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ABSTRACT

A flowering promoting factor 1 was first cloned from Arabidopsis, and it is a model type of species which have revealed
a network of regulatory association between proteins that integrate and transduce environmental and developmental
signals to advanced or inhibit the transition to flowering. FPF1 homologus sequences were examined from diploid G.
arboreum L. genome (A-genome, n=13), and Gossypium raimondii L. (D-genome, n=13) data base. There are two
orthologus genes are propose that distinctions at amino acid and nucleic acid levels were not significance because of
degeneracy of codon. Atleast 6 genes of FPF1 were obtained from cultivated allotetraploid species Gossypium hirsutum
L (genome AD, n=26). Analysis of six genes from various tissues discloses that this type of gene family shows that
expression level of tissue specific is very strong. In previous studies in Arabidopsis it shows significantly suppressed
Flowering Locus C and activated in APETALA 1 expression were stimulate by over expression of GhFPF1 in the
Arabidopsis.
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INTRODUCTION

The cotton is most important renewable and
natural crop in the world, approximately 33 million ha
(5% of the total worlds arable land) is used for cotton
cultivation (Wang et al., 2012). In addition the genus
Gossypium had a wide phenotypic diversity, it contains
more than 50 species (Wendel, 2009; Wendel and
Grover, 2015; Gallagher, 2017). The Gossypium are
cytogenetically distinguished into 8 sub groups (A-G, and
K), between them most of the species is diploid which is
(n=13), but among them 5 are allopolyploids (n=26),
Global cotton products are demonstrated from the 2
allotetraploid species Gossypium hirsutum and
Gossypium barbadense (Wendel, 2013; Wendel, 1992).
The study of homoeologous gene development in
allopolyploid upland cotton, we induced a phylogenetic
perspective by including orthologus duplicated from
representative of each of the progenitor diploid genes
(Cronn RC, 1999).

Because of the environmental pressures, such as
climatic change and land use, the early maturity of cotton
has become a critical theme for plant breeders. Various
traits collaborate to influence the early maturity of cotton;
along flowering time is especially significant (Jung and
Muller, et al., 2009). The Flowering Promoting Factor 1
was first cloned from Arabidopsis by (Kania, et al.,
1997). The apical meristem being determined or in
determined contributes to the fate of shoot architecture.
The growth of plants initiates from a very small number

of various cells which is called as meristems.
Determinate apical meristems undergo terminal
differentiation, whereas indeterminate apical meristems
hold vegetative stem cells of population indefinitely
which execute tissue and other organ differentiation
below and on the flask of main stem (Melzer et al.,
2008). The independent and vernalization pathways unite
on the regulation of the expression of the floral repressor
FLC (Levy, and Dean, et al., 1998). FLC encodes a
MADS-box transcription factor that subdue flowering.
The overexpression of flowering locus C from a broadly
expressed viral promoter decreases the abundance
of SOC1 and flowering time mRNAs in young plants
(Searle, et al., 2006). We found that the vernalization
response late flowering mutants had a high-level of
Flowering Locus C transcript than the wild types species
and commonly that the non-vernalization-response late
flowering mutants did not grownup Flowering Locus C
transcript level (Sheldon, et al., 2000).

This promotion is known as vernalization, which
does not initiate flowering directly but provides the
meristem capable to respond to other developmental and
environmental flowering signals (Michaels, and
Amasino, et al., 2001). The timing of floral induction is
vital for reproductive success, and high number of plant
species has germinated various pathways to modulate
flowering time (Michaels, and Amasino, et al., 1999).
Many genes are recognized which are intricate in
controlling the flowering time, and they play a vital role
in genetic as well as in molecular pathways were also
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characterized (Bernier et al., 2002; Bernier et al., 2005).
In previous studies there are four important floral
pathways, such as gibberellin, photoperiod, vernalization,
and independent pathways these are modulate floral
integrator genes such as Flowering locus T (FT),
APETALA 1 (AT1), LEAFY (LFY), and SUPPRESSOR
OF OVEREXPRESSION OF CONSTANT 1 (SOC1)
(Corbesier, et al., 2007; Li J, et al.. 2013).

