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The End ot Theor\" The Data Deluge Makes the
Scientific Method Obsolete

lllustration: Marian Bantjes

"All models are wrong, but some are useful.”
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Data's shameful neglect

Research canno

s | Making Data Maximally Available

Sharing research data to improve public health

The Four
Paradigms
of Science

THEORY

Beginning in ancient
Greece and China, people
tried to explain their ob-
servations through natural
laws instead of supernatu-
ral causes.

EXPERIMENTATION
By the 17th century, sci-
entists like Isaac Newton
tried to make predictions
for new phenomena and
would verify hypotheses by
conducting experiments.

COMPUTATION
AND SIMULATION
The advent of high-
performance computers
in the latter half of the
20th century allowed sci-
entists to explore regimes
inaccessible to experi-
ment and theory, such as
climate modeling or galaxy
formation, by numerically
solving systems of equa-
tions on a large scale and
in fine detail.

DATA MINING

Using more-powerful
computers, scientists
begin with the data and
direct programs to mine
enormous databases for
relationships. In essence,
they use computers to dis-
cover the rules by studying
the data.

The purpose of medical research is to analyse and under-  that every last ounce of knowledge will be wrung from  published online

stand health and disease. A key and expensive element  the research.

January 10, 2011
DO1:10.1016/50140-

is the study of populations to explore how interactions Ensuring data are made widely available to the &736(10)52234-0
between behaviour and environment, in the context of research community accelerates the pace of discovery
genetic diversity, determine causation and variation in  and enhances the efficiency of the research enterprise.
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ene data to hit milestone

With close to one million gene -expression data sets now in publi
researchers can identify disease trends without ever having to e

BY MONYA BAKER

urvesh Khatri sits in front of an oversized
computer screen, trawling for treasure in
a sea of genetic data. Entering the search
term ‘breast cancer’ into a public repository
called the Gene Expression Omnibus (GEO),
the postdoctoral researcher retrieves a list of
1,170 experiments, representing nearly 33,000
samples and a hoard of gene-expression data
that could reveal previously unseen patterns.
That is exactly the kind of search that led
Khatri's boss, Atul Butte, a bioinformatician at
the Stanford School of Medicine in California,
to identify a new drug target for diabetes. After
downloading data from 130 gene-expression

for discovery, he says. Those are for validating
hypotheses. The beauty of analysing data
from multiple experiments is that biases and
artefacts should cancel out between data sets,
helping true relationships to stand out, Butte
says. | here is safety in numbers”

And those numbers are rising rapidly. Since
2002, many scientific journals have required
that data from gene-expression studies be
deposited in public databases such as GEO,
which is maintained by the National Center for
Biotechnology Information in Bethesda, Mary-
land, and ArrayExpress, a large gene-expression
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The number of gene-expression data sets in
publicly available databases has climbed to
nearly one million over the past decade.
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Gene Expreszion Omnilbus
GEO Publications FAQ MLAME Email GEC
MNCEBI » GED Log

Gene Expression Omnibus: a public functional genomics data repository supporting MIAME-compliant data
submissions. Array- and sequence-based data are accepted. Tools are provided to help users query and download
experiments and curated gene expression profiles. More information =

DataSeis

Gene profiles

QUERY,

GEO accession
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Document:

GEO BLAST Overview | FAQ | Find

Submission guide
Linking & citing

Datasets Ll Journal citations
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¥| ArrayExpress data ¢

Submitter/reviewer

Accession
# E-MTAB-799
H E-MTAB-800
H E-TABM-1140
H E-TABM-185
# E-MTAB-62
H E-MTAB-7S7
@ E-MTAB-40
# E-MTAE-738
H E-MTAEB-522
#H E-MTAB-27
¥ E-TABM-305
H E-MTAB-264
H E-MEXP-12
@ E-MTAB-365
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ene Expression Omnibus

GEO Publications

FAQ MIAME Email GEC

NCBI = GEO

Loc

Gene Expression Omnibus: a public functional genomics data repository supporting MIAME-compliant data
submissions. Array- and sequence-based data are accepted. Tools are provided to help users query and download
experiments and curated gene expression profiles. More information =

Public da
Platfor
— E Samp 841,339
Gene profiles E Serie 34,246
'“‘5 JERY, Datase
GEO accession E Documenty
——— Overview | FAQ | Find
Submission guide
Linking & citing
DataSets Platforms

Journal citations

B TaNT Tl =t |
Transcrlpiin:'ﬁ profiling by array of breast cance

Flatform comparison and transcription profiling

Transcription profiling of human neuroblastoma
Transcription profiling of human separated leulks
Transcriptomics for Cancer Cell Line Project

Total 1.1 million microarrays available

Chromatin immunoprecipitation genome wide |

H E-MTAB-28 Transcription profiling of mouse metaanalyzis 3 bl 2 3
H E-MTAB-783 Gene expression analysis of 789 cancer cell lin Dou es every - years
#H E-MTAB-26 Transcription profiling of mouse samples - re-a
#H E-TABM-327 Genaty aphoblastoid cell lines . e . .

= N il Butte AJ. Translational Bioinformatics:
# E-TABM-913 Kina ctivity profiling o man locally adva .
H _F-MT&R-3A Genmninn nf human rancedi-=ll lines Comlng Of age- JAMIA, 2008.
._';',] = 6338 expements, 228417 assay isplaying experi




& NCBI  Resources (¥ HowTo &)

GEO DataSets GEO DataSets | v breast cancer | sear

Save search  Limits Advanced

Display Settings: (~) Summary, 20 per page. Sorted by Default order Send to:(¥]  Filter your results:

All (35583)
Results: 1 to 20 of 35583 Page/1 |of1780 Ned=

Last==

1 Breast cancer histologically normal breast epithelium Platforms (27

1. Analysis of histological normal breast epithelia from both ER- and ER+ breast cancer patients and prophylactic mastectomy Samples (34162)
patients, and normal breast epithelia from reduction mammoplasty patients. Results provide insight into the mechanisms
underlying breast cancer initiation and progression.

Organism: Homo sapiens

Type: Expression profiling by array, count, 2 disease state, 4 specimen sets

Platform: GPL96 Series: GSE20437 42 Samples

Download data: GEO (CEL) W Top Organisms [
DataSet Accession: GDS3716 1D 3716 Homo sapiens (330
Publed  Full text in PMC  Similar studies GEO Profiles  Analyze DataSet Mus musculus (242

Rattus norvegicus (

Canis lupus familiar

Human herpesvirus
More...

[ Actein effect on breast cancer cell line: dose response and time course

Analysis of MDB-MB-453 breast cancer cells treated with 20 or 40 ug/ml actein for 6 or 24 hours. Actein is a triterpene glycoside
from the herb black cohosh and inhibits the growth of cancer cells in vitro. Results provide insight into the molecular basis of this
inhibitory effect.

