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ABSTRACT 

Genetic variations are the genetic differences found among individuals of the same species. These variations are 

adaptive i.e. they ensure flexibility and survival of a population in the changing environment over time. It is 

quite interesting to know how and when these genetic variations offer to a population the survival benefit under 

the altered situations and at what extent over time. Whether there is any significant difference among male and 

female in expression of such variations. Further if the population subgroups and demographical factors offer any 

selective advantage to these variations. Moreover we often find that one drug which is effective on an individual 
may not work well with other individual. This interindividual variation of drug effects is due to the genetic 

variation of drug metabolism. The variations of xenobiotic or drug metabolizing enzymes at genetic level bring 

about the evolution of diverse and specific subgroups in the population that offers a selective ability to perform 

the biotransformation reactions. With the advent of advance DNA sequencing technologies we are now able to 

find and characterize most of the natural variations such as single nucleotide polymorphisms, structural 

variations like insertion/deletion, inversion, translocations, tandem repeat polymorphism, complex chromosomal 

rearrangements etc. that are linked with human evolution, migration, disease susceptibility, adaptation to divers 

geographical regions etc. This mini review focus on basic genetic variations and their possible associations with 

human health, forensics, environmental stress management, various diseases and other relevant aspects.  

Keywords: Genetic variation, Adaptation, polymorphism, population, disease, structural variation, DNA 

sequencing. 

INTRODUCTION 

The source of natural genetic variations is mutation in the genes which cause altered expression or 

activity of these enzymes. The variant allele frequency is always relatively higher in the population. 

Many comparative studies have been undertaken on ethnically diverse human populations to find 

patterns and the evolutionary origins of genetic diversity and their implications for the mapping of 
complex traits, including disease susceptibility. Also to understand the genetic basis of adaptations 

that has evolved in response to diverse climates and diets, as well as exposure to infectious disease. 
1,2

  

Mutation is the Source  

DNA sequences vary at a large extent at different regions across the genome. And mutation is the 
ultimate source of these variations in all organisms. These variations in populations occur at 

individual level in DNA sequences or at gene level. The frequency with a gene changes from the wild 

type to a mutant type is known as mutation rate. Mutation rate vary considerably for different genes, 

different individuals of same species and different sex which can be determined in terms of frequency 
distribution. The incidence of a specific type of mutation within a group of individual organism, 

expressed as a percentage of the total size of study population is termed as mutation frequency. The 

average mutation rate was estimated to be ~2.5x10
-8

 mutations per nucleotide site or 175 mutations 
per diploid genome per generation.

3
 Mutation rates in humans vary across the genome from about 10

7
 

to 10
9
 per nucleotide base per generation.  These rates are roughly equivalent to 10

4
–10

6
 per gene per 

generation.
4
 There are 6x10

9
 nucleotides in the human genome so every time human DNA is passed 

from one generation to the next it accumulates 100–200 new mutations, according to a DNA-

sequencing analysis of the Y chromosome. This number the first direct measurement of the human 

mutation rate is equivalent to one mutation in every 30 million base pairs.
5
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The frequency of any mutation is affected by many factors such as frequency of primary changes in 

DNA, DNA stability, probability of repair, probability of recognition, physiological condition, the 
behavior of genetic elements 

6
, reproductive fitness, human population history, chromosomal location 

and recombination rates. These factors determine the ultimate consequence of mutations among the 

populations. These factors influence in such a way that mutations become conserved at some regions 
of genome and transient at other locations. This is because some part of the genome is more 

susceptible to mutation than the other. The new variants may be beneficial if they increase the biotic 

potential of the population and thus selected through variability while the deleterious effects present 

challenges for it. Demographic factors affect the pattern of this variability across the genome in a 
population. A favorable mutation on average has long period of persistence in a large population than 

in small population. 