These are the activated genes for necessarily
reproductive development (Simpson, and Dean, et al.,
2002). Flowering promoting factor 1 gene is explicit
immediately in apical meristems after the photoperiodic
initiation of flowering in long day plants that could
flowering in response to long day conditions (Kania, et
al., 1997). The Flowering Promoter factor 1 gene was
originally understood on account of its role in flowering.
The high FPF1 gene expression (Y11988) led to early
flowering in Arabidopsis (Kania, et al., 1997). The
previous study indicates that Flowering Promoter Factor
might play a vital role in regulating the competence of
apical meristems to immediately react to the floral
meristems identity gene LFY and AP1. GhFPF1 gene
constantly active at a same time as LFY, and earlier than
AP1 (Melzer, et al., 1999). Still yet corresponding genes
of Flowering Promoting Factor 1 have also been
described in tobacco (Nicotiana tabacum) and rice
(Oryza sativa) (Ge, et al., 2004; Smykal, et al., 2004).

MATERIALS AND METHODS

The Plant material and RNA and DNA Extraction:
The experiment was carried out in the field of Cotton
Research Institute of CAAS, Anyang, china, the cotton
genotypes were obtained from various mainland’s, such
as, Wake Atoll, a Hawaiian island, Galapagos island,
Dominican Republic, San Cristobal, and Santa Cruz.

DNA Extraction and Plant Material: We extracted a
sum of 36 genotypes which is belongs to various species,
such as, 18 genes from G. hirsutum, 8 genes from G.
arboreum, and 9 genes from G. raimondii from various
mainland’s and wild type germplasm in china. Among
them 36 genotypes which were collectively collected
from a Hawaiian Island, Dominican Republic, Wake
Atoll, Santa Cruz, and San Cristobal in respect manners.
When the seedlings were grown at cotyledon stage the
young leaves, stem and buds were collected to extract
DNA for DNA extraction the DNA was extracted from
frozen stem leaves and buds using CTAB method
cetyltrimethylammonium bromide, as previously reported
by (Zhang and Stewart, et al., 2000). For tissue specific
expression profile, true leaves, young leaves, cotyledons,
roots, and stems, were collected during various plants
development stages (Ondati, et al., 2016). When the
young plants are at leaf development stages, the leaves
were Reap from cotton seedlings at 5 development

stages. For RNA all the collected samples were put in
liquid nitrogen for frozen and then stored at -80 °C. For
RNA extraction, the RNA was extracted using RNA prep
pure Tiangen kit (Polysaccharides & Polyphenolics).
QRT-PCR analysis was executed using CWBIO (Low
ROX) Ultra SYBR Mixture (Supplementary figure 1).

QRT-PCR analysis and expression of GhFPF1 gene
and wild type Plants: For QRT-PCR the expression of
GhFPF1 gene and wild type under different plant growth
hormones. The young and fresh leaves are collected for
RNA extraction. Using CWBIO Ultra SYBR Mixture
(Low ROX) 5ml obtained from Cotton Research Institute
Anyang Henan, was used to obtained RNA from fresh
Leaf, Stem, and Root (Livak KJ, Schmittgen TD, 2001).
The quality and purification was detected using
spectrophotometer Nanodrop 2000 (Waltahm, MA,
Thermal Fisher, USA) and using Gel electrophoresis.

RESULTS

Analysis of phylogenetic tree of GhFPF1: To know the
relationship and evolutionary history of GhFPF1 gene
family, a tree was constructed through an alignment
sequence of the full length GhFPF1 protein sequence
with Neibour-joining method on the basis of similarities
of GhFPF1 gene in G.hirsutum, furthermore, the
phylogenetic tree of GhFPF1 gene members with gene
combination and motif compositions.

Gene duplication events and chromosomal locations:
The information about the physiological positions of
GhFPF1 genes on chromosomes was abstract through the
soft wear BlastN searches against G. hirsutum all the
GhFPF1 gene were then measured on the chromosomes
using the map chart soft wear. To detect the GhFPF1
genomic duplication happens was done which is based on
alignment results. In the previous studies it was described
that the smaller sequence which cover over 87% of the
larger sequence after alignment and the small identity of
aligned regions is greater than 80% (Zhang, and Stewart,
et al., 2000). Moreover, for further proceeds, genomic
similarities events, and synonymous substitution rate and
the nonsynonymous substitution rate (Ka) were estimated
using the DNA SP soft wear the time represents with T
was estimated according to the equation T=Ks/2λ x 10−6
Mya (Librado, et al., 2009).

