Genome-wide SNPs mining and annotation in Bubalus bubalis

Abstract

This study aimed to identify single nucleotide polymorphisms (SNPs) in the Murrah
buffalo, often referred to as the "black gold of India," using the reduced representation
sequencing technique.DNA was extracted and sequenced using the ddRAD technique
from blood samples taken from 96 unrelated Murrah buffalo. After processing the
sequenced genomic data with various bioinformatics tools, a total of 855,563 SNPs
were identified in the Murrah buffalo genome, using the Bubalus bubalis genome as a
reference. Annotation revealed that the majority of these variations were located in
intronic regions (67.49%), followed by intergenic regions (20.15%). The SNPs
identified in this study have the potential to serve as molecular markers for
economically significant traits and could be valuable for future breed improvement
and conservation efforts..
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1. Introduction

Buffalo, a multi-purpose animal well adapted to tropical and sub-tropical climatic
conditions,is a major dairy bovine in South Asian countries. At present, there are
twenty registered breeds of buffalo in India, recognized by National Bureau of
Animal Genetic Resources(NBAGR),exhibiting distinct phenotypes as a result of
variations in their genetic composition, brought about by evolutionary factors.
Enhancing buffalo productivity, growth rate, feed conversion efficiency, heat
tolerance, and disease resistance necessitates a thorough understanding of
polymorphisms among breeds. In various species, single nucleotide polymorphisms
(SNPs)—the most prevalent type of genetic variation—have been widely used as
markers for marker-assisted selection (MAS) [9, 21, 20]. To identify potential SNPs
linked to economically important traits, the genome should be screened, and the
detected SNPs should be annotated to predict their function.

SNPs found in one population may be entirely monomorphic in another.[18].

With the availability of reference genomes for all major livestock species, advances in
next-generation sequencing techniques have made possible the detection of SNPs.
One of two approaches can be used for genome-wide SNP identification: sub-
sampling or whole genome sequencing. Reduced representation also known as sub-
sampling techniques are an effective alternative for whole genome sequencing since
they are less expensive, computationally faster, and provide testing of a wide variety
of polymorphic loci without the need for a reference sequence or prior information.
One such next-generation sequencing technique that uses restriction enzymes and
molecular identifiers to examine a portion of the whole genome is restriction site-
associated DNA sequencing (RADseq) [7]. The "RADseq family"” [3] is a collection



of methods used in RAD sequencing. Double digest RAD sequencing (ddRAD), a
method of the RADseq family, uses a second restriction enzyme to digest genomic
DNA in order to cut down on the time and expense of library preparation [17].
Additionally, it addresses a significant flaw in the original RADseq approach by
allowing paired-end sequencing of identical loci across many samples.

This study aimed to identify SNPs in the Murrah buffalo population using ddRAD
sequencing data. Murrah is one of the most renowned buffalo breeds for high milk
production and is widely utilized in various breed improvement programs across the
country. Its superior germplasm has also been exported to several countries, including
Egypt, Brazil, Bangladesh, Sri Lanka, Thailand, China, Nepal, and Vietnam, to
enhance local buffalo populations.

Selective breeding and progeny testing programs have significantly improved the
performance of native milch breeds. However, there remains substantial potential for
genetic advancement through breeding programs that integrate genetic markers.
Further research should focus on evaluating the impact of the identified polymorphic
loci on economically significant traits to enhance genetic selection strategies.

2. Methods and Materials
Genomic DNA Analysis and Sample Collection

The genomic data of 96 Murrah (Bubalus bubalis) buffaloes was generated by ICAR-
National Dairy Research Institute, Karnal and the bioinformatics analysis was
conducted at ICAR- National Bureau of Animal Genetic Resources, Karnal.

The 96 Murrah buffaloes maintained at Livestock Research Centre (LRC), ICAR-
National Dairy Research Institute, Karnal. Blood samples were taken according to the
applicable guidelines and regulations, which were approved by the Institutional
Animal Ethics Committee (IAEC) of the National Bureau of Animal Genetics
Resources (ICAR-NBAGR), Karnal. DNA extraction was carried out after blood
samples were collected, and the extracted DNA was then checked for quality,
concentration, and purity in preparation for further analysis.

The DNA extraction for this study was performed using the phenol-chloroform
method, a widely used technique for isolating high-quality genomic DNA. This
method involves cell lysis, followed by organic phase separation using phenol and
chloroform, and precipitation of DNA with ethanol or isopropanol. The extracted
DNA was then quantified using a NanoDrop spectrophotometer and assessed for
integrity through agarose gel electrophoresis before proceeding with downstream
applications such as ddRAD sequencing.

2.1 Library preparation and ddRAD sequencing
Following the initial genomic DNA quality and quantity evaluation, the standard

RAD sequencing protocol was used [17]. The restriction enzymes Sph | and MIuC
were used to double digest the extracted DNA. In order to prepare the library,



digested products were barcoded using adapters on the 5' and 3' ends of DNA using
both an inline barcode and an Illumina index. Following size selection and pooling,
samples were sequenced using Illumina HiSeq 2000, which produced short, unique
product sizes up to 150 bp in length. Following the first genomic DNA quality and
quantity check, the standard RAD sequencing protocol was used [17, 23].

