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ABSTRACT
Summary: Digital Extractor is a program for the high-
throughput processing of data sets derived from digital
differential display-based comparisons of EST libraries.
These comparisons can be utilized to identify discrete
subsets of genes whose expression is restricted to distinct
tissue types. The program facilitates these investigations
by permitting parallel annotation of genes identified as
being differentially expressed.
Availability: The executable program, suitable for use on
all UNIX-based platforms is freely available to non-profit
users
Contact: pdoran.genome@mater.ie

Digital Differential Display (DDD) is an Internet
based resource for the identification of genes whose
expression is altered between different tissue types
(http://www.ncbi.nlm.nih.gov/UniGene). This resource
exploits the large number of publicly available cDNA
libraries corresponding to different tissues, cancers,
etc. This online system permits: (a) selection of cDNA
libraries to be compared (e.g. cancer versus normal
tissue); (b) comparison of the constituent sequences; and
(c) output of a list of differentially expressed sequences.
This resource offers exciting new avenues for exploration
in the search for novel genes in health and disease; indeed
it has recently been applied to the identification of cancer-
associated transcripts (Scheurle et al., 2000). Whilst DDD
represents an important tool for the biomedical research
community, its main limitation rests in the cumbersome
nature of the subsequent data analysis.

Here we present a new program Digital Extractor, for
the processing of data obtained from DDD-based investi-
gations of differential gene expression. This program re-
fines the DDD approach by permitting rapid, automated
annotation of output gene lists.
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Extractor is written in PERL and can be implemented on
all UNIX platforms with PERL version 5.0 or greater. The
application can be executed using either a Java application
or a command line interface. Digital Extractor integrates
and utilizes a number of tools including: (a) CAP3 (Huang
and Madan, 1999), for assembly of EST clusters into
contigs; (b) RepeatMasker (Smit, 1996), for masking of
repetitive elements within the assembled EST contigs;
and (c) BLAST (Altschul et al., 1990), for homology
searching.

The results file produced from a DDD experiment is an
HTML page detailing all of the ESTs, whose expression
differs between the conditions of interest with a link pro-
vided to each UNIGENE cluster. Digital Extractor uses
the DDD output HTML page as input. The page is loaded
into the application and scanned to extract the accession
numbers of the UNIGENE clusters, representing differen-
tially expressed genes. These accession numbers are then
used to complete automated extraction of the UNIGENE
clusters from the locally-stored databases. The user can
specify application parameters such as the database to be
searched, and the e-values for the BLAST searches.

Each UNIGENE cluster extracted from the database
contains all of the cDNA sequences that correspond to an
individual gene. The number of sequences in each cluster
can range from a few dozen to many thousand. To date
no attempt has been made to produce contigs from the
representative sequences in these clusters due to a number
of reasons including the presence in the UNIGENE cluster
of all the splicing variants of the gene of interest and the
inclusion of 5′ and 3′ reads from the same gene. However,
if the information produced from the DDD is to be of
use in the identification of differentially expressed genes,
in particular the annotation of unknown transcripts, it is
necessary to produce contiguous sequences, for database
searching, by cluster assembly. This step is crucial to
reduce the number of BLAST runs per experiment thus
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improving throughput. Having obtained the complete
UNIGENE clusters representing each hit in the DDD
experiment, Digital Extractor integrates and utilizes the
CAP3 EST assembly program to produce contiguous
sequences. The result of this procedure is the production
of a sequence for BLAST analysis. This step obviates
the need for BLAST searches of all the individual se-
quences within each UNIGENE cluster, thus dramatically
increasing the efficiency of the application.

To facilitate the rapid, parallel identification of the gene
corresponding to each assembled contig, by means of the
BLAST algorithm, it is necessary to optimize the sequence
inputs. To achieve this, the assembled contigs are masked
for repeat elements and low complexity DNA using
the Repeat Masker Application. This step substantially
improves the performance of the BLAST-based sequence
identification. Having assembled and masked each of
the contiguous sequences corresponding to genes whose
expression is altered between the conditions of interest,
BLAST is used to search for homologous sequences in the
non-redundant nucleotide database. The output of Digital
Extractor is a results page with the identity of all annotated
sequences, with links to the NCBI database for further
information.

To determine the speed and accuracy of Digital Extrac-
tor, a test analysis was performed on a data set produced
from a DDD-based comparison of cDNA libraries from
human kidney and human pancreas. The output from
this comparison was a web page containing 171 links to
UNIGENE clusters. The web page was downloaded and
submitted to the program via the Java GUI. The option
to extract only un-annotated clusters was chosen, which
focused the analysis on a subset of 15 UNIGENE clusters.

It was also decided to compare the clusters to the nr
database with an e-value of 0.001 (choosing a smaller
database, and a lower e-value would obviously decrease
run time of this aspect of the program). It takes approx-
imately 6 minutes, to extract, assemble, mask, and blast
each cluster, on a 1 GHz processor with 216 MB of mem-
ory. The major limiting factor being the assembly process.
A detailed analysis of the data set can be viewed on our
web-site, http://www.hgbru.org/worked example.htm.

In summary Digital Extractor represents an efficient,
user-friendly platform for the rapid annotation of data de-
rived from DDD-based experiments to analyze differential
gene expression.
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