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ABSTRACT

The advancements in the field of information technology are moving ahead in the discipline of medicine empowering the
researchers with superior tools. By taking the advantage of Information Technology, today's researcher successfully
navigate the flood of data and many diabetic complications can be overcome. Biomarker plays very major role in disease
detection at early stages of its stages and also helpful in knowing the state of treatment and how body is acting or
responding to the medication. The dramatic rise in obesity-associated diabetes resulted in an alarming increase in the
incidence and prevalence of obesity an important complication of diabetes. The twin epidemic of diabetes and obesity
pose daunting challenges worldwide. Differences among individuals in their susceptibility to both these conditions probably
reflect their genetic constitutions. Predicting obesity associated diabetes is both useful and important because the number
of obese patients is increasing while its main cause cannot yet be defined. Bioinformatics, a truly multidisciplinary science,
aims to bring the benefits of computer technologies to bear in understanding the biology of life itself. The dramatic
improvements in genomic and bioinformatic resources are accelerating the pace of gene discovery for many medical
diseases. It is tempting to speculate the key susceptible genes/proteins biomarker that bridges diabetes mellitus and
obesity. The emergence of post-genomic technologies has led to the development of strategies aimed at identifying
specific and sensitive biomarkers from the thousands of molecules present in a tissue or biological fluid. In this regard, we
evaluated the role of several genes/proteins that are believed to be involved in the evolution of obesity associated
diabetes by employing a sequence mining technique, multiple sequence alignment using ClustalW tool and constructed a
phylogram tree using functional protein sequences extracted from NCBI. Phylogram was constructed using Neighbor-
Joining Algorithm a bioinformatic tool. Our bioinformatic analysis reports a biomarker, resistin gene as ominous link with
obesity associated diabetes. This bioinformatic study will be useful for future studies towards therapeutic inventions of
obesity associated type 2 diabetes.
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INTRODUCTION

In recent years, the escalating worldwide prevalence of obesity is considered as one of the most serious issues. This is
because obesity is significantly associated with diabetes, heart disease, cancer, high blood pressure, and high cholesterol
[1][2]. The medical complications of obesity are presented in Fig 1. Overweight and obesity are defined as abnormal or
excessive fat accumulation that presents a risk to health. Obesity can be classified as one of the dangerous illness in the
world as the number of the obese person keep on increasing.

Insulin is one of the most important hormones in the body. It aids the body in converting sugar, starches and other food
items into the energy needed for daily life. However, if the body does not produce or properly use insulin, the redundant
amount of sugar will be driven out by urination. This disease is referred to diabetes. The cause of diabetes is a mystery,
although obesity and lack of exercise appear to possibly play significant roles

According to the WHO, 65% of the world’s population lives in a country where overweight and obesity kills more people
than underweight”. Moreover it tells 44% of diabetes, 23% of ischaemic heart disease and more than 7% of certain
cancers, globally, are attributable to obesity [3]. Diabetes mellitus has been on the rise across the world affecting over 150
million people. Over 20% of diabetics in the world are Indians. At present, it is higher in developed than in developing
countries. The number of adults with diabetes in the world will rise from 135 million in 1995 to 300 million in the year 2025.
The major part of this numerical increase will occur in developing countries. By the year 2025, greater than 75% of people
with diabetes will reside in developing countries. The countries with the largest number of people with diabetes are, and
will be in the year 2025, India, China and U.S [4].

It has been presumed from genetic studies that there could be subset of genes whose expression changes with obesity
and those genes whose expression further changes in the progression to type 2 diabetes. However, the molecular basis
that links obesity and diabetes is still largely unknown.

The ultimate goals for research focused on complex human diseases are to either prevent or to cure the diseases. These
are ambitious goals that will be greatly facilitated by the identification of new biomarkers that can serve as novel diagnostic
or prognostic indicators of disease course, that can be used as surrogate disease markers to track the efficacy of novel
treatment strategies, or that may provide new targets for the treatment of the diseases.

