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QTLs for effective silique number of main inflorescence on rapeseed ( Brassica napus L. )
SUN Mei — yu,HUA Wei,LIU Jing, WANG Xin —fa,LIU Gui — hua, WANG Han - zhong *
(0il Crops Research Institute of the Chinese Academy of Agricultural Sciences, Key Laboratory of

Biology and Genetic Improvement of Oil Crops, Ministry of Agriculture, Wuhan 430062 , China)

Abstract ; Effective silique number on main inflorescence is an important factor on rapeseed ( Brassica napus
L. ) yield. Doubled haploids (DH) derived from ZY036 and 51070 were used to develop genetic markers on effec-
tive silique number. DH population was planted for 3 years at 4 locations as Wuhan — 2010, Yangluo — 2011,
Qinghai —2011, Yangluo —2012 and Xiangyang — 2012 respectively. In the 5 field trials, QTLs for the effective si-
lique number on main inflorescence were identified using WinQTL Cartographer 2. 5 software. 10 QTLs were found.
Their phenotypic variation, LOD value and additive effect ranged from 9.33% to 31.60% ,2.51 to 5.37 and 2.71
to 8.09 respectively. Four QTLs on chromosomes A1, A5, C1 and C9 were co — localized by 2 trials. In the QTL

regions, 16 linkage markers were obtained, and 8 of 16 markers had less than 1¢M distance from the peak of the

QTLs.
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DAH 5 AL 2 5 &R 2Y036 (324877 A 300 SRAL
75 AN) F 51070 ( 46T A A RECN 55 1) K
SEARZAAGE F Mk, S8 E A 420 107 ik
FI/MEFIEFRAE] 112 A H EE B SE DH MR R, M
HEEHLEE T 92 SRR T A< 1) DH BEAA,
FAF H RS | 3246 7 45 250 A0 e st f% &1
HER AL T A RUA AREL QTL 247 .
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SEAR ZY036 51070 F1 DH R (1) FH ] i 56 2% i

WL R, $e o8 ALK T HLkE 3 A~ E

5,8 DH PR AR 2 17, BATK 2. 5m, {7HE
40cm, BRiE 20cm , H A48 3% 5 AL FE . 2010 4F7E
I 2011 7 FHZ F1 5 i 2012 4776 BH % F1 38 fH =
AR DY A BRI AR T 254 ZY036 51070 Fi1 DH #E{A
FEA/NXUER 6 2] 10 S Hkk . N T rEe &
A B RE (AT LS A —RLLL L1
FIARED -
1.3 FHFENARY QTL EfL

TEC I HEIF (Y DH 53 12 3% Bl P 3% 1y S i 1=
FH WinQTL Cartographer 2. 5 %' R FHE 4 X [f]
YERI(CIM) 75 372 %&£ DH BEA g 467 A
RO REL QTL, QTL (STt Bl KASR sR &R LU ) 5
FIX i (LOD ) FidgA4> QTL By A48 7 A % 2R
BRI S R, QTL B E A ER
HhAE 1000 YR 4 HE AR 00 38 77 32 ( premutation test )
E B AKFE R 0.05,
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2.1 A% DH BAWEILFERARBRE

TR

AR ZY036 1 51070 7 i - 2010, fH % -
2011 75 —2011 A% - 2012 FIFEH - 2012 19 &
TEFF AR RBCOEME £ SE 0 1 iR, XMk
ARAERX TR P 1) A6 B R EGE Ty 224%
Bt RIS R W E A X AR B B
225 (P <0.05) ,F¥AH2E 20 MR AL
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2011 75 —2011 fHIE - 2012 FIFEFH - 2012 4351
7E 36. 85 ~ 82.70,37. 97 ~ 88. 15 .40. 54 ~77. 71,
36.57 ~81. 12 F137.25 ~77.31 ZJal, F|f PROC
NORMAL 7 5 ( SAS8. 1, SAS INSTITUTE INC,
USA) 534l DH FEARAER I - 2010, [HZ - 2011 ¥
i —2011  FHiZ - 2012 FIFEH - 2012 MR K, &
TR S o3 A A =, A5 G OB ) B M R st A5 e
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Table 1 Distribution of the effective silique number on main inflorescence of parents ZY036 and 51070