Large extent of mutations influencing a small portion of genome are „selectively neutral‟ because they 
do not have any effect on the reproductive fitness. This may be due to the fact that only 1.5% of the 

genome has protein coding genes which may give rise to synonymous substitution i.e. no change in 

amino acid or nonsynonymous substitutions i.e. change in amino acid but have no effect on 
reproductive fitness. Some variants influence physiological, morphological and pathological variation 

in the human population and provide the genetic substrate for evolutionary change in response to 

physiological or environmental stress. These variants influence diverse traits in human at a variable 

extent.  

When the inheritance of a trait is controlled by a single genetic locus with two alleles and the least 

common allele has a frequency of about 1% or greater, it is known as genetic polymorphism. Genetic 

polymorphisms have been studied extensively by many researchers as causal agent for various life 
threatening diseases, risk assessment marker, evolutionary relationships, drug metabolism, forensic 

detections, and for others. Some of the polymorphisms/variations are briefly reviewed here. 

Single Nucleotide Polymorphisms (SNPs) 

Undoubtedly the most common type of mutation is single nucleotide substitution. Change of one 

purine base to another purine base is called a transition, whereas change of a purine to a pyrimidine 
base or vice versa is called a transversion.  A large number of polymorphisms in human genomes 

have been identified and classified as single nucleotide polymorphisms (SNPs). 
7, 8,9,10

 SNPs have the 

additional property of being common in the population as a „polymorphism‟ i.e. has a population 
frequency of at least 1%. There are an estimated 3–10 million SNP variants in the human genome 

with a frequency higher than 1%. Most detected SNP loci show two common alleles with frequencies 

of at least 10–20%. SNPs that lie in noncoding regions are likely to be nonfunctional and selectively 
neutral, but there are important subgroups that can influence multifactorial diseases or traits. A 

selectively neutral SNP is predicted to occur at every 500bp for those with allele frequencies in the 1–

10% range, every 1500bp for those in the 10–20% range, and every 3000bp for those in the 40–50% 

range. Characterizing the nature of gene variation and their association with particular diseases are the 
major goals of human genetics. 1000 Genome Projects has provided the location, allele frequency, 

and local haplotype structure of ~15 million SNPs. Use of SNPs in drug designing has offered wide 

applications in medical and health. 
9, 11,12,13,14

 

Structural Variation (SV) 

Structural variation is generally defined as  a region of DNA approximately 1 kb and larger in size
15

 

and can include microscopic and submicroscopic variants, which include duplications, insertions, 

inversions and balanced translocations or genomic deletions, commonly referred to as copy number 
variants (CNVs). These CNVs frequently overlap with segmental duplications and If present at >1% 

in a population a CNV may be referred to as copy number polymorphism (CNP). In a broad way SV 

incorporate variants as small as 50 bp in length including some with the potential of disrupting gene 

function or regulation and that can be detected with improved  technologies and analysis 
strategies.

16,17,18,19
 Structural variants can comprise millions of nucleotides of heterogeneity within 

every genome, and are likely to make an important contribution to individual‟s genetic makeup, 

human diversity and disease susceptibility.
20,21,22

 A number of genetic disorders have been linked with 
CNVs 

23,24
 are also involved in environmental response like perception and immunity.

25,26
 A full range 

of structural variation can now be detected from NGS data through long read sequencing platforms 

such as PacBio and Oxford Nanopore.
27

 The Database of Genomic Variants (DGV) has annotated 
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18.8% of the euchromatic human genome as CNVs but one study
28

 suggest that the actual CNV 

content of the human genome will be less than 12%. The variable extent of CNV in the 
phenotypically normal human genome allows studying the association of demographic variation in 

diverse human populations. A new form of polymorphic insertions, templated sequence insertion 

polymorphism (TSIP) which is inserted in the genome through reverse transcription of an RNA 
intermediate may be important in revealing more about human ancestry, migrations, diversity and 

genetic disorders. 
29

 

Inversions 

Balanced rearrangements change the chromosomal gene order but do not remove or duplicate any of 

the DNA of the chromosomes. The two simple classes of balanced rearrangements are inversions and 
reciprocal translocations. An inversion is a rearrangement in which an internal segment of 

a chromosome has been broken twice, flipped 180 degrees, and rejoined. A reciprocal translocation is 

a rearrangement in which acentric fragments of two nonhomologous chromosomes trade places.
30

