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Table 28. Strains used for the cross breeding of low amylose

Strain Amylose type Endosperm Remarks
SM-1 Low Normal Mutant from Shiokari
N8 ES No.58 do. Dull Mutant from Norin 8
NM-391 do. do. Mutant from Nihonmasari
Kitaake Intermediate Normal Hokkaido cultivar
Ishikari do. do. do.
Michikogane do. do. do.
Kuiku-107 (K-107) do. do. do.
Hokkai-241 (H-241) do. do. do.
Joiku-380 (J-380) do. do. do.
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Table 29. List of the crosses used

Year
Cross combination of Generation
crossing F, F, F;, F, F F F, Fs Fs
79 80 81 82 83 84 85
SM-1 X H-241 1979 -
Pedigree
o ‘80WD 81 82 83 84 85
do. ¥ Michikogane 1980 -
Pedigree
N8 ES No. 58 78WP 79 79 80 81 83 84’85
* K-107 1978 - :
Bulk Pedigree
o 78WLP 79 79 80 81 82 83 84 85
do. X Ishikari 1978 -
Bulk Pedigree
o 81 81 82 82 83 84 85
NM-391 * Ishikari 1980 -
Bulk Pedigree
80 81 82 83 84 85
do. % do. 1980 -
Bulk Pedigree
80 81 82 83 84 85
do. * Kitaake 1980 -
Bulk Pedigree
'80 81 '82 83 "84 "85
do. > Joiku 380 1980 -
Bulk Pedigree

1) W : F, plants were grown in the greenhouse during winter.
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Fig. 31. Frequency distributions of amylose con-
tent in the F, populations of the crosses,
SM-1 x H-241 and SM-1 x Michikogane.
1) ACR: Amylose content ratio (in
perecent) to the standard amylose

content of Norin 20.
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Table 30. Correlation coefficients between amylose content and agronomic characters in
the F, populations of the crosses, SM-1 x H-241 and SM-1 x Michikogane
Cross combination
Character SM-1 x H-241 SM-1 x Michikogane
Heading date — 0.087
Culm length 0.180 0.343**
Panicle length 0.023 0.164*
No. of panicles 0.031 0.124
1000-grain weight 0.365** 0.323**
Grain shape index 0.118 0.128
Grain quality 0.156** 0.358**
Notched grain (%) —0.323** —0.455**
No. of plants 355 230
Year of experiment 1980 1981

*, ** . Significant at the 5% and 1% level, respectively.

Table 31.

Relationship between amylose content and grain quality in the F, population

of the cross, SM-1 x Michikogane

No. of plants

Grain .
ACR? quality?

1 2 3 4 5 6 Total
81— 85 3 4
86— 90 4 6 2 1 13
91— 95 4 16 13 5 3 41
96—100 4 11 37 29 15 96
101—105 8 11 43 40 43 4 149
106—110 5 10 14 24 14 67
111—115 1 1 2
Total 28 55 110 100 75 4 372
1) Visual observation : high score means good quality.
2) Amylose content ratio to the standard value of Norin 20.
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Table 32. Comparison of characteristics between low and high amlose groups
of Fslines derived from the cross, N8ES No. 58 x Ishikari

Mean+standard deviation

Character - Difference t-test
Low amylose High amylose
Amylose content ratio (%)Y 74.88+3.56 106.22+5.11 31.34 15.49**
Heading date (Aug.) 6.13+2.17 5.61+£2.99 0.52 0.44
Culm length (cm) 52.00+2.83 50.47+4.50 1.53 0.87
Panicle length (cm) 17.95+1.43 17.01+1.78 0.94 1.31
No. of panicles 12.63+2.39 15.06+3.28 2.43 1.87
Grain quality? 1.50+0.76 3.50£0.81 2.00 3.35%*
1000-grain weight (g) 21.90+1.18 22.59+1.48 0.69 1.16
Grain length (mm) 5.54+0.13 5.52+0.18 0.02 0.28
Grain width (mm) 2.86+0.12 2.90+0.10 0.04 0.83
Notched grain (sin™' /%) 40.66+9.01 9.45+8.00 31.21 9.22**
No. of strains 3 36
* * . Significant at the 19 level.
1) Relative value to the standard amylose content of Norin 20.
2) Visual observation : high score means good quality.
Table 33. Relation between amylose content and grain quality in the F; lines
derived from the cross, N8 ES No. 58 x Ishikari
w ] No. of lines
quality?
ACR? 1 2 3 4 5 Total
61— 70 1 1
71— 80 3 2 1 6
81— 90 1 1
91—100 2 3 5
101—110 1 11 9 4 25
111—120 2 4 6
Total 5 5 17 13 4 44
1) Visual observation : high score means good quality.
2) Amylose content ratio to the standard value of Norin 20.
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Fig. 32. Relationship between amylose content

and rate of notched grains in the F; lines
derived from the cross, N8 ES No. 58 x

Ishikari.
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Table 34. Grain characters and amylose content of the promising lines derived from

Amylose content in 1984

45
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Fig. 33. Relationship between in 1984 and 1985 in
amylose content of the F, or Fs lines
derved from the crosses, NM-391 x

Ishikari, J-380 and Kitaake.

the crosses between NM-391 and Hokkaido cultivars

e Gos i O A Tom Gonady b

0. combination date (kg/a) %) %) A B torelance
E-84252 NM-391x J-380 Aug. 6 53.3 11.5 8.0 4 1 1
E-84254 do. .2 56.9 9.9 8.3 5 1 2
E-84255 do. .2 57.5 10.1 8.3 4 2 4
E-84258 do. .3 54.5 10.1 8.2 4 1 3
E-84264 NM-391 x Kitaake Aug. 5 49.3 10.3 8.7 4 1 1
E-84265 do. o1 34.7 6.7 10.5 2 2 1
E-84266 do. Jul. 31 50.0 8.5 9.1 4 1 1
E-84269A NM-391 x Ishikari Aug. 6 51.2 11.9 8.6 4 1 2
E-84269B do. 4 48.0 12.5 8.6 3 1 2
E-84270 do. .3 54.1 11.7 8.0 3 2 4
E-84272 do. ) 50.6 12.3 8.3 4 1 1
Kitaake Control Jul. 31 50.9 19.8 9.5 4 1 5
Ishikari do. Aug. 2 52.6 22.4 7.9 3 2 4
Yukihikari do. ) 54.2 19.8 7.4 5 1 5

