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Analysis of Embryo, Endosperm, Cytoplasmic and Maternal Effects
for Amylose Content Trait in Indica Rice

SHI Chun-Hai CHEN Guo-Lin ZHU Jun ZANG Rong-Chun WU Jian-Guo
CHEN Shuang-Yan

(Dept. of Agronomy, College of Agriculture and Biotechnology, Zhejiang Agricultural University, Hangzhou, 310029)

Abstract Analysis of embryo, endosperm, cytoplasmic and maternal effects and environ-
ment interaction effects for amylose content (AC) trait in indica rice (Oryza sativa L.) was
conducted by using a full genetic model for quantitative traits of seeds in cereal crops. It was
indicated by the results that the genetic main effects for AC trait were more important than
the environment interaction effects. The main effect was endosperm effect in genetic main ef-
fects, but the cytoplasmic and maternal effects could also significantly affect the performance
of AC trait in indica rice. In the environment interaction effects, embryo genetic by environ-
ment interaction effect was more important. This result showed that embryo genes could af-
fect the AC trait, but the expression of genes could be easily influenced by environments.
The common narrow heritability and narrow interaction heritability of AC trait were 33.50%
and 16. 16% , respectively. Predicted genetic effects for parents indicated that 26715 and
1391 were better than other parents for improving the AC trait of rice.

Key words Indica rice; Seed embryo effect; Narrow heritability; Genetic effects; Amylose
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AT 3°A A, 03 1°AA, 0j3 1°A A, Tp%ACA A, V,, A, x+5A, 04EC 97A °T 5 ,681D1»0, Ty
(R): T49, 2a0¢ 2-2, 26715, 102 °1 1391, 1994 AGAGOAETES2»0yTu, +£30TuCl»0, Tuha3E2»
T8E«E«ADOO%» (9 X 5) , »ApAly -~ 1%»00000» G (F, T RF,). 1995 Aé°T 1996 A&OgYdk - 0+d%«Cx 2%
F, °I -"%» RF, 00020004a%-Ao0p " 6NSEuNEA©3; . 4 OA 2 °A2¥00, 5 0A 2 °A0E00, p¥+%2a, PDOe%a
T2 20cm X 20cm, ,+DjCe00 24 08, 3 "TO@, . 3EEiE+ +DjCoE¥3y+RDD, Ej0PYUa 8 08 F, »0 RF,
0208 ETuAx0%»00x0 (F, »0 RE,)CICx+%00%x0, 00%°pt 100%» F, ©1»@%» BC, (A X F,)00x0, 2E0A
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2EQACT1EAAx+THO0OX0Ey A DOX” EL¥%UEYOR "« AEDTYH® -0T6 - -1, AGOAEA” GALHUEY TAEAO+A”
ui -U0-A; PAARYODO - 12T (V 50D . ARTODO -1%2T (V1)) . ABEEYUODO -%2T (V). AREETODO -%2T (V) |
T, °00E-%2T (Vo). A, T&%0P0 -%2T (V). A, TATODO -%2T (Vi) . ARYODODEO! X »- U3 »¥x+ -%h2T
(Vo) + ARTODODEO! X »- U@»¥x+ - 12T (V) . AREEYODODEO! X »- ¥3»¥x+ -%2T (V) . AREETODO
D8O} X »- ¥B»¥x+-%2T (V) T, °00EDSO) X »- %3»¥x+-%h2T (V) A, TAUODODEO}) X »- Y3 »¥x+ -1
27 (V ) A, TATODODEOY X » - U3»¥x+ - 12T (V1 )% »UTO -%2T (VO PE 15 TT-%2T, 2¢LAEZAEO+A”
Ui -00-A¢ JAAROA” «AE (h%,) . AREEOA™«AE (hZ.) . T_°00EOA «AE (h2). A TA0A «AE (hZ.). AB»¥x+
OA"«AE (hZy) . AREE»¥x+0A"«AE (hip) . T, Q0E»¥x+0A"«AE (h2p)OTA, 18»¥x+0A" «AE (%), T
E+2E0Ap=+00TPA«Or2a - (Adjust Unbiased Prediction, %03k AUP -7), 022aAR%0D0PE0O! (Ao) .
AR EE%0DODSO! (Ae) . T, °00ERSO! (C) . A, T&%ODODEO! (Am) . ARY%ODO»¥x+D§0! (AoE) . ABEEYO
PO»¥x+D80 (AeE) . T, °00E»¥x+D80} (CE) . A, 18%0D0»¥x+D§0} (AmE) ., ,0u%Y0n2a0upA~6Djel
%10, FAADCx+%pAOY00%00u, 2E0A Jackknife EyOu3eN0Y%EG N0, +EA™ 1A%%IEYaDD3ENN, YAEE  +
1927 -0A; . OA” «AETAYEOUCTOA” «D§O! 0n2a0upA+E X116,

