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ABSTRACT

Objective: To investigate the role and implications of copy number variations (CNVs) in different diseases found in the human population using
various computational tools and databases.

Methods: Five different diseases were taken into consideration namely Autism, Type-II Diabetes, Rheumatoid Arthritis, Breast Cancer, and
Psoriasis. To validate the CNV's associated with various human diseases different tools and databases were used such as CNV annotator, DECIPHER,
Database of Genomic Variants (DGV), CNVD, CNV Workshop, CNV Web store. Finally, the results were analysed to identify the extent of CNVs
association in selected diseases.

Results: Among all the selected diseases, the maximum numbers of CNV’s were found in the case of breast cancer which in total 3851 at
chromosome number one. Among all the selected diseases, minimum numbers of CNV’s were found in the case of psoriasis, and a significant amount
of CNVs are present in all the selected diseases.

Conclusion: CNVs constitutes a substantial fraction of total genetic variability and it has the importance in modulating human diseases. This study
has shown a significant presence of CNVs in all the selected diseases. Hence it can be concluded that CNVs can be major causing factors in many
other life threatening diseases as well and a specific study designed to identify these variations can open a new dimension in the development of
novel therapy for those diseases.
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INTRODUCTION

Copy number variations (CNVs) are a form of structural variation; it
is defined as the alterations of the DNA of a genome that results in
the cell having a normal or abnormal variation in copy number of
either single part or multiple parts of the DNA. It belongs to a
comparatively larger part of the genome which has been either
duplicated or deleted on certain chromosomes [1]. The human
genome has 3 billion pairs of bases or nucleotides in DNA, which are
packed into 23 pairs of chromosomes, one set of each pair inherited
from each parent. The DNA encodes nearly 30,000 genes. It is a
general conception that only two copies of these genes are present
in a genome. However, it has been revealed by recent discoveries
that large chunk of DNA, varying in size from a few thousand to
millions of DNA bases, can be present in multiple copy numbers.
Such variations can encompass genes leading to dosage imbalances.
For example, it has always been thought, that genes always present
in only two copies per genome have now been found that sometimes
it can be found in one, three, or more than three copies. Most traits,
including susceptibility to disease, can be influenced by these
changes. From previous studies, It has been discovered that 12% of
the human genome were copy number variable in the 270 DNA test
samples. About 2900 genes or 10% of those known is encompassed
by these CNVs. Some CNVs found in the general population can be
millions of bases in size, affect CNVs are comprised of the insertion,
deletion, and duplication of DNA fragments with lengths ranging
from one kilobase to five megabases. It has been found in recent
studies that CNVs are extensively related to various diseases such as
cancer and neuropsychiatric disorders [2].

Most CNVs are usually neutral and do not directly involve in
diseases, but there are several instances also where CNVs that affect
critical developmental genes do cause diseases. CNVs introduce huge
genetic variations on genes dosage and their expression levels [3].
Due to their impact on human disease CNVs can be used in both the

diagnosis and treatment of diseases such as autism, psoriasis,
rheumatoid arthritis, breast cancer, psoriasis. Autism is a
neurodevelopmental disorder characterized by impairments in
reciprocal social interaction, communication deficits and repetitive
and restricted patterns of behavior. With the use of comparative
genome hybridization screening technique, the association between
Autism susceptibility and CNV have been revealed. In this case,
many CNV hotspots have been found for example 16p11.2 and
22q11.2 of the human genome [4].

Rheumatoid Arthritis (RA) is a systemic inflammatory disease. On
the basis of blood tests for Rheumatoid Factor (RF) or
autoantibodies against citrullinated proteins (ACPA), RA segregates
into seropositive and seronegative patient populations [5]. RF and
anti-CCP antibodies are expressed in seropositive patients. Studies
have revealed the association of low copy number of the Fc gamma
receptor 3B (FCG, R3B) gene in systemic autoimmune disease [6].
This receptor for IgG is present almost exclusively on neutrophils
and plays a role in their interaction with immune complexes [7].

In breast cancer, the role of Copy number variations (CNVs) in the
genome has been fully explored [8]. It is estimated that 5-10% of
these families harbor germline mutations or complex genomic
changes that render inactive one of four high percentage genes
BRAC A1, BRAC A2, PTEN or TP53 or moderate penetrance genes
CHEK2, PALB2, ATM and BRIP1.

Accordingly, a very common inflammatory skin disorder is Psoriasis.
In humans, DEFB genes secrets B-defensins, which are small
antimicrobial peptides. DEFB genes have three main gene clusters,
one on 8p23.1 and two on chromosome 20. Red-scaling, elevated
plaques, commonly on the trunk, knees and elbows are the main
characteristics of Psoriasis [9].