1) Grain quality A : Visual observation; high score means good quality.
B: Kernel grade ; low score means good quality.
2) Degree of cold torelance at the booting stage ; high score means torelance.
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Table 35. Yield trial of promising lines developed by the use of low
amylose mutants in Iwamizawa

. Heading Grain Seed Amylose Protein 100(.)_ Grain quality"
Line or date vield fertility content content grain
Culutivar inJoly  Kgld (%) (%) o A B
SM-group
SM-1 22 41.1 68.6 15.2 11.7 19.7 4 2H
K58469 24 37.8 87.8 15.5 9.7 20.3 6 2H
K58472 26 4.3 85.1 15.9 10.1 23.2 4 3H
K58473 25 4.2 81.6 16.9 9.5 21.4 6 2H
K583152 21 31.5 73.6 16.8 10.9 23.9 4 3L
K583154 23 43.3 91.8 16.9 9.4 21.2 6 M
K583164 21 30.5 87.5 15.3 10.4 22.5 5 M
Mean 23.1 39.0 82.3 16.1 10.2 21.7 5.0 M
ES-group
K583067 28 53.2 88.3 14.3 8.7 22.6 2 3L
K583074 26 49.1 92.0 13.4 9.8 20.9 4 0G
Mean 27.0 51.2 90.2 13.9 9.3 21.8 3.0 3L-0G
NM-group
K58-pl-30-20 31 48.2 90.0 11.0 9.0 19.9 7 0G
5K58-pi-30-21 30 44.1 96.0 1.1 9.2 19.5 7 0G
E84258 30 50.2 93.7 10.7 8.8 21.6 8 0G
E84266 27 4.3 88.2 10.8 10.3 20.8 7 0G
Mean 29.5 46.7 92.0 10.9 9.3 20.5 7.3 0G
Normal cultivar (NC-group)
Norin 20 22 51.7 84.0 18.8 10.1 21.1 5 2H
Shiokari 25 51.5 93.0 19.0 9.1 19.7 6 2H
Ishikari 27 51.3 95.5 20.4 8.2 23.1 7 M
Yukihikari 27 52.4 95.7 17.8 8.4 21.5 9 1
Michikogane 28 5.7 89.7 19.2 8.5 22.1 9 1
Mean 25.8 52.3 91.6 19.0 8.9 21.5 7.2 2H

1) A Visual observation ; high score means good quality.
B: Kernel grade ; low score means good gquality. OG is the lowest quality. H, M and L indicate
higher, medium and lower class in each grade.
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Table 36. List of strains used in the experiments

HICHEET 2 HgIc L » TERE N,

AEBRTIEARDOERICERT 2 B4R &
LT, TIv—XRERBLEASTRICMITT 1 o
T LB T o AF v s T A ELHY
2o T I v 77 L¥IE Brabender Amylograph

Strain Gene Amylose Origin Generation
type 1983 ’84 ’85

Tanne-mochi wx Glutinous Hokkaido cultivar
Yuki-mochi do. do. do.
J-388 do. do. do. (test line)
J-399 do. do. do. (do.)
K-58-pl-30-20 du-al(t) Low NM-391 x Ishikari Fs F. F,
K-58-pl-30-21 do. do. do. do.
E-84258 do. do. NM-391 X J-380 F, Fs Fe
E-84265A do. do. NM-391 X Kitaake do.
E-84266 do. do. do. do.
E-84270 do. do. NM-391 X Ishikari do.
E-84272 do. do. do. do.
Dohoku-43 do. do. do. do.
K-583063 du-b(t) do. Ng ES No. 58 Ishikari F; Fs Fo
K-583067 do. do. do. do.
K-583073 do. do. N8 ES No. 58 K-107 do.
K-583074 do. do. do. do.
SM-1 lam(t) do. Mutant from Shiokari M, My M,
K-58469 do. do. SM-1 X Michikogane F, F; Fs
K-58472 do. do. do. do.
K-58473 do. do. do. do.
K-58468 lam™(t) Intermediate do. do.
K-58470 do. do. do. do.
K-58471 do. do. do. do.
K-58476 do. do. do. do.
K-58477 do. do. do. do.
Norin 20 (Normal) do. Hokkaido cultivar
Hayakogane do. do. do.
Shiokari do. do. do.
Ishikari do. do. do.
Yukihikari do. do. do.
Michikogane do. do. do.
Yukara do. do. do.
K-594583 ham(t) High Mutant from T-214 x K-114 M, M, M,
K-60202 do. do. Mutant from (T-214 x K-110) x K-114 do.
YM-123 Unknown do. Mutant from Yukihikari do.
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FRG7z, WE IR (1982) DTERIZ & - 72,
T+ 7 b BLI%EE IS K B £, Brabender Test Mill
T50 4 v 22 LTI L 72 K d0g (iiE)
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FLEER L. BB, T2 7L08IESNK
BRI NETIERNERICL VEESI LSS
2 0E, RO T, FiBEER KB (CuSo,, 0.09
%) BRIz, T Il a0R8Es LT,
BEfEE (MV ; Maximum viscosity) 8 & U
{EEkEE (Minimum viscosity) % w72, 71—
7 v (BD: Break down) (3 EME D L
BEMELEZLSVWIETH L, LB, BED
HiEzLsHEPMV, BDEZ2 2N £ MV,
BD1& L, BSR4 imL 235380 ie, MV,
BD2 ¥ L7:, 77 AFam 7T LOREIZIE General
Foods # ¢ Texturograph GTY- 28 Z M L 72,
BRI 2 RS (1975) hkic k-7, T &b
b, 20g DREBEKEANUDT IV Ay TTHREL,
FIRICHER, RECHL ., —BOREIZIZF
B3R A RWT S EEIEL, £ D FBHEL Wiz,
FOAF v T LB L T, BE (H;
Hardness) & 571 (H.,; Adhesiveness) # i
Wiz, TES EHEBUN T o2 ERTEELLT
H/H ,#Hw72, 3, H, H/H_,i121V 451E,
H_,(35V S R/ETEFNENFTRL 72,
*pihicgENda-T 37 —LniEHE
Perkin- Elmer %8¢ Grain Amylase Analyzer
EFAUCLDEIEL 2, ZHE BV I T
¥2 RNt b a-T 27— DGHRIERIC
LT ZBENRY L, FOBRELMETILANT
(Campbell 1980), /NED a-7 I 7 —EiENS
DFFEICHG SN TV 5 (Kruger 5 1981), %
21350 4 o L2 BUTICRe L 2 aki & Fv,
ZhEY, 0.02% Cacl,, 0.5% NaCl A& T
HE N 2HBER » it L 72,
BHRDERBRAICIZREEICIEE L 2aX%
vz, KEFERAKRRCHL, 1.3EEL, ¥
Kig 1 BBk S 2, BERE (522 FLER
P 2s SR1027) THERL 72, REKE LAY
b #3055 ~ 1 R ICAT - 72, BETE I,
ZIZA D T2% (Glossiness), & Tt (color)

