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Abstract

Sheep (Ovis aries) is one of the earliest animals domesticated by
humans about 10,000 to 12,000 years ago in Southwestern Asia
when human subsistence patterns drastically transformed from a
hunter—gatherer to a sedentary lifestyle. Sheep have dispersed
through human activities and have been well adapted around the
world. Especially, domestic sheep have become essential livestock
in the Mongolian grasslands as a stable source of nutrition and
hydration, where crop cultivation faces challenges and nomadic
pastoralism is commonly practiced. However, the evolutionary
history of domestic sheep in East Asia and its associated pastoralist
socleties are poorly understood. In this study, to explore the origins
of present—day sheep in eastern Eurasia (i.e., East Asia), the first
whole—genome data of ancient sheep from the Mongolian
grasslands are presented. Duurlig Nars is one of the funeral sites of
Xiongnu elite, nomadic pastoralist people who played an important
role in cultural exchanges between the West and the East.
Genome—wide data of six individuals from the satellite burials of
Duurlig Nars tomb, along with previously published 11 ancient
individuals, and 514 present—day individuals were generated using
the 7497K SNPs identified in this study and population genetic
analyses were conducted. Results indicate the strong genetic
affinity between Xiongnu—period Duurlig Nars sheep and the

present—day FEast Asian populations. Other ancient sheep
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populations also show a high genetic affinity with the present—day
populations geographically close to their excavation site. Also, a
combined analysis of genome—wide data and mitochondrial DNA on
ancient populations suggest ancestry continuity. In conclusion, this
study reports the first whole—genome data of ancient East Asian
sheep and confirms that the complex genetic structure in present—
day sheep formed at least 2,000 years ago. Moreover, the
worldwide sheep diversity panel of 7497K SNPs identified in this
study will provide a high—resolution genomic analysis in further

studies.

Keywords : Population genetics, Ancient DNA, Genomics,

Evolutionary genetics, Sheep, Xiongnu
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1. Introduction

1.1. Domestication of sheep

Sheep (Ovis aries) is one of the earliest animal species domesticated
by humans. Its history of domestication goes back between 12,000
and 10,000 years during ‘the Neolithic transition” when human
subsistence patterns drastically transformed from a hunter—gatherer
to a sedentary agricultural lifestyle in the Fertile Crescent region of
Southwestern Asia (Alberto et al.,, 2018; Conolly et al.,, 2011;
Sherratt, 1983; Zeder, 2008). Both archeological and genetic
evidence indicate that domestic sheep (O. aries) is descended from
wild Asiatic mouflon (0. orientalis), which is still found in
Southwestern Asia (Alberto et al., 2018; Hiendleder et al., 1998;
Nadler and RS, 1973; Rezaei et al., 2010; Stiner et al., 2014). Other
closely related wild sheep species in Eurasia are argali (O. ammon)
in the mountains of Central Asia, urial (O. vigne) widely distributed
in Central Asia, and snow sheep (O. nivicola) distributed in northeast
Siberia (Figure 1) (Korobitsyna et al.,, 1974; Mallon, 1985;
Shackleton, 1997). Sheep are part of the so—called ‘Neolithic
package’ (e.g., wheat, lentil, sheep, goat, and cattle) and have rapidly
dispersed across the old world out from the Middle East (Cilingiroglu,
2005). As a stable source of nutrition and hydration with additional
supplies of leather and wool, sheep have accompanied humans and
have dispersed worldwide through human—mediated migrations,

coping with different ecological settings beyond hot and arid native
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habitat of their wild progenitor (Auffret et al., 2014; Hatziminaoglou
and Boyazoglu, 2011; Zeder, 2008). Today, sheep are found in a
diverse range of geographical locations around the world with
diverse morphologies and over 1,400 breeds of sheep are recognized
(Scherf, 2000).

Among the various geographical locations in which sheep
inhabit, sheep is one of the main domestic livestock in the nomadic
pastoralist societies in the Mongolian grasslands (MacHugh et al.,
2017). While challenging for crop cultivation due to continental
climate and low precipitation, the Mongolian grasslands (.e.,
Mongolian Steppe or eastern Eurasian Steppe) is suitable for mobile
herdings of domestic livestock, such as sheep, goats, cattle, and
horses (Dong, 2016; Erdés et al., 2018; Neupert, 1999; Taylor et al.,
2020). Investigating the evolutionary history of essential domestic
animals can give insight into relationships between humans and their
domestic animals and provide a foundation for a deeper
understanding of human history (McHugo et al., 2019). Nevertheless,
not much is known about the dispersal of domestic sheep, originally

West Asian livestock, to inner Asia (Taylor et al., 2021).

1.2. Dispersal of domestic sheep

The domestication and dispersal processes that shaped the
population dynamics of sheep we observe today traditionally have
been studied through two complementary approaches: archaeological

and genetic approaches (Frantz et al.,, 2020). The first approach



based on archeological data studies animal remains based on
morpho—anatomical changes of domestication (i.e., zooarchaeology)
and traces of animal husbandry. For example, zooarchaeological
evidence suggest that domestic sheep have reached North Africa by
5,000 BCE and Iberia, Europe by 5,400 BCE (Klein and Scott, 1986;
Zilhdo, 2001). In Asia, the domestic sheep remains found in the
Yellow River valley show that the domestic sheep have reached
Central China by 2,100—1,800 BCE (Cai et al., 2007). However, it is
challenging to distinguish between sheep/goats and wild/domestic
sheep at the early domesticated stages solely on osteological
evidence (Frantz et al., 2020; Salvagno and Albarella, 2017).

The second approach based on genetic data retrieved from
ancient remains studies ancient DNA and protein, complementing
archaeological information. Previously, Information achieved from
mitochondrial DNA and protein from ancient remains has been used
to imply the presence of domestic sheep. For example, mitochondrial
DNA analysis of ancient sheep indicates the presence of domestic
sheep in Inner Mongolia dates to 4,700 BCE through phylogenetic
analysis (Cai et al., 2011). Sheep remain from the Afanasievo culture
site in Altai region, a possible vector of ruminant livestock to East
Asia, from 3,300-2,900 BCE had mitochondrial DNA haplogroup ‘D’
that only exists in domestic sheep, complementing the proteomic
evidence of consumption of caprinae (sheep/goats) milk of
Afanasievo culture in 3,000—2,500 BCE (Hermes et al., 2020; Wilkin
et al., 2020). However, mitochondrial DNA and protein cannot

provide sufficient information to test the ancestry, in local context, as
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mitochondrial DNA 1is uniparental and broadly distributed and
proteomic results cannot directly provide evidence for which animal
species (i.e., sheep or goat) were exploited for dairy (Ruther et al.,
2022). Thus, more profound understanding of the origins of domestic
sheep can be achieved using genome—wide data. With the
development of sheep reference genome and recent advances In
sequencing methodology, genome—wide data of ancient genomes 1is
used to demonstrate the evolutionary history of domestic sheep
(McHugo et al.,, 2019). Only recently, paleogenomic studies on
genome—wide data of ancient domestic sheep in Central Asia,
Anatolia, and Iran have been reported (Rossi et al., 2021; Taylor et
al.,, 2021; Yurtman et al.,, 2021). However, whole—genome data of

ancient sheep in East Asia has not yet been reported.

1.3. Duurlig Nars tomb site of Xiongnu—period

Xiongnu was a confederation of nomadic pastoralists and founded
the first nomadic empire in Eurasia, dominating the Eurasian steppe
from 200 BCE to 100 CE (Miller, 2014; Pilipenko et al., 2018). Only
in recent years have their complex origins been revealed using
ancient genome data from Eurasian nomads (Jeong et al., 2020).
Duurlig Nars i1s one of the funeral sites of Xiongnu elite located at
Bayan—Adarga sum in the north of Khenti Aimag, 500 km northeast
of the capital of Mongolia, Ulaanbaatar (Figure 2; Figure 3).
Although Duurlig Nars site was first discovered in 1974, only a few
expeditions were conducted and little is known about the site (Kim

et al., 2010). According to a joint Japanese—Mongolian expedition inl_
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1991, there are estimated to be more than 200 tombs in the Duurlig
Nars site (Kim et al., 2010). Duurlig Nars tomb number 160 is a
square—shaped grave with an adjoining entrance passage to the
south. It is the biggest sized ‘'’ shaped tomb in Duurlig Nars site
with the length of the tomb of 75 m, width of 33 m, and an area of
1,573.8 m? (Figure 3; Figure 4) (National Museum of Korea, 2021).
This unique ‘I'%> shape and the massive size are the characteristics
of Xiongnu elite tomb, distinct from the average Xiongnu lower—
class tombs (Eregzen, 2010). These "'’ shaped Xiongnu elite
tombs often, but not always, have circular satellite burials (Eregzen,
2010). Six satellite burials of Xiongnu—period Duurlig Nars tomb
number 160 were discovered during the Korean—Mongolian joint
expedition in 2019 (Figure 4) (National Museum of Korea, 2021).
Each burial was occupied with one human individual in a wooden
coffin along with domestic animal remains, including sheep, goats,
horses, and cattle. These main domestic livestock will provide a
deeper understanding of subsistence patterns of nomadic

pastoralists of Xiongnu—period that roamed the Eurasian steppe.



1.4. Aim of the study

Sheep is one of the animal species first domesticated by humans
and now play an essential role in the nomadic pastoralists societies
in the Mongolian grasslands. However, the evolutionary history of
domestic sheep in East Asia and its associated pastoralists societies
are poorly understood. Ancient genomic study of sheep can provide
insight into the origins of domestic sheep. Nevertheless, ancient
whole—genome data of East Asian sheep has not been reported so
far, especially in the Mongolian grasslands, which is the core of
nomadic pastoralists societies (Neupert, 1999). Duurlig Nars is one
of the funeral sites of Xiongnu elite, located at the northerneast of
Mongolia. Interestingly, domestic animal remains were excavated
along with humans, including sheep, in the satellite burials of
Duurlig Nars tomb number 160. These remains are valuable
resources as the Xiongnu empire expanded their power through
cultural exchanges of the West and the East and were often
accompanied by sheep (Houle and Broderick, 2011). Here in this
study, to explore the genomic profile and the origins of East Asian
sheep, I aimed to (1) generate whole—genome sequenced data of
ancient sheep from the Xiongnu—period, (2) generate a worldwide
sheep diversity panel to perform genomic analysis on a high—
resolution scale, (3) and conduct population genomic analysis on

anclent and present—day sheep populations.
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Wild Sheep
Ovis ammon
Ovis vignei
Ovis orientalis

Ovis nivicola

Figure 1. Geographic distribution of wild sheep in Eurasia.
Geographic locations of four wild sheep species (i.e., O. ammon, O.
vignei, O. orientalis, and O. nivicola) were based on the IUCN Red

list (downloaded from https://www.iucnredlist.org, accessed on July

18, 2022).



https://www.iucnredlist.org/

© OBI Obishir 5

8IRN Iran_1600BP

A ANS Anatolian Neo
©DLN Duurlig Nars

Figure 2. Geographic distribution of ancient sheep populations used
in this study. Country border lines are represented on the map
(From left to right: Turkey, Iran, Kyrgyzstan, and Mongolia). The
map was produced using the Natural Earth public domain map
dataset  (source: https://www.naturalearthdata.com/downloads/10m—
raster—data/10m—cross—blend—hypso/). The country border lines
were produced using the GADM data (source:

https://gadm.org/data.html) .
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Figure 3. A satellite image of Duurlig Nars tomb number 160 site

from Google Map. Coordinates are 48° 32'49.0"N, 111° 04'56.0"E.



2. Materials and Methods

2.1. Ancient DNA extraction and sequencing

Six sheep individual remains for whole—genome sequencing were
excavated at the satellite burials of Duurlig Nars tomb number 160
in Mongolia by a joint Korean—Mongolian expedition between 2017
and 2019. Two sheep samples DLNO17.A0101 and DLNO18.A0101
were excavated from a satellite burial named 160—E1 (Figure 4).
Sample DLNO19.A0101 was excavated from 160—E3, and the three
samples DLNO21.A0101, DLN023.A0101, and DLN024.A0101 came
from 160—W1 (Figure 4). Metagenomics DNA of lower tooth, one
from each individual, were used to generate a single—stranded
paired—end Illumina sequencing library. DNA extraction and library
preparation step were performed following previously published
protocols (Dabney et al., 2013). All of the laboratory processes
were performed in an ancient DNA clean room facility of the Max
Plank Institute for the Science of Human History (HPI-SHH), Jena,

Germany.

10 .__:Ix_s _'q.;:-'_ T



DLN021.A0101 160-W1
DLN023.A0101 O
DLN024.A0101

160-W2

N
w ’ E

S

Duurlig Nars No. 160
Tomb site

DLN017.A0101
160-E1 DLN018.40101
160-E2 O

160-E3 DLN019.A0101

160-E4

Figure 4. A drawing of Duurlig Nars tomb number 160. Six circular

satellite burials were discovered surrounding the main tomb. 160—

W1 and 160—W2 were located at the west side of the main tomb.

160—E1, 160—-E2, 160—E3, and 160—E4 were located at the east of

the main tomb (National Museum of Korea, 2021).
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2.2. Ancient DNA data collection and mapping

Previously published whole—genome sequencing data of 11 ancient
sheep individuals were downloaded from the European Nucleotide
Archive (ENA) wunder the accession number PRJEB41594,
PRIJEB42261, and PRJEB36540 (Rossi et al., 2021; Taylor et al.,
2021; Yurtman et al., 2021). Whole—genome sequences of
previously published ancient sheep and Duurlig Nars sheep were
used for downstream analyses.

Illumina adapter sequences were first trimmed from raw
reads of ancient DNA using AdapterRemoval v2.3.0 (Schubert et al.,
2016). Adapter—trimmed reads of 35 bp or longer were aligned to
the O. aries reference genome (oviAri4, International Sheep
Genome Consortium build.) using BWA—aln/samse v0.1.17 (Li and
Durbin, 2009) with “—n 0.01” option. For non—uracil—-DNA—
glycosylase (non—UDG) enzyme treated ancient DNA libraries,
seeding was disabled with “—=19999" option in BWA aln program.
This was to avoid high frequency of postmortem chemical damage

’

in 5 end bases. Reads that were properly aligned to the reference
genome were kept by applying filters “—f 0x0003 —F 0x0004” in
samtools v1.9 (Li et al.,, 2009) and merged into BAM files. PCR
duplicates were removed using DeDup v0.12.5 (Peltzer et al., 2016),
assuming that both ends of the reads were known. Uniquely mapped

reads with Phred—scaled mapping quality score 30 or higher were

kept by applying “—q30” filter in samtools v1.9 (Li et al., 2009).
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2.3. Ancient DNA damage patterns

mapDamage v2.0.9 (Jbénsson et al., 2013) was performed to
visualize and tabulate postmortem chemical damage patterns of
ancient DNA. mapDamge program calculates read length distribution
and misincorporation patterns on the 3° and 5° ends of aligned

sequencing read fragments in BAM files.

