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Abstract

Soybean branches number is closely related to soybean yield, so it is very important to fine map QTL
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for the number of branches and explores candidate genes in soybean production. In this study, we
used SLAF sequencing technology to target a RIL population (parent: Charleston) (£) He Dongnong
594 (d") A high-density genetic map of soybean was constructed, and QTLs of branch number of
soybean in four environments were mapped by CIM and ICIM respectively. Ten main effect QTL loci
related to the number of branches in soybean were obtained, and 20 candidate genes related to the
number of branches were screened by bioinformatics tools which were Glyma01g37051, Gly-
ma02g05350, Glyma02g06830, Glyma02g10540, Glyma19g07557, Glyma02g09650, Glyma02g03990,
Glyma02g07940, Glyma02g14125, Glyma02g14910, Glyma02g13053, Glyma02g08680, Glyma02g-
14450, Glyma02g11850, Glyma02g15400, Glyma02g12700, Glyma13g14002, Glyma02g10910, Gly-
ma02g15380, Glyma02g15390. It can provide a favorable guarantee for the formulation of
high-yield breeding strategy, speed up the directional breeding of soybean varieties, improve the
breeding effect, and the new varieties can enter the industrial production as soon as possible.
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1. 518

[(HFEEX]

RKO2FEMNAFAREEY, AES MW, @mEOSEN, SRR T 56%, T 2EY
EAFRKEERE, AN KSR HREARIN. KRR KT EEYRIMR, 57 &
FYIM . B SCET T 5 KRG8 A R Z MR QTL &M, FHor, KE R HUEwm Ko =&
f—ANEEF R[] H2 HArR Z M &= EAE G, AR = 2R P AR P & il
A T EHRA S FE ARG RIE KRS MM ek, 2458k, BNAEE REXRT K
SRR FUE AL RIE, (HERX T RE B QTL MW Ftit fE T 0%, Hikle 2 B E A8 /D& 70 30
B, X L £ 45 5K 4 Bk (http://www.soybase.orgl) . [, K& MR E R B EEIR, 2
ZAFEF R SL P AP BRI R WL H T 2 R TERA R 2], HAEtBARE X TRE
I3 BB B R AL SUE AL RIS, EIX S QTL B M T B Aoz ik i HARAE —E X, FEFEAAE
T 1) B EEENBEESEE, SREMPRCXER R, TR TR e 2) BRrE ke s
BRI QTL ZE A bR, 6 A 20 ok T 1 ¥

AW FURR I T L K O AR R, B AL BB DG QTL, i XS4t e AL 7 K s[RI 42 48
BB SRR FE R, W LI R &0 Fhnicl B SR A Rl TR, K@= & PR i i e S 4t
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ISR, [ P Ah 2 R A [R] AR 38 A A BB, AN TR 8 A 713k 45 T KEME AR S EQTLE L.
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F SLAF P H AR M 2 54 5308 A SLAF Fic b4 K & i 25 B o A% itk , & H AT P9 25 5 o AR S as
Bl 2 —, BRE  B KBE N 2294.43 oM, AR (A RSP 34EE 552 0.47 oM, “F3ANEBURE & F 265 /Mrid,
RPN 114.72eM [3]. RIS KRS REER ZMIRET T QTL 0¥, #8H ¥ ABIKE 5
BCHO 7= 5 1 52 W [4]-[10] . R H BT E A 4R E K2 6T RS2 B8 ki, 7£ Soybase
(www.soybase.org) I i Hr WSk T 13 NS B OGI QTL. KRE A S =B % VMG, ifidE
e RS — PR S R R O R M A EM. S8, SEEREMIL, BHERER
HOoBHZ R R, T B IR, SR G E R A EEE L [11]. ¥ 1sebrands F1 Nelson &5 A
IR TE, A O AR A K R SR R () SE R S8 AL . WRh 28, DA RRAE K SR AR RO /K4
A3 ) 2 DIAH2C,  Nelson FI FARES K E 1 F2 BEARCR I 2R FA B /0B 50%% Brl A1 Br2 w33
DR [12] [13] [14].2007 R[4 EE 12 F] F 2 4¢ 594 F11 Charleston 3B A F 1 RIL BEAEALE T 7 4N
KA QTLs, Zr7lfiF Bl, C2, 1 E %5 3 MNMEBIRE[15]. TR R ARRE K E M RILs, 2] 14
AR QTL, 2045 T A2, B2. C1. C2 F1 E £ 10 &SR F[16]. 725 FH ks K G474
A RENL T — LT CLEBTREM 0B 8 QTL [17].2010 4E Sayama % A K ] Tokei 758 £ To-8E
NFEAFIEN RIL BERERLS] T 5 DN QTLs, 2HIfiF C2, L, B1, D2 1 G #EifE, JFHK
Bl qBrl A1 qBr2 43 A4+ EL A1 E3 (IR MIX, He 3 AMLs RS gBrl f£7E HAE[18]. 2008 4= Li 25 A K
F P1171451 Fl Hwaeomputkong s AR 1 RIL FEAGEN R T L AN BAHCH) QTL, i TS O 1
[19]s 1 H AT I35 R 2 s e B 0t e 67 K A8 QTL o B, 11X 2 MR35
MK [20], [ A A Hs AL Bt 7 b, HAURBRAERSE KRG, FIR#ET QTL A4 £ 20N
Fo [21]\ Fag [22]F0 RIL [23] [24]55 W10 BIREAR, 2 RBH ARG st B8 %, MR ERMEZE, HAR
T IG BRI o 2013 FFEARIK XS K T A R 21 7 B D BE R i Je 5 QTL e b, b K5 B R4 H 4y
T AH O [F) 5 255 IR A 2R BT A3 201 20 AN B AH G 1) QT L X [8] P A7 18 K &2 /0 B A G IR 2L [H] 57 AM[25]. A
R —% RIL RO KT M % BB L ), 454 4 4EIA) RIL BRI R 2 B80T QTL 1)
HEhL. AR ARG R, KMEENEA QTL, Fxt AR BT IhAEER:, 1240 K50 BB ¢
e BN, IR XS EE R 55 QTL A mdb AT 3@ fnortr, MraRfe 17— T KRG 0Hof G QTL
SENLIX (A B IE L DR, SR 40 B AR DGR IR 1) Dh Re it 9t S DI Rebric T R AR 2%

