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Single Marker Analysis on QTLs Controlling Maturity Period in Soybean Using

A Four-way Recombinant Inbred Lines Population
NING Hai-long, WU Hao, LI Wen-bin, XUE Hong, LI Bai-yun, LI Qi, BAI Xue-lian, LI Wen-xia

(Agronomy College of Northeast Agricultural University/Key Laboratory of Soybean Biology in Ministry of Education/Key Laboratory of Soybean Biology

and Breeding/Genetics of Chinese Agriculture Ministry, Harbin 150030, China)

Abstract: In this paper a four-way recombinant inbred lines population with 160 individuals were used to map QTLs underly-
ing the maturity period. 188 SSR primers were used to identify the genotype of the individuals. The maturity period was recor-
ded in the 4 planting environments trails. Single marker analysis method was utilized to analyze the genotypic data and pheno-
typic data. The result showed that 14 QTLs conditioning maturity period were mapped to located in 11 linkage groups, i. e. ,
A2, B2, C1, C2, D1b, E, F, G, K, L and N, and the heritability varied from 1. 34% t0 9. 19%. The excellent allelic gen-
otype that could delay the maturity include BARCSOYSSR_08_0966 ( Q3Q3), Sat_177(0Q2Q2), Sct_186(Q3Q3), Satt307
(Q3Q3), Satt557 (Q1Q1), Satt577 (Q2Q2), Sat_351(Q1Q1), Sat268 (Q1Q1), Sct_199 (QI1Q1), Sat273 (Q3Q3),
Satt229(Q1Q1) , Satt664(Q1Q1), Satt125(Q4Q4), and those that could shorten the maturity include BARCSOYSSR_08 _
0966 (Q2Q2), Sat_177(Q1Q1), Sct_186(Q1Q1), Satt307(Q2Q2), Satt557(Q2Q2), Satt577(Q4Q4), Sat_351(Q2Q2),
Sati268 (Q3Q3), Sct_199(Q3Q3), Sau273(Q2Q2), Sati229(Q3Q3), Sati664 ( Q3Q3), Sattl25(Q3Q3). Among three
QTLs i. e. , Satt307, Satt199 and Satt125, which were detected in two environments simultaneously, Satt199 showed little var-
iation in effects of allelic genotypes and heritability across two environments, which showed Satt199 could be used in molecular
design breeding.

Keywords: Soybean; Four-way recombinant inbred lines population; Maturity; QTL; Excellent allelic genotype
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A AMIESE R H AT B 5T AS B 0 K = 0 e FE 4 A
58 ZBEA(FW-RIL) " R SSR 2540 FARicHAR
W SEAMARYFER AL, 7R 3 AR EREE T A k4%
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1.1 ##

SR HITE 2008 4 A & MR AR T 22 S R iy
4 ARERA, B 14(PLAEFH 120d) BF 15
(P2, A FW 116 d) B4 48 (P3, A= FH ] 118 d) FI
BFE19(P4, AFM 112 d) Biil 2 D222 5, 503
PAR F,FE 2009 4544 2 A F 72438, 301 FW-F,
AR B FW-F, 7205 RIE M = sk A 22 4 18, B —
KRG PRAL AR R, A5 DU 7] 8 4 [ 52 RAFIAR AL