2.4. Present—day DNA data collection and mapping

Previously published high—coverage whole—genome sequencing
data of 411 present—day sheep individuals were downloaded from
the National Center for Biotechnology Information Sequence Read
Archive (NCBI — SRA) under the accession number PRINA24020
and PRINAG645671 (Deng et al., 2020; Li et al., 2020). Additional
whole—genome sequencing data of 103 sheep individuals were
downloaded from the ENA under the accession number PRJIEB5463
and PRJEB23437 (Pan et al.,, 2018). Sequencing reads were first
mapped to the reference genome (oviAri4) using BWA-—mem
v0.7.17—r1198—dirty (Li and Durbin, 2010). Reads that were
properly aligned to the reference genome were kept by applying
filters “—f 0x0003 —F 0x0004" in samtools v1.9 and merged into
BAM files (Li et al., 2009). PCR duplicates were removed using
Picard MarkDuplicate v2.20.0 (downloaded from
https://broadinstitute.github.io/picard/). Uniquely mapped reads with
Phred—scaled mapping quality score 30 or higher were kept by

applying “-q30” filter in samtools v1.9 (Li et al., 2009).
13 -":lx_! _'q.l_'\-' T



2.5. Read coverage and molecular sex determination

Sequencing coverage of each sample was calculated using Qualimap
v2.1 (Garcia—Alcalde et al., 2012) from the analysis—ready BAM
files. The number of mapped reads was normalized by the length of
the chromosome. Since the sheep reference genome used in this
paper does not include chromosome Y sequences, the individual
molecular sex was estimated from the chromosome X to autosome
sequencing coverage ratio. Females XX are expected to have a ratio
of around 1.0 and males XY around 0.5. Number of reads aligned to
the reference genome of each BAM file was also calculated using

samtools v1.9 with an option “—c¢” (Li et al., 2009).

2.6. Variant calling and filtering

For the wvariant calling, the candidate variants were called on
individual—level from each BAM file using GATK (Genome Analysis
ToolKit) HaplotypeCaller v3.8.1.0 (download from

https://github.com/broadinstitute/gatk/) with “—ERC GVCEF” option

and per chromosome GVCF files were created. GVCF files of high—
coverage 415 individuals from studies PRINA24020, PRINA645671,
and PRJEB5463 were merged using GATK—-CombineGVCFs
v3.8.1.0. The per chromosome raw VCF files were generated using

GATK—GenotypeGVCFs v3.8.1.0 for downstream analyses.

Variant filtering was performed on the raw VCF files using

14 .__:Ix_c _'\.;:_'I' |


https://github.com/broadinstitute/gatk/

GATK—-SelectVariants v3.8.1.0. INDELs were removed and SNPs
with the QUAL 30 or higher were kept. Multi—allelic SNPs were
removed using AWK and bi—allelic SNPs were extracted with “if
(REF == "A" || REF == "C" || REF == "G" || REF == "T") &&
(ALT == "A" || ALT =="C" || ALT =="G" || ALT =="T")"

option. To avoid possible false—positive calls, GATK-
VariantFiltration v3.8.1.0 was further performed as recommended
by the GATK best practice (McKenna et al., 2010): (1) SNPs with
mean depth < 1/5x and > 5x (x, overall mean sequencing depth
across all SNP sites); (2) quality by depth, QD < 2; (3) strand odds
ratio, SOR > 3; (4) Fisher strand, FS > 60; (5) mapping quality,
MQ <= 40; (6) mapping quality rank sum test,
MQRankSum < —12.5; (7) read position rank sum test,
ReadPosRankSum < —8; (8) and excess heterozygosity test,

ExcessHet < 10 were filtered.

2.7. Genotype refinement

Imputation was done on the filtered high—quality bi—allelic SNPs to
rescue as many missing genotype calls as possible using BEAGLE
v4.1 (Browning and Browning, 2016) by comparison with the
present—day sheep reference genome panel. Using a sliding window
approach, imputation was performed on 170K SNPs in each window
of 5Mb window length in the sheep reference genome, 12K SNPs
overlapping between adjacent windows, the number of iterations 10,

and with memory—saving option (option: window=170000;
15 -":lx_-i "";::.' L
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overlap=12000; niterations=10; lowmem=true).

Genotype calling was performed on VCF files after BEAGLE
imputation. The individual genotypes of GP >= 0.99 were called in
EIGENSTRAT format. SNPs were filtered with a missing genotype
rate less than 2% and filtered rare alleles with minor allele count
(mac) less than 25. To avoid ancient DNA chemical contamination
bias, Transversion variants (Tv) were kept and Transition variants
(Ts) were removed, leaving 7,497,624 SNPs. This 7497K SNPs
were used to generate the worldwide sheep diversity panel (i.e., the
7497K SNP panel) for downstream population genetic analysis.
Number of SNPs per chromosome in each step of generating the

panel are listed in Table 1.
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Table 1. Number of SNPs per chromosome in each step of the

worldwide sheep diversity panel generating process.

7,497,624

SNPs spanning 26 autosomes were used to generate the genome-—

wide dataset.

# of SNPs
Length in
Chr oviAri4 SelectVariants ) AWK ) VariantFiltration BEA_GLE .m?c25 Tv—only
(bases) (SNP—only, bi—alleleic (hard filtering) (GP>=0.99, missingness 7497K
QUAL >= 30) SNPs macb) <= 2%
chrl 275,406,953 12,155,205 9,876,167 8,667,878 4,667,003 3,032,827 853,331
chr2 248,966,461 10,814,094 8,805,186 7,748,549 4,136,313 2,658,685 743,620
chr3 223,996,068 9,654,643 7,837,424 6,894,249 3,686,254 2,350,351 645,239
chr4 119,216,639 5,306,770 4,304,415 3,793,850 2,036,623 1,312,853 369,368
chrb 107,836,144 4,641,011 3,767,431 3,333,311 1,782,586 1,151,503 321,525
chr6 116,888,256 5,421,442 4,384,564 3,851,314 2,102,657 1,379,095 395,542
chr?7 100,009,711 4,275,869 3,481,579 3,058,441 1,656,102 1,067,958 292,732
chr8 90,615,088 3,967,228 3,226,896 2,859,389 1,554,550 1,009,863 281,030
chr9 94,583,238 4,294,899 3,482,590 3,082,617 1,662,746 1,088,358 304,955
chrl0 86,377,204 4,155,732 3,338,617 2,903,091 1,547,153 992,031 286,077
chrll 62,170,480 2,605,464 2,114,049 1,887,115 990,116 619,496 167,802
chrl2 79,028,859 3,468,217 2,822,466 2,500,979 1,337,071 866,567 237,981
chrl3 82,951,069 3,480,138 2,841,937 2,611,285 1,337,635 846,667 225,282
chrl4 62,568,341 2,686,204 2,174,487 1,894,378 997,454 630,111 168,628
chrlb 80,783,214 3,663,802 2,968,015 2,604,176 1,413,521 919,314 258,427
chrl6 71,693,149 3,294,023 2,681,478 2,385,887 1,308,442 856,789 237,642
chrl7 72,251,135 3,248,481 2,622,628 2,321,568 1,262,756 826,183 231,063
chrl8 68,494,538 3,054,843 2,479,387 2,192,034 1,171,143 757,996 206,349
chrl9 60,445,663 2,689,470 2,112,419 1,895,733 1,012,986 649,706 176,017
chr20 51,049,468 2,348,228 1,899,026 1,665,515 902,418 576,477 158,577
chr21 49,987,992 2,333,581 1,899,451 1,668,376 897,392 582,072 158,638
chr22 50,780,147 2,308,713 1,880,410 1,671,317 902,339 589,649 162,011
chr23 62,282,865 2,862,478 2,329,708 2,079,303 1,122,981 736,861 202,967
chr24 41,976,827 1,845,301 1,494,999 1,342,996 708,841 452,752 115,754
chr2b 45,223,504 2,112,430 1,725,829 1,528,251 846,380 557,712 153,474
chr26 44,047,080 2,049,596 1,667,130 1,495,297 809,293 530,366 143,593
Total 2,449,630,093 108,637,862 88,218,288 77,836,899 41,852,755 27,042,242 7,497,624
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Figure 5. Brief pipeline layout of the worldwide sheep diversity panel

generating process. Previously published high—coverage 415

individuals from 105 populations, including 3 wild sheep species,

were used for the SNP identification.
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2.8. Genotyping of low—coverage individuals

For ancient individuals and low—coverage present—day individuals,
pseudo—haploid genotype call was performed using pileupCaller

v1.4.0.5 (downloaded from https://github.com/stschiff/sequenceTools)

with “—randomHaploid” option based on the 7497K panel. This
was to reduce the reference bias by random allele sampling and

genotype was called in EIGENSTRAT format.

2.9. Genetic kinship analysis

Pairwise mismatch rate (PMR) was calculated to detect close
relative pairs in the dataset using pseudo—haploid genotype data
(Kennett et al., 2017). From each pair of random haploid calls,
kinship coefficients were called and one individual from each of the
first—degree relatives and duplicates was removed for the
downstream group—based analysis. For low—coverage individuals
with multiple sequencing runs, duplicates were detected and the

genotype data were merged based on PMR results.

2.10. Data compilation and the master dataset

Finally, genome—wide genotype data of 415 high—coverage
present—day individuals, 99 low—coverage present—day individuals,
and 17 ancient individuals typed on the 7497K SNP panel were
compiled into a single master dataset. Individuals with low coverage
were marked by adding ‘SG’ at the end of the sample name and

1 & 1 =1 —
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https://github.com/stschiff/sequenceTools

population name to distinguish them from the high—coverage

individuals.

2.11. Principal component analysis (PCA)

Principal component analysis (PCA) was performed with the
present—day sheep individuals used in generating the 7497K SNP
panel with “Isgproject: YES; numchrom: 26" option, using
smartpca v16000 (Patterson et al., 2006). Ancient individuals were

projected on the PCA plots to understand the global genetic affinity.

2.12. Outgroup—fs analysis

Outgroup— 73 statistics was calculated to quantify the genetic affinity
between two populations from shared genetic drift. Shared genetic
drift was calculated from the correlations of allele frequencies
between Duurlig Nars and other sheep populations using wild sheep
Urial (O. vignei) as an outgroup. The outgroup—/{3 analysis was
performed using gp3Pop v650 program in the AdmixTools v7.0

(Patterson et al., 2012) with “numchrom: 26" option.

2.13. TreeMix analysis

A PLINK format file of selected populations was generated and the
missingness and allele frequencies were calculated using PLINK

software v1.9 (Purcell et al., 2007). The output PLINK file was
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converted into a TreeMix input file using a python script
(downloaded from https://github.com/ekirving/ctvt/). TreeMix was
performed using TreeMix software v1.13 (Pickrell and Pritchard,
2012) with SNPs that were present in all populations (grep —wv
"0,0"), allowing up to 3 migration events with “—m 0—3" option.
The inferred trees and residuals were visualized using author—
provided R script (downloaded from

https://github.com/joepickrell/pophistory —tutorial/) .

2.14. F,—statistics analysis

Fy—statistics analysis was performed using the gpDstat v970
program in the AdmixTools v7.0 (Patterson et al., 2012) with
“f4mode: YES; numchrom: 26" option to test the phylogenetic
relationships in the TreeMix tree using wild sheep Urial (O. vigner)

as an outgroup.

2.15. Mitochondrial DNA haplogroup analysis

Mitochondrial consensus sequences were first retrieved from the
BAM files aligned to the sheep reference genome (oviAri4) using
ANGSD v0.929 program (Korneliussen et al., 2014) with “—r
chrM —doFasta 2 —doCounts 1 -—setMinDepth 3 —minQ 20 -
minMapQ 30" option. Whole mitochondrial genome sequences of
10 present—day domestic sheep of mitochondrial DNA haplogroup A,

B, C, D, and E (accession name: HM236174—HM236183) available
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at NCBI GeneBank were downloaded (Meadows et al., 2011). From
these sequences, 1,180 bp mitochondrial DNA control region (CR)
sequences corresponded to positions 5437-16616 on the reference
AF010406 (Hiendleder et al., 1998) were extracted and multiple

sequence alignments were performed with MUSCLE v5.1 (Edgar,

2004).

First, the evolutionary history was inferred using the
Maximum Parsimony (MP) method. Bootstrap test of 1,000
replicates was used in tree construction (Felsenstein, 1985). The
MP tree was obtained using the Subtree—Pruning—Regrafting (SPR)
algorithm with search level 1 in which the initial trees were
obtained by the random addition of sequences (10 replicates).
Evolutionary analyses were conducted in MEGA—-CC 11 (Kumar et

al.,, 2012; Tamura et al., 2021) and visualized with the Interactive

Tree Of Life (TOL) v5, an online tool (source: https://itol.embl.de/).

Lastly, the evolutionary history was inferred using the
Maximum Likelihood (ML) method. Bootstrap test of 100 replicates
was used in tree construction (Felsenstein, 1985). Initial tree(s)
for the heuristic search were obtained automatically by applying
Neighbor—Join and BioNJ algorithms to a matrix of pairwise
distances estimated wusing the Tamura—Nei model, and then
selecting the topology with superior log likelihood value.
Evolutionary analyses were conducted in MEGA 11 (Tamura et al.,
2021) and visualized with the Interactive Tree Of Life ((iTOL) v5,

an online tool (source: https://itol.embl.de/).
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Table 2. Software and Algorithms used in this study.

