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Introduction
Copy number variants (CNVs) have gained a lot of interest over 
the past few years due to the complexities they offer. Apart from 
altering the expression and phenotype, CNVs are responsible 
for genetic diversity in population as well. Copy number vari-
ants (shown in Figure 1) are sequence of DNA of 50 base pairs 
(bp) or larger compared with its reference genome and collec-
tively represent, duplications, complex multisite variants, and 
smaller elements called insertion and deletions (indels).1 
Terminal deletions occur at the terminal region of the chromo-
some and are combined with neuropsychiatric complications, 
retarded growth, and dysmorphic facial features as shown in 
Cri-du-Chat syndrome2; micro-deletions are deletions up to 
5 Mb which occur at 16p11.2 in Autism3; duplications include 
micro-duplications, for example, in 1q21.1 micro-duplication 
syndrome.4 One of the classic examples is duplication of an 
entire chromosome: chromosome 21 in Down syndrome.5 
Another type of variants is multisite variants that contribute to 
the genetic diversity between individuals. Other than men-
tioned, inversion that is flipped or reversed orientation of chro-
mosomal segments has been established in mutation in Factor 
VIII gene, which plays a critical role in coagulation and leads to 
hemophilia A; this mutation is found to be responsible in 43% 
of the individuals suffering from hemophilia.6 Translocation is 
shifting of large segments of DNA, for example, t(1;11) trans-
location is considered to have an association with increased risk 
of psychopathology due to decreased glutamate levels and 
altered cortical structure and function in the left temporal lobe 
of the brain.7 Microdeletions, a type of interstitial deletions, are 

deletions of a very small portion around 1 to 2 Mb of the chro-
mosome, whereas microduplications are comparatively rare, but 
are prominent reason behind neurodevelopmental genetic dis-
eases.8 Copy number variants, when not tolerated, have been 
identified as a potent genetic variation, regulating both geno-
type and phenotype in an individual’s susceptibility for a disease 
condition. The risk of changes in phenotype and occurrence of 
the disease is more of a de novo event, as CNVs are the rear-
rangements which may not present in the parent karyotype but 
offspring may carry the changes. Such variants are common 
among healthy individuals, however, but not necessarily affect 
the health and phenotype, for example, both deletions and 
duplications are found in HLA class III genes encoding com-
plement proteins, C2 and C4, which are relatively common.9 
Apart from the genome-wide CNVs, there are mitochondrial 
DNA copy numbers (mtDNA-CNs), which decide the number 
of mitochondria and mitochondrial genomes per mitochon-
drion per cell and variation which may lead to mitochondrial 
dysfunction.10 The mtDNA-CNs have been studied for pre-
dicting type 2 diabetes in a cohort that included 8 years of fol-
low-up.11 Also, leukocyte telomere length and mtDNA-CN 
and deletions have been proposed as risk markers for breast can-
cer in a European Prospective Investigation into Cancer and 
Nutrition (EPIC) study.12 Interestingly, other species have also 
been under the influence of CNVs such as rat, mouse strains, 
and rhesus macaque, but human diseases such as genomic and 
monogenic disorders, infectious diseases, autoimmune diseases, 
and carcinomas have well-known links with CNVs.13–16  
They affect the expression level by altering the transcription via 
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disturbing the cis or trans-regulatory regions and other func-
tional regions.17 The number of copies of a gene present in the 
coding region is directly proportional to the number of tran-
script, thus facilitating more translation or vice versa.18 However, 
studies have also advocated the parallel effect of copy number 
alterations in genes of single chromosome leading to detrimen-
tal phenotypes.19 Figure 1 represents human chromosome, for 
example, with a segment as reference region, followed by differ-
ent variation occurring in the reference region.

