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Objective: Growth performance and growth-related traits have a crucial role in livestock
due to their influence on productivity. This genome-wide association study (GWAS) in
Pakistani dromedary camels was conducted to identify single nucleotide polymorphisms
(SNPs) associated with growth at specific camel ages, and for selected SNPs, to investigate
in detail how their effects change with increasing camel age. This is the first GWAS conducted
on dromedary camels in this region.

Methods: Two Pakistani breeds, Marecha and Lassi, were selected for this study. A genotyping-
by-sequencing method was used, and a total of 65,644 SNPs were identified. For GWAS,
weight records data with several body weight traits, namely, birthweight, weaning weight,
and weights of camels at 1, 2, 4, and 6 years of age were analysed by using model-based
growth curve analysis. Age-specific weight data were analysed with a linear mixed model
that included fixed effects of SNP genotype as well as sex.

Results: Based on the g-value method for false discovery control, for Marecha camels, five
SNPs at g<0.01 and 96 at g<0.05 were significantly associated with the weight traits con-
sidered, while three (g<0.01) and seven (g<0.05) SNP associations were identified for Lassi
camels. Several candidate genes harbouring these SNP were discovered.

Conclusion: These results will help to better understand the genetic architecture of growth
including how these genes are expressed at different phases of their life. This will serve to
lay the foundations for applied breeding programs of camels by allowing the genetic selection
of superior animals.
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INTRODUCTION

The camel is an important livestock species in many regions of the world, and is used for
meat, milk, skin production, as well as a means of transport, entertainment, racing com-
petitions, dancing and beauty shows. It is adapted to extremely harsh environments [1],
and is well placed to cope with climate change. While providing financial benefit, often to
economically-disadvantaged farmers, the camel has a substantial cultural value within
rural communities. There are three species of camel, the dromedary (Camelus dromedarius)
from south Asia, the Middle East and North/East Africa, the Bactrian camel (Camelus
bactrianus) from central Asia, and wild Bactrian camel (Camelus ferus) from China and
Mongolia [2]. However, the dromedary is by far the most common of the species and is
the focus of the current paper.

Unlike other livestock species, little systematic breed improvement has been undertaken
on the camel. Further, the genetic diversity has also not been explored thoroughly like
other livestock species, and more work on this area has been conducted on the Bactrian
camel than the dromedary [3,4]. The camel has a substantial potential for genetic improve-
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ment, particularly for meat and milk products. Given the
adaptations of camels to be productive in environments too
harsh for other livestock species, and with the urgency of
climate change, it is timely to allocate resources to undertake
genetic improvement programs in the camel. Thus, it is vital
to study the genetic diversity and conserve germplasm re-
sources of the camel [5,6].

Pedigree-based and genomic selection have the potential
to play a major role for genetic improvement in the camel,
however, it is also important to identify genes and genomic
regions associated with growth and production traits, for
understanding the genetic architecture of the traits and im-
proving accuracy of selection. Genome-wide association
studies (GWAS) have become routine for discovering the
genes and narrow genomic regions associated with traits of
interest. However, to conduct a GWAS, in addition to phe-
notypic records, the availability of sufficiently dense genetic
markers is a prerequisite. High-density single nucleotide
polymorphism (SNP) arrays have become available for sev-
eral species and made a substantial contribution to breeding,
and mapping disease traits in domesticated animals.

Currently no SNP chip is available for the dromedary
camel. However, genotyping-by-sequencing (GBS) can be
used to genotype a large number of SNPs with a much lower
cost as compared to developing a SNP chip. Recently we
published a study on SNP discovery and genetic diversity in
the dromedary camel using this GBS technique [7]. Sequenc-
ing as compared with SNP chips can provide a range of
additional insights into genetic architecture, including infor-
mation about existence of SNPs, copy number variation, and
insertions/deletions (indels). Due to reduction in sequencing
cost, it is now feasible to sequence and genotype all individuals
in a population and then perform GWAS. This has particular
appeal for livestock improvement in non-traditional species
such as the camel.

A small number of studies have been conducted on ge-
netic associations with traits in camels. Almutairi et al [8]
reported a quantitative genetic analysis of growth and milk
production traits of a Saudi camel population based on phe-
notypic and pedigree data, reporting on heritability estimates
and other genetic parameters. Further, several studies have
investigated trait associations with specific candidate genes.
For example, Afifi et al [9] have investigated the association
between the growth hormone gene and body weight in drome-
dary camels, while Almathen et al [10] reported associations
of the melanocortin 1 receptor (MCIR) and agouti signal-
ling protein (ASIP) genes with coat colour in dromedaries.
Guo et al [11] published a GWAS on haematological traits
in the Bactrian camel in China. Recently, Bitaraf Sani et al
[12] presented a GWAS for an Iranian dromedary popula-
tion for birth weight and average growth. However, there is
no study, that the authors are aware of, in the dromedary
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camel, that undertake a GWAS across a range of weight-for-
age traits.

The current study was designed with the objectives i) to
undertake a GWAS to identify SNPs associated with growth
at specific camel ages, and ii) for key significant SNPs identi-
fied in the GWAS, to investigate in detail how their effects
change over the life of a camel. The analyses were performed
separately for two breeds of dromedary camels commonly
found in Pakistan, namely Marecha and Lassi. This is the
first GWAS undertaken on dromedary camels in this region,
and builds upon previous research on these two breeds in
relation to growth and genetic diversity [7,13].

MATERIALS AND METHODS

Ethical statement

The study was undertaken in compliance with the institu-
tional guidelines of the Ethics Review Committee of the
University of Veterinary and Animal Sciences, Lahore Pakistan.

Sample collection

Blood samples and weight records of Marecha camels (n =
70) were collected from the Camel Breeding and Research
Station Rakh Mahni, Bhakkar, Punjab Pakistan (31°33'39.81"
N, 71°50'33.15" E), that were subsequently genotyped, con-
sisting of 53 females and 17 males. In addition, 27 female
and two male Lassi camels (n = 29) were sampled from pri-
vate farmers in Lasbela, Baluchistan Pakistan (25°44'59.99"
N, 66°34'59.99" E). Up to four years weight records (approx-
imately monthly) were collected for each camel, as well as
birth and weaning weights, however the age of recording of
weights during the four-year data period differed between
camels.

Genotyping

Blood samples were sent to AgResearch New Zealand (https://
www.agresearch.co.nz/) for DNA extraction and genotyping
using a GBS method, specifically using an Illumina HiSeq
2500 utilising V4 chemistry and 1x100 single end sequence
reads. Further details of sample collection and genotyping
were described in Sabahat et al [7,13].

Using the GBS approach, 65,644 SNPs were identified.
Reads were mapped onto the dromedary camel chromo-
somal-level draft assembly CamDro3 (https://www.ncbi.
nlm.nih.gov/assembly/GCF_000803125.2). Of these, 60,831
SNPs were mapped to chromosomes. Prior to GWAS, a fur-
ther filtering to remove SNPs with minor allele frequency
<0.01 and call rate <0.5 was made, and only autosomal SNPs
were retained resulting in 27,973 SNPs for analysis. Remain-
ing missing SNPs were then imputed using Beagle version
5.2 using the default parameters [14]. In addition, the sam-
ples with a call rate of <0.3 were excluded, resulting in 67
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Marecha and all 29 Lassi camels. Genotypes from the GBS
data were recoded into the number of copies of the minor
allele (0, 1, or 2).

Statistical analysis

Phenotypes for the association analyses were birth weight
and weaning weight. In addition, since weights were not
available at the same set of ages of each camel, growth model
predictions were used as phenotypes, based on predictions
at 1, 2, 4, and 6 years of age. A linear mixed approach using
splines was used for the model fitting, producing animal-
specific growth curves. Details are provided in Sabahat et al
[13].

Genome-wide association analysis between the weight
traits and SNPs was conducted by fitting a linear mixed model
at each SNP position. The model contains a fixed effect for
sex as well as the SNP under investigation, although Sex was
dropped from the model for the 4-yr and 6-yr Marecha da-
taset and all Lassi datasets because of the lack of male camels
of that age, no analysis of 6-yr Lassi was undertaken because
of limited records. Note that a ‘dosage’ model was considered,
i.e., the number of copies of the minor allele (0, 1, or 2) was
fitted as a quantitative variable, i.e. an additive model was fitted
at each SNP. A polygenic term for each camel was fitted as a
random effect, these being linked to relationship matrix de-
termined from the GBS count data [7,15]. The mathematical
form of the model is y = XB+Zu-+e where y is the vector of
observations of the trait, X is the model matrix associated
with the fixed effects, f is the set of fixed effects, Z is a model
matrix associated with the random effects, simply the identi-
ty matrix I here, u is the vector of polygenic random animal
effects, assumed U~ N(0,6°G) where 62 is the additive ge-
netic variance and G is the GBS-based genomic relationship
matrix. The term € is a vector of random errors, assumed
mutually independent, € ~ N(0,5.1). The linear mixed model
was fitted using ASReml-R [16].

Significance of each SNP was assessed using a Wald F-test,
and a false discovery are evaluated for each test using the g-
value method, implemented using the ‘qvalue’ function in R
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[17]. Results were visualised using a Manhattan plot. The g-
values and thresholds were evaluated by pooling all GWAS
scans within a breed. These plots identified ‘suggestive’ and
‘significant’ associations at g<0.1, and g<0.05 respectively, al-
though only ‘significant’ associations were further investigated.

To explore any evidence of age-specific gene function for
growth, selected SNPs identified in the GWAS results were
assessed. Separate association analyses were conducted be-
tween the model-based weights over a fine range of ages
(Marecha: 0 to 6 yr, Lassi: 0 to 4 yr, in steps of 0.25 yr) and
the selected SNP. The same statistical model as used in the
above GWAS was used here.

Bioinformatic analysis

The gene annotation information for the CamDro3 assem-
bly was downloaded from https://www.ncbi.nlm.nih.gov/
assembly/GCF_000803125.2. The genes harbouring the SNPs
were extracted based on the start and end positions of the
genes. For each SNP where a significant trait association was
identified, GenelD, gene symbol, genomic_accession, start
and end positions of the genes were obtained.

RESULTS

Descriptive statistics of body weights

Table 1 shows descriptive statistics of body weights of the
different age classes for Marecha and Lassi camel breeds,
together with the sample sizes. There is not a substantial
difference in the weights between the two breeds, further
details of the growth and growth curve modelling are shown
in Sabahat et al [13]. Mean age of weaning for Marecha camels
is 210 days (range, 63 to 518 days; standard deviation [SD],
113 days), while Lassi camels have a mean age at weaning
of 237 days (range, 59 to 396 days; SD, 83 days). As is shown,
the number of samples available decrease with increasing
age, and while all Lassi camels have corresponding geno-
typic data, about 62% of Marecha camels have genotypic
data.

Table 1. Descriptive statistics on body weights of Marecha and Lassi camels”

Marecha Lassi
Age group
Mean (kg) SD (kg) n? Mean (kg) SD (kg) n?

Birth 40.5 54 108 (67) 40.8 52 29 (29)
Weaning 105.0 15.2 108 (67) 102.0 19.1 29 (29)
Tyr 139.8 28.9 107 (66) 133.8 22.6 29 (29)
2yr 2282 50.7 89 (56) 231.6 451 28 (28)
4yr 367.4 87.4 59 (35) 356.5 77.2 11(11)
6yr 446.2 96.4 48 (29) 448.4 271 4(4)

SD, standard deviation; GWAS, genome-wide association study.

! Actual birth weights and weaning weights are used, and model-based weight predictions are used for the 1, 2, 4 and 6-yr classes
% Total number of phenotypic records, with the number of records with corresponding genotypes used in the GWAS shown in parentheses.
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Overview of genome-wide associations

Table 2 shows the number of associations detected across the
breeds and age groups at threshold levels of g<0.01, g<0.05,
and g<0.1. While a large number of associations were de-
tected for some breedxage groups (e.g. four years of age for
Marecha, two years of age for Lassi), associations were not
found in all groups (e.g. birth weight, weaning weight, and
weights at one year for Marecha). Figure 1 shows the distri-
bution of p-values for the genome-wide association tests,
separately for each breed, although all the age class traits
have been combined into these plots. The excess of small p-
values supports evidence for the existence of significant
associations in both breeds. A complete list of associations,
including SNP and linkage group specifications, age class,
significance levels, and allele substitution effects (regression
coeflicients) is included in Supplementary Table S1. Manhattan
plots are provided only when associations with g<0.05 were
detected.

/1137

Genome-wide associations for Marecha camels

For Marecha camels, there was one significant association
for birth weight, with SNP 27264 _39 located on Chromo-
some 9 (p = 1.5x107, q = 0.029), with an allelic substitution
effect (b) of —-4.43+1.02 kg (regression parameter estimate+
standard error [SE]). The Manhattan plot for associations with
Marecha birth weight at is shown in Figure 2. No significant
associations were detected for weaning weight, nor at one
year of age. However, at two years of age, the most signifi-
cant association was detected for SNP 154340 _31 located on
Chromosome 21 (p = 7.6x107°, q = 0.00057), with an allelic
substitution effect (b) of 144.3+£25.0 kg (regression parame-
ter estimate+SE). The Manhattan plot for this is shown in
Figure 3.

A large number of highly significant associations were
mapped for four-year old Marecha camels four with g<0.01
(Figure 4). The most significant association was for SNP
20732_39 in Chromosome 7 (p = 2.4x10™", g = 3.6x107°, b

Table 2. Significant associations of single nucleotide polymorphisms with weight traits from mixed model tests”

Marecha Lassi
Age group
g<0.01 q<0.05 g<0.1 g<0.01 g<0.05 g<0.1
Birth 0 1 5 0 1 25
Weaning 0 0 0 1 1 41
Tyr 0 0 0 0 1 13
2yr 1 7 7 2 4 115
4yr 4 89 122 0 0 0
6yr 0 0 0 - - -
" The number of associations is shown for varying false-discovery rate (g-value) thresholds.
Marecha Lassi
8 _ - 8 _
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Figure 1. Combined distributions of p-values for genome-wide association study of weights traits at different ages, shown separately for Marecha

and Lassi camel breeds.
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Marecha birth weight
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Figure 2. Manhattan plot for genome-wide associations with birth weight in Marecha camels. The horizontal lower line is drawn at a threshold of
g = 0.10 and the upper line at a threshold of g = 0.05. The most significant association is in Chromosome 9 at 521,945 bp (SNP 27264_39, p =

1.5x10™°). SNP, single nucleotide polymorphisms.

Marecha at age = 2 yr

—logio(p)

1 2 3 4 5 6 7 8 9

10 11 12 13 14 16 18 20 23 26 29 32 35

Chromosome

Figure 3. Manhattan plot for genome-wide associations with weight at two years in Marecha camels. The horizontal lower line is drawn at a
threshold of g = 0.10 and the upper line at a threshold of g = 0.05. The most significant association is in Chromosome 21 at 29,903,214 bp (SNP

154340_31,p = 7.6x107°).

=-159.2+25.1 kg). Two other highly significant associations
were detected on Chromosome 2 and another on Chromo-
some 13. No significant associations were detected at six years
of age, likely due to fewer observations in this age category.
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Genome-wide associations for Lassi camels

For birth weight in Lassi camels, one highly significant asso-
ciation was detected at g<0.01, and 25 were mapped at g<0.1
(Figure 5). The most significant association was SNP 84745_29
in Chromosome 34 (p = 4.6x107, g = 0.013, b = -5.06+1.00
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Figure 4. Manhattan plot for genome-wide associations with weight at four years in Marecha camels. The horizontal lower line is drawn at a

threshold of g = 0.10 and the upper line at a threshold of g = 0.05. The most significant association is in Chromosome 7 at 25,542,049 bp (SNP
20732_39, p = 2.4x107"%). SNP, single nucleotide polymorphisms.

kg). One highly significant association was mapped for wean- on Chromosome 18 (p = 2.9x10°%, g = 0.0018, b = —20.9+3.8
ing weight in Lassi camels (Figure 6), namely SNP 149372_20 kg).

Lassi birth weight

—log1o(p)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 23 26 29 32 35

Chromosome

Figure 5. Manhattan plot for genome-wide associations with birth weight in Lassi camels. The horizontal lower line is drawn at a threshold of g =

0.10 and the upper line at a threshold of g = 0.05. The most significant association is in Chromosome 34 at 17,837,742 bp (SNP 8474529, p =
4.6x107). SNP, single nucleotide polymorphisms.
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Lassi weaning weight
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Figure 6. Manhattan plot for genome-wide associations with weaning weight in Lassi camels. The horizontal lower line is drawn at a threshold of
g = 0.10 and the upper line at a threshold of g = 0.05. The most significant association is in Chromosome 18 at 13,190,875 bp (SNP 149372_20, p
=2.9x107®). SNP, single nucleotide polymorphisms.

There is one highly significant SNP associations for Lassi an association with body weight at age two years (p = 0.00015,
weight at one year (Figure 7), namely SNP 40507_65 in q=0.093, b = 43.8+11.5 kg). The same SNP mentioned above,
Chromosome 13 (p = 1.1x10°°, g = 0.021, b = 50.6+10.4 kg). 40507_65, was also highly significant at two years of age (p =
Another SNP less than 1 Mb upstream (141357_76) also has 3.3x107, q =0.0018, b = 107.4£19.4 kg), as seen in Figure 8.

Lassi atage=1yr

6 1 .

—log1o(p)

1 2 3 4 S 6 7 8 9 10 11 12 13 14 16 18 20 23 26 29 32 35

Chromosome

Figure 7. Manhattan plot for genome-wide associations with weight at one year in Lassi camels. The horizontal lower line is drawn at a threshold
of g = 0.70 and the upper line at a threshold of g = 0.05. The most significant association is in Chromosome 13 at 32,716,593 bp (40507_65, p =
1.1x107°).
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Figure 8. Manhattan plot for genome-wide associations with weight at two years in Lassi camels. The horizontal lower line is drawn at a thresh-
old of g = 0.10 and the upper line at a threshold of g = 0.05. The most significant association is in Chromosome 13 at 32,716,593 bp (40507_65, p

=33x10).

Three other significant associations were detected, notably
SNP 79310_43 on Chromosome 31 (p = 7.3x10°°, g = 0.0023,
b = 69.9+13.0 kg). No significant associations were detected
at four years of age for Lassi camels, although the smaller
number of Lassi camels at this age should be taken into con-
sideration.

