 45556173 45665207 2 109034
17 17 24X0 46544551 46580801 3 36250
17 17 25X0 47059554 47248009 3 188455
17 17 26X0 47291903 47429029 2 137126
17 17 27X0 47432523 47524617 2 92094
17 17 28X0 47590367 47619694 2 29327
17 17 29X0 47845693 48063136 12 217443
17 17 2X0 3132555 3328404 5 195849
17 17 2X1 2979361 3064452 4 85091
17 17 30X0 48101154 48375069 13 273915
17 17 31X0 48409478 48415520 2 6042
17 17 32X0 48425538 48758690 10 333152
17 17 33X0 53321899 53451726 2 129827
17 17 34X0 56570669 56761442 3 190773
17 17 35X0 58596129 58766760 2 170631
17 17 36X0 59862456 59974991 2 112535
17 17 37X0 64503367 64702711 5 199344
17 17 38X0 64924863 64951032 2 26169
17 17 39X0 65903288 65926771 2 23483
17 17 3X0 3403890 3486031 2 82141
17 17 40X0 66628431 66721779 2 93348
17 17 41X0 68152394 68181954 2 29560
17 17 42X0 72046745 72058938 2 12193
17 17 43X0 72825979 72866237 2 40258
17 17 4X0 3614719 3773174 2 158455
17 17 5X0 4347129 4454471 2 107342
17 17 6X0 5042773 5148690 3 105917
17 17 7X0 7041627 7048790 2 7163
17 17 8X0 7086413 7190723 3 104310
17 17 9X0 7438079 7445052 2 6973
17 random 17 random 10X0 16338439 16341851 2 3412
17 random 17 random 11X0 16591194 16610706 2 19512
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17 random 17 random 12X0 17278814 17297836 2 19022
17 random 17 random 1X0 9426 54502 2 45076
17 random 17 random 2X0 798551 882014 2 83463
17 random 17 random 3X0 3532793 3642991 2 110198
17 random 17 random 4X0 7267820 7487295 4 219475
17 random 17 random 5X0 11710134 11792062 2 81928
17 random 17 random 6X0 12412159 12633644 9 221485
17 random 17 random 7X0 13929441 13955285 2 25844
17 random 17 random 8X0 14094141 14130013 2 35872
18 18 1X0 29266653 29293304 2 26651
18 18 2X0 42955477 43533940 7 578463
18 18 3X0 44062098 44178135 2 116037
18 18 4X0 47338997 47477316 5 138319
18 18 5X0 58101965 58228261 2 126296
18 18 6X0 76307217 76866635 11 559418
18 18 7X0 88090650 88182515 2 91865
19 19 10X0 7011340 7124412 2 113072
19 19 11X0 7887245 7937726 3 50481
19 19 12X0 9276014 9419561 5 143547
19 19 13X0 9515168 9724054 5 208886
19 19 13X1 9753814 9975439 4 221625
19 19 14X0 10293309 10413146 2 119837
19 19 15X0 10461417 10485293 2 23876
19 19 16X0 12193031 12475643 6 282612
19 19 16X1 11989101 12126200 4 137099
19 19 16X2 12638727 12834172 4 195445
19 19 16X3 11662693 11905627 3 242934
19 19 17X0 12878745 12908044 2 29299
19 19 18X0 14520945 14619580 2 98635
19 19 19X0 14774802 14954977 2 180175
19 19 1X0 516900 718588 5 201688
19 19 20X0 15004902 15243315 6 238413
19 19 21X0 15698733 15761088 2 62355
19 19 22X0 15999134 16062077 2 62943
19 19 23X0 19636847 19686847 2 50000
19 19 24X0 20102737 20248034 3 145297
19 19 25X0 20435906 20560863 2 124957
19 19 26X0 20993308 21153556 2 160248
19 19 27X0 21799339 21910459 2 111120
19 19 28X0 22430141 22647945 3 217804
19 19 29X0 23761508 23849336 2 87828
19 19 30X0 35426008 35465010 2 39002
19 19 31X0 35666839 35703509 2 36670
19 19 32X0 35868613 35921004 3 52391
19 19 33X0 36020037 36120600 3 100563
19 19 34X0 36125401 36232721 4 107320
19 19 35X0 36645038 36864736 7 219698
19 19 36X0 52550995 52794552 12 243557
19 19 36X1 52861744 53179365 12 317621
19 19 36X10 60091898 60335134 6 243236
19 19 36X11 37266243 37592786 7 326543
19 19 36X12 44967849 45267199 7 299350
19 19 36X13 55089375 55333818 6 244443
19 19 36X14 50559816 50610629 7 50813
19 19 36X15 45481155 45725951 6 244796
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
19 19 36X16 38199723 38412041 4 212318
19 19 36X17 42795567 43144207 7 348640
19 19 36X18 51365775 51612710 6 246935
19 19 36X19 52324526 52466827 6 142301
19 19 36X2 60363299 60652479 10 289180
19 19 36X20 37636013 37823292 4 187279
19 19 36X21 42043572 42352179 5 308607
19 19 36X22 38419587 38604534 4 184947
19 19 36X23 57384137 57458269 5 74132
19 19 36X24 57620300 57870377 5 250077
19 19 36X25 55683046 55886672 5 203626
19 19 36X26 59754374 60047372 6 292998
19 19 36X27 37891034 38188832 4 297798
19 19 36X28 41375735 41585923 4 210188
19 19 36X29 57932688 58193349 5 260661
19 19 36X3 59236059 59724302 13 488243
19 19 36X30 45736837 46128001 6 391164
19 19 36X31 56315970 56460125 5 144155
19 19 36X32 53757679 53922241 3 164562
19 19 36X33 41145988 41362519 3 216531
19 19 36X34 39646383 39709872 3 63489
19 19 36X35 36943163 37226587 4 283424
19 19 36X36 54000908 54286697 4 285789
19 19 36X37 47343715 47547060 4 203345
19 19 36X38 56027739 56176192 4 148453
19 19 36X39 43353367 43507607 3 154240
19 19 36X4 56575326 56890693 9 315367
19 19 36X40 40170429 40234894 3 64465
19 19 36X41 39850800 39957520 2 106720
19 19 36X42 54374962 54553305 2 178343
19 19 36X43 43788425 43878016 2 89591
19 19 36X44 58864284 59189888 2 325604
19 19 36X5 45243650 45436445 5 192795
19 19 36X6 53318484 53658444 9 339960
19 19 36X7 54757016 54997145 8 240129
19 19 36X8 58369057 58675812 9 306755
19 19 36X9 44580297 44912314 9 332017
19 19 3X0 1941574 2026382 2 84808
19 19 4X0 2843767 2968363 2 124596
19 19 5X0 3004483 3057424 2 52941
19 19 6X0 3127290 3199535 2 72245
19 19 7X0 4482895 4518368 2 35473
19 19 8X0 5602142 5683866 2 81724
19 19 9X0 5840771 5856314 2 15543
19 random 19 random 1X0 2937949 3049464 2 111515
19 random 19 random 2X0 3239639 3482269 3 242630
19 random 19 random 3X0 3613511 3753610 2 140099
19 random 19 random 4X0 4652628 4819844 2 167216
19 random 19 random 5X0 5600629 5650548 2 49919
19 random 19 random 6X0 5984497 6027201 2 42704
19 random 19 random 7X0 6398700 6518661 2 119961
19 random 19 random 8X0 7106418 7168780 2 62362
19 random 19 random 9X0 7427867 7553615 2 125748
1 random 1 random 1X0 26099087 27283100 4 1184013
1 random 1 random 2X0 27856178 29736317 7 1880139
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
20 20 10X0 42607397 42780952 4 173555
20 20 11X0 43048426 43364709 6 316283
20 20 12X0 43434327 43463006 2 28679
20 20 13X0 44080914 44101578 2 20664
20 20 14X0 47662447 47712554 2 50107
20 20 15X0 54588055 54590534 2 2479
20 20 16X0 61940714 61958280 2 17566
20 20 17X0 62539647 62554164 2 14517
20 20 1X0 16480992 16611464 2 130472
20 20 2X0 18228117 18267019 2 38902
20 20 3X0 18631172 18971871 8 340699
20 20 4X0 25218228 25232173 2 13945
20 20 5X0 25896216 26031406 2 135190
20 20 6X0 26692686 26909947 5 217261
20 20 7X0 27886459 28059846 2 173387
20 20 8X0 28157973 28591882 13 433909
20 20 9X0 32882308 32974566 2 92258
20 random 20 random 1X0 3245792 3474136 2 228344
20 random 20 random 2X0 5081233 5147944 3 66711
21 21 10X0 45115703 45273169 2 157466
21 21 11X0 46076718 46233699 9 156981
21 21 1X0 27329279 27456498 2 127219
21 21 2X0 31025396 31173617 7 148221
21 21 3X0 31223832 31391014 8 167182
21 21 4X0 34211607 34426995 3 215388
21 21 5X0 35399246 35475696 2 76450
21 21 6X0 37097577 37176997 2 79420
21 21 7X0 42531367 42639527 2 108160
21 21 8X0 43006463 43216723 2 210260
21 21 9X0 43603927 43681525 3 77598
21 random 21 random 1X0 2641418 2656484 2 15066
22 22 10X0 36492778 36548750 2 55972
22 22 11X0 37402620 37433056 2 30436
22 22 12X0 37790371 37869090 2 78719
22 22 13X0 38353490 38508752 2 155262
22 22 14X0 39243804 39314753 2 70949
22 22 15X0 45921781 45941925 2 20144
22 22 1X0 17266867 17429864 7 162997
22 22 2X0 17494726 17522254 2 27528
22 22 4X0 18156239 18221823 2 65584
22 22 5X0 19120411 19158203 2 37792
22 22 6X0 25339858 25453732 3 113874
22 22 7X0 31273450 31335417 2 61967
22 22 8X0 32137266 32156504 2 19238
22 22 9X0 34184902 34297113 4 112211
2a 2a 10X0 24462674 24500202 2 37528
2a 2a 11X0 31318048 31469923 4 151875
2a 2a 12X0 39957483 39983828 2 26345
2a 2a 13X0 41711365 41752036 2 40671
2a 2a 14X0 64172547 64467828 2 295281
2a 2a 15X0 66360786 66428025 2 67239
2a 2a 16X0 67560083 67631990 2 71907
2a 2a 17X0 72260990 72530580 2 269590
2a 2a 18X0 74468046 74686263 2 218217
2a 2a 19X0 84518186 84750934 2 232748
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
2a 2a 1X0 3396303 3465868 3 69565
