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Abstract. CmFT homologous gene in muskmelon was obtained by homologous cloning, introducing CmFT gene by Agrobacteriummediated transformation. The results of subcellular localization showed that CmFT protein was expressed in cytoplasm and nucleus. qRTPCR results showed that the expression levels of AtLFY, AtFT, AtCO, AtFLC, AtSOC1 and AtAP1 were upregulated in the 35S::MeFT
Arabidopsis line. The CmFT gene was introduced into wild-type Arabidopsis by Agrobacterium-mediated transformation, and the growth
status of T2 transgenic Arabidopsis thaliana and wild-type A. thaliana was observed. The results showed that wild-type Arabidopsis began
to bolt on the 25th day after sowing, we can initially conﬁrm that the FT gene of melon can promote the early ﬂowering of melon in the
growth and development of melon.
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Introduction
Melon belongs to the family Cucurbitaceae, which is an
annual fruit crop with high economic efﬁciency and therefore cultivated widely all over the world. FT (FLOWERING
LOCUS T) belongs to the FT-like subfamily of the PEBP
family and is highly conserved in plants (Ksia˛z_ kiewicz et al.
2016). The FT gene was originally cloned from Arabidopsis
to promote the induction of ﬂowering. Among the many
genes that regulate plant ﬂowering, FT acts as an integration
factor for signalling molecules that integrate six ﬂowering
pathways. The four ﬂowering pathways are vernalization
pathway, photoperiod pathway, gibberellins pathway and
autonomous pathway (Lv et al. 2015). Studies on its isolation and function have been developed rapidly, including
perennial woody plants (Hsu et al. 2011; Song et al. 2013)
gramineous plants (Kikuchi et al. 2009; Wu et al. 2013;
Coelho et al. 2014) leguminous plants (Nan et al. 2014;
Kong et al. 2010), ornamental plants and so on (Imamura
et al. 2011; Li et al. 2013; Nakano et al. 2013). In recent
years, many ﬂowering gene family members, such as FT/
TFL1, FT, BFT, MFT, TSF and ATC genes have been
gradually discovered in A. thaliana (Yuan et al. 2017). Shim
et al. (2017) found that under the control of induced light

signals, the CO protein of A. thaliana accumulated stably,
which induced the expression of its direct downstream genes
FLOWERING LOCUS T (FT) and TWIN SISTER OF FT
(TSF) in leaves, and induced FT to transfected into apical
buds. Rosas et al. (2014) found that the natural variation of
the number of CTTTACA repeats in the Arabidopsis CO
promoter was closely related to ﬂowering time, where CTTT
is the binding site of CDF1. Therefore, the study of ﬂowering genes and their genetic effects are of great signiﬁcance
for understanding the ﬂowering process and adaptability
characteristics dealing with the problems encountered in
cross-breeding and variety improvement, and breeding
excellent germplasm resource (Yasushi and Detlef 2007).
In previous studies, FT has also been proved to be able to
regulate the ﬂowering period and adjust the ﬂowering time
according to the actual needs. For example, ornamental
herbal ﬂower plants can prolong or shorten the ﬂowering
period according to seasonal changes. For example, shortday plant chrysanthemum can change the ﬂowering period
by transgenic FT gene (Jiang et al. 2010). On the other hand,
for those woody plants with long childhood, the FT gene can
also be used to promote the early ﬂowering, from vegetative
growth to reproductive growth. For those garden trees, FT
gene can also shorten the ﬂowering period to reduce the
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pollution generated during sexual reproduction. Studying the
function and role of FT gene in melon ﬂowering is of great
signiﬁcance for improving melon quality, yield and molecular breeding.