Analysis of sequence comparative and gene screening:
Candidate gene sequencing was abstracted through
performing blast searches of genomic data bases of G.
arboreum L. (unpublished), and G. raimondii L. from
website (http;//cgp.genomics.org.cn) the Flowering
promoter factor gene 1 as an inquiry sequence. Various
alignment sequence of the infer amino acids was
executed using the Clustal X soft wear
(http;//www.ebi.ac.uk), and the tree was performed by
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MEGA-X soft wear (Wang, et al., 2012)
(http;//www.megasoftwear.net), and the promoter
sequence was analyzed in the data base of plant cis-acting
regulatory element, DNA elements
(http;//bioinformatics.psb.ugent.be/webtools/plantcare/ht
ml/) Plant CARE.

Promoter analysis: There are many functions of Cis-
regulatory elements they are depending on their different
styles, localization, types, and orientation on the promoter
(Kumar, and Tamura, et al., 2016). Our study reports, a

high number of GhFPF1 gene promoters includes five
elements groups among 3 of which (hormones
responsiveness, stress responsiveness, and light
responsiveness elements) are most abundant. While as the
other 2 groups (binding site and cellular development) are
minor abundant. Evidently, it was confirmed and sure by
exogenous application of hormones to express their role
in abiotic and biotic stress regulation (Biłas, et al., 2016;
Roy Choudhury, et al., 2009).

Table 1. Specific gene primers used in real time qRT-PCR analysis for the expression of different plant hormones
in the transgenic cotton FPF1 gene and Wild type cotton.

Genes         Forward sequence                                 Reverse sequence
GhFPF1       ATGAGCGGTCCTTGGTGTTT        TCATTTATCCATAACCATGAACAT
GhFPF1 TATGGACTGTATCACCACCAC TTGGACACACAAAGAAACACC

Figure 1. Phylogenetic tree, of the GhFPF1 gene protein, in G. hirsutum, G. arboreum, G. raimondii, were aligned
with the Neighbor joining (NJ) method in MEGA-X soft wear. The phylogenetic tree is divided into four
main groups, SF7, SF3 and FPF1 gene.
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Gene Ontology: Actually, the gene Ontology is a very
useful method to depict the gene and their functions
(Escobar-sepu, et al., 2017). In our study research, gene
ontology analysis disclosed that GhFPF1 gene involved
in the catalytic activity. The apical meristem being
determinate or indeterminate contributes to the fate of
shoot architecture. The determinate apical meristems
undergo terminal differentiation, usually in inflorescence

or flower. Meanwhile indeterminate apical meristems
hold a population of vegetative stems cells indefinitely
which shows tissue and other organ initiation below and
on the flanks of the stem. In annually plants, the floral
meristem initiation process happens when vegetative
shoot meristem grows into inflorescence meristems, and
flowers are grown up (Melzer, et al., 2008).

Figure 2. (A) Phylogenetic tree, gene structure, and motif of all the cotton genes. Yellow color indicates CDS, blue color indicates up/downstream, and
the lines which are indicating intron. The phylogenetic tree was constructed with the aligned GhFPF1 proteins sequence using the
MEGA-X soft wear and the neighbor- joining method with bootstrap 1000 replicates. Gene structure was determined using gene
structure display server (http;//gsds.cbi.pku.edu.cn). (B) Motif analysis was constructed using MEME soft wear
(http;//meme.sdsc.edu/meme4_6_1/cgi-bin/meme.cgi). Common motifs which define the cotton andGhFPF1 genes.
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Extraction of RNA and CDNA synthesis: The
extraction of RNA was isolated from different samples
with using pure plant kit RNA prep (TIANGEN). The
RNA purity and concentration were measured by (Nano,
Spectrophometer Drop 2000) and with electrophoresis
(Zhu, et al., 2008). RNA different profile pictured
captured during doing RNA see in (Fig S1).  The qRT-
PCR was carried out CWBIO ultra SYBR Mixture (low
ROX) 5ml. As written in the manufacturer’s instructions
form.

