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MAE N FLC [ERE R A KR K ¢ B A i bz

THE, EXE, BAN, REF, T OB, TRE

Cf B AR R E BE R A AES I, ARSI ZAEP A 7 SR @ se 965, ks 100081)

i OE. LT R (Ws) M ‘Amsterdam’ (AP S MEESRAUNF, S M FLC YR
FEP (DCFLCS), IR ABIFFTH ORI A ' o 3T R LA S5 2R3 HT, 185 b P 7o 3 A HAT 584 MADS-box
F1 K-box 57 454381 FLC [A1Yi3L [ DCFLC1. DcFLC2. DcFLC3, ZhHI4ifd 209, 212, 219 MR KM
BREE D, W BRI EEY) FLC SR8 KRBT . RT-PCR & # DcFLCL Hil DCFLC2 1 iR #4 Kl i3y
ik, 1M DeFLC3 AXAEHE /M AR bRk . gPCR 45 W n (G GE(Z1E DCFLCL F1 DeFLC3 i il ZE it b
Af Gyt AR PRIk, T DEFLC2 ANTE Af R b ik B3, TRghuint ih RiEA W3, DeFLCL #
DCFLC2 7EdEL UK 1Y) Ws &)y ity AR R AL A8 rh FRIE RN ), AR e dE DCFLCL 74l it LA
K DCFLC2 7ER R h ik . #EDL I {28k DCFLCL. DCFLC2 7E Af 48 A rh &3k, (HIE Ws HHIUAN]

F889: W% N DCFLCs; Ki; JeJail; JER&RIA

HhESES: S631.2 MR ERD: A MEHS: 0513-353X (2013) 12-2453-10

Expression Analysis of FLC Homologues Responding to Low Temperature and
Photoperiod in Carrot

MAO Ji-hua, ZHUANG Fei—yun*, OU Cheng-gang, ZHAO Zhi-wei, WANG Hui, and MA Zhen-guo

(Key Laboratory of Biology and Genetic Improvement of Horticultural Crops, Institute of Vegetables and Flowers, Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Carrot (Daucus carota L.) is a biennial species and requires vernalization for flowering.
The premature bolting of carrot occurs in winter-spring plastic tunnel and spring cultivation, and results in
a complete loss of commercial value, but limited progress reported on the control of bolting and flowering
in carrot. Basis on the transcriptome sequences, carrot FLOWERING LOCUS C homologues (DcFLCs)
were screened. Cultivar ‘Amsterdam’ (Af) tolerance to premature bolting and wild sensitive species
‘Songzi’ (Ws) were selected to study the relative expression of DCFLCs under cold and photoperiod
treatment examined by real-time qPCR. Three FLC homologues (DcFLC1, DcFLC2 and DcFLC3) were
annotated with complete ORFs, MADS-box and K-box conserved regions, which encoded 209, 212 and
219 amino acids, respectively. Phylogenetic analysis showed that DCFLCs were clustered with other plants
FLC homologous. DcFLC1 and DcFLC2 were confirmed to express in all species by RT-PCR, but
DcFLC3 only in some. The relative expression of DCFLC1 and DcFLC3 were improved in Af young plants

and roots during vernalization, while DCFLC2 was only improved in roots but no significance in young

W BHA: 2013 -09 - 12; f&EIEH#H: 2013 -11-15

HEWR: HEORFARERIIH (31272162); HERESCEETRIBIH (2012BAD02B04, 2013BAD01B04); [HF 2 i #EA7k Rk
FHIFE T (200903016)

* {51 Author for correspondence (E-mail: zhuangfeiyun@caas.cn)
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plants. DCFLC1 were improved in Ws young plants but no significance in roots during vernalization, while
DcFLC2 in contrary. Both of the relative expression of DCFLC1 and DcFLC2 were improved in Af young
plants under continuous illumination, but different in Ws.

