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QTL mapping and germplasm screening of alkaline tolerance in rapeseed (Brassica napus L.) during
germination stage
SHEN Yue, LUO Sheng, CHEN Feng, ZHOU Xiao—ying, GAO Xu, FU San—xiong, ZHANG Jie—fu,
WANG Xiao—dong, ZHANG Wei’
(Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Rapeseed is an excellent field crop for remediation and sustainable utilization of saline—alkali land.
Systematic study on rapeseed alkali stress response and alkali—tolerant germplasm innovation are still limited. To
dissect genetic basis of alkali tolerance, and to identify rapeseed elite alkali-tolerant resources, a recombinant in-
bred line (RIL) population of Brassica napus was subjected to gradient alkali stress with 35, 37.5, and 40 mmol - L”!
Na,CO,—NaHCO, (2:1) mixed solutions. The relative germination rate (RGR) was measured at germination stage on
the 3rd and 6th day after treatments, in order to classify the phenotype of their alkali tolerance. QTL mapping for al-
kali tolerance was further performed based on a high—density SNP genetic map. The results showed that a total of 49
consistent QTLs associated with alkali tolerance were identified across 6 environments, with individual QTL explain-
ing 4.57%—22.8% of the phenotypic variation. Among them, 6 major—effect QTLs were stably detected across multi-
ple environments (PVE > 20% in a single—environment analysis, or PVE > 10% in multi—environment analysis).
These QTLs were mapped to chromosome A03 (2 QTLs) and chromosome A09 (4 QTLs), respectively. By combining
parental resequencing data of the RIL population and functional annotation of homologous genes in Arabidopsis, 8
candidate genes conferring alkali tolerance during seed germination were screened within the confidence intervals
of these major—effect QTLs. Furthermore, the RGR under cumulative stress of 37.5 mmol-L™" Na,CO,—NaHCO, for
6 days was confirmed as a suitable evaluation index for alkali tolerance at rapeseed germination, and 6 elite alkali—

tolerant germplasm were finally screened.
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Note: Arrows indicate the frequency intervals of relative germination rate for the RIL parents. H: male parent Holly; A: female parent APLO1. Legends

represent alkali concentration and cumulative treatment time
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Fig. 1 Frequency distribution of seed relative germination rate in the RIL population under different alkali stress
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Table 1 Alkali-tolerance evaluation of the RIL population under alkali-stress conditions

JEAR Parent HA H 22 R B RIL population
[/BER IS S — — - -
Akl <trocs APLO1 Holly o RfE  w/MI Pk Wl e ERRE MWE S it
1% 1% Max /%  Min/% Median/% Mean/%  SD /% CV /% Skewness  Kurtosis H

CK-D3 96.50 99.00 100.00 64.00 95.50 92.95 7.07 7.61 -2.02 4.06 0.90
35-D3 71.56 64.45 80.22 34.69 65.01 63.69 11.84 18.58 -0.44 -0.14 0.59
37.5-D3 60.36 42.47 89.71 21.56 54.16 54.25 12.57 23.17 -0.09 0.13 0.60
40-D3 55.06 38.22 75.00 15.38 44.85 44.58 12.35 27.70 0.03 -0.14 0.55
CK-D6 98.00 99.00 100.00 66.67 97.50 95.37 6.08 6.38 -2.54 7.22 0.92
35-D6 77.43 66.45 92.86 33.86 68.95 67.94 12.26 18.05 -0.43 0.09 0.56
37.5-D6 63.26 52.47 91.95 23.06 57.68 57.39 12.78 22.26 -0.09 -0.13 0.51
40-D6 57.00 41.24 75.62 15.27 46.39 47.32 12.51 26.45 0.02 -0.27 0.50
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Note: A: representative QTL scanning results on chromosome A09. The x—axis represents chromosomal physical position, and the y—axis represents the

LOD score. a (H1): additive effect value. Different color lines and shapes correspond to relative germination rate under treatments. B: QTL presentation

results. The cylinder length represents QTL confidence interval; sphere indicates QTL peak position. Different colors represent QTLs identified under

treatments: red denotes the integrated consensus QTL. Only SNPs underlying the QTL confidence intervals are displayed on the chromosome, with mark-

er names shown on the right, and the corresponding genetic distances shown on the left
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Fig.2 QTL scanning on chromosome A09 and distribution of loci within QTL confidence intervals
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B Ui PTG 1o 28 32 2 3 )P, 22 B PIP1:4 74
Ve AR S AR b R P SR AR DI RE

