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Abstract We have developed a new algorithm for inverte-
brate expressed sequence tag (EST) analysis, termed as the
fmEST algorithm, which consists of a systematic homology
search, functional motif scanning, and clustering alignment.
This study was undertaken to evaluate the validity of our
fmEST algorithm in functional motif discovery for inverte-
brate EST sequence data. Out of 200 unidentified inverte-
brate ESTs, including 100 arthropod ESTs and 100 mollusk
ESTs, 18 arthropod ESTs and 21 mollusk ESTs were
identified as fmESTs that contained functional motifs. The
nucleotide lengths of arthropod fmEST and mollusk fmEST
sequences were distributed from 388 to 954bp and from 222
to 742bp, respectively. This result allowed us to annotate
these invertebrate fmESTs as various functional genes,
while they showed no significant homology to the gene
information recorded in the international DNA databases
using the conventional BLAST homology search program.
In addition, another 1 arthropod EST and 23 mollusk ESTs
were assembled into contigs with any identified fmESTs by
clustering alignment. Based on these findings, we have con-
cluded that our fmEST algorithm, involving the functional
motif discovery procedure, is a valuable approach, enabling
us to break new ground in undeveloped invertebrate EST
analysis.
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1 Introduction

Expressed sequence tag (EST) analysis is a mining method
for physiological mechanisms by a comprehensive analysis
of the expressed genes. EST is the nucleotide sequence
information of cDNA that is a complementary single strand
of DNA to mRNA expressed in vivo. Molecular biologists
used to identify ESTs as the functional gene homologues
by computational comparisons of EST sequence data with
the gene information recorded in the international DNA
databases such as DDBJ (http://www.ddbj.nig.ac.jp/),
EMBL (http://www.ebi.ac.uk/embl/), and Genbank (http://
www.ncbi.nlm.nih.gov/Genbank/). These findings allowed a
survey of the physiological mechanisms occurring in differ-
ent taxonomical levels of animal, organ, tissue, or cell.1

An EST dataset for analyzing the expressed genes usu-
ally contains from 500 to 2000 EST sequences. These large
numbers in gene information are applicable to broad
scientific fields, such as medicine, pharmacology, microbiol-
ogy, and phylogeny.2–5 To date, functional genomic studies
on invertebrate taxa have increasingly been required from
physiological, ecological, and evolutional interests.6–11 How-
ever, gene information on microorganisms and vertebrates
occupies the majority of the present databases.12 In addi-
tion, the molecular structures of invertebrate genes differ
considerably from those of vertebrate genes. We have de-
veloped a new algorithm for invertebrate EST analysis,
termed as the fmEST algorithm, which combines functional
motif scanning with the traditional systematic homology
search and clustering alignment.12 The functional motifs are
the functionally important secondary structures of proteins,
such as receptor binding domains, immunological epitopes,
and catalytic sites of enzymes. They are encoded by short
nucleotide sequences (generally less than 20 nucleotides),
and are highly conserved during evolution. Therefore, the
functional motifs are a significant clue to annotate the large
invertebrate EST dataset.13

This study was undertaken to evaluate the validity of our
fmEST algorithm in functional motif discovery for 200 uni-
dentified invertebrate ESTs, including 100 arthropod ESTs
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and 100 mollusk ESTs, all of which showed no significant
homology to the gene information recorded in the inter-
national DNA databases using the conventional BLAST
homology search program.

2 fmEST algorithm

The traditional systematic approach to EST analysis con-
sists of a BLAST homology search and subsequent
CLUSTAL W14 multiple alignment of EST sequences to the
gene information recorded in the international DNA data-
bases. Several researchers into invertebrate EST analysis
have reported that these traditional procedures enabled us
to identify a limited part of the EST dataset as the func-
tional gene homologues,6–11 because there is less gene infor-
mation on invertebrates than on vertebrates recorded in the
DNA databases, and there are divergent molecular struc-
tures between invertebrate and vertebrate genes. The
BLAST homology search program allows us to obtain a
little information about the functional genes for certain
invertebrate EST sequence data based only on short
homologous nucleotide sequences.

The fmEST algorithm consists of three computational
analytical steps: a systematic homology search, functional
motif scanning, and clustering alignment (Fig. 1). Following
a BLAST homology search, the nucleotide sequences of
unidentified ESTs were deduced to amino acid sequences
and applied to one of the functional motif search programs,
such as InterProScan (http://www.ebi.ac.uk/InterProScan/),
PROSITE (http:// www.expasy.org/prosite/), or Pfam
(http://www.sanger.ac.uk/Software/Pfam/). During sub-
sequent CLUSTAL W multiple alignment, nucleotide
sequences determined to contain the same functional motif
were assembled into a single contig, which was the cDNA
transcribed from a single mRNA.

For example, an unidentified EST (GenBank accession
CI999386) was obtained from the kuruma prawn
Marsupenaeus japonicus. Although this EST showed no sig-
nificant homology to the carboxypeptidase gene of the sea
hare Aplysia californica (GenBank accession U37755) by
the BLAST homology search (Score = 46.1, Expect value =
0.079), the prawn EST was found to contain the functional
motif of zinc carboxypeptidase (InterProScan accession
IPR000834) by functional motif scanning. There were two
unique amino acid sequences, i.e., PEFKYVANMHGNEV
and LPSMNPDGWQ, both of which were zinc-binding

sites involved in the catalysis of carboxypeptidases. When
the deduced amino acid sequences were then compared
between the prawn EST and the sea hare carboxypeptidase
by CLUSTAL W multiple alignment, these local short seg-
ments were highly conserved (Fig. 2). This result enabled us
to annotate the unidentified prawn EST as a homologous
gene encoding the zinc carboxypeptidase of sea hare.

