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5 &

WHH T AF (Triticun aestivum L.) X 3#oy 2 ah bl INn 28 F 654
+H Y. BREEIZ3O0YT ) s ThADET S, AR AMKRE 7 SoRd
B (HEFFEUCCTI3RB06460H) onnTFhnicbaH I (Sears 1852; Sears
and Okamoto 1956) . M UMMM RS 2%k (FHERAEE BEWEMULCHE
FEHEEdH T3 M BT A (Sears 1954; Sears 1966; McIntosh 1873},

—JF, BRI L¥ORBOERIA TSV Tk, LEFERAERL RS2 (4
S FEEREAED BB EET B. L L0kanota(1957), Riley and Chapman(1958),
B &£V Sears and Okamoto(1958)id. =1 4 ¥SBRAMAERTFE L ZVEEFREBNVT
RERRFEOH CHHEBELDLERWVWEL, Col dbh, HHlRIALAFR
Bl AFEMAPE AN S OMELBEAE LOBET(PI) REsTHEShtwaC
D711 RS/ AN M NS

&S KEARAGHSPEEHCHHIN TV I LW SHEER, csrF0FHE
KBWTERHTEELENRE 2. Mk bsRHEEAGANSGFBENCEIETSZ L
kT, aLr¥FRE4LEHBEGR S ZEGHOREELLEHBETE LTI
EATALERTCE AL THD. ER. chIckFilfAdoxnsd rHf 48K
PR T A LR E - T, B4 OHFRELE T e, comosa(Riley et al. 1968),
Ag. elongatum(Sears 1972), Ae. speltoides(Dvorak 1977), Ag. intermedium(Wang
et al. 1977)., $B3WRET. turgidum(Kushnir and Halloran 1984)x K A F WA
ThTtind,.

Lo kS nAHREANSOBEEEERILAFOFHESVWCTARERAT I
DTk, koSBT - HoEE( H668) . SLUCo@aEebiET
HHatiEEE. MIERAGHS, HERRAENGORFTICOVTHMIZEHEL T
BLEEDDZDE. CoMFAORER. BxORRK L - HRREINIHNGOEHR
BEBRBL BN TALRE-CBIT N CERZEBDNS,

ILAPREAEOHEEHCES T 2ERE LTk, Bi2D5BLOPhI(Riley and
Law 1965; Riley 1968a: Dover 1973: Riley 1974; Sears 1976; A48 1980). A
Hufo 44 (Mochizuki 1963; Vardi and Dover 1972; Dover 1873; Sano and Tanaka
1982; Ohta and Tanaka 1982) . )L & ¥ > (Driscoll et al. 1967; Driscoll and
Darvey 1970; Dover 1972; Dover and Riley 1373)., {EJ8 (Riley 1966b; Bayliss
and Riley 1972a; Bayliss and Riley 1872b) ERMbhTH Y. = OfEARMT X
noohs,

—h. TLAFLAOTMIC BN TEEHBEOH 2 EEOPER (Wilson 19598M) o




W, ERRILAYCRILETACBHINA TR LEFVEHY. £k LEHT
7O A FORSEEHETIMAED S bBENEREZRFE b0 EHEB T & %
D BMERERFEREEHEGTH Y. TARPEEN GOV CE. %D
% {HDREDEHERNZE LTHY,. FRT o4 TE23BREREL T
13, Sears(1954) . Kempanna and Riley(1962)3 & ¢f Riley(1966a) ov#iENn A v
ARETHB,

AMERL EofEREEEL. HTEF 1 23R40 2RET 5 Lo
MEA#BALrVOSBEELY. BEBLUVIBRER L - THEININESEE T EH
L., SHixéardd dmEROERERERFETIC L > THERABYEFIZE
DHPEELTRHALEI S LcbDTh b, A clRk, TTHEIERBVTEHEDS
SUIBREERXERERRILFORGE LOL >BRGRERTONEBREL, KkiT
FIFEHV T, BIHCREShLARFONAKH T HMERED & S 2iEH&
K & - TRET 20 &I L.

EPERBL TR, RRE 1 DG BT 2a4MoEESE (WA (rairing) 1,
RS L ARSI BT 4B oEE T TS (synapsis)) \ TR
HEfT oS4 MBIecARD M (preneiosis, premeiotic interphase) 1 »#ER,

AMEEETTICH Y, ERAZRFREE, LRI EE LY@ RiE
BEB-i. T, FMAKFEREFRRE., HBtE—0EL, [ &Ex8 -8t =%
EFRXFERR, BREAEL, B XFRYHEE. wIE=E-1t, Dr. E.R.Sears,
Dr. M.D.Bennett, Dr. M.Feldman, Dr. L.Avivi 8EK1 5L, Bc~0FE-IHE O
W, EBRHHEHEPRMEL L0, 5, FERAERESRIEE. KRR
+. FEEEET. BEAXEEL. FBFE. SERREAEZLH L TIEMAKERLHTH
FHRZDOBEISR., BB LT LEV ATV, EEoEficH LT
RO HRBRRMOERERD T,



Rl B N T e
3 BEeta i ds ooZEh B

54

%ll

AfEcE, BIRCRESBES SUVIBRaEGER Lo &I T 2ERARX DR |
RS, BRSPS KCIBRAAREXEFAREGEN S LCFHEREENEGEHL T
Pl >uEERRETEABRELL. CoS>HLEROEEBIMEL TR, EE0RE
AEET, BEEHTI3ERDIR L LEEOMBEARRF—V b olERE®REL
B



FBLE SROYH

Bl #E

gt fhxt 0BT OBRAD AT OLAGTENREORELRIT LT LA
Plough(1817) LIRS B A ciF T T A (Wilson 19595H) .

