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CHUMITTE RS A SR BRI, B 310036: 2 BRT A AL RIE AR S5 AR RIS, B 310021 *WTHE4 T3 B gh 2,
TR 475000: B KRS EMRE GHEARS B, LM 225009

FE: [E6] @A HE BCF B H 7 908 L — AN R b XA 02 & 8 4% QTL (A7-QTL) #4T &AL
#ik. L7 2 SC-DH B R4 A 3o al £ DARKM & ff Sollux AR EIF AR, HIFX B2+ EFK Gaoyou Ffr
Bl R Bty DH Ry S XEA. A 1 700 A~ BCGF BHRFEER fmHE M5 (BCGF) XAR, RA
WinQTLCartographer 2.5 #u SPSS 11. 5 H k3¢ AT-QTL #ATAE 40 & fuw LU RAR AR o X Bk 0. [ R] 2 &
QTL #) B 12 X |6 fE A7 1T ZAAS849s—R131 = [d], Se I 7E 21.7 cM &4, 2 LOD W(E % 9. 71, B8 55 ¥ Il & FAF 1T RPSaA3
A ZAAS839 7 4 0.9 F1 2.1 M, QTL EyAntEa (i A& 0.75; QTL KRB oy $A7IE 7 20k H: ERRKEA 4
MMFIEE 3 MEFAN S HEZ M EAEREELZR, TI0 ZAAS839 XWZRFEEF (~AL2x10"), B hRe
B 4 ANFRIT A B X R K R, #E— BT QTL & 7 AL T 4710 RPSaA3 Fu ZAAS839 = [ 2 I 1 . [ £ % DA BC3F1
BREALH QTL K JE 5 DH AT ERMESR, EEERXEAWEE /N, EUERE—FHINT AT EHH LEE
W QTL WESEM, BT EZRBGFAS MM mERENTEN; QTL 747 & T47I8 RPSaA3 fo
ZAAS839 s R 3, WAFICMEIBEZ 3 cM.
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Mapping and Analysis of an Oil Content QTL in the Linkage
Group 7 Using BC3F; Population of Brassica napus

SHAO Yu-suo'?, NI Xi-yuan’, HUANG Ji-xiang®, REN Li-ping’, ZHAO Wei*, FANG Xiao-yan®,
CAO Ming-fu', ZHAO Jian-yi’
("Hangzhou Normal University, College of Life and Environmental Sciences, Hangzhou 310036; *Institute of Crop and Nuclear
Technology Utilization, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021; *Kaifeng Senior High School of Henan
Province, Kaifeng 475000, Henan; *College of Bioscience and Biotechnology, Yangzhou University, Yangzhou 225009, Jiangsu)

Abstract: [Objective] Mapping and conforming a major QTL for oil content in linkage group 7 using BC3F; population in
Brassica napus L. [Method] QTL-near isogenic lines (NILs) were developed by marker assistant selection on the basis of primary
QTL analysis with SG-DH lines. 1700 BC;sF, plants, containing corresponding marker genotypes on A7 and trait phenotypes of oil
content, were used for fine mapping oil QTL and association analysis between the marker genotypes and the trait (oil content)
performance on A7 by software WinQTLCartographer 2.5 and SPSS11.5. [Result] The confidence interval of oil content QTL was
located between the markers ZAAS849s and R131, which range about 21.7 ¢cM and the peak value of LOD was 9.71. The distances
between QTL and the nearest flanking markers RPSaA3 and ZAAS839 were 0.9 and 2.1 cM, respectively. The additive effect of QTL
was 0.75, with Chinese allele increasing oil content. Marker-oil content association analysis (ANOVA) indicated that the oil content

showed a significant difference among the three types of marker genotypes in each loci within QTL region (four markers), of which
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the marker ZAAS839 showed the largest P value (P=1.2x10"%). [Conclusion] QTL position identified by mapping analysis using

BC;F; population was overlapped with primary QTL identification using SG-DH lines, however, the confidence interval was clearly

decreased. The most probable QTL position is in the region near the markers RPSaA3 and ZAAS839. The genetic distance between

RPSaA3 and ZAASS839 is about 3 cM.

