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Chalcone synthase (CHS) catalyses the first dedicated
reaction in the flavanoid biosynthesis pathway, involving
three rounds of condensation of malonyl-CoA onto 4-co-
umaroyl-CoA. Flavanoids are known to be involved in
several important physiological processes in plants, such
as flower pigmentation (Koes et al. 1990), UV stress pro-
tection (Wienand et al. 1986), nodulation (Recourt et el.
1992) and pollen development (Taylor and Jorgensen
1992; van der Meer et al. 1992). Chalcone synthase
genes have been cloned from a number of species and
are highly conserved among angiosperms and conifers
(Fliegmann et al. 1992; Martin 1993).

To isolate genes expressed predominantly during an-
ther development in rice (Oryza sativavar. japonica), a
rice cDNA library (Lambda gt11, Promega) was con-
structed from mRNA prepared from anthers about
1.0 mm in length. Approximately 105 recombinant
plaques were differentially screened with first-strand
cDNA probes from developing anthers, leaves and roots,
respectively. Ten clones were found to be anther probe-
specific (data not shown). One of these clones, designat-
ed D5, was selected for further analysis. Northern blot
analysis of RNA from anthers, roots, stems, leaves and
seedlings using the D5 cDNA as probe showed a hybrid-

isation band of approximately 1.6 kb in the anthers but
none in the other tissues (data not shown). Southern blot
analysis indicated that the D5 cDNA hybridised to single
fragments from rice genomic DNA digested with several
restriction enzymes (data not shown), showing that the
D5 cDNA was derived from a single copy gene or low-
copy number genes.

DNA sequence analysis revealed that the D5 cDNA is
1577 bp in length with a predicted open reading frame of
389 amino acid residues starting at the first ATG codon
at position 53 and ending at position 1222 (Fig. 1). The
3′ end of the cDNA terminated at a poly(A) tail, preced-
ed by a 278-bp untranslated AT-rich region containing a
potential polyadenylation signal (AATACA) (Fig. 1). A
database search using BLAST (Altschul et al. 1994)
showed that the encoded polypeptide of the D5 cDNA is
homologous to chalcone synthase sequences from plants
with a minimal identity of 39% among 62 CHS sequenc-
es (including the sequence of the Whp gene, a maize
CHS gene which plays a critical role in pollen viability)
compared (data not shown). A short leucine zipper motif
of four leucine residues has been found in most CHS and
CHS-related proteins and is thought to play a role in pro-
tein-protein interaction (Kouzarides and Ziff 1988; Flieg-
mann et al. 1992). A similar motif has also been detected
in the corresponding region of the predicted D5 polypep-
tide, although the second leucine was replaced by a phe-
nylalanine through substitution of CTT with TTT (Fig.
1). Despite the overall similarity, the D5 polypeptide
showed some interesting differences from other CHS se-
quences. For example, at the position 368–379 of the D5
polypeptide, a highly conserved region in other CHS
proteins (WGVLFGFGPGLT), known as the CHS signa-
ture (Martin 1993), was replaced by the sequence
WGLILAFGPGIT (Fig. 1). Furthermore, the D5 poly-
peptide diverges from another highly-conserved region
around cysteine 170 thought to be an active site for sub-
strate binding although the cysteine 170 itself is con-
served (Martin 1993). These differences suggest that the
D5 cDNA represents a novel member of the CHS gene
family.

The nucleotide sequence data reported will appear in the EMBL
database under accession number X91811&/fn-block:
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The D5 polypeptide showed highest homology (68%
and 65% identity, respectively) to peptides encoded by
two anther-specific genes in Brassica napus,A1 and
BA42 (Scott et al. 1991; Shen and Hsu 1992). The A1
gene was found to be expressed during the tetrad and mi-
crospore release stages of pollen development (Scott et
al. 1991), whereas BA42 transcripts were detected only
in the tapetum, periphery cells of the vascular bundle and
developing microspores (Shen and Hsu 1992). However,
the spatial distribution of the D5 transcript within anthers
needs further analysis. The fact that D5, A1 and BA42
share the highest homology suggests that there may be a
subgroup of CHS genes which are expressed specifically
in anthers; this is also supported by a dendrogram
(Fig. 2) derived from a phylogenetic analysis using the
PILEUP program in the GCG package (Madison, Wis.).
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Fig. 1 DNA and polypeptide
sequences of the D5 gene. The
start and stop codons together
with the cysteine 170 and the
residues forming a short leu-
cine zipper motif are shown in
bold. A possible polyadenyl-
ation signal sequence is under-
lined. Computer analyses of
DNA and amino acids were
performed using the GCG
package&/fig.c:

Fig. 2 Dendrogram based on amino acid sequence similarity by
using the PILEUP program. CHS_Os, rice chalcone synthase
(Reddy et al. 1996); CHS-Zm, chalcone synthase Whp in flowers
of Zea mays(Franken et al. 1991); CHSA_Ph and CHS_Ph, two
chalcone synthases in flowers of Petunia hybrida(Koes et al.
1989); CHS_Am, chalcone synthase in flowers of Antirrhinum

majus(Sommer and Saedler 1986); CHS_Ps, chalcone synthase in
Pinus sylvestris(Fliegmann et al. 1992); A1_Bn, peptide from
Brassica napusanther-specific mRNA A1 (Scott et al. 1991);
BA42_Bn, peptide from B. napusanther-specific mRNA BA42
(Shen and Hsu 1992); D5_Os, peptide from rice anther-specific
mRNA D5 by the authors



Although the function of proteins encoded by this class
of anther-expressed genes remains unclear, their homolo-
gy to CHS and their expression patterns indicate that
they play an important role in anther development. Fur-
ther work is required to dissect their functions during an-
ther development.
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