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Abstract

Soybean is the main source of edible protein and edible oil worldwide, and the most important source
of animal feed protein. In the process of soybean growth, nitrogen deficiency will seriously affect the
growth and development of soybean, and then affect the yield and quality of soybean. At present,
there have been a lot of research reports on the effects of nitrogen on soybean yield and quality, but
there is a lack of related reports on QTL analysis of soybean quality traits under nitrogen application.
In this study, two recombinant inbred lines (RIL3613 and RIL6013) derived from hybrid combina-
tions “Dongnong L13 x Heihe 36” and “Dongnong L13 x Henong 60” were used as materials to plant
under two conditions of normal application of nitrogen fertilizer and no application of nitrogen ferti-
lizer at three locations in Harbin, Acheng and Shuangcheng. For soybean quality traits, additive and
epistatic QTL mapping, QTL mapping and the various characters are nitrogen response and candidate
gene prediction, which aims to analyze the genetic basis of soybean quality traits under different ni-
trogen levels, explore related gene loci, for different conditions of soybean nitrogen molecular design
breeding to provide technical and theoretical support. Four additive QTLs for protein content and two
additive QTLs for oil content were detected in RIL3613 and RIL6013 populations, and a single addi-
tive QTL could explain 0.20%~8.70% and 7.23%~7.50% of the phenotypic variation. One additive
QTL for oil content was newly discovered. A total of 4 pairs of epistatic QTLs for protein content were
detected in RIL3613 and RIL6013 populations, and epistatic QTLs could explain 4.04%~5.50% of the
phenotypic variation. Two QTLs for nitrogen response to protein content were detected in RIL3613
and RIL6013 populations, and a single QTL for nitrogen response could explain 8.88%~12.49% of the
phenotypic variation. Using the tagged information obtained by Soy Base online program, 1215 can-
didate genes were screened and annotated in four consistent QTL intervals using GO and KEGG data-
bases. In the KEGG pathway, Ko04075 is involved in plant hormone signal transduction pathways, in-
cluding gibberellin, auxin, abiotic acid and other hormones, and plays an important role in regulating
stem growth, plant growth and seed development. Based on Pathway analysis and functional annota-
tion, 15 candidate genes were identified, which were annotated as vesicle-transporter V-SNARE fami-
ly protein gene, comolecule with Beta subunit and 2 subunit gene, SAUR like auxin response protein
family gene, sucrose non-ferment-associated protein kinase (SnRK), etc. are necessary for many de-
velopmental pathways such as yield and quality formation.
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TACHE 2%

BATRANP A A R BB SRR L. REEEKEREY, AR ZLmHEMATAKIRE, &
(1552 N V== o O = BT PSS AN A SO R0} A Y EPR T SEE U S S AW NI 11 ik
PRI 1 43 B FOAL A o

KEMAyHEMEARTELHEENRAER, B2 T REEARSEAMS SR QTL &
PR FEAEE N A A RE, I B CA IS 200 My Sk RIE, Tz A TR SR 20 S 4L LA B
b X SOR A B BB R, SR s AR BORZE R, RULE ARSI QTL faue M5 B M,
I REIE ] T4 e B T R SRR I 2 PR B £ . B T KRG MMk, B & 8 R
FIB & QTL & Ak Fudk kAT F 451

1992 4£, Diers Z[1]F]H RFLP #xic%} G. max Al G. soja 2438 F % Foq BEAAZEAT ST MR QTL 2047,
AL T 9N SmaSE. 8 NEANMSEMICH QTL. 1999 4F, Orf Z5[2)4E 4 MRS R ENL T 6 N
SR QTL.S ME A IS = QTL, TR N 3AHEAL H A8 R (RILs) B, 1AL 4R1c N A B 51 8 2 (SSR)
FRICANY 18 B 5 2 5 (AFLP)ARIT, 264 “Minsoy. Noirl F1 Archer” =4, 7EPANEER T 23
QTL RAE— AR AT INE], ANEELE = AN FE AR RIS 2] . 2013 4, Pathan 25 [3)1FIHEA A A A
“Magellan x P1438489B” F11 “Magellan x P1567516C "~ #7415~ E 41 H 48 R EFA(RILs), LA 900 /> SSR
A SNP Aric Ay2Edit, EP/NEE MRS T 7 NMEER &= QTL, 6 Ml & & QTL, Hdhfh 24 QTL
AT AR A AR, 3B ARTESS 5 FIEE 6 S Yeadk . 2019 4F, Karikari 55[5]3 T —% % B 1t
FREE, SRR 75K G E A B A A A A G QTL 44 4, 1X 44 /> QTL =2 1E 6 MRS ks
MEN, A 154 QTL AAM 7T EH IR EIN, HF qOil-8-3. gPro-7-1. qOil-15-2 l qOil-10-4 £ 3%
TRIEIEE QTL, TTERRIEIKT 10%, FEAEIX 4 ANPIHLIX (] ik 111 Mk 36 0 B Bk 5
5 R AR YA REURE R, 2 —0 RNA-seq 74T, A 15 MNMEIEMREEFEEM 7K
H ¥ BN B R A

