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Abstract We have examined variations of five polymorphic
loci (DYS287, DXYS5Y, SRY465, DYSI19, and
DXYS156Y) on the Y chromosome in samples from a total
of 1260 males in eight ethnic groups of East Asia. We found
four unique haplotypes constructed from three biallelic
markers in these samples of East Asians. The Japanese
population was characterized by a relatively high frequency
of either the haplotype I-2b (=/Y2/T) or II-1 (+/Y1/C).
These dual patterns of the distribution of Y chromosomes
(I-2b/II-1) were also found in Korea, although they were
present at relatively low frequencies. The haplotype II-1
was present in Northeast Asian populations (Chinese, Japa-
nese, Koreans, and Mongolians) only, except for one male
from the Thai population among the Southeast
Asian populations (Indonesians, Philippines, Thais, and
Vietnamese). The Japanese were revealed to have the high-
est frequency of this haplotype (27.5%), followed by Kore-
ans (2.9%), Mongolians (2.6%), and mainland Chinese
(2.2%). In contrast, the frequency of the haplotype I-2b was
found to be 17.1% in the Japanese, 9.5% in Indonesian,
6.3% in Korean, 3.8% in Vietnamese, and 2.7% in Thai
samples. These findings suggested that the chromosomes of
haplotype I-2b were likely derived from certain areas of
Northeast Asia, the region closest to Southeast Asia. Phylo-
genetic analysis using the neighbor-joining tree also
reflected a general distinction between Southeast and
Northeast Asian populations. The phylogeny revealed a
closer genetic relationship between Japanese and Koreans
than to the other surveyed Asian populations. Based on the
result of the dual patterns of the haplotype distribution, it is
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more likely that the population structure of Koreans may
not have evolved from a single ancient population derived
from Northeast Asians, but through dual infusions of Y
chromosomes entering Korea from two different waves of
East Asians.
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Introduction

It is generally accepted that Koreans are considered
a Northeast Asian group (Cavalli-Sforza et al. 1994). Al-
though there are few archaeological data on the origins of
modern Korean populations, most authors generally agree
that the Korean peninsula has been occupied by humans
since the Early Paleolithic age (Kim 1987). It has been
suggested that the Korean population probably originated
from the Tungus branch of Mongolian ethnic groups who
inhabited the general area of the Altaic Mountains in Cen-
tral Asia (Kim 1970). There is also evidence for a migration
of Yayoi people from their original places via China and the
Korean peninsula to Japan, starting around 2300 years ago
(Chard 1974; Hanihara 1991). The Yayoi migration would
lead us to expect a common genetic affinity in contempo-
rary populations from Korea and Japan.

The Korean language is generally classified to the
Tungus branch of the Altaic family: The Altaic family in-
cludes three subfamilies, Turkic, Mongolian, and Tungus
(Ruhlen 1987). Some linguists separate Korean, Ainu,
and Japanese into three isolated languages from this
classification. Korean and Japanese are known to have re-
markably common features in structure, vowel harmony,
and lack of conjunctions in the language (Kim 1987). The
close linguistic affinity suggests that Koreans and Japanese
shared a common ancestral population.

Genetic studies of the variations of classic markers of
protein and nuclear DNA show that Koreans tend to have a
close genetic relationship with Mongolians among North-



east Asians (Goedde et al. 1987, Saha and Tay
1992; Hong et al. 1993). In contrast, genetic variation of
mitochondrial DNA (mtDNA) indicates that the Koreans
are not closely related to Mongolians, but are closely allied
with Japanese and Chinese among several East Asian popu-
lations (Harihara et al. 1988; Horai et al. 1996; Hong et al.
1998). The discordance between classic genetic markers and
mtDNA results in the genetic studies of the Korean popula-
tion remains somewhat puzzling. Therefore further genetic
markers are required to explore the origin and population
history of modern Koreans.

