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Pre
I consult for Biogen Inc 

Russ Altman’s top translational informatics 2015 papers review has 
provided material throughout
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What is Translational Medicine?
Translation from biological  

proteins, genes, small molecules 

model organisms 

cellular assays 

 To clinical  

diseases 

symptoms 

drugs
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Scientific Discovery  

Health Improvement



Brilliant successes with lots of failures
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Biomedical Discovery 
is becoming a data 

science

Lee Hood 
(Institute for Systems Biology) 

1993 

Smith Kline Hiring spree 
ISMB 1996 June 12-15, 1996, St. Louis, 

Missouri, USA
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Clinicians are 
learning to type

Electronic Health Records 
Hospital IT 
Innovation and industry 
Space and capacity 
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1M by 2016

From population to patients



Diagnostics
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Companies offering analysis



Health Insurer

Illumina-Helix
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Subject saliva

App ecosystem

Genetic 
profile

1 Week

Genetic profile

Patient wellness
4 Million patients
Whole Exome
$250



HLI  complete omics workover
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For $25,000 individuals can enjoy an “executive physical on steroids,” 

The company is the 
database



Converting human variation into 
clinical action?

	Guidelines for reporting disease-causing variants 

	Evidence for candidate genes 

Pathogenic variants 

Supporting publications and reporting 

Challenge of NGS clinical diagnostic sequencing 
interpretation
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mc Arthur, Nature 2015



The Genome-medicine_dev UK
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NHS/GEl Genome Medicine Centres

100K Genomes
Smart Cities
Health Arks

Clinical enlightenment

Graphics from Sophia 
Genetics



Variant interpretation
Most GWA signals are non-coding 

Two alleles/genome - allele specific 
expression 

The genome is 3 dimensional (HiC) 

Functional interactions occur after 
transcription and translation 

"orchestra of regulatory elements, variants 
at critical positions define what kind of 
music you are going to play” Albin 
Sandelin Karolinska 

SNP linked to specific expression 
states eQTL 

Genetic stratification easier than 
functional interpretation
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Sequence 1500 
Alzheimer's 
genomes

437 Families - Sequence Whole 
Genomes 

Discovered new variants that cause AD 

Misdiagnosed as having had a minor stroke in 2004

ABCA7

Rudy	Tanzi,	Harvard	Medical	School

http://en.wikipedia.org/wiki/Stroke


Motor Neurone Disease
Progressive weakness of many of the 

muscles in the body 

‘Handful’ of known genetic causes for 
about 10% of patients



Scale up to 
15000 

Amyotrophic 
Lateral Sclerosis 

Patients
15000 people with ALS compared to 
7500 healthy individuals. 



Therapy
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Pathway to therapy is becoming humanised
20Colorado State University Website

Animal 
models 



Translation of Stem cell biology
Transdifferentiated cell models 

Eggan and Woolf, first human 
transdifferentiated cell model: Amytrophic 
Lateral Sclerosis ‘rescued’ ALS phenotype 

Regeneration 

Melton: SC-β cell transplantation 
ameliorates hyperglycemia in mice 

Provide a platform for therapeutic 
development and disease modeling

21“Intrinsic membrane hyperexcitability of amyotrophic lateral sclerosis patient-derived motor neurons.,”Woolf
“Generation of Functional Human Pancreatic β Cells In Vitro,” Melton



Genes to networks 
to drugs

Interacting genes drive disease
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Models
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Fly 

Mouse 

Human 

Cohorts

Genetics 

Mutant 
physiology 

iPSC models 

Genome variants

Expression pathways 

Pathways/eQTL 

Functional assays/
expression 

Expression/omics
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Pre-clinical validation
AMD NIH Partnership 

Network sharing consortium 

Preclinical consortia 

Takeda - we will validate your model openly
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AMP AD
Diverse datasets from multiple labs 

Omics datasets – RNAseq, Whole Exome, miRNA, Methylation, iPSC and MS 

Mouse models – APPPS1, TgCRND8, P301L tau (MAPT) mice and (JNPL3 
strain), rTg4510 

The network is the data 

Target leader board
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Quantitating function
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Pathway Fingerprinting
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Gene expression

Pathway fingerprinting
A tool for universal comparison of functional states



Gene expression Pathway Expression

Gene A

Gene C

Gene E

Gene B

Gene D

Gene F



Gene expression Pathway Expression Compare to database

Gene A

Gene C

Gene E

Gene B

Gene D

Gene F



Gene expression Pathway Expression Pathway expression distributionGPL570 00071 Fatty acid metabolism
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Gene expression Pathway Expression Pathway FingerprintPathway expression distribution
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fit a two-component uniform normal mixture 
 to the distribution of expression 

assumes that the expression scores for each 
 gene set are normally distributed with outliers



Broad application across diseases
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Distance from Healthy 
Molecular Phenotype 
- Fingerprint

Patients and single cells as samples
35

Frequency



Survival outcome references
36



	Improving	Survival	in	Endotoxin	Sepsis	Model

C57bl/6	female	mice;	LPS	i.p.	23	mg/kg;	Amitriptyline	10	mg/kg;	n=5/group

0 20 40 60 80
0

50

100

Survival proportions: Survival of 120214 Survival

hr post-LPS

Pe
rc

en
t s

ur
vi

va
l

Pre-AMTRP
Post-AMTRP
No treatment



Incorporate genetic variation
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Functional approach
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Adapting fingerprints for GWA
Lung cancer survival study. Data courtesy of David Christiani and Mike Wang
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** *

Adjust gene significance

SNPs



Adapting fingerprints for GWA
Lung cancer survival study. Data courtesy of David Christiani and Mike Wang
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CHRNA1 FI network
Cytokines, inflammatory response (Wiki)
IL-5 down regulated genes (Netpath)
MLH1 FI network
NAP1L1 FI network
EPRS FI network
VHL FI network
Proteasome degradation (Wiki)
RPS27A FI network

+1

+1

+1

+1

+1

+1

+1

+1

+1

p ≤ 0.02

** * SNPs



Search for expression arrays matching GWA
Lung cancer survival study. Data courtesy of David Christiani and Mike Wang
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CHRNA1 FI network
Cytokines, inflammatory response (Wiki)
IL-5 down regulated genes (Netpath)
MLH1 FI network
NAP1L1 FI network
EPRS FI network
VHL FI network
Proteasome degradation (Wiki)
RPS27A FI network

+1

+1

+1

+1

+1

+1

+1

+1

+1
Distance to Fingerprint

GEO Array Database



Search for expression arrays matching GWA
Lung cancer survival study. Data courtesy of David Christiani and Mike Wang
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Distance to Fingerprint

GEO Array Database

Annotation GEO ID
lung adenocarcinoma GSE17475
early stage NSCLC GSE19188
human cancer cell lines GSE5823
lymph node biopsies GSE6338
human pre-frontal cortex, liver, and 
colon tissues and colon tumors GSE13471

...