2a 2a 20X0 109247456 109262765 2 15309
2a 2a 2X0 6826444 6890999 2 64555
2a 2a 3X0 9619254 10128259 6 509005
2a 2a 4X0 10151152 10394110 2 242958
2a 2a 5X0 16304549 16723487 4 418938
2a 2a 6X0 20760225 21154139 9 393914
2a 2a 7X0 21233354 21270562 2 37208
2a 2a 8X0 21450437 22297377 23 846940
2a 2a 9X0 23221472 23298616 2 77144
2a random 2a random 1X0 39391 74755 2 35364
2a random 2a random 2X0 80692 150400 2 69708
2a random 2a random 3X0 11133355 11300445 2 167090
2a random 2a random 4X0 12318454 12333986 2 15532
2b 2b 10X0 66234263 66348235 9 113972
2b 2b 11X0 67752940 67824744 2 71804
2b 2b 12X0 79725835 79929327 2 203492
2b 2b 13X0 81753792 81926730 2 172938
2b 2b 14X0 92379117 92547147 3 168030
2b 2b 15X0 93420367 93551318 2 130951
2b 2b 16X0 95145817 95403282 3 257465
2b 2b 17X0 108412227 108470342 2 58115
2b 2b 18X0 109978878 110107996 3 129118
2b 2b 19X0 110709578 110745105 2 35527
2b 2b 1X0 15379699 15601347 2 221648
2b 2b 20X0 124766111 124861685 2 95574
2b 2b 21X0 124933737 124953746 2 20009
2b 2b 2X0 21143074 21169816 3 26742
2b 2b 3X0 38616628 38876133 2 259505
2b 2b 4X0 40646455 40690503 2 44048
2b 2b 5X0 47189490 47483077 2 293587
2b 2b 6X0 51786827 52039877 2 253050
2b 2b 7X0 55839086 56356760 3 517674
2b 2b 8X0 59548316 59812380 2 264064
2b 2b 9X0 62210746 62228558 2 17812
3 3 10X0 60006083 60037508 2 31425
3 3 11X0 93501666 93558742 3 57076
3 3 12X0 94075144 94426972 5 351828
3 3 13X0 94485152 94616493 4 131341
3 3 14X0 96170017 96190403 2 20386
3 3 15X0 96213142 96335426 2 122284
3 3 16X0 97177218 97381880 2 204662
3 3 17X0 100193200 100672889 5 479689
3 3 18X0 101870988 102157613 7 286625
3 3 19X0 103733983 104001270 2 267287
3 3 1X0 3099021 3324283 2 225262
3 3 20X0 106184861 106242388 3 57527
3 3 21X0 107350567 107419255 2 68688
3 3 22X0 107735264 108155670 3 420406
3 3 23X0 108220396 108527802 4 307406
3 3 24X0 114465907 114734168 3 268261
3 3 25X0 133681755 133704325 2 22570
3 3 26X0 136209625 136301425 2 91800
3 3 27X0 141513176 141552962 3 39786
3 3 28X0 141971361 142063204 2 91843
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
3 3 29X0 148904195 149236701 3 332506
3 3 2X0 7572783 7704482 2 131699
3 3 30X0 151609353 151675314 2 65961
3 3 31X0 152101707 152305786 3 204079
3 3 32X0 154199244 154243872 3 44628
3 3 33X0 161864020 161932465 2 68445
3 3 34X0 173354576 173432074 3 77498
3 3 35X0 187287741 187514032 2 226291
3 3 36X0 187884223 187966126 3 81903
3 3 37X0 190425158 190529553 3 104395
3 3 38X0 194093947 194221255 2 127308
3 3 39X0 197209548 197511474 2 301926
3 3 3X0 9952479 10169756 3 217277
3 3 40X0 198346539 198403641 3 57102
3 3 4X0 19557166 20007210 3 450044
3 3 5X0 20337435 20515530 2 178095
3 3 6X0 23507511 23548048 2 40537
3 3 7X0 24306699 24519954 2 213255
3 3 8X0 34768076 35119236 6 351160
3 3 9X0 58857067 59082826 2 225759
3 random 3 random 1X0 18639529 18656003 2 16474
4 4 10X0 71480573 72695560 8 1214987
4 4 11X0 72766571 72905269 2 138698
4 4 12X0 73060535 73112999 3 52464
4 4 13X0 73427152 73470045 3 42893
4 4 14X0 76650883 76759521 3 108638
4 4 15X0 77011891 77378866 10 366975
4 4 16X0 77583380 78082773 4 499393
4 4 17X0 79329282 79361879 3 32597
4 4 18X0 80374925 80507003 2 132078
4 4 19X0 85857444 85935867 2 78423
4 4 1X0 39763 457093 4 417330
4 4 20X0 91189192 91285909 2 96717
4 4 21X0 103343984 103742325 5 398341
4 4 22X0 107357809 107532144 2 174335
4 4 23X0 159706987 159710062 2 3075
4 4 24X0 160420038 160476696 3 56658
4 4 25X0 161558664 161679109 2 120445
4 4 26X0 169667186 169694491 2 27305
4 4 27X0 171410027 172213408 4 803381
4 4 28X0 174830583 175100547 2 269964
4 4 29X0 191487273 191490170 2 2897
4 4 2X0 6362695 6431076 3 68381
4 4 30X0 194467196 194562760 2 95564
4 4 31X0 196415863 196480303 2 64440
4 4 3X0 7382834 7699398 2 316564
4 4 4X0 15434275 15563433 2 129158
4 4 5X0 39822110 39883241 3 61131
4 4 6X0 49568397 49676444 2 108047
4 4 7X0 50345417 50425636 2 80219
4 4 8X0 50811419 50956431 2 145012
4 4 9X0 50999792 51729583 5 729791
4 random 4 random 1X0 3464664 3715729 2 251065
5 5 10X0 76738265 76967691 3 229426
5 5 11X0 79207953 79273758 2 65805
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
5 5 12X0 83695837 83907869 2 212032
5 5 13X0 97461804 97645577 2 183773
5 5 14X0 133752322 133851866 2 99544
5 5 15X0 142164982 142192020 2 27038
5 5 16X0 142299496 143493885 22 1194389
5 5 17X0 149568782 150232065 6 663283
5 5 18X0 150352662 150737447 2 384785
5 5 19X0 152000386 152250123 3 249737
5 5 1X0 1208501 1471215 3 262714
5 5 20X0 153321641 153558195 3 236554
5 5 21X0 159137805 159369167 3 231362
5 5 22X0 179763132 180139214 2 376082
5 5 23X0 181299033 181677914 5 378881
5 5 24X0 183278599 183769099 4 490500
5 5 2X0 15428269 15550725 2 122456
5 5 3X0 56282528 56369891 2 87363
5 5 4X0 56518781 57085892 3 567111
5 5 5X0 57124242 57269709 2 145467
5 5 6X0 71146833 71293106 2 146273
5 5 7X0 71489762 71611767 3 122005
5 5 8X0 72257670 72398089 2 140419
5 5 9X0 73899735 74032026 2 132291
6 6 10X0 31837499 32003335 3 165836
6 6 11X0 32044398 32163969 5 119571
6 6 12X0 32174774 32218001 2 43227
6 6 13X0 32310281 32318293 2 8012
6 6 14X0 32427810 32455767 2 27957
6 6 15X0 32672457 33220331 5 547874
6 6 16X0 35785343 35806269 3 20926
6 6 17X0 35840871 36574746 4 733875
6 6 18X0 39225240 39356220 3 130980
6 6 19X0 41234657 41432095 5 197438
6 6 1X0 2825816 2969339 3 143523
6 6 20X0 42289932 42311433 2 21501
6 6 21X0 43114270 43365834 4 251564
6 6 22X0 46122030 46163874 2 41844
6 6 23X0 46851646 47052531 2 200885
6 6 24X0 47697289 47744110 2 46821
6 6 25X0 49833779 50001332 3 167553
6 6 26X0 50110159 50229419 5 119260
6 6 27X0 50991192 51129663 2 138471
6 6 28X0 52537100 52594591 2 57491
6 6 29X0 53158971 53393601 4 234630
6 6 2X0 26798935 27630964 36 832029
6 6 30X0 64833357 65320951 4 487594
6 6 31X0 73721083 73875712 4 154629
6 6 32X0 96894605 96926400 2 31795
6 6 33X0 106988947 107054013 2 65066
6 6 34X0 118528749 118555835 2 27086
6 6 35X0 118740734 118837453 3 96719
6 6 36X0 135410500 135474766 3 64266
6 6 37X0 135513837 135589140 3 75303
6 6 38X0 139958374 140128612 3 170238
6 6 39X0 153033345 153196309 5 162964
6 6 3X0 28025661 28040029 2 14368
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
6 6 40X0 163643173 163980617 3 337444
6 6 41X0 164017530 164295362 2 277832
6 6 42X0 170753016 170774761 2 21745
6 6 43X0 174164505 174181924 2 17419
6 6 4X0 28296933 28369006 2 72073
6 6 5X0 28708529 28791355 14 82826
6 6 6X0 28825973 28946893 3 120920
6 6 7X0 28959838 29923668 12 963830
6 6 8X0 30033706 30553016 11 519310
6 6 9X0 30686952 31203118 4 516166
6 cox hap1 6 cox hap1 1X0 161620 312005 6 150385
6 cox hap1 6 cox hap1 2X0 778220 796237 2 18017
6 cox hap1 6 cox hap1 3X0 1082119 1178965 2 96846
6 cox hap1 6 cox hap1 4X0 1275513 1335637 2 60124
6 cox hap1 6 cox hap1 5X0 1353385 1385259 4 31874
6 cox hap1 6 cox hap1 6X0 1463679 1483453 2 19774
6 cox hap1 6 cox hap1 7X0 1609129 1632902 2 23773
6 qbl hap2 6 qbl hap2 1X0 123320 264780 2 141460
6 random 6 random 1X0 23087 66227 2 43140
7 7 10X0 13004250 13571714 3 567464
7 7 11X0 14221812 14390628 4 168816
7 7 12X0 22270735 23421138 7 1150403
7 7 13X0 27500811 28091072 3 590261
7 7 14X0 38231369 38265471 2 34102
7 7 15X0 39271875 39289540 2 17665
7 7 16X0 45770205 45864918 3 94713
7 7 17X0 48914432 49180840 2 266408
7 7 18X0 51101798 51322307 2 220509
7 7 19X0 57200101 57359549 12 159448
7 7 1X0 6645535 6711435 3 65900
7 7 20X0 60580983 60847060 2 266077
7 7 21X0 65449222 65484620 2 35398
7 7 22X0 67802393 67895359 2 92966
7 7 23X0 79006433 79025282 2 18849
7 7 24X0 80638810 80767916 3 129106
7 7 25X0 82179616 82199278 2 19662
7 7 26X0 82994395 83038819 2 44424
7 7 27X0 85960743 86050941 2 90198
7 7 28X0 88818398 89024481 2 206083
7 7 29X0 103837588 103982033 2 144445
7 7 2X0 8228532 8300415 2 71883
7 7 30X0 104103904 104307099 2 203195
7 7 31X0 113027889 113089251 2 61362
7 7 32X0 120628075 120752068 2 123993
