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Cloning and expression analysis of BIFTL in Betula luminifera
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Abstract: Flowering Locus T (FT) gene plays a crucial role in flower formation of plants. To clarify the func-
tion of FT-like genes in Betula luminifera will be helpful to learning about the mechanism of flowering forma-
tion in woody plant. The reverse transcription polymerase chain reaction (RT-PCR) and rapid amplification of
c¢DNA ends (RACE) methods were used to clone a Flowering Locus T (FT)-like homolog (named BIFTL) from
Betula luminifera (FT)-like). Sequence analysis with show translations software showed that the full length of
BIFTL ¢DNA was 924 bp and contained a single open reading frame (116-640 bp) encoding a protein of 174
amino acids (GenBank NO. JQ951966). The BIFTL protein had a typical phosphatidyl ethanolamine-binding pro-
tein (PEBP) domain which was an important characterization of the FT family protein. Alignment FT protein
sequence in different plants showed that the BIFTL protein shared a 94% similarity with the Ficus carica flow
ering locus T protein (FcFT). Also, during flowering in April, the expression of BIFTL in female flowers was
almost 50 folds higher than in male flowers. In addition, in normal flowering plants after August, with the for-
mation of the male inflorescence and mixed buds, BIFTL expressed highly in leaves in flowering plants, but
no expression in non-flowering plants. In stems, the expression of BIFTL of flowering plants was 6 folds higher
than in non-flowering plants. These results inferred that BIFTL was involved in flower formation of Betula lu-
minifera. [Ch, 8 fig. 13 ref.]

Key words: forest tree breeding; Betula luminifera; BIFTL; gene clone; gene expression

?ﬁﬁ%ﬁ%@ﬂﬁ%ﬁﬁ$ﬁ%ﬁﬁ%~AE%I%Oﬁ%%*%?ﬁﬁﬁﬂﬁ B R
AT, WA e, e aMEcR A REE L, HLEE RN EY SR LR, fEnTEH

Weks H 9. 2012-05-16; f&[E H# . 2012-10-25

FEETH . Wil A B HR TR L I A0l 5 H (2009C12098)

VEH R . WA, MWFMARBEEFRIFG . E-mail: 53366372@qq.com, JEfEIEH: BEE, @A, M1,
MY 53Tt e % 5% . E-mail : ljcheng@zju.edu.cn



344 LA NSO N NS S (1 2013 4£ 6 A 20 H

XA BAEHL ] T, R AT RE RO Sh MR AR W38 1% 5 M i KB o FEAR W) IRAE 20 T R AL
t, FT (FLOWERING LOCUS T) 3[R JE— A~ ZA AL, 1E i NOE A2 (L 2 ) €O (CON-
STANTS) 4fith =9y 1ifs ¢ N &k, 25 A8 F@RBEAFEMAE A IEE FLC(FLOWERING LOCUS C)
Gi i, FT EEAEN 2R G, R FT 8 i B B is T AR A, A
73— WA KN FD(FLOWERING LOCUS D) 4 7= W8 i A 2 a1k, fe it T g e 5 I SOCT,
APL R LEAFY S5, HETE AL A A Gm AR T 4B . Pk, FTO2RE0RAM . A 2@
FACAE P - A RAE R 5, TEMWE L TP AEREZAEN . Hil, CERZSMY b vl T FT K02
B, XTSI REIEAT T HE ™ TEARAM Y ILHE AR P BT FEARRS B0 o SeBedE Betula luminifera
Je E R T — PR B MR, MR, AR, IS A2 AR A L, B
Ewa, —MRATE 2~3 a0 NIL, OFFEERAENLH], X 1 248 A AR A Y 3 0T s BL A AR R
5By o AN 58 M R IR U5 e B 19 05 23R A 1 1 SO B FT BRI ZERL P 41 BIFTL, oy #fr 13k [ B 41 41
RBB, FHAA—AIER TR A 1A ARSI TN R BT T 1 4 BIFTL 16 2 DA
Totk R ZEFN A RGO, W1 BRI T IR EE AR ' B AL A B R 1 S RE

1 M5 &*

1.1 I8t

I FHOG B2 HERRL IR W7 VAR AR 270 B M B A0 S5 Aol 1 11 o Ol B A8 Ay ME AR [m] ik S AE AR A 9
HMEAE TIHFAERT 1 4ER) 8 HIFLRIE L, iMEAE S M IR G ZF WA FF A B 8, DAMREIR 2B L4 . Ik
A4 QMR s Ok E, S HER)T — R AT IRIRAS .

