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ABSTRACT

Understanding how evolutionary pressures related to
climate change have shaped the current genetic
background of domestic animals is a fundamental
pursuit of biology. Here, we generated whole-
genome sequencing data from native goat
populations in Iraq and Pakistan. Combined with
previously published data on modern, ancient (Late
Neolithic to Medieval periods), and wild Capra
species worldwide, we explored the genetic
population structure, ancestry components, and
signatures of natural positive selection in native goat
populations in Southwest Asia (SWA). Results
revealed that the genetic structure of SWA goats
was deeply influenced by gene flow from the eastern
Mediterranean during the Chalcolithic period, which
may reflect adaptation to gradual warming and aridity
in the region. Furthermore, comparative genomic
analysis revealed adaptive introgression of the
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KITLG locus from the Nubian ibex (C. nubiana) into
African and SWA goats. The frequency of the
selected allele at this locus was significantly higher
among goat populations located near northeastern
Africa. These results provide new insights into the
genetic composition and history of goat populations
in the SWA region.

Keywords: Goat; Adaptation; KITLG; Southwest
Asia; Nubian ibex

INTRODUCTION

The Southwest Asian (SWA) Fertile Crescent and adjacent
areas are considered to be the origin of the domestication of
most livestock and plant species (Zeder, 2008). However, this
important geographic area has suffered from prolonged
droughts over the past few thousand years. For instance,
paleoenvironmental reconstructions suggest that the eastern
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part of this region gradually shifted to drier and warmer
conditions at the end of the mid-Holocene (Clarke et al., 2016;
Sun et al., 2021), coinciding with the early development of
agriculture. The most drought-affected regions of the Fertile
Crescent are located in Iraq and Iran, which are also part of
the hot-arid region of the Afro-Asian desert belt (Ashraf et al.,
2021; Kaniewski et al.,, 2012). As a result, indigenous
domesticated animals of the region are well adapted to the
local hot-desert environment (Al-Thuwaini et al., 2019;
Asadollahpour Nanaei et al., 2022; Saadatabadi et al., 2021).

Gene flow between populations allows the spread of
adaptive alleles (Arnold & Kunte, 2017; Razgour et al., 2018).
Studies in humans and other species have shown that
heterogeneity in ancestry and introgression can offer insights
into evolutionary processes (Kingston et al., 2017).
Furthermore, studies of ancient introgression in farm animals
have indicated that adaptive introgression is an important
resource of genetic variation in natural populations and may
contribute to adaptations during domestication (Chen et al.,
2018). For example, genomic evidence supports the
occurrence of introgression in the genus Bos, with bovine
introgression in Mongolian yaks in East Asia and banteng
(Bos javanicus) introgression in Chinese Hainan cattle
(Decker et al., 2014; Medugorac et al., 2017).

As one of the earliest domesticated animals (Alberto et al.,
2018; Daly et al., 2018), archeozoological dating suggests that
goats (Capra hircus) were domesticated as early as 10 000
years before present (BP) in the area spanning southeastern
Anatolia, western Iran, and northern Iraq (Zagros Mountains).
After domestication of their wild ancestors (bezoars), goats
followed the spread of agriculture, reaching the Mediterranean
8 000 BP and north Africa 7 000 BP (Daly et al., 2018; Zeder
& Hesse, 2000). Currently, the global goat population has
grown to more than one billion, and goat farming is a common
animal production sector in many countries, especially in the
Middle East and Mediterranean (Gooki et al., 2018, 2019;
Moghbeli et al., 2013).

Recent studies have provided a snapshot of domestic goat
genetic diversity and geographic distribution patterns of
mitochondrial DNA (mtDNA) and nuclear DNA variants.
Although mtDNA sequences suggest weak geographic
differentiation in present-day goat populations (Luikart et al.,
2001), genome-wide single nucleotide polymorphism (SNP)
studies suggest otherwise (Bertolini et al., 2018; Colli et al.,
2018). A recent paleogenomic study of ancient genomes from
SWA revealed three distinct Neolithic goat groups from
different parts of the Fertile Crescent that contributed
differentially to present-day populations in Europe, Africa, and
Asia (Daly et al., 2018). Furthermore, a minority of early
domesticated goats from the Zagros Mountains show a
relatively strong genetic affinity to the bezoar (Daly et al.,
2021). This suggests that domestication and post-
domestication splits do not preclude subsequent contact
between wild and domestic goats or between goat groups
from different geographic regions.

