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Fl & fg &0 B Surjamkhi [T & S5 1 %
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(FoZHCBT BB %L #)
BENARIY. A w K
AT oo & &
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MOXKOIANEE & RO fhALm o
BRI, PAORTHRELEC T chbA
el E TS, Ll ZhiEmBEc4sFia
OFEETH Y, Oryza sativa T D OZHANT
A, BREELTEETHD, ThbbEA,
e, K, FoahXotof@EHL 20w,
LA G5 E D OGNS I 2 THLHE D
BEicl, froBaErmbhTtns, L
LB TABEZ2ERLTVHETHS &0 b,
H LW L oBEEEETCHETLMEIAASRL R
T&ET,

ARG O S W T B Gk & £
i Rice Breeding and Genetics (RamiaH & Rao
1953) WM ETHTwB, LA LEIRRERRL
MRARZTTRMBROI L, TOBICELRAGEK
B b TL T RkOLEBECTIHLT 2 EE
FHhREIEAMCHAL TS E TR - Tk
Ve BHRtEC L VIBEFRBR O L TR RIETED
HRinbTRMCEETREROHMOTH L FE LR
KHTHDH %, BREROEHOTHEREEL T
11, T IRHBAREOBSEANEL THBLD
BirEECT 1L TH S,

Lz, TOHKS - REDIERBEOE
BB L T & 2ORABEETEDD
B ERBLRD bR, B TEh o FHEEEL
DR S B A I BITE ., 7o (Nacar 1959,
TAKAHASHI 1964, CHANDRARATNA 1964 D %45

bl

BHEM), ThbbRBa oI REOH S
FL®»D Re@EETE, TRhERFLTXKOR
HaHRBET5 RdELETFENLR THB, Rd
B fiticn, ChoBETFCLEE
s, OMBBEEH TR > Ui sh b,
¥ 5o EERe o Tk, EE
5 o BfEcix Catechin, Catechol tannin ¥} X 8
Phlobaphene D CTH 5 & & 2 % (Nacao, Ta-
KAHASHI & MivamoTto 1957), Rc & Rd w2k b
BRI h3BETR L OBERRL, RcRd iR
LHiIFRE, ReRd" B, (7R EE) otz
FEHEE, R Rd % X U8 RcP Rd* ik i B, ©
HBH0H, Ktk (ReROXAEK (REERAY) ©
F, Tzt @tk e ol KD Bk
N3 4D FEWT A LT D, ks, W
CIOBEIRTHIHRDO—2K, REKTE
EnEFEC X W ROIFREL 2T 5 HEikcD
HAET, BEKRIEERER EFRCE S THb
RBELSORDE, ZOZEhLIEEEBORN
SEETFO—20, FEREBEFTHLEELD
hTuwte, LLEOHK, I Hik-RIOEHNTEE F
SRR OEABE T O —> A (activator JB{ETF) O
FE &R AY 0.3% LA & B /& T fE Tl <
HEL ThHoriEhicbd, MELFEO LT
BHTEbHEDb T (B - KT 1968), Tikdk
B F CRAROROZIKRECIEERROBAOS
FETHHEEFREL bbb EL 5
Tk, ChEREMR—-RFET T Z0EE
FRBELBRLBEOD B 2 LR/ THAO—

1) dt¥EERFERFEH RS TR - AATRFERF IR RS AR

2), 4), 5) de¥gE RFREM
3) BARTARF R
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EL VB LDT, ROMEHEETHERCR., T
FROZANE R T B, Tibbiif&HOTE
FHROOGREFOLEBCHS0% CEO -0
TVU—UNERSCFFRy ML » % PLED
Pl* 7v—v E3AEL, L ko ASEET
¥R B, Tihdbb CATPIY o 58 FHE
s 7eBEe, CATY Ik hAKER D “Tawny”
FOFBEAFEN Pl OLHFERPBR L THE
K ghiebhXKBIFE L DD TH D
(Nacao, TakaHAsHI & KiNosHITA 1968),

ZOLX S CHREK—DE LS5 THETYE, BEFRET
LHBETRIZE—Titiv, Fhioinz THER
O BRI C T BECBELTI Y RE
HREBRNERT S, #-T5%IZ, 4 TOLH
e D RELIWHED, Lad @ Hla 05
WCEXBDTER S BMOFEHREF A UHRE
Br B AGOO/ER - FENREEO T
WHERBOBETEEYERL T 2 EnNE
TH5,

