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R&D Overview

		Product Development

		Content Development

		Computing Infrastructure

		Hiring
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Product Roadmap
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Discovery

Research

Clinical Research (IRB)

11/01/12

Current focus of development



Clinical Dx







Clinical Dx Services & Genome Interpretation Services

Disease Variant Discovery Services (DVDS)

Personalis Genome Services (PGS)









Alignment and Variant Calling

Diseases

Pathways &

Networks

Drugs



Genes

Whole Genome/Exome Sequence



TTAGC…

Sample Collection & DNA Extraction

What is the causative Genetic Variant?

What are the disease risks? 

Which drugs should be avoided or dosed differently?
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		Currently focused on PGS v1 development

		In total ~80 features/enhancements, ~370 tasks

		PRD updated, Continuing Agile development process

		Winning the VA project has required reprioritizing and resourcing expanded set of features for v1

		Key differentiating features include: Exome+, accuracy, SV detection, analytics leveraging proprietary content, unique visualization and enhanced reporting

		Improving overall system performance optimization to better achieve throughput requirements of VA project and other large projects

		4 new hires have allowed us to catch up to our staffing requirements

		Engaging early customers/collaborators including Moyamoya for early revenue, feedback and testing of our prototype service

		PGS v1 service on track to launch at AGBT conference Feb 2012, First VA genomes will be processed around the same time

		Submitted 6 talks to AGBT to support the PGS launch

		Topics focus on key differentiators including accuracy, SV detection, proprietary content, and “success stories” applying our technology
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Personalis Genome Services for Research
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Exome Plus

Review of Key Goals & Milestones

		Problems with standard exome sequencing

		Typical exome sequencing misses a lot of exome (not fully targeted, low coverage on high GC regions, other problematic regions)

		Lots of biomedically interpretable content missed on standard exomes (regulatory regions, disease relevant variants in intergenic regions, intronic var)

		The Personalis Exome Plus aims to solve these issues by augmenting standard exomes with custom pullout data

		Milestones

		Defined and prioritized High-value (Interpretable) Content

		Defined and prioritized Top Exome Problematic regions

		Designed and Received Enrichment Probes/Kits from Agilent

		Next Steps

		Evaluate first kits, refine spec and reorder

		Refine cost model

		Anticipate that this will be launched in 2 phases:

		Targeting the first release as part of the PGS v1 launch in Feb 2013.

		More research intensive parts of Exome Plus will be part of a 2nd release in 2013.  
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Sequencing

Pipeline

Analytics

Alignment

Sequencing

Sample Prep

Variant Discovery

Analysis &

Interpretation





Annotation

Proprietary DB Annotation

Public DB Annotation









QC Reports

Personalis Genome Services for Research

Key Differentiated features in v1

		Exome and WGS with optimized sample prep



		Exome Plus capability extending standard exome coverage to biomedically important non-coding regions



		Exome Plus capability improves accuracy of standard exomes



		CLIA sequencing capability



		State of the art pipeline resulting in better alignments, tested and optimized for accuracy and performance



		Personalis enhanced reference genome for improved alignment and accuracy



		Improved variant (SNP/Indel/SV) calling through integration of orthogonal methods to improve accuracy



		Three high-quality, detailed, manually curated proprietary databases that enable genome annotation and analysis of complex disease, Mendelian disease, pharmacogenomics, and regulatory regions





		Comprehensive genome annotation integrating and managing data from over 30 public databases



		Cutting edge analytics engine for case control analysis reveals statistically significant enrichment of genes, pathways, and diseases



		Analytics powered by proprietary databases



		Proprietary family/pedigree analysis and filtering methods



		Comprehensive QC reporting for better accuracy assessment
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Standard Seq & Pipeline



Rare Pediatric Syndromes Dx 

(Trio etc) 

Diagnostic Panels

Mendelian Dz Case/Ctrl Study

Disease Cohort Study

Population Case/Ctrl Studies

Complex Dz Case/Ctrl Study

Genome Screening & Interpretation Service

Tumor vs Normal Paired Case/Ctrl Studies

Mendelian Multiple Trios Study

Discovery

Research

Clinical

Diagnostics

Pharma Case/Ctrl Study

Mendelian Large Pedigree

Lab

Align

Var Call

DB Anno

Seq

CLIA Seq and Pipeline

Lab

Align

Var Call

DB Anno

Seq

Clinical

Research

Personalis Genome Services for Research

Key customer use cases addressed in PGS v1 Release
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PGS v1 Release

