HESTAHEYE(MEKIR), 2014 £, % 3 %, No.4, 1-10
Jisuan Fenzi Shengwuxue (Online), 2014, Vol.3, No.4, 1-10

http://cmb.biopublisher.cn

Civikiea

Research Report

HAF EuFLCL ZER Wi 5EYME R F 0

ERRE o, e e, RN O
SN RE A AR 2 B L R ) VR AR 37 5 il BT I 4 R 3L el B B e %, 53, 550025
FEMR AV AEY) TARRT AU S A A& N AEY) TR R s, §3FH, 550025
SN R R OAR 25 5 R0 A )RR I 5 H e S0 S 5 Ak, 5PH, 550025
WHMEH, dgzhao@gzu.educn DX 1k
THE TP, 2014 4F, 534, a4k doi: 10.5376/cmb.cn.2014.03.0004
AL E RERLE GERAF SR FEYS) (2014 455 33 H58 4 11 836-844 1) 1. BUKIERRALITE NFZALKIYF AT i3, SR Creative Commons
Attribution License VMSOM HBE T4, B R S5HERE. RENEEGR L5, MEBTA NV IFR =SS =77 TR 5144
EUURAE S R
51 A 30):
FEURPESE, 2014, FLAT EuFLCL E:[Fswbe 54ME B 00, tHE > T4EY% (online), 3(4): 1-10 (doi: 10.5376/cmb.cn.2014.03.0004)
51 A (HE0):
Li et al., 2014, Molecular Cloning and Bioinformatics Analysis of Gene EuFLC1 in Eucommia ulmoides Olive, Computational Molecular Biology (online),
3(4): 1-10 (doi: 10.5376/cmb.cn.2014.03.0004)
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Abstract Based on the transcriptome library constructed from

qﬁ*ﬁa’ﬁﬁ: 2014 409 J 08 H Eucommia ulmoides Olive by our laboratory, the gene FLC of
B2 AWM. 2014409 A 22 H
KFEHWY: 2014410 A 08 H Eucommia ulmoides was cloned by rapid amplification of cDNA

HETH: AW HER 863 11k “Hraiiyh iR N4l
RGN T R MR R R AL T 5
A7 R A b sh e AL 5L 5 M7 experiment material and named as EuFLCL. The gene encodes a
(2013AA102605-05) % B .

ends (RACE) by using male flower buds of Eucommia ulmoides as
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protein composed of 86 amino acids. The predicted molecular mass and the isoelectric point (P1) of EUFLC1 are 10.005 kD and 10.47,

re- spectively. Protein sequence analysis revealed the presence of three phosphorylation sites, one nuclear localization signal (NLS)

and one nuclear export signal (NES), and the absence of signal peptide sequence and transmembrane helix structure. The protein

secondary structure of EUFLC1 has two a-helixs and four B-strands. The result of protein structure homology modeling shows that

EuFLC1 has two mutually perpendicular a-helixs and two coplanar p-strands between the q-helixs, and the N-terminal and

C-terminal of EUFLC1 are randon coils extending toward the same side of the overall structure. With EuFLC1 containing a

MEF2_like sequence, EuFLC1 belongs to the MADS-Box gene. According to Blastp analysis, EUFLC1 is more homologous to

flowering locus C (Vitis vinifera), MADS-box protein FLC subfamily (Coffea arabica) and flowering locus C-like MADS-box protein

(Vitis labruscax Vitis vinifera). Phylogenetic tree shows that Eucommia ulmoides and Coffea arabica are in same branch, which is

concordant with APG [II classification results that two trees are all members of the lamiids. EuFLC1 is a MADS-Box gene that was

cloned for the first time from the tertiary relict plant Eucommia ulmoides, which may provide an important material for studying the

evolution of MADS-Box gene and lay the foundation for the study of the molecular mechanism of EuFLC1 regulating flowering time

