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     An isolate population, which more or less genetically 

deviates from neighboring populations, sometimes comprises 

subpopulations with different gene frequency distributions 

within it. It is not always easy to, however, assess the 

degree of genetic diversity among subpopulations. 

Choosing small isolated population, on which biological, 

demographic, historical, and marital data are relatively 

easy to accumulate, may have various advantages in solving 

this problem. There are already some reports on genetic 

differentiation among small isolated populations, for example, 

from Amerindian tribes (Neel & Ward, 1970), Italian alpine 

villages (Cavalli-Sforza, 1969), Bougainville islanders 

(Friedlaender, 1975), etc.. In Japan, however, relatively 

undisturbed populations whose mode of life reflects the 

circumstances under which the genetic diversity has been 

developed and whose population sizes are still kept 

considerably large are rapidly decreasing in number. 

With respect to the local genetic differentiation in Japan, 

the reports by Nei & Imaizumi (1966abc) are the only series 

of extensive studies so far made, although these deal with 

the ABO system alone. 

     During the past five  years, we have been engaged in 

an intensive genetic study of the three villages in Mie 

Prefecture in central Japan. These are small isolated 

populations which seem to meet the above qualification.
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     This paper is an attempt to assess the degree of genetic 

differentiation by the coefficient of gene diversity 

(Nei, 1973) in the small area where the three populations 

exist and to specify the factors responsible for their 

differentiation. 

     A series of studies have already been made on  blood 

polymorphism distribution in Kamishima Island (Toyomasu et 

al., 1977) and in Toshi-jima Island (Toyomasu & Katayama, 

1979), on the demographic and breeding structure in Kamishima 

Island (Katayama et al., 1978), and on the genetic relations 

among the three populations (Katayama & Toyomasu, 1979). 

The information sources of this paper are mostly these.

POPULATIONS 

1. Geographic, Demographic, and Genetic Features 

     Fig. 1 shows the location of the study populations. 

The villages of Kamishima, Toshi, and Momotori had respective 

populations of 1043, 2890, and 1571 at the time of survey 

(1975). They belong to Toba City of Mie Prefecture and 

are also adjacent to Aichi Prefecture. These villages 

have been inhabited since the Kofun period (about the 4-7th 

c.) and were occupied in 1889 respectively by 860, 2556, 

and 978 people (Nakaoka ed., 1970). The inhabitants live 

by fishery in Kamishima and Toshi, and by semi-fishery and 
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semi-agriculture in Momotori. Traditionally there have 

been few facilities of communication between them except 

via  Toba, and at least during last 100 years only a few 

intervillage migrations have been recorded even between 

Toshi and Momotori located on the same island. However, 

taking into account the ethnographical study (Nakaoka ed., 

1970), it is difficult to assume that these villages have 

been originated from genetically much different ancestral 

populations. 

     According to Katayama et al. (1978), the Kamishima 

population has been highly isolated geographically and 

reproductively for a long time, characterized by extremely 

high endogamy rate (91.6%) and mean inbreeding coefficient 

(0.0218-0.0578). Such situation is presumably the case 

also with the Toshi and Momotori populations. 

Therefore, each village may be regarded as an isolate, unit 

population of breeding. Katayama & Toyomasu (1979) reported 

that, as expected from the geography, Toshi and Momotori 

appeared to be in somewhat closer relation in intervillage 

migration and genetic distance than with Kamishima, but not 

in a manner proportional to the geographic proximity among 

them, and concluded that the pattern of current genetic 

relation among these populations might be mostly due to the 

difference in intervillage migrations and to random factors 

and that the island model was applicable to the genetic 
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divergence in the study area. Toyomasu et al. (1977) and 

Toyomasu & Katayama (1979) reported that gene frequency 

distributions in some blood polymorphic systems for these 

populations were unique in comparison with those from Mie 

Prefecture, and that these genetic uniqueness might result 

from random genetic drift. 

2. Genetic Data 

     Table 1 shows the population size and the sample size 

of each village. Thanks to the reliable sampling, the data 

may be regarded as representing the actual genetic compositions 

of the populations. The data on the ABO blood group, two 

serum proteins (Hp and Tf), and eight red cell enzymes (AcP, 

 PGM1, PGD, ADA, EsD, GPT, GOT, and PHI) are used in the 

analysis. The MN, Rh-Hr, Gm, and Km systems are excluded 

because of the lack of sufficient data or because of the 

significant deviation from the Hardy-Weinberg equilibrium. 

The LDH, PGK, AK, and PepA systems are also excluded, for 

no variant types are found in the study populations. 

     Table 2 gives the phenotype frequencies of these 

systems in the three populations. Of these systems, ABO, 

Hp, Tf, AcP, PGM1, PGD, ADA, EsD, GPT, and GOT are polymorphic 

in all three populations, whereas PHI is slightly polymorphic 

only in the Kamishima population. 

