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Pokkali &4 £ 76 B[ B &% 5 3% W% 7 7 5 (Kera-
la) Ml X1 5 B & B L J8 R RS 5 R (Oryza sativa L.
ssp. Japonica) ., PAEtk Pokkali A EAR, 58
Wi 97 Z4 28 P LAFE MR AR 97 (ZS97) A BEA , i
grlnl 2z 3 fCA5E] 1 e bk BC,F, . A58, 4645 172 ki
BC,F. M. 2004 4 6 H 18 H Al K2k
5o FH R AR 0 S B I R L BT 10 AR BRBE 16,5 cm,
f7HE 26.4 cm., 7€ BC, F, BEAA HL R I 5 Ghd7 %91
PR IC RM432 7850 2 L . MU 5 Ghd7 'R %
HEGI 4> THRIC MRG4436 Fl MRG2859 , % % 1 78
GhdT D244 Qphl 17 13 4l A B bk [ A2, 3k 15
Ghd7 B, TR BC, F, BEUR ik 8 Ghd7 {7 s 46
B Qphl i s 28 A BER s Qphl AL S H GhdT i 55
¥y & 09 bk, 4 WAk 3L A 32 B, g B BR
Qphl BERF Qph1-Ghd7 #EAK, 2009 45 H 21 H
AR R 2= S R R, 6 A 17 H B4k, Fid
B 16,5 cm X 26. 4 cm, Qphl-Ghd7 BRI %
35 47, Qphl BEMAN Ghd7 BEUR Sy SRS #% 15 17, &
FEFRAE 10 Bk . Sk ikt G 8 r AR 6T 8 R 2 R 5% T
FERIL T I R0 2 B 5 % B 43 T L B AR TR A
JERIA
12 HFEAE

FERIAR S 4 2 d A4 1 R, LA RR 2580
M 2 cm FE b 3l BEAR ME 78 Bk T2 2R 5 5 R AR
DA AR PR ot v o0 IO 380) b v A B S 00 S A R L R R
2 SR E 0 Y 3 B 30N » 2% 5% U A R A AT L SR B
B 1 RRISCER 1 BRI s I TR L IEE NS A
SR A OB SRR L A B TR R SR
1.3 SSR & FHRiEH 7

TE 8~9 -4, A BC, F, il 3 4~ BC, F, BE R 1) &
Hbk B3 em BrEEot i, &Pk B, CATB
PEUHRBCE DNA, SSR 3 Hr £ 5 2 I Tan %07
(758, PCR N 20 pl BRI ZR . & 20~50
ng A DNA,7E PCR {X (PTC100 5 2700 &) [-
SR 3G 4 Y6 BV M Bt e (PAGE) B8 B¢ HL
VK5 FHAR YA I
14 BKE HERNSEFAEHEREM

TEFRT N 172 %k BC, F, BE 44 bk %6 02 o i85
FRR o B 1 SRR 45 5 Bk, 55 5 DNA R A& 3R 153 & #F
FEEFF 2 4~ DNA W, B J5 4 150 A>3 5] 43 1 78

12 25 e iR 1 SSR 3 FAnic X £ A F 2 4~ DNA
W AT R F A 2 4 DNA WA 28
PERIFRIC . PRS2 bR 0 iE BT SSR Aricd %
JE BC, F, BEAR, F J MapMaker #4 £ Ja 7 i 81 51 , )
E MR E N L ) MapMaker/QTL #£47 QTL 4
Bro [RIE A X SE R0 S8 08 Qphl B KE A A, i
¥k E QTL 4081, M5 Ghd7 #H1H SSR #rid
MRG4436 Fl MRG2859 XF Ghd7 44K k17 3 [K
Yo IRl AT B = L Bl R 0 R A BB AE AL QTL
ST . DA ECE 3 (LOD) =2, 4 Sy 5 {8 2k 31 Wy Il
KA QTL WAEAE .
1.5 QTL BE1ERM 247

MM Y5 Ghd? % % % 81 ) MRG4436 Fl
MRG2859, VA K 5 Qphl 5% 3% 81 f) MRGO0339 Fl
MRG4832 Y58 Qphl-Ghd7 BERIE A, il 7 Win-
QTL Cart2. 0 544 %5 iZ BE AR A H &2 & X ) A 3%
4T QTL A5 587, A STATISTICAS. 0 i XL
] 75 26 53 M7 5 0k AT B AR 43 A, i BROPR A6 50382 1% 7
22 WA AZ ) 43 1 7 V5 P AL 3 A% O 25300 43 R
PE R S AR 25 3 EB 4y, IR — B WA
S AT 235043 R >k i < B L B X
T AR X B 4

