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Linkage variation in rice
1. Effects of temperature on recombination

Takeshi Omura

4 FICBT B HPHIFED BHik <, Parnell 5
(1917) HBEH & EHRTHG L ORICHS2EDID
WBRITH5. bLHETIE Yamaguti (1921, *26)
KEDTEF « vvFiE e BEER L ORICH 2R
WItOKIHE 5. 2 0%, BIFEEE UTEHBRD
R, & TP OTERRIC FI ST 27255, 1960 4
WEDTE I L R2O#EGID L INT. (Nagao
and Takahashi, 1960).

WFE, JUNASEESICRS O TR, B, i
SIREOTHINT T BHBTIE 25 1Rk Y, ks
B OPERR % HIE L CHigFE 2k TR 1A%, 2018
PGS PR BICERT 2 L 27D, Uk
U, D& 5 ORI T 5P S * Tk
S5 801t DT, 2RSSOV AHEEIRLDTE
CHADRESPITL, X5 ISAREOHEO TS
RIS A DU ZBR L. MIREOERITIES
< OBINMEET A EELONDY, BEIRDHE
SEEBERO 1 D THHDT, AR TRAETRED
R s b Rirte.

WhB LU HE

1. Pl-lg o

Pl (purple leaf, %4 %) & lg (liguleless, #
YT (38 2 MPHENCE T 5. S OTERNIZEIEIH
SO ABITHNTEADT, L OEOWFEIIZIFED
HMETH 5.

R HEIE HO. 706 (PI+ Ig) XHO. 652 (Pl
Ig) Thb. HHETEHLUIF, D4 HH%Z6 A 30
Hid)li%o»izE#% 22cm, EX 25cm OF YN
o BELIs. IEENIEE 5 8, BY VBREIKT
g, Hithy 3 g BEmE UTHUT. RRi%T X

AREZMHTTE Tk %28 H18HiT 20, 25, 30
SO 33°C OEHBITRDIIHT FAERNIL2 Ey b3D
WALz, IR HEFHE TS, Z20%IEEF0H
REGETTETI. b, 2EFPMN2EAREETT
BRIV ARR 2RI TESEC U, BRI
33°C X4 0r 30°C RTIRARKE 1335 LL9A
3 HBIETHOIZH, 25°C KTIEe0ENI H10A
Tholz. 200C iz 3 5 1wiEN9 4 20~25 HTHD
1z, WEEBEMRHE (8 A 18 B ik, BRXKDHAERM» S
WET 5 LW BEWORANMTH 5. F, OOHEHA
i3 30~40 BHE T2, MifEOHE T Product
method € X o7z. £k, 200C RIZBEDETODIZ
ORREDEL, FHRETHA SN OO TR
vic.

2. dp, C B&T ws Fo#Hi

dp, (depressed paleal, {fi5%), C (chromogen,
BEE) L8 ws (white stripe, FiE) 1355 1 84
BB L, dpi—C—ws OIITESIL T % (Na-
gamatsu and Omura, 1962).

REHE DR Fl 131 (dp, C ws) X HO, 838
(dp,t C ws*) ThH5.

MBEEIZ 25 BT ICO2EBEEL, 1/5000a
Ay M2 EETOBEA T, ERNIE3 8, BY v
MeFIK5 &, Hikh Y 1.88 RHEEE U THELIZ. W
PRBALRHEZ DMk 1 CEETH 5. HFEmIE 25°C K
PI9HAI15H, I3CXIZIHTHTHDIZ.

F, 25 H27THiEL, 7TH3IBBELIL. o
EEAEI O AT & MR s 2 ML .
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Table 1, Segregation of Pl and lg in the progenies from F;s cultured at different temperature.

