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Abstract: A total of 66 chromosome segment substitution lines, derived from a cross between indica inbred line 1R24
(as the recurrent parent) and japonica inbred line Asominori (as the donor parent), were used to investigate the
heterotic loci in indica/ japonica inter-subspecific rice hybrids. Each line was crossed with the background parent IR24,
and the heterosis of F, hybrids was estimated by comparing the F, with its two parental lines. Field experiments were
carried out across four different environments (2007, 2008 in Nanjing; 2007, 2008 in Nanchang) to evaluate yield and
yield-related traits in the 66 lines and their 66 corresponding F, hybrids. Quantitative trait loci (QTL) analyses were
conducted using a likelihood ratio test based on the stepwise regression. QTL were detected by statistical software QTL
IciMapping using mid-parental heterosis as basic phenotypic data through a new SSR map. As a result, 53 heterotic loci
of yield-component traits were identified with significant effects in different environments. Only one heterotic locus
linked closely with marker RM488 on chromosome 1 was detected repeatedly in more than one environment, which
might improve the plant height in F, derivatives. Of all the heterotic loci, 22 (41.51%) showed positive effects, with
LOD values ranging from 3.06 to 7.25, explaining 3.74% to 18.5% of the phenotypic variance respetively; 31 loci
showed negative effects, with LOD values ranging from 3.07 to 9.70, explaining 0.45% to 30.78% of the phenotypic
variance, respectively; Those loci with negative effects mainly affected the traits of grain weight per plant, no. of grains
per panicle and seed-setting rate, which were closely related to those genes of hybrid sterility between indica and
japonica rice.

Key words: rice; chromosome segments substitution lines; yield component traits; heterosis loci

ERB IWF, FRuK, & KR EH R Z R RSN S, P EDKAERE, 2013, 27(6): 569-576.
 OE. MR IR24 Ry 32 (AR R Asominori N HLACEA R 66 MUk i BB e R L4000 5 2 1R E AR IR24 J4 381
a1 EX R F B BT A A A K . DA B L IAE 1 S 22 Bl U B QTL A6 D 119 56 o 6 UM, 25 & B #4 At 119 5 1 R R
W% M QTL IciMapping 3 {4 (1938 25 [0 R KRR Al 245 A 107 8 Rl 22 i 35 QTL., 255 KW . & B R X R M F,
BEUR L TE 4 ANIREE (2007 4EFG 51,2007 4EF5 B L2008 4E R 50,2008 4E T B T L 2ER I B 53 AN 15 77 5 0 1 R 4 G 1 2 ol 4 34
P P HUEB 1 AN J Rt S e 2 A B E R E] LRIk A48 1 YRk 5hRicd RMA88 B & MBI st . 1 a5,
TERAGRE TN F MR . 22 DS ER A RS T HAER , b B 54800 41.51 % LOD {H A8 % R 3.06~7.25, 51
HRRAR R N 3.74%~18.5% . 31 M EFEZ A RAEF B A WAAEH . LOD {E45 15 & 3.07~9.70, BT #k R AF 1§ N 0.45% ~
30. 78 Y6 » X b LA Y 8K VR FH 10 A7 0 32 4 o) B 7 ik L R SO BIORT 5 S0 AR R S ORIRE 22 RO T R IR WA G
KEEIW . KRG YR BUE R P ok 2R U A S

FESES: QI45.6'5; S511. 0351 XERFRIRAD . A XEHRS: 1001-7216(2013)06-0569-08

Wi BHEE: 2013-02-27; &R BH#A: 2013-08-19,
HETIR: FEARESOGEX)R4E BT H (31260356) ; [H % 863 %1 % BT H (2009AA101101) ; VLVEH ARFI ¥ ER S E I
T H (20114BAB214008) 5 V1. 7Y 45 A b B2 e 1+ 5 2l 3 4 9 Bh 391 H (2011CBS003)
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(BCF) B H 2 A 38 R BFR A 28 FEpR 1 ik o
FrAR L 20 A SRR L T2l G L L A2 e X IR
e 1 BB RN NG - 11 S e S M
] B 285 5 W A8 B AR QTL 43 B s ] % 4% B A 3 i st
& HE Rl L K A i e Mt 3 QTL 19 & &0 A
PR . 724 R ik R B R B R 67 T K 1) 24
PE# QTL AHA R REAE A7 45 R A BT A A, QTL
SR o YOI <A N T e K A 61 B o A L
Bz A e . m R g 64K R BB i R (chromo-
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RICKE V. A 1] Ze AR £ B A~ 2, B B, R
CSSL BEAR AT 28 AL S0 5%, T LATE [A] — A%
S AN [R] G 0 1 DX B 1 2 o A0 34800z & 4 A
FEAL AL I 1L Y A G AL I AR T 0F
FEIKBE P AL F s k1 B R E L 455 o il B it
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AT T R PRI RY 35 4% 75 5 1Y e K R B B4 &
AR, 58 FORA IR24 TR A W — B 7 Fh FACHT
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2l BB GAORE i A 5 77 1 2 Rl O B U0 A DG 1
1 QU 28BS A B R BT Sk R R R R 4
PRI AR A B A 1 A BT R 8 A i TR B
ZEER.

