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Gene Identification and Characteristics of the Long Grain
Mutant Induced from the Variety “Shiokari”

Takeshi SATo, Itsuro TAKAMURE, Harumi KIKUCHI
and Toshiro KiNosHITA

(Plant Breeding Institute, Faculty of Agriculture,
Hokkaido University, Sapporo, 060, Japan)

1. #

K RIRLS O MABRIC T 254, EROAH
DEE LRI B HRIE T & TR TR
7 EC T B RE R X b REE S 2 1585
BH kI EANIE S 105, 20 BB AR EDRE
HREOIEMAZ D L 3T, HIWEYRRERC LY
BRTDHIENFEEELIEZILRS,

AT CIA S [Lish b ] L0k FREN
29 g A DKL (Fohn) HREREEFH LT, ToIE:
WAL, SOEEFINET - CHE
DREEF & DREFRIERT -7,

FEXEADTEL D, HEMHOFRRPERETOR
DI H I Pl R RS RARREFR D )5 ~
CELMLESEL LT3, FBEFOCR SRR
gk I R T 3,

1. MHBEUEZE

HEEDOKTREE [Lsnh | iwr vy < —HE R L
oS (Ma) ~ 2 B EMS AU (0.5%, 30°C 6 i) %
fTotee MBERAD M EFFICRNERERGE YRR

L, 1978 L3k, ENHEME T ki) TR RREE RHK
BERL N-173 L &4 L1,

TR O IR B T ol 1981 i s R
RiiodbiE R ERBBMEROKETERL 2, #
REMIEE D T D Fo i B BT 1 A (BRI 30 cm
X 15 em) & U, INERBOB AT BTHET 12l
LT, #fE4H30H, Bits B30T, REEE
¥ 25 BF/m? (BEiE 30 cm X #kfH 13.83 cm), 1 #E3 AR %
ELTC, 1XEEIRSm? & L, FECYo- TEE
HERIAT (BERE & BEFR) (X (A) T N, P05, KO & £ h
#h 7, 85, 6 kg/l0a & L, :BIX (B) Tk 5 EED
S IR3ERD 7 A 31 HIK N % 3kg/10a fnz 7c,

BIET SRR e # ok (Table 1) oc, [H
FH BB WECT 2 ) AAREHLEAINRICLED
nBL REGECTRE - B C X 2RETFHITOHE
Zrhuy, RREEFERET, Ll OXEINT
W5,

FE3 1984 E0 D 1986 SRt hic b, Fa £ b U
Fs Rffix €, RS E ORI HEL 2, #
i 4 ATHCEEL, BE%6 A TaCltEEREE
SEHOKEC TR LA ZIC X 0L 7o, SR BmE

1) eBEARFRERIEDEEFHERR

2) XWMEHEHRR (& A, REES 62304013) i & 5 FHERRE

3)
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Table 1.

List of the strains used

Strain

Marker genes

Grain type

A-136 Shiokari

Normal (middle)

N-173 Mutant* Long

Fusayoshi Lk-f Long

A-58 Kokushokuto-2  CB, A, Ph, Pn, Pr wx Normal (middle)
H-79 d-2, be-1, g, la Normal (middle)
H-82 d-2, g-1, be-1 Normal (middle)
H-84 d-6, be-1, wz, fs-1 Normal (middle)
H-165 CB, A, Pl, Pn, Hl-a, gl-1 Normal (middle)
H-343 CB?, A, Pr, Mi, wx Minute

* Induced from ‘Shiokari’ by EMS treatment.

