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Abstract A population genetic study was carried out on six populations (two Li
populations, two Miao populations, one Hui population, and one Han population)
in Hainan Island, Southern China. Allele frequency data for these six populations
and those for some other Asian populations were used to estimate genetic distances
between populations, and genetic affinity dendrograms and networks were con-
structed by using UPGMA and the neighbor-joining method, respectively. The two
Li populations showed a close relationship, while the two Miao populations were
relatively distant from each other. These six populations of Hainan Island showed
a close affinity with Zhuang of Southern China, Thailanders, and Javanese, but
they are distant from populations around northern China (Japanese, Mongolian,
and Korean). Divergence time between the Li-Miao group and Japanese was
estimated to be roughly 19,000-26,000 years.

Key Words: ethnic minorities in China, Hainan Island, genetic polymorphism,
genetic affinity network, population genetics

INTRODUCTION

Several ethnic groups are living in Hainan Island of China, including three ethnic
minorities, Li, Miao, and Hui. In order to understand the relationships among these
populations in Hainan Island and other human populations in Asia, a joint Japanese-
Chinese field survey was carried out in 1985 and 1987, and a total of 792 blood
samples were obtained from six human populations (two Li and Miao populations,
one Hui and Han populations; see Omoto et al., 1993). A total of 23 genetic loci
were examined for those six populations and Omoto et al. (1993) presented allele
frequency data for those loci.
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The purpose of this paper is to present the result of genetic affinity analyses for
these Hainan Island populations and for surrounding Asian populations. A possible
history of these Hainan Island populations will be discussed based on the results
on genetic affinity.

MATERIAL AND METHODS

Allele frequency data

Omoto et al. (1993) studied six human populations of Hainan Island. These
populations were named Li-1, Li-2, Miao-1, Miao-2, Hui, and Han. Blood samples
for Li-1, Miao-1, and Hui were collected in 1985, and six serum protein loci (Hp,
Tt, Ge, C6, C7, and Bf), seven red blood cell enzyme loci (ACP, ESD, 6PGD,
PGMI, GPT, ADA, and AK), and six blood group loci (ABO, MN, Rh, Dufty, Kell,
and Lutheran) were examined, except Rh for Hui. Blood samples for Li-2, Miao-
2, and Han were collected in 1987, and five serum protein loci (Hp, Tf, Gc, C6,
and Pi), four red blood cell enzyme loci (ACP, ESD, 6PGD, and PGM1), and eight
blood group loci (ABO, MNSs, Rh, Duffy, Kell, Lutheran, P, and Diego) were
examined. Gc and PGM1 loci were subtyped, and “subtype” will be added when
subtyped data are used in the following.

Different sets of genetic loci were examined in the two studies held in 1985 and
1987, and data for the following 13 loci are available for all the six Hainan Island
populations: Hp, Tf, Gc-subtype, C6, ACP, ESD, 6PGD, PGM1-subtype, ABO,
MN, Duffy, Kell, and Lutheran. Allele frequency data for these shared loci were
used for genetic affinity analysis of the six populations. Because only Hui
population lacked the allele frequency data for the Rh blood group locus, data for
14 loci (Rh and the above 13 loci) were also used for estimating the genetic affinity
of the remaining five populations (Li-1, Li-2, Miao-1, Miao-2, and Han). Japanese
and English populations were also included in the analysis. Allele frequency data
for Japanese were taken from Omoto (1978) except for Ge-subtype, C6, PGMI-
subtype, Kell, and Lutheran. Allele frequency data of the Japanese population for
Ge-subtype, C6, and PGM I -subtype were taken from Yuasa ez al. (1984), Tokunaga
etal.(1986), and Yuasa et al. (1986), respectively, while those for Kell and Lutheran
were taken from Nakajima (1973). Data for the English population were taken from
Roychoudhury and Nei (1988).

