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Legal Notice

For Research Use Only. Not for use in diagnostic procedures.

This material is protected by United States Copyright Law and International Treaties. Unauthorized use of this
material is prohibited. No part of the publication may be copied, reproduced, distributed, translated, reverse-
engineered or transmitted in any form or by any media, or by any means, whether now known or unknown,
without the express prior permission in writing from Bionano Genomics, Inc. Copying, under the law, includes
translating into another language or format. The technical data contained herein is intended for ultimate
destinations permitted by U.S. law. Diversion contrary to U. S. law prohibited. This publication represents the
latest information available at the time of release. Due to continuous efforts to improve the product, technical
changes may occur that are not reflected in this document. Bionano Genomics, Inc. reserves the right to make
changes to specifications and other information contained in this publication at any time and without prior notice.
Please contact Bionano Genomics, Inc. Customer Support for the latest information.

BIONANO GENOMICS, INC. DISCLAIMS ALL WARRANTIES WITH RESPECT TO THIS DOCUMENT,
EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO THOSE OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE. TO THE FULLEST EXTENT ALLOWED BY LAW, IN NO EVENT SHALL
BIONANO GENOMICS, INC. BE LIABLE, WHETHER IN CONTRACT, TORT, WARRANTY, OR UNDER ANY
STATUTE OR ON ANY OTHER BASIS FOR SPECIAL, INCIDENTAL, INDIRECT, PUNITIVE, MULTIPLE OR
CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR ARISING FROM THIS DOCUMENT, INCLUDING
BUT NOT LIMITED TO THE USE THEREOF, WHETHER OR NOT FORESEEABLE AND WHETHER OR NOT
BIONANO GENOMICS, INC. IS ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Patents
Products of Bionano Genomics® may be covered by one or more U.S. or foreign patents.
Trademarks

The Bionano logo and names of Bionano products or services are registered trademarks or trademarks owned by
Bionano Genomics, Inc. (“Bionano”) in the United States and certain other countries.

Bionano™, Bionano Genomics®, Saphyr®, Saphyr Chip®, Bionano Access™, VIA™ software, and Bionano
EnFocus™ are trademarks of Bionano Genomics, Inc. All other trademarks are the sole property of their
respective owners.

No license to use any trademarks of Bionano is given or implied. Users are not permitted to use these trademarks
without the prior written consent of Bionano. The use of these trademarks or any other materials, except as
permitted herein, is expressly prohibited and may be in violation of federal or other applicable laws.

© Copyright 2023 Bionano Genomics, Inc. All rights reserved.
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Introduction

Variant Intelligence Applications™ (VIA) software is a complete and integrated solution for the visualization,
interpretation and reporting of genomic variants from multiple technology types. By supporting multiple genome-
wide data modalities, VIA™ software provides the most comprehensive view of genomic variants of any
interpretation, annotation, and reporting software tool available. As a platform-agnostic tertiary analysis solution,
VIA stores and manages distinct types of genomic data from various platforms (see Table 1) enabling the
extraction of meaningful insights from a combined analysis. The software includes algorithms to detect copy
number variants (CNV) from major microarray vendors, optical genome mapping (OGM), and next generation
sequencing (NGS) methodologies as well as Absence of Heterozygosity (AOH), from data types that assess B-
allele frequency. VIA software also provides intelligent interpretation assistance to analyze CNVs, Loss of
Heterozygosity (LOH) and Structural Variants (SV) from OGM data. As a centralized analysis solution spanning
technologies and application areas, VIA provides an efficient environment to keep pace with advancements in
technology while retaining access to historical platform data. By being adaptive to whichever technology is used
to generate CNV, LOH, or SV genomic variants, VIA software provides rich annotations for the co-analysis of
sequence variants from NGS to provide a complete picture of genomic variation and reveal more answers for

disease association.

Table 1. Common platforms supported in the software.

PLATFORM EXAMPLE ASSAYS ASSOCIATED FILE TYPES
ogm.bam
BIONANO OGM
ogm.vcf
Affymetrix arrays output .cel file format .cel
CytoScan 750K .cychp
THERMO FISHER/ CytoScan HD .cyhd.cychp
AFFYMETRIX CytoScan XON xnchp
OncoScan .oschp
CytoScan HT-CMA, SNP6 cel
CytoSNP12, CytoSNP850K, Infinium Omni, GSA, xt (Final Report files)
ILLUMINA GSA-Cyto, GDA, GDA-Cyto .gtC
Infinium HumanMethylation450,MethylationEPIC .idat
SurePrint G3 CGH + SNP Bundle, 4x180K
AGILENT xt
GenetiSure Cyto 4 x 180K CGH+SNP
CNV = .bam
NGS WGS, WES, Panels Seq Var = .vcf, .vef.gz
Jjson.gz (generated by Nirvana)
Custom CNV with probe or segment values b (tab delimited)
cUsTOoM
Custom Seq Var with annotations vef
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General overview of VIA concepts

VIA software has been designed to analyze data from a wide variety of platforms including microarray, NGS and
OGM. To process data of different types, a user must have both the appropriate Sample Class enabled by their
specific license and the underlying Sample Types configured in VIA. The following framework is described below
(see Figure 1).

@ VIA - admin@http://1.1.1.1:8081
Repository Help

Home Profiles

Regions Users Platforms Sample Types BAM References Methylation References  OGM BAM References  Variant Detsils  Linked Samples  Custom Files  Task Queues  Processing Usage

—-— = L] WES Constitutional o ~ | {1 samples) Sample dass: NGS and Array
Build | NCBI Build 37 Task Queue Default Test Type | Constitutional « e New Sample Type o X
Indude chrM Name:
Sample dass: |Array Onl
CNY Data Type o ample class ray Only -
. €N Quaiity Thresholds BAF Quality Thresholds inciude R
e W 0,12 Fail 0.2 Wi 0.05| Fal | 0.15 D NG5 and Array
Platform Processing Types: 2/34 ¥ am ! &l ' am . al : GxA-Cyto
Data T, “4MNanusable Red %elnvalid Read LonRes WS
Seqvar ata Type onusable Reads elnvalid Reads Methylztion
NirvanalSOM Warn | 20.0 Fal| 50.0 Warn | 20.0| Fal| 50.0 (OGM and NGS5
Seqyar Platform Processing Types: 1/2 ¥ |OGM Only
%elow Quality Reads %eLow Quality Bases
v Daiailes wan| 100 Fal| 30.0]  wamn| 10.0] Fal| 300

Sample Attributes  [ERULY LT o Dedision Trees | Sample Review Preferences | Gene Panel | Reports

Name On Home Tab Labels
Display Mame -
Gender

IControl Gender

Linked Sample Id

Linked Sample Relationship
Affected Status
Phenotypes

MNotes

== + [ = &

JEORORRE

Discard Changes Save Changes

Figure 1. Numbered VIA framework.

1. Sample Type: The basic category for each sample loaded in VIA software. Sample type is configured by a
VIA administrator under which a sample class and test type must be specified. Sample type can be used to
filter samples in the database, in a Similar Previous Cases query, or to build aggregates or profiles. The
sample type is defined by:

« Sample Class

e Genome Build

e Test Type

« Data Type

« Sample Attributes and Analysis Preferences

2. Sample Class: Defines the type of input data imported from a platform or technology. Sample classes
currently available in VIA include Array only, NGS and Array, GxA Cyto, Low-Res WGS, Methylation and
OGM and NGS. The sample classes supported by each instance of VIA are dependent upon the user’s VIA
license.

3. Test Type: Workflow-driven parameter saved as part of the configuration of a sample type and set as either
Constitutional or Oncology. Each value is associated with specific analysis features such as Parental

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
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analysis, ACMG 2019 recommended CNV scoring, Constitutional or Oncology Knowledgebase templates,
and genomic scar scoring.

4. Modality/Data Type: Three different modality events - CNV and/or Sequence Variants (SeqVar) and/or SV —
can be used to analyze a given sample type, the respective settings specified under each event.

5. Processing Type: A set of parameters that converts raw data input into CNV, SeqVar or SV information.
Processing types are accessible under Platforms. Multiple processing types can be associated with each
sample type.

6. Sample Attributes, Workflow, and Event Classification: Examples of related components that can be
defined and customized for a given sample type.

Principles of CNV and AOH Detection

Copy Number Variants (CNVs) and Absence of Heterozygosity (AOH) events can be calculated from array, NGS
and OGM data. The methods used in these calculations are based on a Hidden Markov Model for Region
Segmentation, a statistical probability model based on unobserved hidden truth sets. For CNV analysis, the truths
are copy number (CN) state estimations. For each data point, predicting which state is most likely the best match
by comparing the observation to the truth set/training algorithm is the objective. Numbers represent theoretical CN
states. Lines represent probability calculations that a data point will change CN state.

Segmentation Algorithms

Raw data is converted into CN calls or allelic events. The presence of a signal at a specific genomic location from
two different sources is measured. In the case of 2-color array comparative genome hybridization, there are two
samples, one the experimental (sometimes referred to as test) sample and the second, a control (sometimes
referred to as normal or reference) sample. When using single-channel arrays, such as high-density single
nucleotide polymorphism (SNP) arrays, the control is a measure of signal from a large pool of samples.
Regardless, it is important to note that the first step in making the copy number call is to arrive at measurements
that represent the ratio of signals from the experiment as compared to control sample at multiple locations along
the genome of interest. This is called the preprocessing step.

PREPROCESSING OPERATIONS

Certain data types need to undergo preprocessing steps before CN estimation can be performed. Specific
preprocessing steps are unique to each technology. For data types such as ImaGene, VIA uses intensity values
to arrive at log2 ratios and therefore performs preprocessing steps such as removal of flagged spots, background
correction, normalization, and combining replicates. To assess reliability of the image-quantified data, many
software platforms use flags to indicate areas which may be of suspicious quality and therefore removed from
consideration. If a Data Type requires preprocessing operations, each has its own set of steps.

COPY NUMBER ESTIMATION

Once log2 ratios are obtained and preprocessing is complete, VIA software will arrange the ratios according to
their position along the chromosome. Each probe is represented as a small gray dot along the length of a
chromosome in the genome and chromosome plots; the user-specified calling thresholds seen as blue and red
horizontal lines, call certain regions as a Gain, Loss, Amplification, or Homozygous Loss. VIA offers multiple

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
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segmentation algorithms: a circular binary segmentation (CBS)-based, SNP Rank, and two hidden Markov model
(HMM)-based algorithms, SNP-FASST2 and the latest SNP-FASST3. See the VIA Theory of Operations for
detailed information on the principles of each algorithm.

Best Practices for Changing Algorithm Settings

The best way to adjust the algorithm settings is to reprocess an existing sample with modified parameters to
determine the optimal setting for the application type. Since the same data file is being used, this does not tally
against a user’s sample count. Simply duplicate the current processing type and amend the settings; then activate
the new processing type for the sample type (see Figure 2). Duplicate the samples of interest and process with
the new processing type to compare to the original settings.

Regions BAM References Users Custom Files Platforms Sample Types Ta

SeqVar

Build Data Type Manufacturer Assay Na
NCBI Build 37 | Tllumina Final Report ~ |Dlumina ~ | |CytoSNP-850K

Processing Types

* ] =  Example CytoSNP-850K v1.1 - Constitutional Mosaic v

Figure 2. Processing types with amended settings.

Contrast Quality Control (QC) and segmentation performance between processing settings using the multi-
sample view, as shown in Figure 3.

Homa | Adin

chrl:1-chrY:59,373,566 Reset View
chrl i o3 dhed chrs ] chi? b ched chrid il 2 il crid oS crl6 crl7 chrif chl9ch2) 21 22 X chey
11 Lo n ] L PEme L) [ Il [N 1|11 L |
Demo-&50K FFP N I I | u I
| !
I | I

Ceme-E50K £ L_I | | I

Figure 3. Segmentation performance.

For each segmentation algorithm, a significance threshold needs to be set in the Analysis panel so the sensitivity
can be adjusted. The smaller the number, the less sensitive the algorithm is in creating a new segment. So, if
some known aberrations are not being called because they are too small, this value should be increased. This
setting is inversely proportional to the number of probes: the larger the number of probes, the smaller the value
used for this setting, ensuring valid results. Many probes at a setting of 1E-6 or lower have been processed.

Home Page: Main Dashboard

The main VIA software interface, displayed in Figure 4, allows users to make queries to retrieve samples and
load new samples. The interface is set up like a browser with labeled tabs such as Home, Platforms, and
Sample Types.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
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NOTE: Upon logon, if a user license is to expire within thirty days, a message in red will be displayed under the
query box. The message will disappear after the first query.

@ VIA - admin@http://localhost:2081

Repository Help

Admin | Profiles

Test Type: All ™ Sample Type: Al ™ Sample Attributes: Al Phenotypes: Al ™ Cancer Type: Al ™ Workflow: All ™ Status: All™  Processing Type: All @ Samples ¥ A v

=e VIA

Sort By: |Sample Name I N

Q

Figure 4. Main dashboard interface.
Sample Retrieval
A single multi-faceted field is used to query samples and there are multiple ways to search. To list all samples,

click on the magnifying glass or hit Enter. A list of all samples in the database along with information on each
sample will be returned, as seen in Figure 5.

« Search by Keywords, Attributes, Event type.

* Leave the search field empty and click the magnifying glass icon to list all samples.

«  Filter search results by sample type, processing type.

Repository Help

LTesx Type: All™  Sample Type: All*  Sample Attributes: All ¥ Phenotypes: All ¥ Cancer Type: All ¥ Workflow: All ¥ Status: All ¥ Processing Type: All ¥ I Samples - A hd

T S

Filter search résults by o N Change Password.
Q

sortoy: [Gampu e V] & Sample retrieval and sort

mple Attributes: 1/5 ¥

L] Phenotypes
Affected Status: All ¥ Sample retrieval query examples:
Control Gender: All ™ 10811_02
Gender: All * 10811 02*
Linked Sample Relationship: 1/4 * galnM_ECPZ
(] Father loss: chr11:1-200000000

*Batch*002*
Factor:”"Reported Condition”="short stature”
+loss:PTEN +gain:EGFR

[ ] sibling

Figure 5. Sample retrieval interface.
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Twenty samples are displayed on each page in alphabetical order by sample name and with various metrics. To
view additional samples, click on the blue number links on the bottom right of the window to go to the additional
results pages.

Each sample shows the Status (e.g., Processed, Pending) as well as the quality of the sample and the
percentage of probes that were discarded from analysis. The sample type, processing type and decision tree (if
applied) are shown. At the bottom of each sample displayed, the number of events classified into each category
defined for the sample type (e.g., Benign, Likely Benign, VUS, Likely Pathogenic, Pathogenic) will be listed.
Clicking on the blue sample name will open that sample in a new tab.

Case review progress

Example Sample Name @ Not Reviewed < 1

Status: Processed %CNV: 0.04210 %AOH: 0.000
CN Quality: 0.07339 BAF Quality: 0.03025 %Discarded: 0.00000 Quamy metrics

%Nonusable Reads: 12.49 %invalid Reads: 0.03 %Low Quality Reads: 4.14 %Low Quality Bases: 4,63 Capture Bias: 0.00

Sample Type: Demo small NGS panel Data Type: BAM Multiscale Version 2.1 Processing Type: Demo small NGS Panel BAM To CNV Analysis Auto pre-classification: Post-natal DT Sept 2020

SeqVar Status: Processed SegVar Processing Type: Demo small NGS Panel VCF Nirvana with QC . .
Sample processing info

N HE le MR#001020000
otes: Samp and notes

Processed by admin Feb 10, 2021 7:41:42 AM

Pathogenic Likely Pathogenic VUS Likely Benign Benign Artifact Please Review Large AOH AOH with Imprinted Gene Unclassified

B B - oo = [ o ]l 5 [ 200 }<:| Auto pre-classification

Figure 6. Sample Info.

If a sample is currently being edited by another user, the Edit Sample icon will be displayed next to the sample in
the search results.

Moving the mouse over the icon will display the user currently editing the sample. If one is reviewing a sample
and tries to edit a sample that is already being edited by someone else, an alert (in a pop-up window) will be
displayed stating that another user is currently editing the sample.

If a sample is under a sample type with the test type specified as oncology, then the icon will appear to the left of
the sample name. Clicking the icon directly launches the Profile window for the Oncology Profiles feature.

Quality Metrics
Sample metrics are displayed for each sample in the Home page query results.

These scores may be highlighted in yellow or red, as shown in Figure 7, on the Home page results indicating
they exceeded thresholds set by the Admin for this sample type. This CN Quality score is also used during
processing to remove probes from the probe median calculation. The percentage of outliers to remove under the
Robust Variance Sample QC (see next section) parameter in Settings specifies what percent of probes to
remove.

>= Warn threshold CM Quality: 0.11545

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
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>= Fail threshold CMN Quality: -

Figure 7. Highlighted scores.

*  %CNV: % of the genome (excluding sex chromosomes) that has CN changes. Calculated as total length of
autosomal regions with CN changes divided by the total length of the autosomes.

*  %AO0H: % of genome (excluding sex chromosomes) with AOH calls. Calculated as total length of AOH
regions over autosomes (excluding those overlapping CN changes) divided by the total length of the
autosomes. The min LOH length threshold for each sample type is set by the admin under Processing Type.
Based on the minimum LOH setting of 2,500KB, and on studies showing % homozygosity is correlated with
some degree of consanguinity, a 6% AOH threshold is used as a warning indicator. If the %AOH is over 6%,
the value will be highlighted in yellow.

* BAF Quality: % of SNP probes with BAF values in the allelic imbalance region of the BAF track. This quality
score indicates how well SNP probes are behaving. It reports the percentage of SNP probes with BAF values
between the heterozygous imbalance threshold and homozygous value threshold as defined in the
Processing settings.

« CN Quality: A score representing the probe-to-probe variance measuring on average how much successive
probes differ from each other, shown in Figure 8. Please note that these scores are only used to compare
relative CN Quality scores between samples within a platform. It can help indicate reliability of the data; a
higher CN Quality score indicates less reliable data while a lower CN score indicates more reliable data. A
high score may indicate low quality DNA, debris on the array slide, or other issues during wet lab prep.

CM Quality score: 0.0798

1 2 3 1 5 6 7 " 8 ' 9 " 10 11 ' 12 13 14 15 1617 1819202122 X 'Y

14 15 16 '17'18'19'202122 X ¥

Figure 8. Example probe plots with two different quality scores. Probes for the sample with the smaller quality
score (0.0798) are packed more tightly around the 0 than in the sample with the larger CN Quality score.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 15 of 242



bionano

ROBUST VARIANCE SAMPLE QC CALCULATION - QUALITY SCORE

This Quality score is a calculated value representing the probe-to-probe variance between adjacent probe log
ratios after excluding the outliers. This single parameter is used to remove from calculation of the variance, the
extreme outliers that one would expect due to copy number breakpoints. It is meant to measure how much
successive probes differ from each other on average. The score is displayed as Quality in the Home page
results. The score is computed by first ordering by magnitude the difference between adjacent probes and then
removing a percentage of the probes that fall at the top and bottom of the list. For example, if probes ordered
along the genome have values [1, 2, 1.5, 2.1] then the differences would be [1, -.5, .6]. Then a percentage of the
probes would be removed (from calculation of the mean variance) from the top and bottom of the variance
spectrum. If the value specified is 0.2 (for 0.2%), then half of this percentage of probes (0.1%) are removed from
the top of the list and the other half, from the bottom. The percentage to remove is set by the Admin in the
Processing settings (Percent outliers to remove).

The default value for most processing types is 0.2% but can be changed individually for each processing type for
which QC calculation is available. A good starting point for the setting would be a calculation such as: 2*(expected
number of CNVs)/(number of probes). For example, if one expects a maximum of 500 CNVs and an array with
roughly a million probes, the value can be set to 1000/1M or 0.1%.

Please note that these scores are only used to compare relative QC scores between samples and the outliers are
not removed from processing. The lower the QC score, the better the quality (low variance). One can visually see
the difference between samples with high and low QC scores as in Figure 9 and Figure 10 below. The sample

with a higher QC score (Figure 10) displays a lot more noise as compared to the sample with the lower QC score.

1 5> "3 "4 "5 "6 78 910 11 12 13 1415161718190 L2 ¥ ¥

Figure 9. Sample with lower QC score: 0.09.
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Figure 10. Sample with higher QC score: 0.67.

Having the QC value gives users a better idea of how much confidence to have in the sample’s aberration calls. If
a sample’s scores are too high, one can re-run the assay. A quality score of 0.15 — 0.2 is generally considered the
cut-off range for good samples for most arrays.

BAM Quality Control Metrics

QC metrics for BAM files associated with CNV or SeqVar are displayed on the Home page results. If read quality
data is missing from the BAM files, these values will be blank. All values are reported as a percentage of reads.

%Nonusable Reads: 5.71 %lInvalid Reads: 0.20 %Low Quality Reads: 0.00 %Low Quality Bases: 2.29

These scores may be highlighted in yellow or - on the Home page results indicating they exceeded thresholds
set by the Admin when creating a sample type.

>= Warn threshold %Low Quality Reads: 14.77

>= Fail threshold %Low Quality Reads: -

Metric Calculation and Description

%Nonusable reads: (Total Reads - Usable Reads)/Total Reads * 100. Nonusable reads are all read map/align
records that were discarded and not used in the depth counting. These include reads flagged in the BAM file as
Unmapped BAM reads, Duplicate BAM reads, Secondary BAM alignments, Clipped BAM alignments, and reads
classified as Invalid reads (see below).

%Invalid Reads: Invalid Reads/Total Reads * 100. Invalid reads include reads with undefined reference
sequences (e.g., alternate haplotype seqs) and reads where the start/end coordinates do not match. In some
BAM files, the alignment flags will indicate that a read should have valid mapping but then the
chromosome/reference-sequence or start and end positions will be undefined in the alignment record. In other
cases, the set of reference sequences used by the aligner to map reads includes extra contigs or decoys or

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
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alternate haplotype sequences that are not included in the VIA standard reference genome. Reads mapped to
these extra sequences will also be discarded in this category as not having valid BAM coordinates.

%Low Quality Reads: Number of Reads with MAPQ<30/Total Reads * 100. MapQ<30 looks at the number of
read mapped/aligned records for which the aligner gave a score below Phred 30 (more than 1/1000 chance of
mapping position being wrong).

%Low Quality Bases: Number of Sequence Bases with Quality <30/Total Sequence Bases * 100. BaseQ<3
looks at the number of raw read base calls that the sequencer gave a quality score below Phred 30 (more than
1/1000 chance of being wrong).

Find... (Searching Results on Page)

The search field at the top right of the window, seen in Figure 11, (next to the Samples dropdown) is used to find
specific text within the displayed page (like the Find... tool in a browser window). For example, to find samples
that were uploaded on July 7, enter Jul 07 in the Search box, and click on Magnifying Glass or hit Enter. If
found, the search term will be highlighted in yellow on the page. Hitting the Enter key successively will highlight
the next occurrence of the search term, shown in Figure 12.

o Samples™ & ~

Figure 11. The Search field.

D13,45819 55 (A1) (D) Stamus: Processed Quality: 008 Discarded: 0.12% Mot Feview:
Sample Type: Post natal Affy CytoScam HD (Bulld37] Processing Type: Affy CytoScan HD  Co
Gender:  Maile

Processed by odmin started Ao Jul OF 73456 UTC 2014 ended Mon Jui 0F 373741 UTC 200¢

Banign Likely Banign W05 Likely Pathogenic Pathogenic Unclassified

Bl o ML o J[ o [ s= |

Figure 12. Example results.

NOTE: Wildcards cannot be used in this field. This only searches the displayed page, not all results from a query.
The field is only displayed when samples are returned and displayed on the page from a query. The field is
hidden if no samples result from a query.

Searching/Querying the Sample Database

To list only specific samples, enter the query into the Search field in the middle of the window. Samples can be
queried in multiple fields including sample name, genomic region, gene symbol, cytoband, sample attribute,
processing date, user who processed sample, or a combination of these.
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Search/Query Inputs

Quotation marks: When quotation marks are used in queries, ASCII quotes must be used. Do not use quotes
from other formats, such as smart quotes. Often, word processers such as MS word use smart quotes and if
copied over to the VIA query field, the query will fail. To prevent query failures, the recommendation is to type out
the quotes in the query field.

Region coordinates: Commas cannot be used to specify bp (base pair) positions for the search and case
matters. Location must be a chromosomal range; one cannot specify just the chromosome to include the entire
chromosome. To search for an event over an entire chromosome, use a start position of 1 and end position equal
to or longer than the chromosome length.

Numerical fields: Samples can be searched via numerical fields to retrieve samples containing field values
greater than or less than a numerical value. Operators supported for numerical fields: <, <=, >, >=, =, I=.

Queries using conditional (AND/OR): The “+” sign before the query term indicates that the sample must meet
the condition (AND). A query term without a preceding symbol indicates an OR statement. A “=” sign before the
query term indicates that the sample must not meet the condition.

Examples:
Searching for sample with either a gain OR loss overlapping EGFR
loss:EGFR gain:EGFR

Searching for samples with a loss overlapping PTEN AND a gain overlapping EGFR
+loss:PTEN +gain:EGFR

Searching for samples that must contain a gain of EGFR and NOT a loss of FOXA1
+gain:EGFR -loss:FOXAl
QUERYING BY SAMPLE NAME

Samples can be searched by sample name by simply entering the sample name into the Search field. The * can
be used as a wild card during a search by sample name. Multiple wildcards can be used in the same query.

Examples:

Search for all samples beginning with “Batch”: Batch*

Search for samples that have “Batch” and the word “male” somewhere in the name: *Batch*male*
Search for samples with the number 80021: *80021*

Search for all samples ending with June2019:; *June2019
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QUERYING BY EVENT

Queries for the following events are accepted: Gain, Loss, AOH, and SeqVar. Acceptable syntax for events: gain,
loss, cn gain, cn loss, aoh, SeqVar. Region coordinates must not contain commas and lower-case letters should
be used for chr.

The basic syntax is [event]:[chromosome]:[start position]-[end position] for a bp location. To specify a cytoband,
use [event]:[chromosome][band]

Examples:

Events overlapping a gene: gain: PTEN

Event overlapping a region: ach:chr11:30507990-83574562

Events on a single chromosome (use 1 as start bp): Lloss:chr11:1-200000000
Events at a cytoband: 1loss:1931.3

QUERYING BY SAMPLE ATTRIBUTE

One can query for a specific attribute (Factor) value by typing in Factor: followed by the factor name and value.
The format is Factor:[attribute name]=[attribute value].

Examples:
Search for Male samples: Factor:Gender=Male

Search for sample where the Attribute and/or value is a multi-word term: Factor: "Reported
Condition"="short stature"

Searching for all samples belonging to linked samples: Factor: "Linked Sample Id"=Adams

QUERYING BY QUALITY METRICS

To query for samples meeting a specified quality metric type in dna_attribute:[quality metric] and the threshold.
Examples:

Searching for samples with CN quality score dna_attribute:quality<="0.10"

Searching for samples with BAF quality score dna_attribute:snp_quality>"0.01"

Searching for samples with %CNV dna_attribute:percent cnv>="10"

Searching for samples with %A0OH dna_attribute:percent_aoh<="12"
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QUERYING BY CLASSIFIED EVENTS AND EVENT TYPES

Queries can be performed for classified events and event types. The query returns samples with specified event
type having the specified classification. Any user-defined classification value can be specified. Event types are
categorized as CN change, allelic event, sequence variant, and structural variant. Additionally, CN events with a
specific number of the event can be queried.

Examples:

CN event (Gain, Loss, Amplification, Homozygous Loss) classified as “Likely Pathogenic”
sample_term:"DNAData:cn_cls_sum:Likely Pathogenic"

Allelic event (AOH, Allelic Imbalance) classified as
‘Benign:"sample_term:"DNAData:snp_cls_sum:Benign"

Sequence Variant event (SNV, Deletion, Insertion) classified as “SV in Dominant Gene”
sample_term:"DNAData:SeqVar:cls sum:SV in Dominant Gene"

CN loss with 11 events dna_attribute:"CN Loss"=11
Amplification with at least 5 events: dna_attribute: "Homozygous Copy Loss">=5
QUERYING BY BENIGN AND PATHOGENIC CLASSIFIED CN EVENTS OVERLAPPING A REGION

Samples can be searched with benign and pathogenic classified CN events overlapping a region. The query
returns samples with classified copy number events overlapping the specified bp location/gene. The only
classification values supported are “benign” and “pathogenic”; they are case sensitive. Both regions and gene
symbols are supported. Only works for CN events.

Examples:

Pathogenic CN events overlapping a region: pathogenic:chr13:46573687-51607314
Benign CN events overlapping a gene: benign: PTEN

QUERYING BY SAMPLE PROCESSING DETAILS

Samples can be searched by details submitted when the sample was loaded and processed. The system takes in
the date with respect to the date/time of the VIA server. VIA assumes dates to be dates in the format yyyy-mm-dd.
Other processing information available for query are the username, estimated gender at processing, decision
tree, BAM MSR, and human genome build.

Examples:

Searching for samples processed after 2023-01-31, not including the date:
+dna_attribute:proc_ended timestamp>"2023-01-31"

Searching for samples processed between 2020-09-10 and 2022-01-07 and on the dates:

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 21 of 242



bionano

+dna_attribute:proc_ended timestamp>="2020-09-10"
+dna_attribute:proc_ended_ timestamp<="2022-01-07"

Searching for samples loaded on 2022-12-31: +dna_attribute:loading ended timestamp="2022-12-
31 "

Searching for samples processed by username = admin: dna_attribute:proc_by="admin"
Searching for samples processed with a specific BAM MSR file: dna_attribute:bam-ref="PG02W_Male"

Searching for samples processed with a specific human genome build file: dna_attribute:build="NCBI
Build 37"

Searching for samples processed with a specific decision tree: dna_attribute:decision_tree_name="AML
DT "

QUERYING BY PHENOTYPES

The VIA database can be queried by phenotypes. NOTE: Phenotypes must be entered as HPO IDs, not text. Use
* before and after the ID to indicate that any other HPO ID can be present to include samples that may contain
more than the specified phenotype. If looking for samples containing only a single phenotype, do not use * before
or after.

Examples:
Searching for samples that contain the phenotype “Seizures”: factor : Phenotypes="*HP:0001250*"

Searching for samples that contain the phenotype “Seizures” or “Global Developmental Delay”:
factor:Phenotypes="*HP:0001263*"

Searching for samples that contain only the phenotype “Seizures” and no other phenotypes:
factor:Phenotypes="HP:0001250"

FILTERING QUERY RESULTS TO NARROW LIST

Users can also filter results by one of the categories listed on the top of the window. Numbers next to the filter
names show how many parameters are selected and the total number of filter fields for that category. For
example, to search only for specific sample types, mark off the checkboxes of the types desired to search under
the Sample Type dropdown. In Figure 13 below, two out of thirty-four values are selected as indicated by the
2/34 next to sample type. If no boxes are checked off, all samples in the database are searched. Values displayed
in these dropdowns are specific for each installation and are based on what has been defined by the VIA
Administrator
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Platforms = Sample Types

Sample Type: 2/34 ¥ Sample Attributes: Al Y Wo
| Attymetrx Oncobcan ~

Affymetrix OncoScan plus NGS

[[] Affymetrix OncoScan plus NGS json

[[] Agilent Custom 60k - Postnatal

[[] Agilent SNP 180K

[ Agilent SurePrint CGH 4x180k - Cancer
[ Agilent SurePrint CGH 4x180k - Postnatal
[] Agilent SurePrint CGH 4x180k - Prenatal
BAM brain panel

[] BAM CNV cancer panel lcc

Figure 13. Sample Type, Sample Attributes, Workflow, Status, or Processing Type

VIEWING MULTIPLE SAMPLES TOGETHER

Shown in Figure 14, in a single window on the Home page, search for the samples to view together and click on
the Multi-Sample View link.

1-2 of 4 (280 secondz) Multi-Sample View

@ VIA - admin@http://localhost:2081 - a X

Repository Help

Home | Admin = Profiles | MultiSample [REE[ENIERF]

chr1:1-chrM: 15,569 Reset View CM Probes SNP Probes

chrl chr2 chr3 chrdg chr5 chré chr? chrg chr  chwill chrll  chrl2 chri3 chri4 chriSchrié 17 18 19 20 21 22 cheX Y

-~
| | | I| [ — | | [— L | 11
TrioCase1_Father I | [ \ \ Il 1 I ‘ ||| ”

|
TricCasal_Mother | ‘ 1 il |
I

TroGased._Proband ™" T | i e | 1 i —— I o | : Ll J| m.
- | | T AT

W
< >

Ready

Figure 14. All samples listed on the Home page will be displayed in a new tab.

Clicking and dragging over the tracks or just left clicking on the labels will zoom in on the area. The top left corner
displays the chromosomal range displayed; this can be edited to zoom into a specific region. The Reset View
button on the top right will revert to the fully zoomed out view. To open one of the samples into a single sample
Review tab, click on the blue hyperlinked sample name, displayed in Figure 15.
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@ VIA - admin@http://localhost:2081 — m] X
Repository Help
MultiSample
chr2:228,896,173-chr4: 14,487,592 Reset View CM Probes SMP Probes
chr2 chr3 chrd
240Mb 20Mb 40Mb BOMb BOMb 100Mb 120Mb 140Mb 160M 180Mb
1 1 I 1 1 1 1 I 1 1
Lal
) |
TrioCasel_Father | I
- L] [ ]
TrioCase] Mother
TrigCasel_Proband
' ' b4
< >
Ready

Figure 15. At sufficient zoom levels, the CN Probes and SNP Probes, toggle buttons will become active.

Clicking on the toggle buttons will display/hide the respective probes (CN or SNP), as seen in Figure 16 and
Figure 17. Probes will only be displayed at the sufficient zoom level; if the user zooms out of the probe level while
probes are displayed, they will be replaced with the calls and the toggle buttons will become inactive.

@ VIA - admin@http:/localhost:2081 — [m| X
Repository Help
MultiSample
chr2:228,896, 173-chr4: 14,487,592 ResetView || CMProbes |  SNP Probes
chr2 chr3 chr4

240Mb 20Mb 40Mb GOMb B0Mb 100Mb 120Mb 140Mb 160Mb 180Mb
] 1 1 L 1 1 ]

Ready

Figure 16. CN probes are displayed.
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@ VIA - admin@hitp://localhost:2081 — O x

Repository Help

Home | Admin | Profles | MultiSample [EFRREN SRR

chr2: 228,896, 173-chr: 14,487,592 Reset View CNProbes ||| SNP Probes |

chr2 chr3 chrd
240Mb 20Mb 40Mb &0MBb B0Mb 100Mb 120Mb 140Mb 160Mb 150Mb
L I N N i i L

Ready

Figure 17. SNP”probes are displayed.

Exporting Event Information
EXPORT EVENTS TABLE FOR A BATCH OF SAMPLES

The event table for each sample can also be exported as a separate tab delimited txt file for each sample through
the Home page. To export sample data through this route, each of the samples to export will need to be in the
locked state. The user can then query the list of samples for export and select Samples > Export > Detailed
Events Table, as seen in Figure 18.

NOTE: The exported table will export only the selected events and detailed information at the time the sample

was locked.
Samples ¥ i
Upload ?

Home Page Contents

Process... Detailed Events Table
Duplicate... All Events

Reset...

Delete...

Figure 18. Events Table route.

EXPORT LIMITED EVENT INFORMATION FOR A BATCH OF SAMPLES

Limited event data for a batch of samples can be exported as a JSON file. This is done by querying for a list of
samples and selecting Samples > Export > All Events, shown in Figure 19.
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Samples & ~

Upload b

Home Page Contents
Process... Detailed Events Table
Duplicate..
Reset...
Delete...

Figure 19. Limited event data route.

Caveats to this method:

«  The exported data contains only the following for all samples in the query results: Sample name, Event type
(e.g., CN Gain, SNV), Genomic Coordinates, Event Classification and Event Notes.

« All the events, regardless of whether the event had the select check box on, will be exported from the sample.

« The sample information (QC metrics, sample attributes, sample type designation) can be exported as a txt file
as well. This is performed by querying for a set of samples and selecting Samples > Export > Home Page
Contents.

NOTE: This export method will not export individual event information.

Samples & ~

Upload »

Process... Detailed Events Table
Duplicate... All Events

Reset..

Delete...

Figure 20. Export Home page Contents.
EXPORT EVENTS AS JSON FILES FROM HOME PAGE

All events in samples from a query can be exported into a single zipped JSON file. This file can then be read into
a customer’s LIMS/reporting tool. The exported data contains the following for all samples in the query results:

*  The “version” refers to the JSON export schema version.
e The Samples field lists each sample that was returned via the Home page query and outputted in the JSON.

» The Events field lists each modality (cnvEvents, snpEvents, and SeqVarEvents) available in a particular
sample.

e Sample name
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* Eventtype (e.g., CN Gain, SNV)
*  Genomic Coordinates

» Classification

*  Notes

Follow the steps below to export JSON files.
1. Open a client and query for a set of samples via the Home page Search box.

2. Click on the Samples menu on the upper-right corner and select Export > All Events, (see Figure 21).

< SamplesT> 8,

Upload >
Home Page Contents Export >
Detailed Events Table Process...
All Events Duplicate...
Reset...
Delete...

Figure 21. Dropdown menu for exporting.

3. Inthe resulting file chooser, select the location for the export file and provide a name.

4. Click Open; a progress bar window opens showing the number of samples exported and number
remaining. During the export, all interactions with the client are blocked.

Once the process is complete, an alert shows that samples were exported successfully, and the data exported will
be a zipped version of the JSON format described above.

Sample Review — User Functions

Clicking on the blue hyperlinked sample name opens the sample in its own tab in the window and automatically
makes that sample tab active/selected. To open a sample but not make it selected, hold down the CTRL key
while clicking on the sample name. A new tab will appear for that sample, but it will not be selected. A genome
browser with annotation tracks, a results table, variant details view, and numerous tools (e.g., filtering) are
available in the Sample Review window, as seen in Figure 22.

Some visual elements described below may not be displayed for each sample. These elements are dependent on
the sample type of the case under review and modalities loaded with that sample.

Sample Review Overview

Across the top section of the window the genome browser with detailed variant information in an interactive and
visual format is housed. This section is divided into two tabs: Tracks and Variant Details. Below this, the results
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are displayed in table format. The lower section also has additional tabs for the whole genome, deleted events
and report displays.

_ ¢ @D [N Hot Reviewea [N~ B~ & & View: My Samgie Type i, it s
— | Tracks variant Details G i
«rBHEOQ-ME ene/region
1t p = search
» chrd [s } ; ) o011 | )
G ' 20ms s £ s 20 s 100 Mt 120 Mb 1401
SICHIE > Gane [T 1 LT AR PR (R 110 U N (N I 0 1 || —
BrOWSE r ¥ ONEwvent | CN Loss
. CH Loss
with tracks "
d plot -1 * Sequar 1 | [ Detach
and plots | * CHEventF athen ! | table; can
: ¥ SequarFater HINNET WEIEE § RN e MU L1 WHOE (R0 00 (O 0 1 WO R !
o » ZygesiyfFathed put on
| || e @ second
T / monitor
Results in  Z|la’=l || [ Table g peleted Events o Whole Genome [l Report w
table BB s ssee 7 Filter
OMIM Morbid Ph\e‘nuwpes Genotype Alt Allele Ref Allele  Event Chromosome Region Estimated Co... SAP Comment SAP Score Exans g
form at, ZNF14 lobal Yo |- Deletion [chr3:134,951,185-124,... 190 Al = and gene
hol ZFHX4=>7Ftosis, ital (2),... YO 4] I SNV chrg:77,776,001 111/11 g
whoie - WK1 =>Pseudoy i 5 - Insertion |chr12:974,311 1/9/28 2 panel
WHNK1=>F - Insertion |chr12:974,356 1/9/28 .
genome VPS11=>1 phy, hypo. ¥ E - :Insertlon :chr112118,939,941 1:2/16 53|3Ct|0n
ViF.‘W, HTML \iCAN5>WagnEr syndrome 1 (3... [Heterozygous  [= B SHY chr5:82,833,426 1 Ej'lS’ -
e "Events: 277 Unclassified: 225 Benign: 30 Likely Benign: 4 WUS: 8 Lkely Pathogenic: 0 Pathogenicc 0 Other: 0 Pleass Rewiew: 1 Large ADH: 0 AOH with imprinted Gene: 0
echnica
Report

Figure 22. Sample Review window.

Sample Review Window Layout

By default, both the tabular data table and the graphical display (tracks/ideogram) are positioned one above the
other in a single window, as shown in Figure 23. The amount of space allotted to each can be adjusted by

moving the divider bar up or down.
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@ VA - admin@http://localhost:2081 - O %
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chr3:50,224,281-53,157,255 3p21.31p21.1(50224281_53157255)x... |ACH 3p2l.31-p2l.1
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* Events: 50 Unclassified: 27 Benign: 0 Likely Benign: & WUS: 17 Likely Pathogenic: 0 Pathogenic: 0 Arifact 0 SD
Figure 23. Tracks and ideograms.
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Haome

Admin

Repository Help

@ WIA - admin@http://localhost:2081

Profiles

¢ @ 'S | Not Reviewed we [~ &~ % & View:  Admin Defaut v | Ak iy A
o ches P | Cirde Plot Tracks  variant Details
4> 1@0Q -~y chr5:1-7,707,310
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1 2Mb 4Mb & Mh
(—— |
E Table {§] Deleted Events .&' Whole Genome =] Report &
L} v BEx p% ISt & -
Select  Chromosome F‘.egion ISCN Momendature Event Cytoband §
chr1:1-3,373,071 Allelic Imbala... |1p36.33 -p38.32 » —
chri:164,455,504-164,997,524  |1g23.3(164456504_164997524)x2~3  |Gain 1923.3 .
chr3:50,224,281-53, 157,255 3p21.31p21.1(50224281_53157255)x... [AOH 3p21,.31-p21.1 %
chr3:100,338,256-100,444,396  [3g912.2(100335256_100444396)x3 Gain 3q12.2 .
chr3:136,030,021-136, 755,034 Allelic Imbala... 39223 ]
I chr3:140,307,433-141, 312,451 allelic Imbala... 3323
chr5:2,580,322-4,631,116 5p15.33p15.32(2580322_4631116)x2... 5p15.33 - pl5.32
chr5:293,560-382, 558 £p25.3({298560_382558)x 23 Gain 5p25.3
chr6:27,484,415-30,938,876 £p22.1p21.33(27484415_30938578)x... |[ACH 6p22.1-p21.33
chro: 56,867,426-58, 348,939 allelic Imbala.... [sp12.1-p11.2
chro:98,589,923-102,464,071  |6g16. 1916, 3(98589923_10246407 1)x. .. |AOH 5q16.1-q16.3
chré: 168,614,263-169,440,855 |6g27(168614263_169440859)x2~3 Gain 6q27
chr7:75,354,251-75,378,646 7q11.23(75354251_75373646)x2~3  |Gain 7q11.23
chr7:85,188,643-35,446, 776 Allelic Imbala. .. [7g21.11
chrg: 1-2,596,719 8p23.3p23.2(1_2596719)x2n3 Gain 8p23.3-p23.2
chra:4,158,320-4, 700,433 3p23.2{4168820_4700433)x2~3 Gain 8p23.2
chri:g,493,193-7,044,071 Allelic Imbala... |3p23.1
chra:39,238,549-39,387,571 3p11.22(39238549_39337871)x0 Homozygous ...|8p11.22
chrg:59,315,263-59,974,040 Allelic Imbala... |8g12.1
chrg:136,094,118-139,713,373  |8924.22q24.23(136094118_1397133... |Gain 5q24.22 - 924.23
chrg;122,892,244-123,967,933 Allelic Imbala... |9g33.2
chrs:132,613,034-133,530,585 Allelic Imbala... [9g34.11 - g34.12
chr10:20,835,646-23,375,300  |10p12.31p12.2(20836646_23375300)... |ACH 10p12.31 -p12.2
chr11:71,268,850-72, 159, 359 allelic Imbala... [11q13.4
chr11:76,550,820-77,259, 341 Allelic Imbala... [11913.5-q14.1
I I chr11:91,625,370-92,003,736 Allelic Imbala... |11q14.3
chri1:124,272,283-124,455,139 Allelic Imbala... [11g24.2
chr12:133,306,710-133,310,260 |12q24.33(133306710_1333102560)x1  |Loss 12724.33
chr14:63,451,819-64, 264,538 Allelic Imbala... |14q23.2
chr14:108,735,5317-107,349, 540 allelic Imbala... |14q32.33
chrig:1-2,354,214 Allelic Imbala... |16p13.3

Figure 24. Repository Help

The table can be detached from the main window and placed into its own window using the black triangles on the
top right of the data table.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures.

Page 30 of 242



bionano

ISCN
G A4 dPb@®O @4 & ] totReviewed QA&7 h & chr17:1-81,195,210
) ? ? L4 S ,
P chri7 [ p13.1 p11.2 > gq11.2 g12 ] q25.3 |
II 20 |Mb -HZIIMb G0 IMb a0 IMb
P Gene [N I N T I | I-IH-—HIII 1T I | o I

45 588741 Wb |

Tﬁb|E E’ Deleted Events $' Whole Genome | [=| Report f?a
e li=al = o
a =

5. San.. .. Transcripts Clinvar  SNP AD T D... Ph.. G... PM Event Chr... C... ... Cl... a
2[KTT, .. Mew...|PD... [-0...|alelic...|chr4:... [4g12 | 7... —_—
1/IL7R frameshift_wvano records - A H 7| 704 Fail... [IL7R Delet... |chr5:... |5p... =
0 o RIC...[-0...|CM Loss|chr5:... |5p... | 7... z

w
0 Thr... [RIC...[-0...[a0H  [chrs:... [5p... |7,...
1/PIK3R1 frameshift_vao records - A H.. 7| 962 Fev... |PIK... Delet... |chr5:... |5...
b I 3lapc, ... Ata... [SLC...|0....[Allelic... [chrs:.... [5q... | 3...

1/APC frameshift_vao records - [T H.. 5 1. Epi... |APC Delet... |chr5:... |53...

Figure 25. ISCN Screen

Once detached, the table window can be enlarged, and the two windows (ideogram and tracks table) can even be
placed on separate monitors when using multiple display monitors. Clicking on the double arrows or closing the
window will attach the table window back to the bottom of the main window.

CNV Events - Constitutional

For CNV events, the Variant Details tab is divided into three vertical panels. The left-side panel displays basic
information about the variant (e.g., size, number of probes, classification, notes, audit log). A representation of
Similar Previous Cases and DGV similarity is displayed as a dial. The DGV similarity is based on overlap with the
curated DGV track. The curated DGV track excludes CNVs from any study including BAC results and all events
less than 50bp.

The middle panel, Gene Details, shows the information about the gene content of the region and associated
information about the genes. Additionally, for Constitutional Test Type samples, phenotype information for the
relevant genes is listed. The Significance Associated with Phenotype (SAP) score will also be displayed if
phenotypes were associated with the sample, otherwise, if no phenotypes were specified the displayed score will
be 1 for all genes.

Gene Details Table

For the gene related information displayed in the Gene Details table, Provided Regions tracks are used to
gather gene information, as shown in Figure 26:

» Gene: RefSeq Genes track; gene is hyperlinked and links out to NCBI.
* Inheritance: OMIM Phenotypes track; phenotype is hyperlinked and links out to OMIM.
*  OMIM Phenotypes: OMIM Phenotypes track.
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*  OMIM: O=OMIM gene; M=Morbid gene.

» Haplo-insufficiency: ClinGen Haploinsufficiency tracks; B=Benign, LP=Likely Pathogenic, P=Pathogenic.

» Triplo-sensitivity: ClinGen Triplosensitivity tracks; B=Benign, LP=Likely Pathogenic, P=Pathogenic.

+  DDG2P: DDG2P Confirmed and Unconfirmed tracks; CB=Confirmed Biallelic, CM=Confirmed Monoallelic,
UB=Unconfirmed Biallelic, UM=Unconfirmed Monoallelic.

e Imprinted: Imprinted Genes tracks; P=Imprinted Genes Paternal, M=Imprinted Genes Maternal, D=Predicted
Imprinted Genes, V=Provisional Imprinted Genes, ID=Imprinted Genes Isoform Dependent, R=Imprinted
Genes Random.

Detailed track name and information can be found in the Regions tab within the BioDiscovery Provided

Regions folder.

Gene Details (104)

8 g 2 S 3 5= 5
9 é =] é o T E = E £ = g o= hgn & § 2 3 §
BSN o bassoon presyna..  Meurotransmitter.. ZNF231 regulation of syn.. metal ion binding... GABA-ergic syne'
APEH o acylaminoacyl-pe... This gene encode... APH, OPH, AARE, ... translational term.. RNA binding, seri.. ficolin-1-rich gra
MST1 o macrophage stim... The protein enco..  MSP, HGFL, NF15.. negative regulati..  protein binding, s... extracellular regi
RNF123 o ring finger protel..  The protein enco.. KPC1, FP1477 protein ubiguitin.,  metal ion binding... nuclear membra
AMIGO3 o adhesion molecul.. Predicted to be in.. ALI3, AMIGO-3 positive requlatic.. protein-containin.. membrane
GMPPB AR Muscular dystrop... GDP-mannose py.. This gene is thow.. LGMDR19, MDD... protein glycosylat.. protein binding, .. cytoplasm
Muscular M
Muscular
PEK1 o inositol hexakisph... This gene encode... PiUS, IHPK1 negative regulati..  kinase activity, in...  cytosol, fibrillar ¢
CDHR4 cadherin related f.. Predicted to enab.. CDH29, PRO34200 homophilic cell a..  calcium ion binding plasma membral
NKAT inka box actin reg.. Enables protein ki.. C3o0rf34, FAM212A negative regulati..  protein sering/thr.. nucleus, cytopla:

Figure 26. The gene ATAD3A with a single phenotype but with both biallelic and monoallelic inheritance with
each in a different category in the DDG2P database, is displayed in both tracks.

The Gene Details columns Haploinsufficiency, Triplosensitivity, DDG2P, and Imprinted will show only a
single value - the most severe/interesting clinical annotation. If a gene has different modes of inheritance with
different levels of certainty for the phenotype association and mode of inheritance in the DDG2P database, then
only one entry will be present in the table. Which one is displayed is based on the severity of the clinical
annotation (more severe/interesting will be displayed). See Figure 27.

> chri
1.400 Mb 1.425 Mb 1.450 Mb 1.475 Mb 1.500 Mb 1.525 Mb
1 1 1 1 1 1
¥ DECIPHER DDG2ZP A
Biallelic [ ATADAA=>ATAD3A disardar - global devalopmanial dalay, hypotania, oplic atraphy, axonal naurapathy, and hyparrophic cardiomyopathy ]
Unconfirmed
¥ DECIPHER DDG2P !l
Monoallelic [ATAD3A=>ATAD3Adismder- glabal devalapmental dalay, hypolonia, optic atraphy, axonal naurapathy, and hyparrophic cardiomyopathy ]
Confirmed

Figure 27. The-Gene Details table only displays CM (confirmed monoallelic) in the DDG2P column.
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The function uses a priority list to determine which annotation is more severe and therefore will be the one
represented in the table when there are multiple values, as seen in Figure 28.

DDG2P priority list (higher priority at the top):

DECIPHER DDG2P Monoallelic Confirmed

DECIPHER DDG2P Biallelic Confirmed

DECIPHER DDG2P Monoallelic Unconfirmed

DECIPHER DDG2P Biallelic Unconfirmed

Figure 28. Priority list for Gene Details.

If phenotypes are associated with the sample, SAP score for the phenotypes and level of associated are
displayed, as in Figure 29. However, for Oncology Test Type samples, no phenotype and SAP score, DDG2P,
and dosage sensitivity information is displayed.

Gene Phenotypes (SAP Score = 4.354E-13) Significance -
CFHR1 Level 2 4.354E-13 [
Seizure-»Symptomatic seizures, Focal-onset sezure
Level 3
Seizure-=Bilateral tomc-chomc seunung
Cognitive impa t==Infellectual disabilit
CFHR3 Level 2 4.354E-13

Seizure-=Symptomatic seizures, Focal-onsel seizure
Figure 29. SAP score for phenotypes.

The right side of the panel, Region Details, displays information, as seen in Figure 30, on overlap with regions in
the KnowledgeBase, as well as information on region overlap with external databases for both Pathogenic and
Benign events (e.g., ClinGen, DECIPHER).

The Knowledgebase Events pane displays region overlap to Test Type matched CNV entries in the KB. For
example, Constitutional Test Type samples will only display constitutional KB entries, while Oncology Test Type
samples will only display oncology KB entries (for details on submitting to KB refer to pg. in user guide). The
similarity of the event being reviewed to the KB event is displayed in the Similarity column of the Knowledgebase
Events pane. This similarity calculation does not take CN event direction (loss/gain) into account.

The regions defined by the admin (in Admin tab > Variant Details tab > BioDiscovery Provided Regions
folder) will be used to calculate and display similarity to Pathogenic and Benign regions in the region overlap
pane. Only regions that have an overlap will be displayed.
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Region Details

Knowledgebase Events
Label Event Similarity v Classification Rating Inheritance
s-Beuren Syndrome One-Copy Loss I 1.000 % % % k& De Novo, Recessive

ClnGen Prenatal and Postnatsl Pathagen: [N 0958 Faduré to thivse Flisaan contractune, Glaba.

ChinGen Postnatal Losses Pathogenic I 0.056 Failure to theiveFlexion contracture, Abno.

leniaem Oectmal a3l G aend Darhanne AfEs Tlakal Assslameoniol dadee Alaeesal fae
— —— .