2 ZER55MH

21 Qph1HIES

Bl 97 k5 H 95. 6 cm, Pokkali f ¥k &5 K
192.5 cm, @ T2l 97, 7E BC, Fo BEAR b, b 5 28
MR 7E 70. 0~232. 0 cm Z [H] , AU M BB . N
BC, T, B v Bk 22 A iy 125 2% B bR 4% 5 &, % 5 DNA
IREKA 2 4> DNA W, FI I8 5 2 S 4 1y 150
AFRIEXTX 2 4~ DNA #1734, K3 8 4> SSR
PRICAFTE ST B b 7 NS 1 Qe ik L L T
sd-1 BfbE . 1A F2 7 etk 5 Ghd7 %% % 81
) MRG4436, FIHIX 7 MhRic %€ BC, F, 44
PRI 78 ey s o 4 DX ] 32 0 RT3 (T 1)

BRI E OS] 1 D FRk = QTL Qphl, i T
551 Jefafk MRGA382~MRGO0339 X [a] , il 1 24 i
57,1 em, BAESOV A 30,6 cm, AT LUAE B 90. 3%
PRAAS (R D,

TE Qphl BER N, B 522 808U 43 4, L 100
cm NS KRB <C100 em 4 24 KR BB >100 em
B 70 PR, mIBRMRST G R AR R B 3 ¢ 1
3B (=0.014 2), £ MRG4382~MRG0339 X
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BRI A e 42 I Bk 5 19 Qphl. Black circle indicates the genomic
locations for QTL identified for plant height.
B 1 {ERA zS97/Pokkali ) BC;F,
BHAMESE | AN BEXRESHE
Fig.1 The local genetic linkage map with 7 markers
on chromosome 1 constructed from BC; F,

population derived from ZS97/Pokkali rice cross

6] 52 7 B BE R QTL, RN 51. 0 em, 5 PR
26.6 cm, A] LUMEBERR T 92. TU R R AU AR S [R) I
KI,Qphl i 52 B T 0 AL £, I RL N 26. 0 ki,
SRR 15, 2 k. T LDLfR B 33, 5% I R A
(£,

Ghd7 FERPR & TR 5 B AR 40 3 APk
7 I A3 HG R R R R A 2 R0 oy A, B
LA 90 em Ay AL R AR 20 BRL EBR T4 MR (=
0.694 3) ;A LA 80 d Ay A, FLAL 21 Fk, i f
73 Bk (y" =0.353 3), W B4 G A o fE R A
WM 3: 148, QTL 4t KA MGR4436 [ff
A 1A QTL [EBF X 3 AR, 4351 ] DL R
PREAE S 0 79. 5%, AR AR S5 1Y 83. 6%, T B A
B RN 56.1% (£ 1, QTL WiZ & E by
Ghd1,

2.2 Qph1-Ghd7 B R ERM

AR Pokkali RYAMERI L2l 97 3B, BRI AE
BB 97 £ (% 2) . 1F Qph1-Ghd7 BEE . #k
o R B 0 A L A AR S R B R X M A

F 1 BC,F. Bk 2 NEZ BC,F, B K QTL H7"
Table 1 QTL analysis of BC;F; and BC;F; population
HEIA AR - ER Tt AR %
Population Trait QIL Flanking markers LOD A b Var
BC;F, PH Qphl MRG4382~MRG0339 87.3 57.1 30. 6 90. 3
Qphl B Qphl population HD Qphl MRG4382~MRG0339 106. 2 51.0 26. 6 92.7
SPP Qphl MRG4382~MRG0339 36.2 26.0 15.2 33.5
Ghd7 K GhdT population PH Ghd7 MRG2859~MRG4436 85. 4 17.7 10. 1 79.5
HD GhdT7 MRG2859~MRG4436 101. 7 11.4 4.3 83.6
SPP GhdT MRG2859~MRG4436 62.4 42.2 25.8 56. 1
DPH/cm: ¥ Plant height; HD/d: i# Heading date; SPP. % # 5 K%L Spikelets per panicle; A MIPERN Additive effect; D

B RN Dominant effect; Var: Variation rate; LOD: X} 8% b Logarithum of the odds( F A The same as below).