In this study, we performed a large-scale genomic analysis
of goat populations, including 50 ancient, 211 domestic, and
72 wild Capra genomes, to reconstruct the historical migration

and introgression processes that shaped the current genetic
architecture of domestic goats in SWA and to identify the
genetic basis underlying variation in desert climate adaptation
in the region.

MATERIALS AND METHODS

Sample collection, DNA extraction, and sequencing
Whole-blood samples (15 mL) were collected from indigenous
goats in Iraq (n=23) and Pakistan (n=25). DNA was isolated
from whole blood using standard phenol-chloroform extraction
(Koéchl et al., 2005). Paired-end sequence data for all
individuals were generated using the lllumina Hiseq 2500
platform (USA). In addition, previously published genome
sequences from ancient (n=50), modern (n=163), and wild
goats (n=72) were obtained from the Sequence Read Archive
(www.ncbi.nim.nih.gov). Details of samples used in this study
are described in Supplementary Tables S1-S3. High-quality
reads from the present study and published data were aligned
against the most recent goat reference genome (ARSH,
GCF_001704415.1) using the Burrows-Wheeler Aligner
v0.7.17 (BWA) algorithm (Li & Durbin, 2010). Variant calling of
sequence data was performed using GATK v4.2.4 (McKenna
et al., 2010), and genotype likelihoods were calculated using
the ANGSD program (Korneliussen et al., 2014). Finally, to
minimize false-positive results, transition sites were discarded
in ancient samples.

Genetic diversity, population structure, and phylogenetic
relationship

We investigated different genomic diversity parameters,
including nucleotide diversity, inbreeding coefficient (F), and
linkage disequilibrium (LD) decay using PLINK v1 (Purcell et
al., 2007), with default settings. A maximum-likelihood (ML)
tree was constructed for the whole-genome SNP set of all
modern domestic goats. The Interactive Tree of Life (ITOL)
tool (https://itol.embl.de/) was used to display the topological
structure. ADMIXTURE v1.3.0 was used to characterize the
structure of modern goat populations (Alexander et al., 2009).
We increased the number of ancestral clusters (k) from k=2 to
k=6 and ran the analysis 100 times for each k. Principal
component analysis (PCA) was conducted using SmartPCA
implemented in the EIGENSOFT package, with the
“Isgproject” and “autoshrink” options (Patterson et al., 2006).
To identify the population structure among all goat
populations, we performed a haplotype-based approach
among all individuals using ChromoPainter and
fineSSTRUCTURE to explore patterns of haplotype sharing
(Lawson et al., 2012).

Exploration of selective sweep regions

For selective sweep analysis, the FST, 6m, and Tajima’s D
statistics were determined to detect regions under selection.
We calculated genome-wide weighted Fgy (Weir &
Cockerham, 1984) as it is a more precise measure of average
genetic distance between groups with unequal samples
(Spolaore & Wacziarg, 2009). We then estimated nucleotide
diversity 61 using VCFtools v0.1.13 (- -window-pi 50000 - -
window-pi-step 25000) (Danecek et al., 2011). For the entire
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genome, sliding window analysis was performed with a
window size of 50 kb and a step size of 25 kb. Average Fgt
and log, (6 SWA/B1 Northeast Asia) values of SNPs in each
window were calculated.

Gene flow and demographic history analyses

To assess introgression patterns among all groups, we
performed outgroup-f3, D, F-branch, and F4-ratio analyses
using ADMIXTOOLS v7.0.2 (Patterson et al., 2012) and
Dsuite software (Malinsky et al., 2021). We highlighted
introgression candidates as trios with significant D values
(Bonferroni-corrected P<0.001) and f4-ratios (>0.05) between
populations. Local ancestry of the genome haplotypes was
further inferred using Loter (Dias-Alves et al., 2018). We used
SMC++ (v1.10.0) to infer patterns of effective population size
and population separations over historical time (Terhorst et al.,
2017). TreeMix v1.13 (Pickrell & Pritchard, 2012) was used to
model gene flow among the modern domestic goat groups.
We chose argali as the outgroup to form the root of the tree
rather than domestic goat breeds to avoid bias.

