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Genetical Study on Amylose Content in Rice Endosperm Starch
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Table 1. Comparison of amylose and protein contents and five
grain characters between Hokkaido cultivars (C) and
Hokudai genetic testers (1)
Charactes St T e Ranmeof - Sundard - UL

_ (%)
Amylose content (%) C 13 21.6 17.6—24.2 +211 9.8
T 41 23.7 16.8—29.3 +2.91 12.3
Protein content (%) C 17 10.4 8.3—125 +1.23 11.8
T 49 10.7 8.0—14.5 +1.50 14.0
1000-grain weight (g) C 17 21.2 18.0—24.5 +2.31 10.9
T 49 20.5 12.3—30.5 +3.61 17.6
Grain length (mm) C 17 5.29 4.97—5.56 +0.20 3.8
r 49 5.20 3.59—6.71 +0.55 10.6
Grain width (mm) C 17 3.10 2.84—3.24 +0.12 4.0
T 49 2.96 2.38—3.30 +0.24 8.0
Grain shape index C 17 1.71 1.60—1.94 +0.098 5.7
T 49 1.77 1.14—2.45 +0.26 14.9
Grain thickness (mm) C 17 2.10 1.85—2.25 =+0.087 4.1
T 49 2.03 1.45—2.34 +0.13 6.5

1) Grain shapz index=Grain length/Grain width.

2) Hokkaido cultivars: See Appendix 1.
Hokudai genetic testers: See Appendix I
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Table 2.

Correlation coefficients related to amylose and protein contents

and five grain characters in Hokkaido cultivars and Hokudai

genetic testers

Non-glutinous?
\\\\\\\\\\\\\\\\ P L W LW T GW
Glutinous?
Amylose content —0.462%* 0.388** 0.163 0.169 0.038 0.407**
Protein content (P) —0.125 —0.417%* 0.167 0.428%* —0.342**
Grain length (L) —0.084 —0.137 0.802** —0.031 0.707**
Grain width (W) —0.024 —0.489 —0.697%* 0.624** 0.402%*
Grain shape (IL/W) 0.076 0.763** —0.927%%* —0.394** 0.261
Grain thickness (T) —0.160 —0.722%* 0.825%* —0.901%* 0.566%*
1000-grain weight (GW) ~0.284 —0.235 0.840%%  —0.715%* 0.801%*

* #% . Significant at the

5% and 1% levels, respectively.

1) Upper diagnoal means correlations in non-glutinous Hokkaido cultivars and Hokudai genetic

testers, (n=54).

2) Lower diagnoal means correlations in glutinous Hokkaido cultivars and Hokudai genetic

testers, (n=12).
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Fig. 1. Relation between amylose and protein

contents in Hokkaido cultivars and

Hokudai genetic testers.
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Fig. 2. Variation of amylose content in

Hokkaido cultivars and Hokudai
genetic testers.
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Strains used in the experiment

Table 3.

Strain

Amylose type

Origin or marker genes

Low amylose strains

SM-1 Low Mutant induced from Shiokari

K-583067 do. Fy line (N8-ES No. 58X Ishikari), dull endosperm

E-84268 do. Fs5 line (NM-391 x Kitaake), dull endosperm
Hokkaido Cultivars

Norin 20 Intermediate

Ishikari do.

Shiokari do.
Linkage testers

A-5 Akamuro Intermediate C® A Re Rd LBft
A-58 Kokushokuto-2 Glutinous wz C® A Pr Pn Ph

H-59 do. wa lg d-2

H-69 Intermediate C®" A ni-1 gl-1

H-143 do. st=2

H-337 High Cl gl-1
wax isogenic lines

BC-16-wx Glutinous wT

BC-17 High High amylose Wz

BC-19 Intermediate Normal amylose Wx

BC-19-du Low Dull endosperm originated from NM-391

Table 4. List of the cross combinations used

No. Cross combination No. of F; plants Test generation Year of experiment
1. Norin 20X Ishikari 281 F, F; 1981, 1982
2. Shiokarix SM-1 170 Fo~F4 1982~1985
3. SM-1XA-5 81 F,, F; 1983, 1984
4. H-59x SM-1 84 F,, F; 1983, 1984
5. H-69xXSM-1 -~ 161 F,;, F; 1983, 1984
6. H-143XxXSM-1 124 F, 1985
7. SM-1x K-583067 264 F, 1985
8. SM-1 X E-84268 172 F, 1985
9. BC-19-dux BC-19 351 F, 1985
10. BC-19-du X BC-16-wx 428 Fy 1985
11. BC-19-du x BC-17 208 F, 1979
12. Shiokarix H-337 357 F, 1985

B SM-1 A ERER D, Liab L by 1M
Bhsstz, BR, iR EDL SM-1RITWETH -,
TR LD I~2g W/ otee 7 3 v —-AGEIT
LB X h b ozt 3EAEERLD RN

ERAELL T b, 5, BRIIFCEI o, TH
FILZEAEE T, bTR/NET, 71 —RAGE
D 709 F TR TF Lic, MEAGREMHE X
DHI19% %<, BERAK Lo, ThO O FifEgho
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Table 5. Amylose and protein contents and five agronomic characters

Strain or Heading Culm Panicle No. of  1000-grain Amylose Protein
population date length (cm) length (cm) panicles weight (g) content (%) content (%)
SM-1 Aug. 1 47.4 14.2 24.0 19.1+1.04 13.940.45 12.7:£0.26
Shiokari Aug. 7 60.8 17.1 19.1 19.94+1.26 20.0+0.79 10.71-0.43
By (SMAIX 5 g1 432 125 23.6 211118 196011  12.2:+0.34
Shiokari)

