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Materials and Methods

Ancient DNA extraction, sequencing, and data processing 
All ancient DNA procedures were conducted in the clean-room facilities dedicated to ancient DNA
work in Key Laboratory of Vertebrate Evolution and Human Origins of Chinese Academy of Sciences,
IVPP, CAS. The Institute of Vertebrate Paleontology and Paleoanthropology's review board approved
the study of the ancient genomes sampled in this project (review no. 202103180008). Powder was
obtained  from  bone  samples  by  drilling,  and  DNA  was  extracted  with  established  protocols
(Supplementary Table S1) (44). Single-stranded and double-stranded genomic libraries were prepared
(Supplementary  Table  S1)  and  double-stranded  libraries  were  partially  treated  with  uracil-DNA-
glycosylase  (UDG)  from E.  coli  and  endonuclease  (Endo  VIII)  (“DS_half”)  to  repair  deaminated
cytosine  residues  (23,  45).  Single-stranded  libraries  were  not  treated  with  UDG  (“SS_noUDG”).
Libraries  were  amplified  using  AccuPrimePfx  DNA polymerase  with  35  cycles  of  amplification.
Oligonucleotide probes were used to capture mitochondrial genomes (24) and enrich for 1.2 million
nuclear SNPs (25).

Enriched libraries were sequenced on Illumina Miseq or Hiseq4000 platforms using paired end reads
(2×76  bp  for  mitochondria;  2x100  bp  or  2x150  bp  for  nuclear).  LeeHom
(https://github.com/grenaud/leeHom) (46)  was  used to  trim adapters  and merge  paired  ends into  a
single read (overlap > 11 base pairs). Merged reads with a minimum length of 30 base pairs were then
aligned to the published human mitochondrial sequence (47) and the  hg19  human reference genome
using BWA (-aln -n 0.01 and -l 16500, then -samse). Reads with mapping quality <30 were removed
and duplicate reads having the same orientation, start,  and end positions as another read were also
discarded, keeping only the read with the highest sequence quality.

We tested for mitochondrial contamination of each individual using the ContamMix (48) by aligning
reads to the mitochondrial genomes including 311 world-wide present-day individuals. To remove the
damage pattern caused by cytosine deamination, the first and last two C→T and G→A substitution of
the half UDG treated fragments, and the last five C→T and G→A of the no-UDG treated fragments,
which were all from single-stranded libraries, were masked with “N”. Individuals whose mitochondrial
sequence showed >5% modern human contamination were treated as contaminated and removed. For
male individuals, we also tested the contamination rate for the X-chromosome using ANGSD (49) and
removed individuals with a contamination rate above 5%. In addition, we remove the first and last three
positions  of  fragments  with  at  least  one  C→T  substitution  using  the  pmdtools0.60  with  the  --
customterminus parameter (50).

Haplogrep 2 (https://haplogrep.i-med.ac.at) was used to assign mtDNA haplogroups (51). 
Y-chromosome haplogroups for male individuals were determined using all reads mapping to the Y
chromosome with a minimum mapping quality of 37. Y-haplogroups were assigned using a custom
script  that  considers  the derived allele  located  furthest  upstream and most  ancestral  allele  furthest
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downstream in the phylogenetic tree (ISOGG database version 14.164 (http://www.isogg.org/tree). In
addition, at least two derived SNPs were required if the upstream-most derived SNP was a C→T or
G→A substitution  to  minimize  the  impact  of  ancient  DNA damage  (20).  Results  for  a  minimum
requirement of one and two derived SNPs are given in Table S1. We additionally made use of the Y
haplogroup identification software Yleaf (v2.2) (52) installed with a curated version of the ISOGG
database v.14. The Yleaf results are also reported in Table S1. Using these two methods with identical
inputs, some samples gave slightly different terminal resolutions due to differences in database curation
and stringency requirements, with complete agreements representing higher confidence calls. To aid in
comparisons with published Y chromosome analyses performed using the earlier 2016 (v11) version of
the ISOGG database, roughly equivalent haplogroups are given in a separate column in Table S1. Due
to the nature of the changes of some definitions between versions, users are encouraged to consult the
raw data for more specific comparisons (22). 

Kinship, PCA and ADMIXTURE
The program Relationship Estimation from Ancient DNA (READ) was used to detect the degree of
kinship relationships between all the Xinjiang individuals (53). From each kinship group, we selected
the individual with the highest number of SNPs for subsequent genetic analyses (Table S2).

We performed principal component analysis (PCA) using the smartpca program of the EIGENSOFT
package (54) with default options and the additional options of lsqproject: YES. We used published
ancient  and  present-day  genome-wide  data  for  the  1240k  panel  downloaded  from
(https://reich.hms.harvard.edu/)  and merged with our Xinjiang individuals (Table S16).  In total,  we
used 67 modern  populations  (Table  S16,  Fig.  S3)  and 64 published  ancient  populations,  and 152
Xinjiang individuals (Table S16, Fig. 2, Fig. S1) and projected all the ancient individuals onto the PCA
capturing the genetic variation of all the present-day individuals. In addition, we used 37 West-Eurasian
present-day populations for projection to generate the additional PCA (Fig. S2).

To determine the  population structure,  we used the  ADMIXTURE (26)  program after  pruning for
linkage disequilibrium using PLINK (66) with parameters “--maf 0.05 and --indep-pairwise 200 25
0.5” and running five replicates for each value of K with different seeds to estimate the cross validation
(CV) error (Fig. S7). We observed that, K=7 showed the lowest CV error which was used for plotting
the results (Fig. 2, Fig. S7).

Regrouping of Xinjiang Individuals
The  initial  results  of  PCA  and  ADMIXTURE  suggested  high  variability  among  the  Xinjiang
individuals, we first separated the individuals from different time periods within each site. Later we
separated the individuals within each site using PCA and ADMIXTURE as they were showing diverse
ancestries. We again merged individuals across sites with similar ancestral components and showing
similar genetic affinity using PCA, resulted in the 64 sub-groups shown in Table S1.

f3 and f4-statistics
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To  perform  the  f3- and  f4-statistics  comparisons  we  used  the  program  qp3Pop  and  qpDstat
implemented in the AdmixTools (27).  The Outgroup  f3-statistics were of the form  f3(Mbuti; X, Y),
where the outgroup is the central African “Mbuti” and X and Y include diverse ancient population from
Eurasia (Table S16. The f4-statistics were of the form f4(X, Y; Z, Mbuti), with Mbuti as an outgroup.
Significantly positive f4-statistics indicate that Z shares more alleles with X than Y, while significantly
negative  f4-statistics indicate that Z shares more alleles with Y than X (Z-score > 3,  Z-score <-3,
respectively). 

QpAdm analyses
To  estimate  the  admixture  proportions  for  the  Xinjiang  populations  we  used  qpAdm  software
implemented in ADMIXTOOLS (27,  28) and modeled in two stages. The details of the strategy are
discussed below:

qpAdm modeling strategies 
Analyses using PCA, Admixture, and f3 and f4 statistics suggested that the Xinjiang Bronze and Iron
Age populations are admixed and show a wide range of diverse ancestries. Thus, we performed qpAdm
modeling in two stages,  in the first  stage we looked for the more distal  source populations which
include the populations from the Neolithic (pre-Copper Age populations). For proximal sources, we
searched for the populations from the Bronze Age to the Iron Age that could be modeled with our
Xinjiang populations. We performed qpAdm analysis on pseudo-haploid genotypes using qpAdm in
the ADMIXTOOLS package (27) with the option “allsnps: YES”. We also discarded any model when
the p-value of nested models (pnest) >0.01. 

