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1. INTRODUCTION

Ner and Imaizumi (1966) have shown that there is a significant local
differentiation in the ABO and MN blood group gene frequencies in
Japan, and presented data which suggest that this differentiation has
occurred largely by genetic random drift. If drift is important, then
the differentiation of gene frequencies among isolated populations of
small size is expected to be higher than that of the general population,
because the rate of migration, which prevents the differentiation, is
lower in the former. Thus, a genetic analysis was undertaken of the
differentiation of gene frequencies among isolated populations in
Japan. In this paper we will be concerned only with the ABO blood
groups, since data on the MN blood groups are limited.

2. ANALYSIS OF THE DATA

There are twelve isolated populations, for which the data on the
ABO blood group frequencies have been published. These data are
given in table 1, together with the gene frequency estimates. Of the
twelve isolated populations, seven are inhabitants of small islands
surrounding the main islands of Japan and others are located in
mountainous regions (cf. fig. 1). Asseen from table 1, some populations
are not small but they had to be used because of the paucity of data.
Actually, some populations include several subpopulations among which
the blood group gene frequencies differ significantly (Nei and Imaizumi,
unpublished). Also, the degree of isolation is not the same for all
populations. Some island populations are highly isolated, whereas
in some inland populations, it appears that considerable migration
has taken place. It should be noted, however, that in almost all the
populations the recently immigrated individuals have been excluded
from the blood group typing.

The frequencies of the gene I4, IB, and I° controlling the ABO
blood groups were estimated by the same method as used in the
previous paper (Nei and Imaizumi, 1966), ¢.e. Bernstein’s method.
The results obtained are given in table 1, in which the frequencies of
IA, I8, and I° are denoted by p, ¢, and r respectively. The means
of p, ¢, and r weighted for the number of observations are 0-2688,
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1 Sado 7 Kamitono
2 Miomote 8 iwaijima

3 M-0 9 ki

4 Okinoshima 10 Tsushima

5 Kusu 11 Kuroshima
6 0ki 12 Koshikijima

14
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01781, and 0-5531 respectively, which are almost identical with those
for the whole of Japan, ie. 02773, 01706, and o-5521 (Nei and
Imaizumi, 1966). As seen from table 1, the y2-value for the departure
from the Hardy-Weinberg’s equilibrium is significant at the 5 per cent.
level in one of the twelve populations, thus agreeing fairly well with
the theoretical expectation. The x? for the heterogeneity of gene
frequencies among the isolated populations is 228-80 with 22 degrees
of freedom and is significant at the o1 per cent. level.

90

120

F1c. 1.—~Geographical distribution of the isolated populations studied.

The true or genetic variances and covariances of p, ¢, and r are
obtained by subtracting the sampling variances and covariances from
the observed variances and covariances respectively, as described in
the previous paper. The genetic variances and covariances thus ob-
tained are presented in table 2, together with those for the whole of
Japan obtained in the previous paper. It is seen from this table that
the variances of gene frequencies are all larger in the isolated popu-
lations than in the general population of Japan, as expected. If the
differentiation of gene frequencies among subpopulations has occurred
at random, the covariances between gene frequencies should all be
negative (Nei, 1965). In the present case, the covariances between p
and 7, and ¢ and r, are negative, but the covariance between p and ¢
is positive. This may be due to sampling accident because of the
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small number of isolated populations employed, or it may be due to
natural selection disturbing the random differentiation. Inspection of
fig. 2, in which the correlations between gene frequencies are graphically
shown, reveals that the gene frequencies of Iwaijima deviate greatly
from the others, contributing to the positive correlation between p and
g. Thus, excluding the data on Iwaijima, the genetic variances and
covariances were recomputed, the results of which are given also in
table 2. The covariance between p and ¢ is now negative.

TABLE 2
Genetic variances, covariances, and the degree of differentiation of the ABO blood group
gene frequencies
Isolated populations Isolated populations
Gene including Iwaijima excluding Iwaijima Whole of Japan
frequency
concerned
U?OTUJ-;: jST a?orvﬁc fST (7%0[0]-,‘ fST
P 0-000262 0'00133 0-000182 0°00092 0'000146 0-00073
q 0:000436 0-00296 0-000416 0-00281 0000092 0-00065
r 0'000771 0'00312 0000561 000226 0-000183 000074
Pg 0°000037 | —0'00076 | —0-000018 0'00038 | —0-000028 0-00058
p-r — 0000299 000201 { —0-000163 0°00110 | —0'000118 000077
q.r —0°000476 0'00480 | —0-000397 0'00401 | —0°'000065, 0-00069
Mean 000224 0°001g1 0-00069

The degree of differentiation of gene frequencies may be measured.
by the inbreeding coefficient of subpopulations relative to the total
population. This inbreeding coefficient (fgy) is obtained by

Jor = —i— or fyr = B

Bi(r —py) bib:

provided that the differentiation has occurred at random, where p;
and o} denote the mean and the genetic variance of the jth allele
frequency, respectively, and oy the genetic covariance of the jth and
kth allele frequencies (Wright, 1943; Nei, 1965). The estimates of
this inbreeding coefficient, obtained by including and excluding the
data on Iwaijima, are given in table 2. There is a considerable
heterogeneity in the estimate of fyr, the values obtained from the
variance of ¢ and r being two or three times larger than that obtained
from the variance of p. Further, the estimate of f, obtained from the
covariance between p and ¢ is negative when the Iwaijima population
is included, although the estimates from covariances are generally
subject to a larger sampling error than those obtained from variances.
The heterogeneity of fy; suggests that the isolated populations employed
are not random samples of the whole, or that the differentiation of
gene frequencies has not occurred completely at random (cf. Nei, 1965).
Exclusion of the Iwaijima population makes the estimate of fg, more
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homogeneous but not so much as in the case of the whole of Japan
(table 2). The mean estimate of fy; obtained by excluding the data
on Iwaijima is slightly smaller than that obtained by including them.
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Fic. 2.—Correlations between different gene frequencies.