7 7 33X0 125553651 125612643 2 58992
7 7 34X0 127209144 127345287 3 136143
7 7 35X0 131544168 131647055 2 102887
7 7 36X0 136682747 136778225 2 95478
7 7 37X0 139062234 139262379 2 200145
7 7 38X0 139291117 139442037 2 150920
7 7 39X0 139591793 139635199 2 43406
7 7 3X0 8376263 8542771 4 166508
7 7 40X0 139699927 140302779 25 602852
7 7 41X0 140706635 141673530 15 966895
7 7 42X0 146817369 147594846 7 777477

412



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
7 7 43X0 147977427 148007975 2 30548
7 7 44X0 148064855 148401880 7 337025
7 7 45X0 148712011 148914946 2 202935
7 7 46X0 149624907 149790231 2 165324
7 7 4X0 8558677 8846993 4 288316
7 7 5X0 9004108 9065109 3 61001
7 7 6X0 9407780 9451815 2 44035
7 7 7X0 10265873 10273679 2 7806
7 7 8X0 10722886 10755668 2 32782
7 7 9X0 12436355 12476157 2 39802
7 random 7 random 1X0 10285383 10449747 2 164364
7 random 7 random 2X0 17218282 17224106 2 5824
7 random 7 random 3X0 18237122 18245692 2 8570
8 8 10X0 40347981 40460346 2 112365
8 8 11X0 43225407 43298173 2 72766
8 8 12X0 54576530 54902868 2 326338
8 8 13X0 57719857 57892692 2 172835
8 8 14X0 77378823 77618423 2 239600
8 8 15X0 84191798 84446568 5 254770
8 8 16X0 88240691 88617610 4 376919
8 8 17X0 151027869 151585278 10 557409
8 8 18X0 151636958 152056637 3 419679
8 8 19X0 152465530 152626837 2 161307
8 8 1X0 7112116 7856830 14 744714
8 8 20X0 153084612 153343637 7 259025
8 8 2X0 9373797 9416503 2 42706
8 8 3X0 17609597 17813172 2 203575
8 8 4X0 22603729 22860209 3 256480
8 8 5X0 23329852 23358051 2 28199
8 8 6X0 23974113 24219265 3 245152
8 8 7X0 24679313 24723879 2 44566
8 8 8X0 38513536 38557477 2 43941
8 8 9X0 39297999 39607187 2 309188
8 random 8 random 1X0 9057416 9076836 2 19420
9 9 10X0 88141275 88271546 4 130271
9 9 11X0 90486942 90572114 2 85172
9 9 12X0 100698259 100898942 3 200683
9 9 13X0 100928986 100950767 2 21781
9 9 14X0 105219517 105228504 2 8987
9 9 15X0 106621931 106718024 2 96093
9 9 16X0 109624117 109739684 2 115567
9 9 17X0 109751351 109819111 2 67760
9 9 18X0 119300112 119610713 5 310601
9 9 19X0 119760579 119769982 2 9403
9 9 1X0 25542296 25569549 2 27253
9 9 20X0 121372152 121668149 2 295997
9 9 21X0 123726708 123774888 2 48180
9 9 22X0 124806440 124839675 2 33235
9 9 23X0 125192722 125480877 2 288155
9 9 24X0 126711146 126732771 2 21625
9 9 25X0 129303450 129414404 2 110954
9 9 26X0 130136556 130255350 3 118794
9 9 27X0 130290478 130307710 2 17232
9 9 28X0 130371388 130525940 2 154552
9 9 29X0 132504094 132524781 2 20687
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
9 9 2X0 25750625 25954532 2 203907
9 9 30X0 133733366 133984495 7 251129
9 9 3X0 26909610 26927831 2 18221
9 9 4X0 26956024 27068359 2 112335
9 9 5X0 28226064 28277540 2 51476
9 9 6X0 40651810 41099976 11 448166
9 9 7X0 57250597 57372268 2 121671
9 9 8X0 57637563 57803411 3 165848
9 9 9X0 62018480 62238066 2 219586
9 random 9 random 1X0 6830212 6879549 2 49337
Un Un 1X0 2095221 2106268 2 11047
Un Un 2X0 6844754 6912379 3 67625
Un Un 3X0 7053964 7100713 2 46749
Un Un 4X0 7517253 8180344 5 663091
Un Un 5X0 8770117 8799925 2 29808
Un Un 6X0 11978513 11996003 2 17490
Un Un 7X0 12113288 12141809 2 28521
X X 10X0 42031161 42308029 3 276868
X X 11X0 44279402 44502945 2 223543
X X 12X0 47214021 47311358 2 97337
X X 13X0 48011409 48868879 7 857470
X X 14X0 49087801 49154954 2 67153
X X 15X0 49960496 49992060 2 31564
X X 16X0 50109756 50362221 4 252465
X X 17X0 51900379 52092065 2 191686
X X 18X0 52192395 52281664 2 89269
X X 19X0 52474591 52653048 2 178457
X X 1X0 1104597 1246696 2 142099
X X 20X0 52940396 53247407 5 307011
X X 21X0 55707608 55753336 2 45728
X X 22X0 57618950 57728483 3 109533
X X 23X0 62905092 63088970 2 183878
X X 24X0 67699766 67886781 3 187015
X X 25X0 76426524 76886867 3 460343
X X 26X0 100495115 100661183 5 166068
X X 27X0 101512467 101675964 4 163497
X X 28X0 102010354 102785595 10 775241
X X 29X0 106789624 107076544 2 286920
X X 2X0 1353004 1594993 2 241989
X X 30X0 119134167 119176135 2 41968
X X 31X0 119916232 119921777 2 5545
X X 32X0 134436691 134919800 5 483109
X X 33X0 149725731 149908775 2 183044
X X 34X0 150640181 150813560 2 173379
X X 35X0 152876766 152893187 2 16421
X X 36X0 153553022 153644120 2 91098
X X 37X0 153898123 154394134 6 496011
X X 38X0 154597550 154793515 3 195965
X X 3X0 2299755 2423837 2 124082
X X 4X0 2530390 2747522 4 217132
X X 5X0 7542310 7876823 2 334513
X X 6X0 8525980 8775763 2 249783
X X 7X0 15200737 15274777 2 74040
X X 8X0 26372396 26399761 2 27365
X X 9X0 30477878 30505952 3 28074

414



Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
X random X random 1X0 8377115 8399351 2 22236

Rattus norvegicus

1 1 100X0 214446659 214473741 2 27082
1 1 101X0 215830983 215858034 2 27051
1 1 102X0 216191886 216253311 2 61425
1 1 103X0 216941913 216971183 3 29270
1 1 104X0 218003018 218061693 3 58675
1 1 105X0 218466289 218488783 2 22494
1 1 106X0 219145680 219207182 2 61502
1 1 107X0 219291679 219312240 2 20561
1 1 108X0 219329574 219388009 2 58435
1 1 109X0 220009397 220067124 3 57727
1 1 10X0 60117804 60634546 7 516742
1 1 10X1 59765835 60088406 5 322571
1 1 110X0 220353356 220448989 3 95633
1 1 111X0 221043119 221129654 2 86535
1 1 112X0 221673590 221725656 2 52066
1 1 113X0 222619523 222677372 2 57849
1 1 114X0 222861777 222937633 2 75856
1 1 115X0 224319918 224833259 5 513341
1 1 116X0 225591969 225902676 6 310707
1 1 117X0 227016803 227506822 13 490019
1 1 118X0 227592635 227992623 8 399988
1 1 119X0 227998591 228053645 2 55054
1 1 11X0 61268248 61872975 11 604727
1 1 11X1 62112797 62558033 5 445236
1 1 120X0 228225398 228685348 11 459950
1 1 121X0 229039889 229080410 2 40521
1 1 122X0 229722768 230269929 19 547161
1 1 122X1 230297117 230812750 17 515633
1 1 122X2 229416489 229481119 4 64630
1 1 122X3 229100752 229108849 2 8097
1 1 123X0 247473292 247486202 2 12910
1 1 124X0 248895738 248956446 2 60708
1 1 125X0 251325923 251365385 2 39462
1 1 126X0 252102219 252428774 6 326555
1 1 127X0 252894663 252946170 4 51507
1 1 128X0 256370850 256386729 2 15879
1 1 129X0 257970345 258252448 3 282103
1 1 12X0 62665651 62979941 4 314290
1 1 130X0 266908369 266934303 3 25934
1 1 131X0 267607416 267640402 2 32986
1 1 13X0 63184734 63334176 5 149442
1 1 14X0 63679769 64254564 7 574795
1 1 15X0 64330106 64405149 2 75043
1 1 16X0 64480929 64492526 3 11597
1 1 17X0 65522118 65857872 10 335754
1 1 18X0 65937952 66021670 2 83718
1 1 19X0 66637868 66645214 2 7346
1 1 1X0 699413 813517 3 114104
1 1 20X0 66663965 66688422 2 24457
1 1 21X0 67274428 67351707 2 77279
1 1 22X0 67660337 67918469 3 258132
1 1 23X0 68176904 68240174 3 63270
1 1 24X0 69615603 69879804 6 264201
1 1 25X0 70222964 70266809 2 43845
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 26X0 70437776 70496347 5 58571
1 1 27X0 71167156 71447195 7 280039
1 1 28X0 71765944 71787211 2 21267
1 1 29X0 71844368 72230961 6 386593
1 1 2X0 1101965 1619634 5 517669
1 1 30X0 72338877 72468738 9 129861
1 1 31X0 72491780 72545329 2 53549
1 1 32X0 72882806 72899629 2 16823
1 1 33X0 73040901 73423448 6 382547
1 1 34X0 73610149 73868695 3 258546
1 1 35X0 75131348 75195678 2 64330
1 1 36X0 77745288 77789397 2 44109
1 1 37X0 78166810 78195328 2 28518
1 1 38X0 78622590 78663970 2 41380
1 1 39X0 79065532 79708639 9 643107
1 1 3X0 22319353 22596475 16 277122
1 1 40X0 80639785 80912082 6 272297
1 1 41X0 80920747 81163689 6 242942
1 1 42X0 81208212 81733957 8 525745
1 1 43X0 81952067 82003691 2 51624
1 1 44X0 83003841 83049924 2 46083
1 1 45X0 83103925 83523310 5 419385
1 1 45X1 83573032 83969465 5 396433
1 1 46X0 84328114 84491466 3 163352
1 1 47X0 84530669 84950210 11 419541
1 1 48X0 85112834 85201757 2 88923
1 1 49X0 85236243 85253635 2 17392
1 1 4X0 22614783 22661377 2 46594
1 1 50X0 85509662 85517360 2 7698
1 1 51X0 86073435 86534023 5 460588
1 1 52X0 86873253 86919236 2 45983
1 1 53X0 87019975 87047221 2 27246
1 1 54X0 88206813 88690534 13 483721