Benign Region Overlaps Similarity v Value
ClinGen Postnatal Likely Benign =i+ 0368 Autism, Developmental delay ANDJOR ot I
ClnGen Prenatal and Postnatal Likely Bera.. [ 0368 Autism, Developmental delay ANDVOR ot
ClinGen Postnatal Gains Likely Benign = 0.368 Autism, Developmental delay AND/OR of.
DGV Gold Standand u nANA oswGI4MSGan002% Eurcoean 2 osivG.

Figure 30. Regions that overlap with KB.

CNV Events — Oncology

Much of the content is the same for Oncology CNV events as that of constitutional events with the following
notable display differences:

e Similar Previous Cases gauge
e The Mosaic status can be changed manually in Edit mode.

Variant 8g21.2q21.3(85178311_90983161)x1

Event: Mosaic No -
% Aberrant: 89.2 Est. CMN: 1.107

Classification: Pre-classified as: Tier 1 (@

DGV Score

0.5
8% similarity to 3 cases reported in
Coe_et_al_2014

0 1
0.063
Length Mo of Probes Probe Median
5,804,851 30 -0.854

Figure 31. Oncology content differences for CNV.

«  The Region Details pane displays content from the KB and Profiles, if relevant content is present, as in
Figure 32.
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Region Details
Knowledgebase Events
g
_ - £ - g .%a
H ! L
: : T v Es £3 53
@ U o & £
s o
chra gain One-Copy Gain | 0.089 Tier Il - Level D ADHFE1 Other gliomas Gl\..
ALKALT
L ___________________________________]
Knowledgebase Profiles
g 5 £ : P ¥
X g g g s & =2 =
5 = v c = 55 g = ¢ 8
g S5 g © g s g 2
5 3 3 S e
LGG Astrocytoma 0,110 Tier| - Level A .

Benign Region Overlaps Similarity b4 Value
ClinGen Prenatal Gains Likely Benign 0.501 Hypoplastic heart
ClinGen Postnatal Likely Benign 0468 Developmental delay AMD/OR other significant de..
ClinGen Postnatal Gains Likely Benign 0468 Developmental delay AND/CR other significant de..

ClinGen Postnatal Benign 0,203 Global developmental delay, Developmental delay .

ClinGen Postnatal Losses Benign 0.393 Global developmental delay, Developmental delay .
L ]

Figure 32. Oncology Region Details pane.

SeqVar Events

Some of the content for SeqVar events are the same as that for CNV events but there are additional features
included, as seen in Figure 33.

The left-side panel, depicted in Figure 34, displays basic information about the variant (e.g., type, consequence,
classification, ref/alt alleles, allele frequency, audit log). A dial representation of Similar Previous Cases is
displayed. If the sample is part of a trio, Parent of Origin and Inheritance models are also displayed.
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() Variant pIAsp1529G1] Gene Details (1) Population Frequencies (rs1881421)
Allele Allele
B Missense N 3 Source T || P Homozy... Frequen...
Classification: _ E E g E 3 ¥ gnomAD Genome
) S ] 75.25
T e o o i g East Asian (EAS) 1168 1552 454 '5.258
African / African Am... 5340 8692 1614 61436
Similar :;!"W’ Cases ¢ M € ALKreceptortyro., This gene encode.. C Latino (AMR) S04 244 155 50716
ref [ w25) : 20 Finnish (FIN) 1686 76 406 48504
N . _ T . .
at @ o - | / ‘m ClinVar Rating® ~ Significance #  Review Status  Allele Speci —
Total reads: 911 Call quality: 2890 ok benign criteria provided  yes
FES 71.43% (15/21) multiple submi.. PolyPhen-2 Prediction [N W] Benign(NM_004304.4)

Notes | Audit Log + no conflicts | Variant frequencies

Visual metrics benign criteria proviped  ves in gnomAD

o
SET Prediction — Tolerated(NM_004304.4)
1

- Itiple subMme
and call quality et
oot FATHMM Prediction IS Tolerated(NM_004304.4)

Region: chr2:29.416,366 Cytoband: 2p23.2 * benign criteria provided  yes 17

cDNA Position: 5539 CDS Position: 4587 single submitter MetaSvM — Tolarstad

Protein Position: Exons: 29/29 * bersin criteria provided  yes 0593

e ] MetalR NN Tolerated

Protein ID: NP_004295.2 Codons: gaC/gaG <l RefSeq gene annotations from A

OMIM, CIVIC and ClinVar

transcript details Visual meirics for
variant predictors

Figure 33. Additional features for SeqVar events.

Variant NM_001013407.1: c.1370G>4 p.(Cys45TTyr)
ST Missense  NM_001013407.1

Classification: A

Genotype: Heterozygous

Parent of Origin: [gallgiiERliEnes]  Inheritance: AR (CH), AD

Similar Previous Cases

10
Ref (19) 5 20
Alt (16} 46% ; 40

Total reads: 35 Call guality: N/A 12.00% (3/25)

Motes | Audit Log +

Region: chr1:13,368,672 Cytoband: 1p36.21
cDNA Position: 1470 CDS Position: 1370
Protein Position: Exons: 4/4

457

Protein ID: NP_001013425.1 Codons: tGe/tAc

Figure 34. Left-side panel of a SeqVar event.

If ClinVar information is available, it is displayed in the Gene Details pane, as seen in Figure 35.

ClinVar Rating *  Significance 2 Review Status Allele Specific?

*k pathogenic criteria provided yes .
multiple submitters
no conflicts

Figure 35. ClinVar rating for a SeqVar event.

If available, population frequencies are displayed in the right pane, as seen in Figure 36.
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Population Frequencies (rs1043749)

Source Allele Allele Homozygo... Frequency %%
Count Number
ExalC

South Asian [SAS) 0.018
East Asian (EAS) 0012
African / African American (... 0.01
Latingo (AMR) 0.009
All fALL) 0.006
Mon-Finnish European (MFE) 0.002
Finmnish (FIN) 0
Other (OTH) 0

Figure 36. An example of Population Frequencies for a SeqVar event.

If one or more in silico predictors have values, the score and prediction is displayed in a graphical format in the
right pane. The range goes from deleterious on the left (red) towards tolerated on the right (blue). The score is
displayed under the bars with a hashmark. See Figure 37.

InSilico Predictors

PolyPhen-2 Prediction [ | Benign(NM_004304.4)

]
SIFT Prediction _ Tolerated(MNM_004304.4)
1
FATHMM Prediction NN Tolerated(NM_004304.4)

1.7

MetaSVM — Tolerated

-0.993

MetalR I Tolerated
0

Figure 37. In silico predictors.

Tracks Tab

Initially, this section displays the ideogram at the top, showing events on and alongside of the chromosome
diagrams. The type of events (CNV/allelic events, sequence variants) displayed depends on the sample type.
Copy number and allelic events as colored bars next to and on the chromosome in the Sample tab. Shading on
the chromosomes indicates AOH/allelic imbalance. Sequence variants (if present) are displayed as lines with dots
(lollipops) jutting out from the chromosomes. Below the ideogram is a table listing events and other information
about the regions, as seen in Figure 38.
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chrd chrd chrid chrii chri2z chri3 chrid

d

"

CN and allelic events indicators:
Red = CN loss
Blue = CN gain

Purple = allelic imbalance
Sequence Variants indicators:

11t ¢t

P23.1 e p21.3 pal: 2

Different colors of the dots represent the type of sequence variant event:
Red — deletion Green — SNV - indel

Blue - insertion Purple — MNV
Figure 38. Ideograms and indicators.

chr4 chrb |:h chr? chr@ chri0 chri1 chri2
Fa " - f
e L L
._'\_p'
o
t
._l_p'

Figure 39. Example of a sample with only SeqVar events.

Depending on the sample type and modalities associated with a sample, both CNV/AOH and sequence variant
events may not be available for a single sample.

Sample with only copy number and allelic events (often an array only sample type or an NGS sample for which
copy number was estimated but no associated VCF or Nirvana JSON was loaded) is shown in Figure 40 below.
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Figure 40. Only copy number and allelic events.

When an event or an ideogram is selected, the display zooms in on the selected area and displays an interactive
genome browser with various tracks, as shown in Figure 41. Selecting a chromosome from the ideogram by
clicking on the chromosome brings up the chromosome view with the events on that chromosome highlighted in
the table.

Tracks Variant Details

4«reeQ-=m chr9:2,132,506-2,165,094

» chrd ( [=p23=] p2S-g p i a3t P33+ )
1 20 Mb 40 Mb 0 Mb 80 Mb 100 Mb 120 Mb 140 Mb
1 1 1 1 1 1 1 1

¥ Gene N1 TN WEAND N . 10 T 0 (O O I 1 1 T O I

¥ CNEvent ! CN Loss|
CN Loss

> Seqifar

P CNEvent[Father] | |
¥ SeqvarFatheq] I LI RN i INRUEET TIRTN 0 W Cnr e menens w0 nammmeen mna i .-

P Zyqosity[F ather]

¥ Frobes . CN

T T
1 20 Mb 40 Mb G0 Mb

Ed Table (f] Deleted Events &% Whole Genome [E Report &
L [ B /& 2 seN & T
OMIM Morbid Ph\énotypes Event Chromosome Region Estimated Co... SAP Comment SAP Score Cytoband Length Classificati g
UGT2B17=={Bone mineral densi...|CN Gain |chr4:69,401,700-69,48... 3.44 1/4g13.2 83,274/ LI ——
UBQLM2==>Amyotrophic lateral s...|A0H chr:55,356,505-58,21... 1/Xp11.21 - p11.1 2,862,748 M
STS=>Ichthyosis, X-linked (3), ... [CN Gain |chrX:7,124,539-7,125,... 3.514 1[¥p22.31 1,463|Benign §
S5X2==>?Sarcoma, synovial (3),...|/AOH chr:51,165,600-53,88... 1[xp11.22 2,724,062 ||
SPATAS=>Epilepsy, hearing los... |CN Loss |chr4:123,955,597-124,... 0.935] 1/4g28.1 45,109 Wik
SMARCA2==>Nicolaides-Baraitse... CN Loss chr9:2,144,726-2,152,8... 0.985 19p24.3 8,147 VUS
ORC1=>Meier-Gorlin syndrome ...|AOH chri:49,603,732-52,89... 1/1p33 - p32.3 3,284,788
MYH9=>Deafness, autosomal d... |Hiah Co...[chr22:36,679,785-36,6... | 5.048| | 1|22q12.3 [ 6,860 IS v

*Events: 69 Unclassified: 17 Benign: 39 Likely Benign: 4 WUS: & Likely Pathogenic: 0 Pathogenic: 0 Other: 0 Please Review: 1 Large AOH: 0 AOH with Imprinted Gene: 0

Figure 41. Display zoom onto an interactive browser.
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CN loss and gain events are displayed in solid red and blue colors respectively with deeper shades indicating big
loss or high copy gain. Mosaic events are depicted with a textured fill. In Figure 42, the gain is mosaic (textured
blue fill), but the loss (solid red) is not. Clicking on a table row will zoom in on the region in the panel above and
place a dotted rectangle around the event.

—
» chré ( R o q13 gl4.1 915 e e 421 s 927 )
e

1 25 M 50 Mb 75Mb 100 M 125 Mb 150 Mo
> Gene HINIE I . _Il-. L 1 Il B R RN IR el AN JTARCID 0 1 (M |0 ;i | Qi []]
» CNEvent | | R —

Figure 42. CN Ibss and gain, and mosaic events.

Clicking on the event in the browser will highlight the event row in the table, as seen in Figure 43.

=———
B chet? =X [=E) —- | — -t
57 i 5 i B i 0 iy #i ik &7 ik &3 ik B 8 iy
W daas L] Potcl Boaal b Locwmrress | kutaz i'a.-:l‘! boowmear Db osez | buar ] B ooasa H Iur'-.'h! boackod H
¥ [ [] L i rir a8 L [l ] 1
BFFUE g ciremd B TRezAS1 | BuEDi e i | woiz|krowsa)  BRGs rmRcakst |
L Byue B barepe B Fresgl  ETciparzl R vams MG Pois | Ropoal [ Y
h 'l i f I L i a H i 4
FTRRET s | e uecatess | coreaz | ®Ercans i Fach | Fawl P oo | szl * e |
L 1] 1] 1] L d da L
o orramol Erewcl LIT R4 5T ] Bichna | bomwn B osmcanaall Bonrizit B oackos |
i 1 H 8 L [ e 1
[T - S e e R " . =
L
- Fet've
T pas Dapa
Selected event |
1
[Tl Tote ) Doseted Everss | o Winole Gerome: | [ Repart &
o We :
S, Sanger .. PAF Tearsoipls e mEF PS5 AA RA Ge.. MDD TD DOV... Phen.,. Genes PH Event Cwomo,..  Cyb..  Le., O . E
¥rd. || - ! ! i1 |1 | conbose. RFL | 02006060 G055, PRk |30 =
LFAFA) | | iremeshdt_varisat rorecrds psTSSL.| € |- et | 4 ) | RFAD | Deston  dvin, |
LRMF4] 02 trameshit_waraa e resonds _!:ﬁ:? £ < _l'ﬂ " 4. B | RHF4] (Db i_
P | [iemeshit verbet poreard | | T 7 bet| S Dwed.mPl | D kv I [
LD | | | |
I. L) 4 4 T+ + 4 = 4 + 4 e 4+ T el | un:r“' e
Evests: 207 Unchusfes 217 Besen: § Lkel Betmn 0 VIS 0 Lkl Paosene: 0 Pamsoene 0

Figure 43. Highlighted event row.

When an individual chromosome is being displayed at the top, additional tracks are shown below. Clicking on the
black arrow button next to the track name expands the track (arrow pointing down) to show details. Figure 44
shows expanded CN Event, BAM Depth, and Probes tracks.
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Figure 44. Expanded Probe tracks.

The height of a track can be adjusted by clicking on and dragging up or down the bottom boundary (horizontal
gray line). Figure 45 shows that the BAM Depth track was made shorter while the height of the Probes track was

increased.
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Figure 45. Track height.

The scale of the Probes track can be changed by dragging the bottom boundary. In Figure 46, the scale goes up
to 2.5. After dragging the bottom boundary down, the plot height has increased and the scale now goes up to 3,
as seen in Figure 47.
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¥ Frobes
P Zygosity
P gaF -
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Figure 46. Probe scale.
¥ Probes 3

AN KAk A8 KAk LR TE KAk
13.844074 Mb

Figure 47. Increased plot height.

The CN Event track will show all the samples in the selected data types that overlap with the event in view.
Darker red bars in the CNEvent track indicate homozygous copy loss and lighter red, single copy loss, as seen in
Figure 48.

> chri3
|
38.06 Mhb 38.08 Mhb 38.10 Mhb 3812 Mhb
| 1 1 1
¥ CNEvent ® Homozygous Copy Loss I

P CN Loz I ——

Figure 48. CN Event track.

Moving the mouse over each event shows information about that event, as seen in Figure 49, as well as the
sample name in the yellow box.
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e P chrs I @ 14 332 333
1325 Mb 1350 b 137.6 Mb 140.0 Wb 1925 Wb 145.0 Mb 147.5 b 165.0 M 157
¥ Gene P WMUERE . TRONE (WO N B K | e T HH N | I | Hi HE I HH |-y
¥ CNEvent W N Lo S
" i 014.05333 RK (40) | GSMB0BEET_14_GWO_002110W_55207_150324_cancase1 | i
014.05330 cC (A7) |
D14.05767 DS (E1) |
6SM518000 |
Sample: G5M516099
Sample Type: Post-natal Affy SNP 6 (Build 37) »CN Loss -
¥ probes . Event: CN Loss :
a0 Classification: unclassified
Region: chr5:140,200,747-140,243 111
e Length: 42,365
140204214 M

Figure 49. Event information.

Hovering over the event name and black triangle displays how many cases with similar events (including the
current case) are present in the database, shown in Figure 50.

L
37.50% (3/8) Matched |

Figure 50. Cases with similar events.

Right clicking on an event will bring up a menu, shown in Figure 51, allowing additional functions (functions will
be active only if the user has permissions to perform those). If sample editing is on, the menu will allow classifying
a call as well as deleting or modifying it.

il__
142.5 Wb 145.0 Mb 147 .5 Kb
I I I
BRIl HivdH | M T D W |
——s Cinisy L ncalin —
i Browse Region »
| Modify... B
[ Delete
| CallCN Gain

Call CN Loss

Call High Copy Gain
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To show individual probes relating to an event, open the probe track. Moving the mouse over individual probes
will display information about the probe including the log ratio.

Depending on network speed, display of probes may take some time especially on slower networks. It is possible
that the probes may not be visible immediately upon opening a new sample that has previously not been opened
on the computer being used for sample review. A spinning circular icon on the bottom right, seen in Figure 52,
indicates that probes are being loaded.

P chré

¥ Gene

¥ ClEvent

l
¥ Frobes
I
¥ Zygosity
le
o
[l

Once probes

2
]
and Length Classification Motes
206,735 -
3 210,839 -
[ 3
) O
Figure 52. A spinning circular icon on the bottom right.
C vi6:- L2 i 1 NS o3 | B BN O
q 25 IMb 50 IMb 75 ‘Mb IDDIMb 125|Mb ISDIMb 175|Mb
DTN (D RWOHE T DNOEEN D IDN (MM N (N O O N N O OO N ONERDEC 0] (MW EE SRR o R AN IIIIHIII;
P CN Gain | CN Loss | CN Gainl
P CN Loss |
CH Gain |
57
o
-5
T T T T T T T
1] 25 Mb 50 Mb 75 Mb 100 Mb 125 Mb 150 Mb 175 Mb
b A0OH b L0OH B ADH » LOH B ACH b 20H
» A0H » A0H »A0H »ACH P AOH »ACH
»AOH P ACH > A0H »20H AOH »2A0H

182.030128 Wb}
I

Figure 53. Probes have not yet been fully downloaded; therefore, no probes are visible.

have been fully downloaded, they will be displayed in the Probes track, as seen in Figure 54.
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Figure 54. Fully downloaded Probes track.

Sequence Track

Zooming in on an event to the base level reveals the sequence track displaying the individual bases in the
reference genome. Nucleotides are color coded: A — green, C — blue, G — yellow, T — red, as shown in Figure 55.

f
* chrig
T1.0G61490 Mb T1.0G61495 Mb T1.061500 Mb T1.061505 Mb
1 1 1 |
Sequence "'GTGCTATCCCCTTACCCT
P Gene |
P CHEvent
¥ Seqvar e sy
P Frabes
P Doy

P DECIFHER Syndromes

P OMIM Genes

Figure 55. Color-coded nucleotides.

Gene Track

The Gene track displays genes from RefSeq within the region in the current view. Genes are collapsed and
compacted into black bars when zoomed out, as shown in Figure 56. Upon zooming in to a sufficient level, gene
symbols begin to appear. Further zooming in will reveal the gene structure with exon indicators. Genes are
displayed as a union of all transcripts in the compact state with hash marks indicating exons. Exon numbering is
based on the transcript selected and by default this is the canonical transcript (from Nirvana annotator which
obtains canonical information from VEP).
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Figure 56. Gene track.

[

Each gene can be expanded (via the black triangular icon next to the gene symbol) to reveal all transcripts,
shown in Figure 57. The transcript shown in black is the one chosen for numbering exons in compact view.

¥ Gene I;J
B R AVERZ

# LINC01359 j'._ﬂ"_}_'

[ ] MIR3E~?IL

¥iaki
1M _00 132 1855
MM_D02227
MM_D0132 1857
MM_D01320923
1MM_00 1321856
| ] 11
1T 1T LI
25 i (2 9FES 45
1M _00 1321853
1M _00 132 1854

Figure 57. Expanded gene transcripts.

To select a different transcript to use for numbering exons, right click on the transcript ID and choose a different
item from the list, as shown in Figure 58. Notice that the exon numbering for the gene has now changed and is
based on the selected transcript (NM_001321856), shown in Figure 59. The selected transcript is displayed in

black while the others are in gray.
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Figure 58. Selecting a different transcript.

o
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Mi_002227
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Hi_001321857
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25 IV I &6 43 1
HK_001321854
Mi_001321853
MI_001321852

Figure 59. A different, selected transcript.

The list of transcripts now has the blue box with dot next to the one selected for exon display (NM_003121856),

shown in Figure 60. The canonical transcript for this gene is still displayed in bold.
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SeqVar Track

Caneonical
All
MM_001321855
NM_002227
MM _001321857
MM _001320923
MM_001321856
MM_001321853
MM _001321854
& [NM_001321852

Figure 60. List of transcripts.

Like the CN Event track for copy number, the SeqVar track displays the sequence variant events as well as any
overlapping events from past cases, as displayed in Figure 61.

» chri7

Sequence
* Gene

¥ CMEvent

v Seqifar

P BAM Depth

¥ BEAM Reads &

T
p13.1

7572450 Mb 7472455 Mb 7572480 Mb 7472485 Mb T.5T84
1 1 1 1

T CCAT c c A C c T cC

B CH Loss
¥ Insertion -
Sample 85 BT - array -
17-3665_3548_ND_1 Copy 2 -

amay2 17-3665_s4g_np
17-3665_548_Np_1 [

BAM Depth Track

Figure 61. SeqVar track.

The BAM Depth track displays the read depth obtained from BAM files. In the collapsed mode, the track will
display gray and black lines in the read areas, shown in Figure 62, the darker the color, the higher the read depth
in that region. Hovering over the reads will display the bin read depth and median read depth.
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Figure 62. BAM Depth track.

In the expanded track mode, vertical lines will be displayed as the height correlating to the bin read depth. The Y
axis is a dynamic sigmoid scaling of the read depth with horizontal blue lines as tick marks between the maximum
and 0, seen in Figure 63. The maximum scale represents the largest bin read depth within the range displayed in
the window. As one zooms in and out, the Y scale changes based on the maximum read depth of the region
displayed. The horizontal yellow line marks the median read depth within the chromosomal range displayed in the
window. Hovering over the plot will display the bin read depth at that location.

hd L 4

> chr3 C |- - 2] |- 529

1 25 Mb 50 Mb 75 Mb 100 Kb 125 Wb 150 Wb 175 Wb

1 1 1 1 1 1 1 1
P Gene TG N | I T l._l..l.“ (Gl it Q00 4 (00 (11 N0 (00 Wif O [ [ |
v 48.45 ]

BAM Depth

¥ Seqvar | |

Figure 63. Expanded Track mode.

Zooming in sufficiently will make visible the BAM Reads track.

Figure 64 shows how the BAM Read depth displays a high density of reads which exactly correlates with exons
in the targeted panel sample.

P chrg
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| | 1 | | 1 1 | |
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Figure 64. BAM Reads track.
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Zooming in even further will make visible the Sequence track, shown in Figure 65, displaying individual bases in
the reference genome:

» chri p34.3
SB.F:SSIQ:S Wb SB.FSSIQB Ib SB.F:SSIQF Wb SB.F:SSIQS Ib 3.3.?58|29 Wb SB.F:SSISU Ib 36.?58|31 Wb SB.F:SSISQ Ilb
Sequence TTACTAAATACCTAAACACGA AACTGCAGCA A CAGCCAAAAACAA é‘-\AAA CCCAGCACATACACA TAA ACCAT cc

P Gene —
® CNEvent
P Sequar n
- 1042 . | |

o 1
¥ BAM Reads :

Figure 65. Sequence track.

The height and color coding of the bars displays the numbers of each nucleotide found in that location. In Figure
66, the bars are extremely short over a two base pair region indicating a two-nucleotide base pair deletion.
Hovering over a location shows the number of each nucleotide counted at that position.

T
* chris q13.3
3244085 Mb 32 4490865 Mb 324490287 Mb 3244028 Mb 3244
1 | | |
Sequence =1 TTTCCCTTTGATGTGCAGCACT GAAAC'I:’ AAGTTT TCCT
P Gene —
¥ BAM Depth 154 | :
0 '
¥ BAM Reads @ Total count; 16
A0
C:1
G:0
T:15
= M0
M SeqVar ¥ Deletion : """"""
DEL: 126
IMS: 0

[T 1]
Figure 66. A two-nucleotide base pair deletion.
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BAM READS

The BAM Reads track is visible when zoomed in sufficiently on the browser. Hovering over a read displays the
read quality, as shown in Figure 67.

-

k3

Read Name: MBS0 2955 HFTGLBGXY: 3:1250%: 1103610818
" I:lga:r. JebA

Mapping Quality: 33

Base Quality: 36

Figure 67. Read quality.

Color coding of individual reads is seen in Figure 68.

e Darker gray: standard mapped reads.

. : read mapping is a secondary or supplementary alignment or read is a paired read and the
alignments are not what would be expected of a proper pair or an unmapped pair mate.

* Red: read is a paired read but its mate is mapped to a different chromosome (the read pair spans a
translocation breakpoint, or the read(s) were mapped incorrectly).

- Blue: reads (paired) are mapped in the wrong orientation relative to each other (the read pair spans an
inversion breakpoint, or the read(s) were mapped incorrectly).

» Green: read pair spans a deletion or there is a mapping error (spacing between the reads is more than
10,000 nucleotides).

¥ BAM Reads

Figure 68. Individual read color coding.

Nucleotides in the reads: If the bases in the reads match the reference sequence, the base letter is not shown.
Mismatches in reads are shown as the mismatch letter. Deletions are shown as gaps with a black line running
through them. A two base pair deletion is displayed in Figure 69. Insertions are shown with purple triangles, as
seen in Figure 70. The thymine and guanine bases have been deleted in several of the reads.
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Figure 69. A two base pair deletion.
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Figure 70. Insertion depicted by purple triangles.

Graphical Display Navigation and Toolbar

Across the top of the interface, above the ideogram, lies the toolbar along with a search field, represented by
Figure 71.
¢ 4> APOO DL &N werrevenes Q-Nvs s
Figure 71. The toolbar.
The filled triangle buttons are like web browser navigation buttons. They allow the user to go back to the previous
page (or previous action performed) or forward to the next page (or subsequent action performed). By zooming in
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on a region and then clicking the back button, the view will zoom back out to the original view. By clicking on the
forward button, the zoomed in view will be brought back.

The non-filled triangles step backwards or forwards to the prior or subsequent event listed in the table. The view
at the top will be zoomed in on the event and the table will have the event row highlighted. The plus and minus
buttons allow zooming in and out. One can also zoom in by clicking and dragging on the ideogram.

Updating Sample Information

The Sample Information button brings up another window to show items and details about the sample such as
its attributes, setting used to process the samples, sample name, QC fields, processing settings, and more. See
Figure 72.

@ Sample TrioCasel_Father X
Sample Attributes 8
Sample: TrioCase1_Father
Sample Type: CytoScan HD
Sample Class: Array Only
Test Type: Constitutional
Build: NCBI Build 37
Platform: CytoScan HD
Estimated Gender: Male
Display Mame:

Gender: Male ~

Linked Sample Id:

Linked Sample Relationship: ~
Affected Status: ~
D Phenotype Weight
Phenatypes:
=
ISCM:
W
£ >

Cancel Save Changes

Figure 72. Updating sample information.

If a Decision Tree was used with this sample, the name(s) will be displayed in the Sample Information window.
One or two decision tree names will be displayed depending on which DT was applied and to what data. When
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adding SeqVar to an existing CNV sample, if a different DT is used than the one applied to CNV, the DT names
will be displayed with CNV Auto pre-classification and SeqVar Auto pre-classification. If the same DT is used,
then only one DT name is displayed with the label Auto pre-classification.

Users are also able to edit and specify important information about the sample such as gender, whether the
sample is part of a linked analysis, and phenotype (please review the section Creating and Visualizing Related
Samples/Trio Analysis for details on linked samples). To edit the gender of the sample, select the correct gender
from the dropdown menu. It is important to specify the gender if known, as aberration detection and event
classification is influenced by gender. Incorrect or no gender selection may give a misleading result. The
phenotype of the sample can be edited via the EDIT button. A new window appears listing human phenotype
ontologies (HPO), shown in Figure 73.

@D Phenotypes (Release 2022-10-05) e

| Q

Phenotype Select Genes

Figure 73. Human Phenotype Ontology list.
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Typing key words that describe the sample’s phenotype, e.g., speech delay, heart malformation, autism, allows
users to search for the most appropriate HPO descriptor. Use the check boxes to select the required phenotype

and then click Apply. It is important to specify the phenotype correctly because this information can be used to
aid event classification.

Capture Bias

For panel and exome data a Capture Bias score is displayed (see section on Capture Bias in the System
Administration Guide for details). Only users with processing privileges may re-process the sample to see if an
alternate processing setting provides improved call quality (see Figure 74 for an example of a poor score). The
recommendation is to re-sequence samples with poor scores. Figure 75 is an example of reprocessing.

Capture Bias: 4.53 Re-process for capture bias ‘

Figure 74. Sample with poor score.

Capture Bias: 4.53 ‘

Figure 75. Sample with poor score that was re-processed.

Linked Nirvana Annotator and Data Source Versioning

If samples were processed using the linked Nirvana Annotator, the annotator version, data version and versions
of the individual data sources will be displayed as seen in Figure 76.

Nirvana Processing

Nirvana Annotator Version: Nirvana 2.0.9.0

Nirvana Data Version: 97.26.45
Data Source Version Release Date
bdi-dbNSFP 4 .0c¢ 2019-05-03 ~

) ClinVar 20190731 2019-07-31

Data Sources:
dbSNP dbSNP 2019-07-25
gnomAD 2.1.1 2019-03-06
gnomAD exo...|2.1.1 2019-03-06 y

Figure 76. Samples processed using Nirvana.
The Nirvana Data Version numbers (97.26.45) correspond to the following, in order:
«  VEP cache from which the data was obtained (97 in the example above)

«  Cache version (26 in the example above)
»  SA version (45 in the example above)
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Modifying Track Display

The Table and Track Preferences button allows users to choose preferences as to how data is to be viewed and
displayed. To change which tracks are displayed and in what order, first ensure that the Tracks tab is selected.
The Table tab is explained in the Data Table section.

Click on the appropriate check box to display a track in the Sample window, shown in Figure 77.

NOTE: to see all the available tracks click on the plus signs next to the folder symbols. The width of the first
column in the Tracks and Table tabs is adjustable so that the full track and column name is visible. Click on the
right edge of the header row (shown in Figure 78) and drag left/right to make the column narrower/wider.

@ Table & Track Preferences

d >

Table {Tracks:
Track Show Description
--Sequence Reference Sequence Lo}
--Gene Gene Regions
--CMNEwent Copy Number Variation
--SegWar Sequence Variants
--BAM Depth BAM Depth
--BAM Reads BAM Reads
--Probes LogR Ratia
----- Zygosity Acquired Loss of Heterozygosity/allelic Imbalance
-—-BAF B-allele Frequency
--DIGY Database of Genomic Variants
-5y Events Structural Variants
W
Track Layout
Sequence ~
Gene
CMEwent
SegWar
BAM Depth
BAM Reads
Prohe b
Colors for | Probes ~ | Track: Probe Track Visualization: Density based - Ideogram Event Size: |Medium - Rainbow Color for Genome View
Moving average
Probes Visible [ Color . Moving Awvg Line Visible f Color . Line thickness: 2

Segments Visible [ Color .

Window size (Mb): 10.0

Figure 77. Sample window.
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@ Table & Track Preferences

Table Tracks
Track Show Description
e - e e
----- Zygosity Arquired Loss of Heteros
- BAF B-Allele Frequency
- DIGY Database of Genomic Va
-5V Events Structural Variants
¥ | Regions
- | Knowledge Base

= | Linked Sample Relationship

-- Father
-- Maother
-- Proband
-- Sibling

Figure 78. Adjusting columns.

If working with related samples, open the Linked Sample Relationship folder to select the option to view data
from the additional samples in a single pane. For example, in Figure 79, the CN events for the mother, father,
and proband will be displayed in the same window as the sample under review.
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@ Table & Track Preferences

Table Tracks

Track Show
E....[]G'ul
-5V Events

Regions

[ | Knowledge Base

E| Linked Sample Relationship
5 Father

- CMNEvent[Father]

--Probes[Father]

..... Fygosity[Father]

- BAF [Father]

--SeqWar[Father]

--BAM Depth[Father]

--BAM Reads[Father]

-0GM Coverage[Father]

--{0GEM Molecules[Father]

= | | Mother

- CMEvent[Mother]

- Probes[Maother]

..... Zygosity [Mother]

- BAF [Mother]

--Segiar [Mother]

--BAM Depth[Mother]

- BAM Reads[Mother]

--GM Coverage [Mother]

- {JGM Molecules[Mother]

El-| | Proband

F

[+

OooOoOoOoddE

OOO0ododoE

<]

-Probes[Proband]

----- Zyaosity[Proband]

-BAF [Proband]

-&eqVar [Proband]

--BAM Depth[Proband]
-BAM Reads[Proband]
--GM Coverage[Proband]
-{3GEM Molecules[Proband]
[+ | Sibling

OoOoooodo

Description
Database of Genomic Variants
Structural Variants

CMEvent[Proband]

Track Layout

CMEvent[Father]
CMEvent[Maother]

CMEvent[Proband] W

Figure 79. Mother, father and proband CN events.
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If the sample has sequence variant and BAM information, then additional tracks will be displayed. Figure 80 is an
example of an NGS sample processed for CNVs (via BAM file) and with sequence variants (via VCF file),
therefore additional tracks are available (BAM Depth, BAM Reads, and SeqVar). In Figure 81, CN Events for
the biological parents of the sample are shown.

@ Table & Track Preferences

Table

Tracks

+

[+

Track
E----DG".I'
-5V Events

5.

Regions

Knowledge Base

Linked Sample Relationship
Father

--CMNEvent[Father]

--Probes[Father]

----- Zygosity[Father]

--BAF[Father]
SeqVar[Father]

--BAM Depth [Father]

--BAM Reads[Father]

--GM Coverage[Father]

--{0GM Molecules[Father]
Mother

- CMEvent[Mother]

-Probes[Maother]

----- Zygosity[Mother]

- BAF[Mother]

--SegVar [Maother]

--BAM Depth [Mather]

--BAM Reads[Mother]

--DGEM Coverage[Mother]

- GM Molecules[Maother]

Show Description

Database of Genomic Variants
Structural Variants

NN

‘

OoOoOooooono OoOEE

Figure 80. Additional tracks.
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: chr2:186,575,181-187,103,713 Allelic Imbala. .. [2932.1 -0.038 134 528,533 ~
/ < =
* Ewvents: 47 Unclassified: 21 Benign: 0 Likely Benign: 7 VUS: 18 Likely P: 0 P ic: 1 Artifact: 0 SD Artifact 0 Exclude: 0 Intronic: 0 Large AOH: 0 AOH Imprinted Genes: 0

Figure 81. Both the father's and mother’s copy number events are displayed.

The order of the tracks is changed in the Track Layout section by highlighting a track name and dragging up or
down in the list, as shown in Figure 82.

Track Layout

Figure 82. Track layout.

Below the track selections is a section to choose visibility and color representation for the probes and BAF plots
as well as the option to display the probes in the Genome View in rainbow colors rather than in gray, as seen in
Figure 83. To adjust display for the various probes and BAF displays, select a track from the dropdown and then
the checkboxes to hide (unchecked) or display (checked) the probes, segments, and the moving average line.
Clicking on the colored circles brings up a color chooser where users can change the display color for the
respective item. The thickness and window size of the moving average line can be adjusted as well.
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Colors for |Probes w | Tradk: Probe Track Visualization: | Density based Ideogram Event Size: |Medium Rainbow Color for Genome View

Moving average

Probes Visible / Color . Maving Avg Line Visible / Color . Line thickness: 2=

Window size (Mb): 10.0
Segments Visible [ Color .

Figure 83. Visibility and color representation.

Visualization in the Probes track can be changed to either a Classic or a Density based display, as shown in
Figure 84 and Figure 85. Classic displays all probes in the same color. The density-based visualization
implements a gray color gradient to depict density of probes in a location. Darker gray indicates many probes in
that location and lighter colors indicate fewer probes. This enhances the ability to see density of probes when
zoomed out where one pixel could represent one probe or one hundred probes. With a single gradient, there is no
indication of the number of probes in that location. With the gradient, it is easy to tell that there are more probes
depicted by one pixel in one location versus one pixel in another location.
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Figure 84. Classic.
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Figure 85. Density-based.

Saving View Preferences

When a sample is first opened, the view layout is the default layout defined by the Administrator. Different types of
samples or the review stage can require different views for the most efficient review and interpretation process.
There are many customizations for layouts and views for different users, sample types, or even on an individual
sample basis. Some preferences require certain user privileges to save them.
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COMPONENTS OF VIEWS
View settings affect the following components:

e Table Layout
e Similar Previous Cases Query

Tracks Layout
Filter Pipeline
Display Layout

When creating or altering settings for a view, the user chooses which settings to save, as shown in Figure 86. To

be prompted to save view preferences before closing a sample, mark the checkbox at the bottom.

TYPES OF VIEWS

Save View Preferences... pod

Save preferences for: | Admin Default -
(i) This will affect the view setting for all users.

Table Layout
Y it
Filter Pipeline

Similar Previous Cases Query

[] pisplay Layout

Warn befare dosing sample with unsaved changes.

Save Changes Reset Cancel

Figure 86. Creating or altering settings for a view.

There are several different types of views available, and each has its own features/functions. They are displayed
in the View dropdown in the Sample Review tool bar, shown in Figure 87.

View:|Admin Default R

Admin Default
My Sample Type
Thiz Sample

Figure 87. Different views.

The following reserved view types are available by default for each sample. In addition, any number of custom
views may be created and saved by a user.

Admin Default
My Sample Type
This Sample
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Admin Default: This view is intended to reflect the default view preferences set up by the admin for visualization
of all samples within the same sample type.

«  Set by the Admin for a specific sample type.
*  An Admin can only alter view settings.
«  Settings apply for all users.

My Sample Type: This view is intended for a user’s own visualization preferences for all samples of the same
sample type.

« Any user can alter/save this view.
«  Settings apply only for the current user.
«  Settings apply for a sample type (sample type of the current sample)

This Sample: This sample view is shared for an individual sample so that each user sees the same sample
preferences for a specific sample.

* Requires the following user permission to be enabled for a user to edit/save the This Sample view (Ability to
save view preferences for a sample).

e The sample must be in Edit mode to save this view.

«  Settings apply for all users.

«  Settings apply only to the current sample.

* A sample must be in this view to lock the sample after final review.

CUSTOM VIEWS

e Can be created by any user.

« Only available to the user that created that custom view; cannot be shared with other users.
* View applies to all sample types in the database.

« Any number of views can be created.

»  Appears at the bottom of the list after the other default view types, in order of creation (most recently created
displayed first in the list of custom views). See Figure 88.

* Can be deleted.

Views: |Final Report View V

Admin Default
My Sample Type
This Sample

wunmm Cinal Report View
Oncology View

Figure 88. A custom view.

ADDING/SAVING/DELETING VIEWS

«  Creation and management of views is accomplished via tools in the Sample Review window.
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« The tools may be enabled/disabled based on the user privileges and potential requirement of the sample to

be in Edit mode.

Table 2. Sample Review tools.

e

Save View Preferences

component, the checkbox will be disabled (in gray).

Opens the Save View Preferences dialog for the selected view to choose
which settings to save. Mark off checkboxes to save settings for those
components. If no changes were made to the view settings for a

Save View Preferences: Admin Default X
This will affect the view setting for all users.

Table Layout

Similar Previous Cases Query

Filter Pipeline

Display Layout

Save Changes Reset Cancel

Warn before closing sample with unsaved changes.

N

Add Custom View

Allows user to create a custom view.

Add custom view X

Custom view name:

Cancel

L
=1}
©

-

Delete Custom View

Allows user to delete the custom view currently selected in the dropdown.

Actions for Events

EDITING/ADJUSTING AN EVENT

It may be necessary to change the boundaries of an event call or add or delete a call based on visual inspection
of the probes. Only users with editing privileges will be able to manually modify an event.

NOTE: Sequence variant events cannot be modified.
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Editing mode is turned on by clicking on the Edit Sample button. This locks the sample for the current user so
that no other user can simultaneously make changes to the sample. Other users will be able to view the sample at
the same time but will not be able to edit it. There are two ways to adjust the boundaries of an event.

1. By expanding the existing event boundaries by dragging the rectangle around the event. First click on the
event to display the dashed rectangle around the event (see Figure 89). Move the mouse over the
boundary in the CN Event track until the pointer turns into a double-sided white arrow, then click and drag
the boundary to the correct location. Once the boundary line has been moved, a window opens showing
coordinates for the current and new region. Users can edit the values in here if needed and then click
Modify to change the boundary.

F chry q11.23
28.245 Mb 28.250 Mb 28.255 Mb
1 I I
¥ Gene
¥ CuEvent FCH eain_
= -
q11.23

28.24 Mb 28.25 Mb 28.26 Mb
I 1 I

B CH Gain ------------------- i
Copy Location
Browse Region L
Modify...
Delete
Call CN Gain B
Call CM Loss
Call High Copy Gain

Call Homozygous Copy Loss |

- —

28, 247 310 Kh

Figure 89. Dashed rectangle around the event.

2. Right click on the event and select. A window displaying the coordinates is launched:

@ Modify Region X
Current Region: |chr1:248,881,997-249,250,621

RE N o kb 1: 248 874, 123-248, 250,621

Modify Snap To Probes Cancel

Figure 90. Modify Region window.
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Either manually change the coordinates in the New Region field and click Modify or to automatically
select the closest probes, click Snap to Probes, which will choose the midpoint of the closest probes to
the coordinates in the Current Region field. Manual modifications of the event boundaries will be
automatically recorded in the Notes section for the call, and if the sample type has a decision tree
associated with it, the software will ask if auto-classification should be run again on this adjusted event. A
notification will pop up (seen in Figure 91).

Confirm o

Should run auto-classification Post-Matal DT

on this event?

Figure 91. Auto-classification notification.

If Yes is selected, another notification will show that the decision tree is running:

D X

Running auto-classification:
Post-Matal 0T
_|

Figure 92. Decision Tree running.
NOTE: There will still be an opportunity to cancel the operation while the decision tree is running.
DELETING AN EVENT

NOTE: For events to be deleted the sample must be in edit mode. Not all users may have been given permission
for this function to be enabled. The sequence variant events cannot be deleted.

Click on the Edit button to start editing the sample. To select an event for deletion via the browser, right-click on
an event to bring up the context menu, as in Figure 93, and select Delete. A prompt will appear to confirm
deletion.
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g13.2
Wb 68.50 Mb G9.75 Mb 70.00 Mb 70.25 Mb
| 1 1 1
ik H—l—H—H H HA—H iHHH HHH B H
% Copy Location
Browse Regicn L4
Modify...
Delete
I Call CM Gain I
H Call CM Loss u |
= Call High Copy Gain m

Call Homozygous Copy Loss

Figiure 93. The context menu.

Deleting an event can also be accomplished via the table by clicking on the appropriate row in the table and then
clicking the Delete Events button. If an event is deleted, another user can see what was deleted by clicking on
the button in the table. The data table will then display a list of the deleted events and the icon will change to
orange, as seen in Figure 94. The Notes column will show who deleted the event and when.

EH Table [l Deleted Events 5 Whole Genome  [E] Report

Manually deleted events Eo-

Chromosome Region Event Cytoband Length Motes

Figure 94. Orange Deleted Events icon.

RECOVERING DELETED EVENTS

NOTE: For events to be restored the sample must be in edit mode. Not all users may have been given permission
for this function to be enabled.

From the manually deleted events view, select rows for the events to be restored and click on the Restore button.
These events will be restored and a notation of when and by whom the event was restored will be made in the
Audit log column of each event.

ADDING AN EVENT

NOTE: For events to be added the sample must be in edit mode. Not all users may have been given permission
for this function to be enabled.

Adding a CNV or allelic event call: To add a CNV or allelic event call, zoom in to the region desired. Then
choose the Selection tool, as seen in Figure 95, from the Tools menu.
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['\] Not Reviewed v—|—vaavEr.*-
Q Zoom Tool

{mg" Pan Tool

76.1700 Mb E R -, 76.1750 Mb
Playhead

Figure 95. The Selection tool.

Select the region in the Probes track (for copy number calls) or BAF track (for allelic events) where the call
should be added. Once the correct region is outlined, right click, and select the call to be added. Users can further
adjust the boundaries as outlined in the section editing/adjusting an event above.

Figure 96 displays an editing context menu for adding/deleting copy number calls. Figure 97 displays the editing
menu for the same functions but for allelic event calls.

G173 I::é:- TE.174 Mhb TE.175 Mhb TE.17E Mb TEATT Mb
I I I I I

Copy Location

Browse Region r
Delete

: ’ Call CM Gain

, T T Call CM Loss -

83 Kk Call High Copy Gain
S— q Py

Call Homezygous Copy Loss

Figure 96. Editing context menu for copy number calls.

Copy Location
Erowse Region r
Delete |
Call Allelic Imbalance

| Call AOH |

Figure 97. Editing menu for adding/deleting allelic event calls.

A window with event coordinates is launched:
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Add Gain b g
2=l sl hr 2:9 5,636, 572-95,692, 226

Snap to Probes Ok Cancel

Figure 98. Event coordinates.

Click OK to add the call with the coordinates displayed in the Region field. Or click Snap to Probes to
automatically select the closest probes for the call boundaries. Clicking Snap to Probes will choose the midpoint
of the closest probes to the coordinates displayed in the Region field.

Once a call is selected, and if there are any decision trees associated with the sample type, a prompt for running
the pre-classification decision tree on this event will appear, as in Figure 99.

Confirm o

Should run auto-classification Post-Matal DT

on this event?

Figure 99. Auto-classification prompt.

After selecting Yes, another prompt will show progress of the pre-classification and there is an option to cancel at
this point.

ADDING A SEQVAR EVENT

To add an event (must be in edit mode), select the button from the tools bar in the table. A window opens, as
seen in Figure 100, where details about the variant can be entered (no commas in start/end field). Click Add to
add the sequence variant. Manual calling of events will be automatically recorded in the Audit Log section for the
event.

Add Sequence Variant x
Chromosome: Mew Genotype: o
Start:

End: Quality:

ALT Sequence: Ref allele Depth:
Mew Allele Depth:

Variant Type: undefined Total Depth:

Genotype Position: 0
0Old Genotype: undefined

Cancel Add

Figure 100. Window for variant details.
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Results Table Navigation and Toolbar

The lower panel of the window has tabs displaying the table and other information. At the top within each tab is a
row of tools applicable to the contents of that tab, as seen in Figure 101.

%Table @' Deleted Events é’ Whole Genome  [=] Report ﬁa
It o« B & o iscN = o

Select  Chromosome Region - ISCN Nomendature Event Length Cytoband ‘:—:-r
[] |chri:329,010-15,974,010 Allelic Imbalance 16,645,001(1p36.33 - p36.13 L=
[1 |chri:15,374,060-17,012, 160 1p36.13(16974060_17012160)x2~3  |Gain 38,101(1p36.13 -
[] |chri:17,012,260-23,181,510 Allelic Imbalance 6,159,251(1p36.13 - p36.12 2
[1 |chri:23,410,610-28,057,310 1p36.12035.3(23410610_28057310)x... |Loss 4,646,701|1p36.12 - p35.3 .
[1 |chri:28,251,750-65,517,610 1p35.3p31.3(28251760_66517510)%2. .. [Gain 38,255,851/1p35.3 - p31.3 o
[ |chri:28,251,760-121,485,205 Allelic Imbalance 93,233,446/1p35.3 - p11.2 "

< >

* Ewvents: 137 Unclassified: 42 Tier1. 75 Tier2: 3 CMiC: & Likely Benign: 0 Review: 1 Arifact 10 AOH: 0
Figure 101. Results table navigation and Toolbar.

TABLE VIEW

The Table view is selected by clicking on the Table tab. At the top are the tools available for this tab, shown in
Figure 102.

3 ¢ B & p2 i5eN &
Figure 102. Tools available for the Table tab.

The data table contains information about each event including, but not limited to, length, location, classification,
and notes. The table column content is customizable.

Chromosome Region Event Genes Fop. Allele ... Transcripts Total Depth Variant Fre.,. Quality
chrd:7,213,638-7,779,382 |CNGain [ZNF705G, DEFB4E, DEFE10... LY
chri7:44,175,735-44,302... |CN Gain  |KAMNSL1, KANSL1-A51
chra:847,069 SV DMRT 1 0.51 (1KG SAS) missense_variant 75 45,333 25!
chr9:13, 188,785 SV MPDZ 0.82 (IKG 5A5)|  probably_damaging &9 56.522 25!
chr3:34,635,598 SMY SIGMAR 1 MMD_transcript_variant 51 100 108
chrg:35,705,570 SMY MLM1 0,017 (ExAC ... missense_variant 80 45,25 25!
chra: 71,661,376 SN FXM 0.2 (1KG SAS) missense_variant 85 51.765 25!
chr3:90,260,847 SMY DAFPK1 probably_damaging 7a 45,053 25!
chr2:;97,863,965 SN FAMCC 0.055 (ExAC ...| regulatory_region_variant 29 65,517 25!
chr3:131,859,552 SV CRAT missense_variant 84 13.095 X
chra: 137,779,306 SMY FCMN2 3_prime_UTR._variant 134 100 104
chr3:133,669,210 SMY KCNT1 0.8 (IKGEUR)| synonymous_variant 182 100 10§ w

Figure 103. Table View data table.

To sort samples, click on the column header. Clicking again will sort in reverse. To sort on multiple columns, hold
down the CTRL key while clicking on the header of different columns. The size of the arrows (larger to smaller)
indicates which column is the primary, secondary, and so on, with respect to sorting. Clicking on an event in the
Table view will zoom in on that event in the graphical display (in the tracks).
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SEQVAR ANNOTATIONS

For samples of the NGS class, the table in Figure 104 can have many columns such as individual transcript
annotation columns, a transcript overview column (displaying the most severe consequence), and a transcript ID
column. These annotation columns will be filled automatically. If the gene has a single canonical transcript either
in RefSeq or Ensembl, this will be the selected transcript. If both databases have a single canonical transcript,
then RefSeq will be used by default. If there are multiple canonical transcripts, the most damaging one is
selected; if all consequences are of the same level of severity, the longest transcript is selected. Once a transcript
is selected, all resulting annotation details are based on the selected transcript.

- Transcript Overview: Displays the most interesting (most severe) consequence of the selected transcript.
And if that transcript is the canonical one, the text in the column will be displayed in bold. Clicking on the cell
opens the Transcript Information window.

« Consequence: Lists all consequence values for the transcript.

Transcript Overview Consequence Transcript ID -
Missense variant Missense variant MM_199244.2
Stop gained Stop gained MM_199244.2
Missense variant Missense variant MM_207355.2
Missense variant Missense variant MM_207355.2
Frameshift variant Frameshift variant MM_207421.3
Inframe deletion Inframe deletion NM_207446.2
Missense variant Missense variant, Splice region variant HXM_001726942.4
Inframe deletion Inframe deletion ®M_003959926.1

Figure 104. NGS class samples.

There are four interest levels, listed from least interesting (least severe) to most interesting (most severe):

*  Not interesting - blue

*  Maybe interesting - green
* Interesting -

* Very interesting — red

If the transcript has more than one consequence and they belong to different interest levels, then the color used
for the transcript ID will be based on the highest interest level represented among the different consequences.

In Figure 105, a transcript has two consequences, one that belongs to Not Interesting (blue) and the other to Very
Interesting (red). Since Very Interesting is the more severe consequence, the transcript name
(ENST00000437966) is displayed in red. If the sequence variant file includes protein predictions (e.g., via
PolyPhen, SIFT), then those will be color-coded as well.
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Transaript Information
= ENSTO0000437966
Exons: 43
Consequence: frameshift_variant
Consequence: stop_lost

Consequence: NMD_transcript_variant
Figure 105. Transcript with two consequences.
TRANSCRIPT INFORMATION WINDOW
The Transcript window, shown in Figure 106, lists all transcripts from RefSeq and Ensembl along with
annotations for each transcript. Clicking on the transcript name expands the panel and displays additional

information about the transcript including the variant consequences. The consequences are color-coded to
represent the interest level (severity) of the consequence.

Transcript Information Selected
=-RefSeq
=-NM_000348.3 @

----- HGNC: SRD5A2
----- HGVSc: MM 000348.3:c.89dupC
----- HGVSp: NP_000339.2:p.(Pro315SerfsTer225)
-Codons: -/C
—Consequence: Frameshift variant
----- Protein ID: NP 000339.2
----- Amino Acids: X
----- Protein Position: 29-30
--CD¥ Position: 57-38
--CDNA Position: 158-159
----- Exons: 1/5
~-Canonical Transcript: true
[=}-Ensembl
--ENSTDDDDD4DEESD.1
H-ENST00000233139.1

Q0O

Close Add to Transcript Detail Columns

Figure 106. Transcript window.

The Selected radio button shows which transcript is being used for annotations. Various transcript annotation
columns of the table display values associated with the selected transcript. A default transcript is selected
automatically (described earlier) after the sample is processed.

To change the selected transcript in the Transcript Information window, the Sample must be in Edit mode. If the
user is not in Edit mode, the buttons will be inactive. Once a new transcript has been selected, click Add to
Transcript Details Columns to save the new selection. An entry will be made in the Audit Log indicating that
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the selected transcript has been changed. All Transcript Details columns will now display annotations associated
with the new selected transcript, as shown in Figure 107.

o~
Transcript Overview Consequence Transcript ID Audit Log

NM_207446.2
XM_001726942.4

Inframe deletion Inframe deletion
Missense variant Missense variant Splice region variant
Inframe deletion Inframe deletion
IMiccanca variant [Miccanca wariant [era nnsasa972 1 |

Figure 107. Transcript details.

