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Domestication of Seed Size and Shape Traits in Soybean
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Abstract: The seed size and shape of soybean have significantly changed during the domestication of wild soybeans to their
cultivated form. Investigating these traits could enhance our understanding of the genetic mechanisms of domestication. In this
study, 14 wild soybeans,45 landraces and 30 released cultivars were used to investigate the domestication mechanism of the
above traits using partial correlation analysis and factor analysis. As a result,100-seed weight was significantly associated with
seed size traits in the cultivated soybeans but not with seed length in the wild soybeans,and seed length-to-width ratio was a
main component in the first factor of factor analysis in wild soybean but not in the cultivated soybean. In addition,the 100-seed
weight was significantly associated with seed size but not with seed shape. This was further confirmed by partial correlation

analysis and quantitative trait loci mapping in 504 F,., ,F,., and F,. families from direct and reciprocal crosses of Lishuizhong-
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Table 1 Phenotypic variation of seed traits in wild soybean( WS) ,landrace (L) ,released cultivar ( RC) populations
(EZN LU e/ ME RRME ¥fE - b2 i £ 353 75 S FRH

Trait Population Minimum Maximum Mean SD Skewness Kurtosis CV/%

AN PR R WS 3.86 5.85 4.92a 0.60 -0.17 -1.17 12.25
Length/mm 7 L 6.13 10. 07 7.84b 0.82 0.28 0.23 10. 44
LR RC 7.05 8.93 8.18¢ 0.48 -0.41 -0.45 5.86

HETE PR RS WS 2.82 4.78 3.58a 0.62 0.40 -0.88 17.33
Width/mm 7 L 5.17 8.45 6.70b 0.75 0.10 -0.19 11.14
H R RC 6.10 8.03 7.01c 0.48 0.04 -0.86 6.89

i T K WS 2.18 3.61 2.82a 0.44 0.49 -0.76 15.57
Thickness/mm 7 L 4.34 6.48 5.59b 0.60 -0.32 -0.90 10.79
H R RC 5.27 6.91 5.97¢ 0.41 0.25 -0.60 6.94

Kyilk B KT WS 1.22 1.51 1.39a 0.09 -0.62 -0.51 6.36
Length-to-width HuJ5 A L 1.07 1.30 1.17b 0.05 0.29 -0.44 4.53
& 1 RC 1.07 1.31 1.17b 0.05 0.66 1.25 4.30

KIELL AR WS 1.53 1.94 1.76a 0.12 -0.26 -0.25 6.69
Length-to-thickness HIT S L 1.20 1.64 1.41b 0.09 0.37 0.41 6.66
H I RC 1.22 1.53 1.37b 0.09 0.03 -1.06 6.41

eI AR WS 1.14 1.41 1.27a 0.08 -0.01 -0.52 5.96
Width-to-thickness HJ7 dn L 1.08 1.35 1.20b 0.06 0.22 0.50 4.79
H AP RC 1.07 1.31 1.18¢ 0.05 0.24 1.03 4.16

HRLH AR R WS 1.28 4.70 2.74a 1.12 0.49 -1.25 40.97
100-seed weight/g H 5 dn L 7.80 30.71 17.07b 5.22 0.44 -0.18 30.58
H I RC 12.95 28.92 20.43¢ 4.35 0.14 -0.96 21.30

T HPAEOR TG HTT R RS AR R T AR IS B9 TR 5% BRI 2 A R

* :Means with different letters among wild soybean,landrace and released cultivar for each of the seven traits are significant at the 5% level.
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Phenotypic variation of seed traits in wild soybean( WS) ,landraces cultivar (L) ,released cultivar(RC)
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20 w742 K& Wild soybean
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Black arrow is the mean for wild soybean and white arrow

is the averages of both landraces and released cultivars.
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Fig.2 Variations in soybean SLW in wild soybean,

landraces cultivar and released cultivar
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(a) : Variation in seed size is captured by First Factor; (b)Second Factor describes variation in seed shape;

(¢)Score distribution for First Factor and Second Factor. Schematic representation of variation in seed

size and shape captured by First Factor(x axis) and Second Factor(y axis) ,respectively.
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Fig.3 Results from factor analysis of seed morphology in wild soybeans,landraces and released cultivars
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Table 2 Partial correlation analysis between 100-seed weight and seed size and shape traits
HEAR KRR/ Seed size FPRIFEAR Seed shape
Population Bi K SL 5% SW BiJE ST K98k SLW KJEH SLT FEJE L SWT
BF A= K . Wild soybean 0.151 0.491* 0.585" -0.114 0.034 -0.037
77 AP Landrace 0.593 " * 0.405** 0.616" " -0.135 0.125 -0.120
B B A Released cultivar 0.453* 0.390 0.750 * -0.186 0.172 -0.169
K EZRER Family 0.569 * * 0.190* * 0.462** 0.011 0.037 -0.028
A .0.05 F10.01 BEKIFE, " and ** ;significant at 0.05 and 0. 01 levels.
1 D 3 45 6 7 89 101213 1415 16 17 18 19 20 X1 X2 X3 X4

N Fl SL
SLW SKT

100-SW

FLF 15F2: 5 25a: 320 QTL, b UM x QTL TLAE ¢ . 3145 x QTL TAEFIZS AR QTL, KPR/ INFI

PEIREY QTL B A4k A T3CHR[32] .

1 3] X4 ARG A L 2] 20 FEBiE X1-X4,

F1:First Factor; F2;Second Factor;a; Main-effect QTL;b; QTL-by-cytoplasm interaction;

¢: QTL-by-environment interaction. Results of QTL mapping for seed size and shape traits were

derived from Xu et al. (2011).1 to X4 represents chromosomes 1 to 20 and linkage groups X1 to X4.

4 BEFLEBF2 M#FiEReni QTL

Fig.4 QTL for the first and

second factors in the factor analysis

of the 100-seed weight and seed size and shape traits
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