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MSK-IMPACT Clinical Workflow
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MSK-IMPACT Bioinformatics Team

< Pathology : Diagnostic Molecular Pathology Service >

Dr. Ladanyi (Pl) Lab
- F7iStuff: 8 A
- Researcher : 10+ A
- Technician: 4+ A (MSK-IMPACTE.{E)

< CMO (Center for Molecular Oncology) >

Dr. Berger (Pl) Lab

- Researcher : 6+ A
- MSK-IMPACT Bioinformatics team : 8 A

cBioPortal Bioinformatics team : 20 . + SE(10+.\)

HOKKAIDO UNIVERSITY



=R DE AR (2016 5F)

- IMPACT update (2016/06/13); 4 batch 12pool ( n=12142)

New batch 229,230,231 232,233,234 235,236,237 238,239,240

222,223,224,
Sequence - 227,228 - 229,230,231

225,226

6/13

e 100-140 patients/week ( 1 pool = 10~12 case )

e Turn Around Time : 14+ H (accession ~ sign out)
e QC meeting : & AIE:60771E/E
e sign-out : Pathologist: HfEiAZL Ti#E E (20 case / mtg)

% HOKKAIDO UNIVERSITY



MSK-IMPACT-pipeline

@ EFAHRLTWWAREITY—ILIE—RERIEED,
GATK, Picard, samtools & &,

@ 9 HpackageDFE IR, LEEBFRFTH 1T o THEIZEL TRE
LTULYA, (ABRA. Delly % &)

® Filteringb KU — SR DREMTICEEITOT S LEFERE
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Analysis (GATK Best Practices)

DATACLEANUP >  VARIANT DISCOVERY L[> EVALUATION

[ RawReads | -[ Analysis-Ready Var. Calling
J Reads HCin ERC mode
s |

.
L]
L]

Analysis-Ready SNPs
Variants & Indels

I 1

< § Genotype leellhood :
g BWA mem § E
& , : 3 : [ Phasing ]
<] Mark Duplicates . N : Variant
z & Sort (Picard) : [ Joint Genotyping | i (T
: v :
[ Indel Realighment ] _ [Raw Variants ( SNPs ] [Indels ] : v
[ ] § Il | : [Variant EvaluationJ
Base Recalibration : . . N .
: Variant Recalibration : look good?
. separately per variant type H
[Analysis-Ready ] ot : A’
Reads
Analysis-Ready SNP Indel : @ @
Variants S NOEIS | eee troubleshoot use in project
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Example of the Package Comparison
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ABSTRACT

Esckground

Cancat b & disiiria of the gesofe - mo of i foims fessh from a bulldup of genetk:
ahteration that, directly o indieectly, alow the pathent’s cels te prolifersle withoul noitreinl.
Forr divcinddes, identifying and Lanpeting cancer mulatiens fof teabment wis imprectical dus o
the Biritations of sequending techhelogy. Howesi, te s of high-thioughpul sesl-
Ameration :.-qurm.h: NG tirods o, alloweed resmarchen o rapidly and cheaply seguence
large, cargeied gl of DA VS K-IMPRCT (Memodal Sloan Cetlering - integrated Mutation
Profling of Actionable Cancer Tasmets], & :-mmnmlllﬁwm wi.hm aseclibed
rompulational pipeine, Laue of |
analyos lumoi sgedmens for dinkcaly actionable verianti s !-l:tum;n
asseciabed per. Critical b IMPRCT'S efficacy & e deleclicn ol omatic DHA aliesatio like
INDEL, which are nserlions or dewtiom of suckeotide. Current seguence algres have
dificulty sccuralely mapsing reeds (ihorl, cverlapping DNA seguenos ) walaining moere than
a singhe Baie change, let dlome readh containing INDELs. This Naw secessitite the we of
INDEL realigner, which earranie reads in regeons where INDELS might exhl in oeder 1o
ety them mome iy, Currently, the NDEL realpement software avocialed with MSK-
IMRRCT S computational pipeine, the Genoms Snabysh Toolkits indel Realignen | GaTe),
can only efciently Fokes INDELD shofter Dhis 30 bide pairs, which limils
the platform’s relakilty for INDEL detection Thin, we teiled and compared the performance
of & new IMDEL realigner called ABRA (Aacem biy Baed Re-Aligner) 1o that of GATES
Irdelfraligne.
Objectives
. To resolve poodly aigned genomic regions cauied by occufience of INDELS and Fepaeal
AEGUSTILI.

