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Concerns about ancient DNA sequences reported from a Late Pleistocene individual from

Southeast Asia
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Ust’-Ishim Sunghir far Yana Rhinoceros Amur River Laos Salkhit Tianyuan
western Siberia  Eastern Europe Horn Siberia Basin (33kya) Hoabinhian Mongolia  northern China

(45kya) (30kya) (33kya) (8kya) (31kya) (40kya)
MZR (14kya) 7 6 5 4 4 2 3
Devil’'s Gate (8kya) 21 21 17 14 14 13 13
Amur River (19kya) 17 16 13 11 9 8 10
Qihe3 (11kya) 14 13 9 8 7 5 6
Late Neolithic Laos (3kya) 14 12 8 8 7 6 6
Baojianshan (7kya) 12 11 7 6 5 4 4
Bronze Age Laos (2kya) 10 8 5 4 4 2 4
Yakut (modern) 22 23 18 15 16 13 14
Japanese (modern) 22 23 19 16 16 14 14
Han (modern) 20 20 15 13 14 12 12
Viet (modern) 19 20 15 13 13 12 11
Igorot (modern) 17 17 13 11 11 10 9
Atayal (modern) 16 16 12 10 10 10 9

Table S1: Z-scores for D(Row, Column; USR1, Mbuti).

MZR is in no way distinctive; many other ancient Northeast and Southeast Asians in the rows
show positive Z-scores, reflecting shared ancestry with Native Americans relative to the
outgroups in the columns.
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Table S2: Z-scores for D(MZR, Northeast Asian; Native American; Cameroon SMA).
Native Americans show a higher affinity towards Northeast Asians than to MZR.



Supplemental experimental procedures

Obtaining a larger SNP set

To provide more power when analyzing MZR, we used the cpoly software®! to identify a set of
~86 million SNPs. We only use high coverage modern African samples to identify
polymorphisms to avoid ascertainment bias. Additionally, we left Mbuti out as we were using
them as an outgroup. The full list of African samples is given below:

T Baka-1.DG T Baka-2.DG T Bakola-1.DG T Bakola-2.DG S_BantuHerero-1.DG

S BantuHerero-2.DG HGDP01028.DG HGDP01035.DG HGDP00993.DG HGDP00994.DG
HGDP01030.DG HGDP01033.DG HGDP01034.DG S BantuTswana-1.DG S BantuTswana-
2.DG T Bedzan-1.DG T Bedzan-2.DG S_Biaka-1.DG S _Biaka-2.DG HGDP00454.DG
HGDP00455.DG HGDP00457.DG HGDP00458.DG HGDP00459.DG HGDP00460.DG
HGDP00461.DG HGDP00464.DG HGDP00466.DG HGDP00469.DG HGDP00470.DG
HGDP00472.DG HGDP00473.DG HGDP00475.DG HGDP00985.DG HGDP00986.DG
HGDPO01086.DG HGDP01090.DG HGDP01094.DG T Bulala-1.DG T Bulala-2.DG A Dinka-
4.DG S _Dinka-1.DG B_Dinka-3.DG S _Dinka-2.DG S_Esan-2.DG S_Esan-1.DG HG02922.SG
HG02923.SG HG02938.SG HG02941.SG HG02943.SG HG02944.SG HG02946.SG
HG02947.SG HG02952.SG HG02953.SG HG02968.SG HG02970.SG HG02971.SG
HG02973.SG HG02974.SG HG02976.SG HG02977.SG HG02979.SG HG02981.SG
HG03099.SG HG03100.SG HG03103.SG HG03105.SG HG03108.SG HG03109.SG
HGO03111.SG HG03112.SG HG03114.SG HG03115.SG HG03117.SG HG03118.SG
HG03120.SG HG03121.SG HG03123.SG HG03124.SG HG03126.SG HG03127.SG
HG03129.SG HG03130.SG HG03132.SG HG03133.SG HG03135.SG HG03136.SG
HG03139.SG HG03157.SG HG03159.SG HG03160.SG HG03162.SG HG03163.SG
HG03166.SG HG03168.SG HG03169.SG HG03172.SG HG03175.SG HG03189.SG
HG03190.SG HG03193.SG HG03195.SG HG03196.SG HG03198.SG HG03199.SG
HG03202.SG HG03265.SG HG03267.SG HG03268.SG HG03270.SG HG03271.SG
HG03279.SG HG03280.SG HG03291.SG HG03294.SG HG03295.SG HG03297.SG
HG03298.SG HG03300.SG HG03301.SG HG03303.SG HG03304.SG HG03311.SG
HG03313.SG HG03342.SG HG03343.SG HG03351.SG HG03352.SG HG03354.SG
HG03363.SG HG03366.SG HG03367.SG HG03369.SG HG03370.SG HG03372.SG



