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Single Marker Analysis on QTL Conditioning Yield per Plant in Soybean by
Four-way Recombinant Inbred Lines Population
NING Hai-long, LI Bai-yun, HE Yue-peng, WU Hao, BAI Xue-lian, SI Jing-bo, ZHUANG Xu, LI Wen-xia

(Key Laboratory of Soybean Biology, Ministry of Education, Key Laboratory of Soybean Biology and Breeding/Genetics, Ministry of Agriculture, North-

east Agricultural University, Harbin 150030, China)

Abstract; In this paper a four-way recombinant inbred lines (FW-RIL) population, which came from double cross ( Kenfeng
14 x Kenfeng 15) x (Heinong 48 x Kenfeng 19) through continuous self-fertilizer 6 times and was composed of 160 lines,
was used to map QTL conditioning yield per plant ( YPP) based the genotypic data came from 154 SSR primers and phenotypic
data of YPP came from 4 planting environments, i. e. Keshan in 2013, Harbin in 2013, the first sowing date of Harbin in
2014, the second sowing date of Harbin in 2014, by single marker analysis method. The results showed that 46 QTLs underly-
ing YPP were detected significantly and the QTLs distributed on linkage group Al, A2, C1, C2, D2, D1b, L, K, B2, N,
E, J, F, G and H with the range of heritability from 0. 15% -9.37%. The QTLs showed higher heritability including BARC-
SOYSSR_02_0607, BARCSOYSSR_03_1620, BARCSOYSSR_19-0451, Sat_153, Sat_367, Satt229 and Satt529. The excel-
lent allele genotypes that could increase YPP under its QTL include BARCSOYSSR_02_0607( Q1Q1), BARCSOYSSR_03_
1620(Q2Q2) , BARCSOYSSR_09_0183 (Q1Q1), Satt229 ( Q2Q2), Sat_367 (Q3Q3), Satt338 (Q1Q1), Satt229 (Q1Q1)
and Satt668 (Q1Q1). Among all detected QTLs, BARCSOYSSR_08_0966, Sat_36, Sat_153, BARCSOYSSR_02_0607 and
Satt529 are mapped tautologically in two environments, which indicates these five QTLs could be utilized in molecular design
breeding to improve YPP.
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Table 1 Varietal characteristic of parents
; - . PRy LipiZ HE Jetn AR
il 4 RIS s 9eIHE b ‘ .
Flower Leaf Paste Pod 100-seed
Cultivar Source Growth habit Height
color shape color color weight
RE14 B -
A 10 5 x K55 JERR 100 & K R, Lyl 21~22
Kenfeng 14
REIS _ .
gk 14 x K32 9307 AT R 85 ES K KA, w 18
Kenfeng 15
A 48 A 90-6719 x 4%
, ! AR 88 % K K Wit 2225
Heinong 48 90-5888
BF19 BELx(RF45
: ’ TEATIR 65 M K 3l (4 18 ~19

Kenfeng 19 X /7y 8861-0)

1.2 HERESHERAE
2013 AE43 A v Ll 43 B R S 36 FH TG ZR U5
TP LR AL FW-RIL %) 160 ~fk & ;2014 4F
TEWS IR ISR D5 A4 7R 160 A4 DU ] 24 S R 5 A0 Rk
Z,T5H10 HFI5 H 20 H 2 MEAFHE, 17K
5 m,BRHE 65 cm, ¥k FE 6 cm, 8] 4 3 [A] R A4S 3,
BT R T I 514 10 Bk, = N % Fh
MRt
1.3 SSR fRiE24 T
1.3.1 X & DNA 93250 T =4 I R R S 45
PRZR AR, 5 CTAB JE4H DNA™
1.3.2 SSR 3144 2 Cregan 1100 Song
25 e R TS 2B H 560 T SSR 514y, M4
www. soybase. org [ ufi 2 fit (1) K & SSR ¥ 51 & 1K
G1E7/
1.3.3 3144 % PCR ¥ 14 W1k & 2 # DNA
30 ng. 51 % 1.5 wmol - L™' [dNTP 2.5 pmol - L™",
10 x buffer 1.5 WL Tap B 1U, FI#E4EACKN 2 20 wL,
PCR S WA 34 2504y - (1) 94°C 15284 10 min;
(2)94°C 78 30 5,50°C & 30 s,72°C FEfifi 30 s,
38 YKAEH 5 (3)72°C LA 5 min J5 & T 4°C M A7
B4~ PCR AR & in b 8 wL H B i X Loading

Buffer, 25 14 10 min J5 LA VK E¥&#1, PCR 7=¥1E
6% 114 3R PR 475 T e B v 0 1 e 1= 4385, 761 500 W i
DIR T H VK2 2 hy XFHL UK 9 H 10% 8 8 fin
0. 5% Z.BR[ EHEEHE 3 min, ZJ57E 10% ik 0. 5%
LR \0.2% AgNO; {10 min, 3 7KI% 2 min J5
TE 3% NaOH F10.5% HEERAHRP B 6 5 ~
10 min,

