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Overview

= What is genome variant interpretation?

= Optimized variant ranking VAAST/Phevor - ready to scale

- For Clinical Diagnostics and Gene Discovery on a population scale

= Collaborative clinical variant sharing for improved diagnosis

= Two clinical genomics examples

- Undiagnosed genetic disease patients — Genomics England 100,000 Genome
Project

- First line diagnosis for NICU/ICU babies —Rady’s Children Hospital (Dr.
Kingsmore)

Fabric Genomics™




Diagnostic rate of genetic diseases

disease in children. Nature Publishing Group 10, 1-16 (2018). 3

Wright, C. F., FitzPatrick, D. R. & Firth, H. V. Paediatric genomics: diagnosing rare
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The Genomic
Challenge Now
Is Analyzing and
Interpreting

all of the Data



Variant Interpretation

= How do we find the variants important
for the disease or phenotype of the
patient(s)?
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= How do we find the important variants
quickly, reliably, and reproducible?

= How do we find the important variants
at scale?

~. Fabric Genomics™ 5



WGS/WES uncovers a huge amount of information ’
Which findings actually matter?

Conventional Analysis - Filtering

5 million variants

90% cut 1010]

70% cut 0]

50% cut 25k

... (many more filters)

E

100s of unranked variants to review
Limit Throughput
Drive Costs

iy Can easily spend days interpreting un-prioritized candidates for a single case
Ny



Alternative Variant Prioritization: Automatization without filtering I
caveats

Algorithm-Driven Prioritization

= Combine phenotype, disease and

genotype information for
l phenotype driven prioritization

= harmonize information across

. o hundreds of sources
Q Actual disease-causing variant
= Algorithmic methods provide
Result: Specific ranked list of variants to review Complementary data points

Diagnostic candidate consistently near top
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VAAST-Phevor Algorithms for Variant Prioritization

Peer-Reviewed and Clinically Validated

= VAAST: Evaluate and rank every variant
based on effect, conservation and frequency

= Phevor: Re-prioritize variants based on
patient’'s phenotype

= Validated, Published and Clinically Proven
for phenotype driven genome-wide variant
prioritization

VAAST-Phevor has been shown to consistently
elevate the causative variant to the top
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tools are, the need for users to specify search criteria places hard-to-
quantify limitations on their performance. More broadly, appli-
cable probabilistic approaches are thus desirable. Indeed, the de-
velopment of such methods is currently an active area of research.
Several such as CAST ( and
Thilly 2007), CMC (Li and Leal 2008), WSS (Madsen and Browning
2009), and KBAC (Liu and Leal 2010) have recently been pub-
lished, and all demonstrate greater statistical power than existing
GWAS approaches. But as promising as these approaches are, to
date they have remained largely theoretical. And understandably
s0: creating a tool that can use these methods on the very large and
complex data sets associated with personal genome data is a sepa-
ratesoft » , itisasign

one. To be truly practical, a disease-gene finder must be able to
rapidly and simultancously search hundreds of genomes and their
annotations.

Also missing from published aggregative approaches is a
general implementation that can make use of Amino Add Sub-
stitution (AAS) data. The utility of AAS approaches for variant
prioritization is well established (Ng and Henikoff 2006); com-
bining AAS approaches with aggregative scoring methods thus
seems a logical next step. This is the approach we have taken with
the Variant Annotation, Analysis & Search Tool (VAAST), com-
bining elements of AAS and aggregative approaches into a single,
unified likelihood framework. The result is greater statistical power
and accuracy compared to either method alone. It also significantly
widens the scope of potential applications. As our results demon-
strate, VAAST can assay the impact of rare variants to identify rare
diseases, and it can use both common and rare variants to identify
genes involved in common diseases. No other published tool or
statistical methodology has all of these capabilities.