Prototype Features at v1
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Summary of High-Level Timelines
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Personalis Genome Services

Disease Variant Discovery Service

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Jan

Feb

Apr

Spec

Prototype Development

v1 Testing

v1 Development

AGBT

Prototype Dev

Feasibility

Mar

Prototype Test

v1 Dev

11/01/12

Spec & Resource

2012

2013

VA Proj

Moyamoya Proj



PGS Prototype ready

PGS v1 Launch



Exome Plus
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Content Development Updates

		Newly granted access to large public sequencing projects including

		UK10K : 4000 genomes, 6000 exomes

		> $16 M investment from Wellcome Trust 2010

		> 4,000 whole genomes in healthy individuals

		> 6,000 exomes in disease areas such as neurodevelopment, obesity, rare diseases

		NHLBI GO Exome Sequencing Project: ~500 exomes: Heart, Lung, Blood Dz

		1000 Genomes (exomes)

		Personal Genomes Project (whole genomes)

		dbGAP data – Kabuki syndrome, Miller syndrome exomes

		Represents > 2.5 PB of data in total and > $20M in research grants to date



		May be a cost-effective way to build our library of genomes that enable us to

		Establish population allele frequencies to enable filtering of disease causing var

		Provide potential control sets when customers don’t have controls for comparison

		Establish normal ranges for genomes for quality control purposes

		Validate our pipeline and algorithms
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MendelDB Dashboard

		High quality curated DB of Mendelian phenotypes and their variants 

		Managed by Sarah Garcia and Gemma Chandratillake, both Genetics Ph.D. & Genetic Counselors



		Critical content to support Disease Variant Discovery Service and Genome Interpretation Service 



		Finished (~560) GeneReviews > 600 common Mendelian disease phenotypes



		Will then continue phenotype curation and  variant curation from other sources



		Flexible workforce for other curation tasks in the future
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# genes (blue)

# variants (red)

productivity

(rows/hr)
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VarimedDB Dashboard
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12,981 papers

5,284 phenotypes

254,306 variants

687,432 relationships
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Scientific Computing Infrastructure

		Hiring is a key challenge:

		Director of High Performance Computing and Architecture

		Linux Systems Admin



		Doing a reassessment of scientific computing needs (storage, CPUs) for next 6 months because of recent (good) developments:

		Ops: VA project (processing >300 genomes every 2 months)

		Ops: Moyamoya and customer projects

		R&D: Access to very large public genome/exome databases (as discussed earlier)

		R&D: General R&D needs



		Near Term Needs

		Additional 107 TB of storage for Hitachi HNAS

		Backup solution ordered (disk to disk, and disk to tape)
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Scientific Computing Infrastructure
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Hiring Update
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New hires (started) 

		A member our R&D team has been on medical leave for nearly 2 months

		New Hires have enabled us to reach our target staffing in the pipeline & apps groups

		Anil Patwardhan, Ph.D.: Sr Bioinformatics Scientist

		Steve Chervitz, Ph.D.: Sr Bioinformatics Scientist

		Ming Li, Ph.D.: Sr Software Lead (Test and Build Engineer)

		Jing Wang, Ph,D: BI Engineer

		Open Positions

		Director of High Performance Computing and Architecture

		Linux systems admin

		





Original Team

9/5/12
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Get up to speed

Compete with tech

*









Summary of Resource Allocation
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		Accuracy R&D
Mark Pratt
Gabor Barth
Jason Harris 
Shujun Luo		Pipeline R&D
Hugo Lam
Daniel Newburger
Ming Li
Jing Wang		Apps R&D
Rong Chen
Michael Clark
Anil Padawardhan
Steve Chervitz		Content R&D
Sarah Garcia
Gemma Chandratillake
PT Curators

		Personalis Genome Services		



		Disease Variant Discovery Service

		Customer Projects

		Research Projects

		Ethics Board
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AMP Conference 

Takeaways Regarding Reimbursement of Clinical Dx

		Annual conference attended by molecular pathologists

		CPT coding changes to reduce code stacking for genetic tests

		Key Private payer reimbursement criteria

		Lee N. Newcomer, MD, MHA, SVP, UnitedHealthcare 

		Analytic validity

		Clinical validity

		Clinical utility

		Medicare reimbursement excludes

		Screening if no signs/symptoms

		Risk assessment for patient or family member if no signs/symptoms

		Diagnoses that are not actionable

		Implications for our clinical dx strategy

		Focus on clinical dx asso with specific diseases/disease categories that are actionable (e.g. cardiomyopathy panels, heritable cancer, etc) and/or currently reimbursed will maximize chances of reimbursement. Focused interpretation on disease panels reflexing to whole exome or genome may be a way to do this.

