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Dr. Leroy Hood!

e 9/29/06 at Chicago Biomedical Consortium
stated “Blology Is an informational
science ”

 This implies there’s a large need for

people willing to work on exciting
computational aspects of modern biology.

L-Invented DNA sequencers. Co-founded Amgen, Affymetrix, and 8 other
biotech companies.



What iIs “Bioinformatics”?

* Google define:bioinformatics
— List keeps changing

o “Bloinformatics is the computational branch
of molecular biology” Bicinformatics for Dummies

| prefer: A few hours on the computer can
save a researcher six months in the lab!



What Is “Bloinformatics™? (cont)

 Wikipedia (based on NCBI’'s definition):
The terms bioinformatics and computational biology are
often used interchangeably. However bioinformatics
more properly refers to the creation and advancement of
algorithms, computational and statistical techniques, and
theory to solve formal and practical problems posed by
or inspired from the management and analysis of
biological data. Computational biology, on the other
hand, refers to hypothesis-driven investigation of a
specific biological problem using computers, carried out
with experimental and simulated data, with the primary
goal of discovery and the advancement of biological
knowledge.
http://en.wikipedia.org/wiki/Bioinformatics




What Is Bioinformatics?




Bioinformatics Is all around you
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Crash Course In Biology for
Bioinformaticians

DNA Is a linear sequence of “bases”
(ACTG) and is copied (“translated”) into
RNA with similar bases (ACUG)

RNA Is “transcribed” into proteins

Proteins are linear seguences of “amino
acids” (there are 20 of them with unique
side chains)

Other stuff happens



We've Entered the
Post-Genomic Age

The Human Genome Project sequenced the complete
human DNA sequence

The completion of a "working draft" of the human
genome was announced in June 2000 at a press
conference at the White House and was published in

the February 2001 in the journals Nature and Science.

3.2 hillion bases long on 22 chromosomes (plus X &/or
Y)

The Nobel Prize for Physiology or Medicine was
awarded in 2002 in part for the development of

bioinformatics tools to handle this enormous sequence
Information

Completed May 18, 2006 with sequence of last and
largest chromosome, #1




What's Next?



So what?

 Many diseases like Sickle Cell Disease are
caused by single base change which causes
the hemoglobin molecules to aggregate




Bioinformatics Armamentarium:
Welcome to the “Omics”

Microarray
Proteomics
Genomics

Pharmacogenomics (aka
Personalized or P4
Medicine)

Systems Biology
Structural Biology
Metabolomics
Transcriptomics
Cancer genomics
Interactomics



BLAST

Finding one gene is like looking for a specific
paragraph in 5 years worth of the New York
Times (and the gene’s going to be split across
multiple “pages” and may be written backwards!)

We use on-line databases and search engines
like BLAST (Basic Local Alignment Search Tool)
at the NCBI

Searches for genes or proteins
Web-based tool or download and install



BLAST: Sequence Alignment

“Having a BLAST with bioinformatics (and avoiding BL ASTphemy) ", by Alexander Pertsemlidis and
John W Fondon [ll, Genome Biology 2001, 2(10):reviews2002.1-2002.10



Phylogenetic Analysis

e Used to compare unknown sequence(s) to determine if
It’s related to another organisms

From — “Genomics and the Tree of Life”,
Science, 313 (29 Sept 2006):1897-1898.



It's the Network, Stupid!

* Lee Hood stated “There is no pathway,
only networks.” Implications for treating
disease, etc.

 Recent work shows network of ~350
Interactions in C. elegans. The network is
similar to what was seen in yeast,
reinforcing the idea that similar networks
may underlie the genetic basis of complex
human disease.

Nature Genetics, 38 (August 2006): 896-903



Metabolomics: Are you what you eat?
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What's Personalized
Medicine?

Also known as “P4 Medicine”

— "Predictive, Preventive, Personalized, and Participa  tory Medicine ."
The premise of P4 Medicine is that, over the next 20 years, medical
practice will be revolutionized by biotechnology, to manage a person's
health, instead of manage a patient's disease.!

