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Abs t r ac t : The ka ryot ypes of grea t e r l ong2t a i l ed hams t e r ( Cr i ce t ul us t r i t on) f rom J i nan ,

Mt . Ta i , Shandong Provi nce , Mt s . Changba i , J i l i n Provi nce and Xiπan , Shaanxi Provi nce i n

Chi na we re obs e rved by convent i ona l and bandi ng t echni que . The dip l oi d chromos ome numbe r

and ka r yot ype a re i dent i ca l i n t he s amp l es of J i nan , Mt s . Changba i and Xiπan , i . e . , 2n =

28 , and t he ka r yot ype cons i s t s of 11 pa i r s of t e l ocent r i c and 2 pa i r s of me t acent r i c chro2
mos omes , X chromos ome i s s ubt e l ocent r i c and Yme t acent r i c . Dip l oi d numbe r of t he s amp l e

f romMt . Ta i i s 28～29 , one ext r a unpa i r ed chromos ome exi s t ed i n t he obs e rved me t aphas es

by 6715 %. I t i s B chromos ome whi ch i s t he sma l l es t t e l ocent r i c i n t he comp l ement . A chro2
mos omes of t he s amp l e we re i dent i ca l wi t h t ha t of s amp l es f rom J i nan , Xiπan and Mt s .

Changba i . The G2banded , C2banded , and s i l ve r s t a i ned ka ryot ypes have been obs e rved , no

di f f e r ence was f ound among s amp l es f rom f our l oca l i t i es . The or i gi n of B chromos ome was

di s cus s ed i n t he pape r .
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B chr omos omes have been i den t i f i ed i n numbe r of s ome popul a t i ons of nea r l y 500

an ima l spec i es and mor e t han 1 300 p l an t spec i es [ 1 ,2 ] . The s t anda r d chr omos omes of

an or gan i sm a r e A chr omos omes . B chr omos omes a r e ex t r a t o t h i s norma l comp l ement .

I n t he 1s t B2chr omos ome conf e r ence he l d i n Spa i n i n 1993 , B chr omos ome i s def i ned

as a d i spens ab l e s upe r nume r a r y chr omos ome t ha t does no t r ecombi ne wi t h t he A chr o2
mos omes and f o l l ow i t s own evol u t i on [ 3 ] . I n mamma l s Bs have been known s i nce 1965 ,

when t he y we r e f i r s t des c r i bed f or Sho i noba t es vo l ans (Ma r s up i a l i a ) . Up t o now ,

t hes e s t r uc t u r es have been des c r i bed f or nea r l y 30 mamma l i an spec i es , mor e t han

ha l f of t hem a r e r oden t s pec i es .

Gr ea t e r l ong2t a i l ed hams t e r s ( Cr i ce t u l us t r i t on) , a r e d i s t r i bu t ed f r om Gans u

and J i angs u t o N. E. Chi na , Kor ea and uppe r Us s ur i of S i be r i a [ 4 ,5 ] . The r e a r e f our
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s ubspec i es i n Chi na ( t r i t on , f us c i pes , co l l i nus and i ncanus ) [ 5 ] . The B chr omo2
s omes i n Ts che r s k i a t r i t on ( = C. t r i t on) f r om f ome r USSR was f i r s t des c r i bed b y

Bor i s ov [ 6 ] . Xu and Huang [ 7 ]　r epor t ed t he ka r yo t ype of t he spec i es , and no B chr omo2
s ome was f ound i n i t .

1　Ma t e r i a l s and Me t hods

Ei gh t s amp l es of gr ea t e r l ong2t a i l ed hams t e r ( Cr i ce t u l us t r i t on) f r om 4 r e2
gi ons (Mt s . Changba i , J i l i n Pr ov i nce , s ubs pec i es f us c i pes ; J i nan and Mt . Ta i ,

Shandong Pr ov i nce , s ubs pec i es t r i t on and Xiπan , Shaanx i Pr ov i nce , s ubs pec i es

co l l i nus ) r ep r es en t i ng 3 s ubspec i es we r e us ed f or ka r yo l og i ca l s t udy.

The bone2ma r r ow i n v i vo me t hod was us ed f or t he chr omos ome p r epa r a t i on ; Cl as2
s i f i ca t i on of chr omos omes was bas ed upon t he s t udy of Levan e t a l . [ 8 ] .

Seabr i gh tπs [ 9 ] t r yps i n G2band i ng me t hod t o ob t a i ned G2banded chr omos omes ;

Sumne rπs [ 10 ] me t hod t o ge t C2banded chr omos omes ; and Howe l l and Bl ackπs s i l ve r2
s t a i n i ng me t hod [ 11 ] t o ob t a i ned s i l ve r2s t a i ned chr omos omes .

