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The complete coding sequences (CDS) of “Yunnan Purple Pepper No.1” (Capsicum annuum L.) CHS
and F3H genes were amplified using the reverse transcriptase polymerase chain reaction based on the
conserved sequence information of some Solanaceae plants and known highly homologous pepper
ESTs. The nucleotide sequences analysis of these two genes revealed that pepper CHS gene encodes a
protein of 402 amino acids that has high homology with the CHS-like protein of six species: Nicotiana
tabacum (92%), Rhododendron simsii (91%), Petunia x hybrida (91%), Solanum tuberosum (90%), Vitis
vinifera (90%) and Camellia chekiangoleosa (92%). Sequence analysis of the second gene revealed that
the pepper F3H encodes a protein of 365 amino acids that has high homology with the proteins of eight
species: N. tabacum (89%), Petunia x hybrida (88%), S. tuberosum (87%), Solanum lycopersicum (88%),
Litchi chinensis (82%), Actinidia chinensis (81%), Citrus maxima (81%) and V. vinifera (82%). The tissue
expression analysis indicated that the pepper CHS gene was over-expressed in pericarp, moderately in
stem and flower, weakly in leaf and placenta, and hardly expressed in root and seed. The pepper F3H
gene was over-expressed in pericarp; weakly in leaf, flower and seed, and hardly expressed in root,
stem and placenta. Our experiment established the primary foundation for further research on these
two pepper genes.
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INTRODUCTION

The chalcone synthase (CHS) is an important enzyme in
anthocyanidins biosynthesis. It catalyzes the first

1999; Suh et al., 2000; Jez and Noel,
Niesbach-Klosgen et al., 1987; Koes et al., 1989).

2000;

committed step of the condensation of one molecule of
4-coumaroyl-COA with three molecules of malonyl-COA
to form naringenin chalcone. Naringenin chalcone is the
central intermediate to give flavonoids (Holton and
Cornish, 1995; Schréder, 1997; Shirley, 2002), which are
important for the pigmentation of flowers and other parts
of plants. Several CHS cDNA and genomic clones have
been isolated from a number of plant species, and the
structure and reaction mechanism of higher plant CHSs
proteins have been extensively studied (Ferrer et al.,
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Flavanone 3-hydroxylase (F3H) is one of the ‘key’
enzymes acting at the bifurcation of the anthocyanin and
flavonols branches, which catalyzes the stereospecific
hydroxylation of (2S) -eriodictyol and (2S)-naringenin to
form (2R, 3R)-dihydroquercetin and (2R,
3R)-dihydrokaempferol,  respectively  (Britsch  and
Grisebach, 1986; Forkmann et al., 1980; Britsch et al.,
1981; Heller and Forkmann, 1993). These
dihydroflavonols serve as intermediates for the
biosynthesis of anthocyanidins (Holton and Cornish,
1995). F3H is  classified as a soluble
2-oxoglutarate-dependent dioxygenase based on its
requirements for 2-oxoglutarate, molecular oxygen,
ferrous iron (Fe®*) and ascorbate. More F3H genes have
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been cloned and characterized from a variety of plant
species, such as Arabidopsis thaliana (Pelletier and
Winkel-Shirley, 1996), Ginkgo biloba (Shen et al., 2006)
Hordeum vulgare (Meldgaard, 1992), Malus sp. (Davies,
1993), Medicago sativa (Charrier et al., 1995), Perilla
frutescenes (Gong et al., 1997) and Zea mays (Deboo et
al., 1995).

Due to the involvement of their products in many
biological processes (ultraviolet radiation protection,
flower coloration, antimicrobial activity, interspecies
interactions, plant defense and medicinal properties), we
decided to isolate the pepper CHS and F3H genes.
“Yunnan Purple Pepper No.1” is a pepper variety with high
content of anthocyanidins, which was selected from a
Yunnan local pepper resources, but the pepper CHS and
F3H genes associated with the biosynthesis
anthocyanidins in that Chinese species have not been
reported yet.

In the present work, we isolated the purple pepper
genes encoding CHS and F3H owing to their high
homology among Solanaceae plant species. We then
analyzed the resulting sequences and established their
tissue expression distribution.

MATERIALS AND METHODS

Samples collection, RNA extraction and first-strand cDNA
synthesis

Yunnan Purple Pepper No.1 was grown in experimental fields of
Yunnan Agricultural University. Fresh tissues (root, stem, leaf, flower,
pericarp, placenta and seed) for RNA isolations were frozen in liquid
nitrogen and stored at -80°C until further use. Total RNA was
extracted using the RNAiso Plus (TaKaRa, Dalian) according to the
manufacturer's instructions. To remove genomic DNA contamination,
total RNA was digested with RNase-free DNase | (TaKaRa, Dalian).
Three micrograms of RNA were reverse transcribed with oligo (dT)s
primer and M-MLV reverse transcriptase (Invitrogen, USA). The
efficiency of reverse transcription was checked on 2% agarose gels
stained with ethidium bromide.

