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Isolation of Flowering Locus T Ortholog and the Effects
on Blooming of Cymbidium faberi
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(Institute of Horticulture, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021)

Abstract:  Objective The objective of this study was to analyze the function of Flowering locus T(FT) on blooming in
Cymbidium faberi.  Method  The full-length cDNA sequence of CfFT was obtained by RT-PCR and RACE cloning technology.
The expression patterns of CfFT in different tissues and flower buds of different developmental stages were analyzed by real-time
quantitative RT-PCR. To investigate the function of CfFT, an expression vector was constructed for transformation into tobacco by
using agrobacterium-mediated method. Result In flowers, CfFT was expressed more in young flower buds than in mature flowers
and was predominantly expressed in young ovary. Ectopic expression of CfFT in transgenic tobacco plants showed novel phenotypes
by flowering earlier than wild-type plants. Real-time quantitative RT-PCR analysis suggested that expression levels of CfFT closely
related with the flowering time of different 35S::CfFT transgenic tobacco lines. Further analysis of the flower time related genes
indicated that the expression of genes LEAFY (LFY), APETALLAl (AP1), FRUITFULL (FUL) and SEPALLATAL1 (SEP1) were
closely related with the expression of FT in 35S::CfFT transgenic tobacco plants. Conclusion Ectopic expression of CfFT gene
promote flowering in transgenic tobacco.
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1.1

2010

Nicotiana tabacum cv. Yunyan 87
Agrobacterium
tumefaciens EHA105
1.2 RNA CFFT
RNAout 2.0
RNA Clontech SMARTer™
RACE cDNA Amplification Kit cDNA
PCR
FT
PCR FT
FT1 5'-GTSATGGTNGATCCWGATGC-3’

FT2 5'-TGGCAGTTRAARTAGACGGC-3'

PCR 94 4 min 94 30 s
54—44 30s 5 2
72 1 min 35 72
8 min
PCR 1%
pMDI18-T DH5a
Amp X-gal/IPTG
PCR
RACE FT
3'RACE FT3 5-ATCCAGATGCTCCAA
GTCCAAGTG-3' FT4 5-GTGCTATGAG
AGCCCACGCCCAA-3" 5'RACE FT55'- GCTG
ATGAAAGAGCACGAAGACGA-3' FT6 5'-

GAAGACGAAGCGGTGTATGCCTA-3’
cDNA Clontech
SMARTer™ RACE ¢cDNA Amplification Kit
3 5! RACE 3 5!
RACE pMDI18-T
1.3 CfFT
cDNA
http://au.expasy.org/tools/dna.html
ProtParam FT
ClustalX 1.83

Boxshade 3.21 BLAST
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ClustalX 1.83

cDNA MEGA4
Bootstrap (18]
1.4 CFfFT

0.1g 2010 10 2011 4
1
RNAout 2.0
RNA 200 ng RNA
Quantscript RT Kit
cDNA -20
18S rRNA Actin
18S rRNA

5'-TGCCGTTTCCCTGTTGATTC-3'
5'-TGCTGCCTTCCTTGGATGTG-3" Actin
Actinl 5-CCATTGGCTCAGAGAGGTTC-3’
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GCTCCCACTGAGTCTG-3" NFL
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NFL2 5-AGCGTTGCTTCGTTCAGAAT-3'

20 uL 9 uL 2.5><Sybr Green mix 9
pL ddH,O 1 uL c¢cDNA 1 puL
10 pmol-L™! 95 3 min
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3 1Q5 PCR BioRad
Sequence Detector Version
1.3.1 Excel
1.5 CfFT
PCR
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AGAC-3' Xba FT105'-

CGGAATTCTCAATCCTGCATCCTTCT-3'

EcoR pMDI18-T
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PBI121-CfFT
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MS
2
2.1 FT CcDNA
FT
cDNA 1 293 bp
FT
RACE FT 3" 5'cDNA
cDNA BLASTX
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768 bp 531 bp 176
19.8 kD 6.42
GenBank HQ164434
2.2
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139
1 1
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94%  99% 1
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PrET
PHFT
CfFT
CgFT
OGRFT

MJFT Q@R TFYTLVMVDPDAPSPSDPRLIMEYLEWLVTDIPATTIIASFGQEIVCYESPRPTVGIHRFV
PmFT QERTFYTLVMVDPDAPSPSDPRLISEYLEHWLVTDIPATTIAASFGQEIVCYESPRPTVGIHRFV
FeFT QWRTFYTLVMVDPDAPSPSDPEILREYLHWLVTDIPATTGA FGQEEVCYESPRPTVGIHRFV