Organize arrays by GWA fingerprint
Lung cancer survival study. Data courtesy of David Christiani and Mike Wang
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Annotation GEO ID
lung adenocarcinoma GSE17475
early stage NSCLC GSE19188
human cancer cell lines GSE5823
lymph node biopsies GSE6338
human pre-frontal cortex, liver, and 
colon tissues and colon tumors GSE13471

...

CHRNA1 FI network
Cytokines, inflammatory response (Wiki)
IL-5 down regulated genes (Netpath)
MLH1 FI network
NAP1L1 FI network
EPRS FI network
VHL FI network
Proteasome degradation (Wiki)
RPS27A FI network

+1

+1

+1

+1

+1

+1

+1

+1

+1
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CHRNA1 FI network
Cytokines, inflammatory response (Wiki)
IL-5 down regulated genes (Netpath)
MLH1 FI network
NAP1L1 FI network
EPRS FI network
VHL FI network
Proteasome degradation (Wiki)
RPS27A FI network

+1

+1

+1

+1

+1

+1

+1

+1

+1

GWA Fingerprint
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CHRNA1 FI network
Cytokines, inflammatory response (Wiki)
IL-5 down regulated genes (Netpath)
MLH1 FI network
NAP1L1 FI network
EPRS FI network
VHL FI network
Proteasome degradation (Wiki)
RPS27A FI network

+1

+1

+1

+1

+1

+1

+1

+1

+1

GWA Fingerprint NSCLC arrays

Tumor Normal

Pathway up

Pathway down
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CHRNA1 FI network
Cytokines, inflammatory response (Wiki)
IL-5 down regulated genes (Netpath)
MLH1 FI network
NAP1L1 FI network
EPRS FI network
VHL FI network
Proteasome degradation (Wiki)
RPS27A FI network

+1

+1

+1

+1

+1

+1

+1

+1

+1

GWA Fingerprint NSCLC arrays

Tumor Normal

Pathway up

Pathway down



Integrate
48



How do networks and pathways interact?
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Pathway Coexpression Network

Yered Pita-Juárez (Hide Lab) Pathway Coexpression Network March 13, 2013 10 / 10
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Internal Pathway 
Correlation 
‘coherence’

How correlated 
with the “pathway 

coherence” are 
external genes 
within another 

pathway?

Build network of 
correlations



Pathway Coexpression Network (PCxN): Clustering

Yered Pita-Juarez 



Pathway Coexpression Network (PCxN): Clustering

Module 1 (165) Centrality (ce(i))
{SNX1,11} (Static Module) 0.9783
{RAN,17} (Static Module) 0.9733
Protein export (KEGG) 0.9717
Module 2 (175) Centrality (ce(i))
Protein digestion and absorption (KEGG) 0.4039
Wnt up reg. targets (Netpath) 0.3517
Metabolism of nitric oxide (Reactome) 0.2888
Module 3 (126) Centrality (ce(i))
{SUMO1,12} (Static Module) 1.0000
mRNA surveillance pathway (KEGG) 0.9863
RNA degradation (KEGG) 0.9829
Module 4 (134) Centrality (ce(i))
SNARE interactions in vesicular transport (KEGG) 0.8329
T Cell Receptor up reg. targets (Netpath) 0.7939
{CASP3,41} (Static Module) 0.7438
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TRANSMISSION_OF_NERVE_IMPULSE 0.1676
SYNAPTIC_TRANSMISSION 0.1666
NEUROLOGICAL_SYSTEM_PROCESS 0.1501
SYSTEM_PROCESS 0.1496
CELL_CYCLE_GO_0007049 -0.1428
CELL_CYCLE_CHECKPOINT_GO_0000075 -0.1426
M_PHASE_OF_MITOTIC_CELL_CYCLE -0.1419
DNA_REPLICATION -0.1406
DNA_METABOLIC_PROCESS -0.1403
MONOVALENT_INORGANIC_CATION_TRANSPORT 0.1383
METAL_ION_TRANSPORT 0.1382
M_PHASE -0.1376
MITOSIS -0.1368
ION_TRANSPORT 0.1357
CELL_CELL_SIGNALING 0.1349

Axonogenesis



Drugs, chemicals
Comparative Toxicogenomics Database 

2452 chemical genesets from ChemIDplus, DrugBank 

PharmGKB  

77 drug associated gene sets 

Connectivity Map 

6100 up regulated gene signatures (1% most up regulated genes) 

6100 down regulated gene signatures (1% most down regulated genes)
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Network based on mouse gene 
expression correlation

Network based on human gene 
expression correlation

DrugG

DrugB

PathwayQ

Disease 
signature 

DrugC

PathwayC

DrugD

PathwayB

DrugE

DrugA

Disease 
signature 

DrugG

DrugA

DrugB

PathwayC

DrugF

DrugC

PathwayA

PathwayB

DrugE

DrugD

PathwayD

Network-based drug discovery pipeline



DrugA

Disease 
signature 

DrugE

PathwayB

DrugC

PathwayC

DrugB

DrugD

Define the consistent functional interactions

Common network



DrugD

DrugB

DrugA

PathwayC
Disease 

signature 

PathwayB

DrugC

DrugE

Identify drug-clusters 

Topology Analysis



"CMAP.up.2824_salsolidin_1.64e-05_MCF7_up" 

"CMAP.down.6699_phenylpropanolamine_2.14e-05_PC3_down" 

