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Table 1 List of the strains used in the experiment
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Phenol

Strain Name Hull color reaction Origin
A- 1 Akage Non-black - Hokkaido
A- 32 Furen bozu do — do
A- 58 Kokushoku-to 2 do + do
A-133 Nohrin 9 go do — do
A-133 MS  Cytoplasmic male sterile line of A-133 do —

A-136 MS  Cytoplasmic male sterile line of A-136,"Shiokari” do -
H- 21 Multiple marker do -
H-406 do do -
H-478 do Black +
H-479 do Non-black +
I-32 Karalath do + India
I-100 Chinmen-Tuomen-hongmi do + China
I-102 Fully purple do + India

(RbRbRbs) DFFRAEHIC L W KB E NS, L1z
20T, IENBIRFEEVICHAEES L6,
SEOBEETHE HFEI N, Forid 1 BFo08
SHNFHHE(9 7)) bDVIF3IET
Bt (27 :137) DWFThLHEL TLv, KBS

(3:1),

Table 2 Segregation of black hull in B, F, and F, populations

T3 ¥, IBEOREMEGHICO>W T F,¢ B/F,
HRICBIT2BE6HENSEE 2R L 72 (Table
2). Folc BT 2 26 JERA048 I, H-21XI-
102 DLk X,

SHT4EE (27 3D IcEAL

7z, H-21X1-102 F, Tlx, 27 : 37 %c 2508t

Hull color Black Non —black
Phenol react. + + —
Bhy + Bhs Bh + +
' ) ' Goodness of fit
+ Bhy;Bhy  + Bh, +
Cross combination Genotype BmBh.Bh{ + + Bhs + + + Total Ratio z P

A—133 MS x '70—-277 F} Obs. 11 9 v+ 18 38 1.1:2 032 0.75—0.50

(+Bh:+)  (BBhyBhy/ +++) . - 27/ 1:3  0.32 0.75—0.50

A—136 MS x '70-277 F, Obs. 23 47 84 154 1:1: 2 8.750.025—0.01
Bu++)  BmBRBA/ YY) M3y 1:3 8.32.0.005—0.001

H—478 X H—406 Obs. 154 187 341 27:37 1.24 0.25-0.10

(BhBhyBhs) (+++)

I — 32 X A—133 Obs 70 48 54 172 27:21:16 4.17 0.25-0.10

(Bhy+ Bhs) (4 Bh+) 102~ 2737 0.16 0.75-0.50

H—479 X A—133 Obs. 111 114 70 295 27:21:16 4.70 0.10—0.05

(Bhyi+Bhs)  (+Bho+) “184~ 27:37 2.52 0.25-0.10

I —100 x A— 1 Obs. 97 65 7 238 27:21:16 6.89 0.05—0.025

(Bhi+Bhs)  (+Bh+) 1417 27:37 0.20 0.75—0.50

I —102 X A— 32 Obs. 71 103 174 27:37 0.14 0.90-0.75

(Bh+Bhs)  (+Bh.+)

H- 21 x I —102 Obs. 70 145 215 '27:37 8.17 0.025—0.001

(+ Bh,+) (Bh:+ Bhs)

A— 58 X H—479 Obs. 90 65 155 9:7 0.21 0.75—0.50

(+ Bh,Bhy)  (Bhy+ Bhs) :

*70—277 (H—478XH —406), **Number of non-black hull plants, 1) Bhs(=Ph).
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Table 3 Identification of the genotypes on
black hull coloration
Test crosses;
A : Unknown genotype X A-tester »Fia
(+ Bh, Bhs)
B : Unknown genotype X B-tester »F
(Bh, + Bhs)

Genotypes expected from the hull
coloration in F; plants

Hull color
Fia Fis Estimated genotype
+ + Bh, Bh, Bhy or Bl Bh, +

+ — Bm + Bha or B}’L]’*‘ +
- + + Bh,Bhs or + Bh,+
+ +Bh or + + +

+ ; Black.
— ; Non-black.
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Table 4 Geographical distribution of the eight