1 1 54X1 87563975 87915794 6 351819
1 1 55X0 88875375 88881460 2 6085
1 1 56X0 88910415 88950559 2 40144
1 1 57X0 89132531 89150862 2 18331
1 1 58X0 89268938 89309379 3 40441
1 1 59X0 89314632 89560469 7 245837
1 1 5X0 37802592 37932084 3 129492
1 1 60X0 97712177 97784139 2 71962
1 1 61X0 98398660 98455920 2 57260
1 1 62X0 98487631 98501249 3 13618
1 1 63X0 98513116 98570949 2 57833
1 1 64X0 99299011 100203260 32 904249
1 1 65X0 100859349 100887853 2 28504
1 1 66X0 101120325 101131193 3 10868
1 1 67X0 101249522 101277204 2 27682
1 1 68X0 101599018 101664436 3 65418
1 1 69X0 102941231 103014388 2 73157
1 1 6X0 38528185 38586563 2 58378
1 1 70X0 103298174 104024682 11 726508
1 1 71X0 114348038 114422733 2 74695
1 1 72X0 122981755 123019522 2 37767
1 1 73X0 140584380 140608946 2 24566
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
1 1 74X0 141532390 141553230 2 20840
1 1 75X0 146976975 147077568 4 100593
1 1 76X0 148846679 148863446 2 16767
1 1 77X0 149578357 150311257 20 732900
1 1 78X0 156262031 156291052 2 29021
1 1 79X0 164706276 164756039 2 49763
1 1 7X0 47972425 48025579 2 53154
1 1 80X0 165482155 165512744 2 30589
1 1 81X0 165972440 166037424 2 64984
1 1 82X0 166915045 166943592 2 28547
1 1 83X0 166986013 167005839 2 19826
1 1 84X0 167192810 167206614 2 13804
1 1 85X0 167587641 168177139 32 589498
1 1 85X1 168196862 168547009 20 350147
1 1 85X2 168575090 168905659 20 330569
1 1 85X3 168929814 169270329 21 340515
1 1 85X4 169616178 170206460 31 590282
1 1 85X5 169305232 169598835 15 293603
1 1 86X0 170693928 171275249 23 581321
1 1 87X0 172599610 173048604 17 448994
1 1 87X1 172051215 172567846 18 516631
1 1 87X2 173128094 173469699 6 341605
1 1 88X0 189166747 189199376 2 32629
1 1 89X0 189241593 189541224 4 299631
1 1 8X0 48069194 48108216 2 39022
1 1 90X0 192115966 192142854 2 26888
1 1 91X0 199055947 199330997 7 275050
1 1 91X1 198456699 198869009 7 412310
1 1 92X0 199331787 199395363 3 63576
1 1 93X0 199555722 199623670 2 67948
1 1 94X0 201905126 201915352 2 10226
1 1 95X0 203509731 203523358 2 13627
1 1 96X0 212632366 213452653 24 820287
1 1 97X0 213676954 213691943 2 14989
1 1 98X0 213744796 213818222 5 73426
1 1 99X0 213981845 214423881 6 442036
1 1 9X0 48273639 48521256 3 247617
10 10 10X0 15577249 15610826 5 33577
10 10 11X0 31561895 31915247 6 353352
10 10 12X0 34155515 34199279 2 43764
10 10 13X0 34213936 34285494 3 71558
10 10 14X0 34553284 34805813 13 252529
10 10 14X1 34300250 34415792 6 115542
10 10 15X0 36311343 36600469 13 289126
10 10 16X0 36690871 36716601 2 25730
10 10 17X0 40462701 40574444 3 111743
10 10 18X0 43744882 43760930 2 16048
10 10 19X0 43817947 43892604 4 74657
10 10 1X0 12311730 12818137 16 506407
10 10 1X1 11912543 12236107 7 323564
10 10 20X0 44146097 44408395 10 262298
10 10 20X1 44714212 45160268 13 446056
10 10 20X2 44458092 44680749 8 222657
10 10 20X3 43894429 44122978 9 228549
10 10 21X0 45169409 45243672 3 74263
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
10 10 22X0 45258887 45335030 6 76143
10 10 23X0 45598912 45681393 2 82481
10 10 24X0 45810406 45851984 2 41578
10 10 25X0 45922873 45968307 3 45434
10 10 26X0 47490153 47546345 2 56192
10 10 27X0 47588497 47666921 2 78424
10 10 28X0 49135277 49196177 2 60900
10 10 29X0 53781239 53918524 2 137285
10 10 2X0 12885533 12939435 3 53902
10 10 30X0 55712043 55783489 3 71446
10 10 31X0 56286973 56300077 2 13104
10 10 32X0 56424168 56429748 2 5580
10 10 33X0 56824505 56831243 2 6738
10 10 34X0 56854366 56962161 3 107795
10 10 35X0 59799123 59860987 2 61864
10 10 36X0 59923213 60573129 17 649916
10 10 36X1 60728160 61161060 14 432900
10 10 37X0 62241756 62273119 2 31363
10 10 38X0 62361019 62428488 4 67469
10 10 39X0 69412017 69537882 5 125865
10 10 3X0 13000090 13004441 2 4351
10 10 40X0 70739800 70886355 5 146555
10 10 41X0 70926440 71014423 4 87983
10 10 42X0 75089928 75171774 3 81846
10 10 43X0 75186572 75202030 2 15458
10 10 44X0 76274563 76281283 2 6720
10 10 45X0 81648216 81666523 2 18307
10 10 46X0 81984560 82045935 2 61375
10 10 47X0 82220762 82252720 2 31958
10 10 48X0 82292110 82367047 2 74937
10 10 49X0 82800704 82833867 2 33163
10 10 4X0 13173529 13418154 7 244625
10 10 50X0 82937971 82963919 2 25948
10 10 51X0 84031955 84215687 10 183732
10 10 52X0 84891821 84960045 2 68224
10 10 53X0 86669233 86688730 2 19497
10 10 54X0 87142116 87459652 12 317536
10 10 55X0 87467991 87484935 3 16944
10 10 56X0 87500299 87753668 11 253369
10 10 57X0 87896771 87920581 2 23810
10 10 58X0 87950364 88172910 14 222546
10 10 59X0 88356615 88389347 2 32732
10 10 5X0 13839250 13892997 2 53747
10 10 60X0 88459605 88533171 2 73566
10 10 61X0 89030865 89075585 2 44720
10 10 62X0 90041591 90049112 2 7521
10 10 63X0 91200874 91222840 2 21966
10 10 64X0 94170766 94206535 2 35769
10 10 65X0 94280703 94365049 2 84346
10 10 66X0 98237141 98644938 5 407797
10 10 67X0 99388130 99439114 2 50984
10 10 68X0 103441549 103685844 7 244295
10 10 69X0 103874383 103898331 2 23948
10 10 6X0 14066948 14085855 2 18907
10 10 70X0 104654717 104681377 2 26660
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
10 10 71X0 104917862 105051965 4 134103
10 10 72X0 105650862 105723700 2 72838
10 10 73X0 106767161 106795299 2 28138
10 10 74X0 108132105 108150511 2 18406
10 10 75X0 109907759 109953066 3 45307
10 10 76X0 110251363 110274768 2 23405
10 10 77X0 110305928 110348652 2 42724
10 10 78X0 110614713 110642260 2 27547
10 10 79X0 111547196 111779063 3 231867
10 10 7X0 14656812 14731086 7 74274
10 10 8X0 15108072 15125408 2 17336
10 10 9X0 15205534 15282951 2 77417
11 11 10X0 44072043 44092877 2 20834
11 11 11X0 45615509 45688560 3 73051
11 11 12X0 54513102 54567357 3 54255
11 11 13X0 55474820 55498163 2 23343
11 11 14X0 60253608 60882379 5 628771
11 11 15X0 61462994 61530837 2 67843
11 11 16X0 67308943 67566972 8 258029
11 11 17X0 71747565 71757801 2 10236
11 11 18X0 74014983 74067413 3 52430
11 11 19X0 81424252 81717521 4 293269
11 11 1X0 23057512 23063414 2 5902
11 11 20X0 85014910 85633756 11 618846
11 11 20X1 85992696 86096397 3 103701
11 11 21X0 87221613 87240833 2 19220
11 11 22X0 88376256 88391370 2 15114
11 11 2X0 28477184 28527890 2 50706
11 11 3X0 28582897 28781270 11 198373
11 11 4X0 28842087 29087882 5 245795
11 11 5X0 31389514 31430517 2 41003
11 11 6X0 32440237 32508420 2 68183
11 11 7X0 33812662 33917674 4 105012
11 11 8X0 42936028 43005097 2 69069
11 11 9X0 43143882 44003664 25 859782
12 12 10X0 18106629 18167517 2 60888
12 12 11X0 18220104 18303041 4 82937
12 12 12X0 19231092 19294888 3 63796
12 12 13X0 21661512 21950085 5 288573
12 12 14X0 23654996 23682381 2 27385
12 12 15X0 38144855 38161546 2 16691
12 12 16X0 39308025 39388021 2 79996
12 12 17X0 41620591 41647205 2 26614
12 12 18X0 42343123 42376426 2 33303
12 12 19X0 46989951 47039542 2 49591
12 12 1X0 2233778 2413324 5 179546
12 12 20X0 47444104 47482961 2 38857
12 12 21X0 51846097 51934702 2 88605
12 12 22X0 52637000 52674737 2 37737
12 12 2X0 2658547 2954562 7 296015
12 12 3X0 6671940 6740714 2 68774
12 12 4X0 9464026 9501213 2 37187
12 12 5X0 11127754 11187380 3 59626
12 12 6X0 11252296 11294058 2 41762
12 12 7X0 11775090 11808977 2 33887
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
12 12 8X0 13323547 13442276 6 118729
12 12 9X0 17309834 17358617 3 48783
13 13 10X0 50977431 51030802 2 53371
13 13 11X0 52625441 52680794 2 55353
13 13 12X0 56598979 56958561 5 359582
13 13 13X0 71280652 71324016 3 43364
13 13 14X0 73671412 73735339 2 63927
13 13 15X0 84682409 84795081 3 112672
13 13 16X0 88557860 88622788 2 64928
13 13 17X0 89285998 91228935 25 1942937
13 13 18X0 91481461 92505351 20 1023890
13 13 19X0 99173548 99217786 2 44238
13 13 1X0 9464906 9480933 2 16027
13 13 20X0 99271390 99346543 2 75153
13 13 21X0 99369126 99395842 2 26716
13 13 22X0 100189236 100214895 2 25659
13 13 23X0 102698546 102756174 2 57628
13 13 2X0 26903052 27912716 10 1009664
13 13 3X0 47126741 47397890 4 271149
