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Abstract: Selecting individuals with improved genotype is important in breeding practice, while predicting superior
genotype is the basis of selection. An i lized F, population in rice ( Oryza sativa L.) derived from F, hybrid between

Zhenshan 97 B and Minghui 63 was used for QTL mapping on grain weight per panicle (GWP). Based on the results of
QTL mapping, the genotypes and genetic effects of superior lines (SL) and superior hybrids (SH) in two different
environments were predicted. Results showed that a total of nine QTLs controlling grain weight per panicle were detected in
two environments. Epistatic effects were largely contributed to GWP as well as QFE interaction effects had an impact on
GWP. The genotypes and genetic effects of S and SH in the two environments were different. The genetic effects of the
predicted SH were the highest in the two environments, so SH could fully bring out the great potentialities of GWP. Nearly
a half of QTLs of the predicted SHs in two envi were | ygous, which implyed that heterozygotes at all nine loci

were not always advantageous for performance. The paper also mainly discussed how to obtain SL and SH in breeding.
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SRR T Fhoc B b, 1R QTL & {7 i LRl WF 9T 5
AR B BT MR R LE W
97 AR A N 22— J& QTL & 1 15 3 (¥ it 1%
i AR BRI S TR L. BA QIL &
v il 2K A5 4 MR A9 QTL 47 58 5 4% L K /0N %5 F
R IR RS RE AW S
Joe e A it A% A B, 0 4 O ek DY K A5 R T E AR
AR R . P, BE AU QT S 37 A WF 5 AR 137 FH
PN RP AT A QTL & L5 R i S mli b3 — 2
U RS2 BT, 45 1 GRS B AR T R IR A M
e 8o

A 9 %t 7K SRR T HEAT T QTL SE 4%, I AE
HHERE FPEAT T Bt Bk & (superior line, SL) #l i {2
Z4 0 (superior hybrid, SH) (9 FU , 45 7 HL A7 e 3t
B QTL 2R IFHie T 7E F F b KA i AR
He R R i I AR o

1 MES5HE
1.1 B

HAT 241 M0k R MK RS T 4L A 22 & (RIL) #EE
fiE T2l 97B x Ik 637, th 4 b £l K2E1EY)
WA R R RS K RS, BT
RIL BFAC S 7 40 & 221 AN FRICAL 81 % i
AP B A RE ALK R 1 796.58 M, ABFSE
WX 241 Ak R BB ST B A 2, 2EAT 219 BE AL RS G
WA 240 SR AE M F, e, AABRKA F,
(Tmmortalized F, , IF, ) BE {4 , 4/ 2 A 9% (19 L 50 44 ko
1.2 HiEk®E

1999 4E A1 2000 4F 43 51K 1F, BEMA Y 240 4~
A VR R0 R T 7 T A2 AR 5 A B R 2 B 0 1
Yoty R SHLIX AR R 2 KEL, &
BT S A 19 AR .6 H 16 AR, EKEH

T L 5 0 () — AR I b RS A B 4 T
o AR M ] 8 A 5 5 P ROk 48 N RORL TR 5
PR o
1.3 QTL EfL4#r

KB IF & 9 QTLNetwork-2.0 4 4 (http://
ibi.zju. edu. cn/software/qtInetwork/) , XK G IF, iV N
{980 RORE T MR B AT QTL & 47 40 Mo 38 26 T
Henderson J5 3 [l 9 F K3 5& , xf 26 PR 20 oF A7 — 4 41 4
B E R QTL YA M — 4 H AW vk, R
Permutation K& 56 77 ¥, HURF 4 26 A 4 H1 46 00 8 3%
AKHECP)BE R 0.05, 5 f5 # K il 1 4 BT A QTL LA
REAZ A EALvE B AR A S — 44 QTL #EH
(full QTL model) 1, A %& T Gibbs il ) Bayesian J5
A B AE R B QTL i fir 45 5 JH w5 Ji 91 451 e
T
1.4 S QTL EEB R HBEAERETMM A %

MR QTL &4 1 B 2 4F o RORE T () ik 1R 4k R
(R4l 7R ) g5 R 2% o 0 8 4% 28007 1 B L QTL 26 B
R, f QTL RN AE AT AL 55 s i A1 QL 4k A A 41
A B S A% RN L, 0. L B e 1 A DR R AL A B
Jof AR . 5 B8 Yang Fl Zha' " $ 10 07 3% B
i, 38 3d QTLNetwork-2.0 %4 i 4 fh 3% 4 784 i
BEPL(Quick SP) 32 B ATl iZ 5 .