     Table 3 shows the gene frequencies for the three 
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populations, their pooled population, and Mie and Aichi 

Prefectures, the variance of gene frequency among the three 

populations, and the ranges of frequencies of corresponding 

alleles in the general Japanese. The data of Mie and Aichi 

Prefectures and the Japanese ranges are adopted from the 

JIBP Synthesis II (Matsunaga chief ed., 1975). 

     Gene frequencies are calculated by Bernstein's method 

for ABO and by the gene counting method for the other systems. 

No modification from familial relationships such as sibling 

correlation is made since the sample sizes are large enough 

and  Katayama et al. (1978) have already estimated the mean 

inbreeding coefficient.

RESULTS 

1. Genetic Characteristics 

     Table 3 reveals: 1) In 

frequencies of Hp1, Tfvar., 

Gotvar. tend to deviate from 

from Japan. The variation 

study area is remarkable. 

reported by many researchers 

et al., 1977; Friedlaender, 
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 the three populations, the gene 

Gpt2, PGDc, EsD2, ADA2, and 

 the normal range so far reported 

of allele frequencies in the 

Similar results have been 

 dealing with isolates (Salzano 

1975; etc.).



2) The allele frequencies in the Hp, PGM1, and PGD systems 

in the pooled populations are especially closer to those in 

Mie Prefecture than those in Aichi Prefecture, while those 

in the ABO and ADA systems are in reverse. 

2. Heterogeneity in Genotype (or Phenotype) Frequency 

Distributions 

     For each system, the genotype distributions among 

populations can be compared by means of the  mXn contingency 

X2 analysis (Snedecor, 1956). This comparison tests the null 

hypothesis that the proportions of genotype frequencies are 

homogeneous among populations. If the expected value of 

any genotype class is less than 10, such a class is regrouped 

with others so that the new class will have an expected value 

greater than 10. Since this procedure is not possible in 

the GOT and PHI systems in which the genotypes in almost all 

persons are homozygote 1-1, no X2 values are computed for 

these systems. 

     Table 4 shows the results of this comparison. 

The X2 values are significant for all systems except the AcP 

system. Especially, the X2 values for the Hp, PGM1, ADA, 

and GPT systems are significant also at the 0.1% level. 

Although the AcP system does not show a significant 

heterogeneity among the populations, it will be demonstrated 
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in the later section that its gene differentiation does not 

show a significant deviation from those of the other systems 

either. 

     These results suggest that the three populations are 

significantly different in the genotype (or phenotype) 

distributions of almost all the systems analyzed. 

     Furthermore, since each system analyzed here can be 

considered independent, the x2 values can be added together 

to give an overall comparison of the genotype distribution 

among the populations. The total x2 is much significant 

(x2 = 232.02,  p<0.001)  . 

     Do these differences correspond to those in the gene 

frequencies among the three populations? 

Strictly speaking, a difference in genotype frequency may 

also result from variation in the mating practice, e.g. 

assortative mating, inbreeding, etc., and from sampling error. 

In the study area, however, the differences in genotype 

frequency may be expected to result exclusively from the 

differences in gene frequency among the populations, 

for the following reasons: 1) None of the systems in each 

population significantly deviates from the Hardy-Weinberg 

expectation so chosen. 2) Probably there has been little 

variation in the mating practice among the three populations. 

3) The sample size for each system is fairly large.
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3. Wahlund's Effect 

     When subpopulations have different gene frequencies, 

the overall increase in the proportion of homozygotes is 

called  Wahlund's effect. Here it is examined whether there 

exists Wahlund's effect in the study area or not. 

     The local deviation from the Hardy-Weinberg equilibrium 

is estimated for a codominant locus by the formula: 

                        H. 
F. = 1 - -------1 

2pigi 

     where Hi is the observed proportion of heterozygotes 

     at locus i, and pi and qi are the corresponding two 

      allele frequencies. 

A positive value of Fi indicates the excess of homozygote 

and a negative the excess of heterozygote. 

     Table 5 shows the F. values of 10 codominant systems 

for the three populations and their pooled population. 

Although the three populations give negative values in 4 

or 5 systems, their pooled population shows negative values 

only in 2 systems. Although all the populations show 

positive mean values of Fi, their pooled population's mean 

is the highest; the pooled population has heterozygosity 

less than expected. It is also interesting that the three 

populations show low but still positive mean Fi values, i.e. 

display weak excesses of homozygotes. 

As suggested by Harpending et al. (1973), its cause may be
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attributable to the demographic features that these populations 

have been highly endogamous. 

     Thus, the overall increase in the proportion of homozygotes 

demonstrates that Wahlund's effect exists in the study area. 