Key words: carrot; DCFLCs; low temperature; photoperiod; gene expression

% I (Daucus carota L. var. sativa) &3 11l 7 75 2 B — @ Mk R /NFLd 2 ~3 A~ 10 °C
PLUMEHE A G Z T 4L (Dickson & Peterson, 1958). % ML G flZE DL M FE R H14 &,
HIF e A el —E A N SRR sZ 1A AR E D vinl #53i (Dickson & Peterson, 1958; Alessandro
& Galmarini, 2007; Alessandro et al., 2013). UL RAFH KM S 75 55 Mk B 2 ok T [E # 2 B
A A, S R R I OO AR OGRS . R S R TR ) B ROR IR AR AL, e A
KL E (Rubatzky et al., 1999). #HE NSeHIMEE A bR T S2ARERE M 4L, 1852 2D 8
R, X5 IEE RTINS AT R (B2ESf 4F, 20105 BEE SF, 2013)

O JEHIEAT AW AL 5 T I JR AR I8 AT, TR A A2 W2 FEL A 7 3R A S rh o AN [ B 1) 3 Y,

(Amasino & Michaels, 2010) . MADS-box 2% % K FLOWERING LOCUS C (FLC) s&#lr/
TN TP R OCEERER, EARAEH T e S S RS R 1 SOCL M FT, AR VINS i)
FLC ¥k, dEfifigbrat M 40H], B3It (Michaels & Amasino, 1999) . R AFBIH;
SERPEIE N ThBEM E 7 X (Evgenia etal., 2003) , FH3E94 4 /> FLC # U1, BrFLC1 fil BrFLC2
KR GE FEARI (A R P AN i JE K] (Schranz et al., 2002; Yuanetal., 2009; Zhao etal., 2010), >ZH]
1% (Brassica rapa ssp. pekinensis, ssp. chinensis Fll ssp. rapa) [fIFF4¢ 8] 3= 252 BrELCL 1] AL By 5
(RS20, 1 BrFLC2 ) InDel Z87% /&5 (B. rapa ssp. oleifera 1 ssp. tricolaris) JT4¢ i [F] 25 3 (1] 5
(Wuetal., 2012) . filt=er BvFLL FRIEZHAAE IS, f27E 4 2 BIFEEC (Reeves et al.,
2007). Zhang %5 (2009) 35437 5 AN (Poncirus trifoliata) [f] PtFLC R A8 874z, /3 HI4E4h4E A
BUEIARPEAER], XL AR E S THEFME S, ST FLC KA AR . AR50
TATHIEHE SRR ORISR e (BT &F, 20105 BREAE 5, 2013) M SANFEER,
A3 S5 Hh B AU A B A B S RO R 22 ) Amsterdam %555 5 R HEAT FLC [R5 L] (DEFLCs)
wBE, JFAI Real-time qPCR 7341 DeFLCs WL A Ot A I ma R, R ATT RESTE b IT e R4
BE 50 T e 52 A )3 B 4 A B

QY VR SRS DARES

11 ##

TE AR AR R B U AT AR (W, BPAEBRIE, FIERIARD, i fhZE) ‘ Amsterdam’
aRP CAF, JHRME, Fat) &I 10 MR EA HA R (BILs, BCSqAR, LA AfENFEIHIEAD:
E01051. E02032. E0601. E2003. E52081. E36082. E36093. E4506. E45032 F1 E52014 4T DcFLCs
FEDIERAIE . B 7 AR PE R T AP A A R AL RHERE LD (B008, £0fA). AT MRS N
(B287, #Ita). “ERHAE b (B223, #{ta). /NATILME b (Bled, M), ‘Z1E A%
b’ (B388, FIAAJFM). ‘12P39" (RF4(h, WHRMALR). 30807 (RGLrfh, SaRM AR
%) #E4T DCFLCs 2 ST .

1.2 DcFLCs #& RT-PCR
2012 4 8 HYI, $ LIAFHRHERN T B R RL 22 B rd 1 25 5 B0, BRI ECAN DT
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150 ¥k, WML, 10 HIRSHTEHRE, X Ws Fl A 1 A FRBERE, BILs. s VR M2 HA R H
IO B R G RAT T - 80 CUKAf .