in Eucommia ulmoides.
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FAC YA KR B IR e E AR
2, X KR E . TE8E rRA
FRE, RIS FIRE R PIERTT, RN
ST A AR AR T B AR (AR AR5, 2000,
RI2EEIR, 45(5): 455-466). ANFEFEYIIFIER 4 %A
FI&AE, ol BRI REE. AF
FIEER . BRI ISR 55 2R 12 (He
and Amasino, 2005). FLC (FLOWERING LOCUS C)
J&T MADS-Box Z£[H, ‘E4whi5 1) MADS-Box %%
BR] ¥ 5% 450 B T B B A #0014 A (Michaels and
Amasino, 2001). H FHFIEIEEFKEH LTI TTIE
EEAE T R FLC R, Ry E A&
P53 F% (He and Amasino, 2005). FLC FEF4b7EiX 2
SR RIATICAL, AT W, FLC R EER YT A f
HEBERHAL . A (Eucommia ulmoides Oliver) &
REMLG AR 28, 5 =T 2925 s (b
214, 2003), J& T At A F}(Eucommiaceae) 1 &
(Eucommia), sEFLAREFHACEM—AF, A =4
FIEBAEY) . AL SRRSO A IR R, A
i JE T - W, BB R-T 7k
TR TS B B4R BRI (T 4k ) 1145, 2011). A
Rt R B A B Em AT NE, T AR T A
RGEF UL L EEYX RWRESEZ A
HEMB R L (BRI, 1997) . A A i
MADS-Box #:[F7E NCBI bk & WARIE, A il
it RACE (rapidamplificationof cDNAends) A 7w
FEFEAR A FLC LX) cDNA K75, BIENI
B E RIS R G L MADS-Box
HE DR R A B A3 i L i
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1 RE55r
1.1 #fh B ERE R

PRI AT AR 4 RNA B &% £ RACE 5
EOO RNA [FJEER,  FUKAIN mT WLIF ¥ 28S RNA
A1 18S RNA 4if7, H. 28S (% F 54 18S
I (E 1A). Rk ), @it 3-RACE ¥4 3k 75
HARS, KZ15 760 bp (B 1B). ¥ HFREIEN
T BRI N KIGATE, POPETER T, BRI L
KL XGOS AE S T 3k FIAFE4) 100 bp, 45
N F B2 760 bp. HEHUBHPE B AR AR, XY
BN BEOR 2R 860 bp, A& TR /NE 1C).

1.2 BEFF 5T

I A5 21 B R SED 3 7 4 RS 35 20 e
)7 H P, @it &S X A B FIZEE ) cDNA
J¥% 9 872 bp, FFISEEMEN B AE 127~387 bp 3t
261 bp, Zwht 86 MR IER (K 2) . 2 Ky 44 N EUFLCL.

EuFLC1 & R H A S AE K FE AN S cDNA £
FE 1 13, Rgmit 86 MEIEMAI/NEH, IX1E K
R h 5 R/ . {5 NCBI 45 #3250 e 471
HIFURIHE 5 cDNA KJE R ELBIE N, afis it 2
F/INER 1),

1.3 EUFLC1 EHHREERME 51T

FIFH Protean #1443 BT EUFLCL ) 86 M IR,
AR B 1) 4 Fha IR 43 ) A2 : Arg (13.95%)-
Val (10.47%). Lys (9.30%)#1 Ser (8.14%). 7 Hifif
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RS AP EUFLCL RN TR 5 A5 B

QAR 36 1M(41.86%), ik TR 48.99%. K
PERFER 10 1N(11.63%), DT ER 12.20%;
Bl FE R 20 1M(23.26%), 5 s T K] 28.98%.
KRR A 27 1N (31.40%), SRS TFER
29.38%. PR IERA 17 N(19.77%), S E &
i 17.79%.