		Healthy people genetic screening (GIS) will have a harder time getting reimbursement in the short to medium term
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Risks and Mitigation
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		Risk		Mitigation

		Aggressive timeline 		Minimized “research” features that could result in product delay, focused on achievable, differentiated features for v1

		Pipeline performance risk		Approximately 2 days to run 1 whole genome currently on a 40 core machine
Prioritizing performance optimization, goal to reduce by 50%
Assess how we can address with more hardware, cloud

		Product Differentiation		Prioritized differentiation in three key product areas: Exome+ , SV’s, accuracy/quality, content, visualization
Giving conference talks at AGBT to discuss differentiation

		Exome plus costs, may limit margins on product		Actively working on cost model and ways to reduce cost

		New sequencing platforms antiquate our accuracy gains		Obtain data from orthogonal seq platforms and integrate as appropriate

		Hiring of Unix sys admin and director of high performance computing. 		Redoubled efforts with in-house recruiter to identify more leads

		Long lead time content curation and content quality items for GIS and DVDS		Started dev on those items with long lead times  to develop concurrently with Pipeline (MendelDB, etc)

		Licensing of applications and content for analysis		Systematically reviewing and applying for licenses for key content and algorithms

		Ethical use of Genomes for R&D		Ethics board approval for all Genomes used for R&D
Part of orientation training
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Next Steps & Priorities

		Continue development on PGS v1 priorities with goal of Feb 2013 launch at AGBT



		Execute on product features required for VA project, enable success



		Start implementing DVDS workflow and exploring early collaborations



		Continue Hiring for open scientific computing  positions





		Continue to execute on content priorities, develop longer term content strategy



		Continue to work with OPS team to deliver successes with early customers and collaborators
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At-a-Glance Summary

Project Comments

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Maecenas vel mi mi. Vivamus nisi mauris, laore:
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nisl vitae libero. Aliquam et enim quam.

General Gene Report File File

General Variant Report File File
Variant-Gene Linker File File

VCEF File File

Enriched Gene Report File File

DNA concentration (ng/ul) 150

Primary library concentration (ng/ul) 40
Enriched library concentration (ng/ul) 30





Gene Report

e o e e e st e s v

Fefzonals CaseiControl Gens Report

s s
R i ]
== o + - =
e = H = P

s
o ——
=









Biocurator Tracking

Biocurator Tracking =

& [https @) docs.google.com/a/ personalis.com/ spreadsheet/ccckey=0AGZ6uTOIf85KdDJzdDFNbGI0bk92NNC4OUFHRUGrYWcHgid:

sarah garcia@personals.com ~

Gomments:
File Edit View Inset Fomat Data Tools Help Al changes saved in Diive
S e~ E T s %z - B A A-BM-F- =
x|
A 5 c ) E e H ' 3 L M N ° B )
2 712012012 526 18, 712012012 263, 9 377, 10 1111111111111 21.7 0.460829493087558 0.414746543778802 T Tsnpotz | 7nmotz | emmotz
2 712712012 552 2 712712012 276 13 304 17 1.30769230769231 30.75 0.652845528455285 0.422764227642276
2 832012 565 13 832012 2825 65 308 4 0.615384615384615 18.25 0.210178082191781 0.366164383561644
2 81072012 588 2 81072012 204 15 21 0.547619047619048
2 81772012 609 21 81772012 3045 105 2 0.403846153846154
2 812472012 633 2 812472012 3165 12 2575 0.466019417475728
2 813172012 652 19 813172012 26 95 255 0.372549019607843
» 9712012 31 9712012 3415 155 315 0.492063492063492
£l 971472012 722 ) 971472012 361 195 425 0.458823520411765
2 912172012 761 ) 912172012 3805 195 4925 0.305039086294416
£ 912872012 794 23 912872012 307 165 445 0.370786516853933
2 10/512012 822 2 10/512012 411 14 3325 0.421052631578047
3 101212012 867 5 101212012 4335 25 49 0.459183673469388
£ 101912012 880 13 101912012 440 65 275 0.273684210526316
£
E
= -
“
@ —
) 4 =
o H
s H
s H L
a [ [
el 1000 Wcumuatve || 500 B Cumulative 2 M Phenotypes ||
Phenotypes | | Double-cur... curatediweek ||
2 " cunated H e Il 80
:; 750 (divideby2) | | 375 18 -
= H ]
: — H e TAWA Ho -
5 500 il 250 2 il
g i \V v i
= N N w0
% 250 [ 125 6 I
) [ I f
& | [ 20
61 B [ N . [
@ 3012 512012 72012 2012 H 012 512012 72012 2012 3nr0t2 S0tz TnRo12 ootz [
o3 anrotz 62012 82012 1012012 H 412012 62012 82012 1012012 anrot2 62012 82012 1012012 [ o
@ H ] 3012 512012
3 H I anrotz
&
o7
&
£

