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Abstract By using 19 Y chromosome biallelic markers
and 3 Y chromosome microsatellite markers, we analyzed
the genetic structure of 31 indigenous Sino-Tibetan speak-
ing populations (607 individuals) currently residing in
East, Southeast, and South Asia. Our results showed that
a T to C mutation at locus M122 is highly prevalent in al-
most all of the Sino-Tibetan populations, implying a
strong genetic affinity among populations in the same lan-
guage family. Furthermore, the extremely high frequency
of H8, a haplotype derived from M122C, in the Sino-
Tibetan speaking populations in the Himalayas including
Tibet and northeast India indicated a strong bottleneck ef-
fect that occurred during a westward and then southward

B. Su - C. Xiao - R. Chakraborty - L. Jin (=)

Human Genetics Center, University of Texas-Houston,
6901 Bertner Avenue, Houston, TX 77030, USA
e-mail: ljin@utsph.sph.uth.tmc.edu,

Tel.: +1-713-5009846, Fax: +1-713-5000900

B. Su-J. Xiao - D. Lu - L. Jin

Institute of Genetics, School of Life Sciences,

Fudan University and Morgan-Tan

International Center for Life Sciences, Shanghai, China

B. Su
Kunming Institute of Zoology, Chinese Academy of Sciences,
Kunming, China

C. Xiao
Department of Biology, Yunnan University, Kunming, China

R. Deka
Department of Environmental Health, University of Cincinnati,
Cincinnati, Ohio, USA

M.T. Seielstad
Program for Population Genetics,
Harvard School of Public Health, Boston, Mass., USA

D. Kangwanpong
Department of Biology, Chiang Mai University, Chiang Mai,
Thailand

P. Underhill - L. Cavalli-Sforza
Department of Genetics, Stanford University,
Stanford, Calif., USA

migration of the founding population of Tibeto-Burmans.
We, therefore, postulate that the ancient people, who lived
in the upper-middle Yellow River basin about 10,000
years ago and developed one of the earliest Neolithic cul-
tures in East Asia, were the ancestors of modern Sino-Ti-
betan populations.

introduction

As delineating migrations becomes one of the major
themes in human evolution studies, Y chromosome mark-
ers began to show their power in tracing human prehistory
(Jobling and Tyler-Smith 1995; Hammer et al. 1997; Un-
derhill et al. 1996, 1997; Lell et al. 1997; Bianchi et al.
1998; Su et al. 1999, 2000; Karafet et al. 1999; Underhill
et al. 2000). Y chromosome haplotypes derived from mul-
tiple biallelic markers can be considered as a multiple-al-
lele single-locus system, which occurred in an ordered
time series, each of which might mark the footprint of a
unique migration event. Since the effective population
size of the Y chromosome is much smaller than that of the
autosomes, many of the Y chromosome biallelic markers
tend to show restricted regional distribution, in other
words, population specificity. Therefore, the distribution
of multiple Y chromosome haplotypes in human popula-
tions is highly informative in the inference of population
migration events.

Our recent study on the extant East Asian populations
with 19 Y chromosome biallelic markers demonstrated
that during the last ice age, about 60,000 years ago, mod-
ern humans of African origin first reached the southern
part of East Asia, namely, mainland Southeast Asia. Then,
a northward diaspora led to the peopling all across East
Asia (Su et al. 1999). In that study, ten out of the 19 Y
chromosome biallelic markers are East Asian-specific and
generally absent in other world populations. Hence, these
markers are highly informative in studying the migrations
of East Asian populations.

The Himalayas is a plateau located at the western part
of East Asia boarded by high mountains (most of them are



above 3,000 meters), to the west by the Tian-Shan, north
by the Kunlun, east by the Hengduan and south by the Hi-
malaya. According to archaeological studies, the Hi-
malayas began to show human activity only in relatively
recent time. The earliest human habitation in Tibet was
dated back to about 4000-5000 years ago (Cavalli-Sforza
and Piazza 1994).