Age-specific associations

An analysis was conducted to investigate the effect of specific
SNPs across the age span of camels. While most of the SNP
associations were at a specific age class (308, at g<0.10), there
were ten SNPs with association with two age classes, as sum-
marised in Table 3. Eight of these involved Lassi camels at one
and two years of age. Three of these are for Marecha camels

Table 3. SNPs with significant associations (g<0.10) with two age class weight traits from mixed model tests

SNP Chrom. Pos. (bp) p-value q bxSE" (kg) Breed Age
176392_39 5 95,107,644 46x10°° 0.071 54.9+13.5 Lassi Tyr
2.3x10°° 0.071 111.6+£26.3 Lassi 2yr
29880_61 10 3,579,814 6.0x10° 0.051 48.6+10.7 Lassi Tyr
1.3x10™ 0.086 87.5+229 Lassi 2yr
36646_9 12 58,753,060 46x107° 0.071 549+13.5 Lassi Tyr
2.3x107° 0.071 111.6426.3 Lassi 2yr
42394_15 13 8,748,123 3.5x107° 0.0583 -129.3+31.2 Marecha 4yr
1.1x107 0.076 -40.2£104 Lassi Weaning
40507_65 13 32,716,593 1.1x10°° 0.021 50.6+10.4 Lassi Tyr
3.3x107° 0.0018 107.4+19.4 Lassi 2yr
46819_74 15 53,476,080 6.0x107° 0.051 25055 Lassi Tyr
7.0x107 0.016 52.1+£10.5 Lassi 2yr
108957_35 18 10,980,151 37x107° 0.071 -16.6+4.0 Lassi Tyr
27x107° 0.071 -33.748.0 Lassi 2yr
6261516 20 5,746,481 5.5x107° 0.072 150.6+37.4 Marecha 4yr
1.7x10™ 0.098 -17.7x47 Lassi Weaning
78060_23 30 21,350,149 46x107° 0.071 549+13.5 Lassi Tyr
2.3x107° 0.071 111.6+26.3 Lassi 2yr
78060_33 30 21,350,159 46x107° 0.071 549+13.5 Lassi Tyr
2.3x10°° 0.071 111.6+£26.3 Lassi 2yr

SNP single nucleotide polymorphisms.

U b+SE is the estimated allelic substitution effect (regression coefficient, kg) along with its standard error.

www.animbiosci.org
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at ages two and four years, the remaining associations with
Lassi camels for birth weight and Marecha camels at four
years of age.

Figure 9 show the phenotypic effect of four selected SNPs
with increasing age, up to six years in Marecha and four
years in Lassi camels. The panels on the left hand show the
significance levels (-log,,p) while the right-hand panels show
the estimated effects expressed as regression coefficient with

Sabahat et al (2023) Anim Biosci 36:1010-1021

SE bands. SNP 2072_39 on Chromosome 7 was the most
significant association for Marecha noted, and has strong ef-
fects from around three to five years of age. SNP 10626_65
on Chromosome 21, though only initially detected to have
an association at two years, has strong effects on body weight
from about one to five years of age. For Lassi camels, SNP
40507_65 on Chromosome 13 had significant associations
at ages 1 yr and 2 yr (Table 3), and this is reflected in Figure

Marecha for SNP = 20732_39
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Figure 9. Association plots of selected SNPs from GWAS studies showing the effect of the SNP over the six (Marecha) and four (Lassi) years of
the camel's recorded growth period. The left-hand side panels show significance levels (~log,qp) for the mixed model association tests at each
SNP, whereas the right-hand side panels show corresponding estimated effects of the SNP displayed as regression coefficients with standard er-
ror bands (b+SE). The plots for SNP 493-8_60 include both breeds, as both had significant associations with weight traits (see Table 3). SNP, sin-
gle nucleotide polymorphisms; GWAS, genome-wide association study.
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9. Finally, SNP 49308_60 on Chromosome 16 shows the sig-
nificant associations for Marecha, and while it did not pass
the threshold for Lassi camels, it does show some support
for an earlier effect in Lassi compared with Marecha. Overall
though, the plots suggests SNPs were associated with specific
periods of growth rather than across the entire growth pro-
file.

Bioinformatic analysis and identification of associated
genes

The SNPs involved in associations with the weight traits were
further evaluated to identify the genes. Information includ-
ing GenelD, gene symbol, genomic accession, start and end
positions of the genes harbouring the significant SNPs are
given in Supplementary Table S1. Out of the significant SNPs,
178 SNPs could be assigned within the known annotated
genes.

DISCUSSION

The camel is an excellent source of meat production in harsh
and drought conditions. Genetic improvement of growth
traits of the camel is critical to achieve increased meat and
production efficiency. Therefore, it is necessary to find major
genes that are associated with growth for future breeding se-
lection. In this study, we perform GWAS of growth traits at
different ages of their life, and significant association of SNPs
have been identified.

GWAS is an efficient method for searching candidate genes
associated with growth. However, the accuracy of GWAS re-
lies on the population structure, as well as the existence of
genome-wide linkage disequilibrium [18]. Domestic animals
have a simpler genetic diversity and population structure as
compared with human populations [19]. In this study, all
Marecha camel samples were collected from the same farm,
but a principal coordinate analysis on the SNP data revealed
greater genetic diversity in that breed, compared with that
Lassi camels collected from multiple farms [7]. While reduced
genetic diversity may impact the ability to detect genetic as-
sociations, in this study more genetic associations were detected
for Lassi compared to the genetically more diverse Marecha
breed. This may be due to the genes that did show diversity
in Lassi have associations with growth traits. However, this
would need to be confirmed with a larger number of animals
to fully evaluate the genetic architecture. The main purpose
of this work was to find SNPs associated with several body
weights traits, namely, birthweight, weaning weight, and
weights at 1, 2, 4, and 6 years old. Growth is a complex trait,
involving aspects of cell proliferation, differentiation, muscle,
bone and tissue development, fat, metabolism and nutrient
absorption [20]. Likely, each physiological aspect is under its
own specific genetic control, so a search for associations will
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always be a somewhat ‘blunt tool’

At the most stringent level of testing, (9<0.01), there were
five SNP associations detected for Marecha (one at 2 yr, four
at 4 yr) and three associations detected for Lassi camels (one
for weaning, two at 2 yr), as shown in Table 2. However, many
more were detected at less stringent levels (g<0.05), particu-
larly for Marecha camels at 4 yr, although the limited number
of Marecha in this age group may influence this result.

In terms of effect sizes, for birthweight, effects sizes (allelic
substitution effects) for significant SNP associations ranged
up to —4.43+1.02 kg (Marecha) and -5.06+1.00 kg (Lassi),
i.e. up to ~10% of average birthweight. For weaning weight,
effect sizes ranged up to 20.9+3.8 kg (Lassi), i.e. ~20% of
mean weaning weight (No significant associations were de-
tected for weaning weight in Marecha camels). Maximum
effect size of significant SNPs associated with weight at spe-
cific ages tends to increase with increasing age: for Marecha:
144.3%£25.0 kg at 2 yr, and -159.2425.1 kg at 4 yr, and for
Lassi: 50.6+10.4 kg at 1 yr, and 107.4+19.4 kg at 2 yr. One
explanation for the relatively large number of associations at
the older groups may be that the effect sizes in these older
cohorts are relatively larger, increasing their power of detec-
tion. However, the small sample sizes means that these results
need to be treated with caution.

Also, of note was the existence of age-specific associations.
The overwhelming majority of associations were found to be
age-specific. Similarly, a study by Hadjipavlou and Bishop
[21] in Scottish Blackface sheep reported quantitative trait
loci to be associated over specific age ranges. Nonetheless,
some SNP were associated with weights at more than one
age in the current study, particularly for Lassi camels with
several SNP associations at one and two years of age (Table 3,
Figure 9). These SNPs that show strong association with
growth can be used as candidate gene in breeding program,
perhaps incorporating a panel of genes that might respond
at different ages. Nevertheless, it should again be considered
that the associations at older ages are less clear, due to the re-
duced sample sizes. The significant SNPs were within 142,
out of which 128 were protein coding and several of them
have interesting biological functions relevant to the growth
and metabolism. Further confirmation of these association
with a larger sample size may be warranted before delving
into functions of these candidate genes.

The current work builds on the study by Bitaraf Sani et al
[12] who reported the results of a GWAS on 96 dromedaries
of several breeds in Iran. When the results of the Bitaraf Sani
et al [12] paper and the current study are compared, it was
noted that a number of SNP associations within a +1 Mb
window were in common, notably on chromosomes 7, 11,
18, 25, 31, and 33 (Supplementary Table S2). For example,
there were four neighbouring SNPs on chromosome 18 (~
30.3 Mb) relating to Marecha body weight in the current study
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which were within 0.6 Mb of eight neighbouring SNPs in
the Iranian study of SNPs associated with body weight for
which the authors suggested candidate genes of dexametha-
sone-induced protein (DEXI), testis-specific Y-encoded-like
protein 4 (TSPYL4) and Class II transactivator (CIITA). The
current study provides a GWAS for body weight at a range
of specific ages, and also tracks the effects of selected SNPs
across ages of the camel. The novelty of this work has been
enhanced by using the output from the growth curve analy-
sis as additional weight phenotypes to detect effects of SNPs
at different ages of animals Nevertheless there are some limi-
tations to the current study, one major issue being the relatively
small number of animals in the study. While adequate for
the genetic diversity and population structure reported in
Sabahat et al [7], this is not ideal for a GWAS. Given the ge-
netic difference between the two breeds considered here, it
was necessary to perform separate GWAS as Marecha and
Lassi, and this would reduce the power of detecting associa-
tions compared with a combined analysis. Nevertheless, the
work presented here can be considered as laying the founda-
tions for a more comprehensive map. This will facilitate
development of marker-assisted selection approaches, and
with increase in camel numbers genotyped, the possibility of
a genomic selection approach for breed improvement in
camels could be considered, as is currently conducted in
other livestock species.

CONCLUSION

In summary, our GWAS identified SNPs associated with body
weight of Camelus dromedarius. Based on growth models, it
was possible to evaluate genetic variation in weight across
different ages, and it is apparent that genes are expressed at
different ages during the growth of camels. Several genes
harbouring the significant SNPs linked with growth traits
were detected and some of them have interesting biological
functions. However, future studies are required to confirm
and target these areas that could provide further knowledge
about genetic architecture of growth traits. These findings
should facilitate and contribute to marker-assisted selection
breeding program of the camel.
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SUPPLEMENTARY MATERIAL

Supplementary file is available from: https://doi.org/10.5713/
ab.22.0181

Supplementary Table S1. The CSV file ‘Supporting Table 1’ contains
information of each SNP association with any of the age-class
weight traits. A total of 331 associations are listed in the file based
on a g-value (adjusted p-value) of g<0.1. Column entries of the file
are: SNP: SNP name; chr: chromosome number; pos: SNP position in
chromosome (bp); p: p-value for SNP association test; b: allele
substitution effect (i.e. regression coefficient); se.b: standard error of
effect; g: FDR-adjusted p-value; Breed: camel breed (Marecha or
Lassi); Age: age (BirthWt, WeaningWt, 1, 2, and 4 yr); flank (basepair
sequence flanking to the SNP); feature (if SNP is within a gene) ;
class (type of sequence); assembly; genomic_accession; start (start
position of genomic_accession); end (start position of genomic_ac-
cession); symbol (sequence symbol); GenelD.

Supplementary Table $2.The PDF file ‘Supporting Table 2’ contains
a list of SNP associations mapped in the current study with SNPs
that were within 1 Mb of those mapped in the study on Iranian
breeds of dromedary by Bitaraf Sani et al [12].

Raw genotypic data: The raw genotypic data on 103 camel samples
genotyped for 65,644 SNPs mapped onto the dromedary camel
chromosomal-level draft assembly CamDro3 (https://www.ncbi.nlm.
nih.gov/assembly/GCF_000803125.2) are provided in supporting file
“CamDro3.vcf” in VCF format. The details on these samples are
provided in the raw phenotypic data file.

Raw phenotypic data: The raw phenotypic data on 137 camels are
provided in the CSV file. “final data sheet gbs-adj-v2.csv"); note that
not every phenotyped camel was genotyped. The field ‘sample_gbs’
is the camel ID, allowing linkage to the genotypic record. In addition
to key information on each camel (date of birth, breed and sex), birth
weight, weaning weight, and monthly body weights (kg) recorded
between July 2013 and June 2017 are shown.
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Table 1.

SNP chr pos se.b

20732_39 7 25542049 2.37E-10 -159.192086 25.12904615 3.56E-05
154340_31 21 29903214 7.57E-09 144.3428303 24.98231134 0.000567393
149372_20 18 13190875 2.86E-08 -20.94149909 3.773302213 0.00184824
40507_65 13 32716593 3.31E-08 107.359614 19.43417186 0.00184824
79310_43 31 16003963 7.33E-08 69.92402445 12.99011402 0.002730151
4322 _44 2 118922449 1.63E-07 78.2746368 1494473378 0.008130308
40656_22 13 34856641 2.52E-07 153.8493769 29.83875668 0.008829766
6625_78 2 92590903 2.94E-07 143.8474075 28.05701205 0.008829766
84745_29 34 17837742 4.60E-07 -5.062176166 1.003903689 0.012834527
46819_74 15 53476080 7.03E-07 52.13047132 10.50931006 0.015718467
40507_65 13 32716593 1.14E-06 50.58197063 10.39630753 0.021271877
570_78 1 119230476 1.49E-06 -143.3035926 29.77891309 0.011508422
334 57 1 114892489 1.59E-06 97.88463226 20.39394832 0.011508422
115321 34 30 13314740 2.07E-06 -162.3276619 34.20147174 0.011508422
1843_55 1 1701525 2.07E-06 -162.3276619 34.20147174 0.011508422
3627_54 1 9347501 2.07E-06 -162.3276619 34.20147174 0.011508422
56400_89 18 31389021 2.07E-06 -162.3276619 34.20147174 0.011508422
131696_75 7 85373455 2.19E-06 -139.9425368 29.55670368 0.011508422
12191_60 4 63524351 2.22E-06 -159.7876942 33.76569425 0.011508422
126001_51 4 63531559 2.22E-06 -159.7876942 33.76569425 0.011508422
86306_46 35 20820322 2.22E-06 -159.7876942 33.76569425 0.011508422
137595_71 11 71663573 2.28E-06 205.3980089 43.4513425 0.011508422
17625_84 6 33991165 2.28E-06 205.3980089 43.4513425 0.011508422
22717_89 7 84839308 2.28E-06 205.3980089 43.4513425 0.011508422
45352_47 15 18197537 2.28E-06 205.3980089 43.4513425 0.011508422
63097_55 21 18236667 2.28E-06 205.3980089 43.4513425 0.011508422
64151_44 21 30172925 2.28E-06 205.3980089 43.4513425 0.011508422
64151_70 21 30172951 2.28E-06 205.3980089 43.4513425 0.011508422
73552_77 27 12822273 2.28E-06 205.3980089 43.4513425 0.011508422
78573_32 30 5644619 2.28E-06 205.3980089 43.4513425 0.011508422
86463_39 35 22155568 2.28E-06 205.3980089 43.4513425 0.011508422
41132_40 13 41662494 2.90E-06 62.65679906 13.39489956 0.046312112
10626_65 4 28723315 3.05E-06 125.7796528 26.95027269 0.011508422
19638_45 6 92320807 3.05E-06 125.7796528 26.95027269 0.011508422
28635_67 9 733204 3.05E-06 125.7796528 26.95027269 0.011508422
116944 17 33 2639260 3.99E-06 155.6807375 33.75557643 0.011508422
116944 _75 33 2639318 3.99E-06 155.6807375 33.75557643 0.011508422
83600_42 33 2528049 3.99E-06 155.6807375 33.75557643 0.011508422
83600_63 33 2528070 3.99E-06 155.6807375 33.75557643 0.011508422
105118_52 13 4517153 4.45E-06 -173.2121808 37.74430644 0.011508422
114946_62 28 7062715 4.45E-06 -173.2121808 37.74430644 0.011508422
116925_76 33 2230791 4.45E-06 -173.2121808 37.74430644 0.011508422
121313_13 1 8793573 4.45E-06 -173.2121808 37.74430644 0.011508422
121313_65 1 8793625 4.45E-06 -173.2121808 37.74430644 0.011508422
134904_73 9 73650806 4.45E-06 -173.2121808 37.74430644 0.011508422
140164 _79 12 8959317 4.45E-06 -173.2121808 37.74430644 0.011508422
140164 _79 12 8959317 4.45E-06 -173.2121808 37.74430644 0.011508422
1630_10 1 13236654 4.45E-06 -173.2121808 37.74430644 0.011508422
182306_39 1 97279029 4.45E-06 -173.2121808 37.74430644 0.011508422
22983_72 7 86225622 4.45E-06 -173.2121808 37.74430644 0.011508422
25767_87 9 21258686 4.45E-06 -173.2121808 37.74430644 0.011508422
3265_50 1 69605737 4.45E-06 -173.2121808 37.74430644 0.011508422
3265_78 1 69605765 4.45E-06 -173.2121808 37.74430644 0.011508422
41287 _42 13 4371517 4.45E-06 -173.2121808 37.74430644 0.011508422
41287_70 13 4371489 4.45E-06 -173.2121808 37.74430644 0.011508422
48404 _35 16 25581394 4.45E-06 -173.2121808 37.74430644 0.011508422
48582_13 16 28466190 4.45E-06 -173.2121808 37.74430644 0.011508422
53418_79 17 44978708 4.45E-06 -173.2121808 37.74430644 0.011508422
56307_46 18 30302544 4.45E-06 -173.2121808 37.74430644 0.011508422
56308_47 18 30305338 4.45E-06 -173.2121808 37.74430644 0.011508422
56310_55 18 30307339 4.45E-06 -173.2121808 37.74430644 0.011508422
61358 8 20 24237122 4.45E-06 -173.2121808 37.74430644 0.011508422
79527_24 31 1942754 4.45E-06 -173.2121808 37.74430644 0.011508422
79527_27 31 1942757 4.45E-06 -173.2121808 37.74430644 0.011508422
79527_32 31 1942762 4.45E-06 -173.2121808 37.74430644 0.011508422
93592_15 1 11018325 4.45E-06 -173.2121808 37.74430644 0.011508422
7343_8 3 11093604 5.04E-06 -19.91532258 4.364476386 0.050703199