We also compared the six Hainan Island populations with 12 other human
populations mostly living in Asia: Mongolian, Zhuang, Japanese, Ainu, Korean,
Southern Chinese, Malays, Javanese, Thailanders, Filipinos, Negritos (Aetas in the
Philippines), and English. Because C6, Gc, and Lutheran were not examined in
some of those populations, allele frequency data for the following 10 loci were
compared: Hp, Tf, ACP, ESD, 6PGD, PGM1, ABO, MN, Duffy, and Kell. In this
case, conventional electrophoresis data for PGM1 were used, and subtypes were
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combined for populations in which only subtyped data were available.

Data for Japanese and English were as above. Allele frequency data for Ainu
were taken from Omoto (1978) except those for the Kell locus. Data for Negritos
were taken from Omoto et al. (1978) except those for the four blood group loci.
Data for Korean, Southern Chinese (Fujien Province), Malays, and Javanese were
taken from Saha and Tay (1992). Those for Mongolian and Zhuang were taken from
Goedde et al. (1984) and Yuan et al. (1984) except for Hp. Remaining allele
frequency data were taken from Roychoudhury and Nei (1988).

Lastly, Li-1, Miao-1, Hui, Japanese, and English were compared for the following
18 commonly examined loci: Hp, Tf, Ge-subtype, C6, C7, Bf, ACP, ESD, 6PGD,
PGM1-subtype, GPT, ADA, AK, ABO, MN, Duffy, Kell, and Lutheran. Allele
frequency data for Japanese were taken as above, with the additional 5 loci. Data
for C7 and Bf were from Nakamura et al. (1984) and Horai (1976), respectively,
while those for GPT, ADA, and AK were taken from Omoto (1978). All the data
for English were taken from Roychoudhury and Nei (1988).

Genetic distances and genetic affinity relationship construction
Two kinds of genetic distances were used in the present study. One is Nei’s (1972)
standard genetic distance (Dsw). Dsw between populations X and Y is defined by

Dy = — log (JxyINJxJy). €))
Jxv, Jx, and Jv are defined by

noomy

Jw= X X xyuln, (2a)
k=1 i=1
noom

Jx= ¥ T xi2/n, (2b)
k=1 i=1
noom

Jr = 2 z y,'kz / n, (20)
k=1 i=1

where x; and y, are frequencies of allele i of locus k for populations X and 7Y,
respectively, n is the number of loci compared, and my, is the number of alleles at
locus k. Jx and Jr are homozygosities for populations X and Y, res-pectively, and
heterozygosities or gene diversities for these populations are defined by
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Hx=1-Ux, (3a)
Hr=1-Jr (3b)

Dy has been shown to be proportional with divergence time of populations when
many genetic loci are randomly sampled from the genome (Nei, 1987).

The other genetic distance measure used is Da proposed by Nei ez al. (1983),
which is defined by

n un
Da = Z (1 - z inky,-k) / n. (4)
k=1 =1

Da distance was shown to recover the true branching pattern of populations more
efficiently than other genetic distances by computer simulation (Nei et al., 1983).
It should be mentioned that Da is closely related to the chord distance (Dc) of
Cavalli-Sforza and Edwards (1967), which is defined by

Dc = 2\2Da | 1. 5

Genetic affinity dendrograms were constructed by using UPGMA (Sokal and
Sneath, 1963), which is often called “cluster analysis” in morphological studies.
Genetic affinity networks were constructed by using the neighbor-joining (NJ)
method of Saitou and Nei (1987). In the case of UPGMA, a pair of populations with
the smallest genetic distance are first clustered and this process continues until all
the populations are clustered. Therefore, the similarity between populations is the
dominant factor for clustering in UPGMA. As for the NJ method, however, the
principle of minimum evolution is used, and the population pair with the smallest
distance may not be clustered first. This is because all the distance data are
simultaneously considered to choose the clustering pair (neighbors) in the case of
the NJ method. Since the least square method is used to estimate branch lengths
for the NJ method, some branches may become negative when the distance matrix
used is far from additivity. It should also be noted that a UPGMA tree is rooted
(dendrogram), while an NJ tree is unrooted (network).