The human Y-chromosome of the non-recombining por-
tions has special features of a haploid and a father-to-son
transmission pattern. The DNA sequence of these portions,
therefore, contains a genetic record of the mutational
events that occurred in their past. Haplotypes constructed
with Y chromosomal alleles at multiple polymorphic loci
can give us valuable information for inferring the paternal
lineages and population history in humans (Ngo et al. 1986;
Hammer 1994; Karafet et al. 1999).

The presence or absence of the Y Alu polymorphic
(YAP) insertion (DYS287) has proved to be a useful
marker for human population studies (Batzer and
Deininger 1991; Perna et al. 1992; Hammer 1994, 1995). The
YAP insertion is likely to have originated only once, so it
has the feature of a unique polymorphism. Significant dif-
ferences were detected among worldwide populations
in the frequencies of the YAP insertion (Hammer 1994;
Hammer et al. 1997, 1998). Based on Southern analysis,
the probe p47z detects variations at loci on the short arm
of Y (DXYS5Y) and the long arm of X (DXYS5X) chromo-
somes (Nakahori et al. 1989; Nakagome et al. 1992). Allelic
variation of the DXYS5Y can now be determined
by polymerase chain reaction (PCR) amplification and sub-
sequent digestion with the Sml enzyme, identifying
a two-allele variation, Y7 and Y2 (Shin et al. 1998). The Y2
allele has been reported in samples from Japanese, Korean,
and Taiwanese populations, but is absent in samples repre-
senting other Asian, and European and African popula-
tions (Nakagome et al. 1992; Lin et al. 1994; Hammer and
Horai 1995; Shinka et al. 1999). Recently, a new biallelic
polymorphism of the SRY (sex-determining region Y) gene,
which is raised by a C-to-T transition at nucleo-tide position
465, was found in the Japanese and Korean populations
(Shinka et al. 1999). Shinka et al. (1999) reported that most
Caucasian and Negroid males examined in their survey
completely lack the T allele of this SRY gene. The genetic
analysis of this SRY gene, denoted SRY465 (M.F. Hammer,
personal communication) could be useful for investigating
male-mediated gene flow and the relationship among East
Asian populations.

The DYS19 microsatellite polymorphism is due to varia-
tion in the number of GATA repeats (Roewer et al. 1992;
Santos et al. 1993). There are at least nine different alleles,
including five common alleles (A-FE) that exhibit remark-
able frequency differences in worldwide populations (Ham-
mer and Horai 1995; Santos et al. 1996; Hammer et al.
1997). The distribution of highly polymorphic alleles of
pentanucleotide repeat (TAAAA),, DXYS156, which maps
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to human X and Y chromosomes, has reflected significantly
different patterns among different human ethnic groups
(Chen et al. 1994; Salem et al. 1996; Kayser et al. 1997;
Karafet et al. 1998). Significantly higher levels of
DXYS156Y diversity were found in East Asian populations
compared with populations from other regions in a global
survey (Karafet et al. 1998).

Here, we report results for the haplotype frequency of
a set of three biallelic markers (YAP/DXYS5Y/SRY465)
and two microsatellite loci (DYS19/DXYSI56Y) on the Y
chromosome in several East Asian populations. The origin
of modern Koreans and the genetic relationship between
East Asian populations based on these Y-specific markers
are also discussed.

Subjects and methods

DNA samples

We analyzed a total of 1260 unrelated males from eight East
Asian populations. The eight East Asian ethnic groups in
this study were divided into two large groups based on the
nomenclature of Nei and Roychoudhury (1993) and Ham-
mer et al. (1997), as shown in Table 1. DNA samples were
obtained from volunteers living in Korea: 412 Koreans, 5
Han Chinese, 7 Japanese, 42 Indonesians (Java), 3 Philip-
pines (Davao/Mindoro), 13 Thais (Bangkok), and
8 Vietnamese. We also isolated DNA samples from
64 Vietnamese volunteer donors living in Hanoi. The fol-
lowing samples, which were collected by the coauthors,
were included in our survey: 128 Chinese (86, Beijing and
42, Xian), 212 Japanese (95, Ibaraki; 70, Tokushima; and 47,
Yamaguchi) and 77 Mongolians (Buryats). In addition,
DNA samples provided by other investigators were as fol-
lows: 38 Han Chinese and 39 Mongolians (Buryats), by C.
Tyler-Smith; 9 Han Chinese and 6 Vietnamese, by D.
Labuda; 32 Japanese (Oita) by Y. Tamaki; 105 Philippines
(63 Tagalog and 42 Cebuano speakers) by J.J. Miranda; and
60 samples from Thais (Chiang Mai) by H. Steger. Genomic
DNAs were prepared from whole blood by the standard
method (Sambrook et al. 1989). Many of the DNA samples
were also extracted from buccal cells according to the pro-
cedure of Richards et al. (1993).

