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A QTL analysis of main agronomic characters in rice, Oryza sativa

CHEN Yanhua'?, HUANG Dahui’, QUI Yongfu', ZHANG Yuexiong',
LIU Fang', MA Zengfeng”, LIU Chi*, LI Rongbai'
(1 College of Agriculture, Guangxi University/State Key Laboratory for Conservation and Utilization of
Subtropical Agro-bioresources, Nanning 530005, China;
2 Rice Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract ; [ Objective] To identify excellent main effect QTLs conferring high yield, high quality in rice.
[ Method] A genetic linkage map consisting of 142 simple sequence repeat ( SSR) markers was construc-
ted based on a recombinant inbred line ( RIL) population derived from a cross between Japonica Zhongye
1211 and Indica Zhongda 304 in rice , Oryza sativa. Through an interval mapping method, a genome-wide
quantitative trait loci (QTL) analysis was carried out for 13 agronomic traits of rice in the early and late
seasons in 2012, including heading period, effective tillers per plant, plant height, panicle length, filled
grains per plant, grains per panicle, seed setting rate, grain density per panicle, grain length, grain
width, grain shape, 1000-grain mass, grain mass per plant. [ Result and conclusion] The number of
QTLs related with the traits except that plant height was 2 —15. A total of 73 QTLs for 12 traits were i-
dentified and mapped on all of the 12 rice chromosomes. Among all the 73 QTLs, there were 34 QTLs i-
dentified in the early season rice, 23 QTLs in the late season rice, and 16 QTLs in both of the early and
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late season rices. Each of the QTLs individually explained 5.3% —28.4% of the phenotypic variations,

among which 10 QTLs were more than 20% . In both cropping seasons, many QTLs closely linked each

other were detected in multiple sections of most chromosomes. Twelve new QTL loci are discovered, and

16 QTLs are identified in both cropping seasons can be used in marker-assistant-selected method.

Key words :rice; recombinant inbred lines (RILs) ; agronomic characters; QTL analysis
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Tab.1 Performances and distributions of quantitative traits in the RIL population and their parents