—F, FERILF BV TR, RAGHdSENEHR (LI et al. 1945; Bayliss
and Riley 197%a; Fu and Sears 1973) ., {2 (Riley 1966b) W FholBI LT
BRPT B EAFERRK B2 TVD, TS5 HEROHFIIEDRELE R (HEEK
BOTHEERLHSDONAT &0 b, SDEnBdE 240 e L CHElRBHNITHI T
WA (Hayter and Riley 1367; Bayliiss and Riley 1972a;vBayliss and Riley
1972b; Attia 1877; Attia et al. 1977; Viegas 1979; Chapman and Miller 1981),
Lrb, BROBELE SV TR, LEORERHZLENIBE CRETDEHHENT
B67T. HFELAGERAET 2PRER - R BEREY,

AT, BREALBXEARESNSS SUFHRAEHGIERITIBELBEE
L, HEREE25 X 300 200 BROHR L L 2>, SRBROKEE
T 2. b HHBRCST 2ERIEHARRT 2V CHERT 5,

B2 HMESLCHE

HFEFEAASSOBREITIZEBR 2 L X 58 Chinese Spring(Triticum aestivum
L. var. Chinese Spring) (LITFCS2BE3) %, FhMBEYAEHEGOBEITIECSE >
1 b ¥l Petkus(Secale cereale L. var. Petkus) & OZ%HF, ¢, 5BE X EID%EK
(CHDBLUVHEEZLBRAETIb0EE4HEL LTV, REQIEOI LY
XxZ 4 L¥F ik, BUF&h®h ABDR-5B, ABDR-3D # & ¢f ABDR > ¥4 5. ABDR-5B
(XCSHIZK @) wonosomic 5B #. F7 ABDR-3DIZM U < monosomic 3D ##FHNT
ERLLbDTch 2, BROEEL. HRAKEL SV IWOF & 2N ENRHE L7
AT XriLT 3,

BGEARMR RO TN & HRHIR c R E A B0 HEE L SR L« FA e E B L.
BREC L, BRAIO I HEHRB S 5E < EHRBE ©15°C— (CS . ABDR-3D) £/
t20°C—%E (ABDR-5B. ABDR) MBI TF~MRA L. MAL T 1 HLLEEBL 1k,
C3132545 :¢F30°C. ABDR-5B . ABDRIZ 15. 25,35 K¢ 30 °C. ABODR-3D {X30°CHER




TRBH LA, £RHELH—HEEOFTFTI0FEHII200CTFREL R,

ElEm& >, 15, 25, SXUF 30 “C(CS), 15, 20, 25 #HL¢* 30 °C(ABDR-5B,
ABDR), 15 B 4&UF 30 °C(ABIR-3D) mBER THEE L &R b, HAFE—IH
O IER THHIEE(PHC) 2HRICARRZFAECHRIRL., D 7ERECEHE, %D —
IveRfA, DVeEFEOHLORLECE TS LA — bR ERL. RAadHS
DEHE. BLU g Y W bexd#(paired~arn frequency per PMC, LITF &b
LEETR) 2BE L. HEREEZ. I No—Madk, BN Mmkadk, BRTM
Yeinfk, ERSMiRAS BROERAES SUVRRNMREEREL <0, 1. 2.
2, IBLV4HEOHEGHEAEETIERELCEHL, ch2HE&E0HEELL
7o

PMC iRECEEL Tl XX, XoERRKI2SWV» T, FlRAEBEFEE S TS
AZF — URHRAIBG TS 5V e hLFTIcH - - RENIPHC #BAK.

Bennett et al.(1872)# £ Bennett et e_xl.(1974a)ti‘ 20°C F i 1+ A0S,
ABDR, CSo» nullisomic 5B-tetrasemic 5D, &R B5UFIZ 15, 25 O TR BT 208, £~
DEFASEREE( A oA FHF ) &, ¥ 5K Bennett et al.(1971) H &
U*Bennett et al.(1973)ik. 20°CTF K B ACSORIKAD AN L AN AP O L R T
—VoORXERHEL W3, AERTE, SEUERF-CoRIn2bicw+ AHEK
HEETR, BEK K-> TtED iy, ABIR-3D »ABIR Y o 2 ZUEef i 287
W, 30°CT T REFI25CT D H 0 LR UnOPEy, SR IEERE(
THErEHETCS ToMEESIMNEER T coRE #4745, LEE L. Bennett
et al . ORR%EM L «CS, ABDR-5B, ABDR-3D35 LTFABDRDB 4 iz DT, HEEBK
O R RIS A B — A H A E coBEMEET L. PHC ORBRIZY > Tk
 OBFE & RECHE o8 Hn i,

dH., HERAEEN AT 3ERIL 1977, 1978 S LUF 1978 FORFERIC, F
7o & & B4 5 EERIX 19774F (ABDR-5B. ABDR) 35 & (19794 (ABDR-3D)
. WINSFERAFE SN v BBRHBERAANEE 0V tiT- ~.

B3 HR

(1) HEResbtst

B1RE, EF% EEEROCSKKSVTHREIN:, AMRaENS BT 28
RExrt.

CORTHLEIE LS, 15, 25CHRE SV TRERE NS NEEIN, B



Table 1.

der different kinds of constant temperature

Homologous chromosome pairing in common wheat(Chinese Spring) un-

T

Na. of No, of Chromesome coufiguration: Mean($.D.)}/PMC falred-arm
Year Tempe:a— anthers PHMCs freq ¥
cure{"C) |} ierved observed T+L Rod I Ring 11 TT1+1 w / pMC
o
1977 15 5 944 0,001(0.033) 1.2401.14) 19.76{1.15) ] 0 40,75(1.15)
25 5 497 0.012(0.109) 1.59(1.23) 19.40(1.23) 0 Q 40.38(1.25%
30 5 519 0.079{0.27) 4.65(1.89) 16.27(1.90) 0 0 37.19(1.96)
1978 15 5 459 0.009(0.093) 1.36(1.15) 19.63(1.15} 0 4] 40.62(1.16)
25 B 10364 0.022(0.154) 1.24(1.13) 19.74{1.15) D 0 40.72(1.18)
30 10 609 0.684(0.825) 5.90(2.00) 14.41(2.15) 0.003(0.057) 0 34.73(2.57)
1979 15 10 1223 0.033(0.191) 1.52(1.23) 19.45(1.26) 0 ] 40.42(1.32)
25 6 587 0.065{0.260) 2.39(1.50) 18,.55(1.54) 0 0 39.96(1.63)
jo 9 698 0.838(0,911}  6,41(2.05) 13.73(2.24) 0.003(0.053)  0.007(0.084)33.90(2.71)
Table 2.

