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NGS for rare / undiagnosed diseases AT

HiSeq 3000/HiSeq 4000 Systems

NextSeq
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Output

VarChr VarStart VarEnd DMAChange VarType VarClass VarPercenta RefCov VarCowv dbSnpld Transcript  Varld

chrl3 32890572 32890572 G=A SNP R 100 1] 184 rs1799943  NM_000059

chrl3 32890572 32890572 G=A SNP R 100 1] 249 rs1799943  NM_000059

chrl3 32890572 32890572 G=A SNP R 99,62 1] 530 rs1799943  NM_000059

chrl3 32890572 32890572 G=A SNP R 100 1] 98 rs1799543  NM_000059

chrl3 32890572 32890572 G=A SNP R 99,62 1] 1294 rs1799943 NM_000059 40 1299
chrl3 32899388 32899388 A=C SNP R 99,37 1] 631 rs11571610 NM_000059 23 635
chrl3 32900933 32900933 T=A SNP R 93,76 1] 1681 rs3752451 NM_000059 14 1685
chrl3 32900933 32900933 T=A SNP R 99,13 1] 227 rs3752451  NM_000059 13 229
chrl3 32900933 32900933 T=A SNP R 93,81 1] 1584 rs3752451 NM_000059 15 1587
chrl3 32900933 32900933 T=A SNP R 93,44 1] 536 rs3752451  NM_000059 13 539
chrl3 32905265 32905265 G=A SNP R 99,7 1] 673 rs206073 NM_000059 7 675
chrl3 32905265 32905265 G=A SNP R 99,89 1] 936 rs206073 NM_000059 10 937
chrl3 32905265 32905265 G=A SNP R 93,44 1] 530 rs206073 NM_000059 18 533
chrl3 32905265 32905265 G=A SNP R 100 1] 650 rs206073 NM_000059 18 650
chrl3 32905265 32905265 G=A SNP R 100 1] 543 rs206073 NM_000059 16 543
chrl3 32905265 32905265 G=A SNP R 93,74 1] 780 rs206073 NM_000059 10 732
chrl3 32905265 32905265 G=A SNP R 100 1] 463 rs206073 NM_000059 16 463
chrl3 32905265 32905265 G=A SNP R 93,81 o 530 rs206073 NM_000059 9 531
chrl3 32905265 32905265 G=A SNP R 100 o 636 rs206073 NM_000059 14 636
chrl3 32905265 32905265 G=A SNP R 99,85 o 645 rs206073 NM_000059 19 646
chrl3 32905265 32905265 G=A SNP R 100 o 109 rs206073 NM_000059 9 109
chrl3 32905265 32905265 G=A SNP R 100 o 72 rs206073 NM_000059 14 72
chrl3 32905265 32905265 G=A SNP R 100 o 107 rs206073 NM_000059 7 107
chrl3 32905265 32905265 G=A SNP R 99,89 o 920 rs206073 NM_000059 24 921
chrl3 32905265 32905265 G=A SNP R 100 o 783 rs206073 NM_000059 16 783
chrl3 32905265 32905265 G=A SNP R 93,88 o 868 rs206073 NM_000059 9 869
chrl3 32905265 32905265 G=A SNP R 93,76 0 842 rs206073 MNM_000059 16 844
chrl3 32905265 32905265 G=A SNP R 93,87 0 777 rs206073 MNM_000059 17 77a
chrl3 32905265 32905265 G=A SNP R 100 0 671 rs206073 MNM_000059 16 671
chrl3 32905265 32905265 G=A SNP R 100 0 1272 rs206073 MNM_000059 8 1272
chrl3 32905265 32905265 G=A SNP R 100 0 1341 rs200073 MNM_000059 15 1341
chrl3 32905265 32905265 G=A SNP R 100 0 791 rs206073 MNM_000059 8 731
chrl3 32905265 32905265 G=A SNP R 93,84 0 613 rs206073 MNM_000059 20 614
chrl3 32905265 32905265 G=A SNP R 93,72 0 351 rs206073 MNM_000059 16 352
chrl3 32905265 32905265 G=A SNP R 93,72 0 702 rs206073 MNM_000059 3 704
chr13 32905765 32905765 G=A SNP R no n RIR r<206073 NM 000059 ] RIR



Finding the “needle in the haystack”
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Software design

INOLO!

