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Abstract

　　O ne hundred and seven samp les of tw o subspecies of striped field m ice, A p od em us ag rar2
ius p a llid ior from N o rthern Ch ina and A . ag rarius coreae from Ko rea, w ere used fo r the anal2
ysis of m itochondrial DNA (m tDNA ) fragm en t pat tern s resu lted from the digest ion w ith eigh t

restrict ion enzym es by b lo t hyb ridizat ion techn ique.

　　A ll 35 fragm en ts and 12 m tDNA hap lo types w ere recogn ized. T he 12 hap lo types w ere

grouped in to tw o m ajo r subgroup s w ith the m ean divergence of 1101%. O ne subgroup w ith

fou r hap lo types consisted of 51 samp les from fou r localit ies in N o rthern Ch ina, w h ich is A . a2
g rarius p a llid ior, and the o ther subgroup w ith eigh t hap lo types is compo sed of 56 samp les

from fou r localit ies in Ko rea, A . ag rarius coreae.

　　Subspecies coreae appeared to be som ew hat diverged in their m tDNA geno types from sub2
species p a llid ior, and taxonom ic statu s of these tw o subspecies is confirm ed in th is mo lecu lar

study. It becom es necessary to carry ou t fu rther researches w ith samp les of striped field m ice

from o ther localit ies to clarify subspecies classificat ion of A . ag rarius.

　　Key words　T axonom y; M itochondrial DNA (m tDNA ) ; A p od em us ag rarius; N o rthern

Ch ina; Ko rea

　　A ll 14 species of genu s A p od em us is confined to the Palaearct ic and no rthern parts

of the O rien ta l reg ion; A . ag ra rius pallas ( st riped field m ice) is a so le m em ber of sub2
genu s A p od em us and inhab its from cen tra l Eu rope to Ch ina and Ko rea (Co rbet et a l. ,

1991).

　　T he sub species classif ica t ion of A . ag ra rius, how ever, is st ill in confu sion. Co rbet

(1978) no ted tha t m o st sub species of th is species w ere designa ted by the d ifferences in

pelage co lou r and öo r m ean body size. H e summ arized 23 nom inal sub species in to th ree
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sub species (ag ra rius, a w estern sub species includ ing 12 nam ed sub species; n ingp oensis,

an eastern sub species includ ing p a llid ior, m anchu ricus, coreae, chejuensis, and o ther

fou r nam ed sub species; chev rieri, a sou thern Ch inese sub species). F rom the analysis of

pen ia l bones, pap illa lingu lis, and serum p ro tein s of st riped field m ice, W ang (1985)

concluded tha t sub species chev rieri is a d ist inct species. In the m o rphom etric ana lyses of

eigh t sub species of st riped field m ice (Koh, 1991) , fou r m ajo r subgroup s w ere revea led:

1) Chejuensis, 2) chev rieri, 3) coreae, 4) o ther five sub species includ ing m anchu ricus,

p a llid ior, n ingp oensis, insu laem us, and ag ra rius. M o reover, in the ana lyses w ith m tD 2
NA fragm en t pa t tern s of tw o sub species of A . ag ra rius in Ko rea, sub species chejuensis

appeared to be dist inct from sub species co reae (Koh et a l. , 1992).

　　M itochondria l DNA studies are im po rtan t to infer m aterna l lineages am ong clo sely

rela ted species and infraspecif ic popu la t ion s (A vise, 1986). T he analysis of R estrict ion

F ragm en t L ength Po lym o rph ism s (R FL P s) is sim p le, and it is po ssib le to ana lyze m o re

loci per ind ividua l by R FL P s analysis than by sequencing (Dow ling et a l. , 1990).

　　T he pu rpo se of th is paper is to ana lyze the degree of d ifferen t ia t ion in m tDNA re2
st rict ion fragm en ts am ong the sam p les of tw o sub species of st riped field m ice from

N o rthern Ch ina and Ko rea (A p od em us ag ra rius p a llid ior and A . ag ra rius coreae, re2
spect ively) in o rder to cla rify their sub specif ic sta tu s.