2 GBR545H

2.1 QTL EHL5#7

2.1.1 QTL# %% X4 QTL Wi P { <0.05
i, KA QTL F77E ; Qi SR &R AL #2 18] I BE /N T 5 eM,
B INE R R —4 QTL. £ QTL &Efi /M5 ,
W) 9 AN il K B S ORI FE 1) QTL, R kAT T
MEM L (WL 1) X 94 QTL A HA7EH 2.3.4,
6.7.9.11 Al 12 FeYe a4 b 1A W AR L X 8] 14,

R1 KBRAMNE QITLMEINSESR

Table I Identification for QTL controlling grain weight per panicle in rice
B o 4k pRic X 17 ¥ QTL fir % R ik PRI X ] {i ¥ QTL fir &
Chrom. Marker-interval Pos. QTL designation Chrom. Marker-interval Pos. QTL designation
> RM0-RM213 8.0 Gupa-1 7 RZA71-RM70 40 o7l
3 G144-RG393 8.0 Gup3-1 9 RM215-R1952b 4.0 Gup9-1
3 RG393-C1087 4.0 Gup3-2 1 RM20a-C104 7.0 Gupli-1
4 G102-RM255 3.0 GCupt-1 12 €732-R2672 1.0 Gupl2-1
6 R3139-C952 3.0 Gupb-1

* v 40 47 A RL QT B T A s 1 X 1) 2 S A 1Y) A4 S, 904 H oM

* The position is the genetic distance of QTL from the left marker in the marker interval of the QTL located with unit of genetic distance as centi Morgan

(eM).
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2.1.2 QTL 4% £ 3k & 4 47 4 1 7K R OB
WY QTL A4 2N WK 2. Gup2-1 Fl Guwp7-1 M
AL A5 X BAT RO () 5 RN (d) , 00 18
A7 AT B, 8 B S A4 AT ) A5 R PR 3 ok B R
AMAZA, fEX 9 AN, A 4 % QTL AL 4%
(Gup2-1 F Guwp3-2. Gup3-1 F Gup6-1 . Gupd-1 F

Gup9-1 VA B Gupll-1 Fl Gupl2-1) F A7 b {7 ¥ &L,
AFEIM x I (aa) I x & (ad) 5 x 5 (dd)3 F,
Hep 3 xf QTL RABRAME x & LB . M
F 2 AT LAA b RO kg o B T PR R TR
BMIER

F2 KBPRMKIE QTL Ml ff TR HH
Table 2 Genetic main effects of QTLs for grain weight per panicle in rice

QT QTL, a} d; 9 4 aaj ad; da, dd;
Gup2-1 Gup3-2 ~0.105" " 0.312" 0.645° " "
Gup3-1 Gupb-1 0.305" " *
Gupd-1 Gup9-1 -0.303" " ~0.365" " "
Gup7-1 Gupl2-1  0.160" * ~0.014"
Gupll-1 Gupl2-1 0.167°°°  -0.140" "  -0.100"

*QTL, A0 QTL, S48 1 4 4 10 5 180 14 4028 o S ) IR 0 QTIL; " a0, FId, 53502 QTL, MRS AN @ AR 5 © aa; . ad, (day) Bl dd, 5} 51
7% QTL; F1 QTL, Z @ E 0 x Bl & x i x BHE x 8 EAERR; " 7" #0743 512%7% 0.05.0.01 F1 0.005 8 ¥F K.

