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Abstract—Microarray technology has the ability to measure
the level expression of thousand genes by single experiment and
it can be used bv biologist to study about the effect of
treatments, disease and developmental stages on their
expressions. Microarray based on gene expression profiling can
be used to observing the response of expression genes to
pathogens and identify which expressions genes are changed by
comparing the expression in infected to that uninfected cells or
tissue. Type 2 diabetes mellitus 15 a metabolic disorder that
causes an increase mn blood sugar due to decreased insulin
secretion by pancreatic beta cells and insulin disorder (insulin
resistance). The number of incidences of diabetes mellitus n
Indonesia reached 10 milhion and 53% from the patients do not
realized that they are infected and 90% case of diabetes from
whole world 1s type 2 of diabetes. Therefore, in this paper, we
identify probable biomarker of type 2 diabetes using
microarray based on gene expression data. But the risk of using
microarray data is the large dimension of data so have to find a
way how to solve that problem to get a good prediction result
In this paper will use recursive feature extraction for predicting
biomarkers of diabetes mellitus type 2 from microarray gene
expression data

Keywords—biomarker, microarray, feature ranking, feature
selection, type 2 diabetes

I INTRODUCTION

Type 2 diabetes mellitus 1s a metabolic disorder discase
that causes an mcrcase n blood sugar due to decreased
insulin secretion by pancreatic beta cells or insulin resistance
and 1t makes the body 1s unable to respond to insulin as a
normally Ths type of diabetes does not show symptoms that
can be scen directly so 1t 1s difficult to detect the discase The
number of Type 2 Diabetes Mellitus sufferers continues to
increasc  According to the results of rescarch from
International Diabetes Federation (IDF) in 2015 there were
415 mullion people 1n the whole world suffering from
diabetes and 95% of 1t are people who suffering in type 2 of
diabetes and about 10 million in Indonesia More than 60
percent of people with diabetes are not aware of diabetes so
often Type 2 DM sufferers are diagnosed after complications
occur Late handhing of Type 2 Diabetes Mellitus patients
can have serious consequences

Until now there 1s no medical treatment known to cure
type 2 diabetes permanently Treatment measures 1n patients
only function to keep blood glucose levels as normal as
possible and control the symptoms that appear later on not to
cure th¢ disease permanently Therefore, rescarch on
appropriate treatment for type 2 diabetes’s patients continues
to be done, one of which s identifying biomarkers from
Typc 2 Diabctes Mclhtus  Biomarkers can hclp  carly
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detection of a disease so that proper treatment of the discase
can be done Biomarker identification of Type 2 Mellitus
diabetes contmues to develop, one of which 1s using DNA
microarray technology

DNA mucroarray technology 1s used to determine the
expression level of thousands of genes carried out mn one
experiment, and simultaneously monitor ongoing biological
processes [1] Identification of biomarkers using gene
expression can provide very important results because 1t can
help the development of personalized medicine and also help
rescarchers to find appropriate trcatment for serious discascs,
including type 2 diabetes melhtus [2] Several studies using
microarray data have also been conducted to find biomarkers
in scveral types of complex discases such as rescarch on
biomarkers of cancer using micro array data using Feature
Selection and Semu supervised learning [3] and also
conducted a similar study which identified biomarkers of
cancer but used the Network-Constrained Support Vector
Machine Method [4] In addition to cancer, another complex
disease that 1s also of concern 1s Type 2 Diabetes Mellitus
Several studies have been conducted to find biomarkers of
type 2 DM using the PreDx DRS algorithm [5] Simular
research was also identifying type 2 DM biomarkers using
Discriminative Area of Functional Activity [2]

The main problem of microarray data itself 1s the large of
number dimensions because the number of genes 1s bigger
than the number of samples, we are using feature sclection
method 1s needed to select informative genes In this paper
we will use recursive feature extraction to identify biomarker
of type 2 diabetes

Il METHODOLOGY

A Biomarker

Biomarker or "biological markers", 1s an objectivc
indication of medical conditions observed from outside the
patent which can be measured accurately and
reproductively Biomarkers or biological markers are marker
molecules that are typical for cells, which can be used to
diagnose a disease and therapeutic target molecules that
cause certain diseases [6] Another opmion says that
biomarkers function as an early warning system for
disturbances that can be the potential for the emergence of a
disease due to pressure experienced by organisms [7]