15
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3
ol
Fo SxSM-1: B T
21854180 Y
n=282

Number of plants
=

w
:
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o
SA-1 F1(S < SM-1) Shiokari
E=1394045  F=10.6--0.11 T=20.04£0.79
0] [ : , [1E
12 14 145 18 20 22 (%)

Amylose content

Fig. 3. Frequency distributions of amylose content
in the F; (dotted) and F, populations of
the cross, Shiokari (S)x SM-1.
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Table 6. Relation between amylose content and heading date in
IF, of the cross, Shiokari x SM~-1

Headin Amylose content in F; Goodness of fit (3:1)
Cross date in %2 >17% <17% Total ;
4+ 4, + dam(t) lam(t) lam(t) X P
A (1) July 31-Aug. 2 41 19 60
(2) Aug. 3- » 5 9 4 13
3 » 6~ » 8 9 0 9
(4) » 9- » 10 4 0 .- 4
Total (A) 63 23 86 0.140 0.7-0.8
B (1) July 31-Aug. 2 35 13 48
2) Aug. 3 » 5 14 4 18
(3) » 6- » 8 8 0
4 » 9 » 10 0
(5) »n 11- » 13 0
Total (B) 65 17 82 0.797 0.3-05
Total (A+B) Obs. 128 40 168
Cal. 126.0 42.0 168.0 0.127 0.7-0.8
(3:1) Homogeneity z"=0.809, d.f.=1, p=0.3-0.5
Table 7. I3 progeny tests for heading date in the cross of ShiokarixXSM-1
Heading ' Estimated Segregation in F3 Iine T Goodn§ss of fit
Cross date in genotype Early fixed Segregating Late fixed Total 2(1#
in By BAW) BFW BAO+ et X P
A (1) July 31-Aug. 2} E_/‘(t) Ef (), 18 40 2 60
(2) Aug. 3-Aug. 5] /(1) + 2 11 0 13
(3) Aug. 6-Aug. 8} L 9
(4) Aug. 9-Aug. 10 4 4
Total (A) 20 51 15 86 3.558 0.1-0.2
B (5) July 31-Aug. 2} Ej’gt) Ef(t), 19 29 0 48
(6) Aug. 3-Aug. 5 /(1) + 4 14 0 18
(7) Aug. 6-Aug. 8[ 0 8
(8) Aug. 9-Aug. 10} + + 0 7
(9) Aug. 11-Aug. 131 1 0
Total (B) 24 43 15 82 2.171 0.3-0.5
Total (A+B) 44 94 30 168 4714  0.05-0.1
Cal. 42.0 84.0 42.0 168.0

Homogeneity 2°=2.892, d.f.=2, p=0.2-0.3
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Fig. 4. Frequency distributions of amylose content and heading date
in the F3 lines from the cross, Shiokari X SM-1.

Table 8. Segregations of amylose content and heading date in the F;
lines of the cross, Shiokari x SM-1

Fs Early Late Goodness of fit

i T : Total FEstimated

ine ow . Low . 2 3 genotype
Normal amylose Normal amylose Ratio x P

3525 13 10 0 0 23 3:1 419 0.02-005 Ef(t) Ef(t) + lam(t)

3535 17 6 0 0 23 do. 0.01 0.9-0.95 do.

3537 19 4 0 0 23 do. 071 0.3-0.5 do.

Total 49 20 0 0 69 do. 058 0.3-0.5
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1F3 Early Late Total Goodness of fit Estimated
ine Low v Low . L2 F, genotype
Normal amylose Normal amylose Ratio yd p
3571 0 24 0 24 — Ef(t) Ef(t) Lam (t) lam ()
3528 0 24 0 24 — do.
3510 15 0 7 0 22 3:1 0.55 0.3-0.5 Ef(t)+ + +
3522 0 16 8 24 3:1 089 03-05 Ef(t) + lam (t) lam (t)
3548 0 18 24 do. 0 do.
3551 0 15 24 do. 2.00 01-0.2 do.
Total 0 49 0 23 72 do. 1.85 0.1-0.2
3505 15 4 3 1 23 9:3:3:1 Ef(t)+ + lam(t)
3507 13 3 2 4 22 do. do.
3514 14 2 5 2 23 do. do.
3519 13 4 5 1 23 do. do.
3520 12 5 5 0 22 do. do.
3527 10 7 4 3 24 do. do.
3538 7 7 5 3 22 do. do.
Total 84 32 29 14 159 do. 217  05-0.7
3573 0 0 24 0 24 — + + + +
3570 0 0 21 3 24 3:1 200 01-02 + 4+ + lam (1)
3571 0 0 22 22 — + + lam(t) lam(t)
3576 0 0 24 24 — 4+ + lam (t) lam (1)
H-53x S\ -1 F,
ot wex” plants
54 ’_—,—
e 1 [ 1 | . . : :
LE SM-1
of L . | ,
16 18 20 22 24 2% 98 (60
Amvlose content
Fig. 5. Frequency distributions of amylose content in glutinous plants

in the F, population of the cross, H-59x SM-1 and SM-1.
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Table 9. Relationship between amylose content and linkage markers in
F; populations of the crosses involving SM-1
Amylose content .
Cross. Marker Number of F, plants (Mean-£SD) Difference P orest t test
combination gene A a Total A a A-a