P

Organism: Homo sapiens

Type: Expression profiling by array, transformed count, 2 agent, 3 dose, 2 time sets Find related data
Platform: GPL5T1  Series: GSET848 16 Samples

Download data: GEO (CEL) Database: | Select

DataSet Accession: GD33638 1D: 3638
PubMed  Similar studies GEO Profiles  Analyze DataSet
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I By Studies ” By Diseases ” Advanced Search |

Study
CIDR: Genome Wide Association Study in Familial Parkinson Disease (PO

Eramingham SHARe

GAIM: Collaborative Association Study of Psoriasis

GAIN: Genotyping the 270 HapMap samples for GAIM by Broad
GAIN: Genotyping the 270 HapMap samples for GAIM by Perlegen
GAIN: International Mulli-Center ADHD Genetics Project

GAIM: Linking Genome-Wide Association Study of Schizophrenia

GAIM: Major Depression: Stage 1 Genomewide Association in Population-Based Samples

GAIM: Search for Susceptibility Genes for Diabetic Mephropathy in Type 1 Diabetes

GAIN: Whole Genome Association Study of Bipolar Disorder

GAW1E Framingham and Simulated Data

Genome-wide Association Studies in the Hutterites

Genome-wide Association Study of Meuroblastoma

Ischemic Stroke Genetics Study (1ISGS)

Genome-wide Study in Amyotrophic Lateral Sclerosis and Controls: First Stage Analysis

Mayo-Perlegen LEAPS (Linked Efforts to Accelerate Parkinson's Solutions) Collaboration

MEI Age-Related Eve Disease Study (AREDS)
HNIMDS Parkinson's Disease

NINDS Parkinsonism Study

HIMDE Repository Cerebrovascular Diseasel/Stroke Study
NIMNDS Repository Motor Meuron DiseaseiAl S Study

KNIMDS Repository Meuralogically Mormal Control Collection

POPRES: Population Reference Sample

SEARCH GWA Study of Statin-Induced Myopathy
Study of Irish Amvyotrophic Lateral Sclerosis (SIALS)

The Finland-United States Investigation of NIDDM Genetics (FUSION) study
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GAIN: International Mulli-Center ADHD Genetics Project

GAIM: Linking Genome-Wide Association Study of Schizophrenia

GAIM: Major Depression: Stage 1 Genomewide Association in Population-Based Samples

GAIM: Search for Susceptibility Genes for Diabetic Mephropathy in Type 1 Diabetes

GAIN: Whole Genome Association Study of Bipolar Disorder
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Genome-wide Association Study of Meuroblastoma
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Ischemic Stroke Genetics Study (1ISGS)
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PIPEK (Calinar acsay) % inhibition at 5 ol THRC Frea 1abl



products

blog myaccount(login) saveditems need assistance?

Home ) Products ) By Disease

browse by disease

A



browse by disease

» Anal Cancer

) Anemia
» Asthma

) Bladder Cancer

» Brain Cancer
» Breast Cancer

WSSO ) e
\

-

» Carcinoid
) Cervical Cancer

y Chronic Obstructive Pulmonary Disease

) ldiopathic Pulmonary Fibrosis

i

y Kidney Cancer

) Leukemia
» Liver Cancer

.

y Melanoma

LS Mannalanal Nammanathye

. - (A
» Rheumatoid Arthritis

) Sarcoidosis
) Scleroderma
) Systemic Lupus Erythematosus

» Testicular Cancer

U

» Uterine Cancer



Search Results

You've Selected:

Dizease: Leukemia (X)

Clear All Selections

Category
Products (21)

Tissue

Bone Marrow (9)
Peripheral Blood (12}

Cell Type

B Cells CD19 (2}

B Cellz Negative Selection (2)
Buffy Coat (1)

CD45 (2}

Fresh (2}

Mononuclear Cells (2}
Plazma (1}

Serum (1}

Special Processing (2}

T Cells CD3 (2}

T Cellz Negative Selection (2)
Viable Plated Cellz (2}

Units

0.3mL (1}

0.5 million cells (10}
0.5mL (2}

1 unit (2}

5.0 million cells (2)

Price

$0.00 - $1,000.00 (17)
£1,000.00 - 52,000.00 (2)

Previous 1 2 Hext

| 15 tems Per Page EI

Bone Marrow | B Cells, Negative
Selection | Leukemia
SKU: BMA-BCE-LE

$500.00

Bone Marrow | T Cells, CD3 | Leukemia

SKU: BMA-CD3-LE

$500.00

Bone Marrow | Fresh | Leukemia
SkU: BMA-FRE-LE

$2,500.00

Bone Marrow | Special Processing |
Leukemia
SKLU: BMA-SPE-LE

$500.00

View as: =z

| Sort By...

Bone Marrow | B Cells, CD19 |
Leukemia
SKU: BMA-CD15-LE

$500.00

Bone Marrow | CD45 | Leukemia
SKU: BMA-CD45-LE

$500.00

Bone Marrow | Mononuclear Cells |
Leukemia
SKEU: BMA-MON-LE

$750.00

Bone Marrow | T Cells, Negative
Selection | Leukemia
SKLU: BMA-TCE-LE

$500.00



Search Results Leukemia
You've Selected: 21 Items Previous 1 2 Mext
Dizeaze: Leukemia [(X)
Clear All Sslections | 15 tems Per Page [
Category
Products (21) PerlpheTaI Blood | Mononuclear Cells |
Leukemia
_ SKU: PBL-MON-LE
Tissue

Bone Marrow (9)
Peripheral Blood (12)

Cell Type

B Cells CD15 (2)

B Cells Negative Selection (2}
Buffy Coat (1)

CD45 (2}

Fresh (2}

Mononuclear Cells (2}
Plasma (1)

Serum (1}

Special Processing (2}

T Cells CD3 (2)

T Cellz Negative Selection (2}
Wiable Plated Cells (2)

Units

0.3mL (1)

0.5 million cells (10}
0.5mL (2)

1 unit (2}

5.0 million cells (2)

Price

S0.00 - 100000717y

Previous

1

$500.00

Peripheral Blood | Serum | Leukemia
SKU: PBL-SER-LE

$55.00

Peripheral Blood | T Cells, Negative
Selection | Leukemia
SKU: PBL-TCE-LE

$600.00

2 Mext

| Sort By...

Peripheral Blood | P
Leukemia
SELU: PBEL-PLA-LE

sma |

Peripheral Blood | Special
Processing | Leukemia
SKLU: PBL-SPE-LE

$500.00

Peripheral Blood | Viable Plated
Cells | Leukemia
SKU: PEL-VPC-LE

$1,000.00




Female

Summary of Available Inventory

500uL Plasma
(K2EDTA)

500uL Plasma
(Lithium Heparin)

300uL Buffy Coat
(K2EDTA)

Unique Available

Unique  Available

Unique Available

Gender Patients Samples Patients Samples Patients Samples
Female

Male 31 498 11 92 3 210
Total 31 498 11 92 31 210

Male

Age
n 15
=
2
E 10
w
g s
[ =
2
0
40

Patient 1D

Age  Race

Sex

Alcohol Use  Tobacco Use

12416CFED

73

‘White

Current Use Previous Use

Drugs Administered

Cyclophosphamide
Dexamethasone Sodium
Docetaxel

Leuprolide Acetate
Palonosetron HCL
Pegfilgrastim

Zoledronic Acid

900uL Plasma (K2EDTA Tubes) 500uL Plasma (Lithium Heparin Tubes) 30

Catalog Number (Unique Draws) ~ AVallable o 00 Number (Unique Draws) ~ Available oo n
Samples Samples

