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Abstract. Phalaenopsis amabilis (L.) Blume, as one of the charms of Indonesia,
this orchid is very popular with the public because of the beauty of its flower shape
and the long duration of flowering. In plant, the flowering period begins when the
vegetative stage switched to reproductive stage. Some genes play such role in the
flowering plant, i.e.: FT (FLOWERING LOCUS T), FTL (FLOWERING LOCUS
T-Like), and FT1 (FLOWERING TIME 1). The characterization of FT- flowering
genes in P. amabilis orchids is still limited. The objective of this research is to
know difference and similarity between FT genes of P. amabilis and other orchids
and Angiospermae. Phylogenetic characterization was carried out using MEGA 11
software. The analysis was carried out using the maximum likelihood parameter
with a total sample of 24 types of monocot and dicot plants. The results showed
that the flowering genes in P. amabilis orchids were closely related to P. equestris
and had a high degree of similarity with Dendrobium orchids.

Keywords: P. amabilis - FLOWERING TIME - Phylogenetic - Monocots -
Eudicots

1 Introduction

Orchid is one of the most popular ornamental plants in Indonesia. Its flower has unique
characters in shape and colors that make this plant attracted many enthusiasts. One of the
most famous orchid species is Phalaenopsis amabilis. As an epiphytic orchid, P. ama-
bilis has a monopodial stem growth system, with an indeterminate type of inflorescence
[11]. P. amabilis has a specific flowering time affected by light and temperature condi-
tions available in its environment, making them end up with a relatively long vegetative
stage [19]. On average, this orchid takes about three years to produce flowers [15]. The
flowering stage starts from shoot apical meristem (SAM) become flower meristem (FM)
maturation to the formation of flowers.
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Fig. 1. Growth and development process of P. amabilis seedlings (3—36 WASP), adult plants (130
WASP) and a flower. Scale bars: 5 mm WASP = Week After Seed Plantation

Figure 1 shows partial fragment of PaFT flowering gene has been isolated and
characterized [15]. This gene plays a key role in flowering time regulation in orchids.
To find out more about the characteristics of the PaFT1 gene, a full characterization
of the PaFT1 gene was carried out. Previous research on P. aphrodite, a close relative
of P. amabilis, showed that flowering could be induced on low ambient temperature
(25°C) and inhibited on a relatively high ambient temperature (28°C) [7]. Meanwhile,
photoperiodicity has no significant effect influence on flowering in P. aphrodite [7]. It is
possible that PaFT has a similar structure in these two orchids.

2 Methods

This study use nucleotide sequence data from NCBI database. The ft gene sequence
criteria that used in this research were ft genes of plants from members of angiosperm,
as listed in Table 1.

The sequences obtained was aligned and visualized with MULTALIN [2]. Pro-
tein sequence samples were obtained from the protein translation process using ESX-
PASY translate-tool (web.expasy.org/translate). Then the analysis of protein motifs
using BLAST-tools from UNIPROT and analysis of nucleotide and protein motifs using
MEME suite [18]. Phylogenetic analysis was performed using Maximum Likelihood
approach with bootstrapping 1000 repeats, JTT (Jones Taylor Thornton) with 5 gamma
distribution model using MEGA 11. [17] Physiochemical properties i.e. grand average
of hydropathicity, molecular weight, aliphatic index, instability index and isoelectric
point analyses using Expasy-Protparam server [4], Sub-cellular protein location deter-
mination using CELLO v2.5 and PSORT [6]. Molecular modelling was analyzed using
SOPMA secondary structure prediction tool for two dimensional protein modelling, then
three dimensional structure were analyzed with CHIMERA X [5, 12], AutoDock 4.2 [9],
PyRx docking tools [3], PyMol visualization tools [14].
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Table 1. Nucleotide sequences that related to Flowering Time Genes in plants
No | Species Accession Number | Gene Sources
1 | Arabidopsis thaliana AB027504.1 FT Kobayashi et al., 1999
2 | Arachis hypogaea XM_025802743.2 |FT NCBI-REFSEQ
3 | Asparagus officinalis XM_020397853.1 | FT-like NCBI-REFSEQ
4 | Coffea eugenioides XM_027326819.1 | FT-like NCBI-REFSEQ
5 | Coffea arabica XM_027224031.1 | Hd3a-like | NCBI-REFSEQ
6 | Coffea eugenioides XM_027326838.1 | Hd3a-like | NCBI-REFSEQ
7 | Chenopodium ficifolium | MK212025.1 FT-like NCBI
8 | Cattleya trianae MN968819.1 FT Ospina-Zapata et al., 2020
9 | Dendrobium catenatum | XM_020846691.2 | FT NCBI-REFSEQ
10 | Elleanthus aurantiacus | MN968825.1 FT Ospina-Zapata et al., 2020
11 | Ananas comosus XM_020232740.1 | FT-like NCBI-REFSEQ
12 | Masdevallia coccinea | MN968852.1 FT Ospina-Zapata et al., 2020
13 | Masdevallia MN968856.1 FT Ospina-Zapata et al., 2020
wendlandiana
14 | Durio zibethinus XM_022864452.1 |FT NCBI-REFSEQ
15 | Maxillaria aurea MN968868.1 FT Ospina-Zapata et al., 2020
16 | Miltoniopsis roezlii MN968881.1 FT Ospina-Zapata et al., 2020
17 | Phalaenopsis amabilis | - FT DNA Sequencing result
18 | Phalaenopsis equestris | XM_020736438.1 | Hd3a-like | NCBI-REFSEQ
19 | Tolumnia hybrid MNO968899.1 FT Ospina-Zapata et al., 2020
20 | Hevea brasiliensis XM_021794815.1 | Hd3a-like | NCBI-REFSEQ
21 | Hevea brasiliensis MH590658.1 FT1 Lietal., 2018
22 | Musa acuminata XM_009392515.2 | FT-like NCBI-REFSEQ
23 | Phalaenopsis equestris | XM_020721263.1 | FT-like NCBI-REFSEQ
24 | Solanum stenotomum XM_049548199.1 | Hd3a-like | NCBI-REFSEQ
25 | Solanum tuberosum KC348397.1 FT Sundaresha et al., 2012
26 | Vigna umbellata XM_047315996.1 Hd3a-like | NCBI
27 | Zingiber officinale XM_042606100.1 | FT-like NCBI