“QTL, and QTL; arc a pair of putative QTLs in genetic model for two-dimentionsl search; * a; and d; are additive and dominance effects of QTL,,
respectively; < aa; . ad; . (day), and dd; stand for the epistatic effects of additive x additive, additive x dominance, (dominance x additive) and dominance x
dominance between QTL; and QTL, , respectively. *, * ", and """ denote significance at 0.05, 0.01, and 0.005 probability levels, respectively.

2.1.3 QTLx ¥ ( QF) EAF # & 4 #F Xt 2 4
1 B RORL T MR B HEAT T QF IR BE HLME 4 b7, 3
G RGS T3 b, SRR A 1999 A K E) 7
A QTL AF £ QE HAE RN ; £ 2000 4, 1 [] B 46 )
FN5X 7 AL SAFAE PR BE B AR ROV H e B, K
5F QTLAFAE IR BE ARV . BTl 21 QTL (¥ QE
HAEROS AL INYE x IR BE (ae) NN x 358 (aqe) |

L, FE T AF op 2 SRR W B LA B x PR AR RN
(de) ) QTL, 7E 1999 41 2000 4F 1 , 4H % B £37 £ 1)
QF 545 B0 K /N B A B2 30, Oy 1) M 2, — IE —
o M 3 AT, R BT H M R0M G RO T AT AR K
P ), S RIORE T 7 A [ 04 45 003 op & A7 AN [) 1 388
FI E AR XS T 38 £ 3 ROV R A, FRBE LA RO
Ih—,

T x 55 (ade ) F1 4 i x 3885 (dde ) 4 Ff 1A%

£3 KWLRMNE OF HEMN AR
Table 3 Prediction on QF interaction effects for grain weight per panicle in rice

Py
rm.fm QM oT; aiel diey aen diey aaye} adye, dage ddj
1999 Gupa-1 Gup3-2 ~0.126" ~0.327°
(h=1)  Gupd-1 Gupd-1 ~0.429" " "
Gup7-1 Cupl2-1 0.035°
Gupll-1  Gupl2-1 0.075°  -0.150°
2000 Gup-l Cup3-2 0.115° 0.327°
(h=2)  Gups-1 Gup9-1 0.415° "
GCup?-1 Gupl2-1 ~0.035°

Gupl1-1 Gupl2-1 -0.074" 0.146"

* ae, Mlaje, 53 BIFRRAETREE b o QTL, F QTL, B M¥E x FHE AR s dies M djey, S3 HEAEFRHE b b QTL, H0 QTL, i) 8 1 x FRHE AR
I " aage, «adye, (dage,)F ddge, 53514 aa; . ady, (da;), dd; SERHEh B HAEBRL. © 7" 80" " 451K 0.05.0.01 1 0.005 & %tk
¥

* a,e, and aje, are additive interactions of QTL; and QTL, in the h-th environment, respectively; die, and dje, are dominance interactions of QTL, and
QTL, in the h-th environment, respectively. * aage, . adge, . (dage,). and ddye, are the interactions between aa, . ad,. (da,). dd, and the h-th

environment, respectively. * Land """ denote significance at 0.05, 0.01, and 0.005 probability levels, respectively .

2.2 @&t QTL HEHHR
T 26 QTL 53 41 H7 K 0 ) s ) 30
BT QTL A OR A5 5% th FF AT QTL JE P 4l &

A A RO o o 3 A L e 8 £ A
B R A P R A A o B, AR E S TN o T
BT A dee bR R A5 AR A B 7 SRR QTL 3
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& E80% (a  d .aa .ad Fldd) FHERE I B T ¥ i
iﬂiﬁ[}ﬁfi‘:(geneml superior line, GSL) F1 3% 3 4% 11 2%
Ff'(general superior hybrid, GSH); 7 #b, &5 4 Br &l
FI QTL 9 FREE 1A 188 14 24V ( ae . de . aae . ade Fil
dde) LHW TR 5] 45 6y B8 B 5% 0F R i Bt Bk R
(superior line, SL) flfg ff 2% Ff (superior hybrid, SH),