Software / Algorithms

References

Link

AdapterRemoval v2.3.0

(Schubert et al., 2016)

https://github.com/MikkelSc
hubert/adapterremoval/

AdmixTools v7.0

(Patterson et al., 2012)

https://github.com/DReichLa
b/AdmixTools/

ANGSD v0.929

(Korneliussen et al., 2014)

http://www.popgen.dk/angsd
/index.php/ANGSD/

BCFtools v1.9

N/A

http://www.htslib.org/

(Browning and Browning,

https://faculty.washington.e

BEAGLE v4.1 2016) du/browning/beagle/
. . http://bio—
BWA-mem v0.7.17 (Li and Durbin, 2010)
bwa.sourceforge.net/
http://bio—

BWA-aln v0.1.17

(Li and Durbin, 2009)

bwa.sourceforge.net/

dedup v0.12.5

(Peltzer et al., 2016)

https://github.com/apeltzer/
DeDup/

Eigensoft v7.2.1

(Patterson et al., 2006)

https://github.com/DReichlLa
b/EIG/

Genome Analysis Toolkit
(GATK) v3.8.1.0

(McKenna et al., 2010)

https://github.com/broadinsti
tute/gatk/

Integrative Genomics
Viewer (IGV) v2.13.0

(Robinson et al., 2011)

https://software.broadinstitu
te.org/software/igv/

Interactive Tree Of Life
(iTOL) v5

(Letunic and Bork, 2021)

https://itol.embl.de/

mapDamage v2.0.9

(Jénsson et al., 2013)

https://github.com/ginolhac/
mapDamage/

MEGA-CC vll

(Kumar et al., 2012; Tamura et
al., 2021)

https://www.megasoftware.n
et/

MUSCLE v5.1

(Edgar, 2004)

https://github.com/rcedgar/
muscle/

Picard v2.20.0

N/A

https://broadinstitute.github.
io/picard/

pileupCaller v1.4.0.5

N/A

https://github.com/stschiff/s
equenceTools/

PLINK v1.9

(Purcell et al., 2007)

https://www.cog—
genomics.org/plink/

Python v3.9.7

N/A

https://www.python.org/

Qualimap v2.1

(Garcia—Alcalde et al., 2012)

http://qualimap.conesalab.or

g/

R v3.6.0

N/A

https://www.r—project.org/

samtools v1.9

(Li et al., 2009)

http://samtools.sourceforge.
net/

TreeMix v1.13

(Pickrell and Pritchard, 2012)

https://github.com/carolinda
hms/TreeMix/

Python script
plink2treemix.py

N/A

https://github.com/ekirving/c
tvt/

R script TreeMix
plotting_funcs.R

N/A

https://github.com/joepickrel
1/pophistory —tutorial/
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AFS, Afar; AFH, Afshari; ALT, Altamurana; ALS, Altay; ANE, Anatolian_Neo; ARG, Argali; MOU, Asiatic_mouflon;
AMSG, Australian_Merino.SG; AWA, Awassi; BAJ, Baidarak; BAL, Baluchi; BAG, Barga; BAR, Barki; BSB, Bashibai;
BAY, Bayad; BSG, Bayinbuluke.SG; BENT, Bentheimer; BOG, Bonga; BOZ, Bozakh; BER, Brazilian_Bergamasca;
SOM, Brazilian_Somali; BBS, Brown_Mountain; CAM, Cameroon; MKS, Carpathian_Mountain; CAUC, Caucasian;
CLS, Cele_Black; CBSG, Cele_Black.SG; MFW, Chinese_Merino_finewool; MSF, Chinese_Merino_superfinewool;
DAME, Dagestan_Mountain_Merino; DAS, Dalmatian; DEG, Degeres_Mutton—Wool; DQS, Diqing; DJI, Djallonke;
DPS, Dorper; DRS, Drente_Heathen; DLS, Duolang; DLN, Duurlig_Nars; EFR, East_Friesian_Dairy; FSS, Feral; FIN,
Finn; GHE, Ghezel; GOT, Gotland; GTS, Grey_Tronder; GSS, GreyShiraz; HAS, Hamdani; HAM, Hampshire; HZS,
Hanzhong; HEL, Helsinge; HUS, Hu; HUSG, Hu.SG; IRN, Iran_1600BP; JLS, Jaffna_Local; KAC, Kachi; KAG, Kage;
KARA, Karakul; KAR, Karkul; KATO, Kazakh_Finewool; KHO, Khotont; KUIB, Kuibyshev; HDW, Large—
tailed_Han; LEC, Leccese; LBS, Libyan_Barbary; LB, Lop; MAK, Makui; MAZ, Mazekh; MBS, Mbororo; MERI,
Merino_Sheep; MOH, Moghani; MOS, Mossi; NES, Nellore; NRS, North_Ronaldsay; NWS, Norwegian_White; OBI,
Obishirb; OSP, Old_Spael; OLS, Olkuska; OSS, Ossimi; OUE, Ouessant; OSG, Oula.SG; PIS, Pag_Island: PIS,
Paglsland; PTSG, Prairie_Tibetan; PRAM, Pramenka; RAH, Rahmani; RHS, Rhoen; RIP, Ripollesa; ROM, Romanov;
ROS, Romney; SAH, Sahelian; SIS, Santa_Ines; SHA, Shal; SHE, Shetland; SSS, Sishui_Fur; SXW, Small—
tailed_Han; STHSG, Small—tailed_Han.SG; SOL, Solognote; SFK, Suffolk; SUM, Sumavska: THQ, Taihang_Fur;
TAM, Tamir; TAN, Tan; TSG, Tan.SG; TCS, Tengchong; TEX, Texel; THA, Thalli; GMA, Tibetan; ZAB,
Transbaikal_Finewool; UDA, Uda; WZS, Ujimqin; URI, Urial; VAL, Valachian; VTSG, Valley_Tibetan.SG; WDS,
Wadi; WGR, Waggir; WMS, Welsh_Mountain; WGS, West_African_Dwarf; WBS, White_Mountain; WZSG,
Wuzhumuqin.SG; XIS, Xisqueta; YAN, Yankasa; ZWA, Zwartbles.

Figure 6. Geographic distribution of worldwide sheep populations
used in this study. Domestic, Ancient, Wild, and Improved sheep
populations are represented by red, blue, orange, and green dots on

the world map, respectively.
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3. Results

3.1. Ancient genome—wide data production

Whole—genome data was generated from six ancient sheep remains
excavated from the Duurlig Nars tomb number 160, Mongolia. Two
remains were excavated from a satellite burial named 160—E1, one
was from 160—E3, and the rest came from 160—-W1 (Figure 4).
Based on archeological contexts and radiocarbon dating of wooden
coffin, these sheep are from Xiongnu—period which is about 2,000

BP (National Museum of Korea, 2021).

For each of the six individuals, a double—stranded Illumina
sequencing library was built from metagenomics DNA extracted
from a tooth sample. Sequenced genome data were mapped to the
sheep reference genome (oviAri4), which consist of 26 autosomes,
chrX, and chrM sequences. Then sequence coverage and
postmortem damage pattern of mapped reads were measured to
understand molecular properties of Duurlig Nars individuals. Six
Duurlig Nars individuals had an average of 5.77% endogenous DNA
preservation across the fragments, ranging from 1.77% to 11.51%
and an average of 0.095x autosomal depth coverage spanning
0.025-0.169x (Table 3). These six libraries exhibited about 20%
postmortem damage (PMD) induced C to T transitions at 5° ends of

reads (Figure 7; Table 3). Molecular sex was inferred using the
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chrX to autosomal read depth ratio. Half of the individuals were

identified as female and the remaining half as male (Table 3).

3.2. Worldwide sheep diversity panel and genotyping

To understand the genetic diversity of sheep populations and their
genetic profile, SNP identification process were performed to
generate SNP list for further analysis. The publicly available high—
coverage whole—genome sequencing data of a total of 415
individuals from 105 sheep populations were used in this study to
produce the worldwide sheep diversity panel. This includes three
wild sheep species: Urial, Asiatic Mouflon, and Argali. Sequence
reads were aligned to the sheep reference genome and this 415
sheep data had read coverage of an average 19.11x, ranging from
10.00x to 26.92x. With these high—coverage genomes, variant
discovery process was performed. Amongst the variants discovered,
bi—allelic SNPs were selected and genotype refinement was done to
lower the missing value. To avoid possible postmortem damage in
ancient DNA, only transversion SNPs were kept for the downstream
analysis. Finally, the worldwide sheep diversity panel of 7,497,624

SNPs (7497K SNP set) were produced.

Additional low—coverage genome data of 99 modern sheep
individuals and previously published 11 ancient sheep individuals
were download. A total of 531 individuals were genotyped on the

7497K SNPs and compiled in EIGENSTRAT file. With this master
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dataset, population analyses were conducted. The average
genotyped rate on the 7497K panel of high—coverage 415 sheep
was 99.93%, low—coverage 99 individuals was 97.64%, and Duurlig

Nars individuals was 6.34%.

Using genotype data in the master dataset, Pairwise
Mismatch Rate (PMR) were calculated to detect close relativeness
in sample set. One Individual with relativeness of first—degree or
duplicate were marked and excluded in the further analysis. No

genetic relationships were detected in ancient sheep.
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DLNO17.A0101 DLNO018.A0101

Figure 7. The mapDamge misincorporation plot of sequencing reads
of six Duurlig Nars individuals mapped to the reference genome. The
left plots and the right plot represent substitutions from the 5 and
3’ ends, respectively. Red line represents C to T substitutions and

blue line represents G to A substitutions.
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Table 3. Summary statistics of six Duurlig Nars individuals.

MT Covered in 7497K
No. Sample ID Tomb Specimen Sex Hap | # of SNPs % of SNPs
1 DLNO017.A0101 160-El Tooth (molar) F B 143,323 1.91
2 DLNO18.A0101 160-E1 Tooth (molar) F A 147,800 1.97
3 DLN019.A0101  160-E3 Tooth (premolar) M A 799,841 10.67
4 DLNO021.A0101 160-W1 Tooth (molar) F B 806,823 10.76
5 DLN023.A0101 160-W1 Tooth M B 275,632 3.68
6 DLNO024.A0101 160-W1 Tooth M A 682,429 9.10

# of reads
No. Sample ID sequenced mapped uniquely 1::;%1;213’ EngoNg:rgzus
mapped i > 430
1 DLNO017.A0101 323,426,447 2,362,245 2,126,590 1,514,444 1.77
2 DLNO18.A0101 314,837,499 2,016,698 1,828,153 1,431,708 1.48
3 DLNO19.A0101 250,492,403 13,439,251 11,430,807 8,045,112 11.51
4 DLNO021.A0101 317,228,525 14,351,132 12,568,016 9,021,638 9.43
5 DLN023.A0101 316,703,909 4,504,902 4,014,793 2,882,250 3.00
6 DLN024.A0101 319,637,449 10,985,529 9,772,366 7,189,886 7.44
Coverage Damage Pattern
R I S L g e i
1 DLNO17.A0101 [ 0.0267  0.0273 1.465 | 0.2148 0.1139  0.0045 0.0045
2 DLNO18.A0101 [ 0.0248  0.0244 2.808 | 0.1819 0.0903  0.0081 0.0050
3 DLN019.A0101 0.1665 0.0857 5.431 0.0732 0.0448 0.0046 0.0044
4 DLN021.A0101 0.1687  0.1695 8.870 | 0.2222 0.1185  0.0047 0.0040
5 DLNO023.A0101 0.0515 0.0272 4.074 0.2515 0.1239 0.0036 0.0043
6 DLN024.A0101 0.1331  0.0705  14.958 | 0.2459 0.1129  0.0037 0.0049
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3.3. Principal Component Analysis (PCA)

PCA analysis was conducted to study the genetic structure of sheep
populations. Present—day individuals used in SNP identification
were used in the calculation. Firstly, the 7497K SNP was evaluated
whether it represents the diverse genetic profile of present—day
sheep and its resolution with PCA analysis. Clusters of individuals
based on their similarity were shown in the PCA plots. With this
clustering pattern, sheep were classified into eight categories
according to their taxa and geographical locations: Wild, European,
African, South Asian, West Asian, Central Asian, East Asian, and
Improved Breeds. Outlier individuals were identified regarding
overall population differentiation. With this global structure, ancient
individuals were projected on the PCs to understand their global

genetic affinity.

Secondly, PCA analysis were ran on all modern sheep and
ancient individuals were projected on this PCs (n=17). PC1 vs PC2
plot was used to infer whether ancient sheep individuals are
genetically domestic or wild. In this all present—day PCA, PCI1
differentiates the domestic breeds (Ovis aries) from wild sheep
species (Figure 8). All the ancient individuals, including Duurlig
Nars, are located on top of the present—day domestic populations,
indicating that the ancient individuals used in this study are

genetically domestic (Figure R).

Lastly, PCA analysis on present—day domestic individuals
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was performed, excluding wild individuals in the calculation. Ancient
sheep individuals were also projected on this PCs (n=17).
Interestingly, all the ancient populations fell on top of the present—
day populations which are geographically close to the excavation
sites (Figure 9). For example, Duurlig Nars sheep (DLN)
discovered in Mongolia are located on top of present—day East
Asian populations (Figure 9). Anatolian Neolithic sheep (ANS)
discovered in Turkey are located on top of present—day European
populations (Figure 9). Obishird population (OBI) discovered in
Kyrgyzstan are located on top of present—day Central Asian
populations (Figure 9). 1,600—year—old sheep discovered in Iran

are located on top of present—day West Asian populations (Figure

9).
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Figure 8. PCA plot of top two components (PC1 & PC2) calculated

with high—coverage present—day domestic and wild individuals.

Ancient individuals are projected on top of present—day sheep

individuals. Present—day individuals used in the analysis are color

coded in the PCs.
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PCs.

33

1

kTl



3.4. Outgroup— f3 statistics analysis

outgroup—f3 statistics analysis was calculated to measure the
shared genetic drift between Duurlig Nars and other sheep
populations, using wild sheep Urial as an outgroup. The outgroup— £
result of the form f3(Urial; Duurlig Nars, worldwide) showed that
among present—day sheep populations, Duurlig Nars Xiongnu sheep
share the highest genetic affinity with present—day East Asian
sheep as indicated by the distribution on the PCA components
(Figure 9; Figure 10). Above all, Duurlig Nars shared the most
genetic affinity with Obishirb, an ancient Central Asian sheep
population. Interestingly, among the East Asian populations, Duurlig
Nars sheep had the highest genetic affinity with the present—day
Tibetan breeds in the Tibetan Plateau region (Tibet, Kham, and
Ando province of China) than the Northern Chinese sheep
populations which are geographically closer (Figure 10; Figure 11.