{2 F QTL cqAlk. A09-1 IX [i] P fig 1% 3 K Bn-
aA09G0171400ZS %+ b 0L B 7+ [F) I 5 Kl AT 1659700/
GSTUIG6, %ih% Tau V. 5 J5 (GSTU) 4 ot H Ik S-54 1%
Mt , ST R Phi WA % GST 8 H I fEA IE A AE 22 5+,
Tau W K15 8 1 R ZAEAS B H IR N, & 5
AR T B W38 175 5 1 PN TR R T A A 2 £
BERL RSN, TEOKRE MK EHE SEEY R Y T BRI
WEE B, Tau 28 GST HE X A] 3 15 2 e H AR 61 174 i
BRI K, P T I R AR IR a5
KA AR 8 BT 52 58 1 HRETELRE T GSTUL6
1A= W) D BE 1 AR AT B RGLI0IE , 45 G 1% W R 1)
it 335 By GE AR AIE , 4 I i 3% 2 X BnaA09G01714007S
Al A W R M N B R B R AR R 2 S
THSREX BN 0 1 T 7 P e

FE QTL cqAlk. A09-2 &5 X [8] N 47 A i ik 3R A5
2L . Horh Brad09G0176600ZS 145, 1 7%
A PR HE KA AT1G57700, 123 R 4R i &5 78 IR ST AL
SER B 22 F R 95 2= R AR 1, B SR )
B TR A B M 4% e 5 LA 1 9] 5 B Y N3 7 5 kb
A7 A, A T 8 o TR, SR AR A PN
BeAs 5 B 5 AL T 0 A T e T . o — 1
& % N BnaA09G0182400ZS (At-ortholog: AT1G7221
O/BHLH96) %t bHLH 8 W 5 sk 7, R & A
55T 1 H2iE - PR — M2 DN A 45 & 45 F 38, 5 157 T-4a i
¥, BAT P50 EE M DNA 85 & S5 s, B
A BFFEUESE , bHLH % 55 P 7] 38 2 7 i o8 4 5
VR, ) S 5T 5 b oK sr i
Fr 075 B A Z2 AR A 00 1 25T, A AR B it 3 ]
5 0 4 v & 4 B AR Y, 4 A %k 5 R Bn-
aA09G0182400ZS W i 5 1 5% W & 1A i oy 3 11

QTL cqAlk. A09-3 IX 1] N5 2 3 K] Bnad09G018
230078 S5 IT AT1G54890 [R5, 4 i WG K 7 W
W1 & (LEA) AH G 8 1, & A MR 5 ) 51 45 1 1%
(IPRO09646) , SV 41l fifd 522 {32 FiL ) 43 A55 T I &R 55 .
H T2 5 DR B A0 R I (] 05 5 R 1) A 2 T g 2
AT E] B A B RE, (HE A BFIEIESE, LEA 8 A M A
YREA 0 30 85 1 2 D R VE B 1 S, PTAE o 4
M B AN T Re R AR E M, S Sk
T A I 1R A VR A R A N A A A R
000 4 15 35 PR BraA09G0182300ZS 18 08 kit i
BV R R TEVE R .

TE QTL cqAlk. A09—4 1) A7 X [A] N, fig 1 5
BnaA09G0187500ZS (At-ortholog: AT5G42810/IPK1)
2 i JUL B2 T TR —2— AT , 2% il 3 3 4 S M AR UL
it LB R 1 2 15 B R AL 184 , A T I PO FE R (TnsP6)
B B, S AR A WL i 2 15 53 I 17%) O B PR 3l ™
JUBSE B TR 15 5 I 6% S A 4 i 1 A A= 4 W 3 A9 A
PR SN FH N Ca B ABA G S S M
ROSEZ, Iz 2 5k #h a1 5 KB 5 W
TH P IE R N, LR O AdPKT BE Y 2 4R R T
MR A NS B R ER AR S 4% % 3k R (W T R i 2k mf
0 PR TLAE PRAE R AT 5 Wl P, A T 52 e R AR
K kB AE LA A Y W 30 285 v %) 8 4 T B 1
ANEHHG o KRR A M58 0] Ry IPKT ()30 58 18 4 8 1
fEIE, CRISPR-Cas9 A F-19 OsIPK 1 2878 W] £ R 521
FEARAR SR B HT 42 T BT RS IR AR 2, [F]A ik
R E KRR L 0T R 5 T SRR 70, Eh I D A
PEHL K BnaA09G01875007S 7] RE i i LI R R 155
%S 5 SR R 2
2.5 i SRETRR A R R R O I

