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A QTL mapping analysis of main yield traits in soybean

YAO Dan', WANG Piwu®, ZHANG Jun®, LIU Zhanzhu®, GUAN Shuyan', LIU Siyan', QU Jing’
s s Y yan -, g
(1 College of Life Science, Jilin Agricultural University, Changchun 130118, China;
2 College of Agronomy, Jilin Agricultural University, Changchun 130118, China)

Abstract ; [ Objective ] This study explored closely linked and stable marker loci of soybean yield traits,
giving a theoretical basis for cultivating high yield soybean varieties by marker-assisted selection. [ Method ]
QTL mapping and effects of four major yield-related traits were analyzed using QTL IciMapping v2. 2 com-
plete interval mapping method for two years in soybean F, and its derived populations. [ Result and conclu-
sion] The results showed that the LOD =2. 5 was the threshold, and nineteen obvious additive effect QTLs
were detected in the number of soybean seeds per plant, seeds mass per plant, 100 seeds mass and number
of pods per planting four major production traits, including 15 main effect QTLs, namely, the number of
seeds per plant QTLs 3, the number of pods per plant QTLs 2, seeds mass per plant QTLs 10, which were
located at 4 (C2), 12 (G), 6 (Al) and 17 (M) 4 linkage groups. In addition, three stable QTLs were
located in two years, namely, the number of seeds per plant QTL gNSPP-12-1, seeds mass per plant QTLs
gSWPP-12-1 and gSWPP-12-2. One new QTL of seeds mass per plant was preliminarily located, namely,
gSWPP-12-5. The stable existence and main effect QTLs which were detected in this study will give impor-

tant guiding significance for soybean genetics and breeding in the future research.
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K& Glycie max L. Merrill T i % 55 25 it bk
FE T RER R R R U SR, R
SR ZMRA 06, a0 EORL BT L SRRORLER | SRR AL
PARRRLEAE 7 A R, X SRR Y T 2 R T 4
Tl A2 2 B IR , 2 52 BB 25 AR 52 i, IR AR
DAZRAMWEARO ke e B K. B & 4 F it A% 27
S FARCE AR KR B SR IC R B E R BRI
55 EHARHRAR S 0 A, B il K b 4 3 5 R gl 1y
K. W SoyBase WERFFIAH I SCHR A , H FE AN Sb
CL7E 20 2443 s AE AR I th 130 24~ 5 K07 &
AL QTL, 734 T 18 A IEHE, FEAE P TE C2. L,
M. K\G %5 Bl i 50 4F sk, 36 [ Kk &R 1A
HEAFE I, R K g, RE - & 2 imm A
RE R AT FR G TR, Kk a0 &2
PR TR SR ALY 374, PRI tF— 25 3 s K B
KB R RE g HarE N KRG R T
V30 4 8 BE ) TAE.

X K B R IR AT 5452 5 T A TR AR
FERREE 7 KA R AR 20 il e iy [a) @ g
1990 4E Keim 25" JF 4 K AR 9 QTL 4347 LAk,
SR E RN QTL il H 2534 £, S 4%
FIUHBRLE 15 x Bk 1138-2 1y RIL #f{A#47T QTL
30T, KB4 A7 QTL Al 6 AR QTL 43041
FEA [A) F) 2 B E. Yuan 2550460 2] 3 AN 7= 4 A G
QTL 25 T C1 1 K E8iH , &R 17 10% nyistfl
AF St Zhang 2 F IRl — 44 19 RIL AL BL 7 4
/NP QTL . 4 A FORLJi i QTL A1 6 >4 5 36 4k
QTL. Reinprecht 2" F| F| Fy bk R 4109 RIL BEA
FE2 4 3 A ge s A I 2 11 A4S 7= i QTL 1 7
ANFORLBCR QTL, #8y QTL AEWS H &2 45l 2] ; Conci-
bido 25" %t HS21 x PI407305 () [H] 3¢ [ 38 22 B4
11778 QTL 230§, K3 —1~ % A BF A= K & P1407305
7= QTL £ T B2 & HiHE, HTTok RN 8.0% ~
9.4% . BIRENIME G mMARAHICH) QTL iR E #4
Z AU AR ZEPEARMILAS B,
QTL & (i85 R 2 AL T B B K, RATEA A
s AR 1) QTL, A AT BEXS /R & Al 2 A 58
FABHE. A K &7 & QTL & LA ff TAEH
Z AR — 2D R IESE.