3 Results and Discussions

3.1 Polymorphism Analysis of FT Gene in Plants

The PaFT gene sequence analyses show a polymorphism in nucleotide level. It was
found that many mutations, deletion, and gaps appeared in this alignment. In nucleotide
levels, variation among different gene family because of high variation. Below nucleotide
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is_amabili GTCTACTTTAACTGCC ARG--ATTGATGAATTTCCATGTGTTTGTGCTTCTACCATCAGTTATTCTCTCACARCCGCTTATTTGTAARRGTATTTTG
ﬂrabxdupsxs thaliana ET1TIETREHHTTFTFHEHFEEHEHGTF ETECFFRFFRHFHHFRCTT-THG--ﬂTGGCITCT--TCE----TTTﬁTﬂﬁCCRRTTGRTHTTGE-HTRETCTGHTGRGRTITRTGCHTCTRTRGTRTTTIH
Arachis_hypogaea_FT GTTTA GTCATGARGATCGTATCATC-AACGTC TEEGARCACC TTCACTARRARTGARTATTA
Chenopodiun_ficifoli GTCTA TTEHHT CHEHEEEHEEE ETETEETEGunﬁnnﬁETIE-Tnn--nT--EEnEnEEECE ACTGEACATGATCTACTGCACTTTTTAACATTC
Hevea_brasiliensis.H GTTTACTTTAACTGCCAGAGGCAGAGTGGCACCGGGGGARGAAG-ATGL TCATCI -CCTTTCTCCAAGGT TARTGAG-TACTGAACTGTA
Hevea_brasiliensis.F GTTTACTTTAACTGCCAGAGGCAGAGTGGCACCGGGGGARGARG-ATGCTAR: CCTTTCTCCAAGGT TARTGAG-TACTGAACTGTA

Phalaaenopsis_equest ACGTACTTTAACTGCCAGAGGGARAATGGLTGTGGAGECAGARGGTY TGCCAGTGEAT—===== EEHETTEHETTETTE---ETETEHHTTETEHHEHHEE-TEEHEE ARCGGTTTARGAC

endrobi ATGTACTTTA GCCH TTGARTTTTCCTCAATCTAAATTGAGAAGAGGARTGCACCTARCARTATTAGAT
Musa_acuninata_subsp ATGTTCTTCARAC CARG-~CTGTCH TGCARTTGTTTGAGAGTARGTCARTA--CTCAT TAGGGGAGAC
Zingiber_officinale. RTGITCTT CTGTCARTGEC IIIILHILLHHIIhLHHIIhIIIn

TARTARTCRGGATATCAATT

CARG:
RAsparagus_officinali CTBTRCTTCARTTGCCAGCGAGAGARATGGTTGTGRTEGTAGARGETACCGAC T
HEEEHHGCHTTEHIEETTHTEHEHHTEEHHHTTEHH

C
Ananas_conosus_FTlik GTATACTTCAACTGCCAARGAGAGAGCGGTTGCGGTGETAGARGGTTTTAAG: EHETCHHTTGHCG—
Cattleya_trianae_FT ATGTACTTCARCTGC

Haxillaria_aurea_FT ACATACTTTARC ITrrr TTGA
Hasdevalia_wendlandi ATGTACTTTARCTGCL Tnnnntccnrccnc ATGTATAR
Phalaenopsis_equestr GTGTATTTCARTTGTCAGAGAGARCATGGTTETGGTGECAGAAGETARA
Elleanthus_auranticu GTGTATTTCARTTGTCAGAGAGAGCATGETTGTGGTGECAGARGETTECTCG-~EGGCGARCTEA
Hasdevallia_coccinea GIGTACTTCARTTGCCAGAGAGARCATGGTTGTGETGECCGARGGTTCCTCG--GGGCARACTEA
Hiltoniopsis_roezlii GITTATTTCARTTGTCAGAGAGARCATGGTTGTGGTGETAGARGGTTCCTCG-~GEGCAGACTGA

Tolunnia_hybrid_FT GITTATTTCARTTGTCAGAGAGARCACGGTTGTGGTGETAGARGGTTCCTCG--GGGCAGACTGA
Coffea_eugenoides_FT GTTTACTTCARTTGCCAGAGECAGAGTGGCAGTGGCGECAGAAGGACATAR
Coffea_arabica HD3AL GTTTACTTCARTTGCCAGAGGCAGAGTGGCAGTGGCGECAGAAGGACATAR
Coffea_eugenoides_HD GTTTACTTCARTTGCCAGAGGCAGAGTGGCAGTGGCGECAGAAGGACATAR
Durio_zibethinus_HD3 GITTATTTCARCTGCCAGAGGGAGAGTGGGTCCGGTGECCGARGGCGAGARTGA
Solanun_stenototun_H GTTTACTTCARTTGCCATAGGGAGAGTGGTACTGGAGGACGTCGCGCATAR
Solanun_tuberosun_cu GTTTACTTCARTTGCCATAGEGAGAGTGGTACTGGAGEACGTCGCGCATAR
Vigna_unbellata_HD3A GTCTATTTCAACTGTCARCGTGARAATGGTTEGGGTGEARGAAGEGCATAGAR
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Phalaenopsis_anabili —~AAGTTTGTACARARAARGCA--GGC T---GCATGGATATGAATAGAGAGAC-——GGACACATTARTTGTTGGARGAGTGATAGGAGATATACTTGATCCCTTCACARGARGGG TTTCTCTCAGAGTT
Arabidopsis_thaliana

Hrachls_hupvﬁaea_FI

_Ficifoli
Hevea_hraslllensls H
Hevea_brasiliensis_F
Phalaaenopsis_equest
Dendrobiun_catenatun

