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Table 1-1. Details of the animals used and culture conditions
in five different experiments
Exp. No. of Basic Serum in Incubation
number animals medium medium(%) temperature
I 3 (24~30)" RPMI-1640 (GIBCO) 12 37°C
Ham's F10 (GIBCO)
NCTC-109 (DIFCO)
NCTC-199 (DIFCO)
MaCoy's 5a (GIBCO)
11 3 (24~26) RPMI-1640 (GIBCO) 0~40 37°€C
111 3 (24~29) RPMI-1640 (GIBCO) 15 A7°C; 39°C
NCTC-109 (DIFCO)
IV 26 (6~54) RPMI-1640 (GIBCO) 15 37°C
NCTC-109 (DIFCO)
v 2 (26,54) RPMI-1640 (GIBCO) 15 A7°C

1) The figures in parentheses indicate the range of age in month.
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technique.
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Fig. 1-3. Change of mitotic index and percentage of cells in

the first, second and subsequent divisions of bovine
lymphocytes cultured for different times in five
synthetic media.

a:Ham's F10 medium; b:MaCoy's 5a medium;
c:RPMI-1640 medium; d:NCTC-109 medium;

e:NCTC-199 medium.
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Table 1-2. Percentage of cells reaching second and subsequent
divisions in bovine lymphocytes cultured during 45 and
66 hours in media containing different concentration

of serum

Serum 2nd and sub. division metaphases Mitotic index
in medium at different harvesting times (%)'’ in 45 h

(%) 45 h 66 h cultures(%)

0 21 69 (25) 2.6

5 27 83 (33) 3.9

10 26 80 (36) 4.6

15 31 82 (32) 4.4

20 29 84 (31) 4.3

25 25 78 (26) 3.3

30 21 72 (23) 3.1

35 20 70 (20) 2.4

10 16 64 (21) 2.1

1) Figures in parentheses indicate the percentage of cells
in the 3rd or later division.
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Table 1-3. Percentage of second and subsequent division cells in
bovine lymphocytes incubated at 37 and 39°C

Culture Incubation 2nd and sub. division metaphases Mitotic index
medium temperature at different harvesting times(%)'’ in 45 or 48 h
45 or 48 h 66 or 72 h cultures(%)
NCTC-109 BT C 16 69 (21) 4.0
39°C 29 80 (32) 3.7
RPMI-1640 37°C 32 83 (36) 3.9
39°C 41 88 (42) 4.2

1) Figures in parentheses indicate the percentage of cells in the 3rd
or later division.
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Table 1-4. Percentage of cells in the first, second and subsequent divisions
of bovine lymphocytes cultured in RPMI-1640 medium

Animals  Sex'’ Age Divisions at different harvesting times (%) Mitotic
(Months) 410 h 48 h 72 h index?’
Ist 2nd Ist 2nd Ist 2nd Sub.?! (%)
1 M 27 92 8 A7 93 9 29 62 3.0
2 F 6 89 11 62 38 6 36 58 4.2
3 F 19 91 9 60 40 9 36 55 2.1
4 M 25 95 5 61 39 8 38 54 3.6
5 F 20 94 6 64 36 4 46 50 3.8
6 M 26 89 11 5T 413 10 19 11 1.8
T F 54 92 8 59 11 11 48 11 B2
8 M 26 94 O 52 18 25 11 35 A7,
9 F 2, 93 ¥ 66 34 22 44 33 2.9
10 F 24 91 9 75 25 14 50 36 3.6
11 F 6 95 5 70 30 16 53 31 4.5
12 M 25 87 13 74 26 12 56 31 3.1
13 M 26 96 4 81 19 21 B2 27 23
14 M 28 93 s 79 21 19 57 24 3.4
15 F 26 90 10 82 18 12 T2 16 1.3
Mecan 92 8 66 34 13 47 40 3.6

1) M:Male, F:Female.
2) Figures indicate the percentage of cells in the 3rd or later divisions.
3) Figures indicate mitotic index in 40 h cultures.



Table 1-5. Percentage of cells in the first, sccond and subscquent divisions
of bovine lymphocytes cultured in NCTC-109 medium

Animals  Sex'’ Age Divisions at different harvesting times (%) Mitotic
(Months) 40 h 418 h 72 h index?’
Ist 2nd Ist 2nd Ist 2nd Sub.?® (%)
1 F 21 100 0 82 18 13 36 21 3.0
2 F 32 97 3 74 26 44 40 16 4.2
5 M 44 100 0 86 14 31 16 23 2.1
4 M 28 100 0 85 15 34 47 19 3.6
5 F 23 100 0 84 16 31 45 24 3.8
6 M 15 100 0 81 19 36 14 20 1.8
% F 26 100 0 78 22 39 39 22 5.2
8 M 29 98 2 76 24 416 36 18 3.7
9 F 31 100 0 83 17 36 38 26 2.9
10 F 14 96 1 81 19 11 40 19 3.8
11 F A7 95 5 83 17 A4 35 21 3.9
Mean 99 1 81 19 39 11 21 3.6

1) M:Male, F:Female.
2) Figures indicate the percentage of cells in the 3rd or later divisions.
3) Figures indicate mitotic index in 40 h cultures.



) o CHUIZ. K A BROGREM. FFC) R PHAIRKIRLTSH
CEET 2 CORBOMIRIC L > TRLBHEFEZ LN TWS (Crossen
& Morgan, 1979; Morimoto & Wolff, 1980) .

(%% V)

Bikic, ER IV W THENLHREELZR L2 EE (R1-4DN0
7,8) O#&FMAZRPMI — 164 0Tl 7 SHEfREFEL, 2 4w HLL
B 3 BRI la & L L CoREiE 2 PE L, SERRGRE 1 M H L 2(0]
HOSHEZEHOE - 7134 5BMEL 66 ~6 9RRIBICR L, ER] DY
AL BIIRBEOERB LN, HERBEROMEOSREEKIIXK1-4DL

(%)
100

.
=1 g g4 1 | I |

T 36 48 60 72

Hours after incubation

Fig. 1-4. Distribution of first, second and subsequent
division cells in PHA-stimulated bovine
lymphocyte cultures.

(#=— :First division; »--+:Second division;
+—e« :Third or later division).



BT, $HE3IRME L TIZ9 0 XL Lo Miias % 1 0] o4 HiiieTH -
2o EDBEIZASFEMBETT 6%. 4 8RB ICIZS 6 %I L7, $2
Bl B R %~ Hlg I MG 3 3RM B2 SBES . 54 ~5 7R
HIC64~66%tE—-7ITELK BRRACKAL. 7T2RKMBICIZ3 8%
TH-re, 1o, BE3EBLERNSRMIEIZ4 SEFRIE L VBESH, 208
A5 TRMBEDBEZE ML, 7 288 BICIZ5 2% TH- 12,

2. BRGH B L UBRREHRED . ODREEF MO RE

BIE. 7UKRMY v BREEHERIC L A RGaERITICIE. B FEWEY) vo5ko
IEREHFZNDEEHAIN TS, LrL, 72 LE FOKIY) Bk %
BRI ED DN . DEERDOE— 257 L THSEWEHICBEEATW S
o 720 KM A BROGRWEIL, HEEROFR. MFOTMEE MR
B U ERFHICI->TLRL - T b, I LS b, TUXKMY ¥ 8
RIS L 2Rk aricswTl, £ oRlBEMNIC & - THERERK
ERETHILENHD, £ T, LREOHXBRERE L LICBRGTS LU
REREZHEIC LLERBERED OO Rl HEF IS W ThaT L 72,
WBEDOBRGHDOBAE., —EIZEEOFGRPMMEIBONL EVFRHETDH
N, COEDITIITRIBE Y T & e DREICHE R EZ R T 3 24E Y H 5, 7
POBRIGHDIZHDKY o EROIEFEE LTI, RPMI—-164 0%k
PRAIEREYE L. FTHICERIE Lot BIBEELCmEE2 10~ 15%m
2T, 3T CTA5KEHH\\ 16 6MIERTINELEFZL LN 5,
NCTC109#ZHWTH, MWARIEHKEITFLN L0, COBEICITIHETE
BRI % 4 SHEMIL L <127 2REMIICER T D LENH 5,



A > BRIEEEIC L SREEIWE. BEOBRSHOLHIET T L
. SEFCEENEMP, S HICERRICHT 2E2NTGERBORGEHIKES
AETEHACLHVLNTWS, L L, THLDORRICEWT, HRIE
DB EFREHA7:HITIE, HEEMMGEE 10 HO SR 98k 224K 125
FrL TSN S 5, IRERRBERREE &IN5 bR RE ko R
"derived chromosome aberration’ (3. # 2B HOSRMIRTIHIHALTLE
IRDICHERT A EHTE % (Evans, 1970) . HE. 72 DKM » 3
BROEHIC L AEARREARIT, & PR - BROBE L FIRRIC 4 8 Bef) %
&> TiTbNL TWwb 5 (Léonard et al., 1974, 1976; Hanada & Muramatsu
, 1981) . RPMI1—164 08 THEH L7 4 Sl HOMKERI I35 2 [0
BOSRT WY 3 0 U ELEEN T ADT, § 1 [E HOMKEZ 1T % B
THLE L) RIS 2R T T HLED 5, HEERRIEZRPMI — 1
64 0BNDBAT3I8~4 08, NCTC 10 9HNHAITIT A 5 RefiFi
DY EFEZ b,



B2H  G—v NI & 2BHERRIOER

7 DREEEII6 04 L B FREMIT N TRBERNLEATH
DT, WEDF LAPRETII@ 2 DR AL BRI 252 & I3EET
b, RAESZ ERECHER CHEDTHLHITIT, BT EERRZ BE
LTESCENERN DD, £ THRETIE, ROERBZLG— v Fikic k
5 ERERRIDIER 2 A 72,

HEE U

1. RBEEARNER

SEHNRFE BENEOUETA4 L 1) 157o 881 % Gk Fi% (Hanada et al
., 1981) T4 5SHef3EFE Lok, ZREREIC L > THRAZERLA, G-
XY ROHTROEAICOWTIE, BT 3RERIANIC R PE L UHi PR
a2 R EDILDICBbF o720 (5 g,/ m) 2fF-7
(Ikeuchi & Sasaki, 1979) .

2. G—/3r Fijufaik

Qtafk G -3 Fgefald, Seabright (1971) o b)) 7 8k (GB
GH) KE-TiTo7, BRTEAMREL WL RAKEAZ20.025
% b )Ty Gk (REsEE) P T30~1 2 0FMNH, Kikik. 70%x
g/ =ML, BA%ICEARZRNEL, V) Rk (Yo pH
7.0) T2 OfSIZHMLXFLHHTS ~ 1 0 Rt LIBEEREAL L
s



3. G—7%r FERIC L 2HHEBR L L U4 77 7 7 LDERK

P dB 6 0AT, LetfdhHo3 I L Tu 25 WPIHOBIRE B,
CNHEHMMEER (1,50 01%) IS Loth, oYy — 2% & iciffatk
RRA L. BRI ER L7, CoOBA. G-/ FIC X A aikEE ok
it ER2ETHEIA T 25884 (Ford et al., 1980) (2t~ TiT-
(it

ATHAT 7 LOERIZH T2 - T, B RAEEDTIFE  Chromosome
landmark’ & 7 25BN/ < FE D LICatkd v { A 0K ' Region’
WAELIz, XY FRXLAYTREINEG T FAD/ S F &) ThweA, T
2Dy FIZES L. I3 RD/5y FIZOWTIIREORREIC & - T 2 fHIC
ST ORL, RalblNFIR, #isE S5 LUy FOESIORIE. E D
PtatknEERE (1SCN, 1981) ([CHERL TiIT-72, BlG, Xyfalk
EYRaEOmIcOWTE, % p, Rz q & LTRLE, @SS &
URERIC BT 530 FoFS (L. 8D 62 EBOARE ARl @s -
THEIAT L2, BrOaEICHEIT 50 FERIZ, Chb6DFSOMARD
RIS - THT» 72, BREICROEVE 1 fICR o g1 FHN < F 2
RUF(11), $82FB/ s FEAVF (12) ELTRLE, b,
REE %> T B30 Fld, BOKKHmO@EN /s> F e LTHRmLL, &
kDK EORMEIL. Bk 3 BT oDAF 9l AR PR HF kD
BAIZOWTITH 72,



Rk L HE

1. 7 DRBEDIEFRI

1-5LM1-6(3. BENMOZN TN ARPMBEEFBRTHL, &
DIy, 3—oys5% (Bos taurus ) aafliDFHlsDGAEEIL 6 04
T. 2 9xtn%idfatk (Autosome) & 1 xtEyefafk (Sex chromosome) THE
RENTWE, TOBRNL. H#H*20=60,XY, HF2n=60,XXTh
%, ifafkid. —fgicEl (p) ERBE (q) ORELE-T W1-THL
SRS A EN B (Levan et al., 1964). 7 v DHRMAEFIL TN
THEE KBk (Telocentric chromosome) T#H 1) . 2 DRtakz ik
2t REET 5 S LIZEETH -, — . Xipfatke Y Rfafkiz £ LTk

Chromosome type Arm ratio(q/p)

Metacentric  (FEFRE) 1.0 ~ 1.7

Subtelocentric (ikigEpE KA 3.0~ T.0

Telocentric (HmEhE R EY) 7.0 ~

Submetacentric (kePEEEREY) 1.7 ~ 3.0 H

Fig. 1-7. Morphological classification of the mitotic chromosome
based on the centromeric position (from Levan et al., 1964).