TR £y Y 3o 6 dye A2 A P RY (42 4% GSL Al GSH LA
B REL T (9 SL 45 SH) BT % I 4 38 14 %4 07 14 51
P4, BT HE, R EBHR T A EA P,
AP, LUK ¥, AR FD (LR 63) 75 2 4F o S RORL A6
WAL ROV AT . WTRAA WL F, ARA R (AR 63) A9 Bt
FRNAFLAE 1999 4F A1 2000 4F b 3 K F AR A,
LI L AT 0 1 2 R I AL X 5 2k 7 s B bl AR
63 TEFURIDR T 1 H A B0 1 8 SR L B B, X
AR RORL T L R A P IS A 7EZE L 2000 4
BR8240 F Rk, i R A P, WGE & AE 2481 1999
AR A BE R R AL, F, £ 2000 4F ) a8 15 %800
i T IEAE 1999 4F o () 388 £ R i {8, L) F, S5
FHAE 2000 4F i BRBE A AR R RA. 5 1999 4F, B fk
R FR (SL) 1 388 2 8007 8 B 3 DK S AR 1 3t 2 28007
i, {HAE 2000 4F , 33t £ RN A 20 5 56 4 P AL,
FRWITE 2000 4F IR BE b, A P g W] AR O g £ B
o TEWTAE S d5c DR 2 Rl (SH) 38 £ 2800 {8 1 W) .
SLAIF, o Hstal W, Bi 47 QTL £ & 2 A R A&k
JEAEAIRAS  HBAS R S R e

Fd4 KBEMNEN P, P, F, .GSL.GSH.SL

F0 SH #) i 15 3% B A T

F
=

Table 4  Prediction of genetic effects for P, , P,, F,, GSL, GSH,
SL and SH for grain weight per panicle in rice
Entry ¢ G+ GE, G+ GE;
P 0.221 0.205 0.227
Py 0.113 0.279 -0.042
F 1.083 0.327 1.625
SL 0.432 0.668 0.227
SH 1.588 1.370 1.857

4G FR W BBV, G + GE, 5 G + GE; M 310K 1999 4+
152000 4F i) SR E B0 . BEACT G0 2,183, Py ERAE R
HRUr 50 2.287 0 2.470, 1 P (R K KGO0 43 5 h 2.493 A
2,133,

*C indicates general genetic effects. G + GE, and G + GE, are total
genetic effects in 1999 and 2000. respectively. The estimated population
mean is 2.183. In the two years, the phenotype values of Py are 2.287 and
2,470, respectively; the phenotype values of Py are 2.493 and 2.133,

respectively .

A T 388 A2 800 A/ A% [ B, S8 B T GSL.SL.
GSH Fl SH 1 QTL & P %) (QTL genotype, QG) , il #l]
G E S, RPMIEEE QQ TR H— L s

LA B EA Py, gq R LA EEA
SRR EK A Py, Qg W FoR K — 7 WAL
HHEAHIKAE P 5 P, BEEBR,SLAY QIL B H
RULEX AR I IR BE S A R R AR, 2 5 £
KIAE Gup2-1 £ 45 1, 1999 4F Gup2-1 fi £ KE P %Y
1 qq 10 2000 4EE1 N QQ o {E 4T B A9 L, 2000 4
o SL BT A QTL AL A 2B Q5384 P,
B R RS — g S 38 Sk AC P, I W] 4 S 2000 4F
BRI A SL, X 55 i 178 A A KON (8 4 T A 5 SR
—3, 2 4FH SH i) QTL 2 R b /L A H I 9,3 4
QTL( Gup3-2 . Gupl1-1 F1 Gupl2-1) ) K P WY A7 1 2%
So WS WA, LB R GSH & W 4E 9 SH, I
WA MR AL A . RIS AR IR AR A
¥ SH U X S 4 6 43 ) A SR