HG03499.SG HG03511.SG HG03514.SG HG03515.SG HG03517.SG HG03518.SG
HG03520.SG HG03521.SG S_Igbo-1.DG S _Igbo-2.DG S _Ju hoan North-2.DG

S Ju hoan North-1.DG S Ju hoan_ North-3.DG B Ju hoan North-4.DG HGDP00987.DG
HGDP00991.DG HGDP00992.DG HGDP01032.DG HGDP01036.DG T_Kaba-1.DG T Kaba-
2.DG S Khomani San-1.DG S _Khomani San-2.DG S Kongo-2.DG T Laka-1.DG T Laka-
2.DG S Lemande-1.DG S Lemande-2.DG T Mada-1.DG T_Mada-2.DG S Mandenka-2.DG
S Mandenka-1.DG A Mandenka-4.DG B_Mandenka-3.DG HGDP00904.DG HGDP00905.DG
HGDP00906.DG HGDP00907.DG HGDP00908.DG HGDP00909.DG HGDP00910.DG
HGDP00912.DG HGDP00913.DG HGDP00915.DG HGDP00917.DG HGDP01199.DG
HGDP01200.DG HGDP01202.DG HGDP01283.DG HGDP01284.DG HGDP01286.DG

S Mende-1.DG S_Mende-2.DG HG03052.SG HG03054.SG HG03055.SG HG03057.SG
HG03058.SG HG03060.SG HG03061.SG HG03063.SG HG03064.SG HG03066.SG
HG03069.SG HG03072.SG HG03073.SG HG03074.SG HG03077.SG HG03078.SG
HG03079.SG HG03081.SG HG03082.SG HG03084.SG HG03085.SG HG03086.SG
HG03088.SG HG03091.SG HG03095.SG HG03096.SG HG03097.SG HG03209.SG
HG03212.SG HG03224.SG HG03225.SG HG03376.SG HG03378.SG HG03380.SG
HG03382.SG HG03385.SG HG03388.SG HG03391.SG HG03394.SG HG03397.SG
HG03401.SG HG03410.SG HG03419.SG HG03428.SG HG03432.SG HG03433.SG
HG03436.SG HG03437.SG HG03439.SG HG03442.SG HG03445.SG HG03446.SG
HG03449.SG HG03451.SG HG03452.SG HG03455.SG HG03457.SG HG03458.SG
HG03460.SG HG03461.SG HG03464.SG HG03469.SG HG03470.SG HG03472.SG
HG03473.SG HG03476.SG HG03478.SG HG03479.SG HG03484.SG HG03485.SG
HG03547.SG HG03548.SG HG03556.SG HG03557.SG HG03558.SG HG03559.SG
HG03563.SG HG03565.SG HG03567.SG HG03571.SG HG03572.SG HG03575.SG
HGO03577.SG HG03578.SG HG03583.SG T_Ngumba-1.DG T Ngumba-2.DG T_Tikar South-
1.DG T Tikar South-2.DG S Yoruba-1.DG S Yoruba-2.DG B_Yoruba-3.DG HGDP00920.DG
HGDP00924.DG HGDP00925.DG HGDP00926.DG HGDP00928.DG HGDP00929.DG
HGDP00930.DG HGDP00931.DG HGDP00932.DG HGDP00933.DG HGDP00934.DG
HGDP00935.DG HGDP00936.DG HGDP00937.DG HGDP00938.DG HGDP00939.DG
HGDP00940.DG HGDP00941.DG HGDP00942.DG HGDP00943.DG HGDP00944.DG
NA18486.SG NA18488.SG NA18489.SG NA18498.SG NA18499.SG NA18501.SG



