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ABSTRACT

Genetic variants cause changes in genetic composition and are accountable for uniqueness of genomes of individuals. Copy number
variations (CNVs) cause genetic variations due to loss or gain of DNA segments varying from 50 bp to several mega base pairs (Mb)
compared with a reference genome. These unbalanced structural variants are heritable and have potentially greater effect than SNPs.
The present study was conducted on whole genome resequencing (WGS) data of swamp buffalo for identification of CNVs. Sample of
swamp buffalo was collected from Manipur and karyotyped and confirmed to be of swamp type. After quality and quantity checking it
was sent for sequencing with Illumina Hiseq 2000 platform. Paired end reads of WGS data were analysed using Read depth (RD) based
approach aligning to the reference Mediterranean riverine buffalo assembly. CNVs were identified using CNVnator with standardized
parameters and total 587 CNVs were found in swamp buffalo. Among CNV events, 405 deletions and 182 duplications were identified.
These variations comprised of 5.82% of reference genome. This was the first Genome-wide CNV study in indigenous swamp buffalo
with reference to buffalo genome using Read Depth based approach.
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INTRODUCTION

Copy number variations (CNVs) are unbalanced structural
variations due to loss or gain involving DNA segments
varying from 50 bp to several mega base pairs (Mb) compared
with a reference genome. It is a kind of genetic variants
affecting larger segments, which is resulted due to loss by
deletion or gain by duplication, insertional translocation
(Mills et al., 2011). As CNVs involve a large segment of DNA,
they have a potentially greater effect than SNPs though
SNPs are common polymorphism. They are thought to be
more heritable sequence variations between individuals
considering total number of nucleotides (Ghosh et al., 2014).
There is significant progress in studies on CNVs of various
livestock genomes of cattle (Zhou et al., 2022), buffalo
(Strillacci et al., 2021), sheep (Salehian-Dehkordi et al., 2021),
goat (Nandolo et al., 2021), pig (Qiu et al., 2021) and chicken
(Fernandes et al., 2021). CNV identification in buffalo is
merely studied and existing studies for CNV detection in
buffaloes are performed with reference to cattle genome.
Several methods have been used to identify CNVs like array
comparative genomic hybridisation (@aCGH), SNP arrays and
Next generation sequencing (NGS) (Pinto et al., 2011; Gao
et al., 2017). NGS data can be used to explore structural
variations with four basic strategies such as, Paired-end
mapping (PEM) or Read Pair (RP), Split Read (SR), Read Depth
(RD), Sequence Assembly or de novo Assembly of Genome
(AS) (Pirooznia et al., 2015; Gao et al., 2017). Among different
NGS techniques, Read Depth (RD) based assessment of CNVs
is based on the hypothesis that there is correlation between
depth of coverage and copy number of one genomic region
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and helps in finding large size CNVs and exact copy number
of events. Therefore, the present investigation was carried
out using the whole genome sequence (WGS) of swamp
buffalo genome with respect to Mediterranean riverine
buffalo genome.

MATERIALS AND METHODS
Whole Genome Re-sequencing Data

Blood samples of 20 swamp buffaloes including 6 males
and 14 females were collected from the field at Senapati,
Chandel and from the Swamp Buffalo Breeding Farm at
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Wabagai village of Thoubal district of Manipur. The random
blood sampling of animals was performed in accordance
with the relevant guidelines and regulations as approved
by Institutional Animal Ethics Committee (IAEC) of National
Bureau of Animal Genetics Resources (NBAGR), Karnal.
Samples were karyotyped using blood lymphocyte culture
technique and it was confirmed that all samples were of
swamp type. Genomic DNA of each sample was isolated and
quality and quantity were measured by 0.8% agarose gel
electrophoresis and NanoDrop technique, respectively. One
male sample collected from the field of Senapati district was
sent for whole genome resequencing of 2X150 bp paired-
ends using lllumina Hiseq 2000 platform. After obtaining
WGS data of swamp buffalo, standardized workflow (Fig. 1)
was performed as follows.

Quality check of reads: Paired end reads of FASTQ
files received from high throughput lllumina sequencing
pipelines, were analysed using FastQC version 0.11.8
(Andrews, 2010) for assessing quality.

Adapter removal: Quality control (QC) was performed
with Trimmomatic-0.39 (Bolger et al., 2014) to remove
adapters and to trim reads with Phred-score less than 20
at the beginning (LEADING:20) and end of the sequence
(TRAILING:20) and reads shorter than 50 bp.

Alignment: Processed reads were aligned with
Mediterranean riverine buffalo reference genome assembly
(UOA_WB_1) (PRINA471901) using BWA-MEM version 0.7.17-
r1188 (Li and Durbin, 2009) with the default parameters.
The output SAM (Sequence Alignment Map) file then was
converted to BAM (Binary Alignment Map) file and then sorting
was performed using SAMtools version 1.10 (Li et al., 2009).

PCR duplicate removal and RD estimation: PCR
duplicates are obtained on sequencing two or more copies
of the exact same DNA fragment in sequence reads due to
PCR amplification bias. They could affect the CNV analysis, so
these were marked and removed using SAMtools Markdup,
and then depth of coverage was calculated using SAMtools
depth (Lietal., 2009).