Materials and methods
Experimental materials

When the melon seedlings grow to the three leaves, the RNA
of the melon was extracted with trizol reagent, and reversetranscribe the cDNA. A. thaliana used wild-type Arabidopsis Col-0, the vector is a plant overexpression vector
pCAMBIA1300-35S-CmFT-HA preserved in the laboratory.
Software and network resources

The version of Software Primer 3 online is v0.4.0 and the
website http://frodo.wi.mit.edu/. The website of Software
NCBI is http://www.ncbi.nlm.nih.Gov/ were used. The
phylogenetic tree was constructed by the neighbour-joining
method in MEGA software.
Experimental methods
Cloning of the CmFT gene: CmFT gene was ampliﬁed by PCR

using melon cDNA as template. CmFT gene CDS full length
was 540 bp. KOD-FX high ﬁdelity enzyme clone was produced by Takara Corporation. Gene ampliﬁcation primer
sequences were following as:
F(EcoRI)50 : CAAGAGACAGGATCCGAATTCATGCC
AAGAGATCGTGACCC30
R(Sal I) 0 CATCGGTGCACTAGTGTCGACATAATCAT
CTTGGACTCTTC30
PCR ampliﬁcation system: KOD-FX 1lL, 29 PCR buffer
25 lL, dNTP, mixture 10 lL, F primer 0.2 lL, R primer 0.2
lL, cDNA less than 500 ng, plus double distilled H2O up to
50 lL. PCR ampliﬁcation process: started at 94°C (2 min)
and then entered into 34 cycles of 98°C (10 s), 60°C (30 s),
68°C (2 min), and then ﬁnal extension at 68°C (7 min).
Ampliﬁed PCR product were subjected to agarose gel
electrophoresis, and recovered the target fragment (Maker
used TaKaRa company DL2000).
Puriﬁcation of PCR products: PCR products were puriﬁed and

were cloned into pGEMT vector for sequencing.
Construction of CmFT plant expression vector: The expression

vector was constructed with the seamless connection kit of
KangYan biological company. The ligated product was
added to Escherichia coli top 10 strain competent cells and
allowed to stand on ice for 30 min. Heat shock for 90 s in a

42°C water bath, and then quickly put it in an ice water bath
for 2–3 min. Antibiotic-free LB liquid medium, 500 lL, was
add and shaken for 45–60 min at 37°C, 220 r/min. Finally,
centrifuge at high speed for 8000 r/min for 60 s which will
retain the bacteria, pour off the supernatant. Take 100 lL of
the liquid suspension bacteria that have been shaken, and
evenly add to the selection medium (LB solid agar containing 50 mg/L ampicillin), incubate for 12–16 h at 37°C.
Sequencing positive clones and analysing sequencing
results. Extracting vector plasmid carrying CmFT gene.
Agrobacterium-mediated transformation: Add 1-lg plasmid

DNA to the Agrobacterium competent cells, mix evenly and
place in ice bath for 30 min. Further, freeze for 5 min in
liquid nitrogen, heat for 5 min at 37°C in a water bath, then
immediately place in ice bath for 5 min. Added 800 lL YEB
medium and shake the culture about 2–4 h at 28°C. Centrifuge at 8000 rpm for 60 s, discard the supernatant, remove
100 lL of the bacterial solution, and incubate for 2–3 days at
28°C on YEB solid medium containing 25 mg/L rifamycin
and 50 mg/L kanamycin.
Instantaneous transformation of tobacco: Monoclonal colonies

