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Abstract: Flowering time and plant height of soybean are important target traits for soybean breeding with significant correla-
tion. However, relatively less studies of the traits for summer-sowing soybeans in the region between lower Yangize River and
Huai river were conducted. Mapping QTLs for these two traits by using recombinant inbred line populations can provide deep
knowledge for their genetic basis. QTL mapping for flowering time and plant height in NJRIMN was conducted by using Win-
QTLCart2. 5 with multiple-trait composite interval mapping ( MT-CIM) and mixed-model based composite interval mapping
(MCIM) via QTLNetwok2. 1. The results showed that 8 additive QTLs for flowering time were detected by MCIM method, a-
mong which ¢FT-6-2 and ¢FT-11-1 had significant additive and environmental interaction effects. Eleven pairs of epistatic
QTLs were also mapped, but there was no significant interaction with environment. The additive effects totally explained
71.30% of the phenotypic variation for flowering time, while epistatic effects accounted for only 8. 88% . Six additive QTLs
for plant height were mapped, among which gPH-6-1, gPH-12-1 and qPH-19-2 had significant additive and environmental in-
teraction effects. Four pairs of epistatic QTLs were also mapped, and there were significant epistasis and environmental inter-
action effects in the epistasis between ¢PH-8-1 and ¢PH-16-1. The additive effects totally explained 41. 04% of the phenotypic
variation for flowering time, while epistatic effects accounted for 14. 45%. Five QTLs simultaneously controlling flowering time
and plant height were found, and the three QTLs on chromosome 6, 10 and 19 were overlapped with EI, E2 and D¢l gene.
Keywords: Summer-sowing soybean; Flowering time; Plant height; QTL mapping; Trait correlation
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(MCIM) Xt NJRIMN () FF- 78 391 Rk i 4 K 40 a8 4 7
ZIEE N IECA AT, T B HOm | 7k K S R
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Z5 (P <0.000 1) X 45 5L T FF 46 1 Rk = 28
PEATAH S4B , 45 R 3R WA R4 T P MR Y S AR
SRS, 0.317 " (2012]P) . 0.34° " (2012FY) |
0.33* (2014JP) . 0.55°* (2014YC) f1 0.27""
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Table 1 Statistical analysis of owering time and plant height in NJRIMN population and their

parents grown in different environments

SEARYYMH + 122 Parent mean + SD NJRIMN
PR Wi
Tt Bt %8108 MALIISD MfsbREX B2 WE GE BRRK
M8108 NN1138-2 Mean + SD Range Kurt Skew CV/%
T 2012Jp 35.50 4. 21 39.80 +2.23 37.55 £4.59 23.67 0.70 -0.32 12.22
Flowering 2012FY 51.67 +1.21 54.00 +1.45 52.42 +4.86 23.34 0.01 0.35 9.28
time/d 2014Jp 42.33 +3.21 47.00 +4.42 45.21 +5. 64 25.00 -0.52 -0.01 12.48
2014YC 39.67 +2.32 45.70 £1.35 43.55 +5. 81 24. 00 -0.52 -0.19 13.35
2017Jp 41.00 +1.41 50.00 +1.25 46.35 +5.20 22.50 -0.07 0.59 11.22
= 2012Jp 67.80 +4.56 56.90 +5.34 67.50 +15.45 78. 66 -0.11 0.33 22.89
Plant 2012FY 67.49 +6.32 66.20 +2. 65 74.70 +14. 18 68. 67 0.23 0.32 18.98
height 2014Jp 79.22 +£3.43 69.70 +5.56 82.03 £17.75 96.78 0.70 0. 68 21.63
/em 2014YC 74.00 +2. 45 57.80 +6.95 69.80 +10. 74 53.33 -0.06 0.09 15.39
2017Jp 73.36 +£9.43 71.26 +7.34 84.09 +21. 67 98. 09 -0.67 -0.02 25.88
22 FEMMEEMOME QIL REHREEI [ Aifehd 10 KRaTK L6 SR a1
I RZ (£ 3). 11X EA¥E QTL i B AR &L AH K

LRSI E] 8 45 NJRIMN BEURFF AL 8140 54 (4
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1 gFT-11-1 FEFRRE R TP SRS B AR B 3, qF T-6-2
1£ 2012]JP F1 2014YC PREE T A 7E B & ny ik 5 35
BHAE(AE) R0, BAERUWAE 735128 - 0. 451 0. 65
d, X 22 Y B i B 53 i oA 0. 16% F1 0. 42% 5 qFT-
11-1 7F 2014)P FREE T 7778 W 2 09 i o4 5 A 55 B4R
R, RN R - 0.05 d, X} 3R YR RN
0.47% , qFT-3-1 qFT-4-1 qFT-10-2 Fl gFT-14-1 1
HARAE 1A SRR T 2E A M8108, H 4 4~ QTL iy
AR AR SRR T A6 A NN1138-2(522)
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qPH-12-1, H ¥ e ¥R e A s b 5 A 55 BAE B %
qPH-5-1 F1 gPH-6-1 [0 A 1F. , 3¢ IH Hbh ek 25
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FR0.75% o Higr 3 X0 dE it QTL Z (a9 &
Yo HARRUN R A& ¢PH-15-1 1 gPH-19-1, B AE
BN —3. 63 em, X FR IR SRR N 5. 04%
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Table 2 Additive effect and QTL-by-environment interaction effect for overing time and plant height in NJRIMN population