RESULTS

(1) Comparison of Li-1, Miao-1, Hui, Li-2, Miao-2, Han, Japanese, and English
using allele frequency data for 13 polymorphic loci
Genetic distances between the above eight populations using allele frequency data
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Table 1. Genetic distances among Li-1, Miao-1, Hui, Li-2, Miao-2, and Han populations
Miao-1 Li-1 Hui Miao-2 Li-2 Han Japanese  English
Miao-1 0.375 0.009 0.014 0.010 0.009 0.014 0.014 0.044
Li-1 0.012 0.320 0.008 0.007 0.002 0.005 0.012 0.045
Hui 0.013 0.006 0.323 0.008 0.010 0.007 0.010 0.052
Miao-2 0.016 0.010 0.008 0.344 0.007 0.006 0.011 0.042
Li-2 0.013 0.003 0.011 0.009 0.318 0.005 0.015 0.045
Han 0.018 0.008 0.008 0.007 0.009 0.308 0.010 0.045
Japanese  0.018 0.016 0.008 0.015 0.023 0.009 0.344 0.039
English 0.067 0.075 0.074 0.072 0.075 0.069 0.061 0.335

Figures above and below the diagonal are D4 and Dsu, respectively, and those on the diagonal are gene
diversity. Allele frequency data for 13 polymorphic loci (Hp, Tf, Ge-subtype, C6, ACP, ESD, 6PGD,
PGM 1-subtype, ABO, MN, Duffy, Kell, and Lutheran) were used.
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Fig. 1. A UPGMA dendrogram for Li-1, Miao-1, Hui, Li-2, Miao-2, Han, Japanese, and English. Dsu
distances of Table 1 are used.
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Fig. 2. NJ networks for Li-1, Miao-1, Hui, Li-2, Miao-2, and Han populations. Each line of the
network is proportional to branch lengths (distances). Negative lengths are shown in broken
lines. (A) Dsudistances of Table 1 were used. (B) Da distances of Table 1 are used.

for 13 polymorphic loci are given below (Ds«) and above (Da) the diagonal in Table
1. Figures on the diagonal are gene diversities (average heterozygosities) for each
population. Da values are often smaller than Ds« values, and both genetic distances
are much smaller than gene diversities. Clearly, most of the genetic variation exists
within populations.

UPGMA dendrograms constructed by using Dw and Da distances are shown in
Fig. 1. The clustering pattern of the UPGMA tree (Fig. 1B) based on Da distances
is somewhat different from that (Fig. 1A) based on Ds, in terms of the clustering
of Han, Miao-2, and Hui. Japanese are slightly distant from those populations, and
English are far apart from the remaining populations.

NJ networks constructed by using Dse and Da distances are shown in Fig. 2. Two
Li populations (Li-1 and Li-2) have the smallest genetic distance and they are always
clustered in all four trees in Figs. 1 and 2. The genetic distance between two Miao
populations (Miao-1 and Miao-2) is much larger than that between the two Li
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populations, and they do not form a cluster in any tree. Miao-1 is always located
at the position of the outgroup to all the remaining five Hainan populations in all
four trees of Figs. 1 and 2.

(2) Comparison of Li-1, Miao-1, Li-2, Miao-2, Han, Japanese, and English using
allele frequency data for 14 polymorphic loci

Genetic distances for the above seven populations using allele frequency data for
14 polymorphic loci are given in Table 2. Allele frequency data for the Rh blood
group locus were added by excluding the Hui population from the previous
comparison. Compared to genetic distances of Table 1 in which 13 polymorphic loci
were used, those of Table 2 are slightly larger for many pairs of populations. This
is probably because there are eight alleles in the Rh locus and the contribution of
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English
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B Li-1

o [Li-2
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0.02 0.01 0
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Fig. 3. UPGMA dendrograms for Li-1, Miao-1, Li-2, Miao-2, Han, Japanese, and English. (A) Dsu
distances of Table 2 were used. (B) Da distances of Table 2 are used.
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the locus to genetic distances is larger than the average of the 13 polymorphic loci
used in the previous section.

