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Mapping QTLs for Growth Period Related Traits in Soybean
KAN Gui-zhen,HU Zhen-bin, TONG Zhen-feng,ZHANG Dan,HAO De-rong, YIN Zhi-tong, YU De-yue

('Soybean Research Institute ,Nanjing Agricultural University, National Center for Soybean Improvement, National Key Laboratory for Crop Genetics and

Germplasm Enhancement, Nanjing 210095 , Jiangsu , China)

Abstract; One F, population(316 plants) derived from a cross between Jiangpu wild soybean-5 and cultivar soybean line Nan-
nong 06-17 was used to construct a genetic linkage map by JoinMap 3. 0. In total ,210 markers (207 molecular markers and 3
morphological markers)were mapped. The constructed linkage map covered 2 205.85 ¢M and consisted of 24 linkage groups
(LGs) ,with an average distance between markers of 11.09 ¢M. Four growth period related traits including whole growth period
(WGP) ,vegetative period( VP) , reproductive period ( RP) and growth period structure trait( RV') of 2007 F,,2008 F,.; and
2009 F,., were mapped by mixed-model-based composite interval mapping( MCIM ). We detected 15 additive-dominant QTLs
and 9 pairs of epistatic QTLs. QTL clusters( QTLs of different traits in the same marker) and QTLs interaction networks ( the in-
teraction among QTLs) were found. Three major QTLs were ¢VP-H-1,qWGP-H-1 and gRV-H-1. Additive effect of qVP-H-1,
gWGP-H-1 and gRV-H-1 accounted for 21.31% ,13.14% and 9.37% genetic variation respectively. These results will provide

a basis for molecular marker-assisted selection, elite genes-discovering and soybean genetic basis-broadening.
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Table 1 Parameters of growth period related traits in soybean parents,F, ,F,. . and F,., populations
A LA F Y Wep/d FFRAERKE VP/d AEFHAER I RP/d RV K {H RV
Generation Mean + SE Range Mean + SE Range Mean + SE Range Mean + SE Range
Fiﬁe 105.00 £0.05 103.00-107.00 50.00 +0.02 46.00-52.00 55.00 £0.03 53.00-57.00 1.10 £0.00 1.02-1.24
A A
K/[Lj; 116.00 £1.00 106.00-125.00 42.00 +£0.08 35.0047.00  74.00 +£0.08 69.00-87.00 1.76 £0.00 1.82-2.28
F, 120.60 £0.02  99.00-131.00 58.97 £0.01 49.00-75.00 61.63 £0.02 39.00-75.00 1.05 £0.00 0.56-1.39
F,; 110.29 £0.01 103.10-118.00 53.56 +0.01 45.40-61.08 56.70 £0.01 49.90-64.30 1.06 £0.00 0.83-1.33
F, 4 119.69 +0.01  96.50-118.50 53.40 +0.01 44.70-60. 00 56.30 £0.01 45.30-63. 80 1.06 +0.00 0.85-1.37
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Fig.2 Frequency distribution of growth period related traits of soybean in F, ,F,.; and F,., populations
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Table 2 Additive-dominant QTLs of growth period related traits

Wk OLs PRIC R I {EE BEXE Jﬁzﬁﬁ AR Jﬁfﬁ AR ﬁﬁiﬁ? AR3 W’ﬁ DEI ﬁﬁ;ﬁ* D2 Wy’f:

Traits MI Posiion  CI A hYe A Y% o>/ % H,.3>/% hye, /% hye /%
SHFW gWeP-Al-l  Satt526-Sattl6s  18.5 16.8-20.5 -0.57* * 0.9 -0.45  0.38 0.00 0.01 0.00 0.02 -0.54 0.66 0.33  0.27
WGP qWGP-A1-2  Sat 267-Sat200  68.4 55.1-75.4 -0.23 0.19 -1.02**0.91  0.00 0.00 0.00 0.01 -0.23 0.23 0.21  0.21
qWGP-B1-1  Sau251-Sat 272 30.2 27.135.2 0.73** 4.50 -0.22  0.02 0.03 0.21  -0.01 0.02 -0.04 0.00 -0.04 0.07
qWGP-B1-2  Sat_247-Sat 348  58.0 52.064.0 1.44** 5.50 0.07 0.08 0.00 0.08 0.00 0.03 0.00 0.28 0.00  0.09
gWGP-H-1  Satt568-Sat 334 9.0 4.0-13.0 3.04** 13.14 0.64 0.11 1.39** 1.78 -0.89* 0.75 0.83 0.42 -0.45 0.13
gWGP-I-1 Sat_174-Sat239 8.0 4.0-13.0 -0.61** 1.33 0.10 0.62 0.00 0.02 0.00 0.02 0.63 0.28 -0.53 022
gWeP-I2  Sau330-Satl02  87.8 78.8-96.8 -0.80* * 2.29 0.99**0.00 -0.76* 0.72 0.76 * *0.75 0.00 0.00 0.00  0.01
qWGP-Mb-1 - Satt618-Sat 359 5.0 0.0-14.0 -0.19 0.33 -1.23**1.28 0.00 0.01 0.00 0.00 -1.31"* 1.32 0.78  0.45
BRERE  qVP-Bl-l Sat 247-Sat 348 63.0 58.068.0 1.48%* 5.12 0.72* 0.25 0.04 0.03 -0.06 0.12 1.3 0.66 -1.10* 0.47
VP qVP-H-1  Sau568-Sat 334  13.0 10.0-17.0 2.98* * 21.31 -0.36  0.01 0.37 0.28 -0.27 0.15 0.00 0.04 0.00  0.03
HERAERE gRP-C1-1 AW277661-Sat713 57.3 49.8-68.0 -1.32** 5.20 -0.199  0.04 -0.23 0.30 0.04 0.01 0.00 0.00 0.00  0.01
RP gRP-Mb-1  Satt618-Sat 359 0.0  0.0-10.0 -0.23 0.39 -0.59* 0.58 0.24 0.07 -0.12  0.04 -1.27** L.97 0.89* 0.92
RVH(E  gRI-CI-L AW277661-Satt713 56.3 52.3-61.3 -0.04** 5.16 -0.01  0.10 0.00 0.11 0.00 0.00 0.00 0.01 0.00  0.00
RV qRV-H-1  Sau568-Sat 334  13.0  7.0-19.0 -0.06** 9.37 0.02* 0.30 0.00 0.23 0.00 0.0 0.00 0.07 0.00  0.00
qRV-J-1 Satt414-Satt686  51.4 48.0-55.1 -0.02** 1.94 0.01 0.14 0.00 0.04 0.00 0.06 0.00 0.03 0.00  0.00