Fig. 1-5. Metaphase of the normal cattle (Bos taurus L.).
Bold arrow and light arrow show the X and the Y
chromosomes, respectively. a:male: b:female.
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*%%%@(&MEmwMﬂcmmmmm)t¢@m¢%§%ﬁ%é¢(mm—
centric chromosome) T ), ZNHIXEBICRMT 2 L Ta, £1-6
usﬁ%ﬁﬁﬂﬁkﬁﬁmﬁﬂﬁﬁéfééﬁ.X%Eﬁﬁ#m@¢m$1¢
bk, YREEIIE2 6 Rtk ZIFLAESTHo7,

Table 1-6. The relative length of each chromosome pair obtained
from G-banded karyotype in Japanese Black Cattle

Chromo. Mean Chromo. Mean Chromo. Mean
No. No. No. (Arm ratio)
1 5.74 11 3.79 21 2.0
2 5,23 12 3.66 22 2.69
3 4.78 13 3.43 23 2.63
4 4.59 14 3.39 24 2.61
5 4.38 15 3.20 25 2.50
6 4.41 16 3.22 26 2.38
vt 4,40 17 2.95 27 2.15
8 413 18 2.96 28 2.04
9 4,17 19 2.94 29 1.86
10 4.08 20 2:97 X 5.62(1.73)
Y 2.38(1.31)

1)The relative length in per cent of the total autosome length
of the haploid set.
2)Arm ratio = q / p.

2. G=r3Y FRIZL D7 DEEHERR
B1-8i3, G-~ FEICE> T L BBROBRTH S, COHE

*M(313ﬂykm)uﬁﬁ&@am%ﬁﬁ@ﬁmﬂf—yu&mtﬁnf
%—-;7'.:0
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HIRW SV FH24 (31, 33), 2D EICRIRRM S
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Fig. 1-8. G-banded karyotype of the normal bull.
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8= b CRIGREES, FEARIR 7 O S R Rt fh A B R A T RA L7t
EHRERTH D, 72 TiE, 196 4EICRY = —F v KERS(Swedish Red
and White)iZBEWT1 /2 QEMEARR L TLIK (Gustavsson & Rockborn
, 1964) . TNETE] THBO /S b — Y YRRESFREINLTWS (%2
-1) o COERBEEZ—RICA Y TLRAREICE > TRIFT A EPMLATEH
N, 1.2 93 HRNK4 0 @M TRESN T2, ChbDdITE, 1
/2 OEEEE A L Tty 28k L AT ISR L2z, 7
74 vaih7A4 M (British Yhite) &L ) ICEEERAMEOHELT 8.
BB LTWIHLW|EINT WS (Eldridge, 1975) . MY EKDMA
BUOHEENFEEZR S L. ChETEHENL] /2 9IBEZWTAY
EBREBICOABREEZ FO—HREEEDOEETH 5 EXFHLMCENTWS
(Popescu, 1973a; Gustavsson et al., 1976) . ZOfticii2 5 72 7 M
&12/1 5 mEY—#REEDEE T (De Giovanni et al., 1979; Roldan
et al., 1984) . RV B IXTZHEABHDEETH 5 L/ RESIN TS
o HIEIE, BBICHRTRICEELE (. RIZOICKE LLCEEEFZZ LN
Twwb (Niebuhr, 1972; Evans et al., 1973) . 1./ 2 9xEEDBAE. ME
AL ORI R A BED S AKR L L 6 R T Fl—HEICES - 78
D Sc -7 bnEEZ L Twb (Harvey, 1972; Popescu, 1975a;
Eldridge & Balakrishnan, 1977) ., &A@ T2, BREMMZHENWT1 29
VEEEE T /2 1§D 2 MO0/ s— b Y o RIRESTELE SN T 50 (HHH



6. 1978, 1980; feH . 1979; #E S, 1980; MA&S, 1981) . S b Dk
R AEDGHRRLCEBICOWVTIZBHLICE N Ty,

AETIE, BHIS, G—2SY Faic s> TRENETRES N 2880
a/8— kY YRR GE 2 RAT, KIS, EHERAEEDMATIORIEER
FEUCOWTHHIT L. £OFRE BERNEORLERE TRHES L2 HEBIIC
WTOEEEZ D EIS, 12 98EE T,/ 2 1 EEDRIRIIERCEE % HEE
L7z, tkic. NBOBENEOERE, EMIENZ XU MR (ZFRIRE %
L. RERGHEEOFHRRICOVWTHEL .



Table 2-1. Robertsonian translocations identified by banding methods

Chromosomes Banding Breed Geographical References

involved performed’’ area
1/29 G,R,Q Different breeds Many countries Many authors
1/25 G Piebald fest Germany Stranzinger & Forster(1976)
2/4 G Holstein-Friesian Great Britain Pollock & Bowman(1974)
3/4 R Limousine France Popescu(1977b)
4/8 i Chianina Italy De Giovanni et al. (1988)
5-6/15-16 G Dexter Great Britain Eldridge(1974)
5/18 R.Q Simmental Hungary Papp & Kovacs(1980)
5/21(7/21) G Japanese Black Japan Masuda et al.(1978)
9/23 G,R Aquitaine Blond France Cribiu et al. (1989)
12/15 G Holstein-Friesian Argentina Roldan et al. (1984)
13/21 G Swiss Simmental Great Britain Harvey & Logue(1975)
14/20 G Simmental Great Britain Logue & Harvey(1978)
14/24 R Podolian Italy Di Berardino et al. (1979)
14/28 G Holstein USA Ellsworth et al. (1979)
21/27 G,R Aquitaine Blond France Berland et al. (1988)
25/27 R Alpine Grey Italy De Giovanni et al. (1979)
27/29 G Guernsey Canada Bongso & Basrur(1976)




B1E  EERBEORE & £ 0

NIRORENEOMIBREENRAEICE VT, 05— b Y o REROTFES
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2120 720 C—=73 KA %47 - T RIS ko BA S0 0 T RS IR BL
ERALPICT HE & BIT, MR AERFBRENFBORMICHESA 1 28 (EH
RERICOWTEELL, FRFC, RBFLBENE. BAEMM, tLz 4
Y EOMBSE R F R BERER IO W THE L1,

e L UHE

1, R4

AFRICHOCZBENMEIZ. NIBAO—RRE TRES T o7 EW S
394 TH -7, Ris4 (Mishima Cattle) (2. BEHIS 4 SFDFEREC LD
WTRREWE L TRESN T2 8 TH ~72, HAEMH (Japanese
Shorthorn) 3. RMKEARILRFERRS S JUEFRATRES N TV
1 2 68, #EHM (Japanese Brown) (IREARILEGERRE TRES LT WL
Milk41 3PEZ &6 THH, HNWAFA # (Holstein) (ZREHIKEH &K
B, SBEORKECRESNTWL1I56HTH 7,

2, G—73v Foatic & 2 taEalb E

Qefafkon|ER L. Seabright (1971) D N7 BT L 5 G — /3 Fik
L EoTi-7:, RaknEEENSBE LUK, KEOEEERICHT



HEMBR2BTHOGERAIHEL TIT-7: (Ford et al., 1980) . fEtkoiER
2. FRIELT2 0~3 OBD@REEICHEL Tw 23 Rh OIS 45t LT
Rfi Lfl-:o

3. C—737 Fathil & ko m Ao B %
SMDLHDOREEARIT, T /2 1EEL LI /29682 HRELT
Wie BERERGSEFORE T, LB ERRDEEZ AT 5 LML E N
KN1288E 0B,

S102 (7/21&6E~T ofif#td) M4, 3
S120 (7/2 1&¥E~T oflidftd) OR4. 3
S104 (7/2 1&/FEKEMUEY) ORY, 358
S132 (1/2 9&EE~T ofilY) OMF. 358

WBEtE~T v 70252 (C—7xr F) ORfaid, Sumer (1972) B SG
BICE-> T2, BHEICL-> TERLLRAEEAZ, 0.2 NOERIC ]
BRI L 7ok, KRG TEE. 50 CHS %KL/ 7 LKIE#RT1 0~
1 5 sas 72, MU, ERKTHRIER, 6 0 Ciimal72z2x8SC
(0.3ME{LF FYPA+0.03M2Z V) ) 74) OFT 1 E§RLEE
. DK TTIRIER. 1 BRREX AV Y@L ITL, BRSIERAL L, b, B
Petatko @A BIOBREL. WTHOMEDBHEICL C—/3» FUBEE L1:H
BOEARIZHOWTIT- T,
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%2 Gustavsson & Rockborn (1964) IS K-> TRESINLEE L FRN LD
T, 3—ay RO PLICHRHCHHLTHE1 /2905 —-Fy
REETH-72 (K2-4) . %&EIZ. HHES (1978) 5 /2 1L LT
HERAED 1 KRCEBWTRWHLL LD ERI—DERETH -2, D5/ 2
18 L L CRe SN, ER2RTOGEMAICHE) &, BTER2
1 R OMAICE 2T /2 1 BETHLZ ENFHLNIC -7 (K2-5)
o BEIZHE LLMEEBoOPICIE. 1/ 29BEH50IET /2 1 BEZ~T
ZRAT AR, ~T TR EIMELZRAT LMK, 72 1 EEZ K
TIRATAMEEZA TV (K2-6) . CALIWTRLERBREPL
e BNTE LT,

—%. RBFRBENE., BAEAE. KTV 94 AFTE. 12 9%E
BEUT /2 1 EERIIZD b o7 (R2-2) .
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Fig. 2-1. Karyotype of cattle heterozygous for the 1/29
translocation.
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Fig. 2-2. Karyotype of cattle heterozygous for the T7/21
translocation.
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Fig. 2-3. Karyotype of cattle homozygous for the T/21
translocation.



Fig. 2-4. (G-banded metaphase of a cell carrying the 1/29
translocation(arrow) and the fused chromosomes
from three different carriers A, B and C.
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Fig. 2-5. G-banded metaphase of a cell carrying the 7/21
translocation(arrow) and the fused chromosomes
from three different carriers D, E and F.



—— Y
>y T e i o J‘o 'Dﬁ\
“ ‘s & ? ). % l\g“'\
i"\‘ 9 (\:“ ba.‘____‘;
‘o2 Y e, e, S
AL 2 AL N *
Y el © g
< 04’ .\ N ©
2 ™
9 e
: / 3.-“ -V .
\" ~¢ % '9’....‘V <&
vV I‘O‘V . L .n“ 2
= 2 L2 T —2y A [
oS = / 2%, ¢
‘.‘U . ﬁ'ﬁ (_. ’ I ""6.0
A " .““\.n /‘j \' v 2 -
< \ ”'r'i = 0 o . 0
ﬁ*‘ﬁ >
,
c d
Fig. 2-6. Metaphases of cells from four different carriers.

Bold arrow and light arrow show the 1/29 and the
7/21 translocation chromosomes, respectively.

a: 2n=59, XX, t(1q 29q); b: 2n=59, XX, t(7q 21q);
c: 2n=58, XX, t(7q 21q) t(7q 21q);

d: 2n=58, XX, t(1q 29q) t(7q 21q).