1.  First  we  performed  the  distal  modeling  to  assess  the  main  ancestries  present  in  the  Xinjiang
populations. We used a similar strategy implemented in (11), where we selected a set of outgroups, also
known as  “reference”  or  “right”  populations  and rotated  the  Neolithic  samples  as  possible  source
populations for one to five sources.

The outgoup populations are shown below. The populations which are shown in “italics” were rotated
to get the distal models:

Mbuti,  UstIshim,  Kostenki14,  GoyetQ1161_N,  Villabruna,  Natufian,  Ami,  Mixe,  AfontovaGora3,
Iron_Gates_HG,  Ganj_Dareh_N,  Anatolia_N,  West_Siberia_N,  Onge,  YR_MN,  Mongolia_N_East,
Shamanka_EN

2. For the second step, we performed the proximal modeling by selecting source populations that are
close  temporally  to  the  target  populations  from Xinjiang.  To  select  optimal  outgroup  populations
among  the  East  Asian  ancestry  sources,  we  first  analyzed  the  f4-statistics  between  the  Xinjiang
individual groups and Ami, Papuan, Onge, Han, Mixe, Tianyuan, Shamanka_EN and DevilsCave_N.
We observed that Mixe, Ami, and Onge are more informative as outgroups than the other populations
in the group, so we included only these samples as outgroups. Similar outgroups have been used in
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previous analyses for Xinjiang individuals (16). We considered the qpAdm model to be acceptable if it
has p>0.05 and if the value of the admixture proportion with the standard error was above zero. Smaller
p-value  indicate  that  a  qpAdm model  is  poorly fit  and should be rejected,  but  the  generally  used
threshold is not fixed and depends on the analyses. Thus, we occasionally also consider models with
0.01<p<0.05 to be marginally acceptable. For the BA analysis, we additionally, added populations of
hunter  gatherers  (AfontovaGora3  and  Karelia)  because  these  ancestries  are  important  in  Xinjiang
genetic history.

Outgroups  (Base):  Mbuti,  UstIshim,  Kostenki14,  Villabruna,  Natufian,  Mixe,  Ami,  Onge,
Ganj_Dareh_N, Anatolia_N

Proximal Model Sources:
Xinjiang  Bronze  Age:  Afanasievo,  Gonur1_BA,  Xinj_BA1_TMBA1  (Tarim_EMBA1),
AfontovaGora3,  Shamanka_EBA,  Xinj_BA5_oSte  (G218_BA3),  Xinj_BA7_oEA  (SSG_BA3),
YR_MN, WLR_MN, DevilsCave_N, Karelia, Botai_CA

Xinjiang  Late  Bronze  Age:  Afanasievo,  Sintashta_MLBA,  Andronovo,  Xinj_BA1_TMBA1
(Tarim_EMBA1), Xinj_BA7_oEA (SSG_BA3), Shamanka_EBA, YR_MN, Gonur2_BA, Gonur1_BA

Xinjiang  Iron  Age  and  Historical  Era:  Xinj_BA1_TMBA  (Tarim_EMBA1),  Xinj_BA6_oEA
(SSG_BA3),  Xinj_LBA1,  Shamanka_EBA,  XiongNu,  YR_MN,  Gonur1_BA,  Sintashta_MLBA,
Andronovo,  Afanasievo,  Gonur2_BA,  TianShanHun,  TianShanSaka,  CentralSaka,  Tasmola,  Han,
SPGT  include  populations  Arkotkila_IA,  Barikot_IA,  Butkara_IA,  Gogdara_IA,  Katelai_IA,
Loebanr_IA, Udegram_IA.

3. Later we also ran the competition models by putting Afanasievo, Andronovo, Shamanka_EBA, and
Gonur1_BA in the outgroup set. For the Bronze Age we also tested competition modeling by putting
Botai_CA,  and  Xinj_BA1_TMBA1  as  outgroups  to  test  additional  competing  models  during  the
Bronze Age.
 
4. We observed that there are many working models when we used proximal sources especially for IA
and HE populations, but the populations used as sources were of a similar nature, as all were derived
from similar ancestral sources. Initially, for IA and HE populations, we searched for one-, two- and
three-  source  models  derived from three  basic  ancestries  of  Steppe_MLBA or  Xinj_LBA, BMAC
(Gonur1_BA) and East Asian source (Shamanka_EBA, YR_MN), as suggested by the ADMIXTURE
and f3 analysis as for the three main prevalent ancestry sources in IA and HE. After this initial search of
the basic ancestry population dataset, and if we did not find any working model fitting our criteria, we
again searched for feasible models using other proximal sources, and repeated the method as described
above.
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5.  In  addition,  we  also  modeled  Xinj_LBA,  Xinj_IA  and  Xinj_HE  using  Xinjiang_BA  and
Xinjiang_LBA and Xinj_IA.
Source populations used:
Xinj_BA1_TMBA1,  Xinj_BA3,  Xinj_BA4,  Xinj_BA5_aSte,  Xinj_BA6_aBMAC,  Xinj_BA7_oEA,
Xinj_LBA1,  Xinj_LBA2,  Xinj_IA1,  SPGT,  Shamanka_EBA,  XiongNu,  YR_MN,  Gonur1_BA,
Gonur2_BA, Han

Time of Admixture
DATES (Distribution of Ancestry Tracts of Evolutionary Signals) method (11) was used to estimate the
time of admixture in the Xinjiang Bronze Age individuals. For this analysis, we tested both BA, LBA
and IA individuals showing the admixtures from only two sources. To convert the DATES output to
years BP, we took the range of admixture dates (in generation) with one standard of error from the
mean,  multiplied  this  by a  generation  average time of  29 years,  and added it  to  the  mean of  the
calibrated radiocarbon dates of the samples. 

HIrisPlex
Probabilities  for  eye,  hair,  and skin  pigmentation  phenotypes  were  calculated  using  the  predictive
forensics analysis tool, HIrisPlex-S (36), which uses 41 SNPs whose predictive accuracy of phenotypes
has  been  previously  assessed  with  modern  cohorts.  The  HPS-MPS  pipeline
(https://hirisplex.erasmusmc.nl/hps/hps.zip) was adapted to accept mapped reads from both our new
Xinjiang genomic data as well as the published Bronze Age Tarim and Dzungarian Basin genomic data
from (16), all of which were filtered for C to T and G to A mismatches as above, and with mapping
quality  of 37 or better.  To increase the probability  that  both alleles  were identified,  we required a
minimum coverage of 5x for each SNP to be included in the analysis (giving a 93.75% chance of
recovering both alleles, assuming no bias). The samples (16) were not deeply covered, and did not have
enough SNPs at 5x coverage to allow phenotype predictions. By merging identical individuals with
those that were also analyzed in the current study, and reducing the coverage requirement to 3x (giving
a 75% chance of recovering both alleles, assuming no bias), we were able to obtain results for hair
color  for  two  Tarim  Basin1  (Xiaohe)  and  two  Dzungarian  Basin  (Afanasievo)  samples,  and  skin
pigmentation results  for  these  plus  a  later  Xiaohe sample.  All  results  for  all  samples  for  which a
prediction  was  obtained,  including  the  prediction  accuracy  expressed  as  area  under  the  receiver
operating characteristics curve (AUC), adjusted for each sample by taking into account missing SNPs,
are given in (Table S15). 