CXot, ERPEOREMIIATHCEL L TKER
BFAHREEC L o7, FHEIVEXOE IR
TN, B 1 EEND SR 0% D, 01lmm
FCHECEDB <470 A— 2 —FHACTHEL, @E
DOEBEERER Ui, BEFOEH - BrBRLHFH~ND
CHich, Hfiz Immer OFERHIEF L EAEC
IhEHLL,

Il ER#HR

A, FERERYESE

IR (N-173) ORI L RIgIC S Fh b b s
K¥r (Plate 1) TH-rehs, R, TKE, SOKER X
ORISR (BRB/ZKIE) b b AR (A-136)
NS &, tBETHEBEY LU T/ (Table 2), —
R & TROE IOV TIERE L FEEIALR

feho fop’, ZATREFE A (A-136) © 21.2 g ixf
L, ZE84k (N-173) Ti1292g b H-» T h R kT
ot FEE(A-136) KT A B THDEEELT
BE, TRENL2THELIELLELbERNER
thEE-TLmb5,

HERAE (N-173) DEZERFE: (Table 3) /bt f
£ Idiogram (Fig. 1) #F 5 (A-136) &g+ 5
&, BERG (N-173) TidHRE A 4~5 AEL, R
LR, BEERIEME (A-136) LB L eh o
to, FBRIZ12~19cm, FRE D 4~5em B h, &
OB UABEAA~E(LL Tuvic, B R4k (N-
173) DEEBULE L, B2 G vThbERE (A-
136) & v BEEICE L, THRHMemR BB
Badvbhich -1 (Fig. 1),

Table 2. Grain characters of N-173 (long grain mutant) and
its original strain (A-136, Shiokari)
Character Mutant Shiokari Ratio for Difference
(N-173) (A-136) Shiokari Mean "

Spilelet length (mm) 7.70 6.19 1.24 151 7.14%*
Spikelet width (mm) 3.79 3.76 1.01 0.03 0.32
Grain length (mm) 6.44 5.01 1.29 1.43 9.31 %k
Grain width (mm) 3.24 3.09 1.05 0.15 2.38*
Grain thickness (mm) 2.29 2.24 1.02 0.05 0.88
Grain shape (length/width) 1.99 1.62 1.23 0.37 5.13**
1000-grain weight (g) 29.2 21.2 1.38 8.00

* Significant at the 5% level.
**  Significant at the 1% level.
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Table 3. Plant characters of N-173 (long grain mutant) and
its original strain, A-136 Shiokari

Trial A Trial B
Character Mutant Shiokari Mutant Shiokari

(N-173) (A-136) (N-173) (A-136)
Plant height at young stage (cm) 28.3 242
Heading date Aug. 7 Aung. 3 Aug. 8 Aug. 3
Maturation date Oct. 6 Oct. 2 Oct. 7 Oct. 4
Ripening period 60 60 60 62
Culm length (cm) 73 61 84 65
Panicle length (cm) 18.9 15.1 21.3 16.3
Number of panicles 114 14.7 13.1 18.8

Trial A ; Basal fertilization only.
Trial B; Basal fertilization and top dressing at July 31.

B. REHEB
N Panicle B & SEIEZ D 2 4% v T2 Rtk (N-173) &
T e, Mm\ FAAE (A-136) G & Hoift L 72 (Table 4),
T N FAEEAE (1981)13 5 A 2B 6 Ao CIERICHEB L 7%
i memade o D, PRI B SRS TRRTH 70, FD7b—ROIF
NN B TLED 80~90% T oo, Lichio TANLE R B
|| 20 mtemoce DI D PR T,
i /i}i}?.f;?jiié?)“\ : BRI IC 3517 5 2 S (N-173) o> LRI S A
rd ncernode e (A-136) 1 T 17 kg T T o foit, SEIE K GHEIC
1N ¢ kg HUL L o7, WRKETHRCEANAL R,
L o L Tk N-173 TlE, %&b b LA FERR, SBIRK e 113
oot Siokari Th o F-DICKH LT, A-136 Ci3 128 (BIIEK), 121 G
(X-173) (A-136) PR Ech, HLARETFRABR, ChIBRE

Fig. 1. Idiogram of culm and panicle in N-173 (N-173) o8 » F/ini (A-136) L Di910% B /e
(long grain mutant) and A-136 (Shiokari). O LTC, JUENZEAER U ThotoZ i X

Table 4.  Yield trials (kg/10a) of N-173 (long grain mutant) and
its original strain, A-136 Shiokari

