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Abstract: [Objective] To explore the additive (A), epistatic (AA) and quantitative trait locus (QTL) xenvironment
interaction effects (QE) of QTL on dry matter accumulation of soybean seed for deepen understanding the nature of the yield
formation and accelerating the breeding process. [Method] The aim of the present study was to measure A, AA and QE effects of
QTL on dry matter accumulation in a population of 143 Fsq, Fs.;0 and Fs.; derived recombinant inbred lines developed from the
cross between the soybean cultivars Charleston and Dongnong 594. [Result] Thirteen QTLs with A effect were detected at different
developmental stages, eight of which had significant additive x environment (AE) effect. Fourteen AA pairwise QTLs were found,
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eight of which showed significant epistatise x environment (AAE) effect. Furthermore, only dmaC2_2, QTL with A effect could be
found from 30 day to 80 day developmental stage, other QTLs with A effect and 14 AA pairwise QTLs were only found at some
developmental stages. [ Conclusion] The number of QTL with A effect and phenotypic variation explained by QTL with A effect,
present “S” curve from 30 day to 80 day developmental stage, which was similar to phenotypic variation of dry matter accumulation
of soybean seed. However, phenotypic variation explained by these AA pairwise QTLs was relatively stable and small. Additive
effect, being high in 30 day developmental stage, decreased from 40 day to 70 day developmental stage, rising at 80 day
developmental stage. Epistatic effects continuously rised from 30 day to 70 day developmental stage, slightly declined at 80 day
developmental stage. QTLxenvironment effect had a greater impact on the dry matter accumulation of soybean seed from 30 day to
80 day developmental stage. QTL with additive effect, mostly located in linkage group C2 (the interval from OPK14_70 to satt134,
corresponding to QTL including dmaC2_1, dmaC2_2 and dmaC2_3 ) at six developmental stages, especially at 30 day
developmental stage. Loci of linkage group of QTL with additive effect had most change from 40 day to maturity, which had
selectivity at developmental stage. QTL with epistasis effect, mostly located between linkage group C2 (the interval from OPK14_70
to sattl34, corresponding to QTL dmaC2_1) and linkage group D1b (the interval from satt537 to sat_135, corresponding to QTL
dmaD1b_1) at most developmental stages, except for 50 day developmental stage.

Key words: soybean (Glycine max L. Merri); dry matter accumulation of seed; QTL; additive effect; epistemic effect;

environment interaction effects
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Table 1 Statistical analysis of dry matter accumulation (delegated by 100-seed weights) at six developmental stages

ERON RE I Ay BEA Parent F41 (12 % Recombinant inbred line
Trait - Developmental - Year  cparjeston ek 594 IH PR RRE BEIE WG R
stage Dongnong 594 Range Mean Coefficient of Error variance Treatment F value
variation (%) variance
[EpIAE 30 K 2004 0.42 1.43 0.20—2.82 117 36.46 0.21 1.13 5.38*
100-seed 30 day 2005 0.70 0.81 0.15—3.50 1.26 56.68 0.52 537 10.32%
\(/;;tht 2006 0.41 1.60 0.38—6.20 219 57.46 0.61 6.09 9.98*
40 K 2004 219 2.53 2.60—3.59 3.05 35.08 2.03 10.91 5.37*
40 day 2005 2.50 3.83 1.71—10.02 4.89 30.07 3.64 39.49 10.84*
2006 3.36 6.41 1.58—13.10 6.40 41.56 3.75 43.52 11.60*
50 K 2004 3.69 6.01 3.13—12.74 6.50 26.51 5.87 50.43 8.59*
50 day 2005 6.97 10.91 5.26—15.97 9.98 2291 4.87 57.96 11.90*
2006 5.99 11.60 3.08—18.95 11.73 25.32 6.32 52.59 8.32*
60 K 2004 7.27 14.30 5.21—17.45 10.94 22.15 4.32 57.92 13.41*
60 day 2005 12.84 16.76 9.16—22.53 15.59 15.89 491 58.77 11.96*
2006 12.67 18.30 10.33—23.04 15.57 14.80 7.07 69.2 9.78*
70 K 2004 10.44 15.93 8.88—19.82 14.07 15.99 211 32.23 15.27*
70 day 2005 14.32 19.08 13.10—25.90 17.45 11.81 1.00 8.21 8.21*
2006 15.41 19.37 12.04—24.07 16.99 12.56 121 10.21 8.43*
80 K 2004 11.91 19.33 11.03—24.56 16.07 14.37 1.02 8.38 8.21*
80 day 2005 15.65 19.85 13.45—27.27 18.33 11.24 0.92 10.21 11.09*
2006 15.82 19.45 12.27—24.14 17.87 11.48 121 13.21 10.91*

