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Introduction

Why would you want to sequence a full genome?
— Research setting
— Clinical setting

* Key definitions and performance metrics

* The pace of technology evolution in the WGS space

e Partitioning the genome

 The “generations” of sequencing technology

* Analysis and interpretation
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Why Sequence a Full Genome — Research

* All human disease has a genetic component

* Many monogenic diseases left to understand

* Most complex genetic diseases remain a mystery
— Reduce ability to diagnose early
— Reduce our ability to treat

* Using WGS sequencing in a R&D setting we can:

* Capture the “missing heritability” for pre-symptomatic
risk stratification

— Common variants
— Rare variants
— Epigenetic modifications
— Copy number variants
Sub-classify disease at molecular level and re-name
Enable a new era of exposure epidemiology
Define prioritized screening strategies
Understand core pathways for drug targeting and dosing
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Risk Classification — Exposure Epidemiology — Screening

Condition View
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P=0.0003; CONT vs. LOW DOSE
P<0.0001; CONT vs. HIGH DOSE

WGAs resulted in great drug development with high hit-rates, beginnings
of the field of Probabilistic Risk Assessment or “Medical Genetics 2.0”
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Input: A framework network
is informed by personalized
variants, clinical data,
exposures, efc.
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Output: Personalized _
combination therapies at e e :
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the point of care
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Soon technically feasible with great promise in cancer and others
— will test the limits of FDA!
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Why Sequence a Full Genome — Clinical

T — Information
— Cost

Lo ELLLICY |

Value over cost reaches inflection point in next 2 years



Why Sequence a Full Genome — Clinical

Carrier Testing of Parents
(Disease pre-emption)

First Trimester In Utero
Testing
(Disease pre-emption)

Newborn Screening
(Disease pre-emption)

Carrier Testing of Parents
Incidence = 1%, Cost =
$2500; Savings 0.01%,
reduced cost $1,000,000

First Trimester In Utero
Testing

Incidence = 20%, cost =
$2,500; savings 0.1%,
reduced cost $1,000,000

Newborn Screening
Incidence = 100%, cost =
$100; savings 0%

Personal Health /
Wellness

(Disease pre-emption,
exposure avoidance)

Personal Health |
Wellness
Incidence = 0%

Traditional Medical
Genetics only with better
sensitivity — no a priori
family history needed

),

Navigenics’

Interaction with Health Carej
Provider (screening, early
diagnosis)

Interaction with Health Carej
Provider

Incidence 50%, cost = $2000,
Savings 10%, reduced cost
$500,000

Stratify screening for
those at highest risk

Interventions (Targeted
treatment individualized to
my molecular profile and
that of my disease)

Interventions
Incidence 50%, costfyr
$500 (except cancer);
savings 25%, reduced
cost$100

Enable PGx

GE=eap

Post-Disease Management

U .

Post-Disease Management
Phase |V trials enahled,
refinement of personalization

—

* Better Diagnostics and Drug Targeting/Dosing

* Better Value in Healthcare: Collapse all DNA-based MDx onto a single assay that can
be mined and ad value across a lifetime

* When? The value amortized across a lifetime across the aggregate is more than the
cost of a sequence for each — 2 years




lgnite Aueon: Cancer Genomes can add Immense Value Today

Product 1. Recommended

1ariti i —_— Guidelines Index
PI'IOI'ItIeS and DOSIng for nes colon can r Colon Cancer Table of Contents
2. ce Staging. MS. References
Standards of Care 000
CONTINUUM OF CARE - CHEMOTHERAPY FOR ADVANCED OR METASTATIC DISEASE:"! (PAGE 1 of 5)
Initial therapy Therapy after First Progression Therapy after Second Progression
FOLFIRIS Cetuximab 121112 + jrinotecan®
For tients not able to !olerate cetuximab +
m- o 5 iri id agent cetuximab 10.11.12
or" ovan or panltumumab" 12,13 (not as combination)
FOLFIRI + cetuximab10.11.12
(category 2B)
or Clinical trial or best supportive care 4
— Cetuximab 10.11.12 + jrinot 5
- & (category 2B) Cetuximab 19.11.12 4 jrinotecan®
= For i not able to lolerata cetuximab +
Fta ! Patient can E?LFOXZ or CapeOX3 irinot i S agent cetuximab 12
) tolerate M— Cetuximab 191112 + irinot 5 or panitumumab 11,1213 (not as combi
i intensive For patients not able to tolerate cetuxim
therapy + irinotecan, conslder single agent FOLFOX? or CapeOX?3
imab10.11,12 b11.12,13 N ;
b + irinotecan
or (not as combinaﬂon) Eerpatients not able to tolerate
FOLFOX2or CapeOX? Iri | cetuximab + irinotecan, consider single
agent cetuximab 191112 of
or panitumumab ”-‘7-’3(nog as combination)
.
o - Product 2: Experimental
For pat} £ i 1
_ therapiesthatthe patient
| pwnteas 11.42.13 Fenbl
Capecitabine® bevacizumab® ‘may respond to based on
(catagory 2B for comblnaﬁon Improvement in , Consid
Patient cannof| | with bevact e s - _theirtumor signature or
tolerate
intensive ” or ) T personallzed drug screening
therapy Infusional + leucovorin | functional status Best ’”d""'i:“v" S
* bev, umab a a See footnotes on page COL-C20f 5
Note: All tions are calegory 2A uniess ciherwise indicated
Clinical nhmcu betieves that the bost management of any cancer patient Is (n a clinical trlal. Panicipston in clirical trials Is especially encograged
o  Progression->  Clinical Latitude

