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Abstract—Gene therapy involves repair or replacement of 

mutated genes. Gene expression can also be altered in order to 

regulate the immune system. Gene therapy requires, 

characterisation of defective gene, use of vector system for 

insertion of gene and recombination between defective and 

functional gene. This study reviews the application of 

bioinformatics and genetic engineeringmethods in gene therapy. 

First case of Ex vivo gene therapy is hypercholesterolemia. A 

mutation in LDL receptor gene on chromosome 19 is responsible 

for a genetic disease hypercholesterolemia which was treated by 

altering the expression of LDL gene by beta actin promoter from 

chickens and Cytomegalovirus. In vivo gene therapy is done to 

treat the tissue at the location of affected organ.Duchenne 

Muscular Distrophy and Cystic Fibrosis are treated by in vivo 

gene therapy where lung, pancreas and skeletal muscles are 

affected. Various viral, non-viral and naked DNA vector and 

vehicle system are used to deliver transgene into the patient body. 

Liposomes, Lipoplexes and polyplexes are example of non-viral 

vector system. Expression of defective genes may be interrupted 

by RNA interference. This mechanism can be used to silent the 

defective gene using si RNA (short interference RNA) in various 

disease cancer, autoimmune diseases, dominant genetic disorders, 

and viral infections. Role of Genomics is discussed, comparative 

study of genes and genomes leads to identification of hypothetical 

genes which may be involved in disease. In Pharmacogenomics, 

analysis of individual and population genetic profile is used in the 

treatment of Human populations. Microarray Gene expression 

profiling is done to analyse to study the altered gene expression in 

various diseases. Supervised and unsupervised clustering 

methods are used to analyse the microarray data. 

Keywords—Gene tharapy; Bioinformatics applications; gene 

therapy techniques; genetic engineering applications; 

Phramacogenomics; RNA interferenceC;Vector- Vehicle systems 

I. INTRODUCTION  

In Gene Therapy, defective gene is replaced with functional 

copy (transgene) of correct gene toprevent disease like AIDS, 

Gaucher disease, rheumatoid arthritis, a1-antitrypsin 

deficiency, and others. Gene therapy involves repair or 

replacement of mutated genes. Gene expression can also be 

altered in order to regulate the immune system, which leads to 

cell death. http://artemisinin.wizytowka.pl/. There are two 

approaches for gene therapy (i)Introduction of transgene into 

somatic cells of diseased tissue. (ii)Introduction of gene into 

the reproductive cells –involve ethical implicationsSomatic 

cells gene therapy is an acceptable practice. Introduction of 

gene into reproductive cells is associated with germplasm 

mutations that may alter the human gene. Bioinformatics play 

an important role in the identification of defective genes, 

which is facilitated using database resources and genome 

analysis tools. Computational study of structure and function 

of gens is known as genomics. These identified genes are 

corrected using genetic engineering approach in gene therapy. 

II. GENETIC ENGINEERING IN GENE THERAPY 

Gene therapy uses combined strategy to prevent the disease. 

This involves the following objectives. 

1. Characterization of defective gene, cloning and their 

availability to be used in clinical study. 

2. Use of vector system for insertion of gene into the 

correct site in the patient body. Vector is used to 

carry DNA sequence into the target cells by physical 

delivery like inhalation, injection. 

3. Recombination between defective gene and inserted 

functional copy is necessary for expression. 

Gene addition therapy is the alternative to the replacement 

therapy, this does not essentially require recombination 

between defective and inserted functional copy.  

 

A. Ex vivo gene therapy 

If diseased tissue is removed from a patient for manipulation 

outside the patient body, function is then restored in these cells 

by inserting functional gene. This therapy is suitable for blood 

system disease. 

Normal ldl receptor gene is located on chromosome 19 human 

genome at 19p13.2 location, ldl gene regulates the cholesterol 

metabolism in blood, LDL receptors are abundantly occur at 

the surface of liver cells. 

A mutation in LDL receptor gene on chromosome 19, raise the 

level of LDL (low-densitylipoprotein) which is responsible for 

a genetic disease hypercholesterolemia. This makes slow 

cholesterol metabolism. Heterozygotes have half the normal 

receptors; while homozygotes have from 0 to 20% of them 

[12].Tissues were taken outside the patient body, who was  
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Figure 1. Mutations associated with ldr gene are depicted;annotation is retrieved from NCBI dbSNP database.

 

 

 

 

 

 

 

 

 

 

 

 

Figure2. Full annotation of ldlr gene retrieved from Genedatabase. 