were picked, shaken overnight, and collected the bacterial
solution, resuspended in induction medium for 4 h, and then
resuspended in osmotic medium. The agrobacterium liquids
constructed from different carriers were mixed in a certain
ratio, and the OD600 was controlled at about 0.8. The uniformly mixed bacterial liquid was injected into the tobacco
leaves grown to 4 weeks with a syringe, and after three days,
the tobacco leaves were cut into piece and observed under
the ﬂuorescence microscope.
Induction medium formulation: 60 mM K2HPO4, 33 mM
KH2PO4, 7.6 mM (NH4)2SO4, 2 mM sodium citrate, 1 mM
MgSO4, 0.2% glucose, 0.4% glycerol, 10 mM MES, 50 lg/
mL acetosyringone, pH 5.6. Osmotic medium formulation:
0.59 MS,10 mM MES,150 lg/mL acetosyringone, pH 5.6.
Arabidopsis transgenic process: The agrobacterium liquid
containing pCAMBIA1300-35S-CmFT-HA was inoculated
into 5 mL of liquid LB medium containing 50 mg/L
rifampicin and 50 mg/L kanamycin, and placed in a shaker
at 28°C. Incubated at 220 rpm for 16 h. Transferd to 200 mL
of fresh medium at a ratio of 1:100 until the OD600 is about
1.2. The culture solution was centrifuged at 4000 g for 5 min
to collect the bacterial liquid in the centrifuge tube, the
supernatant was discarded, and the precipitated cells were
resuspended in a 5% (w/v) sucrose aqueous solution until the
OD600 was about 0.8, and then 0.03% Silwet-77 was added.
Spray the Agrobacterium evenly with a small spray bottle
on the Arabidopsis ﬂower to be opened, cover the plastic bag
to keep the humidity overnight, and repeat the processes of
infection once a week. Collect mature Arabidopsis seeds
after infestation, disinfect with 55% ethanol for 5 min, 10%
bleaching water for 30 min, rinse with double distilled H2O
for 4 times, spread evenly on The MS medium containing 50
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mg/L hygromycin, was treated at 4°C for two days, transferred to an artiﬁcial climate culture chamber for one week,
and the resistant seedlings were transferred into the culture
soil, and the seeds were collected after the Arabidopsis
matured. It is the T1 generation seed. T1 generation seeds
were sown to obtain T2 transgenic Arabidopsis plants.
cDNA reverse transcription: RNA of transgenic Arabidopsis

was extracted with trizol reagent. cDNA was obtained by
reverse transcription using Arabidopsis total RNA as a
template. The transcription was performed using TOYOBO
Reverse Transcription kit (FSQ-101). PCR was conducted
under the following conditions: 37°C for 15 min, 98°C for 5
min, and 4°C for 5 min.
Figure 1. PCR ampliﬁcation results of CmFT gene.
qRT-PCR detection: Real-time PCR ampliﬁcation process:

started at 95°C (2 min) and then entered into 40 cycles of
95°C (10 s), 57 °C (10 s), 72°C (15s), and then denaturation
at 95°C (1 min) and annealing at 55°C (1 min). Product
dissolution curve was made from 65°C to 95°C. Primer
sequences are AtFT F (GTAAGCAGAGTTGTTGGAGACG) and AtFT R (TCTTGGCTTGTTTTGAACCT).
Transgenic Arabidopsis phenotype observation: T2 transgenic

Arabidopsis was sown on 1/2MS solid medium containing
50 mg/L hygromycin, and wild-type Arabidopsis Col-0 was
sown on 1/2MS0 without hygromycin. After being placed at
4°C for 2 days, transferd to 22°C, 16 h light and 8 h lightshielded for 4 days. The seedlings with the same growth
state were transplanted in the soil, observed the difference of
growth status between the two and photographed.

Figure 2. Colony PCR electrophoresis.

Results

Phylogenetic analysis of CmFT

CmFT gene cloning in melon

The evolutionary tree of the amino acid sequence was constructed using MEGA 5.1 software to explore the evolutionary relationship between CmFT and other plant FT
genes. As shown in ﬁgure 3, the relationship between melon
CmFT and a gene from the Cucumis sativus L. (XP
004136734.1) was the closest with 99.43% homology. The
CmFT gene may be involved in biochemical reactions similar to that in cucumber. The homology with bitter melon
was also high, which was 88.51%. But the homology with
glycine soja was only 69.61%. The evolutionary tree showed
that plants of the same family or group were clustered into
one group, but plants of different families and genera also
had high homology (Zhang et al. 2019), indicating that
members of the FT-like subfamily in the PEBP family are
highly conserved in plants.

