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Supplementary Text 

Samples description 

Overview 
In this study, we obtained 97 human specimens from 30 archaeological sites spanning 

across the Tibetan Plateau, including both the Tibet Autonomous Region (Xizang) and 

Qinghai Province of China. It covers all seven prefecture-level divisions of Tibet 

Autonomous Region, i.e. Ngari, Shigatse, Lhasa, Shannan, Nagqu, Nyingchi and 

Chamdo; and two prefectures of Qinghai, i.e., Yushu and Hainan. Sites were grouped 

into six sub-regions as defined in the Methods. The locations of archaeological sites are 

listed below: 

• northeastern Tibetan Plateau: Zongri, Pukagongma and Galacun sites;
• central Tibetan Plateau: Ousui, Butaxiongqu, Ounie, Gangre and Chaxiutang sites;
• southeastern Tibetan Plateau: Redilong, Xiaoenda, Agangrong, Kangyu and

Gutong sites;
• southern Tibetan Plateau: Luozhating, Jiesang, Yusa, Nudagang, Dama, Shigou,

Rangjun, Longsangquduo, Latuotanggu, Jawutang, Gachong and Lajue sites.
• western Tibetan Plateau: Piyangjiweng and Gelintang.
• southwestern Tibetan Plateau: Sila, Sding Chung and Zhangshu sites.

Zongri site from the Hainan prefecture, Qinghai 

We analyzed 22 human samples from the Zongri site, from the Hainan prefecture in 

Qinghai province. We retained 12 unrelated individuals, who are clustered into six genetic 

groups (Supplementary Text). Outgroup-f3 statistics show that these groups share the 

highest genetic drift with present-day populations on or near the Tibetan Plateau (Fig. S2), 

especially the ones from the southeastern Tibetan Plateau. 

Zongri (n = 22, the number of specimens examined) 

The Zongri site is located at an elevation of 2800–3000 meters above sea level (masl) in 

Tongde County, Hainan Prefecture, Qinghai. The site was first discovered in 1982, 



followed by an exploratory excavation in 1983 and major excavations in 1994 and 1996 

(23). The pottery excavated at the Zongri site are related to three different cultures: the 

local Zongri Culture, the Majiayao Culture (5,300-4,000 BP) from neighboring regions to 

the east, and the Qijia Culture (23, 73). The Zongri Culture overlapped in time with the 

Majiayao Culture, which was succeeded by the Qijia Culture (74). The 22 human samples 

included in this study are from different burials which cover four temporal phases of this 

site (75). From phase I burials, we sampled C4783 and C202 from Grave M297 who was 

buried with early Zongri style pottery, C056 from Grave M299 buried with Majiayao style 

pottery, and C208 from Grave M273 with pottery related to both the Zongri and Majiayao 

Cultures. From phase II-III burials, we sampled CSP046 from Grave M27, who was buried 

with one Majiayao style pot and several Zongri style pots. We also sampled CSP048 from 

Grave M33, C050 from Grave M1, CSP047 from Grave M75, and CSP057 from Grave 

M22, and these graves contain typical Zongri style potteries. From phase IV burials, we 

sampled C205 and C4775 from Grave M32, CSP049 from Grave M80, and these two 

graves contained pottery likely related to the Qijia Culture. Ten specimens were sampled 

from burials with unassigned phases: C051 from Grave M251, CSP054 and C4776 from 

Grave M78, C4782 and C4778 from Grave M223, C4777 and C4780 from Grave M225, 

C4779 from Grave M224, C4781 from Grave M226, and C4774 from Grave M14. 

Radiocarbon dates were generated for 13 specimens, which showed they lived 5213-

3716 calibrated years before present (cal BP, Table S2).  

In a familial analysis (Table S4), we found two pairs were identified as deriving from the 

same individual (“Self”). C4783 and C202 are from the same grave, and assuming the 

two specimens derived from the same individual, we merged their genomic data (denoted 

hereafter as C4783_C202). In contrast, the other pair, C205 and C4777, are from different 

graves. We thus only kept the one with greater endogenous DNA (C205) for downstream 

analysis. We found seven pairs of familial relationships, and for each pair, we retained 

only the one with greater endogenous DNA for downstream population genetic analysis. 

We additionally found that CSP049 showed high evidence of contamination and thus data 

from this specimen was excluded from further analysis (Table S1). After filtering, 12 of 20 



successfully sequenced specimens were identified as deriving from distinct individuals 

and were retained for population genetic analysis. 

Yushu prefecture, Qinghai 

We analyzed six humans from two sites, Pukagongma and Galacun from the Yushu 

prefecture in Qinghai province. We retained six unrelated individuals, who are clustered 

into two genetic groups, Yushu2.8k and Yushu0.5k, for downstream population genetic 

analyses. The outgroup-f3 statistics analyses show that the Yushu0.5k is most closely 

related to present-day Tibetans from the southeastern Tibetan Plateau and present-day 

Qiang populations from Sichuan province (Fig. S3B). Yushu2.8k shows a similar pattern 

(Fig. S3A), but lower genetic similarity to them overall relative to Yushu0.5k. The 

archaeological sites and specimens are described below. 

Pukagongma (n = 5) 

The Pukagongma site is located in Zhidoi County, Yushu Prefecture, Qinghai, in the 

northern region of the Tibetan Plateau. The elevation of this site is 4,177 masl. Excavation 

at this site revealed a large number of stone coffins, and burial objects included bronze 

wares, pottery, animal bones and stone artifacts. The site was estimated to date to 2,720-

2,426 BP (76). We generated genomic data for five specimens: CSP133, CSP134, 

CSP135, CSP136 and CSP137. Radiocarbon dates were generated for three specimens: 

2997-2785 cal BP (2800±35 BP, CSP136), 2861-2760 cal BP (2720±25 BP, CSP133), 

and 2869-2755 cal BP (2710±35 BP, CSP135). All sampled specimens showed no 

relationship to each other in a familial relationship analysis. They were clustered as the 

“Yushu2.8k” group. 

Galacun (n = 1) 



The Galacun site is a temple site located in Galacun Village from the Yushu prefecture in 

Qinghai Province. It is estimated to date to the Ming Dynasty (1,368-1,644 AD) (77). The 

elevation of this site is 4,180 masl. We included one specimen, C514, whom we directly 

dated to 553-511 cal BP, consistent with the archaeological context. 

Nagqu Prefecture, Tibet 

We analyzed eight human samples from five sites (Ousui, Butaxiongqu, Gangre, Ounie, 

and Chaxiutang) from the Nagqu prefecture in the Tibet Autonomous Region. We retained 

seven unrelated individuals, who are clustered into five genetic groups, i.e. Nagqu2.7k, 

Nagqu2.5k, Nagqu1.6k, Nagqu1.4k, and Nagqu1.1k, for downstream population genetic 

analyses. Outgroup-f3 statistics show that Nagqu2.7k and Nagqu2.5k are most closely 

related to present-day Tibetan populations from the southeastern Tibetan Plateau, and 

Nagqu1.6k, Nagqu1.4k, and Nagqu1.1k are most closely related to present-day Tibetan 

populations from the southeastern Tibetan Plateau (Fig. S4). The archaeological sites 

and specimens are described below. 

Ousui (n = 1) 

The Ousui cemetery, with an elevation of around 3,900 masl, is located in Lejiakucun 

Village, Biru county from Nagqu prefecture. We sampled C3991, for which we also 

generated a radiocarbon date of 2767-2709 cal BP (2600±30 BP). We refer to the 

individual represented by this specimen as Nagqu2.7k. 

Butaxiongqu (n = 1) 

The Butaxiongqu site is located in the Nagqu prefecture of the Tibet Autonomous Region. 

The elevation of this site is 4,623 masl. Stone coffins found at this site are dated to 

2,460±30 BP (uncalibrated) using carbon-14 dating (78). Remains from animals including 

dogs, sheep, and horses were also found (78). We included one specimen, CSP144, who 



was directly radiocarbon dated to 2683-2352 cal BP (2415±25 BP). This individual is 

designated as Nagqu2.4k. 

Gangre (n = 1) 

The Gangre cemetery, with an elevation of 4,740 masl, is located in Nima county from 

the Nagqu prefecture. Based on pottery and other artifacts found in stone tombs, the site 

is presumed to represent a Tubo or pre-Tubo culture (79). We included specimen C5085, 

for which we also generated a radiocarbon date range of 1738-1590 cal BP (1780±30 

BP). This individual is designated as Nagqu1.6k. 

Ounie (n = 4) 

The Ounie cemetery is located in Baingoin county from the Nagqu prefecture (80). The 

average elevation is above 4,450 masl. The cemetery is famous for its sand pits and 

stone coffins, and is estimated to date to the early 7th-8th centuries, around the Sui or 

Tang dynasties. We included four specimens: C5172 and C3992 from Grave M2, C3993 

from Grave M4, and C5173 from Grave M5, among which C5172 and C3993 were directly 

radiocarbon dated to 1520-1363 cal BP (1550±30 BP) and 1359-1290 cal BP (1420±30 

BP), respectively. 

In a familial analysis, specimens C5172 and C3992 were identified as deriving from the 

same individual (Table S4). We thus merged genomic data from these two individuals 

and refer to the merged set as individual C5172_C3992. The remaining two individuals 

did not show a familial genetic relationship. Collectively, these three individuals were 

clustered as the “Nagqu1.4k” group. 

Chaxiutang (n = 1) 



The Chaxiutang site is a ritual site also from Nagqu. It is estimated to be from the Tubo 

Period (618-842 AD) (81). The elevation of this site is 4,589 masl. We obtained CSP132 

from this site and directly radiocarbon dated the specimen to 1179-963 cal BP (1170±40 

BP). This individual is designated as Nagqu1.1k. 

Chamdo Prefecture, Tibet 

We analyzed four human samples from two sites (Redilong and Xiaoenda) from the 

Chamdo prefecture in the Tibet Autonomous Region. We retained four unrelated 

individuals, who are clustered into three groups, i.e. Chamdo2.8k_1, Chamdo2.8k_2, and 

Chamdo2.7k, for downstream population genetic analyses. Outgroup-f3 statistics show 

that they are most closely related to present-day Tibetan and Qiang populations from the 

same or nearby regions (Fig. S5). The archaeological sites and specimens are described 

below. 

Redilong (n = 2) 

The Redilong site is located in the Chamdo prefecture of the Tibet Autonomous Region. 

The site is estimated to date to ~2,000 BP based on archaeological remains (82). The 

elevation of this site is 3,250 masl. Specimens CSP141 and CSP142 were included in 

this study, and CSP142 was directly radiocarbon dated to: 2850-2757 cal BP (2700±25 

BP). The two individuals showed an asymmetric relationship to two tested reference 

individuals (Table S6), so they were assigned two independent genetic groups: 

Chamdo2.8k_1 and Chamdo2.8k_2. 

Xiaoenda (n = 2) 

The Xiaoenda site is located in the Chamdo prefecture of the Tibet Autonomous Region. 

The elevation of this site is 3,100 masl. It is a Neolithic site, and stone coffins were found 

at this site (83, 84). Two specimens, C1036 and C1037, were included in this study. Both 



specimens were radiocarbon dated, to 2842-2736 cal BP (2645±25 BP) and 2722-2472 

cal BP (2490±25 BP), respectively. In a familial analysis, the two individuals showed no 

familial relationship to each other, indicating that they were unrelated. They were 

clustered as the “Chamdo2.7k” group. 

Nyingchi Prefecture, Tibet 

We analyzed seven humans from three sites, i.e. Agangrong, Kangyu, and Gutong from 

this prefecture in the Tibet Autonomous Region. We retained six unrelated individuals, 

who are clustered into four groups (Nyingchi2k, Nyingchi2k_o, Nyingchi0.8k, 

Nyingchi0.1k) for downstream population genetic analyses. Outgroup-f3 statistics show 

that Nyingchi2k, Nyingchi2k_o, and Nyingchi0.8k are most genetically similar to present-

day Tibetan and Qiang populations on or nearby the plateau, Nyingchi0.1k is most closely 

related to present-day Han populations (Fig. S6). The archaeological sites and specimens 

are described below. 

Agangrong (n = 5) 

The Agangrong site is from Bome county in the Nyingchi prefecture from the southern 

Tibetan Plateau, with an elevation of around 3,000 masl. The estimated date is 2700-

1800BP (85) based on the archeological context of 13 excavated tombs from the site. We 

obtained five specimens from the site: C3443, C3444, C3445, C3447 and C5186. We 

also generated radiocarbon dates for three specimens: 1992-1830 cal BP (1980±30 BP, 

C3444), 2100-1889 cal BP (2040±30 BP, C3447), and 2096-1882 cal BP (2030±30 BP, 

C3445). 

In a familial analysis (Table S4), specimens C3447 and C5186 were identified as deriving 

from the same individual. They are also from the same grave (Table S2). Thus, we 

merged their genomic data and refer to the merged set as individual C3447_C5186. 

Among the three remaining specimens, no familial genetic relationships were found. 



C3444 produced an asymmetric signal (Table S6) when compared with the other two 

individuals, and was assigned to a distinct “Nyingchi2k_o” group. The remaining two 

individuals were clustered as the “Nyingchi2k” group.  

Kangyu (n = 1) 

The Kangyu cemetery is from Bome county in the Nyingchi prefecture. Human specimens 

were excavated in 2019 from this site. We included one specimen, C5190, and generated 

a radiocarbon date of 909-732 cal BP (900±30 BP). This individual is designated as 

Nyingchi0.8k. 

Gutong (n = 1) 

Gutong is a cave site from Bome County in the Nyingchi prefecture. Human specimens 

were discovered in 2019. We included one specimen, C5169, for whom we generated the 

radiocarbon date range of 275-8 cal BP (130±30BP BP). This individual is designated as 

Nyingchi0.1k. 

Shannan Prefecture, Tibet 

We analyzed seven human samples from four sites (Tingcun, Yusa, Jiesang, Dama) from 

the Shannan prefecture in the Tibet Autonomous Region. We retained six unrelated 

individuals, who are clustered into three groups, i.e., Shannan2.2k_1, Shannan2.2k_2, 

and Shannan_1.3k, for downstream population genetic analyses. Outgroup-f3 statistics 

show that they are most closely related to present-day Tibetan populations on the same 

or nearby regions (Fig. S7). The archaeological sites and specimens are described below. 