48631_19 16 29025512 5.25E-06 89.39485934 19.62800623 0.013347548
308_54 1 114593410 5.86E-06 98.80327588 21.80425678 0.014644257
29880_61 10 3579814 5.98E-06 48.64752405 10.74551446 0.050703199
46819_74 15 53476080 6.04E-06 24.95321152 5.514558491 0.050703199
71043_39 25 36921480 6.25E-06 105.7094071 23.39896477 0.01536658
20630_84 7 20351828 6.38E-06 -141.8980308 31.43996379 0.015435551
116956_24 33 2806994 6.67E-06 154.6560056 34.33727342 0.01562124
116956_71 33 2806947 6.67E-06 154.6560056 34.33727342 0.01562124
124135 31 3 45368068 6.71E-06 -33.66666667 7.477000272 0.050703199
117254 76 34 17616256 7.26E-06 115.2624269 25.69447062 0.050703199
163005_83 31 2563914 7.26E-06 115.2624269 25.69447062 0.050703199
57070_58 18 7898744 7.26E-06 115.2624269 25.69447062 0.050703199
59369_47 19 40299702 7.26E-06 115.2624269 25.69447062 0.050703199
59369 _7 19 40299662 7.26E-06 115.2624269 25.69447062 0.050703199
24885_56 8 79067134 8.12E-06 -7.517913833 1.684924376 0.05339582
100018_11 7 86161349 8.15E-06 -153.8808967 34.49377266 0.018522465
22989_28 7 86238280 8.15E-06 -153.8808967 34.49377266 0.018522465
86630_62 35 24304507 8.60E-06 -91.22227964 20.5013176 0.019254373
76296_11 28 762517 9.38E-06 4.585888889 1.034972469 0.055894122
60146_74 19 5042469 9.53E-06 -22.98333333 5.190916005 0.055894122
83833_55 33 4172256 9.64E-06 117.4641599 26.54496877 0.021255464
334_15 1 114892531 9.81E-06 101.1788907 22.88395605 0.021310474
45837_63 15 2880870 1.01E-05 122.6106988 27.77309666 0.021381039
81238_14 32 22635642 1.01E-05 -151.3270991 34.27957306 0.021381039
33074 _52 11 6011941 1.02E-05 50.0517798 11.33950647 0.055894122
81816_65 32 3029557 1.05E-05 -17.69536424 4.015752755 0.055894122
23066_14 7 8912545 1.10E-05 89.57266162 20.3727818 0.022890216
57105_54 18 8150234 1.13E-05 172.9841001 39.39696493 0.023196511
16334 _86 5 96005258 1.15E-05 68.12144638 15.53154463 0.058630211
69340 39 24 16246529 1.23E-05 42.35368644 9.68527471 0.059530373
62907_39 21 1383804 1.28E-05 -17.95517241 4.115296516 0.0597127
27264 39 9 521945 1.46E-05 -4.42841714 1.021489329 0.029275374
5950_90 2 50424440 1.46E-05 -119.443912 27.55985676 0.029275374
102481_55 11 23772849 1.48E-05 21.86082474 5.046880583 0.066168358
28604 _72 9 72708004 1.53E-05 -109.9554939 25.42675448 0.030174544
103229_45 11 81674156 1.71E-05 -128.2401878 29.82898086 0.033381957
76122 _73 28 6311225 1.93E-05 64.71665166 15.14649141 0.037120783
112118_16 22 24884156 1.99E-05 -75.65981099 17.73496471 0.037747728
83492 _73 33 2124114 2.09E-05 82.62895576 19.42036476 0.038890029
104266_66 12 9123376 2.10E-05 -132.2537887 31.09010573 0.038890029
37431 _56 12 65066709 2.15E-05 71.84498237 16.90902765 0.039278643
4831 _59 2 121671751 2.18E-05 -72.77470544 17.14132067 0.039388216
176392 _39 5 95107644 2.27E-05 111.5719836 26.33800498 0.070595797
36646_9 12 58753060 2.27E-05 111.5719836 26.33800498 0.070595797
75326_42 27 8462139 2.27E-05 111.5719836 26.33800498 0.070595797
78060_23 30 21350149 2.27E-05 111.5719836 26.33800498 0.070595797
78060_33 30 21350159 2.27E-05 111.5719836 26.33800498 0.070595797
11913 91 4 61257553 2.34E-05 101.8741929 24.0838671 0.041717971
42954 54 14 19944654 2.46E-05 -96.8260471 22.95428224 0.04343757
73276_85 26 566988 2.56E-05 -7.057308649 1.676610696 0.070595797
108957_35 18 10980151 2.73E-05 -33.67386809 8.026682978 0.070595797
106806_35 15 9825662 2.90E-05 -18.42283258 4.406092281 0.070595797
83033_34 33 1415092 3.07E-05 4.596815989 1.102774322 0.070595797
114229 _62 27 1559192 3.15E-05 160.046531 38.45194893 0.049219104
1270_40 1 123322908 3.15E-05 160.046531 38.45194893 0.049219104
138211_64 11 83029323 3.15E-05 160.046531 38.45194893 0.049219104
152520 52 20 12508145 3.15E-05 160.046531 38.45194893 0.049219104
167333_39 36 2347462 3.15E-05 160.046531 38.45194893 0.049219104
17972_12 6 53378628 3.15E-05 160.046531 38.45194893 0.049219104
41027_22 13 4067396 3.15E-05 160.046531 38.45194893 0.049219104
48583 12 16 28477745 3.15E-05 160.046531 38.45194893 0.049219104
48637_73 16 29050713 3.15E-05 160.046531 38.45194893 0.049219104
70035_68 24 5119713 3.15E-05 160.046531 38.45194893 0.049219104
86390_73 35 21429102 3.15E-05 160.046531 38.45194893 0.049219104
105845 _60 14 62512786 3.20E-05 78.61043054 18.90265213 0.049474624
58882_11 19 28608801 3.44E-05 -20.66019417 4.98799368 0.070595797
42394 15 13 8748123 3.47E-05 -129.3413073 31.24173859 0.053133659
65578 31 22 2051520 3.59E-05 -4.741496485 1.147482053 0.070595797
108957_35 18 10980151 3.66E-05 -16.56159526 4.011756104 0.070595797






111976_67 22 18966680 3.66E-05 -146.3615095 35.45594036 0.055425874
37056_23 12 62950801 3.72E-05 3.75349837 0.91014345 0.055811829
126320 _34 4 66640514 4.08E-05 -10.01027403 2.439820286 0.070595797
126320_51 4 66640531 4.08E-05 -10.01027403 2.439820286 0.070595797
12878 _19 4 66635456 4.08E-05 -10.01027403 2.439820286 0.070595797
12880_85 4 66639163 4.08E-05 -10.01027403 2.439820286 0.070595797
139550_67 12 63200162 4.22E-05 89.27020057 21.79944649 0.062654574
61413 18 20 26308326 4.30E-05 -72.1336049 17.63376036 0.06314768
140774_26 13 20205394 4.34E-05 -120.9381835 29.5786126 0.06314768
72905_62 26 27087462 4.45E-05 4.541320114 1.112358329 0.070595797
65128 67 22 12892371 4.49E-05 65.31569212 16.00639112 0.070595797
65133 61 22 12977545 4.49E-05 65.31569212 16.00639112 0.070595797
176392 _39 5 95107644 4.57E-05 54.90350472 13.46867032 0.070595797
36646_9 12 58753060 4.57E-05 54.90350472 13.46867032 0.070595797
78060_23 30 21350149 4.57E-05 54.90350472 13.46867032 0.070595797
78060_33 30 21350159 4.57E-05 54.90350472 13.46867032 0.070595797
107148_82 16 27421215 4.59E-05 149.123614 36.58933509 0.066168091
86699_7 35 25597425 4.69E-05 -66.22125004 16.26870785 0.066999662
52416_45 17 17680135 4.71E-05 57.89680583 14.22591695 0.070595797
107530_58 16 4741360 4.79E-05 -2.641649664 0.649757264 0.067769801
143641 5 14 7354948 4.88E-05 -18.62424242 4.586034246 0.070595797
78207_90 30 23344402 4.99E-05 2.819201917 0.695039563 0.069900927
153078_24 20 35915399 5.00E-05 -15.74963821 3.883615808 0.070595797
97221 59 4 66852778 5.18E-05 147.981208 36.56414168 0.070412434
79106_54 31 13503778 5.23E-05 67.85133068 16.77323967 0.070412434
72578_40 26 2368858 5.27E-05 -154.4700488 38.2055759 0.070412434
87284_40 36 2585944 5.27E-05 -154.4700488 38.2055759 0.070412434
73488 12 27 12158793 5.30E-05 62.47649482 15.45630791 0.070412434
59138_40 19 3612052 5.31E-05 61.32300647 15.17258611 0.070412434
155011_13 22 1858745 5.33E-05 -4.646153846 1.149817604 0.070595797
136538_40 11 22328228 5.36E-05 -22.80487805 5.64542635 0.070595797
62907_6 21 1383837 5.45E-05 -17.19791667 4.261833368 0.070595797
62615_16 20 5746481 5.53E-05 150.6234412 37.35826746 0.071978195
62615_16 20 5746481 5.53E-05 150.6234412 37.35826746 0.071978195
22133 51 7 78837909 5.60E-05 136.3453126 33.84160172 0.071978195
58849_30 19 2803506 5.61E-05 4.042708483 1.003542155 0.071978195
79115_67 31 1360486 5.68E-05 152.341638 37.84144362 0.071978195
56328_38 18 30438158 5.70E-05 57.49027469 14.28357629 0.071978195
54508_16 17 51927395 5.71E-05 89.58244683 22.25994467 0.071978195
60083_66 19 4642292 6.12E-05 103.3520315 25.78508275 0.076444721
87087_39 36 135610 6.12E-05 -3.981327841 0.993348299 0.070595797
62907_24 21 1383819 6.27E-05 -17.05172414 4.260526426 0.070595797
65404 _73 22 1819895 6.39E-05 80.93021673 20.2436622 0.078009244
43407_67 14 4260563 6.39E-05 139.2029128 34.82038255 0.078009244
37819_82 12 66765410 6.50E-05 -71.67287881 17.94522362 0.078009244
154168_86 21 28027262 6.52E-05 -132.8470911 33.26767541 0.078009244
70035_31 24 5119750 6.62E-05 -125.1385045 31.36689447 0.078009244
70035_77 24 5119704 6.62E-05 -125.1385045 31.36689447 0.078009244
70035_89 24 5119692 6.62E-05 -125.1385045 31.36689447 0.078009244
34957_32 11 84415056 6.66E-05 76.47183647 19.17483998 0.078009244
158057_34 25 35832505 6.69E-05 30.3070477 7.60114105 0.070595797
28653_11 9 73481517 6.77E-05 -104.7296412 26.28703938 0.078738129
115825_14 31 17061932 6.97E-05 55.09731094 13.85248716 0.080348674
39634_75 13 21545512 7.25E-05 -132.5408319 33.40336525 0.082995489
83283_30 33 1732754 7.73E-05 61.8204814 15.64061055 0.087826677
105349 _48 13 68292742 7.92E-05 -5.369230636 1.360394706 0.070595797
126317_33 4 66609052 7.97E-05 -6.515118677 1.651369675 0.070595797
106558_6 15 4700803 8.12E-05 -4.746987952 1.204560908 0.070595797
37342_81 12 64699538 8.13E-05 64.00122173 16.24165288 0.091644657
101598_75 9 74028118 8.21E-05 141.8585571 36.02216183 0.091901857
111171_17 20 5587742 8.48E-05 -20.00485437 5.089701253 0.070595797
104245 _61 12 8496364 8.78E-05 147.6048595 37.63546448 0.070595797
105067_41 13 4263899 8.78E-05 147.6048595 37.63546448 0.070595797
105067_63 13 4263921 8.78E-05 147.6048595 37.63546448 0.070595797
106614 58 15 51116362 8.78E-05 147.6048595 37.63546448 0.070595797
113358_20 25 29450652 8.78E-05 147.6048595 37.63546448 0.070595797
113359_61 25 29490906 8.78E-05 147.6048595 37.63546448 0.070595797
114020_52 26 27655266 8.78E-05 147.6048595 37.63546448 0.070595797
114425_67 27 24432266 8.78E-05 147.6048595 37.63546448 0.070595797






116022 _15 32 1157588 8.78E-05 147.6048595 37.63546448 0.070595797
11862_80 4 60816632 8.78E-05 147.6048595 37.63546448 0.070595797
122881_23 2 86010010 8.78E-05 147.6048595 37.63546448 0.070595797
123538 61 3 119174281 8.78E-05 147.6048595 37.63546448 0.070595797
126655_63 5 13546040 8.78E-05 73.80242973 18.81773224 0.070595797
128093 _77 5 95444948 8.78E-05 147.6048595 37.63546448 0.070595797
132353_78 8 63682970 8.78E-05 147.6048595 37.63546448 0.070595797
132353 8 8 63682900 8.78E-05 147.6048595 37.63546448 0.070595797
14578 _66 5 651718 8.78E-05 147.6048595 37.63546448 0.070595797
14827 24 5 7342003 8.78E-05 147.6048595 37.63546448 0.070595797
150408_45 18 587222 8.78E-05 147.6048595 37.63546448 0.070595797
151471_86 19 2797498 8.78E-05 147.6048595 37.63546448 0.070595797
156787 _12 23 32892406 8.78E-05 147.6048595 37.63546448 0.070595797
156793 _45 23 32932201 8.78E-05 147.6048595 37.63546448 0.070595797
157643 51 25 1009197 8.78E-05 147.6048595 37.63546448 0.070595797
163463 _25 32 13225590 8.78E-05 73.80242973 18.81773224 0.070595797
165176_60 33 2101688 8.78E-05 147.6048595 37.63546448 0.070595797
167501_67 36 6767445 8.78E-05 147.6048595 37.63546448 0.070595797
183670_10 6 79204331 8.78E-05 73.80242973 18.81773224 0.070595797
18753_40 6 73270341 8.78E-05 147.6048595 37.63546448 0.070595797
18990_78 6 82950531 8.78E-05 147.6048595 37.63546448 0.070595797
18990_82 6 82950527 8.78E-05 147.6048595 37.63546448 0.070595797
2238_79 1 3043961 8.78E-05 147.6048595 37.63546448 0.070595797
24121 16 8 63692650 8.78E-05 147.6048595 37.63546448 0.070595797
24134 27 8 64506654 8.78E-05 147.6048595 37.63546448 0.070595797
24135_88 8 64536965 8.78E-05 147.6048595 37.63546448 0.070595797
2841 89 1 57116196 8.78E-05 147.6048595 37.63546448 0.070595797
30809_34 10 59936853 8.78E-05 147.6048595 37.63546448 0.070595797
30809_57 10 59936830 8.78E-05 147.6048595 37.63546448 0.070595797
30811_29 10 59942630 8.78E-05 147.6048595 37.63546448 0.070595797
34604 _79 11 82887557 8.78E-05 147.6048595 37.63546448 0.070595797
34605_47 11 82894249 8.78E-05 147.6048595 37.63546448 0.070595797
34605_80 11 82894216 8.78E-05 147.6048595 37.63546448 0.070595797
34609_10 11 82917635 8.78E-05 73.80242973 18.81773224 0.070595797
36593_11 12 58430970 8.78E-05 147.6048595 37.63546448 0.070595797
36593_40 12 58430999 8.78E-05 147.6048595 37.63546448 0.070595797
4897 78 2 121947664 8.78E-05 147.6048595 37.63546448 0.070595797
49697_30 16 43307480 8.78E-05 147.6048595 37.63546448 0.070595797
58078_72 19 1797536 8.78E-05 147.6048595 37.63546448 0.070595797
58849 24 19 2803512 8.78E-05 147.6048595 37.63546448 0.070595797
59026_18 19 3237727 8.78E-05 147.6048595 37.63546448 0.070595797
60056_15 19 44952068 8.78E-05 147.6048595 37.63546448 0.070595797
61133_80 20 20204623 8.78E-05 147.6048595 37.63546448 0.070595797
61226_26 20 22061367 8.78E-05 147.6048595 37.63546448 0.070595797
66399_13 22 27823476 8.78E-05 147.6048595 37.63546448 0.070595797
6683_71 2 95522618 8.78E-05 147.6048595 37.63546448 0.070595797
68124 61 23 23312358 8.78E-05 147.6048595 37.63546448 0.070595797
68725_27 23 32895051 8.78E-05 147.6048595 37.63546448 0.070595797
68725_48 23 32895030 8.78E-05 147.6048595 37.63546448 0.070595797
69340_70 24 16246498 8.78E-05 147.6048595 37.63546448 0.070595797
69340_86 24 16246482 8.78E-05 147.6048595 37.63546448 0.070595797
70554 15 25 2812162 8.78E-05 147.6048595 37.63546448 0.070595797
70604_64 25 29272275 8.78E-05 147.6048595 37.63546448 0.070595797
70604_72 25 29272283 8.78E-05 147.6048595 37.63546448 0.070595797
70606_47 25 29299750 8.78E-05 147.6048595 37.63546448 0.070595797
70611_18 25 29409865 8.78E-05 147.6048595 37.63546448 0.070595797
70616_65 25 29477517 8.78E-05 147.6048595 37.63546448 0.070595797
70617 _37 25 29486369 8.78E-05 147.6048595 37.63546448 0.070595797
70621 37 25 29533416 8.78E-05 147.6048595 37.63546448 0.070595797
72372_46 26 1837708 8.78E-05 147.6048595 37.63546448 0.070595797
73059_61 26 27742159 8.78E-05 73.80242973 18.81773224 0.070595797
75421 _60 28 10578630 8.78E-05 147.6048595 37.63546448 0.070595797
76142_17 28 6462287 8.78E-05 147.6048595 37.63546448 0.070595797
77818 53 30 18915766 8.78E-05 147.6048595 37.63546448 0.070595797
81336_59 32 230582 8.78E-05 147.6048595 37.63546448 0.070595797
84081_54 33 6469430 8.78E-05 147.6048595 37.63546448 0.070595797
96792 _91 4 53749956 8.78E-05 147.6048595 37.63546448 0.070595797
99001_39 6 91232606 8.78E-05 147.6048595 37.63546448 0.070595797
99001_41 6 91232604 8.78E-05 147.6048595 37.63546448 0.070595797