Sy i 1 10 S A0 5 0 A 5T W R L A B AR T
RIL R 7E 6 > B Jilr 38 2 4% T B9 RGR 318, FI H
SPSS T & — &2k (two—step cluster) 2387 , 45 5 &
NBRERIEAB 0.5, BREBBRESHEER
U RS R TT5E , AdRAR R o S
B — A 171 A BT (& 1 90. 47%) , 55 — 21
518 FPT (5 HL 9. 52%) , I H A — 4 Fh T 26 7
A IREE T ) RGR R B35 5 T55 —4L, J8 Tl il
i [ 25 #E . 7E 35.37.5.40 mmol-L™" Na,CO,~NaH-
CO AN 55 2R i 231038 6 d 9 RGR 4351
76. 57%~95. 83% . 67. 13%~89. 94% . 53%~76. 68% ,
FEAR RN ARXS K 288 w0 R i 2 R
PorE R B — BN RIE

AT L5 R F 0, #E 37. 5 mmol - L' AL H R RIL
HEIART & R 5. FETF RGRIVEU AR FRAE
% & B a6 d B R 5 B0 E 2 9 b v
RGR = 60% H| & J it B Fh it , RGR < 40% 1| % 1y i
UM . R T 255 ROGRZEA RAUT R I 8
J5, W12 A5 ) 18 13 £ A T W ot 5, (EL350 0 Ak 2R 7 I
Fen B e B R B R R B AR R m A . PR, 7RSS 4
ZEHf 40 mmol - L™ B 1A 6 d 9 RGR & A 431 3
fithh b, 6 HR R Y X ] b 1Y 70% 1B Sy W 0 1 B (B
(RGR > 70%) , I\t i — 25 1 6 4R 45 6 14 1= it Ak fE
SO, 4 B8 AH107. AH24 ., AH124 ., AH177.,
AH192 F1 AH182, b iR % BT 7E 37. 5 mmol - L™
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Table 3 Candidate genes associated with seed germination under alkali-stress conditions

WRITRERY) BN R

FRiC AR e AL A s RIS B B
QTL Arabidopsis Gene
Marker Candidate genes Homology—based functional annotation
ortholog symbol
i E3IZ R A 22 L WRKYS3 Uit A e . 5 5
BreAO3 W55 A 755 1 3 B By i
n=A03—
13050570 BnaA03G0260700ZS  AT4G12570 UPLS5 Encodes an E3 ubiquitin—protein ligase that negatively regulates leaf
P senescence via ubiquitination of WRKY53, and participates in retro-
cqAlk. . . . . .
grade signaling, stress— induced senescence and immunity responses
A03-1
Hifi phi ZEA3 BT IR S-HE RO , M AL AT E T IS 5 R, 2 54
Bn-A03- AL E 5 RN
BnaA03G0270500ZS ~ AT2G02930 GSTF3
p13640859 Encodes phi-class glutathione S—transferase, catalyzes GSH conjuga-
tion, and participates in plant oxidative stress and immune responses
BreAO3 K SEIE R 1 PIPY W ZE AR5, HAT K IS 1, 2 57K 53 W
n=A03—
Je e 1 S Wy i s
cqAlk.  pl4212196
BnaA03G0280400ZS  AT4G00430 PIP1;4 A member of the plasma—membrane intrinsic protein PIP1 subfamily
A03-2  Bn—A03-
with water—channel activity; participates in water deprivation re-
p14209971
sponse and transport
Hi i tau FEA W H K SR RO I , A AL WG H IR EE 45 52 197, /-5 GSH
fitp a1 I Sl A I 1
cqAlk.  Bn—A09-
109-1 0135388 BnaA09G0171400ZS  ATI1G59700 GSTUI6  Encodes tau—class glutathione S—transferase with GSH—conjugating
P activity, and participates in GSH-dependent detoxification pathways
as well as abiotic stress responses
Bn-A09- N . e e e L ey e
0656145 2 A1 14 22 28 PR/ 5 A R S 1 S, T JPE ) 2 R TR f 2 i
p . ” N . o
BroAQO I SPAEI A 3T B SR B A AR N AR 5 5
n=A09—
0669847 BnaA09G0176600ZS  AT1G57700 - Encodes a putative serine/threonine—protein kinase that catalyzes sub-
P strate protein phosphorylation, and mediates intracellular signal trans-
frmAe- ducti iated with pl. h di
Alk. uction assoclated wit ant growth, stress and 1immune responses
Atk 9667631 plante P
A09-2 N ) R
bHLH F A% 8 e sk R 7, A e sk Jm AR , 2 5 2R AR A W
RS
Bn—-A09-
10119818 BnaA09G0182400ZS  ATI1G72210 BHLH96  Encodes a nuclear—localized bHLH~family transcription factor that
P mediates post—transcriptional regulation, and participates in multiple
abiotic stress responses
T IIEIR B R AR E A A SRR IR, S 5 RS
e
cqAlk.  Bn—A09-
BnaA09G0182300ZS  AT1G54890 - Encodes a late embryogenesis abundant (LEA ) —related protein,
A09-3  p10109790
which mediates stress—protective functions and participates in abiotic
stress and immune responses
JUURSE— R TR 2- U84 1, REALAERRZR A6 i, 2 SRR S |
E[HAEe7/ 7 SRS R R IS
cqAlk.  Bn—A09-
BnaA09G0187500ZS  AT5G42810 IPK1 Inositol—pentakisphosphate 2—kinase 1 (IPK1), catalyzes the final
A09-4 pl14182601