3 itig

i FuEaRcR A 9SPSR
I G 0 T e S T 4 X & P g
i A Bt PR PR R AR, 43 i Bl Bl i
AR B g S5 Bk K PR R Y E B ok R R T AT
B o LB FHRICH BY B BRI, 3 SR W E HGH A 4
1) B R Y A S S AR ) B DR Y 00 B T B DR Y
T A 43 F PR IC 4l Bh e B0 R4, B,
AR BIF 5 1) d5 £ B 7 () 5000 4 oAy SRR 7R 4 43 A
04 BhEE R W Ay 1),

QTL & {3407 & B , - {07 ¥ J2 4% 1l 7K A o BlRE
WA S M — N EERB LA S XL Yu
4R Yang % BT R B Hi, RE
QTL 43-Hr i 22 Wt b {37 M 80 17 4 2 §86 i 31 95 £ 3 R Y
MW, o iE B B AL FELE 2R F (AR 63) 7E
RN T R B BERR ., Bk,
A ROR K AR BSR4 iR
o WT QF H ARSI 7 5, B 14 0 OB & 75 A
[FEREE (403 ) P R R B AF 7 W B 22 5,

AFEFEEFFEA P, Fl P, F, . SL 5 SH %)
FEROVAE AT 5 H B ST, P R R R
WHMBRGER e T MOE B, i SHK
AR T K F F, (AR 63) , [ B s 8 & 1% T
IF, B AR AR — Ao X AR ALEE BT AR 63 7E
BRI T J T AT AR K A 5 R s 1] T L % W e
X 240 A F, A Fh ok B 1 2 IR UF 0 A% R 05 48
AAY RS R, 72000 4,SL 5 P, ikt
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RONARLAR R AT, 338 W1 A 2K L 2000 4F 1) SR BE 2% A ol J3 AL S G IR 1 8 ROR
P, U JC K K M B0 =5 ), B 75 e & 26 9 15 K O
®5 KBELMNEH SL.GSL.SH M GSH ) QTL X HF
Table 5 QTL Genotypes of the predicted SLs, GSL, SHs, and GSH for grain weight per panicle in rice
GSL SL GSH SH
QL 06 Q. —— %€ QTL QG QTL - i -
1999 2000 1999 2000
Gup2-1 0 Gzl 00 Gup-1 0 Gup2-1 0 04
Gup7-1 ] Gup7-1 Q0 [ Gup3-1 Qq Gup3-1 Qg Q
Gupl1-1 0 GuplI-1 00 00 Gup3-2 0q Gup3-2 @ 0
Gupl2-1 00 Gupl2-1 00 00 Gupd-1 Qg Gupd-1 w w
Gupb-1 0 Gupb-1 0 0g
Gup7-1 0 Gup7-1 Qo 0
Gup9-1 Qq Guwp9-1 Qq Qq
Gupli-1 Qe Gupll-1 99 0
Gupl2-1 % Gupl2-1 Qg 00

*QQ Flqq A HRFEA P, 5 P, 9 QTL AL,
* QQ and gq are QTL genotypes for P, and P, , respectively.

B gE 2 W1, AN () 4F 5 35 B8 o dic 10 3 D R0 TR
9o PR, 76 AS ) 1 3R 85 F % 88 5t AS TR B9 QTL
PR R R T BRI WG R . SR BT B T i
Ky R AR 3 5 — A R
SEM R, i BN A B A9 GSH A SH KL R Y A]
I A A 0 B B (6, X5 Hua 2 IOBFSY
ZEHH 8

