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WE . R BARRMA A LA Carya cathayensis 16 5% 454 0 5 3K 43 69 CcFLC 3 W 69 2 A IF 3% 18 3% 4E (ORF) 4~ %1 % 3t
Tl 4 AT IR A B4 X E (PCR) ¥ 3, 3RAF T30 342 K/ 45 4 639 bp A= 612 bp, % 212 /~Fe 203 N AR,
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H 18% A 67%, S’ @ R R, 35 £ F B K, 5 K471 Tathangia rupestris #2 3L Pyrus pyrifolia % % # 89 FLC-like
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Identification and expression of FLOWERING LOCUS C

homologous genes in Carya cathayensis
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( The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University,
Lin’an 311300, Zhejiang, China)

Abstract: Based on two open reading frames (ORFs) of Carya cathayensis FLOWERING LOCUS C (CcFLC)
genes which were acquired from 454 sequencings of Carya cathayensis buds, primers were designed and am-
plified with polymerase chain reaction (PCR). An amino acid hydrophobicity analysis was also conducted. Ac-
quired the sequencing revealed 639 bp and 612 bp, coded 212 amino acids and 203 amino acids, and Gen-
Bank accession numbers of JQ829074 and JQ829075, respectively. These had typical MADS-box structures
with a nucleotide homology of 78% and an amino acid homology of 67%. The 5’ end homology was high, but
there was a big difference in the 3’ end. Compared to amino acids coded from the FLOWERING LOCUS C
(FLC)-like genes of Taihangia rupestris and Pyrus pyrifolia, the two ORFs were 40%—57% similar. Amino
acid hydrophobicity analysis showed that carboxyl terminals were hydrophobic amino acid and amino terminals
were hydrophilic amino acid with most amino acid residues being hydrophobic. Results of the Real-time PCR
showed that the two ORFs of the CcFLC gene were expressed in the stem, young leaf, terminal bud, female
flower, and male flower of C. cathayensis, but their relative expression for the same tissue was higher for
ORF1 than ORF2. ORF1 was maximum in the stem, but minimum in the leaf and male flower; whereas ORF2
was maximum in the female flower and minimum in the stem. [Ch, 7 fig. 23 ref.]
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T AR 8 TR A K ) A A A K AR i R, 3 — 5 A8 E 2 (AP IR B IR FIAR ) B N BR85S
T 5 S B 3 B 3Rk g, FLOWERING LOCUS C(FLC) & WFEAE Y AL, (8] iy T L, BR T
MADS-box 5 1 gt it — U i 2 1 5% S R, XE AR B IR 2, ZERLRE I Arabidopsis thaliana
FIF R A MR, FIREM A £ K5 R (GA)F FRIMKEI 2, 7ERIRIT A4 S AUR
ek AR B AUE AR T, FLC S oe & —3%, BEiAERKRIMERR, /& LR IR, MEH
ity B AL BEABEIT AL . XA 2SR TR M T FLC AR A& T 1 MERSER, FLCA&ET 1%
A EENFEERAAEE RS, ERAEESAE FLC NS F 1 RS AT 1A ST %7, Al RERE IR
T FLC BIIRE, MW FLC B HAAEZARURIE R, WIASESEER H 2% Brassica campestris H BeFLC1!,
BeFLC3™%: , IWEHk Carya cathayensis & H 22 (0 I B APRI A 28 DM Rl . | T BEMEAE 2% B & B FE7E I
RS, MEEZF R T W R SO 2F R v, BB T ILEske = & . FLC VR E AR e
[E] A DG HE L PR, WPAR ) T AR i D e M VE T . o T SR AF A5 FLC X INAZ R AL R PR 4, AR S0
XT LLAZ AR HEAE 25 454 D3 AT 2 D52 FLC TR EEHE (ORF ) DA 1 ] 5 A0 e 38 7K P E I g 3 B ko
b, BFSEIX 2 A4 FLC [R5 2 D — 9045 0 R — 90 45 0 i 4 BORTREPE 22 5, FH S o 3R 5 Tl ik = s i
(PCR)EARM I EANTHEA T AR B B AN R P3N RIZH R 25, Ntk — PRI R I
KRR AL 25 53 Ak R 43 HL BB 440 BEIS AR 3l A 25

