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Organisation

26 nov. (15h-17h50)

 Sequence quality

 Read mapping

27 nov. (9h30-12h20)

 SAM format

 Visualisation

27 nov. (13h30-17h50)

 Variant calling (VCF)

 Variant filtering/annotation

28 nov. (8h-12h20)

 TA

29 nov. (8h-12h20)

 TA

02 déc. (8h-10h50)

 TA

02 dec. (10h50-12h20)

 Retours TA

 Nextflow / Sarek
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Organisation

All the course material (slides, input and output data, 
practical exercises, correction) is available online:

➔ https://web-genobioinfo.toulouse.inrae.fr/~formation/16_SGS-SNP/

https://web-genobioinfo.toulouse.inrae.fr/~formation/16_SGS-SNP/
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What are you going to learn?

➔ To extract reads and reference genome from the NCBI

➔ To verify the read quality

➔ To align the reads on the reference genome

➔ To improve alignment and to recalibrate SGS data

➔ To call variants (SNP and INDEL) 

➔ To visualise the alignments and variations

➔ To annotate variants

➔ To filter variants
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What you should already know?  

➔ How to connect to a remote unix server (mobaXterm)?

➔ What a unix command looks like?

➔ How to move around the unix environment?

➔ How to submit jobs?

➔ How to edit a file?
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Genomic variants - who are you? 

➔ Genomic variants are differences in the DNA sequence 
among individuals.

➔ Range from single nucleotide changes (SNPs) to large 
structural variations.

➔ Basis of genetic diversity and can influence traits such 
as physical characteristics, disease susceptibility, and 
response to drugs.
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Types of genomic variants  

➔ Single Nucleotide Polymorphisms (SNPs)

 the most common type of genetic variation, involving a 
change in a single base pair.

➔ Insertions and Deletions (Indels)

 variations involving the addition or removal of base pairs 
in the DNA sequence.

➔ Structural Variants

 large-scale alterations in the DNA, including duplications, 
inversions, and translocations.
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Why study genomic variants?
(human context)

➔ Understanding disease
 many diseases are influenced by genetic variants, 

including cancer, heart disease, and neurological 
disorders.

➔ Personalized medicine
 knowledge of a patient’s genomic variants can guide 

treatment decisions and drug dosing.

➔ Evolution and population genetics
 studying genomic variants can provide insights into 

human evolution and population history.
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Why study genomic variants?
(agronomic context)

➔ Genomic prediction
 identification of genomic variants causing variation in quantitative 

traits.

➔ Population genomics
 identification of genomic regions linked to traits or evolutionary 

processes to study evolutionary relationships of a population, 
including population size, structure, demographic history and 
phylogenetic relationships.

➔ Adaptive genetic variations
 analyze genetic variations that underlie adaptive changes.

➔ Crop and livestock health
 identification of variations responsible for disease susceptibility.

 Identify variations that modulate the response to prophylactic 
treatments
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Methods for detecting
genomic variants

➔ Sequencing

 next-generation sequencing technologies can identify 
variants across the entire genome.

➔ Genotyping

 detect specific variants of interest that can lead to major 
changes in phenotype.

➔ Bioinformatics 

 computational tools are used to analyze sequencing data and 
predict the effects of variants.
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The 1000 Genomes Project 

➔ International effort to establish the most detailed catalogue 
of human genetic variation.

➔ The project sequenced the genomes of over 2500 
individuals from 26 populations, identifying over 88 million 
variants.

➔ The data from the 1000 Genomes Project is a valuable 
resource for researchers studying human genetics and 
disease.
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The pieces of software

➔ Fastqc : quality control

➔ BWA : alignment

➔ Samtools & Picard-tools : manipulation of SAM/BAM files

➔ IGV : visualisation

➔ GATK : preprocess and variant calling

➔ SNPeff / SNPsift : annotate/filter variants
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The 1000 genomes project

➔ Joint project NCBI / EBI

➔ Common data formats : 
 FASTQ (Raw data)
 SAM (Sequence Alignment/Map)
 VCF (Variant Call Format)
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Overview

VCFfastqfastqFASTQ
R2

fastqfastqFASTQ
R1

Raw data - Sequences Variants



15BAM

VCF

SRASRA
ENAENA
[…][…]

fastqfastqFASTQ

SAMSAMSAM

BAMBAM

BAMBAM

Overview

Variants 
annotations/filters

Quality analysis

Mapping

SAM
manipulation

Pre-processing BAM filesVariant calling

Visualization

BAMBAMBAM
BAMBAMgVCFgVCF

FastQCFastQC

BWABWA

samtoolssamtools
(view/merge/(view/merge/

sort/...)sort/...)

