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Abstract

Bioinformatics is the field of science in which biology, computer science, and information technology merge to
form a single discipline. The revolutionary growth in the computation speed and memory storage capability has
fueled a new era in the analysis of biological data. The ultimate goal of the field is to enable the discovery of new
biological insights as well as to create a global perspective from which unifying principles in biology can be
discerned. Bioinformatics, also known as genomics, computational genomics, or computational molecular biol-
ogy is a rateWe have used the analogy of genome analysis and VIRUS (vital information recourse under siege)
and analyzed KCNQ1, KCNH2 and SCN5A genes, which are playing an important role in LQTS disease. We
tried to find out whether the presence of microsatellites or simple sequence repeats in the KCNQ1, KCNH2 and
SCN5A genes, are having any significance in the generation of these mutations and checked whether these
mutations are fallen in the regions of those microsatillites and if so, isthere any significance of these microsatillites
in the functional domains of the each gene?.Our analysis revealed that 24 of the 26 mutations of the KCNQ1
gene, 19 of the 21 mutations of the KCNH2 gene and 3 of the 7 mutations of the SCN5A gene, which are existing
in the microsatellite regions are fallen in the domain regions of the respective genes and thus indicating a
positive role of microsatellites in mutagenesis.

I ntroduction

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 Micro satellites or Simple Sequence
Repeats (SSRs) or Short Tandem Repeats (STRS)
(Schlotterer, C, 2000) Micro satellites 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 et al, 2007).
Mutations in these microsatellite regions occur at much
higher rate when compared with those in the rest of the
genome (Ellegren, H, 2000).

Long QT syndrome (LQTS) isacongenital disorder char-
acterized by aprolongation of the QT interval on ECG and
apropensity to ventricular tachyarrhythmia, which may lead
to syncope, cardiac arrest, or sudden death. Congenital
LQTSisusualy inherited. Itis caused by an abnormality in
the gene that forms the ion channels, slowing the recovery
phase of the heartbeat. LQTSis caused by mutations of the
genesfor cardiac potassium and sodium or calciumion chan-
nels; 8 genes have been identified. On the basis of this ge-
netic background, 6 types of Romano-Ward syndrome, 1
type of Andersen syndrome and 1 type of Timothy syn-
drome those genes are KVLQT1, or KCNQ1, KCNH2,
SCN5A, ANK2, KCNE1, KCNE2, KCNJ2, and
CACNAI1C.

Micro satellites 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
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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 al, 2004) and in non-coding re-

gions are known to effect the gene regulation (Martin P et
al, 2005). Point mutations (Substitutionsand Indels) arealso
found to occur at a higher rate in micro satellites than else-
where (Sibly, R.M et a, 2003).

Micro satellite mutationswith in or near certain genesare

For the Gene KCNQ1
S1. | Microsatellits Microsatellite Codon Aminoacid Codon Domainl]
No region Change number
1 CGG 501-508 GGG-AGG | Gly-Arg 168 Pfam00520
2 CcGG 501-508 GGG-CGG | Gly-Arg 168 Pfam00520
3 TGGTC 515-530 CGC-TGC | Arg-Cys 174 Pfam00520
4 TGGTC 515-530 CGC-CAC | Arg-His 174 Pfam00520
5 CCG 530-542 GCC-ACC | Ala-Thr 178 Pfam00520
6 CcCG 530-542 GCC-CCC | Ala-Thr 178 Pfam00520
7 CcCG 530-542 GGC-AGC | Gly-Ser 179 Pfam00520
8 GGC 563-570 GGG-AGG | Gly-Arg 189 Pfam00520
9 GC 567-576 CGG-CAG | Arg-GIn 190 Pfam00520
O
10 GC 567-576 CTG-CCG | Leu-Pro 191 Pfam00520
11 TCC 689-697 CGC-TGC | Arg-Cys 231 Pfam00520
12 CCA 771-779 CGC-CTC | Arg-Leu 259 Pfam00520
13 CCA 771-779 CGC-TGC | Arg-Cys 259 Pfam00520
14 TCT 818-829 TTC-TCC | Phe-Ser 275 Pfam00520
15 TG 908916 TGG-TAG | Trp-Term 305 Pfam00520,
Pfam07885
16 G 914-922 GGG-GTG | Gly-Val 306 Pfam00520,
Pfam07885
17 G 914922 GGG-AGG | Gly-Arg 306 Pfam00520,
Pfam07885
18 CAC 926-938 GTC-ATC | Val-lle 310 Pfam00520,
Pfam07885
19 CAC 926-938 ACC-ATC | Thr-Ile 311 Pfam00520,
Pfam07885
20 CAC 926-938 ACC-ATC | Thr-Ile 312 Pfam00520,
Pfam07885
21 AGG 1681-1688 AGG-ATG | Arg-Met 562 Pfam03520
22 GC 1765-1773 GGC-GAC | Gly-Asp 589 Pfam03520
23 GC 1765-1773 GCC-ACC | Ala-Thr 590 Pfam03520
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For the Gene KCNH2
sl.no | Microsatellites | Microsatellite | Codon Aminoacid Codon Domain[]
Region Change number
1 ACG 134-142 GGC-GTC | Gly-Val 47 PAS
2 GCAGG 207-222 CAC-CGC | His-Arg 70 PAS
3 GC 213-216 CCG-CAG | Pro-GIn 72 PAS
4 CGC 226-241 GCT-CCT | Ala-Pro 78 PAS
5 TCA 365-382 ATG- Met-Arg 124 PAC
AGG
6 TCA 1403-1411 AAC- Asn-Asp 470 Pfam: Ion trans!
GAC
7 CAC 1416-1424 ACC-ATC | Thr-Ile 474 Pfam: Ion trans[]
8 ACT 1475-1483 TAC-TGC | Tyr-Cys 493 Pfam: Ion trans!
9 GCT 1576-1601 CGG- Arg-Gln 531 Pfam: Ion trans[’
CAG
10 TGCT 1646-1658 TTG-TCG | Leu-Ser 552 Pfam: Ion trans(]
11 GGCT 1750-1757 GGC- Gly-Ser 584 Pfam: Ion trans[’
AGC
12 GGC 1807-1815 GGC- Gly-Ser 604 Pfam: Jon trans,
AGC Pfam: Ion trans2
13 GGC 1876-1884 GGC-GTC | Gly-Val 626 Pfam: Ion trans,
Pfam: Ion trans2
14 GGC 1876-1884 GGC- Gly-Ser 626 Pfam: Ion trans,
AGC Pfam: Ion trans2
15 GGC 1876-1884 TTC-TTG | Phe-Leu 627 Pfam: Ion trans,
Pfam: Ion trans2
16 GGC 1876-1884 GGC- Gly-Ser 628 Pfam: Jon trans,
AGC Pfam: Ion trans2
17 CCA 1895-1903 AAC- Asn-Ser 633 Pfam: Ion trans,
AGC Pfam: Ion trans2
18 TCT 1916-1927 TTC-TTA | Phe-Leu Pfam: Ion trans,
640 Pfam: Ion trans2
19 TCA 1931-1939 ATG-GTG | Met-Val 645 Pfam: Ion trans,
Pfam: Ion trans2