T2DM (Type-2 diabetes mellitus) is a type of metabolic disorder which
can be characterized by insulin resistance and hyperglycemia. As per the
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experiments of Bae et al. in 2011, it has been found that more than 170
million people worldwide are affected by this disease in which a
significant role is played by genetic factors [10]. The risk of diabetes is
around 3-4 times higher in the children of those having T2DM as
compared to those children having no familial history of diabetes [11]. In
the present study different bioinformatics based approach were applied
to better understand the role of CNVs in these different diseases.

In this study, we used various computational tools and databases to
identify the extent of CNVs in these selected diseases and also found
the reason of these variations on human chromosomes.

MATERIALS AND METHODS

Different tools and database to diagnose genes, sequences and
chromosomes related to CNVs which causes diseases have been used.
These tools and database include Copy number variation disease
(CNVD) database, CNV annotator, DECIPHER, CNV-WebStore, CNV
Workshop, and Database of genomic variations (DGV).

CNVD

It has CNV related information for around 792 diseases spread over
22 different species from diversified experiments. It ensures CNVs
and disease relationship with very high confidence and comprehen-
sive representations. Various types of query modes are also availa-
ble in this database. In addition, it also provides graphical represen-
tations of results. The user-friendly interface along with the inte-
grated information of various CNVs related to multiple diseases, it
offers an accurate and comprehensive platform which can be used
for the study of chromosomal structural variations related to differ-
ent diseases [12]. The CNVD interface can be accessed from
http://bioinfo.hrbmu.edu.cn/CNVD.

CNV annotator

CNVannotator is a web based server used for CNV analysis from a
human genomic position input set in a tabular format. It can create the
genomic overlaps from the input coordinates by using its numerous
functional features. It includes a list of 356,817 common reported
CNVs in which there are 181,261 disease-associated CNVs. It also has
around 140,342 SNPs reported from various genome-wide association
studies [2]. CNVannotator also has 2,211,468 genomic features which
include segmental duplication, encode regulatory elements, genome
fragile site, cytoband, pseudogene, promoter, CpG island, enhancers,
and methylation site. CNVannotator can also apply various types of
search filters to find a subgroup of CNVs reported in many oncogenes
and tumor suppressor genes, helping the researchers belong to cancer
research community. 5,277,234 unique genomic coordinates in total,
with various functional features, are available. It can be used to gener-
ate output in a simple plain text format and can be downloaded freely.
The CNVannotator server and all of its obtained results can be found at
http://bioinfo. mc. vanderbilt. edu/CNVannotator/.

Decipher

Database of Chromosomal Imbalance and Phenotype in Humans
Using Ensembl Resources (DECIPHER) is an interactive online data-
base having a suite of tools designed to interpret the submicroscopic
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chromosomal imbalance, translocations and inversions [13]. DECI-
PHER can be used to find common CNVs in general populations and
hence, by exclusion, it can help to identify changes which are novel
and potentially pathogenic. It can also help in genetic counselling by
fetching relevant information from various types of bioinformatics
resources. Gene information which are already known or predicted
are available in the patient report segment of DECIPHER. It has also
highlighted and prioritized all the clinically recognized importance
genes. Clinical scientists of the entire world can maintain records of
their patient’s phenotype and chromosome rearrangement infor-
mation on the DECIPHER server and with patient’s informed consent,
they can also share this information with other clinical researchers
using Ensembl genome browser display feature. This helps in identify-
ing the common phenotype and structural rearrangements in the
clusters of rare cases which also leads to the identification of new
syndromes and understanding of related gene function.

DGV

Database of Genomic Variants (DGV) has a publicly accessible and
comprehensive catalogue of genomic structural variation (SV) found
in worldwide human populations. In DGV, all the new updates and
features can be found which can be used by both the basic research-
ers and clinical diagnostic communities. With the recent update,
DGV currently has 55 published studies which include more than 2.5
million entries from more than 22300 genomes. The information
available in DGV is the curated information obtained from the acces-
sioned data sets of the archival structural variations databases DGVa
(EBI) and dbVar (NCBI). It also has a visualization tool naming
gbrowse which has been recently upgraded and now include an
additional feature to facilitate data comparison and analysis. To
provide interactive and flexible access to the data, a new query tool
has also been developed. The DGV contents are regularly submitted
into other genome reference databases which can be used in new
database and product development using standard data resource
specifically for the testing of copy number variations in clinical labs.
The cataloging of accurate information related to structural varia-
tions in DGV help to enable more research in the area of genome
sequencing and medical genetics [14].

RESULTS AND DISCUSSION

As per this study using different computational tools and databases,
the role of CNVs in selected diseases was found to be very different.

