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Mapping QTLs for Flag Leaf Length, Width and Area in Wheat

CHANG Xin, LI Faji,ZHANG Zhaoping,ZHANG Xiaochen,
LIU Luping, YANG Xia,SUN Daojie"

(College of Agronomy,Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: In the present study.a population of 236 RIL(F7 and F8 generation) derived from two elite Chi-
nese wheat (Triticum aestivum 1..) cultivars ‘Xiaoyan 81’ and ‘Xinong 1376’ ,were used in an experimen-
tal study in Yangling of Shaanxi Province, Zhumadian of Henan Province and Jinan of Shandong Province
for two consecutive years. The genetic linkage map was constructed with 172 SSR markers and the additive
QTLs for the flag leaf length, width and area in wheat were analyzed through the software QTL IciMap-
ping V3. 2 which is based on the inclusive composite interval mapping. The results showed that:(1)9 QTLs
for flag leaf length were located on chromosomes 1A,4A,3B,5D and 7D,single QTL explaining 5. 10% ~
16.44% of the phenotypic variances. 10 QTLs were located on chromosomes 1A,3A,5A,7A,3B and 5D,
detected for flag leaf width, single QTL explaining the phenotypic variations from 4. 63% ~14. 24%. 12
QTLs for flag leaf area were mapped on 1A,4A,3B,2D and 5D chromosomes, accounting for 4. 25% ~
22.67% of the phenotypic variations. (2) QTLs for flag leaf length, width and area were different and the
genetic contribution of the same QTL were also variant in different phenotypic traits. (3) Among the QTLs
for the same trait in the same year in different locations and those in the different years in the same loca-

tion,some were the same but the others were different. (4)Some QTLs for different traits were located at
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the same marker interval of a chromosome and they performed pleiotropy. The results suggested that 2

QTLs detected on chromosomes 1A and 5D controlled the flag leaf length, width and area in wheat togeth-

er. Besides, the former was the main effect gene and the phenotypic variation of latter was significant so

that they could be used in marker-assisted selection breeding and polymerization breeding.

Key words: common wheat ( Triticum aestivum L. ) ; flag leaf; morphological trait; quantitative trait loci

(QTL) ;recombinant inbred lines population(RIL)
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Table 1  Evaluation of flag leaf length,width and area of wheat in three sites
7K Parent RIL #/& RIL population
LN s Ay - - :
Trait Site Year /ME 81 Pk 1376 TH{H brifE 22 T i JE W
Xiaoyan 81 Xinong 1376 Mean SD Range Skewness Kurtosis
2011~2012 12.91 21.64 19.12 3.16 12.0~29.0 0.35 —0.27
A
Yangling 2012~2013 14.56 19.65 19. 36 3.3 12.5~29.0 0.31 —0.42
K - - _
Flagflzf B 2011~2012 16.12 18.31 17.95 2.75 11.8~24.0 0.17 0.38
length/cm Zhumadian 2012~2013 14. 68 19.02 17.8 2.5 11.5~23.1  —0.12 —0.54
o 2011~2012 14,54 19.98 19.17 3.38 12.0~29.0 0,34 —0.22
Ji’nan 2012~2013 14,23 19. 62 19.5 3.47 12.4~29.0 0.39 —0.513
W 2011~2012 1.11 1.62 1.65 0.2 1.15~2.20 0.39 —0.33
3
Yangling 2012~2013 1.15 1.61 1.67 0.2 1.12~2.20 0.31 —0.06
T 58 . 2011~2012 5 ~ 2 -
Flag lé;f ) EIUJE 2011~2012 1.26 1.57 1.6 0.19 1.20~2.10 0.22 0.39
width/em Zhumadian 2012~2013 1.12 1.68 1.61 0.21  111~2.20  0.53 0.37
) 2011~2012 1. 14 1.63 1.66 0.2 1.30~2.2 0.45 —0.51
Ji’nan 2012~2013 1.19 1.62 1.67 0.12 1.2~2.2 0.49 —0.34
s 2011~2012 14,33 35.06 27.6 7.37 13.9~50.4 0.61 —0.16
Yangling 2012~2013 16. 74 31. 64 27.18 6.76 14.5~50.5 0.56 —0.25
HE T SR 2011~2012 20. 31 28.75 23. 94 544 13.4~39.8  0.45 —0.09
Flag leaf ’LL-‘JE.
area/cm? Zhumadian 2012~2013 16. 44 31.95 23.94 5.61 12.4~39.7 0.26 —0.28
) 2011~2012 17.32 32.01 26.75 7.21 13.9~48.1 0.68 0.12
Ji’nan 2012~2013 16.6 31.8 27. 36 7.38 14, 4~50.5 0.74 0.19
F2 BEMHKAME QIL 4347
Table 2 Analysis of the additive QTLs for flag leaf length
Epy [EXN A QTI i X ] LOD {g T R TR
Year Trait Site : Site Interval LOD value Add effective PVE/%
QI-1A-1 36 barc213-cfa2147 4.030 7 —0.680 5 5.96
MJI"E Ql-4A-1 211 barc236-cfd88 4.652 8 0.746 4 7.16
Bk Yangling Qll-5D-1 41 barc44-barcl44 5.3259 1.132 4 16. 44
2011~2012 5
Flag leaf length QI-5D-2 220 cld7-barcl40 8.108 4 ~1.062 3 14. 40
g Ji'nan QI-7D-1 24 barc172-cfdl4 3.238 0.719 7 5.10
I+ O JE Zhumadian Qll-4A-2 33 Xgwm160-barc78 4,246 2 4,753 4 8.07
QI-1A-1 36 barc213-cfa2147 5.446 1 —0.938 8 8.2
7 [
MI"; QI-1A-2 211 cfd65-barcl19 3.862 5 0.9415 8. 14
Yangling
QI-3B-1 132 barc290-Xgwm340 3.009 4 —0.853 3 6. 84
- e ; IF1A-3 40 {a2219-Xgwm497 3.826 —0.906 8 7.07
20122013 Rlag leaf length g QLA class i agmEs oo a :
Ji’nan QI-1A-2 211 cfd65-barcl19 3.316 7 0.998 3 8.41
IEEJJ;% QI-1A-2 205 cfd65-barcl19 2.755 8 0.879 6 8.22
Zhumadian Qll-3B-1 127 barc290-Xgwm340 2.906 2 —0.714 5. 69