FIEfE O A Surjamkhi i1 —#c BB %~ T
kA EETS, LoaLX0oBEYBARMLE
DZr LD L, Surjamkhi ZTEFRC L5
ERERNCERENL S NS KB ATRSEE O’
ORI A E O TAMBER 0%
BB 5 BEFERORF LK ~D HR T
HIRTWbsRhEO—>2TH 5 MizusHuiMa &
Konpo 1959 LIRE), ##HL LR MELHERT, £
OFKOOFEM ST HEETEMY, REFR
EROBEZTRZEETS D2 TOHBEHBLS
LU C—HOTHERE Tt T b, AfLS
FTORBELEDELDILLOTH S,

ERRL LB RS R TNEAS (FEm) &
BLETREERZIM RS (FHRB&AH) Tt/
bihi, MR FRCEEL, £ CERNk
BERTed 2L X WY IWEEROBREC ST 5
TEHBREC DT BEHEIXERFTORS
A, LRILO & 2k BB S AR O BAHI
KAFEZIMBESR PR EF OHEEFE &
MEBBAACOEB IO TH S, Z JREL
TLNDLDOHEBERL I,

MHEELUHE

BEZH DO -1 Surjamkhi i fig + X x BE
T L TRV B fafl - Rk Table 1 ofp
{THBH, ThixAt k10, ek GRRfao
WICREB S 2 H T OBERE b\ 5) 15
BILUOFRERNBIH, Bohhic Fdtigsk
FREFOBELEFRKRHG O KEH THEK X
o, Fo i3 sl B - R & i AR oW B ©
KT EIE S I te, TR L FOILOMBHE
LB S U CRR R BRI R 013 2 il O BHIK
GAOFAL .

Table 1. List of varieties and
strains used

name genotype  phenotype

A-13 (Chabo) rerd white
A-28 (Ebisumochi)

A-31 (Fukoku)

A-43 (Hokkaimochi No. 1)

H-123 ”

A-58 (Kokushokuto-2) reRd

A-133 (Norin No. 9)

H-101 »

N-44 ” ”
N-4 »

H-21 Rerd brown
A-5 (Akamuro) RcRd red
I -33 (Surjamkhi) red

B R R

Surjamkhi (EA#% 1-33 70 5 R G HER S v
BT ELHB) OBRFMIRERCEL - BARO
FERGERE RERFES AL CB~R¥L
ACTEV, 2 AuEx Ribeway @ Color standard
TEHE T TE L English Red, #3313 Mahog-
any Red ic#14+ %, UTOERBIAWTHE O
WEER LY X NT5LEOH BRI HE Y -2
W, B A RE-1B BT 5, 833 2RGafs
Tt s &, Frufistis <kt-28E b, Fork
Table 2 iR TL, £ G E L TRE-2 8
EEERA 31 ORIKHYTEHEER S oo T,

TR TARE I LR EEAREOME TS



Table 2.

Fo segregation of the grain color in the crosses between the red-
grain variety, “I-33 Surjamkhi” and white-grain varieties
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genotype of number of plants .
combination white-grain total s‘etg.regauon 22 P
parent red ) brown \ white ratio
I- 33x A-13 rerd 242 88 330 3:1 049 5-3
A- 28X 1-33 " 208 61 269 » 077 5-3
[- 33x A-31 . 295 84 379 » 163 3-2
I- 33x A-43 » 476 164 640 ” 013 8-7
I- 33x H-123 ” 176 72 248 » 215 2-1
A-58x 1-33 rcRd 279 88 367 » 020 7-5
A-133% 1-33 » 430 169 599 » 330 .1 -05
- 33x H-~101 » 297 75 372 » 465 .05-.02
I- 33X N- 44 ” 351 109 460 » 042 7-5
I'- 33X N- 4 ” 267 83 350 » 031 7-5
total 3021 993 4014 ” 015 .8-7
b ThbbEEMAZTHIC L 558 it T Table 3. F, spikelet fertility of cross
SEETF SR 5 1, RIS 2 5Hie A & combination _
THWE OB MAR O MBI & 507 5 B combination ey
CHHNOBFEMTA I LT, KEE I- 33X A- 13 95
W & R te Surjamkhi (3B 50 e FIER 0 & A- 28x 1~ 33 62
WTHB, “hiBAMORBERKOLEHE F © i §3X2' j; ;j
N j -5 N . - 33X A-
%iﬁi@l&biﬁﬁ&)?m <, EFRMEL 80% Bl L, B I- 335 H-123 80
B EOTRFIOEL bRcEEETE 60 JIE 0% A- 58% - 33 95
k- T » 72 (Table 3), &M &8DERIL A-133x I- 33 60
FThifsoBETFRELLSEEKRI DKL, B I-33xH-101 92
HiC L D KS L fe BHHC 51 B Lk E DS HED ?ﬁ?ﬁ‘f 3
—— R - = = - X N=
{iﬁhoé’ﬁgﬁ"x’ﬁmbt & _47375,&‘7‘:%%01 - 8% A- 5 86
ROl ot, WELD L HlE I-33X A-13 I- 33xH- 21 62