step of phytic acid (InsP6) biosynthesis, and regulates plant phos-

phate homeostasis, abiotic stress and immune responses

ZiMWh 6 d B RGR AT 74. 74%~89. 94% , 4 1k 5]
T B A v, 22 B 5 W et M A T e AR
S, ATAE Ry i SR T B0 Rl A A O SR A A RE (181 3, 3%
4) o LR EIE T R A Ak S A

T 25 A5 L RUERAE , IA%E 37. 5 mmol - L' Na,CO,-
NaHCO, BT 6 d 19 RGR 1 FE g i 35 i Bl ol ot
U e R R Y 1 EE N HE AR
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APLOI
Holly
AH25 ? ‘
AHas B8

Ah107

CK 35mM 37.5mM

T : RIL B A S 40 Bk R 46 35.37.5 .40 mmol - L' Na,CO,~NaHCO AL 3 FFh 18 % 6 d 13

A, AH25 AH45 Bl AU 2, SLA AR A T ik 2R

AH24

40mM

35mM  37.5mM
5cm
A Hodr APLOT  Holly 4351 A RIL B4 i BEAS AN AL

Note: Phenotypes of RIL parents and partial lines at 6 d after seed germination under 35, 37.5, and 40 mmol - L. Na,CO,-NaHCO, treatments. APLO1 and

Holly are the female and male parents of the RIL population, respectively; AH25 and AH45 are alkali—sensitive lines, and others are alkali—tolerant lines
3 WRMET RIL EA SRRk R REE RS

Fig. 3 Phenotypic differences between RIL parents and extreme lines under alkali—stress conditions

x4

WLAME T RIL $RuAHR RAE T & ZF &

Table 4 Relative germination rate of extreme RIL lines under alkali—stress conditions

Gagil! R AN & 255 Relative germination rate /%
Classification Line 35-D3 37.5-D3 40-D3 35-D6 37.5-D6 40-D6
T % AH25 35.02 21.26 16.32 37.70 23.06 17.14
Alkali sensitive AH45 40.26 22.23 15.38 47.12 23.81 19.22
AH107 90.16 83.49 73.73 95.83 89.03 76.68
AH24 82.22 75.30 66.49 90.56 77.67 75.10
ifif B AHI124 86.34 86.99 68.40 89.31 89.94 74.83
Alkali tolerance AH177 87.84 86.64 71.26 85.72 89.17 74.89
AH192 85.80 7257 64.79 87.91 74.74 71.59
AH182 80.94 73.94 68.92 85.00 79.00 70.46

3 ik
3.1 BN TMKHRPMEELEERR

Toft 7 2k 390 S A 0y v 7 3 B8 A 30 e g R
KEEAF B B, HoBT AR M B i SRR T 4
MR SRS KA T , R IT AR Eh i rEplL
il A Ay 55 A SR B E B LA H RIS AR
BRI 5 22 B A8 T P Pk Wy ae SRR S BT, B0 B
Pk R0 B BEFE AR E LD, R TR 30 % 5 1
ARARZ VAN AR IE 9 ARG — , BRI 1 3 =5 M sl G
ol 5472 4 S Bt 1 382 A% Bk e BT o i) S SR