SM-1xXA-5 Rd (I) 43 23 66 23.48+1.69 2313+1.50 0.35 1.27 0.982

do. I-Bf (V) 63 18 81 23.004+1.66 25.02+1.18 —2.02 1.99 4.807**

do. Re (V) 66 15 81 23.36+1.62 23854237 —0.49 2.14*  0.963
H-69x SM-1  C (I) 119 42 161 24.06+1.88 23.68+1.83 0.38 1.05 1.134

do. fs-1 (VI+1IX) 113 43 156 24.11+1.69 2364+2.31 0.47 1.87%% 1.403

do. nl-1 (VI+1X) 126 35 161 24.40+1.53 22.3942.07 2.01 1.82%* 6.332%*
H-143x SM-1 gh-1 (VI+IX) 97 27 124 24838+1.21 2521+072 —0.33 2.75%*% 1.348

do. st-2(VI+IX) 100 23 123 25.07+1.03 24.42+1.41 0.65 1.88*%  2.539%
*, %k, Significant at the 5% and 1% levels, respectively.

Wiz, Table 9 7R L7 8 EOMEMILBE T2V,
ENRTHhEFMEE L OMEE L b i Mk & i
T, 7 i r—AEGBROFEHHI WD F g LT
YHEDOZE BT 5 tREXEM L, Rd, Re, C, f5-1,
gh-1 % L0 st-2 Cit, WROPROBRILAELH-
ey TR SPEEOEIBE Tl o e Thiek
LT, I-Bf & ni-1 T3, ThrEh 1% KETHEZEN
bbb, nl-1 1w onwTL, B7 i v —ARHENE L
Twionl-1 23 DB EFOH AL LAET T v — Atk
Ll oleoies LT, FBf iwovtiz, Fig. 6 koRd
X5 il BOBE LR FBfT w4+ s A E R
E7 3 m— 2{BAS 2 HBL L7 5 oo HEAEGEN

8B L=yt s dull RIS 25
ET b2 LHEESR, ThbOZXRIABTERRL -
LB ovihg s dull B2 B4 5, £ 2T %7,
SM-1x K-583067 & SM-1xE-84268 o F, #ERico\»
T, Fo ffRiCi -7 Fs floZkoEB A X v, dull
SRR, dull SR & IEREERE O 3 H /T, dull
JHERE L ERBMERCOWT, 73 v—A8B05y
Ri-(Fig. 7, Fig. 8), WFhofifgics T dh, FHRE
L SM-L X i 7 3 v — ADEGEEEHOBE L. %
7o, dull [UEBD 7 ¢ v - A GBI FAZCLD 5 1203,
SM-1 x E-84268 3 6~13% ¢, SM-1 x K-583067

Dle & Dy OBBEO PR T B BY, FBF & lam () 2] + ot mag)
7 =04
RN B (R T S e, N
K-583067 & 5% 84268 (E-84268) 11, FhZh, & du du
154 {n—35)

1ol S\I-1 A-5 E 1ol
z 0 rrli— — E}
'_5: = 0
2 a0 z
5 3 ror
E 07 B3 -n 10+
7.

104

J 5
0 . . - o 3 10 15 20 IS
5 2 2 5
1 0 5 (5) Amylose content
Amylose ¢ :
m content Fig. 7. Frequency distributions of amylose
Fig. 6. Frequency distributions of amylose content in du du and ++ of Fy plants

content in F, population of the cress,
SM-1X A-5 Akamuro.

in the cross, SM-1x K-583067.
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A0 } . L.
SM-1x Shivkari Iz e L1.364-0.49
t "F 20 7=86 Y R
=52 .
10
2% DI Ef () EF
du(ty duft) A+ +
(n="10) 10
0
54 £=11.52+0.49
30 Eartly: Ef) Eflt) Y
Efe) o+
n=i:
S , '
20 Late: + +
n=13 F=10.43£0.51
Shiokari 10
SAI-1 o
5 )
10 . £—12740.0
Shiokari #=107+£043 SM-1: F=127£0.26
0 T
9 10 11 12 13 (%)
0d - v T N Protein content
5 10 15 20 (% o .
Fig. 9. Frequency distributions of protein
Amglose content content in Shiokari, SM-1, F;s and
Fig. 8. Frequency distributions of amylose T, population of the cross, SM-1x
content in F, population of the Shiokari.
cross, SM-1x E-84268.
TiL, T~20% 07 3 8 = AGROEVERIEEREL, W 3” A
B £ 5 dull SEALORBURE LSO T ¢ = — 2 .
GEOMECE, dull BIRERENeHNTT s v —2E dutty dult
BANE < T05 X 5 IOWIEBG R b T BB b - 12, "
0 v
B. SM-1 073 HEAEOMRE E
_ . = d
Table 5 Wi T £ 51, SM-1 3 £oFRMcIt~<T = o
T A0
BACEEE Lo, SM-1 3B O B4 ET Ef (L) 2
HHLTWRDT Rkt sEAoEgaE e el 7 9
BT Ef(t) L oB#E % #~7, Fig. 9 iz SM-1, Lk
. 30
b, Fi ks IO T oBAGREOBES MR LI F
12 SM-1 3 <, Fo CRmBl o fEMT 2 FHfEE 5 201
BRI & e - Teo A BEDTHGMELE 11529 N
THpLERED 10.43% W HE~<T 1.09% @<, £ DM
BB TH - (F=1.08, t=48.884, p.<0.001, d.f.= 0 " - A 7 e0)

84), 7ok, RUEBRCIABOEEOMAEL, Fio, WA
o omRaEEs IR L .