* Aueon Diagnostics, Inc.
e Cancer Care Alliance (Life Technologies, US Oncology, Ignite, Etc)
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The Pace of Technology Evolution in the WGS Space

A NEW ‘MOORE'S LAW’
Improvements in DNA sequencing are driving
down the cost of whole genomes

Base pairs sequenced per dollar
10,000,000 3
2011: nmf—"_i
LO00.000 - :
20059
100000 - I.Ipl.iun:iLﬂﬂﬂ—lﬁ.UﬂD
Polymerization; 250,000
10,000 -
L0000 -
20
10D = Capillary
electraphoresis; $50 million
m -
1995 \'\
1k Gl electrophoresis: 3 billion
M,
0.1
0.01 [ 1 | | I |

1980 1985 1990 1995 2000 2005 201

NOTE: Diollar figures refer ta reagent costs.
SOURCE: George Church, Harvard Uiniversity




gnite The “Generations” of Sequencing Technology
 1stGeneration
— ABI Capillary Electrophoresis N
e Unaffordable
« 2nd Generation . D i
— Life Technologies/ABI lagnostic accuracy
SOLiD4HQ )
— Complete Genomics
: — lllumina HiSeq
= _  Polonator e Barely affordable
e Accurate for Research
e 31 Generation e Not accurate for
— Life Technologies SM Clinical )
— Pacific Biosciences
— Helicos
\
o th 1
4™ Generation o Affordable
— Oxford NanoPore .
e Best accuracy wins!
— lon Torrent
— GnuBio Y,
— Genia

— Etc.
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Definitions

* DNA extension reaction
 DNA polymerase

* Fluorescent nucleotide
* Optical imaging

* Fold-coverage

* Read length

e Paired-end reads

e Library

e Partitioning or selection
* Cost per base

* Cost per genome

* Accuracy

* Throughput
 Assembly

* Storage

* Interpretation




First Generation Technology

Capillary electrophoresis

Life Technologies/ABI
sequencer:

— Long reads

— Very targeted (single gene)

— \Very expensive

— Clinical/diagnostic accuracy

DNA fragmentation
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In vivo cloning and amplification

O*

Cycle sequencing
3-... GACTAGATACGAGCGTGA...-5' (template)

5-.. CTGAT p (primer)
...CTGATC p
‘ ...CTGATCT ’
...CTGATCTA ,O
...CTGATCTAT ’.
...CTGATCTATG p
...CTGATCTATGC
Polymerase ...CTGATCTATGCT
dNTPs ...CTGATCTATGCTC ’

Labeled ddNTPs  ...CTGATCTATGCTCG

Electrophorsesis
(1 read/capillary)

e G

—C
=
=:—>_ [N AN
—aT
I A

—3aT
—cC

Adapted from a presentation by: FRANCIS OUELLETTE Informatics on High Throughput Sequencing Data July 2009
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Second Generation Technologies

DNA fragmentation

* Parallel extension reactions on a ;_%___== == ==
single array % %% == %=
— Life Technologies/ABI SOLiD I vitro adaptor ligation
— lllumina HiSeq
— Polonator ﬁ—» ==

— 454

Generation of polony array

* Sequence libraries of fragments
(Mb-Gb of sequence)

* Slow (days)

IIHJI

* Short reads make assembly
dlffICU It Cyclic arra'_.' sequencing
{>10 reads/array)

 Moderate error rates (research Cycle 1 Cycle 2 Cycle 3

grade tools) . .