For detecting a disease biomarker number of tests should be required from the patient. But using sequential data mining
technique the number of test can be reduced. This reduced test plays an important role in time and performance. The
emergence of post-genomic technologies has led to the development of strategies aimed at identifying specific and
sensitive biomarkers from the thousands of molecules present in a tissue or biological fluid. Bioinformatics, a truly
multidisciplinary science, aims to bring the benefits of computer technologies to bear in understanding the biology of life
itself. The dramatic improvements in genomic and bioinformatic resources are accelerating the pace of gene discovery for
many medical diseases like obesity and diabetes. It is tempting to speculate the key susceptible genes/proteins biomarker
that bridges diabetes mellitus and obesity.

Bioinformatics has been in the focus since recent years for unraveling the structure and function of complex biological
mechanisms. The analysis of primary gene products has further been considered as diagnostic and screening tool for
disease recognition. Such strategies aim at investigating all gene products simultaneously in order to get a better overview
about disease mechanisms and to find suitable therapeutic targets. This paper will therefore focus on potential
implications of bioinformatics as a tool to identify novel metabolic patterns or biomarkers associated with obesity disease
status. We will exemplify the potential of this method using the association between specific fats and development of
obesity associated diabetes as a test case. In the present in silico study we have employed clustalW online bioinformatics
tool for the analysis of seventeen genes, which are excepted to be play major role in obesity and diabetes, we sought to
identify the common central gene/protein, a biomarker that connects both the metabolic disorders such as obesity and
diabetes.

BACKGROUND

The use of the term "biomarker" has been dated back to as early as 1980. In 1998, the National Institutes of
Health Biomarkers Definitions Working Group defined a biomarker as “a characteristic that is objectively measured and
evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a
therapeutic intervention [5]. A Biomarker is a substance used as an indicator of a biologic state. The uses of biomarkers
are shown in Fig 2. In genetics, a biomarker (identified as genetic marker) is a DNA sequence that causes disease or is
associated with susceptibility to disease. They can be used to create genetic maps of whatever organism is being studied.

Biomarker discovery is a medical term describing the process by which biomarkers are discovered. Many commonly
used blood tests in medicine are biomarkers. There is interest in biomarker discovery on the part of the pharmaceutical
industry; blood-test or other biomarkers could serve as intermediate markers of disease in clinical trials, and as
possible drug targets. The recent interest in biomarker discovery is spurred by new molecular biologic techniques, which
promise to find the relevant markers rapidly without detailed insight into the mechanisms of a disease. By screening
many possible biomolecules at a time, a parallel approach can be attempted the genomics and proteomics are
some of the bioinformatic technologies used in this process. Secretomics has also emerged as an important technology in
the high-throughput search for biomarkers, [6] however, significant technical difficulties remain.

An information-theoretic framework for biomarker discovery, integrating biofluid and tissue information, has been
introduced; this approach takes advantage of functional synergy between certain biofluids and tissues, with the potential
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for clinically significant findings (not possible if tissues and biofluids were considered separately). [7] By conceptualizing
tissue biofluids as information channels, significant biofluid proxies were identified and then used for guided development
of clinical diagnostics. Candidate biomarkers were then predicted, based on information-transfer criteria across the tissue-
biofluid channels. Significant biofluid-tissue relationships can be used to prioritize the clinical validation of biomarkers.
Identification of biomarker can be metabolomics approach or lipidomics approach. The term metabolomics has been
recently introduced to address the global analysis of all metabolites in a biological sample. Lipidomics refers to the
analysis of lipids.

Biological scientists use these approaches for biomarker discovery by conducting various experiments involving huge
funds and time. The molecular biomarkers have been defined as biomarkers that can be discovered using basic and
acceptable bioinformatic platforms such as genomics and proteomics.The approach use computational power of
information technology to produce benefical results with minimum cost and quick time. The biomarker identification and
detection is shown in Fig 3.