RESULTS

Datasets, genetic diversity, and population structure

We generated whole genomes from native goats in Iraq
(n=23) and Pakistan (n=25) and combined our previously
published data from modern Iranian and worldwide goats
(n=163; Supplementary Table S1). In addition, we obtained 50
complete ancient genomes of domestic goats from Anatolia,
the Balkans, eastern Mediterranean (Jordan and Israel,
traditionally denoted as Levant), Iran, and Turkmenistan from
an earlier study (Daly et al., 2018; Supplementary Tables S1,
S2), resulting in a total dataset of 261 domestic goats. The
ancient samples included Neolithic (~8500-5000 BC),
Chalcolithic (~5100-3700 BC), Bronze Age (~3300-990 BC),
Iron Age (~700-330 BC), and Medieval (~1500-901 AD)
individuals. We further merged these data with 72 wild caprid
species, including different ibex-like species, bezoars, and
markhor goats to provide a comprehensive assessment
(Supplementary Table S3). The 211 present-day domestic
samples were assigned to eight geographic subgroups,
namely Europe (EUR), West Africa (WAFR), East Africa
(EAFR), Iran (IRN), Irag (IRQ), Pakistan (PKS), Bangladesh
(BNG), and China (CHN) (Figure 1A).

Average nucleotide diversity (6m) for all individuals was
estimated at 1.79e-3 and both Iranian (1.89e-3) and lIraqi
(1.88e-3) groups showed slightly higher diversity than other
goat groups (Supplementary Figure S1A). The LD was clearly
higher for PKS goats than for the other populations
(Supplementary Figure S1B). Individual inbreeding coefficients
(F) were relatively high for European (~0.22) goats but lower
for both Iranian (~0.09) and Iragi (~0.10) goats
(Supplementary Figure S2).

A rooted ML phylogenetic tree based on whole-genome
sequencing data (Supplementary Figure S3) showed
geographic clusters EUR-WAFR-EAFR; IRQ-IRN; PKS-BNG
and CHN. Furthermore, modern European goats were
grouped with Neolithic populations from the western part of
the Fertile Crescent, whereas Neolithic eastern goats were
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clustered between modern samples from China and South
Asia. Based on PCA of modern domestic goats, PC1 showed
a genetic cline from Chinese samples at the eastern end to
European goats at the western end (Figure 1B), in agreement
with the admixture pattern (Figure 1C; Supplementary Figure
S4). In contrast, PC2 corresponded to the variation between
Africa and northern EUR. As shown by Daly et al. (2018),
ancient samples projected on the same plot were positioned
near contemporary individuals from the same region. The
ChromoPainter and fineSTRUCTURE results are in
accordance with Figure 1, showing a low level of haplotype
sharing in SWA (IRN and IRQ) samples with most other Asian
goat populations (Supplementary Figure S5).

The mitochondrial phylogenetic tree showed that all six
previously defined maternal haplogroups, i.e., A, B, C, D, F,
and G, were present in our dataset (Supplementary Figure
S6A, B). Haplogroup A was dominant in all domestic groups.
The PKS samples were the most diverse, with four
haplogroups, whereas the EUR, IRQ, and African individuals
harbored only two haplogroups. Analysis of Y-chromosomal
haplotype diversity showed that the haplogroup Y2A was
dominant in both African and Iranian goat individuals, with a
high frequency in Iragi goat samples. Haplogroup Y2B was
found exclusively in Chinese domestic goats and bezoars
(Supplementary Figure S6C). Based on SMC++ analysis, the
divergence times among all modern goat populations predated
the expected domestication time from archaeological evidence
(~11 000 years ago) (Supplementary Figure S7).

High genetic affinity between modern goat populations in
SWA and East Africa

To determine possible genome-wide introgression in present-
day domestic groups, we calculated the D and F-branch ()
statistics using Dsuite v3 (Malinsky et al., 2021). Results
showed strong signals of introgression in the IRQ-IRN
(=0.61, Z=35.21), EAFR-IRQ (H=0.419, Z=14.32), and
EAFR-IRN (m=0.374, Z=11.98) populations (Figure 2A).
Additional cross-drainage introgression was also detected
among several trios, e.g., common ancestor of African and
IRQ (H=0.58, Z=12.32) and IRN (b=0.51, Z=9.58)
populations, but no evidence of gene flow was detected
between the WAFR and SWA populations. These values are
higher than those for EAFR-IRQ and EAFR-IRN, suggesting
that the latter may reflect introgression of the common
ancestor of EAFR and WAFR in the Levant region. The b
results also highlighted excessive allele sharing among the
CHN/BNG, PKS/IRN, and EUR/WAFR populations
(Figure 2A). These results were supported by TreeMix
analysis, which revealed signals of genomic introgression from
EAFR goats into IRQ (m=1) and IRN (m=2), explaining 99.7%
and 99.9% of variance, respectively (Figure 2B;
Supplementary Figure S8).

