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Introduction of Biomedical Genomics Workbench (BX), data analysis

Fast and Easy Analysis
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Biomedical Genomics Workbench

— Sample to Insight

Accurate and trustworthy results

v Whole Genome Sequencing

v Whole Exome Sequencing

v Targeted or Whole Transcriptome Sequencing
v ChIP-Seq data

Intuitive and easy-in-use

v Comprehensive end-to-end analysis workflows for
single samples or cohort studies

v One-click analysis of QIAGEN GeneRead DNASeq
Amplicon Panels

v Streamlined integration with Ingenuity Pathway
Analysis (IPA) & Ingenuity Variant Analysis

Flexible & customizable

v Ready-to-use workflows can be customized
v Build your own workflows

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 3
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RNA

Sequencing -

Vg
fastq
Bx and many other file types

N
N

Data Analysis A

/ RNA-seq / Variants /
VCF file
Interpretation

INGENUITY _ INGENUITY

PATHWAY ANALYSIS VARIANT ANALYSIS
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Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 4
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CLC Genomics Workbench vs. Biomedical Workbench

Genomics Workbench
* Analysis of NGS data on ALL organisms

» Reference data management for model

organisms: C. elegans, S. cervisiae, etc.

» Supports microbial and non-mammalian
NGS analysis

« Supports de novo assembly

» 5 Genome Finishing Module
» 3 Ingenuity Pathway Analysis
=g Classical Sequence Analysis
> [ﬁ Molecular Biology Tools

» [= BLAST

» 5 NGS Core Tools

» [& Track Tools

L [ﬁﬁ Resequencing Analysis

(X

» IS;;J Transcriptomics Analysis
» @- Epigenomics Analysis

» & De Novo Sequencing

» [ Workflows

» ] Consulting Track Tools
> ﬁ; Legacy Tools

— Sample to Insight

Title, Location, Date

Biomedical Workbench

» Tools most relevant to clinical applications
on human data

« Automation and Reference Management
geared towards for Human research

*  Human, Mouse,Rat
» Ready-to-use work flows

Tools

> [ Genome Browser

» [[Z] Quality Control

> i Preparing Raw Data

g [ff', Resequencing Analysis

> g Add Information to Variants
> Ei: Remove Variants

» g Add Information to Genes
> E_i'i' Compare Samples

* 3 Ingenuity Pathway Analysis
» sy Identify Candidate Variants
> 'm Identify Candidate Genes
g El Expression Analysis

» [ Helper Tools

L ﬁ Ingenuity Variant Analysis

Bx

> %ﬁ Cloning and Restriction Sites
» [l Sanger Sequencing 5



Biomedical Genomics Workbench — Complex Tasks, Simply Done

Streamlined workflows and a rich toolbox to efficiently process data

Toolbaox

— Sample to Insight

Ready-to-Use Workflows

&#-f Preparing Raw Data

E& Whole Genome Sequendng

r:' Whole Exome Seguencing

=- {1‘ Targeted Amplicon Sequendng

% Annotate Variants (TAS)

- 2% Filter Somatic Variants (TAS)

R{E Identify Known Variants in One Sample (TAS)
ﬂ Identify Somatic Variants from Tumar Mormal Pair (TAS)
-BEE Tdentify Variants (TAS)

: ﬁ Identify and Annotate Variants (TAS)
- [ QIAGEN GeneRead Panel Analysis
- ﬁ- Whole Transcriptome Seguencing
Tools

[#-fi5, Genome Browser

{12 Quality Control

4l Preparing Raw Data

pps REsEquendng Analysis

g Add Information to Variants

3% Remove Variants

g Add Information to Genes

{ f§ Compare Samples

ﬁ Ingenuity Pathway Analysis
-3} Identify Candidate Variants

{um Identify Candidate Genes

f=) Transcriptomics Analysis

{4 Helper Tools

Eﬁ Ingenuity Variant Analysis

@’ Cloning and Restriction Sites

Fil Sanger Sequendng

& Epigenomics Analysis

-l Workflows

Customize workflows

Coverage distribution (values below median + 35Ds)

QC reports

6000

QC for Target Sequencing (Tue Nov 18 19:19:09 GMT 2014)
Version: CLC Cancer Research Workbench 1.5.2

User: thonnert

Parameters:

5000

4000

Track of Target Regions = NGHS-003X Human Myeloid Leukemia
Report type = 1x, 5x, 10x, 20x, 40x, 80x, 100x

3000

number of positions

Read Mappin|

Minimum coverage = 30

2000 .
Ignore non-specific matches = Yes

IZE Local Re{ 1000

Ignore broken pairs = Yes
Create report = Yes

Reads Track

Create track = Yes
Create coverage table = No

History

4|6.440 41,246,460 41,246,480 41,246,500 41.24‘5,520

Homo_sapiens_sequen c ATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTCTGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC

Variants

Visualization and
Validation

Amino Acids
Amino acids

e

CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTC
BRCA1&2 CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTT(C

336,743 reads CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTT
CATCTTCAGTATCTCTAGGATTCTCTCGAGCATGGCAGTTTC

CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTC
CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTC
CATCTTCAGTAT

32 CATCTTCAGTATCTCTAGCATICICTGACCATGGCAGTTTC

CIQGCTTATTCCAT

GCTTATTCCATTCTTTTCTCTCACACACGGCATCAGCATTC
GCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC
TCTCTCACACACGGCATCAGCATTC
GCTTATTCCATTCTTTTCTCTCACACACGGCATCAGCATTC

GCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC
GCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC

TCAGTATTC
GCTTATTCCATTCTTTTCTCTCACACACGGCATCAGCATTC

12591

[ variants %

e - —+E=H

| Filter | =

Rows: 3 Table view: Homo sapiens
Chromoso... | Region Type Reference A\Iele Frequency  Coding region change Amino acid change dbSNP
13 32929387 SNV 99.95 ENSTO0000544455:¢.7397T>C ENSP00000439902:p.Val2466Ala 169547

__-

41258504 SNV

71.88[ENST00000471181:¢c.1067A>G
69.06 ENST00000471181:¢.181T>G

ENSP00000418960:p.GIn356Arg
ENSPO0000418960:p.Cys61Gly

28897672




sHEoe In CLC Workbenches you can.. Projection scatter plot
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6000 — @

1. QC and preprocess NGS data (RNA- 4000~
Seq, smRNA, and DNAseq reads) 2000 ]

) ) i .. = 0—
1. Differential expression and statistical ¢ : =
anaIySIS for RNA-Seq and Sm RNA GE_J' 'EDUU_: m“‘f“’f"‘"“’f‘z‘;gﬁjm;} GAGAGc;ACTceATCTGTGCAAAAHG;GACACGCTccAcrcccccA;\Ae‘
o - & Ncne:vzr[::‘s)
~4000 — i
2. Generate, annotate, and compare | e
high-confidence variant calls 000 e ey =
- \
-8000 — "

1. Facilitate analysis with interactive ] ,
visualization 38000

\ |
‘ Trim Sequences using Quality Values |
\ |

Trimmed Sequences | Trimmed (broken pairs) | Discardedsaquencas] Report

Savarmah -locely eoied | ‘ Map Wild Lettuce Reads to Domesticated Lettuce Reference ‘

2. Construct automated workflows in
user friendly interface B-h-‘!e\anomaswgnalmg

Reads Track | Read Mapping | Mapping Report | Un-mapped Reads |

18 ool —
S )
1. Modules [plugins] available for ' s )

additional or custom functionality -

|
v v -

/ —Ras a ' p & Mapping |
Ik} )

]

_ I § 1
' PIE2 »PIP3 aftu J
=
BT.; g Mutations in M-Ras, B-Raf and PTEN \ e Variants)
| activate the Ras-Raf-MEK-ERK and
v PI3KJAKT pathways in melanoma L i
ERK ﬂ@% BAD)
¥ \ V .

— Sample to Insight



esvee  Cancer research applications (WGS/WES/RNAseq)
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‘4 R

Cancer sample reads Control sample reads
(Primary tumor) (Peripheral bload)

Mapping Mapping

Local realignment Local realignment

Variant calling ¢ MatChed TumOI’/NOrma|
e Tumor alone
e Tumor vs controls

Variant calling

Low quality filter Low quality filter

VARIANTS

Remove germline variants

Filter against control sample

Annotate tumor-specific variants

Analyze functional consequences

ANALYZED TUMOR-SPECIFIC VARIANTS

— Sample to Insight



sssss QIAGEN Bioinformatics Products Streamline Integration

— QIAGEN

Ingenuity Variant Analysis integration: two ways!

Biomedical Genomics
Workbench & Server

Bx

* Ready to use workflows + Ingenuity
Variants Analysis plugin

* Make it one click by leveraging workflow

customization!