. Toirgtove INDEL deledicn serfoimance with emphasis on both finding INDEL biged
than #bp and on impeodng the sccunscy of esch INDEL wardast fregquency.

METHODS
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The IMPACT of INDEL realignment: Detecting insertions
and deletions longer than 30 base pairs with ABRA
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Figure & & deletizn ard anothel iatalion evint cled by GATK in the BARDD gote wi esclvid Taf meee

cheandy by ABRA into & single deletion swent with a ieparets SHY farther ewiy
ABRA detects INDELs longer than 30 base pairs where GATK cannot
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Figure®. Here, ABRA b abke 1o detect o dgnifeast eon 11 nsertion (45 be) and deletion (8 12p] n the KIT
germ, which b wiually relevant for patients with gearcintestingl ancer.

ABRA presents a more parsimonious alignment of the sequencing data.
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Figare 10: ABRA |s alile 1o Fesolvn i large deletion [+100bg) in the HRAS par, which can dgnificantl gt
pathent el and geogeost in Sladder cancer,

CONCLUSIONS

* ABRA Incrmased owr confidence in siresdy exdsting varlant calls by incrmasing the varant
Fragquacy of the illienats &

*  ABRA detected INDELS longer thas 30 base pairi, sipedally in reiloss thal pevesly edhibied
Sy of wicheat fied allgnment

IRIDELS, wifbicis Ty ecour i ialliphe of 3, oftes n-ﬂ}nhlrm-um-:n-mhnnduml.m
they code - therelere, sul dentifying INDEL presenti an olabechs in the cwaticn of
peracnalized cancer rmlenl

ACKNOWLEDGEMENTS

| weeukd Nk 1o thank Aonak Shah and Dr. Micheel Banger for all of their imbruction, support, and
wdvicr in making this project.

RSITY



Assembly-base and Mapping-base

ABRA resolves poorly aligned regions
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Figure 8: A deletion and another mutation event called by GATK in the BARD1 gene was resolved far more
cleanly by ABRA into a single deletion event with a separate SNV farther away.

https://www.slideshare.net/rshah7/comparison-of-lumpy-vs-delly-for-structural-variant-detection
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Example of the Package Comparison

A Comparison of Genomic Structural Variant Detection using LUMPY

INewark Academ

INTRODUCTION

Background

Stnetueal veriants (S5, shich ave deviatiom rom somal chromes mal o ciore affecting regions aspresimately 1 kiobase o
Iotgges in i, Papres et i of T lirgest and mast e cabageris of mulalion 1o e Buman genome, & cancer is & d B
cauied by the aeosmulation of somatic mulaions in e edniduals geons, sbiuctural vasiants are de ety mplcatsd s & Guse
of Ly, Bevrnt demlopmients i igh-theogheut, have allowied resrarches s
segquancs large, largeted negions of tlumoe DA b locate and treat specific mutations; the MSE-RAPACT assay (Memorial Sloan
Ealturvingg - Intwirated Mutaticn Profling of Aciondle Cance Tarpets| and it axodabed computational ppsdieg & an eumpls.
Daripite thiria Fiscanl advasces, scunitaly and sMoently deteimining the praenos ard lecation of S35 frem segquardng data
umaing & cumberiome Lk dus 1o 8 surmber of hurdles: @ wide arge of 5 sives Jas than o bilobae 10 tens of megabars),
muhticle diferent viructsral vasiant Lyses and complenity ks, and S e ol 56 svidence inchading paaedeed readh
APE], spht reads (5], aned noid dupth (RO Here, tha LURPY stioctur el variant dicovery softeirs b compannd with DELLY, it
conibafieanary phogiem in the MSK-IMPACT competational pipsine, in order Lo detemine whethe magrating LUMPY inte the
IMPACT pipsdiren will b of B il

et o

LURAPY wis wried po call strectural varants on 112 tumor-aomal sampde pair from 8 sequendng runs fior which DELLY had
akewarly calld 5 rrestatiom, and b resuky wer e comeaned SPEEDSEDY, & Trarsewore Bt smplifies and bundkes togethe
miiltighe Lok, incdeding LUMPY and BWA-MEM (& sequence aligrar], win wied 1o aligh rew squenciag reds and call structeal
wartats with LUMPY, Python and shall seriphs wane weitlin 1o geocess fiads and intirlecs with the components of SPEEDEEQ, Al
compeler proveding wis done on @ computer duste o MEECT through the LSF gueuing system.