(ILFEZEHE) 7o 5 M A B Treid Table 4 @
mies, Micc 2 TlfRAaR: GRE»R3: 1
SEET B E BT L R BAORKREMRED &
PEXOCF OB —MERTHEIR TS, €5 T
AWOERCETAEY, BErERL ToRL
OF EThCESCBEFEREHETLEL
DML IS TH S D,

X T, Surjamkhi 47+ b I-33 Bl L AR
D 5+, A-13, A28, A-31, A-43 % L v H-123
D5 & ZHiX Re-Rd BEFHRICE L Re*
Rd" OBEFHTH D, $€-T i L L I3
DFEFEB N ReRAWCHRD LD LRET B85,
R'Rd" w5 BEE L OO F, TLa M4

Table 4. Homogeneity test of the grain

color among the classes of seed

fertility

fertility (%)

total
100780‘ 79-60 1 59-0
red 120 53 36 209
white 44 20 15 79
total 164 73 51 288
22 0203 0224 0529 0907 Bomogeneity
p 7-5 71-5 53 53  95-9
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B aReal mmA . 5EB»9:3:14 0
SHEEL TV bt s, UL L EERITRER
bR, REH I AGHEO LN HBEETEC
15310k SEL, HErd Rd Bz 5
TR o to 2 DML TH o 7z (Table2 @ £
FHBR),

1-33 ofRE-2Bo AR EATEORE-1E L b
LPHEGWECEEL, Y ihrmatrEE
4% Rc B BB RO~ & &7 L T ReRd?
AT 2 B EFE Y 833 Y Tiad b h, &
& RERA e b BEFROABRIT RO B - F
% A-58, A-133, H-101, N-44 35 . t° N4 & %%
HoOF, CiifReA  BeR Qe n9:3:140
HWTeHsTsETHs, LrLERL Table2 @
THEFR I AW, HEMILIBlbhian
sl $65 TI-33 DRk ReRd /A L DT
P ReRAT BB L0 THis, 2R IhbE
R D E CAOEROBBETFOFEYE L
Fhilie bz sicic b,

L LZED—7,1-33 % RcRd iw[H 5 KR %
AT AS CRHTHE, TOFR XU F &
U TeMErnfeicgtadsHie, F TREEC
BILRE-1 ML RE-2RIc 3:1 O CHREL %o
(Table 5), F, o2 @E&NEFEL I LIXERER
BEFHALBETHLZLXER TS, 1-33 28 Re
Rd is 5 BEFREZO DT X BREHL
MTHBEND, IS R AR Re
Bl ka8t 7L - (Sh% RS & RHT
) HEZHIETHD, LKL DB,
Table 2 ORET /st 1-33 % EEM O -
ML TEh B, ol ii 2Bl
HHbIW TRV EWIBEENRELZ L2 5, RS
3 RdHTHAHEMERAO LT > TRd &

Table 5. F; segregation of the grain
color in the cross, between
“I-33 Surjamkhi” and red-
grain variety

red-1 | red-2 total |~ fitness

(A-5) | (1-33) | *° pi P
obs. 363 105 468 1.64 3-2
cal. 351 117 (3:1)

