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Objectives 

By the end of this session, you will 
1.! Know the tools and workflows in variant 

calling 

2.! Understand the file formats 

3.! Perform variant calling 

4.! Perform functional annotation of the variants 

5.! Visualize the variants in a genome browser 

6.! Understand the importance of benchmarking 
and validation of workflows 
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Major Genome Projects - 1000 Genomes Project 

! ! The first project to sequence the genomes of a large 
number of people, to provide a comprehensive resource 
on human genetic variation 

! ! Launched in 2007 

! ! Genomes of about 2500 unidentified people from about 
25 populations around the world at 4X coverage 

! ! Discovery of  SNP, variants at low frequencies (0.1-0.5%), 
and structural variants.  

 

http://www.1000genomes.org 



African Genome Variation Project 

doi:10.1038/nature13997 



Major Genome Projects - UK10K 

! ! To understand the link between low-frequency 
and rare genetic changes, and human disease.  

 

http://www.uk10k.org 



The 100,000 Genomes Project 

http:// www.genomicsengland.co.uk  



Saudi Human Genome Project 

http:// rc.kfshrc.edu.sa/ sgp / Index.asp  

! ! 3 year project to find genes responsible for genetic 
diseases 

! ! Launched in 2013 

! ! Aim:  To eliminate the recessive genetic diseases from 
the population in 5 years, through a process of discover, 
screening and pre-marital counselling  



Major Genome Projects - Genome 10K Project 

! ! Launched in April 2009 at the University of 
California, Santa Cruz.  

! ! To assemble a genomic zoo  

! ! Target: 10,000 vertebrate species; Achieved: 
more than 16,000  vertebrate species 

            https://genome10k.soe.ucsc.edu 



Major Genome Projects -  i5k 

! ! i5k Genome Sequencing Initiative for Insects and Other 
Arthropods 

! ! Launched in 2011 

! ! Sequence and analyse the genomes of 5,000 arthropod species     

               http:// www.arthropodgenomes.org /wiki/i5K 



Major Transcriptome Projects - Fish-T1K 

! ! Fish-T1K: Transcriptomes of 1,000 Fishes 
! ! Launched in November 2013 

! ! BGI, Marine Genomics institute (Shenzhen, China) 

! ! Phylogenetic tree of all fishes 

! ! Adaptations 

! ! Evolution of sex-determining systems 
! ! Evolution of the immune system 

                       

                    http://www.fisht1k.org 



Major Transcriptome Projects - 1KITE 

! ! 1K Insect Transcriptome Evolution 
! ! Launched in 2012 

! ! BGI, Marine Genomics institute (Shenzhen, China) 

! ! Completed for more than 1,200 species 

                       

                   http://www.1kite.org 



Genomics Projects Database 

! ! The African Genome Variation Project 
! ! The ENCODE Project: ENCyclopedia Of DNA Elements 

! ! Genomics of inflammation and immunity Ð WT 

Genomes OnLine  Database (GOLD) 
Started in 1997; Over 60,000 projects 

https:// gold.jgi-psf.org  



Genomics Projects 

Status of Approved Sequencing Targets 
https:// www.genome.gov /27557963  



Cancer Genome Projects Ð TCGA 

The Cancer Genome Atlas (TCGA) 
http:// cancergenome.nih.gov 



Cancer Genome Projects - ICGC 

https:// icgc.org 



 Cancer genome project 

! ! Wellcome  Trust initiative  
! ! Part of the International Cancer Genome Consortium 

 

https:// www.sanger.ac.uk/research/projects/
cancergenome / 



 Large NGS projects in Glasgow 

! ! Leading Pancreatic Cancer Centre in the world   
 

http:// www.glasgowcancer.org/Research/Pancreatic-
Cancer- Team.html  



 Large NGS projects in Glasgow 

http://www.stratmed.co.uk/  
http://www.race-gbn.org/  

http://www.glazgodiscoverycentre.co.uk/   

I am working in two stratified medicine biomarker 
discovery projects 



 Think!  

Our journey from 2001 
 One human genome to 100,000 genomes 

 
What led to this fast pace improvement? 

