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Abstract

Genetic variation is the difference between individuals detected at molecular level and it is classified into
different kinds based on number of nucleotides involved. Structural variations are variations observed
due to mutation and genetic recombination in DNA segments (polynucleotide). Copy number variation is
an unbalanced structural variation due to loss or gain of DNA fragments varying from 50bp to several
mega base pair length. It covers a higher portion of genomic sequence and has higher mutation rate than
SNPs. CNVs involve one or more genes and are accountable for change in their structures and quantity
and may create new genes. There are several mechanisms such as, non-allelic homologous
recombination, non-homologous end-joining, fork stalling and template switching and L1-mediated retro
transposition for CNV genesis due to like deletion, duplication, inversions, and translocations of the
genes. With the advancement of technology, different techniques (Conventional methods, Array based
methods, Next generation Sequencing) are used to detect copy number variations in various livestock
species associated with several traits. Hence, CNVs are potentially greater effect in variation and can be
considered to be promising causal genetic markers of economic importance.
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Introduction

Individuals show variation among each other phenotypically and genotypically. Phenotypic
variation is the difference which is observed with naked eyes, whereas, genetic variation is
detected at molecular level. Mutation and genetic recombination result genetic variability due
to nucleotide sequence divergences. Single nucleotide Polymorphisms (SNPs) in genome are
considered as the most prevalent and vital form of genetic variation and are extensively used in
genomic prediction and genome-wide association studies. Gradually large DNA segment
mutations were detected and verified by several molecular and cytogenetic analysis studies [,
These mutated DNA segments are described as structural variations (SV) @ and may
reorganise genes on chromosome. Chromosomal variations are resulted due to several events
like insertions, deletions, inversions, duplications and translocations and contribute to genetic
and phenotypic variation 4, Currently, the focus of genetic variation is shifting from specific
nucleotide sequences to large-scale changes throughout the whole genome. Copy number
variation is a form of structural variation that comprises large number of base pairs.

Copy Number Variation

Copy number variation (CNV) is a phenomenon which affects DNA segments and causes
genomic alterations resulting an abnormal number of copies of one or more segments.
Precisely it is a duplication or deletion type occurrence 1 and inherits to next generation. ©
Copy number variations (CNVs) are considered as major class of genetic polymorphisms
showing large-scale losses and gains of base-pairs [ 8. These involve a sequence of
nucleotides varying >1 kb in size to several mega base pairs (Mb) [ °. and now these
encompass events as small as 50 bp [* 1%, Hence, CNVs are defined as a class of unbalanced
structural variations including variable copy number in comparison with a reference genome.
210 Smaller CNVs with <50kb length are much more common than larger ones that are
explored with high-resolution studies [** 12, The CNV regions (CNVRs) were determined by
combining overlapping CNVs identified in different individuals [*3 14,

Effect of CNVs on gene expression
CNVs are found in all chromosomes and are dispersed throughout the genome in a non-
random manner demonstrating heterogeneous distribution 2 31,
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These are present in repeated regions like telomere,
centromere and heterochromatin and identified by FISH and
microsatellite analysis [*51. Structural variations can involve
one or more genes and are responsible for alteration of their
structures and quantity. As a result of several mechanisms like
deletion, duplication, inversions, and translocations of the
genes, these can be present as a recessive or dominant allele
by change of gene dosage and gene disruption effect.
Consequently, there is change in gene regulation and expose
of recessive alleles [ 161 It also provides materials and
mechanisms for creating new genes 7 8. When CNVs exist
in the protein coding region, they affect transcriptional level
of genes within or near the CNVR and subsequently alter
translational process and alter the protein function. Interaction
of environmental factors and genetic factors influences CNVs
for significant phenotypic effect [, CNV is therefore
considered as a chief source of genetic variation [l Studies
revealed that CNVs capture 18 to 30% of the genetic variation
in terms of gene expression in human and mouse 29, |t has
been seen that CNVs occupy approximately 7% of the mouse
genome and cattle genome Y, CNVs are strongly associated
with segmental duplications (SDs), which can be considered
as catalysts and hotspots for CNV formation due to their
fragile structural architecture that prompts frequent
rearrangements [*2 221, Deletion events are more common and
have a potentially much higher effect than duplications [1% 231,
This ubiquitous copy number polymorphisms in the genome
can be considered to be significant for inherited population
variation [ 24, CNVs may be associated with phenotypic
variations including disease susceptibility ! and may act as a
source for evolutionary mechanisms 1, Rates of molecular
evolution are determined by selection processes acting on
genes. Specifically, the type of selection on the individual
genes affects the rate of protein-changing (non-synonymous)
substitution and the rate of silent (synonymous) substitution at
the nucleotide level. Copy number variations are related with
normal variation, disease, evolution, and adaptive traits in
various species [* 21,