Isolation of the pepper CHS and F3H genes

The real-time polymerase chain reaction (RT-PCR) was performed
to isolate these two pepper genes using the cDNAs from different
tissues above. The primers for pepper CHS and F3H gene isolation
were designed based on the conserved coding sequences
information from some Solanaceae CHS and F3H genes and their
highly homologous pepper ESTs sequences. The primers for
pepper CHS were: 5-CCAGCTAGTTGGTATTTCT-3' and
5'-TAGTCACCCAGTTTATTCG-3' and the primers for pepper F3H
gene were: 5'-ATAGAAATGCCACCTTCAT-3' and
5'-TTAAGCAAGAATTTCCTCAAT-3. RT-PCR was carried out as
previously described (deng et al., 2011). After the PCR, the gene
product was cloned into pMD18-T vector (TaKaRa, Dalian) and
sequenced bidirectionally with the commercial fluorometric method.
At least five independent clones were sequenced.

Bioinformatics analysis

Sequence analysis of pepper CHS and F3H genes were performed

using softwares in NCBI (http://www.ncbi.nim.nih.gov) and ExPaSy
(http://www.expasy.org). The cDNA sequences were predicted using
the GenScan software (http://genes.mit.edu/GENSCAN.html).
Putative protein theoretical molecular weight (Mw) and isoelectric
point (pl) prediction, signal peptide prediction, subcellular
localization prediction and transmembrane topology prediction were
performed using the Compute pl/Mw Tool (http://us.expasy.org/
tools/pi_tool.html), SignalP 3.0 server (http://www.cbs.dtu.dk/
services/SignalP/), PSort Il (http://psort.hgc.jp/), TMHMM-2.0 server
(http://www.cbs.dtu.dk/ services/ TMHMM-2.0/), respectively. The
Blastp program and Conserved Domain Architecture Retrieval Tool
were used to search for similar proteins and conserved domain,
respectively (http://www.ncbi.nim.nih.gov/Blast). The alignment of
the nucleotide sequences and deduced amino acid sequences were
computed using ClusterX, and the phylogenetic trees were
computed using the ClustalX and Mega 4.0 softwares with standard
parameters. Secondary structures of deduced amino acid
sequences were predicted with SOPMA (http://npsa-pbil.ibcp.fr/).
The 3D structures were predicted based on the existing 3D
structures by the amino acids homology modeling on swiss server
(http://swissmodel.expasy.org/).

Semi-quantitative RT-PCR

Semi-quantitative RT-PCR was performed as previously reported
(Deng et al., 2011). The housekeeping gene Actin was selected as a
positive control. Control primers used were
5-TGCAGGAATCCACGAGACTAC-3' and
5'-TACCACCACTGAGCACAATGTT-3". The primers used were the
same as those used for isolation RT-PCR above.

RESULTS

Cloning and identification of pepper CHS and F3H
cDNA

Using different tissue cDNAs, the RT-PCR products for
the pepper CHS and F3H genes were 1296 and 1104 bp
(Figure 1). These cDNA nucleotide sequences analysis
using the BLAST software at NCBI server revealed that
pepper CHS and F3H genes were not homologous to any
of the known pepper genes and they were then deposited
into the GenBank database (Accession No. JN808444
and JN808445). The sequences prediction were carried
out using the GenScan software and results showed that
the 1209 and 1098 bp cDNA sequence represent two
single genes which encoded 402 and 365 amino acids,
respectively. The complete coding sequences (CDS) and
the encoded amino acids are presented in Figures 2 and
3.

Physical and chemical characteristics of pepper CHS
and F3H

The theoretical pl and Mw of pepper CHS and F3H,
computed using the Compute pl/Mw Tool, were 5.81, 5.31,
44317 and 41108, respectively. The signal peptide
prediction performed by SignalP 3.0 on the basis of a
combination of several artificial neural networks and
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Figure 1. RT-PCR result for pepper CHS and F3H genes. M, DL2000 DNA marker; 1, PCR
product for pepper CHS gene; 2, PCR product for pepper F3H gene.