AMEGE LA PR EHERN RS A & 50 Fis
K8 JAJE AR F, 23 B REAR Ry il b ), R H
QTL IciMapping v2. 2 34X K & FLRR IEEK | FR Rk AL
i MR RO BB i 4 A R T
QTL &7, JfFHRAE 2 A EAEAER) QTL A3 g3, i
— R KGR R TRl R
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1.1 ##
LT X DEmEaRESF ST 507N
BEAS Ry R R i 4R 187 AR, F 2005 475
EAE T AR KA A Wy i e B b R AT A 58,
2008 4F 5 ¥ F, ORI 236 S ERARIE AL Fy KR
Rk HBEPLIX i it, 3 IWEE, 17X, 11K
5 m. [R5 O B A 77 A ] O8R4 T 10
SR D LU EE Ry S QR 7 3 AV GE T Al
FELRR 5 4 PRI, B3 E K B I EAE N &
PR RAE.
1.1.2 314 2882003 4F Cregan 251" % F iy K
GRS PRk T | Yy, W1 E T 380 X SSR 5|
Y. PR 51 Y bR v Ry A o3 A 2 5] H R TR 2 R
FRRE e KR 804 /2 SoyBase (http: // soybase.
agron. iastate. edu) AT SSR W95 974, 519t
o = L A AR Y HOR A BR A A .
1.2 7Fi%
1.2.1 X & % DNA #9423 2007 4E7E HI[A] F, B
P IS ST, SR SDS 3 PR ECK
L4 DNA ;2008 4ELL F, o R M BE TR K R
FREEHLIERE 15 BRADEL, B s Kt i IR G )5
PEEUK G HE 2 DNA, [R] iR OH R AT R 2 DNA.
1.2.2  PCR ¥ 3§ & 7= ¥ & ksl J5 i A k)
S SR kR Sanguinetti F1HE 7 i BEATAR Y.
1.2.3 XKeF&Zm3Hkegmz  2007—2008 4F
TEBE 2 ARXT R G BARR ISR FRARORL T B | LR SR
BRI 4 A BRI T E N e A
A LR B A KR ES IR O [ K B AR )
KHAT. BRI B S BR g JER, AN TTHREYE, D
10 BV 5 BRMRORLER - SRR S PRk 55, AT AL
B, UL 10 #ROF-3BERR 5 ORI i - F8 LR IE 45
SR H IO /N 5T 100 KRBT, B 2 Ik, 1
B2 WOFHIME (g) 5 BpRoR BT i - 45 B AR 2 80 1IE 45
SRR B, FEAR R SR 10 bR TR IE (g)
1.2.4 &4 A% %54 QTL 547 kR Bk}
ST AR Mapmaker Exp 3.0 347 &3 44
F7 I Group” fir A HEAT AR T 1] B34 843 Bt Al
S EARICEL <8 (9 AT Compare” iy 4> #E1 7
¥, % BibR 0 80 =8 194 ] Ripple ” iy 4 i 17 4
JF ARG I K S 15 1% , 1 Rosambi 04K
W T 2H ARG AL s AL [ B

KM QTL IciMapping v2. 2 {4, Bk 2 4217y
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FARICEE R BEE , X B, SHATAE R Y Sk
SR BRI | FRRORLBORT AR 4 A TR B
PRI T 58 X A 11 &, Step = 1. 0 <M, PIN =0. 5,
POU =0. 1, it LOD =2. 5 JgB{E, %f QTL HE175E iz Al
SRR

2 HERE5HMH

2.1 REXEFEMREF, 2BEREPRIRN
X Fy FREAAR B LSRR 14 BB 30, B AR T

FARRIEROR R B 4 > T2 R T N
BRI, AR (R 1) BoR, A EATERTE 2 58 A
(8] 22 AR, 4 PRI BA BRI 8L 1, 22877
S PRARBA AR 73 A7 Ml L W6 JRE G 3 e U, FRLBRORE K
SRR R | SRR S RO TR B A 4 A R
FAREI S RS0, BAT /M B {EL. 254 R
W BE BV, O AR R . 25845 L B i A, ), B
PR B ORI R BN IS0 s HHA T iZ /195y
AR, 5 IR ) R A

®1 REXEFEMREFRERF, BETHSH

Tab.1 Distribution of main yield traits of soybean in parents and F,

RN L &
A S0 AR 18 P + bR S5 NE =/ MHE it B2 353
BARRREL 207. 69 171.89 187.38 £1.09 514.00 29.00 1.21 1.91
R R g 18. 66 13.88 17.72 +1.28 23.34 11.15 0.07 0.94
PARRIERL 82.50 74.10 79.81 +3.01 212.00 10.00 1.12 1.72
B g 36. 84 24.11 32.96 £14.63 105.21 4.90 1.56 3.20

