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The pipeline Visualization
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The pipeline Variant Calling
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The pipeline Variant Calling

lFaStq /61 A/ A/A Cf G/A A/A
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##fileformat=VCFv4.2
##fileDate=20090805

. .
Va rI a nt ca I I I n g ##source=myImputationProgramV3.1
##reference=file:///seq/references/1000GencmesPilot-NCBI36.fasta

##contig=<ID=20,length=62435964,assembly=B36,md5=f126cdf8a6e0c7£379d618ff66beb2da,species="Homo sapiens",taxonomy=x>
##phasing=partial

##INF0=<ID=NS,Number=1,Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1,Type=Integer,Description="Total Depth">

##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">

##INFO0=<ID=DB,Number=0,Type=Flag,Descriptio dbSNP membership, build 129">

. * ##INF0=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membership">
Va rla nt a n n otatlon ##FILTER=<ID=q10,Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
- ##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2,Type=Integer,Description="Haplotype Quality">

#CHROM POS D REF ALT QUAL FILTER INFO FORMAT NA0QOO1 NA0O0O2 NAQODOO3
20 14370 rs6054257 G A 29 PASS  NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ 0]0:48:1:51,51 1]0:48:8:51,51 1/1:43:5:.,.
20 17330 . T A 3 qlo NS=3;DP=11;AF=0.017 GT:GQ:DP:HQ :65,3 0/0:41:3

20 1110696 rs6040355 A G,T 67 PASS  NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ
20 1230237 . T . 47  PASS  NS=3;DP=13;AA=T GT:GQ:DP:HQ
20 1234567 microsatl GTC G,GTCT 50 PASS  NS=3;DP=9;AA=G GT:GQ:DP

:18,2 2/2:35:4
151,51 0/0:61:2
1/1:40:3
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The pipeline
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Challenges

* Anindividual exome carries between 25,000 and 50,000 variants
e A whole genome can carry 3.5 million variants on average
e After annotating there will be hundreds of deleterious variants

1000 Genomes Project Consortium. A map of human genome variation from population-scale sequencing. Nature.
2010 Oct 28;467(7319):1061-73. PubMed PMID: 20981092

On average, every healthy person is found to carry:

e ~11,000 synonymous variants

e ~11,000 non-synonymous variants

e 250 to 300 loss-of-function variants in annotated genes

* 50 to 100 variants previously implicated in inherited disorders
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Variant annotation Consequence types
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Cooper et al., 2011
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Variant annotation External databases
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Variant annotation Reference datasets

Intronic Intergenic
variant variant
GENOME ¢ # #
Promoter Coding Splice UTR Non-coding
variant . : . .
variant variant variant RNA variant

Population allele frequency is one of the most
powerful discriminators of genetic variant
pathogenicity

AF from large-scale genomic datasets can be used
for efficient filtering of candidate disease-causing
variants

Common variants are unlikely to be pathogenic

e 1000 Genomes (2,504 samples)

* Exome Sequencing Project (ESP) (6,503 samples)
e ExAC (60,706 samples)

* GnomAD (138,632 samples)
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Variant annotation Reference datasets: EXAC

Exome Aggregation Consortium (ExAQC)

ExAC Browser Beta About Downloads Terms Contect Jobs FAQ Contributing projects

Interested in working on the development of this resource? Apply here.
1000 Genomes

Bulgarian Trios

Finland-United States Investigation of NIDDM Genetics (FUSION)
GoT2D

Inflammatory Bowel Disease

METabolic Syndrome In Men (METSIM)

Jackson Heart Study

Myocardial Infarction Genetics Consortium:

Italian Atherosclerosis, Thrombosis, and Vascular Biology Working Group

ExAC Browser (Beta) | Exome Aggregation Consortium

Search for a gene or variant or region
Examples - Gene: PCSK, Transcript: ENSTOD000407238, Variant: 22-46615880-T-C, Multi-allelic variant: rs1800234, Region: 22:46615715-46615880

About EXAC Recent News
The Exome Aggregation Consortium (ExAC) is a coalition of investigators seeking to aggregate and August 8, 2016 Ottawa Genomics Heart StUdy
harmonize exome sequencing data from a wide variety of large-scale sequencing projects, and to make _ CNV calls are now available on the EXAC Pakistan Risk of MyOCardial Infarction Study (PROM'S)
summary data available for the wider scientific community. browser Precocious Coronary Artery Disease Study (PROCARD'S)
The data set provided on this website spans 60,706 unrelated individuals sequenced as part of various March 14, 2016 Registre Gironi del COR (REGICOR)

disease-specific and population genetic studies. The EXAC Principal Investigators and groups that have

contributed data to the current release are listed here. - Version 0.3.1 ExAC data and browser (peta) is

released! (Release notes)
January 13, 2015

- Version 0.3 ExAC data and browser (peta) is
released! (Release notes)

October 29, 2014

- Version 0.2 ExAC data and browser (beta) is
released! Sign up for our mailing list for future
release announcements here.