 NGS (Technological improvements) 
 Bioinformatics (Efficient tools) 

 
Where are we heading to ?????? 

 Polyomics , Clinical and omics  data 
integration, Stratified medicine, Systems 
biology, Virtual cell/organ/human ÉÉ. 



Genetic Variation 

"a change / changes in the genomic sequence compared with the 
reference genomic sequenceÓ 
 
E.g., Substitution, Indel , Copy number variation, Translocation, 
Polyploidy or Aneuploidy  



Genetic Variation 
Nucleus of a human somatic cell contains 46 chromosomes (23 pairs) 

¥! 22 autosomal pairs + 1 pair of sex chromosomes XX or XY 
¥! One set of chromosomes inherited from each parent 
¥! Mitochondrial circular DNA in cytoplasm from mother 

 

Germline  mutation  
¥! Mutation inherited from the parents 
¥! Fertilization ( syngamy): Unique mixture resulting from four 

genetically unique haploid strands of the maternal and paternal 
chromosomes 

¥! Independent assortment, genetic linkage and linkage 
disequilibrium (Meiosis) 

 

Somatic mutation  
¥! Not inherited from parents 
¥! Acquired from spontaneous mutations during DNA replicatio n 

(Mitosis) 
¥! Frequent in tissues with high cell turnover (e.g., intestinal  villi) 
¥! Results in cancer 



ÒVariationÓ or ÒPolymorphismÓ Ð  
Nomenclature for the description of sequence variants 

¥! Polymorphism 

¥! A change found at a frequency of 1% or higher in the 
population  

¥! Generally a non disease-causing change  

¥! Single Nucleotide Polymorphism (SNP) and Copy 
Number Polymorphism (CNP) 

¥! Pathogenic variant, affects function, variants of unknow n 
significance (VUS) 

¥! Human Genome Variation Society (HGVS)  
http://www.hgvs.org/mutnomen/  



General recommendations of the HGVS 
¥! All variants should be described at the most basic level, 

i.e. the DNA level 

¥! Descriptions should always be in relation to a reference 
sequence 

¥! Describing genes / proteins, only official HGNC gene 
symbols should be used 

¥! Should be preceded by a letter indicating the type of 
reference sequence used:  

¥! Ôc.Õ for a coding DNA sequence (e.g.,  c.76A>T) 

¥! Ôg.Õ for a genomic sequence (e.g., g.476A>T)  

¥! Ôm.Õ for a mitochondrial sequence (e.g., m.8993T>C)  

¥! Ôn.Õ for a non-coding RNA sequence 

http://www.hgvs.org/mutnomen/recs.html   



Types of Genome Sequence Variants 

¥! Single Nucleotide Variant (SNV ) or Single 
Nucleotide Polymorphism ( SNP) 



Types of Genome Sequence Variants 

¥! Single Nucleotide Variant (SNV ) or Single Nucleotide 
Polymorphism ( SNP) 

¥! A single nucleotide Ñ A, T, C or G Ñ in the genome 
differs between members of a population 

¥! Bi-allelic or Multi-allelic 

¥! Can be in the coding sequences of genes, non-coding 
regions of genes or in the intergenic region 

¥! SNPs occur one in every 300 nucleotides, roughly 10 
million SNPs in the human genome (minor allele 
frequency >1%) 



Types of Genome Sequence Variants 

¥! Small insertions and deletions (Indel ) 

¥! Insertion / deletion of bases 

¥! Ranges from 1 to 10,000 bp in length 

¥! Can be in the coding sequences of genes, non-coding 
regions of genes or in the intergenic region 

¥! Structural variation ( SV) 

¥! Approximately 1 kb and larger in length 

¥! Inversions and translocations or copy number variants 
(CNV s) 



Sequence Variants Ð Frameshift Mutation 

https://www.genome.gov/dmd/img.cfm?
node=Photos/Graphics&id=85168   



Copy number variation (CNV) 

https://www.genome.gov/dmd/img.cfm?node=Photos/Graphics& id=85286   





Sequence Variants Ð Nonsense Mutation 

https://www.genome.gov/dmd/img.cfm?node=Photos/Graphics& id=85207   



Sequence Variants Ð Missense Mutation 

https://www.genome.gov/dmd/img.cfm?node=Photos/Graphics& id=85201  
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File formats and conventions - FASTA  