2.2 KREEFEENHE

AWFFE R 380 Xf SSR 5| W #E AL BEA [E] 4T 2
S| Witive, Horb A 118 X517 34X DNA [a] %
M AF 28, 285N 31.05% , F A HAERL
FEA IR LB L Y 118 %F SSR B MITE F, 43 55
R 236 Bk EiftfT PCR P44, 4580 g - L™ A5k
SN W T g 5 e P, Uk R I )5 e 1 A R R
Mapmaker Exp 3.0 #{4, 8 H 504 Sk, 4R <
0. 50, #EW AT B (EBTRE, A A 2 8 2 UL AR
CA—2H R 1A SRR, e 206 102 4> SSR ARic &
438 25 AN EGBHE R, Hrf 16 4> SSR FRid R
A ISR, AT — K 102 MRl
R T SSR s L s (&1 1).

2.3 REFEF=MRK QTL EL KT

2.3.1 Ak (ICIM-ADD) QTL #2452 F
SEA X EVER B, L LOD =2.5 M B{H, # 4k 2 X
TR BARRRLER | R SR B BT o R R i 4
A FEB AR AT — 4E 494 (ICIM-ADD ) B}, 7£ 4
AT RIS A RE I A I 2 19 A~ HAg B v 5
(1) QTLs , Forr 5 QTLs 15 4~(3% 2).

2 A [ SN 21 5 K SRR B G 1 QTLs 4
AT 4(C2) (12(G) F 17 (M) 3 AN iE 8 L,
LOD {4 2.60 ~ 3.90, % %l 45 2 R % 3.68% ~
38.99% . HH e 12 ( G) 3% 8B Satt594 ~ Satt199 [d]
R 2] 1 ANFREFELE QTL, B} gNSPP-12-1.

N B 55 K 5 E R A DG Y QTLs 3k 2 4>, 4
fiF 6(AL) F1 12(G) #4#E -, LOD {5k 2. 71 F

2.91, Hifpp By AV 535351 0y 9. 81% F1 8. 76 %
2007 AEAE 4(C2) A 12(G) HBRE I E] 1 41~5
R EBRIERAH ) T 2L QTLs, H R BI AR 5 373 Jjl]
7 43.62% Fll 41. 46% . Horbr 2007 4E7E 12( G) S4B
Satt594 ~ Satt199 Fric X [a] 90 2] B gNPPP-12-1 5
TURLIT AN /Y gHSW-12-1 (2007 4F ) F1 AR KL KL
K E iy gNSPP-12-1(2007 4) QTLs , fir 7E 47 1C IX. [H]
P AHZE AT 5. 0 M.

