


Outline

• Statistical significance for gene annotations
• Big data

– L1000 transcriptional assay
– Chemical sensitivity dataset
– PubChem
– TCGA
– Drug Repositioning
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Testing Multiple Hypotheses
• Example:  Filter GO terms using a 

p-value threshold of 0.01
• By definition, the null-hypothesis has a 

1% probability of being correct for each 
test.

• There are roughly 30,000 terms in GO.
• At this level, we expect roughly 300 

false positives!

12



Multiple Hypotheses
• A simple solution:  require that the p-value be 

small enough to reduce the false positives to the 
desired level.

• This is called the Bonferroni correction.
• In our case, we would only accept terms with a 

𝑝𝑝 ≤
0.01

30,000
=
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

• Since our tests are not all independent, this is 
very conservative, and will miss many true 
positives

• More sophisticated approaches exist, such as 
controlling the “false discovery rate”. 13







Aggregate score statistics

http://www.broadinstitute.org/gsea/
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Learning Objectives

• To understand types and sources of biological 
“big data” and how they are used
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L1000:  A VERY LARGE 
TRANSCRIPTIONAL DATASET

Example 1
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Cell 2017 171, 1437-1452.e17DOI: (10.1016/j.cell.2017.10.049) 
Copyright © 2017 Elsevier Inc. Terms and Conditions
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Clustering Transcriptional Results
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A VERY LARGE SENSITIVITY ASSAY
Example 2
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Harnessing 
Connectivity in a 
Large-Scale 
Small-Molecule 
Sensitivity 
Dataset.  

Seashore-Ludlow et al. 
Cancer Discovery (2015) 5(11); 1210–23

481 compounds, 
including FDA-
approved drugs, 
clinical candidates, 
and small-molecule 
probes
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Cluster often represent common 
sensitivity to a mechanism
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PUBCHEM:  A DATABASE OF 
CHEMICAL COMPOUNDS

Example 3
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TCGA:  MULTI-OMIC TUMOR DATA
Example 4
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What questions might you ask 
using these sequencing data?
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J Blood Med. 2016; 7: 171–180 doi:  10.2147/JBM.S70716
IDH1 and IDH2 mutations as novel therapeutic targets: current perspectives
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