2　Res u l t s

211　Di p l o i d chr omos ome numbe r

Mos t of me t aphas e ce l l s i n t he p r epa r a t i ons we r e d i p l o i d and norma l . The chr o2
mos ome count s f o r t he s amp l es f r om f our l oca l i t i es a r e s hown i n Tab l e 1 .

Tabl e 1　The count s of dip l oi d chr omos ome numbe r i n Cr i ce t ul us t r i t on

Loca l i t y (Subspec i es )
Chr omos ome f r equency

26 27 28 29 30

Tot a l ce l l s
obs e r ved

J i nan
( t r i t on)

Ce l l numbe r s
Pe r cent age

3
212

8
517

128
9114

1
017

0
0

140
100

Mt 1 Ta i
( t r i t on)

Ce l l numbe r s
Pe r cent age

2
1

6
3

54
27

135
6715

3
115

200
100

Mt s1 Changba i
( f us c ipes )

Ce l l numbe r s
Pe r cent age

1
1

7
7

92
92

0
0

0
0

100
100

Xiπan
( col l i nus )

Ce l l numbe r
Pe r cent age

0
0

2
215

78
9715

0
0

0
0

80
100

Accor d i ng t o Tab l e 1 , d i p l o i d chr omos ome numbe r of s amp l es i n J i nan , Xi πan and

Mt s 1 Changba i i s 2n = 28 ; bu t t ha t of t he s amp l es f r omMt 1 Ta i va r i es f r om 28 t o 29 .

Among t he me t aphas es obs e r ved , t he chr omos ome numbe r i n 6715 % of ce l l s i s 29 .

212　Ka r yo t ype ana l ys i s

Seven t o t en me t aphas es of t he spec i es f r om f our l oca l i t i es we r e pho t ogr aphed

and us ed f or ka r yo t yp i c ana l ys i s r espec t i ve l y. The mode l ka r yo t ype of J i nan , Xiπan

and Mt s . Changba i i s 22 t + 4m + XY (s t , m) (Tab l e 2 and Pl a t e I —1 , Xiπan s amp l e) .
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11 pa i r s of au t os omes i n t he i r comp l ement a r e un i a rmed chr omos omes , 2 pa i r s of

sma l l b i a rmed chr omos omes ; X chr omos ome i s s ub t e l ocen t r i c ( un i a rmed) and Yme t a2
cen t r i c (b i a rmed) chr omos ome .

Tabl e 2　The meas ur ement s and c l as s i f i ca t i on of chr omos omes i n C. t r i t on

Chr omos ome
numbe r

Re l a t i ve l engt h Arm r a t i o Cl as s i f i ca t i on

1 106189±3197 t

2 102173±2150 t

3 99103±5188 t

4 87192±4133 t

5 86192±4166 t

6 83129±4119 t

7 81191±4138 t

8 73111±2110 t

9 70134±3180 t

10 64178±4119 t

11 62100±3135 t

12 43104±3161 1104±0111 m

13 37102±4194 1139±0129 m

X 89177±8112 3108±0105 s t

Y 60116±3129 1104±0109 m

For t he ka r yo t ype of t he s amp l es f r om Mt . Ta i , t he r e a r e two di f f e r ence f r om

t he ka r yo t ypes of J i nan , Xi πan and Mt s . Changba i s amp l es . ( 1) Excep t 11 pa i r s of

t e l ocen t r i c and 2 pa i r s of me t acen t r i c chr omos omes , t he r e i s an add i t i ona l sma l l

unpa i r ed t e l ocen t r i c chr omos ome . I t caus es chr omos ome numbe r va r i a t i on i n t he

s ame t i s s ue2bone ma r r ow ce l l s . So we t h i nk t h i s acces s or y chr omos ome i s B chr omo2
s ome . (Pl a t e I —2) . (2) t he l eng t h of two X chr omos omes exh i b i t ed s i gn i f i can t d i f 2
f e r ence by meas ur ement and s t a t i s t i c ana l ys i s of 50 me t aphas es ( P < 0101) ( Pl a t e

I —6) .

213　C2banded ka r yo t ype

C2band i ng pa t t e r ns a r e s imi l a r i n t he s amp l es f r om f our l oca l i t i es . The r ep r e2
s en t a t i ve C2banded ka r yo t ype of t he s amp l e f r omMt . Ta i i s s hown i n Pl a t e I —3 . C2
pos i t i ve r e g i ons nea r cen t r ome r e a r e r eco gn i zed i n e l even ac r ocen t r i c pa i r s (nos .