People living in the Himalayan region mostly speak
Sino-Tibetan languages, the second largest language fam-
ily in the world by population size. There are 360 differ-
ent individual languages in this family spoken in nine
Asian countries, including China, Myanmar, Laos, Thai-
land, Vietnam, Bangladesh, India, Nepal and Bhutan
(Martisoff 1991). This family is further divided into two
subfamilies, namely Chinese and Tibeto-Burman (Marti-
soff 1991). Being one of the most ancient written lan-
guages in the world, Chinese has the most number of
speakers across East Asia, and has diverged into many di-
alects in the past few thousand years. Because of the cul-
tural significance, Chinese has had extensive influence on
other languages during and after the Neolithic expansion
of Han Chinese populations. The other subfamily, Tibeto-
Burman has highly differentiated individual languages (at
least 250), and was further divided into four branches:
Baric, Bodic, Burmese-Lolo and Karen (Grimes 1999).
People speaking Tibeto-Burman mostly live in the Hi-
malayas, including Tibet, northeast India, west Myanmar,
Nepal, Bhutan, Sichuan and Yunnan. However, there are
also several other relatively small Tibeto-Burman popula-
tions living in Southeast Asia who actually migrated from
the plateau area in the middle of the first millennium Ap
(Martisoff 1991).

The linguistic connection between Tibeto-Burman and
Chinese are well established. There are over 300 cognates
between Proto-Tibeto-Burman and Old Chinese, grouping
them into the same language family (Martisoff 1991).
Based on the archaeological findings, the ancestors who
spoke Proto-Sino-Tibetan were estimated to live around at
least 6000 years ago (Cavalli-Sforza and Piazza 1994,
Matisoff 1991). Wang also estimated that Sinitic split
away from Tibeto-Burman around 6000 years ago, based
on lexical evidence and cladistic methods (Wang 1998).
However, the identification of the ancestor Sino-Tibetan
population and its relationship with those early Neolithic
populations living in East Asia remains a mystery. Be-
sides the Sino-Tibetan family, another five language fam-
ilies are also present in East Asia, which are Altaic, Daic,
Hmong-Mien, Austro-Asiatic and Austronesian (Grimes
1999). The Altaic speaking populations are mainly lo-
cated in northern East Asia, mostly in Siberia. The other
four families are spoken in southern China, Southeast
Asia and the Pacific Islands.

In order to trace the origin and historic expansion of
the Sino-Tibetan populations and their relationship with
the other language families, and especially peopling of the
Himalayas, a total of 31 indigenous Sino-Tibetan popula-
tions were studied by typing 19 Y chromosome biallelic
and 3 Y chromosome microsatellite markers in 607 male
individuals. As described earlier, 10 of the 19 Y chromo-
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some biallelic markers are polymorphic in East Asian
populations. It is shown in this study that those markers
reveal a series of ancient migration events leading to the
inhabitation of the Himalayan plateau.

Materials and methods

A total of 607 male DNA samples were collected, covering all the
main language branches in the Sino-Tibetan language family
(Table 1, Fig. 4). The Han Chinese populations were sampled from
22 provincial areas across mainland China, and are grouped into
15 populations based on their geographic affinity (Table 1). There
are seven Baric populations, with six of them from northeast India
and one from northwest Yunnan, a southwest province of China. In
the Burmese-Lolo branch, six populations were sampled including
one from Hunan (China), and five from Yunnan (China). Two
Bodic populations were included with one from southern Tibet and
the other from northern Yunnan (Qian et al. 2000). In addition, one
Karen population was also sampled from Thailand, representing
the Karen branch.

The 19 Y chromosome biallelic markers were chosen based on
their population specificity, including M1 (Alu insertion, also
called YAP), M3 (C to T substitution), M5 (A to G substitution),
M7(C to G substitution), MYC to G substitution), M15 (9 bp in-
sertion), M17 (1 bp deletion), and M45 (G to A substitution), M50
(T to C substitution), M88 (A to G substitution), M89 (C to T sub-
stitution), M95 (C to T substitution), M103 (C to T substitution),
M110 (T to C substitution), M111 (4 bp deletion), M119 (A to C
substitution), M120 (T to C substitution), M122 (T to C substitu-
tion), and M134 (1 bp deletion) (Volirath et al. 1992; Hammer et
al. 1997; Underhill et al. 1996, 1997; Su et al. 1999; Kayser et al.
1997). M1 is an ancient polymorphism occurring both in Africans
and Asians, but generally absent in other populations (Hammer et
al. 1997). M3 is an American Indian specific marker, while M5 is
Oceanian specific (Underhill et al. 1996, 1997). M45 has a high
frequency in Caucasians, but is relatively rare in East Asian popu-
lations (Su et al. 1999). M9 is generally absent in Africans, but fre-
quent in non-African populations (Underhill et al. 1996; Su et al.
1999; Underhill et al. 2000). M122, M95 and M119 define three

