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Abstract We have analyzed 11 Y-STR loci (DYS19, the
twoDYS385 loci, DYS388, DYS389I/II, DYS390, DYS391,
DYS392, DYS393, DXYS156Y) in 700 males from ten
ethnic groups in east Asia in order to evaluate their use-
fulness for forensic and population genetic studies. A total
of 644 different haplotypes were identified, among which
603 (86.14%) were individual-specific. The haplotype di-
versity averaged over all populations was 0.9997; using
only the nine Y-STRs comprising the “minimal haplotype”
(excluding DYS388 and DXYS156Y) it was 0.9996, a
value similar to that found in 1924 samples from other
Asian populations (0.9996; Lessig et al. Legal Medicine 5
(2003) 160–163), and slightly higher than in European
populations (0.9976; n=11,610; Roewer et al. For Sci In-
ternational (2001) 118:103–111). All of the individual east
Asian populations examined here had high haplotype di-
versity (≥0.997), except for the Mongolians (0.992) and
Manchurians (0.960). The most frequent haplotype identi-

fied by the nine markers was present at only 1% (7/700).
Population comparisons based on ΦST or ρ genetic distance
measures revealed clustering according to the traditional
northeast–southeast distinction, but with exceptions. For
example, the Yunnan population from southern China lay
among the northern populations, possibly reflecting recent
migration, while the Korean population, traditionally con-
sidered northern, lay at the boundary between northern and
southern populations. An admixture estimate suggested 55
(51–59)% northern, 45(41–49)% southern contribution to
the Koreans, illustrating the complexity of the genetic his-
tory of this region.
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Introduction

The usefulness of Y-chromosomal markers for studies of
human population genetics and forensic analysis has re-
cently been recognized. The human Y chromosome has spe-
cial features not found in autosomes: a haploid state and
father-to-son transmission. The DNA sequence of the non-
recombining portion of the Y therefore contains a record
only of the mutational events that occurred in the past. As a
consequence, haplotypes constructed from Y-chromosomal
alleles can be used to study paternal lineages (Hammer 1995;
Jobling and Tyler-Smith 1995; Underhill et al. 2001) and to
differentiate human population groups (Hammer et al.
1997; Su et al. 1999; Kayser et al. 2001).

Studies of the ancient divergences in human evolution
are simplest using polymorphisms with low probabilities
of back and parallel mutation, for which ancestral states
can be determined (Hammer and Zegura 1996). Binary
polymorphisms, single-base substitution and small inser-
tions or deletions (indels), are well-suited for this purpose.
In contrast, most microsatellite or short tandem repeat
(STR) loci have a high level of variability due to variation
in repeat number. Thus, Y chromosome short tandem re-
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peat (Y-STR) haplotypes are more useful for investigating
and reconstructing the phylogeny of more recently di-
verged paternal lineages (Roewer et al. 1996; Santos and
Tyler-Smith 1996), as well as for forensic/paternity testing
(Edwards et al. 1992; Hammond et al. 1994; de Knijff et al.
1997; Kayser et al. 1997). In addition, binary marker as-
certainment bias can lead to quite different conclusions
about the same populations (Su et al. 1999; Karafet et al.
2001), but this should not occur when unbiased markers
are used that are variable in all populations (Zerjal et al.
2002). Since microsatellites are so variable, Y-STR haplo-
type relationships and frequencies may provide a less
biased measure of diversity and Y-chromosomal history,
albeit more noisy than that from binary markers (Jobling
and Tyler-Smith 2003).