Instead of lots of Excel files
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Software design

Instead of lots of Excel files
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Results stored in one place
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Software design

Instead of lots of Excel files
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Raw data

> Analysis

Input

Module 1

Quality
Assessment

Module 2

May
Trimming

Module 3
Wariant Calling
Annotal
Filtering

* . cAm rechoyes,

Sautocin
-Annataton

~Fiiaing

22 VarCaller
Varcaller

freebay

#rechayes; santaols

Results stored in one place

+/23, VarGene
Vartene
A2

freebayes; samtools:hatspet BRCAZ

#rechayes: samtaols

fresbayes: santools

freehayes

fresbayes: santaols

freebayes; santools
1

BAcAz

+ |24, HgvsGenomic

Hgvsbenamic

chr13:

chrl3:

chri3:

<hrls:

chri3:

<hrls:
chr13:
<hrl3:
chri3:
chr1s:
chri3:
<hrls:
chr13:
<hrl3:
chris:

9. 3290755
9. 32907545_32907547de1 TG
9. FZITSAGT-G
9. 3290754767
9. 32911380_32911381insh
9. 3291308535
9. 32915005G-C
9. 329188024e1 T
9. 32957295_329372961nsT
9. 37937308 379379103nsT
9. 32954303461 T
9. 32968800_32968801insT
0. 329008373
9. 32900612_3200061 3de AT
0. 329006143

+25, HousTar
HaveTargets
H1_500053., 3

> List of variants [

ldenti

22, varCaller

freshayes samtonls;hotsact
Freabayes:samton s:hotspot
frechayes: santools
Freehayes: santonl s
fresuayes
freebayes:santonls
frechayes; santools
samtonls:lov_cov
=amtact=; Low_cou

santaols: Low_cov
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+[23,VarGene 5|24, HvsGenamic 4|25, HovsTar
VarGene v HovaTargets
BRCaz chrl3:. 3290754476 1 000053, 3
encaz ChrYs:g. 32007546 329075474616 Wi ooouss
sncaz chri3:g. 3290754676 i 000053, 3
BACaz T Wi 000053, 5
BACAZ chrl3:g.5: M _G00053. 3
BRCAZ Wi 000ass, 3
BRCaz 000053, 3
encaz i coouss
srcaz Wi 000053, 3
BRCaz Wi 000055,
ERcaz W co0053, 3
BRCAz Wi 0000ss. 3
BRCaz chri3;o g 000053, 3
encaz — 23 i coouss, 3
BRCAZ chr13:g. 3290061 44-T M1_600059, 3



Multistep Application p, | | P

Accepts input from all big NGS technologies (lllumina, lon Torrent, 454 ...)

Module 1 Module 2 Module 3

Quality Mapping Variant Calling

Assessment Trimming Annotation

Filtering

"5 - Format conversion - BWA, Bowtie, - GATK, Freebayes, 8
8— > _Barcode splitting > > TMAP > ? SAMtools -> -5"
- - Primer trimming - Low coverage - Structural variant EI_

- Quality trimming regions callers

- Contamination - Mapping - Annotation

checking statistics - Filtering

- Reporting - Trimming



Reproducibility & Configuration AT

Logging
= Complete log of all used tools, references, annotation databases, and
versions

Storing

= Storage of output and input data - Run and re-run analyses
Accessing

= Get all data from all samples at any time

Configuring

= Specify exactly which genes/regions should be analyzed

BMPR2 chrl? 41234547 41234768

ELN > EE: Configuration oa1 ) Results

SCNN1A chrl7 41226264 41226485

10



Features MT o
Supports AmpliconSeq, WES, WGS

Uses proven open-source packages and frameworks QM
open source

Transformation of variant coordinates into Transcript HGVS

Variant identification with multiple tools
- Merging of variants from different callers

chrl3:g.32953971C>T non_syn_coding
chrl3:g.32973012A>C UTR_3 prime
chrl7:g.41222975C>T non_syn_coding