Data mining techniques are used for variety of applications. In health care industry, data mining plays an important role for
predicting diseases. Vijiyarani and Sudha [8] in a survey paper summarized the different algorithm of data mining used in
the field of medical prediction for heart disease, breast cancer and diabetes.

Sequence mining is a topic of data mining concerned with finding statistically relevant patterns between data. The
concept of sequence Data Mining and discovering sequential patterns was first introduced by Rakesh Agrawal and
Ramakrishnan Srikant in the year 1995 [9]. Sequence mining is a special case of structured data mining. In general,
sequence mining problems can be classified as string mining which is typically based on string processing algorithms.
String mining typically deals with a limited alphabet for items that appear in a sequence, but the sequence itself may be
typically very long.

Many interesting real-life mining applications rely on modeling data as Sequences. In computational biology, DNA, RNA
and protein data are all best modeled as sequences. Protein sequences where each element is an amino acid that can
take one of 20 possible values, or a Gene sequence where each element can take one of four possible values of
nucleotide bases 'A', 'G', 'C' and 'T' [10]. In bioinformatic applications, analysis of the arrangement of the alphabet in
strings can be used to examine gene and protein sequences to determine their properties. Knowing the sequence of
letters of a DNA a protein is not an ultimate goal in itself. Rather, the major task is to understand the sequence, in terms of
its structure and biological function. This is typically achieved first by identifying individual regions or structural units within
each sequence and then assigning a function to each structural unit. In many cases this requires comparing a given
sequence with previously studied ones. The comparison between the strings becomes complicated
when insertions, deletions and mutations occur in a string.

Sequential pattern mining is one of the most well-known methods and has many broad applications including web-log
analysis, customer purchase behavior analysis and medical record analysis. In the medical field, sequential patterns of
symptoms and diseases exhibited by patients identify strong symptom/disease correlations that can be a valuable source
of information for medical diagnosis and preventive medicine.

A survey and taxonomy of the key algorithms for sequence comparison for bioinformatics is presented by Abouelhoda &
Ghanem [11], which include:

e Repeat-related problems: that deal with operations on single sequences and can be based on exact string
matching or approximate string matching methods for finding dispersed fixed length and maximal length repeats,
finding tandem repeats, and finding unique subsequences and missing (un-spelled) subsequences.

Alignment problems: that deal with comparison between strings by first aligning one or more sequences;
examples of popular methods include BLAST for comparing a single sequence with multiple sequences in a
database, and Clustalw for multiple alignments. Alignment algorithms can be based on either exact or
approximate methods, and can also be classified as global alignments, semi-global alignments and local
alignment.

Some of the well known sequence mining algorithms are GSP, SPADE, SPAM, FREE_SPAN, PREFIX SPAN, WAP
MINE, ALIGNMENTS and SPIRIT. Chetna et al [12] investigates classifying study of sequential pattern-mining algorithms
into two broad categories. First, on the basis of algorithms which are designed to increase efficiency of mining and
second, on the basis of various extensions of sequential pattern mining designed for certain application. Rad et al [13] use
sequence pattern mining algorithms in discovery biological data.

The diversity of the applications may not be possible to apply a single sequential pattern model to all these problems.
Each application may require a unique model and solution. A number of research projects were established in recent
years to develop meaningful sequential pattern models and efficient algorithms for mining these patterns. Mahdi and
Gabor [14] theoretically had shown three types of sequential patterns and some properties of them. These models fall into
three classes are called periodic pattern, statistically pattern, and approximate pattern.
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Boghey and Singh [15] reviews the state-of-the-art progress on methods of identifying sequential pattern from data base
and describe a variety of models for sequential pattern mining task by classifying into two wide categories. The first one is
to sequential pattern mining algorithms, which discovered sequential pattern over the static database and other one is
to mining of sequential pattern over the incremented or updated database..

Sunitha Sarawagi [16] presented sequence mining and applications by reviewing techniques ranging from item set
counting, MDL based discretization and Markov modelling to perform various supervised and unsupervised pattern
discovery task on sequence with a case study on DNA sequence mining.