nale. -TTGCICRRCTTCRRICCERGTCCCECRRCCCRTCRRI---CRRTCR GTCGAGAGACCCGCTCGTGGTTGGCAACATTGTTGGEGATGTCTTGGACCCGTTTGTCAGGTCAGCCTCACTTAGGGTG
ﬂsParaEus_folclnall GTTACTCAARRATG TCARGGGATCCTCTTGTTGTGGGTAATGTTGTTGGTGACGTATTGGATCCATTTCGCARGTCAGCTTCATTAAGGATA
Ananas_conosus_FT1ik --—-- IHHEHHTTEITIGITHEETTHHTITHTHEEEIHEHHETHTEEEHHEEEEEHEGEHIEEﬂTTHETGIIEEET[HHEIHHTHEETENIEITTTHEHEEEIITTETTHHEIEHE[HHEHHTECEEHTH
Cattleya_trianae_FT ATGTCGAGEGATCCACTRGTTGTCGGTAGGGTCGTCOGTEATATCCTGEACCCTTTCATARAGACGGCGTCCATGARCATG
Haxillaria_aurea_FT HTETEEHEEEHIEEEETTETIEITEETHEEHTTEIEEETEHIEIETTHEHETEEITEHTHHEEIEEEEETEHHTEHEEETE
Hasdevalia_uendlandi AGATCCGCTAGTTGTTI GGACCCTTTCATAAGAACGGCGTCARTGARTGTT
Phalaenopsis_equestr TTEEHETHETTIEETHEINTTETHETEEITHTTEHHEEEHRTEHTE“TEEHIEGRREEEﬂIEEHETTETEEIEGEEEHEETGEIﬂﬁETERTEIE[IﬁEﬂTEEHITTETTﬂEHIEHGEH“TETTERGGGTE
Elleanthus_auranticu ATGATGCATGGAAGGGATCCGCTTGTGL TCGGGCAGGTGETAGGTGACGTGCTGGATCCTTTCRTTAGATCTGCARTGTTGAGGGTG
Hasdevallia_coccinea ATGATGCATGGAAGGGATCCACTTGTGL TCGGGCAGGTGETAGGTGATGTGCTGGATCCTTTCATTAGATCTGCARTGTTGAGGGTG
Hiltoniopsis_roezlii ATGATGCATGGARGEGATCCGCTTGTGL TCGGGCAGG TGETAGGTGATGTGTTGGATCCTTTCATTAGATCCGCARTGTTGAGGETG
Tolunnia_hybrid_FT ATGATGCATGGAAGGGATCCGCTTGTGATCGGGCAGETGGTAGGTGATGTGTTGGATCCTTTCATTRGATCCGCARTGTTGAGGETG
Coffea_eugenoides_FT ATGCCTAGTGGTGGAGACCCTCTAGAGG T TEGACGTETGATCGGEGACGTTTTGGACCCCT TCACARGGTCCATARGCCT TAGAGTG
Coffea_arabica_HD3AL ATGCCTAGTGGTGGAGACCCTCTAGAGG T TEGACGTGTGATCGGEGACGTTTTGGACCCCT TCACARGGTCCATARGCCT TAGAGTG
Coffea_eugenoides_HD ATGCCTAGTGGTGGAGACCCTCTAGAGG T TEGACGTGTGATCGGEGACGTTTTGGACCCCT TCACARGGTCCATARGCCT TAGAGTG
Durio_zibethinus_HD3 ATGCCTAGAGACAGAGATCCCCTGGTTGTTGGTAGRGTTATAGGEGATGTTTTGGACTCTT TTACARGGTCTATTTCTCTCAGGRTG
Solanun_stenototun_H ---CCTAGCATATAGTCATARTATARTATATARRCTTTATATTATCATGCCTAGRGTTGATCCATTGATAGTTGGTCGTGTGATAGGTGATGTTTTAGATCCATTCACTRGGTCTGTTGATCTTAGAGTT
Solanun_tuberosun_cu ATGCCTAGAGTTGATCCATTGATAGTTGGTCGTGTGATAGGTEATGTTTTAGATCCATTCACTAGETCCGCTGATCTTAGAGTT
Vigna_unbellata_HD3A E1EE[[TTETHRTTEEREGTRTHR1REERERREITTTEERTEEHTTTR[ERET1ETETERETETERGRETR
Co at.a..a.t.g.ag.GALCC.cT gt gTEGh. oo «tTgGAteC. TTea,  Aggtl.ge. a. .cTeAgeGTe

Fig. 2. Sequence Alignment of P. amabilis FT gene with FT from various plants.

data alignment shows conserved nucleotide part among F7T gene are highlighted with
red color, few conserved regions in this alignment showed with blue color. A suspected
conserved nucleotide sequences pattern is observed on sequence 189 to 695 with several
minor variations. Figure 2 shows pattern that is suspected to be a conservative nucleotide
part. As for the pattern formed from the nucleotide sequence to 189 to 695. Several gaps
showed in this alignment. Some of them are caused by the absence of a suitable nucleotide
arrangement in Fig. 2 with other sequences. Variations at the nucleotide level have the
potential to cause changes in the makeup of amino acids. A more in-depth analysis was
carried out using DNA SP [13], to find out the polymorphism contained in the aligned
sequences.

Figure 3 shows sequences processed in DNASP software to determine the position
and location of the polymorphism. The nucleotide sample used as a reference for poly-
morphism analysis is P. amabilis. These polymorphism data show the many differences
between nucleotide sequences in P. amabilis and other plants. This is because in this
analysis different plant DNA sequences are used starting from the class taxon level,
so that the polymorphisms found are very numerous. The similarity in the sequence is
marked by a period, while there is a difference in the sequence, characterized by the
different writing contained in the sample below. There are 283 polymorphism points in
the data, with a total mutations number of 517 points.
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Nucleotide numbers

'Arabidopsis thaliana'
'P.equestris FTlike'
'P.equestris Hd3alike'
'Cattleya trianae'
'Dendrobium catenatum'
'Elleanthus auranticus'
'Masdevallia coccinea'
'Masdevalia wendlandian
'Maxillaria aurea'
'Miltoniopsis roezlii'
'Tolumnia hybrid'
'Ananas comosus'
'Arachis hypogaea'
'Asparagus officinale’
'C.eugenoides FTlike'
'C.arabica Hd3a'
'C.eugenoides Hd3alike'
'Chenopodium ficifolium
'Durio zibethinus'
'H.brasiliensis Hd3a'
'H.brasiliensis FT1'
'Musa acuminata’'
'Solanum stenototum'
'Solanum tuberosum'
'Vigna umbellata'
'Zingiber officinale’

Nucleotide numbers

'Phalaenopsis amabilis'
'Arabidopsis thaliana'
'P.equestris FTlike'
'P.equestris Hd3alike'
'Cattleya trianae'’
'Dendrobium catenatum'
'Elleanthus auranticus'
'Masdevallia coccinea'

'Masdevalia wendlandian'

'Maxillaria aurea'
'Miltoniopsis roezlii'
'"Tolumnia hybrid'
'Ananas comosus'
'Arachis hypogaea'
'Asparagus officinale’
'C.eugenoides FTlike'
'C.arabica Hd3a'
'C.eugenoides HDA3like'

'Chenopodium ficifolium'T.CT.

'Durio zibethinus'
'H.brasiliensis Hd3a'
'H.brasiliensis FT1'
'Musa acuminata'
'Solanum stenototum'
'Solanum tuberosum’'
'Vigna umbellata’
'Zingiber officinale'’
Number of polymorphic

Total number of mutations,

(segregating) sites, S:

33333333333333333333333333333333333333333333
00111111222223333333344444444555556666667777
79123589014570345678901235789145670346790124
'Phalaenopsis amabilis' CTAAATCAACCCTTTGCCGAGCTCATATCCTTCGACGAGCGTCA

3333333333333344444444
7778888999999900000011
5781478013456901258912
CTTCCAAAGGGCCCTCCTAAAA
.ACTTG.G..AGT..G.A....
T.CTTG...ACATT.GT.C...
..... G.G.AAAT..GTAC...
..C..G.G.AAATT.GTAT...
....... G.AAATT.GTAT...
T.CTTG....CATT.GT.C...
..CT.G...ACATT.GT.CC..
..... G.G.AAATT.GT.T
T...
...ACATT.GT.T...
...ACA.T.GT.T
. T...
.T.C.T..G..CGTT.GT....
.GC...AATT.GT.T...
G.GC.AGT.AGTCC...
= G.GC.AGT.AGTCC. ..
.CT.G.GC.AGT.AGTCC...
G.G...GA...T.....
G.G..AGTG....CC..
GC.AGT.A..G....
GC.AGT.A..G....
. .G..AATA.GT.....
.CT.T.G..AGTTA.TA.CTC
..CT.T.G..AGTTA.TA.CTC
T.C.T.CT.AAATT.GG.....
T..C....G..AATA.GTA...

