




 Typical applications
 

•Mechanism of Action (MoA) of compounds and drugs 

•Structure-activity relationships 

•Functional annotation of genes 

•Functional annotation of genetic variants 

•Parsing Lists into “complimentation groups” of related function 
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Broad Institute - Connectivity Map (CMap)

a resource of perturbational profiles
 

Aim 1 
Construct a comprehensive reference database of perturbational 
signatures 

Aim 2 
Develop algorithms and software to make these data and results 
accessible to the entire biomedical community 

Aim 3 
Utilize these resources to make biological and therapeutic 
discoveries 
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The Connectivity Map 

Connecting disease to genes and drugs
 

mRNA Expression Database
 

PILOT 
564 Affymetrix profiles 16,000+ users 
164 drugs 916 citations 

(build02 expanded to ~7,000 profiles)
 

Lamb et al, Science (2006)
 





 L1000 ASSAY
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 L1000 performance - compared to Affymetrix
 
experimental L1000 data (not simulation)
 

79 connections from 7200 Affymetrix profiles
 

Repeat Affymetrix profiles on L1000
 

71/79 (90%) connections recovered
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ANALYSIS METHODS
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Design goals of L1000 data and analytics
 

•Comprehensive 

•Information-rich readouts (not optimized to 
particular questions) 

•Easy to look things up (like Google) 

•Easy to compare to non-L1000 data 

•Accessible to biologists and computationalists
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Results
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Given the mRNA expression signature of a

TEST perturbagen
 

1. BIOACTIVITY 

Does the perturbagen elicit a gene expression response? 


2. PATHWAYS 

What gene pathways (or “networks”) are modulated?
 

3. PHARMACOLOGICAL CLASSES 

Which (previously characterized) pharmacological activities 
match the test perturbagen? 





   key challenge: Better gene sets
 



     Solution: Systematic Known-down and over-expression of all 
genes 



20,000 GENES x 2 (KD+OE) x replicates x cell types (10-20) 

=> 5M profiles (~1M so far)
 



















 
 

 

Compound-knockdown connections 

BEZ235 (PI3K/MTOR inhibitor) treatment
 

Compounds Knockdown 
rank compound target 

1 AZD-8055 MTOR 
2 KU-0063794 MTOR 
3 PP-110 PI3K 
4 BEZ235 MTOR, PI3K 
5 PI-103 MTOR, PI3K 
6 PI-828 PI3K 
7 TGX-115 PI3K 
9 WYE-354 MTOR 

10 PIK-90 PI3K 
12 OSI-027 MTOR 
13 GDC-0941 PI3K 
14 temsirolimus MTOR 
18 wortmannin PI3K 
19 GSK-1059615 MTOR, PI3K 
20 WYE-125132 MTOR 

rank gene 
1 MTOR 
3 RPTOR 
6 SGK1 

12 KRAS 

3,800
 

3,200
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Compound-knockdown connections 

Trametinib (MEK inhibitor) treatment
 

Compounds Knockdown 
rank compound target 

1 selumetinib MEK 
3 PD-0325901 MEK 
4 U0126 MEK 
5 PD-0325901 MEK 
6 MEK1-2-inhibitor MEK 
7 AS-703026 MEK 
8 AZ-628 BRAF, RAF1 
9 U-0126 MEK 
11 PD-184352 MEK 
15 ERK-inhibitor-11E ERK 
16 U-0126 MEK 
18 neratinib EGFR, ERBB2 
23 PD-198306 MEK 

3,200
 

rank gene 
3 MEK 
7 KIT 

21 EGFR 
27 KRAS 

3,800 

Overexpression
 

rank gene 
2 DUSP4 
3 DUSP6 

419 RAF1 
423 IGF2 
430 SRC 
430
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Given the mRNA expression signature of a

TEST perturbagen
 

1. BIOACTIVITY 

Does the perturbagen elicit a gene expression response? 

2. PATHWAYS 

What gene pathways (or “networks”) are modulated? 

3. PHARMACOLOGICAL CLASSES 

Which (previously characterized) pharmacological
activities match the test perturbagen? 
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Class 

Type 
Name Type 
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CSNK1A1 inhibitor: unmet clinical need 

Predicted CMap inhibitors
 

rank compound 

1 BRD-1868 

2 BRD-8715 

3 azithromycin 

4 BRD-4657 

5 BRD-1433 

6 BRD-1742 

7 phenazopyridine 

8 caffeine 

9 tivozanib 

10 BRD-0220 

rank compound 

1 BRD-1868 

2 BRD-4657 

3 ENMD-2076 

4 LY-456236 

5 salmeterol 

6 BRD-4053 

7 RS-102895 

8 BMS-754807 

9 MBCQ 

10 DM-55-3 

Query CSNK1A1 shRNA All compounds
 

Result Compound rank CSNK1A1 rank
 

58 













Why repurpose existing drugs? 

Motivation
 

• Bioactive compounds have long been known to act 
on multiple targets, potentially enabling additional 
uses and explaining toxicities 

• Developing a new drug takes up to 10-15 years and 
several hundred million dollars 

• Thousands of “orphan” or rare diseases exist where 
the market size alone may not justify a dedicated 
discovery program 
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Design goals of CLUE 
Cloud-based 

No need to download data (tools to data)

Elastic compute (fast, scale-on-demand)
 

Harmonized 
Centralized annotations and meta data
 
Interoperable with other perturbational datasets (e.g PRISM, P100)
 

Reproducible
Prepackaged Box with - all of the data + pre-processing
pipeline + analsis tools 

Customizable 
Detach’able from Broad infrastructure 
Companies can securely mix proprietary datasets with public data 

Access at: clue.io
 
(early access phase till July 2015; full version in


August)
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Looking forward 

resources coming soon …
 

•Genome-scale perturbations 
•CRISPR/Cas9 knock-outs 
•Small-molecule analogs and libraries 

•Multiple readouts at scale 

•Diverse cell types 
•Patient-derived iPS cells 

•Next generation biologist-focused tools
 

•Data integration (GTEx, GEO, Tox21) 
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