1.4 EUFLC1 ZE A R

FH ProtScale % {4 A1 ProtParam £ #4443 #7,
EUFLC1 & A4 T &%1°410.005 kD, # i PI 4 10.47,
GRAVY 4-0.553, utBHH Rk (K 3A).
TEAMBANI pH 24T, ZE A4 IER, FT
SEA ) S %R . NetPhos Xf EuFLCL i
M R EoR H bR 1 r] BRI BRI AL s 2 15, 22,
36 AL 22 AR (K 3B), #3543l /2: 0.932. 0.996
0.905, ¥ EUFLC1 1) N i FHER R 1%, REE MR
R 74y EuFLCL RifAE H. H TMHMM fE4¢
ST TR EUFLCL mifARR A ISR IX (K 3C).
T gE B iR, EuFLCL ANEEE B, HAE
TEEE A,

1.5 EUFLC1 & A &5 5 Tl

i SignalP 7EZ TN 73 #T EUFLC1 A& H
S SRE, S8R ER(E 4A): BRI S ME
(C-score) HJUEAE 0.113 7E5F 52 i1, 4G50 7 sy
{E (Y -score) (IEAE 0.111 tHAESS 52 £, TMifs 5 k4>
{8 (S-score)E N s LI RIS, ZEA Al N B
EARAEEE S L. H NLStradamus %f EuFLC1
EAEIERRT AT, B BAEAE ] BE A
SE 155 (nuclear localization signal, NLS), &%k
5K VEIKRIENKSKRQVAFSKRRNGLMKK31 (]

4B). | NetNES X} EUFLCL & & B8 7 513k 47 7
Hr(& 4C), S5H R HME AR EAE— TR
(A% 5 45 5 (nuclear export signal, NES), #5114
35LSVLCDVA41.,

2 000 bp
1 000 bp
750 bp 760 bp
288 500 bp
250 bp
8S 100 bp
2 000 bp
1 000 bp 860 bp
750 bp
500 bp
250 l\p
Uulhp

Bl AL kA

7E: M: DNA Marker; 1: F£#h; A: & RNA HLKEE; B:
3-RACE ## v B; C: B ZH UKW D) % 8

Figure 1 Electrophoresis

Note: M: DNA Marker; 1: Sample ; A: Electrophoresis of total
RNA; B: The cDNA fragment amplified by 3-RACE; C:
Restric- tion digestion of recombinant plasmids

| CGTCCGTCCATCAATCATTTICTTGTATCGAGGATTACAATTTTGCAATAATTCTTTGAGCAAATGATATAAAAGTTAGAGAGAGAATGAG

91 CGATTGCGAGGAGTTAGGGCTTGCAGAGAGAGCAGGATGGGGCGAAGGAAGGTGGAGATAAAGCGAATCGAGAACAAGAGCAAGAGACAG
M G R KR v EI KRTIENIZKZSI KR RIQ 18

181 GTTGCCTTCTCAAAGAGACGAAATGGATTGATGAAGARAGCTCGAGAGCTGTCCGTTCTTTGCGACGTCGACGTCGCGGTCGTCATTTTC

VAFS KRRNGTLMEKI KAR

L 8§ vLCDUVDVAVV I F 48

271 TCCACCCGTGGGAAGCTCTACGACTTCTCCGGCGGCCACAGATCTCGAATGATTCAGAGACACGTTGATCTCGTTCATTGCTTICGGTGAG

8 T R & R L ¥ B ¥ &§ & 66 H R B

M I Q RHVYV DILVHTCTETGTE 78

361 ATCTCGAATGATTTAGAGACGCGTTGATCTCGTTCATACTTATCTACACTGGACAACGAAGTTATAATTAAATTAGCCTGCAAAAGGLTG

I 8 N DL ET R =

86

451 TTCACGCATCATCTCAGATTCTCAGTATACGTTITCCACTTGGTTTAGGAAGCGGTTGCCGCAACTTTTTCCCCCCCTGTTTTGTGCTTTIT
541 GTTGCAACCGAGACCGGCTTATTGCTCGTGCTTGGTCATAAAGTCAGTCCTGAGGAAAGATCAGTGCCTAGTATATTATTATTTARATGA
631 CTGGTGTTCATTGAAAACTAATTGATTTGTAGCCCGATGGATATGTAGTTCACTICTTTICTTTCGTGGGATATGTAGTTCCCTTICTTTCG