MR & D e s 2L e 45 5L, 354 8 A Unigene {1 B AR I+ FLC [RYEFEA, Forb 3 /) Unigene
HA5 52 #£ 1) ORF, 43 74& ATLD.42921 (DcFLC1). WTLD.7570 (DcFLC2) Al ATLD.1765 (DcFLC3) .
i/ Primer 5 #AFAE HARFA) 3'-UTR Fl 5'-UTR 23 BB 251 (K 1o FEAH RNA $ZEUE ]
R RNA RBOAF & CRIRAEMEA AT, KM PrimeScript® 1st Strand ¢cDNA Synthesis Kit

(TaKaRa A #]) 558 % cDNA, {#iff] Ex Tag HS i (TaKaRa /A #]) #E47 PCR §7#. PCR W {k
A 20uL: cDNA (50ng-uL™") 2L, EF#EFS4 (10 pmol - L) # 1 uL, 10x PCR buffer 2 uL,
dNTP mixture (2.5 mmol-L™") 0.8 uL, Ex Taq HS % (2.5U - uL™") 0.2 uL, ddH,O 13 pL. JXNVi4ff:
94 ‘CHiAZYE 3 min; 94 ‘CALME 305,56 ‘CiB-K 30's, 72 “CHEM 3.5 min, 35 MEFFJG 72 “CZEM 10 min.
1.5%Z5¢ B v e HL VKA =) o SR BB B I [ AR ) . CRARAE R 5] (Rl H 4%
HERH] pGM-T 8ifk, #:4k E. coli DHSo &2 &ML (RARAEMH AR A w]), fIERH M webE, PCR £
I 2 o B ANV R B E PR 50T SR TR AT I

* 1 %% I DcFLC EHA RT-PCR R Real-time gPCR 4514
Table1 The primers of DcFLCs for RT-PCR and Real-time gPCR analysis

L L
g H R I 514 TRl JEop
Use Gene Unigene Forward primer (5'-3') Reverse primer (5'-3")
fragments
RT-PCR DcFLC1 ATLD.42921 TTGACAGAAGGATGGGGAGGAAGAA  CATAATGGAGCCAGAACATC 976
DcFLC2 WTLD.7570 CCTAAATTCTCCCGTACTATCC CTGAAGTCATTATTGCCACC 1043
DcFLC3 ATLD.1765 AGACAAACCTAACAAAAATGGGGAG  CGTGGCTACCAAACAAGAAC 860
qPCR DcFLC1 ATLD.42921 GGACTCCTGGAACTAGACAA GTCATAATGGAGCCAGAACA 111
DcFLC2 WTLD.7570 GATGGCACCAATAACAACTC CTGCAACGGTGAATGATTTG 127
DcFLC3 ATLD.1765 AGTTCTCTGTGGCTGATCTTG CTTTTCTCCTTCTTGGCTATGT 140
Z LA Tublin GAATACCAGCAGTACCAAGA CATTACATATCTTGATGAGCC 88

