
Variant calling, annotation and 
Visualization

Webinars On:
Basic and Advance Next Generation Sequencing (NGS) data analysis

(July 24th, 2020)

By: RAHILA SARDAR
ICMR- Senior Research Fellow
Translational Bioinformatics 
Group, ICGEB



Genomic Variation 

https://en.wikipedia.org/wiki/Structural_variation_in_the_human_genome



Types of mutations

• Synonymous mutations: which do not alter amino acid sequences and are (sometimes) silent mutations.

• Non- synonymous mutations: nucleotide mutation that alters the amino acid sequence of a protein.

• Germline mutations: occur in gametes and can be passed onto offspring (every cell in the entire organism will 
be affected)

• Somatic mutations: occur in a single body cell and cannot be inherited (only tissues derived from mutated cell 
are affected)

Somatic mutation Germline mutation

• Synonymous mutation
• Non- synonymous mutation

• Synonymous mutation
• Non-synonymous mutation



Variant calling workflow

SRA, EBI,ENA etc

TrimGalore, Trimmomatic, PrinSeq

SIFT, Panther



Reference databases

• NCBIRefSeq:https://www.ncbi.nlm.nih.gov/r

efseq/

• UCSC : https://genome.ucsc.edu

• Ensembl: www.ensembl.org

Reference genome database SNP database

• dbSNP : Database of short Genetic Variants

• dbVar : Database of genomic structural variants

• ClinVAR: Genomic variations and their relationship 

to human health and disease

• dbGap: Database of genotypes and phyenotypes



Variant calling by samtools pipeline

Source: EBI

wget link to download



Sequence alignment/map format (SAM) and BAM

• SAM is a common format having sequence reads and their alignment to a reference genome.

• BAM is the binary form of a SAM file.

• Aligned BAM files are available at repositories (Sequence Read Archive at NCBI, ENA at Ensembl)

• SAMTools is a software package commonly used to analyze SAM/BAM files.

• Visit http://samtools.sourceforge.net/



Align reads to reference (using BWA)

1. Index the reference (genome) sequence

➢ bwa index e.coli.fasta

➢ # The various index files are output in the CWD

2. Perform the alignment

➢ bwa aln [opts] e.coli.fasta input1.fastq > output.sai

3. Output results in SAM format

➢ bwa samse e.coli.fasta output.sai input1.fastq > output.sam {SIngle end}

➢ bwa sampe e.coli.fasta output.sai input1.fastq input2.fastq > output.sam {paired end}

$ bwa mem e.coli.fasta output.sai input1.fastq input2.fastq > ouput.sam {paired end}

Index file= e.coli..fasta.ann, e.coli.fasta.bwt, e.coli.fasta.fai,e.coli.fasta.pac, e.coli.fasta.sa
*bwa sampe: single end , sampe for paired end. BWA-MEM also has better performance than BWA-backtrack for 70-100bp Illumina reads.



1... convert alignments (using SAMtools)

1. Convert SAM to BAM for sorting

➢ samtools view -S -b output.sam > output.bam

2. Sort BAM for SNP calling

➢ samtools sort output.bam output-sorted

Alignments are both:
• compressed for long term storage and
• sorted for variant discovery. Sort alignments by leftmost coordinates, or by read name 

when -n is used. 



2) Call SNPs (using SAMtools)
1. Index the genome assembly (again!)

➢ samtools faidx e.coli.fasta

All we did so far (roughly) is to perform a formatconversion from BAM to VCF! 
faidx: Index reference sequence in the FASTA format or extract subsequence from indexed reference sequence. If 

no region is specified, faidx will index the file and create <ref.fasta>.fai on the disk. If regions are specified, the 
subsequences will be retrieved and printed to stdout in the FASTA format.



2. Run 'mpileup' to generate VCF format
➢ samtools mpileup  -f e.coli.fasta output-sorted1.bam output-sorted-2.bam 
output_sorted-n.bam > output_raw.bcf

mpileup: Generate text pileup output for 
one or multiple BAM files.



3) Call SNPs (using bcftools)
3. Call SNPs Bcf to vcf

bcftools view output.var.bcf >output.var.vcf

bcftools view: Applies the prior and does the actual calling and convert bcf to vcf



4) Filter SNPs

1. Filter SNPs

➢ vcfutils.pl varFilter output.var.vcf > outputs.var-final.vcf

• Note: vcfutils.pl is a perl script that helps filtering variants according to a certain
set of parameters



GATK



Variant callers Samtools GATK

Algorithm bayesian approach to call the variants bayesian approach to call the variants 

Preprocess of alignment. No uses picard tools

GATK specific features No other variant callers haplotype caller, indel 
realignment,UnifiedGenotype among 
many others

Recalibration No Yes using ML algorithm

Organism specific No Yes

Utility samtools is equally scalable to huge data sets 
in spite of its much simpler framewor

GATK is clearly the more sophisticated 
and the more complicated

GATK vs Samtools



Integrative Genomics Viewer (IGV)



Variant Call Format (VCF) file summarizes variation



How to annotate and prioritize SNP?

https://genomeinterpretation.org/vipDB



SNP prioritization



Ensembl “Variation Table” shows SIFT and PolyPhen scores for 
nonsynonymous variants 