Mechanism for CNV Formation

The CNVs are formed by rearrangements of segments of
DNA in the genome and the following four mechanisms
account for the majority of CNV formation such as non-allelic
homologous recombination (NAHR); non-homologous end-
joining (NHEJ); fork stalling and template switching
(FoSTeS) and L1-mediated retro transposition [26-27],

1. Non-allelic homologous recombination (NAHR)

NAHR occurs in meiosis and mitosis due to recombination
between the two regions of similar sequence between two loci
of chromosome(s). It is of 3 types including inter-
chromosomal, inter-chromatid and intra-chromatid. In inter-
chromosomal and intra-chromosomal recombination, there is
increase in the segment of DNA at the expense of another
which may result in duplication and deletion due to crossing
over between two non-sister chromatids and sister chromatids
respectively. There is inversion of the segment of
chromosome in intra-chromatid recombination causing
deletion. A strong correlation of large CNVs and SDs in
mammals supported the hypothesis that their formation
mechanisms were mainly due to NAHR 9. It has already
been shown that SDs provided substrate for NAHR, which in
turn, produces novel chromosomal rearrangements and copy
number changes. Therefore, CNVRs that overlap with SDs

https://www.thepharmajournal.com

typically display high frequencies as compared to the CNVRs
that do not overlap SDs . A possible biological explanation
provided that a nonallelic homologous recombination, one of
the major sources of CNV, generated more deleted than
duplicated regions [0 22,

2. Non-homologous end-joining (NHEJ)

NHEJ mechanism is utilized by cells to repair DNA double-
strand breaks (DSBs) caused by ionizing radiation or reactive
oxygen species and physiological forms of DSBs such as
variable (diversity) joining [V(D)J] recombination [2° 301,
Small CNVs (<18 kb) were discovered through high-density
array CGH or sequence mapping analyses % 32, The overlaps
between small CNVs and SDs in human and mouse were
significantly lower, suggesting that SDs and NAHR were less
involved and other mechanisms, such as NHEJ could be more
responsible 27 %81,

3. Fork stalling and template switching (FoSTeS)
FoSTeS is a DNA replication-based mechanism which can
account for Complex Genomic Rearrangements and CNVs [,

4. L1 mediated retro-transposition

It occurs through reverse transcription and integration [31,
SDs are one of the catalysts and hotspots for CNV formation
[+ 81 L1-mediated retrotransposons were associated with
various forms of SV and with human genetic diseases (4,
which suggested that they might be a major source of genetic
structural variation and evolution. % More deletions in the L1
regions were detected than in the other non-exonic regions 12,

SNPs vs CNVs

Single nucleotide polymorphism (SNP) is a common form of
variation involving change at the specific nucleotide, whereas,
CNVs include DNA segments (polynucleotide). In terms of
number of base pair, CNV affects a larger fraction of genome
compared to Single Nucleotide Polymorphisms (SNPs) [& 131,
and are widely distributed in the genome. Genomic structural
variation covers more base pairs i.e., approximately 1% of a
genome, which is much higher than the SNPs comprising
0.1% [ 361 Analysis of several autosomal dominant diseases
explored that these structural variations show a higher per-
locus mutation rate than SNPs do & 12, Mutation rate of CNVs
ranges from 1.1x1072 71 to 1x10°® per locus per generation,
by which diverse processes for CNV formation are
understood. Stranger et al. (2007) showed that CNVs and
SNPs contribute 83.6% and 17.7% to complex phenotypes,
respectively 2%, Also, it has been reported that CNVs are
evolved 2.5 folds faster than SNPs and promote a better
adaptation in various habitats . Hence, CNVs involve a
higher portion of genomic sequence and have potentially
greater effect in variation than SNPs 18 1 So, CNVs are
generally accepted as a major source for heritable variation
and can be considered to be promising causal genetic markers
for some traits (1443,