Trial A Trial B
Character Mutant Shiokari Mutant Shiokari

(N-173) (A-136) (N-173) (A-136)
Total weight 940 914 1061 1010
Culm weight 440 402 498 456
Spikelet weight 498 513 563 554
Milled rice weight 377 389 443 426
Rough rice weight 392 409 460 446

Trial A ; Basal fertilization only.
Trial B; Basal fertilization and top dressing at July 31.
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1304
120 4
110 4 “Total Total Pereentage
numbers nu_ml)m\" of { ripened Yield of
" [) of panicle  spikelets milled rice
Number of F2 seed 1,000-
spikelets fertiliiy arain
904 per an ear weight

80

Mutant

(N173) 69.0 285w 197x10° 8595 6784 2908 7ke/10a
Shiokari 664 368w 243x10° 8387 720%  201g  3R9kg'l0a
(A-136)

Fig. 2. Yield component characters in the yield

trial A with the basal fertilization.

Do ZHA (N-173) DILERENEH (Fig. 2) oiud,
R P <, THEABRCE <, TR, mIwk
AR IVBEISGCERELENZ DRI LT, B
PBCIFROR D 53 123 D { fe o TR Y, WEUR &£ THe
EOBMMATEL NI v 2 LTV,

C. BEFIFR

RRIZEIRA R D N-173 L EHERRFOHM F, O
R, R L ABROPEIEL e, 2O D Fa 4
MoO¥ES ML VTFhd Fr A e RROME 8 L

(22)

A-32 Fp N173
- ' T
151
n=119
5 0f
rg
g
i
5
ot r T v
5.0 6.0 7.0 30 (mm)
Spikelet length
(%)
3 N-173
A-32 Fry
Y
™ =114
,’g 20F
g
10F
oL ' T
35 A0 43 (mmy
Spikelet width
Fig. 3. Frequency distributions of spikelet length

and width in F; population (A-32x N-173),

= %55 2T E ik 3TE TR L (Fig. 3, 4)
I, % Fo A RR & RDED b AR T & R &
FRD 2 PCHENT A Z ENTE, STHOLHMEGRT
VIR 30 1 ORI A L (Table 5), LicaioT
N-173 DR R 1R DA TF L L, 20 5E4r
AR U,
—J, FEMoMROERIV-Th LMY &,
N-173x A8 T2
n=213

A58 NAT3
(%) Y Y

Frequency

Ht 6.1 Tt S0 {mm)
Spikelet length

Fig. 4. Frequency distribution of spikelet length
in F; population (N-173x A-58).

Table 5. F, segregations of long grain mutant
character in the crosses between N-

173 and linkage testers
Cc?nl;(l))si? é‘:_);rgl Nr?éll Total Goodness of fit

nation Lk-f + 23:1) p

A- 32X N-173 91 28 119 0.14 0.70-0.80
N-173x A- 58 161 52 213 0.04 0.80-0.90
N-173x H~ 79 91 31 122 0.01 0.90-0.95
H- 82X N-173 99 34 133 0.02 0.80-0.90
N-173x H- 84 222 76 298 0.04 0.80-0.90

Table 6. Mean spikelet length in three

F; populations

S Spikelet length (mm)
Cross combination

Long Normal
. 6.994-0.48 5.88+0.24
A- 32xXN-173 (119) (100)
7.15+0.46 5.96+0.19
N-173x A- 58 (120) (100)
A- 32xFusayoshi 7'3(11—.'520)'50 6'0(11%(?\'20

Parenthesis means percentage to normal type.



ERE BRI AT 1 20 RNMEREBRAKOHEE 395

RN (N-173) A+ 5 LT T O WiEc 3 5 7 H e B T e, WO HD Fr 0BT 3t
BNEDotz, £ F ERORRR (~7 Bz as) 11 B ORI E e, Fo AT BE L 7Tmm LT
TEHENCE A~ 209 WE ED - 12 (Table 6), = D5& DOEFETHBE Y, BERROLOERGFfi & ok
EFERR (%] ko L-fEETFY L I5b0k (Fig. 5), LictioTZEME (N-173) ol 5 HETF @