+ = Hours&Rows Rowscurated Rate week-by-week = Ermors week-by-week =QC

Individual stats  Errors & Phenotypes ~ Curated Phenotypes ~




eo0o Biocurator Tracking K
§8 [https @) docs.google.com/a/personalis.com/ spreadsheet ccckey=0AGZ6UTOI85KAD)zd DFNbGIObk92NC4OUFHRUGrYWeFgid

Biocurator Tracking =
File Edit View Inset Format Data Tools Help All changes saved in Drive

S e~ E T s %z - B A A-BM-F- =

x|
5 c ) E F s " ' 3 K L M N | ] B a R

s 1488 41612012 744 16345
9 1715 432012 8575 2065 1000 oy
10 206 41202012 1023 22195 Cursted
" 212 412772012 1106 2660
2 2443 5142012 12215 20505 10000 (aiceoy2)
1 2607 51172012, 1348.5 3138
18 2015 5/18/2012 1457.5 33275
15 2084 5125/2012 1402 35085 5000
16 3082 6/1/2012 1541 39335 —T |
i 3201 682012 1645.5 4145
18 2434 6/16/2012 1717 4438 N
19 3615 612212012 1807.5 4697.5 3012 512012 72012 2012
2 3693 §/26/2012 1846.5 49745 anrotz 62012 82012 1012012
21 813 71612012 1906.5 5227
2 3950 711372012 1975 55815
) 4017 71202012 20085 5730
2 4089 712712012 20445 50355
2 4148 832012 2074 61215
2 215 81072012 21075 62475
2 4269 81772012 21345 64245
2 4347 812472012 21735 66025
2 4413 13754 813172012 22065 6877
» 4574 14218 9712012 2287 7100 10000
£l 4122 14903 91412012 2361 7495 I Phenotype
2 4887 16547 91212012 24435 77735 Rows Curated
E3) 5028 16194 912812012 2514 8097 (estimate for
3 16673 10152012 2580 83365 7500 number of
£ 5351 17266 10/12/2012 26755 genes)
£ 5441 17586 101912012 27205 8793 M Variant Rows
£ Curated
E 5000 (estimate for
£ number of
) variants)
@
&z 2500
a
“
P
3 0
a7 12012 5172012 712012 912012
@ 412012 6172012 8172012 101112012
o
50
51
= -
5
B

+ = | Hours &Rows Rows curated v | Rate week-by-week | Errors week-by-week | QC | Individual stats | Errors & Phenotypes | Curated Phenotypes





Biocurator Tracking

File Edit View

[ ]
Insert  Fomat Data Tools Help

All changes saved in Drive

docs.google.com/a/personalis.com/ spreadsheet/ccc7key =0AaZ6uTOIf8SKADJzdDFNbGI0bk92Nnc4OUFHRUr YWc#gid

Biocurator Tracking

S AP -T s %m- e B A BN-B- =

x|
A s c o o " '