Bottom).
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3.5. TreeMix analysis

TreeMix analyses were conducted to confirm the population
structure and possible admixture events based on the covariance
matrix of allele frequencies. Firstly, TreeMix tree was constructed
allowing O—3 migration using 9 representative populations (Duurlig
Nars, ancient; Urial, wild; Cameroon, African;
Chinese_Merino_finewool, European; Baluchi, West Asian; Thalli,
South Asian; Sishui_Fur, East Asian; Waggir, Central Asian; and
Argali as an outgroup) (Figure 12). 2,228,031 SNPs were used in
this analysis. With these TreeMix results, phylogenetic relationship
of present—day sheep and Duurlig Nars and possible migration
events of Duurlig Nars and its admixture proportion alpha were
inferred. The TreeMix tree showed a phylogenetic relationship of
sheep which Eurasian sheep forming a clade (Figure 12). Duurlig
Nars sheep fell into a sister group with the present—day East Asian
sheep, Sishui_Fur. The internal branch for Eurasian populations
were shorter compared to internal branch of European and African
populations (Figure 12). A migration event between Duurlig Nars
and the branch node of South Asian and Central Asian populations
was detected at the migration edge of m=1 (Figure 12). A putative
wild introgression of argali sheep to Duurlig Nars was detected at

the migration edge of m=3 (Figure 12).

Secondly, TreeMix tree was constructed allowing 0-—3
migration using 9 representative populations (Obishirb, ancient;

Urial, wild; Cameroon, African; Chinese_Merino_finewool, European;
-
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Baluchi, West Asian; Thalli, South Asian; Sishui_Fur, East Asian;
Waggir, Central Asian; and Argali as an outgroup) (Figure 13).
294,805 SNPs were used in this analysis. With these TreeMix
results, phylogenetic relationship of present—day sheep and
Obishir5 and possible migration events of Obishird and its
admixture proportion alpha were inferred. Interestingly, a putative
wild introgression to Obishirb was detected from the first migration
edge of m=1 (Figure 13). Obishirb fell into a sister group with the

present—day East Asian sheep, Sishui_Fur (Figure 13).

Lastly, TreeMix tree was constructed allowing 0-—3
migration using 10 representative populations (Obishirb and Duurlig
Nars, ancient; Urial, wild; Cameroon, African;
Chinese_Merino_finewool, European; Baluchi, West Asian; Thalli,
South Asian; Sishui_Fur, East Asian; Waggir, Central Asian; and
Argali as an outgroup) (Figure 14). 126,847 SNPs were used in this
analysis. With these TreeMix results, phylogenetic relationship of
present—day sheep and ancient sheep and possible migration events
of ancient sheep and its admixture proportion alpha were inferred.
Interestingly, Obishird and Duurlig Nars sheep formed a sister

group on all trees (Figure 14).
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3.6. F,—statistics analysis

Fy—statistics analysis was performed to test the phylogenetic
relationships in the TreeMix tree. Firstly, f;—statistics analysis of
the form £/(Urial, Waggir; Duurlig Nars, East Asian) was performed
to check if Duurlig Nars population have the strongest genetic
affinity for the modern East Asian groups. This f,—statistics
quantifies the symmetry between the Urial/Waggir and Duurlig
Nars/East Asian. Waggir represents Central Asian population and
most of the East Asian populations did not break the symmetry
(1721<3) (Figure 15).

Secondly, f;—statistics analysis of the form £4(Urial,
Duurlig_Nars; Tibetan, worldwide) was performed to confirm the
highest shared genetic drift between Duurlig Nars and Tibetan
breeds in present—day populations (Figure 10). All present—day
populations except for Prairie_Tibetan.SG and Valley_Tibetan.SG
broke the symmetry (IZ]>3), confirming the previous result
(Figure 16).

Lastly, f;—statistics analysis of the form £ (Urial, worldwide;
Duurlig Nars, Tibetan) was performed to confirm the highest shared
genetic drift between Duurlig Nars and Obishir5 ancient sheep
(Figure 10). Obishir5 showed significant negative value (|Z]>3),
consistent with the previous results. For most of the present—day
and ancient populations, f;—statistics were non—significant (| Z|<3)

(Figure 17).
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3.7. Mitochondrial DNA haplogroup analysis

Mitochondrial DNA (mtDNA) haplogroup was observed for
comprehensive understanding of sheep used in this study. The
mtDNA haplogroup information was inferred using the phylogenetic
relationships with previously reported mtDNA haplogroup
references downloaded from NCBI under the accession name
HM236174—-HM236183. Mitochondrial control region (CR)
sequences of 1,180 bp corresponding to positions 5437-16616 on
the reference AF010406 were extracted from the reads mapped to
the sheep reference genome. Individuals with at least 3x sequence
depth were used in the analysis. Then, multiple sequence alignment

was performed on these sequences.

Maximum Parsimony (MP) tree analysis was conducted
using MEGA command line. From phylogenetic relationships with
the references, mtDNA haplogroups of sheep individuals was
inferred (Figure 18). The most parsimonious tree with
length=1,728 was generated. The consistency index was 0.225, the
retention index was 0.884, and the composite index was 0.199 for
all sites. There was a total of 1,186 positions in the final dataset.
Among 17 ancient individuals, only 14 of them were able to infer
the mtDNA haplogroup due to lack of mtDNA sequence information.
Among six individuals excavated from Duurlig Nars tomb number
160, half of them were grouped with mtDNA haplogroup A and the
other half were grouped with mtDNA haplogroup B (Figure 18;

Figure 19; Table 3).
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Maximum Likelihood (ML) tree analysis was conducted
using MEGA. From phylogenetic relationships with the references,
mtDNA haplogroups of sheep individuals was inferred (Figure 19).
This analysis involved 538 nucleotide sequences. There was a total
of 1,186 positions in the final dataset. The mtDNA haplogroup
pattern of ancient individuals inferred from the ML tree was
consistent with the mtDNA haplogroup pattern inferred from the MP

tree (Figure 18; Figure 19).
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Figure 18. Maximum Parsimony Tree reconstructed using MEGA
analysis. Urial91 was used as an outgroup in tree building. The tree
shows the mitochondrial DNA relationships of sheep used in this
study versus reference genomes of O. aries mtDNA haplogroup A—
E. The MEGA output tree was visualized using the Interactive Tree

Of Life (TOL) v5, an online tool (source: https://itol.embl.de/).
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Figure 19 Maximum Likelihood Tree reconstructed using MEGA
analysis. The tree shows the mitochondrial DNA relationships of
sheep used in this study versus reference genomes of O. aries
mtDNA haplogroup A—E. The MEGA output tree was visualized
using the Interactive Tree Of Life (TOL) v5, an online tool

(source: https://itol.embl.de/).
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Figure 20. Geographic distribution of mitochondrial DNA haplogroup
of each sheep population used in this study. The mtDNA haplogroup
pattern was inferred from the Maximum Parsimony tree from Figure
17. (A) The mtDNA haplogroup pie chart of present—day

populations (B) The mtDNA haplogroup pie chart of ancient
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4. Discussion

The comparative analyses of genome—wide data and
mitochondrial DNA from Xiongnu—period sheep from Mongolia
provide insight into the origins of East Asian sheep. In this study,
genome data of six sheep individuals from satellite burials of
Xiongnu—period Duurlig Nars tomb number 160 of Mongolia were
sequenced. Genotype data of ancient sheep and present—day sheep
populations were typed on the transversion—only 7,497,624 SNPs
(7497K) identified in this study. With this genome—wide
polymorphism data, population genomic analyses were performed.
All PCA, outgroup—/5 TreeMix, and f£;—statistics results indicate
the shared lineage between present—day East Asian sheep and
Xiongnu—period Duurlig Nars sheep, suggesting ancestry continuity
in East Asia (Figure 9; Figure 10; Figure 12; Figure 15). Other
ancient sheep populations also show high genetic affinities with
present—day populations geographically close to their excavation
sites (Figure 2; Figure 9). These results suggest that the complex

genetic structure observed in present—day sheep populations was

already constructed in the past, thus, supporting ancestry continuity.

The mitochondrial DNA analysis combined with genome-—
wide analysis of ancient sheep supports the genetic structure in
present—day populations. Ovine (genus Ovis) mtDNA has five main
haplogroups; A, B, C, D, and E. MtDNA haplogroups A and B are the

most common and distributed worldwide (Lv et al., 2015). MtDNA

54 -":rx E "";i' 1_-“



haplogroup A 1is frequent in the Eastern world and mtDNA
haplogroup B is predominant in the Western world (Lv et al., 2015).
MtDNA haplogroup C i1s found primarily in Southwestern Asia,
Mongolia, and Northern China. Lastly, mtDNA haplogroup D and E
are rare as they are found only in Southwestern Asia (Lv et al.,
2015). This distinct distribution of maternal relationships between
present—day sheep populations was also observed in worldwide
sheep populations used in this study (Figure 20. A). For ancient
sheep populations, Anatolian Neolithic sheep (ANS) showed a ratio
of 1:2 and Neolithic Central Asian sheep (OBI) showed a ratio of
2:0 of mtDNA haplogroup A to B (Figure 20. B). This supports the
distinct geographical distribution of the West—East of mtDNA
haplogroup. MtDNA haplogroup C was found in ancient Iranian
sheep (IRN), which is consistent with the distribution region of
haplogroup C (Figure 20. B). Xiongnu—period Duurlig Nars sheep
(DLN) were expected to have a higher percentage of mtDNA
haplogroup A, which is predominant in present—day Mongolian
sheep. Nevertheless, they were identified to have a ratio of 1:1 of

mtDNA haplogroup A and B (Ganbold et al., 2019).

The high genetic affinity between Neolithic Central Asian
sheep (OBI) and Xiongnu—period East Asian sheep (DLN)
suggested in outgroup—fs and f;—statistics show discontinuity of
geographical ancestry (Figure 10; Figure 15; Figure 16; Figure 17).
One possible explanation for this result is that these two ancient

Eurasian sheep populations share genetic similarity, this genetic
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signal was later lost, and no longer detectable in present—day
Eurasian populations. Other possible explanation can be a
sequencing bias made in library preparation step as both sequencing
libraries were made in the same laboratory in Max Plank Institute
(HPI-SHH). However, this scenario is very unlikely as both
sequenced reads passed the contamination test. Further analysis on
additional ancient sheep individuals will provide more detailed
information on this relationship between the ancient sheep in

Eurasia.

Most of the present—day sheep show genetic affinity
coinciding with the geographical locations except for the Tibetan
breeds and Duurlig Nars sheep (Figure 10). Duurlig Nars is located
at Northeastern Mongolia, which 1is geographically closer to
Northern China than to the Tibetan region, Southern China.
Interestingly, sheep in Northern China and Southern China are
distinct in tail phenotype. Northern Chinese breeds tend to have a
fat—tailed phenotype, which is also present in Mongolian sheep, and
Southern Chinese breeds tend have a thin—tailed phenotype (Kalds
et al.,, 2021; Luo et al., 2021). Moreover, the distinct genetic
pattern in Northern Chinese sheep and Southern Chinese sheep has
been reported in previous genetic studies (Zhao et al.,, 2017). In
this study, researchers detected a distinctive selection pattern of
tail phenotype in Chinese sheep of the Northern region and the
Southern region. Western introgression in Northern Chinese sheep

after the divergence of Northern and Southern Chinese sheep was
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inferred using the approximate Bayesian computation approach.
Archeologically this could be the result of the southward migration
of the Hui and the Mongols in the 12" and 13" centuries which could
have formed a distinct genetic pattern between Tibetan breeds and

Northern Chinese sheep (Christian, 2000).

Although this study confirms the ancestry continuity in East
Asian sheep, suggesting that the origins of present—day East Asian
sheep goes back at least 2,000 years from now, it cannot tell the
whole evolutionary history of the initial arrival, expansion, and
admixture of sheep in East Asia. To understand further on how the
genetic profile of East Asian sheep that we observe today was
formed, further analysis on additional ancient sheep individuals is
crucial and this will provide more precise information on the
relationship between sheep in Eurasia. Moreover, the sheep
diversity panel of 7497K SNPs identified in this study will provide a

high—resolution genomic analysis in further studies.
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Appendices

Appendix 1. Summary statistics of sheep population used in this

study.
. Species .. PCA Latitude C N)
No. Population Name Origin Code group Longitude C E) #
1 Afar O. aries Ethiopia AFS Africa 9.32 42.06 1
2 Afshari 0. aries Iran AFH Vet 36.67 4848 | 4
Asia
3 Altamurana O. aries Ttaly ALT Europe 40.82 16.55 2
4 Altay 0. aries Xinjiang ALS ig?;ml 4639  89.70 | 10
5 Anatolian_Neo O. aries N/A ANS N/A 38.74 35.45 4
6 Argali 0. ammon ~ SCNral ARG OIS 39.47 7599 | 8
Asia ammon
7 Asiatic_mouflon o West Asia  Mou VIS 3348  56.33 | 16
orientalis orientalis
8 Australian_Merino.SG 0. aries Spain AMSG Improved 39.95 —-4.14 10
9 Awassi 0. aries Iraq AWA Xelit 3319 4372 | 2
10 Baidarak 0. aries Russia BAJ /C;S‘?a”al 5257 11540 | 3
11 Baluchi 0. aries Iran BaL  west 2758 5894 | 3
Asia
. . East _ .
12 Barga O. aries Mongolia BAG Asia 47.87 115.23 2
13 Barki O. aries Egypt BAR Africa 27.69 26.16 3
14 Bashibai 0. aries China BSB iz?;al 4581 8261 | 10
X . East
15 Bayad O. aries Mongolia BAY Asia 49.70 92.90 1
16 Bayinbuluke.SG O. aries Xinjiang BSG iz?; 44.89 83.93 | 10
17 Bentheimer O. aries Germany BENT Improved 52.30 7.16 1
18 Bonga O. aries Ethiopia BOG Africa 7.12 37.17 1
19 Bozakh O. aries Azerbaijan BOZ Improved 40.53 46.02 2
20 Brazilian_Bergamasca  O. aries Brazil BER Improved | —16.40 —49.26 2
21 Brazilian_Somali O. aries Brazil SOM Improved —-3.75 —40.34 2
22 Brown_Mountain O. aries Germany BBS Improved 47.95 8.36 1
23 Cameroon O. aries Cameroon CAM Africa 5.12 12.39 3
24 Carpathian_Mountain O. aries Ukraine MKS Improved 48.55 23.01 1
25 Caucasian O. aries Russia CAUC Europe 45.71 42.88 1
. - . - e East . e
26 Cele_Black O. aries Xinjiang CLS Asia 36.77 79.35 10
27 Cele_Black.SG 0. aries Xinjiang CBSG ia;; 36.77  79.35 | 10
28 szlglesefMermoffme 0. aries Spain MFW  Improved | 39.93  —4.14 | 10

# : Number of individuals in population
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Appendix 1. Continued (2/4).