* {3 0.05 LF/AKTF  * Significant level at 0.05



7 3] BHOMSSE AN R T ISR SR T B 2R 1 QTL i b 1331

7670 d KB N, T4 QA RBAFRL T2 5
{E AT G, BER R (80d KA .

AR & IS 2 A8 2R R A4 I A8 Y T mT LA
Fi (R D, ARG IR T U R
MR Z, WAWTFHTR R EL QA R R
(R NS

PNENEIV A= ok NS R 2 NS o ]
DLEH (R1D , N30 dRkERIHR 50 d &
S e R, ik B T 5008, s {HA 60 d &
B HAE] 80 d K E KA R AL, —MAT 20%
PAUF o 534k, AN K E W I RRFRL T4 5 I AR 1)
WZETT 7 MBI EZ LRV (R D, MILiZE
HAZ SRR R IAE T T QTL 2 AT BRI {5
o
2.2 TEAXBENAIFRTIRINBZNTS OTL H47

FIFHFE TR A LMY QTL Network 2.0 %%
PF23, 4 P<<0.005 i, 7EANR R F I SR £ 5k
T A BAH G 13 ANtk QTL F1 14 X FAik
QTL, It 8 AMntk QTL 1 8 xf _EAvtk QTL #74EY
RIS HAERLN. o

7E30d K E N, LRI 3 ANt QTL, ¥fr T
C2 B b, w2l REFF R4 AR 22 (1) 31.18%.
8.81%1 20.01%[1IFR AL 5, 3 Mtk QTL MY k4%
RESERARYE T RA R A 594, X HERA 504 HATHK
ST AR R RSN (R2, FD . X3
PE QTL #i5 MRS AEAE AR, R E A ik &5 2455
FAERN,, FEA A IR EE 454 ml ff B AN 1.99% %]
457%MFRRAET (2, K1 . 4£30d KE N,
K E] 2 %F AL QTL (dmaEP_1 A1 dmaEP_2)
Oy WIAFAE TIERUE C2—C2. C2—D1b, 1l 35kt
5.60%7F1 2.86% 13 B4R 5, HAr MIRETE 2 MR 1 ANFR
B MR HARSON. (3, B2 .

76 40 d KA B, JLRE 7 S ntk QTL, 434
fiF A2, C2. C2. C2. Dib. E fil M iR L, wf
Iy fRRE 5.56%. 7.67%. 8.98%. 12.29%. 16.34%.
7.75%F1 7.76% 1) AR 5, Horf dmaD1b_1 REWS fifRE
2 MAS ok, 5 16.34%. dmaA2_1. dmaC2_1
A dmaE_1 A7 s R 2855 7 L A KJE T Charleston,
dmaC2_2. dmaC2_3. dmaD1b_1 FI dmaM_1 1385k
S HE RRYR T AR AR 594 3% 7 AN QTL, [ dmaE_1
M dmaM_1 4, 4 5 ANtk QTL Z/bRETE 1 AN FF
Bige M TAAAE SR HAER I, BERSAIRRE N 2.39%
3] 6.60%MFMAF (2, K1 . 5HEHFFRT

WA B P QTL (dmaEP_1. dmaEP 2.
dmaEP_3. dmaEP 4. dmaEP_5) ff {F T i 81 it
C2—C2. C2—D1bh. A1—C2. C2—D1b. D1b—M,
AIAERRE N 2.03%%1] 7.56% 1)KL 5, IX 5 0 BALPE
QTL BIAEAE SRS HAE RN, w]fif R A 1.04% %1 6.32%
FRMAR T (3, B 2) .