DO

283

Eta: 517

.C.G.C....T.CG...T...A..TC....CCTTCG.C.A..TT
......... TAAG....A.CAG.TTC...TA...TT...A..G
G.C...T.AACC..AC..T.TTC.C..C...GG.T..ACG.
.G.C...T.AAC. .AAC..GCATC.C.TGC.A.G.T..A.G.
..... C...TGAAC...AC.ATATTCGC.TGC.A.G.T..A.G.
..... C...TAAGC...A.CAG.TTC...TA.T.TT...A..G
..... C...TA.G....A.CAG.TTC...TA...TT...A..G
'.A.GGGT..TTAACCT.AC..T.ATC.C.T.C.A.G.T..A.G.
...G.CTTGT.AACGA.AC..T.ATC.C.TGC.A.G.T. .ACA.
..... C...TAAA....A.CAG.TTC.C.TA..ATT...A..T.
..... C...TAAA....A.CAG.TTC...TA..ATT...A..T.
.C.G.C...TGAGCCT.A.CAT.TT..... A...G.AC....A.
eeeCutnan T.AA....TTGCAAT..G-.TC.-- TT.C.A..T
.A.G.C...T.AAC...A.CA..TT..C.GAC.ATT.T..C.G.
.C.G....G..AGC...T..... GTC...AC.T.TT...A..T
.C.G....G..AGC...T..... GTC...AC.T.TT...A..T.
.C.G....G..AGC...T..... GTC..TAC.T.TT...A..T.
'.C.. ...TAAC...T..AG..TC.C..C.T.CT.TT.....
G....... AAC...T..... TTC...TA.T.GG.T.T..T.
(¢ JA TAAC...T..... TTC...TA...GG.C.T..T.
Govouns TAAC...T..... TTC...TA...GG.C.T..T.
AA C..G.AAG....A.CAG.TTC.C.AGGATTA.T.GA.GT
.......... AAAC...T.....TTC TA.T.TT T..T.
.......... AAAC...T.....TTC...TA.T.TT...T..T.
Covennnn AA....T..AG.TTC.C.TA.TAGT.C.T....

Fig. 3. Polymorphism analysis of nucleotide sequences using DNASP Software
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Exon 1 Exon 2
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HOHNRE FOTLIVGRVIGDILOPF TRRYSLRVSYGSKY- VSNGIEFKPSAYYEQPRVKYGGNDLR T 1 [ LYAVUPUHPS
AETK-~TSKTETINTEKPPYCSRSKHSINILOPLIVSRYVGDYL DPFHRSITL KVTYGOR - YTNGLDLRPSQVQNKPRVETGGEDL QrvTLvnvuanPS
KORDRHP--FSYTRSOLKORDRHPFPTHPRAPPLOPL TYGRYIGDVL DPFSRTYHL RVSYHHR )- VHHGCEFRPSQYYNQPRYETGGDDLLFYTL YHYDPDAPS
TPYHYLYLLIVRKHPSDEDPLAIGRYIGDVLOPFARSISLOQYTYHSROI YTHGCELKPSQIVNQPRYHVGGDDLLETFYTLYHYDPDAPS
KSHIPOAPHNIYTHACHSL-~NSTHORY TPYHYLYLLIVRKHPSDIOPLAIGRYIGDYL DPFARSISLQYTYHSRE YTHGCEL KPSOTYNOPRYHYGGODLL [FYTLYRYDPDAPS

firachis_hypogaea_F T LHRTTKERYRSYLLIFLFTLITSYIANKKQNONTRHASSROY(DPLLVGGI TGDYLHPF TSSYSLKVLIHHR - THNGCEL RPSHYVHRPRITIGGEDLI: FYTL VHYDADAPS
Phalaaenopsis_equest. LIKYSTAELETSYVEHSI nTLVVﬁRVUGDIVDPFVKSRSNHVI\‘HHK‘ \'THESELKPSNJRREPR'JEIEE\’DI!C'H\’TLVNIDPDRPS
Dendrobiun_catenatun FLFGLALLSHKLFFYSSFTHSIOPL THG: I CYYTLYHIDPDAPS
fAsparagus_of ficinali CYSKHSLOPLYYGHYYGDVLDPFRKSASL RTI\‘MHK TunsEl KPSHYHMNEPRYETAGROTI"LYTL YHIDPDAPS
Husa_acuninata_subsp LPSTSSALYTOLPRSSLLLHSTHSEDAL ! TTYN-K=- LTHGSEL! XL
Zingiber_officinale. IGITTIKPLLLHFHP-SPATHQSINSEDPLYYGNIVGDVLOPFYRSASLRYIYHGK - LTHGSELKPSAYANQPRYEHRGROSI YYTLVHVDPDSPS
Ananas_conosus_FT1ik FIFTNSLOGSFGHYLLHHOTSLYTTLCLNLATTHPRGIDPLVLGAYTGOVLDPFYKSATARTTYDNK - LTHGTGLRTSAYSSAPRYETEGTOQIKLY TLYHVDPDAPS
Cattleya_trianae_FT HSEOPLYVGRYYGDYLDPFIKTASHNYIYHNK 1+ YTNGSELKPSHYAREPHVKIEGYDYS | YYTLYHIDPDAPS
Hasdevalia_wendlandi HSEDPLYYGSYVGDYLOPFIRTASHNYI YNNKE- ITTHGSELKPSHYAREPRYEIEGYDINTYYTL YHIDPDAPS
Haxillaria_aurea.FT HSEDPLYYGRIYGDYLDSFIRSASHSYIYHHKK: VTHESELKPSNJHREPRJ[IEEEI]HI YYTLYHIDLDAPS
Phalaenopsis_equestr  LTNVYATVTOCEHKVDAMNHF SHYTYVILOPFTALSTKLINSTSLYLFCLLKPTHHHGE DPLYLGQYVVGDYLDPFVRSANL RVVYHNK: GLROSAYYNPPRYEVDGEDE(TLYTLYHVDPDAPS
Elleanthus_auranticu HHHGIDPLYLGOVYGDVLDPFYRSAHLRYYFNHK TMETGLm 1SAYHHPPRYETGGDGE( LYTL YHYDPDAPS

HHHGEDPL YLGQYYGDYLDPFIRSAHL RVHYDHK - ITHGTGL RQSAYYNPPRTETGGEDE( uL\’TLVN‘r’DPDRPS
HHHGIDPLYLGOYYGOVLDPFIRSAHLRYHYDNK -+ ITHGTRLKQSAYYNPPTYEIGGGDEI
nmml nPLVIﬁ VVEDVLI]PFIRSIINLRVN\‘I]HK = TTHGTRLKQSAYYNPPTVETGGGDE( L\'TLvnannnPs