. Species .. PCA Latitude (* N)
No. Population Name Origin Code group Longitude ¢ E) #
29 C}']meée_Mermo_supe O. aries Spain MSF Improved 39.90 —-4.14 | 10
rfinewool
30 Dag(_estan_l\/[ountam_ O. aries Russia DAME Improved 43.60 46.77 1
Merino

31 Dalmatian O. aries Croatia DAS Europe 43.86 16.16 3

32 \D;/eogoelres_Mutton— O. aries Kazakhstan DEG Improved 43.27 76.81 3
.. . East

33 Diqing O. aries Yunnan DQS Asia 27.82 99.70 2

34 Diallonke 0. aries Burkina DJI Africa 1158 -3.03| 4

Faso
35 Dorper 0. aries South DPS Improved | —29.14  26.06 | 10
Africa

36 Drente_Heathen O. aries IS\Ietherland DRS Europe 52.51 5.66 5

37 Duolang 0. aries Xinjiang DLS ii?;ral 41.08  79.35 | 10

38 Duurlig_Nars O. aries N/A DLN N/A 48.55 111.08 6

39 East_Friesian_Dairy O. aries Germany EFR Improved 51.62 11.84 | 10

40 Feral O. aries Norway FSS Europe 62.09 5.79 3

41 Finn O. aries Finland FIN Europe 66.52 27.12 10

42 Ghezel 0. aries Iran GHE West 38.07 4630 | 3
Asia

43 Gotland O. aries Sweden GOT Improved 65.59 17.46 | 10

44 Grey_Tronder O. aries Norway GTS Europe 63.61 11.06 1

45  GreyShiraz 0. aries Iran GSS Xvseizt 2962 5253 | 4
. i . West

46 Hamdani O. aries West Asia HAS Asia 38.24 44.16 1

47 Hampshire O. aries UK HAM Improved 51.60 -1.32 2

. . East .

48 Hanzhong O. aries Shanxi HZS Asia 33.07 107.02 1

49 Helsinge O. aries Sweden HEL Europe 63.54 18.28 3
i . East

50 Hu O. aries Jiangsu HUS Asia 33.14 119.40 | 10
i . East

51 Hu.SG O. aries Jiangsu HUSG Asia 33.14 119.40 10

52 Iran_1600BP O. aries N/A IRN N/A 37.33 48.02 3

53 Jaffna_Local O. aries Sri Lanka JLS Z‘:;h 9.66 80.03 2

R 3 . South o . .

54 Kachi O. aries Iran KAC . 25.21 67.34 1
Asia

55  Kage 0. aries Nepal KAG Z‘:ath 27.27 8671 | 2

56 Karakul 0. aries Iran KARA X‘[;zt 36.55  61.16 | 4

57 Karkul O. aries Pakistan KAR izlil;h 35.69 71.66 3

58 Kazakh_Finewool O. aries Kazakhstan KATO Improved 42.95 71.42 2

59 Khotont O. aries Mongolia KHO Improved 48.57 101.00 1

60 Kuibyshev O. aries Russia KUIB Europe 52.84 49.02 3

# : Number of individuals in population
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Appendix 1. Continued (3/4).

. Species .. PCA Latitude (* N)
No. Population Name Origin Code group Longitude ¢ E) #
61  Large—tailed_Han 0. aries China HDW izﬁ 38.53  116.30 | 10
62 Leccese O. aries ITtaly LEC Europe 40.48 18.22 2
63 Libyan_Barbary O. aries Libya LBS Africa 32.32 15.10 1
64  Lop 0. aries Xinjiang LB Bast 4135 8627 | 3
Asia
65  Makui 0. aries Iran MAK \Iseizt 39.05 4493 | 2
X .. West
66 Mazekh O. aries Azerbaijan MAZ Asia 40.79 48.13 1
67 Mbororo O. aries Niger MBS Africa 13.92 9.46 3
68  Moghani 0. aries Iran MOH X:: 39.09 4745 | 3
69  Mossi 0. aries Burkina MOS Africa 1401  -086| 3
Faso
70 Nellore 0. aries India NES  South 1439 79.94 | 1
Asia
71 North_Ronaldsay O. aries Scotland NRS Europe 59.37 —2.42 1
72 Norwegian_White O. aries Norway NWS Improved 66.84 16.52 3
73 Obishirb O. aries N/A OBI N/A 39.96 71.28 4
74 Old_Spael O. aries Norway OSP Europe 60.27 6.76 3
75 Olkuska O. aries Poland OLS Improved 49.78 21.34 1
76 Ossimi O. aries Egypt 0SS Africa 23.96 31.92 2
77 Ouessant O. aries France OUE Europe 47.04 1.78 | 10
78 Oula.SG 0. aries Croatia 0SG i;s; 33.62  101.56 | 10
79 Pag_Island O. aries Tibet PIS Improved 44.50 15.00 3
80 Prairie_Tibetan.SG O. aries Tibet PTSG iz?; 30.61 91.54 | 10
81 Pramenka O. aries Serbia PRAM Europe 44.74 20.44 2
82 Rahmani O. aries Egypt RAH Africa 31.10 30.63 3
83 Rhoen O. aries Germany RHS Europe 50.47 10.07 3
84 Ripollesa O. aries Spain RIP Improved 41.98 2.82 1
85 Romanov O. aries Russia ROM Europe 41.39 51.95 1
86 Romney O. aries UK ROS Improved 51.87 1.68 2
87  Sahelian 0. aries Burkina SAH Africa 11.46 047 | 3
Faso
88 Santa_Ines O. aries Brazil SIS Improved -3.68 —40.39 1
89  Shal 0. aries Iran SHA West 36.27 5000 | 4
Asia
90 Shetland O. aries Scotland SHE Europe 56.47 —3.99 7
91  Sishui_Fur 0. aries Shandong  SSS 222 32,30 120.37 | 10
92 Small—tailed_Han 0. aries Henan SXW izz 3281 115.14 | 10

# : Number of individuals in population
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Appendix 1. Continued (4/4).

. Species .. PCA Latitude (* N)
No. Population Name Origin Code group Longitude ¢ E) #
93 Small—tailed_Han.SG O. aries Henan STHS Ea§t 32.81 115.14 9
G Asia
94 Solognote O. aries France SOL Europe 46.90 1.89 | 10
95 Suffolk O. aries England SFK Improved 53.06 —-1.02 | 10
96  Sumavska 0. aries Czech SUM  Improved | 49.00  13.49 | 1
Republic
97 Taihang_Fur O. aries Henan THQ ia;:l 36.09 114.39 1
. i . East -
98 Tamir O. aries Mongolia TAM Asia 47.85 101.14 1
X . . East -
99 Tan O. aries Ningxia TAN Asia 40.12 109.59 | 10
X . . East .
100 Tan.SG O. aries Ningxia TSG Asia 40.12 109.59 10
. East . .
101 Tengchong O. aries Yunnan TCS Asia 25.02 98.49 3
102 Texel O. aries chthcrland TEX Improved 53.06 4.75 3
103 Thalli 0. aries Pakistan THA i‘:ﬁh 30.09 7134 | 3
. X . East
104 Tibetan O. aries Tibet GMA Asia 33.99 102.07 9
105 Transbaikal_Finewool  O. aries Russia 7ZAB Improved 55.29 113.95 3
106 Uda O. aries Chad UDA Africa 14.24 15.07 1
107 Ujimgqin 0. aries tnner WzS East 4392  116.03 | 2
Mongolia Asia
108  Urial 0. vignei ~ Sentral URI Ovis 3748  57.33| 5
Asia vignei
109 Valachian O. aries Czech . VAL Europe 49.82 15.47 2
Republic
110 Valley_Tibetan.SG 0. aries Tibet VTSG iif; 29.27  89.30 | 10
. i . East
111 Wadi O. aries China WDS Asia 37.39 117.98 | 13
112 Waggir 0. aries Afghanista i Central 36.81  80.20 | 10
n Asia
113 Welsh_Mountain O. aries UK WMS Europe 53.16 —3.49 1
114 West_African_Dwarf O. aries Chad WGS Africa 18.53 16.57 1
115 White_Mountain O. aries Germany WBS Improved 47.95 8.36 1
116 Wuzhumuqin.SG O. aries China WZSG ias?; 43.09 116.01 10
117 Xisqueta O. aries Spain XIS Europe 41.61 0.62 1
118 Yankasa O. aries Nigeria YAN Africa 12.30 9.42 1
119  Zwartbles 0. aries Sethe“a“d ZWA  Improved | 52.80 510 | 1

# : Number of individuals in population
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Appendix 2. Summary statistics of previously published present—

day individuals used in this study.

MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT

1 Afar2746 Afar F B 17.25 17.17 287.73 [1]
2 Afshari202 Afshari M A 17.34 9.39 328.65 [1]
3 Altay109 Altay F B 23.72 22.95 1540.74 [1]
4 Altayl11 Altay F A 22.50 22.21 760.25 [1]
5 Altay113 Altay F A 22.63 22.50 773.96 [1]
6 Altay114 Altay F A 22.70 22.36 930.57 [1]
7 Altay115 Altay F A 23.22 22.72 1071.48 [1]
8 Altay116 Altay F A 23.43 23.03 1035.57 [1]
9 Altay117 Altay F A 22.78 22.33 975.90 [1]
10 Altay118 Altay F B 26.08 26.10 910.10 [1]
11 Altay119 Altay F A 23.63 22.90 1095.08 [1]
12 Altay120 Altay F A 22.63 22.11 862.32 [1]
13 Argalil04 Argali M N/A 15.64 8.42 317.22 [2]
14 Argalil9 Argali M N/A 14.97 8.12 1295.32 [2]
15 Argali20 Argali M N/A 16.39 8.82 1332.82 [2]
16 Argali2l Argali M N/A 15.20 8.13 171.88 [2]
17 Argali23 Argali M N/A 18.95 10.26 1476.97 [2]
18 Argali3l Argali M N/A 16.77 9.04 305.82 [2]
19 Argali82 Argali M N/A 15.35 8.24 164.32 [2]
20 Argali93 Argali M N/A 17.63 9.51 99.45 [2]
21 AsiaticMouflon1 Asiatic_mouflon M N/A 30.31 16.21 236.48 [1]
22 AsiaticMouflon10 Asiatic_mouflon M N/A 21.74 11.64 213.52 [1]
23 AsiaticMouflon11 Asiatic_mouflon F N/A 32.81 32.21 246.28 [1]
24 AsiaticMouflon12 Asiatic_mouflon F N/A 25.38 24.83 396.42 | [1]
25 AsiaticMouflon19 Asiatic_mouflon F N/A 21.84 21.82 330.80 [1]
26 AsiaticMouflon2 Asiatic_mouflon M N/A 21.65 11.70 231.11 [1]
27 AsiaticMouflon20 Asiatic_mouflon F N/A 22.17 21.59 615.13 [1]
28 AsiaticMouflon266 Asiatic_mouflon M N/A 26.08 14.07 338.39 [1]
29 AsiaticMouflon267 Asiatic_mouflon M N/A 21.25 11.44 207.74 [1]
30 AsiaticMouflon271 Asiatic_mouflon F N/A 23.73 23.74 398.34 [1]
31 AsiaticMouflon272 Asiatic_mouflon F N/A 25.94 25.52 260.44 [1]
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Appendix 2. Continued (2/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
32 AsiaticMouflon273 Asiatic_mouflon F N/A 24.33 23.90 353.40 [1]
33 AsiaticMouflon4 Asiatic_mouflon M N/A 22.75 12.24 669.02 [1]
34 AsiaticMouflon6 Asiatic_mouflon M N/A 28.09 15.22 2548.36 [1]
35 AsiaticMouflon7 Asiatic_mouflon M N/A 23.09 12.46 502.20 | [1]
36 AsiaticMouflon9 Asiatic_mouflon M N/A 22.09 11.93 141.94 [1]
37 Awassi021 Awassi F B 16.61 16.51 232.07 [1]
38 Bashbail26 Bashibai F A 22.81 22.60 701.23 [1]
39 Bashbail28 Bashibai F A 24.54 24.04 962.59 [1]
40 Bashbail29 Bashibai F C 23.81 23.53 935.15 [1]
41 Bashbail 30 Bashibai F B 23.65 23.28 1060.82 [1]
42 Bashbail 36 Bashibai F B 22.55 22.17 876.71 [1]
43 Bashbail37 Bashibai F A 24.34 23.78 981.42 [1]
44 Bashbail 39 Bashibai F A 22.83 22.62 813.14 [1]
45 Bashbail40 Bashibai F E 23.65 23.36 925.81 [1]
46 Bashbail41 Bashibai F B 21.60 21.42 768.28 [1]
47 Bashibail23 Bashibai F A 22.72 22.24 800.35 [1]
48 Bonga2602 Bonga F B 18.26 18.12 491.32 [1]
49 CameroonQ7 Cameroon F B 19.13 18.81 248.80 [1]
50 CeleBlack222 Cele_Black F A 22.18 21.98 631.19 [1]
51 CeleBlack226 Cele_Black F C 22.16 21.98 674.63 [1]
52 CeleBlack227 Cele_Black F C 22.32 22.13 455.98 [1]
53 CeleBlack228 Cele_Black F B 21.70 21.59 513.70 [1]
54 CeleBlack233 Cele_Black F A 22.45 22.28 645.82 [1]
55 CeleBlack234 Cele_Black F A 22.52 22.58 733.28 [1]
56 CeleBlack235 Cele_Black F A 25.15 24.75 593.28 [1]
57 CeleBlackA Cele_Black F A 23.48 23.17 527.55 [1]
58 CeleBlackB Cele_Black F A 23.43 23.05 591.87 [1]
59 CeleBlackD Cele_Black F C 23.50 24.41 234.06 [1]
60  ChineseMerino157 g&i(‘)‘:lsefMe““O*ﬁ“ F A 24.87 2472 614.48 | [1]
61  ChineseMerino159 S&:‘;SE_MQH“O-ﬁ“ F A 25.26  26.78  336.89 | [1]
62  ChineseMerino160 S&Z’;SE—MQH“O-M F A 22.67  21.85  1092.37 | [1]
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Appendix 2. Continued (3/17).