2 AR A4S 3] 5 R 2 SR B B A DG 1) QTLs 2
LA, 734 T 4(C2) (12(G) FT 1T (M) 3 4> & FiHE
b, LOD {5 2.76 ~8.51 , K HIAS G F 4. 27% ~
30.92% . Hrfr 2007 4E R F 1 6 4~ QTLs, B} ¢SW-
PP-12-1, ¢SWPP-12-2  qSWPP-12-3 . ¢qSWPP-12- 4
qSWPP-12-5 I ¢gSWPP-12-6 ,4£ 12( G) #i#E I =8
WY R A A AR 12(G) MR BRI 2 A4 2
A FA EAETE Y QTLs {37 5 . gSWPP-12-1 (2007 2008
4F) Fl gSWPP-12-2 (2007 2008 4F) ; 73 Ah, W 9E I8 K
P 2007 4E7E 4 ( C2) EHRE Satt640 ~ Sat_246 FRil X
E] 4G 2] ) qSWPP-4-1 37 i 55 B b 506 i 31 1)
qNSPP-4-1 F1H AR IERAG I B 1) gNPPP-4-1 {3 55,
B hRiCEE B A 2E A T 5.0 eM.
2.3.2  kfuk sk (ICIM-EPI) QTL #m 2 %  #
F5E45 X E/ERIE:, LA LOD =2.5 [ {H , % K &
PRALE AR TR A R oL R AR RORL BT A 4 D FR B
PR AT Z 4B 5 (ICIM-EPT) 43 A ], H 4G )
2 4 X EA U EAEEAER QTLs, 434 T 3 Ni%
BLSLRE(R 3).
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Fig.1 Soybean molecular genetic map based on SSR marker
*®2 RERXEEEX—4H (ICIM-ADD) ®iMFIM AT EE =B K QTLs"
Tab.2 QTLs of soybean main yield traits detected by ICIM-ADD method
_ QTL fii & i e
ERN ey TP TL FRig X ] . D {4
© " (Hi/J5) /M BB ERR/%
BRI 2007 4(C2) NSPP-4-1  Satt640 ~ Sat_246 18.9/11.1 3.90 62.75 35.13
q
12(G) gNSPP-12-1 Satt594 ~ Satt199 27.3/35.2 3.41 -63.46 38.99
2008 12(G) gNSPP-12-1 Satt594 ~ Satt199 39.3/23.2 3.16 11.60 38.44
17(M) gNSPP-17-1 Satt306 ~ Sat_121 12.5/14. 1 2.60 1.95 3.68
<R A5iy: 2007 12(G) qHSW-12-1 Satt594 ~ Satt199 29.5/33.0 2.71 -1.28 9.81
2008 6(Al) qHSW-6-1 Satt411 ~ Satt591 23.3/0.2 2.91 -4.68 8.76
S -4- att ~ dat_. . . . . .
BAKRIEER 2007 4(C2) gNPPP-4-1 Satt640 ~ Sat_246 22.0/20.8 5.38 49.63 43.62
12(G) gNPPP-12-1 Satt594 ~ Satt199 25.0/37.2 3.90 -31.22 41.46
BAMRRLTIE 2007 4(C2)  ¢SWPP-4-1  Satt640 ~ Sat_246 18.9/11.1 8.51 14.74 29.21
12(G) qSWPP-12-1 Satt690 ~ Sat_140 47.3/26.0 6.60 14.63 29.37
qSWPP-12-2 Sat_140 ~ Satt570 18.0/40.0 3.82 10.96 13.69
qSWPP-12-3 Satt570 ~ Satt324 28.0/52.5 5.76 -15.73 30.92
qSWPP-12-4 Satt324 ~ Sat_308 22.5/28.6 3.57 11.45 14.42
qSWPP-12-5 Sat_308 ~ Satt594 17.4/10.7 4.84 -16.55 18.98
qSWPP-12-3 Satt570 ~ Satt324 21.3741.2 6.83 -16.40 26.02
qSWPP-12-7 Sat_143 ~ Sat_064 23.3/20.9 4.78 14.51 25.25
2008 12(G) qSWPP-12-1 Satt690 ~ Sat_140 52.3/21.0 5.28 -12.93 23.62
qSWPP-12-2 Sat_140 ~ Satt570 20.0/38.0 5.08 -12.52 20.77
17(M) qSWPP-17-1 Satt306 ~ Sat_121 12.5/14.1 2.76 -0.28 4.27

1) E4BHETTOXREFHEATALEERETHEYFHEL T QLA E T A TERTCK AT H 1 MrtwES,
“BT R TIEARCK A ¥ % 2 AT IE B QTL 4 % KR £ B K 2 AR HA 2004 F#41E 49 QTL 4 % Hn
http://xuebao.scau.edu.cn
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2007 AEAE 4(C2) A1 12(G) 2 A Bl ] A
I 3 XFRER K S H bR R A2 QTL T A, H
LODAA (3 B2 it bz 51 & 942 5) {H7E 6. 80 ~
8.53 [, A i B 1) 22 AL S AE 17. 56% ~22.83%

®3 ZEEXBEEEZ 4T (ICIM-EPI) RUEWAEEE

Z[5]. 2008 4F7E 12(G) H1 17 (M) 34 AU [a) L AG: ) 2]

16 52 Wi R B MR B b i PR QTL L AF:, JE
LODAA {2y 4. 11, FAE FH Yy 12.03% .

=R AR QTLs

Tab.3 Epistatic interacting QTLs of soybean main yield traits detected by ICIM-EPI method

Ptk g Qi P Q12 e R
i ERER

LiERy S A gy 2007 qSWPP-4-1  Satt640 ~Sat_246  ¢SWPP-12-1  Satt690 ~ Sat_140 8.53 22.83

gSWPP-4-1  Satt640 ~Sat_246  ¢SWPP-12-3  Satt570 ~ Satt324 6.80 17.56

gSWPP-4-1  Satt640 ~Sat_246  ¢SWPP-12-3  Satt570 ~ Satt324 7.77 18.91

R L 2008  gNSPP-12-1  Sati594 ~Sattl99  gNSPP-17-1  Sat306 ~ Sat_121 4.11 12.03

2.4 REXEFEMREEEIESH

5 X DR L B SIS | BRI AR o A
ORI 4 A T2 VIR A TR i (3R 4)
AR 4 A 2 PR AR 3 IR A,
Hh BRI BRI B AY RE O 2R B i 0. 968,
HUR R B RC S SRR B A O R R 0. 957, B
PRIER HboRs BCREAR 5 280K 0. 939, 156 2 Kl
(INIPSEER AR ES TR 7S/ QLY 7S R BN S P SE S
43518 0. 220 F1 0. 244, 3 Hr a5 SRR 4 A F 2™
PERAA S A B N Al BEAF 7 QTLs %, H R # &8,
X — LR G AT E A R IEEAY) &