WAESR, P REMA S B L EAR S & QTL E M 7T I3RS T AR FIHEAR K itk 35 S AIAZAE K
& QTL [8] [9], EAFE AR QTL Fase k5 E A ML AN 2, FEX AL QTL #HTi#t— %A 5
T A ELAEARIGAIE « A 7T LART A G 2 10K 5 840 1 22 REFR(RILS) AR RL, FEARFZAEAKE T, Xt
KGR AR S HRBEAT T QTL &AL K M 3 K24 7T, itk — 5 FF AR R SN AK TR K G B A%
(1 43§ P 28 PRI LR 23 F bR ic A Bhi #8588 1 BB SRR AT H R 4%

2. MRS7%E
2.1, BIEEE

FEARAC L13. FinT 36 A 4K 60 FEE A 2 ML E (M A 1), 258 “AA L13 x I 36”7 Al “/R
LIS x G4 607 , Fy & Fe fEM/RIE(E128°, N45)5HER BIREE X RhiE, S AR spife ki
B, 7E Fog ¥ BARMUSIRAT, 1 For DIBRIBAIRAT, TR B S RBFA, %67 134 /M1 156 Mk
%, 2 HIfEFR RIL3613 F1 RIL6013.

Table 1. Quality traits of three parents in RIL3613 and RIL6013
F 1. RIL3613 # RIL6013 =/MFEAM S BEMERK

EZN A A& (PC) & 8(0C)
RAC L13 43.27 18.21
A 36 38.83 20.67
44k 60 41.40 21.12
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2.2. HiE\RIE T

FH )05 T~ 2016 FAERTIR(EL) XUK(E2) FIRG IRV (E3) =AM A RIS 647, H4 AR A& L13. HAi 36 i
A4 60 2 3ANSEAR 2 4N RIL (RIL3613 A1 RIL60L3)HEAAE FH A FfE . (ARG R X BT, FAbHf
JEEAEALEE, EIALEE N RIL BEA . ZEIEAHES AR, — NAIEE AN, 75 Kg N/ha, 150 Kg
P,Os/ha. 75 Kg K,0/ha), — /M AARHEEIE(N., 150 Kg P,Os/ha. 75 Kg K,0/ha). FHE A% N =4TIX, 3m
176, 0.7 mATHE, 0.07 m #RIEIEE, PHIRER[6]. HH IR EE A — MoK RS .

2.3. RAE

SHREASNX PP FUGER G, EAPR S K BB T E A 10%4 40, Rl H & A B & & PC) R4 & &
(OC). & [ F Al 4 & Al F AR Ak A0l K% K G A W) 5 208 30 8 S8 5 (13 20485 43 BT A (FOSS
1241, FHEZ)HATRIN, ZACES AR IE [BDH RECR H B /> 3R (Partial Least Square, PLS), ¥4t ik #f
L5556 %= B (Kjeldahl 751 AR 25 G v SRR A IR B 1 BRIIH 7 2 B, 455 SR DA oS oFP R E 2 1 40 U R X
Ho FAVNXBEENIE 3 RES, WEwsE, HEHEMME 3 REZRFAME, PUERIZ X T
RIBARHAT 4T

2.4. BIFEERNEE

M 2005 4ERY KRG ALK EYE Pk T 838 X SSR BI#, KA FLIE T/ W uh b A i)
(http://www.soybase.orq), FI|F#i%3 %) 838 %t SSR FI#I7E RIL3613 Al RIL6013 P MFEAA &% [ (RS54
[T 2 PRI IE, AR AE RIL3613 B fik 156 X R I Z SS9, 1€ RIL6013 B ik
H 137 X RILF I Z M5 B KT SSR FHIERGIY, XL SSR J¥ 41 /& H Soybase Mutif ),
SR 5 R 075 36 HA SR 1) 293 X I R 4 (1) 2 35 PR 51 W% 6 4 )¢ RIL3613 A1 RIL6013 ) 290 4™ 5 AAkk R AT
PCR 1.

