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Abstract

Analyses of genomic diversity along the X chromosome and of its correlation with autosomal diversity can facilitate understanding
of evolutionary forces in shaping sex-linked genomic architecture. Strong selective sweeps and accelerated genetic drift on the
X-chromosome have been inferred in primates and othermodel species, but no such insight has yet been gained in domestic animals
compared with their wild relatives. Here, we analyzed X-chromosome variability in a large ovine data set, including a BeadChip
array for 943 ewes from the world’s sheep populations and 110 whole genomes of wild and domestic sheep. Analyzing whole-
genome sequences, we observed a substantially reduced X-to-autosome diversity ratio (� 0.6) compared with the value
expected under a neutral model (0.75). In particular, one large X-linked segment (43.05–79.25 Mb) was found to show extremely
low diversity, most likely due to a high density of coding genes, featuring highly conserved regions. In general, we observed higher
nucleotide diversity on the autosomes, but a �at diversity gradient in X-linked segments, as a function of increasing distance
from the nearest genes, leading to a decreased X: autosome (X/A) diversity ratio and contrasting to the positive correlation
detected in primates and other model animals. Our evidence suggests that accelerated genetic drift but reduced directional
selection on X chromosome, as well as sex-biased demographic events, explain low X-chromosome diversity in sheep
species. The distinct patterns of X-linked and X/A diversity we observed between Middle Eastern and non-Middle Eastern
sheep populations can be explained by multiple migrations, selection, and admixture during the domestic sheep’s recent
postdomestication demographic expansion, coupled with natural selection for adaptation to new environments. In addition,
we identify important novel genes involved in abnormal behavioral phenotypes, metabolism, and immunity, under selection
on the sheep X-chromosome.
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Introduction

The X chromosome and autosomes differ in several aspects of
their molecular evolution and population genetics including
their effective population sizes (Ne), mutation rates, suscepti-
bility to genetic drift, patterns of selection and demography

(Schaffner 2004; Vicoso and Charlesworth 2006; Hedrick
2007; Keinan and Reich 2010), all of which differentially af-
fect the genetic diversity of the X-chromosome compared
with the autosomes (Begun and Whitley 2000; Casto et al.
2010; Heyer and Segurel 2010) and the X-to-autosome (X/A)

� The Author(s) 2018. Published by Oxford University Press on behalf of the Society for Molecular Biology and Evolution.
This isanOpenAccessarticledistributedunderthetermsoftheCreativeCommonsAttributionNon-CommercialLicense(http://creativecommons.org/licenses/by-nc/4.0/),whichpermitsnon-
commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1282 Genome Biol. Evol.10(5):1282–1297. doi:10.1093/gbe/evy085 Advance Access publication April 20, 2018

GBE
































	evy085-TF1
	evy085-TF2

