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Abstract: Flavanone 3-hydroxylase is a key enzyme in the biosynthetic pathway of plant flavonoids. The putative ¢DNA sequence of
Phaseolus coccineus F3H gene was in silico cloned by using Glycine max F3H gene cDNA sequence (AAU06216.1) as a probe: According to
the putative cDNA, the primers were designed for RT-PCR. The coding sequence of F3H gene in Phaseolus<coccineus cDNA was cloned using
RT-PCR. Then the secondary structure and advanced structure of F3H in Phaseolus coccineus were analyzed by bioinformatics.methods. The

results showed that the cDNA contains an open reading frame of 1128 bp, which encoded the pr
coded by Phaseolus coccineus F3H gene ¢cDNA showed 92% similarity to Glycine max. Its seco
14.93% extended strand, 39.73% random coil and 4.53% pB-turn. The homology analysis ome-di
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.8% a-helix,
showed that the

three-dimensional structure of the protein was a compact globular structure.

: Later, more characteristics of F3H gene in different
1 Introduction . .
species were reported, such as barley, begonia, alfalfa,

Flavanone 3-hydroxylase (F3H; EC 1.14.11.9) is a
key &yme
hydroxylation of C-ring third position hydroxyl catalytic

maize, thale Cress and perilla ! However, the expression

f “flavonoidw.in plants. It catalyzes characteristics of F3H are different in diverse species. In

petunia and snapdragon, regulation of flavonoid

at flavanone to. form two hydrogen flavanols. It was firstly
found in the crude extracts of violet, and its properties
1 Subsequently, F3H

gene was cloned from the petunia and it showed high
[2]

were studied by parsley cell culture

activity by functional expression in Escherichia coli
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biosynthesis pathway of the preliminary step and late
stage is different. For example, F3H gene belongs to the
early gene in petunia, but belongs to the late genes in
antirrhinum. In maize, the flavonoid biosynthesis pathway
is through co-regulation to produce anthocyanin in
organizations, but flavonol F3H gene expression is only
consistent with accumulation of flavonol in anthers. In the
study of alfalfa, F3H is also expressed in the roots and
nodules, but its role is not clear .

Flavonoids have very high application value in the
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medical and health care, Leguminosae and Compositae
plants are rich in flavonoids ). As an important flavonoid
biosynthesis gene, F3H gene of Glycine max had been
cloned, however, it was reported little in other
Leguminous plants, and no report was observed in
Phaseolus coccineus. In this study, with the Glycine max
F3H gene cDNA as probe, the F3H gene of Phaseolus
coccineus was in silico cloned. The F3H cDNA coding
sequence was obtained, the sequence and coding protein
characteristics were investigated, and the three
dimensional structure was constructed by homology
model.

2 Materials and Methods

2.1 BLAST Searching of Phaseolus coccineus EST
Databases

The c¢DNA sequence of Glycine max F3H gene
(GenBank, AAU06216.1) was used as a probe to search
the Phaseolus coccineus expressed sequence tag (EST)
database through the BLAST program for a
homologous clone. The EST sequence of score >100 and
length >100 bps selected from the blast result, were
generated contigs. The longer contig was used as second

probe. The above step was not repeated until the néwly

generated probe could not be elongated. This ppr J

led to a sequence as a putative Phaseolus coccineus
gene cDNA.
2.2 cDNA cloning of F3H gene from Phaseolus
coccineus by RT-PCR

With 1383 bp cDNA sequence in silico-cloned, one
pair of RT-PCR. primers
software. The primers were F3H-F
(5-TCA TQTGGCTCCCACA—?) and F3H-R (5"-
CCTC@C AATAAGGTGGT-3"),
synthesized by Sangon Biotech (Shanghai) Co., Ltd. The
primers corresponding to the RT-PCR with length of

designed using Primer

Premier 5.

which  were

19~1313 bp contained electronic cloning results. Total
RNA was extracted from total Phaseolus coccineus
seedling with age of 15 days using the method of CTAB.
RT-PCR was performed with one cycle of 94 ‘C for 2
min followed by 30 cycles of denaturation (15 s at 94 C),
anneal (30 s at 58 ‘C), and extension (90 s at 62 ‘C) and a
final step of 72 ‘Cfor 5 min. RT-PCR kit was ReverTra -
Plus - (Code No. PCR-501) produced by Toyobo (Dalian,
China). The PCR products were cloned into pGEM -T

recovery easy vector (Promga Company) and were
sequenced by Sangon Biotech (Shanghai) Co., Ltd.
2.3 Bioinformatics analysis of the Phaseolus
coccineus F3H gene