X ZY036 FH{E ( £SE) 51070 F-HE ( £SE) 2 P {f
Trial Mean of ZY036 ( +SE) Mean of 51070 ( +SE) Difference P value
7 —2010 Wuhan —2010 76.54 £3.33 56.52 +4.65 20.02 0.030 7"
fHi#Z —2011 Yangluo —2011 72.63 £4.54 55.33 £3.87 17.30 0.0203"
T —2011 Qinghai —2011 79.22 +4.56 57.41 £4.68 21.81 0.001 8 * *
fHiZ —2012 Yangluo —2012 78.08 +£3.63 53.62 +5.32 24.46 0.007 2" "
22[H —2012 Xiangyang —2012 76.31 £5.27 55.75 +£3.26 20.56 0.0212%
¥/ Note: * P<0.05; = = P<0.01. [[d],Same as below
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Fig.1 Distribution frequencies of phenotypic variability of effective silique number on
main inflorescence in DH population at 5 trials

FIF DH A J2 467 4 8500 S 50 2= B0
Fi PROC CORR F2 J¥ ( SAS8. 1, SAS INSTITUTE
INC, USA) {144 Pearson Z %5, PEAL I - 2010 . fH
B —2011 7 — 2011 fHiZ - 2012 FIZEFH - 2012
XA Z ] B AH M. DH AR 32485 A 30
REAERI -2010  FHZ - 2011 5 - 2011, fHZ

2012 FIFEFH - 2012 3 L A4NSL0G 2 A S E A oG (3

2). BHiZ -2011 5FH# -2012 Z [AIHHHE R B (r
=0.830 1, P <0.000 1) f K ; ® L - 2010 5 [H#Z
-2012 Z [ AR OC R B 3 - 2010 522 -
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Table 2 Correlations of effective silique number on main inflorescence of DH populations at different trials

FNE(r 1H) I -2010 fH# -2011 T -2011 fH# -2012 FE[H -2012
Correlation ( r value) Wuhan -2010 Yangluo —2011 Qinghai —2011 Yangluo - 2012 Xiangyang —2012
#H 7 -2010 Wuhan -2010 0.486 8" "~ 0.4108 """~ 0.7820"*** 0.3500" " "
fH# —2011 Yangluo —2011 0.486 8" " * 0.4352"*** 0.8301""*~ 0.4049" "~
HifE —2011 Qinghai —2011 0.4108" " ** 0.4352* "~ 0.4872* """ 0.4626" """
fH# —2012 Yangluo —2012 0.7820" """ 0.830 1"~ 0.4872" """ 0.424 7" "~
FEPH - 2012 Xiangyang —2012 0.3500" " * 0.4049" "~ 0.4626" """ 0.4247" """

1#/Note: * % % P<0.001; % % % % P<0.000 1
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KI#E 4.30cM, F A WinQTLCartographer 2. 5 424X
FAETA R R LA B S #E 4T 1 000 YR Ay HEA
M5, JJ B o LOD 1 B {ELAE B - 2010 FH 2 -

2011 ¥ - 2011 [ BHIZ - 2012 FIZEFH - 2012 43 5]
J2.52.2.84 3.46 2.55 f12.31, F|H DH FHA T
AN Y FE A8 T A RO RBCER R , 2R 2 10
A QTL, i 7E I - 2010, fHZ - 2011, 1 —
2011 \fH# - 2012 FZEFH — 2012 43 5460 2 3 .4
2.2 F13 4 QTL(KEl 2,3 3) , 3 H A A 7E AN [m) i
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Table 3 QTLs for effective silique number on main inflorescence in the DH population and their genetic parameters
n 5 TL i TL [X [& N By ’ S FE R R TR
e Retofi QL R L ,mE Km Wb SRR
Trial Chromosome a LOD T AU ouree o
peak/cM region/cM R%*/% ADD increasing allele
97 -2010 Al 63.2 60.4 -65.2 2 1 2.74 9.35 5.32 7Y036
L - A3 20.6 19.6 -22.7 2 1 5.16 18.17 -6.72 51070
Wuhan -2010
C4 15.4 10.6 -19.6 1 1 3.45 12.3 -3.93 51070
A5 55.6 54.1-55.9 0 0 3.07 11.24 3.38 7Y036
FH3E - 2011 A5 65 58.2-75.5 5 1 3.04 10.26 3.34 ZY036
Yangluo -2011 Cl 58.4 55.9 -58.9 2 0 3.59 11.67 -5.29 51070
c9 9.5 4-17.3 2 1 3.2 10.24 3.19 7Y036
T -2011 Al 64.4 62.9 -68.5 2 1 4.13 16.32 7.79 7Y036
Qinghai —2011 C6 29.1 28.4-34.2 0 0 5.09 31.6 8.09 7Y036
BH3Z - 2012 Cl1 58.4 56.8 —58.8 1 1 5.37 18.46 -5.83 51070
Yangluo —2012 9 9.5 4.7-17 2 1 297 9.51 2.71 7Y036
o Al 125.9 120 -132.8 1 0 3.63 22.44 -7.33 51070
F2BH -2012
. A5 47 43.9 -48.6 0 0 2.51 9.33 3.88 7Y036
Xiangyang — 2012
A5 55.6 53.9-55.9 0 0 2.93 10.72 3.97 7Y036

