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Abstract

One hundred and seven samplesof wo subgeciesof striped field mice, Apodenus agrar-
ius pallidior from Northern ChinaandA. agrarius coreae from Korea, were used for the anal-
ysis of mitochondrial DNA (mtDNA ) fragnent patterns resulted from the digestionw ith eight
restriction enzymes by blot hybridization technique

All 35 fragments and 12 mtDNA haplotypesw ere recognized The 12 haplotypesw ere
grouped into wo major subgroupsw ith the mean divergence of 1. 01%. One subgroup w ith
four haplotypes consisted of 51 samplesfrom four localities in Northern China, w hich isA. a-
grarius pallidior, and the other subgroup with eight haplotypes is composed of 56 samples
from four localities in Korea, A. agrarius coreae

Subgecies coreae gopeared to be somew hat diverged in theirm tDNA genotypesfrom sub-
gecies pallidior, and taxonom ic statusof these wo subsecies is confirmed in thismolecular
study. It becomes necessary to carry out further researchesw ith samplesof striped field mice
from other localities to clarify subgecies classification of A. agrarius
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Ching Korea

A Il 14 peciesof genusApodamus is confined to the Palaearctic and northern parts
of theOriental region; A. agrarius pallas (striped field mice) isa solemeamber of sub-
genusApodenus and inhabits from central Europe to China and Korea (Corbet et al ,

1991).

The subgecies classification of A. agrarius, how ever, is still in confusion Corbet
(1978) noted that most subspecies of this peciesw ere designated by the differences in
pelage colour and /or mean body size He summarized 23 nominal subspecies into three
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subgecies (agrarius, aw estern subspecies including 12 naned subgecies ningp oensis,
an eastern subsecies including pallidior, manchuricus, coreae, cheuensis, and other
four naned subspecies chevrieri, a southern Chinese subgecies). From the analysisof
penial bones, papilla lingulis, and serum proteins of striped field mice, W ang (1985)
concluded that subecieschevrieri isadistinct ecies In themorphom etric analy ses of
eight subpeciesof striped fieldmice (Koh, 1991), fourmajor subgroup sw ere revealed:
1) Cheuensis, 2) chevrieri, 3) coreae, 4) other five subgecies including manchuricus,
pallidior, ningpoensis, insulaenus, and agrarius M oreover, in the analysesw ithmtD-
NA fragment patternsof two subgeciesof A. agrarius in Korea, subsecies cheuensis
appeared to be distinct from subgecies coreae (Koh et al , 1992).

M itochondrial DNA studies are mportant to infer maternal lineages anong closely
related species and infragpecific populations (A vise, 1986). T he analysisof Restriction
Fragment L ength Polymorphisns (RFL Ps) is smple, and it ispossible to analyzemore
loci per individual by RFL Ps analysis than by sequencing Dow ling et al , 1990).

The purpose of thispaper is to analyze the degree of differentiation in mtDNA re-
striction fragnents anong the sanples of wo subgecies of striped field mice from
Northern China and Korea (Apodenus agrarius pallidior and A. agrarius coreae, re-
ectively) in order to clarify their subgecific status

M ATERIAL SAND M ETHOD S

One hundred and seven samplesof wo subgecies of striped field mice, Apodenus
agrarius pallidior from Northern China and A. agrarius coreae from Korea, w ere uti-
lized (see Table 1 and Fig 1). TheChinese sanples studied are in the collection of D e
partment of Biology, Shandong U niversity ( ZB9501-15; XC9501-15; T S9501-10;
BJ9501-11), and Korean samples studied in the collection of the second author.

M itochondrial DNA was visualized from Southern blots (Southern, 1975) of total
cellular DNA. DNA islation from liver, electrophoresis, Southern transfer and hy-
bridization w ere described by D avis (1986). A Il sanplesw ere individually digested us-
ing the follow ing eight restriction endonucleases Pvu Il, Bam H I, Pst |, Dra I, Stu |,
EcoR |, EccRV, andH ind IIl ThemtDNA probe used for all hybridizationw aspP1d,
w hich contains 10 kb Pst | fragnent of Peranyscus leuccpusmtDNA genome in the vec-
torpUc (courtesyof D S K. Davis in TexasA & U niversity).

