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Abstract

Previous work on gene expression analysis based on RNA sequencing identified a variety of differentially expressed
cDNA fragments in the genic male sterile-fertile line 114AB of Capsicum annuum L. In this work, we examined the ac-
cumulation of one of the transcript-derived fragments (TDFs), CaMF3 (male fertile 3), in the flower buds of a fertile
line. The full genomic DNA sequence of CaMF3 was 1,951 bp long and contained 6 exons and 5 introns, with the
complete sequence encoding a putative 25.89 kDa protein of 234 amino acids. The predicted protein of CaMF3
shared sequence similarity with members of the isoamyl acetate-hydrolyzing esterase (IAH1) protein family. CaMF3
expression was detected only in flower buds at stages 7 and 8 and in open flowers of a male fertile line; no expression
was observed in any organs of a male sterile line. Fine expression analysis revealed that CaMF3 was expressed
specifically in anthers of the fertile line. These results suggest that CaMF3is an anther-specific gene that may be es-

sential for anther or pollen development in C. annuum.
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Introduction

Chili pepper is one of the most important vegetable
crops in many countries, including China, primarily be-
cause of the high nutritional value of the fruits (high content
of dry material, vitamin C and B-complex, minerals, essen-
tial oils and carotenoids); these peppers are widely used in
the culinary and food industry (Pino et al., 2007; Irikova et
al., 2011). Chili pepper plants are frequently cross-
pollinated and heterosis is widely used to increase produc-
tion and economic return in the hot pepper industry. How-
ever, the manual emasculation and pollination of flower
buds is still a major method for producing hybrid Capsicum
seeds in many countries, despite its high cost and the diffi-
culty in ensuring seed purity. Fortunately, the use of male
sterile lines can solve this problem.

In peppers, male sterility is classified as either cyto-
plasmic male sterility (CMS) or genic male sterility (GMS)
(Shifriss, 1997; Lee et al., 2010). Over a dozen GMS pep-
pers have been found in nature or have been artificially pro-
duced by mutagenesis with X-rays, gamma rays or
treatment with ethylmethanesulfonate (Shifriss, 1997).
Since the only difference between fertile and sterile plants
of the GMS lines 114AB of Capsicum annuum is that the
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anthers and pollen of fertile plants develop normally
whereas the anthers of sterile plants are abnormal and there
is no pollen in mature anthers, sterile plants have become
very important for studying pollen development (Hao et al.,
2008). Consequently, genes expressed in anthers of fertile
plants but not in sterile plants probably have roles in the de-
velopment of pollen or anthers.

Analysis of the chili pepper transcriptome identified
tissue-specific genes among 11,225 consensus sequences,
with only two genes being identified as anther-specific
(Kim et al., 2008). This finding indicated that the molecular
mechanism of anther development is largely unknown and
that there are probably numerous genes related to anther de-
velopment awaiting identification. Two anther-specific
genes, Camfl (HQ386720) and CaMF?2 (JF411954), have
been identified in C. annuum by cDNA-amplified fragment
length polymorphism (Chen et al., 2011, 2012). These two
genes are expressed only in middle-stage flower buds of
fertile plants and may have a role in pollen development
and germination in peppers. In an analysis of differential
gene expression based on RNA sequencing of flower buds
at different developmental stages from sterile and fertile
plants of the genic male sterile-fertile line 114AB of C.
annuum we have identified hundreds of ESTs (expressed
sequence tags) that are differentially expressed in fertile
and sterile plants (unpublished data). In the present study,
an anther-specific gene known as CaMF3 (accession num-
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ber IN975046) was isolated from flower buds of fertile
plants by using an in silico approach and RT-PCR.

The deduced amino acid sequence of CaMF3 showed
similarity to a putative isoamyl acetate-hydrolyzing
esterase (IAH1). Expression analysis indicated that CaMF3
was an anther-specific gene expressed in flower buds at late
developmental stages and in open flowers. To our knowl-
edge, there has been no description of the expression or
functional analysis of this gene family in plants or animals.
The study of CaMF3 could improve our understanding of
the molecular mechanisms of anther or pollen development
and the roles of the isoamyl acetate-hydrolyzing esterase
gene family.