Key words: Brassica napus L.; oil content; QTL-NILs; QTL-mapping
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Fig. 1 The means and standard error of oil content for two

donor DH lines, DH106 and DH255, and their parents

Sollux and Gaoyou in 4 year trials in Hangzhou
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H 5 2 e B A ac s B, IR AR AR M R A R
I NERN AT EBURE R I T BST 3807 A
Fide FAT IR IS 1954 Lo 2= AR M BT
Frveit, bRy TR RS AR S, FIH
Mapmaker/Exp 3.0 #%fF'™, Wil “near” . “try” %
iy 2K ARG N2 A7 EBHE L
1.3 DNA $2BXS PCR ¥ 1&
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UHREUNCE K BCSF BEAARS SRR F & DNA.
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FEMIIN 5 uL EREZEMR (40%IERE, 0.025%1R75 %) ,
6% T NI IEEEE (19 = 1) HIJk, HYLEYe(s,
kg REREORAT o

F1 BT A-QTL ERRIFRIEF T RE KR

1.4 it

WG SRR E . BT FARd IsE 1 5o bl
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G(g)=[L+X(g)}/(2L)=1/2+(1/2)[X(g)/L]
X, Gg)iRfE g MRIMEHEL St 2, X(gfF 7]
T g MREIAFE BIEEAT B > Fhric e L fePr
M Fhric Hom

A7-QTL &7 % WinQTLCartographer 2.5 #&{}:
LA X AE AR, drid 2 IR SCBEHT H] SPSST1.5
AFAREE . LOD A 1) W 25 PR i 5 4653 B (permutation
analysis) 125 1 000 XHfE -
2 HRE5SH
2.1 AT-QTL SEZEEFE R BCF, BHA D 4R

UL DH106 F1 DH255 A BFA, fE[EZEA Sollux A
MR AELNIAE, N BC, HARTF4f ARG AE AT 5 2
Br, BSEM QTL XM 3 AMFrid (Nal2A02b.
BRMS036. ZAAS12a) (3 1) M 156 ¥R ik 75
PR, [RIZEF=4: BC; AR, BERRX 2 MR R 52 4~ BC,
PRI T T SR SOk, WA RS T T AT
EE L 10 ANMArid (SUCI-2a. Nal2A02b .
BRMS036. ZAAS176. RPSaA3. ZAASI2a. sR7223.
APOCI. BRAS023. sR0282R) (¥ 1) , Tkt
Wk SG EIIE 180 MYA Az 254 Eir)
SRR, BRI SUERE A E Pk 1 5t 0]
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Table 1 Marker sequences and their origins used for mapping of A7-QTL in this study

Frid 5149 RETIY Al

Marker Forward primer Reverse primer Origins

APOC1 CTCGTCCTCACTTCTCCC GAATAACTCCAGGTCCAA Li et al. Euphytica, 2006,152:25-29

RPSaA3 TACTGATCCACGTACCGA CTCTGGCTTAGCCTCCTC Li et al. Euphytica, 2006,152:25-29

SUCI-2a CCGTCGCCTGGTATTAGA GCCGGAGCTGCTTGAAAA Li et al. Euphytica, 2006,152:25-29

BRAS023  CCATTGCAAATCCCTTTACTC AGATGGAATGCGATCAAAGA Piquemal et al. Theoretical and Applied Genetics, 2005,

BRMS036 GGTCCATTCCTTTTTGCATCTG CATGGCAAGGGGTAACAAACAT

111(8):1514-1523
Kim et al. Genetics, 2006,174(1):29-39

sR0282R AGGAAGCCCAACAGGACTTT  AATTCGATTCTCCATCGTGC http://www.brassica.agr.gc.ca

sR7223 AGGACCCGACTTTCCTTGTT ~ ACCAAACTCGGCGTACAAAT http://www.brassica.agr.gc.ca

Nal2A02b AGCCTTGTTGCTTTTCAACG AGTGAATCGATGATCTCGCC Lowe et al. Theoretical and Applied Genetics,
2004,108(6):1103-1112