1.3.4 H¥FiLk HHEARFE 14 MFERYH I
AT EEARRE 15 MFE A RLE B, 5 5%
ARRFE 19 MFEMHALC R C7, SR A A 48 M
[FH R E SN D" 24 A I B S B SR FAN
WA RLC A

1.4 S
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Table 2 Summarization analysis of yield per plant across 4 environments

FW-RIL
5 R 14 BEILS BE19 s 48

S AA s L =]
Environment Kenfeng 14 Kenfeng 15 Kenfeng 19 Heinng 48 T KE /M BAE

Mean Variance Minimum Maximum
2013 HRB 16.00 13.47 10.25 12.58 16.10 22.62 7.27 29.86
2013 KS 18.80 20. 14 14.32 21.66 19.30 17.13 6.85 34.62
2014 HRB1 9.00 15.30 15.00 23.10 21.15 48.74 7.45 47.02
2014 HRB2 24.30 25.20 19.40 28.40 24.42 54.27 8.61 51.74

2013 KS 4y 2013 45 I FAR PR 45 ;2013 HRB 24 2013 4F M /R EF A IR EE ;2014 HRB1 Sy 2014 40 IR I — #& W) A A 2R 85 ;2014 HRB2

2014 4RI IR — R AR ERST .

2013 KS indicates planting environment of Keshan in 2013 ;2013 HRB indicates planting environment of Harbin in 2013 ;2014 HRBI indicates plant-

ing environment of first sowing date in Harbin in 2014 ;2014 HRB2 indicates planting environment of second sowing date in Harbin in 2014.

R3 ANMERE T EKTBNG ESTEERMGT

Table 3 Analysis of variance and estimation of heritability of yield per plant in soybean across four planting environments

25 AR - T
DF SS MS F Pr>F
Source Variation component
B[] Environment 3 5300. 83 1766. 94 59.69 <0.0001 11.91
FEH A Genotype 159 7840.97 49.31 1.67 <0.0001 5.40
%75 Error 421 12462.53 29.60 29.60
LR Heritability 11.52

2.2 QTL Efr

ARG L T 560 XI5 ¥I7E 4 SRR Z BT
ZAPENR L, Horh 188 X5 WTE 4 AR Z a8
HMRIFMZEN, 28555 34% , FIH 188 Xf
SSR 5| ¥7F FW-RIL () 160 4~ J5 {Ukk & L i 1T PCR
Pyt F BRI B B S A TR (3
4), A E] 46 A~ 5 BURR AR G QTL £ 55,
FE 4 Al A2 C1.C2.D2 . D1b. L K. B2 N.E.J.
F .G il H S8R 1, #5584 0. 15% ~9.37% ., i#
195458 75 10 FR VT A% 5 47 BARCSOYSSR _02_0607 ,
BARCSOYSSR_03_1620 .BARCSOYSSR_19-0451 . Sat
153 Sat_367 .Satt229 Fl Satt529 , 52k fu Jk K %