L MRSk

1.1 RIG A

ABFFEIE R P E A — B 2 UK A TR24
HZAREAR KRG Asominori LR EA K H Y 66
MR BE SR R (S WA EA IR24 AN

P E KRN (Chin J Rice Sci) 55 27 %45 6 (2013 4E 11 A)

Asominori) , Hf H A& JUM K 2% Yoshimura {8+ #2
HEDEES RN SR BR TAS BEAAR s 50 A — 25 02 HOW NI
R REMAS, i TAS BEIR 2 0k R W BEA S TR24 452
IR 66 A~ Fi 4L H4  (fI FR TASE B4
1.2 3Rt

2007 4FF1 2008 4F B 7= 73 3 7E 1195 45 1 5 i 7L
T DX R ARl R 2 AT R VTG A ROl A B
e B CF s E1LE2E3 Fl E4 43 5I£R 3% 2007
HEFE B 2008 4R R 5L 2007 4R B A 2008 4F R B 3k
AR FRE L B ERER . ) & B R SR
N F oy 20 A AR )RS0 AR, BEALIX 20 33t Pk E &
B/NX AN 2 47, 84T 10 Bk, R E SRR 20 BR, 5
B TEAEAT M, R 2 ANEE A E L
2 AN BN R 2 17 BENLHRSIE B R S F
B A R XA 8] s BRIBE A 16.5 cm, S8 4728 23.5 em,
ZEAT N 16.5 em, H ] AR 7K 45 B4 ) 5 R0 OK L 2 A
HEATHE HUE BIA .
1.3 E&EMHK

IS S RORE 25 i, SRR A T AR 00 ) 0
B Ia) 10 Wk B ARAT RORER, Fi PR AT AR R B P (H
Xof A4 A RSO S > BB L B WSO AR L 0 i A
GEG T, B A R IR A B R ) B (grain
weight per plant, GWP) . % & K %0 (number of
spikelets per panicle, SPP) | & f# 52k 4L (number of
grains per panicle, GPP) %5 523 (seed-setting rate,
SSR) . T-#7 # (1000-grain weight, TGW) \ BL¥kH %%
FEE (number of panicles per plant, PPP) | Btk J&
2% (sink capacity per plant, SCP) Il £k & (plant
height, PH) 5 H Hp B bR i 25 — 45 B EURLE X SRR AT
ROBEE X ToRLEE , & PR R AVE S5 kP M.
2 T o ] R R U AN AR A R AT
1.4 HESW
L4.1 P FERLEG eI

et ik i Be B R F R0 P 2R AL # (mid-
Huw) it HEAX K, Hp =
F cssismes —1/2(CSSL+1R24)
1.4.2  ZH#H 4% & Cheterotic loci, HL) # % 4%

PL H yp 7 g e TG 3 QTL A6 I 114 ik o 3% Y
(B, 4565 B b A 1 DR 780 [T 935, G D0 3% 4 R % i
FyREAR b oK e 7 o 235 DD AH DG A 2R b R S A b A
PO B QTL, Bt 45 A 1 B v 25 1 i B RR Sy %
PEHABNAE Hoyp . QTL R R F 32 25 11 15 Fl K
KA SR Adi i A0 45 & 19 J7 i (likelihood ratio test

parental heterosis,
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with stepwise regression, RSTEP-LRT), X ff N
RSTEP-LRT J7 ", LI LOD {6 =>3.0 fEh &
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Haifil 7 SEE ICIM /32 B XM P A 3 QTL Tei-
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PEBIIE IR D o AR AR A AL 3
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% 2 9 TASFE, BEGR 7 5 A SR 2 A0 3 i O
27 S OL . TASFE, REUR A 77 B R S MR 26 05 22 1]
25 51 A0 IR B 2 K L T4 A S ER BT B AR 2 8] B
LREARIL BN W E KT, DL SRR, &
AR B A3 AT LA W] L A R E AT QTL By & {2
A3 AT 1 L7 A S PR A Hp 2 DI 3532 31 58 1 3
i HE 2R

Rl RECFRERABEFNTEAXRZEERPFABENFRHENRETR

Table 1. Phenotypic performance of mid-parental heterosis concerning yield-related traits in IASF, (CSSL/IR24) derivatives.