Tingcun (n = 1) 



The Tingcun cemetery is in Lhozhag county from the Shannan prefecture, with an 

average elevation of 3,800 masl. The site was first excavated in 2017, and a large amount 

of pottery was unearthed from this site (86). We included one specimen, for which we 

also generated radiocarbon dates: 3063-2873 cal BP (2850±30 BP). This individual is 

designated as Shannan3k. 

Jiesang (n = 3) 

The Jiesang cemetery is from the Naidong district in the Shannan prefecture, with an 

elevation of around 3,700 masl. Coffin chambers, oriented to the west with trapezoidal or 

rectangular planes, are found at this site. Stone coffins are found inside the chambers but 

burial objects are scarce (87). We included three samples (C3450, C3455, C3456) and 

directly radiocarbon dated the C3455 and C3456 specimens. They were dated to 2313-

2099 cal BP (2180±30 BP) and 2326-2144 cal BP (2210±30 BP), respectively. After 

quality control, only two specimens were retained for genetic analysis, C3455 and C3456. 

They showed no familial genetic relationship to each other, and were clustered together 

as the Shannan2.2k_1 group.  

Yusa (n = 1) 

The Yusa cemetery is located in the Naidong district of the Shannan prefecture. We 

collected one specimen and directly radiocarbon dated the specimen, C5145, to 2341-

2153 cal BP (2250±30BP BP). This individual is designated as Shannan2.2k_2.  

Dama (n = 2) 

The Dama cemetery is in the Shannan prefecture, and it was excavated in 2018. The site 

is estimated to date back to the East Han dynasty based on burial excavations (88). We 

sampled two specimens, C5187 and C5189, and generated radiocarbon dates for each 

of 1400-1307 cal BP (1480±30 BP) and 1290-1176 cal BP (1300±30 BP), respectively. In 



a familial analysis, the two individuals do not show a familial genetic relationship, 

suggesting that they are unrelated to each other. They were clustered as the 

“Shannan1.3k” group. 

Lhasa Prefecture, Tibet 

We analyzed five humans from four sites (Lajue, Gachong, Jawutang, Shigou) from the 

Lhasa prefecture in the Tibet Autonomous Region. We retained three unrelated 

individuals, who are clustered into three groups, i.e., Lhasa1.1k, Lhasa1k, and Lhasa0.7k, 

for downstream population genetic analyses. Outgroup-f3 statistics show that they are 

most closely related to present-day Tibetan populations from the same or nearby regions 

(Fig. S8). The archaeological sites and specimens are described below. 

Lajue (n = 2) 

Lajue cemetery is in Lhasa, the capital of the Tibet Autonomous Region, with an average 

elevation of 3,650 masl. The date of this site is estimated to be around the Tubo time 

period (81). We sampled two specimens, C5077 and C1357, and generated radiocarbon 

dates for C1357 of 1178-977 cal BP (1170±30 BP). The C5077 individual was excluded 

from downstream analyses due to high contamination. The C1357 individual was 

designated as “Lhasa1.1k”.  

Gachong (n = 1) 

The Gachong cemetery was excavated in 2018 in Duilongdeqing county from the Lhasa 

prefecture. We included one specimen, C5144, from this site and directly radiocarbon 

dated C5144 to 1055-916 cal BP (1050±30BP). This individual was designated as 

Lhasa1k. 

Jawutang (n = 1) 



Jawutang site is located in the Semai village from the Lhasa prefecture. The popular tomb 

structure found in Jawutang cemetery is rarely seen in Lhasa Valley or Yarlung Tsangpo 

River Valley (89). We included one specimen, C3441, from this site and directly dated 

C3441 to 1291-1174 cal BP (1290±30BP). Very little genomic data was generated for this 

specimen, and C3441 was not included in downstream genetic analyses. 

Shigou (n = 1) 

The Shigou site is located in the Lhasa prefecture, and it is estimated that the site dates 

back to no earlier than AD 1200 based on Tibetan texts excavated along with the human 

samples (90) . Specimen CSP130 was sampled from this site. This individual is 

designated as Lhasa0.7k. 

Eastern part of the Shigatse Prefecture, Tibet 

The eastern and western parts of Shigatse prefecture in the Tibet Autonomous Region 

were referred to differently throughout this study, with western Shigatse referred to as the 

southwestern Tibetan Plateau while the eastern Tibetan Plateau was combined with 

Lhasa and Shannan Prefecture to be collectively referred to as southern Tibetan Plateau. 

We analyzed 24 humans from four sites, i.e. Nudagang, Rangjun, Longsangquduo and 

Latuotanggu of eastern Shigatse. We retained 20 unrelated individuals, who are clustered 

into four groups, i.e., Shigatse2.1k, Shigatse1.2k, Shigatse0.9k and Shigatse0.7k, for 

downstream population genetic analyses. Outgroup-f3 statistics show that they are most 

closely related to present-day Tibetan populations from the same or nearby regions, 

including Lhasa, Shannan, Shigatse, Nagqu and Nyingchi (Fig. S9). The archaeological 

sites and specimens are described below. 

Nudagang (n=3) 



The Nudagang cemetery is located in the Rinbung County from the Shigatse prefecture. 

The site was excavated in 2019, and we sampled three specimens for which we also 

generated radiocarbon dates: 2302-2003 cal BP (2150±30 BP, C5146), 2295-2000 cal 

BP (2130±30BP BP, C5148), and 2336-2149 cal BP (2230±30BP BP, C5149). In a 

familial analysis, the three individuals were unrelated to each other. They were clustered 

as the “Shigatse2.1k” group. 

Rangjun (n = 2) 

The Rangjun cemetery is located in Rinbung county from the Shigatse prefecture. This 

site has archaeological similarities to the Xiaoenda cemetery in Chamdo (91). We 

included two specimens from this site, C5150 and C5151. C5150 and C5151 were both 

directly radiocarbon dated to 1291-1174 cal BP (1290±30BP BP) and 1277-1073 cal BP 

(1250±30 BP), respectively. C5151 was not included in downstream analyses, as too little 

genomic data were obtained to evaluate levels of modern human contamination. The 

individual C5150 was named “Shigatse1.2k” for genetic analysis.  

Longsangquduo (n = 14) 

The Longsangquduo cemetery was discovered in 2018 in Namling county from the 

Shigatse prefecture. We sampled 14 specimens from this site: C5152, C5153, C5154, 

C5155, C5156, C5157, C5158, C5159, C5160, C5161, C5162, C5163, C5164, and 

C5165. Four specimens were radiocarbon dated to 922-779 cal BP (940±30 BP, C5159), 

960-797 cal BP (1010±30 BP, C5165), 959-797 cal BP (1000±30 BP, C5157), and 973-

799 cal BP (1020±30 BP, C5153). 

In a familial analysis (Table S4), C5163 and C5164 were identified as possessing a 1-

degree familial relationship, which corresponds most parsimoniously to a mother and son 

or a father and daughter. We retained C5164 for downstream analyses, as C5163 had 

lower levels of genomic data. C5164 and the remaining 12 specimens were collectively 

clustered as “Shigatse0.9k”. 



Latuotanggu (n = 5) 

The Latuotanggu site is in Laluo village from the Sa’gya county in the Shigatse prefecture. 

We included five specimens from this site: C3427, C5171, C3425, C3428, and C3426. 

Radiocarbon dates were generated for four of them: 772-675 cal BP (810±30BP BP, 

C5171), 675-560 cal BP (680±30BP BP, C3425), 683-563 cal BP (700±30BP BP, C3428), 

and 909-732 cal BP (900±30BP BP, C3426). 

In a familial analysis (Table S4), C3426 and C3428, both from Grave M5, were identified 

to possess a 1-degree familial relationship, which corresponds most parsimoniously to a 

father and son. We further identified that C5171 shows a 1-degree familial relationship 

with C3426 and a 2-degree familial relationship with C3428 (Table S4). Due to the 

extended familial genetic relationships between these three specimens, we retained only 

the specimen with the highest levels of genomic data, C5171. We thus removed C3426 

and C3428 from further downstream analyses. C5171 and the two individuals were 

clustered as “Shigatse0.7k”. 

Western part of the Shigatse prefecture, Tibet 

We analyzed five humans from three sites (Sila, Sding Chung, Zhangcun) from the 

western part of the Shigatse prefecture. We retained five unrelated individuals who are 

clustered into four genetic groups: Shigatse2.6k, Shigatse1.9k, Shigatse1.5k_1 and 

Shigatse1.5k_2, for downstream population genetic analyses. Outgroup-f3 statistics show 

that Shigatse2.6k, Shigatse1.9k, and Shigatse1.5k_2 are most closely related to present-

day Tibetan and Sherpa populations on the plateau (Fig. S10), while Shigatse1.5k_1 is 

most closely related to Han populations. The archaeological sites and specimens are 

described below. 

Sila (n = 2) 



The Sila site is a stone chamber cemetery, which is located in the western regions of the 

Shigatse prefecture. The elevation of this region is ~4,000 masl. We sampled two 

specimens, C403 and C404, and directly generated radiocarbon dates for these two 

specimens, 2745-2496 cal BP (2540±30 BP) and 2721-2425 cal BP (2480±30 BP), 

respectively. In a familial analysis, the two individuals showed no familial genetic 

relationship to each other, suggesting that they were unrelated. We clustered them as the 

“Shigatse2.6k” group. 

Sding Chung (n = 1) 

The Sding Chung site is a cave burial in Sding Chung county located on the western edge 

of the Shigatse prefecture, with an elevation of 5,000 masl. We sampled one specimen, 

C5417, for whom we also generated a radiocarbon date range of 1928-1745 cal BP 

(1930±30 BP). The genetic group “Shigatse1.9k” was assigned to the individual. 

Zhangcun (n = 2) 

The Zhangcun cemetery is in Gyirong city in the Shigatse prefecture, with an elevation of 

2,793 masl. The site was excavated in 2019 and two human specimens, C5185 and 

C5184, were excavated. We sampled both specimens and generated radiocarbon dates 

for C5184 of 1520-1363 cal BP (1550±30 BP). The two individuals showed an asymmetric 

genetic relationship to two tested reference individuals (Table S6). Thus, we assigned 

them to separate genetic groups, Shigatse1.5k_1 and Shigatse1.5k_2. 

Ngari Prefecture, Tibet 

We analyzed ten humans from two sites (Piyangjiweng and Gelintang) from the Ngari 

prefecture in the Tibet Autonomous Region. We retained seven unrelated individuals, who 

were clustered into four groups: Ngari2.3k, Ngari2.3k_o1, Ngari2.3k_o2, and Ngari0.1k, 



for downstream population genetic analyses. Outgroup-f3 statistics show that they are 

most closely related to present-day Tibetan and Sherpa populations on the plateau (Fig. 

S11). The archaeological sites and specimens are described below. 

Piyangjiweng (n = 9) 

The Piyangjiweng cemetery is found in the Ngari prefecture (92) and is estimated to date 

back to around the 1st century AD, corresponding to the Han and Jin dynasties. An 

archaeological survey showed evidence of secondary burial at this site. We sampled nine 

specimens from different graves: C4563, C4564, C4565, C456, C4567, C4568, C4569, 

C4570 and C4571. We directly radiocarbon dated C4564 to 2344-2155 cal BP (2260±30 

BP). 

In a familial analysis (Table S4), three specimens (C4565, C4566 and C4570) were 

identified as deriving from the same individual, but they are from different graves, possibly 

due to a secondary burial (Table S2). We retained only the specimen with the most 

genomic data available for downstream analysis, i.e. C4566. For the remaining six 

specimens, none were found to share a familial genetic relationship. We found that four 

individuals (C4564, C4567, C4569, and C4571) clustered together, designated as 

“Ngari2.3k”. The remaining two were outliers that did not cluster with each other in an f4-

analysis (Table S6), with C4566 designated as “Ngari2.3k_o1” and C4563 designated as 

“Ngari2.3k_o2”. 

Gelintang (n = 1) 

The Gelintang cemetery is in the Ngari prefecture from the Tibet Autonomous Region, 

with an average elevation of 4,500 masl. Several other cemeteries in the vicinity share 

many common features (93): for example, bronze swords bearing similarities to those 

found in the northern steppe were excavated from Gelintang and other cemeteries, 



suggesting a connection to steppe cultures (94). We sampled the specimen CSP147, who 

is dated to 262-27 cal BP (110±20 BP) (95). 

Principle Component Analysis (PCA) 

In Fig. 2 and Fig. S12, we showed a PCA constructed with diverse Asian populations, 

including from East Asia, Central Asia, South Asia and Southeast Asia. To further 

investigate the relationship between the ancient individuals and different East Asian 

groups, we also performed PCA with a present-day panel including only East and 

Southeast Asian populations. On this PCA (Fig. S13), all the projected ancient Tibetan 

Plateau individuals overlap with or are close to present-day Tibetan and Qiang 

populations. Ancient individuals on the northeastern Tibetan Plateau shift slightly towards 

present-day Mongolians and Siberians (Fig. S13). Individuals from the western Tibetan 

Plateau are shifted towards present-day northern East Asians. 

ADMIXTURE analysis 

We performed an unsupervised structure analysis with ADMIXTURE (version 1.3.0) to 

examine the genetic relationship between ancient individuals of the Tibetan Plateau and 

worldwide present-day and ancient humans. For present-day populations, we included 

diverse worldwide populations from the 929 Diverse Genomes Project (96) (Fig. S14), as 

well as present-day Han and Tibetans (6) that were sampled from across China, divided 

by province (Han) or prefecture (Tibetan). For ancient humans, we included individuals 

spanning from the Neolithic to historical times from regions around the Tibetan Plateau, 

such as the Eastern Eurasian Steppe (62, 63), Central and South Asia (97), and East and 

Southeast Asia (7, 36, 65, 98). ADMIXTURE analyses were performed with K varying 

from 2 to 14, and for each K, 10 random-seed replicates were run (Fig. S14). For each K, 

the admixture output with the lowest CV value is plotted (Fig. S15). The result for K = 11 

is presented in the main text which has the lowest CV values (Table S5). 