99001_65 6 91232580 8.78E-05 147.6048595 37.63546448 0.070595797
31711_25 11 22260198 9.18E-05 3.601049694 0.920672205 0.071714731
31711_44 11 22260217 9.18E-05 3.601049694 0.920672205 0.071714731
31711 76 11 22260249 9.18E-05 3.601049694 0.920672205 0.071714731
31711_86 11 22260259 9.18E-05 3.601049694 0.920672205 0.071714731
25407_22 9 13642210 0.000103001 3.546232786 0.913174724 0.076482823
75031 56 27 4273152 0.000103519 -13.03769634 3.358332745 0.076482823
105108_68 13 44647227 0.0001109 -40.18 10.39474275 0.076482823
105437_22 13 9050259 0.0001109 -40.18 10.39474275 0.076482823
148134 68 17 2587074 0.0001109 -40.18 10.39474275 0.076482823
15707_39 5 92600307 0.0001109 -40.18 10.39474275 0.076482823
16684 _15 5 97329545 0.0001109 -40.18 10.39474275 0.076482823
22446_42 7 83006915 0.0001109 -40.18 10.39474275 0.076482823
22908_69 7 86007410 0.0001109 -40.18 10.39474275 0.076482823
22916_18 7 86030743 0.0001109 -40.18 10.39474275 0.076482823
23023_90 7 86459359 0.0001109 -40.18 10.39474275 0.076482823
35566_89 12 14779076 0.0001109 -40.18 10.39474275 0.076482823
38685_29 13 12770694 0.0001109 -40.18 10.39474275 0.076482823
39339_42 13 18420078 0.0001109 -40.18 10.39474275 0.076482823
40207_28 13 28587340 0.0001109 -40.18 10.39474275 0.076482823
42394 _15 13 8748123 0.0001109 -40.18 10.39474275 0.076482823
42623 74 14 12783233 0.0001109 -20.09 5.197371377 0.076482823
79062_38 31 12919751 0.0001109 -40.18 10.39474275 0.076482823
8837_26 3 45326924 0.0001109 -40.18 10.39474275 0.076482823
82233 82 32 625797 0.000116528 -33.41666667 8.672181431 0.079871162
127385_39 5 73877642 0.000117603 61.66918413 16.01352219 0.080116462
79172_13 31 14169096 0.00012044 63.21098036 16.43880425 0.081551412
110358 _10 19 43884181 0.000128437 -15.27192982 3.988036125 0.085925246
112264 38 22 3479140 0.000128437 -15.27192982 3.988036125 0.085925246
53052_79 17 31131176 0.000129989 -5.166665509 1.350240244 0.085987161
29880_61 10 3579814 0.000130069 87.4876112 22.86464034 0.085987161
153591 7 20 5788044 0.000139029 -21.98170732 5.769644742 0.091369907
5459 7 2 21281925 0.000141546 77.20195379 20.28719863 0.092479806
141357_76 13 33524311 0.000144613 43.7847629 11.52187536 0.093712372
59595_42 19 42118013 0.00014511 -15.61111111 4.108952136 0.093712372
86568_60 35 23506862 0.000148414 -3.971238938 1.046795903 0.09504903
111358 63 21 2020748 0.000148881 49.99067609 13.17996772 0.09504903
21775_61 7 68910611 0.00015224 -4.292745457 1.13343181 0.096640996
116246_71 32 20190978 0.000153758 -5.393797019 1.425075808 0.097053708
38715_9 13 12937053 0.000156122 40.05003549 10.59209881 0.097992048
62615_16 20 5746481 0.000166889 -17.73790323 4.711899298 0.098290528
62615_16 20 5746481 0.000166889 -17.73790323 4.711899298 0.098290528
62621 11 20 5815981 0.000166889 -17.73790323 4.711899298 0.098290528
59609_65 19 42166310 0.000167828 -18.25641026 4.851443921 0.098290528
111625_85 21 29971234 0.000168477 92.0539808 24.4686218 0.098290528
117567 _73 35 11589395 0.000168477 92.0539808 24.4686218 0.098290528
49308_60 16 37428404 0.000168477 92.0539808 24.4686218 0.098290528
84712 59 34 17615157 0.000168477 92.0539808 24.4686218 0.098290528
84712 _76 34 17615140 0.000168477 92.0539808 24.4686218 0.098290528
84716_28 34 17644716 0.000168477 92.0539808 24.4686218 0.098290528
9385_70 3 66424822 0.000168477 46.0269904 12.2343109 0.098290528
107371_57 16 38119791 0.000169794 103.7392582 27.58893907 0.098290528
146179_31 16 37840852 0.000169794 103.7392582 27.58893907 0.098290528
15631_24 5 92016813 0.000169794 103.7392582 27.58893907 0.098290528
34447 68 11 81918150 0.000169794 103.7392582 27.58893907 0.098290528
45801_76 15 2764397 0.000169794 103.7392582 27.58893907 0.098290528
8182_70 3 23158201 0.000170702 -18.83599089 5.011116006 0.098306707






Breed Age flank |feature |class |assembly |genomic_accession |
Marecha 4|GGCCTACCGAAAAGGGGGGTACACCCACCTTGAAACCAGGAGGGTATGTCCGTGCCAACATGAAGGGAAT
Marecha 2|ccttttgacacgTTCCTAgene protein_coding GCF_000803125.2 |[NC _044531.1
Lassi WeaningWt GAGCTGGGTGCRTGgene protein_coding GCF_000803125.2 |NC_044528.1
Lassi 2| TGAGGGCCCTCGG{gene protein_coding GCF_000803125.2 |NC_044523.1
Lassi 2|GCTTGGACAAGCTGTGTGTGACCGGAGCTCAGGGACGCTGACCTGCCCCGTCCTgtctgtectcagggageagceClT/
Marecha 4|GCCCGGTGTCATAT(gene protein_coding GCF_000803125.2 |[NC_044512.1
Marecha 4|TGAGGAGACCAGA(gene protein_coding GCF_000803125.2 |NC_044523.1
Marecha 4|GGAAATGATTTGA(gene protein_coding GCF_000803125.2 |[NC_044512.1
Lassi BirthWt TTCTTCTTTAGCAT(gene protein_coding GCF_000803125.2 |NC_044544.1
Lassi 2|CTGCAGATTCCTTGGACCCCTTTGAGAATCTCGGAGAGCTATGAACTCTCACCTCCAAGAAGGCACATCCCAC
Lassi 1|TGAGGGCCCTCGGgene |protein_coding  |GCF_000803125.2 |NC_044523.1 |
Marecha 4|GAATATCCGGGTCTTTGATTCAATGAATCCATCTCTCCCACATTTCAAGGGCTTGGAGAGGGAACAGAGAG/
Marecha 4|CCTCCATGCGGTAGTCTGCTTTGCCCATGTGTCAAACAAGCCCRGACTTTGAATGTTCACCTTGACAGGGAAA
Marecha 4|taaagaaattctcCAAAgene protein_coding GCF_000803125.2 |[NC_044540.1
Marecha 4|CCCCAGGGTGTGCG|gene protein_coding GCF_000803125.2 |[NC_044511.1
Marecha 4|TCAATTCCTTTTTCC|gene protein_coding GCF_000803125.2 |NC_044511.1
Marecha 4|GATCCCCCATCAGA(gene protein_coding GCF_000803125.2 |[NC_044528.1
Marecha 4|TGCAGAAACGTGGCGCCTGCGGAGAAGTCCGCAACCGACCGCGTGGCATTAGACGTGACTTTGTGCTGGTG,
Marecha 4|TTCTGGTGGTCTGTGTCTGCaccgggcetggggctggggcagcggcAGCTCTCGGGTTCTGCTTTGGTTTATTACA[C/T]
Marecha 4|AAAggatccccaccecctcccgaCTGCAGAGTTCAGGCCCAGAATGGGTCCTCCCCAGCAGGGGGCAGTGTGGGTIG
Marecha 4|ACGCACTGTGCAGCGTGTTTCATGAATGCTGCAGGGTTGACACCACGTTCTTCTGTCACTGAATTGCCCTGTG
Marecha 4|CCCCGTAGGTGAG(gene protein_coding GCF_000803125.2 |NC_044521.1
Marecha 4|GCCAGAAGTGGTG(gene protein_coding GCF_000803125.2 |[NC _044516.1
Marecha 4|ACGCTTGCTGGGGAGAGCGCCAAGCCCTCCTCCAGGACAGGctgaccMcagcccccM cccccSacMgGCMGGCCC],
Marecha 4|ACTACCCAAATTAT]gene protein_coding GCF_000803125.2 |NC_044525.1
Marecha 4|ATGGTTGGTCATCT]|gene protein_coding GCF_000803125.2 |[NC _044531.1
Marecha 4|CCCACCTGCACAAC]gene protein_coding GCF_000803125.2 |[NC_044531.1
Marecha 4|AAAACTGCAGCTGT|gene protein_coding GCF_000803125.2 |NC_044531.1
Marecha 4|GCTAACACTGAGAAgene protein_coding GCF_000803125.2 |[NC_044537.1
Marecha 4|GGAAACCACCCCCAGATCTGGAAGAAMATGAAGCAGGGATATGAAAGGTAGAAAAAGGAKGGGAGGGC
Marecha 4]GCCGCGAGTCCGGgene |protein_coding  |GCF_000803125.2 |NC_044545.1 |
Lassi 2|AACTATTGGTATTTAAGCAAGCAGGTGGGTGAGTCTGCAGTTGTGTttggctttcagcttttctccagGTGCAAGIA/
Marecha 2|TCTGGAAAAAACTGCTTCCCGGACTCATTTCATTAAAACATCTCAGTCCTTGggtttgaagttatttttaaagag|G//
Marecha 2|AAGGCTGTTTCATG|gene |protein_coding  |GCF_000803125.2 |NC_044516.1 |
Marecha 2|CTCTGTACAGAGTGAAAGGAGGCCTCAGCTAATCAACAAAGAAATGTTCTAGCCATCTTTCAACTTTCAGAT
Marecha 4|GGGGAGTGTTCCCTTCTCGGACATCACCTGAGGTCAGTCCTAGGAGAGGCCAGGGGACTGCAGCTCAGACT(
Marecha 4|TGCAGCTCAGACTGTGCKGGGGGCAAAGGAGGCAMTGGCTTGTCCTGRGCAGGGGTGCAGCTCAGCAGGG
Marecha 4|AACAAGTGTGCACAHgene protein_coding GCF_000803125.2 |[NC _044543.1
Marecha 4|ACTGGGCTGACCTG|gene protein_coding GCF_000803125.2 |[NC_044543.1
Marecha 4|GGAGACCCCCACGA|gene protein_coding GCF_000803125.2 |NC_044523.1
Marecha 4|GCAGAGTGCACTctgcagccagecagectgcACATTCTCAGTACAACCAGCRGGTTCAGACAAAGTCCATGTGAT(T
Marecha 4|GCAGCCAAGACCAdgene |protein_coding  |GCF_000803125.2 |NC_044543.1 |
Marecha 4|CTCAGAGGCCAGCATGCTACCTGGGCTCTCCTGGAGCCAACCCCTTTCAGGATGACCTCAGCTGCAGGACACC
Marecha 4| TGACCTCAGCTGCAGGACACCAASCCTTCTTCCCAGGAGAGGCCACCTCCCCAGGCAGGTCCCAGCAGCCAga
Marecha 4|ACTGCAGGACCCCT]|gene protein_coding GCF_000803125.2 |[NC_044519.1
Marecha 4|GAAaggagtggggtgdgene protein_coding GCF_000803125.2 |NC_044522.1
Marecha 4|GAAaggagtggggtgdgene protein_coding GCF_000803125.2 |[NC _044522.1
Marecha 4|CCCTCCCGTCGGAGAACGCCTGGCAGCGGCGCCGGGAGGCCCCTTCTCTGCCGCCCCACAGAGCCTGCAGCAC
Marecha 4|AGGAGTAGTGGTAAGCTGGGTTGAGTGAGGTTGAGAWTTCAgctaagaaaaagcaaaatagtgaCCACAGAATI
Marecha 4|ACTACGCACTCCTGCAGGCCAGCTCTGCCACATCCCAGGGGGGCCCTAACTGCACCGGAGGCAGCATCAGAC
Marecha 4|AATCAACATCTCTCCAGGCAGTAGCTTTTGGAGTCAACTTACTTTTTCCAaaatctgcttectectectcagggalT/ClG
Marecha 4|ACACGTCAAATCCCACGCCTCGTTCTGCAGAAGTTGACCTCTATGAGGCAGTACTGGCCTCTGAGCTCAGGG]
Marecha 4|AGAAGTTGACCTCTATGAGGCAGTACTGGCCTCTGAGCTCAGGGTCTYCTGCCATGTGATGGCTCTGTCACTT
Marecha 4|ACGTGACAGGCGGGGAGGGGCGGTCCTGGGTGCCGGTTCTTCGCTGCMCTCCTCAGGCCCCAGCGGCCCTTC
Marecha 4|GTTCCCACTCGCCAGGCAGTCGGAGCCCACGTGACAGGCGGGGAGGGGCGGTCCTGGGTGCCGGTTCTTCGC
Marecha 4|CCTCAATGGCCTGG|gene |protein_coding  |GCF_000803125.2 |NC_044526.1 |
Marecha 4|ggggcgcCAGCACCAAGGCCTCCAAGAGCGTTAGAACTCGTGGTCCAAAGCCCTGTCAAGGCTGCAGAGTTAA
Marecha 4|gggctggcagggctggg|gene protein_coding GCF_000803125.2 |NC_044527.1
Marecha 4|CACAGAGTGCTGT(gene protein_coding GCF_000803125.2 |[NC_044528.1
Marecha 4|GGGAGACCCAGGC(gene protein_coding GCF_000803125.2 |[NC_044528.1
Marecha 4|CAGGTCTATTATAG|gene protein_coding GCF_000803125.2 |NC_044528.1
Marecha 4|gagctgggtatttctcaalgene tRNA GCF_000803125.2 |[NC_044530.1
Marecha 4|AAGCTGCCGCAGAT|gene IncRNA GCF_000803125.2 |NC_044541.1
Marecha 4|CTGCCGCAGATGG({gene IncRNA GCF_000803125.2 |NC_044541.1
Marecha 4|GCAGATGGCgttact]{gene IncRNA GCF_000803125.2 |[NC_044541.1
Marecha 4|CAATTTGTCCGTAAAGAAGagataatttttctctaatttacaCAAAGTTCCTTGCATACCTGCAGGGGCCCTGCCIA/C
Lassi WeaningWt GTGGCAGAGCAGA{gene |protein_coding  |GCF_000803125.2 |NC_044513.1 |