In addition to the forensic benefit, the Y-STR haplotype
database has useful information about the phylogeography
of the corresponding populations. Thus, surveys of Y-STR
variation can provide valuable information for studies of
the peopling of east Asia, which has been the subject of
some controversy. There have been two major models for
the explanation of the early migration routes into east
Asia. The first model postulates that a southeast Asian
origin is most likely, followed by a northward migration
(Turner 1990). Recent genetic surveys using autosomal
microsatellite markers (Chu et al. 1998) and Y-chromo-
somal binary markers (Su et al. 1999) have been inter-
preted as supporting this model. In contrast, the second
model suggests a bi- and/or multidirectional route: one
migration through central Asia and one through southeast
Asia (Nei and Roychoudhury 1993; Cavalli-Sforza et al.
1994; Karafet et al. 2001). Ding et al. (2000) also noted
that southeast Asia is not the homeland for northeast Asian
populations, but the potential importance of more recent
gene flow from central Asia needs to be stressed for the
peopling of northeast Asia. In this regard, since Korea and
Japan lie between the southeast and northeast Asian gene
pools, their population genetic data can also give us valu-
able information about the prehistoric migration route(s)
and population expansions in east Asia. Although several
databases of Y-STRs have been published and are highly
contributed to the field of population and forensic genetics
in east Asia (Shin et al. 2001; Tsai et al. 2002; Tang et al.
2003; Uchihi et al. 2003), the amount of data for a com-
bining Y-haplotypes from diverse regions of Asia is still
limited.

The present study, therefore, was designed to evaluate the
usefulness of 11Y-STRmarkers for forensic and population
genetic studies in east Asia. The Y-STR loci (DYS19, two
DYS385 loci, DYS388, DYS389I/II, DYS390, DYS391,
DYS392,DYS393,DXYS156Y)were analyzed in 700males
from ten east Asian populations using a set of two multiplex
PCR genotyping systems. We report that forensic param-
eters obtained here appeared to be highly informative, and
that the east Asian settlement must be seen as a complex
process involving a bi- and/or multidirectional range ex-
pansions. The data presented herein are included in the
worldwide Y-STR haplotype reference database (YHRD)
available at http://www.yhrd.org.

Materials and methods

DNA samples

We studied 700 male DNA samples, collected from ten east
Asian populations, as shown in Fig. 1 in ESM.

Geographical origin and linguistic affiliation of the pop-
ulations analyzed here are given in Table 1. The DNA
samples included subsets of the samples examined by Kim
et al. (2000) and Jin et al. (2003), although the exact number
of subjects for each population occasionally varies between
these studies. DNAs were prepared from whole blood by the
standard method (Sambrook et al. 1989) or extracted from
buccal cells according to the procedure of Richards et al.
(1993).

PCR amplification and genotyping

Two multiplex PCR amplifications for typing 11 Y-STR
markers were constructed: multiplex GK1 (DYS19 and
DYS389I/II labeled with 6FAM, DYS390 and DYS393
labeled with NED, and DYS392 labeled with HEX); mul-
tiplex GK2 (DYS385 loci and DYS388 labeled with 6
FAM, DYS391 labeled with NED, and DXYS156Y la-
beled with HEX). Only the forward primer was labeled in
each case with the fluorescent dye. Multiplex PCR ampli-
fications were performed in a volume of 15 μl containing
5–10 ng of genomic DNA, 50 mmol/l KCl, 10 mmol/l
Tris–HCl (pH 8.3), 0.01% gelatin, 160 μg/ml BSA, 2.0
mmol/l MgCl2, 200 μmol/l dNTPs, 2.5–5 pmol/l each
primer and 1.5 U AmpliTaq Gold DNA polymerase (PE

Table 1 Geographical origin and linguistic affiliation of population
samples studied

Population Number Geographical origin Linguistic affiliationa

Korean 252 East Asia Korean-Japanese
Chinese
Beijing-Han 49 East Asia Sino-Tibetan
Manchurian 32 East Asia Mongolic

(Manchu)
Yunnan 29 Southeast Asia Sino-Tibetan
Japanese 104 East Asia Korean-Japanese
Mongolian
Buryat 42 East Asia Mongolic

(Buryat)
Vietnamese 43 Southeast Asia Austroasiatic

(Mon-Khmer)
Thai 41 Southeast Asia Austroasiatic

(Daic)
Indonesian 32 Southeast Asia Austronesian

(Western
Malayo-Polynesian)