ATGGTGACCGTGGAGGAGGTTCGAAGGGAACAACGECGCAAAGGGACCAGCCACCATCATGGCCATTGGCACGGCGACTCCTTCAAACTGT
Mm v T WV EEWUVURIRETQUROAKGPATTIMHKHATITGTATWP S HCE
GTTGATCAAGCCACCTATCCTGATTATTACTTTCGAATCACTAATAGCGAACATATGACTGAGCTTAAGGAARAATTTCAACGCATGTGT
v 0o aAaTY P DY Y FRITHSEMHMWWTETLIEKEIEKTFQRMHWTE
GATARATCAATGATTAAGAAGAGGTATATGCATTTAACAGAAGAAATTCTTARAGAAAATCCTAATATTTGTGAATATATGGCTCCTTET
0K 5 M I K KR Y HMHLTETETILEKEHNWPMHNNTITZGCGEY HaAa P 3
CTTGATGCTAGGCAAGATATAGTGGTGGTTGARATTCCAAAACTTGGCAAAGAAGCAGCCARAAAGGCTATTAAAGARTGGGGCCAGCCE
L bA R QDI VU U ETWPIEKILIUGIEKEMOAMAIEKIU LKOATIZHKEWWG QP
ARATCGARGATTACCCATTTGGTGTTTTGCACTACTAGTGGTGTGGACATGCCCGGGGCTGACTACCAGCTCACTAAGCTTCTTGGEETT
K 5 K I T HLUWFCTTZSGEWYVDPPHWKPGAD Y L TEILILTGEGIL
CGACCCTCAGTCAAACGACTCATGATGTACCAACAAGGTTGETTTGCTGGTGGAACCGTTATCCGACTAGCAAAAGACTTGGCTGARAARC
R P 5 UK RLMWMWMHMHY Q@ 0 6 CF a 6 6 T U I R L A KDL A E H
ARCAAGGGAGCTCGAGTCCTTGTTGTTTGCTCTGAAATAACTGCAGTTACTTTCCGTGGCCCAAGTGATACACACTTAGATAGTATGGTT
H K6 A R VL YU C S5 ETITaAWWYWTFRGPSDTHLUD S HU
GGACAAGCACTCTTTGGTGATGGGGCAGCCGCACTCATTGTAGGTTCAGATCCATTACCAGAGGTTGARAQGCCTTTGTTTGAGCTTGTT
G 0 A L F &G D G A A ALTIT VGG S DPLPEUETZRUPILTFETL U
TCTGCGGCCCAARACTCTTCTCCCTGATAGCGAAGGCGCTATAGATGGTCACCTTCGTGAAGTTGGGCTAACATTTCACTTACTCAAAGAT
s A AOQ0 TLLOPD S EG A I D GG HLREWUUWGLTFHILTLIEKD
GTTCCTGGATTGATCTCAAAGAATATCGAGAAGAGTTTGATAGAAGCATTCCAACCATTGGGGATTTCTGATTGGAACTCTATCTTCTG
v P 6 L I 5 KN T EIHK S LI EnAR@ FQ P LG T S DD WHNZSISTIF U
ATCGCTCACCCTGGCGGGCCAGCAATCCTCGACCAAGTTGAATTARAGTTGGGCCTAAAGCTCGARAAACTTCGAGCTACTAGGCAAGTC
I A HP GG PFPAT L DOWWEILIEKILGLUHKILEIEKTLURMOATRIOQU
TTGAGTGACTATGGAAACATGTCTAGTGETTGTGTTCTATTCATTTTGGATGAAATGAGAAAGGCCTCAGCCAAAGAAGGACTTAATACT
L § DY G H M S 5 A C VL F I L DEM®MWMWRIEKOAS A KETIGLHT
ACTGGTGAAGGCCTTGATTGGGGTGTGCTTTTCGGATTTGGGCCTGGGCTTACAGTTGAGACTGTTGTACTCCATAGTGTCTCTACTAAT
T 6 E &G L D W6GUWUYVL FG F G P G L T U ET U UL H S U S TNH
CTCGAGCACCCTAGGGTGCAAGAGAARAGAGTTCGAATAA
L EH PRV OQEUEKEFE .

Figure 2. The complete cDNA sequence and amino acid sequence of the protein encoded by CHS (GenBank accession number:
JN808444).

