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A B S T R A C T 

In this work, we have developed a GA based hybrid machine learning algorithm “QLEGAND” to analyze the microarray 

gene expression dataset. The Algorithm is a mixture model consisting of the concepts of Q-learning, Genetic algorithm 

and ID3 learning. The dataset consists of 7129 genes with two states viz., normal and Lung Adenocarcinoma. Both the 

Q-learning Algorithm and the Genetic Algorithm work simultaneously that produce all the possible combinations of 

optimal paths incorporating the genes. These set of outputs are then provided as input to ID3 algorithm in order to find 

out the optimal one. After analyzing the dataset, we have identified some of the altered genetic associations that have 

been significantly changed from normal state to carcinogenic state. Moreover, we have selected some of the genes from 

the altered associations and validated the results biologically from NCBI database using sensitivity. It has been reported 

that QLEGAND is able to identify more true positive cancer mediating genes with respect to the existing algorithms. 
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1. Introduction 

Adenocarcinoma of the lung (pulmonary 

adenocarcinoma) is a common histological form 

oflung cancer that contains certain distinct malignant 

tissue architectural, cytological, or molecular 

features, including gland and/or duct formation 

and/or production of significant amounts of 

mucus
[1].

Nearly 40% of lung cancers in the US are 

adenocarcinoma, which usually originates in 

peripheral lung tissue. Most cases of 

adenocarcinoma are associated with smoking; 

however, among people who have smoked fewer 

than 100 cigarettes in their lifetimes ("never-

smokers"),
[2]

adenocarcinoma is the most common 

form of lung cancer. Its incidence has been 

increasing in many developed Western nations in the 

past few decades, where it has become the most 

common major type of lung cancer in smokers 

(replacing quamous cell lung carcinoma) and in 

lifelong nonsmokers. According to theNurses' Health 

Study, the risk of adenocarcinoma of the lung 

increases substantially after a long duration of 

previoustobacco smoking, with a previous smoking 

duration of 30 to 40 yearsgiving arelative risk of 

approximately 2.4 compared to never-smokers, and a 

duration of more than 40 years giving a relative risk 

of approximately 5. 

1.2 Scope of this work  

The project is based on analyzing the microarray 

gene expression dataset in order to identify the 

altered genetic association which has resulted in a 

change from normal to carcinogenic state. The 

question arises, what actually is gene, its structure 

and how it is responsible for lung adenocarcinoma in 

humans. Genes are a locus of DNA or a linear 

sequence of nucleotides that provides the coded 

instructions for synthesis of proteins or RNA. It is a 

basic unit of inheritance which was first proposed by 

Danish geneticist Wilhelm L. Johannsen. Majority of 

living organisms encode their genes on long strands 

of DNA. 
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Two strands of DNA twist around each other in 

opposite direction to form the DNA double helix 

structure. Each strand has a backbone which is made 

of alternating groups of sugar deoxyribose and 

phosphate groups. Attached to each sugar there are 

four bases which are Adenine (A), Cytosine (C), 

Guanine (G) and Thymine (T). These two strands are 

held together by bonds between the bases, Adenine 

forms a base pair with Thymine while Cytosine 

forms a base pair with Guanine. 

A gene is a length of a certain portion of the DNA 

and it codes for a specific protein only. The DNA in 

our body undergo a process known as transcription, 

where the enzyme RNA polymerase copies a 

particular segment of the DNA into the mRNA or 

the messenger RNA. This mRNA undergoes a 

process known as translation where it is decoded or 

translated by ribosomes in order to generate a 

specific amino acid chain. This amino acid produces 

proteins which serve as food for the cells and help 

them in growing. Each protein in our body, whether 

generated by the body or externally delivered have a 

very specific role to play. It is comparable to a lock-

and-key mechanism such that only a specific protein 

with its characteristic structure can fit perfectly in an 

orifice. However, when the genes get mutated, the 

protein produced by them, also undergo change in 

structure and characteristics. As a result they are no 

more fit for the role that they were supposed to play. 