EST839 AAACCGGCTACGAGATCCTT  CGCTGGTTTAGCCAATCTAA LA RN EF# B Zhejiang Academy of Agricultural Sciences

ZAAS176  GTCAACAAGGAGAGGCTTGC TTGGAAGCAGAAGCAATGTG WHTARIEL =Bt Zhejiang Academy of Agricultural Sciences

ZAAS12a TCAATGGCGATGGCAGCAG CCAGTCAACAATCCAGACAAGC  WHLA AN FI =Bt Zhejiang Academy of Agricultural Sciences
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FEDRITY) BCs HAbk 28 K, 4REERIZS =42 BCy, BT H oy K
52 A HUBKBI S 07 BOSF, . U E1AE bR T S T
FrTR S R AL R AT, 5 S Y R SG-DHIS |
TEGm T 45%, dBHE T SR E 5T 93% ) bk 6 A s 2004

(R2), FEHEREM. L N46-2. N46-3. N46-7, J
N46-8 ¥ T° SG-DH106; N59-2. N59-3 =k {4 T (=156) BCSoltux 2005 PG
SG-DH255. UL T —A> 4 000 A FFE A A 1) l
BGsF, ##44, BCF, FHAMM A R W& 2 Pros. il LRI 2006 P G
TFEINEIS ALY 3 500 PR, AN F sppRfiosin] e
FhF (BCiFy) Sl At K2 0 AiifE 40%—45% (1=52) BOE, 2007 -
Z ), AR 80%LA . HEE6 M Six lines were selected
2.2 A7 EHiE LA THRICAIINER QTL E AL e XTERE

FEAREN SG EIEEm b, FIHREAL autumn 2007

EH AR A7 ERRL S BRI S IR @
] EST #nic At SG #FAXUCRIT 2 23S I £ R DH ¥ 3500 BC,FAH T 2008 P
oA, S A7 EBUEE EARICE . SR JE IR BC3F; seeds
A7-QTL W 10 AJLEYES Fhrid (Ral2A02b. Pe FHMIAERIINT, G: bRICADIA BT

P: Phenotyping estimate of oil content, G: Genotyping analysis of markers

BRMS036. ZAAS176. RPSaA3. ZAAS839. ZAAS12a.
sR7223. APOC1. BRAS023. sR0282R) X} BC;F, ¥ 2 QTL-BCF, #iE;5332
PR TIER 0T, 10 MRid ARG B LR 1. & Fig. 2 Procedure of QTL-BC;F, development

T2 6L BC BHRF T 2HE()UREREER (%)
Table 2 Oil content (%) and ratio of background restoration (%) of 6 selected BC; plants

BC; B & BC; line

N46-2 N46-3 N46-7 N46-8 N59-2 N59-3
P& Oil content (%) 45.0 (£1.76) 45.7 (£1.79) 479 (£1.78) 46.4 (£1.77) 45.8 (+1.76) 44.6 (£1.78)
Al 5% Ratio of background restoration (%) 933 94 94.5 94.8 93.8 93.2

IEH] 1700 BRFRICIENTY (BCSF)) FIRpFEymES (4 9.71, BEZEMMEITER L RPSaA3 Fl ZAAS839
W (BCsFy) Ysed& bk, e 7 BT QTL 435100 0.9 A1 2.1 cM, QTL HIINMERNAE R 0.75. 5
I3, UL LOD fH=3.3 #i@ 4 JC QTL MIAFAEIFAM ) DH BEAZERTM PUSREE i 45 5 g, LoD
QTL 7E&E8i K EEFIX I (B 2) o« Syl QTL & WE(E. InPERNAEARE, QTL XM= S, (HyGH g
15 XA 7 TARIC ZAAS849s-R131 2 [f), H: LOD I BT =217 cMIXREN (K3, B3 .