* Click on the link to see results in IVA

- Edit filtering cascade in IVA and send

the result back in BXWB

« Use tracks to compare results from
different filter cascades in BxXWB

I * Genome Bronge.., X

INGENUITY

VARIANT ANALYSIS

86533740 88,533,760
I

66,532,739

68,533,780 66,533,800 88.533.8
| I I

Homo_sapiens_sequen GGTTTGGAGCCTTCGATCCAGGGCAAGGAGGTGGGGTTCAGTGAGGACAGBGCTGAGCTGGTCTTCCAGCAGTGATTCTCGOATCACATC

Homo_sapiens_ensem
bl_v74_Genes

Homo_sapiens_ensem
bI_vT4_mRIA
Homo_sapiens_ensem

bl_v74_CDS

SRA719299_1 (paired)
trimmed (paired)

L]
SRA719299_1 (paired)

trimmed (paired) Read GGTTTGGAGCCTTCGATCCAGGGCAAGGAGGTGGGGTTCAG

Mapping Tumor
1,886,313 readg

kil

0 GGTTTGGAGCCTTCGATCCAGGGCAAGGAGGTGGGGTTCAGTGAGGACAGGGCTGAGCTGGTCTTCCAGE
SRR719300_1 (paired) GGTTTGGAGCCTTCGATCCAGGGCAAGGAGGTGGGGTTCAGTGAGGACAGGGCTGAGCTGE
trimmed (paired) Read GGTTTGGAGCCTTCGATCCAGGGCAAGGAGGTGGGGTTCAGTGAGGACAGGGCTGA

Mapping Hormal

7

Annotated Somatic
Variants

GTCTTCCAGCAGTGATTCTCATATCACATC

GGTTTGGAGCCTTCGATCCAGGGCAAGGA

GGGGTTCAGTGAGGACAGGGCTGAGCTGGTCTTCCAGCAGTGATTCTCATIATCACATC
TGAGCTGGTCTTCCAGCAGTGATTCTCGOATCACATC

CCAGGGCAAGGAGGTGGGGTTCAGTGAGGGCAGGGLTGAGCTGGTCTTCCAGCAGTGATTCTCGOATCACATC

GATTCTCGOATCACATC
ATCACATC

GA
CAGGGCAAGGAGGTGGGGTTCAGTGAGGACAGGGCTGAGCTGGTCTTCCAGCAGTGATTCTCGQATCACATC
1,841,169 ready GGTTTGGAGCCTTCGATCCAGGGCAAGGAGGTGEEGTTCAGTGAGGACAGGGCTGAGCTGGTCTTCCAGCAGTGATTCTCGUATCACATC

Annotated Somatic
Variants (IVA)

Annotated Somatic
Variants (IVA) (IVA
. Update}

HE N

r
N—

<

[EH Annotated Som..,

Rows: 282 Table view: Homo sapiens

Chromosome  Region

17 66533811
18 14764045,
6 32552086,

Reference Alele
66533813 CGC CGC
14764047 TG TG
\32552087 TC AT

ESP_AF ESP_AF AA  ESPAFEA  ASSESSMENT HGVS_PROT
0.00 0.00 0.00 Likely Pathogenic p.M339 R34
0.00 0.00 0.00 Uncertain Significance p.A395T

0.00 0.00 0.00 Uncertain Significance p.D5TI

— Sample to Insight
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Streamlined workflows and a rich toolbox to efficiently process data

Readv—tu—Use Workflows

£l Preparing Raw Data Customize
el PPEPETING ) workflows
e Whole Genome Seguending
BI;:; Wh0|e Exome Sequenclng Coverage distribution (values below median + 38Ds)
ﬁ General Warkflows (WES) ] QC reports
Ei Somatic Cancer (WES) 2000
=+ Hereditary Disease (WES) ]
Filter Causal Variants (WES-HD) 000 QC o Target Sequencing (Tue Nov 18 10:19:09 CHT 2014) History
M 1dentify Causal Inherited Variants in Family of e E Version: CLC Cancer Research Werkbendh 1.5:2
y of Four MES} s B User: thonnert
. Identify Causal Inherited Variants in Trio (WES) é oo Parameters:
E Identify Rare Disease Causing Mutations in Family of Four (WES) E 230003 Track of Target Regions = NGHS-003X Human Myeloid Leukemia
= Identify Rare Disease Causing Mutations in Trio (WES) reoaml 2 ] i‘_ap?“ type = 1x, 5’;’3 iy Hiy iRy (i J0ER
. . h 1nlmim coverage =
= 5 IdEI’TtIFY Variants MES_HD} znnu? Ignore non-specific matches = Yes
IdEI’Ttiﬁ' and Annotate Variants MES-HD} i ] Ignore broken pairs = Yes

- Identify and Interpret Causal Variants in Family of Four using IVA {(WES) Reads T] 1000 Create report = Yes

Mok Tdentify and Interpret Causal Variants in Trio using IVA (WES) o E::: zz:::a:::me e
E]--f_; Targeted Amplicon Sequendng oo
Ej@ Whnle Transalptome Sequencng 4‘5_440 4124|5_4ED 41, Z‘\EEBD 4124|5,5BD 41, 24‘5,520 Visualization
-I— h Homo_sapiens_sequen c ATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTCTGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC - -

oo s and Validation
£y Genome Browser —

f Quality Contral Amino acids
E_f’] Preparing Raw Data

bpp RESEQUENCING Analysis
. . 0 CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTCTGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC

'E\-; Add Information to Variants BRCALEZ CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTCAGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC
336743 reads CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTCIGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC

i CATCTTCAGTATCTCTAGCATTCTCTCACGCATCGCAGTTTCQGCTTATTCCATTCTTTTCTCTCACACAGCGGCATCACCATTC

ER Remnve "‘Ia”ants CATCTTCAGTATCCCGACGATTCTCTCACCATCCCACTTTCCCTTATTCCATTCTTTTCTCTCACACAGGCCATCACCATTC
hdd I Fo t tO G CA'[CTTCAGTA'[CTCTAGCATTCTCTCACCATCGCAG'[TTCCCTTATT(CATTCTTTTCTCTCACACACGGCATCACCAT'[C

¥ nrarmaoon ENes CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTCIGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC
CATCTTCAGTATCTCTAGGATTCTCTGAGCATGGCAGTTTCTGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTC

]L_-H'i Compare SBITIDIES CATCTTCAGTATCTCTAGCATTCTCTCACCATCCCAC‘ITTCCCTTATT(CATTCTTTTCT[T[AEACAGCCCATCAGCATTC

= R . R CATCTTCAGTAT I TCAGTATTC
hb Identify Candidate Variants 32 CATCTTCAGTATCTCTAGGATTCTCTCACCATCCCAGTTTCIIGCT TATTCCATTCTTTTCTCTCACACACCGATCAGCATTE
{u% Identify Candidate Genes ——— ‘ ‘
{:i=|_i Expression Analysis 12591
{4 Helper Toals ] & - ——+ BEE
ﬁ Ingenuity Variant Analysis ES variants
@ Cloning and Restriction Sites - -
. 5 . Rows: 3 Table view: Homo sapiens Filter | =
@ anger Sequencng
) ] ) Chromoso... Region Type Reference  Allele  Frequency | Coding region change Amina acid change dbSNP
'@ Epigenomics Aﬂﬁl‘f'SJS 13 32929387 SNV T c 99.95 ENST00000544455:¢.7397T>C  ENSPO0000433902:p.Val2466Ala 163547
EN 00471181 c. >G_|ENSPO0000418960:p.GIn356Arg
17 41258504 SNV A C 69.06 ENST00000471181:c.181T>C ENSP00000418960:p.Cys61Cly 28897672

— Sample to Insight
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Ready to Use Workflows

Very easy customization of ready-to-use workflows

— Sample to Insight

[N Ty

ReaNH:-:- ng or Reads Track | Restrict calling to target regions
p ﬁx\eq Ploidy Variant Detection 4 ReadsTrack{{2} Read Mapping)
Variant Track Variant Table Variant Report

T, Remove False Positives

Filtered Variant Track

) W

Variant Track Varniant track

g Remowv e Variants Found in External Database

Filtered Variant Track

L
y '\' ";{IZ} ck I Gene track | mRMNA track

i A'Yd Information from Overlapping Genes

.Annotaaaﬁl Variant Track
iy

» Add new tool with drag & drop
 Remove tools

« Add new outputs (e.g. all large deletions)
» Change parameters and lock them down

Title, Location, Date

11




sssae Flexible workflows tailored for end-users
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Lock key parameters of workflow to standardise processing

Reads 1+
=g Map Reads to Reference
Reads Track Read Mapping Mapping Report Un-mapped Reads

-
Resd Mapping or Reads Track E Configure Low Frequency Variant Detection |

{£E Local Realignment

General filters

Resds Track Resd Mapping| | 1+ LOW ﬁEE:E”{?' variant Coverage and count filters
parameters (Low )
Frequency Variant @] Ef’ Maximum coverage 100000
Detection) [ [& Minimum coverage 10
Read Mapping or Reads Track 1+ 2 GEHETE' ﬁlters {an @ g Minirmurm cournt 2

% Lowr Frequency Variant Detection

Frequency Yariant

Detection) |i"| @ Minimum frequency (%) | 5.0

Variant Track ariant Table | Variant Report

' 4

Reference masking

Variant Track

1+ I (7 [& Target regions o

'ﬁ Remowve False Positives

Filtered Variant Track

Fead filters

(5 & [¥] lgnore broken pairs
Variant Track . :
5% Remove varans od | . (&) [ Ionore non-spedific matches |Reads |
Variant Track it {5 [@ Minimum read length 20

