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The transition of the shoot apical meristem from uegetative 1o reproductive
phases is a critical stage in the plant life cycle.\ln eentrast, the success of
reproduction depends on the flowering initiation timing. One of the key
repressors of flowering is the gene FLOWERING LOCUS C (FLC), which is
important for determining flowering time! The‘present study, therefore, aimed
to identify and investigate the expression patterns of Lepidium sativum genes,
considering FLC. Specific primers were designed for the RT-PCR assays,
amplifying a 361-nucleotide fragment of the LSFLC gene, recorded in the
NCBI database under the accessionjnumber GenBank: KT582105.1. The
sequenced fragment encoded for a deduced protein sequence of 120 amino
acids. The expréssion of LsFLC in different plant organs was analyzed at
various phenological, stages, namely two days (early stage of vegetative
development), 13 daysi(early”vegetative stage), 28 days (vegetative maturity
or transition stage), and“during reproductive development stages, which fall
on 38 days [(early reproductive stage) and 34 days (flowering stage). Results
showedjthat'lisFLC\expression levels were very high in the root and relatively
high in leavesand stems, whereas no expression was allowed in flowers.
Indeed, the"mRNA levels were much higher during the vegetative phase
comparedjto“the transition to flowering, therefore agreeing with the known
rele ofyfELC as a promoter of vegetative growth and an inhibitor of flowering.
Phyilogenetic analysis showed that the LsFLC gene has a close relationship
with™ Brassicaceae members, in particular with the highest homology with
Arabidopsis lyrata. The current study has contributed to the knowledge of the
functions of LsFLC proteins during the phenology of L. sativum and could
contribute to strategies developed for improving this species in desirable

traits.
© 2024 University of Mazandaran
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Introduction

2014). Knowing this, during this sensitive stage,
the SAM undergoes a modification, which

The flowering time of a plant represents one of
the basic plant attributes that contribute to its
adaptation and productivity. The transition to the
flowering phase is considered one of the most
critical phases in the life cycle of plants (Kim,
2020). It is representative of the transition of the
shoot apical meristem from vegetative to
reproductive development (Doke and Guha,

causes the generation of flowers instead of
leaves. The molecular mechanisms facilitate this
transition from the vegetative to the reproductive
phase in plants (Lyu et al., 2020). From the
developmental biology molecular genetics
perspective, flowering induction entails several
pathways (Lei et al., 2024). Photoperiod,
gibberellins,  temperature  condition, age,
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vernalization, and autonomous pathway are yet
some of the molecular regulatory pathways of
plant flowering (Kinoshita and Richter, 2020).
These were FLOWER LOCUS C (FLC), a
member of the MADS-box family, which can act
as an effective repressor of flowering (Fan et al.,
2023). Further studies have also explained the
regulatory role of FLC over temperature for
germination and its involvement in suppressing
flowering pathway genes APETALAL (AP1), FT,
and SOC1 (Deng et al., 2011). High levels of
FLC gene expression suppress the levels of
SOC1 and FT mRNAs that accumulate in
seedlings. On the other hand, a high level of FLC
expression is induced by vernalization, while a
strong interaction attained between FLC and
vernalization brings about homologous down-
regulation of FLC mRNA (Mouradov et al.,
2002). FRI alleles are considered dominant
alleles required during vernalization (Zhu et al.,
2023). At the same time, FIR is a key factor
responsible for FLC expression (Takada et al.,
2019). Many reports of molecular studies have
demonstrated that the downregulation of FLC
expression advances the vernalization in
response to cold exposure (Sharma et al., 2020).
The induction of flowering for setting seedsgin
many plant species requires vernalization,or a
period of prolonged exposure 1@, cold
temperatures (Shea et al., 2007). G\FLC
overexpression represses flowering,through both
rule-based autonomous \ and%, vernalization-
dependent pathways (L¥,, et al., 2022).
Intraspecific variation 4n theyrequirement of
vernalization is-an evolutionary adaptation to the
varied climatic regimen in temperate climates. In
addition, vernalization“7affects agricultural
production in that early-day flowering may limit
the yield potential ofivegetable crops (Schiessl et
al., 2019).