HERBEOIER IR LT, Li-fRiAT L RETH L LRSI, EBIHARE
D. Lk-f&OBEEFRE HMeD Fo 5[ B I L AEE I 40 A2 4R LT
BRI (N-173) & 55 T OMOBETE  FoRARRLE, WEO PP BTl Fhb

© N-173 Fusayoshi .
Y \ (%) N-173 Fusayoshi
i Fusavoshix N-173F2 ol ] ]
0p #=108 v N-173 % Fusavoshi [ 2
N . n=173
E z
B 10 a 10
0 = Vel — o j ; ' '
70 74 78 82 8.6 (em) 7.0 74 7.8 8.2 86
Spikelet length Spikelet Jength

Fig. 5. Frequency distributions of spikelet length in F; populations from the
reciprocal crossings between N-173 (long grain mutant) and Fusayoshi.

(muon) (mm)

N-173 x Fusayoshi Fusavoshi» N-173
2.0 r=0.450"*" . 2.0 y=03588"""
. . .
Fs ee o T .
75 C e . 75
w0 7.0
7.0 7.5 80 (mm) 7.0 5 80 (mm)

I ¥,

Fig. 6. Correlation of spikelet length between F; plants and F; derived
lines in the crosses between N-173 and Fusayoshi.

Table 7. Linkage relationships between Lk-f gene from N-173 (long grain
mutant) and dc-1 for brittle culm in F; populations

Long kernel Long kernel Normal Normal
Normal Brittle Normal Brittle Total
Lk-f + Lk-f bc-1 + 4+ + be-1
Cross A (N-173xH-79)
Observed 77 13 14 18 122
Calculated (p=24.9%) 78.20 13.30 13.30 17.20
Cross B (N-173x H-84)
Observed 192 30 30 46 298
Calculated (p=22.5%) 193.75 29.75 29.75 44.75

* Recombination values; Cross A 24.9+3.1, Cross B 22.5+1.9, Total 23.2416.
**  Goodness of fit; Cross A, ¥2=0.099, P>0.99. Cross B, ¥2=0.055, >>0.99.
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Table 8. Independent segregations between Lk-f and marker genes -
in F; populations
c Linkage Gene pair F, segregation Goodness of fit
ross
group A B AB Ab aB ab Total x2(9:3:3:1) »p
N-173xH- 79 I Lk-f C 60 31 22 122 1.60 0.5-0.7
H-343%xX N-173 ” »” »” 41 7 13 4 65 4.25 0.2-0.3
N-173x H- 84 » ” fs-1 165 57 56 20 298 0.17 0.3-0.5
H- 82xN-173 I ” d-2 87 12 24 10 133 9.08 0.02-0.05
N-173x H- 79 I ” lg 68 23 22 9 122 0.29 0.95-0.98
N-173x H- 84 v »” d-6 163 59 54 22 298 0.98 0.8-0.9
H- 82xN-173 » ” g1 74 25 25 133 0.07 0.95-0.98
N-173x H- 79 Vil ” la 74 17 27 4 122 4.40 0.2-0.3

1% K¥ETHERIEOMBEERL, EEhEET N
Ba TR A EERET OB R S i (Fig. 6),

WICERK (N-173) ORRGEET % L-f & UTEES
BET & OMPERE L 2 A, EEE - KTY »
R Ui & A N-173 ok Li-f 358 X1 e
CHTET % be-1 (BRE) & ORIT 22.5~24.9% o Hlifk
MAEHX # i (Table 7), Z o4t o L, 11, IV, VIII
DEMCIET 5 TREOBEHEET & oMz --Fh bl
TR DB (Table 8),

. % -4

ZhETAAEREREBECAEDHBIN TS
TNEd <, 4 FCHERY LT T7v 37
DH Y= —RAENSFRINERNE TV 4 441
* RUTGER B9 X 2R 8M: 5 [Calrose 76] 7r &
EERBMRE LTtk & SERL 72,