Table 2-2. Frequency of Robertsonian translocations in cattle
breeds raised in Japan

Breed No. of No. of carriers’
animals 1/29 7/21
Japanese Black 394 10 (2.5) 43 (10.9)
Japanese Brown 67 0 0
Japanese Shorthorn 126 0 0
Mishima Cattle 28 0 0
Holstein 156 0 0

1) Figures in parentheses indicate the percentage of the carriers.
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1/ 298BEET /2 1552 RAT 2MEDC —73> FAHOERIE. £
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Fig. 2-7. C-banding pattern in the mitotic chromosomes of
the normal bull.



Fig. 2-8. Metaphase of C-band treated cell carrying the 1/29
translocation. Arrow shows the translocation chromosome.
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Fig. 2-9. Metaphase of C-band treated cell carrying the 7/21
translocation. Arrow shows the translocation chromosome.
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Fig. 2-10. C-band patterns of the fused chromosomes from four
different carriers. Arrow shows the translocation
chromosome. a,b: 2n=59, XX, t(1g 29q); c,d: 2n=59,
XX, t(Tq 21q). -



Table 2-3. C-band pattern in different Robertsonian translocations in cattle

Chromosomes Breed C-band References
involved pattern
1/29 Many breeds Monocentric Many authors
3/4 Limousine Dicentric Popescu(1977b)
4/8 Chianina Dicentric De Giovanni et al. (1988)
5-6/15-16 Dexter Dicentric Eldridge(1974)
5/18 Simmental Dicentric Papp & Kovacs(1980) Jﬁ
7/21 Japanese Black Dicentric Hanada et al. (1981) Lo
9/23 Aquitaine Blond Dicentric Cribu et al. (1989) |
12/15 Holstein Monocentric Roldan et al. (1984)
13/21 Swiss Simmental Dicentric Harvey & Logue(1975)
14/20 Swiss Simmental Dicentric Logue & Harvey(1978)
14/24 Podolian Dicentric Di Berardino et al. (1979)
14/28 Holstein Dicentric Ellsworth et al. (1979)
21/27 Aquitaine Blond Dicentric Berland et al.(1988)
25/27 Alpine Grey Monocentric De Giovanni et al. (1979)
27/29 Guernsey Dicentric Bongso & Basrur(1976)




rolais) . A7z -7 ryHRAKF. 777> X4 ZF (Brown Swiss) ¥ D
-y RONEE, BT 7)) ARBTHEESN TS 7148 (Nguni)
RV FiRoof (Red Bororo) O 4 » FROGETLFAXLNTWEH, W
THNOWMBED 1 /2 EEREERLE 2 9 RAKNOFNFEEI KDL TE 1§
BEOHFEEICHME L. WD L —#F AN TH L LN LM E
LT\ % (Popescu, 1973a; Gustavsson et al., 1976; Blazak & Eldridge,
1977; Potter et al., 1979; Moraes et al., 1980; Nel et al., 1985;
Pathiraja et al., 1985) . REFNEICH T2 1,/ 2 SEEOMABIIOKHE
FHRFEIE. CHLDONERICOWTOgHTREREZ{E—Th-72, —8F
EHEOEREE LTI, 1/2 98ELISNC25 /2 TEREE 12 /1 5EHE)
HBESINTEN, 25 /2 THEEDGHICIE, BREIRBESTHLE2 5§
ki 2SN T35 (De Giovanni et al., 1979; Roldan et al., 1984
) o =, 3/4KHE, 1372 18ELER)D] 2HERIR, $XTZ#R
e/ = b SRIEETH L, CHLEDEENE I3, BB BN A
WHIHD RSB TRESINTE ). 1./ 29RENHALES>TIRoN
BMICBWTHEINTWS, T/2 1EHELINITHE S BRENELSD
mtd CIIERE SN Thi

7Tk, S HO—#REN E Z#IREEDORELSMNI S A 27— F
(Simmental) ICHWT, BHE L NV BAIKELC—/32 F3F =V Z2RT—H)
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AR e W ¥ ZDFMIC OV T L2IZ I N Thicn,
Chibnuss— by CRIERER. HEREO—MTH). T RERED
Ul & ADFERELILDTH 5, COHAE. Uil 2 AN IEHIE 7 fefatk
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TE
(Type 1) : 424D MREZLREEDTIZENWTY
RBHORMM TR E 5, £ORR, EERAEG #HFEED
efatkl 75,

(Type II) :9id—hoRakORKIBIC. ) —HOYt
ETIIRBRBORAICEEZ 5, - T, EELROET—SEE
ok E KT 5,

(Type III) : 9T 2 ADIEME Z QoA 0BG A5 TEE
b, FO&ER, EERAET-FREEORMEKE LS, BL,
#E ki@ EO—HREEFEORBEIGA L NI KE L D,

b b7 RUCH T SR IZFROFIRIC &L 5 &, —ShRANE & S5
DEHETIE. BB ) PEREL D DHVRHRICER SN LE LICEETH
bt#EZ b0 Twb (Niebuhr, 1972; Evans et al., 1973) . 7D os3—
by URGREER, BB LIS /2 QEREEL X D) 3FERE IRV T T )
REHDNERETH ). 2N HEBWTAIHEDMBTR AN TS, THICH
LT, 1./2 9BERAMRHER? S LW LD L) C—8RAEMEDERETH
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Type Chromosomes Translocation C-band Case in
involved chromosomes pattern cattle
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H t(7q 21q)
e u t(lg 29q)
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Fig. 2-11. C-band variations in Robertsonian translocations in cattle.

(4:Break point)



) o LY, I—n oy REA Y FROMEDHETEDHFEFBRES N T
b0 COBEEDFHKRRLC — Y FR8 =06 RT. 1/2 9EEDRE
FFEFCH, F—HECRI > LONHRDWL WAL @B -2 &
#£2Z2 b T3 (Harvey, 1972; Popescu, 1975a; Eldridge & Balakrishnan,
1977; Gustavsson, 1979) . 1./ 2 Q¥EEEDFHDREET. S DEREHIEW
KELDGETRESN TWAICL2 b 6T, FA VREETHROR RN
IHAETH LRV 4 AHP, ARBTLS XY XRED~V 7+ — FH (
Hereford) . 7/3—7'4 —> 7 /X% (Aberdeen Angus) . ¥ a— bik—>
f (Shorthorn) TRIZLAERDLN TV LW LTHS (£2-4, £2-
5) o 1/2 9QEEHENRHRIIHARE T WA, £DFHKFCEAE % RA L T
mMEDOBRNERLEP LR T, 3—o v/ SKERENFLIARBMTIIZ W
EEZ b TWwb (Harvey, 1972; Pollock, 1974; Gustavsson, 1979) ,
DEIZDWTIE, SHLICRHAPLETH S5, ChETOREREIrLAL L
1,2 QEEDREIRICIZT 77 Y AL R[S v A 27 —NRDESC S L
TW DT W eEZIbND, CHHLDRBIIHRIFEMIEL, 1860
~T7 0OFERICIIBEICEEIBKGIN. 12 9BEDOFEIRESNTHLH Y
v FXF » 78 (Red Steppe) 7% & ¥ % { DAl ZHE S LT % (Nosach &
Avakova, 1985) , 72, 777 24 ZAMTIZIRERD XL 2% 9DT £ V)
HARAZNTHEDER, > A28 —NEDBHEL AL ZARATT. FA Y
ZENHRNEHENER T /2 9EENFRESNTEN . CALD@BIZIE
1/ 2 QEES D ) HEWRI» LHFEL T bNEFZ LN 5 (X2-4
)

BEMMIT, RABTH-CAKRFZIEBEC L THRIL L wbiTH L0 £
DWEEFRICHE W TRARAA L L TERELRAECOWTHED Om E# X -



TWL HICHERE DOREEITONTERYH D, 190 0FELE, Eiv
YAVE =N, TR A, =T -+ —f (Airshire) L ¥ #8A
L. BETLPEME % POICBIRIBST K f (Devon) . [KBIRA 3 —
Ph—HZ2HAL T3, o, KREREBRIBTIE, #EL &L ICHWILYE
COWTHLHBE2EDTWLTDIZ, AL ART AN APLT I X4 A
PHMALTWD, CHOEDREDHRT, AT —NEET A ) ADT 57
YAAZRIEY /29 BEZRAL TWAZ EXHLMIINT WS (Herzog

& Hohn, 1971; Harvey, 1976; Popescu et al., 1975; Eldridge & Blazak,
1975; Tschudi et al., 1977) . —4. SFEEE ORMEIITON T 7 WK
T, MR HFOREZEFL T2 L 5N 5 864 (IBRIS 4 FORE
BES TOLMMTES, HASEH, 2 45H) OFETIE. 1.2 9RETEZHH
N7 (fEH - EH, 1979) . SD &) LZBEIH, BENETRESL
721,/ 2 QORI SERROBN THRAINTLT 7V AL XM, ¥ A%
—NVAR7 E ONERIC L 5> TREREORFICFHAINATREMELIHVW LD
tEzZ60 5,

—H. T/2 1 GERINZITOECAHEBMTIIRESINTE LT, F
EHOWNMAFTH 2 ABEFCHENE. BAEABCE W TLBRESINL» T
o SHHDZEDL, T/ 2 1 EEIZBENMICE THARRENICEL R
BTIdewWhrt#EING, 7o, C—s2 F39—U26RT, 7T/21%K
BORERMIZ] /2 9BENHEL N EHLbDEFZ LN,



Table 2-4.

Distribution of the 1/29 translocation according to
geographical area and cattle breed.

Great Britain

Hungary

Italy

Ivory Coast

Japan

Charolais

Gascony

Limousin
Montbeliard

Vosges

British White
Charolais

Limousin

Red Poll

Simmental

Hungarian Grey
Hungarian Simmental
Swedish Red and White
Chianina

Marche
Modica
Pisa

Portuguese
Romagna

Swiss Brown
Baoulé

Zebu x N'Dama
Japanese Black

Geographical area Breed Reference
Australia Red Poll Halnan et al. (1980)
Austria Austrian Simmental Mayr & Schleger(1978)
Brazil Charolais Moraes(1978)
Pitangueiras Pinheiro et al. (1981)
Canada Charolais Hare(1978)
Guernsey Bongso & Basrur(1976)
Simmental Lin et al. (1977)
Chad Kuri Quéinnec et al. (1974)
Cuba Holstein-Friesian Betancourt et al. (1974)
x Criollo
Santa Gertrudis Betancourt (1982)
Czechoslovakia Czechoslovakian Red Pied Lojda(1974)
Denmark Aquitaine Blond Hansen K.M. & E.M.Hansen(1990)
France Aquitaine Blond Popescu & Boscher(1974)

Quéinnec et al. (1974)
Popescu(1973b)

Quéinnec et al. (1974)
Darré et al. (1972)
Popescu(1971)

Popescu (1976)
Eldridge(1975)

Harvey (1971)

Harvey (1972)

Harvey (1976)

Harvey (1972)

Kovacs(1978)

Kovacs(1977)

Gustavsson & Kovacs(1977)
Molteni et al. (1977)
Silvestrelli et al. (1981)
Molteni et al. (1977)
Molteni et al. (1977)
Salerno(1977)

Cited in Popescu(1979a)
Rangel-Figueiredo(1991)
Succi et al. (1976)
Guanti & Minoia(1978)
Popescu(1977a)
Popescu(1978b)

Masuda et al. (1978)




Table 2-4. Cont.

Sweden
Switzerland

Thailand
USA

USSR
Germany

Yugoslavia

Swedish Red and White
Simmental

Swiss Brown

Siamese

American Brown Swiss
Holstein-Friesian
Simmental

Red Steppe

Brown Mountain
German Red Pied
Simmental

Simmental

Geographical area Breed Reference
Morocco Brown Atlas Fischer (1975)
New Zealand Aquitaine Blond Bruére & Chapman(1973)
Nigeria Red Bororo Pathiraja et al.(1985)
Norway Norwegian Red Amrud (1969)
Poland Charolais Sysa(1977)
Polish Red Sysa(1977)
Portugal Barrosa Rangel-Figueiredo(1991)
Romania Charolais Livescu(1977)
Simmental Ciupercescu(1982)
Southern Africa Brahman Nel et al. (1988)
Nguni Nel et al. (1985)

Gustavsson & Rockborn(1964)
Popescu et al. (1975)
Tschudi et al. (1977)
Fischer(1971)

Eldridge & Blazak(1975)
Herschler(1966)

Maurer & Vogt (1988)
Nosach & Avakova(1985)
Stranzinger (1976)

Rieck et al. (1968)
Herzog & Hohn(1971)
Suldatovic et al. (1977)




Fig. 2-12. Geographical distribution of the 1/29 translocation.
The black points show the f indings of the translocation
reported in the literature.