E«2; EONEEy¥%YUAOEEECT -0T60U IBM PC T¢»UET%@DD,
2 %arate-01o
2.1 Cx#%°T00%»xé°TOPp¥Ax 0+ A" ut -U°-A; pA+i TO

+7 1AD36AE14,6Cx %2145 ,6x€°T2» [-EA QA psAx O+ A” ui -00-Ag E% %0 O0p ol xT 6 0p0e xThj

A R 2T EV “O0P;END; ~ 36 EO2A AT _ IR A N p N I,
OMPAZTEY, "00B¢EQ0¢” S01OR0ZAAT i\ 1y Goxanol 45 6x60T <BAGOEA" i -09-Ag (%) pAEKHA=TT0BT O

0®%a” 20U XA%.l.'éuAOiA’ Lll’ . Uo"ALZT Table 1 Phenotypic average value of 14 parents or 45

01, 1995 Aé°l 1996 Aé 14 L OCx YA crosses for amylose content (%)

O+ A" pui -0°-A;2T01 4 -0 -020 T2 Ae-Y Year Cxi% Parent  F, F, RF, BC,
28.13 °1 30.16% . 3y 1996 A8Cx+¥ 1995 28. 64 27.66  29.67  29.40  27.08
N I
AéOBla, Eakl,+EATG0U 1996 AépA (30.16)  (9.93)  (18.79)  (17.53)  (13.48)
WAXO+A” PT -09-Ac %7600 1995 A8, x¢, A-oRRUEYXOTA 14 6CxHw0 45 0xE0TODAXOHA Ui - 00~Ag xT
COXT~60u0ExTDj OppA2TEY 020D xAKT “60u08xTD;} OppA=TEY ,

62701 , EHA—OiA, IJl’ . Uo‘!A(', UAil’lo The numbers in parenthesis are the differences between the maximum
OUZ» i-Aé-VOp0oD XAl/leépAzTO‘I . 00 and minimum for amylose content trait in 14 parents or 45 crosses.

“E, 0p+00290¢00F0+A” ui -0°-A; +T TOpA2» T-0A "« TATUPA»U 00 0+D§ 0 OT » - %3 »¥ x+D§ 0! %gbp -0
To,
2.2 pUAXO£A" ui -00-Ag pA - 42T -0A; pATAEA

+i 2 %4107 A+0R" «0+D80) -%2T (Vi =V e+ Vi + Vact Vi F Ve F+V a4 Vi ) Ol - 93»¥x+ -
2T (Ve = Ve + Vior + Vae + Ve + Ve + Ve + Ve ) <048 0% 0A "« %27 xUAg pA 68. 1%°1
31. 9%, EpA+ptAxOxA” ui -00-A¢ pA+i T00+02EUOEOU»U00HAOA " «0+D§O! , »- U3»¥x+D§0O! T0£40°
Ti%IDj, OUOA «0+D80ON 0D, (BOEOXA ui -U°-As uAOA «D§O' 00AREEDSO! T20+, FAAREEYODO -1h2T
OTT0D0 - h2T (Vo + V) 0% Vi pA 74.84% ; T, °00EDSOIOTA 14D§0! 100+A™ pi -U°-A; pA+i 10020
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A=T00°Ti, "E%a100800C° uAEONETaRI, u«T 2aphARDSO! 100+A" ui -0°-A; pA0°Ti, 007 E, AR
E€OA” «D§O EC BORUHAX O A Ui -UC-Ag uAO+0200ED, OU»- %3»¥x+D80ON 0D, +%EONE-¢TOTh+T14AR
»U00DT X »- 43»¥x=D§ 0! EdxA0002x+0A, AR%ODO»¥ x+ -%2TOTARTODO »¥ x+ -1 2T (V s + Vo ) OV
VeelA 59. 67% , “EHATOEPA= 2T TAAR»U00 ¢ E00 ¢ @O p%AX O+ A Ut -U0-A; pA+i 10, p«d+02ECiT0
T2AR»UOOPA» - 43 »¥x+D8OY, % Tp+NT1aAR»U00 T TEYOXEUh» - %3 10%ppAd°Ti, A, 18»- ¥3»¥x+D§
O 0p%AX0+A” ut -0°-A; pA+T TO020D%T “6x+0A,
12 OA"pi-09-A; 08" «D§O} OT »- %3 »¥x+D§O} P - 12T - 0A¢ LA%EON
Table 2 Estimation of variance components for genetic effects and genotype X environment

