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Abstract: The morphological characteristic is one of profitable targets in rice promotion of plant type and yield. A
population of chromosome segment substitution lines (CSSLs) derived from backcross between indica recipient 9311
and japonica donar Nipponbare was employed to map quantitative trait loci for the top three leaf size (i. e. . leaf length,
width and area) and main panicle yield (i. e. , spikelet number of main panicle, 1000-grain weight of main panicle, seed
setting rate of main panicle, main panicle weight), and analyzed their correlation between leaf and yield traits.
Correlation analysis revealed that there were significant correlation among traits of leaf size in CSSLs population. Traits
of leaf morphology were significantly positively correlated with main panicle weight. Most of traits of leaf morphology
had no correlation with seed setting rate, 1000-grain weight. A total of 20 QTLs for the top three leaf size were located
at 10 regions on 7 chromosomes except for chromosomes 2, 7, 8, 10 and 12 in two years, with explained phenotypic
variations ranging from 3. 82% to 14. 61% and that of six ones were above 10%. Various QTLs were distributed in
cluster, and three QTLs were detected in both two years. Furthermore, eight QTLs were novel QTL, comparing with
the other mapping results. A total of 16 QTLs for the traits of main panicle yield were detected at 13 regions on 7
chromosomes of 1, 2, 3, 5, 7, 8 and 10 in two years, and 5 regions were in common with QTLs of leal morphology
and yield.
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Table 1. Difference of leaf morphology of the top three leaves between 9311 and Nipponbare.

o527 A 12013 4E 1 HD

AR 2009 2010
. BN H 7 i
Trait 9311 9311
Nipponbare Nipponbare
SR Flag leaf length/cm 31.43+4.09 32.0343.47™ 25.26+4. 05 31.60+5.23""
S| 58 Flag leal width/cm 2.32+0.09 1.494+0.07"" 2.06+0. 14 1.424+0.06""
Sk AL Flag leaf area/cm® 73.11410. 24 47.62+5.61"" 52.39+11.8 44,9247, 14"
8] 2 & Length of the 2nd leaf from the top/cm 42.394+4.87 43.98+3.42™ 37.1245.39 46.0344.49""
8] 2 58 Width of the 2nd leaf from the top/cm 2.2840.15 1.19£0.06" " 2.0440.07 1.12£0.05""
5] 2 iUk H AL Area of the 2nd leaf from the top/cm’ 96.72--14. 20 52.2344.60" " 75.79411.79  51.84-46.95" "
8] 3 4 Length of the 3rd leaf from the top/cm 53.02+4. 67 47.564+1.64"" 49.93+7.12 41.9943.92""
8] 3 %% Width of the 3rd leaf from the top/cm 1.9740.11 1.09+0.07"" 1.85+0.07 1.09+0.10""
5] 3 M A Arca of the 3rd leal from the top/cm? 104. 0847, 12 51.94+3. 87" 92.41414.05  45.87+7.44""

ORI BN BASHE 5 9311 A f 25 R AE 0. 01 Al 0.

““and " represent significant difference between 9311 and Nipponbare at the 0. 01 and 0. 05 level, respectively; “represent no significant
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FLL, Flag leaf length; SLL, Length of the 2nd leaf from the top; TLL, Length of the 3rd leaf from the top; FLW, Flag leaf width; SLW,
Width of the 2nd leaf from the top; TLW, Width of the 3rd leaf from the top; FLLA, Flag leaf area; SLLA, Area of the 2nd leaf from the top;