PCR and electrophoresis

The YAP element insertion was detected by PCR
amplification using flanking primers as described in Ham-
mer and Horai (1995). The YAP" (~450bp) or YAP™ frag-
ment (~150bp) of PCR products was electrophoresed in
2% agarose gel. The allelic variation of the DXYS5Y locus
was detected by a PCR-restriction fragment length poly-
morphism (RFLP) method, as described by Shin et al.
(1998). There were two copies of DXYS5 amplified by PCR:
one copy on the X and the other on the Y chromosome. In
addition, the PCR product amplified from the Y2 allele has
only a recognition sequence for the restriction enzyme Stul
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Table 1. Allele frequencies of five Y-chromosome-specific loci in eight East Asian populations

No. (%) of

DXYS156Y allele

DXYS5Y SRY465 DYS19 allele
allele

allele

YAP

insertion

12 13 14 15

11

(182bp) (186bp) (190bp) (194bp) (198bp) (202bp) (206bp) (145bp) (150bp) (160bp) (165bp) (170bp) (175bp) (180bp) Null

T

Y2

Y1

Population (n)

Northeast Asians:

55 52 14 0 27
(28.9)

(30.6)

24

1 18 61 89 10

0

13

167

176 180 0

4

Chinese (180)

(15.0)

(1.8)
20

(13.3)

(1.1)
(0.4)

(33)
(16)

(0.6)

(493)  (5.6)

(33.9)
110

(10.0)
24

(0.6)
13

(72)
79

(92.8)
172

(97.8) (100.0)
182

22)
69

0

40
(15.9)
116

75
(29.9)

178

0

43

208

Japanese (251)

(1.6)

(8.0)

(36.7)
65

(15.9)

(25.5)
120

(43.8)
180

(9-6)
76

(52)
12

(829) (17.1) (68.5) (3L.5)

(72.5)
386

400

(27.5)
12

292 120 0

26

Koreans (412)

(432)  (282) (119)  (1.0)

(15.8)

(0.2)

(184)  (437) (291)  (5.6)

(2.9)

(63) (70.9) (29.1)

(97.1)  (93.7)

(29
3

Mongolians (116)

(0.9)

(586) (69 (L7

(31.9)

(0.9)

(172)  (293)  (6.0)

(46.6)

(2.6)

(97.4)

(97.4) (100.0)

(2.6)

Southeast Asians:

D
(6)

o=
T

12
(28.6)

25
(59.5)

2
(4.8)

5
(11.9)

3
(7.1)
30

30
(71.4)
48

3
(7.1)

16

(24)
3

0

28 14
(9.5) (66.7) (333)
0

4

38
(90.5)
108

)
(100.0)

108

0

Indonesians (42)

v

4
(38.9)

53
(49.1)

3

1

107

0

Philippines (108)

(1.9)

(1.9)

(3.7)
4.1)

(148)  (444) (27.8) (7.4
33 7

19

(2.8)
3

09) (28)

(99.1)
68

2.7) (932)

(100.0)  (100.0)

10

(13.7)

1
(6.8) (1.4)

5

72 71

(98.6)

1

Thais (73)

(82) (123)

(75.3)

(9.6)

(260)  (45.2)

@.1)

97.3)

(14)

Vietnamese (78)

(21  (410) (5.1 (26)