Table 2-5. Summary of the frequency of the 1/29 Robertsonian
translocation according to geographical area and

breed type
Breed No. of No. of Frequency
group animals carriers (%)
Holstein 3352 0 0.0
Other dairy breeds 2771 305 11.0
British beef breeds 852 4 0.5
Continental beef breeds 3071 159 5.0
Japanese Black 394 10 2.5
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Table 2-6. Karyotype of the Japanese Black bulls
used for artificial insemination

Strain Bull Karyotype!'’ Year
number of birth
A S101 60, XY S45.12.10
5102 59,XY, t S46. 3 .1
S103 60, XY §49. 2. 7
5104 68, %Y.t S51. 1.10
5105 60, XY S52. 5.12
S106 59,XY, t S52. 7.22
S107 60, XY S$52. 9. 6
5108 60, XY S50. 2.16
S109 60, XY S53. 1.20
B S110 60, XY S48. 4.18
S111 60, XY S50. 5. 2
S112 60, XY S51. 8. 3
S113 59,XY. t S52. 8.12
C S114 60, XY S$45.10.10
5115 60, XY S$45.12.16
D S116 60, XY 843, ). 14
S117 60, XY S46. 9.25
E S118 60, XY S48.11.20
S119 60, XY S49. 1.12
F S120 B9, XY, t S43. 6.22
G S121 60, XY S52.7.18
S122 60, XY S52.4.12

1) t:t(7q 21q).



(Strain A) (Strain B)
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Normal male [0 Not investigated, male
T7/21 translocation heterozygote, male O Not investigated, female
T7/21 translocation homozygote, male @ 7T/21 translocation heterozygote, female

Fig.2-13. Relationship of the bulls belonging to strain A and B.



Table 2-7. Karyotype of offsprings of the 7/21 heterozygous bulls
mated to cows of normal karyotype

Sire Karyotype!’ No. of No. of offsprings be
cows mated Normal Hetero. X

S102 59,XY,t 25 16 14

S120 59, XY, 1 22 18 14

Others 59, XY, t 14 14 13

Total e 61 48 41 0.55

1) t:t(7q 21q).

Table 2-8. Karyotype of offsprings from four different types

of matings
Mating type'’ No. of No. of offsprings
cows mated Normal Hetero. Homo.
60, XY X 60, XX 31 56 1
58.XY.t,t * 60,XX 19 1 24
60, XY X 59.XX,t 6 5 2
59 XY, t X 59.XX,1 5 2 2 1

1) t:t(7q 21q).
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Fig.2-14. Pedigree of the bulls with the 7/21 translocation S102, S104, S106
and S113.
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THRIENTELh-T2, 2. FILFRENEHFS 134 b, KRFAXED
FRPOT /2 1 GEANTOfETH-2C ENREETE T,

—H. 1/ 2 9BEICOWTIE, COEEZRAT 5 6 BOMREKOF R
E2Fo7. FOES. P111, P112, P113,. P121, P122
DSTHIIFEHEFS 132D FHHBLVBHETHL OG- (M2-15
) o COMEHEFS 132 LEEICHERIC- TWwieds, 20478 (P 114
~120) EOWTHEIPFBONTOTEREZRAELL., TOEFR, EFH ok
OB ERLLMEIZP 114, P115, P118, P120N45ET, &
DNHP116, P117, P119D 35z /2 9EE~TfliikThH-72
o LY, 1/29EEZ2FALTWIP11TORBIP11 0OBRIL, 2
n=60,XXTh-o7Z b, Ml4FS132(31,/2 9E&EE~T itk
TH-72Z N LI 72,

NIRTI3, WERI4 0 FEHIE X T3, MM %2 SR S 8A L
TELE#MIHDH, S132%S1 312NN EYEONEN L4
WTHEBRIBEFELRY»LMALLHEFTHLIEPL, 12 95ES
ST/ 218N LD 2HDEHEFIC L > TNIROEFICFFHAZI N
AR E W, L L, NIRRT, BERERIC 1/ 2 QRN N HRE S
NTWBETFTI AL AR Ay —NVFlie AL, BENMEZHELT
Wi ERL, 1.2 9EEIRINLDNERIIC & - TEENIRORENFD
HERIICHLAIN TR ZELON S, 0. T/ 21 HBEZFALTWL
FRGnfiMEY-S133 (S36.3.194) . S134 (S39.1.74)
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Fig.2-15. Pedigree of the bull with the 1/29 translocation S132.
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4. 1 /2 98/E LT /2 1 S R4 (@tko s
—BRROGBERMICHTL1 /2 9EEE LT /2 1 EEREREDS
MRRZME7HIC, NIROBRKTRES LT 2 RIS R T % £
L, EDOHKERIZ. 2-9IRTEENT, 394FHBS5 25 (13.2%
) FEERARETH-2, ZOWRIZ. 1,/ 2 9EEFRAREI 1 05E (2
.5%) . T./2 16xBEflA%H*4 350 (10.9%) THh-o7. 7/2 1 6xHE(HE
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Table 2-9. Frequencies of the 1/29 and the 7/21 translocation
carriers in the prefectural population N of the
Japanese Black cows

Karyotype No. of animals Percentage
60, XX, Normal 342 86.8
59, XX, t(1g 29q) 9 2.3
59.XX, t(7q 21q) 36 9.1
58, XX, t(7q 21q) t(7q 21q) 6 1.5
58, XX, t(1q 29q) t(7gq 21q) 1 0.3

Total 394 100.0
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9 $xAE (R A M ADBUEIZIBRIS 64 (1 9 8 14F) LIFeW§h & A Eimic &
5bDEFEZ LN,

—FH. 1 /2 98&/E LT,/ 2 1 EEFABEIIMIBLKIR, YIROKH
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Fig. 2-16. Karyotype distribution according to year
of birth.



EANBOERICHLAZINERZRARTL, ChLoD 2@EDOEEIIE VWH
ETiEhwr v, EHXPEOBENEOERICIERICOML TS
C EIRLEW T,

Table 2-10. Frequencies of the 1/29 and the 7/21 translocation
carriers in the prefectural populations M, K and Y

Karyotype Population
M K Y
60, XX, Normal 54(94.7) 41(85.4) 99(90.8)
59, XX, t(1q 29q) 1O T.8) 3( 6.3) 2( 1.8)
59, XX, t(7q 21q) 2( 3.5) 4( 8.3) 7( 6.4)
58, XX, t(7q 21q) t(7q 21q) 1( 0.9)
Total S 48 109

1) Figures in parentheses indicate the percentage of the carriers.

T/ 2 1&xph, BERAFETLLRLNATOWLZWOIRMNLT, 1.2 9KHE
3. B CHRNA L) KRN ASHEZRL TS, L L, wALZXF AL~
HIZOWTIE, 4 X)) RRT 2 A% & T ) IR WEIIT b TH SIS
bbb T, CNETHECH] /2 IEHMAEKIZIBLALHEIN TV
W (%2-4. %2-11) , BYBEDORNVZIA HOBPETH, S OEMEL
BEInLh o (F2-2), T 12 98KEIZ, ~Vv 71— FERT
N—F g =T oA, v a—bik—f, /)< 7—H (Normandy),
Uy —U—f (Jersey) THH LN T, 1,/ 2 9EEFRABEDOBE
3. —ORELERICE VT 2 0 0FALLEOMEEZ M RICIT - o MIfE{EFH)
BEERTIE. 0.2~20.6%. 2FHTS5. 1%L%u->Twb (F2-11



Table 2-11. Frequencies of the 1/29 translocation in breeds extensively studied (over 200
cattle sampled at random) in different geographical areas

Geographical Breed No. of No. of Frequency Reference

arca animals carriers (%)

Australia Hereford 602 0 0.0 Halnan (1976)

France Limousin 231 13 5.6 Quéinnec et al. (1974)
Aquitaine Blond 228 47 20.6 Quéinnec et al. (1974)
Normandy 249 0 0.0 Popescu(1975b)
Charolais 314 12 3.8 Popescu(1975b)
F.F.P.N. 215 0 0.0 Popescu (1975b)

Germany Holstein-Friesian 300 0 0.0 Bosma ct al. (1987)

Great Britain Holstein-Friesian 916 0 0.0 Harvey (1976)

Norway Norwegian Red 430 18 4.2 Amrud (1969)

Sweden Swedish Red & White 2117 284 13.4 Gustavsson(1969, 1971c)

Switzerland Simmental 654 21 3.2 Tschudi et al. (1977)
Swiss Brown 4130 1 0.2 Tschudi et al. (1977)

USA Holstein-Friesian 743 0 0.0 Fechheimer(1973)
American Brown Swiss 224 3 1.3 Eldridge & Blazak(1975)

Japan Japanese Black 394 10 2.5 Hanada et al. (1981, 1991
Pool 8047 4109 5.1
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(Barrosa) THRfafkflE L1 958HP 1278 (67.1%) »1,/29
GEHEPFEAL TWiel X HREEN TS (Rangel-Figueiredo & lannuzzi,
191) . AEIFEZT->NBRY B4 Y O RERMOERNH AR, 1/
29T TR, T/2 1 5EFRARENBEL NI THOLIARFICEH
(v, L L, BEAFEO GRS I3 —KICHGEIT AL ki) & 701
T b THE N, L b ATIRBOEREIVEFICENC 06, 4K
NODEELT ) T 4 v 2k 74 PETR LR L SEMEICRENRD
WEHNCHA B RS L W E LB L
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0 OFEHDHI, MITREE (8 /1 14:H) (32 nLIHiIC, T gh X)X
PoBALLZOA=—7— 28 (Rommey Marsh) ICk-» THbAZhZ &
PHOLPZINTEN., 2P M TERESCMIRERENHEL 2 0%
PDEOKEILR LN TS (Bruére et al., 1976, 1978) . 72, =2 —¥
7y FoA=-fE L L ICRRENL=2 -V F Y FFFAL AT~ NFE (New
Zealand Drysdale) OFE T3, MIII$RE (7 /2 S#ME) »3 2 THEY 8
2HETHESN TSN, ZOBEIZ26. 3% LHmEIN TS (Bruere et
al., 1972) o 6D 3FMOEMEIL VT L EMMEIT IR En b
L CNETREM=2—27 Y FORBICHERINTELbDEFZ 6N S,

—Fh . 7B T51 /2 9EEDBAICIE, FMENKTZ5ISEIT
»* (Gustavsson, 1971a; Dyrendahl & Gustavsson, 1979; Maurer & Vogt, 19
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bleHic, eV VOEREFERICCNE TRROBETHKINTICHRNE
CORBICEFLTERbNEFZ LN,
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nTw 3, COBRENHE, BEREEENERRRIIIER T, —KICHKIENE
FREDHLNL W, LU, BEANT RT3, %o RS = i fa ks
I, EDRDGMED LP72I k- TIIRIEICAH W BB TF24EL S
2O EKME~NOREIHEICL B,

os8— b O RUEH L KL OBIRICOWTIE, w7 REEY VT, %4
DHERLERY R LN TS, Gropp (1973) X Ford & Evans (1973a) (2.
FRAPYREEBDV IR EDREIC L > T, THEERT =M@k Z 1
L. ENLDKMECOWTHEL TS, TNLDOWMEICL S L. HERA
AETIX. REEORFHEEDOFER, T/ VIRV I -DEIEXRS N,
EN L RIHERNICECT 2LDICETFROBIVBH LN TS, 2, /v
Tz —TRREINLHEXVFAND2 3/ 2 4REOHAE D, FROBERIHOLN
Tw% (Christensen & Pedersen, 1982; Makinen & Lohi, 1987) . —7%. t
YIOMI, MIL, MR/ (7.2 58ME) OBA. B B A Y) i
Rt I ME S LT 57° (Chapman & Bruére, 1975) . EEFEDOEA% & ¥
MtE~DEBIIEDH LN T (Bruére, 1974; Bruére & Chapman, 1974;
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DIERED LRI & - TH SN HED Reta kst T L BIERICA L) 7 I8