%2 Qphl-Ghd7 NIL B A= EHRERIY
Table 2 Phenotypic behavior of double hybrid NIL population
T, A Parents Qph1-Ghd 7 #f& NIL population
. -1 % % SN
Trait 7S97  Pokkali Aileka Bﬁkﬁ %z 4j fi
Mean value Maximum Minimum
PH/cm 93.4 192.3 156. 2 210.0 62.0
HD/d 68. 2 95.1 86. 8 105.0 63.0
SPP 108. 3 202.7 177.3 229.3 102. 6

DNIL: T % 3£ K & Near isogenic lines.

T 1A BB e v R R D L R R IR B
T8 R ) 2 e 2 €, s AR RT R PR b, 2B 7 SRR o R
TR R R (2

TR 18 ke v Rl AR 10 24 5 L 43 A (L 3 A
K4, fhBIILL 80 d S At B 74 Bk A 206
B, R s, BT A 3 1 AE (=
0.304 D ARE LA 121 em R4 At bR 61 Bk, = 1k

B 2

Qph1-Ghd7 BE kIR B 22

Fig.2 Observation of phenotype in NIL population
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Fig.3 Frequency distribution of PH in NIL population
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Fig.4 Frequency distribution of HD in NIL population
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Fig.5 Frequency distribution of SPP in NIL population
219 FF AP R ERENBERN 31 405
(" =1.542 9), 5 F 550 A6 %505 I0 AT AL TF 25 19 3% 22
Gy A CEL5) o TR A B AR v R0 R bk v, 26 3
TR B R 4B BIVRR AR R 2 Ak
KA T & A ERES ., R, Qphl-GhdT
FERNAAAE 1 DRON BRI QTL &l s b1, o5 1
AR R B QTL 42 il bk i o T A7 224 45 il ik =
R AR QTL,

2.3 Qph1-Ghd7 B r) QTL iz 247

LY Qphl i# 818 47 F #5 i MRGO0339 Fl
MRG4382,5 Ghd7 #4581 MRG4436 Fil MRG2859
YE Qph1-Ghd7 FEARFER R, QTL /3 Hr & R R,

Qph1-Ghd7 BB QTL 5347

Table 3 QTL analysis of double hybrid NIL population

PEAR Trait QTL PiFEFRiC Flanking markers LOD A D AFSER /Y Var
PH Qphl MRG4382~MRG0339 71.5 40. 1 21.7 75.6
SPP Qphl MRG4382~MRG0339 13.2 9.8 3.2 21.2
PH Ghd7 MRG2859~MRG4436 19.8 10.2 5.9 28.3
HD Ghd7 MRG2859~MRG4436 73.2 13.8 5.1 80.5
SPP Ghd7 MRG2859~MRG4436 36. 3 32.1 11.4 45.3

Qph 1 7] B4 il Pk v i1 5 e 500 4 55, 7T DA fige B bk
SR 75. 6%, BEAAALLE S 21. 2%, GhdT
30 A )l A AT ke v R e AR AR K5 T LA i R A
178 5 1 80. 506, bk i A8 S 1Y 28. 300 . 5 A AL AL
AR 45. 3% (% 3),

1E Qph1-GhdT FEAE , Qphl X ¥ i 1Y THR K T
Ghd 7, HIMPERLN Ry 40. 1 em, o Ghd7 B INAE R0
(10. 2 e) BER . X TR BT AL 250000 = L 1% (0 AH
Ghd7 X H I 5THREER T Qphl,

24 BOEKESWEESH

I3 FhRic MRG4436 Fl Ghd7 2 [8] 38 14 #8512
HF0.2 MM, TESA 172 BRI BC, F, BE A HL,
Sy FARic MRGO0339 5 Qphl 4. BH L, 4
Pl MRG4436 Fl MRGO0339 (1 3 [H %1 5k 2 4L 2 A
QL 1)k R B, XeF ok e R g Aol 800 46 500 A7 01w 22
ST HE P=0.001 6 /K L ,Qphl Al Ghd7 B HAE
B E SRR (R 4D, X g R AL RO S AE A HAE
BN
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Table 4 Two-way ANOVA analysis of two QTLs