F7, CHAFHBLALEED THL R
(Smoothness) |, "#*7z & (Hardness) ;8 & U*T 1
1N (Stickiness) ; IZ#AFHEE LT T £ &
(Deliciousness) ;= iz 72 &3 6% & L2, Zh
£ DM E (I EE IR T B AR & D AT
72 ThbHLEEBEIZHNTEEEISHEEIZIEH]
~+ 3%, HEEEICRE-1~—3 %, Erhwn
BHIZIZ0NFEEE 272,

* £

(1) K7 3 o— 2 kDBIbasE

Table 3712, SM-1 x &5 Z HhOTHEMA»
LOET 10— 2ARHEEERKENT I v— 2 &
&, BAZERBLUT I 077 255 HEE (MV])
L7z, Bk k5 iz, 19834FI3MKIB4E, 1984
FIBEFETH 72,

K7 P o —2RFIZEERKICHNTT 30—
AEEHN 2~ 3%E, ZoEMEEBFEIIKREN
si2e Thbb, (KEFENIEEZKTIZ24~25%
TH - 2D LIRT 30— 2R TIE20%F11%
THYH, MVILIEERHK L VBB U T E SR -
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—2EEFRE T LR, MHOT I o—
AR ARITES L2, £72, MVLIC DWW T
I E A EDRD LN -T2,

EOERTIHET I 0 —AREHRREmr - 12
B, EREEHOKE SIZEBEL )N,

Tiu—25ErEASENERENHEBGRE
BFNFNT=0.86**L r=0.93*"* Lt TN L &
o 725, MV TIEERIIOFERIREA 58D b L 7
VIRESY AN

T u— 2R IO - oM oEEREFR T
12, EAEEEOMICHS X LFELANHEBER
Brg Lz, —5, MV1E oRiciz, 19834
IIEE L BROHEBEEEr=—0.6*7 %5 n72D
WL, 198448 i (2 AHBABIR 0 BE D L N T D - 72,

Table 38ic i3 3FEANIKT I 0 — 2 RFEHEK
B2 R L 720 du-al) BT 5 RFEHNT I 0
— 2 & IFN0BE TR LK, KRNTREMKE FIC
BT du- b0 BT 5RABI12~13%H
T, SM-LZE¥KT 2 lam (t) RHEFHIZIS%BETH
otz, EASEIZSM-12711.3% ESEEICE D -
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Table 37. Physicochemical properties of rice grains in the strains
derived from the cross of SM-1 x Michikogane

Protein Amylose Amylogram(M. V. 1)
Strain Gene content(%) content(%) _ (B.U.)

1983 1984 1983 1984 1983 1984
K-58469 lam(t) 9.4 9.2 19.5 15.3 495 517
K-58472 do. 10.2 9.4 21.4 15.8 492 524
K-58473 do. 9.6 9.0 20.9 17.0 460 503
Mean 9.7 9.2 20.6 16.0 482 515
K-58468 lam*(t) 8.5 7.7 22.9 18.7 444 534
K-58470 do. 9.2 8.7 24.0 18.1 405 514
K-58471 do. 9.3 9.4 24.3 18.2 382 495
K-58476 do. 8.1 8.6 23.7 18.4 440 517
K-58477 do. 7.8 8.3 24.5 18.6 365 507
Mean 8.6 8.5 23.9 18.4 407 513
SM-1 control 11.1 11.3 17.8 15.2 429 442
Shiokari do. 9.3 9.1 25.4 19.0 400 541
Michikogane do. 8.3 8.6 24 .4 19.1 416 500
Mean 8.6 8.5 23.9 18.4 407 513

Sﬁg?ﬁiizﬁi? Year to year 0.86** 0.93** 015"

with
do. amylose —0.73* —0.07* — — —0.65* 0.45™
content

*

2%, MoOFRFKIZ8 ~9%BTH -7z,

TIiasI o b, MVLIZ DWW T du-
a(t) FEDEH292 ~296 & 1IEH SFERIC I~ H45
THo72, 2HD du-b(t) F¥E & lam (t) BFEED
MV1Y EHSBIEIC RN TRRENEE & - 72,
BD1iZ2WTS du-a(t) BETRRNE 2o 7209,
M RFEBEIZIZEAYED LN L -T2,

FIAF 20T 2O TIE, du-a(t) BET

it Havh& why, Ho k&, du-b )BT
HIZEHSEREETH - 20" H 570K E <,
NCHEIZ AT hald ) oy iR 2 5 1Lz,
I s R EROMEBERIC SV TR T I e
— 2 & MVIORMIZ r=0.85**7% 5 IEDEE
BE 2 B o, TIo—AERBNEWL NRE
MV1LEWRERE T -7, 372, TIv—28R
& H_,, H/H_ s DRIzi3# N Fir=—0.82*%,
r=0.84**7 5 HEME BB LN, T I -2 &8
PHECII RGN HEN E W RER S o 7,

, **:. Significant at the 5% and 1% levels, respectively.