interaction effects of amylose content trait in indica rice

218y Parameter -%2T Variance 218y Parameter -%2T Variance
ARY%OBO -%2T (V a0) 0. 00 ARYODODEO! X » - ¥3»¥x+ - 12T (V por) 6.87"*
ARTODO -%2T (Vo) 0. 00 ARTODODEO! X »- U »¥x+ - 12T (Vior) 6.72"
AREEY0D0 -%2T (V A0) 14.68% AREEHODODEO} X »- U3 »¥x+ 12T (V k) 0. 00
AREETODO - 42T (V) 21.71" AREETODODEO} X »- %3 »¥x+ 12T (Vo) 0. 00
T, °00E -%2T (V) 9.91" T, °00ED§O! X »- ¥3»¥x+ - 92T (Vep) 0. 00
A, T&%0P0 -%2T (V Am) 0. 00 A, T&%OPODEOY X »- ¥3»¥x+ - 12T (V i) 5.01F
A, 181000 - %2T (V) 2.32" A, TATODOBEO! X »- %3»¥x+ 12T (Vipp) 4.18% "
»UT6-%2T (V) 2.05%*

ool x x 03127 TPk 0. 10, 0. 05 °T 0. 01 TOOGEREY,

T, % and * * were significant at 0. 10, 0. 05 and 0. 01 level, respectively. Va,=embryo additive variance, Vp,=em-
bryo dominance variance, Va.=endosperm additive variance, Vp.=endosperm dominance variance, V¢ = cytoplasmic
variance, V am=maternal additive variance, Vpm=maternal dominance variance, V r,c =embryo additive interaction vari-
ance, Vpor=embryo dominance interaction variance, V. =endosperm additive interaction variance, Vp.r=-endosperm
dominance interaction variance, Vcg=cytoplasmic interaction variance, Vamg = maternal additive interaction variance,

Vpme =maternal dominance interaction variance and V.=residual variance.

+ 3 OxA” i -00-A; pATAOROA " «AE (%) -0A; TAVEON 2.3 AR, AREé. T.°00E
Table 3 Estimation of narrow heritability (%) of i iéOA’<<AEUA1AE§
components for amylose in indica rice U

2TEy OA” «AE 2TEy OA”«AE A A N

1, o
Parameter Heritability Parameter Heritability ExEU H/ZAEAG > AB Ee. 1 - U
AROA” «AE (h2o) 0. 00 AR»¥x+0A" «AE (hEor) 9.35% " OE®l A, |5>>UOOOA’<<D§O: 00
_5BE§.(EA;&<<AI%ShF;(~> 20.01* ._Z\BE?))A¥X+OA;(AIEA(AJIEPE) 0. 00 1%°»- Y3 »¥ x+D§ O pAO° 1T .

SQOEOA” «AE (h2) 13.49°* T, °00E»¥x+0A" «AE (he) 0. 00 e aama a zaa

> > 1 F5 - ; 1

A, 180A" A (A 0.00 ABOA AEhb) 6,81 EEATAGROA” <A EQ0HR0»

% % 1277k 0. 01 T00gERAY, 24Co - OTa'l'é.O: UA/EO 170"«
¢ % was significant at 0. 01 level. A —ecmbryo narrow heritabilitys Az —endosperm AECT»¥x+0A”«AE-0A . OF
narrow heritability. h# =cytoplasmic heritability . h#n=maternal narrow herita- OUOAA%2¢ - OTAO&OA” «AEOU
bility, h&or=embryo narrow interaction heritability, h&.e=endosperm narrow [ Ofi (’)y 000D % E(; 0PD§ UA s
interaction heritability, h¢g=cytoplasmic interaction heritability, h&me=maternal 1E:U%Y/EO 17 0A” «AEOT »¥x+
narrow interaction heritability. OA'«AE HA’éDi X (,EOOVZIZI O»
2pA+E- + 60A"«AE-0A; OUxUTAOA0A «AEOPPATAT00802D0, 00A0OUTA RN;OROYOOUADSAE, +i 3
%a10xiA+, O+A" ui -00-A¢ AR T OA” «AE (hi = hi,+ hi.+hi+hin) CT»¥x+ 08" «AE (hE = hioe +
hiee+ hée+ i) -028T2 33. 50%°1 16. 16 %, EOT70A"«AE02A=T0 6 0U»¥x+0A"«AE, 1EO+A™ pi
004450025 T-»- %3 16%p TAPAOA” « I TRTET ", OEOUXUTAOAOA™ «AE (hf+hée)%IDi. T2 49. 66 % .

