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ABSTRACT. The complete coding sequences (CDSs) of “Yunnan
Purple Pepper No.1” (Capsicum annuum L.) AN2 and UPA20
genes were amplified using the reverse transcriptase polymerase
chain reaction on the basis of the conserved sequence information
of some Solanaceae plants and known highly homologous pepper
expressed sequence tags. The nucleotide sequence analysis of these
2 genes revealed that pepper AN2 gene encoded a protein of 263
amino acids that has high homology with the AN2-like protein of
4 species: tobacco, tomato, potato, and petunia. The UPA20 gene
encoded a protein of 341 amino acids that has high homology
with the proteins of 3 species: tobacco, petunia, and tomato. The
tissue expression analysis indicated that the pepper AN2 gene was
overexpressed in the pericarp and placenta; moderately in stems,
flowers, and seeds; and weakly in the roots, leaves, and pericarp.
The pepper UPA20 gene was overexpressed in the flowers and
seeds; moderately expressed in the roots and stems; and weakly
expressed in the leaves and placenta. Our findings might form the
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basis for further research on these 2 pepper genes.

Key words: Gene expression profile; Capsicum annuum L.; AN2,;
UPA20; Bioinformatic analysis

INTRODUCTION

Pepper (Capsicum annuum L.) is a dicotyledonous flowering member of Solanace-
ae, which includes potato, tomato, eggplant, and African eggplants (Hunziker, 2001; Knapp,
2002). This plant has been cultivated in the Yunnan Province of China for many years. The
Yunnan purple pepper No.1 (YNPP1) is special in that the whole plant is violet black, espe-
cially the fruit. Shades ranging from violet to black in C. annuum L. are attributed to antho-
cyanin accumulation.

Anthocyanins are responsible for the purple, blue, and pink coloration of plant
parts and are widely found in plant species. Color of flowers and fruits provided by antho-
cyanins are helpful for attracting pollinators and seed-dispersing animals (Schaefer et al.,
2004; Grotewold, 2006). Anthocyanins are beneficial for plants since they protect them
from various stresses, such as strong sunlight and active oxygen species (Nagata et al.,
2003; Gould, 2004).

The anthocyanin biosynthesis pathway is well understood (Schwinn and Davies,
2004). The activity of enzymes involved in anthocyanin biosynthesis is mainly regulated
by transcription factors at the transcriptional level (Schwinn and Davies, 2004; Koes et al.,
2005).

To determine whether transcription factors regulate anthocyanin biosynthesis in pep-
per, we isolated and characterized the regulatory genes, AN2, and UPA20. Their expression
patterns might provide a foundation for further understanding the biochemical functions of
AN2 and UPA20 in pepper.

MATERIAL AND METHODS
Sample collection

All plants were obtained from the College of Horticulture and Landscape, Yunnan
Agricultural University. Pepper tissues (root, stem, leaf, flower, pericarp, placenta, and seed)
were instantly frozen in liquid nitrogen and stored at -80°C before use.
Total RNA extraction and first-strand cDNA synthesis

Total RNA from pepper was extracted using Trizol (TaKaRa, China), and cDNA was
synthesized using the High Fidelity PrimeScript RT-PCR kit (TaKaRa) according to manufac-
turer protocol.

PCR amplification

PCR was performed to isolate the pepper genes from pooled cDNAs obtained from
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different tissues. Reactions were performed as described previously (Deng et al., 2012; Huo et
al., 2012). The PCR program of the AN2 and UPA20 genes consisted of denaturation at 94°C
for 3 min, followed by 34 cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 2 min, and a final
extension at 72°C for 10 min with 4°C hold.

The mRNA and amino acid sequences for AN2 and UPA20 from various plant species
archived at the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov)
were used to locate conserved regions by using multiple sequence alignment with CLUSTALW
1.8. The following primers were designed: AN2-F: 5'-CAAAGAGCAAGGGACAC-3', AN2-
R: 5'-TTGGGATAGTACGAACAGA-3'; UPA20-F: 5-TGTGACATTCTGAGACCCAT-3',
UPA20-R: 5'-"AAATACTCCCAGCCTTGATA-3'.

Reverse transcriptase (RT)-PCR expression profile

The RT-PCR primers for expression profile analysis of pepper AN2 and UPA20 were
the same as those used for PCR. PCR was optimized to ensure sufficient product intensity
within the linear phase of amplification.