7150 d K E I, LRI 6 Nt QTL, 43 alfr
T AL, A2, C2. C2. E. G #8iE L, "M 2.41%
£ 20.08%[1 A 7, Horh dmaA2_1 n]fi#RE 20.08%
MRAA T, Y48, dmaA2_1. dmaC2_1. dmaE_2
I dmaG_1 [1)38 2% A7 FE K 345Kk 5 T Charleston,
dmaAl_1 Fl dmaC2_2 fryB 42 {0 e DRI KT 4 ¢
594, Hf dmaA2_ 1. dmaC2_1. dmaC2_2 % 3 4Min
M QTL FAE LM I AR, REMEAERE N 1.98%%
8.81%MRA LR (2, KWL . 5o, KWMLK
L1 o6 R R AR B A M QTL

(dmaEP_6) , {7 T & E—G, nlff#¥ 5.05%I[%
AR (K3, K2 .

75 60 d KA I, SRS 5 ANtk QTL, 43l
fiF- C2. C2. E. F A L BB L, BEMMREIN 6.43%
£ 12.63%MER AR, Hrh dmal_1 W f#k 12.63%
()22 AR 53 . dmaE_1 AT dmaF_1 ()34 k 2 o7 e PRl 2k
Y5 Charleston, dmaC2_2. dmaC2_3 F1 dmaL_1 A1
SR FE R A SRR T AR AR 594, 1X 5 AN QTL v,
dmaC2_2. dmaE_1 Al dmalL_1 %5 3 AMintk: QTL f#4E
EIREEHAERNY, nIfEREM 2.97%F] 5.43%[H R TLAE
S (E2, B o 54h, RBIERIL 4 5Tk
TWy AR 2 A7 e QTL (dmaEP_4. dmaEP_7.
dmaEP_8 1 dmaEP_9) , fF{ETEHF C2—D1b.
C2—L. D1b—F 1 D1b—L, W] fif%E M 1.43%%1] 4.11%
(EMAS 5, b dmaEP_4 FI dmaEP_7 f7{r 5
HAERON, n] AR 3.01%3 5.53%(1) R AR 7 (% 3,
2) .

7570 d KA, LR 6 Atk QTL, 43l
¥ Al. A2, C2. C2. C2 fil G #HifE L, AR
FEM 3.32%% 15.43% KA 5, Hr dmaA2_1 v]
fi B 15.43%(1 £ M4 7 . dmaAl 2. dmaA2_1 Fl
dmaG_1 [1) 34 &% % {7 3& [K ¥ K J5 T Charleston ,
dmaC2_1.dmaC2_2 Fl dmaC2_3 [t 1 k2 for He PRl 1k
BT RA 594, X 6 ANtk QTL H, dmaAl_2.
dmaC2_1. dmaC2_2 A dmaC2_3 777F 5 ¥R B AE%L
M, TR 3.31%%1 8.00% R MAE 7 (£ 2, K 1),
TEh, AR IHIE IR 6 R IR R4 JFURR 22 1) A



1332 H &k B2 43 4

x2 ETEREFRPEZMASTYRRR QTL ML (A FMESIMEEENLE (AE) 24

Table 2 Estimated additive (A) and additive x environment interaction (AE) effects on dry matter accumulation QTL at six
different developmental stages in three environments