BBPO500-A112416CFED011108P4 2 BBPOS00-A112416CFED011108G4 2 BBBO300-A
BBPO500-A112416CFED020108P4 2 BBPOD500-A112416CFED020108G4 BBBO300-A
BBPO500-A112416CF6D0208038P4 3 BBP0500-A112416CFED020808G4 3 BBB0300-A
BBPO500-A112416CFED021508P4 3 BBPO500-A112416CFED031907G4 1 BBBO300-A
BBPO500-A112416CFED022308P4 2 BBP0500-A112416CFED032907G4 2 BBBO300-A
BBPO500-A112416CFED031907P4 3 BBPOS00-A112416CFED042607G4 2 BBBO300-A
BBPO500-A112416CFED032108P4 2 BBP0500-A112416CFED053107G4 2 BBB0300-A
BBPO500-A112416CF6D032307TP4 2 BBP0500-A112416CFEDOT1207G4 2 BBB0300-A
BBPO500-A112416CFED040408P4 3 BBPO500-A112416CFED0T1907G4 3 BBBO300-A
BBPO500-A112416CFED041108P4 3 BBPOD500-A112416CFEDO72607G4 2 BBBO300-A
BBPO500-A112416CFED041808P4 2 BBP0500-A112416CFED080907 G4 2 BBB0300-A
BBPO500-A112416CFED042607P4 1 BBPO500-A112416CFED0S0T0TG4 2 BBBO300-A
BBPO500-A112416CFED0OS0308P4 3 BBPO500-A112416CFED101207G4 1 BBB0300-A
BBPO500-A112416CFED051608P4 3 BBPOS00-A112416CFED110907G4 3 BBBO300-A
BBPO500-A112416CFED052308P4 3 BBPOD500-A112416CFED111607G4 3 BBBO300-A
BBPO500-A112416CFED0OT1207P4 3 BBP0500-A112416CFED120607G4 2 BBB0300-A
BBPO500-A112416CFED0OT1907P4 3 BBPOS00-A112416CFED121307G4 3 BBBO300-A
BBPO500-A112416CFEDOT2607TP4 3 BBPO500-A112416CFED122007G4 2 BBB0300-A
BBPO500-A112416CFED0B0S0TP4 2 BBBO300-A
BBPO500-A112416CFED0S0TOTP4 2 BBB0300-A
BBPO500-A112416CFED101207P4 2 BBB0300-A
BBPO500-A112416CFED110907P4 3 BBBO300-A
BBPO500-A112416CFED111607P4 2 BBBO300-A
BBPO500-A112416CFED120607P4 3 BBBO300-A
BBPOS00-A112416CFED121307P4 3 BBBO300-A
BBPO500-A112416CFED122007P4 2 BBB0300-A

Go to www.openbiosystems.com to place an order, or call 1-888-412-2225 to speak directly with a representative.



conversa I'It search keyword or disease

Go Further. Foster.

blog  my account (login)  saveditems need assistance? your cartis currently empty  contact us: (866) 838-2798

Home ) Peripheral Blood | Plasma | Leukemia

Peripheral Blody | Plasma | Leukemia

SKLU: PBL-PLA-LE

$55.00 Be the first to review this product
QuICK™ . 0.5mL Plazma specimen collected in KZEDTA tube and stored in 1.0mL cryowvial. Sample stored at -80C and shipped on dry ice.
# of Samples per Patient Disease subtype

— Please Select — ;| | - Please Select — B

1 Units

2 +555.00

3 +5110.00 | —Please Select - =]

4 +5155.00

5 +8220.00

§ +5275.00

7 +5330.00 add to cart

Add to Saved tems  Email A Colleague

Overview } Product Reviews )

Additional Information
SKU PBL-PLA-LE
Treatment Status Any Treatment, Pre Treatment, Post Treatment,

Active Treatment, Recurrent/Refractory Disease,
Remission
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Assay Depot to find the
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© Bone Models Cardiovascular Dermatology © Diabetes Genitourinary
Models Models Models Models
Bone Metastases Atrial Arrhythmias Acne BE/W Rats Chronic Kidney Disease

Osteoarthritis
Osteoporosis

In Vitro
Models

In Vitro Bone Models

In Vitro CWD Models

In Vitro Diabetes Models
In Vitro Eye Models

In Vitro Oncology Models
In Vitro Skin Models

© Oncology
Models

Angiogenesis

Cachexia

Coronary Artery Disease
Hypertension

Izchemia

Myaocardial Infarction
Restenosis

Wentricular Tachycardia

In Vivo
Technologies
Cognition
EEG
Electrophysiology
Imaging
Microdialysis

© Ophthalmic

Models

Cataract
Corneal Dystraphy

Atopic Dermatitis
Hair Growth
Lupus

Pzoriasis
Rosacea

Skin Graft
Wound Healing

Infectious

Disease
Bacterial Infection
Dengue Virus
Hepatitis C Virus
Influenza
LEMWY Mouse
Malaria

© Otology

Models

Hearing Loss
Meniere's Disease

Food Intake
Goto-Kakizaki Rats

Mon Obesze Diabetic Mice
Obese Mice

Primate Diabetes
Streptozotocin Mice
Streptozotocin Rats

Mare...

Inflammation
Models

Arthritis

Delayed Type Hypersens
Edema

Hemophilia

Irritable Bowel Disease
Irritant

LPS Acute Response
Mucositis

More...

© Pain Models

General Pain
Inflammatary Pain

Cystometry
Endometriosis

1G4 Glomerulonephritis
Interstitial Cystitis
Spinalized Rats

Neurological
Models

Alzheimer's Dizeasze
Anxiety

Behavioral Tests
Cerebral Palay
Circadian Profiling
Depression
Epilepsy

Olfactory Testing

Maore...

© Respiratory

Models

Ascaris Lung Allergy
Cough
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ob/ob Diabetes Model - 16 Mice

Service Description

Provider: Links Biosciences is a US company with laboratories in Hangzhou, China. The laboratory has been
offering exploratory {non-GLP) pharmacology services to US and Chinese biopharma since 2004,

Background: The obese mutant mouse model was first reported by Ingalls A et al from the Jackson Laboratory
in 18951 (Obese, a New Mutation in the House Mouse [164 KB]). The obese mouse resulted from a spontaneous
mutation in a gene that was named ob in the V stock. Mice homozygous for the obese spontaneous mutation,
{Lep~ob~; commonly referred to as ob or ob/ob), are first recognizable at about 4 weeks of age. Homozygous
mutant mice gain weight rapidly and may reach three times the weight of wild-type controls. In addition to
obesity, mutant mice exhibit hyperphagia, a diabetes-like syndrome of hyperglycemia, glucose intolerance,
elevated plasma insulin, subfertility, impaired wound healing, and an increase in hormone production from both
pituitary and adrenal glands. Friedman 1 et al reported leptin in 1994, and demonstrated that leptin, the product
of the ob gene, was produced in white adipose tissue and served as the peripheral signal to the central nervous
system of nutritional status.

Service Details: This service offers a 28 day db/db mouse model of T2DM and cobesity. Customer has various
options that are convewved to Links Biosciences using a Service Crder Form. Customer assians up to 16 mice to
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Home » Pharmacology » Diabetes and Obesity » Obese Mice

ob/ob Diabetes Model - 16 Mice $9,000.00 USD

per service

Service Description
9 week

Provider: Links Biosciences is a US company with laboratories in Hangzhou, China. The laboratory has been turn around time
offering exploratory {non-GLP) pharmacology services to US and Chinese biopharma since 2004,

Provided By
Background: The obese mutant mouse model was first reported by Ingalls A et al from the Jackson Laboratory Links Biosciences

in 18951 (Obese, a New Mutation in the House Mouse [164 KB]). The obese mouse resulted from a spontaneous
mutation in a gene that was named ob in the V stock. Mice homozygous for the obese spontaneous mutation,
{Lep~ob~; commonly referred to as ob or ob/ob), are first recognizable at about 4 weeks of age. Homozygous
mutant mice gain weight rapidly and may reach three times the weight of wild-type controls. In addition to
obesity, mutant mice exhibit hyperphagia, a diabetes-like syndrome of hyperglycemia, glucose intolerance,
elevated plasma insulin, subfertility, impaired wound healing, and an increase in hormone production from both
pituitary and adrenal glands. Friedman 1 et al reported leptin in 1994, and demonstrated that leptin, the product
of the ob gene, was produced in white adipose tissue and served as the peripheral signal to the central nervous
system of nutritional status.