UPGMA dendrograms were produced based on Ds2 and Da distances (Fig. 3).
Japanese is now clearly distant from the five Hainan Island populations, and English
is far apart from the remaining populations. The two Li populations were clustered

Table 2. Genetic distances among Li-1, Miao-1, Li-2, Miao-2, Han, Japanese, and English populations

Miao-1 Li-1 Miao-2 Li-2 Han Japanese  English
Miao-1 0.364 0.011 0.011 0.008 0.019 0.020 0.060
Li-1 0.008 0.327 0.010 0.006 0.007 0.019 0.056
Miao-2 0.015 0.009 0.336 0.007 0.009 0.019 0.060
Li-2 0.011 0.002 0.009 0.318 0.011 0.026 0.066
Han 0.018 0.008 0.008 0.011 0.316 0.014 0.052
Japanese 0.027 0.026 0.023 0.036 0.013 0.347 0.045
English 0.088 0.094 0.092 0.098 0.080 0.069 0.365

Figures above and below the diagonal are D4 and Dsu, respectively, and those on the diagonal are gene
diversity. Allele frequency data for 14 polymorphic loci (Hp, Tf, Ge-subtype, C6, ACP, ESD, 6PGD,
PGM1-subtype, ABO, MN, Duffy, Kell, Lutheran, and Rh) were used.

(A)
English

~

(B)

English

N

Japanese

Japanese

Han

H?n

M

jao-1

Li-1

Miao-2

Li-1

Li-2

Miao-1

Li-2

Fig. 4. NJ networks for Li-1, Miao-1, Li-2, Miao-2, and Han populations. Each line of the network
is proportional to branch lengths (distances). Negative lengths are shown in broken lines. (A)
Dsu distances of Table 2 are used. (B) Da distances of Table 2 are used.
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as in Fig. 1, and the location of Miao-1 is the same for Figs. 1A, 1B, 3A, and 3B.
If we ignore Hui in Fig. 1A, the branching pattern becomes identical with that of
Fig. 3A. It should be noted that D« distances were used both for Figs. 1A and 3A.
As for the trees in which Da distances were used, however, there is an inconsistency
on the clustering of Han, Miao-2, and the Li cluster (see Figs. 1B and 3B). This
inconsistency may be explained by small lengths of some internal branches.

NJ networks based on genetic distances of Table 2 are shown in Fig. 4. Now Han
becomes the outgroup to the remaining four Hainan populations in both Figs. 4A
and 4B. The two Li populations clustered in Figs. 2A, 2B, and 4A, whereas they
did not cluster in Fig. 4B, where Da distances were used. Because the branching
pattern among the five Hainan Island populations differs from tree to tree, the
relationship among Han, Miao-1, Miao-2, and the Li cluster is not clear.

It seems that Dw« distances are more stable than Da distances when allele
frequency data for different set of loci are used. Thus only Du« distances are used
in the following analyses.

(3) Comparison of six populations in Hainan Island with 12 other human populations
using allele frequency data for 10 polymorphic loci

Genetic distances (Ds) among 18 human populations including the six Hainan
Island populations are given in Table 3, and a UPGMA dendrogram was constructed
based on the genetic distances of Table 3 (see Fig. 5). All the Asian populations
except Negritos (Aetas) of the Philippines are closely related to each other. All the
six populations of the Hainan Island (those with asterisks in Fig. 5) belong to cluster
A, in which Thailanders, Javanese, and Zhuang of southern China are also included.
Two Li populations again make a cluster, and they were closest to Zhuang. On the
other hand, populations of East Asia (Japanese, Mongolian, Korean, and Ainu) form
a different cluster, and they show more affinity with Filipinos, Malays, and Southern
Chinese than to cluster A.