REGULATORY REGIONS

The table in Figure 108 has a column entitled Regulatory Feature which displays the consequence for
regulatory regions (if these are available in the VCF or JSON file). If there is regulatory feature information, a blue
hyperlinked regulatory_region_variant text will be displayed and clicking on it will open a new window with details
on the regulatory region features. Marking the checkbox in Edit mode will allow addition of the annotation to the
Notes field.

Ef Table (f Deleted Events B Report
1% £ B @!‘ 0% 1scN 2

et
Transcript Overview Regulatory Feature Event Chromosome Region Cytoband L

no_transcripts regulatory_region_variant chr4:10,967,435 4pl6.1
issense variant regulatory_region_variant SNV chr5:35,860,966

no_transcripts regulatory_region_variant SNV chr5:112,841,059 5022.2
no_transcripts regulatory_region_variant SNV chr6:93,827,537 6g16.1
no_transcripts regul’ o !
no_transcripts requl @ chr5:35,860,966 X Ba B
no_transcripts regulf 3.3 B
no_transcripts regu‘ Regulatory Feature Information Select |55
no_transcripts regu'--ENSRDDDDl323311 1.32
no_transcripts regu' 1.32
no_transcripts regu‘ 1.32
no_transcripts regu‘ 11.22
no_transcripts regu' 11.22
no_transcripts regu' 26.3
no_transcripts regu‘ 13.3
no_transcripts regu‘ 13.3
no_transcripts regu' 13.3
no_transcripts regu 13.3
nao_transcripts regu 13.3
no_transcripts regu Close Add to Notes 13.3

nn franscrints renulATORY Femn_ vartant TSN TEAFT T 9 BT 7 7410 mTTnl13.3

Figure 108. Regulatory region details.

POPULATION ALLELE FREQUENCY

This column displays the highest population allele frequency, population, and the source. It is hyperlinked and
clicking the link opens a new window providing population allele frequencies from several data sources. Additional
information showing allele counts and number of homozygotes is also included where available, shown in Figure
109.
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+1 Source Allele Count Allele Number Homozygotes Frequency %
B =gnomAD Exome
[=F-Non-Finnish European (NFE) 1 85,080 0 0.001
i~Male Non-Finnish European (NFE) 1 48,770 0 0.002
i -Female Non-Finnish European (NFE) 0 36,310 0 0
EFAll (ALL) 1 191,488 0 0
. oMale All (ALL) 1 106,144 0 0.001
- -Female All (ALL) 0 85,344 0 0
[E)-African / African American (AFR) 0 11,096 0 0
Pl Male African / African American (AFR) 0 4,572 0 0
3 i ‘Female African / African American (AFR) 0 6,524 0 0
71 Ertatino (AMR) 0 29,340 0 0
i -Male Latino (AMR) 0 12,310 0 0
| | i ~Female Latino (AMR) 0 17,030 0 0
[=F-Ashkenazi Jewish (AS]) 0 8,546 0 0
! .Male Ashkenazi Jewish (AS]) 0 4,478 0 0
= " Female Ashkenazi Jewish (AS]) 0 4,068 0 0
— [=--East Asian (EAS) 0 14,786 0 0
— ~Male East Asian (EAS) 0 7,366 0 0
- ! .Female East Asian (EAS) 0 7,420 0 0
b [=-Finnish (FIN) 0 11,536 0 0
e : ~Male Finnish (FIN) 0 6,224 0 0
| - "~Female Finnish (FIN) 0 5312 0 0
- [E-Other (OTH) 0 4,930 0 0
— i~Male Other (OTH}) 0 2,594 0 0
— . ~Female Other (OTH) 0 2,336 0 0
- [=-South Asian (SAS) 0 26,174 0 0
- i~Male South Asian (SAS) 0 19,830 0 0
I " Female South Asian (SAS) 0 6,344 0 0
[ Close

Figure 109. Population arirlele frequency.

In the ClinVar column, if the input sequence variant file contains this kind of information, then the column in the
table will show the annotations. If no records are available, the notation states no records. Both scenarios are
shown in Figure 110. If information is available, the classification is displayed along with the star rating for review
status and the text is hyperlinked to a window containing ClinVar details.

Table | {§] Deleted Events | «$¥ Whole Genome | [ Report

{}gx<gg

S... 5anger Cance... Pop. All... Transcripts Clinvar Altal... Ref... Genotype Alele... Total... Phenotypes Genes Event
1|STATSB 0.114 (E... frameshift_variant no records - G Heterozy... [ 342|Growth hormo. .. |STATSB Deletion
1/STATSE frameshift_wvariant no records - C Heterozy... 4 403|Growth hormo. .. [STATSB Deletion

10|NF1, SUZ12, TA... Meurofibroma... |NF1, OMG, EV...|CN Loss
1|NF1 Hypercholeste. .. |LOC10537170... |CM Loss
1/BHD 0.038 (E... frameshift_variant “r+pathogenic - G Heterozy... 3 313Renal cyst, M... [FLCN Deletion
1[TP53 splice_acceptor_variant |+likely pa nic |C T Heterozy... 16 314|MNeoplasm of t... [TP53 SNV
1[TP53 frameshift_variant Hikely patho C - Heterozy... 303 471|Neoplasm of t... [TP53 Insertion

10[YWHAE, USPE, ... Seizures, Glob... |DOC2E, LINC... |CM Loss
1lCDH11 frameshift variant o records - T Heterozy 4 742 COH11 Deletion |

Figure 110. The ClinVar column.

The classification terms used are those recommended by ACMG guidelines and are also color coded to indicate
significance. Classification terms and color coding in order of significance (most to least):

e pathogenic - red

e uncertain significance - green
e likely benign - blue
e benign — blue

Stars next to the classification terms indicate the review status (star rating used by ClinVar), shown in Table 3.
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Table 3: ClinVar Star Ratings indicating review status.

none No submitter provided an interpretation with assertion criteria (no assertion criteria provided), or no interpretation
was provided (no assertion provided) .

one One submitter provided an interpretation with assertion criteria (criteria provided, single submitter) or multiple
submitters provided assertion criteria but there are conflicting interpretations in which case the independent values
are enumerated for clinical significance (criteria provided, conflicting interpretations).

two Two or more submitters providing assertion criteria provided the same interpretation (criteria provided, multiple
submitters, no conflicts) .

three reviewed by expert panel
four practice guideline

In cases where the variant has been classified with more than one term, the classification with the highest review
status is listed first; the most significant classification will also be displayed in the cell but second to the one with
the higher review status.

The benign classification has a higher review status (two stars = criteria provided, multiple submitters, no
conflicts) and is listed before uncertain significance which is of higher significance but with a lower review status

|'l"l't|E'I'IiI]I'I {#wuncertain significance) |

(one star = criteria provided, single submitter).

Sorting on the ClinVar column is based on the classification significance rather than star rating, as seen in Figure
111. An entry with three stars (likely benign) and one star (pathogenic) will be sorted based on the classification
significance such that the entry will be sorted together with other pathogenic variants. This is so that a variant is
brought to the reviewer’s attention and can be seen even if only a single submitter classified the variant as
pathogenic.

S... Sanger Cance... Pop. All... Transcripts ClinVar Alt Al... Ref... Genotype
1[TP53 splice_acceptor_|+ikely pathogenic C m Heterozy...
1TP53 frameshift_wvarig-+likely pathogenic C - Heterozy...

10[YWHAE, USFG, ...
1|CDH11 frameshift_variano records - m Heterozy...
7HERPUD1, CCH...
1|CYLD
1|CYLD
1|MYH11 0.868 (E...|frameshift_variant |%#benign (*uncertain significance) |G - Heterozy...
1ICREBEP

Figure 111. ClinVar column displaying one variant with multiple classification terms.

Clicking on the ClinVar cell will open a new window with further details from ClinVar. Clicking on likely
pathogenic, shown in the first row of Figure 111,0pens the window shown in Figure 112 below. Each record is
hyperlinked to its page on the ClinVar website. Marking the checkbox column and clicking Add to Notes will add
the information to the Notes column of the Results table.
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ClinVar Information

E-ROVO00165794.1
. ;----Significance: likely pathogenic
;----Review Status: criteria provided, single submitter
- isAlleleSpecific: true
E-RCV000480344.1

E-RCVO00165040.2

>5|g nificance: uncertain significance

; ‘.. Review Status: criteria provided, single submitter
[H-RCVO00232667.1

H-RCVOQ0235779.2

OOoooodoog

Add to Motes

Figure 112. Further ClinVar details window.
THE COSMIC COLUMN
Most sequence variants files will not have this information. Old Nirvana annotations had COSMIC information but
the latest does not. For the COSMIC column (data obtained from sequence variant files that have COSMIC

annotations), the value in the cell (in Table 4 and in the pop-up window) indicates that the COSMIC field
isAlleleSpecific is true.

Table 4. COSMIC information.

PAF  COSMIC Genes Transcripts Clinvar Event Chrn::mgso. .
0 records LOC10272... frameshift_wino records Insertion chri:17,086... |
0 records MST 1L frameshift_wno records Deletion chr1:17,087... |
0 records LOC10099... frameshift_wno records Deletion chr1:144,91... |
3 records LOC10099.., . (frameshift_v...no records Deletion chri:145,01... |
1samples |[LOC10192... frameshift_wno records Deletion chr1:245,13... |
3 samples LOC10192... frameshift_wino records Insertion chr1:245,13... |
0 records ZMF306 frameshift_v...no records Deletion chr2:133,07... |:
0 records ZMFE06 frameshift_v... o records Insertion chr2:133,07... |

Clicking on the hyperlink opens a new window with further details on records or samples based on what is present
in the COSMIC column. Marking off the checkbox column will add the information to the Notes column of the
results table.

In silico prediction columns: If the sequence variants file loaded has in silico predictions, these will be displayed in
individual columns in the table. If the columns are not visible, use the table preferences to unhide these columns.
Some fields may be empty, and this could be due to the transcript selected. The annotator used for annotating a
VCF file also impacts which fields will have data. For example, if a JSON file is loaded (annotated with Nirvana
outside of the VIA pipeline), it will likely only have PolyPhen and SIFT predictions. VCF files annotated within the
VIA pipeline (using the linked Nirvana Annotator) will use dbNSFP for functional predictions so they will have
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results from the following additional predictors supported by VIA: FATHMM, MetaLR, Mutation Assessor,
MetaSVM, see in Figure 113.

FATHMM Prediction  FATHMM Score  MetalR MetaSVM Mutation Assessor  SIFT Prediction SIFT Score PolyPhen Prediction PolyPhen Score  Transcript Overview Event
Splice donor variant Deletion
Splice region variant SNV
[Tolerated(0.152) [Tolerated(-0.904) [Medium(2.360) Deleterious(NM_000553.4) 0.01Benign(NM_000553.4) 0.275|Missense variant SNV

Figure 113. Additional in-silico predictors.

MetaSVM, MetalLR, and MutationAssessor predictors do not map to transcripts, so these columns do not have a
transcript ID coupled to the consequence value. For these, the score and consequence are in one column. For
the other predictors, the scores are provided in a separate column from the consequence + transcript ID. For the
others, columns may be empty if the selected transcript did not have a prediction associated with it, shown in
Figure 114. The highlighted column below shows a RefSeq transcript ID and has no FATHMM Prediction values.

Transcript ID FATHMM Prediction FATHMM Score MetaLR MetaSVM Mutation Assessor  SIFT Prediction SIFT Score PolyPhen Prediction PolyPhen Score  Transcript Overview Event

{NM_033084.4 | | | | | | Splice donor variant [Deletion
NM_033084.4 Splice region variant [SNV

) NM_000553.4 Tolerated(0.152) |Tolerated(-0.904) Medium(2.360) Deleterious(NM_000553.4) 0.01Benign(NM_000553.4) 0.275 Missense variant SNV

JINM_000548.4 Synonymous variant SNV

Figure 114. Selected transcript has no associated FATHMM prediction resulting in empty FATHMM Prediction
columns.

After selecting an Ensembl transcript, the FATHMM columns now have values. In this case, FATHMM scores
were only available for some transcripts and if one of these transcripts is not the one selected to be displayed in
the table, the prediction and score columns will be empty. The prediction values are color-coded based on the
severity of the prediction.

Transcript 1D FATHMM Prediction FATHMM Score MetalR MetaSVM Mutation Assessor  SIFT Prediction SIFT Score PolyPhen Prediction PolyPhen Score Transcript Overview Event
NM_033084.4 Splice donor variant |Deletion
NM_033084.4 Splice region variant |SNV
ENST00000298139.5 (Tolerated(ENST00000 0.59Tolerated(0.152) [Tolerated(-0.904) |Medium(2.360) [Deleterious(ENST0000029813| 0.01Benign(ENST0000029813 0.275Missense variant SNV
NM_000548.4 [Synonymous variant |SNV

Figure 115. An example of an Ensembl transcript with FATHMM scores.

The Transcript Overview window, shown in Figure 116, is opened by clicking on the Transcript Overview field
and will also display in silico predictions and scores where available. For more information on these predictors,
please visit the dbNSFP website.
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Transcript Information Selected
=h-RefSeq &y
='NM_000431.2 @
----- HGHC: MVK

----- HGVSc: NM 000431.2:c.1129G>4

----- HGVSp: NP_000422.1:p.(Val3771e)

- Codons: Gto/Atc

----- Consequence: Missense variant

----- PolyPhen-2 Score: 0.03

----- PolyPhen-2 Prediction: Benign

----- SIFT Score: 0.22

----- SIFT Prediction: Tolerated

----- Protein ID: NP 0004232.1

----- Amino Acids: V/1

----- Protein Position: 377

--CDS Position: 1129

--cDNA Position: 1322

----- Exons: 11/11

--Canonical Transcript: true

H-MM 001114185.1 O
[H-XM _005253884.1 O

(|

Close Add to Transcript Detail Columns

Figure 116. Transcript Overview window.

TABLE LAYOUT

The table layout and columns displayed can be changed via the Table Preferences button just above the data
table or via the same symbol above the ideogram at the top of the window. Make sure the Table tab is selected.

Columns are grouped together into folders for better management and easier selection of columns to display/hide
CN and Allelic Events, Sequence Variant Events, Regions, and the Decision Tree. The Sequence Variant
Events folder has a Transcripts folder for transcript annotations and an In-Silico Predictions folder for in silico
predictors.

One can select which columns to display and in what order. Drag headers in the Column Layout section at the
bottom (see Figure 117) to move columns around to re-arrange information. Column widths can be re-sized by
dragging the column header edges (cursor will turn into a double headed arrow when moving the mouse over the
column header edges).
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o

@ Table & Track Preferences

Table Tracks

Column

--Select

--Sample

--Event

--Chromosome Region
--Cytoband

--Length

--Classification

----- ACMG Interpretation

----- Audit Log

- Motes

----- Variant Interpretation
--Relevant Genes
--Pre-Classification Comments
--{ZEnes

--Gene Count

--Phenotypes

--5AP Score

--5AP Comment

--Similar Previous Cases

----- ISCN Momendature
~Parent of Origin

----- Inheritance Comments

CN and Allelic Events
Segquence Variant Events
Structural Variant Events
Regions

[y OO e OO s OO oy WO P

Dedsion Trees

Show

O0ROOO0O00O0000OROO-MEREEOR

Description

Column Layout

Select  Chromosome Region

ISCM Nomendature

Event

Cytoban

Figure 117. Re-organizing information.

Sample Review Table Columns

Table 5 displays a limited number of columns by default. The user can go into the table preferences to select
which columns to display and order the columns. The table below shows the possible columns available in a
table. Based on the sample type, only a selection of the columns below may be available. Table 5 displays the

general data for each sample type (available for every sample type).

Table 6 through Table 10 are for each individual group of results (these will be available depending on the

sample type).
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Table 5. General sample type data.

Select Allows user to mark events to export for reporting.

Sample Name given to the sample in the Sample Descriptor file.

Event Possible values are CN Gain, CN Loss, High Copy Gain, Homozygous Loss, AOH,
and Allelic Imbalance for CN and allelic events and SNV, insertion, deletion, MNV,
and indel for SeqVar.

Chromosome Chromosome along with a base pair region in the following format: chr8:172,199-

Region 300,002.

Cytoband The cytoband this region covers.

Length Length of the region.

Classification

The classification entered by the user for this region (e.g., benign, pathogenic,
unknown).

ACMG

Interpretation

Audit Log Records all actions such as changing the default transcript and the classification.

Notes Any notes the user wants to enter. This also by default states manually altered if the
user added a call.

Variant

Interpretation

Relevant Genes

Pre-Classification

Rule(s) used to pre-classify the event using an applied decision tree.

Comments

Genes Genes (listed as symbols) in this region.
Gene Count Number of genes in this region.

Phenotypes Phenotypes via HPO that overlap this region.
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SAP Score

Significance Associated Phenotype score - A statistical measure comparing
phenotypes (HPO terms) associated with genes in a region to the sample phenotypes.
Smaller scores indicate greater significance. Requires sample have associated
phenotypes.

SAP Comment

Shows how the relevant genes were identified based on HPO terms associated with
the gene and the patient phenotypes. The HPO terms and distance from the patient
phenotype is indicated.

Similar Previous
Cases

Number and percent of previous cases (including current case) with the same event.
The calculation is performed for all events except for allelic imbalance events (field will
be blank).

ISCN
Nomenclature

Official 2016 ISCN term describing this event.

Parent of Origin Parental source of the affected allele events if at least one parent is available and
linked to Proband.

Inheritance Lists matching inheritance models for the event.

Comments

Table 6. CN and Allelic Events.

Min Region The region encompassed by the midpoints of the two most external probes in the
segment.

Min Length Length in bp of the Min Region.

Max Region The region encompassed by the midpoints of the closest probes on either end of the
segment that are not part of the segment.

Max Length Length in bp of the Max Region.

No of Probes

Number of probes in the segment.

Probe Median

Median value of the probes in the segment.

Aberrant Cell
Fraction %

Using log R and BAF (when available) estimation of % aberrant cells for mosaic
samples.
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Estimated Copy  An estimated copy number for CN events calculated using the log ratio value.
Number

Mosaic Values Yes, No, and empty to indicate whether event is mosaic. Automatically filled if
feature is turned on in processing settings. Can be manually set while in Edit mode.

BAF Segment Median value of the BAF probes in the segment.
Value

% Heterozygous Percentage of probes lying outside the Homozygous Value Threshold — yellow lines in
the plot. Applicable only to SNP arrays and CN/AOH calls from NGS data.

B/P Genes Breakpoint genes (genes that are only partially covered by the region — possible fusion
sites).
Call PValue Significance of obtaining this call at this location (one-tailed z-test) - the probability of

obtaining the observed mean of the probes encompassing the call segment assuming
the true mean is zero and the distribution is normal. The value is corrected for multiple
testing. If the p-value cannot be calculated for a call (e.g., for a sex chromosome), the
value here will be NA.

% of DGV Percentage of this region covered with events in DGV.
Overlap
DGV Score Score indicating similarity of an event to that in DGV. The score is a combination of

similarity and number of reported cases per publication. E.g., a score of 0.88 can be
achieved by perfect similarity of three cases or similarity of 88% with eighty or more
cases.

DGV Score Provides the number of similar cases in DGV and the percent similarity to the cases.
Comment

VCEF filter values
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Table 7. Sequence Variant Events.

Filter Label Indicates which filter labels were applied during processing. Based on filter labels
added to the VCF Filter Label section in the Processing settings. E.g., PASS.
Quality QUAL column in VCF files. Phred-scaled probability for the alternate allele assertion.

Higher values mean more confidence in call.

Variant Read
Fraction (%)

Percent of reads supporting the Alternate Allele in this position.

Total Depth Count of filtered reads supporting each of the reported alleles; depth of coverage.
Allele Depth Count of unfiltered reads supporting a given allele.
Genotype Values are homozygous or heterozygous.

Ancestral Allele

SNP allele as found in the chimpanzee.

Ref Allele

Nucleotide base on the NCBI reference assembly.

Alt Allele

Nucleotide base if different from Ref Allele.

PhyloP Score

The score measures evolutionary conservation at individual alignment sites. Useful
to evaluate signatures of selection at specific nucleotides or classes of nucleotides
(e.g., third codon positions, or first positions of miRNA target sites).

dbSNP

dbSNP ID hyperlinked to window providing more details from the dbSNP database.

GMAF %

Global minor allele frequency from one of the following data sources in order of
priority: TOPMED, gnomAD Genome, gnomAD Exome, 1000Genomes. E.g., if all
four sources are available, the TOPMED value will be displayed; if only gnomAD and
1000Genomes are available, the gnomAD value will be displayed. Only displayed for
SNV or other variants with length no greater than one.

ClinVar

Classification and star rating from ClinVar linked to pop up window with additional
details.

COSMIC

Number of records found in COSMIC linked to pop up window with additional details.
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Regulatory If regulatory information is available, hyperlinked regulatory_region_variant will be
Feature displayed which opens a new window with details on the feature. If no information is
available, no_consequence is displayed.

Pop. Allele Freq  Allele frequencies from different projects hyperlinked to a window displaying

% additional details on each project/population. The field lists the highest frequency
with project name and population. E.g., 0.865 (1KG, AMR). This means the 1000
Genomes project showed the largest frequency with Mixed American Population at
0.865 frequency. Clicking on the hyperlink opens a window displaying all projects
and population frequencies.

Table 8. Transcripts.

Transcript Provides hyperlinked consequence value which opens a window listing all RefSeq

Overview and Ensemble transcripts as well as additional details for each. The consequence
listed here is the one that is most interesting (most severe). Bold indicates canonical
transcript.

Transcript ID Accession number of the canonical transcript or manually selected transcript.

HGNC HGNC gene identifier.

HGVSc HGVS coding sequence name.

HGVSp HGVS protein sequence name.

Codons If the variant is in the coding region, the reference and alternate codons are

displayed with the variant base(s) highlighted in upper case.

Consequence Most severe consequence associated with the selected transcript.

PolyPhen-2 Score  PolyPhen score.

PolyPhen-2 PolyPhen Prediction + transcript ID.
Prediction
SIFT Score SIFT score.

SIFT Prediction SIFT prediction + transcript ID.
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Protein ID Refseq/Ensembl protein ID linked to the respective site.

Amino Acids If variant affects the protein coding sequence, the change in amino acid resulting
from the variant; indicated with the single letter AA symbol.

Protein Position Amino acid position in the protein.

CDS Position Base position based on the coding sequence.

cDNA Position Base position of the variant based on the cDNA sequence.

Exons Displays the affected exon (exon number) out of the total exons in this transcript

(e.g., 6/10 means that the variant affects exon 6 and there are a total of ten exons in
this transcript).

Table 9. In-Silico Predictions.

Mutation Assessor Prediction + score
Meta SVM Prediction + score
MetalLR Prediction + score
FATHMM Score FATHMM score

FATHMM Prediction FATHMM Prediction + transcript ID

Table 10. Affymetrix OSCHP.
*Only for Affymetrix OncoScan OSCHP data

TuScan Total Displays number of copies in this region where available.
Copy Number
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Table 11. Structural Variant Events.

Fusion Junction 1 Displays break end region(s) for fusion junction 1

Fusion Junction 2  Displays break end region(s) for fusion junction 2

SV Quality Displays SV Quality score

Molecule Count The number of molecules that support the event

VCF filter values Displays annotations by Solve for the SV Event as “PASS”, “Low Confidence”, “Masked”
and “Poor Molecule Support”

% in OGM Control  Displays the frequency in percent of the SV event in the OGM Control DB

DB
SV VAF Indicates the variant allele frequency
Zygosity Indicates the zygosity of the SV event. It is listed as “homozygous”, “heterozygous”, or

“hemizygous”, but only for insertions, deletions, translocations, and inversions.

Significance Associated with Phenotype (SAP) Score

The phenotypes associated with all the genes in an aberrant region are compared with the list of sample
phenotypes using a statistical measure to arrive at the SAP score.

The significance of a gene based on the sample phenotype considering all phenotypes (including super classes)
associated with a gene and all phenotypes associated with a sample is determined. Phenotype weights are also
considered to generate the score. A significance value is calculated using the Fisher's Exact Test and is averaged
across multiple genes overlapping an event resulting in the SAP Score.

The SAP Score Comment column indicates how the relevant genes were identified based on the HPO terms
associated with the genes and their distances from the sample phenotypes. The column will display the
phenotypes grouped by levels as described in the section Phenotype-based gene panels.

Data Export and Reporting

Export: This button will export data in visible columns for table export plus information about the sample (from the
Sample Info window) into a tab delimited text file. The user will be prompted to select the location for the file. The
default name provided is displayed; if there is no display name specified, then the sample name is used. The file
name can be changed during export.
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Export the Events table from within an open sample: The event table for each sample can be exported as a
separate tab delimited txt file when the sample is open for review, as shown in Figure 118. The user selects the
events and the information to export.

NOTE: When none of the events have the Select box checked, then all events will be exported.

Only the columns displayed in the table will be exported. To export additional data, use the Table Preferences
icon to add additional columns to the Table view and then export the data. All rows will be exported unless the
Select column is visible; in this case, only those rows that are checked will be exported.

Table {§ Deleted Events 5 Whole Genome [El Report
2o A P%x<:::)nscN A

Event

Export table as a tab delimited TXT file
Loss [CMT1L.Z5,000,070-29,003

Figure 118. Export from the events table.

Exporting a Report from Query Results: Locked samples will have an icon with three bars next to the sample
name. Clicking the icon will directly export the report for this case from the Home page. The sample does not
need to be opened to generate the report.

Word Report Generation

Another option for data export is to output it into a Word document. The Admin can create and upload various
Word templates through the Admin interface. The user can then select one of these templates to output results
into a Word document. Tags are added to the Word template using the MS Word merge field feature.

Generating a Word Report: Click on the Word Report icon in the toolbar (highlighted in yellow below) and
select a report template from the dropdown menu:

ﬁ: @ ‘ﬂ Mot Reviewed D‘ E'

After selecting a template, a file chooser opens with the File Name field pre-populated with the Sample Name.
The file name can be edited as well as the folder location. The report will be saved as a .docx file.

Adding a Word report template requires the user privilege Ability to perform admin operations and the user must
be logged in with Admin privileges to add a report template.

In the Sample Types Reports->Word Template section, use the icons to add, remove, or rename a report
template. A table displays the tags used in the template selected in the dropdown, as shown in Figure 119.
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Sample Attributes = Waorkflow | Event Classification = Decision Trees = Sample Review Preferences = Gene Panel
FDE Word Template

+ — [ | Test AML template 9.20.22 ~
Tag Level
ISCH Sample
References Sample
Classification Event
ISCM Nomenclature Event
Variant Interpretation Event

Figure 119. Template selection.

Exporting Sample Query Results: Sample details displayed for samples queried on Home page can be
exported into a text file using the Export tool under the Samples menu, seen in Figure 120.

P search Samples” & ~
Upload b
Home Page Contents Export b
Detailed Events Table Process...
All Events Duplicate...
Reset...
Delete...

Figure 120. Exporting query results.

Export events table for a batch of samples: The event table for each sample can also be exported as a
separate tab delimited txt file for each sample through the Home page. To export sample data through this route,
each of the samples to export will need to be in the locked state. The user can then query the list of samples for
export and select Samples > Export > Detailed Events Table.

NOTE: The exported table will export only the selected events and detailed information at the time the sample
was locked.

Samples¥ & ~
Upload ?
Home Page Contents
Process..

Duplicate... All Events
Reset...

Delete...

Figure 121. Export events table.
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Manually Deleted Events

Any events that have been manually deleted are shown by clicking on the Deleted Events tab.

EH Table fil] Deleted Events & Whole Genome | [=] Report

Manually deleted events £~

If events have been deleted the icon will turn orange and the events will be listed in the table. Selecting an event,
or all events, and Clicking on the Restore button will restore the deleted event/s. If the Audit Log column is
displayed in the table, it will show who deleted the event and when for the deleted events.

NOTE: for events to be deleted or restored the sample must be in edit mode. Not all users may have been given
the privilege ability to delete samples.

il P

Manuzlly gelated events | B

Event Cheomasome Regon Cytaband Length Hates

EhLis dhy-t1aB 400 D47 84 B30 nad Hatdt B0 b ChLodea
Variant Details Tab

The Variant Details tab collates all essential information about a variant in a single easy-to-read layout that
automatically adjusts to the type of variant being reviewed (e.g., CNV vs Seq Var) as well as Test Type
(Oncology vs Constitutional). The sample Test Type, Constitutional or Oncology, will dictate the layout of the
Variant Details tab and the type of information being displayed, as shown in Figure 122.

Tracks Voriant Details
Variant 1821.3123(55415852_78077248)x1 Gene Details (112) Region Details
vent Mosaic  No 8 f E H Knowledgebase Events
% Aberrant 968 | Est CM: 1.032 5 ; = } i_ E g B Label Event Similarity ¥ Classification Rating
assification: £ = ] E i E 2 ! 1 One-Copy Loss —nazc“ * ok ko |
Pre-classified as: e & |
Likely Pathogenic @ AR ATPase phosphol.  This gu—\-ml
v Pravious Cote DGV Similarity 0 | Cholestass jntre... 88 = Region overlap in on-site
w0 - s S
K ‘ \ e o e " UM resered knowledgebase
410% (5/122 005 @ _ « | Genes overlapping with . § ..
an o edme e o) OMIM ClinGen, and |
22,001 i add cce AR ! B L Thisgena is Clin
A - DDGZP The proteine  Chin tnatal Gains Pathogenic

Notes | AuditLog

ely Pathog.

si_ This gene en y Pathoge..

The protein «

Variant details with | oo 2o oo ’
il = —

[} 0,080 Global developmental deiay,

slobal develo

Prioritized genes matching Event overlapping «fess sooneners
sample phenotype external databases

HPO0O1631 Atrial septal defect

Figure 122. Variant Details layout.
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The Whole Genome View

Selecting the Whole Genome tab displays the data as a whole genome view for copy number (or Log2Ratio) plot
and BAF plot. This view is ideal for confirming or determining the gender of the sample and for giving an overview
of the data, as seen in Figure 123.

S| Table {i] Deleted Events =5 Whole Genome & Repart
© © &= (=

1 2 3 4 5 6 7 8 9 10 11 12 713 14 15 16 17 1819202122 X Y

Figure 123. The whole genome view.

Tools in Whole Genome tab include:

e Zoom in/out horizontally.

«  Copy: Clicking this tool will copy the probes plot to the clipboard; the contents can then be pasted into
another application.

- Export: Clicking this will export the whole genome plot to be saved as a png or jpg file. A save dialog will ask
for the folder to save the picture, an option to select png or jpg, and the option to open the file after saving is
complete, shown in Figure 124.

Savein: | | Documents hd ? » '

= My Data Sources
;r} . My Received Files
Recent Items | OneMote Motebooks
. original
, Outlock Files
<

'[; File name: Sample 65 BT Genome
| .
Documents | Fiesoftype:  pnGimage (*.png)

Figure 124. Export tool.

[ ] Open after saving

The zoom icons allow for zooming along the X-axis on the plots (probes, BAF). Plots can be zoomed along the Y-
axis by using the mouse and keyboard keys: press and hold down the Ctrl key while moving the mouse scroll
wheel to zoom in/out or via the slider bars to the right of the plots, as seen in Figure 125.
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819202122 X b

Figure 125. Slider bars for the zooming tool.

The Report View

Clicking on the Report tab for the first time after a sample is opened will generate a report of the variants visible
in the table. Depending on the number of events in the table, creation of the report could take several minutes — a
note in the window will indicate this until the report is finished and when finished, the variant details will be
displayed. Items displayed in the report are dependent on the columns visible in the Table view.

The report describes all aberrations found in the sample after filters have been applied, as shown in Figure 126.
Information from this report can easily be copied and pasted into external reports. Contents of the report are
displayed in chunks (approximately forty events per page). The bottom of the section has page numbers that are
hyperlinked to easily jump from one page to another.

55 Table | i Deleted Events | & Whole Genome | (=] Report i
=
o
T
Aberrations “
Event: SNV Classification:  None Regulatory no_consequence Consequence: intron_variant ;
Feature: z
Transcript missense_variant Chromosome  chri6:89,017 620-89,017 620
Overview: Region:
Event: CN Loss/ Classification: 'None Chromosome  chr17:39.423,096-39.431,684
Region:
Event: SNV Classification: None Regulatory regulatory_region_variant SIFT deleterious
Feature: Prediction:
PolyPhen possibly damaging Consequence: missense_variant Transcript missense_variant Chromosome  chr17:80,041,173-80,041.173
Prediction: Overview: Region:
Event: SNV Classification:  None Regulatory regulatory_region_variant SIFT tolerated
Feature: Prediction:
PolyPhen benign Consequence: missense_variant Transcript missense_variant Chromosome  chr17:80,049,154-80,049,154
Prediction: Overview: Region: .
< >

123456738

Figure 126. Aberrations found in the Report view.

Event and Classification values are highlighted in the same color matching the relevant event type or
classification. Clicking on the event zooms in on the event in the genome browser. Annotations such as
consequences and ClinVar classifications are also displayed in the same color coding as that in the table. Some
fields (e.g., transcript overview, OMIM and Morbid Phenotypes) are hyperlinked to a window with details,
shown in Figure 127.
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|55 Table | il Deleted Events | af* Whole Genome | & Report

Event: SNV Classification: None ClinVar: -kuncertain significance HGVSc: NW_001267550.1:c. B
33796C>T
Regulatory no_consequence Consequence: missense_variant Transcript missense_variant Chromosome  chr2:179.543,504-
Feature: Overview: Region: 179,543,504
OMIM TTN==Cardiomyopathy. familial hypertrophic. 9, TTN=>Salih myopathy, TTMN=>Tibial muscular dystrophy. tardive. TTN==>Muscular dystrophy. limb-girdle. type 2J, TTN==Cardiomyuopathy. dil
Morbid TTW==Myopathy. proximal. with early respiratory muscle involvement
Phenotypes:
Event: SNV Classification: | None ClinVar: suncertain significance HGVSc: NM_001267550.1:c.
17048A>G
Regulatory no_consequence Consequence: missense_variant Transcript missense_variant Chromosome  chr2:179.596,554-
Feature: Qverview: Region: 179,596,554
OMIM TTN==Cardiomyopathy. familial hypertrophic. 9, TTN==>Salih myopathy, TTMN=>Tibial muscular dystrophy. tardive, TTN=>Muscular dystrophy. limb-girdle. type 2], TTN=>Cardiomyopathy. dil:
Morbid TTW==Myopathy. proximal with early respiratory muscle invalvement
Phenotypes:
Event: Classification: |None ClinVar: no records HGVSc: NIM_138468.4:c 1244~
TAT_ 1244 746delAA
Regulatory no_consequence Consequence: intron_variant Transcript frameshift_variant Chromosome  chr2:203.651,487-
Feature: QOverview: Region: 203,651,488
< Fuant: CMNInss Classification:  Nnona % no Chromasome  chr?2-203 702 993- 5 v

Figure 127. The event row selected in the table is highlighted in the Report by yellow lines.

Gene Panel Selection/Import

If the sample type has gene panels associated with it (created by the Admin), then the Panels tab will list the
genes/regions in the selected panel. At minimum genes and/or regions will be specified. Specific transcripts for
genes as well as a minimum read depth can also be specified, covered in the section below. Basic panel features

are shown in Figure 128.

Gene Panel

Solid tumor

v B8

Name

ETV1

Region

chr7:13,930,855-14,03... | ~

s1a1d

ETV4

chr17:41,605,210-41,6...

ETVS

chr3:185,764,105-185,...

ETV6

chr12:11,802,787-12,0...

EWSR1

chr22:29,663,997-29,6...

EXT1

chr8:118,811,601-119, ...

EZH2

chr7:148,504,463-148, ...

TENTSC

chr1:118,148,603-118, ...

FANCA

chr16:89,803,956-89,8... | .

sjaueq

Aggregate Info...

Figure 128. Basic gene panel features.

The default sort order of genes/regions will be the order in the upload list or the order in which the genes/regions
were entered manually by the Admin.
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This list can be sorted alphabetically (genes) or by chromosome number/base position (regions) by clicking on the
header. The sort order cycles through unsorted, ascending, and descending with multiple clicks of the header. A
blue triangle pointing up on the header indicates ascending or descending (triangle pointing down), shown in
Figure 129. If there is no triangle, the list is not sorted but rather in the original order as entered by the Admin.

Ascending Descending

Gene Panel iGene Panel
Emall Panel Emall Panel

Mame ’ Region Mame X Region
DMD chr¥:31,137,344-33,35... | [RAF1 chr3:12,625,099-12,70...
FMR1 chri: 146,993, 468-147,... | |[PTPN11 chri2:112,856,701-11...
HTT chrd:3,076,407-3,245,... ||[KRAS chri2:25,357,722-25,4...
KRAS chr12:25,357,722-25,4... ||HTT chr4:3,076,407-3,245,...
PTPM11 chr12:112,855,701-11... ||FMR1 chri: 146,993, 468-147, ...
RAF1 chr3:12,625,099-12, 70, .. | |DMD chri:31,137,344-33,35...

Figure 129. Ascending and descending ordering of gene panel entries.

A specific panel can be selected via the Filters tab in the Panel Selection filter by clicking on the Gear icon,
which opens the Filter Parameters window. Here, a panel can be selected from the dropdown list, as seen in
Figure 130.

Panel Selection

Show anly events overlapping |brain tumor gene list

brain tumor gene list
colid tumor panel . Le
i

ai jn?i P— im | solid turmnor panel fusion genes —|—
Figure 130. Filter Parameters selection.

Y | TD . Phe... Genes P

After a panel is selected, its name will appear in the filter box and a checkmark will be displayed in the box. In
some cases, users may not be able to select the panel. This is due to a lock on a selected panel with a sample
type by the System Admin. In such cases, the user cannot check/uncheck the box. The checkbox will be grayed
out and already checked, as in Figure 131, with the Admin selected panel displayed, as shown in Figure 132.

Locking Panel Selection: The Administrator can lock a selected panel with a sample type so that only the
selected panel will be applied to all samples of that type during sample review. Users will not be able to select any
other panel, add phenotype-based panels, or add ad-hoc panels. The panel can be locked in the Sample Review
Preferences - The Filter tab section. Locking of the Panel prevents the user from seeing events other than those
on the Panel. The Admin may do this to prevent incidental findings as specific samples may only be allowed
evaluation only for certain genes.
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Panel Selection
Brain tumor b
Figure 131. A locked selection panel indicator.

Shading of the Name and Region columns in the panel list indicates the status of the gene:

White — gene has no genomic variants identified.
Yellow — gene does overlap with a variant, but the filters applied are removing the variant(s).
Gold — gene has visible variant(s)

Gene Panel
TruSight Hereditary Panel Genes only ~ E B

~

Name Gene Region

BLM chr15:91,260,576-91,359,396 |~
TSC2 chr16:2,097,895-2,139,491
SLX4 chr16:3,631,183-3,661,607
ERCC4 chr16:14,014,010-14,046,205
PALB2 chr16:23,614,485-23,652,631
CYLD chr16:50.775.960-50.835.846 |~

Aggregate Info...

Figure 132. Admin selected panel.

If no filters are applied, the same panel shown above will be seen as in Figure 133 (yellow highlighting is gone).

Gene Panel
TruSight Hereditary Panel Genes only v |8 B

Name Gene Region h

BLM chr15:91,260,576-91,359,396 |~
TSC2 chr16:2,097,895-2,139,491
SLX4 chr16:3,631,183-3,661,607
ERCC4 chr16:14,014,010-14,046,205
PALB2 chr16:23,614,485-23,652,631
CYLD chr16:50.775.960-50.835.846 |~

Aggregate Info...

Figure 133. No filters applied.

Clicking the Aggregate Info button at the bottom of the panel list expands the section to reveal aggregate
information on the selected panel as number of regions in each category listed below.
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e Total panel regions

» Panel regions with events [yellow highlighted]

» Panel regions with post-filter events [gold highlighted]

Keyboard triangle keys can be used to step through each gene on the panel list for manual inspection. The
genome browser will zoom in on the gene selected in the panel and the event row(s) will be highlighted in blue in
the table. In Figure 134, BRCA1 is selected in the panel and the browser is zoomed in on the region of the gene

only.
G A4 dPD®O DX @] NotReviewed Q-1*&-Ph W chr17:41,196,311-41,277,381
I
» chr17 q21.31
41.20Mb 2 4122 Mb 4123 Mb 41.24Mb 41.25Mb 4128 Mb 41.27 b
P Gene ;. t mi t ¥ +— 1 t t H— t Lo |
» CNEvent
P seqvar
> Ak Depth 11 I L | . | B I |
P BAM Reads =
- ¥ Probes
T
r P Zygosity
> BAF = — = — =
41,272.024 Kb
[ amD |
[E Table () Deleted Events &% Whole Genome [E] Report Gene Panel B o
TruSight Hereditary Panel Genes only @ -]
£t [B% Il 2 1scy — .
ClinVar Event Chromosome Reg\onﬁ Cytoband Length C Name Gene Region [gﬂ
Ee_—, T T ey T A— NF1 |chr17:29,421,944-29,704,695 |~
Juncertain signSNV chr16:2,132,472-2,132,472 16p13.3 1 RADS51D chr17:33,419,240-33,446,888
-
L *likely benign MNV chr16:3,640,784-3,640,785 16p13.3 2] BRCA1 chr17:41,196,311-41,277,381 E
A chri7h CN Gain chr16:32,375,101-33,365,500 16p11.2 990,400 RAD51C chri7:56,769,933-56,812,872 &
Allelic Imbalance chr16:33,365,501-33,373,250 16p11.2 7,750 PPM1D chr17:58,677,553-58,743,640
CN Gain chr16:33,371,651-33,373,250 16p11.2 1,600 BRIP1 chr17:59,756,499-59,940,889
CN Loss chr17:41,242,930-41,249,454 17g21.31 Soeme e
no records Deletion chr17:58.740.644-58.740.645 17a23.2 2 - Aggregate Info...
< >
“Events: 35 L . 35 Benign: 0 Likely Benign: 0 VUS: 0 Likely P ic. 0 Pathogenic: 0

VALIDATION OF A GENE PANEL

Figure 134. BRCA1 selection and zoom.

When a panel is first loaded, the genes/regions are validated against the current annotations and the regions of
the genes are saved. This allows the software to later know where the gene mapped when it was first loaded as
the positions could change with annotation updates. In versions prior to 5.0, the regions were not validated and
saved. If a panel that was loaded in a prior version is applied in later versions of the software, a warning will be
displayed if the software finds that some locations of genes have changed. The details are displayed as in Figure

135.
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The following genes in Solid tumor were changed since it was defined.
Please let your administrator know and update the gene panel.

AMER1 has been moved from -
chrX:63,404,996-63,425,624 to
chrX:63,404,996-63,425,588

FGF3 has been moved from
chrl1:69,624,735-69,634,192 to
chrl11:69,624,735-69,633,989

FOXL2 has been moved from
chr3:138,663,065-138,665,982 to
chr3:138,663,065-138,665,979

AFDN has been moved from
chr6:168,227,670-168,372,700 to
chr6:168,227,243-168,372,702

MYD88 has been moved from

v

Figure 135. Warning that locations of genes have changed.

If the Panel was loaded by the user, the user can update the regions. If the panel was uploaded by the Admin,
then the Admin will need to update the panels to validate them and save the regions.

IMPORTING A GENE PANEL FOR A SPECIFIC CASE
See section on Importing Panels for Sample Types within the Administrator section.

The user can also import a gene panel to be applied only to a specific sample (the one under review). Use the
Load a temporary gene panel button to load a panel as in Figure 136.

Gene Panel
(Mo Panel)

Mame Gene >|

Load a temporary panel|

Figure 136. Loading a temporary gene panel.

A file chooser will pop up allowing selection of a CSV, TSV. or BED file. Please review the Admin creation of gene
panels section.

SAVING A GENE PANEL

One gene panel can be saved with the sample using the Save button indicated in Figure 137 below. This is
particularly useful for ad-hoc/temporary panels loaded by the user which are not already associated with a sample
type. The next time the sample is opened, the ad-hoc panel will be available for that sample. Ad-hoc panel that is
not saved using this tool will not be available the next time the sample is opened.
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Gene Panel
Gene_Panel_Hereditary_Cancer_DX o B

e

-
| =

Name Coverage Redidsaye this panel for this sample. |

P e L L T L Tmaa Tamm mmner T

Figure 137. Saving a gene panel for a sample.

EXPORTING A GENE PANEL

The data in the gene panel can be exported and saved as a tab-delimited text file using the Export button
indicated in Figure 138 below.

Gene Panel &
Gene_Panel_Hereditary_Cancer_DX ~ | [# . B

.

‘ Mame Cnverage Regions Min R Save this panel to f||e|

TRANSCRIPTS AND COVERAGE THRESHOLDS FOR PANELS

Figure 138. Exporting a gene panel.

To avoid potential false positive results due to poorly covered regions, coverage thresholds (and transcripts) can
be specified during panel creation. The Admin may specify one or more transcripts (displayed in the Coverage
Regions column) and a coverage threshold (displayed in the pop up when hovering over the Min Read column)
for each gene. In such cases, the other columns (Min Read, Coverage %) in the Sample Review window will
have values and will be color coded as indicated in Figure 139.

Gene Panel

TruSight Hereditary Panel Transcripts v |_£| 5 ]

Name Coverage Regions Min Read Coverage %

AIP NM_003977
ALK NM_004304 81.73%
APC NM_000038 81.60%
ATM  |[NM_000051 70.09%

Figure 139. Color-coded values.

100.00% A

If transcripts are specified, the coverage region is taken as the union of all exons in the specified transcripts. If a
transcript is not specified, the region is taken as the entire genic region including introns.

NOTE: The minimum read depth for the gene panel is counted using all reads whereas the read depth track in the
browser displays filtered reads (excluding PCR duplicates and secondary alignments).
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*  Min Read: The observed minimum reads in this region. Hovering over the field displays a pale-yellow pop-up
box with the observed minimum reads and the specified minimum read depth.

- Coverage %: Displays how much of the region meets the specified coverage threshold (Min Read Depth).

Hovering over the Min Read column values will display the min read count and coverage threshold as a ratio. In
Figure 140, the panel coverage threshold (min read depth) was specified as 100 for all genes so the pop up in

the figure below displays 463/100 (min read count/coverage threshold) for gene AIP. Figure 141 is a legend for
the color-coding.

Gene Panel
TruSight Hereditary Panel Transcripts v |_£| (5 ]

Name Coverage Regions Min Read Coverage %

AIP NM_003977 100.00% ~

ALK NM_004304 81.73%
APC NM_000038 463 /100

ATM  |NM_000051 70.09%
BAP1 [NM_004656 65.55%

Figure 140. Min Read and Coverage % for a specific gene.

Min Read field color if minimum read count at/% Coverage color if following percentages of reads
any position in the region meets the followingjare below the coverage threshold
coverage thresholds

<90% \80%
Between 90% and 100% Between 80% and 90%
>=100% >90%

Figure 141. Legend for color-coding.

If one of the rows in the Gene Panel list is selected and therefore highlighted, as in Figure 142, the cell colors will
be of a deeper shade than those displayed in Figure 143 to indicate the cell is highlighted.

\Gene Panel Gene Panel |Gene Panel
| TruSight Heredtary Panel Transceipts B [EL Trusight Hereditary Panel Transcripts BE | TruSight HeredRary Panel Trascripts B

' Name Coverage Regions  Min Resd Coverage % | NMame Coversge Regions MHim Read Cowerage % E Hame Coverage Regiens  Min Read  Coverage %
-~ |NM_017E41 [} o (RE_017841 ;SI]H.. NM_01754] SR
...... HM_003000 [ mM_po3000
- |MM D00 ] ! RM_D03001 (] Sl h | :NF"I 003001
| S0HD |W_poazresos SOMD [WM_001 276504
sixa [Wm_o3aese S0 [WM_032444
IEMAN MM OOSTERD EMANA KW S50 0

Figure 142. Selected/highlighted rows.

0 45 AW,

2 | |Wr_po1 zresos
B0.56% E NM_032444
Lenidi (W OOGTED
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Gene Panel
TruSight Hereditary Panel Transcripts ~ El B

Name Coverage Regions Min Read Coverage %

SDH... |NM_017841 48.48%
SDHB |NM_003000 100.00%
SDHC |NM_003001 20.51%
SDHD |NM_001276504 46.64%

SLX4 |NM_032444 80.56%

SMADA INM_NN5350 27 7R0/4
Figure 143. No row highlighted.

PHENOTYPE-BASED GENE PANELS

Whereas the Admin adds gene panels and associates them with specific sample types, the phenotype-based
gene panel can be applied by the reviewer (no Admin rights needed) for an individual sample.

Addition of this panel can be accomplished via the Filters Tab > Panel Selection (by clicking on the Gear icon)
which will open the Panel Selection window, as seen in Figure 144, or it can be accomplished via the Panels tab
by clicking on the dropdown under Gene panel, as seen in Figure 145.

Filter Parameters X

1 Panel Selection

Show only events overlapping panel |(No Panel) v

(No Panel)

Saved Panel - None

Phenotype based gene panel

Figure 144. Panel Selection in the Filters tab.

Gene Panel N
(No Panel) S (5]
(No Panel) ,-;—”
Saved Panel - None 3
Phenotype based gene panel
=l
Q
=
o
w0
Aggregate Info...

Figure 145. Another way to add a panel.

At least one HPO term must be associated with the sample for this panel to have an effect.
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As seen in Figure 146, before application of the phenotype-based gene panel, there are 876 events.

Repository Help

Home Admin 17-3665_S48_ND_1 AR35 [X]

O QD(DG(D{}GE Not Reviewed Qv v%v@l‘.

chr1:1-249,250,621

¥ chrt

chrl  chr2  chr3 chrd  chr5

chr7  chr8  chr@ chri0 chr11 chr12 chri3 chri4

chri5 chri6 chr17 chr18 chr19 chr20 chr21 chr22 chrX

chrY

E' - 1 [ ~ . 2] o -~ - 'S *:: *.‘
L = . 3 gl .« '
L " tl
s, N L
n e i o I el : -
1|+ e . { %)
-l o »e ’
4d
J [ 2 b U »
. . k33 M
.
SHO|TH ey
.
.
i A
N L]
[
5 Table ] Deleted Events &$* Whole Genome =] Report se || 0 _ e
it [B= @‘ ™ 1scN Copy Number Allelic  Sequence Variants o
~ (98] ~| &
w_l ISee P O Oue eer e e e O O e eie e e e E.. CR Notes - &
Qotrt P l1p. IFe..| AT | 1]3.] 3laT.| 3[AT.. CN... [chr... [1p...| 7... -
ins(... 0 0/ 1.0 2C.. 2|CD... |0....no 1 Fra|Ins... [chr... [1p...] 1 Panel Selection g
1p... 0 0/ 1.0/ 3|C... 2(CD... CN... [chr... |1p...| 2... [
Phi based g... @
ins(.. 0 010 2c.| 2cp..l2shor TnflIns... |chr... [1p...| 1 L} Phenotype based g... &b
Au..| 1pE.. | ole..| 1|pE..]  1|PER3[19 hodT..|U.. . [MissnV [chr... [1p..| 1 ‘oo Z
Au... 1|PE... 0{9...] 1|PE... 1/PER316 |no rT... |U... Mis|SNV |chr... [1p...] 1
Save and Reset...
Au... 1|PE... 0/9...] 1|PE... 1|PER3[18 |no rT... B... Mis|SNV |chr... |1p.... 1 v

*Events: 876 Unclassified: 876 Benign: 0 Likely Benign: 0 VUS: 0 Likely Pathogenic: 0 Pathogenic: 0 LikelyB: 0

Figure 146. Before the phenotype-based gene panel was applied there were 876 events.

After application of the phenotype-based gene panel, the number of variants decreases to thirty, as seen in
Figure 147. In the Panels tab, each region associated with the phenotype is listed along with a p-value, sorted
with the most significant value at the top. The user can click on the column headers of any column to sort as

ascending, descending, or unsorted (menu arrows on the column headers indicate sort order). To display only the
most significant regions, a significance cut-off can be specified in the Max sig. threshold field (default is 0.01),

shown in Figure 148. Specifying 1E-15 limits the list to only those regions that have a p-value less than the

specified threshold of 1E-15.
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Repository Help
Home Admin 17-3665_S48_ND_1 AR35 [X]

¢ IAPDEO DL @ X NotReviewed Qr1*S*2h & chr1:1-249,250,621
Cramn
¥ chrl
chri_ chr2 c¢hr3 chrd chr5 ch6 chr7  chr8 chr® chr10 chri1 chr1i2 chr1i3 chri4 chriS chr16 chr1i7 chri8 chr19 chr20 chr21 chr22 chrX chrY
) ~ ~ ~ ~ ~ A ~ -, - - o = " n A ~ - o ~ ~
| { 0 58
B 1 F-fgat
4 f | ¥, 9y,
: | B i
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-
5
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[ ]
Table 1fll Deleted Events &5 Whole Genome =] Report & “ A _
fo =8 @ ™ l1scN Copy Number Allelic  Sequence Variants
~ (98] o
L] IS.. P.. O.. 0. o v we we Oue Our vt vv v ww oo B CR .. .. .. Notes -
Lot B {lip,, [Fe..|  1AT..| 13.] 3[AT.| 3lAT... CN... chr... [1p... 7... ~
1qg... |M... 3{HJ... 2|5...| 45|LI... 24|PF... AOH |[chr... |1q...|2 Panel Selection
del... |Fe... 1/SP... 1/6...] 1|SP... 1|SP... |0...jno 1 InfiDel...|chr... |4q...| 3 ] Ph hased %5
/]
4q... |Fe...|  1[SP..| 1/6.. 1/SP..|  1|SP.. CN... |chr... |4...| 4... B sl
5q... |Ab... 18/HI... 3|2...| 37|HI.. 25/HI... AOH |[chr... |5...]2,... ramn h
ins(...(H... 1|PC... 1/3...] 1|PC... 1|PCLO|6... Infilns...|chr... |7q...] 1
ins{ nof nrns... [ohr... 179 Save and Reset...
H... 1/PC... 1/3...] 1|PC... 1/PCLO[11 |no 1 P...|Mis|SNV |chr... |7q...] 1 ¥
*Events: 30 Unclassified: 30 Benign: 0 Likely Benign: 0 VUS: 0 Likely Pathogenic: 0 Pathogenic: 0 LikelyB: 0

Figure 147. The number of events has decreased to thirty after applying the phenotype-based gene panel.

