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Human whole genome sequencing
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Click on the image above to jump to a chromosome, or click and drag to select a region

Summary

Assembly GRCh37.p13 (Genome Reference Consortium Human Reference 37), INSDC Assembly GCA_000001405.14,
Feb 2009

Database version 75.37

Base Pairs 3,326,743,047

http://ensembl.org/Homo_sapiens/Location/Genome


http://ensembl.org/Homo_sapiens/Location/Genome

High throughput sequencing
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Variant calling

Aligned Reads
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Reference

http://en.wikipedia.org/wiki/SNV_calling_from_NGS_data
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Scale: exome to whole genome

The haploid human genome sequence
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SNPs and Indels
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Structural variations
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http://www.nature.com/nmeth/journal/v9/n2/full/nmeth.1858.html
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Germline population calling
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http://blog.goldenhelix.com/grudy/the-state- of-ngs-variant-calling-dont-panic/
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Genome Analysis Toolkit (GATK)

The Genome Analysis Toolkit or GATK is a
software package developed at the Broad Institute
to analyze high-throughput sequencing data. The
toolkit offers a wide variety of tools, with a primary
focus on variant discovery and genotyping as well
as strong emphasis on data quality assurance. lts
robust architecture, powerful processing engine

and high-performance computing features make it
capable of taking on projects of any size.

https://www.broadinstitute.org/gatk/


https://www.broadinstitute.org/gatk/

GATK Best Practices
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HaplotypeCaller
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http://gatkforums.broadinstitute.org/discussion/5464/workshop-presentations-2015-uk-4-20-24
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Joint calling on large populations

Analysis-ready
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HaplotypecCaller
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GenotypeGVCFs

Raw VCF file

http://gatkforums.broadinstitute.org/discussion/5464/workshop-presentations-2015-uk-4-20-24
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Support and availability

Getting Licensing &
Help Source Code

Licensing & Source Code

Free for academics, fee for commercial Direct licensing and support through
use Broad

https://github.com/broadgsa


https://github.com/broadgsa

FreeBayes
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https://github.com/ekg/freebayes


https://github.com/ekg/freebayes

Filtering — hard cutoffs

filters = ('((AC[8] / AN) <= 0.5 && DP < 4 && %QUAL < 20) || '
"(DP < 13 &% %QUAL < 10) || '
"((AC[@] / AN) > 0.5 && DP < 4 && %QUAL < 50)')

http://bcb.i0/2014/05/12/wgs-trio-variant-evaluation/


http://bcb.io/2014/05/12/wgs-trio-variant-evaluation/

Filtering — Variant Quality Score Recalibration
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http://gatkforums.broadinstitute.org/discussion/5464/workshop-presentations-2015-uk-4-20-24
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Cancer somatic calling

Amino acid
Tumor :gzg:: Chr. Position Mutation change
sample . iccerr 110379 C>T Ser > Asn
4 26081 G>A  Ag>Llys
Matched , cornn 2 16205 T>C  Glu>Asp
normal  arcercera 7 38252 G>T Gl=Tm
sample  GATTTCCTT
Comparative ; - —
whole-genome or exome  List of somatic or tumor-specific
sequencing mutations leading to amino

acid changes

http://www.nature.com/nmeth/journal/vi0/n8/fig_tab/nmeth.2562_F1.html


http://www.nature.com/nmeth/journal/v10/n8/fig_tab/nmeth.2562_F1.html

Cancer heterogeneity
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http://en.wikipedia.org/wiki/Tumour_heterogeneity


http://en.wikipedia.org/wiki/Tumour_heterogeneity

Not a solved problem

Four major genome centers predicted
single-nucleotide variants (SNV5s) for The
Cancer Genome Atlas (TCGA) lung cancer
samples, but only 31.0% (1,667/5,380) of
SNVs were identified by all four.

http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.3407.html


http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.3407.html

MuTect

m Broad GATK UnifiedGenotyper based
m SNP only

https://www.broadinstitute.org/cancer/cga/mutect


https://www.broadinstitute.org/cancer/cga/mutect

VarDict

m AstraZeneca
m SNP + Insertion/Deletions
m Works on very deep targeted data

https://github.com/AstraZeneca-NGS/VarDictJava


https://github.com/AstraZeneca-NGS/VarDictJava
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Reference materials
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ICGC-TCGA DREAM Mutation Calling challenge

http://www.genomeinabottle.org/
http://gadgh.org/#/benchmarking-team
https://www.synapse.org/#!Synapse:syn312572
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Validate and compare caller performance

DREAM synthetic 3 whole genome: Ensemble, MuTeclt/scalpel, VarDict, FreeBayes, VarScan
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Effects prediction
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http://www.ensembl.org/info/genome/variation/predicted_data.html

Tools for effects predictions

m snpEff

http://snpeff.sourceforge.net/

m Variant Effect Predictor (VEP) from Ensembl

http://www.ensembl.org/info/docs/tools/vep/index.html


http://snpeff.sourceforge.net/
http://www.ensembl.org/info/docs/tools/vep/index.html

