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Abstract : The mitotic and meiotic chromosomes of A podemus peninsul ae from Mt. Changbai , Jilin
Province (A. p. preator) and Mt. Ta, Shandong Province (A. p. sowerbyi) , and Mt. Qinling,
Shaanxi Province (A. p. sowerbyi) , China are described. The A chromosomes of two subsgecies
A. peninsulae are identica , i. e. 48 tdocentric chromosomes There are differences in the number
and types of B chromosomes between three populations One to three medium Sze metacentric B
chromosomes gopeared in A. p. preator , and five to fourteen (two types- one medium sze metar
centric and four to thirteen dotlike B chromosomes) in A. p. sowerbyi from Mt. Tai and 0 1
(telocentric) in A. p. sowerbyi from Mt. Qinling. Two levels of B chromosome numericd varia
tion, inter- and intraindividua , were found in two subgpecies

Key words: Apodemus peninsulae; Karyotype; Banding patterns; B chromosomes; Numerica

variation
CL C number : Q343.2 Document code: A Article ID : 1000-1050 (2000) 04-0289-11

B chromosomes are digpensable, supernumerary chromosomes that do not recombine
with the A chromosomes and follow their own evol utionary pathway!™. These supernumer-
ary chromosomes are present in the genomesof alarge proportion of individudsin wild popu-
lations of many plant and anima ecies It has been concluded that they probably occur in
all taxa over a wide geographica distri bution* 2. At present , about 30 Peciesof mammals
have been reported to have B chromoomes in their karyotypes®*. B chromosomes are
characterized by certain peculiarities that differentiated them from A chromosomes The
number of B chromosomes can vary between individudsand , in mosaic individuds, between
cellsof a sngle tissuel®.

Korean fidld mice, Apodemus peninsulae, are distributed over much of Sberia, China,
Korea and Hokkaido!®®'. A. peninsulae was conddered as a subgecies of

[7 9]

A speciosus Voront=v et a. [*°! claimed on the bassof karyological and morphologi-
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cal analyses with samples of boreal regions of East Ada that al the Eastern Adan forms of
A. speciosus should be transferred to the species, A. peninsulae. The karyologicd charac-
teristic of the peciesisthat all samplesin the regions have B chromosomes. The karyotype
and B-chromosomes of A. peninsulae in China were first investigated and characterized in
this paper.

1 Materialsand Methods

Seventeen samplesof Korean field mice, Apodemus peninsulae, from 3 regions (Mt.
changbai , Jilin province; Mt. Ta , Shandong Province, Mt. Qinling, Shaanxi Province,
China) , representing 2 subpecies ( preator and sowerbyi) were used for karyological study.

The bone-marrow in vivo method was used for the preparation of dides; chromosome
classfication followed Levan et a. [*!; Seabright' strypsin G banding method to obtained G
banded chromoomes ™! ; Sumner's method to get G-banded chromoomes ™! ; and Howell
and Black’ s slver-staining method to obtained slver-stained chromosomes ™.

Acoording to former research, the A chromoomes of A. peninsulae are 48 telo-
centrics. There are severa types of B chromosomes in the gecies, such as large, medium,
and small metacentrics, telocentric and minute dot-like chromosomes**®!. S we can easly
distinguish metacentric and dotlike B chromosomesin the metgphase with conventiona stain-

ing. Under the help of Gbanding staining, we can identify telocentric B chromosome.
2 Results

2.1 Diploid chromosome number and number of B chromosomes

Diploid chromosome number and chromosome frequency of 17 samples of A podemus
peninsul ae from three localities are shownin Table 1. The A chromosomesof the Peciesisi-
dentical in three populations, i. e. 48 telocentric chromosomes The chromosome number
varied from 48 51 in the samples of Mt. Changbai , Jilin Province (subspecies preator) |,
China, indicating that B chromosome varied from 0 3. Diploid chromosome number varied
from 53 62 and 48 49 in the samplesof Mt. Ta , Shandong Province and of Mt. Qin-
ling, Shaanxi Province, China regectively (subspecies sowerbyi) , indicating that B chromo-
ome in the samplesof Mt. Ta and Mt. Qinling variedfrom5 14 and 0 1 regectively.