Gene Panel

Phenotype based gene panel v |_£| %]

Max sig. threshold: 1.0E-15
Name Gene Region P—ValueA
TM4SF20 chr2:228,226,753-2...|1.720E-20 2
NAA15 chr4:140,222,658-1... |7.567E-20

GPR88 chr1:101,003,694-1... | 2.459E-19

MYT1L chr2:1,792,884-2,33...1.013E-18

CUX1 chr7:101,459,286-1... |1.013E-18

FRA16E This gene is not in t...|3.174E-18 v

Aggregate Info...

Figure 148. Specifying a maximum significance threshold for the phenotype-based gene panel.

If the HPO terms associated with the sample change, the phenotype-based gene panel is updated to reflect this
change. A gene imported into a phenotype -based panel that does not exist in the current RefSeq database will
display a message stating as such as there can be differences in the genes obtained via HPO versus RefSeq.
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Hovering over the gene symbol in the list displays a tool tip indicating how the gene was identified by displaying
which sample phenotypes link to that gene and how (to what degree). The terms are displayed in levels (based on
distance from the sample phenotype) in the following format, shown in Figure 149.

Gene Panel
Phenotype based gene panel v El 3 ]
Max sig. threshold: 0.01

sio)i4

Name Region P-Value

PMPCB chr7:102,937,88...|3.455E-47 ~
2 chr6:44.266.467...13.503F-47
Level 1

Seizures

Level 2

Spasticity->Spastic tetraparesis
Dystonia->Limb dystonia

y Global developmental delay->Severe global developmental delay
Level 3

Seizures->Infantile spasms
chr9:130,965,63...|5.353E-47

PPP3CA chr4:101,944,57...|16.429E-47

—u 4 A~ 1 PR . T T FEV.N L]

ued

Aggregate Info...

Figure 149. Gene HPO term -> patient phenotype (HPO term) linking to the gene HPO term.

The HPO terms linked to the gene are segmented by levels (up to three levels will be displayed), as described
below:

* Level 1: Exact match to sample phenotype
* Level 2: One node away from sample phenotype.
* Level 3: Two nodes away from sample phenotype.

Figure 149 above is from a sample with phenotypes that include Seizures, Spastic tetraparesis, Limb dystonia,
Severe global developmental delay, and Infantile spasms. The tooltip is for the gene AARS2.

Level 1 lists only Seizures because it is the direct sample phenotype associated with the gene AARS2.

The sample phenotype Spastic tetraparesis linked to the gene AARS2 is Level 2 because it is one node away
from the HPO term Spasticity, which is directly associated with AARS2, see in Figure 150.
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1 G

Figure 150. Sample phenotype is one node away from Spasticity.

Sample phenotype Infantile spasms linked to AARS2 is Level 3 because it is two nodes away from the AARS2
HPO term Seizures, as seen in Figure 151.

2 1 CC

Figure 151. Two nodes away.

Guidelines for Reporting

The Guidelines feature is a list of variants in a table format that the user can mark as “Detected” or “Not
Detected”. The primary purpose of the Guidelines feature is to easily transfer as a table onto a report template.

CREATING AND LOADING GUIDELINES FILE

To utilize the Guidelines feature, a Guidelines file will need to be created. This file should list the name of a
variant in each row in free text format. The header (or first row) of the file should be “Guideline-based variants”.
The file is saved with .txt extension.

Admin user may upload the Guidelines file by navigating to Admin tab > sample types (select the sample type
name) > Guidelines tab and then clicking on the + button. The name of the .txt file will load as the name of the
guideline and each row of the .txt file will be displayed as a separate variant. Only one guideline may be
associated with a sample type. Once a guideline has been used by a sample in the sample type, then the
guideline cannot be replaced or deleted.
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GUIDELINES IN SAMPLE REVIEW

When reviewing a sample, the Guideline Variants list can be viewed in the Guidelines tab under the Panels tab
to the right of the table panel (see Figure 291).

Acute_Myeloid_Leukemia (e8|~
Guideline Variants Detected Not Detected L
3_GATA2::MECOM_translocati...| @ | @, :
3_MECOM_rearrangements [ O | @ ==
5_wholechromosome_monoso.... () | (O [[|

5q_wholearm_deletion | O | O
5q31.2_deletion
7_wholechromosome_monoso...|
7031.2_deletion '
?q_whlﬁlearm_dei.etion
11_KMT2A_rearrangements

o L=, |

|

I
)

Figure 291. Guidelines tab.

In sample edit mode, users may mark each variant in the list as “Detected” or “Not Detected” by clicking on the
circle button for each row. Additionally, users may select multiple variants by holding down the CTRL button and
clicking on the rows. Then the user can mark as detected or not detected by clicking on the in the upper right
corner of the Guidelines tab. Marking variants as Detected or Not Detected will be saved in the guideline-based
Variants Audit Log. This audit log can be viewed by clicking on the in the upper right corner of the Guidelines
tab.

Creating and Visualizing Related Samples/Trio Analysis

Related samples: Sometimes a sample is related to others in the database, and it is useful to view and analyze
these in comparison to each other. One example would be samples that are from the same individual but taken at
different times (e.g., for cancer samples — diagnosis, remission, relapse; or family relationships — Proband,
Mother, Father, Sibling). Such samples in the database can be linked together using the Linked Sample ID and
Linked Sample Relationship attributes.

To link samples, a unique ID must be assigned to the samples via the Linked Sample ID attribute. This ID must
be the same across the samples being linked to each other . Other needed information is the Linked Sample
Relationship field. To link samples, the samples must all map to the same genome build. Attempting to link
samples belonging to different builds will display an error message.

Click on the Sample Info button to bring up the respective window. Fill out the appropriate Linked Sample
Relationship details from the dropdown menu (values available here are defined by the VIA Administrator).
Assign a Linked Sample ID to the sample, ensuring the same Linked Sample ID is used for all related samples.
Assign a status (Affected, Unaffected, Unknown). In Figure 152, this sample is the Proband.
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Linked Sample Id: AR-trio

Linked Sample Relationship: Proband -
TrioQualityCheck: Trio Quality Check
Affected Status: Affected v

Figure 152. Proband sample.

One mother, one father, and unlimited siblings can be associated with a sample. If the Linked Sample
Relationship is set to Proband the Affected Status is automatically set to Affected.

Trio Quality Check

ACMG guidelines recommend checking for biological family relationships when performing trio and family-based
analyses. There is an option to perform trio quality checks to confirm the family relationships created for both
array and NGS samples. When opening a Proband sample, VIA will warn if there is an unusually high rate of
Mendelian errors (>0.01 for a single parent, >0.05 for both parents); only one parent sample is required for the
function to run. Samples that can be used with VIA's inheritance pattern must be linked to other related samples,
(e.g., Proband) as part of a trio. This trio quality check can also be run manually from the Information window .

The calculation uses the relationship meanings rather than the Linked Sample Relationship values to ascertain
the relationship between samples. The trio quality check algorithm checks for Mendelian errors at positions where
calls are available for the proband and all parent samples. For array samples, it checks for alleles (e.g., mother
containing allele A of the proband and father allele B, or vice versa); for NGS samples, it does a similar check, but
looking at the nucleotide at relevant positions. Since positions that are called as being homozygous for the
reference allele are usually not specified explicitly, in practice, Mendelian errors are usually only counted at
positions where all samples are either heterozygous or homozygous for an alternate allele.

After calculation is performed, the Mendelian error rate will be displayed, as seen in Figure 153, and state
whether it is high or Ok. If the rate is high, the warning will be displayed whenever the linked sample is opened for
review. For samples that have both sequence variants and array data, the error rate from both BAFs and
sequence variants is reported.

Mendelian error rate from BAFs is OK: 1.324% (9517/719029 for both parents) |
Linked samples don't have SNV data for parental verification

Figure 153. Mendelian error rate notice.

Parent Of Origin (Source Of Affected Allele)

Often it can be informative to know which parent was the source of the aberration. The Parent of Origin column
displays this information for CNV/AOH and SeqVar events. For de novo CN and AOH events (no overlapping
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events in either parent), parent of origin is determined using informative SNP probes/BAF values from the
parent(s’) sample(s) and the proband. The parents must both be homozygous with different alleles (AA vs. BB or
vice versa) or one parent must be homozygous and the other must mostly have the other allele.

Calculations can be run if there is at least one parent linked to the proband and the family samples require SNP
probes/BAF values (same processing type). If calculations cannot be run due to lack of data (e.g., proband does
not have SNP probes/BAF values), the Parent of Origin column will be empty. If there is enough data to run
calculations but BAFverification failed (e.g., the SNP probes/BAF values do not match), an error will be displayed
when attempting to add the Parent of Origin column to the table, as seen in Figure 154.

Unable to show Parent of Origin calculations for de novo CNV and AOH events because
the BAF/SNP probes of the linked samples don't match. For de novo Parent of Origin
calculations, the linked samples generally need to have the same data/processing type
(and NGS/BAM samples need to be (re)processed with version 4.1 or later).

Figure 154. Parent of Origin warning message.

Identification of the parent of origin for inherited copy number events uses the similarity score between the
proband and parent events. If similar events exist in both parents, it will be reported as CONFLICTING.

The Parent of Origin column from the table indicates parent of origin as well as whether the event was inherited
or is de novo, as seen in Table 11.

Table 11. Parent-of-origin information.

Parent of Origin Inheritance Comments
BOTH - Inherited Recessive, Dominant
BOTH - Inherited Recessive, Dominant

De Movo, Recessive (Co...
BOTH - Inherited Recessive, Dominant
FATHER - Inherited Recessive (Compound ...
EITHER - Inherited Recessive (Compound ...
FATHER - Inherited Recessive (Compound ...
FATHER - Inherited Recessive (Compound ...
BOTH - Inherited Recessive, Dominant

If there are not enough probe positions to use for the calculations, a note of insufficient data will be made in the
column. If the origin is identified, the parent will be noted (e.g., FATHER) and information on probe positions will
be noted as well. Here are the possible values in the Parent of Origin column:

MOTHER/FATHER - de novo: for each SNP probe locus overlapping an event, genotypes from the proband are
assessed for their Mendelian inheritance against the parental genotypes. A probability score for each SNP
position is then issued. An overall statistical metric, Likelihood Ratio, is calculated based on the array of
probability scores; indicating how many times the event is more likely to be inherited from one parent versus the
other. A minimum threshold of 10 times (10X) has been set for the Likelihood Ratio.
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INSUFFICIENT_DATA - de novo: If the likelihood ratio is between 0.1 and 10.
NOTE: An empty cell indicates that an event overlaps an event in a parent.

Parent of Origin events for inherited CNV/AOH is based on a similarity score of proband and parent events. If
one parent has a similar event, the Parent of Origin will be noted as either MOTHER - Inherited or FATHER -
Inherited. If similar events exist in both parents, Parent of Origin will be marked as CONFLICTING_DATA -
Inherited, indicating that one cannot be sure which parent it was inherited from as some probes can indicate
FATHER and other probes, MOTHER.

A similar concept is used for inherited SeqVar events (whether the variant is present in one or both parents):
MOTHER - Inherited: Variant present in mother.

FATHER - Inherited: Variant present in father.

EITHER - Inherited: Variant present in both parents and is heterozygous.

BOTH - Inherited: Variant present in both parents and is homozygous.

Informative probes may be color coded in the BAF track based on the parent of origin, blue for paternal and pink
for maternal, as indicated in Figure 155.

¥ BAF

T T T u T Y T T T T T
16 Mb 17Mb 18 Mb 19 Mb 20Mb 21 Mb 22 Mb 23Mb 24 Mb 25 Mb 26 Mb

Figure 155. Maternally derived probes depicted as larger pink probes.
Track Display For Linked Samples
Once all relevant samples have been linked, click on the Tracks tab of the Sample Review Preferences window,

and select the desired tracks to see in the display in the Linked Sample Relationship group, as shown in Figure
156.
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Table Tracks

Track Show Description

= . Linked ngple Relationship
= | Father

----- SeqVar[Father]

----- BAM Depth[Father]
----- BAM Reads[Father]
=l Maother

----- CNEvent[Mother]
----- Probes[Mother]

----- Zygosity[Mother]

----- BAF[Mother]

----- SeqVar[Mother]

----- BAM Depth[Mother]
----- BAM Reads[Mother]
[+ Proband

[+ Sibling

z
[=}
w,
=
&
=
[
I S I R I N

CORICRICE]

Figure 156. Linked sample relationship group.

Click and drag the tracks in the Track Layout section to change the display order of the tracks, as seen in Figure

157.

Track Layout

Sequence

Gene

CMEvent

SeqVar
CMEvent[Father]
CMEvent[Mother]
SeqVar[Father]
SeqVar[Mother]

b

Colors for | Probes ~ | Track:

Probes Visible [ Color .
Segments Visible [ Color .

Probe Track Visualization: | Density based Ideogram Event Size: Small

Moving average
Moving Avg Line Visible [ Color Line thickness: 2iF

Window size (Mb): 10.0

Rainbow Color for Genome View

Now the available linked samples will be visible in the browser, as seen in Figure 158.

Figure 157. Track Layout image.
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» chrd q28.1
123.850 Wb 123.875 Wb 124.000 Mb 124.025 Mb
I I I 1
* Gene } H :
¥ CHEvent P CN Loss 00RO i
> Seqifar

P CHNEvent[Father
P CHEvent[Mothe(] 1
» Seq\far[Father]
> Seqifar[Mother]
¥ Zygosity[F ather]
» Zygosity[Mother]

P Frobes

Figure 158. Available linked samples.

Detection of Uniparental Disomy (UPD) Events in Trios or Duos

For SNP arrays and WES/WGS (high coverage); can only be used as Duo or Trio sets with at least one parent
sample linked to the Proband sample (not intended for oligo arrays, NGS panels or low-pass WGS).

NOTE: Significant improvements were made to UPD detection and parent of origin calculation in VIA 6.1 Build
14418, so it is recommended to use this build or higher.

Uniparental disomy occurs when an individual receives two copies of a chromosome, or a part of a chromosome,
from one parent, and no copy from the other parent. UPD can occur via heterodisomy (hUPD), wherein the
individual inherits a pair of non-identical chromosomes from a single parent, or isodisomy (isoUPD), in which a
single chromatid from one parent is inherited and subsequently duplicated. Detection of UPD is of clinical
relevance in the context of imprinting disorders and in the manifestation of recessive disorders where only one
parent is a carrier.

Setting up Sample Relationships: For a Duo or Trio, sample relationships can be created by using a single
Unique Linked Sample ID for all members of the family set and assigned the relevant Linked Sample Relationship
for each member (e.g., Proband, Mother). This can be done by either editing sample attributes after uploading the
samples through the Home page (Sample Information window) or by including these details in the batch upload
file at the time of sample upload. Users can then run the UPD tool. UPD detection can be performed on a
Proband with at least one parent in Edit mode using the Check for UPD button in the toolbar, as shown in Figure
159.

Repository Help

Home = Admin | Profiles

€ @ [y ot Revewas v (1~ & % & 08 View: [amn vetmue | by iy M
7 || Tracks Variant Details Check for UPD
' H < $eeQ-TE

Figure 159. Check for the UPD button in Sample Review.

« The UPD button is active only in Edit mode.
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*  Upon clicking the Check for UPD button, existing AOH or Al calls in UPD regions will be deleted and
replaced with hUPD or isoUPD calls; the AOH/AI calls will be moved to the Deleted Events table. A warning
to this effect is visible as in Figure 160.

Warning x

] Some existing AOH and Allelic Imbalance events and any associated notes and classifications
might be deleted and replaced with isoUPD calls.
Do you want to proceed?

Figure 160. Deleted Events warning.

e UPD calling distinguishes UPD from autozygosity (homozygosity with two alleles identical by descent);
regions of autozygosity remain labeled as AOH.

« The Check for UPD button is not visible if the sample does not have SNP data.

« UPD calling can only be run once; the button is disabled after processing is complete; to re-run UPD calling,
the sample must be reset and re-processed.

Analysis of results: In case no UPD events are detected, a message box will appear stating so. If UPD events
are detected, they will be listed in a pop-up window after the tool is run, as seen in Figure 161.

NOTE: The minimum LOH length processing parameter also applies to iso/hUPD events so that events smaller
than the specified length in the processing type are not displayed.

chr5:45,586,917-50,254,866: HETE RO _UPD PATERNAL
TERC _UPD_PATERNAL
ch 84 »324,335: ERO_UPD_MATERNAL
ch 9 113,061: HETERO_UPD_MATERNAL
8: IS0 UPD_MATERNAL

: ISO_UPD_MATERNAL

Y

Ok

Figure 161. UPD events detected.

UPD events are represented as follows:

*  Within the Ideogram view, a color scheme is used to denote UPD events as seen in Figure 162 below.
* isoUPD: Yellow painted chromosome with pink (maternal) or blue (paternal) edges representing
informative homozygous SNPs.

» heteroUPD: Yellow painted chromosome with a pink (maternal) or blue (paternal) central line representing
informative heterozygous SNPs.
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Figure 162. Ideogram color scheme for isoUPD and hUPD events.

Tracks view (see Figure 163): While viewing a selected chromosome or region, parent of origin informative
probes in the BAF track are displayed in the relevant color (pink=maternal; blue=paternal). A shade gradient
is used, where washed out or lighter shaded probes indicate lower probability for the specified parental origin.
Deep (dark) color probes indicate the highest evidence. Non-informative probes are colored grey. IsoUPD or
hUPD labels are also visible in the Zygosity track using the same color coding as the ideogram view.

Tracks Variant Details
ﬁ 4r3eeqQ i

> chris =

arew

25 Mb 50 Mb 75 Mb 100 Mt
] i ] ]

¥ Zygosity _— hUPD
hUPD

isoUPD

¥ Prabes e CN

RS AR Uk T Wl 7 oo Mkt o
Vool o

O

Figure 163. Tracks view.

Table view: New calls, isoUPD, and hUPD are added in the Event field. The Parent of Origin column
indicates the probability for the parent of origin as calculated. The exported sample review table file indicates
if a UPD check was performed with the line, #UPD Processing Performed = true.

Filter pipeline: The Show/Hide Allelic Homozygosity Events button now also applies to hUPD and
isoUPD events. The Filtering pipeline (Allelic Events filter) allows displaying UPD events based on event
type (Remove all hUPD/ isoUPD calls) or based on size/number of probes.
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» Variant Details tab: In the Variant Details tab, the ISCN 2020 notation for the UPD event is provided, along
with information on the Parent of Origin and the Likelihood ratio.

Creating Linked Samples

Linked Sample Relationships/Trios
A set of flexible attributes allows samples to be associated with each other and linked together in different ways.

TRIO/FAMILY RELATIONSHIPS

Samples may be linked together for Duo or Trio familial analyses with user-configured labels to specify the family
relationships. A Trio linked sample relationship allows the sample to utilize specific features in VIA such as
inheritance pattern filtering, parent of origin for events in the proband, differential coloring of probes inherited from
mother vs. father, and the ability to view parental samples (e.g., events or probes) in the proband sample review.

Other Linked Sample Relationships

Samples may be linked together in other ways such as by patient or by samples (e.g., blood, primary tumor
tissue, post treatment sample) taken from a single patient. This is often done with cancer samples where tissue is
taken at different periods to track the cancer’s progress. Another scenario using linked samples can be multiple
embryos for preimplantation genetic testing (PGT). Linking samples allows for easier querying as well as the
ability to visualize all samples in a single view.

Linked Sample Attributes
To associate samples with each other, use:

« Linked Sample ID: A unique ID for all samples belonging to that relationship; any alphanumeric string (can
be a single word or multi-word)

« Linked Sample Relationship: Values defined by the Admin; Defaults in VIA: Proband, Mother, Father,
Sibling (can be edited by the Admin), as seen in Figure 164.

«  Affected Status: Clinical status of the patient, labeled as Unaffected, Affected, or Unspecified (unknown),
as seen in Figure 165.

EE e SN iga o Workflow | Event Classification | Dedision Trees | Sample Review Preferences = Gene Panel = Reports | Guidelines

MName OnHome Tab || Labels
Display Mame
Gender Mother

Linked Sample Id E

|Pr0band
Sibling

|Phen0types

ISCN

Motes

Sample Interpretation
References

Word Report File Mame

(I

Figure 164. Default values for Linked Sample Relationship.
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Bl YW= VWorkflow | Event Classification | Dedsion Trees 7 references | Gene Panel | Reports | Guidelines
Name: On Home Tab || Labels

Display Mame

Gender Affected

Linked Sample Id Unspecified

Linked Sample Relationship
Affected Status

<00

Motes

Sample Interpretation
References

Word Report File Mame

Figure 165. Default values for Affected Status.
Linked Samples Tab

The Admin can further customize the labels for Linked Samples to best represent lab workflow or local language.
The Linked Samples Tab has a list of labels used for Linked Sample Relationship and the associated
relationship meaning. Some family relationships need to have a standard meaning that the software can
understand for calculations such as trio quality check, parent of origin, and recessive inheritance filtering. The
relationship meaning values are selected using a dropdown and restricted to the following: Father, Mother,
Proband, Sibling. For example, the Admin could create a new label called Dad which would have the meaning
Father, shown in Figure 166.

Home m Profiles

Regions Userz Platforms Sample Types BAM References  Methylation References  OGM BAM References  Variant Detail: Custom Files Task Queues Processing Usage

Linked Sample Relationship label Relationship Meaning
Sibling Sibling

Mather Mother

Father Father

Proband Proband |

Figure 166. Relationship Meaning values.

To add a new label, click the + button and enter a label. Use the dropdown to select a relationship meaning and
click Save Changes. Now the label Dad can be used in the Sample Attributes section. See Figure 167 for an
illustration of this attribute.

Workflow = Event Classification = Decision Trees = Sample Review Preferences ~ Gene Panel leports | Guidelines
Mame OnHome Tab || Labels
Display Name ] Father
Gender [v] Mother
Linked Sample Id [V] Proband
Linked Sample Relationship Sibling

Affected Status
Fhenotypes

ISCH

Motes

Sample Interpretation
References

Word Report File Name

I I N N

Figure 167. Adding a new label.

When any family calculations are performed on a sample, the software will know that Dad means Father and
compute accordingly.
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The Phenotypes Attribute

The Phenotypes attribute is a special attribute that allows association of HPO terms with the sample. This is
specific to each individual sample and therefore added during or after sample upload. See the Creating a Sample
Type, Sample Loading and Processing section for details on associating phenotypes.

Creating a Sample Type, Sample Loading and Processing

The Administrator assigns user privileges for loading and processing samples and can be contacted to modify
user accounts if loading and processing are not available.

File Type Requirements and Data Modalities

A Sample Class defines the type of input data, or rather, the technology or platform from which the data is
coming. The Sample Classes available are dependent on the VIA license which indicates the Sample Classes
supported for a specific installation. Available Sample Classes include:

e Array Only: Input files are only composed of array data.
* NGS and Array: Input files may be array data and/or NGS data (BAM, VCF, JSON).

e GxA-Cyto: Input files must be GTC files from lllumina GSA-Cyto or GDA-Cyto arrays; GxA-Cyto final report
files and standard GSA/GDA arrays cannot be processed with this class.

*  Low-Res WGS: Input files are only composed of NGS data (BAM, VCF, JSON).
» Methylation: Input files are only composed of methylation data (IDAT).
 OGM and NGS: Input files may be OGM data and/or NGS data (BAM, VCF, JSON).

A sample type is defined by the Sample Class, Genome Build, and Modality (CNV, SeqVar and/or SV). When
creating a sample type, a sample class, which cannot be changed later, must be selected.

e For CNV and AOH analysis from microarray data, use Array Only for sample class.
*  For sequence variant analysis, use NGS and Array.

*  For estimation of CNV from NGS, use NGS and Array.

e For structural variant analysis from OGM, use OGM and NGS.

OGM Sample Type
COPY NUMBER VARIANTS FOR OGM SAMPLES

There are three data type options for CNV from OGM data:

1. OGM VCF
2. OGM BAM Multiscale
3. OGM BAM Self-Reference

The OGM VCF data type, which includes copy number variants, is generated from the Solve algorithm and
imported from Access. OGM VCF data files are saved under the *.ogm.vcf file format.
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The OGM BAM Multiscale data type requires an OGM BAM reference which is created with a set of
cytogenetically normal samples through the BAM Multiscale Reference Builder. OGM BAM Multiscale files are
characterized with the ogm.bam file extension. As optional, indexed OGM BAM file content (*.ogm.bam.bai) will
be automatically uploaded into VIA, together with the ogm.ban files, if both file formats are located with the same
path.

The OGM BAM Self-Reference data type uses the proprietary self-reference algorithm to estimate copy number
from OGM data. The input file for the OGM BAM Self-Reference data type is the ogm.vam file. As optional,
indexed OGM BAM file content (*.ogm.bam.bai)will be automatically uploaded into VIA, together with the ogm.bam
files, if both file formats are located with the same path.

CNV Platform for OGM Sample Type
OGM VCF PROCESSING TYPE

A mock-up of the OGM VCF Processing Type, Example OGM Thresholds, is installed by default in VIA. From
this template, a functional copy can be created, edited, and associated with an OGM sample type. OGM VCF
Processing settings are defined as shown below:

calls

Type: Threshold
High Gain: 45

Gain: 225

Loss: 1.75

Big Loss: 05

Male Sex Chrom Gain: 13
Male Sex Chrom High Gain: 3.0
Male Sex Chrom Big Loss: 0z

Figure 168. OGM VCF Processing settings.

OGM BAM MULTISCALE PROCESSING TYPE

A mock-up of the OGM VCF Processing Type, “Example OGM BAM Multiscale” is installed by default in VIA.
From this template, a functional copy can be created, edited, and associated with an OGM sample type.

OGM BAM SELF-REFERENCE PROCESSING TYPE

A mock-up of the OGM VCF Processing Type, “Example OGM BAM Self-Reference” is installed by default in
VIA. From this template, a functional copy can be created, edited, and associated with an OGM sample type.

BAF FROM OGM.BAM

For the OGM BAM Multiscale and OGM BAM Self-Reference, the probes on the BAF track are created with the
parameters defined in the BAF from OGM.BAM processing setting. BAF from OGM.BAM has a minimum
coverage threshold defined as Reject labels with coverage less than. Also, there is the ability to define a
minimum MAPQ threshold under Reject reads with MAPQ less than setting. The OGM cluster file for BAF
provides the location of the SNP probes for the BAF track.
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Structural Variants for OGM Sample Type

OGM VCF is the only data type for structural variants (SV). The input file for OGM VCEF is the *.ogm.vcs file.

Sequence Variants for OGM and NGS Sample Class

Along with CNV and SV, sequence variants can be uploaded in the same sample for sample types created under
the OGM and NGS sample class.

SAMPLE ATTRIBUTES FOR OGM SAMPLE TYPE

The sample attributes below are available by default in the OGM sample type.

Table 12. Sample attributes.

Job ID The Job number in Access

OGM Reference The reference (.cmap) file used

Access version Version number of Access software that processed the sample files

Solve version Version number of Solve software that processed the sample files

Job type The job type specified in Access (such as Guided Assembly, De Novo Assembly)
N50 (>=150kbp) The molecule length N50 for all molecules that are = 150 kbp in length.

Total length (>=150kbp) The total amount of DNA that is detected in this flowcell across all runs of this chip
Map rate The percentage of molecules that map to the reference for molecules = 150 kbp. If no

reference genome is provided, the metric is blank.

Average Label Density (>=150kbp) The number of labels that are detected by the image detection algorithm per 100 kbp of
DNA length for molecules = 150 kbp.

Effective coverage of reference

Although the attributes are available by default for the OGM sample type, the fields must be selected in Access to
import into VIA.

Uploading and Processing OGM samples

OGM samples can be uploaded directly from Access by selecting the option to Upload to VIA when submitting a
sample for processing. NOTE: VIA server settings should be set up in the System Services Settings in Access
to connect to VIA Server. Details on how to set up the VIA connect can be found in the Bionano Access User
Guide. Once the sample is uploaded, then the sample can be processed in VIA by searching for the uploaded
sample(s) and selecting it(them) to process.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 116 of 242



bionano

Alternatively, OGM samples can be manually uploaded into VIA through the Data or the Batch Import method.
The *.ogm.bam (with the accompanying *.ogm.bam.bai) and *.ogm.vcf file for each sample are required to
manually upload into VIA. These samples files can be downloaded from Access by selecting the sample in Home
> Analysis > Project Name and navigating to the Options section.

Samples > Upload > Data Method

If OGM BAM Multiscale or OGM BAM Self-Reference is selected as the data type for CNV and OGM VCF is
selected as the data type for SV, then the prefix name of the ogm.bam and the prefix name for the paired
ogm.bam.bai and ogm.vcf files must match for the files to be loaded as one sample. For example, if uploading a file
named sample1.ogm.bam, the prefix name “sample1” should be used for the paired files such that the names of
the files would in this example case be sample1.ogm.bam.bai and sample1.ogm.vcf. Matching the prefix names
for the paired ogm.bam, ogm.bam.bai and ogm.vcf files is only necessary when uploading samples using the
Samples > Data method. When using the batch import method, the files specified in each row will load as one
sample.

Single Sample Loading

CNV specifies the assay/platform/manufacturer of data for this sample type. Data can be from NGS using the
BAM MSR or Self-Reference algorithms or it can be an array platform. Dropdown fields (Data Type,
Manufacturer, Assay Name) allow one to specify details of this component. In addition, a processing type needs
to be selected using the Processing Type field for this modality. Multiple processing settings may be associated
with a single Sample Type CNV modality, and the user chooses which one to apply during processing.

SeqVar specifies the type of input data for sequence variants for this sample type. Input data can be unannotated
VCF, annotated VCF, annotated JSON, or an unannotated file that is to be annotated using Nirvana linked to VIA.
In addition, a processing type needs to be selected via the Processing Type field for this modality. Multiple
processing settings may be associated with a single Sample Type SeqVar modality, and the user chooses which
one to apply during processing.

SV specifies the input data is coming from the OGM. OGM VCEF is the only Data Type for structural variants (SV).
The input file for OGM VCEF is the *.ogm.vcs£ file.

The processing type specifies the parameters to be used for processing the CNV or SeqVar component of a
sample and each modality (CNV/SeqVar) of a sample type must have at least one associated processing type.
The parameters are specified in the Platforms tab, where the user selects which processing type to apply during
sample loading and processing.

The requirements for loading and processing data of the different classes are based on the type of license
purchased. One can have a license to process samples belonging to one class only or to multiple classes. Once a
sample type has been added by an administrator, data can be loaded into the VIA database through the main VIA
interface (Home tab). Only users with permission to load data can perform this task (user permissions are set by
the VIA Administrator). Data loading is performed using the Samples dropdown at the top right of the window.
The Upload button will be grayed out for those without the correct privileges.
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Samples ¥ A i

Data Upload >

Batch Import Export -]

Attributes Process...
Duplicate...
Reset...
Delete...

Figure 169. Samples dropdown menu.

There are two ways to load data. The simplest method is to load raw data by selecting the input files using a file
chooser. In some cases, data upload with a sample descriptor (a text file containing names of raw data files to
load) may be preferred, for example when uploading large volumes of legacy data or when a user needs to load
samples and attributes at the same time.

To load data of different sample types (e.g., Affymetrix CytoScan arrays, lllumina CytoSNP 12 arrays) using the
file chooser, all files of one sample type must be loaded before data of another sample type can be loaded, e.g., if
there are 10 lllumina CytoSNP 12 files and 15 Affymetrix CytoScan HD files to load then first select lllumina
CytoSNP 12 in the Sample Type dropdown and add the 10 lllumina final report files and click Upload. Next,
again select Samples > Upload > Data... and then select the appropriate sample type. Select the 15 Affymetrix
CytoScan HD sample files to upload.

NGS data on AWS stored on Amazon S3 can be accessed directly by VIA clients and a processing server.
Batch Loading

The batch import feature will support files (BAM, VCF or JSON) located on s3. To specify files, use the following
syntax.

NOTE: The path is case-sensitive; s3 must be in lower case, as shown below:
s3://s3-bucket-name/filename.VCF

s3://s3-bucket-name/filename.bam

To quickly load many samples in batch rather than selecting one by one, users will need to create a tab delimited
text file (descriptor) that contains the file names and sample names (see Figure 172 below). There are two
different tools available for batch upload using a text file based on the types of samples that are being uploaded
and the processing settings to be applied:

1. All samples are of the same sample type (e.g., all are Affymetrix OncoScan samples) and the same
sample processing setting is to be applied to all the samples.

2. Samples are a mixture of different sample types (e.g., Affymetrix OncoScan, lllumina Infinium CytoSNP
850k — Postnatal, lllumina Infinium CytoSNP 850k — Prenatal) and/or different processing settings are to
be applied to different samples. Some of the OncoScan samples should be processed with the Affymetrix
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TuScan algorithm and others should be processed with the SNP-FASST2 algorithm. This method also
allows loading of multiple modalities together (array data, VCF/Nirvana JSON file, BAM file).

Sample Mame .
C:\Data\Jun14 1 L.txt
C:\Data\Junld 1 2.ixt
C:\Data\Junl4 1 3.txt
C:\Data\Jun14 1 4.txt
C:\Data\Junl4_2 1.txt
C:\Data\Junl4 2 2.txt
C:\Data\Junld 2 3.ixt
C:\Data\Junl4 2 4.txt

b3 opa

W 0o o~ oOnoLn

Figure 170. File names and sample names.

NOTE: For sample names, certain characters, such as the colon, forward slash, back slash, and others, cannot
be used in the sample name. The software validates sample names before loading. If the sample name contains
the restricted characters, an error message is displayed, and the sample will not be loaded.

Batch Uploading Samples of the Same Sample Type

To upload in batch, samples of the same sample type and same processing settings, a sample descriptor file is
needed. This is a tab-delimited text file containing sample names, file locations, and optional attributes.

The Sample Descriptor Format requires a column header row. Table 13 below describes the required and
optional columns for a sample descriptor.

Table 13. Required and optional columns for a sample descriptor.

Sample Name The first column must contain sample names. This can be just the file name itself (if the
sample descriptor is in the same directory) or the full file path. This column can be called
Sample Name and the values must be unique names. Two samples cannot have the same
name.Note for lllumina data, the sample name in the first column must match values in the
Sample Name or Sample ID column of the final report file. If it does not, an error message
will be displayed after the files are parsed. Another column must have the header Filename.
If the sample file is in the same directory as the descriptor file then just the filename can be
listed. If the file is in any other directory, the full file path must be used in this column.

Required

Reference File Specifies the name of the reference file to use. To ensure the correct reference name is
used, first use the Upload->Data tool to view all available reference files and enter the
relevant reference name into the descriptor. If the appropriate reference files are not
displayed here, please contact your VIA Administrator.

Required for Agilent CGH+SNP arrays and for sample types deriving CNV from BAM
files (Data Type = BAM Multiscale)

Filename Location of the sample file for loading CNV data. Just the file name or full file path can be
used (e.g., C:\Projects and
Data\Data\OncoScan\OncoScanFFPEAssaySample_01.0SCHP).

Required for lllumina Final Report files
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Display Name The sample display name — the name to be displayed for this sample within VIA. Typically
specified manually in the Sample Info window.
Optional
Panel Enter the name of a gene panel to be pre-selected during sample review. The gene panel
must already be associated with a sample type prior to loading the descriptor.
Optional
[sample attribute Column headers are the sample attribute names. Values in the columns would be the
columns] sample attribute labels. Note that the attributes listed in the descriptor file must match those

associated with a sample type in the VIA system. The attributes associated with a sample
type can be found in the Sample Types tab, in the Sample Attributes subtab. Note that the
Gender attribute can only have values Male, Female, and Unspecified. One cannot use M to
designate Male, for example.

Optional
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Agilent CGH+SNP arrays and BAM files for deriving CNV, a column called Reference File is required with the
reference file specified here. Figure 173 and Figure 174 illustrate how to view all available reference files and
then enter the relevant file name into the descriptor.

Sample Type: |BAM brain panel W
Gender: |Unspecified w Apply

Reference: | MCI panel reference no mask_9294

3 o ma
Sample UCSD STMP Mormal Reference =l 2l
<

+ - (") Raw Files (@) Sample Descriptor
In case sample already exists (@) Skip () Overwrite with new file

Figure 171. The Upload Sample Data window displays available Reference files for a sample type for CNV
estimation from NGS.

Sample Type: | Ilumina Infinium CytoSMP 850k - Postnatal

Gender: |Unspecified » | Apply

Sample Status Display Name Gender Linked Sample Id Linked Sample Relati... Phenotypes Filename

14P129... 0% uploaded Samplel_Ilumina850K  Unspedfied FinalR.eportl.
14D710... 0% uploaded Sample2_Ilumina850K  Unspecified FinalReport2.:

- ()Raw Files (@) Sample Descriptor 2 samples

In case sample already exists () Skip () Overwrite with new file Close Upload Process

Figure 172. Upload window shows lllumina Final Report files to be uploaded using a Sample Descriptor.

[ A [ B . c [ D [ E F
1 |Sample Name Filename Display Name Gender Linked Sample Linked Sample Relationship
2 |14P1292CX_HE4: FinalReportl.t Samplel_lllumina830K Unspecified 45938

3 |14D7103A1_HEA FinalReport2.t SampleZ_lllumina830K Unspecified

Figure 173. The corresponding sample descriptor file opened in Excel.

If sample attributes are to be uploaded at the same time, the sample attributes can be specified in the sample
descriptor file. An example of a sample descriptor file with attributes Gender and Age is seen in Figure 176.

Sample Name Display Name Gender Age

C:\Projects and Data'\Data\OncoScan\OncoScanFFPEAssaySample_01.05CHP  Samplel Unspecified 67
C:\Projects and Data'\Data\OncoScan\OncoScanFFPEAssaySample 02.0S5CHP  Sample2 Unspecified 71
C:\Projects and Data'\Data\OncoScan\OncoScanFFPEAssaySample 03.05CHP  Sample3 Unspecified 71
C:\Projects and Data'\Data\OncoScan\OncoScanFFPEAssaySample_04.05CHP  Sampled Unspecified 59
C:\Projects and Data'\Data\OncoScan\OncoScanFFPEAssaySample_05.05CHP  SampleS Unspecified 80
C:\Projects and Data'\Data\OncoScan\OncoScanFFPEAssaySample 06.05CHP  Sample6 Unspecified 66

Figure 174. Gender and Age Attributes in a Descriptor File.

The attributes listed in the descriptor file must match those associated with a sample type in the VIA system.
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Figure 177 below shows the attributes associated with the Affymetrix OncoScan sample type, the same sample
type in the above descriptor file.

Repository Help
Home m Sample 65BT | Sample35
Regions | BAM References | Users | Custom Files | Platforms | Sample Types | Processing Usage
+ - = T | |Affymetrix OncoScan §

Build | NCBI Build 37

| CHNY Data Type Manufacturer Assay Name

Affymetrix OSCHP Affymetrix OncaScan
Platform Processing Types: 1/3 ¥

SeqVar Data Type

SegVar Platform Processing Types: None ¥

Sample Attributes (IR ow | Ewent Classification = Decision Trees = Sample R ferences

Gene Panel ~ Reports

MName OnHome Tab || Labels
Display Name
Gender

Linked Sample Id

Linked Sample Relationship
Fhenotypes

SoTumor

[[&][«][«][«]]&]

+ | - | = + ==

Discard Changes Sawe Changes

Figure 175. Attribute associated with the Affymetrix OncoScan sample type.

If any attributes listed in the descriptor file are not defined in VIA, an error message will display indicating
unknown attributes were included in the file and the file will not be loaded. For example, if the descriptor has a
column called Age (as in the above example), this file will not be loaded because Age is not an attribute
associated with the Affymetrix OncoScan sample type. In this case, an error message, such as the one in
Figure 178, will be displayed. If additional attributes associated with a sample type are needed but are not listed,
contact the Administrator.

SampleDesc - Copy.txt, Line 1, Column 4: Tnvalid attribute: "Age",
expected one of. "Display Name", "Gender", "Linked Sample Id",
"Linked Sample Relationship". "Phenotypes", "%eTumor"

Figure 176. Error message.

LOADING THE SAMPLE DESCRIPTOR
To load data:

1. Select Samples > Upload > Data... from the Samples button.

2. In the Upload Sample Data window, first select the sample type from the dropdown at the top of the
window, as shown in Figure 179 below.
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Sample Type: | Affymetrix OncoScan

Sample Status Display Mame

£

+ — (") Raw Files (@) Sample Descriptor

In case sample already exists (@) Skip () Overwrite with new file Close Upload

Figure 177. Loading the sample descriptor.

3. Ensure that Sample Descriptor is selected at the bottom and then click on the Add Files button (+ button).
This opens a file chooser where the descriptor file can be selected, as shown in Figure 180.

Lookin: | || OncoScan

. sampleDesc

=
P

Recent Items

- File name: SampleDesc. txt

Deskop  1esOfYPE: | it (Text Files)

Figure 178. File chooser.

4. Once the descriptor file has been selected, the samples listed in the file will be displayed in the Upload
window, as seen below in Figure 181.

Sample Type: | Affymetrix OncoScan

Display Mame
OncoScanFFPEAssaySample_01 0% uploaded Sample 1
OncoScanFFPEAssaySample_02 0% uploaded Sample2

== | (_)RawFies (®) Sample Descriptor

In case sample already exists (@) Skip () Overwrite with new file Close Upload Upload

Figure 179. File display.

Click Upload to copy the sample files to the database, as shown in Figure 182. The Status field shows file
upload progress (as percent uploaded) while the files are being uploaded from the local machine to the server, as
shown in Figure 183. If additional attributes associated with a sample type are needed but are not listed, contact
the Administrator. While data is being loaded, one can continue using VIA to browse other cases in the database.
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Sample Type: |Affymetrix OncoScan

Sample Status Display Mame Gender
OncoScanFFPEAssaySample_01 77% uploaded Sample 1 Unspecified
OncoScanFFREAssaySample_02 76% uploaded Sample2 Unspecified

< >

+ - Raw Files (@) Sample Descriptor 2 samples

In case sample already exists @ Skip Overwrite with new file Upload Process

Figure 180. Uploading to copy sample files.

Sample Type: | Affymetrix OncoScan

Sample Status Display Name Gender
OncoScanFFPEAssaySample_01 Finished Sample 1 Unspecified
OncoScanFFPEAssaySample_02 Finished Sample2 Unspedfied

£ >

+ -_— (JRawFiles (@) Sample Descriptor 2 samples

In case sample already exists (@) Skip () Overwrite with new file Close Upload

Figure 181. Status field.

Batch Import of Samples of Different Sample Types and/or Importing Multiple Modalities

If a user wanted to load samples of different types or multiple modalities in batch, a different tool should be used.
Using the Upload > Data tool and then selecting Sample Descriptor will not work as this requires selection of a
Sample Type from the Upload interface and all samples in the descriptor need to be of this sample type.

If, for example, there are OncoScan samples and lllumina samples that need to be loaded and one does not want
to proceed a single sample type at a time, use the Upload > Batch Import tool available with the Samples button
in the top right of the window, as seen in Figure 184. Choosing Batch Import opens a window from which a
descriptor file should be selected, as shown in Figure 185.

Samples & ~ |

Upload b Data
Process... Batch Import
Duplicate... Attributes
Reset...

Export...

Delete... =

Figure 182. Batch Import.
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Lookin: | M This PC

= B Desktop |
&} | Documents
Recent Items & Downloads
o Music
=| Pictures
8 Videos
=, 05(C)
g% i (techsup) (12

Documents

A

Thi= Br™

File name:

Files of type: | Text Files (.txt)

Figure 183. Selecting a prepared batch descriptor.

BATCH DESCRIPTOR FORMAT

The batch descriptor file is a tab delimited text file containing sample names, file locations, settings, attributes,
sequence variant and BAM files. Templates for the descriptors are available in the VIA Client/Templates/Batch
Import folder of the client installation directory. Table 14 below describes the columns (required/optional) for the
sample descriptor.
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Table 14. Batch Descriptor Format.

Sample Name

Name of the sample. NOTE: For lllumina samples where multiple lllumina samples are in one Final Report
file, the name listed here must match the names in the Sample Name column of the Final Report file.
When the software encounters a name that does not exist in the final report file, an error is indicated in the
status column of the upload window and no further samples from the Final Report file will be parsed. If
even one sample name does not match, none of the samples from the Final Report file will be loaded.
Required

Filename Location of the sample file for loading CNV data. Can be just the file name (if in the same folder as the
descriptor) or full file path (e.g., C:\Projects and
Data\Data\OncoScan\OncoScanFFPEAssaySample_01.0SCHP). This is used for loading array data or
BAM for deriving CNV. The Filename need not match the Sample Name nor the file name of seq var or
BAM files (Seq Var File or BAM File columns, respectively).

Required if loading CNV data and for lllumina Final Report files
Sample Type The VIA Sample Type of this sample. Please make sure the name matches exactly to an existing sample

type in VIA.
Required

Processing Setting

A processing type for the indicated CNV modality of the sample type. Note that some samples have
multiple processing types so make sure to use the correct one for each sample.
Required if loading CNV data

Reference

Specifies the name of the reference file to use. To ensure the correct reference name is used, first use the
Upload->Data tool to view all available reference files and enter the relevant reference name into the
descriptor. If the appropriate reference files are not displayed here, please contact your VIA Administrator.
Required for Agilent CGH+SNP arrays and for sample types deriving CNV from BAM files (Data
Type = BAM Multiscale)

Control Sample

Specifies the name of the control sample for ImaGene Data Types.
Required for ImaGene Data Type only

Seq Var File

Location of the sequence variants file to associate with the sample. Just the file name or full file path can
be used (e.g., C:\Projects and Data\Data\OncoScan\OncoScanFFPEAssaySample_01.VCF). The file
name here need not match the Sample Name nor the file name of the file for CNV estimation of BAM files
(Filename or BAM File columns, respectively).

Required when loading sequence variants

Seq Var Setting

A processing type for the indicated SeqVar modality. Note that some samples have multiple processing
types so make sure to use the correct one for each sample.
Required when Seq Var File is specified for a sample

BAM File

Location of the BAM file to associate with the sample. Just the file name or full file path can be used (e.g.,
C:\Projects and Data\Data\OncoScan\OncoScanFFPEAssaySample_01.BAM). This is only used when
loading BAM files to view read depth (e.g., associating with an array or seq var file). This column is not
used to load BAM files for deriving CNV. The file name here need not match the Sample Name nor the file
name of the file for CNV estimation file or BAM files (Seq Var File or Filename columns, respectively).
Optional

Panel

Enter the name of a gene panel to be pre-selected during sample review. The gene panel must already be
associated with a sample type prior to loading the descriptor.
Optional

[sample attribute
columns]

Column headers are the sample attribute names. Values in the columns would be the sample attribute
labels. Note that the attributes listed in the descriptor file must match those associated with a sample type
in the VIA system. The attributes associated with a sample type can be found in the Sample Types tab, in
the Sample Attributes subtab.

Optional
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An example descriptor file (tab delimited txt file) opened in Excel so that the different fields and data are clearly
visible is seen in Figure 186.

Sample Name Filename Sample Type Processing Setting Gender

14P1292CX_HEA2! C:\Users\sverma'\Do lllumina Infinium CytoSNP 850k - Postnatal lllumina Infinium CytoSNP 850k - Postnatal Unspecified
Samplel C:\Projects and Data Affymetrix OncoScan Affymetrix Oncoscan Unspecified
Sample2 C:\Projects and Data Affymetrix OncoScan Affymetrix Oncoscan Unspecified

Figure 184. Example Descriptor file.

An example descriptor file containing BAM and SeqVar columns is seen in Figure 187. Note that some samples
can be missing the BAM file or BAM and SeqVar; in such cases only CNV data will be loaded.

Sample Name Filename Sample Type  Processing Setting Gender SeqVarFile SeqVar Setting  BAM File

Samplel C:\Projects and Data lllumina Infiniun lllumina Infinium CytoSI Male SV 1 VCF processing  C:\Projects and D:
Sample2 C:\Projects and Data lllumina Infiniun lllumina Infinium CytoS|Female SV 2 VCF processing

Sample3 C:\Projects and Data lllumina Infiniun lllumina Infinium CytoS|Female SV _3

Figure 185. File containing BAM and SeqVar columns.

Seq Var only or Seq Var and BAM files can be loaded without associated CNV data. Note that some samples
have no value for Filename; in such cases the column will be ignored and only the vcf or vcf+BAM files will be
loaded. An example descriptor file showing that Seq Var only (sample4) or Seq Var and BAM (sample5) files can
be loaded without CNV data (Filename column is empty) is shown in Figure 188.

Sample Mame Filename Sample Type Processing Setting Gender Seq Var File Seq Var Setting BAM File

sampled I}s lllumina_B Male sampled.vcf VCF3 C:\Downloads\Cyt
sample5 llumina_B lllumina 850k Cance Female  sample5.vcf VCF3
sampleb C:\Downloads Illumina_B Illumina 850k Cance Female

Figure 186. Files loaded without CNV data.

LOADING THE BATCH DESCRIPTOR

The software parses the descriptor and then loads all non-lllumina samples; it then proceeds to load the lllumina
samples.

To Load data:

1. Select Samples > Upload > Batch Import from the Samples button at the top right of the window.

Data Upload *

Batch Import Process..,

Attributes Duplicate...
Delete...

Figure 187. Batch Import navigation menu.

2. Inthe Select Prepared Batch Descriptor window, navigate to the folder containing the descriptor, select
it and click Open.
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Look in: |]-;l This PC

P B Desktop ;
L.-E} | Documents
Recent Items & Downloads
o Music
= Pictures
& Videos
] &, 05(C)
[_ J s i (Vtechsup) (1)

Documents

5 | File name: |
*!

o | Flesoftype:  TextFiles (.txt)

Figure 188. Folder containing the descriptor.

3. The Batch Import window will display contents of the descriptor file.

Sample Mame Sample Type Filename Processing Setting Gender
14P1292CX_HE429_5... lumina Infinium Cyto... [C:Wsers\sverma'Doc. .. Hlumina Infinium CytoSMP ... Unspedfied
Sample 1 Affymetrix OncoScan [C:\Projects and Data\, ... Affymetrix Oncoscan Uinspecified
Sample2 Affymetrix OncoScan [C:\Projects and Data\, .. Affymetrix Oncoscan Unspedfied

Figure 189. Batch Import window.

4. If any samples should not be uploaded, highlight the row, and click the minus (-) button to remove the
sample(s) from the Import list.

Sample Name Sample Type Filename Processing Setting Gender
14P1292CX_HE429_9... Tumina Infinium Cyto... C:\Usersisverma'Doc. .. Tlumina Infinium CytoSNP ...
Affymetrix OncoScan  C:\Projects and Datal... Affymetrix Oncoscan
Affymetrix OncoScan :\Projects and Data),.. Affymetrix Oncoscan

In case sample already exists (@) Skip () Overwrite with new file | Close | | Upload | | Upload and Process |

Figure 190. Import list.

5. To load the samples only, click the Upload button. To immediately process samples after upload is
complete, click Upload and Process.

During the loading process, the Status column will indicate which state each sample is in.
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Sample Name Status File Sample Type Gender
14P 1292CK _HE429_9...Storing 14P129% Filename 's‘l,sverma‘,Doc...hIIumina Infinium Cyto...t[llumina Infinium CytoSNP ... Unspecified
Samplel Finished Samplel C:\Projects and Data. .. Affymetrix OncoScan  ffymetrix Oncoscan

Sample2 Finished Sample2 C:VProjects and Data. .. jAffymetrix OncoScan  affymetrix Oncoscan

Processing Setting

Overwrite with new file Close

In case sample already exists (@ Skip

Upload Upload and Process

Figure 191. Sample upload status.

If this window is closed during the upload and/or processing steps, loading/processing will continue in the
background and the status of the import can be reviewed by opening the window again from the
Samples->Upload menu:

Samples ¥ A ¥ E

Upload L Data

Process... Batch Import
Duplicate... | Batch Import Status
Delete... Attributes

L_|
Figure 192. Samples Upload menu

If the Batch Import Status option is not available in the menu, this means that upload is finished.

