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Epistatic Effects and QE Interaction Effects of QTLs for Protein Content
in Soybean
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Abstract: Soybean [Glycine max (L). Merr.], widely grown in United States, Brazil, Argentina, and China, is one of the plant
protein source. Protein content in soybean is a quantitative trait controlled by multiple genes, and Currently, SoyBase (2007)
documented at least 76 QTL associated with protein content that have been mapped in many different populations and environ-
ments. The objective of the paper was to investigate epistatic effects and QE interaction effects of QTLs for protein content by
mixed linear model. QTLs for soybean protein content were detected in a five-year experiment with the recombination inbred
lines (RIL) population derived from a cross between Charleston and Dongnong 594. Ten QTLs with additive effects for protein
content were mapped in the linkage groups B2, C2, D1a, E, and N, one of which was the positive effect contributed by Charleston,
the others of which were the negative effects donated by Dongnong 94. Fifteen QTLs pairs with epistatic effects for protein con-
tent in the RIL were detected, accounting for 13.57% of the general phenotypic variation. There existed interaction between 9
QTLs and environment, and the general contribution to protein content was 4.47%.
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’ > Table 1 Weather data of planting field in five years
QTL
, . Year R(arilr:TfSH Average(tfé:n)lperature Sur(l}lli)ght
? 2002 528 17.0 1379
g Wang ¥ 2003 467 174 1363
QTL QTL 2004 444 18.1 1438
, (-1 QTL 2005 410 17.6 1235
y 2006 445 18.4 1349
QTLMapperl.6'¥ ,
2002—2006 5 Charlestonx 594
15
s [15]
QTL QTL QTL
, QTLMapperl.6
' QTL
P<0.005 LOD>3.0 QTL
1 #RE5RZE
11 2 BHREHI
Charleston(9) 2.1
594(3) 154 Fai0~Fri4 , 2002 > 2
—2006 5 R T
5m, 2 , , ¢ D QTL
1.2 2.2 QTL
, 0.23% 0.16% QTL ; 5
1421 mgkg™, 155.7 mg kg™! , 10 QTL(C 3), QTL
475.5 mg kg™’ 320 mg kg™’ L, QTL LOD
120 kg hm™2, 40 kg hm™2, 4.32~13.69 , 0.164%~0.277% ,
80 kg hm™ 0.54%~1.55%,
1.3 11.76% 10 QTLs B2 C2 Dla E
2002—2006 N 5 B2 3 QTL,LOD
1 432 822 7.21, 0.54%
1.4 0.99% 1.31%, , 0.164
0.221 0.254 N 3  QTL,LOD
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Table 2 Protein content of the parents in five years
Charleston 594
Year (%) Dongnong 594 (%) Max (%) Min (%) Mean (%) SD Kurtosis Skewness
2002 40.35 42.38 45.24 34.63 39.71 0.111 1.950 -0.077
2003 41.21 42.95 45.18 38.98 42.12 0.070 1.216 -0.316
2004 42.38 43.94 46.61 41.01 43.70 0.060 1.001 -0.018
2005 41.21 42.68 48.63 37.78 42.51 0.093 1.549 0.805
2006 40.20 41.80 44.30 38.10 41.29 0.073 1.251 -0.416
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Fig. 1 Frequency distribution of protein content of RIL population in five years
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Table 3 QTL and QE interaction for protein content
QTL QTL X environment interactions
QTL
Interval A Ha? (%) Hie (%) AEil AEi2 AEi3 AEi4 AEi5
Pro. B2-1 satt094—satt556 -0.164 0.54 0.30 0.30 0.149" —0.147 0.099 -0.068
Pro. B2-2 satt556-satt272 -0.221 0.99 0.07 0.07 0.057 -0.058 0.067 —0.047
Pro. B2-3 sct_094-sat 083  —0.254 131 0.00 0.00 0.000 0.005 0.015 -0.016
Pro. C2-2 sat_092-satt460 -0.250 1.27 1.16 1.16 0.135 0.269" 0.077 -0.331
Pro. Dla-1 satt528-satt175 0.273 1.51 1.16 1.16 0.338" 0.167" -0.129 -0.198"
Pro. E-2 satt452-satt231 -0.277 1.55 0.33 0.33 0.015 0.046 0.155 -0.019
Pro. E-3 satt231-satt045 -0.235 1.12 0.71 0.71 ~0.091 -0.256" 0.159" -0.015
Pro. N-1 satt257-satt551 -0.253 1.30 0.13 0.13 -0.056 0.140" —0.051 —0.001
Pro. N-2 satt551-satt022 -0.276 1.54 0.01 0.01 -0.007 0.027 -0.010 0.004
Pro. N-3 sat 095-sat 091  —0.177 0.63 0.60 0.60 -0.274" 0.022 0.152" 0.138
" P<0.005;° P<0.05 A QTL , Charleston 594 AFEil AEi2
AEi3 AEi4  AEi5 2002 2003 2004 2005 2006 5 QTL

