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REPORT

Identification of a Flower-Specific cDNA, RsPCP1, Encoding Putative
Pollen Coat Protein from Radish

Yung Geun Yoo, Sang-Choon Lee, and Seong-Ryong Kim*
Department of Life Science, Sogang University, Seoul 121-742, Korea

To better understand the molecular control of floral development, we identified a flower-specific cDNA, RsPCP1, from
Korean radish (Raphanus sativus). Based on nucleotide sequence analysis, this clone contains an open reading frame
of 65 amino acids and shares 91% identity with a pollen coat protein from cabbage (Brassica oleracea). Southern
analysis revealed that RsPCP1 is present as a single-copy gene or a member of a small gene family in the radish
genome. Because RsPCPT mRNA was present exclusively in mature floral buds but not in young floral buds or in veg-
etative tissues, we propose that this gene is anther-specific.
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Flowers have been the subject of basic research as
well as genetic-engineering studies that include male
sterility (Mariani et al., 1990), because reproduction is a
major part of the plant life cycle. During microsporo-
genesis, the pollen mother cell in the anther becomes
the male gametophyte (Coldberg et al., 1993). While
many genes are expressed in various tissues of the anther
during these processes (Kamalay and Goldberg, 1980),
only a small fraction of them can be considered anther-
specific (Willing and Mascarenhas, 1984; Willing et al.,
1988). Because they are important to understanding
of floral development and agricultural applications,
many anther-specific or anther-preferential genes have
been characterized from various plant species (Mas-
carenhas, 1990; Foster et al., 1992; Kim et al., 1993;
Kim and An, 1996; Rubinelli et al., 1998; Jeon et al.,
1999; Walden et al., 1999; Steiner-Lange et al,
2003; Yui et al., 2003).

Pollen coat proteins (PCPs) play an important role in
plant reproduction (Heslop-Harrison, 2000). One exam-
ple of a well-characterized PCP in Brassica and Arabi-
dopsis are the oleosins. These amphipathic molecules act
as a “wick” for taking up water in order to initiate pollen
germination on the stigma. In fact, 16 oleosin genes have
been grouped into three classes based on their sequence
specificity and tissue-specific expression. These have
now been characterized in detail in Arabidopsis (Kim
et al., 2002). In maize, another predominant PCP
xylanase, has been found to hydrolase xylan on the
stigma, thereby generating a gap that facilitates pollen-
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tube growth (Wu et al., 2002). Some minor proteins,
such as a 7-kD nonglycosylated polypeptide, may also
be involved in determining self-incompatibility (Doughty
etal., 1993; Kachroo et al., 2002). PCPs are synthesized,
accumulated in the tapetum cells, then discharged onto
the maturing pollen.

By analyzing mutants or transgenic plants, these genes
can be functionally characterized to provide insight
into pollen development as well as strategies for gen-
erating genic male sterility. Here, we present the DNA
sequence, genomic organization, and expression pattern
of a mature floral bud-specific cDNA that encodes a
putative PCP in Korean radish (Raphanus sativus).

DNA Sequence Analysis of RsPCP1

During characterization of radish floral bud cDNA
clones, we obtained a clone with higher homology to
pollen coat proteins. This 520-bp clone contains a short
195-bp coding region, a 46-bp leader sequence, a
265-bp 3"-untranslated region, and a poly(A) tail (Fig.
1A). Two putative polyadenylation signals, AATAAA,
are found at 19 and 32 bp upstream of the poly(A)
tail. A coding region of 65 amino acids encodes a
protein with a predicted size of 6.7 kD. The deduced
protein has 91% identity with the PCP, BOPC15 from
Brassica oleracea as well as high homology with other
putative PCPs (Fig. 1B). Therefore, we have named it
RsPCP1 (Raphanus sativus Pollen Coat Protein 1). This
protein also shares 62% and 47% identities with the
Fagus sylvatica ABA-inducible LEA protein, FsLEAT
(Lorenzo et al., 1999) and the Brassica napus cold-induc-
ible protein, BN28 (Orr et al., 1992), respectively.
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ACTAGCAAMCAGTCAGAGCTTCAAMGC TRROCAMCTAANALCCAA

Figure 1. Sequence analysis of RsPCP7. (A) Nucleotides and
the deduced amino acid sequence of RsPCPT. Positions of
the nucleotides are to the left; those of the amino acids are
to the right. (B) Comparison of the deduced amino acid
sequence of RsPCP1 with that of Brassica rapa PCP, BIN103
(AAC98699), B. oleracea PCP, BOPC15 (CAA63531), Fagus
sylvatica ABA-inducible LEA protein, FsLEAT (CAA10234),
and B. napus cold-inducible protein, BN28 (1905417A). (C)
Hydropathy profile of the deduced RsPCP1 amino acid
sequence according to Kyte and Doolitle (1982). Hydropho-
bic domains are above the line and the hydrophilic domains
below it.