These proteins get stored up and block pathways. As 

the process of their formation continues, they keep 

getting accumulated in bulk and end up causing 

cancer. 

A major area of research in diagnosing Cancer is the 

relationship between genetic changes and 

biochemical signaling pathways in the development 

of cancer. Recent years has shown an explosion of 

information regarding how external signals bind to 

cell surface receptors and subsequently transduce the 

biochemical signals that ultimately lead to changes 

in cell survival, their resistance or sensitivity. 

Although a lot of research are already done in 

biological field, in the recent days the CSHL 

research found that three genes named as TTF1, 

NKX2-8 and PAX9 interact to be appeared as a fetal 

gene expression pattern that results in cancer tumor 

growth. These genes are so close to each other on the 

chromosome that shows why mutation is so common 

in lung cancer. Another research has also been done 

by the members of the Transplant Biology and 

Therapy Program where new stem cell 

transplantation therapies and treatments for cancers 

relating to the blood and bone marrow are 

discovered. This program represents the research 

arm of the University of Minnesota's world-famous 

Blood and Marrow Transplant (BMT) Program. 

Different researches are already done in biological 

field but there is also another scope in order to 

mediate genes causing cancer. There are different 

machine learning algorithms which have already 

implemented the concept and it has boom in this 

field. Neural network
[3]

, cellular automata
[4]

, random 

forests
[5]

 are different algorithms implementing the 

genes specially to identify and characterize the 

susceptibility genes in common, complex and 

multifactorial human diseases. 

Identification of surrogate genes for prostate cancer 

phases, DNA microarray
[6]

data for cancer 

classification, prediction of Cancer Proteins by 

Integrating Protein Interaction
[7]

, Domain Interaction 

Data are different machine learning works done in 

this field. 

One of the researches done is DNA microarray data 

which can track the expression levels of thousands of 

genes simultaneously. These data normally contains 

a small number of samples which have a large 

number of gene expression levels as features. In 

order to extract useful gene information from cancer 

microarray data and reduce dimensionality, feature 

selection algorithms are systematically investigated. 

Using a correlation-based feature selector combined 

with machine learning algorithms such as decision 

trees, Naive Bayes and support vector machines 

show that classification performance canbe obtained 

on microarray data sets. It is also demonstrated that a 

combined use of different classification and feature 

selection approaches makes it possible to select 

relevant genes with high confidence. 

Through “QLEGAND” hybrid machine learning 

algorithm, we analyze the microarray gene 

expression dataset where each value represents m-

RNA  expression. Here m-RNA stands for 

Messenger RNA. It is a large family of different 

RNA molecules that actually carries genetic 

information from DNA to the ribosome, where the 

amino acid sequence of the protein products of gene 

expression is specified. Since the dataset we are 
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using represent normal or disease-free and lung 

adenocarcinoma samples. 

 

2. Methodology 

The microarray gene expression dataset is performed 

on QLEGAND model which is a mixture of different 

machine learning algorithms where QLE represents 

Q-Learning [refer appendix A.2] algorithm, GA 

stands for Genetic Algorithm [refer appendix A.1], 

(N) and D goes for ID3 algorithm [refer appendix 

A.3]. Both the Q-learning and Genetic algorithm 

work simultaneously producing all possible 

combinations of optimal paths incorporating the 

genes which are then provided as input to ID3 

algorithm in order to find out the optimal one [as 

depicted in Fig 4]..  

2.1 Algorithm 

Input: A microarray gene expression dataset D 

where  

Dm*n= { g1, g2, g3 … gi … gn }  

Wheregi = { gi1, gi2 … gim }  

Step 1: Scan the data from the given dataset D.  

Step 2: Store the names of the genes and values of 

the cells in separate arrays for ease of reference. For 

every possible gene pair, calculate the Euclidian 

Distance which represents the genetic bonding 

between a pair of genes.  

Step 3: Using either the Learning Algorithm (in this 

case Q-Learning) or the Genetic Algorithm, for 

every individual or sample, determine paths for 

random gene pairs wherein any one gene may act as 

the initial point and any other gene may act as the 

final point and every path is unique.  