Quantification of gene flow from EAFR goats to IRQ and
IRN populations using Loter (Dias-Alves et al., 2018) showed
that the proportion of introgression was not uniform across
present-day goats in different SWA regions. The frequency of
gene flow gradually decreased with the increase in distance
from EAFR (Figures 2C, D). Average frequency was highest
(~65%) and lowest (~36%) in samples located in IRQ and
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Figure 1 Phylogenetic relationships among goat populations

A: Map depicting locations of modern and ancient domestic samples analyzed in this study. B: Principal component analysis (PCA) with modern
globally distributed goats and ancient goats around the Fertile Crescent. C: ADMIXTURE results for K=2 and K=5, showing low cross-validation

error.

southern parts of IRN, respectively. Using fd (Malinsky et al.,
2021), we further localized genomic regions with significant
probability of introgression from EAFR goats into the IRQ and
IRN populations (Supplementary Figure S9A, B). The length of
the introgressed regions varied from several hundred to more
than 200 000 base pairs. Selecting the top 1% of regions, we
obtained 2 456 (2 218 genes) and 974 (966 genes) autosomal
regions as high-confidence introgressed segments for the IRQ
and IRN groups, respectively (Supplementary Tables S4, S5).

Historical evidence of gene flow from Levant into SWA

We next calculated D statistics to explore the Neolithic origin
of all modern domestic goats, based on previously published
ancient genomic data from the Near East. Notably, among all
Neolithic goat groups from the Fertile Crescent, samples from
the Levant region exhibited higher genetic affinity with modern
African goats (Figure 3A), consistent with previous research
(Daly et al., 2018). Furthermore, among the Asian modern

goat groups, the IRQ and IRN samples showed high allele
sharing with Neolithic Levant goats. However, goat samples
from South Asia (BNG and PKS) showed high genetic affinity
with ancient samples from the Neolithic eastern group. To
estimate the possible time of gene flow from Levant to SWA,
we performed outgroup f3-statistics (Ancient IRN, Ancient
Levant; Outgroup) using ADMIXTOOLS software (Alexander
et al., 2009). Results indicated that among all ancient samples
from IRN, those from the Chalcolithic period (~4 200 BC)
showed the closest genetic affinity with different ancient
Levant populations (Figure 3B), thus dating the admixture
event. These results were confirmed by D statistics in the form
of (Ancient IRN, Neolithic-East; EAFR, Outgroup) and (Ancient
IRN, Neolithic-East; Ancient Levant, Outgroup)
(Supplementary Figure S10), again illustrating the high level of
genetic continuity between lIranian goats with EAFR and
different Levant populations in the Chalcolithic period.
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Figure 2 Gene flow from EAFR goats to SWA goat populations

A: F-branch (fb) summary of introgression among eight goat populations. ML tree was used as a basis for the branch statistic. Each cell shows b

statistic between tree nodes (rows) and terminal nodes (column). Tree nodes in rows represent terminal nodes or (dotted lines) internal nodes within

the tree. Gray cells in the matrix correspond to tests not consistent with the phylogeny. B: Inferred goat tree of mixture events deduced by TreeMix.

Branch length is proportional to the drift of each population and scale bar shows 10 times the average standard error (SE) of entries in the sample

covariance matrix. Argali was used as the outgroup to root the tree. C, D: Distribution of introgressed segments from EAFR, serving as proxy of the

source of introgression from Levant, into IRQ and IRN goat populations.

Local adaptation by selective sweeps

Adaptation of indigenous livestock species in the SWA region
to hot and dry desert ecosystems (Middleton, 1986; Vaghefi et
al., 2019) may have influenced hair and skin traits, which are
directly related to heat loss capacity (Berihulay et al., 2019;
Deng & Xu, 2018). For example, most SWA indigenous sheep
breeds have coarse wool coats, whereas most local goat
breeds in the cold climates of northern Asia produce
cashmere (China National Commission of Animal Genetic
Resources, 2011). To gain insight into adaptations to desert
climates, we compared native goats from SWA with those
from Northeast Asia using pairwise genetic differentiation (Fgt)
and differences in nucleotide diversity (1 In-ratio Northeast
Asia/lSWA). After merging consecutive windows with high
values, we found 46 windows with the top 1% of values in both
Fst and In-ratio, spanning 72 candidate genes (Figure 4A;
Supplementary Table S6). The top Fgr outlier window
contained introgressed signals related to the KITLG gene on
chromosome 5 (18 075—-18 160 kb), which is associated with
hair follicle traits (Guenther et al., 2014). The low 1 and
Tajima’s D values and high composite likelihood ratios (CLR)
indicated strong positive selection at this locus in SWA goats
(Figure 4B). Previous studies have shown that KITLG is an
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important modulator of skin pigmentation in animals, playing a
vital role in follicular survival and development of melanocyte
lineage in adult skin (Yang et al., 2018). Melanin pigments
play a direct role in protection against ultraviolet (UV) radiation
and thermoregulation, which can pleiotropically influence a
variety of behavioral and physiological traits in mammals
(Deng & Xu, 2018; Sulem et al., 2007; Yang et al., 2018). We
found no non-synonymous mutations within the coding region,
suggesting a role for regulatory mutations.

