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Ingenuity® Variant Analysis™ is a web-based application that combines analytical tools and integrated genom-

ics content with user panel, exome, or genome data to rapidly identify and prioritize compelling causal vari-

ants using published biological evidence. This Quick-Start Guide summarizes how to access the online appli-

cation, upload data files, perform and share analyses.

Before using Variant Analysis, visit hitps://www.qgiagenbioinformatics.com/products/ingenuity-variant-anal-

ysis/ where you can access pre-recorded webinars, reference materials and profiles of featured researchers
who have used the product. Tutorials are available at http://ingenuity.force.com/variants/VariantTutorials.

The “Help” function in Variant Analysis is a comprehensive, keyword-searchable resource, designed for quick-

ly finding necessary information and instructions. Click “Help” at the top of the Variant Analysis application
or visit hitp://ingenuity.force.com/variants/VarianfTutorials.

Access Variant Analysis

Anyone with a valid email address” can register for a trial
account by going to the secure site https://www.giagenbio-
informatics.com/products/ingenuity-variant-analysis/ and

clicking “Request a trial”.

After registering, log info Variant Analysis at hitps://vari-
ants.ingenuity.com/va/, where you will find published

datasets to explore and instructional videos to get started.

You can reset your username or password at https://
apps.ingenuity.com/isa/account/forgotpassword or contact
Customer Support at http://www.ingenuity.com/customer-
support or +1 (650) 381-5111.

*Company or institute email address

Uploading data files to Variant
Analysis

Variant Analysis is a web-based application delivered via
the Ingenuity secure private cloud environment. User data to
be analyzed must be uploaded by clicking “My Samples” in

the top navigation bar.

Variant Analysis supports called variant files from human
whole genome, whole exome, or targeted gene panel files

that are in one of the following formats:

e Variant Call Format (VCF)
e Genome Variation Format (GVF)

e Complete Genomics files (Var, MasterVar, High confi-

dence junction, efc.).

More information about file format requirements and
uploading data can be found in Variant Analysis Help
under “Upload your sample”. Samples can be annotated
in Variant Analysis with pedigrees, clinical features, and
sample pairings, with an individual subject ID. To learn how,

see “Annotating your samples” in Help.
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License Agreement

QIAGEN Bioinformatics Offering User Agreement

IMPORTANT: PLEASE READ THIS USER AGREEMENT CAREFULLY. ACCESSING OR USING QIAGEN
BIOINFORMATICS OFFERING OR ANY COMPONENT OF LICENSED MATERIALS (DEFINED BELOW) OR
CLICKING THE “ACCEPT* BUTTON BELOW CONSTITUTES ACCEPTANCE OF THIS AGREEMENT. THE
TERMS AND CONDITIONS OF THIS USER AGREEMENT GOVERN YOUR RIGHTS TO THE BIOINFORMATICS
OFFERING, LICENSED MATERIALS AND SERVICES TO BE SUPPLIED BY QIAGEN HEREUNDER.

YOU REPRESENT THAT (1) YOU HAVE READ, UNDERSTAND, AND AGREE TO BE BOUND BY THIS USER
AGREEMENT, (2) YOU ARE OF LEGAL AGE TO FORM A BINDING CONTRACT WITH QIAGEN AND (3)
YOU HAVE THE AUTHORITY TO ENTER INTO THIS USER AGREEMENT PERSOMALLY OR ON BEHALF OF
THE COMPANY NAMED AS THE CUSTOMER ON THE ORDERING DOCUMENT (DEFINED BELOW), AND TO
BIND THAT COMPANY TO THIS USER AGREEMENT. THE TERM “CUSTOMER” REFERS TO THE
INDIVIDUAL OR LEGAL ENTITY, AS APPLICABLE, IDENTIFIED AS THE CUSTOMER ON THE
ORDERING DOCUMENT. 1IF YOU DO NOT AGREE TO BE BOUND BY THIS USER AGREEMENT, YOU MAY
NOT ACCESS OR USE QIAGEN BIOINFORMATICS OFFERING OR ANY COMPOMENT OF LICENSED
MATERIALS.

THIS USER AGREEMENT REQUIRES THE USE OF ARBITRATION ONM AN INDIVIDUAL BASIS TO
RESOLVE DISPUTES, RATHER THAN JURY TRIALS OR CLASS ACTIONS, AND ALSO LIMITS THE
REMEDIES AVAILABLE TO YOU IN THE EVENT OF A DISPUTE.

