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Abstract: MICAS is a web server for extracting microsatellite information from completely sequenced prokaryote and viral genomes, or

user-submitted sequences. This server provides an integrated platform for MICdb (database of prokaryote and viral microsatellites),

W-SSRF (simple sequence repeat finding program) and Autoprimer (primer design software). MICAS, through dynamic HTML page

generation, helps in the systematic extraction of microsatellite information from selected genomes hosted on MICdb or from user-

submitted sequences. Further, it assists in the design of primers with the help of Autoprimer, for sequences containing selected micro-

satellite tracts.
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Introduction
Microsatellites, also known as simple sequence repeats

(SSRs), are the short, direct, tandem repeats of DNA

sequences with repeating units comprising less than six

nucleotides (Tautz and Renz 1984). They are known to cause

phase variation in most of the pathogenic bacteria (Borst

1991), especially bacteria like Neisseria gonorrhoeae (Burch

et al 1997), Haemophilus influenzae (Hood et al 1996) and

Moraxella catarrhalis (Peak et al 1996). Microsatellites have

been proven to be very useful genetic markers for strain

differentiation (Andersen et al 1996), forensics (Jeffreys et

al 1992), kinship (Morin et al 1994) and construction of

phylogenetic relations (Meyer et al 1995).

The task of identification and characterisation of

microsatellites, in the pre-genomic era, was time-consuming

and cumbersome, involving a number of steps: isolation of

flanking regions specific for each microsatellite locus, by

the construction and screening of different libraries; detection

of clones containing microsatellites; design of locus-specific

polymerase chain reaction (PCR) primers; and amplification

of the respective regions from different sources of genomic

DNA. However, in the post-genomic era, availability of

whole genome sequences has made the task of screening

genomes for microsatellites simple and easy. A computer

program specially developed for microsatellite screening is

sufficient to scan the whole genome for sequence

composition of motif, and the location and frequencies of

microsatellite tracts.

As a part of our ongoing project on structural and

functional characterisation of microsatellites, we developed

both MICAS: a web-based, fully automated server for

extraction and analysis of microsatellites; and MICdb: a

database of microsatellites extracted from prokaryote and

viral genomes (Sreenu et al 2003). MICAS also provides an

interface to automated primer design software that can be

used for designing primers for PCR amplification of genomic

regions harbouring microsatellites. The MICAS server is

available for public access at http://www.cdfd.org.in/micas.

MICAS: the web server
MICAS has a three-module architecture as illustrated in

Figure 1. The first module is a processing unit, the second
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Figure 1 MICAS architecture.

module is a database and the third module is a user interface.

The processing unit is made up of three programs: W-SSRF,

Autoprimer and the processing engine.

W-SSRF: web-based simple sequence
repeat finder
W-SSRF has been developed using Java™ programming

language. The program scans a given nucleotide sequence

for the presence of perfect simple sequence repeats from

motif lengths of mono- to deca-nucleotides. The extracted

information pertaining to SSRs includes the sequence content

of the motif, repeat numbers, and start and end positions of

the SSR tracts in the sequence.

Autoprimer: primer design software
Autoprimer has been developed using Java programming

language. The essential parameters required for the optimum

design of primers are namely: primer length, GC content,
self-complementarity potential, primer dimer formation
potential, self end-annealing potential and melting
temperature (Tm). These have all been considered. Tm is
calculated using the nearest-neighbour thermodynamics
equation as given in Breslauer et al (1986). Default values
for primer length and GC percentage in the primer sequences
have been set to 20 nucleotides (optimum range is 18–30)
and 50 nucleotides (optimum range is 45–65) respectively.
Primers are examined for repetitive sequences. Dimerisation
potential between the forward and reverse primers is checked
by the extent of complementarity between them (Kampke et
al 2001). Each primer is further tested for unintended
hybridisation with itself, by testing for self-end annealing.
By default, the program generates 10 sets of possible primer
pairs for a given sequence. The forward and reverse primers
are designed to suit the upstream and the downstream regions,
respectively, of the microsatellite tract of interest.
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MICdb: microsatellite database
The second module, a database, is completely constituted

by MICdb, which is a combination of MySQL relational

tables and flat files. The MySQL tables store precompiled,

non-redundant microsatellites extracted from whole genomic

sequences using SSRF – a stand-alone program similar to

W-SSRF developed in the C programming language. The

information stored includes the microsatellite motifs, their

loci, repeat number, frequency of occurrence and location

with regard to coding regions. The flat files contain the

genome summary, genome sequences and the open reading

frames (ORFs), along with predicted secondary structural

information corresponding to their protein translations. The

secondary structures for the translated proteins have been

predicted using PSIPRED (Jones 1999). For precompilation

of the database, the whole genome sequences were

downloaded from the National Center for Biotechnology

Information (NCBI) ftp site (ftp://ftp.ncbi.nih.gov).

User interface
The third module is the user interface, developed using Java

servlets. The interface provides a platform for MICdb, W-

SSRF and Autoprimer to input queries as well as to display

query results by means of dynamically generated HTML

pages. To query the MySQL® database, the MM.MySQL

JDBC driver has been used.

Data retrieval using MICAS
MICAS has a user-friendly interactive front-end through

which either MICdb can be queried for microsatellites from

a selected genome or a sequence can be scanned for

microsatellites. To extract microsatellite information from

genomes hosted by MICdb, the user has to select a genome

from the drop-down menu and query the database for

occurrence of tandem repeats of microsatellite motifs of

specified size (S) repeating at least a specified number of

times (N). Following the query, MICAS outputs a table

containing the complete list of microsatellite motifs satisfying

S and N. This table also provides for each motif the number

of times that it occurs in the whole genome. The motifs in

this table are hyperlinked to their details: genomic locations

(starting and ending nucleotide numbers) and regions of their

occurrence (whether they are in coding or non-coding

regions). The coding regions containing microsatellites are

shown along with their predicted secondary structural

information. Secondary structures of the translated proteins

are predicted using PSIPRED (Jones 1999).

As mentioned earlier, MICAS also provides an interface

to W-SSRF. A text box is provided where a sequence of

interest can be pasted and submitted to W-SSRF to scan for

microsatellites. The current version of W-SSRF can take a

sequence of up to 20 kB file size. For user-submitted

sequences, all microsatellite motifs, repeat number and their

positions in the given sequence are displayed. If the user

wishes, they can select a microsatellite tract (obtained either

from database query or sequence scanning) along with its

flanking sequence for Autoprimer to design primers for PCR.

Provision has been made for the user to change the default

settings of various parameters for primer design. By default,

Autoprimer generates 10 sets of primer pairs; however, this

can also be changed according to user choice.
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