UE:a QTL X[ BHRIC AL H ;b BERS QTL M

W <1cM ZEBARIC AR H

Note: a,number of linkage markers in the QTL region; b, number of linkage markers less than 1¢M distance from the highest peak of the QTL
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2R [ Bk 2 W IS8 2

FURREFR T E 5 (R?) )N 9.33% (2 /H - 2012,
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IR RN, YAk A1 (2L - 2010 FI# i -
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2011 FIfHIZ -2012) FHgeafk CO 1) QTL(FHZ -
2011 FHPHZ -2012) # AT AFE 2 A [A] A9 g o 8
SRR, QLR AL AS (C1FD CO b A A6
S/ QTL fift & 346 I3 A R A SR AR A AL S 43 i) 2
9.35% (I - 2010)/16. 32% (i 1 - 2011) .
11.24% ( FH 38 - 2011)/10. 72% ( F£FH - 2012) .
11.67% (BHZ - 2011)/18. 46% ( fHiZ - 2012) %u
10.24% ( fHZ -2011)/9.51% ( fHiZ -2012),

FAERA U RBUE 500 £ 2 TR N R o 78 DH i
P B4 QTL AN PERON e A 2. TL( FHZ 2012,
C9) % 8. 09 (i - 2011,C6) 45, fE DH fEff
QTL DX [, 35 0 2 A8 17 A 0 2 K00 25 67 2 PR R I
WA W RAZES . 78 DH KR 10 4 QTL H,
A 6 4> QTL(60% ) 15 Jin 3= 46 Fr A & A R S5 AL
FPIK A 2Y036, 4 4 4~ QTL(40% ) 3 EAE A
HUAARBSF AL R B 51070, FrRIfE QTL [X[H]
A RF BT AR B S H AR A
EAEF AR REELZWEA . I ARGk AL,
A5 (C1 1 CO b AEM AR50 #R l LA S A 0 21
44~ QTL, A 3 A QTL 34 hinH 48 e A 20 A

R IE 6 4> QTL HAE ﬁ%lﬁ’]tﬁ‘b’ﬁqﬂh(ﬁ'ﬂ?ﬂ SFAIIEHERK H Z2Y036,
&4 QTL XaZEHHRCSIHIF 5
Table 4 Primer sequences of linkage markers in QTLs region
Fric Pefafk ' 725149 514
Marker Chr. Position/cM Forward primer Reverse primer
GSSR134 * Al 63.3 GGGCAACAATAATGGTTCTGA ATTGGTGGTGAATTTGGCTC
BrSF162 -9 * Al 64.4 GCTCAGCAGTCAGCAATCAA GAGACCGTGTGTCCTCTCGT
BrSF49 -32 Al 128.3 AAAAGGAAGGGCAAAGTGGT TTTTGCCATTCGTGTCGTAA
SF22767 * A3 21.4 AACTTTCCGCAAATGTTGGA TGGCCAAACTCGTAAGAATG
BrSF166 -9 A3 22.0 TGACATTCGCATCAGATTTGT TTCCTCCATCGTCTTTGTCC
BrSF27 -50 * A5 47.0 GTCGAGAGATTCCCTGTTCG AGGGAGAATGAGCAAAAGCA
BrSF176 - 13 A5 58.3 TTGGTTCAAATTATTTTTAATGGAAG AAACCCCAGATTTTCATCATTTT
pr22 AS 60.5 CGCAGAAGCTTCCACGTT GACAATACCCAATCCAACGG
CNU458 * A5 64.0 GGGGTGAATCTTGGATGAGG CTGACGGATTCCCAACGAAT
BiSF16 —225b A5 68.0 TTCTGTCCAGCTGCAATCAC AGCATCACTAGCTTCGCCAT
GSSR035 A5 68.2 GCCGAGAAGAAGACAAACGA TCCTTCAACCATGGCTTCTC
FITO298 Cl1 56.2 ATCTATCCACCTCCTTCTTTC TCCACACCAATCCTCGCC
SF14164 * Cl 57.2 AAATCCAAACCCACAACCAA CCCATCACAGAGGCAAGAGT
ns069 * C4 16.4 TCAAAGACTGAAGGCCATGGCGA AAGCATCTTACCTTTGACGAGGAAATTGTAGAGTT
BrSF45 - 40 c9 7.1 GCACATAATGAAATTGCGGAT AATGTCCCACACGATCATTTT
BrBAC268 * C9 10.2 AATGTCCCACACGATCATTTT GCACATAATGAAATTGCGGAT