October 20, 2014

- Public release of EXAC Browser (beta) at ASHG!
October 15, 2014

- Internal release to consortium now available!

NHLBI-GO Exome Sequencing Project (ESP), incl. 96 PAH cases

National Institute of Mental Health (NIMH) Controls

SIGMA-T2D

Sequencing in Suomi (SISu)

Swedish Schizophrenia & Bipolar Studies

T2D-GENES

Schizophrenia Trios from Taiwan

The Cancer Genome Atlas (TCGA)

Tourette Syndrome Association International Consortium for Genomics (TSAICG)

ARTICLE opeN

doi:10.1038/nature 19057

All data here are released under a Fort Lauderdale Agreement for the benefit of the wider biomedical
community - see the terms of use here.

Sign up for our mailing list for future release announcements here.

http://exac.broadinstitute.org/
Analysis of protein-coding genetic

variation in 60,706 humans

* Aggregation of high-quality exome (protein-coding region) sequence data for 60,706 individuals of diverse ethnicities
« 7.4M variants: one variant every 8 base pairs within exons
« Allows calculation of objective metrics of pathogenicity for sequence variants
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Variant annotation Reference datasets: EXAC

ExAC Browser Beta Giane, transcript, variant, « About Downloads Terma Contact Joba FAQ

Interested in working on the development of this resourca? Apply hare.

Gene: BRCA2
BRCAZ breast cancer 2, early cnset Transcrpts -« Constraint Expected Observed Constraint
Number of 2371 {Including filterad- 2521) from ExAC no. variants no. variants Matric
variants 5 (Including filterad: 14}
Number of CNVs  13:32B888811-32073805 Synonymous 358.3 343 z=-1.14
UCSC Browser BRCAZ T ) )
GeneCards BRCAZ Mizzanse £ar3 1186 z=-4M
OMIM External Referencas - LoF [ ] 38 pLl =0.00
Other

ChY 80 5 =041

Gene summary
(Cowerage shown for canonical transcrpt: ENSTOO000544455)
Mean coverage G082

Dlaplny (o N Include UTRS in plot Coverage metric: JCTTCN I L WL TR L TR

Metric: I: mean =:|

e Al

CHV Counts ivies individaal (4

ot G ra

v e e W AR

TN TN I S N O Include filtered (non-PASS) variants Invert {(highlight rare variants)

+ denotes & consequence that s for 2 nen-canonical transcript

Variant « Chrom . Position - Consequence « Fllter + Annotation - Flags =+ 32:':: - :uﬂ%ﬁ - :gmmglsn - :llfl:t;?.lamy -
1332884731 CI T 13 32884731 PASS  upstream gena 1 21230 i] 0.0000‘1?1(% |
1332884732 GV A 13 3zBa4Taz2 PASS  upstream gene 1 21236 ] U.W?OQI .
1332884738 CI T 13 32884734 PASS  upstream gene 1 21378 i] 0.00004878 :
13:32884TES T/ C 13 32884765 PASS  upstream gene 1 21730 i] u.omeozll |
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Variant annotation Reference datasets: EXAC

ExAC Browser Bata Gierwe, transcript, variant, ¢ About Downloads Terms Contect Joba FAG

Intarested mn working on the development of this resourca? Apply hare.

Gene: BRCA2

BRCAZ breast cancer 2, early cnset Transerpts - Constraint Expacted Observed Constraint
Number of 2371 {Including filtered: 2521) from ExAC no. variants nn.vsrlan‘ts Metric
varants 5 {Including filterad: 14)
Mumber of CNVs  13:32B88511-32973805 [ Synonymous 3583 383 z=-1.14
UCSC Browser BRCAZ . )
GeneCards BRCA2 Missense 8973 1186 z=-4.71
OMIM External Referencas - LoF 3.8 3B oLl =0.00
Other
G 80 5 z=041
Gene summary
(Coverage shown for canonical transcript: ENSTO0000544455)
Mean coverage 6082
Dizplay: ouuvlgw Detall Include UTRs in plot RVl R Average  Individuals over X
m Metric: | mean 4|
50 st
&0
su ‘ || |'l' “
-+ - =

e AR G R s e emes e e r w8 v M e e o -Q-1h

CHY Counts  (view individasl £V
4
2
1]
e e—— W R

TR e R N - Include filtered (non-PASS) variants Inveart {highlight rare variants)