Service Details: This service offers a 28 day db/db mouse model of T2DM and cobesity. Customer has various E) SHARE
options that are convewved to Links Biosciences using a Service Crder Form. Customer assians up to 16 mice to

Validation methods are increasingly
commoditized



Scroll down to browse a list of available research models for Type I and Type II diabetes, hyperglycemia,
insulin resistance, diet-induced obesity and related diseases. Use the filters on the left to refine the list and
then click on any listing to view technical information or to ask a question.

Click on the Vendors tab to view a complete list of CROs that offer diabetes and obesity pharmacology models.

Search Filters
Diabetes and Obesity

g get hel
view senvices [T 193 resuns® 9°t P

A Univ. of Maryland School of Medicine

EEE Are you a vendor?

BB/W Rats Obesity and Diabetes Research Center vendor info Viii'tjﬂ"f BﬂEkﬂ"ﬁ;‘;—‘FtD find
A . . o . . ou oW you Can er your
Food Intake University of Maryland School of Medicine Obesity and Diabetes %Md services on Assay Depot
Goto-Kakizaki Rats Re;earch Center Fm:u_ses on research of obesity, diabetes, and Visit the Backoffice >>
MNon Obese Diabetic Mice aging in nenhuman primates.
Obese Mice
- - - iy
Dbese Prmates A Transgenic Rabbit Models YW Request a demo
Primate Diabetes . . : : vendor info
) L Transgenic Rabbit Models offers transgenic rabbit models for the Contact C Jacklin t
Streptozotocin Mice . . . P Add ar CHEY JaCidin 1o
Streptozotocin Rats study of atherosclerosis, ophtalmology, hypertrophic myopathies, schedule 2 demonstration
. . R diabetes, obesity, hemostasis, respiratory diseases, AIDS, and 215-369-0965
db/db Diabetic Mice ) .
fa/fa Zucker Diabetic Rats caneer Slacklin@assaycspot.com
A ophthy-DS Ask Anf Exper.t
i i . . - i Use our free service
Lo liius Ophthy-DS offers ophthalmic model services for macular vendor info locator proaram to find
degeneration, diabetes, uveitis, and dry eye. @ Add Prog .
GLP (48) the research services you
AAALAC (28) need.
GMP (20)
oo A PharmaNess | Search PubMed
GCP (7) PharmaNess offers pharmacokinetics, pharmacodynamics, vendorinio Search PubMed for
FDA (5) formulations, behavioral assay, in vivo screening, ex vivo @ Add D|.abet.es E_”"d Obesity
USDA (4) screening, microscopy, stereology and histology staining services. using BioWizard.
nere Selected Vendors
A Wisconsin National Primate Research Center _
Wisconsin National Primate Research Center focuses on research vendorinio
of regenerative medicine, reproduction, immunology, virology, @ Add
Pleitmd Ebatmn Fe A7 aaina. and metabolic diseases.



Scroll down to browse a list of available research models for Type I and Type II diabetes, hyperglycemia,
insulin resistance, diet-induced obesity and related diseases. Use the filters on the left to refine the list and
then click on any listing to view technical information or to ask a question.

help
Search Filters
Diabetes and Obesity - EEH Are you a vendor?
Medicine v

BB/W Rats Obesity and Diabetes Research Center vendor info ‘“'iii'tj““' Batkﬂ"ﬁ;‘;t“ find
£V ] ] o ] ) out how you can offer your
Food Intake University of Maryland School of Medicine Obesity and Diabetes %Md services on Assay Depot
Goto-Kakizaki Rats Research Center focuses on research of obesity, diabetes, and Visit the Backoffice >>
Non Cbese Diabetic Mice aging in nonhuman primates.
Obese Mice
y - - - Wy
Dhese Primates A Transgenic Rabbit Models vty Request a demo
Primate Diabetes : ) . . vendor info
) L Transgenic Rabbit Models offers transgenic rabbit models for the - Contact C Jacklin t
Streptozotocin Mice : . . P Add ar CHEY JaCidin 1o
Streptozotocin Rats study of atherosclerosis, ophtalmology, hypertrophic myopathies, schedule & demonstration
u:II::-'_-:II:: Diabn:ci’ Mice diabetes, obesity, hemostasis, respiratory diseases, AIDS, and 315-369-0965
fa-'llfa 7LJ’P-—"|? Dhiab-:-t_i’ . cancer. cjacklin@assaydepot.com
A Ophthy-DS Ask Anf Exper.t
i i ) . W i Use our free service
Lo liius Ophthy-DS offers ophthalmic model services for macular =ndorino locator proaram to find
degeneration, diabetes, uveitis, and dry eye. %Md Prog )
GLP (48) the research services you
AMALAC (28) need.
GMP (20)
ISO 9001 (7) fi PharmaNess . Search PubMed
GCP (7) PharmaNess offers pharmacokinetics, pharmacodynamics, vendor info Sgarch PubMed ﬁ::r_
FDA (5) formulations, behavioral assay, in vivo screening, ex vivo P Add D|.abet.es E_”"d Obesity
USDA (4) screening, microscopy, stereology and histology staining services. using BioWizard.
mere Selected Vendors
A Wisconsin National Primate Research Center
vendor info

Locations

L lmidem A Cemdemm AN

Wisconsin National Primate Research Center focuses on research
of regenerative medicine, reproduction, immunology, virology,
aaina. and metabolic diseases.
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Translational Pipeline

Clinical and Molecular Measurements
VA
Translational Question or Trial
 Z
Statistical/Computational methods

Validating drug or biomarker
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We are used to starting
computer, IT, and Internet
companies in garages...



We are used to starting
computer, IT, and Internet
companies in garages...

Potentials for starting a
“garage biotech”?



Trees in Biomedicine

Linnaeus 1707-1778

Promoted binomial
nomenclature for
taxonomy

— Homo sapiens,
Mus musculus

But 300 year old trees
need crutches!

The species taxonomy is
commonly rearranged
based on DNA

— Pneumocystis jiroveci and
Pneumocystis carinii




Trees of disease: Nosology

e |Linnaeus also co-founder
of systematic nosology

— Nosology = classification of
disease

— Genera Morborum (1763)

e Why not classify diseases
based on genomics?

— Could reshuffle thinking
about diseases and drugs

— Public molecular data:
1 million+ microarrays,
grows 2-3x/yr

Exanthematic

Feverish, with skin eruptions

Critical Feverish, with urinary
problems

Phlogistic Feverish, with heavy pulse
and topical pain

Dolorous Painful

Mental With alienation of judgment

Quietal With loss of movement

Motor With involuntary motion

Suppressorial

With impeded motions

Evacuatorial

With evacuation of liquids

Deformities Changed appearance of
solid parts
Blemishes External and palpable

Bramley M.