IGVIGV

SNPeff / SNPsiftSNPeff / SNPsift

GATK / PicardGATK / Picard
Mark DuplicatesMark Duplicates

GATK (BQSR)GATK (BQSR)
RecalibrationRecalibration

GATKGATK
HaplotypeCallerHaplotypeCaller

GVCF modeGVCF mode

GATKGATK
CombineGVCFsCombineGVCFs

GATKGATK
GenotypeGVCFsGenotypeGVCFs
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SGS platforms

https://flxlexblog.wordpress.com/2016/07/08/developments-in-high-throughput-sequencing-july-2016-edition/#more-790

https://flxlexblog.wordpress.com/2016/07/08/developments-in-high-throughput-sequencing-july-2016-edition/#more-790
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Sequencing bias

➔ Platform related

➔ Illumina (data from Jean-Marc Aury CNS)

 98,5% mapped reads

 Mean error rate : 0,38%

 3% deletions, 2% insertions, 95% substitutions

 GC-rich and AT-rich fragments underrepresented
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Sequencing platforms

Extract from Arnaud Di-Franco - SeqOccin - 2020/12
Détection de variants Efficacité de la détection à basse couverture en longue lecture 
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SGS platforms

Extract from Arnaud Di-Franco - SeqOccin - 2020/12
Détection de variants Efficacité de la détection à basse couverture en longue lecture 
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SGS platforms

Extract from Arnaud Di-Franco - SeqOccin - 2020/12
Détection de variants Efficacité de la détection à basse couverture en longue lecture 
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What data will we use?

➔ The needed data :
– A reference sequence :

● Genome
● Parts of the genome
● Transcriptome

– Short reads
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Where to get reference genome?  

➔ Assemble your own

➔ Use a public assembly (NCBI / EBI)
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Where to get short reads?

➔ Produce your own sequences :
 CNS
 Local platform
 Private company

➔ Use public data :
 SRA : NCBI Sequence Read Archive
 ENA : EMBL/EBI European Nucleotide Archive
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NCBI SRA?
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Meta data

➔ Meta data structure :
 Experiment
 Sample
 Study
 Run
 Data file
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What is a fastq file?
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Sequence quality

➔ Phred : base calling

What is Phred Quality?

Traditionally, Phred quality is defined on base calls. Each 
base call is an estimate of the true nucleotide. It is a 
random variable and can be wrong. The probability that a 
base call is wrong is called error probability. 

Explanation about the quality values :
source http://maq.sourceforge.net/qual.shtml
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Sequence quality
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Which reads should I keep?

➔ All

➔ Some : what criteria and threshold should I use
 Composition (number of Ns, complexity, ...)
 Quality
 Alignment based criteria

➔ Should I trim the reads using :
 Composition
 Quality
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Basic reads statistics

➔ Number of reads

➔ Length histogram

➔ Number of Ns in the reads

➔ Reads quality

➔ Reads redundancy

➔ Reads complexity 
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Sequence quality analysis

➔ FastQC :
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Exercises / set 1

https://bios4biol.pages.mia.inra.fr/training-aln-variant-calling/

https://bios4biol.pages.mia.inra.fr/training-aln-variant-calling/
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Reads alignment

 The different software generations :
 Smith-Waterman / Needleman-Wunch (1970)
 BLAST (1990)
 MAQ (2008)
 BWA (2009)
 Minimap2 (2018)
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Reads alignment

Chaisson, M.J., Tesler, G. BMC Bioinformatics 13, 238 (2012). https://doi.org/10.1186/1471-2105-13-238

Genome VS Genome
Fastq VS Genome

Fasta VS DB

Fasta VS Fasta

https://doi.org/10.1186/1471-2105-13-238
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Reads alignment

Mappers time line (since 2001) :
● DNA mappers
● RNA mappers
● miRNA mappers
● bisulfite mappers 

The time line only includes mappers with 
peer-reviewed publications and the date 
corresponds to the earliest date of 
publication.
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Reads alignment

Most popular tools for mapping to a normal genomic reference 
(DNAseq, ChIP-Seq, sRNAseq, …) :

Popular splice read aligners (RNAseq polyA+/total) :

https://dx.doi.org/10.3389%2Ffgene.2018.00035

https://doi.org/10.23937/2378-3648/1410048

https://dx.doi.org/10.3389%2Ffgene.2018.00035
https://doi.org/10.23937/2378-3648/1410048
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BWA
➔ Fast and moderate memory footprint (<4GB)
➔ SAM output by default
➔ Gapped alignment for both SE and PE reads
➔ Effective pairing to achieve high alignment accuracy; suboptimal hits  

considered in pairing.
➔ Non-unique read is placed randomly with a mapping quality 0
➔ Limited number of errors (2 for 32bp, 4 for 100 bp, ...)
➔ The default conguration works for most typical input.

 Automatically adjust parameters based on read lengths and error rates.