PLEASE NOTE THAT THE TERMS OF THIS USER AGREEMENT ARE SUBJECT TO CHANGE BY QIAGEN IN
ITS SOLE DISCRETION AT ANY TIME. When changes are made, QIAGEN will make a new copy
of the User Agreement available at the QIAGEN website or through the Biocinformatics
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( 4 Opt-in to share anonymized, pooled statistics derived from my samples and gain access to the Allele Frequency Community database)

Print

. - INGENUITY
Welcome Rupert Yip | Logout | What's new? VARIANT ANALYSIS
Manage | My Samples | My Analyses | My Control Libraries | Publications
=S
Name | Description From | createa v | samples | status |
Pre-Filtered Analysis ryip@ingenuity.com  11/10/2015 172 active

[ Opt-in to share anonymized, pooled statistics derived from my samples and
gain access to the Allele Freg

y Community

Creating an analysis

Start by selecting the samples to analyze together. Variant
Analysis will merge the variants info a single analysis
and annotate all variants using available content from the

Ingenuity Knowledge Base.

Click the “My Sample” tab in the top navigation bar,
and then select the sample(s) you wish to include in your

analysis.

Click the Analyze button to begin the Analysis build
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°Czses and Controls °Focus the Analysis X

3. Confirm your case and control samples are properly

Please select the inneritance model you are interested in.
Ifyou aren' sure, best practice is to start with de novo and explore the other options later as needed. You selection will set
the options in the Genefic Analysis filter which you can change at any time.

grouped otherwise you can click and drag samples from
# Type of the inheritance for a trio analysis of a genetic disease:

O Dominant

O Recessive - Compound het model (typically used when both parents are unaffected, and not both from the same
founding population)

one window to the other. When you are satisfied with

your analysis design, click the Next button on the lower

. Recessive - Homozygous model (typically used when at least one parent is affected, parents are consanguineous or
rlghf to proceed . © are votn from the same founding population)
® De novo
Affected case/child is likely to have a de novo variant
© Notfrom the same family (not a trio)

o Cases and Controls X Treat as independent cases and controls

Select and drag samples to designate case/control status.
Drag samples from the left table to the desired list on the right. Drag to reorder samples. Their order here defermines their

order within the analysis views.
Load from prior analysis

3 Cases (affected, tumor, responder, eic)

o, o p— ] [Focomrmoracs
Patient 46 adj NT SRR15E5248 09221504251 |A] PGO001706-8LD

Patient 46 T ‘SRR155509¢ 09/22/15 04:25 PM |  PG0001705-BLD

PG0001695-BLD 0804 08/11/15 11:37 AM e
PG0001697-BLD 0802 08/11/15 11:37 AM

PG0001698-BLD 0801 08/11/15 11:37 AM

PGO001880-6LD 0405 081115 11:27 AM —

Fosootesssio a0 NSNS [y — . . . .
IS oeor vt 1107 on rovoresens 5. If your analysis consists of a trio of samples the Wizard
PG0003562-BLD 0504 08/11/15 11:37 AM PG0001708-BLD . . . .
p—r osoz osr1ns 1127 Foo0TaeLD will assume you would like to perform a trio analysis and
PG00025£5.8LD 0503 08/11/15 11:37 AM

Fese2e245L0 peot s 1437 a4 will offer mode of inheritance analysis options. If your
PG0001€93-BLD 0703 08/11/15 11:37 AM

J— oros I analysis is not a trio, the wizard will proceed straight to

—— = the Biological Context window where you can optionally

specify any relevant biological term(s) to help narrow

4. Select your desired Analysis Design. Note that you down the list of variants likely contributing to disease or

can always alter your analysis settings even after the
analysis has completed. Click Next in the bottom right

to proceed.

phenotype. Variant Analysis will use this information to
automatically focus initial results to a short list of relevant

variants. The terms used in the analysis can be changed

at any time.

@ cases anacontrols ©) Focus the Analysis X

Please select the type of analysis you would like to start with.
This will set your starting filters to best practices. You can always change these seftings later. If multiple options apply, start

o Cases a0 Controls
with one and start another analysis with a different selection later.