TLA. Area of the 3rd leaf from the top.
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Fig. 1. Frequency distribution of leaf morphology of the top three leaves in CSSLs.
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Table 2. Correlation coefficients between leaf traits.
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FO R L1 EY s FL S R
. AL Length of Width of Length of  Area of
PEAR ARGy Flag Flag Area of
R Flag the 2nd the 2nd the 3rd the 3rd
Trait Year leaf leaf the 2nd
) leaf leaf from leaf from leaf from leaf from
length width leaf from
area the top the top the top the top
the top
S 58 Flag leafl width 2009 0.334"°
2010 0.460""
Sk A Flag leaf area 2009  0.910°" 0.663""
2010 0.886"" 0.783""
5 2 K 2009 0.793"" 0.309° 0.757""
Length of the 2nd leaf from the top 2010  0.845°° 0.499"" 0.805""
3] 2 15 2009 0.058 0.835"" 0.387"" 0. 066
Width of the 2nd leaf from the top 2010 0.217° 0.836° 0.540"" 0.212°
&) 2 i AR 2009 0.687"" 0.677"" 0.832"" 0.843"" 0.540"
Area of the 2nd leaf from the top 2010 0.735"° 0.808"" 0.894"° 0.851"" 0.645"
3] 3 n R 2009 0.560"° 0.459"" 0.618"" 0.733"" 0.318" 0.785
Length of the 3rd leaf {from the top 2010 0.682°" 0.605°" 0.714°" 0.727°" 0.374° 0.724"
8] 3 M5 2009  0.041 0.713" 0.331"" —0.016 0.823" 0.386" 0.118
Area of the 3rd leaf from the top 2010 0.161 0.721""  0.456"" 0.183" 0.890" 0.576 0.239""
B 3 m AR 2009 0.459° " 0.729"" 0.657"" 0.533"" 0.669" 0.805" 0.801"" 0.628""
Area of the 3rd leaf from the top 2010 0.563"" 0.835"" 0.769"" 0.595"" 0.753" 0.841" 0.816"" 0.707""
TR AR 0,05 F 0,01 AKE EBEMIK,
“ Significantly correlated at the 0. 05 level; * " Significantly correlated at the 0. 01 level.
x3 E3MMRAEERSEIE~-EHRBMNEXRER
Table 3. Correlation coefficients between leaf traits and yield traits of main panicle.
[ERTN AEARy Number of 1000-grain Seed setting R
Main panicle
Trait Year spikelets per weight of rate of
weight
main panicle main panicle main panicle
K Flag leaf length 2009 0.388" " —0.005 0.035 0.318""
2010 0.423"" 0. 006 —0.008 0.395""
il Flag leaf width 2009 0.254"" 0.245"" —0.023 0.298""
2010 0.308"" 0.105 0. 089 0.399""
St it Y Flag leaf area 2009 0.416"" 0.088 0.018 0.373""
2010 0.433"" 0. 034 0.029 0.439""
8] 2 1 Length of the 2nd leaf from the top 2009 0.392"" 0.179 —0.015 0.374""
2010 0.508" " —0.092 —0.128 0.345""
8] 2 M %% Width of the 2nd leaf from the top 2009 0.197" 0.209" 0.070 0.284""
2010 0.167 0.132 0.062 0.245""
8] 2 -t F Area of the 2nd leaf from the top 2009 0.415"" 0.252"" 0.020 0.444""
2010 0.449" " —0.007 —0. 040 0.380""
8] 3 4 Length of the 3rd leaf from the top 2009 0.232° 0.322 0.029 0.344""
2010 0.290"" 0.109 0.033 0.352""
8] 3 1 5& Area of the 3rd leaf from the top 2009 0.175 0.178 0.097 0.256" "
2010 0.128 0. 084 0.126 0.196"
] 3 A Area of the 3rd leaf from the top 2009 0.267"" 0.346"" 0.073 0.398""
2010 0.248"" 0.123 0. 100 0.353""

) BEA 5 B SCSG A, B S 8] 3 I 9E4E
2.3 MAERSEERERFENMREREHNEX

S

IR AT e A VR F D K R R AL B B T T
SRR A Bt HOX i SR A AR 2 B Y
ZERPTIESE . AP & R B3 HIEE S H

PR PR PEAT 1A SCAE S A L A5 R AR L 3 i A% R
5 EE RN R ERRFHIEML, L3 S MRER
A BIAEGA BIPAAR CAn ) 2 w58 {8 3 R SESE) b
HopteR S BB R B s B . (]
TR KA R F, 5T K
AL AA D BOILA PR TE 2009 48 77 78 2 2 il