721 TGGAAGGTGCCCGATGGATATGTAGTTCACTATCTAGAGTTCAATTCACTACTTCAATACATGTATAAAAAAAACTACTTAGTTGTATIC

811 CAATGAAGATGATGATTGAAAATTACTTGGTTGTAAAAARAAAAAAAAAAAAAAAAAAARAA

K2 EUFLC1 [IcDNA 741 KA R R S IR 51

Figure 2 Nucleotide sequences of the EuFLC1 cDNA and its deduced amino acid sequences
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F1Blastp 455 SEUFLCY K AHIT I & A 751

Table 1 Protein sequences with similar length of EUFLC1 in blastp results

E{=Eiipuy

Protein definition

koeiac

Accession No.

B K (aa) cDNA K% (bp)
Protein length (aa) cDNA length (bp)

T & A

K

Predicted protein

(Populus trichocarpa)

MADS affecting flowering 4 28 A&V
R

MADS affecting flowering 4 variant [V

AAO65318

(Arabidopsis thaliana)

T & A

K-

Predicted protein

(Populus trichocarpa)

MADS affecting flowering 4 28F4K111
R

MADS affecting flowering 4 variant Il

AAO65317

(Arabidopsis thaliana)

15 & I PHAVU_003G039400g

¥4

Hypothetical protein PHAVU_003G039400g
(Phaseolus vulgaris) MADS-box %X [1SEP2B

ESW25477

AFX72878
e
MADS-box protein SEP2B
(Aquilegia coerulea) MADS box #%3¢[X 1

XP_003614241

EE
MADS box transcription factor

(Medicago truncatula)

XP_002303785

XP_002299316

90 845

66 761

81 >246

63 854

86 >261

85 >258

76 >231

1.6 EUFLC1 A &L 3T

PSIPRED 74X} EUFLCL 43 HriI&E B E R, B
(AR a5 AL 24 o 1R 5E (a-helix) £ 4 4> B
18 (B-strand), JCH i (randon coil)iZE 4% o B2iE
B #rE(H 5).

1.7 EUFLC1 R =& M1

SWISS-MODEL LA L 4H g 5 5 4 48 5 K] 7
2B(myocyte-specificenhancerfactor2B) 4 15 #) , %t
EuFLC1 £ =2 4563k 47 [ 4%, EuFLCL 2 A
B2 AN EMEREN o e, o @hEEA 2 MET

Copyright © 2014 BioPublisher

[F]—FI B #78, A N Sl C i A TR
i e B AR L5 R ) — (I (B 6).

1.8 EUFLC1 ZE A ZhRETRMI

22 NCBI [f] Conserved Domain Database )4}
#r, EuFLC1 E 4 MADS-Box % & W. &}
MADS_MEF2_like [ 4F 1k 45 1 35 (& 7), * ¥
EUFLC1 ;& MADS-Box #£[5 . MADS-box %[k 43 K
[ A0 11 A APZEAL(Al varez-Buyllaetal., 2000), #R#E
EUFLC1 %4 MEF2_like 2574 Y] MADS-box [X £ 4
e, KRRy AL
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e RE S kb EUFLCL JE[R wefi b5 A W05 B 2 0 A

| \ A
\\ A/ ‘\ A
ot ° [\ MW
iy O £~ v/ / \
Ko - 3 Vall, s / \
[ ¥ Y5 vV \/
n L !‘\/ / \
N \f
U
3 ) N . L L L . )
0 10 20 30 40 50 60 70 80
BB R
Sequence position
A
Serine Theonine - Tyrosine Threshold
= 1.0
5
2
| 1 i
0 10 20 30 40 50 60 70 80
R i
Sequence position
B
B —— kN b
1.0 Transmembrane Inside Outside
0.8
=
= 6
e
€ 04
0.2
0.0 e -
0 10 20 30 40 50 60 70 80
1A E
Sequence position
C

FI3 EUFLCL & 11 o Tl

1 A ProtScale X2 /K I TII; B: NetPhos X BEER AL A7 2
I T C: TMHMM Xt 5 R Jie (1) Tl

Figure 3 Predictions of properties for EUFLC1 protein

Note: A: Predicted hydrophilicity by ProtScale; B: Predicted
phosphorylation sites by NetPhos; C: Predicted transmembrane
helices by TMHMM