Primers: Three Genes were indiscriminately selected
randomly. And the primers were intentional using Oligo7

and synthesized by Gene WIZ. Primers are listed in
additional file.

Analysis for qRT-PCR attempt: The Quantitative RT-
PCR was carried out using CWBIO Ultra SYBR Mixture
(Low ROX) 5ml and ABI 7500 sequence sleuthing
system. The cotton action was used as a house keeping
gene to appraise the quantity of model cDNA in each
amplification reaction (Livak and Schmittgen, 2001). The
reaction was performed according to the protocol
manufacturers.

Figure 3. Expression Profile of 17 expressed genes with GhFPF1 gene in different tissues. The different tissues of plants parts
are shown on the bottom; and, the names of genes are listed to the right of the figure. Scale bars at the right hand
whcich represents log2- transforemed FPFM values. The heat map was constructed from the log10 (FPKM) of the
expression valiues by using R softwear.

Gene Ontology: Actually, gene Ontology (GO) is a
method through which bioinformatics initiative to merge
the presentation of gene and genomic product impute

across all species. More importantly it intent to hold and
evolve its controlled vocabulary of gene and genomic
product attributes. Annotate genes and genomic products.
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And disseminate and assimilate annotation data. The
functions of GhFPF1 genes were find out using Blast
2GO (Meng, et al., 2011). Moreover, WEGO (Conesa
and Stefan, 2009) was also used to envision these
functional items. Amino acid sequences and protein sub
cellular localization of GhFPF1 genes were subjected to
the WOLF PSORT programme website
(https;//www.genscript.com/wolf-psort.html/) for protein
and localization forecasting.

Biotic treatment and phytochromes: To observe the
transcriptional levels of these genes under various a biotic
stress and exogenous phytochromes treatments, FPF1
gene and wild type WT seeds were grown in small pots at

28°C in a green house at sixteen-hour light/ eight hours
dark cycle. When the plants are grown at cotyledons
stage they were subjected to various treatments. At the
stage of seedlings, the leaves were sprayed with (ABA),
(IAA), (GA), and (Ethephon) with amount of 200 μM
ABA, ethephon 0.5 MM, GA 3460 μL, (Ye et al., 2006;
Jin, et al., 2008). And then after treatments of these above
growth regulators the samples were collected at 0,
6,12,24,36, and 48 hours respectively, samples were
collected and put in liquid nitrogen quickly for frozen and
stored at -80 °C for further RNA extraction. The research
experiments were carried out in using complete
randomized design.

Figure 4. Protein localization for GhFPF1 family gene forebode by using the programme Wolf PSORT website
(http;//www.genscript.com/wolfpsort.html), the two colors are showing that the localization like as
Cytoplasmic (blue) color, and Nuclear shows in (Red) color.

This studies first report on genomic-wide
characterization and investigation of GhFPF1 gene
family in cotton genotypes. We are able to find out that
there are total of 18 genes of G. hirsutum, eight genes in
G. arboreum, and about nine genes in G. raimondii.
GhFPF1 genes were classified into three subgroups
(GhFPF1, GhFPF1 like protein 1, GhFPF1 like protein
2). This study result agreed with previous studies reports
in other species such as Arabidopsis, rice, and maize,
(Wang, et al., 2014). Moreover, usually the GhFPF1
gene in cotton belonged to subfamilies FPF1, and FPF1
like protein 1, similar as described in previous studies in
maize, rice, and in radish (Kania et al., 1997). The intron
and exon structure pattern confirm subfamily

characterization and subgroups appellative of
phylogenetic tree investigations (He, and Wang, 2016).
The same intron level was previously used to characterize
plants associated with common origins (Meyer et al.,
2008). In this our studies, GhFPF1 gene closely related
in the similar subgroups had the same function and
structure in cotton. The tree analysis clustered GhFPF1
into five subgroups. All the GhFPF1 gene family
members for different species (G. hirsutum, G. arboreum,
and G. raimondii,), were distributed through the five
groups with GhFPF1 subfamilies.