"CMAP.down.4818_gibberellicacid_1.16e-05_MCF7_down" 
"CMAP.up.3294_neostigminebromide_1.32e-05_MCF7_up" 

"CMAP.up.4635_androsterone_1.38e-05_PC3_up" 

"CMAP.up.1683_carbamazepine_1.70e-05_MCF7_up" 

"CMAP.up.1805_carbamazepine_1.70e-05_PC3_up" 
"CMAP.up.6711_puromycin_7.40e-06_PC3_up" 

"CMAP.down.5491_pizotifen_9.40e-06_MCF7_down" 

"CMAP.down.6759_propranolol_1.36e-05_PC3_down" 

"CMAP.up.5545_isoflupredone_9.60e-06_MCF7_up" 

"CMAP.up.1679_benzonatate_6.60e-06_MCF7_up" 

"CMAP.up.2111_methocarbamol_1.66e-05_PC3_up" 

"CMAP.up.1792_meticrane_1.46e-05_PC3_up" 

"CMAP.down.3812_diethylstilbestrol_1.50e-05_PC3_down" 

"CMAP.down.4135_memantine_1.86e-05_MCF7_down" 

"CTD.disease.ADRENOLEUKODYSTROPHY 
AUTOSOMAL 
NEONATAL 

FORM" 

"CMAP.up.1761_syrosingopine_6.00e-06_HL60_up" 

"CMAP.up.7426_pimethixene_9.80e-06_MCF7_up" 

"CMAP.up.7139_14-chrysenequinone_1.54e-05_PC3_up" 

"CMAP.up.3373_sulconazole_8.60e-06_MCF7_up" 

"CMAP.up.4640_domperidone_7.40e-06_PC3_up" 

"CMAP.up.2215_disulfiram_1.34e-05_MCF7_up" 

"CMAP.up.3240_vanoxerine_7.60e-06_MCF7_up" 
"CMAP.up.2218_isoconazole_9.60e-06_MCF7_up" 

"CMAP.up.4641_vanoxerine_7.60e-06_PC3_up" 

"CMAP.up.7305_econazole_9.00e-06_PC3_up" 

"CMAP.up.7513_IC-86621_1.00e-06_MCF7_up" 

"Pathway.{CBX410} 
(Static 

Module)" 

"CMAP.down.308_sulindacsulfide_5.00e-05_MCF7_down" 

"CMAP.down.5790_tropine_2.84e-05_PC3_down" 

"CMAP.down.5799_tremorine_1.50e-05_PC3_down" 
"CMAP.up.1169_geldanamycin_1.00e-06_HL60_up" 

"CMAP.up.3434_alpha-ergocryptine_7.00e-06_MCF7_up" 

"CTD.chem.chloric 
acid" 

"CMAP.down.6869_STOCK1N-28457_2.00e-05_MCF7_down" 

"CMAP.down.429_LY-294002_1.00e-05_PC3_down" 

"CMAP.down.5789_hydroquinine_9.40e-06_PC3_down" "CMAP.down.5784_lobeline_1.06e-05_PC3_down" 

"CMAP.down.5805_ifosfamide_1.54e-05_PC3_down" 

"CMAP.up.837_blebbistatin_1.70e-05_MCF7_up" 

"CMAP.down.3339_amiprilose_1.18e-05_MCF7_down" 

"CMAP.down.3342_trimipramine_9.80e-06_MCF7_down" 

"CMAP.down.3102_etynodiol_1.04e-05_HL60_down" 

"CMAP.up.2396_econazole_9.00e-06_HL60_up" 

"CMAP.down.5024_etynodiol_1.04e-05_MCF7_down" 

"CMAP.down.5008_fluspirilene_8.40e-06_MCF7_down" 

"CMAP.up.2162_gelsemine_1.24e-05_HL60_up" 

"CMAP.down.4614_colchicine_1.00e-05_PC3_down" 

"CMAP.down.5015_benzbromarone_9.40e-06_MCF7_down" 

"CMAP.up.2151_quinisocaine_1.30e-05_HL60_up" 

"CMAP.down.4587_tetramisole_1.66e-05_PC3_down" 

"CMAP.down.2651_suloctidil_1.18e-05_MCF7_down" 

"CMAP.up.2813_Prestwick-691_1.38e-05_MCF7_up" 

"CMAP.up.2857_mycophenolicacid_1.24e-05_MCF7_up" 

"CMAP.up.7501_suraminsodium_1.00e-05_PC3_up" 

"CMAP.down.4703_halcinonide_8.80e-06_MCF7_down" 

"CMAP.up.2405_minocycline_8.00e-06_HL60_up" 

"CMAP.up.3317_ciclopirox_1.50e-05_MCF7_up" 

"Pathway.Interactions 
of the 

immunoglobulin 
superfamily 

(IgSF) 
member 
proteins 

(Reactome)" 
"CMAP.up.1913_sulfaguanidine_1.86e-05_PC3_up" 

"CMAP.down.1520_azacyclonol_1.50e-05_MCF7_down" 

"CMAP.up.2131_galantamine_1.08e-05_HL60_up" 

"CMAP.up.2150_harman_1.82e-05_HL60_up" 

"CMAP.down.3762_spiramycin_4.80e-06_PC3_down" 

"CMAP.down.5737_fipexide_9.40e-06_PC3_down" 

"CMAP.down.2480_atovaquone_1.10e-05_HL60_down" 

"CMAP.up.2795_palmatine_1.04e-05_MCF7_up" 

"CMAP.up.5855_harmine_1.60e-05_PC3_up" 

"CMAP.up.7504_meteneprost_1.00e-05_PC3_up" 
"CMAP.down.3097_prasterone_1.22e-05_HL60_down" 

"CTD.disease.MUSCULAR 
DYSTROPHY-DYSTROGLYCANOPATHY 

(CONGENITAL 
WITH BRAIN 

AND EYE 
ANOMALIES) 

TYPE A 1" 

"CMAP.up.2803_yohimbicacid_1.12e-05_MCF7_up" 

"CMAP.down.4680_digoxigenin_1.02e-05_PC3_down" 