1～11) . A l a r ge C2pos i t i ve b l ock appea r s a r ound cen t r ome r e of X. Whol e Y chr omo2
s omes i s deep l y s t a i ned. No C2band was r evea l ed i n two me t acen t r i c pa i r s (nos . 12 ,

13) , and i n B chr omos ome .

214　G2band i ng pa t t e r ns
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G2band i ng pa t t e r ns of C. t r i t on f r om f our l oca l i t i es a r e eas i l y ma t ched and no

di f f e r ence i n t hem. Each chr omos ome pa i r has i t s own di s t i nc t band i n g pa t t e r n. The

r ep r es en t a t i ve G2banded ka r yo t ype of t he Mt . Ta i s amp l e i s s hown i n Pl a t e I —4 . No

G2bands appea r ed i n B chr omos omes . One mor e da r k s t a i ned band i n t he t e l ome r i c r e 2
gi on of l ong a rm i n t he l onge r X chr omos ome .

215　S i l ve r2s t a i ned ka r yo t ype

The numbe r of NORs va r i ed f r om f our t o f i ve pa i r s , bo t h among an ima l s and wi t h2
i n i nd i v i dua l s f r om f our l oca l i t i es . When t he numbe r of NORs i s maxima l ( i . e . , 5

pa i r s ) , t hey a r e l oca t ed on au t os ome pa i r s 2 , 4 , 8 , 9 and 13 . ( Pl a t e I —5) . Mor e2
ove r , t h r ee k i nds of as s oc i a t i ons of NORs have been obs e r ved i n C. t r i t on ( Pl a t e

I —7A , B , C) . No NOR appea r ed on B chr omos ome .

3　Di s cus s i on

311　Cha r ac t e r and or i g i n of B chr omos ome i n Cr i ce t u l us t r i t on

B chr omos omes a r e cha r ac t e r i zed b y ce r t a i n pecu l i a r i t i es t ha t d i f f e r en t i a t e

t hem f r om chr omos omes of bas i c s e t . For examp l e , t he y a r e morpho l og i ca l l y d i f f e r2
en t f r om As (us ua l l y sma l l e r ) , and of t en d i sp l ay nondi s j unc t i on a t anaphas e of mi 2
t os i s r es u l t i ng i n f r equenc i es va r y i ng be tween i nd i v i dua l s and mos a i c i nd i v i du2
a l s , be tween ce l l s of a s i ng l e t i s s ue , and f u l l y or i n t he i r mos t pa r t compos ed of

t he he t e r ochr oma t i n. The B chr omos ome i n C. t r i t on f r om Mt . Ta i i s t he sma l l es t

t e l ocen t r i c . The r e i s 0～1 B i n bone ma r r ow ce l l s . Bu t B i n t he s amp l e was no t

s t a i ned by C2band i ng me t hod. Same s i t ua t i on was f ound i n s ome ot he r s pec i es ,

Apodemus pen i ns i l ae [ 12 ]　 , s i l ve r f ox ( Vul pes vu l pes ) [ 13 ] , Ra t t us r a t t us [ 14 ]　　and

Di c r os t onyx t or qua t us [ 15 ]　 . Bu t when t he Bs of R. r a t t us and V. vu l pes we r e exam2
i ned au t o r ad i ogr aph i ca l l y , t hey we r e s hown l a t e r ep l i ca t i on [ 14 ,16 ] . We know one of

t he cha r ac t e r i s t i cs of t he he t e r ochoma t i n i s i t s l a t e r e p l i ca t i on. Thes e da t a i n2
di ca t ed t ha t B he t e r ochr oma t i n i s d i f f e r en t f r om Aπs i n make up and r egu l a t i on.

They can ha r d l y be r ega r ded as compos ed on l y of t he s t r uc t u r a l he t e r ochr oma t i n.

Mor e and mor e ev i dences s how t ha t Bs a r e no t gene t i ca l l y i ne r t and i t i s known t ha t

s ome ca r r y f unc t i ona l genes . For examp l e , nuc l eo l a r o r gan i ze r r e g i ons (NORs ) , t he

s i t es of r i bos oma l 18S and 28S RNA genes , have been i den t i f i ed on Bs i n abou t 20

spec i es [ 17 ] . I n s ome cas es , t he NORs we r e i den t i f i ed b y s i l ve r s t a i n i ng [ 18 ] and t h i s

me t hod i s f r e quen t l y as s umed t o r ef l ec t t r ans c r i p t i ona l ac t i v i t y of t he rRNA

genes . Dona l d e t a l . [ 19 ] a l s o f ound t ha t t he r e gu l a r a t t achment of t he B chr omos ome

t o a nuc l eo l us i n B. d i chr omos oma t i ca . Th i s s ugges t s t ha t t hes e r i bos oma l RNA

genes a r e t r ans c r i bed.