N A IciMapping 4.0 %14 (http://www.isbreeding.net/software/) 4 2 k & (845 3E 40 K3 , 1 55347 PCR
FETHLIK (8 6961 B RIS IR ), HLic 3% SSR R GEAFI J5 KK 216 SSR A ), PR AR
o, B JEARAE AN BE A SSR AR 10 ik DA AL 2 H K S R B I B RIS . A AT RIL3613 A 1A 1A% 1A
TS 156 XF SSR 514, S 20 ANESIRE, 1% KNG 5 L N AL IR AL IR 25 2848.56 cM,  FLNIERRE
115 4% BE B9 Y6 ]y 1.15~283.42 M, Aric 18] T3 18 AE BE B9 18.99 oM, A1 Va2 2~13 4~; RIL6013
TEEAA (13845 Rt f 5 20 ANEEBIRE &5 137 X SSR 514, %R 78 o6 S K 4 AL B By 1886.8 cM,
AN EDEIE AL B BVE Y 19.68~163.67 ¢M, AriciFPFIYIE £ FE By 13.77 M, Fric MEGERDY 4~11
AM10].

2.5. BRSO

251 RBEKEPERSH

I2F Excel2010 HAFx RN B BN A BEAS PR K1 B AT Fd e 04, B2 Ax
ez WP WS FR/MERERKE.

XHRFANIEE T B AP EIHGHAT I 2208, OB RIEIE S DRGSR HE R AR xR0 ) EL AR 2L
JiZEortr, RN 7O 2R, IRl A~ A T TR R

2
(o}

hZ — g
ol +ogy /n+c’/(m)
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TACHE 2%

Horprn? iAo, ol NiBAET %5, o WEERAL x HEMEAET 2, o NIRET %, g RFERZMEL
d 2 EEAKFHL

FERFANIREE T 317 5% IR 5 MR TR0 H 0% R 2

FENWR 02\ ody~ o Kt SAS V9.2 # i) PROC Mixed i #2551 .

2.5.2. SAEN R

NIRR RGP ENCAZ IR, Fxk = A4 A [F IS 56 2t 24T BB R 2 QTL 434 .
SUILH S (Response to Nitrogen, RN)NLH] Zhu SE[11]HI KA AR B L M, B2 UL A PR R AL IR AN
B ALIEAL TS S G SRAF I A . BRSO R

RN =T, _C(1.2) '(Tl _-E)/Vl

A T, N RERITER, C ) APIRMEIRAT FRPER I 2, TONAREENE IR, T, AR R
HPEIRPIME, Vv AR BERITERTT 22 B 25 2 DR R G0A% T 5 1) OB At UM o

2.5.3. QTL {fEEo#h

M FH IciMapping 4.0 8 i) 58 45 IX 1) B (ICIM-ADD) o it IR /K T 26 B B 33 47 ik QTL
SEAL, LOD BIME B N 2.5; N 5E 4 X 1Al /E B (ICIM-EPN)#E47 _EA7 1 QTL & 47, LOD BfE & N 5.
o Tk B KT 1) BTN QTL AEUIEmI S, QTL, ERAWSMRRMAR T 206LL |, AU A W
QTL.

R g+ “PRIR” + QBB + “IFS T B4 QTL. g 83 QTL, PH &R,
NN fR3R 32174, PNPP AR HPEFEEL, SNPP AR FMRRIEL, HSW RFE EHIHE, SWPP AR F ki,
PC REEFEARSE, OCREMIEE.

SR AINPERLSY. QTL, BEEH T RS . T LA QTL, N “e+ #¥” 5. M THA
JEmR. QTL, M “r + #F” S5, EFR GO BB T RS, ER—Pric XA E — 6
S%45. X RIL3613 Fl RIL6013 PN AT S — 9% 5

3. HREHHh
31 RETFROH

311 HESEELER

M2 ATBE N, WMAEHALZAREEARSESHO SR, £ TR E. 25
M IR ELAR RN 7 PR RS RO AR 3 B X2 35 7K1, B WIX 2 A it J5E PR A R DR R 2 T A A A e 35 7 %
B2 IX P HER AT AL TR AT . AR 3 ATLLE M, EZDIMERES O EL T, R, &K
NERE R SRR x FUEEAR BN AGE B B2 KT, JF Bt A 22 R iR i B 25 1, i WS TR A
FUEH AR SR x FALEARRNAE 2 MRS AF R HRAAAEN, IF HH RN Z AR . 245G
Z A E BTN 2 A RS AT AR, W DU AN R T, RUIEXS 2 A A bR R i £
AR HEAE AN A o