Cardiovascular diseases (CVDs) include the diseases of 
heart and blood vessels including both arteries and veins. 
Cardiovascular diseases are leading cause of mortality and 
morbidity worldwide. Cardiovascular diseases include a broad 
range of disorders including heart and associated vascular sys-
tem. Most commonly appeared CVDs are coronary artery dis-
ease (CAD) and stroke; other than these two, there are 
myocardial infarction (MI), congenital heart disease, cardio-
myopathy, cardiac arrhythmia, heart valve disease, and other 
vasculature-related diseases such as atherosclerosis, venous 
thrombosis, pulmonary embolism, and peripheral artery dis-
ease. A report from World Health Organization has stated that 
around 31% of the total deaths in all over the world were caused 
by CVDs. Different epidemiologic studies on various conti-
nents have conducted to assess the early onset in the popula-
tion, progression of the disease, prevalence, treatment, 
socioeconomic background of the individuals, and other factors 
contributing to CVDs.20–22 As the risk of CVDs is increasing 
significantly by the time, the research has been shifted to estab-
lish major aspects contributing to the disease, whereas most of 
the efforts have been put to understand the mechanism of the 
disease and the common predisposing factors; the global health 
care services in the field of cardiovascular research are yet to be 
improvised.23 However, despite all the research attempts to 
identify the disease progression during early stages, increased 
risks have been a major barrier to decrease the global burden of 

CVDs as they account for one-half of all the deaths caused by 
noncommunicable diseases worldwide.24

Having discussed the severity and prevalence of the CVDs 
and their known risk factors, including hypertension, choles-
terol levels in blood, obesity, smoking, diabetes, and others, a 
major survey on the genetic risk factors is essential to comple-
ment the research.25 Major advancements in the field of genet-
ics have proposed genetic variants accountable for predisposing 
the CVD risk, among which single-nucleotide polymorphisms 
(SNPs) have majorly been studied due to the improvised tech-
nologies for detection, identification, and characterization of 
annotated as well as novel SNPs. Genome-wide association 
studies (GWAS) have been considered the most significant 
studies so far to detect a number of genetic risks for CVDs. 
These proposed risk factors could be considered as established 
genetic markers for risk stratification; however, they require 
more experimental proofs and validation.

Mechanism of Copy Number Variation in Genome
Alterations in the gene copy number are basically changes in 
the position of a chromosomal region in the chromosome itself; 
the segments could be of different sizes depending on the type 
of variation occurred. Mechanism of copy number changes is 
well studied in model organisms such as Drosophila, 
Saccharomyces cerevisiae, and Escherichia coli. The reason behind 
copy number changes in the chromosomes is basically recom-
bination of 2 types: homologous recombination which occurs 
on more identical sequences or sequences with higher similar-
ity, whereas nonhomologous recombination, on the contrary, 
requires very limited or microhomology or no homology at all; 
such recombination occur during replication mechanism as 
reviewed in a recent study.26 As described in a recent article, 
when there is extensive similarity in the sequence of the chro-
mosomal segments, nonallelic homologous recombination 
(NAHR) occurs; the segments with no homology or very less 
similarity have nonhomologous end-joining and microhomol-
ogy-mediated end-joining recombination, respectively, for the 
origin of CNVs. In addition, other common replication errors 
may also lead to CNVs, such as fork stalling and template 
switching and microhomology-mediated break-induced repli-
cation and transposable element–mediated mechanisms.27 
Among all, NAHR are best known to contribute toward recur-
rent or frequently occurring CNVs; the nonrecurrent-type 
CNVs are produced by replication-based errors.28 Although 
the knowledge regarding the origin and development of CNVs 
have been cited in various studies, mechanisms including dam-
aged DNA followed by its repair mechanism having higher 
incidences of nonhomologous recombination-induced copy 
number changes are still unclear.

History of Copy Number Variations and Links with 
CVDs
A brief study published in 2004 strongly recommended the 
global role of large-scale copy number variations in human 

Figure 1. Copy number variation in the chromosome showing normal 

(reference) and CNV carrying chromosome regions.