MT Coverage
No. Sample ID Population Sex H Ref
ap Auto X MT

63 ChineseMerino161  Chinese-Merino_fin A 2452  24.31 612.22 | [1]
ewool

64  ChineseMerinolgg ~ Chinese-Merino_fin o A 22.98  22.73 583.83 | [1]
ewool

65  ChineseMerinolga ~ Chinese-Merino_fin o A 23.74  22.96 703.48 | [1]
ewool

66 ChineseMerino165 ~ Chinese-Merino_fin A 23.62  23.40 721.03 | [1]
ewool

67  ChineseMerinol67 ~ Chinese-Merino_fin o A 25.77  27.34 238.96 | [1]
ewool

68 ChineseMerino16g ~ Chinese-Merino_fin A 27.44 2748 995.46 | [11
ewool

69 ChineseMerino170  Chinese-Merino_fin A 2456  24.61 563.02 | [11
ewool

70 ChineseMerinol73 ~ Chinese-Merino_su o A 24.64 2416 585.11 | [1]
perfinewool

71 ChineseMerino174 ~ Chinese_Merino_su A 27.49 2691 597.25 | [1]
perfinewool

72 ChineseMerinol7s ~ Chinese-Merino_su A 23.68  23.20 585.40 | [11
perfinewool

73 ChineseMerino176 ~ Chinese-Merino_su B 22,40  22.02 541.72 | [11
perfinewool

74 ChineseMerino177 ~ Chinese_Merino_su o A 23.31 2294 602.16 | [1]
perfinewool

75 ChineseMerino1g80  Chinese_Merino_su A 23.18  22.96 635.69 | [11
perfinewool

76 ChineseMerino181  Chinese-Merino_su B 29.22  29.77 678.72 | [11
perfinewool

77 ChineseMerino1g4 ~ Chinese-Merino_su A 23.95  24.38 553.05 | [11
perfinewool

78 ChineseMerino186  —hinese-Merino_su o A 23.75  23.99 691.85 | [11
perfinewool

79 ChineseMerino190  Chinese-Merino_su A 21.94  21.74 722.38 | [1]
perfinewool

80  Djallonke180b Djallonke F B 1810  17.70 149.09 | [1]

81 Dorper142 Dorper F C 22.61 22.16 863.53 [1]

82 Dorper147 Dorper F B 22.22 21.66 993.67 [1]

83 Dorper149 Dorper F B 22.22 21.79 1042.73 [1]

84  Dorperl53 Dorper F C 23.35  22.86  1114.85 | [1]

85 Dorper155 Dorper F A 22.37 21.96 1185.80 [1]

86 Dorper357 Dorper F A 23.49 23.27 810.15 [1]

87  Dorper358 Dorper F B 23.20  22.78 974.37 | 111

88 Dorper360 Dorper F A 22.49 22.01 662.47 [1]

o 111 -
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Appendix 2. Continued (4/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
89 Dorper369 Dorper F B 22.68 22.24 737.97 [1]
90 Dorper370 Dorper F B 22.34  21.98 793.86 | [11
91 Drentel Drente_Heathen M B 18.18 9.84 473.46 [1]
92 Drente2 Drente_Heathen M B 22.91 12.36 736.11 [1]
93 Drente3 Drente_Heathen M B 23.37 12.61 737.33 [1]
94  Drented Drente_Heathen M B 23.90  12.95 689.26 | [11
95 Drente5 Drente_Heathen M B 22.46 12.20 685.50 [1]
96 Duolang249 Duolang F A 24.89 24.54 1399.55 [1]
97 Duolang305 Duolang M C 23.34 12.59 939.30 [1]
98 Duolang309 Duolang M A 25.46 13.76 972.54 [1]
99 Duolang311 Duolang M A 25.36 13.47 1262.12 [1]
100 Duolang313 Duolang M A 27.90 15.02 998.20 [1]
101 Duolang317 Duolang M C 22.69 12.30 1070.31 [1]
102 Duolang325 Duolang F c 2270 22.38 902.96 | [1]
103 Duolang333 Duolang F c 2228  21.96 932.87 | [11
104 Duolang334 Duolang F A 24.89 24.36 837.68 [1]
105 Duolang348 Duolang F A 23.24 23.32 599.38 [1]
106  EastFriesian02 saSt—FrieSia“—Dair M A 2243 1245 188.00 | [1]
107  EastFriesian06 saSt—FrieSia“—Dair F B 21.92 2161 222.82 | [1]
108  EastFriesianl0 saSt—FrieSia“—Dair F A 25.13  24.53 175.25 | [1]
109  EastFriesianl2 saSt—FrieSia“—Dair F B 22.86  22.29 135.55 | [1]
110  EBastFriesian208 I;:aSLF”eSia“*Dair F B 2541  26.51 617.78 | [1]
111  EastFriesian212 s‘aSt*FrieSia”*Dair F B 22,62 2218 971.81 | [11
112 EastFriesian213 s‘aSt*FrieSia”*Dair F A 24.29 2428 833.49 | [11
113 EBastFriesian215 IjaSt*F”eSia“*Dair F c 22.33 2252 596.76 | [1]
114  EastFriesian216 5aSt—FrieSia“—Dair F A 2373 23.23 743.97 | [11
115  EastFriesian219 5aSt—FrieSia“—Dair F A 2173 21.60 671.30 | [11
116 Finn300 Finn F B 23.81  23.25 351.51 | [11
117  Finn303 Finn F B 23.63  23.24 246.15 | [11
118  Finn304 Finn F B 23.09  22.76 398.70 | [11
119  Finn305 Finn F B 2712 26.80 482.11 | [1]
120  Finn306 Finn F B 21.95  21.66 284.25 | [1]
77 / ,H - 1_'.]| [

e

|

I

ITU



Appendix 2. Continued (5/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT

121 Finn307 Finn F B 25.61 25.27 260.25 [1]
122 Finn313 Finn F B 25.65 25.32 288.26 [1]
123 Finn314 Finn F B 24.01 23.61 369.60 [1]
124 Finn315 Finn F B 22.66 22.31 410.68 [1]
125  Finn317 Finn F B 25.50 25.14 388.02 [1]
126 Ghezell52 Ghezel F A 16.42 16.26 140.81 [1]
127  Gotland24506 Gotland F B 22.41 21.91 519.12 [1]
128  Gotland24507 Gotland F B 23.04 22.96 188.43 [1]
129  Gotland24508 Gotland B 22.69 22.52 490.00 [1]
130  Gotland24510 Gotland B 22.58 12.09 206.67 [1]
131 Gotland24512 Gotland F B 22.60 22.12 158.12 [1]
132  Gotland24513 Gotland F B 22.09 21.57 266.95 [1]
133  Gotland24514 Gotland M B 22.91 12.44 296.54 [1]
134  Gotland24515 Gotland M B 21.92 11.81 173.08 [1]
135  Gotland24516 Gotland M B 22.34 11.96 160.31 [1]
136 Gotland24517 Gotland F B 22.27 21.76 286.44 [1]
137 GreyShiraz102 GreyShiraz C 15.62 8.49 252.61 [1]
138 Hamdanil8 Hamdani F A 17.29 16.50 179.20 [1]
139 HanLargeTail47 Large—tailed_Han F A 21.27 20.92 451.18 [1]
140 HanLargeTail48 Large—tailed_Han F C 21.72 21.31 676.52 [1]
141 HanLargeTail49 Large—tailed_Han F B 22.01 21.62 696.10 [1]
142  HanLargeTail50 Large—tailed_Han F A 21.89 21.67 612.65 [1]
143 HanlLargeTail51 Large—tailed_Han F B 21.83 21.54 723.78 [1]
144 HanLargeTail52 Large—tailed_Han F B 22.29 21.71 965.55 [1]
145 HanLargeTail54 Large—tailed_Han F A 21.36 21.07 453.00 [1]
146 HanlLargeTail56 Large—tailed_Han F A 21.36 20.92 589.67 [1]
147 HanlLargeTail59 Large—tailed_Han F B 21.33 20.98 724.53 [1]
148 HanLargeTail60 Large—tailed_Han F B 21.31 20.79 606.41 [1]
149  HanSmallTaill6 Small—tailed_Han F B 22.06 21.89 416.87 [1]
150 HanSmallTaill7 Small—tailed_Han F A 25.13 24.04 366.45 [1]
151 HanSmallTaill9 Small—tailed_Han F B 24.61 24.01 440.91 [1]
152  HanSmallTail20 Small—tailed_Han F B 24.57 23.69 497.26 [1]
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Appendix 2. Continued (6/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT

153 HanSmallTail23 Small—tailed_Han F A 24.56 24.89 342.98 [1]
154 HanSmallTail25 Small—tailed_Han F A 23.73 24.25 349.77 [1]
155 HanSmallTail26 Small—tailed_Han F A 25.90 25.43 520.76 [1]
156 HanSmallTail28 Small—tailed_Han F B 24.94 24.88 383.88 [1]
157 HanSmallTail29 Small—tailed_Han F B 22.74 22.28 307.66 [1]
158 HanSmallTail30 Small—tailed_Han F C 25.26 24.53 448.49 [1]
159  Hu62 Hu F A 21.71 21.18 487.73 [1]
160  Hu63 Hu F A 21.32 20.83 445.17 [1]
161  Hub4 Hu F A 21.07 20.55 456.97 [1]
162  Hu6b5 Hu F B 20.69 20.28 432.48 [1]
163  Hu66 Hu F A 21.37 21.03 542.01 [1]
164  Hu68 Hu F C 21.18 20.61 433.65 [1]
165  Hu69 Hu F A 21.24 20.80 468.62 [1]
166  Hu73 Hu F B 21.07 20.63 418.37 [1]
167  Hu75 Hu F A 21.80 21.23 567.92 [1]
168  Hu76 Hu F A 21.87 21.48 378.29 [1]
169 Karakul4265 Karakul M B 17.63 9.05 180.68 [1]
170  Makui333 Makui F B 15.58 15.40 277.29 [1]
171 Mazekh10 Mazekh F B 18.36 18.21 251.20 [1]
172 Mbororol2 Mbororo M B 17.57 9.30 373.90 [1]
173 Moghani326 Moghani F A 14.81 14.63 122.28 [1]
174 Mossi99 Mossi F B 17.25 17.18 87.04 [1]
175 Ouessant0331 Ouessant F B 23.73 23.32 953.80 [1]
176 Ouessant24802 Ouessant F B 22.16 21.76 228.08 [1]
177 Ouessant24946 Ouessant F B 21.19 20.88 406.39 [1]
178 Ouessant24947 Ouessant F B 23.66 23.29 436.77 [1]
179  Ouessant24948 Ouessant F B 21.73 21.33 451.75 [1]
180 Ouessant24949 Ouessant F B 21.98 21.84 341.96 [1]
181 Ouessant24951 Ouessant F B 21.86 21.45 480.78 [1]
182 Ouessant24953 Ouessant F B 22.49 22.54 505.69 [1]
183  Ouessant72647 Ouessant M B 23.49 12.72 644.75 [1]
184 Ouessant81037 Ouessant F B 22.05 21.61 402.67 [1]
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Appendix 2. Continued (7/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
185  SRR12396859 Baluchi M A 16.02 8.76 131.61 | [2]
186 SRR12396860 Pag_Island M B 17.23 9.32 191.69 | [2]
187  SRR12396861 Mossi M B 1952 1056 266.72 | [2]
188 SRR12396862 Ossimi M B 17.41 9.43  260.18 | [2]
189 SRR12396863 Ossimi M B 18.26 9.87 34246 | (2]
190 SRR12396864 Pag_Island M B 16.94 9.14 155.87 | [2]
191  SRR12396865 Helsinge M B 16.95 919  371.60 | [2]
192 SRR12396866 Norwegian_White M B 17.30 9.36 22130 | (2]
193 SRR12396867 Norwegian_White M B 15.89 8.60  192.96 | [2]
194 SRR12396868 Norwegian_White M B 15.88 859 22474 | [2]
195  SRR12396869 Feral M B 16.31 8.84  272.03 | [2]
196 SRR12396870 Feral M B 17.55 953  533.89 | [2]
197 SRR12396871 Feral M B 15.46 8.41 313.12 | [2]
198  SRR12396872 Grey_Tronder M B 15.93 8.65  367.78 | [2]
199 SRR12396873 0ld_Spael M B 16.62 9.06 31078 | [2]
200 SRR12396874 Mossi M B 17.90 9.74 30555 | [2]
201  SRR12396875 0Old_Spael M B 17.89 9.73  348.88 | (2]
202 SRR12396876 0ld_Spael M B 15.28 8.31 301.14 | [2]
203  SRR12396877 Sarpathm“—MO“mai M B 18.78 1008 22574 | [2]
204  SRR12396878 Olkuska M B 17.15 9.23 52470 | [2]
205  SRR12396879 Zwartbles M A 16.35 8.91 250.46 | [2]
206  SRR12396884 Mbororo M B 16.71 9.01 341.39 | [2)
207 SRR12396888 Santa_Ines M B 17.06 8.98  297.66 | [2]
208  SRR12396889 CB;aZi“a“—BergamaS M B 18.47 9.16 100.61 | [2]
209 SRR12396890 ?;a”i“a“ﬁergamas M B 17.91 9.47 117.42 | [2]
210 SRR12396891 Romanov M A 18.07 9.62 123.65 | [2]
211  SRR12396892 Kuibyshev M A 16.69 8.99 33310 | [2]
212 SRR12396893 Kuibyshev M A 15.70 8.43  269.09 | [2]
213 SRR12396894 Kuibyshev M A 16.34 8.83  366.26 | [2]
214 SRR12396895 Sahelian M B 17.46 9.41 339.42 | [2]
215  SRR12396896 Dagestan Mountain -, N/A 17.88 9.67 253.38 | [2]
_Merino
216  SRR12396897 Caucasian M B 15.69 8.47 27746 | [2)
8 0