JURNTS

'E‘;{}l\t Mi‘iﬁcrs E P 22']?/ %
MRGO0339(1) 197.07  <<0.000 1 55.1

PH MRG4436(2) 16.19 <0. 000 1 7.3

(1) % (2) 4.48 0.001 6 4.0
HAETr X5
Interaction mode

AD 6.11 0.014 0

AA 4. 44 0.035 9

DD 2.68 0.102 7

DA 1.82 0.178 4

1)SSE/SST: 4% 2275 Fil 55 & F-J5 F1 Z b The raito error sum of

squares to total sum of squares; AD: Ik X &P Additive X

dominant; AA E X ik Additive X additive; DD i 1 X 5 1

Dominant X dominant; DA ; &7 X Jii# Dominant X additive.

Fie BR 57 i 384% 7 28 1B 28 8 03 10 O s, it — b
o2 A~ QTL Z iy BEAERT, kI Qphl A
Ghd7 HAEXS bR & 5 0 32 23R 90 i X ¢ (AD)
AU > CAAD BN (5,1 6) .

x5 9MEERM WK

Table 5 t-test for nine genotypes

‘%Lﬂ‘] B2 Markers SPP PH/cm HD/d

Genotype MRG0339 MRG4336
G1 12 22 194.2 A 178.7 A 99.0 AB
G2 22 22 191.2 AB 187.1 A 97.8 AB
G3 22 12 184.1 BC 187.1 A 87.7C
G4 12 12 182.1 C 166.3 AB 88.4 C
G5 11 22 180.4 C  124.0C 101.0 A
G6 11 12 167.3 D 93.4D 92.2 BC
G7 22 11 166.5 D 179.3 A 72.1D
G8 12 11 159.1 DE 149.1 BC 70.7 D
G9 11 11 151.8 E 91.6 D 75.2 D

Dl 97 FI Pokkali %4 HE P 4045 843 5130 11 #1 22, 25 Y
W0k 12 AR FRERR A B3 2% 5. P=0.05, T,
11 and 12 denote Zhenshan97 and Pokkali alleles are homozygous,
12 deontes heterozygosis. Different alphabets denote significant

difference of ¢-test, P=0. 05. The same as below.

2201

2001
_ 180t 3
~=
0 1601
L5
< 140t
E 1201 MRG4436
_E 100F Ell 7T
e sor MRG4436
i 60 E 12 7
T40r MRG4436

20 I 22

0 11 12 22

MRG0339
E6 HmMEksSERNALISEESN
Fig. 6 Digenic interaction in PH
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Qphl M Ghd7 G R 9 FFL PR A, 9 Fp 35 A Al
LR GL.G2 FI G3 WS BB £, &1
FEWIOL 2 = /D HEHF 1 4 Pokkali 457 36 AL E 1]
Mtk 22 AN B BRI m ik, G4 i G5 K
INTE I 3 25 S R AL T ORI B Rk e R B 40T A
ZARA, I8 FE R AL G4 (12/12) 18 1] /& Ak L 58,
Qphl i 5 4l & N Bl 97, Ghd7 i & 4 & A
Pokkali 19 8 20 454 %) G5(11/22) W26 30 My B bk L 1
B, RN G7.GS8 Fl G il FHORL B i /)N, il B 0
B xRN EATE GhdT 17 5 B4 97
X PR UGIE B BEAR N Ghd 7 SRR K /N Y STk OK T
Qphl. 1€ Qphl i i KB HE 4 Pokkali 55 {7 JE A,
P 2038 8 179 em. 7E Ghd7 fi fi H 2 A
Pokkali 507 JE A , % 7 80 46 %0 2 /0 3K 5] 180 A7, 4l
MO E kR 97 d. IR B MR = A S 1 AR
PRS2 9 ) 25 B 7= A 72 R i R 0o e Tk R A T
Z R AR T R R I A E frorh—
MEE PR RS P SRR R, ZR G UL
Br JEPI A G5 (11/22) BEAS A 4 by 981 1Ak v 0 41l 72 10
A 2, S TR (3 ARk ) A B K F
3 it