Recognition and analysis of GhFPF1 gene in upland
cotton: There are 3 cotton genome sequence which were
downloaded from 3 various cotton genomic websites;
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G.arborium is originally downloaded from Beijing
institute of Genome (http//www.bgi.com/, Beijing china),
G.raimondi protein sequence was obtained was
downloaded from Institute of Joint Genome,
www.phytozome.net, and G.hirsutum protein sequence
was obtained from cotton Nanjing research cotton

Institute of (http;//mascotton.njau.edu.cn, China), along
with E-value < 0.01. The protected domain of GhFPF1
gene protein (Gh_D02G0531.1) which is mainly
downloaded from protein Pfams families
(http;//pfam.xfarm.net.cn, /).

Figure 5. QRT-PCR different expression levels of treatments such as IAA, ABA, GA, and ETH growth hormones
between wild type and GhFPF1 gene, the samples were collected at 0, 6, 12, 24, 36, 48 hours.

Chlorophyll content: Weighing of total 200 mg leaf
sections were collected from both WT & transgenic line,
quickly put in liquid nitrogen after that put in ethanol of 5
ml (99.9%), then shocked in hot water bath at 80 c for 18
to 20 minute, the chlorophyll was measure in the extracts
alcohol reading, using the precision extinction co-
efficient chlorophyll content was measure (mg/g fresh
leaves weight) was estimated at 100 x A654 (39.8 x

sample fresh leaves weight) as suggested by (Tetley, and
Thiemann, et al., 1974; Yang, 2002).

GhFPF1 gene role under different plant hormones
regulators: Actually, the plant growth regulators are very
important regulators of plant growth to abiotic factors.
There are four most and specific plant hormones are
Gibberellic Acid (GA), abscisic acid (ABA), Indolic
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Acetic Acid (IAA), and Ethylene (ETH) (Cramer et al.,
2011). Transgenic line FPF1 gene and wild type is grown
in green house at optimum temperature 25C. The both
seeds from transgenic line and wild species is grown in
small pots soil when the seedlings are grown at
cotyledons stage were highly induced by four hormones,
for plant growth hormones prepare stock solution 200ml
than we use the concentration amount of plant growth
hormones.

Construct of Phylogenetic tree: To determine the
evolutionary relationship a phylogenetic tree was
constructed to know the relationship between the G.
hirsutum, G. raimondii, and G. arboreum proteins
sequence, a tree was constructed using method Neibour
joining in MEGA-X soft wear (Kumar, et al., 2018). A
total of 35 GhFPF1 gene sequences from G.hirsutum
(19), G.arborium (08), and G.raimondi (09), proteins
sequences were downloaded from Tair website
(http;//www.arabidopsis.org) and from NCBI website
http;//www.ncbi.com/ and the full length of amino acid
sequences of the GhFPF1 alignment sequence were used
to construct a phylogenetic tree. The GhFPF1 full length
of amino acid sequences were aligned by the clustalx1.81
analysis soft wear and for phylogenetic tree was
constructed using MEGA-X programme (Figure 1).
Finally, we construct the heat map using RNA sequence
expression to formalize our results. The 17 G. hirsutum
genes with different expression in G. hirsutum were
selected to draw a heat map. The genes were both down
regulated and up regulated in various developmental
stages of different tissue organs, such as torus, stem,
stamen, root, pistil, petal, leaf, and cotyledons (Figure 9).
Total of 17 genes are divided into eight groups,
Gh_D10G1691 and Gh_A10G1448 these both genes are
expressed in all developmental stages of plants organs,
while as from Gh_A07G0901 to Gh_D06G1140 were did
not expressed in any part of the plant tissue,
Gh_D02G0531, Gh_A01G0206, and Gh_A09G2112
were all expressed in the root, Gh_A09G2112,
Gh_A05G3911, Gh_D09G2318, Gh_D05G0668,
Gh_A02G0476 these all were expressed in stems.

Protein Subcellular Localization Prediction: Protein
localization we used website
(http;www.genescript.com/wolf-psort.html), to
distinguished the GhFPF1 family gene in cotton in the
above figure-5 the protein localization for GhFPF1
family gene  forebode by using the programme Wolf

PSORT website the two colors are showing that the
localization like as Cytoplasmic (blue) color, and Nuclear
shows in  (Red) color.