Chromosome pairing in wheat(Chinese Spring) x rye(Petkus) Fl with

or without 5B, 3D chromosomes under different kinds of constant temperature

No. of Na. of Chromosome cenfiguration; M 5.D.
Geno: Tempers- o iiers  PMCs & m; Mean(S.D.}/PHC Paired-am
eypet ture("C) o erved observed I Red 11 Ring 11 48] w frequency/ PHC
ABDR- 15 11 1324 15.88(2.98) 5.83(1.49) 0.927(0.923) 0.518{0.711) 0.014{0.119) 6.76(2.00)
SB
20 10 1220 14.82(2.76) 3.92(1.49) 1.292(1.045) 0.570{0.765) 0.0611{0.103) 7.67(2.02)
25 2 175 13.34(3.07) 4.75(1.58) 1.537(1.044) 0.331{0.571) 0.023(0.184) 8.55(2.02)
30 13 1787 20.42(3,14) 2,85(1.46) 0,307 (0,597) 0.097(0,323) 0.004(0,067) J.65(1.88)
AB?S- 15 9 972 24.12(2.26) 1.32(1.08) 0.078(0.276) 0.030{0.170) 0.001(0.032) 1.54(1.23)
30 3 413 25,35{1.74) 0.79(0.8S) 70.024(0.154)  0.007(0.085) [+ 0.86({0.92)
ABDR 15 8 1874 27 .47(1.06) 0.26(0.53) 0.001(0,033) 0.001(0,033) 0 0.27(0.54)
20 7 1372 27.45(1.09}  0.27(0.54) 0.001(0.038)  0.001(0.038) 0 0.28(0.55)
25 8 1832 27.37(1.24) 0.32(0.62) 0.001{0.023) 0.001¢{0.053) 0 0.32(0.62)
30 16 2604 25,20(2.71) 1.31(1.29) 0.055(0.245) 0.024(0.160) 0,001{0.028} 1.47(1.45)

-

See text for the abbreviation,



Ko R AR CEOHERBAR I N, —F. 0 CE Tk, 15, 25°CRI
FeAl Bk i A EIR A L. o THER SRR A D KU — i A o iAtig
ML7cfed. HabEut 15, 25 CR &V 8B ohBEWHIK R > . T ofmE.
SEJDOTNRIRBOTHEDON. THiZ, 1978, 1979FDEEKtiE, 30°CKIT
BOTOMEFEE iR H 20820, &I CHBERAARBREIN:.

(2) FHEAEHE

gokE, KRFEEKICHITS ABDR-5B, ABDR-3D, $HLUF ABIR oRffEd &4
T
EH AR &L, 3HEDOFL D > H5B%E K CABDR-5B 35 L F3D% K {ABDR-3D K& H
WTHEERINE, B2k LS, 15, 20, 25°CE KRBV TIE. ABIR-5B o
FTHARKRVTRSIREF UETH -, Tk, 15°CK THABIR-30 DR A%
iX. ABDR-5B X Y Ho0{Ed o . ZHESBoE T A4S & oMb 330X
UH3N W SHEEDRE & —3F 5 (Sears 1976) . —F. 30°CE BV TIL.
ABDR-5B, ABDR-3DW&oosdt&besiid, iz 15, 20, 25 CR LK U HALMIC{EVEL
ot TN, BRS SUVRRTHERAERELS L, —@RadEREmmL 2l &,
BLUSMBPEERFE LR IR ST LITX S,

ABDRIZ B\ T, 5B, SDMSFFAET 2708, FEHEAANSIAE L RN ERTHRE
Niz. AERO 15, 20, 25 CR RSBV TIE. ErRFAE Y ABROR T &bt
L TH o7, L L, 30°CK i, ABOR-5B, ABDR-3D#é: & iz, 15,
20,25 CE &Y 4 H oI EOHABEXERINE. Thik, RRTMHREEOSMm
REERS BRI b a T, JEAFARAGHOBRM AN GTRERL H
A EEHOEEREM L b rEIENS,

BAm EE

AERBROKE. SRG0 CER) AR, FE%asFoaFRataREEd
TEHEHAR, EHEECcERHINSMPAELRBERTII L. THEKRAER.
0B, IRRELATLF XS 4 AF¥FEHV TRFAHERELESESEL B T3,
9B, DRHEFET I CRULAEMIEI T L RHEHELT R .

Feldman(1968) 3 & ¢F Yacobi et al.(1982) (k. KFEH L[4k CS V. SBEMD
DF—2%BF( 64K) K324 ( LITF@ERSEL XEET) | — M dEnmL <4
FRAENSBRRA T2 b 30, St interlocking bivalentRHHE 43



CrAREELTWA, Fh, Driscoll et al.(1967) (k. CSmHhf b F Al
R4T5 k. oY HEFALEAESSESRS L, SMRAGRHETILeRELT
W3, X5, Dover and Riley (1973)i%. FHPAAN SR, CSIKaL b F i
HH T - SRR 5205, AER X CABDRIZ 2L b F VA AT - maid
WinTal L EEDTV S,

ro&Sie, GREEEERT AXORASHSR BT TRFEE L GARISEL B X
FaneFraBomE AU LAFEEEL T3,

Feldman(1966) ix. BHEISBL oG+ 2EMAEHHE T2 0K, KOBERREH
FREL.

(i) $AEREFEIEEATAIEHICR. H&T 2064 BEADREG /I
HLCRENRLEIOA7T— VISV TERBPEEEL W A2LERH S,

(ii) SBEBEOBET (PR k. ok >afedoeBrEETaC
Lo tREENERERERIES.

(iti) SBEB%EZAL (K< bovid, HELAE, FEHPEAKREELIL, ZoER
B rpl cHEaBnE LS.

