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ABSTRACT

In this study, a computational analysis has been carried out to investigate the patterns of the simple
sequence repeats (SSRs) in mucin-6 mMRNA gene of human foveolar cells. The computational analysis of
SSRs is important because it can provide insight into the diseases generated by SSRs. Our results show

that mucin-6 mRNA has a high relative frequency of dinucleotide and trinucleotide SSR motifs.

The

trinucleotide SSRs have special significance because they constitute the amino acid in the coding region of
the gene. The analysis of trinucleotide SSRs shows that the motifs from the category T9 is highly repetitive.
This research may provide insights into the biomedical research in the stomach pathogenesis that is

implicated by SSRs in mucin-6 gene.
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1. INTRODUCTION

Computational approaches and tools such as
algorithms [1-3], databases [4-7], models [8-10] and
web servers [11-14] have been widely used in
computational biology and bioinformatics for
genome analysis, protein analysis and the analysis
of various biological data. The powerful computing
capabilities of these computational tools allow
computer scientists and bioinformaticians to analyze
large volume of data in an efficient way. Rapid
growth of bioinformatics not only depends on the
development of theoretical computer science and
mathematics; conversely, new insights from
bioinformatics also bring about new problems to
computer scientists, such as the optimization and
complexity issue. It has been recognized that
computing tools have a larger role to play in the
field of biology in future [15].

In this study, a computational analysis has been
carried out to investigate the simple sequence
repeats in mucin-6 in human foveolar cells.
Foveolar cells are crucial in stomach because of
their essential roles in producing mucus [16] to
cover the inner stomach. Mucus is formed from the
dissolved mucin, which is a complex glycoprotein.
Without this active mucus-producing role played by
foveolar cells, stomach will digest itself due to its
acidic and corrosive nature.  Besides, it was
reported that foveolar cells suppress the growth of
tumor at the molecular level, via the transcription of
peptides of trefoil factor family [17]. It is of
essential importance to investigate the expression
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mechanisms of mucin-6 in foveolar cells in order to
understand the malfunctions and diseases that are
caused by this cell type. Computational analysis is
one of the approaches to understanding the
expression mechanism of mucin-6 in foveolar cells,
which may provide insights into the therapeutic
strategies and drug designs in curing foveolar cell-
related diseases.

Simple sequence repeats (SSRs) are DNA
sequences consisting of short motifs that exhibit a
repeating pattern in tandem. It has been found that
the extensive phenomenon of SSRs in human would
lead to about 20 severe neurological disorders [18].
The early diagnosis of these SSRs-related diseases
can be made by the understanding of the sequence
composition and the location of the repeats in the
gene [19]. Hence, computational approach serves as
an efficient way to serve the purpose. Despite the
fact that the occurrence of extensive SSRs may be
an indicator of aberration in cells, sequence repeats
are ubiquitous in all organisms. SSRs can occur in
any location on a gene, such as in exon, intron and
intergenic regions [20]. However, certain types of
SSRs are prevalent among disease-related genes,
such as the implications of trinucleotide repeats in
cancer [21]. SSRs are unstable in the genome and
their mutation rate is 10 to 100,000 times higher
than the mean rate of mutation [22]. As such, it is
important to understand the tandem repeat patterns
of SSRs. The study of SSRs in mucin-6 of foveolar
cells may unveil the pathologic mechanism of the
mucus-producing foveolar cells.
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2. METHODS

The nucleotide sequences of mucin-6 messenger
RNA (mRNA) were retrieved from GenBank, as
following the standard practice in the field. A
microsatellite extractor software [23] has been used
to identify the SSRs in mucin-6 mRNA of foveolar
cells. A sequence will be defined as a SSR if it is
expressed as a series of tandem repeats with the
motifs of 1 to 6 base pairs [23]. A simple string
searching algorithm with sliding window approach
was employed [23]. To identify spatial motifs in
mucin-6 (for interacting sequences), the following
formula was used [29]:

P(X,Y): fobs(X’Y) (1)
IE[f (X,Y)]
where P(X,Y) is the propensity of the residue
interacting pair X-Y; fos(X,Y) is the actual count of
X-Y contacts in the interacting sequence; and
IE[f(X,Y)] is the expected count.

The perfect repeat of the mucin-6 sequence rather
than the imperfect repeat was investigated. A
minimum of six mononucleotides for the SSRs were
set. In addition, at least two minimum repeats for
the di-, tri-, tetra-, penta-, and hexanucleotides of
mucin-6 of foveolar cells were analyzed. Relative
frequency was used to analyze the total repeat per
kilo base in the nucleotide sequence of mucin-6. A
triplet classification system [24] was used to
categorize the trinucleotide SSRs.