Coding Matters 2001, 8:1.
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39 Cancer of the buccal cavity

40 Cancer of stomach and liver

41 Cancer of peritoneum, intestines, rectum
42 Cancer of female genital organs

43 Cancer of breast

44 Cancer of skin

45 Cancer of other organs or not specified

Lung is an "other organ”; Brain is an "other organ”
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e 50 Diabetes

— No type 1 or type 2
e Endocrine diseases were under General Diseases
e 88 Disease of the thyroid body

— Under Disease of the Respiratory System

e 5 Smallpox, 13 Cholera, 15 Plague, 21 Glanders, 22 Anthrax

— All bioterroristic today

e 189 Visitation from God



Generahz&d |5:'.h emic myocardial dysfunctn:ln
Prirmary idiogathic dilated cardiomyopathy
Pulmonary emphysema
alpha-1-Antitrypsin deficiency

Azthma

Papillary renal cell carcinoma

Fenal cell carcinoma, chromophobe call
Meurofibromatosis type 1

Cocaine dependence

Hantaviruz pulmonary syndrome
Marfan's syndrome

Atopy

HI% infection

Retinitiz pigmentcsa

Ule=rative cyatitis

Diabetes melitus - adult onset

Leprosy

Malignant melanoma

Malignant neoplasm of female breast
Uterine leiomyoma - fibroids

Cyatic fibrosis of pancreas

SCID due to absent class || HLA antigens
Moriid obesity

Simple obesity

Critical illne=s polyneuropathy

Familial combined hyperlipidemia
Hyperglycemia

Hyperensive heart disease with congestive HF
Left ventricular hypertrophy

Salmonella infection

Hepatocellular carcinoma

Chronic airnvay obafruction

pTZa {||m ceny cal cancer

T PAFE - ———————

Human Disease

Joel Dudley

Gene Expression Collection

~300 Diseases

|
. and Conditions '§; LLE LD L

Butte AJ, Kohane IS Nature Biotechnology, 2006, 24:55.
Butte AJ, Chen R. Proc AMIA Fall Symposium, 2006.
Chen R, Butte Al. Nature Methods, 2007.

Dudley J, Tibshirani R, Deshpande T, Butte AJ. Molecular

Systems Biology, 2009.
Shen-Orr §, ...

Davis MM, Butte AJ. Nature Methods, 2010.

Blue: gene goes down

1'% in disease

Yellow: gene goes up
in disease

| |||||I
1l || 20k+ Genes

LT
SH3GLE
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I
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Disease Individuals

Healthy Controls

Disease Gene Expression Signature

‘Marina Sirota
M Joel Dudley
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Drug Gene Expression Profile
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Lamb J, ..., Golub TR. Science, 2006.

Sirota M, Dudley JT, ..., Sweet-Cordero A, Sage J, Butte AJ.

Science Translational Medicine, 2011.



Candidate anti-seizure drug against Marina Sirota

inflammatory bowel disease

Joel Dudley

- Actin signaling
- Trombin signaling

- Gastrointestinal
disease

- NF-kB signaling

()]
3 - IL-15 signaling
o 0284 ©
2 c - RB-
8 5 - B-Cell receptor
2 £ S signaling
: U 5 3 theli
L IIIIIIIIIIIIIII|||||||||| & o - Epithelial
o o . )
g S o infection
-0.222 = g
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1 g ? £ T - Antigen
; Z 1]
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; 5 presentation
r—
- SAPK/INK
signaling

- IL-10 signaling

- Endothelin-1
signaling

I Up Regulated Genes M Down Regulated Genes

Sirota M, Dudley JT, ..., Sweet-Cordero A, Sage J, Butte AJ.

Science Translational Medicine, 2011.




Anti-seizure drug works against a rat model of
inflammatory bowel disease
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Marina Sirota
Joel Dudley
Mohan M Shenoy

Dudley JT, Sirota M, ..., Pasricha J, Butte AJ. Science Translational Medicine, 2011. J ay Pasricha




Rat colonoscopy Rat with Inflammatory
Inflammatory Bowel Disease
Bowel Disease After
Anti-seizure Drug

Dudley JT, Sirota M, ..., Pasricha J, Butte AJ. Science Translational Medicine, 2011.



Anti-ulcer drug works for
lung adenocarcinoma

e Human lung adenocarcinoma
cell lines explanted into Maan Relative to Initial Tumor Velume (mma3) 4549 LC

4.0

mouse models
e Followed growth 11 days -

e Positive-control doxorubicin
grew to 2x original volume s

e Tumors in mice treated with
vehicle grew to 3.25x original
volume

e Not only did our compound
work statistically better than . .
control, it worked in a dose- i }
dependent manner

i
. P —
e Tumors in mice treated with i

50 mg/kg/day grew 2.8x s Joel Dudley

e Those treated with 100 . .
mg/kg/day grew only 2.3x. o . Ma“rlna Sll?rOta

Julien Sage

Sirota M, Dudley JT,..., Sage J, Butte Al. Science Translational Medicine, 2011,



BIOINFORMATICS FOR THE FUTURE OF InASLIROLOHGY

%% Login ¥  Sign up FREE
J)\:{ IMMPORT m About ImmPort Access Data Tools Resources News & Events

Study: Efficacy and Safety Evaluation of Allergen Immunctherapy Co-Administered withOmalizumab « [l B B 2

Combination treatment with omalizumabk (recombinant
humanized monoclonal  ant-lgE  antibody) and  rush

£
g
i

AT
immunotherapy (RIT) for ragweed-induced allergic rhinitis. * g g o Tae
Omalizumab pretreatment enhances the safety of RIT for L = 3 A g S | :
ragweed allergic rhinitis. The combination of ragweed e —-—; ' o .J.*-__ Tareras s B T
immunotherapy and anti-lgE resulted in prolonged inhibition of —— i . :'- P AT R
allergen-lgk binding compared with either treatment alone. - ="~ 8 os = H_.’_L__‘, ) - |4
et T 0 plabo anleigh g V/

PubMed ID: 163875%6 [ DOWNLOAD DATA PACKAGE } - e

Flow Cytometry Analysis (FLOCK) MHC Validation and Analysis BIO'IT%rld
. . MHC Seguence Feature Varant Type
Flow cytometry analysis con‘rponlent 1rl1clludi:f.: : SAVT) qgnahm'f, o EEH:EC CONFERENCE & EXPO 13
* automated cell population identification ! association  analysis of classical HLA
* Result visualization in 2D and 3D / protein  sub-regions  defined  with
¥ Statistical analysis of population characteristics structural (e.g. helix) and functonal (e.g.
*» Automated mapping of populations across multiple binding site] information.
samples

MHC Alleles

Complete DMA and protein sequences,
sequence features, and population
frequencies of MHC, MIC and TAP alleles.

Align MHC sequences horizontally to

visualize extent of polymorphisms across Data Summary

all allzles in a locus. Studies 32
Subjects 11351
Biological Samples 140949
Experiments 145

Study Title Pl Type of Ex... | Public Rel... ELISA Results 82558



Supported NIAID programs

The BISC provides bioinformatics support to the following DAIT-funded networks and
research consortia (participating centers); in the future additional networks and/or
consortia may be added or current networks and/or consortia removed to reflect
changing research priorities of the Institute:

e Collaborative Network for Clinical Research on Immune Tolerance Network
* Atopic Dermatitis Research Network (ADRN)

* Clinical Trials in Organ Transplantation (CTOT)

e Clinical Trials in Organ Transplantation in Children (CTOT-C)

* Population Genetics Analysis Program

* Protective Immunity for Special Populations

 HLA Region Genomics in Immune-mediated Diseases

 Maintenance of Macaque Specific Pathogen-Free Breeding Colonies

* Modeling Immunity for Biodefense

* Reagent Development for Toll-like and other Innate Immune Receptors

* Adjuvant Development Program

* Innate Immune Receptors and Adjuvant Discovery Program

Human Immunology Project Consortium

* Non-human Primate Transplantation Tolerance Cooperative Study Group



Public release of raw individual-level
clinical trials data

Reproducibility

Transparency

Enable learning

Return data to the community
New science

Enable new ventures




Sequencing Excitement
454/Roche, Life Technologies DISCOV
Pacific Biosystems: sequence