Reference gene

1.3 DcFLCs EAMEMEEFEN

T I AE 2k e %2 NCBI & 1 54 %2 (http: //blast.ncbi.nlm.nih.gov/Blast.cgi), FfERE Ay 4
b FLC [ Unigene #7415 ILIEATHIBITE 4T, FIH Bioedit W ATREAT 41 LLX Figwds, {4
SMART ¢ /¥ C(http: //smart.embl-heidelberg.de/) X2 Jk M2 (% =5 &5 My 333047 P o 36 B ) B9 5
(NP_001190272.1). F>& (AFV28916.1). jili=% (Q8W005). 7+ (ABP96967.1). HilE (Q84LM9).
K (AIYV74). B b (FSWQU4). il (ABN04208.1). WnHE (E9JPX8). ¥b4L (BAI99733.1).
 (B2LBE1). %% (ACB72865.1). 1i#%#E (AFM31223.1). #i%4j (DIMDP4) Z54i%) FLC &t
TR 7 A AL e JF H e MADS-box FE K KK Bk 72 AP1 (P35631.2). AP3 (AEE79216.1). SOC1
(AEC10583.1). SVP (NP_179840.2), J DcFLCs #f 5 [ % FL MR 7 514 it R AL H, i MEGA
5 ¥ A+ Neighbor- Joining #27 . p-distance 57 7% (Tamura etal., 2011), 1000 /X bootstrap XJ ZE X%
K9, WoR& KA.
1.4 iR DcFLCs £ & T 72 H B9 M [
PL Ws Fl Af HIRKE, 2012 4F 4 H R B RO RS B e e T ISt =, SR 20 cm x
60 cm x 20 cm f¥7, FEFCRHIEA PR bt =1:1:1, 2~3 7AW, 4~5 FrbeEkk, B 1~
2 cm, ®ME 3, BEADST 120 #k. B/REKEIE 35 CR5 Chiti, ARG, 8 H25 Har
SIIEEL 60 AR Ws FIl Af FIARBEATFRALALEE, fRF 2 em A4 AN, BUETEA T, 75 4 COkHi T Ems
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o ACFEHRIRAE AT o Y, AR MR B A T L R, AR AR b AR T
g (BEME 5, 2013) , Af 2/DFRZE 84 d(RIEA BRIE L, 1 Ws {XFF 28 d, JITEL Af 4051 T
ARFEHT (0 d). #74k 28, 56+ 84 d FIFRALE G (11 A 17 H) ElEAEK 14 d B/ EKEE 25
CNS CLAD BATH FECRE, Ws 23 3 FAEEET (0 d). #74k 14, 28, 42 d LA W5 (10 H 6
HD Rl EAK 7d B/ AEKIRE 25 'C/15 CHAD BHTH R EFE, WA - 80 CUKFEIRAT

RNA #2059 b, 481 PrimeScript™ RT reagent Kit (TaKaRa A7) &4 5% cDNA.
5 DCFLCs [y 2l it 2t n1y) (32 1), HI R BAKEE 100 ~ 200 bp, il idh 2 fil btk i Ze Fgs fig ith £
T8 5 | B R R S . DARRRE 20 f5 1K) cDNA (£ 50 ng - uL™") K. Tublin 24 N2 (Zagon
etal., 2010), 7 StepOnePlus Real-time PCR system S 5E & PCR {X (ABI & +)) I, {fif] SYBR"
Premix Ex Taq™ I1 i & (TaKaRa Aw)) BT, T 3 . K 20 uL K MEZR: cDNA (50
ng-ul ™) 2uL, ERUESI (10 pmol - L) %% 0.8 pL, SYBR Green Master Mix 10 pL, ROX 0.4 pL,
4 ddH,0 %2 20 pL. IEH =R N 95 CAEME S s, 56 ‘CIRK 30s, 72 ‘CHEAfi30s, 40 Ml
R, R EEAUE RN 60 ~ 95 CH itk /04, 274 VAT A B (Livak & Schmittgen, 2001).

1.5 %hEHE#k DCFLCs A &L i3 72 fh Ay IR iz

PL Ws F1 A 9ik4F, 2012 45 8 AWIREFRN T B =, ARG iEMAE K& 1.4, B K 4 7
SEADT 160 #. 2013 4F 1 H 20 HIFEAHAM (REE 3 ~4 ) HEATHEWAREE, AbPEE A
B 7°CR ChA, AL, 2 RAEATERT (0 d). ik 14, 28 fl42 d J5, F7F 14: 00 X1k}
MHECRE . 3 A 3 HEFELEB A RR IR = 4K 7 d J5 OB/ KIEEE 25 C/15 CAaAD) FREURE,
BT FE SRR JE - 80 ‘CUKFE A7 DCFLCs ) qPCR Kl 77 v 1M 1.4,