 

suffering from this disease. Expression of LDL gene was 

altered using beta actin promoter from chickens and 

Cytomegalovirus. Vector containing LDL receptor was 

introduced into the hepatocytes cells of Liver tissues of patient 

body. LDL level was decreased after introduction of modified 

LDL receptor gene. 

Second case of application of gene therapy was Severe 

combined immune deficiency (immunodeficiency), a genetic  

disorder which is characterised by constant infections and 

delayed physical development [23].   A mutation in a gene on 

chromosome X causes Adenosine deaminase deficiency 

(ADA) which reduces T and B lymphocytes significantly 

[29].Due to conversion of deoxyadenosine into to toxic 

adenosine triphosphate in T cells, immunological system is 

severely affected [9].The gene was introduced into the LASN 

vector under the control of LTR(long terminal repeat)  

promoter. Vector alsocontains neo gene b, expressed by 

promoter Simian virus promoter(SMV). A recombinant breed 

was generated from samples of two patients and introduced 

into retroviral vector by transfection, then modified cells were 

delivered into patient body[10].Now, More than 70 mutations 

have been spotted which is associated with adenosine 

deaminase deficiency and leads to severe combined 

immunodeficiency (SCID). As a consequences of mutations, 

deficiency of the adenosine deaminase enzyme occurs, which 

put off normal conversion of deoxyadenosine, this 

ischaracterized as severe combined immunodeficiency 

(SCID), in ADA. 

 

A. In vivo gene therapy  
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Ex vivo gene therapy is not suitable for tissue based disease 

(Duchenne Muscular Distrophy and Cystic Fibrosis) where  

lung, pancreas and skeletal muscles are affected. Treatment of 

disease at location of affected tissues is known as in vivo gene 

Table 1. Information obtained from Homo sapiens Annotation Release 107, GRCh38.p2[35] and other references[22].

 

S.N. Name of gene Identified Mutation/ Disease Gene Therapy Target cells 

1 ldlr (low density 

lipprotein receptor 

gene 

Mutation in ldl gene 

two LDLR mutations leads to more 

severe hypercholesterolemia 

Altered expression of LDL gene using beta 

actin promoter from CMV. Insertion of 

modified LDL receptor with Vector   

Liver 

2 Dmd(Duchenne 
Muscular 

Distrophy gene) 

18 mutations in the DMD gene  
causes Duchenne Muscular 

Distrophy 

Expression of dmd gene using active CMV 
promoter (REF) and delivery of transgene 

using rAAV vectorwith LTR sequence .[23] 

Lungs, 
skeletal 

muscles 

3 Ada (Adenosine 

deaminase gene) 

More than 70 mutations in 

the ADA gene  

Insertion of a gene into LASN vector (with 

neo gene expressed by SMV promoter) under 

the control of LTR promoter. 

Blood 

4 Cftr “cystic 

fibrosis 

transmembrane 
conductance 

regulator. 

More than 1,000 mutations in 

the CFTR gene.common mutation 

delta F508 

non-viral plasmid DNA and CFTR gene-

liposome(25 nm) complex  is used to deliver  

Cftr transgene 

Respiratory 

epithelium 

5 Alpha-1-

antitrypsin 

More than 120 mutations in the 

SERPINA1 gene, most common 

muation Glu342Lys  cause alpha-1  

Alpha-1-antitrypsin deficiency 

Liposome Respiratory 

epithelium 

6 Antigen- HIV Reduction of the Helper T-
lymphocytes in the peripheral blood  

and opportunistic infections are 

associated with AIDS 

Retrovirus Blood, bone 
marrow 

7 Genes involved in 

Immunity 

Mutation in P53 and other tumour 

suppressor gene causesCancer 

Retrovirus, liposome, electroporation, 

cellmediated transfer 

Blood, 

marrow, 

tumour  

8 Complement 

group C gene 

Mutations in 15 genes can cause 

Fanconi’s anemia, most common 
genes areFANCA, FANCC, and 

FANCG 

Retrovirus Blood, 

marrow 

9 Glucocerebrosidas
e beta replacement 

More than 200 mutations in the 
GBA gene cause Gaucher’s disease 

Retrovirus Blood,marro
w 

10 Factor IX 
replacement 

Mutations in the F8 (more than 
1000)  causes Haemophilia A  and 

more than 900 mutaions 

causesHemophilia B 

Retrovirus Skin 
fibroblasts 
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11 HLA-DRB1 Variations in human leukocyte 
antigen (HLA) genes 