F 3 [&F BCF #1 DH BHATEMM EUEE B9 QTL DTSR IR
Table 3 A7-QTL for oil content with SG-BC3F; and SG-DH population in 4 year trials in Hangzhou

LR iy K LoD ff " 2 BAEX fir
Population Years Peak LOD score Additivity Confidence interval Position (cM)
BG;5F, 2008 9.71 0.75 ZAAS849-R131 40.3—62.0
SG-DH 2001 9.16 0.65 Nal2A02b-R131 32.2—62.0
2004 10.59 0.92 SUC1_2A-BRMS036 25.0—45.5
2005 12.97 0.95 Nal2A02b-R131 32.2—62.0
2007 10.30 0.62 SUC1_2A- ZAAS839 25.0—51.6

DLOD fE ) B3 M=3.3  Significant LOD score=3.3
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Fig. 3 Genotypes of 6 selected BC; plants and oil QTL on A7 using BC;F; population with 1 700 selfing plants
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Fz4 AT-QTL XEA 4 MRICEFEBNESHERIME M LR S

Table 4 Comparative analysis between marker genotype and oil content in 4 marker loci in A7-QTL region

Vi e SiE L5 By B (R R) P {H L EH(0.05) Y
Molecular marker genotype No. of plants Average of oil content (%) P value Mul. comparison
BRMS036 1.2x10°

Gaoyou/Gaoyou 340 43.19 (£1.79) a

Gaoyou/Sollux 736 42.93 (£1.81) a

Sollux/Sollux 436 42.50 (£1.82) b
ZAAS176 1.5%107

Gaoyou/Gaoyou 321 43.06 (£1.78) a

Gaoyou/Sollux 729 42.96 (£1.82) a

Sollux/Sollux 436 42.44 (+1.80) b
RPSaA3 3.0x10”

Gaoyou/Gaoyou 256 43.23 (£1.82) a

Gaoyou/Sollux 545 42.94 (£1.79) a

Sollux/Sollux 330 42.30 (+1.81) b
ZAAS839 1.2x10™

Gaoyou/Gaoyou 331 43.25 (£1.83) a

Gaoyou/Sollux 697 42.92 (£1.78) b

Sollux/Sollux 383 42.32 (£1.79) c

D RIS T BEFOR AN R bR C SE N AL RS O R S, R SRR
! Same letter means no significant difference for oil content between marker genotypes, otherwise showing a significant difference for oil content between
marker genotypes

R5 AT-QTL X8 4 MRCERE S HE LR DT
Table 5 Comparative analysis between marker genotype and oil content in 4 marker loci in A7-QTL region

¥ b g Rt P B P ZEILLO.05)
Type Marker genotype No. of plants  Average of oil content (%) P value =~ Mul. comparison
H—21 Firstgroup BRMS036  ZAAS176  RPSaA3 ZAASS839 3.5x10°

1 P, P, P, P, 248 43.35 (+1.60) a

2 P, P Py P, 347 42.27 (+1.69) b

& [nI3EA Sollux (Py) (CK) 37 42.30 (£1.26) b

B 41 Second group BRMS036 ~ ZAAS176  RPSaA3 ZAAS839 0.003

3 P, P F, F, 48 43.36 (+1.60) a

4 F, F, Py P, 47 42.48 (+1.60) b

5 F, F, P, F, 15 42.67 (+1.79) b

6 F, F, F, P, 13 42.32 (+1.69) b

& [nI3EA Sollux (Py) (CK) 37 42.30 (£1.26) b

* Py 7K Sollux/Sollux J£K %, P, R Gaoyou/Gaoyou &M, F, /R Gaoyou/Sollux F[K 7
* Py Sollux/Sollux genotype, P,: Gaoyou/Gaoyou genotype, Fi: Gaoyou/Sollux genotype

(Sollux) (42.27%) i 1.08 N4, P
P ik 9.6x10™", ZEFWEE; MiFIEA Sollux “F-
B0t it 42.30%, 5 HFRX BN RISEAS (Sollux)
() BC:F, f AP b 2 R A B % . 20
Wi 4 ANFRIC PRI Fy AN A TG A 4 R (28 2
Y, 3—6 25 , X ILEATIE DI AR i iR AL A6 Y,