Temperature | No. of F, Segregation in F, i 2 Recombination
o lines Pl+ Pllg ++ + lg Total | XL value ( /)
25 5 1253 200 195 247 1895 ( 307.75 24. 5+1 17
30 4 888 130 135 216 1369 336. 77 21.54+1.28
33 6 1116 165 172 283 1736 ‘ 450. 15 21.3%1.12

Total 3257 495 502 746 5000 i 1082 68 ’
Heterogeneity x?=11.99, d.f. 2, P<0.005, - -
Fp 7 A9 M WA & & RIS > TR 7z, 25°C XOM#fL, 33°CXDOZN2IAEITT 5

HIRED ST, 30 100 qﬁj/\bt. 4 B L, dpy—C Tix 1.2783, C—ws Tix 1.43f5& 72
O OWTIE, 9, MIXNORGENTRE b, WmMORGRBEVDTFRTHOI.

Pt (heterogeneity) @ x2 BUERITEOIH, WT TS 3HBBOZEILRIA 5, ZHAX O

1O BRI T & SUEVE i B D S s oD WETNUITBOBRESUINRE T L > TRE 3 t?f

T, ZNERIARUIEZE 1 EITRUI. HINITZDOT, THORKEPHELI.. THOBEKE
HESIO BT wmRIZE B, MiRhiE 25°C X3 TR DO—FE (DR, coeffiicient of coinci-

20.5%TCE b REL, 0°C KWL 33°CRizZ dence) LD TRIN, @H, KUKHIZLO>TA
FR2ASBE2UIBTUCRE b/hapolz. LN RN EENLRDEND. Ub L, FHE
B, HARROHBMIE20.7%THolz. x BEOS TREURBIFT 228210 T, F, BT 5%

RILHEXETE BEEN FHhn, Pl—lg i dp;—C, C—ws I LT dp,—ws HURBRO KD 5 K

IREDHEIT XD TEET 5 T LHIH S hitizolz. Wiz, WE, L3RR ZENTN v, ¥, B&
2. dp, C 5&U ws BOE# O Yive TEDTE, THERIMELBTEBNEE
F, sl % dp—C, C—ws 3 L08 dp,—ws D4y i1 Viee=Yyi+y: &350, UL

ML HEME 22, 3, 4RTALIC. MY Y142=Y1+Y2—2CY¥1¥2

Ny 25°CXDS5H33°C KL HhARXL, piRod PI— BT, c RTERXO—HIETH A, A

lg & EROBEmD BY 5Tz, WX 5 FHH LD TIHUT ¢ OZH 5 #ITRLIZ. ¢ DOffik
DEFLY KEL, dp—C T 4.7%, C—ws T 25°C X 0.566 {TiiL, 33°CXTit 0.420 &35
6.2%, dpi—ws Tl 1.7% &C&/LTJ» PR M, BT bREF T THORESHEL, =
VSFATIS T DT T ER TR 2T, ¥ BRI BC DN ERRLTOS.

Table 2. Segregation of dp; and C in the progenies from F;s cultured at 25 and 33°C.

Temperature | No. of F, Segregation in F, X2 Recombination
S lines +C ++ dp, C dp, + Total L value (%)
! S - —— SR S
25 2 210 34 34 56 334 86.53 | 22.2+2.64
33 | 2 184 17 31 51 283 97.76 17.5+2.53
Total 394 51 65 107 617 183. 34

Heterogeneity x2=0.95, d. f. 1, P 0.50~0.25,

Table 3, Segregation of C and ws in the progenies from F,;s cultured at 25 and 33°C.

Temperature ‘ No. of F; Segregation in F, x? I‘Recombination
co | lines C+ Cws + + -+ ws Total L ! value (%)
25 1 2 218 26 34 56 334 97.73 ! 19.5+2.46
33 : 2 199 16 19 49 282 112.38 | 13.6+2.22
! e .
Total 417 42 53 105 617 208. 89 E

Heterogeneity x?=1.22, d. f. 1, P 0.50~0.25,
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Table 4. Segregation of dp; and ws in the progenies from Fls cultured at 25 and 33°C.
Temperature | No. of F, 1 Segregatlon in F, { 2 Recombination
%) lines 4+ 4+ +ws dp+ dpyws Total | L | value (%)
25 1 2 197 47 55 35 334 14.12 ‘ 36.8+3. 46
33 ‘ 2 173 28 45 37 283 32.34 | 29.14+3.73
Total | 370 75 100 ‘ 43.77 j

72

Heterogeneity x2=1.69, d. f. 1, P 0.25~0.10.