6. If a user needs to cancel the upload, click the Cancel button. The samples not yet uploaded will display
Cancelled in the Status column:

Sample Mame Status File Gender
14P1292CX_HE429_9... Cancelled
Samplel

Sample2

Sample Type Processing Setting
rs\sverma'Doc. .. Ilumina Infinium Cyto. .. llumina Infinium CytoSNP ... Unspedified
Affymetrix Oncoscan

Affymetrix Oncoscan

Filename
Finished Sampie 1

Finished Sample2

ji projects and Data... Affymetrix OncoScan
F:\ijects and Data... Affymetrix OncoScan

In case sample already exists @ skip Overwrite with new file Close Upload Upload and Process

Figure 193. Cancelled upload status.

7. When loading is finished, the Batch Import window will display Finished in the Status column of each
sample:

Sample Mame Status
14P 1292CK_HE429_9...Finished
Sample1 Finished Sample 1

Filename

File

rs\sverma'Doc. ..

Sample Type
Tllumina Infinium Cyto...

Processing Setting

Gender

Mllumina Infinium CytoSNP ... Unspecified

C:\Projects and Data. ..

Wffymetrix OncoScan

Affymetrix Oncoscan

Sample2 Finished Sample2

C:'\Projects and Data...

W ffymetrix OncoScan

W ffymetrix Oncoscan

In case sample already exists @ Skip

Owverwrite with new file

Figure 194. Finished upload status.

Upload

Upload and Process

Cancel

8. Click Close to close the window. If samples still need to be processed, go to Samples->Process to

process the samples.
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SPECIAL CASE: ASSOCIATING A BAM FILE TO AN EXISTING SAMPLE

If an array sample of type CNV and SeqVar is already in VIA and a BAM file needs to be added to it using batch
import, the Upload and Process button must be used to load and process the BAM file. The Upload button
cannot be used in this case as the read depth must be calculated for the file to upload. Read depth calculation
occurs in the processing component so if the Upload button is used, the BAM file will not get associated with the
existing sample.

VIA on AWS EC2 with storage on EBS

CLIENTS SERVER PROCESSING
UNIT

—
—
-
-

Nirvana Annotator
(Optional)

EBS Storage
(e.g. db, results)

—————

()
(1)

o () !
__________ CEERTITE N - et
\ Read access ) Read access from
from Client to S3 Processing to S3
Network S3 Bucket
Drive BAM VCF

Figure 195. BAM files.

To allow such features, many steps need to be taken to set up the system and S3 appropriately for all
components of VIA to have access to each other. S3 bucket credentials can be supplied to the VIA server in
several diverse ways (see https://docs.aws.amazon.com/sdk-for-java/vl/developer-guide/credentials .html).
Contact FAS to get help in setting up such a system.

LOADING FILES FOR CNV CALLING USING THE BAM MULTISCALE REFERENCE METHOD

BAM files can be loaded to derive copy number variants using CNV segmentation and calling algorithms. Before a
file can be loaded, it must have a reference file associated with it. This reference file is created using the
Multiscale BAM Reference Builder application installed separately (see the Generating BAF values from BAM files
section). Once a reference file is generated, loaded into VIA, and associated with a sample type, the NGS sample
can be loaded into VIA. VCF or JSON files for sequence variants to be associated with the BAM file can be
loaded at the same time or later.

On the Home tab, select Samples > Upload > Data. In the Upload Data window, select the appropriate sample
type and then the reference file for this sample, as shown in Figure 198. If the user does not see an appropriate
reference file, the VIA Administrator should be contacted.
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Sample Type: |Panel BAM to Multiscale BT "
Gender: |Unspecfied w Apply

Reference: | STM Panel Normal Reference

STM Panel Mormal Reference

Status

Figure 196. Sample type and reference file.

Click on the + button to select files to load using the File Chooser. Note that the file types displayed are only
those relevant to BAM files, as shown in Figure 199, and that .bai files are not displayed for selection but need to
be present in the same folder.

Lookin: | |, Sample NGS data

= . Sampletd.bam
o | | TestSample2.bam
Recent Items

- File name: Samplesd.bam

Files of type: | bam (BAM Files), .json.gz,.bam

Figure 197. Only relevant BAM files.

Once files are selected, they will appear in the list of files to be loaded with the boxes marked off for the different
modalities based on the sample type selected and files selected for upload. In Figure 200, SeqVar files were also
selected in addition to BAM files.

Sample Type: | Panel BAM to Multiscale BT
Gender: |Unspedfied Apply

Reference: | STM Panel Mormal Reference

Sample Status SeqVar Display Name Linked Sample Id
17-36... 0% uploaded

- (® Raw Files () Sample Descriptor 1 samples

In case sample already exists (@) Skip () Overwrite with new file Upload Upload and Process

Figure 198. SeqVar and BAM files.

If Upload and Process is selected, processing will begin immediately after upload is finished. Hovering over this
button will show a tool tip indicating the Processing settings that will be used for the CNV and the SeqVar
processing, seen in Figure 201.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 131 of 242



bionano

Sample Type: |Par1e| BAM to Multiscale BT v

Gender: |Unspedified

Reference: |STM Panel Normal Reference « |

Sample Status CNY SeqVar BAM Display Name
17-36... 0% uploaded

EI (®) Raw Files (") Sample Descriptor 1 samples
In case sample already exists (@) Skip  (_) Overwrite with new file | Close | | Upload | %Upload and Process

Upload and process with

Figure 199. Tool tip.

If the Upload rather than Upload and Process button is selected, the files will upload but not process and the
Process button will become active when the files have finished uploading, as shown in Figure 202.

Gender: |Unspecified w Apply

Reference: |STM Panel Normal Reference w |

Sample Status CNV SeqVar BAM Display Mame Gender Linked Sample Id Linked
17-36... Finished | | |

£
EI (@) Raw Files (") Sample Descriptor 1 samples
In case sample already exists (®) Skip () Overwrite with new file Upload

Figure 200. Selecting only the Upload button.

NOTE: BAM files are not actually physically loaded to the database; instead, the location of the file on the drive is
stored in the database. If this file is moved, reads will not be displayed and the VIA system will prompt the user to
provide a new location for the physical files, re-associating them with the sample.

Clicking on Process will bring up the Processing window where various settings need to be selected, as seen in
Figure 203.

Sample Type: | Panel BAM to Multiscale BT v
CN Processing Setting: |BAI'"'I To CNV Analysis - Cancer panel w | | Apply | Reference  STM Panel Normal Reference W | | Apply |
SegVar Processing Setting: |Nirvana JSOM processing BT W | | Apply |
Gender: |Unspeciﬁed w | | Apply |
Sample Sample Type CM Processing Setting Reference SeqVar Processing Setting Gender Status

17-35... Panel BAM to Multiscale BT BAM To CNV Analysis - Cancer panel ~ 5TM Panel Mormal Reference  Mirvana JSON processing BT Unspecdfied Unprocessed

EI 1 samples

Figure 201. Selection of various settings.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 132 of 242



bionano

If the sample type has more than one processing type associated with either the CNV or SeqVar modality, the
user will need to select which processing settings to use via the dropdown boxes, shown in Figure 204. Gender
can be left blank. Click Process, the status will change to Pending, and the window can be closed.

Sample Type: |Panel BAM to Multiscale BT

CN Processing Setting: | BAM To CNV Analysis - Cancer panel Apply Reference |STM Panel Mormal Reference Apply
SegVar Processing Setting: |Mirvana JSON processing BT Apply
Gender: |Unspecified Apply
Sample Sample Type CM Processing Setting Reference SeqVar Processing Setting Gender Status
17-36... |Panel BAM to Multiscale BT BAM To CNV Analysis - Cancer panel  |STM Panel Normal Reference  |Mirvana JSON processing BT Unspecdified Pending
- 1 szamples
Close Done

Figure 202. Processing samples.

From the Home tab, the sample will appear in the search with status as Unprocessed until processing is
complete. Once processing is complete the results will be displayed, as shown below in Figure 205.

Sample 65 - BT @ Mot Reviewed
Status: Processed Quality: 0.03 Discarded: 0.00%

Sample Type: Panel BAM to Multiscale BT Processing Type: BAM To CNW Analysis - Cancer panel

Seqvar Status: Processed SeqVar Processing Type: Nirvana 150N processing BT

Processed by admin Oct 30, 2017 7:17:49 AM

Benign Likely Benign VU5 Likely Pathogenic Pathogenic Unclassified

o o |£| o o 3237

Figure 203. Results from processing.

Knowledge Base

Knowledge Base (KB) stores annotations for any variant or genomic region calls in the software. The KB
supports two distinct types of tests — Oncology and Constitutional — containing fields unique to each test type. For
Constitutional tests, the KB holds information such as relevant gene overlaps, mode of inheritance, Pubmed IDs
and notes for each reference, interpretation, general comments, or classification. For Oncology tests, the KB
holds information such as classification based on the AMP-ASCO-CAP guidelines, interpretation, notes, PubMed
IDs, and clinical biomarker impact (diagnostic, prognostic, or therapeutic). NOTE: The KB currently only supports
CNV and AOH events.

The basic process of submission to the KB and approval for both test types is the same, with specific KB content
and fields for each test type, as described above. Samples of the Test Type Oncology will only display oncology
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KB events and samples of the Test Type Constitutional will only display constitutional KB events. Approved KB
events are displayed in the Variant Details tab in the Knowledgebase Events section.

KB Record for Constitutional Test Type

Upon completing an event submission form, some of the input fields will be automatically pre-populated based on
the event’s coordinates, type, and overlaps with RefSeq genes. Figure 206 depicts an example of a KB entry for
a CN event for the Constitutional Test Type.

% KB Event Details

- O X
Label* Williams-Beuren Syndror Inheritance Mode: Relevant Genes + - Phenotypes &
Region* NT72.514.306.74206.8 /| De Novo Dominant Gene Symbol 4 Notes HP:0001249 Intellectual disability;
CNITHE21,526- 1,205/ V| Recessive X-Linked BN z | HP:0000691 Microdontia;
Event* One-Copy L HP:0004322 Short stature;
ne-topy Loss Level of Evidence GTF2I o || HP:0000272 Malar flattening;
HP:0001650 Aortic valve stenosis;
assiication Il HP:0000232 Everted lower lip vermilion;
Notes NCF1 o | HP:0000736 Short attention span;
SAUEIIE WeuRIESS 1T VISUUS) pout TNy, Graveng, pacer
istinctive behavioural characteristics include anxiety, attention
deficit hyperacuv.ny d\sordér (.ADHD?, and overfriendliness. Congen.\tal heart disease References: o o BomHh@ss
occurs in 80%, with the majority having supravalvular aortic stenosis (SVAS), and a
smaller proportion having a discrete supravalvular pulmonary stenosis. PubMed ID Notes Sample Notes
. PMID:11331709 = American Academy of Pediatrics: 204772330064 _RO... ' Female )
Interpretation Health care supervision for children
CONSTPATIoN, VOMITING, Grown deficiency, INfantiie Nypercalicemia, MUscUoskeletal with Williams syndrome. @
abnormalities, diabetes and a hoarse voice. Committee on Genetics
Risk for hypertension has been linked to the location of the distal deletion Pediatrics 2001:107:5:1192-204
breakpoint, with hypertension being significantly less prevalent in WBS patients
with a deletion that includes NCF1, encoding for the p47phox subunit of the PMID:11685205 A 1.5 million-base pair inversion
NADPH oxidase. polymorphism in families with
Revision 1 - Last updated by admin on October 22, 2020 11:20:12 EDT AM Submit Cancel

Figure 206. KB record for Constitutional Test Type

The following are windows in the KB Event Details panel that can be edited:

« Relevant Genes: gene symbols and notes can be added or subtracted in the pop-up window; highlight one or
more genes and click.

« Level of Evidence: ranges from one to five stars.

« Classification: lists values defined within the event's Sample Type. These values may differ for different
Sample Types.

- Example Cases: fields will automatically be populated with the submitted event's Sample Name; Notes may
be added manually.

« References: any bibliographic references may be added using PubMed IDs which will be hyperlinked to
PubMed.

KB Record for Oncology Test Type

Figure 207 shows an example of a submission to the KB window for an Oncology KB event and Figure 208
depicts Oncology KB Event details for an approved event. These windows contain the following features, in
addition to some of the ones described above:

« Clinical Impact: select a clinical significance from the AMP-ASCO-CAP classifications (J Mol Diagn. 2017
Jan;19(1):4-23).
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e Cancer Types: select one or multiple entries from WHO and/or OncoTree ontologies. An explicit text search
engine is also available to filter down query results.

W% Submit to KB - O X
Label* Cancer Types (WHO) + Cancer Types (OncoTree) L
Region* chr17:1-22,217,883 Other gliomas *
Event * One-Copy Loss -
Clinical Impact Tier| - Level A v |@
Example Cases
Notes
Sample Notes
17-2418 Copy =
Relevant Genes + =
Gene Symbol t+4 Notes
[]
LINCO02091 =
Interpretation
RPH3AL =
References + -
PubMed ID D TP+ P- Notes
No content in table

Figure 207. KB submission for Oncology

‘NXC‘ KB Event Details

— O X
Label* Glioma - NGS Cancer Types (WHQ) Cancer Types (OncoTree)
NV Qligodendroglioma, IDH-mutant anc = ASTR
Anaplastic oligodendroglioma, IDH-I§ ODG
Clinical Impact Tier | - Level A ®
|
Notes Example Cases
The presence of 1p/19q co-deletion is a strong independent prognostic biomarker Sample Notes
) ) .
associated with improved survival in both diffuse low-grade and anaplastic tumours. Glioma_19-512 FFPE Tissue
Glioma_19-512 Co...
Relevant Genes
Gene Symbol 1§ Notes
Interpretation ) L
IDH1 & R132 mutation
1p/19q co-deletion is a pathognomonic biomarker that defines a distinct glioma
entity and is characteristic of oligodendrogliomas. DL SRS tation
References
Virtually, all 1p/19g co-deleted oligedendrogliomas have mutation in isocitrate PubMedID D T P+ P- Notes
dehydrogenase 1 (IDH1) at arginine 132 (R132) or the analogous residue arginine . T fch ol ith
172in IDH2 (R172). PMID:16130.. . wo tyl;tues‘o .cf r0m050mﬁ p losses wi
QOther common molecular alterations co-occuring with 1p/19q co-deletion include *+ | oppostte significance in gliomas.

Ann Neural 2005 Sen-58(2)-483-7

Figure 208. Oncology KB Event details for an approved event
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Admin Features Related to the KB
TEST TYPE

The Admin must assign a test type to each sample type to enable KB submission for that sample type, shown in
Figure 209. By default, this field is blank. Sample types created in version 5.2 and older will have no value for this
field. To enable full KB features on these older samples, the Admin must assign a test type for each sample type
for which KB submission should be enabled.

Home m Profiles

Regions Users Platforms Sample Types BAM References Variant Details Linked Samples Custom Files Task Queues Processing Usage
+ - ] ™ | CytoScan HD - Cancer ~(B.samples) Sample class: NGS and Array
Build |NCBI Build 37 Task Queue |Default 3 Test Type Oncology Include chrM

. irE Mehufacturer nco I I CN Quality Thr.eshclds BAF Quality Th.reshulds
Affymetrix CEL Affymetdx _5||on Warn |0.15| Fail| 0.2 Warn 0.05| Fail 0.15
Platform Processing Types: 1/3~

SeqVar Data Type
SeqVar Platform Processing Types: None

Figure 209. Assigning a Test Type by the Administrator

For backwards compatibility, VIA defaults any sample type with a blank test type to a Constitutional workflow,
enabling a user to display Constitutional KB events in both the KB tracks and the Variant Details tab. VIA also
enables any user with relevant KB permissions to edit, approve and reject KB submissions for the Constitutional
workflow only. Submitting events to the KB is disabled for sample types without a defined test type.

USER PERMISSIONS

Available permissions granted by the Admin are:

[] Ability to submit to the KB
[v] Ability to approve KB submissions

[v] Ability to delete KB entries
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Oncology Profiles

Profiles and Aggregates

Users can leverage cancer samples and information stored in the unique knowledge base by pooling these
samples together to create CNV profiles. These profiles/signatures can then be ranked on similarity to new cases
to assist with interpretation.

These cancer signatures can be created based on the samples within VIA, but a signature can also be loaded
from an external source.

CNV profiles can be used as prognostic markers, to identify the origin of classification of the tumors, or even to
assist with diagnosis.

Profiles are created first by generating an aggregate displaying the CNV/AOH frequency of a set of samples in the
database selected based on cancer classification (WHO/OncoTree) and any attributes (e.g., cancer subtype,
tissue).

The aggregate is then converted into a profile by adding annotations (clinical impact, list of actionable genes,
PubMed IDs) and saved in the KB. Stored cancer profiles in VIA are akin to events added to the KB; the main
difference is that they are representative of several samples rather than a single sample, as cancer is typically a
multi-gene and genome-wide phenomenon.

Once a profile is submitted for inclusion in the KB, it follows the approval protocol. Approved profiles in the KB can
be updated in the future with new curated samples by accessing the associated aggregate.

Aggregate versus Profile

An aggregate is a dynamic representation of a set of samples matching certain criteria as expressed by a query.
The aggregate changes and reflects the status of the query based on the current set of samples. As sample sets
grow or existing samples obtain specified or edited attributes additional samples may meet the query criteria or
now fail the criteria changing the aggregate.

A profile is a snapshot of the aggregate at a specific point in time and is also annotated.
NOTE: The KB currently only supports CNV, AOH and SeqVar events.
Aggregates and Profiles

An aggregate displays the frequency of CNV or Allelic events across a set of samples and is an intermediate in
the process. It may be generated by using samples within VIA or by importing an external file. An aggregate is a
snapshot of the frequency profile of a set of selected samples at a specific time. The aggregate does not get
updated automatically upon addition or deletion of samples within VIA, but it may be updated to reflect new
samples in the database or ones that have been deleted by editing and re-saving the aggregate.
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Creating an aggregate: In the Profiles tab, click the + icon, as shown in Figure 210. The Search function can be
used for sample names, and wildcards are accepted (e.g., * cancer will return all samples that end in _cancer).
Only samples with Test Type=Oncology will be included in profiles. Additional filtering criteria may be specified
using the filter categories available, such as sample type. Aggregate Name is required but Description is
optional. See Figure 211 for a display of these features.

HH+ &
S

| Create aggregate

Figure 20410. Creating an Aggregate.

g e
P
[

T 4 0 olerhr of B dur L it Girnd Siradel mi il e Sl i 3ETO0 RS

Seinh:

ot Yo 1= Syt V1= Comrpare- ] Narrow sample search b'_.;filtering by
(R — Sample Type, Sample Attributes, or a

Do, DAl ey, Hitaligal Tyge 1=

[T L E et e Srwe e St i
= CrL
Tl s, e
Ly

In this example, samples will be filtered by
the Histoloaical Tvpe attribute=Astrocvtoma

Figure 20511. Aggregate features.

Matching samples (processed) will be listed along with all attributes after executing the search, as shown in
Figure 212.

Sample Type: 1/11 ¥ Sample Attributes: 175 ¥ Cancer Type: All ¥

I Q
54Cs, 54 Alleic Events, 05eq Vars, 54 Total

Sample sample Type  Data Types  Gender age_at_inital... Diploid Regions  Event Histologic Classification  Histological Type  IDH1Seq,Variant  karnofsky_perform... laterality — Overall survival (Days) ptenloss  race
[TCGA-CS-49...[TCGALGG |CWs, Alelc ... [FEMALE 31 Jalive (Grade 1T [astrocytoma  Yes soRight 1430 WHITE A
[TCGA-C5-43.,,TCGALGG (CWs, Alelc ... MALE 67) (dead (Grade 1T JAstrocytoma[Ho S0Right 234Yes WHITE
TCGA-CS-48...[TCGALGG |CNWs, Alelc ... [FEMALE | ldead (Grade 1T AstrocytomaYes SORight 1,350 BLACKORA...
TCGA-CS-49.,.[TCGALGG (ChWs, Allic ... MALE 37| jalive (Grade 1T lAstrocytoma Yes soLeft 810 WHITE
TCGA-CS-43.,, TCGALGG  (Cs, Alelc ... MALE 50, jalive (Grade I lAstrocytoma_Yes 30Right 323 WHITE
TCGA-CS-53...[TCGALGG |CNs, Alelc ... MALE 39 alive (Grade 1T lAstrocytomaYes 0] eft 85710 WHITE
[TCGA-C5-53.., TCGALGG (CVs, Alelc .. MALE % jlive (Grade ITT lAstrocytoma[Ho Left 1,829 N0 WHITE
[TCGA-CS-53.,,[TCGALGG [ChWis, Alelc ... [FEMALE 54 [dead (Grade LI lAstrocytoma [No 80Left 194)fes WHITE
TCGA-CS-61...[TCGALGG (Cs, Allc ... MALE £ jalive (Grade 1T lAstrocytoma [No soight 725¥es WHITE
[TCGA-CE-62.,,TCGALGG  (CNVs, Alelc .. MALE 31 jlive (Grade 11 lAstrocytomaYes 0Left 54 No

TCGA-CS-66...[TCGALGG |, Alelc ... [FEMALE Stchr 7,crs [aive (Grade IIT lAstrocytomaYes SoRight 378)Yes WHITE
TCGA-CS-66.,.TCGALGG (s, Alelc ... [FEMALE 39 jlive (Grade 1T lAstrocytomaYes soLeft 22910 WHITE
[TCGA-DB-52.,,[TCGALGG  (ChWs, Alelc .. MALE 3 jlive (Grade LI lAstrocytomaYes Right 18090 WHITE
TCGA-DB-52...[TCGALGG (Cs, Allc ... MALE 34chr 1:021910... [alve (Grade 1T lAstrocytoma Yes Left 1,419tes WHITE
[TCGA-DH-5... TCGALGG (CNs, Alelc ... MALE 2 jlive (Grade 1T lAstrocytoma_Yes 0Left 210 WHITE
TCGA-DU-5... [TCGALGG |ChWs, Alelc ... [FEMALE 34 alive (Grade 1T lAstrocytoma [No Right 547)fes WHITE
TCGA-DU-5... [TCGALGG (G, Alelc ... [FEMALE 57 jalive (Grade 1T lAstrocytoma [No SoRight 257)Yes WHITE
(ICGADI LA [TCGAIGG Vs Alelic . [FFMAIF I cadde 111 frocutom g icht 6.4 WHITE v

Figure 20612. Matching sample list.

Click Save to create the aggregate. The query (with filters applied) is saved, not actual samples. When new
samples are processed and they match the query, the aggregate is automatically updated to include the new
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samples. If this addition of samples occurs while an aggregate is currently open and displayed in the track, it must
be closed and re-opened to reflect the new samples.

Displaying Aggregates and Profiles
Display, deletion, and editing of Aggregates and Profiles is managed in the same Ul. Once created, edit the

visibility of the Aggregate or Profile to view it in the Profiles window. Click on the Gear icon to open the
Aggregate/Profiles Selection window, demonstrated in Figure 213.

{RE]+=="-':

|C\)pen aggrega‘[efprr:n‘iles...|1

Figure 20713. The Gear icon opens the selection window.

Mark checkboxes to display profiles/aggregates in the Profiles tab. The Track Layout section, shown in Figure
214 at the bottom of the window, is used to order the plots. Click and drag names up and down to arrange them
into a desired layout. Aggregates and Profiles are in the Track Layout section:

» The Track modality is displayed in parentheses next to the track name (e.g., CNV Events).

« If a Profile’s associated Aggregate has the same name, they can be distinguished from each other.
« Profiles have labels: Pending or Approved.
« Aggregate names do not have labels.

Aggregate / Profile Show Description
=} Aggregates
= Astrocytoma Aggregates and Profiles may
® CNV Events D have CNV and/or AOH Events
® AOH Events O depending on the type of
Frofiles samples. Each modality may be
Approved displayed independently of the
Kidney Chromophobe other.
® CNV Events
Pending
=t LGG Astrocytoma IDH Mut Diffuse astrocytoma/anaplastic ...
® CNV Events

Track Layout
LGG Astrocytoma IDH Mut(CNV Events) Aggregates — no labels
LGG Astrocytoma IDH Wildtype(CNV Events)
LGG Astrocytoma IDH Mut(CNV Events, Pending) <+—
Kidney Chromophobe(CNV Events, Approved)<——

Profiles — have labels:

Pending or Approved

[] Auto scale ok Cancel
Figure 2084. Track layout.
Auto scale: When not enabled, plots are displayed on the Y-axis scale from 0 to 100%. With the checkbox

marked, the Y axis automatically scales to the Y-axis max (each track track’s highest frequency). See Figure 215
and Figure 216. Close or hide a track by clicking the Close (x) button in the top left of the track.
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x

LGG Astrocyto

CNV Events

100 samples

x

LGG Astrocyto

CHNV Events

100 samples

x N

LGG Astrocyto =0%

CNV Events 25% 7

100 samples 0% -l
25%
S0%

X 75% |

LGG Astrocyto  50%

CMNV Events 23% 7

100 samples 0%
25%
S0%
0%

Figure 2106. Auto scale enabled (box checked).

Editing Aggregates and Profiles

Different tools are available for each track based on type, and can be used for editing purposes, as shown in
Table 15 and Table 16.

Table 15. Different editing tools.

Remove

VIA

Remove the track from

& Edit C Refresh I Approve
Make changes to thisRefresh/update  with  newlApprove a profile in
track aggregate data Pending state

Table 16. Tools available based on track type.

Aggregate loaded as bedGraph file None as it is temporary and only available for the current user

session in which it is loaded.

Aggregate created using samples in the db Edit

Remove
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Profiles Edit
Refresh
Remove
Approve (Profile with Pending status only)

Refresh opens the Select Profile Data window which lists the currently displayed aggregates and one from the
list can now be associated with the profile. A profile can be updated using the original aggregate employed to
generate the profile or a different aggregate can be associated with the profile. Figure 217 and Figure 218 are
shown as examples of these editing capabilities.

Please select Aggregate data from current view to associate with this profile.
MName Event Description
aggregate example CNV Events, AOH Events
Astrocytoma CNV Events
Update Cancel

Figure 2117. Updating a Profile.
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Aggregates loaded from an
external bedGraph file:

1.Temporary and not saved.

2.Discarded when the current
client session closes.

3.Must be converted to a Profile
to be saved in VIA.

Profiles:

1.Saved to the KB

2.Name is linked to its KB Event
details window.

Aggregates generated via

samples in VIA:

1.Saved in VIA

2.Can be displayed here via the
Select Aggregate/Profile
window.
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100 samples 0% s WWW
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Figure 2128. An updated Profile.

When editing an aggregate, the window opens listing all current samples matching selected filters and queries.

» Listed samples may be greater or fewer than the number of samples in the current Aggregate as the
Aggregate is dynamic and changes as sample lists grow.

« The query may be modified and must be saved again to update the aggregate. The criteria may be altered to
include samples of another sample type or those matching additional attributes. After altering the selection
criteria, click the Search button to list sample results. Then click Save to take a new snapshot and update the

Aggregate.

Converting an Aggregate to a Profile and Submitting to the KB

An oncology profile is a snapshot of the Aggregate including annotations (see Figure 219) and is stored in the
KB. To add an aggregate to the KB as a profile, click in the area with the aggregate name to highlight in green.
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x 100% -

Astrocytoma 509 -

CNV Events

4 samples 0% -
S0% -

[l 100%

Figure 2139. Oncology snapshot.

The Submit to KB button, shown in Figure 220, becomes active (no longer gray). Click on the button to bring up
the Submit to KB window and annotate the profile by filling out the fields in the Profile window. See the
Knowledge Base section for details on how to fill out the KB record. Follow the KB submission and approval
steps to add the Profile to the KB.

R+ &

Submit to KB
Figure 21420. KB button is no longer gray.

Loading an Aggregate from a File

Aggregates can also be loaded from an external bedGraph (.bgr) file, shown in Figure 221. The file contains
tracks with frequency of gains and losses at specified chromosomal locations. After loading the BGR file tool and
selecting the BGR file, an input window opens, as shown in Figure 222.

track type=bedGraph name="LGG Astrocytoma IDH Wildtype gains"

chrl 62536 585194 4
chrl 585194 751456 3
chrl 751456 3372743 12
track type=bedGraph name="LGG Astrocytoma IDH Wildtype losses"
chri0 46207226 46981565 -48
chri0 46981565 47055683 -52

Figure 21521. Loading from external files.
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Sample Count: 100|

Sample count cannot be lower than 88

File Tracks Interpretation

Kidney Chromophobe gains: | Gains o
Kidney Chromophobe losses: | Losses o
Done Cancel

Figure 21622. Input window for BGR files.

For BGR files, keep the Sample Count field at 100 (indicating percentage of samples, not the actual count of
samples), shown in Figure 223. As the values in the files are the frequency of gains/losses, the values have a
max of 100. Once loaded, select the track to be displayed before it shows up in the view.

;_‘GG Ast 1%
rocyto

CHV Eventsncvt Sk T

100 samples 0% '__WHM’L_’FWH
50% | === -——------------—-- oo
100%

X 100 %

e o e

100 samples 0% F“_"“" ------ b b
50% | === -—-=-----------------—----
100%

Figure 21723. Sample count at 100.

Aggregates loaded from an external bedGraph file will not have tools to edit or delete as there are no
corresponding samples in VIA for that aggregate.

The Aggregate may be submitted to the KB and knowledge from published papers can be incorporated with a
Profile. For example, the section of Table 17 from the Compendium of Cancer Genome Aberrations has
information about Diffuse Astrocytoma. The information here can be used to annotate an externally loaded LGG
Astrocytoma profile into the KB, as seen in Figure 224.
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Table 17. Compendium of Cancer Genome Aberrations.

Better prognosis than IDH

in: wildtype astrocytoma;
Diffuse Galn: 4q, 7q, 8G24, | o MYC Ype astrocyl ‘ PMID:26824661; PMID:26061753;
o ‘ 12q . Progression to grade IV will
Infiltrating astrocytoma/anaplastic ) . PMID:25263767 PMID:26061754;
i ) Loss: CDKN2A/B, often involves loss of 10g, gain
Gliomas Astrocytoma, WHO grade Loss: 9p, 19g (without . PMID:28535583; PMID:26091668 PMID:
PML15g22 of CDK4, CDKS6, and cyclin E2,
1711, IDH mutant 1p) _ _ 25701198; PMID:26865861; PMID:29687258
and an increase in copy number
alterations.
Loss: homozygous
Diffuse Gain: 7, 19 CDKN2A/B
i 5 o PMID:26061754;
astrocytoma/anaplastic Loss: 4, 9p 10 Mutation: EGFR, NF1, | Poor prognosis with similar
L . ) PMID:26824661;PMID:28535583
astrocytoma, WHO grade Amplification: EGFR, PTEN abnormalities to glioblastoma
) o PMID:26091668; PMID:26810070
11/111, IDH wild-type MDM4, CDK4 Amplification: EGFR,
MDM4, CDK4
Label* LGG Astrocytoma |DH Mut Cancer Types (WHO) + Cancer Types (OncoTree) +
CNV[V/ Diffuse astrocytoma, IDH-mutant x| DASTR x
Clinical Impact Tier | - Level A + @
Notes
Diffuse astrocytoma/anaplastic Astrocytoma, WHO grade 11/11l, IDH mutant Example Cases

Gain: 4q, 7Tq, 8924, 12q

Loss: 9p, 19q (without 1p) Sample Notes

Gain: MYC

No content in tabl
Loss: COKN2A/B, PML15q22 0 content in table

Better prognosis than IDH wildtype astrocytoma; Progression to grade IV will often
involves loss of 10q, gain of CDK4, CDK6, and cyclin E2, and an increase in copy

numbar altaratinne Gene Symbol 1 ‘ Notes

Interpretation

Relevant Genes + -

CDKN2B 3§ =
The majority of low-grade diffuse gliomas (astrocytomas and oligodendrogliomas)
are IDH-mutant. In adults, mutations in IDH1 or IDH2 confer a significant survival PML § 15022 IZl
benefit in histologically lower-grade astrocytomas compared to their IDH-wildtype
counterparts, and as such, is the most important prognostic factor in this group|. References * |-
IDH-mutant tumors also have more frequently increased nuclear p53
immunchistochemical staining and loss of nuclear ATRX reactivity, corresponding to HT 5 L2 Y 7 L T umt‘ittswmm
more frequent mutations in TP53 and ATRX, respectively.

PMID:26061753 Glioma Groups Based on 1p/19q, IDH,

D P- and TERT Promoter Mutations in =
Tumaors
Submit Cancel

Figure 2184. The LGG Astrocytoma IDH Mutant profile is annotated with information from Table 17 above.

Detecting CNV from NGS

Detecting CNV and AOH events from NGS data using the MultiScale Reference (MSR) and Self-Reference
algorithms affords flexibility when calling from different NGS assays such as Whole Exome Sequencing (WES)
and Whole Genome Sequencing (WGS), as shown in Figure 225.
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i Targeted NGS Ranel (FFPE Oncojogy, 100M reads)
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Figure 2195. Example of Copy Number Analysis — Portfolio.

BB X onn x

BAM MSR requires a reference file created from a pool of normal diploid samples and is compatible with NGS
enrichment assays (WES, panels). Performing various systematic corrections (e.g., GC bias), dynamic binning
also obtains higher resolution on capture areas and lower resolution for backbone (off-target) reads.

*  Recommended: 10-15 normal samples of same sex.

«  Samples can be normal or from an experimental set which does not share CNV events.

« Users may need to create multiple reference files using diff. input files or change parameters to find one that

works best.

« Users will need to create and load reference before samples can be processed and the MultiScale

Reference Builder (see Figure 226) needs to be installed separately for ease of use.

B2 Multiscale BAM Reference Builder - O X

File Help
Reference file to be created (save as)
Clear

reference_WES_Male.msr Browse...

Genome Species Human ~ Genome Build |NCBI Build 37 ~ BAM Input Files

Binnable Regions Entire genome (no masking) v 1907010363_51.bam
1908190171_S1.bam
1908190175_51.bam

Minimum Bin Width 70

Average Read Length 100.0 AddFiles | [ Remove Selected Files |

Target Reads Per Bin 200

Maximum Neighbor Bin Gap 1000000 Raw Depth Input Files (from previous r...

Allow Bin Groups to Overlap [_|

Ouput Directory for Raw Depth Files (created on this run)

<directory of BAM file> Browse... Clear Add Files i

Create Multi-Depth BAM Reference

Figure 2206. Example of typical settings for WES.
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Parameters for BAM MSR

¢ Minimum Bin Width: The smallest contiguous region to bin; smallest possible resolution.
- Average Read Length: Based on technology/platform used.
- Target Reads Per Bin: Reads to tally in a bin.

«  Maximum Neighbor Bin Gap: Maximum number of nucleotides allowed between neighboring bins; can be
used to prevent spanning the undefined sequence at the centromere and merge data far apart in the genome.

- Binnable Regions (optional): Generally, for WES and large gene panels, it is preferable to also use the off
target reads to create virtual probes; this will generate a lower resolution backbone. Select: Entire genome
(no masking) for this option. In the case of small NGS targeted panels (ten genes), it is preferable to
customize binnable regions. Select: Custom (use a .BED or .TXT masking file with the first three columns as
chromosome, start, stop) for small panels.

»  Figure 227 below represents the parameters described above.

MultiScale BAM Reference Builder
File Help

Reference file to be created (save as)

reference_WES_Male.msr

Genome Species Human *~ Genome Build |[NCBI Build 37

Binnable Regions Entire genome (no masking) v
Minimum Bin Width 70

Average Read Length 100.0

Target Reads Per Bin 200

Maximum Neighbor Bin Gap 1000000
Allow Bin Groups to Overlap ||

Ouput Directory for Raw Depth Files (created on this run)
<directory of BAM file> Browse... Clear

Create Multi-Depth BAM Referen

Figure 2217. Parameter indications for the MSR BAM Reference Builder.

Additional parameter information includes the following:

Raw Depth Input files (from previous runs) are intermediate binary files created for each BAM file after it is
processed, which can be ignored if creating a reference file for the first time. In other words, use when the
reference file needs to be re-built or when adding additional files to an existing reference. Figure 228 illustrates
this utility.

Settings for Genome Species, Genome Build, Custom Binnable Region File and Minimum Bin Width must
be the same as those used to generate the depth files.
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Considering the Output directory for Raw Depth files (created on this run), the location must be specified to store
depth files in a separate directory from where the BAM files are located; otherwise, depth files will be created in
the same directory as the respective BAM file.

see Figure 229.

Figure 2239. Steps for creating a reference file that includes graphical representation.

BAM Input Files

Browse...

Clear

Add Files

| Remove Selected Files |

Raw Depth Input Files (from previous runs)

1907010363_S1.msd
1908190171_51.msd
1908190175_S1.msd

Add Files

Remove Selected Files

Figure 2228. Raw Depth Input files from previous runs.
Allow Bin Groups to Overlap — Check the box to allow surrounding low density bin groups to merge across

(overlap) the high-density singleton bin groups. Minimum width bins that have at least the target nucleotide count
are converted directly to bin groups comprising a single minimum width bin. To create a BAM MSR reference file,

Load via BAM References tab
Click “+” to add reference file

Details about files and parameters used
for reference are displayed when
reference is highlighted

Total Bin Groups shows the number of
virtual probes created under a given
set of parameters. Useful as a
comparison versus CMA platforms

ckmin.

i ———
Region| BAM References |

Referen... Created... Date...

Fies Platforms Sample Types Task Queues Processing Usage  Linked Samples

Organism Buid Sample.. Reference Details
chrM-ef... [admin [10-De... Human NCBI Build 37 | 6|
(CICP_F_vé [admin [19-No... Human NCBI Buid 37 | 14 peference Name: Goma_v4
ilCP_M_\M ladmin __|19-No... Human fo EE et i
Hemocs V1 fadmin___[3-Apr... Human NCBI Buid 37 | == GRS e
Hemocs_V2 admin __|6-Apr... Human NCBI Buid 37 2| [t bukdeg e
PacBio_V2 |edmin __|6-Mer... Human NCBI Buid 37 2| Reference Buider Buid: 9414
PacBio_V3 |edmin __|15-Ma... Human NCBI Buid 37 1| Usedby: 33 samples
PGT-A_F... [admin___|1944... Human NCBI Buid 37 ) Human NCBI Buld 37
PGT-AF... [admin___|1944... Human NCBI Buid 37 - PR——— )
PGT-A_M...|admin___|19-40... Human NCBI Buid 37 Bl o 0‘9
PGT-A_M...|admin___|1944... Human NCBI Buid 37 ] I =
PGT-Ack... fodmin___[16-Ja... Human NCBI Buid 37 5| bt
AverageReadlength:  150.0
PGT-Ack... [odmin___[16-Ja... Human NCBI Buid 37 1)
\WES_53_M [adnin___[28-Ap... Human NCBI Buid 37 | R 0.0
WES_IU_...[admin 16-Fe.... Human NCBI Buid 37 1| Minimum Reads Per Bin:  240.0
WES_Pro... admin___|14-Ja... Human NCBI Buid 37 2| Maximum Neighbor Bin Gap: 1000000
WES_Pro... jadmin___[23-Ja.... Human NCBI Buid 37 2| Alow Bin Groups to Overlap: No
\WES SPA... [admin 19-No... |Human NCBI Build 37 3| BAMFiles used
R17-02.bam A
R19-315.bam e
Depth Fies used

SR 2 —

R17-02.msd
R19-315.msd
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Generating BAF values from BAM files

» Details under Platforms > BAM Multiscale > Processing Types (see Figure 230).
«  Creates a BAF value from the BAM pile-up for known SNP positions (SNP file for BAF).

» Each candidate’s SNP position is checked for minimum read depth, alignment, and base quality.

e Quality and density of BAF measurement is assay specific.

Sample Types

Regions BAM References

Task Queues

Users Custom Files

Processing Usage L

Copy Number Analysis

SeqVar
Build Data Type
NCBI Build 37 + | [BAM Multiscale -

Processing Types
f || =  WESGioma |

Data Loading

Show parameters:

BAF from BAM

Type: BAF from BAM Processing
Reject reads with read depth less than: 40.0

Reject reads with MAPQ less than: 30.0

Reject bases with base quality less than: 20.0

SNP file for BAF: | snp150common_fitered.bed.bin ~

Figure 22430. Generating BAF values from BAM files.

The MSR example in Figure 231 shows the relationship of bins density to capture regions in WES samples,
illustrating how bins are dynamically generated depending on depth of coverage.
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Figure 225. Copy Number Analysis (BAM-MSR).

Figure 232 is an example of a heterozygous deletion generated from the BAM MSR algorithm. TOP: Genome-
wide copy-number and B-Allele Frequency plots displaying the generated bins from the BAM MSR algorithm.
BOTTOM: Detailed view of a 17g11.21 microdeletion showing both a copy-number plot from the BAM MSR -
generated bins (Probes) and its allelic confirmation from the B-Allele Frequency plot.
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Figure 22632. Graphical views of BAM MSR data.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 150 of 242



bionano

BAM Self-Reference works on single BAM files generated by WGS, dividing the genome into regular bins to
count reads. Self-reference calculates the median read depth per bin and uses it to normalize all bins, performing
various systematic corrections (e.g., GC Bias) and masking out certain variable regions in the genome, in the

process.

* Designed for WGS assays.

»  Settings can be found under Platforms =» BAM Self Reference = Processing Type.
*  Provides recommended bin width based on read depth, as seen in Figure 233.

«  Figure 234 describes masking options for variable regions.

* Figure 235 and Figure 236 are examples of Self-Reference analysis and coverage.

CN from BAM Self-Reference

Type: Self-Reference BAM Processing
Genome Masking:  Mask Undefined (Poly-N) Regions v

Target Bin Width (Kb): 500.0

V' Bin Width Recommendation...

Read Depth: 0.3
Bin Width (Kb):500.0
Use Recommended Bin Width

Figure 22733. Bin width window.

Genome Masking options
* Mask undefined (Poly-N) Regions: excludes poly-N regions

* Mask Repetitive (Lower-case) Regions: excludes repetitive
regions and Poly-N regions

* Mask DAC Regions: excludes Poly-N, Lower-case, and DAC
regions. DAC regions are blacklisted regions originally created
for the ENCODE project (anomalous, unstructured, high
signal/read counts in NGS experiments)

Figure 2284. Different masking options for different regions.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures.

Page 151 of 242



bionano

chr1g pilai p11.23 pii22 pii.21
4 Mb 5 Mb 8 Mb 7 Mb 8 Mb 9 Mb 10 Mb 11 Mb 12 Mb
' ' i I I I h i i

Gene H——H— IHIT B HI HHHHH H i | | H—H—HH 1H HHH HE HHIR THE | I TTH-HE R
CNEvent ]

P CN Loss

15

BAM Depth ) } | I| |

i m . ﬁmﬂﬁl bl | | —mﬂ

CUﬁ]l..IHI.- hl il Illll’ | jl lI.IIIII ItHjIhi [] .lIhII|I|

0.27

fries S g o O
14 { | |11150kb bins equally spaced across the whole genome | { | | | | |} ! |
N ' — — — ————————
-1 - [ " " —
2 I A = B
4IIJIh 5IIM: Bhlllh 7}:/“1 BI:M: Ql:Ah IK!IMh 11‘Mh 12‘Mh
Figure 2295. Copy number analysis: Loss-pass WGS (1X) on a CLL sample.
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Figure 2306. 250kb bin, 0.7X coverage for Loss-pass WGS (0.1X) on a cell-free DNA assay.

Detecting CNV from lllumina EPIC Methylation Arrays

lllumina Methylation arrays are designed to detect levels of methylation at certain CpG islands using two probes.
These arrays measure these levels through the intensity of signals, one for the methylated state and another for
the unmethylated. The sum of intensity of the two signals can be used to measure the copy number state of a
locus by comparing the total intensity of the probe in the test sample against a reference set.
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GENERATING A FINAL REPORT FILE FOR REFERENCE SAMPLES

The Methylation CN Reference Builder application available from Bionano should be installed to generate the
methylation reference files and the reference sample data should be in the Final Report (TXT) format, obtained
from lllumina’s GenomeStudio 2011. The Final Report file must minimally include data fields for TargetID,
Signal_A, Signal_B, and Intensity. Users can create a single Final Report file or individual files for each of the
reference samples. Refer to lllumina’s GenomeStudio manufacturer’s manual for further guidance on the use of
the software to create a grouped Methylation Project and to export the Sample Methylation Profile Final
Report files.

BUILDING A METHYLATION CN REFERENCE FILE

The Methylation CN Reference Builder is a separate utility that can be installed by the user, as shown in Figure
237. Within the Methylation CN Reference Builder program, browse to the desired location to save the
reference file. Next, choose the correct genome build from the dropdown menu choices. If a genome build is not
available, contact Bionano Support to obtain files for the preferred genome build. Finally, select Add Files to
navigate to the Final Report files for the reference dataset, then select Create Methylation Reference to initiate
the program.

i Methylation CN Reference Builder - O X
File Help
Reference Output File

C:\Methyl_Reference] Browse... Clear

Genome Build:  NCBI Build 37 (Human) ~

Sample Input Files

File Sample

Add Files Remove Selected Files

Generate Methylation Reference

Figure 2317. User interface (Ul) for the Methylation CN Reference Builder.

The program will produce a Methylation Reference File (.MRF) in the designated location, which should then be
imported into VIA. While logged into the VIA client with admin privileges, navigate to the Methylation References
tab. Select the + button to navigate to the desired MREF file to load into the software available for subsequent
sample processing.
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METHYLATION SAMPLE TYPES

Create a sample type under the Methylation sample class. There are two options available for the experimental
data type: a final report exported from a methylation project can be used, or the intensity scan data (IDAT) can be
used directly from the scan folder. The appropriate data type and assay name must be designated for the sample
type, as shown in Figure 238.

Data Type Manufacturer

Humina Methylation IDAT

Assay Name
~ || Epic 830K

CNV

~ | | umina-Methylation

Flatform Processing Types: None ¥

Figure 2328. Creating a sample type.

Refer to the section in this document on creating and activating processing settings. The FASST2, FASST3, and
Rank segmentation algorithms are available for configuration as BAF data is not extracted from methylation data.
The appropriate Reference file (MRF) needs to be designated during sample import, shown in Figure 239. An
example of a specific EPIC Methylation sample type in shown in Figure 240.

Figure 2339. MRF designation.

Sample Type: EPIC IDAT !
Gender: Unspecified ~ | Apply
Reference:  14spl methyl -
Sample Status CHV SeqgVar BAM/CRAM Display
< >
+ ~ (@ Raw Files Sample Descriptor
In case sample already exists (@) Skip () Overwrite with new file Close Upload Process

T—
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1 R »213 [paf2 {EE} a2
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Figure 23440. Example of EPIC Methylation data display in VIA.
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Homologous Recombination Deficiency Analysis

Genomic Instability Scoring for HRD

Homologous recombination deficiency (HRD) is the inability to repair double-stranded DNA breaks using the HRR
cellular pathway, which consequentially results in an acquired chromosomal breakage. Clinical research has
shown that cells with HRD are more sensitive to certain therapies and a measurement of HRD can be an effective
pharmacogenetic biomarker across various tumor types. To provide a functional evaluation of HR status, HRD
genomic scarring is an analysis approach to assess three specific quantifiable signatures of HRD genomic
instability. VIA includes a measurement of these three genomic scars to aid with HRD status assessment in
cancer samples across technology types.

HRD Genomic Scar Processing and Definitions

Within the Admin section for sample types that are set to an Oncology Test Type, selecting the automated
Perform Genomic Scar Calculation checkbox will activate the analysis during the processing for all associated
samples. The VIA Theory of Operations document can be referenced for a detailed description of the genomic
scar measurement process in VIA and can be obtained by contacting software-support@bionano.com. In brief,
genomic CNV and AOH profiles generated across data types are analyzed for scar characteristics through the
implementation of three processing steps:

*  Merging the CN Event and Zygosity tracks (used for HRD-LOH, TAl and LST)

»  Smoothing the resulting merged track to combine similar event types and across small gaps as well as the
centromere (performed independently for each scar based on parameters).

«  Selecting the resulting calls or breakpoints that comply with each scar’s specifications (performed
independently for each scar).

The applied definition of each scar is:

* Percent of genomic loss of heterozygosity (%gLOH) — ratio of autosomal mono-allelic events (from both
AOH and losses) as defined in the Platforms settings for “minimum LOH length” and “min. number of probes
per segment”, respectively.

* Loss of heterozygosity (HRD-LOH) - number of regions representing one parental allele resulting from a
copy number neutral, or a loss, event that is longer than a specified minimum LOH event size, but shorter
than the whole chromosome.

»  Telomeric Allelic Imbalance (TAI) - number of regions with CNV or allelic imbalance longer than the
specified minimum TAIl event that extends to one of the telomeres but does not cross the centromere.

» Large-Scale State Transitions (LST) - number of chromosomal break points between adjacent regions of
change in copy number or allelic content longer than a specified minimum LST event size. Adjacent events
with a gap less than the maximum LST gap size are merged. State changes at centromeres and telomeres
are excluded.

The characteristic event size and gap size for each genomic scar is configurable. A config file HRD Parameters is
retained as a TXT file within the VIA server (../VIA Server/Storage/Resources) that can be modified to adjust the
default parameters and refine the scarring performance accordingly.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 155 of 242


mailto:software-support@bionano.com

bionano

The specific parameters used in calculation of the genomic scars are the minimum event size and the maximum

gap size for all three scar types (HRD-LOH, TAl and LST).

HRD Genomic Scar Analysis and Display

Genomic scar measurements are conducted automatically during sample processing based on the presented
CNV and AOH profiles detected by the applied processing settings. The genomic scar selection is dynamic to
account for the manual changes made by an analyst’s expert review and modification of the sample’s CNV and
AOH event calls. The Genomic scar analysis is displayed in multiple sections of the software to provide
transparency and clarity to the tumor profile. The tally of each genomic scar is displayed on the Home page for

the sample.

A display of genomic scar values including a breakdown of corresponding breakpoints/genomic regions is

provided in the Sample Information window and listed in the table export, as seen in Figure 241.

Genomic Scars

Minimum LST segment size:

Maximum LST gap size:

Minimum LOH event size:

Maximum LOH gap size:

Minimum TAl event size:

Maximum TAI gap size:

YegLOH:

Large Scale Transition (LST) breakpoints:

Loss of Heterozygosity (HRD-LOH) regions:

Telomeric Allelic Imbalance (TAl) regions:

Figure 23541. Sample Information window displaying genomic scar scores.

10.0 Mb
3.0Mb
15.0 Mb
3.0 Mb
3.0 Mb
3.0Mb
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12

chr2:57,040,596
chr3:76,438,279
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12

chr2:8,142 83424 128 385
chr2-33 982 557-57,040,596
chr5:50,100,030-181,538,259

g9

chré:1-8,363,913
chré:158,046,846-170,805,979

chr7-151,725,050-159,345 973

A visual representation of the genomic scar measures plotted on chromosome ideograms in the Genomic Scars
tab with the ability to view the scars alone or including CNV and AOH events is displayed in Figure 242 and

Figure 243.
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Figure 23642. Screen image visualizing genomic scars without CNV and AOH events displayed.
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Figure 23743. Screen image visualizing genomic scars with CNV and AOH events displayed.

American College of Medical Genetics Scoreboard

The American College of Medical Genetics, or ACMG, Scoreboard feature is visible if:

«  The software being used is Version 6.1 or higher.
» The test type is defined as Constitutional.

« New Dosage Sensitivity tracks (ClinGen Dosage Sensitive Map Haploinsufficiency Canonical Transcript and
ClinGen Dosage Sensitive Map Haploinsufficiency Gene Components) must be present.

ACMG published updated technical standards for the interpretation and reporting of constitutional CNVs in 2019
and the Scoreboard can be used to automatically calculate the scores for many of the evidence categories
described by the ACMG standards. This Scoreboard is displayed at the bottom of the Variant Details tab. Scores
for each of the evidence categories are auto-filled wherever possible and added together resulting in the final
overall score and subsequent classification of the event, as shown in Figure 244.

The ACMG Scoreboard is designed so users can manually add additional evidence score(s) and modify them for
each evidence category using professional expertise to arrive at a final interpretation. By clicking on the Update
button, the detailed evidence criteria are displayed with the ability to modify scores for any evidence criteria.
Additionally, a Notes section for each evidence category is provided so the user can input text with regards to
why that score was entered.
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When the fields in the 2019 CN Guidelines Scoreboard are shaded yellow, that implies that no manual updates
were made to any of the scores. Upon manual editing of any of the evidence criteria, the fields on the Scoreboard

are shaded white.

Overall, the Scoreboard provides a formal reasoning structure that standardizes CNV event classification and
ultimately helps reduce errors by eliminating the need to use external tools. An example is provided in Figure

245,

Tracks Variant Details

Variant 18q21.2q23(48654302_75473324)x1

Event: Mosaic -

% Aberrant: 100.0 | Est. CN:0.929

Pre-classified as: Pathogenic ®

Classification:
Similar Previous Cases

10
L ﬁ
1 40

0.60% (2/335)

DGV Similarity
05

0.069 @

Length No of Probes
26,819,023 6,966

L\

Gene Details (129)

Haplo
insufficiency
Triplo
sensitivity

OMIM
Phenotypes

Phenotypes (SAP Score = 1) Signific..a

Probe Median .
HP:0000006 Autosomal dominant in... 1.0

0617 HP:0000405 Conductive hearing imp..

HP:0004400 Hyposmia

ACMG 2019 CN Guidelines

Score: 19 Pathogenic

Figure 2384. ACMG Guidelines.