160 MR FR  HE PRI
1.2 Fi&

¥ P1 P2 P3 P4 Fil FW-RIL 7 H 8] F 4, 453

F5 710 H,5 A 20 HFE T /RERY K SIE
F5 J1 10 H [F B FpRE F 5 (s a5 . )l 4%
FEMIEITE 3 m, 1785 0. 8 m, BkHEE 0. 07 m, HIA]
R — M K R . EREIR i 25 ek R
A ARG PR o v R 0 0 0 2
FA T AF 50% (9 H ], 582U 090 bR
HER 95% LA W RREGA 31 Bt i H 48
L3 SFRigah
1.3.1 k2 ¥4 KE4 DNA 3] R4 FW-RIL
MRZR L 200 mg, FEECI 7 S B4 DNA £
F£F 50 wL KBk, IF A B BT vk
WME i BEZE 100 ng- ™',
1.3.2 SSR #73T4#F 58 2003 4 Cregan %"
Fil Song 2517 % R LA Sk R PR e B 1 ) A5 Pk
TET 560 Xf SSR 5[4, #R 45 SoyBase [ 3 £ 4L (1% K
7 SSR FHNE G W, FE 4 A SEAR Z E AT 2 A0
ik, Forh 188 X5 | WA 4 AN SEAR 2 (8] R R AT 1)
L35, FIH 188 XF SSR 5|47E FW-RIL A1) 160
ANE AR R L HEFT PCR B3

PCR 4" #% Jz i % H 20 wL N % : 30 ng &L
DNA,1.5 pmol - L™" 54 (445 L i 51 9 A T i 5|
¥),2.5 p‘mol-LfldNTP,l. 5 wL 10 x buffer,1U Tap
fit , FIEBZlK AN 2 20 pL,

PCR Jz W #E T-Gradient $#£47, 3 3% 25144 .94°C
AP 10 min, #E AMEER :94°C A5 1 30 s550°C &
30 s;72°C ZEA1 30 s; JEFF 38 Y5 72°C ZEAH5 min, &
F4CTIRAE HIKITIE N R PCR RN R R 1
8 L FH 8k Jiie S Loading Buffer (£ PCR #z ), &
PCR {51 10 min, RIS A VK V221, PCR =)
TE 6% R NI BB v I e JiE 143 15, 76 1 500 W
THIH T HIKZ) 2 h,

FRYL I ¥ 10% T8 KS +0. 5% TR [ & Bt
3 min, % % 7€ 10% Wi ks +0.5% 21 +0.2%
AgNO, H1 L4 10 min, 37K 2 min J545 3% NaOH
+0.5% HEEF B4 5 ~10 min,

1.3.3  #4giezk X FIE M SSR frid, M4k
PRI HIK S R K 5o AR T 14 MR A9 A id
NN EEARRE 15 MR AL B, g
ARRFE 19 MR BLE R C”, 5oRA B 48 M
FHRE N D" 24 A I B B B FR T
Bl A HE B E S “F 7

1.4 HESFKITFHE

1.4.1 RBHERT>H SFARFEZRMT £
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R T Ak AR R 0 0 22 03t AT E A R s 15 32
1.4.2 fAFRTHAT  (EDUm EH B RBHA D, 15
il — AR A FRIC (QTL) BYSEALEEPIARIAT A 4 .3 B
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o 2MELEE RIEF RS M RECEH,

2 HREHH

2.1 BB

Xt 2 4R 3 AT M AE RIS AE T (R 1)
72530 (£ 2) A& i, FW-RIL 1445 5 WA AE
BRI S, It HAS R BRI R A7 e (25 22 5+
B, ATHIZRRASEST QTL % AL 5T, 3 B[R] #5453
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Table 1 Descripsion analysis on maturity period
2EZR Parents FW-RIL
Wi . " -
. RE14 BEILS BE19 HAc 48 -8y JiZ /ME RR(E
Environment
Kenfeng 14 Kenfeng 15 Kenfeng 19 Heinong 48 Mean Variance Min. Max.
2013 KS 117 120 122 119 119. 83 39.37799 101 132
2014 HS1 106 116 104 125 117.96 97.90311 99 148
2014 HS2 120 117 112 107 114.97 81. 14773 91 138

2013 KS 3 2013 4F 5L BR5E ;2014 HSI Sy 2014 AEI R REIFERSE ;2014 HS2 Jy 2014 ARy RIE —REIFR AR BT, I,
2013 KS indicates planting environment of Keshan in 2013 ; 2014 HS1 indicates planting environment of first sowing date in Harbin in 2014 ; 2014

HS2 indicates planting environment of second sowing date in Harbin in 2014. The same below.