Vijay et al 3

genome from heritable gain and loss of DNA for the first time; 
previously, there was no such breakthrough in the field of struc-
tural variants.29 The study was conducted with 55 healthy indi-
viduals and showed the genetic differences in their genome in 
the form of structural variants. Going back to the discovery of 
CNVs in 1987, Nakamura et al30 proposed variable number of 
tandem repeats (VNTRs), which are heritable regions in the 
chromosome where short DNA sequence motifs are present in 
repeats in random variable number, as the name suggests. The 
complex mutation pattern of one of the multifaceted disorders 
related to VNTR can be found in dopamine receptor D4 gene 
exon3 VNTR association in attention deficit hyperactivity dis-
order in which European and Asian ethnicities display 7- and 
2-repeats, respectively.31 After VNTRs, in 1989, microsatellite 
came into light for their distinguished role in complex multi-
factorial disorders and later they were used as a biomarker for 
gene map studies in humans; furthermore, these microsatellites 
were used widely to make the linkage map of all human chro-
mosomes.32,33 In a recently published article, authors have pro-
vided the evidence that microsatellites may act as enhancers 
and regulate the expression of genes.34 In later years, these 
genomic rearrangements, both balanced and imbalanced, were 
characterized as mutational changes in genome responsible for 
various ailments.18 A classic example for such rearrangements 
is of a muscular atrophy called Charcot-Marie-Tooth disease 
type IA, in which the CNV responsible for the disease origi-
nated in the upstream of peripheral myelin protein 22 (PMP22) 
gene, which earlier was not documented in the human struc-
tural variants database.35 After a long leap, in 2002, after almost 
10 years, structural variants came into light as paralogous 
sequence variants (variants in few nucleotides in closely related 
gene families).36,37 One of the most prominent discoveries in 
this field was done by Redon et  al,38 identifying 1447 copy 
number variable regions in the genome of 270 healthy indi-
viduals from 4 different ethnicities, which suggested that 
around 12% part of the human genome has CNVs.

Despite the significant improvements in the technologies to 
identify CNVs, the proposed genetic risk factors for CVDs are 
not considered clinically significant so far. Notably, a study has 
challenged the notion for CADs that classical risk factors are 
responsible for over 50% of the cases, whereas a careful analysis 
of the articles published in the past has indicated that in fact 
over 80% of CAD cases have come up with nonclassical risk 
factors.39 A few diseases with cardiovascular anomalies have 
been registered previously with smaller CNVs or large cytoge-
netic changes as the underlying cause. One of the pioneer stud-
ies in early 1980s on congenital polyvalvular disease (CPVD) 
suggested that the presence of an extra copy of chromosomal 
part of chromosome 18, called trisomy-18 syndrome, leads to 
congenital anomalies, especially CPVD.40 Such diseases 
resulted after larger changes in the chromosomes, which could 
be visualized through microscope. Another study from late 
1980s karyotyped 41 cases of trisomy-18, among which almost 
in all autopsy samples different forms of cardiac anomalies 

were pronounced including pulmonary, tricuspid, aortic and 
mitral valve anomalies, polyvavular disease, and so on.41 Since 
1990s, there were comparatively more studies regarding struc-
tural variations in the chromosome linked with cardiac abnor-
malities.42–44 However, the problem was to find out clinically 
significant CNVs and to link them with the cardiac diseases 
because many variations are found in healthy population as 
well, which required improvement in the detection and identi-
fication technologies with experimental validation.

Role of Copy Number Variations as Compared With 
SNP in CVDs
Single-nucleotide polymorphisms on the contrary to the 
CNVs occur due to a variation in a single nucleotide in the 
gene, which may influence the transcription by affecting pro-
moter activity or messenger RNA stability; as a consequence, 
they are reported to have association with several diseases in 
humans.45 Previously, candidate gene studies to identify pres-
ence or absence of common genetic variants were used for dis-
ease association analysis which lacked the reproducibility and it 
was practically not possible to test higher number of polymor-
phisms for larger cohorts. Genome-wide association studies 
have emerged as one of the most powerful tools to investigate 
the whole genome for SNPs in particular.46 Genetic studies 
have led to upsurge the understanding of CVD association 
with SNPs. For instance, the clinical data suggest that protein 
levels of Apolipoprotein E (ApoE) in plasma are strikingly 
associated with the risk for coronary heart disease; hence, com-
mon polymorphisms affecting this gene in turn affect the pro-
tein level leading to the disease.47 Common variants in 
ATP-binding cassette transporter 1 (ABCA1) gene, low-den-
sity lipoprotein receptor gene (LDLR), and others are reported 
to have association with cardiac diseases.48,49 Over the past few 
years, SNPs have been considered as a potential risk factor for 
genetic diseases in humans; CNVs, however, were detected 
lately but their potency to alter the genomic functions and phe-
notype was characterized in no time.

