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A B S T R A C T  

The Human Genome Project has revolutionized biology by deciphering a reference 
human genome sequence along with many other organisms’ complete sequences. 
The project reflects a great example of integrated inter-disciplinary approach to 
develop sophisticated technology and brought engineers, computer scientists and 
mathematicians at one platform with biologists. Further improvements have 
made from projects ENCODE, to find functional elements of genome; and Human 
Proteome Project, to map human proteins through the genetic map. Moving one 
step ahead, the gaps that were present to study evolution of many species are 
now decreasing due to better understanding of the genome. There has been an 
open approach to data sharing and open-source software, thereby data is publicly 
accessible for more breakthroughs from data banks such as GenBank. Physicians 
approach to practice medicine is changing and becoming more personalized as a 
result of this project. There has been development in treatments of many diseases 
for example through genome-wide association studies. Diseases prognosis and 
risk can be now more accurately predicted through the advancements in HGP. 
However, we are still in initial stages and in the process of understanding the huge 
data generated by HGP and its implications. Moreover, the ethical, social and 
political issues that arise due to this genetic research needs to be addressed 
alongside. 
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I n t r o d u c t i o n  

Human Genome Project: 

The Human Genome Project (HGP) has played a key 

role in transforming the fields of biology and medicine. 

Initially, most of the biologists were against the idea of 

human genetic mapping and it was favored more by the 

US congress and the US Department of Energy (DOE) 

than scientific community.1,2 The project started in 1990 

and its data was published in 2004.3 It all started with first 

generation sequencing which was slow and 

cumbersome.4 For improvement, Craig Venter created 

‘Celera’ to decipher the sequence using bacterial artificial 

chromosome (BAC) vectors which expedited the project.5 

For more accuracy, smaller genomes such as yeast were 

mapped before mapping human genome. HGP fostered 

the advancement in mathematics, computers and 

statistics for handling the analysis of large amount of data 

generated by this research project. Scientists produced 

accurate genome data for each chromosome with very 

small gaps.3 These reference sequences paved the way 

for further studies involving gene transcription and 

regulation.6 

Influence on Biology: 

The Human Genome Project was released with the 

intention to map the parts of complex biological system at 

molecular level in order to understand their connections, 

dynamics and functions.7 For instance in 2003, the project 

by NIH called ENCODE (Encyclopedia of DNA elements) 

was initiated, that aim at finding the functional elements of 
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the genome. Various techniques including the second-

generation sequencing were used to yield massive data 

linked to regulatory networks that control gene 

expression.8 This played a pivotal part in the emergence 

of “Systems Biology”. 

Furthermore, the HGP also paved the way for the 

proteomics.9 Human Proteome Project (HPP) is mapping 

human proteins through a genetic map.10 However, it is 

challenging project to accomplish due to cell type specific, 

spatial and temporal nature of protein expression and its 

functions.11,12 The completion of HPP and greater 

understanding of proteins, will lead to precise diagnostic, 

prognostic, therapeutic, and preventive medical 

applications.13  

Through human genome project initiation, 

approximately 4000 sequences have been identified, of 

humans and other species mostly of bacteria.14 It has 

given an insight of how microbes and humans are 

connected, about their lineage and trace steps of 

evolution.15 Moreover in future, it will help in 

understanding of how new genes are formed, 

reorganized, homology of sequences among species; the 

list goes on. One of the most interesting discovery was 

the collection of the Neanderthal genome. A minor 

percentage of common genetic-code between 

Neanderthal man and humans suggests crossbreeding 

between the two species during their evolution.16  

Influence on Technology: 

The HGP led to the  advancement in technology 

especially in computation and mathematics that created a 

common platform for biologists, physicists, engineers, 

mathematicians and software experts.17 HGP also 

focused on the idea to make the availability of this 

knowledge accessible to the public by user friendly data 

banks for example GenBank at the UCSC (University of 

California Santa Cruz) Genome Browser.18,19 In addition, 

the HGP also promoted open-source software, that 

provides the source code of programs which can then be 

edited according to the needs of researchers and 

scientists.20 Physicians can access this data cloud  and 

use it for personalized medicine in future that will change 

the practice of medicine and greatly contribute to the next 

generation of health systems. 