hidden Markov models revealed that pepper CHS and transmembrane topology prediction made by the TMHMM
F3H did not contain a potential signal peptide with 0.7 and program showed that pepper CHS and F3H were not
0.3% probability, respectively (Bendtsen et al., 2004). potential membrane proteins (Moller et al., 2001). For
Using a hidden Markov model algorithm, a subcellular localization analysis, the amino acid
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ATGCCACCTTCATCCCTAACGTCTCTGGCGAACGAAACTACCGTTCCAACAAGTTTCATTAGGGATGAACAAGAGCGTTCTAAAGTGGET
m P P 3 5 L T S L A HKHETTUPTS3S FTIBRDETDQ@ETER S K U A
TACAACAACTTCAGTGATGACATTCCAGTCATATCGTTGAAGGATATTGATGAGATTGGAACAAGAGGTGAAATATGTGAARARATTGTA
Y HF S DODI PV I S L KDTITDETIUGTWRTIGETT CEIEKTI U
GAGGCATGCGAAGATTGGGGCATTTTCCAGGTAGTTGATCATGGEGTAGACCCACARTTAATCTCACAAATGACAARATTTGCTAAAGAR
E A C ED W& I FQ UUDHGEWDPQJQLTI 3 0 HHTEKF A K E
TTCTTCGCGTTGCCCTCTGAGGAARAGCTTCGATTTGACATGTCCGGEGGTAAGARAGGTGGTTTCATAGTCTCTAGCCATCTTCAGGGT
F FaAaLP SIS EEIHKLU RTFUDM®K S G 6 K KGGEG& F I U S5 5 HL QG
GAAGTGGTCCAAGATTEGCGTGAARTAGTGACCTATTTCTCATACCCAATTCGAGCTAGAGATTACTCTAGATGGCCAGACAAAGCECAG
E vy qQgobDWRETIWVT Y F S Y PTITRAMAMERTDY S B WP D KP H
GGATGGATAGCTGTAACTGAGAAGTACAGTGAAAAGTTAATGGAGTTGGCTTGCARATTATTAGAAGTACTATCAGAAGCAATEGGTTTG
G w I A U TEWI K Y 5 E KL MHWWELATCIE KL LEWUUL S E A MG L
GAGAAGGAGGCCTTAACCAAGGCATGTGTGGATATGGACCAARAAGTTGTTGTCARTTTTTACCCAAAGTGTCCACAGCCTGATCTTACE
E K EaAa L T K a ¢ VvV DD HWHDJg KU UHNFY P KTCPIOQJQPDLT
CTTGGGTTGAAAAGGCACACTGATCCTGGAACCATCACCCTCTTGTTACAAGACCAAGTTGGTGGTCTTCAAGCCACTAAAGATAATGEE
L 6 L KR KR TODP G T I TLILL QD Q@D GE 6L Qg ATHKDMHGEG
AAAACTTGGATCACGGTTAAGCCCATTGAAGGCGCTTTTGTTGTTAATCTTGGTGATCATGGTCATTATTTGAGCAACGGGAGETTCAAG
K T w I T WUVUKUPTIETIGAF U UHNILIGUDHGEGH Y L 5 HG R F K
AACGCTGATCATCAAGCAGTGGTGAACTCGAATAGCAGCAGATTATCGATAGCCACATTTCAGAATCCAGCACCGGAGGCARTAGTGTAT
H A D H Q0 A U U NS HS5S S ARL S I aTFQHPAFPEOAMTI UV Y
CCATTAAAAATACGAGAAGGAGAGAAGGCAGTAATGGATGAGCCCATTACATTTGCAGARATGTATAGGAGGAAAATGAGTAAGGATETT
P L K I R EGEHKaAUHWMNDE®PTTF A EMHWNWY R RHKMH®MS KDL
GAGGCTGCTAGATTCAAAAAGCTGGCCAAGGAGCAGCAGATACAAGCTGAARGAGGTTGCCGAARAAGGCCAAGTTGGAATCCATGCCCATT
E A A R F K KL A K EQ QI g A EEWU A EHKnaIE KILES HPI
GAGGAATTCCTTGCTTAA
E E F L A .

Figure 3. The complete cDNA sequence and amino acid sequence of the protein encoded by F3H (GenBank accession number:

JN808445).

sequences were submitted to the PSORT program, and
Reinhardt’'s method showed that pepper CHS and F3H
were probably located in the cytoplasm with upto 45 and
73.9% probability, respectively (Nakai et al., 1999).

Prediction and analysis of structures and conserved
domains of pepper CHS and F3H

Proteins often contained several domains, each with their
own evolutionary origins and functions. Examination using
the Conserved Domain Architecture Retrieval Tool of
BLAST at the NCBI server
(http://www.ncbi.nlm.nih.gov/BLAST)  indicated  that
pepper CHS and F3H contained one separated
conserved domain-CHS-like and PLNO3176 superfamily,
respectively.

The prediction of secondary structure by SOPMA
indicates that the deduced pepper CHS protein consisted
of 45.02% alpha helix, 15.67% extended strands, 6.72%
beta turn and 32.59% random coils and pepper F3H
protein consisted of 37.81% alpha helix, 15.07% extended
strands, 5.48% beta turn and 41.64% random coils.

Homology modeling

To better understand the detailed structures of pepper

CHS and F3H, homology modeling of CHS and F3H were
performed to estimate their 3D structures, which were
similar to that of the alfalfa CHS (1bi5A, Single chain) and
A. thaliana PLN03176 superfamily (1gp6A, single chain).
The 3D structures analysis may provide the basis for
further study of the relationship between structure and
function of these genes from pepper and other species.

Analysis of sequence identity and evolutionary
relationships of pepper CHS and F3H

The deduced protein sequences of pepper CHS and F3H
were submitted to generate BLAST reciprocal best hits,
and similarity comparison revealed that pepper CHS
protein has high homology with the CHS proteins of six
other species: Nicotiana tabacum (92%), Rhododendron
simsii  (91%), Petunia x hybrida (91%), Solanum
tuberosum (90%), Vitis vinifera (90%) and Camellia
chekiangoleosa (92%) (Figure 4). The pepper F3H has
high homology with the proteins of other eight species: N.
tabacum (89%), Petunia x hybrida (88%), S. tuberosum
(87%), Solanum lycopersicum (88%), Litchi chinensis
(82%), Actinidia chinensis (81%), Citrus maxima (81%)
and V. vinifera (82%) (Figure 5).