Two hypot hes es ex i s t conce r n i ng t he or i g i n of t he mamma l i an B chr omos omes . The

ma j or i t y of t he au t hor s i s i nc l i ned t o cons i de r ed t hem t o be t he r emnant s of t he
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s t r uc t u r a l r ea r r angement s t ak i ng p l ace i n t he ka r yo t yp i c evo l u t i on of t he ances 2
t r a l f o rms . The t r ans l oca t i ons of Robe r t s onπs t ype a r e cons i de r ed mor e of t en t han

t he o t he r s . Anot he r wa y of t he Bπs or i g i n may r es u l t f r om t he nondi s j unc t i on of t he

au t os omes or s ex chr omos omes whi ch a r e s ub j ec t ed t o gene t i c i nac t i va t i on af t e r 2
wa r ds and t hen pas s i n t o t he Bπs c l as s wi t h t he a l l cons e quence cha r ac t e r i s t i cs of

t he l a t t e r .

Bor i s ov e t a l . [ 6 ] f i r s t r epor t ed t he B chr omos omes i n C. t r i t on f r om f orme r

USSR. The numbe r of Bs i s 1～2 . Xu and Huang [ 7 ] r epor t ed conven t i ona l and G2banded

ka r yo t ypes of t he spec i es f r om nor t he r n J i angs u Pr ov i nce , Chi na . The y f ound no B

chr omos omes i n i t . Kang and Koh [ 20 ] r epor t ed t he ka r yo t ype of C. t r i t on f r om Kor ea ,

and a l s o no B chr omos ome i n t he s amp l es . I t i s t he f i r s t r epor t f o r C. t r i t on f r om

Mt . Ta i hav i ng B chr omos ome . B chr omos ome was t he sma l l es t t e l ocen t r i c and was eas y

r ecogn i zed on l y by i t s morpho l ogy i n t he comp l ement of t he s pec i es . The l eng t h of

two X chr omos omes i n 50 me t aphas es of a f ema l e s amp l e f r omMt . Ta i r evea l ed t he s i g2
ni f i can t d i f f e r ence ( P < 0101 ) ; we can a l s o f i nd t he d i f f e r ence be tween two X

chr omos omes i n G2band i ng. The r ef o r e , we p r es umed t ha t t he B chr omos ome of t he s am2
p l e f r omMt . Ta i o r i g i na t ed f r om X chr omos ome .

312　Ag2NORs

I t has been demons t r a t ed t ha t t he s ubs t ance s t a i ned wi t h t he A g p r ocedur e

s eems t o be an ac i d i c p r o t e i n l oca t ed on s i t es of r i bos oma l gene accumul a t i on , i .

e . , on NORπs . NOR as s oc i a t i ons have been des c r i bed i n mamma l s pec i es as occur r i ng

r andoml y among bot h homol ogous and he t e r o l ogous and l es s f r e quen t l y i nvo l v i ng

mor e t han two chr omos omes a t s ame t ime . I n our cas e , t h r ee k i nds of as s oc i a t i ons

we r e f ound. (1) As s oc i a t i ons of two homol ogous chr omos omes a t t e l ome r i c r e g i ons of

f our chr oma t i ds ( Pl a t e I —7A) . ( 2) As s oc i a t i ons of two chr omos omes a t t e l ome r i c

r eg i ons of two chr oma t i d i n d i f f e r en t chr omos omes (Pl a t e I —7B) . (3) As s oc i a t i ons

of t h r ee chr omos omes a t t e l ome r i c r e g i ons of f our chr oma t i ds i n d i f f e r en t t h r ee

chr omos omes (Pl a t e I —7C) . The mechan i sm of NOR as s oc i a t i ons i s s t i l l no t c l ea r .

Howeve r , Thode e t a l . [ 21 ] s ugges t ed t ha t t he NORs t ha t a r e as s oc i a t ed t o ge t he r i n

me t aphas e p l a t es can be cons i de r ed t o have a t t ached t he s ame nuc l eo l us i n t he p r e2
ced i ng p r ophas e and i n t e rphas e .