Genetic clustering 

As described in the Methods section, we tested f4-statistics in the form of f4 (X1, X2, Z, 

Mbuti) where X1 and X2 are individuals from the same test site and Z are individuals from 

a reference panel (see Methods). In most cases, we found that individuals from the same 

archaeological site show a symmetric relationship to reference panel populations with the 

exception of groups from the archaeological sites of Zongri, Piyangjiweng, Zhangcun, 

Longsangquduo, Agangrong and Redilong, which are described in detail below (Table 

S6). 

At the Zongri site, multiple asymmetric signals were observed (Table S6), indicating high 

genetic heterogeneity across the 1,000-year period sampled. Many signals were driven 

by the oldest individual (C4783_C202) and the C4781 individual. In a PCA, all the Zongri 

individuals cluster together excepting the oldest individual. In outgroup f3 analyses, all 

Zongri individuals except C4783_C202 and C4776 cluster together. Thus, we assigned a 

distinct genetic group, Zongri5.1k, to C4783_C202. We also assigned three other 

individuals different group names based on their dating, with C050 assigned to Zongri4.7k, 

and C051 and CSP054 assigned to Zongri4.1k. The remaining individuals were grouped 

as Zongri4.5k. C4781 and C4776 are outliers, whom we denoted as Zongri4.5k_o1 and 

Zongri4.5k_o2, respectively. 

Notably, in the f4-statistic tests (Table S6), we found that the C4783_C202 individual 

(Zongri5.1k) shows a connection with a 45,000-year-old Siberian (UstIshim), a pattern not 

found in other Zongri individuals. We further investigated this connection by comparing 

Zongri5.1k with other Neolithic East Asians and with f4-statistics using both Mbuti and 

Chimp as outgroups. We confirmed this signal (Table S7) and found this signal is 

particularly strong when compared with other northern Neolithic East Asians.  

At the Piyangjiweng site, asymmetric signals among the six individuals were mostly driven 

by the C4566 and C4563 individuals (Table S6). Comparison to the reference panel 



showed that the C4563 individual shares excess similarity to the Afanasievo from the 

Eastern Eurasian steppe. In comparisons with C4566, all other Piyangjiweng individuals 

share more genetic similarity with both the 40,000-year-old Tianyuan individual and the 

Middle Neolithic East Asians from the Yellow River region (YR_MN), than with C4566. 

Given the deep divergence between Tianyuan and YR_MN, the results support influence 

from an unknown deeply diverged ancestry. With the main group “Ngari2.3k”, we used 

distinct names for C4566 and C4563 of “Ngari2.3k_o1” and “Ngari2.3k_o2”, respectively. 

At the Zhangcun site, the two individuals C5185 and C5184 do not cluster in a PCA (Fig. 

1F), and C5185 shows excess genetic similarity with Chokhopani and Luozhating in f4-

statistics (Table S6). Furthermore, they show different genetic profiles in an ADMIXTURE 

analysis (Fig. S14). Therefore, we denoted them separately as “Shigatse1.5k_1” and 

“Shigatse1.5k_2”.  

At the Longsangquduo site, two marginal asymmetric signals were found (Table S6). 

However, no consistent pattern can be determined from PCA, ADMIXTURE, or outgroup 

f3 analyses to suggest differentiation across ancient individuals from this site. We 

therefore kept all individuals in a single “Shigatse0.9k” group. 

At the Agangrong site, the C3447_C5186 and C3445 individuals share excess alleles 

with 19,000 and 11,000-year-old individuals from northern (AR19K) and southern (Qihe3) 

China relative to C3444 (Table S6). This suggests that C3444 does not cluster with the 

other two individuals, and we therefore identify this individual as an outlier, denoted as 

‘Nyingchi2k_o’. We clustered the other two as “Nyingchi2k”.  

At the Redilong site, CSP142 shows excess genetic similarity to the Pukagongma and 

Qihe3 individuals (99) relative to CSP141 (Table S6). We thus denote them separately 

as “Chamdo2.8k_1” and “Chamdo2.8k_2”. 



TreeMix analysis 

To investigate the genetic relationships among populations from the Tibetan Plateau, we 

performed TreeMix analysis. We included populations that are relevant and are 

representative of different modern human lineages, including Mbuti, UstIshim and 

Tianyuan. We included Gonur1_BA to account for the West Eurasian ancestry found in 

Ngari samples. We also densely sampled from East Asian populations to capture different 

human lineages. From the Tibetan Plateau, we included populations that are 

representative of different clusters. 

When allowing migration edges to vary from 0 to 3, we found that all the ancient Tibetan 

Plateau populations consistently clustered with East Asian populations (Fig. S19). With 

migration edges varying from 0 to 2, ancient Tibetan Plateau populations consistently 

formed a clade with ancient northern East Asians (Fig. S19). We showed a model with 

one migration edge to account for discernible shared ancestry between Gonur1_BA and 

Ngari2.3k (Fig. 2A). We also obtained statistical support from each clade in this model by 

performing 1,000 bootstraps. 

For the Treemix analysis, there is 42.2% support for the plateau clade. However, this is 

primarily because Zongri5.1k, Yushu2.8k, and to a lesser extent Ngari2.3k are not as 

consistently grouping solely with the other ancient plateau groups. In the 1,000 bootstrap 

replicates, 43.5% of trees showed Zongri5.1k and/or Yushu2.8k as outgroup to <10,000-

year-old northern East Asians and plateau populations, AR19k, other northern East 

Asians and plateau populations, or all plateau and lowland East Asians. Thus, the support 

for other plateau populations forming a clade is actually 85.7%.  Allowing Ngari2.3k to 

also fall outside of the plateau-related clade in addition to Zongri5.1k and Yushu2.8k 

increase support for a plateau-related clade to 94.4%. Given that these three sets are not 

grouping exclusively with another East Asian phylogeny, we expect that the low support 

for the plateau clade is influenced by Treemix not capturing the unsampled ancestry well, 

as there are no representative source populations to include in the analysis. 



Outgroup-f3 analysis 

We performed outgroup-f3 statistics, f3 (X, Y; Mbuti), where for X, we included all Early 

Ancient Tibetans, and for Y, we included all present-day and ancient individuals from Asia, 

particularly East Asia. This analysis is useful in identifying who shares high genetic 

similarity and inferring past population migration. We also note that the interpretation of 

the analysis depends on the availability of samples tested as Y. 

We examined the 2200-1900 BP individuals from the southern and southwestern Tibetan 

Plateau, and we found the 3,400-2,200-year-old individuals from the same region shares 

the most genetic similarity (Fig. S21), which is suggestive of local genetic continuity. For 

2,000-year-old individuals from the Nyingchi prefecture in the southeastern Tibetan 

Plateau, the ancient individuals from the southern and southwestern Tibetan Plateau 

share the highest genetic similarity (Fig. S22). The 1,600-1,100-year-old individuals from 

the Nagqu prefecture also share the most genetic similarity to ancient individuals from the 

southern and southwestern Tibetan Plateau, rather than the local populations that 

preceded them (Fig. S23).  

Admixture-f3 analysis 

To investigate the admixture history associated with ancient Tibetan Plateau populations, 

we performed f3-statistics of the form f3 (Ref1, Ref2; Test). When the value is negative, 

that means the Test population is admixed from source populations related to Ref1 and 

Ref2. We exhaustively searched admixture signals for Zongri4.5k, Zongri4.1k, 

Shigatse2.6k, Yushu2.8k, Chamdo2.7k, Ngari2.3k, Shannan2.2k_1, Shigatse2.1k, 

Nyingchi2k, Nagqu1.4k, Shannan1.3k, Shigatse0.9k and Shigatse0.7k (Test groups). 

Ref1 and Ref2 consisted of pairs of relevant ancient populations from East, Southeast, 

and Central Asia, as well as one the plateau at Ref1 and Ref2. No significantly negative 

pairs were found for Chamdo2.7k, Nagqu1.4k, Shannan2.2k_1, Shigatse2.1k, 

Shigatse2.6k, Yushu2.8k and Zongri4.1k. We found significantly negative pairs for 



Zongri4.5k, Ngari2.3k, Nyingchi2k, Shannan1.3k, Shigatse0.9k and Shigatse0.7k (Table 

S10). 

For Zongri4.5k, significantly negative f3 values occurred when one source was a local 

Zongri group, and another was an ancient East or Southeast Asian group. For Ngari2.3k, 

significantly negative values occurred when one source is related to ancient Tibetan 

Plateau individuals, and the other source is related to populations harboring West 

Eurasian ancestry. For Nyingchi2k, significantly negative f3 values show that one source 

is related to ancient Tibetan Plateau individuals, and the other source is related to Early 

or Middle Neolithic East Asians. For Shannan1.3k, Shigatse0.9k and Shigatse0.7k, they 

share one of the following patterns: (1) has one source related to ancient Tibetan Plateau 

individuals, and another other source related to diverse populations from East, Southeast, 

and Central Asia.  

We also calculated admixture-f3 statistics for present-day populations on the Tibetan 

Plateau, including Tibetan_Chamdo, Tibetan_Nyingchi, Tibetan_Shannna, 

Tibetan_Lhasa, Tibetan_Nagqu, Tibetan_Shigatse and Sherpa_Shigatse (Table S11). 

No significant pairs were found for Tibetan_Nyingchi, while for other populations, one 

source is related to ancient populations on the Tibetan Plateau, and the other source is 

related to population out of the plateau. Particularly, for Tibetans on the southern and 

southwestern Tibetan Plateau, including Tibetan_Shannan, Tibetan_Lhasa, and 

Tibetan_Shigatse, the other source is widely related to populations from East Asia, 

Southeast Asia and Eastern Eurasian Steppe. 

qpAdm modeling 

i. QpAdm modeling of Tibetan ancestry in Early Ancient Tibetans

We adopted the "rotating scheme" to perform qpAdm modeling (14, 16, 30, 67, 100, 101) 

ancestry in ancient plateau populations older than 2,500 BP. In this design, N populations 

that are related to the ancestry sources of target populations were assembled as a 



RightAll set. For each target population, we iteratively fit one, two and three-source 

mixture models. When testing models with n (n = 1, 2, 3) sources for each target, we 

randomly drew n populations from the RightAll set as potential sources, and all other 

populations (N-n) in RightAll were retained as an outgroup population, i.e. the right 

populations for a qpAdm run. For each n-source model, we tested all "N choose n" 

possible models. We started by testing all one-source models, and we retained only 

feasible models, defined as those with a p-value greater than 0.05, and where the 

estimated mixture proportions up to +/- 2 standard errors are within the (0,1) range. If 

feasible models are found for the one-source model, then two- or three-source models 

are not examined for that target population. If all one-source models are rejected, we then 

start testing two-way source models and so on. This modeling strategy is powerful in 

distinguishing between plausible and implausible models, allowing identification of the 

best-fitting models from a panel of source populations. 

To obtain a distal model for the ancestries in the ancient Tibetan Plateau populations 

(Table S14), we included diverse ancient and present-day populations to the RightAll sets, 

particularly adding a variety of ancient East Asian individuals of diverse ancestries 

sampled to date. We considered three lines of criteria. First, we included populations that 

are temporally and geographically close to the target population we studied. Second, we 

included populations that show relevance to the target population in the exploratory PCA 

and ADMIXTURE analysis. Thrid, we restricted to groups with >600,000 SNPs available 

to maximize the statistical power of the analysis. 

We first included populations that are representative of different lineages of modern 

humans: 

Mota: a 4,500-year-old Ethiopian; 

UstIshim: a 45,000-year-old Siberian that is basal to Eurasians; 

Onge: a present-day indigenous population from the Andaman Islands that 

represents a divergent lineage from Asians; 

Tianyuan: a 40,000-year-old East Asian from Beijing, China; 



Malta1: a 24,000-year-old Siberian individual that is more related to present-day 

western Eurasians and Native American than East Asians; 

Clovis: an ancient American individual related to the Clovis complex; 

CHG: Caucus Hunter gatherers, including two individuals, Satsurblia and Kotias; 

In ADMIXTURE and PCA, ancient Tibetan Plateau populations are most closely related 

to East Asians, we therefore include a diverse set of ancient East Asians that are 

representative of different lineages: 

Shamanka_EN: Early Neolithic population of East Asian ancestry found near the 

Lake Baikal region 

Yumin: 8000-year-old individual from Northern China  

Shandong_EN: Early Neolithic individuals from Shandong, China. It includes 

Bianbian, Boshan and Xiaogao 

Fujian_EN: Early Neolithic individuals from Fujian, China. It includes Liangdao2 

and Qihe, Liangdao1 is not included since it harbors ancestry related to ancient 

northern East Asians. 

YR_MN: Middle Neolithic population from the lower reaches of the Yellow River 

Atayal: present-day aboriginal population from the island of Taiwan 

Ancient Tibetan Plateau populations also harbor ancestry related to Neolithic and Bronze-

age Central Asians. We therefore included: 

Ganj_Dareh_N: the Neolithic Iranian individuals;  

Gonur1_BA: the bronze-age central Asian individual from Turkmenistan. 

In summary, 15 populations (R15) were included for distal modeling of Tibetan ancestry: 

R15: Mota, UstIshim, Tianyuan, Malta1, Clovis, CHG, Ganj_Dareh_N, Gonur1_BA, 

Shamanka_EN, Yumin, Shandong_EN, Fujian_EN, YR_MN, Atayal and Onge 

To obtain more proximal models, we added Zongri5.1k to the rotating outgroup to model 

the gene flow in Zongri region (“R15 + Zongri5.1k”, Table S15). We also tested two 



additional rotating outgroups: “R15 + Lajia4k + Zongri5.1k” and “R15 + Lajia4k + Lubrak”, 

where Lajia4k is late Neolithic populations from the upper reaches of Yellow River, and 

Lubrak is one the earliest plateau populations from the Himalayan arc. These two 

additional outgroup sets were used to analyze proximal models for Early Ancient Tibetans 

younger than 3,000 BP.  

ii. Modeling of ancestries in ancient plateau populations after 2800 BP

To understand the relationship between plateau populations after 2800 BP (target 

population) and the preceding ancient plateau populations, we model the target 

populations as a mixture of five possible ancestries: South/Central Asian related ancestry 

represented by Gonur1_BA; East Asian lowland ancestry represented by Dacaozi1.9k 

from Upper Yellow River. Three different plateau ancestries represented by 

Chamdo2.8k_1, Yushu2.8k and Lubrak. Ten populations including Mota, UstIshim, 

Tianyuan, Clovis, Ganj_Dareh_N, Yumin, Tanshishan, Lajia4k, Suila and Zongri5.1k 

were used as outgroup populations. Using qpWave, we first show that the five ancestries 

in the 5 representative source sets can be discerned by the outgroup population as f4rank 

= 4 was rejected at P = 0.015. For each target population, models with 1-, 2- and 3-way 

mixtures were successively tested until the best models were found for each target 

population (Tables S17). Criteria for a feasible model is the same as described above. 

