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Causal Genes and Their Linkage Relationships of Some
Morphological Characters, Introduced
from Foreign Rice Varieties
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Seijin NAGAO, Man-emon TAKAHASHI
and Katsuyoshi MORIMURA

mj

b4
FHEOCUESERETOWEYAME LT, PO
BRI RA S B TR B e il S P A A i
CCEALDDOH B, OBOLRHNEERMEM Thh

VYT MRE AN B4 (intervarietal hybrid sterility) 23

ENBTH L, ThriFE L VBRI EEAR
BB 558N, Ebict oM ErE5 T %8
ETFHHEEL, Ohe CHBEBERAYRTAHZ LN TES,
AT E L U IR R S RiC RO X BTk
WTEBLNIEEO—ETH b,

AT A B, RTEREBES O 71, Yo
JODON [ & DR EHRBL BT 5,

T DB L, 34N E (Clustered spikelets),
P& (rolled leaf), = 77/ ) 7 BB 3 (magnolia blackleaf)
B OENIE (dripping-wet of leaves) D AFHTH 5, #EE
MMEL B O RO MMM L, T O7dITME
WEELIHhOMLEETLIHETHS LN, &
TEHESEC S THAL b D TH 508, AFER TR
ThhdbERECEA SR O ER L, BELR
URAkBEC A IR TV 2B TH D, F2HOW
<, BEHEPER BRI AL, ~REFHL
Y& B 5, AWBEORLOIN e Bz & BIgn
PR T B ERL, R CROMBENRTRTH S,
=/ 70 7 B AT A O  Jk&dE Magno-

lia Wik U7 2REBEWME TH 5 (JODON 1957), AFrh
B R 3 BRE S  doh, LS OK X & mHiEEL
LEMMELCONIER TS (G5 3 K), AMEOKIEX
BECELAESRD S LL, JugEoRE TR Jb
ko4 97 F M) BT BRI RBEONMIE T,
ChNREOHETHAD LOWER, RELPHED
HEBREC Y - THEMT BT 5,

BREIRAMOME THS 4K, EEIKFEY
WU, BRI LT VR ES I —TCRh T
ETL, KECMELEDE LD,

P EOBPELFRET 28 A mE UIRHK) &oh
BICAZHER SR EEL DT R 2 — R ReEf 1 R0l
{THhH,

FhORBEFHRRENE, AROFTBCHEERRT 58
WREFOZETHBHH, TORRAIIEEDOKEIR
DL TH b,

CB, CBp-..... TEHFED chromogen, CB>CBv>-..75

EOBEIINRIET X b s, RELBRC,
Ao TEEFHE D activator, A>ACS - g K OB
BIEFL Db, RELBIL A,