¥! First used by Bill Pearson 

¥! A single-line description (defline), followed by lines of 
sequence data 

¥! The defline has a greater-than (">") symbol at the 
beginning 

¥! Traditionally the sequence lines are limited to a width of 60 
characters 

 
>MT:647-1601 
AATAGGTTTGGTCCTAGCCTTTCTATTAGCTCTTAGTAAGATTACACATGCAAGCATCCC 
CGTTCCAGTGAGTTCACCCTCTAAATCACCACGATCAAAAGGAACAAGCATCAAGCACGC 
AGCAATGCAGCTCAAAACGCTTAGCCTAGCCACACCCCCACGGGAAACAGCAGTGATTAA 
CCTTTAGCAATAAACGAAAGTTTAACTAAGCTATACTAACCCCAGGGTTGGTCAATTTCG 



File formats and conventions - FASTQ  

¥! FASTQ files have sequence and quality data (PHRED quality 
score), and the quality values are single-byte encoded. 

¥! Reference: DOI: 10.1093/ nar /gkp1137 

 
@NS500205:27:H15V6BGXX:1:11101:11986:1033 1:N:0:8 
GCCCTNAGCGACCTGCACGCGCACAAGCTTCGGGTNGACCCGGTCAACTTCAAGCTCCTAAGCCACNGCCTGC 
+ 
AAAAA#AFFF<FFFFFFFFFFFFFF<FFFFFFFFF#F<FFFFFFFF<FFFAFFFFFFFFFFFFFAF#FFFFFF 
 
 
@NS500205:27:H15V6BGXX:1:11101:8152:1033 1:N:0:8 
GCAAANCTGAAACTTAAAGGAATTGACGGAAGGGCNCCACCAGGAGAGGAGACTGCGGCTTAAAAANACACA 
+ 
)A<A<#)FF<AFFFF<<.FAFAFF))FA<A)F..<#)F.A)FFF<F<..F..F.AF.)F.FFF.FA#)7)F. 



File formats and conventions - GFF / GTF  
¥! Generic Feature Format (GFF) / Gene Transfer Format 

(GTF) 

¥! GFF2 = GTF 

 

¥! One line per feature, each containing 9 tab-separated 
columns of data, plus optional track definition lines 

 

¥! ID, Source, Feature type name, Start, End, Score, Strand, 
Frame, Attribute and track definition 

     

¥! http://www.ensembl.org/info/website/upload/gff.html 

¥! http://www.sequenceontology.org/gff3.shtml  



File formats and conventions - SAM / BAM  

¥! SAM stands for Sequence Alignment/Map format 

¥! https://samtools.github.io/hts-specs/SAMv1.pdf  

¥! TAB-delimited text format with a header section, and an 
alignment section 

¥! The header lines begin with the character Ô@Õ 

¥! The alignment lines have 11 mandatory fields and optional 
aligner specific fields  

¥! BAM Format Ð 64Kb BGZF block compression on top of the 
standard gzip format   



File formats and conventions - SAM / BAM  

¥! SAM - 1-based coordinate system 

¥! BAM - 0-based coordinate system 

¥! Supports random access through indexing 

¥! BAI index file 



File formats and conventions - VCF 

¥! Variant Call Format (VCF) 

¥! http://www.1000genomes.org/wiki/Analysis/
vcf4.0  

¥! VCF contains meta-information lines, a header 
line, and data lines. 