XA RM T, ERDAERET, PR EREA R T, o270k,
W PSRRI B8 A DRORT Bt 0 7 38 A% St AN TR B0, DRI o A FE R 7 A R ) U ) L 388 4%
M, AR DA I BE T o S VEIRAEA A R 8], st R AT RO ZE 5, 1 Wt e ) ik P 2R 2
RN FEAN RN, Bk PR 5 G B ) T A L 2 AR A 1
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Table 2. Analysis of variance and heritability of agronomic traits among different nitrogen fertilizers under different environmental
conditions

*® 2. FREMEFH T AR RRE SRR T ENS T RIER T

RIL3613 RIL6013

'I'TréaiqtjstA Lof:ﬁtit%ona F value® h2P F value® -
N GN G N GN G

PC El 379 ° 821 T 3083 ” 0.81 1.22 1822 7 2208 7 0.26
E2 2358 ° 1088 T 2843 0.71 1141 7 1115 7 2228 7 0.60
E3 1.33 21.84 7 3583 7 0.51 0.19 157 7 2031 7 0.32
oc El 3771 " 809 T 1705 0.62 3387 7 1155 " 104 7 0.12
E2 24635 T 1385 T 2119 7 0.47 3492 7 1551 7 1675 7 0.16
E3 574 ° 741 7 1458 7 0.58 5106 7 1175 7 1303 7 0.17

A)PC: ZE [ & & protein conten; OC: 4> & oil content;

B)E1: Bildif; E2: Wl; E3: MA/RIE;

C) N = ZUIEFI 208 (Nitrogen utilization effects); G = L[ X8 (Genotype effects); GN = &AL x 3K H{ERU (Nitrogen x Genotype interaction effect);
D) |~ {42 Broad-sense heritability .

Table 3. Joint analysis of variance of Nitrogen, Genotype and Nitrogen x Genotype interaction effects for eight agronomic
traits in two RILs

=3 AAEE 2 M RBEERRE, EERMEEE < FBEERNE 3 MMEREHFESH

SRR Agronomic traits®

Source® HEHEEPC Moy OC
F Pr>F F Pr>F
RIL3613
Al L 162.65 <0.0001 339.37 <0.0001
AL N 10.29 0.0014 36.88 <0.0001
HEET G 19.77 <0.0001 9.24 <0.0001
GxN 4,65 <0.0001 3.42 <0.0001
RIL6013
HAs L 242.97 <0.0001 364.41 <0.0001
AN 15.6 <0.0001 110.38 <0.0001
FRT G 15.1 <0.0001 8.96 <0.0001
GxN 9.71 <0.0001 7.45 <0.0001

A) Hi s L = Location effects; ZUIE N = Nitrogen utilization effects; %% G = Genotype effects; J&H % x %A G x N = Nitrogen x Genotype
interaction effect;
B) PC: & [Jii % & protein conten; OC: %> & oil content.

312 RESBESRESH
RIL3613 il RIL6013 Wi MEHAIE A& W& ®, ERI. SR, MHB/RIESES BRI
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A TEAE G AT AR FIEE 2 A, WIS IR B e (W 2, & 3). FEZUIEHE I AA i H
THOLE, YRR ZE A I B2 5, U EUE B AR & R I R B

FEBT IR RO M /RIESE = IR 5 A EAETEOL T, B A S APt UL . RO AN T
FE. WK EACAEL T RIS A, A T RIOVIES 06 & BAESHAE TR
BN IER A0

XFT RIL6013 HEfA, AP & BB ENE . AR WS /RIEATE R NEHE T RIS A0,
1AL AR =R T RIS Ao il & BAE S TR IO RIER 00, BRI ZREA R
JEFREE T RIS A o

32. KEEERFEMKAMMYE QTL EAL

321 EEHREEMMY QTL B

£ RIL3613 A1 RIL6013 HEfArhLAG t 4 M2 R A pi & BRI e QTL, 70 4ifE Dla. J. G. L JEH
B, AN QTL AT R 0.20~8.70%(1)K B AR 57 (WL 4% 4). gPC-Dla-1. qPC-J-1. qPC-G-1 [ IE AN AL
RK H 24K L13, qPC-L-1 A G A PR RON R F AR L13. qPC-J-1 7E P T 4l 2 A I 21