SEES T R IE AR T R A B SRR R AN TR AE IO &R 3 B o A SRR B R Y 1 S FF A6 IF 5 AF bk dk 42
ToPE R A 1A A SRS S v i e 45 B A R AEAE BRI 3 O VE &R, DG S HETE WA bR 2~3 a BIJFAE, TZAS
FRAETCE R T IEH] 20 a LA BRI, 340 FAFFAERE
1.2 X587

S R W % A B Escherichia coli SHo AR SZHy % {747 ; T4 DNA %4 . Tag DNA RA5 0, W%
B . e FEEAR pMD-T % TaKaRa 23 7] 7= i 5 S % sk -5 4 il 5% =X S bz (RT-PCR) 357 & f Invitrogen 2%
AP 1Y R e R AR ) AR RO IR G5 A PR WA L eDNA A i bR v 3 (RACE) 12U & iy Clone-
Tech 7= 5 o
1.3 WA =*E

R MEZE . A LS AZ TR (RNA)FRIBCR F 75 b Bk = H 78 fb 8% (CTAB) 7,

M5 GenBank £ 4 2 A B HABFE Y b FT 35 H Z 77 5] OS5 R, B 7 51 a1 B2 DR ST 1) DXk
PEAT R S i, AP e e FT LB 5 B, 51977508 : BIFTL-F: 5’AGCTCMAACCCW
CTCASGTTG 3"; BIFTL-R: 5'GTCCCBGGTATTDAAATTCTG 3',

cDNA & i M2 PCR 3% % BRI & (Clonetech, USA) BB 5 20 B R AT . AR45 1Y v B UL T 245 s b
PCR /=¥y, %m 5t & W Fe A ) TR R AR MR 55 A R mlF o A4l RT-PCR R Be iy e 9 e 45 5%, &k
BIFTL ¥ 5554 GSP1 1 GSP2, 4y 5l T 7ifE cDNA 14 5" A1 3" iy %), %50 K. BIFTL-GSP1:. 5'CAA
AGCTTGCGCCTGTAGTTGCTGG 3'; BIFTL-GSP2: 5'CTAGGGTTGATATTGGCGGCGATG 3', 5'RACE #i
3'RACE #3344 Clone-Tech Racer Kit (Clone-Tech) Uil 45347, PCR F=# IS4 T 28 4K ek . My, Jf
5 SERER BIFTL JE A 9t X P PF 4%, 3R 21 cDNA J741 . S5, DIPFES IR 4K cDNA
BB S9, #E47 CR Y1, BERCA UK BT . WP, B0k T 338 2 K A s 74 . BIFTL 44 cDNA
w5195 BIFTLF . 5’ATCGAACATGCCGAGGGAGAGG 3'; BIFTL-R': 5CGTCCCATTCAGAATTTG-
TACC3',

FH 90 7 26 Ab BT 549 W 3w hittp : //www.bioinformatics.org/sms/ |- 1] show translation %X {4 73 #7 5t J A
BIFTL 3 PR 4 15 85 (1 0 22 356 1R 4 s 0+ i . & 1 52 7 910 AE hitp ://au.expasy.org/tools/pi_tool.html |+ [
Compute pI/MW T EH 43 #7 HAE L 5 (pl) 5 4387 8 EH B S5 AR AERT . 7E http ://www.nebi.nlm.nih.gov/Struc-
ture/cdd/wrpsb.cgi b, X EE BT ST LD RRGEATIE T, A AT TR
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53 Br 't Bz A v BIFTL 5 5 Al A 4 o 6] 50 2 (1 0 90 09 [ 8Pk B, A 55 B I 7 AR B R (5 L
(NCBI) I JfI H Blast(http :// www.ncbi.nlm.nih.gov/blast) #2 5 43 5145 ' K¢ #E 1) BIFTL 25 (3 5 7 51 5 H A A
Y1y BIFTL 48 [ 507 90 647 [R5 E X, 43 A A7 Ay 2 1R =2 (] 1 1 47) [ 90 o 9 [) Bk - Clustal 54 i
AN BIFTL 25 (15 51 50 2 ¢ BIFTL 28 ()7 9017 ZF )54 texd,  teige iz m v . of A
phylip Z 4R F 4 4% 1; (neighbor-joining, NJ)#4 # iX L&A R AHY (19 BIFTL 2 A R K F W, 40 A]
Z R F