775 b 9 B b, T R 405 dok £ B PR 7R T 0 4 g2t
ME BIE G A FhRici B e AR F B, 1
I A fh Sl bk R di 3 S AT, HRDRLTE
GSL 1 1999 4F e SL (1 K PRI AR5 55 4 P, () 36 PR Y
MY, HA B B4 P, 18 Gup2-1 437 &5, ) 4 P 7Y
Befie Hy gq {8 0] 3K 4% GSL 45 1999 4Fh i) SL, EH
Fep  ul ek P 5 P, 438, JFHT P FE A [ R A
HLEIR RS B A T ARG H B B R R R A P
Cuwp2-1 {3 S K F BN qq , 3L 7T 3K4F GSL 1 1999
R SL, 2000 4F 1 SL Y QTL A& R Y IE 475 Sk A
P, (3 R AR ], B 0 W) BB P A AE 2000 4F 3R
B F R SL. 1999 4F ) SH 47 4 AS4lA B,
o1 3 A7 45 ( Gup3-2 . Gupd-1 ) Gupl1-1) f) K& K %
YN qq 1 55— A 46 A 85 ( Gup7-1) i 35 Ry
QQ. HRhEE B e RIS A 5 81 38 ¥ 7 %, O [R] B
LA F AR B0 TF B KR A P 3 M
£1( Gwp3-2 . Gupd-1 T Guwpl 1-1) (I IEHRIFE N gq,
SR I R AR B S oK SR AR P, 1) Gup7- 1 A mi R
BN QQ, GG M P, SHMEIS M P, 2%
A B AZA A F, B 2Bl 1999 4F R BT 4 14

T SHo SRS 7 2t m] LA 45 3 26 481 2000 4F
AR SH, HAb, ol LA R 2
97B x Wit 63" 7 4k i 9 RIL BF (& F1 IF, B¥ (& 2L ab
AR LA A 1 43 7 B i i TR A 47 0 k5
Lk BE T SL M SH. H & B 14 op 25 A 1 i &5 4
QL At PRI U 445 2 oK 0 9, 75 5 6 I L 4 7 s i
PR S 4 QTL 2L A, PR 4 T HRic B Y 5 QTL
S PR IR 52 4 % [, 0T LA I o8 R 0 ok 7 R T i
SRF —E MR o T L, di R A B A 1 L
A BT R T T R R e RUIT R BE R 4 43 F AR
TR BN T R ER, IE A0 At A WU — L A
TF 95 WU A9 A5 300 R A 1 T 46 8 R S8 B g 45 I X
HESE o

I A TR 7R % st e A L £ L 4 A B T
QTL 5& L4 Hr A9 25 5, B L QTL & {3 ) m] % 4 & 4%
S B 45 R 0 T ST L QLAY o A 1 2
I {1 1 DR 7R R a8 A 0N, L oA LI A T4 . ACF
5 B R 9 QTLNetwork-2. 0 24 & 78 H i 7 I 88
JTZ 1 QTLMapper 5 {37 5K {4 (1 26 Rl 1 & J R e iy —
TR 00 3 LA, 76 52 6L SR M 5 5 DR JE 55 T8
AR S, 4 By T4 8 QTL & (0K 5 B 45
S A R

4 %Kit

FE“Zil 97B x MK 63" B fi 4 1) 1F, B (A A
BF) 9 A # RIORL T QTL, I 7 A TEE IR BE
AR . G5 SR, b R K RS S BB TR
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B % BT KRS QTL 5 37 5047 T 0 ¥ o 735 2k 1 7Y 1861

WAL - AR MR s, BT QTL E AL
59 Bl i 7 GSL.GSH.SL 5 SH fy QTL & A %Y
R G AR RO . AS TR BR B S RIORE T 7 i P Pk R
(SL) 5 e A A el (SH) 19 S8 PR 7R K% 3ttt 4% 280 07 A1 J AN
[, 2 A FREEr, SH Y 388 A 2400 0 # E Jie
9, P, 5575 SH O AT B T 42 4 90 BlORE T () foe K
Wl 94 QTL & R 24 A sk 4 M4l A ¥ AR St die Y
PR, BB SH AT 2K QTL 46 A AL
W, e DR R R i U8 R A3 T ARG B R RR AR I T
Jrinl. AETE AP b, AR WA B0 49 QTL AL A, R
JHAF T bR ic il B v 86T Boke 47 314K45 SH A SL.
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