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Mapping and Meta-analysis of QTLs for Leaf Traits in Soybean
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Abstract: Leaf length, width, and leafstalk length affect the photosynthetic capability of plant, and increasing photosynthetic rate
per unit leaf area may improve seed yield in soybean. In this study, we analyzed QTLs data of soybean leaf length, width and leaf-
stalk length from 2006 to 2010 with a F,.;4—F,.;3 of recombination inbred lines (RIL) population derived from a cross between
Charleston and Dongnong 594 by mixed linear model approach. Eight QTLs for leaf length (LL) were mapped on the chromo-
somes GmO01, Gm02, GmO05, Gm11, Gm18 by software WinQTLCartographer Ver. 2.5, nine QTLs were identified for leaf width
(LW) on the chromosomes GmO01, Gm03, Gm05, Gm06, Gm11, Gm12, Gm16; eight QTLs were identified for leafstalk length
(LSL) on GmO1, Gm03, Gm05, Gm06, Gm11, Gm17, Gm18. QTLs qLL5a, qLL5b, gLL1a, and qLL18 for LL, qLW5a, gLW11a,
gLW11b, and gLW12 for LW, and gqLSL11b for LSL were identified in more than two years. Furthermore, not only 72 QTLs of leaf
traits that have been mapped in many different populations and environments were collected but also QTL mapped by
WinQTLCartographer Ver. 2.5 were projected and integrated in the reference map with the software BioMercator2.1. In total, the
consensus QTLs of five for leaf length and four for leaf width were obtained in soybean. The minimum confidence interval of leaf
length was shrunk to 5.66 cM. These results would provide a basis for fine mapping of QTL and cloning genes in soybean.
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Table 1 Soybean leaf traits in recombinant inbred lines and its parents in 2006-2010

Parents Population
. 594 (3)
Trait Year Charleston (%) Standard Dongnong 594 (&) Standard Mean Standard Max Min .
deviation (cm) deviation (cm) deviation (cm) (cm) Kurtosis Skewness

2006 14.87 +2.28 13.20 +0.52 14.28 +1.41 18.53 10.78 —0.16 0.39

1;?;; 2007 13.65 +1.80 12.82 +0.23 14.44 +2.00 20.89 9.50 0.58 0.42
2008 13.05 +0.58 12.64 +2.17 11.04 +2.92 19.43 5.55 0.33 0.97
2009 13.09 +1.91 12.08 +0.77 11.07 +2.14 17.33 6.91 0.33 0.82
2010 13.87 +2.13 17.44 +0.83 13.62 +4.80 19.98 8.39 -0.57 0.47
2006 7.26 +1.20 8.77 +0.20 6.96 +1.05 9.28 4.97 —0.86 0.07

v{,‘ie;t}fl 2007 7.17 +0.23 8.36 +0.28 7.43 +1.45 11.15 4.35 -0.55 0.24
2008 8.25 +0.70 4.44 +0.47 5.41 +1.69 13.02 2.88 3.34 1.64
2009 8.43 +0.56 5.03 +1.30 5.50 +1.44 11.01 3.06 1.66 1.19
2010 8.61 +2.47 6.05 +0.18 6.69 +2.70 11.46 3.69 1.60 1.15
2006 19.19 +2.41 19.36 +0.08 19.49 +4.05 29.42 7.46 0.20 —0.16

;Zelllf 2007 20.14 +2.12 20.15 +0.04 17.82 +3.93 2791 7.11 0.06 —0.05

length 2008 21.24 +1.65 15.37 +2.40 16.14 +4.86 29.70 7.93 0.28 1.02
2009 17.71 +1.28 16.63 +0.50 16.22 +3.19 25.11 8.47 -0.25 0.51
2010 24.17 +0.28 26.60 +1.97 20.69 +3.79 31.69 11.34 0.23 —-0.18
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Table 2 Mapping QTL of soybean leaf traits in recombinant inbred line population using composite interval mapping