Materials and Methods

Plant material

The genic male sterile line 114AB of chili pepper (C.
annuum L.) was cultivated on the experimental farm of the
South China Agriculture University, with 50% of the plants
being sterile and 50% being fertile. The dynamics of anther
development differ between sterile and fertile male plants,
especially with regard to anther maturity. Anther length and
diameter in sterile plants are smaller than in fertile plants at
the stage when sepals spread out. The anther filaments of
sterile plants are very short, dark purple and small, with no
pollen in mature anthers. However, the sepals, petals and
pistils of sterile plants are normal so that sterile plants can
be maintained by fertilizing with normal pollen.

Plant material was collected and immediately frozen
in liquid nitrogen prior to storage at -75 °C until RNA and
DNA extraction. The samples included roots, tender stems,
fresh leaves, open flowers, sepals, petals, anthers, pistils
and flower buds from eight developmental stages (Chen et
al., 2011) from sterile and fertile plants.

DNA/RNA extraction and cDNA synthesis

Genomic DNA was extracted from young leaves with
cetyltrimethylammonium bromide (CTAB), essentially as
described by Murray and Thompson (1980). Total RNA
was extracted from different tissues using TRIzol reagent
(Invitrogen, USA), according to the manufacturer’s in-
structions. Each RNA sample was subjected to DNase di-
gestion (Takara, Dalian, China) to remove any remaining
DNA. The RNA content was quantified spectrophotometri-
cally (BioPhotometer plus, Eppendoff, Germany) and
checked by electrophoresis on 1.2% denaturing agarose
gels. First-strand cDNA was synthesized using a SMART
PCR cDNA synthesis kit (Clontech, USA) according to the
manufacturer’s instructions.

Amplification of the CaMF3 gene

The EST sequence (EL812860) identified by RNA
sequencing was used as a query in a BLAST search against
the EST database at GenBank. EST sequences that shared

811

high identity (> 98%) with EST EL812860 were selected
and assembled. The primers for full length cDNA and
genomic DNA of CaMF3 were designed based on the de-
duced full cDNA sequence. PCR was done by using cDNA
and genomic DNA of the mixture of flower buds from dif-
ferent developmental stages of fertile plants as templates.
The full-length cDNA and DNA were amplified with the
same primers: P1: 5>-GCACGAGGAAAAAATCCAAG
AATTTGG-3°, P2: 5’-GACATTCTTTTGTTGATGAA
ACTGGTA-3’. The reaction mixture of 50 puL contained
0.1 pg of template DNA, 2 pL of each primer (10 uM),
5.0 pL of 10PCR buffer (Mg®" free), 4.0 uL of Mg*"
(25 mM), 1.0 pL of ANTPs (10 mM) and 3 U of Tagq poly-
merase (Takara). The thermal cycling parameters were as
follows: denaturation at 95 °C for 3 min followed by 35 cy-
cles of 95 °C for 50 s, 52 °C for 40 s and 72 °C for 2 min,
and an additional extension for 5 min at 72 °C. The ampli-
fied PCR products were purified using GEL extraction kits
(Takara), cloned into pMD19-T Vector (Takara) and then
transformed into Escherichia coli (strain DH5a). Success-
ful clones were sequenced.

Sequence analysis

Database searches were done through the NCBI
World Wide Web server using the BLAST (Basic Local
Alignment Search Tool) network service. DNASTAR and
DNAMAN softwares were used to analyze the nucleotide
sequence and for multiple amino acid sequence alignments.
Signal P version 3.0 was used to identify signal peptides.
Hydrophobic character prediction was done using
ProtParam. The phylogenetic tree was constructed with
Mega4.0 software (Tamura et al., 2007) and homology
alignment was assessed with Clustal W.

