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years cause to increase in the number of genetic 
organizations and researchers.

Genetic variations in human genome 

Genetic variants in humans are classified as poly-
morphisms, rare variants and mutations. Single 
nucleotide polymorphism (SNP) detected 1 in ev-

INTRODUCTION

Why are we working human genetics? One rea-

son is to know ourselves better. Another reason 

is practical value for human well-being. Studies 

showed that they have a large potential to improve 

the human life. Society has been willing to devote 

a significant amount of budget for research in this 

field. This perception and inventions of the past 20 

ABSTRACT • Homo sapiens has been considered to be the most interesting species 
on earth for hundreds of years. Human genetic has progressed to accelerating period 
after the discovery of the DNA and development of recombinant DNA and molecular 
techniques during the last 50 years. Homo sapiens is a relatively young species. There-
fore, Homo sapiens has not had much time to accumulate genetic variation comparing 
to the other species on earth. Nevertheless, there is considerable genetic variation 
between the individuals. The human genome comprises about 3x109 base pairs of 
DNA. No two humans have been same DNA sequence in the world. Between any two 
humans, the ratio of genetic variation is about 0.1 percent. This means, nearly 6x106 
base pairs are different. The most common genetic difference in the human genome 
is single nucleotide differences. One person has 5-10 billion single nucleotide poly-
morphisms. The less frequent observed differences are deletion, insertion, inversion, 
duplication, copy number variation and genomic rearrangements (translocations). Most 
of the human genetic variations are insignificant. For example, neutral mutations and 
silent mutations do not change the phenotype of the organism significantly. Some of the 
genetic mutations can result positively for an individual. However, vast majority of the 
mutations have no known function. Benefits of understanding human genetic variations 
are its value for promoting human health and combating disease. It will also contribute 
to the rapidly growing field known a pharmacogenomics and help to develop person-
alized medicine. In the future, physicians will use genetic test before the prescription
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HapMap PROJECT

HapMap project began with a meeting on October 
2002. It was planned to take 3 years. The project 
aimed to compare the difference in the sequence 
of genes between individuals and identify to chro-
mosomal regions of the shared genetic variants 
(5). Therefore, this information would help people 
to discover the genes and response to therapeutic 
drugs. 

The DNA samples for the HapMap come from a to-
tal of 270 people. Four populations were selected: 
Nigeria, Tokyo, Beijing and the northern and west-
ern European ancestry. 

One of the many benefits of this project was to 
discover the link between our genes and common 
diseases such as depression, paralysis and asthma. 
Disease and the drug’s effects can be customized 
according to the patient’s genes and that provides 
resistance against to disease (5).

1000 GENOME PROJECT

The aim of the 1000 genome project was to de-
termine the DNA polymorphism in different pop-
ulations. This project consisted DNA sequence 
analysis from 26 different populations and 2.504 
individuals. Identification of geographical and 
functional spectrum of human genetic variation 
will help us understand the effects on the patient’s 
genetic (6). 

As a result, 38 million SNPs, 1.4 million short in-
dels and more than 14.000 verified for large dele-
tions are revealed in haplotype map. Individuals 
from different populations have different genetic 
profiles which includes rare or frequent variants.

Studies have been show that, evolutionary conser-
vation and exon regions are key elements to de-
termine the strength of selection. In this context 
it showed rare variant load changes significantly 
between the biological pathways involved in the 
non-coding region of each individual transcription 
factors such as changes disrupt conserved binding 

ery 1000 base pair, which means that there are 
3.000.000 base pair differences between two indi-
viduals genome (1). 

Translocation, deletion, insertion and inversion are 
also seen in human genome. When a chromosom-
al segment is moved from one position to another, 
either within the same chromosome or to another 
chromosome is called translocation. Deletions are 
the loss or absence of one or more nucleotides from a 
chromosome. Inversion is a chromosome rearrange-
ment in which a segment of a chromosome is re-
moved, turned upside down and reinserted back (2). 

Recently, many projects have been done on human 
genomic variations to determine their functions 
and types. Most important and biggest projects 
were, Human Genome Project (HGP), HapMap 
Project, 1000 Genome Project and ENCODE Proj-
ect (3-6,).

HUMAN GENOME PROJECT

United States Department of Energy (DOE) and 
the National Institutes of Health (NIH) conduct-
ed this project for 13 years (1990-2003) (7). Twen-
ty institutes from six different countries (China, 
France, Germany, Japan, United Kingdom and 
USA) took part and totally three billion budgets 
were spent for the project. 

The goals of the project were as follows:

1. To identify all the genes in the human DNA,

2. To know the function of genes,

3. To store this information in databases,

4. Developing tools for data analysis,

5. Related technology transfer to the private sec-
tor.

The euchromatic regions (90% of the whole genome) 
of the human genome sequenced at the end of the 
project (3).  New information and technologies 
brought by the Human Genome Project shed light 
to the following international genome projects. 
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mental conditions. For example: heterozygous 
form of the sickle-cell mutation causes resistance 
to malaria in areas where the disease is common.

Another example to positive effected mutation is 
mutation in the CCR5 gene. This gene encodes 
the protein on the surface of immune cells in hu-
mans. Human indeficiency virus (HIV) infects the 
immune cells by binding to CCR5 gene product 
protein and other proteins in the cell surface. Mu-
tation in the CCR5 gene changes the level of ex-
pression or structure of the gene product protein 
may inhibit the HIV infection.