The samples studied showed both inter- and intraindividua variations (mosaicism) in
number of B-chromosomes present (Table 1) . Samples from Mt. Changbai have 1 to 3
metacentric B chromosome, and samplesfrom Mt. Ta have 1 metacentricand 4 13 dotlike
B chromosomes. The mosaicism for B's number was found in bone marrow cellsin two sub-
secies Mosaicism was estimated by the number of celular clones, usng published criteri-
al®l. If the number of hypoploid celsis ( 10 % and that of hyperploid celsis =5 %, such
deviation was regarded as cell clones The karyotype of B chromosomes gppeared to be mitot-
icaly ungtablein A. peninsulae. The number of celular clones varied from 1 to 2 in the
samplesof Mt. Changbai , 1 to 3 in the samplesof Mt. Tai and only one in the samples of
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Mt. Qinling.

Tablel Summary of chromosome counted in 17 specimens of Apodemus peninsul ae from three locaities

Chromosome frequency Totd B chromr  No.of
Sex 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63  cdls oome cdl
0 1 2 3 45 6 7 8 910111213 14 15 Observed number  dones

Locdity No. of
(subspecies)  ecies

Mt. Changbai

(premoy G F 2353 40 0 2 1
2 M 1 2372 42 0 2 1
3 F 3381 42 0 1
4 F 2 7413 53 0 2 2
cs M 153502 43 03 2
(S"é'vtvé rTb";i) L F 1372 42 5 7 1
™ F 53 3 1 39 5 8 2
T4 M 18281 38 6 9 2
™5 F 128 2 31 9 11 1
™6 M 3 92151 5 11 14 3
7 M 17 26 2 45 8 10 2
8 F 123 4 28 6 8 2
"(";W(g'rrt‘;i’;g Q13 M 30 30 0
Q14 M 42 42 0
Q5 M 50 50
QI8 M 330 33 01 1
Q67 F 5 25 30 01 1

Numerator :diploid number , denominator : Number of B-chromosomes

2.2 Karyotype of A. peninsulae

Eight to ten metgpohases of different populations were analyzed repectively. The chro-
moomes of the standard karyotype of A podemus peninsul ae comprise 24 pairsof telocentric
A chromosomes The X chromosome isone of the larger acrocentrics and the Y of the small-
er. Zero to fourteen B chromosomes are present , including medium dzed metacentrics and
small telometrics and dotlike B chromosomes Consequently , al of the B chromosomes exam-
ined are easy to distinguish from the A chromosomesof the standard karyotype by their mor-
phology and heterochromatin character (Plate ) . For example, we mentioned above, A
Chromosomes of all samplesof the gpecies (including European and Asan samples) are telo-
centrics S in the samplesof Mt. Changba metacentric chromosomes are Bs Samplesfrom
three localities showed dgnificant differences in B chromosome number and types (Pate
and )
2.3 Ghbanding karyotype

Fifteen Gbanding metaphases were andyzed. The G banding patterns permitted the i-
dentification of al chromosomepairsof aset. The X chromosome has 2 interstitial bands and
a band at pericentric and telocentric Stes repectively. Y chromosome has two bands, one
band on the pericentric and one on the telomeric. Almost no bands on the B chromosomes
(Pate , 4)
2.4 Cbanding patterns