Step 4: Every sub-path connecting a pair of genes 

will have a unique value as calculated in Step 3 and 

every sample is either “Lung Adenocarcinoma” or 

“normal”. For every path, determine the minimum 

sub-path value. Subset of determined gene paths is 

provided to ID3 algorithm as training dataset. Using 

the given dataset, it will predict more gene pairs and 

calculate hit ratio for ID3 algorithm to determine its 

efficiency.  

Step 5: Some of the genes from the altered 

associations are selected which are validated 

biologically from NCBI database using sensitivity 

[refer appendix A.4] 

2.2 Flowchart 
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2.3 Sample run 

Input Sample- Here we have two small biological 

datasets, DD and DN where DD represents the gene 

values of diseased samples and DN represents that of 

disease-free (normal) samples. 

SampleID D1 D2 D3 N1 N2 

GENES  

G1  1 2 3 4 5 

G2  9 1 2 3 6  

G3  8 1 2 4 7  

G4  7 9 3 5 8  

G5  6 8 7 6 9  

G6  5 4 3 2 1 

 

As the dataset is given input to Q-Learning and 

Genetic algorithm simultaneously, both the 

algorithms will produce the paths for random gene 

pairs. The possible paths generated by these 

algorithms for diseased and normal is shown below-  

Q-learning Path Output for dataset DD(Diseased)-  

G2 G1 G5 G6 diseased  

G2 G6 G1 G4 diseased  

G2 G3 G6 G4 diseased  

G6 G3 G2 G5 diseased  

G6 G4 G3 G1 diseased  

G4 G2 G6 G3 diseased  

G1 G4 G2 G6 diseased 

 

Q-learning Path Output for dataset DN(Normal)-  

G2 G3 G1 G5 normal  

G1 G5 G4 G6 normal 

 

Genetic Algorithm Path Output for dataset 

DD(Diseased)-  

G2        G6             G3 G1         G4      G5diseased  

G1         G3            G2G4G5G6diseased  

G5    G4     G6G1         G2G3diseased  

G2G1G3G5G4G6diseased  

G4G1G6G2G3G5diseased 

 

Genetic Algorithm Path Output for dataset 

DN(Normal)-  

G5 G4 G1 G2 G3 G6    normal  

G1 G3 G4 G6 G5 G2    normal  

G5 G3 G4 G6 G1 G2    normal  

G1 G4 G2 G3 G5 G6    normal  

G1 G4 G2 G6 G5 G3    normal 

 

For every generated path, we determine the 

minimum sub-path value. 

Diseased gene pairs-  

G3 G2 diseased  

G2 G6 diseased  

G6 G3 diseased 

G6 G1 diseased 

G6 G4 diseased  

Normal gene pairs-  

G3 G4 normal  

G4 G2 normal 

 

Subset of determined gene pairs is provided to ID3 

algorithm as training dataset.  

G6 G1 diseased  

G3 G4 normal  

 

ID3 output from the training data set-  

G6 G4 diseased  

G3 G1 diseased 

 

Total number of hit: 1 

Total number of miss: 4 

Hit ratio=total no of hit/(total no of hit + total no of 

miss) 

Hit ratio: 1/(1+4)=0.2 

 

Applying on whole data set of diseased and normal 

gene pairs, ID3 will predict more gene pairs. 

G3 G2 diseased   G2 G2 diseased 

G2 G6 diseased   G2 G3 diseased 

G6 G3 diseased   G2 G1 diseased 

G6 G1 diseased   G2 G4 diseased 

G6 G4 diseased   G6 G2 diseased 

G3 G4 normal   G6 G6 diseased 
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G4 G2 normal   G4 G6 diseased 

G3 G6 diseased   G4 G3 diseased 

G3 G3 diseased   G4 G1 diseased 

G3 G1 diseased   G4 G4 normal 

Genes shifted from normal to diseased state are : G1 

G2 G3 G4 G6. 

