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Abstract 
Copy number variation (CNV) is a term used to describe structural variations involving DNA segments 

varying from 50bp to several mega base pairs due to loss by deletion or gain by duplication and 

insertional translocation. It has been demonstrated as a crucial substrate for diversity, evolution, 

adaptation and breed development. It is an important source of genetic variation in an individual and is 

now being utilized more than single nucleotide polymorphisms (SNPs), as it covers more genomic 

region. Several mechanisms such as non-allelic homologous recombination (NAHR), non-homologous 

end- joining (NEJH), fork stalling and template switching (FosTes) and L-1 mediated retro transposition 

are involved in its genesis. In livestock animals, numerous researches had been done to evaluate the 

impact of CNV and its implication. A wide range of variation in copy number in both intra and inter 

population for different species had been reported occupying nearly 10% of the genome. Moreover, CNV 

was also determined to involve in the adaptation of animals to different climatic conditions. Overall, 

copy number variation is a phenomenon capable of influencing the genome structure and deciphering 

them is a must to not miss the forest for the trees. 
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1. Introduction 

Genetic variations refer to variances between individuals at the genome level and are 

important since they define our individuality. In breeding programmes designed to enhance the 

genetic diversity of a population, these genetic differences are also the main focus. The 

development of karyotyping in the mids of the 20th century allowed for the identification of 

structural variants, which were later linked in humans to various disorders such as down 

syndrome, cri-du-chat etc. Over the time, SNPs were found through technological 

advancements and are now widely employed in GWAS and genomic prediction. Then 

gradually, large segment mutations were found and eventually, they became what is known as 

copy number variation. Thus, CNV was explained as a molecular phenomenon in which 

sequences of the genome are present at a variable number when compared to a reference 

genome [11, 27].  

They are genomic variations that reveal differences between and within species [8]. The size 

varies from >1kb to several mega base pairs but in recent studies, variants as small as 50bps 

were detected in recent studies [4, 26, 29]. Despite the occurrence of large CNV, high resolution 

studies revealed that smaller CNV with a size of 50 kb or less are more typical. They are found 

in all chromosomes and dispersed throughout the genome in a non-random manner stating that 

they follow a heterogenous distribution. Compared to other areas of the genome, they are 

discovered to occur more frequently in G-C rich regions [11]. The majority of CNVs discovered 

were deletions, and they are known to constitute a significant class of genetic variations that 

exhibit extensive base pair losses and gains [38, 32]. These CNV’s are becoming an important 

topic in the field of genomics as several CNV’s were found to be linked with mendelian and 

complex genetic disorders [37, 7]. Gene dosage and structure can be impacted by significant 

genomic CNVs, which can then affect gene expression [10]. They are also found to play an 

essential role for animals' adaption to various environmental conditions [39] and helped to 

explain breed and inter-individual variances [30]. CNVs make up about 7% of the mouse and 

cattle genomes [25], which suggests that they can significantly affect an individual's genotype 

and phenotype. Moreover, they are found to increase the accuracy of genomic prediction by 

combining it with SNP data [15]. 
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2. History 

The first association of CNV with a phenotype reported in a 

non-human species was the bar eyes phenotype in Drosophila 

Melanogaster due to single duplication of bar gene [31]. In 

2004, Iafrate et al. [16] and Sebat et al. [30] first reported a large 

scale polymorphism, calling it copy number polymorphism. 

Then in 2006, Redon et al. [28] introduced the term copy 

number variation and defined it as a DNA segment >1kb. So, 

research on CNV continues until 2011 when Alkan et al. [1] in 

their review, re-defined CNV as DNA segments <50bp to 

several mega base pairs and the definition has remained the 

same ever since. 

 

3. Mechanism of formation 

The genesis and processes of CNV formation are one of the 

key questions in understanding their biology. Sequence 

recombination and replication error are the two main 

processes that were reported. Non-Allelic Homologous 

Recombination (NAHR) and Non-Homologous End Joining 

(NHEJ) are examples of sequence recombination, while 

replication error includes fork stalling and template switching 

(FoSTeS) and L1-mediated retro transposition [14]. 

