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Abstract The objective of this research is to identify QTL with additive effect and epistatic effect, and analyze the
effects of additive QTL by environment (AE) interactions and epistatic QTL by environment (AAE) interactions in
eleven environments over six years. The population of F,,,-F,.1¢ Recombination Inbred Lines (RILs) , derived from the
cross between Charleston and DongNongb94 , was used to construct the linkage groups with Simple Sequence Repeat
(SSR) markers in present study. 11 additive effect QTLs (A) were identified in the conjoint analysis of 11
environments, the phenotypic variation explanations for these additive QTLs were more microefficient than that of the

main effect in these additive QTLs. 20 pairs of epistatic QTLs (AA) were also identified, two patterns were found
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between the epistatic QTLs, one was two epistatic QTLs interacted on the same linkage group, another was two

epistatic QTLs located on different linkage groups interacted each other. Nine additive QTLs and 17 pairs of epistatic

QTLs could be identified among multiple environments at the same time, More than 5% of the phenotypic variation could

be explanted by parts of the epistatic QTLs. Therefore, the QTLs identified among different environments or different

background can be used as the candidate makers for the improvement of the pod number traits in soybean in maker

assisted selection (MAS) or mapping clone.
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Table 1  Statistical analysis for pod number traits of RIL population in multiple environments
SEZR Parents \EAHAXAR RIL
7t R E2
Trait Environment Charleston AA 594 T UES i Bt Vg )52
Dongnong594 Mean Variance Skewness Kurtosis

— L3 E NOP E1* 4.3 4.9 5.0 5.3 1.5 3.6
E2™ 4.8 3.4 3.8 2.2 0.9 0.3
E3 3.1 5.3 3.0 2.4 0.6 0.2
E4” 5.8 6.3 5.5 4.5 0.4 0.6
E5™ 1.4 3.6 1.9 1.3 1.3 1.7
E6™ 4.2 2.1 3.0 2.9 2.1 8.1
E7™ 2.3 5.5 6.3 6.4 1.2 2.1
E8™ 7.1 5.4 6.2 5.1 1.2 3.3
E9™ 4.4 1.3 3.9 4.3 1.2 1.8
EE10 9.9 6.1 5.7 4.7 0.5 0.1
E11™ 3.4 3.4 3.5 2.0 0.7 0.5
TR JEE NTP E1” 13.1 15.9 14.7 34.6 3.4 24.9

E2 14.3 7.1 11.7 11.0 0.4 0
E3 16. 8 12.9 11.5 12.4 0.3 —0.2
E4 7.4 10. 2 10.6 8.8 0.4 0.6
E5™ 4.5 10.9 6.2 6.7 0.8 0.3
E6™ 10.5 6.7 7.1 8.5 1.6 3.4
E7 8.9 13.7 14.1 17.3 0.7 1.3
E8™ 16.6 13.2 16.4 25.5 1.3 2.8
E9™ 10. 3 3.8 10.5 19.4 1.0 1.1
E10 15.0 10.9 12.9 13.1 0.3 0.7
El1 7.7 7.6 10.9 8.7 0.2 0.4
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g %
2EA Parents W AL & RIL
{ARN w5
Trait Environment Charleston A 594 T UES i e Vg
Dongnong594 Mean Variance Skewness Kurtosis