Fl6 SWISS-MODEL *EUFLC1 %5 4 =2 £5 4 Fiill
Figure 6 Tertiary structure prediction of EUFLC1 by SWISS-

MODEL
Copyright © 2014 BioPublisher

0.6
C-score
o i 04 S-score
= 9 Y-score
Ra 0.2
0.0 l : I
0 10 20 30 40 50 60 70 80
F i
Sequence position
A
1.0

i
Score

0 10 20 30 40 50 60 70 80
B IEDA
Sequence position
B
1.0 NN NES score —

Threshold

rv\_\ HMM
5 A
0.0 74 =

ME
Score
>y

0 10 20 30 40 50 60 70 80
I 47 fir
Sequence position

c
K4 EUFLCL &R 7€ fir s 5 Tl

VE: Az SignalP X5 5 K1 T; B: NLStradamus XFNLS [
il 9; C: NetNES XINES f 7l

Figure 4 Predictions of orientation signal for EUFLC1 protein
Note: A: Predicted signal peptides by SignalP; B: Predicted
NLS by NLStradamus; C: Predicted NES by NetNES

Conf JiNmsmnlEENzeEsmnssens-sononiiHRENRNER-ansansnili:0
Pred ; > ¢ >
Pred (CCCEEEEEEEECCC C EEEHHHHHHHHHHHHHHHHHCCCEEEEEEEC

AA MGRRKVEIKRIENKSKRQVAFSKRRNGLMKKARELSVLCDVDVAVVIFST

10 20 30 40 50

Conf JANmsuusssncRRRNNENEREsEn==nRRRRRRENE!
Pred
Pred

AA /T

70
Legend
(B - Helix Conf: J.aallt — Confidence of prediction

> - Strand Pred: Predicted secondary structure

m— = 00 AA: Target sequence

P45 PSIPRED *TEUFLC1 & 2% 45 HFiil
Figure 5 Secondary structure prediction of EuFLC1 by
PSIPRED

1 15 30 45 60 75 86
Query seq

DNAbindingsite MAAL A4 AL A MMM 4 4 Putative phosphorylation site
Dimerization interface A T T T O — T — T

Specific hit MADS MEF2_like

Super families MADS superfamily

K7 EUFLCY ZFEMR 7 41 AR DR < 4 A4 4k
Figure 7 Conserved domains on deduced EuFLC1 amino acid
sequence
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Protein blast £5 -, 5 EUuFLCL RIJEME =
AN - %% (Vitis vinifera) [ flowering locus C
(NP_001268057) » /In ¥ 4 nfii 1 (Coffea arabica) )
MADS-box protein FLCsubfamily(ADU56823). =i
#i1% (Vitis labrusca >itis vinifera)# floweringlocus
C-like MADS-box protein (ABR68644) (141 8). #i&1t
FIWr EuFLCL F:RAT KM FLC FER I ThRE, 42
FEACHTE] .

1.9 EUFLCL & B EE R 7 FI AL 731

1 NCBI i ERIE T FLC & A P51,
L CARIE AR E T B IRE MM BB
P 5E B — IR EIEIE, DM ERERE

MK 9). SURE R, fEF TV FLC Ryttt
N2, —XEREREREY, 7 EEN

KRAKE . CERKBFEY )5 b ilE—28 538 2 N1
S, SRR AR RIE . X 5 3
MG RFRBI, FBERG N BRI, /8
APGIII/ 2K % %: (Bremer et al., 2009), #-fi g T
2zt K H (Garryales) , 7/ ki i HE J& T Jg EE H
(Gentianales), [Fl )& J& 225 AH Y (lamiids) ,

EUFLCL [ RS K B W R85 R — 3. L &7 7i<(Eutrema
wasabi). 7+ (Capsella rubella). H5% (Sinapis alba)-.
Eh IF (Eutrema halophilum) . #) 4 JF (Arabidopsis
thaliana) . 4 3Z (Brassica rapa). W 3Z (Brassica
napus). H 4 (Brassica oleracea). % h (Raphanus