causesRheumatoid arthritis 

Retrovirus Synovium 

 

therapy which involve introduction of transgene into 

thepatient body using vector vehicle system, gene can also be 

introduced directly at disease site [15].In vitro therapy require 

the replacement of cells and tissues from body with new gene 

containing cells using transfection method. Both types of 

therapy require different vectors to introduce new gene into 

cells which depend on the gene and site of disease. Deletion of 

one amino acid at position 508 in the CFTR protein make 

weak channel which can not transport chloride ions in cell 

membrane. This also affects water transport. As a result; cells 

on the surface of lungs, pancreas, and other organs create 

slimy mucus. This mucus hinders the air passage and glands, 

which is characterized as cystic fibrosis. 

 

B. Vector- Vehicle systems for gene therapy 

 

Vector/vehicles systems are used to deliver transgene into the 

cells of patient body. Biological system must be evaluated 

before using any physical method. 

Viral based vector:Viruses are preferred to deliver transgene 

into patient body and these are known as vector. Mainly, 

Retroviruses are used for this purpose. Other viral systems are 

Adenovirues, Adeno associated viruses and Herpes Simplex 

Virus (HSV).Adenovirus type 2 (Ad-2) and murine leukemia 

virus are common vector system which are used for gene 

therapy [2] 

Non Viral: Liposomes and Lipoplexes are example of non 

viral vector system. These are used for delivery of DNA. 

Liposomes are encapsulated DNA in lipid micelles. 

Lipoplexes contain charged group on lipid surface and non 

immunogenic in nature. Polyplexes are complex of DNA and 

other protein or artificial polymers (polyamino acids) because 

of no charge these are easily transported in blood[5]. 

Lipopolyplexes are composed of DNA, polymer and liposome, 

polymer and liposomes are used encapsulate DNA which 

ensure safe delivery o DNA to the nucleus.  

Peptide DNA complex are also used. Plasmid DNA containing 

CFTR gene was complexed with a cation on the surface of 

liposome and delivered into the lungs tissues of patients with  

cystic fibrosis. This was tested in using randomised, double-

blind, placebo-controlled, phase 2b trial in patients of cystic 

fibrosis, taken on from 18 sites in the UK[8][13]. 

Naked DNA:Naked can be introduced into the patient body in 

few cases where other methods could not be used for gene 

therapy.Viral vectors and their application in gene therapy 

have been discussed comprehensively in literature [22]. 

 

 

D. RNA Interference 

 

Mutation greatly affect the expression of gene and produces 

disease, expression of these defective gene may be interrupted 

by RNA interference, in which short mRNA pair with the 

target gene and make it silence and thus expression of mutated 

gene is prevented, this is RNA interference, a natural 

phenomenon which occurs in Plant viruses as a natural 

defense mechanism against host gene. This mechanism can be 

used to silent the defective gene using siRNA (short 

interference RNA) in various disease cancer, autoimmune 

diseases, dominant genetic disorders like Huntington’s 

diseaseand viral infections. Application of siRNAs provides 

the new possibilities in treatment of incurable disease [19]. 

Two different, RNA based and DNA based approaches are 

used to induce the RNA interference in target cells. 

 

 

 
 
 

Figure 3. This chart shows classification of gene therapy approach. 

 

In RNA based method siRNA is delivered to target cells, 

while in DNA based approach, a longer RNA hairpin is used 

to synthesise siRNA[7]. 

 

III. BIOINFORMATICS APPLICATIONS IN GENE THERAPY  

The genome sequencing techniques provide the information 

about 20,000 to 40,000 human genes and the proteins encoded 

by the human genome as well as genetic variation in these 

genes and proteins in human populations which are involved 

in disease. Study of the genome of the cancer cells and tissues 

help us to identify new drugtargets and facilitate design of 

therapeutic molecule [6].Genomics approaches play an 
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important role in the comparative study of genes and genomes 

and leads to identification of hypothetical genes and protein 

which may be involved in disease. Analysis of individual and 

population genetic profile is useful in the treatment of Human 

populations that are sensitive for specific treatment or 

haveindividual response to drugs. Pharmacogenomics is study 

of human body response to drug based on human genetic 

profiles. How genetic profile affects the individual’s response 

to drug, this study is done in Pharmacogenomics before giving 

any treatment to the patients. Pharmacodynamic and 

pharmacokinetic studies are applied in combination with 

Genomics to develop safe medication based on individual and 

population. 

 

A. Databases and Information resources 

Following database are available to help the researcher and 

scientist working in the related areas, which provide 

information required for the identification of functional and 

non functional gene. 