M{ ERED | €previous || dnext || Fnsh || Xcancel |

— Sample to Insight

QIAGEN Sample to Insight | www.ingenuity.com | www.clcbio.com | www.giagen.com
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Powerful, task-driven, user-friendly tools "[3) Add Information from Variant Databases
Toolbos — ._.. Add Conservation Scores
g Add Exon Mumber
F!'.eadv—tu—u.s«e Workflows - TIA pdd Flanking Sequence
;@ Preparing Raw Data ~W* Add Fold Changes
E Whole Genome Sequending % Add Information about Amino Add Changes
- Tmpn Whole Exome Sequencing - Add Information from Genomic Regions
r‘; Targeted Amplicon Sequencing -2 Add Information from Overlapping Genes
#-£% Whole Transcriptome Sequendng g Link Variants to 30 Protein Structure
Tools ~[4p Download 3D Protein Structure Database
-4, Genome Browser =+-{3% From Databases
- (5] Quality Control - {% Add Information from 1000 Genomes Project
#-fu PreparingRawData ™ | % Add Information from Allele Frequency Community
Ea'_'f!ih R;z&qﬁndng Analysis / % :33 inxrma:nn :::m EP?',.MIC
- g Add Information to Variants = nTormatan ram Linar
-3 Remove Variants --{§= Add Information from Common dbSNP
+11 g Add Information to Genes ﬁ'. Add Information from HapMap
» : _

+-j5pp Identify Candidate Variants
+|-{mmp Identify Candidate Genes

+-f Expression Analysis Wy, Remove False Positives

]ﬁ Helper Tools -.2*= Remove Germline Variants

£

E

£ : :

g b Remove Variants Found in External Database
3

E

-3 Ingenuity Variant Analysis -tk Remove Reference Variants
E

E

E

[

H

(i Remove Variants Not Found in External Database

-f@ Cloning and Restriction Sites i Remove Variants Inside Genome Regions

]@ Sanger Sequendng ""D-:h{E Remove Variants Outside Genome Regions

]ﬁ. Epigenomics Analysis ---p.p.fﬁ Remove Variants Outside Targeted Reqions

1-{5] Workflows = ﬁf From Databases

]ﬁ] leggcy Tools L e & Remove Variants Found in 1000 Genomes Project

b _w; Remove Variants Found in Allele Frequency Community
----- .82 Remove Variants Found in Common dbSNP

----- {3 Remove Variants Found in HapMap

— Sample to Insight
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sssse Biomedical Workbench: Identify Genetic Variants

— QIAGEN
B & & 80 O 0 [x JF 8 g &

Show New Save Import Export Graphics Print Undo Redo Cut Copy Paste Delete

Navigation Area 1 == * Copy of Ident... X

I ¥ 5 Luminal
> HCCl 534i280 o as 534i300 534i320 53

| 51 MCF7 R et
> ﬁ MDAN Variants (3,784) E]
| »E1em .
» (5 zZrR75| Homo sapiens (hg19) F[GGTCAGCGCACTCTTGCCCACACCGCCGGCGCCCACCACCACCAGCTTATATTCCGTCATCGCTCCTCAGGGGCCT(

il =1 ¥ !
¥ = Claudin U 16 TGGTCAGCGCACTCTTGCCCACACCGTCGGCG
HS578T.RNA-Seq FGGTCAGCGCACTCTTGCCCACACCGTCGGC

» [ BTS4 (Reads) rGGTCAGCGCACTCTTGCCCACACCGTCG
» [ HS57 2,335,972 reads [GGTCAGCGCACTCTTGCCCACACCGTCGGCG
> £5 MDAN "GGTCAGCGCACTCTTGCCCACACCGTCG
> 5 SUML "GGTCAGCGCACTCTTGCCCACACCGTCGGCGCCCAC
CTTGCCCACACCGTCGGCGCCCACCACCACCAGCTTATATTCCGTCATCG
» [ sum1 ——CGCACTCTTGCCCACACCGTCGGCGCCCACCACCACCAGCTTATATTCCG
B Illumil 53 TCATCGCTCCTCAGGGACCTQ
Q- — !

¥ |g Add Information to Variants
v E La Add Information from Variant Databases

A

B& - =0+

iZ% Add Conservation Scores

= Add Exon Number

o TI® Add Flanking Sequence | HRAS SR

> ¥ Add Fold Changes Name ENSEMBL

. ,E 4 Add Information about Amino Acid Changes HRASLS W

“prd i Add Information from Genomic Regions ) HRASLSS5 ENSG00000168004

[ £ Add Information fram Overlanning Cene e RS N0 e

ﬁ,‘, Link Variants to 3D Protein Structure

Workspace Plugins Data Management Workflows

1

— Sample tnsight



Variant in protein 3D structure in CLC Cancer Research WB

— QIAGEN

Mutation (in red) disrupt TGF-b3/TbR1 binding

— Sample to Insight



sssse Biomedical Workbench: Identify Genetic Variants
— QIAGEN
HEEB B B 890 00 X I & g &

Navigation Area

4 & *Copyofldent... X

B B3 O Y J

¥ 5 Luminal
534,280 534,300 534,320 53
» [ HCCl | 534,288 [ :
PEIMCEI) e 76 =
> ﬁ MDAN arlants( ) 1l
k[ T47D .
> %ZR?S Homo sapiens (hgl9) GGTCAGCGCACTCTTGCCCACACCGCCGGCGCCCACCACCACCAGCTTATATTCCGTCATCGCTCCTCAGGGGCCT(
llumiy M ¥
¥ = Claudin U 16 'lGGTCAGCGCACTCTTGCCCACACCGTCGGCG
HS578T.RNA-Seq (GGTCAGCGCACTCTTGCCCACACCGTCGGC
> [ BT54 (Reads) FTGGTCAGCGCACTCTTGCCCACACCGTCG
> HS57 2,335,972 reads IGGTCAGCGCACTCTTGCCCACACCGTCGGCG
> 3 MDAN "GGTCAGCGCACTCTTGCCCACACCGTCG
» B TGCGTCAGCCGCACTCTTGCCCACACCCTCGGCGCCCAC
SUM1 CTTGCCCACACCCTCGGCGCCCACCACCACCAGCTTATATTCCGTCATCG
> (] sum1 CGCACTCTTGCCCACACCGTCGGCGCCCACCACCACCAGCTTATATTCCG
B lumil 23 TCATCGCTCCTCAGGGACCT(
Q- _ : .
® 0 Select export format
Toolbox 69
v éWho-le Trans @ a‘ n
L Annotate Name Description Extension Supported format ~ H
EF Compard EH Homo sapiens ...| Sequence CSV Export sequences or sequence lists as Comma... [csv] Yes
-EEIdentlfyC |
2 Tab delimited text Export tables or tabular information as Tab De... [txt] Yes i
2% Identify Rows: 4 / 57,773
Tools Table CSV Export tables in CSV format [csv] ]
» [ Genome Bro][ Chromosome
[ % - DramAarvina D
Processes | Tof| 11 Wiggle Export graph track in Wiggle format [wig]
Idle... =
| Zip Export files and folder structure in CLC format ... [zip] Yes

— Sample to Insight




sssse Biomedical Workbench: Integrates with Ingenuity Products

— QIAGEN

BB B 890 O 0 [X F 8 g &
Show New Save Import Export Graphics Print Undo Redo Cut Copy Paste Delete Workspace Plugins Data Management Workflows
Navigation Area 1 == * Copy of Ident... X
% B O Y

1|
¥ 5 Luminal

534,280 534,300
| |

534,288

i
]

534,320
|

Variants (3,784)

L= 7nzcl Haman canianc (ha1QY - =

a A ey " a

GCCCACCACCACCAGCTTATATTCCGTCATCGCTCCTCAGGGGCCT(

v Toolbox G

al

¥ & Ingenuity Variant Analysis
‘i_ Ingenuity Variant Analysis

» & Cloning and Restriction Sites
[ =)

a T T ———

Toolbox

CAGCTTATATTCCGTCATCG
GCCCACCA CAGCTTATATTCCG
TCATCGCTCCTCAGGGACCT(

69

My Samples | My Analyses | Publications

T o B [Cancer pe = CinudnLow
=1+ Annotate _— _—

K Compare B Homo sapiens " Showing 5 samples ' Cancer_type = ClaudinLow | Clear tag
2 |dentify
r[; Barcode | Display Name | Description
QB Identify Rows: 4 / 57,773 Table SUM159PT.s: SUM159PT.sortedByNa... SUM159PT.sortedByName_1 (paired) RNA-Seq (Reads) - locally realigned (Variants) J
Tools SUM1315PT. SUM1315PT.sortedByNa... SUM1315PT.sortedByName_1 (paired) RNA-Seq (Reads) - locally realigned (Variants)
» [ Genome Bro}[ Chromosome Region . . .
» (3 Quality Cont 3 19295 MDAMB231.« MDAMB231.sortedByNa... MDAMB231.sortedByName_1 (paired) RNA-Seq (Reads) - locally realigned (Variants)

B OS5 Deanavina D

HS578T.sorte HS578T.sortedByName_... HS578T.sortedByName_1 (paired) RNA-Seq (Reads) - locally realigned (Variants)
Processes | Tof| 11 comple  BT549 sorted BT549.sortedByName_1 ... BT549.sortedByName_1 (paired) RNA-Seq (Reads) - locally realigned (Variants)

H de...