M ATER IAL S AND M ETHOD S

　　O ne hundred and seven sam p les of tw o sub species of st riped field m ice, A p od em us

ag ra rius p a llid ior from N o rthern Ch ina and A . ag ra rius coreae from Ko rea, w ere u t i2
lized (see T ab le 1 and F ig. 1). T he Ch inese sam p les stud ied are in the co llect ion of D e2
partm en t of B io logy, Shandong U n iversity ( ZB 9501215; XC9501215; T S9501210;

BJ 9501211) , and Ko rean sam p les stud ied in the co llect ion of the second au tho r.

　　M itochondria l DNA w as visua lized from Sou thern b lo ts (Sou thern, 1975) of to ta l

cellu la r DNA. DNA iso la t ion from liver, electropho resis, Sou thern tran sfer and hy2
b rid iza t ion w ere described by D avis (1986). A ll sam p les w ere ind ividua lly d igested u s2
ing the fo llow ing eigh t rest rict ion endonucleases: P vu II, B am H I, P st I, D ra I, S tu I,

E coR I, E coR V , and H ind III. T he m tDNA p robe u sed fo r a ll hyb rid iza t ion w as pP1d,

w h ich con ta in s 10 kb P st I fragm en t of P erom y scus leucop us m tDNA genom e in the vec2
to r pU c (cou rtesy of D r. S. K. D avis in T exas A &M U n iversity).

　　 In m tDNA analysis, each differen t rest rict ion fragm en t p roduced by a part icu la r en2
zym e is g iven a differen t (bu t arb it ra ry) let ter. Sequence divergence in base sub st itu2
t ion s per nucleo t ide (p in per cen t) w as est im ated from the rest rict ion site da ta by the

m ethod of U pho lt (1977). Phenogram w as con structed from th is da ta by U nw eigh ted

Pair Group M ethod w ith A rithm etic m ean s, U PGM A (Sneath et a l. , 1973).

RESU ITS

　　A to ta l of 35 fragm en ts and 12 m itochondria l hap lo types w ere recogn ized (see tab le
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1 and fig. 1). T he fragm en t pa t tern s d igested w ith P vu II, B am H I, P st I, and D ra I

w ere no t d ifferen t am ong the sam p les of tw o sub species (O TU s 1 to 4, Ko rea, A . a2
g ra rius coreae; O TU s 5 to 8, N o rthern Ch ina, A . ag ra rius p a llid ior). How ever, in the

pa t tern s w ith S tu I, type (A ) w as found on ly in sub species co reae; type (B ) w as com 2
m on in the sam p les of tw o sub species; type (C) w as on ly in sub species p a llid ior. W ith
Table 1　M itochondr ia l D NA genotypes and haplotypes of two subspec ies of str iped f ield m ice, Ap odem us ag ra r ius

p a llid ior from Northern China and A. ag ra r ius coreae from Korea. M itochondr ia lD NA (m tD NA) genotypes

are based on the fragmen t pattern s resulted from the digestion with e ight restr iction enzymes, Pvu II, B am H

I, Pst I, D ra I, S tu I, EcoR I, EcoR V, and H ind III, in order

Subspecies L ocality　　　　　　 O TU N o. of samp le M tDNA geno type hap lo type

coreae

Ko rea, Cheongju 1 7 A A A A A A A A 1

Ko rea, M t. W eo lak 2 5 ” 1

Ko rea, Cheongju 1 3 A A A A A A AB 2

Ko rea, Yeoncheon 3 2 ” 2

Ko rea, M t. Ch iri 4 12 ” 2

Ko rea, M t. W eo lak 2 7 A A A A A A B A 3

Ko rea, Yeoncheon 3 5 A A A A A A B B 4

Ko rea, M t. Ch iri 4 3 ” 4

Ko rea, M t. W eo lak 2 4 A A A A A B A A 5

Ko rea, M t. Ch iri 4 5 A A A A A B A B 6

Ko rea, M t. W eo lak 2 2 A A A A B A A A 7

Ko rea, Cheongju 1 1 A A A A B B A A 8

p a llid ior

Ch ina, Zibo 5 12 A A A A B A B B 9

Ch ina, Zibo 5 1 A A A A B B B B 10

Ch ina, Zibo 5 2 A A A A C A B B 11

Ch ina, Xuecheng 6 15 ” 11

Ch ina, M t. T ai 7 10 ” 11

Ch ina, Beijing 8 10 ” 11

Ch ina, Beijing 8 1 A A A A C B B B 12

F ig. 1　A m ap show ing eigh t localit ies (O TU s) of two subspecies of striped field m ice, A p od em us ag rarius p a llid ior