 Estimate the insert size distribution on the fly

http://bio-bwa.sourceforge.net/
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http://bio-bwa.sourceforge.net/bwa.shtml
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BWA – cmd line

➔ Two steps :
 Indexation :

 Alignment :

➔ Meaning of the read group fields required (@RG) :

https://gatk.broadinstitute.org/hc/en-us/articles/360035890671-Read-groups

https://gatk.broadinstitute.org/hc/en-us/articles/360035890671-Read-groups
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Exercises / set 2
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Sequence Alignment/Map (SAM) format

➔ Data sharing was a major issue with the 1000 genomes
➔ Capture all of the critical information about NGS data in a single 

indexed and compressed file
➔ Generic alignment format
➔ Supports short and long reads (Illumina - Pacbio - ONT)
➔ Flexible in style, compact in size, efficient in random access

Website :
https://www.htslib.org/

Paper :
Twelve years of SAMtools and BCFtools

Petr Danecek, James K Bonfield, Jennifer Liddle, John Marshall, Valeriu Ohan, Martin O Pollard, Andrew Whitwham, 
Thomas Keane, Shane A McCarthy, Robert M Davies, Heng Li

GigaScience, Volume 10, Issue 2, February 2021, giab008, https://doi.org/10.1093/gigascience/giab008
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Sequence Alignment/Map (SAM) format
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SAM format - Header section

➔ Header lines start with @ followed by a two-letter TYPE

➔ Header fields are TAG:VALUE pairs
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SAM format

Which informations are stored in a SAM file?

https://web-genobioinfo.toulouse.inrae.fr/~formation/16_SGS-SNP/.formats/sam.html

http://genoweb.toulouse.inra.fr/~formation/16_SGS-SNP/.formats/sam.html
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SAM format - Alignment section
➔ 11 mandatory fields

➔ Variable number of optional fields

➔ Fields are tab delimited
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SAM format - Full example

X? Reserved for end users
NM Edit distance to the reference
MD String for mismatching positions
RG Read group
SA Supp. alignment
[...]

A Printable character
I Signed 32-bit integer
F Single-precision float number
Z Printable string
H Hex string (high nybble first)



55

SAM format - Flag field

http://broadinstitute.github.io/picard/explain-flags.html

http://broadinstitute.github.io/picard/explain-flags.html
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SAM format - Extended CIGAR

Ref: GCATTCAGATGCAGTACGC

Read:  ccTCAG--GCATTAgtg

POS  CIGAR

5    2S4M2D6M3S



57

SAM format - Extended CIGAR

All you need to keep in mind to work with SAM files

https://www.samformat.info/

https://www.samformat.info/


58

BAM / CRAM formats

 BAM (format spec.)

➔ Binary representation of SAM

➔ Compressed by BGZF library

➔ Greatly reduces size to about 27% of original SAM

CRAM (format spec.)

➔ More highly compressed alternative to BAM

➔ Reference based compression

➔ Only base calls that differ need to be stored

https://samtools.github.io/hts-specs/SAMv1.pdf
https://samtools.github.io/hts-specs/CRAMv3.pdf
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SAMtools

➔ Library and software package

➔ Create, sort and index BAM files from SAM files

➔ Remove PCR duplicates

➔ Merge alignments

➔ Visualization of alignments from BAM files

➔ SNP and short INDELs detection

http://www.htslib.org/doc/samtools.html

http://www.htslib.org/doc/samtools.html
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Picard

➔ SAMtools complementary package

➔ More format conversion than SAMtools

➔ Numerous tools for manipulating SAM/BAM (n=80)

➔ Visualization of alignments not available

➔ SNP calling & short indel detection not available

http://broadinstitute.github.io/picard/

http://broadinstitute.github.io/picard/
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Exercise / set 3
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Visualizing the alignment - IGV

IGV Integrative Genomics Viewer

 https://software.broadinstitute.org/software/igv/

https://software.broadinstitute.org/software/igv/
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➔ High-performance visualization tool

➔ Interactive exploration of large, 
integrated datasets

➔ Supports a wide variety of data types

➔ Documentations

➔ Developed at the Broad Institute of MIT 
and Harvard

Visualizing the alignment - IGV
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Visualizing the alignment - IGV
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IGV - Loading the reference
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IGV - Loading the reference
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IGV - Loading the bam file
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IGV - Loading the bam file
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IGV - Zoom
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IGV - Zoom
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IGV - Loading an annotation file
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IGV - Coverage
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Exercise / set 4
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Variant Calling methodology

True SNP ?True SNP ?

Sequencing error ?Sequencing error ?

False positive ?False positive ?

➔ Several Variant callers :

         - Samtools mpileup - FreeBayes - ...

         - GATK - DeepVariant
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Why GATK ?