— Sample to Insight




- CLC Biomedical Research Workbench
— QIAGEN

1. QC and preprocess NGS data (RNA-Seq, smRNA, and genomic reads)
2. Differential expression and statistical analysis for RNA-Seq and smRNA
3. Generate, annotate, and compare high-confidence variant calls

4. Facilitate analysis with interactive visualization

5. Construct automated workflows in user friendly interface

6. Modules available for additional or custom functionality

7. Push processed data to Ingenuity and identify pathways affected by genetic
variants/expression changes.

QUESTIONS?

— Sample to Insight
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Health Insurance: Portability
and Accountabiity Ac

HIPAA <$AFE HARBOR TBUST?._,_.

Ingenuity® Variant Analysis™ Overview




_sssss A knowledgebase (KB) that's 15 years in the making

Unprecedented Access to Literature Knowledge

Literature findings The Ingenuity

MD/PhD level Biomedical Ontology Knowledge Base

curators

PATIENT PHENOTYPES
(e.g., Docetaxel)

DISEASE MECHANISMS
(e.g., Prostate Cancer)

CELLULAR MECHANISMS
(e.g., Apoptosis, Angiogenes|s)

) FINDINGS ,
QC
-‘_

MOLECULAR MECHANISMS
(e.g., Fas, Vegf)

7 SEQUENCE MaCHANISMS
. ]

(e.g., DNA, RNA)

Content Acquisition Ingenuity Ontology

Powered By

INGENUITY"

— Sample to Insight




8gs83 Variant Analysis Content

— QIAGEN
Quality, Context, Coverage, and Timeliness of Content (ca.1/2014)

[>COSMIC  REECEI—.
o + A Deep Catalog of Human Genetic Variation “I &

Catelogue of sometic mubstions In G

The Cancer Genome Atlas @ Understanaing ganomnics M G

fo iImprove concer core
Mouse Genome Database

OMIM B i
ot Hopkins
Online Mendelian Inheritance in Man s University

NHLBI Exome Sequencing Project (ESP)
Exome Variant Server

Sorting Intolerant From Tolerant

2oLfiud |ufo|ELIU LLOW | O|6LIUf

Additionally

« 349,748+ Ph.D./M.D. expert-curated human phenotype-associated mutation findings
« ~3M+ manual literature findings

« 21,458+ curated disease models

» 185,310+ curated pharmacogenetic (PGx) findings e

— Sample to Insight -
Locati
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— QIAGEN

"%, Variant Analysis"o/ unan wioe serome ok SORE IR

O ldentify ‘short’ list of most plausible variants
O Causal
O Biomarkers

0 Construct mechanistic hypothesis based on supported biological
relationships

O Share with colleagues/ potential collaborators

— Sample to Insight
INGENUITY VARIANT ANALSIS

22



Variants
2564011

» Common Variants
410593 17103

% Predicted Deleterious
8131

208

x Statistical Association
58

Upstream Pip 1 Variant Al'lBIYSiS' of human whole ge

O ldentify ‘short’ list of most plausible variants
O Causal
O Biomarkers

0 Construct mechanistic hypothesis based on supported biological
relationships

O Share with colleagues/ potential collaborators

— Sample to Insight
INGENUITY VARIANT ANALSIS

23



22800 Results: With Default Settings

00000
— QIAGEN
My Samples | My Analyses | Publications | Claudin ProbVar [*] (i
Filter Cascade E O Summary | Variants | Genes | Groups/Complexes | Pathways | Processes | Diseases | Overview m
46076 9648 —
Chr... |Positi0n |Gene Region |Gene Symbol |Pr0tein Variant |Case Samples |Contr0| Samples |Trans|ation Impact |SIFT F(4|
6 31236668 3UTR HLA-C e N S
% Confidence 1510 6 31236767  3UTR HLA-C e
46076 %48 ¥ 6 31236800  3UTR HLA-C e | —eme—
6 31236821 3UTR HLA-C -———-=- - - —-=--
% Common Variants B 6 31236853  3UTR HLA-C - - - | -
16809 5996  t++ 6 31236862 3UTR HLA-C ———-—- - —-—-=-
6 31237773  Exonic HLA-C p.T329A s | cooo=o in-frame Actival
% Prodicted Delotorious E10) 6 31238027 Exonic HLA-C p.-M285I -—=— - - —-—-—- missense Damag—
5583 3474  +4 6 31238909 Exonic HLA-C p.T187L -_-——-——- - === in-frame
6 31238931 Exonic HLA-C p.L180L m-—-—-- - === synonymous
. . 6 31238985 Exonic HLA-C p.T158T e | ooo== synonymous
x Ge""";‘;A"a'Vs's . 553' 6 31239050  Exonic HLA-C p.S140Y - missense Activa
6 31239100 Exonic HLA-C p.8123Y,p¥122 — - - -2 @ - — - — — in-frame, synonymc Actival
ol (6 31239101 Exonic HLA-C p.S123F,p.Y123 - —=m— -  — - — — — missense Tolera
x Biological Context 5. I 31239501 Exonic HLA-C p.A7T3E coHes | coco== missense Dama
A
] ch?alculate when ﬁlt:rs cha:;;e 18 11700213 | 3UTR CTsB e R
8 11700373 3UTR CTSB I :
—— | :ll 11700R7A VTR CTeR [_== O

— Sample to Insight



sssse Filter Cascade: Confidence

— QIAGEN

e .

. A
Variants Genes | Keep only n variants which satisfy all of these criteria:
46076 9648
[ Call quality is at least ma in any case or at least mg in any control
AND
X »
confidoncs E @ L] Variant passed upstream pipeline filtering
46076 9648 AND
[[] Read depth is at least E in any sample
A AND
% Common Variants B
16809 5996 +4 [] Allele fraction is at least | 5 % in any sample
AND
[] Outside top % most exonically variable 100base windows in healthy public genomes
% Predicted Deleterious 1510 AND
5563 3474 L [[] outside top % most exonically variable genes in healthy public genomes (1000 Genomes)
Subsequent filters only treat a variant as present for samples that also satisfy the Keep criteria.
% Genetic Analysis B
38 5 +4 Apply
38 5 + |
[] Recalculate when filters change

| Add Filter |

Legend [show]

— Sample to Insight



88888 Filter Cascade: Common Variants
QIAGEN

My Samples | My Analyses | Publications

46076 9648 _
Common Variants
% Confidence ISTO) [ Exclude | - ] variants that are observed in any of these populations with an allele frequency of
46076 9648 +
v I at least | -] |3 |+|% in the 1000 Genomes Project
X Common Variants B VW [] I at least | - ] |3 |+|% in the EXAC
16809 5996 N\
M |atleast |~]|3 2% of [ all | + |NHLBI ESP exomes
% Predicted Deleterious 1510 [] [ at least | - ] |3 |+|% in the Allele Frequency Community (includes ExAC and CGl)
5583 3474 4
% Genetic Analysis B OR
38 ° T [ ] are present in doSNP
3 5 + |[¥] | * The public Complete Genomics genomes are included in the AFC
[] Recalculate when filters change
"~ Apply

Legend [show]

— Sample to Insight



sesse Filter Cascade: Predicted Deleterious

00000
— QIAGEN
My Samples | My Analyses | Publications
Filter Cascade E
Variants Genes 4]
46076 0648 Predicted Deleterious
Keep only n variants that
are experimentally observed to be associated with a phenotype:
X Confidence 15 @ Disease-associated according to computed ACMG Guidelines classification
46076 9648 + [/ Pathogenic
[] Likely Pathogenic
[] Uncertain Significance
i _ [] Likely Benign
% Common Variants B [] Benign
16809 5996 +4
[] Listed in HGMD®
OR
3 are associated with gain of function of a gene
% Predicted Deleterious 510 [] Established in the Literature
5583 3474 [] Gene Fusion
[[] Inferred activating mutation by Ingenuity
[] Predicted gain of function by BSIFT
[C] microRNA Binding Site
X Genetic Analysis B OR
38 o T+ are associated with loss of function of a gene
[ Frameshift, in-frame indel, or start/stop codon change
— [] Missense unless predicted tolerated by [ | SIFT or [_| PolyPhen-2
% Biological Context S|
38 5 + \{ [+ splice site loss up to ‘ZE bases into intron or [_| as predicted by MaxEntScan
[[] Recalculate when filters change VI Deleterinus tn a micrnRNA _ _
|
Add Filter [ Aoy
Legend [show]
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ssase Filter Cascade: Genetic Analysis