lineages which are found predominantly in East Asian populations,

but are absent in other parts of the world (Su et al. 1999). The hap-
lotype notations (H1-H17) follow our previous study and the phy-
logenetic network among haplotypes is given in Fig.1 (Su et al.
1999). An allelic-specific genotyping assay was used to type the
19 Y chromosome biallelic markers as described in our previous
report (Su et al. 1999).

Three Y chromosome microsatellites (DYS389, DYS390 and
DYS391) were typed in 138 Sino-Tibetan individuals who are hap-
lotype H8. The variances of repeat numbers at each microsatellite
locus was calculated and used in the dating of the emergence of
Proto-Sino-Tibetan and Proto-Tibeto-Burman populations. The
age estimation follows the methods previously described (Su et al.
1999).

The principal component (PC) analysis was conducted based
on the haplotype and haplogroup frequency distribution among the
Sino-Tibetans. In addition, a total of 22 East Asian populations
who speak non-Sino-Tibetan languages were also included in the
PC analysis for comparison (Su et al. 1999, 2000).

Results

The haplotypes of 19 Y chromosome biallelic markers of
a total of 607 individuals from 31 Sino-Tibetan popula-
tions are shown in Table 1. Among them, five populations
(Jingpo, Tibetan-Lhasa, Tibetan-Yunnan, Tujia, and Yi)
have been previously published (Su et al. 1999; Qian et al.
2000). A total of 17 haplotypes were observed in our pre-
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Table 1 Y chromosome haplotype frequency distribution in 31 Sino-Tibetan populations

Population Sample Language Hl H2 H3 H4 H5 H6 H7 H8 H9 H11 H12 Hi13 Hl4
size
Miz M15 M89 M9 Mi22 M7 MIi134 MI119 M95 MI111 M120 M45
1. Shandong Han 32 Chinese, Mandarin 9.4 3.1 18.8 28.1 28.1 94 3.1
2. Henan Han 28 Chinese, Mandarin 7.1 3.6 250 321 143 107 71
3. Northern Han 22 Chinese, Mandarin 9.1 227 273 27.3 9.1 45
4. Anhui Han 22 Chinese, Mandarin 13.6 18.2 273 18.2 18.2 4.6
5. Zhejiang Han 50 Chinese, Mandarin 12.0 6.0 240 260 260 60
6. Jiangsu Han 55 Chinese, Mandarin 7.3 1.8 1.8 182 236 3.6 218 164 3.6 1.8
7. Shanghai Han 30 Chinese, Mandarin 6.7 3.3 16.7 233 33 167 26.7 33
8. Hubei Han 18 Chinese, Mandarin 5.6 11.1 278 5.6 333 16.7
9. Sichuan Han 14 Chinese, Mandarin 7.1 286 7.1 7.1 357 7.1 7.1
10. Jiangxi Han 21 Chinese, Mandarin 4.8 4.8 95 19.1 19.1 238 143 4.8
11. Hunan Han 15 Chinese, Mandarin 133 333 267 133 133
12. Fujian Han 13 Chinese, Mandarin 7.7 7.7 385 385 7.7
13. Yunnan Han 27 Chinese, Mandarin 11.1 37 37 185 55.6 3.7 3.7
14. Guangxi Han 3 Chinese, Mandarin 33.3 66.7
15. Guangdong Han 15 Chinese, Mandarin 40.0 26.7 20.0 6.7 6.7
16. Kachari 20 Tibeto-Burman, 15.0 85.0
Baric
17. Jingpo 5 Tibeto-Burman, 100
Baric, Kachinic.
18. Rabha 17 Tibeto-Burman, 11.8 59 59 76.5
Baric, Konyak
19. Naga 3 Tibeto-Burman, 333 66.7
Baric, Konyak
20. Adi 5 Tibeto-Burman, 100
Baric, Mirish
21. Nishi 9 Tibeto-Burman, 11.1 88.9
Baric, Mirish
22. Apatani 5 Tibeto-Burman, 20.0 80.0
Baric, Mirish
23. Tibetan-Lhasa® 46 Tibeto-Burman, 8.7 239 174 43 4.3 34.8 22 22 22
Bodic, Bodish,
Tibetan
24. Tibetan- 27 Tibeto-Burman, 148 29.6 37 14.8 7.4 29.6
Yunnan® Bodic, Bodish,
Kham
25. Tujia® 10 Tibeto-Burman, 10.0 200 300 100 20.0 10.0
Burmese-Lolo,
Lolo
26. Jino 18 Tibeto-Burman, 16.7 56 389 11.1 22.2 5.6
Burmese-Lolo,
Lolo
27. Lahu-Yunnan 13 Tibeto-Burman, 154 308 154 154 154 1.7
Burmese-Lolo,
Lolo
28. Yib 14 Tibeto-Burman, 14.3 429 214 7.1 143
Burmese-Lolo,
Lolo
29. Bai 13 Tibeto-Burman, 154 1.7 154 30.8 30.8
Burmese-Lolo,
Lolo
30. Naxi 18 Tibeto-Burman, 77.8 16.7 5.5
Burmese-Lolo,
Lolo
31. Karen 19 Tibeto-Burman, 36.8 11 52.6