B Type 2 of Diabetes

Diabetes mellitus 1s a disease which marked by the
occurrence of hyperglycemia and impaired metabolism of
carbohydrates, fats, and proteins associated with insulin
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secretion  According to the etiological classificaion DM
according to the American Diabetcs Association 1s divide
into 4 types, namely Type | Diabetes Mellitus or Insulin
Dependent Diabetes Mellitus, Type 2 Diabetes Mellitus or
Non-dependent Insulin Diabetes Mellitus  Other type of
Diabetes Mellitus, Gestational Diabetes Melhtus [8]

Patients with Typc 2 Diabetes Melhtus there 1s
hypernnsulinemia but msulin cannot bring glucose nto the
tissuc because of insulin resistance which 1s a decrease the
msulin's ability to stimulate glucose uptake by peripheral
tissues and to mhibit glucose production by the hiver
Because the occurrence of sulin  resistance (insulin
receptors are 1nactive because they are considered high levels
in the blood) will result n relative insulin deficiency This
can lead to reduced insulin secretion in the presence of
glucose with other nsulin secretion ingredients so that the
pancreatic beta cells will experience desensitization in the
presence of glucose This type of DM onset occurs slowly
because the symptoms are asymptomatic The existence of
resistance that occurs slowly will result m reduced receptor
sensitivity for glucose This type of DM 1s often diagnosed
after complications [9]

C DNA Microarray

Microarray (DNA microarray) 1s a chip which measures
the level of genc expression Therc arc several different types
of microarray technologics such as Affymetrix, Agilent ctc
This technology helps researchers i studying various
discases, especially  cancer  Therefore, microarray
technology can help diagnose, monitor and predict a disease
This method uses a tool in the form of a slide made of glass
and consists of thousands and even tens of thousands of
blocks [7], Fig 1
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Fig 1 DNA Miucroarray Technolog

Principle working of microarray technology is to measure
the amount of hybridization of mRNA in the cDNA n the
chip In general, the microarray analysis uses two different
samples such as normal skin cells with diseascd skin cells
Both of these samples were 1solated from the mRNA and
then placed in a microarray chip Then, the chip 1s given a
radioactive marker to produce color fluorcscent after the
scanner 1s connected Finally, the existing color patterns will
analyzc using the two samples [ 7]

Expression profiling with DNA microarrays

Data acquistion INA 1

Fig 2

Interpretation result of DNA microarray technology

According to Fig 2, the interpretation results of DNA
microarray technology 1f the particular gene expression 1s
higher, then 1t will appear red Conversely, 1if the expression
mn the experimental sample 1s lower, 1t will appear green
Fmally, 1f there are two simlar expressions n a sample, 1t
will appear yellow A black dot indicates that no cDNA 1s
bound to the DNA 1n the gene located i that place This
shows that the genc 1s mactive (all genes are active) [7]

Data generated from Microarray 1s the type of data used
in bioinformatics The charactenstics of data microarray are
the small amount of data and the large number of features
This data contains gene information because the number of
features 1s very large Although these types of data are
difficult to screen but, the results obtained will be very useful
such as the discovery of new drugs (drug discovery) and the
determination of the type of treatment for patient handling

D Dimensional Reduction

Dimensionality 1s the main problem of microarray data
The dimensionality problem i microarray data 1s very
influential on computation time and the level of accuracy n
the classification process Dimensional problems in micro
array data can cause curse of dimensionahty which greatly
affects the level of accuracy m the classification process
This 15 due to the number of features 1s bigger than the
number of samples available Thercfore, a dimensional
reduction process 1s needed on micro array data in order to
save computational time and also increase accuracy Kind of
dimension reduction techmique arc feature ranking and
feature selection

L Normalization

Normahzation 1s a preprocessing stage that aims to
correct systematic  differences between genes  The
experimental microarray data consists of several samples,
having two or more sample groups (the group here refers to
conditions or times) These samples are placed in different
arrays, sometimes there 1s an imbalance between the
samples So, the difference between arrays can only be done
if the array 1s normalized first The process of normalizing
microarray data depends heavily on technology In this
study the RMA (Robust Multi-Array Average) method will
be used to normalize the microarray data used [8]
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F  Featurc Ranking

There 1s a considerable difference between the number of
samplcs and features (genes) in microarray data Therefore,
the usc of the feature sclection approach for different features
as much as 1t sometimes does not give good results
Therefore, before the feature selection process the ranking
fcaturc will be processed by giving a score to cach feature
that aims to climmate irrelevant fcatures using scveral
ranking feature methods, namely