 

3. Result 

3.1 Description of the Dataset 

The dataset that we are using in QLEGAND hybrid 

machine learning algorithm is a microarray gene 

expression dataset which works on microarray 

affymetrix platform. This microarray gene 

expression dataset was proposed by Beer
[8]

 . The 

dataset consists of a total of 7129 genes with two 

states, namely normal and those affected by Lung 

Adenocarcinoma. The individual values of the 

dataset represent the m-RNA expression of every 

gene for a particular sample. Each row is a gene 

name like GABRA3, OMD, GML etc. and each 

column represent samples in which 86 samples 

(AD10-L99) are affected by Lung Adenocarcinoma 

and 10 samples (LN64-LN75) are normal or disease-

free. 

3.2 Analysis of the result 

 Parameters used in implementing the model: 

Machine Learning 

Algorithm 

Parameter Value 

Q-Learning Algorithm Gamma function (γ) 0.5 

Genetic Algorithm Number of 

generations 

150 

While implementing the model, different parameters 

are to be initialized. In Q-learning algorithm the 

gamma function or discount factor is set to 0.5. This 

value ranges from 0 to 1 such that for a gamma value 

closer to 0, the algorithm tries to find a path keeping 

short term goals in memory. For a value closer to 1 

the algorithm focuses on long term goals. Hence for 

an average performance, it is set to 0.5. In Genetic 

algorithm, number of generations is randomly 

chosen as 150 in order to get maximum possible 

number of optimized path. 

 Comparing output of id3 algorithm with Q-Learning 

& Genetic algorithm we got: Hit ratio= 0.77 

 Names of all the genes responsible for causing Lung 

Adenocarcinoma: 

RB1 GLDC NUDT6 MAGEA1 MAGEA2 IL12B 

MAGEA4 CACNA2D1 PDYN BTC TIAM1 

HOXB7 EPHA2 ADCYAP1R1 EPB41 ABCB4 

SHMT1 CRABP1 PDGFB PIK3R3 GATA4 C5 

MSR1 MTHFR BRAF IGF1 SLC6A6 CD28 

TNFSF8 TDGF1RET ZNF254 GABRB2 ACHE 

CDKN1B BRCA1 CCR2 IL10 ANXA1 AHSG 

PAX6 F5 CEACAM1 RARB RNASEL ASCL1 

PPP2CA XDH MEF2D MPO CTGF IBSP CDH2 

CCND1 KIF5A NPPA MAP3K8 SSX3 LMO1 

TSC1 POU3F2 MYCN MSH2 IL6ST CHRNA3 

CCNB1 THPO PMAIP1 ESRRA MT3 CDK7 FER 

CPS1 NAT2 MDM2 BCL2 MDM4 NF2 THRB 

ELAVL4 SLC2A1 ALAD SPN CASP3 ITGB8 

ITGAV ITGB6 ATP7A DNM1L DSP FGA 

UGT1A1 ITGA2 PDE4D OPRM1 MMP8 DCK 

TGFBR1 CYP2A6 IFNG CDH12 BIRC5 DSG3 

TOP1 HDAC3 SRC PTHLH GNA13 ERBB4 

P2RY2 GNA12 BAK1 EIF4E UGT1A6 NTRK1 

NTRK2 PTPN11 RAD52 RAD51 RPS6KB1 APC 

ERCC6 

 Total number of genes detected: 228 

 Total number of genes matched with the NCBI 

Dataset:122 

 Sensitivity: 0.535 

3.3 Biological Validation 

In figure 5, the X-axis represents the existing 

methods and our own method which we have 

implementedwhile the Y-axis represents number of 

genes where selected genes from the altered 

associations are validated with the results from 

NCBI (www.ncbi.nlm.nih.gov) database through 

true positive, false negative and false positive 

parameters. Thus it helps in analyzing what really 

matters in the decision problem 

 Comparative study using TP, FN and FP: 
Type Methods TP FN FP TOP 

250 

ML QLEGAND 122 106 106 228 

DTL CART(Classification 

and Regression Tree) 

112 138 138 250 

ReL Q-Learning 81 169 169 250 

SL LVQ(Linear Vector 

Quantization) 

58 192 192 250 

UL Clustering 

EM(Expectation 

Maximization)  

93 157 157 250 

NN ANN(Backpropagati

on) 

103 147 147 250 
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Fig 5: Biological validation using true positive 

 

In figure 6, the X-axis represents the existing 

methods and our own method which we have 

implemented while the Y-axis represents sensitivity. 