Helicos: S30k genome
human genome in 15 minutes Technology /

Run times in minutes

A new company promises to map your DMA while-U-wait—for only :

at a cost of hundreds of dollars
20 TB in 15 minutes
S~1000 genomes:

lllumina, lon Torrent

Complete Genomics:
towards
80 genomes/day



Cost per Genome

$100M

$10M

Moore's Law

$1M

$100K

iy Il National Human
[
$10K Genome Research
Institute

genome.gov/sequencingcosts

$1K T_-|-_-|'-_-|'-_-|-_-|-_-|-_-|-_-|-_-|-_-|-—r

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012




Complete ”ﬂ Latest About

genomics

September 28, 2011

How Low Can We Go? Molecules, Photons,
and Bits

Photons. The cost of photons is the cost of the optical and fluidic
instrument designed to generate and capture photons from the fluorescent
molecules. We can reduce the instrument cost per genome by
successfully using more, faster cameras. Our current instruments are
equipped with two electron multiplying charge coupled device (EMCCD)
cameras. There is a new generation of fast complementary metal oxide
semiconductor (CMOS) cameras, developed for other industries that are
about 15 times faster than our current cameras (and also less expensive).
New sequencing instruments that successfully u pese fast new
cameras could reduce the instrumen per genome by about a faciOng
30, from < $1,000 to $1,000/(2 x 15NQr approximately $33 per genome.




Revolutionizing human genome discovery

Complete;

genomics

About Us Services Data & Analysis Knowledge Center | Support & Community

Home = Data & Analysis = Downloads

Sample Sequence Data

Complete Genomics has recently made several complete human genome data sets available. The genomes were
sequenced atthe Complete Genomics commercial genome seguencing center in Mountain View, California as part
aur Complete Genomics Analysis Senvice (CGA™ Service). These data are largely consistent with the quality and
attributes of other data provided to Complete Genomics customers.

When using these data in your research please cite the Complete Genomics website and our publication *Human
Genome Seguencing Using Unchained Base Reads on Self~-assembling DMNA Manoarrays.” Science 1 January 201(
Vo 51, pp. 78-81 D01 101126/science. 1181493

) Set Documentation

Complete Genomics i1s releasing a set of public genome sequences on its FTP semver
(ftp2.completegenomics.com). There are four sets of data: a Yoruba trio; a Puerto Rican trio; a 17-membe

D o mmmearatimm radiaraos amnd 3 Anvearcitie mEanal ranracsanstica O AiFaract reeailatiane Tha CFEH camielas saatbe




LETTERS

Published online August 10, 2009

Single-molecule sequencing of an individual human

genome

Dmitry Pushkarev!2, Norma F Neff!:2 & Stephen R Quake!

Recent advances in high-throughput DNA sequencing
technologies have enabled order-of-magnitude improvements
in both cost and throughput. Here we report the use of single-
molecule methods to sequence an individual human genome.
We aligned billions of 24- to 70-bp reads (32 bp average) to
~90% of the National Center for Biotechnology Information
(NCBI) reference genome, with 28x average coverage. Our
results were obtained on one sequencing instrument by a
single operator with four data collection runs. Single-molecule
sequencing enabled analysis of human genomic information
without the need for cloning, amplification or ligation. We
determined ~2.8 million single nucleotide polymorphisms
(SNPs) with a false-positive rate of less than 1% as validated
by Sanger sequencing and 99.8% concordance with SNP
genotyping arrays. We identified 752 regions of copy number
variation by analyzing coverage depth alone and validated

27 of these using digital PCR. This milestone should allow
widespread application of genome sequencing to many aspects
of genetics and human health, including personal genomics.

on a surface can be extended asynchronously, thereby allowing substan-
tial flexibility in the kinetics of sequencing chemistry. Previous reports
of single-molecule sequencing have been proofs of principle'''%, and
their sequencing throughput has not been competitive with alternative
approaches. Generally, read lengths have been relatively short and error
rates have been dominated by deletions; it has not been clear whether
the resulting sequence quality is suitable for human genome sequenc-
ing applications.

The Heliscope Single Molecule Sequencer (Helicos Biosciences) is
the first commercial release of a single-molecule sequencing instru-
ment. It allows one to follow ~1 billion individual molecules as they are
sequenced over the course of a week—a throughput that is practical for
human genome sequencing. There have been several technical improve-
ments to the platform since the reported sequencing of a viral genome'?,
Including more than a 1,000-fold improvement in parallelism, a new
generation of sequencing reagents that allows digital measurement of
homopolymer sequences, and a new software algorithm, IndexDP, for
performing alignments to the entire human genome.

We used two of the instrument’s 50 flow-cell channels to resequence



Clinical assessment incorporating a personal genome

Euan A Ashley, Atul ] Butte, Matthew T Wheeler, Rong Chen, Teri E Klein, Frederick E Dewey, Joel T Dudley, Kelly E Ormond, Aleksandra Pavlovic,
Alexander A Morgan, Dmitry Pushkarev, Norma F Neff, Lovanne Hudgins, Li Gong, Laura M Hodges, Dorit 5 Berlin, Caroline F Thorn,

Katrin Sangkuhl, Joan M Hebert, Mark Woon, Hersh Sagreiya, Ryan Whaley, Joshua W Knowles, Michael F Chou, Joseph V Thakuria,

Abraham M Rosenbaum, Alexander Wait Zaranek, George M Church, Henry T Greely, Stephen R Quake, Russ B Altman

Summary
Background The cost of genomic information has fallen steeply, but the clinical translation of genetic risk estimates
remains unclear. We aimed to undertake an integrated analysis of a complete human genome in a clinical context.

Methods We assessed a patient with a family history of vascular disease and early sudden death. Clinical assessment
included analysis of this patient’s full genome sequence, risk prediction for coronary artery disease, screening for
causes of sudden cardiac death, and genetic counselling. Genetic analysis included the development of novel methods
tor the integration of whole genome and clinical risk. Disease and risk analysis focused on prediction of genetic risk
of variants associated with mendelian disease, recognised drug responses, and pathogenicity for novel variants. We
queried disease-specific mutation databases and pharmacogenomics databases to identify genes and mutations with
known associations with disease and drug response. We estimated post-test probabilities of disease by applying
likelihood ratios derived from integration of multiple common variants to age-appropriate and sex-appropriate pre-
test probabilities. We also accounted for gene-environment interactions and conditionally dependent risks.

Lancet, 375:1525, May 1, 2010.



Patient zero

40 year old male in
good health presents to
his doctor with his
whole genome _
No symptoms | e

CHF CAD

Exercises regularly | o b
Takes no medications b ?ﬁ s .

AMA-B] years AMA-B4years| pe HC

CAD-61 years CAD-59 years

Family history of

OA-45 years

aortic aneurysm .o B m 0,0.0.0.0

Family history of sy o

sudden death L

HC |] Cerebral anevnysm
v ,éﬁ d) C5 f] 6} d) f] ® o
1 2 3 4 5 & 7 O Fermale relathves

19 years

Presents with 2.8 million =

Figure 2: Patient pedigree

S N P S The arrow shows the patient. Diagonal lines show relatives who are deceased, Years are age at death or diagnosis,
AfA=abdominal aortic aneurysm. ARMD=age-related macular degeneration. ARVD/C=arthythmogenic right-

ventricular dysplasia or cardiomyopathy. CAD=coronary artery disease. CHF=congestive heart failure.

7 5 2 CO py n u m b e r Varl an tS HC=hypercholesterolasmia, HTM=hypertension. OA=ostecarthritis. SCD=sudden cardiac death (presumed).