(13) (17.9)

(167)  (346) (244) (23.1)

(13)

(38) (89.7) (103)

(96.2)

(100.0)

Figures in parentheses in the Table body are percentages

(Fig. 1A). The C-to-T transition mutation at nucleotide po-
sition 465 of the SRY gene was determined by a
allelic-specific PCR amplification using flanking primers
(M.F. Hammer, personal communication): Upper primer,
5'-GGCACCTTTCAATTTTGTC-3'; assay primer, 5'-
GTTGTCCAGTTGCACTTCA-3’; lower primer, 5'-
CAGGCTCACTTCTGGATG-3'. The mutant T allele of
the SRY465 resulted in a 523-bp PCR product amplified by
the assay and lower primers (Fig. 1B). In contrast, the wild-
type C allele of the SRY465 can be detected by
amplification using the upper and lower primers (883-bp
PCR product). The PCR reaction was performed in a total
volume of 15ul containing 25ng of genomic DNA, 5pM
each primer, 0.2mM dNTPs, 2.0mM MgCl,, 50mM KCI,
10mM Tris-HCI (pH 8.3) and 1.0U Ampli7aq DNA poly-
merase (Perkin-Elmer, Foster, CA, USA). The cycling con-
ditions were as follows: 94°C for 2min, and then 30 cycles at
94°C for 30s, 54°C for 30s, 72°C for 30s, and a final exten-
sion at 72°C for Smin.

Allelic variation in the number of GATA repeats at the
DYS19 locus was analyzed as described by Hammer and
Horai (1995). The PCR reaction and electrophoresis for the
detection of DXYSI56Y locus were performed as described
in Karafet et al. (1998). We determined the alleles of the
DXYS156Y locus by naming them according to the number
of copies of the pentanucleotide repeat, using the control
DNAs which were kindly supplied by M.F. Hammer and T.
Karafet. The Y chromosome alleles were named Y§-Y15
[ie, for (TAAAA)-(TAAAA),s] and a null variant (Y-null)
in this survey (Fig. 1C).

DNA sequencing of SRY465

We verified an SRY465 mutation with DNA sequencing
analysis. Each PCR product (Fig. 1B) of the SRY465-C and
T allele was then further cloned by ligation into pCRII
vector plasmids, using a TA cloning kit (Invitrogen, San
Diego, CA, USA). Sequencing was accomplished by the
chain termination method (Sanger et al. 1977), using a
Sequenase kit (US Biochemical, Cleveland, OH, USA) ac-
cording to the supplier’s protocol.

Statistical analyses

The allele frequencies of five polymorphic Y-specific loci
were calculated by counting genes from the observed phe-
notypes. The mean haplotype diversity was calculated for
each group as h = n(1 — =x)/(n — 1), where n represents
the number of chromosomes sampled and x; is the fre-
quency of the ith haplotype (Nei 1987). The PHYLIP Pack-
age program (Felsenstein 1993) was analyzed to compute
genetic distances for use in distance matrix programs and
for constructing maximum likelihood phylogeny estimates
based on Y chromosome haplotype frequencies. Genetic
distance was estimated by Cavalli-Sforza’s Chord distance
(4D) (Cavalli-Sforza and Bodmer 1971). Neighbor-joining
(NJ) (Saitou and Nei 1987)
was used to construct branching diagrams from matrices of
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Fig. 1A-C. Electrophoretic analyses of allelic classes at each of three
Y-specific markers. A Detection of the allelic variation for the locus
DXYS5Y in polymerase chain reaction (PCR) products. Electrophore-
sis in a 2% agarose gel of restriction fragments of the PCR product
produced by digestion with Stul. Lane M, DNA size markers; lanes 1
and 6, Y2 allele; lanes 2-5, Y1 allele. B Detection of the SRY465
variation in PCR products. Electrophoresis in a 2% agarose gel of
amplified PCR fragments produced by allele-specific flanking primers

pairwise distances.