2. MB5ETE
2.1. M8

S RIL B4R (SR A : Charleston (Q)FH 4 4< 594 (), 7 28 A AR b K 22 1] B AR 3 2 56 J5 il (167 FR s RV,
HEB, ZR%: 126°dt4h 45°)FiiE, VABENLIXHit, WE 3 RER, HIRE 6 7TRI AT LIE BRI AR,
P K A S CHEAT H (R B8] . FEREARRISOR G, BT B MR A SE ARG RARAK 594 Al Charleston
Fo19~F21 1 RIL BHARI S BEEAR, R ORI G  T 8% S AT QTL AL HT o S R k8
EMECE RN S(QTL)EAT AL, 24 43 BB G R [3]0 1% % B G R SLAF 45 A A 4
T 5308 A SLAF Aric f iR 5 2% B st A% i, 2 H T E ) = % B oK Btk Bl e —, B p ek
FER 2294.43 cM, FRICIEIFIIEE BN 0.47 cM, ~PIGREAEBTRE S 265 Mric . K7 % B ot A% i
Nt — BB T ARICHT 5T & QTL JE i B 58 B IEAIR[3].

22. Bk

{81 F Windows QTL Cartographer V.2.5 5K H & & X [AI{E &% (CIM).  IciMapping V3.3 K H 5845 X [/
B (ICIMYSH R B #5804 T QTL W5 e ML A AT, 15 3845 10K o A B bR s i, P SE 36 ==k
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HATEZEA L (Y) 50 235 RIL BRAI A EACEHA, AT KT 408 QTL Mwlsbitik. JF Ak sED
2 R4S 5308 /> SNP FRICIRE A0, 7E 20 73 J5 1) 50 ZEHTF RIL BRI 5158 J5 AR B¢ p stk
SAMEE QTL A7 A5 HEAT R 0 5 5 %o 45 3 ) 2 A0 QTL A7 £ HEAT T RETE R
3. &R
3.1. RIL kR IETT

T I T DY A [P AR 55 O REEEAT 2 B B R IR 4 BT, R % RIL BEAR IO AN B8R I LE RS
AR SO (35 1 RIE 1), SIS & %t FLBHA AT QTL B4

Table 1. Distribution of soybean branches number in RIL during 2006,2013,2014 and 2015
52 1.2006., 2013. 2014, 2015 4F RIL AN