00000
— QIAGEN
My Samples | My Analyses | Publications
Variants Genes 4]
46076 9648
Genetic Analysis
Use recommended settings for: (Custom) | Tumor-specific variants | - I “
x Confidence B ] Pair/match samples from the same individual
46076 9648 + | | Restrict to | transmitted | = | variants
1 Case Samples ¥ Control Samples
% Common Variants =l Keep only n variants which are variants which are
16809 5906 +4 [/] associated with gain of function [/] associated with gain of function
To control specific gain of function types, use the To control specific gain of function types, use the
Predicted Deleterious filter Predicted Deleterious filter
OR A OR
* Predicted Deletsrious 80 [+ Homozygous [ Het-ambiguous N [ Homozygous [ Het-ambiguous
5583 3474 1+ [/ Compound Heterozygous /=] [] Heterozygous p [ Compound Heterozygous & [/] Heterozygous
[ Haploinsufficient [ Haploinsufficient
[+ Hemizygous [+ Hemizygous
. . —> || L] Nullizygous
x
Genetic Analysis S L) AND AND
38 5 the genotypes selected above occur in at least the genotypes selected above occur in at least
E of the 5 case samples (40%) at | gene level | - | | 1 Hl of the 5 control samples (20%) at | variant level | |
38 5 1+ (Y]
[[] Recalculate when filters change Apply
Add Filter
Legend [show]

— Sample to Insight



— QIAGEN

Filter Cascade: Biological Context

My Samples | My Analyses | Publications

— Sample to Insight

46076 9648
Biological Context
% Confidence 8o I Keep only | - l variants
46076 9648 +
[ within | 1 hop | = | upstream
% Common Variants =10 that are known or predicted to
16809 5006 4 | Affect | = ]
genes listed below or genes implicated in the following diseases,
processes, pathways, phenotypes, domains, activities, or biomarkers
X Predicted Deleterious 1510
5583 3474 +4
X epithelial-mesenchymal transition [process]
% Genetic Analysis B
38 5 ++
38 5 v Upload gene list file(s)...
Recalculate when filt h
[] Recalculate when filters change |:| and genes within | * hop = | downstream of above
- - [] include diseases consistent with the phenotypes above
Legend [show]
Apply

Rename

Genes

3,3"-diindolylmethane
ABL1

AGT

AKT1

AKT2

AKT3

ALX1

AMELX

ARHGAP21

bet tradiol

BMI1
BMP2
BMP7
bosutinib
C1orf61
CAV1
CD44
CDC42
CDH1
CDH11
CLIC4

Analys
is.




sssse Filter Cascade: Add/Rearrange Filters
— QIAGEN
ySemes Hyfndes o R
Variants Genes A r
46076 9648 m Eiﬂlﬂ; Keep only ﬂ variants that are found in = |
[] Cancer-associated mouse knockout phenotypes
Ea nce View list of phenotypes
X
ancer-associated cellular processes with | appropriate directionali >
Confidence 80 Comn ¥¢ iated cellul ith iate directionality
44561 9564 + View list of processes
Confic [] Cancer-associated pathways with I appropriate directionality | - I
View list of pathways
x C Variant:
ommon Yariants 80 Custo [] Cancer therapeutic targets
8020 3152 T+ View list of drug targets
Genet [/] Published cancer literature I variant level | - I findings
. : nown or predicted cancer subnetwork regulatory sites
X Predicted Deleterious IS L), Pharm Mk dicted bnatwork latory sit
View list of disease genes
532 505 4
Physii 4 cosMiC ata frequency | greater than or equal to |~ | [0.1 F%
Prﬂdii [/] TCGA at a frequency [ greater than or equal to | - l |0_1 I%l%
AND
16 11 +4
Statis! Involved in any of the diseases listed below
User-l | M |
x Biological Context 510 —| x Breast Cancer o
5 2 + M
v Apply
[] Re
Add Filter
Legend [show]
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Results: The Short List

00000
00000
— QIAGEN
My Samples | My Analyses | Publications | Claudin ProbVar [x] ] Feedback

Summary | Variants | Genes | Groups/Complexes | Pathways | Processes | Diseases | Overview m

Variants Genes A| ¢ !
Edit Columns 5 variants
46076 N S| it Cotumns J§ Export | | |
Chr... |Positi0n |Gene Region |Gene Symbol |Protein Variant |Case Samples |Contr0| Sample Variant: chr11 | 534288 | SNV x
11 534288 Exonic HRAS p.G12D — — - - — = — = View : More Details
x Confidence 5 Path to Phenotype
17 7577099 Exoni TP53 R121K,p.R14¢ — - — —m  —————
44561 9564 4 xonie P P - Variant Findings (60)
17 7577534 Exonic TP53 p.R1178,p.R21C - - - - = ————— Pharmacogenetics (375)
17 | 7578461 5'UTR, Exonic TP53 p.V118F,pV157 - - - = ————— Gene Symbol : HRAS
% Common Variants B0 17 | 7578526 : ) - Harvey rat sarcoma viral
5'UTR, Exonic TP53 p.C135F,pC3F, m— - - - | ————— oncogene homolog
8020 3152 ++
dbSNP ID : 104894230
Cytoband : p15.5
5 5 COSMIC ID : 484 [Validate]
X Predicted Deleterious IS0 09915
532 505 T+ Legend [hide] Position : chr11:534288 [IGV] [UCS
Function Confident Call HGMD : CM081305
5 Mo Yes
& 5 [}
X Genetic Analysis B & T‘é\(&q’@ -
16 11 4 - Identical to Reference Genome Classification : Uncertain Significance
== "= ™ Heterozygous Variant Gene Region : Exonic
Wl @ @ Heterozygous/Ambiguous o o
= B = Homozygous Variant rotein Variant: p.G12D
= = = Copy Mumber Gain/Heterozygous  script Variant : c.35G>A
5 2 + = = = Copy Number Gain/Homozygous Translation .
- B = = Hemizygous Impact : missense
M 1 Mullizy gous N )
[] Recalculate when filters change i ia Gene Fusion pIFT Fur!ct!on : Damaging
: 1 No genatype Prediction
g Eer PolyPhen-2
Legend [show] [«] | [»] HFuTcFion : Benign

— Sample to Insight



Results: The Short List

00000
00000
— QIAGEN
My Samples | My Analyses | Publications | Claudin ProbVar [x] ] Feedback
Summary | Variants | Genes | Groups/Complexes | Pathways | Processes | Diseases | Overview m
Variants Genes Al
=8 Edit Columns 5 variants
Chr... |Position |Gene Region |Gene Symbol |Protein Variant |Case Samples |Contr0| Sample Variant: chr11 | 534288 | SNV x
11 534288 Exonic HRAS p.G12D ——r = | e ==
% Confidence
80® 17 7577099 Exonic TP53 p.R121K,pR14¢f — - - -B - - - —-
44561 9564 +
|
ymbol : HRAS
Details | Path to Phenotype | Variant Findings | Pharmacogenetics | Diseases Harvey rathsarcolma viral
B. Click on lines to see supporting citations. oncogene homolog
o NP ID : 104894230
o oband : p15.5
= AIC 1D : 484 [Validate]
@ 99915
osition : chr11:534288 [IGV] [UCS
HRAS AGMD : CM081305
|I sification : Uncertain Significance
|I = Region : Exonic
H n Variant: p.G12D
|
1 ot Variant: ¢.35G>A
.r"'J-"‘\ anslation | .
; \ Impact missense
o \ .
epithelial-fnesenchymal transition Function, .
Findings (1 citations) % brediction  —amading
Expression of activated M-Ras in a murine mammary epithelial cell line induces epithelial-mesenchymal transition and tumorigenesis. Oncogene. (2004) VPhen-2
= Activated mutant HRAS protein (p.G12V) increases epithelial mesenchymal transition of SCp2 cells. Y BI:\- .
Function : Benign

— Sample to Insight




Results: The Short List

00000
00000
— QIAGEN
My Samples | My Analyses | Publications | Claudin ProbVar [x] ] Feedback
Summary | Variants | Genes | Groups/Complexes | Pathways | Processes | Diseases | Overview m
Variants Genes Al -
Edit Columns 5 variants
46076 N S it Coumns | Export | | |
Chr... |Position |Gene Region |Gene Symbol |Protein Variant |Case Samples |Contr0| Sample Variant: chr11 | 534288 | SNV x
11 534288 Exonic HRAS p.G12D — — - - — = — = View : More Details
% Confidence
80® 17 7577099 Exonic TP53 p.R121K,pR14¢f — - - -B - - - —-

44561 9564 +

Details | Path to Phenctype | Variant Findings Diseases

Findings (40 citations)
The Exomes of the NCI-60 Panel: A Genomic Resource for Cancer Biology and Systems Pharmacology. Cancer Res. (2013)

= Somatic missense heterozygous mutant human HRAS gene [c.35G=A translating to p.G12D) is associated with carcinema in human breast (ocbserved in 1 of 1 samples).

Pharmacogenetics

+  Somatic missense heterozygous mutant human HRAS gene (2.35CG=A translating to p.G120) is associated with carcinoma in human breast (observed in 1 of 1 samples).

Frequent Mutation of the PI3K Pathway in Head and Neck Cancer Defines Predictive Biomarkers. Cancer Discov. (2013)
= Somatic missense mutant human HRAS gene (. 35G>A translating to p.G12D0) is associated with squamous-cell carcinoma in human head and neck {(observed in 2 of 7 samples].