➔ 1000 genomes project

➔ Very used and well documentated

➔ RNAseq – DNAseq

➔ Several technologies supported

➔ Tested on our data :
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THE GATK best practices
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Pre-processing – MarkDuplicates

➔ Remove/mark duplicates (PCR and/or Optical)
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Pre-processing – BQSR

➔ Short variant calling algorithms rely heavily on the quality score

➔ Scores produced by the machines are subject to various 
sources of systematic (non-random) technical error

➔ The base quality provided by the sequencers is too inaccurate 
to be kept



79

Pre-processing – BQSR step1

➔ Needs knowledge of real SNP => mask out bases at sites of 
real (expected) variation

➔ BaseRecalibrator builds the model:
 Read group the read belongs to
 Quality score reported by the machine
 Machine cycle producing this base (Nth cycle = Nth base 

from the start of the read)
 Current base + previous base (dinucleotide)
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Pre-processing – BQSR step2

➔ ApplyBQSR adjusts the scores

https://gatk.broadinstitute.org/hc/en-us/articles/360035890531-Base-Quality-Score-Recalibration-BQSR-

https://gatk.broadinstitute.org/hc/en-us/articles/360035890531-Base-Quality-Score-Recalibration-BQSR-
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GATK – BQSR

➔ Two steps :
 BaseRecalibrator builds the model 

 ApplyBQSR adjusts the scores :
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Variant discovery
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GATK – HaplotypeCaller

➔ Call SNPs and indels via local re-assembly of haplotypes

➔ How HaplotypeCaller work:

1.  Define active regions

2.  Determine haplotypes by assembly of the active regions
1. Reassemble region and identifies haplotypes (De Bruijn-like graph)

2. realigns each haplotype against the reference haplotype (Smith-
Waterman) in order to identify potentially variant sites

3.  Determine likelihoods of the haplotypes given the read data

4.  Assign sample genotypes

https://gatk.broadinstitute.org/hc/en-us/articles/360037225632-HaplotypeCaller

https://gatk.broadinstitute.org/hc/en-us/articles/360037225632-HaplotypeCaller
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GATK – CombineGVCFs

➔ Merges one or more HaplotypeCaller GVCF files into a single 
GVCF

➔ Combine per-sample gVCF files produced by HaplotypeCaller 
into a multi-sample gVCF file

https://gatk.broadinstitute.org/hc/en-us/articles/360037053272-CombineGVCFs

https://gatk.broadinstitute.org/hc/en-us/articles/360037053272-CombineGVCFs
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GATK – GenotypeGVCFs

➔ Perform joint genotyping on one or more samples pre-called 
with HaplotypeCaller 

https://gatk.broadinstitute.org/hc/en-us/articles/360037057852-GenotypeGVCFs

https://gatk.broadinstitute.org/hc/en-us/articles/360037057852-GenotypeGVCFs
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THE GATK best practices
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Exercise / set 5
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VCF format

➔ Which informations have been stored in VCF ?

https://web-genobioinfo.toulouse.inrae.fr/~formation/16_SGS-SNP/.formats/vcf.html

https://web-genobioinfo.toulouse.inrae.fr/~formation/16_SGS-SNP/.formats/vcf.html
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Variant calling Format (VCF)

➔ http://vcftools.sourceforge.net/specs.html

➔ Tab-delimited file

➔ Basic documentation inside

➔ Header lines start with ## or #

➔ Give informations of data/tools/parameters used

➔ Variant lines represent a position on the genome
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The VCF format : example
A C C G A G C T T A C C G T T A T C G T A C

A G C T T A C C G T T A T C A

T A

T A A

T A

A

A

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

SAMPLE_1

SAMPLE_2

chr1
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2



92

The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2



94

The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

The Phred scaled probability that a 
REF/ALT polymorphism exists at this site 
given sequencing data
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER INFOS FORMAT SAMPLE_1 SAMPLE_2

[TAG=VALUE]
DP=45
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 1/1:0,6:6:9.4:75,19,0

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 1/1:0,6:6:9.4:75,19,0

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

0/1 : homozygous reference
0/1 : heterozygous
1/1 : homozygous alternative
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 1/1:0,6:6:9.4:75,19,0

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

count REF,count ALT [,count ALT2...]
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 1/1:0,6:6:9.4:75,19,0

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

Depth position
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 1/1:0,6:6:9.4:75,19,0

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

The Genotype Quality, or Phred-scaled 
confidence that the true genotype is 
the one provided in GT.
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The VCF format : example

SAMPLE_1

SAMPLE_2

chr1

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:48,0,26 1/1:0,6:6:9.4:75,19,0

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

These are normalized, Phred-scaled likelihoods for each of the 
0/0, 0/1, and 1/1, without priors.
Ex : PL(0/0) = 26, which corresponds to 10^(-2.6), or 0.0025
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The VCF format

➔ Small INDELs

➔ Multi-allelic variants

scaffold376 500 . CTT C 424.60 .
...

scaffold376 500 . C CT 434.60 .
...

