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Abstract 
HIV (Human Immunodeficiency Virus) 

targets and weakens the immune system. If 
left untreated, it can progress to AIDS 
(acquired immunodeficiency syndrome), a 
condition marked by a high viral load and 
increased infectiousness. Without treatment, 
individuals with AIDS typically survive about 
three years. While there is no cure for HIV, it 
can be managed effectively with proper 
medical care. This study focuses on 
identifying conserved regions within the 
genetic and protein sequences of HIV-1 from 
large-scale data. By leveraging multiple 
sequence alignment and machine learning 
techniques, conserved regions in the 
mutational patterns of HIV-1 are identified. 
These conserved regions hold significant 
potential for the pharmaceutical industry, 
particularly in development of vaccine. 
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Introduction 

HIV infection in humans is believed to 
have originated from a type of chimpanzee in 
Central Africa. The chimpanzee version of the 
virus, known as simian immunodeficiency 
virus (SIV), likely crossed into humans during 
hunting activities when people met the 
infected blood of these animals [1][2][3]. 
Research suggests that HIV may have 
crossed from chimpanzees to humans as 
early as the late 1800s. Over time, the virus 

gradually spread across Africa and eventually 
reached other parts of the world. In the United 
States, evidence indicates that HIV has been 
present since at least the mid-to-late 1970s 
[1][2]. This study addresses two critical 
aspects relevant to the pharmaceutical field. 
First, it focuses on identifying conserved 
regions within HIV gene and protein 
sequences using multiple sequence 
alignment. Second, it examines the 
phylogenetic relationships of various HIV 
genes and proteins to provide deeper insights 
into their evolutionary patterns [4][5]. 
 
Understanding the conserved regions in 
various DNAs  

Conserved regions are segments of 
RNA, DNA, or amino acid sequences that 
remain similar or identical across generations, 
either within the same species or among 
different species [6][7]. These sequences 
exhibit minimal or, in some cases, no 
changes in their composition over 
generations as the below (Figure 1) [8][9]. 
 
Challenges in India  

In 1992, the Government of India 
established the National AIDS Control 
Organization (NACO) to lead the fight against 
AIDS. NACO's primary objectives include 
curbing the spread of HIV infection to mitigate 
the impact of AIDS, reducing morbidity, and 
lowering mortality rates associated with the 
disease [8][9]. The first phase focused on 
raising awareness about AIDS, establishing a 
surveillance system, and ensuring access to 
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safe blood. In 1999, the second phase was 
introduced with two key objectives [9]. The 
primary objectives of the second phase were 
to reduce the spread of HIV infection and 
enhance India's capacity to respond to the 
HIV/AIDS crisis. Despite these efforts, 2005 
marked the peak of the AIDS pandemic in 
India. In 2007, the third phase was launched 
with the goal of halting and reversing the 
epidemic [10][11][12]. Data from NACO 
indicates a significant decline in the number 
of new HIV cases in India since the peak of 
the AIDS pandemic in 2005. However, the 
rate of decrease has slowed in recent years 
[11][12][13]. The Indian HIV programme has 
expanded, evolved and implemented various 
new initiatives overs the years. Still there are 
some challenges faced by the NACO 
concluded as following[13][14]: 
(i). Stigma and Discrimination  
(ii) Access to testing services by people 
(iii) Funding 
 
Collection of data 

Data for this study were collected 
from the following sources:  
(i) DNA sequences of HIV were 
downloaded from the National Center for 
Biotechnology Information (NCBI) website. 
(ii) Protein sequences of various HIV-1 
mutants were obtained from the HIV 
Database and Analysis Unit at the NIH: 
National Institute of Allergy and Infectious 
Diseases. 
(iii) Additional relevant data were gathered 
from the National AIDS Control Organization 
(NACO) website.  
 
Multiple sequence alignment to find 
conserved regions in multiple DNZs 

As mentioned in the introduction, 
conserved regions within multiple HIV DNA 

sequences can be identified using Multiple 
Sequence Alignment (MSA) methods. 
Sequence alignment is employed to detect 
regions of similarity between two or more 
DNA sequences [15][16]. These similarities 
typically indicate functional equivalence and 
an evolutionary relationship between two 
DNA sequences. So, what exactly is multiple 
sequence alignment (MSA)? MSA involves 
aligning more than two sequences to assess 
the similarities among them. There are 
several methods available to perform MSA on 
multiple DNA sequences, such as ClustalW, 
Clustal Omega, Muscle, MAFFT, and T-
Coffee. In this study, Clustal Omega was 
used to perform multiple sequence alignment 
on the HIV virus sequences collected from 
the NCBI website and the HIV database 
[17][18]. 
 
Python code for sequence alignment 

This section presents a Python code 
for sequence alignment using the 
Needleman-Wunsch method. The code takes 
two sequences as input and outputs their 
aligned form. To maximize similarity in the 
sequence alignment, all necessary logic and 
parameters are implemented, such as match, 
mismatch, and gap penalties. First, a scoring 
matrix is generated, and then the traceback 
method is applied to obtain the final alignment 
[19]. 
 
Use of mafft for multiple sequence 
alignment 

One human HIV DNA sequence file, 
titled HIV1_ALL_2018_genome_DNA, was 
downloaded from the NIH website [19]. This 
large file, approximately 53 MB in size, 
contains 4,005 DNA sequences and is used 
for multiple sequence alignment with MAFFT. 
It represents a significant dataset of HIV DNA  

 
 

Fig. 1: Example of Conserved region find in DNA of cross species 
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Fig. 2: Result of MSA using MAFFT 
 
sequences, which is utilized here to identify 
conserved regions in the mutational patterns 
[19][20].  

Although ClustalW and Clustal 
Omega are commonly used tools for multiple 
sequence alignment, their capacity is limited 
to aligning up to 4,000 sequences or a 
maximum file size of 4 MB. Since the 
HIV1_ALL_2018_genome_DNA file contains 
over 4,000 sequences and exceeds this size 
limit, MAFFT was chosen for alignment 

instead [21]. Above is the the result of 
multiple sequence alignment of 
HIV1_ALL_2018_genome_DNA using 
MAFFT (Figure 2). 
The MAFFT also generates the phylogenetic 
tree Study of Phylogenetic Tree to find the 
during multiple sequence alignment (Figure 3) 
 
Study of Phylogenetic Tree 

After generating the phylogenetic 
tree, the next step is to identify conserved 
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regions, often referred to as similarities 
between DNA sequences. These sequences 
and trees are deposited in relevant 
databases, such as NCBI’s GenBank for 
sequences and TreeBase for trees, along 
with metadata indicating when and where the 
sequences were collected. If similarities 
between sequences are identified, efforts 
should be made to describe them in 
collaboration with taxonomists. Once 
described, these similarities represent the 
conserved regions in the mutational pattern of 
HIV-1 virus DNA. 
 

Future Study 
Currently, the global community, 

particularly the pharmaceutical industry, faces 
significant challenges in developing a 
permanent vaccine for the HIV-1/AIDS virus. 
Through phylogenetic studies, similarities or 
conserved regions between human DNA and 
HIV-1 DNA within the human body can be 
identified. By applying machine learning and 
artificial intelligence algorithms to this 
extensive collection of conserved regions and 
phylogenetic trees, one can pinpoint 

conserved regions across the entire genome, 
protein DNA sequences, and the full HIV-1 
virus DNA sequence. These conserved 
regions could play a crucial role in the 
development of an HIV-1 vaccine. 
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