What is base 17 What is base 27 What is base 37

Adapted from a presentation by: FRANCIS OUELLETTE Informatics on High Throughput Sequencing Data July 2009
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Various Assays

e  Emulsion PCR

— Fragments, with adaptors, are PCR amplified within a water drop in oil
— One primer is attached to the surface of a bead
— Used by 454, Polonator and SOLID

=ity @ 3
E%*.* >

* Bridge PCR
*  DNA fragments are flanked with adaptors
*  Aflat surface coated with two types of primers, corresponding to the adaptors

*  Amplification proceeds in cycles, with one end of each bridge tethered to the
surface

o

*  Used by lllumina

Adapted from a presentation by: FRANCIS OUELLETTE Informatics on High Throughput Sequencing Data July 2009
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Extracting Value from 2" Generation - Partitioning

* |dentify regions of the genome that are of interest and
selectively sequence those to reduce cost

Agilent — Hybdrization RainDance — NanoReactor/PCR

) . Reaction mix
Primer library (QONA, enzyme, GNTPs)

GINGMIE SAMPLL
|%at of cheomasoman |
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Current Generation Sequencers (1t and 2" Gen)

_____________ 0000:00:5 | ABSOLIDv4HQ
100 Gb 300Gb, 100 bp reads
UL mumina Hiseq
! ! 90Gb, 100bp reads
10Gb o
o
o
= I I
— 1Gb S
c I IS ) :
B Bee= - - - - -] _:__ [ SRR PN 454 GS FLX Titanium
w
I * ¥
£ 100mb ! Ll |, | 0:4-0.6 Gb, 100-400 bp reads
O ! ] :
T
S I | :
o [
a ok o ! ABI capillary sequencer
3 S : (0.04-0.08 Mb,
8 1mb : : L 450-800 bp reads
o
I

e ————

10 bp 100 bp 1,000 bp
read length

| From John McPherson, OICR I

Adapted from a presentation by: FRANCIS OUELLETTE Informatics on High Throughput Sequencing Data July 2009
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Accuracy of 2"® Generation Platforms
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'S N 1TE 1 Comparison of Current Technologies (15t and 2" Gen)

Feature generation Sequencing by synthesis

454 Emulsion PCR Polymerase (pyrosequencing)

Solexa Bridge PCR Polymerase (reversible terminators)
’ SOLID Emulsion PCR Ligase (octamers with two-base encoding)
Polonator Emulsion PCR Ligase (nonamers)

HeliScope Single molecule Polymerase (asynchronous extensions)

Cost per Cost per 1° error

megabase instrument Paired ends? modality  Read-length
454 ~$60 $500,000 Yes Indel 250 bp
Solexa ~$2 $430,000 Yes Subst. 36 bp
SOLiD ~$2 $591,000 Yes Subst. 35 bp
Polonator ~$1 $155,000 Yes Subst. 13 bp
HeliScope ~$1 $1,350,000 Yes Del 30 bp

Adapted from a presentation by: FRANCIS OUELLETTE Informatics on High Throughput Sequencing Data July 2009



Third Generation Technologies

* Single Molecule Sequencing
— Pacific Biosciences
— Life Technologies
— Helicos

e Single strand of DNA
e Measured with Fluorescence

* Long Reads (50bp-10kb)
* |nexpensive

* Higher error rates, possibly
overcome with redundancy

PacBio —
ZMW

Helicos —
Anchored
single
molecules
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Cleave Image
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* Single Molecule Sequencing
using “solid state” strategies

— Oxford Nanopore
— lon Torrent

— Genia

— gnuBIO

— NABsys

e Single strand of DNA

* Measured without
fluorescence

* Long Reads (50bp-10kb)
* |nexpensive

 Lower error rates, possibly
overcome with redundancy

* Unproven

Oxford Nanopore

lon Torrents

Nucleotide———"_

incorporates
into DNA

Fourth Generation Technologies (12-18 months)
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Non-Trivial Assembly and Interpretation

Collapse output into just a variant file for delivery to interpretation
engine and/or professional




I g N '.'t- e Delivery of Genome to Point of Care and Clinical
Interpretation

() Navigenics ' | Seooen seener
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*  Omicia
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The Institute for Individualized Health™

LEVERAGING THE
AFFORDABLE AND
ACCURATE GENOME

| ACROSS A LIFETIME TO
ilfluminating science IMPROVE HEALTH
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