KITLG-selected region was possibly introgressed from
the Nubian ibex into domestic goats

The strongest selection signal at the KITLG locus
(18 116-18 161 kb) was found in the introgression segments
introduced into the SWA population from EAFR goats. We
constructed a haplotype map of the KITLG-selected region to
explore the relationships among all populations. Interestingly,
results showed two contrasting haplotypes in this genomic
region that varied among the different Capra species,
supporting potential relevance to adaptation (Figure 4C). The
haplotype showing high frequency in Africa and Southwest
and South Asia (hereafter AFR-ASA) had the highest similarity
to ibexes, particularly the Nubian ibex (C. nubiana), whereas
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Figure 3 Genetic affinity between domestic goat populations

A: Allele sharing between modern and Neolithic groups around the Fertile Crescent. Positive D statistic indicates higher level of allele sharing
between Neolithic Levant goats and modern goat populations. Standard errors are shown with bars. Statistics with |Z score| <3 are presented as
unfilled symbols. B: Outgroup f3 statistics for shared genetic history between different ancient samples from Iran and Levant groups. Higher f3
values represent a closer genetic affinity of Iranian goats with Levant samples.

the bezoar haplotype was close to the KITLG regions in the
European and Chinese goats. The frequencies of these
introgressed loci were higher in EAFR (90%), IRQ (88%),
WAFR (79%), IRN (77%), and PKS (72%), but much lower in
EUR (2%) and CHN (5%) (Figure 4D), indicating a gradual
decrease from Africa to SWA and South Asia. In addition, the
haplotype network of the KITLG-selected region showed two
highly divergent haplogroups in the worldwide domestic goats
(Figure 4E). Of the SWA individuals, <75% belonged to the
AFR-ASA haplogroup. To further assess the origin and
diffusion of the KITLG allele in domestic goats, we carried out
an in-depth genetic survey of ancient remains from the Fertile
Crescent region. We detected an ancient animal with the
KITLG-selected region in the Bronze age in Levant (dating to
~3500 YBP) (Supplementary Figure S11). Furthermore, one
Iranian goat sample from the Medieval age (1641-1473 cal
AD) also carried this genomic region. These findings are
consistent with the hypothesis that gene flow from Levant goat
groups into the SWA region occurred prior to the Medieval
age.

DISCUSSION

We used worldwide ancient and modern goat genomes to
elucidate the evolutionary events that shaped present-day
SWA goat populations and characterize adaptive introgression
and genetic changes after domestication in the region.
Descriptive findings from ADMIXTURE, PCA, and TreeMix
analyses indicated excessive allele sharing between the SWA
and EAFR populations. Furthermore, patterns of allele sharing
based on outgroup f3, D, and fb statistics confirmed that the
SWA samples had a higher genetic affinity to EAFR than to
other Asian goat groups. By exploring the genetic affinities of

ancient samples from northern and southern parts of IRN to
different period samples from Levant and present-day EAFR,
we observed a remarkable genetic continuity between
individuals from the Chalcolithic period in IRN (7 100-5 700
YBP) and Levant/EAFR. The geographic distance between
EAFR and SWA is considerable, but the EAFR influence may
well reflect the influence of more proximate goats from the
Levant region or Saudi-Arabian Peninsula, which were not
sampled in this study.