Marecha 4|cttataatttaataaaagataaagtaaGGGCCCCAAATGGAGTAGGGTCCTTTCTCTGCAGTGCAGAGGAGATAGIT
Marecha 4|GCAATCagccctceccec{gene IncRNA GCF_000803125.2 |[NC_044511.1
Lassi 1|AAATTCAGCAAACIT|gene protein_coding GCF_000803125.2 |NC_044520.1
Lassi 1|CTGCAGATTCCTTGGACCCCTTTGAGAATCTCGGAGAGCTATGAACTCTCACCTCCAAGAAGGCACATCCCAC
Marecha 4|TACAGATGATTAGTTCAAGTATCCATAAAAGGAATCTGCAGCAATGTCAAGCGTTCATGGGAGAGGGAGA
Marecha 4|CTGGGAGCCGTACCAGCAGTGAGGCAGGCCGTGACGCAGTAGCCTTGCCTGCGGCCGGCCCGCGTCAGGCCC
Marecha 4|CCCAGCAGCATGGGCTCTGGTCAATTCARTTCTCAGACCACACAGGCCTGGGCTGTGCCTTCCCAGGAGGGA/
Marecha 4|AGCCTCAGAGGCTCTGCATGGGATGCTTTACAGATTAGATCCGGAAGCCCAGCAGCATGGGCTCTGGTCAAT
Lassi WeaningWt AGGGGTCCTCTGAAACCGGGCAGGGTGCTATCCTGCCACACTCACTTCCCACCTCTGACCGTGCAAGGCAGG/
Lassi 2|gacccctctecccactgecaccCCCAACCTGGCTCCGCGCCTCTTTGGGCCGGGGGCCGGGGCTGGGCACTGGGCA(T/G
Lassi 2|ACATGGCTRCCCCAGGGGGTCCTCTGCAAGCATCAGTCAGGTCCTGTAATCCCTGCGCTCACAACCACTCCCTC
Lassi 2|GAGCGTGGCAAGT/gene |protein_coding  |GCF_000803125.2 |NC_044528.1 |
Lassi 2|ATCAAGTGAGGTCATTCAGAGCTGTCCCTGCAGATRTGGCCACACTGCTCCACCCTGCCCCCCCTAGAATTCA(
Lassi 2|CAGTGTATATTCCTGTAGGCTGTAGTTTCCAAAGTCACAAATCAAGTGAGGTCATTCAGAGCTGTCCCTGCA!
Lassi BirthWt GCAGGCCACCAGG{gene |protein_coding  |GCF_000803125.2 |NC_044518.1 |
Marecha 4|GCATCTGTGTGCACACGGCTGTGTGCCCATGTGTGTGTTGGCTTCCATGTGCACATCACTGTGCTGCAGTACA
Marecha 4|TCATCCCGCCCCACAMCTCTGCGGGCTGAAACCTGCGGCTTCTCAGGGCCCCGCAGCAACATCCCTGCTGCAC
Marecha 4|CCAGTTTGCTTCCTGCAGCTGAGGACGCCCAGACCAAAATGAAAGCAAGCAACAGGGAAAGGAGCGCATG!
Lassi Birthwt TGCTGGATGGTGG(gene |protein_coding  |GCF_000803125.2 |NC_044538.1 |
Lassi WeaningWt TGGAGGCTGGAGACCTAACGCACCGCggtcctgectcccagetgaCCTGTACACCCGGGGCACCAAGAAAGACGC[(
Marecha 4|ACAGCCGTCCGGGGGCAGCTCCCTGTCTTCCCTCCCGCTCGCTCACTCCTCTCTCGCTAGGGACAGGAGCCAGG
Marecha 4|CRGACTTTGAATGTTCACCTTGACAGGGAAAAGYGGGAACAGGACACATGgataaggagaaatgaaaacttggg(
Marecha 4|TTCCAGCTCGTCTGCAGCCACGCTGGTGGCCTCCTATGTTGTTCTGCCAATTCCACCCCCcSMcYcecYtYcttec[T/C
Marecha 4]|agcCTTCCAGCATGT|gene protein_coding GCF_000803125.2 |NC_044542.1
Lassi 2|CGTGGCTTTGTGAG|gene protein_coding GCF_000803125.2 |[NC _044521.1
Lassi WeaningWt GACCTGTTCATTTTAgene protein_coding GCF_000803125.2 |NC_044542.1
Marecha 4|AGTTAAAAGAATC(gene protein_coding GCF_000803125.2 |NC_044517.1
Marecha 4|GCTTGGGAGTCAGAgene protein_coding GCF_000803125.2 |[NC_044528.1
Lassi 2| TGCATGGTGATGTCTGAGCAAACACTTGCTGAACGAGTGAGCCCAGAATGGGCCAGTCGAGCTGTTAGGAC
Lassi 1|CGGGCTCCAAAGAGCAAGGTGGCACKGCMAGAAGKGACMAAGRGMAGGTGAGTCKGGAGAGGGATGTA
Lassi WeaningWt CTTGTCTTTAAAGA({gene protein_coding GCF_000803125.2 |[NC _044531.1
Marecha BirthWt CTGGGACAGAGGT(gene protein_coding GCF_000803125.2 |NC_044519.1
Marecha 4|aggGAGACAGGAA(gene protein_coding GCF_000803125.2 |NC_044512.1
Lassi WeaningWt aaaatgtgaaaaaccgTCGCTGCAGGCTTAGGAGAATGccaggaagaaagacagagaaattgTGTTTCTAAAACCIA/G
Marecha 4|CCTGGCAGAGAGATGGAACCAAGACGGAGGTGAGGCGTCCAGGGCCAGATGACCCGGGCAGTGGAGCTG/
Marecha 4|GGCCTGCCTGCAGG|gene IncRNA GCF_000803125.2 |NC_044521.1
Marecha 2|CTCCACCACCAGAG]gene protein_coding GCF_000803125.2 |[NC_044538.1
Marecha 4|GAAGGGAGCTCAGCAAACAGGCAGCGCCCGCCTGGCTCAGCGCTGGGTAAACAGGACTCTGCCCYGCACCT(
Marecha 2|GCTGCAGGTCCCCT(gene protein_coding GCF_000803125.2 |NC_044543.1
Marecha 4|AACTGGtcacccttcec{gene IncRNA GCF_000803125.2 |[NC_044522.1
Marecha 4|AGGTGTGCAAGCCAgene protein_coding GCF_000803125.2 |[NC_044522.1
Marecha 4|GGCTGCTGTAGCCCGAGTTACTGGTTGCAAGTAGCAGAAACCGACTCTGGTCACTGAAGCGGGAAAGAATT
Lassi 2]gcgcccGGCGGGGCGAGGGAGCAGGAGGCTCTGAGCTGCAGACGCGGGCCCCGAAGCCGCCTGTCGTCGCGG
Lassi 2|GGCTGGCCTCTGGG|gene |protein_coding  |GCF_000803125.2 |NC_044522.1 |
Lassi 2]actccctgccTCTAAGAAATCCCCTTCTTTGGTGTGGCMTGTCTCATCTCAGGAGAATTACAGCTGGGAAGGTG(
Lassi 2|CAGGACTTAGATGATTAGATTCTTTCAGGGAGGCGTCCAGCTGGGACATCTCTGCAGAAGTGAAACTTTGC]
Lassi 2|ATGATTAGATTCTTTCAGGGAGGCGTCCAGCTGGGACATCTCTGCAGAAGTGAAACTTTGCTAACRTAGGA/
Marecha 2|CTTGCTGGAGACAAgene protein_coding GCF_000803125.2 |NC_044514.1
Marecha 4|CGTCTGGCCCTGGG(gene IncRNA GCF_000803125.2 |[NC_044524.1
Lassi BirthWt gggaggaaggtaattaggtctgtttatgtatttattgaaacagagggactggggattgaacccgggaccttgtge[G/Altgctaagceace
Lassi 2|ACCATCCCCTAGGTAGCTGAGAATTCTCTACTGGATATTCTGCAGTTGACCAAACAcgaggggaagaaagaggcea
Lassi 1|TTTATCTTGTCCTTCACTCAGTCACTCCTTCRTTTATTtacacaacWaatatttactgagtgectgagGTCCAAG[A/G]CT
Lassi BirthWt TGATTAAACCGCGT|gene protein_coding GCF_000803125.2 |NC_044543.1
Marecha 4|TGGAGGGAGCATG]gene protein_coding GCF_000803125.2 |NC_044537.1
Marecha 4| TCCAGACATTGCACGGCCCCCAGAACCCCACACGGTGACTTCCAGCCACTTACAGAAAATGTCCCCAAGCCCA
Marecha 4|ATCTTGATGGCTGCJgene IncRNA GCF_000803125.2 |[NC_044521.1
Marecha 4|CCTGGCCATAGAGT|gene protein_coding GCF_000803125.2 |NC_044530.1
Marecha 4|TGCTCTGGCCTGCGGCGGGTGGGGGGCAAGGTTATTGGCCTCCAGggtcagaagaaacaaaaaaacttcgGCGGG]!
Marecha 4|CTGCAGGCCGGGCGGGGACCGCCGAGGCTCCCGCCTGGGAGCCGGGGACGCATCTCAGCTCCCTgcagecttccc
Marecha 4|CTGCTGTGGCCCCYgene |protein_coding  |GCF_000803125.2 |NC_044523.1 |
Marecha 4|CAGCTtgtcccagctectteectggt TTCTTTGCCCCAATTCCCCTCTCTTGGACTGAGGGGTCCCAGAGAATGTIA/G)
Marecha 4| GGCCCGCCAGCCGA|gene |protein_coding  |GCF_000803125.2 |NC_044526.1 |
Marecha 4|ACCAGAGGCGTAGAATCTCACATCTTCCCGGCACCGTAGTCTCGGGAAGGCCAAYGGAGATTACACRACTTC
Marecha 4|tctgcagggCAAAAGGGCTGAGGCAGGAGCCTCTCCTGGCAGTTATCTGACTTTCTTCTTGGGGAGATGTTTGC
Marecha 4|GAGGGGGACCGGG|gene |protein_coding  |GCF_000803125.2 |NC_044524.1 |
Lassi WeaningWt GTGTGTAGTGCACACTGTCATACACCTGCCGGTGCCTACACTGCTGGTGCCCTCAGACTCCAGCTGCAGTGAG
Marecha 4|GAGCCTGCCATGTG|gene protein_coding GCF_000803125.2 |[NC_044523.1
Lassi BirthWt CGCCTGCTTCTGAC(gene protein_coding GCF_000803125.2 |NC_044532.1
Lassi 1|ACCATCCCCTAGGTAGCTGAGAATTCTCTACTGGATATTCTGCAGTTGACCAAACAcgaggggaagaaagaggea






Marecha 4|GAGGTCTCTGCAG{dgene protein_coding GCF_000803125.2 |[NC _044532.1
Marecha BirthWt GATTCTCGTGTGAG|gene protein_coding GCF_000803125.2 |[NC_044522.1
Lassi BirthWt CTTTGTCAGTCTGA(gene protein_coding GCF_000803125.2 |NC_044514.1
Lassi BirthWt TATCTGTTGCTCCA({gene protein_coding GCF_000803125.2 |NC_044514.1
Lassi BirthWt GCTGGCCTCGTCCCAgene protein_coding GCF_000803125.2 |NC_044514.1
Lassi BirthWt CGGCAGGACGTGGAgene protein_coding GCF_000803125.2 |NC_044514.1
Marecha 4|AGGCGGGCTGGGC(gene protein_coding GCF_000803125.2 |[NC _044522.1
Marecha 4|1gGGGCCAGGTCTG{Hgene protein_coding GCF_000803125.2 |[NC_044530.1
Marecha 4|AAGAGGAGTGGCAGGGTGGGAGGCCCCAAGGGAACAGAAGAGGGGAAACTGCAGCARTAGRGATTGAG!
Lassi BirthWt GCCGACCCCGCTCCGGGACGTGAGCATGCAGGAAACTTCTTCCTCCCACACCTCACTCCYGTTTCCTGCCGTGG
Lassi 2|GGGCCTCCCAGTGA|gene protein_coding GCF_000803125.2 |NC_044532.1
Lassi 2|CTCAGGCACTGTGG|gene protein_coding GCF_000803125.2 |NC_044532.1
Lassi 1|gcgcccGGCGGGGCGAGGGAGCAGGAGGCTCTGAGCTGCAGACGCGGGCCCCGAAGCCGCCTGTCGTCGCGG
Lassi 1|GGCTGGCCTCTGGG|gene |protein_coding  |GCF_000803125.2 |NC_044522.1 |
Lassi 1|CAGGACTTAGATGATTAGATTCTTTCAGGGAGGCGTCCAGCTGGGACATCTCTGCAGAAGTGAAACTTTGCI
Lassi 1|ATGATTAGATTCTTTCAGGGAGGCGTCCAGCTGGGACATCTCTGCAGAAGTGAAACTTTGCTAACRTAGGA/
Marecha 4| AAAGCAGGCTAGG{gene |protein_coding  |GCF_000803125.2 |NC_044526.1 |
Marecha 4|ACTAATGCTGGGATGTTCAGACACCCTGTGGTGGGAAGGAAGGCCTTTTGGTGCCTCCATTAACTCCCTGCA!
Lassi 2|ttttctgttcttttictaadgene protein_coding GCF_000803125.2 |[NC _044527.1
Marecha BirthWt attttgttttaataataajgene protein_coding GCF_000803125.2 |NC_044526.1
Lassi WeaningWt GGTGTTTCCAGCTC(gene protein_coding GCF_000803125.2 |NC_044524.1
Marecha BirthWt ATATTCCCCTTTCTC|gene protein_coding GCF_000803125.2 |NC_044540.1
Lassi WeaningWt geeecggtggaagecgedgene protein_coding GCF_000803125.2 |NC_044530.1
Marecha 4|GAAACCCTCGGCCTCACCCTGCCCCAGCCGGGGGGCCTGTGCGTGTTTGAGTGCGTGCGTGAGTGCATGCGC/
Marecha 4|TTCACCAGGAGCTCTGGAAACTGCAGATCTATAGCAAGCAAACTGACGTTCGAGTTTTAAAATCCacaaaaaa
Marecha 4|ACAAATGASATGG(gene protein_coding GCF_000803125.2 |[NC_044536.1
Marecha 4|CCAGCAGCGGGGG(gene protein_coding GCF_000803125.2 |NC_044546.1
Marecha 4|gaaaaacactgaggaCCAAAAAAATACATCTGGAAGCTTAATGTGGCAGATTGTAAGCTCTGCTGCAGACTCAF
Marecha 4|gTGGCAGAGGAGGCGCGGTCTTGACGGAGAGGCCCTGCAGAAAGTGCCACGGCCTCCACGGCCACCTCTTCC
Lassi BirthWt ATCCCTCCTTTGCA(gene protein_coding GCF_000803125.2 |NC_044532.1
Lassi WeaningWt AGTGACTGCACTCT(gene protein_coding GCF_000803125.2 |[NC _044521.1
Lassi WeaningWt TTAGGGCAGATGG(gene protein_coding GCF_000803125.2 |NC_044531.1
Marecha 4|TTGTCAAACAAAGHgene protein_coding GCF_000803125.2 |NC_044530.1
Marecha 4|TTGTCAAACAAAGAHgene pseudogene GCF_000803125.2 |NC_044530.1
Marecha 4|cggggagggggcggaglgene protein_coding GCF_000803125.2 |[NC_044517.1
Marecha BirthWt GAGCCCCTCTCAGAGAAGGAGACCGCACTCGCTCGGTGCTAACTGGGCTGCCTGCGGTGTTCAAGGAAAACH
Marecha 4|aaataaggaaaggGA(gene protein_coding GCF_000803125.2 |[NC _044541.1
Marecha 4|GAGAGCTTTGCAGT|gene protein_coding GCF_000803125.2 |[NC_044528.1
Marecha 4|ACAGAGGGGGCAG|gene protein_coding GCF_000803125.2 |NC_044527.1
Marecha 4|ccagagcectgcagggtAGGGCTCATCCTTCCACYTCCAGGAGGTGATTCCTGCTCCCATGGGGTCCCAGCCACA[C/
Lassi BirthWt accaggaagcagagaggccagCAAGGAGGTTCCTCCTGCAGGAACCAGGTCCATCCTTCTGGTTCACCAGGCCTC[C
Lassi WeaningWt CACCGGCGCCCTGA{gene |protein_coding  |GCF_000803125.2 |NC_044531.1 |
Marecha 4|CCTGCAGGCACTGGACTGGCAGCCGCCTGGCGGCCACCACGGCAAGAACACCCGCCTCACGTGCGTGACGCA
Marecha 4] TCAGCGGCTGCAGAgene |protein_coding  |GCF_000803125.2 |NC_044524.1 |
Marecha 4|AGAAMGGctgaaMagtttctaaaattgGCCAGAGACGTGGATCCAGCTGCGGAGGACTCAGGATGAAGACAAC
Marecha 4|CCTTACTCAGAGCA{gene |protein_coding  |GCF_000803125.2 |NC_044531.1 |
Marecha 4|AGTCTCGGGAAGGCCAAYGGAGATTACACRACTTCACTRGGCGATTCATCCGAACAGAGGACTATTGTCGA/
Marecha 4|TTAAAGGATACCAGAGGCGTAGAATCTCACATCTTCCCGGCACCGTAGTCTCGGGAAGGCCAAYGGAGATT,
Marecha 4|TTGGACTTGACATTAAAGGATACCAGAGGCGTAGAATCTCACATCTTCCCGGCACCGTAGTCTCGGGAAGG(
Marecha 4|CAGCTCTGTCACTG{gene |protein_coding  |GCF_000803125.2 |NC_044521.1 |
Lassi 1|AAAATGATCAGAGGTGGCGTCGTGGGTGTGTCCCCCAGCACTGCAGTTGCTGGTGTATCATGACGATTCACT
Marecha 4|GGCGACTCGGAGC(gene protein_coding GCF_000803125.2 |[NC_044519.1
Marecha 4|CAACTaatgagaggadgene protein_coding GCF_000803125.2 |[NC_044541.1
Marecha 4| TGCAGCATCTCCAGCACTCCCGAACCTGAGTTCCAGCAGGTCTAAATGCATAATTCCTGTCCAAACAGGGAG,
Marecha 4|GAGGCCACAGGTGACCGAGGGTGCCGGGGCTTGTAGGCATTCTGAATCCTTACCCTGACGGCCTCCTTTCCAC
Lassi BirthWt TTATGAGCCGGTTC|gene IncRNA GCF_000803125.2 |NC_044523.1
Lassi BirthWt AGAGGTCACGGGA|gene protein_coding GCF_000803125.2 |NC_044514.1
Lassi BirthWt GCTTGACTTTTCAGAGAAGTACAAGATGTAATTTTAGGTTACAAGGATGCTGGAAGATGCAGAGTCTACTG
Marecha 4|AGCATCCTTGGGGAGACCGCAGAGGCAAACGCAGGGGAGGTGCTCGAGGACACGCGCCACACAGCTGAGA
Marecha 4|tgcagctgctectgcCGCgene protein_coding GCF_000803125.2 |NC_044519.1
Lassi WeaningWt GCGCCCACCAGGA(gene protein_coding GCF_000803125.2 |[NC_044530.1
Lassi 2|CTGGCGCCAAAGGCTGCAGTCATCCGCACTCCCCTCCCTGGTACCCACAAACGCTTTGetcacccacccceMgec[T/(
Lassi 2|GAGTCCGGGGCCG(gene protein_coding GCF_000803125.2 |NC_044523.1
Lassi 2|CAGCGGGGTCTCTG|gene protein_coding GCF_000803125.2 |[NC_044523.1
Lassi 2|GAAACTGGGATTGTGACTGCAGTCAGTTGCTCTCGGGCTGAGATATTTGGACATTAGGGTTTGGAATGCAC
Lassi 2|ATGGGCACAAGGAGAGAACCACCACTTAATTTCCAGCTTACTACACGAAGCATTCTGCAGGAGCACGGGAC
Lassi 2|GAATCGGCACTGTTCCCAGTGGTGCTCGCCTGTATAGCTGAAAGAACACAGGTTTTGGGGCTGAATCTTCTA
Lassi 2|GTGCAGGTGTTACTGCTTACAGAGCTCATGTACGCAGCAAGGGAGAAACCAGGAGGCAGAGCAACTATAA
Lassi 2|GTCTGGTCTGCAGC]gene |protein_coding  |GCF_000803125.2 |NC_044537.1 |






Lassi

TGCTRTTCTCAGCTCTTCCCCTGCTCGAGCATCCTCACRCGTTCCCCTGGCTTCAGTTTTGAACACGTGCCTGCT]!

