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Variation of Mitochondrial DNA in Two Subspecies of Striped
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Samples of two subspecies of striped field mice, Apodemus agrarius coreae & Apodemus
agrarius chejuensis, from four localities in Korea were used for the analyses of mitochondrial
DNA fragment patterns resulted from the digestion with eight restriction enzymes.

A total of 31 fragments were recognized and 15 clones were revealed. The 15 clones were
grouped into four major subgroups. One sample from Cheongju was distinct, and formed one
of the four major subgroups: the mean divergence with other subgroups was 4.6 per cent, and
extensive analyses using samples from various sites are necessary to clarify the taxonomic
status of the subgroup.

Samples from Cheju island constituted another subgroup, and they should be named as
Apodemus chejuensis. Samples from Wan island composed still another subgroup, and they
seemed to be another population of Apodemus chejuensis: further analyses are needed for the
classification of Apodemus chejuensis.

In the last subgroup composed of six of seven samples from Cheongju and four samples
from Haenam, two samples from Cheongju and one sample from Haenam were identical in
their mitochondrial genotypes, indicating that these striped field mice from Cheongju and

Haenam have close maternal relationship.
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Mitochondrial DNA (mtDNA) studies are impor-
tant to infer maternal lineages among closely re-
lated species and infraspecific populations (Avise,
1986; Moritz et al., 1987). The analysis of Restric-
tion Fragment Length Polymorphisms (RFLPs) is
simple and it is possible to analyze more loci per
individual by RFLPs analysis than by sequencing
(Hillis and Moritz, 1990).

Apodemus agrarius Pallas (striped field mice),
inhabiting from West Germany to Korea, is a dis-
tinct species regarded as the sole member of the
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subgenus Apodemus (Corbet, 1978). Thomas
(1906) described striped field mice from the Ko-
rean peninsula and Cheju island as a single sub-
species, Apodemus agrarius coreage. Jones and
Johnson (1965) reported that four subspecies of
A. agrarius were recognized in Korea: manchur-
icus in the extreme northern part, pallescens in the
coastal lowlands of southern and southwestern
Korea; coreae throughout the major portion of the
peninsula, and chejuensis in Cheju island. Koh
(1986) concluded that A. agrarius pallescens is a
synonym of A. agrarius coreae and Koh (1987)
reported that A. agrarius chejuensis and A. agrar-
ius coreae are distinct in their morphometric char-
acters with each other, although they are similar in
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karyotypes. Morphometric characters of eight sub-
species of striped field mice in Asia (subspecies
agrarius, ningpoensis, pallidior, cheuvrieri, in-
sulaemus, manchuricus, coreae, and chejuensis)
were analyzed and it is concluded that chejuensis
appeared to be a distinct species, although
molecular analyses may be necessary {Koh, 1991).

The purpose of this paper is to analyze RFLPs
of mtDNA in the samples of two subspecies of
striped field mice (Apodemus agrarius coreae at
Cheongju, Haenam, and Wan island; A. agrarius
chejuensis at Cheju island) in order to determine
their mtDNA genotypes, their degree of dif-
ferentiation, and the subspecific status of the sub-
species chejuensis.

Materials and Methods

Twenty one samples of two subspecies of
striped field mice (Apodemus agrarius coreae and
A. agrarius chejuensis) from four localities in
Korea were utilized (see Table 1).

The mtDNA was visualized from southem blots
{Southern, 1975) of total cellular DNA. DNA isola-
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tion from liver, electrophoresis, Southern transfer,
and hybridization were described by Davis (1986).
All samples were individually digested using the
following eight restriction endonucleases: EcoR I,
Puou ll, Dra 1, Hind I, BamHI, EcoR V, Pst |, and
Stu 1. The mtDNA probe used for all hybridization
was pPld, which contains 10 Kb Pst | fragment of
Peromyscus leucopus mitochondrial genome in
the vector pUC (courtesy of Dr. S.K. Davis in
Texas A & M University).

In mtDNA analysis, each different restriction
fragment produced by a particular enzyme is
given a different (but arbitrary) number. Sequence
divergence in base substitutions per nucleotide (p
in per cent) was estimated from the restriction site
data by the method of Upholt (1977). Phenogram
was constructed from this data by Unweighted
Pair Group Method with Arithmatic means, UP-
GMA (Sneath and Sokal, 1973).

Results

A total of 31 fragments were recognized and 15
clones were revealed, as shown in Table 1. In

Table 1. Specimens, mitochondrial DNA genotypes, and clones in two subspecies of striped field mice, Apodemus
agrarius coreae and A. agrarius chejuensis, from four localities in Korea. Mitochondrial genotypes are based on the
fragment patterns resulted from the digestion with eight restriction enzymes, EcoR [, Pvu II, Dra 1, Hind Ill, BamH I,

EcoR V, Pst I, and Stu | in order.