Results

Variation at the YAP (DYS287) locus

The YAP element was present at the highest frequencies in
the Japanese (27.5%) and at much lower frequencies in the
Koreans (2.9%), Mongolians (2.6% ), and mainland Chinese
(2.2%) (Table 1). The YAP" chromosomes were not found
in the Southeast Asian populations surveyed here, except in
one Thai male. These results are generally consistent with
previous reports that showed the YAP element to be highly
polymorphic in Japan and Tibet among Asian populations
(Hammer 1994; Hammer and Horai 1995; Hammer et al.
1997). However, it should be noted that the YAP" chromo-
somes were also distributed at low frequencies in Northeast
Asians in our survey (Table 1).

Variation at the DXYS5Y locus

Japanese (17.1%) have the highest frequency of the Y2
allele, followed by Indonesians (9.5%), Koreans (6.3%),
Vietnamese (3.8%), and Thais (2.7%) (Table 1). It has
previously been reported that the Y2 chromosomes have a

of SRY465. Lane M, DNA size markers; lanes 1, 3, 4, and 6, C allele; lanes
2 and 5, T allele. C Detection of DXYSI156Y alleles on an 8% native
polyacrylamide gel. Electrophoretic patterns of DXYSI56Y and
DXYS156X alleles in 14 males. Each lane shows the PCR product
amplified with specific flanking primers from a single male. Lane M,
DNA size markers; lanes 1 and 6, Y14/X7;lane 2, Y11/X8; lane 3, Y11/X7,
lanes 4,9, and 13, Y12/X7; lane 5, Y13/X7; lane 7, Y15/X7; lane 8, Y14/X8,
lane 10, YU/X7, lane 11, Y8/X7; lane 12, Y-null/X7; lane 14, Y12/X5

limited distribution pattern. They are present in samples
from populations of Japan, Korea, and Taiwan, but absent
in samples representing other Asian and European, Afri-
can, and Oceanian populations (Nakagome et al. 1992; Lin
et al. 1994; Shinka et al. 1999). The frequency of the Y2
allele in Koreans (6.3%) found here was lower than those
in Korean samples detected by Nakagome et al. (1992)
and Shinka et al. (1999), which were 9.8% and 30.8%, re-
spectively. In this study, the Y2 allele was also found
in Southeast Asians, with the exception of Philippines, al-
though it has been detected at a low frequency in their
populations.

Variation at the SRY465 locus

The SRY465-T allele was distributed in all the East Asian
populations, although it was observed at extremely low fre-
quency in the Mongolians (2.6%) and Philippines (0.9%)
(Table 1). The T allele was frequent in our samples of
the Indonesians (33.3%), Japanese (31.5%), and
Koreans (29.1%). In addition, it was also observed in the
Vietnamese (10.3%), Chinese (7.2%), and Thais (6.8%).
The frequency of the T allele in our sample of Japanese
(31.5%) is almost the same as that (32.1%) reported previ-
ously (Shinka et al. 1999). However, the T allele frequency
in Koreans surveyed here (29.1%) is lower than that for
Koreans (51.3%) reported by Shinka et al. (1999). The high
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frequency of the T allele in their survey could be attribut-
able to their small sample size (39 Koreans). They also
found that most Caucasian and Negroid males examined in
their survey completely lacked the T allele of the SRY465.

Variation at the DYS19 locus

In this survey, all five common alleles (A-FE) and the two
rare alleles (Z and F) were identified, as shown in Table 1.
The C allele was frequent in most East Asian samples,
whereas the D and B alleles appeared to be more common
in the samples of Chinese and Mongolians, respectively
(Table 1). This regional variation may be explained by iso-
lation and genetic drift (Ciminelli et al. 1995). However, the
predominance of the C allele in our samples of most East
Asians is similar to that previously reported in other surveys
of Asian populations (Hammer and Horai 1995; Santos et
al. 1996; Hammer et al. 1997; Kim et al. 1998).