Supplementary Text

Description of Archaeological Sites

We  obtained  direct  radiocarbon  dates  for  104  ancient  samples  out  of  201  individuals  from  39
archaeological  sites  dating  5043 to  481 calibrated  years  before  present  (cal  BP,  Table  S1).  These
samples were selected for radiocarbon dating to ensure that important and representative samples were
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directly dated. Specifically, at least one sample was directly dated for each of the sites and/or main
clusters. When samples from the same site have been suggested to be from different time periods by
archeological evidence, we date at least one sample from each of the suggested time periods; all the
genetic  outliers  have  also  been dated.  Samples  were  directly  dated  using  radiocarbon (14C) dating
techniques through accelerator mass spectrometry (AMS), which were then calibrated using the Int Cal
20 calibration curve (67) (Table S1). All ages are reported as cal BP, relative to AD 1950. The  201
individuals  used  in  this  study  across  eastern,  western,  central,  southern  and northern  Xinjiang are
classified into three different time periods: Bronze Age (BA, >5000-3000 BP), Iron Age (IA, ~3000-
2000 BP) and Historical Era (HE, <2000 BP).

Northern and Eastern Xinjiang Archaeological sites
1. Ayituohan (AYTH)
The  Ayituohan  site  (n=2)  is  located  near  the  Ashele  copper  mine  in  Habahe  County  in  northern
Xinjiang. Two individuals (M22B andd M22C) are from the same tomb (M22). The central part of the
sarcophagus  contained  Afanasievo-related  cultural  artifacts  with  Indo-European  features  (68).  The
material objects recovered from this site were different from the Chemurchek culture near the Altai
Mountains  (68,  69).  We successfully  isolated  DNA from two tooth  samples.  The  male  individual
(M22B, C2034) is directly radiocarbon dated to 4574-4422 cal BP in the Bronze Age. 

2. Bolati (BLT)
The Bolati site (n=2) is located near Bolati village, Buerjin (Burqin) County, Aletai (Altay) Region in
northern Xinjiang. This site contains cemeteries No.1, No. 3 and No.4. The No. 3 cemetery is located in
the southwestern Bolati village and contained 46 tombs. The Sarcophagus M18 contained a standing
stone  with  an  anthropomorphic  figure  associated  locally  with  the  Chemurchek  culture  (70).  We
sequenced two individuals, male and female, from graves M18 and M19. The M18 individual (C1707)
was radiocarbon dated to 4814-4450 cal BP and was assigned to the Bronze Age, which was consistent
with the archaeological information. The M19 individual (C1708) was radiocarbon dated to 2409-2333
cal BP and was assigned to the Iron Age.

3. Chaganguole (Chagangole, CGGL)
The  Chagangole  site (n=11)  is  located  close  to  the  Chaganguole  River,  Qinghe  County,  North
Xinjiang. This site contained nine cemeteries and 19 tombs, five of which were well-preserved. The
eastern side of  one  of  the tombs (called  “Chaganguole-Liangzhanshan”)  also contained a  standing
rectangular  pillar  with  an  anthropomorphic  figure  (71).  All  tombs  were  rectangular  in  shape  and
contained sarcophagi covered within low heap stone piles. In Chaganguole-Jiangbutasicun, the tomb
structure suggests a “coffin in a coffin”, with a small sarcophagus built using stones from a larger
sarcophagus with four layers of stone slabs stacked on top of it. The large sarcophagus matches a burial
style of the late Chemurchek culture, while the small sarcophagus is similar to that of nomadic people
from the first millennium BCE (71). Among the 11 individuals, ten were from the Bronze Age and were
radiocarbon dated to 4521-4297 cal BP, 4148-3927 cal BP, 4284-4090 cal BP, 4352-4096 cal BP and
4352-4096 cal BP in BA. One individual from T4MX (C2042) was dated to the IA, 2310-2053 cal BP.
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4. Songshugou (SSG) 
The Songshugou  site (n=10) is situated in Jimunai (Jeminay) County in Aletai  Region in northern
Xinjiang. The feature of potteries in M15 (C3343) was similar to the EBA Afanasievo culture, which
was consistent with the radiocarbon date (5043-4861 cal BP). The individual from M20 (C3344) was
radiocarbon dated to 4242-4019 cal BP in BA, which was inconsistent with the sample age suggested
by circumstantial archaeological information (72). We used the direct radiocarbon date for further this
study. The individual from M25 (C3348) was from the Late BA (LBA) and dated to 3336-3077 cal BP.
The rest of the remains are from the IA and are grouped together. One of them was dated to 2722-2426
cal BP.

5. Tuoganbai (TGB)
The Tuoganbai site (n=6) lies close to the village of Kabuhatale, Saertamu township, Habahe County,
northern Xinjiang. The cemetery, No.2 contained tombs: M1, M2, M2A, M2B, M2C, M3, and M4.
Tomb  M4  contained  a  rectangular  stone  stela  with  an  anthropomorphic  carving  similar  to  the
Chemurchek culture burials and radiocarbon dated to be 4200 BP in the BA (73, 74). 

6. Dongtalede (DTLD)
The  Dongtalede site (n=4) is located in the Habahe County region of Aletai, northern Xinjiang. An
early assessment of this site suggested it to be from the Spring and Autumn Period of the Western Han
Dynasty (9,  75). Unearthed materials from Tomb M2, Area1 included pottery similar to the Okunevo
culture of the Minusinsk Basin in the Altai region (75, 76). Other Tombs (M5 from Area I, Tomb No.
17)  contained bronze  and copper  arrowheads  of  a  type  found extensively  in  the  Eurasian  Steppe,
similar with those found in Keermuqi site dating from the 6th century BCE, along with agate beads and
turquoise processing technologies (9, 77, 78). Other tombs (M27, Area I) in this area include stone and
wooden coffins with horse saddles indicating archaeological dates from ~3rd-8th century BCE (75, 79).
Many ornaments made up of animal bones and gold were also discovered from this site, suggesting a
relationship  with  the  Pazyryk culture.  In  addition,  gold  pieces  were  similar  to  those  found at  the
Aluchaideng site of the Xiongnu culture of Inner Mongolia (80). The individual from M5 (C1711) was
directly radiocarbon dated to 2705-2370 cal BP in the IA, which was consistent with the archaeological
date. The individual from M47 (C1712) was radiocarbon dated to 1058-957 cal BP in the HE.

7. Tuwaxingcun (TWXC)
The Tuwaxingcun site (n=1) is located in  Buerjin County, northern Xinjiang and close to the Altai
Mountains. This site includes 55 tombs containing many important burial items including ornaments
made from gold, bronze and sheep bones.  Horse burials were also observed in this site, suggesting a
nomadic way of life. The pottery excavated from tombs M5 and M8 show similarities with the DTLD
site, mostly dated to the  Early Iron Age (EIA), while more recent tombs date to the Sui and Tang
Dynasties (81). The single individual (C1709) used in this study was radiocarbon dated to 2308-2120
cal BP in the IA.
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8.Kalatasi (KLTS)
The Kalatasi  site (n=2) is located in Buerjin County, northern Xinjiang. The site contains a pair of
anthropomorphic stelae, and was considered to be a remnant of the Chemurchek culture (82). Two
individuals were sequenced from this site and one (C1706) was directly radiocarbon dated to the IA
with the dates ranging from 2318 to 2123 cal BP.

9. Sandaohaizi (SDHZ)
The  Sandaohaizi (n =1) site is located at  Chaganguole village, on the southern slope of the Aletai
Region, close to the Chinese and Mongolian border. This site is at the confluence of three mountain
lakes known as the “Three Seas”. The archaeological site information suggests the single individual
(C2057) to be from the Iron Age.