T denotes a consaquence that s for a non-canonical transcript

“ariant « Chrom - Pesition . Consequence « Fliter » Annotation - Flags « ﬂﬁﬁu - :{:‘:‘:‘]ﬂ * :gmz‘;glsn * ?llfl:t;zamy -
13:32B5B0556 CAG | C 13 32800556 c-30-1_-30delGA  PASS splice | Lc LoF i 116484 ] 0000008585
acceptor |
1232883212 A/ G 13 32893212 CHE-2A>G PASS  splice 1 Maraz ] 0000008420
acceptor | MNIN
13:32B83236 G / A 13 32093238 p.Trp31Ter PASS stop gained 1 120142 o u.oooooaazlal |
13:32800286 G / A (rsB1002787) 13 32900288 cATS+ G=A PASS splice donor 1 121010 ] 0000006264
[ RIN|
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Variant annotation Reference datasets: gnomAD

The genome Aggregation Database (gnomAD)

130,000 — = .
alno
Interested in working on the development of this resource? Apply here. 110,000 — : ';__\;h\l.l]:l'. Jewish
100,000 — o o e
. 90,000 — W East Asian
gnomAD browser | genome Aggregation Database 80.000 — '
70,000 —

Search for a gene or variant or region 60,000

Example - Gene: PCSK9, Variant: 1-55516888-G-GA 50.000‘

40,000
About gnomAD Recent News 30,000

The Genome Aggregation Database (gnomAD) is a resource developed by an international coalition of February 27, 2017
investigators, with the goal of aggregating and harmonizing both exome and genome sequencing data Official gnomAD release (version 2.0) with browser 20,000‘
from a wide variety of large-scale sequencing projects, and making summary data available for the wider updates and data available for download. 10.000 —
scientific community. i
October 19, 2016 0 | ]

The data set provided on this website spans 123,136 exome sequences and 15,496 whole-genome ‘
Public release of gnomAD Browser (beta) at

sequences from unrelated individuals sequenced as part of various disease-specific and population

gslr:tr\]t‘: ;l;u:i::é::s;donr::\rgPrincipaI Investigators and groups that have contributed data to the ASHG! 1000 Genomes ESP ExAC ganAD
All data here are released for the benefit of the wider biomedical community, without restriction on use -
see the terms of use here. POPULATION DESCRIPTION GENOMES EXOMES TOTAL
Sign up for our mailing list for future release announcements here.
AFR African/African American 4,368 7,652 12,020
http.//gnomad broadinstitute Org/ AMR Admixed American 419 16,791 17,210
ASJ Ashkenazi Jewish 151 4,925 5,076
EAS East Asian 811 8,624 9,435
FIN Finnish 1,747 11,150 12,897
* Released on February 2017
NFE Non-Finnish European 7,509 55,860 63,369
+ Two callsets: .
SAS South Asian 0 15,381 15,391
- 123,136 exomes N
OTH Other (population not assigned) 491 2,743 3,234
- 15,496 whole genomes
Total 15,496 123,136 138,632

* Exomes and genomes called separately

but ana Iyzed together https://macarthurlab.org/2017/02/27/the-genome-aggregation-database-gnomad/
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Variant annotation Reference datasets: gnomAD

About Downloads Terms Contact Jobs FADQ

Interested in working on the developmeant of this resource? Apply hara.

Gene: BRCA2

BRCAZ2 breast cancer 2, early onset
Murmnber of 4233 (Including fiterad: 4683)
variants 13:32880811-32073805
UCSC Browser BRCAZ
GeneCards 600185
oMM
Other

Transcripts -

External Refarences -

Gene summary
(Coversga shown for canonical transcript: ENSTO0000544455)
Mean coverage 63.80

