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The human colonization and adaptation of Tibetan Plateau
attract wide concerns in recent years. To date, the perma-
nent human occupation of Tibetan Plateau is a topic of hot
dispute in archaeology [1, 2]. Massive genetic studies have
been conducted to address this issue by estimating the
divergence time between highland Tibetans and lowland
populations (e.g., Han; Table S1). The comprehensive
analyses of mitochondrial DNA and Y chromosome mar-
kers revealed at least two distinct migratory waves into the
Tibetan Plateau. The early Upper Paleolithic migration was
dated ~30 kilo years ago (kya); in addition, the later Neo-
lithic colonization was traced back to 10-7 kya [3, 4]. By
analyzing data of exome and genome-wide single-nucleo-
tide polymorphisms, Tibetan and Han populations were
proposed to diverge 2750 [5] and 4725 years ago [6],
respectively. The two recent studies based on whole-
genome re-sequencing dated this divergence to 15-9 kya [7]
and 5844 kya [8], respectively. Thus, the time for
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divergence between Tibetan and other populations is still in
chaos.

To address the issue, we employ the multiple sequential
Markovian coalescent (MSMC) [9] approach to infer the
demographic history of Tibetan and other lowland popula-
tions in East Asia. The high-depth (>30x) genomic
sequencing data (Table S2) include Tibetan (n =8, newly
generated in this study), Han (n=3), Tu (n =2), Mon-
golian (n=2), and Japanese (n=3) [10]. We perform
calculation for eight (i.e., four diploid genomes; Fig. Ic)
and four (i.e., two diploid genomes; Fig. 1b) haplotypes,
respectively. These computations are repeated with another
independent sampling and the results are largely consistent
(Figure S1,S2). We find that MSMC based on eight hap-
lotypes presents more coalescent events than that based on
four haplotypes. When considering four haplotypes, our
MSMC results show two kinds of splits: the early one is
23-15 kya indicated by Han-Japanese and Tibetan-Han; the
later one is 19-11kya represented by Tibetan-Japanese,
Tibetan-Mongolian, and Tibetan-Tu (Fig. 1b). It is unable to
further discern the divergence differences within the two
major splits (e.g., Han-Japanese and Tibetan-Han). As
compared the MSMC results of four haplotypes, each pair
of population divergence can be identified based on eight
haplotypes (Fig. 1c), suggesting that genomic data of eight
haplotypes are more informative to increase the molecular
resolution. Confusingly, the inferred divergence patterns of
eight haplotypes were different from those of four haplo-
types. As for the Tibetan population, the early split inferred
by using eight and four haplotypes is from Japanese at
25-20 kya and from Han at 23-15 kya, respectively. Both
calculations suggest the Tibetan having closest relationship
with the Mongolian population. The Tibetan-Mongolian
divergence is dated as 19-11 and 16—10 kya by using eight
and four haplotypes, respectively.

When did Tibetan split from other populations? We
cannot give a clear answer to this question based on current
analyses of genomic data. Indeed, our results can provide
some caveats here. Because of the relative high computation
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load [9], MSMC is usually run based on two or four hap-
lotypes [7, 8, 10]. Our results suggest that sample size plays
substantial roles in MSMC analyses. How to interpret the
differences in the inference of population relationship and
divergence time based on eight and four haplotypes is still
unclear. Using eight haplotypes, which contain more
genetic information, could be a preferential choice. In
addition, MSMC cross coalescence rates behave roughly
linear under admixture [11]. The investigation of genetic
admixture in individuals used in MSMC analysis may be
required. Taken above, the uncertainty of population rela-
tionship as well as divergence time between Tibetan and
other populations should be considered, especially in
demographic inference.
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