BRI BT 2 NARREROTERAL b TH L,
B, RE, R SR BAL THRe B aME L S h
7129, RE-CE, HOFholmacd R L
TL, Fre, BIENCRERE L CABMIELY LERT
HELRWEEOWHAED LR T, HID @ Liug
HY 7 x v =TIHOPRREIC K v = — 1 Azide 4
BEAT - THRBRILRRNES R 206, BAROM
BERYE T2 RNEAEES RN FER OB LaH
THHI ERRBELI,

BELPH Vi EMS MO 2 BN T E
FIZEIRAEERE (N-173) &2 58ib e SCA B LDT,
KERGOREEIFERERETH Y, BEELEMH (T
BIE) W ko CHRAMEY L5 2 LR hi,

Blt, At b KRBT X 5% O ER DT

MR E R, — O BEMABEE I T, dhihis
DR REOTREIL 20~25g TH D, Bgll Lok
KR A BT A YA OB IE TN E A0 E O
KBl S RDIUE DV OMHEETH B, AR
KD EENFEEEE TURMD | R THY, BFEK
BRI EEESRET YAV B I LI Lo THRTES
DT, KEFEEFHEORAE L TOFIBIMHIL D TE
We b,

AR (N-173) &R (A-126) w3t TL3sh D |
DEERERE B L, BREGTU I NE—nEREE
EFRFEEZLBRS, £ T DRIEETC X BE
A RAE O E A D HELZ TS &, HRSEK
RH12~1315 & T 2/M,LMFA & U TRECHEY
ELL, BlAHU 5, RS, L AR
~E ot D BIEAMEE THEE dkoRkc o
CLek~f DIERZ~IHERD i —-H|LTwD. L2
TARML (N-173) O REMIC oW CRET e &
N Lk~f & DWRIETRExR Ttk &5, ZRME(N-
173) w5+ B REDRETF AR &b Le-f L —F -
THBHIENR I i, N-173XFEED F 01D 7
v & a i LT Fs RER1ED, BT (F-Fa) OB
BIR BB TH D Z L a Bl k2 b {EEREETLL
M AEFRREF2EAL TV EBbh 5, fokilifl
IR b b AB RS (N-173) DT 5 Lh-f & be-1 (§f
AE) DL 225~24.9% OHIAIAEDR, Zhik
HEk THE] A it 5 L-f & be-1 O
MR T T Hote, ShETH MEMER] R
T-H ] TSR] s E DT 580 E(ET, sd-1
EFBEC BT A NARREREEUAirnmb T v
559, HE [FH] & F L& EF R GRENTETR 24 <
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WA LB RED TLkh b | hb NAKRERC
Lo THERINIZ L, Kbk B4sdibimE OfE
T & o TCELDTERENKAE L,

V. & =

1 JedblaEE Tl b ) wny <~ — BB E1T -
T8 (M) VT X Bic EMS iz, Fo 218
B D (M) 1kl TR (R ARG EFERL
Too LAPR T AT TR E Rl & LT N-173 L A4f
i,

2. ZERAE (N-173) LESAE TLdsh b 1 (A-126) ©
Tl E RO AL, ARAOHURSPIREH
12~13 k7D, IRCEICEHEVED T &

Wabte, Mok hTREL29g ¢ L38{F &R ot

3. R ELSA RS & i L O Rk (N-173)
TIE IR 3~4 AL, BRI 15cem, fiEb 4em &
Proto, Lo UL 409 Wi &, 15T Bl Fi~ &
FAE U, HRTRHRIEE L 2 MiAR Iarohs,
T AR E LR IR i A b s - f,

4. BN E FEIEEY X fo 2 4o CIERRER
24T o tr, BEHEIER TR (N-173) OREZREN
BRP T A, B T s L SR R0 S R
\Bhhtc, WEMBERIC OV T OB ClETFhE M
ke, B, B Y ORBRESA NP U,
BROE & TRIE OBING 23T ESE - T D H3
e otc,