When fitting models for present-day populations, we masked CpG sites to avoid potential 

bias introduced through DNA damage.  

Estimating archaic related ancestry 

To investigate archaic ancestry in ancient Tibetan Plateau individuals, we first tested for 

excess shared alleles with the Altai Neanderthal and the Denisovan using f4-statistics 

(Table S18). The results show that archaic humans share a similar number of alleles with 

all ancient individuals and present-day East Asians, but they share more alleles with 

Papuans than ancient individuals. We further estimate the proportion of archaic ancestry 



in each individual by inferring ancestry fragments with Admixfrog (Table S20), and we 

found that the estimated proportion is comparable to that found in present-day East 

Asians. This indicates that all of the ancient plateau individuals harbor similar amount of 

archaic ancestry as that in present-day East Asians, and no evidence of elevated archaic 

ancestry can be found. 

Testing the longitudinal cline on populations from the Tibetan Plateau 

In Jeong et al. (22), the authors described a longitudinal cline in present-day populations 

on the Tibetan Plateau, with the eastern populations tend to share closer genetic affinity 

with lowland East Asians. The observation is underlain by the correlation between 

longitudinal differences and differences in allele-sharing with lowland East Asians, which 

was measured by D-statistics in the form of D (Tibetan 1, Tibetan 2; Han, African). Here 

we test to what extent this cline can be found in ancient Tibetan samples, we calculated 

statistics in the form of f4(Tibetan 1, Tibetan 2; lowland East Asian, African). For lowland 

East Asian, we tested representative East Asians from different locations and different 

time periods.  

We found a significant correlation (unadjusted P = 0.02-0.03, Mantel test) among present-

day populations (Fig. S26), supporting previous observations (22). Moreover, the 

correlation signals are consistent when testing different lowland East Asian populations. 

We then test this signal in ancient populations using different time transects. For each 

time transect, we only included populations that are of similar age to be comparable with 

each other. We also tried to maximize the geographic span of samples, and we eliminated 

outlier samples. For the ~2,800 BP transect, we included Yushu2.8k, Nagqu2.7k, 

Chamdo2.8k_1, Shigatse2.6k, Lubrak and Shannan3k (Fig. S27). For the ~2,000 BP 

transect, we included Shannan2.2k_1, Shigatse2.1k, Shigatse1.9k, Nyingchi2k and 

Mebrak (Fig. S28). For both transects, there is no correlation between the longitudinal 

difference and differences in allele-sharing with lowland East Asians (unadjusted P = 

0.41-0.68 and P = 0.36-0.55, Mantel test). Ancient Tibetans from different longitudes 



consistently show similar levels of genetic affinity with lowland East Asians. For the ~1500 

BP transect, we included Samdzong, Shigatse1.5k_2, Nagqu1.4k, Shannan1.3k (Fig. 

S29). For ~1000 BP time transects, we included Nagqu1.1k, Lhasa1.1k, Lhasa1k, 

Shigatse0.9k and Nyingchi0.8k (Fig. S30). They show a trend of correlation, but no robust 

correlation signal can be observed (unadjusted P = 0.07-0.36 and P = 0.05-0.2, Mantel 

test). These results show that the longitudinal cline in Tibetan populations formed after 

1,000 BP, consistent with our qpAdm modeling analysis showing that extensive gene flow 

from lowland East Asians can only be detected in the recent past few hundred years.   

Allele frequency and genotype at phenotypic SNPs 

We first retrieved the bases at each SNP for each individual from the sequence read data. 

Using the sequenced reads, we estimated the allele frequency at each SNP and 

performed genotype calling at the the EPAS1 locus using the following equation: 

Error rate estimate for ancient DNA 

The error rate (𝜀) is an important parameter in estimating genotype and allele frequencies, 

and the error rate in ancient DNA is often high due to DNA damage. To obtain an empirical 

estimate of 𝜀, we first estimated the error rate in genome-wide data by considering all the 

bases in reads supporting the third allele across all SNPs as sequencing errors. We found 

that the error rate estimates range from 0.0003-0.0027 (Table S3). We also took 

advantage of the high number of aggregated read information at the EPAS1 locus to 

independently obtain an empirical error rate. We took all the ancient individuals that have 

more than ten read counts and were called as homozygotes (Table S21), treating the 

reads supporting the alternative allele as sequencing errors. In total, we found 26 errors 

among 4354 bases, suggesting an error rate of 0.006. To test the robustness of the 

maximum likelihood framework in estimating the allele frequency given the observed 

range of the error rate, we varied the parameter epsilon (𝜀) from 0.0001 to 0.01 to 

estimate the allele frequency of EPAS1 in the Early Ancient Tibetans (Fig. S32). We find 

that the allele frequency estimates are robust to changes in the error rate. When 



estimating the genotypes and population allele frequencies, we make conservative 

estimates by using an error rate of 0.005, which is close to the high end of the error rate 

estimate.  

EPAS1 

In the EPAS1 gene region, twenty SNPs are highly differentiated between present-day 

Tibetans and other modern humans (32). These have been used to define an EPAS1 

haplotype common to present-day Tibetan populations. Because our data is low coverage, 

we cannot confidently assign genotypes at each SNP. Instead, we assumed that the 20 

SNPs are in complete linkage since this haplotype was introgressed from an archaic 

human and high FST values were observed between Tibetans and other populations 

across these SNPs (32). Assuming this, we gathered available read information at these 

SNPs to infer the haplotype. These twenty SNPs are at least 270 bp apart, longer than 

the length of a single read. Thus, we aggregated the number of mapped reads across all 

twenty SNPs and calculated the frequency of the common Tibetan allele in each individual 

(Table S21). We used these data to determine the genotype of each individual: either 

homozygous for the adaptive Denisovan-like haplotype, homozygous for the non-

adaptive haplotype found in most modern humans, or heterozygous.  

To track the allele frequency change of EPAS1 over time, we grouped individuals from 

the central, southeast, southern and southwest Tibetan Plateau into one of four time 

periods: 3,400-2,500 BP, 2,200-1,900 BP, 1,600-700 BP, and the present day. Of note, 

the population allele frequencies in present-day Tibetans were calculated using the 

genomic data of 33 present-day Tibetans from the Chamdo, Nyingchi, Lhasa, Shannan, 

Nagqu and Shigatse prefectures (6). Details can be found in Table S21. 

When comparing the allele frequency between the Early Ancient and present-day 

Tibetans, we observed a substantial increase in allele frequency (δ = 0.50). To test 

whether the increase is due to natural selection, we compared the change in allele 

frequency for the Denisovan-like haplotype to changes in allele frequency for random 



SNPs presumed to be primarily shaped by genetic drift. We constructed a null distribution 

of allele frequency change for SNPs that have a similar initial frequency as that of EPAS1 

in the 3,400-2,500 BP group (Fig. S31). To do this, we first estimated the allele frequency 

for each SNP in the 3,400-2,500 BP group using maximum likelihood methods described 

above (Eq. 3) and retained 65,296 SNPs with an allele frequency between 0.31-0.41, the 

frequency range determined for the Denisovan-like haplotype in the 3,400-2,500 BP 

group (f=0.0.36). We then calculated the allele frequency of these SNPs in present-day 

Tibetans. The change in allele frequency was obtained by taking the difference between 

ancient and present-day populations. We found the change in allele frequency at EPAS1 

is significant (P = 0.0055) under the null distribution (Fig. S31). 

Other phenotypically relevant genes 

We also explored the allelic patterns at several other genes related to appearance and 

diet, including EDAR, HERC2, KITLG, MCM6, IRF4, SLC24A5, SLC45A2, TYR, OCA1, 

MC1R, ALDH2, and ADH1B.  

In the EDAR gene, the EDAR*V370A mutation in the rs3827760 SNP is found in high 

frequency in present-day East Asian populations (102) and is associated with thick hair 

and shovel teeth (102-105). The 40,000-year-old Tianyuan individual shows the ancestral 

allele for EDAR (48), but most ancient western East Asians are homozygous for the 

derived allele, including the 5,100-year-old Zongri individual (Table S23). The two 2,700-

2,500-year-old individuals from Nagqu are both homozygous for the ancestral allele 

(Table S23). 

In HERC2, rs12913832 is associated with blue eyes in humans (106). In KITLG, 

rs12821256 is associated with blonde hair (107). In IRF4, rs12203592 is associated with 

lighter eye and hair color (108, 109). In SLC24A5 and SLC45A2, rs1426654 and 

rs16891982 are associated with light skin (110, 111). In MC1R, rs1805005 and 

rs1805006 are associated with light blonde and red hair (112). In TYR, rs1042602 and 

rs1393350 are associated with freckles, skin and eye color (113). The derived alleles of 



these SNPs are primarily found in Europeans and are rarely found in East Asians (106-

113). Three SNPs (rs4988235, rs182549 and rs145946881) located on the MCM6 gene 

are associated with lactase persistence in adults (114-116) and the derived alleles are 

primarily found in present-day Europeans and Africans, and are rare in present-day East 

Asians (114-116). In ancient individuals from the Tibetan Plateau, the derived alleles for 

HERC2, KITLG, IRF4, SLC24A5, SLC45A2, MC1R, MCM6, and TYR are mostly absent 

(Table S23), consistent with observations from present-day Tibetans.  

The SNP rs1800414 from OCA2 contributes to skin tone difference between Africans and 

East Asians (117). The derived allele is mainly found in East Asians, with present-day 

Han populations possessing an allele frequency of 0.45-0.77 (118). Present-day Tibetans 

show an allele frequency of 0.09 (n = 33). The derived allele is rare in ancient individuals 

from the Tibetan Plateau, with only six individuals possessing more than two reads 

supporting the presence of the derived allele (Table S23).  

ADH1B*47His and ALDH2*504Lys are derived mutations on the alcohol metabolizing 

pathway. Ethanol is first converted into acetaldehyde by alcohol dehydrogenase (ADH), 

and then acetaldehyde is metabolized into acetate by aldehyde dehydrogenase (ALDH2) 

(119). The derived allele for ALDH2 at rs671 greatly reduces activity of the ALDH2 

enzyme (120). As a result, this allele contributes to the accumulation of acetaldehyde, 

which is a mutagen and animal carcinogen. This allele is associated with facial flushing 

after drinking alcohol, and it is also associated with disorders including alcohol liver 

disease and esophageal cancer. Population genetic study showed that this allele is 

specific to East Asians, with the highest allele frequency found in southeastern China 

(121). The derived allele for ALDH2 is not found in ancient individuals of the Tibetan 

Plateau except for one read supporting the derived allele in Chokhopani and Mebrak, 

respectively (Table S23). Present-day Tibetans show an allele frequency of 0.015 (n = 

33), which is similarly low. The derived allele at rs1229984 in ADH1B, the gene that is 

coding for alcohol dehydrogenase, speeds up the breakdown of ethanol into 

acetaldehyde and its frequency is high in East Asians, but rare in Africans, Europeans 



and Americans (122). In China, the derived allele has an east to west cline, with the 

highest frequency of 98.5% in the southeast Chinese province of Zhejiang (123). The 

derived allele is only found in four individuals with more than two reads supporting the 

presence of the derived allele (Table S23). Present-day Tibetans show a higher frequency 

of the derived allele, of 16.7%, suggesting that the derived allele has increased over the 

past 3,000 years.  

qpGraph analysis 

To model ancestry among the ancient plateau individuals, we constructed admixture 

graphs using qpGraph, with CpG sites excluded. To capture deeply diverged ancestries 

sampled to date from Asia, we included Tianyuan, La368 (from Southeast Asia (98)), and 

the present-day Onge to construct the base graph. To the base graph, we added Bianbian, 

an early Neolithic individual from Shandong, which was modeled as a mixture of the 

lineages related to Tianyuan and the Onge (Fig. S33A). To model the ancient plateau 

populations, we added Shannan3k. The important observation for this model shows that 

the major source of Tibetan ancestry is related to Bianbian, and the minor source is from 

the trifurcation point where the three deep lineages diverged (Fig. S33B). This is in 

agreement with the qpAdm models which show that the deep lineage could be related to 

Onge or Tianyuan (Table S14-S15). We subsequently added Zongri5.1k and 

Chamdo2.8k_1 to capture the three plateau ancestries characterized in this study (Fig. 

2E). 



Supplementary Figures 

Fig. S1. Map of the archaeological sites in this study. The seven prefectures of Tibet 

Autonomous Region are shown. 



Fig. S2. Outgroup f3-statistics for the Zongri groups. For each comparison of six 

different genetic groups from the Zongri site, we show the top 30 present-day populations 

that share the highest genetic drift with the corresponding Zongri group. The bar 

represents ±1 standard error. 

Fig. S3. Outgroup f3-statistics for groups from the Yushu prefecture, dating to 2,800 
BP and 500 BP. We show the top 30 present-day populations that show the highest 

genetic similarity to the (A) Yushu2.8k group and (B) Yushu0.5k group. The bar 

represents ±1 standard error. 



Fig. S4. Outgroup f3-statistics for groups from the Nagqu prefecture. We show the 

top 30 present-day populations that show the highest genetic similiarity to (A) Nagqu2.7k 

(Ousui), (B) Nagqu2.5k (Butaxiongqu), (C) Nagqu1.6k (Gangre), (D) Nagqu1.4k (Ounie), 

and (E) Nagqu1.1k (Chaxiutang) groups. The bar represents ±1 standard error. 