Deletion
Insertion

scaffold376 577 . C A,T 2303.19 .
...
GT:AD:DP:GQ:PL 1/2:0,10,6:16:99:394,145,118,249,0,234 1/2:0,20,6:26:99:658,160,106,498,0,480
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The VCF header

##fileformat=VCFv4.1
##FORMAT=<ID=AD,Number=.,Type=Integer,Description="Allelic depths for the ref and alt alleles in the order listed">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth (reads with MQ=255 or with bad mates are filtered)">
##FORMAT=<ID=GQ,Number=1,Type=Float,Description="Genotype Quality">
##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=PL,Number=G,Type=Integer,Description="Normalized, Phred-scaled likelihoods for genotypes as defined in the VCF specification">
##INFO=<ID=AC,Number=A,Type=Integer,Description="Allele count in genotypes, for each ALT allele, in the same order as listed">
##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency, for each ALT allele, in the same order as listed">
##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of alleles in called genotypes">
##INFO=<ID=BaseQRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt Vs. Ref base qualities">
##INFO=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth; some reads may have been filtered">
##INFO=<ID=DS,Number=0,Type=Flag,Description="Were any of the samples downsampled?">
##INFO=<ID=Dels,Number=1,Type=Float,Description="Fraction of Reads Containing Spanning Deletions">
##INFO=<ID=FS,Number=1,Type=Float,Description="Phred-scaled p-value using Fisher's exact test to detect strand bias">
##INFO=<ID=HRun,Number=1,Type=Integer,Description="Largest Contiguous Homopolymer Run of Variant Allele In Either Direction">
##INFO=<ID=HaplotypeScore,Number=1,Type=Float,Description="Consistency of the site with at most two segregating haplotypes">
##INFO=<ID=InbreedingCoeff,Number=1,Type=Float,Description="Inbreeding coefficient as estimated from the genotype likelihoods per-sample when 
compared against the Hardy-Weinberg expectation">
##INFO=<ID=MQ,Number=1,Type=Float,Description="RMS Mapping Quality">
##INFO=<ID=MQ0,Number=1,Type=Integer,Description="Total Mapping Quality Zero Reads">
##INFO=<ID=MQRankSum,Number=1,Type=Float,Description="Z-score From Wilcoxon rank sum test of Alt vs. Ref read mapping qualities">
##INFO=<ID=QD,Number=1,Type=Float,Description="Variant Confidence/Quality by Depth">
##INFO=<ID=ReadPosRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt vs. Ref read position bias">
##INFO=<ID=SB,Number=1,Type=Float,Description="Strand Bias">
##UnifiedGenotyper="analysis_type=UnifiedGenotyper input_file=[L1_RG_s_realign_recal_q30.bam, L2_RG_s_realign_recal_q30.bam] 
read_buffer_size=null phone_home=STANDARD gatk_key=null read_filter=[] [...] 
##contig=<ID=scaffold376,length=1000>
##reference=file:///work/banks/genome.fasta
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT l1 l2
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The VCF header

VCF version

##fileformat=VCFv4.1
##FORMAT=<ID=AD,Number=.,Type=Integer,Description="Allelic depths for the ref and alt alleles in the order listed">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth (reads with MQ=255 or with bad mates are filtered)">
##FORMAT=<ID=GQ,Number=1,Type=Float,Description="Genotype Quality">
##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=PL,Number=G,Type=Integer,Description="Normalized, Phred-scaled likelihoods for genotypes as defined in the VCF specification">
##INFO=<ID=AC,Number=A,Type=Integer,Description="Allele count in genotypes, for each ALT allele, in the same order as listed">
##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency, for each ALT allele, in the same order as listed">
##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of alleles in called genotypes">
##INFO=<ID=BaseQRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt Vs. Ref base qualities">
##INFO=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth; some reads may have been filtered">
##INFO=<ID=DS,Number=0,Type=Flag,Description="Were any of the samples downsampled?">
##INFO=<ID=Dels,Number=1,Type=Float,Description="Fraction of Reads Containing Spanning Deletions">
##INFO=<ID=FS,Number=1,Type=Float,Description="Phred-scaled p-value using Fisher's exact test to detect strand bias">
##INFO=<ID=HRun,Number=1,Type=Integer,Description="Largest Contiguous Homopolymer Run of Variant Allele In Either Direction">
##INFO=<ID=HaplotypeScore,Number=1,Type=Float,Description="Consistency of the site with at most two segregating haplotypes">
##INFO=<ID=InbreedingCoeff,Number=1,Type=Float,Description="Inbreeding coefficient as estimated from the genotype likelihoods per-sample when 
compared against the Hardy-Weinberg expectation">
##INFO=<ID=MQ,Number=1,Type=Float,Description="RMS Mapping Quality">
##INFO=<ID=MQ0,Number=1,Type=Integer,Description="Total Mapping Quality Zero Reads">
##INFO=<ID=MQRankSum,Number=1,Type=Float,Description="Z-score From Wilcoxon rank sum test of Alt vs. Ref read mapping qualities">
##INFO=<ID=QD,Number=1,Type=Float,Description="Variant Confidence/Quality by Depth">
##INFO=<ID=ReadPosRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt vs. Ref read position bias">
##INFO=<ID=SB,Number=1,Type=Float,Description="Strand Bias">
##UnifiedGenotyper="analysis_type=UnifiedGenotyper input_file=[L1_RG_s_realign_recal_q30.bam, L2_RG_s_realign_recal_q30.bam] 
read_buffer_size=null phone_home=STANDARD gatk_key=null read_filter=[] [...] 
##contig=<ID=scaffold376,length=1000>
##reference=file:///work/banks/genome.fasta
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT l1 l2
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The VCF header

