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Inheritance of Six Kinds of Mutants Induced by
Gamma-Ray Irradiations to Anther Culture of Rice

Itsuro TAKAMURE and Toshiro KINOSHITA

(Plant Breeding Institute, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)
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Table 1. Effect of gamma-ray irradiation to anther and anther callus
No. of M;R;s Lines Frequency of mutant lines (%)
Treatment MI\{QO- 19f N
2R, lines ormal mutant Total MR, mutants M;R, mutants M;R, mutants
(ﬁx.) (ﬁx.) /Mz 2 2Rz 2712
Anther
0.5 kR 57 0 6 6 36.8 5.3 10.5
1.0kR 9 0 2 2 55.6 22.2 22.2
20 kR 31 0 9 9 61.3 16.1 29.0
30 kR 13 0 3 3 61.5 38.5 23.1
Anther callus
0.5 kR 51 1 1 2 29.4 3.9 2.0
1.0kR 21 0 3 3 33.3 14.3 14.3
20 kR 23 0 10 10 78.3 43.5 43.5
30 kR 30 1 10 11 80.0 50.0 33.3
Anther culture
Non-irrad. 36 0 3 3 38.9 8.3 8.3
Control 23 1 0 1 0.0 0.0 0.0
Table 2. Frequency of mutant characters
Treatment
Gamma-irrad. Non-irrad. Total
Character Anther Anther callus Anther culture
Culm length
+0 0 C0)? 0C® 133 1C2
- 5 (25) 8 (3L 0C® 13 27
Panicle length
+ 1(5) 2 (® 0CO 3(6
- 4 QO 4 (15) 0(® 8 (16
Panicle number
+ 4 20 4 (1% 0Cw 8 (16)
- 4 (20 2 (& 1 @33 7 (A
Number of spikelets per panicle
+ 4 20 2 (® 1 @33 7 A4
— 3 (% 6 (23) 0(C® 9 (18)
Spikelet length
+ 5 (25) 2(® ) 7
— 2 (Am 6 23 0w 8 (16)
Spikelt width
+ 6 (30) 3 Aa» 2 (67 11 22
— 5 (25) 6 (23) 133 12 Q2o
Sterility 8 (40) 18 (69) 1 33 27 (55)
Late heading 0 Cw 1D 0Com 1 (2
Stripe 0Co 1(H 0Co 1(D
Brown leaf spot 1 (5 1C4 0Co 2 (L
Brittle culm 0Cw 1 (D 0Cw 1(2
Number of M;Rs lines examined 20 26 3 49

D 4 - Increased. — ; Decreased.

2 Percentage to the mutant lines examined in M;Rs.
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Table 3. Comparison of some characters between Kitaake and 6 mutant lines

Character?

Line Treat. CL PL PN SL SW NS SF HP
(cm) (em) (mm) (mm) %) (days)

Kitaake  Cntrol  52.2 14.7 12.1 5.89 3.59  59.6 94.3 87.7
am o, o 100 Ao @  aon o

AT-49  30kR 36.9**  13.3*  23.2** 579 3.98**  17.6**  75.4*  86.6
Anther (68 (9D (192 (98 D 3 (s (99

AT-52  30kR 51.3 14.3 10.6 5.97 3.67*  51.8 89.2* 915
Anther (98 (9D (88 aon 2 (8D (9 -0

AT-127  1.0kR  48.3 9.9**  13.3 5.37**  3.43  17.8**  87.6 91.8
Anther (93  (6n QIO G (9% (3 (9 1

AT-130  20kR 50.0 13.7  16.6* 4,98 2.87**  77.3*  39.8** 112.0°
Callus (96 (93 A3 (8 (80 130 (4 1

AT-173  30kR 32.7**  9.3* 5.8* 5.38*  3.48  21.7**  1.2%* 923
Callus (63 (6D  CdD Goh (9n (3 D 1%

AT-307  O0kR 48.1 13.00  12.6 5.88 3.62¢  49.3 89.5 87.8

(92) ( 88) 104

(1000 oD (83 (95 (100

Y CL; Culm length, PL; Panicle length, PN ; Panicle numbers., SL ; Spikelet length, SW ; Spikelet width,
NS; Number of spikelets per panicle, SF; Seed fertility, HP ; Heading period.