CsFT 6l
CpFT

GhFT (MR TFYTLVMVDPDAPSPSDP LREYLHWLVTDIPATTGASFGQETVCYESPRPTVGIHRFV
PnFT 61 RTFYTLVMVDPDAPSPSDPLREYLHWLVTDIPATTGASFGEVCYEEPRPT IGIHRFV
Sl TF Y TLVMVDPDAPS PSDPLREY LEWLVTDIPAT TGAS FOLENVCYESPRPTIUG IHRFY
CfFT TP YT LV VD PDAPSPSDP

CgFT

OGRFT 61

MAFT 121

PmFT 121

FcFT 121

CsFT 121

CpFT 121

GhFT 121

PoFT 121

PIFT 121

CfFT 121

CgFT 121 NT ELYNLG VAAVYFNC

FVLF
(ZOSYIRMIEF VL FLQ LG RQT VY APGWRONFNTRDFAELYNLGRP VAR VY FNCORERG S GG RRIZR

MdJFT ACR16053 PmFT BAHS2787 FcFT BAI60052 CsFT BAH28253
CpFT ACX85427 PnFT BADO02371 PtFT XP_002311264 GhFT ADK95113 OGRFT ACC59806
CgFT ADI58462 FT
CfFT sequences was aligned with FT from Malusxdomestica (MdFT, ACR16053); Prunus mume (PmFT, BAH82787); Ficus carica (FcFT, BAI60052);
Cucumis sativus (CsFT, BAH28253); Carica papaya (CpFT, ACX85427); Populus nigra (PnFT, BAD02371); Populus trichocarpa (PtFT, XP_002311264);
Gossypium hirsutum (GhFT, ADK95113); Oncidium Gower Ramsey (OGRFT, ACC59806); Cymbidium georingii (CgFT, ADI58462) using ClustalW. The
black lines indicate amino acids that are critical to definition of proteins in the FT genes

1 CfFT FT
Fig. 1 Alignment of the deduced amino acid sequences of CfFT from Cymbidium faberi with those of FT orthologs from other plant

species
96 MAFT
3&,—: PmFT
19 FcFT
HFI
43 CsFT .
Eudicots
56 CpFT
GhFT
PtFT
58 —AtFT
9953 TaFT
100 HvFT
LpFT3 Bf K
OsHd3a Monocots
— OGRFT
oo L4 GFT
CgFT
1 LpFT3 ABC33722 OsHd3a BAB61027 AtFT ABI34864
TaFT AAW23034 HvFT AAZ38709 Bootstrap 1000

The FT-like genes listed in the tree are as follows: Lolium perenne (LpFT3, ABC33722); Oryza sativa (OsHd3a, BAB61027); Aegilops tauschii (AtFT, ABI34864);
Triticum aestivum (TaFT, AAW23034); Hordeum vulgare (HvFT, AAZ38709). The numbers at node represent the Bootstrap values (with 1 000 replicates)

2 FT
Fig. 2 Phylogenetic analysis of FT-like genes in plant species
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Fig. 3 Expression patterns of CfFT at different developmental stage flower buds and different flower organs
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Fig. 5 Real-time quantative RT-PCR analysis for CfFT in the

358::CfFT-2

A 69 d 355-CfFT-2 B 484 flower buds of 35S::CfFT transgenic tobacco plants

358::CfFT-13 C. 36d 35S::CfFT-22
A. Transgenic tobacco 35S::CfFT-2 initiated flower 69 days after transformation.

The transgenic line with rooting and flowering abnormalities were only 2.5 35S::CfFT NFL NAP1 NtFUL
able to survive under culture conditions. B. A 48-day-old 35S::CfFT-13
transgenic tobacco plant (left) grown on soil flowered earlier than the
wild-type plant (right). C. A 36-day-old 35S::CfFT-22 transgenic tobacco
plant (left) grown on soil flowered earlier than the wild-type plant (right). LFY APl FRUITFULL FUL
Plant form changed greatly and no visible main stem was observed in this 35S::CfFT
line
LFY NFL NAP1  NtFUL

4 35S::CFFT NFL NAPI1

Fig. 4 Phenotypic analyses of transgenic tobacco plants NtFUL
6 NFL NAP1 NtFUL

ectopically expressing CfFT
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Fig. 6 Expression analysis of NFL, NAP1 and NtFUL genes 6 CfFT
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