Amylose content

Fig. 10. Frequency distributions of amylose
content in Fp; population of the
cross, BC-19-du X BC-19.
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Table 10. T, segregations of dull endosperm confirmed by F3 progeny test
Dull Dull Goodness of fit
com%ﬁ?lzstion Population Normal (hetero) (homo) Total : (1:2:1)
++ +dult) dult) du(t) 3 b b
BC-19-dux BC-19 01 44 93 28 165 5.78 0.05-0.1
2 57 100 29 186 9.48 0.001-0.01
Total 101 193 57 351 14.52 <0.001
Cal. 87.75 175.50 87.75 351.0
Homogeneity (d.f.=2) 0.74 0.5~0.7
BC-19-du x BC-16-wx 01 46 92 34 172 251 0.2-0.3
12 25 96 31 152 11.00 0.001-0.01
Total 71 188 65 324 8.57 0.01-0.02
Cal. 81.0 162.0 81.0 324.0
Homogeneity (d.f.=2) 4.94 0.05-0.10
BC-19-du x BC-17 01 125 72 11 208 144.65 <0.001
Cal. 52.0 104.0 52.0 208.0
Cal. (9:6:1) (117.0) (78.0) (13.0)  (208.0) (1.32)  (05-0.7)
SM-1 X E-84268 01 33 55 17 105 5.11 0.05-0.1
12 19 35 13 67 1.21 0.5-0.7
Total 52 90 30 172 6.00 0.02-0.05
Cal. 43.0 86.0 43.0 172.0
Homogeneity (d.f.=2) 0.32 0.8-0.9

C. =hkv2¥yRAERRHE, NM-391 [CAKT S
dull FEDE7 2 A —AHICHT 38 EFSH

NM-391 iy k3 3{E7 I v — APk 24T+ BC-19-
dud, 2h&BbALRA—DRENERLYET2ER
# BC19 L ozc#fio Fo £ T, FHA -7 Fs
KOLERDOERI & n, dull BEE (dull &=x), dull
firr e (dull ~7 =), EEREREO 3FCHIFEE AT,
e 7 ¢ v —AGEOFEES % Fig. 10 R L1,
dull FEBDT7 ¢ v —AGRIFEFCE L, ERERS
dull ~F e, 7i0-AEBRYX-ThHHET
RHNTE e BREOEABPOLREY A2 &, dull m 25
O WBISE 2 ERE X v B EASED bR, 3
1:2:1 O #ET58HR L b, BRILHEET, du
(t) DBYE-F 2 = LM & s (Table 10), 7cds dult)
LD dull BEwBST 3 du-1, du-2, du-8 1 X &
DB/LFREEEEDOERELELT5,

K LK BC16 X biRd: U KER4K & BC-19-du &
DM CHEH T -1k &5, Fafifkich Uik (Fs
) OERI RO THARD LRI, Tibh, ©
EEREE, ©FEkE dull osrm, O dull HE
E, @R R0, ® EFk &Rk & dull
o5 © dull R LEBROSE, @RMEEO 7R
THb, ThbORBIMAET O dult) & wa Hil
MT, 0, du(t) it LT wr MR IRTETA
BEFRRC X VBT L bR A, BEKREE
W OMAE D E H R Ied -7 (Table 11), LasL,
du(t) oW TOHHMOLYRA L 1:2: 1Dl
L,

ER6BT e HETHET v -2tk WaiksT %
%2 BC-17 & BC-19-du & oxc#t 0 Fo 4/ Ty, F2 8
A Uk (Faf) 0B A X v, dull $IE s, dull
BBt IERRIEE D 3 Bt b e dd, IEFREE O M
BB dull T2 SR BRI £ {, 1:2:10
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Table 11. Combined segregations (F3) of glutinous and dull endosperm in
the F, populations of the cross, BC-19-duXBC-16-wx

N ++ +wzx wr WwT | Goodnoss of fit
0. Tota -
du(t) du(t) ++ +dul(t) "
t el g T PO g du() du() x P
Cross A Obs. 25 29 5 21 63 29 47 219
Cal. 1369 2738 1369 27.38 5475 27.38 54.75 219.0 18.99 0.01-0.001
Cross B Obs. 20 26 13 5 70 18 57 209
Cal. 1306 2613 13.06 2613 5225 2613 52.25 209.01 29.76 <0.001
Total Obs. 45 55 18 26 133 47 104 428
Cal. 2675 5350 2675 5350 107.0 53.50 107.0 428.0 34.64 <0.001

Homogeneity x2=14.11, d.f.=6, p=0.02-0.05

1) Confirmed by F3 progeny test.
2) Expected ratio is 1:2:1:2:4:2:4.

hewi#aed, CLARBREERTICL59:6: 10/

B <A e (Table 10), 4HO7 $ 0 — AGE#H D BH203x42nyOFKMicHIS
mlicd o s, Fig 1L Rkt 5, dull Bo7 s 7iA-ZZTROER

