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B2 ARG 22 7 Ud. A 1 PERd WU
9 53] F7] IM X Y 8= FF end-
to-end A%E stedl, o8l ¥ chiasma

9] &aMl= chiasmart Aa2 fRlA I
A2 olFdthe FAEMA AFEHAA o
(Sybenga, 1975). chiasmas WAA
(interstitial) o7l W& F7] T4 Jepte
U chiasmae ©dsie] 7|28 23@dtty
F72d vk Jdoh(White, 1973). Darlington
(1932)2 /1A chiasmat BA71¢ ©|E71&
S8 dAA o wARE el o)FIH F
AM e 2er3le chiasmad AP R
ub gley, HIT Ay dApaEd 9l
chiasma #ezlel 47| /ide] vosle &

Ex H3 Hoxy 23 Yth(Jones. 1978:

Jones and Tease. 1979. Imai and

104

Moriwaki, 1982: John and King. 1985).

gdH ARE TEHF ERHEFEAM ZAY
ageing Z7t= AAge] 3tast AR S AY
H(Luthardt et al.. 1973), Ed¥H o2 ¥
A A Yz Fote) A 5 F
zZ7 uA@AY 5L Y (Synder et al.,
1987). 539 dAA £3 vlgie AFHAAM

ageing®] F7ld A ¥ U4RE B o
AR EFY @4 FUte #ACE den,
Henderson® Edwards(1968)= ageingel 3
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A AdAH univalentsd Z7F &
chiasma¥ #4&E gddn g4,

Jagiello9} Fang(1979)% EA}7] A 2 Al LojA
o] 2} {AMSE AR E H g wh gt

dgtxoz MM X} Y A= A |
HaEde olE719% F719M end-to-end ¥
el 23S 3tn A2 (Kofman-Alfaro and
Chandley. 1970. Solari, 1970). Wwjz &
23t univalent& A=, old &
X-Y %7] ®a(X-Y dissociation or X-Y
nonpairing)gtx B EZv(Rapp et al..
1977). °o] 4& F2 B9 F3loly AFT
AFoM AR g HEZ FFHAR 2
{(Chyi-Chyang et al.. 1971:. Beechey.
1973 Rapp et al.. 1977. Matusuda et
al.., 1992).
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fen Az vags Y FAmE AE
BALB/cE AM&3ldt).
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HEYSACE F. HE} FAaE5 3080 A A
gl&ta Carnoy &dolA 141 28 F, AEF
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Chiasma Hlx=9} X9 ENoies 16870¢]
A7l AE, 189719 ©o1%87] X, 18070Y &
NTHAZE 5 % 5370 AEY X-Y 44 =
7] ¥e Mx=g F3kr] gl F 1,10170¢] F7
I AZE digos st g 24
Imai®t Moriwaki(1982)8] 71&d] oAl e
], ageingd W& AL FAE] HaME
@ [[+&2 ro] vlmstgd ot (Table 3).
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Hol A chiasma T3 ARE A6 98l
A7l olE7] 2 F7] IolA 27kg A
o} chiasma7t &A= A4 chiasma
744 71239 e 1CH 27tgd A A (Imai
and Moriwaki. 1982)W chiasma £%& 4|
w&get. 1CH 27tg A A chiasma7zt ©l
71 271 1 B 9 & A wdog
AA 8 o] EghH Imai®t Moriwaki(1982)¢]
EHol 2% 1TA 9 1TAs 27Fg A9 NeE
olF7|¢} E3 F7] IM AA F71E Rolt}.
Table 1914 HE= Z# o] 1CH, 1TA; ¥
1TAs 27tE9Ae] N=e ofd 4FH ZHE
1CH7F 32.7%N*4 33.3%%. 1TAlS 25.2%
oA 26.4% =2, 28] 1TAst 0.2%°lA 1.
2% 2 el 3712 AE 9A 2FoA A o
A3 F&Eo]Pd. BALB/cAlME 48.4%< A
51.5% A=Kt ofd AFHNAMe 3dA HT
D& 0.8129014 0.807=A4 (Table 2) EAH
ztol & Ho]Fa] sttt ol 1CH 27Fg A A
A chiasma®l g7t etz Fg&e
A AbatE Aot
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Table 1. Frequencies (%) of the ten bivalent types observed in spermatocytes of Korean wild mice (Mus musculus
subspecies) and inbred strain (BALB/c)