Table 5 List of the varieties representing eight

genotypes on black hull coloration genotypes
No. of Line Name Source
Genotype District strains 1 Bh Bl Bl
U. S A 1 L- 20 Jodon’s tester(7954) U. S. A
I BBl Bhy o 6 I- 44 Bhutmuri-36 India
"""""""""""""""""""""""" A R I - 46 Chinsurah Boro 1 do
India 1 1-77 Pankhlraj(aman) do
Tran ) { - SZ) ?hutrrllz,\gl(btiro) go
- epa I(boro 0
I B B, + China 1 I -106 IRRI tester do
Korea 1
Japan 1 U_BmBh+
India 12 L- 14 Jodon's tester(7946) U. S A.
Ceylon 1 E- 25 Arpa chally India
) 1 - 56 Aurinaldola Iran
Indonesia 1 E- 56 701(Mongol) China
Java 1 I- 3 Katte-so Korea
I Bhy + Bh, Philippine 1 A-103 Tanjiro Japan
Tai
Cﬁi:an 1(2) Il B+ Bh
a 82— -3 .
Korea 1 E- 34 Modan India
I - 32 Karalath do
__________________________________________ Japan 2 I - 35 Modan do
U S A 4 I-36 CH-2 do
Italy 2 1- 37 CH-47 do
Iran 1 I- 39 CH-1039 do
I1-41 RDR 7 do
IL\]J'eDSa'I SR :13 1- 72 Blue stick(aman) do
- [ - 88 Assam Ill(boro) do
India 13 1-102 IRRI tester do
Ceylon 1 1-124 do do
Indo-China 1 [-125 do do
v Bh + + Thailand 1 I - 48 Boro 8-GS-555 Ceylon
Indonesia 1 I - 95 Montja mongge Indonesia
Java 1 [ - 54 Poeloet waso Java
. IR- 8 Philippine
Taiwan 4 E- 41 Pappaku Taiwan
China 1 I - 15 Tankyakukara do
Korea 1 I- 16 Usen do
Japan 3 I - 18 Rokujuunichi-ki do
F. A O. 1 % 19 I%outo go
- 20 Kinso 0
V+thBh3 ----------- Jgg@_r_l ------------------------- TR I - 21 Fukushuu daiso do
V1 + Bh, + China 1 I - 23 Sekkanen do
Japan 45 1 - 25 Konansen do
vi ++BK 0 [ -110 Taichung native I do
VI + + + Japan T 5 T E- 16 Suihakujo China
E- 48 Rokujuunichi-kiso do
I- 6 Suihakujo do
DEEHE (+) »E () »icd ) 4EOMEE I- 7 Sanbyakubou do
. I - 8 Daishukoku{mochi) do
AR E N, wWIAE LB L VR RRD 1- 12 Toufutsusai do
BETHEHELL S5, 72/~ MBICE 114 Ko s
) Ph (=Bh) OHEEEREL 2. HilOBRET {3 forlatan %

- Bk~ _ - _ I - 92 Wino-tao do
AT &) A R#RIZIE A58, BARIRICIZ1-32 % 1 -100 Chinmen-Tuomen-hongmi do
AwaZ e, HO-639 Koketsumochi Korea

1 - 65 Gaisenmochi Japan
H-479 Linkage tester(Hokudai) do
3) Bh & Bho RS A IV B+t
i E R EREERE TRET S k 12 {i"d‘m's tester ggig; g- S A.
- 0 )
145 Bl D\ €, BEECHET 2 RETHE L- 25 do (7960) do
L- 34 do (7975) do