To evaluate the evolutionary relationships of pepper
CHS and F3H with other species, we constructed a
phylogenetic tree using DNAstar, Cluster, Mega and
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MV TWVEEFRFAQCAEGPATVMAIGTATE SNCVDOSTYFDYYF EITNSEHEVELEEKFKRMC 60
MV TVEEYREKAQRAEGPATVMAIGTATP TNCVDOS TY PDYYFRITNSEHKETD LK EKEKRMC 60
MVTVE OYREAQRABGPATILAIG TS TESNCVDOSTYPDYYF RITNIEHKTELKE EKFKRMC 60
MV TWVEEVRREQRAKGPATIMATIGTATE SNCVDOATYFDYYF EITNSEHMTELE EKF ORMC 60
MV TVEEVRRAQRAEGPATVMAIGTATE PNCVDOSTYPDYYF RITNSEHKTELK EKE QRMC 60
MV TVE DVRFAQRAEGPATVMATIGTATESNCVDOSTYPDEYFRITNSEHERELE EKF oFMC 60
MV TV HNEVRIAQRAEGPATVMAIGTATE FNCVDOSTYFDYYF RITNSEHEKTELEEKFKEMC 60
EKSMIEKERYMHLTEEILKENPNICAYMAPSLDARQDDIVVVEVPELGE ERAACKA TKENGOE 120
EKSMIKERYMHLTEEILKENPSMCEYMAPSLDARQDIVVVEVPELGK EARCKA IKENGQP 120
DESMIKERYMHLTEEILKENPNMCAYMAPSLDARDDIVVVEVPELGE ERACKEA TEENGQE 120
DESMIEKERYMHLTEEILKENPNICEYMAPSLDARQDIVVVE IPKLGK ERAKEA TKENGOE 120
Camellia chekiangofeo sa DESMIKERYMY LTEEILKENFNY CAYMAP SLDARQDMVVVEVPKLGK ERRTKA IKENGQP 120
DESMIKERYMYLTEEILKENPIVCEYMAPSLDARDDMVVVEVEPELGE EAATEA TKENGQE 120
DESMIEKERYMHLTEEILKENPNVCEYMAA SLDARDDMVVVEVEPELGK EAALKA TKENGOE 120
KSKITHLVFCTTSGVDMPGCDYQLTKLLGLEESVERFMMYQOQOGCFAGGTVLEMAKDLARN 180
KSKITHLFFCTTSGVDMPGCDYQLTKLLGLRESVERLMMYQOQGCFAGGTVLRLAKDLAEN 1B0
ESKITHLVFCTTSGVDMPGCDYQLAKLLGLREE SVERLMMYQOGCFAGGTVLELAKDLAEN 1E0
KSKITHLVECTTSGVODMPGADYQLTKLLGLREESVERLMMYQOGCFAGGTVIELAKDLARN 1B0
KSKITHLVECTTSGVDMPGADYQLTKLLGLRESVERLMMYQOQGCFAGGTVLRLAKDLAEN 1B0
ESKITHLVFCTTSGVDMPGADYQLTELLGLREE SVERLMMYQOGCFAGGTVLELAKDLAEN 1B0
KSKITHLVECTTSGVDMPGADYQLTKLLGLEESVERFMMYQOGCFAGGTVLELAKDLARN 1B0
NEGARVILVVCS EITAVTFRGPND THLDSLVGOALF GDGARAVIIGSD PIFEVERPLEELV 240
NEGARVIVVCS EITAVTERGEND THLDSLVGOALFGDGAGAITIGSD PTPGVERPLEELV =240
HEGARVLVWVCE EITAVTEFRGEPIE SHLD S LVGOALF GDGAAA TTMGED FI IGVEREPLEELW 240
NEGARVILVVCS EITAVTFRGESDTHLDSMVGOALF GDGARALIVGSD PLPFEVERPLEELV 240
NEGARVIVVCS EITAVTERGESDAHLDSLVGOALE GDGARA TIVGSD PTPEVE K PLEELV =240
HEGARVLVWVCE EITAVTEFRGEID THLD S LVGOALF GDGAAA T IVGEGAD EVPEVEK PELEELW 240
NEGARVIVVCS EITAVTFRGESDTHLDSLVGOALF GDGARAVIVGID PIPGVEK FMEELV 240
SAROTLLPDSEGRIDGHLREVGLTFHLLEDVPGLISKNIEK SLVEAF QPLGIS DHUNSLEW 300
SAAOTLLPDSHGAIDGHLREVGL TEHLLEDVEGLISKNIEK SLEEAF KPLGISDWNSLEW 300
SAAOTLVPDSEGATDGHLREVGL TFHLLEDVEGLISENIEKSLLEAF QPLGISDWNSLEW 300
SAROTLLPDSEGRIDGHLREVGLTFHLLEDVPGLISKNIEK SLIEAF QPLGIS DUNSIEW 300
SAROTILPDSDGAIDGHLREVGL TEHLLEDVEGLISKNVEK SLNEAF QPLINITDWNSLE W 300
SAAOTILPDSDGAIDGHLREVGL TFHLLEDVEGLISENIEKALTEAF QPLGISDWNSIFW 300
SAROTILPDSDGRAIDGHLREVGLTFHLLEDVPGLISKNIEK SLNEAF QPLGIKDUNSIEW 300
ITAHPGGPATILDOVELKLGLECEKLKATREVLS MYGNMS SACVLFILDEMRKASAKEGLGT 360
TAHPGGPAILDOVE TKLGLE PEKLXATRNVLSDYGNMS SACVLFILDEMRKAS AKEGLGT 360
IAHPGGFATLD QVELELGLEOCEELRATREVLSNYGNMS SACVLF ILDEVEKAS THEGLGT 360
IAHPGGPAILDOVELKLGLELEKLRATROVLSDYGNMS SACVLFILDEMRKASAKEGLNT 360
TAHPGGPATILDOVELKLALK PEKLRATRHVLSEYGNMS SACVLE ILDEMEK 3 SAKEGLET 260
IAHPGGFATLD QVELEL SLEPEELRATREHVLISEYGNMS SACVLF ILDEMEEESAEEGLET 360
IAHPGGPAILDOVEEKLALKPEKLRS TRHVLSEYGNMS SACVLFILDEMREK SAEEGLK T 360
TGEGLEWGVLE GEGPGL TVETWVY LHSVAT 3B9
TGEGLEWGVLE GEGPGL TVETVWVLHS VAT 3B9
TGEGLEWGVLE GFGPGL TVETVV LHS VAT 380
TGEGL DNGVLE GEGPGL TVETVY LHS VS TNLEHPRVQEKEE 401
TGEGLEWGVLE GFGPGLTVETVWVLHSLST 389
TGEGLEWGVLE GFGPGL TVETVVLHSLCT 380
TGEGLEWGVLE GEGPGLTVETVYLHSVST 389