 

4. Non-Allelic Homologous Recombination (NAHR) 

A type of homologous recombination that happens when two 

DNA segments with high sequence homology that are not 

alleles and produce more deletion than duplication interact 
[26]. Inter-chromosomal, Inter-chromatid, and intra-chromatid 

recombination are the three forms, and they can take place 

during both meiosis and mitosis [2]. In inter-chromatid and 

intra-chromosomal recombination, there is an increase in 

DNA segment at the expense of another resulting in 

duplication and deletion whereas Intra-chromatid, there is 

inversion of chromosome segment due to presence of 

homologous segments in the same chromatid, forming an 

inversion then deletion [13].
13]. 

 

 
 

Fig 1: Non-Allelic Homologous Recombination [13] 

 

5. Non-Homologous End Joining (NHEJ) 

It is a DNA repair mechanism that operates to repair double 

stranded break in DNA. Cells use the NHEJ pathway to repair 

physiological double stranded break (DSBs) such as variable 

(diversity) joining [V(D)J] recombination as well as DSBs 

brought on by ionising radiation or reactive oxygen species. It 

has two distinguishing characteristics i.e., it doesn't require 

substrates with extensive homology and it can leave an 

"information scar" at the joining point in the form of 

nucleotide loss or addition. Occasionally, activation of the 

NHEJ DNA repair mechanism in a cell might result in errors 

or mutations at the repair site, resulting in CNV [23] 

 

6. Fork Stalling and Template Switching (Fostes) 

This DNA replication phenomenon, which involves the 

temporary stalling or pausing of a DNA replication and then 

transferring the replication fork to a different template, can 

result in complex genomic rearrangements. Replication forks 

stop or pause at DNA lesions when genomic instability 

develops, and from the lagging strand, they serially disengage 

and move to another neighbouring template at another active 

replication fork that may be moving in either direction. 

Microhomology is required for this switching. After 

switching, DNA would be copied at this second sequence and 

the nascent strand might disengage again after a short time 
[22]. 

 

7. L1-mediated Retro Transposition 

A type of retrotransposons in which DNA sequence has the 

ability to copy itself and insert into target sites. L1 replication 

cycle starts with synthesis of bi-cistronic mRNA coding for 

two L1 proteins- ORF1p and ORF2p. After the synthesis, L1 

RNA is exported to the cytoplasm then ORF1p and ORF2p 

proteins are translated and bind to newly transcribed L1 RNA 

forming L1 ribonucleoprotein particles (RNP) complex. This 

L1 RNP is imported into the nucleus and integration and 

reverse transcription occur at the genomic target site. L1 

reverse transcriptase (RT) initiates the reverse transcription of 

L1 RNA of L1 RNP forming cDNA. The L1 RNP complex 

also contains an endonuclease activity associated with 

ORF2p. This endonuclease cleaves the genomic DNA at a 

target site where the L1 is inserted and creates a DNA double-
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strand break at the target site. The cDNA binds to the DNA 

double-strand break at the target site created by the 

endonuclease activity. Partial reverse transcription can lead to 

5′-truncated L1 copies [33]. 

 

8. Commonly used softwares 

8.1 Penn CNV 

SNP array data are used by PennCNV, which employs the 

Hidden Markov Model (HMM) technique. The advantage of 

this software is that it integrates data from several sources, 

including pedigree information, the distance between 

neighbouring SNPs, the Log R ratio (LRR), B allelic 

frequency (BAF), and the allele frequency of SNPs [34]. 

 

8.2 CNV Partition 

This software, which operates from within the Genome Studio 

Genotyping module, is best for array-CGH data. In order to 

predict the LRRs and BAFs of various copy number 

scenarios, the algorithm compares the observed LRR and 

BAF for each locus to estimate copy number [17]. 

 

8.3 Quanti SNP 

It utilises the Objective Bayes Hidden-Markov Model (OB-

HMM) technique and is used for SNP data. LRR and BAF 

frequency are regarded as separate variables in this 

programme, but they are integrated in PennCNV [6]. 

 

8.4 CN. MOPS (Mixture of Poisson S) 

It is a pipeline of R packages and use Bayesian approach to 

analyse CNV in NGS data. It locates overlapping sequences 

and calculates the copy number for each allele [19] 

 

8.5 CNV Finder 

A python package for CNV detection on whole exome 

sequencing data generated using amplicon-based enrichment 

technologies [12]. 