*

, **; Significantly different from Kitaake at the 5% and 1% levels, respectively.
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AT-52 #RGED T2 27 4 | L BT 5 LW
2L, BTRENALRPBA Lich, ogE
MBI XERHEERILb o, AT-52 &
EHHRHE 2T F, BT XTEER %
Rl F, EHCR VT oL EEETY, IE
WHRCBEHMAYRIEI IO HEL -0 T,
AT-52 DE+ - BRMEIBMESBEF LT
FTEEI T2 (Table5), U EDHERL H, AT-
52 0BR[22 77 ] hHLEMPSEORRER
ELTHLREELZBNRD, MOBWERTT LD
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AT-127 L EREBo T2 75| L2 ET 5,
FETI237%, —FBEEE TR T0%DEA H b
iz, AT-127 EIEER F R MOBEEBETF2HE
T 5 % T H 5 A-32, H-69, H-79, H-165,
H-289 & 0% A& oA o3, F, A%
PEeCEERLYRL, F, £EACREER SR
w313 L7=(Table6), Li2isT, BRHC
BEMLSUEEETAEEL 5, —J, Ao
sp CEH) %ET 5 ws-5 & OTHERAETIE F
EEEs 0 F, EM o @ERAT X CERHE L
otz &b, AT-127 FET5EEERET I
CED sp ERIETHBZ EDBPELMITT T,

Mad B (AT-130)

AT-130 L R0 (%27 5| Lo+ 5 4,
BE, BE, MR SETRMECEECEI L, #Hi
FEE, —FEER, IEARIHEML Ao, iR
X277 Xp15%, MR 20%EAL, ik
FIFEAHL T2 77| LHENTH2U HESRD,
ChbD3BOWME RS EHER UK 49 REiF TR
LEEE TR Ui, AT-130 T2 751 & 3

Table 4. Inheritance of dwarfness in F, populations derived from the crosses between

AT-49 and linkage testers

F, segregation

Goodness of fit

Cross combination Total
Normal dwarf Ratio X2 p
AT-49 X Kitaake Obs. 84 106 3:1 1.02 0.40~—0.30
do. X H-79 Obs. 238 247 15:1 2.86 0.10—0.05
ws-5 X AT-49 Obs. 93 127 3:1 0.21 0.70—0.60

Table 5. Inheritance of brown leaf spot in F, populations derived from the crosses between

AT-52 and linkage testers

F, segregation

Goodness of fit

Cross combination Total
Normal brown leaf spot Ratio x? p
AT-52 X kitaake Obs. 196 266 3:1 0.25 0.70—0.60
do. X 83N1177 Obs. 76 128 9:7 0.51 0.50—0.40
do. X A-58 Obs. 72 99 3:1 0.27 0.70—0.60
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Table 6.
AT-127 and linkage testers

Inheritance of short panicle in F, populations derived from the crosses between

F, segregation

Goodness of fit

Cross combination Total -
Normal  short panicle Ratio x? p
AT-127 X A-32 Obs. 46 11 57 3:1 0.99 0.40—0.30
do. X H-69 Obs. 151 44 195 do. 0.62 0.50—0.40
do. X H-79 Obs. 46 25 71 do. 3.95 0.05—0.025
do. X H-165 Obs. 76 25 101 do. 0.00 >0.95
do. X H-289 Obs. 256 83 339 do. 0.05 0.90—0.80
ws-5 X AT-127 Obs. 0 45 45

B OESEE TR (H-82, H-120, H-289) %%
NENRGTHLLF BARETEER PR L, &
THHEeeo F, £A T3, KETORBHE &
DIEEDR BB AIIE3 1 DRICSBE L, L
fetio T, AT-130 DAF T 5/ NI i BT P
EFHBEESEL T\ % (Table?, %7z, TF27 /7]
OO F, EHcE WTHERYAE L E S
AHNEIbE & B E AR, MR ERR—EET
DEHEIFRIC L 50, ML 2EBETE
REWKFBECHEEL W5 EEZILRD,