™1 P<0.005; ": P<0.05; A represents additive effect of QTL, and positive and negative value represent the positive genetic effects in
protein content from Charleston and Dongnong 594 allele, respectively. AEil, AEi2, AEi3, AEi4, and AEi5 represent the additive effects of
QTL x environment interactions in 2002, 2003, 2004, 2005, and 2006, respectively.
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Table 4 With epistatic effects QTLs of additivexadditive for protein content

QTL Interval QTL Interval AAij HZE%;U) AAEij1*  AAEij2  AAEij3 AAEij4 AAEjj5
Pro.Al-1  sat 119-satt242 Pro.Dla-1 satt528-satt]175 0.259" 0.97 0.97 -0.0219  —0.0220  —0.037  0.0056
Pro. B2-1  satt094-satt556 Pro. Dla-2 sattl75-satt182 0.000 0.00 0.00 0.0000 0.0000 0.000  0.0000
Pro. B2-1  satt094-satt556 Pro.Dlb-1 satt428-satt266  —0.219™ 0.69 0.69 -0.4183"  —0.0839 0.019  0.1994°
Pro.B2-2  satt556-satt272 Pro.Dla-2 sattl75-satt182  —0.094" 0.13 0.13 —0.0367  —0.0209 0.019  0.0301
Pro.B2-3  sct 094-sat 083 Pro.N-1 satt551-satt022 0.265" 1.02 1.02 0.0000 0.0000 0.000  0.0000
Pro. C2-1  satt002-sat 092 Pro. G-1 satt012-satt394 0.442™ 2.83 2.83 0.5617  —0.0182  —0.367" -0.1255
Pro.C2-2  sat 092-satt460 Pro.Dla-4 satt370-satt383  —0.104" 0.16 0.16 0.0034  -0.0037 —0.011  0.0038
Pro.C2-2  sat_092-satt460 Pro.Dla-6 satt502-satt342 0.213" 0.66 0.66 0.2675™  0.0104  —0.088 —0.1272
Pro.C2-2  sat_092-satt460 Pro. G-2 satt394-satt570 0.379™ 2.08 2.08 0.2559™ —0.0882  —0.204™  0.0059
Pro. C2-3  satt460-satt202 Pro. Dla-6  satt502-satt342 0.252" 0.92 0.92 03176 -0.0497  —0.186" -0.0028
Pro. Dla-3  satt373-sat 062 Pro.J-1 satt457-satt244 0.267" 1.03 1.03 0.3238"™  0.0742  —0.332"  0.2292"
Pro. Dla-4  satt370-satt383  Pro. N-1 satt551-satt022 0.318"™ 1.46 1.46 0.0000 0.0000 0.000 0.0000
Pro. Dla-5  satt203-satt198  Pro. E-2 satt452-satt231 0.152" 0.33 0.33 0.0316  —0.0001  —0.180"  0.1063
Pro. E-1 sattl51-sattl17 Pro.N-2  sat 095-sat 091  0.112" 0.18 0.18 0.0095  —0.0651 0.060  0.0731
Pro. E-3 satt231-satt045 Pro.M-1  sattl150-sat 020 0.299" 1.29 1.29 0.0314 0.0582  —0.051 —0.1052

" P<0.005;" P<0.05; AAEijl AAEij2 AAEij3 AAEij4 AAEij5:2002 2003 2004 2005 2006 5 QTL

" P<0.005; ": P<0.05; AAEijl, AAEij2, AAFEij3, AAEij4, and AAEij5 indicate the epistatic effects of QTL x environment interactions
in 2002, 2003, 2004, 2005, and 2006, respectively.
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