HINTWLWZ b (Long, 1977) . AW ALK TR 0@ T
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HEEIN TS (King et al., 1980, 1981; Popescu, 1980; Schmutz et al
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B{E TITRIECT 50T, EHEFRARAETRERBEOMKLTILD LN TS (
Gustavsson, 19T1a; Refsdal, 1976; Dyrendahl & Gustavsson, 1979; Maurer
& Vogt, 1983) . L2»L. 1./2 QMELINDIKEDS A, IR A AiAD
RO Rt Ry ML RO L 3iTbNTH 67, Mtk L oM
DWTUIIIEA LRI N T W,

AT, MERNIC 557,/ 2 1 HGHE S S - OB 16 21T 2
72O, BN T /2 1 S5HERIUEFOREFIEBE O Qe tafb ot 2 11\, SsiEif
AEDFHERRICOWTRE L7c, ZO8R. 7/2 1EE~T itk Tt
AT RO TARE & > CRRRHIA TR 2105 = & 4
bMCe 5Tz, 22T, SHLOMBIAZR L, BRI AW 7N 2 2§
SO0 ENEMSIzHOIS, IEHBEIOFRMEF DI IR~ T 0 BidEF O K
e x L2 L TR ftatk ot 2 K L7c, i, 7.2 15ERSA
EADKERIER ML L. CHLOFRRELEITT /2 1§ & ¥
Witk OMAMEICOWTEE L,
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1. R4
NBoOfidty -t 7 —ICR¥ESNTHEHESFS102, S104, S10

9. S120. S124,. S125768 & BHKERSERR TATIXH
ICHAESNTW2S 141, S142028DOF8H#HLA (£3-1),

2. REOEEADERS LURGHESHT

WIS, R3-1ISRLC8EA LEBIHCIRIRL, ER&ZME LR, &
fafhk b L HEBEAHOME L L7z, RaEEROERIZ. Evans 5 (1964)
DHKICHEL T -7, HBRO—8%22.2%7 BT} )7 AGHETD TH
). FHENoOMiaE LT L TH oMl EREZRRTICHELTL, 0
00rpmTSAMBELLMLL, KIS, LEBAZERT. 1.1%7 2 BT
P ABHESM I 2MATEIBT 0~ 1 SoRIKHRRA LK, ANV/T



#z3m I M TREELR, BEEREEZ4~50ENELLEK. ¥ikick-T
BEAZERLL,

H A ROMIGR (ZF2 . MRS L U8 ERmian
SEFBIZOWTIT- 72,

Table 3-1. Age, body weight and testis weight of the normal
bulls and the 7/21 translocation carrier bulls

Bull Karyotype'' Age Body Testis weight(g)
number (Months) weight(kg) Right Left
5109 60, XY 51 884 331 320
S124 60, XY 93 894 318 280
S125 60, XY 138 870 410 401
S141 60, XY 107 — S 290
S142 60, XY 123 921 296 292
S102 59,XY, t 117 —— 320 335
S120 59,XY, t 156 848 318 341
S104 58,XY,t,t 75 1000 418 405

1)t:t(7q 21q).

3. REEDOAGHEDHEE

RtEOASMERE (N.D.) Z2HET 256, KMo 5 385 % 4
Ml B 5 ARy, NG E— Al (n+ 1) & {E—fEdia (n
= 1) OWEDOYRBED 6K 5 HENF—BICHWLN TS, LrL. &
—fEfHiie & K Ekdifan HRBEEZ R 5 & K- fEMlanid) 5% <
BESI N2 H b, W—1EEE & K5l B BB I AKRTE LY
ETThHY. BE—-fEEMianBEED PTG, ROEDAFEESTRE TIE % <
TEAERBOREBEANFRICL > TELLCHRIEINTWLEZILNS
o B—EAMIEOHEE b &I, REENIHEELHE LG, THI8
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R &> THEE L,
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N A= e e

| HREEE

WP EBEREICH T S MlEREFN OB RIZ. £3-2»6%K3-4, b
SUR3-1256H3-4IZRL7,

EFBRBOMMEETIE. KEMEO R EE EMEOBA L FIET6 04
THoR, F—REHSRPMCH 2K HRTIE. HRERAEOHEIZL-T
3 0AD (iSRRI Tw (3-1) ., F KT AOK BT
DRAERERIZI3 0, YB LT3 0, X T, Qaknikiy, HENREIZDL
Nichr-12,

—h. T/ 2 1 E8EEZ~TollRETLHEECEWTT, HEMRORAREK
¥i3 5 9T, EWHBROUME TIZmH R o7 WARIO K KRGl
EhrZoons (£3-2,. W3-2a) , F—RESERPMORBEIIETIL,
BTBIUE21ikE 7 /2 1 EHEEEED IR ME L TR I NIH
K & % 2 25RO =i tadmr@EIns (M3-2bc,d) o BIHEK



SRF\OF MO L EEKIZ2 9RE 3 OARICE-F2ERLN (£3-3)
L efatk¥H 2 9ARDMIRTIE. 7.2 1 mEREEIBEINL (K3-3a
) o BEERESADHOFMIIT2 5 3 #iah 1 0 SIS IR O8R5
At TH-7 (£3-4. H3-3b) .

7/2 16EE Y REICBRATAMEEICEWTIT, HEMEOGaEED S 8
ATh-7 (£3-2, K3-4a) . B—RESRTII2 9 ADHFE Ytk
RO, ZOFDIARIIZT /2 1EERAEEFY ) LOXNAIC L > TEREAL
KB it tE TH -7 (K3-4b) o B w7 R P RID K BEle ) Y
fatkKii 2 9AICE—FHH ). THLDOKEHOMIETIE. 72 1 /R
fufErBEINS (K3-4c) ., B_RESIRP 3 9 #ifar 3 2 difels,
PRS2 9,Y, t HHWIE2 9, X, t DHWRIOKHMIT, RVDT
MBI TN CHE—fEMieTH -7z (£3-3) .

B, T/ 2 1 EE~T o fES kT L IE 5 738 0 W 4o 55 3R it
i, FicE3R o7 (£3-1),

Table 3-2. Cytogenetic analyses in spermatogonial cells and primary

spermatocytes
Karyotype'' No. of Spermatogonia Diakinesis and first metaphase
bulls No. of chromosomes No. of chromosomes
57 858 59 60 51 27 28 29 30 31
60, XY 5 8 36 2 3 15 141 6
240 N s 2 | 3 18 1 1 10 81 3

58, XY, &, ¢ 1 S 2

o
(o =]
e

1) t:t(7q 2lq).



Table 3-3. Cytogenetic analyses in secondary spermatocytes

Karyotype'!' No. of No. of chromosomes at second metaphase
bulls Translocation identified No translocation
27 28 29 30 28 29 30 31
60, XY 5 12 36 219 3
59,XY.t 2 82 15 95 4 6 17 115 6
58,XY,t, t 1 7 32

1) t:t(7q 21q).

Table 3-4. Distribution of euploid and aneuploid cells,
and the rate of non-disjunction

Karyotype'’ No. of NF/2 N.D.

bulls 29 30 31 (%)
60, XY 5 36 219 3 2.3
59,XY. ¢ 2 32 211 10 7.9
58,XY. 1, t, 1 7 32 0

1) t:t(7q 2lq).
2) NF(Nombre fondamental):No. of chromosome arms.



Fig. 3-1. Meiotic chromosomes of the normal bull. Arrow shows
the sex bivalent. a: First metaphase. b: Karyotype.
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Fig. 3-2. Different stages in meiosis of the 7/21 translocation
heterozygous bull. Arrow shows the T7/21 translocation
or the trivalent configuration. a: Metaphase of
a spermatogonial cell. b~d: Cells at diakinesis.
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Fig. 3-3. Karyotypes of second metaphase in meiosis of the
T7/21 translocation heterozygous bull. Arrow shows
the translocation chromosome. a: Karyotype of
balanced metaphase showing 29, X, t(7q 21q).
b: Karyotype of unbalanced metaphase showing 30, X, t(Tq 21q).
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Fig. 3-4. Different stages in meiosis of the 7/21 translocation
homozygous bull. Arrow shows the 7/21 translocation or
the 7/2]1 bivalent. a:Karyotype of a spermatogonial cell.
b: Karyotype of a cell at diakinesis. c: Karyotype of
second metaphase showing 29, X, t(Tq 21q).
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Fig. 3-5. Different types of segregation of the trivalent in the 7/2]
heterozygous bull, and the zygotic products after fertilization
with a normal gamete. Arrow shows movement to the poleward

direction of the centromere.
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Fig. 3-6. Segregation of the 7/21 bivalent in the homozygous bull,
and the zygotic products after fertilization with a normal gamete.
Arrow shows movement to the poleward direction of the centromere.
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Table 3-5.

Comparison of non-disjunction rate in the 7/21

heterozygous bulls and
the bulls carrying the other types of translocations

Trans- Breed No. of NF/2 N-D. Reference

location animals 29 30 31 (%)

1/29 Charolais 3 18 313 12 6.4 (2.8) Logue & Harvey(1978)
1/29 Limousin, Charolais 3 25 76 6 11.2 Popescu(1978a)

2/4 Brilish Friesian 1 1 32 0 0 Pollock & Bowman(1974)
7/21 Japanese Black 2 32 211 10 7.9 (2.3) Hanada & Muramatsu(1989)
25/27 Alpine Grey 1 27 55 25 16.7 De Giovanni ct al. (1980)

1) Figures in parcntheses indicate the rate of non-disjunction in normal bulls.
2) NF(Nombre fondamental): No. of chromosome arms.
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1. Sperm-egg (30 h)
incubation

5%C0., 39°C

2. V-P treatment (14 h)

0.06sg V-P/ml TCMI99 medium

3. Promnase (40 sec.)
treatment

0.5% Actinase E/ml PBS

4. Hypotonic (60 min. at room temperature)
treatment

1% sodium citirate sol.
(suppl. with 5% FCS)

5. Fixation and
preparation

1) 1st fix. (10 min.)
Metanol :Acetic acid:D.W.
=5:1:4
2) 2nd fix. (30 min.)
Metanol :Acetic acid
=3:1
3) 3Ird £ix. (5 min;)
Metanol :Acetic acid:D.W.
=3:3:1
4) Preparation
Air-dry method

6. Staining (10~20 min.)

2% Giemsa sol./PBS

Fig. 3-7. Method for chromosome preparation from 4~8 cell
bovine embryos.



Table 3-6. Chromosome analyses of preimplantation
embryos sired by the normal bull and
the T7/21 heterozygous bull

No. of embryos Karyotype of sire
Normal Heterozygote
Proceeded (A) 53 87
Analyzed (B) 21 37
Balanced
Normal 21 19
Heterozygous ' — 16
Unbalanced
Monosomy — —
Trisomy — 2
B/A (%) 39.6 42.5

=100—
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Fig. 3-8. Karyotype of embryos sired by the bulls
heterozygous for the 7/21 translocation.
a: 2n=60, XY, t: b: 2n=60, XX, t.
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73Tt 1./2 9EERABKERDOEIC OV TREEIH»*ITONTEH
N, R3I-TDLIHILREIFB/BOLNTWS, Kings (1980, 1981) (3. IEHE
ROMEAIT 1,/ 2 9B~ T nfiltF Ok e AT L%k, BB LU
IAFHIFERIC I > THRLZ1 ~T7 HED 8 8 MDA D\ Tfatk sy
MEIT->TWwb, TOFER. 38PORTHABIBOLN, tOhD2M (5
.3%) BE1LAEL)Y I -DOAHHRORTH -1 LZ2HLMPITLT
Wb, F7c. Popescu (1980) (3. AL, SPEIRARIC L > THAL1 3
BHOBRICOWTRAEIMNfZT-726 A, 52+ 2/ (3.8%) »if
BEKS OANE 1 Refathkt / VI —Th-oZ L 2@WmEL Twb, Schmutz
5 (1991) (3. 1./ 2 Q$RMEME(R fA & IE ¥ el A @ PEIRILHE % 47 > 72tk il
HICITEREME,. %EC3]1 2 IR REZZRE L THAT7THHOKD
BRZAEL TS, gL 5L, #6251 / 2 9ERENIRE IS4
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Table 3-7.