1 MRS &

1.1 ##

I AZ BRI A RER A 2 B R A, EHR 1 BRAE R RE RS A PR, M 2010 4F 11 A 2 2011 4F 4
A b AT R A, BN 7~15 d, JEMIMEIEE 7 d, 20 RBOLE FE 2L | girt | TizE, DR RAL
(I MEAE 2F FEEAE 2, 7 B EUORAE Il 1 5250 35 0 70 COKF R O/ AE, FH TROBERZIR (RNA)$2 K, JF
TSR R AR EE (] 1) Tag DNA REGHE, BREITEN VIR, B RO & A s sk iRl &, PMD19-T %k
&, Fric# (marker), SYBR Green I Premix Ex Tag ¥J04 H TAKARA *E¥)/AFl, KIHRA W Escherichia coli
DH5ac H1#GH DR & B K S = 5 AR AE, X-Gal, IPTC MIE N EHER (Amp) A BT,
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Figure 1 Temperature record of the different tissues and time of Carya cathayensis
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1.2.1 % RNA 35 R4 F cDNA & SRR 7S ke dk = BRI A 8 (CTAB ) 42 BOL A BEAS [m] 21
20 5 RNA, H 10 g- L' A9 BB M 5 e A Dk A, ) PrimeSeript One Step RT-PCR Kit Ver2 [ 5% i
R &AL cDNA,

122 RAE&EX R (PCR)Y 50 5 HRIEA B X 1A% Bk EAE 2F 454 TP 3RA3 A CeFLC A 2
A~ ORF #5143 9153+ PCR 5147, ORF1 L5319 F1: 5 -ATGGGAAGGGGAAAAGTGCAG-3'Fl F i 519
F2: 5-TTAAAACAGATGGAGCATGGCC-3"; ORF2 LJi#5|# F3: 5'-ATGGGAAGGGGAAAGGTGC-3'fl
5519 F4. 5'-TTAAAACAGATTAAGCAAGGTTTCTTG-3", It LA T & M., PLiliEsk cDNA A i
PEAT PCR ¥4 . PCR IR 45F 7. 94 CHIZEM: 3 min; 94 °C, 30s; 59 C(57 C) Bk 45s; 72 C,
1.30 min; 35 ME¥F; 72 CLEMH 10 min; 4 C, w, KWIEFRN: cDNA(0.15 pg-LHEAMR 2 pl, 10 x
PCR buffer(J& Mg*)5 L, 25 mmol-L" & fLEE 4 wL, 10 mmol- L™ B S AZ BE# H =88 (ANTP) 1 pL, L
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WE5147 (10 pmol - L) 1 wL, FiF5149 (10 wmol - L)1 wL, Tag DNA R & 0.5 wL, 7&K (ddH,0) 50
pL. PCR H) & e M 2tifk 5 PMD19-T #fA i 35 56 4k 3 Kl 5 A B 28 o B8 B0 08, 2 JB0BTRE 1l ) 4
A, % LA T,

123 CeFLC AR FF 454 AT CeFLC Jy 50 R 36 [ [E 7 A W HRAF B ot (NCBLD 48 R #E47 Blast [F]
Y5 HE X RN A LR PP A4 S5 5 B ExPASy B4 1% Y ProParam 7828 T H. 43 #7 H: 4 5% 25 14 9 BEAL 1 5 Fn
FEiKM; H Clustalx 1.83 FAF#EAT & (751 LLxT; H MAGA4.0 B4 H 8 R G itk AL