Eastern Xinjiang Archaeological sites

1. Baiyanghe (BYH)
The Baiyanghe  site  (n=3) lies  in Qitai  county,  Changji  Region,  eastern Xinjiang.  We successfully
sequenced two individuals from tomb M25 (C3617 and C3616) who were directly radiocarbon dated to
2337-2150 cal BP and 2107-1943 cal BP, and one individual from tomb M34 (C3619) who was directly
radiocarbon dated to 1178-1000 cal BP in the HE. 

Southern Xinjiang Archaeological sites

1. Hetian (Hotan/Khotan, HET) and 2. Shanpula (Sampula, SPL)
The  Hetian (n=9) and  Shanpula (n=6) sites are located at Shanpula village, Luopu County, in the
Hetian Region of southern Xinjiang. The excavated items displayed both European and East Asian
characteristics with most of the objects (70%) excavated from these cemeteries consisting of woolen
textiles or items made from wood, porcelain, metal, or glass. The presence of glass objects may link the
sites to Central  Asia (83, 84).  These sites share cultural  affinities with another Iron Age site from
southern Xinjiang (Zhagunluke, ZGLK) (84). One individual from tomb M16 (C390) in the HET site
was directly radiocarbon dated to 1727-1575 cal BP in the HE. We sequenced six individuals from the
SPL site, one of which (C3622) was radiocarbon dated to 1866-1711 cal BP in the HE.

3. Jierzankale (Jirzankal, JEZK)
The Jierzankale site  (n=13)  lies  in  Tashikuergan  (Tazkorgan)  County,  Kashi  (Kashgar)  Region,
southwestern Xinjiang. Archaeological findings include C3 crops such as barley and wheat which were
dated to ~2400 BP (85). Wooden burial objects showed similarities with other burial sites in Xinjiang,
while bronze vessels unearthed may indicate an East-Asian connection. In addition, fire altars suggest a
relationship with Zoroastrianism and the celestial burial types may be linked to those present in the
Pamir Plateau region (85, 86). Skeletons had both Western and Eastern Eurasian features and 87Sr/86Sr
isotopic ratios suggests that these individuals were not local, but rather originated outside Xinjiang
(87). One of the samples from M25 (C1220) was radiocarbon dated to 2683-2347 cal BP in the IA.
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4. Liushui (LSH)
The  Liushui  site (n=4) is located at Liushui village, Yutian  (Keriya) County, Hetian Region of the
southern Tarim Basin, close to the Kunlun Mountains. Animal sacrifices were found in some tombs.
Sheep remains were found in tomb M3, M13, M54, M55, and horse remains in M10, M12, M37, M45,
M49, M55. The excavated relics consisted of bronze, iron, stone, gold, and some pottery, similar to that
associated with the Karasuk culture (3250-2750 BP), which originated from Minusinsk Basin in the
Altai  region.  Other  pottery  was  similar  to  that  associated  with  the  Yanbulake  culture  in  eastern
Xinjiang. Bronze axes excavated from tomb M55 resembled those from the Andronovo culture (88).
All the individuals from M01, M31, M50, and M52 were directly radiocarbon dated to 2775-2728 cal
BP, 2843-2745 cal BP, 2992-2798 cal BP and 2715-2439 cal BP, and were assigned to the IA in this
study.

5. Zhagunluke (Zaghunluq, ZGLK)
The Zhagunluke  site (n=16) is in Qiemo (Qarqan/Cherchen) County, southern Xinjiang. The tombs
contained black pottery, wooden barrels and combs. These items suggest a link to cultures such as
Pazyryk in the Altai region near Kazakhstan (77, 89). We successfully sequenced 16 individuals from
this site, six of which were radiocarbon dated to 2302-2059 cal BP, 2292-2004 cal BP, 2465-2342 cal
BP, 2000-1889 cal BP, 2111-1942 cal BP and 2491-2339 cal BP in the IA.

Central Xinjiang Archaeological sites

1. Xianshuiquangucheng (XSQG)
The  Xianshuiquangucheng  site  (n  =2) is  located  in  Xinashuiquan  Ancient  City  of  Yuli  County,
Bayinguoleng (Bayingolin) Region in the Central part of Xinjiang. Teeth were recovered from two
individuals in the same tomb M3 and were successfully sequenced. One, a male individual (C2032),
was dated from 1880-1742 cal BP in the HE.

2. Xikakandasayi (XKKD)
The Xikakandasayi site (n=1) is located at Aoyiyayilake village, Qiemo County, Bayinguoleng Region,
close to Tibet in Xinjiang. The archaeological context suggests the individual is from the Iron Age. The
single individual from M4 (C795) was directly radiocarbon dated to 1696-1544 cal BP.

Western Xinjiang Archaeological sites

1. Abusanteer (ABST)
Abusanteer site (n= 7) is located at Aixinsheli village, Chabuchaer (Qapqal) County, Yili (Ili) Region in
western Xinjiang, close to the Kazakhstan border. The cultural affinity suggest that the individuals were
from the Iron Age. A distinct feature is found in tomb M27, which is surrounded by two stone rings
with stones shaped like toads, possibly linking it to the Yangshao culture in the Central plain, Majiayao
culture in Gansu-Qinghai Province, and Taosi site in Shanxi Province. Toad worship found in the Yili
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Region may indicate the connection between the Yili region and the Central Plain. Two individuals
from M6 (C4127) and M24 (C4131) were directly radiocarbon dated to 2340-2152 cal BP and 2739-
2494 cal BP in the IA, and one individual from M14 (C4140) was directly radiocarbon dated to 1865-
1709 cal BP in the HE.

2. Eminhuojierte (EMHJ)
Eminhuojierte site (n=1) is located in Huojierte Mongol township, Emin County, Tacheng Region. The
single  individual from M29 (C4255) was directly radiocarbon dated to  2678-2356 cal BP,  and was
assigned to the IA in this study. 

3. Kafulang (KFL)
Kafulang site (n=1) is in Tekesi County, Yili Region, western Xinjiang. The single individual from M1
(C4149) was directly radiocarbon dated to 1058-958 cal BP, and was assigned to the HE in this study. 

4. Keqikesubutai (KQKS)
The Keqikesubutai cemetery (n=1) is in Subutai township, Nileke (Nilka) County,  Yili Region. The
single  individual from M4A (C4150) was directly radiocarbon dated to  1686-1419 cal BP,  and was
assigned to the HE in this study.

5. Wulanbuluke (WLBL)
The Wulanbuluke site (n=3) is found at Wulanbuluke village, Nileke County, Yili Region. Among the
three individuals, one from southern M3 (C4278) was directly radiocarbon dated to 2335-2147 cal BP
and was assigned to IA in this study.

6. Qiafuqihaishuiku (QFQH)
Qiafuqihaishuiku site (n=1) is at Kalatuohai village, Tekesi County,  Yili Region. Funerary objects
were found in 39 of the 73 tombs, and contained pottery, bronze, iron, stone, and animal bones (mainly
sheep bones). The 73 tombs were divided into three regions by their geographical location: eastern,
western, and middle, with tombs M01-M35, M54, M55, and M57-M59 in middle region; 13 tombs
(M60-M72)  in  the  eastern  region,  and  20 tombs  (M36-M53,  M56 and  M73)  in  the  western.  The
features  of  tombs  and  human  bones  observed  from  the  eastern  and  middle  regions  show  some
similarity. Moreover, some pottery in the Han style was excavated from some eastern and western
region tombs of this site. Bronze coins found at some tombs in the western region may have come from
the eastern Han. QFQH is considered to be associated with Scythian-Wusun remains (700-300 BCE),
with some tombs containing artifacts linked to the late eastern Han Dynasty (90). The single individual
from M25 in A_XV region (C4276) was directly radiocarbon dated to  2492-2347 cal BP  and was
assigned to the IA in this study.