An NJ network was constructed based on the genetic distances of Table 3. When
all the 18 populations were compared, English and Malays were clustered, and a
large negative branch length was observed for the branch going to Malays (tree not
shown). The genetic distance (0.026) between Malays and English is unusually
smaller than those between the remaining populations and English (the average =
0.063), while distances between Malays and Southern Chinese, Javanese, Thailanders,
Mongolian, and Japanese are smaller than 0.01. This situation is quite different from
the additivity of branch lengths, which is the ideal situation for the NJ method
(Saitou and Nei, 1987), and apparently this created a large negative branch for
Malays. Therefore, English were excluded from the comparison, and the NJ network
for the remaining 17 populations was constructed (see Fig. 6).

Now Malays are clustered with Southern Chinese as in the UPGMA dendrogram
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of Fig. 5. It is noteworthy that all the six populations of Hainan Island (those with
asterisks in Fig. 6) are included in the cluster above the branch A, in which
Thailanders, Javanese, and Zhuang are also included. This cluster corresponds to
cluster A of Fig. 5. There are three neighboring pairs of populations in this cluster;
[Li-1%, Li-2*], [Miao-2*, Hui*], and [Han*, Thailanders]. The same three pairs of
populations are clustered in the UPGMA dendrogram (see Fig. 5). There are two
groups inside this cluster separated by branch B; one including four ethnic minorities
in southern China (Miao, Li, Hui, and Zhuang) and the other including Thailanders,
Javanese, and Han in Hainan Island. The latter group has some affinity with a group
consisting of Malays, Southern Chinese, and Filipinos, though these two groups are
separated by the relatively long branch A (see Fig. 6).

Han*
—[Thailanders
b Javanese

Li-1*

{ Li-2*
b ZWu@Ng

A Hui*
Miao-2*

Miao-1*

Japanese

Mongolian

Korean

Ainu

Southern
__.E Chinese
Malays

g e Filipin0S

Negritos

English

T T T 1
0.03 0.02 0.01 0
Nei's standard genetic distance (Dstd)

Fig. 5. A UPGMA dendrogram of 18 human populations based on genetic distance data of Table 3.
Populations with asterisks are those living in Hainan Island. Cluster A includes all those six
Hainan Island populations.
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Miao-1*

Hui*

éLi1*
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Thailanders ®

Filipinos
Malays

Southern¥

Chinese ®

- ..sJapanese
Mongolian Y°

/Ainu

Koreane

N
N
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Fig. 6. An NJ network of 17 human populations based on genetic distance data of Table 3. Each line
of the network is proportional to branch lengths (distances). Negative lengths are shown in
broken lines. Populations with asterisks are those living in Hainan Island. The cluster above
the branch A includes all those six Hainan Island populations.

The four populations of East Asia (Japanese, Mongolian, Korean, and Ainu) do
not make a single cluster, but they form a group located between the three
populations (Malays, Southern Chinese, and Filipinos) and Negritos, which is
distant from all the remaining populations.

(4) Comparison of Li-1, Miao-1, Hui, Japanese, and English using allele frequency
data for 18 polymorphic loci and 18 monomorphic loci

