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A CAPSM arker L nked to Bolting Related GeneBrFLC1 n B rassica rapa
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Abstract: Bolting time of 16 B rassica rapa accessionswas investigated under artificial vemalization treat-
ment The reaults srowved that therewas awide range variation of bolting tme anong these accessions Polymer-
ase chain reaction (PCR) with a primer pair based on the B rFLC1 gene sequence generated a 980 bp fragment
fram all accessons A base variation located at P3 was significantly asociated with bolting time, and the base
variation at thisposition is the recognition site of restriction enzmeMva . Therefore, a cleaved anplified poly-
morphic sequences (CAPS) marker designated as GMva was developed for this locus by digesting the anpli-
fied fragnentwithMva . The marker was verified in 96 B. rapa DH lines digplaying a significant asciation
betveen the bolting phenotypes and the genotypesof GMva . These reaults indicated that GM va can be easily
used for marker-assisted slection (MA'S) in late bolting or bolting-resistance breeding
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FLOWERING LOCUS C (FLC) , MAD S— ,
(M ichael & Amasino, 1999; Sheldonetal , 1999) FLC
: , (Sheldon et
al , 1999, 2000 ) FLC (Tadege et al , 2001,
Schranz et al , 2002; Lietal , 2005, Linetal , 2005),
(Kim et al , 2007; Tadege et al , 2001) (Brassica rapa L. syn campestris
L. ) , 4 BrFLC ,
(Schranz et al , 2002) , BrFLC
16 , BrFLC1 )
) CAPS , 96
DH )
1
1.1
16 DH )
Repid-cycling (1) Rapid-cycling Oshom , Schranz (2002)
BrFLCs DH MB 96 DH ,
74 22 ( 2
, 25 , 213
4
1.2
2006 8 —2007 2 ( ) 16
20d , 5 , 2007
2—5 ( ) 9% DH 25d
, ( 25 /| 20 , 16 h/ 8h) , 5 ,
‘ 54’ ' ' DH (Y177-12)
DH
DH 5 2006 2007 120d 60
d, 125d 65d (Osometal , 1997)
1.3 PCR M va
BrFLC1 DNA (GerBank accession number. AY115678 ), Primer
pramier 5.0 PCR ALC1F4: 5'-CTT GAG GAA TCA AAT GIC
GATAA -3 A.C1F-T: 5"-AGG TCG CAA GCC TAT CTC-3', A.C1R1: 5'-CCA TAT TAT
CAGCTT CGGCTC G -3' PCR , AB | 3730XL DNA Analy-
zer (Perkin-Eimer, USA) DNAmMan (Ver. 5.2.2)
DNA CTAB (Wang etal , 2005) PCR : 50 ngDNA, 10 x PCR
2ML, 2.5mmol- L™ dNTP 1.24 L, (10umol- L")  0.54L, 1.0U Taq
DNA , 20U L 94 4min; 94 1 min, 58

1min, 72 1min30 s 35 ;712 10 min
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M va 15u L, 5uL PCR ;1% R ( B\) 25U
Mva (MBI Fementas) , 37 2.0 h ,
, 2.0%
2
2.1
16 , 25 d , 120 d
<40 d 3, L144 (Raid-cycling) BDC5186-3 ( ) L58-1
( ); ( >120 d) 4 2 (Y4113
Y538-3) 2 (N14-17 N1-1) 9 46 120 d ( 1
1 16 BrFLC1

Tablel Asociation of bolting time with base var ations n amplified region of BrFLC1 gene among 16 squenced accession s