= Somatic missense mutant human HRAS gene (. 35G>A translating to p.G12D0) is associated with squamous-cell carcinoma in human head and neck {(observed in 2 of 7 samples].

RAS Mutations Are Associated With the Development of Cutanecus Sguamous Cell Tumors in Patients Treated With RAF Inhikitors. J Clin Oncel. (2012)
= Somatic missense mutant human HRAS gene (. 35CG>A translating to p.G12D) is associated with keratoacanthoma in skin from human chest (observed in 1 of 1 samples).

RAS mutations in cutaneous squamous-cell carcinomas in patients treated with BRAF inhibitors. N Engl J Med. (2012)
+  Somatic missense mutant human HRAS gene (c.350=A translating to p.G12D) is associated with keratoacanthoma in skin from human lag (observed in 1 of 4 samples).
+  Somatic missense mutant human HRAS gene (c.35C>A translating to p.G12D) is associated with keratoacanthomain skin from human torso {observed in 1 of 7 samplas).

Postzygotic HRAS and KRAS mulaticns cause nevus sebacecus and Schimmelpenning syndrome. Nat Genet. (2012)
+  Mutant human HRAS gene (2.35G>A) is associated with nevus sebaceous in human.

HRAS mutants identified in Costelle syndrome patients can induce cellular senescence: possible implications for the pathogenesis of Costello syndrome. J Hum Genet. {2011)
= Change of function heterczygous germline mutant human HRAS protein (p G120, altermately ¢.35G=A) is observed with childhood-onzet Costello syndrome in human {unknown gecgraphic
location).

Frequent mutations of chromatin remodeling genes in transitional cell carcinoma of the bladder. Nat Genet. (2011)
+  Somatic missense mutant human HRAS gene (c.35G=>A translating to p.G120) is associated with carcinoma in human urinary bladder {observed in 2 of 11 samples).
+  Somatic missense mutant human HRAS gene (c.35C=A translating to p.G120) is associated with carcinoma in human urinary bladder {observed in 2 of 11 samples).

[»]

Symbol : HRAS
Harvey rat sarcoma viral
oncogene homolog

- 104894230
1 p15.5
: 484 [Validate]
99915
: chr11:534288 [IGV] [UCS
: CM081305

bSNP ID
ytoband
SMIC ID

Position
HGMD

assification : Uncertain Significance
:ne Region : Exonic

‘ein Variant: p.G12D

ript Variant: ¢.35G>A

Translation | .
. missense
Impact

'T Function

Prediction
PolyPhen-2
Function : Benign

: Damaging

[«]
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Results: The Short List

80000
00000
— QIAGEN
My Samples | My Analyses | Publications | Claudin ProbVar [x] ) ' Feedback

Filter Cascade EXO Summary | Variants | Genes | Groups/Complexes | Pathways | Processes | Diseases | Overview m

Variants Genes A| ¢ ! ‘ ‘
== Edit Columns Create List 5 variants
46075 o648 | Edit Coumns ] Export | | |
Chr... |Position |Gene Region |Gene Symbol |Protein Variant |Case Samples |Contro| Sample Variant: chr11 | 534288 | SNV %
11 534288 Exonic HRAS p.G12D — — - - — = — = View : More Details
% Confidence B , Path to Phenotype
= 17 7577099 E TP53 .R121K,pR14¢ — - - R  — - - ——
44561 9564 4 xonie P P - Variant Findings (60)
17 7577534 Exonic TP53 p.R117S,p.R21C - =R- - -  ————— Pharmacogenetics (375)
17 7578461 5'UTR, Exonic TP53 p.V118F,pV157 — —-m—- - = ————— Gene Symbol : HRAS
% Common Variants 1510 : ) - Harvey rat sarcoma viral
A 17 7578526 5'UTR, Exonic TP53 p.C135F,p.C3F, m— - - - = — ———— oncogene homolog
8020 3152 T+
dbSNP ID : 104894230
Cytoband : p15.5
. . — COSMIC ID : 484 [Validate]
% Predicted Deleterious 1S e 99915
532 505 T+ Position - chr11:534288 [IGV] [UCS
HGMD : CM081305
X Genetic Analysis IS0

HGMD® Professional 2014.1
BIOB+ S

BIOLOGICAL DATABAS

Gene Mutation Reference Batch  Advanced |  Statistics Information Support | Home

- > =

HGMD accession Disease/phenotype Gene symbol Codon change Amino acid change Codon number Feedback

CMO081305 Costello syndrome HRAS GGC-GAC Gly-Asp 12 Feedback
The G12D substitution exhibits a shift in polarity from non-polar to negatively charged and displays a decrease in Kyte-Doolittle hydrophobicity from -0.4 to -3.5. Approximately 1.95% of mi ions in HGMD are Gly-Asp. The mutation occurs 178 amino acids from the end of the protein.
Literature citation Citation type Notes

1.Lo (2008) J Med Genet 45: 167 pubMed: 18039947 Primary literature report None
2. Niihori (2011) J Hum Genet 56: 707 PubMed: 21850009 Functional characterisation  INONE
3. Cheng (2012) PLoS Comput Biol 8: e1002738 pubMed: 23093928 Functional characterisation  SyStemic impact quantified as a combination of protein stability change and pathway perturbation.

Extra information
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Results: The Short List

00000
00000
— QIAGEN
My Samples | My Analyses | Publications | Claudin ProbVar [x] ] Feedback
Summary | Variants | Genes | Groups/Complexes | Pathways | Processes | Diseases | Overview m
Variants Genes A| ¢ !
Edit Columns 5 variants
26076 N S EoitCourmns J Export | | |
Chr... |Positi0n |Gene Region |Gene Symbol |Protein Variant |Case Samples |Contr0| Sample Variant: chr11 | 534288 | SNV x
11 534288 Exonic HRAS p.G12D — — mm— - — - = View : More Details
x Confidence 5 Path to Phenotype
17 7577099 Exoni TP53 R121K,p.R14¢ — - — —m  —————
44561 9564 4 xonie P P - Variant Findings (60)
17 7577534 Exonic TP53 p.R117S,p.R21C = - — — -——= Pharmacogenetics (375)
17 | 7578461 5'UTR, Exonic TP53 p.V118F,p.V157 - —E=- — — — — — Gene Symbol : HRAS
% Common Variants B0 17 | 7578526 : ) - Harvey rat sarcoma viral
5'UTR, Exonic TP53 p.C135F,p.C3F, =m—- — — — - ——— oncogene homolog
8020 3152 ++
dbSNP ID : 104894230
Cytoband : p15.5
5 5 COSMIC ID : 484 [Validate]
X Predicted Deleterious IS0 09915
532 505 T+ Position : chr11:534288 [IGV] [UCS
I HGMD : CM081305
X Genetic Analysis IS0 o o
16 1 ++ Classification : Uncertain Significance
Gene Region : Exonic
Protein Variant: p.G12D
ranscript Variant: c.35G>A
5 2 + Translation | .
: missense
V] Impact
[] Recalculate when filters change o SIFT Fur!ct!on : Damaging
Prediction
g Eer PolyPhen-2
Legend [show] [«] [»] Fuqcﬁon : Benign

— Sample to Insight
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Results: The Short List

00000
00000
— QIAGEN
My Samples | My Analyses | Publications | Claudin ProbVar [x] ] Feedback

Summary | Variants | Genes( Groups/Complexes | Pathways | Processes | Diseases | Overview m

Variants Genes ’ !
Edit Columns 5 variants
46076 0648 | Edit Columns | Export | | |
Chr... |Positi0n |Gene Region |Gene Symbol |Protein Variant |Case Samples |Contr0| Sample Variant: chr11 | 534288 | SNV x
11 534288 Exonic HRAS p0.G12D = ———— @ ——— — = View : More Details
) Name |p—va|ue A |#Genes |#Variants |#Cases %Cases |#Controls ‘|I|%Controls ___m=m _____ Path to Phenotype
Mdm2-Tp53-ubiquiti 1.680E-4 1 4 4 80 0 0 Variant Findings (60)
me-TpaJ-ubiquitin : m--- | —-—-—--- Pharmacogenetics (375)
Mdm2-Tp53-Mdm4 2.520E-4 1 4 4 80 0 0 _m__ | _____ Gene Symbol : HRAS
o IkB-Tp53 4.200E-4 1 4 4 80 0 0 Harvey rat sarcoma viral
A ittt oncogene homolog
Ras 5.039E-4 1 1 2 40 0 0
i i . dbSNP ID : 104894230
Hd-neuronal intranuclear inclusions 1.260E-3 1 4 4 80 0 0
Cytoband : p15.5
5 5 COSMIC ID : 484 [Validate]
X Predicted Deleterious IS0 09915
532 505 T+ Position : chr11:534288 [IGV] [UCS
I HGMD : CM081305
X Genetic Analysis IS0 o o
16 1 ++ Classification : Uncertain Significance
Gene Region : Exonic
Protein Variant: p.G12D
ranscript Variant: c.35G>A
5 2 + Translation | .
: missense
V] Impact
[] Recalculate when filters change o SIFT Fur!ct!on : Damaging
Prediction
g Eer PolyPhen-2
Legend [show] [«] | [»] Fuqcﬁon : Benign