> BARCSOYSSR_02_0607 (Q1Q1) .BARCSOYSSR _
03_1620 ( Q2Q2) .BARCSOYSSR_09_0183 (Q10Q1) .
Satt229 (2Q2) . Sat_367 (Q3Q3) .Satt338 (Q1Q1) |
Satt229 (Q10Q1) \Satt668 (Q1Q1) . FEAL M iy FRIC AL
A, BARCSOYSSR _08 _0966 7F 2013 4F 7 111 Al
2014 4FRG IR —RE BAPIAS PR45 v 8 52 K, Sat_367
E 2013 AEIA SR 2014 AFIA SRV 3% 11 5 4> 3 %
rhE A K, Sat_153 7 2013 45 1L AT 2014 4FERG /R
VE— WP PR35 8 A2 K, BARCSOYSSR _02 _
0607 7 2013 4F 5 11 Al 2014 4F Iy /K ¥ — % 301 5 4~
B & A, Satt529 7 2014 AR RG R — 175 1)
12014 0GRV R SH P BREE vh d A AG I
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Table 4 Mapping QTL conditioning yield per plant in soybean
I8 Frid HEPRE Ao i PR Y
Environment Marker LG Allellic genotype Lop " “ “ “ “ "
2014 HRB1 BARCSOYSSR_05_0513 Al 1232 2.73 20.79 1.72 0.81 -2.54 0 4.39
2014 HRB2 BARCSOYSSR_05_1017 Al 1134 2.57 24.06 -0.29 0 1.14 -0.85 1.27
2013 KS BARCSOYSSR_08_0966 A2 1231 2.80 19.39 -0.84 0.14 0.70 0 2.34
2014 HRBI1 BARCSOYSSR_08_0966 A2 1231 3.10 21.27 -0.52 -0.80 1.33 0 1.49
2013 KS BARCSOYSSR_11_0442 Bl 1224 3.72 19.35 0.51 0.08 0 -0.60 1.02
2014 HRBI Sat_182 B2 1233 2.64 21.17 1.08 -1.78 0.70 0 3.76
2014 HRBI1 Sat_264 B2 1232 3.79 20.96 -0.94 1.57 -0.63 0 2.72
2014 HRB2 Satt183 B2 1133 2.90 24.31 1.08 0 -1.08 0 2.06
2013 KS Satt416 B2 1131 2.51 19.23 0.07 0 -0.07 0 0.03
2013 HRB Sat_367 Cl 1134 2.59 16.42 -1.68 0 0.84 0.84 6.93
2014 HRB2 Sat_367 Cl 1134 3.07 24.95 -0.88 0 -0.94 1.82 1.78
2014 HRB2 Satt338 Cl 1221 3.91 24.60 1.93 -1.93 0 0 6.88
2014 HRB2 BARCSOYSSR_06_0011 c2 1234 4.75 24.18 1.84 -0.17 -0.60 -1.07 2.45
2013 KS Sat_153 c2 1234 3.85 19.14 -1.05 0.16 -0.06 0.96 3.18
2014 HRBI Sat_153 Cc2 1234 3.53 20.95 -0.43 -0.54 -0.22 1.19 1.25
2013 KS Satt281 Cc2 1234 3.75 19.30 -0.80 0.90 -0.54 0.44 3.08
2014 HRB2 AIB56415 D1b 1224 4.13 24.80 0.8 -2.28 0 1.43  5.05
2013 KS BARCSOYSSR_02_0607 D1b 1234 2.54 19.31 -0.92 0.96 -0.44 0.40 2.70
2014 HRBI BARCSOYSSR_02_0607 D1b 1234 2.64 21.24 1.80 -0.61 -2.45 1.26  6.00
2014 HRB2 BARCSOYSSR_17_0160 D2 1233 2.58 24.51 -1.03 1.99 -0.96 0 3.00
2014 HRB1 BARCSOYSSR_17_1187 D2 1232 3.49 20.96 -1.92 1.47 0.44 0 4.14
2014 HRBI BARCSOYSSR_17_1633 D2 1234 3.54 21.34 -0.19 -0.50 1.33  -0.64 1.05
2014 HRB1 Sat_354 D2 1133 2.78 21.06 0.34 0 -0.34 0 0.23
2014 HRB2 Satt268 E 1233 2.62 24.53 1.66 -2.06 0.40 0 4.35
2013 KS Satt720 E 1231 2.58 19.49 -0.20 0.39 -0.18 0 0.15
2014 HRB1 Sat_313 F 1214 2.73 21.22 -0.29 0.29 0 0 0.13
2013 KS Satt374 F 1231 2.54 20.03 -1.41 0.91 0.50 0 5.14
2013 HRB BARCSOYSSR_18_1813 G 1231 3.00 15.26 1.05 1.24 -2.29 0 2.74
2013 HRB Satt688 G 1131 3.22 15.23 1.72 0 -1.72 0 8.10
2014 HRB2 Satt541 H 1221 2.75 23.52 1.12 -1.12 0 0 2.20
2014 HRBI Satt529 J 1133 2.51 21.00 1.36 0 -1.36 0 3.88
2014 HRB2 Satt529 J 1133 3.91 24.36 1.02 0 -1.02 0 1.80
2013 HRB Satt547 J 1232 2.77 15.67 -1.06 1.16 -0.10 0 3.35
2014 HRBI BARCSOYSSR_09_0183 K 1232 3.83 22.10 3.19 -2.51 -0.68 0 9.37
2014 HRB2 Satt055 K 1221 2.79 23.80 1.38 -1.38 0 0 2.95
2014 HRB1 Satt242 K 1212 3.08 21.17 1.59 -1.59 0 0 5.19
2013 HRB Satt273 K 1232 2.62 16.19 0.86 -0.97 0.11 0 3.17
2013 HRB BARCSOYSSR_19_0451 L 1234 2.82 16.25 -0.05 1.20 -0.64 -0.51 2.22
2014 HRB1 BARCSOYSSR_19_0451 L 1234 2.81 20.83 0.83 0.93 -1.03 -0.73 1.82
2014 HRB1 Sat_187 L 1233 2.91 20.79 -1.76 0.40 1.36 0 3.40
2013 HRB Satt229 L 1233 3.06 16.08 1.34 0.54 -1.88 0 8.25
2014 HRB2 Satt229 L 1233 2.95 24.29 1.08 1.22 -2.30 0 4.42
2013 KS Satt462 L 1214 2.70 19.31 0.58 -0.64 0 0.06 1.74
2013 HRB Satt664 L 1133 3.31 15.34 1.50 0 -1.50 0 7.86
2014 HRB1 BARCSOYSSR_03_1620 N 1233 2.95 21.44 0.21 1.39 -1.60 0 3.10
2014 HRB2 BARCSOYSSR_03_1620 N 1233 4.09 25.09 -0.42 2.73 -2.31 0 7.38
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