Genetic distances (Dsw) among Li-1, Miao-1, Hui, Japanese, and English are
given in Table 4, with their standard errors in parentheses. When genetic distances
were computed, we used the method of Omoto (1982), who considered a hypotheti-
cal situation of the existence of some monomorphic loci to obtain a realistic
divergence time between populations. In the present case, existence of 18
monomorphic loci as well as 18 polymorphic loci was assumed so as to bring the
distance between English and Japanese and gene diversities for these populations
close to the estimates obtained from the comparison of many loci. Nei and
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Roychoudhury (1982) estimated gene diversities (average heterozygosities) of
English and Japanese to be 0.14 and 0.16 for protein loci and 0.11 and 0.20 for blood
group loci, respectively, and Ds between Mongoloids (data were mostly from
Japanese) and English was estimated to be 0.019 based on allele frequency data for
85 loci. In Table 4, gene diversities (figures on diagonal) for Japanese and English
are estimated to be both 0.152 and the genetic distance (Dsq) between Japanese and
English is 0.0167 £ 0.0087. Both gene diversities and the genetic distance are more
or less similar to the corresponding estimates of Nei and Roychoudhury (1982).
Needless to say, those estimates in Table 4 are smaller than corresponding estimates
in Tables 1 and 2 because of inclusion of 18 monomorphic loci.

Figure 7 shows a UPGMA dendrogram (Fig. 7A) and an NJ network (Fig. 7B),
based on the genetic distances of Table 4. Open boxes in the UPGMA dendrogram
represent standard errors of each branching point. Standard errors (SEs) of branching
points were estimated by assuming the covariances between distances to be zero,
hence slightly overestimated SEs may be obtained. In any case, it is clear that SEs
of branching points are quite large.

Although Hui and Japanese make a cluster in the UPGMA dendrogram, Hui has an
affinity with the other two Hainan populations, as seen in the NJ network. This
reflects smaller genetic distances between Hui and the Li-Miao group than those
between Japanese and the Li-Miao group (see Table 4). It is possible that Hui expe-
rienced a certain admixture. Therefore Hui was excluded from the further analysis.

Table 4. Genetic distances among Li-1, Miao-1, Hui, Japanese, and English

Miao-1 Li-1 Hui Japanese English
Miao-1 0.1637
(0.0390)
Li-1 0.0021 0.1440
(0.0011) (0.0365)
Hui 0.0034 0.0047 0.1569
(0.0012) (0.0020) (0.0390)
Japanese 0.0069 0.0087 0.0027 0.1521
(0.0030) (0.0040) (0.0017) (0.0371)
English 0.0197 0.0241 0.0203 0.0167 0.1518
(0.0082) (0.0107) 0.0121) (0.0087) (0.0361)

Figures below the diagonal are D« and those on the diagonal are gene diversities. Figures in
parentheses are standard errors. Allele frequency data for 18 polymorphic loci (Hp, Tf, Ge-subtype,
Co, C7, Bf. ACP, ESD, 6PGD, PGM1-subtype, GPT, ADA, AK, ABO, MN, Duffy, Kell, and
Lutheran) were used, and data for 18 monomorphic loci were assumed.
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Li-1
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— Hui
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n ——Japanese
English
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English
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Japanese Li-1

Fig. 7. UPGMA dendrogram (A) and NJ network (B) for Li-1, Miao-1, Hui, Japanese, and English.
Dsu distances of Table 4 are used. Open boxes represent 1SE for each branching point of the
UPGMA dendrogram. Each line of the NJ network is proportional to branch lengths
(distances).

If we compare the genetic distance (0.0069) between Japanese and Miao-1 and
that (0.0087) between Japanese and Li-1, they are more or less similar with each
other, the average being 0.0078. Thus the divergence time (T;-mL) between Japanese
and the ancestral population for Miao-1 and Li-1 is estimated in the following way.
Nei and Roychoudhury (1982) estimated the divergence time between Mongoloids
(data were mostly taken from Japanese) and English to be 41,000 years, and a more
recent estimate for that is 55,000 years (Nei and Ota, 1991). If the genetic distance
of 0.0167 between Japanese and English (Table 4) corresponds to these divergence
time estimates, that (0.0078) between Japanese and the Miao-Li cluster should
correspond to Ti-m. Hence the estimate for Ti-mi, under the assumption of the
constant evolutionary rate, becomes 19,000-26,000 years, depending on the esti-
mates for divergence time between Mongoloids and English.
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DISCUSSION