_eugenoides.| PFTRSISLRVIYGGR -1 VISGSEL

Riellalaaynet] HPSBU L EVERY 160V OP TRATL RV VG0R A VTSGaE]

Coffea_eugenoides_HD HPSGYOPLEVGRYIGDYL DPF TRSISLRVIYGGR- VISGSEL

Durio_zibethinus_HD3 HPRDI|DPLYVGRVIGDYL DSFTRSISLRVIFGTR-1 YNNGCEL KPSQYVT

Solanun_stenototun_H RKANTLAYSHNTIYKL YTTHPR!DPLTVGRYTGDYLDPFTRSYDLRVSYANK 1 VHNRCYL

Solanun_tuberosun_cu LRYYYHNK - YHNACYL

Vigna_unbellata_HD3A RIKGKKRRME o JGPLVIGRTTGEVL P TSSYSL RYVYENGE VINGCEL kPod

Consensus  Exon 2 Exon3....Exon 4 n...rfloLuvGie! | GDYLOPE .rsasic L. Znok. . #tne. el koS. .. .Prie!
131 140 150 160 170 180 190 200 210 220 230 240 250 20

Phalaenopsis_anabili” PSDPOLREYLHHLYTDIPATTTTTFGREIVCYESPRPS\GTHRFVFVLFHOLGROTVYAPGHRONFNTRDFAELNI PVAAYYFHCQREAGSGGRI l]l'lISNELEFYHﬂLFSHHRLFVkVFE\’HVFW
Arabidopsis_thaliana PSHPHLREYLHHLYTDIPATTGTTFGHEIVCYENPSPT JGTHRYVF ILFROLGROTYYAPGHRONFNTREFAELYHUELPYARYF YHCORESGCGGRREMAS—--~SFITHYCILDLCIYSILIPFYDTS
icifoli PSHPNLREYLHMLYTDIPGSTGASFGQETVCYENPRPA BGIHRFIF YL FROLGROT LPYASYYFNC
PSDPHLREYLHHLYTDIPATTGTSFGOEYYCYESPAPS IGTHRFYF TL FROLGROT YFI TKHG--PFLOGYLNCTSKL SOYFSTTFDLT
T PSOPHLREYLHHLYTDIPATTGTSFGOEYVCYESPAPS §GIHRFVFILFROLGROT YF| IKHG--PFLOGYLNCISKLSQYFSTTFDLL
Arachis_hypogaea_FT PSHPFLREYLHHIYTDIPATTNTTFGKEVHFYESPPN JGIHRFIVYLFKOLGROT NNSLAPYARYYFNCO TKNEYLNNYFSLS
Phalaaenopsis_equest  PSHPTKRELLLHLYTDIPETTTTSFGHNEVVSYESPHPT JGTHRIVFILFROSYQOTT 05 0 i YFHCQ YA-SGHSL-YRLNCOEGAPNGLRRYDSSTCL
Dendrobiun_catenatun PSHPTHREHLLHLYTDTQETT TJGIHRIVFVLFKOSIRQTT' ! {'YA-SGHTIFLHLNEEECTQYTVLQSKACTCL
RAsparagus_of ficinali PSHPTKREHLHHLYTDIPETTHTSFGHEIVSYESPOPT JGIHRFYFYLFRO TVRUIIFHPEHRHHFHTRDFHHL P YFHCQ GSG) CTYEYLIIRISISFGLESYIS
Musa_acuninata_subsp PSHPTKREYLHHL umTPETTNnTvrunvstSPRPT FROSYR( QRE QLFESKSILIRGOLHHSHA--KS
Zingiber_officinale_ PSHPTKREYLHHLYTDIPETSHATYGHEIVAYESPRPT 5 0 HPIATYSRGHKGGPTAAHON
Ananas_conosus_FTlik PSNPTYREVLHIlLUSDIPERBDHSFGHEIVFYESPGPS JGTHRIVFYLFHOEVROT YHLISSPYTAYYFHCO GLHRAIL
Cattleya_trianae_FT PCHPTKRELLLHLYTDIPETSTASYGHEYVSYESPHPT JGTHRIVFVLFROSYQOTT 0 q
Hasdevalia_wendlandi PSHPTKRELLLHLYTDIPERSTTSYGHEVVSYESPHPT JGIHRIVFYLFROSYR IL\’ﬁl'l.uk JEFNTRDFSOL YHUIPPYAAMYFHCO FKIHPHIRHY
Haxillaria_aurea_FT PSNPTERELLIJlL‘JIDIPESTTRHHENEWSYESPNPI THRTAF YL FROSVR TROLTOL YHUSPPYAAT YFNCQ ASGHT
Phalaenopsis_equestr PTHPANREYLH 'EPHDAT QPQJGIHRIAFYLFROEIQQTYYAI N ARY iSPYARYYFHCORE
Elleanthus_auranticu PTMPHHREVLHIIL GIHRTYFVLFROETQQT NUGLPYARYYFNCO LGAN
Hasdevallia_coccinea PTHPYNREYLHHL ar YYEGPRPO FROETQOA YFI LGAN
Hiltoniopsis_roezlii PTHPYHREYLHHL 0 FROEIQOT YFHCO LGAD
Tolunnia_hybrid_FT PTHPYNREYLHHL' 1007 LGAD
Coffea_eugenoides_FT  PSDPHLREYLYHLYTDIPATTGPLFGREIVCYESPRPS JGTHRLIFYLFROLGROTYYAPGHRONFSTROF l][LVN ELPVHIIV\‘I HC
Coffea_arabica_HD3AL PSDPNLREYLYHLYTDIPATTGPLFGREIVCYESPRPS §GTHRLIFY¥L FROLGROT LPVAAYYFNC
Coffea_eugencides_HD PSDPHLREYLYHLYTDIPATTGPLFGREIVCYESPRPS §GIHRLIFYLFROLGROIYVYAPGHRONFSTRI un.n.YN ELrVnm’rHﬂ
Durio_zibethinus_HD3 PSDPHLREYLHHLYTDIPATTGTSFGOEIVCYESPRPS FROLGRAT LPYARYYFNC
Solanun_stenototun_H PSDPNLREYLHHLYTDIPATTNTSFGHEVVCYENPTPT JGTHRFILAL FROSRRI N ELrvnnvrr
Solanun_tuberosun_cu PSHPDLREYLHHLYTDTPTTTHTSFGHEYVCYENPKPT EIHR\‘VLVLFRuLRREWYnPﬁHR'HFHTRDFRELVN SLPYAAYYFNCHRESGTGGRRA
Vigna_unbellata HD3A PSOPSFKEYLHHLYTHIPATTAANFGHEILEYESPRPT IHRIVLVLFRﬂLnKu JFAEYYHUGLPYARY YFHCQRENGHGGI
Tonsensus _PssP, ,RELNMLYTOTP L., ,5%GnE 1V, YE 5P, P AGEHR, vF L0 v 8t ! ZaPGURGNENTRDFa ., Y R PVARYYFHCOR , GeGGRB

[l PEBP region [l Motif 1 Motif2 [l Motif 3 Motif 4 Motif 5

Fig. 4. Amino acid sequences Alignment of FT protein from P. amabilis and other plants

3.2 Protein Motifs Analysis of FT Gene in Plants

The PaFT Protein sequence analysis show conservative amino acid. Below protein motifs
analysis show conserved region on plant. Highly conserved amino acid showed with red
colors, others in blue color, and non-conserved amino acid showed with black colors.