Methods for Identification of CNVs

1. Conventional Methods

Initially CNVs were studied in terms of specific loci using
cytogenetic techniques. Light microscopes were able to find
out somatic changes associated with structural variations, but
gradually sub-microscopic structural changes can be observed
due to the development of new technologies [*°l. Fluorescent
in situ hybridization (FISH) techniques are used to detect
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structural changes due to hybridization of fluorescent probes
with the complementary genome. Comparative genomic
hybridization method  detects CNVs by fluorescent
dye visualization and compares length of the chromosomes
41, These techniques are with constraints of low genomic
resolution and detection of only long repeats. Then Bacterial
artificial chromosome (BAC) array is used with high genomic
resolution throughout the entire gene. High throughput
genome sequencing and in silico techniques are advance
technologies to study whole genome [Bl. Sequencing data are
aligned with reference sequences are compared using fosmid
clones to explore misaligned reads as CNVs 2. By this
method, repetitive regions, inversion induced structural
variations can be detected with a high genomic resolution 41
With  the advancement of science, Next-generation
sequencing techniques replaced array-based techniques to
detect copy number variations. These include short and long
read sequences of a genome, which can readily recognise
structural variations by inversions and translocations
processes [,

2. Array based Methods

Now-a-days CNV identification in livestock is achieved by
three main approaches such as CGH array, SNP array, and
DNA sequencing. Pros and cons of these three systems are
reviewed after different studies 13 %4, Comparative Genomic
Hybridisation Array method follows hybridization technique
of a fluorescently labelled target and reference DNA sample.
It measures loss and gain of copy numbers based on
hybridization intensity and detects small variations in copy
number showing higher sensitivity using a single reference
sample. Long probe with combination of various coverage
and type of reference sample in aCGH method is helpful for
finding segmental duplication regions. It has high signal-to-
ratio for structural variations 31, Dense and uniform CGH
Array can be produced easily to target a region of interest
including repeated regions °. Different reference samples
can create different relative copy numbers in the target
samples. This can be corrected by using same sample as
reference within a study. Association study of certain traits is
less reliable due to less sample size with high cost [“61. SNP
data are aggregated to produce 50K and 777K Bead chip for
detecting Copy Number Variations. SNP Array uses
population reference unlike CGH array of a single reference
sample. These consider LRR (Log R Ratio) and BAF (B
Allele Frequency) information. There is inherent bias
coverage against the genomic areas commonly having CNVs
in this method “4. SNP probes in bead chip are not that much
uniform and dense to get unbiased and high-resolution CNV
maps 7. SNP Array approach can miss small and rare
structural variations and exact breakpoints of CNVs due to
limited density and high MAF (Minor Allele Frequency) of
SNPs. Balanced SV, inversions and translocations are
difficult to be captured by SNP chip technique causing
incomplete detection of CNVs [,

3. Next Generation Sequencing (NGS) method

Array based approaches have some limitations though they
have facilitated advancement of CNV studies [ %81, They are
affected by low probe density and cross hybridization
repetitive sequences. Low resolution and limited probe
numbers and locations do not cover whole genome. Detection
of small CNVs is difficult in array methods [, Next
Generation Sequencing recognizes CNV regions at a base-
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pair resolution and explore small variations in DNA
fragments %21, Development of DNA sequencing technologies
and complementary analysis programmes make a path to
identify genome-wide CNVs systematically. Both common
and rare CNVs are constructed at a high rate of resolution
showing accuracy and effectiveness of genome sequencing
method. Ongoing progresses and cost effective NGS
techniques are gaining popularity with more sensitivity.
Traditional methods for CNV discovery including
hybridization-based microarray approaches like array
comparative genomic hybridization (aCGH) and SNP
microarrays are now being replaced by powerful sequencing-
based computational approaches. In NGS method, comparison
between long read and short read sequences revealed the
limitation of long read on high cost and short reads on CNV

quality 1.