METHODS
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-
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neguential nirategy cakoslates Di-roresining rangss o pased-sad reads fra
503 1hiams ocalives TRS1S FangRL Sting 1pMT reas DELLY covtsn 5 modifed
wericn of the Gateh kearithrs alkrer a1 ol reach idencifcacan, sl
LLPY, which raiar tely on, gansrakined 1ack

Figare o fsch sc. .ol bvmrics 13, re. 18 fiagembe 15, Jric -k

Lot Ll Frewl gy v Mk sy ceavr e l.--lin[ »:"o_ Frarer dmmsia
- Bl - B l
v e
. b )
T e
Bty P Bt B s e
pren sl - T froves —
' b ] '
.........{ Wl A T nn
— A
N
o
- - e +
—— raun o

Fipare 1: Categorien of geretic virscural nariagion. LAY and DRLLY beth
Ppspvarin broadly iz delsfons, insriom, Ssplation srd

raad o r i S Ik 12 s C e, maltpls i chengs
can socar s cesrapping iegions, crentng complas and hard io-raagorhe
sz

Figere o kas. . o AGum fevines neciol L1, a0, § Ny X301 M-
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ranges oo, snch suidercs cansgony s Thas adeing Thets ranges 1agsthur.
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PTG VOIS 580 s LK KT (LSS 8 SR
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and DELLY

Lance Tan', Ronak H. Shah?, Michael F. Berger®

Livingston, NJ 2Department of Pathology, Memorial Sloan Kettering Can

RESULTS

[Examples of true struchural warisnts found by LUMPY.

Figsrs: & [A] A BEL B3R dabesion, (s BO5L-C004 tranakatiaa, 7] 8 RET-HEOA duplicaion, sad (B & FET-CXDCE bnwarakon caled by LUMPY. & fzar
LaTet S VIO S8 SR TS Ut Ciled by CEILY . The S 18 creviniont of B red and et Sl «BTONE CTIBE SR NI 21 OF s
o clisnes. Lk cifver srucieral varians caben, LR i inperiec and may ot deiect all ihe svidence that wppor 2 muiaion, sachas in @i
LUMPY calls gain paired-end support but kose split-resd support compared to existing DELLY calls.
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The current DELLY-based computationsl pipedine identified more 5Vs than LUMPY.
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CONCLUSION
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Comparing Tools with Different Algorithm

10

A Common and unique SVs with varying breakpoint

£ SVs found by both

difference threshold
SVs found by LUMPY only

SVs found by DELLY only

LUMPY calls
(780 total)

DELLY calls
(1120 total)
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200 —— ] ]
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Breakpoint difference threshold (bases)

https://www.slideshare.net/rshah7/comparison-of-lumpy-vs-delly-for-structural-variant-detection
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Variant Caller Comparison in WGS & WES

lumina lon Proton

Freebayes

Freebayes TVC

2.0%+1.7%
GATK-HC

1.1%=0.4% 2.0%=1.6%

0.4%+0.3%

Samtools GATK-HC

Figure 3. Venn diagrams summarizing called variants by different callers. The mean percentage with
standard deviation of confidence variant calls with equal to or higher than the quality score threshold of 20 are
represented for (A) [llumina data sets and (B) Ion Proton data set.

Sohyun Hwang, Scientific Reports volume5, 17875 (2015) HOKKAIDO UNIVERSITY



Variant Caller Comparison in WES
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Qingguo Wang, Genome Med. 2013; 5(10): 91. HOKKAIDO UNIVERSITY



Variant Caller Comparison in WES & Target Seﬂ[3

SNVs Indels
600 35
500 %
25
400
20
300 ’7 W
m Exome sequencing m Exome sequencing
Deep sequencing 15 # Deep sequencing
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100 5
0 0 B
EBCall Mutect Seurat Shimmer  Somatic Strelka Varscan2  Virmid Manually EBCall Seurat Indelocator Strelka Varscan2  Manually
Sniper curated curated

Fig 6. Variant caller sensitivity. Variant caller sensitivity for detecting the manually curated mutations for SNVs and indels are shown in left and right

panels, respectively. The y-axis depicts the number of variant calls. The dark and light grey bars represent calls in the exome and targeted deep sequencing
data, respectively.