Appendix 2. Continued (8/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
217  SRR12396898 Pramenka M A 17.39 9.29 228.62 | [2]
218  SRR12396899 Pramenka M A 16.49 8.90 330.21 | [2]
219 SRR12396900 Leccese M B 19.61 10.52 241.17 | [2]
220  SRR12396901 Leccese M B 17.89 9.66 246.55 | [2]
221  SRR12396902 Altamurana M B 17.82 9.41 236.76 | [2]
222 SRR12396903 Altamurana M B 20.47 11.07 271.26 [2]
223 SRR12396904 White_Mountain M B 19.11 10.28 421.64 [2]
224  SRR12396905 Rhoen M A 19.01 10.23 242.72 | [2]
225  SRR12396906 Sahelian M B 18.80 10.09 289.63 | [2]
226 SRR12396907 Rhoen M B 18.75 10.14 304.88 | [2]
227  SRR12396908 Rhoen M B 16.33 8.80 262.44 | [2]
228  SRR12396909 Bentheimer M B 20.48 11.10 298.68 | [2]
229  SRR12396910 Ripollesa M B 17.70 9.62 25.36 | [2]
230  SRR12396911 North_Ronaldsay M B 16.78 8.96 136.28 | [2]
231 SRR12396912 Dalmatian M B 17.93 9.62 193.22 [2]
232 SRR12396913 Dalmatian M B 17.88 9.60 196.29 | [2]
233 SRR12396914 Dalmatian M B 17.32 9.31 175.46 | [2]
234  SRR12396915 Pag_Island M B 19.38 10.50 210.35 | [2]
235  SRR12396916 Baidarak M A 18.32 9.86 325.24 | [2]
236  SRR12396917 Baidarak M A 17.95 9.62 317.62 | [2]
237  SRR12396918 Baidarak M A 17.59 9.47 423.82 | [2]
238  SRR12396919 Brazilian_Somali F B 14.70 14.52 136.04 | [2]
239 SRR12396920 Brazilian_Somali F B 18.78 18.62 149.56 [2]
240 SRR12396921 Xisqueta F B 16.86 16.91 32.63 [2]
241 SRR12396922 Brown_Mountain F B 17.36 16.85 344.86 [2]
242 SRR12396923 Djallonke M B 17.81 9.81 331.87 [2]
243 SRR12396924 Hampshire F B 17.79 17.42 166.84 [2]
244 SRR12396925 Romney F B 17.49 17.12 205.89 [2]
245 SRR12396926 Welsh_Mountain F B 16.03 15.89 294.55 [2]
246 SRR12396927 Helsinge F B 17.29 17.31 329.33 [2]
247 SRR12396928 Helsinge F B 16.86 16.64 249.21 [2]
248 SRR12396929 Jaffna_Local F A 12.21 11.81 378.12 [2]
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Appendix 2. Continued (9/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
249 SRR12396930 Thalli F A 18.11 17.30 273.92 | [2]
250  SRR12396931 Karkul F A 18.01 17.86 490.16 | [2]
251 SRR12396932 Karakul F C 17.34 17.24 145.05 [2]
252  SRR12396933 Karakul F B 16.34 16.33 156.43 | [2]
253  SRR12396934 Djallonke M B 19.02 10.30 334.49 | [2]
254  SRR12396935 Karakul A 16.70 16.44 103.34 | [2]
255 SRR12396936 GreyShiraz F A 16.88 16.83 257.82 | [2]
256  SRR12396937 Baluchi F A 17.23 17.26 163.70 | [2]
257  SRR12396939 Wadi F A 26.51 26.57 380.94 | [2]
258  SRR12396940 Wadi F A 25.80 26.20 1063.11 | [2]
259 SRR12396941 Wadi F A 21.83 22.12 1162.93 [2]
260  SRR12396942 Diqing F B 17.86 17.30 722.33 | [2]
261  SRR12396943 Diqing F A 16.31 17.02 162.27 | [2]
262 SRR12396944 Lop F A 18.12 18.05 238.70 [2]
263 SRR12396945 Mbororo M B 17.57 9.30 373.90 | [2]
264  SRR12396946 Lop F A 13.32 12.71 196.01 | [2]
265  SRR12396947 Rahmani F B 14.32 13.84 174.47 | [2]
266  SRR12396948 Cameroon F B 19.51 19.02 261.63 | [2]
267  SRR12396949 Cameroon F B 18.31 18.05 277.99 | [2]
268  SRR12396952 Shal M A 14.15 7.70 395.04 | [2]
269  SRR12396953 Shal M A 20.27 10.91 435.82 | [2]
270  SRR12396954 Barki M A 20.40 11.06 466.34 | [2]
271  SRR12396955 Shal M A 16.54 8.99 262.14 | [2]
272 SRR12396956 Afshari M B 17.56 9.54 294.38 [2]
273 SRR12396957 Afshari M A 17.34 9.39 328.65 [2]
274  SRR12396958 Afshari M C 16.79 9.04 308.74 | [2]
275  SRR12396959 Ghezel M B 16.72 9.09 171.63 | [2]
276 SRR12396960 Ghezel M C 16.31 8.80 133.88 [2]
277 SRR12396961 GreyShiraz M B 16.42 8.92 331.98 [2]
278  SRR12396962 GreyShiraz M C 15.62 8.49 252.61 [2]
279 SRR12396963 Awassi M C 16.08 8.71 203.00 | [2]
280 SRR12396964 Jaffna_Local M B 17.62 9.56 702.00 [2]
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Appendix 2. Continued (10/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
281  SRR12396965 Barki M B 18.04 9.75 44945 | [2]
282  SRR12396966 Nellore M B 19.68  10.74 199.13 | [2]
283  SRR12396967 Thalli M B 17.27 9.09 24252 | [2]
284  SRR12396968 Thalli M B 18.27 9.86  317.96 | (2]
285  SRR12396969 Karkul M B 18.18 9.45  260.90 | [2]
286  SRR12396970 Karkul M B 17.63 9.05 180.68 | [2]
287  SRR12396971 Kachi M C 15.38 7.75 198.03 | [2]
288  SRR12396972 Kage M B 17.30 9.37 169.90 | [2]
289 SRR12396973 Kage M B 17.68  10.34 175.00 | [2]
290  SRR12396974 Bozakh M B 15.99 8.61 196.63 | [2]
291  SRR12396975 Bozakh M B 16.72 9.05  213.28 | [2]
292 SRR12396976 Rahmani M B 1751 9.49 41652 | (2
293 SRR12396977 Khotont M B 15.02 8.16 187.25 | [2]
294  SRR12396978 Tamir M B 17.12 9.27 180.39 | [2]
295  SRR12396979 Barga M B 17.09 9.28 34811 | [2]
296  SRR12396980 Barga M C 16.09 875  295.10 | [2]
297 SRR12396981 Bayad M B 15.06 8.15 197.33 | [2]
298  SRR12396982 Ujimqin M B 2141 1172 254.69 | [2]
299  SRR12396983 Ujimqin M B 2145 1192 220.92 | [2]
300 SRR12396984 ngmbaikalji“ew M A 16.78 9.08 350.11 | [2]
301  SRR12396985 ngmbaikalji“ew M B 18.36 9.92 272.88 | [2]
302  SRR12396986 Z;fmbaikalji“ew M A 17.47 9.44 317.16 | [2]
303 SRR12396987 Rahmani M B 17.04 9.24 32109 | [2]
304  SRR12396988 Texel M B 18.10 9.69 186.78 | [2]
305  SRR12396989 Texel M B 1917 1039 387.88 | [2]
306  SRR12396990 Texel M B 16.63 8.77 147.08 | [2]
307  SRR12396991 Hampshire M B 12.50 6.63 146.46 | [2]
308  SRR12396992 Romney M A 17.07 910 30161 | [2]
309  SRR12396993 Dijallonke M B 17.27 9.30 197.25 | [2)
310 SRR12396994 Sumavska M B 19.02  10.24  367.09 | [2]
311  SRR12396995 Valachian M B 16.06 9.11 390.75 | [2]
312 SRR12396996 Valachian M B 2117 1125  385.45 | [2]
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Appendix 2. Continued (11/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
313 SRR12396997 Taihang_Fur M A 17.78 9.63 22443 | [2)
314  SRRI12396998 Hanzhong M B 15.45 8.73 128.36 | [2]
315  SRR12396999 Tengchong M A 16.94 9.35 155.48 | [2]
316  SRR12397000 Tengchong M B 17.49 9.61 178.71 | [2]
317 SRR12397001 Tengchong M A 13.26 7.39 12431 | [2]
318 SRR12397002 Tibetan M A 17.82 9.75 189.79 | [2]
319 SRR12397003 Tibetan M A 17.35 9.64 167.31 | [2]
320  SRR12397004 Libyan_Barbary M B 17.66 9.74  561.33 | (2]
321  SRR12397005 Tibetan M A 16.49 9.05 169.62 | [2]
322 SRR12397006 Tibetan M B 17.52 9.76 110.54 | [2]
323 SRR12397007 Tibetan M C 19.21 1042 395.04 | [2]
324 SRR12397008 Tibetan M A 18.81  10.21  245.44 | [2]
325  SRR12397009 Tibetan M A 16.34 8.92  298.99 | [2]
326  SRR12397010 Tibetan M A 17.81 9.66  255.47 | [2]
327  SRR12397011 Tibetan M A 16.93 9.18  303.07 | [2]
328  SRR12397012 Lop M A 18.14  10.04  158.87 | [2]
329 SRR12397013 Kazakh_Finewool M A 18.20 9.66 507.19 [2]
330 SRR12397014 Kazakh_Finewool M B 17.87 9.46  419.48 | [2]
331  SRRI12397015 Barki M B 17.35 9.37  276.64 | [2]
332 SRR12397016 %iifresmmonf M B 18.76 9.81 476.96 | (2]
333 SRR12397017 %iifresmmonf M A 18.39 9.61 392.49 | [2]
334  SRR12397018 %iiﬁresmmonf M A 17.14 9.23 11811 | [2]
335  SRR12397019 Moghani M B 16.54 8.94 22443 | [2]
336 SRR12397020 Moghani M B 16.66 8.99 191.67 | 2]
337 SRR12397021 Makui M B 16.33 8.85  227.39 | [2]
338  SRR12397022 Baluchi M A 13.73 7.49 97.56 | [2]
339 Sahelian163 Sahelian F B 16.82  16.63  201.75 | I[1]
340 Shal229 Shal A 20.27 1091 435.82 | 1]
341  Shetland23342 Shetland F B 21.63  21.15  209.12 | [1]
342 Shetland23343 Shetland F B 2213 21.93  266.46 | [1]
343 Shetland23344 Shetland F B 2219 21.75 156.87 | [1]
344 Shetland23345 Shetland P B 21.50  21.16  533.81 | [1]
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Appendix 2. Continued (12/17).

] MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT

345 Shetland23346 Shetland M B 21.99 11.94 453.47 | [1]
346  Shetland23347 Shetland M B 22.00 12.01 364.64 [1]
347  Shetland23354 Shetland M A 21.90 11.61 241.13 | [1]
348  Sishui32 Sishui_Fur M A 21.37 11.51 481.66 | [1]
349  Sishui35 Sishui_Fur M B 20.51 11.27 408.62 | [1]
350  Sishui37 Sishui_Fur M A 21.31 11.50 219.48 [1]
351  Sishui39 Sishui_Fur M B 20.85 11.23 508.60 | [1]
352 Sishui40 Sishui_Fur M A 20.91 11.29 346.37 | [1]
353  Sishui4l Sishui_Fur M B 21.20 11.49 273.70 | [1]
354  Sishui43 Sishui_Fur M B 21.28 11.45 425.30 | [1]
355  Sishuid4 Sishui_Fur M A 20.92 11.26 325.31 [1]
356  Sishui45 Sishui_Fur M B 21.46 11.59 304.91 [1]
357  Sishui46 Sishui_Fur M A 21.12 11.39 312.13 | [1]
358 Solognote24727 Solognote F B 22.52 21.98 794.68 [1]
359 Solognote24728 Solognote M B 23.56 12.56 796.12 [1]
360 Solognote24729 Solognote M B 24.61 13.18 523.90 [1]
361 Solognote?24730 Solognote F B 25.05 24.77 866.46 [1]
362  Solognote24731 Solognote B 23.00 12.48 499.42 [1]
363 Solognote24732 Solognote F B 22.75 22.31 652.57 [1]
364 Solognote24733 Solognote F B 23.18 22.92 581.45 [1]
365 Solognote?24734 Solognote F B 23.34 22.96 729.92 [1]
366 Solognote24735 Solognote F B 23.18 22.78 755.83 [1]
367 Solognote24736 Solognote M B 23.24 12.43 502.31 [1]
368 Suffolk193 Suffolk F A 22.64 21.35 2226.53 [1]
369 Suffolk194 Suffolk F A 24.64 24.03 871.23 [1]
370  Suffolk195 Suffolk F B 25.28 25.23 943.25 [1]
371 Suffolk197 Suffolk F A 21.87 22.50 500.65 [1]
372 Suffolk198 Suffolk F B 2291 22.92 964.04 [1]
373 Suffolk201 Suffolk F C 25.13 25.14 838.26 [1]
374 Suffolk203 Suffolk F A 22.80 21.74 911.75 [1]
375  Suffolk204 Suffolk F A 22.35 22.92 336.68 [1]
376 Suffolk205 Suffolk F B 23.21 22.84 709.86 [1]
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Appendix 2. Continued (13/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
377  Suffolk206 Suffolk F A 22.82 22.57 798.97 | [1]
378 Tan78 Tan F A 22.42 22.16 489.55 [1]
379  Tan79 Tan F A 23.06 22.75 748.75 | [1]
380  Tan80 Tan F A 22.72 22.59 635.54 | [1]
381  Tan82 Tan F C 22.61 22.39 668.57 | [1]
382  Tan86 Tan F B 23.76 23.66 853.29 | [1]
383  Tan87 Tan F B 22.22 21.95 720.27 | [1]
384  Tan88 Tan F A 23.83 23.73 851.88 | [1]
385  Tan89 Tan F A 22.21 22.14 721.16 | [1]
386  Tan90 Tan F A 22.75 22.57 729.56 | [1]
387  Tan91 Tan F B 23.44 23.23 629.08 | [1]
388  Uda3s Uda B 18.56 18.32 259.60 | [1]
389  Urial6 Urial M N/A 16.17 8.90 302.39 | [2]
390  Urial87 Urial F N/A 10.00 9.22 312.18 | [3]
391  Urial89 Urial M N/A 12.50 6.52 774.30 | [3]
392 Urial90 Urial M N/A 12.92 6.63 783.65 | [3]
393 Urial9l Urial M N/A 11.03 5.96 1165.03 | [3]
394 Wadil02 Wadi F B 23.56 23.18 1016.50 | [1]
395  Wadil09 Wadi F C 22.04 22.43 983.97 | [1]
396  Wadill2 Wadi F A 18.53 18.61 903.58 | [1]
397 Wadil23 Wadi F A 17.78 17.87 782.63 [1]
398  Wadil4 Wadi F C 16.37 16.39 390.29 | [1]
399  Wadil48 Wadi F A 21.43 21.79 377.67 | [1]
400 Wadil49 Wadi F B 24.43 25.33 578.07 [1]
401 Wadil63 Wadi F D 23.74 23.36 473.95 [1]
402 Wadi53 Wadi F C 20.00 19.80 690.67 | [1]
403 Wadi60 Wadi F A 18.45 18.35 270.33 | [1]
404 Waggirl Waggir M A 24.36 13.36 290.89 [1]
405 Waggirl0 Waggir M C 24.10 13.04 281.67 [1]
406 WaggirlIN Waggir F B 26.92 26.43 373.77 [1]
407 Waggir2N Waggir M A 22.83 12.20 366.40 [1]
408 Waggir3N Waggir F A 25.96 25.43 362.21 [1]
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Appendix 2. Continued (14/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT