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



292 20

With Cbanding al autosomes show heterochromatin near the centromeric regionsin A
chromoomes. X chromoome shows a postive band near the centromeric region. Y chromo-
ome is whole heterochromatin. B-chromosomes (metacentric chromosomes) in the Mt.
Changbai samples appeared to be euchromatin (G negative) , and Bsin Mt. Ta samples have
two cases: it is G negative for the medium sze metacentric chromosomes and postive G band
for the dotlike chromosomes The telocentric B chromosome of samplesin Mt. Qinling isa-
20 composed of heterochromatin. More than ten Cbanding metgphases were observed for
each population. (Plate ,5 6; Pate )

2.5 Silver-sained karyotype

The NORs are located on autosome pairs 7 and 8. There is no variation among three
populations (Plate , 1)

2.6 B chromosome behavior in meiosis

The B chromosomes at diakines s metgohase | of melossin testis were observed under
the light microscopy. The Bs gppeared in bivalants and univalents (Plate ,2 4) . We
can e more than 24 bivalentsinone sngle cell. This meansthat some Bsformed bivaents
3 Discussion
3.1 Numerical variation in different subspecies of A. peninsulae

Korean field mice, Apodemus peninsulae, are distributed in vast range. A characteris
tic B-chromosome system with individua variants composed of various combinations of five
B-chromosome classes ( large, medium, and smal metacentrics, small telocentric and minute
31 The number of B-chromoomes in different animals of this
gecies rangesfrom 0 24131, Table 2 shows the numerical variation of B chromosomesin
different subgecies The types and number of B chromosomesof A. p. preator in China
are dmilar with that of B chromosomesof A. p. peninsulae in Korea, and that of B chro-
mosomesof A. p. sowerbyi from Mt Ta and Mt. Qinling are much different in number and
types

dotlike B-chromosomes) |

Table2 Numerical variation at B chromosome in A. peninsula

Subsgpecies A chromosome B chromosome Authors
Major 48 13 Kra , 1971081  Bekasova, 1978!*°!
Kobayashi and Hayate, 1979!%°! |

Preator 48 113 Bekawova and Vorontov , 19752
Preator 48 0 24 Volobujev , 197971
Peni nsul ae 48 13 Koh, 1988!#!
Preator Mt. Changba 48 0 3 This pgper
Sowerbyi Mt. Ta 48 5 14 This pgper
Sowerbyi Mt. Qinling 48 0 1 This pgper
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3.2 Intraindividual variation of Bsin mosaic individuals of A. peninsulae

Two levelsof B chromosome numerical variation , inter- and intraindividud , were found
in the samples studied. Because of intraindividua variation, two or more cellular clones were
observed in a mosaisindividua. These clones were likely to be caused by irregular digunction
of the B chromosomesor resulted from eimination of dotlike B chromosomesin mitoss
3.3 Characterigtics of B chromosomes in different subspecies of A peninsul ae.

There are five types of polymorphic B chromosomesin A. peninsulae. It can only be
found 1- 2 typesin an individual. For example, one type of B chromosome (medium sze
metacentric chromosome) appeared in the A. p. peninsulae in Korea®! and A. p.
preator (Mt. Changbai , China) , all of them showed euchromatic (C negative) , that means
they are damilar in the B chromosome number and characteristics Two typesof Bsin the A.
p. sowerbyi (Mt. Tai, China) . Thecharacter of type  (medium szed metacentric chro-
moomesg shows no heterochromatin (G negative) and type (dot-like chromosomes)
shows heterochromatin. However , Bekaova et al. [%*! reported that all B chromosomesin
cluding metacentricsof A. peninsulae from Sberia were heterochromatin. Volubujev*! re-
ported that in A. peninsul ae the smal and medium sze B possess small bandsof centromeric
heterochromatin which are equal in the sze to the ssgmentsof the As Only large B chromo-
vmeis sained almog totaly. We know Bs are fully or partly composed of the heterochro-
matin. One of the characteristicsof the heterochromatinisitslate replication. Thischaracter
can be examined autoradiographically. The replication pattern of Bsin Ruttus ruttus were
studied by Raman and Sharma'®*. They are the last to finish the replication. But they are
stained dgnificantly fainter than the Gpostive bandsof the Asin G banding method. Same
stuation was found in dlver fox, Vulpes vques[‘” , and in ome plants, for example,
Brachycome dichromoomatical®® ?®! . This means that B chromosomes can hardly be regard-
ed as composed only of the structurd heterochromatin, and A and B heterochromatin may be
not identical in its make- up.