Bioinformatics

PCR amplification was repeated 5 times. Amplification products were cloned into
pMDI18-T (TaKaRa) and bidirectionally sequenced. At least 10 independent clones were
sequenced for each PCR product. Sequencing data were edited and aligned in DNASTAR
(DNAStar Inc., USA). The cDNA sequences were predicted using GenScan (http://genes.mit.
edu/GENSCAN.html).

The theoretical molecular weight (Mw), isoelectric point (pl), amino acid com-
position, atomic composition, extinction coefficients, estimated half-life, instability
index, aliphatic index, and grand average of hydropathicity (GRAVY) of the putative
proteins were predicted using ProtParam (http://web.expasy.org/protparam/). Signal
peptide, subcellular localization, membrane-spanning regions, and PFAM domains were
identified using the SignalP 4.0 server (http://www.cbs.dtu.dk/services/SignalP/), PSort
(http://psort.hgc.jp/), TMpred (http://www.ch.embnet.org/software/TMPRED_form.
html), and SMART (http://smart.embl-heidelberg.de), respectively. The Blastp program
and conserved domain architecture retrieval tool were used to identify similar proteins
and conserved domains (http://www.ncbi.nlm.nih.gov/Blast). Alignment of the nucleo-
tide sequences and deduced amino acid sequences was performed using ClustalX, and
phylogenetic trees were constructed in ClustalX and Mega 4.0 with standard parameters.
Secondary structures of the deduced amino acid sequences were predicted in SOPMA
(http://npsa-pbil.ibep.fr/).

RESULTS

RT-PCR of pepper AN2 and UPA20

RT-PCR with pooled tissue cDNAs for pepper AN2 and UPA20 genes yielded prod-
ucts of 1096 and 1672 bp (Figure 1).
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Figure 1. RT-PCR of pepper AN2 and UPA20. Lane M = DL2000 DNA marker; A. PCR product for AN2; B. PCR
product for UPA20.

Sequence prediction showed that the cDNAs represent 2 genes that encode 263- and
341-amino acid proteins, respectively.

Bioinformatic analysis

The complete coding sequences (CDSs) and the encoded amino acids are presented
in Figures 2 and 3.

The pl of the putative proteins of AN2 and UPA20 was 5.17 and 5.10, respectively,
and Mw was 63,681 and 84,941 Da, respectively. Total number of negatively charged residues
(Asp + Glu) and total number of positively charged residues (Arg + Lys) of the 2 pepper genes
were 0. Their formulas were C. H.,,..N_ O, .S and C, H. N _O_ .S . total number

2380713973789 988132 31710753210 11023 131571912 U
of atoms, 8262 and 11,021; extinction coefficient (assuming all pairs of Cys residues form

cystines), 8250 and 11,875; instability index, 45.24 and 45.12 (indicating unstable); aliphatic
index, 34.73 and 34.41; and GRAVY, 0.774 and 0.813, respectively. The extinction coefficient
(assuming all Cys residues are reduced) and estimated half-life (mammalian reticulocytes, in
vitro) of the 2 pepper genes were 0 and 4.4 h, respectively.

ATGaATACTGCTATTATTGCCAAGTCCTCTOGAGTGAGGARAGGTCCATGGACTGAGGAAGAAGATT TTCTATTGAGAAAA
I NTATIIAKSSGVREGAWRTEEEDTFLLRE
TCTATTCAGAATTATGGAGAAGGAMGTGGCATCTTGTTCCCATTAGAGCTGGTCTGAATAGATGCAGAAAGAGCTGTAGA
CIQNYGEGKEWRHLVPIRAGLNRCRESTCR
TTGAGGTCOCTGAATTATCTAAGGCCGCATATAAAGAGAGGTGACTTTGGTTGGGATGAAATAGATCTCATTTTGAGACTT
LRWLNYLRPHIKRGDFGWDEIDLTILRL
CATAAGCTTCTAGGCAACAGATGGTCACTTATTGCTGGGAGAT TECOGGCAAGAACAGCARRCGATGTGAAMAACTACTGE
HELLGNRWSLIAGRLPGRTANDVYVENTH
AACTCACACCTACAAMAGAAGCTAATAACTGCTCCTCATCGACAAGAGARAAAGTACAATACTGCCCTCAAGATCACCACA
NSHLQKEXKLITAPHRQEEKYNTALEKITT
AARACGTACTAAGACCTCGCCCTCGGACCTTCTCATCAAGTGCARAGAATAATATTTCTTGGTGCACCAACAARAGTACT
EKNVLRPRPRTFSSGSAKENNISWCTDNEST
GTTATCACAAACACACTAGACAAAGACGAACGCGACAAAGAAATAGGACTAAATATTTGTCAGAAGCTCACAAGTGAAACG
YyITNTLDEKEDERDEKEIGLNTICAQEKLTSET
TCGTCGACTATAGATGATGGAGTTCAATGGTGGACAAGTTTACTGGAAAATTGCAAGGAAATTGAGGAAGATGTGECTGCA
SSTIDDGVQWWTSLLENCEETEETDVALR
GTTGGGATCTTTGAGGAAAMAARTAAGTTGOTACCAAGTTTGTTGCATGATGAGATTAATTCACTAACCATGCAACAAGGA
Vy6IFEEKENKLVPSLLHEDEINSLTXEQ@G®G
CAAGTGATGGTTGGGATGACTTTTCTGCTGATATTGACCT ATGGAATCTACTTAATTAG

