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The Picard/GATK NGS analysis pipeline

Phase 1: NGS data processing Phase 2: Variant discovery and genotyping Phase 3: Integrative analysis

—— Typically by lane

——Typically multiple samples simultaneously but can be single sample alone
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example.vcf

##fileformat=VCF4.0
##INFO=<ID=DP, Number=1, Type=Integer, Description=“Total read depth”>
##INFO=<ID=HM, Number=0, Type=Flag, Description=“Seen in HapMap 2 or 3”>
##FILTER=<ID=qgl0, Description=“Quality below 10”>
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description=“Genotype quality”>

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT S001
1 1001 . A G 55 PASS DP=82 GT:GQ 0/0:56
1 8888 rsl23 T A 5 glo DP=8 ;HM GT:GQ VAR

S002
0/1:80
011:58

Numeric allele encoding & multi-allelic sites:

If REFis A, ALTis T 0/0 is A/A 0/1is A/T
If REF is A, ALT is T,C 0/2is A/C 2/1is C/T
Missing genotype J.

Representing haplotype phase
0/1 unphased heterozygote

1|0 phased with respect to previous site (implies 01/10 haplotypes )

(Encoding of haplotypic information will be more explicit in future VCF specs.)




What does this genotype mean?

GT : AD : DP : GQ : PL
0/0:366,11:200:99:0,600,5980

GT hard genotype call

AD and DP read-depth information

GQ quality score

PL is (phred-scaled) genotype-likelihoods (soft-calls)

VCEF likely to be primary out of imputation packages in the
future, as it can represent hard-calls (most likely genotype)
but also the expected dosage and/or posterior probabilities
(and also R? in the INFO field, etc)



Phred-scale

Phred quality scores are logarithmically linked to error probabilities
Phred Quality Score Probability of incorrect base call Base call accuracy

10 1in 10 90 %

20 1in 100 99 %

30 1in 1000 99.9 %
40 1in 10000 99.99 %
50 1in 100000 99.999 %

Q= —10 log, P

P =107



GT:AD:DP:GQ:PL 0/1:28,35:62:99:1151,0,889

Heterozygote genotype; 28 reference reads, 35 alternate; 62

of 63 reads used in calling; genotype quality score of 99;
Phred-scaled genotyped likelihoods {1151,0,889}

(c] P( genotype | read data)
Genotype likelihoods

assuming flat priors
P( read data | true genotype )

Genotype PL
Phred-scaled
genotype
likelihood

Homozygous 0/0 1151

reference

Heterozygote 0/1 O

Homozygous 1/1 889

alternate

0.000 0.000
1.000 1.000
0.000 0.000



GT:AD:DP:GQ:PL 0/0:174,11:1:3:0,3,25

Homozygous reference genotype; 174 reference reads, 11
alternate; but only 1 read used for calling; genotype quality
score of 3 (0-99); Phred-scaled genotyped likelihoods
{0,3,25}

Genotype GL P( genotype | read data)
Phred-scaled | Genotype likelihoods assuming flat priors
genotype P( read data | true genotype )
likelihood

Homozygous 0/0 O 1.000 0.66

reference

Heterozygote 0/1 3 0.501 0.33

Homozygous 1/1 25 0.003 0.00

alternate



Variant (and genotype) annotations

Technical
— Read depth, allele balance, mean mapping quality, etc
— QC Filters (PASS, or reasons for exclusion)
— Hardy-Weinberg disequilibrium
— (Distribution of) individual genotype likelihoods

Population
— Novelty (presence in dbSNP and/or 1000Genomes)
— Population frequencies
— Linkage disequilibrium/phase information on individual genotypes
— Prior disease/functional associations

Genomic
— Gene and coding status
— Transition/transversion
— Ancestral/derived allele status



two-ring purines

one-ring pyrimidines
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Read depth (binned to 100 quantiles)
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AMINO ACID TABLE

Second Position

... fcode

Uy U
uuc C
UUA A
uuG G
U
S leu pro arg L
§ CCA CAA aln CGA | A
S CCG CAG CGG G
Q- AC U AAL AGU 1]
- . asn ser ——
o ile ACC AAC AGC C
L thr
ACA AAA lvs AGA ar A
met ACG AAG y AGG g G
GUU GCU GAU as GGU U
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val aa gly
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position/search chr11:61,563,477-61,563,532 gene (jump ) ( clear ) size 56 bp.