FEIR ThE _ HH A AR RILs Pz
i A W % +SD i {E i hEFI211 k304
A/ d HZE 78.29 ~95.96 85.25 +0.21 1.09 0.52 91.27 85.20
i 7 59.06 ~84.20 70.79 £0.27 1.67 0.09 74.0 69.00
PARRAT R FEEL =S 5.52~13.22 8.91+0.11 -0.18 0.01 8.88 7.21
e 2 5.58 ~13.83 9.04 +0.13 -0.36 0.24 12.7 8.01
P/ cm RS 80.12~129.75 103.75 +0.62 0.78 -0.02 69.97 112.80
i 2 77.19 ~114.26  97.99 +0.54 0.13 -0.15 64.78 103.70
fli K/ cm RS 16.95 ~29.48 23.79 0. 14 1.04 0.29 14.90 24.60
i 25 16.89 ~29.23 23.78 0. 14 0.61 -0.09 14.11 24.05
(YL Ty Bz 30.94 ~189.40 101.72 +1.78 0.55 0.22 74.31 157.43
B 7 78.57 ~198.43  131.06 +1.80 -0.11 0.26 57.60 138.97
R ORI Rz 80.65 ~240.37 141.48 £1.95 0.72 0.51 107.78 175.55
eSS 114.63 ~286.57 184.07 +2.24 0.26 0.16 112.27 173.23
IR/ % RS 24.84 ~91.68 71.33 £0.01 2.14 -0.90 68.89 89. 84
W2 43.90 ~90.90 71.53 +0.01 -0.26 -0.35 51.28 80.17
T 25 s 25 i RS 3.58 ~9.67 5.96 +0.08 0.63 0.62 7.23 7.11
% 4.76 ~11.70 7.74 £0.09 0.76 0.30 7.96 7.20
i/ mm HES 7.20 ~10.36 8.85 £0.60 -0.27 -0.15 7.92 9.60
M 7 7.44 ~10.36 8.77 =0.55 -0.27 -0.15 7.42 9.22
7/ mm S 2.20~3.08 2.54+0.17 0.80 0.70 3.01 2.26
B 7 2.20~3.18 2.55+0.18 0.80 0.70 3.00 2.26
KR R 2.71 ~4.53 3.50 +0.34 -0.37 0.01 2.63 4.25
i Ze 2.68 ~4.38 3.46 +0.35 -0.37 0.01 2.47 4.07
TR/ g HE 13.58 ~26.45 18.96 +0.18 0.27 0.58 20.29 18.82
i e 14.20 ~29.00 19.79 +0.18 0.68 0.63 20.59 18.07
PR g B 6.05 ~37.09 18.69 +0.47 -0.27 0.47 11.98 20. 88
e 7 7.64 ~52.62 24.96 +0. 61 0.87 0.70 12.09 22.91
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cross Zhongyel211/Zhongda 304
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Tab.2 The effect analysis and QTL location of main agronomic traits
I LOD {4 TR/ % IR
E2IN QIL”  Chr.  #RCIKH - k
BE mE KRFE WE HFE  KE
il qHD-1-1 1 RM472-RM315 4.5 14.9 -2.7
qHD-1-2 1 RM486-RM104 5.8 17.2 -4.8
qHD-2 2 RM211-RM423 6.9 -1.9
qHD-3 3 RM81B-RM6266 8.3 6.
qHD-4 4 RM1112-RM317 2.3 8.1 1.4
qHD-8 8 RM339-RM5637 8.9 -6.4
qHD-9 9 RM434-RM566 7. -6.2
qHD-10 10  RMI147-RM333 2.6 9.1 -2.3
OB A R qETP-4° 4 RM5365-RM273 .6 20.8  19.2 4 1.5
qETP-5 RM274-RM480 .5 6.6
qETP-6" 6 RM587-RM253 3.1 7.5 8 0.9
K qPL-2 2 RM438-RM561 8.2 3.8
qPL-3 3 RM448-RM565 2 18.9 -3.4
qPL-4 4 RM5635-RM273 2. 11.9 -1.3
qPL-8 8 RM5637-RM3481 3.0 7.2 -4.0
qPL-9 9 RM242-RM257 7.1 4.8
RS qFGP-1 1 RM315-RM212 2.3 7.0 16.4
qFGP-5 5 RM3327-RM274 9. 15.1
qFGP-8 8 RM6208-RM72 2. .6 13.5
BHRERIEL qGP-3 3 RM7431-RM1164 7.9 26.6
qGP-5 RM3327-RM274 2. 7.3 14.8
qGP-6" 6 RM587-RM253 3.0 11.8  13.6 -18.7 -22.5
G qSSR-2" RM5897-RM233A 2. 13.3 1
qSSR-4" RM252-RM1388 .6 23.0 2
TR ¢SD-6"" 6 RM587-RM253 3.2 13.2 18.9 - -0.1
qSD-10" 10 RM2504-RM7545 2.3 5.7 .6
qSD-11" 11 RM1812-RM332 9.7 0.7
LIRS qGL-5 5 RM274-RM480 7. -0.3
qGL-7 7 RM432-RM182 16.4
qGL-10 10  RMI147-RM333 9.3 4
TR qGW-1 1 RM1360-RM488 3.4 8.3 -0.3
qGW-3" 3 RM565-RM81B 8.9 26.9 18.9  -0.4 -0.41
qGW-4-1 4 RM307-RM5635 2.8 11.3 -0.1
qGW-4-2" 4 RM3839-RM451 2.4 56 5.6 -0.2 -0.3
qGW-5 5 RM164-RM289 4.5 19.4 -0.2
qGW-6-1" 6 RM1340-RM539 6.6 158 11.7  -0.3 -0.3
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%232 2 Continued table 2
ek QLY Ch  ARigEH LODML RS IR
HE MmE BE #HE HFE O KFE
e qGW-6-2" 6 RM8107-RM7311 7.0 47 158 11.7 -0.3 -0.3
qGW-8 8 RM4085-RM22368 2.3 11.2 -0.3
qGW-9-1" 9 RM219-RM434 2.3 2.1 7.7 7.1 -0.3 -0.3
qGW-9-2" 9 RM257-RM1026 3.7 3.0 20.8 16.5 -0.4 -0.4
qGW-10 10 RM5095-RM330A 4.2 10.6 -0.1
qGW-11"" 11 RM6105-RM5349 3.3 3.1 10.2 9.7 -0.3 -0.3
qGW-12-1 12 RM5313-RM7003 8.8 24.2 -0.3
qGW-12-2 12 RM7003-RM4A 3.9 13.6 -0.2
qGW-12-3"" 12 RM3326-RM277 4.3 50 15.4 16.8 -0.1 -0.2
R qGS-3 3 RM168-RM55 2.5 7.1 0.2
qGS-6-1" 6 RM8107-RM7311 2.1 5.3 0.4
qGS-6-2" 6 RM3463-RM564 2.3 7.6 0.3
qGS-10 10 RM5095-RM330A 3.3 8.4 0.2
qGS-11" 11 RM224-RM6105 2.2 6.7 0.4
qGS-12 12 RM7003-RM4A 2.7 6.7 0.3
R AN qTGW-3-1 3 RM448-RM565 4.7 19.2 -4.5
qTGW-3-2 3 RM565-RM81B 4.2 15.4 -5.3
qTGW-4 4 RM307-RM5635 2.4 9.9 -1.7
qTGW-5 5 RM164-RM289 2.2 10.5 -2.2
qTGW-6-1 6 RM587-RM253 2.2 7.8 -1.4
qTGW-6-2" 6 RM1340-RM539 5.7 5.0 145 13.5 -4.4 -3.7
qTGW-6-3 6 RM469-RM8107 4.1 10. 1 -3.3
qTGW-7" 7 RM432-RM182 2.0 3.2 7.0 11.1 1.4 1.7
qTGW-9* 9 RM257-RM1026 3.3 3.2 259 25.8 -4.6 -4.2
qTGW-11 11 RM6105-RM5349 2.3 15.0 -3.4
qTGW-12-1 12 RMI2-RM17 3.5 9.6 -3.2
qTGW-12-2 12 RM5313-RM7003 6.5 19.5 -4.1
qTGW-12-3 12 RM3326-RM277 6.1 23.1 -2.4
R S qGWP-1 1 RM212-RM486 2.1 5.8 4.1
qGWP-3-1" 3 RM448-RM565 5.2 27.5 -18.5
qGWP-3-2 3 RM7431-RM1164 2.1 6.4 5.1
qGWP-6" 6 RM469-RM8107 4.4 3.2 10.4 8.0 -9.1 -9.9
qGWP-7 7 RM429-RM21344 4.1 21.8 -15.1
qGWP-9 9 RM257-RM1026 3.9 28.4 -17.4
qGWP-12-1 12 RMI2-RM17 2.4 6.3 -7.2
qGWP-12-2 12 RM7003-RM4A 2.2 15.3 -7.0
qGWP-12-3" 12 RM3326-RM277 2.8 8.9 -3.8

1) “w " kT A 5] 49 QTL; 7 & 40l 5] 9 4 49 45 &..
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