— Sample to Insight
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Results: The Short List

— QIAGEN

My Samples | My Analyses

Publications | Claudin ProbVar [x]

Summary | Variants | Genes GroupleompIexcesses Diseases | Overview

0] Fecdvack |
IE - Pubish

*X Common Variants
8020

X Predicted Deleteri¢
532

% Genetic Analysis
16

——

[] Recalculate whs

Add F

Legend [show]

Extracellular space

| ,
Cytoplasm / FADD > cg:gs
n.T

/‘?\

-
v rb/
Mimchtndﬁj uter

membrane permeabilization

BAX _LBC
[ Mitochondria

2\
-] % |-
AN

3
T
1

Phosphorylation of BAD by AKT
results in sequestration of BAD
by 14-3-3

.“T%is

Phosphorylation of 14-3-3 by JNK
results in dissociation of BAD from 14-3-3
and dephosphorylation of BAD

Nucleus 7

(o3
|
DNA dan-%ge

Myc Mediated Apoptosis Signaling

Variants Genes A| ¢ !
Edit Columns 5 variants
46076 N S EoitCourmns J Export | | |
Chr... |Position |Gene Region |Gene Symbol |Protein Variant |Case Samples |Contr0| Sample Variant: chr11 | 534288 | SNV x
11 534288 Exonic HRAS p.G12D — — - - — = — = View : More Details
x Confidence 8o Path to Phenotype
17 7577099 Exoni TP53 .R121K,pR14¢ — - - R  — - - ——
44561 9564 4 xonie P P - Variant Findings (60)
@ IGF-1, armacogenetics (375)
v RAS

rvey rat sarcoma viral
cogene homolog

1894230

6.5

# [Validate]

B15

r11:534288 [IGV] [UCS
1081305

Uncertain Significance
Exonic

p.G12D

£.35G>A

missense

Damaging

Benign
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Results: The Short List

00000
00000
— QIAGEN

My Samples | My Analyses | Publications | Claudin ProbVar [x] @_‘J Feedback

Filter Cascade EXO Summary | Variants | Genes | Groups/Complexes Pathwaiseases Overview m

Variants Genes A| ¢ - g :
Edit Columns Export 5 variants
26076 S Et Columns | |
Chr... |Positi0n |Gene Region |Gene Symbol |F’rotein Variant |Case Samples |Contr0| Sample Variant: chr11 | 534288 | SNV x
11 534288 Exonic HRAS p.G12D — — - - — = — = View : More Details
x Confidence 5 : Path to Phenotype
17 7577099 E TP53 .R121K,pR14¢ — - - R  — - - ——
44561 9564 4 xonie P P - Variant Findings (60)
17 7577534 Exonic TP53 p.R1178,p.R21C - - - - = ————— Pharmacogenetics (375)
7 Name |p-va|ue A |#Genes |#Variants |#Cases %Cases |#Controls %Controls
X Common Variants IS0 17 . -~ : :
8020 3152 14 arrest in G1/S phase transition of embryonic cell lin 1.058E-8 2 5 5 100 0 0
arrest in developmental process of kidney cell lines 3.528E-8 2 5 5 100 0 0
arrest in growth of kidney cell lines 3.528E-8 2 5 5 100 0 0
% Predicted Deleterious IS0 . .
arrest in G1/S phase transition of fibroblasts 5.292E-8 2 5 5 100 0 0
532 505 T+
arrest in G1/S phase transition of connective tissue 7.409E-8 2 5 5 100 0 0
G1/S phase transition of embryonic cell lines 7.409E-8 2 5 5 100 0 0
X Genetic Analysis S10) arrest in cell cycle progression of breast cell lines  9.878E-8 2 5 5 100 0 0
16 1 T+
senescence of epidermal cells 9.878E-8 2 5 5 100 0 0
senescence of dermal cells 1.588E-7 2 5 5 100 0 0
* Biological Context IS0 cytostasis of epidermal cells 1.588E-7 2 5 5 100 0 0
5 2 +
N cytostasis of dermal cells 1.588E-7 2 5 5 100 0 0
v
[] Recalculate when filters change SIFT Fuqct!on : Damaging
Prediction
Add Filter PolyPhen-2
Legend [show] [«] | [»] Fuqcﬁon : Benign

— Sample to Insight
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Variant Analysis- Available as separate software

Can add it to your current fastg->vcf pipeline

— Sample to Insight
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Filter Cascade

Variants
2564011

» Common Variants
410593

% Predicted Deleterious
8131
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208

x Statistical Association
58

®

20636

[S10)
17103+
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Booz

20
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a5 1+

» Biological Context
3

20

1 +

Loaded
Samples

Combinein
Analyses

Annotate &
Interactively Filter

Upstream Pipeline’ 1 Variant AnalySiS' of human whole genome, who

O Identify ‘short’ list of most plausible variants

O Causal
O Biomarkers

WNBPF3

EWSRI

BRCA]) [EP300

CHEK2 ERBB2,

neuroendbcerine carcinoma

Link Variants
to Biology

o

%M

s
”
e

Share &
Collaborate

O Construct mechanistic hypothesis based on supported

biological relationships

O Share with colleagues/ potential collaborators
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8860 CLC Biomedical Workbench

00000
— QIAGEN
Navigation Area 4 | & * Copy of Ident... 5 Affected chil... %

Y B O Y

£ Sibling reads Chr14 Rows: 1,118 Table view: Homo sapiens | Filter | 3
i= Mother reads Chr14 .
¥ | Affected Child Only Type Reference Allele Reference al... Length Zygosity Coverage Frequency Probability
i= Affected child reads Chr14 SNV A G No 1 Heterozygous 182 40.66 1.00 1
¥ |5 Affected Child Vars-WF 10.23 SNV A A Yes 1 Heterozygous 182 59.34 1.00 1
=5 Affected child reads Chr14 Read Mapping SNV c T No 1 Heterozygous 160 23.75 1.00/1
B Affected child ds Chria T t Region C SNV C C Yes 1 Heterozygous 160 76.25 1.00 1
- Altected chfld reads Lhr arget Region Loverat SNV G A No 1 Heterozygous 162 23.46 1.00 1
[&] Affected child reads Chr14 Target Region Coveray SNV G G Yes 1 Heterozygous 162 76.54 1.00 1
SNV A G No 1 Heterozygous 58 20.69
Q- <enter search term> =~ SNV A A Yes 1 Heterozygous
SNV A G No 1 Heterozygous
Toolbox = | SNV A A Yes 1 Heterozygous
SNV A G No 1 Heterozygous
I+l InDels and Structural Variants SNV A A Yes 1 Heterozygous
. Whole Genome Coverage Analysis SNV A c No 1 Heterozygous
. vari D SNV A A Yes 1 Heterozygous
1 Variant Detectors Deletion A - No 1 Heterozygous
» [‘§ Add Information to Variants SNV A A Yes 1 Heterozygous
» [5% Remove Variants SNV C T No 1 Heterozygous
> [§ Add Information to Genes SNV c c Yes 1 Heterozygous
> ﬁ'i' Compare Samples SNV A G No 1 Heterozygous
'S a Emfm.im Pathwav Analusic SN & & Yes 1} Heterozygous
R S R C No 1 Heterozygous
. . . T Yes 1 Heterozygous
v & Ingenuity Variant Analysis G No 1 Heterozygous
'ﬁi . . . C Yes 1 Heterozygous
__%_Ingenuity Variant Analysis |7 No 1 Heterozygous
. . . . . C Yes 1 Heterozygous
3* Ingenuity Variant Analysis for Hereditary Diseases T No 1 Heterozygous
Fam®, ! C Yes 1 Heterozygous
| 34 Ingenuity Variant Analysis for Hereditary Diseases | SNV G C No 1 Heterozygous
[ U B U S SN oans - - LV Tl T

— Sample to Insight
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8860 CLC Biomedical Workbench

aooeee
— QIAGEN
o o Ingenuity Variant Analysis for Hereditary Diseases
Select variant track for proband
1. Choose where to run .
Navigation Area Selected elements (1)
2. Select variant track for » [ S. cerevisiae References Mk Affected Child Identified Variants
proband P 7 bam files
O @ Ingenuity Variant Analysis for Hereditary Diseases

Variant analysis parameters

1. Choose where to run Analysis configuration

2. Select variant track for Reference £ Homo_sapiens_sequence_hgl9
proband (o) Variant Analysis Genetic Disease Pipeline
3. Variant analysis () Variant Analysis Custom Pipeline/specify analysis name
parameters —~
() Upload only

Disease inheritance pattern |\ This disease is caused by a de novo mutation

Custom analysis nam Dominant inheritance pattern
Recessive inheritance pattern
Naming X-linked: This disease is caused by a disorder on the X chromosome

E P L . This disease is caused by a de novo mutation
: Analysis name

v Other/unknown

{input}:{date} Description
Press Shift + F1 for options

Analysis description

B w &J Previous . Next Finish .~ Cancel |

— Sample to Insight
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Indel and Structural Variants

|dentify insertions, deletions [Indels],
inversions, translocations and tandem

duplications [Structural] from read mappings.