A Average

Date Rows/Hour
2 2202012
3 31212012 007
. 9r2012 15.49
s 62012 1255
0 3200201 11.36
7 30120t 16,33
0 41612012 14.48
s 432012 15.15 2000
10 4202012 14.34 W fverage
+ 412712012 16.96
2 51412012 15,84
[ si1112012 14.80 2400
1 siai2012 10.71
s si25/2012 13.06
© 6172012 2597
17 6/8/2012 12.58 18.00
0 6152012 10.18
1 612212012 129
= 612012012 18.67
2 71612012 12.43 1200
2 732012 15.79
= 712002012 16.77
2 712712012 15.7073170731707 500
z Rty B steiEe anzor2 6112012 a2012 10112012
7 81712012 15.6023076023077 sz oz oz
= 82412012 16.8543689320388
= 83112012 2011
E) 9712012 10.84
3 911412012 21.7176470586235
2 9121/2012 14.5089847715736
) 9128/2012 17.7078651685393
% 10/5/2012 16.3750398496241
s 10/1212012 15.79560183673469
» 10/1912012 17.6842105263156.
a
E)
E)
@ b
2
@
“
s
w
@

Hours & Rows  Rows curated  Rate week-by-week +

Errors week-by-week | QC

Individual stats | Errors & Phenotypes | Curated Phenotypes





2107/L2/6

e102/12/8
210Y/LY/L

zroz/Le/9

210Y/LY/s
ero0z/Le/y

210Y/Le/e

210Y/LY/t
2102/L2/T

T107/L7/TL

1102/L2/TU

1102/22/0T
1102/L2/6

1102/L2/8

T102/L2/L
1102/22/9

T102/L2/S

1102/22/v
T102/L2/

1102/L8/T

1102/L2/T

0102/L2/TL
0T02/£7/TT

0102/£2/0T

0102/£2/6
0102/L2/8

0102/L2/L

0102/£2/9
0102/22/S

0102/L2/y

0102/22/€
0102/L2/T

0102/L2/T

800,000

700,000
600,000
200,000
100,000

= 400,000

5
H
£
3 300,000

§ 500000

Date




300,000

250,000

200,000
150,000
100,000

SIUELEA PURSIP 40 21qUINN

50,000

2102/L2/6
2107/Le/8
e102/12/L
2102/L2/9
2102/L2/S
e10Y/Le/y
2107/L2/€
2107/Le/T
e102/12/1
1102/22/21
1102/L2/TU
1102/22/0T
1102/L2/6
1102/22/8
1102/22/L
1102/L2/9
1102/22/S
1107/Le/y
1102/22/€
T102/L2/T
1102/L2/T
0102/L2/TL
0T02/£7/TT
0102/£2/0T
0102/£2/6
0102/L2/8
0102/L2/L
0102/£2/9
0102/L2/S
0102/L2/y
0T02/£2/€
o0102/22/2
o0t0z/Le/t

Date




g
Iy

g

g

8

<
sadhouay

3,000

&

g

0 21quinN

g

T
T

°

etoe/L2/6
eror/Le/s
eroe/Le/L
eroe/Le/9
2107/Le/s
Troe/ce/y
eroe/Le/e
Troe/Lz/e
2107/Le/T
TI0?/LT/TT
TT0T/LT/TT
1102/22/0T
1100/22/6
1107/L2/8
T102/L2/L
T0/L2/9
1102/L2/S
T10e/22/v
TI0e/L2/E
T0e/L2/T
1100/22/1
otoz/Lz/Tu
010z/LZ/TT
otoe/Lz/ot
otoe/Le/6
otoe/L2/8
otoz/Le/L
o1oz/Lz/9
otoe/Le/s
otoe/Le/y
otoe/Lz/g
otoe/Le/t
otoe/e/t

Date




wor/Le/e

woe/Le/L

woe/te/s

woe/Le/e

awor/Le/t

Toz/ce/Tn

1oe/te/e

Twoe/Le/L

Twoe/Le/s

Troe/Le/e

woe/Le/t

14,500

12,500

-t otoz/ce/tt
-+ otoz/Le/e
-+ otoz/Le/L

oroe/te/s
oto/Le/e
oroz/Le/t

2,500

Date




Personalis — Data Center Configuration

OPS_Other

PowerEdge R710

Cisco MGNT Switch

PowerEdge R910

| Direct Attach - 10Gb connection to each server——

1sP Router
£0/066.201.45.1

Linksys Switch

External E0/0

66.201.45.2

Cisco ASA5525X
Internal E0/1

10.10.100.100
Nexus 5548: Rear

irect Attach - 10Gb connection to each server

"/_“

Fiber Chanel Switch

Dell R710 wi

Dell R910 Computer
Nodes/Servers MD1200

————10/100—————
16—

10Gbps—————
-—
12Gbps Stacking

th MD3200 and

Guest_Wireless £0/3

DMz E0/2
4172.16.150.1

InGate SIP Trunks External

InGate SIP Trunks - Internal
£0/010.10.40.27

CORP_Wireless




(Newburge)

