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Abstract

Computer science is a subject, which deals with the manipulation of data so that new data, implicit in the
original, appear in a useful form. We have used the analogy of genome analysis and VIRUS (vital information
recourse under siege) and analyzed MLH1, MSH2 and MSH6 gene which play an important role in repairing
mistakes made in DNA replication in colon cancer. If the MLH1, MSH2, MSH6 proteins are mutated and there-
fore don’t work properly, the replication mistakes are not repaired, leading to damaged DNA. The information of
all the experimentally proven mutations were collected and analyzed using bioinformatics tools and software
programs. We tried to find out whether the presence of or simple sequence repeats in the MLH1, MSH2, MSH6
gene has any significance in the generation of these mutations and checked whether these mutations are fallen in
the regions of those microsatellites and if so is there any significance of these microsatellites in the functional

ins of the each gene. Our analysis reveled that 3 of the 10 mutations of the MLH1 gene and all the 10
mutations of the MSH2 gene and the one mutation in the MSH6 gene that are existing in the microsatellite
regions arefall.en in the domain regions of the respective genes and thusindicating a positive role of microsatellites
in mutagenesis.
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I ntroduction

Colon cancer is one of the most common inherited can-
cer syndromes known. Among the genes found to be in-
volved in colorectal cancer are: MSH2 and MSH6 both on
chromosome 2 and MLH1, on chromosome 3 (Lawes et a
2005). Normally, the protein products of these geneshelpto
repair mistakes made in DNA replication. If the MSH2,
MSH6, and MLH1 proteinsare mutated and therefore don’t
work properly, the replication mistakesare not repaired, lead-
ing to damaged DNA (Péivi Peltomaki 2001).

Cancer occurs when cells become abnormal and divide
without control or order. Like all other organs of the body,

the colon and rectum are made up of many types of cells.
Normally, cellsdivideto produce more cells only when the
body needsthem. Thisorderly processhelpskeep ushealthy.

Apart from genes, the human genome also consists of a
large number of nucleotide repeat units of size 1-6 bp re-
peated tandemly called Microsatellites or Simple Sequence
Repeats (SSRs) or Short Tandem Repeats (STRS)
(Schlotterer, C. 2000) Microsatellites are found in all the
known genomes, spanning from prokaryotes, eukaryotesand
viruses and are widely distributed both in coding and non-
coding regions(Toth, G et al 2000 ; Sreenu.V.B.et a 2007).
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Mutations in these micro satellite regions occur at much
higher rate when compared with those in the rest of the
genome (Ellegren, H. 2000).

Microsatellites are known to be highly polymorphic due
to the high rate of mutations in their tracts (Jarne P. and
Lagoda PJ.L. 1996). These mutations can be either in the
form of increase/ decrease of repeat units or in the form of
single nuclectide substitutions/del etiong/insertions and other
events (Fan, H. and Chu, J.Y. 2007) . Increase or decrease
of repeat units of micro satellites in coding regions might
lead to shift in reading frames there by causing changesin
protein product (Li Y.C. et a 2004) and in non-coding re-
gions are known to effect the generegulation (Martin. P. et
a 2005). Point mutations (Substitutionsand Indels) arealso
found to occur at a higher rate in micro satellites than else-
where (Sibly.R.M. et d 2003). Micro satellite mutationswith
in or near certain genes are known to be responsible for
some human neurodegenerative diseases. So, we made a
brief study to check whether the mutations in this MLH1,
MSH2 and M SH6 gene have any relation with these micro
satellites repeats and the study revealed interesting results

M ethods

All the experimental proved mutations of the genes
MLH1,MSH2 and MSH6 that arefalling inside the coding
region and are eventually leading to phenotypic differences
were collected from the Human Gene Mutation Database
(HGMD) (Stenson, PD. et a 2003). Micro satellites are
obtained from the Imperfect Microsatel lite Extractor (IMEXx)
(Mudunuri and Nagarajaram 2007) using intermediate mode
with default values 10 for single5for di 3tri 3for tetra2 for
pentaand 2 for hexaand obtained 14,17,24 micro satellites
inMLH1,MSH2,M SH6 respectively. Since microsatellites
are drawn from the nucl eotide sequence and HGM D muta-
tions are given for protein sequence we have used DNA to
Amino Acid trand ator. We compared the regions with the
mutationswhether they have mutationsin those regionsand
found some of the s have occurred in those regions. Now
we analyzed whether these mutations and microsatellites
havefallenin the functional domains of those geneshby us-
ing Simple Modular Architecture Research Tool (SMART)
(Letunic | et al 2004)and the results are as follows.

Confidently predicted domains, repeats, motifs and fea-
tures: from the smart results we obtained the following do-
mains for the MLH1 gene

NAME BEGIN END
Hatpase ¢ 23 1 5 8
Pfam:mis__dna repair 221 3 3 5

Low complexity 362 3 7 5
Low complexity 475 486

The codon changes (TCC-TTC) and (AGT-ATT) are
fallen in the HATPase_c domain and the codon change
(GAG-GGQG) Isfalleninthe Pfamrgion whichistheregion
where the DNA repair mechanism takes place.