QSDGWDDFSADIDLWNLLN®*

Figure 2. Complete CDS and amino acid sequence of AN2 in pepper. *Stop codon.
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ATGTCTACTTTTTCATCATACCAA\TTACAACAACACAATACCCCTTCTCTTCTTGATTCAGTATTTTTGCCAAGTTCACCT
ST Q Q HNTU?PSLLDGSVFLUPGSSESP
CTAAAAATGTCTGGCTTTTTTTG:\GGAACCAAACAATTCTTGTGTTGTCCAAAAT'E‘GTTTTTCTCMTTTTACCAACCAGA
ATTCCCTACCAATAATGTTMTGTTMTGAAAATAGCTATTGCCTT(‘ f‘f‘ APA{‘AAATGTTI\CT A (‘ (‘TAGTAG
F P T NN N § Y C L
CAGTATAAGCTTGGATATGG ACTC TTCTTCTGTTACTGATAAAATGGAAAGTGGAAATMTMGCCT AATGTTACTAGTCC
S I L ! S S VTDEKHMI N VTSP
TATGGAC ﬂ‘("l‘ PTCTTCTTCTATGACTTCTGCAAATTCT AAGMTGTAACACAAGGTGATAA
D

TGGGAAAﬁAGgACEAG §GC iATAGC MATTAGTAGCCAAAGATGAGAAAAAAGCTMTG AAGAGGCACCAACAGGCTACAT
TgATgTTAGAGCPiGMG A(']‘GCC MGCAACTGACAGCCATAGTCTTECTSM&GGgTG AGGAGAG. AGA.‘.P.ATA‘EGTEM.EAG
GATGAMMATGCTGCAATCTCTTGTTCCTGGTTGTGACAAGGTAACTGGGAAGGCCCTTATGTTGG., ATGAGATA.ETCEAT'IR'A
TGTCCAATCTTTGCM.SKATCMCTTGAGTTTCTGTCAATGAAACTTGCTTCTTI'CMTCCMTCTACL\TG ACTTTGGCAT
GCACTTAGATGCACTCKTCGTCAGGCCTCATGACCAGAATTTGAGTGGCTTGAC(}CACAACT ACCAAATATTCAGCAAGCT
AGCACTACTACATCACANSCAGCTG N\GTTATTCCTAACACTAATAGTGGCTATCC'!TT'I'ITGGATMTTCAGCATCACTT
ST T T Q A EVIPNTNSGYPFTLTUDINS

ATGTTTCAACMGCCCATTTCCCTMTTCCATTCATCAGGGAATTGGACAGCTCTTATGGGGTGC}\GMGACCAAAGACAA
AAAAEIT'AA%AA%TC&GTCAGGATI’CHGCMA}\CT¥TTSTTgTT'IfC(ZgTTiG : .

Figure 3. Complete CDS and amino acid sequence of UP420 in pepper. *Stop codon.

The putative AN2 and UPA20 proteins were also analyzed. The AN2 conserved do-
mains were identified as those belonging to the SANT superfamily. UPA20 conserved do-
mains were identified as HLH superfamily.

The results of secondary structure prediction showed that the deduced pepper AN2
protein contained 33.59% alpha helices, 6.87% extended strands, 4.96% beta turns, and
54.58% random coils. The deduced pepper UPA2 protein contained 23.82% alpha helices,
11.76% extended strands, 4.12% beta turns, and 60.29% random coils.