P FEFROBLS A,

Pl AEFEOBEY MR, PIVSPI>PIY it b8
SR T RERLFE L,

Pr oo JEEROEAA,
Rd - Hke Re & TR,
la---- zl) ) 'h«o

1) JEEERFERFHEHEHIER
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Table 1. List of strains used
REET #E T M R
Strain No. Local name Genic constitution Notes
A-5 S 2  Akamuro C8r A Re Rd I-Bf*
A-43 k¥R 1 B Hokkaimochi-1-goh C+ A+ wzx
A-58 H # f8  Kokushokuto CB A Pn wx
H-12 ’45-300-1 : 218-3-2 dy bl
H-25 ’45-61-1 : 29-1-2 g la
H-45 ’49-226-1 :178-1-2 Pn la wx
H-69 ’48-8-2 : 212-29-1 CB
H-79 ’49-85-1 ; 418-4-41 dy la be lg
H-80 48-27-1 : 187-18-2 d, l_a bl,
H-115 ’54-144-1 : 319-12-2 CBvr A PIW
N-44 C+ A wx
N-45 CBr A Pl d,
D—;7 # h Z Nureba P+
L-7 Blackleaf magnolia JODON &k . JODON’s marker
L-8 virescent »
L-16 Pl-Pp—Clustered »
L-28 Clustered ”
L-29 Rolled leaf ”
WL renee ¥, B eeenn- SEREE,
bly -eoee LR 08 dy oo KBRS,
g e S RHEEH, dg oo A BN,
lg - AT, ds - Eh R RN,
g2k BEMDMECET I H8
Table 2. Segregation mode on “Clustered spikelets”
Y, O 5 B (B.1)
ﬁ%ﬁﬁ'-@: F, & 5 @ Segregation mode in F; (3:1) B .
combl;?lzstion Phenotype of Fs Clusterﬁeid Normrla%i Tial df ’ ?
N-44x L-28 & Interm. 93 27 120 1 0.40 0.7-05
A-43%x L-16 " 150 36 186 " 3.16 0.1-0.05
A-43x L-16 " 194 51 245 " 2.29 0.2-0.1
N-44x L.-16 ” 432 165 597 " 2.22 0.2-0.1
N-44x L-16 ” 91 35 126 " 0.52 0.5-0.3
N-44x L-16 ” 224 86 310 ” 1.24 0.3-0.2
H-45x L-16 ” 124 28 152 " 3.51 0.1-0.05
H-45x L-16 ” 27 8 35 ” 0.03 0.9-0.8
H-45x L-16 " 86 18 104 " 3.28 0.1-0.05
Dxf = 16.65 df. =9 P = 01-0.05
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B3FE BEMNECHT B it

xBE R Table 3. F; Segregation on
A, BHEINE “Clustered spikelets”

L-16 & L-28 i3/ MEDREEC 5\ CR—THh b, T, OBERRE Fs o ,
WAMOTHRRICB AR AoR e EWHE . duierng | Seg;egam;’ = F4 e
A LT Fu i fiTh b R TH - 1o, £ OREEE in By Total
BEOE XD BE, F XBAEOHM, S FIBAEC i(l) 411 ﬁ
ERMIC D AR G, AR L TSI 13 13
2 KBS Z O 2 T B H v 301 1 13 4 17
Lish, MBEARAERNCN LOBRET (R4 LA P
BETH B L5 JOoDON (1947) D : —# T %, Fe 9 8 17
AT TR R T O R - RS OB . 0 s o5
ZIZHB DDy, BT E A FRE R TR E TSI
BEI T DN, AR S Fo & D34tk B L < % 2‘ f 2
BECLD (BEL, the F oot o (BE 2), 3 5 13 6 24
Fy L U o (B 3) ROERILO b o (REE 4) & WH SR 18
IS0, DR EERBILE LR RIE 3 EOML T
Botos 23 23

32 32

b LADOEMEETHBS LT % 2 LR TH 11 11
BELTh, FOMCETRET CUMHEET) om 4 12 12
E Lo, MELTBARIAEET 5 = & 13T X n |
ek ‘ % 2

AFED EDEIGZFIS JODON (1947, 1957) D s

BAR C, wr U CPE2GUIHED 68 5 N I HE B o Ml
Table 4. Recombination values computed from segregation
data involving CI, wx and CB :

o Ty BEEL ]
mEFMae| SEMEE D Conbined | M M| B B : B
. TOSss . X ¥4
Gene pair combination | S€8regation N d.1. R.C.V
ratio
Cl-wz 3:1)(3:1) 3 477 0.1 410
CI-CB N-44x L-16 " 126 " 5.27 0.1 39.0
wa-CB " " 17.81 <0.001 35.0
Clwz " " 3.05 0.3 45.0
CI-CE N-44x L-16 " 209 " 7.60 0.05 39.0
wa-CB " ” 31.49 <0.001 24.5
Clwzx " " 0.41 0.5 49.0
Cl-CB N-44x 1.-28 " 120 " 2.37 0.1 405
wa-CB " " 11.79 0.001 295
CI-CB A-43XL-16 | (3:1)(9:7) 186 " 3.43 0.05 44.0
CI-CE | A-43x L-16 " 245 " | 401 0.02 410
CI-C# N-#4xL-16 | (3:1)(3:1) | 597 " 1 18.47 <0.001 39.0
Cl-C# H-45x L-16 ” 152 " Il 12.85 0.001 33.0