hr EEXE

LEZIN fii et i i ot . IAEROR  RY IS FRSE RN hie [REiFSERDAEY
Position  Confidence
Trait QTL Chromosome Flank markers A /% AE /% Reported locus
/ecM interval
FE  gFT-3-1 3 Mark138136-Mark134953 5.5 3.7~7.4 -0.54"* 5.11
Flowering ~ ¢FT-4-1 4 Mark243681-Mark265007 162.5 157.3 ~165.5 -0.49** 1.63
) -0.40 " (AE1)/
time qFT-6-2 6 Mark495275-Mark480480 91.1 88.9~92.3  4.09* * 38.06 ) 0.16/0.42  First flower 8-1 (23]
0.65" * (AF4)
qFT-10-2 10 Mark432934-Mark399878  73.5 73.2~73.5 -2.05** 15.41 First flower 244124
qFT-11-1 11 Mark221048-Mark233059 48.2 48.2~49.2  1.42** 1.86 -0.50 " *(AE3) 0.47 First flower 11-2 (5]
qFT-12-2 12 Mark458719-Mark440883 138.8 137.4 ~139.8  0.32** 1.21
qFT-14-1 14 Mark591616-Mark572608 49.2 48.7~50.0 -1.02** 6.66 First flower 21-1 [26]
qFT-16-1 16 Mark198136-Mark193233  13.7  8.7~19.7  0.92** 1.36 First flower 1371771
3= qPH-5-1 5 Mark342280-Mark343820 0.8 0~0.8 1.75"* 3.11
Plant qPH-6-1 6 Mark484423-Mark484741 91.7 91.1~92.3  7.37** 3.03 1.67 * (AE3) 0.38 Plant height 23-2 [26]
height ~ ¢PH-10-1 10 Mark434195-Mark419909 75.2  73.5~75.5 -1.86** 3.64 Plant height 18-2 28]
qPH-12-1 12 Mark438575-Mark457281 96.6 95.6~96.8 -3.40** 6.41 -1.66 " (AES) 0. 66
gPH-14-1 14 Mark575743-Mark583053 51.3  50.3 ~51.5 -2.02** 2.42
) 6.14* * (AE4)/
qPH-19-2 19 Mark101577-Mark100609 77.6  76.7 ~80.6 -8.93 " * 22.40 4.08/3.67  Plant height 3-1'%)

-6.08" " (AES)

FFR P <0.05; 7 FR P <0.01, b3 i nHO0N R FE A S AEL AE2 AE3 AF4 FiI AES 43 313275 2012]P 2012FY ,2012FY 2014 YC F1 2017JP,
g e QTL SERBET AR AR R AR 5, BB AE SoyBase HRFET SASCHGE OTL (LB PH EEMMLA.

*indicates P <0.05; * *indicates P <0. 01. h% indicates phenotypic variation explained by additive effects. AE1, AE2, AE3, AE4 and AES indicate 2012JP, 2012FY,
2012FY, 2014YC and 2017JP, respectively. 2, indicates phenotypic variation explained by additive QTL and environmental interaction effects. The reported locus indicates
QTL in the Soybase database whose position adjacent to or overlapping with the QTL in this study.

&3 NJRIMN B FF L EAAR S LA MR 53 47
Table 3 QTL epistatic effect for flowering time and plant height in NJRIMN population

LN fimii AHABFRIC W% %%Z i fisij HA&BARIC W% %%,X " J:{ﬁ:fié?‘#ﬂj

Trait OTL i Flank markers Position Confidence OTL | Flank markers Position Confidence Epistatic
/eM interval/cM /eM  interval/cM effect