Medicinal plants have long been appreciated for
their therapeutic potential in managing various
health disorders and are highly valued due to
their pharmacological properties (Chaudhary et
al., 2010). Among these, Lepidium sativum
presents certain biological and pharmacological
characteristics based on which the choice of the
plant was considered for the present work. L.
sativum is an herbaceous annual characterized by
being glabrous, erect, and fast-growing. It goes
by other names, including "common cress,"
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"garden cress,” or "garden pepper-weed" (Shah
et al., 2021). Seeds from L. sativum are highly
valued, containing approximately 21% protein,
28% carbohydrates, 7% fiber, and a high amount
of fat at approximately 32% (EI-Gendy et al.,
2023). Although these findings provided much
information, no published research explored the
genetics, expression, and associated mechanisms
of FLC gene involvement in flowering for L.
sativum. Recently, the genus Lepidium has been
introduced as a model organism using its brief
vegetative phase and characteristics similar to
those of Arabidopsis. Cloning and sequencing of
the FLC gene in Lepidium,, enable us to
investigate its functionsnd role in/flowering and
other developmental stages.“khis would not only
help in understanding ,the/genetics of plants
better but may @lseiunravel some new aspects of
the regulatory, networks operating during
flowering and plant-development. Moreover, the
study has ascertained this plant's phylogenetic
relationshiphy,with  the other Brassicaceae
members by determining the LsFLC gene
sequence.

Materials and Methods
Preparation of plant samples

Garden cress seeds were obtained from Pakan
Bazr Corporation, Esfahan, Iran. The seeds were
sterilized with 1% hydrogen peroxide for 20
minutes. They were then washed with distilled
water and were transferred to perlite-filled
20x30 cm pots. The plants were fed with
Hoagland’s solution (Hoagland and Arnon
1950), and the nutrient solution was replenished
every three days.

Germination was carried out in a greenhouse
under controlled conditions with a 16-hour
light/8-hour dark photoperiod. The light period
was supplemented at a light intensity of 450
umol m2 St supported by fluorescent and
incandescent  lamps.  Temperature  was
maintained at 25°C during the day and night,
while relative humidity was maintained at 70%.
In the molecular studies, young vegetative leaves
were used as the main tissue to identify and
sequence the FLC homologous gene in the
studied plant. To investigate any possible
expression of the FLC gene in all other plant
organs, fresh tissues of leaves, stems, and roots
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were collected at different stages of
development. Young leaves near the shoot apex
and from the young parts of the stem and root,
i.e.,, near the apical meristems, were taken.
Sampling was done for five plants, and
experiments were conducted in three replicates.
These stages included young plants at the
vegetative phase (13 days old and with six
leaves), mature plants in the vegetative phase (26
days old and with 33 leaves), and mature plants
in the reproductive phase (33days old post-
flowering characterized by the appearance and
opening of the first flowers).

Bioinformatics analysis

Since the target gene's sequence is unknown,
primers were designed based on gene sequences
available for other similar plants within the same
genus and family. To this end, the same primers
used in the study of FLC gene expression were
employed. The sequence of the homologous FLC
gene from the following plants was analyzed
using the NCBI database: Arabidopsis thaliana
(Accenssion no: JF318804.1); Arabidopsis
halleri  (KC505459.1); Raphanus sativus
(AB611009.1); Brassica oleracea
(AY273161.1); Sinapis alba (EF542803:);
Brassica napus (JQ255388.1); Brassica {nigra
(KJ733745.1); Brassica juncea (KJ489426.1)
The obtained sequences were aligned “using
MUSCLE software
(https://www.ebi.ac.uk/Toaels/-msa/musele).
Based on the conserved regiens, referring to the
start and end of the €odingyDNA Sequence
(CDS) region,with consideration to the 5'
untranslated region%(5.UTR) and 3' UTR, a pair
of primers was designed-using the Gene Runner
software. To assess the suitability of the
designed primers, various BLAST software tools
were employed based on information provided
during the search results.

First, the alignments of amino acid sequences
encoded by these obtained results from sequence
determination were conducted by using BLAST
and then using the MEGA 6.06 software with
some FLC homologs that exist in the NCBI gene
bank, the similarity of which was investigated.
Using the Conserved Domain Database by
http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.s
html, conserved protein domains in Lepidium
homologous to FLC were investigated.
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In this respect, the data recorded from ImageJ
software concerning the intensity of bands that
were amplified in the PCR reaction were
compared in SPSS software. The statistical
analysis was done using Tukey's test at a 95%
confidence interval. To illustrate the results in
graphical format, Excel 2010 software was
utilized. This approach reproduces the
methodology used to analyze and interpret the
experimental results thoroughly and provides a
deeper understanding of such results.