7E RIL3613 B A1, qPC-Dla-1 FT7E I3 R 4 X 3k L4 52 2 T 3 4~ QTL (Seed protein 3-4. Seed protein
3-5. Seed protein 40-4), qPC-L-1 AT7E PR 41 X I CL 2 52 47 1 2 4 QTL (Seed protein 36-31. Seed protein
2-2). 1E£ RIL6013 #ffArh, qPC-J-1 FrfERIZERIA X IR A E N | Seed protein 4-7, £ qPC-G-1 H&E[KI2H
X &g Ehr T 7 4 QTL (Seed protein 34-9. Seed protein 41-3. Seed protein 28-2. Seed protein 3-8. Seed
protein 3-9. Seed protein 1-8. Seed protein 3-10).

Table 4. Additive QTL associated with protein content detected in two populations
=4 BOEEPRNBMERRSEMME QTL

VLl Y . N, e N ‘i.:‘i_ y \_\é_ ¢
N BRI Lop it gukE mtios  Nokp R HIE o SR
A B 0/\C D - - -
LG Interval LOD PVE(%) Add N level mente tion* ported QTL
gPC-Dla-1 Dla Satt198 Sat_413 3.38 531 1.48 N- E2 RIL3613 [3]
gPC-J-1 J Sat_366 sat_228 3.88 0.20 2.65 N- E2 RIL6013 [1]
2.70 3.32 251 N. E3 RIL6013
gqPC-G-1 G sat_117 satt352 3.19 8.01 0.99 N- E3 RIL6013 [7]
gPC-L-1 L Sat_099 Satt229 251 8.70 -0.72 N- El RIL3613 [2]

A) LG: #EBiF linkage group;

B) LOD: log of odd;

C) PVE: HAIZ5 RFFE LA phenotypic variation explanation ratios

D) Add: JnfE L additive effects;

E) AC: [i#i{ Acheng; SC: XU Shuangcheng; HRB: I5/K{s Harbin;

F) RIL3613: HIZ4& L13 x M3 36 #742 A H 4 132 & #E4A recombinant inbred lines population derived from;  Dongnong L13 x Heihe 36; RIL6013: Hi
ARAR L13 x 44k 60 ATAE [ E 4 1 28 R BEAA recombinant inbred lines;  population derived from Dongnong L13 x Henong 60.

322 MOEEMM QTL EM
7E RIL6013 FEAAR HHLAG H 2 M=l o & | nPE QTL, - AR7E H. JIEBHE, A0 QTL mIf#
P& 7.23%~7.50% 1) 7 AR (W, % 5). qOC-H-1. qOC-J-1 [ IF [l btk 2ok [ 44k L13.
FELAEIF T A, qOC-J-1 ATfE X 35k 52 A7 %1 4 /4> QTL(Seed oil 37-9. Seed oil 43-19. Seed oil 39-12.
Seed 0il 5-2). qOC-H-1 ANAHFFHT ZILMI QTL.
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Table 5. Additive QTL associated with oil content detected in two populations
2 5. BANERPRNEIR RS &Mt QTL

| I AU
QTL I A BEXIH LOD f& TR % FV N 7K 2% PN QTL
LG* Interval LOD® PVE(%)¢ o N level Environment®  Population” Reported
Add
oTL
gOC-H-1 H Satt181 satt434 2.60 7.50 0.20 N. E1l RIL6013 New
qOC-J-1 J Sat 255  sat 394 3.44 7.23 035 N E2 RIL6013 [4]

A) LG: #EBiF linkage group;

B) LOD: log of odd;

C) PVE: HAIZ5 RMFEFE LA phenotypic variation explanation ratios

D) Add: & additive effects;

E) AC: B3 Acheng; SC: XU Shuangcheng; HRB: M/RiE Harbin;

F) RIL3613: HIZ4 L13 x By 36 fiTAE (I HE 41 15 35 2 ##44 recombinant inbred lines population derived from; Dongnong L13 x Heihe 36; RIL6013:
ARAR L13 x A4k 60 AiTAE (M E 4 H 28 R BEAA recombinant inbred lines;  population derived from Dongnong L13 x Henong 60.