Occurrence of aneuploid preimplantation embryos sired by Robertsonian translocation
heterozygous bulls

Karyotype Age of Number _0{__gmbryos A/B Reference
of sire embryos Proceeded Analyzed Balanced Unbalanced (%)
(Days) (A) (B) Normal Hetero. Monosomy Trisomy Others
7/21 3 87 37 19 16 42.5 Present data
1/29 13 123 52 50 42.2 Popescu(1980)
1/29 1~15 88 38 21 15 43.2 King et al.(1981)
1/29 7 221 25 11 9 11.3 Schmutz et al. (1991)
1/29 6~8 163 42 39 41.1" Wilson(1991)
Normal 3 53 21 21 39.6 Present data
Normal 13 24 11 11 45.8 Popescu(1980)
Normal 1~15 28 17 17 60.7 King et al. (1981)
Normal 7 31 4 4 12.9 Schmutz et al. (1991)
Normal 6~8 = 25 25 — " Wilson(1991)

1) Results on embryos sired by the 1/29 translocation bulls and bulls with a normal karyotype.

=1 03=
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Table 3-8. Semen characteristics of the normal and the 7/21 translocation carrier bulls

Semen Group I Group II
characteristic Normal bulls Carriers Normal bulls Carrier
Mean(n=5) $102 S120 Mean (n=5) S104
Age (Year-Month) 4-7 6-1 4-3 5-9 4-3
Vol. of ejaculates (ml) 6.0 6.1 6.9 6.4 6.3
Concentration (millions/ml) 1.311 1,421 1,266 1,251 1,293
No. of spermat./ejac. (millions) 7,866 8,668 8,735 8,006 8,146
pH of semen 6.45 6.47 6.45 6.47 6.55
Abnormal sperm (%) 8.3 7.9 7.5 8.8 9.1
Mortality before freezing (%) 83.3 84.7 82.8 79.4 69.3
Mortality after freezing (%) 43.9 44.1 41.8 42.1 37.4

1) The period of studies on semen characteristics. (Group I: 1975,3~8., Group Il and
Group II[: 1981.3~8.).
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Table 3-8. cont.

Semen Group III
characteristic Normal bulls Carriers
Mean(n=4) S106 S113
Age (Year-month) 2-1 2-9 2-8
Vol. of ejaculates (ml) 5.6 4.9 5.1
Concentration (millions/ml) 1,211 1,263 1,239
No. of spermat./ejac. (millions) 6,782 6, 189 6,319
pH of semen 6.51 6.47 6.50
Abnormal sperm (%) 7.5 11.1 8.4
Mortality before freezing (%) Tt 81.8 78.9
Mortality after freezing (%) 41,1 41.9 40.6
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T/ 21 EEZ~T0H5WIHEEIRETIEBFOREKRS LU
. BRAR ) OFTFE. KEA T VIREER. IEEBR 2R RiMES O ROt & FEIC
Ebbihot, 1278, M4 S 106 Tk, HFAEERN11.1%EE%
RO OBET . 5 %D 1. 5B TH-72, L L, Zofiild BERH
LB FHMEL 0. THIHRDEDTRCEWBETH -T2, 7Tl
—MATERN 1 5~2 0%127% % L ZPICREINIEDH L EEDILTWS
7, S106K5F51 1 ZAIEOEMTHIUIFFICHBEICE L 6wbnE
EIob, o, T/2 1 EHE2REICHFRALTVWAS104ICEWTIL,
W FEFEIBRETE 9. 3% /B -7, Lo L. CoRlEFOi
F5 SUREOR LHMOAGFRIIZNENS85.4%LT9.8%THh-7=C
EPH, CCTRONTAEFRDOETIZT /2 1 85 & (3R < MDKREIC
F3bnLiEEIND,

KIS, ERBRBOBRY, BIUT /2 18EE2~T0dhbWidRECHKE
T L MM FORROMBMFNREREREZ, TAZAN3-926H3-1 1I1IR
L7z, WINDEEEMBEORMEICH. HillMiar oWMFICE L I TONFE
BERICHE T 52T XToOMBEIrEEISNL. fiBRITEX LB 2R M40
bOEEDbLLr-72, F2, T/2 1652 RAT Bk EEKIE. E¥7%
BROMEY L 2< Kb L (ERLZ LOT, TN IFICREIZDH LN
-7,

1,/2 9HEDHE, TN E2BRAT HEH‘ORBOMBRIIERTH) (
Gustavsson, 1969) . tEITE)ICHRIFEMER. SO FEFRICLRFICRYE G
2O b TH 5T (Logue & Harvey, 1978; Dyrendahl & Gustavsson, 1979)
CREERCOVCTHEFBEEEED L WSO B L TS (Schmutz et
al., 191) , 72, £ vyaM I, MII, MITIEEEOHAIC ., WK
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Fig. 3-9. Testicular histology of the normal bull.
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Fig. 3-10. Testicular histology of the T/21 translocation
heterozygous bull.
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Fig. 3-11. Testicular histology of the T7/21 translocation
homozygous bull.
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HATENIC DV TR SR A 51T B (Bruére & Chapman, 1974) , —
fi. PXDIEMTIE. BTEREFEROBLY»R LT3 (Ricordeau, 197
2) o EF2, #5327 TRELEWTYH, HRERDOETOMEROBED 7 & &
HBRE~OREED LN Twb (Cattanach & Moseley, 1973) . S b D
ERRAEDPIE 2 - TIEFITIE, BB ROP TR FIE L,
FROMBEFHZEC 5 W GRITEM 2R WEHR O RE S ZDH L TW
5, LL, 7/2 1 6E~ToffECE T, HRERCHEREKOKT
FEZHOLNT, FROMBRALREERBEADFINICE W THBRITEEL S
RBEIBESIN Lo, CNLORERP L. T,/ 2 1 EERETIIZERIC
HEPEZRIT L) ZRATF (FF) BROEIRE > ThwZnwbn L Hf
gins,

2, SEHERDTHT

7/ 2 18~ T o EEEOEMBSRIT,. (B EREORSE & LIC, £3
-9&&E3-10ImL7, ¥IEAMIZ. EXNBETS82T7H., 7,2 1M
T8 19HT., MECAHAREIEZD LN -7, HiRiLDFENFRH Bt
. EXBROMAYTFH68.3H, BMEZFAL TV 24 TT1.4H, ¥
PHREZEEL, ThTNh46.8%E45.3%Th-72, ZHL D DFHEE
Wil %3, =EERAEMEEDIZ) 212, 2 2] L EEHERED 2. 0 8 @] HA<
bEDLDTDPTHLEINEN T2, SRR D IE WA I H A TR O A 4
DIFHIHF#11HEKS. 4 18HTH-7, FEFERKIL. EEBAEDT. 2
PEICK L THHERIETOE . TREE D52, Ch LR ICE T 5XIEW
THHFAHCAHRTIE A -7,
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Table 3-9. Days to each calving and calving intervals in the normal

and the 7/21 heterozygous cows

Trait 2n=60, XX 2n=59,XX, t

n X + 8.D. n X  S.D.
Days to 1st calving 202 826.8 *+ 79.4 61 818.7 + 71.6
Days to 2nd calving 194 1250.6 = 123.1 59 1265.9 £ 96.7
Days to 3rd calving 186 1642.8 + 133.8 56 1653.6 + 101.6
Days to 4th calving 167 2027.1 % 152.7 48 2036.8 + 124.9
Days to 5th calving 151 2418.9 + 179.9 46 2429.1 + 104.3
Calving interval(days) 202 407.1 + 44.8 61 417.9 % 43.0
No. of calvings 202 7.16 £ 2.89 61 6.66 £ 2.61

1) t:t(7q 21q).

2) n:Number of cows. X + S.D.:Mean #

Table 3-10. The interval to first postpartum estrus,

Standard deviation.

the number of

services per conception and the conception rate at the
first service in the normal and the 7/21 heterozygous cows

Karyotype No.of Interval to estrus No. of services Conception
of cow'’ cows X &8P n X +£8.D. rate(%)
60, XX 89 68.3 + 15.1 457 2.08 + 1.01 46.8
59, XX, t 34 T4 4+ 164 158 2.22 + 1.09 45.3

:1(7q 21q).

1t
2) X t S.D. :Mean + Standard deviation.
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o, KRZIDLHICBERICZZ - 72 3 T IO ¥R =D TER O 217
STeRER. 32836 0, X XDIENMMBATH 72, KON A8 (12.5
%) (37 /2 1E~ToffifE. 158HIZ6 0, XY /6 0, X XARTH- 72,
—h. BEDFERBMA IR L TS 1 3 THHICOWTORETIE, 1 156
(8.0%) T /2 1M~ Taffitk, 25 (1.5%) »*1 /2 QEHE~T
iR TH - 72, KRNGH &l F OEHRAR A R L T 721 51T S 8rEqE
R MBBPEICSRE L R R ok -7,

#£3-1113. T/216EEBL] /2 9L ~T 2ICFA L TWcH
OO BRSSOV CORERRTH S, 7./ 2 1§HE~T o fliled
S102&S120NMFDYPERMIZVTNS 82 0 Huiltk. srieRif@isz
NENA250L416HTH-7, FHEREIL. HiEH5. 9. %ENGE.
APETH -T2, Fleo T/ 2 VEEERSYS 10 4 DRG0 RER. TR
BEIZENZNA22HES5. 6 ETH-2. CNHLDFERZIZTME CRFUICN
MTATERCEHSA T ENBRO 3EOMMYF-S 101, S110,
S116DMATOWTOWMERRELBLAECS, MEITIIARELZD
bt otz o, FHOBRGHORE. 1./ 2 9E~T o flitk s HE
SNIHHEYS 1 3 2 DRFDEBUZ DN T LFEROME %17 720 ZOFER
IRFOVERRIZS 5 6 H, A4 490 TH- 72, SHOHITIEF
ROFHEFORFOPERERICH RS LR 1205, FRHICIIA B £ T
eiro72,

ao8— b R & A L OBEYEICOWTIE, 1 /2 QIR TIPS
NTEY., COEEDBAICIIDLTNTHE29¥MUNKT2ML S L85
M ENTw 3B, Gustavsson & (1969, 1979) (X, 2D = —F Y KRAKSFIC
BWTUIEHE LB 2 /- oMl & 1 /2 9~ T nfHEFO RO PR %
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Table 3-11.