QTL PRl i 3] QTL 5/ FfH MR stk Il kxRS 2 k=L 3
Marker interval Stage Fric g F value (A) H? AxE1 AxE2 AxE3
The distance Additive (%) M TIERE RN TTERE MY TTEkE
between QTL effect AxEl  HY(%) AxE2 HY(%) AxE3 H (%)
and left markers
dmaC2_1 OPK14_70—satt202 30d 23.10cM 29.55 -0.41 3118 -1.14 2.31 0.55 4.54
dmaC2_2  satt202—satt460 30d 3.20cM 30.65 -0.47 881 -017 2.76 -2.89 221 3.06 1.99
dmaC2_3  satt460—satt134 30d 2.10cM 9.43 -0.54 20.01 0.30 4.57
dmaA2_1  Satt538—Sct_067 40d 12.71cM 17.07 0.14 5.56 0.49 5.84 0.51 2.64 -1.00 3.53
dmaC2_1 OPK14_70—satt202 40d 20.39 cM 5.61 1.09 7.67 0.57 2.75
dmaC2_2  satt202—satt460 40d 2.70cM 9.85 -0.51 8.98 1.09 3.41 -0.01 6.60 -1.08 5.92
dmaC2_3  satt460—satt134 40d 2.40cM 19.50 -0.41 1229 -057 5.77 -0.59 1.76
dmaD1b_1 satt537—sat_135 40d 10.79 cM 34.90 -0.70 16.34 -0.62 2.39
dmakE_1 satt263—satt117 40d 2.37cM 35.83 0.58 7.75
dmaM_1  satt150—satt220 40d 4.20 cM 6.58 -0.32 7.76
dmaAl 1 satt155—satt449 50d 0.77 cM 7.41 -1.08 241
dmaA2_1 satt538—sct_067 50d 14.22 ctM 11.35 0.55 20.08 -1.37 3.77 1.37 8.81
dmaC2_1 OPK14_70—satt202 50d 19.48 cM 7.53 0.17 15.04 -0.99 1.47 0.49 1.98 0.50 2.62
dmaC2_2  satt202—satt460 50d 4.10 cM 27.34 -0.55 10.43 0.94 6.76 -0.94 5.47
dmak_2 satt355—satt452 50d 1.01cM 23.84 0.73 521
dmaG_1 satt138—sat_088 50d 0.45cM 28.24 0.78 5.22
dmaC2_2  satt202—satt460 60d 3.50cM 16.79 -0.43 6.90 -1.01 3.65 -0.92 2.97 1.93 5.43
dmaC2_3  satt460—satt134 60d 1.90 cM 20.57 -0.51 10.76
dmaE_1 satt263—satt117 60 d 1.89cM 17.47 1.16 6.43  -0.02 4.85 0.02 4.28
dmaF_1 satt335—sat_120 60 d 211cM 23.89 0.47 8.59
dmalL_1 satt182—satt495 60 d 1.89cM 10.43 -0.73 1263  -0.67 3.23 0.67 4.02
dmaAl_2  satt300—satt200 70d 5.39 cM 27.82 0.39 10.03 -0.34 8.00 0.17 5.52
dmaA2_1 satt538—sct_067 70d 10.88 cM 9.37 0.99 15.43
dmaC2_1 OPK14_70—satt202 70d 22.15cM 24.87 -0.13 879 -0.94 7.85 0.44 4.98
dmaC2_2  satt202—satt460 70d 3.50cM 28.50 -0.47 4.45 0.55 3.58 0.46 4.65 -1.01 3.98
dmaC2_3  satt460—satt134 70d 2.00cM 14.28 -0.67 8.00 -0.54 3.31
dmaG_1 satt138—sat_088 70d 1.19cM 36.12 1.06 3.32
dmaAl 2  satt300—satt200 80d 4.99 cM 13.29 0.41 26.21  -0.57 5.09
dmaAl 1 satt155—satt449 80d 1.02cM 7.31 -0.14 8.00
dmaC2_1 OPK14_70—satt202 80d 20.29 cM 23.64 -0.65 428 -1.12 4.83 1.87 3.76
dmaC2_2  satt202—satt460 80d 2.90cM 9.97 -1.08 12.44
dmak_2 satt355—satt452 80d 1.21cM 30.35 0.37 10.51