Copy number variants span more than 50 bases in the 
genome and are responsible for more variations in the chromo-
some, leading to disruption of the functional large genomic 
segments than do SNPs.10 Copy number variants present in 
the coding region directly influence the copies of a gene during 
transcription, hence contributing to the progression of diseases, 
whereas if CNVs occur in the noncoding region of a gene, they 
may not influence the copy numbers. Around 4 Mb of CNVs is 
present in the whole human genome, whereas SNPs account 
for 2.5 Mb, suggesting CNV accountability for most of the 
genetic variations in humans.50 Many CVDs have been identi-
fied having association with SNPs, but the share of CNVs in 
increasing the complexity of human genome and link with the 
diseases cannot be overlooked. A review suggesting implica-
tions of CNVs in CVDs has underlined majorly monogenic 
disorders suggesting more investigation in this field.51 A 
genome-wide case-control study of CNVs has suggested a 
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potent role of rare variants in large cohort responsible for 
dilated cardiomyopathy, a heart disorder leading to various car-
diovascular complications.52 Congenital heart disease (CHD) 
is a primary birth defect leading to early death of newborns 
worldwide. Reports are available on rare CNVs present in het-
erotaxy: a type of CHD and also in syndromic and nonsyndro-
mic congenital heart defects on a cohort of 46 nonsyndromic 
individuals.53,54 Copy number variants play a major role in vari-
ous blood disorders; for example, CNVs in the α-globin genes 
of hemoglobin lead to α thalassemia, a very common blood 
disorder, in which deletion in the α-globin gene makes rare 
disease onset, whereas duplication in the same gene causes 
severe phenotypic change in β-thalassemic carriers.55 
Furthermore, CNVs influence important regulatory sites in the 
gene from distance, leading to dynamic changes in the expres-
sion pattern.56

CNVs in Cardiovascular Disorders
Cardiovascular diseases have widely been studied on the basis 
of their origin, type of disorder, organ, and vessels affected and 
their genetic inheritance, but very few studies are available cor-
roborating the link between CNVs and CVDs. Table 1 repre-
sents different CVDs associated with CNVs and different 
methods to detect those in the genome.

Congenital Heart Disease
Congenital heart disease is one of the major birth defects, lead-
ing to cardiac malformations in around 7 in every 1000 live 
births, resulting in higher incidences of mortality in infants.63 

Children with nonsyndromic CHD had a higher risk of poten-
tially pathogenic CNVs when compared with healthy ones and 
found to be at higher risk of mortality.64 Another study to 
determine pathogenic chromosomal abnormalities was con-
ducted in fetuses diagnosed with CHD by microarray analysis. 
The results of the study concluded that a significant percentage 
of cases were found to be associated with different chromo-
somal anomalies supporting other same studies.65 Furthermore, 
CNVs have also been implicated in congenital left-sided car-
diac lesions. A recent study observed large CNVs were in 33 
probands (∼3%), out of 1139 probands.66 Also, global rare 
copy number variants and de novo mutations in histone-mod-
ifying genes have been linked to the risk of sporadic CHD, 
earlier.67,68 High-resolution genome-wide analysis have shown 
that coarctation of the aorta (CoA), which accounts for 5% to 
8% of all CHDs, is due to abundance of large CNVs on the X 
chromosome of affected men.69 Also, in patients with CoA, 
CNVs alter the expression of genes regulated by FOXC1.70

Myocardial Infarction
Myocardial infarction is a prolonged condition of lack of oxy-
gen to heart muscles. A GWAS has identified major SNPs as 
well as common and rare CNVs for possible association with 
early-onset MI in larger cohorts. The study tested 554 com-
mon CNVs and SNPs at 8 loci in patients, as compared with 
controls.60 Another study has observed 7 CNV segments asso-
ciated with the patients of hyperlipidemia (a major cause of 
MI) and MI suggesting the potential role of structural variants 
in MI.71

Table 1. Different cardiovascular disorders associated with CNVs and its detection via comprehensive arrays.