Days to first calving and calving intervals in daughters of the normal
and the translocation sires

Karyotype'®' Bull Year No. of No. of Days to Calving Period of
number of birth cows calves first calf?® interval*’ employment for
studied (days) A. 1. (yr-month)
60, XY S101 S45.12 131 839 829.1 t 66. 4113.1 t 55.1 10-4
S110 S48. 41 123 686 818.3 & 65.3 427.4 | 62.6 6-11
S116 543 1 142 891 824.7 | 69. 412.1 | 51.3 14-9
59, XY, t: 5102 S46. 3 125 733 826.3 + T1. 424.7 + 57.3 8-1
S120 S43. 6 118 757 818.4 + 66. 416.3 | 56.1 10-11
58.XY,t.t: SI104 SHie 1 101 561 821.0 t 65. 4121.8 | 51.8 4-8
59, XY, t: S132 S 82 459 856.1 | 69. 449.1 |+ 68.9 5-7

1) £.2147q 219).

tz:t(1qg 29q).
2) Mecan | Standard deviation.
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5 6 H HORIGHRE L BXLTHR, BB N3 ~5 LARIEHDI 722
LERE LTS, 372, /N7 2By v A2 9 — VEDOBET b [k
ﬂﬁiﬁﬁm[ﬂ:Tﬁ‘éi’-&’) HLTW% (Refsdal, 1976; Maurer & Vogt, 1988) .
. 1.2 9EEAT 0 iR TIRROED AT EOKER (Logue & Harvey
, 1978; Popescu, 1978a) . AHWRIDOME K S (King et al., 1980,
1981; Popescu, 1980; Schmutz et al., 1991; Wilson, 1991) . #HAH 2K
%3 0~90HHBUISELCT A7 EZ LN TWwA (Refsdal, 1976)

1,/ 2 9#xME & Btk L OMditkIicOW TR, ) E— 7)) — ¥ - Dl
fRF RS U - O R RO @R LD i 20 6 & B DA B2 AR %
RET AR/ LN TS, Gustavsson (1971b) (3. 4 mILLEA LKL
THRR LA -7:2 6 SWDEEZRFIZOWTEREGH 2T -8R 30
8%ND8 1N 1 /2 QxR TH V. £ B (30 ¥ O BEpitdEF- 1 o
WERRL) DABICEP LI EE2WMEL TS, 2, EXLTBRYMLRA
LTn7epliler L 1,/ 2 ORI OO 1 ~ 5 ERDWIKEEZ RS &
REBDITH) A1 ~ 3PERDEWIKEY S Rtk > Twb, FFiS, 1./29
R~ T oY L ) b COEEE K EICRA L TSl R4 TilikE
DR - THEN. CORMICEWTE, 1,72 9ERAEIZ DWW TZIRIKATH
nTwieZ ERENTw5 (Gustavsson, 1971a) ,

CHEIans— by RIEHEICE SFMEDNKTIE. XA CHWTH
BHLN TS, Tr=2—7R/ 7= —DRETIE. #E&koMksr21
2 AR~ T o ik, 5K 0 AV IEW MR &R E ATl A 3TN CEIA T
ZHLNTE Y, EFERIIEERAGREDIE ) BKDOTNTH L0 V% %h-T
\w% (Christensen & Pedersen, 1982; Moller et al., 1985) . F7:. 7«
7 FOERTIE. 198 14251 9 8 44FF T 4 RN $xHE K E 84
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DHEN L BB H ), ZFHUSPE- TEFEIHED L TWw S (Mikinen
& Lohi, 1987) . ¥ ¥ TH ¥ — % 8 (Saanen) T. ¥MMENKT 27R7 H2*
WESIN TV D, CORE~T 0 EE T FEPERBECHE~<TT 4 %1€
o — MU F280 ) IE¥ MR - 6mmE~ 7 o M TlE 2 2 h 8 §HO )¢ ]
CTSHHEL1.3THTHY, . HEE SBRERARETERUEDIKTIGED S
fLTw% (Ricordeau, 1972) . SH & DEEFEAMEEOERMENETIZ. 1
/2 QRO S & RIS AW RMREKOBROIETIZ L2 bnEeFEZ b
5%, CHREOVWTIEIROMRERFOFEITON T WHTHSICH
LTI,

EyPoOMI. MIL. MIITEEDS & . EEE~ T 0 dEfliAk) 32k 5y R
DEEEFITICE W TIIAERRMEYZED LN TEH )., &—EEdiao g
2y EIHE LLRBEOTHHERIZ. Tht11.2%. 9.0%. 18.
2% L EFBECHTE %> T3 (Chapman & Bruére, 1975) . F 7=,
Long (1978a) HHMETLH. A EERIZIEFMET2. 0%. M | E=HEMET6
BBEWEZINTE ), EEAT oHfEICE W TR &V R4
DRDHHLNT WD, Ll EE~T o heflk% b Z8i L Tioh
721 3~ 1 8 HEDHDORAEINT T, EXMEAE L EE~T o k255562
HHENTEN, AHYMBORBTFHKRDOE/ VI KL M) Y I —KIIBES
NTwZews (Long, 1977) « M1, MIL, MIII#EHE% ~F o 234§ 5 il {&
EIEFBEENOZERICE W T, IEWMEAE R, defik &tk C#
ATHEINTEY), BRPHECIAE) FZDHoNTwZrw, EFHRIZONWT
b, IEEMBEE ) LORREED L7 WSO 6N TvW 5 (Bruére, 1974;
Bruére & Chapman, 1974; Long, 1978b) . CHL6LDFERPH, M1, MII,
MIT$EBEICE W TIEIAB MR ER I NS5, ZR6EBMFETHILT
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ETICRMBTEROBETHIKS L., ZRICTITIEFE & 5HFRI0 Rt (R %
Fo CRBFLEIPES L T TERENE TR > TwiWnwhnEFEZL L
LT3 (Scott & Bruere, 1987) .

T/ 2 1 DA, BAREN AWy M- AR 1T 08 B S iR ) Refa
Eafricb W ohle, —Fh, BENEOEREEROMILR (R FOFEC
FWT, €/ -RFM)YI-AHEEIBESINLVOT, FEHBWRDOEITH
ARNCKRONTLE) LRSS, L L. kRS ERR K. E D
SHEEDOTHP 6L, T/2 1 EEIFREOKTLZ2ERELTWS L 2K
TR/ ONL -7, T/2 1 EEANT affikoB a3, fafko
A EERIEFHMECHATE S L& a7, 20 FRBEBRED
MADERTH -2 b, BEBOE#FNKEP T2, SDRHIZ, 40
DEMELED W TIE. WEORBIIMZ SN L0 ->LDTR LW eEZL
Nd, 1/298ENGREL. EMEMOGHICE W TIEEOKE LS
NihrozbnwirHmEL R 65 (Blazak & Eldridge, 1977; Gary et al, 1
91) . FHESUZIL. BELUNAOERALERIC L 5EEFAESINTWED
T, 1 /2967 ,/2 1 BED L) ICRAEDAFERIBIGEICE v
WA, WHEOPMREEZL REOERBES, 6L h LORE2 BRI T 5
Lo LIV,

3. BREFDOERUEM & ARIEER S

7./ 2 1 SRR & E W RO AT, & 5 W IIARKGHREFOEH R
EEAREERECOWTHEL, Zo&REKR3-1 21T LL, #HRAS
DKREIE. B4 OFERBEICEES N METH ), BRIEEOAMIZ1 T
~34HHK. FH25. 2 AMTH -7, i, KB, BE. s D
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Table 3-12. Judging score and body measurcments of the
normal and the 7/21 heterozygous cows

Trait Karyotype

Normal Hetero.
No. of cows 178 51
Age at regist. (month) 25.2:4 3. 1" 25,2 & 3.6
Judging score 78.7 + 0.8 78.6 + 1.0
Withers height(cm) 123.3 + 2.8 1231 = 2.7
Chest girth(cm) 181.8 + 7.1 180.9 + 7.3
Chest depth(cm) 65.1 £ 2.5 65.2 + 2.8
Thurl width(cm) 44.8 + 1.8 4.7 + 1.7

1) Mean + Standard deviation.

RRBIEMIC T, FHEMEAL 7 /2 1 EEgEETErRonLr -7, #F
E/sEL. FHEMEATTS. 7. 772 1 EEHMETIZITS. 6 TEIFL
otz T/ 2 16EEEZ~TOH5WEHECHFAET MBS ORFOEES
ElooWTON RS, £3-131XmLi, T/2 1EEE2~T2IlkE
T 2 HlAEORIIL RS, RERA T MBS ORI LIST /2 148
MBI 7 5. EEBROREEYE T,/ 2 1§~ T o filt4, 8K T
WAEDRENEEBEIIFNFNTI. 1, 78.6. 78.97T, BHMICEI
B LN -T2, SERBMEIZEEBENOMEY D3 ) Rk, FHOEER
iz b o705 T/ 2 1 EwEREFOBE LIERIA 00 5 5 0 FCHIRC
N BT A T I S A ThW o filEF 0Bt & i L TRIC IR 3%
oo, FHEERET /2 1 EEZHEAT 2MEEFICH T 5%, ERBEED
Hilk O BB H 7 - TNBRNOREN 7 B RS2 RIS LS LR
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HEEZ LN D, FEREDL DT P CEEBROERFORFDII ) H&E»r-
1, SNLFERDBRICE S LD LRI NS, SRIOBETIE, 7721
R R AR & DEREE & (RA § 5 REHE 4O MR R LB H A 63 IR
CEKINTw W) BEER LN L P -T,

ax— | CRUREE & ERMEE USNDERERE L OBFRICOWTE, Ao
WEVR SN B2 TH A, Gustavsson (1969) X Gustavsson & Rendel (1
971) (3. 1/ 2 QEREMFENFLRCILAER, S &I EARMERRRC MG b 7 ~
272 ) R, REBBAKEMERICOWTIHEL TW A%, FN6DOBE L
HEEDBICBARLBFRIEIED N T, Tk LT, Darré (1972)
(. 1.2 QKD 13 2 IE % MBI A~ TWFLESER 5 P Bosth s 2 -
rRCEDb, INHEEICEIHRTHL V) HRETIEHLTWS, Ly
L. #20%. Chidl /2 9&EMEEICOWTHRAZL R IThLTWzZ &
LB HDTH-1Z EHREIHEHICL > THLMZENTW S (Qeinnec
et al., 1974) . Zahner (1977) &. 1./ 2 9$xPEMMAEICH W THE WFL RS
2HTWE, BELOMAEICOWTRERFOLESEFFIHSN T (
Gustavsson, 1979) . w/s— by RIS AGAS IEW @A e L T, 4pEt:
NDETENL TV S W) HBELHIRARBRIICNITOECAB LA TV W,
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Table 3-13. Comparison of judging score between the normal and the 7/21 translocation
carrier bulls

Karyotype'’  Bull Year No. of Judging Percentage Period of
number of birth offsprings score?’ of off. employment for
registered A. 1. (yr-month)
60, XY S116 43. 1.14 20,938 78.5:2 1.1 32.5 14 —9
S101 45.12.10 32,640 79.1 + 1.2 35.4 10i= 4
S117 46. 9.25 20,613 79.3 £ 1.0 311 14 =6
S110 48. 4.18 6,361 79.1 £ 0.9 32.2 6 -11
S119 49. 1.12 3,678 79.4 + 1.0 27.4 -9
S108 50. 2.16 11,564 19: 3% 1:0 36.6 T -10
59, XY, t S131 40. 1.16 4,778 77.9 £ 1.0 35.9 4-8
S120 43. 6.22 7,838 78.2 £ 1.0 23.2 10 -11
S102 465, 3l 1 1,862 78.4 + 1.1 23.5 gi= 1
S106 e, 222 461 8 Y W 23.4 4 -10
S113 52. 812 358 79.3 t 0.9 17.6 1 -4
58, XY, t, t S104 51. 1.10 1,099 78.9 + 1.1 28.6 4~ @

1) t:t(7q 21q).