Eucommia ulmoides 3
Coffea arabica RI&

Vitis labruscax Vitis vinifera &
Vitis vinifera [S(e

Consensus

Eucommia ulmoides

Coffea arabica

Vitis labrusca= Vitis vinifera 2
Vitis vinifera A

Consensus

Eucommia ulmoides
Coffea arabica S
Vitis labruscax Vitis vinifera

Vitis vinifera
Consensus

K8 EUFLCL ZJIEIL /741 5 [RIE R 51 ) 22 L LL Xt

sativus) #(&+74€ H (Brassicales) 4, £K &

BN . K (Glycine max)/& &35 W)
(fabids), M 32—, H+1C BHEY 3 H 5. 7]
A (Theobroma cacao). #H(Citrus trifoliata). #H#k
(Juglans regia). 1li#% Mk(Carya cathayensis).
% X (Shorea beccariana) < % %j « [ # (Betula
platyphylla) 43 J& T 5. 25 HE 9 (fabids) . #7252
(malvids)F17 % H (Vitales) FIAEY), TAE— K148
X b, SEREED S I . RERKEWM T, B
FehA AR /N RL I HE A2 2 28 A5 ) (asteroids), Hoe BN
TRAE Y (rosids) -

2 Wik
FEARI2 S =20 F BHEY), 58 R G 4y
HER O K (i 1155, 1997). A i T K-
R, BT 2k ERE A AR (G dk )1 55,
2011). 7R A MV #hry WO PR L 1) o 85 U A (Palaquium
gutta) (Bamba et al., 2001) 155 3& #Rair 7 AR HL i B2 47
iﬁm(Mimusops balata) (Lovering, 1970)%% /£ E Y
RS G R -1, 4- R I W, I E B AL Af iR
NAEFRAE T B R el i B e . L1242 500 Ff
Y427 444 K (Mooibroek and Cornish, 2000), {H
BB IR M- 2R e T s, BB AL B Rk
IR A R R o — et A ok AR AR A DG T R L v
B JEHEAT TR T(R BSR4, 2003; B PHEE, 2012; X
BEIESE, 2013), FEE T AIARAMEER A T 87%.

LiMESIT 150
NC) ‘:ESII' 149
8 & ESTIis 149

206
210

210

Figure 8 Multiple sequence alignment in deduced EuFLC1 amino acid sequence and homologous sequences
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Eutrema wasabi ADK92387

Capsella rubella AFV28899 T W
0.05 Sinapis alba ABP96967
Eutrema halophilum AAY34137
Arabidopsis thaliana AAN04056

Brassica rapa AAP31678
Brassica napus AHH30724
Brassica oleracea AHH30724

Raphanus sativus AAP31676

Vitis vinifera NP_001268057

Theobroma cacao EOX99785
I Citrus trifoliata ACB72866
_—Juglans regia AHF20809
| e © canS sl
Shorea beccariana BAN§9459

Coffea arabica AEK20759

¥4 H
Brassicales

: 4 ’ . YY)
Glycine max XP_003524905 ll{losids
Carya cathayensis AFM31223
Betula platyphylla ACG94569 J
‘ T F3 T
Eucommia ulmoides Oliver EUELC1 < Asteroids

P9 EUFLCL HAMINCBI i i+ #FLC AR ERIT AN KRG K E WM
Figure 9 Phylogenetic tree of amino acid sequences of EUFLC1 protein and other FLC protein from NCBI

MADS-Box & [K] & 1 7 H B B I B R ik 2.