1) Genetics Home References https(//ghr.nlm.nih.gov/gene):a 

Genetics home reference provides useful information in the  

 

 

 
Figure 4.Flow chart illustrate the role of Genetic engineering and 

Bioinformatics in gene therapy 

 

form about all the gene and product which are involved in 

disease.Gene orthologs, Genomic regions, transcript, SNPs, 

organism and Mutations 

 

2) Gene (http//www.ncbi.nlm.nih.gov/gene/: Gene database 

provide information about function of gene, integrated from 

Reference sequences, Maps, Pathways, Variations, 

Phenotypes, links to Genome, phenotype. 

3) OMIM (Online Mendelian Inheritance in 

Man)(www.omim.org):All the abnormal traits listed in this  

database with information about Genetic disorder, mutation, 

Mapping, Gene- Phenotypic, allelic variants 

4) dbSNP (Single Nucleotide 

Polymorphism)http://www.ncbi.nlm.nih.gov/snp/: Single 

Nucleotide Polymorphism, insertions/deletions, 

microsatellites, and non-polymorphic variants. 

5) UniGene: http://www.ncbi.nlm.nih.gov/unigene/:  Analyses 

expression by tissue, age and health status and provide the 

information about this. 

6) Geo (gene expression 

profile)http://www.ncbi.nlm.nih.gov/geoprofiles/: Contain 

information about specific gene Profile derived from 

microarray data. Microarray data can also be downloaded 

from these resources. 

B. Micro Array data analysis  

 

Gene expression profiling using microarrays is used to 

identify the sequence variants synthesised by splicing to study 

the altered gene expression in various diseases. Gene 

expression profile contains the expression of individual gene 

in different condition whereas sample profile contains the 

expression of the entire gene in a particular environmental 

condition. Supervised and unsupervised methods are used to 

analyse the microarray data. In unsupervised learning, similar 

patterns are searched in gene expression profile while 

supervised method uses the previous data to classify the 

genes.Unsupervised method include Hierarchical clustering 

principal  

component analysis[28], self-organizing maps[16], 

multidimensional scaling [14],[20], and singular value 

decomposition[32]. 

Supervised learning use predefined class and build the model, 

first training set is prepared using predefined class to predict 

gene classifier, this classifier is then used to classify the test 

data[21] 

The prototype supervised method, linear discriminant analysis 

are commonly used to classify gene expression data (48).  

Neighborhood analysis and weightedvoting [30,17] are used to 

classify of tissue samples profile. Support vector machines 

methods transform data [31,33],  to predict  specific classes in 

the tissues of ovarian cancer. Research shows [26,27,4]that K-

nearest neighborhood prediction can be used o classify 

differential expression of cancer into multiple classes.  

Trained neural network models shows better predictions tumor 

identify and diagnose cancerous and non cancerous tumours 

[11, 18], and decision trees is used to discriminate among 

tissues of colon cancer, tree can be explored to discriminate 

among all the sample profile [34] and can be pruned back to 

limit the growth of tree using stopping rules. Genetic 

algorithms identify the possible mutations in the set of gene 

and can relate to phenotypes which may be associated with 

Gene Therapy

Replacement of defective gene by correct copy

In vivo gene therapy In vitro gene therapy

Genetic Engineering

Insertion of correct gene 
using vector

Controlled Gene expression 
using promoter 

Genomics

Identification of defective gene
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particular disease [3]. The small features set algorithm uses 

patterns of few genes to differentiate the classes [24]. 

DNA profiling method and genomics approaches are 

discussed [1]. 

 

CONCLUSION 

 

Ex vivo gene therapy require removal of diseased tissues from 

patient body and insertion of correct gene outside the patient 

body. A genetic disease hypercholesterolemia which was 

treated by altering the expression of LDL gene by Ex vivo 

gene therapy. In vivo gene therapy allows the treatment of 

tissue at the location of affected organ. Duchenne Muscular 

Distrophy and Cystic Fibrosis are treated by in vivo gene 

therapy where lung, pancreas and skeletal muscles are affected 

which can not be taken out from the patient body. Gene 

therapy has been successfully exploited to treat incurable 

disease using various viral, non-viral and naked DNA vector 

and vehicle systems to deliver transgene.  

The role of Bioinformatics is important in identification of 

genesRNA interference is used to silent the defective gene 

using si RNA (shortInterference RNA) in various disease 

cancer, autoimmune diseases, dominant genetic disorders, and 

viral infections.  
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