5. ZEE{k (N-173) & I RRH L OZEMREHOKER
AHERHNT 1RO FEIRETFIEHTH DT LA
L, BROFNORTEEEEAIRL I,

6. BEAEDERMME [EE X LA 2B LT 525,
BETREOKE, BRA& (N-173) i this B R EIEET
b Lek-f LRETHDZ LB Eino T,

7. N-173XFEHECHTWEC B L T Faftlitk e
Fs RGN EE L ol, $ELME DL
S BIL T Le-f U S E R T S LT 5 e
HEIhic,

8. ER (N-173) G Lo Fo BT s ¢,
Li—f & be-1 (BAE-1) Ot 225~24.9% O #
FCHEBERES bR, ok [FHE] BV
T4 RS RA R S T B,

51 A 3 @k
1) BmkEAW: BAOM pp. 324, 5T, Hix, 1957

2) WM - FHE - A RORKREXET 5 AW
WET. B, 30: 280-282. 1980

3) EARIEW - KTHRE: RAklsIURBCHRD2
2O EMERTFOMMG WMoxw T 2585
g LXXXVII 4 dbk#snscit 140 1-10. 1983

4) FUTSUHARA, Y.: Breeding of a new rice va-
riety Reimei by gamma-ray irradiation. Gam-
ma Field Symposia T: 87-109. 1968

5) RUTGER, J. N, AzzINI, L. E., BROOKHOUZEN,
P. J.:
useful mutant genes in rice. In Rice Genetics.
Proc. of the Int. Rice Genet. Symposium, IRR],
27-31 May 1985: 261-271. 1986

6) WHHFW -UnEy: EREREHM Gamma
Field Symposia No. 20 FUft pp. 343. #EE, X

Inheritance of semidwarf and other

£, 1983
7 Ok E: AT AA=TERTEAFORERE

BEM. BH, 28 B 1: 40-41. 1978

8) IMHMH - FEEE— L FEF - ZERE: 4%
OKRUEFEREFRHEC KT 2 NEHEBEOR
EEE. HH 37: 309-317. 1987

9) KikucHl, F.:
vielding rice varieties in Japan. In Rice Ge-
netics. Proc. of the Int. Rice Genet. Symposi-
wmn, IRRI, 27-31 May 1985: 285-295. 1986

Semidwarfing genes of high

Summary

A long grain mutant was induced from the mid-
dle grain variety, Shiokari, by successive treatments
with gamma rays and EMS.

In the true bred line (N-173) derived from the
mutant, spikelet and grain length increased to
about 1.2 or 1.3 times those of the original line,
Shiokari, while width and thickness of grain re-
mained unchanged. It is notable that 1000-grain
weight of N-173 was increased to 29.2g in com-
parison with 21.2g for the original. The plant
type of N-173 shifted to the panicle weight type
from the intermediate type in the original, show-
ing the elongation of panicle and culm.

Yield trials under two kinds of fertilization were
carried out in the paddy field of the Hokkaido
Central Agricultural Experiment Station. Total
weight of milled grains was rather increased in
the mutant line under the top dressing at booting
stage. As to yield components, it is noted that
the increment of 1000-grain weight counterbalanced
with the decrease of the total number of spikelets
in the mutant line. It is pointed out that the use
of semidwarfness combined with the grain type is

for the development of the long-grain variety
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decreasing the elongation of culm length caused
by the long grain gene.

A single gene was responsible for the long grain
mutant character’s showing an incomplete domi-
nance. As a pleiotropic effect, an elongation of
panicle and culm with a decrease in panicle num-
bers was prominent. In the allelism test with
LE~f, which is derived from Fusayoshi, the identi-
cal allele or the isoallele was responsible for the

long grain mutant in the Li—f locus because the

F, populations showed normal distribution and no
middle grain types appeared. In addition to this,
the participation of the modifying gene or genes
was suggested by the close correlation between
the spikelet lengths of F; plants and F; derived
lines. A linkage relation between LA-f and bc-1
(brittle culm) was confirmed in the crosses involving
N-173.

Thus the long grain mutant may be utilized ef-
fectively for rice breeding in Hokkaido.
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1. 50 grains of A-136 Shiokari
2. 50 grains of N-173 long grain mutant
3

50 grains of “Fusayoshi”

Plate I