Dinplay: Include UTHS in plot L h B GG Average  Individuals over X

Coverage: [l Exomes [ Genomes Metric: | mean %
100

&0

&0

bl

&0
B0
40
ao
20

o

s S D S N ] ¢ A 8 e 5 0 1 0 e
| save coverage pot |

Save coverage plot | Save exon image

Include:
Al Missense + LoF  LoF
* : gti::;; : ﬁ:si Fitterad (non-PASS) variants

T derotes a consequence that s for & non-canonical trarscript

Variant + Source « Conseguence « Annotation » Flags » Allele Count » Allele Number  « ::::3‘:'“ » Allele Frequency -
13:32800556 CAG | C (re545355025) E £.-30-1_-30delGA splice acceptor m F] 243022 i B 208 [
13:32800590 T | G (rsB035854T) E p.Met1? slart lost 2 246154 a 81258 W1
1332880801 C/ T E p.ProZSer missanse 1 246148 ] 4.083e-8 | i
13:32600504 AT G (reTTOATI185) E p.lle3val missense 2 246168 i] 8.125e-8 W
13:32800808 G / C (rs587782137) E ﬂ p.GlydAla missansa & 277156 ] 2.165e-5 W1
13:32800623 C | A (rsB035852T) E p.ProdGin missansa 2 245196 ] 8128 W1
13:32B0082T A [ AT (re884622207) ﬂ p.Glut3Tar frameshift 1 30984 i] 32e8 | i
13:32600831 T/ G (rsB0358597) E p.Pnet2Vval missense 6 246182 0 2.437e-5 W
1332000837 AT G ﬂ p.lieidval missanse i 30964 i} 3.23e-5 | BININ
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Variant annotation Deleteriousness scores

Deleteriousness scores _E ATG
* SIFT: functional prediction, protein sequence conservation —_t
among homologs. Score: 1 (tolerated) - 0 (deleterious) — A
* PolyPhen: functional prediction, protein sequence and structure AGA
features. Score: 0 (benign) - 1 (damaging) ———aAcCa

 CADD: ensemble score, combines 63 distinct variant annotation
features retrieved from Ensembl VEP, Encode, UCSC genome
browser. Phred score (i.e. 30 = 99.9% accurate or 1 in 1000is
incorrect)

DNA sequence conservation scores

* GQERP: maximum likelihood evolutionary rate estimation, predicts
sites under evolutionary constraints

* PhyloP: base-wise conservation score derived from Multiz
alignment of 100 vertebrate species

* PhastCons: evolutionary conserved elements derived from Multiz
alignment of 100 vertebrate species (phylogenetic hidden
Markov model)
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Variant annotation Deleteriousness scores

Deleteriousness scores { ATG
* SIFT: functional prediction, protein sequence conservation e ISt
among homologs. S¢| hrotein sequence and structure il A
* PolyPhen: functional| based prediction cture AG A
featureS. Score: O (be YT, T \OarTTaygnTygy — A CA
« CADD: ensemble sc = S— (0]
features retrieved frol Score base on various informative
browser. Phred score| genome-wide annotations iS

incorrect)

DNA sequence conservation scores

* GQERP: maximum likelihood evolutionary rate estimation, predicts
sites under evolutionary constraints

* PhyloP: base-wise co .
aligynment of 100 ver Measures of DNA coservation

* PhastCons: evolutionary conserved elements derived from Multiz
alignment of 100 vertebrate species (phylogenetic hidden
Markov model)
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Variant annotation

Name

SIFT
PolyPhen-2
LRT

MutationTaster

Mutation Assessor

FATHMM

GERP++ RS
PhyloP
SiPhy
PON-P
PANTHER
PhD-SNP
SNAP

SNPs&GO

MutPred

KGGSeq

CONDEL
CADD

Category

Function prediction
Function prediction

Function prediction

Function prediction

Function prediction

Function prediction

Conservation score
Conservation score
Conservation score
Ensemble score

Function prediction
Function prediction

Function prediction

Function prediction

Function prediction

Ensemble score

Ensemble score

Ensemble score

Score used for analysis

1 — Score

Score

Score * 0.5 (if Omega
>1) or 1 — Score * 0.5 (if
Omega <1)

Score (f Aor D) or 1 —
Score (if N or P)

(Score-Min)/(Max — Min)

1 — (Score-Min)/(Max —
Min)

Score
Score
Score
Score
Score
Score

Score

Score

Score

Score

Score

Score

Deleterious
threshold

>0.95
>0.5
P

>0.5

>0.65
=0.45

>4.4
>1.6
>12.17

W TV T©

>0.5

>0.49
>15

Information used

Protein sequence conservation among homologs
Eight protein sequence features, three protein structure features

DNA sequence evolutionary model

DNA sequence conservation, splice site prediction, mRNA stability prediction and protein
feature annotations

Sequence homology of protein families and sub-families within and between species

Sequence homology

DNA sequence conservation

DNA sequence conservation

Inferred nucleotide substitution pattern per site

Random forest methodology-based pipeline integrating five predictors
Phylogenetic trees based on protein sequences