LR Tkh, Rd - T RS B Ea2%0
eV O RFERE YRR, HOoroF Syl
DRELHC L » THIPDBLENEFS, 20
BERIET 51D 0RBO—211 1-33 % RcRd*
CIDHMERCZHL, TInbTomxtEs
HERABLREPENEARDLZ L TH B, EL Re
HE7 L — 1 @ dominancy Z B L Rc>R>Rc"
ThbHET5H,

P, H-21 x 133
RcRdA* (#fa) R Rd (Frfa-2)
F, Rc¢/R¢® Rd*/Rd (F#fa-1)
F, 9 RcRd (Ffe-1)
3 RFRd (#Hth-2)
1 RSRAY ()
3 RcRd™ (# )
Table 6 12 = © B TiTlebhic & 2 5D 1-33
W H-21 # B e G hE O F, S HCchH S,
F, 3@ o of@-13, F, ¥ o FEGR 8B
R (EL IRARHBEE) 2 13:3 o fiffciziE—
FETHECIERETH - T,

Table 6. F; segregation of the grain
color in the cross, between
“I-33 Surjamkhi” and the
brown-grain variety

13 R ta

red fitness
1, 2) brown | total 2 P
obs. 319 59 378 2.58 2-1
cal. 306 71 (13:3)
z =

&8 O RBRBA x — BN RR T 5 fod i B
HitZ 22 Re BOH#-ls7Tv—v RELXEEL
2o % @ dominancy ®JE{ZIL Rc>RE>Re™ T
HY, ReEIIHEREEFICI VBER IR D 2
EWRIeB, RL Re & b LEBEFEBRERLD 70
TedBEITTEL Az 50 b, 05Tl domina-
ney ONEN EERN O MEA & k—8 T % 7% Rd
HEOT7Vv—-VEREFL & ¥ RCRd & RECRA*
OWEEFHOMTRERM EOEN 2 b Re
o7 v—vick$5 Rd OMELER OB i
RcDBE s R DBESTRLDZ LD, [



—EOT V- VvEBCHEEAOSZT e REE
350, Hlixtver oy OiREt LYY
B35 Al X+ % dt BIETORENIER
DL L TH bRt ic THE SR TE

b, BEFEROERE L TIRL TARARKRKL D
DTILIs N,

Re e stb5% Rd OfF O ML, 7ok
SHROBRNYLEELT B2, Bic#fi®s L 72 ReRd*
X 5B O E ReRAVC XA F & % R
BN HF R L 7R S, 2 2 —D00mREmn
52 bh%n (Nacao, TakaHAsHI & MIiyAMOTO
1957), b Re 7 v —vic k %04, ) 4
fE X (testa) R (pericarp) DB D tube
cells IWE » T—HRicsH M+ % 2%, i) £h sk
FRABHE AT Y7 B 4 Tt fuFE Y cross cells ®
sl op R B (mesocarp) A F 5 (epicarp)
CETRATWEIE s T 5, & OB EEI
CEROERERL VA, R LTOMmHL V M
WHEIZEE L TWb, & O i HLTHEER
DALZERIHER 0> B A C, AR O HEE D Z O
STRBREELDBRTVWDEEZEDTH B,
ET—F, F33 OFROR TR ARELEDLR
+, BUNEERMIL Re 7 —vicE 3 ik
CHDOEBEDOS LD OATHD, Tibb R
7 v —vOERINERE L RERNBC BT 5 —§
EBEFEOERIZH D, Re 7Trv—v LB, T,
BE A REICE TR RIEev, 5T Rd OfE
Bled L 0 RE - AREOFf 2« EB I his
EREYHRUCTMEIEEZ L0HDEEZ T
Ve F5FTHIE, RE7Tv—v & RdpVHELE
ELTHHRREENRFCEE R L2 RO
SIER L ER TH Y, RCRd & RCRdT o%k
B &< sticid, B ReRd Tt 4
TEANREERNT, ZRE—FL LB EVRK
O (FdRBE) Leb 2 kv 3Eb i,