Table 5. Recombination values of three segments and coefficient of coincidence (c).
Temperature 1 Recombination value ! c
o ; dp,—C (y» Cws G dp;—ws (Y1+2)
25 i 0.222 0.1 0. 368 | 0. 566
0.291 0. 420

33 0.175 0. 136

Y1+2—Y1+YZ 2CY1Y2

% 8
MBIV B EIEIEIRIR 25~33°C tﬁ(h\@f

LR I R TR O 2 SEICIGT T A € & ik
§am.b@b,c®%ﬂHTW,m¢n@umfm
DFAMYE S 25°C OFhS 30°C #5508 33°C 1Kl 6+
TREL, A4 FOHIBIIEEDHEMIT L2 TH D
BRI HEBHP LIz, 4 FDABIHETCIRCNE
TIRIEDIICDONTIRIE E A EZEDH DTS
OTDS, FREHELIER S E 2 FUTT B KB DR UL
Hlis 3 A2 7e 2 TR BRI 2 ZIET 208 9 b
.o tcE i, Eiko Pl—Ilg Al Nagao and
Takahashi (1963) i2X3Uf 7S bEDEE 2153
TED Fy 225 30.9% EHEHINTNS. —JF, #
#FHS 14 HIEDEDOAET 3945 A 5 P U7l i
22.8% E75h, BT Sz b/hE . ~g%ﬂ
oW T $ Nagao b D 140 BT L,
DOfi3 6.6 B EISDTINA. mwﬁmmwomfoz
DB FREDHMZED AL ENTEAH. TDLH
72350 M B IRIRIT DO T AR E D
WEHZIEUR NI 680 DRMIRTHA. U
U, EROEIZOCIN S ZSHOMEDR DEFH» S
WANTETH A & 2L, dEseoms
ICEDERPRD HC ERFEHTIZENAD. ZDE
id, AWORERE, BB ERITHD T &
5, AEBERHHE & OB ZHIT s B AR Oz
ThsHDEHEIN S,
FHI & RS & OBIRIZ Drosophila THy % FFRINT

W I T A, Plough (1917, ’21), Graubard
(1932, ’34) 15 L ©° Smith (1936) &7 2 Jufhufk
TOWTHHARL, 13°C & 31°C s TR i

REPRL, 23°~26°C THR/NTIZ 5 EHEL TV A,
Politzer (1940) 3 &5 3 JutRkClEBEDRRZ A TE
h, Stern (1926) 135 1 Yufufk T 25°C DF»Hs 30°C
S MEL NSV EBRE LTV A, 2 S DRI
AHOFETR E £ VOB ZRL T 5. Drosophila
LI T, Neurospora crassa 13 25°C (Y@ DI
BE) kb 18°C DJghs M KEx 7z »>Tkh
(Stadler, 1956), Drosophila LI TW5%.
NicF L, Sphaerocarpus Tix 18°C THEULIC Y
DHi, 10°C, 26°C F5 L oF 33°C TIFFLIZ A DT 5
~, HEINI U (Abel, 1963). fE#1Tid, Khan
(1955) »5 Zea mays T 20°C X b 10°C D50
BEDS R I NEREL TS, C DX 5 IR &R
i & OBIRMTRIC X D THRZD TV S T & IZFDHEIG
f5r{t & OBIHIC I TRk H AT H 5
M mEEORRICE D TERYT A L1k, kiR
DX DT, FRNTBIL B SN TWAEDS, ZOH
PEIZ-DNTIRB S > T2w. MUt & Lo vk
WTHTebL 0T, WEBHIOFHREMNTTH 5.
ECADKIERLE DS 51T, HRSHHRETZ
EETRAPEEHEA SN HDT, ZOBREITHT
THREIZEAT 5. LU, 1 32 OBBIT U0
FRAIRIE X ISSC HBAECTHh b (FEFF, 1937), faEpRA
RIS DTS, I (1962) DFERD> 5 B
THE L CHITEADbNS. LIHDT, 25°~33°C
IR & A TERADODT, ARICE % Mo
&iﬂ’% LA D N A & BTS2 S I3T &8N,
dp,—ws flics} 3 TS OREIZEEDENITI 2
TELL, IOz 25°C KOG HR» DT
SO ROBIE R MBS 5T »H D1 DT
HAHEEZLHNS. Dowrick (1957) & Uvularia
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perfoliata TTUFEE O WA E * 7 X < IEED B
PR OTBC AL ERPHELTE L, KROKR
EELLTWA., FUREOERLR AR OMRDS
ASPOBALIZE DT 1256 3N & IFRIEW I
DT, ZOEHHBRMICE BRI LICE 3 EL
BNA. I b DI TIZSHROUILTH S M
Uiz,