from N o rthern Ch ina and A . ag rarius coreae from Ko rea, w ith their m itochondrial DNA hap lo types. L arge nu2
m erals indicate O TU num bers, and sm all num erals, hap lo types. Fo r locality of each O TU and their hap lo types

see T able 1

E coR I, tw o types (A and B ) w ere show n am ong the sam p les of tw o sub species. W ith
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E coR V and H ind III one type (A ) w as revea led on ly in sub species coreae, and the o ther

type (B ) , w h ich w as un ique in sub species p a llid ior, w as rare in sub species coreae.

M o reover, the hap lo types 1 to 8 w ere show n in the sam p les of sub species coreae, and

the hap lo types 9 to 12 w ere in the sam p les of sub species p a llid ior, ind ica t ing tha t the

con st itu t ion of m tDNA hap lo types in the sam p les of each sub species is d ifferen t from

each o ther.
Table 2　Nucleotide- sequence divergence among 12 m tD NA haplotypes in two subspec ies of str iped f ield m ice,

Ap odem us ag ra r ius p a llid ior from northern China and A. ag ra r ius coreae from Korea.

For loca l ity and subspec ies name of each haplotype (see table 1)

H ap lo type 1 2 3 4 5 6 7 8 9 10 11

2 01003

3 01003 01006

4 01006 01003 01003

5 01003 01007 01006 01012

6 01007 01003 01013 01007 01003

7 01001 01004 01004 01008 01004 01008

8 01005 01009 01009 01013 01002 01006 01002

9 01010 01006 01005 01005 01014 01011 01008 01013

10 01014 01011 01009 01006 01011 01007 01012 01009 01003

11 01010 01006 01006 01008 01014 01011 01009 01014 01004 01008

12 01009 01011 01010 01006 01011 01007 01011 01013 01006 01003 01003

F ig. 2　Group ing of 12 m itochondrial DNA hap2

lo types in two subspecies of striped field m ice,

A p od em us ag rarius p a llid ior from N o rthern Ch i2

na and A . ag rarius coreae from Ko rea. T he nu2

cleo tide2sequence divergences, given in T able 2,

w ere used fo r U PGM A cluster analysis. N um er2

als refer to the hap lo types in T able 1

　　Am ong 56 sam p les of sub species coreae

from Ko rea, 12 sam p les from Cheongju and M t.

W eo lak (O TU s 1 to 2) are hap lo type 1; 17 sam 2
p les from Cheongju, Yeoncheon, M t. Ch iri (O 2
TU s 1, 3, 4) are hap lo type 2; eigh t sam p les

from Yeoncheon and M t. Ch iri (O TU s 3 and 4)

are hap lo type 4. Am ong 51 sam p les of sub2
species p a llid ior from N o rthern Ch ina, 37 sam 2
p les from Zibo, Xuecheng, M t. T ai, and Beijing

(O TU s 5 to 8) are hap lo type 11. T he sam p les of

each sub species appeared to be m o re o r less sim i2
la r in their m tDNA geno types.

　　T he nucleo t ide2sequence divergence (p in

per cen t) am ong 12 m tDNA hap lo types is g iven

in T ab le 2. T he group ing of 12 hap lo types by

U PGM A is show n in F ig 2. Tw o m ajo r sub2
group s w ith the m ean divergence value of 1101% w ere revea led ( I, hap lo types 1 to 8,

O TU s 1 to 4 from Ko rea, sub species coreae; II, hap lo types 9 to 12, O TU s 5 to 8 from

N o rthern Ch ina, sub species p a llid ior). R ep resen ta t ive fragm en t pa t tern s of m tDNA in

hap lo types 1, 7, 10, and 12 w ith P vu II, S tu I, and H ind III a re show n in F ig. 3.
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　　 In summ ary, the sam p les of A p od em us ag ra rius coreae from Ko rea appears to be

differen t in their m tDNA geno types from the sam p les of A . ag ra rius p a llid ior from

N o rthern Ch ina, a lthough sam p les of each sub species are m o re o r less rela ted am ong

them selves.