7. Axile (AXL) and 8. Sahaxibei (SHXB)
The  Axile (n=2)  and  Sahaxibei  sites  (SHXB,  n=1)  are  located  in  Zeketai,  Xinyuan  County,  Yili
Region. The two samples from M4 (C3362) and M6 (C3363) in AXL were directly radiocarbon dated
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to 2340-2156 cal BP and 2347-2159 cal BP, the single individual from M5 (C3365) in SHXB site was
dated to 2704-2362 cal BP. All of these individuals were assigned to the IA in this study.

9.Dongmaili (DML) and 10. Wuzan (WZ)
Both Dongmaili (n=3) and Wuzan (n=5) sites are located in Jilintai Power Station in Nileke County,
Yili Region in western Xinjiang. The two individuals from M24 (C847), and M31A (C799) in WZ were
directly radiocarbon dated to 2693-2349 cal BP and 2490-2336 cal BP and were assigned to the IA in
this study.

11. Jirentaigoukou (JRTG)
The Jirentaigoukou site (n=11) is  located in the Qialegeer village,  Nileke County,  Yili  Region in
western Xinjiang (91, 92). The material objects and remains were dated from the Bronze Age to the
historical times of the Song and Yun Dyanaty (93). Also, coal was excavated from this site, which
predates the history of coal use by more than 1000 years in China (93). The pottery, copper, and the
Bronze Age artefacts are associated with the Andronovo culture. We successfully radiocarbon dated all
11 individuals and eight dated to the Iron Age, ranging from 2351 to 2056 cal BP, two individuals from
M49 (C1367) and M75 (C1365) were directly radiocarbon dated to the LBA (3166-3002 cal BP and
3341-3150 cal BP), and one from M4 (C1370) was dated to the HE to 1346-1290 cal BP.

12. Junmachanyilian (JMCY)
The  Junmachanyilian cemetery (n=6) is located in Tekesi County, Yili Region. Excavated Pig Iron
materials  suggest  the  presence  of  iron  smelting  technologies  in  Xinjiang  (94).  All  the  sequenced
individuals were directly radiocarbon dated, two of them from M14 (C1650)  and M8 (C1655)  were
directly  radiocarbon  dated  to  the  IA (2490-2350  cal  BP and  2402-2332  cal  BP).  The  other  four
individuals were dated to the HE with dates of between 1688-1413 to 642-515 cal BP.

13. Kuokesuxi (KKSX)
The Kuokesuxi No.2 tomb group (n=8) is located in the Southeast of Tsoutheast of Tekesi County, Yili
Region in western Xinjiang. The first excavation of 30 tombs in the eastern part was carried out in
1978 by the Institute of Archaeology of the Xinjiang Academy of Social Sciences, and 93 more graves
were excavated in 2010 (95). The archaeological excavation reports showed the individuals in KKSX
site were divided into two time periods: BA and EIA according to the artifacts: Pottery from M53
showed Andronovo cultural features in the LBA, and iron objects found in M2S, M16, M17, M18,
M20, M66, and M89_C1 were assigned to the IA. (95). We successfully sequenced eight individuals,
among them seven were directly radiocarbon dated from 2488-2349 to 2094-1974 cal BP, and were
assigned  to  the  IA.  One  from M53 (C1662)  was  dated  to  the  LBA (3448-3271  cal  BP).  All  the
radiocarbon dates were consistent with the archaeological dates.

14. Tielieketesai (TLKT)
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Tielieketesai site (n=3) is located at Kalaaoyi village, Xinyuan County, Yili Region. Two individuals
from M3 (C3354) and M6A (C3356) were directly radiocarbon dated to 2341-2158 cal BP and 2099-
2009 cal BP, assigned to the IA.

15. Caishichang (CSC)
The Caishichang (n=8)  site  is  located  in  Nileke  County,  Yili  Region  in  western  Xinjiang.  We
successfully radiocarbon dated three individuals from M6 (C3320), M3 (C3318), M1 (C3315), and
with a range of 2345-2159 cal BP, 2286-2003 cal BP and 2102-1973 cal BP, which were all assigned to
the IA. 

16. G218 (G218)
The  G218 site (n=10) is located close to the Gongnaisi River, Nileke County, Yili Region, western
Xinjiang. A total of 112 tombs were excavated (96, 97). Importantly, the M5 tomb had two Afanasievo
culture-type pots, with human bones dating to ~4800-4600 BP (96, 97). Three samples were from the
tomb M5 in this study, two of them (C3339, C3341) were directly radiocarbon dated to 4963-4839 cal
BP and 4815-4526 cal BP in the BA, consistent with the archaeological dates. Six individuals were
from the IA and three of them M61 (C3324), M20 (C3325), and M64 (C3333) were radiocarbon dated
to 2336-2153 cal BP, 2111-1942 cal BP and 2311-2124 cal BP in the IA. One individual from M15
(C3326) was dated to 669-555 cal BP in the HE.

17. Guanjingtai (GJT)
The  Guanjingtai (n=1)  is  located  in  Nileke  County,  Yili  Region.  The  single  individual  from M7
(C3316) in this site was dated to 2111-1942 cal BP, which was assigned to the IA in this study.

18. Tangbalesayi (TBLS)
The Tangbalesayi site (n=11) is located in Karwoyi village, Nileke County, Yili region, West Xinjiang.
In total, 26 tombs were discovered which included 15 earth tombs, and 11 stone tombs from the Bronze
Age (M12-17, M23, M24, M26), Iron Age (M2, M3, M5-8, M11, M18, M20, M21, M25), and the rest
from a later time period (M1, M4, M9, M10, M19, M22 (98). The Bronze Age tombs show cultural
affinity with the Andronovo culture, while the Iron Age burials appear to be associated with the Saka
and Wusun (dated to the 5th and 3rd centuries BCE) (98). Five individuals were directly radiocarbon
dated, the individual from M3 (C1714) was dated to 3571-3460 cal BP in the LBA, three of them from
M8 (C787), M19A (C4260), and M1 (C628) were dated to 2318-2123 cal BP, 2301-2002 cal BP, and
2305-2064 cal BP in the IA, one sample from M22 (C789) was dated to 959-919 cal BP in the HE.
Among them, the radiocarbon dates of M3 (C1714) in LBA, and M19 (C4260) and M1 (C628) in the
IA were inconsistent with the archaeological dates, we used the radiocarbon dates for further analysis.

19. Wutulan (WTL)
The  Wutulan (n=13)  site  is  located  north  of  Wulanbuluk  village,  Nileke  County,  Yili  Region.
Seventeen tombs along with three sacrificial sites were excavated in 2001, 2006, 2013, and 2014. The
Tomb structures were dated archaeologically to the Bronze Age (tombs M1-4, and M15-17 excavated
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in 2013), early IA (M7-M12, M14 excavated in 2013, and M6, M7A/B,  M8 excavated in 2014, and
some individuals excavated in 2001 and 2006), and West Han Dynasty (M5-M6 excavated in 2013,
M1A/B/C, M2, M3A/B/C/D, M4A/B/C, M5 excavated in 2014, and some individuals excavated in
2001 and 2006) (99). Two individuals from M4 (C1639) and M17 (C4282) were directly radiocarbon
dated to  3570-3412 cal  BP and 3451-3374 cal  BP in the LBA, the remaining samples  gave dates
ranging  from 2353-2183  cal  BP to  2299-2007  cal  BP  in  the  IA.  All  the  radiocarbon  dates  were
consistent with the archaeological dates.