The sequenced Phaseolus coccineus F3H gene
cDNA was analyzed by bioinformatics software. The
cDNA sequence was submitted to open reading frame
software, and to find the start codon and termination
codon position. The protein sequence of F3H gene of
Phaseolus coccineus, Glycine max, Medicago-truncatula,
Ipomoea batatas and Arabidopsis thaliana were
alignmented by multiple sequences alignment software

Clustal Omega to..compare their protein similarity.
Primary structure charagteristics of Phaseolus coccineus
F3H protein and its “Seco ry structu ere analyzed

using onling’ server: The Neighbor-Joining phylogenetic

tree was constructed by Mega 5.05 software.
2.4. The prediction of F3H protein three-dimensional

tructure
The thre&n}ensional structure of the protein was

predicted using Swiss-Model online server, and showed

by/CN3D software.
3 Results

3.1 In silico cloning of Phaseolus coccineus F3H
gene

With the cds of Glycine max F3H mRNA (GenBank,
AAU06216.1) as probe, 10 EST sequences (score >100
and length >100) were found by Blast searching of the
Phaseolus coccineus EST database, in NCBI.

The sequences were selected and saved in a file with
FASTA format. The file was submitted to on-line CAP
software. One contig was obtained by assembling EST
sequences. It was putative Phaseolus coccineus F3H
cDNA.

3.2 \Verification of putative Phaseolus coccineus F3H
cDNAby RT-PCR

With the total ¢cDNA of Phaseolus coccineus
seedling as template, one specific sequence was
amplified by RT-PCR. The length of PCR products was
about 1300 bp through analysis of agarose gel
electrophoresis (Fig.1), which was consistent with what
expected from in silico cloning. The sequencing result
was similar to putative Phaseolus coccineus F3H cDNA.
The results showed Phaseolus coccineus F3H cDNA was
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cloned. Through searching the cDNA sequence for thaliana F3H amino acid sequences, constructed using
potential coding regions by ORF finder, an entire open Clustal Omega program, suggested that Phaseolus
reading frame (ORF) of 375 amino acids was detected coccineus F3H amino acid sequences was very similar to
(Fig.2 and Fig.3). Glycine max. 92% amino acids of F3H in Phaseolus