NA18502.SG NA18504.SG NA18505.SG NA18507.SG NA18508.SG NA18510.SG
NAI18511.SG NA18516.SG NA18517.SG NA18519.SG NA18520.SG NA18522.SG
NA18856.SG NA18858.SG NA18861.SG NA18864.SG NA18865.SG NA18867.SG
NA18868.SG NA18870.SG NA18871.SG NA18873.SG NA18874.SG NA18876.SG
NA18877.SG NA18878.SG NA18879.SG NA18881.SG NA18907.SG NA18908.SG
NA18909.SG NA18910.SG NA18915.SG NA18916.SG NA18917.SG NA18923.SG
NA18924.SG NA18933.SG NA18934.SG NA19093.SG NA19095.SG NA19096.SG
NA19098.SG NA19099.SG NA19102.SG NA19107.SG NA19108.SG NA19113.SG
NA19114.SG NA19116.SG NA19117.SG NA19118.SG NA19119.SG NA19121.SG
NA19130.SG NA19131.SG NA19137.SG NA19138.SG NA19141.SG NA19143.SG
NA19144.SG NA19146.SG NA19147.SG NA19149.SG NA19152.SG NA19153.SG
NA19159.SG NA19160.SG NA19171.SG NA19175.SG NA19184.SG NA19185.SG
NA19189.SG NA19190.SG NA19197.SG NA19198.SG NA19201.SG NA19204.SG
NA19206.SG NA19207.SG NA19209.SG NA19210.SG NA19213.SG NA19214.SG
NA19222.SG NA19223.SG NA19225.SG NA19235.SG NA19236.5SG NA19238.SG
NA19239.SG NA19247.SG NA19248.SG NA19256.SG NA19257.SG NA19093.DG
NA19095.DG HG03139.DG HG03157.DG NA18867.DG NA18868.DG HG03129.DG
HG03130.DG HG03363.DG HG03366.DG HG03499.DG HG03511.DG NA19107.DG
NA19108.DG HG03517.DG HG03518.DG HG02974.DG HG02976.DG NA18499.DG
NA18501.DG HG03291.DG HG03294.DG HG02968.DG HG02970.DG HG03313.DG
HGO03342.DG NA18486.DG NA18488.DG HG03066.DG HG03069.DG HG03472.DG
HGO03473.DG HG03428.DG HG03432.DG HG03304.DG HG03311.DG HG03458.DG
HG03460.DG NA19113.DG NA19114.DG HG03120.DG HG03121.DG HG03270.DG
HG03271.DG HG03301.DG HG03303.DG NA18881.DG NA18907.DG HG03123.DG
HGO03124.DG NA18489.DG NA18498.DG HG02952.DG HG02953.DG HG03195.DG
HG03196.DG NA19096.DG NA19098.DG NA19099.DG NA19102.DG HG03451.DG
HG03452.DG HG03091.DG HG03095.DG NA19257.DG HG03086.DG HG03088.DG
HGO03367.DG HG03369.DG HG03352.DG HG03354.DG NA18508.DG NA18510.DG
HGO03081.DG HG03082.DG HG03572.DG HGO03575.DG HG03469.DG HG03470.DG
HG03169.DG HG03172.DG HG03111.DG HG03112.DG NA19222.DG NA19223.DG
NA19130.DG NA19131.DG HG03108.DG HG03109.DG HG03132.DG HG03133.DG