XF O B #EH BIFTL AT AR R ZH U F 3R 43 B, 43 500 F3R k4R 0 4 Aot g st 250 HEfE
FIMEAE T i B AL IR (RNA) , S 58 cDNA 1 438 BIFTL ANl ] i) 22 A B xCig, DA AR T 1R A=
K4 AMIFGE 9 AGassR, 1A, 2 BIBUE & FF AL MR R JCE 21— R 46 01 R A AR 1 254
M (o R NG SRR 3 AF AR A AR), 4RI RNA, 8 58 cDNA 45 . DL BIFTL () cDNA Jy#
Wit i PCR 519, BEATEE R A PRI R 4097 . 7 it PCR SR Biorad 24 W) £E 7= ) CFX-96
RIS IGE i RT-PCR BT 04, SEUR AL 3 Ik, LI 8 BURE A E S A X 2(-AACH 37 &
519k BIFTL-F; 5'ACCAGCCTAGGGTTGATATTG 3', BIFTL-R: 5 GTTGGTCGTGGACTTTCATAG 3',
2K BIACTIIN, 514 BIACT-F: 5'GCCAACAGAGAAAAGATGACTC 3', BIACT-R: 5'TCACCA-
GAATCCAGCACAATAC 3’

2 HERG M

21 R #% BIFTL EFE KR F 54547

FIFH B B354 BIFTL-F #1 BIFTL-R 2858 PCR §7 84, 4875 1 4~ 310 bp 79 (& 1), &3]
T-3 4k b 2% 46 DHSo J, PRERPHME s BT o DU )7 45 58 NCBI i) BLAST 7 K R 50 e ), 45 R 3%
M. iz B S B Populus nigra, T4 Populus trichocarpa FSER Malus domestica S K AR PRy FT
FERIES A AR AR UM, 5 36 PR A A B 2R A B P S AR LR B A 21 1 85% LA 1o Wi i B ot e e
FT 25N, s 48 BIFTL . R )5 %7 501511 5' % RACE 4§ 5 514 BIFTL-GSP1 #il 3" RACE 4§ 5%
514 BIFTL-GSP2, 435Il T 3K 5" 3 1 3" % J3 51 93 . 28 51 3'RACE 43 311 345 29 24 400 bp F1 650
bp () PCR ¥y (& 2), Sapedl )y i 2s REW], 5'F 337 41 5 & 4R 45 1906 KA BIFTL 4t )y 5 A &
i BIFTL 3£ mRNA %) 5"Fl 3"ui J7 51, 3 NP &8F8:, 15 26 B2 He BIFTL LK 52 %5 (1%) cDNA ¥ 51,
3£ 924 bp, GenBank % 3%'5 K JQ951966., % FEH A K519 8 AWMy, 45K E 7 sk L H 1
HERA I (1 3) .

BIFTL 41 cDNA JE 5445 1 4~ 525 bp A 2 HE (ORF) , M ¢cDNA 2419 116 £ 2| 640 {11
M2, it 174 DR (K 4), s+ 19.69 KD, S8 50 7.877, A, TEHEATIRSF 45 M Yifie

M BIFTL M 5! 3’ M BIFTL
2000 bp 2000 bp 2000 bp
1000 bp
1000 bp 750 bp 1000 bp
750 bp
750 bp 500 bp 500 b
Y
200 b
200 bp 100 bp 100 bE
100 bp