R&D (Chen)

Pipeline Mgr
(tam)

BT Apps &
Research

Mgr

1

[

Bl Analyst
(Bartha)

Bl Tools
(Harris)

Mol Bio/Lab
(Luo)

Bl App
Scientist

(Clark)

St Project
Megr

(Kirk)

omics
unselor

Genomics

Counselor co

(Chandratilla

(Garcia)

5 Part Time
Curation
Scientists








R&D Update
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Richard Chen, CSO
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R&D Overview

• Product Development

• Content Development

• Computing Infrastructure

• Hiring

Personalis EX2100



Product Roadmap

Discovery

Research

Clinical 

Research 

(IRB)

Clinical Dx Services & Genome 
Interpretation Services

Disease Variant Discovery Services (DVDS)

Personalis Genome Services (PGS)

Alignment and 
Variant Calling

Diseases

Pathways &
Networks

Drugs

Genes

Whole 
Genome/Exome 
Sequence

TTAGC…
Sample Collection & 
DNA Extraction

What is the causative 
Genetic Variant?

What are the disease risks? 
Which drugs should be avoided 
or dosed differently?

Current focus of 

development

Clinical Dx
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• Currently focused on PGS v1 development
– In total ~80 features/enhancements, ~370 tasks

– PRD updated, Continuing Agile development process

– Winning the VA project has required reprioritizing and resourcing expanded set
of features for v1

– Key differentiating features include: Exome+, accuracy, SV detection, analytics
leveraging proprietary content, unique visualization and enhanced reporting

– Improving overall system performance optimization to better achieve
throughput requirements of VA project and other large projects

– 4 new hires have allowed us to catch up to our staffing requirements

• Engaging early customers/collaborators including Moyamoya for early
revenue, feedback and testing of our prototype service

• PGS v1 service on track to launch at AGBT conference Feb 2012, First
VA genomes will be processed around the same time

• Submitted 6 talks to AGBT to support the PGS launch
– Topics focus on key differentiators including accuracy, SV detection, proprietary

content, and “success stories” applying our technology

Personalis Genome Services for Research
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Exome Plus
Review of Key Goals & Milestones

• Problems with standard exome sequencing
– Typical exome sequencing misses a lot of exome (not fully targeted, low coverage 

on high GC regions, other problematic regions)

– Lots of biomedically interpretable content missed on standard exomes (regulatory 
regions, disease relevant variants in intergenic regions, intronic var)

• The Personalis Exome Plus aims to solve these issues by augmenting 
standard exomes with custom pullout data

• Milestones
– Defined and prioritized High-value (Interpretable) Content

– Defined and prioritized Top Exome Problematic regions

– Designed and Received Enrichment Probes/Kits from Agilent

– Next Steps
– Evaluate first kits, refine spec and reorder

– Refine cost model

• Anticipate that this will be launched in 2 phases:
– Targeting the first release as part of the PGS v1 launch in Feb 2013.

– More research intensive parts of Exome Plus will be part of a 2nd release in 2013.  
Personalis EX2100



Sequencing Pipeline Analytics

AlignmentSequencingSample Prep Variant 
Discovery

Analysis &
Interpretation

Annotation

Proprietary DB 
Annotation

Public DB 
Annotation

QC Reports

Personalis Genome Services for Research
Key Differentiated features in v1

• Exome and WGS with 

optimized sample prep

• Exome Plus capability 

extending standard 

exome coverage to 

biomedically important 

non-coding regions

• Exome Plus capability 

improves accuracy of 

standard exomes

• CLIA sequencing 

capability

• State of the art pipeline 

resulting in better 

alignments, tested and 

optimized for accuracy 

and performance

• Personalis enhanced 

reference genome for 

improved alignment and 

accuracy

• Improved variant 

(SNP/Indel/SV) calling 

through integration of 

orthogonal methods to 

improve accuracy

• Three high-quality, 

detailed, manually 

curated proprietary 

databases that enable 

genome annotation and 

analysis of complex 

disease, Mendelian 

disease, 

pharmacogenomics, and 

regulatory regions

• Comprehensive genome 

annotation integrating and 

managing data from over 

30 public databases

• Cutting edge analytics 

engine for case control 

analysis reveals 

statistically significant 

enrichment of genes, 

pathways, and diseases

• Analytics powered by 

proprietary databases

• Proprietary 

family/pedigree analysis 

and filtering methods

• Comprehensive QC 

reporting for better 

accuracy assessment
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Standard Seq & Pipeline