—, ERE AL SR DR o B AT A R DL RGE -
AW ERER) EUFLCL JEKAT NCBI - BB 1)
FLC ZERA BRI 2 57, RINAETF I S (K B2
A, 4 mRNA MILLEB /N, KRB HEN
MADS-Box & A £ &%) 180 bp ) MADS-box [X DA
Ah, BEAE 1A% 90 bp 1 T -box X, 1 4N 210 bp
1) K-box XAl 1 4N 248 1) C Rii( Purugganan
etal., 1995). X2 MADS-Box F[HE#E XN 1AL,
H MADS-box [X & MEF2_like %!(Alvarez-Buylla et
al., 2000). ##E MADS-box X474y, &4
MEF2_like 4 MADS-box [X ] EUFLC1 j& 1t & &
[ 11 %4 MADS-Box ZE[K . 18 #1f 11 % MADS-Box
FR 53~ MIKCC BUF MIKC* Y, {H 2 353
£ & K-box(Henscheletal., 2002).

EUFIC1 A& K-box AL LA C Ay,
NETFIX 2 HZ—, MM RA—2, Ay IR
MADS-Box ZER W8 =K . b m i
B MADS-Box A K-box FILLEZ M C
AR, A MEF2 B —#f, EUFLC1 £5#4 5 HAHIH]
Theissen %£(1996)iAN, 7EK%) 10 Z4ERT HAZ A
VI G — MR DM a E0 —ANEIER
MADS-Box %[, MIKC B[R ) % Ji —AMH S AT
AE MEF2 BYZE[A . HEMZh ) b AAL A MEF2 2Y
FERIORE T RURHRHIE, IR R Z YY) MEF2 AY
FERCAEE 25 5 o 1K 3R B FL AR 3 R A 7R A5 S 4R 1
RAS, FNWE—ERE LXHFF T Theissen 2510
Ro KT AR HAL AL A Oy B IR, AR — e R
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& ESCRE T TR A S TT e E A Bt 1 AR B
45K B 5 (Donoghue and Doyle, 2000).

EuFLC1 2 86 M2 IR, (H7EH Blastp Lt
xpas Ry, SEREE B E AT 90% 5 163~254
ANGEEERR o H X PP LI i R A e R A o 2 =
4F BHEY), FERBONIELG . 1 Blastp HoXT 145
W, SRS TR MADS affecting flowering 4 variant
TR TV 2 2 AN RASEER 724, i RIS — M2
MATFAE, ThEeZEML FLC, &30 T 16 R 1E
(Ratcliffe et al., 2003). X1t BH B A B = LR 7
FIIZE FLC E AR —FEr LU 2] FLC BIThRE.
EuFLC1 5iX 2 AN HA — & 1) RIS LA A AL
KA, XCFHE FLC A #8m FEME, Fik EuFLCL
AIREFEAL M RS FLC )RR,

FEAT B MERETE IS ToAe e S5 5 450, IX R AL
rEfE R BRI BN R MG . APL ZE[R21E
WEHILASRERR, HAERKER ABC A,
ABCD Hi%UF1 ABCDE A 58 T A 2R H, 2
R AR IE R B B b FF 11 . Gustafson-Brown
S5 (1994) K ILAE APL FRAGMRH, Ab{EESE—A0 )2
AR RS, RS E 2 BOAKE,
BRSNS VUSRS O S MR B IE R . 8L
R BOR APL FEURE G 23 AR LSRN
Bk, FoRAESEMWIEYREPREMEH
(Haughn etal., 1995).  FLfPIC{Edl, HAEZF 451
FBL APL AR, RN AP EAE B MBS AT
Re5 APL K. WAL rTE APL B[R Bl T)
REMIEEDR, DU B ARAN 2724 TERE S o« AL
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APL L71E, W4k 2 P I o 55— P g B2 kL APL
MFFISIAE APL HRKZE 5, DIReH A,
RS SUR A APL IEW, (H RS2 B
FLC A:PHidEid FT E[H A #H4# AP1 (He and
Amasino, 2005). K-box [XJ& & kKA R [K4h
FyFERt (Krizek and Meyerowitz, 1996), C A #E &
S =R NGO T S Ll v SR (|
(Egea-Cortines et al., 1999), EuFLC1 & [1JCiX P4k
), TRES AL A APL a2 R i AR R

3RS T
3.1 4%t
3.1.1 FEM K
BOA AR HEAE AL 2F B A R & H . KA E
(Escherichia coli) B ik DHSa B A S50 & R 17

3.1.2 EEHA

OMEG A A A fJ Plant RNA Kit .
Plasmid Mini Kit. Gel Extraction Kit; Clontech 2
7] ) SMARTer RACE cDNA Amplification Kit; Jb
HAEXEEMHFAFIRAF K pEASY-TL Cloning
Kit; TaKaRa A [/ DL2000 DNA Maker.
Competent Cell Preparation Kit. [ 4 ;4 {1/ Xba
[ fiKpn I.