The pepper genes did not contain putative signal peptides (Bendtsen et al., 2004)
and were not potential membrane proteins (Moller et al., 2001). Pepper AN2 was probably
located with 45% likelihood in the cytoplasm and UPA20 was probably located with 88%
likelihood in the nucleus (Nakai and Horton, 1999).

Sequence analysis and evolutionary relationships

The homology of the pepper AN2 gene was determined and analyzed. The results showed
that the pepper AN2 protein had high homology with the AN2 protein of 4 other plant species
(Figure 4). UPA20 shared homology with UPA20 protein of the species shown in Figure 5.
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Figure 4. Multiple amino acid sequence alignment of AN2.
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Figure 5. Multiple amino acid sequence alignment UPA20.

Phylogenetic trees were constructed on the basis of the alignments as shown in Fig-
ures 6 and 7. Pepper AN2 and UPA20 were most closely related to AN2 and UPA20 of potato
and tomato.

[ Solanum lycopersicum
L

Solanum tuberosum

Capsicum annuum

[ Nicotiana tabacum

Petunia x hybrida

—_—
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Figure 6. Phylogenetic tree of AN2 genes.
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Figure 7. Phylogenetic tree of UP4A20 genes.
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Tissue expression

The pepper AN2 gene was highly expressed in the pericarp and placenta; moderately
expressed in the stems, flowers, and seeds; and weakly expressed in the roots, leaves, and peri-
carp (Figure 8). The UP420 gene was highly expressed in the flowers and seeds; moderately
expressed in the roots and stems; and weakly expressed in the leaves and placenta.

M o1 2 3 4 5 6 T

Figure 8. Tissue expression of pepper AN2 and UPA20; actin served as the internal control. Lane M = DL2000
DNA marker; lane I =root; lane 2 = stem; lane 3 = leaf; lane 4 = flower; lane 5 = pericarp; lane 6 = placenta; and
lane 7 = seed.

DISCUSSION

Comparative genomics determines the relationship of genome structure and function of
different species (Hardison, 2003). Several researchers have shown that AN2 or UPA20 proteins
from different species are highly conserved (Quattrocchio et al., 1999; Griesbach, 2002; Kay
et al., 2007; Zhou and Chai, 2008; van der Hoorn and Kamoun, 2008; Yamagishi et al., 2010).
Therefore, tomato can be used as a model organism to study pepper AN2 and UPA20 or pepper
can be used as a model organism to study tomato, potato, or tobacco AN2 and UPA20) genes.

In this study, pepper AN2 and UPA20 genes were isolated and characterized. Many
genes encoding AN2 and UPA20 from several plant species have been isolated and character-
ized at the genetic, chemical, and enzymological levels (Quattrocchio et al., 1999; Griesbach,
2002; Kay et al., 2007; Zhou and Chai, 2008; van der Hoorn and Kamoun, 2008; Yamagishi et
al., 2010). However, the AN2 and UPA20 genes from pepper have not been previously cloned.
To our knowledge, this is the first study verifying the presence of AN2 and UPA20 in pepper.

The isolated AN2 cDNA was 789-bp long and encoded 263 amino acids. Amino acid
sequence comparison showed that this protein had high homology with those from tobacco,
tomato, potato, and petunia. The isolated UP420 cDNA was 1298-bp long and encoded 341
amino acids. Sequence analysis revealed that the pepper UPA20 had high homology with
the proteins from 3 species-tobacco, petunia, and tomato. The alignment analyses for pepper
AN2 and UPA20 proteins revealed that these proteins did not show complete identity with the
proteins from eggplant or other plants. This implied that pepper AN2 and UPA20 have some
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different functions than those in eggplant and other plants.

In this study, we not only cloned the CDSs of the pepper AN2 and UPA20 genes but
also performed a sequence analysis and determined the tissue expression profile. The tissue
expression profile analysis indicated that the genes were obviously differentially expressed in
various tissues. Since we did not study their functions at the protein level, we did determine
the many possible reasons for their differential expression. The possible explanation might be
that the biological activities associated with the functions of these genes were required to a
different extent in different tissues at the same time.

In summary, we first isolated the pepper AN2 and UP420 genes and performed the
necessary functional and tissue expression profile analyses. The cDNA clone, sequence in-
formation, and functional analysis of the pepper AN2 and UPA20 genes might be extremely
important in elucidating the molecular mechanisms of their gene expression.
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