EPN IASF,
[N Parent R A YA N N .
Trait Mid-parental Average R BRAR ) F, o O 3428 i
IR24 CSSL value value H Range of Hypin different lines

bk GWP/g 24.13 24.68 24.41 27.38 2.9744.35 —9.85~19.19
HkkIEZ SCP/g 37.83 33.60 35.72 37.71 1.9945.02 —14.88~20.11
5 OB $ SPP 137.99 128.24 133.12 135.42 2.314+13.87 —45.19~62.95
R RESOR S GPP 96.76 93.22 94.99 97.07 2.08+12.98 —55.55~51.84
#5503 SSR/ % 69.96 72.16 71.06 70.92 —6.63+16.75 —86.90~16.90
THE TGW/g 22.52 22.46 22.49 22.19 —0.300.87 —6.49~3.49
PR RS PPP 12.32 11.78 12.06 12.65 0.59+1.27 —3.42~7.58
B PH/cm 87.75 91.66 89.71 92.63 2.9243.06 —4.95~13.89

RN B R RS FORA N,

Mid-parental value is the mean value between CSSLs (derived from a cross between IR24 and Asominori) and background parent IR24.
H \p» Mid-parental heterosis; GWP, Grain weight per plant; SCP, Sink capacity per plant; SPP, Number of spikelets per panicle; GPP,
Number of grains per panicle; SSR, Seed-setting rate; TGW, 1000-grain weight; PPP, Number of panicles per plant; PH, Plant height.

F2 IASF BEEFEEXUERPERBHFTESN
Table 2. ANOVA of mid-parental heterosis concerning yield related traits in IASF, (CSSL/IR24) derivatives.

P BpkeR RRER BRERH SHEOSUEE 49 THRE  RRRAMEE KR

Source GWP SCP SPP GPP SSR TGW PPP PH
#H 4 Combination(C) 171" 0.88 1.24 1.83"" 1.79"" 1.39" 1.05 4.46"°
H5i Environment(E) 10.04" " 14,717 22.46° " 28.15"" 7.36"" 20.34"" 21767 17.80"°
M4 XHEE CXE 1.00 0.55 0.88 1.02 1.07 0.80 0.82 1.10

Tk 0.05 F0.01 BEEKF
, 77 Significant at 0.05 and 0.01 level, respectively.
GWP, Grain weight per plant; SCP, Sink capacity per plant; SPP, Number of spikelets per panicle; GPP, Number of grains per panicle;
SSR, Seed-setting rate; TGW, 1000-grain weight; PPP, Number of panicles per plant; PH, Plant height.
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R3 BEHMTFE BHEST EHERRBE KN THNEEREMRABECANEM
Table 3. Heterotic loci of traits (GWP, SCP, PPP, PH, TGW) in F, hybrid population.

, ) R
TR 5 B e T AL S 1 ik Fric LOD i Value of DS
Trait and environment Heterotic loci Chromosome Marker LOD score PVE/%
dominant effect
Hupke i GWP
El qHGWPI.1 1 RM572 6.58 —3.79 9.48
qHGWP3 3 RM7389 6.50 —5.24 9.49
qHGWPI12 12 RM3331 3.89 4.72 5.21
E2 qHGWP1.2 1 RM1003 4.14 2.31 9.70
qHGWP9 9 RM296 3.74 1.01 5.08
E3 qHGWP1.3 1 RM3403 4.76 —0.54 0.45
E4 qHGWP4 4 RM307 4.95 —4.51 10.24
HRREZ SCP
El qHSCP3.1 3 RM523 4.51 —4.81 4.48
qHSCP3.2 3 RM411 4.10 —3.47 3.89
E2 qHSCPI1.1 1 RM3403 3.88 2.08 6.11
E4 qHSCP1.2 1 RM488 3.69 4.03 6.96
qHSCP7 7 RM248 3.60 3.50 6.89
R A %L PPP
E2 qHPPP3 3 RM3856 4.14 —0.71 13.76
E4 qHPPP6.2 6 RM508 4.44 —0.87 13.40
W PH
El qHPHI.1 1 RM488 4.07 3.10 13.87
E2 qHPHI1.2 1 RM5496 3.99 —3.23 6.08
qHPHG6 6 RM439 7.25 2.38 12.55
qHPH9 9 RM107 3.72 —1.23 5.64
E3 qHPHI.1 1 RM488 3.73 2.22 6.09
qHPHI1.2 1 RM3403 4.87 1.42 7.36
qHPH3 3 RM523 4.17 —2.06 6.86
E4 qHPHI.3 1 RM5410 3.15 2.12 12.37
TR E TCW
El qHTGWI1.1 1 RM5496 4.03 1.51 16.40
qHTGW1.2 1 RM1003 3.73 —0.61 15.01
E2 qHTGW1.3 1 RM5410 6.98 0.39 18.50
qHTGWI11.1 11 RM224 3.16 0.54 7.29
E3 qHTGWI1 .4 1 RM488 4.73 0.83 10.25
qHTGWE6 6 RM541 4.74 —0.66 10.41
qHTGW7 7 RM118 7.11 —0.69 13.76
E4 qHTGWI11.2 11 RM206 3.65 —1.06 7.45