20 Ayousaigoukou (AYSG)
The Ayousaigoukou site (n=4) is located in Zeketai,  Xinyuan County in western Xinjiang. From this
site a total of 315 tombs were discovered, seven of which have been excavated so far. The objects
found in these tombs suggest an affinity with an Andronovo-related culture and belong to high status
individuals (100, 101).  All the individuals sequenced were directly radiocarbon dated, three of them
from western M2 (C1660), M6 (C1658), and M7 (C1659) gave dates ranging from 2704-2362 cal BP,
2342-2154 cal BP, and 2342-2154 cal BP in the IA, and the sample from M2M (C1661) was dated to
515-481 cal BP in the HE.

21. Simutasi (SMTS)
The Simutasi site (n=3) is located in Zhaosu County, Yili Region, western Xinjiang. Almost 200 tombs
were discovered, widely distributed west of the Akeyazi River. The individual from M88 (C1678) was
directly radiocarbon dated to 2343-2156 cal BP in IA, and that from M70 (C1677) was dated to 957-
793 cal BP in the HE.

22. Zeketai (ZKT)
The Zeketai site (n=2) is present in Zeketai, Xinyuan County, Yili Region. Unearthed objects include
many  Bronze  artifacts  dating  from the  Spring  and  Autumn  period  to  the  Han  Dynasty.  The  two
individuals  in  this  study were from the same tomb M01B, and the individual  C3359 was directly
radiocarbon dated to 2116-1939 cal BP in the IA.

Unknown Archaeological site information 
Archaeological  site  information  is  unavailable  for  ‘Xinj_Unknown’ (n=1),  however  the  PCA and
ADMIXTURE analyses suggest this sample is similar to IA samples.

Sample curation using kinship results and archeological records
Among these 201 individuals, six pairs of individuals were classified as twin/same individual in the
kinship analysis:

C2034 (teeth) from site ‘AYTH’ in Habahe County and C794 (teeth) from a site listed as “Habahe”: the
two samples were collected in two separate periods of sampling. Archaeological information about the
site Habahe, from which C794 was collected, was unavailable. Although the site information of these
two  individuals  is  different,  the  burial  numbers  of  the  two  samples  are  the  same  -  both  M22B.

14



Considering the kinship result suggested the two individuals were “Identical twins/Same individual”,
these two samples are likely collected from the same individual. Therefore, we selected the sample
(C2034, AYHT site) with a higher number of SNPs for further analysis (Table S1).

C1713 (bones) and C1711 (teeth) from site ‘DTLD’: both of them were excavated from the tomb ‘M5’,
and the archaeological reports showed only one individual was buried in this tomb (76). As the kinship
result also suggested these two individuals were “Identical twins/Same individual”, C1713 and C1711
are likely obtained from the same individual. Therefore, we selected the sample (C1711) with a higher
number of SNPs for further analysis (Table S1).

C4257 (teeth) and C627 (teeth) from site ‘TBLS’: the archaeological records showed both of them
were excavated from the same tomb (M7), and only one individual was identified in this tomb (100).
The kinship results suggest these two individuals were “Identical twins/Same individual”, confirming
C1713 and C1711 were sampled from the same individual. Therefore, we selected the sample (C627)
with a higher number of SNPs for further analysis (Table S1).

C629  (teeth)  and  C789  (teeth)  from  site  ‘TBLS’:  the  archaeological  records  suggest  they  were
excavated from the same tomb (M22),  in which only one individual was found (100) The kinship
results found these two individuals were “Identical twins/Same individual” and confirmed they were
sampled from the same individual. Therefore, we selected the sample (C789) with the highest number
of SNPs for further analysis (Table S1).

C4263 (teeth) and C785 (teeth) from site ‘TBLS’: the two samples were collected in two separate
periods  of  sampling,  and  the  tomb number  of  both  is  M5.  The  kinship  result  suggests  these  two
individuals  were  “Identical  twins/Same  individual”,  thus  they  are  likely  the  same  individual.  We
selected the sample (C785) with a higher number of SNPs for further analysis (Table S1).

C1659  (teeth,  tomb  number  M7)  and  C1658  (teeth,  tomb  number  M6)  from ‘AYSG’:  these  two
individuals were excavated from different tombs, and the kinship results suggest they were “Identical
twins/Same individual”.  We selected the sample (C1658) with a higher number of SNP for further
analysis (Table S1).
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Fig.  S1.  Principal  component  analysis  (PCA)  of  all  ancient  Xinjiang  individuals  along  with
ancient-Eurasian  populations.  The Bronze  Age  populations  show  greater  affinity  with
Siberian/North-East Asian populations compared to the Iron Age and Historical Era (HE) Xinjiang
populations, which lie along a cline of Eurasian populations extending from east to west Eurasia. 
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Fig.  S2.  Principal  component  analysis  (PCA)  of  all  ancient  Xinjiang  individuals  along  with
ancient West- Eurasian populations. After removing the East-Eurasians, all the other West-Eurasian
populations are used for projection. We observe similar orientation and cline of Xinjiang individuals as
observed in Fig S1. The Xinjiang individuals with East Asian affinity are separated from the larger
group of Xinjiang individuals that clusters close to the ancient populations with Steppe ancestry.
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Fig.  S3.  Principal  component  analysis  (PCA)  of  all  ancient  Xinjiang  individuals  along  with
present-day populations. The Bronze Age populations show greater affinity with present-day Siberian
populations compared to the Iron Age and Historical Era (HE) Xinjiang populations which lie along a
cline  of  Eurasian  populations  extending  from west  to  east.  Outlier  present-day  populations  Surui,
Australian, Papuan, Mixe, Egyptian, Atayal, and Onge were removed.
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Fig. S4. Archaeological sites, ADMIXTURE and PCA plots of Xinjiang Bronze and Late Bronze
Age populations A. Geographic locations of all Xinjiang BA and LBA populations. B. Admixture plot
with K=7. The four major ancestry components are maximized in populations:  ANE (green), Iranian
farmer  (red),  Anatolian  farmer  (violet),  East  Asian  Hunter  Gatherer  (yellow).  The  other  three  are
maximized in Han (orange), Mixe (cyan), and Papuan (dark blue). C. PCA of BA and LBA Xinjiang
individuals projected onto present-day populations. Only a limited number of ancient populations are
shown.  We  have  combined  our  dataset  with  the  published  populations  of  Tarim_EMBA  and
Dzungaria_EBA from Xinjiang (16).
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Fig. S5. Archaeological sites, ADMIXTURE and PCA plots of Xinjiang Iron Age populations A.
Geographic locations of all the Xinjiang IA populations. B. Admixture plot with K=7. The four major
components  are  maximized  in  populations:  ANE  (green),  Iranian  farmer  (red),  Anatolian  farmer
(violet), East Asian Hunter Gatherer (yellow). The other three are maximized in Han (orange), Mixe
(cyan),  and  Papuan  (dark  blue).C.  PCA of  IA  Xinjiang  individuals  projected  onto  present-day
populations.  Only a  limited number  of  ancient  populations  are  shown.  The published Xinjiang IA
population from Shirenzigou site is represented with SRZ _IA in the PCA and ADMIXTURE. 
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Fig.  S6.  Archaeological  sites,  ADMIXTURE and PCA plots  of  Xinjiang  Historical  Era  (HE)
populations.  A.  Geographic  locations  of  all  the  Xinjiang_HE  populations  B.  The  four  major
components  are  maximized  in  populations:  ANE  (green),  Iranian  farmer  (red),  Anatolian  farmer
(violet), East Asian Hunter Gatherer (yellow). The other three are maximized in Han (orange), Mixe
(cyan), and Papuan (dark blue).  C. PCA of Xinj_HE individuals projected onto present-day Eurasian
populations. For clarity, only a limited number of ancient populations are shown.
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Fig. S7. Admixture cross-validation error analysis for K (K=2-12) with five replicates. Admixture