C(330) > T(2947.45% het
A(952) > C[847.15% het
C{1391) > T(940.57% het

NM_000059.3:c.9033C=T
MM _000059.3:c. *105A>C
MM _007294.3:C.4956G=A

11



Integration into Platomics Platform T

News & Events Contact

Developers

PLATOMICS Company ’ App Store
The App Market Place for Life Sciences

Knowledge Discovery, Application & Transfer

Software Platform Market Place

Life Science Data Analysis Ecosystem

Platomics helps researchers and clinicians to gain insights from
large volumes of Life Science data, leading to more effective

personalized treatments for patients

12



Integration into Platomics Platform AT

PLATOMICS
Web-based

Easy installation of server part

App-store concept

Customization

NGS Rare
diseases
Software

Life Scence Data Analysis Ecosystem

13



P I atom | CS AIT

Remote deployment
= Data access secured through user management
= Sharing of data

D e— \Platomics Infrastructure

Local deployment

= Only accessible through local network
= Data stored on local infrastructure

—> data security

Local
Infrastructure

14



Integration into Platomics platform

#¢PLATOMICS

WORKSPAC EJ

4 MNew Project
(O Sequencing App [1]
Sequencing App [3]

O Sequencing App [2]

JO ESJ

Hame Date
Job11
Job10
Job@
Job&
JobT
Jobé
JobS
Job4

Job3

[OXONORONORORONONO)

INPUT ™

Sequencing App

cnv baseline trus

APP INFUT
AssayMame DateSeqRun
Rare Dise 1 v Y Y-MM-0D
Library Strategy ReferenceGenomeName
AMPLICON v hg19
SourceSeqFiles
Browse

APP INFO

VERSION:

CREATED:
Tue Jan 26

LICENSE:
Mo License Selected

5048 GMT+D100 (Mitteleuropaisc he Zeit)

Experimentid

RUM-xx

RunCenter

LAB-01

Start Job

15



Results

INPUT RESULTJ

EXPERIMENT , PATIEMTS  WARIANTS  CNV  GEMES

_
Info
Experiment Id: RUM-12
Assay Name: BRCA182 CNY [as-3]
Run Center: LAB-01
Date Seq Run: YYY-MM-DD
SeqPlatform: lllumina_MiSeqg

DateSeqAnalysis:  2018-02-14

Pathogenic serverity variants

HIGH | =

MED [ 205
Low I s

WALIDATION

“ariants per Patient

bs-0000075_525_L00A

bs-0000068_S6_L00A
bs-0000048_527_L00A
bs-0000086_544_L00A
bs-0000072_536_L00A
bs-0000085_538_L004
bs-0000050_539_L 004
bs-0000051_545_L004
bs-0000077_S37_L00A
bs-0000081_514_L004
bs-0000066_541_L004
bs-0000061_511_L004
bs-0000070_524_L00A
bs-0000044_519_L00A
bs-0000004_518_L004

bs-0000052_S4_L 004

bs-0000042_S7_L00A
bs-0000076_531_L004
bs-0000059_546_L 004

bs-0000060_S5_L00A
bs-0000082_520_L00A
bs-0000069_512_L004
bs-0000078_543_L00A
bs-0000041_535_L004
bs-0000064_529_L 004
bs-0000043_513_L00A

bs-0000079_52_L00A

bs-0000088_S9_L004
bs-0000058_540_L00A
bs-0000063_523_L00A
bs-0000056_528_L004
bs-0000083_526_L00A
bs-0000055_522_L00A
bs-0000053_510_L00A
bs-0000047_521_L00A

bs-0000080_S8_L00A
bs-0000084_532_L00A
bs-0000049_533_L004
bs-0000073_542_L00A

bs-0000087_53_L00A
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Results

db Snpld
search...

rs1799543
rs1801406
rs 206075
ra 206076
rs 1799955
rs 1689547
rs9534262
rs 1799965
rs 1060915
rs 16842
rs 16941
rsT9EET
rs 16940
rs179554%
rs 1801406
re 206073
rs 206076
rs 169547
rs9534262
rs1795543
rs 1801406
re206072
rs4987117
rs 208078
rs 1799955