AT-130 £ T2 77| LOXTHOF, £zt
HHR, WIEOEESfix Fig 2 1R L, ME
oW TRERR R BERVY TR L 7e8, MBI 2ES

Table 7.
AT-130 and linkage testers

fMeieh, ERE PRNBOSHME —FK LI, %
fo, AT-130 & T+ & 74| LW AT-130 L HEH
EHRETF (d-2) #FT% H-82 L oXHOLF,
Rk st hFhoXRRABEORNE, MEDTY
B L B¥ERE % Table8, SR L1, (277
& OTHME R TV INRERIEEMIC LR TRET
11.8%, BUE T 18BEERI L, BAKELEL
BLIEE LD SHEROBS D% hBEETRL-
7z, H-82 & ORHER AR TR OWT -2 12
X BBHRDID d-2 N T%RBA L, 2 EHHR T
B 1T% WA Ui, SEONREETE d-212
BIfcRE LB 25—, Mg oW Tk
d-20 L BRIRLRT, PHBEFOFERD

Inheritance of minute kernel in F, populations derived from the crosses between

F, segregation

Goodness of fit

Cross combination Total
Normal minute Ratio x? p
AT-130 X Kitaake Obs. 178 35 213 31 - 8.34 0.005—0.001
do. x H-82 Obs. 212 53 265 do. 3.53 0.10—0.05
do. X H-289 Obs. 223 64 287 do. 1.12 - 0.30—0.20
AT-130 Kitaake F. AT-130 Kitaake F:
201 Y Yy Y vy
- [0 Normal type n=213 n=213
8 151 B Mutant type 204
o
§ 10
5 104
& 54
0 0
5.0 5.5 6.0 3.5 4.0

Spikelet length (mm)

4.5
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Fig. 2. Frequency distributions of spikelet length and width in F, population

of the cross AT-130 xKitaake.
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Table 8.

Comparison of spikelet length between phenotypes segregated in F, populations of

the crosses, AT-130 X Kitaake and AT-130 X H-82

Grain size Normal Minute
Cross combination
Plant type + d-2 + -2
)
AT-130 X Kitaake 5.60£0 21 5174017
_ _ 5.75+0.22 5.344+0.26 5.21+0.31 4.77£0.22
AT-130 X H-82 (100) ( 93) D) (83

Y Mean. £ S.D. (mm)
? Percentage to that of normal type (++).

the crosses, AT-130 X Kitaake and AT-130 X H-82

Table 9. Comparison of spikelet width between phenotypes segregated in F, populations of

Grain size Normal Minute
Cross combination
Plant type + d-2 + d-2
)
AT-130 X Kitaake 3-6(91%0‘))~2}2‘ 3.0(61§2()).13
_ - 3.4430.14 3.43+0.14 2.85%0.13 2.86+0.14
AT-130 x H-82 (100) (100) (83 ( 83)

Y Mean. £S.D. (mm).
2 Percentage to that of normal type (++).

BHERD BT,

Fu b9t (AT-173)

AT-173 BEENWEBILERT VLY G LT
Thbh, EERBLE ST, AT-173 L EHE
O Tx27y | ¥HEET? LBE BR BEK —
FAFNR T > TIE30% 05 60% A L, BT
XD TE, -T2, AT-173XE®HE 0 H-289
EDRHF, BEBEERNYRL, F, EHTIHIEE
NIRRT L DI SBE LA & p
5, AT-173 DAET 58\ b T I BMLHERET
NEE LT, H-19DET 5 be-1 & ORI