Expression analysis by RT-PCR and real-time
quantitative RT-PCR

For gene expression analysis, first-strand cDNAs
from flower buds obtained at eight developmental stages,
open flowers, roots, tender stems, fresh leaves, sepals, pet-
als, anthers and pistils of fertile and sterile plants were used
as templates. RT-PCR was done with gene-specific primers
(5’-CGAAGAGACTGGAAAGTATGCGAA-3’, 5’-AG
GGTTAGACG GTAGGAGAGATTG-3") and primers for
B-actin (forward: 5’-CCTCTTCACTCTC TGCTCTCTCC
TCA-3’, reverse: 5’-GTCATTTTCTCTCTATTTGCCTT
GGG-3’). The RT-PCR products from each tissue were
electrophoresed on 1.2% agarose gels and the amounts of
template cDNA added to the reaction were changed until
the levels of actin product were equal in different samples.
The PCR was repeated until the level of product was con-
sistent. Differential expression was analyzed by PCR using
the amounts of template defined as described above and
CaMF 3-specific primers. Three rounds of RT-PCR were
done with three independently isolated total RNA samples.
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Quantitative real-time RT-PCR was done using a
SYBR Primix Ex Tagq kit (Takara), according to the manu-
facturer’s instructions. CaMF3-specific primers (5’-GAA
GAGACTGGAAAGTATGCGAAA-3’, 5-ACTGCCTT
CTGGTGTGAAATGTAC-3’) and B-actin-specific prim-
ers (5-AATCAATCCCTCCACCTCTTCACTC-3’, 5’-
CATCACCAGCAAATCCAGCCTT-3") were designed
for CaMF3 and B-actin. The expected PCR products of the
target gene (CaMF3) and housekeeping (control) gene
(B-actin) were 150 bp and 173 bp, respectively. The molec-
ular mass of the products was confirmed by agarose gel
electrophoresis and the melting curves were analyzed.
Triplicate quantitative PCR experiments were run for each
sample and the levels of expression were normalized
against B-actin. Relative gene expression was assessed us-
ing the 2™*“' method (Livak and Schmittgen, 2001).

Results

Cloning of CaMF3

In our previous study, differential gene expression
was assessed by RNA sequencing of the genic male ster-
ile-fertile line 114AB of C. annuum. A variety of differen-
tially expressed cDNA fragments was detected in fertile or
sterile lines (authors’ unpublished data). Of these, a tran-
script-derived fragment, CaMF3, was investigated for its
specific accumulation in the flower buds of a fertile line.

CaMF3, a new anther-specific gene

The full length of CaMF3 was obtained by in silico cloning
and the CaMF3 EST (EL812860) sequence was used to
search the NCBI EST database. As a result, two ESTs
(GD089386 and GD099223) were identified from a cDNA
library of C. annuum. The full length cDNA of CaMF3 was
deduced by aligning these ESTs and eliminating redundant
sequences. The sequence consisted of 974 bp containing a
705-bp open reading frame. Subsequently, band sizes of
~1,000 bp and 2,000 bp were amplified from cDNA and
genomic DNA templates, respectively, using P1/P2 primer
pairs. The amplified PCR products were purified, cloned
and sequenced.

Sequence analysis

The full-size cDNA of CaMF3 was 974 bp long and
contained a 705-bp open reading frame (Figure 1). The
genomic DNA of CaMF3 was isolated using primer pairs
that were used to clone the cDNA sequence. Sequencing re-
sults showed that the DNA sequence was 1,951 bp long and
contained five introns (96, 541, 133, 94 and 113 bp long)
(Figure 2A). The complete coding sequence encoded a pu-
tative 25.89 kDa protein of 234 amino acids with a theoreti-
cal pI of 6.62. The SignalP3.0 program was used to detect
signal peptide sequences. However, no significant signal
peptide was found in the amino acid sequence of CaMF3.
Hydrophobic character prediction based on the ProtParam
tool indicated that CaMF3 was hydrophilic with a grand av-
erage of hydropathicity (GRAVY) of -0.145. The instabil-