The field of sequence mining is still being actively explored spurred by emerging applications in the information extraction,
bio-informatics and sensor networks. We can hope to witness more exciting research in the techniques and application of
sequence mining in the coming years.

RELATED WORK

Obesity is closely related with type Il diabetes, fatty liver, cardiovascular and cerebrovascular diseases, hypertension,
dyslipidemia and other chronic diseases [17]. The strategies to solve obesity epidemic range from educating people about
nutrition to enabling possibilities for physical exercise. Valentin and Howard [18] compare two methods for engaging
individuals in exercise based on passive versus active-encouragement. In this section some research works on obesity &
diabetes epidamic are presented.

Diabetes Mellitus continues to be a devastating and daunting health scourge spreading across geographical and genetic
boundaries. The growing incidence of type 2 diabetes with increasing obesity reflects that obesity is an emerging risk
factor for the progression of insulin resistance and subsequently to overt type 2 diabetes. Both in normoglycemic and
hyperglycemic states, obese people exhibit a higher degree of hyper insulinemia that correlates with the degree of insulin
resistance, in order to maintain normal glucose tolerance [19]. Following attainment of certain point, the progressive
deterioration of the metabolic milieu leads to eventual failure of hyperinsulinemia to compensate fully for the insulin
resistance and thereby produces impaired glucose tolerance that progress to overt diabetes [20, 21].

It is well known that body fat distribution and obesity are important risk factors for type 2 diabetes. Prediction of type 2
diabetes using a combination of anthropometric measures remains a controversial issue. Lee et al [22] study to predict the
fasting plasma glucose (FPG) status that is used in the diagnosis of type 2 diabetes by a combination of various measures
among Korean adults.

Khoo et al [23] provide an overview of the main physiological mechanisms associated with obesity and sleep-disordered
breathing that are believed to result in metabolic and autonomic dysfunction, and review the models and modeling
approaches that are relevant in characterizing the interplay among the multiple factors that underlie the development of
the metabolic syndrome.

Obesity is associated with the rise of honcommunicable diseases worldwide. The pathophysiology behind this disease
involves the increase of adipose tissue, being inversely related to adiponectin, but directly related to insulin resistance and
metabolic syndrome (MetS). Klinder-Klinder et al [24] made a study aimed to determine the relationship between
adiponectin levels with each component of MetS in eutrophic and obese Mexican children and found that adiponectin
concentrations and MetS components have an inversely proportional relationship, which supports the idea that this
hormone could be a biomarker for identifying individuals with risk of developing MetS.

Most common complex traits such as obesity, hypertension, diabetes, and cancers are known to be associated with
multiple genes, environmental factors, and epistasis. Recently, the development of advanced genotyping technologies
allows us to perform the genome-wide association studies (GWAS). For detecting the effects of multiple genes on complex
traits, many approaches have been proposed for GWAS. Multifactor dimensionality reduction (MDR) proposed by Ritchie
et al. [25] is one of the powerful methods for detecting epistasis, which detects high order interactions among genes.
Sungyoung Lee et al [26] propose an efficient strategy to perform MDR analysis for GWAS data. Genome-wide
association studies (GWAS) provide a new and powerful approach to investigate the effect of inherited genetic variation on
risks of complex diseases like obesity. With recent advances in genotyping technology, genome-wide association studies
are now becoming a reality.

Kanchana Narayanan and Jing Li [27] implemented a web application tool named MAVEN for Management, Analysis,
Visualization and results sharing of GWA data using cutting edge technologies. Recent studies have revealed that human
obesity has a microbial component: However, limited knowledge of the microbial interactions in the gut hinders our ability
to design future experiments or effective treatments. New technologies like bioinformatics (e.g. high-throughput
sequencing, 16S rRNA surveys) allow us to deeply sample the genetic content of a microbial environment in order to
estimate its overall composition and functional capacity.