313　Compa r i s on of ka r yo t ypes i n d i f f e r en t s ubs pec i es

Xu and Huang [ 7 ] r epor t ed t he ka r yo t ype of C. t r i t on f r om nor t he r n J i angs u , Chi 2
na i s 22 t e l ocen t r i cs and 4 me t acen t r i cs wi t h l a r ge r s ub t e l ocen t r i c X and sma l l

me t acen t r i c Y chr omos ome . Kan g and Koh [ 20 ]　　r epor t ed t ha t t he ka r yo t ype of C. t r i 2
t on f r om Kor ea i s d i p l o i d numbe r of 28 , i . e . , 22 t e l ocen t r i c au t os omes and 4 sma l l

me t acen t r i c au t os omes , l a r ge s ub t e l ocen t r i c X and sma l l me t acen t r i c Y chr omos ome .

Compa r i ng t he ka r yo t ypes of s amp l es f r om nor t he r n J i angs u , J i nan , Mt s . Changba i ,
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Chi na and Kor ea , we can conc l uded t ha t t he ka r yo t ypes of above f our popu l a t i ons a r e

i den t i ca l .

Bor i s ov e t a l . [ 6 ] r epor t ed t ha t t he ka r yo t ype of C. t r i t on f r om f orme r USSR i s

26 ac r ocen t r i cs wi t h me t acen t r i c X and s ub t e l ocen t r i c Y chr omos ome and a l s o 1～2 B

chr omos omes . The ka r yo t ype of t he s amp l e f r om Mt . Ta i i s 11 pa i r s of t e l ocen t r i c

and 2 pa i r s of me t acen t r i c , s ub t e l ocen t r i c X and me t acen t r i c Y chr omos omes wi t h an

add i t i ona l B chr omos ome . Al t hou gh s imi l a r i n hav i ng B chr omos ome , t he y a r e much

di f f e r en t i n A chr omos omes . Th i s ma y be t he chr omos oma l po l ymorph i sm i n d i f f e r en t

popu l a t i ons or s ubs pec i es .

Becaus e of t he r e l a t i ve l y sma l l e r d i p l o i d numbe r and eas i l y d i s t i ngu i s hed B

chr omos ome i n C. t r i t on , we can us e t h i s s pec i es as mode l an ima l t o s t udy t he or i 2
gi n of B chr omos ome , t he r e l a t i ons h i p be tween A and B chr omos ome and t he gene t i c

ef f ec t of B chr omos omes .
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中　文　摘　要

大仓鼠的核型与B染色体研究

王金星　赵小凡　邓　怿　齐洪英　刘　瑶　张志宏
(山东大学生命科学学院 , 济南 , 250100)

高兴善
(韩国国立忠北大学生物系 , 清州 , 360 - 763)

单祥年
(南京师范大学生物系 , 南京 , 210097)

采用骨髓细胞染色体制片法 , 对分布于山东济南、泰山、东北长白山和陕西西安的大仓鼠的染色

体组型、G - 带、C - 带和银染核型进行了分析研究。济南、西安和长白山的标本的二倍体数目和核型

相似 , 2n = 28 , 22 t + 4m + XY (s t , m) 。泰山标本的二倍体数目为 2n = 28～29 , 即在 6715 %的中期相中

多出了一条形态最小的端着丝粒染色体 , 这条染色体为B染色体 , 可能起源于X染色体。泰山标本的A

染色体组与上述 3地标本相同。4地标本的 G - 带、C - 带和银染核型相似。除B染色体外 , 每个端着

丝粒染色体都具有着丝粒异染色质 , Ag2NORs 较恒定地出现在Nos12 , 4 , 8 , 9 , 13染色体上。也就是说

大仓鼠的B染色体为 C - 带阴性 , 不携带核仁组织者。这种B染色体 C - 带阴性的特征在赤狐、黑家鼠

和大林姬鼠朝鲜亚种中亦有报道。

关键词 : 大仓鼠 ; 核型 ; 带型 ; B染色体

3023期　　　　　　　　　王金星等 : 大仓鼠的核型与 B染色体研究　　　　　　　　　　　

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.



王金星等 : 大仓鼠的核型与染色体研究 图版Ⅰ

Wang J i nxi ng e t a l : Ka ryot ypes and B Chromos ome of Grea t e r l ong2t a i l ed Hams t e r ( Cr i ce t u2
　　　　　　　　l us t r i t on) Pl a t e Ⅰ

图版说明

1 , 2 . Ka r yot ype of C. Tr i t on (ma l e and f ema l e) ; 3 . C2banded ka ryot ype ; 4 . G2banded ka ryot ype ;

5 . S i l ve r2s t a i ned ka r yot ype ; 6 . X chr omos omes of s ame me t aphas e ; 7 . As oc i a t i on of NORs .

042

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.