Basic strategies of NGS method

NGS data can recover whole spectrum of SVs with four basic

strategies [ 5 such as:

1) Paired-end mapping (PEM) or Read Pair (RP)

2) Split Read (SR)

3) Read Depth (RD)

4) Sequence Assembly or de novo Assembly of Genome
(AS)

Each of the four basic strategies under NGS methods has

its own advantages and disadvantages

e The Paired end mapping (PEM) is also known as Read
Pair (RP). The PEM method was first to indicate efficacy
of NGS data for CNV identification. There is a specific
distribution of DNA fragments around insert size in
paired-end sequencing 4. In RP method, CNVs are
detected analysing the discordance between mapped
paired-reads whose distances are different from normal
average insert size. Tools based on this method are
PEMer, Hydra, Ulysses and Break Dancer 148 501,

e In Split Read method one read is split into various
fragments randomly. First and last fragments are paired
respectively around the reference genome. Copy Number
Variations are identified based on alignment and its
location and direction. Gapped sequence alignments are
also assessed in this method. Split-read based methods
include Pindel, Gustaf, SV seq2 and Prism tools [*8 50,

e Read Depth based assessment focuses on hypothesis that
there is correlation between depth of coverage and copy
number of one genomic region. Duplicated CNVs are
found in high coverage region, whereas, deletion regions
have low coverage. Alignment of reads with a reference
genome, counting of read depth with a bin size,
normalization of counts to remove biases due to GC
content and repeat regions and applying of segmentation
algorithm are followed to call CNVs. Then CNVs are
filtered to get significant ones. RP and SR methods
reports position of potential CNVs without the counts,
but in RD analysis density of aligned reads can discover
exact copy number of events. RD can perform better in
finding CNVs of large size than RP and SR. CNV-seq,
BIC-seq, Cn.MOPS, CNVnator, ERDS, RDXplorer,
Read Depth, SegSeq and CNVrd2 utilize RD method for
CNV calling [ 591,

e Sequence Assembly method generates contigs or
scaffolds first and then by comparing with reference
genome structural polymorphisms can be found. This
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method needs complex computational resources.

Magnolya tool involve AS method 18 501,

Copy Number Variation studies in various livestock
species

CNVs are genetic variants in the genome that show variations
between and within species. CNVs have been studied
extensively in human and several livestock species as well. In
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livestock species, CNVs have been identified to analyse the
differences in domesticated animals and for detecting their
association with economically important traits. There are
several studies on CNVs in the livestock genome. CNVs were
investigated for association with economically important traits
such as milk production and fertility [ 53, The details on
CNV investigations by various researchers have been
summarised below (Table 1).

Table 1: The details on CNV investigations by various researchers have been summarised below