&2 FW-RIL ERRME T EBEMBHTEST

Table 2 Analysis of variance on maturity period in soybean FW-RIL

DF SS MS F
Source Variation component
4% Environment 2 4428. 47 2214.24 13.08 * * 12.78
FEAAY Genotype 159 42958. 35 270. 18 1.60" " 50. 45
%22 Error 313 52984. 00 169. 28 169. 28
LR Heridity 21.72

2.2 QTL Efr

T8 3 ASPREE RGN 2 5 i R AR B 14
A QTL, 73 € AL AE R 52 20 AT Y A2 (B2,
C1.C2.D1b.E.F .G K.LFIN 3 11 S (%
3) G F N 1.34% ~9.19% , 546 F B 1) QTL
& BARCSOYSSR _ 08 _ 0966, Sat _ 177, Satt307 .,
Satt557 Satt273 Satt125, A iERK R EF WM R4
LR KA BARCSOYSSR_08_0966 ( Q3Q3) . Sat_
177 (Q2Q2) . Set _ 186 ( Q3Q3) . Satt307 ( Q3Q3 ) .
Satt557 (Q1Q1) . Satt577 ( Q20Q2) . Sat_351 (Q1Q1) .
Satt268 (Q1Q1) ,Sct_199 (Q1Q1 ) . Sat273 ( Q3Q3) .
Satt229 (Q10Q1) . Satt664 (Q10Q1) Satt125( Q404 ) , fiE
% 45 5 4 A2 F W R A 5 55 2 Bk W 2L AT BARC-

SOYSSR_08_0966(Q2(2) .Sat_177(Q1Q1) ,Sct_186
(Q10Q1) . Satt307 ( Q20Q2) . Satt557 ( Q2Q2) . Satt577
(Q404) Sat_351(Q202) .Satt268 (Q3Q3) .Sct_199
(Q30Q3) . Satt273 ( Q202) . Satt229 ( Q3Q3 ) . Satt664
(Q30Q3 ). Satt125 ( Q303 ). Satt307. Sattl99
Satt125 3% 3 A~ QTL 7€ 2 A~ F 5% 8 & kil £, 5 )2
Satt125 Al Sct_307 {3 5 %F 4 A4 F W4 35t 4% 5Tk %
(itfe ) #122 RAR K, IF H 4 7 5L R R0 2 7 4
K, U A7 AT A7 7R PR Y x PR 58 5 AR RN 5 1
Satt199 7E 2 /™ BRI v (19358 15 38 R 45 o7 L R 1) st A%
BN 25 S A /IN , B S A s i /N o] 4y
FIRITE,
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Table 3 QTL underlying maturity period

28 B SN A -+
Environment (L LG Genotpye Lop Mean M A2 A3 Ad n
2013KS BARCSOYS A2 1231 3.81 119. 87 -0.05 -2.48 2.53 - 9.19
SR_08_0966
2013 KS Sat_177 B2 1222 2.57 118. 67 -1.92 1.92 - - 5.97
2013 KS Sct_186 Cl1 1133 2.58 119. 89 -1.21 - 1.21 - 3.54
2013 KS Satt307 c2 1233 3.15 119. 37 0.55 -2.52 1.97 - 4.22
2014 HS2 Satt307 c2 1233 3.35 113.38 2.78 -4.62 1.83 - 7.45
2014 HS2 Satt557 c2 1233 4.54 113.94 2.92  -1.56 -1.36 - 5.51
2014 HS1 Satt577 Cc2 1234 3.10 118. 12 -0.22 4.01 0.63 -4.42 4.63
2014 HS2 Sat_351 D1b 1233 4.24 115. 04 2.46 -1.85 -0.61 - 3.05
2013 KS Satt268 E 1233 2.72 119. 87 .38 -0.13 -1.25 - 2.85
2014 HS2 Sat_313 F 1214 2.77 115. 11 -1.37 0.94 - 0.43 1.34
2013 KS Sct_199 G 1133 3.13 120. 31 1.42 - -1.42 - 4.46
2014 HS1 Sct_199 G 1133 2.83 118. 62 1. 69 - -1.69 - 2.57
2014 HS1 Satt273 K 1232 2.99 119. 04 -1.28 -3.01 4.29 - 6.05
2014 HS2 Satt229 L 1233 3.47 114.70 2.03 0.33 -2.36 - 4.22
2014 HS2 Satt664 L 1133 3.39 114.27 1.91 - -1.91 - 3.60
2014 HS1 Satt125 N 1234 2.70 118.17 -0.80 2.61 -3.50 1. 68 3.34
2014 HS2 Satt125 N 1234 2.52 113.76 3.45 -0.43 -3.11 0. 09 6.91
3 i Satt557 (02Q2) . Satt577 (Q4Q4) Sat_351 (Q202) .