10 Focus me naiysis ®

Opticaally ssastate and filer varants: based on teclogical context

SaF0Ct SOMOtting iy Do (e, e Main AE0ISE NAMO rEier than @ SDRCITC SUBND0 | Providing Evokogpical Sanms s highly
FRCOMYTETGRT S0 thal rOu Cav Basaly And nevevant Mevalure and crabona ASGANg Mese ierms will no CONMNan o resuls
Yiou AN SNEIXE VOW 90 Varants Ihal 8o nol arnotaled Biolcgicall a5 woll a5 $hose Mat an

O Cancer This datasel concems: Genedc disease

Focus on somatic variants
N it Wimich biokogical terms Sescribe is Smease?
O Stratification study Fmi04 Tl e B, BReGH FATed 1, ORI, G ST
Typically used to study complex disorders and with |arge numbers of ssmples (at least 50 recommended). Compare cases and controls cranios]
statistically
O other

Use the most general filter settings.

% Analysis Design

(© Genetic disease
Identify causal variants using trics, family analysis or case vs control models.

cranioatosis [daease|
Crankatosis of coronal sulure [daease]
il sutura Il
autosomal dominget cranivstasis [dissase|
utosomal recES e CTANCSI0NS [IUIIoml IeOES e tTanl o moslo sis) [disase]

O settings from a previous analysis

« Tl

[ Pre-Fittered Analysis - 111012015 [~
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6. This next Wizard window will only appear if you are
analyzing genomes. You may choose fo analyze only
the exonic regions or entire regions of you genome(s).
Note that due fo compute resource requirements, Variant
Analysis has a default upper limit of 299 genomes
that are allowed full genome analysis. To perform full
genome analysis of greater than 299 genomes, please

contact Customer Support.

ocases and Controls OFo:us the Analysis osamplevspecm:opﬂons X

Considerations for whole-genome analysis
Plaase review these pre-filtering options.

To make the size of the analysis you are creating manageable, Ingenuity recommends selecting at least one of these pre-
filtering options. Pre-filtering will remove the least scientifically useful data so you can focus your analysis on regions of
greater interest.

[ Keep only variants in Exonicregions @
[ Exclude common variants that are observed with high allele frequency in public databases  show details

(] Keep only variants above minimum confidence standards show details

7. IFyour VCF file contains annotations, you can optionally
click and drag up to 5 annotations to be part of your

analysis.

ocases and Controls OFucus the Analysis osamp\e-specmc options X

— o
Your VCF data sets include variant annotations that you can include in your analysis for custom filtering.
Select in-house annotations only since those from public databases are already inciuded. Drag annotations from the feft
table to the list on the right as custom annotation columns. Drag to reorder annotations. Their order here defermines their
order within the variants view.

Name A | Desariotion 0 Annotations
AC1 Max-licelihnood estimate of the first ALT allele count (no HWE assumotion)
AF1 Max-lielihood estimate of the first ALT allele freouency (assuming HWE)
CLR Loo ratic of oenctvoe likelihoods with and without the constraint
@ Pheed crobability of all samoles baina the sama
HWE 'Chi*2 based MWE test P-value based on G3
e Roctmesrsousre maooina ouslits of coverina reads
PCHIZ Posterior weiahted chi*2 P-value for testing the association between arouo.
PR # cermutations vieldina @ smaller PCHI2.
acHz Phved sealed PCHI2 I
VDB Variant Distance Biss

8. Finally, provide a name for your analysis and optionally

a description. Click Analyze to begin your analysis.

For more details, see “Creating an Analysis in Variant Analysis” in Help.

@ cases anacontrois ©Focus the Analysis € sample-specific options Qe X

Your analysis is ready to begin
Some analysis take time to run. You will receive an email when the analysis is complete.