"CMAP.up.3285_meclozine_8.60e-06_MCF7_up" 

"CMAP.up.2091_etodolac_1.40e-05_PC3_up" 

"CMAP.up.2541_propidiumiodide_6.00e-06_HL60_up" 

"CMAP.up.6355_10-methoxyharmalan_1.86e-05_PC3_up" 

"CMAP.up.3221_metergoline_1.00e-05_MCF7_up" 

"CMAP.down.4588_vitexin_9.20e-06_PC3_down" 

"CMAP.down.2740_pyrithyldione_2.40e-05_HL60_down" 

"CMAP.up.6578_PHA-00665752_1.00e-05_MCF7_up" 

"CMAP.up.7510_BCB000039_1.00e-05_PC3_up" 

"CMAP.down.2657_arecoline_1.70e-05_MCF7_down" 

"CMAP.down.4568_sparteine_1.70e-05_PC3_down" 

"CMAP.down.6131_Prestwick-1085_1.46e-05_HL60_down" "CMAP.down.6628_glimepiride_8.20e-06_PC3_down" 

"CMAP.down.4711_PNU-0251126_1.00e-05_MCF7_down" 

"CTD.disease.Abnormalities 
Multiple" 

"CMAP.up.2057_clindamycin_8.60e-06_PC3_up" 
"CMAP.down.6560_Gly-His-Lys_1.00e-06_PC3_down" 

"CMAP.up.2143_gramine_2.30e-05_HL60_up" 

"CTD.chem.Cacodylic 
Acid" 

"CMAP.up.1445_meclofenamicacid_1.18e-05_HL60_up" 

"Pathway.Leukocyte 
transendothelial 

migration 
(KEGG)" 

"CTD.chem.propionaldehyde" 

"CTD.chem.SK-7041" 

"Pathway.Signaling 
by Insulin 
receptor 

(Reactome)" 

"CMAP.up.1414_antimycinA_7.20e-06_HL60_up" 

"CTD.disease.Leukemia" 

"CMAP.down.3084_clioquinol_1.30e-05_HL60_down" 

"CMAP.down.3681_Prestwick-665_1.16e-05_PC3_down" "CMAP.up.3272_SR-95639A_1.00e-05_MCF7_up" "CMAP.down.3046_(+)-isoprenaline_1.10e-05_HL60_down" "CMAP.down.3669_metaraminol_8.60e-06_PC3_down" "CMAP.up.1898_amprolium_1.26e-05_PC3_up" "CMAP.up.2065_canrenoicacid_1.00e-05_PC3_up" "CMAP.down.4658_lorglumide_8.40e-06_PC3_down" 

"CMAP.down.4187_spectinomycin_9.80e-06_PC3_down" 

"CMAP.up.3308_dinoprost_8.40e-06_MCF7_up" "CMAP.up.5925_pioglitazone_1.00e-05_MCF7_up" 

"CMAP.up.3292_velnacrine_1.22e-05_MCF7_up" 

"CMAP.up.5923_PF-00875133-00_1.00e-05_MCF7_up" 

"CMAP.down.4204_epitiostanol_1.30e-05_PC3_down" "CMAP.down.2386_homochlorcyclizine_1.04e-05_HL60_down" 

"CMAP.down.2384_doxepin_1.26e-05_HL60_down" 

"CMAP.down.2400_dimenhydrinate_8.60e-06_HL60_down" 

"CMAP.down.3354_levobunolol_1.22e-05_MCF7_down" 

"CMAP.up.3280_amantadine_9.60e-06_MCF7_up" 

"CMAP.down.2897_lobelanidine_1.06e-05_MCF7_down" 
"CMAP.down.3355_Prestwick-857_1.22e-05_MCF7_down" 

"CMAP.down.2887_tubocurarinechloride_5.20e-06_MCF7_down" 

"CMAP.down.3030_ganciclovir_1.56e-05_HL60_down" 

"CMAP.up.5814_dexpropranolol_1.36e-05_PC3_up" 

"CMAP.up.1906_hydrochlorothiazide_1.34e-05_PC3_up" "CMAP.up.3259_cefadroxil_1.10e-05_MCF7_up" "CMAP.up.5824_meropenem_1.04e-05_PC3_up" 

"CMAP.down.2725_carbinoxamine_9.80e-06_HL60_down" "CMAP.down.2716_hecogenin_9.20e-06_HL60_down" 

"CMAP.down.7154_vinburnine_1.36e-05_PC3_down" "CMAP.up.2080_tetracycline_8.40e-06_PC3_up" 

"CMAP.down.4570_pancuroniumbromide_5.40e-06_PC3_down" 

"CMAP.down.5071_niflumicacid_1.42e-05_PC3_down" "CMAP.down.5743_cicloheximide_1.42e-05_PC3_down" 

"CMAP.down.4681_3-hydroxy-DL-kynurenine_1.78e-05_PC3_down" 
"CMAP.down.4661_sulfafurazole_1.50e-05_PC3_down" 

"CMAP.down.3269_mebhydrolin_4.80e-06_MCF7_down" 
"CMAP.down.3634_myosmine_2.74e-05_MCF7_down" 

"CMAP.up.1539_haloperidol_1.06e-05_MCF7_up" "CMAP.down.3614_Prestwick-674_1.44e-05_MCF7_down" "CMAP.down.3270_myricetin_1.26e-05_MCF7_down" 

"CMAP.down.5502_isometheptene_8.20e-06_MCF7_down" 

"CMAP.down.6314_vigabatrin_3.10e-05_PC3_down" "CMAP.down.5875_gabapentin_2.34e-05_PC3_down" 

"CMAP.up.609_5666823_1.00e-04_MCF7_up" 

"CMAP.down.6322_arecoline_1.70e-05_PC3_down" 

"CMAP.up.3569_tropine_2.84e-05_MCF7_up" 

"CMAP.up.7252_flunarizine_8.40e-06_PC3_up" 

"CMAP.up.7263_mecamylamine_1.96e-05_PC3_up" 

"CMAP.down.4064_corticosterone_1.16e-05_PC3_down" "CMAP.down.142_tolbutamide_1.00e-04_MCF7_down" "CMAP.down.4636_chlormezanone_1.46e-05_PC3_down" 