1.6 %hEE#ERK DCFLC1 #1 DcFLC2 ¥t ¢ /& #A B4 M iz

LL Ws Fil Af Jik4F, 2012 4F 8 HAIIRM THER %, B EMAK AR 1.4, SR 3 %5,
BT 120 ¥k 10 7 20 HBSRERRICHEIT 8 h F HIBTUALEE 7 d CRF 16: 00 £ H 8: 00 2
)R A A 56 ), P TOERIWRRES . 10 H 28 H o4 8 h 8 HEAFE (kA B, 10 H 29 HA
24 h ESEIRALFLCRZF 16:00 228 H 8:00 2 AR & FRANT 4, S BRI 4 500 pmol - m™ - s7™).
BRI a] 24379042 10 H 28 H 11: 00 #114: 00, 10 529 H 2: 00. 5: 00, 8: 00. 11: 00. 14: 00
F123: 00, 10 H30 H2: 00F15: 00, il 104 pi. RRRIE S BRSO Fri & R, AR5
T - 80 ‘CUKA{RA7. DCFLC1 Fl DCFLC2 (£ qPCR Kl J5 i ] 1.4,

2 HEREHT

2.1 DcFLCs #[&A RT-PCR

RT-PCR {7~ 75 i 41l 2 b Bl A€ I RO 3997 39 H H 194541, 79 Jll & DeFLC1(976 bp).DcFLC2
(1043 bp) A1 DCFLC3 (860 bp), £ FUS i A= T2 Ui Ws i Jy Flfid vh {45 DcFLC1 #1 DcFLC2,
%A DEFLC3 (& 1, A). BEFLITIE 10 AR F AL H A FR (BCSo) M R HEAT K IE, DcFLCL Fil DCFLC2
AT JE AR Fr i iy 26k, 1) DCFLC3 U4 E01051 F E4506 kR &b Kiks, HEkkRBALE
(K 1, B), 2I4rE. DCFLCL Fl DCFLC2 & 7 e fhAh vt ik HAZ R 335k, 1 DcFLC3
IXAE 3080, B233 Al B164 ik, #F 12P39. B008. B287 Fll B388 i k#Kik, RIEZEME (K1,
).
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A Af Ws
M - Leaf # Root W Leaf # Root
B BC,S, I} BC,S, leaf
E01051 E02032 EO0601 E2003 E52081 E36082 E36093 E4506 E45032 ES52014
DeFLCI
DeFLC2
DeFLC3
C Hep SRR EIEFN H 22 F b )5 Other germplasm and inbred lines leaf
12P39 3080 BOOS B223 Blo64 B287 B388
DeFLCI
DeFLC2
DeFLC3

1 DcFLCs #@E# RT-PCR
Af: T SFD ‘Amsterdam’”; Ws: FEBURT FAuEEFA .
Fig.1 RT-PCR analysis of DcFLCs

Af: Tolerance to premature bolting cultivar ‘Amsterdam’; Ws: Wild sensitive species ‘Songzi’ .
2.2 DcFLCs EEMEMERFEN

DcFLC1. DcFLC2 1 DcFLC3 JF i S HE K FE 733l 24 630 bp. 639 bp #1660 bp, Zwf 209, 212
219 N FERRIRIE RS o GIETR DR G5 A S P AT 7 41 L) 45 3 27k DeFLCs J& T MADS-box
B (B2, B3), 851 ~60 ML A MADS-box 4ikgif, AIVER, 1T K-box 45443 5
LT 70 ~ 175 71 ~ 176+ 76 ~ 179 NEIERALE, RIWHE K2+ BLAST 43#7#& W] DcFLCL,
DcFLC2. DcFLC3 Sk CaFLC Z JE AU B iy, 430k 52%- 45%F1 49%, 1 5 HUF I+ AtFLC
RAIEFRAALE 53531 A 39%. 37%H1 36% (] 2).