3 Invertebrate EST analysis

A total of 200 unidentified invertebrate ESTs (100 arthro-
pod ESTs, i.e., 50 crustacean ESTs plus 50 insect ESTs, and
100 mollusk ESTs, i.e., 50 bivalve ESTs plus 50 gastropod
ESTs) were obtained from the Genbank dbEST database
under the accession numbers from CI999365 to CI999414 in
kuruma prawn M. japonicus, from DT777319 to DT777368
in flour beetle Tribolium castaneum, from DR409845 to DR

Fig. 2. Alignment of deduced
amino acid sequences of the
kuruma prawn EST (Genbank
accession CI999386) and sea
hare carboxypeptidase (Genbank
accession U37755)

ESTsequence

Unidentified EST

Identified EST fmEST

Identify

Low homologyHomology search

High homology

Multiple alignment Functional motif scan

Multiple alignment

Fig. 1. Schematic procedure of the fmEST algorithm. Gray boxes indi-
cate the traditional procedure of EST analysis
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409894 in akoya pearl oyster Pinctada fucata, and from
DT725365 to DT725414 in snail Biomphalaria glabrata,
respectively (Table 1).

Functional motif scanning was carried out interactively
on the web using the InterProScan functional motif search
program operated by the European Bioinformatics Insti-
tute. The option of a “translation table” was set to “Stan-
dard Code” for all ESTs. The option of the “minimum open
reading frame size” was set to 20, 50, 100, and 150 for
individual ESTs. The other parameters were set to default
values. Subsequent clustering alignment was carried out
using the TIGR gene indices clustering tools (TGICL) with
a default setting.15

In general, the nucleotide lengths of EST sequences ob-
tained from various organisms are distributed from 100 to
1000bp. Those of the 100 arthropod EST and 100 mollusk
EST sequences were distributed from 152 to 1025bp and
from 147 to 743bp, respectively. The average nucleotide
length of the 50 flour beetle EST sequences was estimated
to be 890bp, which was higher than that of other organisms
analyzed (Table 1). Insect taxa have so far been the most
well understood invertebrate class in recent molecular biol-
ogy,16 and their ESTs with long nucleotide sequences can be
prepared more easily than those of other invertebrate taxa.
In contrast, the average nucleotide length of the 50 akoya

pearl oyster EST sequences was lower than that of other
organisms analyzed (Table 1). This is probably because
much less information is available on molecular biological
techniques for bivalves.

The nucleotide lengths of 18 arthropod EST and 21 mol-
lusk EST sequences containing same functional motifs were
distributed from 388 to 954 bp and from 222 to 742bp,
respectively (Fig. 3). This result indicates that the functional
motifs are difficult to find in short EST sequences less than
approximately 200bp. Several studies on invertebrate EST
analysis have reported that the EST dataset generally con-
tains from 500 to 2000 ESTs, and approximately 20% to
30% of these can be identified as functional genes using the
conventional BLAST homology search program.6–11 In this
study, our fmEST algorithm enabled us to identify an addi-
tional 39 ESTs containing some functional motifs from 200
unidentified invertebrate ESTs (Fig. 4). In addition, another
1 arthropod EST and 23 mollusk ESTs were assembled into
contigs, with some fmESTs identified by clustering align-
ment, while no functional motifs were observed in these 24
EST sequences. The results allowed us to annotate an addi-
tional 63 unidentified ESTs as various functional genes,
which corresponded to approximately 30% of invertebrate
ESTs analyzed.

Table 1. Summary of EST datasets for functional motif scanning

Phylum Class Species No. of clones Nt length Accession No.a

(average)

Arthropoda Crustacea Kuruma prawn (Marsupenaeus japonicus) 50 152–678 (480) CI999365–CI999414
Insecta Flour beetle (Tribolium castaneum) 50 644–1025 (890) DT777319–DT777368

Mollusca Bivalvia Akoya pearl oyster (Pinctada fucata) 50 173–592 (350) DR409845–DR409894
Gastropoda Snail (Biomphalaria glabrata) 50 147–743 (518) DT725365–DT725414

a Accession number on the Genbank dbEST database
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4 Conclusion

This study demonstrated the validity of our fmEST algo-
rithm in functional motif discovery for invertebrate EST
sequence data. We concluded that our fmEST algorithm,
combining functional motif scanning with the traditional
systematic homology search, is a valuable approach, en-
abling us to break new ground in undeveloped invertebrate
EST analysis. Although the BLAST homology search pro-
gram is equipped to deduce nucleotide sequences to amino
acid sequences automatically, it has no ability to refer to
functional motifs. In addition, the conventional automated
EST annotation programs are not incorporated with a func-
tional motif search program.17 Molecular biologists thus
have a difficult task to discover functional motifs from large
numbers of EST sequences. A novel form of automated
EST annotation system, which incorporates our fmEST
algrithm, is proposed to help molecular biologist investigat-
ing a wide variety of invertebrate taxa which are involved in
familiar human sciences such as agriculture, fisheries, and
ecology.
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