##fileformat=VCFv4.1
##FORMAT=<ID=AD,Number=.,Type=Integer,Description="Allelic depths for the ref and alt alleles in the order listed">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth (reads with MQ=255 or with bad mates are filtered)">
##FORMAT=<ID=GQ,Number=1,Type=Float,Description="Genotype Quality">
##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=PL,Number=G,Type=Integer,Description="Normalized, Phred-scaled likelihoods for genotypes as defined in the VCF specification">
##INFO=<ID=AC,Number=A,Type=Integer,Description="Allele count in genotypes, for each ALT allele, in the same order as listed">
##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency, for each ALT allele, in the same order as listed">
##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of alleles in called genotypes">
##INFO=<ID=BaseQRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt Vs. Ref base qualities">
##INFO=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth; some reads may have been filtered">
##INFO=<ID=DS,Number=0,Type=Flag,Description="Were any of the samples downsampled?">
##INFO=<ID=Dels,Number=1,Type=Float,Description="Fraction of Reads Containing Spanning Deletions">
##INFO=<ID=FS,Number=1,Type=Float,Description="Phred-scaled p-value using Fisher's exact test to detect strand bias">
##INFO=<ID=HRun,Number=1,Type=Integer,Description="Largest Contiguous Homopolymer Run of Variant Allele In Either Direction">
##INFO=<ID=HaplotypeScore,Number=1,Type=Float,Description="Consistency of the site with at most two segregating haplotypes">
##INFO=<ID=InbreedingCoeff,Number=1,Type=Float,Description="Inbreeding coefficient as estimated from the genotype likelihoods per-sample when 
compared against the Hardy-Weinberg expectation">
##INFO=<ID=MQ,Number=1,Type=Float,Description="RMS Mapping Quality">
##INFO=<ID=MQ0,Number=1,Type=Integer,Description="Total Mapping Quality Zero Reads">
##INFO=<ID=MQRankSum,Number=1,Type=Float,Description="Z-score From Wilcoxon rank sum test of Alt vs. Ref read mapping qualities">
##INFO=<ID=QD,Number=1,Type=Float,Description="Variant Confidence/Quality by Depth">
##INFO=<ID=ReadPosRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt vs. Ref read position bias">
##INFO=<ID=SB,Number=1,Type=Float,Description="Strand Bias">
##UnifiedGenotyper="analysis_type=UnifiedGenotyper input_file=[L1_RG_s_realign_recal_q30.bam, L2_RG_s_realign_recal_q30.bam] 
read_buffer_size=null phone_home=STANDARD gatk_key=null read_filter=[] [...] 
##contig=<ID=scaffold376,length=1000>
##reference=file:///work/banks/genome.fasta
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT l1 l2

Fields description
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The VCF header

##fileformat=VCFv4.1
##FORMAT=<ID=AD,Number=.,Type=Integer,Description="Allelic depths for the ref and alt alleles in the order listed">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth (reads with MQ=255 or with bad mates are filtered)">
##FORMAT=<ID=GQ,Number=1,Type=Float,Description="Genotype Quality">
##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=PL,Number=G,Type=Integer,Description="Normalized, Phred-scaled likelihoods for genotypes as defined in the VCF specification">
##INFO=<ID=AC,Number=A,Type=Integer,Description="Allele count in genotypes, for each ALT allele, in the same order as listed">
##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency, for each ALT allele, in the same order as listed">
##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of alleles in called genotypes">
##INFO=<ID=BaseQRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt Vs. Ref base qualities">
##INFO=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth; some reads may have been filtered">
##INFO=<ID=DS,Number=0,Type=Flag,Description="Were any of the samples downsampled?">
##INFO=<ID=Dels,Number=1,Type=Float,Description="Fraction of Reads Containing Spanning Deletions">
##INFO=<ID=FS,Number=1,Type=Float,Description="Phred-scaled p-value using Fisher's exact test to detect strand bias">
##INFO=<ID=HRun,Number=1,Type=Integer,Description="Largest Contiguous Homopolymer Run of Variant Allele In Either Direction">
##INFO=<ID=HaplotypeScore,Number=1,Type=Float,Description="Consistency of the site with at most two segregating haplotypes">
##INFO=<ID=InbreedingCoeff,Number=1,Type=Float,Description="Inbreeding coefficient as estimated from the genotype likelihoods per-sample when 
compared against the Hardy-Weinberg expectation">
##INFO=<ID=MQ,Number=1,Type=Float,Description="RMS Mapping Quality">
##INFO=<ID=MQ0,Number=1,Type=Integer,Description="Total Mapping Quality Zero Reads">
##INFO=<ID=MQRankSum,Number=1,Type=Float,Description="Z-score From Wilcoxon rank sum test of Alt vs. Ref read mapping qualities">
##INFO=<ID=QD,Number=1,Type=Float,Description="Variant Confidence/Quality by Depth">
##INFO=<ID=ReadPosRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt vs. Ref read position bias">
##INFO=<ID=SB,Number=1,Type=Float,Description="Strand Bias">
##UnifiedGenotyper="analysis_type=UnifiedGenotyper input_file=[L1_RG_s_realign_recal_q30.bam, L2_RG_s_realign_recal_q30.bam] 
read_buffer_size=null phone_home=STANDARD gatk_key=null read_filter=[] [...] 
##contig=<ID=scaffold376,length=1000>
##reference=file:///work/banks/genome.fasta
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT l1 l2