IS4
o

NaCl 5 Na,CO, R4 W B SR Bl 38 R FEIM =K
FEAR Z % 87 3 T WAL= F 58 2 T R i DI it 6
BT, LAGH v 58 2 R FF SR BOM % 0 FE bR kAT
it £ 58 4> 9%, 6 € 1. 0% NaCl F10. 1% Na,CO, (pH
10. 47 ) R 5 W A 1 =2 1 S99 3 B 38 ol O 2 Yk B
9 765 B2 ] 75 mmol - L' Na,CO,~NaHCO,(2:1)
IREIA R M pH 8. 75~9. 42 A HH B B P 3 i
PR, X 224 43 H s B0 3% A SR AT R I
R e i i1 o 1 4] 0 3 A
TEE B RIAE I R 4 TR AR bR, =52 T pH
8. 95 Z5F T (IS 0 L B T B AR AR
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S RSO TR [ I 4T B PR AR AT | R R i
SRR B, A BF 5% LA 189 Sk 2 iy H 15 Bl il 32
RIL B 1K A #4 KL, % & 35, 37.5, 40 mmol-L"
Na,CO,~NaHCO, (BE/R [t 2: 1, pH 10. 4) 5 £ 58 1 31
b P 3 0 E R R T R 3 d 5 6 Ak
ZEMIC R RS HL, M8 251 T 38 FFF RGR
(st A5 A8 S . T UL 102, IR0 W) 4R S5 pH
K10, 4 ABAHIFFE I 2R FH 00 AS #INR 6 4R i & 355 97 14
R 2RI K K G 7% & R Rl AR
HMBILEFE M, A BT pH 23 K Az /N 8 8, S 454
B0 6 dJ5 pH W IR 1A T REZY 0. 2~0. 6, 1055 5%
TRIAR AT . 25K F IR R A T i 38R
6, 38 FH 9 S 22 09T B A AR X2 A0 R R
T %) 5 3 AT AL T

AHFIE 55 R KW, 6 B b0 BR 85 F RIL A
RGR ¥ RS2 1EZS /0 A7, 8 B0 H LAY () B0 bR gt
T FRAE , 5 B A i 32 T PRI sk £ 0 il —
O Horh 40 mmol - L7 i e BsM 0 A0 B
S A% v 4 (0.50~0.55) L R AR R R BN
26. 45%~27. 7% , FEVR R R 3 B 805043, e L]
T st o R 7 2 5 L 32 A BT b i o 3 o 0 5
5, RHR AR R IR T 0 RS kAT R IRBE  HE LA
SEILF IR LR MRS AL, M2 T ,37.5
mmol - L™ Bl 38 T B9 FEAAR SR RIAR SR 7 Bk R (B F
T &R R B3 WS T Ritriaed
() RGR R R Fe e Mg T 45 ks, mT 7 Sk il =2 il
& ST B T A S FR b L T A T SR R B e
o e 3 O E (R TR oK
3.2 TETHMFEHEBMEEFRNERLQTL LA

VED it P 2 37 22 3 TR R 45 5 R B I 7 i 3%
S (1Y) 52 A B PER R 3 AL BEAR T R QTL &
L, 2 i BT AR 0 T B3 A% ML 32 4 2 0h 1 56
AT B BT IABVEY) , B 3 I S $R 0
AL A5 i, B AT 2R IE BT A7 s,
2% R Tl s ER AR A A H U A
E 35t 4% DT R Z AR A5 Ao M 55 A n) i, sk LA 2K
BT FhRic il B E F ks — e i R 5
P 2L QTLAF T A7 iR .

7 SR S A 5T A R A RTL AR TF i il
SEBA K IO VR QTL A A , ik 4R 15 4 > ERL QTL,
BT CO3 Y itk , I A AE A03, A09 Hy o {445 Il
PR E 23R T £ = 2007 A5, f LR AR B S &
PR 6 1> Z B R FRIk A 3520 QTLAR Al fig
J& T 0 38 R S AL R . ST ETR A A