S. NO. CARDIOVASCuLAR 
DISEASE TyPE

TyPE Of CNV TEChNIquE uSED 
fOR DETECTION

REfERENCES

1 Dilated cardiomyopathy Deletion in exon 4 of 
hSP-co-chaperone 
BCL2-associated 
athanogene 3 (BAG3)

Exome sequencing Norton et al52

2 Williams-Beuren syndrome 7q11.23 microduplication 
syndrome

MLPA and array-CGh Van der Aa et al57

3 d-transposition of the great 
arteries (d-TGA) and 
Ebstein’s anomaly

Microduplication of 
22q11.2 region

fISh Laitenberger 
et al58

4 Congenital heart defects 
(ChD)

Clinical interpretation of 
known CNVs in ChD

Array-CGh Breckpot et al54

5 Congenital heart defects Recurrent and de novo 
CNVs

SNP arrays and whole 
exome sequencing

Glessner et al59

6 Myocardial infarction Rare and common CNVs GWAS Kathiresan et al60

7 Coronary artery disease Increased copy number in 
LPA gene

Taqman real-time qPCR 
assay

Wu et al61

8 Stroke Insertions and deletions Genome-wide SNP array Matarin et al62

Abbreviations: Array-CGh, array comparative genomic hybridization; CNVs, copy number variations; fISh, fluorescence in situ hybridization; GWAS, 
genome-wide association study; hSP, heat shock protein; LPA, lipoprotein(A); MLPA, multiplex ligation–dependent probe amplification; qPCR, quan-
titative polymerase chain reaction; SNP, single-nucleotide polymorphism.
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CAD and Hypertrophic Cardiomyopathy
Coronary artery disease also called ischemic heart disease is 
presented by the patients with MI and stroke, making it one of 
the leading causes of deaths worldwide. A study investigated 
association between CNV in lipoprotein(a) (LPA) in CAD 
cases. Higher serum concentration of LPA is associated with 
increased risk of CAD; however, in this study, a protective role 
of 1 copy number of the LPA gene has been identified in 
southern Han Chinese population majorly in women and the 
elderly.61 Hypertrophic cardiomyopathy (HCM) is a condition 
in which the myocardium becomes abnormally thick (hyper-
trophied), without an obvious reason. People have used high-
throughput sequencing technique to screen CNV in genes 
associated with cardiomyopathy.72Also, people have studied 
minor genes and CNVs in HCM.73

Essential Hypertension
Essential hypertension, a multifactorial disease, possesses sub-
stantial genetic risk factors including CNVs. Deletion of the 
CNVs esv27061 and esv2757747 on the chromosome 1p13.2 
was found to be significantly higher in patients with hyperten-
sion identified by droplet digital polymerase chain reaction 
(PCR) technique.74 Another study on different strains of rats 
has confirmed the pivotal role CNVs in hypertension by whole 
genome array.75

Stroke
Stroke is the third leading cause of mortality worldwide after 
cancer and other heart diseases. A study has investigated the 
role of CNVs in modulating risks for ischemic stroke. The 
analysis showed 187 insertions (76%; 135 heterozygous, 25 
homozygous duplications or triplications, 2 heterosomic) as 
well as 60 deletions (24%; 40 heterozygous deletions, 3 
homozygous deletions, 14 heterosomic deletions) in the 
patients when compared with controls; among these, reported 
CNVs were previously reported.62 A very recent detailed 
description of CNVs influencing stroke probability in individ-
uals has reported and confirmed the positive association of 
stroke with CNVs.76 Evidence are also available for microdu-
plications involved in stroke.77

Diseases Other than Cardiovascular Types and their 
Association With CNVs
Several studies have been done to link the cord between dis-
eases other than cardiovascular types and their phenotypes 
with CNVs. A number of diseases having a background of 
structural variations are listed in Table 2. Moreover, an increase 
or a decrease in the copy numbers of one gene may lead to dif-
ferent diseases as shown in Table 2. A population study has 
suggested the role of segmental duplication encompassing the 
gene chemokine (C-C motif ) ligand 3-like 1 (CCL3L1) 
increasing the susceptibility toward HIV-associated immune 
deficiency or AIDS.90 Furthermore, enhanced expression of 