James Robert White and Mihai Pop [28] use 16S rRNA time-series sequence data from obese individuals on a one-year
diet and employ mathematical modeling to study microbial population dynamics in the human gut. The model indicates
several interspecific interactions in this microbial community and the impact of prebiotic and probiotic therapies for obesity
through simulation.

Despite multiple efforts are being made to dampen obesity impact on the quality of life of affected patients, there remains
a lot of complexity exists in the pathogenesis of obesity mediated type 2 diabetes. By virtue of endocrinal role of adipose
tissue, it is known to produce a vast array of adipocyte derived factors such as tumor necrosis factor alpha, interleukin-6,
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leptin, adiponectin and resistin. Since many of these adipokines profoundly influence insulin sensitivity and glucose
metabolism, they form a fundamental bridge between increased adiposity and impaired insulin sensitivity [29]. Although
adipocytes are critical in obesity, their role in diabetes has been recognized.

Xue et al [30] has investigated the relationship between alpha 1-antitrypsin (A1AT), adiponectin, leptin, blood glucose, and
insulin protein levels in human serum and obesity and found Alpha 1-antitrypsin correlates closely with obesity, and is
related to other factors such as leptin, adiponectin, and insulin. Alpha 1-antitrypsin might be used as a clinical biomarker
and be a potential target for treating obesity.

Recently Gerken T et al [31] performed bioinformatic analysis and reported that the variants in the fat mass and obesity
associated gene are associated with increased body mass index in humans. Barcelo-Batllori S et al [32] utilizes the DIGE
and Bioinformatic analysis for identification of potential drug targets of tungstate, DIGE analysis identified 20 proteins as
tungstate obesity-direct targets, involved in: Krebs cycle, glycolysis, lipolysis and fatty acid oxidation, electron transport
and redox. Protein oxidation was decreased by tungstate treatment, which confirmed a role in redox processes; however
palmitate oxidation, as a measure of fatty acid beta-oxidation, was not altered by tungstate, thus questioning its putative
function on fatty acid oxidation. Bioinformatic analyses using Ingenuity pathways highlighted peroxisome proliferator
activated receptor coactivator 1 alpha (PGC-1 alpha) as a potential target. Elbers CC et al [33] identified five overlapping
chromosomal regions for obesity and diabetes. These results illustrate the importance of proteomics and bioinformatics
approaches for identify new therapeutic invention of obesity is a challenging subject.

Manisha Sankhla et al [34] made a study to explore the possible mechanism of obesity associated metabolic syndrome
and found increased ex-pression of glucose-6-phosphate dehydroge- nase in obese subjects (more if it is associated with
abdominal adiposity) might mediate the onset of obesity associated metabolic disorders by increasing oxidative stress.

METHODOLOGY

Bioinformatics is the application of computer technology to the management of biological information. Over the past 10
years, there has been a technical revolution in the life sciences leading to the emergence of a new discipline called
bioinformatics [35]. Bioinformatics can be broadly defined as the creation and development of advanced information and
computational techniques for problems in biology. Bioinformatics, a truly multidisciplinary science, aims to bring the
benefits of computer technologies to bear in understanding the biology of life itself.

A biomarker, or biological marker, generally refers to a measured characteristic which may be used as an indicator of
some biological state or condition. The term occasionally also refers to a substance whose presence indicates the
existence of living organisms. Biomarkers are often measured and evaluated to examine normal biological
processes, pathogenic processes, or pharmacologic response to a therapeutic intervention. Biomarkers are used in
scientific field.

Genomic biomarkers are essential for understanding the underlying molecular basis of human diseases. Phan et al [36]
describe a biomarker identification pipeline for cardiovascular disease, which includes: high-throughput genomic data
acquisition, preprocessing and normalization of data, exploratory analysis, feature selection, classification, and
interpretation and validation of candidate biomarkers.

The present research follows the above path and aims at finding the proteins responsible, a biomarker for obesity
associated diabetes in two phases. The first phase of the research attempts to identify the candidate proteins/genes which
are involved in these disorders through thorough literature search. The data pertaining to these proteins is extracted from
the databases that are available online for free access. The functional protein sequences of these proteins in FASTA are
extracted from (National Center for Biotechnology Information (NCBI), (http\\www. ncbi.nih.nim.gov).