FE L7z, v»FEEINCAHT TEBEFROEES




24 MR E R BN RIS ARE $22%
Line Name Source Line Name Source
1 - 60 Riso vialone Italy H- 45 do-- ( do ) do
I - 61 Bologona . do H- 60 do ( do- ) do
I - 55 Ambar bau Iran H- 61 do ( do ) do
I - 57 Kaeu N-1272 U.S. S R H- 69 do ( do ) do
I - 58 Kaeu N-1273 do H- 75 do ( do ) do
I - 59 Kaeu N-575-a do H- 79 do ( do ) do
I - 31 Col. No. 840-1 Nepal H- 84 do ( do ) do
I - 33 Surjamukhi India H-103 do ( do ) do
I - 34 Mushakdanti do H-121 do ( do ) do
I-38 AS 20-1 do H-126 do ( do ) do
I - 42 246-Palaman do H-127 do ( do ) do
I - 43 Bengalo do H-138 do ( do ) do
I - 45 Charnock do H-143 do ( do ) do
I - 47 Dalashaita do H-149 do ( do ) do
I - 67 Dular do H-150 do ( do ) do
I - 68 Pusur do H-154 do ( do ) do
I - 70 Marich-bati do H-465 do ( do ) do
I - 71 Slender dwarf do No. 81-bdo ( do ) do
[ - 73 Daudkhani do
1 -129 Chinsurah Boroll do VII + + +
I-49 813 Ceylon A- 77 Murasaki-ine Japan
1-29 Nep Vai Indo-China A- 83 Nohrin 20 go do
1 - 30 Thailander (glutinous) Thailand A-134 Yukara do
I- 96 Para Indonesia N- 11 Linkage tester(Hokudai) do
I - 52 Boeloe Pote Java N- 50 do ( do ) do
I - 22 Shouhakubai Taiwan
I - 24 Konansou do
I - 93 Pahzumatahal do _ v
I -128 Taichung 65 go do #R$ & Table 45 oM TH b, BOERIA
I - 10 Kurokara mochi China NS > 1 T zH
1. 4 Mitsatari Korea Y FiZ6, TAY) A1 RBEESH LN, Bt Bh
A-136 Shiokari Japan 3t Zk z oy - Bh,
H- 59 Linkage tester(Hokudai) do BT HRMSEAICY LRRAAEL 72, !
H-460 do ( do do +Bhy % 7213 B+ +ORMIZ A >~ FEIC %, B
[ - 66 Biol Ital
oone nane ” AL 5 REEAEL 720 —F, +BhBhsk + Bhy+
Y A Bt Japan FEARIZDARBS b, HETREEIC 1 /52
VI 4+ B 4 Thot,++Bhe Rz i ARBEn
T - 9 Yakel mochi China P, +++ A5 EEFREIEARICS RS -7, T
A- 1 Akage Japan X . .
A- 2 Alaine do AN G, 42 F - Roe— L A T M,
& 5 Akamuro & AT 2T HE, A - hE - wEE L B
A- 18 Chogoeito do B 4 BIcm2 T, 45> - ViESER Zotho
A- 28 Ebisumochi do i C
ﬁ' g; gukokgl go Mz & 7251 5 HEHIC KB R TR OEES A
. urenbozu ) . e
A- 43 Hokkaimochi-1 go do PERL7z0HFig.l Thb.Bh& Bh, D& 21z
’ ! ; g s - ,
i o Jhmadamochi o VT, HAMERE Z RIS RO WA
A-133 Nohrin 9 go do SR FEME AR P =z N
N- 1 Linkage tester(Hokudai) do WRERAEIELTED H1L, Ph b 21 E TORR L
N- 5do ( do ) do RILLWD L2 FRUZHWZ 2D LT,
N- 13 do ( do ) do < e
N- 14 do ( do ) do Bt By 53#5l3 4 > P L EIZH» T Cit
N- 44 d < i -
N4t do (b3 2 Bl #°% ¢, Bh, bbb, HETIZBh,
N- 48 do ( do ) do BB b DD, Bl ¥ EURIBTROHEL 22, &
N- 59 do ( do ) do g
N- 65 Hosetsu A do 2, BARIZIE+++ORKELERD LN, ZoM,
N- 66 Portugese do s .
N- 71 Linkage tester(Hokudai) do &8 - hE - SEMIS T BL+ Bl 5 B+ + &
H- 9d d .
H- 20 dg E gg ; dg ) %) %&Ef;'cﬁaﬂjg nrz,
H- 21 do ( do ) do .
H- 25 do ( do ) do
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Others
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I Japan