. 1) . QTL LOD  R*(%) -
Trait Year QTL Chr. Marker interval QTL pos. Additive affect
Interval
2007 gLL5a 5 106.7-115.8 Satt042-Satt155 111.5 2.8 10.0 0.60
Leaf
length gLLla 1 70.2-94.3 Satt]175-Satt495 79.3 3.6 20.0 -0.90
2008 gLL5a 5 92.9-123.7 Satt]164—Satt522 103.2 4.7 20.0 1.31
2009 gLL5a 5 89.2-125.3 Satt]164—Satt522 118.5 6.9 10.0 0.90
gLL1la 11 63.2-90.9 Satt251-Sat 113 69.6 8.5 30.0 -1.40
2008 gLWilla 11 47.5-70.1 Satt197-Satt229 58.3 59 20.0 -0.90
Leaf
width qLw3 3 94.6-108.9 Sat_095-Sat 091 100.7 3.8 10.0 0.61
2009 gLWw11b 11 96.2-116.3 Sat_113-Satt521 107.4 43 50.0 -1.20
qLWé6 6 112.0-120.8 Sat_092-Satt460 114.9 3.6 10.0 -0.50
2008 gLSL11a 11 52.0-68.6 Satt197-Satt229 58.3 43 10.0 -2.35
Leaf
stalk qLSL6 6 146.2-155.4 Satt289-Satt243 150.3 3.5 9.0 -1.78
length
qLSL3 3 92.3-113.0 Sat_095-Sat_091 104.9 4.5 18.0 2.50
2009 qLSL5 5 121.0-131.9 Satt300—Satt571 126.4 3.2 10.0 1.00
qLSL11b 11 80.9-119.1 Sat_099-Satt521 89.0 7.7 30.0 -1.70
2010 gLSL11b 11 95.6-130.7 Satt042—Satt571 116.6 5.0 12.0 1.50
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Table 3 Mapping QTL of soybean leaf traits in recombinant inbred line populations using multiple interval mapping
2
Trait Year QTL Chr. (C.L) Marker interval %?I: pos. Lob (ORA)) Additive affect
Interval (C.1.)
2007 gLL5a 5 98.7-115.8 Satt042—Satt155 107.6 3.6 11.2 0.70
llf;fh qLL5b 5 203.8-222.5 Satt270-Satt218 209.1 2.8 — 0.60
qLL11b 11 100.5-116.3 Sat_113-Satt521 107.5 3.0 19.9 -1.10
gLL1la 1 58.7-105.5 Satt175—Satt584 75.1 5.2 16.8 -0.80
gLL2 2 29.4-59.5 Sat 069—Sat 135 39.2 4.4 15.3 -0.90
2008 gLL5a 5 92.1-134.0 Satt164—Satt587 118.7 4.4 11.9 0.90
gLLlla 11 56.6-72.1 Satt197-Satt229 66.2 4.1 16.0 -1.40
gLL1b 1 195.2-208.4 Satt482—Sat_106 203.5 43 4.4 1.04
gqLL18 18 0-2.8 Satt199-Sat_088 0.4 2.7 7.9 0.70
2009 gLL5a 5 75.1-144.3 Satt200-Satt276 118.7 11.8 27.6 1.20
gLL5b 5 192.2-230.2 Sat 105-Satt218 218.2 5.1 — 1.00
gLL11b 11 97.1-119.0 Sat_113-Satt521 107.8 4.9 37.8 -1.39
gLL18 18 0-7.8 Satt199-Sat_088 0.5 3.9 6.3 0.49
2007 gLWb5a 5 181.7-195.5 Satt242—Satt270 190.5 2.9 9.4 —-0.45
vﬁf;fl 2008 gLLlla 11 51.0-70.2 Satt197-Satt229 59.3 3.3 — -0.70
gLW11b 11 90.1-122.7 Sat_113-Satt521 109.4 11.6 61.6 -1.80
gLw1 1 213.6-223.2 Sat_106-Satt383 216.7 5.4 15.2 2.10
gLwi12 12 3.5-38.0 Sat_117-Satt191 16.1 6.9 7.4 -0.50
gLW16 16 8.2-20.5 Satt457-Satt244 14.6 2.8 4.5 -0.40
2009 gLWs5b 5 132.3-141.6 Satt571-Satt276 135.8 4.7 4.0 -0.50
gLW5a 5 187.7-195.5 Sat_105-Satt270 191.6 3.1 — —-0.40
gLWlla 11 64.7-78.1 Satt251-Sat_099 69.2 3.5 — -0.70
qLW11b 11 83.0-123.6 Sat_099-Satt521 103.6 9.4 56.7 -1.20
gLwi12 12 17.8-30.3 Satt191-Satt293 23.6 2.9 6.2 -0.40
2006 gLSL17 17 1.4-8.8 Sat_086—Sat_022 4.6 7.7 29.9 9.00
Leafstalk
length 2007 gLSL1 1 104.7-112.3 Satt584—Sat_124 107.8 7.9 1.2 —-15.80
2008 gLSL1la 11 55.0-70.8 Satt197-Satt229 65.7 3.1 — -3.40
gLSL11b 11 99.0-121.5 Sat_113-Satt521 108.2 9.3 69.8 -5.70
2009 gLSL1lc 11 71.8-78.2 Satt229-Sat_099 74.6 3.0 — -1.40
gLSL11b 11 81.9-116.7 Sat_099-Satt521 88.3 5.8 23.1 -1.72
2010 gLSL5 5 114.8-123.4 Satt449-Satt522 116.6 3.1 9.9 1.30
QTL R CIM MIM
QTL , QTL QTL Meta R
QTL QTL