B 1 310 bp & & # FTL ¢cDNA KB 2 & &# FTL ¢cDNAS", 3" B 3 K& g # FTL & K cDNA

RT-PCR /= % # % ig #5 . ik RACE = 4 4 57 fig #5 & ik RT-PCR =4t 5 fig 4 . ik

Figure 1  Identification of the RT-PCR Figure 2 Identification of the 5’ , 3" Figure 3 Identification of the RT-PCR
product of 310 bp of Betula RACE  product of  Betula product of Betula luminifera

luminifera FTL, ¢cDNA by DNA luminifera FTL ¢DNA by DNA FTL full-length ¢cDNA by DNA

agarose gel electrophoresis agarose gel electrophoresis agarose gel electrophoresis
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WA RN, REAREA 1 AR E £ B 45 6 3 H (phosphatidyl ethanolamine-binding protein,
PEBP)Z5#4938, i 23 DR IEM A1 : YTLVmVDpDaPSPSDPnlrEYLH,

I gaacgcgaatgectetetetetttegatgggtatgecaattgtecacattecactegtgtt

1 M P
61 gagatatatagagtagttgagttgttttttgtacatagegateggtegategaacATECC

3 R E R D P L A VvV &6 R Vv I & D V¥V L E P F T
121 GAGGGAGAGGGACCCTCTAGCGETTGGGCEEGTTATAGGAGATGTTTT GGAGCCCTTTAC
23 R 8§ I 8§ L R ¥ T Y N 8 R E ¥V N N G C E L
181 AAGGTCCATTTCTCTGCGGGTCACTTACAACAGTAGGGAGGTTAACAATGGCTGCGAGCT
43 K P S Q v v N Q P R VvV D I G G D D L R T
241 CAAACCCTCTCAGGTTGTCAACCAGCCTAGGGTTGATATTGGCGGCGATGATCTCAGGAC
63 F |y . v M v D P D A P & P 8 D P N L R
301 2TTCTACACTCTGGTTATGGTGGATCCTGATGCACCTAGTCCAAGTGATCCCAACCTAAG
83 E ¥ L HI w L vV T D I P A T T G A 5 F &G Q
361 GGAGTACTTGCATTGGTTGGTGACTGATATTC CAGCAACTACAGGCGCAAGCTTTGGGCA
13 £ v v ¢ ¥ E 8 P R P T VvV 6 I H R F VvV F V
421 AGAGGTTGTGTGCTATGAAAGTCCACGACCAACGETGGGGATCCACCGGTTTGTGTTTGT
12Z .. F R Q@ L &6 R Q@ T VvV ¥ A P G W R Q N F N
48] GTTGTTCCGTCAGCTGGGGAGGCAGACAGTGTATGCACCCGGETGGCGCCAGAATTTCAL
143 R D F A E L ¥ N L G L P ¥V A A L Y F N
541 TACCAGGGACTTTGCTGAGCTGTACAATCTCGGATTGCCEGGTGECCGCACTTTATTTCAA
13 ¢ @ R E 8 66 8 G G R R R *
601 TTGCCAGAGGGAAAGCGGETCAGGCGGAAGAAGACGATAACctcataacccgeccgaectygy
661 ccoccggocccgecaceggectgtetetttetetttgtaattataaaagtttegattaataag
721 ctacaaaactagtctattcaacgactgtttatgettgtacgagettttatttatttaatt
781 tetectagtcacgeatcategettategatgtggtacaaattetgaatgggacgggggtet
841 aaatcaacaacgtatttctatttattcatcaaaaaagatgtaagatgtacgtacatettt
901 tcaaggaggagggcttaaaaaata

* b 1 R KR T, 5 HE N A PEBPZE A4 35 28 JE 1 21 K .
B 4 k& #e BIFTL 3 R 45 ¢cDNA 5 7] Z 3 69 25k 582 5 3

Figure 4 ¢DNA sequence of BIFTL gene and its deduced amino acid sequence of protein in Betula luminifera