This is because the gene frequencies of Iwaijima deviate considerably
from the others. But even the former estimate is larger by a factor
of 3 than that for the whole of Japan.

The randomness of differentiation of gene frequencies can be tested
also by comparing the observed and expected values of correlation



188 M. NEI AND Y. IMAIZUMI

between different gene frequencies (Nei, 1965). The expected corre-
lation between the jth and kth allele frequencies is given by

_ _\/ bibs
(1 —p;) (1 —hy)

The observed correlation is obtained from the genetic variances and
covariances. The results obtained are presented in table 3. The
difference between the expected and observed correlations is not
significant in any pair of gene frequencies, regardless of whether the
Iwaijima population is included or excluded.

TABLE g3
Correlations between the ABO blood group gene frequencies

Isolated populations | Isolated populations

Gene including Iwaijima excluding Iwaijima
frequency
concerned

Expected | Observed | Expected | Observed

p-q —0-2832 01087 | —o0'2851 | —o0-0670
p.r —o0'6725 | —0'6644 | —06718 | —o-6421
q.r —o0'5193 | —0-8213 | —0'5184 | —o0-7941

3. DISCUSSION

Nei and Imaizumi (1966) showed that the differentiation of ABO
blood group gene frequencies in Japan has occurred largely at random,
although a slight cline was observed from north to south, and this
random differentiation was attributed to a genetic drift owing to the
limited effective size of neighbourhoods in Wright’s (1946) sense. The
fact that the estimate of fgp is larger in isolated populations than in
the general population supports this view.

The estimate of fyp, however, is less homogeneous in the isolated
populations than in the general population. The deviations of the
observed from the expected correlations between gene frequencies are
also larger in the former than in the latter (cf. Nei and Imaizumi,
1966). If the sample sizes were large, these results would indicate
that the differentiation of gene frequencies in isolated populations has
not occurred at random. However, in view of the relatively small
sample sizes employed, these may well be due to sampling accident,
perhaps with the exception of Iwaijima. In the case of the whole of
Japan the total number of observations was 599,342, divided into 45
subpopulations, while in the present case it is 24,880, divided into 12
isolated populations.

As seen from table 1, the phenotype frequencies summed for all
theisolated populations are in good agreement with the Hardy-Weinberg
expectations, the y2-value for the discrepancy being o-1. If the data
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on Iwaijima are excluded, the x? becomes o-2. This and the fact that
there is a significant differentiation of gene frequencies among the
isolated populations suggest that the heterozygotes for the ABO blood
groups have a selective advantage over the homozygotes, as discussed
in the previous report. Assuming that the genotype frequencies are
in complete agreement with the Hardy-Weinberg expectations, it may
be conjectured that the heterozygotes have a selective advantage at
least of the order of f; or 0-2 per cent. on the average.

It may be noted that the mating structure of our isolated populations
closely approximates to Wright’s island model. In these populations
certain proportions of genes are considered to have been exchanged
every generation with the large general population in the main islands.
The average proportion of gene exchange or the rate of migration per
generation (m) can be estimated by Wright’s (1943) formula

m = 1 —4/2N, for/[ (2N, —1) fsp+1]

where N, is the effective population size. It is not easy to know the
exact effective size of a population in which generations are completely
overlapped. Recently, Kimura and Crow (1963) developed a formula
but its applicability appears to be limited. Therefore, we use the
following approximate formula
N, =N,

where T is the generation time or the mean reproductive age and N,
the number of individuals who reach the mean reproductive age per
year (see the Appendix to this paper on p. 344). In a stationary
population N,, may be written as 5pN, i.e. the product of the crude
birth rate per year (b), the probability that a newborn individual
reaches the mean reproductive age (p), and the total population
size (N). The valuesof 7, 4 and p around 1900 in Japan are approxi-
mately 30, 0-32, and 0'65 respectively. Thus, N, is given by 0-65N
approximately. The sizes of isolated populations in Japan appear to
have been almost constant (cf. Schull, et al., 1g62). Hence, using the
populationsizes given in table 1, the effective sizeof each population can
be obtained. The average effective size is then given by the harmonic
mean of these individual effective sizes. The value thus obtained is
1993, excluding the Iwaijima population. Using this number and the
previous estimate of fy; (= 0-001g1), the rate of migration becomes
0-06. In this connection it should be noted that the heterozyzote
advantage, which was advocated here, causes the rate of migration
to be overestimated. It seems, therefore, that our isolated populations
have exchanged about six per cent. or less of individuals every genera-
tion with the general population, excepting those who emigrated
because of the population overflow.

4. SUMMARY

1. The ABO blood group gene frequencies among isolated popu-
lations with scattered distributions in Japan are differentiated nearly

N
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at random and the degree of the differentiation, as measured by the
inbreeding coefficient, is about three times higher than that of the
general population.

2. This may be attributed to a lower rate of migration in the
isolated populations. This rate was estimated to be about six per cent.
or less per generation. These findings support our view that the local
differentiation of ABO blood group gene frequencies in Japan has
occurred largely by genetic random drift.

3. An analysis of genotype frequency distributions has suggested
that the heterozygotes have a higher viability than the homozygotes
by at least 0-2 per cent. on the average.
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