Fig. S5. Outgroup f3-statistics for ancient individuals from the Chamdo prefecture. 

We show the top 30 present-day populations that show the highest genetic similarity to 

(A) Chamdo2.8k_1, (B) Chamdo2.8k_2, and (C) Chamdo2.7k groups. The bar represents

±1 standard error. 



Fig. S6. Outgroup f3-statistics for ancient individuals from the Nyingchi prefecture. 

We show the top 30 present-day populations that show the highest genetic similarity to 

the (A) Nyingchi_2k, (B) Nyingchi_2k_o, (C) Nyingchi_0.8k, and (D) Nyingchi_0.1k 

groups. The bar represents ±1 standard error. 

Fig. S7. Outgroup f3-statistics for ancient individuals from the Shannan prefecture. 
We show the top 30 present-day populations that show the highest genetic similiarity to 

(A) Shannan_3k, (B) Shannan_2.2k_1, and (C) Shannan_2.2k_2 groups. The bar

represents ±1 standard error. 



Fig. S8. Outgroup f3-statistics for ancient individuals from Lhasa. We show the top 

30 present-day populations that show the highest genetic similarity to the (A) Lhasa1.1k 

(Rangjun), (B) Lhasa1k (Gachong), and (C) Lhasa0.7k (Shigou) groups. The bar 

represents ±1 standard error. 

Fig. S9. Outgroup f3-statistics for ancient individuals from the eastern part of the 

Shigatse prefecture. We show the top 30 present-day populations that show the highest 

genetic similiarity to (A) Shigatse_2.1k (Nudagang), (B) Shigatse_1.2k (Rangjun), (C) 

Shigatse_0.9k (Longsangquduo), and (D) Shigatse_0.7k (Latuotanggu) groups. The bar 

represents ±1 standard error. 



Fig. S10. Outgroup f3-statistics for ancient individuals from the western part of the 

Shigatse prefecture. We show the top 30 present-day populations that show the highest 

genetic similarity to (A) Shigatse_2.6k (Sila), (B) Shigatse_1.9k (Sding Chung), (C) 

Shigatse_1.5k_1 (Zhangcun), (D) Shigatse_1.5k_2 (Zhangcun). The bar represents ±1 

standard error. 

Fig. S11. Outgroup f3-statistics for ancient individuals from the Ngari prefecture. 
We show the top 30 present-day populations that show the highest genetic similiarity to 

(A) Ngari2.3k, (B) Ngari2.3k_o1, and (C) Ngari2.3k_o2 groups from Piyangjiweng; and

the (D) Ngari0.1k group from Gelintang. The bar represents ±1 standard error. 



Fig. S12. Principle component analysis present-day populations on or near the 

Tibetan Plateau onto which ancient individuals were projected. The PCA is the same 

as that reported in Fig. 2B-2D, but with ancient individuals shown in gray and present-day 

populations colored according to their geography, as indicated in the legend. The gray 

dots denote ancient samples. 



Fig. S13. PCA of present-day Southeast and East Asian populations with ancient 
individuals projected in (A-C). Present-day populations are denoted in gray in (A-C) 

and denoted by a color corresponding to their region (D). 



Fig. S14. ADMIXTURE analysis including diverse ancient and present-day humans 
ranging from K=2 to K=14.  
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Fig. S15. Cross-validation errors of admixture analysis varying K from 2 to 14. 

Fig. S16. F4-statistics showing that Early Ancient Tibetans (5,100-2,500 BP) share 

more alleles with lowland Neolithic northern East Asians (NEA) than lowland 

Neolithic southern East Asians (SEA). The statistics f4 (NEA, SEA; Early Ancient 

Tibetans, Mbuti) are shown with ±3 standard errors, with the Early Ancient Tibetans 

shown at the top, the NEA shown on the right, and the SEA shown on the left. A more 

positive f4 value indicates that the Early Ancient Tibetan group shares more alleles with 

the SEA than the NEA. 
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Fig. S17. The top 10 populations among all present-day and ancient populations 

showing the highest outgroup-f3 statistics with Early Ancient Tibetans.  

Fig. S18. The clustering of Zongri individuals using outgroup-f3 statistics. 
Outgroup-f3 analysis for f3 (X, Y; Mbuti) where Mbuti is a central African present-
day population and X and Y are individuals from the Zongri site. Darker blue 

indicates higher genetic similarity. 



Fig. S19. TreeMix analysis with migration edges ranging from 0 to 3. 
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Fig. S20. F4-statistics showing a genetic shift in the Nagqu prefecture of increased 

southern plateau ancestry. The statistics f4(Shannan and Shigatse groups, older Nagqu 

groups; younger Nagqu groups, Mbuti) are shown with ±3 standard errors. In (A), the 

Nagqu2.7k group was used, while in (B) the Nagqu2.5k group was used to represent 

southeastern plateau ancestry, while the 3,000-1,900-year-old individuals from the 

Shannan and Shigatse prefectures were used to represent the southwestern and 

southern plateau ancestry. A more positive f4 value indicates that the 1,600-1,100-year-

old individuals from the Nagqu prefecture shares more alleles with the Shannan/Shigatse 

groups than the older Nagqu group. 

Fig. S21. The top 10 populations showing the highest outgroup-f3 statistics for 

2,200-1,900-year-old groups from the Shannan and Shigatse prefectures. Ancient 

individuals younger than the test population were excluded. 



Fig. S22. The top 10 populations showing the highest outgroup-f3 statistics for the 

2,000-year-old group from the Nyingchi prefecture. Ancient individuals younger than 

the test population were excluded. 

Fig. S23. The top 10 populations showing the highest outgroup-f3 statistics for 
1,600-1,100-year-old groups from the Nagqu prefectures. Ancient individuals younger 

than the test population were excluded. 



Fig. S24. The top 10 populations showing the highest outgroup-f3 statistics for 
1,500-700-year-old groups from Shigatse and Shannan prefectures. Ancient 

individuals younger than the test population were excluded. 



Fig. S25. F4-statistics showing the influence of Central Asian ancestry on the 
Tibetan Plateau. F4-statistics are shown with ±3 standard errors. (A) shows f4 (Ngari2.3k, 

diverse ancient plateau individuals; Bronze Age Central Asians, Mbuti); (B) shows f4 

(Ngari0.1k, Ngari2.3k and outliers; Bronze Age Central Asians, Mbuti); (C) shows f4 

(1,300-700-year-old individuals from the southern and southwestern plateau, 

Shigatse0.9k; Bronze Age Central Asians, Mbuti); and (D) shows f4 (present-day Tibetans, 

present-day Sherpa; Bronze Age Central Asians, Mbuti). A more negative f4 value 

indicates the plateau individuals listed on the left shares more alleles with Bronze Age 

Central Asians than the plateau individuals listed on the right. Bronze-age Central Asian 

populations are from Turkmenistan (Gonur1_BA) and Iran (Shahr_I_Sokhta_BA1). 



Fig. S26. Testing the correlation between longitudinal distance and differences in 

allele sharing with lowland East Asians for present-day Tibetan population pairs. 

Each dot represents data from a pair of Tibetan populations. The vertical bar represents 

± 1SE. The P values were calculated using the Mantel test which accounted for the non-

independence of pairwise data. The plots are based on data from 6 populations: 

Tibetan_Chamdo, Tibetan_Lhasa, Tibetan_Nyingchi, Tibetan_Shannan, 

Tibetan_Shigatse and Tibetan_Nagqu.



Fig. S27. Testing the correlation between longitudinal distance and differences in 

allele sharing with lowland East Asians for pairs of ancient Tibetans spanning 

3,000-2,600 BP. Each dot represents data from a pair of Tibetan populations. The vertical 

bar represents ± 1SE. The P values were calculated using the Mantel test which 

accounted for the non-independence of pairwise data. The plots are based on data from 

6 populations: Yushu2.8k, Nagqu2.7k, Chamdo2.8k_1, Shigatse2.6k, Lubrak and 

Shannan3k. 



Fig. S28. Testing the correlation between longitudinal distance and differences in 

allele sharing with lowland East Asians for pairs of ancient Tibetans spanning 

2,200-1,700 BP. Each dot represents data from a pair of Tibetan populations. The vertical 

bar represents ± 1SE. The P values were calculated using the Mantel test which 

accounted for the non-independence of pairwise data. The plots are based on data from 

5 populations: Shannan2.2k_1, Shigatse2.1k, Shigatse1.9k, Nyingchi2k and Mebrak. 



Fig. S29. Testing the correlation between longitudinal distance and differences in 

allele sharing with lowland East Asians for pairs of ancient Tibetans spanning 

2,500-1,200 BP. Each dot represents data from a pair of Tibetan populations. The vertical 

bar represents ± 1SE. The P values were calculated using the Mantel test which 

accounted for the non-independence of pairwise data. The plots are based on data from 

4 populations: Samdzong, Shigatse1.5k_2, Nagqu1.4k, and Shannan1.3k. 



Fig. S30. Testing the correlation between longitudinal distance and differences in 

allele sharing with lowland East Asians for pairs of ancient Tibetans spanning 

1,200-800 BP.  Each dot represents data from a pair of Tibetan populations. The vertical 

bar represents ± 1SE. The P values were calculated using the Mantel test which 

accounted for the non-independence of pairwise data. The plots are based on data from 

5 populations: Nagqu1.1k, Lhasa1.1k, Lhasa1k, Shigatse0.9k and Nyingchi0.8k. 



Fig. S31. The null distribution of frequency changes for an allele with initial 

frequency at 0.35-0.55 in populations over the past 3,400 years on the Tibetan 

Plateau. The null distribution was constructed by taking SNPs with allele frequency 

similar to that of the EPAS1 allele which is 0.36. In total, 65,296 SNPs were obtained and 

the allele frequency change at these SNPs between ancient and present-day populations 

were calculated.  

Fig. S32. EPAS1 allele frequency estimate in the Early Ancient Tibetans using 
different ancient DNA error rate parameters (epsilon). Varying the error rate, the allele 

frequency estimate remains highly consistent, showing that the method is robust to the 

ancient DNA error rate. The bars represent the 95% confidence intervals. 



A B 

Fig. S33. Intermediate admixture graphs. In (A), an Early Neolithic northern East Asian 

individual (Bianbian) was added. The worst |Z|-score is 0.341, observed for f4 (Mbuti, 

Tianyuan; La368, Onge). In (B), Yumin, and Shannan3k were added, to model ancestry 

on the plateau. The worst |Z|-score is 2.349, observed for f4 (Tianyuan, La368; Bianbian, 

Shannan3k). The final admixture graph is shown in Fig. 2E.  



Supplementary Tables 

Table S1. The sample information for all the ancient individuals sequenced in this 
study. 
See Excel. 

Table S2. The site, carbon dating (C14), cemetery and skeletal description 
information of the specimens. 
See Excel. 

Table S3. The library preparation, sequencing and quality control information for 

each ancient individual. 

See Excel. 

Table S4. The kinship estimates for pairs of ancient Tibetan Plateau specimens 

using lcMLkin. When two samples show familial relationships, the one with higher data 

coverage was retained. When two samples were identified as from the same individual, 

they are merged when they are from the same burial, otherwise, only data from the 

sample with higher data coverage was retained. Details can also be found in the 

“Sample description” section in Supplementary text. 
Site Specimen1 Specimen2 lcMLkin Familial 

Relationship* 
Data processing 

k0_hat k1_hat k2_hat pi_hat nSNP 
Agangrong C3447 C5186 0.016 0.085 0.899 0.942 4090 Self merge data as C3447_C5186 
Latuotanggu C5171 C3426 0.372 0.431 0.197 0.412 35637 1° keep C5171 data 
Latuotanggu C5171 C3428 0.602 0.389 0.009 0.203 34100 2° keep C5171 data 
Latuotanggu C3426 C3428 0.049 0.945 0.007 0.479 30541 1° Both removed, keep C5171 data 
Longsangquduo C5164 C5163 0.284 0.474 0.242 0.479 13298 1° keep C5164 data 
Nudagang C5148 C5147 0.019 0.023 0.958 0.97 1443 Self keep C5148 data 
Ounie C5172 C3992 0.003 0.054 0.943 0.97 30226 Self merge data as C5172_C3992 
Piyangjiweng C4566 C4565 0.014 0.123 0.863 0.924 21282 Self keep C4566 data 
Piyangjiweng C4570 C4565 0 0.03 0.97 0.985 3043 Self Both removed, keep C4566 data 
Piyangjiweng C4570 C4566 0.005 0.112 0.883 0.939 4624 Self keep C4566 data 
Zongri C050 C208 0.048 0.947 0.006 0.479 18286 1° keep C050 data 
Zongri C056 C202 0.537 0.433 0.029 0.246 14832 2° keep C202 data 
Zongri C4783 C202 0.006 0.154 0.84 0.917 27999 Self merge data as C4783_C202 
Zongri C4783 C056 0.52 0.462 0.019 0.249 16772 2° Both removed, keep C202 data 
Zongri C4775 C205 0.44 0.553 0.007 0.283 31508 2° Both removed, keep C4777 data 
Zongri C4777 C205 0.013 0.168 0.819 0.903 31877 Self keep C4777 data 
Zongri C4777 C4775 0.421 0.568 0.011 0.295 39429 2° keep C4777 data 
Zongri C4778 C4774 0.532 0.438 0.03 0.249 42721 2° keep C4778 data 
Zongri C4779 C4778 0.432 0.536 0.031 0.299 38431 2° keep C4778 data 
Zongri C4780 C4779 0.338 0.616 0.046 0.354 35999 2° Both removed, keep C4778 data 



Zongri CSP048 CSP046 0.46 0.525 0.015 0.277 23022 2° keep CSP046 data 
*determined from Blouin et al (58)., where k2=1 indicates Self, k1=1 indicates Parent-child, k0=k2=0.25 and k1=0.5 are Full Siblings,
k0=k1=0.5 are 2° relatives (e.g. half-siblings), k0=0.75 and k1=0.25 indicates 3° relatives (e.g. full cousins) and k0=1 indicates 
Unrelated.