 

9. Implications of CNV in livestock 

Copy number variation (CNV), which contributes to the 

genetic variation seen within populations, has a profound 

impact on genetic diversity. A few thousand base pairs to 

millions of base pairs can make up these variances. With the 

use of whole genome sequencing, 5845 Holstein Friesian 

cattle were analysed in which 23,256 CNVs were found [3] 

Array CGH was also done in Tharparkar, a Bos indicus breed 

where 447 CNV’s were detected from 447 animals [20]. It was 

also discovered through analysis of the Swamp buffalo and 

Murrah population that CNV had a 5–10% genome coverage 
[9,21]. In sheep and goat, CNV’s were identified were 

OvineSNP50K and CaprineSNP50K, respectively, where 

CNVs have a 4-8% genome coverage [10,24]. These few 

instances collectively demonstrate that one of the primary 

implications of CNV is increasing genotypic variation within 

a population. 

 
Table 1: List of CNVs identified in different species 

 

Species Breed (No. of individuals) No. of CNV Genome Coverage Method Author 

Cattle Holstein (5,845) 23,256  WGS Butty et al., 2021 [3] 

 Tharparkar (72) 447 2.17% aCGH Kumar et al., 2023a [20] 

Buffalo Swamp buffalo (20) 587 5.82% WGS Dash et al., 2023 [9] 

 Murrah (279) 7937 10.33% WGS Kumar et al., 2023b [21] 

Pig Anhui ind (150) 3863 10.9% Porcine 80K SNP Xu et al., 2023 [36] 

Sheep Italian sheep breeds (468) 7208 4.05% OvineSNP50K Di Gerlando et al., 2022 [10] 

Goat Goat (1023) 6286 8.96% Caprine SNP50K Liu et al., 2019 [24] 

 

CNV was also believed to cause phenotypic variation. For 

instance, in cattle, the MUC19 gene's CNV and growth traits 

in 624 individuals were analysed, and it was discovered that 

there was a significant link between the MUC19-CNV and 

body length and hip width (p<0.05). This finding suggests 

that CNV can also lead to phenotypic variation as in 

comparison to other animals, the individuals who had the 

MUC-19 gene duplication performed better in terms of hip 

width (p<0.01) [5]. Poultry provided yet another illustration of 

phenotypic diversity. According to reports, massive 

amplification of duplicated sequence in intron 1 of the gene 

for SOX5 transcription factor causes the phenotypic pea-

comb character in poultry. A closer examination at the 

duplicated sequence revealed that it comprises a short CpG 

island and is notably GC-rich in nature. The CpG island has 

two copies on the wild-type chromosome while a massive 

copies of about 30 were identified on the pea-comb 

chromosome [35]. The case of an animal's disease resistance is 

another consequences of CNV. For example, the DNA 

sequences of the domesticated pig population and the 

Eurasian wild boar population were distinguished. A CNV 

was found in CLEC4E gene of chromosome no.5, which 

produces the immunological modulator protein Mincle 

(macrophage inducible C-type lectin) and the copy number of 

this gene were lost in domestic groups. The greater copy 

number of CLEC4E in wild boars may be used as proof of 

adaptation to mycobacterial infection widespread in the wild 

environment since they are natural reservoirs of 

mycobacterial infections [18]. Animal reproductive 

performance has also been found to be impacted by CNVs. 

CNV was discovered in the promoter region upstream of the 

LALBA gene, overlapping with two distinct transposons 

(RTE-BovB and Bov-Ta3) in a comparative examination 

between swamp buffaloes and river buffaloes. 95.08% of river 

buffaloes had this CNV, but swamp buffaloes did not. This 

finding implies that CNV contributes to the increased milk 

production of riverine buffaloes compared to swamp 

buffaloes because the LALBA gene is known to be associated 

with milk production [37]. Furthermore, it has been discovered 

that CNV may be involved in animals’ adaptation to different 

types of environments. For instance, when individual CNVs 

were identified, it was discovered that Tibetan cattle have less 

copies of the TXNRD2 and STUB1 genes. As these genes are 

are responsible for degrading HIF-1Alpha which is involved 

in hypoxia induced apoptosis, it was suggested that reduced 

dosage may promote the adaptation to hypoxia [39]. 

 

10. Conclusion 

Copy number variation, an interesting phenomenon, having a 

great impact in the field of genomics is an open eye in 

understanding the genotypic variation in the population. 

These segmental rearrangements have been found to be a 
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source of alteration of genetic structure and further influenced 

the protein production. Because of its strong impact in the 

genome structure, incorporating the results of the current 

research on identification of CNV in genomic selection will 

change the concept of breeding for genetic improvement.  
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