TE: = Bigg QTL AR M < 1cM BIPRIC

Note: * linkage markers had less than 1 ¢M distance from the peak of the QTL
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Fig.2 Identification of QTLs for effective silique number on main inflorescence on chromosomes
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2012, A5) .CNU458([HiZ -2011, AS5) ,SF14164( [H
% —2011/[H% -2012, C1) .ns069 (#2010, C4)

1 BrBAC268 ( fH3Z —2011/H3# —-2012, C9) ,BHE
SR QTL B KW 53 314 0.1,0.0,0.8.,0.0.1.0,
0.9.1.0 F10. 7eM, 3% 16 /4~ QTL [X W] BbRiC 97|
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*5 QTL RE#ZEHRIZS DH B#EEHFFUARBAHEXE
Table 5 Correlations between linkage markers in QTLs region and effective
silique number on main inflorescence of DH population

e QTL fi QTL IX[f] EHRIC P{H
Trial QTL position QTL region Linkage marker P value
Al 60.4 -65.2 GSSR134 0.004 * *
. BrSF162 -9 0.018*
W%E:lin_—zgé?o A3 19.6 -22.7 SK22767 0.004 " *
BiSF166 -9 0.013*
C4 10.6 -19.6 ns069 0.002 " *
A5 54.1-55.9 JG None
A5 58.2-75.5 BiSF176 - 13 0.016 *
pr22 0.002 " *
CNU458 0.005* *
[H38 - 2011 BiSF16 —225b 0.028 "
Yangluo —2011 GSSR035 0.041"
Cl 55.9-58.9 FITO298 0.011*
SF14164 0.016*
Cc9 4-17.3 BiSF45 - 40 0.004 " *
BrBAC268 0.027 "
e Al 62.9 -68.5 GSSR134 0.023 "
Qzﬁdf%i | BSF162 -9 0.035 *
C6 28.4-34.2 JG None
) Cl 56.8 -58.8 SF14164 0.024 "
Yigﬁuf%zlz (0% 4.7 -17 BrSF45 - 40 0.002* *
BrBAC268 0.004 " *
- Al 120 - 132.8 BrSK49 -32 0.034 "
. fg[‘yinng’]zél 5 AS 43.9-48.6 BiSF27 -50 0.007 " *
A5 53.9-55.9 JG None

3 itk

5 s R DH R 1 32965 A 80 R
Bl QTL AR 1L, ABRSE K S fry 10 A~ QTL 78
AR S AN R LOD (E 45 5 K, B i 6 £ 3 0 2
2o49.33% ~31.60% ,1.OD {H & 2.51 ~5.37 itk
BN 2. 71 ~8.09, FLJE P —Jy i 1] fESK SR A
N5 A 13 A 2 5 (WA h & ZY036 1 51070 19 32
TERAT R RO 22 20 A2 A7) 3 53— 1 o] R 2
PR S 74 52 Bk 0 TR S0 £ 3 L R
(TS 2 265. 54cM, frid Z [0) 1) F- ¥ K #E
4.30cM)

RN AR G E L GOE il
A TAETLA A6 G FR5 h PR B 455 22 1]
H RIS DH B 378 FE A AU SRR E AR
KRB . DH BEARAERHE - 2011 2874 5L
$1 KUK (I G HCAE 598 — 2011 FIFEFH - 2012
%10 4, How 23 2 1 AL AT A SRR A —
TR, BT B AN AR O R B 4 AR
AR /K I BR A IR B - B g S A7 FE AR K B R
. o0, BRI S QTL 132 FRES R, 10 4>
QTL etk A1 AS C1 F1 CO [ fY 4 /4 QTL %
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