Philippine 76 Southeast Asia Austronesian
(Western
Malayo-Polynesian)

aAccording to Ruhlen (1991)
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Biosystems). Primer sequences for DYS19, DYS388,
DYS389I/II, DYS390, DYS391, DYS392 and DYS393
are described in Kayser et al. (1997), while DXYS156Yand
DYS385a/b were taken from Chen et al. (1994) and
Schneider et al. (1998), respectively. In case of DXYS156Y,
we also confirmed that males tested here appeared to have
an inserted adenine in the fourth repeat motif from the 5′
end but never in females (Cali et al. 2002). Thus, the Y
alleles can be distinguished from the X alleles by typing
the adenine insertion. The two DYS385 repeats were
identified simultaneously using a conventional non-locus-
discriminating analysis, but not from a locus-discrimina-
tion protocol (Niederstätter et al. 2004).

Amplification reactions were carried out in a Perkin
Elmer GeneAmp PCR System 9700 thermal cycler (Applied
Biosystems), and cycling conditions were as follows: mul-
tiplexGK1, initial denaturation at 95°C for 10min, followed
by 35 cycles of 94°C for 1 min, 54°C for 2 min, 72°C for
2 min, and a final extension at 60°C for 40 min; multiplex
GK2: initial denaturation at 95°C for 10 min, followed by
35 cycles of 94°C for 1 min, 57°C for 1 min, 72°C for
1.5 min, and final extension at 60°C for 30 min.

Detection of the amplified products was accomplished
with the ABI 310 genetic analyzer (Applied Biosystems),
and Y-STR alleles were named according to the number of
repeat units they contain. Sampleswere preparedwith 11.5μl
Hi-Di formamide (Applied Biosystems, P/N 4311320),
0.5 μl GS500 ROX (P/N 401734) size standard as an in-
ternal-sizing ladder, and with 1 μl PCR product. Samples
were injected onto the capillary array for 5 s at 15,000 V.
Separation were performed at 15,000 V for 34min using the
POP-4 polymer (Applied Biosystems, P/N 402838), 1×
Genetic Analyzer Buffer with EDTA (P/N 402824), and a
47-cm array (P/N 402839) with a run temperature of 60°C.
Following data collection, samples were analyzed with
GeneScan 3.1.2 (ForMacintosh, AppliedBiosystems).Allele
typing was performed in comparison to control DNA sam-
ples provided by B. Brinkmann (Institut für Rechtsmedizin,
Westfälische Wihelms-Universität, Münster) and home-
made allelic ladders by using Genotyper 2.5 (For Macin-
tosh, Applied Biosystems). The nomenclature of the Y-STR
loci studied here have also followed the recommendations
of the International Society for Forensic Genetics (ISFG)
guidelines for the Y-STR analyses (Gill et al. 2001).

Data analyses

Allele frequencies were calculated by counting from the
observed phenotypes. Gene or haplotype diversity was
calculated according to the formula h=n(1−∑xi2)/(n−1),
where n represents the number of chromosomes sampled
and xi is the frequency of the ith haplotype or allele (Nei
1987). The discrimination capacity was estimated as the
percentage proportion of individual-specific haplotypes
(Gené et al. 1999). In Y-linked systems, haplotype diver-
sity value is identical to the discrimination index (DI)
(Sensabaugh 1982) and to the power of exclusion (POE)
(Chakravarti and Li 1983).

The genetic relationship between different populations
was assessed by means of pair-wise ΦST, an analogue of
FST that takes the evolutionary distance between indi-
vidual haplotypes into account (Excoffier et al. 1992;
Excoffier and Smouse 1994). Estimates of ΦST were ob-
tained using the Arlequin software (Schneider et al. 2000)
and tested for statistical significance by means of ran-
domisation (1,000 replicates per comparison). We initial-
ly build a neighbour-joining tree with PHYLIP v. 3.57c
(Felsenstein 1995) tree using D=−ln(1−ΦST), a transforma-
tion of the pair-wise ΦST values that took the evolutionary
process of Y-STR haplotype divergence into account.
Following the theory of Wright’s FST, D should be pro-
portional to separation time assuming equal population
sizes and a constant mutation rate in an infinite sites model
(Nei 1987). However, the transformation still led to an in-
tolerable number of negative branch lengths, indicative of
non-additive distances. Owing to the high backward rate
and stepwise nature of the Y-STR mutation process, ΦST