92
BHER Cl, wx {RU CP kBT 2 MG
(N-44X L-16 F0f N-44XL-28) o F,
B 5 RR S HE OB — R
Table 5. Homogeneity test on Fp data of
crosses, N-44X [-16 and N-44xL-
28, involving genes, Cl, wx and CB
wx cB  d.f. C.8.  d.f.
D 0.163 0.122 1 51.164 3
H 3.490 1.735 2 9930 6
T 3.653 1.857 3 61.094 9
Cl cs  d.f. C.S.  d.f.
D 0.612 0.122 12,841 3
H 0.383 1.735 239 6
T 0.995 1.857 3 15237 9
Ci wx d.f C.8.  d.f.
D 0.612 0.163 1 2762 3
H 0.383 3.490 2 5.471
T 0.995 3.653 3 8.233 9
D: {F2 Deviation H: #—#: Homogeneity
T: & Total C.S.: @5 # Combined segregation

JeHEE R B

—HTANG, AR L 5 CLs 3 RIETHRES s
2Tk,

Cl o#EPERERITDWTIY, BRic JODON(1948) i Xk b
wr FHILEZGOH T #HEERC BT 5 b D EiEESh
TR, EE5iE CLEE IHFIRD wr B CB Dk
& & OB, LW wx & CB Lo 4 ROREHER
A7, b Clwz T4L0 7Y 495% (3 #H4%),
CI-CB -t 33.0 T9Z 45.0% (6 1 4), RO wa-CB T 24.5
Ty 355% (3AEH) THBH, LHM A N-44XL-16
B Of N-44 X L-28 1 Jsit % _LER 3 & fn T ikt BY
THE—OBRET N S BRI thhy, Zh
BIBETHEIOBEML, TEEENEHCLV > TIWTHA
5, HEONBRERIIROMHES NS,

29 40

Ccs Cl
45

7% JODON T & 45 Tlk C-CL 23 43%, wa—Cl 3
46% THL0b, EEHELOFMI N FTRTHHRT
BoHEVTI,

Cl & oo BT BRET & O Bk 3R & 30X
HHBCTH DS, HI#HO PR lg S cHh 5D
(5 6 35),

wr

F6F BAMARERT S CL Lo s hHiib

Table 6. Recombination values between C/ and known linkage markers

200 S p— \A |
B BEEET & | Combmed | MOH | B BE] 0 8 0
nkage ir er P, comb. | segregation N df x P RCYV
group gene with CI ratio o I
11 Pl N-44 (3:1)(3:1) 225 3 274 0.3 50.0
" lg " ” 104 ” 417 0.2 44.5
" " H-—45 " 152 4 412 02 455
BET& BRERHEIT M
Table 7. Segregation mode on “rolled leaf”
— o5 ® G0
R A Fy & 5 Segregation mode in Fp (3:1) g i E
Cross Phenotype T BB & 5 df 22 p
Combination of Ty Normal Rolled Total
A-58x L-29 E# Normal 361 121 482 1 0.35 0.7-0.5
N-45%x L.-29 " 155 48 203 ” 0.10 0.8-0.7
N-45x 1.-29 ” 213 56 269 " 2.42 0.2-0.1
H-25x L-29 " 42 14 56 17 0.00
H-25x L-29 " 90 33 123 " 0.11 0.8-0.7
L-29xA-5 " 290 113 403 ” 1.88 0.2-0.1
2ai=48 d.f.=6 p=07-05

1)