Variation at the DXYS156Y locus

A total of eight alleles of the DXYSI156Y were detected in
this study (Table 1). Although the highest frequency allele
varied among different ethnic groups of East Asians, the
Y11-Y14 alleles were found at relatively high frequencies.
Furthermore, the rare alleles, Y8, Y9, and Y15, were also
observed at extremely low frequencies in limited popula-
tions of East Asians. A notable finding in our survey was
that the Chinese and Japanese were revealed to have
a null variant of the DXYS156Y, at frequencies of 15.0%
and 7.6%, respectively (Table 1). The X7 allele (140bp) is
known to be X chromosome-specific, because it was usually
present in two copies in females and in a single copy in
males (Karafet et al. 1998). In fact, the Y-null variant ap-
peared to have no copy from the PCR amplification of the
DXYS156 (Fig. 1C, lane 12). A single copy of the X7 allele
was only amplified from X chromosome, suggesting that the
Y-null variant was not amplified from Y chromosome. The
Y-null variant was usually detected in samples representing
the X7 allele.

DYS287/DXYS5Y/SRY465 combination haplotypes

A total of four haplotypes were found with respect to the
DYS287, DXYS5Y, and SRY465 combination (Table 2).
Significant regional differences in the distribution patterns
of the haplotypes were observed among the ethnic groups
of East Asia. The diversity values (k) were 0.174, 0.709,
0.482, 0.101, 0.501, 0.018, 0.157, and 0.192 for the Chinese,
Japanese, Korean, Mongolian, Indonesian, Philippine,
Thai, and Vietnamese samples, respectively. The highest
diversity value was found in the Japanese sample (0.709).
The Koreans (0.482) and Indonesians (0.501) represented
moderate variability when compared with other East
Asians surveyed here. Based on the result of the haplotype
frequencies, a very low genetic diversity was reflected in
the Chinese, Mongolian, Philippine, Thai, and Vietnamese

Table 2. A comparison of Y chromosome combination haplotype
frequencies in eight East Asian populations

No. (%) of individuals with haplotypes®

HI-1 HI-2a HI-2b HII-1

Population () (=/Y1/C) (=/YUT) (-/Y2/T) (+/YL/C)
Northeast Asians

Chinese (180) 163 (90.6) 13 (72) 0 4(22)

Japanese (251) 103 (41.0) 36 (143) 43 (17.1) 69 (27.5)

Koreans (412) 280 (68.0) 94 (22.8) 26 (6.3) 12 (2.9)

Mongolians (116) 110 (94.8) 3 (2.6) 0 3(2.6)
Southeast Asians

Indonesians (42) 28 (66.7) 10 (23.8) 4 (9.5) 0

Philippines (108) 107 (99.1) 1 (0.9) 0 0

Thais (73) 67 (91.8) 3 (4.1) 2(2.7) 1(1.4)

Vietnamese (78) 70 (89.7)  5(6.4) 3(3.8) 0

Figures in parentheses in the Table body are percentages
“Combination haplotype: YAP/DXYS5Y/SRY465

DXYS5Y
(Y1->Y2)

YAP insertion

SRY465
Cc->D

Fig. 2. Y chromosome tree for the origin and evolutionary relationship
of YAP/DXYS5Y/SRY465 haplotypes. When the haplotype HI-1 is
considered the probable ancestral, the haplotypes are created by muta-
tion steps

samples (less than 4 = 0.200).

An obvious nonrandom association was found between
the DXYS5Y and SRY465. The Y2 allele is completely asso-
ciated with the T allele (Fig. 2). The haplotype I-1 is the
most frequent among East Asian populations, which is a
common type anywhere in the world (Hammer et al. 1998).
The Japanese and Korean populations appeared to have
four unique haplotypes. Furthermore, the frequency of
each haplotype was more evenly distributed in Japan.
East Asian populations demonstrated a different pattern of
haplotypes. The haplotype II-1 (+/Y1/C) was found only in
the Northeast Asian populations, except for this finding in
one male Thai from the Southeast Asian populations. The
Japanese were revealed to have the highest frequency of
the haplotype 1I-1 (27.5%), followed by Koreans (2.9%),
Mongolians (2.6%), and mainland Chinese (2.2%). In con-
trast, the haplotype 1-2b (—/Y2/T) was mostly distributed
among the Japanese (17.1%), Indonesian (9.5%), Korean
(6.3%), Vietnamese (3.8%), and Thai samples (2.7%).
Therefore the Japanese population was characterized by a



relatively high frequency of either the haplotype I-2b or II-
1 (Table 2). These dual patterns of infusions of Y chromo-
somes (I-2b/II-1) were also found in Korea, although they
were present at relatively low frequencies.