may indeed increase at a slower rate than expected, and
distance D was therefore modified into Dx=−ln(1−ΦST

x).
Delay parameter x was chosen such that the relative pro-
portion of total negative branch lengths within the neigh-
bour-joining tree attained its first local minimum at x<1.
The transformed Dx values were then displayed as a multi-
dimensional scaling plot, using SPSS 12.0, for ease of
comparison to other distances. The second measure of the
genetic relationship between populations used was ρ, the
distance from an STR haplotype in one population to
the closest haplotype in the second population, averaged
over all chromosomes. ρ distances were also displayed in
a multidimensional scaling plot.

Admixture proportions cannot be calculated from Y-
STR haplotype data using standard measures because
haplotype diversity is very high and most haplotypes in
the admixed population are not found at all in the source
populations. We therefore used the estimator mρ (Helgason
et al., 2000), which takes into account the number of mu-
tational differences between STR haplotypes and allows
the most closely related haplotypes in the source popu-
lations to be used.

Results and discussion

The first aim of our genetic survey was to study the fo-
rensic DNA parameters and features of east Asian male
lineages. The assessment of probabilities for matches be-
tween haplotyped male persons or traces persons requires
the DNA profiling of a large number of haplotypes in the
appropriate reference populations (Lessig et al. 2003). We
therefore used the nine ‘core’ Y-STR markers (“minimal
haplotype”), but also included two additional loci to make
a total of 11, which were typed in samples from 700 male
individuals from ten different populations. Allele frequen-
cies calculated from each population and all haplotypes for
the 11 Y-STR loci in 700 males are listed in Appendices A
and B, respectively. A total of 644 different haplotypes
were identified, among which 603 (86.14%) were indi-
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vidual-specific (Appendix B, Table 2). Among 41 shared
haplotypes, 25 were shared within the same population, 15
shared between two populations, and one found in
common among four populations (Table 3). The haplotype
diversity averaged over all populations was 0.9997, cor-
responding to 0.9996 using only the nine ‘forensic’
markers (i.e. excluding DYS388 and DXYS156) and is
thus similar to the value for the other Asian populations
(0.9996, n=1,924, Lessig et al. 2003), and slightly higher
than the value for European populations (0.9976, n=
11,610, Roewer et al. 2001). The core set can be chosen as
a backbone for the Y-STR database (Fig. 2 in ESM, the
core set h=0.9996), the respective profiles were termed
“minimal haplotypes” in order to emphasize the authors’

view that they represent the minimum requirement for
sufficiently informative haplotyping in forensic casework
(Roewer et al. 2001). Thus, our results confirm that the
minimal haplotype using only the nine ‘core’ Y-STR
markers would also be useful for personal identification in
forensic fields as well as population genetic studies of Y
chromosome lineages. With all 11 markers, there were no
population-specific shared haplotypes, but an immense
variety of different haplotypes for each population; dis-
crimination capacity was 86% (83% using nine markers,
compared to 78% in the East Asian database with 3562
haplotypes (included in theYHRD, see http://www.yhrd.org,
Statistics, release 15) and only 45% in the European data-
base with 18711 haplotypes (included in the YHRD, see
http://www.yhrd.org, Statistics, release 15). All the east
Asian populations examined here have a highly informative
haplotype diversity (≥0.995), except for the Mongolians
(0.992) and Manchurians (0.960) (Table 2). The observed
low Y-STR diversity of the Manchurians and Mongolians
compared with other east Asian populations could be ex-
plained by genetic drift resulting from small effective pop-
ulation sizes (Pakendorf et al. 2002; Zerjal et al. 2002).

Butler et al. (2002) have recently developed a Y-STR
20plex that offers a potential increased power of discrim-
ination compared to most previous Y-STR multiplex typ-
ing. The 20plex includes a simultaneous amplification of
all the markers within the European “minimal” and “ex-
tended” haplotypes. Our extension of the number of Y-
STRs is required to evaluate and a selection of them typed
in the next studies of the east Asian populations.