Table S5. The lowest cross-validation (CV) error values of ten random-seed 
replicates for K=2-14. 

K 2 3 4 5 6 7 8 9 10 11 12 13 14 

lowest 

CV error 
0.5832 0.5628 0.5553 0.5490 0.5471 0.5459 0.5447 0.5441 0.5437 0.5432 0.5443 0.5443 0.5450 

Table S6. F4-statistics testing the genetic homogeneity among individuals from the 

same archaeological site. 
Site X Y Z O f4 Z SNPs 
Zongri Zongri/C050 Zongri/CSP054 Zongri/C4783_C202 Mbuti -0.003218 -3.464 137894 

Zongri/C4776 Zongri/C4781 Afanasievo Mbuti -0.001157 -3.178 638021 
Zongri/C4776 Zongri/C4782 Yumin Mbuti -0.001781 -3.027 650203 
Zongri/C4776 Zongri/C4783_C202 YR_MN Mbuti 0.00137 3.234 734577 
Zongri/C4777 Zongri/C4781 Afanasievo Mbuti -0.001115 -3.086 644127 
Zongri/C4778 Zongri/C4781 Afanasievo Mbuti -0.001095 -3.269 694222 
Zongri/C4781 Zongri/CSP047 Afanasievo Mbuti 0.001521 4.132 428018 
Zongri/C4781 Zongri/CSP047 Gonur1_BA Mbuti 0.001299 3.327 418823 
Zongri/C4781 Zongri/CSP047 Lajia4k Mbuti 0.001723 3.678 423331 
Zongri/C4781 Zongri/CSP047 Onge Mbuti 0.001799 3.743 428016 
Zongri/C4781 Zongri/CSP047 Shamanka_EN Mbuti 0.001568 3.872 428027 
Zongri/C4781 Zongri/CSP047 YR_MN Mbuti 0.001888 4.287 427017 
Zongri/C4781 Zongri/CSP047 Pukagongma/CSP136 Mbuti 0.002233 3.246 248885 
Zongri/C4781 Zongri/CSP057 Afanasievo Mbuti 0.001289 3.048 230591 
Zongri/C4783_C202 Zongri/C050 Atayal Mbuti -0.001973 -3.553 745975 
Zongri/C4783_C202 Zongri/C051 YR_MN Mbuti -0.001486 -3.08 463902 
Zongri/C4783_C202 Zongri/C4777 Atayal Mbuti -0.001975 -3.496 744184 
Zongri/C4783_C202 Zongri/C4777 YR_MN Mbuti -0.001359 -3.048 742048 
Zongri/C4783_C202 Zongri/C4778 Atayal Mbuti -0.001667 -3.002 817284 
Zongri/C4783_C202 Zongri/C4778 YR_MN Mbuti -0.001479 -3.558 814742 
Zongri/C4783_C202 Zongri/C4781 Atayal Mbuti -0.002073 -3.594 663396 
Zongri/C4783_C202 Zongri/C4781 Lajia4k Mbuti -0.001513 -3.214 655789 
Zongri/C4783_C202 Zongri/C4781 YR_MN Mbuti -0.002216 -4.939 661586 
Zongri/C4783_C202 Zongri/C4782 UstIshim Mbuti 0.001648 3.213 740233 
Zongri/C4783_C202 Zongri/C4782 YR_MN Mbuti -0.001496 -3.331 739754 
Zongri/C4783_C202 Zongri/CSP046 UstIshim Mbuti 0.001638 3.046 609011 
Zongri/C4783_C202 Zongri/CSP046 YR_MN Mbuti -0.001682 -3.754 608743 
Zongri/C4783_C202 Zongri/CSP047 UstIshim Mbuti 0.00186 3.28 479997 
Zongri/C4783_C202 Zongri/CSP047 Pukagongma/CSP136 Mbuti 0.002284 3.266 265972 



Zongri/C4783_C202 Zongri/CSP054 Lajia4k Mbuti -0.002156 -3.439 145172 
Zongri/CSP046 Zongri/CSP047 YR_MN Mbuti 0.001665 3.468 405735 
Zongri/CSP046 Zongri/CSP057 Onge Mbuti 0.001723 3.125 220711 
Zongri/CSP047 Zongri/CSP054 Zongri/C4783_C202 Mbuti -0.00355 -3.481 109096 

Piyangjiweng Piyangjiweng/C4563 Piyangjiweng/C4564 Redilong/CSP142 Mbuti -0.002907 -3.307 126134 
Piyangjiweng/C4563 Piyangjiweng/C4564 Lajia4k Mbuti -0.002426 -3.7 156064 
Piyangjiweng/C4563 Piyangjiweng/C4564 Qihe3 Mbuti -0.002832 -3.327 128439 
Piyangjiweng/C4563 Piyangjiweng/C4564 YR_MN Mbuti -0.002478 -3.865 157278 
Piyangjiweng/C4563 Piyangjiweng/C4564 Yumin Mbuti -0.002825 -3.474 150364 
Piyangjiweng/C4563 Piyangjiweng/C4564 Pukagongma/CSP136 Mbuti -0.00436 -4.422 96477 
Piyangjiweng/C4563 Piyangjiweng/C4566 Afanasievo Mbuti 0.001553 3.373 197169 
Piyangjiweng/C4563 Piyangjiweng/C4567 Luozhating/C3430 Mbuti -0.003577 -3.492 86740 
Piyangjiweng/C4564 Piyangjiweng/C4566 Gonur1_BA Mbuti 0.001744 4.398 438676 
Piyangjiweng/C4564 Piyangjiweng/C4566 Tianyuan Mbuti 0.002146 3.564 433140 
Piyangjiweng/C4564 Piyangjiweng/C4566 YR_MN Mbuti 0.001707 3.552 452270 
Piyangjiweng/C4566 Piyangjiweng/C4567 Tianyuan Mbuti -0.002682 -4.046 265625 
Piyangjiweng/C4566 Piyangjiweng/C4567 YR_MN Mbuti -0.001619 -3.016 274149 

Zhangcun Zhangcun/C5184 Zhangcun/C5185 Chokhopani Mbuti -0.003153 -3.138 101088 
Zhangcun/C5184 Zhangcun/C5185 Luozhating/C3430 Mbuti -0.003696 -3.388 81386 

Longsangquduo Longsangquduo/C5159 Longsangquduo/C5164 Pukagongma/CSP136 Mbuti -0.001989 -3.032 335938 
Longsangquduo/C5160 Longsangquduo/C5161 Onge Mbuti 0.001474 3.004 455573 

Agangrong Agangrong/C3447_C5186 Agangrong/C3444 Qihe3 Mbuti 0.001993 3.191 354209 
Agangrong/C3445 Agangrong/C3444 AR19K Mbuti 0.002295 3.637 353413 
Agangrong/C3445 Agangrong/C3444 Qihe3 Mbuti 0.002775 4.134 300516 

Redilong Redilong/CSP141 Redilong/CSP142 Qihe3 Mbuti -0.002262 -3.285 229322 
Redilong/CSP141 Redilong/CSP142 Pukagongma/CSP136 Mbuti -0.002557 -3.443 195554 

Table S7. The f4-statistics f4(X, Y; Z, O) supporting Zongri5.1k show connection 

with UstIshim. 

X Y Z 
O = Mbuti O = Chimp 

f4 Z SNPs f4 Z SNPs 

Zongri5.1k AR19K UstIshim 0.00101 1.78 659,511 0.00093 1.48 632,515 
Zongri5.1k AR14K UstIshim 0.00134 2.79 530,830 0.00181 3.33 507,414 
Zongri5.1k Mongolia_N_North UstIshim 0.00127 2.95 860,684 0.00116 2.45 824,913 
Zongri5.1k DevilsCave_N UstIshim 0.00134 2.83 874,625 0.00156 3.06 838,387 
Zongri5.1k Yumin UstIshim 0.00154 2.81 755,888 0.00192 3.15 724,067 
Zongri5.1k Bianbian UstIshim 0.00101 1.88 635,628 0.00148 2.4 608,264 
Zongri5.1k Boshan UstIshim 0.00108 2.04 819,055 0.00092 1.58 785,252 
Zongri5.1k Xiaogao UstIshim 0.00127 2.34 791,749 0.00133 2.19 758,815 
Zongri5.1k YR_MN UstIshim 0.00141 3.15 871,706 0.00108 2.26 835,615 
Zongri5.1k Qihe3 UstIshim 0.00116 2.04 550,415 0.00157 2.44 528,341 
Zongri5.1k Qihe UstIshim 0.00152 2.49 312,767 0.00079 1.06 299,521 
Zongri5.1k Man_Bac UstIshim 0.00199 3.63 292,779 0.00257 3.87 279,660 



Zongri5.1k Xitoucun UstIshim 0.00189 3.9 518,762 0.00204 3.54 497,026 

Table S8. F4-statistics showing the relationship of Lajia4k to Early Ancient Tibetans 
and ancient northern East Asians.  
See Excel. 

Table S9. F4-statistics testing relationships within Early Ancient Tibetans or 
relative to world wide present-day and ancient human populations. (A) Z-scores for 

f4(Ancient Tibetan 1, Ancient Tibetan 2; world wide present-day/ancient, Mbuti) statistics 

were calculated, where present-day populations include French, Mixe, Onge, Tu, Naxi, 

Han, Tibetan_Shannna, Sherpa_Shigatse and Atayal and ancient populations include 

Clovis, Ganj_Dareh_N, Gonur1_BA, AR19k, Bianbian, Yumin, Qihe3, La368, Dushan, 

Miaozigou_MN and Lajia4k. (B) Z-scores for f4(early ancient Tibetans, diverse lowland 

populations; early ancient Tibetans, Mbuti) where lowland populations include La368 

(Hoabinhian), Qihe3 (southern East Asian), Bianbian, Yumin, YR_MN and Lajia4k 

(northern East Asians). (C) Z-scores for f4(early ancient Tibetans, select Early Ancient 

Tibetans; early ancient Tibetans, Mbuti) where the selected populations include 

Yushu2.8k, Chamdo2.8k_1, Nagqu2.7k, Shannan3k and Lubrak. (D) Z-scores and f4 

values for f4(select Early Ancient Tibetans, Ngari2.3k/Ngari1.1k; ancient Central and 

South Asians, Mbuti) where the selected populations include Yushu2.8k, Chamdo2.8k_1, 

Nagqu2.7k, Shannan3k and Lubrak. 

See Excel. 

Table S10. Top 30 significantly negative admixture-f3 pairs for Zongri4.5k, Ngari2.3k, 
Nyingchi2k, Shannan1.3k, Shigatse0.9k, Shigatse0.7k.  

See Excel. 

Table S11. Significant admixture-f3 pairs for present-day plateau populations. Only 

the top 30 pairs are shown.  
Ref1 Ref2 Test f3 std Z nSNPs 
Shigatse0.7k Vt719_G3_1 Tibetan_Chamdo -0.004576 0.001428 -3.205 155421 
Shigatse2.1k HMMH_MN Tibetan_Nagqu -0.005548 0.001556 -3.567 347538 
Lhasa1k Dacaozi1.9k Tibetan_Nagqu -0.004385 0.001344 -3.263 530491 