More and more evidences show that Bs are not geneticadly inert and it is known that
me carry functional genes For example, nucleolar organizer regions (NORS) , the stes of
ribosomal 18S and 25S RNA genes, have been identified on Bs in about 20 ecies®). In
Pme cases, the NORs were identified by dlver staini ng[zg] and this method isfrequently as
sumed to reflect transcriptional activity of the rRNA genes Dondd et al. (291 3l found that
the regular attachment of the B chromosome to a nucleolus in B. dichromosomatica. This
suggests that these ribosoma RNA genes are transcribed.

3.4 Accumulation mechanisms of Bsin A. peninsul ae

Comparative analyssof the B-chromosome number in sosmatic cdls and in gpermatocytes
at diakines ¥ metgphase revealed a difference in their distribution. Spermatocytes at the
stage tended to have higher number of B chromosomes (the highest number of Bsis 10 of -
nivaents and 3 bivaentsin Plate , 3) . Most Bsare present in univaents and somein bi-
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vaents A variety of mechanismsof B chromosome accumulation has been described in plant
and animals*. B chromosome accumulation in the reproductive tissue may be attributed to
their irregular digunctions and B-chromosome selection.
3.5 Theorigin of B chromosome in A. peninsul ae

B chromosomes have been regarded as having originated from the A chromosomes, even
though they lack sufficient homology with the A chromosomes (to pair at meioss) . Ac
cording to the view of Volobujev!*! , theB's systemof A. peninsul ae arose at severa stages
At thefirst one the polyploidy for one or several of the small autosomes and Y chromosomes
result in formation of the supernumerary chromosomes which are subjected to genetic inacti-
vation. Subsequently the middle szed mertacentric Bs are formed due to Robertson s trando-
cations of the B* chromosome the dotlike Bs appear as the sde trandocation products. There-
fore, B chromomes of A. p. preator in Mt. Changba originated from Robertoon's
trandocations of B* chromosomes; and that of A. p. sowerbyi in Mt. Ta from Roberton's
trandocations of B* chromosomes and the sde trandocation products B chromosome of A.
p- sowerbyi from Mt. Qinling originated from polyploid of small autosomes
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Explanation of the plates

Rate

1. Karyotypeof A. p. preator from Mt. Changba (show two metacentric B chromosomesin samples C2) ; 2. Karyotype
of A. p. sowerbyi from Mt. Ta (show 8 Bsin samples T4, Two types of Bs- metacentric and dotlike - present in these
samples) ; 3. Karyotypeof A. p. sowerbyi from Mt. Qingling; 4. Gbanded karyotype of A. p. sowerbyi from Mt.
Ta; 5and 6. Cbanded karyotype of A. p. sowerbyi from Mt. Ta and Mt. Qinling.

Rate

1. Metgphasesof A. peninsulaefrom Mt Ta and 2 from Mt Changba (Gemsa gaining) ; 3 and 5. Metaphases of A.
peninsulae from Mt Tai (Gbanding) ; 4. A metaphase of samplesfrom Mt Changbal (Cbanding) . Large arrowsindicate
metacentric B chromoomes, they are C-negative, and smdl arrows dot-like B chromosomes which are C-postive.

Rate

1. Slver-gtained Karyotype of A. p. sowerbyi from Mt. Ta; 2, 3and4. Meotic metgphasesfrom samplesof Mt Chang-
ba (2) and Mt. Ta (3, 4) . Mog of Bsare present in univdents and somein bivaents (the arrows show univaents)
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