We then investigated the Y-chromosomal relationships
between the populations. In all of these analyses nine Y-
STRs were used, excluding DYS385 because the two al-
leles were not assigned to individual loci in this study.
Pair-wise ΦST values between the ten east Asian popula-
tions were calculated (Table 4). The values were signif-
icantly greater than zero for most population pairs, except
for the eight distances indicated by underlining. A mul-
tidimensional scaling plot of the transformed distances is

Table 2 Number of different
haplotypes and unique haplo-
types found in east Asian pop-
ulations using nine Y-STR
markers

aNumber of haplotypes and
values calculated from a total of
700 males

Population (n) Number of different
haplotype

Number of unique
haplotype

Haplotype
diversity

Discrimination
capacity (%)

Northeast Asians
Korean (252) 233 215 0.9994 85.32
N. Chinese (81)
Beijing-Han (49) 48 47 0.9991 95.92
Manchurian (32) 22 16 0.9597 32.65
Japanese (104) 102 100 0.9996 96.15
Mongolian (42) 37 34 0.9919 80.95
Southeast Asians
S. Chinese (29)
Yunnan (29) 28 27 0.9975 93.10
Vietnamese (43) 41 39 0.9978 90.70
Thai (41) 41 41 1.0000 100.00
Indonesian (32) 32 32 1.0000 100.00
Philippine (76) 72 69 0.9982 90.79
Total (700) (630)a (580)a (0.9996)a (82.86)a

Table 3 Number of common Y-STR haplotypes shared within,
between, and among populations

Population (n) Within
population

Two populations Four
populations

Koreans (252) 11 11 (CB1, J3, CY1,
V5, I1,)

1

Beijing-Han (49) 1 2 (K1, M1)
Manchurians (32) 3 3 (J1, M2) 1
Japanese (104) 2 4 (K3, CM1) 1
Mongolians (42) 3 3 (CB1, CM2)
Yunnan (29) 1 1 (K1)
Vietnamese (43) 1 5 (K5)
Thais (41) 0 1
Indonesians (32) 0 1 (K1)
Philippines (76) 3
Total haplotypes
shared

25 15 1

Capital letters refer to abbreviations of population as follows: K
Koreans, CH Beijing-Han, CM Manchurians, CY Yunnan, J
Japanese, M Mongolians, V Vietnamese, T Thais, I Indonesians, P
Philippines. Number of common types are indicated by suffixes to
abbreviations of the population. A common haplotype is shared by
four populations: K/CM/J/T
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shown in Fig. 1A. Most of the populations form a loose
cluster towards the centre, with the Thais, Mongolians and
Manchurians as the furthest outliers. The positions of the
Mongolians and Manchurians may be accounted for by

drift, as discussed above, but this explanation does not
apply to the Thais, who have a haplotype diversity of 1.000
(and a reasonably large sample size, n=41). They do, how-
ever, differ from all the other populations in following
matrilocal, rather than patrilocal customs: married couples
live with the wife’s rather than the husband’s family, and
this may be responsible for their distinct pattern of Y-chro-
mosomal variation. In addition, further analyses of the Y-
STR variation using a larger sample size should be required
to better understand genetic profiles of the several popu-
lations with <50 individuals surveyed here.

There is some separation between the southern and
northern populations, but it is incomplete and populations
would not readily be assigned to two distinct groups in the
absence of other information. In general, linguistic and
geographic classifications of the populations examined
here did not match with classification by Y-STR variation:
the Y-STR data in these populations must reflect male-
specific aspects of genetic structuring and population
history as well as drift. This result is consistent with a
recent report on mtDNA variation in Chinese ethnic pop-
ulations (Yao et al. 2002b). The plot of ρ distances (Fig. 1B)
shows a clearer north–south division, except for the Yunnan
population which comes from southern China but lies with-
in the northern cluster. The clearer division may be seen
because ρ distances are less influenced by very ancient
phylogenetic divergences between lineages, which may
predate the entry of modern humans into east Asia, and so
may reflect the more recent genetic history of these pop-
ulations. The explanation for the anomalous genetic posi-
tion of the Yunnan population may lie in their origin further
north: many Han only moved to Yunnan during the Ming
dynasty (1368–1644; Du and Yip 1993; Yao et al. 2002a).