The value of sensitivity ranges between 0 to 1 where 

the value closer to 1 specify the best validation of 

output genes with NCBI (www.ncbi.nlm.nih.gov) 

database resulting the algorithm can identify more 

true positive cancer mediating genes. 

 Comparative study using Sensitivity-  
Type Methods Sensitivity 

ML QLEGAND 0.535 

DTL CART(Classification and Regression 

Tree) 

0.448 

ReL Q-Learning 0.324 

SL LVQ(Linear Vector Quantization) 0.232 

UL Clustering EM(Expectation 

Maximization)  

0.372 

NN ANN(Backpropagation) 0.412 

 

 

Fig 6: Biological validation using sensitivity 

Conclusion 

With the advent of new high throughput and cheap 

data, the rapid growth in data will go on increasing 

in coming years. As these bioinformatics data are 

voluminous, incremental and distributed all over the 

world, there are associated errors which have to be 

solved. Machine learning has been the most useful 

tool in terms of solving and analysing them. As these 

are considered as methods of data analysis that 

automates the analytical building, it delivers on the 

promise of extracting value from big and disparate 

data sources with far less reliance on human 

direction. Unlike traditional analysis, machine 

learning thrives on growing datasets. As the data fed 

into a machine learning system increases, the better 

it can learn and apply the results to higher quality 

insights. Overall it has been seen that there is a 

sudden increment in bioinformatics dataset in terms 

of volume and dimensions. Still there are some 

bioinformatics problems which exist and still lack 

cloud-based big data tools. Hence, they need to be 

properly addressed from the perspective of big 

datatechnologies and effective data analytics 

technologies which are actually machine learning 

algorithms. As the world is getting digitized, more 

and more big data are coming into existence and 

hence we need machine learning algorithm to 

effectively manage them. 

 

Future Work 

As in the given project we already have discussed 

and implemented QLEGAND model which is 

Genetic algorithm based hybrid machine learning 

algorithm for identifying the cancer mediating gene 

set. Taking the example on diagnosing cancer 

because of particular change in gene significantly 

resulted in change from normal state to carcinogenic 

state. As well as different areas are identified which 

need further exploration to observe. In future we are 

going to focus on remaining two proposed hybrid 

models- QLEDGE and DGAQLE. Concentrating on 

model we already have implemented, the microarray 

gene expression dataset is given input to Q-learning 

and Genetic algorithm and depending on ID3 

optimal one is computed. Same way in remaining 

two hybrid models where in the former model, 

biological dataset will be given input in Q-learning 

and ID3 and the left-out model will then find the 
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optimized one and in latter, as name is suggesting, 

input will be given to ID3 and Genetic and Q-

learning will find the optimized solution.  

Based on this implementation on microarray dataset, 

we will draw some biological conclusions and also 

make a comparative study which will be done by 

incorporating the three results that can be validated 

by some biological and statistical measurements and 

moreover, the selected genes from the altered 

associations can be validated with the results from 

NCBI database, GO attribute, t-test, F-test using F-

score and G-measure. Obtaining the best model, it 

will be then considered optimally in diagnosing the 

genes whose expression value has been changed and 

can lead to cancer or be able to identify more true 

positives cancer mediating genes. 

 

Appendix A. An example appendix 

Authors including an appendix section should do so 

before References section. Multiple appendices 

should all have headings in the style used above. 

They will automatically be ordered A, B, C etc. 