MLHI1 GENE (change and phenotype)

Codon | Amino | Disease References
Codon | change | acid phenotype
number Change
44 TCC- Ser- Colorectal | Bronner
TTC Phe cancer,non- | CE et al
polyposis 1994
46 AGT- Ser-Ile | Colorectal | Cai Q et al
ATT cancer,non- | 2003
polyposis
234 GAG- | Glu- Colorectal | Kim JC et
GGG Gly cancer,non- | al 2001
polyposis
379 TAT- Tyr- Colorectal | Taylor CF
TGT Cys cancer,non- | et al 2003
polyposis
426 gCAG- | GIn- Colorectal | Bisgaard
TAG Term cancer,non- | ML et al
polyposis 2002
607 CTT- Leu- Colorectal | Fidalgo P
CAT His cancer,non- | et al 2000
polyposis
618 AAG- | Lys- Colorectal | Han HJ et
ACG Thr cancer,non- | al 1995
polyposis
618 gAAG- | Lys- Colorectal | Hutter P et
TAG Term cancer,non- | al 1998
polyposis
622 CTT- Leu- Colorectal | Godino J,
CAT His cancer,non- | et al 2001
polyposis
631 GAT- | Asp- Colorectal | Kim et al
GCT Ala cancer,non- | 2001
polyposis

Confidently predicted domains, repeats, motifs and fea-
tures: from the smart results we obtained the following do-
mains for the MSH2 gene.

All the codon changes of the MSH2 gene are fallen in
one of the domain as indicated above the first two Codons
44 and 45 arefallenin the Pfam: MutS-I and next six codons
have fallen in the MUTsd domain and the last two Codons
arefallen in the MUTSac domain.

Confidently predicted domains, repeats, motifs and fea-
tures: from the smart results we obtained the following do-

95t ISCA —Bioinformatics Section 1SSN:0974-276X Volume S1: S041-S045(2008) - S042



Journal of Proteomics & Bioinformatics - open Access

Research Article

JPB/Vol. S1/Special 1ssue 2008

Name Begin End

Pfam: MutS_1 17 132

Pfam: MutS_I1 143 290

MUTsd 321 645

MUTsac 662 849
mains for the MSH2 gene

MSH6 GENE (change and phenotype)

Codon | Amino | Disease References
Codon | change | acid phenotype
number Change
619 GAAg- | Glu- Colorectal | Plaschke J
Gac Asp cancer et al 2004
Name Begin End
Ptam: MutS_1 407 326
Ptam: MutS_1II 537 704
MUTsd 753 1102
MUTsac 1127 1321

The only one change in the Codon of the MSHG isfallen
inthe domain Pfam: MUTSHI.

Results and Discussion

Theform of genomicinstability associated with defective
DNA mismatch repair in tumorsisto be called instability
(MSI)( Richard Boland et a 1998) and mutations in the
mismatch repair (MMR) genes hMLH1 and hMSH2 can
cause hereditary non-polyposis colorectal cancer(Brieger

A et a 2002). sare DNA elements composed of short tan-
dem repeats of 1-5 bp. These sequences are particularly
prone to frameshift and mis sense mutations by insertion—
deletion loop formation during replication. The mismatch
repair systemisresponsiblefor correcting these replication
errors, and mutation rates are significantly elevated in the
absence of mismatch repair. (Hans Ellegren 2002) and Due
to these mutations during PCR, stutter patterns may appear
in the final PCR product, which hinder us from accurate
genotyping (genitical information)(Yinglel Lai aand Fengzhu
Sun 2004) so keeping the above thingsin mind we analyzed
and found that Out of the ten mutationswhich arefallenin
theregions of the Microsatillitesthree of them having codon
numbers 44,46 and 234 have fallen in the regions of the
functional domains of the MLH1 gene and for the MSH2
gene the 12 mutations which have fallen in the regions of
the microsdtillites are all have fallen in the functional do-
mains of the MLH2 gene and similarly for the MSH6 the
single mutation which is fallen in the region of the
microsatillitesis also fallen in the functional domain of the
MSH6 gene. since the functional domains are the main re-
gionsresponsiblefot the function of that gene and any mu-
tationsin these regions may cause changein the functional-
ity of the gene.

Concluson

Microsatillites are known for their higher rate of muta-
tionsand are known to be associated with various diseases.
So, we analyzed the MLH1, MSH2 and M SH6 gene muta-
tionsand their possible association with the micro satellites.
These mutations from HGMD database are mapped on to
the micro satellite tracts and the results seem to indicate
that micro satellites play an important role in mutagenesis
and by mapping the same with the functional domains we
can say that these can cause functionality changes of those
genes. Extending this work on a large scale by analyzing
large number of genes might give a better evidence of the
role of micro satellitesin generating mutations.
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