
Introduction
GATK

Variant Annotation
Alternatives

Hands on

Introduction to Bioinformatics

Alexandros C. Dimopoulos
alexdem@di.uoa.gr

Master of Science
“Data Science and Information Technologies”

Department of Informatics and Telecommunications
National and Kapodistrian University of Athens

2023-24

Department of Informatics and Telecommunications - MSc National and Kapodistrian University of Athens 1 / 66



Introduction
GATK

Variant Annotation
Alternatives

Hands on
IGV

Variant Calling I

Variants: differences between two genomes
It is now feasible (technical and financial wise) to sequence human samples at large
scale for medical and genetic studies
Major projects, e.g.:

1000 Genomes project (http://www.internationalgenome.org/)
The Cancer Genome Atlas (TCGA) (https://cancergenome.nih.gov/)
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Variant Calling II

Clarify the full spectrum of human genetic diversity
Study the complete genetic architecture of human diseases
Find mutations that hide links to Mendelian diseases
Find mutations for which no mapping data is available, e.g.

somatic mutations in cancer
de novo mutations in autism and schizophrenia
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Variant Calling III

Mapping a fastq file (raw reads) into a genome (fasta)
creation of a bam file

Search (per base) for differences between the bam file and the genome and create a
vcf (variant call format) file

misaligned reads e.g. because of a low quality read
SNP (Single Nucleotide Polymorphism): different nucleotide in just one position
INDEL (INsertion/DELetion): a small number of nucleotides has been inserted or
deleted
CNV (Copy Number Variation): repetition or deletion of larger blocks of nucleotides

It is hard to distinguish a real polymorphism from artifacts
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Variant discovery I

https://software.broadinstitute.org/gatk/documentation/presentations
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Variant discovery II

https://software.broadinstitute.org/gatk/documentation/presentations
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IGV I

Integrative Genomics Viewer - Variant Calling
The Integrative Genomics Viewer (IGV) is a high-performance visualization tool for
interactive exploration of large, integrated genomic datasets. It supports a wide variety of
data types, including array-based and next-generation sequence data, and genomic
annotations.

http://software.broadinstitute.org/software/igv/
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Various options for Variant Calling

Samtools mpileup
Freebayes
VarScan
Atlas2
GATK
…

Department of Informatics and Telecommunications - MSc National and Kapodistrian University of Athens 9 / 66



Introduction
GATK

Variant Annotation
Alternatives

Hands on
Technical details Pre-processing Variant discovery Callset refinement

GATK

Genome Analysis Toolkit - GATK
A collection of command-line tools for analyzing high-throughput sequencing (HTS) data
in formats such as SAM/BAM/CRAM and VCF, with a focus on variant discovery.

A multi-step procedure divided into 3 parts:
Pre-processing
Variant discovery
Callset refinement
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GATK Overview I

https://software.broadinstitute.org/gatk/documentation/presentations
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GATK Overview II

https://software.broadinstitute.org/gatk/documentation/presentations
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GATK Overview III

https://software.broadinstitute.org/gatk/documentation/presentations
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GATK - Technical details

Java
java -jar /path/to/GenomeAnalysisTK.jar

Collection of various tools
java jvm-args -jar GenomeAnalysisTK.jar -R reference.fasta -T
GATKToolName -OPTION1 value1 -OPTION2 value2 ...
Τhe jar file is compiled for POSIX systems (i.e. non-Windows)
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Pre-processing I

https://software.broadinstitute.org/gatk/documentation/presentations
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Pre-processing II

https://software.broadinstitute.org/gatk/documentation/presentations
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Mark-Duplicates I

https://software.broadinstitute.org/gatk/documentation/presentations
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Mark-Duplicates II
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Mark-Duplicates III

https://software.broadinstitute.org/gatk/documentation/presentations
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Special handling for RNAseq splice junctions