 
Small sequence inversions are not uncommon but most have no functional consequences unless they 

occur in a gene. Inversion of large chromosomal segment is less common but occasionally gives rise 

to disease. Polymorphic inversions have been characterized to uncover the functional variants that 
drive phenotypes and disease susceptibilities, among individuals for population studies, or tissue types 

for biomarker discovery.
31

 

INDELs 

Short insertions and deletions (INDELs) are the second most abundant form of human genetic 

variation, but relatively fewer studies have been conducted to identify these alternative forms of 
natural genetic variation thus there is a huge research gap which needs attention. Human populations 

are expected to collectively harbor at least 1.6–2.5 million INDEL polymorphisms. Over 415,000 

unique INDELs identified in the genomes of 36 diverse humans using DNA sequencing traces that 
initially were generated for SNP discovery projects.

32
 Recently a set of 1.6 million indels have been 

identified from 179 individuals representing 3 diverse human populations. The rates of indel 

mutagenesis are highly heterogeneous, with 43-48% of indels occurring in only 4.03% of the genome 

classified as indel hotspots, while in the remaining 96% their prevalence is 16-times lower than that 
for SNPs.

10
 One of the most important INDELs is Alu insertion elements, a family of SINEs that are 

ancestrally derived from 7SL RNA gene by a process called „retroposition‟ process.
33,34

 Alu insertion 

polymorphisms identify the patterns of human genetic diversity and history, race determination, 
gender identification, personal identification, paternity testing. They are generally located in non-

coding regions and have an important application in phylogenetic analyses of human populations. 
35, 36

 

Compared to SNPs, rates of indel mutagenesis are known to be variable across the genome,
37

 with 
high rates in microsatellites.

38
 Polymerase slippage across the genome is thought to be responsible for 

the large majority of indel mutations
10

 There may be general hotspots of natural genetic variation 

where both SNPs and INDELs make their effect. INDELs have unusual levels of genetic variations in 

the population i.e. at some regions alleles are maintained under selective pressure in response to the 
variable environment whereas at some other regions there is no functional selection. Deletion of short 

repetitive sequences occurs in and between genes but deletion of large genomic segments containing 

many genes occurs in relatively gene-poor regions of the genome. High-throughput sequencing 
investigation has a scope of the incidence of INDELs in coding regions of human genes to identify 

INDELs associated to diseases for a better clinical outcome.
39

  

Segmental Duplications 

Segmental Duplications include both relatively large DNA segments of 10–400kb   that are duplicated 
a few  times throughout the  genome,  and  a  large  class  of  short (1–5 bp),  dispersed  and  tandemly  

repeated segments. Segmental duplications have originated from the duplicative transpositions of 

small portions of chromosomal material, often containing intron-exon structure of known genes, and 

tend to be localized in pericentromeric and subtelomeric regions.
40,41

 The enzymes that copy DNA 
sometimes slip extra copies of a gene into a chromosome, and scientists estimate that such genetic 

replicas make up about 5% of the human genome.
42

 They share a high degree of sequence identity 

(>90%) with duplicated region. Tandemly repeated segments show polymorphic variation due to a 
relatively high rate of insertion or deletion, with different individuals showing different numbers of 

short tandem repeat (STR) sequences. This class of repetitive sequence is important in human 
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genetics.
4
 Both duplications and deletions have been implicated in shaping human characteristics, 

such as bigger brains. An explosion of DNA duplication in the common ancestor of humans, 
chimpanzees and gorillas may be responsible for many of the differences among the species.

43
 

Duplications supply additional genetic material capable of evolving new functions and segmental 

duplications have experienced extraordinary rates of evolutionary turnover, which result in 
considerable structural change and rapid gene innovation in the genomes of man and great apes.