1) Chi-Squared 1o find the weights of attributes we will
using chi-squared tes to calculate it

SN

Where b 1s row, m 1s column, O, ;j 1s the observed

(1

value €y 1s the expected value

2) Information Gain will used to find the weights of
discrete  attributes  based on  thewr  correlation  with
contmuous class attribute[9)]

| H(Class) + H (Attribute)-H(Class, Attribute) | (2)

3) Random Forest Importance The algorithm finds
weights of attributes using Random Forest algorithm and
Jor the classifier we are using OneR classifier OneR
algorithm generates one rule for each predictor n the data
then selects the rule with the smallest total error as it's one
rule

OneR Algorithm
For each predictor
For each value of that predictor make a rule as follows
Count how often each value of target (class) appear
Find the most frequent class
Make the rule assign that class to this value of the
predictor
Calculate the total error of the rules of each predictor
Choose the predictor with the smallest total error

Fig 3 Classificr Algorithm

G Feature Selection

We are using feature selection to elimmate the non-
relevant  features and extract the features which best
distinguish between the given classes (conditions) by feature
ranking We are applying feature selection for retaining
features (genes) We are using this following feature
selection approaches

1) Linear Discriminant Analysis s a method for
dimensionality  reduction processes used mn statistics
pattern recognition. machine learming and bioinformatics
to look for hnear combinations of features that characterize
or separate two or several objects and mummize distances
within the same object class LDA 1s developed to transform
features mto lower dimensional space by maximizing the
ratio of variance between classes to variance mn the class by
ensuring maximum class separator [10]

There are three steps in LDA

e (Calculates separators between different classes called
between-class variance {Sz) or between-class
matrix

e Calculate the distance between the average and the
sample for each class, called within class variance

(8, ) or within-class matrix

Construct low dimensional space by maximizing bctween-
class varance (Sg)and mimimizing within class variance
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Fig 4 LDA Visualization

2) Random Forest Recursive Feature Elimination
Random forest algorithm is one method of learning that can
solve the problem of classification or regression The main
principle of random forest 1s combming several decision
trees that are bwult using several bootstrap samples taken
from the main sample L and randomly selecting each node
which 1s a subset of the explanatory varwable X This
algorithm can provide the dependent variable in a number
of class trees that are formed Then combined with the
Recursive Feature Elimination algorithm to select the best
Jeatures of the microarray data

3) Support Vector Machine s kind of supervised
learming methods because the traiming data set 1s n the
Jform of mput vectors that are given targets as output The
purpose of this learning is to build a model that can produce
the correct output if given a new input

III RESULTS AND DISCUSSION

A Data Description

The experiment using gene expression dataset (GSE
18732) for T2DM from Gene Expression Ommibus (GEO)
[11] which downloaded from public data portals The gene
cxpression datasct consists of mRNA extracted from skeletal
muscle of 47 normal samples 26 glucose intolerant samples
and 45 type 2 diabetes samples and only normal samples and
type 2 diabetes samples are using n this work
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B Methods

1) RMA  algorithm was  using
expression data

2) Featur¢ Ranking We first calculate weights of
features using (1) and select the best 500 features for the
next processing stage We then select the best 400 genes by
calculate the information gain for the retained 500 genes (2)
and select the best 300 genes for further analysis by
calculate the random jorest importance of these 400 genes

3) Feature selection [Iirst we run LDA algorithm we
are using 10-fold cross validation approach and to find the
model with highest accuracy corresponding to the number
of features retained then we run the random forest recursive
feature elimination method and as the final  feature
selection procces we run the Support Vector Machine based
Random Forest RFE result and to train the SVM model we
use the Radial kernel SVM for analysis and follow a
bootstrapping approach

to normalize the
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Fig 5 Proposed Framework

IV CONCLUSION

This paper has explamned how to identify the probable
biomarker of type 2 diabetes by using Recursive Feature
Ixtraction Biomarkers can be used to diagnose a disease and
therapeutic  target molecules caused certamn  diseascs
Thereforc, the result of this research can be used to find the
best medical treatment to totally cure the type 2 diabetic For
future works, we will develop a classification model that 1s
better for detecting biomarkers This model 1s not only
implemented n type 2 diabetes mellitus but can also be used
n other discases
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