coccineus and Glycine max were the same (Fig.4).
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Arabidopsis LOGEAVKDWREIVTYFSYPVRNRDYSRWPNKPEGW
Glyeine LG QDWREIVTYFSYPKRERDYSRWPDIPEGW]
Phaseolus LOxC [ODWREIVTYFSYPKRERDY SRWPDIP] 1
Medicago LO}G YKDWREIVTYFSYPIRQRDYSRWPDKPEGWKE EKLMNLACKLLEVLSEA
Ipomoea M(]LI:Kli-.\].TKA‘;’\"DI\(DQK\"\;'\"MI-Y}KCP(.)PDL'I'LGLKRI Ki"[’i"’]"l.LLQDQ\"(‘iGLQATK
Arabidopsis MGLEKESLTNACVDMDOKIVYNY YPKCPOPDLTLGLKRHIDPGTTTLLLODOVGGLOATK
Glycine MOGLEKEGLSKACVDMDOEVVVNY Y PRCPOPDLTLGLK RHIDPGTTTLLLODOYVGGLOATE
. . . Phaseolus MGLEKEALTNACVDMDOKVVVNY Y PKCPOPDLTLGLKRHIDPGTTTLLLODOVGGLOATK
Fig.1 RT-PCR amplification of F3H cDNA from Phaseolus Medicago MGLEKDALTKACVDMDQKVVVNY YPKCPOPDLTLGLKRHIDPGTTTLLLODQVGGLQATK
i i Ipomoea DGGETWTTVOPVDGAFVYNLGDHGHFLSNGRFENADHOAVVNSERSRVSIATFONPAPDA
coccineus Seedllng Arabidopsis DNGRTWTTVOPYVEGAFVYNLGDHGHFLSNGRFENADHOAV VNSNSSELSIATFONPAPDA
Gilycine DNGETWTTVOPVEAAFVVNLGDHAHYLSNGRFKNADHQAVVNSNHSRLSIATFONPAPDA
ote: 1: - roduct; M marker . aseolus DNGETWTTVOPVEGAFVYNLGDHGHFVSNGRFENADHOAVVNSNHSRLSIATFONPAPNA
Note: 1: RT-PCR product; M: DNA marker (DL2000 Phascol
Medicago DNGETWTTVOPVEGAFVVNLGDHGHY LSNGRFEN ADHOQAVVNSNYSRLSIATFONPAPDA
"ACATCAAACTCATTITCACCATCATGGCTCCCACAGCCAAGACCCTCACGTAC Ipomoea TVYPLTVREGDKFIMEEPTTFAENY RRKMSKDLELARLKKFAKEQQOIVKAA :
CTCGCGCAGGAGAAGACCCTGGAATCCAGCTTCGTCAGGGACGAGGACGAG Arabidopsis TVYPLKVREGEKAILEEPTTFAEMYKRKMGRDLELARLKKLAKEERDHKEVA- - - ——- -~
Glyeine P iEKPYMEE! AE MS ] KEKR- | :KHLOQEL
CGCCCCAAGGTTGCCTACAACCAGTTCAGCGACGAGATCCCCGTTATTTCTC phii:)ms TVYPLKIREGEKPYMEEPTTFAEMYRREKMSKDIEIARMKKLAKEKR-LODLE! F:I!I QEL
TCGCCGGAATCGACGACGTCCATGGCCGCAGACAGAGCATTTGCCAGAAAAT Modicago
AGTCCAGGCTTGCGAGGATTGGGGTATTTTTCAGGTTGTTGATCACGGCGTC A Setathdiy
GATCAGAAACTCGTCTCCGAAATGACTCGTCTCGCCACCCAGTTCTTCGCTT Ambidopsis  —— -~~~ KPVDQIFA
TGCCACCTGAGGAGAAGCTTCGCTTCGACATGTCCGGTGGCAAAAAGGGTG Glysine DOKAKLEAKFLKEILA
GCTTCATTGTCTCCAGCCATCTCCAAGGAGAGTCGGTGCAGGACTGGAGAGA sind L Ehs
GATTGTGACATACTTTTCGTACCCGAAGAAAGAAAGGGACTATTCGCGGTGG eeirers
CCGGACACACCAGAAGGGTGGAGAGCGGTGACTGAGGAATACAGTGAGAAG v \ V4 ] ) .
CTGATGGGGCTGGCATGCAAATTGTTGGAAGTGTTGTCTGAGGCAATGGGGT Fig.4 Multi-alignment of Phaseolus coccineus F3H amino acid
TAGAGAAGGAGGCTTTGACCAATGCATGTGTTGATATGGACCAGAAGGTTGT ]
GGTGAACTACTACCCCAAATGCCCTCAACCTGACCTCACACTCGGTCTCAAA sequences with other plant
CGCCACACTGATCCTGGCACCATCACCTTGCTGCTTCAGGACCAAGTCGGAG
GACTTCAGGCCACCAGAGACAATGGTAAAACCTGGATCACTGTTCAGCCTGT Note: The symbols “ * 7, “:” and “ . ” represented

GGAGGGTGCTTTTGTTGTCAATCTTGGCGATCATGGTCACTTTGTGAGCAAT
GGAAGGTTCAAGAATGCTGATCACCAAGCAGTGGTGAACTCGAACCACAGCC » comp]ete]y identica], conservative and semi-conservative amino
GTTTGTCGATAGCCACGTTTCAGAACCCAGCACCAAATGCAACTGTGTACCC

TTTGAAGGTGAGGGAGGGAGAGAAGCCTGTGCTGGAGGAACCCATCACTTT L

TGCTGAAATGTACAAGAAGAAAATGAGCAAGGATCTTGAGATTGCAAGGATG

AAGAAGCTGGCTAAGGAAAAGCAATTGCAGGACCTTGAGAATGAAAGCATT / 33 Secondary structure of Phaseolus coccineus F3H
TGCAAGAACTTGATCAGAAGGCAAAGTTGGAGACCAAGCCTTTGAAGCAAAT

acid residues respectively.

TCTTGCTTAATCAATCTTCAAACATACATAAATAATTATCATTTCCCACTAGTTT protein
GGTGCTTTGTGTTTTTAGTTTGAACTTGTCTTTGAACCCTAGCTATAGGATCC

ACCTGATATCTACATGCAAATAAGTGGCACTGCCTTATTAGTTCCATGATGCTC The secondary structure of Phaseolus coccineus F3H
TATCATTGCACTCACACCACCTTATTTGAGCAGAGGAAATTTAAATGTGTAATT

CATTTTAAAATCACTACTTTGCTAACTAGATTCTCTATATCCAAAAAAAAAA] protein was predicted utilizing online service. The results

Fig.2 The cDN showed that Phaseolus coccineus F3H protein had 40.8%
a-helix, 14.93% extended strand, 39.73% random coil and

than RT-PCR res 4.53% B- turn.