CaFL.C
DeFLC1
DeFLC2
DeFLC3
AtFLC

CaFLC
DeFLCI
DeFLC2
DcFLC3
AFLC
CalFLC
DeFLC1
DeFLC2
DeFLC3
AFLC
CalFLC
DeFLC1
DeFLC2
DeFLC3
AFLC

206
208
211
5 219

182

2 #A% s DcFLCs SHMEE CaFLC. #IEFF AtFLC [FiREE S £ F 5 b3
S AREK MADS-box &5tHHK, REZAUEK K-box 4itHik.
Fig. 2 Alignment analysis of the putative protein sequences of carrot DcFLCs with coffee CaFLC and Arabidopsis AtFLC homologous
Solid line showed the MADS-box domain, and dotted line showed the K-box domain.
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ARG SR A FFEA ) FLC RIVEEEI R N —28, i H e U /- MADS-box Z % bt AP,
SOC1. SVP. AP3 JE/l— o SR AEEcANEL (B 3) . SEG R RIT MY FLCs AL RE B4/, 4R
PtFLC FI# G CtFL-1 AL B dm /N, T, 3538 k. FIr. Bt Wi, & ME 5 ek
Y FLCs 20—, HEMYIN) FLCs ZIAISE SRk R ANz, Hr DeFLCs S S A7 T+
FACRI A 2 18], i B =3 Z AL 5o, Horp DeFLCL F DcFLC3 Z A AR LI, X
R = IhRE L A AE 25 5%

100 BnFLC1 {3 Rapeseed
SaFLC H7% White mustard
BoFLC1 Hi5 Cabbage
BrFLC1 3% Chinese flowering cabbage
AtFLC B3+ Arabidopsis
92 CrFLC %3 Shepherd’s purse
- RsFLC # b Radish
‘ DcFLC2 % b Carrot
DcFLC3 % b Carrot
100 DcFLCI #%8 | Carrot
100, PIFLC #H Precocious trifoliate orange
| CtFL-1 %% Trifoliate orange
38 CeFLC (14 #E Walnut
PpFLC yb&E! Pear
IWFLC %5%j Grape
BvFL1-4 F#¥ Sugar beet
58 CaFLC Wi Coffee

AtAP1 Y EF- Arabidopsis
o1 AtSOC1 U HFF Arabidopsis
55
90

56

100

61

100

59

34
23

AtSVP YB3 Arabidopsis
AtAP3 Y BFF Arabidopsis

B3 %% | DcFLCs 5#{EI3F MADS-box EERKRETHEY FLC FIREERERFFIREL MR
Fig. 3 Phylogenetic analysis of the putative protein sequences of carrot DcFLCs with Arabidopsis
MADS-box genes family and other plants FLC homologous

2.3 iR DcFLCs X4 :iR A iz

DcFLC1. DcFLC2 #iI DcFLC3 7Ei 22 i Flr Af ARG AL B b 12 a6k, Abi 84 d %
A E A, AN ARBERTE 3.5 12 A1 13 £%, IR =R A R E B ET K (B 4),

4 14
I 58 0
Bi. 3 % bo
Kes z o0
7 £ ] E 8
Zzo LTG 2 Ses
facd 20 6
38R VEZ

= P

NS o ° 4
52 1 S e
Q 2

0 0

5 0 28 56 84 RT
I g
-2 4 FALAHEREL
® o g Days after vernalization treatment
Egg
o9
nid 2

<

e
Q

0

0 28 56 84 RT
FALAHEREL

Days after vernalization treatment

BE 4 DcFLCs fEmlE S Af MRS TETHREIER
RT: FbfE MRt = AEK, B/ K 25 C/1s Chiti. TH.
Fig. 4 Expression level of DcFLCs during and after Af and Ws roots vernalization

RT: The vernalized materials were moved to the greenhouse, and day/night temperature was about 25 C/15 ‘C. The same below.