known to beresponsiblefor some human neurodegenerative
diseases. So, we made a brief study to check whether the
mutations in KCNQ1, KCNH2 and SCN5A genes, have
any relation with these microsatel lites repeats and the study
revealed interesting results.

M ethods

All the experimental proved mutations of the genes
KCNQ1,KCNH2 and SCN5A that are falling inside the
coding region and are eventually leading to phenotypic dif-
ferences were collected from the Human Gene Mutation
Database (HGMD) (Stenson, PD et a, 2003). Micro satel-
lites are obtained from the Imperfect Micro satellite Ex-
tract (IMEX) tool (Mudunuri, S.B et a, 2007) using inter-
mediate mode with default values 6 for single, 5for di, 3for
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For the Gene SCN5A
sl.no | Microsatellites | Microsatellite | Codon Aminoacid Codon Domain!!
region Change number

1 GGC 3333-3349 GAC- Asp-Asn 1114 Pfam: Na
AAC trans assoc

2 CTGCG 3901-3914 ACG- Thr-Met 1304 Pfam: Ion
ATG trans

3 TCA 4997-5005 GTC- Val-Ile 1667 Pfam: Ion
ATC trans[]

tri, 2 for tetra, 2 for penta and 2 for hexa and obtained
74,129,196 microsatellitesin KCNQ1,KCNH2 and SCN5A
respectively. Since micro satellitesare drawn from the nucle-
otide sequence and HGM D mutations are given for protein
sequence we have used DNA to Amino Acid trandlator.
We compared the microsatel lite regions with the mutations
wheather they have mutations in those regions and found
some of the microsatellites have occurred in those regions.
Now we analyzed whether these mutations and
microsatelliteshavefalleninthefunctiona domainsof those
genesby using Simple Modular Architecture Research Tool
(SMART) (Letunic, | et a, 2004) and the results are as
follows.

Results and Discussions

Long QT Syndrome can be acquired or congenital disor-
der. Here we have discussed about congenital sinceitisa
inherited disease.We have taken KCNQ1,KCNH2 and
SCN5A out of eight disease causing genes since
LQT1,LQT2 and LQT3 account for most cases of LQTS,
with estimated prevalences of 45%,45%and 7%
respectively.we have cal culated the microsatel litesfor these
three genes found 24, 19 and 3 mutations in those genes
which fallsinthemicrosatelliteregionsand alsofallsin the
different domains. And thus, we can state that Concurrency
of Mutations, Microsatellites and Predicted Domains in
KCNQ1, KCNH2 and SCN5A genes may leads to Long
QT Syndrome disease.

Conclusion

Microsatillites are known for their higher rate of muta-
tionsand are known to be associated with various diseases.
So, we analyzed the KCNQ1,KCNH2 and SCN5A gene
mutations and their possibl e association with the micro sat-
dlites. These mutationsfrom HGM D database are mapped
on to the micro satellite tracts and the results seem to indi-

catethat micro satellites play animportant rolein mutagen-
esis and by mapping the same with the functional domains
we can say that these can cause functionalitychanges of
those genes. Extending this work on alarge scale by ana-
lyzing large number of genes might give a better evidence
of therole of micro satellitesin generating mutations.
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