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Genomics data grows



Where are the data?

• Literatures
• Chemical A interacts with gene G

• Chemical A affects the expression of gene G

• Chemical A increases the expression of gene G

• Chemical A decreases the expression of gene G

• Chemical A is associated with disease D

• etc.



Where are the data?

• Databases
• Pathway database

• Chemicals (A, B, C, …) and genes (G, H, I, …) are in the same pathway

• Disease database
• Genes (A, B, C, …) are associated with the disease D

• Gene Ontology database
• Genes (A, B, C, …) are associated with the function F

• Drug database
• Genes (A, B, C, …) are targets of drug X



All those data are stored in different ways

THRB (literature A, Rat)

AR (literature B, Human)

PPARA (Literature C, Human and Rat)
.
.
.
RBMX (Database D)

Chemical Gene Function and Disease

Kidney Disease

Carcinoma

PPAR signaling pathway
.
.
.
Fatty acid metabolic process

Searching for chemical-gene interactions Searching for gene-function/disease associations

OMIM

KEGG
REACTOME



How to integrate these information?

• Manually check each interacting genes and find associated diseases
• Requiring professional skills

• Difficult to infer the global influence of a chemical

• A curated database built by expert curators will be valuable!!
• The global influence can be inferred by statistical methods

• Comparative Toxicogenomics Database (CTD)









Comparative Toxicogenomics Database (CTD)

• A freely available database that is dedicated to promoting the 
exploration and development of testable hypotheses about the 
effects of the environment on human health

• Manually curated and cross-species information

• http://ctdbase.org/

• Davis et al. (2013) Nucleic Acids Res.

http://ctdbase.org/


Data curation and integration





Phthalates

• Phthalates are a group of similar diesters of phthalic acid used as 
plasticizers to soften and increase the flexibility in polyvinyl chloride 
(PVC) plastics

• Since phthalates are not covalently bound to plastics, they can leach 
into the surrounding environment

• Human exposure to phthalates mainly occurs through foods, because 
of the use of PVC in wrapping materials and food processing

• Phthalates are also found in meat, fish, milk products, and other 
foods with a high fat content

Singh and Li (2011) Genomics



Inferring human diseases

• There is sufficient evidence in rodents that phthalate exposure causes 
developmental and reproductive toxicity
• but not yet in humans

• The Comparative Toxicogenomics Database has been established to 
analyze the impact of environmental chemicals on human health

• The top three phthalate toxicity categories were found to be 
cardiotoxicity, hepatotoxicity and nephrotoxicity, and the top 20 
diseases included cardiovascular, liver, urologic, endocrine and genital 
diseases

Singh and Li (2011) Genomics







analogs & derivatives







• Reference and Organisms



Chemical-disease inference

THRB

AR

PPARA
.
.
.
TGFB1

Chemical Gene Disease

Kidney Disease

Hypertension

Carcinoma, Hepatocellular
.
.
.
Fatty liver

Chemical-gene interactions Gene-disease associations Inference score

2.28

16.21

63.70
.
.
.
14.04











Chemical-pathway inference

THRB

AR

PPARA
.
.
.
TGFB1

Chemical Gene Pathway

Metabolism

Pathway in cancer

PPAR signaling pathway
.
.
.
Developmental biology

Chemical-gene interactions Gene-pathway associations Enrichment analysis

1.14e-171

4.88e-40

4.30e-39
.
.
.
1.93e-37

Corrected P-value





Chemical-GO term inference

THRB

AR

PPARA
.
.
.
TGFB1

Chemical Gene Gene Ontology

Response to chemical

Developmental process

Membrane
.
.
.
Catalytic activity

Chemical-gene interactions Gene-GO term associations Enrichment analysis

7.64e-162

9.37e-156

1.39e-152
.
.
.
2.41e-147

Corrected P-value



Gene Ontology (GO) terms

• The Gene Ontology project provides a controlled vocabulary of 
terms for describing gene product characteristics and gene product 
annotation data

• Many of genes/proteins have Gene Ontology (GO) annotations that 
provide information about their associated biological processes, 
molecular functions, and cellular components

• The significance of enrichment was calculated by the hypergeometric 
distribution and adjusted for multiple testing using the Bonferroni
method

• http://geneontology.org/









Analysis tools

• Batch Query

• Set Analyzer

• MyGeneVenn

• MyVenn

• VennViewer



Batch Query

• The Batch Query tool allows you to download data for up to 4,000 
chemicals, diseases, genes, GO terms, pathways, or references 
simultaneously

• Enter or paste your query terms into the text box (return-, tab- or |-
delimited), or upload a tab-separated-values (TSV) file containing the 
terms

• E.g.

• DEHP|MEHP|DINP|DIDP





The CSV file can be opened by EXCEL



Set Analyzer

• Perform analyses such as set-based enrichment for collections of 
chemicals or genes, and pathway generation for collections of genes

• What diseases, GO terms and pathways are most related to a given 
set of chemicals?

• What diseases, GO terms and pathways are most related to a given 
set of genes/proteins?



Query by chemicals


