12

BRAELE: WY N FLC [FPRBE R L6 8 i m 3 2459

DCFLC1 7EZE MUY Ws Aol (IR AL FERE A2 b 5 R R, (0] 31 3 05 5 M SR AR K ST ik
(5, A). DCFLC2 7 Ws PRI AC B 5 AL FAALL, BEAREL AL BE RS (R SE K Rk &= BT, 42 d
ISR i, AACBLET 3 £% (&5, B)o DCFLC3 #E Ws AR A AN 2], [F] ) P A AR b BE 45 B — 2

DeFLCIMXI Rk &

Relative expression

of DeFLC1

127 A 4 -
=
0.9 Whe 3
= &0
' &3
0.6 ZEo5 a2l
gz
h= )
= =5
0.3 ﬂ E& lfﬂ
0 ’::‘ 0 \’__l;‘\ | P
0 14 2

0 14 28 42 RT 8§ 42 RT
LA H FAL AL FRAL

Days after vernalization treatment Days after vernalization treatment

E 5 DcFLCs FEMEHEN Ws fIREkBRTHRIEIER

Fig.5 Expression level of DcFLCs during and after Af and Ws roots vernalization

2.4  4hEtERE DCFLCs *HKiE BY M [z

DCFLCL fEM 22 5 Bl Af R 22 UK Ws 2 WTRIARARELAG BE Py 2 LR, [0l 81 s i e R0
TR, HELREAERRIANE, AfTE 42 d 52 ETHER, 1 Ws 7E 14 d A3 KT (86, A
DCFLC2 76 Af FHU I FEh KA ZE AR, HE Ws P2 LTS, FE=EG2ERKPEEE (K
6, B). DCFLC3 7t Af FRIACEE 14 d 5 Rk ik Bk, BERG R B, HAE Ws oA il 2

(K6, C.

DcFLCIFIX ik &
of DeFLC1

Relative expression

Relative expression
of DcFLC3

DeFLC3MXI ik &

ZS’A mAf OWs 16 B
I =
2.0 Mz 1o
®en
L5 | 'E3
Eok 08T
=0 9 .
1.0 1 gz
550 04r
0.5 ] 4 ’
0 0
0 14 28 42 RT
. BELBRY
s Days after vernalization treatment
4t
3L
2 L
1 L
0
1 0 14 28 42 RT

FALAHEREL

Days after vernalization treatment

Bl 6 DcFLCs fEMfM¥M @ Af fiit MH A Ws S ERELERPHRIEIER

Fig. 6 Expression level of DcFLCs during and after Af and Ws young carrot plants vernalization
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2.5 4hatERE DCFLCL #0 DcFLC2 ¥t i & HA A4 N iz

DcFLC1. DcFLC2 7EMyHhZE iifh Af FIHHZEREUBE Ws D6 AL B rh R IA FA#EAN ] . DeFLCL
15 Af R Ws 8 H RS b SRk W 370 B0 i) BRI, S e IR e M dLAE AT hIRIAAKE, (HTE
Ws HU sz 2306 (& 7, A). DCFLC2 7F Af %5 H HEAC B rp R IR IR 4 RIS, LA 3w
HRIEAKT, (HLE Ws Ha H BAE S IR AL BRI UEESEAFALL, g EAR (B 7, B,

Aax EFN bk Aax  EE AxX P
Day  Night Day Lighting Day Night Day Lighting
[— | ] | [ I I——
51 .
i s A =Af  =Ws : " 415
Ha 4 qf 12 i
g 1y P g Rigw l
=¥l 3 = ol
= SE - e 8
o3 ESH
D22 2 S8 6
NS 2 [S=
T, © = S99 4
S Ij 58
_Q 2
0 0

1 14 2 5 8 11 14 23 2 5 1 14 2 5 8 11 14 23 2 5
mfZ| O’clock mfZ| O’clock

B 7 WHaESM Af FimBEESA Ws B DcFLCL (A) # DeFLC2 (B) #E%E ABMEEABAE TREAER
Fig. 7 Expression level of DcFLC1 (A) and DcFLC2 (B) of Af and Ws young plants
under short day and continuous illumination