ReferenceGenomeName

search...
GRCh3T/hg19
GRCh3Tihg1s
GRCh3Tihg19
GRCh3Tihg1%
GRCh3Tihg19
GRCh3Tihg19
GRCh3Tihg19
GRCh3Tihg1%
GRCh3T/hg19
GRCh3T/hg19
GRCh37/hg19
GRCh3Tihg19
GRCh37/hg19
GRCh3Tihg1s
GRCh3Tihg19
GRCh3Tihg1%
GRCh3Tihg19
GRCh3Tihg19
GRCh3Tihg19
GRCh3Tihg19
GRCh3Tihg19
GRCh3Tihg1%
GRCh3T/hg19
GRCh3T/hg19
GRCh37/hg19

Chr: Start-End
search...
chri3:32890572-32800572
chr13:32511888-32911888
chr13:325913055-32513055
chr13:32915005-32915005
chri13:325929232-32525232
chri13:325259387-32925387
chr13:32535645-32536546
chr17:41223094-41223094
chri7:41234470-41234470
chri17:41244000-41244000
chr17:41244435- 41244435
chri7:41244535-412445358
chr17:41245237-41245237
chri17:41245466-41245466
chr13:32511888-32511888
chr13:32813055-32913055
chr13:325915005-32513005
chri13:32529387-32925387
chr13:32535645-32536546
chri13:32890572-328090572
chr13:32511888-32511888
chr13:32913055-32913055
chri3:32914235-32014235
chr13:32515005-32915005
chr13:32926232-32029232

Gene

search..

BRCAZ
BRCAZ

BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAT
BRCAT
BRCA
BRCA
BRCA
BRCA1
BRCAT
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ
BRCAZ

Exon

searc

2
11
11
1
14
14
16
16
12
10
10
10
10
10
11
1
11
14
16
2

11
1
11
11
14

VarType
search..

snv

snv

snv

snv

snv

snv

snv

snv

snv

snv

snv

snv

BNy

snv

snv

snv

snv

sy

snv

snv

snv

snv

snv

snv

snv

DNAChange
search..

G=A
A=
A=
G=C
A=
T=C
T=C
T=C
A=
T=C
T=C
G=A
A=
G=A
A=
A=
G=C
T=C
T=C
G=A
A=
A=
C=T
G=C
A=

RefDNA = VarDNA
search...
G(0) = A[1304)
A[20) = G(TE21)
Al2) > G(3868)
G(1) = CI2728)
A[2DEE) = G(1974)
Tid4) = C{1004)
T(986) = C(966)
T(0) = C({209)
AlD) = G(1283)
Ti15) = C(T544)
T(15) = C(6083)
G(14) = A{3T4D)
A[1T) = G(9433)
G(26) = A{4510)
A(2845) = 5(3037)
A(8) = G{3065)
G(D) = C{1963)
T(D) = C{8T5)
T(80%) = C(818)
G(504) = A{546)
A[26T1) = G(2TTT)
Al3) = GI1ET)
C(1893) = T(1997)
G(D) = C{1937)
A[1563) = G(1507)

A I I AUSTRIAN INSTITUTE
OF TECHNOLOGY

VarPercentage
search...

55.54%
S99.67%
95.92%
99.85%
48.75%
59.64%
45.46%
100.00%
99.92%
99.67%
88.75%
59.44%
55.76%
598.38%
50.67%
99.71%
99.95%
95.50%
50.25%
51.85%
50.92%
99.67%
51.17%
59.50%
45.065%

17



4 & & & &

Results — fully customizable

All

Chr: Start-End
RefDMNA = VarDNA
Pathogeniclmpact
HomopolymerLength
CodonChange
RunCenter
Transcript
PolyphenPred
AFGlobal

Clinvarld

VarClass

Ensembl
CosmicCodingld
Genestrand
CosmicCodinglnfo
NonCosmicCodingld
AssayHotspotVariants