Karen

2Most recent markers associated with haplotypes
PData published in our previous study (Su et al. 1999; Qian et al. 2000)
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Fig.1 The phylogenetic network of 17 Y chromosome haplotypes
defined by 19 biallelic markers. This is a revised version of that
presented by Su et al. (1999) and the most recent markers defining
the haplotypes are labeled beside the branches

vious study on the extent East Asian populations and
no recurrent mutations were identified (Su et al. 1999).
Of the 17 haplotypes, 13 haplotypes are present in the
Sino-Tibetan populations. The frequency distribution of
the 13 haplotypes is listed in Table 1. It is noteworthy that,
sharing a T to C mutation at locus M122, H6, H7 and H8
are the predominant haplotypes in almost all of the Sino-
Tibetan populations except Naxi. The M122C allele is
East Asian specific and absent in Africans, Europeans and
Oceanians, as revealed in our previous study (Su et al.
1999). Recent studies in the extant Siberian and Central
Asia populations revealed only sporadic occurrences of
M122C and M119C (Lell and Wells, personal communi-
cation). H6 is the ancestral haplotype of the M122C alle-
les, while H7 and HS8 are the two derived ones with addi-
tional mutations, M7 and M134, respectively (Fig.1). The
average frequency of M122C in Sino-Tibetan populations
is 52.2% (28.6—100%), the highest among the six lan-
guage families in East Asia (Hmong-Mien, 47.6%; Daic,
26.1%; Austronesian, 25.7%; Altaic, 24.5%; and Aus-
troasiatic, 21.8%; detailed data not shown). Given that
Hmong-Mien populations had extensive known interac-
tions with the Han Chinese population in the last three
millenniums (Wang 1994), we conclude that the preva-
lence of M122C in Sino-Tibetan populations implies rela-
tively close genetic relationships among these Sino-Ti-
betan populations and a possible common origin of mem-
bers in this language family. Interestingly, Naxi is the only
exception without the M122C alleles.

