Ch

Chr5: 139,931,601 Chr5: 139,931 621 Chr5: 139,931 841 Chrs: 139,931,661 ),

‘OMIM Genes, UCSC (Homo sapie GRCh_37) Annotations #m

-

NHLBI ESPG500 Exomes - Variant Frequencies 2012_06, GHI {CHR5 only) (Homo sapiens, GRCh_37)

ChrSAnnotations #m

H — — Knowing Your NGS
ﬂcu Mmzls?.s mapped.ILLUMINA.bwa.CEU.exome.20120522.chr5 (Homo sapiens, GRCh_37) U p St r eam : AI i g n m e n t

@
=]

G and Variants

Read Depth

(=]
o

March 27, 2013

Gabe Rudy, Vice President of
Father - l[li;sf:;emapped JLLUMINA.bwa.CEU.exome.20120522.chr5 (Homo sapie 3 Product Development

Mother - NA12892.mapped.|LLUMINA.bwa.CEU.exome.20120522.chr5 (Homo sapiens,
Coverage

-
=]
(==

Read Depth

GOLDEN HEL:X
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Questions during
the presentation

— - Use the Questions pane in
your GoToWebinar window

- jestion=s @ ¥

GOLDEN HELX




Goals

= What | Assume About You
- Some experience with NGS technology
- Not a command line bioinformatician by day;
not afraid of technical terms
= What You Will Learn

- A healthy skepticism when looking at NGS
data

- What to expect/not expect from core labs or
upstream sequencing service providers

- Reading pile-ups in a genome browser and
spotting high quality vs sketchy variants
= What You Won't Learn
- Interpreting biological significance of variants
- One true way to do secondary analysis

GOLDEN HEL:X

Accelerating the Quesr for Significance™

IGN Solutions for Turning Data into Knowledge
Webinar Two: Expanding your current WGS Knowledge

From Sample to Answer
~ Cancer researcher Polly Ep is trying to understand the mechanism of ovarian cancer
» She has sequenced 5 tumor normal pairs through IGN Cancer Sequencing Service

~ Polly would like to identify putative driver mutations that are likely to contribute to disease

Sample { Sequence mp Analyse mp Annotate } Interpret mp Answer
IGN

Filterlngfﬁpntexmalizaﬁon
*  Tumer: read/alignment in BAM and variants in VCF

+  Normal: read/alignment in BAM and variants in VCF {Quality>Check:

»  Somatic variants in VCF

+ And lots of other cool stuff!

- Q F’ﬁ) . B o
Picard FastQC BEDTools VCFtools GATK snpEff
n _

GV NCBI DAVID Cytoscape Reactome

» Picard produces GC-content quality and coverage statisitcs

— samtools view -bh -o sorted.bam.chr1.bam sorted.bam chr1

- java -Xmx3g -jar /picard-tools-1.64/CollectGcBiasMetrics.jar I=sorted.bam.chr1.bam \
R=HumanMCBI37Fasta.fa O=sorted.bam.chr1.bam.picard_collectgcbiasmetrics.txt\
CHART_OUTPUT=sorted.bamQ.chr1.bam.picard_collectgcbiasmetrics.pdf \
SUMMARY_OUTPUT=sorted.bam.chr1.bam.picard_collectgchbiasmetrics. summary 4
VALIDATION_STRINGENCY=SILENT

| won’t do this... hopefully!



My Background

= Golden Helix
- Founded in 1998
Genetic association software

Analytic services
Hundreds of users worldwide

Over 700 customer citations in scientific
journals

= Products | Build with My Team

- SNP & Variation Suite (SVS)
- SNP, CNV, NGS tertiary analysis
- Import and deal with all flavors of upstream data

- GenomeBrowse

- Visualization of everything with genomic coordinates.
All standardized file formats.

- RNA-Seq Pipeline
- Expression profiling bioinformatics

GOLDEN HEL:X
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NERWAEIWAIES

Primary = Analysis of hardware generated data, on-machine real-time stats.
Analysis = Production of sequence reads and quality scores

= QA and clipping/filtering reads
= Alignment/Assembly of reads
= Recalibrating, de-duplication, variant calling on aligned reads

Secondary
AEWATES

= QA and filtering of variant calls

= Annotation and filtering of variants

= Multi-sample integration

= Visualization of variants in genomic context

= Experiment-specific inheritance/population analysis

Tertiary
AMEWATES

“Sense Making”

GOLDEN HEL:X

Accelerating the Quesr for Significance™



Primary Analysis: I'd like some AGCT'’s please

= Standardized on producing FASTQ
- AGCT or N
- Quality scores
- Pair of files for paired end

= Happens on machine for desktop
sequencers

- lon Torrent processing microwell detectors
- MiSeq doing optic processing of flowcell
- PacBio processing optics of ZMW

= HiSeq 2000/2500
- Requires off-machine base-calling

- Can “call bases” with lllumina software on raw
data collected tile by tile

GOLDEN HEL:X
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Assembly vs Alignment

12,000 T

= De Novo Genome Assembly Finished and Draft Genomes

- Very difficult for large genomes to get
to “finished” genome quality
(traditionally done with Sanger).

- Short reads will get you to contigs 4000}
sizes of ~10-100Kb range.