HGO03057.DG HG03058.DG HG03114.DG HG03115.DG HG03190.DG HG03193.DG
HGO03437.DG HG03439.DG NA18873.DG NA18874.DG NA18856.DG HG03376.DG
HGO03378.DG NA18876.DG NA18877.DG HG03298.DG HG03300.DG HG03442.DG
HGO03445.DG NA19225.DG NA19235.DG NA19152.DG NA19153.DG NA19206.DG
NA19207.DG HG03166.DG HG03168.DG NA19248.DG NA19256.DG HG03162.DG
HGO03163.DG NA19171.DG HG03202.DG HG03209.DG NA18858.DG NA18861.DG
HGO03455.DG HG03457.DG NA18915.DG NA18916.DG HG03343.DG HG03351.DG
HGO03159.DG HG03160.DG NA18505.DG NA18507.DG NA19236.DG NA19238.DG
HGO03052.DG NA18511.DG NA18516.DG NA18878.DG NA18879.DG HG03485.DG
HGO03175.DG HG03189.DG HG03265.DG HG03391.DG HG03394.DG NA19137.DG
NA19138.DG HG03370.DG HG03372.DG HG02946.DG HG02947.DG HG03084.DG
HGO03085.DG HG03267.DG HG03268.DG HG03295.DG HG03297.DG HG03410.DG
HGO03419.DG NA19190.DG NA19197.DG NA18924.DG NA18933.DG NA19209.DG
NA19210.DG HG03126.DG HG03127.DG NA19141.DG NA19143.DG HG03563.DG
HG03565.DG HG03103.DG HG03105.DG NA18502.DG NA18504.DG HG02971.DG
HG02973.DG NA18917.DG NA18923.DG HG03577.DG HG03578.DG HG03397.DG
HGO03401.DG NA18517.DG NA18519.DG HG03279.DG HG03280.DG HG02922.DG
HG02923.DG HG02981.DG NA18908.DG NA18909.DG HG03520.DG HG03521.DG
HGO03446.DG HG03449.DG NA19144.DG NA19146.DG HG03567.DG HG03571.DG
HGO03479.DG HG03484.DG NA19116.DG NA19117.DG HG03096.DG HG03097.DG
NA19147.DG NA19149.DG NA18910.DG HG03063.DG HG03064.DG HG03476.DG
HG03478.DG HG03433.DG HG03436.DG NA19159.DG NA19160.DG HG03514.DG
HGO03515.DG HG03583.DG NA19239.DG NA19247.DG HG03547.DG HG03548.DG
HGO03198.DG HG03199.DG NA19213.DG NA19214.DG HG03099.DG HG03100.DG
HGO03072.DG HG03073.DG NA19121.DG NA19198.DG NA19118.DG NA19119.DG
HG02977.DG HG02979.DG HG02938.DG HG02941.DG HG03556.DG HG03557.DG
NA19175.DG NA19184.DG HG03212.DG HG03224.DG HG03054.DG HG03055.DG
HG03380.DG HG03382.DG HG03060.DG HG03061.DG HG03385.DG HG03388.DG
HG02943.DG HG02944.DG HG03461.DG HG03464.DG NA18520.DG NA18522.DG
NA19201.DG NA19204.DG NA18864.DG NA18865.DG HG03225.DG HG03558.DG
HG03559.DG NA19185.DG NA19189.DG HG03074.DG HG03077.DG HG03117.DG



HGO03118.DG HG03078.DG HG03079.DG HG03135.DG HG03136.DG NA18934.DG
NA18870.DG NA18871.DG

We merged these SNPs with a set of SNPs around the non-Archaic probes from Fu et al. 201552
as well as the off target SNPs as described in Rohland 202253, This gave 86 million SNPs.

Obtaining ancient DNA data overlapping the 86 million SNPs

Once we had produced a working SNP file, we obtained the genotype for every sample at each
locus by randomly sampling a single genotype from all of the reads overlapping that position.
This produced a snp, ind, and geno file for each individual in EIGENSTRAT format®*. We
generated “pseudohaploid” call based on the randomly sampled alleles for each individual at
each position, assigning them to be “0” “2” or “9” representing homozygous ancestral,

homozygous derived, and missing respectively.

Merging Geno files
We merged individuals into a single set of SNP ind and geno files by concatenating the geno

files using paste, and the ind files with cat in linux.

Removing extra SNPS

While every SNP in the 86 million SNP set was polymorphic in the African samples, not every
SNP was polymorphic in the data we analyzed for this study. We used awk in linux to remove
every line of our SNP and geno files that lacked both a “0” and a “2” representing at least one
individual with the ancestral and derived SNP. This does not change the Z-scores, as the number
of ABBAs and BABAs that go into f-statistics are inherently unchanged by this process (which
for any set of populations only removes AAAAs and BBBBs). This left 8,650,283 SNPs on

which we performed analyses.