Summary

3 case sample(s)

3 control sample(s)

5 custom annotation(s)

Name your analysis

* Name [myFirstanalysis

Description | Final disease cuasing variants
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Explore analysis and review
results

) INGENUITY
Welcome Rupert Yip | Logout | What' new VARIANT ANALYSIS
Manage | MySamples | My Analyses | My Control Libraries | Publications Seftings
Coen T 1 | —
Name | pesciiption | From. | created v | samples | status
Pre-Filtered Analysis nyip@ingenuity.com = 11/10/2015 112 active A
Inova-003-dominant sohela@demo.com | 1011112018 1/2 active
Patient 32 EEC inbillaud@ingenulty 0812212015 111 active
Patient 46 EEC inbillaud@ingenuity, 0912212015 111 active
Patient 47 EEC Inbillaud@ingenuly. 0812212015 111 active
Patient 47 46 32 EEC inbillauc@ingenuly,| 0912212015 313 active
Adams Oliver Full Geno. nip@ingenuity.com | 0812612015 112 actve
Family 06-01 only rupertyip@aiagen.| 08112018 1/0 active
Family 06 rupertyip@aiagenc) 08112015 1/3 active
Fami 07-01805 ninertvin@nianen f| ARM1PA1S 210 acte

Variant Analysis uses the QIAGEN Knowledge Base to link
variants in an analyzed dataset to biologically relevant
information. Easy to use filters enable rapid identification

of variants likely to be causal in the analyzed experiment.

1. Open the analysis under the “My Analyses” tab.
The resulting analysis screen displays a series of cus-
tomizable filters called the “Filter Cascade” and a table
of annotated data on the right. Each filter displays 2
numbers. The number to the left indicates the number
of variants that remain in the dataset after applying the
respective filter and all filters above it. The number to the
right indicates the number of distinct genes within which

those variants are observed in the analysis.

Welcome Rupert Yip | togut | s e — INGENUITY
VARIANT ANALYSIS

Wanage | iy Samples | My Analyses | My Gonvol Librares | PuDicatons | Inova-003-dominant [« By Feedvacs |

[FSECERERE M ) Summen | Varians | Genes | Groups/Camplexes | Patways | Processes | Diseases | Ovendew [BETTM] Pusisn |

vorams e e
e R o poston__|Rstaren. fsampe.[irto. [cane Region [cene symoot [praenvarant. |sampt . [sample._ransiston mpact [T rnct
T mees A G SN Bone  NOTM2  pRimev s -o-  mesmss  Owmaom
x ontgence 80| ; mmws 6 ¢ SW  Gmc WP TS s i mesmse  Towaed
s L2l b 2 170441932 G A SN Exonic ™ PP139798,p.P" loss. - lo -~ - missense.
3134251704 |G T SNY Exonic CEPS3 pD135Y normat ik <<+ missense. Damaging
 Keep rare variants B0 & wan o c SNV Exonic, Inroni IDUA, SLC264 pDB6SE nomat< <+ missense Tolerated
L) 1593 1y r0meara | A c SN Eonic NEK1 PNG4SK, pNET normalin <<~ missense Damaging
o e O A SN ConcoRwiRen  pe2ws tomels i masnss  Towess
“Pudcedddetoioss Q)| 8 TG4 G A S e D1 pRO®C  sskost<i-  mssese  Oamaging
™ 7 2ss281 GATG  Insertion Exonic. LFNG. PES6s'2 normatn <<~ frameshit
947 c G SNV Exonic Gus3 PEIB0D, pESY! loss; - nc missense
x Dominant variants 8p| o e ¢ A SN Exonic FANCC pS26F lossnon <<~ missense Damaging
an M0 411 2008383 T c SNY Exonic COKNIC PK267E. K27 loss; lose - - missense
0 s A Dlon Exonc. RN CENP) BSOS loss<n 5o wamesnt
B sST0 TG SN Goncmwmsiobe  pMR  nomal stations
) 2 4] 7 Tewme C T SW Eenc  SWG  pPIOLPICiessilo - misese
WM G T S Eowe P2 pRINSL  nomai<<<-  mesmss  Damagny
DRecsmaewnntiuschings | 19 70273 G C S Bonc  NSR pDOMEp0Rd losse <o masmss  Towsed
Add Filter 19 1121079 G T SNV Exonic LOLR P A503. 1088« 10 «++ missense Tolerated
N wne T A SN GncwwowPGT R nemali i masnse  Towed
2 0@ 6 (A S Bose GO pve  essece  mewse  Towa
Legend (show] I I I>]

v $2015 QUGEN, In. Al ghts rsarved

Variant Analysis Filter Type  Function

Identifies variants with compelling
links to disease progression or drug
response by specifying relevant
biological or clinical terms, including
diseases, symptoms, genes, domains,
processes, and pathways.