Ampliﬁcation of the CmFT gene fragment analysis by 1.0%
agarose gel electrophoresis, and get a speciﬁc electrophoresis strip. It can be seen from ﬁgure 1 that electrophoretic ﬁgure has a high quality. The band is *540 bp,
and the electrophoresis position is in accordance with the
expected size of the nucleic acid fragment, which is consistent with the expected results of the experiment.
Construction of recombinant plasmid pCAMBIA1300-CmFT

The target gene obtained by PCR ampliﬁcation were
recovered, ligated, transformed, and positive clones are
selected for colony PCR identiﬁcation. As shown in ﬁgure 2,
all the target fragments were expanded from clones 1 to 8 as
follows, which were positive clones. Plasmids of positive
clones were screened out for sequencing. Sequence analysis
showed that the inserted fragment was completely consistent
with the expected sequence, and the expression vector was
successfully constructed.

Subcellular localization analysis of CmFT protein
in Nicotiana tabacum L

Agrobacterium tumefaciens infects young tobacco leaf cells
and culture for about 72 h, observe it with a laser confocal

41

Page 4 of 8

H. Zhang and Y. Zhang

Figure 3. Phylogenetic tree of CmFT. The amino sequences were subjected to phylogenetic analysis using the neighbour-joining method
in MEGA (v5.1) software.

microscope. As shown in ﬁgure 4, CmFT protein was distributed in cytoplasm and nucleus of tobacco leaves, indicating that CmFT protein was expressed in both cytoplasm
and nucleus. However, it can be seen from the ﬁgure that the
green ﬂuorescence signal of CmFT-YFP is mainly concentrated in the plasma membrane.

It is found from ﬁgure 6 that the expression levels of AtLFY,
AtFT, AtCO, AtFLC, AtSOC1 and AtAP1 were upregulated
in the 35S::MeFT Arabidopsis line. AtAP1 was up by more
than 15 times, AtFT and AtSOC1 were also upregulated at
least four times. AtLFY and AtCO also had a certain degree
of upregulation, but the increase was not very large.

Identiﬁcation of CmFT expression in transgenic Arabidopsis

Phenotypic observation of transgenic Arabidopsis lines

The expression of CmFT gene in transgenic Arabidopsis was
detected by qRT-PCR (ﬁgure 5). In wild-type Arabidopsis,
the expression of CmFT was not detected. In transgenic
Arabidopsis, the expression of CmFT gene was detected.
This indicates that the CmFT gene is indeed integrated into
the Arabidopsis chromosome. This result provides an
effective basis for subsequent phenotypic analysis

Simultaneously planting wild-type Arabidopsis and transgenic Arabidopsis under long-day conditions to observe
their growth status. Transgenic (35S::CmFT) Arabidopsis
showed an obvious early-ﬂowering phenotype compared
with wild type (ﬁgure 7).
Wild-type Arabidopsis began to bolting on the 25th day
after sowing, and the average time was 26 days. Transgenic
Arabidopsis began to bolting on the 13th day after sowing,
with an average time of about 14 days, signiﬁcantly earlier
than wild type. The transgenic Arabidopsis ﬂowering time
was about 18 days, and the wild-type Arabidopsis ﬂowering
time was about 30 days. By counting the number of rosette
leaves it was found that wild-type Arabidopsis had an
average of 10 leaves, while transgenic Arabidopsis had an
average of only six leaves.

Expression proﬁles of ﬂowering time-related genes in CmFT
transgenic Arabidopsis

RNA was extracted from the leaves of Arabidopsis grown
for 14 days to detect the expression of the genes that have
been shown to be associated with ﬂowering in A. thaliopsis.
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Figure 4. Image of CmFT protein tobacco subcell localization.

Figure 5. The detection of CmFT gene expression in transgenic A.
thaliana.

Discussion
In this experimental study, two plant expression vectors
pCAMBIA1300-35S-CmFT-YFP and pCAMBIA1300-35SCmFT-HA containing the CmFT target gene were constructed, and the green ﬂuorescent protein was used as a
reporter protein, observed by ﬂuorescence confocal microscopy. It showed that CmFT protein was distributed in the
cytoplasm and nucleus of tobacco leaves, and mainly distributed in the cytoplasm. However, studied papaya FT gene,
subcellular localization showed that CpFT1 protein localized
on the nucleus (Liu et al. 2016).
The ﬂowering FT gene is an important factor affecting the
growth of plants from vegetative to reproductive growth. Up
to now, many kinds of plants have been studied, in which FT