Lassi

GAGACTGGAAGCC{gene |protein_coding  |GCF_000803125.2 |NC_044514.1 |

2
2
Lassi 2|TTATTGAGAGCCTCCCACGGACCAGAAACTACAAAAATCAATCAACCCCTCCTGCAGCCATCCAGGAACTTAI
Lassi 2|GCTCTAGCATCAGCTGCAGATTTAGAACCACCTCCCAAGGTAATTACAGACGTAGGATCCACACTAAGTTCT!
Lassi 2|AACTTGCACACCTG{gene |protein_coding  |GCF_000803125.2 |NC_044515.1 |
Lassi 2|TGAGCTCAGTGTGTCCGGCTGGGCCCTGAGAACGAGGTGGCCTTGACCAGAGCCTGGGCTGSGGCCCKGGG/
Lassi 2|AGGACWCACACACTTGCSCTTGCCAATCTAGCACCACAGTTTATTCACAGGCAAGTAAATCAGGACTTCTGC
Lassi 2|TTGTCTTCTTATTCCTATTCATCTCGACCAGTCCTGACCAACAGGTGCCTCCAAACACGTCAGCCTCTGCAGGA
Lassi 2|CAGTCAGCCTGCAG|gene protein_coding GCF_000803125.2 |NC_044515.1
Lassi 2|TTTCAAGAAGTCCC|gene protein_coding GCF_000803125.2 |NC 044515.1
Lassi 2|GTGGCAAGCTCAG(gene protein_coding GCF_000803125.2 |NC_044528.1
Lassi 2|CTCCTGCTCCCCCAGCTCGCCTGGTCCCCAGGCTCWGCGTGTGCGGCCGCAGCCACGGTCCCCTCAGCCCCTCAI
Lassi 2|CGTCGTGTCTGGTG)gene protein_coding GCF_000803125.2 |NC 044533.1
Lassi 2|cctctgetcttgCCTGA(gene protein_coding GCF_000803125.2 |NC_044533.1
Lassi 2|ATCTCCCTTCCTGCC|gene pseudogene GCF_000803125.2 |NC_044535.1
Lassi 2|TCCTCCCGCACCCCGGTCTCTCTTTCTGACAGatgaatcacctgggaatcttgttaaaatgcaggt t TGAATGG[G/A]CA(
Lassi 2|CAGAGCGGACAGG{gene protein_coding GCF_000803125.2 |NC_044543.1
Lassi 2|CACTGAACTGCAGT|gene IncRNA GCF_000803125.2 |NC_044546.1
Lassi 2|AAGTGAGCAGAAGGCAGCAGCCAGAGCCAGGCAGCAGATTGGGGTCCCAGCTAAATAGTCTGAGCTGCAG
Lassi 2|TccTecacceccgGdgene |protein_coding  |GCF_000803125.2 |NC_044516.1 |
Lassi 2|CGTGTGCAGGCAGTTCCGGGGGAAGAGGGGCTCTTCAGAGAGCCGTGGGTGTGCCCTGAGTCTACTCTCCCR
Lassi 2|ACATCGTGTGCAGGCAGTTCCGGGGGAAGAGGGGCTCTTCAGAGAGCCGTGGGTGTGCCCTGAGTCTACTC
Lassi 2|GCTGACAGCCCCCTdgene |protein_coding  |GCF_000803125.2 |NC_044511.1 |
Lassi 2|TATACACCACCATGCTGGTTTCAAACCGCATGATAGCTCTGAGACAAATACCAAGATTCTGCAGCACGTGAA
Lassi 2|TGTGAATGCGGTCTGAGTGCCTCTGTCATCTCTGGATTTCATCCAAACCCTTCTATGACTTTAGATGCGGAGG
Lassi 2|CTCCCATCCTAAGTCTCAAGTTCCCATTCTCAGAGTAAGGGTGGTATTGGTTTAGTTGGTGGGACAATCACCT
Lassi 2|GGGACTGGAAAGC|gene protein_coding GCF_000803125.2 |NC_044511.1
Lassi 2|AATGCCTGTGCAAAgene protein_coding GCF_000803125.2 |NC 044520.1
Lassi 2| TCACCGGGAGCAC(gene protein_coding GCF_000803125.2 |NC_044520.1
Lassi 2| TCCACCTGACACCT(gene protein_coding GCF_000803125.2 |NC_044520.1
Lassi 2|CTGACTGCCTGCGAAGTGCTTGCTCTCAGCCGGGATTGCACGAGCAGAAGCATTTATACTTTGgctgttttcttt[l
Lassi 2|CGGGCCCCATCTCCAGAGGCTAATTGTTTTCAGACAAGCCTGYTGGCAGGGGCTGAGTCCCCTCCCCTGCACA
Lassi 2|GGAGCGCAGTCACCACCTGCACCTGCTGGGGCCCGGGCCCCATCTCCAGAGGCTAATTGTTTTCAGACAAGC(
Lassi 2|AGTCTAGGGAGGTCTGGGTGAGCGCAGACAGGTCTGTTTTGGGCAGYGAGGCTGTCCTTTGCCCCGTGGGA®
Lassi 2|cgcecteccectectctctcagagTATCAGCCAGCATTTGGGGTCACTAATGCACGTGAGGCTCTGCAGAGCACA[T/Cl
Lassi 2|GCCAGCATTTGGGGTCACTAATGCACGTGAGGCTCTGCAGAGCACAYGTGTCAACCCAGGCTGTGCTTGCAC
Lassi 2|AGAGCAACAGGAT{gene |protein_coding  |GCF_000803125.2 |NC_044512.1 |
Lassi 2|AACCAGTGCAGGGAGATGAAGTCACTTGGTGGGTTCTGAGCT Cectgcaggaagccttecctccccccaggect G[T/G]C
Lassi 2|GCAGCGGGATCAG(gene |protein_coding  |GCF_000803125.2 |NC_044529.1 |
Lassi 2|CTCTCAGAGAAGGAGACCGCACTCGCTCGGTGCTAACTGGGCTGCCTGCGGTGTTCAAGGAAAACAGACRC/
Lassi 2|GCCCGTGATCGCTG{gene |protein_coding  |GCF_000803125.2 |NC_044529.1 |
Lassi 2|TGGGGAGAAGGGGTAGCTGGTCTTGACAGTGACAATGGCAGAGCAGCATGAGGATCGCTCTGCAGGGGTC
Lassi 2|CGGGGAAATGTTAAATCAGCGAATTGAGATGCCAGAGACGAAAGTGGGACTGCCACGTGGAGCCTGCCAC
Lassi 2|ATGTTTTCTGGCTG({gene protein_coding GCF_000803125.2 |NC_044530.1
Lassi 2|CGTGACGCCGGCTC|gene protein_coding GCF_000803125.2 |NC_044532.1
Lassi 2|CCCCTGCAGGCTAGAGGATATTGCAGGCGAGGACCCCAGAGCAGTCTCTGAA Cattectgececccaccccct Sc[A/C
Lassi 2|GTGCCCCTAAGATCTGCAGGTCTCAAGAGTTAGGCAAAGGGGGTTTTCCTTCTTAGAGAGTCATAACAGGG!
Lassi 2|cttcctgectcagtttcttdgene protein_coding GCF_000803125.2 |NC_044533.1
Lassi 2|GGAGtttcttaaaattdgene protein_coding GCF_000803125.2 |[NC _044533.1
Lassi 2|AAAGGTGGGTGGGCTGAGTCCACGGAGCCCCCGGGCTCCAAAGAGCAAGGTGGCACKGCMAGAAGKGACT
Lassi 2|GGCCCGGAGAAGGCTCAAAGGTGGGTGGGCTGAGTCCACGGAGCCCCCGGGCTCCAAAGAGCAAGGTGGC
Lassi 2[ccGGGGCTGAGAT]gene |pseudogene |GCF_000803125.2 [NC_044535.1 |
Lassi 2|gctectectectgeaggteccageccagecttectctectccacgAAGCTTCTCTGGCCCTGCAACCCCTGCCTCIA/GICAGTCTG
Lassi 2|tcctgcaggteccageccagecttectctectccacgAAGCTTCTCTGGCCCTGCAACCCCTGCCTCRCAGTCTG[T/CIGTTGG!
Lassi 2|TTCATCTGAAGGGTCTACCTGGGGCCTCTGCAGCACAGAGTTCTCAGGTAGACACACTTCTTACCTGGCCACG
Lassi 2|GGGACACAGCAGGGACCCCTCCTGCTCTcgagagaaggaagaacaaagatgTTCCCCTTTCTGGAAATTTGATACIG
Lassi 2|CCTCCTATAAGCAC]gene JIncRNA |GCF_000803125.2 |NC_044535.1 |
Lassi 2|TCATCACTTTCCTTCTTGCCACAGATCCTTGGTTGCTCAATCGGCACTTAATCACTCAGTCACTTAAGGGTGCA
Lassi 2|GTGGCCAGTCAAATTGACACATGGAATTAACCGTCACAACACCTCCTGATTACACAGAAGGTGCCAGTCCCT
Lassi 2|TGGTTCTggcggtagagcacgtgctcagctg CAGGTGCCCCCCTCCAGCTGGGAGececccceMccMgecYcYceec[A/ClgcA(
Lassi 2[CAAGCTCAGGGCAT|gene [orotein_coding  |GCF_000803125.2 [NC_044536.1 |
Lassi 2|ccccaggggcct CTGGTGGGCCGGCTTCATGTGTTGTGTCTGGAAGGTCTCGGGCCTCAGGGCTGTGGTTGCCAC
Lassi 2|GCTTCCTTGGCATG({gene protein_coding GCF_000803125.2 |NC_044538.1
Lassi 2|TATCCTGACATGTC(gene protein_coding GCF_000803125.2 |NC_044540.1
Lassi 2|TTACTCCCTCAGCCT|gene protein_coding GCF_000803125.2 |NC_044542.1
Lassi 2|ACGTAGAAATCAC({gene protein_coding GCF_000803125.2 |NC_044543.1
Lassi 2|GATAMGAGTTTTGGTCTTAGAACCAAGGAGTCTGAGTGCCAAGCCAGCTTTGCTACCAAATCTCTGTTAAG!
Lassi 2|ctattgcAACATGGGGTGACAGCGACACCGGCCTCGTATGGCCCTGAGGRGGGGGCAGTGCCTGGGCAGACTC
Lassi 2|cectattgcAACATGGGGTGACAGCGACACCGGCCTCGTATGGCCCTGAGGRGGGGGCAGTGCCTGGGCAGAC






Lassi 2|GTGACCCtcgctaagectcagtttecctattgcAACATGGGGTGACAGCGACACCGGCCTCGTATGGCCCTGAGGIA/G
Lassi BirthWt GCAGCTCGGTGGG(gene protein_coding GCF_000803125.2 |NC_044521.1
Lassi BirthWt GCGCGGGGGGTCC(gene protein_coding GCF_000803125.2 |NC_044521.1
Lassi BirthWt GCAGGGCTTATGC(gene protein_coding GCF_000803125.2 |[NC _044521.1
Lassi BirthWt TGCCTCTCTGGTGCHgene protein_coding GCF_000803125.2 |NC_044521.1
Lassi BirthWt CCTGGGTTAGAGAGCAATTAACGTTAGTCCTCAGTTGCACGKGTTGGGCTCAGCTTTGGGACCCTCTGTGAA,
Lassi WeaningWt TGCCTTGACCCATCAGACCTGCAGCCGCTTGCAGCATCCCCTCTGCCCCTAGAGGGACTCCTGCTAAAAGCTGT
Lassi WeaningWt ATATTGCTGCAGTTCATTAGAGACCAGAGATGGGCTCTAACTCTCCAACCAAGGCAGTCGGAGAGGTCTTG(
Lassi WeaningWt GACCATCTGTATCCCTTGGCCTCTGCCCAGTTTTCAAGCCCAATTTTCAGTCTGCCAGGCCATTCTGAGCTCCCA
Lassi Weaning\Wt TGTAATCTGCAGAGgene |protein_coding  |GCF_000803125.2 |NC_044527.1 |
Lassi WeaningWt ACTGGACGGTCTTAATTCACTAGATtagattctctctcttectgtgtttgtattttecctctttttteccttggt[G/TICCCCTTCTG
Lassi WeaningWt GCGCGCAGCGCTGdgene |protein_coding  |GCF_000803125.2 |NC_044515.1 |
Lassi WeaningWt GGAGCCCGGGAGGCCAGTCTCGCCTCTGAGTCTAAAAAGCTCTGCCAACTTAGGAAGGAAACTTGAAATTT!
Lassi WeaningWt CTCGCAGGGACAgg|gene protein_coding GCF_000803125.2 |NC_044517.1
Lassi WeaningWt GAAGCTCCGTGACEgene protein_coding GCF_000803125.2 |NC_044517.1
Lassi WeaningWt TTGAGCCAAGACG(gene protein_coding GCF_000803125.2 |[NC _044517.1
Lassi WeaningWt TGTGTGAAGGCACT|gene protein_coding GCF_000803125.2 |NC_044522.1
Lassi WeaningWt ATGGTCTCTATTTAlgene protein_coding GCF_000803125.2 |NC_044523.1
Lassi WeaningWt CAGGTCCCTCTGCCATGTGTTCCCACAGCACGGCCTCTCCTTGGCCTCTGGACTCGTCCAGTCTCGGGCCTGGG,
Lassi WeaningWt TTATGTGTCCTCACTCACGTCAACGAGGGTGCTAGAACCCACCCCCAGACCAAGTGGGTCCCACAGCTCCCTT!
Lassi WeaningWt GAGCCTGCCATGTG|gene |protein_coding  |GCF_000803125.2 |NC_044523.1 |
Lassi WeaningWt CTGCAGACAGttgaggagggaaggcaggcgaATCCAGCGGAGAAGCAGTCCCCGTGGACCTCCTGTGTTCCTGTG
Lassi WeaningWt ATCAGGGAGCGTCl|gene |protein_coding  |GCF_000803125.2 |NC_044541.1
Lassi WeaningWt catccgGATAGAAGGCGGGGTTGTAACGCTGACTTGCCTCTTCAGTTTCCTGGGCTCtgacactcccctccccca[G/Cle
Lassi WeaningWt AGCATGAATCTGTdgene protein_coding GCF_000803125.2 |[NC _044542.1
Lassi 2|CACAGAGAGTGTC({gene protein_coding GCF_000803125.2 |[NC_044515.1
Lassi 2| ctcgcCTCCCACTCTG|gene protein_coding GCF_000803125.2 |NC_044541.1
Lassi WeaningWt TGTGAAATTACATGGTCCATTAGAGACCAAAYCCAGTGCAGATGTGTGTGATTTCCGCTTTGCAGGWAATG
Lassi WeaningWt CCCCCTCAACGCCA({gene protein_coding GCF_000803125.2 |NC_044532.1
Lassi BirthWt AGAGGCTGTCCTAAlgene protein_coding GCF_000803125.2 |NC_044527.1
Lassi 2|AAATTCAGCAAACT|gene protein_coding GCF_000803125.2 |[NC_044520.1
Lassi WeaningWt ttcaaaaaatatttttctdgene protein_coding GCF_000803125.2 |NC_044530.1
Lassi 2|AGGCACCTGCTGACCGAGCGTCAGGTCCTCTGCGTGGCGTTGCCATCACCCCATCATAAATGGAAAGGGAGA
Lassi 1|GTTACGCCAAGAtg{gene protein_coding GCF_000803125.2 |[NC_044523.1
Lassi WeaningWt TCTGCCCAGAGTcaggene protein_coding GCF_000803125.2 |NC_044529.1
Lassi BirthWt GATGATGAcggtggctgcagggccctgcct GAGTTAAAGGAGGGGCATCggaggtgggggcagetggaAGGGGTC[C/T
Lassi 2|AGTTAGGGAACCT({gene protein_coding GCF_000803125.2 |NC_044531.1
Lassi BirthWt GGTTCGAGGCTGT(gene protein_coding GCF_000803125.2 |NC_044517.1
Lassi BirthWt GATCTGCAGAATT(Ggene protein_coding GCF_000803125.2 |NC_044542.1
Lassi 1|TCTCTTACAGATGGGGGGCTAAGAGCTCCTCTGAGTGACCGGGAGTCTGGTATGCTGTGTCTGGGCTGCAGA
Lassi WeaningWt TTGTCAAACAAAGAHgene protein_coding GCF_000803125.2 |NC_044530.1
Lassi WeaningWt TTGTCAAACAAAGAHgene pseudogene GCF_000803125.2 |NC_044530.1
Lassi WeaningWt ATGGGGTGAACCGTgene protein_coding GCF_000803125.2 |[NC_044530.1
Lassi WeaningWt CAGGAAGCCCTGCAlgene protein_coding GCF_000803125.2 |NC_044529.1
Lassi 2| TCGCCCGCTCAGAG{gene protein_coding GCF_000803125.2 |NC_044531.1
Lassi 2|AGCCCCACGAGGGAgene protein_coding GCF_000803125.2 |NC_044545.1
Lassi 2|GTTTCCGGTCTGCT{gene protein_coding GCF_000803125.2 |NC_044526.1
Lassi 2|AGAAGGCCTCTGC{gene protein_coding GCF_000803125.2 |NC_044544.1
Lassi 2|GGGGACACGCGGC(gene protein_coding GCF_000803125.2 |[NC_044544.1
Lassi 2|GTGCCCTTGCGGAG|gene protein_coding GCF_000803125.2 |[NC_044544.1
Lassi 2|tttttgaagaataacTA{gene protein_coding GCF_000803125.2 |NC_044513.1
Lassi 2|GCAGCAGATCCAT{gene pseudogene GCF_000803125.2 |[NC_044526.1
Lassi 2|AAGtggggggagaga{gene protein_coding GCF_000803125.2 |NC_044526.1
Lassi 2|ATGTaatttgaagaaggaaaatgcCTTTGCGTGGTCTATTAGTCAGatttctgcagagaaacagaatcagcagAA[C/TIGT/
Lassi 2|CCGCAGTCAGCAGTGAGGACCAGTCTGGCAGGAACACCCCGGTCAGCAGGCCCCACTCTGTCTCGGTGGGGA
Lassi 2|CTCTCCAATCCTGTGGCGGCTGAGAGAAGTGAGGAAGCTCCAGAAGAGAAGATCGGAACGAGCAGAGGTT
Lassi WeaningWt GGTGTGTCACGTGT|gene |protein_coding  |GCF_000803125.2 |NC_044513.1 |






|start lend [symbol |GenelD |
YGCCC[G/A]CAAAGTGAAACAGAGAGGCCAACGATGACAACGACTGCAGTCATTCACCATGGGACATAGCAAGAGAAAGCAATT

29862630 30055565]ZNF469 105104694
12956529 13321456]GALNT17 105089692
32696972 327463395712 105090934
'CIGTAGAGAGGCGCCCTTGACGGCAATGACCGCCGTTCGGCTGCAGCAGACTGGGCCCACGTGACCAGTCACGATTC
118857502 118924774]EVC 105085112
34848093 34857174|POMGNT1 105092917
92564763 92598595[BEND4 105089319
17834462 17865146[CD9 105098229
‘AA[A/GICATGGTAAATACACTACCGGGGTAGAGAGGCCTCTGCAGCCATCCAGGGACCCCAGGTTAGAAGCCTCTTCCACA
[ 32696972 32746339]52T2 | 105090934|

ACAC[G/A]JCCTTCAATTTTCTACATGGTTAATTGTTTATCAGGCAGGTTGACACCGCAGTGGCTCACTGGGTGGAAGGTCTCT
AG[C/TJGGGAACAGGACACATGgataaggagaaatgaaaacttgggCYCATTTTCTCTCTGCAGGTTCCAGGATGATGGAG