H A& O BB 21Tl NAGAO & TAKAHASHI (1963) £H



ER-BE Y. WoXMeBmy e 5 XXVIIH

93

B. # ¥ _

PR 129 % A fEoIFET (A-5, A-58, H-25 &
U N-45) Wi L2ond, FRhEo Fyidfilh b EHEE-C
ot FAZBTROMIER B 3: 1 0%x ] -
THHEEL, T8 - THIERIH S BEEHIBE TH 5,
5 EEF rl oS v5r 5,

ri & BEALESERF R AT & DR sy i H SR R
RS EITRTIL TH 5,

b, B IL I 81V RUE VI #gHEo
BT & OMTRIRE GRS SRy, T offipc )
LD o, LA LEBE L 1 Ko I
HCEg+ 5 8RTCHESh D WEN bRLEn (CEA:
1111 8¥), 33 (PLA: TI-1I1 %), X s @ (Pa:
I #8) ROk (Rd: 118 »FE5+ 28T B0
TGO BEEHEA S ED bR D, 7L wr RO CE &

DORTIS IR A 7R3 (rl-wx 1% 505%, 7-CB it
50.0%) THBEILE I FITBS oV, FEHM
TS PLXsE L BB TH 5, e CPA L 7
DRIRU PLA & #l ORISR LC 40.0% K08 41.5% Fe
BRI 7L & A OMO#ECRATS LB LTNE
THH5, ATFINHFRRETH LM, X oD
Pn o Rd & LT HETH D, ERRCELNIC rl-Pn
B rl-Rd Ol 2 47.0% KU 45.5% TH - 12,
rl IV, 85V RO VI B OEEGERE T & OEA
EEOHEP TIIHNL L BB RETH D,

# UL R A, Rd B P tHEMICIREEC A-Rd
(0.3%), Rd-Pn (27%), A-Pn (30%) 7c% B3R5 R
Tuw % (NAGAO & TAKAHASHI 1963}, = ric4[ao
Nz 27HiE, Shb 4BETFICE LR DOEEFIER
PTEE & T2 % (95 ),

Bk EHEMBEETE oM Esn i inE

Table 8. Recombination values between #/ and known linkage markers
s vy ) oo 354 "

Cofoge | M”28 | Conpnet [ AR AER| o, wnE
group gene with 7 ratio o T
I wx A-58 @:1(3:1) | 364 3 5.43 0.1 50.5
1 CB H-25 " 347 ” 4.58 0.2 50.0
” CBp N-45 " 197 " 2.25 0.3 52.5
L 111 CB A H-25 ©:73:1) | 123 " 447 0.2 40.0
II, III Pl A N-45 " 157 4 2.64 0.3 41.5
111 Pn A-58 " 482 " 5.95 0.1 47.0
" Rd A5 (3:1)(3:1) 350 ” 8.96 0.1 455
v g H-25 " 125 ” 0.76 0.8 53.0
” ds N-45 " 269 ” 3.03 0.3 52.0
A\ I-Bf A-5 " 403 " 463 01 49.0
VIII la H-25 ” 56 " 8.44 0.02 56.5
BOK </ TEEECHETIOM
Table 9. Segregation mode on “magnolia blackleaf”

XA F,&3m Segreggtiogn%n?ﬁe 5131 Flz) (3:1) | B H

Cross Phenotype E OB 5 B En d i * P

combination of Fy Normal |Black spot| Total

A-58XL-7 | IE# Normal 183 78 261 1 3.32 0.1-0.05
L-7xH-12 " 236 91 327 " 1.35 0.3-0.2
L-7xA-5 ” 141 33 174 ” 415 0.05-0.02
L-7xA-5 " 191 43 234 " 3.38 0.1-0.05
Yai=1225 df =4 p=002-001
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10k HHBMBEET & bln & ORICE S W72 RS