A.1. Genetic Algorithm 

The genetic algorithm is a model of machine 

learning which derives its behavior from a metaphor 

of the processes of evolution in nature. This is done 

by the creation within a machine of a population of 

individuals represented by chromosomes. In the field 

of artificial intelligence, a genetic algorithm (GA) is 

a search heuristic that mimics the process of natural 

selection. This heuristic method is routinely used to 

generate useful solutions to optimization and search 

problems. Genetic algorithm proceeds as: 

1. [Start] Generate random population of n 

chromosomes (suitable solutions for the problem).  

2. [Fitness] Evaluate the fitness f(x) of each 

chromosome x in the population. 

3. [New population] Create a new population by 

repeating following steps until the new population is 

complete. 

4. [Selection] Select two parent chromosomes from a 

population according to their fitness (the better 

fitness, the bigger chance to be selected).  

5. [Crossover] With a crossover probability cross-

over the parents to form a new offspring (children). 

If no crossover was performed, offspring is an exact 

copy of parents.  

6. [Mutation] With a mutation probability mutate 

new offspring at each locus (position in 

chromosome).  

7. [Accepting] Place new offspring in a new 

population.  

8. [Replace] Use new generated population for a 

further run of algorithm. 9. [Test] If the end 

condition is satisfied, stop, and return the best 

solution in current population.  

10. [Loop] Go to step 2. 

In details we can perform all the operations 

performed on chromosomes- Encoding of a 

Chromosome: The chromosomes are represented in 

binary string where each bit in this string can 

represent some characteristic of the solution.  

Example-  

Chromosome 1 1101100100110110 

Chromosome 2 1101111000011110 

Crossover- Randomly some crossover point is 

chosen and everything before this point is copied 

from a first parent and after a crossover point copy 

from the second parent.. 

Example-  

Chromosome 1 11011|00100110110 

Chromosome 2 11011|11000011110 

Offspring 1 11011|11000011110 

Offspring 2 11011|00100110110 

Mutation- It changes randomly the new offspring. 

For binary encoding we can switch a few randomly 

chosen bits from 1 to 0 or from 0 to 1. Example-  

Original offspring1 1101111000011110  

Original offspring2 1101100100110110  

Mutated offspring1 1100111000011110  

Mutated offspring2 1101101100110110 

A.2. Q-learning Algorithm 

Q-learning is a model-free learning technique which 

can be used to find an optimal action-selection 

policy. It works by learning an action-value function 

that ultimately gives the expected utility of taking a 

given action in a given state and following the 

optimal policy thereafter. It is a reinforcement 

learning technique that memorizes an action-value 

Function and follows a fixed policy thereafter. One 

of the biggest advantages of Q-Learning is that it is 

able to compare the expected rewards without 
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requiring a prior well known model of the 

environment. By using an action-value function it 

calculates the expected utility of performing a 

specific action in a discrete state and thus following 

a fixed policy thereafter. The utility for performing 

this action is then updated accordingly 

Q(s,a) = R(s,a) + γ*Max{Q(s‟,a‟)} 

Where,  

R(s,a) = Immediate reward  

γ = relative value of delayed vs. immediate rewards 

ranging between 0 to 1 

 s = current state  

s‟ = the new state after action a  

a,a‟ = actions in states s and s‟ respectively.  

The algorithm works as follows- 

A state diagram with a goal state is already given 

where states S and a number of actions per state A is 

given as input and output is calculated as 

minimum path from any initial state to the goal state 

giving maximum reward.  

1. Set parameter γ and for each state-action pair (s,a) 

initialize the table.  

2. For each step: 

2.1. Select random initial state.  

2.2. Do until not reach the goal state.  

2.3. Select one among all possible actions for the 

current state.  

2.4. Using this possible action, consider to go to the 

next state.  

2.5. Get maximum Q value of this next state based 

on all possible actions. 2.6. Compute Q(state,action) 

= R(state,action) + γ*Max{Q(next state, all actions)}  

2.7. Set the next state as the current state.  

End Do  

End For 

A.3. ID3 Algorithm 

ID3 is a simple technique forconstructing classifiers: 

models that assign class labels to problem instances, 

represented as vectors of feature values, where the 

class labels are drawn from some finite set. ID3 

classifiers assume that the value of a particular 

feature is independent of the value of any other 

feature, given the class variable. For example, a fruit 

may be considered to be an apple if it is red, round, 

and about 10 cm in diameter. A ID3 classifier 

considers each of these features to contribute 

independently to the probability that this fruit is an 

apple, regardless of any possible correlations 

between the color, roundness and diameter features. 