A possible history of Li, Miao, and Hui populations of Hainan Island

We analyzed the genetic affinity of six human populations living in Hainan Island
in the present study. Two Li populations (Li-1 and Li-2) are always clustered in
most of the trees, suggesting a close genetic relationship of these two populations.
This supports the common origin hypothesis for these two Li populations (Omoto
et al., 1993). A preliminary study on the genetic affinity of Hainan Island as well
as some ethnic minorities in northern China (Omoto et al., 1994) also supported
the close affinity of the two Li populations. Although we studied only two Li
subgroups (Qi-Li = Li-1, and Benti-Li = Li-2), it is possible that all the five Li
subgroups started to differentiate after their common ancestral population migrated
into Hainan Island. According to an archaeological evidence, the earliest record of
human occupation in this island is about 3,000 years ago (Yu, 1985). We would
like to suggest that the common ancestral population of all the five present day Li
subgroups migrated into Hainan Island from the mainland China around that time.
This hypothesis can also explain the close genetic affinity of Li with Miao and
Zhuang, who probably have lived in southern part of China for a long time.

Miao tribe in Hainan Island are said to be descendants of migrants from Guangxi
Province of mainland China as early as in the time of Ming dynasty (Omoto et al.,
1993). Miao-1 and Miao-2 populations show a relatively large genetic distance and
they do not make a cluster in any tree. Therefore, it is possible that there was more
than one migration of Miao populations to Hainan Island as Omoto er al. (1993)
suggested, and that the original stock of different migrations may be genetically
different from each other. However, an alternative possibility can also explain the
pattern observed for Miao populations. If the population size of these two Miao
populations have been kept rather small, the random genetic drift may have caused
a large genetic differentiation within a relatively short time even if they initially
originated from the common ancestral population. In fact, the two Miao populations
were clustered in an NJ network of Omoto ef al. (1994) in which data for slightly
different set of polymorphic loci were used.

Hui, a moslem group, has a close genetic affinity with Li, Miao, and Zhuang
ethnic minorities of southern China (see Figs. 5 and 6). This relationship is different
from that of Omoto et al. (1994), in which Hui was more closely related with
populations of East Asia (Japanese, Mongolian, and Korean). When Hui was
compared with Miao-1, Li-1, Japanese, and English for 18 polymorphic loci,
however, Hui was shown to have some affinity with Japanese (Table 4 and Fig. 7).
Therefore, it is possible that the ancestral population of Hui migrated from a
northern part of China to Hainan Island, and gene flow from the surrounding
populations of the island took place after the migration. In fact, a majority of Hui
populations is distributed in the northwestern part of China. This northern origin
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hypothesis for Hui of Hainan Island is consistent with Omoto et al.’s (1993)
conjecture that malaria was not endemic in Hui’s original homeland. However, it
is still not clear why Hui of Hainan Island speaks a Chamic language which is
spoken by some northern Vietnamese populations.

Relationship of Hainan Island populations with other Asian populations

When six populations of Hainan Island were compared with 12 other populations,
those Hainan Island populations showed affinity with Thailanders, Javanese, and
Zhuang in both UPGMA and NI trees (Figs. 5 and 6, respectively). This clustering
pattern is consistent with the geographical proximity of the Island with southern part
of the mainland China and with Southeast Asia. It should be mentioned, however,
that some Southeast Asian populations (Malays and Filipinos) were somewhat
distant from the Hainan Island populations and were more closely related with
northern East Asian populations (Japanese, Mongolian, and Korean).

There are two studies on the genetic affinity of human populations including some
Hainan Island populations. Saitou et al. (1992) presented an NJ network for 18 East
Asian populations based on the allele frequency data of HLA-A, B, and C loci. A
close affinity among Li, Miao (in the mainland China), Zhuang, and Han (in Hainan
Island) were observed, and it is consistent with the result of the present study.
Imanishi er al. (1992) analyzed allele frequency data of HLA-A and B loci for 77
populations over the world, and constructed a UPGMA dendrogram and an NIJ
network. Li, Miao (in southern mainland China), Thailanders, Vietnamese, Buyi (in
southern mainland China), and southern Chinese showed a close affinity in both
trees. This is also consistent with our present results.