Hydropathy analysis has revealed that RsPCP1 is
greatly hydrophilic (Fig. 1C). Pollen cell walls begin to
develop in the anther while the tetrads of the microspore
are still enclosed in the callose. In the final period of
pollen maturation, coating substances derived from the
tapetum are applied to the pollen. if RsPCPT encodes
such a PCF, this RsPCP1 protein should be secreted
from the tissue of production. However, we cannot
yet address the function of RsPCP7 or the destination
of the RsPCP1 protein based on its sequence infor-
mation.

Figure 2. Northern blot analysis of RsPCP7. Ten pg of total
RNA prepared from young floral buds (YB), mature floral
buds (MB), stem (ST), leaves (LF), and roots (RT) were sepa-
rated on an agarose gel, blotted onto a nylon membrane,
and hybridized with the full-length RsPCPT cDNA. EtBr-
stained rRNA bands indicate that equal amounts of RNA
were loaded.

Mature Floral Bud-Specific Expression of RsPCP1

The expression level of RsPCP7 in radish was stud-
ied by RNA blot analysis. Total RNA was isolated by
the method of Davis et al. (1986). RsPCPT cDNA
hybridized to mRNAs of about 0.6 kb in the mature
floral buds (size >5 mm) but not in the young floral
buds (<3 mm) or in vegetative organs (Fig. 2). The
presence of RsPCP1 in the mature buds indicates that
this gene is expressed at the late stage of floral devel-
opment. These results agree with those reported by
Stanchev et al. (1996), who demonstrated that PCP1
is highly expressed in the late stages (bud sizes of 5 to
7 mm and 7 to 10 mm) of anther development in B.
oleracea. Their in situ analysis revealed that the gene
is expressed at the cytosol of the trinucleate pollen
grains but not in the tapetum. Although we did not
conduct a detailed analysis of expression in the mature
floral buds, based on the sequence homology and
expression data of PCPs, we suggest that RsPCPT is
also anther-specific. Further in situ analysis or RNA blot
analysis using microspores would help in our under-
standing of the expression profile of RsPCP1 during
flower development in radish.

Southern Blot Analysis of RsPCP1

We performed Southern blot analyses to determine
the number of homologous genes in the radish genome.
Five pg of genomic DNA from leaves were digested
with BamHI, EcoRlI, and Hindlll. Hybridization was done
with an RsPCPT cDNA probe. One or two hybridizing
bands were observed in each lane (Fig. 3), indicating
that the RsPCPT gene may be present as either a sin-
gle copy or a small gene family in the radish genome.
This result differs from that reported for the PCP1
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Figure 3. Southern blot analysis of RsPCP17. Five pg of radish
leaf genomic DNA were digested with BamHI (B), EcoRI (E),
and Hindlll (H), electrophoresed, blotted onto Hybond-N,
and hybridized with the full-length RsPCPT cDNA. Positions
and sizes in kb of Hindlll-digested lambda DNA fragments
are indicated.

gene, which proved to be a member of a large family
in the cabbage genome (Stanchev et al., 1996).

In conclusion, we have molecularly characterized a
putative anther-specific cDNA clone, RsPCP1, from
radish. RsPCPT transcript is exclusively found during
the late stage of floral development and shares high
homology with a PCP from cabbage. We propose
that RsPCP1 is anther-specific. Radish is an important
vegetable crop in Korea. Molecular breeding and the
study of anther-specific gene expression are vital to
the understanding of floral development and male
sterility in plants (Mariani et al., 1990). RsPCPT may be
a good candidate for crop improvement via the engi-
neering of that male-sterile trait. Therefore, a transgenic
approach would include the study of antisense sup-
pression or ectopic overexpression of RsPCPT under
the CaMV 35S promoter in order to determine the in
vivo function of that RsPCP1 protein.
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