Figure 4 shows comparison between P. amabilis protein and reference shows the
presence of a conserve motif, namely the PEBP (Phosphatidylethanolamine Binding-
Protein) region. Black lines show PEBP superfamily region, red line show exon number
1, orange line show exon number 2, violet line show exon number 3, then green line
show exon number 4. There are 5 motifs found based on MEME-suite protein alignment
motifs discovery, colored in red, sea blue, purple, green, and yellow.

Figure 4 shows there are several gaps formed in the alignment above, indicating
the presence of some amino acid that are not present in some of the sequences above.
Differences in the arrangement of amino acids affect the function of proteins.

Figure 5 shows the presence of several patterns of protein arrangement in each protein
sequence with the FT protein and its homologous. Using tools from the MEME suite, it
was found that there were 9 protein motifs that compiled the FT protein sequence. Of the
9 motifs present in the FT protein sequence and other homologous protein, it was found
that there is similarity in protein regions between the member of Orchidaceae family
and other plant families. There are 6 high conserved motifs discovered in the protein
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Name p-value Protein Motifs
1 Phalaenopsis amabilis FT 3.21e-140
2 Arachis hypogaea FT 7.04e-116 A ] —
3 Elleanthus_auranticus FT 2.33e-148 [T T ——
4 Masdevallia coccinea FT 2.75e-145 [ T [ ——
5 Miltoniopsis_roezlii_FT 4.95e-147 I ) ———
6  Tolumnia_hybrid_FT 3.52e-147 AT T ——
7 Masdevalia_wendlandiana_FT 8.72e-144 [E ] T ——
8 Cattleya trianae FT 1.78e-145 IR T
9 Coffea eugenoides FTlike 6.78e-142 T T —
10 Coffea_arabica_HD3Alike 6.78e-142 T T ——
11 Coffea_eugenoides_HD3Alike 6.78e-142 [T T ——
12 Asparagus_officinalis 1.74e-151 T T ——
13 Vigna_umbellata_HD3Alike 5.7%e-127 T T —m—
14 Durio_zibethinus_HD3A 2.50e-151 | Il ] ] ——
15 Solanum_tuberosum_cult.Kufri_FT 1.28e-143 T I ——
16 Solanum_stenototum_ HD3Alike 8.25e-143 | — — |
17 Zingiber_officinale_FTlike 4.63e-141 [T [T —
18 Phalaenopsis_equestris_FTlike 1.57e-148 T T ——
19 Ananas_comosus_FTlike 1.16e-134 T T —
20 Maxillaria_aurea_FT 2.17e-143 [ ] ———
21 Dendrobium_catenatum_FT 1.05e-148 T T ——
22 Phalaaenopsis_equestris_ HD3Alike 7.94e-151 AT T ———
23 Hevea_brasiliensis_HD3A 6.80e-205 M T
24 Hevea_brasiliensis_FT1 4.87e-205 I [ ] e I
25 Arabidopsis thaliana FT 2.35e-153
26 Chenopodium_ficifolium_FTlikel 5.08e-161
27 Musa acuminata subsp.malaccensis FTlike 1.54e-164 O T —— 1

Motif Symbol Motif Consensus

GIHARIVFVLERQ LGRQTVYAPGWRQNFNELYNL
| TLVMVDPDAPSPSNPTLREYLHWLVTDI BETTGASFGNEVVCYESPRP
DPLVVGRVVGDVLDPFTRSASLRVIYNNK
GLPVAAVYFNCQRESGCGGRR]
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FLQGVLNCISKLSQYFSTTFDLIKEIKKK

HYLVLLIVRKMPSD
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VRNOORWN =
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Fig. 5. FT Protein motifs in P. amabilis and its homologous gene in various plants, by MEME-
suites

alignment and its function, i.e. GIHR, TRDF, YTLVMYV, DPDAP, DIP and GGRR shown
in Table 1.

The conserved amino acid arrangement motif found in the alignment of sequences
is divided into several functions, including meristem determinancy, regulation of flower
development, and anion binding activity. Some of the important functions of this amino
acid arrangement are closely related to the function of proteins encoded by the FT
flowering gene in plants, which are found in the PEBP Superfamily conserved region
[21].

Table 2 shows physico-chemical data, from the highest Arachis hypogaea_FT (294),
Zingiber officinale_FTlike (285), Hevea brasiliensis_Hd3a (281), Dendrobium catena-
tum_FT (278), Arabidopsis thaliana_FT (276) with an average length value of protein
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Table 2. Comparison of protein motifs from FT protein and its homologs in plants

519

No. Motifs Function References

1 MMHGRDPLV Meristem determinancy Nakamura et al. [10]
2 VVGDVLDPF Meristem determinancy Nakamura et al. [10]
3 LKVTY Meristem determinancy Nakamura et al. [10]
4 REV Regulation of flower development Watanabe et al. [20]
5 YTLVMV Meristem determinancy Nakamura et al. [10]
6 DPDAP Anion binding activity Zhang et al. [21]

7 DIP Meristem determinancy Nakamura et al. [10]
8 GNEIV Meristem determinancy Nakamura et al. [10]
9 GIHR Anion binding activity Zhang et al. [21]

Table 3. Physico-chemical characteristic of FT protein and its homologous in plants

Protein
Phalaenopsis amabilis_FT
Arabidopsis thaliana_FT
Phalaenopsis equestris_FTlike
Phalaenopsis equestris_Hd3alike
Cattleya trianae_FT
Dendrobium catenatum_FT
Elleanthus auranticus_FT
Masdevallia coccinea_FT
Masdevalia wendlandiana_FT
Maxillaria aurea_FT
Miltoniopsis roezlii_FT
Tolumnia hybrid_FT
Ananas comosus_FTlike
Arachis hypogaea_FT
Asparagus officinalis FTlike
Coffea eugenoides_FTlike
Coffea arabica_Hd3alike
Coffea eugenoides_Hd3alike
Chenopodium ficifolium_FT1like
Durio zibethinus_Hd3a
Hevea brasiliensis_Hd3a
Hevea brasiliensis_FT1