Tools & options used
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The VCF header

##fileformat=VCFv4.1
##FORMAT=<ID=AD,Number=.,Type=Integer,Description="Allelic depths for the ref and alt alleles in the order listed">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth (reads with MQ=255 or with bad mates are filtered)">
##FORMAT=<ID=GQ,Number=1,Type=Float,Description="Genotype Quality">
##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=PL,Number=G,Type=Integer,Description="Normalized, Phred-scaled likelihoods for genotypes as defined in the VCF specification">
##INFO=<ID=AC,Number=A,Type=Integer,Description="Allele count in genotypes, for each ALT allele, in the same order as listed">
##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency, for each ALT allele, in the same order as listed">
##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of alleles in called genotypes">
##INFO=<ID=BaseQRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt Vs. Ref base qualities">
##INFO=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth; some reads may have been filtered">
##INFO=<ID=DS,Number=0,Type=Flag,Description="Were any of the samples downsampled?">
##INFO=<ID=Dels,Number=1,Type=Float,Description="Fraction of Reads Containing Spanning Deletions">
##INFO=<ID=FS,Number=1,Type=Float,Description="Phred-scaled p-value using Fisher's exact test to detect strand bias">
##INFO=<ID=HRun,Number=1,Type=Integer,Description="Largest Contiguous Homopolymer Run of Variant Allele In Either Direction">
##INFO=<ID=HaplotypeScore,Number=1,Type=Float,Description="Consistency of the site with at most two segregating haplotypes">
##INFO=<ID=InbreedingCoeff,Number=1,Type=Float,Description="Inbreeding coefficient as estimated from the genotype likelihoods per-sample when 
compared against the Hardy-Weinberg expectation">
##INFO=<ID=MQ,Number=1,Type=Float,Description="RMS Mapping Quality">
##INFO=<ID=MQ0,Number=1,Type=Integer,Description="Total Mapping Quality Zero Reads">
##INFO=<ID=MQRankSum,Number=1,Type=Float,Description="Z-score From Wilcoxon rank sum test of Alt vs. Ref read mapping qualities">
##INFO=<ID=QD,Number=1,Type=Float,Description="Variant Confidence/Quality by Depth">
##INFO=<ID=ReadPosRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt vs. Ref read position bias">
##INFO=<ID=SB,Number=1,Type=Float,Description="Strand Bias">
##UnifiedGenotyper="analysis_type=UnifiedGenotyper input_file=[L1_RG_s_realign_recal_q30.bam, L2_RG_s_realign_recal_q30.bam] 
read_buffer_size=null phone_home=STANDARD gatk_key=null read_filter=[] [...] 
##contig=<ID=scaffold376,length=1000>
##reference=file:///work/banks/genome.fasta
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT l1 l2

Genome informations
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The VCF header

