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Japanese wood mice from the Oki Islands (Dozen and Dogo)  and the mainland of
Japan were investigated at 15 loci of biochemical characters using electrophoresis
by thin layer acrylamide gel and by cellulose acetate membrane. The genetic dis-
tance computed from those gene frequency data suggested that difference between
Apodemus  speciosus speciosus from the mainland and A. navigator navigator from the
Oki Is. was at the subspecies level. Chromosome C-band patterns were also com-
pared, but no significant difference was observed between the island and mainland
forms. The  propos i t ion  of  Hi ra iwa  et al. (1958),  who stated that the populations
of Dozen and Dogo within the Oki Is. might be distinguished at subspecies level
by morphological features, would be denied by the genetic distance estimated in
this study. They belong probably to different local races.

INTRODUCTION

The Oki  Islands are located about 60km far from the Shimane Peninsula,
consisting of Dozen and Dogo. Thomas (1905) classified Japanese wood mice
from the mainland of Japan into iWicromys  speciosus speciosus and those from
Dogo  of the Oki  Is., M. s. n a v i g a t o r . Thereafter, Aoki (1915),  Tokuda (1941)
and Imaizumi (1962, 1964) termed the mice from the mainland as Apodenzus  spe-
ciosus speciosus and those from the Oki Is. as A. s. navigator by their morpholog-
ical features. Moreover, Hiraiwa et al. (1958) and Miyao Et al. (1968) described
that the tail ratio of navigator was lower than that of speciosus. Further they
reported that the dead center represented by the distance between the first
upper molars (ml-m,) of skull was significantly longer in specimens from the

Oki  Is., especially from Dozen, than in that of the mainland comparing these
2 populations by dividing into 5 age-matched groups. Due to these differ-
ences, they claimed that the animals from Dozen could be distinguished from
navigator of Dogo  at the level of subspecies. On the other hand, Imaizumi
(1971) considered the animal from the Oki Is. as a separate species, A. naviga-
tor navigator, which was distinct from A. s. speciosus of the mainland while con-
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sidering individual variation. However, the above-mentioned classifications
have not yet been completely accepted.

We examined these two queries of subspeciation between Dozen and Dogo
mice and speciation between the Oki Is. and the mainland mice by estimating
the genetic distance between them and comparing their chromosome C-band
patterns.

MATERIALS AND METHODS

Specimens of 53 individuals of Japanese wood mice were collected from
the following 5 localities: Dozen and Dogo of the Oki Is., and Daisen,  Tottori
and Toyama of the mainland, using live-traps (Fig. 1).

Oki IS.

Fig. 1. Collection localities of Japanese wood mice used as materials.

The proteins of blood plasma, hemolysate and liver extract were analyzed
electrophoretically by thin layer acrylamide gel and cellulose acetate mem-
brane (Separax, Fuji Film Co. Ltd.). Approximately 1 ml of blood was obtain-
ed by suborbital puncture with a heparinized Pasteur pipette. Whole blood
was centrifuged at 3,500 rpm for 20min at 4°C. After decanting plasma, the
remaining cell fraction was washed twice with 0.85 96 saline. To the cells
were then added double volumes of distilled water and an equal volume of tol-
uene for hemolysis. After stirring, the suspension was left for 10min at
4°C and was centrifuged at 26,000 x g for 30min at 4°C. The lower water-
soluble fraction was removed for later use. Liver was homogenized in an
equal volume of distilled water and centrifuged at 26,000 x g for 30min at 4°C.
The supernatant was examined as the liver extract. The above-mentioned
three samples, plasma, hemolysate and liver extract, were stored at -20°C
until electrophoresis.

The proteins scored were as follows: esterase (Es), malic  enzyme (Mod-
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I>, isocitrate dehydrogenase (Id-l), phosphoglucomutase (Pgm-1), glucose
phosphate isomerase (Gpi), hemoglobin (Hb), pre-albumin (Pre-Alb), albumin
(A lb ) ,  a,protein  (cuzP),  transferrin (Tf)  and ~~~rnacroglobulin  (cu,MG).  F i v e
Es loci (Es-lo, ES-~, Es-l, Es-4 and ES-~)  were numbered by checking the loci
in inbred mice. Es, Pre-Alb, Alb, cw,P, Tf and cu,MG  were run using acryl-
amide gel with plasma, and Hb and Gpi using Separax with hemolysate, and
Mod-l, Id-l and Pgm-1 using Separax with liver extract.

Thin layer acrylamide gel electrophoresis was carried out according to the
method of Hirai et al. (1978). Cellulose acetate membrane electrophoresis was
run for about 50min at 0.4mA/cm  constant current using Verona1 buffer
(12 0.06, pH 8.6) at room temperature (Ogawa, 1965).