33 REEEMRMRA LMY QTL B

ERFRSE LAY QTL EfiL

RIL3613 #f/4H1 RIL6013 A TE XU (E2) FIHG /R V52 (E3) /N M85 1 R Fo it 8 244 T, SLoE A2 4 %f
EARSE LAY QTL (W4 6), & LA QTL nlfi# R 4.04%~5.50%(1) KA 5, 4 X% LAt QTL (1)
A RS N AR

Table 6. Epistatic effects QTL of additive x additive for protein content
F6. EARSEMME x MW EMEERR QTL

AddbyAdd ' : :
gPC-J-e2 Satt414-Satt596 gPC-1-e3 Satt292-Satt571 5.46 5.50 1.16 E2 N_ RIL3613
gPC-J-e2 Satt414-Satt596 gPC-J-e2 Satt414-Satt596 5.04 4.40 0.68 E2 N_ RIL3613
gPC-J-el Sat_224-Satt654 gPC-D2-el GMHSP179-Sct_192 5.17 4.07 1.00 E2 N_ RIL3613
gPC-C2-el Satt316-Satt202 gPC-C2-el Satt316-Satt202 5.33 4.04 1.19 E2 N_ RIL3613

18 4 %5 B4 QTL A, A 3 XF At QTL fEAIEZUE(N) A R Pk E], 1 X+ EAME QTL 7Eit
FHE(NL) AL EE R A £

2 %0 EACME QTL B 1 AN St QTL AT 1 AMARZERMYE QTL Mk, HAth 2 Xf i 2 MARER
btk QTL M.

FERI R 4 % EATE QTL A9 5 AMntk QTL o, gPC-C2-el. qPC-J-el Fll qPC-J-e2 +& AHF 588 K I -

34 KEEESFMERERBMWAR QTL 5547

7E RIL3613 Fl1 RIL6013 F#A M, I3 RInG REIAEE NS H 2 N8 5 3 2 IR it 50N 088 Jom vy 722 A P G
fEma N QTL, Z3AAfE Jv G VR, FANEIEMTR. QTL Al ks 8.88%~12.49%[M KM A7, 2 4 QTL (1)
REAZR A% LA3 RN 25 BN R AT IE [N, SR R KB (L2 7).

3.5. RIEEETM
PP SE AL QTL BEAT MR HEPIERE, #iE 1 2 A5 dBAEIRA B RIRA R QTL XA, &
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ARG REMIRA M QTL X ], 3T SoyBase fELFEFIREMbriCEE, 7 4 % QTL X [a]
Hr, FIAH GO VER KEGG i FExt 1215 /M BRI EAT [ ik FIyToRE, b 344, 218, 52, 205 4~
FR 9 0 F— 8t QTL X1 GM01.GM11.GM12.GM16 P (WL # 8). L F =& 7E GO 2% : GO:0006807
(B AU RE), GO:0034641 (41 fl &4k & MRl it #2), GO:0006886 (4H Al P £k 1 )it iz i) »
G0:0008565 (& [ iz & sl), GO:0015031 (& M Fiskn). 1£E 4 KEGG @i, Ko04075 Z 5
RESHFEBMRN2], UIEAER. AKE TERSHE. EYBEERYZEAK BWEKR 7K
BT EEEH . HAhEE 1 KEGG @ AL15 K14484, K14493. K14496. K14486. K14488. K14498.
K13946, Z 5 EGE S 3 (&1 1D ko04075).

Table 7. QTL for response of agronomic and quality traits to nitrogen change
F 7. KE 2 MmO EAEMmE QTL

Yu v N X N
otL PR B BN ROIILE lopg ume ot s Bk
A B c D 3 E F G
Trait LG Interval GmComposite2003 LOD PVE(%) M. Add Env. Popu.
qPCEN-J-r2 PCEN J Satt654  Sat_350 38.09 55.73 3.03 12.49 -0.71 El RIL3613
gPCEN-G-r1 PCEN G sat_117  satt352 100 50.52 3.49 8.88 1.07 E3 RIL6013

Table 8. Consensue QTLs intervals and candidate genes distribution of related traits on four linkage groups
5 8. 4 MEXMERA—E 1 QTL XEMIEP B FIRIEERE H 7

B QTL RN kg ERIE

. e kD " U eS—— ;
75 Linkage Consensue QTL ZefRid HiflpRig QTL % LOD fHif  IntERUsEE Moan PVE Candidate
Code : Left maker Right maker QTLs number LOD range ADDrange genes
group interval (Mbp) (%) number