Population tree analysis of Y chromosome halotypes

We used the neighbor-joining (NJ) tree to analyze the
Cavalli-Sforza’s Chord genetic distance resulted in a total of
72 combination haplotypes (data not shown). Phylogenetic
analysis, based on the frequencies of the 72 combination
haplotypes also reflected a considerable distinction be-
tween Southeast and Northeast Asian populations (Fig. 3).
A notable exception to this pattern was the finding of the
Vietnamese population. They were more likely clustered
with Northeast Asians (e.g., Koreans), probably because of
distinct founder populations and genetic drift. The Japa-
nese population appeared to have a closer genetic relation-
ship to Koreans than to the other surveyed Asian
populations.

Disucussion

Japanese

Vietnamese Koreans

Mongolians Chinese

Philippines

Indonesians

Fig. 3. Neighbor-joining (NJ) tree for eight East Asian populations.
This network was produced by the NJ method (Saitou and Nei 1987),
based on Cavalli-Sforza’s Chord genetic distance (4D) (Cavalli-Sforza
and Bodmer 1971). The genetic distances are proportional to the
branch lengths
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The pattern of Y chromosome variation presented here
provides convincing genetic evidence for significant differ-
ences among East Asian populations. The haplotype 1I-1
(+/Y1/C) was generally found in Northeast Asian ethnic
groups (Table 2). In contrast, the YAP" chromosomes were
not found in Southeast Asian populations surveyed here,
except in one Thai male. The Thai carrying the YAP" chro-
mosome is likely due to Northeast Asian paternal admix-
ture. These results are consistent with earlier reports
showing that most East Asian ethnic groups have very low
frequencies of the YAP" chromosome, with the exception
of the high frequencies of YAP" chromosomes in Japan and
Tibet. The presence of YAP" alleles restricted to Northeast
Asian ethnic groups lends support to the hypothesis of the
northern origin of YAP" chromosomes (Hammer et al.
1997, 1998).

The Japanese and Korean populations, however,
reflected an infusion of different Y chromosome lineages
from new waves of immigrants, which has resulted in
an increase of haplotype I-2a (=/Y1/T) or 1-2b (—=/Y2/T)
(Table 2). Recently, Shinka et al. (1999) reported that the T
allele of the SRY465 was not found in most Caucasian and
Negroid males examined in their survey. Based on the fre-
quency and distribution of the SRY465-T allele, it is in-
ferred that these Y chromosomes originated in East Asia.
Subsequently, a recent wave of immigrants carrying the
SRY465-T allele from their original places has resulted in
the predominant distribution of the SRY465-T chromo-
somes in Japan and Korea. Hammer and Horai (1995) in-
ferred that the YAP element and Y2 alleles were markers of
Jomon and Yayoi male lineages, respectively. The chromo-
somes carrying the haplotype I-2b derived from the haplo-
type I-2a are direct descendants of the haplotype 1-2a (Fig.
2). Therefore, it is implied that the Yayoi people carrying
the haplotype I-2b were more recently introduced than
those with the haplotype I-2a into Korea and Japan. Our
results are also consistent with the hypothesis that the hap-
lotype I-2b originated in China and tracks paternal migra-
tions to Japan during the Yayoi period (Nakagome et al.
1992; Lin et al. 1994; Hammer and Horai 1995; Hammer
and Zegura 1996). The high frequency of the Y2 allele in
Japan may be explained by the founder effect. The high
Japanese diversity levels (0.709) in this survey provide evi-
dence for the hybridization theory resulting from a combi-
nation of an ancient population (Jomon people) subject to a
more recent admixture (Yayoi people) (Hanihara, 1991;
Hammer and Horai 1995; Omoto and Saitou 1997). The
moderate Korean variability (0.482) may be due to the ho-
mogenizing influence of migrations from East Asia.