—F, BAZELT IO 7L LUNET 7R
Fou 7T 5 0RICIZEE L AEEBERILEE
DN -T2,

(2) &RICET 2 EeRE

BT io—2Xt2ERICRAEL (FHliz 52722
R % Table 39127 L 72, & #4 %2 Table 38 &
Table 40d11z7" L7z, =& > =41, B8 5L L
ULEPNICHRTZET S 0—-2RKTH 5,

lam ()FTIIEE WEUV2D) IZEXTED
PRHWEEDRRS LI, ORrE ), Ob
hohb s IR, REFMLE -2, =
nicxtl, du-a)BB S du-bOBETIZER
WCHANT DR EEN, OS1NLuH L TL S
KR & o7z, FrC du-a( ) BETIIRY) Aotied T <
FoFam /-y 2 L HEHEL L~

(3) WEEEE (CuSo,) DI L BT I 0 s 54

Bzl
BANGERKREBICNETL a7 3 7—%
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Table 38. Physicochemical properties of rice grains in low amylose strains

Protein Amylose Amylogram? Texturogram?
Strain Gene content content (B.U) (V.U
(%) (%) M.V.1 B.D.1 H H_, H/H_,
K-58-pl-30-20 du-af(t) 8.5 10.5 292 206 2.97 3.04 4.88
K-58-pl-30-21 do. 9.1 10.7 296 215 3.00 2.80 5.36
K-583074 du-b(t) 9.6 12.6 478 278 3.16 3.08 5.36
K-583067 do. 8.3 13.5 514 314 3.59 2.1 6.62
K-58469 lam(t) 9.2 15.3 517 277 3.18 2.42 6.57
K-58472 do. 9.4 15.8 524 286 3.60 2.69 6.69
SM-1 do. 11.3 15.2 442 217 3.04 2.41 6.30
Shiokari Control 9.1 19.0 541 276 3.12 2.36 6.61
Norin 20 do. 9.4 18.6 564 298 3.24 2.44 6.64
Yukihikari do. 8.2 18.2 541 277 3.46 2.50 6.92
Correlation coefficient
with amylose content 0.07 — 0.85%* 0.56 0.36 —0.82** 0.84**
with protein content — 0.07 0.13 —0.32 —0.37 —0.25 —0.03
** . Significant at the 1% level.
1) M.V.1: Peak viscosity, B.D.1: Breakdown.
2) H: Hardness, H_, : Adhesiveness.
Table 39. Eating quality of low amylose strains
. Appearance of -
Amylose Protein cooked rice Palatability
Experiment ~ Strain Gene content content Deliciousness
(%) %) Color  Glossiness Smoothness Hardness — Stickiness
A K-58469 lam(t) 15.3 9.6 0.00 -0.33 —0.56 0.11 0.11 —0.67
K-583074 du-b(t) 12.6 9.6 0.78 0.89 1.33 1.00 1.89 0.33
K-58-pl-30-20 du-aft) 10.5 9.2 0.22 0.67 1.56 0.78 2.00 0.89
Yukihikari +,+ 17.8 8.4 0 0 0 0 0 0
B K-58473 lam{t) 16.7 9.3 0.50 —0.50 —1.50 -1.25 -1.38 -1.63
K-583067 du-bit) 15.0 8.6 —0.25 0.63 1.38 1.63 1.63 1.50
K-58-pl-30-21 du-alt) 11.5 8.9 1.00 1.63 2.00 2.25 2.63 2.13
Yukihikari +,+ 17.8 8.4 0 0 0 0 0 0

DERICENBERBOT 1077 403#F L (& OB TIE CuSo, DT L » TREHE (MV2)
G A 3T A, FRAEER (CuSos) % &N a-T 3 E7Vv—27 57 (BD2) #5400 L EY ERL
T—tDEEROTFMICIOEENER T 72, $72, du-bOBEETLRIBOBERHDH LS 1,
DN LT B ORE-#R)1 1960, Horiuchi 1967, #4156 MV2, BD2(3 du-a () B & RIEOE & 7%
EHBITIEAT 1969, %456 1983), # 2T, AEER o722, —F, lam{t)" B EEMERICBNTY
TiE, 717728k T CuSo,n&R%E CuSoDiFMIC & » T MV2, BD24 LR L 72 45,
A7z, Table40izid, BEDHB L CuSo 2% ZTOREZ lam (OB 2O du(t) B LD 2
ML7ZHBEDNT 2077 68EERLYE, duma  H o1z,
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Table 40. Effects of copper sulfate on the amylogram of rice flour

Amylose Amylogram Difference
Strain Gene content Water CuSo, solution® M.V.2 B.D.2
(%) M.V.1¥» B.D.1®» M.V.2 B.D.2 -MV.1 —-B.D.1
Tanne-mochi wx 0 118 85 676 442 558 359
Yuki-mochi do. 0 93 58 695 427 602 369
K-58-p1-30-20 du-aft) 10.5 292 206 720 556 428 350
K-58-pl-30-21 do. 10.7 296 215 707 548 411 333
E-84258 do. 10.7 292 199 709 536 417 337
E-84266 do. 11.5 245 158 734 566 489 408
K-583067 du-b(t) 13.5 514 314 760 545 246 231
K-583074 do. 12.6 478 278 722 499 244 221
SM-1 lam(t) 15.2 442 217 624 371 182 154
K-58469 do. 15.3 517 277 720 444 203 167
K-58472 do. 15.8 524 286 691 417 167 131
K-58473 do. 17.0 503 270 650 384 147 114
K-58468 lam*(t) 18.7 534 262 636 367 102 105
K-58470 do. 18.1 514 261 656 380 142 119
K-58471 do. 18.2 495 237 626 373 131 136
K-58476 do. 18.4 517 247 631 345 114 98
K-58477 do. 18.6 507 256 640 387 133 131
Norin 20 + 18.6 564 298 683 394 119 96
Shiokari do. 19.0 541 276 634 340 93 64
Michikogane do. 19.1 500 244 601 331 101 81
Yukara do. 20.3 497 236 561 291 64 55
1) M. V.. Peak viscosity. 3) CuSo, solution (0.0099%) was used instead of water
2) B.D.: Breakdown. in amylography.
800 T Y <435 +47.96X —2.01X?
(B3 o r - 0.580°"
- °-* ’_n\
T00F e % . .
/ o \h. ‘
= 600 * S o .
s o e usl o,
Z smb o C-omgdssm 500 \
Z o so0 | ?
5 Y = —1056.49 1 181.55X -5.19X* =
- ) r—0,929* Z Y =1491.72—-133.56X  3.18X*
,% ’ ,: 300 ro —0.948**iexcluding ux strainsi
'”; 20 1 = 200 \\:\
< g ®: M.V.2 CuSO, addition TSl
o: M.V.1 Non addition 100 -'-:\
()L — A ~
10 12 14 16 18 20 22 (% ol .
Amylose content O 10 12 14 16 18 200 1750
Amylose content
Fig. 34. Relationship between amylose content

and amylogram peak viscosity, M. V.1
and M. V. 2.