To be truly effective, a disease-gene finder also needs many
other practical features. Since many disease-assodated variants are
located in noncoding regions (Hindorff et al. 2009), a disease-gene
finder must be able to assess the cumulative impact of variants in

21:1529-1542
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VAAST, Families and Disease

Recessive inhr model
Complete penetrance

A tamily with a Tay-Sachs affected child

"
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Patient phenotype (symptoms) are big clues

"
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Phevor Combines Phenotype and Genotype

Phenotype

description ll

¥

Improved power to identify
causative variants

Phevor Combines Multiple Biomedical Ontologies for Accurate Identification of Disease-Causing Alleles in
Single Individuals and Small Nuclear Families. Singleton M., Guthery SL., Voelkerding KV., et al., Reese MG.,
Jorde LB., Huff CD., Yandell M. ( 2014) . Am J Hum Genet. 2014 Apr 3; 94(4):599-610.

Fabric Genomics™
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How Phevor Works (seeding)

A Observed
Phenotype

Cardiomyopathy
HP:0001638

Ventricular septal defect
HP:0001629

Arrhythmia
HP:0011675

B Ontology
Seeding

C Known Linked
Genes

LAMAA4
PEX13
SCO2

AKT3
CREBBP
NODAL

KCNAS
PEX3
TLL1




How Phevor Works (seeding)

D  Observed E Ontological F Expanded
Phenotype Propagation Gene List with Priors

Cardiomyopathy
HP:0001638

Ventricular septal defect

HP:0001629
Arrhythmia LAMA4, PEX13,
HP:0011675 SCO2, AKT3,

CREBBP, NODAL,
KCNAS, PEX3, TLL1




How Phevor Works (combining ontologies)

HPO

GO



Common Variable Immune disease

(CVID)
Family A Family B
O O
O
SRS
on
Phenotype

Recurrent infections (HPO:0002719)
Abnormality of Humoral immunity (HPO:0005368)

- affected

unaffected

exome sequenced



A Family with Common Variable Immune disease (CVID)

K. Chen MD, EM. Coonrod PhD, A. Kumanovics, K. Voelkerding MD, et al.



A Family with Common Variable Immune disease (CVID)

VAAST — PHEVOR

Phenotype
Recurrent infections (HPO:0002719)

Abnormality of Humoral immunity (HPO:0005368)

O

K. Chen MD, EM. Coonrod PhD, A. Kumanovics, K. Voelkerding MD, et al.



Selected Recessive Congenital Heart disease genes
idﬂﬂiﬂed with VAAST & PHEVOR in a cohort of 2,871
congenital heart disease probands *

~ *Jin SC., Homsy J. et al. Contribution of rare transmitted and de novo variants among
Ny 2,871 congenital heart disease probands. Submitted.



Country Sequencing Program
Genomics England & 100,000 Genomes Project

The UK’s 100,000
Genomes Project

is the largest initiative of its kind in the

Goal: world. It is ground-breaking ....and is
establishing protocols and standards that
Sequence 100,000 whole genomes will be applied across the entire

to discover and diagnose the genetic healthcare system.

basis for rare disease and cancer

SIR JOHN CHISOLM,
EXECUTIVE CHAIR
OF GENOMICS ENGLAND

~. Fabric Genomics, Inc. Confidential 19



Y/ 4

Fabric Delivers Automated,
Intelligent Interpretation Workflows

Sequencing

Primary &
Secondary
Analysis
Phenotype

Omicia, Inc. Confidential

AP i
Omicia
Upload & VAAST Phevor Clinical
Annotation Analysis Analysis Services
Opal A tati
- - — —
20 min 2 minutes 1 minute 2 hours

Opal Genome Interpretation — Silver Service

~

Clinical
Report

2 minutes




Performance highlights:

Initial WGS
interpretation

< 2 hours

t
compy 40.8%

clinical reports

ey 53.3%
y Candidates identified

i . 0/ \2
1 ,900+ (industry average: 29%) by Phevor-VAAST

1#1
Cases returned as as Top hit

of February 2018

Delivering reports

1Identified disease-causing candidates in first 609 cases. Babcock et al, Increased Yield of Clinically Relevant Candidates in the UK 100,000 to r.nultlple
Genomes Project Using Opal™ Clinical for Hereditary Disease. Poster session presented at: ACMG; 2017 Mar 21-25; Phoenix, AZ. main program

2“The success rate of 29 percent, which is about twofold higher of conventional genetic evaluations for such patients, makes WES a reasonable sites

diagnostic approach for patients on a diagnostic odyssey” says Dr. Lazaridis, Mayo Clinic, Individualized Medicine Clinic.

Fabric Genomics' Inc. Confidential




Recent case — solved by Fabric Genomics

Fabric Genomics, Inc. Confidential

Patient diagnosed with:
Intellectual Disability
Multiple Epiphyseal Dysplasia

Findings:
Misdiagnosis
Fabric Genomics discovered a change in OBSL1
gene, associated with Three M syndrome*

Result:
Patient was accurately diagnosed with
Three M syndrome

*Three M syndrome is an extremely rare genetic disorder characterized by low birth weight,

short stature (dwarfism), characteristic abnormalities of the head and facial (craniofacial) area,
distinctive skeletal malformations, and/or other physical abnormalities.
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Phevor significantly improves ranking of variants

Genome England cases
» Causative candidate
Phevor+VAAST variants n=644
* 450 Probands with
positive findings

VAAST

Cumulative Causal Candidates (%)

Rank Order

Fabric Genomics™ 23
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Rady Children’s Hospital Launches
Rapid Genome Service

= Goal: Set up rapid genome testing for
newborns and infants in Intensive Care Unit

= Need: 1 hour turnaround time for interpretation

= With Fabric Genomics’ solution: Delivering 1
hour interpretation made it possible to now
routinely turnaround a sample from collection,
sequencing to clinical report in < 36 hours

Fabric Genomics™ Confidential

b Diagnosing acutely ill babies is a
race against the clock, which is why
it's so essential for physicians to

have access to technology that will

provide answers faster and help set
the course of treatment. ??

Stephen Kingsmore, M.D.,
D.Sc., president and CEO

of Rady Children's Institute
for Genomic Medicine

24
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Rady’s Rapid Whole Genome Interpretation Pipeline

1 hour TAT

"



Case Study: Fabric Genomics / Rady Children’s Hospital

STAT Pediatric Clinical Genome — 19.5 hours from sample to report ‘

Diagnostic

Candidate

~. Fabric Genomics, Inc. Confidential 26
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Find the right answer faster using VAAST/Phevor

Candidate

Yield

~

% Cases Where Causative
Avg Rank Variant Ranked in

Rady Institute
for Genomic
Medicine

Genomics
England

Labcorp

52%

45%

54%

Causative

4.5 60% 93%
12.5 45% 74%
12 52% 89%

Immediately identify causative variant in ~50% of cases
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Financing Modeling