Types of bivalent*

Mice Cell
Stage 1ICH 1CH- 1TA; 2CH 2TA 1CH - 0 1TAs 1CH:- 2CH-
1TA, TAs 2TA 1TA
Mus Diplotene 327 20,1 252 08 203 09 0.3 1.2 0.1 0.0
musculus  Diakinesis 32.4 16.0 26.1 0.2 24.3 0.3 0.4 0.4 0.1 0.0
subspecies Metaphase | 33.3 135 264 0.1 26.1 0.2 0.3 0.2 0.1 0.0
Mean 328 165 259 05 236 0.5 0.3 0.6 0.1 0.0
+SD +05 £33 +06 05 30 =204 +02 =+05 =00 =00
BALB/c Diplotene 484 109 292 0.0 9.2 1.7 0.0 0.0 0.8 0.0
Diakinesis 49.5 84 300 0.0 106 0.0 1.1 5.0 0.0 0.0
Metaphase!  51.5 57 344 0.0 8.0 0.0 0.0 0.0 0.0 0.0
Mean 49.8 83 312 0.0 9.3 0.6 04 1.7 0.3 0.0
+ SD +16 +£26 +28 +00 +13 +£10 06 29 =05 =00

*Symbols see Imai and Moriwaki (1982).

Table 2. The Distibution of 1CH bivalent at diplotene,
diakinesis and metaphase | in spermatocyte of Korean
wild mice (Mus musculus subspecies)

ol 7= 5.4%, 46.6%, 48.0%°10x, &
71 T e 0%, 18.4%, 81.6% F=E e
AcHFig. 1). F ok AFHME A7l

Cell stage Mean D" value + S.D £ ITA(D)E HE7} $Aan $7] [dE
1TAR] $48H Yehde). o 7] Bapld)
Diplotene 0.812 = 0.027 X 4Q4MA7 end-to-end ¥ F |77
Diakiesis 0.812 + 0.061
juz] =13 X
Metaphase | 0.807 = 0.010 A Wl £2 QTA=ITA(U)=1TAPE

2 om e,
*The relative distance from the end of short arm to the
1st end 2nd chiasma (D) representedas D=a/(a+b): a is

the distance between the end of short arm and the 1st
chiasma in 1CH, 2CH, 1CH - 1TA and 1CH - 2TA
type or the end of long arm in 1TA, 2TA, O types. b is
the distance between the 1st and 2nd chiasma in the
2CH category or between the 1st chiasma and the end
of long arm in 1CH, 1CH : 1TA, and 1CH - 2TA

bivalents.

Dt M 7Eel HElR ol

F7 AFH A 1B RAZHAM S A=
H% end-to-end ZF(ITADE 3tz YA,
f2e 3 EGQ2TA) B UR BH(ITA,
(UNE 371z @t =4t ofd A3 g
Ael 2TA. 1TA(UD)Z 1TA, HIESE Hab)
A= 4z} 7.8%. 70.7%. 21.5%°)R02oH,

Ageingel 4&

Table 32 34t ofd AF ] FA A
ageingdl @& chiasmag WE& A7) 9
3l [#(young group)® II+(old group)&
vhro] BA4g ARaA, T oHla #FE Abo]dlA
o] EAAQ {AS HolAE FUHP < 0,
50).