Biological Context

Identifies variants consistent with

a particular heritance pattern, or
represented in a certain percentage of
case or control individuals in a study.

Genetic Analysis

Keep or exclude variants using
allele frequencies in healthy control
populations’ data.

Common Variants

Predicted Deleterious Quickly identifies variants in the
analyzed dataset with predicted
or observed evidence suggesting
that they disrupted gene function
or expression or are known to be

involved in disease.

Cancer Driver Finds variants within an analyzed
dataset with predicted or established
association to tumorigenesis or

metastasis.

Generates filters based on variant,
region, or gene annotations imported
into Ingenuity Variant Analysis.

Custom Annotation

Identifies variants inferred or
observed to impact drug response,
metabolism, or toxicity based on
literature evidence.

Pharmacogenetics

Identifies variants on a particular
chromosome or within a particular
region of a chromosome.

Physical Location

Excludes or includes variants based
on a basic association test that
compares allele frequencies between
case and control samples.

Statistical Association

Enables the user to filter out variants
of potentially low quality.

Confidence Filter

Enables the user to save and reuse
variant sets across analyses.

User-defined Variants

For more details, see sections corresponding to each filter type in Help.

2. To change the settings of each filter by clicking the “Edit”
icon. The following table provides a description of the

function performed by each filter type.

3. Remove a filter entirely by clicking “Delete”.
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4. Move a filter up or down in the Filter Cascade using the

up and down arrows.

5. Add an additional filter by clicking “Add filter” under

the filter cascade.

Sharing an Analysis

Datasets and analyses can be shared with colleagues and
collaborators. Recipients that do not already have one, can
set up a free, secure account when they receive the shared

results.
1. Click the “My Analysis” tab in the top navigation bar
2. Select 1 or more analysis to share and click “Share”

3. In the resulting dialog box, enter the email address(es)

of recipients and click “Share”

4. Recipients will receive an automated email informing
them there are analysis results awaiting them in their
Variant Analysis account. If the recipients don’t have
an existing Variant Analysis account, the system will
automatically create an account and place the shared

analysis therein.

For more details, see “Sharing in Variant Analysis” in Help.

Publishing in Variant Analysis

[ —— — INGENUITY
VARIANT ANALYSIS

Variants Gones
5456150 2640

-
e poston__Rtwen.[sampte. varso..[oens Region [osne S [Prten vara [sampte {Sampe.[Transtaon mpact ST Funco..[Reg
Towmens A G SN Boac Moo priaow  esslom e missense Damaging

1. Click “Publish” in the upper right corner of the analysis
to generate an online copy of the analysis to be included

as a supplement for any journal article through a stable
URL.

2. If the supplement is to be included in an accepted pub-
lication, update the supplement title, add the target jour-

nal, and click “Release” in the publication status box.

Releasing a dataset gives Ingenuity permission to make the

data public and perpetually available via the URL.

°Embargo X

Select a unique URL for your free online supplement and embargo it until your article is published
Embargo a copy of this analyzed dataset to enable only you and individuals you specify to access it
using a stable URL until your article is published. You may delete or edit it at any time prior to instructing
Ingenuity to publicly release it after your article is accepted

Name *IYlp et_al_2016 ‘

Stable URL  hitps:/ivariants.ingenuity.com/Yip_et_al_2016

Title I Identification of novel mutations in IRS-1 resulting in obesity ‘

Journal I.Journal of Endocrinology ‘

Description

Emails Enable these individuals to review analysis:

Select from recent emails \“

The URL can be embargoed so that only specified individuals can access
the analysis.

Wecome RUpaet Yip | Losot | Wha frice ] INGENUITY
VARIANT ANALYSIS
Wanage Wy Sampies | Ny Anayaes | HyConkel Lo | Pubcations | Inos 033 dominad [ ceness ([EEER
T r—
are | rme s [T ——
Yip2016 RS- EmBargosd Name Yig2016
eoca s i 278 Mo etk gty ozt
Arctic. ‘American Journal of Hum: 2014 . ofnovel mudaicns in RS-
A
ropun T e
e = B 3
Sameta20se e || Pweeses Gameee
pendin 2013 o7 MS@ngenuty com
e
i
Woomnia 23
. o amorscs e [ ove ]

For more details, see “Publishing in Variant Analysis” in Help.
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Inova Genomes

Inova is a notfor-profit healthcare system based in Northern
Virginia that has sequenced over 7000 genomes that are
well phenotyped, broadly consented, spanning several dis-
ease areas, and ethnically diverse. Variant Analysis users
may purchase access to these samples. To learn more, or
obtain a quote go fo: https://www.qiagenbioinformatics.

com/products/inova-genomes/.