K4 KEEEFEMIRA Pearson XN

Tab. 4 The Pearson correlation analysis of soybean main
yield traits

E2IN TiH PP HRRIEL AR
FLBRRIEL r 0.957
P 0. 000
N 0.190
TR r 0.220™ 0.224*
P 0.002  0.001
N 0.190  0.190
LRy S A r 0.939™ 0.968™ 0.384™
P 0.000  0.000  0.000
N 0.190  0.190  0.190

1)“ s 7 A TARKIL0.01 6948 2 F R F.

3 WSS

VERIARSC AR QTL 14 8 v 73 A it — Fif 3 3t 3
G, A A QTL A RERA 22000 AN FER i AH S
WA g HE DR 1 B — PR 22 3k iy R 2, QTL 4y
B4 R SCEAR QTL A7 7E TAR I e

PRI B b AHE R 56 4 X EAE A AE F, KA
AR PRI 5 4 A BB Z R A QTL
B8 19 A XS R Z AR T C2 ) G &P I,
X5 SRR A 2001 AE LB 5 R R ML
FEAR PR QTL A7 /i /e C2 FI N %53%
BB REE DX B R —3. ER S RE,
AR QTLs K 2 A2 78 4 (0 44 9 A 3 58 AH 7]
XN, EAA AH DG T RE ) 2 PR R A 1) B FE A
Yyrbo& B AR R . BN, AR5 A BAE ] B ok T
NIEHTE G & B T A 7E W] AR AR L 42 52007 4F
1E12(G) FEBRE Satt594 ~ Satt199 AR X [a] 45 ] 5]
(B RR JEEL gNPPP-12-1 A3 55 A R 5T o A 0 3] 1)
qHSW-12-1 FIEARFRLERT I 2 /Y gNSPP-12-1 {3 5
I B FEEM S, HbRic X B A7 fAH 2248
L 5.0 oM. X —BF5u 4 57 e 4 2002 4F7E
AR Hr R 3] 55 7 R DG ) il B A AR B
P B SEEAE S A QTLs A T[] — XS 25 18 A V)
B X EET) A G 1Y) 5L BB R 3 A T R — SRR 4 X
B, AR AE R — Y o R v, a] LAUSR RS D D REAH 5C
1) R FRB # A e AR R & A I, AT fE
HEB BRI

58355 L E3E ( GmComposite 2003) HoAs, AF
58 HRE 7 B A5 SR 5 K S8R % SoyBase (http: // soy-
base. agron. iastate. edu) 2 5 7 19 45 5 HA B4 W)
AP BN, AT FEAE 4(C2) F 12 (G) JZEBHE R
B 3 A5 K R BT s AR OCHY QTLs, Bl gSWPP-4-
1 .qSWPP-12-7 Fi1 gSWPP-12-3 , 5 SoyBase i C2 141
BE Sdwi2-2 .G FEBET Sdwil1-4 FN Sdwid-2 FL#,
FEESEE 1 A5 YRR B A 25 A 5.0 e M, ]It
PRV IN A X 3 A QTLs 5 SoyBase FEH i) QTLs
Al REZAH R QTLs. 5341, W98k 5 SoyBase
AHOC QTL fF B L XF, 76 12 (G) % Pl ¥ Sat_308 ~

http://xuebao.scau.edu.cn
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Satt594 FRICIX BRI HE 1 1 4SBT0 K AR LR
i QTL, By ¢gSWPP-12-5.
HT A7 DR 2 x 5 PR TR RT3 I3

i QTL WS e Ay PR M 4 2 7 AN [ A gt 115%'1‘?:
AP ST R B A8 2 19 QTL. R Z % QTL
SEIBERE R, AR PR QTL E ALY 45 R A
R Tanksley % A A 243443 QTL, F5 5] 2
AL QTL A R A BREE 2 2 R N 21 SR TAS BT
RIIR I P AR, R 3288 QTL IR AE
2 AR A RIARIC X ) g o, BE B ERSRE X QTL /& A
BRI N1, BE—2 4 KA A R BR s
A AEA RN AR AN R A2 253058 T R QTL 52 (745
RXPR AL TR A B2 X

BUiSE: A AR L K F A AR SRR XA Ao
)
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