261 Bk 22 1Y DH 1A [R) B F J 0 & 30 s 5 A i 52
QTL ENL, e 12 R A A1 2C QTL 5 94~ T 2
JBr 38 AH 5C QTL, e rp 8 A~ 5 £8 JWh 38 & 2 R AH 1Y
QTL 34 T A03 . A05 . CO1 H1 CO9 4t {44 , BAAS QTL
Al BRI T T 3. 61%~10. 59%, J& Tk £
SR BB E . AT KR GWAS 251 4
BT, Zhang 5515 T 505 3 H 6 AL =2 7 AR BEAR T e
T £5 B 5t A% BT, A6 8 & 01 L TR — NaClL i
o B 31 /N1 £ 5 AL A0 A5 B 405 M BE LA Tif
Eh I OCHRAL M F B E AEAE A07 .CO1 QLA fAk, A03 .
A09 Yo (ARG I 21 /D 08 SNP A5 5 5 12 AT BA 2
— AR R R R ER S 5 W30 PRBE N R v 1 Lk
P GWAS 734, %5 58 2] 9 AT Eh 6 8. 3% QTL LA M
BnABA4 . BnBBX14 .BnVTII2 ,BnPYL8 .BnCRRI %5
SRR AR BB B B PHIBY . Yang Z5E05E T 202 3 H i 5
TSR B SREEAR A W & AT £ GWAS 234 , A I 51
2749 5 RGR .35 1 SNP, 15 5 ) 2 /046 T
A03.A06,A07 .A09.,C05.,CO6 %5 £ 4 YL (oA, 17 8
AT £ e B H 5 24 SNP 4: FARiIC AR 1Y
5, RS Z T IEAE A03  A09 Y (o fR |7 AEF 0 it £
FHIE SNP, {H 255 SNP {3 AF B — P 36 Ve i B} B — B
] AR R A IR R NP e 1 B 2 A IR
8 R RR I RS R R QTL. 7EIh 3
— el JBik 38 AP 5 T, X B AR 0. 1% Na,CO,
Ao T A T 2% 62 FER OB 1T S B B 38 25 S o A
b, ST B R SRR S e S e R
I 30 AR A5 — Rk ol 2 A A o 3 PRI B A 0 AR g
T, AR B LRI R SR S LR AT
Fb 1 3R R[] 38 £ B A 10 T 3 B R o7 245 2R , AR F 9% o
£ F A03.A09 YL A {AR 11 6 A4~ F= 24 i i, QTL, 7 NaCl
£ 1 360 AH S AF 5 X A e B TR] A5 st A% 500 Y S AL
AN R, R0 EL Ry B 30 R S 1 R RGR AL . S
] s, A BIF 5% 49 A~ — ECHE R B QTL 38 43 Y o f& IX.
B, 5O B S R AR AR S, R
HH 9l 35 25 DXL A1 v A R A A R — B e 7 A 35 £ X
B, Z R F RIL AL 1 E 3 (M) 5 GWAS Y L E
% (bp) R HE B = 48— 4l bRl , AABFSE v AN fig
K0 20 W QTL 2Z [a] 2 A5 A- A FLSE (R 3 IX () B 5

