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Abstract The F,:12~F,:14 RIL population including 147 lines derived from a cross between Charlestonan (An Ame- rican

semi-dwarf cultivar) and Dongnong 594 (a Chinese line) were used to identified quantitative trait loci (QTL) associated with oil
content. We planted the RIL population from 2007 to 2009 in three different environments. The seeds were harvested for the
measurement of oil content. Shukla ANOVA method was used to analyze the genetic stability of oil content, and with which the
related QTLs were mapped by Composite Interval Mapping (CIM) and Mixed Composite Interval Mapping (MCIM). Four QTLs
(sqOIL7-1, sqOIL8-1, sqOIL15-1, and sqOIL12-1) on D1a, D1b, J, and G linkage groups were detected for stability of oil content by
CIM, accounting for 5.33%, 14.61%, 5.83%, and 5.37% of the general phenotypic variation, respectively. By MCIM, four pair
epistaitc QTLs were detected, accounting for 5.65%, 11.42%, 15.19% and 18.32% of the general phenotypic variation, respectively.
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The results of this study supply an important theoretical foundation to the gene mining and molecular assistant breeding of soybean

oil content.
Keywords  Soybean; Oil; QTL; Stability
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e o £ B AN S K 7 & 2 R 4 QT L sE AL
A 1R £ (Yuan et al., 2002; S%B% 754, 2001;
Ka- belka et al., 2004; Panthee et al., 2005; %54,
2007; fEH4E, 2011), K& 7 & # LAE#F R KR
e MR o AW E R A S R A
KT HEAR I QTL HHAT AL 70 Hr(Wian et al., 2002;
Concibido et al., 2003; Smalley et al., 2004; Panthee
et al, 2005; Rein- precht et al., 2006; # 7K 5% %%,
2012). Concibido %(2003). Reinprecht %(2006).
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W F AT R RS B (R,
2008) & 248 75 A [F] P4 55 26 148 T K 523 /\*iﬁ%m
PEF B R B E A — A MR B
E 1988, HIpITAOERFE, (3): 9-13, 27), {HMIEL
5 RGeS B R IR R AFAEAR K X 1
Frik, PRARMB R E R T MRS & &
SRS MOCHE, RN THIBNE B A
JEE X5 K9 43 e R ()

PR 53 WL 82 A% B RS E 1t A 4 A AN [F) PR 5
% MR, FER I BN — R e I AR AT
B AR 6 — S0 2 P21 RE (VR J5 4R %%, 2001). Shukla

g5 MR AE 94 A VR 4 it b 5 20 58 AR (gene
and environment, GE) HCNHEARR 7 ELE T HA 1
R, &ATRIEYWM GE HAET £
7] O A Ao R 2 () A B BB A . 9K RO AT FL
F2(1997) LL Shukla J7v2: %=l 8 B i ek
LX) — BT, KE T B0
SRS (VXY) FIAE 43 N AT >l 1 (Vas) T 22 5]
i M T

BTN 3 3 /I Z 5L T [ Charleston ()
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FZRA 594 ()M K HMA H A RIFEATH
e, HiPNFabr A Shukla Fa e M5 2% . 7E Ik
it 1, ZAEZ 24 E B E R Shukla 7 2213t
ITRE VRN, R HAEA X AEEECIM AR S
X 8] 15 B v (MCIM) 3E AT K i 435 & e e M
QTL AL BT, WFFs x4 Ja i K i Fhek B
AR5 S A e B A EE S ENEMN —E R
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1.1 FEXCGR R #AH R Sl a2 E'ERERR
Charleston 175 & 594 X A 5% A 9 4 &
B R 1), B EERE T £
SHAINER 2 iR, RIL BEARRIM & Bt 2
AR R E S RS AR .

1.2 BHIREHMAERE QTL M4

KA A XEE RS Hrafiis 4 MRE
W FaEER QTL (3 3), sqOIL7-1. sqOIL8-1.
sqOIL- 15-1 FI sqOIL12-1, 4 % fir 3% 81 Bt
D1a(GM1). D1b(GM2). J (GM16) 1 G(GM18),
wE 1 s bRl X A N Satt502~Satt342 .
Satt428~Satt266 . Sattd57~Satt- 244 (Satt547) #ll
Satt199~Satt505, & fH 7F 2.01~3.52 Z i), Timk
FAIE 5.33%~14.61% 2 7], NIPERNAE 5.33~14.61
2 I8), HARERMARE 31.14%. sqOIL-8-1(3.52)
) {1 S v i R 1) 3R R AR e 0 B K (14.61%) , R
QTL 7 sl n] ke R B AL 5 /E5% % — pi o

FIHBEA L MR MKE S X EERE
(MCIM) 15 ] 1 A~ F 2% QTL, #5id X [H M
Satt414~Satt380, fi T &S I(GM16), o1k
RN 5.2%, NMIPERRNA 0.08**, {E A7 HAERK
Ry Hr e, AR E] 4 X7 A7 QTLs(ER 4), H

£ & 8 B N A1(Gm5)xH(Gm12)
A1(Gm5)xJ(GM16) . C2(Gm6)xDla(Gm1) FI
J(Gm16)xI(Gm16), wil& 2, b fr 2 WiqH 7E

0.08~0.14 . [8], Tiik F A 5.65%~18.32% |H],
R B R TAR H 1 51.18%.
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Table 1 Distribution of soybean oil contents in parents and RIL population

