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Exome sequencing data analysis for diagnosing a genetic 
disease

Galaxy Training! tutorial



Tutorial presentation

● Exome sequencing data from a family trio

● Boy child affected by a disease : osteopetrosis

● Parents unaffected but consanguineous

 Goal : Identify the genetic variation responsible for the disease
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Premapped reads

● Data characteristics for the trio :
○ Whole exome sequencing
○ Paired-end reads

● Steps already performed :
○ Quality control (fastq)
○ Read mapping (Human Hg19 assembly)

● Format available : bam format



Premapped reads upload
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Premapped reads upload

2 - Use self-explanatory names
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Premapped reads upload



Mapped reads postprocessing

Warning :
○ Depends on technology
○ Depends on goal
○ Depends on the pipeline used (steps, software, etc.)

1. Filter reads based on characteristics :
○ Retain only forward and reverse reads mapped successfully to the reference
○ Exclude possible contaminant DNA or sequencing artefact

2. Remove/Mark duplicate reads
○ PCR-overamplification of genomic fragment during sequencing library preparation



Mapped reads postprocessing - Filter reads
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Mapped reads processing - Filter reads

2 - Hold Ctrl key
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Mapped reads postprocessing - Duplicate reads
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Mapped reads postprocessing - Duplicate reads

How can we know ?



Mapped reads postprocessing - Duplicate reads

SO tag :

● Sorting order of alignments
● Unknown, unsorted, queryname (QNAME) or coordinate (RNAME/POS)

 Illumina read format :

● <instrument>:<run_number>:<flowcell_ID>:<lane>:<tile>:<x-pos>:<y-pos>

https://support.basespace.illumina.com/articles/descriptive/fastq-files/
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Mapped reads postprocessing - Duplicate reads
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4 - Depends on goal and 
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5 - Use default
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Mapped reads postprocessing - Duplicate reads

Duplicates 
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Optical 
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Mapped reads postprocessing - Duplicate reads

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



Mapped reads postprocessing - Duplicate reads
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Variant calling
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Variant calling
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Variant calling

1

2



Variant calling
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Variant calling - VCF
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Variant calling - VCF
Mandatory columns



Variant calling - VCF

Mandatory column



Variant calling - VCF

Genotypes
format

Father genotypes 
information

Proband genotypes 
information

Mother genotypes 
information



Variant calling
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Variant normalization
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Variant normalization



Variant normalization - Alleles



Variant normalization - Genotypes

Initial file

Normalized file



Variant filtering

Only Homozygous 
reference

Only Homozygous 
alternate

Do they bring some information in our case (proband affected)
if we only consider genotypes?



Variant filtering
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Variant filtering
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- Metrics (INFO, FORMAT)
- Boolean expressions : AND (&), OR (|), NOT 

(!), etc. 
- Operators : Less (<), Less or equal (<=), Equal 

(=), Different (!=), etc.
 https://samtools.github.io/bcftools/bcftools.html#expressions
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Variant annotation

1

2



Variant annotation
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Variant annotation
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Variant annotation
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Variant annotation - Content
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Variant annotation - Summary
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Variant annotation - Variants quality



Variant annotation - Insertions/Deletions



Variant annotation - Transitions/Transversions

https://en.wikipedia.org/wiki/Transversion
https://gatk.broadinstitute.org/hc/en-us/articles/360035531572-Evaluating-the-quality-of-a-germline-short-variant-callset



Variant annotation - Allele details



Variant annotation - Genotypes details



Variant annotation - Codon changes



Variant annotation - Amino acid changes



Variant annotation - Chromosomes details



Variant annotation - Genes information
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Variant annotation - ANN field
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Variant annotation - Examples

Synonymous

Missense

Intronic



Variant reporting - Pedigree
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Family ID

Individual Father ID

Mother ID

Sex (1: male; 2: female) Status (1: control; 2: case)



Variant reporting - Database creation
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Variant reporting - Database creation
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Variant reporting - Database creation
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Variant reporting - Database content
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Variant reporting - Querying
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Variant reporting - Querying

Which inheritance 
pattern to select ?



Variant reporting - Inheritance pattern

https://en.wikipedia.org
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https://en.wikipedia.org



Variant reporting - Inheritance pattern

● Autosomal de-novo : mutation on autosomes (chr1-22), mutation not present 
in parents

● X-linked de-novo : mutation on the sex chromosome X, mutation not present 
in parents

● Compound heterozygous : 2 or more recessive alleles at a particular locus
● Violation of mendelian laws :

○ LOH : Loss of Heterozygosity, cross chromosomal event resulting in in loss of an entire gene 
and the surrounding chromosomal region

○ Plausible de-novo : parents are homozygous reference, offspring is heterozygous
○ Implausible de-novo : parents are homozygous reference, offspring is homozygous alternate
○ Uniparental disomy : one parent and the offspring are homozygous reference, the other parent 

is homozygous alternate OR one parent and the offspring are homozygous alternate and the 
other parent is homozygous reference
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Variant reporting - Querying
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Variant reporting - Results

1



Variant reporting - Results



Variant reporting - Results



Variant reporting - Results

Most likely variant 
candidate for child’s 

disease ?



Variant reporting - Results