AB Krgigard et al., PLoS One. 2016; 11(3)
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Error Rates

Error Rate Comparison among Platforms

Error Rates for Substitutions in R1 Reads
HiSeq MiSeq

GAll
XT S Next XT

Next Park S Next

0.015-

0.010-

0.005 -

Orig.nuc. AACEIGHET

0.000-

Melanie Schirmer, BMC Bioinformatics, 2016(17):125

Error Rates for Substitutions in R2 Reads

GAll HiSeq MiSeq
Next Park S Next XT S Next XT

Orig.nuc. ZABMCHGHET

% HOKKAIDO UNIVERSITY




Error Related Motif (3mers preceding errors)

Top 3 Motifs in R1 reads for Substitutions across all DS Motif Occurrence Rates for R1 Substitutions
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Mutect Defaults Filter Settings

Filters used in high-confidence mode
1. Proximal Gap
2. Poor Mapping
3. Strand Bias
4. Clustered Position
5. Observed in Control

Filters applied in all MuTect modes
1. Tumor and normal LOD scores
2. Possible contamination
3. Normal LOD score and dbsnp status

4. Triallelic Site Filter

https://gatkforums.broadinstitute.org/gatk/discussion/4464/how-mutect-filters-candidate-mutations
% HOKKAIDO UNIVERSITY




Empirical Variant Filter for Somatic Mutation o

Table 1. Empirically derived filtering parameters for putative somatic mutations

Parameter

Description

Requirement

Read position
Strandedness

Variant reads
Variant frequency

Distance to 3’
Homopolymer
Map quality difference
Read length difference

MMQS difference

Average variant position in supporting reads,
relative to read length

Fraction of supporting reads from the forward
strand

Total number of reads supporting the variant

Variant allele frequency inferred from read
counts

Average distance to effective 3’ end of variant
position in supporting reads

Number of bases in a flanking homopolymer
matching one allele

Difference in average mapping quality
between reference and variant reads

Difference in average trimmed read length
between reference and variant reads

Difference in average mismatch quality sum
between variant and reference reads

Between 10 and 90
Between 1%-99%

At least four
At least 5%

At least 20
Less than five
Less than 30
Less than 25

Less than 100

Koboldt DC, Genome Res. 2012 Mar;22(3):568-76.
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Variant Filtering in Another Cases

Variant Frequency (%)
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YVariant Freguency (%)
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Mannual Review
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===’ cBioPortal o©

The cBioPortal for Cancer Genomics provides visualization, analysis and download of large-scale cancer genomics data sets.
Please cite Gao et al. Sci. Signal. 2013 & Cerami et al. Cancer Discov. 2012 when publishing results based on cBioPortal.

CiviC

0 studies selected (0 samples) CLINICAL INTERPRETATIONS OF
VARIANTS IN CANCER

About Participate Community Help FAD
QUERY

Select Studies:

PanCancer Studies 2 Select all listed studies (216)
Cell lines 2 PanCancer Studies
Adrenal Gland s MSK-IMPACT Clinical Sequencing C«
Pan-Lung Cancer (TCGA, Nat Genet
Ampulla of Vater 1 .
Cell lines
Biliary Tract 6 Cancer Cell Line Encyclopedia (Nov:
NCI-60 Cell Lines (NCI, Cancer Res
Bladder/Urinary Tract 10

The Precision Medicine Revolution

Adrenal Gland

ommunity-d
Variants in Cancer. go

http://www.cbioportal.org/

https://civic.genome.wustl.edu/home HOKKAIDO UNIVERSITY



Mannual Review
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Variant Normalization (Left-Alighment)

Reference and alternative REF GGGCACACACAGGG

alleles of a CA short
tandem repeat (STR)

Genome Reference

GGGCACACACAGGG
REF CA
ALT .
REF CAC
ALT C
REF GCACA
ALT GCA
REF GGCA
ALT GG
REF GCA
ALT G

Alleles represented against the human
genome reference. Allele pairs are
colored the same, all are representations
of the same variant.

ALT GGGCACACAGGG

Not left aligned
and altemate
allele is empty
Not left aligned
but parsimonious

{ right trimn

Not left trimmed

Normalized
(left aligned
& parsimonious)

¥\ CA deletion from the reference
| Variant Call Format |
I i
| POS REF ALT
| 8 CA
|l s CAC e-
i |
| L GCACA GCA ' N
1 2 GGCA GG 1
I 1
| 3 GCA G |
I I
' Alleles represented in Variant Call Format, '
l all are representations of the same variant. |
i I
1 i

https://genome.sph.umich.edu/wiki/Variant_Normalization

HOKKAIDO UNIVERSITY



Normalization and Complex Variant
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Zook JM, Nat Biotechnol. 2014 Mar;32(3):246-51
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