The genetic affinity among Sino-Tibetan populations is
further reflected in the PC analysis of the extant East
Asian populations, in which most of the Sino-Tibetan
populations are clustered together (see Fig.2a). In addi-
tion, the PC analysis also showed that Sino-Tibetan popu-
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lations are closely related to Altaic populations, the north-
ern East Asian language family, and also with Hmong-
Mien, the southern language family. Interestingly, as a
predominant haplotype in the Hmong-Mien language
family (28.6% on average; Su et al. 1999), H7 also
showed up in southern Hans and Tujia with relatively low
frequencies (1.8% in southern Han and 10% in Tujia), but
was absent in northern Hans and other Sino-Tibetan pop-
ulations. On the other hand, as compared to the other
southern language families, the Hmong-Mien family has a
much higher frequency of M122C alleles (47.6%). Hence,
this contrast implies strong interactions between the Han
and Hmong-Mien peoples that have lasted for several
thousand years, as is confirmed in history literature (Wang
1994), although a possible shared ancestry can not be
ruled out.

However, despite the prevalence of M122C in most of
the Sino-Tibetans, populations under the same language
branch tend to share similar patterns of haplotype distrib-
ution, but are distinctive across linguistic branches. The
genetic differentiation among language branches probably
reflects the demographic history of those populations.
First of all, the Han Chinese populations, who currently
speak Chinese, are highly diversified, especially in south-
ern Hans. This pattern is expected considering the exten-
sive contacts between Han and other ethnic populations
after its Neolithic expansion over 5,000 years ago. Be-
sides the M122C haplotypes, H5 (M9G) and H9 (M119C)
are also popular in Han populations with medium fre-
quencies. H9 is virtually absent in all the Tibeto-Burman
subfamily members except Tujia, indicating that the inter-
action between Chinese and other southern populations
occurred after the divergence of the Chinese and Tibeto-
Burmans, and a limited gene flow occurred between them
after the divergence.

The Tibeto-Burman subfamily can be further divided
into four branches, including Baric, Bodic, Burmese-Lolo
and Karen (Grimes 1999). Among them, Burmese-Lolo
and Karen show similar patterns of haplotype distribution
with a characteristic occurrence of H11 and H12 (defined
by a C to T mutation at locus M95) in most of the popula-
tions. Since all the populations under these two language
branches live in southern China (mostly in Yunnan
province) and Southeast Asia, the presence of H11 and
H12 might indicate influences from Daic and Austro-Asi-
atic families, which are neighbors of Burmese-Lolo and
Karen speaking populations, and have the highest fre-
quency of H11 and H12 on average (data not shown).

The Bodic branch, the so-called Tibetans, are distinc-
tive from the other three branches with a high frequency
of YAP+. The predominant occurrence of both YAP+ and
M122C in Tibetan populations indicates a multiple origin
of Tibetan Y chromosomes from both East Asia and cen-
tral Asia/southwest Siberia (Qian et al. 2000).

Surprisingly, the Baric populations have extremely ho-
mogeneous Y chromosomes. The M122C alleles arc al-
most fixed in this language branch with only sporadic oc-
currence of other Y haplotypes. Furthermore, the ex-
tremely high frequencies of H8 (M134G, 84.4% on aver-
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Fig.2a, b Principal compo- 02
nent (PC) analysis of Sino-Ti-
betan populations. a PC analy-
sis in 43 East Asian popula-
tions representing all the six
language families spoken in
this region. This map accounts
for 70.5% of the genetic varia-
tion. Considering the small
sample size in some of the
populations, the haplotype fre-
quencies of the 13 haplotypes
were grouped into 8 haplo-
groups where group 1 =
H1(ancestral for all markers),
group 2 = H2+H3 (YAP+),
group 3 = H4 (M89C),

group 4 = H5 (M9G),

group 5 = H6+H7+H8 (M122C), 03 |
group 6 = H9 (M119C),

group 7 = H11+H12 (M95T),

and group 8 = H13+H14

(M45A). The black squares 04
are Sino-Tibetan populations.