"CMAP.up.1542_paclitaxel_4.60e-06_MCF7_up" "CMAP.down.4076_propylthiouracil_2.34e-05_PC3_down" 

"CMAP.up.161_verapamil_1.00e-05_MCF7_up" "CMAP.down.3190_fendiline_1.14e-05_MCF7_down" "CMAP.down.3195_streptomycin_2.80e-06_MCF7_down" 

"CMAP.down.4641_vanoxerine_7.60e-06_PC3_down" 

"CMAP.up.1464_cimetidine_1.58e-05_MCF7_up" 

"Pathway.Energy 
Metabolism 

(Wikipathways)" 

"CMAP.down.436_fasudil_1.00e-05_PC3_down" 

"CMAP.up.201_15-deltaprostaglandinJ2_1.00e-05_MCF7_up" "CMAP.up.1499_lidocaine_1.48e-05_MCF7_up" 

"CMAP.up.881_docosahexaenoicacidethylester_1.00e-04_MCF7_up" 

"CMAP.up.1504_khellin_1.54e-05_MCF7_up" 

"CMAP.down.455_prochlorperazine_1.00e-05_MCF7_down" 
"CMAP.up.826_prazosin_1.00e-05_MCF7_up" 

"CMAP.up.2334_riluzole_1.48e-05_HL60_up" 

"Pathway.Signaling 
by Notch 

(Reactome)" 

"CMAP.up.2332_griseofulvin_1.12e-05_HL60_up" 

"CMAP.down.3836_citiolone_2.52e-05_MCF7_down" 

"Pathway.Myogenesis 
(Reactome)" 

"Pathway.Delta-Notch 
Signaling 
Pathway 

(Wikipathways)" 

"CMAP.down.3724_hydralazine_2.04e-05_PC3_down" 

"CTD.chem.Grape 
Seed 

Proanthocyanidins" 

"CMAP.up.1730_etamivan_1.80e-05_HL60_up" 

"CMAP.down.3725_phenformin_1.66e-05_PC3_down" 
"CMAP.down.3374_aminophylline_9.60e-06_MCF7_down" 

"CMAP.down.1519_edrophoniumchloride_1.98e-05_MCF7_down" 

"CMAP.up.2356_orphenadrine_1.30e-05_HL60_up" "CMAP.down.4497_clobetasol_8.60e-06_PC3_down" 

"CMAP.up.2368_fludrocortisone_9.40e-06_HL60_up" 

"CMAP.down.6144_piretanide_1.10e-05_HL60_down" 

"CMAP.up.2346_fenbufen_1.58e-05_HL60_up" 

"CMAP.down.3556_verteporfin_2.80e-06_MCF7_down" 

"CMAP.down.1527_moroxydine_1.92e-05_MCF7_down" 

"CMAP.up.2339_clemizole_1.10e-05_HL60_up" 

"CTD.chem.Epoprostenol" 

"CTD.chem.Polyethylene" "CTD.chem.GSK 
3987" 

"CTD.chem.(N)-methanocarba-2MeSADP" 

"CTD.disease.Carotid 
Artery 

Diseases" 

"CTD.disease.Cognition 
Disorders" 

"CTD.chem.Phorbol 
1213-Dibutyrate" 

"CTD.disease.Aortic 
Aneurysm 

Abdominal" 

"CTD.chem.EGTA 
acetoxymethyl 

ester" 

"CTD.disease.Renal 
Insufficiency" 

"CTD.disease.Coronary 
Disease" 

"CMAP.up.542_SC-58125_1.00e-05_HL60_up" 

"CTD.disease.Retinal 
Degeneration" 

"Pathway.Notch 
Signaling 
Pathway 

(Wikipathways)" 

"CMAP.up.1731_cyclizine_1.32e-05_HL60_up" 

"CTD.disease.Asphyxia 
Neonatorum" 

"CTD.chem.morin" 

"CTD.chem.Pyruvic 
Acid" 

"CTD.chem.SC-203048" "CTD.disease.Lymphangioleiomyomatosis" 
"CTD.disease.Amyotrophic 

Lateral 
Sclerosis" 

"CTD.chem.sevoflurane" 

"CTD.disease.Carcinoma" 

"CTD.chem.7-ketocholesterol" 

"CTD.chem.Plant 
Oils" "CTD.chem.Cholesterol 

HDL" 

"CTD.chem.Go 
6976" 

"CTD.disease.Splenomegaly" 

"CTD.chem.Puromycin 
Aminonucleoside" 

"CTD.chem.Albendazole" 

"CTD.chem.Ketamine" 

"CTD.disease.Iron 
Metabolism 
Disorders" 

"CTD.disease.Urinary 
Bladder 

Neoplasms" 

"CTD.chem.formic 
acid" 

"CTD.disease.Supranuclear 
Palsy 

Progressive" 

"CTD.disease.Dementia" 

"CTD.disease.Hearing 
Loss" 

"CMAP.down.6686_diclofenamide_1.32e-05_PC3_down" 

"CMAP.down.3769_sulfachlorpyridazine_1.40e-05_PC3_down" 

"CMAP.up.5352_caffeicacid_2.22e-05_MCF7_up" 

"CMAP.down.3773_PHA-00851261E_1.00e-05_PC3_down" 

"CMAP.down.6703_mimosine_2.02e-05_PC3_down" 

"CMAP.down.6070_benzethoniumchloride_9.00e-06_MCF7_down" 

"CMAP.down.1696_noretynodrel_1.34e-05_MCF7_down" 

"CMAP.down.4083_trimipramine_9.80e-06_PC3_down" 

"CMAP.down.607_butein_1.00e-05_MCF7_down" 

"CMAP.up.2349_hydralazine_2.04e-05_HL60_up" 

"CMAP.down.367_fulvestrant_1.00e-06_MCF7_down" 

"CMAP.up.7496_suraminsodium_1.00e-05_MCF7_up" 

"CMAP.up.2060_aminophenazone_1.72e-05_PC3_up" 

"CMAP.down.5939_PF-00539745-00_1.00e-05_PC3_down" 