PRI Trait FREE Environment H 20 B4 & RIL population
“FH41H Average Coeﬁic?frﬁi?ariation &% Kurtosis i Skewness
2006 =4 Fi % 4 JRTE Harbin 15 0.83 0.70 0.96
2013 4% 4 JRTE Harbin 1.3 0.83 0.72 0.87
2014 For i HL & /K% Harbin 2.1 0.55 5.3 1.8
2015 “F ki E & /K Harbin 0.78 1.0 0.73 0.93
RILFEAA ) 73 8
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Figure 1. Distribution of soybean branches number in RIL

B 1. RIL B R B HE

3.2. KESKHH QTL 24

PR T A E0 QTL A 104y, 2 BIAr T K5 20 MEBRE 1 6 AMESEE (% 2). FIH CIM &
IR E] 10 MEH K E BB QTL. 2006 FM /RIEFAEIAES FAIE] 3 4 QTL, 44T Dib.
L.LiE##E E, LOD %> %14 30.47826087.26.34782609. 28.97826087, i1 ik %43 51 74 0.076978%.0.066009% -
0.072795%, LR 23 51 4—0.382. 0.3535. 0.3604. 2013 {EM/RIEFMEIAEE FAIIE] 4 4> QTL, 439
T F. Fo D2, LEBEEL, LOD 437k 39.7173913. 72.43478261. 39.7826087. 35.95652174, w1k
43509 0.102527%. 0.177448%. 0.092185%. 0.083658%, ANk 284> 5l J9—0.4031. —0.5352. —0.3692.
0.344.2014 F M5 /RVEFREIAEE TRl # 34~ QTL, 43 A4z T Dla. C1.FiZE4#f -, LOD 43724 30.30434783.
32.91304348. 33.91304348, TTHkE 474 0.072782%. 0.079268%- 0.081778%, N1t % 73 5 —0.3497
0.4844. —0.3718. H|H ICIM FLiEILA I3 3 ANzl K570 B4 ) QTL, 2013 4ERS /R A P8 Al
F| 1 QTL, AT D2 EWH#E L, LODME N 2.5567, TRk N 7.7054%, MNPERN N 0.3027. 2014 4EH
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éj\
BArAE QTL #% CIM A1 ICIM PRAF LA H R, 43572 Q-NB-D2-17. Q-NB-Dla-1.

Table 2. QTL analysis of soybean branches number
2. RENHEH QTL DGR

IRIEFPRIAEE TR IS 2 A QTL, 4447 T Dla. L #%E4i# I, LOD (4% 4.3764, 5.3995, Tifh#
A 12.3548%. 15.7908, HOtHEALN 43 5N 0.4325, —0.5223. 2013 AERS JRVEHE 5 AT 2014 4EIS SR VE M

fﬁﬁj\ﬂﬂﬁ Iy QTL i"ﬁ%%ﬁiﬁi :ﬁ% IZ_IEI ﬁ?iElZ 8] QTL ﬁﬁ jJD_ ‘fi%lm ﬁzﬁki FRME
Year Site Method Linkage Confidence interval Marker interval QTL position Additive effect  R%(%) LOD
2006HRB  CIM  Q-NB-DIb-2  DIb 0.7~4.6 Markkll%gii%"war 211 -0.38 0077 30
2006HRB  CIM  Q-NB-L-19 L 13.8~17.1 Markgf;ggiMarkg 13.91 0.35 0066 26
2006HRB ~ CIM  Q-NB-L-19 L 161.6~164 Mark%%%ﬁ"v'ark 162.61 0.36 0073 29
2013HRB  CIM  Q-NB-F-13 F 59.7~65.6 Marklf(’fz%‘;%"wark 60.01 -0.40 010 40
2013HRB  CIM  Q-NB-F-13 F 65.6~8L.6 Mark1222711-1316 69.51 054 018 7.2
2013HRB  CIM  Q-NB-D2-17 D2 133~140.1 Marﬁi%%g%"v'ar 13771 -0.37 0092 40
2013HRB  CIM Q-NB-L-19 L 3.3-138 Mark%%%%%%"v'ark 1111 0.34 0084 36
2014HRB CIM  Q-NB-Dla-1 Dla 69.7~71.9 Mark%iissg"wark 70.21 -0.35 0073 30
2014HRB CIM  Q-NB-C1-4 cl 64.2~66.1 Mark%%%%i%"v'ark 65.01 0.48 0079 33
20144HRB CIM  Q-NB-F-13 F 68.4~79.5 Markllgé%%%"v'ark 7021 -0.37 0082 34
2013HRB  ICIM  Q-NB-D2-17 D2  137.679~138.359 Markkllﬁ%o%"\"ar 138.00 0.30 7.7 26
2014HRB ICIM  Q-NB-Dla-1 Dla  69.603-70.146 Markg%%%%i"\"ark 70.00 0.43 1200 44
2014HRB  ICIM  Q-NB-L-19 L 20.781~31.88 Markes2510-Mark 4 -0.52 1600 54