The classification of the Korean population has been
of particular interest because it lies geographically at the
boundary of the northern/southern geographical areas and
its affinities have previously been uncertain. In the present
analyses it lies close to both northern and southern pop-
ulations, and an admixture estimate using the combined
Beijing Han, Japanese, Manchurian and Mongolian data to
represent northern populations, and Indonesian, Filipino,
Thai, Vietnamese and Yunnan data to represent southern

Table 4 Population pairwise ΦST values between ten east-Asian populations using nine Y-STRs

Beijing-Han Indonesians Japanese Koreans Manchurians Mongolians Filipinos Thais Vietnamese Yunnan

Beijing-Han – 0.001 <0.001 0.066 <0.001 <0.001 0.005 <0.001 0.074 0.085
Indonesians 0.0423 – 0.002 0.057 0.001 <0.001 0.003 <0.001 0.126 0.034
Japanese 0.0733 0.0424 – <0.001 <0.001 0.027 <0.001 <0.001 0.003 <0.001
Koreans 0.0095 0.0132 0.0522 – <0.001 <0.001 <0.001 <0.001 0.230 0.151
Manchurians 0.0695 0.1271 0.1219 0.0812 – <0.001 <0.001 <0.001 0.001 0.041
Mongolians 0.1066 0.0765 0.0199 0.0898 0.1442 – <0.001 <0.001 <0.001 0.003
Filipinos 0.0205 0.0300 0.0943 0.0307 0.0977 0.1189 – <0.001 <0.001 0.018
Thais 0.1087 0.0643 0.0930 0.0986 0.1614 0.1127 0.1085 – <0.001 <0.001
Vietnamese 0.0159 0.0131 0.0334 0.0028 0.0915 0.0598 0.0440 0.0738 – 0.118
Yunnan 0.0158 0.0237 0.0616 0.0082 0.0411 0.0770 0.0221 0.0802 0.0154 –

Lower left half Pair-wise ΦST values between populations (non-significant values are underlined), upper right halfp value for ΦST=0
determined by randomisation (1,000 replicates)
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Fig. 1 Population comparisons. A Multidimensional scaling plot of
transformed pair-wise ΦST distances; stress=0.12. BMultidimension-
al scaling plot of ρ genetic distances; stress=0.28. In both sections,
southeast Asian populations are represented by open diamonds, and
northeast populations by closed diamonds
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populations, produced a figure of 55(51–59)% northern, 45
(41–49)% southern contributions. If the Yunnan data were
omitted, a slightly higher northern contribution was esti-
mated: 61(58–65)%, and a correspondingly lower southern
contribution. Modern Koreans are of course derived from
ancient sources, not contemporary populations, but this
result illustrates the likely complexity of their origins. Re-
cent studies of mtDNA (Horai et al. 1996; Kivisild et al.
2002) and the Y chromosome (Hammer and Horai, 1995;
Karafet et al. 2001; Jin et al. 2003) have also noted that the
Koreans and Japanese possess lineages from both the
southern and the northern haplogroup complexes, although
they are generally considered a northeast Asian group.
Our Y-STR data are consistent with the previous findings
since both contributions are present, but the estimated
northern one is slightly greater than the southern. It means
that the peopling of east Asia must be seen as a complex
process with genetic contributions involving multidirec-
tional range expansions and genetic admixture.

The Y-STR information derived from the multiplexes
developed here can, thus, be useful for forensic analysis
and paternity testing where it can be of great benefit by
providing information not available from autosomal DNA
systems. In addition, the Y-STR population genetic data
presented here provide the basic information required by
the forensic community, as well as for studies of genetic
history. It is now possible to evaluate evidence for pop-
ulation movements and recent range expansions in east
Asian populations from a Y-chromosomal perspective, and
see how the traditional northeast/southeast classification of
east Asian populations does not fit well with classification
by Y-STR variation.
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