Primer design and RNA extraction

The primer was synthesized by, the Pishgaman
Company. According®~to _ the company’s
protocols, sterile deionized®™water was added to
the lyophilized pfimers,_to_prepare the storage
solution. Later@onyg the jprimers were 31 times
diluted*with ‘the, storage solution to prepare the
worKing solutionyaccording to the company's
instructigns (Table 1).

Fable 1. Sequence of primers used.

Primer name Sequence (5°—3°)

FrlFLC 5" AGAAGCCATGAGAAGAAA
Fr2-FLC 5"CCGACAAGTTACCTTCTC
RV1FLC 5" CTAATTAAGCAGTGGGAG
Rv2-FLC 5 TTCTGTCTTCCTGGCTCT
Fr-GAPDH 5"CAAGGACTGGAGAGGTGG
Rv-GAPDH 5 TTCACTCGTTGTCGTACC

The RNA from young leaves was extracted
according to the instructions of each
manufacturer,  with  slight  modifications
developed for the GeneAll® RiboEXTM Kkit.
RNase-free water was used to elute the RNA
sample, which was then stored at 4 °C.

The quality and quantities of the RNA samples
were measured using a Nanodrop
spectrophotometer. The readings were obtained
by measuring absorbance at 260,n. Quality for
RT-PCR was checked by running on 1% agarose
gel  through  horizontal  electrophoresis.
Contamination of proteins and other impurities
of RNA samples was checked from the
0D260nm/ OD280nm and OD 260,/ OD 230nm,
respectively. Subsequently, the RNA samples
were kept at -80 °C until further analysis.

cDNA synthesis and RT-PCR analysis

According to the manufacturer's
recommendations, total RNA was isolated from
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leaves, roots, apical meristems, and flowers of
garden cress using the RNeasy Plant Kit from
GeneAll, RiboEx, Total RNA isolation solution,
Korea. DNase treatment was performed to obtain
DNA-free RNA, and the resulting RNA was
used for synthesizing first-strand cDNA with
Superscript® Il Reverse  Transcriptase
(Invitrogen) and oligo(dT) primers. Expression
of ¢cDNA by RT-PCR was performed using
degenerate primers against conserved regions of
FLC gene sequences that were aligned from
Arabidopsis thaliana cDNA (Accession no.
NM_001085094) and Brassica  napus
(AY036888). Cycling conditions for PCR were
initial denaturation at 94 °C for 5 min, 35 cycles
of denaturation at 94 °C for 1 min, annealing at
58 °C for 30 s, and elongation at 72 °C for 1 min
with a final extension at 72 °C for 5 min. Then,
the PCR products were analyzed by 1% agarose
gel electrophoresis and staining with the
RedSafe™ (Intron Co., Korea). Gene sequencing
was performed on the CDS of LsFLC gene.

Phylogenetic analysis

A comparative analysis was performed for the
deduced LsFLC protein sequence with other
FLC homologous proteins to find the consgrved
regions and the level of similarity. Several FLC
homolog protein sequences were retrieved frem
the NCBI database and then aligne@h using, the
ClustalW2 program to find“the shared Yregions
with the deduced LsFLC, protein seguence. A
phylogenetic tree of theseiproteins. was also
constructed using the MEGA software.

Results
Sequence analyses of LSEIZC gene

Total RNA was extracted from the leaf samples
in this study. At 260 nm, the wavelength at
which  RNA is normally measured, the
absorbance of RNA was about OD 0.5 to OD
0.6. The absorption ratio of OD260nm/ OD280nm
was about 1.9 to 2.1. These showed that the
concentration and quality of the extracted RNA
were appropriate. Further, three sharp and
intense bands corresponding to ribosomal RNASs
are manifested in 1% agarose gel, which is
indicative of the optimal quality of RNA
extracted. This, in turn, dictates its suitability for
conducting RT-PCR experiments (Fig. 1 A).
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S'CCGACAAGGTACCTTCTCCAAACGTCGCAATGGTCTCATCGAGAAAG
CTCGTCAGCTTTCTGTTCTCTGTGACGCCTCCGTITGCTCTTCTCGTTGTCTC