with K=7 showed the lowest Cross Validation (CV) error.
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Fig. S8. Results of ADMIXTURE run from K=5-9 with 5 replicates. ADMIXTURE run with K=7
gave  the  lowest  Cross  Validation  (CV)  error. The  four  major  components  are  maximized  in
populations: ANE (green), Iranian farmer (red), Anatolian farmer (violet), East Asian Hunter Gatherer
(yellow). The other three are maximized in Han (orange), Mixe (cyan), and Papuan (dark blue).
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Fig.  S9.  Outgroup  f3-statistics  of  all  Xinjiang  populations  with  selected  ancient  Eurasian
populations. Ancient populations are grouped as Anatolia, Bactria Margiana Archaeological Complex
(BMAC), Central Steppe EMBA (CS_EMBA), Central Steppe MLBA (CS_MLBA), East Asian (EA),
Eastern Steppe IA (ES_IA), Eastern Steppe Neolithic (ES_Neo), Hunter Gatherer (HG), Iron Age (IA),
Indus Periphery (Indus_Peri), Turan region, Western Steppe EMBA (WS_EMBA) and Western Steppe
MLBA (WS_MLBA). Xinjiang populations were divided into Bronze Age (BA), Late Bronze Age
(LBA), Iron Age (IA) and Historical Era (HE). Only populations with a minimum of 100,000 SNPs in
f3-statistics comparisons are plotted. All the f3 values have Z-score >3.0.
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Fig. S10. Outgroup  f3-statistics of all  Xinjiang populations with selected present-day east and
west Eurasian and South American populations.  Present-day populations are grouped as Central
Asia (CAS), Caucasus (CAU), East Asia (EAS), Europe (EUR), South America (SAMR), South Asia
(SAS), Siberia (SIB) and West Asia (WAS). Xinjiang populations were divided into Bronze Age (BA),
Late Bronze Age (LBA), Iron Age (IA) and Historical Era (HE). Only populations with a minimum of
100,000 SNPs in f3-statistics comparison are plotted. All the f3 values have Z-scores >3.0.
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Fig. S11. Top ten Outgroup f3-statistics results of Xinj_BA and Xinj_LBA with ancient Eurasian
populations. The f3-statistics are of the form f3(Ancient population, Xinjiang Population; Mbuti). Only
populations with a minimum of 100,000 SNPs in the  f3-statistics comparisons are plotted. All the  f3

values have Z-scores >3.0.
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Fig.  S12.  Outgroup  f3-statistics  results  for  ancient  Bronze  and  Late  Bronze  Age  Xinjiang
populations. The f3-statistics are of the form f3(Xinj_BA/LBA, Xinj_BA/LBA; Mbuti) were tested. Only
populations with a minimum of 100,000 SNPs in the  f3-statistics comparison are plotted. All the  f3

values have Z-scores >3.0.
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Fig.  S13.  Top  20  Outgroup  f3-statistics  results  of  ancient  BA  Xinjiang  and  present-day
populations. The f3-statistics are of the form f3(Xinj_BA/LBA, Present-day Population; Mbuti), where
Xinj_BA shows the highest genetic affinity for European, Siberian and South American present-day
populations. The Xinjiang LBA populations show greatest affinity with European populations. Present-
day populations are grouped as Central Asia (CAS), East Asia (EAS), North America (NAMR), Siberia
(SIB), Caucasus (CAU), Europe (EUR), South America (SAMR). Only populations with a minimum of
100,000 SNPs in the f3-statistics comparison are plotted. All the f3 values have Z-score >3.0.
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Fig.  S14.  qpAdm  estimation  of  genetic  coefficients  of  the  Xinjiang  populations  from  three
ancestry sources of AfontovaGora3 (AG3), Afanasievo and DevilsCave_N. Bronze Age and Late
Bronze Age individuals (red) show greater affinity for AG3 compared to the Iron Age (orange) and
Historical Era (green) Xinjiang populations, which show more affinity with the Afanasievo.
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Fig. S15. Decay of admixture linkage disequilibrium datings for Xinjiang Bronze Age and Iron 
Age individuals with working 2-source qpAdm models containing Steppe ancestry, implemented 
with the program DATES. We set the parameter for Genetic distance to be 0.45cM and estimated a 
standard error by performing a weighted block jackknife. We additionally present the Xinj_IA10_aEA 
plot with other BA individuals as this individual could be modeled with both Afanasievo and 
Andronovo using qpAdm, and the graph is not noisier compared to the other IA individuals that could 
be modeled using Afanasievo and Andronovo, although we note these results present a broad range of 
admixture dates for Andronovo ancestry.
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Fig. S16. Heat plot of Z-scores of f4-statistics of the form (f4(Ancient PopulationX, Ancient 
PopulationY; Xinj_BA7_oEA, Mbuti). The X-axis shows Ancient_Pop1 and Y-axis shows 
Ancient_pop2. A positive Z-score shows a higher affinity of X than Y to Xinj_BA7_oEA while a 
negative value shows a higher affinity for Y than X to Xinj_BA7_oEA. The heat plot shows that the 
majority of the ancient populations with East Asian ancestry show greater affinity to Xinj_BA7_oEA 
(e.g. Shamanka_EN) compared to other Steppe populations. Ancient populations from Central Asia, 
Anatolia and Steppe regions have been included in this comparison.