AA MW P Ins Al GRAVY Loc

208 237732 864 4421 80,91
276 317666 9,17 49,08 83,95
227 25501,1 577 40,3 90,93
266 296439 8,51 47,93 87,14
178 198134 6,72 42,86 75,51
278 317415 7,68 51,2 90,07
178 19883,6 592 41,49 80,96
178  20014,7 532 49,77 80,45
178 198155 568 42,14 81,52
178 19960,6 6,73 49,2 82,08
178 198155 568 42,14 81,52
178 19964,7 547 49,26 81,52
247 275543 6,47 37,14 90,32
294  33669,8 9,33 37,76 91,43
243 27687,0 9,15 42,44 88,97
174 19401,1 6,58 52,17 88,39
174 19401,1 6,58 52,17 88,39
174 19401,1 658 52,17 88,39
264 305049 9,66 44,64 80
175 197775 6,73 4589 83,94
281 322956 9,51 5402 953
252 28590,9 9,41 51,18 8579

Musaacuminatasubsp.malaccensis_FTlike 267 30461,9 9,17 39,42 79,89

Solanum stenototum_Hd3alike
Solanum tuberosum_cult.Kufri_FT
Vigna umbellata_Hd3alike
Zingiber officinale_FTlike

192 21940,1 8,81 49,92 90,78
173 19693,5 7,75 41,37 85,49
180  20531,7 9,94 49,98 90,89
285 319528 9,35 42,92 88,25

-0,14 nucleus
-0,329  nucleus
-0,111  nucleus
-0,104  nucleus
-0,321  nucleus
-0,047  nucleus
-0,234  nucleus
-0,279  nucleus
-0,231  nucleus
-0,301  nucleus
-0,231  nucleus
-0,239  nucleus
-0,126  nucleus
-0,085  nucleus
0,002 nucleus
-0,14 nucleus
-0,14 nucleus

-0,14 nucleus
-0,362  nucleus
-0,25 nucleus
-0,14 nucleus

-0,255  nucleus
-0,133  nucleus
-0,243  nucleus
-0,309  nucleus
-0,303  nucleus
-0,076  nucleus 0 0

OO0 0000000000000 O0DO0ODO0ODO0ODO0DO0ODO0ODO0O0OOOO
OO0 0000000000000 O0ODO0ODO0ODO0ODO0ODO0ODO0OO0ODO0OOOO

(%]
o
—
ac

Description: Peptide length (AA), protein molecular weight (MW) in kDa, isoelectric point (IP), instability index (Ins), aliphatic index (AlI), grand

average of hydropathy (GRAVY), localization (Loc), signal Peptide (SP), transmembrane domain (TMD).

sequences of 217.6 sequences. P. amabilis has FT protein with 207 amino acid con-
tains. It is below the average value protein sequence length (217.6 aa) Likewise with the
results obtained from the molecule weight. P. amabilis FT protein has molecular weight
of 23773,2 kDa. Its below average Molecular weight value (24613,23). All sequence

were located in nucleus.
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Fig. 6. Flowering Time Protein Structure in plants. Some flowering time protein: FT, FT1, FT-
like, FT1-like, Hd3a, Hd3a-like Protein have similar structures related to folding configuration of
protein.

Fig. 7. a) FT, b) Hd3a protein 3D structures, c) Predicted GA3 position on FT protein

3.3 Protein Structure Analysis of FT Protein in Plants

To understand the similarities and differences in the structure of ft protein arrangement
in plants, a 2D analysis of protein sequences was carried out using SOPMA software.
From these results, it can be known what kind of arrangement and folding of proteins
occurs in each FT protein sequence in plants.

Figure 6 shows two dimensional protein structure of P. amabilis, A. thaliana, P.
equestris, C. trianae, D. catenatum, E. auranticus, Masdevallia coccinea, Masdevallia
wenlandiana, Maxillaria aurea, Miltoniopsis roezlii, T. hybrid, Ananas comosus, Arachis
hypogaea, Asparagus officinalis, Coffea eugenoides, Coffea arabica, Chenopodium fici-
folium, Durio zibethinus, H. brasiliensis, Musa acuminata, S. stenototum, S. tuberosum,
V. umbellata, Z. officinale.

There are two main structures in FT protein and its homologs, i.e. Alpha helix and
Beta-turn. Alpha helix protein is red color, then Beta-turn protein structure is blue color.
Another structure consisted in protein structure is random coil, in violet color. P. amabilis
tends to have enormous amount of random coil structure than Alpha-helix and Beta-turn
structures.

Figure 7 shows three dimensional protein structures of FT and Hd3a. FT and Hd3a
have big similarity of sequence motif and structure. The main difference located in
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68 ooe Cattleya trianae FT
% |0,02 5 nL; Masdevalia wendlandiana FT
s.p1 - Phalaaenopsis equestris HD3Alike
99,01 0,06
Maxillaria aurea FT

8 0,08 0,10 ]
o Dendrobium catenatum FT
3

Asparagus officinalis FTlike

o

0,07
4&9|I Musa acuminata subsp.malaccensis FTlike
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Miltoniopsis roezlii FT
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Vigna umbellata HD3Alike

5 Solanum stenototum HD3Alike
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Fig. 8. Phylogenetic analysis of FT gene protein sequences

sequence length and its motif. FT protein has active binding site with GA3, showed
in Fig. 7c and 7d, that GA3 binds in position with FT protein with binding affinity
-7.9 kcal/mol.

Figure 8 shows phylogenetic tree protein sequence data. It also shows clade dif-
ferences between plant species. The two largest clades are divided from Orchidaceae
family and other family. P. amabilis sequence included in the clade of Orchidaceae fam-
ily, closest to P. equestris FTlike protein. With genetic distance of 0,01. There is far
genetic distance compared with A. thaliana, and other plant families, above 0,01 genetic
distance.

4 Conclusion

Flowering Time Gene of P. amabilis has a specific amino acid sequence that difference to
other higher plants, namely PEBP-region, such as meristem determinacy, regulation of
flower development, and anion binding activity function. Based on phylogenetic trees, P.
amabilis has close genetic distance with other orchid species. Based on two dimensional
protein structure analysis, P. amabilis FT has huge amount of random coils motifs in its
protein sequence. Based on three dimensional protein structures analysis, P. amabilis FT
has close similarity with Hd3a Protein. FT with GA3 ligands has -7,9 mol/kcal binding
affinity.

Acknowledgments. This research was supported by Universitas Gadjah Mada RTA (Rekognisi
Tugas Akhir) 2022, Contract No: 3550/UN.1.P.IIL.Dit-Lit/PT.01.05/2022.



522 L. S. Prasojo et al.

Authors’ Contributions. ES designed the work. ISP and NPAEOS experimented, NR collect
data, FYK and MDL Correct the paper. All authors read and approved the final manuscript.

