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Topics Covered

• Databases

• Genetics

• Machine Learning

• Protein Folding

• Phylogenetic Trees

• Visualization

• And More…



MolBio Databases

• Biological data is very heterogeneous

• Data is scattered among thousands of databases

• Much of the data stored in redundant

• Slides in this section from: Dr. Robin Dowell









Cancer Genomics

• Humans are adept at survival
• Errors (mutations) in DNA are repaired (usually)

• Redundant systems take over when errors occur

• Cancerous cells are usually killed before becoming damaging

• Cancer is a complex disease
• Many mutations must accumulate to cause cancer

• There is no single way to treat cancer

• Slides in this section from Dr. James Costello













Gene Expression Analysis

• Studying the transcriptome
• Parts of the DNA that act like blueprints

• Why cells with the same DNA can be entirely different

• Slides in this section from Dr. Aik Choon Tan













Next Generation Sequencing (NGS)

• High throughput sequencers that produce many short sequences

• Lower accuracy (than single sequence Sanger sequencing)

• Requires processing data before use in analysis pipelines 

• Slides in this section from Dr. Katerina Kechris

















Pharmacogenomics & Personalized Medicine

• Use patient data (DNA) to determine treatments on an individual level

• Requires understanding of the disease and drug(s)

• Benefits from tracking if the patient took the prescribed drug (adherance)

• Slides in this section from: Dr. Debashis Ghosh









Clopidogrel (Plavix)

• Antiplatelet agent used to reduce the 
risk of atherosclerotic events.

• Metabolized to 2-oxo-clopidogrel and 
an active thiol metabolite by 
numerous CYP enzymes.

• CYP2C19 is the key enzyme involved in 
the formation of the active metabolite.

• The active metabolite binds to and 
inhibits P2Y12 receptors on platelets, 
thereby inhibiting platelet activation 
and aggregation. 

www.pharmgkb.org
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Computational Phylogeny

• Determine evolutionary relationships using genetic information

• Similar sequence => similar function

• Slides in this section from: Dr. David Pollock







Standard Empirical Models
of Sequence Evolution







Multiple Sequence Alignment

• Compare multiple sequences to identify similarities

• Parts of a sequence that are often preserved are likely important

• Combines fields of Biochemistry, Statistics, & Comp Sci

• Slides in this section from: Dr. Scott Walmsley



Why MSA?

“Whether the ultimate aim is a phylogenetic analysis of several orthologues, 
the identification of a pattern for particular feature or motif, or the basis for 
structural modelling, multiple sequence alignments allow the researcher to 
gather more biological information than a single sequence can offer” 

“The importance of a residue for maintaining the structure and function of a 
protein can usually be inferred from how conserved it appears in a multiple 
sequence alignment of that protein and its homologues”
Valdar WS. Scoring residue conservation. Proteins. 2002 Aug 1;48(2):227-41. Review

.



Pre-requisite knowledge
Computational / Math / Statistics & Biochemistry

• Alphabets

DNA (n= 4)

RNA (n = 4)

Amino Acids (n = 20)

CODON (n=64)



Pre-requisite knowledge
Biochemistry / Molecular Biology
• Mutation rates drive evolution

• Biophysical mechanisms produce mutation rates: 
DNA / RNA Polymerase   

• Insertion /Deletion :   frameshift   altered CODON

Wikipedia
Wikipedia



Anatomy of a MSA

Procter JB, Thompson J, Letunic I, Creevey C, Jossinet F, Barton GJ. Visualization of multiple alignments, phylogenies and gene family evolution. Nat Methods. 2010 Mar;7(3 Suppl):S16-25.

Sequence Position

Sequence Length

GAPs

Protein 
Name

Consensus Sequence



Protein Structure and Prediction

• Given a sequence of DNA can we compute:
• The translated protein sequence?

• The protein’s shape?

• The protein’s functionality?