QTL
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Table 4 Summary of mapping QTL for soybean leaf traits
QTL Analvsi
Trait No. of QTL Parent Population size rr?eatl?oséls Population type Reference
11 KeunolkongxShinpaldalkong 117 ANOVA RIL [9]
Leaf 15 Tksan10xKeunolkong 117 ANOVA RIL [9]
length 1 PI27890xP1290136 - ANOVA RIL [7]
1 ArcherxNoirl 240 M RIL [22]
3 ArcherxMinsoy 240 M RIL [22]
23x%
4 . . o 118 CIM RIL [23]
Jindou 23 xHuibuzhiheidou
14 KeunolkongxShinpaldalkong 117 ANOVA RIL [9]
Leaf 15 Iksan10xKeunolkong 117 ANOVA RIL [9]
width 2 ArcherxNoirl 240 M RIL [22]
3 ArcherxMinsoy 240 M RIL [22]
23x%
3 . . o 118 CIM RIL [23]
Jindou 23 xHuibuzhiheidou
ANOVA: ; IM: ; CIM:
ANOVA: analysis of variance; IM: interval mapping; CIM: composite interval mapping.
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Table 5 Summary of meta-analysis for mapping QTL of soybean leaf traits
TL 95%
AlC MQ?‘L 0S Interval (E)S"/;) L-marker R-marker
Trait Chr. AIC value (ch ' (M) 0 L-marker coordinate R-marker coordinate
(cM) (cM)
18 11.84 33.25 25.75-40.75 Sat 315 27.48 OP_S09 40.93
Leaf 18 11.84 47.27 39.77-54.77 Sat 308 43.09 Satt138 55.99
length 9 11.05 45.97 40.67-51.27 Satt178 40.86 Satt710 51.00
19 66.52 19.93 12.43-27.43 Satt446 11.47 Satt523 27.92
19 66.52 32.84 30.01-35.67 Satt143 30.19 Satt613 36.05
18 11.84 33.25 25.75-40.75 Sat 315 27.48 OP_S09 40.93
Leaf 19 102.45 30.75 27.92-33.59 Satt523 27.92 Satt497 33.71
width 19 102.45 100.55 95.25-105.86 Satt229 93.89 Satt513 106.37
7 15.57 17.34 10.87-23.81 Satt201 13.56 Sat 316 21.00
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D QS-S (103) S R—Sat 301 (11.4)
= s Set 301 (111) s Satfddé  (11.5)
2 | T ottdde (11.5) = ::%Sa‘fﬂ 82 (14)
E] S|=Rusats2 (19) b R176_1 (149)
g STTNRITe S (143) _ B JUBCT90 " (158)
s Pl 1 JUBCO30  (15E) o 4
T = Set238 (199) § s| | Fe—ato Cos
-~ 28 ¥ |[Foson @y O 8 & S 3 TJN—BLT039.1 ors)
a ~ 2 5 =2 5 [dEXceuee @s g o] 5| 5| 2 TTPN\"Bnga71 1 _(22:1)
=~ - ™ = ol En| = '\_Bngo'ﬁj (221) = o= = = s Saft388” (23.5)
2l & = = 5| 5| B sdfi3ss” (350 = Z) E| E| F| = B264 1 (2T
=2 ¥ 8 o = apat o I 3| 2| g s SHev—RGAT (71
g W 5 gl B 2 ROAT (1) =] F| F| 2 = SN caers (279
<, 5 = 8 = = Satt23  (27.9) Zl & 9 (27.9)
S| =| § = — Set 134 (283) g _ Sat_134  (28.3)
-1 8| = ) 5.2 (289) = a ig_2 [289)
= = 3502 (284) = A450 2 (294
i) A1061  (298) = A1061  (298)
5 St 405 (29.6) ‘2 Sst_405 (296)
= Satt143  (30.2) = Satt143  (302)
3 -B124 2 (30.2) 3 B124 2 (30.2)
= 84591 (30.4) B A459 1 (304)
Satt398  (306) Satt398  (306)
b Sattfod  (308) SattBg4  (30.8)
f—Set 195 (30.8) Sat_195 (30.8)
A [-5Sat 388 (309) B Sat_388 (309)
Satt652  (309) Sattea2 (3049
1 MAMIR Gm19 LA Meta H47

Fig. 1 Meta-analysis of leaf traits in Gm19

A:

; B:

A: leaf length; B: leaf width.
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