The Han Chinese were grouped

into two populations, the 05
Northern Han and the Southern 0.1
Han with the Yangze River as a
the borderline. Data of 22 pop-

ulations from the other five

language families are from Su 0.7
et al. (1999, 2000): the Altaic ’
family (Buryat, Mongolian,

Ewenki, Hui and Manchurian), 0.6/
the Austro-Asiatic family

(Cambodian and Wa), the Daic 0.5
family (Dong, Li, Zhuang,
Ahom, Yao-Jinxiu, N. Thai-
land and NE. Thailand), the
Hmong-Mien family (Yao-
Nandan and She) and the Aus-
tronesian family (Batak, Java,
Ami, Atayal, Paiwan, Bunun
and Yami). Korean and Japan-
ese are two isolated languages
(Grimes 1999). See Fig.4 for
the geographic locations of all
the Sino-Tibetan populations
studied. b PC analysis in 18 0
Sino-Tibetan populations based
on the 13 haplotype frequency
distribution. It accounts for
88.5% of the original genetic
variation
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age) in all the Baric populations strongly suggests a pop-
ulation bottleneck event probably associated with the
branching of Baric from the ancestral Proto-Tibeto-Bur-
man population. In contrast, in Han Chinese, Burmese-
Lolo and Karen speaking populations, the frequencies of
H6 are usually either higher or equivalent to those of HS,
except for Sichuan Han and Yunnan Han, who actually
live in the neighboring provinces of Tibet. The homo-
geneity of Baric Y chromosomes is further reflected by
the Y chromosome microsatellite data. Up to 75.5% (37
out of 49) of H8 Baric individuals belong to two mi-
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crosatellite haplotypes (13-24-10 and 13-25-10, see
Table 2), and they are only one mutation step away from
each other. Interestingly, the H8 frequencies in the two
Bodic populations are also quite high, which implies a rel-
atively close genetic relationship between Baric and
Bodic, probably due to interaction and/or recent common
ancestry.

The genetic divergence of the four language branches
in the Tibeto-Burman subfamily were further revealed in
the PC analysis (Fig.2b). Populations in the same lan-
guage branch tend to cluster together and stay relatively



Table 2 Y chromosome microsatellite haplotype distribution in
138 individuals

Haplotype (389-390-391) Han Chinese Tibeto-Burman

12-24-10
12-24-12
12-25-10
12-25-11
12-26-10
13-22-10
13-23-10
13-24-10
13-24-11 2
13-25-09
13-25-10 1
13-25-11
13-26-10
13-26-11
14-22-10
14-23-10
14-24-11 1
14-25-10
14-25-11
14-26-10 1
14-26-11 2
15-21-10 1
15-24-10 2

1

1

1

O = N ===

—
— = N OO =

— &
8]

15-25-11
15-26-09
15-26-10

Total 83 55

All the 138 individuals are H§ (M134G) with 83 Han Chinese and
55 Tibeto-Burmans. Haplotypes are defined by combinations of
repeat numbers at the three loci, namely DYS389, DYS390 and
DYS391

separated from other branches. The northern and southern
Han Chinese populations are close to each other, but do
not form a separate cluster due to their rather diversified
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haplotype distribution, resulting from frequent contact
with other ethnic populations over the past several millen-
niums.

Discussion

Our previous study on the extant East Asian populations
with 19 Y chromosome biallelic markers showed that
around 60,000 years ago, modern humans from Africa ar-
rived in mainland Southeast Asia, and then a northward
diaspora led to the peopling of East Asia (Su et al. 1999).
According to the archeological findings, the earliest Neo-
lithic cultures in East Asia occurred around 10,000 years
ago, and one of them is located at the upper and middle
Yellow River region of China, the so-called the Yang-
Shao culture. The significance of this culture is high-
lighted by the advent of millet agriculture, and it is be-
lieved to be the mother culture of Sino-Tibetans (Fig. 3).
The other two contemporary cultures are Long-Shan in
the northeast and Hemudu in the southeast (Fig.3). Dur-
ing the Yang-Shao epoch, the so-called Di-Qiang people,
or Proto-Tibeto-Burman, were the dominant population
living in the upper Yellow River basin, and formed a cul-
ture called “Ma-Jia-Yao” (Wang 1994). This culture was
found to bear a strong similarity to the typical Yang-Shao
culture, which is considered one of the three major cul-
tures that led to the birth of Chinese civilization (Wang
1994).

Our conclusions, based on the Y chromosome haplo-
type distribution in the 31 Sino-Tibetan populations, are
consistent with the historical records and literature of the
origin of Sino-Tibetan people. It is shown that almost all
the modern Sino-Tibetan populations share a common ge-
netic signature, the high frequencies of M122C alleles
defining haplotypes H6, H7 and H8, which are also pre-
sent in the other five language families in East Asia at
moderate to lower frequencies.