fi D

1) 4 2O DE ABERIC LD TERT 2
PRELPITT YD, T, MBI TRED
HEPHEELI.

2) Pl—Ig FPUTOLTIE, Fr 2 WO BNDH
B b HEAE T 25, 30 HLor 33°C OEBHEANT
HEF3H, Z2h50 F, sl ATREONHib & ik
2B LIz, dpy—C—ws BPOREEIT 25 &
Jov 33°C LTz

3) Pl—Ig ##EIZ 25°C X235 30 Lo 33°C K
Ll BRTKREL, ZOERMHNCERTH DI,

4) dp,—C, C—ws 330 dp,—ws i, Pl
—lg ALK, 25°C XOHDH 33°C XE hKkE»D
7.
5) TRD DFEEIL A A DMEBIFFICI T S IRE
DHELZBETNETHALERZRLUTIA.

6 ) TRE & KA & OBIRIITEICL > TR TH
b, &< T4 % & Drosophila TI3&{ HTHDIZ.

7) AEEBDE BRI CI ARG DZ R DB 2 Ry
BADNEREDBENNTRD B T ST R,

8) HEDBNTEI O TTHORELELRLIZC L
B DOE R OBIE # I T 2 BE TSN H D1
DTHBHEEALI.
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Summary

Many linkage studies have been made since Parnell er al. (1917) reported a linkage
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in rice. However, the study on linkage variation in rice is few. In this paper, the
effect of temperature on recombination in rice was examined.

Two markers, Pl and Ig, belonging to the second linkage group and threc markers,
dp,, C and ws, belonging to the first linkage group were used. From a few days before
meiosis to heading time, F, plants heterozygous for P/ and lg were grown under con-
trolled room of temperatures at 25, 30 and 33°C, and those for dp,, C and ws at 25 and
33°C. Recombination value was calculated from F, segregation.

The recombination value between P/ and lg was the highest at 25°C, and the het-
erogeneity among treatments was significant (Table 1). The values of dp,-C, C-ws and
dp,-ws were also higher at 25°C than at 33°C (Tables 2, 3 and 4). The results disagree
with those obtained in other organisms. For example, recombination value is higher
at 30°C than at 25°C in Drosophila (Stern, 1926), and, in Sphaerocarpus, it is lower at
18°C than at any other temperature of 10, 26 and 33°C (Abel, 1963). It may be thought
from these facts that the effect of temperature on recombination differs with different
species.

In order to make clear whether temperature affected crossing-over interference or
not, coefficient of coincidence was calculated following relation;

Yi+2=Y1+Y:—2CY1¥:
where y,, y. and y,,, are recombination value of dp,-C, C-ws and dp,-ws, respectively,
and ¢ is coefficient of coincidence. The value of ¢ was also higher at 25°C than at 33°C
(Table 5). It may be a noticeable phenomenon with respect to the-role of temper-
ature in the variation of recombination.