(iv) SBEM*®ED2 F—XH+iboncik, HARAEDANRET L. FEHEYE
BHEITVWEENRZ LS RBEER2 L 3. - . HARAEE&R coisdERTHN
B

(v) BEEZAFKKETZI bl AHPRAE0H RS THERAEFIT VK
#n, LA VI ACEEING, TRt -> CHFALEEEoONEENEL T
A eFERC, FAREAREABEOELLSGE24E LS. TLEE0INK L
< interlocking bivalentBIE X 3. |

Lo &> &Feldman o {E#13, RPNV EFrARoBESRE L cHEA
TALERTCIERTCHAD,

T, SR EBEEOMER LEOEROM S EEOEECHERZREI T LTI
H, 3A¥x74 5P eHONAAEROERRKD L SKHBAE 2. BIL. &
{2 B X Y ABDR-5B CRIMAAANEENREA Lizonid, BBREK S AMERAEL
FioKERE&RE L->cilEnicedeh Y. —F, ABIREN T 32EELE cH &
EXREMLLDIE, SBrERArReads > v ArEE XY, FERAERLHR
BEMCHE L 2 &3, N F v AR oFHERASS ST 26/ (Dover
and Riley 1973) $EHRHHETCI B LEX bILD,

Buss and Henderson(1871){%. Locusta migratoriacdd¥s AR & (40 °C) W
#1iT > & interlocking bivalentRBHUHB T3 &, T OERIE. SEAYAE
HEE, FREE>OFE2ELLALDTHAZ L EBEL TV, FHEOBERR




Triturus vulgaris & fW 7= Callan and Pearce(1979)mER KBV THHE LN T,
A, bk, GROEHAEFSCETITIAOEZEZTIHOTH D,
BEom<, XECHEIN-TRORELHACRITTHERR. HRBED
ALk Fy AL, BRI SEEEOUAEE N L TFHL. EXN2EE
RE Tk TELR LEERTAII LN TE S,

H5H WE

A% Chinese Spring LUV I LF XS4 A Fi TiBERLHD. DEKLHD
RHUVNHELBETHbDEHA L. TB% 1 L FoARRAEER A4S JUFEER
EEsSis LT, BiR(30 C) MERY 0L > 2EBEERITThERE L 2.

BiRAHE DR, Chinese SpringcREFFEER & DR & ESHE RN SEESL
BENSOHENRED Sk, T, BELRIDERTIAF XS 4 LAXF Ci2FEHE
et AN ERME XN, 5B, 302 ET233A¥ x5 4 AXF ciBCEHEREENS
RRE I NI,

INGOERML. e+ 2564, E4/0LY SMoBNCHEVITERT
TALODEREEINRTWAZ Y, BEBXUSBERPL) . Hikzok > hadk
BHEFEL., TR E->THENCHS BB RIT T L2 HRHINT.



F2E SESROMBSYRT — JHRIFHE

B HEE

e ot o S A RITTHEEROS (3. 2ofFHREOAmR, il
HAROD B EoEH( AHRT V) KEXoTRELRRZT LR LZHFY
asH, brEROY, YUY auA_AzES0EHE cHHSh Ty S (Lawrence
1981; Henderson 1966; Maguire 1968; Peacock 1870; Grell 1873; Raju and Lu
1973) . PIZIFLEFERILAFEBIT A3 IV EF v AR L 2HaR 0. AFER
RIS R O LA T hN B D H W Hi 5 (Dover and Riley 1873).
F DR EMEACEBABLIT->Th, FOFHREHAIEMOING SeLIER
e ZEVHIE & —F L VR Y AR REA LR (Bayliss and Riley 18720b) .
o TthHHAHONSGE BT TEARRA2HES k. TOEAXLE R 7 — VitiKHF
TEHNELERAALERDDILEX BN S,

ABECRInLS>ABALY. B1EcHEINATROEREAEAS LU MR
BAEORECH T EHEN. REBRATF—-JEFEEET 2000 %,. o DRENE
¥RAVTHRET 2.

B2 HHSIUHE

HlErEEE, THA%3 LAY S Chinese Spring(CS). B LA CS &5 1 LA ¥ SiE
Petkus & ZHEF ©5B% K < $ D (ABDR-5B) 2= S U W H T 5 b D (ABDR)EL 3 R#k 2 it
AL

HERSEECL TEACHRL., ERHECLERIDIEHERRBE T2 Z Ai215°C
—%E +« EEBHOBE TREBALL. AL T HE LB L =%, CSiX 6 8.
ABDR-5B. ABOR 13& ~ 3BKBAIL. BRHM2L b I FIHBR L LCISCTREZOE
TRET . OBV TREKO X SRICOBEAER 4T -7, BIHCSnE
BREVOSHOS B AREL~ 3. 10, 30 HEYE 90 B 30 CTRBVTHY
ISCTFREL. Bt 1#% 30 CTRBELi. BRI S0RELNE #HK, W
B, 0L ML IV VO piBEE4 5. S-0MoBs, £TR 1 -V ofulrs
CAMDBHN, BT #EKTI2b0E3 5, —H. ABIR-5B $ & ABDR dif&
. ROV hEide 11 8LV ORELE AT -2,

10



NEH, FUEASS 1 ARG HIoOPC £RERL. HEosEs K¢ 1ML U bk
W dabs FRELR.

RN OGN BT ARAHARONH AT —VOME,. B LUHSRRD
Bz, BlETRSRFERRE - .

FEI3E KR

BH1~3MREBRERERLEbDOTH-T. I bORoHEBIHARK( &N
PMC RSIEigfE) #. TRl 30 COBoBiKEE( F1RK) R TH(HFE2, 3
K) »HEEEE colllERL TWa. HEEORK SIS 1 ARPH oGS
(M1 »BE4) 2EET S 2. EMEMTbhfilan# 27— vk, Ro#EEho@d
HIEETE D.

InSORPEHESLE LI, WEliid. B3 - cHERE C o054 S RKbH
EOEI K - TRECELE, B, HERAENE. BHEBEAHGNTRIED
WTH, HEBRICCABOITONAENERF -V KEEKFTEIT 28 5.
LT riE, AER ISRt Lk % LAFCHHEAECRER
KL tEVWERSE A RTHRERFEET AL 2SR LTV A, HTooikild TS
BB 2T — U1 LI, HaDRBEEROBITC L > T, ChANZBERD Ik
HAMEBEEHET 3.

(1) ¥ Vv (15 -~ 30 °C) :

#F1—-—a, — b, —cEiE, =N Fhn CS, -ABDR-5B. ABDR kW +248 V ok
Exnt. CAHOELBEHENR LS, MEEHIR L 28 SBRELD A2 — v
Ik 3R 2 I L T, Blh, HE0MRD 2 ARE 3 T T a5
ERTEBT2HTcH258. CoOFESERE 3 L0 EIE CS. ABIR-SBOMFHAILIR
4. ABRDZFER#IIL, WTFhoB&b30CERTRST2E( EL, 258
CELLBRCOEL2 R L .