In 2010, Human Proteome Project introduced a gene-

centric approach to map protein expression from every 

gene locus.21 HGP has facilitated quantitative mass 

spectrometry for reference sequences and value of 

masses of peptides in human proteome. Mass 

spectrometry-based proteomics technology has given 

platform to new applications like targeted proteomics.22 

HGP also requires precise computational resources, like 

Peptide Atlas and Trans Proteomic Pipeline.11,12  

Influence on Medicine: 

Human Genome Project has led to several 

advancements in medicine. For instance, many common 

single nucleotide polymorphisms (SNPs) have been 

identified in various human communities.23,24 Furthermore, 

new SNPs, both common and rare, are being discovered 

every day that provide a high-resolution map of genetic 

variation among humans.25 

Information has also been generated through 

genome-wide association studies (GWAS), which 

associate targeted genetic variants to risk of a disease 

through case control studies and statistics.26 This GWAS 

approach has modified the prognosis and treatment of 

various diseases such as multiple sclerosis, age related 

macular degeneration and Parkinsons.27 Since 2005, over 

1,350 GWAS have been published.26  

With thousands of exomes and whole-genomes 

sequenced, it will be easy to identify disease causing 

variants and we will be able to establish strong 

relationships between structural differences and precise 

phenotypes. The perfect case is of using large scale data 

for analysis of different cancer types.28 As expertise grows 

with information and techniques, it will be possible to 

clearly pinpoint the underlying mechanism of diseases as 

well as to identify and quantify the risks of different 

diseases. Patients and healthy adults will be able to see 

the pattern to predict the occurrence of disease or to track 

its prognosis. They will be able to modify and improve 

their own healthcare through prevention or personalized 

therapeutic strategies which have been based on their 

genome sequence.29 

Influence on Society: 

HGP has forced scientists to think about its ethical 

consideration almost at every step with social implications 

from the initiation of the project to the succeeding projects 
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in genetics. Around 5% of their budget was allocated for 

the social, ethical and legal aspects of human genome 

sequence research.30 This process will continue as 

bioethics is an integral part of research. Ironically, 

biologists are unable to identify any race or cast related 

genes in humans but based merely on ancestors 

interbreeding and migration.31  

The concerns of this research and its implications are 

valid for one as the impact can be huge. Firstly, it includes 

privacy and fairness in the use and interpretation of 

genetic information such as questions of ownership and 

control of genetic information. Secondly, fair use of this 

information for insurance, employment, criminal justice, 

education, adoption, and the military will be necessary. 

Moreover, reliance of genetic technology to make right 

decisions by individuals on issues of their health will 

influence them for rest of their lives and maybe even their 

off springs. So, to question the effectiveness and reliability 

of genetic research is importance as that; do we even 

have enough evidence to make certain decision or not. 

This further highlight and question how knowledgeable 

the health professionals are, because they have a huge 

influence on the decision that patient make. Then, the use 

of genetic research by the third party for 

commercialization of the products from human genetic 

research. Examples are questions of the ownership of 

tissue and tissue derived products, patents, copyrights, 

and accessibility of data and materials. It can be further 

disturbing, if using this facility to tweak human genomes 

without knowing the consequences, for instance to 

enhance intelligence or strength.  

How far we have come? 

Despite innumerable opportunities in research and 

huge application of human genome project, basic 

question of how to respond to this nebulous information 

remains a challenge.32 We are still in the learning phase 

of many processes. The quality of testing may be 

unreliable and the level of quality control of different 

genetic laboratories might vary. Many therapies based on 

genetic discoveries are still in process of clinical trials and 

their results might not correlate as predicted.33 

However, the advances made by human genome 

project cannot be ignored. There have been 

advancements in approach to medicine. Clinical practice 

has been shifted to precise, predictive and personalized 

medicine.29 Each individual can predict their risk linked to 

certain diseases. As each individual genome can be 

mapped, the treatment and progress of each individual 

can be personalized according to his/her requirements. 

Few decades ago, there were many challenging 

questions which can be answered now. For instance, 

determination of three dimensional structures of proteins 

or link regulatory mechanisms at molecular level; or 

discovering gene products like RNA and proteins that are 

essential for life, and whether these ingredients be used 

to synthesize organisms from scratch or how components 

of a cell interact or can we develop our own computer 

model of a cell, a life? And most importantly, will we be 

able to accurately reconstruct the history of human 

populations and evolution of life on Earth? 
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