InmDNA analysis, each different restriction fragment produced by aparticular en-
zyme is given a different (but arbitrary) letter Sequence divergence in base substitu-
tions per nucleotide (p in per cent) was estimated from the restriction site data by the
method of U pholt (1977). Phenogram w as constructed from this data by U nw eighted
Pair Group M ethod w ith A rithmeticmeans, U PGM A (Sneath et al , 1973).

RESUITS

A total of 35 fragnentsand 12 mitochondrial haplotypesw ere recognized (see table
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1and fig 1). The fragnent patterns digestedw ith Pvu Il, Bam H |, Pst |, andDra |
w ere not different anong the samplesof wo subgecies (OTU s 1 to 4, Korea, A. a-
grarius coreag; OTU s5 to 8, Northern China, A. agrarius pallidior). How ever, in the
patternsw ith Stu I, type (A) wasfound only in subgecies coreae; type (B) was com-

mon in the samplesof wo subgecies type (C) wasonly in subgecies pallidior. W ith
Table 1 M itochondrial DNA genotypes and haplotypes of two subspecies of striped field mice, Apodenus agrarius
pallidior fran Northern ChinaandA. agrarius coreae fran Korea M itochondrialDNA (mtDNA) genotypes
are based on thefragnent patternsresulted fran the digestion with eight restr iction enzymes, Pw 11, BamH

I, Pst ], Dral, Stul, EcoR |, EcoR V, andHind IIl, in order
Subgecies L ocality OTU Na of sample M DNA genotype haplotype
Korea, Cheongju 1 7 AAAAAAAA 1
Korea, Mt W eolak 2 5 " 1
Korea, Cheongju 1 3 AAAAAAAB 2
Korea, Yeoncheon 3 2 " 2
coreae Korea, Mt Chiri 4 12 " 2
Korea, Mt W eolak 2 7 AAAAAABA 3
Korea, Yeoncheon 3 5 AAAAAABB 4
Korea, Mt Chiri 4 3 " 4
Korea, Mt W eolak 2 4 AAAAABAA 5
Korea, Mt Chiri 4 5 AAAAABAB 6
Korea, Mt W eolak 2 2 AAAABAAA 7
Korea, Cheongju 1 1 AAAABBAA 8
China, Zibo 5 12 AAAABABB 9
China, Zibo 5 1 AAAABBBB 10
China, Zibo 5 2 AAAACABB 11
pallidior China, Xuecheng 6 15 " 11
China, Mt Tai 7 10 " 11
China, Beijing 8 10 " 11
China, Beijing 8 1 AAAACBBB 12

e 11,12

China

Fig 1 A map show ing eight localities (OTU s) of wo subspeciesof striped fieldmice, Apodenus agrarius pallidior
from Northern Chinaand A. agrarius coreae from Korea, with theirmitochondrial DNA haplotypes L arge nu-
merals indicateOTU numbers, and snall numerals, haplotypes For locality of each OTU and their haplotypes
see Table 1

EcR |, two types (A and B) were shown among the samplesof wo subgecies W ith
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EcoR V andH ind Illone type (A) was revealed only in subspecies coreae, and theother
type (B), which was unique in subgecies pallidior, was rare in subgecies coreae

M oreover, the haplotypes 1 to 8w ere shown in the samples of subgecies coreae, and
the haplotypes 9 to 12were in the samples of subgecies pallidior, indicating that the
constitution of mtDNA haplotypes in the sanples of each subgecies is different from
each other.