409 Waggirb5N Waggir F B 26.26 25.68 264.50 [1]
410 Waggir6N Waggir F A 21.97 21.50 369.26 [1]
411 Waggir7N Waggir F A 24.51 23.87 365.08 [1]
412 Waggir8N Waggir F A 25.40 24.88 344.13 [1]
413 Waggir9N Waggir F A 26.43 25.96 416.04 [1]
414 X/cstAfricaanarfl chst_African_Dwar F B 19.37 19.92 294 07 (]
415 Yankasab Yankasa F B 16.07 16.02 293.55 [1]
416 SRR3022928.SG Valley_Tibetan.SG M A 5.17 5.09 51.19 | [4]
417 SRR3023068.SG Valley_Tibetan.SG M A 5.28 5.25 58.76 | [4]
418 SRR3023075.5G Hu.SG M B 5.29 2.90 86.72 | [4]
419 SRR3023084.SG Hu.SG M N/A 6.25 3.38 81.87 | [4]
420  SRR3023153.SG Hu.SG M A 6.03 3.26 7431 | [4]
421  SRR2973610.SG égwa“a“*Me““O' F A 6.17 6.12 85.53 | [4]
422 SRR2973635.5G SSS”a“a“*Me““O' F B 5.19 5.23 131.76 | [4]
423 SRR2976378.SG ggsualiamMe““O' F A 5.43 5.41 66.32 | [4]
424 SRR2976380.SG égStralia“-Merino' F B 5.43 5.48 99.61 | [4]
425  SRR2976383.SG égStralia“—Merino' F A 5.71 5.67 95.13 | [4]
426 SRR2976535.5G Bayinbuluke.SG M A 5.17 2.80 91.57 | [4]
427 SRR2976538.SG Bayinbuluke.SG F A 5.20 5.22 105.99 | [4]
428  SRR2976541.SG Bayinbuluke.SG M A 5.13 2.69 92.35 | [4]
429  SRR2976544.SG Bayinbuluke.SG M A 3.93 0.00 0.00 | [4]
430  SRR2976545.SG Bayinbuluke.SG M B 5.83 3.03 103.25 | [4]
431 SRR2976708.SG Bayinbuluke.SG M A 5.83 5.68 75.90 | [4]
432 SRR2976711.SG Bayinbuluke.SG F A 5.23 5.16 79.91 | [4]
433 SRR2976713.SG Bayinbuluke.SG F C 9.61 9.72 224.67 | [4]
434  SRR2976722.SG Bayinbuluke.SG F A 1.96 4.81 83.80 | [4]
435  SRR3184728.SG tsa‘ﬁzngan‘SG F B 5.74 5.93 171.73 | [4]
436 SRR3184734.SG Small—~ F A 5.12 5.06 65.58 | [4]

tailed_Han.SG
437  SRR3184746.SG Small= M A 5.36 5.36 67.89 | [4]

tailed_Han.SG
438 SRR3184750.SG Small— M A 5.09 5.02 22.28 | [4]

tailed_Han.SG
439 SRR2992575.SG Cele_Black.SG M C 6.20 6.25 152.41 | [4]
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Appendix 2. Continued (15/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
440  SRR2992628.SG Valley_Tibetan.SG M A 5.42 2.84 119.50 | [4]
441 SRR2992761.SG Valley_Tibetan.SG A 5.72 3.00 90.49 | [4]
442 SRR2992782.SG Valley_Tibetan.SG ~ F A 5.28 2.67 60.95 | [4]
443 SRR2997388.SG Valley_Tibetan.SG ~ F C 5.32 2.72 108.21 | [4]
444 SRR2997424.SG Valley_Tibetan.SG ~ F A 6.35 6.31 110.93 | [4]
445  SRR2997425.8G Valley_Tibetan.SG ~ F A 5.56 5.36 44.01 | [4]
446 SRR2980596.SG Bayinbuluke.SG F B 5.70 5.60 117.85 | [4]
447 SRR2980600.SG Cele_Black.SG M A 5.33 2.90 96.20 | [4]
448 SRR2980624.SG Cele_Black.SG M B 6.04 3.30 81.94 | [4]
449 SRR2982559.SG Cele_Black.SG M A 5.98 3.23 83.88 | [4]
450  SRR2982564.SG Cele_Black.SG M B 5.97 3.22 101.09 | [4]
451  SRR2982588.SG Cele_Black.SG M B 5.52 2.97 88.92 | [4]
452  SRR2984616.SG Cele_Black.SG F B 5.94 5.90 138.74 | [4]
453 SRR2984617.SG Cele_Black.SG F A 5.96 5.99 162.43 | [4]
454  SRR2984620.SG Cele_Black.SG F A 5.67 5.64 122.23 | [4]
455  SRR3193935.SG Prairie_Tibetan.SG M A 5.89 3.21 126.05 | [4]
456  SRR3193937.SG Prairie_Tibetan.SG M C 5.37 2.74 82.38 | [4]
457 SRR3193947.SG Prairie_Tibetan.SG M C 5.95 3.16 104.68 | [4]
458  SRR3193948.SG Prairie_Tibetan.SG ~ F A 5.26 2.75 68.26 | [4]
459  SRR3193955.5G Prairie_Tibetan.SG ~ F B 5.08 5.07 76.56 | [4]
460  SRR3087354.SG Wuzhumuqin.SG F A 5.51 5.54 144.41 | [4]
461  SRR3087367.SG Wuzhumugin.SG M C 8.68 8.77 205.71 | [4]
462 SRR3087377.8G Wuzhumuqin.SG M A 5.58 5.63 109.17 | [4]
463  SRR3087381.SG Wuzhumugin.SG M A 4.99 4.70 117.28 | [4]
464  SRR3087385.SG Wuzhumugin.SG M A 5.13 5.14 120.09 | [4]
465  SRR2968869.SG S(“}Stra”a“—Me“no‘ F B 5.05 2.74 90.05 | [4]
466 SRR2970520.SG S(“}Stra”a“—Me“no‘ F B 7.35 3.96 165.67 | [4]
467  SRR2970524.SG S(“}Stra”a“—Me“no‘ F A 5.23 2.83 106.04 | [4]
468  SRR2970616.SG S(“}Stra”a“—Mermo' F A 5.38 2.91 83.23 | [4]
469  SRR2970619.SG égStralia“*Me”“O‘ P B 5.67 3.08 97.90 | [4]
470 SRR3471444.SG Prairie_Tibetan.SG ~ F A 5.47 5.38 100.55 | [4]
471  SRR3471448.SG Prairie_Tibetan.SG ~ F A 6.44 6.36 107.98 | [4]
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Appendix 2. Continued (16/17).

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
472 SRR3471450.SG Prairie_Tibetan.SG M A 5.32 5.18 79.81 | [4]
473 SRR3471451.SG Prairie_Tibetan.SG M B 5.96 5.90 136.24 | [4]
474  SRR3471453.5G Prairie_Tibetan.SG M A 5.45 5.43 103.41 | [4]
475  SRR3054904.SG Oula.SG M A 5.48 2.98 68.23 | [4]
476 SRR3054905.SG Oula.SG M B 5.97 5.99 97.21 | [4]
477 SRR3054976.5G Oula.SG M C 5.50 5.22 98.58 | [4]
478  SRR3055048.SG Oula.SG F A 5.83 5.82 76.87 | [4]
479 SRR3055050.SG Oula.SG F A 5.70 5.71 67.26 | [4]
480  SRR3055051.SG Oula.SG F A 5.39 5.29 83.26 | [4]
481  SRR3061456.5G Tan.SG M A 5.30 3.02 61.30 | [4]
482  SRR3061457.SG Tan.SG M A 6.16 3.34 58.56 | [4]
483  SRR3061462.SG Tan.SG M A 5.90 3.12 61.20 | [4]
484  SRR3061463.SG Tan.SG M A 6.07 3.28 4159 | [4]
485  SRR3061464.SG Tan.SG F A 5.03 2.80 50.81 | [4]
486  SRR3036475.5G Hu.SG F B 5.74 3.06 95.54 | [4]
487  SRR3036476.SG Hu.SG F B 5.43 2.88 62.41 | [4]
488  SRR3036477.SG Hu.SG F B 6.04 6.05 123.67 | [4]
489  SRR3036494.SG Hu.SG F A 5.26 5.19 78.48 | [4]
490  SRR3036496.5G Hu.SG F B 5.62 5.71 172.86 | [4]
491  SRR3043125.5G Hu.SG F A 6.02 5.79 54.37 | [4]
492 SRR3043352.SG Hu.SG M B 5.69 5.73 146.11 | [4]
493 SRR3043353.5G Oula.SG M A 6.08 3.31 110.76 | [4]
494  SRR3043356.SG Oula.SG M A 4.93 2.61 132.76 | [4]
495  SRR3043358.SG Oula.SG M A 5.22 2.85 18.81 | [4]
496  SRR3043360.SG Oula.SG M A 5.51 3.07 108.49 | [4]
497  SRR3180855.SG Ezg__mn.sc F A 5.49 2.97 4121 | [4]
498 SRR3180874.SG Zﬁzg__mn.sc F C 5.70 3.10 31.67 | [4]
499  SRR3180876.SG Ezg__mn.sc F B 5.48 2.95 96.58 | [4]
500  SRR3180888.SG ?H?ZS:HHH_SG F C 5.50 2.99 74.34 | [4]
501  SRR3180890.SG Small= M C 5.57 3.01 37.07 | [4]
tailed_Han.SG
502  SRR3065079.SG Tan.SG M A 5.33 2.93 57.13 | [4]
503  SRR3065080.SG Tan.SG M A 4.98 2.73 26.33 | [4]
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Appendix 2. Continued (17/17).

MT Coverage
No. Sample ID Population Sex H Ref
ap Auto X MT

504  SRR3065081.SG Tan.SG M B 5.19 5.00 42.89 [4]
505  SRR3065082.SG Tan.SG B 5.58 5.58 60.95 [4]
506  SRR3065083.SG Tan.SG F B 5.22 5.32 62.60 [4]
507  SRR3068438.SG Wuzhumuqin.SG F A 5.83 3.17 97.59 [4]
508  SRR3068457.SG Wuzhumuqin.SG F A 5.56 3.06 109.92 [4]
509  SRR3068467.SG Wuzhumuqin.SG F B 5.42 2.96 119.74 [4]
510  SRR3068471.SG Wuzhumuqin.SG F A 5.84 3.18 109.33 [4]
511 SRR3068478.SG Wuzhumuqin.SG F B 5.65 3.08 89.70 [4]
512 SRR2992573.SG Cele_Black.SG F C 5.13 5.11 177.13 [4]
513  SRR2997142.SG Valley_Tibetan.SG F A 5.30 2.83 95.07 [4]
514  SRR2997390.SG Valley_Tibetan.SG F A 5.86 5.49 66.04 [4]
Ref [1] : Study Accession (NCBI / PRINA624020)

Ref [2] : Study Accession (NCBI / PRINA645671)

Ref [3] : Study Accession (NCBI / PRJEB5463)

Ref [4] : Study Accession (NCBI/ PRINA304478)
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Appendix 3. Summary statistics of previously published ancient

individuals used in this study.

) MT Coverage
No. Sample ID Population Sex Hap Ref
Auto X MT
1 OBI013.A0101 Obishirb F A 0.0271  0.0255 0.49 | [1]
2 OBIO14.A0101 Obishird F A 0.0168  0.0146 3.89 | [1]
3 OBIO17.A0101 Obishir5 F N/A 0.0009  0.0007 0.08 | [1]
4 OBIO18.A0101 Obishirb M N/A 0.0237 0.0112 0.87 | [1]
5 ERR5766949.5G Iran_1600BP M C 0.0385  0.0195 5.49 | [2]
6 ERR5766950.5G Iran_1600BP F A 0.0686  0.0643 7.66 | [2]
7 ERR5767136.SG* Iran_1600BP M C 2.7674 15165 113.91 | [2]
8 ERR3861592.5G Anatolian_Neo F B 0.3560  0.3579 1.80 | [3]
9 ERR3861593.5G Anatolian_Neo F B 0.6387 0.6176 9.66 | [3]
10 ERR3861594.SG Anatolian_Neo M A 0.0631  0.0330 4.95 | [3]
11 ERR3861595.SG Anatolian_Neo F N/A 0.0466  0.0464 0.17 | [3]
Ref [1] : Study Accession (NCBI/ PRIEB41594)
Ref [2] @ Study Accession (NCBI/ PRJEB43881)
Ref [3] : Study Accession (NCBI/ PRIEB36540)
Covered in 7497K Damage Pattern Endoge
R RSl P e FUC
1 OBIO13.A0101 660,484 8.81 | 0.1569 0.0287 0.1147  0.0257 11.70
2 OBI014.A0101 423,168 5.64 | 0.0751 0.0138 0.0693 0.0165 10.44
3 OBIO17.A0101 22,224 0.30 | 0.0698 0.0143 0.0680 0.0201 0.38
4 OBIO18.A0101 612,799 8.17 | 0.1659 0.0178 0.1576  0.0238 10.12
5 ERR5766949.5G 294,736 3.93 | 0.0236 0.0187 0.0291  0.0200 86.52
6 ERR5766950.5G 500,795 6.68 | 0.0251 0.0198 0.0293 0.0202 45.99
7 ERR5767136.5G* 6,836,380 91.18 | 0.0100 0.0072  0.0099  0.0078 28.87
8 ERR3861592.SG 1,515,925 20.22 | 0.2780 0.1824 0.2556  0.1752 37.61
9 ERR3861593.5G 2,522,688 33.65 | 0.2618 0.1849 0.2519  0.1806 70.24
10 ERR3861594.5G 376,081 5.02 | 0.3405 0.2223 0.3366 0.2221 18.61
11 ERR3861595.SG 290,307 3.87 | 0.4712 0.2783  0.4903  0.2837 20.50
* Sample ERR5767136.SG had multiple sequencing runs and these data were merged in the data
compilation step.
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