- Need long reads (PacBio) or

10,000 +

8000

6000 T

Genomes

2000 T

4

reStrICtlon maps Optlcal mapplng 99‘98 2000 2002 2004 2006 2008 2010 2012
(OpGen) to make chromosomal sized Year
contigs T R—
. Max
= Alignment i

- Aligning to finished (or draft) genomes B

that is considered “reference”
- Allows for some differences, but not 400 {

too many between your reads and the 200 -
reference o
o

GOLDEN HEL:X
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600 -
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The Human Reference Sequence

= Genome Reference Consortium (GRCh37)
- Feb 2009, previous was NCBI36 March 2006
- 9 alt loci and 187 patches (11 patch releases)

Supercontigs: Large unplaced contigs
- Some localized to chr level and some unknown

10 11 12

=h E: =s
Does not include a Mitochondrial reference
- UCSC hg19 includes older NCBI 36 MT

® .E.
[ ]
, 5; 812,
- 1000 genomes project using revised Cambridge =
Reference Sequence (rCRS) 13 14 15 F1_s 17 18 __1_9 20 21 22

==

- Provide “g1k” reference: includes rCRS, Human
herpesvirus 4 type 1, supercontigs and “decoy”
sequence

v38 genome coming this summer:
- Incorporate all patches into the reference

4 Regions containing alternate-loci
® Regions containing fix patches
- Some allele fixes to have reference match major ® Regions containina novel patches



Example Patch

GénBank ID RefSeq ID Sequence Type Length Alignment mismatch Unique sequence Show in Viewer
GL339450.1 NW _003315925.1 Fix 330,164 500 10,751 Q
(») Show region
chr9 (NC_000009.11):136,049,442-136,369,192
&5 NC_000009.11: 136M..136M (80Kbp)~ | Find on Sequence: v | ¢| |:> |- =1} O+ T }&Tco[sv | QConﬂgure a P
190 K 136,100 K [136,1 10 K 136,120 K |136,130 K |136,140 K 136,150 K 136,160 K [136,

Tiling Path (Components)

GRCh37.pl0 (GCF_000001405.22) Alternate Loci and Patch Alignments
MW _003315925.1
| | ] 1 T 1110100 T T W T 1T T A T A Y 1 N | Il
NCBI Genes
LCN1P1 ABD
1L L exon MP_065202.2 Dl—H—+—+— % « | MM_020469.2

= The tiling path in GRCh37 switched in the middle of ABO gene resulting in a
reference protein not present in humans.

= Patch adjusts tile path and fixes the problem.

= All patches will be incorporated into GRCh38, due this summer. Until then,
all alignment is done against unpatched reference.



Single Nucleotide Variants (i.e. SNVs or SNPs)

Known

= Single base substitution from reference oATE
GNUMAP 2

SOAPsnp

= Note that “reference” is not always the “major” allele

= “Multi-allelic” sites have more than 2 cataloged
alleles

| SNPs 135, UCSC (Homo sapiens, GRCh_37) HD Annotations #m
1 1 .5
rs7114672-{ ] SAMTools L2
SNVer
| RefSeq Genes, UCSC (Homo sapiens, GRCh_37) Sys Repository i
— F Q | Novel
- ' GATK

"] Father - 23andMe Exome (Homo sapiens, GRCh_37_g1k) My Family Trio s
-% Gmreral,ge GNUMAP

& 200
T 100
a1

SOAPsnp

[ | Mother - 23andMe Exome (Homo sapiens, GRCh_37_g1k) My Family Trio sm
-%_ Coverage

& 200
= 100
LK}

R
1%

[ |Son - 23andMe Exome (Homo sapiens, GRCh_37_g1k) My Family Trio sm X
£ Coverage 19
1= . 1.1%
= ﬁgg SAMTools =
E SNVer

Gholson Lyon, 2012



Small Insertions/Deletions

Generally defined as being < 150bp (often much shorter)

Frameshift insertions/deletions important “loss of function” class of
variants

- Although InDels divisible by three are “in-frame” when in coding region
Hard to call consistently. Poor concordance between algorithms.

Where to call an InDel in a homopolymer?

GTTTAC

GTTTTAC

01234567

How do you describe the insertion? Ins of T at 5? Or ins of T at 1?

- CGl in their v1 pipeline preferred calling insertion at end, others at beginning, now
always at beginning

MNP — Can also be called differently

mmmmmmmmmmmmm



Copy Number Variants

6

= Required WGS éﬁ ; h&’ o
- CNVs > 10kb pretty accurate. Ly ‘“““H* : ‘.‘.i“.‘.‘.".‘
- 1kb to 10kb prOblemaﬁC. - i & 3 4 ISChrimo:omeé § |1o] 11 12 {3 14 15 16 17 1819202122 X ¥

Detecting Deletions

- Can see coverage drop to near zero
- Harder to pinpoint breakpoint TR TR R R T
- Possible false positives in low- _ / | e

! 'y :
P -mr‘-‘*..:.... [ | .-—a—pm&m‘hﬂ‘ male® - e .

e b ek W g w‘.-.\. . ] k. e Wy

Log. Ratio
D s N O N B O

mappability regions § - o . .
= Amplifications i'? = : é
- Can see coverage jump AR .
- False positives due sample prep or Venter vs Watson WGS CNV-seq
sequence artifacts
= Need “baseline,” look at Log Ratio I e NN D LT TH W W EED
- Somatic detection uses normal e s~

tissues Mm
- Can have control population

DDAH1
q

H RefSeq Genes, UCSC (Homo s3] piens, GRCh_37) User Repository B

GOLDEN HEL:X 64kbp gain in DDAH1 Gene of NA12878

Accelerating the Quesr for Significance™



Structural Variants

= Looking for:
Balanced rearrangements

Inversions
Translocations

- Complex

= Signals to detect SV:
- Paired-end mappings too big (deletion)
- Depth of coverage
- Split-read mapping
= Translocations can result in “fusion”

genes.