"CTD.disease.Agammaglobulinemia" 

"CMAP.down.2231_mianserin_1.32e-05_MCF7_down" 

"CMAP.up.2350_phenformin_1.66e-05_HL60_up" "CTD.chem.(2E4E6E10E)-371115-tetramethyl-2461014-hexadecapentaenoic 
acid" 

"CMAP.up.1444_pentoxifylline_1.44e-05_HL60_up" 

"CTD.disease.Hyperparathyroidism" 

"CTD.chem.arsenic 
trichloride" "CMAP.up.2062_nomifensine_1.12e-05_PC3_up" 

"CTD.chem.Acetylglucosamine" 

"Pathway.{MEIS122} 
(Static 

Module)" 

"Pathway.Pathways 
in cancer 
(KEGG)" 

"CMAP.down.6152_piperacetazine_9.80e-06_HL60_down" 

"CMAP.down.6749_zaprinast_1.48e-05_PC3_down" 

"Pathway.Glycosaminoglycan 
biosynthesis 

- heparan 
sulfate 
(KEGG)" 

"CMAP.down.3127_alfadolone_1.02e-05_HL60_down" 

"CMAP.up.5831_terazosin_9.40e-06_PC3_up" 

"CMAP.up.1748_raubasine_1.02e-05_HL60_up" 

"CTD.chem.ciclopirox" 

"CMAP.down.2456_ciclopirox_1.50e-05_HL60_down" 

"CMAP.down.6133_verteporfin_2.80e-06_HL60_down" 

"Pathway.{LRP111} 
(Static 

Module)" 

"Pathway.Hedgehog 
Signaling 
Pathway 

(Wikipathways)" 

"CMAP.up.2361_indapamide_1.06e-05_HL60_up" 

"CMAP.down.3685_mephentermine_9.40e-06_PC3_down" 

"CMAP.down.6078_trioxysalen_1.76e-05_MCF7_down" 

"CMAP.down.6737_ethaverine_9.20e-06_PC3_down" 

"CMAP.down.2271_hyoscyamine_1.38e-05_MCF7_down" 

"CMAP.up.7518_IC-86621_1.00e-06_PC3_up" 

"CMAP.down.2217_chlorphenamine_1.02e-05_MCF7_down" 

"CMAP.down.6730_rolipram_1.46e-05_PC3_down" 

"CMAP.down.6738_oxantel_6.60e-06_PC3_down" 
"CMAP.down.2287_mafenide_1.80e-05_MCF7_down" 

"CMAP.down.2284_mefexamide_1.26e-05_MCF7_down" 

"CMAP.down.2195_lycorine_1.24e-05_HL60_down" 

"CMAP.down.2460_biperiden_1.14e-05_HL60_down" 

"CMAP.up.1463_sulfathiazole_1.56e-05_MCF7_up" 

"CMAP.down.2531_butamben_2.06e-05_HL60_down" 

"CMAP.up.1485_isoxsuprine_1.18e-05_MCF7_up" 

"CMAP.down.2441_amphotericinB_4.40e-06_HL60_down" 

"CMAP.up.1487_hydrochlorothiazide_1.34e-05_MCF7_up" 

"CMAP.down.2455_pirenperone_1.02e-05_HL60_down" 
"CMAP.up.7013_flunarizine_8.40e-06_MCF7_up" 

"CMAP.down.2494_lovastatin_9.80e-06_HL60_down" 

"CTD.disease.Alzheimer 
Disease" 

"CTD.chem.pinocembrin" 

"CTD.chem.2-amino-1-methyl-6-phenylimidazo(45-b)pyridine" 

"CTD.chem.Leuprolide" 

"CTD.chem.T-2 
Toxin" 

"CTD.chem.Colchicine" 

"CTD.chem.Ditiocarb" 
"CTD.chem.4-O-methyl-12-O-tetradecanoylphorbol 

13-acetate" 

"CMAP.down.3229_hycanthone_1.12e-05_MCF7_down" 
"CMAP.down.5490_niflumicacid_1.42e-05_MCF7_down" 

"CMAP.down.5116_mometasone_7.60e-06_PC3_down" 

"CTD.chem.SCH 
23390" 

"CMAP.down.334_mercaptopurine_1.00e-04_MCF7_down" "CTD.chem.lipopolysaccharide 
Helicobacter 

pylori" 

"CMAP.up.668_monastrol_1.00e-04_PC3_up" 

"CTD.chem.WHI 
P154" 

"CTD.chem.Ethylnitrosourea" 

"CTD.chem.docetaxel" 

"CTD.chem.Diethylhexyl 
Phthalate" 

"PharmGKB.drug.dexamethasone" 

"PharmGKB.disease.Psoriasis" "CTD.chem.Ytterbium" 

"CTD.chem.NVP 
ADW742" 

"CTD.chem.glycitein" 

"CMAP.down.2315_metoclopramide_1.18e-05_MCF7_down" 
"CMAP.down.2447_ceforanide_7.60e-06_HL60_down" 

"CMAP.down.2165_Prestwick-692_7.40e-06_HL60_down" 

"CMAP.down.5778_ebselen_1.46e-05_PC3_down" 

"CMAP.down.2167_benzocaine_2.42e-05_HL60_down" 

"PharmGKB.drug.busulfan" 

"CMAP.down.7496_suraminsodium_1.00e-05_MCF7_down" "Pathway.Metabolism 
of nitric 
oxide 

(Reactome)" 

"CMAP.down.6605_lactobionicacid_1.12e-05_PC3_down" 

"CMAP.down.446_15-deltaprostaglandinJ2_1.00e-05_PC3_down" 

"CTD.disease.Sudden 
Infant 
Death" 

"CMAP.up.6288_butoconazole_8.40e-06_PC3_up" 

"CMAP.down.5759_raloxifene_7.80e-06_PC3_down" 
"CTD.chem.antimony 

trioxide" 

"CMAP.up.1828_naproxen_1.74e-05_PC3_up" 

"CMAP.down.5739_cytisine_2.10e-05_PC3_down" 

"CMAP.down.2148_boldine_1.22e-05_HL60_down" 