Autism

Autism is neuro-developmental disorder characterized by
impairments in reciprocal social interaction, communication deficits
and repetitive and restricted patterns of behavior and interest.
Approximately 10% of the autism spectrum disorder population is
thought to have large chromosomal rearrangements. Genome
structure can be altered by CNV By either through duplication of any
chromosomal region or deletion. By the use of comparative genomic
hybridization methods for screening CNV, its relation with autism
susceptibility has become clearer. The result of the disease based
search in CNVD database for the identification of a number of CNVs
associated with Autism has been shown in fig. 1:
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Fig. 1: Number of CNVs found on different chromosome number in case of Autism
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Fig. 1 indicates that more or less all chromosomes have Autism
associated CNVs but maximum numbers of CNVs are located on
chromosome number 15 which is 552 in number and minimum was
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observed on chromosome number 13. The frequency percentages of
different types of CNVs on all chromosomes were also obtained as
shown in table 1.

Table 1: Table showing the different types of CNV frequency in case of Autism

S. No. Type of CNV Frequency
1. Gain 35.84%
2. Loss 47.16%
3. Copy number 16.98%

From table 1, it can be concluded that the major reason of variation
in copy number in case of Autism is the loss and gain of nucleotides
on the different chromosomes. This result is in correlation with the
findings of Marshall and Scherer who have detected and
characterized copy number variation in autism disorder [15].

Psoriasis

Psoriasis vulgaris (PsV) is a common inflammatory skin disorder
characterized by epidermal hyperproliferation, altered keratinocyte
differentiation, and inflammation. In PsV patients below the age of
40 y, the major risk allele identified to be an HLA-C allele and its

[

variants with strong linkage disequilibrium (LD). The most
evidentiary psoriasis susceptibility locus PSORS1 has been identified
using this finding. Besides this risk factor and PSORS4, replicated
associations with candidate genes RAPTOR and SLC12A8 have been
reported so far at PSORS2 and PSORSS. It has also been reported
that CNV on chromosome 8p23.1 genomic segment has a cluster of a
gene which encodes a small antimicrobial peptide of  defensins,
which was reported to have an association with psoriasis in German
and Dutch case-control cohort. The result of the disease based
search in CNVD database for the identification of a total number of
CNVs associated with Psoriasis has been shown in fig. 2:
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Fig. 2: Number of CNVs found on different chromosome number in case of psoriasis

Fig. 2 indicates that CNV contributes less in the case of Psoriasis.
Only three chromosomes have Psoriasis associated CNVs among
which maximum CNVs are located on chromosome number 8 which

is 9 in number and minimum was observed on chromosome number
6. The frequency percentages of different types of CNVs on these
chromosomes were also obtained as shown in table 2.

Table 2: Table showing the different types of CNV frequency in case of psoriasis

S. No. Type of CNV Frequency
1. Gain 75%

2. Loss 0%

3. Copy number 25%

From table 2, it can be concluded that the major reason of variation
in copy number in case of Psoriasis is the gain of nucleotides on the
different chromosomes. Similar findings have also been reported by
Duffin et al, in 2010. They have reported the presence of some
significant Psoriasis causing genetic variation on chromosome
number 6 [16].

Rheumatoid arthritis

It is the most common form of autoimmune arthritis, similar to
Fibromyalgia which is a common chronic pain disorder affecting an
estimated 2% of the general population. American College of
Rheumatology (ACR) has defined Fibromyalgia as at least 3 mo of
widespread pain and pain on palpation at nearly 18 tender point

sites. The result of the disease based search in CNVD database for
the identification of a total number of CNVs associated with
Rheumatoid Arthritis has been shown in fig. 3:

Fig. 2 indicates that the total number of CNVs vary from one to five
in nine different chromosomes in the case of Rheumatoid Arthritis.
Among these, maximum numbers of variations are found on
chromosome number 6 whereas minimum was observed on
chromosome number 2, 7 and 13. The frequency percentages of
different types of CNVs on these chromosomes were also obtained as
shown in table 3. Chen et al, have also reported the strong
association of few CNVs with systemic lupus erythematosus and
rheumatoid arthritis which is in correlation with this finding [17].
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Fig. 3: Number of CNVs found on different chromosome number in case of rheumatoid Arthritis

Table 3: table showing the different types of CNV frequency in case of rheumatoid arthritis

S. No. Type of CNV Frequency
1. Gain 0

2. Loss 0%

3. Copy number 100%

From table 3, it can be concluded that the reason of variation in copy number in case of Rheumatoid Arthritis is the gene copy number on different
chromosomes.