¥! Meta-information begins with ## string, often as 
key=value pairs 

¥! The data lines each containing information about a 
position in the genome 



File formats and conventions - VCF 
8 mandatory columns: 

1.! #CHROM 

2.! POS 

3.! ID 

4.! REF 

5.! ALT 

6.! QUAL 

7.! FILTER 

8.! INFO 

FORMAT (parameters) and values for each Sample 
e.g. GT:GQ:DP:RO:QR:AO:QA:GL       1/1:17.0545:1:0:0:1:40:-4,-0.30103,0 



File formats and conventions - BED 
¥! The Browser Extensible Data (BED) format was developed by 

UCSC Genome Bioinformatics team to display data lines for 
genome browser annotation tracks 

¥! The BED format consists of one line per feature, each 
containing 3-12 columns of data, plus optional track definition 
lines   

¥! Required fields: chrom, chromStart  and chromEnd 

¥! Optional fields: name, score, strand, thickStart , thickEnd  and 
itemRgb 

¥! Track lines: space-separated key=value pairs 

¥! 0-based coordinate system 

https://genome.ucsc.edu/FAQ/FAQformat.html#format1     

http://www.ensembl.org/info/website/upload/bed.html  !



Coordinate Systems 
¥! 1-based coordinate system:  The first base of a sequence 

is one. 

¥! Region is specified by a closed interval. Eg. The region 
between the 3rd and the 7th bases inclusive is [3,7]. 

¥! SAM, VCF and GFF formats, and Ensembl 

 

¥! 0-based coordinate system: the first base of a sequence 
is zero. 

¥! a region is specified by a half-closed-half-open interval. 
Eg. The region between the 3rd and the 7th bases 
inclusive is [2,7]. 

¥! BAM, BED formats, and RefSeq and UCSC  
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Reference databases 
¥! NCBI Ð RefSeq  http://www.ncbi.nlm.nih.gov/refseq  

¥! UCSC          http://genome.ucsc.edu    

¥! Ensembl     http://www.ensembl.org/index.html  

¥! dbSNP: Database for Short Genetic Variations   
http://www.ncbi.nlm.nih.gov/SNP/index.html  

¥! dbVar: Database of genomic structural variations 
http://www.ncbi.nlm.nih.gov/dbvar       
http://www.ncbi.nlm.nih.gov/dbvar/content/overview  

¥! ClinVar: Genomic variations and their relationship 
to human health and disease 

¥! dbGaP: Database of Genotypes and Phenotypes 
(interactions of genotypes and phenotypes) 
http://www.ncbi.nlm.nih.gov/gap  



Reference databases 

¥! NCBI Ð RefSeq  http://www.ncbi.nlm.nih.gov/refseq  

¥! UCSC          http://genome.ucsc.edu    

¥! Ensembl      http://www.ensembl.org/index.html  

 

¥! UCSC/RefSeq and Genome Reference Consortium 
(GRCh) 

¥! hg18, hg19, hg38 = GRCh36, GRCh37, GRCh38 

¥! Latest version - hg38 (GRCh38) 

¥! Differences in naming chromosomes and sorting order 



Ensembl Human Assembly and Annotation 
¥! Database version:   79.38  (Jan 2015) 
¥! Base Pairs:    3,384,269,757 
 
¥! Gene counts (Primary assembly) 

¥! Coding genes:   20,300 

¥! Non coding genes:   24,885 

¥! Small non-coding genes:  7,715 

¥! Long non-coding genes:  14,863 

¥! Pseudogenes:    14,424 

¥! Gene transcripts:   198,622 

¥! Short Variants:   65,897,584 

¥! Structural variants:   4,168,103 



Reference databases 
¥! dbSNP : 

¥! Central repository for SNPs and Indels; Established in 
September 1998 

¥! Information for variants: Population, Sample Size, allele  
frequency, genotype frequency, heterozygosity, etc 

¥! High False Positive rate; About 40% not validated SNPs 

 

 

 

 

¥! ClinVar : ClinVar aggregates information about genomic 
variation and its relationship to human health. 

http://www.ncbi.nlm.nih.gov/clinvar   



HGVS databases 

¥! Locus Specific Mutation Databases 

¥! Disease Centered Central Mutation Databases 

¥! National & Ethnic Mutation Databases 

¥! Mitochondrial Mutation Databases 

¥! Chromosomal Variation Databases 

¥! Other Mutation Databases 

¥! Clinical & Patient Aspects Databases 

¥! Non Human Mutation Databases 

¥! Artificial Mutations Only 

http://www.hgvs.org/content/databases-tools   
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Variant analysis workflow 