Table 2 Nucleotide-sequence divergence anong 12mtD NA haplotypes in two subspecies of striped field m ice,
Apodenus agrarius pallidior fran northern China and A. agrarius coreae fran Korea

For locality and subspeciesname of each haplotype (see table 1)

Heplotype 1 2 3 4 5 6 7 8 9 10 11
2 0. 003
3 0.003 0.006
4 0.006 0.003 0.003
5 0.003 0.007 0.006 0.012
6 0.007 0.003 0.013 0.007 0.003
7 0.001 0.004 0.004 0.008 0.004 0.008
8 0.005 0.009 0.009 0.013 0.002 0.006 0.002
9 0.010 0.006 0.005 0.005 0.014 0.011 0.008 0.013
10 0.014 0.011 0.009 0.006 0.011 0.007 0.012 0.009 0.003
11 0.010 0.006 0.006 0.008 0.014 0.011 0.009 0.014 0.004 0.008
12 0.009 0.011 0.010 0.006 0.011 0.007 0.011 0.013 0.006 0.003 0.003

]j
; Among 56 samples of subsgecies coreae
s:_ from Korea, 12 sanplesfrom Cheongju andM t

z:— W eolak (OTU s1to 2) arehaplotype 1, 17 sam-
3:_ plesfrom Cheongju, Yeoncheon, M t Chiri (O-
4 l—

TUs 1, 3, 4) are haplotype 2, eight samples

9 . .

10— from Y eoncheon andM t Chiri (OTU s 3 and 4)

H— -

12 ; are haplotype 4 Among 51 samples of sub
I ' . T ' Y ] gecies pallidior from Northern China, 37 sam-
0 0.6 1.2

P ' plesfrom Zibo, Xuecheng, Mt Tai, andBeijing

Fig 2 Grouping of 12 mitochondrial DNA hap- (OTU s5to 8) are haplOtYIoe 11 The SanpleSOf

lotypes in wo subspecies of striped field mice, each subgpecies appeared to bemoreor less simi-
Apodenus agrarius pallidior from Northern Chi- |gr in their m tDNA genotypes

A. i f K Th - . . .

ha and A agrarius coreae from Korea The nu The nucleotide-sequence divergence (p in

per cent) anong 12mtDNA haplotypes is given

cleotide-sequence divergences, given in Table 2,

were used for UPGVMA cluster analysis Numer- . i
als refer to the haplotypes in Table 1 in Table 2 The grouping of 12 haplotypes by
UPGVA is shown in Fig 2 Two major sub-

groupsw ith the mean divergence value of 1.01% w ere revealed (I, haplotypes 1 to 8,
OTU s 1 to 4 from Korea, subgeciescoreag Il, haplotypes9 to 12, OTU s 5 to 8 from
Northern China, subgecies pallidior). Representative fragnent patternsof mtDNA in
haplotypes 1, 7, 10, and 12with Pvu Il, Stu I, andH ind 11l are shown in Fig 3
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In summary, the samples of Apodenus agrarius coreae from Korea gppears to be
different in their mtDNA genotypes from the sanples of A. agrarius pallidior from
Northern China, although samples of each subgecies are more or less related among
them selves

D ISCUSSION

Kobayashi (1985) noted that it is necessary to reexamine the subgecies classifica-
tion of striped fieldmice, Apodenus agrarius, w hich isw idely distributed in Eurasia In
China, five subgecies of A. agrarius are recognized (Xia, 1984): agrarius, from
Omin, Tacheong, and northern Xinjiang; ningpoensis, middle and low er part of Y angtze
V alley, Guizhou, and northern Fujian; pallidior, Northern China, eastern part of
Northw estern China, Sichuan, and northern Jiangsu; manchuricus, Northeastern China
and eastern InnerM ongolia; insulaemus, Tawan Zhao et al (1986) analyzed biochem i-
cal charactersof samples in two subgeciesof striped field mice from Shandong, Jiang-
su, and A nhuiprovinces and concluded thatA. agrarius pallidior from Shandong isdis
tinct from A. agrarius ningpoensis from Jiangsu and A nhui provinces Based on the
comparison of black dorsal stripe and colour of their dorsal hair, L iu et al (1991) noted
that subgecies pallidior from northern part of its distribution is the synonym of
manchuricus and that subsecies pallidior from suthern part of its distribution is the
synonym of ningp oensis