Position of base variation

. . /d 5 6
Sut_)sp_emesor Code Accession Origin GMva Bolting tme  Inton 5 Intron 6
varieties nane
P2 PL P3 PA PS5 P66 P7
1 Y411-3 2  Wanbai 2 b 125+ 0.0 C A G A A cC A
Chinese cabbage 2 Y152-9 78 Jinlti 78 b 62+1 8 C T G A A C G
3 R16-11 Jgpanese Juancui a 46 +1 7 T T A A A - A
4 Y177-12 Jianchun b 120 0 2 C A G A A - A
5 Y195-93 45 Rekanghai 45 a 84 %0 2 T T A A A - A
6 Y392-16 14 Huangya 14 b 115+1 0 C A G T - - A
7 Y538-3 78 Zhongbai 78 b 125+0.0 C T G A A - A
Pak Choi 8 BDC5186-3 a 3701 T T A A A C A
Gapjiao Chigengbai
9 N26-2 Heibaicai b 115+0.0 cC A G A A C G
10 N14-17 W uyuanan b 125 +0.0 C T G A A - A
11 N1-1 308 b 125+0.0 C T G A A - A
Jgpanese Qinggeng 308
12 N29-168 a 87+1.3 T T A A A - A
Tawan Datou Qingjiang
W uta-tsai 13 Glu002-2 W uta-tsai a 80 +0.0 T T A A A - A
14  L58-1 Sijiu Caixin a 33+0.5 T T A A A - A
Flovering Chinese cabbage
Zicaitai 15  F041397-3 Erzaozi a 48 +0.0 T A A A A C A
Repid-cycling 16 L1144 MB a 25+0.0 T T A A A - A
P ta GMva 2 1 ; +
Note * b" and’ & represent two bands and one band type produced by GMva , reectively;, Data are presented asmean £ D.
2.2 BrFLC1
16 DNA , 4 HRC1F4 7
A.C1R1 PCR , 1 980 bp ( 1

980 bp —=

1

1 16
Fig 1 BrFLC1 gene-ecific fragnent got anong 16 squencing B.
Lanel- 6 repreent 1 - 16 listed in Table 1; M representsDNA marker

A C1F4/H.C1R1

BrrLC1
1 1 16, M

DNA marker

15

16

M

rapa accessionsbased on FLC1F4/ AL C1R1
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PCR , BrFLC1 16
7 , 5 2, P1 P2,
6 5 P3 P4 P5 P6 P7 ( 1)
2.3
7 , 2 (P1
P3) (r=0.8 P<0.01) P3 , 8 G 7
( 110d ), 1 (Y152-9) (
62d); 8 A 87 d (1
2.4 CAPS
P3 M va
, , , 5
A C1F-T, 7 A C1R1 PCR
750 bp PCR M va , 2 ( 2):
750 bp (A ), 259 bp 491 bp (G ) P3 G
, M va (CONGG), Mva ,
; G-A (CONA) , Mva , Mva ,
BrALC1 G-A , GMva
M ] 2 3 + 5 6 7 8 9 10 11 12
~— 750 bp
~— 491 bp
~— 259 bp
2 FLC1F-T/ALC1R1 PCR M va
M: DNAMarker ;3 5 7 11: A;
1 2 4 6 8 9 10 12 G
Fig 2 Electrophoresisof digested PCR productsamplified by the primersof FLC1F-T and FLC1R1 byMva enzyme
M: DNA Marker ; BaeA inlane3, 5, 7 and 11;
Bae Ginlanel, 2, 4, 6, 8, 9, 10 and 12
CAPS GMva 16 : ( 1):
P3 G : 2 (1 b) , A 1
(1 a) : BrFLC1 G-A
2.5 BrrLCl1 CAPS 9% DH
) 96 DH , CAPS
GMva G-A : 96 DH 19 65d
( 2, G A 45 51
Pearson , G-A (r=0.626, P<
0.01) ) 54’ DH (y177-12) 41 d 40 d,
GM va G, , =240d
CAPS
, GMva G , A ,
( 2 ), 3 G
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2 GM va

Table2 Asxociation analysisof GMva marker genotype and bolting time across96 B. rapa accessions