References

1. Alrich and Higgins.2014. Phalaenopsis amabilis (Linnaeus) Blume.Bijdragen tot de Flora
van Nederlandsch Indie.7(24): 7-10

2. Corpet, F.1998.Multiple Sequence Alignment with Hierarchical Clustering.Nucl. Acids Res.
16(22): 10881-10890

3. Dallakyan, S and Olson, A.J.2015.Small-Molecule Library Screening by Docking with
PyRx.Methods Mol Biol.(1263):243-50

4. Gasteiger E., Hoogland C., Gattiker A., Duvaud S., Wilkins M.R., Appel R.D., Bairoch
A.2005.Protein Identification and Analysis Tools on the EXPASy Server; (In) John M. Walker
(ed): The Proteomics Protocols Handbook, Humana Press: 571-607

5. Goddard, T.D., Huang, C.C., Meng, E.C., Pettersen, E.F., Couch, G.S., Morris, J.H., Ferrin,
T.E. UCSF ChimeraX: Meeting modern challenges in visualization and analysis.Protein Sci
(1):14-25

6. Horton P, Park KJ, Obayashi T, Fujita N, Harada H, AdamsCollier.2007. Protein Local-
ization Predictor. Nucleic Acids Research.;35(suppl_2):W585-7. https://doi.org/10.1093/nar/
gkm?259

7. Jang, S., Choi, S.C., Li, H., An, G. Schmelzer, E.2015.Functional Characterization of Pha-
laenopsis aphrodite Flowering Genes PaFT1 and PaFD. PLoS ONE 10(8). https://doi.org/10.
1371/journal.pone.0134987

8. Mercuriani, I. S., Purwantoro, A., Moeljopawiro, S., & Semiarti, E. (n.d.). Insertion
of a Flowering gene, PaFT, into Phalaenopsis amabilis orchid using Agrobacterium tume-
faciens. 6.

9. Morris, G. M., Huey, R., Lindstrom, W., Sanner, M. F,, Belew, R. K., Goodsell, D. S.
and Olson, A. J.2009. Autodock4 and AutoDockTools4: automated docking with selective
receptor flexibility. Computational Chemistry 2009, (16): 2785-91.

10. Nakamura Y, Lin Y C, Watanabe S, Liu YC, Katsuyama K, Kanehara K, Inaba K.
High Resolution Crystal Structure of Arabidopsis FLOWERING LOCUS T Illuminates its
Phospolipid-Binding Site in Flowering.iSience, (21) 577-586

11. Ningrum, E . C., Rosyidi, I. N., Puspasari, R. R., & Semiarti, E. 2017. Perkembangan Awal
Protocorm Anggrek Phalaenopsis amabilis secara In Vitro setelah Penambahan Zat Pen-
gatur Tumbuh a-Naphtaleneacetic Acid dan Thidiazuron. Biosfera, 34(1):9. https://doi.org/
10.20884/1.mib.2017.34.1.393

12. Pettersen, E.F., Goddard, T.D., Huang,C.C., Meng, E.C., Couch, G.S., Croll, T.I., Morris,
J.H., Ferrin, T.E. 2021. UCSF ChimeraX: Structure visualization for researchers, educators,
and developers. Protein Sci (1):14-25

13. Rozas, J., Mata, A. F., Sanchez-DelBarrio, J. C., Guiaro-Rico, S., Librado, P., Ramos Onsins,
S. E., Sanchez-Gracia, A.2017.DnaSP 6: DNA Sequence Polymorphism Analysis of Large
Data Sets.Molecular Biology and Evolution 34(12): 3299-3302 https://doi.org/10.1093/mol
bev/msx248

14. Schrédinger, L. & DeLano, W., 2020. PyMOL, Available at: http://www.pymol.org/pymol

15. Semiarti, E., Indrianto, A., Purwantoro, A., Isminingsih, S., Suseno, N., Ishikawa, T., Yosh-
ioka, Y., Machida, Y., & Machida, C. 2007. Agrobacterium- mediated transformation of the
wild orchid species Phalaenopsis amabilis. Plant Biotechnology, 24(3): 265-272. https://doi.
org/10.5511/plantbiotechnology.24.265.


https://doi.org/10.1093/nar/gkm259
https://doi.org/10.1371/journal.pone.0134987
https://doi.org/10.20884/1.mib.2017.34.1.393
https://doi.org/10.1093/molbev/msx248
http://www.pymol.org/pymol
https://doi.org/10.5511/plantbiotechnology.24.265

17.

19.

20.

21.

In Silico Analysis of the PaFT Gene Function 523

. Semiarti, E., Mercuriani, 1. S., Rizal, R., Slamet, A., Utami, B. S., Bestari, I. A., Aziz-

Purwantoro, Moeljopawiro, S., Jang, S., Machida, Y., & Machida, C. 2015. Overexpression
of PaFT gene in the wild orchid Phalaenopsis amabilis (L.) Blume. 090005. https://doi.org/
10.1063/1.4930750

Tamura, K., Stecher, G., and Kumar, S.2021.MEGA 11: Molecular Evolutionary Genetics
Analysis Version 11.Mol. Biol. Evol.38(7) doi:https://doi.org/10.1093/molbev/msab120

. Timothy L. B., James, J., Charles E. G., William, S. N.2015.The MEME Suite”, Nucleic Acids

Research, 43(W1):W39-W49

Tongerlo, V. E., Leperen, V. M., Dieleman, J. A., Marcelis, L. F. M.2021. Vegetative Traits
Can Predict Flowering Quality in Phalaenopsis Orchids Despite Large Genotypic Variation in
Response to Light and Temperature.PLoS ONE 16(5) https://doi.org/10.1371/journal.pone.
0251405

Watanabe S, Nakamura Y, Kanehara K, Inaba K.2019.Crystal structure of FT condition 3.
https://doi.org/10.2210/pdb6igh/pdb

Zhang, M., Li, P, Yan, X., Wang, J., Cheng, T., and Zhang, Q.2021. Genome-wide charac-
terization of PEBP family genes in nine Rosaceae tree species and their expression analysis
in P. mume.BMC Ecol Evo 21(32) https://doi.org/10.1186/s12862-021-01762-4

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative

Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://doi.org/10.1063/1.4930750
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1371/journal.pone.0251405
https://doi.org/10.2210/pdb6igh/pdb
https://doi.org/10.1186/s12862-021-01762-4
http://creativecommons.org/licenses/by-nc/4.0/

	In Silico Analysis of the Phalaemopsis amabilis FLOWERING TIME (PaFT) Gene Function
	1 Introduction
	2 Methods
	3 Results and Discussions
	3.1 Polymorphism Analysis of FT Gene in Plants
	3.2 Protein Motifs Analysis of FT Gene in Plants
	3.3 Protein Structure Analysis of FT Protein in Plants

	4 Conclusion
	References