"CTD.chem.arsenic 
trisulfide" 

"CMAP.down.431_troglitazone_1.00e-05_PC3_down" 

"PharmGKB.disease.Carcinoma 
Non-Small-Cell 

Lung" 

"CMAP.down.2778_alpha-yohimbine_1.02e-05_MCF7_down" 

"CMAP.down.6511_Prestwick-972_2.26e-05_MCF7_down" 

"CMAP.down.3903_citalopram_1.00e-06_MCF7_down" "CMAP.down.6488_bacitracin_2.80e-06_MCF7_down" "CMAP.down.6520_Prestwick-983_1.70e-05_MCF7_down" 

"CMAP.down.6509_halofantrine_7.40e-06_MCF7_down" 

"CMAP.down.3880_Prestwick-1100_9.00e-06_MCF7_down" 

"CMAP.down.3894_pramocaine_1.22e-05_MCF7_down" 

"CMAP.down.2744_dipivefrine_1.04e-05_MCF7_down" 

"CMAP.down.6515_trapidil_1.94e-05_MCF7_down" 

"CMAP.down.3799_parbendazole_1.62e-05_PC3_down" 

"CMAP.down.7492_semustine_1.00e-04_PC3_down" "CMAP.down.7508_CP-863187_1.00e-05_MCF7_down" 

"CMAP.up.1800_allantoin_2.52e-05_PC3_up" 

"CMAP.up.1798_morantel_1.08e-05_PC3_up" 
"CMAP.down.6632_SR-95639A_1.00e-05_PC3_down" "CMAP.up.6315_prazosin_9.60e-06_PC3_up" 

"CMAP.down.3806_26-dimethylpiperidine_2.68e-05_PC3_down" 

"CMAP.up.2452_vigabatrin_3.10e-05_HL60_up" 

"CMAP.down.2578_sulfadimethoxine_1.28e-05_HL60_down" 

"CMAP.down.5073_loracarbef_1.08e-05_PC3_down" 
"CMAP.down.2576_alexidine_6.80e-06_HL60_down" 

"CMAP.down.2570_thiamazole_3.50e-05_HL60_down" 

"CMAP.down.4188_meptazinol_1.48e-05_PC3_down" 
"CMAP.down.2565_glycopyrroniumbromide_1.00e-05_HL60_down" 

"CMAP.up.6312_metitepine_8.40e-06_PC3_up" 

"CMAP.down.4258_buflomedil_1.16e-05_PC3_down" 

"CMAP.up.6301_clopamide_1.16e-05_PC3_up" 

"CMAP.up.7243_ursodeoxycholicacid_1.02e-05_PC3_up" 

"CMAP.up.1869_naproxen_1.74e-05_HL60_up" "CMAP.down.3015_levobunolol_1.22e-05_HL60_down" 
"CMAP.down.3016_Prestwick-857_1.22e-05_HL60_down" 

"CMAP.down.3012_(+/-)-catechin_1.38e-05_HL60_down" "CMAP.down.6577_STOCK1N-35696_1.50e-05_MCF7_down" 
"CMAP.up.7275_dihydroergocristine_5.60e-06_PC3_up" 

"CMAP.down.3284_hydrocortisone_1.10e-05_MCF7_down" 

"CMAP.down.3304_ergocalciferol_1.00e-05_MCF7_down" 

"CMAP.up.6882_SB-202190_1.00e-06_PC3_up" 

"CMAP.up.1851_hydroflumethiazide_1.20e-05_HL60_up" 

"CMAP.up.1859_sulfacetamide_1.58e-05_HL60_up" "CMAP.up.6626_ChicagoSkyBlue6B_4.00e-06_PC3_up" 

"CMAP.down.1493_acebutolol_1.08e-05_MCF7_down" "CMAP.up.6624_oxolamine_9.20e-06_PC3_up" 

"CMAP.up.1725_mesoridazine_7.40e-06_HL60_up" 

"CMAP.up.1717_triflusal_1.62e-05_HL60_up" 

"CMAP.down.1470_amiloride_1.32e-05_MCF7_down" 
"CMAP.up.1739_tetracaine_1.32e-05_HL60_up" 

"Pathway.{CEBPA13} 
(Static 

Module)" 

"CMAP.down.389_wortmannin_1.00e-08_HL60_down" 

"CMAP.up.1740_hydrastinehydrochloride_9.60e-06_HL60_up" 

"CMAP.down.3378_Prestwick-860_3.50e-05_MCF7_down" 

"CMAP.down.3375_ethaverine_9.20e-06_MCF7_down" 

"CMAP.down.3383_hymecromone_2.28e-05_MCF7_down" 

"CMAP.up.3269_mebhydrolin_4.80e-06_MCF7_up" 

"CMAP.down.3377_equilin_1.50e-05_MCF7_down" 

"CMAP.up.2006_naloxone_1.10e-05_HL60_up" 

"CMAP.down.2980_levopropoxyphene_7.40e-06_HL60_down" 

"CTD.disease.Spinocerebellar 
Ataxias" 

"CTD.disease.Pigmentation 
Disorders" 

"Pathway.{USF113} 
(Static 

Module)" 

"CMAP.up.1940_dehydrocholicacid_9.60e-06_PC3_up" 

"CTD.disease.Growth 
Hormone-Secreting 

Pituitary 
Adenoma" 

"CMAP.down.2979_viomycin_5.20e-06_HL60_down" 

"CMAP.down.3829_mepenzolatebromide_9.60e-06_MCF7_down" 

"CMAP.down.1464_cimetidine_1.58e-05_MCF7_down" "CMAP.down.2997_fosfosal_1.84e-05_HL60_down" 
"CMAP.down.1485_isoxsuprine_1.18e-05_MCF7_down" 

"CMAP.down.2998_trichlormethiazide_1.06e-05_HL60_down" 
"CMAP.down.2996_piromidicacid_1.38e-05_HL60_down" 

Positively correlated to AD

Negative correlation to AD

Positive correlation  between nodes

Negative correlation between nodes

Chemical/Drug signature

Disease signature

Pathway signature

AD interaction network

Pathway-drug clusters
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Pathway.{SPTAN1,10}	Neuro-cyoskeletal 2.22E-16