=33 DFREMOBETHER I 2 W Tk B
B (1961) oW E0iH 5 ALk AATEoREEHD
BETH S ReRd LB % 725 2 T, 1-33 23 R
Rd i BB FMTCHBHEL T, 2 D RARA i Re
BEo7v—vTHD, dominancy DJEEL 1T Re>
RA>ReThHsH, ZORITREESIAKEOE
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A EFHFTHLOTHBH, FHOEHTOWT
BB LY R T5, 2O RARd 13—l 556
TH H B> RcRd" KRB EoEiTinw &8s
MTwB, LaLiss b, KHRE ReRd® oiifa
DWTIE RePRd L EDBDH BRI EREL T
b, ReRd" 3 8bh 2 MEROFEOERY
RADIERT Y » THBETELIINTETH B,
REY REDLSICFERT D IHNERTH S5,

i -2

1) FIETEGME Surjamkhi Ok R T8 &
Zo¥, TOBETFERY BAR & o HEFKR
L oaML .

2) AAERZAD N BHFENS X ORBR Y 4
SHEM L3 k4 ReRd 3 XU ReRd* D BILT
MOFTHYE CH 5%, Surjamkhi OB EH—
BB OTH D ST ReRd 0OERH 1T %
ELTHEFETT HARBE T,

3) RcRd %OfEx OEETHY L-DHAMED
JRFE « Bt Surjamkhi i HEL TELAL Fy
KO F SR HF—ENCHBE T 5 20, Relic
R b 7v—v i ¥ L, Surjamkhi it Re
Rd e b TCHNFhEBRETHL0L BRI,

4) RcBEEixBEXDEEF X 9 D, dominancy
DNERT VL Re>Re*>Re™ TH 5B,

5 Re7v—viAfEEs L OREABIC—
BWieFg, FPRE - SAREOTFHACRCE
FOEBRYEFLDBDOEFNLT, RETVv—V
TIHBET bbb PRE - AREHOBEDER
EERITIL G,

6) Rd ofpfirhRE-AREHOF«THEE
THBEREY B oHfIer I Liedhd bLdb
NETHB,

7 L EOBEGETHBCES GER TR LEH
ROBRIT KO 755,

RcRd  —¥ginifta
RERd  —fEfc i ita
RcRd"  FREMWICEREH
RERA™ —HgIeiVRts
Rc'Rd  Hfa

Rc"Rd* @
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Genic constitution on red coloration in rice grains

of an Indian variety, Surjamkhi

{Genetical Studies on Rice Plant, L)

Man-emon TaAkaHASHI, Toshio Mori, Toshiro KiNosHITA
and Ko-ichi Mor1

Résumé

The pericarp and/or seed coat of rice is usually white, but may be purple, red, brown,
gray or yellow. Two gene loci have been recognized to be responsible for the reddish brown
coloration. Rc causes reddish brown speckles on a brown background, and Rd, when coex-
isting with Rc, gives reddish brown selfcoloration in the pericarp and the seed coat. The
chemical nature of pigments has been considered to be series of catechin, catechol tannin
and phlobaphene. These are the results reported in the previous papers of the authors and

of some other workers.

In the present studies emphasis was laid on the proposition of a convincing elucidation

to the genic constitution of light red coloration in an Indian variety, Surjamkhi. Crosses

were made between this variety and Japanese testers with several genotypes in respect of the
Rc and Rd loci. Based on these examinations it was inferred that the variety Surjamkhi
carries a new allele at the Rc locus. This allele was designated as Rc®. Thus the Re locus
comprises a multiple allelic series of three alleles, giving the rank of dominancy as Rc>Rc*>Re*.

As regards the effects of Rc and Rc¢®, the data reveal that Rc is responsible for selfcol-
oration in testa and the inner-layers of pericarp, together with the localization of color in
some parts of mesocarp and epicarp. The effect of Rc® is confined to testa and the inner-
layers of pericarp; thus no accumulation of the pigment is seen in mesocarp and epicarp.
The gene Rd has a distribution effect of the pigment located:in several parts of the mesocarp
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and the epicarp, and spreads the pigment over the entirety of these parts, when Rd coexists

with Rec.

Hence, genotypes and phenotypic expression may be expressed in the following manner.

RcRd
RcERA
RcRd*

RERAY
Rc*Rd
RctRd*

reddish brown selfcoloration (Akamuro, a Japanese red-grain variety)

light red sefcoloration (Surjamkhi, an Indian red-grain variety)

reddish brown speckles on a light red or brown background (H-21, a tester or
gene marker)

same as Rc*Rd

colorless

ditto