5 WO PR TR QTL 43 #r 899
*3 EMEMNME QILs 47
Table 3 Analysis of the additive QTLs for flag leaf width
T JERIN bV QI i B Jf] LOD { Ik A T
Year Trait Site - Site Interval LOD value Add effective PVE/%
Qlw-3A-1 53 cfa2183-Xgwml155 3.768 7 —0.041 5.97
injﬁng Qlw-5D-1 8 gdm3-barc143 2.979 2 0.0359 4,63
Qlw-5D-2 224 cfd7-barc140 6.349 1 —0.054 5 10. 55
Qlw-3A-2 221 wme264-cnll127 3.252 9 0.053 5 9.74
k5 R Qlw-3A-3 112 wme273-cfa2193 3.330 8 —0.055 4 10. 46
2011~2012 N, o
Flag leaf widt Ji’nan Qlw-5A-1 0 barc151-ksum137 4,491 1 0.044 6 6.77
Qlw-5D-2 213 cfd7-barc140 5.201 1 —0.049 6 8.27
Qlw-1A-1 7 barcl7-barc213 8.765 4 —0.066 14. 24
Z}?]uzritEan Qlw-3A-1 56 cfa2183-Xgwml155 3.768 7 —0.075 2 13.97
Qlw-3B-1 33 wmcel-swes240 4,678 6 0.048 2 5.03
W Yangling Qlw-1A-2 216 cfd65-barc119 3.387 2 0.051 6. 46
20122013 o miiut(ﬁd ) g Ji’ nan Qlw-1A-2 215 cfd65-barcl19 3.636 1 0.055 6 7.08
ag leal widt P Qlw-1A-2 216 cfd65-barc119 4.876 3 0.062 4 8.30
Zhumadian Qlw-7A-1 0 wme83-cfa2028 4,227 —0.057 4 7.08
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Table 4 Analysis of the additive QTLs for flag leaf area
i PR A - o Kl LOD i Wi SR
Year Trait Site : Site Interval LOD value Add effective PVE/%
s Qla-5D-1 36 barc44-barcl44 5.430 1 2.3785 16.47
Yangling Qla-5D-2 227 cfd7-barc140 7.160 2 —2.062 3 12,33
B P Qla-1A-1 32 barc213-cfa2147 4,627 1 —1.849 6 8.13
2011~2012 Flbﬁﬁiﬂ;rcﬁg N -
ag leal area ]i”[nan Qla-3B-1 33 wmel-swes240 2.934 8 1.757 8 4,86
Qla-5D-2 225 cfd7-barc140 5.010 8 —1.927 1 8.72
Ik 5 JE Zhumadian Qla-4A-1 33 Xgwm160-barc78 3.113 4 5.074 3 6.05
Qla-1A-2 40 cfa2219-Xgwm497 4,238 —1.9279 7.52
%@ Qla-1A-3 213 cfd65-barcl19 3.686 6 1.983 7 7.82
Yangling
Qla-3A-1 170 barc1060-cfa2262 3.212 4 1.772 6 6.18
Qla-1A-2 40 cfa2219-Xgwm4 97 4,586 5 —1.858 6 6.72
. HEw i \ A1 A N 5 2.5
2012~2013 Flag leaf area (%H‘T Qla-1A-3 216 cfd65-barcl19 8.354 2 2,543 9 12. 48
Ji’nan Qla-7A-1 0 wme83-cfa2028 3.026 1 —1.478 4,25
Qla-7A-2 66 barc108-barc292 5.226 9 1.981 6 7.5
T Qla-3B-2 125 barc290-Xgwm340 3.461 4 —3.437 21.18
Zhumadian Qla-2D-1 101 cld44-cfd50 3.032 9 3.560 2 22,67
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Fig. 1

Position of addition QTLs for flag leaf length,width and area in wheat

@. QTL for flag leaf length; . QTL for flag leaf width; A. QTL for flag leaf area
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