B — AEEONHE, BC-19-duxBC-19 040 dull bk 20 B3t E RO R T B INET T v — R
Both (Fig. 10) b o kedy, EEHETE, 73 BTHBH, KERTI, 150 X 02% EVviB
r— AGEMN 20~22% LE o RIEFREECEYS 5 H Elrote PR3 A7 i n—AGBROHENF
o, BT io—2E Wz T Vv —LREIBELRD IIEEER TS & B IE R 4 fciEs » 7o (Fig. 12)
N5 26~30% DE7 i r— AEEEREHSEEL L, = 7ok, FoHic BT, 7 3 r—ASE L HFENAS O
DIEEREEGEET I - AEKOR X Fh T h kTR EE OMIIZ, ThZXhr=0520%* kI
21 (B L 104 EATIRIT S L OB Lic ((F=4.48, r=0.278** 7 5 12 KETHERERREAE L R,

p=0.025~0.05), L L, dull 58EREL dull BETI3, AEERN L EA LB L TER L PR/
B7 e —AEFROBBENEEFCHENTYr -, DWW, T iR —-ASREORENEEAMERY T L
=5, Fs RHEHEOE S D LBV DR ZThThiZ
304 o RN E L, PEIED b OEEWEBIED L
201 w Iy @=0170.88
n=281
104 du{t) du(y) ’_‘_’—‘ 60
E; o] . PP, i ] -
530 5 Norin 20 #=19.43:0.35 Ishikari | £=21.620.56
4 + du{t) “5 30 —
201 ~
204
104
104
S 15 20 25 30(%)
Amylose tent 0 —1— T T v T T +—
Amylose con 17 19 21 23 25 (%)
Fig. 11. Frequency distributions of amylose Amylose content
content in Fp population of the Fig. 12. Frequency distribution of amylose
cross, BC-19-duxBC-17. content in F, population of the

cross, Norin 20X Ishikari.
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Bi5%E H3E

S0 (s line)

L0 :
.
. o ® ®
. o .
e *Te .8
. . o ®
0.54 )
2 ® Norin %0 ® Ishikari g®e
. .
o . .
.
o v,
()J T
20 21 22 23 2 25 (SE)
Amylose content
Fig. 13. Relationship between mean values and

standard deviations (S.D.) for amylose
content in F3 lines derived from F,
population of the cross, Norin 20X
Ishikari.

nte (Fig. 13), ¥t Foftho7 i » 258 L Fi %
HRIEOFTFHEBL r =0.334% © 5% AH:THE L /¢

27

z =

2REDRRI BTN, SM-1 & NM-391 w zh-Fih
ETHET I v ARBET OB T, AIVE
BB RbENbF Y= TRE Y E LT B
B T e —RAEEOMEREEES T bl b
Tl o leDC, FEL Fs HROZKA S Fy HikDBE
?m%ﬁELLOSMl&NM39m%h%hwx%&
m@n@%%k&éﬁbVﬁtoLET\H—Z@LE
THEETEL D, 0, ThORE VI THE

LR B Y SIS o oo SM-1 D 4,0 lam (1)
X BET §m— Ak, NM-391 i3k dull EED
£7 ¢ v —AWRGET du(t) C L 58 L RS, TO
7 ir-ARROETENNEL, SARLIEETENR
LRI 5T B o THROHNRiIC & BBETF IR
WHEThYD, 3bie, Fak3s7 i —-AGEO%
HA RN &I 57D T, AR LR AR B
LIIETFHP & Fs oBRRE X To 7. SM-10D
Bt B0 R AR ERRET Ef OB 5 LT
B, CREFMENIET I r—AEEETF lan(t) &
DWTHT ENTET,

—i, 7 ie—ARBRRBREEOMELM R
BT, bl o F AR I BRRESRE L, P
BABCRBERRENELS R IALTHD, 7ia—A
BEROBEAUNKEVWDT, AEHRTL, B 205X
A4 >AVOF#EMTIE, HERL7Iin—XGEOM
CIEOHBERER B bhic, -TT7 I v —AERET
ROBMAE L COEMREOEB LM TIH LEDL
o, Lil, BEEO7 i a—AGENMEVEREL
T, BRREDREOMIC, MOKT I v — AMBET
HRAEHIET LD, HBEWVIL, FEBRETFHENS
73w —-AFERH LCELEERAEAE T L LD
BHAEL LR,

AEROFHERL S SM-1 ko BASEET Ef () 35
BURE LN, BHTT v - AEERETIR5
TER %L B, TOIERIL lam (t) Wi 2 & ¥ HlEIET
BRHOCIERT 2 2 LARBERETFRELZER L, F
FAMERFHSTH S - &7 o (Table 12), F#, SM-1
OEEAMEL, EfQ e X5FEibic k> THBHERD
ZESBEEMNET SR, 2R, FRERTBEHE
B oOER 35 endogeneous BN A N5 LT
HERE S, A FORESEIHFEFBM X » TR L
BEIhB LT HRENS GBS, B X pTE

Table 12. Effect of the genes for earliness Ef(t) and low amylose endosperm
lam(t) on the amylose content in the genetic background of Shiokari
. Temperature (°C) Amylose .
Strain Genotype H%admg content Relative
ate T1V T 9? values
(%)
Shiokari + + + + Aug. 8 24.8 21.1 20.8 100 — —
A 16* +  + lam(t) lam(t) Aug. 7 24.8 21.3 17.3 83 100 —
A 1* Ef(t) Eftt)y  + + Aug. 3 25.0 22.4 18.9 91 — 100
A 8 Ef(t) Ef(t) lam(t) lam(t) Aug. 3 25.0 224 16.1 77 93 8