124 CcFLC ARWALRHFrEE DL PCR ¥ MM CoFLC B LR F 75 51T 550 & 7 PCR 514,
ORF1 L7 51% F5. 5 -ATTGCTGTCCGCCAGAGTGC-3' #il F i 51 ¥ F6: 5'-TGGTGGTTGTCGTTGAG-
GTTC-3"; ORF2 {519 F7. 5’—CGCACTACGAAGAGGAAAAGC-3’%ﬂ? W75 %) F8: 5'-CAGATTAAG-
CAAGGTTTCTTGG-3', DIAUREAHARBER) Actin AN Z, HERLIWIFHIA actinL: 5'-GCTGAACGGGA
AATTGTC-3', actinR: 5'-AGAGATGGCTGGAAGAGG-3', fE Bio-RAD %6t PCR AY L #E4T, IF20#r

2 HEREAHN

2.1 CcFLC E& cDNA F 3l F 54
LRk cDNA M, H5I1% F1, F2 fM514% F3, F4 5 5%F CcFLC 1 2 RS 45 #8171 PCR
Py @RS T CeFLC 19 2 4~ ORF ¥ 51 (GenBank & 5% 543514 JQ829074, JQ829075), K &4y
ﬁ”jil 639 bp M 612 bp, 4 14 TAA AL %M, it 212 4~H1 203 2502 (K 2) . Blanst HoXf
ZiR WK, X 24 ORF 7EA%Z 1 B2 1 B PR K 7 b [R5 43 il 02 78% N 67%, 5' v B A i JEARSFPE, 3
Ui [P A1) 26 SR, Xk 2 AR HEAT DRSS B DI e A3 AT, R IIZ 2 1 ORF H A7 MR ) MADS-box 4%
Fa, HEE AR T ALY MIKC # MADS-box 2 H, HA 2 MESFE5H 5, Bl MADS-box F1 K-
box (l 3), Hrh ORF1 Zifi52 FH HY 1~70 {37 Z LR A1 ORF2 4% 85 (111 1~73 {3 2 L R J& MADS 25 #4458,
B H B AR 12 N E R K-box (AA112~123) F1 9 &R K-box (AA118~131), ORF1 ) MADS X
K X Z 08K 42 A EFEBA 1T IX, ORF2 B MADS X Fll K X Z 0]k 45 NS FEFRAY 11X, I-box A1 3' %4
ARSF, RUEATHEE T MADS-box MG YRR . & H AL Ar s, EATRY AR 5375 53 51

1 atgggaaggggaaaagtgcagatgaaacgaatcgaggacaagacgagccggcaagtgacg
M G R K Q M K R I s Q
6] ttctcgaagcggaagggcgggctgatgaagaaggctcgcgaactcgccgtgctctgcgac
S K K K A R E A u D
]2] gtggaggtcgcgctgatgatattctccgaccgagggaggctctacgagttctctagtgct
u E U A L H I F S D R G R L ¥ E
18] gagagtattggaaaaatcctggagcggtataggatacatgtagaagaagaaattgctgtc
E S I G K I L E R b 4 R I H u E E E I A u

24] cgccagagtgctgagaaaggaaagaggtatgatgctggcttcccaggtcaacagatggac
R Q K K ¥ A G F P G Q Q M
301 actagcccgcaacaaaagatacaaaggtaccttgaagagcaaaacatcgaagagaagaac
Q K I Q R Y E E Q N I E E K N
361 ataatagaacttacacagctcgagaaagaactggatatgatattgaggcaaacaagattc
T Q L K L R Q T R F
42] aaaaagacacagctaatgatggaagctgtaaaagcgctgcaggatgagcaacagaatctg
K K T Q L M M E A K Q Q Q N L
481 agaagagagaagactcaagtggaggaggagatggcagcaatgaagagtgatcagaacctc
K T Q A M K s D Q N L
54] aacgacaaccaccaaagccatgctctggaaccggagtc:aacccccatgctaacgactac
N D N Q S H A L E P E S N P H A N D b d
601 acccctcacttccaggaggccatgctccatctgttttaa 639
T H Q E

CCFLC OPFT Jﬁﬁ%ﬁ’]%%ﬁa
| atgggaaggggaaaggtgcagctgaagagaattgaggacaagagcagtcggcaagtgact
6 K U Q L R I E D K T