* Matched control .,

Childrens Institute

“S‘ Genomic Medicine
B

Admission Decrease
to in Medicaid Commercial
Diagnosis, Hospital Hospital Medicaid Payment Commercial Payment
Subject days/(Test stay Stay, WRVU Payment Avoided, Payment, Avoided,
ID Site Presentation Gene Method) Type of cost (days) days (%) WRVU Avoided ,$1000 $1000(%)  $1000  $1000 (%)
6041 4 (rWGS) Case: Rapid diagnosis and precision treatment 18 120 85 157
NICU Seizures KCNQ2 12 (std) Model: Case + 6 week time to diagnosis 59 41(69%) 280 156(57%) 234 149 (64%) 429 272 (63%)
Ctrl 1 Control: With standard time to diagnosis 326 205(63%) 210  125(60%) 383 226 (59%)
6014 NEB1 7 (rWGS) Case: no muscle biopsy n.a. n.a.
ctl2 NICU Hypotonia "o na. Control: whole hospitalization 35 2(6%) 246  24(8%) 165 32 (20%) 302 59 (20%)
Control: muscle biopsy, pathology, postop. carex 1day 2 24 33 59
6026 PICU Cholestasis & CHD JAGI 3 (rWGS) Case: Kasai cancelled 11 n.d. 40 72
tl3 Gl Cholestasis - N Control: Kasa? surgery whole hospitalization u 3(21%) 104 90 (87%) 80 54 (68%) 147 100 (68%)
Control: Kasai surgery & postop. care only 90 54 100
6053 NICU Hypoglycemia ABCCS 7 (rWGS) Case: rapid dlagn05|s. and tr.ansport.for surgery 10 21 (68%) 105 175 (62%) 60 108 (64%) 109 197 (64%)
28 (std) Model: average published time to diagnosis 31 280 168 306
Case: Palliative care started 250 days after admission 250 1,714 1,941 3,538
6012 NICU Complex ARID1B 26 (rWGS) Model: Case + 6 weeks antibiotics 292 262 (90%) 2,001 (8,1%) 2,587 2,362(91%) 4,707 4,299 (91%)
Model: Palliative care started 30 days after admitted 30 377 224 408
6011 Gl Cholestasis  NPCI 7(rwes) Co°¢ Firsthospitalization (rWGS unavailable) 8 15(35%) 33 (56%) I 50 (51%)
Case: Second hospitalization (rWGS available) 15
Average 76 57(76%) 499 354(71%) 546  477(87%) 994 826 (83%)
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IS NOW

NEXT-GEN
SEQUENCING

Fabric Genomics™

SECONDARY
ANALYSIS

INTERPRETATION
AND REPORTING

CLINICAL
MANAGEMENT

Fabric Genomics’ End to End Platform

A
r A\
Alianment Variant Annotation [ | Gene Discovery Clinical Systems
g Calling & Analysis & Interpretation Reporting Integration

VAAST and Phevor

29
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Classified Variant Database to Provide Largest, Highest Quality ’
Database of Human Genetic Variation via Network Effect

Clinical Reporting/ - ~~~\ Variant Calling
* Interpretation : » Validation
+ Sign-off * QC metrics

= Variants
classification are
shared within
organization

™~ = Option to share

with other labs

= Share at different
levels to protect
patient privacy

Sequence
data

Clinician Review

e

Variant Prioritization

* Variant Review e : .
. Literature & Classified Variant DB L VAAST = Leverage massive
/ +  Trueploidy data and Sharing to
enable more

accurate diagnoses

Machine Learning
*  ACMG questions
» Literature NLP 30

Fabric Genomics™ Confidential
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Opal™ Clinical — Tertiary Analysis
Decision Support System for Hereditary Disease

= 90+ public and proprietary
databases and analysis
algorithms per variant

= All testing types supported:
solo, trio, and flexible family

= Proven health systems
integrations with electronic
medical records (Epic and
Cerner) and LIS

Fabric Genomics™ Confidential
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Thank you!

Martin Reese, Ph.D.
martin@fabricgenomics.com
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GENOMICS™

A global healthcare platform for genomic data analysis
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Comprehensive Computational Genomics Platform

Grouper

Genetic disease burden scores for
wellness applications and population
health management

VAAST3 for Target Discovery

Case / Control studies

wow
@
]
]

Fabric Genomics™ Confidential

Clinical

Consumer

Wellness /
Population Health

Interpretation and
Reporting

Research

Drug Targets, Novel Diagnostics
and Data Storage

Ll

Opal™ Clinical (VAAST + Phevor)
End-to-end clinical software that turns raw
genome sequence data and phenotype into
high-quality clinically meaningful insights

BioGraph™

Advanced graph technology for structural
variant detection, population-specific,
reference-free diagnostics, genome data
storage

Individual Read Maps

34