*; TIsogenic lines (Fs) derived from the cross, Shiokarix SM-1.
1), 2): Mean temperature for 20 days and 40 days after heading, respectively.
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DOEEAIT, BARO BB it B NSRRI
MABCHESCECC L ERATOBRESE L LR TS
h®), BABET LRtkoSHRIEEO# L HE S
Th, TO L AEEETRHIERcFEH b5,
NM-391 ik DET 3 r - AEEE T (du(t) 127 3
r - AEEOETEAMNE L, EFHEC T
BECICHIEes, Lrd, 7in—xgRECO
TOWERIENRFEL L9, EREBFC R TL DR
BARIEERICKkO Thicfi5< 2 &b TV B,
5E Fo EM D342 1778 - 12 1985 21z 613 3 dull R
ADOREBCIHFRESZ DO T, dull RELGER O
BAREL 3 L ORI SR T 5 2 EMTET,
FBGEE TR Oz 36\ T, FRE X - T,
EFRT Ir—ARERR X - CHLHREK ) ¢ & (Fig.
10), #24k 8 BicEik T2 dull WETOBELFAETH
Sk, Thibo dull BET2HETLHRHME SM-1 &
oo Fo il BTy, 7 8 r— A& dull
& SM-1 v~ te b &, ok x dull AL TH
S5 Th7 I —AGEALLTLHEL e, W7 3
r—2AGERNTE DKL &b, dull AL RSB D
b AL hic (Fig. 7, Fig. 8), & hiz, BHOBYEHR
TIn—AERCI > TOL—HHCHEREEIRLLDOT
B ERHRBE LT, BEoy (bbb,
dull FELE fe B 7o) K7 I r —AKDBER A ED B L
HIBREGBIG LB bh s,

du(t) LIE B L oo F EF R, du(t) ~218
HOWBPED Ll HEAPED S hIH, FHrRET 3
r— 20 Wil T2 BC17 Lagfi L Fe T
du(t) R e=BO MBS T A 7 <, Fi dull ¥
EHELIEREL dd B LT~TrEBbh D
ko BB E RS TP, IEFHRE: dull ~F
w:dull ey BRI I:2:1 Tk, LA
9:6: LR HME LTI, 2O XD Rl erRT
BRI OWTREED & = ARHTH BN, M
72 BC19-du & BC17 3 #h Fhdtff 18 B s L ¢
RLAHE 6~7 @ #0ELTERSW - AEEETFR
HThBOT, we & du(t) BIETFEDSOBERE T
BEFR—Ths &AL Eh b, BEmT ta—-24ko
WaiEmT & dul(t) DMBIERS C hic B LT 37T
EErEVEZ L bR,

# 8 2 B

1 ZOMELBHDO T 3 v — AFEIL, KORKOFHE
e BT A RAROFERDO—DTHEHY, 7 i -

—AGEOL VL DORBAAOEFEAKL, Wh
B WO RE TRV LALY EEbhT w319,

1 3 OMEBAT I r A FETT7 I I F VD
Z X 0B h, BE OB 20~30% 07 1w -2
BaxEt. AV FERECRDSLUEDET7 In-
AEEOLONRE-O L, BAR ST 20% 1
BobORBLALTHY, BRI NRERZER
BRHBI D,

7 1 r—AEGBOBEILCONWTY, 4 v PO
7 3 m - A LEOEN ¥ R AEeEBEET &
PROEFRETHEET 5 & UaiiGnig 0661,
M, KL, SANO®) 13, HHIEO7 s n—AGBOH
1%, HIHEEHO wr o7 v — v oM & B X
h, B7 1w Al v VBEISRE: W%, %4
7 s v —AW0 AAK Bz W' % F+5C Lol
HLo

B ART 3 v~ AR BT ABET LTI, wo B
A Uie leaky B o0 22REERD b wax J& L3I O
dull FRFLIZBY$ % 3@ T2 EREERE S h T 522,
D duBEF R W o l+s WaEHo v
N RIET—EOMMBET THAH 5 LiEESh
15\623)0

DX, MABHOT 1 v — A5 BT 2 8E
REIEEE, 7 - A HEROBERETF ChH D
wx BHROICKECHS ML ST ERbDD, £
O DI,

AEEETIL, R TRELHE HVEE BRIh T
IBRERMO 7 1 v —AGBEII UDEEASRILEDE
EAREYRELC, AEMCER TS LHEIh 555
DF7 I r - ARHREBARAELII LS, Bk ED
SRIGRIEER YR L, e, 73 e —24Biron
T, BATROBEERY EEh b, 3154 v " Blicg ¢
FRABERELRTE LWL L, ZhH DK
TEARL, A R OB OEEFER L LCHEL 5
2bDEBZBZLNE, 7 I v — AERLREET
PVTE, Lish b ORRBFEK (SM-1) 2860 lam (t)
E=RVYIHFIDED du(t) D 2 DDBET 2T B
Wil Thbil, 237 ir—A8EPET w2
TER %R T 5%, lam(t) BEDETENDLRLNI N H D
Dy ZHRIDBHEOFEKEE D I EPTH oo Shic
UG de{t)l iRk B L7 ¢ m— ADEFENIELL,
O KL dull BAEFR L7,

lam () 2T, Wz REDER AL Sw5 2 &
MPETE RO LI >THBHD, dult) kot 4 5]
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BoOBKNRHE S he FHHRREER), LediaT, th
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FRBECOWTHRA IR T BT,
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VRS, 3ORTRIE S IEOHBIBIRA R L Tk, 7
I — AGE EYRTRE E ORISR, SRR
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TTEEM: R 7RI LT B

