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ABSTRACT

Expressed sequence tag (EST) sequencing has
proven to be an economically feasible alternative for
gene discovery in species lacking a draft genome
sequence. Ongoing large-scale EST sequencing
projects feel the need for bioinformatics tools to
facilitate uniform EST handling. This brings about a
renewed importance for a universal tool for process-
ing and functional annotation of large sets of ESTs.
EGassembler (http://egassembler.hgc.jp/) is a web
server, which provides an automated as well as a
user-customized analysis tool for cleaning, repeat
masking, vectortrimming, organelle masking, cluster-
ing and assembling of ESTs and genomic fragments.
The web server is publicly available and provides
the community a unique all-in-one online application
web service for large-scale ESTs and genomic DNA
clustering and assembling. Running on a Sun Fire
15K supercomputer, a significantly large volume of
data can be processed in a short period of time. The
results can be used to functionally annotate genes,
to facilitate splice alignment analysis, to link the
transcripts to genetic and physical maps, design
microarray chips, to perform transcriptome analysis
and to map to KEGG metabolic pathways. The service
provides an excellent bioinformatics tool to research
groups in wet-lab as well as an all-in-one-tool for
sequence handling to bioinformatics researchers.

INTRODUCTION

Expressed sequence tags (ESTs) are partial sequences of
expressed genes prepared by reverse transcribing mRNA
and cloning the cDNA fragments into a plasmid (1). ESTs
have proven to be an extremely valuable resource for high-
throughput gene discovery, annotating the genome’s drafts by
providing sequence information to identify novel genes, gene
location and intron—exon boundaries within genomic sequence
assemblies (2,3). EST sequencing has also proven to be an
economically feasible alternative for gene discovery in species
lacking a draft genome sequence. It is a cost-effective way
to survey the expressed portions of the genome, especially
in plants with extremely large genomes (e.g. 16000 Mbp in
wheat).

Large-scale EST sequencing projects, which are con-
ducted by a consortium of laboratories, require bioinfor-
matics tools to facilitate the uniform handling of ESTs.
The importance of EST clustering and assembly has
been well established as evidenced by the number of
databases currently available, such as TIGR gene indices
(4), STACK (5) and UniGene (6). This proliferation of
online resources demonstrates the need for a universal
tool for processing and functional annotation of large sets
of ESTs.

EGassembler is a single web server, which provides
an automated as well as a user-customized analysis tool for
cleaning, repeat masking, vector trimming, organelle masking
and assembling of ESTs and genomic fragments. It is also
designed to serve as a stand-alone web application for each
one of the processes.
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Figure 1. EGassembler data flow. The flowchart shows the pipeline used in the EGassembler web server. The Middle portion shows the process and running modes
(parallel or single). The right side shows each process action and the left side shows the databases used by each process for masking.

DESCRIPTION

EGassembler consists of a pipeline of five components, each
using highly reliable open-source tools (4,7-9) and a non-
redundant custom-made database of repeats (EGrep) and
vectors (EGvec) covering almost all publicly available vectors
and repeats databases. The EGrep is a non-redundant repeats
database covering latest release of the RepBase (10), TREP
(11)  (http://wheat.pw.usda.gov/ITMI/Repeats/index.shtml),
TIGR plant repeats (12) and thousands other publicly available
repeat sequences on the Internet. The EGrep was constructed
by combining and assembling repetitive elements using
PHRAP and CAP3 assembling programs into one single data-
base. EGvec was made by assembling the NCBI’s UniVec and
EMBL’s emvec vector/adaptor library and other vector
sequences using CAP3 program.

Figure 1 shows a flow chart of the EGassembler process.
The web server accepts any type of DNA sequences in FASTA
format (EST, GSS, cDNA, gDNA). The sequence cleaning
process involves basic procedures such as, removing the
polyA/polyT tail, clipping low-quality ends (the ends rich
in undetermined bases) and discarding those that are too
short (shorter than 100) or which appear to be mostly low-
complexity sequences. The repeat masking process compares
the query sequence against one or more files of FASTA
sequences (library for masking). Masking vectors and
organelles is performed using the program Cross_Match (9)
where is a general-purpose utility for comparing any two sets
of DNA sequence. It is used to compare query sequences to
a set of vector or organelle sequences and produce vector/
organelle masked versions of the input sequences. The
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Figure 2. EGassembler performance. The large plot shows the EGassembler performance under different sequence loads and different numbers of CPUs.