4. Degree of Genetic Differentiation 

     There are two popular indices to formulate in a single 

figure the degree of genetic differentiation among sub-

populations,  viz. the fixation index (FST) by Wright (1951) 

and the coefficient of gene diversity (GST) by Nei (1973). 

These indices, in essence, measure the degree of Wahlund's 

effect caused by genetic differentiation among subpopulations. 

     As pointed out by Nei (1965), in the presence of more 

than 2 alleles at a locus, FST no longer holds valid except 

in special cases of random variation with no selection, 

whereas GST is also applicable to the comparison of the gene 

differentiation in a single locus, irrespective of the number 

of alleles and of the evolutionary forces. 

Additionally, for a locus with only two alleles, GST becomes 

identical with FST (Nei, 1973) and, for a locus with multiple 

alleles, GST is practically equivalent to FST (Nei, 1977). 

Therefore, GST is more suitable for general use than FST. 

     Using the gene diversity of the total population (HT), 

within subpopulations (Hs), and among subpopulations (DST), 
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GST is calculated as: 

     GST =  DST/HT, 

     DST = HT - HS, 

r 
         H= I - Ex.2     T 

1 

        Z H2 S= 1
k..t c-xki/s' 

where xi is the mean gene frequency of the i-th 

           allele, xki the gene frequency of the i-th allele 

           in the k-th subpopulation, r the number of alleles 

           in a locus, and s the number of subpopulations 

             concerned. 

When gene frequencies are completely identical among sub-

populations, GST becomes zero; and when there are complete 

fixations in different subpopulations with different alleles, 

GST becomes 1. 

     From the gene frequencies for the pooled population (p) 

and the variances of gene frequency among the three populations 

(c) in Table 3, FST is calculated as: 

      _ a       F_ 

p(1-p) 

Following Lewontin & Krakauer (1973), for a locus with multiple 

alleles, instead of FST is used the value obtained by dividing 

the total FST of all alleles in the locus by r-1, where r is 

the number of alleles.

1p



     The parameters,  HT' HS' DST' GST' and FST,for all systems 

analyzed are shown in Table 6. 

As expected from the heterogeneity tests, the Hp and ADA 

systems show particularly higher values of GST, the PHI system 

a fairly high value, and the AcP system the lowest. 

The other seven systems show the GST values in the order of 

10-3, and are similar to one another. 

     The heterogeneity of gene differentiation by system is 

tested with the method by Lewontin & Krakauer (1973) . 

This method was designed to compare the observed variance 

of FST with the expected variance caused by sampling error 

alone. Levontin & Krakauer (1973) gave the expected 

variance of FST as: 

  22      o
f= k•SST /(n-1), 

                       where k is approximately 2 for values of FST in 

           the range 0-0.05, which includes the values in 

          this study, FST is the mean value of FST, and n 

           is the number of populations concerned. 

      Application of the above formula to the FST values in 

Table 6 gives the expected variance (4) of 3.6845X10-5, 

whereas the observed variance (sF) is 1.9662X10-5. 

The difference between them is not significant (4/62 0.5336, 

                                                 F 0.5 <p) by the F-test. (If Robertson's (1975) revised 

method is applied, of becomes even greater and accordingly 
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the s2      F/oF value becomes smaller.) 

In other words,  the'seeming heterogeneity of the FST values 

by system is attributable only to sampling variance. 

Accordingly, it is reasonable to assume the homogeneity of 

FST for all the systems analyzed in the study area. 

     The result suggests that nonselective aspects of' 

population structure such as random factors and migration 

is responsible for the present genetic differentiation. 

     Furthermore, the mean GST value of 0.00607 indicates 

that the absolute genetic difference among the study populations 

(Mean DST) is 0.67 of the total genetic variation (Mean HT) 

in the study area. This value suggests that only a small 

fraction of the total genetic variation is attributable to 

the genetic difference among the populations. 

Similar results have been also reported for the genetic 

differentiation among major races, tribes, or other 

populations in the world (Nei & Roychoudhury, 1974; 

Roychoudhury, 1975 and 1977; etc.).

5. Comparison of GST with Those from Other Levels of Human 

Population 

     For comparison, the GST values are calculated here 

from 7 or 9 systems for the following 3 hierarchic levels 

of Japanese, whose data are taken from JIBP Synthesis II 
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(Matsunaga chief  ed., 1975) : 

     1) The genetic differentiation in the Southwest Japan; 

     among the four general populations from Sakishima 

     (Ishigaki and Miyako Islands), Naha City, Amami-Oshima 

     (mostly from Naze City), and Kagoshima City, among which 

     the interpopulation migration may not have been so open 

     due to the isolation by sea. 

     2) The genetic differentiation among 3 districts, Tohoku, 

     Kinki, and Kyushu, of Japan. 

     3) The genetic differentiation among the Ainu, Kinki, 

     and Sakishima populations. 