Type 2 diabetes have suggested the higher prevalence of T2DM in a certain

population and hence it is suspected by scientists that in the
development of this disease, a significant role is played by genetic
factors. The result of the disease based search in CNVD database for
the identification of a total number of CNVs associated with type-2
Diabetes has been shown in fig. 4:

Type 2 diabetes mellitus (T2DM) is a serious metabolic disorder that
is characterized by insulin resistance and hyperglycemia. This
disease affects more than 170 million people worldwide and is,
therefore, a major health problem. The familial and twin studies
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Fig. 4: Number of CNVs found on different chromosome number in case of type 2 diabetes

Fig. 4 indicates that the total number of CNVs vary from one in

chromosome number 8, 21 and X to maximum twelve in reported the hotspot for the T2DM on chromosome number 22,

chromosomes number 22 in the case of T2DM. The frequency 12, 6, 19 and 11 which is completely in accordance with our
percentages of different types of CNVs on these chromosomes findings [18].

were also obtained as shown in table 4. Prabhanjan et al, have also

Table 4: Table showing the different types of CNV frequency in case of type 2 diabetes

S. No. Type of CNV Frequency
1. Gain 0%

2. Loss 0%

3. Copy number 100%

From the table 4, it can be concluded that the reason of variation in copy numbers in case of T2DM is the gene copy number on different chromosomes.
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Breast cancer

It is the cancer of breast tissues which includes lumps formation in
those tissues or change in the shape of breast and skin patches etc. It
is common among family members having a history of this disease.
In last two decades various genes have been reported which are
unequivocally related to Breast cancer risk but still, there are a high
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proportion of families that cannot be accounted for by these genes.
CNVs contributions in Breast cancer are yet to be explored
completely. To identify novel genes and loci which are associated
with the risk of this disease, CNV analysis can be an important
medium. The result of the disease based search in CNVD database
for the identification of a total number of CNVs associated with
Breast cancer has been shown in fig. 5:
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Fig. 5: Number of CNVs found on different chromosome number in case of breast cancer

Fig. 5 indicates that the numbers of variations in copies of various
genes or loci in the human genome is very high in case of Breast
cancer. Very large numbers of CNVs are found in almost all
chromosomes. The maximum 3851 CNVs are present on

chromosomes number one and minimum variations are present on
chromosome number Y. The frequency percentages of different
types of CNVs on these chromosomes were also obtained as shown
in table 5.

Table 5: table showing the different types of CNV frequency in case of breast cancer on chromosome number 1

S. No. Type of CNV Frequency
1. Gain 3.58%

2. Loss 90.98%

3. Copy number 5.97%

From the table 5, it can be concluded that in the case of Breast cancer, the
major reason of variation in copy numbers on the chromosome number

one is the loss of nucleotide. The frequencies of different types of CNV on
chromosome number six were also calculated as given in table 6.

Table 6: table showing the different types of CNV frequency in case of breast cancer on chromosome number 6

S. No. Type of CNV Frequency
1. Gain 53.34%

2. Loss 46.35%

3. Copy number 0.48%

From the table 6, it can be concluded that in case of Breast cancer,
gain and loss of nucleotide contributes almost equally on the
chromosome number six for effective variation in copy numbers.
These results are also in accordance with the findings of Walker et
al. and Shlien and Malkin. They have reported that there exist very
strong correlations with CNVs and breast cancer. They have also
concluded that amplitude of CNVs in cancer is very high which is
similar to our findings as well [19, 20].

CONCLUSION

It can be briefly summarized that structural genetic variation,
including copy number variations (CNVs), constitutes a substantial
fraction of total genetic variability and the importance of structural
genetic variants in modulating human disease is increasingly being
recognized. Initial success in the identification of diseased
associated variations in copy number using a candidate gene
approach stress that in future also any disease associated studies
must include structural genetic variations. Currently, disease-

associated genetic variation studies have become an evolving field in
the area of medical research. But still, the lack of advance
technology, computational databases and tools for statistical studies
in this area is the major limitation. Only a few databases and tools
are available to analyse the experimental results. Hence, in addition
to the development of better CNV genotyping computational
platforms, we also stress that more rigorous attention must be given
for the study design and statistical analysis for the early detection of
the disease association with genetic variations.

In this study, minimum CNVs were found in the case of psoriasis in
which the major reason of variations was found to be the gain of
new nucleotides mainly on chromosome number eight. The
maximum CNV’s were found in the case of breast cancer specifically
on chromosome number one which is 3851. In this case gain and
loss of nucleotide on the genome were and the main cause of these
variations. Variations in copy numbers were also found in other
diseases as well. Hence, it can be concluded that CNVs can be major
causing factors in many life threatening diseases and a specific study
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designed to identify these variations can open a new dimension in
the development of novel therapy for these diseases.
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