/d /d /d
GMva A ccession Bolting tme GMva A ccession Bolting time GMva A ccession Bolting time
b Y408-33 60+3.1 b Y177-12 40 £0.0 a Y498-5 32+3.7
b Y497-1 57 +£6.2 b Y445-2 40+1.7 a Y510-1 32+0.0
b Y412-3 53+9.4 b Y152-9" 37+1.1 a Y470-11 32+0.0
b Y246-5 52+2.2 b Y81-37A " 32+0.0 a Y134-19 32+0.0
b Y411-3 51+1.1 b Y231-330° 32+0.0 a Y350-164 32+0.0
b YM 188 50+0.9 a Y348-95" 52 +£0.9 a Y168-17 32+0.0
b Y302-11 50+0.9 a Y471-1" 49+3.9 a Y322-23 32+0.0
b Y96-1 50+0.0 a Y420-73" 49+2.7 a Y521-4 32+0.0
b Y497-26 49+2.3 a Y208-3" 49+1.8 a YR16-11 31+£2.2
b Y410-1 48 +£3.3 a Y27-29" 43+1.8 a Y153-7 29+1.6
b Y476-44 48 £0.0 a Y506-19 " 42 +0.9 b N30-3 65+0.0
b Y469-4 48 £0.0 a Y407-150 38+3.8 b N1-1 65+0.0
b Y248-3 46+1.4 a Y399-1 38+1.4 b N14-17 65+0.0
b Y103-72 46+£1.1 a Y3526 37+3.6 b N16-6 65+0.0
b Y2079 43 £3.6 a Y530-25 37+1.1 b N26-2 65 0.0
b Y297-24 43 +2.7 a Y453-3 36+3.2 b N26-15 42 +£2.6
b YF05-761 43+1.8 a Y509-2 36+0.0 b N82-6 42 +£0.1
b Y502-10 42 £3.3 a Y149-8 36+0.0 b N49-8 42 £0.0
b Y541-4 42 +3.3 a Y544-2 3B+2.7 a N17-3 37+3.9
b Y443-5 42 +3.0 a Y148-72 34+3.6 a N20-3 36+5.3
b Y499-3 42 £2.2 a Y141-33 34+£3.3 a N10-36 36+3.3
b Y513-18 42 £0.0 a Y540-9 34+£0.9 a NW1-1 3B+1.1
b Y531-23 41 +2.7 a Y195-93 34+0.9 a N30-13 34+£0.0
b Y249-7 41+1.8 a Y500-1 34+0.0 a N13-4 34+0.0
b Y536-16 41+1.1 a Y508-1 34+0.0 a NwW2-3 33+1.1
b YOQ54-1 41+1.1 a Y1596 3+1.8 a N19P2-7 32+0.0
b Y358-10 40 £3.5 a Y66-83 33+1.8 a N29-168 32+0.0
b Y538-3 40£2.8 a Y507-3 3+1.1 a N50-16 32+0.0
b Y389-23 40+2.3 a Y504-30 33+1.1 a N4-1 27 +£0.0
b Y392-16 40 £0.9 a Y463-3 3+1.1 a N15-36 22+0.0
b YG55B1-1 40+0.9 a Y259-16 33+1.0 a N42-8 22+0.0
b Y467-7 40+0.0 a Y54-2 33+0.9 a N92-1 19+0.0

N o) Ca GMva 2 1 : Y N ;
£ ;
Note * b’ and' & represent wo bandsand one band type, repectively; The initialsof accessions denote Chinese cabbage and Pak Choi,
repectively; Data are presented asmean = D; Exceptional accessions are indicated with asterisk

3
16 , BrFLC1 ,
BrFLC1 CAPS GMva , 96 DH
BrFLC1
2 , )
, ( , 2004) ,
, GMva
, ; G ; A ,
, BrFLC Schranz (2002)
BrFLCs , BrFLC

98% B. rapa BrFLC1 (72.2%) BrFLC2
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(25. 4%) (Schranz et al , 2002) ,
, , 80
(Levy & Dean, 1998), FRI FRL1 FRL2 VIP3 VIP4 ELF7 HE.F8 EF5
PIE1 FLC (Johanon etal , 2000; Roussetal , 2002; Caicedo etal , 2004),
VN3 VRN1 VRN2 (Sung & Amasino, 2005) LFY

FCA FD FYE FPA LD FLK (He & Amasino, 2005) ;

CAPS )
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