In Korea, Joneset al (1965) re-
ported four subgeciesof A. agrarius
manchuricus in the extreme northern
part, pallescence in the coastal low-

lands of southern and suthw estern
Korea, coreae throughout the major

T . ’ ; portion of thepeninsula, and chejuensis

in Cheju island In morphometric anal-

L yses, Koh (1986) concluded thatA. a-
Bl s grarius pallescence is the synonym of

A. agrarius coreae and Koh (1987)

stated that A. agrarius chejuensis isdis
tinct from A. agrarius coreae M ore-
over, A. agrarius coreae of medium size
Fig 3 Representative fragnent patternswith Pvu I, Stu I, form is alo different from other five

and H ind 11l in four mitochondrial DNA haplotypes of two subspeciesof snall-size from China and

subspecies of striped filed mice, Apodenus agrarius pallidior . . L
® p_ P 9 P Turkey, i e , manchuricus, pallidior,

from Northern ChinaandA. agrarius coreae from Korea Nu- ) . )

merals indicate haplotypes and far left contains sizemarkers in ningp oensis, insualenus, and agrarius

kilo base-pairs (Koh, 1991).
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W ang et al  (1993) reported that karyotype of Apodenus agrarius pallidior is eight
metacentric and 38 telocentric autosom esw ith large telocentric X and snall telocentric Y
chromosomes Koh (1982) reported that the karyotype of A. agrarius coreae from Ko-
rea isdiploid number of 48, i e , 38 acrocentric autosomes, four pair of snall metacen-
tric autosomes, large acrocentric X chromosome, and snall acrocentric Y chromosome,
indicating that in chromosome karyotype, subgecies pallidior is identical with sub-
gecies coreae

Sequence divergenceof mtDNA estimated in Rattus norvegicus ranged from 0. 2% to
0.8% (Brownetal , 1981). Themaximum sequence divergence in Clethrionanys rutilus
wasQ 89% (Tegelstrom etal , 1988). ThemtDNA sequence divergence betw een Santa
Catalina island and mainland harvest mice, Reithrodontanys megalotis, was less than
0.2% (A shley, 1989). On the other hand, sequence divergence betw een Peranyscus
maniculatusmtDNA haplotypes from continental Americaw as as high as 7% and seven
assanblagesw ere revealed (L ansnann et al , 1983).

The greatest infragecific sequence divergence anongm tODNA haplotypesof Apode-
mus sylvaticus was 1.4% and that of A. flavicoliswas 1.0% (Tegelstrom et al ,
1989). In this study, with wo subgecies of Apodemus agrarius, wo major mtDNA
subgroup sw ith themean divergence value of 1. 01% w ere revealed (Table 1 and 2, Fig
1, 2, and 3): ecies name of the sanples of one subgroup from Korea isA. agrarius
coreae, and that of the samplesof the other subgroup from Northern China ispallidior,
indicating that these two subecies differ in their mtDNA genotypesw ith each other.
M oreover, assuming 2% divergence value permillion years Brown et al , 1979), these
two subgeciesw ere diverged before 500 000 years ago. Xia (1984) noted that anong
the geciesof genusApodenus, A. agrariusmight be evolved later than other gecies

Developments in the areas of molecular, cyto-, and numerical taxonomy are enor-
mous (Quicke, 1993) and there have been a conflict betw een biologists and morpholo-
gists about the merits of their data (Ferguson, 1980). How ever, modern molecular
technigues have not yet pushed comparative morphology into the shadow s (Patterson,
1987). Itw as advocated that a classification should be the product of all available char-
acters distributed asw idely and evenly as possible over the organisn s studied (M ayr et
al , 1991; Huelsenbeck et al , 1996).

Apodenus agrarius coreae gppeared to be different in their mtDNA genotypes and
morphology from A. agrarius pallidior, but they are identical in their chromosomal
karyotype A nd further studies using samples from other regionsof China and Europe,
egecially from Northeastern China, seem to be necessary to clarify subgecies classifi-
cation of gpeciesA. agrarius
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