41,44
 

Bigger, better human brains may be the result of a double dose of a gene that helps brain cells move 

around. Extra copies of SRGAP2 gene may account for humans‟ thicker brain cortex, the brain‟s gray 

matter where thinking takes place; a study suggests (Dennis et al 2012).45 Human whole-genome 
duplications (WGD) are more divergent and entails the adaptation of WGDs to novel and important 

functions that consequently lead to their evolutionary conservation in the course of evolution. 
46

 

Tandem Repeat Polymorphisms  

Tandem repeat are a very common class of polymorphism in which copies of DNA sequences lie 
adjacent to each other in the same orientation (direct tandem repeats) or in the opposite direction to 

each other (inverted tandem repeats). Tandem repeats have been linked many hereditary disorders in 

humans, including fragile X syndrome, myotonic dystrophy, Huntington's disease, spinal and bulbar 
muscular atrophy and Friedreich‟s ataxia 

47
 and play an important role in cancer biology 

48
. Advance 

tools have been designed to search and analyze them like Tandem repeat finder, 
49

 tandem repeat 

meta-search engine, Treads,
 50

 ProGeRF: Proteome and Genome Repeat Finder, 
51

 pSTR Finder. 
52

 

DNA Repeat Expansion 

This is an increase in number of repeats of a genomic, tandemly repeated DNA sequence from one 
generation to the next. 

Trinucleotide Repeat Expansion- An increased number of contiguous trinucleotide repeats in the 

DNA sequence from one generation to the next. The presence of these regions is associated with 
diseases such as Fragile X syndrome and Myotonic dystrophy. Some chromosome fragile sites are 

composed of sequences where trinucleotide repeat expansion occurs. 

Satellite DNA 

Highly repetitive DNA sequences found in heterochromatin, mainly near centromeres. They are 

composed of simple sequences (very short) repeated in tandem many times to form large blocks of 
sequence. Additionally, following the accumulation of mutations, these blocks of repeats have been 

repeated in tandem themselves. The degree of repetition is on the order of 1000 to 10 million at each 

locus. Loci are few, usually one or two per chromosome. They were called satellites since in density 
gradients, they often sediment as distinct, satellite bands separate from the bulk of genomic DNA 

owing to a distinct base composition. 

Inverted Repeat Sequences  

Inverted repeat sequences are copies of nucleic acid sequence that are arranged in opposing 
orientation. They may lie adjacent to each other (tandem) or be separated by some sequence that is not 

part of the repeat (hyphenated). They may be true palindromic repeats, i.e. read the same backwards 

as forward, or complementary which reads as the base complement in the opposite orientation. 

Complementary inverted repeats have the potential to form hairpin loop or stem-loop structures which 
results in cruciform structures when the complementary inverted repeats occur in double stranded 

regions. 

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) - These are repetitive nucleic 
acid sequences that are principal components of the archaeal and bacterial CRISPR-CAS systems, 

which function as adaptive antiviral defense systems. 

Microsatellite Repeats 

A variety of simple repeat sequences that are distributed throughout the genome provides the 
necessary information to measure the genetic distance between the marker and its associated trait, as 

is required for genetic mapping by linkage analysis. They are also known as short tandem repeats 

(STRs). Sometimes referred to as simple sequence repeats (SSRs), are accordion-like stretches of 

DNA containing a short repeat unit of 2-8 basepairs that is tandemly repeated up to 100 times.
53
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Although the human genome contains thousands upon thousands of STR markers, only a small core 

set of loci have been selected for use in forensic DNA and human identity testing.
54

 Current forensic 
DNA analysis predominantly involves identification of human donors by analysis of short tandem 

repeats (STRs) using Capillary Electrophoresis (CE). Recent developments in Massively Parallel 

Sequencing (MPS) technologies offer new possibilities in analysis of STRs since they might 
overcome some of the limitations of CE analysis.