     Table 7abc give the parameters for these genetic 

differentiations. The results reveal that the study area 

displays the genetic differentiation much significantly 

greater than that among the 3 districts (F = 8.60, p40.01), 

significantly greater than that in the Southwest Japan (F = 

6.96, p<0.05), and, though not significantly (F = 0.32, 

0.5<p), a little smaller than that among the Ainu, Kinki, 

and Sakishima populations. 

     On the degree of genetic differentiation for various 

hierarchic levels from the world, there are already some 

reports; the GST_values are 0.14 among the three major races 

(Nei, 1975), 0.08 among some South Amerindian tribes 

(Rothhammer et al., 1976), and 0.006 among 7 local general 

populations from all over India (Roychoudhury, 1977). 
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Comparisons with these reports are however unwarranted, since 

the randomness of sampling of the systems analyzed is not 

certain. 

     Accordingly, the study area shows no genetic 

differentiation in a proportion to its hierarchic level, 

but such a situation may be observable also in the above 

Amerindian tribes and other populations (Workman & Niswander, 

1970; Friedlaender, 1975;  etc.)  . 

In general, isolated populations show the tendency to a great 

genetic differentiation through random genetic drift and 

founder effect due to the high degree of isolation and their 

relatively amall population sizes.

6. Interpopulation Variation Patterns in Genotype Frequencies 

     For each system, the interpopulation variation pattern 

in genotype frequencies is detectable from heterogeneity 

tests between pair combinations of populations by means of 

the x2 analysis. The same modification procedure as in 

the previous section (Result 2) is followed, and the PHI 

system is not tested. 

     Table 8 presents the x2 values between pair combinations 

of the three villages and Mie, which is assumed to be the 

ancestoral population of the three villages from the historical 

evidence presented by Nakaoka ed. (1970) .
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     This analysis leads to a classification of the systems 

by their interpopulation variation patterns in genotype 

frequencies as follows: 

     A. The non-variable types; 

        1) nearly homogeneous throughout the four populations 

.......  AcP, 

        2) homogeneous among the three island populations 

....... GOT. 

     B. The type in which the frequency sequence corresponds 

        to the geographic location of the populations, i.e. 

        the genotype frequencies differ most greatly between 

       Kamishima and Mie .......GPT and ADA. 

     C. The type in which geographically the most distant 

        populations, Kamishima and Mie, are most similar 

       in the genotype frequencies ....... PGM1. 

     D. The other types; 

        1) homogeneous both between Kamishima and Toshi and 

       between Kamishima and Mie ....... ABO and EsD, 

        2) homogeneous both between Kamishima and Momotori 

       and between Toshi and Mie ....... Hp, 

        3) homogeneous both between Kamishima and Toshi and 

       between Momotori and Mie ....... PGD, 

4) homogeneous among Kamishima, Momotori, and Mie, 

        and Toshi alone has a fairly distant genotype 

      frequency ....... Tf.
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     The result suggests that all  systems tested are likely 

to vary in the most different ways possible, that is to say, 

the interpopulation variation patterns in the genotype 

frequencies are strikingly irregular. 

This means that the genetic differentiation among the 

populations in the study area is apparently of random nature, 

just as indicated among the villages of Amerindian tribes 

such as Yanomama and Makiritare (Neel & Ward, 1970), Bougain-

ville islanders (Friedlaender, 1975) , and some Ge-speaking 

peoples (Salzano et al., 1977) .

7. Genetic Variability 

     The genetic variability in a given population can be 

estimated by the proportion of polymorphic loci to all loci 

analyzed and by that of loci which one can expect to find 

as in heterozygous state in a given individual. 

This study employs the latter, which, at the same time, 

indicates the degree of genetic fixation of a population. 

     The heterozygosity of a population at a particular 

                   r locus (d) is 1 -;Epk , where r is the number of alleles at 
                      k=~ 

that locus and pk is the frequency of the k-th allele. 

Then the heterozygosity of a population over n different 

loci (D) is computed as the mean over all loci, i.e.. 

D =lZdi. 
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     Table 9 presents the d values of seven systems and the 

D values for the three populations and their pooled population 

as well as those from Japanese populations of various sizes 

and at different hierarchic levels. 

Since the randomness of sampling of the seven systems analyzed 

here is not certain, comparisons with other reports are 

unwarranted. 

     The study populations and their pooled population have 

the highest D values resembling one another,  followed by the 

general populations of Tokyo and Mie Prefecture and by the 

Ainu and "Matagi" who lives in the mountains of north eastern 

Japan. These results suggest that the study populations 

have high genetic variabilities, or display low genetic fixation. 

     It is said that, in general, the higher the inbreeding 

and the smaller the population size is, the lower genetic 

variability a population will show, as the result of genetic 

fixation through random factors. In the present populations, 

the high genetic variabilities seem to disagree with the 

expectation inferred from the high inbreeding coefficient 

reported in Kamishima Island (Katayama et al., 1978). 