Relies on unmapped read ends

The Algorithm

First identifies positions with an excess of
reads with left (or right) unaligned ends.

Determines consensus sequences of the
unaligned ends

Maps the consensus sequences to the
reference sequence around other
positions with unaligned ends.

Structural variant is called when
mappings are in accordance with a
'signature’ of a structural variant.

ru-hun-

ETATCATTTAARAATGGTGTTGTAAAGATACTGTTTGTGTGETTT

CTATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGCTTT
e N,

ETATCATTTAAATG TTGTAAAGATACTGTTTGTGTGCETTT
TTTAARATG TTGTAAAGATACTGTTTGTGTGCTTT
ETATCATTTAAATG TTEGTAAAGATACTGTTTGTGTGCETTT

CTATCATTGAARTG

ETATCATTGAAETG
ETATCATTGAAETG
ETATCATTGAARTG

CTATCATTOAABTG
CTATCATTGAABTG
CTATCATTHAANTGGRGTTGTAAAGATACTGTTTGTGTGCTTT
ETATCATTGAAGTG

ETATCATTTAAATG TTGTAAAGATACTGTTTGTGTGCETTT
" TARATG TTETAAAGATACTGTTTGTGTGCTTT

G TTEGTAAAGATACTGTTTGTGTGCTTT
CTATCATTTAAATG TTGTAAAGATACTGTTTGTGTGCTTT
CTATCATTTARATG TTGTAAAGATACTGTTTGTGTGCTTT
ETATCATTTAAATG TTGTAAAGATACTGTTT

ETATCATTTAAATG TTEGTAAAGATACTGTTTGTGTGCTTT
ETATCATTTAAATG TT

GTAAAGATACTGTTTGTGTGCTTT

INGE
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Indel and Structural Variants

|dentify insertions, deletions [Indels],
inversions, translocations and tandem

duplications [Structural] from read mappings.

Relies on unmapped read ends

The Algorithm

First identifies positions with an excess of
reads with left (or right) unaligned ends.

Determines consensus sequences of the
unaligned ends

Maps the consensus sequences to the
reference sequence around other
positions with unaligned ends.

Structural variant is called when
mappings are in accordance with a
'signature’ of a structural variant.

ETATCATTTA

CTATCATTTA

TETAAAGATACTGTTTGTGTGLETTT

TGTAAAGATACTGTTTGTGTGCETTT

ETATCATTTA
TTTA
ETATCATTTA

CETATCATTGA
ETATCATTGA

ETATCATTTA
-TA

TG
TG
TG

CTATCATTGAAQTG

TG
TG

ETATCATTGAAQTG
ETATCATTGAAQTG
ETATCATTGAARTG
CTATCATTHAANTGGHNG
ETATCATTGAAQTG

TG
TG

ETATCATTTA
ETATCATTTA
ETATCATTTA

CTATCATTTAARTG
ETATCATTTAASRTG

TG
TG
TG

-

TGTAAAGATACTGTTTGTGTGCETTT
TGTAAAGATACTGTTTGTGTGCETTT
TEGTAAAGATACTGTTTGTGTGETTT

TGTAAAGATACTGTTTGTGTGCETTT

TEGTAAAGATACTGTTTGTGTGETTT
TEGTAAAGATACTGTTTGTGTGETTT
TEGTAAAGATACTGTTTGTGTGCETTT
TGTAAAGATACTGTTTGTGTGCTTT
TGTAAAGATACTGTTTGTGTGCETTT
TGTAAAGATACTGTTT

TEGTAAAGATACTGTTTGTGTGCETTT
T

GTAAAGATACTGTTTGTGTGCTTT
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8gs83 Indel and Structural Variants

— QIAGEN

 Identify insertions, deletions [Indels],
inversions, translocations and tandem
duplications [Structural] from read mappings. _ _

* Relies on unmapped read ends r*-'""-*-*

ETATCATTTAAATGGTGTTEGTAAAGATACTEGTTTGTGTGETTT

* The Algorlthm CTATCATTTAAATGGAGT TGTAAAGATACTGTTTGTGTGCTTT
» First identifies positions with an excess of
reads with left (or right) unaligned ends. [T+ errriaaieaterienamenracier ierereer
CTATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGETTT

CTATCATTGAARTG

» Determines consensus sequences of the
- AR 1
unallgned endS CTATCATTGAARTG
CTATCATTGAA

TG
ETATCATTGAARTG
ETATCATTEKAANTG TTGTAAAGATACTGTTTGTGTGCTTT

 Maps the consensus sequences to the  ETarcarreaslite

ETATCATTTAAATG TTGTAAAGATACTGTTTGTGTGCETTT

reference sequence around other T GRGT TG TAAAGATACTGTTTGTGTGCTTT
positions with unaligned ends. T ATCATTTAAATGOHOT TG TAAAGATACTOT T TOTGTEET TT

ETATCATTTAAATG TTGTAAAGATACTGTTT
ETATCATTTAAATG TTEGTAAAGATACTGTTTGTGTGCTTT
ETATCATTTAAATG TT

» Structural variant is called when e
mappings are in accordance with a
'signature’ of a structural variant.
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8gs83 Indel and Structural Variants

— QIAGEN

 Identify insertions, deletions [Indels],
inversions, translocations and tandem
duplications [Structural] from read mappings. _ _

Right breakpoint

T
ETATCATTTAAATGGTGTTEGTAAAGATACTEGTTTGTGTGETTT

* Relies on unmapped read ends

. TheAIgorlthm CTATCATTTAAATGGAGT TGTAAAGATACTGTTTGTGTGCTTT
» First identifies positions with an excess of ) )

reads with left (or right) unaligned ends. [T+ errriaaieaterienamenracier ierereer

CTATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGETTT

CTATCATTGAARTG

unaligned ends CTATCATTGAARTG

TG
ETATCATTGAAGTG

» Determines consensus sequences of the
ETATEATTGAA|TG

ETATCATTGAARTG

CTATCATTRAANTG TTGTAAAGATACTGTTTGTGTGCTTT
 Maps the consensus sequences to the c*nrcnrmulmgﬁ—
ETATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGCETTT

reference sequence around other R GG T TG T AAMAGATACTGT T TGTGTGETTT
positions with unaligned ends. T ATCATTTAAA T GONOT TG TAAMGATACTOTTTGTETOCTIT

ETATCATTTAAATGGAGTTGTAAAGATACTGTTT
ETATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGCETTT
ETATCATTTAAATGGAGTT

» Structural variant is called when btk ittt dulbe
mappings are in accordance with a
'signature’ of a structural variant.
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8gs83 Indel and Structural Variants

— QIAGEN

|dentify insertions, deletions [Indels],
inversions, translocations and tandem

duplications [Structural] from read mappings.

Relies on unmapped read ends

The Algorithm
» First identifies positions with an excess of
reads with left (or right) unaligned ends.

« Determines consensus sequences of the
unaligned ends

« Maps the consensus sequences to the
reference sequence around other
positions with unaligned ends.

» Structural variant is called when
mappings are in accordance with a
‘'signature’ of a structural variant.

Right breakpoint

T
ETATCATTTAAATGGTGTTEGTAAAGATACTEGTTTGTGTGETTT

CETATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGCETTT

ETATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGETTT
TTTRAAATGGRGTTGTAAAGATACTGTTTGTGTGETTT
ETATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGETTT

CTATCATTGAABTG

ETATCATTGAAETG
ETATCATTGAARTG
ETATCATTGAARTG
ETATCATTGAARTG

CTATCATTRAANTGEAGTTGTAAAGATACTGTTTGTGTGCTTT
CTATCATTGAABTG

ETATCATTTAAATGGRAGTTGTAAAGATACTGTTTGTGTGETTT
TAAATGGAGTTGTAAAGATACTGTTTGTGTGCETTT
GGAGTTGTAAAGATACTGTTTGTGTGCTTT
CTATCATTTAAATGGRAGTTGTAAAGATACTGTTTGTGTGCTTT
CTATCATTTAAATGGRAGTTGTAAAGATACTGTTTGTGTGETTT
ETATCATTTAAATGGAGTTGTAAAGATACTGTTT
ETATCATTTAAATGGAGTTGTAAAGATACTGTTTGTGTGCETTT
ETATCATTTAAATGGAGTT
GTAARAAGATACTGTTTIGTGTGCTTT

tTATCATTGAlITG
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g8ges Indel and Structural Variants- The Algorithm

Structural variant signatures:

Deletions: Unaligned sequence in between breakpoints
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82222 Indel and Structural Variants- The Algorithm

Structural variant signatures:

A B
Inversions E—
_...b
o+ —
$ ;
‘II 1
v
A‘e’rB ﬁ:f;B
Replacement o
A B

— Sample to Insight

Translocation: Deletion of SeqY
between breakpoints A and B and
insertion of SeqY at C.

3 ¢ SeqY &
__‘_‘_
A B
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