RO &K 3% 30 CHBEH L /AR L OBRESAT LS. BARKIORTRE
ZaRT . BB V kBT, 0CARRERBIERAT - Vo T SR
HAINEHEEBEABC I 2bATISCERTREMETIORALELY
SEXMEONR AN, BREAF— CRT ST BB SNBSS0 CER TREY
RIEBELBICHAGERXREINE LT3, COLIERETIE. BV K&
THEGREPRICOT cofEnbICHTeoflE LB E( Fl1—a, ~b,

11
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4, Treatmeac V; 13 » 10°C
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Fig. 1. Time~dependent responses of chromosome pairing in Treatment V to

Cs(-a), ABDR-5B(-b) and ABDR(-c).

— . ——

; Paired-arm frequency at constant 15°C.

In Fig. l-c¢, paired-arm frequency at 15°C was not presented because of its
extremely low value.

I}=S.D. for each anther.
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Symbols in this figure are the same as in Fig. 1.
In Fig. 2~¢, paired-arm frequency at 15°C was not presented because of its
extremely low value.

13



Paired-arm frequency/PMC

42 ] ] ] _rr -“TH o
40 ﬁ ______W_T____*—-

304

251

20 L . .
. ) 4, Treatmenc IIL; 15»30(30h)»15°C

cs
154 \/

104
o v T T T

0 10 20 30 40 50 60 70 80 90 100 110 120

424

401 {

354

301
254

20 -
b, Treacment IV; 15-30(90h)s15°C
cs

tod
0 ' ! T T T T T T T ™ T pr—
0 10 20 30 40 50 60 70 80 90 100 10 120

{hours )

Time from the end of 30°C(30 » 15°C) to the fixing of anther

14



429 Wiy ,H_{ _H - ) ) .
40 .-‘d# g £y { L %
i I— ’
351
C, Treatment I; 15»30(3h)*15°C
cs

Jo1

T

0 T T T T T T T T T T T T

0] 10 20 30 40 50 60 7C 80 90 100 10 120

Paired-arm frequency/PMC

thours)

Time from the end of 30°C(30 + 15°C) to the fixing of anther

Fig. 3. Time-dependent responses of chromesome pairing in Treatment III
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Symbols in this figure are the same as in Fig. 1.
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Fig. 4. Schema of the stage dependency of high~temperature effect,

T.; Time from the start of 30°C(1lS » 30°C) to the fixing(under 30°C).
TZ; Time from the end of 30°C(30 » 15°C) to the fixing(under 15°C).
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* After Bennett et al.(1974a).

Do
FASNRAEBROBRICESE, A3 REL 4 0BEEZY X7 — URNDHEB
EEZEMEL TR INERLEBOTHE. COI>H, MRAT—UDRTHIZOW
T, AH V. B I WS ERAAETHEE SR 2 2MERERE S LRI
TWAN, MHEREORELBVTH L —F L. Tk, ARF—-YR, B L
S>TEDHIRIZETOZRIHI2 b0, 3FRME IELFRUHBIHEL TH Y.
BEF X7 —UoOEHSRI=22 3 ZERA—th- k. SERZHRF—VoI o
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18
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Table 3. Production methods for the materials having different doses of

Sho}t and long arms of 3B chromosome

Dose of

Genotype JB-arm Cross combination No. of chromosomes
short long

Disomics 2 2 - 42
Monotelo- . . Ditelosomic
2 -+ *
disomic 3BS 1 Disomics x 1BL 41+1ltelo (L}
Monotelo- n . , Ditelosomic .
2 3 + %
disomic 3BL 1 Disomics x 4,0 41+ltelo(S)
Ditelosomic
- +2telo(L
1BL 0 2 40 elo(L)
Monosomic C1 1 ~ 41
3B
Ditelosomic 9 0 _ 40+2telo(8S)
IBS
Monotelo- Monosomic Ditelosomic
+ltelo(L
somic 3BL o 1 38 X 3pL 40+1telo(L)
Monotelo- Monosomic Ditelosomic
+itelo(S
somic JIBS 1 0 I8 X ape 40+1telo(S)
Nullisomic
B 0 0 - 40

% telo(S), telo(L); telosome of short arm and that of long arm, respectively.

4SRN ( AWK ) ABE LA, AELUR cEHT A ARSI
lARcBR I AN ABNEE 2Ot CcHET 2 REEE R LE D TH
Do XMEBANBOBEBILE 1 B LR - 7.

B3 EBE

%4i&ﬁ39%ﬁ®%émﬁﬁiﬁbtﬁw\it%s@ﬁ%4§m%%m5ﬁ
mbt%éMﬁE.wsmF—za3m®F—x®ﬁé&£&K%Lttmv%5°
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Table 4.

with different doses cf short and long arms of 3B chromosome

Homologous chromosome pairing in the genotypes of Chinese Spring

. Dose of No. of No. of Ch .
Genatype TBoatm anehers pHes romosome configuration; Mean(S.D.)/PHC
short long observed observed Telo, [~ 1 Tela.IT* Her.II* Rod IT Ring 1I
bisomics 2 1 7 740 0.04(0,29) - - 1.55(1.19)  19.43(1.21)
Monotelo~
disonic 3BS L2 7 628 0.04(0.20)  0.25(0.68) - 0.96(0.20)  3.22(1.41)  16.68(1.40)
Honotelo- 7 i 7 532
disomic 3BL 0.,07(0.26) 0©.29(0.69) - £.93(0.26)  3.35(1.37)  1h.54(1.39}
pitelosomic
85 o 2 8 832 0.03(0.25)  0.12{(0.47)  0.98(0.12) - 2.37(1.40)  17.57{(1.41)
Monosoemic
ey 1 1 3 211 1.18(0.61) - - 2.86(1.44)  L7.05(1.49)
picelosomic 2 0
388 ? 406 0.47(0.85)  2.09(1.88) 0.77(0.42) - 6.83(2.14)  12.13(2.3%)
Honoteleosomic
3IBL o 1 8 526 1.000.00) 0.16(0.54) - - 3.12(1.37)  16.80{1.40)
¥onoteleosomic 1
185 0 10 916 1.00{0.00) 2.42(2.01} - - 7.71(1.89)  11.08(2.03)
Nullisomic 0
38 ] ' 9 700 2.33(1.97) - - 7.46{1.99} 11.38(2.1D

* .
Telo.[l; teloromic univalent, Telo.Il; telosomic bivalenc, Rer.II; heceromorphic bivalent

Fig. 6,
the paired-arm frequency

* §; Dose of short arm,

L; Dose of long arm.
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ATHERTMRAE, —MREA L B OOH . o H YRS ENED -
fo LU BRAHKSVCABNL L S 2 HAR OB M4 S SR EADTE
i, 2 <CBRBINEI ST,

3BL @ F—=ZR IoRMITHVTH, CSKIEAZ b dOEVHAREET L, &
> T, 3BL BHAREHLTHY F-2@R4HE £ bR 3, CoREONEE
HoETR. EoER_MRAEoRNcE2b0Th -1,

—H. 3BS K2V Tid, 3BL @ F— 2R 28 L 0oRkicHBV T, 3BS KL &
PHEGHMBOETHEDSNL. Lirl, TORER BLREAOBAECEA2 L&
EhTcH-7.