Open source tools for QC before mapping 

¥! Remove non genomic sequences (barcodes, adapter, É) 

¥! Remove contaminations (PRINSEQ, DeconSeq) 

¥! Quality Trimming Ð Remove bad quality reads 

¥! FASTQC - http://www.bioinformatics.babraham.ac.uk/projects/fastqc  

¥! Cutadapt - https://code.google.com/p/cutadapt  

¥! Sickle - https://github.com/ucdavis-bioinformatics/sickle  

¥! Scythe - https://github.com/vsbuffalo/scythe    

¥! Fastx toolkit - http://hannonlab.cshl.edu/fastx_toolkit  

¥! DeconSeq - http://deconseq.sourceforge.net  

¥! PRINSEQ - http://prinseq.sourceforge.net  



Open source tools for alignment 
Mapping with reference genome 

¥! Burrows-Wheeler Aligner (BWA) 
http://bio-bwa.sourceforge.net   

¥! Bowtie 2  
http://bowtie-bio.sourceforge.net/bowtie2/index.shtml  

 

Quality check of alignment 

¥! Qualimap - http://qualimap.bioinfo.cipf.es  

¥! Picard - https://broadinstitute.github.io/picard  

¥! Samtools - http://samtools.sourceforge.net      
http://www.htslib.org   

¥! Bamstats - http://bamstats.sourceforge.net   



BAM pre-processing 

¥! Sorting 

¥! Coordinate sorting Ð Picard / Samtools 

 

¥! Remove / mark PCR duplicates:  Picard / 
Samtools 

 

¥! Local Realignment Around Indels  - GATK 

 

¥! Base Quality Score Recalibration (BQSR) - 
GATK 



Variant Discovery 
¥! SAMTools   http://samtools.sourceforge.net       

   http://www.htslib.org  

¥! GATK   https://www.broadinstitute.org/gatk  

¥! Platypus   http://www.well.ox.ac.uk/platypus  

¥! Freebayes  https://github.com/ekg/freebayes   

¥! BreakDancer  http://breakdancer.sourceforge.net   

¥! Pindel  (doi: 10.1093/bioinformatics/btp394) 

¥! Dindel https://www.sanger.ac.uk/resources/software/dindel   



Variant Annotation 

¥! GATK- VariantAnnotator 

¥! SnpEff  http://snpeff.sourceforge.net  

¥! ANNOVAR http://annovar.openbioinformatics.org  

¥! Ensembl  - Variant Effect Predictor 
http://www.ensembl.org/info/docs/tools/vep/index.html  

¥! PheGenI  - Phenotype-Genotype Integrator 
http://www.ncbi.nlm.nih.gov/gap/phegeni   

¥! Variation Reporter - accessing the content of 
NCBI human variation resources 
http://www.ncbi.nlm.nih.gov/variation/tools/reporter   



Variant Interpretation 
We are interested in identifying the consequences of every 
variation 

¥! Genomic location Ð coding, non-coding region,.... 

¥! Co-located known variants 

¥! SIFT: (http://sift.jcvi.org ) predict if an amino acid 
substitution affects protein function  

¥! PolyPhen : (http://genetics.bwh.harvard.edu/pph2 ) 
predict possible impact of an amino acid substitution on t he 
structure and function of a protein 

¥! SuSPect : (http://www.sbg.bio.ic.ac.uk/~suspect ) 
sequence-, structure- and systems biology-based features to 
predict the phenotypic effects of missense mutations 

¥! MutationTaster  (http://www.mutationtaster.org ) 



Variant Filtering 

¥! Variant filtering with Variant Quality Score 
Recalibration (VQSR) - GATK 

¥! Filter by minor allele frequency (MAF) 

¥! Results for variants in coding regions only 

¥! Show selected consequence only 

¥! Transition Transversion  Ratio (Ti/ Tv ) 