Coomasie brilliant blue was used for staining the plasma proteins on the
acrylamide gel, and Ponceau 3R for hemoglobin on the Separax. Staining
methods for the following enzyme proteins were followed the procedures of
various workers (in parenthesis) : Es (Popp and Popp, 1962),  Mod-l (Shows
and Ruddle, 1968),  Id-l (Henderson, 1965),  Pgm-1  (Shows et al., 1969) and Gpi
(DeLorenzo  and Ruddle, 1969).

Genetic distances of mice from 5 localities were calculated by the formula
of Nei (1972) using 15 loci.

Cultures of tail tissues were grown in Eagle’s MEM supplemented with 20
% calf serum in order to examine chromosomes. Cultures were harvested by
trypsinization after Colcemid treatment (O.O5~g/ml)  for 20min. Cells were
treated with 1% sodium citrate for 15 min, fixed in methanol-acetic acid (3:
1) and air-dried on clean slides. G- and C-banding preparations were per-
formed with the procedure described by Seabright (1971) and Sumner (1972),
respectively. The chromosome number was determined according to the meth-
od by Tsuchiya (1974).

RESULTS

Allele frequencies are shown in Tables 1 and 2. Alleles were numbered
according to their electrophoretic mobilities. Esterase (Es-lo, ES-~, Es-l, Es-4
and ES-~), Pre-Alb and a,P loci showed polymorphism in each population, but
the variation on Tf was shown only in one mouse from Daisen.  No polymor-
phism was detected in Mod-l, Id-l, Pgm-1, Gpi, Hb, Alb and cu,MG  in the
mice from all localities.

Genetic distance (D) is shown in Table 3. The D value between the
mice from Dozen and Dogo within the Oki  Is. was 0.026, 0.033 between Daisen
and Tottori,  0.050 between Daisen and Toyama and 0.026 between Tottori and
Toyama. Thus, the calculated mean value of D within the mainland was at
0.036iO.012, that between the Oki Is. and the mainland was at 0.064t0.020.

Chromosomes provided with positive C-band were A-l, A-2, A-6, A-13,
SM-1, SM-2, SM-3, ST-l, M-l and X. Distribution of the C-band obtained in
these chromosomes is shown in Table 4; the C-band of A-2 chromosome was
stained at middle point of long-arm and that of ST-1 throughout the whole
long-arm. The C-band of X chromosome was very deeply stained. There
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Table 1. Allele frequencies at five esterase loci in Japanese wood mice
collected from five localities.

Locality Dozen Dogo Daisen Tottori Toyama

Es-10

:
Es- 3

:
Es- 1

;
Es- 4

;:
Es- 2

i:

:
e
f

0.111 0.167
0.889 0.833

0.611 0.625
0.389 0.375

0.445 0.417
0.555 0.583

1.000
0.000

0.111
0.000
0.000
0.333
0.111
0.444

0.750
0.250

0.667
0.000
0.042
0.125
0.042
0.125

Table 2. Allele frequencies at three
mice collected from five localities.

0.045 0.000 0.143
0.955 1.000 0.857

0.409 0.643 1.000
0.591 0.357 0.000

1.000 0.929
0.000 0.071 “0:  Z;

0.500 0.179 0.500
0.500 0.821 0.500

0.136 0.643 0.429
0.000 0.000 0.000
0.273 0.036 0.000
0.318 0.143 0.286
0.000 0.107 0.143
0.273 0.071 0.143

nonenzymatic loci in Japanese wood

Locality Dozen Dogo Daisen Tottori Toyama

Pre-Alb
Fl 0.778 0.222 0.667 0.333 0.955 0.045 0.964 0.036 0.786 0.214

%P

i:
Tf

0.667 0.542 0.833 0.607 0.500
0.333 0.458 0.167 0.393 0.500

1.000 1.000 1.000 1.000
0.000 0.000 :: E 0.000 0.000

Table 3. Coefficient of genetic distance (D) between Japanese wood mice
from five localities.

~_ .._~~_
Dozen Dogo Daisen Tottori Toyama

Dozen
Dogo 0.026
Daisen 0.059 0.070
Tottori 0.098 0.058 0.033
Toyama 0.057 0.039 0.050 0.026

seemed to be characteristic geographical variations in S T - 1  c h r o m o s o m e s .
Namely, all the individuals from Dozen, Dogo and Daisen  showed homozygosis
of positive band (+/+), but animals from Tottori showed polymorphism con-
sisting of positive (-t/-t)  and negative (-/-) homozygosis and heterozygosis



Comparative Analyses of Japanese Wood Mice

Table 4. Distribution of positive C-band in Japanese wood mice collected
from five localities.