GCACGAGGAAAAAATCCAAGAATTTGGAGATCCTCCATTACAGAATTATTAATTCTGTAATTTTATTTTTAATTTTTTTGTGG

GGGTCTCCTTGTCTTCTTGAAATTTTACATTACTCAAAATGTTGAGGCCTCAAATAGTATTGTTTGGGGATTCCATTACTCAA

ML R P Q I

V'L F @G DI T

A
GCATCGTTCAATGTAGGTGGCTGGGGTGGTGCTGTTGCTAATACCTATGGTCGAAGGGCTGATGTATTAATTCGTGGATAT

A S

F' N VG @G W 6 @ A VA N T ¥ & RR A DVELE I

R 9@« %Y,

GCTGGATTCAACACCACATGGGGATTGATCATGCTCCAACAACTATTTCCATTGGATGATCCAAGTGCAACACCTCTTGCT

A G- E N T 'TTW G L; T
A

M LQ Q LF P L DD P §

AT P L A

GGTATCACTATATGTTTTGGAGCAAATGATGCTGCTCTTGTGGGAAGATTTAGTGAAACAAAACATGTTCCTATTGATGAA

G I & I CEG: AN DA A L ViGr R P § B T K. H MNP I DIE
A

TATAAGGAAAACCTATGTAAAATGACACAACATGTGAAGCAATATTCCCCGTCAGTGCAAATAGTGATGATAACACCACCA

Y K E NL CKMTO QHY K QY s P

S Ve QI M I T PP

CCAATTGATGAAGCAAAACGGCTTGAAGTTTTAAGGGCCGGGGGCAGAAAGATCGATGTGTCTGACAGGACACTCGAA

I D E A KR L 'BE ¥ L R A G G ‘R K I

D: V' 8 ‘DR T L B

GAGACTGGAAAGTATGCGAAAAAGGTCGTTGAATTATCGAAAGAGCTAGGTCTCCCTTACATCGATCTGTGGTCTAAAATG

B & @Ky ¥ AUK K VNV B L

S K B [ Gl 1P X IE

D LW S KM

CAGCAAGTCGAAGGTTGGCAAAAGAAATTCTTCTATGATGGTGTACATTTCACACCAGAAGGCAGTGGTTTTCTTTACAAA

QQ ¥ B G WQ KiK. E

FYD 6 VMEHT FTU®PE G §

G F L YK

GAGTTGGCTTTAGCATTCAACCAAACAAGTATCTCTATTAACAACATGCCTCTTGAAGGTGTTACAACCTTTICTGGGTTCA

B L A LA K MNQ T8 E § I

N NE M P IR B OGPV T« T GE

L G S

TCTAATTCGCCGTGAAGGCCTTTCAGCAACAATCTCTCCTACCGTCTAACCCTACACCGTATTCTTATTATATCATTTGTATACA

S NS P x

GAAAATGATTCTAATGCAAATGATAGTTGAATTTATTACATACTATATAAATACCAGTTTCATCAACAAAAGAATGTC

Figure 1 - The full-length cDNA and deduced amino acid sequence of CaMF3 (accession number IN975046). The start codon (ATG) and stop codon
(TGA) are shown in bold. The nucleotide sequences of primers for the full-length cDNA and DNA amplification are underlined. Boxed amino acids indi-
cate the Ser12/Asp189/His192 sequence in its catalytic triad. The triangles indicate three oxyanion holes (specific amino acids: Ser12, Gly44 and Asn78).
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Figure 2 - Sequence analysis of CaMF3. (A) A schematic representation of the exon and intron organization of CaMF3. CaMF3 consists of six exons
(black boxes) and five introns (intervening line) with a 121-bp 5’ untranslated region and a 176-bp 3 untranslated region (white boxes). (B) Conserved
domains analysis of the CaMF3 deduced amino acid sequence showing the positions of a predicted IAH1 domain [cd01838] and three conserved fea-
tures/sites: the active site (amino acids Ser12, Gly44, Asn78, Asp189 and His192), three components of typical Ser12-Asp189-His192 triads and three
oxyanion holes (amino acids Ser12, Gly44 and Asn78). (C) A phylogenetic tree constructed by the neighbor-joining method. The scale bar indicates 0.1
substitutions per site. The putative [AH1 members are from Table S1. Group I-IV were corresponded to land plants, metazoan origin, yeasts and bacteria

respectively.