13252142 13551204|NEDDA4L 105105073
1685279 1831427|LOC105088769 105088769
9051985 9453579|THRB 105095623

31332478 31444474 |CPPED1 105089030

ACCG[A/CIGACGCCGGGCAAGCTCGTGTGACGGTGCCTTGCTTCCGCTTTCACAGGTAAAGGGCCAAGTTTTAGGTGGAGCTT
GTGGCTGCTGAGCACGTGGAGTGTGGCCAGTGCAGCTGAGGAAATGGGCAGTGAACTGCAgttaattgaaataaa
i/AJAGAGAGACGCCATGAGCCGTGGGAACCGGGCAGTGAGGTGCTGGTTCAGGACTGGCCCCTGTGGCGACAGGTTAT
AT[C/GJAAGCTGCCAATTCCGTGAGAGCCCCTCATCACGCAGTTCCACGGTCAGATGGGTTCTGAGTCGTCGTTGACGCCG

71659532 71932263[L0C105095098 105095098

33989548 33993270[SDR39U1 105102436
A/CIRGCCTCGGGCTCCCCTCTGCATTCACACCTACGAAGCCGGACGCTCTGCCCGACGACAGCCTCAAACACCTGAGE

18044459 18258611|DTNB 105100036

18220337 18256741|OLFML2B 105092691

30157591 30204161[zC3H18 105104682

30157591 30204161|zC3H18 105104682

12788500 13054847|SLCO3A1 105085453
IGTAAGAC[T/GIGSAAGCAGGAGGGGTGGTTAGAGGCTGCTGCAGTAAGCCTGGTCAGAAACAACAGCAGCCTGAACTCCCCGATGA
| 22007140] 22402208|ADARB2 | 105100512]

"TIGYCTGTGTTCAGAAAGAGGTTTGCAAGGAATTGGTGGTCTGAATAAACAGGCCCCCAAAGATGTTCATGTCCTCA
\ltgatGTTGTGGTTGGAGAACTATTTCACGTACTAACCGTATTTCTCTGTGCAGGCCTGGTCTGCAGGGTTGGCAA

| 92265343] 92333620|SETD3 | 105095440|
TTC[G/AJGAAGAGCTTGGATCAACTCACAGCGGGATGTTTTTCCCCTGGCCGTGGACAGCTTCCCTCCGCTGCAGGCCCTCC
3TGC[G/T)GGGGGCAAAGGAGGCAMTGGCTTGTCCTGRGCAGGGGTGCAGCTCAGCAGGGGAAGCRGGACGTGTGTGAGCGTG
GAAGC[G/AJGGACGTGTGTGAGCGTGGGGGAGCGGGGGGAGAGGAGGATAAACCCACCCGGGAATGTAAGACACGAGCAGCCTC

1751030 2542845|NTM 105094287

1751030 2542845|NTM 105094287

4512674 4520522|PHF13 105100254
/GJAGAGCTGAGCACGTGACACCAGAGCCGGCTGGCCTCCGGTGCTCCCCTAACTCGAAGGGCTAGGACCCCTGTGAG
| 1751030] 2542845|NTM | 105094287 |

"AA[C/G]CCTTCTTCCCAGGAGAGGCCACCTCCCCAGGCAGGTCCCAGCAGCCAgactYcttectttctcoccactgcATGG
ct[C/T]cttectttctecccactgcATGGTCCTCTCCGGCTCTTGGCAGCTTCCCAGCTGCTCAAGCTGAGCACGGTCCTC

73640879 73655465|LAIR1 105087426
8926165 8986418|HOXC4 105094550
8950701 8964476|HOXC6 105094548

GT[C/AIGGGCGGYTGGAGGACAGGGTCCTGCGGGGACTCAGAACCAGCCCCCAGGTAGCAGTGCTTTGAGACCATGTGTGG
[T[G/TIGGTTGCTTATTGGTCACCTTGACAGGAGCCATCTCTGCAGAGTGGAGAAAAGGAGGCCTGAATGGACTGGGTTAA
TCC[G/A]Tctgectccaggeecagggcccg CGTGTTGATATTTACACCTGGACTGCCTTCCCCTTCCACAGAGCCTGCAGCC
TGTCACCAGGTGGCTTCTCTCCCTTTAAGTATTGCTTTCTCGAATGCCACCTGGACATCCGGCCAGGACACTGG
TCT[C/TICTGCCATGTGATGGCTCTGTCACTTGCYTTGGCTCTGATTGGGCAAAGAGGGAAATAGACGTGTTGGTGCCGGGA
"GC[C/TITTGGCTCTGATTGGGCAAAGAGGGAAATAGACGTGTTGGTGCCGGGATTTGATGTCCACGAACCAGAACAGGAAG
GGG[A/C]CCGCCTCCGCGCCCGCCTCCGCGCCGCGTGGCCGTTGCTGCAGCAAACTGGCTGGGCGTCCCCCGTCCATCTGCT
TGC[A/CJCTCCTCAGGCCCCAGCGGCCCTTCGGGMCCGCCTCCGCGCCCGCCTCCGCGCCGCGTGGCCGTTGCTGCAGCAAA

[ 25578932] 25592596/ PGAP3 | 105099040|
\Gg[G/AlggctcctgectcccagettgcCTGGGAGTTGGCCTGGAGCGGGTGGGGCACCCATTCCAGAAAGGTAGACCAGAA

44896799 44987128[SSUH2 105093179

30294321 30432726[L0C105089063 105089063

30294321 30432726[L0C105089063 105089063

30294321 30432726[L0C105089063 105089063

24237118 24237191|TRNAT-UGU 116148038

1939811 1943215]10C116149858 116149858

1939811 1943215[L0C116149858 116149858

1939811 1943215]L0C116149858 116149858

JATGCACTGCTTTCTGGATGAAGGCTGAGAAAATCACAAGGTCTCAGGAGCCTCGCCATCCAAacaaggagagets
| 11062841] 11192940|ANKH | 105090628|






/CICTGGAGGCCATGTGAAGGGGAGATCTGGGAGGACttccaggaggagctgggagagggatgTGGCTACAGGTAGGG
114471083 114598984|L0C116155034 116155034
3541869 3629314]LOC105091528 105091528
‘AA[A/GICATGGTAAATACACTACCGGGGTAGAGAGGCCTCTGCAGCCATCCAGGGACCCCAGGTTAGAAGCCTCTTCCACA
TAATT[T/CITAGAAGGTGAGTTATCAGGAGCCACAGAGAAATGAATTGATTCACTTCAACTCACTGTGCATTGTGTTCAGTCCC
3CCC[T/CIGCACGCCAGCGCGGTTCCCGCTCGGCCGTGGCTCTGCACCGCGCACCGAACGGCTCTGGCTGCGACGACTGCTCG
A\GC[G/A]GTGCGGGGGCTGgtccagectgeageccaggtCCCTGCAAGGAGGCTGGGATGCAGATGCACACATTCTCCACGG
[TCA[G/A]TTCTCAGACCACACAGGCCTGGGCTGTGCCTTCCCAGGAGGGAAGCRGTGCGGGGGCTGgtecagectgeageee
ACGIC/TIGCAGGGCCTGGCCCATCATGACTGATCTGCAGGTGAGGAAGGGCCTGTGAATGGCTGGGCAACTGGGAAGGCAGA
ITGTGGGCCTGGAGGGGGAAAAGGTTCAGGAGAAGGCTTGAAGGGGATTTTTGCACTGAARGTCACGATGTCCTGC
3T[A/CIGTCCACCCCAACACCTAGAAAGCAATCTTGACCTTTGTCTTAAATGCTCTGACTCGGGCAGCCGTGTGTACAGCA
| 7772932 7927015|COL26A1 | 105092396|
5G[C/TJGCCCAGACCCAGCAAGGCTTGATTTTAGCATCGTGTGAACTAACGTGGCGTGAACTGTTCCATGAAAGACCCTCA
GAT[G/AITGGCCACACTGCTCCACCCTGCCCCCCCTAGAATTCAGGYGCCCAGACCCAGCAAGGCTTGATTTTAGCATCGTG
| 79043468| 79069369|CCR6 | 105101448|
CG[C/TIGTGTGCTCACATGTGGGTGGGCTGTGTGCACGTGTCACTGTTGGTGTGTGCATCTGCATGCacgtgtctgtgceat
GC[G/A]JGCCCACCCCCGCCTCCACGCGGCCTGCAGGCCCAGACCCAGCCCTGCTCAGGACCCACCTCTGCCAAAGCACAGA
CGTGA[G/CIGGTGTGCTGGTGGGAACGTGATCCATAAGCACAGGGTAGGCACCCACTGTTTACTGGGTATTTCCCTCCGGTGCC
[ 758015| 768786[L0C105099090 | 105099090|
5/AJTTTATTTCCGTCGGAGCTGCGCCTGCGGCCCTCGGCAATCATCTGGAGCAGCTTTCCTCATCAGACTTTCTGCAG
iG[T/CIGGCTCTGAGGCTGTGTCTTCAGAATGCAAACAGGGTCTTTGTGAAGCTACCTGCAGCCCCAtcceegeeeggeee
[T/CICATTTTCTCTCTGCAGGTTCCAGGATGATGGAGAGTCGTCCTTGATACCCATGgaggggttggttccaggaccce
2JeccMMMaWCCMCYCTTTTYMCCYCYCCYCTTGGGCACTCATAGTCCGGCTCCAACAAACCACCTCCTCTTGCACA

22579157 22667382|BCR 105095188
6001954 6026489[L0C116156028 116156028
3020069 3039900|SLC15A4 105094350
8724343 8926344 |SRPK2 105093022
8083850 8437870|CUX1 105092384

"AGAG[C/A]JGTGACAGGGCGGTGCCGGCGTTTCTGTAGGTGGTTTCAGTGAGTCGTGCTCAGAGCCCAGGGGGTGGCCAGCGGA
\GMataga[T/GlggRgggRagggRRggggctctaAGGATGGGGCAtctgcagaggggctggggtggcagcTGAGCCATGAGAGATGA

1325183 1449304|COLGALT2 105096219
454275 547863|LRRC8D 105085533
50227062 50504416|BANK1 105089555

JCAGGGCTGAGTGATTCTTCCCTTTTAGGATTGTTCTTCCGTTTGTTTCTTGGTCTTTCTTGGCTGGACCGCCAGG
AGGGGT[G/A]CTGTCTTACACAGCTACCCCAGGTGCAGGGAGGGTGACTCAAGAGACGTGGACAGGAGCTTTGTGCCCTGCAGGG

81656209 81688229|LOC116155984 116155984

6177926 6317076|]TMEM131 105099800
5CYG[C/TIGTCGGCTGAGCCTGCAGCTGCACGGGGATAAATATTTGCCTACAGCCCCATCTCTCCTAACGAGTGTTTGAGTGT

1751030 2542845[NTM 105094287

9075189 9228378]|LOC105094554 105094554

65063094 65085295|TRMU 105091837

TGCT[G/AJGGAGAAGGTCAGGCCTCTGGAAGAACCCAGGGGAGGTTGGAGATCCAGTGGGagctgcagaggcagggctgcGGG
GGC[C/TIGTGGGCTGAGCCATGCGGAGCGGGGAGCGGGGCTGCCCGGCCTGGAGGGGAAGGTGTGGAAATCCGACACAAACG
| 58712349| 58767563 TRIOBP | 105091966
5[T/CIGGTGGCCCCTTCTCTGGGGCTCCTCACAGCCAAGCCCCTGCAGGTCTACCCTGCAGCTTCAGTCGCATAGCCGAT
[AACIA/GITAGGAACAGMGATGCTATAGGCATGTCTCAGAGCGCAGGGCAGCATCCAGGGAAGTTCTGACAGGAGGTGACCAG
ACAG[A/CIGATGCTATAGGCATGTCTCAGAGCGCAGGGCAGCATCCAGGGAAGTTCTGACAGGAGGTGACCAGGTGGGGCACT
61255789 61282289(ZER1 105092563
19940303 19949709]L0C116157202 116157202
icactctaccgctgagctctgeCTTCCCCCTTGCATTGCCTCTTTTAGCCCTCTACTCCCTGGCT
[C/TIGGAGCATCACGTTGTGTGCGTCACTGTGCCCACATCCCATTGTCCAGACTCAGCCACGTGCTCCTCCCTGCGTGC
"CCAGTGGCAGGAACTCAAAGTCCTAACTCTGCAGTTAACAGGCAGGACTCGAGGTGAAGACACAAGACACACC

1257019 1704075|OPCML 105094288

1351602 1575238|GABRB3 105090789
GA[G/AITTAAAAGAGGGTTTTTGCCGCTGAGCGCACAGCCCCTGCAGAGCAGCTCGGGCGGGCGGCCTCGAGCGGCTCTGC

83010486 83031221|LOC116155679 116155679

12451670 12653709|TRERF1 105088645

C/TIGGCTCCACGGTGCTGTTCCGTGCGCCAGGCTGTGCTGCAGACGCAAACCAGTTTCAg atttectgtttttctte
[C/TlacccectctetctgeccatctctcTTCCAACTTGTCCCTGCCAAACCAAGGCAAARGGAAGCGCCGCACCTGTAG

| 4052551] 4136871|KCNAB2 | 105104717|
ACAGGATCTGCAGGAATAGAAATCAATCCTTCTCCTCAAGAGCCTGGACCACTGGCTCACTctatggagaaaatg
| 29034214] 29053093|NGFR | 105104837|

ACT[G/A]GGCGATTCATCCGAACAGAGGACTATTGTCGAATGTYGAATGTCATTGATCGTGTAAAAATTACTGCAGTATTTA
T[G/TICTTTCTTGGATTAGCAAGAGTATGAATGCGAAGGGCCTCAGGCATTTCTGAAACACCTTGCATCACTTTGGCCGG

| 62085760 62620370|FGF14 | 105094098|
iCR[C/TIGGGCTGCTAATGGCTCTAGGCTGTCCTGGTCTCTGAAGGATTGCCCTGGGTTTCACTGGAAGGCTGTCCCCCACA
8743278 8779526/ TNFRSF1B 105107099
1882265 2067317|GNG7 116148370

[C/TIGGAGCATCACGTTGTGTGCGTCACTGTGCCCACATCCCATTGTCCAGACTCAGCCACGTGCTCCTCCCTGCGTGC






17966567 19141623 |TENM?2 105089397

62907745 62966819|MPPED1 105091862
66595802 66738952|COL5A1 105106307
66595802 66738952|COL5A1 105106307
66595802 66738952|COL5A1 105106307
66595802 66738952|COL5A1 105106307
63187411 63215171|SULT4A1 105091860
26215302 26393949|RIPOR2 105089137

GTTAGAC[G/T|ITGAGGTTGCCAAGGacaatgaatgaaagaaagctt TTCCAGAGACTCTACAAGTAAGCTGGAGTCCCTGTGTCTG
C[T/CJACATCAACCGTCCTGGCCCACGGCCAGCATCACATCTCACGGCCTCTCCAGGAGACACTGCAGCCAGAAGGGCCG

12877531 12895509]ARMC6 105103710

12976787 12987958/ TMEM161A 105103711
GGC[C/TIGTGGGCTGAGCCATGCGGAGCGGGGAGCGGGGCTGCCCGGCCTGGAGGGGAAGGTGTGGAAATCCGACACAAACG
| 58712349| 58767563 TRIOBP | 105091966

TAACIA/GITAGGAACAGMGATGCTATAGGCATGTCTCAGAGCGCAGGGCAGCATCCAGGGAAGTTCTGACAGGAGGTGACCAG
ACAG[A/CIGATGCTATAGGCATGTCTCAGAGCGCAGGGCAGCATCCAGGGAAGTTCTGACAGGAGGTGACCAGGTGGGGCACT

| 27420269| 27422452|HOXB2 | 105095789|
GGG[A/CITCCTGAGTGCCTCTGGGAAAGGGTGAGGTCATCACTGAGAACCAAGAGACATTGCCACCCAGCTGGGGCTCACCC
17674829 17758337|BSN 105088160
4732249 4822922|MAP2K4 105095916
7183359 7458124 FRY 105101043
23326751 23663622|L0C105095261 105095261
35887024 36075217|NEDD9 105102362

ACA[T/CIGTGTGTGACCCTGCACATGGGCAGCGTGTACACTGCCTCTGCCAAGTGCGACCCCTGCAGGTGAGCACCCTCACC
1at[G/AlggaaatttggtGGCATTTTTACTTGCTCCTGTTACATCACCTCCCAGCCCGGTGAGACATGGTCTGGGGAAACTG
2210640 2425095[ANK1 105086428
2557157 2589983({DDC 105105292
'C[G/A]JCCTAGACGTCAGATCACTCAGTGCAGACTCCTCTCACTTAGCTCCGAGGCCCCCAGTCACTCCACCCAGCGCAGC
3GAC[A/GITGGAGTTTAAGTCGGCGCAGGCGGAGGGCGTGCAGCCGCGGTGGGGGGACTGAGTGACCGACAGGAGCCGAGGGC

1858125 1860191|GADD45B 105103609
22019334 22741078|GRID1 105092491
1325183 1449304|COLGALT2 105096219
5703078 5802406|PAQR8 105099529
5736472 5749959]|L0OC105099528 105099528
77814736 79826534|CNTNAP2 105095041
AGAC[A/G]CAAGCRGAGGACACGGGGGTTGAAGCTGCAGCAACCAGAGGCCAAGTTTCAGGGGATTTTGAAGAATTCCTCACT
1339146 1428504 NEK1 105101615
30438029 30460725|LITAF 105089040
51901233 51948361|ALDH1L1 105104512