The high level of allele sharing between ancient samples
from IRN and Levant in the Chalcolithic period coincides with
known transitions to more arid conditions in the Middle East
(6.5-5 kyr BP) (Sun et al., 2021). These results are also
consistent with the high genetic continuity and reduced
genetic differentiation among farmers from southern Levant
(Israel and Jordan) and the Zagros Mountains (Iran) (Harney
et al.,, 2018; Lazaridis et al., 2016). Thus, we propose
extensive gene flow from Levant lineages into SWA
populations after domestication, dating between ~7 000 and 5
000 YBP, suggesting a northeastern path of gene flow from
Levant into eastern parts of the Fertile Crescent. Given that
the timing of this gene flow coincides with a wet-to-dry
transition in western IRN regions, such as Lake Zeribar and
Lake Mirabad (Sun et al, 2021), we hypothesize that
changing precipitation and temperature patterns may have
favored introgression of adaptive genes from the Levant
populations to the SWA region. The same climate transition is
proposed to have driven the migration of heat-resistant
indicine cattle to SWA after 4 200 BP (Verdugo et al., 2019).

Recent studies support a major role of adaptive
introgression in livestock animal evolution, acting during
periods of range expansion and contraction (Bangs et al.,
2018; Zheng et al., 2020). For example, introgression signals
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Figure 4 Genomic regions with selection signals in SWA group

A: Distribution of pairwise fixation index (FST) (x-axis) and 1 In-ratio (y-axis) between SWA and Northeast Asian goats. B: Putative sweep region
(Chr. 5, 17 901 to 18 300 kb) was additionally validated by FST, 1, Tajima’s D, and CLR tests. C: Patterns of 32 465 high frequency SNPs in
variable KITLG region (18 116—18 161 kb) are shown. D: Frequency of introgressed KITLG haplotypes in domestic goat populations. E: Haplotype
network based on pairwise differences within selective sweep region (chr5: 18116-18 161 kb) in KITLG.

of alleles in olfactory-related genes from wild relatives are
associated with climatic adaptation in domestic sheep (Cao et
al., 2021). Furthermore, an introgressed locus harboring the
MUCG6 gene from West Caucasian tur-like species into
domestic goats is reported to confer pathogen resistance
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(Zheng et al., 2020).

In the current study, the strongest signals of adaptive
introgression were associated with a skin pigmentation-related
gene (KITLG) on chromosome 5 (Deng & Xu, 2018; Yang
et al., 2018). This gene encodes the ligand for the receptor
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tyrosine kinase protein KIT, which plays essential roles in the
development and differentiation of different cell types in the
body, such as melanocytes, blood cells, and germ cells
(Morrison-Graham & Takahashi, 1993). A regulatory region of
human KITLG contains an enhancer that regulates hair follicle
expression (Guenther et al., 2014). As the frequency of the
adaptive KITLG allele was fixed in the Nubian ibex and nearly
fixed in the AFR-ASA populations, we believe this gene may
have been introgressed from this wild species. The Nubian
ibex is distributed around northern Africa and the Arabian
Peninsula, geographically close to the goat domestication
center in SWA. It inhabits a dry desert environment with
intense solar radiation and extreme ambient temperatures
(Castello et al., 2016; Chebii et al., 2020). As several hair/wool
characteristics are directly related to heat loss and improve
the adaptive flexibility of livestock to extreme environmental
conditions (McManus et al., 2020), we hypothesize that the
KITLG gene may have played a role in the evolution of goat
lineages in SWA during history.

Based on haplotype analysis of the KITLG-selected region,
we suggest two possible scenarios to explain the high
similarity between haplotypes in AFR-ASA and Nubian ibexes.
The first hypothesis is introgression from the Nubian ibex to
ancestral goat populations around Northeast Africa and
Levant regions. This scenario is conceivable as we identified
extensive ancient gene flow from Levant populations into the
SWA region. Furthermore, in this scenario, the high frequency
of the adaptive KITLG allele in West African goats could be
explained by previously documented gene flow from the
northeast to the western and central parts of Africa during the
Holocene, closely related to the expansion of herders
(Schlebusch, 2019). A second possibility may be that multiple
separate introgression events occurred between Nubian
ibexes and domestic goats in different geographical regions.
However, due to the limited sample size, our data do not allow
any strong conclusions.

CONCLUSIONS

By analyzing genome-wide data from worldwide domestic
goats and wild caprids, we provide the first glimpse into the
genomic structure of native goat populations in SWA. Results
indicated that the genetic pool of the SWA goat populations
was affected by gene flow from Levant lineages in the
Chalcolithic period. Furthermore, we found evidence of
adaptive introgression of the KITLG allele from the Nubian
ibex into domestic goats, which showed a strong signature of
selection in goat populations located in desert climates. This
study provides new insights into the evolutionary history of
SWA goats and the importance of introgression in adaptation
to past environmental challenges in this region.
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