PN EEIN

Parents Population

AR s BRI(Q) ZRAX 594 (3) e/ ME %) IRE%)  FRME %) PrRfEzE R i
Year/Site Charleston (Q) Dongnong 594 (2) Min (%) Max (%) M ean (%) SD Kurt Skew
07-A 20.51 18.47 18.86 22.96 20.99 0.73 -0.23 0.11
07-B 21.21 19.07 16.77 21.91 19.41 1.01 -0.003 0.16
07-C 22.21 18.71 17.29 23.49 20.46 1.16 -0.07 0.13
08-A 21.80 19.89 18.64 22.76 20.93 0.79 -0.29 0.29
08-B 21.77 20.73 19.14 24.13 22.08 1.05 -0.73 0.40
08-C 21.89 20.31 18.64 23.57 21.60 0.93 -0.44 0.08
09-A 21.24 18.96 17.85 22.28 20.42 0.67 -0.59 1.46
09-B 20.93 20.07 19.16 21.98 20.93 0.47 -0.70 0.91
09-C 21.36 20.26 19.08 21.79 20.71 0.55 -0.74 0.56

VE AL ZDXEE RGBT B: ARG R R A A AR, C: BT R BRI FhhOlie Bt
Note: A: Hongxinglong Farm Reseach; B: Experimental Farm of Institute of Agricultural Science in Jiamusi; C: Experimental farm
of The Crop Reseach and Breeding of Land-Reclanation of Heilongjiang Prov

2 SRAHIRIL REAAR b & BAG 2 17 ZE 70 A
Table 2 Distribution of stability of soybean oil contents in parents and RIL population

SRA HEfA

Parents Population

AR WT(Q) RAR 594 () BAME S BOKME CPHIE T2 e P i

Charleston (Q) Dongnong 594 (%) Min M ax Mean SD Kurt Skew

0.56 1.35 0.24 1.65 0.95 0.17 0.78 11

#3 KREMAFEFREMEQTLS (CIM)

Table 3 QTLs associated with stability of oil contents in soybean (CIM)

QTL PERAL B P2z SR (%)
Marker interval LOD Additive effect R2 (%)

sqOIL7-1 Satt502~Satt342 2.13 0.06 5.33

sqOIL8-1 Satt428~Satt266 3.52 0.11 14.61

sqOIL15-1 Satt457~Satt244 (Satt547) 2.04 -0.07 5.83

sqOIL12-1 Satt199~Satt505 2.01 -0.07 5.37

Fed REMIFEEFEIEM TR, EAARQTL

Table 4 Main effects and epistatic effects of QTL for stability of oil contents

FRACIX ] FRICIX [A] B A H2(AD) A H2 (Aj) DAL H2 (ani)

Marker interval M arker interval LOD AAIj

Satt449~Satt155 Satt191~Satt293 5.57 -0.13 0.1579

Satt276~Sat_119 Sat_093~Sat_076  3.75 0117 0.114 2

Sat_092~Satt460 Satt528~Satt175  4.73 0.14 0.1832

Satt457~Satt244 (Satt547) Satt414~Satt380  4.17 0.08™*  0.052 0.08™ 0.056 5

E: **: P<0.005; *: P<0.05

Note: **: P<0.005; *: P<0.05
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Figure 1 QTL of stability of oil content in soybean on linkage group
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Figure 2 Distribution of main-effect and epistatic QTLs associated with stability of oil content on linkage groups

Note: Dashed: Interaction between two fragments
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DR AR B3 11 A 0N A 5 e MR AR PR
—ANEERE, GHAKEN T EME QTL fif
REEAT IR AN A B, VP QTL L
PCHE R &, WFE BEmE QTL 1 A7En
TAHEEh E M R o 18 A2 3R BUEE 40 BT 7 i
t, FHTWRAEY GE HAERBM HiEAIRZ,
HH L Shukla EAEJ; 243 fifiZ: « Eberhart-Russell
[F1 U5 3 BT 35 A0 AMMIL AL 43 Aryde (XY ik 3224
o FRANAT B 3
PE Dy iy Pt (%) B2 58 4 K 2R 358 5 1) 1% s L L 1) [+
MM EERRAMERMEXR.
Eberhart-Russell [5] =43 #7177 2 1 2k il 2 P53 454k
S EWy s A B As PR 8 A7 7R 1 R 35 1 B 4 (R
HR R, WAEF I IESHT N, BT 5
FHER, AT A BHEEMGR, XM
Y ANEER BT, X 5 (R A5 IR AR B A
HER, XA ER MR ZEEN AR
Sk (VT 4R S, 2004) . R Shukla TIIAS 245
XFHEL R I, Shukla 5 2 43 Hrik 1 8% T BT A
R R R, w] DU B Bl b 43 M AE P b
FilafR B ZE R, X — RIFN S o ek,
XA BRT AT R AEY) GE BHAE 7 2 M
T7E(VF YR %, 2004) . [FI), A FRgs Fit—
A AESE 7RI Shukla 5 ¥4 B AE 90 A 2
PEAEE— B .

2.2 M MHREEAL R

AW ARAREH R EHs S ER R
QTL £ 5 K& A3t ik (Soybase W uk) Ebxf, 4554
RPUHH—SHRE. AFRMEEM sqOIL7-1
(Satt502~ Satt342) 7t 2>t B 3l F b 47 T % B
Dla(GM1), H MHERIFRIcHEIREZ, A T KR
ik CEW7-5. If Igthl-1. oil-23-2. Podmatl-2;
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