Details of CNVs
Species/Breed (Nos.) No Size Genome Method Author(s)
coverage
Cattle
Holsteins (14)
';?g]gzm:r ((32)) 304 CNVRs 22 Mb 0.68% aCGH Fadiista et al., 2010 (12
Hereford (1)
Bos taurus coreanae (265) 3%%5CCNN\>SS BovineSNP50K Bae et al., 2010 [53]
Taurine, Indicine, Composite (90) 177 CNVRs 28.1Mb 1.07% aCGH Liu et al., 2010 34
B';Cokl S’:‘e’:g“(sl)(l) 790 CNVs 3.3 Mb 0.13% WGS Stothard et al., 2011 (581
196 CNVs 6.11 Mb aCGH
Holstein Friesian (1) 30 CNVs 2.57 Mb BovineSNP770K |  Zhan et al., 2011 58
520 CNVs 3.63 Mb WGS
Taurine (366)
Indicine (70) Composite (46) ggg%CN’:l/\éss 139.8 Mb 4.6% BovineSNP50K Hou et al., 2011 [57]
African Breeds (39)
Angus (3)
Brahman (5) PR 13.5 Mb 0.45% aCGH Kijas et al., 2011 59
Composite (1)
Chinese Holstein (2047) 99 CNVRs 23.24 Mb 0.91% BovineSNP50K Jiang et al., 2012 [
Nelore (1)
HAorl‘Sgt‘éisn(a) 1265 CNVRs 55.6 Mb 2.1% WGS (RD) | Bickchart et al., 2012 [22
Hereford (1)
Taurine (447)
Indicine (113) 34311 CNVs o . . 60]
Composite (67) 3346 CNVRS 142.7 Mb 4.89% Bovine HD chip Hou et al., 2012
African (47)
Hanwoo (1) vs Black Angus (1) 1173 CNVRs 16.7 Mb 0.63% WGS Choi et al., 2013 [61]
Hanwoo (1) vs Holstein (1) 963 CNVRs 7.8 Mb 0.29% WGS Choi et al., 2013 [61
Chinese Holstein (96) ;g?%CNl:l/\éss 42.74 Mb 1.61% |BovineSNP777K| lJiang et al., 2013 [62
Holstein (26,362) 2626669 CNVs BovineSNP50K Xu et al., 2014 52
rlolstelns ((212%) 6811 deleted CNVs | 66 MD 0.74% WGS Shin et al., 2014
Chinese cattle (129) 370 CNVRs 47 Mb 1.78% aCGH Zhang et al., 2014
Holstein (27) .
Montbéliarde (17) 6426 pu\t/e;trli\;its;ructural WGS Boussaha et al., 2015 [63]
Normande (18)
Nguni cattle (492) 343?:13CCNN\>/|§5 (E”V'ronl‘gggt‘;{i%sngonses and| BoyineSNPSOK | Wang et al., 2015 54
Cattle (175) 57 CNVRs 5.27 Mb 0.19% WES (RD) Keel et al., 2016 21
Japanese Black Cattle (1481) 861CNVRs 43.65 Mb 1.74% BovineSNP50K | Sasaki et al., 2016 [¢%]
Nellore (723) 32887(:%’:%2 170.6 Mb 6.5% BovineSNP777K | da Silva et al., 2016 [
Polish HF (29) 435594 CNVs WGS (RD) |Mielczarek et al., 2017 [19
French Dairy, Beef (200) 4178 CNVs 6% WGS (RD) Letaief et al., 2017 401
New Zealand Dairy (556) 43708 CNVs WGS (RD) Couldrey et al., 2017
European cattle (149) gggtCN':l/\éz 61.06 Mb 2.5% Bovine HD | Upadhyay et al., 2017 [8]
. 13225 CNV Bovine HD SNP
[16]
Chinese cattle (188) 3356 CNVRS Array Yang et al., 2017
H?;fgee'; ((;88) 17518 SV 27.36 Mb WGS (RP & SR)|  Chen et al., 2017 [10]
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. 14821 CNVs
[48]
Holstein (8) 487CNVRS 8.23 Mb WGS (RD) Gao et al., 2017
Taurine Dairy, Beef (553) 6223 CNVRs 107.75 Mb 4.05% WGS (RD)  |Kommadath et al., 2019 [
. 1758 CNVs o - 28]
Holstein (47) 1043 CNVRs 46.8 Mb 2.06% aCGH Liuet al., 2019
Details of CNVs
Species/Breed (Nos.) No Size Genome Method Author(s)
coverage
Buffalo
Chinese Riverine (2) 163 CNVRs 1.44% aCGH Zhang et al., 2014 48]
Swamp (1)
GLYAT gene as a CNVR
Riverine buffalo (14) 13444 deletion CNVRs adaptation to tropical WGS (RD) Lietal., 2019 [67
environments
Riverine buffalo (15) 1344 CNVRs 508Mb | 2.2% WGS (RD) Liu etal., 2019 [
Details of CNVs
Species/Breed (Nos.) No Size Genome Method Author(s)
coverage
Sheep
aCGH - 68
Sheep 135 CNVRs 10.5 Mb 0.4% Fontanesi et al., 2011 (€8]
(cattle-sheep)
3624 CNVs 60.35 Mb 0 . . [69]
Sheep (329) 238 CNVRS 2.17% Ovine SNP50K Liuetal., 2013
. 245 CNVs aCGH
[14]
Chinese sheep (5) 51 CNVRS Hou et al., 2015
9789 CNVs 67.6 Mb o aCGH . [70]
Sheep (30) 3488 CNVRs 2.7% Jenkins et al., 2016
Sheep (120) 371CNVRs 71.35 Mb
with three tvoes of tails 301CNVRs 51.65 Mb OvineSNP600K Zhu et al., 2016 [
yp 66 CNVRs 10.56 Mb
. 5190 CNVs (Autosomes) . 172
Chinese sheep (48) 1296 CNVRs 4.7% OvineSNP600K Ma et al., 2017
%ﬁ%sgﬁygs 197 Mb 6.9%
Sheep (2254) OvineSNP50K Yang et al., 2017 (18]

BTG3, PTGS1, PSPH genes involved in Foetal muscle
development, prostaglandin synthesis and bone colour
1CNV [ 2000 bp length | Jiang et al., 2019 [