Vitis vinifera

Figure 4. Alignment of the protein encoded by the pepper CHS and six other types of CHS from N. tabacum (AAK49457), C.
chekiangoleosa (ADW11243), S. tuberosum (AEN83501), Petunia x hybrida (CAA32731), R. simsii (CAC88858) and V. vinifera

(XP_002264019).

2393

DNAman softwares on the basis of the CHS and F3H
amino acid sequences, respectively. This analysis
revealed a closer genetic relationship between the pepper
CHS gene and that of N. tabacum, C. chekiangoleosa

than with those of R. simsii, V. vinifera S. tuberosum and
Petunia x hybrida (Figure 6). The pepper F3H gene has a
closer genetic relationship with that of N. tabacum than
with those of Petunia x hybrida, S. lycopersicum, S.
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Citrus maxima MAE . SILTALAAERTIN FSEVRFODER PEVATNE FSNEL VI SLAGIDDVGGE. . . FRAEICK

Litchi chinensis MAL. ATLTALAOEKTINASEVRDEDER BRVAYNEFENET PVISLAGIDEVDGS. . . RRAETICO
Actinidia chinensis MAPTTILTALAEEKTLOS FF VRDEDER PEVAYNVE 8 SEI FVI SLAGIDEVDG. . . RRSEICE
Vitis vinifera MAP. TTLTALACEKTLOSEF VRDEDER BEVAYNDF SNEI EVI SLEGIDEVGG. . . RRDEICR
Solanum lycopersicum TEF IRDEEERPKVAYNKF 8DEI FVI BLOGIDDVNG. . . RRSEICE
Solanum tuberosum MA. STLTALANEKTLQTSF IRDEEERPRVAYNKF SDET FVI SLOGIDDING. . . RRSEICE
Capsicum annuum MeP. 8sLPcLANETTVPTSE TRDEQER s KVAYNNE SDDI VI SLKDIDEIG. . .. TRGEICE
Petunia x hybrida MAP. STLTALAEEKTLOT EF IRDEDER PEVAYNCF SNEIPII SLEGIDDET . . . GKRAEICD
Nicotiana tabacum MAD. STLTALAEERTLOTSF IRDEDER PRVAYNOF SDEI PI ISLKGIDDESGINGRRGEICE
Citrus maxima RIVEACEDWGT FOVVDHGVDAK LT SCMT ELATEE FALPPEEKLEF DMS GEKKGEF TVS SHLO
Litehi chinensis KIVEACEDWGIFOVIDHGVDTKLI SCMT RLAREF FALPPEEKLRF DMS GGERGGF IVSSHLO
Actinidia chinensis EIVEACEDWGIFOVVDHEVDAR LVCEMTRLARDE FALDPEEKLRF DMS CCK KEGF I VS SHLO
Vitis vinifera KIVEACEDWGIFOVVIHGVD SNLISEMTRLAREFFALPPEEKLRF DMS GEKKGGF IV SHLY

Solanum lycopersicumRIVNACEDWGVEQVI DHGVDAQLI ECMT K LAKEF FELPPEERLRF DMSGERRGGE IVS SHLA
Solanum tuberosum  EIVNACEDWGVEQVIDHGADAQLISEMTHLAKEEFELPPOEKLRE DMSGEEEGEEIVE SHLO
Capsicum annuum KIVEACEDWGIFQVVDHGVD POLISCMTRFAREE FALPSEERLRFOMS GEKREGEIVS SHLO
Petunia x hybrida EIVEACEDWGEVE QVVDHEVDAELT §CMT TFAKEE FALDPEEKLRF DMSECKKEGE IV SHLO
Nicotiana tabacum EIVEACEDWGIFQVVDHGVDACLI S CMTT LAKCFFALPPEEKLRFDMSGGKRGGFIVSE SHLO