D ISCUSSION

　　Kobayash i (1985) no ted tha t it is necessary to reexam ine the sub species classif ica2
t ion of st riped field m ice, A p od em us ag ra rius, w h ich is w idely d ist ribu ted in Eu rasia. In

Ch ina, f ive sub species of A . ag ra rius are recogn ized (X ia, 1984) : ag ra rius, f rom

Om in, T acheong, and no rthern X in jiang; n ingp oensis, m idd le and low er part of Yangtze

V alley, Gu izhou, and no rthern Fu jian; p a llid ior, N o rthern Ch ina, eastern part of

N o rthw estern Ch ina, Sichuan, and no rthern J iangsu; m anchu ricus, N o rtheastern Ch ina

and eastern InnerM ongo lia; insu laem us, T a iw an. Zhao et a l. (1986) ana lyzed b iochem i2
ca l characters of sam p les in tw o sub species of st riped field m ice from Shandong, J iang2
su, and A nhu i p rovinces and concluded tha t A . ag ra rius p a llid ior from Shandong is d is2
t inct from A . ag ra rius n ingp oensis from J iangsu and A nhu i p rovinces. Based on the

com parison of b lack do rsa l st ripe and co lou r of their do rsa l ha ir, L iu et a l. (1991) no ted

tha t sub species p a llid ior from no rthern part of its d ist ribu t ion is the synonym of

m anchu ricus and tha t sub species p a llid ior from sou thern part of its d ist ribu t ion is the

synonym of n ingp oensis.

F ig. 3　Rep resen tative fragm ent patterns w ith P vu I, S tu I,

and H ind III in four m itochondrial DNA hap lo types of two

subspecies of striped filed m ice, A p od em us ag rarius p a llid ior

from N o rthern Ch ina and A . ag rarius coreae from Ko rea. N u2

m erals indicate hap lo types and far left con tains size m arkers in

k ilo base2pairs

　　 In Ko rea, Jones et a l. (1965) re2
po rted fou r sub species of A . ag ra rius:

m anchu ricus in the ex trem e no rthern

part, p a llescence in the coasta l low 2
lands of sou thern and sou thw estern

Ko rea, coreae th roughou t the m ajo r

po rt ion of the pen in su la, and chejuensis

in Cheju island. In m o rphom etric ana l2
yses, Koh (1986) concluded tha t A . a2
g ra rius p a llescence is the synonym of

A . ag ra rius coreae and Koh ( 1987 )

sta ted tha t A . ag ra rius chejuensis is d is2
t inct from A . ag ra rius coreae. M o re2
over, A . ag ra rius coreae of m edium size

fo rm is a lso d ifferen t from o ther five

sub species of sm all2size from Ch ina and

T u rkey, i. e. , m anchu ricus, p a llid ior,

n ingp oensis, insua lem us, and ag ra rius

(Koh, 1991).
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　　W ang et a l. (1993) repo rted tha t karyo type of A p od em us ag ra rius p a llid ior is eigh t

m etacen tric and 38 telocen tric au to som es w ith la rge telocen tric X and sm all telocen tric Y

ch rom o som es. Koh (1982) repo rted tha t the karyo type of A . ag ra rius coreae from Ko2
rea is d ip lo id num ber of 48, i. e. , 38 acrocen tric au to som es, fou r pa ir of sm allm etacen2
t ric au to som es, la rge acrocen tric X ch rom o som e, and sm all acrocen tric Y ch rom o som e,

ind ica t ing tha t in ch rom o som e karyo type, sub species p a llid ior is iden t ica l w ith sub2
species coreae.