However, as pointed out by Spiess (1977), populations which 

are strongly influenced by random factors may not necessarily 

decrease their genetic variabilities. 

Even if the inflow of foreign genes is very limited, random 

variations may not always be accompanied by poor genetic 
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variability as long as most of the variations depend on random 

genetic drift rather than on founder effect. 

Therefore, the result may be interpreted as a counter basis 

for regarding founder effect as a major factor in the present 

genetic diversity. 

DISCUSSION 

     What factors are responsible for the genetic differen-

tiation in the study area? 

To specify the factors responsible for the present case, 

a synthetic view is taken here on the basis of what have been 

revealed in this study and in the previous studies. 

     In general, a genetic differentiation among isolated 

populations appears to be resulted by the following factors: 

A) Factors producing genetic differentiation; 1) recurrent 

mutation, 2) selective forces acting at different intensities 

on different populations, and 3) such random factors as random 

genetic drift, founder effect, and bottle neck effect. 

B) Factors retarding genetic differentiation; 1) selective 

force acting at a similar intensity on different populations 

and 2) migration. 

     In South Amerindian tribes, about a half of the genetic 

differentiation among villages was ascribed to founder effect 
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 (Neel & Ward, 1970) and, in the Papago Indians, a large 

proportion of the genetic diversity among groups was attributed 

to intergroup migration and to inflow of foreign genes 

(Workman& Niswander, 1970). Furthermore, in Bougainville 

islanders, the genetic diversity among populations might be 

caused by mainly random genetic drift (Friedlaender, 1975). 

To the best of my knowledge, there is no report that any 

kind of selective force, recurrent mutation, and bottle neck 

effect have largely contributed to the genetic differentiation 

among human populations. It has also been said that, in the 

case of blood polymorphic systems, the variations in a large 

amount of systems may be maintained without any selective 

force in a population. 

     In relation to the above factors, the present study 

revealed: 1) The high genetic variabilities degrade the 

probability of founder effect as a major factor in the genetic 

differentiation. 2) The similarity in the degree of gene 

differentiation in all systems suggests that any kind of 

selective force is little responsible for the genetic 

differentiation. Further, Katayama et al. (1978) and 

Katayama & Toyomasu (1979) supply the bases for inferring 

the following: 3) Because of considerably small population 

sizes, frequent occurrence of mutations and their significance 

in the production of genetic variation may be assumed to be 

slight. 4);-Since the study populations had kept their sizes
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in a balanced state presumably for at least several hundred 

years prior to the rapid increase in the present century, 

it is difficult to assign any part of the genetic differen-

tiation to bottle neck effect. 

     Hence, it is suggested that the genetic differentiation 

in the study area has mainly resulted from the remaining 

factors, random genetic drift and migration. 

This agrees with the present result that the interpopulation 

variation patterns in genotype frequencies apparently show 

the random nature of the gene differentiation, and also with 

the conclusion of the previous report (Katayama & Toyomasu, 

1979) that, although the migrations may have been relatively 

rare in the study  populations, these are probably more or 

less responsible for the genetic diversity. 

     If only the random genetic drift functions to produce 

genetic differentiation without any migrations, the gene 

differentiation (GST) after t generations can be expected 

to be 

     GST = 1 - (1 - 1/2Ne)t, 

     where Ne is a harmonic mean of effective population size 

     (Ne) over t generations (Wright, 1969). 

Assuming that the study populations were settled in the 

Kofun period, some. 1500 years ago, and that 1 generation 

time is 30 years at present (Katayama et al., 1978) and 

probably less before, t becomes at least about 50. 
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As Ne can be assumed to be about  30% of the population for 

isolates in Japan (Katayama, 1975), Ne may be taken roughly 

as 300, which is about 30% of the smallest population of the 

three villages at the beginning of the Meiji era. 

Then, GST is expected to be at least 0.0669. 

This value is by far larger than the mean GST value observed 

in the actual populations. This discrepancy may be mostly 

attributed to the retarded genetic differentiation, which 

is probably caused mostly by the intervillage migrations 

in this particular case. 

     The rate of migration (m) per generation can be estimated 

by Wright's formula (Wright, 1969); 

    m = 1 - 0e •FST/ [(2Ne - 1) -FST + 11. 