3 e

BHE D PTOARIE T LA, FES 2 ARG E Y N AR TT L, D AR AR ) S 2 AN e
g, SEAOCHI R T 22e (B 55, 2013). HHEHE MIEIF R %244,
A MAETER 8 ~ 12 T EL, W EARIA R 4 ~ 8 mm 4 Ae /&2 (KL (Rubatzky etal., 1999;
Alessandro & Galmarini, 2007; B4 25, 2013), P —fFEL 10 CLLMMEIERAAEE 2 ~3 MHA
AesC AR #E (Dickson & Peterson, 1958). {HAT ) 5 PRI ZE R A ™44, Wl ‘French Foring’
1E 4.5 C TFAEE 15 d RIR[IFAE, ‘Brasilia’ & Ff 7 ‘CHAL 5 d BIAJ & 2B 4l 22 (Dias-Tagliacozzo & Vélio,
1994) . AT HHEERUR I Ws. Wit HhEE s Rl AL S ILAC G AR FAR R A AR s I 22 a5t A6 0 A, Rl
AT )2 52 Z LI (B 25, 2013), 5 Alessandro 25 (2013) #2H—ANEBHHL
FEP vl B0 N OIEE R B R T RN, 1K BRI A AR TR LA A F]

AT 3 AN A 52341 MADS-box Fll K-box {457 45 #4J3k [¥) Unigene 2 5127 51) LE X kAL A%
T, SERFRMERIETT. B b, S WAL WS FLC [RIYEREREChH6E, S5 IT
SOC1. SVP. APL %k Rigix (2, W 3), WIS A M FLC [AYEIED . H 85 R30S
BIAFEAE 5 A FLC [AIJEFER (BoFLC Al BnFLC) (Tadege et al., 2001; Okazakietal., 2007), [13ZH
Hur & 4 /™ FLC (BrFLC1. BrFLC2., BrFLC3 F1 BrFLC5) (Schranz et al., 2002; Zou et al., 2012) ,
o BrFLC1, BrFLC2 fil BoFLC2 5T 1Ll a2 545 5¢ (Yuan etal., 2009; Zhaoetal., 2010). iX
SELE N FE D I AEAE R D RE A AN i T ISR L oG R, R AE) S BEAH BAE 45 . AR
DCeFLCs fE—AN 33 b, RS, SRR —3E N 53% ~ 57%, JUHJEAE K-box X2 R4
KB 2), 1 K-box 2 175 8 SO B AF H 1) 5¢ 8 X 4 (Kaufinann et al., 2005). DcFLC1 # DcFLC3
] (1) 73 AT DEFLC2, 1fif H DCFLC3 7E#A% M A st rh RIS PE, XU MEK L
M TIEHE, DcFLCs KA IIfRe vl Bk 4 7424k .
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2R AN EREY 6 T5 20— I R R B, AR TR A B a4 257 980 ARl AR
KB EEI5% (Amasino & Michaels, 20100 o R F F A A HI I 3= EEEEIE DA FH e 2L A FLC
(Michaels & Amasino, 1999), {HEEZLRAEYH IF&A KI FLC IRYRFIER, 15 HEWAH T
EAEERED VRNL CH LR IF APL [HY5) . VRN3 (FT) AT A6 3E K VRN2 ( Trevaskis et al, 2007),
o VRNL 0 IFARE 720 FLC 584 A, i HLAG o (R 3 sk /K STd =2 56 s e, H AT
MHEMER, KHRN R (ZH5e 55, 2011). #H3 b DcFLCs R tB 2 BMEE MW, HE Af F
Ws 4T AEAR . PR T R IE A —2 (B 4, K 5), DCFLC1. DCFLC3 7E Af 4l P FEAR AR AR o 2
IEFEARL, 2 . DCFLC2 fE Af B L, (HAE) WM RIA 2% A 3% . DeFLCL
1 Ws SRR R IA A [, (H DCFLC2 4 Ws B b i, Tideghiitipk b £k 2 7R
W, 1ff H DcFLC1. DcFLC2 WAz 2 M, &8t aeE MM 7E Af hIRIE, HIE Ws
AR S (B 6) 6 IX 5 TF IS T BSR4 FLC 32K T M A8 LA [7] (Michaels & Amasino,
1999; Tadege etal., 2001; Reevesetal., 2007; Mariaetal., 2008), 153 A/EY+H VRNL HAH
Uik T7 5 (Trevaskis et al, 2007; 2245 45, 2011), (HAHICAEHHLEIL TR T
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