For some types of probability models, ID3 classifiers 

can be trained very efficiently in a supervised 

learning setting. An advantage of ID3 algorithm is 

that it only requires a small amount of training data 

to estimate the parameters necessary for 

classification. 
 

Algorithm working for it-  

D : Set of tuples  

Each tuple is an „n‟ dimensional attribute vector  

X : (x1,x2,x3,.... xn) 

Let there be „m‟ Classes : C1,C2,C3...Cm  

ID3 classifier predicts X belongs to Class Ciiff 

P (Ci/X) >P(Cj/X) for 1<= j <= m , j <>i 

Maximum Posteriori Hypothesis  

P(Ci/X) = P(X/Ci) P(Ci) / P(X)  

Maximize P(X/Ci) P(Ci) as P(X) is constant  

With many attributes, it is computationally 

expensive to evaluate P(X/Ci).  

ID3 Assumption of “class conditional independence”  

P(X/Ci) = Π𝑃𝑛𝑘=1(𝑋𝑘𝐶𝑖)  

P(X/Ci) = P(x1/Ci) * P(x2/Ci) *...* P(xn/ Ci) 

A.4. Sensitivity 

It is also named as true positive rate which measures 

the proportion of positives that are correctly 

identified. In mathematical terms, it can be defined 

as- 

Sensitivity= true positives/(true positive + false negative) 

 True positive is equivalent to hit. As for example- a 

new test is performed that screens people for a 

disease. Each person taking the test either has or 

does not have the disease. So, true positive is defined 

as sick people correctly identified as sick. 

 False positive is an error in some evaluation process 

in which a condition tested for is mistakenly found 

to have been detected. It refers to those particular 

genes that our proposed algorithm was unable to 

find. 

 False negative is a test result which wrongly 

indicates that a particular condition or attribute is 
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absent. An example of false negative would be if a 

particular test designed to detect cancer returns a 

negative result but the person actually does have 

cancer. 

A.5. Microarray gene expression 

A DNA microarray is basically a collection of 

different DNAs which are present there in a solid 

surface. It allows scientists to perform an experiment 

on thousands of genes at the same time which is a 

very good advantage of it. DNA microarray analysis 

is one of the fastest-growing new technologies in the 

field of genetic research which is used in 

investigating cancer. DNA microarrays can be used 

to detect DNA or to detect RNA that may or may not 

be translated into proteins. Scientists know that a 

mutation or alteration in aparticular gene's DNA may 

contribute to a certain disease. However, it can be 

very difficult to develop a test which can detect these 

mutations, because most large genes have many 

regions where mutations can occur. The DNA 

microarray is a tool used to determine whether the 

DNA from a particular individual contains a 

mutation in genes. When they were first introduced, 

DNA microarrays were used only as a research tool 

but now it is helpful in conducting large-scale 

population studies- for example, to determine how 

often individuals with a particular mutation actually 

develop cancer, or to identify the changes in gene 

sequences that are most often associated with 

particular diseases. This has become possible 

because, just as is the case for computer chips, very 

large numbers of 'features' can be put on microarray 

chips, representing a very large portion of the human 

genome. 

A.6. NCBI 

NCBI stands for The National Center for 

Biotechnology Information which advances science 

and health by providing access to biomedical and 

genomic information. The NCBI is located in 

Bethesda, Maryland and was founded in 1988. The 

NCBI houses a series of databases relevant to 

biotechnology and biomedicine and an important 

resource for bioinformatics tools and services. NCBI 

has responsibility for making available the GenBank 

DNA sequence database since 1992. The NCBI has 

software tools that are available by WWW browsing 

or by FTP. 
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