Region Details

Knowledgebase Events

Event Similarity v

No content in table

Pathogenic Region O... Similarityr Value

ClinGen Postnatal Loss.. [l 0912 Global developmental ..
ClinGen Postnatal Gain.. [l 0882 Macrocephaly, Abnorm.
ClinGen Postnatal Loss. I 0860 Abnormality of the face.

linfian Dnctnatal Gain B 474 Asdictic hahavine intra

Benign Region Overlaps Similarityy Value
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Section 1: Initial Assessment of Genomic Content

9 0 Contains protein-coding or other known functionally important 0.0 Contains protein-coding element
elements :
D NOT contai tein-codi ki functionally i rtant
. oes contain protein-coding or any known functionally importan: 5 06

elements

Section 2 : Overlap with Established/Predicted HI or Established Benign Genes/Genomic Regions
(Skip to Section 3 if your copy number loss DOES NOT overlap these types of genes/regions)

v 2A Complete overlap of an established HI gene/genomic region 1.0 Complete overlap with HI gene/region

Partial overlap of an established HI genomic region
- The observed CNV does NOT contain the known causative gene or
critical region for this established HI genomic region OR

2E - Unclear if known causative gene or critical region is affected OR
- No specific causative gene or critical region has been established for
this HI genomic region (e.g. 1p36 deletion)
ac Partial overlap with the 5" end of an established HI gene (3" end of the
gene not involved)...
2C-1 ..and coding sequence is involved 0.90 (Range : 0.45 to 1.00) 1
2C-2 ...and only the 5" UTR is involved 0 (Range : 0 to 0.45) 045 0.0
2D Partial overlap with the 3' end of an established HI gene (5" end of the
gene not involved)...
2D-1 ...and only the 3" untranslated region is involved. 0 0 0.0
...and only the last exon is involved. Other established pathogenic .
22 variants have been reported in this exon. DYt B w T W
...and only the last exon is involved. No other established pathogenic . -
L variants have been reported in this exon. C=DRaRGEHIo D) LB o0
..and it includes other exons in addition to the last exon.
2D-4 0.90 (Range : 0.45 to 1.00) 1

Nonsense-mediated decay is expected to occur.

LlinG. Vil L

Cancel | Apply

Figure 2395. Partial view of the expanded Points and Notes sections.

In addition to functioning as a stand-alone guideline, the Scoreboard can be coupled with the automated variant
pre-classification decision tree to pre-classify events. This allows users to quickly sort through the events on the
table and prioritize for review. See Figure 246 for an illustration of this feature.

Ed Table (3 Deleted Events ¥ Whole Genome [E Report
It 4 (B o 1stN &

Event Chromosome Region Cytoband Length Classiﬂ/c\atinn Pre-Classification Comments

CN Loss  |chr14:22,747,606-22,959,510 |14q11.2 211,905|Benign Pre-classified as 'Benign' because current event kind is CN_LOSS, score ACMG_CNV is -1.956E+00.
CN Loss  chr18:48,654,302-75,473,324 18g21.2 - q23 26,819,023 Pathogenic Pre-classified as 'Pathogenic’ because current event kind is CN_LOSS, score ACMG_CNV is 1.900.
CN Gain chr18:19,415,619-19,762,760 |18q11.2 34714200 Pre-classified as 'VUS' because current event kind is CN_GAIN, score ACMG_CNV is 0.000E+00.
CN Gain  |chr18:21,058,644-21,768,404 |18g11.2 709,761 W5 Pre-classified as 'VUS' because current event kind is CN_GAIN, score ACMG_CNV is 0.000E+00.
CN Gain chr22:22,900,337-23,240,413 |22q11.22 340,077 00 Pre-classified as 'VUS' because current event kind is CN_GAIN, score ACMG_CNV is 0.000E+00.

Figure 2406. Events table sorted by the classification column for pre-classified events using a decision tree.
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Using a Decision Tree: An Overview

How to Increase Efficiency and Turnaround

A decision tree (DT) is a set of logic rules used to automatically pre-classify events in the sample. The use of a
decision tree can help increase the efficiency of the sample review process. High-throughput technologies create
too much information for an individual reviewer to analyze manually while maintaining efficiency. Many events
(e.g., CNVs, AOH) can be detected in a sample but the goal is to narrow down the number of events to a
manageable quantity. The automated classification system in VIA increases efficiency by automating much of the
process of classifying events. A reviewer’s objective is to classify the identified events and label them (e.g.,
pathogenic, likely pathogenic, benign), and many of these events can be pre-classified based on a set of logic
rules added to the system and defined by the Administrator. The pre-classified events are labeled as such and
provide the reasoning that marked them with that classification. The approach uses external databases (e.g.,
ClinGen, OMIM, DECIPHER) as well as internal data generated over time in the local database. The
Administrator creates logic rules for automatic decision tree pre-classification (see section on Pre-classification
Syntax). A DT is associated with a specific sample type, and when a sample is loaded, the DT logic runs and pre-
classifies events based on the rules. The event pre-classification results can be reviewed in the Classification
column in the table of results in the Sample Review window (Figure 247).

[ Table (@ Deleted Events <% Whole Genome [E] Report
1t v B 8 [IScN =
Event Chromosome Region Cytoband Length Classification

Homozyqgous Copy Loss _chrl:155,345,757*155,552,239 _1q23.1 | 6,831 k
Homozygous Copy Loss chr4:69,401,503-69,543,126 4q13.2 JEAT ¥ Z Please Review
CN Gain |chr9:135,436,433-136,489,141 19934.13 - g34.2 | 1,053, 709 [FEEEERENEN

CN Loss chr6:255,672-298,559 6p25.3 43,888 |Likely Benign
Homozyqgous Copy Loss chr7:142,476,116-142,486,097 7934 582 |Likely Benign
Allelic Imbalance 'cth:122,1?1,6?2-122,6?3,029 '9q33.l - g33.2 | 501,%58 [SlTE

AOH |chr15:97,944,825-98,215,597 115q26.2 | pr{} %] AOH with Imprinted Ge...

Figure 2417. Example of pre-classified events viewable in the Results table in the Classification column.

During VIA installation, Bionano Support can assist with configuration and in generating the DT language and
scripts when setting up sample types. Support will generate scripts to mirror the logic used in the lab for the
interpretation process and suit the DT to various analysis workflows, such as constitutional and oncology.

The Administrator can create multiple decision trees for a single sample type to test them and then choose one to
associate with a sample type. Through the Administrator interface, all decision trees defined for a sample type are
run when a sample is processed. The results can be displayed in the Results table, one in each column for each
DT (Figure 248). This allows the Administrator to see how each DT is performing and then select one to
associate with a sample type for future processing performed by other users. Only when logged in as
Administrator can all decision trees for a sample type be added and run during sample processing.
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Ef Table () Deleted Events < Whole Genome [E] Report

LD oo ISen =

Postnatal_for vé ACMG DT Event Chromosome Region Cytoband Length

us vUS CN Gain chr2:109,340,521-109,374,495 2q12.3 33,975
mus [vus CN Gain chr2:112,480,610-112,641,119 2q13 160,510

us Likely Benign CN Gain chr2:152,435,149-152,465,535 2q23.3 30,387
lhvus Benign CN Gain chr2:228,241,251-228,258,447 2q36.3 17,197
tus [Wus |CN Gain chr6:161,029,965-161,068,860 6q26 38,896

us Likely Pathogenic CN Gain chr7:151,901,086-151,940,023 7q36.1 38,938
Wvus vus CN Gain chr20:61,981,696-61,994,102 20413.33 12,407
tikehr Benign Likely Benign |CN Gain chr1:145,180,889-145,376,719 1q21.1 195,831

lease Review Likely Benign |CN Gain chrl:148,002,650-149,797,545 1q21.2 1,794,896
|Flease Review vus (CN Gain chr1:152,081,873-152,084,563 1921.3 2,691
|IFlease Review Vus |CN Gain chrl:152,323,672-152,329,056 1q921.3 5,385
|Flease Review Vus |CN Gain chr1:196,729,671-196,810,253 1g31.3 80,583

lease Review vus CN Gain chr10:81,448,123-81,597,572 10922.3 149,450
rlease Review lBenign CN Loss chr14:106,066,912-106,174,600 14q32.33 107,689
l’lease Review Likely Pathogenic 'CN Gain chrx:8,502,185-8,513,066 Xp22.31 10,83#

Figure 2428. Sample types with multiple DTs: each DT is run, and the results can be visualized using the

Administrator log in.

Select the desired sample type and add the DT script in the Decision Trees tab by clicking the Add (+) tool
(Figure 249). In the Event Classification tab, ensure all the different event classification values that are present
in the DT script are added. For each classification value, select a desired color for graphical representation of that
classification. Use the Add, Remove, and Edit tools to add classification values and to make changes to the
available classification values. The DT to apply for automated pre-classification can be selected using the
dropdown field in the Event Classification tab (red arrow in Figure 250). Classified events displayed in the
tracks and table are color coded based on the selection for each classification value in the Event Classification
tab. When any changes are made to events in a sample the DT script can be run again if the option Enable
Automated Pre-classification on manual edits is selected (circled in Figure 250). When an event is manually
altered (e.g., event boundaries were changed), a pop-up alert will ask the user if automated pre-classification
should be run, and the user is given a Yes or No option. Classified results are shown as in Figure 251.

Sample Attributes

Workflow Gene Panel = Reports

Event Classification [aleElLREEE sample Review Preferences
e ——TCC

ACMG DT ~ | Apply | (5 processed samples)

1 /s A
2 Post-natal Pre-Classification basic workflow

4 Classifies CNV events as:
S Benign

11 Classifies AOH events as
12 Large AOH
13 AOH with Imprinted Genes

15 June 2021

2 val Sim_threshold = .85

22 CASE {(SCORE(PREVIOUS_SIMILAR_CASES("Pathogenic”, @.85)) == @) AND

23 (SCORE(PREVIOUS_SIMILAR_CASES("Likely Pathogenic”, ©.85)) == @) AND

1 (SCORE(PREVIOUS_SIMILAR_CASES("VUS", ©.85)) == @)} {

)5 CASE {SCORE(PREVIOUS_SIMILAR_CASES("Artifact”, ©.95)) »>=4} {CLASSIFY("Artifact")}
¢ CASE {SCORE(PREVIOUS_SIMILAR_CASES("Benign”, ©.95)) »>=4} {CLASSIFY("Benign")}

0 CASE {ANY_CN_EVENT_KIND} {

Using ACMG Guidelines for CNV calling of events not previously classified as Benign, Likely Benign, ot

Likely Benign

vus

Likely Pathogenic
Pathogenic
Artifact

*/

CASE {SCORE (PREVIOUS_SIMILAR_CASES("Likely Benign", ©.95)) >=4} {CLASSIFY("Likely Benign")}
}

CASE{SCORE(ACMG_CNV) >= 0.99} {CLASSIFY("Pathogenic”)} o
<

Figure 2439. The DT script is added to the Sample Type.
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Sample Attributes

1
Workflow QEUNerESil-WGLl Decision Trees = Sample Re

Automated Pre-classification: ACMG DT

Event Classification ]
Likely Benign

VUusS

Benign g
Likely Pathogenic Likely Pathogenic
Pathogenic Pathogenic

Large AOH Large AOH

AOH with Imprinted Genes AOH with Imprinted Genes
Please Review Please Review
[Artifact
Exclude

Discard Changes Save Changes

Figure 24450. Graphical representation of each classification value in the Event Classification tab.

Tracks Variant Details

4reeQ-rm chr19:7,020,002-7,041,924
> chr19 pi13.2
7 939 Mb 7 93:.’ Mb 7 GS-I‘ Mb 7 QGIG Mb 7‘93? Mb 7 9-1? Mb
P Gene [ TR ]
¥ CNEvent P CN Gain

¥ Probes Q CN ~
2
*
0

r T T T T T
7.830 Mb 7.832 Mb 7.934 Mb 7.936 Mb 7.938 Mb 7.840 Mb

[ Table [ Deleted Events «§” Whole Genome [ Report
T Ex et st @

Chromosome Region Cytoband
chrX:89,357,988-90,286,347 [xq21.31 928,364
ICN Gain chr19:7,934,466-7,937,448 19p13.2 2,9¢ 3 Likel

CN Gain chr1:145,180,889-145,376,719 |1921.1
CN Gain chr1:148,002,650-149,797,545 |1g21.2
EN Gain chr1:152,081,873-152,084,563 [1g21.3
CN Gain chr1:152,323,672-152,329,056 1q21.3

| €

Figure 24551. Classified events displayed in the Results table.

Filtering of CNV, Allelic Events, and Sequence Variant Data

An initial filtering schema is needed to narrow down the list of events to display in the VIA browser and table.
Events are removed/included from user view based on options selected using the Filters and Panels tabs. These
tabs are located to the right of the table at the bottom of the window, as seen in Figure 252. If there are no Filters
or Panels applied, the tabs will be gray/white, as shown in the image below. If filters or panels ARE applied, the
tab will be gold.
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[ Table (f} Deleted Events & Whole Genome [ Report

¢ [B¥ o2 ISt &

Event Chromosome Region Cytoband Length Classification Notes

Loss chr1:228,234,205-228,547,070 1g42.13 312,866 This is a test note

Allelic Imbalance chrd:1-162,561 4pl6.3 162,561 Test

AOH chr5:79,545,699-80,462,686 5014.1 916,988

IAOH lchr6:27,632,680-28, 215,542 6p22.1 582,363

AOH chr6:28,253,923-29,355,717 6p22.1 1,101,795
Loss chr7:141,767,191-141,810,792 7934 43,602

Figure 24652. Filters and Panels tabs.

>
s|BLey S| = I\

When open, the width of the Filters and Panels section can be adjusted to become wider or narrower by
hovering over the left boundary until a horizontal double-sided arrow appears and then clicking and dragging the
left boundary.

Clicking on the Filters tab will display the filtering options. Depending on the sample type, various additional tabs
may be displayed in the panel. Filters are organized by modality and separated into four tabs: Copy Number,
Allelic, Sequence Variants, and SV Events. Figure 253 below displays all four tabs as the example sample has
all four types of variants.

[= 1T o #

Copy Number Allelic Sequence Variants SV Events

i || SJEﬂIIl:I |c:.ﬁ[

(2046)

|aLe,

VCF Filter Values

(] o]

(2046)

pingy

=1

Classified Events

Figure 24753. Four \}ariants.

Each tab displays boxes with details for each filter and icons indicating the status of that filter. Some filters are
specific to the data modality and others apply across multiple modalities and will be displayed in each tab. Gear
icons at bottom right indicate that the filter has parameters needed for selection as well as whether the filter
affects other filters. Clicking on the icon opens the filter parameters in another window.

Gear icons with arrows indicate that this filter is linked across tabs; in other words, the same filter appears in other
tabs. Parameters selected in one tab are carried to all the other tabs. Also, if the filter is applied in one tab, it is
automatically applied in other tabs as well. For example, if, in the Sequence Variants tab, the Classified Events
filter is enabled, it will automatically be enabled in the Copy Number and Allelic tabs as well (if those tabs exist).

The checkbox on the bottom left is for turning the filter on and off (checked/unchecked, respectively) but is not
displayed unless a filter parameter has been selected. For example, the checkbox will not be visible because a
panel is not selected in the filtering parameters. Note that the selected gene panel name will also be displayed in
the filter box.
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Some filters will have an arrow next to the checkbox. An arrow pointing down indicates that variants after this
stage are sent to a filter in a different tab and input to that filter. An arrow pointing up indicates that variants
coming into this filter are coming from a specific stage of a filter in another tab.

The panel filter displays the parameter directly in the filter box. This is for those filters where there is only one
option to select and then this parameter is displayed in the box. In the example above, after selecting a panel
gene list, the box displays the panel selected (solid tumor panel).

To enable a filter, mark the checkbox. In Figure 254, one box is not checked, and one can see the number of
variants below the box, which is 2917. Checking off the box enables the filter, and the number of variants
decreases as some are filtered out due to the panel selection.

Panel Selection Panel Selection
[ solid tumor panel  «# solid tumor panel kb
(2917) (2870)
v v

Figure 2484. Decrease in variants.

Visibility of different filters is also dependent on the information available for the Sample. If there are no linked
family relationships for a sample, for example, the Inheritance Pattern filter will not be displayed in the filter chain.

The Classified Events filter provides several options for treating each classification category. The choices are to
Always Show, Do Nothing, and Remove; these options are available for all filters. Figure 255 displays the
parameters for all filter classifications and explanations per radio button are provided below.

Classification  Always Show(i) Do Nothing(i) Remove(i)

Benign

Likely Benign
Vus

Likely Pathogenic
Pathogenic

undassified

Figure 2495. Radio buttons for treatment and classification.

Always Show: Selecting this button will always display events classified as such, regardless of the filters applied
downstream. For example, if Benign is marked as Always Show, then events classified as Benign will be
displayed in the Browser and Results table even if downstream events are filtered out. If there are a total of 392
events prior to application of this filter and there are two Benign events in the results, then selecting Always
Show for Benign will still display 392 events in the Results table and the counts at the bottom of the table.
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Do nothing: Selecting this radio button does not apply the filter to this classification; in other words, this selection
will pass all variants of this classification to the next filter in the chain.

Remove: Selecting this radio button will remove the event from the browser and table display. If Benign is marked
as Remove, then Benign events will not be displayed in the browser or table. If Benign is marked as Remove and
there are a total of twenty-five events prior to this filter application but one event is Benign, after enabling this
filter, the benign event will be removed and the total number of events at the bottom of the table will show 24.

The Panel Selection filter shows only events in the gene panel list. If at least one gene panel is associated with
the sample type, this filter will be present in the filter chain. All available panels will be listed, and the user can
select one from the dropdown menu. Figure 256 depicts the Ul for Panel Selection.

Filter Parameters e

Panel Selection

Show only events overlapping panel | Phenotype based gene panel

Figure 2506. Dropdown menu for Panel Selection.

Similar previous cases are events that appear repeatedly in the database by percentage or by number of cases.
Marking relevant checkboxes to remove unwanted events depending on how often a similar event is detected in
the VIA database is displayed below in the Ul image and in Figure 257.

Filter Parameters X

Similar Previous Cases

Remove events with frequency higher than 5.0 %

Remove events seen more than 5| times

Figure 2517. Like previous filter selection.

The Event Types filter allows the user to mark checkboxes to remove certain event types as depicted in the Ul
image and in Figure 258, much in the same manner as previously described cases.
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Filter Parameters >

Event Types

|:| Remove Losses

[ ] Remove Amplifications

|:| Remove Homozygous/Hemizygous Losses

[ ] Remove copy number events from sex chromosomes

|:| Remove Mosaic Events

Figure 2528. Event Types filter.

Users can mark relevant checkboxes and specify a size or number of probes to remove those events, as shown
in Figure 259.

Filter Parameters X
Size [ No. of Probes

[ ]Remave gains smalier thar 0| kb

[ ] Remave losses smaller than 0|kb

[ ] Remave gains larger than 0|kb

[ ] Remove losses larger than 0|kb

[ ] Remove gains with fewer than 0 probes

[ ] Remove losses with fewer than 0| probes

Figure 2539. Size/number of probes.

Mark relevant checkboxes to remove items not covered by an allelic event, as shown in Figure 260.

Filter Parameters oy

With Ho Allelic Events

[ ]Remove gains not covered by an allelic event

[ ] Remove losses not covered by an allelic event

Figure 25460. With no allelic events.
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Allelic Event Filters

The Classified events filter is shared with CNV events. The Panel Selection and Similar to Previous filters are

like the CNV events but can be configured separately for allelic events.

Mark relevant checkboxes to remove events that come up repeatedly in the database (by percentage or by
number of cases). See Figure 261 and Figure 262.

Filter Parameters

Event Types

[ ] Remove all allelic imbalance calld

[ ] remaove all AOH calls

[ ] Remove allelic calls from sex chromosomes

[ ] Remove all hUPD calls

[ ] Remove all isoUPD calls

|:| Remove Mosaic Events

K

Figure 2551. Event types.

Mark relevant checkboxes and specify a size or number of probes to remove those events, as shown in Figure

262.

Figure 2562. Remove allelic events based on size or number of probes.

Filter Parameters

Size [ No. of Probes

[]Remave AOH calls smaller than
D Remove hUPD calls smaller than
[] Remove isoUPD calls smaller than
[ ]Remave Al calls larger than
[]remaove AOH calls larger than

[] Remove hUPD calls larger than
[ ]Remove isoUPD calls larger than
[ rRemove Al calls with fewer than
|:| Remove AOH calls with fewer than

[] Remove hUPD calls with fewer than

[ ]Remove isoUPD calls with fewer than

kb
kb
kb
kb
kb
kb
kb
kb
probes
probes
probes

probes

Mark relevant checkboxes to remove events not covered by copy number event, as seen in Figure 263.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide

For Research Use Only. Not for use in diagnostic procedures.

Page 167 of 242



bionano

Filter Parameters >

With Copy Number Events

Remove AOH regions that are also copy number loss

Remove allelic imbalance regions that are also copy number events

Figure 2573. Remove events not covered by copy number.

Mark the checkbox to show only AOH and/or allelic imbalance events that overlap SeqVar (Sequence Variant)
events, as seen in Figure 264. This includes SeqVar events after the Interest Level stage in the Sequence
Variants tab.

Filter Parameters x

With SeqVar Events

[ ] 5how only AOH regions with visible Seq Var event

[ ] show only Allelic Imbalance Regions with visible Seq Var events

Figure 2584. SeqVar overlap.

Sequence Variant Filters
CLINVAR CLASSIFICATION

The Sequence Variant filter provides several options (see Figure 265) to classify events based on the ClinVar
Classification and ClinVar Star Rating System. The Minimum Rating is a drop down that can be changed between
1, 2, 3 or 4 stars.

Filter Parameters X
Clinvar Classification ~ Minimum Rating  Always Show(i) Do Nothing(i) Remove(i)
Eenign + W 'D @ O

Likely Benign + o i ® O

Uncertain Significance +* e i . O

Likely Pathogenic + w ] ® O
Pathogenic 4 o ] O] O
Undassified O O] Q

Figure 2595. Minimum Rating menu.
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ClinVar uses the star system as described below in Figure 266 and can be obtained from the National Institutes
of Health website.

NOTE: Events not classified by ClinVar will not be filtered.

Number of gold  Review status Description

stars

four practice guideline practice guideline

three reviewed by expert panel reviewed by expert panel

two criteria provided, multiple submitters,  Two or more submitters with assertion criteria and evidence (or a public contact) provided the same interpretation.
no conflicts

one criteria provided, conflicting Multiple submitters provided assertion criteria and evidence (or a public contact) but there are conflicting interpretations. The independent
interpretations values are enumerated for clinical significance

one criteria provided, single submitter One submitter provided an interpretation with assertion criteria and evidence {or a public contact).

none no assertion for the individual variant  The allele was not interpreted directly in any submission; it was submitted to ClinVar only as a component of a haplotype or a genotype.

none no assertion criteria provided The allele was included in a submission with an interpretation but without assertion criteria and evidence (or a public contact).

none no assertion provided The allele was included in a submission that did not provide an interpretation.

Figure 2606. The ClinVar Star Rating System.

The Classified events filter is shared with CNV and Allelic Events. The Panel Selection and Similar to Previous
filters are like the CNV and Allelic events but can be configured separately for sequence events. Events provide
options on how to treat each classification category.

Quality and Population Frequency: Instead of filtering prior to processing (as per settings for the sample type),
the population frequency, read depth, and quality of sequence variants can also be filtered dynamically within the
filter chain after a sample is processed.

Populations are grouped together into a tree structure with checkboxes allowing selection of specific population
filters and allow exclusion of variants based on allele frequencies for different populations from different data
sources. Based on the version of annotator used, the fields available here will differ. The latest linked Nirvana
Annotator uses gnomAD (Genome and Exome) as the data source. See Figure 267.
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Filter Parameters Ll

Quality and Population Frequency

| | Quality score lower than 50.0
[] Read depth support less than 20.0
(] & All Allele frequencies [in %] higher than 1.0
] ~Global allele Frequency [in %] Higher than 1.0
: +-All GnomAD Genome allele frequencies [in %] higher than 1.0
1 - All populations higher than 1.0
N African / African American population higher than 1.0
[ @ i Latino populatien higher than LD
] Ashkenazi Jewish population higher than 1.0
1 East Asian population higher than 1.0
1 Finnish population higher than 1.0
S Non-Finnish European population higher than 1.0
[ @ i South Asian population higher than 1.0
I Other population higher than 1.0
[] ~All GnomAD Exome allele frequencies [in %] higher than 1.0
] - All populations higher than 1.0
: ----- African / African American population higher than 1.0
N Latino populatien higher than 19
. Ashkenazi Jewish population higher than 1.0
N East Asian population higher than 1.0
] - Finnish population higher than 1.0
N Non-Finnish European population higher than 1.0
] South Asian population higher than 1.0
I Other population higher than 1.0

Figure 2617. Filter parameters for population frequency.

The Quality Score is the QUAL value from the VCF file, a Phred-scaled probability that a REF/ALT polymorphism
exists at this site given sequencing data.

The allele frequencies are arranged in a tree-like structure such that selections in the higher nodes apply to all
items under that branch. For example, to change all 1000 Genomes Project frequencies to 2.0, that change can
be made in the row highlighted below and all the population specific groups’ frequencies will also be at 2.0, as
seen in Figure 268. Each individual population can have its own frequency as well and the field for that group can
be edited.

Al Allele frequendies [in %] higher than

;----Global Allele Frequency [in %] Higher than 1.0
----- 1000 Genomes Project allele frequency [in %] for the African super pop... 2.0
----- 1000 Genomes Project allele frequency [in %] for all populations higher ... 2.0
----- 1000 Genomes Project allele frequency [in %&] for the Ad Mixed America... 2.0
----- 1000 Genomes Project allele frequency [in %&] for the East Asian super ... 2.0
----- 1000 Genomes Project allele frequency [in %] for the European super p... 2.0
----- 1000 Genomes Project allele frequency [in %] for the South Asian supe... 2.0
- All Exome allele frequendies [in %] higher than 1.0
- Exome Seguencing Project allele frequency [in %%] for all populations hig... 1.0
- Exome Sequencdng Project allele frequency [in %] for the African popul. .. 1.0

Figure 2628. Changing a frequency.
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Event Types: Check boxes to display the specified events are seen in Figure 269. Numbers in parentheses next
to the event type indicate the number of events of that type in the current sample. If none of the boxes are
checked and the filter is off, all variants will be displayed (no selection is being made since the filter is not
enabled).

Filter Parameters >

Include the following Event Types:

SNV (13 Insertion (0)

Deletion (0] Inversion (0}

Indel (0} [ | Reference (0)

MNV (0) puplication (0)
Complex_structural_alteration (0 Structural_alteration (0
Tandem_duplication (0) Translocation_breakend (0)
Mobile_element_insertion (0) Mobile_element_deletion (0)

Novel_sequence_insertion (0) Repeat_expansion (0)
[ ] Copy_number_variation (0) [ ] copy_number_loss (0)
[ ] copy_number_gain (0) [ ] Reference_no_call (0)
[ ] unknown (0)

Figure 2639. Specified Event Types.
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Event Consequences: Check boxes to display the specified consequences are seen in Figure 270. Numbers in
parentheses indicate the number of events with that consequence, which are available in annotated VCF files. If
the VCF is not annotated, events will not be displayed.

Filter Parameters x

Include the following Event Consequences:

0}
[ ] copy number gain (0)
Downstream gene variant (0)

Frameshift variant (0}

Inframe insertion (0)

[ ] Mature miRNA variant (0)

[ ] Mon-coding transcript exon variant (0)
[ ] Regulatory region ablation (0)

Splice acceptor variant (1)

Start lost (0)

Stop lost (0)

Transcript ablation (0)

Transcript variant (0)

5' UTR variant (0)

[ ] copy number loss (0)

Feature elongation (0)

Incomplete terminal codon variant (0)
[ ] Intergenic variant ()

Missense variant (0)

[ ] Mon-coding transcript variant (1)
[ ] Requlatory region amplification (0)
Splice donor variant (0)

[ ] start retained variant (0)

[] stop retained variant (0)
Transcript amplification (0)

[ ] Upstream gene variant (1)

Coding sequence variant (0)
[ ] Copy number variantion (0)
Feature truncation (0)
Inframe deletion (0)

[ ]Intron variant (1)

NMD transcript variant (1)
Protein altering variant (0)
[ ] Regulatory region variant (0)
Splice region variant (0)
Stop gained (0)

[ ] synonymous variant (0)
Transcript truncation (0)

[«] TFBS ablation (0)

TF binding site variant (0) [ ]5' UTR premature start codon gain variant (0) [_] Disruptive inframe insertion (0)

[ ] conservative inframe insertion (0) [ ] pisruptive inframe deletion (0) [ ] Conservative inframe deletion (D)

[ ] TFBS amplification (0) [ ] unidirectional gene fusion (0) [ ] Hone Specified (0)

Figure 26470. Specified consequences.

If no consequences are selected and the filter is not enabled, all variants will be displayed as the filter is not on
and therefore is not discriminating between different consequences. If no consequences are selected and the
filter is enabled, no events will be displayed since nothing was selected to be displayed.

Zygosity Filter: The Zygosity filter and the Inheritance Pattern filter allow users to effectively filter CNV and/or
SeqVar events according to genotype and particular mode of inheritance.

Zygosity filter: In the SeqVar filter pipeline, there are three options to filter for specific genotypes of the variant,
those being heterozygous, homozygous, and hemizygous. An option to match the genotype of the variant with the
mode of inheritance for the associated gene is available in this filter, shown in Figure 271 (OMIM Inheritance
Match).

NOTE: The Zygosity filter is disabled (grayed out) when the Recessive Inheritance Pattern Filter is active.
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Filter Parameters >

Zygosity
(@ Show OMIM Inheritance Match

O Remove:
Homozygous
Heterozygous
Hemizygous

Figure 2651. Zygosity filter.

OMIM Inheritance Match: When Show OMIM Inheritance Match is selected, heterozygous variants in genes
that are either recessive or dominant and homozygous variants in genes that are recessive are shown in the
table. The OMIM dominant and recessive genes are based on the OMIM Morbid Phenotypes Dominant 5K
Extended and the OMIM Morbid Phenotypes Recessive tracks that are a standard part of regions and
annotations.

Variant Read Fraction and Count Filter: Check the box and edit the number in the text field to specify read
fraction as a percent and actual read counts, as seen in Figure 272.
Filter Parameters X

Variant Read Fraction and Count

Remove events with variant read fraction less than 5.0 %

Remove events with variant read count less thar 20

Figure 2662. Variant read fraction and count.

Interest Level: Check boxes can be used to remove all sequence variant events that are at the selected severity
of the event. Variants from this stage are used to filter overlapping Allelic Events as per the With SeqVar Events
filter in the Allelic Events tab, shown in Figure 273. There are two ways to select events:

1. A slider can be dragged up or down the list of interest levels to quickly select multiple items to filter out
everything below the line.

2. Checkboxes next to each interest level can be selected for finer tuning of filtering to choose individual
interest levels to filter out.
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Filter Parameters x

Interest Level
Remove events with the following transcript interest levels:

Interest Level Rem...

Transcript ablation [
Transcript amplification

Start lost

Stop gained

Frameshift variant

Splice donor variant

Splice acceptor variant

5' UTR premature start codon gain variant
Stop lost

Regulatory region ablation
Disruptive inframe deletion
Inframe deletion

Conservative inframe deletion
Disruptive inframe insertion
Inframe insertion

Conservative inframe insertion
Missense variant

Protein altering variant

'Transcript truncation

Splice region variant

Incomplete terminal codon variant
Start retained variant

Stop retained variant
Synonymous variant

Coding sequence variant

N EENES

Figure 2673. Interest levels.

Values considered here are from the Consequence column. The interest level used for the filter is the highest
one from the selected transcript.

In Silico Predictors: Values considered here are from the in silico prediction column, shown in Figure 274. The
highest interest level is taken from all available values in the in silico prediction column and that is the interest
level used for the filter.

Filter Parameters X
Predictor Required Optional Ignore Minimum Interest Level
FolyFhen-2 O O @ Benign e
FATHMM QO QO O Tolerated ~
MetalR O O @ Tolerated W

SIFT O O @ Tolerated e
Mutation Assessor O O @ Meutral Functional Impact -
MetaSVM O O @ Tolerated e

Filter variant if at least 0| predictor(s) are at or below minimum interest level.

Figure 2684. In silico prediction column.
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One or more filters may be selected and marked as Required or Optional. A minimum number of predictors that
match criteria can be specified to add further assurance before filtering out variants.

Compound Events: When searching for compound events, genes may be padded by the user-specified amount
to include upstream and downstream regions, shown in Figure 275.

I Filter Parameters oy

For compound events, pad genes by:
300.0 | Kb upstream for CHV
300.0 | Kb upstream for Seq Var
10.0 | Kb downstream for CNV
10.0 | Kb downstream for Seq Var

Figure 2695. Compound events filter.

Activating this filter will parse out sequence variant events that do not have another sequence variant, CN or
allelic event overlapping the same gene. This filter takes in events from the end of the copy number chain and
filtered sequence variants before this stage (operates only on visible sequence variant events only). For this
calculation, the gene is taken in its entirety plus any padding, if specified. With copy number gain events
overlapping a gene, the CN gain must have at least one breakpoint within the gene and a 30kbp padding around
the gene. If the CN gain event is fully covering the gene plus padding, it is not considered in the compound event
filter and the sequence variant event will not be filtered out.

Inheritance Pattern Filter: Only shows events of the selected inheritance pattern. The filter allows selection of
multiple models to be applied at once and the union of these results will be displayed, as shown in Figure 276.

Filter Parameters X

Show events consistent with:

[ ] be Novo For compound het, pad genes by:

[ | pominant 300.0| Kb upstream for CNV
Recessive 300.0 | Kb upstream for Seq Var
[ %-Linked 10.0| Kb downstream for CNV

10.0 | Kb downstream for Seq Var

Figure 2706. The inheritance pattern filter.

The Inheritance Comments column of the table lists the matching inheritance models. These values are also
displayed in the Variant Details view using the following abbreviations:
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e« DN -de novo

AR - autosomal recessive
e AD - autosomal dominant
e CH - compound het

¢ XR - X-linked

For duo analysis where the software assumes the missing parent is consistent with the inheritance pattern, the
terms Possibly De Novo and Possibly Dominant are used in the Inheritance Comments column.

For sequence variant events, the event matches if both the event type (e.g., SNV, insertion, deletion) and the
Alternate Allele match. In contrast, if at the same location, there is an SNV in the proband with Alternate Allele C
and the Father has an SNV with Alternate Allele T, this is not a match.

Inheritance Models

De novo: Selecting De Novo will only remove events in the Proband that are present in either parent or
Unaffected Sibling. If a parent sample is missing, then the event is considered to be the parent having absolutely
no variants.

Recessive: For variants to be displayed, the variant must be present in the proband as homozygous and must be
heterozygous in parents. For an unaffected sibling (if the sample is present), the variant must either be absent or
heterozygous in the sibling to be displayed when this inheritance model is selected.

The filter also shows compound heterozygous events that overlap the same gene - e.g., a loss in father and an
SNV in mother on the same gene. In this case the event does not need to be homozygous in the proband, but
one variant must be present in each parent. Loss events must overlap the gene, or the padded region as
specified in this filter by the Kb upstream and downstream settings for CNV and SeqVar. For example, the
settings described above would include any event fully enclosed within the following range: the gene plus CNVs
within the 300kb region upstream and 10kb region downstream of the gene, and SeqVar within the 300kb region
upstream and 10kb region downstream of the gene. If only one parent is linked to the proband, the filter assumes
that the other parent’s variant is a pass for this filter. Since this filter affects the status of zygosity and compound
events filters, these filters will be disabled (cannot be used) when the inheritance filter is on. When the recessive
filter is off, the zygosity and compound events filters will be enabled.

Variants on the sex chromosome are not considered for the recessive filter and will be removed from calculations
unless they are on the PAR region, when they will be treated as autosomal.

- Dominant: The father or the mother must have the variant present and unaffected siblings must not have the
variant at all.

«  X-linked: The mother must have the variant on the X chromosome.

* Relationship with compound events and zygosity filters: These filters are disabled (grayed out) when the
Recessive Inheritance Pattern filter is active.

- Show/hide event types: The top of the filter panel also houses some buttons to hide/show all CNV, allelic, or
sequence variant events. The Search bar for the table is also located here.
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The buttons in Figure 277 are toggle switches to hide or show the respective events in the table. When an event
type is hidden, the button is displayed with a strikethrough.

&2  copy number events.

E a allelic homozygosity events

A sequence variant events

5:)3 structural variant events

Figure 2717. Toggle switched for respective events.

« The Search function: Searching by location or gene symbol using the Search field limits the rows displayed
in the table to regions overlapping the searched location or gene name. To remove this filter, clear the search
term in the field and click Enter.

The Filters tab works in a cascade function. All the filters mentioned above happen one at a time, not all at once.
They enter one filter and then anything that makes it through that filter moves on to the next filter. For the copy
number and allelic tabs, the events will enter the classified events filter first. For SeqVar, events will enter the
ClinVar Classification first. The filters tab shows exactly how many events went into the filter and how many went
through. In Figure 278, thirty-seven copy number events exited the Similar Previous Cases filter and entered
the Event Types filter. Thirty-seven copy number events exited the Event Types filter (showing no filter was
applied as the number in equals the number out). However, thirty-seven events entered the Size / No. of Probes
filter but only sixteen exited demonstrating that twenty-one events were filtered out by size.

Tee 11 o

o Copy Number  Allelic Sequence Variants

A~

N Similar Previous Cases

fo

(37)

-

Event Types
fo3

(37)
v
Size /[ No. of Probes
&
(16)
b
Wwith Ne Allelic Events

e fe]

(16)

4 v

Figure 2728. Cascade function of filters.
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Annotated and Unannotated Variant Files

The SeqVar tab is used to define processing types for sequence variants based on build and data type.
Supported file types are NirvanaJSON, VCF, and VCF Nirvana, shown in Figure 279.

* NirvanaJSON: Processes input JSON files.

» VCF: Processes input VCF files that were annotated through Variant Effect Predictor (VEP). Will also allow
loading of unannotated VCF, but the data will remain unannotated.

« VCF Nirvana: Annotates the input file via the linked Nirvana annotator and then processes the annotated
results.

Data Type
NirvanalSON

NirvanalSON

VCF
E/ VCF Nirvana \

Figure 2739. Supported file types.

Annotated VCF files loaded as Data Type VCF can include annotations from different tools/sources. The following
VCF annotations are currently supported in the software.

»  Ensembl Variant Effect Predictor

* Nirvana (recommended)

Based on the information available in the VCF file header, the software automatically determines the type of
annotations present and applies the appropriate parser. If it cannot find a match, then the annotations cannot be
loaded.

The NirvanaJSON files are produced via the Nirvana variant annotator from Illumina. More details are available
here: https://github.com/lllumina/Nirvana/wiki. In addition, the Nirvana Annotator can be installed separately, and
linked by VIA to provide a one-step annotation and interpretation workflow. To use the annotator, select the Data
Type VCF Nirvana and load an unannotated VCF file. Once loaded, VIA automatically sends the file to the
annotator and then displays the results just like with an annotated VCF or JSON file.

Filtering Events Based on the Filter Column in VCF Files

The VCEF file contains a column titled Filter which has values that can be used to refine chosen variant
parameters. The VCF Filter Label parameter in Settings allows exclusion or retention of events matching labels
found in the FILTER column, depicted by the examples in Figure 280 below.
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VCF Filter Label VCF Filkter Label

Type: | Exclude fiter labels ™~ Type: Retain fiter labels |

D iption: C. t lude "." and "PASS'. o . . .
ESCrphon: Lanno excuide - an Description: *." and "PASS' are retained by default.

Fitter Labels:
Fiter Labels:

Figure 27480. Examples of Filter Labeling.

«  Type: This dropdown determines whether matching variants (as per the values specified in Field Labels) will
be excluded or retained. Values: Retain filter labels, Exclude filter labels

» Description: This field is just a note stating that variants with the Labels and PASS are automatically retained
and cannot be excluded. There is no need to specify these in the filter Label if retaining based on filter values.

» Filter Labels: Type in comma separated labels (e.g., OffTarget) used in the FILTER column of VCF files to
use for filtering of variants during processing in VIA. Values here are case sensitive and must match exactly
the values in the VCF file.

Filtering Events Based on Quality Metrics and Population Frequencies

The processing parameters for NirvanaJSON and VCF Nirvana are the same as both apply to files annotated with
the Nirvana annotator. Those for VCF are different, and only results from the VEP annotator are supported by
VIA.

Table 18 below helps to delineate the settings for the different file types discussed here and illustrates the VCF
Filter labels as well as the Nirvana JSON file labels. VCF Nirvana and NirvanaJSON have additional dropdown
fields: Nirvana data source version and a field for ClinVar labeling — when marked, will not remove any variant
labeled as Pathogenic during processing and subsequent filtering in the Ul.
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Table 18. Different File Type Settings.

Settings for VCF Nirvana or NirvanaJSON:

Remove variants with Filter Variants

-~Quality score lower than Nirvana data source version: |45

: Do NOT remove any variant labeled as Pathogy
Al Allele frequencies [in %] higher than : ¥ g

~Global Allele Frequency [in %] Higher than
-All 1000 Genomes Project allele frequencies
----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency

[ Al Allele frequencies [in %] higher than
[
----- 1000 Genomes Project allele frequency [
[
[

-Global Allele Frequency [in %] Higher than
-All 1000 Genomes Project allele frequencie]
----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency
Il Exome allele frequencies [in %] higher 4
----- Exome Sequencing Project allele freque
----- Exome Sequencing Project allele freque
----- Exome Sequencing Project allele freque
Il ExAC allele frequencies [in %] higher th
----- ExAC allele frequency [in %] for all popy
----- ExAC allele frequency [in %] for the Afri
----- ExAC allele frequency [in %] for the Lati
----- ExAC allele frequency [in %] for the Eas
----- ExAC allele frequency [in %a] for the Fini
[in %]
[in %]

----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency
----- 1000 Genomes Project allele frequency [
Il Exome allele frequencies [in %] higher th
----- Exome Sequencing Project allele frequen
----- Exome Sequencing Project allele frequen
----- Exome Sequencing Project allele frequen
Il ExAC allele frequencies [in %] higher tha
----- ExAC allele frequency [in %] for all popu
----- BxAC allele frequency [in %] for the Afric
----- ExAC allele frequency [in %] for the Latir
----- ExAC allele frequency [in %] for the East

[in %]

[in %]

[in %]

=

>
>

»

----- BxAC allele frequency [in %] for the Finn
----- ExAC allele frequency [in %] for the Mon;
----- BxAC allele frequency [in %] for the Soul
----- ExAC allele frequency [in %] for the Othe
Il GnomAD allele frequencies [in %] higher
----- GnomAD allele frequency [in %] for all p
----- GnomAD allele frequency [in %] for the
----- GnomAD allele frequency [in %] for the L
----- GnomAD allele frequency [in %] for the
----- GnomAD allele frequency [in %] for the
----- GnomAD allele frequency [in %] for the F
----- GnomAD allele frequency [in %] for the |
----- GnomAD allele frequency [in %] for the &

----- ExAC allele frequency [in %] for the Mor
----- ExAC allele frequency [in %] for the Sou
----- ExAC allele frequency [in %] for the Oth
Il GnomAD allele frequencies [in %] highe
----- GnomAD allele frequency [in %] for all |
----- GnomAD allele frequency [in %] for the
----- GnomAD allele frequency [in %] for the
----- GnomAD allele frequency [in %] for the
----- GnomAD allele frequency [in %] for the

Pl A s 1 i, r: T i Al

>

=

K8 9 K 0 S N 8 (R N R (R (R (R (R [ RS RS
IRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIR KRR R RRIRIRRIRIC

NIRVANA DATA SOURCE VERSION

Selection of this version will result in different filter fields displayed:
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»  Select 45 for files annotated with data source version 45 and lower (linked Nirvana annotator used with VIA
version 5.0 and older).

«  Select 46 for files annotated with data source version 46 (packaged with the linked Nirvana annotator for VIA
version 5.1 and newer).

If during processing the software encounters an incompatibility between the processing type applied to the
sample and the data source used to annotate the file, an error will be recorded, and the file will not be processed.
An example is given in Figure 281.

Status: Emor: Incompatible Nirvana data version. got 39 expected 46 (no positions parsed)
Sample Type: Onco Panel - BT

SeqVar Status: Unprocessed

Figure 2751. Example of a processing error.

The error above indicates that the input file was annotated by version 39 of the annotation database using
Nirvana, but the processing parameters are specified for version 46 for the uploaded sample. The sample should
either be re-annotated with the linked Nirvana Annotator (using the latest databases), or the processing
parameters should be changed so that version 45 is selected (older database version) and the correct processing
parameters can be applied.

Data source version 46, seen in Figure 282, uses newer cohorts and allele frequencies obtained from gnomAD;
both the Global and Exome frequencies are included.
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Filter Variants

Nirvana data source version: 46 “
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~-Quality score lower than

Read depth support less than

All Allele frequencies [in %] higher t...

--Global Allele Frequency [in %] Higher t...

~-All GhomAD Genome allele frequencies [in %] higher ...
- GnomAD Genome allele frequency [in %] for all popul...
~-GnomAD Genome allele frequency [in %] for the Afri...
~-GnomAD Genome allele frequency [in %] for the Lati...
~-GnomAD Genome allele frequency [in %] for the Ash...
~~GnomAD Genome allele frequency [in %] for the East...
~~GnomAD Genome allele frequency [in %] for the Finn...
~-GnomAD Genome allele frequency [in %] for the Non...
~GnomAD Genome allele frequency [in %] for the Sou...
- GnomAD Genome allele frequency [in %] for the Oth...
~All GhomAD Exome allele frequencies [in %] higher ...
~GnomAD Exome allele frequency [in %] for all popula...
~GnomAD Exome allele frequency [in %] for the Africa...
~GnomAD Exome allele frequency [in %] for the Latin...
~GnomAD Exome allele frequency [in %] for the Ashk...
~-GnomAD Exome allele frequency [in %] for the East ...
~~GnomAD Exome allele frequency [in %] for the Finnis...
-~GnomAD Exome allele frequency [in %] for the Non-...
~-GnomAD Exome allele frequency [in %] for the South...
~GnomAD Exome allele frequency [in %] for the Other...

Figure 2762. Data source version 46.
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Much of the data from ExAC is incorporated within the new gnomAD frequencies (data source version 46). For
detailed information refer to the gnomAD website (About and FAQS).

Version 45 contains older data sources and cohorts and should be applied to legacy samples processed through
an older Nirvana annotator. Nirvana JSON output files contain data source version numbers, and this is the field
parsed by VIA to determine compatibility.

Reviewing OGM Data

OGM sample review

HOME PAGE

Once the ogm sample has been processed, the sample can be queried on the Home page. Details of the sample
will appear on the Home page, including QC metrics.

A user may launch the Access Circos plot from the Home page by clicking on the Circos Plot icon next to sample
information (Figure 283). Clicking on the icon will launch Access on the browser to display the Circos plot.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures.

Page 182 of 242


https://gnomad.broadinstitute.org/

bionano

Demo OGM sample @ Not Reviewed

Status: Processed %CNV: |Launch Access Circos plot
CN Quality: 0.00592 BAF Quality: 0.00450 %Discarded: 0.0C

Figure 2773. Access Circos Plot.
CIRCOS PLOT

When opening an OGM sample for review, the first tab in the top panel is the Circos plot. In this plot, the
chromosomes are displayed in a circular pattern. Translocations are displayed as colored arcs on the Circos plot
with each translocation having a different (ascending rainbow) color. When the mouse is placed over one of the
translocation lines, a tool tip appears showing the ISCN representation on the first line and the genes on each end
on the translocation on the second line, seen in Figure 284.

chrX
)

/ - Yy \v

| ~ By
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> LW AN >~ e

1l LA _ by
1(13;21)(q11;p11.2)(18174796;10462470) . - ’.‘.-' chrs
FAM230C,BAGE2, TPTE - !

Figure 2784. Tool tip.

The genes on the upstream or lower chromosome number end of the translocation are listed first, followed by
genes in the downstream or higher chromosome numbers. A semicolon (;) separates between the 2 ends of the
translocation and a comma (,) is used to list multiple genes on each end. If there are no genes at either end, then
it will remain blank.

As shown in the example image of a circle plot zoomed into chr 2 in Figure 285, copy number gains and losses
are visible on the outer side of the chromosome circle plot as blue and red arrows or bars, respectively.
Additionally, allelic events, such as AOH, and UPD events are observed as shaded regions inside the
chromosomes. AOH is shaded yellow, allelic imbalance is purple, and UPD events have mixed shading matching
the Tracks Overview tab. Sequence variant events processed with the sample will appear as lollipops on the
outer side of the chromosome.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 183 of 242



bionano

\@-

*‘.

7
Figure 2795. Circos plot zoomed.

Applying filters to the events will update the Circos plot such that the events in the Circos plot matches the events
in the event table. Clicking on the chromosome image in the Circos plot will switch the view to the tracks panel of
the sample. Adjusting the window of the circle plot will resize the image.

STRUCTURAL VARIANT TRACK

In the Tracks tab of the Table & Tracks Preferences window, there are several structural variant specific tracks
that can be turned on for display. SV Events, OGM Molecules, and OGM Coverage are tracks specific to
structural variants. These tracks can be enabled by checking the box under Show in Track Preferences.

SV EVENTS

The SV Events track displays structural events in the Tracks panel. The events in this track originate from the SV
Data Type. The event types that are displayed in the SV Events track include deletion, insertion,
interchromosomal translocation, intrachromosomal fusion, inverted duplication, tandem duplication, unplaced
duplication, inversion, partial inversion, and paired inversion.

An event in the SV Event track is displayed with a horizontal bar for each side of the break end region. A vertical
black bar in the middle of the horizontal bar indicates the midpoint of the break end region. An example SV event
is shown in Figure 286.

» chr2 q:lit.:
159,705 Mb 159,710 Mb 159,715 Mb 159,720 Mb
1 1 I 1
» Gene L i
¥ sV Events Interchr Translocation |ZiD_LL2

Interchr Translocation m

Figure 2806. SV Event track.

The SV event type appears to the left of the event. For paired break ends (e.g., Interchr Translocation) the
cytoband label will appear above the paired when the track is zoomed in. The cytoband label can be clicked to
switch the track view to the paired break end.

OGM MOLECULES

The OGM Molecules track will display the molecules from the ogm.bam file in samples processed with CNV from
either the OGM BAM Multiscale or OGM BAM Self-Reference data types. Users will need to zoom into a region
for the OGM Molecules track to appear. The OGM molecules are colored according to the key indicated in Figure
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287. The OGM Molecules coloring key can be visible in a pop out window when clicking on the ? icon under the
OGM Molecules track label.

OGM Molecules coloring:

I Green indicates OGM label aligned to single reference position.
Light green indicates OGM label aligned to multiple reference positions.
Blue indicates larger than expected distance between OGM labels.
Red indicates smaller than expected distance between OGM labels.

ok |
Figure 2817. OGM Molecules track color key.
When the track is zoomed in to the nucleotide level, information on the individual molecule will appear in the tool
tip by placing the mouse over each molecule. The Read Name, CIGAR, and Mapping Quality appear in the tool
tip.
OGM COVERAGE

The OGM Coverage track displays the coverage depth of the OGM molecules. The units on the left side of the
track indicate the number of OGM molecules and the black bars provide the depth of coverage. The yellow line
across the track indicates the median depth of the viewable region, as shown in Figure 288.

» chr2 L EE Bl S IR & o EE = Eoul ek BRI
1 25 Mo 50 Mb 7SMb 100 Mb 125 Mb 150 Mb 175Mb 200 Mb 225Mb
0 i | i . \ d ] ]
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- . R |

Figure 2828. OGM Coverage track.

SV EVENTS FILTERS

The Structural Variant Events filters are accessible under the Filters tab to the right of the table. The entire SV
Events filter pipeline is shown in Figure 289.
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Figure 2839. SV Events filter pipeline. For quick on/off filtering of all SV Events, click the icon on the top menu of
the filter.

VCF Filter Values: The ability to filter SV events annotated as PASS, Low Confidence, Masked and Poor
Molecule Support by Solve are available in the VCF Filter Values filter. For additional description of these values,
please see Bionano Solve Theory of Operation: Structural Variant Calling (P/N 30110).

Classified Events: Applied to filter according to the event classification. This filter is the same for all CN filter
pipelines. A detailed description of the Classified Events filter can be found in the Filtering of CNV, Allelic
Events, and Sequence Variant Data section of the VIA User Guide.

Panel Selection: Filters according to a gene or region panel. A detailed description of the Panel Selection filter
can be found in the Filtering of CNV, Allelic Events, and Sequence Variant Data section of the VIA User Guide.

% in OGM Control DB: Filtering SV events by frequency in the OGM Control can be done in the % in OGM
Control DB filter, seen in Figure 290. For details on the OGM Control DB see Bionano Solve Theory of
Operation: Variant Annotation Pipeline (P/N 30190).

! *% in OGM Control DB
(] Remove events with frequency higher than 10.0 | %

i

Figure 284. Filter Parameters % in OGM Control DB.
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Event Types: Filtering by SV event types (insertions, deletions, tandem and split duplications, and inverted
duplications), is available in in the Event Types filter, shown in Figure 291.

Filter Parameters hd

Event Types
[ |Remove SV Insertions (27}

[ ] Remove SV Deletions (25)

[ ] Remove SV Intrachr Fusions (1)

[ ] Remove SV Tandem Duplications (6)

[]Remove SV Inverted Duplications (9)

[ ] Remove SV Inversions and Inversion Breakpoints (39)
[ Remove SV Interchr Translocations (13)

[ ] Remove SV Undefineds (0)

Figure 285. Filter Parameters Event Types.