1 GMo01 0.35~53.24 Sat_413 Sat_160 8 2.66 t0 16.81 —4.281017.94 2.57 344

2 GM11 8.90~32.19 Sat_123 satt197 9 2.66 to 20.86 —2.841023.84 1.88 218

3 GM12 0.27~1.69 Sat_200 Satt353 9 2.77t05.16 3.851t0 8.49 5.16 52

4 GM16 3.05~30.4 sat_228 Sat_366 6 3.13t07.92 —6.86t02.65 0.51 205

T Pathway 7 BT FIThREIERE, AT S 2 15 Mg EEF (W4 9), HH Glyma.01G052800 #;
RPN v-SNARE SRS EIRE I, AERE Y 1 I s v 1 i P 39 i i s R v iR /R R [13] [14].
Glyma.11G118600 #briE A A beta W3 FN-2 W EELF P A 73+, TEARBME RN SN A
Ve sE BBt R IEEN, RS EARMEAK15]. BT, H 3 MbrE saur 4K
FENEEAZRKEERK, SAUR EEHZ 54 M0 2 A KR EDS HK[16]. Glyma0.01g004500
Glyma0.019183500 # by v pie b Al A P AH O 2 SR (SNRK) B ], IX MBI R 505 5 AR AR
BOX L. Rk GRS T PRI SR [17] [18].

ItAk, SnRK2 Al SNRK3 5 V& TR (5 5 5 5 H A1 9E[19]. Glyma0.01g019400 #ibriE As| Wk-3- 2. 1R 175
FEE, W5|WE-3- LR Y R AR N IRAE KR, LR T [20] 8 . Glymall 9180900 4 brid: Jud
fi5 nitrilase 4, %8 AT B 5 We-3- Z B R AL AR K&K [21]. 089203100 #bRiE J s —Fh 5 TP 4E[22] A S
Yt R EH . B Glyma.01G103500 Frid Ay i 4 K 2 M LK f-, ARFO fE R SR B FIHRIE, HFKEK([23]
AR 6 Mgk FE R ARt i Adaptin ZXE & FT B A gamma TEE:f¥) Adaptin XGRS, X SeE K
Z 5T HRNSHERNTER, 55 T BRI NIEIR[24] %5 . 019179300 HhbxiE W% B 11 5%,
FAE R i /R F A IS i 2 [25] . 9119215500 HARyE A4 M fiE & By, & AR [2614% 0 1) = T 4%
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fifF. 169082400 HibRiE )y Sec23/Sec24 M AN IZZk 1, Sec23 WAL /EIERE COPIl FEIE I A5 AT 8%
FAR2TIM . H)n, B Glyma.12G018500 iR s-1A, X ZMHM[28]H 2 Mk B @42 I b 5 )

Table 9. Candidate genes annotated from consensue QTLs
9. —HM QTL FBMIREER

A 1D S . .
) ) I )

Gene ID Linkage group KEGG VER GO 7k Hifg i3 & Functional annotation
Glyma.01G153200 GM 01 K12400 G0:0030117,G0:0016192,G0O:0006886 Adaptin family protein
Glyma.12G021600 GM 12 K12392 GO:0030131’GO:,001619250:0006886’(3 Adaptin family protein

0:0030117
Glyma.16G076500 GM 16 K12400 G0:0030117,G0:0016192,G0:0006886 Adaptin family protein
Glyma.16G109200 GM 16 K12400 G0:0030117,G0:0016192,G0:0006886 Adaptin family protein
Glyma.01G032100 GM 01 K12391 GO:0030131'6%:_%%13%11327’G0:0006886’G Adaptor protein complex AP-1, gamma subunit
Glyma.01G103500 GM 01 K14486 GO:OOOG%S'GO:,0005634’G0:0003677’G auxin response factor 9
0:0009725
G0:0030132,G0:0030130,G0:0016192,G . .
Glyma.01G179300 GM 01 K04646 0:0006886,G0:0005198 Clathrin, heavy chain
. . . coatomer gamma-2 subunit, putative / gam-
G0:0030126,G0:0016192,G0O:0006886,G - -
Glyma.11G118600 GM 11 K17267 0:0005198,G0-0030117 ma-2 coat protein, putative / gamma-2 COP,
putative
Glyma.12G018500 GM 12 K14290 G0:0008536,G0:0006886 exportin 1A
Glyma.11G215500 GM 11 K01915 G0:0006807,G0:0006542,G0:0004356 glutamine synthase clone R1
Glyma.01G019400 GM 01 K14484 G0:0006355,G0:0005634 indole-3-acetic acid inducible 9
Glyma.11G180900 GM 11 K13035 G0:0016810,G0O:0006807 nitrilase 4
Glyma.01G078200 GM 01 K14488 G0:0009733 SAUR-like auxin-responsive protein family
Glyma.01G137500 GM 01 K14488 G0:0009733 SAUR-like auxin-responsive protein family
Glyma.01G167000 GM 01 K14488 G0:0009733 SAUR-like auxin-responsive protein family