Fig. 35. Relationship between
and M. V.2-M. V. 1.

amylose content
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Fig. 341213 MV1, MV2: 7 io—2EgRED
BEREAKRLAZ MVUET : o —2AFENHKWIZ
FIRC, I MV2IET s o— 2 BEMEWIZY
muE o REEIED LN, L5 T,
MV2h 5 MV12ZL5lwifEMV2-MVD) i,
K7 1o—2KiTErkEL{, 7 Io—2KTE
MNEWEERE Y (Fig. 35), MV2—MV1& 7 3
U—2FBEOMICIEr=-0.948**7% 5 AN
BEAEESD H 172,

(4) KBFIZHRET D a-T 27 -vEHELT

a7 T nFEE L DR

Table 41213, 1985F I BT A2 mfE, K7 2 o
— 2B L UEBT I o—AMNEREICDONWT,
CuSO Mz L 27 207 J 6 (FHEXE NE
e kPR ET La-T7T I 7 -DFEH

(Grain Amylase Analyzer i= & 2 5#{E) #1

L7z, TIo—2AFEICDOWTIE, 19844 L1313

FRDECTH 728, TI0l 7 6r0REHE

(MV1D) & du-a(t) 8% v T1984F 12 N T4
R AK D - 72, du-a(t) BE) MV 11984412 1
NTRRED»» 2, BT I 3—ZXRFENK-
594583 T T I v 7 7 AN EREITIR0E AL & &
HTEL, CuSO & EIML TH#H2084A02 & 5
Lzic@E -7, K-6020208&13 2 5127
107 anEEMENE, CuSO,nTmC &
S THEEAY ERL Td -7, YM-12312DOw
TIHBAROHRRFRICE KT TH - 2ok E
DA K ERBDLZEHFTET, TIws 77
A—%T%blhhro72, MV2-MV1E T 2 o—2
Em L OBRIC OOV TIHI984F & AN FERH 1R
LNz, KBHICHTES 5 a-7 37—+ DIEN
WZDWTE, BRENERIBIZ9~2098MTH »
7o 5, RS dull ERFEII VTR
TRIEBNICEZTN T2, 72720, lam () 2F T

Table 41. «-amylase activity and amylograms of rice flour in the

various strains

Amylose

Strain Gene content Amylogram (B.U.) Difference a- am.yl.ase”
(%) M.V.1» M.V.2?  (MV.2-M.V.1) activity
Onne-mochi wx 0 90 662 572 143
J-398 do. 0 65 670 605 170
J-399 do. 0 70 598 528 184
Dohoku 43 du-a(t) 10.3 385 640 255 184
E-84270 do. 11.7 332 546 214 179
E-84272 do. 12.0 340 540 200 219
K-583063 du-b(t) 12.4 374 516 142 166
K-583073 do. 11.5 424 588 164 150
K-583074 do. 13.3 470 602 132 130
SM-1 lam (t) 15.4 500 582 82 83
K-58469 do. 15.8 456 554 98 90
K-58472 do. 16.3 488 556 68 93
Hayakogane Normal 17.0 438 550 112 99
Ishikari do. 21.3 395 443 48 209
Yukihikari do. 18.1 480 575 95 161
K-594583 ham(t) 31.9 80 102 22 153
K-60202 do. 31.4 20 20 0 179
YM-123 Unknown 31.9 — — — 516

1) Amylogram, peak viscosity, water only.
2)  Amylogram, peak viscosity, CuSQ, addition.

3) Measured by the ‘Amylase Analyzer’'(Perkin-Elmer model 191).
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5RMITIEFE BEIC N TR EEE»ED &
Nize BT 30— 2R TIE, K-594583& K-

LB REAXBLME H68Y

(1988)

602020 N £ N 1538 L F17T98 AL & & D IEH &
ERIBDETH 28, WEVH» ) INFERS

N&ET o — 2 RN YM-123 13516847 &
(B.U.) BHTEHWEEES L 72,
600 p s © Jwgﬁ KBHD a-7 I 7—LEHEE MV2-MV1D B
n = -

r o BrFEL L5, WEOMICIIBEBUER A L
400 Nzt -7 (Fig.36)s —F4, MV2-MV1& 7 3 n
; —2EBOBFETII r=—0.889**7% 2 A ABE
§ [ o ZEHIE LN, MV2-MV12Y, 7iv—25E
s 200 b ” o a X ET 5 EY=564—40.76X+0.76X%7% % @]

L e ° .- . R L CHEE L7 (R?=0.986),

N ORI I R R Fig.371213, Tiv—2&BET IS 5200
100 ] ?0' GA%S? EEHELOBEERLZ, BXEET In—2
a-amylose activit ( \p N ~
(B.U.) d ¥ Tt MVIZESICET L, MV Y, 7 3 o—
600 rg 2EE® X EF 5 L Y=53+50.59X—1.54X%%

L © r=—0.889*"*
= 400k {n=37) Fig. 36. Relationship between M.V.2-M.V.1 and
; , a-amylase activity or amylose content
= | Y =564—40.76X +0.76X? in rice flour
= \ (R>=0.986) O wx '
= 200 b g :

200 R O du-aft)
. Ax .\.‘\ —. A du-b(t)
SR — A lom(y)
0 15 20 30 (%) @® . Normal cultivar
Amylose content B . High amylose mutant
700 r
(BU)| % Y =616+9.80X —0.78 X >
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,_5 Xx Xy \”x
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z 400 >
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8 i e "
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Fig. 37. Relationship between amylose content and amylogram peak viscosity, M.V.