3HT. 5 335 (BRMS036 Fll ZAAS176 Mg InlE Ak
A%, RPSaA3. ZAAS839 KZua Py MHE 3
MR (4—6 ) JAeIMERAN 27k B2,
3 R M HERIESEAZ W ZERHA T, Hib
HEWT QTL T nJ GEA7 T RPSaA3 1 ZAAS839 2 []ulAH
I X 35k
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i QTL, SEAL4: A QTL {7 55 S WA, QTL X1,
B

W AHEFT BC3F) BEAFRISEHT DH BEAR 7 45 5 L
T, LOD {E AN R N A 3 A AR R, Mon T
NAE a=0.75 #ESE, 1% QTL X154 Sollux )45 Jk
K4 Gaoyou ZEAHARH A4 m Sl &4y 1.5 N E o
R BEET HARX B A RSB (43.35%) Fl%e
[AIEA (Sollux) FERZAY (42.27%) V38 whs 1) 2
fH (LOS ANFI4rr) 5 1 700 /> BCsF, BEAAFLRE H]
S I 8 AN R E SR . X FRINREE
WA LU LR (1) i T AR i s o A
1 BCsF, & il s B 4 Bk B 48R0 7, FLA(E ]
RE S PRI/INIREE 22 53 52 AN A6 I U BB ARAE TR 3R
S NI TR E R ISR A, (2) T HeRIEEA
ST B E AR Sollux, TERUIM AT B %
TR, IR AT — 2 R RS R AR AN R R
FER mbE IS, 25 ma B LS B KO
(3D tHTABEFUH I EL A BCF, AR, B H Az
X BEA T BT B 2 I X ) S AR AR — 3, DR
PRIATEE IR £ i 2 22 S AR ] A I e X3 b Ao A
R el R A A R, A — e B PR
P QTL (1) BLS RGBT I 45 3 o IRt A7-QTL ik
— DR A 8 A 38 77 A F S e AR (RIS T A
D1 QTL X [AIbRId % % . JR8isid, B+ %
FIH BCsF, /NX FFIR - LL A BCyF, Fi BC4F, FEAA,
[N EE S AE L) 10—20 M [ I AR P =% BAC J7
SR EN SR SR Y SON o A VS Us F S EY TN TP
e 7 A7-2rihE QTL.

LN BCSF) SARAIRIA M52, TATRINAF
WA ITAIAAA RN ZE 7, (AWIERLSE R AT 1
WA RILERHOTAEN QTL, 78 mithAC QTL-Ur4kkt
R RIEFM B, ARSI RIS
R IR B 7 ERTE S SR QTL Mk
35 oM DX SGEAELE ROV AR T 1m)AH BI85 T R BRI 2%
JNEAE 77 [ R [R] PR A SRR EL QTL A7 5 H R 2B 1EAL IR
AN A7 LIRS TR0 QTL My it ir AR &, ilI&
T TR 0 S A 0 P A7 e B B 2R AR s X e E R
(1) H DR, R0 DR 2 T 1 AH B G R AR LB o

4 i

AR5 LLRR I 5 Rl Sollux AR [FISEAS, HFRX
B E SRR Gaoyou i fr il AR AL L TR BE I
SG-DH F At A R T 55 5 &R, H 1 700 £k
BC;F; LRk A DA 20 IR R B bk SR 1K) BCSF, b1
IS AT AT EAL T, E R E T SRS
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AR EAAE: R BCSF, BEAAE S R0 A H 85 8 =% A7-5 i QTL 27

(¥ A7 JEBUE L7y QTL, QTL A7 xS hmileh, Dk
B AR, HE— 3 1 10 AN A c B PR R0 N A
W A I AT A QTL XA Py 4 AMhric A Al L A
TR 2 A5 R it 2 R T 1R B R A3 A, WA W =
55 7 EERU Rl QTL d5 il e 775 T RPSaA3 Al
ZAAS839 PIANFRIC R BRI X 45, PR 10 A 25 Oh
3.0 cM.

B ik FH R EFSR A XTI, hiE
Bl EIPERE R TRAFTLSTFSEN. T8,
JE 3 — F Bt
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