Shannan2.2k_1 Nomad_Med_TS Tibetan_Nagqu -0.003514 0.001154 -3.044 431624 
Shigatse2.1k HMMH_MN Tibetan_Shannan -0.00584 0.001241 -4.706 391133 
Shannan2.2k_2 HMMH_MN Tibetan_Shannan -0.005502 0.001809 -3.041 189593 
Shannan1.3k Nomad_IA_TS Tibetan_Shannan -0.005251 0.001225 -4.287 588804 
Shannan1.3k WLR_BA Tibetan_Shannan -0.005124 0.001318 -3.888 327667 
Shannan1.3k Miaozigou_MN Tibetan_Shannan -0.004975 0.001582 -3.144 177027 
Shannan2.2k_2 DevilsCave_N Tibetan_Shannan -0.004825 0.001287 -3.747 322909 
Shannan2.2k_2 Shimao_LN Tibetan_Shannan -0.004818 0.001285 -3.748 318124 
Shannan2.2k_1 YR_MN Tibetan_Shannan -0.004635 0.000911 -5.085 454439 
Shannan2.2k_1 Ikawazu Tibetan_Shannan -0.00432 0.001424 -3.034 349806 
Shannan2.2k_1 WLR_BA Tibetan_Shannan -0.004233 0.001166 -3.631 259717 
Shannan2.2k_1 Kangju_TS Tibetan_Shannan -0.004194 0.001118 -3.752 381653 
Shannan1.3k Kangju_TS Tibetan_Shannan -0.004174 0.001221 -3.419 491907 
Shannan2.2k_1 Shimao_LN Tibetan_Shannan -0.004168 0.000954 -4.37 448511 
Shannan1.3k YR_3100BP Tibetan_Shannan -0.004117 0.001168 -3.526 535928 
Shannan1.3k Dacaozi1.9k Tibetan_Shannan -0.004097 0.001071 -3.827 565643 
Shannan2.2k_1 Nomad_Med_TS Tibetan_Shannan -0.004023 0.000825 -4.879 466715 
Shannan1.3k Karluk_TS Tibetan_Shannan -0.00402 0.001183 -3.398 591274 
Shannan2.2k_1 Dacaozi1.9k Tibetan_Shannan -0.003969 0.000936 -4.242 440441 
Shannan2.2k_1 Karluk_TS Tibetan_Shannan -0.003961 0.001001 -3.955 458926 
Shannan2.2k_1 Nomad_IA_TS Tibetan_Shannan -0.003772 0.001091 -3.456 457033 
Shannan2.2k_1 DevilsCave_N Tibetan_Shannan -0.003714 0.001021 -3.638 455841 
Shannan2.2k_1 YR_3100BP Tibetan_Shannan -0.003714 0.001063 -3.493 418372 
Shannan2.2k_2 YR_MN Tibetan_Shannan -0.003647 0.001161 -3.141 322365 
Lubrak Kangju_TS Tibetan_Shannan -0.003583 0.001178 -3.041 418161 
Shannan1.3k TianShanSaka_TS Tibetan_Shannan -0.003504 0.000973 -3.603 629852 
Shannan2.2k_1 YR_2200BP Tibetan_Shannan -0.003478 0.000892 -3.899 445654 
Shannan2.2k_2 YR_LN Tibetan_Shannan -0.003394 0.000943 -3.598 332723 
Shannan2.2k_1 Lajia4k Tibetan_Shannan -0.003137 0.000895 -3.503 450019 
Shannan2.2k_1 Wusun_TS Tibetan_Shannan -0.003101 0.00103 -3.011 467743 
Shannan1.3k Nomad_Med_TS Tibetan_Shannan -0.00308 0.000897 -3.435 601708 
Shigatse2.1k HMMH_MN Tibetan_Lhasa -0.007371 0.001501 -4.911 347731 
Shannan2.2k_1 Kangju_TS Tibetan_Lhasa -0.007001 0.001379 -5.078 345249 
Shannan2.2k_1 Karluk_TS Tibetan_Lhasa -0.006595 0.00129 -5.114 415526 
Shannan2.2k_1 La_G2 Tibetan_Lhasa -0.006433 0.001887 -3.409 129858 
Shigatse1.9k G6 Tibetan_Lhasa -0.00638 0.001836 -3.476 237245 
Shannan2.2k_1 Ikawazu Tibetan_Lhasa -0.00637 0.001656 -3.848 309892 
Shannan2.2k_1 DevilsCave_N Tibetan_Lhasa -0.006175 0.001268 -4.868 411830 
Shannan2.2k_2 DevilsCave_N Tibetan_Lhasa -0.00615 0.001636 -3.758 289913 
Lubrak Kangju_TS Tibetan_Lhasa -0.006149 0.001458 -4.217 377574 
Shannan2.2k_1 G6 Tibetan_Lhasa -0.006111 0.001619 -3.776 191908 
Shannan2.2k_1 YR_MN Tibetan_Lhasa -0.005867 0.001174 -4.997 411901 
Shigatse1.2k Dacaozi1.9k Tibetan_Lhasa -0.005741 0.001872 -3.067 87558 
Shannan2.2k_1 Nomad_Med_TS Tibetan_Lhasa -0.005677 0.001063 -5.341 432006 
Shannan2.2k_1 Nomad_IA_TS Tibetan_Lhasa -0.005532 0.00136 -4.068 414156 
Shannan2.2k_1 G4 Tibetan_Lhasa -0.005489 0.00142 -3.865 225030 
Lubrak Mongolia_EBA_2_Chemurchek Tibetan_Lhasa -0.005486 0.001486 -3.693 418410 
Shigatse1.9k DevilsCave_N Tibetan_Lhasa -0.005416 0.001589 -3.408 506279 
Shigatse1.9k Karluk_TS Tibetan_Lhasa -0.005403 0.001533 -3.525 510916 
Shannan1.3k Nomad_IA_TS Tibetan_Lhasa -0.005376 0.001545 -3.479 530498 
Shannan2.2k_1 YR_3100BP Tibetan_Lhasa -0.005374 0.001283 -4.188 373326 
Shigatse2.1k TianShanHun_TS Tibetan_Lhasa -0.005316 0.001014 -5.24 747809 
Shigatse2.1k Karluk_TS Tibetan_Lhasa -0.005265 0.00119 -4.423 611553 
Shannan1.3k Kangju_TS Tibetan_Lhasa -0.005259 0.001555 -3.382 442118 
Shannan2.2k_1 Dacaozi1.9k Tibetan_Lhasa -0.005212 0.001201 -4.339 396636 
Shannan2.2k_1 TianShanHun_TS Tibetan_Lhasa -0.005197 0.001045 -4.972 512410 
Shannan2.2k_1 Wusun_TS Tibetan_Lhasa -0.005187 0.001264 -4.103 429413 
Shannan2.2k_1 Okunevo_EMBA Tibetan_Lhasa -0.005154 0.001076 -4.792 475164 
Shigatse2.1k Okunevo_EMBA Tibetan_Lhasa -0.005134 0.001036 -4.955 694969 
Shigatse2.1k Kangju_TS Tibetan_Lhasa -0.005123 0.001309 -3.913 508480 
Lubrak Wusun_TS Tibetan_Lhasa -0.005104 0.00138 -3.698 470220 
Shigatse2.1k HMMH_MN Tibetan_Shigatse -0.006636 0.001137 -5.836 413311 
Shannan2.2k_2 HMMH_MN Tibetan_Shigatse -0.005539 0.001778 -3.115 201009 
Shannan2.2k_2 DevilsCave_N Tibetan_Shigatse -0.004983 0.001213 -4.108 339748 
Shannan2.2k_1 Karluk_TS Tibetan_Shigatse -0.004964 0.000953 -5.209 481106 
Lubrak Kangju_TS Tibetan_Shigatse -0.004872 0.001085 -4.489 438297 
Shannan2.2k_1 Kangju_TS Tibetan_Shigatse -0.004647 0.00106 -4.384 399846 



Shannan2.2k_1 Ikawazu Tibetan_Shigatse -0.004605 0.001314 -3.504 369662 
Shannan1.3k Nomad_IA_TS Tibetan_Shigatse -0.004546 0.001163 -3.91 617859 
Shigatse2.1k Karluk_TS Tibetan_Shigatse -0.004332 0.000843 -5.137 702232 
Shigatse2.1k AR_Xianbei_IA Tibetan_Shigatse -0.004289 0.001239 -3.463 220582 
Shannan2.2k_1 YR_MN Tibetan_Shigatse -0.004261 0.000836 -5.095 477562 
Shannan1.3k WLR_BA Tibetan_Shigatse -0.004151 0.001252 -3.316 347414 
Shannan1.3k Karluk_TS Tibetan_Shigatse -0.004081 0.001134 -3.599 621085 
Shannan2.2k_1 WLR_BA Tibetan_Shigatse -0.00403 0.001133 -3.557 274593 
Shannan1.3k Kangju_TS Tibetan_Shigatse -0.004008 0.001159 -3.457 516437 
Shannan2.2k_2 Shimao_LN Tibetan_Shigatse -0.003933 0.001223 -3.215 335667 
Shigatse2.1k TianShanHun_TS Tibetan_Shigatse -0.003876 0.000626 -6.191 775793 
Lubrak Wusun_TS Tibetan_Shigatse -0.003869 0.000955 -4.05 534645 
Shannan2.2k_1 DevilsCave_N Tibetan_Shigatse -0.003843 0.000947 -4.057 478975 
Shannan2.2k_1 Nomad_IA_TS Tibetan_Shigatse -0.003836 0.001036 -3.704 478545 
Shigatse2.1k Wusun_TS Tibetan_Shigatse -0.00383 0.000815 -4.701 711403 
Shigatse2.1k Kangju_TS Tibetan_Shigatse -0.003787 0.00096 -3.947 584125 
Shannan2.2k_1 Nomad_Med_TS Tibetan_Shigatse -0.003785 0.000729 -5.193 485788 
Shannan2.2k_1 G4 Tibetan_Shigatse -0.003774 0.001153 -3.272 268044 
Shigatse2.1k Ma912_G2 Tibetan_Shigatse -0.003712 0.001044 -3.556 549831 
Shannan2.2k_2 Lajia4k Tibetan_Shigatse -0.003602 0.001082 -3.329 335418 
Shannan2.2k_2 YR_MN Tibetan_Shigatse -0.003505 0.001101 -3.184 339072 
Nagqu1.4k Ma912_G2 Tibetan_Shigatse -0.003387 0.001035 -3.271 562443 
Shannan2.2k_1 Shimao_LN Tibetan_Shigatse -0.003304 0.000895 -3.691 472751 
Shannan2.2k_1 Wusun_TS Tibetan_Shigatse -0.003297 0.000952 -3.462 487461 
Lubrak Kangju_TS Sherpa_Shigatse -0.00466 0.001271 -3.665 406930 

Table S12. Z-scores for f4-statistics showing that Early Ancient Tibetans of the 

south-southwest cluster share more alleles with each other than populations of 

other plateau regions. 
D (X, Chamdo2.8k_1; Z, Mbuti) D (X, Nagqu2.7k; Z, Mbuti) D (X, Yushu2.8k; Z, Mbuti) 
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Suila 4.8 3.6 3.3 4.6 1.7 4.2 4.3 2.8 2.8 3.1 8.5 6.5 5.6 7 4.7 

Lubrak 6.2 5.4 8.5 5.7 3.2 6.1 6.8 8.9 5 4.5 8.8 11 13 9.5 6.8 

Chokhopani 3.7 2.9 4.7 2.3 0.2 2.6 2.1 4.1 0.6 1 4.8 7.9 7.4 5.1 2.6 

Rhirhi 3.5 6.1 5.3 2.6 0.6 2.5 5.1 5.6 1.4 2 4.7 12 9 6.1 4.1 

Shigatse2.6k 6.1 5.5 4.4 4.8 1.5 4.8 4.7 4.9 4.7 2.6 6.8 9.3 7.4 7.6 4.1 

Shannan3k 3.9 3.8 2.5 2.9 2.2 3.4 2.7 2.9 3.4 1.5 5.8 8 5 6.1 4.9 

Table S13. F4-statistics showing 1,600-1,100-year-old Nagqu individuals cluster 

with  2,100-year-old Shigatse population relative to 2700-2500 BP Nagqu 
individuals.  
X Y Z O f4 Z SNPs Interpretation 
Nagqu1.1k Nagqu2.5k Shigatse2.1k Mbuti 0.0025 5.0 526127 

Nagqu1.1k forms a chade with 
Shigatse2.1k relative to Nagqu2.5k Nagqu1.1k Shigatse2.1k Nagqu2.5k Mbuti 0.0009 1.7 526127 

Nagqu2.5k Shigatse2.1k Nagqu1.1k Mbuti -0.0017 -3.1 526127 
Nagqu1.1k Nagqu2.7k Shigatse2.1k Mbuti 0.0019 3.8 518170 



Nagqu1.1k Shigatse2.1k Nagqu2.7k Mbuti 0.0000 0.1 518170 Nagqu1.1k forms a chade with 
Shigatse2.1k relative to Nagqu2.7k Nagqu2.7k Shigatse2.1k Nagqu1.1k Mbuti -0.0019 -3.4 518170 

Nagqu1.6k Nagqu2.5k Shigatse2.1k Mbuti 0.0019 3.9 608825 
Nagqu1.6k forms a chade with 
Shigatse2.1k relative to Nagqu2.5k Nagqu1.6k Shigatse2.1k Nagqu2.5k Mbuti -0.0005 -1.0 608825 

Nagqu2.5k Shigatse2.1k Nagqu1.6k Mbuti -0.0025 -4.7 608825 
Nagqu1.6k Nagqu2.7k Shigatse2.1k Mbuti 0.0010 2.0 627089 

Nagqu1.6k forms a chade with 
Shigatse2.1k relative to Nagqu2.7k Nagqu1.6k Shigatse2.1k Nagqu2.7k Mbuti -0.0005 -1.0 627089 

Nagqu2.7k Shigatse2.1k Nagqu1.6k Mbuti -0.0015 -3.0 627089 
Nagqu1.4k Nagqu2.5k Shigatse2.1k Mbuti 0.0033 8.2 653176 

Nagqu1.4k forms a chade with 
Shigatse2.1k relative to Nagqu2.5k Nagqu1.4k Shigatse2.1k Nagqu2.5k Mbuti 0.0005 1.3 653176 

Nagqu2.5k Shigatse2.1k Nagqu1.4k Mbuti -0.0028 -6.7 653176 
Nagqu1.4k Nagqu2.7k Shigatse2.1k Mbuti 0.0026 5.9 672375 

Nagqu1.4k forms a chade with 
Shigatse2.1k relative to Nagqu2.7k Nagqu1.4k Shigatse2.1k Nagqu2.7k Mbuti -0.0002 -0.4 672375 

Nagqu2.7k Shigatse2.1k Nagqu1.4k Mbuti -0.0027 -6.3 672375 

Table S14. Distal qpAdm models for Early Ancient Tibetans. p# refers to mixture 

proportions, std# refers to the standard error corresponding to each mixture proportion. 

The analysis was performed with the ‘rotating’ scheme using the ‘R15’ reference set. (A) 

Feasible models for each target population. (B) Informative non-fitting models to facilitate 

comparisons across target populations. The models could be rejected due to low P values 

(P < 0.05), or that not all confidence interval of estimated proportions fall within 0 to 1 

range.  

See Excel. 

Table S15. Proximal qpAdm models for Early Ancient Tibetans. p# refers to mixture 

proportions, std# refers to the standard error corresponding to each mixture proportion. 

(A) Feasible or best-fitting models for each target population.P-values smaller than 0.05

are highlighted. (B) Informative non-fitting models to facilitate comparisons across target 

populations. The models could be rejected due to low P values (P < 0.05), or that not all 

confidence interval of estimated proportions fall within 0 to 1 range. The qpAdm models 

were obtained through a rotating scheme, the “R15 + Zongri5.1k” outgroup set were used 

for modeling populations older than 4,000 BP (i.e. from the Zongri archaeological site). 

Both “R15 + Lajia4k + Zongri5.1k” and “R15 + Lajia4k + Lubrak” sets were used for 

modeling Early Ancient Tibetans  younger than 3,000 BP.  

See Excel. 