The sequences obtained are aligned with different alignment methods. Multiple alignment methods, a sequence miining
technique try to align all of the sequences in a given query set. Molecular Biologists frequently compute multiple sequence
alignments (MSA) to identify regions in protein families. Progressive alignment is a widely used approach to compute
MSA. However, aligning a few hundred sequences by popular progressive alignment tools requires several hours on
sequential computers. Due to the rapid growth of biological sequence databases biologists have to compute MSA in a far
shorter time [37]. Classical MSA algorithms are designed to primarily capture conservations in sequences whereas
couplings, or correlated mutations, are well known as an additional important aspect of sequence evolution. Hossain et al
[38] present a novel approach ARMiCoRe to a classical bioinformatics problem of multiple sequence alignment (MSA) of
gene and protein sequences.

The second phase of the research analyzes the data by employing Multiple Sequence Alignment using ClustalW online
tool. These alignments produce a Phylogram tree along with the alignment scores.

The multiple sequence alignment compares many sequences in one go. The MSA Algorithm has three important steps.
e All pairs of sequences are aligned separately to calculate a Distance Matrix
¢ The guide tree is constructed from distance matrix

o The sequences are progressively aligned following the guide tree.
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The ClustalW adds sequences one by one to the existing alignment to build a new alignment because of its progressive
nature. Progressive in this context means, it starts with using pair wise method to determine the most related sequences
and then progressively adding less related sequences initial alignment.

The flow chart of all steps involved in process of identification of biomarkers for obesity and diabetes using bioinformatic
approach used in present research is shown in Fig 4. The figure also depicts proteomic approach of finding biomarkers.

RESULTS AND DISCUSSIONS

From thorough literature search, seventeen proteins (Table 1) were collected and constructed a phylogram as shown in
Fig 5. From the close identification of the figure it has came to know that resistin is an important protein of obesity-
associated diabetes which can be taken as a biomarker.

Numerous factors in obesity such as elevated free fatty acid levels, decreased adiponectin and increased adipocytokines
are majorly responsible for evolution of insulin resistance [39]. Resistin is a one such novel putative adipocyte derived
signaling molecule induced during adipogenesis [40]. It was discovered by virtue of its altered gene expression in mouse
adipocytes in response to insulin sensitizers such as thiazolidinediones (TZD’s) resistin was originally named for its
resistance to insulin resistin circulates as trimer and hexamer with intertrimer disulfide bond and processing of these
bonds may be crucial to resistin activation [40]. It is a peptide hormone that belongs to a family of tissue specific resistin
like molecules [41]. Since the discovery of resistin, there remains a lot of ambiguity with regard to the functional
significance of resistin. Plasma resistin levels are increased in ob/ob, db/db and diet induced obese mice [40].
Concomitantly resistin m-RNA levels in obese rodents are often found be decreased [42]. There is often a discrepancy
between circulating protein levels of resistin and m-RNA content in adipocytes [43].

In animals, resistin has been shown to be secreted by adipocytes and to impair glucose tolerance and insulin action when
infused into mice. A study has also reported increased resistin expression in human abdominal tissue. Several studies,
however, have reported reduced resistin expression in human and rat obesity. Insulin, FFAs, and TNF-a have all been
shown to inhibit resistin expression and all of these factors are elevated in obesity. Therefore, contrasting results obtained
from both human and a rodent study made the role of resistin in obesity-induced diabetes is more and more controversial.
The human resistin is a dimeric protein with 108 amino acids as compared to the murine resistin which comprises 114
amino acids. It raises blood glucose and insulin concentration and reduces hypoglycemic response to insulin infusion [44].
Thus it was proposed to be an important link between obesity and insulin resistance. But in human its physiological
function is still debatable. This is also produced by peripheral monocytes and its level correlate with IL-6 concentration
raising the possibilities that it is probably associated with inflammation induced insulin resistance.