Citrus maxima GEVVFRDWREIVTYF §YPF 05 RDYSRWPDK PEGWM EVIR EYS DOLMGVACKLLEVL S EAMGLE
Litchi chinensis GEAVQDWRETVTYFSYPMRT RDYSRWPDK POGWI V¥ EYS DRLMGLACKLLEVLS EAMGLE
Actinidia chinensis  GEAVQDWREIVTYFSYPIRARDYSRWEDEEDGWRAVTQAYSENLMGLACKLLEVLS ERMGLE
Vitis vinifera GEAVQDWREIVTYFSYPLRTRDYSRWPDK PEGWR SVIQEYSERLMGLACKLLEVLEEAMILD

Selanum ,I'ygopersjgum GEVVOQDWREIVTYF 8YPTRARDYSRWEDE POGWI GVTE QY SERLMDLACKLLEVLEEAMGLE
Selanum tuberosum GEVVQDWREIVTYF SYPIRARDYSRWEDR POGWIAVIERYSERLMDLACRLLEVLEEAMGLE

Capsicum annuum GEVVODWREIVTYFSYPI RARDYSRIEDK PHGWI AVTEKYSEKLMELACKLLEVLSEAMGLE
Petunia x hybrida GEVVQDWREIVTYF SYETRARDYSRWEDK FEGWIAVTORYSERLMELACKLLDVLSEAMGLE
Nicotiana tabacum GEVVODWREIVTYFSYPIRARDYSRWEDK FEDGWI GVTOKYSERLME LACKLLEVLSEAMGLE
Citrus maxima KEALTKACYDMDOKI VVNYY PRCPOPDLT LGLERHT DEGTI TLLLODOVGEGLOAT KINGKTH
Litchi chinensis KEALTNACYDMDORVYVNYY PRCPOSDLT LGLERHT DEGTI T LLLODQVEGLOAT RDNGETW
Actinidia chinensis KEALTEACIDMDOEVVVNEY PECPOPDLT LGLKRHT DEGTI TLLLODOVEELOAT RDECKTH
Vitis vinifera KDALTHACVDMDOEVVVNEY EOCPQEDLT LGLERHT DEGTI T LLLODQVGEGLOAT RDGGETH

Solanum lycopersicum KEALTRACVDMDQRVVVNEY PKCPE PDLT LGLERHT DEGTITLLLODOVEGLQAT KDNGKTW
Solanum tuberosum  KEALTKACVDMDOKVVVNEY PECPEFDLT LGLKRHTDPGTI TLLLQDQVGGLOAT KINGKTH
Capsicum annuum KEALTFACVOMDOKVVVNEY PECEQPDLT LGLERHTDPGTI T LL LODOVEGLOAT KINGETW
Petunia x hybrida KEALTRACVDMDOEVVVNEY PECEE PDLT LGLEKRHTDPGTT T LL LODOVEGLOAT KDNGETH
Nicotiana tabacum EEALTRACVDMDORVVWVNEY PRCPOPDLTLGLERHTDPGTI TLLLODOVGEGLOAT RINGETH

Citrus maxima ITVQEIEGAFVVNLGDHEHY LENGRFENADHOAVVN SN S SRLETATFON PAPEATVYEPLEIR
Litchi chinensis IO EVDGAR VVNLEDHEHY LENGRFENADHOAVVN SHC BRLETATFQN EAPEAT VY PLKIR
Actinidia chinensis ITVOEVDGAF VWVINLGOHGHY LSNGRFENADHOAVVI SN SRLETATFONEAPEATVYPLATQ
Vitis vinifera ITVOEVEGAF VVWVIHNLGDHGEHY LENGRFENADHOAVVN SNHERLEIATFON PAPEATVYPLEIR

Solanum lycopersicum ITVQPVEGAF VVNLGDHGHY LENGRFKNADHOAVVI SN & SRLETATFON PAPDAKVYPLETR
Solanum tuberosum  ITVQEVEGAEVVILEDHGHY LENGRFENADHQAVVI SN S SRLETATFON PAPDARVYPLEIR
Capsicum annuum ITVE PIEGAFVVNLGDHGHY LSNGRFKNADHQAVVN SN S SRLETATFQN PAPEATI VYPLEIR
Petunia x hybrida ITVQEVEGAF VVINLGDHGHF LENGRFENADHOAVVN SN S SRLETATFONPAPEATVYPLELR
Nicotiana tabacum ITVQEVEGAFVVNLGDHGHE LENGRFENADHOAVVN SN ESRLEIATFONPAPEAIVYDLEIR

Citrus maxima EGEKFVLEEPI PFSEMYRRKMEKDLELARLKKLANE . . . FHQ. DSERAKLOTKEIEEIL
Litchi chinensis EGEKPILEQPITFAEMY RREMSKDLELARLERLAKE. . . Q00CDTERSKLEARFIEEIL
Actinidia chinensis EGEKPVLEEPITFAEMY REKMSKDLELARTKKLAKET(Q. LOECE LERAKLGAKCGVEETF
Vitis vinifera ECERAVLEGEPITFAEMY RRKMSFDLELARLEELAKEQD. 10D, . VERAKLE SKFIDCOIL