Annotation and analysis — GEMINI

peo]
Annotate every '

: B dbSNP OMIM Ensembl CADD ENCODE GERP
‘{anf‘nt n VCF ucsc KEGG ESP Polyphen HPRD FitCons
with information  cCiinvar ~ Pfam  1000G i SIFT  COSMIC  VISTA

from (subset):

Variants, annotations, phenotypes &
genotypes together in a database

@

Prioritize genetic variants in various disease contexts based on genome
annotations, sample genotypes, and sample relationships.
i [} [} [}

Powerful ad hoc queries Family studies Tumor/Normal  Cohort studies

$ gemini query --query 2 0 o 0
“SELECT chrom, start, end, ref,
alt, gene, impact, aaf
FROM variants
WHERE in_dbsnp = @
and aaf < 0.01
and cadd_scaled_score >= 3@
and is_loss_of_function = 1
and my_disease_regions = 1
and gt_types.mom == HET
and gt_types.dad == HET
and gt_types.child == HOM_ALT”

w/ disease
e o o o

wr/o disease

https://github.com/arqbx/gemini


https://github.com/arq5x/gemini
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Currently: GRCh37/hgl9

Dm

NN

318 BN B

- .
-
i_ e GL000052.1
: .
- GL000053.1
GL000054.1

o Region containing allernate loci

® Region containing fi paiches

@ Region containing novel patches o

I

1
1
e

b

JHE636057.1
el

*Region 10 | GL383533.1

o KB663604.1
g JH636056.1

—.Region 99 | KB021644.1

http://www.ncbi.nlm.nih.gov/books/NBK153600/7report=reader
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GRCh38 — graph based, many more alternative loci
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http://wuw.slideshare.net/GenomeRef/transitioning-to-grch38


http://www.slideshare.net/GenomeRef/transitioning-to-grch38

GRCh38 — advantage for variant calling
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Major histocompatibility complex (MHC) — HLAs
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http://www.ebi.ac.uk/ipd/imgt/hla/

http://sciscogenetics.com/technology/human-leukocyte-antigen-complex/


http://www.ebi.ac.uk/ipd/imgt/hla/
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Alignment: bwa alternative allele support

Read: ATCAGCATC

ALT ctg 1: TGAAR COAATGCAAATGGTCAATCAGCATCGAACTAGT CACA
[T [T FEEEETTT
Chromosome: GCGTACATGATACGAATCEGCATCATGGTC CTAGTCACATCGTAATC
FEPEELTEEEEE PEETEE FEEEETTT
ALT ctg 2: TGATACGAATCECCATCATGGTCAATCECCAgCGAALTAGT CACA

4 potential hits: ATCAGCATC > ATCEGCATC » ATCgcCATC » ATCgcCAgC
2 hit groups: {ATCAGCATC,ATCgcCAgC} and {ATCgGCATC,ATCgcCATC}
Hits considered in mapQ: ATCAGCATC and ATCgGCATC (best from each group)

In the output SAM: ATCgGCATC as the primary SAM line with mapQ=@
ATCAGCATC as a supplementary line with mapQ:e
ATCgcChgC as a supplementary line with mapQ»e
ATCgcCATC in an XA tag, not as a separate line

https://github.com/1h3/bwa/blob/master/README-alt.md


https://github.com/lh3/bwa/blob/master/README-alt.md

Genome graphs and variation

assembly graph
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http://wuw.nature.com/ng/journal/v46/n12/fig_tab/ng.3121_SF6.html


http://www.nature.com/ng/journal/v46/n12/fig_tab/ng.3121_SF6.html

vg — tools for working with variant graphs

POS ID REF ALT
1e . A T
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LLTGGGAGAGA

H.A\ /_‘_.
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/
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\

6:ACCCAGTGCTCTTTCTGCTCTA

https://docs.google.com/presentation/d/1bbl2zY4qWQ0yYBHhoVuXb79HdgajRotIUa, VEn3kTpI
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VCF - overview

VCF header

Body

<

( ##fileformat=VCFv4.0 Mandatory header lines
##fileDate=20100707

##source=VCFtools

##reference=NCBI36

##INFO=<ID=AA, Number=1, Type=String,Description="Ancestral Alle

Optional heac
> about the annc

##FORMAT=<ID=GT, Number=1, Type=String,Description="Genotype
##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotyfe Quality (phred score)">
##FORMAT=<ID=GL, Number=3, Type=Float,Description="LikeljHoods for RR,RA,AA genotypes (R=ref, A
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Redd Depth">
##ALT=<ID=DEL,Description="Deletion">

##INFO=<ID=SVTYPE, Number=1, Type=String,Descriptiga="Type of structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">
\ #CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMP
1 1 . ACG_ A, AT . PASS . GT:DP 1/2:13 070729
1 2 rsl T,CT PASS H2;AA=T GT:GQ 0]1:100 2/2370
1 5 . A G o ASS 0 GT:GQ 10:77 1/1:9
1 100 <DEL> P SVTYPE=DEL ; END=300 GT:GQ:DP /1:12:3 0/0:20
Deletion SNP T artion Other event Phased data (G and C above

are on the same chromosome)