¥, SM-14x, FAEBOZRERET B0 %4
THLERELNCI oTohs, O Ef) EELT -
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LR PEPCTFROBEAEEI WML 7Y, Zhids F i
R 2 ERBILPE & BRI OB 24 5 b THIBRIE
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UED XS5k, 731e—-2aEeRAREORENT
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5 A4 v FEURENSHELLET I m—AfLKDOW-

Tit, Wa' & oBdiamRgE Shi,

6. drkBERMES AL T L ARA K E
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f17s o720

9 Lemombry=—fHe EMS AR X » T3
FESNIR T 3 v —ARRRE R R TH S SM-1C
AR EERI TS o o h, 7 1 v — AR RED
80% ¥ TP L\, LT § v —AMERL, 1
FAMEET lam () OBG-T 5 2 LR B 2 Ein o7,

10. Zam (t) 355 | PR 35 we (BREEEME) <,
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16. T 45T du(t) O EERTELEA L EB N, —
e dult) @O BBUIE OB &L Ui, i,
BT in—AEO Wa 7v—vEFTHELALRD
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BB « dull By dull RIS Ve sk s T
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H205EHBHNET Irn—2ko4 v h ) LOMTRE
WET >, R s 27 I v —RAEBEOLERY LD
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Summary

It is widely accepted that different amylose
contents of rice kernels are prefered from region
to region in the world, though it is mostly utilized
as the genetic nature of intermediate amylose
content. In Japan, the so-called “sticky and deli-
cious rice” means that the amylose content is
around 20% as found in by the cultivar, “Koshihi-
kari”.

] . .
was extensively carried out close to the north

In Hokkaido where the rice cultivation

limit of the rice cropping, even modern cultivars
possess a higher amylose content than those of
the cultivars in the mainland. Therefore, it is
one of the most important points in Hokkaido
cultivars to attempt to reduce the amylose content
from the standpoint of the improvement of eating,

cooking and processing quality.

In this study, first the authers explored the
genetic sources of the grain quality and then
performed the artificial induction of mutation on
low amylose and high protein rice. By the deve-
lopment of technology and instruments, it is pos-
sible to measure both the amylose and protein
contents instantly on the basis of a single plant.
The Autoanalyzer and Infralyzer from Technicon
Co. were used for this purpose and the selection
of the 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 Univer-
sity, it was shown that a noticeable variation
exists in both amylose and protein contents espe-
cially 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 of high
amylose at oz locus 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 and 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 treated with gamma-rays
and EMS successively and a dull endosperm mu-
tant, NM-391. Amylose content of SM-1 was
reduced to 80% in the original Shiokari and a
single recessive gene named [am (t) was found res-
ponsible 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 Zam (t) has
an independent relation with wzx (glutinous endo-
sperm, no amylose) and the two genes of dull
endosperm (low amylose). In the relation with
the linkage markers representing each linkage
group, it was estimated that Jam (t) belongs to the
fifth linkage group showing a rare recombinant
of low amylose in the I-BfTI-Bf" genotype in a
repulsion phase. SM-1 also possesed a mutant
gene Ef(t) for earliness that accelerates the head-
ing date about a week from the original Shiokari.
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A pleiotropic action was expressed for the reduc-
tion of the amylose content and the increment of
the protein content. It was also confirmed that
there is an independent relation between Zam(t) and
Ef(t). In addition, the both genes worked cumula-
tively for the reduction of amylose contents in
the genetic background of the cultivar, Shiokari.
It is already known that the dull endosperm re-
markably decreases the amylose content. Mutants
from Norin 8 and Nihonmasari having the gene
for dull endosperm 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 translucent 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(t) was responsible for the dull
endosperm. The gene, di(t) reduced the amylose
content up till about a half of that of Nihon-
masari. In the F; segregations from several cross-

ings involving du(t), a marked reduction of the

homozygous genotype, du(t) du(t) from the theo-
retical value was frequently recognized. F, segre-
gation of dull endosperm from the crossing with
BC-17 having an allele of high amylose in wx
locus, resulted in 9:6:1 ratio suggesting the action
of polymeric genes.

A crossing experiment 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 1000-grain
weight.

From the standpoint of breeding, a low amylose
mutant such .as SM-1 is a very important source
for the breeding objective of good eating quality
in Hokkaido cultivars. From the present studies
it may be pointed out that the strategy depending
on the scientific findings on the inheritance mode,
interrelationship with the agronomic characters
and environmental fluctuations related to the mu-
tant genes is required to achieve an efficient and
successful breeding programme.
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Appendix

1. Amylose and protein contents and six grain characters

in Hokkaido cultivars and Hokudai genetic testers

Strain Marker gene AC PC GW L
. ) (%) (%) (g)_ (mm)
Hokkaido cultivars and their derivatives {C group)
A-1 Akage BY AT An-1 An-2 242 100 237 555
2 Akamuro C¥A PrRe Rd I-Bf© 217 116 227 556
26 Ebisu-l C% AT prt a2 176 125 183 497
27 Ebisu-2 d-2 222 112 190 507
28 Ebisumochi C?® At Pt owax d-6 0 91 188 5.24
29 Eiko 219 108 239 541
31 Fukoku Ct At Pt oAn-g 177 106 211 517
32 Furenbozu Ur-1 22.9 83 227 5.23
43 Hokkaimochi-l C*™ A™ Pt wa 0 125 203 543
58 Kokushokuto-2 C% A Pr Pn Ph wax 0 10.3 80 554
83 Norin-20 c? 4% pr 201 102 218  5.20
96 Shimadamochi C% A Prt wz 0 111 170 500
131 Wasenishiki 206 114 205 5.7
133 Norin-9 Cc A" Bheb 234 97 236 552
134 Yukara At 239 86 245 556
36  Shiokari 21.3 102 217 517
138 Hayayuki 22.7 9.2 226
Hokudai genetic testers (1 group)