Table S16. qpWave analysis for 2700-1900 BP Tibetan Plateau populations. 
Outgroup population with power to distinguish different plateau ancestries (‘O10’) were 
used as the pright population. Blue indicates P > 0.05 whereas red indicates P < 0.01. 
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Yushu2.8k 3.1E-03 2.6E-03 1.3E-01 8.3E-01 4.1E-01 1.6E-10 7.2E-14 2.7E-13 1.5E-10 4.3E-15 2.6E-17 1.6E-18 1.1E-14 1.0E-12 

Chamdo2.8k_1 3.1E-03 1.5E-02 5.0E-01 8.3E-03 2.0E-01 8.1E-04 1.0E-05 1.2E-04 1.4E-06 6.5E-09 1.8E-10 6.9E-11 9.6E-07 1.1E-07 

Chamdo2.8k_2 2.6E-03 1.5E-02 1.4E-01 6.2E-01 4.5E-01 4.2E-01 6.5E-02 1.6E-01 1.0E-02 3.0E-02 7.4E-04 7.3E-07 1.3E-02 4.9E-02 

Chamdo2.7k 1.3E-01 5.0E-01 1.4E-01 2.3E-01 4.2E-01 8.1E-03 9.9E-03 5.7E-06 9.7E-03 7.1E-05 5.3E-06 9.7E-08 1.3E-04 2.8E-04 

Nagqu2.7k 8.3E-01 8.3E-03 6.2E-01 2.3E-01 7.3E-01 8.4E-04 2.4E-03 5.0E-05 1.3E-04 5.9E-07 1.5E-06 1.9E-10 6.8E-06 1.1E-04 

Nagqu2.5k 4.1E-01 2.0E-01 4.5E-01 4.2E-01 7.3E-01 1.5E-03 1.3E-07 1.4E-05 2.0E-06 1.2E-08 1.3E-09 4.8E-12 1.4E-05 2.1E-05 

Shannan3k 1.6E-10 8.1E-04 4.2E-01 8.1E-03 8.4E-04 1.5E-03 5.3E-01 1.7E-01 3.6E-01 2.6E-01 1.0E-01 1.7E-01 1.0E+00 7.8E-01 

Shannan2.2k_1 7.2E-14 1.0E-05 6.5E-02 9.9E-03 2.4E-03 1.3E-07 5.3E-01 2.2E-01 5.9E-01 3.2E-01 1.7E-01 3.8E-02 1.4E-02 3.7E-02 

Shannan2.2k_2 2.7E-13 1.2E-04 1.6E-01 5.7E-06 5.0E-05 1.4E-05 1.7E-01 2.2E-01 5.2E-03 6.9E-04 1.9E-03 2.3E-05 1.5E-04 2.9E-02 

Shigatse1.9k 1.5E-10 1.4E-06 1.0E-02 9.7E-03 1.3E-04 2.0E-06 3.6E-01 5.9E-01 5.2E-03 7.8E-01 4.7E-01 8.1E-01 2.4E-02 6.8E-02 

Shigatse2.1k 4.3E-15 6.5E-09 3.0E-02 7.1E-05 5.9E-07 1.2E-08 2.6E-01 3.2E-01 6.9E-04 7.8E-01 2.3E-01 5.2E-02 5.4E-03 5.0E-03 

Shigatse2.6k 2.6E-17 1.8E-10 7.4E-04 5.3E-06 1.5E-06 1.3E-09 1.0E-01 1.7E-01 1.9E-03 4.7E-01 2.3E-01 6.4E-02 5.0E-03 5.4E-04 

Lubrak 1.6E-18 6.9E-11 7.3E-07 9.7E-08 1.9E-10 4.8E-12 1.7E-01 3.8E-02 2.3E-05 8.1E-01 5.2E-02 6.4E-02 3.1E-04 2.3E-03 

Chokhopani 1.1E-14 9.6E-07 1.3E-02 1.3E-04 6.8E-06 1.4E-05 1.0E+00 1.4E-02 1.5E-04 2.4E-02 5.4E-03 5.0E-03 3.1E-04 4.7E-01 

Rhirhi 1.0E-12 1.1E-07 4.9E-02 2.8E-04 1.1E-04 2.1E-05 7.8E-01 3.7E-02 2.9E-02 6.8E-02 5.0E-03 5.4E-04 2.3E-03 4.7E-01 

Table S17. Feasible proximal qpAdm models for ancient and present-day 

populations younger than 2,800 BP. (A) Feasible or the best-fitting models are shown 

for each target population. A feasible model means that the target can be described using 

the given mixture model (pvalue > 0.05), the mixture model for the given number of 

sources (n) is better than a mixture model of n-1 sources, and all mixture proportions (p#) 

are greater than zero. Models with pvalue < 0.05 are highlighted in yellow. std# refers to 

the standard error corresponding to each mixture proportion. (B) Informative non-fitting 

models to facilitate comparisons across target populations. The models could be rejected 

due to low P values (P < 0.05), or that not all confidence interval of estimated proportions 

fall within 0 to 1 range. Outgroup population with power to distinguish different plateau 

ancestries (‘O10’) were used as the pright population.  

See Excel. 



Table S18. Z scores for f4 (X, Y; Neanderthal/Denisovan, Chimp) testing symmetry 
between ancient and present-day populations with respect to archaic humans. Blue 

highlighting indiciates Z<-3, whereas red highlighting indicates Z>3. 
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Zongri5.1k 1.6 1.7 1.7 2.1 2 -0.2 1.7 2 1.5 1.4 1.1 -2.9
Yushu2.8k 0.5 0.5 0.3 0.7 0.7 -1.4 1.2 1.3 0.8 0.8 0.4 -4.2
Yushu0.5k -0.7 -0.5 -0.6 -0.5 -0.3 -1.6 -1.3 -1.1 -1.5 -1.5 -1.9 -4.4
Chamdo2.8k_1 1 1.1 1 1.3 1.3 -0.7 0.4 0.9 -0.1 0.1 -0.4 -3.9
Chamdo2.8k_2 1.8 2 2 2.1 1.8 0.7 0.8 1.2 0.5 0.6 0 -2.6
Chamdo2.7k -0.9 -0.5 -0.7 -0.6 -0.9 -2.3 0.1 0.4 0 0.1 -0.7 -3.2
Nagqu2.7k 0.1 0.1 -0.1 0.3 0.2 -1.5 0.9 0.8 0.5 0.5 0 -3.5
Nagqu2.5k 0.2 0.6 -0.2 0.1 0.5 -1.4 0.7 1.2 0.4 0.4 0.5 -3
Nagqu1.6k -0.9 -0.7 -0.9 -0.5 -0.6 -2.6 1 1.1 0.7 0.9 0.1 -3.8
Nagqu1.4k -0.5 0 -0.5 0.2 0.1 -2.3 -0.6 0 -0.9 -0.7 -1.3 -6
Nagqu1.1k -0.4 0.1 -0.7 -0.2 -0.3 -1.7 0.4 0.7 0 0.1 -0.2 -3.4
Nyingchi2k -0.9 -0.4 -1 -0.3 -0.7 -2.8 1 1.1 0.5 0.7 0 -4.9
Nyingchi2k_o -0.2 -0.1 -0.1 0 0.2 -1.4 0.6 0.7 0.3 0.3 -0.2 -3
Nyingchi0.8k 0.3 0.3 0.3 0.8 0.6 -1.7 0.1 0.1 -0.2 -0.2 -0.4 -4.4
Nyingchi0.1k -0.9 -0.2 -1.5 -1 -1.5 -1 -1.3 -1.4 -1.5 -1.4 -1.4 -1.9
Lhasa1k 0.1 0.2 0.1 0.7 0.5 -1.6 -0.5 -0.5 -0.8 -0.8 -1.2 -5.1
Lhasa1.1k -0.8 -0.4 -0.4 -0.5 -0.3 -1.9 -0.8 -0.4 -0.6 -1.2 -0.8 -3.5
Lhasa0.7k 1.1 1.3 1.2 1.8 1.8 0 2 2.2 1.8 1.9 1.9 -2
Shannan3k -1 -1 -0.9 -0.5 -0.8 -2.8 -1 -0.9 -1 -1.2 -1.8 -5.1
Shannan2.2k_2 -0.2 0.2 -0.3 -0.1 -0.2 -1.6 0.4 0.7 0 0 -0.5 -3.9
Shannan2.2k_1 -0.1 0 -0.1 0.2 0.2 -1.9 1.2 0.8 0.9 0.8 0.5 -3.6
Shannan1.3k 0.5 0.7 0.6 1.1 1 -0.9 1.2 1.6 1.1 1.2 0.7 -3.2
Shigatse2.6k 0.8 0.8 0.9 1.7 1.3 -1.1 1.3 1.5 1.1 1.4 0.7 -3.5
Shigatse2.1k 1.1 1.2 1 1.7 1.4 -1.1 1.1 1.2 0.8 0.9 0.3 -4.9
Shigatse1.9k -0.2 0 -0.3 0.2 0 -1.8 1 1.1 0.7 0.8 0.1 -3.9
Shigatse1.5k_2 -0.9 -0.4 -0.7 -0.4 -0.5 -2.2 -0.2 0.1 0.1 0.3 -0.2 -2.5
Shigatse1.5k_1 -0.7 -0.5 -0.7 -0.1 -0.4 -2.3 0.3 0.3 -0.2 0.1 -0.3 -4.1
Shigatse1.2k 0.1 -0.6 0.6 0.5 1 -0.1 1.2 1.1 0.8 1.6 1.2 -0.8
Shigatse0.9k 2.5 2.2 2.1 3.2 2.1 -1.2 3.5 2.9 2.7 3 1.5 -5.2
Shigatse0.7k -0.4 -0.2 -0.4 0.3 0 -2.3 0.5 0.7 0.2 0.3 -0.3 -5.5
Ngari2.3k -1 -1 -1.2 -0.4 -0.5 -2.6 0.2 0.3 -0.3 0 -0.3 -5
Ngari2.3k_o1 -1.6 -1 -1.6 -1.1 -1.1 -2.9 -0.2 -0.1 -0.7 -0.6 -0.7 -4.2
Ngari2.3k_o2 1.5 1.4 1.5 1.3 1.1 -0.3 0.9 1.2 0.5 0.7 0 -2.4
Ngari0.1k 1.1 1.4 1.2 1.5 1.5 -0.6 -0.1 0.3 -0.3 -0.4 -0.8 -4.7



Table S19. 1600BP and 1400-1100BP Nagqu individuals show different affinities 
with various ancient individuals dating to 2,200-1,900 BP in the southern and 
southwestern plateau. F4-statistics are of the form f4 (Pop1, Pop2; Pop3, Mbuti), and a 

significantly positive Z-score (Z > 3) indicates that Pop3 shares more alleles with Pop1 

than Pop2.  
X Y Z O f4 Z SNPs Interpretation 
Shigatse1.9k Shigatse2.1k Nagqu1.6k Mbuti 0.0011 2.0 736381 

Nagqu1.6k shares more alleles 
with Shigatse1.9k than other 
2300-1900 BP populations across 
the Tibetan Plateau. 

Shigatse1.9k Ngari2.3k Nagqu1.6k Mbuti 0.0037 6.6 595581 
Shigatse1.9k Nyingchi2k Nagqu1.6k Mbuti 0.0027 4.9 729002 
Shigatse1.9k Shannan2.2k_1 Nagqu1.6k Mbuti 0.0017 3.1 582088 
Shigatse1.9k Shannan2.2k_2 Nagqu1.6k Mbuti 0.0030 4.3 436523 
Shigatse2.1k Ngari2.3k Nagqu1.4k Mbuti 0.0037 11.1 682099 Nagqu1.4k shares more alleles 

with Shigatse2.1k than other 
2300-1900 BP populations except 
Shannan2.2k_1 across the 
Tibetan Plateau. 

Shigatse2.1k Nyingchi2k Nagqu1.4k Mbuti 0.0015 4.2 891870 
Shigatse2.1k Shannan2.2k_2 Nagqu1.4k Mbuti 0.0014 3.0 481451 
Shigatse2.1k Shigatse1.9k Nagqu1.4k Mbuti 0.0014 3.4 806366 
Shannan2.2k_1 Shannan2.2k_2 Nagqu1.4k Mbuti 0.0015 3.1 400578 Nagqu1.4k shares more alleles 

with Shannan2.2k_1 than other 
2300-1900 BP populations except 
Shigatse2.1k across the Tibetan 
Plateau. 

Shannan2.2k_1 Shigatse1.9k Nagqu1.4k Mbuti 0.0016 3.7 616591 
Shannan2.2k_1 Ngari2.3k Nagqu1.4k Mbuti 0.0037 9.5 540823 
Shannan2.2k_1 Nyingchi2k Nagqu1.4k Mbuti 0.0016 4.2 657740 
Shigatse2.1k Ngari2.3k Nagqu1.1k Mbuti 0.0033 7.4 500318 

Nagqu1.1k shares more alleles 
with Shigatse2.1k than other 
2300-1900 BP populations across 
the Tibetan Plateau. 

Shigatse2.1k Nyingchi2k Nagqu1.1k Mbuti 0.0011 2.5 606534 
Shigatse2.1k Shannan2.2k_1 Nagqu1.1k Mbuti 0.0005 1.1 500142 
Shigatse2.1k Shannan2.2k_2 Nagqu1.1k Mbuti 0.0012 2.3 390722 
Shigatse2.1k Shigatse1.9k Nagqu1.1k Mbuti 0.0023 4.2 575976 

Table S20. Archaic ancestry estimates using AdmixFrog. NEA, Neanderthal; DEN, 

Denisovan. 

See Excel. 

Table S21. Read counts and base information of ancient Tibetan Plateau 
individuals at 20 SNPs in EPAS1 that are highly differentiated between Tibetans 
and other modern humans. The count cells with only reads supporting the presence of 
the common modern human allele are shaded in blue, the cells with only reads supporting 
the common Tibetan allele are shaded in pink, and the cells with reads supporting both 
alleles are shaded in orange. The p (AA), p (AB) and p (BB) represent the posterior 
probability of different genotypes where A represents the common modern human allele 
and B represents the common Tibetan allele. The probability was only called for 
individuals with sum reads count >= 4. 



See Excel. 

Table S22. Allele frequency of Denisovan-like EPAS1 haplotype in present-day 
Tibetan populations. 

Population # of individuals Frequency 

Tibetan_Chamdo 6 0.75 
Tibetan_Lhasa 3 0.83 
Tibetan_Nagqu 3 1 
Tibetan_Nyingchi 2 0.75 
Tibetan_Shannan 7 0.79 
Tibetan_Shigatse 12 0.96 

Table S23. Counts of reads mapped to functional SNPs in other phenotypic genes. 

The count cells with only reads supporting the presence of the ancestral allele are shaded 

in blue, the cells with only reads supporting the derived allele are shaded in pink, and the 

cells with reads supporting both alleles are shaded in orange. 

See Excel. 
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