the same gene has been underlined as a risk factor for rheuma-
toid arthritis in a different case-control study.79 Moreover, 
there are major structural rearrangements in the genes which 
are considered to be rare phenomena but they have their share 
of clinical significance as shown in Table 1. Among these, some 
changes or rearrangements were so large that they were cytoge-
netically visible, for example, more than 4 to 5 copy numbers of 
gene β-defensin showed significant risk of psoriasis, whereas 
the low copy numbers of the same gene are considered as a risk 
for Crohn disease.83,84 Besides duplication, deletions in the late 
cornified envelope 3B and 3C genes have been identified in 
case of patients with psoriasis.85 Despite having an established 
role of CNVs in the development of autism, the de novo ger-
mline mutation has been characterized in recent past as a risk 
factor for the disease.91

The effects of these CNVs are at times combined with the 
environmental factors as well, which may increase or decrease 
the severity of the disease, for example, in GSTM1 and GSTT1 
genes in cancer susceptibility.92 Within recent years, multiple 
evidence have led to a conclusion that CNVs play a crucial role 
in disease susceptibility and development. Also, large-scale 
studies have been conducted to augment the indications. For 
example, recently, a study with a cohort of 144 children (patients 
only) with absence epilepsy subtypes (a type of epileptic disor-
der found mostly in children) was conducted. The study high-
lighted duplications and deletions in the gene regions 1p36.33, 
1q21.1, 22q11.2, and Xp22.31 increasing the potency to 
develop the disease.93

Techniques to Identify Copy Number Variations
Before array hybridization technologies, imbalanced chromo-
somal rearrangements were detected and analyzed by cytoge-
netic techniques. For large and imbalanced rearrangements, the 
gold standard Giemsa banding was popular which gives a visi-
ble karyotype of all chromosomes,94 whereas for molecular 
cytogenetics, fluorescent in situ hybridization (FISH) and 
comparative genomic hybridization (CGH) techniques were 
used.95 These techniques come up with a nonnegligible per-
centage of error which reduces the authenticity of the results. 
So, an improvised version of FISH was introduced as 3D FISH 
but it also lacked the speed and the specificity required for 
high-level comprehensive analysis.96 However, because of low 
resolution and less specificity, these methods were overpowered 
by the advancements in the detection techniques.

There are 2 classes of chromosomal abnormalities: micro-
scopic, which can be seen by a microscope, and submicro-
scopic, which are rare and cannot be detected by microscope 
alone.97 For submicroscopic variants, hybridization tech-
niques like CGH and their modified versions like microar-
ray-based CGH (array-CGH) to identify very rare variants 
were introduced.98 Earlier, the arrays were introduced with 
larger sequence segments of DNA for probing; however, now, 
increased number of spots and shortened segment size on the 
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array to improve the resolution are used. Different oligonu-
cleotide arrays, PCR products, clone arrays, genotyping 
arrays, and others are in use.99A number of array platforms 
have been recommended in recent past for the detection of 
complex CNVs with nonexpressive phenotypes. For example, 
bacterial artificial chromosome arrays and oligo CGH (oligo-
CGH) associated with sequencing are improvised versions of 
CGH, whereas SNP arrays are used to differentiate between 
2 SNP alleles. Array techniques have been preferred over con-
ventional karyotyping for diagnosis of fetal and prenatal 
abnormalities.100 Customized arrays are also available to 
choose platforms and target genes and regions according to 
the need of the research. Furthermore, genome-wide analysis 
of CNVs can be done by multiplex PCR-based methodolo-
gies such as PCR followed by restriction fragment length 
polymorphism, real-time quantitative PCR for shorter length 
fragments, multiplex ligation–dependent probe amplification, 
and multiplex amplicon quantification techniques.101 Such 
techniques are majorly used for screening and validation of 
CNVs. Also, whole genome sequencing, exome sequencing, 
and targeted exome capture followed by sequencing are widely 

accepted sequencing techniques to determine copy number 
variations in human genome.102–104