BT AT-1T3XH-T90F, MEBM &R L,

F, £EHlic W TREEE  Soo 312 @iE9: 7

CHBELIcZ L, AT-1T30ET285398
EF PR & be-1 LWWBUBRIEH B Lot

Table 10.
AT-173 and linkage testers

B Gtz -t (Table10), %7, be-1 & 3R
DEBARRRHS X REEFAEZE LTV,
HHEERET~: (AT-30D

AT-307 CREOERCELE T HBEIEOBILERT
DREHTH B, AT-307 LIERED 277 %
T 5L, BEE—FHBERS LR TR 12%,
17%BA L, thoBBIc o oWwTAkEhERIL LR
Tehote, AT-307 T2 707 |3 XUV FOEH
EBEFFHRH (N-133, N-173, H-69, H-120, H-
210, H—ZS?, A-58, Mutant-1, ML-33) & D33
OF, BEXCFRLERHELRL, F, £HCAE
HR EREAREHE L3 1S L, Licdis
T, BHEHBBETORESEL THBZ EBELMNT
7eotz(Tablell), ZOMEDLEIEA L LTHE
E AR A B 2w s FABHR L 12,

Inheritance of brittle culm in F, populations derived from the crosses between

F, segregation

Goodness of fit

Cross combination Total
Normal  brittle culm Ratio Xz p
AT-173 x H-79 Obs. 69 144 9:7 4.06 0.05—0.01
do. X H-289 Obs. 103 133 301 0.42 0.60—0.50
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Table 11.

Inheritance of reduced spikelets on the tip of panicle in F, populations derived

from the crosses between AT-307 and linkage testers

F, segregation

Goodness of fit

Cross combination Total
Normal reduced panicle Ratio x? o}
AT-307 X Kitaake Obs. 75 22 97 31 0.28 0.60—0.50
do. X N-173 Obs. 61 29 90 do. 2.50 0.20—0.10
do. X N-133 Obs. 60 17 77 do. 0.35 0.60—0.50
do. X H-120 Obs. 57 21 78 do. 0.15 0.70—0.60
do. X H-210 Obs. 76 30 106 do. 0.62 0.50—0.40
do. X H-289 Obs. 119 28 147 do. 2.78 0.10—0.05
do. X A-58 Obs. 63 21 84 do. 0.00 1.00
do. X Mutant-1 Obs. 137 44 181 do. 0.05 0.90—0.80
do. X ML-33 Obs. 52 10 62 do. 2.60 0.20—0.10
H-69 X AT-307 Obs. 131 28 159 do. 4.63 0.05—0.01
v, = = 28 Y (el A fut

IhETILABEE L ERFABZHGHE T
ERBERBFRICD, MBRBELITI Al
TR T\ %, SWANSON H¥ (X Brassica napus ©
MAFAENU(=5A=Ftry oL 7)) AEH B\
3V = — RRIBS A 1T - CEAEG D S BREAITHE
BEEBBH T LI Lic, ¥/, Novak L+
vE R 3 s EMRHCRBETOREL v~ —RIR
HEAEEGRT, Vere—FABRAT VR
FROBRYIMZDZ LY b BHETERERE
BERIE,

ARERTE, 1 XOMTEE Vv ~-—RBHEE
HrbbE, MR, s - CEEREEL -
REEERANT, 2T, —BREEBUOERELF AN
Fro FORRE, BREMEIZTCEELTEY, #
RLAOBOATRHED > bATETHRMA O *
27 r AL OB BIOWTER - This,
2, A AR 20KkR ZEH LR TR, &84
BED 43 5B RBEREE L T LD,
Lichi-C, BIENERYIKTHAIHELLT B
BREI V> -BREBEHOEERIAYTH I L E
2bhd, BRENEEEVE CAARESR D
BEY DR, AEEXT - IEOREDTT
R LADERNRRH S i,

HALECAT R P25 6 BOHE LN LRAE
BEYETHAERRFIL S CEEF S 2T -
foo BEHRICThOLERPETS (27 7
D OEMAHRETORRER L LTAELLS &1

SEBCBAT A EETEL TR IhE T3,
4, 5, d-10, d-14, d-17, d-27, d-33 1\ &
B, SEO AT-49 X0 BB T o582 A
L, MoSBER#L » LR OBKXIEE T
oo BEOHKFLWHBRLEEZIRDLA, IHK
BRI BERIET & OXNIMBESLETH 5,