13 13 4X0 47539231 47617064 3 77833
13 13 5X0 47618452 47743392 4 124940
13 13 6X0 47785161 48056394 3 271233
13 13 7X0 48367307 48400632 2 33325
13 13 8X0 48893412 49243316 3 349904
13 13 9X0 50735599 50755046 2 19447
14 14 10X0 18731378 18862407 6 131029
14 14 11X0 21901441 21979510 3 78069
14 14 12X0 22072024 22155231 3 83207
14 14 13X0 22417206 22952822 5 535616
14 14 14X0 23089699 23461384 5 371685
14 14 15X0 37435654 37475418 2 39764
14 14 16X0 45033309 45081991 2 48682
14 14 17X0 78939903 78973883 2 33980
14 14 18X0 82818663 82869792 2 51129
14 14 19X0 84306466 84355528 2 49062
14 14 1X0 759398 1785698 10 1026300
14 14 1X1 182678 338157 3 155479
14 14 20X0 87448692 87465374 2 16682
14 14 2X0 5086054 5428757 3 342703
14 14 3X0 6140190 6223394 3 83204
14 14 4X0 6281336 6369666 3 88330
14 14 5X0 7073445 7128218 2 54773
14 14 6X0 11199404 11274578 2 75174
14 14 7X0 15424044 15952083 7 528039
14 14 8X0 17195014 17234712 3 39698
14 14 9X0 18231860 18634309 4 402449
15 15 10X0 34446878 34453171 2 6293
15 15 11X0 34520142 34561727 2 41585
15 15 12X0 34601037 35417273 18 816236
15 15 13X0 35504845 36472346 24 967501
15 15 14X0 36878811 36947107 2 68296
15 15 15X0 44799334 44860604 2 61270
15 15 16X0 46159511 46237472 5 77961
15 15 17X0 47433566 47474968 3 41402
15 15 18X0 51034620 51068421 2 33801
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
15 15 19X0 61692116 61733742 2 41626
15 15 1X0 2526368 2806536 5 280168
15 15 20X0 108323179 108376221 2 53042
15 15 21X0 108891992 108912737 2 20745
15 15 2X0 5319916 5907758 6 587842
15 15 3X0 12128252 12364324 3 236072
15 15 4X0 25502019 25521393 2 19374
15 15 5X0 26780039 27653317 23 873278
15 15 5X1 27933211 28323507 19 390296
15 15 6X0 28445850 28935269 8 489419
15 15 7X0 30621374 31282563 27 661189
15 15 7X1 29064750 29922522 30 857772
15 15 7X2 31395772 32856423 33 1460651
15 15 7X3 29976103 30612842 20 636739
15 15 8X0 33605654 33656089 2 50435
15 15 9X0 34256071 34269851 2 13780
16 16 10X0 21061237 21089508 2 28271
16 16 11X0 21399553 21524286 5 124733
16 16 12X0 24779481 24805079 2 25598
16 16 13X0 47534349 47537476 2 3127
16 16 14X0 50152008 50201698 2 49690
16 16 15X0 51730452 51752936 2 22484
16 16 16X0 52116975 52177586 2 60611
16 16 17X0 68586235 68635522 2 49287
16 16 18X0 68860018 68913628 2 53610
16 16 19X0 71810377 72210900 5 400523
16 16 1X0 43814 70786 2 26972
16 16 20X0 72388880 72403179 2 14299
16 16 21X0 74785281 74848113 2 62832
16 16 22X0 75027131 75705489 20 678358
16 16 23X0 81784348 81834945 3 50597
16 16 2X0 3754968 3790928 2 35960
16 16 3X0 4997461 5087844 2 90383
16 16 4X0 6970382 7026540 3 56158
16 16 5X0 10250461 10273239 2 22778
16 16 6X0 14306804 14324208 2 17404
16 16 7X0 18635445 18667968 2 32523
16 16 8X0 18716019 18757918 3 41899
16 16 9X0 19223087 19643236 4 420149
17 17 10X0 32516679 32911495 5 394816
17 17 11X0 38849932 39278695 9 428763
17 17 12X0 39411732 39824299 9 412567
17 17 13X0 42695322 42927704 7 232382
17 17 14X0 43423111 43798383 12 375272
17 17 15X0 43868191 43909627 2 41436
17 17 16X0 44519860 44841382 19 321522
17 17 17X0 45078556 45285060 5 206504
17 17 18X0 45670284 45802478 4 132194
17 17 19X0 57676569 57984036 7 307467
17 17 1X0 372551 417480 2 44929
17 17 20X0 69365453 69862110 11 496657
17 17 21X0 70040704 70073530 2 32826
17 17 22X0 89880080 89923423 2 43343
17 17 2X0 2690062 2705123 2 15061
17 17 3X0 3710572 3729810 2 19238
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
17 17 4X0 3820606 4273170 10 452564
17 17 5X0 5320987 5348813 3 27826
17 17 6X0 14607442 14717420 4 109978
17 17 7X0 15448986 15555919 4 106933
17 17 8X0 31441640 31498651 2 57011
17 17 9X0 31706245 31947751 5 241506
18 18 10X0 64114933 64177729 2 62796
18 18 11X0 74141481 74198369 2 56888
18 18 12X0 81466716 81539065 2 72349
18 18 1X0 11755446 12092858 5 337412
18 18 2X0 15856801 15921734 4 64933
18 18 3X0 27375919 27419281 2 43362
18 18 4X0 29611547 29638721 2 27174
18 18 5X0 29951094 31430973 44 1479879
18 18 6X0 35249137 35294967 2 45830
18 18 7X0 38177441 38242119 2 64678
18 18 8X0 55391388 55704904 7 313516
18 18 9X0 56194019 56458300 3 264281
19 19 10X0 27835890 28296640 6 460750
19 19 11X0 28593401 28666993 2 73592
19 19 12X0 37025375 37107872 3 82497
19 19 13X0 37221132 37281933 2 60801
19 19 14X0 37946722 37970537 2 23815
19 19 15X0 53012332 53056770 3 44438
19 19 1X0 426 100424 4 99998
19 19 2X0 118150 462559 10 344409
19 19 3X0 10392004 10513349 3 121345
19 19 4X0 10619220 10681145 3 61925
19 19 5X0 11302125 11341863 4 39738
19 19 6X0 14459450 14495208 2 35758
19 19 7X0 24800072 24875137 2 75065
19 19 8X0 26173771 26194198 2 20427
19 19 9X0 26944489 26986935 2 42446
2 2 10X0 102415503 102455609 2 40106
2 2 11X0 105016626 105089659 2 73033
2 2 12X0 115074344 115307494 12 233150
2 2 13X0 116313591 116391959 3 78368
2 2 14X0 149319445 149444548 5 125103
2 2 15X0 149715198 150365033 8 649835
2 2 16X0 157031192 157066781 2 35589
2 2 17X0 164628566 164684985 2 56419
2 2 18X0 168228099 168260536 2 32437
2 2 19X0 181987217 182035032 3 47815
2 2 1X0 4800361 4859854 3 59493
2 2 20X0 186425223 187181395 8 756172
2 2 21X0 188588796 188660179 3 71383
2 2 22X0 188672405 188704462 2 32057
2 2 23X0 192623244 193294599 13 671355
2 2 24X0 193429176 193485313 2 56137
2 2 25X0 194084081 194718294 5 634213
2 2 26X0 195553971 195588000 2 34029
2 2 27X0 196415738 196456481 2 40743
2 2 28X0 198359754 198424443 9 64689
2 2 29X0 199528902 199563386 2 34484
2 2 2X0 23236575 23289266 2 52691
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
2 2 30X0 200572502 200607618 2 35116
2 2 31X0 203200427 203494391 3 293964
2 2 32X0 208750356 209001895 3 251539
2 2 33X0 209766512 210241455 4 474943
2 2 34X0 210685197 210839295 8 154098
2 2 35X0 210880777 210934749 2 53972
2 2 36X0 213173403 213421811 2 248408
2 2 37X0 216373706 216443518 2 69812
2 2 38X0 243502073 243740899 4 238826
2 2 39X0 248178389 248484100 6 305711
2 2 3X0 35178507 35550204 15 371697
2 2 40X0 251983339 252068271 2 84932
2 2 4X0 36011045 36096583 3 85538
2 2 5X0 46066780 46223959 6 157179
2 2 6X0 52591159 52871706 3 280547
2 2 7X0 55055297 55109232 2 53935
2 2 8X0 86470156 87040452 5 570296
2 2 9X0 88453812 88763733 3 309921
20 20 10X0 5374985 5418019 2 43034
20 20 11X0 5791521 5806097 2 14576
20 20 12X0 5831573 6251634 4 420061
20 20 13X0 8484311 8486624 2 2313
20 20 14X0 9851448 9895984 3 44536
20 20 15X0 10889573 10952391 2 62818
20 20 16X0 11530134 11656884 14 126750
20 20 17X0 13415039 13652909 3 237870
20 20 18X0 13760822 13825475 4 64653
20 20 19X0 14557740 14620019 2 62279
20 20 1X0 437638 1323419 26 885781
20 20 1X1 34404 422464 5 388060
20 20 20X0 27181195 27247309 2 66114
20 20 21X0 41083317 41102056 2 18739
20 20 22X0 44995755 45259928 6 264173
20 20 2X0 1647441 2079467 18 432026
20 20 3X0 2098375 2224463 6 126088
20 20 4X0 2503401 3282523 15 779122
20 20 5X0 3791407 4279911 19 488504
20 20 6X0 4536212 4561152 3 24940
20 20 7X0 4638663 4964963 12 326300
20 20 8X0 5057701 5107899 5 50198
20 20 9X0 5184515 5192000 2 7485
3 3 10X0 20852767 21364268 19 511501
3 3 11X0 21680727 21697945 2 17218
3 3 12X0 22999616 23066658 2 67042
3 3 13X0 37434620 37480984 2 46364
3 3 14X0 58164931 58181971 2 17040
3 3 15X0 61578229 61687758 10 109529
3 3 16X0 62758758 62803373 2 44615
3 3 17X0 72385666 72401318 2 15652
3 3 18X0 75809445 76250840 22 441395
3 3 18X1 72540538 74014795 50 1474257
3 3 18X2 77695359 78216338 22 520979
3 3 18X3 74058255 75089064 29 1030809
3 3 18X4 78620115 79187984 23 567869
3 3 18X5 75167456 75772521 24 605065
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
3 3 18X6 77126261 77677349 21 551088
3 3 18X7 76707492 77110831 15 403339
3 3 18X8 78234647 78595778 13 361131
3 3 18X9 76255179 76696107 11 440928
3 3 19X0 82743155 82777814 2 34659
3 3 1X0 2686123 3274547 14 588424
3 3 20X0 102431541 102926409 24 494868
3 3 20X1 102947730 103598156 24 650426
3 3 20X2 103637469 104018861 3 381392