CTTGATCGATATGGGAAACAACATGATGATGATCTCAAAGCCTTGGATCTTC
AGTCAAAAGGTCTAAACTATGGTTCGCACCATGAGCTACTAGAACTTGTGG
AAAGCAAGCTTGTGGAAACAAATGTTGATAAAGTGAGTGTCAATTCCCTCG
TCCTGGAGGAACACCGAGAGACCGCCCTCACTGTAACTAGAGCCAGGAA
GACAGAA-3'

C)

Fig. 1. The electrophoretic profile and registered
sequence ofiLepidium sativum from NCBI data bank:
A) Ahe, electropharetic profile of the total RNA
extracted from young leaves of Lepidium sativum; B)
The electrophoretic profile of the RT-PCR product
indicates the amplification of a full-length duplication
fromy the LSFLC homologous gene in Lepidium
sativump(Well 1: The band corresponding to a 361-bp
fragment was synthesized using the Fr2FLC forward
and Rv2FLC reverse primer, M: The molecular
weight marker used was a 1kb DNA ladder from
Fermentase); C) The NCBI registered sequence of
LsFLC CDS region with accession number
KT582105 which arrows show that were used primer
sequences.

Based on the outcome of such analysis, total
RNA extracted from a young vegetative leaf was
used in RT-PCR experiments. Multiple PCR
reactions were made with the obtained cDNA
using primer pairs F1-R1, F1-R2, F2-R1, and
F2-R2. Contrary to expectations, and as shown
in Fig. 1B, no amplification was obtained for the
F1 and R1 primers, which had been designed
from regions assumed to be conserved at the
beginning and end of the gene. Then, under the
optimized reaction conditions, the specific
single-band amplification of a 361-nucleotide
fragment in the middle of the coding sequence of
the gene using the F2-R2 primer pair was
accomplished. These results suggest that primer
selection and optimization during RT-PCR
experiments are very crucial in successfully
amplifying the target fragment (Fig. 1).
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With the results presented in Fig. 1B, complete
sequencing of the RT-PCR product was done
using primers Fr2FLC and Rv2FLC. Therefore,
information on both the start and stop codons
within the gene encoding region was attainable,
and at the same time, confirmation of sequence
integrity of the designed primers could be
performed. From the BLAST results, it was clear
that this gene demonstrated a high similarity
with other homologues from the Brassicaceae
family, including a maximum similarity of 92%
with Camelina sativa. The identified 361-
nucleotide fragment was deposited in the NCBI
under the accession number KT582105 and was
named LSFLC (Fig. 1C).

LsFLC deduced protein sequence

The sequence of the region of the LsFLC gene,
including most of exon 1, full lengths of exons 2
and 3, and additional segments of exons 4 and 5
has been nearly completely determined.
Consequently, the LsFLC protein sequence is
given in Fig. 2.

IN- Terminal

RQGTFSKRRNGLIEKARQLSVLCDASVALLVVSASGKLYSFSSGDNLVKILDRYGKQHD
DDLKALDLQSKGLNYGSHHELLELVESKLVETNVDKVSVNSLVLEEHRETALTVIRAR

KTE C-Terminal

Fig. 2. The deduced protein sequence ofszsFLC}

The deduced protein LsFLC ofithiS'species was
compared with homologuesyin other plants, and
it was found that this prateintis 36-90% similar
to other homologues.“yCardamine flexuosa
showed the highest similarities (90%), and
Posidonia oceanica hadythe lowest similarities
(36%), respectivelys

Phylogenetic tree analysis

The study of a phylogenetic tree concerning this
species and its homologues in other plants
confirmed this; the other species belonging to
this family are close to the current studied
species, Lepidium sativum (Fig. 3).

LsFLC gene expression pattern

Studies of LsFLC gene expression were done in
various vegetative and reproductive organs

during different phenological stages in the
vegetative development, including two days
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(early vegetative stage), 13 days (early
vegetative stage), and 28 days (vegetative
maturity and transition stage), as well as

reproductive development stages, including 33
days (early reproductive stage) and 34 days
(flowering stage) (Fig. 4A).