BAm B

K, BLEOMNEGEEFIR. ERMCH 32 RAEBHCmbN TN, KR
DEFREENERET 20 R, THKR, XER R oXNSGEEFOF—
AN 1OBETHHEERODETTEIZ L. AIbHSEEFRBEV F—-29E%2F
DL ERFRED BRI, .

ElERa A¥F ik, FRAaEHA0REKES T2 E4E&D > 5, B B LY
WMo Tid, TNRENEMR(GBL), afi{ 38a) HLU5BE(30S) KNS EZWHIT 5
BEFREEL. toRNMO 58S, 348 &1 WSk, HiHasRiET 28 ET
REFEF 20 & 855t A (Driscoll 1972; Mello-Sampays 1971; Sears 1978).
—H, AEBROERC L 22, BSOKER BLOBE LEHRGARERS S EHH
ORI BLICHERTEHTREL, #-T B LORSMBETOFELER BB
REATIZ2rHcEdLrEXBNS.

8BL R&EWR LAWABOBRIBER. BEABEORE LY BOOREN T, H1
Heh~Ain <. SR, BFESEL HAVEoLEF AR TR HEaEoED I
£ 5 T Bk interlocking bivalentBEHINBE LSRRI N, Tol&ik
EFREVERESHA AT T 2R A0 T EREEoBB AT s LRETHC LT
BBEhE, CREHLT, 3B ORER S > THARDERS Lk PHCH. SiiReE
tk¥ interlocking bivalentb 2 (BEIh M-, TOT e H, Bl Loxdd

24
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Chinese Spring(CSYH LF 3B A, IBEWMAER ~ 1 AF T 2E R (R, 519
FHEERRLCENSORAGHABLREL, BLLFET IHABETOERE
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Monosocmic 1A b4 Monosomic 3B

d

Mono. lA-mono. 3B X Mcnoisosomic 1AY, (MilAT)
(2n=40, 19IT+1I+1I) L

Monciso. lAL-mono.3B

(2n=40, 19II+1lI+liso.*)
i
Selfing

+

Monoiso. lAL-nulli. 3B (MilAL-N3B)
(2n=39, 1l8II+liso.)

Fig. 7. Production method for monoisosomic l1AL-nullisomic 3B(MilAL-N3B).
* One isochromosome.
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Table 5.

Effect of high temperature on the paired-arm frequency per arm-

pair in isochromosome and ordinary homologous chromosomes

Tempera- No. of No. of ' Paired-arm Frequency; Mean(S.D.)/PMC
Yyear* Genotype¥ . rg(°c} anthers PMCs 5ol
b ohserved observed Isochromosome rdinary homologous
chromosomes
774 Disomics 20 7 1006 - 0.96(0.03)
(Cs)
30 3 144 - 0.88(0.05)
MilalL 20 6 538 0.89(0,31) 0.94(0.94)
30 6 408 0.88(0.32) 0.86(0.06)
795 Disomics 15 10 1223 - 0.96(0.03)
(CS)
30 9 698 - 0.81(0.07)
M1ilAL 15 6 443 0.88(0.33) 0.95(0.03)
30 5 282 0.87(0.33) 0.86{0.05)

* See text for the abbreviation,

Table 6. Heterogeneity test for the number of PMCs having paired isochro-
mosome
Heterogeneity; Values of xz(d.f.)
* Tempera-
Year ture(°C) Among anthers Between Lemp. Between years
within temp. within year
T 20 2.94(5)
0.32(1)
30 3.98(5)
0.69(1)
7495 15 2.72(5)
0.05(1)
30 4.58(4)

* See text for the abbreviationm.
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Table 7. Effect of 3B deficiency on the paired-arm frequency in isochromo-

some. and ordinary homologous chromosomes

No. of No. of Paired-arm frequency; Mean(S.D.)/PMC
Genotype* anthers PMCs ordi —
observed observed Isochromosome rdinary nomologous
chromosomes
Disomics(CS) 8 820 - 0.96(0.03)
N3B 4 447 - 0.71(0.07)
MilAL 8 936 0.91(0.01) 0.94(0.04)
MilAL-N3B 7 687 0.09(0.01) 0.73(0.08)

* See text for the abbreviation.

BB B0 TIE, CS, MilAL FEIRIBOKREKI & » THEMEREAD L. 57— & 3E8E
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THIALHMB/INDE. DT HE, BLoMNSEETRIES. R, D&%,
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HRBCE T AEHORA CREL T2 L 2 R L T 3,
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HEAEONGR LFEBRI 42 LEREL TV B, 5T, SBER LoPhl &,
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FiREEORBNSIBE L Tk, ERTelMéd4 L odREMG K DN T
H#E XT3, Bayliss and Riley(1872a) 125D// R4 1T 15°Cn{EIE TR % 47
v, ERE. EERAds, FREEEGBL) WFhion b HABEFEA SRR
rEABOK. B2RETARAALE S, LagderlT 3 EERSERTF - CRIER
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BIZEHT 2 0cr0iRY . zoERRITEELECEOREN A RFAIEEELRIET
AT o gl o S

o3&, ABEChinese Spring(CS) L CSITHE T 5 isosomichifE S LU
nullisomicKik % #tA L cAREA4A0BEH S RIT+BES LFIBREDEER
B, HMEEONSKHT 2R, Bk EARR YT A2EHERE L.
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31
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Bl WE

Bagcld FBERAEORMNEOHMELEEY L v. BES LVIBREODEE
Gt TR emFE L. roRR. SRR ERAGORENS L HWHIL &
Wl o TRAGHEOBREASBCH L TRIFA LAV EBHEMMI R ok
LT EhEEBR. AEAREBECH L coRMEAERITT & BIEBIEFHD
fERRMGIDRZY R bOTHAI LBAERIN D, —F, BRETBHELAE LH
FEERLEAC DV CLHAIHMBRERT T & K-> TREAABRERARIT T
ZEBRH BN RN, AESBRECH L tEEBEE >NEIRB4ATOERDA
CHRHARLERER I LiZTERV.