AWFFEAE 2013 I 2014 4EMREE TRy 3 4
PREE N AL TSR T A F I 14 4 QTL, 4341
SENIFER I 20 A EEGRETAY A2 B2 .C1,C2 . D1b,
E.F.G KL N 3t 11 AR ., Wang 2 75
C2 .Dla Ffl H @8 1R 3 N5 KRG 24 F WHH
KBy QTL A i, AL %0 3. 4% ~46. 9% , A SLE A
M4 F W QTL #E C2 #E8iRE L, dnic {7 s 7E
Satt307 &b, 3% 15 Wang 45" i % B (9 A — 3%, (H A
WFoERYBAL R IE 4. 22%

EUCEARZ A A 0 43 B HER AR EE, 1Y ) 2
H 38 R AFAR A AT L3 3ok 45 07 J5k PR R0 507 b 35 4 3
etk H AR R B 0 S S 7 SE PR R AR SO R B
] K 4 A O A0 4 0 3 [N R A BARC-
SOYSSR_08_0966 ( Q3Q3) .Sat_177 (Q2Q2) .Sct_186
(Q303) . Satt307 (Q3Q3) . Satt557 ( Q1Q1) | Satt577
(Q2Q2) .Sat_351(Q1Q1) ,Satt268 (Q1Q1) .Sct_199
(Q1Q1) . Satt273 ( Q303 ) . Satt229 ( Q1Q1) . Satt664
(Q1Q1) Sattl25 (Q4Q4 ) , fEfs 4 i 4 = F WA
SR H R AU BARCSOYSSR_08_0966 ( Q2Q2) |
Sat_177 (Q1Q1) .Sct_186 ( Q1Q1) Satt307 (Q2Q2) .

Satt268 ( 0303) .Sct_199 (Q30Q3) . Satt273 ( Q2Q2) .
Satt229 (Q3Q3) . Satt664 (Q3Q03) . Satt125 (Q3Q3) .
FIAE B o0 S48 A A B FH (A7) B 6 I, i
bR B T T E R
KiG e E W R 2 A LR P i il i 2 44 1)
BRIk, IR 5 Z A B R, Br 72 67 A9 QTL
PR T EAEARF B T MR IAE T ERE
DU GGUE , T SR DTk R 3K B AR E 1 QTL, L)
PEOET 5 D RN FAR AT B i B B . AR
UE QTL A3 15 1) B S PR WA A0 AE 2247 22 05,1 22 31 B i
ISR A1 QTL, A BB R IE QTL A7 1) 1A 1
A3 56 T 4G DU ) A A0 67 5, Satt307 | Satt199 Al
Satt125 3% 3 A~ QTL 7€ 2 A IAHE 8 &2 kil £, o
Satt199 £ 2 /™ FREE i 1 a5t 15 232 0 A 6 i R 19 a5t A%
BN 25 S A /IN , 3 B S AR S i /0N o] 4y
THAE R, ARG L PR 24 B I QTL R
REFE S —IRBE N A 2, I e F 1 QTL 537
Bi Z [ A7 B 0 BLAE, 32 PR 52 i 3K, S5 T A
RIEA— B, T ZAE A IBE KA 04T 50 B LA
EEFE R QTL,
(T34 1089 1)
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