chrit (a12.2) [ EIE | | B [FHE pi2 | Hai4. il EBR a2
Scale 28 bases}| i
chrii: | B61563485| 61563498| 51563495| 61563508| 651563585 61563518| 61563515[ 61563528| 61563525| 61563536|

———> AGCTGGEGCCTEAACCAGGAACAGT TTGTGEGEARTCTGTGCATCCTGCTAGGCAGTGAC

Consensus CDS
\ 8]

ccpsse1s, 1 D

SRS A4 3555535333333 3 3335333353333 33 3353335533335 3333033335333 3 33 3333533333333 3333533353333 333303333333 333333333
Timple Nucleotide Folumorphisms (dRENF build 131)
| rs495355c Il
Si%’le Nucleotide Folumorphisms (dbSNF build 138 - Frovisional Mapping to GRCh37)
| rs49359556
Repeating Elements by RepeatMasker
RepeatMasker
Gene Model(s)
P mRNA Protein
SNP to mRNA Accession Position Allele change Accession Position Residue change
missense + NM_004111.4 1025 TG = CA NP_004102.1 218 L [Leu] = Q [GIn]

In addition to assigning missense/nonsense coding status, other complications include:
Splice-site, UTR, regions
Frameshift mutations (indels)
Multi-nucleotide polymorphisms
Full haplotype-based per-individual annotation & compound heterozygosity
Nonsense-medicated decay
Ranking of missense variants
Genomic annotation for non-coding variants




PolyPhen2: predicting the damaging effects of missense mutations

Input Analysis Prediction Interpretation

Sequence
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Adzhubei et al. Nature Methods (2010).




Functional annotation of variants

mm

Intronic 101,799 0.066

Silent 89,732 0.047 40

Missense 136,847 0.025 51
Benign 60,626 0.038 45
Possibly damaging 22,676 0.020 52
Probably damaging 44,592 0.010 59

Essential splice site 5,020 0.016 54

Nonsense 2,902 0.010 66

(based on RefSeq transcripts and hg19; missense ranking w/ PolyPhen2)
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Primary genesets
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Summary of case burden geneset enrichment results for disruptive mutations (MAF<0.1%)



Characterizing this increased burden: a “core” gene-set of 1858 genes
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Noncoding only
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Working with NGS data / VCFs

e “How do l...”

... find variants in a specific gene in my dataset?
... lookup a list of variants?

... annotate a list of sites?

... get summary QC metrics for regions, samples?



PLINK/Seq : a toolset for NGS variation datasets

http://atgu.mgh.harvard.edu/plinkseq/

) PLINK/SEQ genetics library &

C | © atgu.mgh.harvard.edu/plinkseq/

PLINK/SEQ

A library for the analysis of genetic variation data

A library and toolset for working with human genetic variation data

PLINK/SEQ is an open-source C/C++ library for working with human genetic variation data. The specific focus is to provide a platform for
analytic tool development for variation data from large-scale resequencing projects, particularly whole-exome and whole-genome studies.
However, the library could in principle be applied to other types of genetic studies, including whole-genome association studies of common
SNPs.

A number of interfaces to the core library are available, providing different ways to access a PLINK/SEQ project:

Command line tool: pseq provides easy access to some of the most common functions of the library (e.g. loading and querying data) and
also implements a number of useful statistical procedures (e.g. to summarise datasets, perform phenotype-genotype association tests).

R package for statistical computing: Use R as an interface to the dynamically-linked C/C++ extension library. This provides convenient
access to the powerful statistical and visualisation tools available in R.

Web-browser: an exome-centric table-browser provides a simple, interactive tool for searching and reporting on a project's variant, genotypic
and phenotypic data and meta-data.

CIC++ API: alternatively, one can use the C/C++ library API directly, to build analysis packages or other tools.

Some of the central design features of PLINK/SEQ include:

Flexible, extensible data representation: there is support different types of variation data (multiallelic, phased, probabilistic genotypes as well
as indels and structural variants) and extensible, typed meta-information for variants and genotypes.

Efficient random-access: sets of variants can be extracted based on genomic co-ordinates or other user-defined criteria, with on-the-fly
filtering and annotation with a variety of criteria and datasources.