El: WA/RIE, 2004; E2: WA/RVE, 2005; E3: MG/KIEE, 2006
E1: Harbin, 2004; E2: Harbin, 2005; E3: Harbin, 2006
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168.3 -4 sat_120 ’ ) 25.5 satt300  pm @ )
173.5 sat 103 0 sat_096 MLGL 36.3 satt200 )
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_ 17754 opAwlo_ 8.8 Jg-satids2 v g
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9 satt146
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569.64 \satt269
+ HA PN BONTE S 2004 SER/RESRSEEAERUNE QTL: Qa: HAMAERUN KYEL 2005 EI /R H AN QTL; Qe: HA MME

x&u&tlﬂi'ﬁ 2006 4FM /RIEFA ST ARV QTL; Qo:

FA IR A B AT It 5 A58 AR 0N 1 QTL

Qa: QTL with additive effect + additivexenvironment effect at Harbin for 2004; Qg: QTL with additive effect + additivexenvironment effect at Harbin for 2005;
Qc: QTL with additive effect + additivexenvironment effect at Harbin for 2006; Qp: QTL with only additive effect and no additivexenvironment effect

1 BEMMEME RIS IEEE R QTL
Fig. 1 QTL with addtive effect and additve x environment effect

Al—C2. D1b—G. E—G, n[f#EBM 3.45%% 6.62%
[l MA 5, Hoh dmaEP_3. dmaEP_4 il dmaEP_10

P4 QTL (dmaEP_3. dmaEP_4. dmaEP_10. dmaEP_11
FldmaEP_12) , frfE T8 Al—C2, C2—D1b,
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®3 GEFRRREMNAZMASIFRTYRRAR OTL B EAIMHE (AA) REMUHNESIMEEENE (AAE) HISH.

Table 3 Estimated epistatic (AA) and epistasis x environment interaction (AAE) effects on dry matter accumulation QTL at six different developmental stages in three environments.

AiPE QTL QTL; FRiCXIA] i QTLi 5/  QTL FRic XA j QTL; 57Zu N I o (VA Y 7 S o (VA 4 $ N AR ER 2 A PEXER 3

QTL with Interval i Fric i 2 Interval j Fric e g Stage ZUN(AA) HA(%) AAXE1 AAXE2 AAXE3

epistasis The distance The distance Epistatic BN Ay e N TIHRE N TR

between QTL; between QTL; effect AAXEL  HY (%) AAxXE2  HY(%) AAxE3  HY(%)

and left markers and left markers

dmaEP_1 dmaC2_1 OPK14_70— satt202 23.10cM dmaC2_3 satt460—satt134 2.10cM 30d 0.19 5.60 0.27 1.78 0.22 1.59

dmaEP_2 dmaC2_3  satt460—Satt134 2.10cM dmaD1b_2 satt157—satt266 4.09 cM 30d -0.06 2.86 -0.30 291

dmaEP_1 dmaC2_1 OPK14_70— satt202 20.39 cM dmaC2_3 satt460—satt134 2.40cM 40d 0.42 7.56 -0.11 2.80 -0.13 531

dmaEP_2 dmaC2_3  satt460—satt134 2.40cM dmaD1b_2 satt157—satt266 5.57cM 40d 0.14 7.08 0.86 421 0.30 6.32

dmaEP_3 dmaAl 2  satt300—-satt200 4.87cM dmaC2_3 satt460—satt134 240 cM 40d -0.27 2.03 0.06 2.19 -0.21 1.04 0.15 3.04

dmaEP_4 dmaC2_1 OPK14_70—satt202 20.39 cM dmaD1b_1 satt537—sat_135 10.79 cM 40d -0.24 571 -0.07 3.97 -0.06 3.02 -0.20 2.87

dmaEP_5 dmaD1b_1 satt537—sat_135 10.79 cM dmaM_1 satt150—satt220 4.20 cM 40d 0.04 4.44 -0.62 3.25

dmaEP_6 dmaE_2 satt355—satt452 1.01cM dmaG_1 satt138—sat_088 0.45cM 50 d -0.23 5.05

dmaEP_4 dmaC2_1 OPK14_70—satt202 22.17cM dmaD1b_1 satt537—sat_135 8.32cM 60d 0.06 4.11 0.43 5.53 0.06 4.28