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) I

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) II

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) III

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) IV

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) V

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) VI

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) VII

https://software.broadinstitute.org/gatk/documentation/presentations
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Base Recalibration (BQSR) VIII

https://software.broadinstitute.org/gatk/documentation/presentations
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GATK - Variant discovery

https://software.broadinstitute.org/gatk/documentation/presentations
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Variant discovery I

https://software.broadinstitute.org/gatk/documentation/presentations
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Variant discovery II

https://software.broadinstitute.org/gatk/documentation/presentations
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Variant discovery III

https://software.broadinstitute.org/gatk/documentation/presentations
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Variant discovery - UnifiedGenotyper

https://software.broadinstitute.org/gatk/documentation/presentations
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Variant discovery - HaplotypeCaller

https://software.broadinstitute.org/gatk/documentation/presentations
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HaplotypeCaller I

https://software.broadinstitute.org/gatk/documentation/presentations

Department of Informatics and Telecommunications - MSc National and Kapodistrian University of Athens 35 / 66



Introduction
GATK

Variant Annotation
Alternatives

Hands on
Technical details Pre-processing Variant discovery Callset refinement

HaplotypeCaller II

https://software.broadinstitute.org/gatk/documentation/presentations
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HaplotypeCaller III

https://software.broadinstitute.org/gatk/documentation/presentations
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HaplotypeCaller IV

https://software.broadinstitute.org/gatk/documentation/presentations
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HaplotypeCaller V

https://software.broadinstitute.org/gatk/documentation/presentations
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HaplotypeCaller VI

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering
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VCF Filtering - Hard filter

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration I

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration II

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration III

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration IV

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration V

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration VI

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration VII

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration VIII

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration IX

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration X

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration XI

https://software.broadinstitute.org/gatk/documentation/presentations
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VCF Filtering - Variant recalibration XII

https://software.broadinstitute.org/gatk/documentation/presentations
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Presented GATK pipeline

https://software.broadinstitute.org/gatk/documentation/presentations
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Variant Annotation I

Variant annotation is a very important step in the analysis
Functional annotation can have a strong impact on the final conclusions of the studies
Inaccurate or incorrect annotation can lead to the skipping of polymorphisms
potentially responsible for a disease or to conceal interesting variations in a group of
false positives
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Variant Annotation II

Various tools for annotation:
Funcotator (GATK)
SnpEff
Annovar
VEP
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Funcotator I

Funcotator
Funcotator (FUNCtional annOTATOR) analyzes given variants for their function (as
retrieved from a set of data sources) and produces the analysis in a specified output file.
This tool is a functional annotation tool that allows a user to add annotations to called
variants based on a set of data sources, each with its own matching criteria.

https://gatk.broadinstitute.org/hc/en-us/articles/360042912011-Funcotator
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Funcotator II
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SnpEff

SnpEff
SnpEff is a variant annotation and effect prediction tool. It annotates and predicts the
effects of variants on genes (such as amino acid changes).

http://snpeff.sourceforge.net/SnpEff.html
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SnpEff:Basic example
java -Xmx4g -jar snpEff.jar GRCh37.75 examples/test.chr22.vcf >
test.chr22.ann.vcf

SnpEff adds functional annotations in the ANN field (8th column in the VCF file
test.chr22.ann.vcf)

Putative_impact: A simple estimation of putative impact / deleteriousness : HIGH,
MODERATE, LOW, MODIFIER

frameshift_variant, stop_gained, stop_lost, start_lost, . . .

Gene Name: Common gene name (HGNC).  Optional: use closest gene when the
variant is “intergenic”
Gene ID: Gene ID
. . .
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Annovar

ANNOVAR
ANNOVAR is an efficient software tool to utilize update-to-date information to
functionally annotate genetic variants detected from diverse genomes (including human
genome hg18, hg19, hg38, as well as mouse, worm, fly, yeast and many others.

http://annovar.openbioinformatics.org/en/latest/

check also wANNOVAR
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Variant Effect Predictor

Variant Effect Predictor - VEP
VEP determines the effect of your variants (SNPs, insertions, deletions, CNVs or structural
variants) on genes, transcripts, and protein sequence, as well as regulatory regions.

Standalone perl script
Web interface

https://www.ensembl.org/info/docs/tools/vep/index.html
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Combining three variant callers (HaplotypeCaller, FreeBayes, and
DeepVariant)

https://pubmed.ncbi.nlm.nih.gov/35669050/
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Lab Exercise 6 - GATK TUTORIAL :: Variant Discovery
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