R JEH NThP El 24.4 26.5 17.9 31.9 0.4 0.3
E2 14.5 9.4 15.7 26.3 0.4 —0.3

E3 20. 8 18. 7 21.0 34.4 0.5 —0.1

E4 10.1 12.3 12.6 17.0 0.4 —0.1

E5 10. 6 20.0 12.6 14.6 0.3 —0.5

E6 10. 8 8.5 8.5 7.5 0.3 —0.3

E7 7.1 13.3 16. 8 26.3 0.3 —0.1

ES8 25.1 17.0 20.1 29.8 0.7 3.2

E9™ 10.7 5.8 14.3 28.5 1.1 2.4

E10 15.5 9.7 14.9 17.2 0.2 0.5

Ell 13.0 8.8 16. 2 22.7 0.7 2.1

PO kL JEEE NFP E1™ 7.3 5.2 2.2 4.6 1.3 1.5
E2™ 2.7 0.1 2.3 4.1 1.2 1.3

E3™ 2.8 0.6 2.7 5.1 1.3 2.4

E4™ 0 0 1.6 1.4 1.1 1.0

E5™ 3.7 6.9 2.1 3.8 1.0 0.2

E6™ 1.3 2.1 1.2 1.3 1.4 2.0

E7™ 1.5 3.7 1.9 2.7 1.2 1.6

E8™ 4.1 3.5 2.7 4.2 0.8 0.9

E9™ 1.5 2.6 2.2 4.3 1.1 0.9

E10™ 2.4 2.4 1.8 2.3 1.2 1.6

E11* 2.1 1.2 2.3 3.0 1.0 0.8

FRR % NPPP E1™ 49.1 52.5 39.7 126.1 1.4 7.3
E2 36.3 20.0 33.3 72.0 0.2 -0. 4

E3 43.5 37.5 38.0 58.4 0.1 0.3

E4 23.3 28.8 30.2 59.7 0.1 —0.5

E5 20. 2 41.4 22.6 40. 4 0.1 —0.6

E6™ 26.8 19. 4 19.7 32.7 0.9 1.3

E7 19. 8 36.2 39.0 80.9 0.1 0.1

ES8 52.9 39.1 45.4 109.5 0.7 4.0

E9’ 26.9 13.5 30.9 103. 3 0.8 1.2

E10 42.8 29.1 35.2 60. 7 —0.3 0.6

El1l 26.2 21.0 32.7 55.8 —0.1 0.7
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g %
2EA Parents W AL & RIL
{ARN w5
Trait Environment Charleston A 594 T ik % Ve
Dongnong594 Mean Variance Skewness Kurtosis
HPRRE SWPP El 25.4 27.0 14.6 15.1 0.5 1.5
E2 16. 2 9.6 12.8 10.9 0.2 0
E3 18.0 19.9 14.2 8.9 0.2 0.6
E4 16.2 16. 8 12.9 7.6 0.1 0.4
E5” 2.0 6.5 4.5 5.5 0.5 0.2
E6™ 6.6 7.7 7.5 21.8 2.1 4.5
E7 6.5 14.3 12.9 10. 6 0.4 0
E8” 23.6 23.5 19.1 18.2 0.8 3.0
E9 10.1 7.6 11.4 10.5 0.1 —0.4
E10 16.9 12.5 15.7 14.3 —0.3 0.4
E11” 7.2 5.9 8.6 6.8 1.0 4.0

TE B4 S E1-E1L 4R IR 8E 2006 M4 /K IE L2006 21 %K% 2007 I /K 2007 £1 24K 2008 My /KI5 L2008 £1 2% L2009 Wy /K
2009 £I 2% 2010 M4 JRIE 2010 ZL %[ AT 2011 M /R, — ki J€ % NOP.number of one-seed pod; —#i 3% NTP,number of two-
seed pod; = ki JEH NThP,number of three-seed pod; PUk;JE %t NFP, number of four-seed pod; Bk ki T SWPP, seed weight per
plant; Btk 3%k NPPP, number of pod per plant, xx ;3] P<<0.001 7K RIL BEA N 22 Bh B 35 « . £ W P<<0. 05 /K F RIL
RERNZ R B,

Note: Environmental codes E1-E11 representative the environments named 2006 Harbin, 2006 HongXinglong, 2007 Harbin, 2007

HongXinglong, 2008 Harbin, 2008 HongXinglong, 2009 Harbin, 2009 HongXinglong, 2010 Harbin, 2010 HongXinglong, 2011
Harbin, respectively. NOP, number of one-seed pod; NTP, number of two-seed pod; NThP, number of three-seed pod; NFP,

number of four-seed pod; SWPP, seed weight per plant; NPPP, number of pod per plant. % :indicates extremely significant

difference at level of P<C0. 001 in RIL population; * :indicates significant difference at level of P<C0. 05 in RIL population.
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[F) PR35 45 0 T R S JORT B R ORL T 20 0] 5 — kL,
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A JEROPE IR B TR A G  FMRORL T — LKL
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(QNTPAL-1,QNTPC2-1, QNTPDla-1 fl QNTPDla-2),
QNTPAI-1 il QNTPDla-1 43 I7E 2 N F1 3 3k
RAERE AR, AE BHAESTHRE 2 518 0. 27% F
2.50% ; QNTPC2-1 fil QNTPDI1a-2 %B & 7F ¥ 3 3%
Sy LA B QTL, 43 5 1 AR B8 & A i 3
HAE,AE T AEGTHER R 4> 51 R 0. 32% F1 0. 73% . 3X
24V QTL 1y 3 &k stk % 4 i b 7. 51% 1
11,1026 CECHS R 3 H) . 5 = b 36 50 85 1 2%
QTL 24 QNThPDla-1.5 2 N385 & 4E B & B AR,
AE HAETTHERER R 0. 76 Y0, B IR B 43 M o £ 8051
Bk 14, 31% . 5 Dk JERGE B mtE QTL A
A3 A TE B BT o3 B b BRI F L 4 S
TAS I ASH 3 SIS & A 1B 2 B AR, AE B 4E 5Tk
RGN HR 1,34 % 1. 08 % F1 1. 875 % , FE LA HR B8 4y
Mreb 32 %0 5Tk % 4y )k 14, 92%, 9. 8806 Al
11. 96 % ; QNFPF-1 5 2 385 k4 52 T 4E, AE
HAETTHER R N 0. 540, 5 Mupk ok 5 M 810 in Pk
QTL &y QSWPPF-1, 7 B/~ B 58 3 #r vt 4 46 )
. G52 AW LKA R FEEA, AE BAETTEA RN
2.58% B Tk 19. 79 % F1 30.22%,
PEIEHOGE B mPE QTL 24 QNPPPO-1, 5 3 4~ 3
BRERERAEAE BAETTIRE N 1.73%.,
2.4 RIL B#EZEHEREXQILY LM EE
5RE B ER R 5 47

iZ il QTLMAPER V1. 6 4347 11 N 3R4% 6 43
B R B LRSI 2] 20 X A QTL, Horpgg 4 A4k
KA AL QTL 5 R AFE 35 HAERUN (R 4) .

H)g TR —ZE8H L 2 4 QTL BEAERAM
i QTL A 5 X, QNOPC2-1-QNOPC2-2,
QNOPDI1a-1-QNOPDla-2, QNTPC2-1-QNTPC2-2,
QNFPAI-1-QNFPA1-2 fil QNFPA1-3-QNFPA1-4, 4}
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