Supplemental results and discussion

Evidence against the claim that Native Americans are equally related to MZR and Amur
River Hunter Gatherers from 19 kya

Zhang et al.%® provide two main pieces of evidence for MZR having more affinity to Native
Americans that later Southeast Asians, which is the basis for their proposal of “an express
northward expansion of AMHs starting in southern East Asia through the coastal line of China

... eventually crossing the Bering Strait and reaching the Americas™>.

First, Zhang et al. cite statistics of the form D(Row, Column; USR1, Mbuti), which measure
whether Native Americans, represented by an Ancient Beringian from Alaska USR1%6, share
more alleles with a “Row” population or a “Column” population corresponding to mostly Upper
Paleolithic Eurasians (Table S1), using sub-Saharan Africans (Mbuti)®!7 as an outgroup assumed
to be equidistant to all non-Africans. Zhang et al. observe that when Row = MZR, the quantity is
significantly greater than 0, and we verified this for a diverse range of early Eurasian hunter-
gatherersS®13 (Table S1). However, this genetic affinity to Native Americans is not unique to
MZR: similar patterns manifest for the majority of Holocene and Late Pleistocene East
AsiansSt7101L13.14 for whom all Column Populations are outgroups in a phylogenetic sense
(Table S1). Thus, there is nothing distinctive about the values this D-statistic takes that would
suggest a Late Pleistocene expansion starting as far south as southern East Asia, and ultimately
contributing to Native Americans. The values manifested by this D-statistic in Table S1 can be
explained by a plausible scenario in which the East Asian-associated ancestry in Native
Americans comes from Northeast Asia®!>, whose populations since the Last Glacial Maximum
have shared genetic drift with the great majority of Holocene and Late Pleistocene East Asians
compared to Column Populations.

The second line of evidence cited by Zhang et al. in support of a Southeast Asian migration to
the Americas comes from their inference that Native Americans have no more affinity to an
individual from the Amur River Basin in northeast Asia from ~19 kya than to MZR. They write:
“MZR [and] Amur-19.0K are cladal with respect to First Americans, suggesting the East Asian

contribution to Native Americans likely originated prior to the south-versus-north East Asian



divergence” In other words, Zhang et al. suggest that the 19 kya Amur River Basin genome—
dated to five thousand years before MZR, buried thousands of kilometers to the north, and
hypothesized to be related to the East Asian lineage from whom Native Americans harbor
ancestry>!'—may not harbor lineages that are closer to Native Americans in a phylogenetic sense
than to MZR. If this were true, then there would indeed be no genetic evidence for a northern

rather than a southern origin for the East Asian-associated lineages present in Native Americans.

To support their argument, Zhang et al. cite symmetry statistics of the form

D(MZR,AR19K; Native American, African), measuring which of the first two listed
populations shares more alleles with Native Americans. Zhang et al. find this statistic is non-
significantly different from zero (Z = -0.656), consistent with being a clade. However, an
alternative reason for Z-scores of low magnitude is limited data from MZR, which reduces
statistical power, and reliance on only a single Native American sample, USR1. We carried out
all our analyses on a larger set of 8.65 million SNPs that we ascertained to increase power
(Supplementary File 2), represented Native Americans with multiple samples®%-'%!7_ and
represented Africans with high-quality ancient data from Cameroon®!® to avoid biases derived
from mixing ancient and modern data. We additionally tested ancient Northeast AsiansS¢:!1:19
other than AR19K. Table S2 shows that Native Americans are significantly more closely related
to AR19K than to MZR; for example, D(MZR, AR19K; USA_Anzick, Cameroon) is Z =-3.6
standard errors below zero, reflecting excess allele sharing between AR19K and Native
Americans, contradicting the conjecture of Zhang et al. This finding replicates when the MZR
reads are aggressively trimmed in order to reduce the high amount of noise mentioned in the
main manuscript (we tried trimming 8 base pairs on either side, as well as 2 base pairs on the 5’
and 17 base pairs on the 3’ side as Zhang et al. did, and obtained qualitatively similar results).
Conclusions

Our analyses show that, contrary to claims by Zhang et al, at least some of the East Asian
ancestry in Native Americans likely split off from Northeast Asians after the split with the
ancestors of Southeast Asians including MZR. While it remains possible that Native Americans

harbor some Southeast Asian ancestry, analyses of MZR data provide no evidence for this.
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