Analysis of phylogenetic tree and database searches:
Among the cotton genomic database, 35 protein amino
acid sequences of GhFPF1 were aligned by the Clustalx
1.81 programme, for phylogenetic tree was constructed
using MEGA-X soft wear (Kumar, et al., 2018) along an
open gap penalty of ten and extension penalty gap of 0.2.
Hence, a neighbor joining tree was constructed with
support for each node, (Amura, et al., 2013). The protein
alignment sequences were analyzed for motif
recongnization and the motif were determined with the
use of multiple Motif Elicitation programme (http; //
meme.sdu.edu/meme4_6_1/meme.cgi), by (Bailey,
2009), and envision with an aligned sequence logo
website generator (http; Weblogo.berkeley.edu/cn) Web
logo. Multiple Em for motif Elicitation was run from the
web server with the maximum to minimum parameter 6
to fifty amino acids, for every motif. The highest motif
number was 15. A morphological analysis of GhFPF1
gene was characterized using Gene morphological
display server web (http; // gsds.cbi.pk.cn) (Guo, et al.,
2007) through compare the predicted sequence with
genomic sequence from cotton genome (Baloglu, et al.,
2014).

Subcellular localization and chromosome mapping of
the FPF1 coupled G-protein receptors in cotton: The
genes were not calculated in all chromosomes, in some
diploid as well as tetraploid cotton species; this will be
explicated by numerous genomics to be calculated in all
the cotton chromosomes. A total of 17 chromosomes
against G.hirsutum, 8 genes in G.arborium, and 9 genes
in G.raimondi, respectively, out of 17 chromosomes of
the diploid cotton species the FPF1 genes were
calculated in 6 chromosomes out of 17 in G.hirsutum,
while as in G.arborium total 8 genes four genes
calculated FPF1 gene, whereas in G.raimondi out of 9
chromosomes 5 were mapped in FPF1 gene respectively.
This shows that these genes play a vital role as they
possess high coverage of entire cotton genomes in spite
of their few numbers. In association to the Subcellular
localization all the bioinformatics tools used give same
results (Table 2).
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Table 2. Subcellular localization of the cotton GhFPF1 candidate genes of G-protein coupled receptors in cotton.

Gene ID Principle Transcript
ID Species Assembly Transcript

Length (bp)
CDS

Length
(bp)

CDS GC
Content

(%)
Exon

Number
Mean Exon
Length (bp)

Mean Intron
Length (bp)