VWT=paroxysmal ventricular tachycardia.

O STANFORD

SCHOOL OF MEDICINE




Previously described variants of unknown importance in disease-associated genes

TMEM43™

MYBPC3™

Variants predisposing to cardiac risk

M41Vv

R326Q

Transmembrane protein

43

Myosin-binding protein
C, cardiac-type

3

11

Novel variants potentially associated with rare disease

D5pm

R1838H

Desmoplakin

6

14146021

47324447

7528007

Mone A

rs34580776 C

Mowvel G

 Rare variantsin3
genes clinically
associated with
sudden cardiac
death: TMIEMA43,
DSP, and MYBPC3

 Variantin LPA
consistent with a
family history of
coronary artery
disease

Euan Ashley and team

Ashley et al (2010), Lancet
375:1525



Pharmacogenomics predictions

* Heterozygous null mutation in CYP2C19 - clopidogrel resistance?
* Variants associated with positive response to lipid-lowering therapy
* CYP4F2 and VKORC1 variants = low initial warfarin dose

Gene name SNP location  Patient Drug(s) affected Summary of effects Level of
genotype evidence
SLCO1E1 Solute carrier organic anion transporter family, member 1Bl rs4149056 11l HM G-CoA reductase Mo increased risk of myopathy High?**
inhibitors (statins)
CYP2C19 Cytochrome PAS0, family 2, subfamily C, polypeptide 19 rsd 244285 AlG Clopidogrel and CYP2C19 poor metaboliser; many drugs might High™
CYP2C19 substrates need adjustment
VKORCL Vitamin K epaxide reductase complex, subunit 1 rs0023231 T Warfarin Reduced dose needed High*
CYP4F2 Cytachrome P450, family 4, subfamily F, polypeptide 2 rs2108622 CiC Warfarin Reduced dose needed High"
ADRB1 B1 adrenergic receptor 1801252 AJA Atenolol, metoprolol Might be preferable to calcium-channel blockers ~ High™®**
SLCO1B1 Solute carrier organic anion transporter family, member1B1  rs11045819  A/C Fluvastatin Good response Medivm®
HMGCR HMG-CoA reductase s17238540 T/T Pravastatin Patient might have good response Medium
HMGCR HMG-CoA reductase 17244841 AJA Pravastatin, simvastatin - No reduced efficacy Medium
ADRB2 B2 adrenergic receptor, surface rs1042713 AlG B blockers Other treatment options might be preferable Medium®
ADRB2 B2 adrenergic receptor, surface rs1042714 Cic E blockers Other treatment options might be preferable Medium**
CYPZD6 Oytochrome P4S0, family 2, subfamily D, polypeptide & rs3802007 Cic Metoprolol and other Normal CYP2D6 metaboliser Medium®
rs1800716 CYP2D6 substrates
CDKN2AJB  Cyclin-dependent kinase inhibitor 24/28 10811661 T/T Metformin Reduced likelihood of response Medium®*
CDKNZA/B  Cyclin-dependent kinase inhibitor 2A/28 rs10811661 T/T Troglitazone Reduced likelihood of response Medium®*

SNP-single nucleotide polymorphism. HMG-CoA=3-hydroxy-3- methylglutaryl-coenzyme A.

Table 3: Pharmacogenomic variants with summary of effects and level of evidence

Russ Altman and team

Ashley EA*, Butte AJ*, Wheeler MT, Chen R, Klein TE, Dewey FE, Dudley JT, Ormond KE, Pavlovic A, Hudgins L, Gong L,
Hodges LM, Berlin DS, Thorn CF, Sangkuhl K, Hebert JM, Woon M, Sagreiya H, Whaley R, Morgan AA, Pushkarev D, Neff
NF, Knowles W, Chou M, Thakuria J, Rosenbaum A, Zaranek AW, Church G, Greely HT*, Quake SR*, Altman RB*.
Clinical evaluation incorporating a personal genome. Lancet, 2010.
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Association of IL23R. TNFRSFIA, and HLA-DRBI"OIO3 Allele
Variants with Inflammatory Bowel Disease Phenotypes in the

Finnish Population

Maarit Lappalainen, MSc,*” Leena Halme, MD, PhD,’ Ulla Turunen, MD,® Pdivi Saavalainen, PhD,*
Elisabet Einarsdottir, PhD,*' Martti Férkkild, MD, PhD, Kimme Kontula, MD, PhD,** and

Paulina Paavola-Sakki, MD, PhD"*

Background: Crohn’s discase (CI) and ulcerative colitis {UC), 2
major forms of inflammatory bowel disease (IBDY). are complex
dizorders with significant genetic predisposition. The first CD-asso-
ciated gene, CARDI ZNGD2, was recently identified and since then
several reporis on novel IBD candidate genes have emerged. We
investigated discase phenotype association to genetic variations in
fL23R, ATGIGLI, DLGS, ABCBI/MDRE], TLR4, TNFRSFIA, chro-
mosome 5 risk haplotype including SLC2244 and SLC2245, and
HLA-DRB1*D103 allcle among Finnish 1BD paticnts,

Methods: A total of 699 IBD patients were genotyped for discase-
associated variants by polymerase chain reaction (PCR) and restric-
tion enzyme digestion or Sequenom iPLEX method.

Results: Five markers spanning the /I23R genc were associated with
T The SMP (single nucleotide polymorphizm) s2201841 gave the
stromgest association (P = 0.002). The rare HLA-DRB1*0103 allele
was found to associate with UC (P = 0.008), and the TNFRSFIA A36G
variant was associated with familial UC (P = 0L00T). Upon phenotypic
analysis we detecied association between familial UC and rare
TWFRSFIA alleles 360G and IVS6+10G (P = 00001 and P = QU42,
respectively). In addition, {1238 markers were associated with strictur-
ing CD (F = 0.010-0.017). and ileocolonic CD was more prevalent in
the carriers of the same 2 TNFRSFIA varants (P = W21 and P
= (U028, respectively). Less significant genotype—phenotype associa-
tions were observed for the TERY and HLA variants.
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Conclusions: We were able to replicate the association of the
IL.23R woriants with CD as well as HLA-DRB1*0103 with UC;
confirmation of TNFRSFIA association with UC needs additional
studies. Owr findings also suggest that polymorphisms at JL27R and
TNFRSFIA, and possibly HLA and TLR4. loci may account for
phenotypic varation in IBD.

(Infamm Bowel Dis 2008 14:1118-1124)

Key Waords: Finnish, inflammatory bowel disease, HLA-
DRBI*0103, [L23R, TNFRSFIA

Sincc the initial discovery of the association of CARDISS
NOD2 gene variants with Crohn's disease (CID), 2 sev-
eral new susceplibility genes for inflammatory bowel disease
(IBD) have been reporiad. In 2004 the positional cloning
approach led to the identification of the associated variants in
solute carrier family 22 (SLC224 members 4 and 5 and the
discs large homolog 5 (DLGSP genes that are implicated in
fatty acid oxidation and in maintaining epithelial integnity.
respectively. It has not. however, been uneguivocally proved
that the SLC22A genes represent the actual disease genes.5-13
Muost of the studies have confirmed the association of CD
with the SLC224 gene variants or with the chromosome 5 risk
haplotype; however, a study of more than 981 Belgian IBD»
patients could not replicate the association with IBD, CD, or
ulcerative colitis (UC)L" A recent study by Silverberg et al'®
using a large cohort of IBD trios excluded the SLC22A5 gene
variant as the potential causal variant. The association of
genetic variations in the DLGS gene with IBD and CD was
initially described in 2 large European study samples.® The
haplotype A, tagged by SNP DLG5S_e26 insfdelA, was sig-
nificantly underiransmitied in IBI} and CD), whereas haplo-
type D, tagged by the SNP G113A (R30)), was significantly
overtransmitted in both IBD and CT). Several groups have not
been able to replicate the association since the original re-
port.t3 1415 However, in | case gender-specific analysis re-
vealed an association.'?