3.2 ik
3.2.1 i RNA #2281

1 RNA $ U ZEALH 2 AR HE A4 /53 7073 0.1%

i) DEPC & 37 C IR 12 h 5 200°C T-# 4k # 4 h,
TR B AP HEAERE S 5, #HE Plant RNA Kit 3
R (1) SE I D IRFE A AP AL . RNA. i
RNA A7 T-80°CUKFEH, FFHLS uL #5mH 1%01
TG R B I P VA RNA (14 b ot

3.2.2 g1yt

T A S50 25 0 3 ()AL i s 4 PR () SO R 3R R
it 5 FLC J& R [RIVE M )5 K 7 B - Blastn EEX
iR oN, CEER R 5 E MADS-Box
F R 5E % 1 MADS-box X, Hlh %S 7 1IAi E 5
2 RIERFEYEF S RUafE B b A BUE A
FEILRIEHE 5w e %P o, R e bE H R
) 3m. MR v B P8 AT RACE cDNA
Amplification Kit 12Kl 3-RACE 5|4, il
PrimerSelect % 145%5 51 ¥ J 51 W%t idE47 o3 Al
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H Bl RAEMBE ARG R A A & M. GSP:
5-ATGGGGCGAAGGAAGGTGGAG-3'

3.2.3 Wit 5l 3-RACE

Wi F 3-RACE ¥ SMARTer RACE
cDNA Amplification Kit 58 1% Bt B T332 4L 1 52
635 8 I A A HERE S RNAL FH GSP AR &
SRALRIE T UPM AE XU 514, 42 B S+
AL 2065 B3 1T 3'-RACE. ¥ RACE-PCR /=4
TRAFT-20°CUKAR, FHHL S uL FE & 1% B B i
R FL VKRG ) RACE-PCR 4 18 () 45 5

3.2.4 &R T AR 57

{1 Gel Extraction Kit [F[U5 H A5 F Bt 2 H A5
Jr B4#ERES) pEASY-T1 Cloning Vector [-; #E4H
T 344 #8% 5 N Competent Cell Preparation
Kit 4 KT DHSo JRAZ 2540t . PRELRH
PER AT BB AR 7, H Plasmid Mini Kit #2
UKL DNA, FRHEIPEN DIEE G %2, 6Ltk
SRR A 7L A FRA ST

3.2.5 "L B o b

{1/ DNAMAN AT 7500081 P08k, I
AR A 4k . R IERRBNIE. Z HELX, ] Protean
WA W2 LR P51, F ProtScale F1 ProtParam 7
LMD T8 FIR%E 4T (isoelectric point,
PI). SE/KME4E% (grand average of hydropathicity,
GRAVY), ] NetPhos 2.0 Server 7E£& {7 #r gk
FRALAT 5, B TMHMM Server v.2.0 7E£k 7 i
TRIES X, ] SignalP 4.1 Server 7E£&Tiill{z S ik,
F NLStradamus 7£ £& %l U #% € 137 {5 *5 (nuclear
localization signal, NLS), F NetNES 1.1 Server 7£
2R TRAZ % 45 5 (nuclear export signal, NES), H
PSIPRED 7EZ %t 7t A — & 4, H
SWISS-MODEL 7E £t H = Z 45 /34T [R5
15, FI NCBI f#] Conserved Domain Database [1]43#t
REp2Ef, H Protein blast (Program: BLASTP
2.2.20+)% &R BT FIPEE LS, B MEGA 6 % ff
HE A0 41 4% 77325 (Neighbor Jointing, NJ)&E 57 524t
KA.

(=LA
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