##fileformat=VCFv4.1
##FORMAT=<ID=AD,Number=.,Type=Integer,Description="Allelic depths for the ref and alt alleles in the order listed">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth (reads with MQ=255 or with bad mates are filtered)">
##FORMAT=<ID=GQ,Number=1,Type=Float,Description="Genotype Quality">
##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=PL,Number=G,Type=Integer,Description="Normalized, Phred-scaled likelihoods for genotypes as defined in the VCF specification">
##INFO=<ID=AC,Number=A,Type=Integer,Description="Allele count in genotypes, for each ALT allele, in the same order as listed">
##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency, for each ALT allele, in the same order as listed">
##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of alleles in called genotypes">
##INFO=<ID=BaseQRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt Vs. Ref base qualities">
##INFO=<ID=DP,Number=1,Type=Integer,Description="Approximate read depth; some reads may have been filtered">
##INFO=<ID=DS,Number=0,Type=Flag,Description="Were any of the samples downsampled?">
##INFO=<ID=Dels,Number=1,Type=Float,Description="Fraction of Reads Containing Spanning Deletions">
##INFO=<ID=FS,Number=1,Type=Float,Description="Phred-scaled p-value using Fisher's exact test to detect strand bias">
##INFO=<ID=HRun,Number=1,Type=Integer,Description="Largest Contiguous Homopolymer Run of Variant Allele In Either Direction">
##INFO=<ID=HaplotypeScore,Number=1,Type=Float,Description="Consistency of the site with at most two segregating haplotypes">
##INFO=<ID=InbreedingCoeff,Number=1,Type=Float,Description="Inbreeding coefficient as estimated from the genotype likelihoods per-sample when 
compared against the Hardy-Weinberg expectation">
##INFO=<ID=MQ,Number=1,Type=Float,Description="RMS Mapping Quality">
##INFO=<ID=MQ0,Number=1,Type=Integer,Description="Total Mapping Quality Zero Reads">
##INFO=<ID=MQRankSum,Number=1,Type=Float,Description="Z-score From Wilcoxon rank sum test of Alt vs. Ref read mapping qualities">
##INFO=<ID=QD,Number=1,Type=Float,Description="Variant Confidence/Quality by Depth">
##INFO=<ID=ReadPosRankSum,Number=1,Type=Float,Description="Z-score from Wilcoxon rank sum test of Alt vs. Ref read position bias">
##INFO=<ID=SB,Number=1,Type=Float,Description="Strand Bias">
##UnifiedGenotyper="analysis_type=UnifiedGenotyper input_file=[L1_RG_s_realign_recal_q30.bam, L2_RG_s_realign_recal_q30.bam] 
read_buffer_size=null phone_home=STANDARD gatk_key=null read_filter=[] [...] 
##contig=<ID=scaffold376,length=1000>
##reference=file:///work/banks/genome.fasta
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT l1 l2

Header line
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The VCF vs gVCF
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Variant annotation

➔  Where are my SNPs ?
➔  Known or unknown ?
➔  Which effects ?
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Variant annotation - SnpEff

http://snpeff.sourceforge.net/

http://snpeff.sourceforge.net/
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Variant annotation - SnpEff

SnpEff input(s) :
- vcf file
- (annotation => over 2500 genomes pre-built databases / build one yourself)

SnpEff outputs :
- html report
- vcf file (information added to the INFO fields)



115

VCF

VCF

Variant annotation – pipeline

➔ SnpEff : Variant effect and annotation
➔ SnpSift Intervals : Filter variants using intervals
➔ SnpSift Annotate SNPs from dbSnp
➔ SnpSift Filter : Filter variants using arbitrary expressions

VCF SnpEffSnpEff

HTML

SnpSiftSnpSift
intervalsintervalsVCF

SnpSiftSnpSift
annotateannotate

SnpSiftSnpSift
filterfilter

VCF
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SnpSift - Filter

Filter variants using arbitrary expressions

http://snpeff.sourceforge.net/SnpSift.html#filter

chr1 7 . C T 247.82 . [INFOS] GT:AD:DP:GQ:PL 0/1:2,3:5:9.2:20,0,15 0/1:2,3:5:9.01:10,1,6

chr1 19 . G A 124.34 . [INFOS] GT:AD:DP:GQ:PL 0/0:5,0:5:20.2:0,42,94 ./.

#CHR POS ID REF ALT QUAL FILTER [INFOS] FORMAT SAMPLE_1 SAMPLE_2

http://snpeff.sourceforge.net/SnpSift.html#filter
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SnpSift Filter – Variables        
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SnpSift - Filter on genotype fileds

Rq : You can create an expression using sample names instead of genotype numbers ! 
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SnpSift - Filter on EFF fileds
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SnpSift Filter - Available operands and functions      
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SnpSift Filter - Available operands and functions      
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VCF

SRASRA
ENAENA
[…][…]

fastqfastqFASTQ

SAMSAMSAM

BAMBAM

BAMBAM

Synthesis

Variants 
annotations/filters

Quality analysis

Mapping

SAM
manipulation

Pre-processing BAM filesVariant calling

Visualization

BAMBAMBAM
BAMBAMgVCFgVCF

FastQCFastQC

BWABWA

samtoolssamtools
(view/merge/(view/merge/

sort/...)sort/...)

IGVIGV

SNPeff / SNPsiftSNPeff / SNPsift

GATK / PicardGATK / Picard
Mark DuplicatesMark Duplicates

GATK (BQSR)GATK (BQSR)
RecalibrationRecalibration

GATKGATK
HaplotypeCallerHaplotypeCaller

GVCF modeGVCF mode

GATKGATK
CombineGVCFsCombineGVCFs

GATKGATK
GenotypeGVCFsGenotypeGVCFs
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Exercise / set 6
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http://gatkforums.broadinstitute.org/gatk/discussion/1259/which-training-sets-arguments-should-i-use-for-running-vqsr

Variant recalibration

http://gatkforums.broadinstitute.org/gatk/discussion/1259/which-training-sets-arguments-should-i-use-for-running-vqsr
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