3 3 21X0 111553680 111616142 2 62462
3 3 22X0 111826297 112084144 4 257847
3 3 23X0 112365938 112396032 4 30094
3 3 24X0 114218193 114286802 2 68609
3 3 25X0 119173818 119247449 2 73631
3 3 26X0 121825835 121882726 2 56891
3 3 27X0 123106694 123119460 2 12766
3 3 28X0 124515978 124545900 2 29922
3 3 29X0 143084563 143223615 5 139052
3 3 2X0 4374602 4405194 2 30592
3 3 30X0 144316595 144574112 4 257517
3 3 31X0 147928201 148104483 12 176282
3 3 32X0 149358881 149724352 5 365471
3 3 33X0 149741312 149791497 2 50185
3 3 34X0 151641095 151724654 2 83559
3 3 35X0 158808793 158985814 9 177021
3 3 36X0 159082346 159115450 2 33104
3 3 37X0 160567805 160802433 14 234628
3 3 38X0 161018538 161212188 12 193650
3 3 39X0 161272385 161291758 2 19373
3 3 3X0 9792899 9807328 2 14429
3 3 40X0 162028384 162059524 2 31140
3 3 41X0 165679307 165741967 2 62660
3 3 42X0 167184953 167789663 9 604710
3 3 43X0 176698305 176716146 2 17841
3 3 4X0 11607225 11641466 2 34241
3 3 5X0 12448281 12502859 2 54578
3 3 6X0 14556033 14643897 3 87864
3 3 7X0 15688992 16319367 15 630375
3 3 8X0 16610086 17346058 10 735972
3 3 8X1 16413080 16754189 8 341109
3 3 9X0 18706988 19559816 16 852828
3 3 9X1 20303979 20695952 8 391973
3 3 9X2 19690016 20163642 5 473626
4 4 10X0 69138525 69457765 11 319240
4 4 11X0 70614524 70779249 7 164725
4 4 12X0 70918632 70973842 2 55210
4 4 13X0 71320859 71383953 3 63094
4 4 14X0 71512695 71837603 5 324908
4 4 15X0 71869332 72671505 21 802173
4 4 16X0 77495663 77747070 7 251407
4 4 17X0 78233332 78258545 2 25213
4 4 18X0 78283026 78385577 7 102551
4 4 19X0 78450724 78462423 2 11699
4 4 1X0 1355820 1843031 32 487211
4 4 20X0 79557854 79581208 2 23354
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
4 4 21X0 82131329 82375374 16 244045
4 4 22X0 87312766 88424305 23 1111539
4 4 23X0 93888502 93959891 2 71389
4 4 24X0 99185885 99243351 2 57466
4 4 25X0 100231561 100252755 2 21194
4 4 26X0 103049232 103761881 13 712649
4 4 26X1 102262007 102515012 6 253005
4 4 26X2 101531378 102147775 10 616397
4 4 26X3 102592965 103024841 6 431876
4 4 27X0 106289816 106362103 3 72287
4 4 28X0 109467272 109532234 5 64962
4 4 29X0 113900556 113920400 2 19844
4 4 2X0 6044792 6062641 2 17849
4 4 30X0 114766714 114786293 2 19579
4 4 31X0 115322291 115354795 2 32504
4 4 32X0 116912351 116936066 2 23715
4 4 33X0 117490035 117790350 10 300315
4 4 34X0 119143070 119188251 3 45181
4 4 35X0 119398198 119466491 2 68293
4 4 36X0 120407855 120414118 2 6263
4 4 37X0 121675261 122178757 11 503496
4 4 38X0 145413230 145439843 2 26613
4 4 39X0 148476943 148711830 10 234887
4 4 3X0 13564879 13645351 2 80472
4 4 40X0 149877889 149908980 2 31091
4 4 41X0 150484030 150520774 2 36744
4 4 42X0 153876149 153940963 2 64814
4 4 43X0 155009479 155051429 2 41950
4 4 44X0 155359921 155401480 2 41559
4 4 45X0 155792761 156276304 8 483543
4 4 46X0 156324922 156629949 4 305027
4 4 47X0 157107469 157154120 3 46651
4 4 48X0 157383052 157433467 2 50415
4 4 49X0 157822840 157877633 2 54793
4 4 4X0 28972434 28993621 2 21187
4 4 50X0 159563798 159630082 2 66284
4 4 51X0 163084689 163570864 15 486175
4 4 51X1 162009407 163049084 16 1039677
4 4 51X2 163597635 164691405 13 1093770
4 4 52X0 164876253 165460075 7 583822
4 4 53X0 165732643 166224565 12 491922
4 4 54X0 166833320 167202106 17 368786
4 4 55X0 168832910 168884886 2 51976
4 4 56X0 170079779 170195107 7 115328
4 4 57X0 176158640 176528110 4 369470
4 4 57X1 175729726 176026133 3 296407
4 4 5X0 32373641 32392007 2 18366
4 4 6X0 56556507 56615158 2 58651
4 4 7X0 57855416 57959109 4 103693
4 4 8X0 61706864 62030874 4 324010
4 4 9X0 66371511 66421654 2 50143
5 5 10X0 73492644 73497609 2 4965
5 5 11X0 75049747 75116490 2 66743
5 5 12X0 76674886 76756147 2 81261
5 5 13X0 77245143 78042556 10 797413
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5 5 14X0 78267248 78324278 2 57030
5 5 15X0 106865192 107505454 11 640262
5 5 16X0 133708228 133725656 2 17428
5 5 17X0 133929532 134526089 6 596557
5 5 18X0 137497363 137928107 19 430744
5 5 19X0 138685624 138697641 2 12017
5 5 1X0 187312 231742 2 44430
5 5 20X0 144878212 145186357 3 308145
5 5 21X0 145374690 145423172 4 48482
5 5 22X0 147554918 147635789 2 80871
5 5 23X0 147690239 147761983 2 71744
5 5 24X0 154037202 154106433 2 69231
5 5 25X0 155246447 155264143 3 17696
5 5 26X0 156587093 156626520 2 39427
5 5 27X0 157165888 157285328 5 119440
5 5 28X0 157759448 157813756 2 54308
5 5 29X0 159241413 159471144 5 229731
5 5 2X0 16904939 16995304 2 90365
5 5 30X0 159931511 159962218 2 30707
5 5 31X0 160374031 160403373 2 29342
5 5 32X0 162127810 162751128 12 623318
5 5 33X0 163867961 164648328 5 780367
5 5 34X0 164796185 164809705 2 13520
5 5 35X0 164956280 164977916 3 21636
5 5 36X0 167142182 167211391 2 69209
5 5 37X0 169181418 169200109 2 18691
5 5 3X0 56751657 56771522 2 19865
5 5 4X0 57358327 57429245 2 70918
5 5 5X0 58181026 58198782 2 17756
5 5 6X0 58917208 59327762 8 410554
5 5 7X0 64614755 64622360 2 7605
5 5 8X0 69170358 69785744 11 615386
5 5 9X0 69809495 69849112 2 39617
6 6 10X0 107460668 107590373 6 129705
6 6 11X0 109300433 109584545 3 284112
6 6 12X0 111534548 111572949 2 38401
6 6 13X0 127500016 128080878 15 580862
6 6 14X0 129004240 129059050 2 54810
6 6 15X0 129399505 129440574 2 41069
6 6 16X0 132735883 132768379 2 32496
6 6 17X0 135045363 135112775 2 67412
6 6 18X0 135866739 135903647 2 36908
6 6 19X0 138092131 139719323 42 1627192
6 6 19X1 139747307 140715174 14 967867
6 6 1X0 7935771 7978008 2 42237
6 6 20X0 140805046 141831632 16 1026586
6 6 20X1 141866364 142635763 14 769399
6 6 20X2 142879949 143768985 13 889036
6 6 2X0 8886730 8956276 2 69546
6 6 3X0 30038777 30097790 2 59013
6 6 4X0 53371706 53403214 2 31508
6 6 5X0 77418096 77508585 2 90489
6 6 6X0 91532469 91610799 2 78330
6 6 7X0 95480042 95541393 2 61351
6 6 8X0 99381362 99424019 2 42657
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
6 6 9X0 102356867 102405750 2 48883
7 7 10X0 10962330 11213613 5 251283
7 7 11X0 11325254 11400805 2 75551
7 7 12X0 11908107 12457513 4 549406
7 7 13X0 12634216 12899004 5 264788
7 7 14X0 13378338 13997907 12 619569
7 7 15X0 14324104 14364178 2 40074
7 7 16X0 14486638 14828517 5 341879
7 7 17X0 14865941 15425802 11 559861
7 7 18X0 15785447 15852930 3 67483
7 7 19X0 16009639 16462843 9 453204
7 7 1X0 2906147 3170146 3 263999
7 7 20X0 20068974 20118466 2 49492
7 7 20X1 20262680 20480453 2 217773
7 7 21X0 38742051 38934985 4 192934
7 7 22X0 49729533 49741540 2 12007
7 7 23X0 54767827 54855557 3 87730
7 7 24X0 60087429 60100517 2 13088
7 7 25X0 60305006 60341264 3 36258
7 7 26X0 70640075 70661891 2 21816
7 7 27X0 71065197 71170511 3 105314
7 7 28X0 104474418 104511234 2 36816
7 7 29X0 115961731 116106368 8 144637
7 7 29X1 116275817 116634293 6 358476
7 7 2X0 3425912 3901163 8 475251
7 7 30X0 116655145 116677901 2 22756
7 7 31X0 116980076 117032863 3 52787
7 7 32X0 117055623 117440342 3 384719
7 7 33X0 117909961 117978787 3 68826
7 7 34X0 118473070 118983984 10 510914
7 7 35X0 119616324 119631425 2 15101
7 7 36X0 122922022 122963299 2 41277
7 7 37X0 123599266 123655896 4 56630
7 7 38X0 129860327 130128589 3 268262
7 7 39X0 139781784 140108420 9 326636
7 7 3X0 4182563 4293352 3 110789
7 7 40X0 140132469 140213045 2 80576
7 7 41X0 140448465 140469046 2 20581
7 7 42X0 140614752 140723714 3 108962
7 7 43X0 141237768 141261735 3 23967
7 7 44X0 142776580 142860572 2 83992
7 7 45X0 142994119 143633131 24 639012
7 7 46X0 143810892 144044629 2 233737
7 7 47X0 144052202 144109116 2 56914
7 7 48X0 144531814 144650129 9 118315
7 7 4X0 4620033 4714534 2 94501
7 7 5X0 5105770 5451262 7 345492
7 7 5X1 5593735 6216681 6 622946
7 7 6X0 6625341 6971557 7 346216
7 7 6X1 7068703 7311272 3 242569
7 7 6X2 7461109 7753978 3 292869
7 7 7X0 8809714 9630611 15 820897
7 7 8X0 9897983 9976367 2 78384
7 7 9X0 10418602 10896447 5 477845
8 8 10X0 31977001 32037531 2 60530

427