55
 Expression STRs (eSTRs) are enriched in 

conserved regions, colocalize with regulatory elements and may modulate certain histone 

modifications. STRs significantly contribute to the genetic architecture of quantitative human traits 

and various clinically relevant conditions.
56

 

Dinucleotide Repeats- The most common of the microsatellite tandem repeats dispersed in the 

euchromatic arms of chromosomes. They consist of two nucleotides repeated in tandem; guanine and 

thymine, (GT)n, or (CA)n is the most frequently seen which is present  at an estimated 50 000–100 
000 sites per  genome.  The (CA)n repeats occur on average every 30–60 kb, of which about 8000 

have been identified and are listed in human genome databases.
4
 

Trinucleotide Repeats- Microsatellite repeats consisting of three nucleotides dispersed in the 
euchromatic arms of chromosomes. A few STRs are neither functionally nor selectively neutral 

because they occur in functionally important regions of the human genome and give rise to human 

disease. These trinucleotide repeat diseases generate abnormally large alleles that interfere with the 

expression   or   function   of associated   genes.  

Minisatellite Repeats 

Tandem arrays of moderately repetitive, short (10-60 bases) DNA sequences which are found 

dispersed throughout the genome, at the ends of chromosomes (telomeres), and clustered near 

telomeres. Their degree of repetition is two to several hundred at each locus. Loci number in the 
thousands but each locus shows a distinctive repeat unit. Also known as VNTRs are highly 

informative markers owing to the very large number of alleles in the population and particularly 

important in forensic work. 

Complex Chromosomal Rearrangements 

Complex chromosomal rearrangements (CCRs) are constitutional structural rearrangements involving 

three or more chromosomes or having more than two breakpoints. CCRs preferentially occur during 

spermatogenesis and are transmitted in families through oogenesis and have important role in fertility 
consequences. Complex genomic rearrangements are thought to be derived from a single catastrophic 

event rather than by several incremental steps 
57, 58, 59

 Holland and Cleveland
60

 suggested the term 

chromoanagenesis or chromosomal rebirth to group these one-step catastrophic events together.
59

 
They have been studied for the differential transmission of CCRs in males and females, the incidence 

of pregnancy outcomes of CCR carriers, genetic counseling and prenatal diagnosis. Despite the 

increasing understanding of the mechanisms involved in their genesis, CCRs arise as unique, complex 

events for which the genetic and reproductive counseling of carriers remains a challenge.
61, 62

 They are 
rare in humans but their clinical identification is important. Chromothripsis, a new mechanism has 

been proposed to explain the presence of the CCRs in cancer cells and patients with mental 

retardation and/or congenital abnormalities, including phenotypically normal subjects as the CCR 
carriers can display various phenotypes.

63
 

Rare variants 

Rare variants are those which occur in coding regions and give rise to a change in amino acid in the 
protein product and implicated in severe monogenic disorders. These coding SNPs (cSNPs) are 

capable of directly influencing gene expression and have potential relevance to morphological, 

physiological and pathological traits thereby influence reproductive fitness. Rare variants are found 

with a low frequency in population. The contribution of rare variants to genetically complex, 
multifactorial traits is likely to be significant. Various studies have been performed to identify trait- 

and disease-associated rare variants 
64, 65

 and with the rise of sequencing technologies, it is now 

feasible to assess the role rare variants play in the genetic contribution to complex trait variation. 
66

 

Future prospects 

Natural genetic variations have presented before us the challenge to uncover the mysterious facts of 

the human genome at large. As the next generation sequencing technologies are becoming affordable 



Prem Chandra Suthar, et al. “Magnitude of Human Genetic Variations: A Mini Review” 

20                         International Journal of Research Studies in Medical and Health Sciences V2 ● I2 ● 2017    

to scientists working even at small laboratories more input is being given for micro level details of the 

genomic regions responsible for the genetic variations. Some time I think that this task of associating 
the DNA to various diseases, adaptations, evolution, anatomy, physiology and on is so big that more 

and more skilled manpower with more advanced and reliable technologies are required to get the in-

depth research to reveal the hidden truths. Although significant progress have been made in last 
decade through robotics, advanced programming and ease in accessibility of newer tools which has 

made the scientific community more confident but more mining of the genome is essential for 

untouched natural genomic variations. 
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