2.3 Bioinformatics analysis of SNPs derived from ddRAD sequencing data
2.3.1 Alignment and quality control

Raw sequence FastQC was used to quality-check FASTQ files [2]. Using PRINSEQ,
adapters and barcode sequences were trimmed across restriction enzymes [19]. Low-
quality sequences were eliminated using STACKS [5] based on a PHRED score less
than 15. Again, using Bowtie2, quality passed sequences were aligned with the
reference genome of Mediterranean buffalo (UOA_WB_1) [13].

2.3.2 Annotation and variant calling

Using Samtools [14], the resulting SAM (Sequence Alignment Format) files were
converted into BAM (Binary Alignment Format) files, which were then merged,
indexed, sorted, and processed with mpileup to generate a single BCF file. Using
vcftools, variant calling was carried out with a quality score of at least 30 and read
depths (RD) of 2, 5, and 10 . SnpEff tool was used to annotate the SNPs obtained at
RD 10 [6].

Table 1: Various genomic variants identified by SnpEff

Type of Variants SnpEff
Count %

3 prime_UTR variant 15,767 0.703
5 prime_UTR_variant 4,104 0.183
Downstream_gene_variant 1,14,179 5.115
Intergenic_variant 452,179 20.149
Intron_variant 1,514,544 67.488
Missense_variant 4,742 0.211
Non_coding_transcript_exon_variant | 6,793 0.303
Splice_acceptor_variant 72 0.003
Splice_donor_variant 49 0.002
Splice_region_variant 2,299 0.102
Stop_gained 29 0.001
Start_lost 10 0.001
Synonymous_variant 9,103 0.406
Upstream_gene_variant 1,12,810 5.027




Table 2: Count of transitions (Ts) and transversions (Tv) in the genomic
sequence of Murrah buffalo

Type of change Number

Transitions 12,750,309
) 5,000,867

Transversions

Ts/Tv ratio 2.5496

Table 3: Pattern of base changes (SNPs) in the genomic sequence of Murrah
buffalo

BASE A C G T

A 0 34,715 1,47,354 21,249
C 33,317 0 34,798 1,39,969
G 1,41,017 34,674 0 33,164
T 21,064 1,47,426 34,681 0

3. Results and Discussion

In the era of advanced genetic improvement programs, a fundamental prerequisite for
conducting effective association studies, genomic selection, and fine mapping of
genes linked to complex phenotypes is a comprehensive understanding of genomic
regions. Such knowledge is essential for identifying key genetic markers that
influence traits of economic and biological significance in livestock species, including
buffalo.

To achieve this objective, we employed the double digest Restriction-site Associated
DNA (ddRAD) sequencing approach, which enabled the generation of a total of 252
million raw reads with an average read length of 151 base pairs (bp). After stringent
quality control measures, including adapter trimming and filtering of low-quality
reads, the processed reads were aligned to the Bubalus bubalis reference genome
(UOA _WB_1) using Bowtie 2. This alignment facilitated the identification of high-
confidence genetic variants across the sequenced Murrah buffalo genomes.

Variant calling, performed at a read depth (RD) threshold of 10, revealed a total of
814,919 single nucleotide polymorphisms (SNPs) when all Murrah buffalo genomes
were combined. In addition, 40,644 insertions and deletions (INDELS) were identified,
with a mapping quality threshold set at 30 to ensure accuracy. These findings
highlight the genetic diversity within the analysed population and provide a valuable
resource for further functional genomic studies.




For annotation, SNPs identified at RD10 were processed using SnpEff, which enabled
the classification of 855,563 total variants with an estimated variant rate of one per
3,038 bases. Among these variants, the majority were located within intronic regions
(67.48%), followed by intergenic regions (20.17%), indicating that most identified
polymorphisms do not directly impact protein-coding sequences. However, 4,742
SNPs (0.211%) were classified as missense variants, which could potentially alter
protein function and be of functional importance in trait-associated studies.

Analysis of nucleotide substitution patterns revealed a transition/transversion (Ts/Tv)
ratio of 2.5496, reflecting a predominance of transitions over transversions, as
commonly observed in mammalian genomes. Specifically, 12,750,309 transition
events were identified, compared to 5,000,867 transversions. The most frequently
occurring base substitution was cytosine (C) to thymine (T) transitions, with a total
count of 147,426 (Table 3). This bias towards C>T transitions is consistent with the
expected mutational patterns arising from spontaneous deamination of methylated
cytosine residues.

The findings of this study provide a foundational dataset for exploring genetic
diversity and marker-assisted selection in Murrah buffalo. The high density of SNPs
identified through ddRAD sequencing underscores the potential for genome-wide
association studies (GWAS) and genomic selection programs aimed at improving
economically significant traits. The discovery of missense variants further opens
avenues for investigating candidate genes influencing traits such as milk production,
disease resistance, and growth performance. Future research should focus on
validating these SNPs in larger buffalo populations and integrating functional
genomics approaches to uncover their phenotypic effects.

4. Conclusion

To identify SNPs in indigenous buffalo, this study analyzes sequence alignment data
from Murrah buffalo using a reference genome. Furthermore, it will be easier to
understand the domestication pattern, environmental adaption, and population mixing
of indigenous buffalo attributed to the SNPs discovered in this study. In order to
create a low density chip for genomic selection, polymorphic loci identified in the
Murrah genome could also be related economically.
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