- For example BCR-ABL fusion gene central in
pathogenesis certain leukemias.

GOLDEN HEL:X
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Example 1kb Inversion (intron of APP)

4 Chr21: 27 374 2K Chr21: 27 374.TK b
| L | L | |
SNPs 137, UCSC (Homo sapiens, GRCh_37) Mirror Server Annotations Bl
3 -T -
AC CT NG AIC NG AIG CTA o
1 " + ¥ ¥ i " .
TiC=f  f il feen  Wer B @t (I T I A CT+ § KAG ~
| nA12873 IGN 100bp (Homo sapiens, GRCh_37) bam I
Coverage
ﬁ &0
L E]
a 40
=
@ 20
o -
File-up
i -i. ¥ ; i [ 5 ‘&
e el =
100 | . - s
, .H’I . = = f '
i i o
' r ! i = I ; o : J—
K : N - ™ L] L [ |
| A e el (
' === m y ] ) = - o 'I - L] ; - [ ]
. P gm [ i I 'I 1 ok . -ﬁﬂ .I' 3 = ¥ |.
I i . - -I. 1 . ! 1 (i el ik u
- k m . . T = |
50 1 N — - f I e i— =
“:,- "‘u! r B A = - i " ':II I‘ ] ‘1I ! -
II'I . |1: III| |: " : ¥ I-.
II. .,‘ Ln'l ) i . L |'|: 1 - : ]
] |_|' ; . : - k 1. Lo L]
I'- : I.;" ﬂ i ! I|l - |ll ’ I’ il
! r ] 1 = R T
: [ . ! » a : . |,I = I i ok , T L




Tertiary Analysis —“Sense Making”

= Detecting Known Clinically Relevant Variants
- Use targeted gene panels. Amplicons or custom capture.
- Look for carrier status or present of pathogenic or PGx variants

» Rare, Functional Variant Search and Interpretation

Rare Mendelian Diseases

Clinical Diagnostic: Ending Diagnostic Odyssey

Looking for rare variants of functional consequence to a known phenotype
Exome sequencing common, but whole genome has proponents

Trios often used for looking at inheritance of putative variants (compound hets)

= Population Studies
- Like NHLBI or others studying complex disease
- Often looking at “variant burden” over genes between cases/controls

= Driver Somatic Variant Identification
- Looking for variants in tumor samples but not matched normal
- Not just SNPs and InDels, but CNVs and SVs

GOLDEN HEL:X
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Not just DNA... but still DNA sequencing

= RNA-Seq

- Align to “transcriptome”, but often do analysis with reference genome coordinates and
reads “gapped” over introns they span in their spliced form

- Using read counts to approximate relative abundance of RNA in sample
- Compare relative abundance between groups
- Discover new transcribed genes or alternative splicing

= ChlIP-Seq
- Measure sites and intensities of various proteins binding to DNA
- ENCODE project used to catalog TFBS and other functional elements

= Methyl-Seq
- Get sequences only with epigenetic methylation mark
- Run peak identification and intensity to look at relative levels of methylation

GOLDEN HEL:X
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The Promise

= Both in research and clinical care, NGS is
powering discoveries making impactful
diagnoses

= Desktop sequencers and gene panels
much more economical than gene-by-gene
hunts

= Exomes have lead to many rare disease
diagnoses and affordably assay rare
functional variants

= Whole genomes have led to clinical
success stories and promise to be
instrumental to our understanding of complex
disease genetics

= Barrier to entry is lower than ever

GoLDEN HELX
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Things That Can Confound Your Experiment

Library preparation errors Sequencing errors Analysis errors

= PCR amplification point = Base miscalls due to low = Calling variants without
mutations (e.g. TruSeq signal sufficient reads mapping
protocol, amplicons) = [nDel errors (particular = Bad mapping (incorrectly

=  Emultion PCR PacBio) placed read)
amplification point = Short homopolymer = Correctly placed read but
mutations (454, lon associated InDels (lon InDels misaligned
Torrent and SOLID) Torrent PGM) = Multi-mapping to

= Bridge amplification errors = Post-homopolymeric tract repeat/paralogous regions
(lllumina) SNPs (lllumina) and/or = Sequence contamination

= Chimera generation read-through problems e.g. adaptors
(particularly during = Associated with inverted = Error in reference
amplicon protocols) repeats (lllumina) sequence

= Sample contamination = Specific motifs particularly = Alignment to ends of

= Amplification errors with older lllumina contigs in draft assemblies
associated with high or low chemistry = Incorrect trimming of
GC content reads, aligning adaptors

= PCR duplicates = Inclusion of PCR

duplicates

Nick Loman: Sequencing data: | want the truth! (You can’t handle the truth!)
Qual et al. A tale of three next generation sequencing platforms: comparison of lon Torrent,
GOLDEN HEL:X Pacific Biosciences and lllumina MiSeq sequencers. BMC Genomics. 2012 Jul

Accelerating the Quesr for Significance™



http://pathogenomics.bham.ac.uk/blog/2013/01/sequencing-data-i-want-the-truth-you-cant-handle-the-truth/�

Your Choice of Technologies, Sometimes...