AE, 00 5 PR3 AR R BR800 5 DE, 3800 5 PR AR A AR R0 5 * * RIRTE 0. 01 K-35, * FIRAE 0. 05 /K- b 3 s sk
MBI IEAE, 7R QTL 3 84 S5 A58 R R B T A -5 5 PR RONi B FL M8, R QTL AU A FE IR Ok F AR 06-17

AE, the predicted additive by environment ( generation ) interaction effect; DE, the predicted dominance by environment ( generation ) interaction

effect; * * significant at 0. 01 probability level, * significant at 0. 05 probability level ; Additive effect value is positive, positive alleles of QTL were from

Jiangpu wild soybean-5 ; Additive effect value is negative, positive alleles of QTL were from Nannong 06-17.
x3 AHFHEXERE LA QTL
Table 3 Epistatic QTLs ofgrowth period related traits

etk OTL_i mﬁ Y AD DA DD AAEl  AAE3  ADEl  DAEl  DDEl  DDE3
Traits O O W b 2% % bt/ hon/% bt % by hy®/% hya/%
Position_j
2/HW gWGP-BI-1  30.2  —1.03"° 0.47 —-1.72°° 1.47*  0.00  0.00  0.00  0.00  0.00  0.00
WGP gWGP-Mb1 5.0  0.52  0.04  0.66 0.1l 0.02  0.03  0.02 000 0.1  0.10
GWGP-B13  83.0  -0.68°  1.23" 1.70"* -0.35 0.00  0.00  0.00  0.00  3.07° -1.92
GWGP-H2 575 0.33  0.36  0.57  0.02 0.0  0.06 0.04 0.12 0.5 0.23
BRI gvP-A2-1 624 021 —0.68°° 0.58° 1.59°* 0.00  0.00 -0.66  0.15  1.24" -0.88
VP qVP-N-1 40  0.04 023 0.4 113 0.08  0.00  0.20  0.24 0.3 0.2l
GPA22  116.5  0.64** 0.37  0.09  1.01*  0.00  0.00  0.19  1.53** 0.00  0.00
qVP-Eb-1 3.0 0.10 0.9  0.02  0.67 0.41  0.20  0.38 092  0.14  0.00
GWPA22 1165 —0.64%* 1.00°* 0.45  0.44 0.45 -0.20  0.00  0.00  0.52 —-0.09
GVP-Eb2  20.7 0.0 .84 0.03  0.42 0.68  0.14  0.20  0.24  0.35  0.02
GVP-BI2 322 —0.48°  0.89°°—1.15°°—1.32°* 0.00  0.00  0.00 —1.49°* —2.20°* 1.43*
gVP-Dla-l  18.0  0.41 0.53  0.54  0.31 0.02  0.03  0.17 0.8  0.93  0.39
GVP-BI3 1466 -0.76"" -0.79°" 0.94°° 0.05 0.00  0.00  0.00  0.00  0.87 -0.45
GVP-Cl2  48.8 119 0.66 0.4  0.02 0.00 0.0  0.02  0.03 0.3  0.06
GVP-BI3 1466 -0.34  —0.51 -0.30  2.35°* 0.00  0.00 —-1.31° 0.00  0.76 -0.36
gvP-Cl11 13.0 0.63  0.37  0.02  0.95 0.00 0.0  0.56 0.0l 0.3  0.07
RVIL(E  gRV-CI1 563  0.00 -0.03 -0.02 -0.06"* 0.00  0.00 -0.01 -0.01  0.00  0.00
RV GRV-HA  13.0  0.11 0.35  0.43  0.60 0.03  0.05  0.25  0.35  0.10  0.00
AN RIS 5 R 1005 AD TR 5 5 HERCBE 0 A3 DA 507 5 05 64 46RO 5 DD, B MR 15

BN BLAEROR, 3 AAE - S P 1 (S0 M0 5 SR tH AR A B AR RN ; ADE, -5 M b 457 PRS0 55 IR AR BLAE SO0 ; DAE, b M-l -
PEHERSON  FRBEHEAR  BAERLS s DDE, S-Sl A PR 5 FRBE AR BN 5 *  3R/RAE 0. 01 KPR 3%, 3R/RAE 0. 05 7K 2,
AA , the estimated additive by additive effect; AD, the estimated additive by dominance effect; DA | the estimated dominance by additive effect; DD, the

estimated dominance by dominance effect; AAE, the predicted aa by environment interaction effect; ADE, the predicted ad by environment interaction

effect; DAE, the predicted da by environment interaction effect; DDE , the predicted dd by environment interaction effect ;

level, ™ significant at 0. 05 probability level.

# ok

significant at 0. 01 probability
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