1or MV.2,
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LEFERIC I CEEL (R2=0.901), = oEE
RMBRIZL 25, 7 o—2GRH16.4%DE,
MVUzEKfEZ =L 72, —F, CuSO, Z@&HmL 72
BAED MV2AIEAK KT 3 v—2XTH{, F
ERESLET I o— 2K TIIMENELIZ S »
572, ZNHAITY=616+9.80X—0.78X%7% 3
mE=Ic & (@G L2 (RP=0.939), %8, Fig
BIZBWTLIMVIY) T ie—258X) &
DIz Y=—1056.49+181.55—5.19X2%7 % [A]
RRAPBLN, ZOBAICRT Ie—2FEN
17.5% T MVIDXEKEE 7 - 72,

Fig. 38122, &L EEKDT 1 v/ 7 6% L
7z, ERFE (BARLB) 3, gEGAETS, #it
HGEE B LI ($960.3°C), BENHHEIZ L
HEEEII RS TED - 7258, CuSO DT L -
TELCERALL, ZHIZNLT, BT Iv—2
KCIZEBAERE DR  (M87°C), ¥E T L
A RS, BbLEr - dualt) 2ET S

Normal cultiver
------- CuSO, adding -~ (Sorachi)
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200
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Fib. 38. Amylograms of rice flour in the normal,
glutinous, low amylose and high amylose
strains showing the effects of copper
sulfate.

K7 2 u—2KEI435 TlE, HLBAMEE
63.3CTHY, FafE (£55) N73.5°Cizh~N
THI0C L BEARTE L D3C Emd - 2 B
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=Ry ) LRSS LFEREI N dul
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LD L THY)DEAZ LD & -T2,
L72hi- T, 216 dull HBIRTF Ik Bk ks
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277, RAEAEIC L - T, dull REEORE D 12 E
FHli % 5 2 e A8 b, MAHETIIE WSS
2o Bl AL, 72 dull EERFOE
HFRABAHKO LA NIT L » T, BALEAR R ThE
BMEDERICENALNIZZ Eh b, BRIIHT
5dull BT 5 LI FNRIZHEROF
IZ20WTE, ELICREZ2EDDLLENIH S,
lam (t) A0 BRAFHEIZ B0 dull RFic ks
NTE T, 2R, lam(t)I2k 27 3 u—
AEEOETH/AEL, Ly, lam(t) RO E
HEErmuwizhEEZI onb, RKOEAZTRY
ek, —RICAERYEDL T L5 OBENSH
2 (fE- L/ 1973, A5 1974, 10T -HEA 1974),
L7 T, lam()NEkHicT 3 u—25BNK
To/NS BT OHEICIE, Lo dull HiEiE
FU LM ER, 22 TBBERL X ORE
EITT, ARPEDL LA LB bR,
TiIv—AERETI72AFavar7 760 H_,
S H/H_ r oI, £ N, B EDEWHE
BERE(R A RED b, BT I v —2D L DI X %R
KON DRKRECZ EDHL D E 72,7277,
H & 3HEEBEE»ZHLNT, 72, BHERE
T 7 AF v 7T s L AR
BN o7z, Lizdi- T, KREBROEHBEN T,
WEAKND P72 2T I u—2A88EHERUT
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NERIZLIHEEZTL L) Th-72,
KHBDT 2077 2502, B OB EE2
REELTEY, EEREPHET L ETEHTEET
H 55 (55 1969, Kurasawa s 1972), EEXD
TIal7 a0 E LT, RENESE Y,
BHLIEEAE W, 32 ATy v—AEnl &
EDBIT LT 5 (B - FE1963, 174 51970,
i 5 1971, B - 155 1971, REES 1975),
BAOBILRELIc BN TiE, Tips5r
IZHRTEMZIIE 00207007 2 o—2 23,
FHIEBERLZL TS EEZLNTE) (8
£ 1972), 7377280 er7i0—288
FoRICIIEELCBERROLNDL, —RIZT 3
O—25BNEVIEIET IS T LnREED
B e T 5HEH» % v (Horiuch 1967, Kurasawa
5 1972, FgE s 1975, figE 1986, {22 A6 1977,
Juliano and Pascaul 1980), &=EE Tz, K7 3
0 — 2 KD EEMEDIEEEKIC TR 2 &
FREENL B, du-a) 2 BT LRHDT 2
AN RIS TTE T e @ - K| AT N /Al
WMEO LR 7 —> L 2EBBEIEETHS Z
L 8 LR E S EEEOGAE L R > Tz,
TR TIL, KRHICHET S a-T 171
DAERIZ & » THED SO TIKC %05 2 &% 5
NTwanT (KRIE - #1960, Horiuchi 1967,
A5 1983), REBRTLT Ivrl 774 —DK
ICERESSR AN L 2 2 A, BT I u— 2 KN
EHELGFELCEALL, LT, K7 1
— 2ZKDEmEREDOE G TRE L L T, BKELE,
a-T 17—t ET 5 EMES NS BB, T 3
O— 2 G RDIEE L HHEIZE T, MEEROR
e & - CEREREL EAL, FORREICI RE
MR LD 5 L7,

(1988)

T, BT I o—2KTE, MLIEEH D T
E L, AR, BRSO RO RIZE
EAEREDH LN LTz,

Horiuchi (1969) iz, K7 I v 77 255
KB F IR T 52 &, 272 LEKNY
BITEKRIPIZHET 2 a-7 3 7—L D' E
DTENOEBAKBOREIE B2 ¢ B]EL T
Vb,

REBRTIE, 7Iv0—-28E8H16~17T%LITIiZ
UhE,a-T I 7—YOERICL > TREMED
ETFTa4, 2RULOTIn—258TIE, 7
IO —2ERE RS & Oz B OB R AR
DL L TKREDT a7 413, 73
v—258L a-TIT7—FYomEIzL bREE
ZTLLnrBbhni,