ity index (II) was calculated to be 37.53, which classified
the protein as stable. The deduced protein contained an
isoamyl acetate hydrolase-like domain (amino acids 3-212)
(cd01838, NCBI Conserved Domain Database) (Wei et al.,
1995; Marchler-Bauer ef al., 2011), indicating that CaMF3
belongs to this protein family (Wei et al., 1995). The pro-
tein also contained three conserved features/sites: the active
site (Ser12, Gly44, Asn78, Asp189 and His192), the typical
catalytic triad (Ser12, Aspl189 and His192) and three
oxyanion holes (amino acids Serl2, Gly44 and Asn78)
(Figure 2B).

Blast analysis showed that the deduced amino acid
sequence of CaMF3 was homologous with many putative
isoamyl acetate-hydrolyzing esterases in plants and ani-
mals. The putative CaMF3 protein had > 38% identity with
most of the proteins from plants and animals, but showed
lower identity with those from bacteria and yeasts (Ta-
ble S1, Supplementary material).

The deduced amino acid sequences of CaMF3 and 25
other known isoamyl acetate hydrolase-related proteins (Ta-
ble S1) were aligned using the MEGA 4 program (Figure
2C). A phylogenetic tree based on these alignments revealed
four main clades (I-IV). CaMF3 and nine putative isoamyl
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acetate hydrolases from land plants belonged to clade I.
Clade contained enzymes of metazoan origin, clade con-
tained only putative isoamyl acetate hydrolases from yeasts
and five putative isoamyl acetate hydrolases from bacteria
belonged to clade IV (Figure 2C). The sequence alignment

CaMF3, a new anther-specific gene

also showed that, like CaMF3, all of the other isoamyl
acetate hydrolases had an isoamyl acetate hydrolase-like do-
main (cd01838, NCBI Conserved Domain Database), as
well as the same Ser/Asp/His sequence in the catalytic triad
and three oxyanion holes (Ser, Gly and Asn) (Figure 3).
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Figure 3 - Multiple alignment of the predicted amino acid sequence of CaMF3 with 25 putative IAHI members from Table S1. The conserved
Ser/Asp/His sequence is indicated by asterisks and three residues (Ser12, Gly44 and Asn78) are indicated by triangles. CaMF3 is the predicted amino acid
sequence of CaMF3 from Capsicum and the other 25 IAH1-related genes are listed in Table S1. The numbers on the right margin indicate the positions of
amino acid residues. Identical amino acids are indicated in pink, 75% conserved amino acids in blue and 50% conserved amino acids in yellow.
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Expression analysis of CaMF3

Expression analysis was done using equal amounts of
template cDNA prepared from total RNA of different tis-
sues by RT-PCR using actin as a reference gene. The results
showed that the gene CaMF 3 was expressed only in flower
buds at stages 7 and 8 and in open flowers of the male fertile
pepper line ‘114B’, but not in flower buds at any stages of
the male sterile line ‘114A” (Figure 4A). These results indi-
cated that CaMF3 was expressed only in mature anthers or
pollen of fertile plants. In addition, CaMF'3 was expressed
only in anthers of flower buds of the male fertile pepper line
‘114B’, with no expression detected in sepals, petals, pis-
tils, roots, tender stems or fresh leaves. There was also no
CaMF3 expression in any tissues of the male sterile line
‘114A’ (Figure 5A).

Quantitative real-time RT-PCR was used to examine
the fine spatio-temporal expression pattern of CaMF3 in
flower bud tissues of different developmental stages from
fertile and sterile plants. The expression of CaMF3 was
first detected at stage 7 and increased until anthesis; no
CaMF 3 transcript was detected in flower buds at stages 1-6
of the fertile line or in the flower buds at any stages of the
sterility line (Figure 4B), thus confirming the results ob-
tained by RT-PCR. Together, these findings indicated that
CaMF3 was an anther-specific gene and that it was strongly
expressed in mature anthers of the fertile line but not in the
sterile line (Figure 5B).