dmaEP_7 dmaC2_1 OPK14_70—satt202 22.17cM dmalL_1 satt182—satt495 1.89cM 60d 0.20 3.89 -0.49 3.01

dmaEP_8 dmaD1b_1 satt537—sat_135 8.32¢cM dmaF_1 satt335—sat_120 211cM 60 d 0.22 1.43

dmaEP_9 dmaD1b_1 satt537—sat_135 8.32¢cM dmaL_1 satt182—satt495 1.89cM 60 d 0.08 2.98

dmaEP_3 dmaAl_2  satt300—satt200 5.39cM dmaC2_3 satt460—satt134 2.00cM 70d -0.29 6.57 0.01 4.13 0.12 3.21

dmaEP_4 dmaC2_1 OPK14_70— satt202 22.15¢cM dmaD1b_1 satt537—sat_135 12.21cM 70d 0.06 5.43 0.17 4.52 0.28 3.89

dmaEP_10 dmaAl_2  satt300—satt200 539cM dmaC2_1 OPK14_70—satt202 22.15¢cM 70d -0.69 3.45 0.05 2.72

dmaEP_11 dmaD1b_1 satt537—sat_135 12.21 cM dmaG_1 satt138—sat_088 1.19cM 70d 0.30 4.90

dmaEP_12  dmaE_1 satt263—satt117 233cM dmaG_1 satt138—sat_088 1.19cM 70d 0.27 6.62

dmaEP_7 dmaC2_1 OPK14_70— satt202 20.29 cM dmalL_1 satt182—satt495 2.04cM 80d 0.11 3.32 0.12 4.70 0.63 3.87

dmaEP_13 dmaAl_2 satt300—satt200 4.99 cM dmak_2 satt355—satt452 1.21cM 80d -0.04 4.29 0.12 3.17 0.19 5.35 0.26 4.76

dmaEP_14  dmaF_2 sct_188—satt335 0.1cM dmalL_1 satt182—satt495 1.21cM 80d 0.20 5.38

El: FA/RVE, 2004; E2: W&/RVE, 2005; E3: FMG/R¥E, 2006  E1: Harbin, 2004; E2: Harbin, 2005; E3: Harbin, 2006
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Qa: AA LM R ALY 2004 AEM/REEFRGEHAFRNAY QTL; Qp: AA BN K BALMERUN S 2005 4FM /RIEIAEE HAEBNA QTL; Qc:
AT ERLPERN K AT TS 2006 4ENS RIS HAERUN ) QTL; Qp: HAT BAr s b i A BAT B4 M5 IREE ARV QTL

Qa: QTL with epistasis effect + epistasisxenvironment effect at Harbin for 2004; Qg: QTL with epistasis effect + epistasisxenvironment effect at Harbin for
2005; Qc: QTL with epistasis effect + epistasisxenvironment effect at Harbin for 2006; Qp: QTL with only epistasis effect and no epistasisxenvironment effect

2 BE LMK EAMMESINEEEREE QTL

Fig. 2 QTL with epistasis effect and epistasisxenvironment effect
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A 18 oy 11 S WU VA 5 AR SREA IR DO S Ae B 7/ DT A
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PEQTL) , {HntkE QTL REMSMARE IR B AL RITIA T
F% (M 5.56%7%1] 16.34%) , 7E1ZIHHIs AL RN LN
SRR R IEE R e A7 28 g 3, QT L IASE B AR 35
WAL/ 2 50d KB, Itk QTL #tH (6
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A FntE QTL Refg MR IRAAL S (N 2.41%%
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d KB B, M 40d KB HIFIHIE, 7670
d K& R AL, XK B SR (80 d KA
WD) WEA EFEs EATHERON M 30 d Kk E IIIE] 70 d
REWIA—E BT, bR T 45 RN (80 d R F I
WD WEA TR QTLX IAEE HAERNAE 6 4K B I
BB . WEBRNAE HE, 756 MR
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