] R A R AF i Xof 26 YR ot o AV A 2 AR R AT T 35t
TR 5T o e R G0 A P o B — B R R s o 4 AR A
LY Bk 3 e 24 R B R AR L sd-17Y sd-1
WS B LTRSS 1 KK I, 5 RFLP
Fric RG109 Fl RG220 B # &8, sd-1 XN
MmN, 2002 F LS ARWIEAES
1 G (o {4 B 8500 AR KBk = QTL Qphl, 75
BE TR 43 2 1 30 A TR R B A, G n 1 8 1 e 5 50
em, 3R [, Qphl 2 >4l & 5L K ALY bk = R AH 22
100 cm. Qphl FELITE sd-1 B3 X ), DA/ A L
) QTL 7345 R E K . Qphl Fl sd-1 & B3 EHY
B, ZEH QTL 44t HAgE 2] 14Xl
AREIE Qphrl EALE] 1 AN 8, Ktk , Qphl Fi sd-1
FR A F]— L T — B .

A PR RO 22 i D R R RO A AR
I 2% A B30 T IR Y B 3 A A 3 LB R R AR
QTL )" Z 25 B AR ; [F i, #F 78 3 W1 1 A0 M R
2 AL IATE B s A B . Je R LB AR
YRR 4 R 2 A L 4L R TR 1 3R AR
PR 2 Bl — AR AR TG T AR A P R

i#
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SE M BAERON . AR A A 56 AR RN A Akas AL Y
WFoE 2 L H =Y ) D RE BAE S B AF R . )
(RN (R I 05 G S vy W ol N S VAR A L7 R
B Yu SN 63 4y B REMAE L T 32 A
QT Ls $& il 7= f S HAG stk [ B e 3K o b 3
A PERON ) A A T 3 R A R T X e IR
PR At AT TOA Sy T A7 P 200 2 52 il ™ kP bR 3R B A
ZeANAR AT Bl ) B B s AL B A . SR, 2R G I
PR B 9 i T SR ) AR R RE AR, R T
WAL T SR W R GE 1T 7 35 1 Jm B, 1T 6B A7 76 18 BH %
SR, AR R B B T AT LA f K PR b R i ast
A SR B S A TR AR R s L 0.
Yamamoto 45 | FH L G 5L R R BFIR 4 5C 1Y B
. KB Hd2 Fl Hd6 f746 F A MEAE R 5% ma K A8
JEl S AR

AHIE 5T R R T AF R R AR R T 2 R
T3 QTL Qphl Ml Ghd7 .35 HAE R W bk, £}
Shy i < AU > g L i <
8 A2 P AN R P AN — A 3 S i R R
B0, A REAT R ZR R KL b2 R A Mk
IV 5 33, 2 Y iV A8t 1% 0 R TG Y 2Pk —
DA, 7R KRG 38 A ok Rl R v, A TR A 1 7
PR 8% Feml L 7040 % IR E AL PEE D A8 B o TR
WCHEAT R ]38t A B 3 26 58 43 o FH BIVED & A Lk
AT LLREE A TR A R AR R

GhdT 5 T e /N i B 1 22 85 1k Bk I, 7
EAH K B & B 5 FpOR A &7 3 ], Hod g 7= 4
BHRE TR BA MK 63 45 7 Ty BB SR K Y AF N7 3t
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R S B G DI IR N @R R A YA
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Epistasis analysis between Ghd7 and Qphl

in rice using sets of near isogenic lines
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YAN Wen-hao

XING Yong-zhong

National Key Laboratory of Crop Genetic Im provement , Huazhong
Agricultural University sWuhan 430070,China

Abstract

Plant height, heading date and number of spikelets per panicle are important agronomic

traits of rice. Using BC; F, population derived from the cross Zhenshan97,/ Pokkali,a main effect QTL for

plant height designated Qphl,significantly influenced the number of spikelets per panicle as well, was lo-

cated on chromosome 1 near sd-1. Near isogenic line population,in which Ghd7 and Qphl were simulta-

neously segregated, was constructed to analyze their interaction. The results showed Pokkali carried posi-

tive alleles at both Ghd7 and Qphl loci, epistatic interaction between Ghd7 and Qphl affected plant

height. Further analysis found that additive X dominance and additive X additive effect affected plant

height. Comparing the phenotypes of nine genotypes in BC; F; population, the genotype of Zhenshan 97

homozyogous at Qphl but Pokkli homozyogous at Ghd7 was found to well coordinate the relationship a-

mong plant height,heading date and spikelets per panicle,and the yield could reach to a reasonable level.

Key words

yield traits; additive effect; QTL epistasis; gene interaction

(WHERH . HLI)



