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Bioinformatics

Biology/Chemistry

Bioinformatics is an interdisciplinary field that

develops/applies computational methods

for processing and understanding 

of biological data



Need for Big Data Handling

- Accumulation of data in huge databases  e.g., sequence 
databases or public health records 

- Advancement in high throughput data generation e.g., 
omics including DNA and RNA seq, proteomics, 
metabolomics    

- Availability of complex data types e.g., macromolecular 
3D structure

- Exponential increase of computational power (1 trillion-
fold increase in 60 years!)

https://www.visualcapitalist.com/visualizing-trillion-fold-increase-computing-power/



Domains of Bioinformatic Applications
• Human and Veterinary Medicine 
• Pharmacology and Drug Design 
• Toxicology & Environmental Health
• Microbiology and Immunology
• Computational Anatomy and Imaging
• Ecology & Evolution Sciences
• Agriculture and Food Science 
• Astronomy
• Oceanography  



Toxicology and Impacts on the Molecular 
Machinery
• Exposure and adverse effects
• Genetic code to function
• Integrating molecular biology to toxicology

Bal-Price & Meek, 2017



• Traditional techniques
• Working at the whole-
genome level

Need for Databases and 
Analytical Tools



Bioinformatics in Toxicology

RNA-seq
(n=510)

Proteomics
(n=757)

Machine 
learning
(n=272)

Metabolomics
(n=730)

Computational
(n=1131)

Systems Biology
(n=210)



Fields & Techniques of Bioinformatics

• Structural Bioinformatics
• Sequence Analysis (Genomics)
• Networks and Systems Biology
• Signal and Image Processing
• Biomedical Informatics
• Database Curation 



Fields & Techniques of Bioinformatics

• Structural Bioinformatics
• Sequence Analysis (Genomics)
• Networks and Systems Biology
• Signal and Image Processing
• Biomedical Informatics
• Database Curation - Molecular structure prediction

- Molecular interaction modeling
- Molecular docking & Drug design  



Structural Bioinformatics

• Toxicity Prediction from structural alerts

Yang et al. 2020



Structural Bioinformatics

• Expert systems: Derek Nexus, LeadScope, AGDH, 
ChemoTyper, ToxAlerts

• Frequency analysis: Moss, Gaston, SARpy, CASE

• Machine learning: Bioalerts, FP, CNN

Yang et al. 2020



Fields & Techniques of Bioinformatics

• Structural Bioinformatics
• Sequence Analysis (Genomics)
• Networks and Systems Biology
• Signal and Image Processing
• Biomedical Informatics
• Database Curation 

- Sequence search
- Genome mining
- Population genomics
- Comparative genomics 
- Variant discovery
- Expression analysis
- Sequence binding analysis
- Epigenetic analysis  



(Toxico)genomics

A) Variant Calling and Association Studies



(Toxico)genomics

A) Variant Calling and Association Studies

• Genetic Markers: genome-wide (GWAS), exome-wide
or targeted. Typically genotyped by NGS or 
microarrays.

• Test the association of genetic markers with a 
phenotype to identify risk variants. 

• Further analysis to identify the causative mutation



• Platinum agents are chemotherapeutic agents.
• Nephrotoxicity is a common and dose-limiting side effect.
• Genetic risk loci for platinum-induced nephrotoxicity.



• 195 platinum-treated patients.
• 9,799,032 DNA variants tested.
• Association between RBMS3 rs10663797 and acute 

kidney injury.

Klumpers et al., 2022



(Toxico)genomics

B) Expression Studies 

• Identify a list of differentially expressed genes or gene 
products. 

• These lists are typically tested for enrichment in 
functional pathways, annotation terms, interactome 
modules, etc. to understand the underlying molecular 
change.

• RNA-seq, proteomics, and metabolomics are the 
commonly used techniques.



• Estrogenic contaminants alter gonadal development
• Induce gonadal intersex and sex reversal
• Transcriptomic approaches to identify molecular initiating events



• Hundreds of DEGs identified in relation to different exposures.
• Various molecular signaling pathways were impacted by these 

exposures, suggesting potential role in the development of 
female phenotypic changes.

Abdelmoneim et al., 2019
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Genes and canonical pathways altered in intersex males

Differentially expressed genes (DEGs)
between control and intersex males



Fields & Techniques of Bioinformatics

• Structural Bioinformatics
• Sequence Analysis (Genomics)
• Networks and Systems Biology
• Signal and Image Processing
• Biomedical Informatics
• Database Curation 



Systems Biology

• Integrate multiple omic techniques to minimize the 
high false positive rate of of individual techniques

• Commonly coupled with mathematical data modeling
based on perturbation studies 

• Typically, present the data as a network of interactions
• Networks can be easily annotated to add extra 
molecular and non-molecular data (e.g., ptn-ptn
interactions and phenotype similarity).



Systems Biology

Chao et al. Integrative exposomic, transcriptomic, epigenomic analyses of human placental 
samples links understudied chemicals to preeclampsia. Environment International 2022.



• Molecular events for regenerative proliferation.
• Three carcinogens and two non-carcinogens.

Perkins et al., 2022

Chemical 
Exposure

Gene/Protein 
Activation

Adverse 
Effects



Perkins et al., 2022

• Over activation of Cyclin D1 
(ccnd1) is a MIE for regenerative 
proliferation.

• Transcriptomic data from a 
toxicogenomics database.



Bioinformatics Databases

Heidi J. Imker. 25 Years of Molecular Biology Databases: A Study of Proliferation, Impact, and Maintenance. 
BioRxiv preprint first posted online Mar. 9, 2018; 



Bioinformatics Databases
Molecular databases 
• Gene DB (at NCBI) and Ensembl DB (at the European Bioinformatics Institute)
• Uniprot database of proteins 
• Human Metabolome Database (HMDB)
Sequence variant databases
• dbSNP: DB of Short Variants (e.g., SNP, and small indels). 
• dbVar: DB of Structural Variants (e.g., large indels, translocations and 

inversions)
• ClinVar: For relationships between human variants and health status with 

supporting evidence.
Phenotype databases
• OMIM: NCBI database for human genes and genetic phenotypes 
• Disgenet: Integrates data from expert curated repositories, GWAS catalogues, 

animal models and the scientific literature.



Bioinformatics Databases

• Drug information portal
• SIDER
• DrugBank: drugs and drug targets (genes and pathways)
• SMPDB (Small Molecule Pathway Database)
• Comparative Toxicogenomics Database











Comparative Toxicogenomics Database

http://ctdbase.org/



Comparative Toxicogenomics Database

http://ctdbase.org/



Thank you for 
your attention

Tamer A. Mansour (tahmed@ucdavis.edu)
Ahmed Abdelmoneim (aahmed10@lsu.edu)