Platform [llumina MiSeq lon Torrent PGM lon Torrent Proton PacBio RS lllumina HiSeq 2000
Instrument Cost* $125K $50 K $150K $695 K $654 K

: 20-50 Mb on 314
iﬁ]q”ence yieldper 4 5 56p chip, 100-200 Mb on éﬂ(s(&%”ZZ'iSOGB °" " 100Mb 600Gb

316, 1Gb on 318
giﬂ“enc'”g COSLPEr 502 $500 (318 chip)  $70 (P chip) $2000 $41
Run Time 27 hours*** 2 hours 3 hours 2 hours 11 days
Reported Accuracy Mostly > Q30 Mostly Q20 Claimed >Q30 <Q10 Mostly > Q30
ggfee“’ed Raw Error g9, 1.71% Probably ~1% 12.86 % 0.26 %
Read length up to 150 bases ~200 bp 100bp (200bp PII) Q;/:Jg;ge = up to 150 bases
Paired reads Yes Yes Yes No Yes
Insert size up to 700 bases up to 250 bases up to 250 bases up to 10 kb up to 700 bases
Typical DNA 50-1000 ng 100-1000 ng 100-1000 ng ~1 g 50-1000 ng
requirements
L Assembly, Exomes, Genomes,

Applications Targeted Targeted Exomes, RNA-Seq Validation RNA

GOLDEN HEL:X
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Qual et al. A tale of three next generation sequencing platforms: comparison of lon Torrent,
Pacific Biosciences and lllumina MiSeq sequencers. BMC Genomics. 2012 Jul 29



@/'.i GenomeBrowse-

[Show SNPs/Indels GenomeBrowse]

GOLDEN HEL:X
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Contains 3 things per read.:

@HWI-ST845:4:1101:16436:2254#0/1

- Sequence identifier (unique) CAAACAGGCATGCGAGGTGCCTTTGGAAAGCCCCAGGGCACTGTGGCCAG
+

- Sequence bases [len N] Y\[SQORPMPYR\SNP_\][_babBBBBBBBBBBBBBBBBBBBBBBBBBB
- Base quality scores [len N]

Often “gzip” compressed (fq.gz)

= If not demultiplexed, first 4 or 6bp
Is the “barcode” index. Used to
split lanes out by sample.

= Filtering may include:
- Removing adapters & primers

- Clip poor quality bases at ends
- Remove flagged low-quality reads

1 2 3 4 5 6 7 8 8 1519 2528 35-38 4549 55-3% 65-6% 7579 85-88 5598
Position in read (bp)

GOLDEN HEL:X
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SAM/BAM

@HD VN:1.3 S0:coordinate

= Spec defined by samtools author %8 sl:wer L7

r001 163 ref 7 30 8M2I4MID3M = 37 39 TTAGATAAAGGATACTG *

Heng Li, aka Li H, aka Ih3. T002 O ref 9 30 3S6MIP1I4M * O O AAAAGATAAGGATA
r003 0 ref 9 30 SHEM * 0 0 AGCTAA * NM:i:1

: : r004 O ref 16 30 6M14NSM  * O O ATAGCTTCAGC *

= SAM is text version (easy for any r003 16 ref 29 30 6HSM x 0 0 TAGGC  * NM:i:0
= 7 -39 CAGCGCCAT *

program tO Output) r001 83 ref 37 30 9M

= BAM is binary/compressed version

= Alignment in terms of code of = Chr, position
matches, insertions, deletions, = Mapping quality
gaps and clipping = CIGAR

= N .- f
] Can have any Custom flags Set by ame/p05|t|0n (0] mate

analysis program (and many do) = Total template length

= Sequence
= Quality

GOLDEN HEL:X
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Specification defined by the 1000 genomes
group (now v4.1)

Commonly compressed indexed with
bgzip/tabix (allows for reading directly by a
Genome Browser)

Contains arbitrary data per “site” (INFO
fields) and per sample

Single-Sample VCF:
- Contains only the variants for the sample.