Z71 Told Xob Y g9aA e gk o end-
to—end A% & bivalent types 3tz o},
2= 27] 22¥ univalent typec]l H71%
3Bt (Fig. 2). Ageingel W& F71e] gy
o tht univalents® ¥l%=& Table 391MAH
I3 II2AA 22t <k 6.86(+ 2.48)% 2 6.
14(+ 1.35)%2AM ageingol met ofzte) 24
2 By o), EAAQ] {944 zolg YehiA
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£ ®UTHP < 0.50). 3H Ao Al
Tl AdAA 9] univalentsE ©lF ¥
=(0~1.25%)% A=A,
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Fig. 1. Frequency of morphological alterations of sex
bivalent types in Korean wild mice (Mus musculus
subspecies).

gol M8l 0.06( 0.01) g =5, Frel 7
¥ 37E AYsn d#AY ZAole §ld
Purnell(1973)2] A&} AR At F A
9] F7] TollA #ad AgAae =7 ¥l Wl
TE Hi 6.50( 1.92)% HA=(Table 3)&
Chyi-Chyang £(1971)9] 3A3(6.17 £ 0.
45)9 A Uebt e BALB/cY A$x
7.33(+ 0.65)% HA=9tHTable 3). et
EUNAANM = ol KTt <k 3wyt F7HE 17.60(
+ 0.31)% = Jelg ek (Fig. 3). g9
z7] ¥ WlxE1.25% olsitt,

2gotAlol mE chiasmasl glT

M7 19l BA], ol 2 F7) 19 27t o
A& MA4G chiasmast L%t chiasmasl 4
of wgl BFaelad chiasmadl HIEE &34 of
A AB# 2l BALB/colA vla 3t tH(Table 4).
%A chiasma”t 713 F3stA Holes Al
71e oErIden, =k ok AFHe
chisma W=+ #a 28 1101, BALB/c=
¥ 23.6 AEAT. 2z} @A AFlel 27F I4
A% chiasmael Bd#FE HAPAMe o 1.

Table 3. Numbers of cells scored with resulting chiasma and univalents frequency per age group in Korean wild mice

(Mus musculus subspecies)

Age group Age in Number of Chiasma frequency Frequency (%) of
months cells scored per cell + S.D univalents
1.2 99 27.2 +0.611 5.1( 5)*
19 116 28.3 + 0.500 9.5(11)
Group | 2.6 143 28.0+0416 5.5( 8)
5.0 131 28.1 + 0.458 4.6( 6)
56 104 27.7 + 0.100 9.6(10)
Mean 27.9 + 0.35 6.86 + 2.48(40)
11.0 120 285+ 0.252 7.5(9
12.0 90 284 + 0.503 5.6(5)
Group Il 13.0 109 27.8 + 0.200 7.3( 8)
21.0 49 279+ 0.651 6.1(3)
24.0 120 289+ 0.173 4.2(5)
Mean 28.2 + 0.453** 6.14 + 1.35(30)**
Total Mean 28.1+0476 6.50 = 1.92(70)

*Number of univalents with dissociated X and Y chromosomes.

**P<0.50, when compared with group I by Student's t-test.
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Fig. 2. Spermatocyte at metaphase 1 in Korean wild mice (Mus musculus subspecies). a. A cell with paired X and Y
chromosomes(bivalent type). b. A cell with dissociated X and Y chromosomes (univalents type).

Fregquency (%)

normal(i?ﬁn"éa)i- normal(wild) @7ébndrmal(wild) ‘

Fig. 3. Frequency of spermatocytes with univalents in
normal and abnormal Korean wild mice (Mus musculus
subspecies).
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23 A7le Aoz duwsn glth(Dar-
lington, 1932). 234, Jones(1978) &=
Giemsa~C-banding® & o] &3] 7] [
Hehte 2vs A4S 929st(pseudoter-
minalisation)2 MdYsH e, Kandas
Kato(1980)= H4EY 27134 Ae] ggaE
Ag AdHez A3 = BrdU labelling
technique& ©183le] chiasmays A=A
o Yzl A M EHE Ale]2) X-type exchange
of oaf 471 wa 299t HEs] syt w
ol chiasma® 34 Y92 RE o] Falx @
oL 33w, John¥ King(1985)e et 2
& chiasmart obyn 2ozl 2 giwva
dder 49 £ glgdzn 3w gled whet
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oletn & 4 AUtk = Imai® Moriwaki
(1982)°l oJal ®F" ICH 27ta 39 wlg
7b BALZ oA 01519 £7) 12 =W AR 7
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Table 4. Mean cell chiasma frequency with their standard deviation at diplotene, diakinesis and metaphase I of Korean
wild mice (Mus musculus subspies) and inbred strain (BALB/c)