Table 10. Recombination values between bl, and known linkage markers
wow e | e s | EEREE ] b ee | % 8 1
Linkage Marker P, comb. | segregation | N df T2 r R.CV
group gene with 6l ratio i
I Cs A-58 (3:1)(3:1) 234 3 14.07 0.001 375
" wx 1 ” 248 " 11.73 0.001 49.5
iI ds H-12 " 588 " 9.21 0.02 52.0
BlUERxR Fh BwBET 308
Table 11. Segregation mode on “dripping-wet of leaves”
.0 % B 3.1
REHREGE F,% 3 & Segregation mode in F, (3:1) B OB
Cross Phenotype E AL 5 z2 P
combination of F, Normal Drlgging- Total d.f.
D-7x A-58 % Normal 109 30 139 1 0.87 0.5-0.3
D-7x A-58 " 94 26 120 ” 0.71 0.5-0.3
D-7xH-12 " 143 57 200 " 1.31 0.3-0.2
D-7xH-12 " 145 42 187 ” 0.64 0.5-0.3
D-7xH-79 ” 256 69 325 " 2.46 0.2-0.1
D-7x H-80 ” 125 43 168 " 0.03 0.9-0.8
D-7xH-115 " 366 95 461 u 474 0.05-0.02
D-7xH-69 ” 203 87 290 ’” 3.87 0.05-0.02
Dxi=1463 d.f.=8 p=0.10-0.05
12k PAEAKRET & drp & oM E S EBRE
Table 12. Recombination values between drp and known linkage markers
gt sy drp L O | FEESHEL
BT HET ) Fum ) Cobeed wimomum) ), HaE
group gene with drp ratio o I
1 wx A-58 (3:1)(3:1) 247 3 1.39 0.7 50.0
11 Pr " 1 60 1 341 0.3 50.0
" PCB H-12 9:7)(3:1) 136 " 8.01 0.02 39.0
II, III PA A-58 " 127 " 5.52 0.1 34.0
” PA A-5 " 133 ” 473 0.1 370
1 P H-79 | (3:1)(3:1) | 301 ” 1377 | 0001 | 390
1 lg ” " 325 1 6.40 0.5 55.5
A% I-Bf A-5 " 150 ” 5.27 0.1 50.0
VI d H-80 " 162 " 0.20 0.9 49.5
VIII la ” " 162 ” 1.85 0.5 50.0
X bl, H-12 ” 138 " 0.66 0.8 525
XI bc H-79 ” 301 " 11.71 0.01 48.0
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45
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41 0.3 27
SO S S
# A Rd Pn

C. T/ /7 U7ENE

KB AR O L7 LIEER O A-5, A-58 R H-12
HAHEL BT OMIh L EFR, 20 F It oFzc
AT IEHA BRI A 3: 1 Oic S L, $EE
JODON (1957) A5HEam L7ctil AR MMAHTH 5,
BETEREREDC bl &35,

bl DEFBURIFEF AL S TR 2B T HED CB
& DM 37.5% 75 A MM FH I Nz, ABED wr &
BHSLIZTE D, 35 L bl SATERTR D% OB
3 CBNEL LT wr 3SRBIRNS CL ofliciED
wr-C-bly DIFL & RO EL BN D (85 10F),

29 38
wx C blm
50

{H L JODON i TlL blw (REGD M) \3ARAEIRAT
APt EIHSITH 5 Too Apa b wx & 25 THE 82% D
MBMiE S > CGESET 50D ChilEESDOC DO LT
A5, C& blp OMOIEZ DT CL & bl DR
DEh LI, RREROIZERDLELRD D,
D. @ hiE

EhEED D-7 #IEH Mo A-58, H-12, H-79, H-80
B H-115 B U752 46 Fy iR & CIEER, Fo TR
1 £HOM EFMEFNIEN 3: 1 OIT M LI
NERG BB ETFHREBTE L, BEBETY drp &
BT %,

drp & BEAVEGRERE T & OF QMBI 12 i
FBLTH D, AL IV, 4 VI 2 IX RO X %
{ 8HDBIAT & O CHEMN BRI ARSI, &
DFER, PCE (#BER), PA @Ef) RO &b & OMT
MMy EdafcIhifinBoiic, CBIXELRE, PR
O BN, AXE UL HORBTH D, drp & wx
OENIBSITH DM drp it CB & 4 iy OB RIS
Vo drp i de ST 5 &3 HUE, PCB-drp RO PA-
drp RS 39.0% ROt 36% (34.0~37.0%) 7¢ % {fiik
dy RO Pindrp L BT HRERTHAHLELD T
EMNTED, AL do ® P LR UHED lg 3% Prps drp
& DORICR U iiiE I L AL OB AR A - 7o,
Bhwwabhic e 2 A0 I HREE T OME BRI
dy-ds-P-lg-Pr TH B0, LEOBEL drp 5 P i