If Ne and FST are taken as 300 and 0.006 respectively, then 

m is estimated at 0.1147. This value is fairly small as 

compared with other isolates in Japan (Katayama, 1975) and 

appears to be nearly equivalent to the miration rate, about 

0.08, calculated from the endogamy rate in Kamishima Island 

(Katayama et al., 1978). Although the migration rate is 

relatively low in the present case, migrant individuals 

(Ne.m) become about 30 persons. Even if effective migration 

rate (me) is a little less than m, the coefficient of breeding 

isolation (Ne.me) seems to be by far greater than 4, which is 

the critical value; Wright (1969) suggested that the effect 
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of migration is not negligible in populations with an isolation 

index greater than this value. Weiss &  Maruyama (1975) also 

suggested in their computer simulation that with greater 

migration, the genetic distances would be affected noticeably 

in even a short period. Therefore, in the study area, the 

migrations may have retarded the potential genetic differ-

entiation due to random genetic drift at a considerable intensity. 

     Thus, it may be concluded that the genetic differentiation 

in the study area has been mainly resulted from random genetic 

drift and migration, that is, the greater part of the genetic 

diversity has been produced by random genetic drift and the 

potential differentiation has been retarded mostly by migration 

including some intervillage migrations.
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 SUMMARY 

     This paper attempts to assess the degree of genetic 

differentiation among three adjacent isolated populations 

from Mie Prefecture, Japan, to specify the factors mainly 

responsible for their differentiation, and to compare,the 

result with those obtained at different hierarchic levels 

of human populations in Japan. 

     The assessment of the degree of genetic differentiation 

is made on the gene frequencies of 11 blood polymorphic 

systems and by means of the coefficient of gene diversity 

(Nei, 1973). 

      The following results are obtained: 

           1) The three populations are significantly 

      different in the genetic composition. 

           2) Wahlund's effect is seen among the study 

      populations. 

           3) The genetic differentiation among the study 

      populations is found to be 0.6% of the total genetic 

       variation. 

           4) The present island area displays the genetic 

      differentiation by far greater than that among three 

      districts, Tohoku, Kinki, and Kyushu, of Japan and 

      somewhat smaller than that among the Ainu, Kinki, and 

      Sakishima populations.
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           5) The interpopulation variation patterns in the 

      genotype frequencies strikingly vary from one system 

       to another. 

           6) No poverty of genetic variability is found in 

      the study populations. 

      From the results of the present and previous studies 

(Katayama et al., 1978;  Katayama & Toyomasu, 1979), the 

following conclusion can be drawn: The major part of the 

genetic differentiation among these populations has resulted 

from random genetic drift and migration including some inter-

village migrations.
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Table 1 

 Total population 

Population

and sample size 

No. of 
Inhabitants

of each village. 

  Sample  Size(%)

Kamishima 

Toshi 

Momotori

1043 

2890 

1571

617 (59.2) 

890 (30.8) 

572 (36.4)
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Table 2 

 Phenotype frequencies of blood group, 

 and red cell enzyme systems. 

SystemKamishima Toshi No
./o No. /a

serum protein, 

Momotori 

    No.