The association of IBD with genetic variation in the
Toll-like receptor 4 (TLR4) gene has been investigated by
many groups but the results have been controversial, which

inflamm Bowel Dis « Yolume 14, Number 8, August 2008

e Study published in 2008 in
Inflammatory Bowel
Disease

e Crohn’s Disease and
Ulcerative Colitis

* Investigated 9 loci in 700
Finnish IBD patients

 We record 100+ items
— GWAS, non-GWAS papers
— Disease, Phenotype
— Population, Gender
— Alleles and Genotypes
— p-value (and confidence)
— 0Odds ratio (and confidence)
— Technology, Study design
— Genetic model

* Mapped to UMLS concepts
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TABLE 1. Case-control Analysis of the IL23R Gene Including 8 SNPs

Controls IBD

cD ucC

dbSNP ID Allele Location n =292 n = 697 P value n = 238 P value n = 459 P value
rs 1004819 C Intron 5 0.751 0.704 0.037 0.671 0.005 0.721 0.215
T 0.249 0.296 0.329 0.279
1;\l.nlu_ k@r:nla.{u T FINARII90 Hebikr,  FoEnd el POTLI 1515 However, In | Case gendel-Speciic analysis re- G e n etic m Od el
mmo lootila@hes ). ) N vealed an association.'? -
Enﬁyi:g}[,%ﬁﬁtd‘am & & Colis Fomdation of Ameica, loc- The association of IBD with genetic variation in the
Published online ] March 2008 in Wiley InterScience (www inlerscience. ~ T0l-like receptor 4 (TLR4) gene has been investigated by
wiley.com). many groups but the results have been controversial, which PY
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VARIMED: Variants Inforrhing Medicine

Number of Diseases and
papers phenotypes

curated

~11,250 ~192,000 ~4,400

Chen R, Davydov EV, Sirota M, Butte Al. | Ron’g Chen

PLoS One.
2010 October: 5(10) e13574. : Optra Systems



Moving from OR to LR

Odds ratio

Ratio of odds of test positivity in cases over
odds of test positivity in non-cases

Likelihood ratio (+)

The probability of test positive in cases, over the
probability of test positive in non-cases

Sensitivity / (1 — Specificity)

Very similar, but different...
Morgan A, Chen R, Butte AJ. Genomic Medicine, 2010.



Post-test probability is calculated
with likelihood ratio

Pre-test odds x likelihood ratio = Post-test odds

Pre-test odds x LR1 x LR2 x LR3 = Post-test odds
—

Can chain likelihood ratios
from independent tests

Morgan A, Chen R, Butte AJ. Genomic Medicine, 2010.
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Figure 1. Nemeagram for likellhood ratios. The pre-test and

post-test probabilities and likelinood ratios of any diagnostic tast,
including a genetic test, can be visualized using a nomogram familiar
to most physicians and medical students. The nomogram shown

is derived from the Fagan nomagram [14], and modified from one
generated using a webr-based tool [28]. The left side of the figure
indicates a hypothetical pra-test probability of disease of 27%. Three
lines reprasent the three possible genaotypes, from top to bottom:
homozygous risk alleles with a likelihood ratio of 1.61, heterozygous
allelas with a likelinood ratio of 1.26, and homozygous protective
alleles with a likelinood ratio of 083, The right. side of the fiqure
indicates three possible post-test probabilities resulting from the
thraa genatypes. Multiple such tests can be ‘chained’ together serially,
if they describe independent risks and cowver tha same pre-test
assumptions.

Fagan TJ. Nomogram for Bayes
theorem. N Engl J Med.
1975 Jul 31;293(5): 257.

Morgan, Chen, Butte. Likelihood
ratios for genomic medicine.
Genome Medicine. 2010; 2:30.
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D Alzheimer's disease

Gene*  SNP location Patient LR Studiest Samplest Post-test
genotype probability
(%)
9:-0%
TOMM40 rs157581 CT 16 6 7740 13-90%
DAPK1  rs4878104 TT 07 5 10397 10-19%
TRAK2  rs13022344 CT 10 4 6512 10-12%
DAPK1 54877365  AA 06 4 4841 5-89%
ESF3 rs11016976 TT 1.0 3 5736 5-87%
TNK1 rs1554948 AA 09 3 5736 532%
MYH13 2074877 (T 10 3 5366 5-55%
GALP rs3745833  (C 09 3 5366 4-82%
PCK1 rs8192708  AA 09 3 5366 4-47%
rs1859849 TT 09 3 5304 4-02%
rs11622883 AT 1.0 3 5248 3-97%
WWC1  rs17070145 CC 09 3 2545 3-65%
LMNA  rs505058 TT 10 2 4646 3-49%
ACAN rs2882676  CC 09 2 4590 322%
PGBD1 53800324 GG 06 2 4590 2-11%
GOLM1 510868366 GG 11 2 2156 2-30%
GOLM1 rs7019241 CC 11 2 2156 2-49%
rs9886784 CC 09 2 2156 2-36%
rs10519262 GG 09 2 2156 2-22%
rs463946 (G 05 2 1922 1-04%
PLAU rs2227564 (T 09 2 956 0-98%
ADAM12 rs1278279 GG 12 1 2320 1-23%
SORL1  rs2070045 GT 11 1 2031 1-36%
ABCA1 152230806 (T 11 1 1691 1-50%
PSEN1  rs165932 GT 09 1 170 1-37%
0'-1 100

Rong Chen
Alex Morgan

Ashley EA*, Butte AJ*,
Wheeler MT, Chen R,
Klein TE, Dewey FE,
Dudley JT, Ormond KE,
Pavlovic A, Hudgins L,
Gong L, Hodges LM,
Berlin DS, Thorn CF,
Sangkuhl K, Hebert JM,
Woon M, Sagreiya H,
Whaley R, Morgan AA,
Pushkarev D, Neff NF,
Knowles W, Chou M,
Thakuria J, Rosenbaum
A, Zaranek AW, Church
G, Greely HT*, Quake
SR*, Altman RB*.
Clinical evaluation
incorporating a personal
genome. Lancet, 2010.
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— Obesity

— Coronary artery disease

— Type 2 diabetes

— Depression

— Prostate cancer
—Asthma

— Hypertension
—Myocardial infarction

— Pseudoexfoliation glaucoma
— Psoriasis

— Non-Hodgkin lymphoma
— Rheumatoid arthritis

— Age-related macular degeneration
— Colorectal cancer
—Multiple sclerosis

— Lung cancer

— Bladder cancer
—Malignant melanoma

— Alzheimer’s disease

— Schizophrenia

— Kidney cancer

— Periodontitis

— Stroke

— Oesophageal cancer
—Multiple myeloma

— Migraine

— Bipolar disorder

— Type 1 diabetes
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So what can we do about the risk?

Diseases with higher post-test probabilities
How to alter the influence of genetics?

Diseases are caused by genes and environment

We need a simple “prescription” for environmental
change for a genome-enabled patient

How do we compensate for our genomes?
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Take Home Points

e Molecular, clinical, trials, and epidemiological data
and tools already exist = diagnostics and
therapeutics.

e Public big data is highly enabling.
Use it, and share your data after publication.

e Personalized medicine > DNA. Needs to include
other clinical, molecular, and environment
measures.
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