'GITCACTTGCCCCGTCCACGCTGCTCTGTCCCCGCCCCGGAGGGCTTCCCACTGCGAGGCGGGCTGCTGCTGTGGGE
/AJCAGCTCCAGTGTTCATGCCCTAAATTCAGATCCGCTACAAGCCKCTGGCTGTGCTTCTAAACACCCCCAGACTCT

| 1325183] 1449304|COLGALT2 | 105096219|
CGCIC/TICTCGTCCCTGTTCTTGACACCAAGCGAAGCTCCCGTCTTTGTTCCGGCTGTCTGTCCTGATGCTCTTGGAGGCGC

| 4225299] 4289837|LNX2 | 105086578|
3AG[T/G]GTAAAGAGAAGAGCCTCACACTGAGAAAAGCCCTCGAAAAGCGACCTGGCGCGCCCCGGGCTCAGAGCCGGGAGC
| 27775247| 28189597|GSE1 | 105098913
ATGT[C/T|GAATGTCATTGATCGTGTAAAAATTACTGCAGTATTTACAGTGTATTAATTGGTTTGTAGACCATAAATACATGG
ACAC[G/AJACTTCACTRGGCGATTCATCCGAACAGAGGACTATTGTCGAATGTYGAATGTCATTGATCGTGTAAAAATTACTG
“CAA[T/CIGGAGATTACACRACTTCACTRGGCGATTCATCCGAACAGAGGACTATTGTCGAATGTYGAATGTCATTGATCGTG

| 84340528| 84498084]INPP5A | 105104581 |
"GAA[T/CIGTGTGTTAAACCTGTAAGTAGCATCTTTCACCTCACACGGCTCCCGGtattcaattaaaacaaaaaccacctgAC
73417150 73515729]LOC116154664 116154664
17016638 17083334[SPIN1 105086413

ATC[T/CITCAAAGCTCAGACACCCAGCGCCCTCACAGGCCCCGGTGCTTACAAGTTTAATCTTCATGAAGGATTTAATTGGA
3GC[A/G]CTGTCACTGYGCCTCGTCCCATCTCCTGCAGGTGGGCGCAGTCTcagggectggctctgggctccaCCGCCTGCC
68286451 68298406]L0C116156723 116156723
66595802 66738952|COL5AT 105106307
iCAGC[G/AJACTGCAAAGATGAGCTTTCTAAGCTGACTTACCTKAGTGATTCTTCCGTCTCCTCaatgtacagatgaggaaact
AGWCA[C/T]GGCTGTCATCGGGCAGGAGCGAAGATTCACCAAGGCCCTTCCCTGTGCCAGCTCTGtgecggggctgggggecca

74027041 74033016|DNAAF3 105098737

5565835 5638407|TRAM2 105099545
“JectctKaaRCCARAACCAGgagctgectctectctctcteectgetctcgectectctgectccaccccagcACC

4259447 4349980|ACOT7 105104722

4259447 4349980|ACOT7 105104722

CTAA[G/AJTGCCCCTCATCCCACCCTCACTTCCAGCCCCCCGGGGGCTTTGCTCTTGGTCCCATGAATGTGCTGTTCCAGCaa
TGGG[G/AJAAGTCGTGCAGTCATCACACATTTCTTAAGCGCTAGCTCTGGGCTGCACTCTAGCTAAGTCGTGGAGACGCAAAG
CTT[A/G]STTGTTTTTGGATCTTTGATGAATCACTTTAGTTccctgagtctctgtttocttgtctgcagAAYAGTGTGATAA
TACAA[G/A]GGAAACACGTCATTCTGAGGCGCAGAACAGGTGGAACGTAACGCGAGCTGCAGGAAAGACAGGCgacctggagct
| 24420245| 24441500]L0C116149382 | 116149382|






C/GITGGCCACTAGctgcaggggaaggegctgtggggcAGCTCCAAGCTGGACGCCAGAGCCCTCTGCTGCGTCCTGTT

| 60802496| 60833647|SLC25A25 | 105092588|
CAC[C/A]GTGGGGAGACACGCTGTGTGCAGGACCTTACTAGGGGACAGTGCCCTGGGCCCCcggggagagggaaggacagaC
GAG[C/AJCTTACCAGCTCCAGCTCTAGCGCTAAGTCATGAGCCGGAGCGCACACCAGCGTCAACTTCTGCCCCAGCTCGGAA

| 13466587 | 13546554|LYPD1 | 105089072|
AAGG[T/G]GGCCATTCCKGGSAGRSGGGRGGGGCSGCATCTGRSGKGGAKGGGGGGGTCTSGKGGAGGGKGGGGGACGTGCTG
TTT[C/TICCGGATCTCACACACCTTGggagaaatatataaaaaagcaaTTCCACTTCTTTGGAAGAGGAGAGAATAGGGAGA
C[A/TICACACACTTGCSCTTGCCAATCTAGCACCACAGTTTATTCACAGGCAAGTAAATCAGGACTTCTGCTTTYCCGGA

501050 677444]HERC2 105090766
7326926 7518906 CLASP1 105088283
551849 653674]ADAP1 105102058
C[T/CJCGACACGCACGGGGCCAAGCACGCGTCAGGCCCCGCGGGACGTGGTGCGGACGGGACAGCAGATCAGACAGGCCG
32859602 32996832|PLEKHA6 105098648
32859602 32996832|PLEKHAG 105098648
1007560 1010748|L0C116148887 116148887
3GTCTGAGGCTTTGGACACTGCAGACGCCTGGGCCACGCCTGCAGCAGTGAGGGTACAAAATCCGGCACCTGG
1751030 2542845|NTM 105094287
6737897 7020790|LOC105106140 105106140
iAACAT[T/CIGTACTTGTCCTTGCAGAGTAATGCAGAGCTGACCATCATTCACAGCATCAGAAGTTGAGTCATACAATGAGCTAT
| 73170788| 73283143|ESRRB | 105086076

YAGG[G/AJTAAGGATGTCCCTCACCTCCAGCTGGACAAAGGGACGTCACCACGACCMCTTGGAGAGCTTGCTCTGAGTTCCCT
TCCCIA/GJAGGRTAAGGATGTCCCTCACCTCCAGCTGGACAAAGGGACGTCACCACGACCMCTTGGAGAGCTTGCTCTGAGTT
| 3042023 3219688|RFTN1 | 105104367|
ATT[A/GITTTTGTTCAGTATGTTCGGGCTGTTCTAACAAAGTGGCACAGGGTAaagtggcttgtaaacaacaggaATCTGTT
CT[C/T]TCTTGAYCTCACCCGAAGCTGTCTGCAGAAGGTTTCCAGACAGTGTCTCATCCTTTCTTCACAGGGTCATTAAGT
"AG[T/CITGCTGTTCAGCAAGCAGGTGGACTGATCTCGGGTCAAGTGCCCATCTCCGGCCGTTATGGGGAGGTCACGTGGTG

57112336 57120921|GMNC 105097551
59898527 59952690|SMCO4 105100553
59898527 59952690|SMCO4 105100553
59898527 59952690|SMCO4 105100553

[/ClgtaaaagtgaaaatctgCATGAATGGCATTTGTTTTCCTAAGCAAACACCCGATTAGGTCCTTTTCCCTGGCTTC
AT[A/CIAATCTGTGGTCAAAGGGGGgtcaagatggagaaaaatatct TCTGCAGATTCATTTAGAAAGTAACTTTTTGAAT
“TG[C/TITGGCAGGGGCTGAGTCCCCTCCCCTGCACAATMAATCTGTGGTCAAAGGGGGgtcaagatggagaaaaatatctT
TGTG[C/TJAGCTGCTGCAGCCCACGCACCTGGGCTGGGTGGCAGGAGGAGGTGGACCCCATCCTGATGCTAGCTGAGCAGGGC
GTGTCAACCCAGGCTGTGCTTGCACCCCWCTCTCACCGCAGCCAACATACACTGCCTGCTTCCTCCGGCCCAGAG
CCC[T/AJCTCTCACCGCAGCCAACATACACTGCCTGCTTCCTCCGGCCCAGAGCATGCCAGGCTCACTGCCTTCAGGGTGGA
| 121836315| 121959561 [HTT | 105103925|
‘CTCTTTGCCAGCTCCATGCTAGGTGCCCAGAACAGGACCCCTCCCCATGCAGCCTGGCTCCCGGGGCACCCGAG
| 1762624/ 2231818|CDH4 | 105095666
AAGC[A/G]GAGGACACGGGGGTTGAAGCTGCAGCAACCAGAGGCCAAGTTTCAGGGGATTTTGAAGAATTCCTCACTTGGGAG
| 3192899/ 3354050 PHACTR3 | 105095663|
ARAGA[C/T]GTCTTCTAGGGCAGTGATGTTGAGCCCAGCT CtacaagtggaRaagaaaagggggMaagaacatTTTAATCCAAG
ACCCG[C/T]|GCTGACAGTGACAGTGTGGTGGTGTGGGGGACGTAGGCAGTGCAGGCTGTGAGGCTTGACGTCAGCACCCCCATT
22055922 22064231|ATF6B 105090854
27821402 27826080|LOC116148488 116148488
Jectg CYCYAGATTTCCTTAACAGCATCACTAGAATGCCCGGGACCAACAGTGGAAAGAAACCACCTACACTATGT
CTGG[A/GJAAGGGGGGATTAAATTGTGGCATGAGCAGGTAGGAGATTAGAGAATGTTTTACCGTGAGCCTGGCACGTTCTCCG
32859602 32996832|PLEKHA6 105098648
32859602 32996832|PLEKHA6 105098648
VIAAGRG[C/AJAGGTGAGTCKGGAGAGGGATGTAGMatagaKggRgggRagggRRggggctctaAGGATGGGGCAtctgcagaggg
ACKGC[C/AJAGAAGKGACMAAGRGMAGGTGAGTCKGGAGAGGGATGTAGMatagaKggRgggRagggRRegggct ctaAGGATG
[ 2811826] 2839378|L0C105085751 | 105085751|
YGTTGGGTGACATGTCTTTGGGCTCCTGCTGCCGCCTGTGCCGTCCCCATCCCAGCGAGAGCACAGGG
GTGACATGTCTTTGGGCTCCTGCTGCCGCCTGTGCCGTCCCCATCCCAGCGAGAGCACAGGGATGCGAGA
iCA[G/AJGGTTCCAACTGCAAGTGTCCTGCTGAACAAGGCAGAAGCTGCATGGTCTTCAATGACCCAACCTTGGAAGCCTCA
i/AJGGGAGAGTGTTCCCTGCAGTGCTcaYggggcagggagaagaggat TTGTGAGGGGTGGGAAGTAGAATGAGTCCT
| 29453526] 29478318]L0C116148938 | 116148938|
G[G/T]CACCTAATAGCGCTTTCtatcagttttcccatctgcagaatggggacT GCGCTTCTGGGCAGACAGGGTGGTGGT
GTG[T/CIGAGGGGCTGTACGTGGCTTGTCTCATTTAGCCCTGCAGACAAGCCTGTGGGGCAGCATACGGTCCTGTGCTRGTC
5CMCSCCCCMGCTGTATKCGCTCCTTCSCCCYCTTTTCCCCCAGTCACACCCCACTCTTTCCCGGCAGCTGT

| 27704955] 27745802|ERICH1 | 105084399
[G/AIGGGGATAAGGTCATTTGAGGCCGCAAGCACCAGTGGTCCAACTGGGAGACCAGGTCTGCAGATGTACAACGAAGG

6416246 6489725[FAM1788B 105093685

18851644 19016203[MAPK4 105103420

220736 242854|CHFR 105101630

6468064 6536940[PATE3 116150179

GCCC[G/A]CCGGGGGACCGAGCCtgcctctecctgagectcaatcTTCTGTCTGATGAGGGTGATGCCttagagaaaaatgtt
"MGI[T/C]GCAGAGRCTGTCAGGGCCAGTTACTATCACAGATCTGCAGTTCCTCACCTACAGTTCTGAAAGCTCAGTCTGAGA
TC[C/A]JGYGCAGAGRCTGTCAGGGCCAGTTACTATCACAGATCTGCAGTTCCTCACCTACAGTTCTGAAAGCTCAGTCTGA






JGGGGGCAGTGCCTGGGCAGACTCMGYGCAGAGRCTGTCAGGGCCAGTTACTATCACAGATCTGCAGTTCCTCACC

22019334 22741078|GRID1 105092491
22019334 22741078|GRID1 105092491
22019334 22741078|GRID1 105092491
22019334 22741078|GRID1 105092491

AGT[G/TIGGAACTTGATCTCAGAACTGCAGTGCTGGCTGAGCAGCATATTCGCTTTTCTTAAATCTTATGGGGACTGCTTAC
[G[G/AIGTCTGTCAGTCCTGTAGAGCCATCACCCATTGACAAGACAAACAACCCTGCCTCTGGGCCGGAGCATCAGCGGGG
5TGA[G/AJAGCAACTTTGTATRTTAACCCAACTGGAGGAGAAACCATCCGGGACTGTGTGAAGAAGAGGCAGCAACACTGCCC
\[G/A]ITGTCTGCTCCAGAAATTCTGCAGCTAGAGTCAGTGTCTGTTGCTGGGGACCCCGACAAAGAAGCCATCAACCCCT

[ 2584367 | 2654959|cMC1 | 105087207 |
CCACTTACCTGTTCATAACAGAAGGCTGCAGAACGCAGTGCGTCATTTGCCATGGTCATGTTTTTT
| 97315183] 97331860|GAL3ST2 | 105096206
GATC[T/CITAGAGCTCAAGGAAGTAGAAAACAGCTCGCTGCATTCCTGCAGAAGTGCCGGGTTTGCACATGTCAGACCAGCCA
85747720 86129284]PTPRN2 105088983
85747720 86129284|PTPRN2 105088983
86425716 86475332|WDR60 105101917
14765475 14830230[SLC38A1 105097082
12633587 12868070]IGSF21 105103989

A[G/AJACGTCAAGCCTCCAGAGCCGTCCTCGgacctttgttectgcagcttcCACGTCCCTCTGTTTCCCCCACGCCTTT
CC[A/G]TGGATCCTGAGATCTGGACAGTGCTGCAGGGATCCAGGTTGCACGGGAGCCTCCAGCAGCCTCTTGGATGGGTTA

| 8743278| 8779526 TNFRSF1B | 105107099|
C/TITTGCTGCCCGTGACCTTGTTTCATGCTCACAACACGCCTAAGAGGGGTCTCATCAGCACCGCAttttcagaggag
| 12902929 12951484|1zTs1 | 105102884|
:ccatcaCACCCAGCTGCTCCCTGCAGTGCAATGGTGAGGGGGCAACAAGAAATGCCATTCTAGCCAGGCTGCTT
608783 655149[L0C116147128 116147128
73539964 73896869]HECW2 105088797
14127637 14175865|ROR2 105094547
AGCG[C/TIGGATGCTGCAGACACGCCGCCCCCGYGGGGCACTAACTCGCCAGTGCCGCCCCGAGGCAGTGAACTCATCTCCAG
3457176 3494789]DPP9 105091778
31114918 31226318[LRIG1 105095248
3541869 3629314|L0C105091528 105091528
5703078 5802406 PAQR8 105099529
\GCC[G/A]JAGCTGCAGGGCCCAAACCACATACCACAGTGGCGACGCATAGGAAGCCCCACGCGGCTGTGCAAATATGACTTCT
33500309 33710664|RNF220 105090890
42114438 42379599|RALGAPA2 105101590
CCTCAGGGATGCAAGGGTGTCTTCAGGGGTGCGAGGGTGCCCTCCCACCATAAGTTCCGTGCCTGCCGGTCCTCC
1850199 2031244|NMNAT2 105096225
68298906 69000741]EXOC4 105085399
20178164 20256322|NF2 105099460
\TTT[G/TICAGAGCCACAGACAGGTGCCCAGACTTCCCACCCTTGTCATCCTTACCTGGAAGGGCCTCAGAGCCCCCTGGAGC
5703078 5802406 PAQR8 105099529
5736472 5749959|L0C105099528 105099528
5802673 5819517|MCM3 105099527
42114438 42379599|RALGAPA2 105101590
29862630 30055565|ZNF469 105104694
11589160 11590071]|LOC105090602 105090602
37428263 37446542 KIF 188 105094413
17611331 17615665|GAPDH 105098219
17611331 17615665|GAPDH 105098219
17644434 17645792[MRPL51 105098220
66394549 66465147|ELL2 105100891
38113766 38125628|L0C116157935 116157935
37832782 37843163|[FAM171A2 105094445

ATGCGCACAGATACAGTTAGATTTGTTTTAAGGAAGTGGCTGATGTGATTGTGGGGGTCGGCAAGTCTGCAAT
\CGC[G/A]CCRCAGTGTGAATTAGGTCATACAGACAACACCTCCAGCGACAGACAGTCRCCAGTAAGTCGCCTGCAGGATCTG
"GGTTC[T/CITGAGGTTTAAGAAAAGACGCCATCTCCAGAACATGGAAGTGCAGGCGGAGCAGCCAGKGCTGACGTGGAAGCTGC
| 22822432] 23201391]|PDZD2 | 105087024|
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Supporting Table 2. GWAS significant associations detected in the present study (Pakistani breeds)
which are within 1 Mb of a significant association reported by Bitaraf Sani ez a/l. (2021) (Iranian breeds).

Pakistani breeds

Iranian breeds

Chromo Diff (Mb)*
Position (bp) SNP ID* Position (bp) SNP ID®
7 83,006,915 22446 42 82,468,596 S7 82468596 -0.54 —-0.52
82,483,675 S7 82483675*
82,483,685 S7 82483685*
11 71,663,573 137595 71 70,990,227 S11_ 70990227  -0.67 —+0.69
71,992,855 S11 71992855
72,060,113 S11 72060113
72,350,029 S11 72350029
72,356,390 S11 72356390
72,356,400 S11 72356400
72,356,401 S11_72356401*
72,356,436 S11 72356436
11 81,674,156 103229 45 81,210,420 S11 _81210420*  -0.46 —-0.71
81,918,150 34447 68
18 30,302,544 56307 46 29,830,420 S18 29830420  -0.61 —-0.20
30,305,338 56308 47 29,958,631 S18 29958631°*
30,307,339 56310 55 29,963,432 S18 29963432
30,438,158 56328 38 29,963,702 S18 29963702
29,985,605 S18 29985605
30,061,144 S18 30061144
30,075,711 S18 30075711
30,105,059 S18 30105059
25 1,009,197 157643 51 262,766 S25 262766 -0.75--0.75
262,898 S25 262898
263,079 S25 263079
263,086 S25 263086
31 16,003,963 79310 43 16,977,384 S31 16977384  -0.08 —+0.99
17,061,932 115825 14 16,998,649 S31 16998649
33 4,172,256 83833 55 4,467,956 S33 4467956 +0.30

* Associations with p < 0.001 reported by Bitaraf Sani et al. (2021), otherwise p < 0.05.

# SNP ID from present study
® SNP ID from Bitaraf Sani et al. (2021) study
¢ Difference in SNP positions (Mb), calculated as (Iranian pos (bp) — Pakistani pos (bp)) /10°.
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