were designed. 3.4 Analysis of Phaseolus coccineus F3H protein

electronic g sequence. The letters with shades of gray are the phylogenetic tree

start codon’of ATG and termination codon of TAA. Sequences of Glycine soja, Clitoria ternatea,
2 B RS e iy Onobrychis viciifolia, Canarium album,  Dimocarpus

141 KERDYSRWPDTPEGWRAVTEEYSEKLMGLACK TINACVDMDQKVVVNY YPKCPOP Iongan’ thChl ChinenSis, Medicago truncatula,

211 DLTLGLKRRHTDPGTITLLLODOVGGLOATRDNGETWIIVOPV VVNLGDHGHFYSNGRFKNADHQAY
28] VNSNHSRLSIATFQNPAPNATVYPLKVRGEKPVLEEPITFAEMYKKKMSKDLEIARMKKLAKEKQLQDL

351 ENEKHLQELDQKAKLETKPLKQILA® Ampelopsis grossedentata, Arabidopsis lyrata, Brassica
Fig.3 The amino sequence encoded by F3H gene of Phaseolus napus, Ipomoea batatas, Malus domestica, and
coccineus Arabidopsis thaliana were downloaded from protein

3.2 Gene Comparison between F3H cDNA and database. And these sequences were stored in a FASTA
other species file including F3H protein sequence of Glycine max,
The alignment of Phaseolus coccineus, Glycine max, Phaseolus coccineus. The Neighbor-Joining phylogenetic

Medicago truncatula, Ipomoea batatas and Arabidopsis tree was constructed with the FASTA file by software
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MEGA 5.05 (Fig.5) . The protein phylogenetic tree
analysis showed Leguminosae plants (Glycine max,
Glycine soja, Clitoria ternatea, Phaseolus coccineus)
were clustered into one branch, and Cruciferae plants

(Arabidopsis thaliana, Brassica napus, Arabidopsis lyrata)

were clustered into one branch. Phaseolus coccineus F3H
protein was closest to Glycine max and Glycine soja. The
genetic relationship between the F3H proteins was
consistent with phylogenetic tree.
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84 60 L—Glycine soja
Phaseolus coccineus
8 Clitoria ternatea
Onobrychis viciifolia
96 Medicago truncatula
Ipomoea batatas
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100 Arabidopsis lyrata
100 Arabidopsis thaliana
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Ampelopsis grossedentata
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Fig.5 Analysis of Phaseolus coccineus F3H protein phylogenetic
tree
3.5 Advanced Structure of Phaseolus coccineus F3H
protein

research. " The three-dimensional structure model of
Phaseolus coccineus F3H protein was predicted by the

Swiss-Model server and homology modeling based on
the available structures. The homologous sequence of
pdblgp6A and pdblw9yA with high homology and
three-dimensional structure were two models. Because
the C terminal of Phaseolus coccineus F3H was poor
homology to Glycine max, and less than ten amino acids,
the template of pdb1w9yA matching 2-342 to Phaseolus
coccineus F3H was selected for homology modeling
(Fig.6). The results were close to the protease real space

AJCACC..T/

conformation.
4 Discussion

4.1 In silico cloning is a method developed in recent
years for functional gene identification by using genome
and EST database ‘.. Compared to the traditional methods,
such as molecular hybridization, screening of genomic or
cDNA library, it is advanced for low cost, high efficiency,
easy operation, etc . With more-and more EST and
genome sequencing data reported, it° would become
possible and feasible to isolate and.identify the functional

genes by in silico cloning ™. Many succ

examples
solutely

4.2 In this/study, we present here in silico cloning and
characterization” of “one flavonoid' biosynthetic genes,
flavanone-3 hydroxylase of Phaseolus coccineus. The
3H transcripts are abundant in Phaseolus coccineus
seeds! In addition, a sequence similar to the Myb-like box
C found in several genes of the
flavonoid pathway "”. And it was thought to be involved
in the regulation of the flavonoid biosynthesis pathway, is
present, in inverse orientation between -1024 and -1016
upstream from the start codon of the Phaseolus coccineus
F3H gene """, Future analysis of Phaseolus coccineus
plants transformed with the F3H promoter-GUS fusions
may demonstrate the involvement of the Myb-like
sequence in the expression of this gene. The structure and
function of Phaseolus coccineus F3H were analyzed and
predicted using bioinformatics methods successfully. The
results revealed that it was a convenient technique for
cloning novel gene by searching EST database with
homologous gene of model living things. To our
knowledge, it was the first report about cloning of
Phaseolus coccineus F3H ¢cDNA with in silico cloning.
This research will provide theory and reference for
flavonoid biosynthesis research in Phaseolus coccineus.
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