2) Mean + Standard deviation.
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AHRORER. BRENEOEMAFERCIE. 1 /2 9REET /2 1 EED
2B/ -+ Y U REEPIRSCHFEL TV A EVH LN, B
FEETIE, AMRORBER L I NEFTOWHEZ L LIS, Th b DIEEDRIE
FRHEZEBTLIEEDIC. BEICBITAMBES L MRICHOWTEELL,
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DERBIZITHIEL TS, L2, TOEREKRIZ, @¥%, HHEFIRE
OPNERTEDENT WD, —H. 1/ 298&HERT /2 1 iEE Y Hrss
— bV CRBEEOG S, BIZEROBAZIE <. BERAREORRRIIIE
FThbd, T, INLHDEER. 4 TARRETKIERICZT#I N LD
T, ALK 2@ L TBEICEFHICHRmINATLE ), AEFAEZIT-1NR
DRENFOERICBEWTIE. 1,/2 9EERT /2 1 EHEDOHFEITFFICE <
hpoteht, B, FRERSEB NS W D5, THLDEENIERIC
AR BEAMOEMICHE L Ty (a2 WERBEZ L WTH A ),

HECEWT, ROERLFBEIIAEER L OMERTH L4 1./ 2 9EED
54, BTGB REERGIT CEMELROF R ZENSTORER. 8%
THOUERBDET2ERT L ENVRINT WS, 7T./2 1 EHEOHA,
EWZ RO L ZDEBIIBRB TS e 720, WHE~T 0 #EEOKE T
FEBOBRERCEREN T o dE ik & EFHEAEOZRIZE W T, BRI ALl
g BEINL, COXHY LI EDL, T,/2 1 EESFERGEOKT %
FlERE LTV AWREEIEITETE XV, KHl. BIFET, ThbDoss—}
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HOHTEN TS L W) IIRGERIBBOLA T, EEEI LI, 41k
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1 /2967 /2 1 EE2RET sHlF 2 ATHEHICBHEALTW (2 L
BZELEZLREIPFLEELWTHS),

1/2 98T /2 1§ ¥ Doss— by o Rl & ¥R %2R
TREONB 2 BRI 32X RHIGED LN WO T, MIRIEFIREIC L 5
PUNCmZn@NINBETH L, CDE I LT enb, A7 Ty TIRRAY
= =T YHRARFDOERL, S 1 /2 OREMGLRET H2HIC, 196 94
P oS ORBERELZEBL T b, ZORKRTIE. RakRELZBAT
HAIDFEMBAUL 3FEMIC 1 ZBIFERT L TWeh', REBARKRIS 3 FMTH
I20.5%DEEDm EAiZd b Ty A (Swensson, 1973) » /A7 2—Th
19684/ N2 —HKRFT1 /2 9 EMEIFEZ SN TL¥ (Amrud,
1969) . Ml OREEIH LM L, EEREBEE R SR L
Twd, TOHER. 1/2 9IGEEFABEEOHEEIR. 197 04I2139.2%
ThHohd. 198542130, 5% LT3 (Syed et al., 1987) .
RETIE. BEBL2LEDIEHENTIZ, 41 ¥ 1) X (Pollock, 1974; Harvey, 1
976) . 77 >~ X (Popescu, 1975b; Foulley & Frebling, 1985) . -~> 7 1)
— (Kovacs & Papp, 1977; Papp & Kovacs, 1978) . KA 2 (Stranzinger &
Forster, 1976) B W THEEF DR OEREN EBEIN TS, F/2, + -
ZFZ VT Tl BREBAT 256 MBSO W T ERRE 2 85
. 1/ 2 9EOEFHER~OBABIEIZESH T 5 (Gustavsson, 1979),
BRENEICEWTH, FHOLESEN L2 K- T IS, Midibaid% xf
RE LTI 2 ERT 2 EHVRETH S, Ml L F OWEYH K
RTHIUT., REEFHOLHOER. FHEOEITNE < BRI
CHEFNDOEEFAEBEOHE X KT I LZ LH0EETH L, T, —KD
otk E L. WHFIRORBH BRI W TMICEBTE 20T, 4%
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. BEANEOWRAR ICHERMFOLOEINELBA L, ZORREZEAK
WMEEHEBFRAAFT AL L T EXFEETH 5,

1/2 98ERT /2 16EIE. EEmICH L TRENIRKEZ L7 6THT
 CLEERBINIREE L TH CLEEREY, LAL, ChbsDRBHAER
2. REDEASLHRMEL L ORRCE W TIERLHAME L E2 005
o FTo. BREERAEEKIHLRIETFEHEZER L TW 50 TREEBRDIERIC
PR L TRARMMEDOZm LD TH ), 4k, HELBEFRRE % 5 THEMED
K&V, #E->T. TNHLORFRZHINZ BibRICIE L, MERGTT L L
LRETL TW I RENFD S,

—h. Rk aiicE W Tid, BEMEZRIRT 5 08EIrAEL TSI L
DT K Zevn, BEDORAEFHOFER. HERP IR L BT LB D
LEBEAMMETL-> TS LICHML AN 2 ITb AT UI Lk b L {720,
FEXICINTIEH 2P VEIDERP AN D2 TEHEIEL TS
o —HRAICIZRBERE X - LERAIZES T, ARRMICRIEL)Y, £
PR 2 A BHIC L > THEMBZIRRT 2 EXREE L 25820, &
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#PORECIKIMEH O 2 M % HEERFT 5 HEIBF ST 557 (Kondo
& Sasaki, 1981; Nakagome et al., 1982) . KETIi{tatkarZ BiE L
ROBOMERIITOLNTE LY, REDRFEOMBEIIEELRETH 5,
Fo, RAEDEIEST T (. REERADBEIZBEREZ oL Tn (L
DITIE. LD EID TSy FOBBICOWTLHL2ICLTEL S EFRETH
bo AMXTIIHREIC S > TAELIREARREICOWTOGHERTZITEZRL
1ot BROPAAEAHICE W TS REERBERAL 3 n DR L BES L, Chb
BERTFEZRLLICLDDEEZLNED, ZDOREICOWTIIHAREICTE
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Lo, REEFHOBRDELP L LHLPL LIS, BORGEESHFEC
3B E L DWESENIREINT WD, 4k BRICH T HROEREONHBES
ZDREBE & ICOWTHIRZMED T { 72diTid. #5dE AT B % o fl
BB, WEBEEL Y A FECOWTELICRE 2N, ZOKELED
T BENDH 5,

AR TIE, 72 DRGEEZHDIZDHDOFKK ) 73 ERD Il 3EH#FRFZ ] 5
PICTAHEEDIC, BREMETRONA]L /29EHEE T /2 1 BEDG itk
MREMME L DBRICOWTHI L, Ch6DRRFRIL. BEAEZ #19
ETHEDED Y L OYtalkiR % EDH T ETHELRRERE LD . F
FOEEEDB EICHS THIDEEZ LN D, BE. EEOBRBICE W TR
BESHE L VES L LT AeHI, HEHIEWEE LTDMSO %M
LS RENRMERFE. BRHESHWECS T 2/BEOA TH 7 T A
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AR TIE. BOCEEOBRBIE T, 7 ongetafk iyt 2hEAICED
TV DT UK ) 7 BREEH# R, HERR L & OMRFERIS OV TR
af L7, KIS, CNHDOHRFEZHACT, REAENHR., LHERZ R
MR FEEZEEL, TOABBETRHEINT] /2 98EET /2
1 KO MR ZFERRFECC MR, S oD 28BO o/~ by o RKHEE
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R RAEREOR TGRSR O LBk i, EMILKOGH 2TV, 2D
PRI & B & OBIEMEICOWTRRET L2, AR THE SN ROBEL.
UTnEBNTH A,
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Summary

Studies on the Chromosome Polymorphism of Robertsonian

Translocation in the Japanese Black Cattle

Hirofumi HANADA

The present objectives are to study on the incidence of the Robert-
sonian translocation and on its effect on fertility in the Japanese
Black Cattle. Experiments were done first to determine the most
suitable conditions for bovine lymphocyte culture and the standard
karyotype for the cytogenetic study. Then the extensive cytogenetic
survey and the pedigree analyses were carried out to clarify the
incidence and the origin of the 1/29 and the T7/21 translocation in
the breed. Additionally, the studies on meiosis and spermatogenesis
of the T7/21 translocation bull and the chromosome analyses of embryos
sired by the carrier bull were performed to detect the effect of the
translocation on fertility. The analyses of breeding data were also
carried out on the 7/21 translocation females and on the daughters
from the translocation bulls.

The results and conclusions are as follows:
1. Development of the procedure for chromosome analysis by peripheral
lymphocyte culture.

1) To determine the most suitable conditions for chromosome analysis,
the kinetics of bovine lymphocyte division were investigated using
the BUdR-Giemsa technique. It was confirmed that the kinetics were
influenced by media and concentration of calf serum, and incubation
temperature. There was considerable variation in cell proliferation
among individuals. Also, bovine lymphocyte cultures were mixtures of
cells with different cell cycle times and/or response to PHA. The

peak of mitotic index appeared at 45 and 65 h in cultures set up with

—1 4 2=



RPMI-1640 medium at 37  C. To obtain a large number of metaphases
in karyotype analysis, the optimum culture time for PHA-stimulated
bovine lymphocyte seems to be 45 or 65 h. However, the second division
metaphase was contained with a frequency of 18% in the 45 h cultures.
Therefore, a culture time of 40 h would be preferable for study of the
first division metaphases for detecting the chromosome damage induced
in bovine lymphocytes.

2) The detailed description of G-band patterns at the level of 313
bands and the idiograms were proposed for the nomenclature of the
bovine chromosomes.

2. Distribution of a Robertsonian translocation in the breeding
population.

1) Two kinds of translocations were identified by G-banding techni-
ques. It was confirmed that one translocation was the 1/29 trans-
location which had been found in many breeds throughout the world.
The other was the autosomal translocation between chromosomes 7 and
21, which has not yet been reported in the other breeds.

2) Based on the C-banding analysis, it was confirmed that the 1/29
translocation chromosome was a monocentric with the single centromere
on the long arm side of the point of fusion. While the 7/2]1 trans-
location was a dicentric chromosome which had the double centromeres
on the both long and short arm sides of the point of fusion.
Considering its geographical distribution and C-banding patterns,
it is suggested that the 1/29 monocentric translocation took place
much earlier in the other breed and was introduced to the Japanese
Black breed through the European breeds imported for improvement.
The T7/21 dicentric translocation seems to have occurred recently in
the Japanese Black breed.

3) A half of offspring produced from mating of the 7/21 heterozygous
male with the normal female were normal, while the other half were the

heterozygous carriers. The T7/21 translocation appears to be inherited
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in Mendelian fashion.

4) Out of 394 cows whose karyotypes were examined, 42 were the 7/21
translocation carriers and 10 were the 1/29 translocation carriers.
One animal was a double heterozygote carrying the 7/21 and 1/29 trans-
locations. The frequencies of the 1/29 and the T7/21 translocation
carriers were 2.5% and 10.9%, respectively. All the bulls carrying
the 7/21 or the 1/29 translocation have been already retired, and the
frequencies of two kinds of translocations have a tendency to decrease
since 1981.

3. Effect of the 7/2]1 Robertsonian translocation on fertility.

1) In the meiotic study of the 7/21 translocation heterozygous bulls,
a trivalent configuration and unbalanced cells carrying an excess
chromosome were observed in the primary and the secondary spermatocytes,
respectively. The rate of non-disjunction calculated by the frequency
of the hyperhaploid cells was 7.9% in the heterozygous state as compared
with 2.3% in the normal bull. On the other hand, twenty-nine bivalents
including the largest bivalent were observed in the primary spermatocyte
of the homozygous bull, and the secondary spermatocytes with the
balanced haploid chromosome complement were produced by the occurrence
of alternate segregation.

2) The chromosome analyses were carried out on 4~8 cell embryos
fertilized with the semen from the T7/2]1 heterozygous bull in vitro.
Trisomic embryos with an unbalanced karyotype resulting from
non-disjunction of the trivalent chromosomes were detected.

3) Five bulls carrying the T/21 translocation were compared with
14 chromosomally normal bulls concerning semen characteristics and
histological picture of testicular. Semen characteristics such as the
volume of the ejaculate, the concentration of semen and motility in
the T7/21 translocation bulls appeared normal. The testicles were
found tobe as well developed as those of the normal bulls. Also the

seminiferous tubules seemed to be normally developed with a histolo-
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gically normal spermatogenesis in the carrier bulls. Sexual functions
such as libido and serving ability were found to be quite normal in
bulls carrying the 7/21 chromosome translocation.

4) The T/21 heterozygous cows were compared with the chromosomally
normal cows with regards to pregnacy status such as the conception rate
‘at first service and calving interval. The conception rate at first
service of the carriers(45.3%) and the normal females(46.8%) did not
differ. The intervals from calving to the following insemination were
68.3 and T71.4 days in the normal and the carrier females, respectively.
The number of services per conception was 2.22 in the carrier females,
compared with 2.08 in the normal females. Although the average calving
interval was 10.8 days longer in the carrier females, the difference
was not statistically significant. The analyses of breeding data
failed to demonstrate any significant difference in fertility between
the normal and the 7/21 translocation animals.

5) The body measurements and the judging score at the registration
did not differ between the normal and the 7/21 translocation females.
Also, no significant difference was found in the judging score for
daughters from the normal and the 7/21 translocation carrier bulls.

It became clear from the present study that the 1/29 and the 7/21
translocation were widely distributed in the Japanese Black breed.
The possibility of a slight reduction in fertility in the 7/21 hetero-
zygous carriers was indicated by the presence of unbalanced cells
carrying an excess chromosome and trisomic embryos. The conclusion
is that widespread use of bulls heterozygous for the 7/21 translocation
should not be encouraged. It is important to introduce an eradication
programs for the 1/29 and the 7/21 translocation in the Japanese Black
breed. The bulls used for artificial insemination should undergo

routine cytogenetic investigations.
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