H- 9 Linkage tester d-2 bc-1 er” 232 100 206 4.82
21 do. bl-1 Re Rd sh 226 127 202 563
23 do. 21.3 117 201 5.32
25 de. 21 la 235 104 213  4.96
30 do. g-1 ¢h-1 sh 198 108 193 498
45 do. C* A Pn lg-1 wx 0 122 181 548
59 do. C? A% g1 wa 0 145 204 468
B1* do. C AP PuI-Bft d-2 293 96 222 546
63 do. ri bl-1 210 110 254 542
69 do. C f51 nk-1 237 99 225 531
73 do. 2: AdGhel Re Rd o 105 189 g9z
75 do. gh-1 Re rd er 267 81 240 572
79 do. d-2 be-1 la Ig-1 21.8 101 216 528
80 do. C* d-1bl-1la 16.8 123 155 367
82 do. Cd-2g-1bc-1chl-1gl-1 230 89 183 456
84 do. d-6 be-1 fi-1 wzx 0 89 207 516
85 do. C*Y Ur-1 d-2 216 101 189 455
91 do. Cc? A gl-1 254 109 195 558
93* do. C” A Pngll wa 0 141 148 548
97+ do. C?” APILPlgl-1d6 276 100 279 580

T

523 :

WooLw C
(mm) (mm)
322 172 214 W
296 1838 211 R
311 160 210 W
315 161 211 W
284 18 207 W
324 167 218 W
306 169 218 W
320 163 225 W
310 175 202 W
28 194 18 W
312 167 213 W
296 169 203 W
310 167 207 W
312 177 208 W
322 173 213 W
320 1.62 209 W
317 164 217 W
307 157 206 W
290 194 190 R
300 177 190 R
294 169 208 W
259 192 209 W
289 190 18 W
333 141 225 W
313 174 205 W
313 173 218 W
319 166 217 W
28 173 207 YB
312 183 215 P
318 166 207 W
324 113 218 W
298 153 211 W
297 174 207 W
304 150 209 W
272 205 189 W
245 224 172 W
312 186 222 W




F KT : AFRABWOT s v -2 HROHE 319

AC PC GwW L WL /W T C

Strain Marker gene
(%) (%) (g) (mm) (mm) (mm)
H-108* do. C? A gl-1 292 102 193 578 266 217 @ —
Br .
% C™" A Re Rd gl-1
11 do. it T 231 104 17.3 538 246 219 19 R
Br w
" C® A MY Pl Hla . ) O .
113 do. [eb -1 260 96 277 671 321 209 201 P
, B8p SR r et
122+ do. fl SAPEERERT g5 104 191 464 293 158 213 P
126+ do. C®" A Pl Hg d-6 286 85 227 526 322 163 220 W
128* do. Cct AY Er 234 100 227 568 285 199 211 W
131% do. Ur-1 +i 239 80 217 510 328 155 219 W
135 do. C" A% d-1 gh-1 g-1 192 133 123 359 315 114 198 W
138 do. C? A% 4-6 wax g-1 0 94 189 517 292 177 204 W
143 do. C* 5t-2 gh-1 Re vd 265 104 208 541 306 177 210 W
147 do. ct A% Dn-1 d-14 227 92 146 423 298 142 190 W
8 + w - -
150* do. CLi et Hbe 55 104 207 573 290 198 188 R
Bp / w r _
151+ do. C" AP FPLHEa 946 191 212 58 279 210 192 P
HIb
~Bp w .
150+ do. G, R HEe s 129 107 552 279 198 186 P
i C® A Pl Pu Hla
(=3 « « " .
165 do. Fid gl 274 106 208 509 319 160 202 W
178% . do. C*Y I-Bft gi-1 Re Rd 234 115 207 523 270 194 210 R
" CY [Bf gl-1 Hl-a o ¢ o .
184 do. T 2 Bk 242 91 252 539 318 169 213 R
188% do. C* gl-71 Re Rd 249 93 158 440 311 141 195 R
C® A Pr Plgl-1 He . ) 5
194* do. Lt do 274 109 184 458 301 152 199 W
201* do. c?® AP P 187 126 178 583 238 245 18 P
232 do. C A" Ur-1 220 99 228 510 305 167 215 W
+B d w
288" do. éc,l_lA PI" IPLIg-1 546 92 241 513 330 155 216 DP
376% do. C™ Bft gl-1 224 108 235 536 513 171 207 W
445* do. ct wa 0 100 168 520 289 180 18 W
462 do. Ct Dn-1 Hi-a HI-b 2.8 114 241 532 316 168 201 W
469 do. 212 120 228 529 264 200 204 W
488* do. big grain 2.6 116 305 581 327 178 234 W
ws-5* do. st-1 214 129 169 503 263 191 187 W
ws-15%  do. si-1 wzx 0 128 145 514 259 198 180 W

1) Abbreviation of characters: AC; Amylose content, PC; Protein content, GW; 1000-grain
weight, L; Grain length, W; Grain width, L/W ; Ratio of length/width, T; Grain thickness,
C: Coloration of pericarp (W: White, R: Red, YB: Yellowish brown, DR : Dilute purple,
P: Purple).

2) * TInbred derived from the crosses between distantly related strains.