Sample Chromosomes with positive C-band
Locality Ni. A-l A-2 A-6 A-13 SM-1 SM-2 SM-3

Dozen

Dogo

Daisen

Tottori

Toyama

+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+/+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+-l-i-
+/+
+I+

+I+
+I+
+I+
+I+

+I+
+-I+-
+I+
+I+
+I+
+I+
+I-
+I+
+I+
+I+
+I+
+I+
+I+
+I+

ifT-
+I-
+I+
+I-
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+
+I+

M-l

+I+
+l-

+I+

rii

+I+

+I-

X

+
+I+
+I+
+
+
+

+I+
T

:$I
+I+
+

+ft
+I+
+;+
+T+
+I+
+I+

tit
+T+
+I+
+

+;+
+
+
+

+I+
+
+
+

+'/+

(+/-), those from Toyama having polymorphism devoid of the last.

DISCUSSION

Nei (1972) proposed a formula to draw genetic distance due to the idea
that if two populations are isolated from each other for geographic or repro-
ductive reasons, they would tend to accumulate different genes individually.
He calculated the value of genetic distance applying this formula to the data
of gene frequencies in various animals reported by other authors. From the
results obtained, he claimed that in most cases of local races the genetic dis-
tance was less than 0.02, while the value between different species was gen-
erally more than that between different subspecies. The intergeneric D val-
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ue of all  the cases was more than 1.00. Since then, this formula has been
widely used as a reliable method to estimate genetic distance between two
populations.

In order to show criteria of local races in rodents, Nei (1975) used the
gene frequency obtained in mice by Selander et al. (1969). They calculated
the D value at O.OlO- 0.024 on 41 loci in 69 individuals of iklus  nzusculus  ~uscu-
Zus  obtained from 4 localities in the Jutland  Peninsula. Recently, Britton and
Thaler (1978) obtained the D value of 0.025 between local races of A&s mus-
c&s  brevirostris from the St. Clement and the Villeroy regions. We obtained
a value of 0.026 as the D value between Dozen and Dogo mice. Comparing
this value with the above ones, we assumed that Japanese wood mice of both
islands belonged to different local races.

Moreover, Nei (1975) calculated the D value at 0.194 between 1M.  m. domes-
ticus and M. m. musculus  on the basis of the data by Selander et al. ( 1 9 6 9 ) .
This value may be a criterion useful in comparing two subspecies of rodents.
Britton and Thaler (1978) concluded that M. spretas and M. muscubs  were ap-
parently of distinct species basing on the D values from 0.423 to 0.606. The
mean value of D between A. 12. pzavigator  and A. s. specioszrs  was 0.064iO.02  as
previously stated in our study. Comparing this value with the above ones, we
cannot agree with Imaizumi’s conclusion that A. 1%. navigator and A. s. speciosus
are distinct species, granting that it is possible to distinguish between them
at subspecies level.

We compared the centromeric heterochromatin of chromosomes between
Dozen and Dogo mice, and the result revealed no differences. This finding
suggests that little divergence has occurred between these populations. In
addition, we failed to detect any distinguishable differences in C-banding pat-
tern between the Oki Is. mice and the mainland ones. Deaven et al. (1977)
reported that there were marked differences in C-banding pattern among
three species belonging to genus Peromyscus  (P. ef*emicus, P. maniculatus and P .
crinitus)  . Yosida (1975) detected differences in C-banding pattern between
Rattus rattus  and R. noj,vegicus. It seems that these findings and those of ours
do not support a suggestion of Imaizumi who distinguished Japanese wood
mice of the Oki Is. from those of the mainland as a different species.

We can not argue in detail geographical variation in C-band of ST-l, but
this feature seems to be spreading in regions between Tottori  and Toyama.
In the future, if an improvement of the technique in staining Cband is
achieved, and if much more individuals from many localities in Japan are sur-
veyed, we may obtain more accurate data with regard to the geographical var-
iations of chromosomes.

However, in animals used here also, it could not be denied that the indi-
viduals of Dozen are markedly larger in their external morphology than those
of Dogo and the mainland. It seems reasonable to postulate that morpholog-
ical evolution might not be parallel to the absolute time elapsed. This may
become an example that the molecular evolution rate in “phylogenetic  relic”
is not less genetically variable than some other animals belonging to horotel-
ic lines (Selander et al., 1970; Stenzel,  1974). This report may also be re-
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garded as an example of the above in a broad sense. Although morphological
features have been varied to some extent under the environments of isolated
islands, genetic variations were of undetectable degree by biochemical and cy-
togenetic techniques used here.
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