Taiwan China
Korea

South-East Asia
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India Ceylon

Nepal
U.S. A
Bh Bh B B + + o+
Bl Bh,  + A+ Bh, Bh, + o+
Bhy + Bhy + Bhy + Bh, +

Fig.1 Geographical distribution of the eight
genotypes on black hull coloration ; Five

districts and others which contain Iran, U. S.
S. R. and Italy.
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Table 6 Summarized data on segregation ratio for black hull coloration

Genes for black
hull coloration

coloration in F, population

Segregation ratio for black hull

Literature

H 9:7
B B 9:7  3:1
Single gene 31
Rb, Rb, Rb, 27 .37 9:
Ph Bh 9:7
Phy Ph, Po 27:37
Bhy, Bh, Bhi(=Ph) 27 :37 9:7

CHAO (1928)

MITRA ef al. (1937)
KUANG et al. (1946)
NAGAO et al (1954)
KURIYAMA et al. (1967)
RAO et al. (1973)
Authors (1980)
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Table 7 Segregation ratio on black hull coloration expected in
F. population of the crosses between the representative

genotypes
Genotype
Bhy +Bhy, Bh + -+
Genotype 1) B Bh;Bhs B Bh,+' +Bh, By +Bh + + + Bhs
2) Bl Bh, + 3: 1 _—_ 9 :7 _— 27:37
Bh, + Bhy,
3 3:1 7 7 27:37 —_
) + Bh, Bh, 9
4 B ++ g . 7 2737
+ Bh, + ' ’
5 ++Bh 9 : 7 27:37 - —_— —_
6) +++ 27:37 _— — —_ —_
*Black hull : Non-black hull,
RHREIRELTVv, 3, BEHECHET 2HEE SNEETTALNSY Ph (7 x/—VUGER

FR% Erb#ETHIHFEZRIBLAY, 21
KBORRER ) ZLE2WHEIC L2 Thbb b
L Lo REELTEICL > TRESRENE
BTFRE2HEL, TRLICEINIBEEETD
ERMEZABL CFoEA» LBEFHPHE
L7zDThHd, o bR BIT 8L EET
Ay T+ BhBhs (=Ph) & Bhy+Bh, (=Ph)
DR BRY FIBICIE A58, BBz I-32%
ZOMMOFFED f P RIRBEERL 72, A-58
DETLIEZRFCDSARET, Prigs 2
BHEOHELRECT 2B H- 1205, BED
FENHEPAETRECQOBRARIGIC &L ) EfEY
HE 2 WRRICE Lo, b b FRIBokEREC
£ S TED R OV TERETFRAHEL 128
R, BuiiA v F, ®ET7 P THEICE O
L, Bl BARIZ % { 88 5 L7z, Hisggic i3 Fig.
10N & WBEEMREEEEBH S22 L7z,

A4 2 DR BB T2 R BT, &
SERIIRBERS IR A b TEETH 2, B %
Bl i3 —REEELZH I VEEDO L WRE L E
Z b b, 727 BBEICEET 585F, Bh, Bh,
Bhys 3 L - BEEIS, HEME LRIy
WTHLHH, L L, HoOBHEZTRTEENY
YL FNUTE - TABBHLRIES L AN
LR>FZ LN, HEIC Bk Bhhx b T
R HERRRAEE 2R L, 2 h BHIL, ATE &
S (e FERFBICES T 5 CAPED &N

F) 901 2T T — X ENRMERER T
12 Lo h BB EIESH SN T B, EFERY
fREERRE » BIE O I WilETF O LSRR S
{Gic il e B4% b 0 258 - 72 d0E, 49K, HRAR
HEEEMEE, REOKRBL2ANLZZ LD
LR ETTHTITC TETH b,

I

1) BaEICEL CEEFIH* T4, B8
BIXEFERF 3 EOHEUXEERNORTHT, #
DE pBEHEI L), F, CliB 68 5% GER
)RR 2737 L% B 3WFHERI C TH2 K
TRk 2EELAD,