6] ttctcgaagcggaagagcgggctgattaagaaggctcgagagctecggagtgectgtgecgac

F s K R K s G L I K K A R E L G u L c D

]2] gtggaggtggcgctcgtgatcttctccgaccaaggcaggctctatgaattectctagcgcecce
u E u A L U I F s D Q G R L v E F s s A

]8] gagagtcttggaaacatcctcgagcggtatagaagacatgtagaagaagaaatcgctgtc
E s L N E E E I A u

24] cgcaggagttctgagctagaaaagacgcatcatgctgactgccctggtcttcagatggge
R R S S E L E K T H H A D [H P G L Q ] G

30] gctaggccactggaaatgatacaaaggtaccttgaagaacagaatattcaagagaaaacc
A R P L E M I Q R ¥ L E E Q N I Q E K T
36] ttgatagaactcactcacttagagatagaactggatgagatattgagagaaaccagatte
L I E T H L E I E L D E I L R E T R F
421 agaaagacacagctaatgattgaagctataaaagcgcactacgaagaggaaaagcagctg
Q L [ ] I E A K A H b 4 Q

481 agacaagagaagacactgatcgaggaggagatggtagcaatgatgagtgagaaccatgtc
1) E T L A M H s E N H u
541 ctgagactggaactggagcccaacaacgcccgtgcccctccactccaagaaaccttgctt
E P N N A R A P P L Q E T L L

601 aatctgttttaa 612

N L F *

CcFLC OPF2 43 % 1) 22 3
B2 CcFLC % 3 X 4% 3 B 5 5] B3 2R B 71

Figure 2 Nucleotide sequence and deduced amino acids sequence of CcFLC
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Figure 3 Function structural domain analysis of CcFLC
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Figure 4 Hydrophobity analysis of CcFLC

2.2 W#Z#k CcFLC cDNA F %I E iR 5 #7

FE NCBI( 3 [H [ 37 A AR5 Bty ) L3 R O iE ALY F RNE )P 515 CeFLC () 2 A~ ORF 4Rfis i)
FEAFFNIEAT XS (K 5), 8550 E/R. ORF1, ORF2 5 K474E Taihangia rupestris ABO61200.1(TrMADS3) ,
%4 Pyrus pyrifolia BA199733.1(PpFLC), %] Vitis vinifera BA199733.1(VoFLC), Mi4% Citrus trifoliate ACB
72864.1(CtFLC), ¥# Populus trichocarpa XP_002303784.1(PtFLC), $WiJT Arabidopsis thaliana AC1.93428.1
(AtFLC), 7KHG Oryza sativa AAF04972.1(0sMADS18), EAT Phyllostachys edulis ACO53802.1(PprMA DS) il
3% Beta vulgaris ABC55428.1(BvFLC) %5 FLC 28 51 7 1) [a] M = 35 68%~78% ., ORF1 1 ORF2 2 %k
i 7 51 5 KATAE ABO61200.1 (TrMA DS3) f1 %L BAI99733.1(Pp FLC) W 34 % R it , 5 KAT4E TrMADS3
IR R P 530 R 53% M 57% , 5% PpFLC W IR I3 14 53 50 2 52% 1 56% Lﬁﬂoﬁa AAF04972.1(0s-
MADS18) [R5 H A 39%~40% . I AT L, BEOGE 4 4 Fift 18] 122 5k DR 40 5 108 220 BE 2 7 99 A i Ak ot A rh A7 7
—EES,
2.3 AREWF FLC ER RS #H L D

I MEGA 4.0 % CcFLC 1 2 4~ ORF 5 HAth 4 F MADS-box %& P 5 1 g i85 1) = 5L 12 17 91 b 47 &R 46
PEAE R R HT (K 6), Z5HREW . CcFLC FEHM 2 4 ORF BEAEF —N0 % b, HE Mot
fig 'y AN HEALBE R TR 2, J5 5 KA 46 ABO61200.1 F1ZY BAI99733.1 RA—328, FGg Xk Fiir; HREH
ARG, 51K E % Posidonia oceanica AEP40955.1 (PoFLC) LR B ik, FWIiZ R R ) 2 4> ORF
Yt 1) B2 LR I 9 A 1k Aok A8 v nT BE AR AE A R 25 bk
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CcFLC1 ER==ex B---1 TE 2 Lcjlg vHeBoaBveRssaes---roxfRvrinvesE1avRgsaE-ReRRYDO |
CeFLC?2 &&ex SER TE M rEID o 332E3---LGNMSMERlYRRHVEEEIAVARISE-LERTHEO |