AEcld, MECHLMILERE - HBREDREAEE T AER. BET
NIERBGEOTEEE S T3EHoFS 2T 2. Thedbbev, FHEEINS
AEROFHATHET 3.

EZAT, HEABELST AP EE0REsEEBZE T A LT, Tk s¥
DHEEEHTHETH L. TOdH, EEFBL P FrRERoREARE
RREFERAEMATIREE,. CcoBBoRteEEolBeRT b0 L L TUD
IonHERAAVERTVS, 1 HHoRER., SHESHDHE cofFE A kR
( HER AR, MUaREERE) ol cb Y (Feldoan et al. 1966; Feldman
1968; Avivi et al. 1969; Darvey and Driscell 1872; Dvorak and Knott 1873;
Feldman and Avivi 1973; Mello-Sampayo 1973; Singh et al. 1976; Avivi et al.
1982a; Avivi et al. 1982b). 23K H b oidhiifan R @i ST %640
BB cH Y (Avivi et al. 1970a; Avivi et al. 1870b; Ceoloni et al. 1984;
Gaulandi et al. 1984) . 3BFE DB DORIEROBF LR LFE¢H 5 (Dover
1972; Avivi and Feldman 1973a), To0 5 B8 1 Oig@EE AV 3 hEClk, T3
& OGN R Y BRI N 3R AEORENMEASZMC ST S5E & [k
THB iR E LvH Y (Feldman et al. 1968) . F-H 2. B3 nigEcLHN
DHE TR, LEARBRESEGEDER L - THBEINAZ L. BIVFE 2 0iEE
BERABEAAE BT 284 otk - (ARSI 2REEREDINEE
MM RTC r 2#REL TV A (Avivi et al. 1970a; Dover 1972). KE T, T
D> 52 FH oGERIHPHERC BT A RAG6EREE. BoiStkotR%:
BERCHV., CofErNd 3 BELXXOHR. BLUBRODRLHREHTS.
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FEFObOIRcRECHEEEo L F U B L TITT 2V OEERES
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CEE., RO~ I v eRREL, XA RSS2 LcEBRERELTH -5 2%
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BEER, BZXhhiiHEeAvivi et al.(1970a) ORLAENERZFE > T3>0
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T2EEE  totally affected cel ) HSHL . AMfaR T B3 2 #la oLMiakk
K+ 2B LR L. &, HEBEE X cnEREEITLT20CTCIT-
7= : ‘

—7i, BRODELBRITIER L. CSEHEIL L THWI-. CSOETEY +—
VHDR > AE EERL T20°CTF e B X% 3IHFI/T. Enfh
10, 20, 0 CEBTRAES L. EEBRE L 24, 48 XU 72 wrlkicRaii
WmABRBRL, by y—v—KHEcHELL. SFRESL~ BT 308EHRE
UERIK ik 1 ~ 2, 4SHEEIK ciz3~ 5@, 2EERK cik4~ 7EREHEES
% (Bennett et al. 1872) , HMREE®RD 7V 5 — b fEpiE & S GBI LB
REODBPELFETCH L.
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Fig. 8. Responses of mitotic spindie to 3B-chromosome arm deficiency and
colchicine treatment, as measured by proportion of cell types.

* No. of cells observed.
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Fig. 9. Response of mitotic spindle to temperature treatment, as measured

by proportion of cell types.

* No. of cells observed.
Symbols in this figure are the same as in Fig. 8.
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IMERERIANAC X #BZE L=, T, Hotta and Shepard(1973) &. =V BT
53Nt F otk &BHE (Shepard et al. 1974) otfEFREE L HALTW3
DN HAEAKHETAEHCH I LER/L TV, ThbAvivi et al . (1969) B XV
Hotta and Shepard (1973)»ES#ESE L, Feldman(1968) YA E RS oEF
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Studies on the Variation of Chromosome Pairing in Common Wheat

Tsunee KATO

Sunmary

Homeeologous chromosomes in common wheat{Triticum aestvum L.) normally do

not associate with each other at meiosis in spite of their genetic similari-
ty and pairing potentiality. The suppression of the pairing between homoeol-
ogues is controlled by the genetic system due mainly to Phl allele on 5B
chromosome. Therefore, an adequate manipulation of this allele may promote
the homoecologous pairing between the chromosomes of wheat and its related
species, and successfully make it possible to incorporate some useful alien
genes into wheat genotype through meiotic recombination.

However, no efficient method for the pairing manipulation will be estab-
lished until the pairing process and its regulating mechanism are elucidated
for both homologous and homoeologous chromosomes. And, for elucidating the
process and the mechanism, it is indespensable to investigate the variations
of chromosome pairing caused by environmental and genetic factors.

From the above point of view, the variations of chromosome pairing caused
'by an environmental and a gemetic facters, high temperature and a gene on 3B
chromosome, were analysed in the present studies. The efforts of these
studies were concentrated in elucidating the pairing process of chromosomes
in common wheat and creating a strategy for the utilization of pairing vari-
ation as a tool of wheat breeding. In Part I of this thesis, the effects of
the two factors on chromosome pairing were studied, and in Part II their

modes of action on the process of pairing were discussed.
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Part I. Effects of high temperature and SB chromosome

deficiency en chromaseme pairing.

In this Part, the influences of high temperature and 3B deficiency were
investigated for the chromoscme pairing in pollen mother cells(PMCs). The
effect of high temperature on chromosome pairing was examined also for its
relation with the stage on cell cycle of PMCs.

Chapter 1. Effect of high temperature.

Effects of high temperature(30 °C) treatment on homologous and homoeolo-
gous pairings were examined with the PMCs of a common wheat variety and
wheat-rye Fiy hybrids with and without 5B chromosomes.