Subspecies Specimen no. Locality mtDNA genotype mtDNA clone *Size
coreae 421 Cheongju, Chungbuk 11111111 1 small
460, 466 W 11212111 2 Y
461, 478 Y 11221121 3 ”
465 Y 22221222 4 P
479 ” 11211311 5 y
473 Haenman, Cheonnam 11312111 6 ”
480 7 11221121 3 y
481 ” 11212121 7 //
482 # 11221111 8 //
483 Wan island, Cheonnam 11221323 9 large
485 ” 11211313 10 ”
486 ” 11211323 11 ”
487 ” 11212113 12 Y
chejuensis 493, 494, 497 Yeongsil, Cheju 13211331 13 ”
495, 498 // 13211311 14 o
496 # 13211321 15 ”

*According to morphometric analyses by Koh (1989)
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clone 3, two samples (461, 468) from Cheongju
and one sample (480) from Haenam are identical
in their fragment patterns, or their mtDNA genoty-
pes. In EcoR I, Pvu II, EcoR V, and Stu I genoty-
pes, clone 4 (465 from Cheongju) appeared to be
quite different from the other 14 clones. Clones 9
to 12 (Wan island) were distinct in Stu [ genotype,
whereas clones 13 to 15 (Cheju island) differ in
Puvu 1 genotype. In the frequency of EcoR V
genotype, genotype 1 is high (9 of 10 samples) in
clones 1, 2, 3, 5, 6, 7, and 8 {Cheongju and
Haenam) and genotype 3 is high (9 of 10 sam-
ples) in clones 9 to 15 (Wan and Cheju island).

The nucleotide-sequence divergences (per cent
p} among 15 mtDNA clones are given in Table 2.
Fig. 1 shows the grouping of 15 clones by UP-
GMA. Four subgroups were revealed (I, clones 1,
2,3,5,6,7, and 8; II, clone 9 to 12; Ili, clone 13
to 15; IV, clone 4). The mean divergence value

between subgroup I and subgroup II is 1.9 per
cent, whereas that between subgroups I and Il and
subgroup IIl is 2.6 per cent. Subgroup IV was
quite distinct from other three subgroups with the
mean value of 4.6 per cent. Fig. 2 shows the rep-
resentative fragment patterns of mtDNA in clones
2,4, 8,9, and 13 with Pvu Il, EcoR |, and Stu I.

In summary (see Fig. 1 and Tables 1 & 2),
Apodemus agrarius chejuensis from Cheju island

Korean J. Zool.

Vol. 35, No. 3

T T 1
3 2

P (%)

Fig. 1. Grouping of 15 mtDNA clones in two subspecies
of striped field mice, Apodemus agrarius coreae and che-
juensis, in Korea. The nucleotide-sequence divergences,
given in Table 2, were used for UPGMA cluster analysis.
Numerals refer to the clones in Table 1. Roman numer-
als indicate subgroups.
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(Ill, clone 13 to 15) appeared to be different in its
mtDNA genotype. In A. agrarius coreae, samples
from Wan island (il, clone 9 to 12) differed from
samples at the Korean mainland. Among the 11
samples from the mainland, one sample at
Cheongju (IV, clone 4) was distinct from the other
10 samples at Cheongju and Haenam (I; clone 1,
2, 3,5, 6, 7, and 8). Moreover, great divergence
also revealed between one sample from Cheongju

Table 2. Nucleotide-sequence divergence among 15 mtDNA clones in two subspecies of striped field mice,
Apodemus agrarius coreae and A. agrarius chejuensis, from Korea. For locality and subspecies name of each clone

see Table 1.

Clones 1 2 3 4 5 6

7 8 9 10 11 12 13 14

2 0.7

3 16 12

4 68 51 29

5 1.0 05 13 48

6 09 02 13 52 07

7 10 02 09 48 07 03

8 1.3 09 02 31 1.2 11

9 37 27 12 32 20 29
10 21 15 25 54 08 16
11 26 18 23 53 11 20
12 20 07 22 48 15 09
13 33 23 37 43 16 25
14 23 16 27 47 10 138

15 28 20 25 45 13 21

1.2

25 13

18 21 11

15 20 09 02

15 26 20 08 11

28 32 50 31 36 40

20 23 37 21 26 30 04

18 27 35 26 23 35 07 02
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Fig. 2. Representative restriction fragment patterns of mtDNA in five of 15 clones of striped field mice, Apodemus
agrarius coreae and A. agrarius chejuensis, from Korea. Numerals refer to clones given in Table 1. The lane at the
far left contains size markers indicated in kilo base pairs. A, Pvu Il. B, EcoR V. C, Stu .

and the other 20 samples from the four localities
studied.