CNV detection: CNVnator version 0.4.1 was run on the
BAM file to identify CNVs (Abyzov et al., 2011) with window size
(bin size) of 1 Kb and other default parameters. Steps followed
to perform CNV calling using CNVnator software is outlined
in Fig. 2. To set bin size, the ratio of average RD signal to its
standard deviation with 4-5 was detected using CNVnator-eval
on our sample with different bins (Coghlan, 2013).

Filtration of CNVs: Quality control was performed on the
raw CNVs with filtering criteria p-value (e-vall) <0.01, q,< 0.5.
The p-value < 0.01 indicated region between two calls doesn’t
have the same CNV and g, showed a fraction of mapped

) BAM file 4
Quality check of reads T
1 CNVnator-tree (Extracting read mapping)
)
Adapter removal CNVnator-his (Generating a read depth histogram)
1 '
CNVnator-stat (Calculating statistics)
Alignment with reference genome i :
l CNVnator-eval (Calculating ratio of average RD and SD)*
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Remova! of PCR duplicates CNVnator-partition (RD signal partitioning)
Calculation of Read Depth T

|
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Fig. 1: Workflow for identification of CNVs

CNVnator-call (CNV calling)

Fig. 2: Flowchart for CNVnator software
(*Choosing bin size to keep ratio of average Read Depth (RD) and its
Standard Deviation (SD) is around 4)
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Fig. 3: Karyotyping of swamp buffalo
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reads with zero quality. CNVs overlapped with unplaced
chromosomes (chrUN) were separated (Gao et al., 2017).

ResuLts AND Discussion

Sequencing and Mapping

Samples karyotyped using standard lymphocyte culture
techniques were found to be of swamp type (Fig. 3). Sequence
of lllumina Hiseq paired end reads (151 bp) was obtained and
quality control was performed. Low quality bases and adapter
were trimmed and put for alignment with UOA_WB_1 riverine
genome assembly. PCR duplicates were marked and removed
from the bam file. Out of total reads, 98.19% were mapped
to reference genome. Depth of coverage of the sample was
792X, which was sufficient for CNV identification in terms
of read depth as minimum 4X coverage data was required
(Sudmant et al., 2010; Bickhart et al., 2012; Gao et al., 2017).

Identification of CNVs

In swamp buffalo, total raw 1331 CNVs were detected. Out of
which 856 CNVs were presentin chromosomes and 475 CNVs
were overlapped with scaffolds. After the quality control
of CNVs present in chromosomes, a total of 587 CNVs were
obtained (Table 1). Filtered CNVs occupied 157.1 Mb, which
covers 5.82% of the reference genome. Duplication events
were identified in 182 CNVs with a total size of 144.59 Mb,
whereas the deletion events in 405 CNVs of 12.51 Mb size in
the genome of swamp buffalo (Table 2). Deletion CNV events
were more common than duplication events (Table 3).

Table 1: Summary of CNV events in buffalo

CNV events Counts
Total CNVs 1331
Unplaced Chr CNVs 475
CNVs (Unfiltered) 856
CNVs (Filtered) 587
Deletion 405
Duplication 182

Table 2: Size and coverage of copy number variations of swamp
buffalo

Events Size Coverage
CNVs 157.1 Mb 5.82%
Deletion 144.59 Mb 5.36%
Duplication 12.51 Mb 0.46%

Size of Reference Genome (Riverine Mediterranean buffalo = 2.7 Gb)

Zhang et al. (2014) identified 163 CNVRs from 3 buffalo
samples using cross species CGH Array approach, which
comprised 1.44% of cattle reference genome. In 14 buffaloes,
5191 and 8548 CNVs were identified with an average of 371
and 610 CNVs by JaRMS calls and cn.mops software based
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on RD based approach (Li et al., 2019). A total of 1,344 CNV
regions were detected across 15 riverine buffaloes amounting
to 59.8 Mb size or 2.2% of the cattle genome using mrFAST/
mrsFAST based on RD method (Liu et al., 2019). Li et al. (2019)
observed more deletion events, whereas Liu et al. (2019)
identified more gain CNV events or duplications.

Table 3: Chromosome-wise CNV events in swamp buffalo

Chromosome Deletion Duplication CNVs
1 8 5 13
2 22 5 27
3 16 12 28
4 19 16 35
5 19 8 27
6 15 5 20
7 11 4 15
8 10 6 16
9 12 15 27
10 13 3 16
11 5 8 13
12 5 1 6
13 24 16 40
14 2 6 8
15 8 3 11
16 24 14 38
17 4 5 9
18 18 16 34
19 5 2 7
20 11 2 13
21 4 0 4
22 2 0 2
23 6 1 7
24 1 3 4
X 141 26 167
Total 405 182 587
Distribution of CNVs

The CNVs ranged from 5 kb to 5836 kb. The average sizes
of deletion and duplication events in the CNVs were 400.25
kb and 55.94 kb, respectively. The median of CNV events in
swamp buffalo for deletion was 45 kb and for duplication
was 35 kb.

CONCLUSIONS

This was the first genome-wide copy number variation
(CNV) study attempted in Indian swamp buffalo by whole
genome resequencing method. Copy number variations were
detected using Read Depth based approach after aligning
with Mediterranean riverine buffalo genome assembly. Total
587 CNVs were identified using CNVnator software with 405
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and 182 CNVs involved in deletion and duplication events.
These structural variations were found to be of 5 kb in size or
aslongas 5 Mb. X chromosome was seen to gather maximum
of the CNV events. The detected CNVs amounted to 157.1 Mb
length in swamp buffalo that accounted for 5.82% of the
reference buffalo genome.
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