2 V]

http://vcftools.sourceforge.net/VCF-poster.pdf


http://vcftools.sourceforge.net/VCF-poster.pdf

VCF - representations

Types of variants

SNPs Insertions

Alignment VCF representation Alignment  VCF representation
ACGT POS REF ALT AC-GT POS REF ALT
ATGT 2 C T ACTGT 2 C CT
Deletions Complex events

Alignment VCF representation Alignment VICF representation
ACGT POS REF ALT ACGT POS REF ALT
A--T 1 ACG A A-TT 1 ACG AT

Large structural variants

VCF representation
POS REF ALT INFO
1060 T  <DEL> SVTYPE=DEL;END=300

http://vcftools.sourceforge.net/VCF-poster.pdf


http://vcftools.sourceforge.net/VCF-poster.pdf

Learning to read VCFs

m Step by step guide from Broad

https://wuw.broadinstitute.org/gatk/guide/article?id=1268

m Specification

http://samtools.github.io/hts-specs/


https://www.broadinstitute.org/gatk/guide/article?id=1268
http://samtools.github.io/hts-specs/

Outline

m Variant calling made easy

m Tools

m Validation

m Post-calling annotation

m Genomes and graphs

m Understanding outputs

m Automating everything — bcbio



White box software




Overview

Annotation
Que

Visu

alization

https://github.com/chapmanb/bcbio-nextgen
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https://github.com/chapmanb/bcbio-nextgen

Uses

m Aligners: bwa-mem, novoalign, bowtie2

m Variantion: FreeBayes, GATK, VarDict, MuTecT,
Scalpel, SnpEff, VEP, GEMINI, Lumpy, Delly,
CNVKkit

m RNA-seq: Tophat, STAR, cufflinks, HTSeq
m Quality control: fastqc, bamtools, RNA-SeQC

m Manipulation: bedtools, bcftools, biobambam,
sambamba, samblaster, samtools, vcflib, vt



Provides

m Community — collected set of expertise

m Validation — outputs 4+ automated evaluation
m Scaling

m Ready to run parallel processing on AWS

m Local installation of tools and data



Complex, rapidly changing baseline functionality

Whole genome, deep coverage v1

E Warnlnq: the material on this page Is conslidered out of date b!' the GSA team.
Best Practice Variant Detection with the GATK v2
E Warnlng: the material on this page Is considered out of date by the GSA team.

RETIRED: Best Practice Variant Detection with the GATK v3

Best Practice Variant Detection with the GATK v4, for release 2.0 [RETIRED]
‘ Mark_DePristo posts: 153
anl iz esefonys 1 The Best Practices have been updated
for GATK version 3. If you are running
an older version, you should seriously
consider upgrading. For more details



Quality differences between methods

Variant Calling Test ®Disouss

We compare combinations of variant calling pipelines across different data sets. Browse
our public facing reports to see how various aligner + variant caller combinations perform
against each other. Test your own combination of tools by creating your own report.

Below is a sample conconcordance view on our "lllumina 100bp Paired End 30x Coverage”
data set.

Variant Concordance - "illumina-100bp-pe-exome-30x"

@ Novoalign+Gatk_ UG~ @Bowtie2+Gatk_ UG~ @ Bwa+Gatk_UG

http://www.bioplanet.com/gcat


http://www.bioplanet.com/gcat

Benefits of improved filtering

SNPs

Indels

123
249
148 160
I g1 S |

FreeBayes somatic calling: filter improvements
Concordant Discordant (missing) Discordant (extra)
963

82
26

http://j.mp/cancervalpre

DA


http://j.mp/cancervalpre

Solution

http://www.amazon.com/Community-Structure-Belonging-Peter-Block/dp/
1605092770


http://www.amazon.com/Community-Structure-Belonging-Peter-Block/dp/1605092770
http://www.amazon.com/Community-Structure-Belonging-Peter-Block/dp/1605092770

Community: contribution

] chapmanb / bebio-nextgen ®Unwatch~ 3

Validated, scalable, community developed variant calling and RNA-seq analysis
htps:/bebio-nextgen.readthedocs.org — Edit

2,717 commits, 1 branch 16 releases 18 contributors

Bl voenchmaster- | bebio-nextgen / +

Trimming overhaul, removal of decompression of FASTQ files.

& roryk authored 5 ho

ago latest commit 4249d607ef

I bebio Trimming overhaul, removal of decompression of FASTQ fles 5 hours ago
I config Documentation and configuration files for running whole genome struct. 4 days ago
I docs Disambiguate and fusion fields updated in docs 2 days ago

% Unstar 119 YFork 63

<> Code
© Issues 2

1 Pull Requests 5

4~ Pulse

Graphs

¥ Settings

https://github.com/chapmanb/bcbio-nextgen

b


https://github.com/chapmanb/bcbio-nextgen
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