Some genetic variations are associated with dis-
eases. Classic single-gene disorders are sickle cell 
disease, cystic fibrosis, Huntington’s disease o and 
Duchenne muscular dystrophy (8-10). Whereas, 
some genetic variations are associated with com-
mon diseases. These diseases cause to morbidity 
and mortality in developed countries (for example 
heart disease, cancer, diabetes, schizophrenia and 
manic depression). However, more common diseas-
es are caused by the interaction of many genes and 
environmental variables. Such diseases are called 
polygenic and multifactorial. In fact, the vast ma-
jority of human traits and diseases are multifacto-
rial such as Parkinson’s disease, Alzheimer’s dis-
ease or stroke.

HOW GENETIC DIFFERENCES SPREAD 
WITHIN and BETWEEN THE POPULATIONS 

Human population could be identified as geo-
graphic, political, linguistic, religious or ethnic 
boundaries. Numerous studies have demonstrated 
that, genetic differences could be observed in 90% 
of the population and only 10% of these differences 
separated the populations from the others. People 
have also been adapted to share of their own DNA, 
for this reason genetic boundaries are typically 
undetermined. DNA sequence of two people from 
different continent may resemble as genetically. In 
general, humans are resembled as biologically at 
the DNA level (11).

motifs were identified as being in hundreds of vari-
ants (6).

ENCODE (Encyclopedia of DNA Elements) 
PROJECT

The euchromatic regions (90% of the whole ge-
nome) of the human genome sequenced in 2003 by 
the human genome project. However studies have 
been conducted to show that only 1% of the human 
genes encoded a protein. Remaining 99% parts of 
the DNA (base sequences) is called as ‘Junk DNA’. 
Scientist have been thought to cause of this am-
biguity is closely connected with junk DNA which 
masked in 99% parts of the DNA. Therefore, EN-
CODE project is designed for discovered to these 
mysteries. The aim of the project was to detect the 
functional DNA sequences and to investigate the 
effect of the genome packaging on expression and 
regulation of the genes.

ENCODE project revealed that 80% of the genome 
have biochemical function. It was noticed that, 
non-coding regions of human genome have import-
ant functions. However, many embodiments ap-
pear to arise largely in this manner. To term “Junk 
DNA” has been disappeared in this way (4).

WHAT IS THE IMPORTANCE OF GENETIC 
DIVERSITY IN PEOPLE?

Only a small percentage of DNA in the human 
genome is coding sequence (sequence which even-
tually converts to protein) or regulatory sequence 
(sequence which can affect the level, timing and 
tissue specificity of gene expression).

In some mutations (for example neutral mutation) 
change the amino acid sequence of the protein but 
it does not account detectable change in its func-
tion. Other variations (for example silent muta-
tions) do not change the amino acid sequences, 
gene products and also gene product’s function.

Some genetic variations may have positive effect 
and provide advantages to the changing environ-
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• ≈25 genes predicted to be completely inactiva- 
ted

ETHIC

About the benefits and harm of understanding hu-
man genetic variation at the molecular level is still 
unknown. This information has a great potential 
to improve the human health. The human genome 
project architectures realized that the growing eth-
ical, legal, they social problems. So in 1990 they set 
up the Ethical, Legal and Social Implications (ELS) 
program. This program works on critical and basic 
analysis of the sciences with the philosophical dis-
ciplines of pure and applied ethics. This program is 
focused on people, especially on educators. People 
have increased their understanding of the ongoing 
debate about the genetic and contribute.

As a result, science plays a significant role in mak-
ing the right choice about people’s personal health 
and public health as ethics. Ethics provides clarify 
basic structure for our values and our understand-
ing of us (1).

CONCLUSION

Benefits of understanding human genetic varia-
tions are its value for promoting human health and 
combating disease. It will also contribute to the 
rapidly growing field known a pharmacogenomics 
and help to develop personalized medicine. In the 
future, physicians will use genetic test before the 
prescription so that the safest and most effective 
drugs and dosages can be prescribed.

VARIATIONS DETECTED IN A TYPICAL 
HUMAN GENOME

Individuals vary greatly in a wide range of biologi-
cal functions because of the variation among their 
genomes. Any individual genome will contain the 
following (12):

• ≈5 -10 million SNPs (varies by population)

• 25.000-50.000 rare variants (private mutations 
or seen previously in < 0.5% of individuals test-
ed)

• ≈75 new base pair mutations not detected in pa-
rental genomes

• 3 -7 new CNVs involving ≈500 kb of DNA

• 200.000- 500.000 indels (1 50 bp) (varies by pop-
ulation)

• 500-1.000 deletions 1 45 kb, overlapping ≈200 
genes

• ≈150 in frame indels

• ≈200-250 shifts in reading frame

• 10.000- 12.000 synonymous SNPs

• 8.000-11.000 nonsynonymous SNPs in 4.000-
5.000 genes

• 175 -500 rare nonsynonymous variants

• 1 new nonsynonymous mutation

• ≈100 premature stop codons

• 40 -50 splice site disrupting variants

• 250 -300 genes with likely loss of function vari-
ants
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