• Slides in this section from: Dr. Michael Strong



Why do we care about protein structures
Combining Structure and Genomic Information
- Help us understand implications of mutations

Drug Resistance 

Rifampin

Tuberculosis 

rpoB drug target

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://en.wikipedia.org/wiki/Tuberculosis_management&ei=KnBFVM2BHIOvyQSB7YDICA&psig=AFQjCNH-n9lkjyC7n52knnsb2NQpPyr_sQ&ust=1413923242549146


Most Proteins Spontaneously Fold

Important to Computational Biologists, because this suggests that all information 
relating to the correct folding of a protein is contained in it’s primary amino acid 
sequence, but …



Experimental Methods of Structure Determination
X-ray crystallography
High resolution structure determination

•Intensities and phases of all reflections are 
combined in a Fourier transform to provide

maps of electron density

Phases determined by using heavy metals or 
selenomethionine (MAD)



• Smaller Proteins than X-ray 

• Distances between pairs of hydrogen 
atoms

• Lots of information about dynamics

• Requires soluble, non-aggregating 
material

• Assignment sometimes
difficult

Experimental Methods of Structure Determination
NMR – Nuclear Magnetic Resonance
High resolution structure determination

NOE cross-peak if they are 
within 5.0 Å 



• Medium resolution typically 
~10-15Å (up to 3.8Å in some 
special cases)

• Limited information about 
dynamics

• Can be used for very large 
molecules and complexes

Experimental Methods of Structure Determination
Cryo Electron Microscopy
Low to medium resolution structure determination



Rosetta structure prediction
2 phases
1.Low-resolution phase – statistical scoring function and 
fragment assembly

A. local structure conformations using info from PDB (3 
and 9mer stretches)
B. multiple fragment substitution simulated annealing –
to find best arrangement of the fragments (Monte Carlo 
Search)
C. low resolution ensemble of decoy conformations

2. Atomic refinement phase using rotamers and small backbone 
angle moves (in populated regions of Ramachandran plot)

A. Refinement
B. Then structures clustered based on RMSD 
C. Center of the Largest Clusters chosen as 
representative folds (likely to be correct fold)



The energy model

• Proposed by Linus Pauling 
in the 1930s

• Bond angles and lengths 
are almost always the same

• Energy model broken up 
into two parts:

Covalent terms
• Bond distances

• Bond angles 

• Dihedral angles 

Non-covalent terms
• Forces at a distance 

between all non-bonded 
atoms



Microbiome & Metagenomics

• Microbiome: “The ecological community of commensal, symbiotic, 
and pathogenic microorganisms that share our body space” 

• Metagenomics: In essence, using DNA sequences from a microbial 
sample to identify the species present

• Slides in this section from: Dr. Catherine Lozupone





Gut microbiota has simple composition 
at the phylum level

Data from:  Yatsunenko et. al. 2012.  Nature.

Different phyla: Animals
and plants



Small 
Subunit 
Ribosomal 
RNA

• Present in all known 
life forms

• Highly conserved

• Resistant to 
horizontal transfer 
events

• Big database! 16S rRNA secondary structure





BioViz

• How should one visualize all of this complex bio data?
• Sequences/genes

• Pathways

• Multiple –omics

• Why visualize?
• Help the patient understand their treatment

• Help clinicians make critical decisions

• Understand the data and transformations as a bioinformatisist

• Information in this section from: Dr. Carsten Göerg



From Barsky, Aaron et. al. (2008) 



Knowledge-based Analysis

• Doing a bio study is costly
• Patient consent and the IRB (prepare to wait)
• Chemicals (reagents) used in some experiments are expensive
• How to avoid running redundant experiments and use existing data?

• Many databases exist for bio data
• Many are small and specialized

• Many papers are submitted to PubMed each year
• Difficult to parse all of them, even in a narrow field

• Slides in this section from Dr. Larry Hunter



Knowledge-based Analysis

• Build a database that crawls the existing works and builds a graph of 
knowledge about a certain keyword/phrase

• Aggregate the many data sources into one

• Link data through knowledge parsed from PubMed articles

• (Similar to W3’s semantic web)