LEQUN; 00y 000p000D , REA" N OAT2CA, UTEA"aNj 0R2»0xEjpAATTEDS0, OUAOT OA «AEOD, AR
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E€ OA"«AE (h2)°TT, *G0EOA" «AE (h2) -0+8T2 20. 01 %°1 13.49%, i TOT200AREEOA" «AET2 0+,
»¥x+0R" «AEQO£T TOT2AR»¥x+0A " «AE (hZ:=9. 35%) “60UA, T1&»¥x+0A"«AE (h%,:=6.81%).
2.4 Cxx%AR. AREE. T,°00ECTA, T1A0A" «D§OI Yo » - U3 »¥x+D§0! pAda2a

1047 2 0D Tt TOOBE@ALPAOA” «0+DEO! »0» - %3 »¥ x+D§ 0! x=1%g0» 2hpA -0T6 , ¢ EOOLATADOY» Cx
+pA0y00%00u , ND¥%ghata+iA+, P-Ca0c A, 0AAT 3°A A, ,03 1°A A, 0ij3 1°AA, Tp¥%AcCa A,
VoA, x+5A, 04EC 97A . T49 ©12a0¢ 2-2 PECx+¥»aT00806%000%»°6 " GuAd+A™ i -00-A; , £a0D
00,037 1 °A A, B-Calg A 00%°»0,” Ty T49 Ey,6Cx+%06%0phAx 0+A” ui -U0-A; pAD§O) xTT2A+ 10,
1995 A8 (G 1= AoEl+ Ae+C+AmED®T 1996 A8 (G I = AoE I +Ae+C+AmE 1 ) -048 7Tk
6.69%°1 4. 77% ., 4.75%°I 4. 43%00%° 3. 77 %°l 2. 52% (i 4), 180aD- 2 °A A, 26715, 102
O11391UE4 ,6Cx %00 cE%upul phAx 0 A” ui -0°-4A; , 199548 (Gr1= AoEI1+ Ae +C+ AmED°I

4 Cx#%0£A” i -0°-A; 0A " «D§0} 002a0p (%)

Table 4 Predicted genetic effects of parents for cooking quality in indica rice
Cx+3%(P) Gr | Gr 1 AoE 1 AoE 1 Ae C AmE 1 AmE 1
0ap- 2 °A A —1.07 —1.21 4.06" " —2.90"* 1. 76" —3.69° —3.20" 3. 627
D—CBOQA 4.75 4.43 1.43* —1.46" 0.57 3.65" —0.90 1.67"
08AT 3 °A A 4. 65 3.50  —2.87" 1.38*  —1.16F 5.567 3.12%  —2.28%
>(A)3_1°AA 6. 69 4. 77 —1.51*" —0. 37 —0.89F 6.63" 2.467" —0. 60
0i= 194 A 5.13 3.39 3,17+~ —4.03**  —0.66F 5.01°F —2.397 3.07°F
b¥%Aca A 1.79 2. 64 1.34~ 0.71F 0.99" 1.28 —1.82% —0.34
VoA 1. 15 5.79  —0.63" 1.91%~ 1.00" 2.257 —1.47 0.63
x+ 5A 1.45 2. 89 0.33 1.77% 1.77F —0.07 —0.58 —0.58"
04EC 97A 1.28 0. 98 2.59* " —1.52"" 0.67" 0.36" —2.347T 1.47%
T49 3.77 2.52  —0.12 1.17* 3.22" —1.75 2.42% —0.12
230¢ 2-2 1.45 —0.58 —1.04"" 1.21% 2.62" —3.77" 3.647 —0.647
26715 —14.01 —14.03 —1.06" 0.49" —4. 36" —7.12"° —1.47"1 —3.04"
102 —3.61 —2.55 —1.49"" 0.18 0. 00 —3.50" 1. 38" 0.77
1391 —13. 44 —12.51 —4.22" " 1.48** —5.51" —4.85" 1.14 —3.63"

L % °T % » -0£3T27Th 0. 10, 0. 05 °F 0. 01 T00gEREL,
*, % and * % were significant at 0. 10, 0. 05 and 0. 01 level, respectively. P=Parent, Gy=xU0A"«D§0} Ou(Total ge-
netic effect), AoE=00x0AR%ODODEO! X »- %3»¥x+D§0! (Seed embryo additive by environment interaction effect), Ae=AR
E€%0P0D8O! (Endosperm additive effect), C=T,°00ED§O} (Cytoplasmic effects), AmE=A, 1a%0D0OD§O! X »- %3»¥x+Dg§0!
(Maternal additive genetic by environment interaction effects), 1 °1 1 -0+30, 1995 ©1 1996 A6 (1 and 1 referred to
1995 and 1996, respectively) .

1996 A8 (G T = AoE T + Ae+C+ AmE 1) -0+812 —1.07%°1 — 1. 21%. —14.01%°I
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