BHERRER O TR ER Tk &
%, JODON D<= —#—TH % 83N 1177 © di(t) &
BREDZEXHELNRIE -, RBEEE CHE
SRTVEBHRERETF RO ERDBD
T, SHINLDEET & OMIIBRENLETH
%,

ERARAERCET ARG T s LHETD
LIENHB LI, BRERL L TEUERTHS
Ve r—FARERELCECE L & REER
U

ot TR B > AT-130 i/ NI RA~TEMT %
TBHBEETOTELZI T, BAOTRELEN
BEF, MY 2ERALoLEERELET 5 BEER
&EF d-1, d-7, d-11, d-13, d-30)" & OfF
LRI B LD THBD, hBSBoORERR
BUEL TS5, SEOAT-130 O/ RHEE F IR
RIDINEORIIFAVEETHY, i, B
&, BEROBAZOLEIEAXHEI BHEHEL T
VB,

AT-1730FTHE LTI, T hETO b1
LIRBETENRL - T, T, WHERER
be-1 X0 RPEET, FEARCETRECETY



B KT | A ABBE~OF Y v —HBHIC X b U RRATREOEE 445

ot 5%, be-2 0 bc-3 EORIMBELRTT

S HEND D,

MofmICELET HHEEOREREL 1L, B#io
lax®, Ur-1, Dn® THH U 55, AT-307 & 3
R Bins T, S, BORBEA 4B
bLERBOBRERT & RHOBEMR AT LD
DERLFEH LSS,

CHETE, ERRELEEERCI D, T5465
T DREHNERLET 5 EBOEBEET O%R
BRETFAHS [Lishb ) #ER LT 58EHER
TEDSWTOEREERETRESIER S ™
ARRICHER Ui AT BH2ThE (277 )
POFRENTCRRERETHEOTHEY 7 2DE
EERIBRREEYRLBETEYRVTHEALT
WHEEIDRD, 2ol EORRERNFERKICAE
LTRSS 50T, BEMERZ (47
rl EBRTLER—THBERE 2L boD, [
BREFRMCECEZELTIVDOT, TRHEL
(277 ] PHBTAZ ¢k b, BREBETFD
ERMERXTE T2 N TEB LELOND,

SEOPMITIEBEIVN X b o oD, BEAICF
BRHELRENILE VR Uit o, Fv-—
B L Y RATREOHEEORATIZ L 2HbH
HTHYH, ILCEBRYE L LRI >FEEET
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Summary

Gamma-ray irradiations were applied for the first
time for the anther culture of cv. Kitaake and
investigated for their effects by Kinoshita et al.

(1989). In this paper, anthers inoculated on the
medium and anther-derived calli were irradiated
with acute and chronic gamma-rays with four kinds
of doses shown in Tablel. It was noticed that
induction of gametoclonal mutants were remarkably
accelerated by gamma-irradiation with the dose of
20 kR or 30 kR in chronic gamma-rays.

Agronomic characters were investigated in
mutant lines (AT-lines) derived from M;R;. Most
of the AT-lines indicated genetic variations from
the original variety. Seed sterility, dwarfness and
grain size were frequently altered in AT-lines.
Genic analyses indicated that most of the mutants
in qualitative characters were due to single reces-
sive genes respectively. Character expression and
mode of inheritance in these characters are ex-
plained as follows;

AT-49 was a dwarf mutant with short panicle
and increased culm number and governed by a gene,
d.

AT-52 showed small brown leaf spots on leaf
blades and sheaths from juvenile stage to matura-
tion and a gene, b/(t) was to be responsible for the
character.

AT-127 was the short panicle mutant. Allelism
test indicated that the causal gene of AT-127 was
identical with sp (short panicle) belonging to chro-
mosome 11.

AT-130 showed small grains and late heading. A
single recessive gene of AT-130 had pleiotropic
effects on both spikelet length and width.

AT-173 had brittle culm and was caused by the
new gene different from bc-1 belonging to chromo-
some 3.

AT-307 showed reduced spikelets on the tip of
panicles and was governed by a single recessive
gene.



