36 % 50 NI = Vol.36 No.5
0174 9 f] SOYBEAN SCIENCE Sep. 2017

AEMNEEAEBXRRZBFEFTHRERTE QTL EfL
THEALE BB oW, rRe L E H,EXRLE 4, FXE

(1R K2 A 2B/ KRG AP E TS SE R /RO FB AR K G A Y R S TR R S SER0 %, BT MR 1500305 2. BB IT
BAARL2EBe (R B 0 BT B /REE 150086)

 E:LURFE14 REIS BFE 19 FEAR A8 REA T & 160 HE R MU [0 FE 2 H 28 R BER (four-way recombi-
nant inbred lines , FW-RIL) S isC4 A6k , 38 2 4 4035 A% 22 SR 1, %o K0 DU ) EE 21 19 32 R B 2B B 301 45 B BL AT
QTL &7, B FE A K G AT AR 4745 B B R 42 H0E SE R AT AR S8, 5 0 PP R R 5 R A F WA G
RS AG LR . 38 X B BIE AR H vk, i 275 4> SSR 43 FHRic kit 2013 2014 5 2015 4R 5 LLAIE /R E 3 4F
3 AN T AT B W B T QTL @ N7, 85 R0 K W DU nl 258 ETR 10 45 42 B W B B 5 32 BRI A i 2w, A2
B WIS HRIRAE Fw-RIL R PR AE BUSC G AR R, 76 S5 2R B A4S M BoAE DG QTL 434 £ 18 A PIHE I, 431
J& Al A2 Bl B2 .Cl1.C2.Dla D1b.D2.F .G . H.J K.L M.NF1 O E&iH;17 M54 F LB LK QTL 87 2
AU R E E AL E], 43R gST-B2-1 . gST-C1-1 ,gST-C2-1 . gST-C2-2 . qST-D1b-1 . gST-D1b-2 . qST-G-1 . qST-H-
1 .qST-K-1 ,¢ST-K-2 . qST-L-1 .qST-L-2 ,qST-M-1 ,¢qST-M-2 . qST-M-3 . qST-N-1 ,qST-O-1, H:rf, # & 10 D 54 F B
H M) QTLs, qST-C2-2,qST-D1b-1,qST-k1,¢ST-M2 i1 qST-N1 JZ&E55¢ OTL,

IR R AT U A A 28 R HHA; QTL

E 425 :8565. 1 SCERFRIAAD : A DOI; 10. 11861/j. issn. 1000-9841. 2017. 05. 0692

Mapping Stable QTLs for Growth Period Procedure Based on Four-way Recom-
bination Inbred Line Population

NING Hai-long', ZHUANG Xu', YANG Chang', FANG Yan-long', WANG Ping'*, LI Wen-bin', XUE Hong',
LI Wen-xia'

(1. Agronomy Colledge, Northeast Agricultural University/Key Laboratory of Soybean Biology, Ministry of Education/Key Laboratory of Soybean Biology

and Breeding( Genetics) , Ministry of Agriculture, Harbin 150030, China; 2. Information Center of Heilongjiang Academy of Agricultural Sciences, Har-
bin 150086, China)

Abstract: In this study, four-way recombinant inbred lines were constructed with Kenfeng 14, Kenfeng 15, Kenfeng 19 and
Heinong 48 as the parents. The aim was to provide a theoretical basis and technical support for the molecular-assisted breeding
of soybean growth stages, and to explore the genetic mechanism of genes related to growth period. QTL mapping was carried
out at different stages of growth period in 2013, 2014 and 2015 under the three environments of Keshan and Harbin by 275
SSR molecular markers. The results showed that the growth stages of soybean four-way recombinant inbred lines were suscepti-
ble to environmental conditions, and the growth traits of the four-way RIL population had significant genetic variation. The
QTLs associated with each stage of the growth period were distributed on 18 linkage groups, respectively, Al, A2, Bl, B2,
Cl, C2, Dla, D1b, D2, F, G, H, J, K, L, M, N and O linkage groups;17 QTLs associated with each stage of the growth
period were repeatedly mapped, respectively, qST-B2-1, ¢ST-C1-1, ¢ST-C2-1, qST-C2-2, ¢ST-D1b-1, ¢ST-D1b-2, ¢ST-G-
1, gST-H-1, qST-K-1, gST-K-2, ¢ST-L-1, ¢ST-L-2, qST-M-1, qST-M-2, qST-M-3, qST-N-1 and qST-O-1. Among them,
10 QTLs loci were newly found, qST-C2-2, qST-D1b-1, ¢ST-K-1, qST-M-2 and qST-N-1 were localized in three or more en-
vironment or stages of growth period.