¥! https://github.com/ekg/vcflib  

¥! http://vcftools.sourceforge.net/index.html   



Variant Visualization 

¥! Examine the results using a genome browser 

¥! IGV   https://www.broadinstitute.org/igv/home  

¥! UCSC Genome Browser 

¥! Tablet http://ics.hutton.ac.uk/tablet  
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Importance of benchmarking and validation 

http://www.horizondx.com/scientific-support/sanger-qpcr-sequ encing/
ffpe-sections.html   



Benchmarking and Validation 

http://www.bioplanet.com/gcat   



Benchmarking and Validation 

http://www.bioplanet.com/gcat   



Benchmarking and Validation 

http://www.bioplanet.com/gcat   



Benchmarking and Validation 

http://www.bioplanet.com/gcat   



Benchmarking and Validation 

¥! NIST - Genome in a Bottle Consortium 
https://sites.stanford.edu/abms/giab  

¥! A public-private-academic consortium initiated by NIST to dev elop the 
technical infrastructure (reference standards, reference methods, and 
reference data) to enable translation of whole human genome 
sequencing to clinical practice. 



Benchmarking and Validation 

¥! Horizon Diagnostics Q-Seq HDxª Reference 
Standards http://www.horizondx.com/products/q-seq-ngs.html   



Benchmarking and Validation 

¥! GCAT  Ð Genome Comparison & Analytic Testing 
http://www.bioplanet.com/gcat/ 

¥! GCAT  is a collaborative platform for comparing multiple 
genome analysis tools across a standard set of metrics.  



Benchmarking and Validation 

Validated, scalable and community developed 
analysis pipelines 
https://github.com/chapmanb/bcbio-nextgen   
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Hail Galaxy! 
¥! Galaxy is available online, for free, to every one! 

¥! Empowering biologists! 

¥! Democratizing computational resources and 
skills! 

¥! Free access to high-performance computers and 
free data storage (250 GB or more)  

¥! Free tools and workflows 

¥! Training Ð workshops and online 

¥! Dedicated person/team to answer your queries 

¥! Active community 

¥! Sharing best practices, workflows, histories and 
data 



Life Before Galaxy! 



Mitochondrial Heteroplasmy Analysis 

¥! This example is based on the Galaxy NGS 101 
tutorial available at 
https://wiki.galaxyproject.org/Learn/
GalaxyNGS101  

 

¥! I have borrowed slides from Dave Clements 
https://wiki.galaxyproject.org/Documents/
Presentations?
action=AttachFile&do=view&target=ESHG_2015_
Variant.pdf  





Mitochondrial Heteroplasmy    

Mitochondrial heteroplasmy - the existence of 
different mtDNA sequences within an individual due 
to somatic or inherited mutations 

Dataset: Publicly available  
http://www.ncbi.nlm.nih.gov/sra/SRP047378   



Mitochondrial Heteroplasmy Dataset 

¥! 39 healthy motherÐchild pairs 

¥! Two tissues: Blood and Buccal mucosa  

¥! 156 samples (39 mothers !  2 tissues + 39 children !  2 
tissues)  

¥! Amplicons: mtDNA from two overlapping 9-kb fragments 

¥! Nextera XT  libraries 

¥! MiSeq 250bp paired-end reads  

¥! ~1 million reads per sample (~60x coverage) 

¥! For the workshop purpose Ð two samples  

¥! Mother and child blood samples  



Mitochondrial Heteroplasmy Analysis 

¥! I have shared and published the history of this 
analysis performed live on this workshop (
https://wiki.galaxyproject.org/Events/
Glasgow2015) 

¥! The analysis history is available at: 
https://test.galaxyproject.org/u/mmudaliar/h/
variantcallingglasgowworkshop20150609manimud
aliar   

¥! Updated slides used in this section are available at: 
http://www.slideshare.net/drmani_vet     



Galaxy Analysis Ð QC and Manipulation 
¥! Import Data into current history 

¥! Shared Data B» Data Libraries B» Training B» 
Heteroplasmy B» M512 and import  

¥! M512-bl_1 Ð Mother, Blood, Forward  

¥! M512-bl_2 Ð Mother, Blood, Reverse  

¥! M512C2-bl_1 Ð Child, Blood, Forward  

¥! M512C2-bl_2 Ð Child, Blood, Reverse  

¥! FastQC  

¥! Adapter trimming - Paired-end mode Cutadapt or 
Trimmomatic 

¥! Quality trimming? 