Discussion

The anther plays a prominent role in crop production
because it is responsible for male reproductive processes
necessary for generating seeds that will produce the next
generation of plants. Anther-specific gene expression pro-
grams correlate with the differentiation and degeneration of
specific anther tissues and cell types (Goldberg, 1993). In
recent years, a large number of anther/pollen-specific genes
involved in anther/pollen development have been identified
based on anther/pollen-specific expression patterns in vari-

F1 F2 F3 F4 F5 F6 F7 F8 F9 S1 S2 S3 S4 S5 S6 S7 S8 S9

Normalized fold
expression

F1 F2 F3 F4 F5 F6 F7 F8 F9 S1 S2 S3 S4 S5 S6 S7 S8 S9

Figure 4 - Expression of CaMF3 in flower bud tissues at different devel-
opmental stages based on RT-PCR and qRT-PCR. (A) RT-PCR analysis
of CaMF3. B-actin was used as the reference gene in RT-PCR. (B) Quanti-
tative RT-PCR analysis of CaMF3. Lanes F1-F9: flower buds from stages
1 to 8 and open flowers from fertile plants, respectively. Lanes S1-S9:
flower buds from stages 1 to 8 and open flowers from sterile plants, re-
spectively.
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Figure 5 - Expression of CaMF3 in different tissues of the genic male ster-
ile-fertile line 114AB. (A) RT-PCR analysis of CaMF3. B-actin was used
as the reference gene in RT-PCR. (B) Quantitative RT-PCR analysis of
CaMF3. Lanes F1-F7: roots, tender stems, fresh leaves, sepals, petals, an-
thers and pistils, respectively, from fertile plants. Lanes S1-S7: roots, ten-
der stems, fresh leaves, sepals, petals, anthers and pistils, respectively,
from sterile plants.

ous plant species (Tzeng et al., 2009; Agyare-Tabbi et al.,
2010; Dobritsa ef al., 2010; Zhang et al., 2010, 2011; Chen
etal.,2011).

The only difference between fertile and sterile plants
of GMS line 114AB of C. annuum is that the anthers and
pollen of fertile plants develop normally whereas the an-
thers of sterile plants are abnormal and there is no pollen in
mature anthers. We therefore speculated that a few
early-expression genes controlled fertility and regulated
other genes expressed in the middle and later periods of
pollen development in pepper, and that the expression of
these additional genes may affect anther or pollen develop-
ment. In previous work (Chen ef al., 2011, 2012), we used
cDNA-amplified fragment length polymorphism (cDNA-
AFLP) and RNA-Seq technology to examine differential
gene expression in the genic male sterile-fertile line 114AB
of C. annum L. and identified two anther-specific genes,
Camf1 (HQ386720) and CaMF?2 (JF411954). Both of these
genes were expressed only in flower buds in the middle
stages of development in fertile plants. In the present work,
we identified another anther-specific gene (CaMF'3) in pep-
per that was only expressed in fertile plants. This finding in-
dicated that CaMF3 may be related to the fertility of pepper
and could be involved in anther development.

The genes expressed in anthers for male gameto-
genesis can be divided into “early” and “late” groups based
on when they are expressed. Most of the tested genes ex-
pressed in pollen belonged to the “late” category during
pollen development (Mascarenhas, 1990). Generally, these
late genes start to express after microspore mitosis and the
expression increases until anthesis; most of these “late”
gene products may be involved in pollen maturation or ger-
mination (Mascarenhas, 1993). As shown here, CaMF3
was detected only in flower buds at stages 7 and 8 and in
open flowers of male fertile pepper ‘114B’ (Figure 4), indi-
cating that CaMF3 belongs to the “late” group genes; the
gene products of CaMF3 may be involved in pollen matu-
ration or germination (Mascarenhas, 1993). However,
since the cellular location of CaMF3 mRNA during pollen
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and anther development has not been determined, the gene
products of CaMF3 could also be involved in anther
dehiscence.

Sequence analysis using bioinformatics revealed that
the deduced amino acid sequence of CaMF3 was homolo-
gous to a number of putative [AH1 proteins in many spe-
cies, including plants and animals. As with other isoamyl
acetate-hydrolyzing esterases, CaMF3 also has a
Ser12/Asp189/His192 sequence in its predicted catalytic
triad and three residues, (Ser12, Gly44 and Asn78) that act
as oxyanion holes in [AH1 to stabilize the reaction interme-
diate (Wei et al., 1995; Ma et al., 2011).