Rare Pediatric Syndromes Dx 
(Trio etc) 

Diagnostic Panels

Mendelian Dz Case/Ctrl Study

Disease Cohort Study

Population Case/Ctrl Studies

Complex Dz Case/Ctrl Study

Genome Screening & Interpretation Service

Tumor vs Normal Paired Case/Ctrl Studies

Mendelian Multiple Trios Study

Discovery

Research

Clinical

Diagnostics

Pharma Case/Ctrl Study

Mendelian Large PedigreeLab Align
Var 
Call

DB 
Anno

Seq

CLIA Seq and Pipeline

Lab Align
Var 
Call

DB 
Anno

Seq

Clinical

Research

Personalis Genome Services for Research
Key customer use cases addressed in PGS v1 Release

PGS v1 Release

Prototype Features at v1
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Summary of High-Level Timelines

Personalis Genome 
Services

Disease Variant 
Discovery Service

May Jun Jul Aug Sept Oct Nov Dec Jan FebApr

Spec

Prototype Development

v1 Testing

v1 Development

AGBT

Prototype Dev

Feasibility

Mar

Prototype Test

v1 Dev

Spec & Resource

2012 2013

VA Proj

Moyamoya Proj

PGS Prototype ready PGS v1 Launch

Exome Plus
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Content Development Updates

• Newly granted access to large public sequencing projects including
– UK10K : 4000 genomes, 6000 exomes

• > $16 M investment from Wellcome Trust 2010

• > 4,000 whole genomes in healthy individuals

• > 6,000 exomes in disease areas such as neurodevelopment, obesity, rare diseases

– NHLBI GO Exome Sequencing Project: ~500 exomes: Heart, Lung, Blood Dz

– 1000 Genomes (exomes)

– Personal Genomes Project (whole genomes)

– dbGAP data – Kabuki syndrome, Miller syndrome exomes

– Represents > 2.5 PB of data in total and > $20M in research grants to date

• May be a cost-effective way to build our library of genomes that enable
us to
– Establish population allele frequencies to enable filtering of disease causing var

– Provide potential control sets when customers don’t have controls for comparison

– Establish normal ranges for genomes for quality control purposes

– Validate our pipeline and algorithms

Personalis EX2100



MendelDB Dashboard

• High quality curated DB of Mendelian 
phenotypes and their variants 
– Managed by Sarah Garcia and 

Gemma Chandratillake, both 
Genetics Ph.D. & Genetic Counselors

• Critical content to support Disease 
Variant Discovery Service and Genome 
Interpretation Service 

• Finished (~560) GeneReviews > 600 
common Mendelian disease phenotypes

• Will then continue phenotype curation 
and  variant curation from other sources

• Flexible workforce for other curation 
tasks in the future

# phenotypes

# genes (blue)

# variants (red)

productivity

(rows/hr)
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VarimedDB Dashboard
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12,981 papers5,284 phenotypes

254,306 variants687,432 relationships
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Scientific Computing Infrastructure

• Hiring is a key challenge:
– Director of High Performance Computing and Architecture

– Linux Systems Admin

• Doing a reassessment of scientific computing needs (storage, CPUs) 
for next 6 months because of recent (good) developments:
– Ops: VA project (processing >300 genomes every 2 months)

– Ops: Moyamoya and customer projects

– R&D: Access to very large public genome/exome databases (as discussed 
earlier)

– R&D: General R&D needs

• Near Term Needs
– Additional 107 TB of storage for Hitachi HNAS

– Backup solution ordered (disk to disk, and disk to tape)

Personalis EX2100



Scientific Computing Infrastructure
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Hiring Update

R&D (Chen)

Pipeline Mgr 

(Lam)

BI Pipeline 
Engineer 

(Newburge)

BI Pipeline 
Engineer 

(Wang)

Test/Build 
Engineer 
(Ming Li)

Director 
Accuracy 

R&D 

(Pratt)

BI Analyst 

(Bartha)

BI Tools 
(Harris)