　　Sequence divergence of m tDNA est im ated in R a ttus norveg icus ranged from 012% to

018% (B row n et a l. , 1981). T he m ax im um sequence divergence in C leth rionom y s ru tilus

w as 0. 89% (T egelst rom et a l. , 1988). T he m tDNA sequence divergence betw een San ta

Cata lina island and m ain land harvest m ice, R eith rod on tom y s m eg a lotis, w as less than

012% (A sh ley, 1989). 0n the o ther hand, sequence divergence betw een P erom y scus

m an icu la tus m tDNA hap lo types from con t inen ta l Am erica w as as h igh as 7% and seven

assem b lages w ere revea led (L an sm ann et a l. , 1983).

　　T he grea test infraspecif ic sequence divergence am ong m tDNA hap lo types of A p od e2
m us sy lva ticus w as 114% and tha t of A . f lav icolis w as 110% ( T egelst rom et a l. ,

1989). In th is study, w ith tw o sub species of A p od em us ag ra rius, tw o m ajo r m tDNA

subgroup s w ith the m ean divergence value of 1101% w ere revea led (T ab le 1 and 2; F ig.

1, 2, and 3) : species nam e of the sam p les of one subgroup from Ko rea is A . ag ra rius

coreae, and tha t of the sam p les of the o ther subgroup from N o rthern Ch ina is p a llid ior,

ind ica t ing tha t these tw o sub species d iffer in their m tDNA geno types w ith each o ther.

M o reover, assum ing 2% divergence value per m illion years (B row n et a l. , 1979) , these

tw o sub species w ere d iverged befo re 500 000 years ago. X ia (1984) no ted tha t am ong

the species of genu s A p od em us, A . ag ra rius m igh t be evo lved la ter than o ther species.

　　D evelopm en ts in the areas of m o lecu lar, cyto2, and num erica l taxonom y are eno r2
m ou s (Q u icke, 1993) and there have been a conflict betw een b io log ists and m o rpho lo2
gists abou t the m erits of their da ta (Fergu son, 1980). How ever, m odern m o lecu lar

techn iques have no t yet pu shed com para t ive m o rpho logy in to the shadow s (Pat terson,

1987). It w as advoca ted tha t a classif ica t ion shou ld be the p roduct of a ll ava ilab le char2
acters d ist ribu ted as w idely and even ly as po ssib le over the o rgan ism s stud ied (M ayr et

a l. , 1991; H uelsenbeck et a l. , 1996).

　　A p od em us ag ra rius coreae appeared to be differen t in their m tDNA geno types and

m o rpho logy from A . ag ra rius p a llid ior, bu t they are iden t ica l in their ch rom o som al

karyo type. A nd fu rther stud ies u sing sam p les from o ther reg ion s of Ch ina and Eu rope,

especia lly from N o rtheastern Ch ina, seem to be necessary to cla rify sub species classif i2
ca t ion of species A . ag ra rius.
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中　文　摘　要

中国和韩国黑线姬鼠两亚种的线粒体DNA 限制性片段分析

王金星
(山东大学生物系, 济南, 250100)

高兴善
(忠北大学生物系, 韩国清州, 3602763)

　　本文利用印迹杂交技术对中国华北地区黑线姬鼠A p od em us ag ra rius p a llid ior 和韩

国黑线姬鼠A . ag ra rius coreae 共107号标本的线粒体DNA (m itochondria l DNA , m tD 2
NA ) , 通过8种限制性内切酶的消化, 进行了限制性片段的分析。

　　共检出35种限制性片段和12 种单倍体类型。12种单倍型在平均离散度为1101%时聚

合为两个亚群: 一个亚群为黑线姬鼠华北亚种, 由采自中国4个不同地区的51号标本的4

种单倍型所组成; 另一个亚群为黑线姬鼠朝鲜亚种, 由采自韩国4个不同地区的56号标本

的8种单倍型所组成。

　　黑线姬鼠华北亚种和朝鲜亚种在m tDNA 表型上表现出一定差异, 这在分子水平上

确立了两亚种的分类地位。为了进一步澄清黑线姬鼠种下分类的混乱,很有必要对中国其

他地区的标本进行该项研究。

　　关键词　分类学; 线粒体DNA ; 黑线姬鼠; 中国华北地区; 韩国
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