RefCov

& & & & & &

-

FinalApproved
Gene
VarPercentage
ClinSignificance
VarCaller

Date SeqRun
MAF Eur
CNVEnable
ClinvarDiseaseName
RefCodon

TecVal

Co69

VarCow

HGMD
GenomeBrowser
SeqPlatform
ReadType
HapMap2

TotalCov

VR N L UL NI V(N

Patient Varld
Exon

Zygosity

Protein
IsConserved

Date SeqAnalysis
MinCovThreshold
NonCosmicCodinglnfo
Varld

VarChr
PathoDistribution
Patientld
UcscBrowser
AssayMame
AssayRefseqs
Esp

Experimentld

SIFTPred

* & & & & (8

dbSnpld

VarType
HgvsTargetSeq
Pathogenic Severity
Flags

VarQual

Sift
AssayPrimersAdapters
VarStrand
VarBaseQuality
AFEur

RefAA
1000Genome
GwasCatalogue
MutationTaster
RefDNA

VarAA

JBrowse

4 &K A& & &

AT

I
0L

z
@
=

TUTE

op
ne
2
o=
=
=
@
2

ReferenceGenomeName
DNAChange
HgvsGenomic
CopyNumber
ValidationAssay
GeneBoundaries
Lrt

VarEnd

ClinVarDb

InCpG

Var Start

VarDNA
FPolyPhen2
CommentsUser
SourceFileFormat
Gerp

HapMap3

PhyloP

18



Module 3 — Annotation & Prioritization

Prioritization and
interpretation

- Based on variation

- Effect on amino acid

- Links to external databases
- Functional impact

Variant features (e.g.)
- Strand

- Coverage

- Variant quality

- Zygosity

- Homopolymer regions

External databases

- 1000Genome

- Exome Variant Server
- EXAC

- KEGG

- Cosmic

Decision
support

Own databases

Include your preferred
databases

- HGMD
- BIC
- HotSpot variants

- Lrt

- Gerp

- PhyloP

- PolyPhen2
- Sift

- Mutation Taster

Variant annotation scores

19




Results . |
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INPUTS RESULTS_l

DRUID - Genome analysis made easy

e Run2 5215
un ,215 vars
Run 2 13,415 vars Chr i chet and
A33.13 A33.13
i 5 .
Investigated Person > Type - < 2| Investigated Person Combination filter
i affected M affected Result 98 vars

Autosomal recessive variants |
A33.13

A34.13

female W P —— female | Export |

|— Filters
Run 4 11,327 vars

Export
$3413 - [Epor |

Parent
[Jaffected

male Im

| Import pedigree information |

Pedigree

| Export pedigree information

A34.13

A33.13

21



Interactive filtering and prioritization of variants AT

— Filtering A33.13

(Q Search the combined variant table )

— Combined filtering — Applied Filters
Choose a filtering option l v [ Apply | Autosomal recessive variants
Compound heterozygous Variant heterozygous | | and ||is presentin arents
Autosomal recessive variants I e | | P I | P |

X-chromosome linked
Variant IEI |homozygous| and |is presentin| Iinvestigated personl

98 filtered variants from A33.13 and A34.13 « < 1/341 > »
Sample Chr ¥ [Start ¥ |End v |Type ¥ |Zygosity Polyphen - |Sift b HGVS Exon
(Q search) (Q searc) (Q search ) (Q search ) (Q search) (Q search ) (Q search ) (Q search )
Father chr1 1234567 1234568 SNV het 0.8 0.6 NM_000059.3:¢.1114G>C 2
Mother chr1 1234567 1234568 SNV het 0.8 0.6 NM_000059.3:c.1114G>C 2
Child chr1 1234567 1234568 SNV hom 0.8 0.6 NM_000059.3:¢.1114G>C 2
Father chr1 1234967 1234968 SNV het 0.6 0.4 NM_000023.3:c.24C>A 1

22



S umma I‘y AIT

= Software for variant identification and annotation
= [ntegration into a web-based system (Platomics)

= [ntuitive filtering mechanism

23
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Collaboration oportunities
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PMO3 - Diagnostic characterisation of rare diseases
PMO8 - New therapies for rare diseases
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