3. RESULTS AND DISCUSSION

The nucleotide sequences of mucin-6 mRNA are
8003 base pair (bp) in length, which is GC-rich
(61.6%). Notably, the composition of cytosine is
among the most abundant nucleotide (3092
nucleotides; 38.6%). In this study, a total of 3130
SSRs were extracted and analyzed. The occurrence
of SSRs in mucin-6 is high in view of the small
gene size. The distribution of SSRs is shown in
Table 1.
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Table 1. Distribution Of Ssrs In Mrna Of Mucin-6

Repeat motif # occurrence | Relative
frequency

Mononucleotide:

A 27 3.37

T 9 1.12

C 12 1.50

G 5 0.62
Total 53 6.62
Dinucleotide:

ATITA 191 23.87

AC/CA 616 76.97

AG/GA 327 40.86

CG/GC 105 13.12

GT/TG 318 39.74

CT/TC 307 38.36
Total 1864 232.91
Trinucleotide 922 115.21
Tetranucleotide 107 13.37
Pentanucleotide 20 2.50
Hexanucleotide 118 14.74

From Table 1, it is apparent that the occurrence of
SSR mononucleotide is quite low, with the relative
frequency of 6.62, implying that there are only
approximately 7 occurrences per 1000 nucleotides.
The low relative frequency of SSR mononucleotide
is comparative to that of tetranucleotide (13.37),
pentanucleotide (2.5), and hexanucleotide (14.74).
Among these SSRs, the motif ACCCCA contributes
largely (12.5; with 100 repeats) to the relative
frequency of hexanucleotide. All of the motifs
ACCCCA exist in the form of (ACCCCA),. This
could be the consequences of viral genome
integration or other unknown reasons that need
further experimentation.

The relative frequency of dinucleotides and
trinucleotides are high as compared to other repeat
motifs. ~ As for dinucleotide, a total of 1864
occurrences of SSRs were obtained in the analysis,
which is tantamount to a relative frequency of
232.91. Among six types of dinucleotide motifs,
AC/CA is the most prevalent in the gene of mucin-6,
with  the  occurrence of 616  (relative
frequency=76.97). Among the total of 290 AC
repeat motif, most of the SSRs exist in the form of
(AC),, with a few in the form of (AC)s.
Interestingly, of the total of 326 CA repeat motif,
the number of (CA); motif is as extensive as (CA),.
Comparing  the dinucleotide  SSRs  with



http://www.jatit.org/

Journal of Theoretical and Applied Information Technology

10" January 2013. Vol. 47 No.1 <

S

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A m—
oA

ISSN: 1992-8645

www.jatit.org

mononucleotide SSRs, it was found that the latter
has a higher number of repeat in tandem. For
example, mononucleotide C motif, which has an
occurrence of 12 times in the gene of mucin-6, was
found to exist in the form of (C)s. Similar finding
was encountered in mononucleotide A motif, which
was found to exist in the form of (A)s, (A)7, (A)1o,
(A)1g, (A)zg, and (A)gs. Mononucleotide G motif
was found to have 4 occurrences of (G)g and 1
occurrence of (G),. Lastly, mononucleotide T motif
exhibits 8 occurrences of (T)s and 1 occurrence of
(T)g. The motif tandem pattern of dinucleotide is
summarized in Table 2. The percentage is relative
to each motif.

Table 2. The Motif Tandem Pattern Of Dinucleotide

Dinucleotide # Occurrence Percentage
motif

(CA); 202 62%
(CA); 122 37.4%
(CA), 2 0.6%
(TG), 196 95.1%
(TG)s 8 3.9%
(TG), 2 1%
(CT), 173 95.1%
(CT)3 9 4.9%
(AC), 280 96.6%
(AC)3 10 3.4%
(GA), 164 95.3%
(GA); 8 4.7%
(AG), 147 94.8%
(AG); 8 5.2%
(CG); 25 92.6%
(CG)3 1 3.7%
(CG)4 1 3.7%
(GT), 97 86.6%
(GT)3 14 12.5%
(GT), 1 0.9%
(GC), 74 94.9%
(GC)s 4 5.1%
(TC), 109 87.2%
(TC)3 14 11.2%
(TC)s 2 1.6%
(TA); 79 95.2%
(TA); 4 4.8%

E-ISSN: 1817-3195
(AT), 100 92.6%
(AT)3 4 3.7%
(AT), 4 3.7%

From Table 2, it is clear that most of the abundant
nucleotide motif (XY), exhibits n=2. Among 12
motif types, there are 9 dinucleotide motif types
demonstrate at least 90% of n=2 tandem repeat.
There are 2 occurrences of tandem repeat n=5 (TC),
whereas none of the motif exhibits tandem repeat
n=6 or higher. This is expected for the mammalian
gene because the tandem repeat is not as highly
prevalent as in the viral genomes. For example, the
tandem repeats of the motif TAATATTAC is
prevalent in Tomato leaf curl Patna virus, especially
within the intergenic region [25]. The BamHI Y
fragment of herpes simplex virus type 2 was
reported to have a lengthy repeat motif of
AGGGGCGGCTGGGGC [26].  However, the
number of SSRs in viruses was highly variable (15-
180), as shown in the telomeric repeat sequences of
the human herpesvirus 6 genome [27].