22 AEWHIE FTL ZEBARERERED 7

Z 75 A U5 He xS 20 Mr 2 W, BIFTL 46555 19 % 51 5 © 50 FT 250 3L ] A A5 ¥ JC 48 - Ficus carica
FeFTL(AB457620.1), T&i45 PFT1(POPTR_0008s07730.1), PtFT2(POPTR_0010s18610.1), 7 MAFT1
(AB458504.1), MdFT2(¥]555224.1), #i%j Vitis vinifera VoFT(EF157728.1), K5 Glycine max GmFTL
(EU287455.1) ML EG 5+ Arabidopsis thaliana AtFT1(NM_105222.2) 465 (14 25 [ 77 51 42, 56 B2 AH AL 44 40 591 35 3]
T 94%, 91%, 92%, 89%, 92%, 89%, 84%H T1%. WI LIF . FT 31N 50 g b 8 11 & LR ¥ 51 1Y
PRAFIEAR R 58, AN AP0 FT 8 07 50 oA s B R IR v, BT84 PEBP 45438 (181 5) . A9 g
) FT EAUEE W R G LB W AT LUE i, JGEHE BIFTL 5 T4 R FeFT (1 25 4 ¢ R i, i H W] AT DA
BHAREY) R . BRI RN FT EOR K, M SEAMEY KT . 3R+ 55 102 A
(K 6),
2.3 M BIFTL ZARERE FHRESH

R AL T T 1T —4F 8 H BRI FF IR 7E R 2% Ui JE B (RN 2 AFFAEARAS , MEAE 28 Rt 28— & T2 BUR &
A, T4 ARt — s, IR S SR I F R AT ARARAS . FRATAE 4 A1, 1B, AR
BRSO [ S . MEAE . ZE A ) RNA, R i RT-PCR 5 i #E4T BIFTL 42805 S5 1k 335 4%
Br, S5 7)FR W) BIFTL 76584l i AL T b b it de i, R MEAE T Th RIB 500 48.5 /%, I 25 Fn
SRESSUN i Y (i
24 FEEAEMNELEELTERMANARARLEREKRD BIFTL EE A E A ERIEEX S

XPIEE T TR A 1A B R S B A TR O R 7 1 AT R FEE R (4-9 H), 40l
BOHZE At rp S RNA 84T BIFTL (%7€ & RT-PCR 7387, Z55R (K 8)FKW . IEWIFEM LR, 2%
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PtFT2
PtFT1
BIFT J
MdFT2 :
MdFT1 : §
FcFT J
VVvFT &
GmFTL : ©
AtFTI1 J

SG 64VtY 4eV NGcelQPS 6v PRV 1GG DLRtFYTLEmVDpDaPSPSlP L4EYLHWLV

PtFT2 : §dgNdd 1174
PtFT1 : goddtdy 1174
BIFT  : ety 1174
MAFT2 : odrN 1174
MAFT1 : jpheagrNdyx 1174
FcFT  : jhoeEuy 1174
VVvFT : Ny 1174
GmFTL : Ny 1176
AtFT1 : joagrNgd =T e 1175
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To e RFicus carica AB457620.1; E R #Populus trichocarpa POPTER_0008s07730.1, POPTR_0010s18610.1;
SE R Malus domestica AB458504.1, FJ555224.1; 7% %4 Vitis vinifera EF157728.1; N H.Glycine max EU287455.1;
L8 S drabidopsis thalianaNM_105222.2, (1 J7 HE % ;RPEBP4S #4 8% 1% .

B 5 kg BIFTL & & 53] Z LA A5 4 F) R & & 57 69 i

Figure 5 Comparison of BIFTL in Betula luminifera and its homologous proteins from other plants
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Figure 7 Analysis of BIFTL »xpression in male-
Figure 6  Phylogenetic tree of FT-like proteins in some plants (The 1gure nalysis o gene expression in male
flower, female flower, stem and leaves in

bar indicates the branch length) Betula luminifera

FHwEJrr, BIFTL 3 R 235 B A A T4H¢H$EH<L/\§+4&EJ%FI’JHT1 , BIFTL ﬁ*ﬁfﬁ’ﬁ%iﬂjo fH—

HIFIESS A, TEH TR S, 6 M 7 ADLEHEEATE SR A KB B, BIFTL JEA AR, 18 ALS,

HEFEFF B WL B, M RMEAE AN IO TR A 2F T AR, Uiy, BIFTL 3k BV 7k i T A IR AER
TVER , A SLR I [A] N FEAS EARAL T AN Rk sl AR s i A

3 itk
FT 23 NAEARA LY I AL P R RE B B N RE . SEUHNIRA Populus deltoides 1) PAFT2 H R 1E