Sheep (4) SHE gene for milk fat percentage and bone density
7208 CNVs 0 . [74]
Sheep (468) 365 CNVRS 118.36 Mb 4.05% OvineSNP50K | Gerlando et al., 2019
Details of CNVs
Species/Breed (Nos.) No Size Genome Method Author(s)
coverage
Goat
161 CNVs o aCGH - 751
Goat 127 CNVRs 11.47 Mb 0.44% (bovine-caprine) Fontanesi et al., 2009
Goats (8) 13347 CNvs  |/\SIP gene duplication for light Dong et al., 2015 [78l
colour coat in goats
6286 CNVs . .
[47]
Goat (1023) 978 CNVRs 262 Mb 8.96% Caprine SNP50K |  Liuetal., 2019b
KIT and ASIP genes involved 77
Goat (20) 6 CNVs in skin pigmentation WGS Henkel et al., 2019
Three times copy numbers
Laoshan Dairy G_oat High and low 13 CNVs dupl!catlo_n in PRP1 gene and WGS (RD) Zhang et al., 2019 8
fecundity group 6 times in PRP6 gene was
associated with high fecundity
African goat (126) 30 CNVs | Caprine SNP50K |  Liuetal., 2020 [
Details of CNVs
Species/Breed (Nos.) No Size Genome Method Author(s)
coverage
Pig
. 165 CNVs .
[80]
Duroc pig (12) 37 CNVRS aCGH Fadista et al., 2008
. 1315 CNVs . . 1]
Pig (1693) 565 CNVRS 143.03 Mb 5.84% Porcine SNP60K |  Chen et al., 2012
Pig (12) 1344 CNVRs 47.79 Mb 1.7% aCGH Wang et al., 2014 (82
Pig (678) 48 CNVs 8 CNVs in 6 chromosomes for| b, ;e sNpGoK | Wang et al., 2015 9
Belong three generations meat quality trait
Pig (16) 1408 CNVRs Olfactory receptors for food WGS (RD) Paudel et al., 2015 [#4
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foraging and recognition of
partner
. 1279 CNVs Fatty acid composition and ; 1851
Pig (7) 540 CNVRS growth traits NGS Revillaet al., 2017
. 7097 CNVs Used for eliminating effect of : [86]
Pig (660) 271 CNVRS PRRS Virus Porcine SNP60K Hay et al., 2017
Pigs (240) gggé%ﬂ:'/\éz 22.9 Mb 0.94% WGS (RD) Keel et al., 2019 [¥7
197 Mb 7.1%
Duroc pig (3892) 1%15135\5';/: KIT gene duplication was | Porcine SNP8OK | Stafuzza et al., 2019 [88]
associated with coat colour
5776 Mb |  2.36%
Large White Pig (857) 312 CNVRs GPER1 gene CNV for Porcine SNPSOK | Wang et al., 2019 [89
reproduction
12668 CNVRs 3.78kb [ 171%

Meishan and Duroc (61)

AHR gene copy number is directly proportional with

total number of piglets, number of alive piglets and birth

WGS (RD)

Zheng et al., 2020 [°9

weight
Large white pigs (857) :;1227 %ﬁ’:l/\éss 5(7273%0%' )b PorcineSNP80 | Wang et al., 2020 U
Details of CNVs
Species/Breed (Nos.) No Size Genome Method Author(s)
coverage
Chicken
. 3154 CNVs Crooijmans et al., 2013
Chicken (64) 1556 CNVRs 60 Mb 5.4% aCGH [92]
8840 CNVRs 98.2 Mb 9.4%
. Associated with disease susceptibility/resistance (FZD6 . 193]
Chicken (12) and LIMS1 gene), higher bone mineral density WGS (RD) Yietal, 2014
(duplication of SOCS2 gene)
RJF (5); CN (20) 3079 CNVRs Associated with metabolism 194]
RIR (20); WL (20) 663 CNVRs and organ development WGS (RD) Seol etal., 2019

Conclusions

Copy number variations are unbalanced structural variations,
which are responsible for larger genetic variations with
several mega base pair length. CNVs can be detected in terms
of density of nucleotides in a genomic region and can be
described as deletions and duplications. It is observed that
CNVs have genomic coverage up to nearly 10% of the
genome. These segmental rearrangements act as source of
alteration of genetic structure and quantity involving genes.
Various traits such as, production, reproduction, growth,
morphology, physiology, adaptation, disease resistance etc are
associated with segmental variations. Thus, CNVs play vital
role for studying genetic variations. Focus should be put on
detecting large-scale changes along with specific nucleotide
sequences throughout the whole genome in order to get
genome level studies more systematic and more significant.
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