31



Fig. S17. Heat plot of Z-scores of f4-statistics of the form (f4(Ancient PopulationX, Ancient 
PopulationY; Xinj_BA5_oSte, Mbuti)). The X-axis shows Ancient_Pop1 and Y-axis shows 
Ancient_pop2. A positive Z-score shows a higher affinity of X than Y to Xinj_BA5_oSte while a 
negative value shows a higher affinity of Y than X to Xinj_BA5_oSte. The Xinj_BA5_oSte shows 
greater overall affinity to populations with Steppe ancestry (e.g. Afanasievo). Ancient populations from
Central Asia, Anatolia and Steppe regions have been included in this comparison.
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Fig. S18. Biplot of  f3-outgroup tests illustrating Kostenki14- and Anatolia_N- like ancestries in
Xinjiang populations. Compared to the Bronze Age populations, IA and HE populations shows greater
affinity with Anatolian farmer type ancestry. Previously published individuals are shown in blue. The
regression line is shown as black dashed line. Only populations with a minimum of 100,000 SNPs in f3-
statistics comparisons are plotted. All the f3 values have Z-score >3.0.
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Fig.  S19.  Biplot  of  f4-statistics  comparisons  of  Xinjiang  populations  to  show  affinities  for
Anatolian/Iranian  farmers.  f4(WSHG,  GanjDareh_N;  Xinj_Pop,  Mbuti) against  f4(WSHG,
Anatolia_N; Xinj_Pop, Mbuti). Xinj_BA populations make a separated cluster suggesting strong ANE
ancestry  while  the  Xinj_LBA populations  show greater  drift  with  Anatolian  farmers  compared  to
Xinj_IA/HE/BA populations. Anatolia_N (Anatolian farmer) and Iranian_N (Iranian farmer) have more
genetic affinity for Xinjiang_IA populations than to Xinjiang_BA populations. All the  f4 values have
significant Z-scores >3.0.
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Fig.  S20.  Biplot  of  f4-statistics  comparisons  of  Xinjiang  populations  to  show  affinities  for
Shamanka_EN/BMAC  (Gonur1_BA)  and  Shamanka_EN/Indus  Periphery  populations
(Gonur2_BA). A. f4(WSHG, Shamanka_EN; Xinj_Pop, Mbuti) and f4(WSHG, Gonur1_BA; Xinj_Pop,
Mbuti). B. f4(WSHG, Shamanka_EN; Xinj_Pop, Mbuti) and f4(WSHG, Gonur2_BA; Xinj_Pop, Mbuti).
We  observe  three  separate  clusters:  Cluster  1  includes  Xinj_BA populations,  Cluster  2  contains
majority  of  LBA/IA/HE  populations  and  Cluster  3  includes  populations  with  more  East  Asian
(Shamanka_EN) affinity compared to the WSHG (West_Siberia_N) ancestry. All the  f4 values have
significant Z-scores >3.0.
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Fig. S21. Top ten f3-statistics results of the Iron Age Xinjiang populations and ancient Eurasian
populations. The f3-statistics are of the form f3(Ancient Population, Xinj_IA; Mbuti). Only populations
with a minimum of 100,000 SNPs in f3-statistics comparisons are plotted. All the f3 values have Z-score
>3.0.
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Fig. S22. Top-20 outgroup f3-statistics for Xinj_IA populations and present-day populations. The
f3-statistics are of the form f3(Present-day Population, Xinj_IA; Mbuti) and show Xinj_IA to have the
highest  genetic affinity for European, Siberian,  South American and North-East Asian populations.
Present-day populations are grouped as Central Asia (CAS), East Asia (EAS), North America (NAMR),
South Asia (SAS), Caucasus (CAU), Europe (EUR), South America (SAMR) and Siberia (SIB). Only
populations with a minimum of 100,000 SNPs in f3-statistics comparisons are plotted. All the f3 values
have Z-score >3.0.
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Fig.  S23.  Top  ten  f3-statistics  results  of  the  Historical  Era  Xinjiang  populations  and  ancient
Eurasian populations. The outgroup f3-statistics are of the form f3(Ancient Population, Xinjiang_HE;
Mbuti). All the f3 values have significant Z-scores >3.0.
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Fig. S24. Top-20 outgroup  f3-statistics for Historical Era Xinjiang and present-day populations
from Eurasian and America.  The  f3-statistics are of the form  f3(Xinj_HE, Present-day Population;
Mbuti) and show Xinj_HE to have the highest genetic affinity for European, Siberian and East Asian
populations.  Present-day  populations  are  grouped  as  Central  Asia  (CAS),  East  Asia  (EAS),  North
America (NAMR), South Asia (SAS), Caucasus (CAU), Europe (EUR), South America (SAMR), and
Siberia  (SIB).  Only populations with a  minimum of  100,000 SNPs in  f3-statistics  comparisons are
plotted. All the f3 values have Z-score >3.0.
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Fig. S25. Outgroup f3-statistics of the form f3(Xinj_Pop, East-Asian; Mbuti) to measure the shared
genetic  drift  with  diverse  East  Asian  populations.  A.  The  f3 statistics  with  all  the  Xinjiang
populations B. Only the Historical Era populations are plotted with East Asian populations. Among the
HE populations,  Xinj_HE7,  AYSG_HE_oEA and  BYH_HE_oEA show  comparatively  higher  East
Asian  affinity  compared to  the  other  HE populations.  The East  Asian  populations  are  grouped as
Ancient Iron Age (Anc_IA), North East (Anc_NE), South East (Anc_SE), Siberia (Anc_Sib), Tibet
(Anc_Tibet),  Austroasiatic  (AustorAsia),  Austronesian  (Austrones),  Hmong,  Sino-Tibet,  Tai  Kadai,
Xinjiang (Xinj).
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Fig.  S26.  Mitochondrial  and  Y-Chromosomal  haplogroups  of  ancient  Xinjiang  individuals.
Xinjiang individuals are divided into groups of Bronze Age (BA), Historical Era (HE), and Iron Age
North (IA). Geographical orientation is depicted as North (_N), South (_S), West (_W), East (_E), and
Central (_C). For the BA individuals, we observe more of the R1b1/R1b2 Y-haplogroup typical of
Steppe EMBA populations, whereas the IA more typically have the R1a1 Y-haplogroup associated with
Steppe_MLBA populations.
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Fig. S27. Working distal qpAdm models with different ancestral sources. Bronze Age populations
show high levels of ANE ancestry. In general, we observed that the LBA populations showed greater
Anatolian farmer related ancestry compared to BA populations, a trend which further continued into the
IA and HE. We also see outlier populations containing elevated East Asian ancestry. Bronze Age (BA),
Historical Era (HE) and IA (Iron Age).
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Fig. S28. Working proximal qpAdm models for Xinjiang Late BA, Iron Age and Historical Era
populations using ancient Xinjiang populations as possible sources. Most of the Xinjiang IA and
HE populations could be modeled using the Xinjiang_LBA with additional ancestries being derived
from East Asian or BMAC populations. While most of the HE populations could be modeled using the
Iron Age populations.
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Fig. S29. Phenotypic analysis of eye color for Xinjiang samples using HIrisPlex-S. Predicted eye
color given as a probability of either brown, blue, or intermediate for samples having a minimum depth
of 5x for each covered SNP. Samples grouped in boxes according to time period: black, BA (5000-3000
BP); orange,  IA (3000-2000 BP); purple,  HE (<2000 BP).  Blank boxes denote a lack of available
samples  or  lack  of  samples  passing  depth  threshold  for  that  time period.  Prediction  accuracies  as
expressed by the area under the curve of a receiver operating characteristic curve (AUC) are given in
Table S15.
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Fig. S30. Phenotypic analysis of hair color for Xinjiang samples using HIrisPlex-S. Predicted hair
color given as a probability of either black, brown, blonde, or red for samples having a minimum depth
of 5x for each covered SNP. Samples grouped in boxes according to time period: black, BA (5000-3500
BP); gray, LBA (3500-3000 BP); orange, IA (3000-2000 BP); purple, HE (<2000 BP). Blank boxes
denote a lack of available samples or lack of samples passing depth threshold for that time period.
Samples for the Xiaohe site from Zhang et al. 2021 (16) are indicated with a gray circle above them
and are predicted at  a  lower minimal  depth of  3x for  each covered SNP. Prediction accuracies  as
expressed by the area under the curve of a receiver operating characteristic curve (AUC) are given in
Table S15.
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Fig. S31. Phenotypic analysis of skin tone for Xinjiang samples using HIrisPlex-S.  Predicted skin
tone given as a probability of either dark to black, dark, intermediate, pale, or very pale for samples
having a minimum depth of 5x for each covered SNP. Samples grouped in boxes according to time
period: black, BA (5000-3500 BP); gray, LBA (3500-3000 BP); orange, IA (3000-2000 BP); purple,
HE (<2000 BP). Blank boxes denote a lack of available samples or lack of samples passing depth
threshold for that time period. Samples marked with a gray circle are from Zhang et al. 2021 (16) and
are predicted at a lower minimal depth of 3x for each covered SNP. Prediction accuracies as expressed
by the area under the curve of a receiver operating characteristic curve (AUC) are given in Table S14.
Images of skin color categories can be found in Chaitanya et al. (36).
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