¥! Trim off the first 12bp? See FastQC report 



Galaxy Analysis - Mapping 

¥! Reference genome  B»  Homo sapiens b38/
hg38 

¥! Samples - M512-bl_1, M512-bl_2, M512C2-
bl_1 & M512C2-bl_2 

 

¥! Map with BWA-MEM 

¥! Set Read group ID, Read Group Sample 
Name , Library Name, Platform unit 



Galaxy Analysis Ð BAM manipulations 

¥! Remove PCR duplicates Ð Picard  
MarkDuplicates 

¥! Remove Duplicates B» Yes 

 

 

¥! Filter Bam - NGS BAM Tools B» Filter 

¥! Mapping Quality B» >=20  

¥! Insert Filter B» isProperPair : Yes 

¥! Insert Filter B» reference: chrM 



Galaxy Analysis Ð Variant analysis 
¥! Variant Calling Ð NGS: Variant Analysis B» 

FreeBayes  - bayesian genetic variant detector 

¥! Sample BAM file B» Mother.bam  

¥! Sample BAM file B» Child.bam 

¥! Using reference genome B» hg38 

¥! Limit to Region B» chrM,   Start 1,   End 16,500 

¥! Choose parameter selection level B» Complete list of all 
option 

¥! Set population model? B» Yes 

¥! Set ploidy for the analysis B» 1 

¥! Output all alleles which pass input filters, regardless of 
genotyping outcome or model B» Yes (--pooled-
continuous)  



Galaxy Analysis Ð Variant analysis 

¥! Ploidy for the analysis B» 1 (Remember we are 
analyzing Mitochondrial variation! ) 

¥! --pooled-continuous ( Remember the buzzword 
heteroplasmy!) 

¥! FreeBayes can act as a frequency-based pooled 
caller and describe variants and haplotypes in 
terms of observation frequency rather than called 
genotypes. To do so, use --pooled-continuous 
and set input filters to a suitable level. Allele 
observation counts will be described by AO and 
RO fields in the VCF output. 



Galaxy Analysis Ð Variant analysis 
¥! VCF filtering Ð NGS: VCF Manipulation B» 

VCFfilter : filter VCF data in a variety of attributes 

¥! Specify filtering expression B» -f ÒDP > 10Ó Ðf ÒQUAL 
>30Ó 



Galaxy Analysis Ð Variant analysis 

Try yourself 

¥! Compare variants between Mother and Child 

¥! Allele observation counts - AO and RO fields in the VCF 
file  

¥! NGS: VCF Manipulation B» VCFselectsamples: Select 
samples from a VCF dataset  

¥! NGS: VCF Manipulation B» VCF-VCFintersect: Intersect 
two VCF datasets 

¥!  NGS: VCF Manipulation B» VCFcommonSamples: Output 
records belonging to samples commong between two 
datasets 



Galaxy Analysis Ð Variant annotation 
http://www.ensembl.org/Homo_sapiens/Tools/VEP/   



Galaxy Analysis Ð Variant annotation 



FreeBayes 

Best practices philosophy ÉÉÉ 

¥! Indel  realignment is accomplished internally 

¥! Base quality recalibration is avoided 

¥! Variant quality recalibration is avoided  

"#$%&''()*"+,-./0' 12('3411,561%!



Benchmarking and Validation 

http://bcb.io/2013/10/21/updated-comparison-of-variant-dete ction-
methods-ensemble-freebayes-and-minimal-bam-preparation-pipelines / 



For Sequencing and Bioinformatics Data 
Analysis Collaborations 

 
Please contact: Allison Jackson 

Allison.Jackson@glasgow.ac.uk    

Glasgow Polyomics 
College of Medical, Veterinary and Life Sciences 

University of Glasgow 

http://www.polyomics.gla.ac.uk/enquiry.php  

Reach me:  
Manikhandan.Mudaliar@glasgow.ac.uk  

https://twitter.com/ManiMudaliar  
https://uk.linkedin.com/in/mudaliar    