Kpif L NHBE NS - T 2 7-EiEEICD
W L ERHEEICESALNT, £z MV2-
MV1 (AT a-T 3 7—iFEMW) t OfIC L
MBGRAED NG - 72, MV2-MVLZT = 0
— 2GR BOMHBMRICH -2 E0 b, BXK
FIERT 30— 2KRTKBNT 2 v/ 7 L0GE
EETTHRUL, KKHIZAET S a-T 2
T NREMERIZLBEL DT, EHEEL
TOBBOMFDOFRASH 5 LD Effw 27z,
BERDEREENHDBHERBIZB T
&, EENIRETHRAE (F,~FAM) »5, 7
1O TLAIE A AKOMBRERYEKL T8
N, Tig—2Fa80K<, TI977LDFE
WEDSVL ORI N T b, Bko =&
¢, TIo—2EB0EwL<Li2BIT5 K50
T a7 LB, BB LAIEL (K
ML WA PILOTEEYET S,
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V&5

A 32 NEELRILNT BB EEQAETH D,
IS DESDE & B KD FEM AREREIC
KECHET L, R TIIRFIC AR S FEENR
WIRANT T m—2 @ E 0IC, HIREE R
BAE S AR EDBIEIC DWW T —ENFRE
BT 72,

A FDRFDEFMEIZIZE T HEHBEED Wr &
fZFEHGEEL, BATRT io—2lo%iis
AXaFEivdy, BRTIRT~33%NT 1a—2
gtk &5 (Juliano 1972), —#%icAf > FHRY
ARZBET I v—2FENLOr %, BEAR
4 FTI20BRFENET I 02— 2FEBDLDOH S
v (Webb#, 1968, Juliano and Pascaul 1980),
igEREOT 1 v—2AZ I, FREXKICH~N
T 3 YRR (FEE s 1974, 1976), £
FEMER IS W (FRES 1974, ke KRS
1977),

TIn—28BNEEIIOVWTIR, 7 Io—
ZHEHMET 2 uv—2 i L TEEE R TES
EHELRL, 1EDEZBEET & HENEEEE
THEET 3L c8ELr % v (Bollich and
Webb 1973, Somrithé 1979, Dwived and Nanda
1979, Chauhané, 1982, McKenzie and Rutger
1983),

Sano (1984,1986)i%, HEIo 7 s o—2 a8
DER Wik L Wb afbic L - TR R
nadrwmELle,

AEBTIZET, LEBEOERERILABER
HIZ oW THRIK SR X KON EICET 2
ERELZFAC, 2HOET I v—24Hix A
L7ze ZRHEDITEAEIE, 4> FRIXBERBD
LD LEREINZRETH -7z, Lo LK
DFICHLAFoFET i e —AnErEEN T
7o, AU ABE B TR, RIS BT 2 HEERL
BIEREIZIEANTEBOTREL, ZNHLDBER
KOS BRNDEGTES L TERTHL Z &8
B 5 iz d iz,

W, A2 T F7EvILD LIS, HILK

W AR

IR 5 ERR L RIRE Ry FEFR S L (Satoh -
Omura 1981), K7 3 v— 2L BRI EREEFEN
rONEMELTERE NS, UL, ZNET
FREINZET I v— 22 dull DRI 2R
T4 DA% v (Satoh - Omura 1981, Okuno %
1983) . AEBRTIE, ABFROET I v— 2R
KREBRKRERETLICH-T, TROFHR
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Summary

It is a well-known fact that the amylose content of rice kernels are closely related with the
taste of rice. In Japan, the so-called “sticky and delicious rice” means that the amylose content
around 209 as found in the cultivar, “Koshihikari” . In Hokkaido where the rice cltivation was
extensively carried out close to the north limit of the rice cropping, even modern cultivers possess
a higher amylose consent thas those of the cultivars on the mainland. Therefore, it is one of the
most important points in Hokkaido cultivars to attempt to reduce the amylose content from the
stand point of the improvement of eating, cooking and processing quality.

In this study, first the author explored the genetic sources of grain quality and then perfom-
med the artificial induction of mutation on low amylose and high protein rice. By the develop-
ment of technology and instruments, it is possible to measure both the amylose and protein
contents instantly on the basis of a single plant. The Autoanalyzer and Infraalyzer from
Technicon Co. were used for this purpose and the selection of promising plants was conducted by
using the segregating populations.

As a result of an extensive survey of old and new cultivars in Hokkaido and various genetic
testers which are preserved in Hokkaido University, it was shown that a noticeable variation
exists in both amylose and protein contents especially among the genetic testers. Most of them
are derived from the crosses between distantly related strains in an attempt to introduce the
major genes of coloration and morphological characters from Indica strains to Japanese testers.
As suggested by Sano (1984), it is probable that high amylose testers possess an allele at Wx locus
for high amylose which was introduced from Indica strains. In addition, there was also a wide
range of variation in the morphological traits ranging from minute to big or long grains.

Secondly the mode of inheritance of biochemical traits was examined by using two kinds of
low amylose mutants,namely, SM-1 arising from the progenies of Shiokari by mutagen (gamma
-ray and EMS) treatments and a dull endosperm mutant, NM-391. Amylose content of SM-1
was reduced to 809% of the original Shiokari and a single recessive gene named Jlam(t) was found
responsible for the nature of low amylose because of the bimodal distribution in F, and the 1: 2:
1 segregation ratio of the genotypes confirmed by F; progeny test. It was also found that lam(t)
has an independent relation with wx (glutinous endosperm, no amylose), du-a(t) and du-b(t) of
dull endosperm (low amylose). In the relation with the linkage markers representing each
linkage group, it was estimated that /zm(t) belongs to the fifth linkage group showing a rare
recombinant of low amylose in the genotype 7-Bf* I-Bf* in a repulsion phase. SM-1 also
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possessed a mutant gene Ef(t) for earliness that accelerates the heading date about a week from
the original Shiokari. A pleiotropic action was expressed for the reduction of the amylose
content and the increment of the protein content. It was also confirmed that there is an
independent relation between lam(t) and Ef(t). In addition, the both genes worked cumulatively
for the reduction of amylose content in the genetic background of the cultivar, Shiokari. It is
already known that the dull endosperm remarkably decreases the amylose content. Mutants
from Norin 8 and Nihonmasari having dull endosperm genes were crossed with SM-1 to examine
the genic relation. It was found that the high amylose plants having dull endosperm and the low
amylose plants having transparent non-glutinous endosperm segregated in F, populations,
because of an independent association of the both dull and low amylose genes. NM-391, a
mutant having dull endosperm and low amylose, was induced from Nihonmasari and it was shown
that a single gene, du-a(t) was responsible for the dull endosperm. On the other hand, Okuno et
al. (1983) also found a gene for dull endosperm from Norin 8 which is tentatively called du-b(t)
in this paper. The genes, du-a(t) and du-b(t) acted to reduce the amylose content up till about
a half of that of Nihonmasari. In the F, segregations from several crossings involving du-aft),
a marked reduction of the homozygous genotype du-a(t) from the theoretical value was frequens-
ly recognized. F, segregation of dull endosperm from the crossing with BC-17 having an allele
of high amylose at Wx locus, resulted in 9: 6: 1 ratio suggesting the action of polymeric genes.