Gh_D05G0668 Gh_D05G0668.1 Gossypium hirsutum NAU 300 300 46.3 1 300 No intron
Gh_A05G3911 Gh_A05G3911.1 Gossypium hirsutum NAU 300 300 46 1 300 No intron
Gh_Sca115032G01 Gh_Sca115032G01.1 Gossypium hirsutum NAU 300 300 45.7 1 300 No intron
Gh_D06G1140 Gh_D06G1140.1 Gossypium hirsutum NAU 300 300 45.7 1 300 No intron
Gh_A06G0964 Gh_A06G0964.1 Gossypium hirsutum NAU 300 300 45.7 1 300 No intron
Gh_A09G2112 Gh_A09G2112.1 Gossypium hirsutum NAU 342 342 45.3 1 342 No intron
Gh_D09G2318 Gh_D09G2318.1 Gossypium hirsutum NAU 342 342 46.8 1 342 No intron
Gh_D10G1691 Gh_D10G1691.1 Gossypium hirsutum NAU 339 339 45.4 1 339 No intron
Gh_A10G1448 Gh_A10G1448.1 Gossypium hirsutum NAU 339 339 44.2 1 339 No intron
Gh_D02G0531 Gh_D02G0531.1 Gossypium hirsutum NAU 330 330 42.7 1 330 No intron
Gh_A01G0206 Gh_A01G0206.1 Gossypium hirsutum NAU 339 339 46.3 1 339 No intron
Gh_D01G2283 Gh_D01G2283.1 Gossypium hirsutum NAU 339 339 47.8 1 339 No intron
Gh_D02G0532 Gh_D02G0532.1 Gossypium hirsutum NAU 384 384 39.1 2 192 248
Gh_D07G0973 Gh_D07G0973.1 Gossypium hirsutum NAU 381 381 50.7 1 381 No intron
Gh_A07G0901 Gh_A07G0901.1 Gossypium hirsutum NAU 381 381 49.6 1 381 No intron
Gh_A08G0004 Gh_A08G0004.1 Gossypium hirsutum NAU 384 384 53.1 1 384 No intron
Gh_A02G0476 Gh_A02G0476.1 Gossypium hirsutum NAU 183 183 41.5 1 183 No intron
Ga05G0696 Ga05G0696.1 Gossypium arboreum CRI 300 300 46 1 300 No intron
Ga06G1251 Ga06G1251.1 Gossypium arboreum CRI 300 300 45.3 1 300 No intron
Ga09G2725 Ga09G2725.1 Gossypium arboreum CRI 342 342 45 1 342 No intron
Ga10G1148 Ga10G1148.1 Gossypium arboreum CRI 339 339 44.5 1 339 No intron
Ga01G0289 Ga01G0289.1 Gossypium arboreum CRI 339 339 45.7 1 339 No intron
Ga03G0553 Ga03G0553.1 Gossypium arboreum CRI 306 306 39.2 1 306 No intron
Ga07G1071 Ga07G1071.1 Gossypium arboreum CRI 381 381 49.3 1 381 No intron
Ga08G0052 Ga08G0052.1 Gossypium arboreum CRI 384 384 52.6 1 384 No intron
Gorai.009G068900 Gorai.009G068900.1 Gossypium raimondii JGI 786 300 46.3 1 786 No intron
Gorai.010G123400 Gorai.010G123400.1 Gossypium raimondii JGI 300 300 45.3 1 300 No intron
Gorai.006G263600 Gorai.006G263600.1 Gossypium raimondii JGI 568 342 46.5 1 568 No intron
Gorai.011G189300 Gorai.011G189300.1 Gossypium raimondii JGI 801 339 44.8 1 801 No intron
Gorai.005G059800 Gorai.005G059800.1 Gossypium raimondii JGI 654 330 42.7 1 654 No intron
Gorai.002G028100 Gorai.002G028100.1 Gossypium raimondii JGI 502 339 48.7 1 502 No intron
Gorai.005G059900 Gorai.005G059900.1 Gossypium raimondii JGI 674 384 39.3 2 337 248
Gorai.004G005100 Gorai.004G005100.1 Gossypium raimondii JGI 384 384 52.1 1 384 No intron
Gorai.001G111000 Gorai.001G111000.1 Gossypium raimondii JGI 381 381 50.4 1 381 No intron
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DISCUSSION

The plant creates mechanisms to control the
reproductive and vegetative growth by integration of
developmental and environmental prompt (Zhang et al.,
2016). Sum of 35 similar homologous proteins were
discovered in GhFPF1 gene, corresponding to 19 which
is present G. hirsutum, 8 is present in G. arboreum, and 9
in G. raimondii as presented in the (Figure) 1
respectively. Using MEGA-X soft wear to construct a
tree with Neighbor Joining (NJ) method; the tree is
classified into four main groups, SF7, SF3, and FPF1
gene. In our research study work it provides the first
report on genomic-wide characterization and
investigation of GhFPF1 family genes in cotton
genomes. We are able to find out that there are total of 18
genes which are mainly present in G. hirsutum, eight
genes which is mainly present in G. arboreum, and
Atleast nine genes in G. raimondii. As mentioned in the
domain number, GhFPF1 genes were classified into three
subgroups (GhFPF1, GhFPF1 like protein 1, GhFPF1
like protein 2). Our result is agreed with previous studies
in other species such as Arabidopsis, rice, and maize,
(Wang, et al., 2014).