Multi-Sample VCF:

- Whenever one sample has a variant, all samples get
a “genotype” (often “ref”)

Caveat:

- VCF requires a reference base be specified. Leaving
insertions to be “encoded” 1bp differently than they
are annotated

#HfFileformat=VCFv4.0

##Fi1leDate=20090805

##source=myImputationProgramv3.1
#Hreference=1000GenomesPilot-NCB136

##phasing=partial

##INFO=<1D=NS,Number=1, Type=Integer,Description="Number of S:
##INFO=<1D=DP ,Number=1, Type=Integer,Description="Total Depth’
##INFO=<I1D=AF ,Number=.,Type=Float,Description="Allele Frequel
##INFO=<1D=AA,Number=1, Type=String,Description="Ancestral Al
##INFO=<1D=DB,Number=0, Type=Flag,Description="dbSNP membershi
##INFO=<1D=H2 ,Number=0, Type=Flag,Description="HapMap2 member:
##FI1LTER=<ID=q10,Description="Quality below 10">
##FI1LTER=<ID=s50,Description="Less than 50% of samples have ¢
##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<I1D=GQ,Number=1, Type=Integer,Description="Genotype |
##FORMAT=<I1D=DP,Number=1, Type=Integer,Description="Read Deptl
##FORMAT=<ID=HQ,Number=2, Type=Integer,Description="Haplotype

1 2 3 4 5 6 C 7 ] C 9 10 11
#CHROM POS D REF ALT QUAL FILTER INFO FORMAT NADOOOL NAD00O2
20 14370 rs6054257 G A 29 PASS NS=3;DP=14;AF=0.5| GT:GQ:DP:HQ 0]0:48:1:51,51 1/0:48:8:51,51
20 17330 ? T A 3 qlo NS=3:DP=11;AF=0.017 | CT:CQ:DP:HQ 0]0:49:3:58,50 0[1:3:5:65,3
20 1110696 rs6040355 A G,T 67 PASS N5=2;DP=10| GCT.GQ:DP:HQ 1]2:21:6:23,27 2[1:2:0:18,2
20 1230237 ? T ? 47 PASS NS=3;DP=13;AA=T | CT:CQ:DP:HQ 0]0:54:7:56,60 0]0:48:4:51,51
20 1234567 microsatl GTCT G,CTACT 50 PASS N5=3;DP=9,AA=C GT:GQ:DP 0/1:35:4 0/2:17:2

GOLDEN HEL:X
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Aligners

BWA (also by Li H)
- Most prolifically used for genome alignment
- BWA-SW version geared for long reads (>100bp)

- Supports aligning with insertions/deletions to
reference

Bowtie (John Hopkins, part of “Tuxedo” suite)
- Very fast, used commonly in RNA-Seq workflows

- Version 1 did not support “gapped” alignments genome ' —

- Bowtie2 supports local gapped, longer reads o \l |?| -
= Novoalign, Eland, SOAP, MAQ, read Seed | Positions

[

- Seed and expand strategy AAAA | 0,8

= TopHat, SHRIMP, STAR, Gmap L_’ sl b
I
- Specifically designed for ESTs SISO A

Most improved by paired-end (mate-pairs)

GOLDEN HEL:X
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InDel Re-Alignment

= Place, then realign “de Novo”

- Each read aligned independently by reference CAATC  realignment CAATC
global aligner. readl CA-TC ————> CA-TC
read2 C-ATC CA-TC

- May have different preference of how to
handle “gaps” to reference.

= Local Re-Aligners for InDels

0.9

- Pindel w
- GATK g““
= Important areas still problematic:
- CpG islands Z
- Promoter and 5'-UTR regions of the - I
genome | | | | |

AUC (area under the curve) comparison for different
genetic regions.

Weixin Wang. Next generation sequencing has lower sequence coverage and poorer SNP-detection
GOLDEN HEL:X capability in the regulatory regions. Scientific Reports 1, Article number: 55

Accelerating the Quesr for Significance™



Variant Callers

= Samtools
- “mpileup” command computes BAQ, preforms local realignment
- Many filters can be applied to get high-quality variants

= GATK
- More than just a variant caller, but UnifiedGenotyper is widely used
- Also provides pre-calling tools like local InDel realignment and quality
score recalibration
= Custom tools specific to platform:
- CASAVA includes a variant caller for illumana whole-genome data
- lon Torrent has a caller that handles InDels better for their tech

GOLDEN HEL:X
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Quality Score Recalibration

]
}

Accuracy (Empirical - Reported Quality)

Accuracy (Empirical - Reported Quality)
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BWA+GATK Best Practices Pipeline

: : =

GATK Unified Genotypebariant Calling Files [VCFs)

BAM index files (BAI)

Processed BAMs

Reference Genome

Known SNPs

Ficard BuildBamindex

Known Indels GATH Base Quality Score Recalibrator
FASTQ Filtration Summary o

@  GATK IndelReslignePicard BuildBamindesx Picard BuildBamindesx
Picard Mark Duplicate
° Recalibration Flots
BWA SAM to BAM Picard Sort Picard BuildBamlindex
Fastghict

Picard Alignment Metrics  Alignment Metrics

FastQC Charts

FastQC Repots Archive
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Getting to High Confidence Variants

12,000

= Hard filters versus heuristic
based statistics

10,000

8.000

= <10bp considered threshold
for “low coverage”

6,000

4,000

= Quality score recalibration 2,000

50 100 150 200 250
Read Depth

Unfiltered Provided RD>10 & GQ>20 Exonic

SNPs 98621 89132 65009 19365
Gabe InDels 8141 7800 6503 428
Ts/Tv 2.36 2.45 2.54 3.26
Trio Mendel Errors 234 202 46 3

mmmmmmmmmmmmm



Ti/Tv

= Ts/Tv ratio can measure true
biological ratio of mutation types
Versus sequence error:

Random seq errors: 2/4 or 0.5

Genome-wide: ~2.0-2.1

Exome capture: ~2.5-2.8
Coding: ~3.0-3.3

= Divergent too far than this
indicates random sequence
errors biasing the number.

o

MH;
]
'-{-Hl H\} purines F&H-‘L%" i
adenine Transitions guanine
A & » G
A A

Transversions Transversions

HNHz ': - Transitions »~ T a
y s Oy

pynmidines

H’L‘“D H o

cytosine thymine

DePristo (2011) A framework for variation discovery and genotyping using
next-generation DNA sequencing data. Nature Genetics 43(5) 491
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Visualization

= Genome browsers:
- Validate variant calls

—

@ - - loan | [Homosapens (uman), Gich 57 (Feb 2009) =

- Look at gene annotations, 75 il 13, o5 oo i (K] Q, 0+ cnmimn- s NE - o+

11l shps 135, UCSC (Homo sapiens, GRCh_37)

problematic regions, population By Comntirm ot oo s - |

1y Known Genes, UCSC (Homo sapiens, GRCh_37)

-
+ (] ) NA12878 1GN 1006p (Home sspiens, GRCh_37) < Chr10:50,680398 Chr1D:50,680418 Chr0: 50,660 438 T
catalogs i e '
L= Pile-up |’| Relerence Sequence, UCSC (Homo saplens. GRCh_37) UserRepository B
e BIECEEE g g i ReR T @

1l RefSeq Genes, UCSC (Home sapiens, GRCh_37)

_ CO m p are S am p I eS Wh e re n O ~ O A 2A12878‘(hrlrsactmn {Homo sapiens, GRCh 3. _ _'l'l lWﬂcl:‘E’:::O 8250 (Homo sapiens, GRCh_37} Unknown &

Controls 8 x !:s‘sn 2
variant called = | 5_

| Pile-up
3

:
= Free Genome Browsers: GenomeBrowse- - i
- IGV - sl 2 ~ T

50
History

o

D E

HS2000-903_160:5:2212:15106:11502

_ P O p u I ar d es ktO p by B road o2t 27.574.053 27314252 [ Rerseq Genes, UCSC (Homo sapiens, GRCh_37) -
Hszuuu— | ERCCR ettt stsirrietseesrc I
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U CS C 254 =|| [Twme E “Variant 2012_06, GHI sapiens, GRCh_37) BAniEE )
- - I » :
27374803 I ‘ ﬁ p i
H 850 '] SHPs 135, UCSC (Homo sapiens. GRCh_37) 64-DiL5VE I

- Web-based, most extensive | y :

)
everse

_ 1 ;
annotations

| 1kG Phase1 - Variant Frequencies 2012_04_26v3, GHI (Homo sapiens, GRCh_17) 54-biL VS
‘ : AG o GiA

i@

- GenomeBrowse
- Designed to be publication ready
- Smooth zoom and navigation

Point (Che10: 50,660,422, 63.6152) 10 Tobp
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Updates in Software Can Intro

duce Bugs

= Found 8K phantom variants in my
“final” 23AndMe exome

List of selected variants

Gene: DSP Your genotype: GC/GC Location: chr6:7585967

1KGenomes: NA dbSNP: NA

Genotype quality: 99.00 Coverage depth: 153

Gene description: desmoplakin
Transcript: ENST00000379802
Entrezld: 1832

UniProt: P15924

AA change: NA
Ensemblld: ENSG00000096696
OMIM: 125647

Domains

FMSFPMMWM with Entrez Gene Coordinates v2.0 b4, GHI (Homo sapiens, CIRCh_Tﬂ HD Annotations &s

[]9NPs IS UCSC (Homo sapiens, GRCh_37)

HD Annatations s

eo-f=] e ol

o

] My Family Trio s
| &

200
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C [ bl Idenheli: /?p=1534

GATK is a Research Tool. Clinics Beware.
Posted on December 3, 2012 by Gabe Rudy

(Bl S

In preparation for a webcast Il be giving on Wednesday on my awn exome, 've been spending mare time with variant
callers and the myriad of false-positives one has to wade through to getto interesting, or potentially significant,

wvariants.

S0 recently, | was happy to see a message in my inbox from the 23andhe exome team saying they had been

continuing ta work on improving their exome analysis and that a final” analysis was now ready to download,

This meant | had both an updated “variants of interest” report as well as updated variant calls in a new VCF file. I'll get
tothe reportin a second, which lists rare or novel variants in clinically associated genes, but firstlet's look at what

changed in the variant calls

Hew... and Improved?

Atfirst lush, the variant filas look quite different as you can see in the first Venn diagram below comparing variants
(both unique and comman) between the original and new filas. But after | applied a conservative filter (Genotype
Quality (5Q) =10 and Read Depth (RD) = 10) on the variants, things startto look less dramatic. So whatis with all the
new variants? It looks like many are just more aggressive variant calls. In fact there were ten thousand variants with 2

read depth of just one (a single read) inthe new file!