The gene action of the alleles at Wx locus was examined in relation to its low amylose
content. A series of isogenic lines for the amylose nature investigation having the three genetic
backgrounds of Onne-mochi, Dohoku-mochi 18 and Toiku-mochi 213 were produced by the
successive backcrossing method of using 10 kinds of non-recurrent parents. As regards the
amylose content, the alleles introduced from high amylose cultivars, Arpa Saly and Jokei 6487
exhibited an action of increasing the amylose content, while the alleles from Koshihikari, SM-1
and the other 8 strains were responsible for the low amylose content. Therfore it is surmised
that the genetic variation contained in the low amylose strains depend upon different gene(s) or
gene systems other than the genes at Wx locus. In the case of high amylose variants, a single
recessive gene, ham(t) was contained in both K-594583 and K-60202, while the other genes, Ham(t)
that showed an imcomplete dominace was responsible for the character of Hokudai genetic
tester, H-337.

A crossing experirent was made between the low and high amylose cultivars in Hokkaido
and a normal distribution having a relatively narrow range was observed in the F, population. In
this case, a positive correlation was recognized between the amylose content and heading date or
1,000 grain weight.

It is widely accepted that the amylose contents of rice kernel are significantly affected by the
temperature during the maturing time. In general, high temperatures are favorable for low
amylose content and low temperatures seem to raise the amylose content. In this experiment, it
was indicated that the high temperature in 1984 attributed to decrease the amylose content in
most of the strains used. In addition there was a high positive correlation between grain size and
amylose content showing a low amylose content in the small grains in Hokkaido cultivars. As
to the genic actions, du-a(t) was more sensitive to temperature than du-5(t) and lam(t). In the
high amylose strains and the Hokkaido cultivars used, it was noted that K-594583 and Haya-
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kogane responded to the change of temperature while YM-123 was less responsive to the
temperature.

From the stand point of breeding the genes related to the low amylose kernel are important
sources for the breeding objective of good eating quality in Hokkaido cultivars. Trial cross
breedings were performed by using the mutants of low amylose and dull endosperm strains. It
was suggested that an occurence of notched grain is related with the pleiotropic actions of lam(t)
and du-b(t), while du-a(t) contributed to the fine appearance of cooked rice. The yield trials
were carried out by using the selected lines at F; generation. Although most of the lines were
inferior in the productivity and other economical characters from the common cultivars, there
was an indication that the few lines selected are promising from the stand point of average yield
and high tolerance for low temperature.

As to the eating quality of low amylose rice, cooking quality from dull endosperm due to du
-a(t) or du-b{t) was generally recommended as delicious and glutinous although the personal
scoring was still varied as individual choice varies. However, the low amylose kernel due to
lam(t) was not ranked highly because of the high protein content in the low amylose lines
impaired the eating quality. From the previous experiment, readings by amylogram and texturo-
gram are related to the eating quality. The correlations with the amylose content were
examined using the representative strains of low and high amylose contents. In the low amylose
below 16 or 17%, the maximum viscosity positively correlated with the amylose content, while a
negative correlation existed in the case of high amylose content over 17%. The decrease of
viscosity in the low amylose flour was related with the activity of & -amylase which is recognized
in the endosperm. The inactivation of the enzyme by the treatment with CuSO, raised the
viscosity of low amylose flour and contributed to evaluation of the true eating quality.

In the case of high amylose flour, it was indicated that the gelatinization temperature is
relatively high and the viscosity was extremely reduced. Thus the physico-chemical properties
are also deeply related with the amylose and protein contents.

From the present studies, it may be pointed out that the strategy depending on the scientific
findings on the inheritance modes, correlations among agronomic and grain characters and the
environmental fluctutions related with the mutant genes is required to achieve an efficient and
successful breeding programme,
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Plate 1

Plate 3

Plate 2

Plate 4
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Phenotypic changes due to the temperature
treatments during ripening period in phyto
toron.

From the wupper: A. Tannemochi (wx), B.
Dohoku 43 {du-a(t)] and C. Ishikari (Normal).
Temperature treatment (day-night), from left
to right : L. (24-18°C), M. (26-20°C) and H. (28-
24°C).

Explanation of plate (1-5).

1.

[§%)

Mutation for endosperm charac-
ters.

From left to right: a. Shiokari
(control).,b. SM-1 [low amylose,
lam(t)] , c. SM-2 (low amylose), d.
SM-3 (chalky) and e SM-14
(white core).

Mutation for high amylose grains.
From left toright: a. Yukihikari
(control), b.YM - 123 (high
amylose), and c. K-594583 [high
amylose ham(t)] .

Mutation for grain shapes in the
cultivar, Yukihikari.

From left to right: a.
Yukihikari, b. YM-137 (round
grain), ¢ YM-132 (fairly big), d.
YM-146 (big grain) and e YM-
154 (big grain).

Mutation for grain shapes in the
cultivar, Shiokari.

From left to right: a. Shiokari:
(control), b. SM-8 (small grain),
C. SM-13 (fairly big)and d. SM
-14 (big grain).