912241

3.3. KESHHHEXREERZHE

ST W E AR C AL B EAE L, 1472 ANk 2k DY O 8 K I Sk R R BdE SR, X SR

Glyma01g37051, Glyma02g05350, Glyma02g06830, Glyma02g10540, Glymal9g07557 +fi# Jvif # Ko00195,
VFZ R AT 7 R W 2R R B B e S 1 v BUS R G0 B8ic 95 [26]: 25 [F Glyma02g09650 v fif v it
% K000450, 28 HEMIE B Al 1k A4 2 52 0 K 5.4 B 50 Glyma02g03990, Glyma02g07940, Glyma02g14125,

Glyma02g14910 & i# Ko00910, A i 7t 3¢ B IE i b 1) B S R 5 K 5 70 B 80 95 [27]; Glyma02g13053
Wi i Ko04146, WFFTIEY] 1 it E A Vi iR 2 i mi K 2 7 A [ 28] V2 is B R T — 208
WA b, 3£ Glyma02g08680, Glyma02g14450 J& T3l Ko04712, £l 50k ¥url . 3
Glyma02g11850, 431 fi# 9 Glycine max cullin-3A-like mRNA, 2 B 8 (5 70 B 80 5% ; Glyma02g11540,

Glyma02g15380, Glyma02g15390 73:fi# & Glycine max gibberellin 20 oxidasel-like mMRNA, 751k B 75 5% 3%
EALEE 5 HAEOC[29]; Glyma02g10910 v#fi#/2 Glycine max BRO1 domain-containing protein BROX-like
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MRNA F 50 H 0 5¢;  Glymal3g14002 Ef# /2 Pyrus X bretschneideri light-inducible protein CPRF2
MRNA I H T e /R ) 7 24 0 00 15 5 8 1 5 D 40 5 K 40 A 80k 56 [30] ;. Glyma02g12700 Vi fiff o
ribosome biogenesis protein BRX1-like, transcript variant mRNA, Z3E 5k 5 70 A HAH =%
4. g

RO RFENATAREIEY, s AmED, HATRREHEEMN. BRC2Ar25Mr 5 E
M A S EMXKH QTL #Eh ik, HEMM S KEEERICH QTL HEAM, XkyE 30k 1
PR

AW TR FHSE A K 55 22 R4 594 il Charleston [ Faq9~Fp1 H) RIL BEAAEAT K &40 BEMEAR QTL
LRI AT . TERERRISGR S, AT B FhiR 2 40 Fi % . {8 F Windows QTL Cartographer V.2.5 K H & & [X 1]
EIE%(CIMY) IciMapping V3.3 5% F 58 % [X [AE 1L (ICIM)X K G4BT QTL W e fr A arir, 4iér
S E CUA 1 5308 A~ SNP Aric IR A i ff e FE A 1) QTL A7 . $REUH QTL A7 A EEF T, #2548
W5 K E BB SR IE SR 20 4, 4358 Glyma01g37051, Glyma02g05350, Glyma02g06830,
Glyma02g10540, Glymal19g07557, Glyma02g09650, Glyma02g03990, Glyma02g07940, Glyma02g14125,
Glyma02g14910, Glyma02g13053, Glyma02g08680, Glyma02g14450, Glyma02g11850, Glyma02g15400,
Glyma02g12700, Glymal3g14002, Glyma02g10910, Glyma02g15380, Glyma02g15390.3F H.%F 24 i i &%
ANFERIBEAT T DR S R S0 R H0A R MR SR mU3EAT 70 AT o AR AL S 2 A I 2R BIEFE[31], K
G B BE RS, o BEBOX M E IR R R T 2L, T

AT FC R N K R B PSS 1) ) R A R ORIE, @ K AR id ik, ik S AR s
B 2 40 00K S A O DG 1 20 AN EEDRAR 2 () i Mgk AT 55 R, MR K G P e e s, 489 E
FRESF[A), $2 & FhSEl, 015 & B AT USSREEN AL 77, 5 AR R K &40 1 & Fh ot 3 5 2

HEBIE .
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