It can be summarized that Hainan Island populations seem to have a closer genetic
affinity with some surrounding populations of southern China and Southeast Asia
than those of northern East Asia.

Genetic differentiation between northern and southern Asian populations

Saha and Tay (1992) showed a UPGMA dendrogram of 9 Asian populations
based on data for 15 polymorphic loci. There was a clear dichotomy of southern
and northern East Asian populations in the dendrogram; Korean, Mongolian, and
Japanese were included in the northern cluster, while the southern cluster consisted
of Southern Chinese, Zhuang, Malays, and Javanese.

A distinct dichotomy of southern and northern populations of East Asia was also
recognized in Saitou et al.’s (1992) NJ network. Li and Han of Hainan Island, Miao,
Yiao, Zhuang, and Dong of southern mainland China as well as Han of Guangxi
and Guangzhou belonged to the southern cluster, whereas Han, Mongolian, Tibetan,
Hazakh, and Hui of northern China as well as Japanese and Korean belonged to
the northern cluster. Imanishi et al.’s (1992) UPGMA dendrogram also showed a
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clear distinction between northern and southern populations of East Asia, though
this distinction was not clearly observed in their NJ network. Matsumoto (1987)
reviewed a distribution of allele frequencies for the Gm locus, and there is a clear
difference between northern and southern populations of Asia.

Four northern populations of East Asia (Japanese, Mongolian, Korean, and Ainu)
formed a closely related group in the present study, but the variation among the
remaining southern populations was much larger than that for those four northern
populations (see Figs. 5 and 6). It should be remembered that data for only 10
polymorphic loci were used for constructing those trees, and the reliability of the
branching pattern of those trees may not be high.

Cavalli-Sforza et al. (1988) constructed a UPGMA dendrogram for 42 populations
over the world, and showed that populations of northern East Asia such as Japanese,
Ainu, Koreans, Mongolian, and Tibetans are more closely related to Caucasoid
populations than to those of Southeast Asian and southern Chinese. Recently, Nei
and Roychoudhury (1993) analyzed a different set of allele frequency data for 29
polymorphic loci for 26 human populations, and found that northern and southern
Asian populations are more closely related with each other than to Caucasoid both
in UPGMA and NJ trees. The reason for this discrepancy between the two studies
may be that Cavalli-Sforza et al. (1988) used many unshared loci for comparison
and only 5 loci were commonly examined for all 42 populations (Nei and
Roychoudhury, 1993). The results of the present study consistently showed a distant
relationship between English (a Caucasoid) and the remaining Asian populations,
which supports the result of Nei and Roychoudhury (1993).

If Japanese and the Li-Miao group can be considered as the representatives of
northern and southern East Asian populations, estimate of Ti-mu (19,000-26,000
years) corresponds to the divergence time between northern and southern populations.
Although it is a rough estimate, it seems reasonable that at least 10,000 years passed
after the ancestral populations of the present northern and southern populations of
East Asia diverged.

At last, we would like to note that a unique history of Negritos among the Asian
populations (Omoto, 1984) is also shown in Figs. 5 and 6, where Negritos was
distantly related with all the other East and Southeast Asian populations.

Conclusion

Allele frequency data only for a dozen or so genetic loci were used in the present
study, and a definite conclusion is difficult to extract. Because the amount of genetic
differentiation is so small among the populations of interest, we need a lot more genetic
polymorphismdatato elucidate conclusive statements on the genetic affinity of Hainan
Island populations. DNA polymorphism such as VNTR may be the tool for a detailed
analysis of genetic affinity between closely related human populations in the future.
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