Pathway.{NAP1L1,23}	Nucleosome	assembly 2.22E-16

Pathway.{SIX3,11}	neurodevelopment 2.22E-16

Pathway.{ETS1,13} 2.22E-16

Pathway.Cyanoamino	acid	metabolism	(KEGG) 6.37E-12

Pathway.{HMGB1,14} 6.45E-12

Pathway.Acetylcholine	Synthesis	(Wikipathways) 1.36E-10

PharmGKB.drug.corfcosteroids 1.86E-10

Pathway.Collecfng	duct	acid	secrefon	(KEGG) 1.76E-09

PharmGKB.drug.rosuvastafn 1.94E-09

PharmGKB.disease.Thromboembolism 1.76E-08

Pathway.{AKT1,48}	(Stafc	Module) 3.43E-08

Pathway.Endocytosis	(KEGG) 1.73E-07

Pathway.{PLXNB1,15}	microtubule	dynamics 7.45E-07

Pathway.{AP1G1,16}	Adaptor	Protein 2.81E-06

Pathway.{RB1,11}	down	regulated	in	Pre-ALS 6.67E-06

Pathway.Carbohydrate	digesfon	and	absorpfon	(KEGG) 2.19E-05

Pathway.{HTT,61}	HunEngton	network	is	co-expressed 2.42E-05

Pathway.Glycerolipid	metabolism	(KEGG) 3.38E-05

Pathway.Biogenic	Amine	Synthesis	(Wikipathways) 6.63E-05
Pathway.Glycosphingolipid	biosynthesis	-	lacto	and	
neolacto	series	(KEGG)

6.93E-05

280 000 experiments 
multiple platforms

Co-expressed modules

Top 100 Genetic candidates 
correlated pathways



Roadblocks & 
Challenges

Provenance 
Reproducibility 

Data Sharing paradigms 
Pre-competitive 

approaches
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Create a cloud commons
61Nature Comment July 2015 

 Stein et al



Cloudy with a chance of genomes
“every major genomic data set be uploaded into the most popular academic and 
commercial clouds available, and to pay for the long-term storage of the data in 
the clouds”
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Provenance 

Sage BioNetworks 

Nano Publication of Dataset/Workflow - DOI 
HSCI Stem Cell Commons 

Publication of dataset to Data Publication 

Workflows next to data
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Centre for Genome Translation

Diseases Phenotypes

Genes Models

Diseases are described with 
phenotypes

Models suggest candidate 
genes

Diseases are associated with 
genetic variation Phenotype comparisons 

suggest disease models

Cause
Target

Prediction
Repurpose

GAB2

ASAP1

SPHK1

SYK

FCGR2B
GSN

ASAP2 DNM2

DNM1

AMPH

SRC

CTNND2

CBLB

EGFRNCK1

CBL

TGFA

MS4A2

RPS6KB1

JAK2

JAK3

VAV1

PTK2B

CCR5
PTK2

PXN

PRKCZ
HCKBCAR1

FGRARRB1

CD2AP

STAT3

LYN

PRKACA

GSK3A

ERBB3

GRB2

CD33

PLCG2

SHC3 ERBB2CRKL

PLCG1

APOE

YWHAZ
MAP3K5

CALM3

JUN

YWHAB

RPS6KA3

NGFR

SHC1
PTPN11

SOS1
SOS2

PRKCD

BCL2
GAB1

MAPK3

CRK

TRAF6

PIK3R1

ITGB3

FYN

ADAM10

DLGAP1

ARHGAP5CTNNB1

RIN3

PDPK1

TLN1
FLT1

FLNB

MET

COL4A1

APP

FLNA

COL4A6

THBS1

ACTB

CLU

RPS6KA1

RPS6KA5

MAPT

AKT1

GSK3B

ABL1

DAB2

GIT1

FGFR3

CLTC

FGFR2

RAB5A

AP2A2

EPN1

RAB5B

TSG101
RAB4A

PDCD6IP

KIT

CSF1R

BIN1

RAB11A

SH3KBP1

DNAJC6
PSEN2

NOTCH1

PSEN1
DSG2

INPP5D

NOTCH4

ADAM17

APH1A
DLL1

NUMBL

PSENENNCSTN
NUMB

NOTCH2

AP2B1

LDLRAP1

EPS15

AP2S1

AP2A1

PICALM

HSPA8

CLTCL1

COL4A2

LAMA1

HGS

RAB5C

EHD2

USP8

COL1A2

CAV1

Chemokine)signaling�

Endocytosis�

ERRB)signaling�

Fc)gamma)R6mediated)
phagocytosis�

Focal)adhesion�

Neurotrophin)signaling�

NOTCH)signaling�

GAB2

ASAP1

SPHK1

SYK

FCGR2B
GSN

ASAP2 DNM2

DNM1

AMPH

SRC

CTNND2

CBLB

EGFRNCK1

CBL

TGFA

MS4A2

RPS6KB1

JAK2

JAK3

VAV1

PTK2B

CCR5
PTK2

PXN

PRKCZ
HCKBCAR1

FGRARRB1

CD2AP

STAT3

LYN

PRKACA

GSK3A

ERBB3

GRB2
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Physician scientists Deep Phenotyping

Genomics 
Prioritisation

Animal models and validation

Quantitative Functional Readouts 

Machine learning

Computational Biology

Translation CommonsDisease  
Network models

Target prioritisation 

In silico validation

Context engine

Access to anonymised EHR
Biorepositories

Infrastructure - Models -Target Prioritisation - Repurposing



Take homes
Genomics is a growing driver in target provision and stratification 

Parochial knowledge is king 

Scaling is becoming overwhelming and bottlenecks validation 

Computational infrastructure needed to address translation between data driven and 
domain knowledge approaches 

Systems and network approaches are likely to yield a growing cadre of new ranches of 
targets 

Target prioritisation goes hand in hand with systematic functional quantitation
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Futurewatch
	 •	 The data patient - realtime trials 
	◦	 Predicted vs treated patients - hospital is the home 

	◦	 Trained systems (Watson) 

	◦	 Genetics and environment 

	▪	 Facespace
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