Fig.3 The geographical distri-
bution of China’s three earliest
cultures about 5,000 years ago.
The early Yao-Shao started
8,500 years ago, while the -
Hemudu and Long-Shan started et
about 7,000 and 4,800 years
ago, respectively (Wang 1994; i
Cavalli-Sforza and Piazza Y
1994) .

] Miles 500

\_‘_——f—\_‘\ ~
o —‘J_r—'—'_

A
Hemudu

)/j/Q
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Previous genetic studies using classical and microsatel-
lite markers put Tibetans into the northern Mongoloid
group, the group uniting all the populations living in the
north to the Yangtze river, including northern Chinese,
Japanese, Korean, Mongolian and Siberian (Zhao et al.
1986; Weng et al. 1989; Du and Xiao 1997; Chu et al.
1998). However, the mysterious occurrence of YAP+ in
Tibetan populations always questions the East Asian origin
of Tibetan populations because YAP+ is basically absent in
almost all the other East Asian populations except in Japan-
ese (Hammer et al. 1997). We recently reported our study
on two Tibetan populations, the Zang (Tibetan-Lhasa) and
Khamba (Tibetan-Yunnan). Our results showed that two
predominant haplotype groups exist in the gene pool of
Tibetan populations, one from East Asia (the M122C hap-
lotypes) and the other from central Asia or southwest Siberia
(the YAP+) (Qian et al. 2000). However, except for the
moderate appearance in Yi and Bai populations, we did
not observe YAP+ in Baric, Burmese-Lolo or Karen pop-
ulations. In fact, both Yi and Bai peoples are neighbors of
the Tibetans living in the Yunnan province. The occur-
rence of YAP+ in the Yi and Bai populations might result
from recent gene flow from Tibetan populations as docu-
mented in the historical literature (Wang 1994), since only
H3 (M15+, the derived haplotype under YAP+) is observed.
Therefore, the absence of YAP+ in Baric, Burmese-Lolo
and Karen populations indicates that the Y chromosome
contribution to Tibetans from central Asia is a relatively
recent event as compared to the early habitation of popu-
lations with dominant East Asian Y chromosome haplo-
types. If that is the case, then Baric people were probably
the first residents of the Himalayan region while Tibetans
arrived later. This is again consistent with the historical
literature (Cavalli-Sforza and Piazza 1994).

In order to estimate the age of the ancestral Sino-Ti-
betan population and, especially, the migration event to
the Himalayas, we analyzed three Y chromosome mi-
crosatellites (DY S389, 390, 391) in those individuals with
haplotype H8 (M134G) (138 individuals in total; Table 2).
To minimize the effect of population substructure in the
age estimation, we divided the 138 HS8 individuals into
two groups, the Chinese group (83 individuals) and the
Tibeto-Burman group (55 individuals), and estimated
them separately. By assuming an effective population size
of 500-1000, a mutation rate of 0.18% (Heyer et al. 1997)
and a generation time of 20 years, the age of H8 was cal-
culated to be 20,000-40,000 years for the Chinese HS,
and 5,200-5,900 years for the Tibeto-Burman HS8. These
estimations are based on the allele size variances of
DYS390 (1.125 for Chinese and 0.401 for Tibeto-Bur-
man), the largest among the estimations of the three mi-
crosatellites (Su et al. 1999). Therefore, we argue that
these two estimations indicate two migration events lead-
ing to the peopling of the upper Yellow River basin by the
ancestors of the Proto-Sino-Tibetan populations, and the
peopling of the Himalayas by the Proto-Tibeto-Burman
people. In fact, these two age estimations are quite consis-
tent with the archaeological and lexical evidence (Wang
1998; Wu and Poirier 1995; Etler 1996).