L3 MRS

ot

Zh



30

F4 FHTEFEURECSLs #EPHRARSH

Table 4. Phenotype values of main panicle yield in the CSSLs population.

th[E K FERL 2 (Chin ] Rice Sci) %5 27 55 1 (2013 4E 1 A

7 AR B R T A4y T E A2 R 5 FR
Yield component Year Mean Range CV/%
F M AL B Number of spikelets per main panicle 2009 193.164+21.58 141.00—278. 13 11.17
2010 221.36+22.51 165. 80—310. 60 10.17
F Tk E 1000-grain weight of main panicle/g 2009 30.87+1.64 25.44—36.57 5.31
2010 27.61+1.56 22.35—32.37 5. 66
FREZE SR Seed setting rate of main panicle/ % 2009 89.14+4.62 58.71—94.95 5.18
2010 92.15+4. 04 66.77—96.73 4. 39
FH#E Main panicle weight/g 2009 5.3040.69 3.26—7.54 13. 04
2010 5.61+0. 68 2.28—8.22 12.07
x5 MHAESQILEM . BESHEERQILFERES
Table 5. QTL of leaf traits, their coefficients and lines.
ST A 35t AHARFR i LOD f PR QI T fifp R Y R AU AR
Je ik . . QTL FifE & 4 5
QTI £ X i) Neighboring LOD value Additive effect PVE/%
Chromosome No. of CSSLs
Location/cM marker
2009 2010 2009 2010 2009 2010
#ItK Flag leaf length
qFLLI 1 148.6—155.2 RM1068 2.99 2.01 2.73 1.75 7.37 3.82 C13/C14/C16
qFLL3 3 60.5—69.0 RM1319 3.04 3. 36 7.52 C33/C34
qFLLS5 5 110.4—122.0 RM26 4.43 3.36 9.53 C51/C56
qFLL6 6 86.2—100.0 RM6782 4. 07 4.52 8. 68 C68
qFLLI1 11 87.6—112.5 RM5474 2.69 —3.63 5.58 C108
ST 58 Flag leaf width
qFLWI 1 34.3—41.0 RM259 3.91 —0.12 12.48 C3/C4
qFL W4 4 116.4—125.9 RMI1113 3.02 0.13 9.48 C43/46/C4a7
qFLW5 5 104.5— RM3321 2.29 0.11 6.48 C50/C51/C55
S L Flag leaf area
qFLAS 5 110.4—122.0 RM26 3.72 10. 57 10. 31 C51/C56
8] 2 MK Length of the 2nd leaf from the top
qSLLI 1 148.6—155.2 RM1068 4.75 2.11 3.98 2.72 13. 14 4. 81 C13/C14/C16
qSLL5 5 110.4—122.0 RM26 4.91 5.42 12.82 C51/C56
8] 2 M58 Width of the 2nd leal from the top
qSLWI 1 34.3—41.0 RM259 2.33 —0.09 7.38 C3/C4
8] 2 M- AL Area of the 2nd leaf from the top
qSLAI. 1 1 34.3—41.0 RM259 2.21 —6.98 6. 65 C3/C4
qSLAL. 2 1 148.6—155.2 RM1068 2.39 2.03 7.25 7.48 7.18 5.23 C13/C14/C16
qSLAS5 5 110.4—122.0 RM26 4.96 15. 25 14.61 C51/C56
8] 3 114 Length of the 3rd leaf from the top
qTLLI. 1 1 148.6—155.2 RM1068 4. 30 4.49 12.37 C13/C14/C16
qTLLI. 2 1 155.2—170.7 RM1387 2.48 3.83 7.17 C13/C15/C16
qTLL3 3 60.5—69.0 RM1319 2.23 —3.70 5.67 C33/C34
qTLL5 5 110.4—122.0 RM26 2.04 4.06 5.39 C51/C56
8] 3 %8 Width of the 3rd leaf from the top
qTLW9 9 54.5—65.2 RM1189 2.12 0.08 6.97 (€93/C94/C96/C97
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Fig. 2. Location of QTL of leaf traits and main panicle yield.
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