Blood Group 

 ABO A 

B 

      AB 

      0 

Total 

Serum Protein 

 Hp 1-1 

        2-1 

        2-2 

0* 

     Total 

 Tf C 

      CD 

      BC 

      BB 

     Total 

Red Cell Enzyme 

 AcP A 

      BA 

B 

     Total

157 

83 

33 

139 

412 

17 

184 

368 

11 

580 

555 

10 

13 

 2 

580 

31 

210 

376 

617

38.1 

20.1 

 8.0 

33.7 

 2.9 

31.7 

63.4 

 1.9 

95.7 

 1.7 

 2.0 

 0.6 

 5.0 

34.0 

60.9

381 

146 

67 

270 

864 

74 

347 

418 

18 

857 

846 

 8 

 3 

 0 

857 

33 

267 

564 

864

44.1 

16.9 

 7.8 

31.3 

 8.6 

40.5 

48.8 

 2.1 

98.7 

 0.9 

 0.4 

 0.0 

 3.8 

30.9 

65.3

230 

101 

72 

155 

558 

28 

157 

360 

 8 

553 

533 

20 

 0 

 0 

553 

20 

181 

356 

557

41.2 

18.1 

12.9 

27.8 

 5.1 

28.4 

65.1 

 1.4 

96.4 

 3.6 

 0.0 

 0.0 

 3.6 

32.5 

63.9



PGM11-1 

 2-1 

      2-2 

      7-1 

      7-2 

       6-1, 

   Total 

PGD A 

    AC 

    C 

   Total 

ADA 1-1 

      2-1 

      2-2 

   Total 

EsD 1-1 

      2-1 

      2-2 

   Total 

GPT 1-1 

      2-1 

      2-2 

   Total 

GOT 1-1 

      2-1 

      3-1 

   Total

6-2

357 

206 

46 

 5 

 3 

 0 

617 

337 

108 

 7 

452 

601 

16 

 0 

617 

216 

191 

45 

452 

178 

291 

148 

617 

610 

 7 

 0 

617

57 

33 

7 

0 

0 

0

74 

23 

1

97 

2 

0

47 

42 

10

28 

47 

24

98 

1 

0

9 

4 

5 

8 

5 

0

6 

9 

5

4 

6 

0

8 

2 

0

8 

2 

0

9 

1 

0

512 

283 

31 

26 

 8 

 4 

864 

636 

212 

16 

864 

751 

108 

 5 

864 

439 

348 

77 

864 

141 

206 

55 

402 

856 

 6 

 2 

864

59 

32 

3 

3 

0 

0

73 

24 

1

86 

12 

0

50 

40 

8

35 

51 

13

99 

0 

0

3 

8 

6 

0 

9 

4

6 

5 

9

9 

5 

6

8 

3 

9

1 

2 

7

1 

7 

2

274 

221 

49 

12 

 1 

 0 

557 

450 

98 

 9 

557 

482 

73 

 2 

557 

314 

210 

33 

557 

184 

288 

85 

557 

556 

 1 

 0 

557

49 

39 

8 

2 

0 

0

80 

17 

1

86 

13 

0

56 

37 

5

33 

51 

15

99 

0 

0

2 

7 

8 

2 

2 

0 

8 

6 

6

5 

1 

4

4 

7 

9

0 

7 

3

8 

2 

0



PHI   1-1 

  2-1 

  3-1 

Total

609 

 8 

 0 

617

98.7 

 1.3 

 0.0

863 

 0 

 1 

864

99.9 

 0.0 

 0.1

557 100.0 

 0 0.0 

 0 0.0 

557

Note;

Excluded from calculating 

See  Toyomasu et al. (1977) 

method of each system.

the gene 

, for the

frequencies. 
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Table 4 

Chi-square values for the 

(or phenotype) frequencies

System

heterogeneity 

 among the 3

 X2

 test of genotype 

populations.

d. f.

ABO 

Hp 

Tf(2 classes) 

AcP 

PGM1(4 classes) 

PGD 

ADA(2 classes) 

EsD 

GPT

17 

56 

13 

3 

41 

10 

54 

10 

23

.63;;* 

.50A%......A 

.40** 

.98 

. 79 '.....' 

.63* 

.10:;:..... 

.83* 

.16AAA.....

6 

4 

2 

4 

6 

4 

2 

4 

4

Total 232. 02*** 36

  n 

**

significant at the 

significant at the 

significant at the

level 

level 

level

of 5%, 

of 1%, 

of 0.1%.



Table 5 

 Values of F. deriving from heterozygote proportions 

in 10 codominant systems. 

System Kamishima Toshi Momotori Pooled

Hp 

Tf 

AcP 

PG M1 

PGD 

ADA 

EsD 

GPT 

GOT 

PHI

-0 .0439 

0.1022 

0.0105 

0.0835 

-0 .0231 

-0 .0927 

 0.0154 

0.0537 

 0.0756 

-0 .0924

0.0048 

-0 .0236 

0.0068 

-0 .0308 

-0 .0103 

 0.0181 

0.0214 

-0 .0732 

0.0955 

 0.0667

0.0814 

-0 .0141 

-0 .0217 

0.0113 

0.0563 

-0 .0179 

-0 .0107 

-0 .0677 

 0.0 

 0.0

0. 

0. 

0. 

o. 

0. 

0. 

o. 

-0 . 

0. 

-0 .

0268 

0875 

0019 

0228 

0067 

0011 

0145 

0148 

0125 

0100

Mean 0.0099 0.0075 0.0017 0.0149



Table 6 

Coefficient of gene

System HT

differentiation among the 3

 HS DST

populations.

GST FST

ABO 

Hp 

Tf 

AcP 

PG M1 

PGD 

ADA 

EsD 

GP T 

GOT 

PHI

0.58347 

0.36177 

0.02887 

0.32311 

0.38561 

0.22427 

0.09716 

0.40556 

0.4970 

0.00777 

0.00476

0.58169 

0.35669 

0.02870 

0.32287 

0.38354 

0.22371 

0.09570 

0.40440 

0.48811 

0.00775 

0.00471

0.00178 

0.00508 

0.00017 

0.00024 

0.00207 

0.00056 

0.00146 

0.00116 

0.00259 

0.00002 

0.00005

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.

00305 

01404 

00589 

00074 

00537 

00250 

01503 

00286 

00528 

00257 

00946

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.

00333 

01399 

00621 

00086 

00 711 

00231 

01446 

00286 

00526 

00251 

00920

Mean 0.29131 0.28979 0.00152 0.00607 0.00619



Table 7a 

Coefficient of gene 

of Sakishima, Naha

 differentiation among 

City, Amami-Oshima, and

the populations 

Kagoshima City.