TEL LT de QRIS g %0 Pr XX O LT 5 =
LETBETHLNINETHS D, Kb OWRECIL:
SROFBDDLETH %,

i E

1 BAENECD, B3, <77 ) 7 BIE (0
BOENEE (drp) OBGRET 5L, Thb oHH
BERAH U,

2. CLVE I BT 5%, BiRHE (wa) ROTES
% chromogen (C) #&» T OMIC wa-C-Cl 7z 5H
R Lic,

3. LV 11 HEEOTEFHIE activator FREEE
T (Rd) LB LT, BLRFED Pn (Fifh) LI
S A R LAY, ZhL il AR RdHANEE
LC Pn LSO D, §€- T rl-A-Rd-Pn 75 38
fia o> ECHL LD THH I,

4, bl I I BB L, wa-C-bls 7c BB
CHBHH L,

5. drp W I o P#FER) 2 4, (B L E#T

51 A X @
1) JoDpON, N. E.: Proc. La. Acad. Sci. 10: 32-34,1947.
2) ———: U.S. Dept. Agr,, Bur. Plant Indus.,

Soils, and Agr. Engineering Div., Cereal Crops
and Dis. 34 pp., 1948.

3) ————: J. Hered. 58: 181-192, 1957.

4) NAGAO, S. and M. TARKAHASHI: J. Facult. Agr,,
Hokkaido Univ., Jap. 53, Pt. 1: 72-130, 1963.

Résumé

This is one of the serial reports on the genic
analysis of characters in foreign rice varieties or
strains based on a study of crosses with testers
from Japanese varieties in which the genic constitu-
tion was previously explored. In this paper four
morphological characters and their causal genes are
presented and discussed. These are clustered spike-
lets, rolled leaf, magnolia blackleaf and dripping-wet
of leaves.

Through the present experiment their causal genes
and their loci on the linkage groups were estimated,
and the following results were obtained.

Clustered
describes a clumped arrangement of the spikelets on

[o/2n A gene for clustered spikelets.

the panicle branches, the rachis. This character
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behaves as incomplete dominant over the normal

arrangement. The C/ is assigned its position on the

Ist linkage group of the writers, in the order of wx

(glutinous)- C (anthocyanin chromogen)-C{, wich in

in accord with the conclusion of JODON, the pre-

vious reporter of the linkage relationships on this
character.

29 40
wT C Cl
45
pleveees A gene for rolled leaf character.

It has

a distinct furling tendency as in the case of withered

leaves. This character behaves as a single recessive

to the normal. The 7/ links with genes in the IIlrd

linkage group. The sequence of these genes in

question is assumed to be 7/-A (anthocyanin acti-

vator)-Rd (ved rice)-Pn (purple node).

45

41 03 27

4:&{
30

vl Pn

47

blgyeee-- A gene for magnolia blackleaf, in which
discoloration of chlorophyll begins to develop on the
leaves as black spots resembling fungus lesions.
This is caused by a single recessive gene bln, of
which the finder and the first reporter on segregation
mode is JODON.
member of the Ist linkage group, indicating the pos-

The bl appears to be another

sible order of genes as wx~C-bln.
29 38

wx C blm
50
drp-e-- This is a gene for dripping-wet of leaves,.

which means “doesn’t repel water” in the presence
of a rainfall. This character is monogenically reces-

The drp

shows an indication of linkage between P (colored

sive to the normal, the “repelling” type.

apiculus) and dy (“ebisu” dwarf), which beth belong
to the IInd linkage group.
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Fig. 1. Clustered spikelets.
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Dripping-wet (left) and normal type of leaves.

Notice, the normal leaf repels water.
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