TVMADS% G R R §) v B i Cc3cD3---LENSE| YQIHN’EEEAGHSK!IS----KKN’H88

PpFL C3GE3---LGEPMERYQMESEEEISASENAGEIDEREND D
VWWELC ANGN3---LARPMERlY QSHTEAEGNASTGANESE---K Q0
CtFLC C32D3---LaGHMERYQ3RIAEEAVASGAFE--2EDFQ0Q()
BvFLC YQDSTARDGEASIAAVETEQS3R QS

PtFLC HG3YFEEETALINGANDAELYEGOD
AtFLC § vGEQHADDLEALD-HQ3EALN¥c O]
OsMADS18 § YQRYSFDERAVLESNTEDQENWG QD

PprMADS vzrvsvazrviveazszIgenwcQ)
CcFL(C1 2c6recqqupTse-QQRIQRY---LEEQNIEERNIIELTQLBRE DM 170
CceFL(C?2 2pcecLQueare-LEMIQRY---LEEQNIQERTLIELTHIEI el VMR QTR 170

TrMADS3 SE3STSGTGANRSLEMIQSE---LEARNIQNLDVTELAQLBRQMDAT 168
PpFL( *EC3DLRAGANLILEKSQS----MEAQDLDNLDVPELTQLBREMDAL 171

VgFLC CHYEYTRDWTEL-LQTVQ3Q---LEGQNDEQMSVIDLVQLEREMDAA 168
CtFL(C 26Y33LEVEDEL-LEIVQRQ---LEGPNFEQFTATDLLQLENLHNDT | iy IRTLQERERLMSEERELLEGR----- 181
BvFL(C sscazvg JERY---LEGPELENLRLEDFMRLERQMaD2MY L 174
P[FLC EYERKIKSFAEL-LQTVQIIHRQVGNSNFEELTLSDLEQTRMQMD2 174
AtFLC ——————— SHYEL-LELVDS3---ELVGINVENVSIDALVQLBEHMET AM3V 163
OsMADS18 DEYGILESELDA-LQRSQRQ---LLGEQLDTLTTRELQQLRHQMEYS 171

PprMADS DEYRELEAKVET-IQECQEH---LMGEDLESLNLEELQQLBEQoMES 3| 171
CcFLC1 212

1GHE
7 e
= o

iaxe 204
BvFL(C ---vasiicizzss 215
PtFLC -==---mmmmmmmmmmeee- 181
AtFLC IR---VAQEF----- Q-LQVIR3I---3AT 186
OsMADS18 - TEREKNNAIINTNREEQNG T 243
PprMADS ---ivezquazqqug---2o---- 9

11 #% Bk Carya cathayensis ORF1(CcFLC )M ORF2(CcFLC2), N AT 1t Taihangia rupestris
ABO61200.1(TrMADS3), ZiPyrus pyrifolia BA199733.1(PpFLC), 7% % Vitis vinifera XP-
002676141.1(VWFLC), M ¥ Citrus trifoliata ACB72864.1(CtFLC), 3 W Populus
trichocarpa XP_00233662.1(PtFLC), U Fd I~ Arabidopsis thaliana ACL93428.1(AtFLC),
K F& Oryza sativa AAF04972.1(0OsMADS18), £ 17 Phyllostachys edulis
ACO53802.1(PprMADS), flt 3 Beta vulgaris ABC55428.1(BvFLC)
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Figure 5 Alignment of predicted amino acid sequences of FLC gene from different plants
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Figure 6 Phyloenetic tree of the deduced coding amino acids sequences of FLC gene from different plants
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Figure 7 Relative expression of two ORF from CcFLC gene in the same tissue
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