Size: The ability to filter by the size of SV event insertions, deletions, tandem and split duplications, and inverted
duplications is available in in the Size filter, shown in Figure 292.

NOTE: The values field for the size filter is in kb.

[£2]

| Size

| [[J Remove SV insertions smaller than 0/ kb
i () Remove SV deletions smaller than 0/ kb
‘ () Remove SV tandem and split duplications smaller than 0 kb
‘ ("] Remove SV inverted duplications smaller than 0 kb
; () Remove SV inversions smaller than 0| kb
‘ (] Remove SV insertions greater than 0 kb
‘ E\ Remove SV deletions greater than 0 kb
‘ \:\ Remove SV tandem and split duplications greater than 0|kb
‘ ("] Remove SV inverted duplications greater than 0 kb
: () Remove SV inversions greater than 0| kb

Figure 286. Filter Parameters Size.

VAF: Enables the ability to remove SV events with a specified variant allele frequency. Events in this filter can be
removed with a VAF less than a specified value and/or SV events with a VAF greater than % value as shown in
Figure 293.
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1 VAF
| [ ] Remove events with VAF less than 0.0
| [_] Remove events with VAF greater than 1.0

Figure 287. Filter Parameters VAF.
TABLE PREFERENCES

In the Table and Track Preferences window, several columns are available to be displayed in the table columns.
These columns are found in the Structural Variant Events as shown in Figure 294 and include Fusion Junction 1,
Fusion Junction 2, SV Quality, Molecule Count, VCF filter values, % in OGM Control DB, SV VAF, and Zygosity.
The events in the table may be sorted by clicking on the column header in the table.

Table Tracks

Column Show Description

+ CN and Allelic Events
t Sequence Variant Events
Structural Variant Events

Fusion Junction 1
Fusion Junction 2
SV Quality
Molecule Count
VCF filter values
% in OGM Control DB
SV VAF
Zygosity
+ Regions

Figure 288. Select/Show Columns.

Fusion Junction 1 and Fusion Junction 2: A fusion junction is the region where two break ends are joined. The
break end region(s) are listed under the Fusion Junction columns. For SV Events with only one fusion junction
(e.g., Deletion), only Fusion Junction 1 will be populated. For SV Events with 2 fusion junctions, (e.g., Insertion),
the second fusion junction is listed in Fusion Junction 2. The direction of the break end region is indicated by the
arrow next to the specified region. For fusion junctions with more than one break end, the break end regions are
separated by a semi-colon (;).

SV Quality: If an event has an SV Quality score, it will be listed in this column. For more information on SV
Quality please see Bionano Solve Theory of Operation: Structural Variant Calling (P/N 30110).

Molecule Count: Molecule Count column indicates the number of molecules that support the event.

VCEF filter values: SV events annotated as PASS, Low Confidence, Masked and Poor Molecule Support by Solve
are available in the VCF filter values column.

% in OGM Control DB: Displays the frequency in percent of the SV event in the OGM Control DB.

SV VAF: Indicates the variant allele frequency for the SV event.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 188 of 242



bionano

Zygosity: The zygosity of SV events are listed as homozygous, heterozygous, or hemizygous. It is currently
assigned to only insertions, deletions, translocations, and inversions.

SV EVENT VARIANT DETAILS

When an SV Event is selected from the table or track, the user may switch the view of the top panel to the
Variant Details by clicking on the tab. The layout and information displayed is shown in Figure 295.

Circos Plot Tracks Variant Details

Variant dup(10)(q11.22q11.22)(45910415_45841402) Gene Details (4) (@

g 4 F oz H 3 5 ¥
- = £ Z g4 ] = iﬁ '"i 8 52
: 0§ i} FEeHE i 53 f i} it
E £ B = 8

poly(ADP-ribose)

family with seque

ArfGAP with GTPa.. Predictedto enab.. AGAPS, MRIP2 A.. activationof GTP.. GTPase activity, m

%%

Figure 289. Event Variant details.

The upper left side of the Variant Details contains information about the SV Event. This includes the ISCN
nomenclature of the event, event type, length, quality, molecule count, % in OGM Control DB, SV VAF, zygosity
and event classification. Below the event details are tabs for Notes, Variant Interpretation, and Audit Log. This
section can be detached into another window by clicking on the double arrows .

The right panel contains details of the genes affected by the SV Event. Genes highlighted as blue are genes in
the break end zone. Genes highlighted in red are genes in break end two. Genes highlighted in yellow span both
break ends. Genes not highlighted are genes within the 25 kb region of the SV Event.

System Administration

The Administrator establishes user accounts and many other features during installation and continued software
maintenance.

The Administrator account has an additional Admin tab in the window from which users, reports, regions,
platforms, processing types, and sample types can be managed. The Administrator login should only be used to
set up the system and enforce procedures. It should not be used as a regular user account. For actual processing
and review of samples, make sure to log in with a standard user account.

NOTE: The BAM References tab is only available for licenses that include NGS.

Login: Upon launching the system, the Login screen will appear. There is an option for the Admin account to
either log in as an admin or as a regular user. Make sure the appropriate selection is made (checkbox marked =
Admin; this box is unchecked by default). The default credentials for the Administrator account are:

Username: admin
Password: admin7
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Make sure to change the password after logging in for the first time being certain to record the new password.
The password can be changed using the icon on the top right of the Home screen, as seen in Figure 296, or by
using Modify User from the Users tab.

Samples ¥ L ¥

Change Password...

Logout

|
Figure 290. Change password.

The Repository button on the top left shows settings for the server where data is stored, seen in Figure 297.
This is set up during installation but if changes need to be made, the Host and Port can be edited here. A more
secure connection can be made by checking the Use https box, which will encrypt and decrypt transferred data.
Please review the installation guide for details.

Spedfy server host and port

Host: |localhost

Port: |3081

Figure 291. Repository button.

User Accounts: User accounts are managed via the Users tab.

NOTE: The user admin does not have any details filled out initially. Please modify information for the admin
account upon first login.

Creating a user account: VIA user accounts are created using the following tools located at the bottom of the
window:

II]Add user [Il Modify user.

Click on the Add user button on the bottom left of the window. Enter a username, password, real name, email
address and status for the account. Next assign user privileges by checking the appropriate boxes. User
privileges include:

« Ability to perform admin operations allows the user to perform all functions of the Admin account
excluding the ability to update software and annotations.
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- Ability to edit sample attributes allows the user to load, associate and edit sample attributes (factor values)

- Ability to save view preferences for a sample allows the user to save view preferences for the single
sample specific view, This Sample View.

- Ability to edit genomic events allows the user to edit events by modifying boundaries, adding, or deleting
events.

< Ability to edit and delete notes allows user to make notations about an event in the Notes column of the
results table and delete notes, as necessary. This permission is only available if Ability to edit and delete
notes is checked.

« Ability to process samples: allows user to load and process samples.
*  Ability to delete samples: allows the user to delete samples from the database.

- Ability to lock samples: allows the user to lock a sample after a report is generated so that no other
changes can be made to the sample.

«  Ability to submit to the KB: allows the user to submit entries for inclusion in the KB; samples enter the
Pending state upon submission.

- Ability to approve KB submissions: allows the user to edit and approve Pending KB entries.
- Ability to delete KB entries: allows user to delete entries in the KB.

Finally, clicking on Add User will add the new user to the system. This user will now appear in the users list in the
User tab.

NOTE: multiple users can have Admin privileges. The Admin privilege is granted to the first Admin user to log in,
preventing any other Admin user from logging in with Admin privileges while one Admin account (with Admin
privileges enabled) is in use. In such cases, the other Admin users may login without Admin privileges by
unchecking the box in the login window.

Inactivating a user account: Once a user account is created within the system, it cannot be deleted and can
only be inactivated. This ensures that any sample/event notes or modifications made by the user will remain in the
system and will not be lost. If a user should no longer be allowed to use VIA, the account status can be modified
to Inactive, and that user will no longer be able to log in.

To inactivate a user, click on the Admin tab and then the Users tab. Click on a user row in the table to highlight it
and then click on the Modify User button. The Modify User window will pop up containing user details and
privileges. Select Inactive for the Status field and click the Modify User button to save the updated user settings.

To modify a user, click on the Admin tab and then the Users tab. Click on a user row in the table to highlight it
and then click on the Modify User button . The Modify User window will pop up containing user details and
privileges. Make the appropriate changes to the user profile and click the Modify User button to save the updated
user settings.

Changing a user’s password: If a user’s password requires changing, this can be accomplished in the Modify
User window for the individual. Check the Change Password checkbox. The Password fields will now become
active. Enter the new password and click the Modify User button to save the new password.

Regions: The Administrator maintains all the annotation files and the reference data collection that is to be used
within the VIA system. In the Regions tab, the Administrator can upload tracks and the annotation/regions files
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can be grouped together in folders. For example, there can be different regions/tracks for Cancer, Constitutional,
Benign, and Pathogenic and these categories can be organized by creating such folders to house the relevant
files in each. Each genomic build has its own set of annotation files.

The BioDiscovery Provided Regions folder houses region files that are regularly updated by Bionano. Any user
added tracks will be housed in the Custom Regions folder. See Figure 298 for an illustration.

Build: NCBI Build 37

Name Description Version

+- | BioDiscovery Provided Regions
. Custom Regions

O + [ ==
Figure 292. Build folders.

Annotation file format: Annotation/regions files must be .BED or .TXT files to be loaded into the system.

BED files: For this file format, please refer to https://genome.ucsc.edu/FAQ/FAQformat.html. The file can contain
a header line and at minimum must contain columns and values for chromosome, start position, and end
position. An example of a BED file is shown in Figure 299.

# Sequence Min Max Name
track name="DECIPHER Syndromes_ hglf9" description="DECIPHER Syndromes hglf Jul 24, 2

chrl 1 4837854 1p36 microdeletion Syndrome

chrl 145413190 147485755 1g21.1 Thrombocytopenia-Absent Radius (TAR)_Syndrom
chrl 146512930 147737500 1g21.1 recurrent microduplication (possible suscept
chrl 146512930 147737500 1g21.1 recurrent microdeletion (susceptility locus_
chr2 577417396 61738334 2pl5-16.1 microdeletion Syndrome

chr2 196925089 205206940 2g33.1_deletion Syndrome

chr2 2309969863 243199373 2g37_monosomy

chr3 195872229 197497869 39289 microduplication Syndrome

chr3 195672229 197497869 3928 microdeletion Syndrome

chr4 1 2230958 Wolf-Hirschhorn Syndrome

chri 10001 11723854 Cri_du Chat_ Syndrome (5p deletion

chri 112101596 112221377 Familial Adenomatous Polyposis

chrs 126063045 1262045952 Rdult-onset_autosomal dominant leukodystrophy (ADLD
chrs 175130402 177456545 Sotos_Syndrome

chré 391760 1312675 6p2Sdeletion Syndrome

chr7 T2332743 74616901 Tgll.23)duplication Syndrome

chr7 T2332743 74616901 Williams-Beuren Syndrome (WBS

chr7 95533860 96779486 Split_handffoot_malformation_l_(SHFHl]

chrg 8119295 11765719 3p23.1_dupfdeletion_5yndrome

Figure 293. An example of a BED file.

Another example, shown in Figure 300, contains hyperlinks to the Decipher website. When displayed in VIA, and
by moving the mouse over regions in this track, the pointer will turn into a hand indicating that it is a hyperlinked
region. Clicking on the region will open the relevant page on the Decipher website.
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track name=Decipher Syndromes type=bedDetall description="Decipher Syndromes 2015-06-11 track" db=hglf wvisibility=3
url="htctps://decipher.sanger.ac.uk/syndrome/$5"

chr4 1569197 2110236 Wolf-Hirschhorn Syndrome 1) . 1569197 2110236 0,0,0 1 <html»<head></head><body><hr><a
href="https://decipher.sanger.ac.uk/syndrome/1" target="_blank">Wolf-Hirschhorn Syndrome
details</a»</hr><br>0.54</br><br>1</br><br>1</br></body></html>

chrs 10001 12533304 Cri du Chat Syndrome (5p deletion) [1] . 10001 12533304 0,0,0 2 <htmlr»<head>»</he
href="https://decipher.sanger.ac.uk/syndrome/2" target="_blank">Cri du Chat Syndrome (S5p deletion)
details</a></hr><br>12.52</br><br>1</br><br>2</br></body></html>

chr? 72744455 74142672 Williams-Beuren 3Syndrome (WB3) o - T2744455 T4142672 0,0,0 3
<html><head></head><body><hr><a href="https://decipher.zanger.ac.uk/syndrome/3" target="_blank">»Williams-Beuren Syndrome (WES)
details</a></hr><br>l.4</br><br>1</br><br>3</br></body></html>

chrls 22749354 284382686 hngelman syndrome (Type 1) 1] . 22749354 28438266 0,0,0 4 <html><head></he
href="https://decipher.sanger.ac.uk/syndrome/4" target="_blank">Angelman syndrome (Type 1)
details</a»</hr><br>»5.869</br><br>1</br><br>4</br></body></html>

chrle 3775055 3930121 Rubinstein-Taybi Syndrome http://www.nckbi.nlm.nih.gov/books/HNBK1526/ o . 3775055 3930121 0,0,0
<html><head></head><body><hr><a href="https://decipher.sanger.ac.uk/syndrome/7" target="_blank">Rubinstein-Taybi Syndrome
ncttp://www.ncbi.nlm.nih.gov/books/NBK1526/ details</a></hri><br>0.16</br><br>l</br><br>7</br></body></html>

chrl7 16773072 202221439 Smith-Magenis Syndrome O . 16773072 20222149 0,0,0 8 <html><head></head»<
href="https://decipher.sanger.ac.uk/syndrome/8" target="_blank">Smith-Magenis Syndrome
details</a»</hr><br>3.45</br><br>1</br><br>8</br></body></html>

Figure 294. Decipher website links.

Another Decipher BED file opened in MS Excel to show as columns (total of 14) is seen in Figure 301. To enable
html links, they must be placed in column 14 and the BED file must contain fourteen columns; the first four
columns (A-D) are used as well as column | (color specs in RGB; in the example below 0,0,0 specifies the color
black) and column N (html hyperlink).

A B c D E F G H 1 J K L M N o P Q R s T
1 track name=Decipher_Syndromes_Duplications type=bedDetail description="Decipher_Syndromes Duplications 2017-09-29 track" db=hgL9 visibility=3 url="https://decipher.sanger.ac.uk/syndrome/$5"
2 |chr17 16869758 20318836 Potocki-Lu| 0. 16869758 20318836 0,0,0 19) <hLm|><he_Ld></head><bcdy><hr><a href="https://decipher.sanger.ac.uk/sy
3 chr17 14194598 15567589 Charcot-M 0. 14194598 15567589 0,0,0 29 <htmi><head></head><body><hr><a href="https://decipher.sanger.ac.uk/sy
4 [chrX 1.04E+08 1.04E+08 Pelizaeus-N 0. 103776510 103792618 0,0,0 38 <html><head></head><body><hr><a href="https://decipher.sanger.ac.uk/sy
5 \chr7 73330452 74728334 7q11.23 du 0 73330452 74728334 0,0,0 43 <html><head></head><body><hr><a href="https://decipher.sanger.ac.uk/sy
6 |chrX 1.54E+08 1.54E+08 Xq28 (MEC 0 154021812 154097731 0,0,0 45 <html><head></head><body><hr><a href="https://decipher.sanger.ac.uk/sy

Figure 295. BED file opened in Excel.

The BED format is quite flexible. The column headers can be in any row if it exists in the file, the file can have a
header line, and it can also have comments lines (those starting with a hash tag). For example, the following
formats are all acceptable:

« A header line and the column headers present after the first line of data:
track name="DECIFHER Syndromes hgl3" description="DECIPHER Syndromes hglf3 Jul 24, 2013 8:1

chrl 1 4837854 1p36 microdeletion Syndrome

Sequence Min Max Name

chrl 145413150 147465755 1g21.1 Thrombocytopenia-Absent Radius (TAR) Syndrome

chrl 146512930 147737500 1g21.1 recurrent microduplication (possible susceptiblity
chrl 146512930 147737500 1g2l.1 recurrent microdeletion (susceptility locus_for neu
chr2 57741796 61738334 2pl5-16.1 microdeletion Syndrome

chr2 1956925089 205206940 2g33.1 deletion Syndrome

*  No header line with column headers as the first line in file:

Sequence Min Max Name -

chrl 145413190 147465755 1g21.1 Thrombocytopenia-Absent Radius (TAR) Syndroms
chrl 146512930 147737500 1g21.1 recurrent microduplication (possible suscept:
chrl 146512930 147737500 1g21.1 recurrent microdeletion (susceptility locus_:
chr2 57741796 61738334 2pl5-16.1 microdeletion Syndrome

chr2 1965250889 205206940 2g33.1 deletion Syndrome

* No header line and no column headers:
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chrl
chrl
chrl
chr

chr2

145413180
146512930
146512930
57741796

196925085

147485755
147737500
147737500
61738334

205206940

2933.1 deletion Syndrome

2pls5-16.1 microdeletion Syndrome

1g21.1 Thrombocytopenia-Abzent Radius (TAR) Syndrome
1g21.1 recurrent microduplication (possible susceptibl.
1g21.1 recurrent microdeletion (susceptility locus for

TXT Files: For annotation files in txt format, column headers are required and at minimum must have the
following columns: Chromosome, Start, and End.

The TXT format is not as flexible as the BED file format. The header line in a TXT file must be the first line of the
file and subsequent lines must be the values. Additional columns may be present in the file but will be ignored by
VIA. An example annotation text file (opened in MS Excel) containing Chromosome, Start, and End columns is

shown in Figure 302 and an example of an additional column is shown in Figure 303.

=]

F S TR N

WD =] o Ln

Chromosome
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chr2
chr2
chr2
chr2
chr2
chr2
chr2
chr2
chr2
chr3
chr3

S TR R L8

W00 =] o Ln

Start End
2326240
29753743

214521010
6235079
1839028
3559128
3537330

44056102
26401257
62122802
33284745
241055979
63267964
233402778
F1117719
43439540
125812407
193843933

Figure 296. A TXT files.

C

2354009
3365134
214734641
6269673
1560739
3e60466
3576670
44115604
56623308
62373204
38313322
241085763
63294313
233425225
71170575
43463744
125909484
133866395
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A B

1 |Chromusnme .IStar‘t

2 |chrl 40213502
3 [chrl 68501644
4 |chrl 1260657
5 [chrl 24161566
& |chrl 92930317
7 |chrl 226702430
& |chrl 161484035
g [chrl 108037749
10 [chrl 228385860
11 |chrl 2479594229
12 [chrl 2326240
13 chrl 2975743
14 |chrl 214521010
15 [chrl 6235079
16 [chrl 1839028
17 [chrl 3559128
12 chrl 3537330
19 |chr2 44056102
20 Ichr2 56401257

Figure 297. A TXT file containing an additional column which is ignored by VIA.

Gene
40264532 BMP3B Paternal Predicted
68526459 DIRAS3 Paternal Imprinted
1294491 DVL1 Maternal Predicted
24204820 FUCAL Paternal Predicted
92962432 GFI1 Paternal Predicted
226722881 HIST3H2BE Maternal Predicted
161506686 HSPAG Maternal Predicted
108058249 NDUFA4P1 Paternal Predicted
228576574 OBSCN Paternal Predicted
248015197 OR11L1 Paternal Predicted
2354009 PEX10 Maternal Predicted
3365184 PRDM16 Paternal Predicted
214734641 PTPN14 Maternal Predicted
6269673 RPL22 Paternal Predicted
1860739 TMEMS2 Paternal Predicted
3660466 TP73 Maternal Imprinted
3576670 WDRS Maternal Predicted
44115604 ABCGS8 Maternal Predicted
56623308 CCDCE5A Paternal Predicted

Tools for Managing Annotation Files: Tools on the bottom left of the window allow creation of folders and
addition of region files. Creating folders/subfolders: For better organization of annotations files (tracks), folders
and subfolders can be created for each genomic build within the Custom Regions folder. Users cannot add/delete

folders/files in the BioDiscovery Provided Regions folder.

Make sure the correct build is selected in the Build dropdown field, click the Custom Regions folder, and click
the Add Subfolder To button. Provide a name in the popup window and a new folder will be created.

Adding a new Region file: Highlight the folder in which the new region file should be placed and click on the
Add Regions button on the bottom left. Select the file and provide additional information for the data being

loaded, as seen in Figure 304.
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File:

Mame: DECIPHER Syndromes

~

Desaiption: |[references, and links to appropriate

support groups. This track was
downloaded on June 27, 2017 but has
remained unchanged since at least June
1ith 2015. W

Source: |https:/fdecipher.sanger.ac.uk/syndrome/

Version: 20170627

Figure 298. Creating Region files.

After the file is loaded and the track is created, it will be visible in the Regions tab within the selected folder, as
shown in Figure 305.

Build: | NCEI Build 37 ~

Mame

[+ | BioDiscovery Provided Regions
=} | Custom Regions

Figure 299. Build is displayed.

Modifying the track name: The region name and other information can be changed by highlighting the track
name and clicking on the Edit button at the bottom of the window. This will bring up the Edit window where
values can be changed. Once changes are made, click on Modify to save the new values.

Deleting folders/tracks: Click on a folder or track name to select it — the row should be highlighted in dark gray.
To select multiple folders/tracks, hold down the CTRL button while clicking on folders/tracks. Then click on the
Delete selected item(s) button. To delete multiple tracks at a time, all selected tracks must be in the same folder.
Note that only empty folders can be deleted. To delete a folder containing tracks, first delete all tracks then the

folder itself.
NOTE: ltems in the BioDiscovery Provided Regions folder cannot be deleted.

Platforms: Within the Platforms tab, the Administrator creates protocols for processing samples. A set of
processing parameters pertain to a specific genome build, data type, manufacturer (if applicable) and assay name
(if applicable). A processing type name is given to each settings profile that is defined.
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There are two tabs here: CNV and SeqVar, one for each type of data modality (copy number variation or
sequence variation, respectively). Within each VIA installation, each provided Assay comes with one or more
example processing types. These processing type names are preceded by Example.

NOTE: the example processing types that come with the installation cannot be edited (all fields will be grayed out)
and cannot be applied to a sample type for processing. First make a copy of that processing type, rename it, and
apply the processing type to the sample type.

CNV: Different settings parameters are available based on the data type and associated factors. In Figure 306,
the processing type for the lllumina CytoSNP850k arrays includes settings applicable to SNP arrays (e.g.,
Homozygous Frequency Threshold, Minimum LOH Region (KB)) whereas for the Agilent 4x180k arrays, seen in
Figure 307, such settings are not there because it is not an SNP array.

Analysis

Type: | SNP-FASST3 Segmentation

Max Contiguous Probe Spacing (Kbp): 1000.0
Min number of probes per segment: 3.0
Significance Threshold: 1.0E-7

Segment Boundaries: | Midpoint between adjacent probes

Amplification (4+:2): 0.45

Gain (3:2): 0.19

Loss (1:2): -0.28

Homozygous Loss (0:2): -1.05

Mws M, X5 Loss (0:1): -0.67

Mwvs F, X Loss (0:2): -1.05

M vs W, XN Gain (2:1): 0.32

M ws F, X Gain (2:2): -0.06

M ws M, X Amplification, F vs M, X Gain (3:1): 0.69
F ws M, X Amplification (4+:1): 0.83
Homozygous Freguency Threshold: 0.85
Homozygous Value Threshold: 0.8
Heterezygous Imbalance Threshold: 0.36
Minimum LOH Length (KB): 500.0

Minimum SHP Probe Density (Probes/MB): 0.0

Figure 300. lllumina Infinium CytoSNP 850K arrays.
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Analysis

Type: | FASST3 Segmentation

Wax Contiguous Probe Spacing (Kbp): 1000.0
Min number of probes per segment: 3.0
Significance Threshold: 5.0E-7

Segment Boundaries: | Midpoint between adjacent probes

Amplification (4+:2): 1.05

Gain (3:2): 0.48

Loss (1:2): -0.75

Homozygous Loss (0:2): -2.4

M vs M, XM Loss (0:1): -1.5

Mwvs F, X Loss (0:2): -2.4

Fwvs W, X Loss (1.1} 0.75

M ws M, X Gain (2:1): 0.78

M ws F, X Gain (2:2): -0.5

M vs M, X Amplification, F vs M, X Gain (3:1): 15
F ws M, X Amplification (4+:1): 1.9

Figure 301. Agilent SurePrint CGH 4x 180k arrays.
Table 19 below describes each of the configurable processing settings for event segmentation.

Table 19. Description of event segmentation processing settings.

Significance Threshold Sets statistical threshold for producing a state change

Max Contiguous Probe Spacing (Kbp) Gap size between probes/datapoints before the segment is ended

Min number of probes per segment Number of probes to produce a segment

Amplification Log2 value for multiple copy Gain

Gain Log?2 value for a single copy Gain

Loss Log?2 value for heterozygous Loss

Homozygous Loss Log2 value for nullizygous Loss

Mvs M, X/Y Loss (0:1) kﬂogJIZ value for hemizygous Loss of sex chromosomes for Males when Control gender is

ale

Mvs F, X Loss (0:2) Log2 value for nullizygous Loss of chromosomes X for Males when Control gender is
Female

F vs M, X Loss (1:1) Log2 value for Loss of chromosome X for Females when Control gender is Male
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Mvs M, X/Y Gain (2:1)

Log2 value for single copy Gain of sex chromosomes for Males when Control gender is
Male

Mvs F, X Gain (2:2)

Log2 value for single copy Gain of chromosome X for Males when Control gender is
Female

M vs M, X/Y Amplification, F vs M, X Gain (3:1)

Log2 value for multiple copy Gain of sex chromosomes for Males or single copy Gain of
chromosome X for Females when control gender is Male

F vs M, X Amplification (4:1)

Log2 value for multiple copy Gain of chromosome X for Females when control gender is
Male

Homozygous Frequency Threshold

Percentage of homozygous SNPs needed to generate an AOH/LOH event

Homozygous Value Threshold

BAF value for genotyping a SNP as homozygous

Heterozygous Imbalance Threshold

BAF value for genotyping a SNP as heterozygous

Minimum LOH Length (KB)

Minimum segment size to generate an AOH/LOH event

Minimum SNP Probe Density (Probes/MB)

Minimum number of SNP datapoints needed to generate an AOH/LOH event

CNV from NGS — BAM MultiScale: The processing type for calling copy number from NGS samples (BAM to
CNV analysis) using a reference file is found under the Data Type BAM Multiscale found at the bottom of the Data
Type dropdown, shown in Figure 308. Note this Ul does not have the Manufacturer and Assay Type fields as

they are not applicable.

Regions Users Platforms Sample Types BAM References Variant Details Linked Samples Custom Files

oL Seqg\ar
Build Data Type
MCBI Build 37 | BAM Multiscale P
Processing Types
| — Example Shallow WGS BAM To CNV Low Level Mosaic Analysis ~ (0 processed samples)

Figure 302. BAM Multiscale.

The provided processing type is Example BAM to CNV analysis. Users can clone this, edit settings, and then
associate with a sample type, as shown in Figure 309. Note that there is no systematic correction settings section
for this processing type as there is for arrays. Systematic correction is performed but it is built into the reference
file. See BAM MultiScale Reference Builder in the BAM References section.
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Build
NCBI Buid 37 « | | BAM

Processing Types
L] - BAM To CNV Analysis w | (0 processed samples)
Description Analysis Robust Variance Sample QC Calculation A
This is the default Type: | SNP FASST2 Segmentation Percent outliers to remove: 3.0
settings processing CHV .
obtained from BAM files Max Contiguous Probe Spacing (Kbp): 1000.0
Min number of probes per segment: 3.0
Significance Threshold: 1.0E-6
Recenter Probes Segment Boundaries: | Midpoint between adjacent probes
High Gain: 06
Allow manual centering: |+ = e
Type: | Median Loss: 18
Big Loss: -1.0
Male Sex Chromesomes Big Loss: -1.0
3:1 Sex chromesome gain: 1.2
4:1 Sex chromosome gain: 17
Homozygous Frequency Threshold: 0.97
Homozygous Value Threshold: 03
Heterozygous Imbalance Threshold: 0.4
Minimum LOH Length (K8 ): 2000.0
Minimum SNP Probe Density (Probes/MB): 0.0
v
Cancel Save Changes

BAM References

Figure 303. Example BAM to CNV analysis.

BAM multiscale processing requires a reference file. The reference files can be uploaded to VIA using the BAM
References tab. Click on the + icon to upload a file. Click on the — icon to delete a reference file. See Figure 310.

Ho

Repository Help

Regions | BAM References | Ugers | Custom Files | Platforms | Sample Types | Processing Usage

Reference Name Created By
INCI panel refer. .. |admin

[Mon-2ul-17-... |Human NCET ... |3

Date Created Organism Bulld Samplesin ...

Reference Details

UCSD STMP No... [zdmin

[Mon-2ui-31-... |Human NCET ... |2

Reference Name:

Created by:

Date created:

Used by: 0 samples
Genome Build:

Binnable Regions:

Minimum Bin Width: 1}

Target Nudeotides Per Bin: 0.0
Minimum MNudeotides Per Bin: 0.0
Maximum Meighbor Bin Gap: 0

Allow Bin Groups to Overlap: No
BAM Files used

Depth Files used

Figure 304. BAM References tab.
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Highlighting a BAM reference file will display the processing parameters and files used in the right panel, as
shown below in Figure 311. See BAM MultiScale Reference Builder in the BAM references section for details on
how to create reference files.

@ VIA - admin@http;//localnost8081 - O X

Repository Help

Home Profiles | 11_D20024

Methylation References OGM BAM References Variant Details Linked Samples Custom Files Task Queues Processing Usaae
Regions Users Platforms Sample Types BAM References
~
Reference Name Created By Date Uploaded  Organism Build Samples in use Inactive Reference Details
reference_19samplesWG... [admin Jun 14, 2022 Human NCBI Build 37 o []
WGS_reference_l1lmales... ladmin Jun 14, 2022 Human MCBI Build 37 of [ | I e 14-150_Ref
UCSD STMP Normal Refer... admin Jun 10, 2022 Human MCBI Build 37 20 [ P - -
Baylor_F admin Aug4, 2022 |Human NCBI Build 37 6 ] reated by: admin
reference_19samplesWG... ladmin Jun 14, 2022 Human NCBI Build 37 1 [ Date uploaded: Tue-Jun-7-2022
Baylor_M admin Aug 4, 2022 Human NCBI Build 37 6 [ | Reference builder version: 2.0
WGS_reference_Sfemales... admin Jun 14, 2022 Human NCBI Build 37 o || Reference Builder Build: 9125
\WES_Protean_v2_F admin Sep 22, 2022 Human MCBI Build 37 0
= Used by: 11 samples
T2T-Protean-reference admin Sep 22, 2022 Human T2T 3 [ il
WES female reference admin Aug 4, 2022 Human NCBI Build 37 9 Genome Build: Human NCBI Build 37
14-150_Ref admin Jun 7, 2022 Human NCBI Build 37 1 J| Binnable Regions: Entire genome (no masking)

Total Bin Groups: 19741
Minimum Bin Width: 50

Average Read Length: 100.0
Target Reads Per Bin: 150.0
Minimum Reads Per Bin: 120.0

Maximum Meighbor Bin Gap: 1000000

Allow Bin Groups to Overlap: No
BAM Files used

|1s—ugg—3u—CP_51.bam :|
Depth Files used
|18-E|99-3E|-CP_Sl.msd :|

Figure 305. Highlighting a BAM Reference file.

If a newer reference file has been created replacing an older reference, the Admin can designate the older
reference file as Inactive by marking the checkbox; thereafter, this reference will no longer be available in the
selection during processing.

CNV FROM NGS - BAM SELF-REFERENCE

The Data Type (BAM Self-Reference) is another method to estimate copy number from NGS data. The
proprietary self-reference algorithm takes the sample BAM, divides the genome into bins according to defined
processing values to count reads positionally (bins without sufficient coverage are skipped). It calculates the
median read depth per bin and uses this to normalize all bins. The values are converted to log R and systematic
correction is applied for any GC effects. The selected segmentation algorithm is then used to call regions of copy
number gains and losses.

During the binning process, a masking file is used to define the regions of the genome to bin and is applied to all
samples, as seen in Figure 312. The masking options are:

- Mask Undefined (Poly-N) regions - excludes poly-N regions.
- Mask Repetitive (Lower-case) regions — excludes repetitive regions and Poly-N regions.
- Mask Digital to Analog Converter (DAC) regions — excludes Poly-N, Lower-case, and DAC regions.
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* Mask Undefined with chrY PAR — Same as Mask Undefined (Poly-N) regions but including chrY PAR
regions.

- Mask Repetitive with chrY PAR — Same as Mask Repetitive (Lower-case) regions but also including chrY
PAR regions.

DAC Regions are blacklisted regions (anomalous, unstructured, high signal/read counts in NGS experiments)

originally created for the ENCODE project (https://www.encodeproject.org/annotations/ENCSR636HFF/). These

areas typically surface at spikes near the centromere and telomeres in certain chromosomes.

The bin width parameter needs to be set and there is a tool to help determine what bin width to use for
processing. Enter the read depth of the samples and the recommended read depth will be displayed below. If the
user wants to use the recommended bin width, click the button and the Target Bin Width field will be updated
with the recommended bin width. Custom values for the Target Bin Width can be changed manually by clicking in
the field and entering the desired value.

CH from BAM Self-Reference

Type: Self-Reference BAM Processing
Genome Masking: | Magk Undefined (Poly-N) Regions L

Assume PAR regions on Male ChrX have 2 copies:
Target Bin Width (Kb): 1000.0
™ Bin Width Recommendation...

Read Depth: (10.0
Bin Width (Kb):15.0
Use Recommended Bin Width

Figure 306. Genome masking file.

In some alignment algorithms, the reads on the pseudo-autosomal regions (PAR) may be equally mapped to both
X and Y chromosomes and therefore the PAR region should be treated as an autosomal segment. The parameter
Assume PAR regions on Male ChrX have 2 copies when selected will treat PAR regions on ChrX of male samples
as autosomes.

Additional parameters can be set for obtaining BAF from BAM files, shown in Figure 313. The other parameters
are the same as those for BAM MultiScale processing.

BAF from BAM

Type: BAF from BAM Processing

Reject reads with read depth less than: 20.0

Reject reads with MAPQ less than: 30.0

Reject bases with base quality less than: 20.0
SNP file for BAF: dbSNPs.bed.bin v

Figure 307. BAF from BAM files.
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Capture Bias

For Panels and WES where a capture protocol is used, a Capture Bias score is calculated and displayed in the
results on the Home page and in the Info. Window (Figure 314). This metric provides an indication of capture
efficiency based on read depth distribution in the targeted vs. off-target regions.

Home page:
Status: Processed Quality: 0.03 Capture Bias: 0.12 Discarded: 0.00 %AOH: 0.160

Sample Type: Onco Panel - BT Data Type: BAM Multiscale Version 2 Processing Type: Small NGS Panel Mosaic BAM To CNV Analysis

SeqVar Status: Processed SeqVar Processing Type: Nirvana

Info. window:
Q/C and Number of Events
Quality: 0.02587074
One copy gain: 34
Two or more copy gain: 2
One copy loss: 33

Two or-mere-eopytoss:

Capture Bias:

AOH: 2

%AOH: 0.15991433
%Discarded: 0.0

Total BAM Reads: 68,284,890

Figure 308. Capture Bias score.

Capture Bias values can be positive or negative and values closer to 0 indicate a better capture efficiency. When
the score is >1.0 (poor) , the scores will be highlighted in yellow, and a Re-processing button will be displayed in

4.53 Re-process for capture bias ‘

the sample Information

The user may choose to re-process this sample using an alternative processing that may improve call quality, but
it is recommended that such samples be sequenced again for optimal results. Only users with processing
privileges will be able to re-process samples. After re-processing, the Info. window displays an inactive button
indication that alternative processing has been performed.

Sequence Variants Platform Configuration

The SeqVar tab is used to define processing types for sequence variants based on build and data type.
Supported file types are NirvanaJSON, VCF, and VCF Nirvana.

Annotated VCF files loaded as Data Type VCF can include annotations from different tools/sources. Ensembl
Variant Effect Predictor (VEP) and Nirvana annotations are currently supported in the software. Based on the
information available in the VCF file header, the software automatically determines the type of annotations
present and applies the appropriate parser. If it cannot find a match, then the annotations cannot be loaded.

The NirvanaJSON file type supports the output from the Nirvana variant annotator when not integrated with VIA.
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The Data Type VCF Nirvana supports import of an unannotated VCF file for processing with an installed instance
of the Nirvana Annotator to provide a one-step annotation and interpretation workflow. Once loaded, the files are
automatically sent to the annotator and the results are displayed as with an annotated VCF or JSON file.

Data Types

VCF Nirvana: Annotates the input file via the linked Nirvana annotator and then processes the annotated results.
NirvanaJSON: Processes input JSON file preserving the annotated fields.

VCF: Processes input VCF files that were annotated via VEP. Will also allow loading of unannotated VCF, but the
data will remain unannotated.

FILTERING EVENTS BASED ON THE FILTER COLUMN IN VCF FILES

The VCF file contains a column Filter which has values that can be used to filter variants. The VCF Filter Label
parameter in the Settings allows exclusion or retention of events matching labels found in the Filter column.

VCF Filter Label VCF Filter Label

Type: | Exclude fiter labelz Type: ‘Betain fiter labels |~

Description: Cannot exclude ' and PASS. Description: "' and "PASS" are retained by default.

Fiter Labels:
Filter Labels:

Type: This dropdown determines whether matching variants (as per the values specified in Field Labels) will be
excluded or retained. Values: Retain filter labels, Exclude filter labels

Description: This field is just a note stating that variants with the Labels . and PASS are automatically retained
and cannot be excluded. There is no need to specify these in the filter Label if retaining based on filter values.

Filter Labels: Type in comma separated labels (e.g., OffTarget) used in the Filter column of VCF files to use for
filtering of variants during processing in VIA. Values here are case sensitive and must match exactly the values in
the VCF file.

FILTERING EVENTS BASED ON QUALITY METRICS AND POPULATION FREQUENCIES
The processing parameters for NirvanaJSON and VCF Nirvana are the same as both apply to files annotated using

the Nirvana annotator. The processing parameters for VCF are different since annotations are accepted only from
.vcf files output from a VEP annotator supported by VIA.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 204 of 242



bionano

Table 20. Processing parameters.

Remove variants with

Quality score lower than

ead depth support less than

Filter Variants

RN | 8 N | R 1R 1 8 [ N N N [ RN

Il Allele frequencies [in %] higher than
--Global Allele Frequency [in %] Higher than

All Exome allele frequencies [in %] higher than

-~ All EAC allele frequencies [in %] higher than
-ExAC allele frequency [in %] for all populations hi...

--All GnomAD allele frequencies [in %] higher than
GnomAD allele frequency [in %] for all population...
-GnomAD allele frequency [in %] for the African / ...

-GnomAD allele frequency [in %] for the Non-Finni...
~GnomAD allele frequency [in %] for the South Asi...

--All 1000 Genomes Project allele frequencies [in %] hi...
1000 Genomes Project allele frequency [in %] for ...
1000 Genomes Project allele frequency [in %] for ...
1000 Genomes Project allele frequency [in %] for ...
1000 Genomes Project allele frequency [in %] for ...
1000 Genomes Project allele frequency [in %] for ...
1000 Genomes Project allele frequency [in %] for ...

-Exome Sequencing Project allele frequency [in %2]...
-Exome Sequencing Project allele frequency [in %]...
-Exome Sequencing Project allele frequency [in %a]...

-ExAC allele frequency [in %] for the African / Afric...
-ExAC allele frequency [in %] for the Latino popula...
-ExAC allele frequency [in %] for the East Asian po...
-ExAC allele frequency [in %] for the Finnish popul...
-ExAC allele frequency [in %] for the Non-Finnish E...
~ExAC allele frequency [in %] for the South Asian p...
~EXAC allele frequency [in %] for the Other populat...

-GnomAD allele frequency [in %] for the Latino pop...
-GnomAD allele frequency [in %] for the Ashkenazi...
~GnomAD allele frequency [in %] for the East Asian...
-GnomAD allele frequency [in %] for the Finnish po...

20.0
10.0 Nirvana data source version: 46

2.0 ~~Quality score lower than 50.0
i'g ~~Read depth support less than 20.0
2.0 “All Allele frequencies [in %] higher t... 1.0
2.0 --Global Allele Frequency [in %] Higher t... 1.0
2.0 ~All GnhomAD Genome allele frequencies [in %] higher ... 1.0
2.0 -~GnomAD Genome allele frequency [in %] for all popul... 1.0
ig ~GnomAD Genome allele frequency [in %] for the Afri... 1.0
2:0 -~GnomAD Genome allele frequency [in %] for the Lati... 1.0
2.0 ~GnomAD Genome allele frequency [in %] for the Ash... 1.0
2.0 ~-GnomAD Genome allele frequency [in %] for the East... 1.0
i'g ~GnomAD Genome allele frequency [in %] for the Finn... 1.0
2'0 ~~GnomAD Genome allele frequency [in %] for the Non... 1.0
2.0 ~GnomAD Genome allele frequency [in %] for the Sou... 1.0
2.0 ~~GnomAD Genome allele frequency [in %] for the Oth... 1.0
2.0 ~All GhomAD Exome allele frequencies [in %] higher ... 1.0
;g ~~GnomAD Exome allele frequency [in %] for all popula... 1.0
20 ~GnomAD Exome allele frequency [in %] for the Africa... 1.0
2.0 ~-GnomAD Exome allele frequency [in %] for the Latin... 1.0
2.0 ~GnomAD Exome allele frequency [in %] for the Ashk... 1.0
ig ~~GnomAD Exome allele frequency [in %] for the East ... 1.0
2:0 ~-GnomAD Exome allele frequency [in %] for the Finnis... 1.0
2.0 ~~GnomAD Exome allele frequency [in %] for the Non-... 1.0
2.0 ~-GnomAD Exome allele frequency [in %] for the South... 1.0
ig ~GnomAD Exome allele frequency [in %] for the Other... 1.0
2.0

VCF Nirvana and NirvanaJSON have additional dropdown fields:

Nirvana data source version: Selection of the version will result in different filter fields displayed.

«  Field for ClinVar label: when marked, will not remove any variant labeled as Pathogenic in ClinVar during
processing and subsequent filtering with the UL.

Data source version 46 uses newer cohorts and allele frequencies obtained from gnomAD, both the Global and
Exome frequencies. Much of the data from ExAC is incorporated within the new gnomAD frequencies (data
source version 46). For detailed information refer to the gnomAD website (About and FAQs). Version 45 contains
older data sources and cohorts and should be applied to legacy samples processed via an older Nirvana
annotator. Nirvana JSON output files contain data source version numbers and this is the field parsed by VIA to

determine compatibility.

Filter usage: The allele frequencies are arranged in a tree-like structure such that selections in the higher nodes
apply to all items under that branch. For example, to change all 1000 Genomes Project frequencies to 2.0, make
that change in the row highlighted in Figure 315 and all the population specific groups’ frequencies will also be at

2.0. Each individual population can have its own frequency as well — just edit the field for that group.
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Ll Allele frequencies [in %] higher than

;----Glnbal Allele Frequency [in %%] Higher than 1.0
All 1000 Genomes Project allele frequendies [in %&] higher than 2.0
----- 1000 Genomes Project allele frequency [in %] for the African super pap... 2.0
----- 1000 Genomes Project allele frequency [in %&] for all populations higher ... 2.0
----- 1000 Genomes Project allele frequency [in 3%] for the Ad Mixed America. .. 2.0
----- 1000 Genomes Project allele frequency [in %] for the East Asian super ... 2.0
----- 1000 Genomes Project allele frequency [in %] for the European super p... 2.0
----- 1000 Genomes Project allele frequency [in %:] for the South Asian supe... 2.0
-l Exome allele frequendies [in %] higher than 1.0
--Exome Seguencng Project allele frequency [in 3% for all populations hig... 1.0
--Exome Seguencdng Project allele frequency [in 36] for the African popul... 1.0

Figure 309. Changing frequencies.

The parameters/filters here are applied to the sample during upload and processing and serve as hard filters for
variants prior to the dynamic filters available during case review. The same filters are also available in the sample
review interface and the reviewer may apply different filter values to different samples during the review process.

ClinVar Label Filtering: Marking Do NOT remove any variant labeled as Pathogenic or Likely Pathogenic in
ClinVar will retain variants marked as such in ClinVar during processing and through further filtering through the
Sample Review UI.

PROCESSING TYPES

Creating a New Processing Type: A new processing type is created by copying an existing processing type,
renaming it, and adjusting the settings. Example processing types are available for the different platforms. Always
create a new processing type (Example processing types are not editable and cannot be applied to a sample
type). To create a new processing type:

Go to the Platforms tab:

1. Click on the CNV or SeqVar tab depending on the platform type (depending on license type, only CNV
may be available).

2. In the Data Type dropdown, for CNV, select the build, data type, manufacturer, and assay name for
arrays; select the build and BAM MultiScale or BAM Self-Reference for estimating copy number from
NGS. For SeqVar, select the build and data type.

3. Next, select a processing type from the dropdown.

4. Now click on the Copy this processing type button, which prompts for a name for the new processing
type. Once the new name is entered, it will be displayed in the dropdown under the Processing Types
section.

5. Modify the settings. Once all changes have been made to the settings, click on the Save Changes button
on the bottom right of the window to save this processing type. Now this processing type is available to be
applied when defining a sample type.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 206 of 242



bionano

Deleting a Processing Type: A processing type can only be deleted if there are no samples in the database that
have used that processing type and if it is not an example processing type. To the right of the Processing Type
dropdown, the number of samples processed with these settings is indicated. If there is even a single sample
processed with a specific processing type, the processing type cannot be deleted.

In Figure 316, the processing type is not an example one and there are no samples associated with this
processing type so the Delete button is not grayed out and the processing type can be deleted.

Regions | BAM References | Users | Custom Files | Platforms | Sample Types | Processing Usage

CMNV SeqgVar
Build Data Type Manufacturer Assay Mame
MCBI Build 37 w | | Ilumina Final Repaort w | | Hlumina w | |CytoSMP-850K vi1.1 v
Processing Types
m — CytoSHNP-850K v1.1 - Prenatal i w | (0 processed samples)

Figure 310. The processing type can be deleted.

When attempting to delete a processing type, an alert asking for confirmation will be presented, as shown in
Figure 317.

Murnina Infinium CytoSNP 830k - Postnatal alt will be removed, Continue?

Figure 311. Confirmation.

Editing a Processing Type: The settings for a processing type other than an example type can be changed by
selecting the processing type and then editing the values for the settings. Once all changes have been made,
click on the Save Changes button on the bottom right of the window. To alter the settings, simply click on Cancel
to revert to the previously saved values.

If the processing type already has some samples that have been processed, attempting to change the settings
will bring up an alert, shown in Figure 318, stating that the samples will need to be re-processed using the new
settings.

Figure 312. Reprocessing alert.
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Click OK to continue with editing settings or Cancel to revert to the original settings. After all settings changes are
made, click Save Changes. Now all processed samples (with the exceptions mentioned above) using this
processing type will become unprocessed. These samples will need to be processed from the Home page.

Only samples that are not locked and not in the review workflow stage can be re-processed. If a sample is locked

or has been reviewed, a pop-up box appears that tells you the processing type cannot be modified, as seen in
Figure 319.

, This processing type is in use and cannot be modified:
Editing Samples: 0
Reviewed Samples: 1

Locked Samples: 0

OK

Figure 313. Cannot reprocess alert.

Sample Types: In the Sample Types tab, the Administrator creates the available sample types by specifying
allowed sample attributes, classification categories, decision trees, default sample view preferences, reports, and
a processing protocol.

A sample type is the admin-controlled composite of platform technology, processing settings, classification,
reporting, and other configurable elements for the analysis of samples according to a particular application. There
is no limit to the number of sample types that can be created. There are many uses for creating differing sample
types, for example, sub-categorization associated samples in the VIA database.

Tools across the top allow creation, deletion, editing and copying of sample types. The dropdown field lists the
sample type and next to it in parentheses is the number of samples of this type in the database as well as the

Sample class. In Figure 320, one can see that there are no samples of the sample type Affymetrix Cytoscan HD -
Cancer.
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Regions | BAM References | Users | Custom Files | Platforms | Sample Types | Processing Usage

i = = | Ay

scan HD - Cancer i v | (0 samples) Sample dass: Array Only

i Add a new sample type.
Remove this sample type.
& Rename this sample type.

_ Copy this sample type.

Figure 314. Sample Type tools.

Based on the sample class, parameters for one or both modalities (CNV/SeqVar) may be specified. In Figure
321, the sample type has both copy number and sequence variants, therefore both boxes are checked for this
sample type.

Regions | BAM References | Users | Custom Files | Platforms | 5ample Types | processing Usage

+ - = T | Affymetrix CytoScan HD CNV and SeqVar P v

Build |NCBI Build 37

7 CNV Data Type Manufacturer Assay Mame
Affymetrix CEL Affymetrix CytoScan HD
Elatform Processing Types: 1/3 »
| Seqyar Data Type
CF
Seqyar Platform Processing Types: 1/2 *

Figure 315. CNV and SeqVar parameters.

NOTE: More than one processing type may be associated with each sample type. During sample upload and
processing the user will select which of the associated processing types to apply.

Sample Type Configuration

Creating a new Sample Type: A sample type belongs to one of several sample classes. A sample class is
defined by different factors which depend on the modalities (CNV, SeqVar, or both) associated with the sample

type.

Sample Class: The sample classes are Array Only, NGS and Array, GxA-Cyto, Low-Res WGS, Methylation,
OGM and NGS, OGM Only. When creating a new sample type, a sample class must be selected. In addition, the
modality (CNV and/or SeqVar) will need to be selected. In other words, if the data only has CNV information,
users will check the CNV box. If the data only has sequence variant information, check the SeqVar box. If the
data has both copy number and sequence variant information, then check both boxes.

Test Type: A test type defines certain module/features available to the sample type allowing display of
customized fields in various areas such as the KB and Variants Details to capture and display relevant information
for a specific type of sample. A test type value is not required (can be blank). If left blank, the sample is treated as
constitutional, and some functions may not be available with the KB features.
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Mitochondrial Chromosome inclusion: The Include chrM checkbox specifies that the mitochondrial
chromosome in the sample should be included in analysis.

CNV modality: Click on the Add a New Sample Type button and enter the sample type name in the pop-up
window. Select the sample class from the dropdown, seen in Figure 322. Sample classes available here are
based on those allocated to the license with other options grayed out.

New Sample Type X

Name:

Sample class: Array Only v

NGS and Array
GxA-Cyto
Low-Res WGS

Figure 316. Select sample class.

Next make sure only the CNV box is checked off and select the Genome Build, Data Type, Manufacturer, and
Assay Name from the dropdown fields. If expected values are not seen here, review the section on adding a new
data type (Creating a New Data Type) or contact support@bionano.com.

NOTE: For the GxA-Cyto sample types, CNV is checked by default and cannot be unchecked.

From the Processing Types dropdown menu, shown in Figure 323, select the processing type desired for this
sample type. Processing types are the parameters and settings that were defined in the Platforms tab for the
data type.

| CHV Data Type Manufacturer Assay Name
Tllumina Final Repart w | | Ilumina v | | Infinium CytoSHP 850k W
Platform Processing Types: Mone *

Figure 317. Select the processing type.

To improve awareness of the sample quality, the Admin can choose warning thresholds, shown in Figure 324,
which will color code the QC values on the Home page. If the Quality score of the sample exceeds the threshold,
the score is highlighted as such:

« exceeds the Warn threshold -> highlighted in yellow.
« exceeds the Fail threshold -> highlighted in red.

CH Quality Thresholds BAF Quality Thresholds
Warn 1.0 Fail 2.0 Warn | 0.05| Fail| 0.15

Figure 318. Quality thresholds.
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The CN quality score is calculated after removing outliers. The percentage outliers to remove is set in the
Processing settings in the Robust Variance Sample QC Calculation section and is specified as a percentage.
If 0.2 is the specified value, 0.1% of outlier probes from the bottom of the spectrum will be removed and 0.1% will
be removed from the top.

SeqVar modality is only available to sample classes with sequence variant analysis permitted, such as NGS and
Array.

Select the SeqVar box, as shown in Figure 325.

NOTE: For GxA-Cyto sample types, the CNV box cannot be unchecked. CNV processing can also occur in
parallel, if desired. Select the desired processing types available for this sample type and click Save Changes.

Build |NCBI Build 37 w

D CMY Data Type

Blatform Processing Types: MNone *
SeqVar Data Type

VCF ¥]

Seqvar Platform Processing Types: 1/1 *

Jedision Trees

I 23
Figure 319. SeqVar box.

Copy Number from NGS: To create a sample type for obtaining copy number from NGS data, select NGS and
Array in the Sample Class dropdown and provide a name for the new sample type, as in Figure 261 above.

Select the CNV box and select BAM Multiscale from the Data Type dropdown. Select the processing types to
associate with this sample type.

Select the SeqVar box and select the data type (NirvanaJSON, VCF or VCF Nirvana) based on the type of
sequence variant files available for this type of sample. Select processing type(s) from the dropdown to associate
with this sample type. Click Save Changes. See Figure 326.