The results obtained showed that in wheat-rye Fi hybrids the high temper-
ature reduced the degree of homoeologous chromosome pairing in the ¥y with-
out 5B, whereas enhanced in the Fi with 5B, which normally showed rare ho-
moeologous pairing due to 5B. In wheat, on the other hand, the high temper-
ature suppressed homologous pairing but induced homceslogous pairing at a

low frequency.

Chapter 2. Stage dependence of high-temperature effect.

With the same materials as used in Chapter 1, the effect of high temper-
ature on chromosome pairing was ezamined for its dependence on the premeiot-
ic or meiotic stage af the PMCs treated with various temperature conditions.

As the results, high temperature affected the pairing in both homologous
and homoeologous chromosomes only when the treatment was carried out at a
particular stage(high-temperature-sensitive stage). In both cases of homol-
ogous and homoeologous pairings, the position of this stage was cenfined
within a short range almost in the middle of premeiosis and was not over-
lapped with the colchicine-sensitive stage.

After some temperature treatments, a high level of homoeologous pairing
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was induced in wheat-rye Fy with 5B. This result has an important meaning
for wheat breeding, because it suggésts that even in case of a wide craoss
involving 5B, useful alien genes can successfully be incorporated into wheat
through the induced homoeologous pairing. '

Chapter 3. Effect of 3B chromosome deficiency.

The role of the individual arm of 3B chromosome, the deficiency of which
results in the suppression of homologous pairing, was ezxamined using nine
genotypes which covered all possible combinations with the deficiency of
short- and/or long-arm of 3B.

The results indicated that the pairing suppression due to 3B deficiency
was mostly attributed to the deficiency of its long arm. Therefore, the po-
sition of the pairing gene on 3B could be allocated to the long arm.

Neither of homoeologous pairing nor other abmormal chromoscmal behaviors
were observed in this experiment.

According to Feldman's hypothesis for the action of 5B chromosome on
pairing(Feldman 1966), chromosomes which associate at zygotene stage are
supposed to be sited closely to each other in nucleus prior to zygotene
stage. The present results on high-temperature effects strongly suggested
that there existed the chromosome arrangement in pre-zygotene stage as the
above hypothesis indicated. It is considered that high temperature disturbs
the regulating mechanism for chromosome arrangement at high-temperature-sen-
sitive stage and eventually affects the chromosome pairing at first meta-
phase. Similar pairing variation was observed in the PMCs with ezxtra dosage
of 5BL and in those treated with colchicine. As to the effect of 3B(3BL},
the present results did not exhibit the evidence that 3B(3BL) deficiency

disordered the chromosome arrangement as high temperature.
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Part 1I. Modes of action of high temperature

and 3B chromosome deficiency.

In the first place of this part, a working hypothesis for the modes of
action of high temperature and 3B chromosome deficiency was set up to ex-
plain the results obtained in Part I. This hypothesis was ezxamined in Chap-
ters 4 and 5, which had different stand points each other.

The hypothesis was as follows: (i) The pairing process of common wheat is
composed of two sub-processes, i.e., pre-synaptic process(chromosome behav-
iors before zygotene) and post-synaptic process(chromoseme behaviors on and
after zygotene). In the former process, chromosomes which associate at zy-
gotene stage are sited closely to each other, and in the latter process,
synapsis, recombination and other events are performed between the chromo-
somes in close proximity. (ii) High temperature disturbs the mechanism reg-
ulating pre-synaptic process. (iii) The pairing gene on 3B-long-arm regu-
lates post-synaptic process, so that the deficiency of this chromosome

causes the irregular chromosome hehaviors in this sub-process.

Chapter 4. Action on the inter-arm pairing of an isochromosome.

In an isochromosome, its two arms are jointed at their centromeres and
never change their relative position. Hence, the inter-arm pairing of an
isochromosome should be affected only by the condition in post-~synaptic
process of chromosome pairing but not by that in pre~synaptic process.
Based on this presumption, high temperature and 3B deficiency were examined
for their effects on the inter-arm pairing of an isochromosome(1A-long-arm).

The results clearly showed that a level of inter-arm pairing was markedly
reduced by 3B deficiency but not affected by high temperature. These re-
sults strongly suggested that the pairing gene on 3B(3BL) was responsible

for the regulation of post-synaptic process, while high temperature was not.

47



Chapter 5. Action on mitotic spindle.

Feldman(1968) presumed that in pre-synaptic process, spindle-like materi-
al was concerned in the ordered arrangement of chremosomes by attaching cen-
tromeres to the definite sites on nuclear envelope. Feldman(1968) also
pointed out that the factor which disorders the chromoscme arrangement would
have some effects on the connection between centromere and nuclear envelope,
that is, on the spindle~like material. Based on this presumption, high tem-
perature and 3B deficiency were examined for their actions on the mitotic
spindle in root-tip cells in order to elucidate their effects on the chrome-
some arrangement in pre-synaptic process. In this chapter, the condition of
mitotic spindle was estimated from the degree of chromosome scattering on
metaphase plate.

The results showed that the function of the mitotic spindle was apparent-
ly disturbed by high temperature treatment(more than 48 hour exposure) but
was not affected by 3B deficiency. Thus, high temperature seemed to be con-
cerned in the chromosome arrangement in pre-synaptic process through the ac-

tion on the spindle-like material, while the pairing gene on 3B(3BL) did

nat.

Consequently, the experimental results obtained in these two chapters

proved the validity of the working hypothesis presented at the beginning of
Part II.

The presnt studies manifested that in common wheat, an ordered arrange-
ment of chromosomes occurs in pre-synaptic process and plays an important
role in chromosome pairing, and that the process of the above arrangement of
chromosomes is regulated by multiple mechanisms which responded each to dif-
ferent factors, e.g., high temperature and colchicine. To clarify the de-
tails of the pre-synaptic process, hewever, further ezaminations will be
needed.

The present studies demonstrated also that the pairing gene on 3B-long-

arm reguiates the post-synaptic process of chromosome pairing and is not re-



sponsible for the pre-synaptic process.

From the viewpoint of wheat breeding, it must be noted that even when 5B
was present some temperature treatments could induce the level of homoeolo-
gous pairing sufficient enough to incorporate useful alien genes into wheat
genotype. 1In wide-cross breeding program, the pairing manipulation may more
successfully be practiced by temperature treatment than by other convention-
al methods.
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