FAQ

Allele Frequency Community

You may participate in the research crowdsourcing initiative,
the Allele Frequency Community (AFC) through Ingenuity
Variant Analysis. The AFC is a collection of user-contributed,
diverse human NGS samples used to generate summarized
statistics. Allele frequencies from the anonymized, pool
data provides critical context for sequence interpretation
in the biomedical community. To learn more about the AFC
and the founders go to: www.allelefrequencycommunity.
org. To access and optin to the allele frequency community
simply click the “optin” option upon first login or click the
“Settings” link in the upper right of the Ingenuity Variant
Analysis application to optin to the AFC.

Variant Analysis Filter Type

Are data secure in Variant Analysis?

What file formats are supported for upload to Variant
Analysis?

Can multiple samples be analyzed together?

How can large datasets (i.e., more than 10 samples) be
uploaded?

What species are accepted for analysis in Variant Analysis2

How many samples can be included in a single analysis?

Can RNA-Seq data be integrated with DNA re-sequencing
data?

Can variant sets be saved for reuse across analyses?

Is it possible to define terminology for describing variants2

Can analyses from Variant Analysis be shared?

Can the Ingenuity Variant Analysis software be cited in a
scientific article?

Function

Ingenuity Systems has passed a Health Insurance Portability and Accountability
Act (HIPAA) audit, confirming that Ingenuity’s data center and Ingenuity Variant
Analysis are in compliance with relevant Federal Regulations of the US. Thus,
Ingenuity securely serves clients such as clinical researchers, molecular pathologists
and medical geneticists with strict controls for patient security. For more details, see
the Ingenuity privacy policy at www.ingenuity.com/privacy-policy.

Variant Analysis currently supports Variant Call Format (VCF), Genome Variation
Format (GVF), and Complete Genomics’ files (Var, VarMaster, High confidence
junction, efc.). For more details, see “Variant Analysis file format” in Help.

Yes. Any number of cases and optional controls can be analyzed together

Large datasets can be securely uploaded via the High-volume uploader link,
available within the upload window.

Variant Analysis accepts variants aligned and called relative to a human reference
genome (Hg18, Hg19, and Hg20) . For more details, see “Creating an Analysis in
Variant Analysis” in Help.

There is no limit to the number of cases or controls that can be analyzed. To
accommodate large studies, the graphical icons that indicate function, genotype,
copy number, call quality, etc., will shrink to colored vertical lines that indicate loss,
normal, or gain function. This way, quick comparison of frequency and impact of
variants between case and control samples is still possible.

Yes. Use the Custom Annotation Filter to create filters based on RNA-Seq data
imported into Variant Analysis. For more details, see “Custom Annotation” in Help.

Yes. Click “Create list” above the variant table, give the list a name, and click
“Save”. For more details, see “User Defined Variants” in Help.

Terminology in Variant Analysis is aligned to current standards, including HGVS. For
more details, see “Glossary for Variant Analysis” in Help.

Yes. Variant Analysis is licensed on a per-sample basis. One advantage of this cost
structure is that sharing samples and analysis results with colleagues and collabora-
tors in the same group is free of charge. For more details, see “Sharing in Variant
Analysis” in Help.

Yes. For more details, see “Citing Ingenuity Variant Analysis” in Help.
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For further support with technical difficulties please contact
Ingenuity Customer Support:
support-ingenuity @ giagen.com

+1 (650) 381-5111

www.ingenuity.com

Ingenuity Variant Analysis is intended for molecular biology applications. This product is not intended for the diagnosis,

prevention, or treatment of a disease.

For up-to-date licensing information and product-specific disclaimers, see the respective Ingenuity product site. Further infor-

mation can be requested from support-ingenuity@qiagen.com or by contacting your local account manager.
Trademarks: Ingenuity®, Variant Analysis™ (QIAGEN Group).

1080849 02/2014 © QIAGEN, all rights reserved.
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