Discussion

The greatest infraspeciic sequence divergence
among mtDNA clones of Apodemus sylvaticus was
1.4 per cent and that of A. flavicolis was 1.0 per
cent (Tegelstrom and Jaarola, 1989). Sequence di-
vergence estimated from Rattus norvegicus ranged
from 0.2 to 0.8 per cent (Brown and Simpson,
1981). The maximum sequence divergence in
Clethrionomys rutilus was 0.89 per cent (Tegel-
strom et al., 1988). On the other hand, sequence
divergence between Peromyscus mainculatus
mtDNA clones from continental North America
was as high as 7 per cent and seven assemblages
were revealed (Lansmann et al., 1983).
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In this study with 21 samples of Apodemus
agrarius in Korea (Fig. 1 and Tables 1 & 2), a
distinct mtDNA subgroup IV (clone 4, one speci-
men from Cheongju) was recognized and the
average divergence between it and the other three
subgroups (I, clones 1, 2, 3, 5, 6, 7, and 8 from
Cheongju and Haenam; I, clone 9 to 12 from
Wan island; IlI, clone 13 to 15 from Cheju island)
was 4.6 per cent: the subgroup IV seemed to
separate 2.3 million years ago, assuming a 2%
rate of divergence per million years (Brown et al,,
1979).

Furthermore, RFLPs have been invaluable for
the analysis of matrilineai relationships between
distinct forms in the pocket gopher, Geomys (Sites
and Davis, 1989). It seemed that the subgroup [V
from Cheongju have a maternal lineage, which
differs from samples at Cheongju, Haenam, Wan
island, and Cheju island: but only one sample
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from Cheongju formed the subgroup IV and the
other three localities are in the areas of southern
coasts and islands. Therefore, to trace maternal
lineage in order to clarify the taxonomic status of
the subgroup IV, extensive analyses using addi-
tional samples from various sites including
Cheongju appeared to be necessary.

Cheju island was formed by series of volcanic
activities at the end of Tertiary period in Cenozoic
era (Park, 1985), and as one of continental islands
it is connected to the mainland during the Pleis-
tocene and became isolated 10,000 years ago,
although isolation time have been variable (Wil-
cox, 1978). The mtDNA sequence divergence be-
tween Santa Catalina island and mainland harvest
mice, Reithrodontomys megalotis, was less than
0.2 per cent (Ashley, 1989). On the other hand,
the divergence between Channel islands and
mainland deer mice, Peromyscus maniculatus, was
as high as 1 per cent, and it was suggested that
colonization of islands occurred fairly recently,
probably within the last 500,000 years (Ashley
and Willis, 1987). In the present study (see Fig. 1
and Tables 1 & 2), six samples of A. agrarius che-
juensis formed one of four subgroups, subgroup
Ill, and the mean divergence between the sub-
group Il and the subgroup Il (samples from
Cheongju and Haenam) was 2.3 per cent, indicat-
ing that Cheju island samples have been isolated
since about 1.1 million years ago.

Corbet (1978) noted that Apodemus agrarius
chejuensis from Cheju island is rather large, but
are not very distinctive. In morhometric analyses,
A. agrarius chejuensis was different from A. agrar-
ius coreae in the Korean mainland (Koh, 1986)
and it also differed from six subspecies in Asia
(Koh, 1991). In this study (see Fig. 1 and Tables 1
& 2), Apodemus agrarius chejuensis is distinct in
its mtDNA genotypes (subgroup IIl), and it should
be a species, Apodemus chejuensis Jones and
Johnson.

Wan island is a typical continental-island near
southwestern coasts in Korea. In morphometric
analyses with samples of Apodemus agrarius
coreae from eight localities in southwestern coasts
and islands, Wan island samples were a large-size
group with samples of A. agrarius chejuensis from
Cheju island, whereas the mainland and Jin island
samples was a small-size group: it is suggested
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that small-size population in Wan island were ex-
tinct and replaced by large-size population immi-
grated by Cheju island by humans (Koh, 1989). In
the present study (see Fig. 1 and Tables 1 & 2),
samples from Wan island formed the subgroup II
and the mean divergence between the subgroup II
and the subgroup I from the mainland was 1.9 per
cent, indicating that samples from Wan island
have been isolated since about 1 million years
ago. Wan island samples (subgroup II) also dif-
fered from Cheju island samples {subgroup III)
with the mean divergence of 3.3 per cent, and it
is concluded that striped field mice in Wan island
is another population of Apodemus chejuensis,
although further analyses are necessary for the

classification of A. chejuensis.

Samples of striped field mice from Cheongju
and Haenam (Apodemus agrarius corege) are a
small-size group (Koh, 1986). In this study (see
Fig. 1 and Tables 1 & 2), samples from Cheongju
and Haenam formed the mtDNA subgroup I.
Moreover, two of six samples from Cheongju and
one of four samples from Haenam were identical
in their mtDNA genotypes, indicating that samples
from two localities have close maternal rela-
tionship.
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