ABIFFEAE 6 -0 Wl 38 0L PR 45 T 4 2] 80 4>
1 & ST B 00 5 157 QTL, BAA™ QTL 22 #0748 5 5ok
AT 4. 57%~22. 8% ; Z T W B A 315 49—
P QTL, 12 204 T4 A07 FI CO9 2 AN 17 S5 Y
A, 2 BH S 1 A JUA TR P A 2 2 R 5 sk
22 FE R P IR R4 1 it A A5 X ik PR A 0 A AR AIE
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Mr A, A JE R 40 TR B QTL 0 15 5F 35 36 R AR 57 5%
MR & T CHE R4, ENIE T A B R A7 H s
AU AR A Py ol R 25 o ) 32 R, 5 R0 I
MR A —8 BAh, 6 M2 REREN
it 32 2% QTL A4 Sk & 4R T A03 L A09 L Ak, Horp
A09 YL (AR A 44 TR QTL, A7 o5 5L 74 4135 A 43 A
FRAE , LOD {5 5 18 3% FL gt 4% 8500 fa e , % B A03 .,
AO9 A I8 3 I S B K S0 A 40 A e B AR X B
ARG E AL L QTL, st A% STk % i FRBE AR P
5, FLAE Sk R LS 2B R B R A
KT B R T EE S
3.3 RETHEMEEEERSZOMR
B8 25 FT WA 0 40 M A AR FR RS R R A
Ly A SRR N B B S (ROS i AR RAF £
s, T E AN R SRR AR AT
I8 P A0 3 R TR, % 488 7 i TR Y ST i 35 £ )R]
B IFESFhRC A EEE L, ARE £
PRBE R E B B 32 4% QTL X 18] Y, 400 26 0 e 45 3] 8
ANVETE S 50 aa A i L L o B T B H
ik S-FE AL KGR V32 R L2 AR/
IR BB O bHLH 5% 5 K1 LEA Wi B 1 2
F R U PR 5 1 i S5 AN [R) T B S 0l . Dl Re i R
GERRW XN T S 5E A ZIBM A
Jot H KA 22 A ROS 55 iz B L 0 3R 15
SO G SRR BB R UL WUBERE R (5 5
SRR AR U I SR e U e s 22 3 i
IR A 2 4% o (AR TR, A GST R
5% 3 K BnaA03G0270500ZS (GSTF3, Phi W. K % ) 5
BnaA09G0171400ZS(GSTU16, Tau W 5215 ) 43 9 5 7
A03,A09 XL QTL EF X AN . GST KM E
R T PR A A R B PR 0 R A R L Phi 5
Tau W K 15 — & DI fe A 76 o0 Ak (B34 LA I H kAR
SR AU B 5 A L A e AR e B 5
LN ROS 2 %, 4 P A A [RIE S 15 GST B 43 5]
T AT 2 5 ) R T 34 A4 % A M 1 A R 19 AR Ak A
5, 2 B 360 7 5% %) 5 A A 2 A, FL P A QTL IX
BRI SR oy FhRic T & b BA R e s i i (H .
B F3u i ik = N g 1y SER Y VA § IV
B ARSI fiE . BnaA03G0260700ZS (UPLS) % it
HECT 28 E3 72 R iE £z , i 1 77 R AL PR 5 18 i
FEHEAFEE, 25 ROSERS S5 Y L2,
(RIREZE SISICINT SRR R A RN 4 NE Y A e
T R R A, AR R A i RS T R
B 38 551 F A IR AE 1. BnaA03G02804007

S5 AT B o B 7K 1 & 1, [RIYRJE R PIP ;4 7] [
A FIKIY T 5 H,0, 85 553200, £ G fF 5T EsEEh
38 BEAE U5 & B AMA H,0, KRR 290 e i il i
FER 30 T2 0 ROS 7 253 8% , 1) el i 301 [R) A
A T AMA 1,0, LR | i 56 P w3 o 5 32 e e
77 B HL0,, % 38 AR 5 I 0 T e (5 5 )
BN, BnaA09GO176600ZS 4t 42 5 TR/ 5 R &
PR, 2300 BE AR 5 % A AL, 00 I ) e
b 52 BB W 38 A5 S i K 5 1 R AL . B
aA09G0182400ZS J& T bHLH %% 5 N T 5, % H ik
22 5 TR RN i SR, 25 A
FIGEARST T BERRAE D 3% 3 H 54 5 F W ms i
o7 25 1) R R () 5 i 380 - BnaA09G0182300ZS 5
LEA FHOCHE FI 5L R RV, BB A% A0 A i 8 (1 S5 I R
SIS SR iR 37317 SIEE (7 L Tl 1) SIS NEI B9 11 Vi IR 278
L, FHE 0 9% B R B R AR B e 3 R AT B E R T
fE . BnaA09G0187500ZS IR) Y5 I K IPK1 % tith LIS -
FLWERR 2V , N T WUBERE R 15 5 W 25 4%, /K A
HRIFFEIE S OsIPKT 448 Je R PR TR 306 P f 3 2 7, 28
A R AT 3 o AR PR AL R SRR R N ROS
AR A R 25 B B S R0, T ik
F A B0 T WU R (5 5 2%, hiH ABA R 5 5
ROS R, 2 51 = 0 & 1A X 06k Jolr 260 190 335 o7 4 )
P o T BRI AR ST e R 5 AL T QTL IX.
Vi) 700 R () Y R 8 B A R S T B AR
ZHREIRH g iiE S 53 T REEED PG,
RS i i 360 1) T B E AR AT SR Bl =, A i B PR 1) B
25 AR AP A R S v o AT R E . SR
Sz 0] 3 3 qRT-PCR 43474 3its T B 15 A0 IR A el f 32
N ik 2 5, 256 5L Mot %08 D Be ml bR 55 st A% 4%
6T B, WA A o 26 35 DR %) T e 0 /8 B - Wi o
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