To estimate the biological possible functions, A
heat map was constructed to see the expression level of
different genes in different tissue, which includes Torus,
stem, stamen, root, pistil, petal, leaf, and cotyledons at
various developmental stages. Using the G. hirsutum
(TM-1) transcriptome datasets (Zhang, et al., 2015).
Gene expression profile FPKM value is the expression of
genes in different plant parts so we constructed a heat
map to investigate the expression value (Figure 3) Cluster
analysis of 17 genes which is expressed in 7 different
parts of the cotton tissues, genes names are listed on the
right side of the figure. To evoluate the relationship
between these genes a heat map was constructed from the
log 10 (FPKM) of the expression valiues by using R
softwear. In the heat map the Gh_D10G1691 the
expresion value of this gene is expressed in all parts of
the plant except in torus. Whereas Gh_A10G1448 this
gene express in every plant tissue, and from
Gh_A07G0901, Gh_D07G0973, Gh_D02G0532,
Gh_D01G2283, Gh_A06G0964, Gh_Sca115032G01, and
Gh_D06G1140 above these genes have no expression in
even one plant parts or tissues as mentioned in the heat
map.

To know the evolutionary relationship GhFPF1
gene with G. raimondii, G.hirsutum, G. Arboreum, a
phylogenetic trees was constructed GhFPF1 gene
proteins are classified into subfamilies according to
subfamilies in Gossypium, we performed a phylogenetic
tree analysis of total of 19 genes are present in the
G.hirsutum, 9 genes in G. arboreum, and 8 genes are in
G. raimondii to constructed unrooted phylogenetic tree.
The GhFPF1 genes were classified into four main

subfamilies (I, II, III, and IV) as in (Figure 1, and
additional File-1). For furthermore to know the
diversification and conservation of the GhFPF1, gene
their intron and exon structures and conserved motifs
were conducted and were shown in (Figure 2). The
subfamily members of 1 and members of 2 every one
contains 3 exons and 4 introns respectively. Most of the
members of subfamily presence 3 exons. While the other
members which possess 2 to 3 exons. These results in
(Figure 2) which indicates that functions of GhFPF1
might be diverse. Meanwhile the closely related GhFPF1
genes they showed similar intron and exons structure, so
these genes they might play similar role in plant
development and growth. (Figure 2).

Plant growth hormones play important roles in
fiber strength, and development, including ethylene,
auxin, jasmonic acid (JA) and gibberellic acid (GA),
(Qin, et al., 2007; Hao, and Zhang, et al., 2012; Xiao, and
Yin et al., 2010; Zhang, and Song, et al. 2011; Tan, and
Zhang, et al., 2012). Our studies have shown that the
ABA and Auxin can regulate the activity in flowering
promoting factors (Laskowski, and Prusty, et al., 2006;
Palusa, and Reddy, et al., 2007; Payasi, and Sanwal, et
al., 2004), the expression features of 16 GhFPF1 were
explored after IAA treatment (Figure 5). Three genes
were notably up-regulated, and two genes were down
regulated, at the 24 h and 36 h (Figure 5a, and 5c). As
mentioned in the figure 5 the different genes are
expressed at various time periods. So, it indicates that
some GhFPF1 genes might take part in the biological
pathways regulated by many growth regulators. The
aligned sequences were estimated through MUSCLE
(R.C. Edgar, et al., 2004) both are used at the distance
and Bayesian phylogenetic analysis. A tree was generated
using Neighbor-joining, using excluding and including
gapped characters, by using through Clustalx version 2.1
as previously used by (Larkin, and William, et al., 2007).
The Bayesian analysis was carried out with Bayes version
3.1.2 (Ronquist, et al., 2003) using the parameters are
followed as; portioning of sequence evolution, burn-in
fraction of 25%, and 3 runs with 4 chains for 100,000
generations.

Conclusion: In our study research, we find out the tree
structure, introns and exons structure and motif analysis
of all GHFPF1 gene family members in G. hirsutum,
also, GhFPF1 gene characterization and functions were
studies by using through gene Ontology, promoter
analysis and protein localization. The profiling,
phytochromes and expression of abiotic stress trend of
the GhFPF1 genes were discovered. Our study which
shows clearly that GhFPF1 gene is potential regulators of
various biological processes in the development and
growth of cotton. Hence, the results which offer a good
base on GhFPF1 gene family especially their
physiological role during abiotic and biotic stress.
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