Solanum lycopersicum EGEKSIMDERITFADMY RREMEFDLELARLEKLAKEERIQTEEA. . . . KLESKPIEEIL
Solanum tuberosum  EGEEAIMDEPITEAENYREEMEEDLELARLEELAEE. . .QTEEA. ... KLESKEIEEIL

Capsicum annuum EGEEAVMDEPITFAEMY RREMEKDLEAARFEKLAKEQDT QAEEVAERAKLE SMEIEEF L
Petunia x hybrida EGEK:IMDEPITFAEMY RRKMSKDLELARTIKEQAKEQQLOAEVAAEKAKLE SEPTEETL
Nicotiana tabacum EGEKAVMDEPITFAEMY RREMEKDLELARLEKLAKEHOT QAEKAAERARLE TEEIEEIL
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Figure 5. Alignment of the protein encoded by the pepper F3H and eight other types of F3H from Petunia x hybrida
(AAC49929), S. tuberosum (AAM48289), A. chinensis (ACL54955), C. maxima (ADB92595), L. chinensis (ADO95201),

S. lycopersicum (AEK99074), N. tabacum (BAF96938) and V. vinifera (XP_002267640).
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Figure 6. Phylogenetic tree for pepper CHS and F3H genes. a,

tuberosum, C. maxima, L. chinensis, A. chinensis and V.
vinifera (Figure 6).

mRNA tissue-specific expression profile

Semi-quantitative RT-PCR was performed in seven
pepper tissues to determine relative expression levels of
pepper CHS and F3H mRNA. The continuously
expressed gene (Actin), served as an endogenous
reference for determination of targeted mRNA profiles.
Results reveal that pepper CHS gene was
over-expressed in pericarp, moderately in stem and flower,
weakly in leaf and placenta, and hardly expressed in root
and seed. The pepper F3H gene was over-expressed in
pericarp; weakly in leaf, flower and seed, and hardly
expressed in root, stem and placenta (Figure 7).

DISCUSSION

Comparative genomics determines the relationship of
genome structure and function of different species
(Hardison, 2003). Several researchers have shown that

68 Vitis winifera

CHS; b, F3H.

CHS or F3H proteins from different species are highly
conserved (Suh et al., 2000; Davies, 1993; Charrier et al.,
1995; Gong et al., 1997; Deboo et al., 1995). At the same
time, these genes have been characterized at the genetic,
chemical and enzymological levels (Ferrer et al., 1999;
Jez and Noel, 2000; Niesbach-Klosgen et al., 1987; Koes
et al., 1989; Pelletier and Winkel-Shirley, 1996; Shen et
al., 2006; Meldgaard, 1992). However, cloning of CHS
and F3H genes from pepper has not yet been reported.

In this study, pepper CHS and F3H genes were isolated
and characterized. The isolated CHS cDNA is 1209 bp
long and encodes 402 amino acids. Our comparison of its
amino acid sequence showed high homologies (90%) to
N. tabacum, R. simsii, Petunia x hybrida, S. tuberosum, V.
vinifera and C. chekiangoleosa. The F3H cDNA is 1098
bp long, encodes 365 amino acids and has high homology
(more than 81%) with the proteins of eight species: N.
tabacum, Petunia x hybrida, S. tuberosum, S.
lycopersicum, L. chinensis, A. chinensis, C. maxima and V.
vinifera. Our results are in accordance with the results
with A. thaliana (Pelletier and Winkel-Shirley, 1996) and
Pueraria Lobata (Suh et al., 2000). This indicates that
genes on the pathway at the primary steps controlling the
secondary metabolites of anthocyanin biosynthetic
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Figure 7. Tissue expression profile of pepper CHS and F3H genes. 1, root; 2, stem; 3, leaf; 4, flower; 5, pericarp; 6, placenta; 7,
seed. The Actin expression level is used for the internal control. M, DL2000 DNA marker; a, CHS; b, F3H; c, Actin.

pathway are very conservative during the plant evolution.
Gene expression shows that CHS and F3H genes are
expressed  with  tissue  specificity (mostly in
photoautotrophic cells) (Todd and Vodkin, 1996). Our
results suggest that CHS and F3H were obviously
differentially expressed in various tissues (over-expressed
in pericarp, moderately or weakly in leaf and flower). The
plant of Yunnan Purple Pepper No.1 is violet black,
especially the fruit. The CHS and F3H proteins that are
accumulated in pericarp, leaf and flower are in
accordance with anthocyanin accumulation in these
tissues, but the reason why F3H was not checked in stem
is unclear. CHS expressed in seed and F3H expressed in
placenta may have other function(s).

In summary, we firstly isolated pepper CHS and F3H
genes and performed some necessary analysis. Our
results will be extremely important in elucidating the
molecular mechanism of anthocyanidins biosynthesis.
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