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species chromosome cluster start end duplicates length
8 8 11X0 36815007 37349694 7 534687
8 8 12X0 39878955 39907478 2 28523
8 8 13X0 40001030 40014734 2 13704
8 8 14X0 40191902 40765853 16 573951
8 8 15X0 41235156 41395825 10 160669
8 8 16X0 43469442 44043983 26 574541
8 8 16X1 42260375 42614536 17 354161
8 8 16X2 43043094 43443531 14 400437
8 8 16X3 42650438 43024557 13 374119
8 8 16X4 41898624 42047334 10 148710
8 8 17X0 49274960 49301125 3 26165
8 8 18X0 49342067 49456279 5 114212
8 8 19X0 49676616 49716955 2 40339
8 8 1X0 2604962 2686160 3 81198
8 8 20X0 50525091 50561736 3 36645
8 8 21X0 52729003 52763400 2 34397
8 8 22X0 53211438 53277859 2 66421
8 8 23X0 55176847 55182545 2 5698
8 8 24X0 59561817 59629133 3 67316
8 8 25X0 62368998 62424303 2 55305
8 8 26X0 62451329 62478147 2 26818
8 8 27X0 62946732 62987182 2 40450
8 8 28X0 70603249 70684115 2 80866
8 8 29X0 85711795 85720790 2 8995
8 8 2X0 4320230 4419384 3 99154
8 8 30X0 98734295 98761840 2 27545
8 8 31X0 99568958 99918825 4 349867
8 8 32X0 107106982 107155930 2 48948
8 8 33X0 113672758 113689681 2 16923
8 8 34X0 114867062 115188588 5 321526
8 8 35X0 116325286 116342146 3 16860
8 8 36X0 116686601 116730061 2 43460
8 8 37X0 119064351 119141150 5 76799
8 8 38X0 122398276 122421384 2 23108
8 8 39X0 127858610 127912860 3 54250
8 8 3X0 5522739 5901049 10 378310
8 8 40X0 128171379 128521109 3 349730
8 8 41X0 128740756 128782456 2 41700
8 8 42X0 130401470 130421871 2 20401
8 8 43X0 131888047 132009981 4 121934
8 8 44X0 132828091 133214257 7 386166
8 8 4X0 6013207 6061837 2 48630
8 8 5X0 17775423 18115456 8 340033
8 8 6X0 18719444 19082478 11 363034
8 8 6X1 19153903 19549426 9 395523
8 8 6X2 20054422 20536473 9 482051
8 8 6X3 19585840 19995597 7 409757
8 8 6X4 20728817 21341431 10 612614
8 8 7X0 21380504 21617736 5 237232
8 8 8X0 22035256 22057209 3 21953
8 8 9X0 23193181 23292682 3 99501
9 9 10X0 24446264 24509761 3 63497
9 9 11X0 26841299 26897219 2 55920
9 9 12X0 27333956 27351295 2 17339
9 9 13X0 27408333 27511176 3 102843
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species chromosome cluster start end duplicates length
9 9 14X0 27546528 27556861 2 10333
9 9 15X0 37727942 37760569 2 32627
9 9 16X0 41006932 41069929 2 62997
9 9 17X0 43049638 43108486 2 58848
9 9 18X0 43112141 43127887 2 15746
9 9 19X0 44499800 44617210 4 117410
9 9 1X0 4094995 4327679 5 232684
9 9 20X0 46840992 47258503 6 417511
9 9 21X0 64929721 65265149 4 335428
9 9 22X0 67546408 67785021 3 238613
9 9 23X0 80118029 80167033 2 49004
9 9 24X0 82033543 82066047 2 32504
9 9 25X0 88747957 88749664 2 1707
9 9 26X0 92962738 93404883 3 442145
9 9 27X0 94178221 94231966 4 53745
9 9 28X0 99658487 100138801 11 480314
9 9 29X0 101222846 101269843 2 46997
9 9 2X0 4654294 4978892 4 324598
9 9 30X0 114004095 114327767 4 323672
9 9 31X0 117439148 117467198 2 28050
9 9 32X0 119307176 119332967 2 25791
9 9 3X0 9988057 10012611 2 24554
9 9 4X0 10158937 10203460 2 44523
9 9 5X0 10450426 10490416 2 39990
9 9 6X0 14611561 14864680 8 253119
9 9 7X0 15610438 15628881 2 18443
9 9 8X0 19451630 19476646 2 25016
9 9 9X0 20917673 20982487 2 64814
KL567939.1 KL567939.1 1X0 72607 131036 7 58429
KL567939.1 KL567939.1 1X1 33092 61645 3 28553
X X 10X0 42951237 43044975 3 93738
X X 11X0 45178446 45284341 4 105895
X X 12X0 60849014 61232085 6 383071
X X 13X0 63897664 63999622 3 101958
X X 14X0 71677455 71684773 2 7318
X X 15X0 77674150 78399944 6 725794
X X 16X0 95344825 95353344 2 8519
X X 17X0 105537602 106393459 11 855857
X X 18X0 106487870 106523820 2 35950
X X 19X0 106556838 106825014 5 268176
X X 1X0 1543244 1601395 2 58151
X X 20X0 107323215 107372338 2 49123
X X 21X0 123350346 123407645 2 57299
X X 22X0 123851845 124576133 14 724288
X X 23X0 131340045 131382011 2 41966
X X 24X0 136715598 137015266 4 299668
X X 25X0 157389496 157474219 2 84723
X X 2X0 9998415 10031167 2 32752
X X 3X0 13989401 13992429 2 3028
X X 4X0 14733145 14783792 2 50647
X X 5X0 15679254 15707436 2 28182
X X 6X0 17962909 18341467 4 378558
X X 7X0 23414354 23469041 2 54687
X X 8X0 24059516 24629998 4 570482
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species chromosome cluster start end duplicates length
X X 9X0 28486869 28562803 2 75934

Sus scrofa

1 1 10X0 262510765 263734877 26 1224112
1 1 11X0 263827304 263838299 2 10995
1 1 12X0 269967008 269985478 2 18470
1 1 1X0 2003172 2019821 2 16649
1 1 2X0 31048535 31162453 11 113918
1 1 3X0 52986462 53007877 3 21415
1 1 4X0 81891717 81909384 2 17667
1 1 5X0 201223599 201852294 40 628695
1 1 6X0 236586271 236634721 6 48450
1 1 7X0 236709676 236742192 3 32516
1 1 8X0 245962270 245986294 3 24024
1 1 9X0 249876927 249884826 2 7899
10 10 1X0 32093459 32112737 2 19278
10 10 2X0 40565664 40579521 2 13857
12 12 10X0 21305930 21440121 12 134191
12 12 11X0 21456592 21477119 4 20527
12 12 12X0 24784953 24880134 8 95181
12 12 13X0 34407732 34470986 6 63254
12 12 14X0 40779159 40800026 2 20867
12 12 15X0 49366557 49418344 5 51787
12 12 16X0 52436012 52442920 2 6908
12 12 17X0 52729025 52735415 2 6390
12 12 18X0 52843013 52857023 2 14010
12 12 1X0 973786 982259 2 8473
12 12 2X0 2562335 2580284 2 17949
12 12 3X0 5037172 5055485 2 18313
12 12 4X0 5523233 5539715 2 16482
12 12 5X0 6310230 6333338 2 23108
12 12 6X0 19207143 19218352 2 11209
12 12 7X0 19996343 20027248 3 30905
12 12 8X0 20842393 20861461 2 19068
12 12 9X0 21209793 21255560 4 45767
13 13 1X0 27940430 27955035 2 14605
13 13 2X0 34007074 34059910 5 52836
13 13 3X0 34090023 34112723 2 22700
13 13 4X0 131325123 131345685 2 20562
13 13 5X0 138193262 138214816 2 21554
13 13 6X0 161015933 162092362 30 1076429
13 13 7X0 194424740 194439042 2 14302
14 14 10X0 132685064 132699485 2 14421
14 14 1X0 30105257 30119292 2 14035
14 14 2X0 48865742 48884625 2 18883
14 14 3X0 49795092 49822296 4 27204
14 14 4X0 49951437 49972768 2 21331
14 14 5X0 50937885 50944093 2 6208
14 14 6X0 85460113 85481911 2 21798
14 14 7X0 104551333 104567722 2 16389
14 14 8X0 108739541 108754749 2 15208
14 14 9X0 114381027 114413170 3 32143
15 15 1X0 44804228 44807100 2 2872
15 15 2X0 78186174 78204157 2 17983
15 15 3X0 81881362 81990807 10 109445
15 15 4X0 84406876 84415607 2 8731
15 15 5X0 133040370 133058400 2 18030
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
15 15 6X0 139040741 139050341 2 9600
15 15 7X0 139135513 139148523 2 13010
16 16 1X0 47478023 47499700 2 21677
17 17 1X0 30220162 30239897 2 19735
17 17 2X0 30403841 30474471 6 70630
17 17 3X0 61692968 61698900 2 5932
17 17 4X0 62537448 62555659 2 18211
17 17 5X0 62906142 62927297 2 21155
18 18 1X0 6338614 6348958 2 10344
18 18 2X0 6516474 6537647 2 21173
18 18 3X0 7172636 7184900 2 12264
18 18 4X0 50002921 50022799 2 19878
2 2 1X0 106967 159276 5 52309
2 2 2X0 13750130 14531021 36 780891
2 2 2X1 67104951 67480534 18 375583
2 2 2X10 52289418 52587060 3 297642
2 2 2X2 67970426 68292371 12 321945
2 2 2X3 52699316 53251277 13 551961
2 2 2X4 12843402 12878983 4 35581
2 2 2X5 11964449 11991314 3 26865
2 2 2X6 66291172 66312586 2 21414
2 2 2X7 64190713 64213028 2 22315
2 2 2X8 51726854 51743253 2 16399
2 2 2X9 63348429 63364518 2 16089
2 2 3X0 69097009 69120461 2 23452
2 2 4X0 79643342 79650829 2 7487
2 2 5X0 80364524 80381719 2 17195
2 2 6X0 142806018 143156550 24 350532
3 3 10X0 41479477 41491918 4 12441
3 3 11X0 56762418 56781143 2 18725
3 3 12X0 59176153 59192898 2 16745
3 3 13X0 64838491 64850659 2 12168
3 3 1X0 691931 715980 3 24049
3 3 2X0 9866016 9886647 2 20631
3 3 3X0 17346240 17361585 2 15345
3 3 4X0 17535514 17545171 2 9657
3 3 5X0 39171390 39173954 2 2564
3 3 6X0 39302486 39314076 2 11590
3 3 7X0 39334181 39347202 2 13021
3 3 8X0 40616643 40635947 2 19304
3 3 9X0 41016457 41029080 2 12623
4 4 1X0 88834253 88855793 2 21540
4 4 2X0 91459849 91981079 30 521230
4 4 3X0 99168255 99198053 4 29798
4 4 4X0 100143464 100164252 2 20788
5 5 10X0 61242636 61263269 3 20633
5 5 11X0 61441125 61809691 10 368566