System
HT  HS DST GST

ABO 

Hp 

Tf 

AcP 

PG M1 

PGD 

ADA 

GPT 

GOT

0.59249 

0.39512 

0.01094 

0.36350 

0.40351 

0.13420 

0.03390 

0.49171 

0.02630

0.59192 

0.39318 

0.01091 

0.36319 

0.40270 

0.13405 

0.03385 

0.49118 

0.02630

0.00057 

0.00194 

0.00003 

0.00031 

0.00081 

0.00015 

0.00005 

0.00053 

0.0

0.00096 

0.00491 

0.00274 

0.00085 

0.00201 

0.00112 

0.00147 

0.00108 

0.00011

Mean 0.27241 0.27192 0.00049 0.00179



Table 7b 

Coefficient of 

Tohoku,  Kinki, 

SystemH

gene 

and

T

 differentiation for 3 

Kyushu, in Japan. 

HS DST

districts,

GST

ABO 

Hp 

Tf 

AcP 

PG M1 

PGD 

ADA

0.58445 

0.38125 

0.01455 

0.33411 

0.34829 

0.16761 

0.04622

0. 

0. 

0. 

0. 

0. 

0. 

0.

58405 

38089 

01455 

33409 

34768 

16748 

04619

0.00040 

0.00036 

0.0 

0.00002 

0.00062 

0.00013 

0.00003

0. 

0. 

0. 

0. 

0. 

0. 

0.

00068 

00094 

0 

00006 

00177 

00076 

00055

Mean 0.26807 0.26785 0.00022 0.00083



Table 7c  ' 

Coefficient 

 Kinki, and

System

of gene d 

Sakishima

HT

ifferentiation 

populations.

HS

among

DST

the Ainu,

GST

ABO 

Hp 

Tf 

AcP 

PG M1 

PGD 

ADA

0.58009 

0.37699 

0.01646 

0.38101 

0.35651 

0.13429 

0.04685

0.57948 

0.36825 

0.01643 

0.37710 

0.35337 

0. 13316 

0.04678

0. 

0. 

0. 

0. 

0. 

0. 

0.

00061 

00875 

00003 

00391 

00285 

00113 

00006

0 

0 

0 

0 

0 

0 

0

• 

• 

• 

•

00105 

02320 

00188 

01027 

00798 

00841 

00137

Mean 0.27032 0.26780 0.00248 0.00774



Table 8 

Chi-square 

frequencies

values for the 

 between pair

heterogeneity 

combinations of

test 

 the

of phenotype 

populations.

A. ABO

KAM 

TOS 

MOM 

MIE

and Tf

Upper 

Lower

systems 

 KAM

13.06* 

0.37 

0.55

triangle; 

triangle;

TOS 

4.58

8 

8

.40** 

.12**

ABO 

Tf

 MOM 

9.10* 

11.56**

0.02

blood group, 

serum protein,

d.f 

 d.

 MIE 

 5.57 

31.21*** 

15.65***

.=3. 

f.=1

B. Hp and

KAM 

TOS 

MOM 

MIE

AcP

Upper 

Lower

systems 

KAM

3.35 

2.01 

1.98

triangle; 

triangle;

38

0 

1

TOS 

.63

.42 

.73

Hp 

AcP

serum 

 red

 MOM 

4.41 

35.89***

2.04

 protein, d. 

cell enzyme,

18 

1 

18

MIE 

.32 

.64 

.34

f.= 

 d.

2. 

f.=2.

C. GPT and

KAM 

TOS 

MOM 

MIE

PGM1 systems 

  KAM 

         15 

21.70*** 

 9.64* 31 

 5.66 31

TOS 

.11***

• 

•

 MOM 

14.18*** 

0.70

03*** 

39***29. 78***

 MIE 

30.59*^* 

 5.59 

9.28**



Upper 

Lower

triangle; GPT red cell 

triangle; PGM1 red cell

enzyme, 

 enzyme,

 d.f 

 d. f

2

3.

D. EsD

KAM 

TOS 

MOM 

MIE

and

Upper 

Lower

PGD  systems 

KAM

0.24 

6.10%' 

17.35***

TOS 

1.18

9.86** 

29.54**'*

9 

6

MOM 

.99 

.43

4.82

triangle; EsD red cell 

triangle; PGD red cell

enzyme, 

enzyme,

4 

14 

33

MIE 

.33 

.49 

.08

d.f. 

d.f.

_Li: n-

2 

2

E. ADA

KAM 

TOS 

MOM 

MIE

and

Upper 

Lower

GOT  systems 

KAM TOS 

49.67***

0.16 

3.76 

5.03%'

3.00 

8.90**

48 

0

MOM 

.31 

.04

13.08***

triangle; ADA red cell 

triangle; GOT red cell

enzyme, 

enzyme,

MIE 

 6.97 

24.24 

23.35

d.f. 

d.f.

1 

1

KAM; Kamishima 

* , p<0.05,

, TOS; Tosh 

, p<0.01,

i, MOM; 

    p<0

Momotori. 

.001.
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