Build [NCBI Build 37

7 CHY Data Type

BAM Multizcale

Blatform Processing Types: 2/3
| SeqVar Data Type

Mirvanals0onN

SeqVar Platform Processing Types: 1/1 *

Figure 320. An example sample type for obtaining CNV from NGS data.

Relationship between Processing Type and Sample Type: At the basic level, both a sample type and
processing type are defined by the same components, but a sample type has one or both modalities (CNV and/or
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SeqVar) whereas a processing type has the same components for a single modality (CNV or SeqVar). The BAM
Multiscale 1 sample type, shown in Figure 327, has both CNV and sequence variants so both components below
are available:

1. For CNV:

- Genome Build (e.g., NCBI Build 37)

- Data Type (e.g., lllumina Final Report)

- Manufacturer (e.g., lllumina)

- Assay Name/Array (e.g., lllumina 850K)

For arrays, all four of the above are available.

For copy numbers derived from NGS, only Build and Data Type are available.
2. For sequence variants:

- Genome Build (e.g., NCBI Build 37)

- Data Type (e.g., VCF, NirvanaJSON)

Regions | BAM References | Users | Custom Files | Platforms | Sample Types | processing Usage

+ - & ] BAM multiscale 1 i w | (0 samples) Sample dass: NGS and Array

Build | MCBI Build 37

CMV Data Type
BAM Multiscale v
Platform Processing Types: Mone w
SeqVar Data Type
VCF W
Seqyar Platform Processing Types: None

Figure 321. BAM Multiscale 1.

A Platform is also defined by the same set, displayed in Figures 328 and 329:

*  Genome Build (e.g NCBI Build 37)
» Data Type (e.g lllumina Final Report)
e Manufacturer (e.g lllumina)

e Assay Name/Array (e.g., lllumina 850K)

Regions | BAM References | Users | Custom Files = Platforms | Sample Types | Processing Usage

Build Data Type Manufacturer Assay Name
NCBI Build 37 | llumina Final Report i v Ilumina v | CytoSNP-850K v1.1 v
Processing Types
] == | CytoSNP-850K v1.1 - Cancer v (0 processed samples)

Figure 322. An array platform.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 212 of 242



bionano

Regions | BAM References | Users | Custom Files Platforms Sample Types | Processing Usage
CNV SeqgVar

Build Data Type
MCBI Build 37 w | | BAM Multiscale Y

Processing Types

m — BAM To CNV Analysis w | (0 processed samples)

Figure 323. NGS platform (BAM Multiscale) for CNV.

The VIA Administrator can create one or more processing types for each platform. Each processing type has its
own set of parameters (e.g., gain/loss cut offs, systematic correction file, ability to re-center probes). For example,
if there are two different systematic correction files for the array type lllumina 850K, two different processing types
can be created, each using a different systematic correction file.

The VIA Administrator can allow one or more processing types to be used when processing samples of a given
sample type by selecting those shown in Figure 330.

Manufacturer Assay Mame

Tllumina Infinium CytoSMP 85

Processing Types: 1/3
[ Humina Infinium CytoSMP 850k - Cancer
Hlumina Infinium CytoSMP 850k - Postnatal

o [ Humina Infinium CytoSMP 850k - Prenatal
=

Figure 324. Processing types.

Processing Types: Parameters are specified in the Platforms tab, as shown in Figure 331. A single processing
type is applied to a CNV modality or a SeqVar modality as each component has different parameters for
processing. Multiple processing types may be associated with each modality of a sample type. Processing types
available to a sample type are listed in the dropdown field. Only those processing types selected will be actively
available for processing samples.

CNV Data Type Manufacturer Assay Name
Affymetrix CEL ~ | | Affymetrix | CytoScan HD
Flatform Processing Types: 1/2 ¥

Processing Types: 1/6

Figure 325. Each sample type has associated processing types for each modality.

The user will select the processing type to use in the Process Samples window, shown in Figure 332.
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Process Samples a8 a a a l&
Sample Type: Mount Sinai Bluefuse 850K «
Processing Setting: |Default Humina 850k 2= |
PSP O i Tluminia 850k 2 I
" |llumina 850k Post-natal
Sample Sample Type Processing Setting Gender Status
GEN-14-2112-9965273017_RO6CO1_fused_74 Mount Sinai Bluefuse 850K Unspedified Needs setting

Figure 326. The Process Samples window.

Removing a Sample Type: Select the sample type name via the dropdown and click on this tool to remove the
sample type from the system. Note that this tool is active for a specific sample type only if there are no samples of
that type in the database. If there is even a single sample of that type in the database already, the icon will be
grayed out and the sample type cannot be deleted.

Renaming a Sample Type: Select the sample type name via the dropdown and click on this tool to rename the
sample type. A pop-up window will open with the existing name in the Edit field. Note that this tool is active for a
specific sample type only if there are no samples of that type in the database. If there is even a single sample of
that type in the database already, the icon will be grayed out and the sample type cannot be renamed.

Creating a New Sample Type by Copying an Existing Sample Type: To create a new sample type like one
that already exists, select the name via the dropdown and click on the Copy this sample type tool. A pop-up
window will ask for a new name. This new sample type will have all the same properties as the one that was
copied but to change them for the new sample type, edit the properties and click Save Changes on the bottom
right of the window.

Sample Attributes: Here, the Administrator defines annotation information associated with samples as sample
attributes. The administrator defines a sample attribute name and by default, each field will be a free-form text
option. However, if the attribute has a fixed set of inputs, these can be listed, allowing the Administrator to
constrain the different possible input values and allow filtering based on attributes when querying for samples.

The Administrator inputs the potential values (Labels) available to users. For example, the attribute gender can be
constrained to only allow the following values: Unspecified, Male, Female. Constraining this prevents
inconsistencies in terminologies among different users, preventing users from inputting M, male, or other
variations to specify the gender as male.

The attributes are defined on a per sample type basis so each sample type can have different attributes
associated with it. Attributes Display Name, Gender, Phenotypes, Linked Sample Relationship, and Linked
Sample ID are default attributes for all sample types and cannot be deleted. Certain sample types such as
lllumina data have an additional default attribute Filename which cannot be deleted.
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Figure 333 shows the Affymetrix CytoScan HD - Postnatal sample type with the default attributes and the default
Labels for the Gender attribute.

Repository Help
Home Sample50
Regions | Users | Custom Files | Platforms | Sample Types | Processing Usage

+ - = ] Affymetrix Cytoscan HD - Postnatal » | {11 samples)
Build |MCEI Build 37
7 CMV Data Type Manufacturer Assay Mame

Affymetrix CEL Affymetrix CytoScan HD
Blatform Processing Types: 1/4

Seqvar Data Type

Seqvar Platform Processing Types: None *

R W uigs -0 Workflow = Event Classification | Dedision Trees | Sample Review Preferences | Reports

Mame OnHome Tab || Labels
Display Mame |

Male
Female

Age
d
Linked Sample Id
Linked Sample Relationship
Phenotypes

+ = =

Discard Changes Save Changes

<<=l =][=]

Figure 327. Sample Attribute is Gender.

The On Home Tab checkbox field controls the display of the attribute in the query results on the page. If the
checkbox is marked, the attribute will be displayed (if it contains a value) on the Home page query results. In the
query result below, Gender is displayed as it was checked off for the Affymetrix CytoScan HD — Postnatal sample
type. Even though Linked Sample ID is checked off, it is not displayed as this sample has no value for that
attribute.

ﬂ Affy CytoScan postnatal case 1 @ Tech 1 review completed

Status: Processed Quality: 0.08 Discarded: 0.12%

Sample Affymetrix oscan Processing Affymetrix CytoScan HD -  Auto
Type: HD - Postnatal Type: Constitutional pre-classification:

Postnatal

Gender: Male Phenotypes: Failure to thrive, Ventricular septal defect, Microcephaly

Processed by admin Oct 3, 2016 8:39:48 AM

Benign Likely Benign VU5 Likely Pathogenic Pathogenic Query AOH Artifact Unclassified
e JEIL o [ o ][ ]

The option to hide or display attributes is particularly useful for some sample types that may have an abundance
of associated physical sample run information not necessary to display during queries. The sample type shown in
Figure 334 has a good deal of specific run fields associated as attributes but only five (checked off) will be
displayed in the query results on the Home page.
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| r=l e g l=-0  Workflow = Ewvent Classification | Dedsio

Mame
Display Mame

On Home Tab

Linked Sample Id

Linked Sample Relationship

Phenotypes

Genaome Build

Algorithm Version

Target Manifest

Baits Manifest

Padding Size

Sample ID

17 Index ID

Index

Description

Predicted Sex

N8 9 Y

a

TG CytoSeq Kit - MextSeq 550 Box 1 REF ...

TG CytoSeq Kit - MextSeq 550 Box 1LOT ...

TG CytoSeq Kit - MextSeq 550 Box 1 Expir...

Tia CwtnSean Kit - MevtSen 560 Bnw 2 BRFE

I

Figure 328. Many specific run fields.

Affymetrix OSCHP data types: When a new sample type of the Affymetrix OSCHP data type is created,
additional default attributes are associated with this data type. The software also loads some of the QC values
from the OSCHP file and displays them in the Information window. In Figure 335, one can see these additional
attributes listed in the Sample Attributes tab.
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Repository Help
Home m Sample 15
Users | Regions | Platforms | Sample Types | Processing Usage

+ - = (] Affymetrix OncoScan plus NGS v | (0 samples)

Build | NCBI Build 37 w

CNV Data Type Manufacturer Assay Name

Affymetrix OSCHP | | Affymetrix w || OncoScan w
Platform Processing Types: None ¥

SeqVar Data Type
WCF

SeqVar Platform Processing Types: 1/1 %

e S el \Workflow | Event Classification | Dedsion Trees | Sample Review Preferences | Reports

MName On Home Tab || Labels
Display Mame (]
Gender
Linked Sample Id
Linked Sample Relationship
Fhenotypes
%eTumor
O5-MAPD
0S5-ndSNPQC
05-CelPairCheck Status
O5-ndWavinessSd
05-% Aberr. Cells
05-Ploidy
05-Low Diploid Flag
05-Y gender call
05-ndCount

+ [=][H& + =&

OOOROO O ORI OO

Discard Changes Save Changes

Figure 329. QC values not displayed.

Date attributes: Attribute values when entered in a specific format will be treated as dates. VIA assumes
attributes with values in the format ###H#-##-## are dates in the date format yyyy-mm-dd. One could have an
attribute Date of Birth with values such as 1968-08-20 and the system considers this as August 20, 1968. Such
values can then be used to search samples by date (e.g., looking for all samples with date of birth prior to January
1, 1980).

DEFINING SAMPLE TYPE PROPERTIES

To create a new attribute, click on the Add a New Sample Attribute button and enter a name for the attribute in
the new row in the Attributes table. Check off the box to display the attribute in query results on the Home page,
shown in Figure 336.

Mame On Home Tab
Display Mame ]

ew Sample Attribute
Gender
Linked Sample Id
Linked Sample Relationship
Phenotypes

COCs

Figure 330. Creating a new attribute.
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To add labels, click on the Add a New Label button under the Labels table. A new row will be added and a name
for the label can be entered, seen in Figure 337.

Labels

(+ =& ]

Figure 331. Creating a new label.

Use the respective Edit tool to change an attribute or label name. Once all attributes and labels have been added,
click on Save Changes to save the information for this sample type. To remove labels or attributes, select the
row(s) and click on the Remove Selected button . An attribute can only be deleted or edited if no sample has a
value for that attribute.

Linked Samples Tab: The Admin can further customize the labels for linked samples to best represent the lab’s
workflow or local language. The Linked Samples Tab has a list of labels used for linked sample relationship and
the associated relationship meaning. Some family relationships need to have a standard meaning that the
software can understand for calculations such as trio quality check, parent of origin, and recessive inheritance
filtering. The relationship meaning values are selected via a dropdown and restricted to the following: Father,
Mother, Proband, Sibling. For example, the Admin could create a new Label called Dad which would have the
meaning Father, as seen in Figure 338.

Home [[ERGR AR3S

Regions | BAM References | Users | Custom Files | Platforms | Sample Types | Task Queues | Processing Usage | Linked Samples

Linked Sample Relationship label Relationship Meaning
Sihling Sibling
Mather Maother
Father Father
Proband Proband

Figure 332. Dad means Father.

To add a new label, click the + button and enter a label. Use the dropdown to select a relationship meaning and
click Save Changes. Now the label Dad can be used in the section, as seen in Figure 339.
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a0 eIV 0 Workflow | Event Classification | Dedision Trees | Sample Review Preferences | Gene Panel | Reports

Marme On Home Tab | | Labels

Display MName []

Gender (] Mather

Linked Sample 1d [] Proband
Shing

Affected Status (]

Fhenotypes []

age (]

+ | - = * =] =

Discard Changes Save Changes

Figure 333. Label has changed in Sample Attributes.

The Phenotypes attribute: The Phenotypes attribute is a special attribute that allows association of HPO terms
with the sample. This is specific to each individual sample and therefore added during or after sample upload.
See the Creating a Sample Type, Sample Loading and Processing section for details on associating phenotypes.

The VIA Administrator can define different workflow stages, as shown in Figure 340. Available tools:

+ [ = |

Workflow Stages

Tech 1 review completed

Review in progress
Tech 2 review completed
Director review completed

Figure 334. Different stages of workflow.

Click the + button to add a workflow stage. Highlight a row and click the — button to delete the stage. Highlight a
row, click the Edit button, and edit the text to change the name of the workflow stage.

The workflow stages allow the Admin to see where in the process the sample is (e.g., has the director reviewed
it?). During the review process in the editing mode, a reviewer can change the status. For example, if the first
technician has finished reviewing, then the value can be set to Tech 1 review completed. This value is then
displayed (in green text) with the list of samples in the sample search interface:
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e Affy CytoScan postnatal case 1 @ Tech 1 'E'.-"E'.-‘_
Status: Processed Quality: 0.08 Discarded: 0.12%

Sample Affymetrix Cytoscan Processing Affymetrix CytoScan HD - Auto
Type: HD - Postnatal Type: Constitutional pre-classification:

Postnatal

Gender: Male Phenotypes: Faoilure to thrive, Ventricular septal defect, Microcephaly

Processed by admin Oct 3, 2016 8:39:48 AM

Benign Likely Benign VUS Likely Pathogenic Pathogenic Query AOH Artifact Unclassified

Lol JEIL o | o[ - |

The status can only be changed in the sample edit mode. Click on the start editing tool and then the workflow
stages will be visible in the dropdown, as shown in Figure 341. The stage can then be selected from the
dropdown menu.

[Tech 1 Review Completed v |
Mot Reviewed

Tech 1 Review Completed
Director Review Completed
Figure 335. Workflow stages.

Event Classification: This section defines the different classification values that are available with an associated
color for graphical representation. Also, the decision tree to use for the automated classification (pre-
classification) is selected here. Use the Add, Remove, and Edit tools to make changes to the available
classification values, seen in Figure 342.

ample Attributes = W Event Classification [NZeE R

ample Review Preferences = Reports

Automated Pre-dassification: |Postnatal W

Ewent Classification Color
Benign
Likely Benign
VLIS
Likely Pathogenic
Pathogenic
Query AOH
Artifact

+ ==

Discard Changes Save Changes

Figure 336. Event Classification.

Classified events displayed in the tracks are color coded based on the colors selected here. To change the color
associated with the classfication, select a classification value (click on the row), then click the Edit button and a
window pops up, as seen in Figure 343.
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Name: |Benign

Color:

Figure 337. Window for color.

Click the color box to select a new color from the pop up color chooser, shown in Figure 344, and then click OK.

Preview

n - . SampIeText Sample Text

. . . Sample Text Sample Text
Cancel Reset

Figure 338. Pop-up color chooser.

Finally, click Modify in the Event Classification window to save the new color.

Figure 345 shows a CN loss displayed on the browser in the CNVevent track; the pale green colored bar under
the red loss indicates the Likely Benign classification.

Event: CM Loss
Classification: Likely Benign
Region: chr2:189,492,716-188,532,525
Length: 39,810
Oct 3, 2016 8:3%:48 AM
Automatic

Pre-classified as 'Likely Benign' because [(CN_EVEMNT_KIND IS {
E MR (TR FWENT KIMD IS (HOROTVEOT S COPY | 0SS

Figure 339. Likely Benign.

The decision tree to apply to the sample type for automated pre-classification can be selected here as well via the
dropdown field, shown in Figure 346 in the red rectangle. This pre-classification engine is run during initial
sample processing and can be run again when any changes are made to events for a sample. When an event is
manually altered, a pop-up alert will ask the user if automated pre-classification should be run, after each manual
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change. If a user is making many changes, the prefererence may not be to have this pop-up appear constantly.
To prevent such pop-ups, uncheck the box Enable Automated Pre-classification on manual edits.

REN o] CW\uig oSNl iVl Event Classification Decision Trees = Sample Review Preferences = Gene Panel = Reports

Likely Benign

Automated Pre-classification: ;postnatal i v Enable Automated Pre-classification on manual edits

Event Classification

Color

Benign
Likely Benign

Vus

VUS

Likely Pathogenic

Likely Pathogenic

Pathogenic

Pathogenic

Artifact

Artifact

Please Review

Please Review

Figure 340. Drop-down for the selected Decision Tree.

When a sample that has a decision tree associated with the sample type is processed, the decision tree logic runs
and pre-classifies events based on the rules. The logic that triggers the classification is then recorded in the
Notes section. Figure 347 displays an example of a simple decision tree called Test 1 and a more complex one

is shown in Figu

San

re 348.

nple Attributes

[+ ][ = J[ & ]Tests * | [ Aeoly | (@ samples)

CASE (ANY_CN_EVENT KIND) (
IF (OVERLAP("Developmental Delay">20) AND (EVENT SIZE »>100000)) THEN (classify("Li

IF (SCORE(
IF (SCORE(

Workflow = Event Classification Sample Review Preferences = Reports |

DGV > 0.98)) THEN (classify("Benign")) ELSE
DGV > 0.9)) THEN (classify{"Likely Benign"))

Sample Attributes | Workflow | Event Classification Sample Review Preferences | Gene Panel | Reports

Figure 341. A simple decision tree.

+ — = W Apply (11 processed samples)
11 CASE {(CN_EVENT KIND IS CN_GAIN) OR (CN_EVENT KIND IS HIGH COPY GAIN)} /f This section is for CN gain events A
:: CASE{EVENT_SIZE > 18.Mb} {CLASSIFY("Pathogenic")} // If event is greater than 1@Mb, it should be Pathogenic
CASE {SIMILARITY("ClinGen Postnatal Gains Pathogenic”)»@.9} {CLASSIFY("Pathogenic”)} // Classify pathogenic based on similari

CASE {SIMILARITY(™
CASE {SIMILARITY(™
CASE {SIMILARITY(™

CASE {SIMILARITY(™

ClinGen Dosage Sensitive Map Gains Pathogenic”)»@.9} {CLASSIFY("Pathogenic”)} // Classify pathogenic based ¢
DECIPHER Syndromes")»@.8} {CLASSIFY("Likely Pathogenic")} /f Classify likely pathogenic based on similarity
ClinGen Postnatal Gains Likely Pathogenic”)»@.9 } {CLASSIFY("Likely Pathogenic™)} J/ Classify likely pathoge

ClinGen Postnatal Gains Benign™)»@.9} {CLASSIFY("Benign”)} // Classify benign based on similarity to Cli

Figure 342. A more complex decision tree.
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Decision Tree: The rules applied for automatic pre-classification of events are based on the defined criteria
outlined using a specified syntax. Specific keywords and syntax are used to create the decision tree rules. Failure
to follow the syntax carefully will result in errors and the automated classification may not work (for example,
parentheses and curly brackets match). The functions used for the decision tree rules are case-sensitive so
attention must be given to this as well.

Detailed guidance for the construction of the pre-classification decision tree (DT) is provided separately. Bionano
support team will assist with generating the DT language and scripts to mirror the logic used in the lab for the
interpretation process.

Please refer to the VIA pre-classification syntax information found in the VIA Theory of Operations (CG-00042) for
details on the functions and how to write the decision tree script.

Sample Review Preferences: The Preferences tab allows setting of the default displays for table columns,
tracks, and filters for a sample type. The end user can change these for a view of a specific sample or for all
samples from the individual sample view. Different display preferences can be set for the various sample types.
Select the sample type from the dropdown at the top and then set the default column, tracks, and filters settings,
as seen in Figure 349.

Repository Help

Home Profiles

Regions Users Platforms Sample Types BAM References Variant Details Linked Samples Custom Files Task Queues Processing Usage

+ = = ™ ‘CytoScan HD and seqvar i | (0 samples) Sample class: NGS and Array
Build | NCBI Build 37 ~~ Task Queue Default Test Type . [ 1include chrm
T e o r CN Quality Thresholds BAF Quality Thresholds
ata Type anufacturer ssay Name

Y - it - y Warn| 1.0 Fail| 2.0 Warn | 0.05 Fail| 0.15
Affymetrix CEL ~ | Affymetrix ~ || CytoScan HD  ~
Platform Processing Types: 1/1 ¥

SeqVar Data Type
Nirvanal50ON b
SeqVar Platform Processing Types: 1/2 ¥

Sample Attributes | Workflow = Event ( ication | Decision Trees [EEEEAENENESEEENLEEN Gene Panel = Reports

Table Tracks Filter

Column Show Description

..... Select |:| ~
~-Sample |:|

Event

-Chromosome Region

..... Cytoband

..... Length

----- Classification

Column Layout

Event Chromosome Region Cytoband Length Classification Notes

£ >

Discard Changes Save Changes

Figure 343. Setting the default column, tracks and filters.

The Table tab (see Figure 350): The Administrator can select the columns (by checking off the boxes) to be
displayed when a user views a sample. Columns specific to certain types of variants are grouped together in two
folders: CN and Allelic Events, and Sequence Variant Events. Within the Sequence Variant Events folder is
another one entitled Transcripts which lists columns specific for transcript details.
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Sample Attributes = Workflow = Event Classification | Dedision Trees RN CEN NN SE G ge 0 Gene Panel | Reports

Table | Tracks | Filter

Column Show Description
~
-Event
--Chromosome Region
- Cytoband
—Length
- Classification
--MNotes
--Min Region ]
-Min | enath 1 hid
Column Layout
Event Chromosome Region Cytoband Length Classification Notes
< >

Figure 344. The Table tab.

Scrolling down to the bottom of the list of columns, Regions and Decision Trees are displayed, as seen in Figure
351.

Sample Attributes | Workflow | Event Classification | Dedsion Trees [ el SR S = S0y et

Table | Tracks | Filter

Column Show Description

-COSMIC ] ~

E----Pop. Allele Freg % []

‘D Decision Trees

Explanation of Postnatal

'D Regions
» [ cinGen .
: Column Layout

Clinvar DECIPHER Syndromes Genes Phenotypes Total Copy Mum... %k of DGV

| | | | |

Figure 345. Regions and Decision Trees.

The decision trees folder shows the different decision trees for the sample type. Check boxes to display these
columns in the sample review. Note that the decision trees columns will only be displayed for Administrator
user accounts. These columns are displayed for the Administrator so that different decision trees can be applied
to see how they perform and choose the best one to use for a specific sample type.

The decision tree name (e.g., Postnatal in Figure 351 above) will be displayed as the column name and values
will be the classifications. The Explanation columns provide the reason or rule(s) that assigned the indicated
classification. Checking off boxes for regions will display as columns for all user accounts. In Figure 352 the
DECIPHER Syndromes Region was selected to be displayed. Then, the DECIPHER Syndromes column is
displayed in the Sample Review window, shown in Figure 353.
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Table | Tracks | Filter

Column Show Description

The cancer Gene Census is an ongoing effort...
Count of Sanger Cancer Gene Census

Clinvar DECIPHER. Syndromes Genes Phenotypes Total

Figure 346. DECIPHER Syndromes selected.

= Table .DeletedEventsld'mmGemmel = R.eport‘

o =20 =]

CV  DECIPHER Syndromes Gemes FPhe... %bo... DGV Si... DGV... Postnatal Postnatal ... Event Chromo... ISCHM...
AZFb, AZFb+AZFC 100/40% si... 0.08 CNGain  |chrv:22,... [Ygl1.22..,
AZFb, AZFb+ATFC, ... 100(62% si... | 0.574 CNGain  |chrY:25,... [Yg11.22...
A7Fb+AZFc, AZFc  |DAZ3,...[Decre...| 99.971|32%si... | 0.319 CNGain  |chrY:27,... [Yg11.23...
AZFb+AZFc, AZFC COY1,...[YHirk... 100|9% simil...[ 0,091 CM Gain  |chrY:27,... [Yql1l.23...

RASA... |Senso...| 20.002|2% simil...| 0,018 CMLoss |chr7:102... |7g22.1q...
ADAM. ., 100/97% si... | 0.975 Homozy... [chr8:39,... [8p11.22..,
LINCO... 100({100%g si...| 0.999 CMLoss  |chr3:137... |8q24.23...

Figure 347. DECIPHER Syndromes column.

The order in which the columns will be displayed can also be set in the Column Layout pane by clicking on a
column header and dragging the column left or right. After all selections have been made, clicking on the Save
Changes button on the bottom right sets this as the default table display for all users.

The Tracks tab: Checking off the appropriate boxes will display Tracks for each sample type, seen in Figure
354. Set the track display order by clicking and dragging the track name up or down in the Track Layout section.
Click on Save Changes on the bottom right.
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Workflow | Event Classification | Decision Trees [EEElaldtRENENRIEEEWEEE Gene Panel | Reports

Track Show Description

Sequence Reference Sequence a

Gene Gene Regions

CNEvent Copy Mumber Variation

SeqVar Sequence Variants
--BAM Depth [/] ___ BAM Depth v

Track Layout
Sequence a
Gene
b

Colors for | Probes ~ | Track: Probe Track Visualization: |Density based - Ideogram Event Size: |Small Rainbow Color for Genome View

Moving average

Probes Visible / Color . [ Moving Avg Line Visible / Color . Line thickness: 25
Segments Visible / Color .

Window size (Mb): 10.0

Figure 348. The Tracks tab.

At the bottom of the screen are selection boxes to hide/display certain plots and lines and the option to change
the display colors. Click the dropdown to select for Probes or BAF plots and check off the boxes to display these
plots:

Probes w Probes Visible f Colar .
Probes

To change the display color, click on the appropriate colored dot to bring up the color chooser and make a new
selection, shown in Figure 355.

HSV HSL RGB CMYK Grab from Screen

Recent:

Preview

a - W Sample Text Sample Text .
. u . Sample Text Sample Text
Cancel Reset

Figure 349. Color chooser.

There are tabs for the different color systems to specify a new color or one can also select a color from the screen
via the Grab from Screen tab, seen in Figure 356. Simply click on the magnifying glass and drag over a color
on the screen and release the mouse button. The new color will be displayed in the square while the current color
is displayed in the circle. Click OK to select that color. The color preferences for the tracks and the probes plot
after changing the probes color to purple is an example seen in Figure 357.
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Swatches | HSV | HSL | RGB

Drag the magnifyving
gla== to select a

Lih color from the
SCreen.

# |49afee

RGE 73,175,233

Preview

n - . Sample Text Sample Text
. . . Sample Text Sample Text

Cancel Reset

Figure 350. Grab from Screen tab.

Probes Probes Visible / Color . Seaments Visible / Color . Moving Avg Line Visible / Color
» chrid ( q11.2 : : q24.3 313 32.2 ]
0 20 Mb 40 Mb 80 Mb 20 Mb 100 Wb
¥ Gens I NN /R 1 (HH I (I e ] llli..l.lll 111 ] ]
¥ CHEvent
¥ Probes

90.724311 Mb
|

Figure 351. Purple probe color.

The Filter tab: Used to set default filters for the different sample types, various types of events can be removed
or selected for display by marking off the appropriate checkboxes. Settings here are the default values set by the
Admin, but each user can change the display in the Sample Review window.

Filtering is sequential following the chain displayed in the pane. The Admin can enable certain filters and make
selections for the parameters to be applied to all samples of a specific sample type. Refer to the section on
Filtering of CNV, Allelic Events, and Sequence Variant Data for detailed guidance on use of the filters.

CG-00043, Rev.A, Bionano Variant Intelligence Applications User Guide
For Research Use Only. Not for use in diagnostic procedures. Page 227 of 242



bionano

The filters are grouped into four tabs, three representing each modality (Copy Number, Allelic, Sequence
Variants, Structural Variants) and one for miscellaneous settings (Other Settings). Clicking on the Gear icon
(indicated below with a red circle) in a filter box will display the available settings in the pane on the right. Figure
358 shows the copy number filter chain with settings for classified events in the right panel.

Sample attributes | Workflow | Event Cla

Table Tracks Filter

SV Events Other settings
Copy Number  Allelic  Sequence Variants Classification Ahnm_s'.huw@ Do Nothing(i}  Remove (D)

~|| Benign (] O
= Likely Benign O (] @
e VUS O Cl] O
Likely Pathogenic O ® O
- Pathogenic O (] O
undassified ] Q

Panel Selection

£

Figure 352. CN filter chain.

Make the appropriate selections for each filter and click Save Changes to apply them to all samples of the
sample type being configured.

Figure 359 shows the Sequence Variants filter chain with settings for Event Consequences Parameters in the
right panel.

Sample Attributes = Workflow — Event Classification | Decision Trees EEEIRERENVES IR Gane Panel

Table Tracks Filter

SV Events Other settinos . =
Copy Number  Allelic  Sequence Variants Include the following Event Consequences:
Event Types Al [#]3 UTR variant 5' UTR variant
o i
m 2 || Copy number gain [] copy number loss
v Z Downstream gene variant Feature elongation
E £C z Frameshift variant Incomplete terminal codon vari:
[v] e [#] Inframe insertion [ ] intergenic variant
- (] mature miRMA variant [] Missanse variant

I 1 Man-radinn transrring avan variant | | Ban-rodinn transerint uariant %
< ¥
Ivaosity -

Figure 353. Event Consequences.

The Panel Selection locking option can be displayed by clicking on the Gear icon for, seen in Figure 360.
Selecting a panel in the dropdown will default to the one used during sample review.
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Sample Attributes = Workflow = Event Classification W Sample Review Preferences et er T TR T

Table Tracks Filter

Coov Number  Allelic Sequence Variants

SV Events Qther settings Panel
~1| Show only events overlapping panel | Phenotype based gene panel ~
-
[ Lock panel selection
Panel Selection

[] Phenotype base... <+

-

% in Control Database
&

Discard Changes Save Changes

Figure 354: Panel Selection Filter image.

Clicking on will only display the selected panel to non-admin users. Users will only be able to select this panel for
filtering. They will also not be able to upload ad-hoc panels or apply the phenotype based panel. Once the Admin
selects a panel from the dropdown and marks off the Lock Panel Selection box, the Panel Selection checkbox
will be marked and grayed out indicating that no changes can be made, as seen in Figure 361.

Table Tracks Filter

Seauence Variants Other settings i
Copy Number Allelic Panel Selection
a Show only events overlapping panel Brain tumor
A Lock panel selection

Panel Selection

Brain tumor P

Figure 355. Lock panel selection.

The Other Settings tab includes additional filters for the Administrator to configure. The Previous Cases Query
parameter, shown in Figure 362, is not part of the chain in the filtering Ul but can be accessed in the tool panel of
the Browser pane in the Sample Review window.

The Administrator can select the default filters for the sample type. However, during review in the Sample Review
window, the user can make changes for an individual sample or for all samples of a particular sample type.

Sample Attributes | Workflow = Event C ation = Decision Trees EEGINLIENENERNREEEN WM Gene Panel | Reports

Table Tracks Filter

Copy Number Allelic Previ - 5
Sequence Variants Other settings revious cases query Parameters
Minimum similarity score 0.75
- [ ] Max cases to show 100
Previous cases query
fol Sort by (@ Similarity () Processed Date
[]8soK
[ ] cytoScan HD and sequar

Figure 356. Parameter not included.
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The Variant Details tab: Here the Admin selects which tracks will be used in the Variant Details Region overlaps
to provide information on Genes and Regions by marking tracks as Pathogenic, Benign, or None. Tracks
marked as None are not displayed in the Variant Details Ul. Annotations displayed in Variant Details are tied to
the test type.

Test Type = Constitutional has sections:

« Pathogenic Region Overlaps
«  Benign Region Overlaps
e Gene Details

Test Type = Oncology has sections:

«  Benign Region Overlaps
e Gene Details

Before the Admin marks tracks as Pathogenic or Benign, a set of defaults is assigned to all the tracks. The
following logic is used internally in the software to set the defaults:

» Region tracks marked as Pathogenic, Likely Pathogenic, and VUS will be displayed in the Pathogenic
Region Overlaps section.

» Those marked as Benign or likely Benign will be displayed in the Benign Region Overlaps section.
« Gene tracks marked will be displayed in the Gene Details section.

As an example, Figure 363 shows some tracks with selections. These are non-cancer tracks so will be
associated with Test Type=Constitutional.
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Name Pathogenic  Benign None

=+ | BioDiscovery Provided Regions

=R | ClinGen

" Dosage Sensitivity

+ClinGen Curated Dosage Sensitivity Map Benign
ClinGen Curated Dosage Sensitivity Map Likely Pathoge
ClinGen Curated Dosage Sensitivity Map Pathogenic

| Postnatal

+ClinGen Postnatal Benign

ClinGen Postnatal Likely Benign

ClinGen Postnatal Likely Pathogenic

ClinGen Postnatal Pathogenic

“-ClinGen Postnatal Uncertain Significance

[+ | Prenatal

- | Prenatal and Postnatal

H DECIFHER
H OMIM

H- | Oncolagy

- For Decision Tree

; ClinGen

DECIFHER

Imprinted Genes

| OMIM

+~0MIM Marbid Phenotypes Autosomal Dominant
OMIM Morbid Phenotypes Autosomal Recessive
OMIM Morbid Phenotypes Deletion Syndromes
OMIM Morbid Phenotypes Dominant

OMIM Morbid Phenotypes Dominant Skb Extended
OMIM Morbid Phenotypes Duplication Syndromes
OMIM Morbid Phenotypes Recessive

OMIM Morbid Phenotypes X-linked Dominant
“-0OMIM Morbid Phenotypes X-linked Recessive

Figure 357. Test Type=Constitutional.
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This corresponds to the fields in the Variant Details tab, shown in Figure 364.

NOTE: if there is no content for a specific variant in a track, the track will not be displayed.

Gene Details (1) Region Details
] E. o - Knowledgebase Events
£ £ =y e o
2 s Zz Z g28: o £ Label Event Similarity ¥  Classification Rating
$ = = 2 = ¥k =% 3 z
£ o O ISFE§ o =
E = g =
AT AD EYA transcription..  This gen Mo content in table
M M
Pathogenic Region Overlaps Similarity ¥ Value
ClinGen Curated Dosage Sensitivity ... 0.006 BRAMCHIOOTORENAL SYNDROME 1...
Gene Phenotypes (SAP Score = 2.373E-13) Significance 4 ClinGen Postnatal Losses Pathogenic 0.004 Preauricular pit, Hearing impairment,...
EVA1 Lewvel 1 2,373E-12 ClinGen Postnatal Gains Uncertain Si... 0001 Developmental delay AND/OR other ...
Global developmeantal delay
Benign Region Overlaps Similarity ¥ Value

No content in table

Figure 358. Corresponding Variant Details tab.

A sample with Test Type = Oncology will not display the Pathogenic Region Overlaps but will have CIViC in the
Gene Details section.
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ADMIN CREATION OF GENE PANELS

Importing genes/regions panels with transcript minimum read depth: The panel can be used to determine
BAM coverage by specifiying the minimum read depth for genes/regions. The panel file must contain tab delimited
columns with the following column headers:

Gene/Region Transcript Min Read Depth

If the header doesn’t match the keywords above, the file will not be loaded and an error message will be
displayed. The software recognizes that the import list also contains transcripts and read depth based on the
presence of the column header Gene/Region. If there is a typographical error in this column header, the software
assumes only genes/regions (no transcript or min read depth information) are being loaded and will attempt to
load all values (concatenated per row) as genes/regions only.

If a row has a value for only one of the three columns, the software interprets this as the Gene/Region value even
if the value is in one of the other columns. Figure 365 is an example file containing transcripts and Read Depth.

Gene/Region Transcript Min Read Depth

BRAF NM_ 001354609 20
CDKN2A NM_058195,NM_000077 20
TP53 NM_001276697,NM_001276698 50

Figure 359. Example file.

NOTE: multiple transcript IDs must be separated by commas (recommended) or it can be one of the following as
listed in the Secondary Delimiter field: Tab, Comma, Semicolon, Pipe, Space, Tilde. Make sure to select the
correct secondary delimiter upon file import.

Once import is complete, the genes/regions will be listed in the right side-pane of the Gene Panel tab, as shown
in Figure 366.

Gene/Region Validated Region  Transcript Min Read Depth
BRAF chr7:140,419,126...NM_004333 55

EGFR chr7:55,086,713-... INM_001346900 50

CDKN2A chr9:21,967,750-... INM_000077

TP53 chr17:7,571,719-... 50

EGFR-AS1 chr7:55,247,442-... 300

Figure 360. Gene/Region.

If Min Read Depth is specified but a transcript is not, the software will take the entire gene (taking the union of all
exons for the gene) for coverage calculation. This means that if there are no or very low coverage in the intronic
regions, the coverage percentage will be extremely low.

TP53 - no transcript specified: no or very few reads in the intronic regions but good coverage on exons leads to
a low coverage percentage (18.82%), as seen in Figure 367.
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Figure 361. TP53.

If a transcript ID is specified without minimum read depth, then coverage will not be calculated for that
genel/region (e.g., CDKN2A in the figure above).

Importing Exons: Another option for importing a list with specific regions and minimum coverage specifications is
to import a list of exons per gene rather than transcripts per gene. The column headers are the same as when
specifying transcripts but instead of listing transcript IDs in the Transcript column, exon regions can be specified
in the format chr:start-end, for each exon as seen in Figure 368.

Gene/Region Name Transcript Min Read Depth
APOE APOE chr19:45409122-45409184,chr19:45409855-45409928, 10

Figure 362. Importing exons.

Upon import, the software will validate the gene and list the gene region in the Validated Region column and the
specified exons in the Transcript column:

Gene/Region Validated Region Transcript Min Read Depth
BRAF chr7:140,419,126-140,624,728 chr7:140432361-140434567, chr7:140439610-140439745, chr7:1404... |20
CDKN2A chr9:21,967,750-21,995,042 NM_058195, NM_000077 20

Loading exons constricts coverage evaluation to only specified exons rather than all exons in a gene and can be
important when only certain exons in genes are to be evaluated.

Importing a list of genes/regions in BED format: Click on the Import icon to bring up the file chooser. Select BED
file in the Files of Type dropdown. This selection will display both .bed and .txt files since the BED format can be
saved as a .txt file. As the BED format is unique, the software needs to know which parser to use so BED file
must be selected for files saved in this format whether the extension is .bed or .txt. See Figure 369.
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Look in: | Sample NGS data

= .| README.ut
i Vision_Loss_hg19_10.bed
Recent Items

Desktop

File name:

[‘. Files of type: | BED File

Figure 363. File chooser for BED format.

Select the file and click Open. The parser will validate the files and then display genes or regions in the right
panel, as seen in Figure 370.

NOTE: BED files use the zero-based coordinate system so a start position of 0 in a BED file means that the
region starts at base 1. The VIA browser is one-based and automatically corrects for this by adding 1 to the start
position. Details on BED format are found here: https://genome.ucsc.edu/FAQ/FAQformat.html.

An example BED file with regions: The BED file loaded into VIA as a gene panel:
track db="hgl9" name="Vison_Loss_10" Genes and regions

chrlg 3769092 3772219 RAX2 chr19:3,769,093-3,772,219

chrl 50574637 50667054 ELAVLA chr 1:50,574,638-50,667,054

chri:153,409,745-153,424,505

chrX 153409744 153424505 OPN1LW 642, 123,174 42,147,792
chri 42123173 42147792 GUCALA chr4:120,415,551-120, 549,981
chra 120415550 120549981 PDESA chr3:139,236,284-139, 258,490
chr3 139236283 139258490 RBP1 chr2:98,562,618-99,015,064
hr2 98962617 99015064 CNGA3 dhrX: 18,657,810-18,690, 229
cnr chrX:41,306,687-41,334,963
chrx 18657803 18690223 R51 chr16:81,272,296-81,324,747
chrx 41306686 41334963 NYX
chrl6 81272295 81324747 BCMO1

Figure 364. Genes or regions are displayed.

NOTE: A 1 was added to the start position to convert from the 0-based BED file to the 1-based coordinate system
used in the VIA browser. The end positions are the same in 0-based and 1-based coordinate systems.

If an entered gene or region is not found by VIA, an alert will be displayed. If the entered gene is an alias, a
message will indicate that the gene symbol entered will be replaced by the main gene symbol. For example, the
user entered value is PARK2 and the software states that it is an alias and will be replaced by the official gene
symbol PRKN, shown in Figure 371.
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Invalid Entries

The following enfries are invalid
or duplicate,

Pressing QK will remove the
invalid entries before adding to
the panel,

Gene Aliases

The following entries are found to be aliases
for genes,

They will be replaced with their offidal gene
symbals if they are not already present.

[TDMEXIST

Alias Genes
PARKZ PREM

MLLT4 AFDM

Cancel

Figure 365. Alias

Validating a Legacy/Older Gene Panel: Version 5.0 introduced validation of gene panel regions which are then
saved with the panel, but this validation was not done for gene panels added prior to version 5.0. For such panels,
when the Admin first logs into VIA, a pop-up window will be displayed, seen in Figure 372, showing panels which
have not been validated and providing the Admin an option to validate at that time or ask again later.

The following gene panels were saved without validated regions.
Validated regions are required to detect if gene regions are updated in the future.

Human
- [] NCBI Build 37
E Affymetrix CytoScan HD
. [] Small Panel
= [] Affymetrix OncoScan
Small Panel
=+ [] BAM and JSON
Brain Tumor Panel
P Solid Tumor Panel
= []RHS 1
i~ [/] Brain Tumor Panel
Solid Tumor Panel

Ask later Validate Selected

Figure 366. Validation.

Updating a Gene Panel with Changed Locations: If gene locations have changed (e.g., due to an annotation
update), the Gene Panel must be updated to reflect the new regions. The user will receive an alert when locations
have changed and will have to ask the Admin to update the panel. Figure 373 is the message displayed when

reviewing a case.
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9 Genes changed X

The following genes in Solid tumor were changed since it was defined.
Please let your administrator know and update the gene panel.

AMER1 has been moved from
chrX:63,404,996-63,425,624 to
chrX:63,404,996-63,425,588 M

Figure 367. Changed locations.

The genes/regions can be updated manually one by one by editing the region. Genes can be removed and then
re-added one at a time, or if the import file contained a list of gene symbols, that file can be re-imported to replace
the existing list of genes; the regions will be validated and the new updated locations will be used.

Technical Reports (PDF): Different technical report templates can be set up for each sample type using the
Reports tab to produce a PDF of specified results. First select the sample type at the top and then click the +
button under the Reports tab to create a new report template. Enter a name for the report in the resulting window.
Mark off the appropriate checkboxes to specify information to include in the report, as illustrated in Figure 374.

Sample Attributes Workflow | Event Classification Decision Trees = Sample Review Preferences = Gene Panel

Word Template PDF

+ - B Lab Report ~

@ Indude ISCN Nomenclature '7 Include Events r] Include Individual Chromosome Overviews

[] nclude Sample Attributes: 12/12 * () All Events () All Chromosomes

Include Overview Ideogram (@) Al Classified Events: 17/17 ¥ (® oOnly Chromosomes with Selected Events: 17/17 ¥
Indude Whale Genome Plot (O) All Undassified Events Include Selected Tracks: 18/241

Z Include Selected Attributes: 7/406 «

[ Include Selected Tracks: 18/241

Figure 368. Selectable information for PDF reports.

Clicking on the black menu arrows displays selection boxes; check the boxes to display the items in the report.
The numbers to the right of the black arrows indicate how many items are checked out of the total available.

When all selections are complete, click Save Changes on the bottom right to save the report template. If multiple
report templates are specified for a sample type, the user can select which template to use using the Report tool
when reviewing a sample. All available report templates will be listed in the Report tool dropdown.

NOTE: PDF reports are not supported for Structural Variant events.

Word Template Reports: VIA will populate a Word Template (.DOCX) file with event and sample level
information, as seen in Figure 375.
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Sample Attributes ~ Workflow | Event Classification = Decision Trees = Sample Review Preferences

Word Template PoF

+ - @ CMA CNV Draft Template (1) v
Tag Lewvel
ISCN |Sample
References |Sample
Sampleld |Sample
Chromosome Region |Event
Classification Event
Cytoband |Event
[Event |Event
Length |Event
Relevant Genes Event
Variant Interpretation |Event

Discard Changes Save Changes

Figure 369. Example tags associated with Word template reports.

Tags: different components of a report template where tags may be added include main body, header/footer,
repeating paragraphs, and tables. Tags can be added at the sample level or event level. Virtually any
field/attribute associated with a sample or event can be added as a tag.

Sample Level Tags: These are based on the attributes associated with a sample type, including custom
attributes added by the Admin and are denoted by S:. Note that the field Sample is displayed in the software Ul.

Examples: «S:Sampleld» «S:Gender» «S:ISCN»  «S:Phenotypes»

Event Level Tags: These are based on the event table columns in the Single Sample Review window and are
denoted by E:. Any existing column (as displayed in the Table Preferences window) can be used.

Examples: «E:Event» «E:Classification» «E:Genes» «E:Variant Interpretation»

Tags in Tables: Tags added in a table are populated with rows repeating for each event in the sample. The
layout specified in the table in the template is repeated for each event. For example, Table 21 from a Word report
template demonstrates these tags. The final report would result in the populated Table 22.

Table 21. Tags in Tables.

«E:Classification» «E:Chromosome «E:Length» «E:Parent of Origin»  «E:Gene Count» «E:Genes»
Region»

Genes: «E:SAP Score»
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Table 22. The resulting report.

vus chr17:37,958,221- 264000 ain 17912 7
38,222,220

Genes: TBC1D3L, TBC1D3D, TBC1D3C, LOC101929950, TBC1D3E, TBC1D3, NPEPPSP1

VvUS chr7:159,060,487- 285487 Gain 7q36.3 1
159,345,973

Genes: VIPR2

Likely Pathogenic chr22:19,724,872- 192155 Loss 22q11.21 4
19,917,026

Genes: GNB1L, RTL10, TBX1, TXNRD2

Tags in Repeating Paragraphs: Like the fields in a table that repeat, repeated paragraphs can be output. The
content needs to be enclosed in repeat tags: «Repeat». The repeat tag must remain on its own line without any
other text on that line, otherwise the surrounding text will be deleted when the paragraph is populated. Here is an
example of a repeat paragraph in a template with the tags in bold.

«Repeat»
A «E:Event» of «E:Length» bp on «E:Cytoband» was detected. This region overlaps
the following genes «E:Genes». This event has been classified as a «E:Classification»
variant.
«Repeat»
When populated in the report, this paragraph section would be output as the following:

A Gain of 264000 bp on 17912 was detected. This region overlaps the following genes
TBC1D3L, TBC1D3D, TBC1D3C, LOC101929950, TBC1D3E, TBC1D3, NPEPPSP1.
This event has been classified as a VUS variant.

A Gain of 285487 bp on 1=7q36.3 was detected. This region overlaps with the following
genes VIPR2.
This event has been classified as a VUS variant.

A Loss of 192155 bp on 22g11.21 was detected. This region overlaps the following
genes GNB1L, RTL10, TBX1, TXNRD2.
This event has been classified as a Likely Pathogenic variant.
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When adding the tag for “Variant Interpretation” make sure to use this full term and not just “Interpretation”.
“Interpretation” is used in the Variant Details tab whereas “Variant Interpretation” is used in the Table and both
refer to the same field.

Special cases: For the OGM Heme Workflow, there are two additional tags that may be used. Both generate
tables.

<T:Guideline Variants> inserts a table of the guideline targets that were imported for the sample type and
columns for Detected and Not Detected. Example output:

Section A: Tier 1A Guideline Driven Variant Analysis for Acute Myeloid Leukemia Results

. Not . Not
Variant Detected Detected Variant Detected Detected
Chr5 whole chromosome 13;5) NPM1.-MLF1
X ] X
(monosomy) (translocation)
5q (deletion; includes x i(3;3) GATAZ2:MECOM <
5g31.2) (translocation)
Chr7 whole chromosome X i(6;9) DEK-NUP214
(monosomy) (translocation)
7q (deletion; includes X 1(6;21) RUNXT-RUNXTT? x
7g31.2) (translocation)

Chr11 KMT2A rm e e e e an s
<T:Whole Genome Results> outputs a table with three columns. For example:

Template:
Chromosome ISCN Classification
«T:Whole Genome Results»
Output:
Chromosome ISCN Classification
mns(1;M(p36.22;7)(12054956 120549577 | N/A
1p36.21(13039529 13040611)x1 N/A

inv(1)(p36.21p36.21)(13040508_13216782) | N/A

Chr 1 ins(1:7)(p36.21-7)(13080876_13080877:7) | N/A
inv(1)(p36.13p36.13)(17028282_17185676) | N/A
1p12p11 2(120574811 121266910)x1 N/A

Chr 2 None

Chr 3 None

How to Add Merge Fields

Many tutorials/instructions can be found online on how to add merged fields. Two examples are:
Merge fields for Windows
Merge fields for Mac

Merge fields for Windows

1. Open Microsoft Word and select the Insert tab.
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2. Go to the Quick Parts button. Depending on the size of the Microsoft Word window, the button can be in
its own column, or it might be stacked up with other buttons.

3. Click on the Quick Parts button.

4. Then select Field.

File Home Insert Draw Design Layout References Mailings Review View Help +=Comments ¢~ Editing v

Cover Page v D) shapes ~ 23 SmartArt I @ Link v Header ~ 1 L& Sigpature Line ~ Equ
= S @ fag] O = [Q | Hceradains W HIZ Jl‘i| B [ sig Tleg
D Blank Page ) tg Icons d]](hart e . D Bookmark @ Footer ¥ £ puioTe » Sym
— Table Pictures - Reuse (J My Add-i . Wikipedia Online Comment Text
5 Page Break - « (D 3DModels v fgj Screenshot v Fas | CPIREAGERTE Videos | L[] Cross-reference [ Page Number~ | gy~

E,‘] Document Property >
Pages Tables lllustrations Reuse Files Add-ins Media Links Comments Header & Footer Syn
</ = Field...
L 1 - 0 _ o -1 I - S Rt - 5 - - 6 - a 7

[
Insert Field

iIi]

Insert a field.

5. Select MergeField from the leftmost menu, as seen in Figure 376. NOTE: Selecting a different field type
will make the template invalid.

Field ? X

Please choose a field Field properties Field options

Categories: Field name; |:| Text to be inserted before:

(Al v |

Field EaE [] Text to be inserted gfter:
Eield names: t:

nfo A
Keywords Uppercase

LastSavedBy Lowercase

Link First capital |:| Vertical formatting
ListMurm Title case
MacroButton

MergeRec

MergeSeq

Mext

MextIf

MoteRef

NumChars

MumPages

MNumWords

Page

PageRef

Print hd

|:| Mapped field

Preserve formatting during updates

Description:
Insert a mail merge field

Field Codes Cancel

Figure 370. Field types.

6. Type in the name of the tag you want to insert, as seen in Figure 377 (Example: S:Sampleld, E:Event,
etc.). Select OK.
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Field ? X
Please choose a field Field properties Field options
Categories: Field name; [] Text to be inserted before:
(Al v sampleld|
- [ Text to be inserted after:
Eield names: Format:
Sreetinglne A .
. Mapped field
Hyperlink Uppercase |:| Happ
If Lowercase
IncludePicture First capital [] vertical formatting
IncludeText Title case
Index
Info
Keywords
LastSavedBy
Link
ListNum
MacroButton
MergeRec
MergeSeq
Mext
Nextlf
v . .
NoteRef Preserve formatting during updates
Description:
Insert a mail merge field
Zecis Cancel

Figure 371. Field names.

The merge field has now been created. Insert white space (press spacebar or Enter) immediately following the
inserted tag. Failure to add white space may cause formatting issues in the template, resulting in it becoming
invalid.

«S:Sampleld»

Processing Usage: The administrator has access to a record of the processing jobs submitted to the processing
unit. The list of processed samples is available within the Processing Usage tab, includes the date, duration,
sample class, and user. The list of processed samples is exportable. Processed samples will be labeled as New,
Reprocessed, or Duplicate. Only samples counted as New consume a sample credit for the associated sample
class.

Sample credits in VIA are consumed in the following scenarios:
1) When a user processes a new sample.
2) When a user deletes an existing sample that has been previously processed, and re-uploads and
processes the previously deleted sample as a new sample.
3) When a user overrides an existing sample and processes the sample.

Examples where a sample credit is not consumed:
1) Reprocessing an existing processed sample.
2) Duplicating a processed sample and processing the duplicate copy.
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Technical Assistance

For technical assistance, contact Bionano Genomics Technical Support.

You can retrieve documentation on Bionano products, SDS’s, certificates of analysis, frequently asked questions,
and other related documents from the Support website or by request through e-mail and telephone.

Email support@bionano.com

Phone Hours of Operation:
Monday through Friday, 9:00 a.m. to 5:00 p.m., PST
US: +1 (858) 888-7663

Website www.bionano.com/support

Address Bionano Genomics, Inc.
9540 Towne Centre Drive, Suite 100
San Diego, CA 92121
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