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Abstract
By its paternal transmission, Y-chromosomal haplotypes are sensitive markers of population history and 
male-mediated introgression. We used whole-genome sequences (WGSs) of 386 domestic goats from 
75 modern breeds and 7 wild goat species generated by the VarGoats goat genome project. Phylogenetic 
analyses indicated five domestic haplogroups Y1AA, Y1AB, Y1B, Y2A and Y2B. Haplogroup distributions 
for 180 domestic breeds indicate ancient paternal population bottlenecks during the migration into 
northern Europe, southern Asia and Africa. Sharing of haplogroups reveals male-mediated introgressions: 
from Asia into Madagascar and, more recently, into the South-African Boer goat; then from this breed 
into other southeastern African goats; and from Europe into native Korean and Ugandan goats. This study 
illustrates the power of the Y-chromosomal variation for the reconstructing the history of domestic species 
with a wide geographic range.

Introduction
The genetic diversity of goats has been reported to show a weak phylogeography of the mtDNA (Luikart 
et al., 2001), but a strong geographic partitioning of the autosomes (Amills et al., 2017; Colli et al., 2018; 
Zheng et al., 2020). This is in sharp contrast to similar studies of sheep (Kijas et al., 2012; Ciani et al., 2020), 
but has been confirmed by studies of ancient DNA (Daly et al., 2022). However, the goat Y-chromosome 
as a marker for the paternal lineages has not yet been studied at a worldwide scale. For many species, 
Y-chromosomal variants have proved to be highly informative markers for paternal origin, which generally 
show a much stronger phylogeographic differentiation than mitochondrial or autosomal variants (Jobling 
and Tyler-Smith, 2017).

Previous analyses of Y-chromosomal diversity in European and Asian goats on the basis of low number 
of SNPs defined four haplotypes Y1A, Y1B, Y2A and Y2B, which have a strong geographic differentiation 
(Lenstra and the Econogene Consortium, 2005; Tabata et al., 2018). Here, we use WGS data from the 
VarGoats project for a broad sample of European, Asian and African goats in order to define the major 
haplogroups, their phylogeny and the relationships with haplotypes from Iranian and Anatolian bezoar. 
After combining with data from other sources, we characterize the phylogeographic patterns across the 
three continents. We present evidence for population bottlenecks during the ancient migration of domestic 
goat and for more recent introgressions within and between continents.

Materials & methods
We extracted SNPs from four contigs in the male-specific part of the Y-chromosome, which after quality 
control were used for constructing Neighbour-Joining (NJ) trees and a Median-Joining Network of bezoars 
and domestic goats. We identified Y-chromosomal haplogroups for 2,214 goats on the basis of: (1) the 
VarGoats WGS data; (2) dideoxy sequencing of DNA segments covering SNPs that are diagnostic for 
the haplogroups; (3) published data for French, Swiss, Turkish and South-Asian goat breeds; (4) KASP 
genotyping of diagnostic SNPs; and (5) SNP alleles extracted from WGS data.

Results
Neighbour-Joining phylogenetic trees (not shown) and a Median-Joining Network (Figure 1) on the basis 
of the VarGoats data gave completely consistent patterns of clustering and show five domestic haplogroups 
that correspond to the previously found haplotypes: Y1AA, Y1AB (both representing a distinct cluster of 
Y1A haplotypes), Y1B, Y2A and Y2B. All domestic haplotypes differ from the Iranian or Anatolian bezoar 
haplotypes, which also differ from each other. The bezoar haplotypes are associated with the domestic 
Y1AA (CaY1AA) or Y2B (CaY2B) clusters, are linked to the Y1 or Y2 roots (CaY1 and CaY2) or are 
between the Y1 and Y2 haplogroups (Y0, in the NJ tree close to the root).
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The network further shows a remarkable geographic differentiation:
1.	 Haplogroup Y1B is predominant in central and northern Europe, but is also found in South Korea and 

Uganda.
2.	 Y2A is almost absent in central and northern Europe, but is the predominant haplogroup in Spain, 

Anatolia and Africa. The British Anglo-Nubian (not shown) carries Y2A and Y1AA because of its Asian 
and African ancestry. Remarkably, most Y2A haplotypes on Madagascar are more related to Asian than 
to continental-African Y2A haplotypes.

3.	 Y2B does not occur in Europe, continental Africa or west Asia, but is a major haplotype in east and 
southeast Asia. It was also found in a single goat from Madagascar.

4.	 Y1AA is sporadic in Europe, but is a major lineage in Asia. Two Y1AA haplotypes in East and South 
Africa are closely related to Asian haplotypes. This reflects the Asian ancestry of the popular Boer 
breed, which has been crossed into other southeastern African goats.

Discussion
We propose that the phylogeographic pattern is the result of ancient population bottlenecks and recent 
introgressions (Figure 2). The Y-chromosomal link between Madagascar and Asia is in line with the 
genomic composition of the Malagasy zebu (Magnier et al., 2022) and the Austronesian origin of the 
Malagasy language.

We conclude that the Y-chromosomal variation of goats reveals bottlenecks, expansions and introgressions, 
illustrating the power of Y-chromosomal markers for inferring the genetic origin of mammalian populations.

Figure 1. Median-Joining Network of 286 male domestic goats and 27 bezoars.
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