Arabidopsis lyrata

AlfLC
AbgFLC  Arabidopsis halleri
IMLC  Eutrema halophilum

CsfLC Camelina sativa

LsfLC Lepidium sativim

Raphanus sativus

BofLC Brassica acea
AFLC  Arabidopsis thaliana
SIFLC Sisymbrium irio =
=
CMLC  Capsella bursa g
CofLC  Capselia orientalis m 5-
e
BALC Brassica rapa 8
o | & 5
ThFLC Teliungiela hallophila >—g ;:,
rassica iunce: & —
BifiLC Brassica juncea @ S
BofLC  Brassica napus =
~
RifLC Rorippa islandica §
LLC Lepidium virginicum
SsfLC  Sinapis alba
DILC Diplotaxis tenuifolia
BeifLC  Brassica nigra
AwfLC  drabis auriculata __J
CwfLC Glycine max
BpfLC Betula platvphvlla
WiLC Vitis vinifera
DIFLC Dimocarpus longan -
caLe  Citrus wifoliata —_—
PofLC donia oceanica g

Fig. 3. Phylogenetic tree of FLC homoge_nous
proteins in different species. LSFLC is located inside
the box.

By RT-PCR, results indicated a 361-nucleotide
fragment for the LsFLC gene in some organs, but
for the reference gene GAPDH (glyceraldehyde-
3-phosphate dehydrogenase), there were 511-
nucleotide fragments in almost all the organs.
LSFLC gene expression was very high in the
roots, about 90%, with relatively low expression
in leaves, about 65%, and about 30% in the stem.
Expression was almost absent during the
opening of flowers and only reached about 2%
(Fig. 4B).

Comparative analysis showed that the LsFLC
gene had a higher expression in different organs
at the vegetative stage compared to the
reproductive phase. The gene expression data
were treated with ImageJ and SPSS, where the
mean values were compared using Tukey's test.
A significance level of P < 0.05 was considered
and applied to find significant differences (Fig.
4C).
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Discussion

Flowering time is a critical determinant of
crop yield and, thus, one of the important
targets for plant breeding. Changes in
flowering time enable plants to adapt to
different climatic regions and ecological

the need are fully understood, crops can be
bred to adapt to particular kinds of
environmental conditions. Further research
in the direction of regulatory networks
controlling flowering time would contribute
to more precision in plant breeding strategies

against this important agronomic trait.

niches. Unless the genetic and molecular
mechanisms underlying the vernalization of

Gene expression

Plant organ

§ 2 38 45 7 B9 @1 12
LsFLC
A 5510p

GAPDH
« 5o00p

O

Fig. 4. The phendlogical” stages of vegetative and reproductive development, expression and gel
electrophoresis of Ls gene in Lepidium sativum: A) Phenological stages of vegetative and reproductive
development in garden cress which a-d showed 4, 13, 28, 31, and 33-day-old plants, respectively; B)
Expression of LsFLC gene in different plant organs in vegetative and reproductive stages (statistical analysis
was conducted using the Duncan test (P< 0.05). Different letters indicate statistically significant differences);
C) Gel electrophoresis of real-time PCR amplification fragments (1: rootlet, 2: roots in the early vegetative
stage, 3: roots in the mature vegetative stage, 4: roots in the reproductive stage, 5: stems in the early vegetative
stage, 6: stems in the mature vegetative stage, 7: stems in the reproductive stage, 8: cotyledon leaves in
seedling, 9: leaves in the early vegetative stage, 10: leaves in mature vegetative stage,11: leaves in
reproductive stage, 12: flowers. In all reactions, the expression of the GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) reference gene was considered as a positive control.

Before vernalization, the FLC represses
flowering in the shoot apical meristem, and
exposure to low temperature reduces the levels of