Mol Bio/Lab

(Luo)

BI Apps & 
Research 

Mgr

(Chen)

BI App 
Scientist 

(Clark)

BI App 
Engineer 

(Patwardhan
)

BI Scientist 
(Chervitz)

Scientific 
Content & 
Curation 

Mgr

Genomics 
Counselor 

(Garcia)

5 Part Time 
Curation 
Scientists

Genomics 
Counselor

(Chandratilla
ke)

Sr Project 
Mgr

(Kirk)

New hires (started) 

• A member our R&D team has been on medical leave for nearly 2 months
• New Hires have enabled us to reach our target staffing in the pipeline & apps

groups
• Anil Patwardhan, Ph.D.: Sr Bioinformatics Scientist
• Steve Chervitz, Ph.D.: Sr Bioinformatics Scientist
• Ming Li, Ph.D.: Sr Software Lead (Test and Build Engineer)
• Jing Wang, Ph,D: BI Engineer

• Open Positions
• Director of High Performance Computing and Architecture
• Linux systems admin

Original Team

9/5/12 Personalis, Inc. Proprietary and Confidential Personalis EX2100



Summary of Resource Allocation

Accuracy R&D
Mark Pratt
Gabor Barth
Jason Harris 
Shujun Luo

Pipeline R&D
Hugo Lam
Daniel Newburger
Ming Li
Jing Wang

Apps R&D
Rong Chen
Michael Clark
Anil Padawardhan
Steve Chervitz

Content R&D
Sarah Garcia
Gemma Chandratillake
PT Curators

Personalis 
Genome 
Services

Disease Variant 
Discovery 
Service

Customer 
Projects

Research 
Projects

Ethics Board
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AMP Conference 
Takeaways Regarding Reimbursement of Clinical Dx

• Annual conference attended by molecular pathologists

• CPT coding changes to reduce code stacking for genetic tests

• Key Private payer reimbursement criteria
• Lee N. Newcomer, MD, MHA, SVP, UnitedHealthcare

• Analytic validity

• Clinical validity

• Clinical utility

• Medicare reimbursement excludes
• Screening if no signs/symptoms

• Risk assessment for patient or family member if no signs/symptoms

• Diagnoses that are not actionable

• Implications for our clinical dx strategy
• Focus on clinical dx asso with specific diseases/disease categories that are actionable

(e.g. cardiomyopathy panels, heritable cancer, etc) and/or currently reimbursed will
maximize chances of reimbursement. Focused interpretation on disease panels reflexing
to whole exome or genome may be a way to do this.

• Healthy people genetic screening (GIS) will have a harder time getting reimbursement in
the short to medium term

Personalis EX2100



Risks and Mitigation

Risk Mitigation

• Aggressive timeline • Minimized “research” features that could result in product 
delay, focused on achievable, differentiated features for v1

• Pipeline performance risk • Approximately 2 days to run 1 whole genome currently on a 40 
core machine

• Prioritizing performance optimization, goal to reduce by 50%
• Assess how we can address with more hardware, cloud

• Product Differentiation • Prioritized differentiation in three key product areas: Exome+ , 
SV’s, accuracy/quality, content, visualization

• Giving conference talks at AGBT to discuss differentiation

• Exome plus costs, may limit margins on product • Actively working on cost model and ways to reduce cost

• New sequencing platforms antiquate our 
accuracy gains

• Obtain data from orthogonal seq platforms and integrate as 
appropriate

• Hiring of Unix sys admin and director of high 
performance computing. 

• Redoubled efforts with in-house recruiter to identify more 
leads

• Long lead time content curation and content 
quality items for GIS and DVDS

• Started dev on those items with long lead times  to develop 
concurrently with Pipeline (MendelDB, etc)

• Licensing of applications and content for analysis • Systematically reviewing and applying for licenses for key 
content and algorithms

• Ethical use of Genomes for R&D • Ethics board approval for all Genomes used for R&D
• Part of orientation training

Personalis EX2100



Next Steps & Priorities

• Continue development on PGS v1 priorities with goal of Feb 2013 launch at AGBT

• Execute on product features required for VA project, enable success

• Start implementing DVDS workflow and exploring early collaborations

• Continue Hiring for open scientific computing  positions

• Continue to execute on content priorities, develop longer term content strategy

• Continue to work with OPS team to deliver successes with early customers and
collaborators

Personalis EX2100
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