Isoamyl acetate is hydrolyzed by isoamyl acetate-
hydrolyzing esterase, an enzyme that catalyzes the hydro-
lytic cleavage of acetylesters (Fukuda et al., 1996, 1998,
2000). Yeast IAH1 has a distinct GDSL sequence motif
near the N-terminus and four conserved sequence blocks
that are characteristic of SGNH-hydrolases, a subfamily of
hydrolytic/lipolytic enzymes (Akoh et al., 2004, Mar-
chler-Bauer et al., 2011). GDSL esterases and lipases are
hydrolytic enzymes with multifunctional properties such as
broad substrate specificity and regiospecificity. They have
potential for use in the hydrolysis and synthesis of impor-
tant ester compounds of pharmaceutical, food, biochemical
and biological interests (Akoh et al., 2004). Initial studies
of [AH1 focused on yeasts, but with the rapid sequencing of
genomes in high plants and animals, homologous IAHI se-
quences were identified in a number of plants and animals,
such as Ricinus communis, Populus trichocarpa,
Arabidopsis thaliana, Vitis vinifera, Oryza sativa japonica
and Anolis carolinensis. However, little is known about the
expression patterns or functions of IAHI-like genes in
higher plants and animals.

In conclusion, this is the first report on the cloning
and characterization of a new IAH1-like gene (CaMF3) in
C. annuum. CaMF3 was identified as an anther-specific
gene that was only expressed in flower buds at late stages of
development and in open flowers from fertile pepper. We
speculate that CaMF3 is involved in late pollen develop-
ment and may possibly play a role in pollen maturation and
germination or in other biological processes involved in an-
ther development in chili pepper. Further study of CaMF3
could improve our understanding of the molecular mecha-
nisms of anther development in pepper and of the roles of
the IAH1 gene family in anther or pollen development.
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Table S1 - Homology analysis of the deduced amino acid sequence of CaMF3 compared with
other IAH1 proteins in the NCBI protein database.

No. Accession No. Origin Coverage Identity =~ Similarity Amino acids
(%) (%) (%)
1 XP_002511388  Ricinus communis 94 55 74 242
2 XP_002318054  Populus trichocarpa 94 54 73 242
3 XP_002282452  Vitis vinifera 93 50 71 242
4 NP _201098 Arabidopsis thaliana 94 50 70 242
5 BADG69418 Oryza sativa Japonica 94 43 64 239
6  XP_002454944  Sorghum bicolor 93 38 58 239
7 NP_001152447  Zea mays 94 39 60 242
8 BAJ98713 Hordeum vulgare 94 39 60 239
9 ACUI17695 Glycine max 94 39 63 243
10  XP_ 002589117  Branchiostoma 86 39 64 246
floridae
11  XP_003215454  Anolis carolinensis 83 38 60 249
12 XP_002722527  Oryctolagus cuniculus 85 40 61 249
13 XP_852049 Canis familiaris 87 39 61 249
14 XP_002935071  Xenopus tropicalis 85 41 60 235
15 NP_001029930  Bos taurus 85 37 62 249
16 NP 001180665 Macaca mulatta 87 37 61 248
17 1YZF_A Enterococcus faecalis <80 <30 <40 195
18 YP 173740 Bacillus clausii <80 <30 <40 200
19  YP_192979 Lactobacillus <80 <30 <40 190
acidophilus
20  ZP_00046777 Lactobacillus gasseri <80 <30 <40 191
21  ZP_00386757 Lactobacillus <80 <30 <40 194
delbrueckii
22 EDVI10721 Saccharomyces <80 <30 <40 238
cerevisiae
23 XP_003681047  Torulaspora <80 <30 <40 237
delbrueckii
24 XP_001645167  Vanderwaltozyma <80 <30 <40 240
polyspora
25 CCF58157 Kazachstania africana <80 <30 <40 239
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