FFAEH)  gFT-3-1 Mark138136-Mark134953 5.5 3.7~7.4 qFT4-1  Mark243681-Mark265007 162.5 157.3 ~165.5 -0.39**
Flowering qFT-3-1 Mark138136-Mark134953 5.5 3.7~7.4  qFT-10-2 Mark432934-Mark399878 73.5 73.2~73.5 0.38""
time qFT4-1 Mark243681-Mark265007 162.5 157.3 ~165.5 ¢FT-12-2 Mark458719-Mark440883 138.8 137.4 ~139.8 0.46™ "
qFT-6-2 Mark495275-Mark480480 91.1 88.9~92.3 ¢FT-12-1 Mark438874-Mark458376 28.8 19.2~33.8 -0.41""
qFT-6-3 Mark479744-Mark487964 95.6 95.6~96.0 qFT-6-4 Mark495327-Mark488313 99.6 98.6 ~101.4 -1.58*"
qFT-6-4 Mark495327-Mark488313  99. 6 98.6 ~01.4 ¢FT-14-1 Mark591616-Mark572608 49.2 48.7 ~50.0 0.39""
qFT-12-2 Mark458719-Mark440883 138. 8 137.4 ~139.8 ¢FT-16-1 Mark198136-Mark193233 13.7 8.7 ~19.7 0.43" "
qFT-1-1 Mark650923-Mark651720 23.3 17.8 ~24.3  gFT-1-2 Mark614684-Mark611739 41.3 40.7 ~42.3  -0.76* "
qFT-1-2 Mark614684-Mark611739  41.3 40.7 ~42.3  qFT-18-2 Mark659096-Mark656066 79.4 79.0~80.2 -0.69**
qFT-1-2 Mark652657-Mark618640  44. 8 43.0~45.8 ¢FT-10-1 Mark434623-Mark413936 38.9 38.2~43.5 0.54""
qFT-6-1 Mark474531-Mark482939 34.8 33.5~35.8 ¢FT-19-1 Markl00609-Mark107510 91.2 89.2~91.2  -0.45*"*
Y= gPH-5-1 Mark342280-Mark343820 0.8 0~0.8 qPH-10-1 Mark434195-Mark419909 75.2  0~0.8 -1.59**
Plant  gPH-8-1 Mark283366-Mark296406  20. 8 18.8 ~23.8 ¢PH-16-1 Mark190737-Mark180968 60.3 18.8 ~23.8 3.40"
height ~ qPH-15-1 Mark393479-Mark387699 93.7 90.8 ~95.7 ¢PH-19-1 Mark96712-Mark97767  15.1 90.8 ~95.7 -3.63**
gPH-11-1 Mark224834-Mark211001 21.4 18.6 ~22.8 ¢PH-13-1 Mark310107-Mark308347 66.9 18.6~22.8 -2.45*"

* %R P<0.05;"

TR P <0.01, fLs i A § 40 RS S B AR AL

s B ALY R R AR S

* indicates P <0.05; * * indicates P <0.01. QTL i and QTL j indicate the two sites involved in epistatic interactions. h2, indicates phenotypic varia-

tion explained by epistatic effects.



864 X =

B 6 1t

2.4 LHMHKEHEKHEKESN
SR 4 AR X T ARSI R g A AT 8 A A5
9 QTL, 7352 T 2.6.,10 F1 19 SRk (£ 4).

B g-2-1 51, 8 3 A QTL BRI IfE 5 A3k gl
R ], 15 IH A2 BRBE R /)N

F4 NJRIMN Bk m AL RS 9
Table 4 Joint analysis of plant height and flowering time in NJRIMN population

E78E Rtk

Fric & FK fir'e

(L Environment Chromosome Marker name Position/cM Lop
q-2-1 14YC 2 Mark34968/ Mark32475 86.2~97.3 3.61~ 3.70
q-6-1 12FY/12)JP/14YC/14)JP/17]P 6 Mark479118/ Mark484818/ Mark484741 88.4 ~91.7 12. 09 ~20. 60
q-10-1 12FY/12]JP/14YC/14]P/17]P 10 Mark409331/ Mark425527/ Mark400762 71.9 ~73.5 3.92~ 5.50
q-19-12 12FY/12)P/14YC/14]P/17]P 19 Mark101577 79.6 ~81.6 5.67 ~25.50
3 W B WAL E W ENE] T gPH-19-2, 5B R E /Y FF 168

Zhu 257078 CIM {9 FERI_ B2 T MCIM, %7
Sr Wy B NI B [ 1 O 1 VA QA
QTL 38 1% 32 %00 AF Ry 181 2 258, 1 #4358 25007 . QTL
55 IR 5T HAERIUN 55 A RE LR , 18 2 Bl Motk 52
ZA LR I R ] [R) B RN A T g A7 43 A7 A
HARLE A W EAT 2358 N 1) QTL 5E 47, B2 &
THERARS BE R, ] DA b A vk K QTL 5
W HAERN . WA R IREE T B8 17081, AN
I EERE K QTL ARSI 5 B , i HL vl DA & QTL f4
AN A ER L A R TSR AasE iy QTLE

AWFFE KB —2E QTL X [H] 5 & i iE i QTL
SR EA AR o S (2 2) , nTRE A .
m qFT-6-2 5 First flower 8-1 T4, 1 H EI t1F 1
IZI‘ET‘[V\]:B’H} o qFT-10-2 5 First flower 24-4 4y,
HEEh kG A WA E2 R WA T QTL X [h]
2B Mansur 280 (1996 ) 5% {7 B B4 Plant
height3-1 1 qPH-19-2 T4, HFEHI R ALK IR
Dl FEPRAT T2 X [8] Y, 2 B 5 26 i A i 8 B A
AT S5 VT E B R 5 A6 10 R AR 5 11 s A% S Atk 1
WRIEVE . ABIGE IR R 7 B LA A DL ARGE 1 2 A4~
FEAEM QTL(gFT-3-1 1 gFT-12-2) 1 3 M4k QTL
(qPH-5-1 qPH-12-1 Fll gPH-14-1) , J2 it T NJRLMN
HEARTFAEHAFIRE = AL I e S o e, 11 X I AR
IR 4 Rk e x ik B BAERLN QTL ] 43
WA RE 8. 88% \14. 45% py R IAR 7 R LA PERL
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