Original VCF File "Final" VCF File

106,760 152,205

974 46,419

v GOLDEN HELIX
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G\\/'_: GenomeBrowse:

[My 23andMe “Buggy” Variant and Interpretation Example]
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Recent Blog Post

CEPH/Utah Pedigree 1463
2 y NA12891
e NA12892
- NA12878
12877
0c) [ 05 a7, 1] 10, 11 12, 17,
12870 12880 12881 12882 12883 12884 12885 12880 12887 12888 12803

The State of NGS Variant Calling: Don’t Panic!!
http://blog.goldenhelix.com/?p=1725

GOLDEN HEL:X

Accelerating the Quesr for Significance™

/[ The State of NGS Variant ¢ % |
/

€ - C [J bloggoldenhelixcom/?p=1725

— Upcoming Webcast— Knowing Your NGS Upstream
Alignment and Variants

The State of NGS Variant Calling: DON’T PANIC!!

Posted on March 25, 2013 by Gabe Rudy

(EN 1)

I'm a believerin the signal. Whole genomes and exomes have lots of signal. Man
itis cool to look at a pile-up and see a mutation as clear as day that you arrived at

after filtering through hundreds of thousands or even milliens of candidates

When these signals sitrightin the genomic “sweet spot” of mappable regions with
high coverage, you don't need fancy heuristics or statistics to tell you whatthe -
genatype is of the individual you're looking at. In fact, it gives us the confidence to BON
think that at the end of the day, we should be able to make accurate variant calls, EEm:@
and once done, throw away all these huge files of reads and their alignments, and

qualities and alternate alignments and yadda yadda yadda (yes I'm talking BAM files).
Butwe can't

Thankfully, many variants of importance do fall in the genomic sweet spot, butthere are others, also of potential

importance, where the signal is confounded
Confounded by what? It's tempting to say the signal is confounded by noise. And in the analog world, a signal with too
much noise is alost cause. Despite what nearly every detective show in the world tells us, you can't take a grainy

image and say “enhance” and get a high-definition rendering of the suspect,

But thankfully, the world of genomics and MNext Generation Sequencing is not an analeg world. And there ars very

discrete and fractable reasons why some loci and types of variants cause us so many problems.

And for the most part, we understand these problems!
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POLL:

From which sequencing provider(s) do
you receive your upstream data from?
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Complete Genomics

= Different:
- Sequencing technology
- Alignment/variant calling algorithms

- File formats Complete
_ _ Genome
= But high quality: Sequenced %
- MNPs, Indels Napobell 10

Microarray

- CNV/SV calls

= Whole genome only

Genome
Assembly

= Also provide tumor/normal pair
analysis

= Being acquired by BGI, some
guestion their sustainability

GOLDEN HEL:X

= Accelerating che Quest for Significance™



Complete Genomics Deliverables

CNVs MEls

. . NA19240-200-37- NA19240-200-37-
= Summary statistics °°w"'°§£’cﬂ§§e
I
SVs

NA19240-200-37-
ASM-EVIDENCE-pt#.tar
I | 1
Re|

= “var” and “masterVar” files Deta E&Eﬂf NCop), (et Blonle ,,,t;ﬁ,“ﬁ:,’l
Variations) Insertions) s

- Can be converted to VCF

- Some tools (like SVS) can import them
directly

= Evidence files
- Can be converted to BAM

= CNV, SV calls in text files

- CNV: Chr1:85980000-86006000 2.06 4x
gain, covers DDAH1

- SV: Chr21:27374158-27374699 common
inversion

GOLDEN HEL:X
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lHlumina Genome Network

0
-5000
= Standardized sequencing and § -too00
. . 5 -15000
analysis, but multiple labs may be 2 200
contracted service provider. g o
O -
-35000
= 30x whole genomes 40000
Services Co, lurmina
- SNPs, InDels, CNVs, SVs e e
SERVICES CO. (60X) ILLUMINA (30X)
- Concordance W|th SNP array (prOV|ded) Callable Sites Present in Trio (bp) "N-Excluded"  2,575,974,378 2,530,389,955
Mendelian Conflicts on Genotypes 35,843 10,801
- Summary report Conficts per M
. . o 0.00
= |[lumina provided tools used 5 o0 .
- CASAVA toolkit with ELAND aligner 2 %
8 0.40
. . (al
= Also provide Tumor/Normal pair @ 050
: : . B 060
- Somatic SNVs and InDels identified by ; 00
looking at the tumor/normal together @ 0g0
S 090
Services Co. lMurmina
(60x) (30%)
SERVICES CO. (60X) ILLUMINA (30X)
Called SNPs in Any One of Trio 4,294,576 4,403,335
Mendelian Conflicts on Genotypes 35,843 10,801

GOLDEN HEL:X
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Your Local Core Lab — Or 23andMe Exome Pilot!

RefSeq Genes, UCSC (Homo sapiens, GRCh_37) Sys Repository m

= Research core labs often use a BCAR3<<<<<<|  Exons, coding

BWA+GATK pipeline

| Mother - 23andMe Exome (Homo sapiens, GRCh_37_g My Family Trio sa

- Especially for exomes Coverage |
£ 100+ :
o Yy .
- VCF with SNVs, InDels L —
Pile-up
- BAM |
50 A
= Tools for CNV/SV calling less . | —
. N B
standardized | | fll e
- Not commonly attempted with exomes R SRt e
0 = : 1 ':'.'_._ j'_.F . il .,FI: JI ’
50
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CEPH Trio

= The “benchmark” trio.
- Child, female NA12878 may be the most sequenced cell line
- Father NA12891 and Mother NA12892

= Whole Genome Data for Trio
- CGl with v2 pipeline
- IGN WGS at 30x, 100bp PE
- “Core Lab” BWA + GATK Best Practices on 100bp PE

= Concordance and Comparisons
- Lets interactively review examples where these three service providers differ and how.