this gene, promoting flowering (Wu et al., 2020).
The components of the autonomous pathway
complex consist of ii and APRF1. Mutations that
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repress these components cause increased
expression of FLC, hence late-flowering
phenotype independent of photoperiod, which
can be complemented by vernalization. This
indicates that the FLC gene is one of the critical
factors regulating flowering time (Qi et al.,
2022). The dehydration-responsive element-
binding protein (DREB1A) transcriptionally
activates the expression of the FLC gene, and
FLC, in turn, represses the expression of the key
floral activator SOC1, resulting in late flowering.
On the other hand, SOC1 is known to act as a
negative regulator for the expression of the
DREB1A gene and forms a feedback loop that
includes FLC, SOC1, and DREB1A. This
mechanism dampens the level of expression of
the regulon ICE1-DREB1A and controls
flowering time. Over-expression of DREB1A
probably interferes  with  this  feedback
mechanism, thereby leading to increased levels of
FLC, hence promoting delayed flowering
(Kohan-Baghkheirati et al., 2022).
FLOWERING LOCUS K (FLK) is an RNA-
binding protein with K-homology KH motifs that
has been implicated in the regulation of floral
transition by repressing the levels of the key
floral repressor FLC in Arabidopsis (Amarapet
al., 2023). In this work, the FLC gene showed
very high expression in roots, whiley, it “was
relatively lower in flowers; almost sA@¥expression
was detected in opening flowers. Moreover,”FLC
expression was lowered from the seedling stage
towards vegetative maturitys, Zou“et. al. (2012)
demonstrated that Brassica FLC,and Arabidopsis
FLC have similar functional activity during
gametogenesis. \Intaboth these species, FLC
activity is reset in the male reproductive tissue
and suppressed as the pollen matures within the
flower buds undergoing vernalization. According
to Zou et al. (2012), the transcriptional activity of
BnFLC.A2 and BnFLC.A10 exhibited a slight
increase during flowering, while BnFLC.A3b
showed a significant reduction compared to stem
elongation levels. The present study showed that
transcription of the LsFLC gene was low during
the reproductive phase of flowering compared
with vegetative growth. Recently, Gramzow et al.
(2023) detected members of FLC/SQUA-like
clade in the following tissues of gymnosperm:
roots, branches, stem, and female cones. This
finding showed that these FLC-related genes are

29

present in each tissue type, from which their
diverse functional role can be established in
different plant species. Kumar et al. (2016)
presented that the application of bioinformatics
and experimental approaches demonstrated the
importance of several members of the MADS-
box  transcription  factors in  various
developmental aspects along with different
phenological events of apples. Thus, transitions
between successive developmental stages of
apple phenology are correlated with a change in
either MdAMADS gene  expression. In
angiosperms, the MADS-hex gene family is
comprised of many distinct,clades, among which
those dealing with florak organ jidentity are of
primary importance. “EEG) iS a transcription
factor from the MADS-bex/family (Fan et al.,
2023). Kumar (et dal. (2016) identified six DAM
genes~and “four FLC-like genes showing
similarities) with “other dicot species through the
comparative phylogenetic analysis of the MADS-
box familygproteins in apples. Gramzow et al.
(2023) used"modern genomic data to investigate
the unusual evolutionary dynamics of FLC-like
genes; namely their tendency to form clusters of
tandemly duplicated genes within a phylogenetic
framework. The genomic analysis identified that
the duplicated fragment from the coding region
of cress LsFLC gene was 361 nucleotides in
length and shared high similarity with the
previously reported ones from the Brassicaceae
family (Deng et al., 2011). The comparative
studies indicated that the coding sequence of the
LsFLC gene showed a high similarity to
Camelina sativa at 92%, while the deduced
protein, with a sequence of 120 amino acids, was
similar at 90% to C. flexuosa. Phylogenetic
analysis described L. sativum as being closer to
other members of this family and further
confirmed the accuracy of the LsFLC gene in this
plant species.

Conclusion

In a nutshell, our molecular studies identified a
homogenous FLOWERING LOCUS C (FLC)
gene in Lepidium sativum L. Herein; this work
represents the results of RT-PCR analysis,
indicating a 611-nucleotide band corresponding
to a segment of the genome of the plant.
Sequencing a fragment of its coding region
identified a 361-nucleotide fragment from the
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FLC gene. Based on this positive BLAST result,
the gene has been named LsFLC.

Comparative analysis of the deduced protein
sequence of LSFLC with other FLC alignments
showed amino acid identity ranging from 45 to
91%. In addition, this phylogenetic analysis
confirmed the proper sequencing of LsFLC and
further established a relationship between LsFLC
and other members of Brassicaceae. The
expression study of the LsFLC gene in different
plant organs in stages of development showed
high expression in the roots, while less
expression was visible in leaves and stems.
Notably, expression was absent within open
flowers. In addition, the expression level was
higher during the vegetative stage compared with
the reproductive phase. Such an expression
profile supports the role of LsFLC in regulating
the flowering process. It extends the vegetative
period by repressing the onset of the reproductive
phase during vegetative growth. Although they
are expressed during the transition to flowering,
other flowering-promoting genes suppress the
expression of LsFLC, allowing successful
flowering, seed production, and survival across
generations. It was assumed that LsFLC might
play an important role in delaying flower budding
and that the results would underpin further
theoretical studies on the function of LsFLGCyin
flowering time regulation, benefiting further
molecular breeding studies.
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