The close relationship between Sino-Tibetan popula-
tions and Altaic populations is intriguing. This is consis-
tent with the earlier observations where northern East
Asian populations include both Sino-Tibetan populations
of northern origin and Altaic populations (Zhao et al.
1986; Weng et al. 1989; Du and Xiao 1997; Chu et al.
1998). The similarity between Sino-Tibetan and Altaic
populations can be either interpreted as substantial gene
flow between the populations (Chu et al. 1998) or a com-
mon ancestry (Du and Xiao 1997). The sporadic presence
of M122C and M119C, which are of southern origin in the
Altaic populations (Lell et al. 1997; Wells, personal com-
munication), signifies the gene flow. Starostin (Wang
1995, 1996) proposed a northern origin of the Sino-Ti-
betans, based on linguistic evidence. However, this may
not contradict our observation since a population of south-
ern origin may speak a language of northern origin. The
Sino-Tibetan language occurred tens of thousand years af-
ter the initial Yellow River settlement of populations orig-
inated from southern East Asia.

It would be interesting to compare the results of stud-
ies using the Y chromosome with previous studies on au-
tosomal and mitochondrial DNA markers. Using 30 auto-
somal microsatellite markers, Chu et al. (1998) analyzed
28 East Asian populations. Among them, 11 populations
were Sino-Tibetan speaking with 4 Han Chinese and 7 Ti-
beto-Burman populations. The phylogenetic analysis indi-
cated a close genetic relationship among East Asian pop-
ulations. The northern Sino-Tibetans cluster with northern
East Asians, including Japanese, Korean and Altaic popu-
lations, and the southern Sino-Tibetans cluster with south-
ern East Asians, including Daic, Austro-Asiatic, Hmong-
Mien and Austronesian speaking populations, reflecting
gene flow among geographically related East Asians.
However, due to the high mutation rate of microsatellite
markers and the unavailability of haplotype data in this
study, it is difficult to infer the historical migrations of
Sino-Tibetan populations. The mitochondrial DNA stud-
ies on Sino-Tibetan populations are sporadic without sys-
tematic comparisons so far. The appearance of Asian-spe-
cific haplogroups (e.g., A, B, C and D) in both Tibetans
and Han Chinese also reflects the genetic affinity of the
Chinese and Tibeto-Burman speaking populations (Kol-
man et al. 1996).

In summary, our genetic evidence on Y chromosome
haplotype distributions outline an interesting picture about
the origin and dispersion of Sino-Tibetan populations
(Fig.4). The ancestors of the Sino-Tibetan population
were originally from southern East Asia (Su et al. 1999).
Around 20,000—40,000 years ago, a population with dom-
inant M122C Y chromosomes finally reached the upper
and middle Yellow River basin. However, the exact geo-
graphic location of the first settlement of Sino-Tibetans is
unknown. About 10,000 years ago, the Neolithic culture
began to proliferate in this area with the advent of millet
agriculture. Population growth triggered the need for ex-
ploring new habitats. The splitting of the two language
subfamilies happened about 5000—6,000 years ago. A sub-
group of the Proto-Sino-Tibetan, now called the Proto-Ti-
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Fig.4 The map of putative mi-
gration routes of the Sino-Ti-
betan populations. The num-
bers indicate the geographic
locations of the Sino-Tibetan
populations corresponding to
the population numbers in
Table 1
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beto-Burman people left their Yellow River homeland,
marching westwards and then southward, leading to the
inhabitation of the Himalayas. The ancient migrations of
the Proto-Tibeto-Burman people probably followed the
well-known route, called the Zang (Tibet)-Mien corridor
(Wang 1994), the most frequently used route to enter the
Himalayas from the east. This route starts in the upper
Yellow River region, moves westward to Qinghai prov-
ince and then southward to the Himalayas. The Baric
branch moved its way southward, crossing the Himalayan
mountains, and reached the southern Himalayan area, re-
sulting in the peopling of Bhutan, Nepal, northeastern In-
dia and northern Yunnan. Subsequently, after having a
substantial admixture with a population carrying YAP+,
possibly from central Asia/southwest Siberia, the Bodic
branch entered the Himalayas and eventually expanded all
across Tibet. The Burmese-Lolo and Karen branches went
southward into northwestern Yunnan and finally reached
Vietnam, Laos and Thailand in the middle of the first mil-
lennium. In the past 5000 years, the Chinese subfamily
expanded mainly to the east and south, and eventually in-
habited all of China.
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