The inset displays the performance with <8000 sequences.

sequence assembling process uses the CAP3 program (7) for
Clustering and assembling the sequences into contigs and
singletons. CAP3 assembles ESTs from the same gene under
more stringent criteria compared with other approaches, and
is able to distinguish gene family members while tolerating
sequencing error.

All of the processes in the pipeline, except the assembling
step, run in parallel using all CPU resources available on the
server. Those programs that were originally written as serial
programs, using only one CPU, are now executed in parallel
by implementation of a new algorithm using the Perl thread
module. This implementation is especially valuable for trim-
ming the vector and masking the organelle sequences. Using
the original program on a single CPU required several days
depending on input sequences, but now it takes only a few
hours. Figure 2 shows a diagram of the EGassembler perfor-
mance under different loads.

The main menu on EGassembler interface has three sub-
menus providing users with the following processing options.

One-click assembling

All the components in the pipeline are run consecutively with
their default options. After uploading the sequences, choosing
the libraries for trimming and masking, assembling results
can be obtained in one-click. The results of all steps are avail-
able to users for downloading as both URL addresses in one
single-zipped file and as separate files for each step. The URL
addresses of results are valid for access by users for one week
after completion.

Step-by-step assembling

Users run all the components outlined in the pipeline interac-
tively and have the opportunity to run each one of them with
advanced options. The output of each step of the process is
automatically used as the input to the next step of the pipeline;

users can also jump into any step at anytime with the previous
results.

Stand-alone processing

Users can use each one of the components alone with all
options available. Web-interface displays the default parame-
ters of the original programs, any of which users can choose/
change for each program.

APPLICATION

Using the One-Click Assembling option, we used EGassem-
bler server to analyze 386515 rice ESTs deposited in
NCBI’s dbEST database. By searching the Nucleotide data-
base of GenBank using the term ‘oryza sativa AND
gbdiv_est[PROP]’, all the deposited ESTs (386515) were
downloaded in FASTA format and used as the input file.
From 386515 EST sequences, 125404 reads were trimmed
and 11553 sequences discarded through the sequence cleaning
process. The repeat masking process identified 345 SINE,
83 LINE, 273 Copia and 1668 Gypsy belonging to the retro-
elements group and 191 hobo-activator, 1581 TC1-pogo, 398
En-Spm, 268 MuDr and 951 Tourist, all belonging to the DNA
transposons group. The number of simple sequence repeats
and low-complex elements were 43293 and 23412, respec-
tively. Total repetitive elements masked were 5216297 bp,
about 2.7% of the query sequence. Vector and organelle
sequence matches were found in 17980 (1300270 bp,
0.65%) and 2958 (1064453 bp, 0.54%) sequences, respec-
tively. CAP3 assembling results in 73 555 singletons (reads
that are not used in assembly) and 25193 contigs. The
EGENES database of KEGG (release 34.0, April 2005),
which is the transcriptome-based plant database of genes
with metabolic pathway information, has also been developed
using the pipeline described here.
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IMPLEMENTATION

EGassembler is written in Perl CGI and uses suites of
open-source programs. The web server runs on a Sun Fire
15K supercomputer, located in the Human Genome Center
at the University of Tokyo. While processing, the web server
refreshes the results page every 30 s for small sets of data (less
than 1000 sequences). For larger data set it provides instead a
hyperlink for downloading the results. A user manual for each
program and tutorial is available on the web server to provide
assistance on using the interface.

FUTURE PLANS

Recently many new algorithms have been introduced for
sequence clustering that provides more flexibility and
advancement for large-scale projects (13—15). We are plan-
ning to validate and use new algorithms to improve the quality
of the pipeline on this web server. In the near future there will
be an option for users who want to annotate their assembl-
ing results based on the KEGG pathway database (16). The
results of assembling, including contigs and singletons will be
mapped to the pathways in KEGG by transferring the results
to another server for automatic functional annotation based
on KEGG (KAAS; http://www.genome.jp/kegg/kaas/). We
will also continue collecting new repeats and vector sequences
from public resources to enrich our custom database for
filtering the sequences.
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