Large datasets:Handles datasets much larger than can fit into memory.

Key references datasets: packaged with key genetic reference databases of gene transcripts, sequence and variation projects, including
dbSNP and data from the 1000 Genomes Project, that can be appended to one's own dataset or used to filter it.

Decouples data-handling and analysis: a strong separation between data-handling and statistical genetic methods, such that others can use
the library to support their own analytic methods development.

Focus on called variation: this library does not support direct access to read-level data, such as BAM files. Rather, the focus is on
downstream analysis of called variants.

= PLINK/Seq architecture
= Download

PSEQ documentation

= Overview

= Project specification
= Data input

* Viewing data

= Data output

= Summary statistics
= Association tests

= Locus DBs

= Reference variant DBs

Other tools and resources

= Rinterface

= Web browser interface
ACDB: summary count datae
Misc. utilities

= Data resources

Tutorials

= Tutorial: 1000 Genomes data
= PLINK/Seq and GWAS
= Teaching resources

Technical reference

VCF as primary input

Focus on analysis of rare
variation

Extensible meta-information on
locus, genotypes, individuals

Bundled with key reference
databases that can be directly
intersected with one’s own
project

Command-line and R library;
web-based GUI under-
development



User

pseq Generic C/C++
(command line interface) (user code links to library)

interfaces [

R
(dynamically-linked library) J

C/C++ library

Input data

il

[ Exome browser J
)

(web-based project browser

(genotypes and auxiliary data,
with extensible meta-information)

<::[ Data-stores ]

Variation data
(VCF)

] [ Auxiliary data J
(phenotypic, genic, sequence,

reference information)




Basic structure of PSEQ commands

pseq data-source command { —--options }
A (compressed) VCF “view variants”
Specify masks
A “project” “association tests” (which variants/genes/people/...)
Standard input “annotate variants” Specify phenotype
Null (“.”) etc Other misc. options

Note: other types of genotypic data can be incorporated into existing projects:
PLINK files (BED/BIM/FAM format)
“dosage” files, post imputation
BCF2 files




Three main modes of operation :

given various inclusion/exclusion masks, to iterate over all ...

1) Variants
- e.g. viewing/filtering a VCF
- calculating various summary statistics

2) Groups of variants (e.g. genes, all nonsense variants)
- primarily gene-based (or set-based) association tests

3) Individuals
- per-individual statistics, burden of rare variants, etc



Core project databases

VARDB Variant information

INDDB Individual phenotype/covariate information
LOCDB Genel/transcript information (e.g. RefSeq, CCDS)
SEQDB Human genome sequence (e.g. hg19)

REFDB (Annotated) known variants (e.g. dbSNP, HGMD)
NETDB Network information (e.g. PPI)

PROTDB Protein domain/motif information (e.g. Pfam)
IBDDB Pairwise identity-by-descent (IBD) information
SEGDB Known variants (exclude novel)




Examples of common masks (following --mask)

reg=chr?2 Variants on chromosome 2
reg=chr2:123456 A specific variant(s) by position
reg=chr2:1000000..20000000 Variants by range

reg=chr2, chr’ List of ranges/positions

reg=@pos.txt List of regions in file pos. txt

id=rs123456 Specific variant by ID (from VCF)

novel Variants with no known 1D

novel.ex Known variants (exclude novel)
var=coding Variants by variant set “coding” from VARDB
loc=refseq Variants in locus group “refseq” from LOCDB




Exome data used in this practical

Deep-coverage, whole-exome sequence data from the 1000 Genomes Project, Phase 1
GBR Great British, N=63
TSI Toscans in Italy, N=60

LWK Luhya in Webuye, Kenya, N=27



Overview of practical

Look at 1000 Genomes VCF files directly

Filter and output a new VCF

Look at resource files

Create a PLINK/SEQ “project”

Variant level summary statistics

Individual level summary statistics

Extracting meta-information

Experimenting with filters/masks

Gene-based summaries

Annotation

Single-site metrics

Comparing two VCFs

Ancestry inference and relatedness

Single-site association

Gene-based association

Using pbrowse and Rplinkseq interfaces

Geneset enrichment analyses




* Main script to follow:

* ~pshaun/2013/pseq/extra/commands.txt