The distribution patterns of the haplotype I-2b fre-
quency would lead us to expect that this haplotype was
likely derived from central or south China an area which is
remote from north China and Southeast Asia. Recently,
Lin et al. (1994) suggested that the Y2 allele may have
originated from an ancestral population of Henan in central
east China. Melton et al. (1998) hypothesized a scenario for
the early colonization of Taiwan and northeastern coastal
migrations in Asia. They theorized that, during 6000-4000
BC, Neolithic proto-Austronesian speakers, spreading from
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early centers of rice cultivation in central and south China,
expanded to coastal China and across the Formosa Straits.
This range expansion also occurred to a certain extent
into the northern regions of China. Meanwhile, proto-
Austronesian languages were subsequently obliterated in
mainland Asia. Our findings of the distribution pattern of
the Y2 allele are consistent with the suggestion of Melton
et al. (1998). The occurrence of the Y2 allele varies some-
what with distance from the coastal areas of central China,
with the exception of findings in Indonesia (Table 2).
The relatively moderate frequency of the Y2 allele in Indo-
nesians (9.5%) may have been caused by a bottleneck ef-
fect. Based on our results of the 72 combination haplotypes
(data not shown), all of the Southeast Asian samples carry-
ing the Y2 allele were found to be the —/Y2/T/C/12 haplo-
type, with the exception of that in one Vietnamese male (—/
Y2/T/D/12). This —/Y2/T/C/12 haplotype was also present
at the highest frequency among the chromosomes of the Y2
allele in Japan and Korea. These results implied that most
East Asians carrying the Y2 allele originated from common
ancestors. Additional genetic markers and populations
from diverse regions in Asia (e.g., China) are required to
verify this hypothesis.

On the other hand, the haplotype I-1 is the most fre-
quent among East Asian populations, and seems to be an
ancestral type anywhere in the world (Hammer et al. 1998).
For example, the high frequency of the haplotype I-1 indi-
cates that very few chromosomes were differentiated in the
Chinese, Mongolian, Philippine, and Thai populations
(<90%) (Table 2): They are populations in which most of
their Y chromosomes may not be discriminated. Therefore
we need to use more biallelic Y-markers to differentiate
more chromosomes in East Asia.

Phylogenetic analysis also reflected a considerable dif-
ference between Southeast and Northeast Asian popula-
tions (Fig. 3). A notable exception to this pattern
was the finding in the Vietnamese. They were more likely
clustered with Northeast Asians, probably because of dis-
tinct founder populations and genetic drift. An alternative
explanation for this unexpected affinity is that a recent
range expansion from south China resulted in this phyloge-
netic pattern in Vietnam. In this survey, most of the Viet-
namese sample was derived from Hanoi, the region closest
to south China. Interestingly, phylogeny based on 30
microsatellites has revealed that Koreans were closely re-
lated to two Chinese populations, from Manchu and
Yunnan (Chu et al. 1998). Yunnan is in southwest China,
bordering on Vietnam, Laos, and Burma. The relatively
high prevalence of the DXYSI56Y-null variant in a
sample of northeast Chinese implied that these northern
Chinese regional populations may be excluded from being
significant sources of Koreans (Table 1). The phylogeny
also indicated that the Japanese population appeared to
have a closer genetic relationship to Koreans than to the
other Asian populations surveyed. This result is consistent
with earlier surveys that showed the closest genetic affinity
between the mainland Japanese and Koreans (Hammer
and Horai 1995; Horai et al. 1996; Kim et al. 1998). The
Korean population, however, was found to have a

more homogeneous pattern of genetic structure than the
Japanese population, perhaps under the influence of differ-
ent sizes of founding populations and range expansions.
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