4. ¥ig

NGB AL H A AR (RIL)HAMEAS 5 A BRI IR — BRI, A SRR I =R A& o it 4

e E A [ A8 B BEA (Associated Recombinant Inbred Line, A-RIL), iz B9 36 M &4 60 i E XL &
AR S AR L3 A2 FT =AM E 4 B A /B A IE. EMELREF B THAEH AR EA LR
AR L13, [HULRENS T LA 70 BT oR AR B — Firida g BR ), 6 T 5 AR 22 25 M T A S e ) 1
B IRZ 2540291, RN i TSR ATAT T, ST 244 (0 e S 20 vl DS L B4 i o B2 24 Ak
ARIB AL LR

G e Ik 5 M A2 o )RR B R 43 T %o R 2t o7 AR R o PR 76 45 [30] 5 3 A A it FH BB 0 K
SRR TE BRI, PEAX R R R R A, R R, R RE R, =R
REECA, xR T FHART S 45 AR M S5 . BROREEHE BN, e KE B EMHEA S &,
it B I e P A S B A BRIS B RAF IR . IAME A AR, BT AR O T AR 2 [32] [33]
[34]] LARR K G i, I 3 i B A U B 0 77 R0 R, 3 i I 280 ] DALR KR B KA it T AR
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A SE G 52, B T DM BER R PRI IR[35], Rt K SRR & 3820 T4 5 v HH [36]. T k4
B VAR G iAo TR RN BT AN, e B K xS0 ) S B A T B 1 i F 371
FHEREZLZ N, KT 520 R W6 28 5t o oA U 1 it U8 T DA e K S i, T e s R R B, it 2
RERT LR SR R R i, (HEGE R 100, 0T I SRR, B it R T DASR R K i 4 B 38] .
X 85 5 VN TE B AE & B H3 it FH 28000 P DASR AR OR S 0T, KK PR IR D7 7 2 4R A B A
TER G R AR W %8, AT DR E K SR RLIE 7 & B3R =i [39] BA/INER S22 IR BB TR s K i o)
o B T B T L A B U P AR [40] o v A A D\ i v DK SR o B R R it A TS L
P AR AE[1L]. WS AL REY, MERARENEN, KRE=EMEARSEHARS, AT
oS R EAT BT B 454 LA BT T DA, E e 1 R Ot i mT DA K P R R S g

KT TN FH A B2 [ 28 R B RIL3613 A1 RIL6013 f) 290 1341k}, 2 5 70 B AR A4 A IE 3 e ) 4%
PR, B A FH U (N R U T (NG AR B, R I it FH 6008 (N PR B 0 4 v T A i FH 8008
(N, oA EEBHAKR, WHBHEET, e RKE, RAEARSE. AHE SRR
Al LI, AN B RS R BHA RIL3613 A1 RIL6013 (112 [ it & & 5/ & BiX 2 bR &
s FREE R, R > BUIE ELAE RONR B 835 /K, B AR IR AL FE R (1) 70 A5 A0S S 25 T LA
2 AT PR IR AR A PR e 7 R DR B 2 TRV S 2 5, RO 45 A R MR i st A Bt R
Gl

B FUAE A S (NS FAS it U (ND) 264 T HEAT 2 AN PR QTL sz, 78 I 3 i &UIE
IE T EALF] 45 A QTL, EZEMMAKM FEAE] 52 4 QTL, EMANIAEL T EI 2L QTL £ 8 4,
f13% gPH-D1b-el. qPH-B1-1. qSN-N-el. gPH-F-1. qPC-J-1. gPH-Dla-el. qPH-Dla-1. qPH-F-e2. %
AR AU TR AT UG H, EARZE NIRRT QTL HEL T2 M@ QTL M=,
Ui B A 2 P AR KT B R L A LU A, 18 B IS A S — UK R S AR R 25 5, TEAS It 20
REZ&PE T B AL QTL B id FH TR A e ) S AP Bt K o

B Ar, AE 15 AN XIEGE N 1 15 ANMEUEI R QTL, A% 4 Mk, 4 2258 2 D pksk
B LABRMRRIE 2 N RRRIE L 2 NMEA RS ENEEN S QTL. XL QTL H14F 9 1 QTL A
REZAF NI R, 2 A QTL ZEH AN AN it ZUIE 25 A0 T Bk [RIHA I 2, 30X 28 QTL 2 HiE ANE K R
BN 6
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