2) F, C3RFSBEZRL 72 H-478 X H-406 %
A-133MS H W (T A-136 MS iz #n FNREL
THLEZ A, A-133MSXF, Tl E®MIE
¥=1:3%22WFHnyBEL %Y, A-136
MSXFizowTd i v BER 21872, =
NIZA-133MS R A-136 MS s 2 N FnEH D
1 BEFERL T 22DTH -7,

3) ¥ 72/ —EEICL ) PRORELHRAN
kA, BEE. 7 /N8 JEBRAHE -
T/ —n+8 I EREEH 7 2 VAT 2T
2116 ka8 E R L2, PhEDLONEMS
BHUCES T 205238 5 T vy, 24T
27 = RBERIC L ZWEESE L HVY o TEENIC
\¥Bhs=Ph * 2% L CTLv, 4%, BOEOITY
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FRPBRE % X7z LT Bhy & PhoSe48887, %
ZEPREDLDHSEET B2 ERLMICT B
», GO BEEDEET % By Bh, Bhy (=
Ph)y ot &£iEd 5.

4) +BBh? % BIZ TR 2 H T 5 A-58 &
Bh+Bh % 58I TREETH1-32% & b
2L, IhbszkicRERKE L CHY, &1
ROARAL /K E KB L T 2 EOXEMEED
FERICBIT 258G b ROBIETFR L #ET
DHEEMI T,

5) 29 L THREH S EDH R RIS,
BEFEICHTIRIRTHERAL LA 4 F,
RET7TVTRHRENRK T B 265540
%L, B 3fELr L RRIC L EINTwE
P olz. —F, BARIE Bl 253 25, 21
Bhy & Bl D FNLKRL B NHEL, BERE
HNERETIx, Bh » Bh, (2B U SR B AR A
HxEDI,
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Geographical Distribution of the Genes for Black Hull Coloration
—— Genetical studies on rice plant, LXXVI] —

Masahiko MAEKAWA, Toshiro KINOSHITA and Man-emon TAKAHASHI

(Plant Breeding Institute, Faculty of Agriculture, Hokkaido University, Sapporo, Japan')
Summary

Black hull coloration is a genetic character which is expressed in the inner and outer glumes at the
ripening stage of caryopsis. From the previous publications and knowledge, it is known that this
character is expressed by complementary genes which exist in Japonica and Indica groups separately.

In this report, the authors examined the mode of inheritance using the crosses between Japonica and
Indica strains. In F, and B, F, populations, most of the crosses indicated digenic or trigenic segregations.
These results support the genic hypothesis that the black hull coloration is governed by the complemen-
tary action of three dominant genes. In addition, the plants showing black hull coloration indicated a
positive reaction when dipped in a 29§ phenol solution. Assuming that the gene for phenol reaction, Ph,
inserts its direct effect on the coloration of the black hull, then the segregation ratios of 27 : 21 : 16 or
1:1:2 for black hull, phenol positive : non-black hull, phenol positive : non-black hull, phenol negative
are expected in F, or B,F, generations. Segregations in two kinds of crosses fitted with these theoretical
ratios. Thus, the genotype of black hull plants was estimated as Bh,Bh,Bh; (= Ph).

The tester strains possessing the genotypes, + BBl and Bh,+ Bl were selected from the various
tester strains which are maintained in the Plant Breeding Institute, Hokkaido University. They are
represented by A-58 Kokushoku-to 2 (+Bh,Bh) and 1-32 Karalath (Bh + Bhs), respectively. Using
both strains, the genotypes on black hull coloration were determined by the phenotypes of F, plants in
the crosses with the above mentioned testers as shown in Table 3. Through the identification of the
genotypes of 145 strains which were collected from all over the world, it was found that a geographic
inclination existed in the distribution of the genes, Bk and Bh,, as well as Ph which was already
investigated by various workers. Namely, Bk, existed predominantly in India, South-East Asia and
China regions, while Bk, was observed commonly in Japan.