SVM-based method using protein sequence and profile information

Neural network-based method using DNA sequence information as well as functional and
structural annotations

SVM-based method using information from protein sequence, protein sequence profile
and protein function

Protein sequence-based model using SIFT and a gain/loss of 14 different structural and
functional properties

Filtration and prioritization framework using information from three levels: genetic level,
variant-gene level and knowledge level

Weighted average of the normalized scores of five methods

63 distinct variant annotation retrieved from Ensembl Variant Effect Predictor (VEP), data
from the ENCODE project and information from UCSC genome browser tracks
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The Human Genomic Variation Archive (HGVA)

§ UNIVERSITY OF  Genomics ==,

) CAMBRIDGE =~ -

w

Projects / hgvauser@reference_grch37 / 1kG_phase3

http://hgva.opencb.org/

The Human Genetic Variation Archive (HGVA)

9 The Human Genomic Variation Archive (HGVA) is an open access genetic variation resource that
IOpen(B integrates all variants from key world-wide reference projects, but also added-value information such as

basic variant annotation, population frequencies, protein effect predictions, variant-associated phenotypes,
etc.

HGVA currently hosts about 300GB of data from 13 different studies describing more than 200 million variants. HGVA is not a mere data
archive, but a big data provider that enables users to efficiently query, filter and retrieve relevant information from its knowledge-base,
either from a visual web-interface or programmatically.

Search for a gene, transcript, variant, multi-allelic variant, region, GO term or HPO term
Example: BRCA2, ENST00000342992, rs666, 10:15097577:G:C, 1:1-100000, GO:0000145, HP:0001756

Current selected Project and Study are hgvauser@reference_grch37 and 1000 Genomes Project -
Phase 3. Click to change

Note:

HGVA web application makes an intensive use of the HTML5 standard and other cutting-edge web technologies such as Web
Components, so only modern web browsers are fully supported, these include Chrome 49+, Firefox 45+, Microsoft Edge 14+, Safari 10+
and Opera 36+.
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The Human Genomic Variation Archive (HGVA)

http://hgva.opencb.org/

Variant Browser Search

Projects / hgvauser@reference_grch37 / 1kG_phase3

Q Variant Browser

2 Clear No filters selected

Study (i}
Studies Filter & Download v ||« Share
In(AND) %
v 1kG_phase3 O~
"1 ESPG500
~ EXAC Population Frequencies &
1kG_phasad_chrY
| 1kG phase3_chrMT Deleteriousness € Conservation € Legend: l £ B W
1 GONL
| UK10K ALSPAGC Variant SNP Id Genes Type Consequence Type SIFT Polyphen CADD PhyloP PhastCons GERP 1000 Genomes ExAC ESPB500
1 UK10K_TWINSUK
- Map 21:46047686 G/T  rs116600156 KRTAP10-9,TSPEAR SNV tolerated - 486 0563 coté 149 [HIEVEEER "HUEE BB

21:46047670 A/G | rs144666411 KRTAP10-9TSPEAR SNV synonymous_variant - - 005 0491 oizz <4350 UIITFER "THEEE B2
Genomic (i] 21:46047710 T/C  rs8131142  KRTAP10-9TSPEAR SNV synonymous_variant - - 000 0533 ooos -1360 [IHIHEEE BEEEE BE
Cheomosamal Location 21:46047512 G/A | rs13B753798 KRTAP10-9,TSPEAR SNV deleterious - 1072 -0.675 oozs 0173 TP ER "HEE B2
3:444-55555, 1:1- 21:46047629 T/G  rs200060673 KRTAP10-9,TSPEAR SNV tolerated - 0.00 -0.142 0.009 -4.120 B HR BEEEE B
100000

21:46047728 G/A | 1s78303062 = KRTAP10-9,TSPEAR SNV tolerated  benign 000 0533 o148 -7ooo [PNEEER POUEE 'HR

o4

21:46047821 G/A | rs373246520 KRTAP10-9,TSPEAR SNV tolerated 1783 2472 ooz 0171 HIIVEET BEEEE BB
Feature IDs (gene, transcript,
SNP, ..)
Search for Gene Sy || + 21:46047968 C/T | rs201452080 KRTAP10-9,TSPEAR SNV 3 prime UTR variant - = 450 -0.371 o043 5940 IV HEE | [ ] ]

intron_variant

Marta Bleda | Variant data analysis and prioritization using HGVA



THANK YOU.

Marta Bleda | Variant data analysis and prioritization using HGVA
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