There are 30 tetranucleotide motifs with 107
SSRs. There is no single motif which is the most
prevalent among the tetranucleotide. The highest
number of SSR is AAAG (8 occurrences) and the
lowest number of SSRs (2 occurrences) include
CTCC, CAGG, ACCT, CCAG, AGGG, GTCA,
GCTG, GCTC, GTCT. There are 7 pentanucleotide
motifs which are GC-rich in SSRs, and 6
hexanucleotide motifs which are rich in AC.

Trinucleotide SSRs have special significance in
cells because they are closely related to the amino
acid repeats, which may impact the function of the
proteins [28]. Thus, special analysis was carried out
for this type of SSRs. We categorized trinucleotide
SSRs into ten types (T1-T10) according to [24], as
shown in Table 3.

Table 3. Distribution Of Trinucleotide Ssrs In
Mucin-6 Mrna
Type| Repeat motifs
(with frequency)
T1 | AAT(9) 51
ATA(12)
TAA(2)
ATT(12)
TTA(12)
TAT(4)
T2 | AAG(15) 91
AGA(21)

Total
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GAA(33) From Table 3, the trinucleotides of type T5 and
CTT(10) T8 are scarce, which are 20 and 17, respectively. It
TTC(10) is primarily due to the non-existence of several SSR
TCT(2) motifs in these types, such as AGT, GTA, TAG,
T3 | AAC(12) 55 TAC, ACG, and TCG. Our results for T5 are
ACA(7) consistent with the findings of Ouyang et al. [30],
CAA(17) but they have demonstrated that the genome of
GTT(5) Herpes simplex virus type 1 (HSV-1) has a
TTG(10) moderate level of T8 type of trinucleotide.
TGT(4) However, they have demonstrated that HSV-1 SSR
T4 | ATG(8) 74 motifs are abundant in T10 type of trinucleotide,
TGA(22) whereas our results for mucin-6 of foveolar cells do
GAT(4) not exhibit very high level of T10 motifs. In this
CAT(18) study, it was found that T9 motifs are the most
ATC(2) abundant in mucin-6, whereas in the research of
TCA(20) Ouyang et al. [30] it was found that T9 motifs were
T5 | AGT(0) 20 moderately abundant. In a study carried out by
GTA(0) Behura and Severson [31] on the SSRs among 25
TAG(0) insect species, they have shown that none of the T9
ACT(8) motifs are abundant in insect. Strikingly, these
CTA(12) insect species are either lacking of most of the T9
TAC(0) motifs or having a very low level of T9 motifs.
T6 | AGG(11) 108 Nonetheless, their findings on the T5 motifs are
GGA(20) consistent with our findings, albeit the difference
GAG(15) between our research and theirs is that they focused
CCT(23) on the simple sequence repeat patterns for the
CTC(14) coding region of the genes. The deviation between
TCC(25) the results of our findings and that of Ouyang et al.
T7 | AGC(25) 135 [30] and Behura and Severson [31] is an indicator of
GCA(13) the genetic variation between virus genes, insect
CAG(33) genes and human genes.
GCT(29)
CTG(21) 4. CONCLUSION
TGC(14) . o
The results of this study provide insights into the
T8 | ACG(0) 17 distribution of SSRs in mucin-6 mMRNA of human
CGA(2) foveolar cells. It was found that the relative
GAC(8) frequency of dinucleotide and trinucleotide SSR
CGT(3) motifs is higher than other type of motif. The
GTC(4) abundance of trinucleotide SSRs has significant
TCG(0) impacts on the encoded proteins for foveolar cells.
T9 | ACC(79) 311 As foveolar cell is implicated in the mucus
CCA(54) production in the stomach, understanding in the
CAC(128) trinucleotide SSR distribution patterns (and other
GGT(9) motif types) may guide the biomedical research in
GTG(5) the prevention and diagnosis of the foveolar cell-
TGG(36) implicated stomach pathogenesis.
T10 | GGC(11) 60
GCG(4) REFERENCES
CGG(8)
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