QTL fin 4 A “H” & heterosis B FHF, E1—2007 4E/ 51 E2—2008 4E R 51 ; E3— 2007 4E7 & 3 E4—2008 4EF &
The capital alphabet ‘H’ in QTL nomenclature is the first letter of ‘heterosis’. E1, Nanjing(2007); E2, Nanjing(2008) ; E3, Nanchang

(2007) ; E4,Nanchang(2008). GWP, Grain weight per plant; SCP, Sink capacity per plant; PPP, Number of panicles per plant; PH, Plant

height; TGW, 1000-grain weight.

SR HE A AN BEHE R A At A 50 R 3 A7 A 2500 TR
8 2 Tl (I H S 57 B IR DR 0 A7 e BE LA R AR D et
5 35 L 2 A0 S R B i R A A 5 o g AR 1T 52
53548 B e 7 b A 2 O 0 R ARLIE A S T R
1 382 4 A0 R A4 A8 58 JUSE A A 258 5 PR AN A BT
S KRN Y FE A L S 2SS AR Y o 1 AR
A 1 A2 4 5 7 e 2 B O B DDA S R L AR o BT

A IR T BN Ty 1], BT O B Ao A v R T
PRI AR R A AL A DA B B DU o5, 35 F
PR AP R AEE

AT G 0 4 R B i AR 2 AR R AR TR24
FE R 22 A Asominori Z [0] B9 4H 4 Asominori/
IR24 BLAG 58 KA 2 Ff L 35 AHAS (] 14 4R 254 4R e il
ORI — B, Horb s SRR ™ o L BRR R 2 R A A
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Table 4. Heterotic loci of traits (SPP, GPP, SSR) in F, hybrid population.

527 B4 6 W (2013 4E 11 )

PR

PR 5 IR A TP AR AL A AREREN Frig LOD {8 Value of Dl
Trait and location Heterotic loci Chromosome Marker LOD score PVE/%
dominant effect
BERLE R B SPP
El qHSPPI1.1 1 RM3403 4.49 4.81 3.74
qHSPP3.1 3 RM523 3.71 —7.44 3.97
qHSPP3.2 3 RM7389 4.66 —9.81 5.25
E3 qHSPP1.2 1 RM5496 3.07 —18.45 6.09
qHSPP2 2 RM138 5.11 —17.73 11.08
qHSPPI12 12 RM270 3.62 15.04 7.97
E4 qHSPP3.3 3 RM&8269 4.67 —6.81 8.01
qHSPP6 6 RM541 3.98 —11.48 6.89
qHSPP7 7 RM248 4.72 13.79 8.08
RS GPP
El qHGPPI1.1 1 RM572 7.44 —14.21 15.54
qHGPP3 3 RM7389 4.98 —15.33 9.49
E2 qHGPPI1.2 1 RM1003 3.69 6.34 6.68
E3 qHGPP2 2 RM138 4.08 —11.58 9.72
45524 SSR
El qHSSRI.1 1 RM572 8.36 —6.91 17.29
qHSSR3 3 RM7389 3.26 —5.41 5.57
qHSSRS8 8 RM331 3.92 5.96 6.76
qHSSRI12 12 RM270 3.37 7.52 7.29
E2 qHSSR1.2 1 RM3403 6.07 —3.5 18.08
qHSSR7.1 7 RM214 5.21 —5.88 17.25
qHSSR7.2 7 RM248 4.13 4.42 12.78
E3 gHSSR6. 1 6 RM253 6.91 —19.98 30.78
E4 qHSSR4 4 RM307 9.70 —11.57 18.99
qHSSR6.2 6 RM541 3.06 4.52 4.67

QTL fir & 9 “H” & heterosis i 71, E1—2007 4 50 ; E2—2008 4F R 5% ; E3—2007 4E B ; E4—2008 4EH &,
The capital alphabet ‘H” in QTL nomenclature is the first letter of ‘heterosis’. E1, Nanjing(2007); E2, Nanjing(2008); E3. Nanchang

(2007); E4, Nanchang(2008). SPP, Number of spikelets per panicle; GPP, Number of grains per panicle; SSR, Seed-setting rate.

RLEIC 2 B O B bE B W 3 T B R A R BORT T hE
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