Keywords: Soybean; Growth process; Four-way recombination inbred line population; QTL
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Table 1 Descriptive analysis of different growth stages for FW-RIL under different environments
AT M B 781 Py b2 i 52 Uiz H/ME R
Growth stage Environment Mean Stand deviation Skewness Kurtosis Minumum Maximum
El 40. 48 0.377 1. 056 0. 836 32 58
ST1 E2 33.28 0.125 26. 285 0. 095 22 43
E3 27.58 0.289 1.473 0.474 22 40
El 11.47 0. 191 0. 827 0.034 4 20
ST2 E2 18.12 0.311 0.612 -0.418 7 28
E3 11. 41 0. 300 0. 641 0.393 2 24
El 4.69 0.132 3.004 1.231 1 12
ST3 E2 6.41 0.178 17. 145 2.538 2 23
E3 6.2 0. 161 1.786 1. 137 3 14
El 8.57 0.228 0.537 0. 464 1 19
ST4 E2 8.34 0.170 0.210 -0.212 3 14
E3 38.29 0. 347 0.223 -0.211 26 50
El 16. 84 0. 296 12. 082 2.162 10 42
STS E2 10. 24 0.220 -0.343 0.221 5 18
E3 8. 13 0. 166 1.279 0. 994 4 15
El 23.54 0.326 3.837 0. 986 2 33
ST6 E2 20. 05 0. 545 -0. 825 -0. 144 6 35
E3 7.38 0.138 0. 275 0. 268 2 13
E1l 4.28 0. 103 1. 151 0. 829 2 9
ST7 E2 10. 46 0. 364 1. 831 1.375 3 26
E3 6.53 0.110 -0.461 0.077 4 10
El 119. 98 0. 499 0. 100 0. 596 103 131
ST8 E2 116.55 0. 634 -0. 464 -0.122 101 138
E3 121. 61 0. 448 0.719 -1.222 105 129
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Table 2 QTL location of different stages of growth period from FW-RIL under three environments in three years
‘ N X FARITT i BTN = S .
o W I PSS OPRon e mon b dow peon o
LG Interval Trait  Environment References
PVE/% Addl Add2 Add3 Add4
qST-B2-1 B2 Satt168 ~ Satt416 ST6 El 3.2714 13.4539 1.8045 1.0217 0.1932 -3.0195
ST8 E3 4.6843 68.2035 1.9800  3.7692 -9.3926 3. 6434
qST-C1-1 Cl Satt194 ~ Sat_367 ST2 El 3.1809  9.8105 -0.4233 -0.3624 1.3440 -0.5582
ST6 E2 4.3452 13.9750 -3.6510 -0.8256  1.5526 2. 9240
qST-C2-1 €2 Satt291 ~ Satt281 ST3 E3 3.6348 10.8766 -0.4796  1.2463 -0.5275 -0.2392 [3-5]
ST7 El 3.0451 11.7937 0.6089 -0.5201 0.2418 -0.3306
qST-C2-2  C2 Satt643 ~ Satt363 ST1 El 3.2679 13.5352 -0.1009 1.5110 -3.0265 1.6164
ST2 E2 3.8393 14.4338 1.2345  1.2348 -2.5857 0.1163
ST8 El 4.1313 15.3024 0.7966  1.6900 -4.5379 2.0512
ST8 E2 5.5879 22.4685 3.5071 1.5136 -6.8389 1. 8183