JSCAF AR TP 0k B b R ) R i 3 A, SRR LB TR R B )E sl AR
[A]E, Bohlenius 28 "% B % 4% Populus trichocarpa W FT F: K W58 268« PeFT1 8 3% 3K A W) 5% ik R A Ak
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Figure 8 BIFTL gene expression in leaves (A )and stems (B )between flowering clones and non-flowering clones at different time in

Betula luminifera

RER R FL 2 01ty 8~20 a A% 4 A o QIS ) 1) ZE S AR AL 5 A Y — D EE2OREE, N, ARAH
Pyrfr FT SN i AT 98 BoA B 21T o

BIFTL )55 73 M 2 Wiz N 4 05 1O 2 B &5 FT 28 B IGA 19 PEBP 254438, [R] i 55 Ho At AR 4 o
SERERFEIR FT X RN MM EB AR R BEME, SHAR . BREMER BT E8F
B RL R AE 90% LA | iX B HERFE W] BT 5w B Y BIFTL &R &6 e (i 1 4~ FT 2R 36 . FT X EH R
GR T NI BN BIFTL fEdE b b S5 ARARMY KGR R, MY HAMY G R R REZ, K
AP I FTL AR —2, W ARA MY % B9 D RE AR IR ] G 5 A B — &
22 5

BIFTL AU SRR A R W1, %3N T 4 AJFE A B P aRik, miZs . Mgk
AR REHERY, FT RN EZAE g Rk, B Z A A Rk, RIR M R R
(9 BT 2 1 ) B A i i 28 T o 4 2 2 2 rP (g R 9 BAE ™, 10 O B M e 4K e A 25T SRR TE T 46
B 1ARSERL, PRGIX T BR A2 S v A= v BIFTL JE PR 35k B U AR S A . T B, BH4F 4 Ok
HEFEFP L AN K I, W P i A T A 38, S35 B B PP URIA & B BT AT RESR UET L A B R IK Y
FT RN, 53X W% HEAE 7 FMEAE )Y BIFTL 3k BRI IN o EFE 7 ip Ik B, U0l B o
WERE Y SHELE PRI EG , ORISR BT84 4 A oe M, s 2 FT 28 (A9 BRI 5 20 BIFTL 35k
CiEne

IEHIFAEMICER M L AATFAETCIERAE 1AL T WA [ (] BIFTL 3 [N AE 25 A Fr o il 208
P&, ATFAERJCrE 2R BIFTL 2 DUEARAR (98820 7 I i 7 AR Ab T AN SRR RS 5 24X
9O Ay X—@RE ML, EACYIER B R R IR 0.129 45, Wi/R 1% AL N 500 B2 e i AE /Y ) 3l
AEERR . WAHRIENMNRE, JCRHMEARREIE W AR o M7 IEH TR TCIE R F, BIFTL N
T EAEMEAL P AR S 2L U0 (8 A LUR ) By Fr Fn=srp b A7 300k, M HMEAEIFITAERY 4 AZE . b il
FAXT R Bk i, AR E IR AR KRR 5-7 A RIEAUIR . X LEHRR W] BIFTL 555 B AE LT 6495 5
AR A B L A IR SC R o PR MAFT2 BE D i ik A 2R AR, MAFT2 [y 33k F: B4k
TEFFE A B WMAE A SRrp W0 H MdFT2 FEAEZFIE B 8-9 A RMIJFAER) 4 H R BRI R, RV LSE
RACZF I R AL VL BTT A A B VIR ™ B b & W], TEMMh, POFTT 3R ) D) g 32 %
FERK A AR 25 5 A2 2 46 28 BT I L B AE AR A7 4 T AE S8 ik A8 4 B R 1, i PFT2 2 P AE 1 H
W R RS R AR, R RIZERE R, PFTL Bk Bt SR T MdFT2 k80260, 1S
RIS 56 S BRI A6 Rk P 32 B2 DL POFT2 Sy 272 BIFTL JE 5 BRI 5% v MdFT2 Fil
PFTL B R BECAR S AL, by eI 7 S RE B e T B0 A AR R A AR, RN EENAE G B e rp 2 2
SIEHTE AR ShIF AR 7 b i G BE IR o R BIFTL A6 M AL 3 A% b iy HAR D AR R R ATTF — 28
WFFE I H A
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