Cell Mus musculus subspecies BALB/c

e _

stage Chiasma mean Total bivalents Chiasma mean Total bivalents
+SD (cells) observed +SD (cells) observed

Diplotene 28.3 + 0.447 3,360(168) 24.3 + 0.516 120( 6)

Diakinesis 28.1 £ 0.482 3,780(189) 235+ 0.774 180( 9)

Metaphase | 279 + 0.643 3,600(180) 229+ 0.640 300(15)

Mean + S.D 28.1 + 0.598 10,740(537) 23.6 + 0.702 600(30)

g ak oAl AFH (Mus musculus sub-
species)olde] 1CH 27bg a4 ¥lxr} BApy|
o} o] %7l L F7] oA Ael dFsHA {AH
3, 1TA 271849 NME= {23 Afo]
2 YehiAl = #kth(Table 1). £33 1CH 2
7ig A A AAA chiasmadl EED)= &
A7 L F7] TelM He A zbelst §Al vEbst
(Table 3). 281 BAMS 7] [A MHETG
1TA|¢+ ICH 271 AAe] B HlEs 1TAS
5.044, 5.317°12, 1ICH¥ 6.479, 6.4422 A
9] zlo]7} glvke AMY 2 chiasma Wgtsbe] W
dEe £A24, Kanda$ Kato(1980),
Imai®t Moriwaki(1982). John? King
(1985) 59 o8] Al og Lhsir} dof
WA gete #32 AAE Foe & 4+ 9
ot webx] ek A2 AAA chiasmae] T
thalol] ofs) A7 Zlo] ojunt FE LTHE 9
Eold o2 A7l chiasma® AR HC}

#3#H Henderson® Edwards(1968)s
ageing®l #HE ZFrEE A vAHNS
chiasma ¥l=¢| 7+4 ¢ univalent®] F7heta
BEanatd o), a4k ofdl AFY FAHCAME
ageing® chiasma W% AlololX o< A
#YE B 5 d9dth @R BAlo ARk fo
22l ztel & BWYE=d(P < 0.05). [ By 11
oA 2 FrME o R JepRAT, o] F Y]
ok F7] 1. adlz A HelM < I A
olef A} el & <l =pelr} R gkstet. ols}
22 A3+ Henderson¥ Edwards(1968) %
Speed(1977)8] Zze} wl§ L@ Holr}
Jagiello®} Fang(1979)& AFolAM ageingl

u}g} BAl7] chiasma RBlEE zpo]|E Ho|x| ¢
=0z Eandded. ¥ dde Hie oge
o2 A EAbrleAnt xtol & e wheba
BA17lel ] ekzte] BU A= ageingol 2%
dgolaty AZs7= ol AR Atsd,
27F gAA 7 e € univalents H1E X£&
ageingel W& {2 Ao]E Ho|x] gste
o2 ofy 4F 79 ageingd BFEYE ¢
Ao & L AR FUSE AT
b g 2 AdFolA AddAAe univalents
A WA Gggen, F2 X-Y g9
univalents7t EASACt, 12} FH A9
univalent 915 ageingol Wit dutdow
Z71gdn Rasleld 23 Ut (Henderson
and Edwards, 1968: Luthardt et al.,
1973: Jagiello and Fang. 1979: Sugawara
and Mikamo. 1983).