qST-D1b-1 DI1b Sat_289 ~ Satt271 ST1 El 5.8632 33.3852 -2.1368 -0.1508 4.5895 -2.3019
ST3 E3 3.9250 30.7211 -0.5092 -0.2797 -1.1898 1.9787
ST8 El 3.5553 17.3773 -2.7773  0.3525 3.9989 -1.5742
qST-D1b-2  DI1b Sat_183 ~ Sat_096 ST4 El 3.1041 21.1134 -0.0705 -1.1022 -1.1523 2.3249
ST4 E3 3.1192  8.8385 0.4081 -2.1049 1. 1198 0.5770
qST-G-1 G Satt288 ~ Sct_199 ST4 El 3.2723 17.1743 1.2033  1.0687 -1.6630 -0.6089 [69]
ST6 El 4.1516 23.1176 -1.2036 -2.7318  2.4715 1. 4639
BARCSOYSSR_12_0187 ~
qST-H-1 H Sa1293 ST7 E2 5.7627 64.1975 -2.5802 -2.2936 -2.7782 7.6520
ST8 E3 13.3877 74.9072 3.0251 4.0701  3.1339 -10.2291
qST-K-1 K SaltO?S ~ BARCSOYSSR - ST1 E2 8.2613 39.9790 -1.4063 -1.2210 4.3353 -1.7080
0183 ST3 El 7.2881 39.5552 -1.4787 -0.8806 3.4105 -1.0512
STS El 6.2435 28.9337 -6.5898 -6.3818 18.9529 -5.9813
qST-K-2 K Satt727 ~ Satt055 ST1 El 3.2235  9.9178 -1.6525 2.1680 -0.3923 -0.1232 [10-13]
ST8 El 3.1749  9.0116 -1.8629  2.8321 -1.3890 0.4198
qST-L-1 L Satt313 ~ Sat_187 ST2 El 3.2896 16.8099 -0.1119 -0.8050 -0.8494 1. 7663 [14]
ST8 E3 10. 6935 74.3592 3.4617 -9.7893  3.4599 2.8677
qST-L-2 L Satt664 ~ Satt229 ST8 El 3.3687  9.6625 2.2059 0.9426 -3.4272 0.2787
ST8 E2 4.1857 14.1553 4.6506 -0.2153 -1.9953 -2.4401
qST-M-1 M Satt308 ~ Satt336 ST1 E2 3.3810 9.2139 0.6639 0.2281 -0.2835 -0.6085
STS E3 3.1086 10.1538 -0.0301 -1.0549 0.4314 0. 6535
qST-M-2 M Satt245 ~ Satt677 ST1 E2 7.1925 45.9089 -1.6005 4.0251 -1.1909 -1.2337 [24-33]
ST3 E3 4.6129 46.7568 -0.8368 3.5351 -1.7768 -0.9214
STS El 5.7722  29.4683 -6.8813 18.9123 -5.6551 -6.3758
ST7 E2 4.6739 54.5654 -2.6019 8.0024 -2.1910 -3.2094
ST8 E3 14.1661 74.3440 3.5709 -10.0169 2. 8546 3.5914
qST-M-3 M Satt435 ~ Sat_244 ST1 E3 3.5018 21.2737 -0.9554 -1.0315 -0. 8257 2.8126 [17-23]
ST6 E2 4.0599 15.2974 1.3335 -3.9765 -0.6080 3.2510
qST-N-1 N Satt641 ~ Sat_266 ST1 E3 4.6430 15.8873 -1.2851 -1.5063 0.6627 2.1287 [15-16]
ST3 E3 5.3522 49.0807 -0.5196  3.0527 -1.1263 -1.4069
ST8 E3 8.3246 74.1766 2.7273 -9.7174  3.2638 3.7262
qST-0-1 BARCSOYSSR_I0_1172 ~ ST1 El 3.1641 20.6531 -0.8197 3.7532 -1.1528 -1.7808
BARCSOYSSR_10_0581
ST7 E2 4.3047 56.1666 -3.2683 -1.9602  8.1649 -2.9365
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