Recently List Eo et al [45] performed proteomic analysis using MALDI-MS/MS and reported that 17 proteins out of 28
proteins are involved in the energy metabolism. Smith et al [46] study reported that a polymorphism in the promoter region
was associated with resistin mRNA levels in abdominal subcutaneous fat. Associations between resistin polymorphisms
and type 2 diabetes have been reported in few studies [47]. On the contrary, few other studies reported no such
association between resistin polymorphisms and type 2 diabetes [48]. Variation in the resistin gene is associated with
obesity and insulin related phenotypes in Finnish human population. The variation in the resistin gene is not directly
involved in the beta cell dysfunction but it may play crucial role in the pathobiology of obesity and insulin resistance that
resulted in type 2 diabetes [49]. Therefore, for the first time, this bioinformatics study reinforces the role of resistin in the
pathophisiology of obesity mediated insulin resistance and type 2 diabetes.

CONCLUSIONS

Technologies for high-throughout scanning of the human genome and its encoded proteins have rapidly developed to
allow systematic analyses of human disease. Application of these bioinformatic technologies is becoming an increasingly
effective approach for identifying the biological markers of genetically complex obesity and diabetic diseases. Our
bioinformatic analysis reports a biomarker, resistin gene as ominous link with obesity associated diabetes.

Any rigid assessment of disease patterns will need support from well documented and curated databases. However, there
are also severe practical and theoretical constraints known if applying bioinformatics as a tool for improved understanding
and diagnostics of disease patterns Though lot of controversies exist with regard to the role of resistin in metabolic
disorders such as obesity and diabetes mellitus, it's role is not completely excluded. Our Bioinormatics analysis once
again heightens the possible role of Resistin gene that connects obesity and diabetes mellitus. In future studies like this
may pave way for new therapeutic inventions of obesity associated diabetes.

Not all biomarkers should be used as surrogate endpoints to assess clinical outcomes. Biomarkers can be difficult to
validate and require different levels of validation depending on their intended use. If a biomarker is to be used to measure
the success of a therapeutic intervention, the biomarker should reflect a direct effect of that intervention.

There are many interesting issues that need to be studied further, Especially, the developments of specialized sequential
pattern mining methods for particular applications, such as genomic and proteinomic sequence mining that may admit
faults, such as allowing insertions, deletions, and mutations in DNA sequences and protein sequences, and handling
industry/ engineering sequential process.
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Table 1. Showng the genes/proteins that have been studied i the present study,
which are believed to be involved in type2 diabetics and obesity

S.no Gene name Accession number  Length Tissue Referenc

1 ADIPOQ AAH54496 244 aa Peripheral Nervous System, sympathetic

2 CETP AAB59388 425 aa Liver

3 HIRXC CAI41335 458 aa no

4 I4PP CAA39504 89 aa no

5 IcAMI AAHI5969 532 aa Kidney, renal cell adenocarcinoma

6 ILo CAG29292 212 aa 10

7 LEPR AAT31780 232 aa PCR rescued clones

8  LMNA CAI15523 614 aa 100

9  MAPKS AAT30571 427 aa Pooled, cerebellum, kidney, placenta,

testis, lung, colon, liver, heart, thyroid, bladder.
uterus, PCR rescued clones

10  PPARG AAHO06811 477 aa Placenta, choriocarcinoma
11 PPARGCIA NP 037393 798 aa
12 REIN AAIO01561 108 aa Brain, cerebral cortex and lung, PCR rescued clones”
13 SELE CAI19360 484 aa no

14 SLC244 AAH34387 415 aa Colon, Kidney, Stomach, adult, whole pooled
15 5S0CS3 CAG46495 22522 0o

16 UCP2 AAC51336 309 aa skeletal muscle

17 RBP4 CAH72328 201 aa
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Fig1 :Medical Complications of Obesity
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Fig 2 : Biomarkers Use
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