gene has been cloned and identiﬁed. The results show that
overexpression of FT gene can cause early ﬂowering in
many kinds of plants (Balasubramanian and Weigel 2006).
Kotoda et al. (2010) and Shen et al. (2012) cloned two FT
genes in apple and poplar, respectively and transferred these
FT genes into Arabidopsis, and the transgenic Arabidopsis
showed early ﬂowering. Kong et al. (2010) cloned two FT
homologues GmFT2a and GmFT5a from soybean and
transferred them to Arabidopsis, both of which can make
Arabidopsis ﬂower early (Kotoda et al. 2010; Kong et al.
2010; Shen et al. 2012). Sun et al. (2011) and Fan et al.
(2014) also obtained the same results in the study of soybean
GmFT gene (Sun et al. 2011; Fan et al. 2014). Zhang et al.
(2013) obtained the FT homologue CsFT of cucumber by
homologous cloning, and found that heterologous overexpression of CsFT can cause Arabidopsis to ﬂower early. Li
et al. (2009) cloned the homologous gene MdFT of FT gene
from apple leaf cDNA and transferred the gene into tomato
(Zhang et al. 2013; Li et al. 2009). The results showed that
the transgenic tomato plants ﬂowered earlier than the control. Lee et al. (2013) transformed the AcFT1 gene of onion
into the Arabidopsis ft-1 mutant, resulting in the ﬂowering
time of the Arabidopsis ft-1 mutant earlier than wild-type
Arabidopsis (Lee et al. 2013).
Zhou et al. (2018a, b) introduced the phFT-1 gene into
Arabidopsis and found that its expression was signiﬁcantly
increased. Adeyemo et al. (2017) transformed A. thaliana
FT gene into cassava by using Agrobacterium-mediated
transformation of and found that AtFT gene was overexpressed in cassava (Zhou et al. 2018a, b), This study showed
that the expression levels of AtLFY, AtFT, AtCO, AtFLC,
AtSOC1 and AtAP1 were upregulated in the 35S::MeFT
Arabidopsis line. The upregulation of these ﬂowering-related
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Figure 6. Changes in expression of ﬂowering-related genes in 35S::MeFT Arabidopsis lines. WT, wild-type A. thaliana; L1–L3,
35S::MeFT Arabidopsis different lines.

genes such as AtLFY, AtFT, AtCO, AtFLC, AtSOC1 may be
responsible for the early ﬂowering of 35S::MeFT Arabidopsis line. What is puzzling is that the ﬂowering inhibitor
AtFLC also has a large degree of upregulation. It is speculated that the upregulation of AtFLC may be promoted due to
feedback regulation. Further experiments are needed to
explore its possible mechanisms.
Wild-type Arabidopsis began to bolting on the 25th day
after sowing, and the average time was 26 days. Transgenic
Arabidopsis began to bolting on the 13th day after sowing,
with an average time of about 14 days, signiﬁcantly earlier
than wild type. This is the same conclusion that Kotada et al.

(2010), Shen et al. (2012) and Kong et al. (2010) found the
homologous gene of FT from apple poplar and soybean,
respectively, and transformed Arabidopsis to promote its
early ﬂowering VcFT gene into morning glory, resulted in
early ﬂowering in both T-0 and T-1 transgenic plants (Kotoda et al. 2010).
The transgenic Arabidopsis ﬂowering time is about 18
days, and the wild-type ﬂowering time is about 30 days.
Why is the ﬂowering period of transgenic Arabidopsis signiﬁcantly shortened, this requires further research.
In conclusion, the results of our study indicated that
overexpression of the melon CmFT gene in Arabidopsis
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Figure 7. The phenotype of the transgenic Arabidopsis (35S::CmFT) line. WT, wild A. thaliana; L1–L3, different lines of transgenic A.
thaliana.

plants caused early ﬂowering. These ﬁndings indicate that
the function of the FT gene is interspecies conservative.
Therefore, we can initially conﬁrm that the FT gene of
melon can promote the early ﬂowering of melon in the
growth and development of melon.
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