The advent of next-generation sequencing technologies has 
enabled accurate and rapid analysis of CNVs with high resolu-
tion per base.105 Moreover, high-resolution array platforms 
such as NimbleGen (Madison, WI, USA) and Agilent (Santa 
Clara, CA, USA), pioneer to develop CGH arrays with differ-
ently labeled target and reference genome with fluorescent 
tags, are currently being used for CNVs.91 Next-generation 
sequencing platforms such as Illumina, Roche 454 Life 
Sciences, and SOLiD from Applied Biosystems have provided 
more accurate CNVs for both genome-wide analysis and tar-
geted gene analysis.106–108 Also, a number of computational 
tools are available which in combination with the sequencing 
techniques improve the analysis.109 For better understanding of 
next-generation techniques for identifying CNVs, comparative 
studies have been comprehended and more sensitive tools and 
accurate algorithms have been introduced for CNVs from the 
big data sets. Flow diagram in Figure 2 shows different CNVs 
and techniques for detection methods. The CNVs are classified 
on the basis of detection techniques employed.

Table 2. Copy number variations in different genes causing diseases, an increased or decreased copy of the same gene can cause 
different diseases.

S. NO. GENES ALTERATION TyPE DISEASE REfERENCES

1 CCL3L1 Decreased copies hIV/AIDS susceptibility Meddows-Taylor et al78

Increased copies Increased risk of rheuma-
toid arthritis

McKinney et al79

2 fCGR3B/CD 16b Decreased copies Increased risk for lupus 
nephritis

Aitman et al80

3 uGTB17 Deletion Associated with 2-fold 
increased risk of osteopo-
rosis

yang et al81

4 SNCA Triplication Causes Parkinson disease Singleton et al82

5 DEfB4 More than 5 copies Associated with 1.7-fold 
increased risk of psoriasis

hollox et al83

Less than 4 copies Associated with 3-fold 
increased risk for Crohn 
disease

fellermann et al84

6 LCE3B and LCE3C Multigene deletion Associated with psoriasis de Cid et al85

7 AuTS4 Duplication of 15q11-13 Autism spectrum disorders Sebat et al86

 AuTS14 Deletion of 16p11.2

8 PMP-22 Duplications at chromo-
some region 17p11.2

Charcot-Marie-Tooth 
neuropathy type 1A

hanemann and Müller87

9 Oncogene Myc Amplification Acute myeloid leukemia 
AML

Jones et al88

10 GSK3b Duplication Bipolar disorder Lachman et al89

Abbreviations: AuTS4/14, autism spectrum disorders 4/14; CCL3L1, chemokine C-C motif ligand 3 like 1 gene; DEfB4, defensin B-4 gene; fC-
GR3B/CD 16b, fc fragment of IgG, low-affinity IIIb, receptor gene; GSK3b, glycogen synthase kinase 3; LCE3B and LCE3C, late cornified envelope 
3B and late cornified envelope 3C; PMP-22, peripheral myelin protein; synuclein, SNCA; uGTB17, uridinediphosphateglycosyl transferase-2 family 
B-17.
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Future Perspectives
Although current platforms are able to detect clinically signifi-
cant CNVs in whole genome with better specificity, there are 
technical challenges that remain to be directed. The paramount 
implementation of such techniques is early/prenatal detection 
of structural variants for diagnostic purposes. The low sample 
size of human subjects and limitations of high-throughput 
data analysis and interpretation tools are major bottleneck. 
Over the past years, CNVs have emerged as one of the possible 
reasons underlying multifaceted diseases, as the mechanisms of 
many complex diseases are yet to be elucidated. Although lit-
erature evidence are available for different CVDs, their associa-
tion with CNVs suggests a not-alone role of single-nucleotide 
variations (SNPs) as genetic variants regulating human diseases 
and health. More investigation is required to culminate the 
magnitude of the effect in various CVD subtypes. The current 
techniques and developments have enabled us to elucidate 
genomic variations in humans; yet, the complexity itself 
requires a platform to delineate the neutral or negative effect of 
any variant on any individual. Current platforms to identify 
CNVs need improvisation as they need to optimize the thresh-
old for CNV detection and minimize the noise created by 
other genetic variants. Although genomic maps for CNVs have 

suggested their potential effects on the healthy individuals, 
hence opening up a new obscured area of research, epidemio-
logic studies with larger cohorts and comprehensive method-
ologies are prerequisite for a conclusive statement.
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