5 5 11X1 61833027 62259578 12 426551
5 5 12X0 78977079 79209505 15 232426
5 5 13X0 80512208 80531021 2 18813
5 5 14X0 100753501 100764767 2 11266
5 5 1X0 423294 439617 2 16323
5 5 2X0 14997381 15014019 2 16638
5 5 3X0 15863303 15892148 3 28845
5 5 4X0 17482097 17868244 15 386147
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species chromosome cluster start end duplicates length
5 5 4X1 17896310 18222833 14 326523
5 5 5X0 19167174 19270411 8 103237
5 5 6X0 20541804 20817846 17 276042
5 5 6X1 20829059 21099179 21 270120
5 5 6X2 20112632 20535575 20 422943
5 5 7X0 21555072 21562417 2 7345
5 5 8X0 21752204 21760815 2 8611
5 5 9X0 22718510 22734083 2 15573
6 6 10X0 47643560 47657784 2 14224
6 6 11X0 47939897 47953282 3 13385
6 6 12X0 48698849 48713086 2 14237
6 6 13X0 54289166 54308064 2 18898
6 6 14X0 55570635 55725259 13 154624
6 6 15X0 58482749 58501139 3 18390
6 6 16X0 58520967 58541867 2 20900
6 6 17X0 59351448 59370483 2 19035
6 6 18X0 59671471 59684286 2 12815
6 6 19X0 59701608 59767006 7 65398
6 6 1X0 2542675 2554367 2 11692
6 6 20X0 60511110 60521141 2 10031
6 6 21X0 60963992 61046846 8 82854
6 6 22X0 71740302 71774262 3 33960
6 6 23X0 71920605 71932254 2 11649
6 6 24X0 80587177 80608011 3 20834
6 6 25X0 91002163 91048162 4 45999
6 6 26X0 119076677 119096127 2 19450
6 6 27X0 164112645 164133008 2 20363
6 6 28X0 168101472 168146473 5 45001
6 6 29X0 169146334 169154551 2 8217
6 6 2X0 12405616 12426270 3 20654
6 6 3X0 18610593 18676112 6 65519
6 6 4X0 27618602 27637508 2 18906
6 6 5X0 28583320 28599368 2 16048
6 6 6X0 44650787 44696766 4 45979
6 6 7X0 45005358 45018656 2 13298
6 6 8X0 45307536 45312539 2 5003
6 6 9X0 46172561 46842870 13 670309
7 7 10X0 32817917 32825846 2 7929
7 7 11X0 37288636 37310170 2 21534
7 7 12X0 43971250 43993156 2 21906
7 7 13X0 78624873 79119982 28 495109
7 7 13X1 76832222 77548071 32 715849
7 7 13X2 74974308 75164810 4 190502
7 7 13X3 76321059 76335796 2 14737
7 7 14X0 79214271 79531982 15 317711
7 7 1X0 21037717 21118895 7 81178
7 7 2X0 21220799 21226971 2 6172
7 7 3X0 22515697 22541285 3 25588
7 7 4X0 23696398 23706738 3 10340
7 7 5X0 23791579 23833540 4 41961
7 7 6X0 23909960 23929754 2 19794
7 7 7X0 24020323 24040523 2 20200
7 7 8X0 25058463 25077233 2 18770
7 7 9X0 31605421 31621132 2 15711
8 8 1X0 4107834 4123084 2 15250
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species chromosome cluster start end duplicates length
9 9 10X0 61554442 61559946 2 5504
9 9 11X0 73705304 73726240 2 20936
9 9 12X0 76624845 76644690 2 19845
9 9 1X0 1324366 1344990 2 20624
9 9 2X0 2630813 2833065 14 202252
9 9 3X0 3408745 3935067 39 526322
9 9 3X1 4363666 4737880 27 374214
9 9 3X2 3947756 4353256 30 405500
9 9 3X3 4750073 5039118 19 289045
9 9 3X4 5065146 5470853 26 405707
9 9 3X5 6433177 6685320 4 252143
9 9 3X6 9378417 9409139 3 30722
9 9 3X7 5910085 5929626 2 19541
9 9 4X0 23009082 23031338 2 22256
9 9 5X0 27072760 27104985 4 32225
9 9 6X0 39638645 39644103 2 5458
9 9 7X0 45165815 45188656 2 22841
9 9 8X0 50613023 51232044 34 619021
9 9 9X0 51977458 51992249 2 14791
AEMK02000159.1 AEMK02000159.1 1X0 91359 108542 2 17183
AEMK02000159.1 AEMK02000159.1 1X1 125549 145791 2 20242
AEMK02000159.1 AEMK02000159.1 2X0 201389 216885 3 15496
AEMK02000159.1 AEMK02000159.1 2X1 167227 185058 2 17831
AEMK02000159.1 AEMK02000159.1 3X0 238458 293941 5 55483
AEMK02000253.1 AEMK02000253.1 1X0 49131 82484 4 33353
AEMK02000253.1 AEMK02000253.1 1X1 417 35186 3 34769
AEMK02000253.1 AEMK02000253.1 2X0 186984 221293 3 34309
AEMK02000261.1 AEMK02000261.1 1X0 16325 35870 2 19545
AEMK02000261.1 AEMK02000261.1 2X0 73478 104919 4 31441
AEMK02000261.1 AEMK02000261.1 3X0 170553 213363 5 42810
AEMK02000261.1 AEMK02000261.1 3X1 126663 153873 3 27210
AEMK02000261.1 AEMK02000261.1 4X0 259990 286540 3 26550
AEMK02000261.1 AEMK02000261.1 5X0 309011 338467 3 29456
AEMK02000261.1 AEMK02000261.1 6X0 359126 396614 4 37488
AEMK02000261.1 AEMK02000261.1 7X0 580666 604943 3 24277
AEMK02000261.1 AEMK02000261.1 7X1 563007 573167 2 10160
AEMK02000261.1 AEMK02000261.1 7X2 537778 551622 2 13844
AEMK02000261.1 AEMK02000261.1 7X3 498703 525503 3 26800
AEMK02000261.1 AEMK02000261.1 7X4 463431 486557 3 23126
AEMK02000361.1 AEMK02000361.1 1X0 92389 138099 4 45710
AEMK02000368.1 AEMK02000368.1 1X0 16791 30874 2 14083
AEMK02000368.1 AEMK02000368.1 2X0 63235 119551 6 56316
AEMK02000368.1 AEMK02000368.1 3X0 165964 185311 2 19347
AEMK02000393.1 AEMK02000393.1 1X0 346129 367575 2 21446
AEMK02000393.1 AEMK02000393.1 2X0 829949 833269 2 3320
AEMK02000410.1 AEMK02000410.1 1X0 81219 113429 3 32210
AEMK02000410.1 AEMK02000410.1 2X0 197905 222292 3 24387
AEMK02000410.1 AEMK02000410.1 2X1 234113 270209 4 36096
AEMK02000410.1 AEMK02000410.1 2X2 145188 187570 4 42382
AEMK02000410.1 AEMK02000410.1 2X3 285352 317515 3 32163
AEMK02000435.1 AEMK02000435.1 1X0 64160 80293 3 16133
AEMK02000435.1 AEMK02000435.1 1X1 43272 56236 2 12964
AEMK02000435.1 AEMK02000435.1 1X2 11066 33052 3 21986
AEMK02000449.1 AEMK02000449.1 1X0 246242 276984 3 30742
AEMK02000449.1 AEMK02000449.1 2X0 330907 408221 6 77314
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Table B.50: CTDG repertoire across selected mammalian genomes

species chromosome cluster start end duplicates length
AEMK02000449.1 AEMK02000449.1 3X0 622437 685745 6 63308
AEMK02000449.1 AEMK02000449.1 4X0 776417 787645 2 11228
AEMK02000449.1 AEMK02000449.1 5X0 865676 951850 7 86174
AEMK02000449.1 AEMK02000449.1 6X0 1028234 1038248 2 10014
AEMK02000449.1 AEMK02000449.1 7X0 1270942 1280946 2 10004
AEMK02000453.1 AEMK02000453.1 1X0 34683 62237 4 27554
AEMK02000453.1 AEMK02000453.1 1X1 76338 96056 3 19718
AEMK02000453.1 AEMK02000453.1 1X2 107643 121865 2 14222
AEMK02000522.1 AEMK02000522.1 1X0 124343 181345 5 57002
AEMK02000522.1 AEMK02000522.1 2X0 235935 252054 2 16119
AEMK02000522.1 AEMK02000522.1 3X0 295157 308461 2 13304
AEMK02000522.1 AEMK02000522.1 4X0 350248 377625 3 27377
AEMK02000522.1 AEMK02000522.1 5X0 410253 436487 3 26234
AEMK02000537.1 AEMK02000537.1 1X0 144365 162763 3 18398
AEMK02000537.1 AEMK02000537.1 2X0 262873 314061 5 51188
AEMK02000566.1 AEMK02000566.1 1X0 21132 57301 4 36169
AEMK02000566.1 AEMK02000566.1 2X0 74004 116159 6 42155
AEMK02000566.1 AEMK02000566.1 3X0 121684 143366 4 21682
AEMK02000566.1 AEMK02000566.1 3X1 154153 173411 3 19258
AEMK02000577.1 AEMK02000577.1 1X0 15662 48727 4 33065
AEMK02000577.1 AEMK02000577.1 1X1 69193 81415 2 12222
AEMK02000577.1 AEMK02000577.1 1X2 89219 120396 3 31177
AEMK02000577.1 AEMK02000577.1 2X0 164562 178767 2 14205
AEMK02000577.1 AEMK02000577.1 3X0 202663 215444 2 12781
AEMK02000598.1 AEMK02000598.1 1X0 1409321 1438635 3 29314
AEMK02000598.1 AEMK02000598.1 2X0 1951141 1970891 2 19750
AEMK02000630.1 AEMK02000630.1 1X0 79981 95535 2 15554
AEMK02000630.1 AEMK02000630.1 2X0 193917 204170 2 10253
AEMK02000658.1 AEMK02000658.1 1X0 38093 52426 3 14333
AEMK02000658.1 AEMK02000658.1 1X1 9275 23843 2 14568
AEMK02000658.1 AEMK02000658.1 2X0 89395 118604 3 29209
AEMK02000658.1 AEMK02000658.1 2X1 72196 84629 2 12433
AEMK02000658.1 AEMK02000658.1 3X0 145796 157462 2 11666
AEMK02000661.1 AEMK02000661.1 1X0 148594 184890 3 36296
AEMK02000661.1 AEMK02000661.1 2X0 274376 326050 4 51674
AEMK02000661.1 AEMK02000661.1 3X0 374416 384751 2 10335
AEMK02000661.1 AEMK02000661.1 4X0 522588 545022 3 22434
AEMK02000661.1 AEMK02000661.1 4X1 572032 590348 2 18316
AEMK02000661.1 AEMK02000661.1 5X0 619445 637697 2 18252
AEMK02000677.1 AEMK02000677.1 1X0 44774 55466 2 10692
AEMK02000682.1 AEMK02000682.1 1X0 885009 916136 4 31127
AEMK02000682.1 AEMK02000682.1 2X0 1027607 1053198 5 25591
X X 1X0 33299217 33308230 2 9013
X X 2X0 49892308 49898438 2 6130
X X 3X0 58696808 58719987 3 23179
X X 4X0 58830477 58852879 2 22402
X X 5X0 83580964 83599213 2 18249
X X 6X0 107894810 107909548 2 14738
X X 7X0 125124224 125140510 2 16286
Y Y 1X0 19637456 23945894 16 4308438
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