2 AN ZAIE ob4 AFHE X-Y Z7]
¥e WX Chy-Chyang $(1971)¢ d3
BALB/c®t §AFSt #4431 M9 Add

BHQ X-Y 27) ¥l MEE AR 2 2
olg Hojza| gfgkon. %%1 FAe Ase 2
AwrAld wero ohix 2718 17.6%°]9 o
Beechey(1973)= E£4 FAzw AE

(C3H/HeH and 101/H)9 91=& 100% =2 &
asted & AolE B Y ol tEiM e Hr}
ARl A7t aFEHA A, Beechey
(1973) = &9l A% 4% 34 FAV 25
ittt BmEd e Matsuda E(1983)
BEYe Ah FAY Hahel d#gdel glvin
st ot ZAkE ok MFH e EUMAAA FFH

= 9
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Aol FAYW i tha AvE AAE B
o] 39t
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John and King, 1985). &-34F okl A= e}
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hamster ZFEAEANN AHEAZE xEHo=2
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body technique(BAT)E& ol &3l ¥

A

gl R U

g e wk A2 HAZ chiasmag e
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e FAe] WHE TIdE 43 chiasma Wl
24 At BA 9 olE7] 2 F7] 1
ANA A okl % AH 2 chiasma WEE
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719 F71 lAM = 72 2813 27.924
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22.9(= 0.640)2 Jeld(Table 4). Polani
(1972)¢] CELP & A#< AFH(22.58
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BALB/calA(22.5 £ 1.7 = FAskd T
Chiasma Y%= & FAlau AZEEAle|}
£ o7t gle Aoz Jvehgenr(22.9-24.
1), ZAME &F4F ok AFHY ASE olER
tooa 22 NEEEE ¢ 5 g aeln
o9} chiasma B1%= Alolel #AE 2
o] Zol9} 2719449l chiasma W%
Aol ols] Al Aape Mz 73
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22.5), ¥ dFMd= chiasma W=7l 397
of Ax A9 4T FFelU. 1CH 271 A
Aol Wxe M= ofd AFH 9 BALB/c A
ofefl &l Z zbolE Holedl, FTAF oh MFH
= 4 33%%91 BALB/c= &F 50% 24 oA
HHAAM AA chiasmag) ¥l=7F thd @A U
elytti(Table 1). Imai®t Moriwaki(1982)
o] 43= BALB/clM AAl chiasmad] W=
7b 63.7T%2 T chiasma ®th AA
chiasma’zlt 82 A vepgA| g g4k of A
AFA N ol ARrEA MA chiasmakth
2t chiasma W1=7F 84 & A3 E E9=
. o183 52 Ao el Ee Rz
A7t g o]zt
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Analysis of Chiasma, Meiotic Univlaents and X-Y Dissociation in Korean Wild Mice
(Mus musculus subspecies)
Yung-Hyun Choi, Yong-Won Kwon and Won-Ho Lee (Department of Biology, Pusan National
University, Pusan 609-735, Korea)

Meiotic chromosomal behaviours of Korean wild mice (Mus muscuius subspecies) were
investigated by using an air-drying method. The analysis of meiotic bivalents revealed that no
evidence was obtained in support of chiasma terminalization, which implied that a terminal
association (TA) specifically formed in the end of the chromosome arm. Morphological alterations
of sex chromosomes were observed in male wild mice; X-Y chromosomes were associated end-to-
end in early diplotene, and hence presumably pachytene, but that TA then dissociated during late
diplotene and diakinesis. Male wild mice showed a slight but non significant rise in chiasma
frequency, and there was no significant increase in meiotic univalent frequency with aging. The
frequency of X-Y dissociation was 6.33% in fertile wild mice but 17.6% in sterile. It was also
observed that there was the reduction of testis weight in sterile mouse. The mean chiasma
frequency (CF) of male wild mice was slightly higher than that of BALB/c, but did not show a
tendency for the CF value to decrease through diakinesis and metaphase I. The TA frequency in
Korean wild mice was remarkably higher than interstitial chiasma frequency.