GOLDEN HEL:X
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Total Imported Variants

IGM

4,651,872
393,536

7.1%

BWA 4+ GATK CGl

4,816,306 4,038,577

GOLDEN HEL:X
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Genotype Quality

BWA + GATK - Genotype Quality

IGN - GQ
120,000 —f [
FeF06 e
100,000 4 | | |-
800,000
80,000 4 | | |-
2e+06 —
1 600,000
60,000 o | | [
le+06
400,000
40,000 H | | [
20,000 200,000
0 e
0
0 - : : : : : . |
]
T L e e L L R R B B
1,000 2,000 3,000 4,000 5,000 6,000 7,000

GoOLDEN HEL:X NA12878-200-37-ASM_GQ
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Genotype Quality

BWA + GATK - Genotyp_e Quality

BEFOB —rreeerereeerenens

IGN - Genotype Q;.lglity

12,000 —-]

] | 5 | CGI - Genot:ypeE Quality

0000 4o | b 1 : i T ]
FEFOG oo [

T e m——— S —— e e
T S N [ eom— : -

2e+06 | . i M

6,000~ i - : —

AO,000 e o H-1

le+06 4,000 —

000 e
2,000 —_

o - T T T T T T T T T T
20 40 &0 20 100
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Read Depth

BWA + GATK - Read Depth

i : IGN - Read Depth

AORLO00 s 1 —L

70,000 el

) ) : CGI - Read Depth

OO0 oo - R0 i e I I o
FOO,OO0 e i i
50,000 £00,000 __ ..........................................................................................................................................................................

200,000 — 500,000 el | [ e s B
40,000 — : H

i _ an,000 ] || L peee

30,000 ]

Ty e S— i
200,000 e — o

20,000 - _

_ | smgo00 4| ||| e S — S —

o i
’ :ﬂ 100,000
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SNV Concordance Rate

IGN - SNV

3,953,213

422,533
9.4%

BWA + GATK - SNV

4,115,733

270,238
6.0%

CGIl - SNV

3,394,603
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InDel Concordance Rate

IGN -INDEL

696,993 127,489
133%

BWA + GATK - INDEL CGI- INDEL

700,573 493,475

GOLDEN HEL:X
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De Novo Mutations in Trio

CGIl deNovo Candidate Variants IGN deNovo Candidate Variants

159,261 139,392

155,534 135,665

GOLDEN HEL:X
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GQ and DP of Shared de Novo Mutations

DN#\lZB?B_PDL’f_GQ

o d o el S S .
00 J . S— SRR NSO WO
IO B O I ]

20 _: ....................................... -

10 _: - SO
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20 40 &0 a0 100
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OOMA12875_POLY_DP
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GC/'_: GenomeBrowse:

[deNovo and SV/CNV of NA12878 trio]
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Background and Definitions

Why You Should Care About Your Upstream?

A Drink from the Bioinformatics Firehose

Service Provider Deliverables: CEPH Trio Example

Applications That Require Special Upstream

Analysis
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|

Applications That Require Special Upstream Analysis 4~

= MHC Region

= Somatic Variant Calling

= RNA-Seq

= Alu and other repeats

* Phased variants and complex MNP
= Moving to a new reference genome

ting che Quest for Significance



Somatic Sniper and Friends

= Complete Genomics and IGN provide secondary alignment
specific to tumor/normal pairs.

= Do variant calling with on BAMs on pair in conjunction

= SomaticSniper approach:
= Covered by at least 3 reads
= Consensus quality of at least 20
= Called a SNP in the tumor sample with SNP quality of at least 20
= Maximum mapping quality of at least 40
= No high-quality predicted indel within 10 bp
= No more than 2 other SNVs called within 10 bp
= Not in dbSNP (non-cancer doSNP)
= LOH filter (germline is het and tumor is homozygous)

Som atiCSniper 1.0.2

rrrrrrrrrrrrrrrrr



What's Next?

THE 2' ANNUAL

~CLINICAL GENOME ===~ } EpcE

£ CONFERENCE s erone seqencr, CONFERENCE

Above the Genome - Underlying Disease

Applgmg Next Generation |
SequenC|ng August 19-21, 2013 Omm medence Pruwdence s

w-our2shes.~ sLos sy BOLDEN HELIX

e
Download f” d\!/" GenomeBrowse"

www.goldenhelix.com
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The Analysis and
Interpretation of My DTC
23andMe Exome

Short Courses

Assembly and Alignment

blog.goldenhelix.com

Killer App


http://www.healthtech.com/sequencing�
http://www.clinicalgenomeconference.com/�
http://blog.goldenhelix.com/?p=1667�
http://www.goldenhelix.com/GenomeBrowse/index.html�

& ) Questions?
Use the Questions pane in
— - r‘ your GoToWebinar window
Send Privatehy Send to All
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