We all respond differently to different medicines. The goal of

Personalized Medicine is to predict how a patient will respond to a
specific drug based upon their genes!

Herceptin and Gleevec are cancer drugs that work really well but
only for part of the population. Genetic testing guides treatment.

FDA has started publishing tables of valid genomic biomarkers to

use with approved drugs
(http://www.fda.gov/cder/genomics/genomic biomarkers table.htm)

Lhttp://en.wikipedia.org/wiki/P4 medicine




"Google of the brain”

Paul Allen (Apple
co-founder) funded 4
year $40MM project

600 terabytes of data from 250,000
slices of mouse brain. Determined which
of 21,000 genes are active (~80%)

http://www.brain-map.org
Human cortex map next

“Computational neuroscience IS now a
mature field of research™

1-Science, 6 Oct. 2006, pg. 75



Bioinformatics Tools

 Grid computing
e Data mining
e Databases!

Linux

Java

Perl

Python

C

C++

XML

Web services
AJAX

- R

e Flash

e JSP
o Wik
« CGI

Written by Lincoln Stein,
MD, PhD, Bioinformatician

/

BioPHP

RSN




Jobs, jobs, jobs?

Bioinformatics is a hot area

— Chicago just hosted ~30,000 biotech workers and
Investors at BIO; returning in 2010

Drug companies and biotech companies need
neople who understand bioinformatics

ndustry or academics

Hospitals, diagnostics companies
caBIG Cancer Bioinformatics Gric
NCI Clinical Proteomic Technical Initiative

It's more than just “every lab needs a geek”

— The head of NCI's Bioinformatics group described
bioinformatics as “moving out of the basement and
up to the paneled offices .”




Where are the bioinformatics jobs?
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Midwest Bioinformatics Opportunities

Abbott Labs (North Chicago)

Lilly (Indianapolis)

Monsanto (St. Louis)

lllinois Medical District (biotech start-ups)
Northwestern’s Center for Genetic Medicine (NUgene)
Northwestern University Research Park (Evanston)
Argonne Labs

NutraGenomics (Chicago)

GenUs BioSystems (Northbrook)

ACGT, Inc (Wheeling)

deCODE Genetics (Woodridge)

Madison

Ann Arbor

Universities, universities, universities (Chicago Biomedical Consortium)

Disclaimer-This is just a guide and not a guarantee so don’t have your Mom come
after me if you're not able to get a job at one of the companies | mentioned!




Bioinformatics at DePaul

e Courses (see

http://facweb/bioinformatics/BioinformaticsCourses.htm).

CSC 231 Basic Computation for Biology
CSC 531 Introduction to
Bioinformatics
CSC 541 Proteomics
CSC 542 Research Practicum
in Computational Biology




Bioinformatics-related Courses at CTI



Faculty at CTI Interested
In Bloinformatics

Olayele Adelakun .
Dave Angulo .
Massimo DiPierro .
Jacob Furst .
Lou Ibarra .
Marty Kalin .
lyad Kanj .

Evelyn Lulis
Bamshad Mobasher
Ashley Morris
Michael Nelson

Joe Phillips

Daniela Raicu

Eric Schwabe

«John Kozak (Chemistry)

*Tim McMurry (Mathematics)

Other DePaul faculty Interested in Bioinformatics

*David Jabon (Scientific Data Analysis)




Get Involved!

)

®)

_ Prof. Dave Angulo
I'm just o d
kidding!

 lllinois Bio-Grid research group (http://illinoisbiogrid.org/)
* Recently hosted NCBI bioinformatics training at DePaul

* ~25 members working on proteomics, protein structure prediction,
molecular biology tools, phylogenetic analysis, metabolomics and
interactomics

 We collaborate with scientists at the University of Chicago,
University of lllinois at Chicago, Argonne Labs & The Field Museum

» Contact Prof. David Angulo at dangulo@cti.depaul.edu if interested
In participating.
 Monday 5:30-7:00 in CTI 436a




To learn more...

http://www.ncbi.nlm.nih.gov/About/primer

http://facweb/bioinformatics/BioinformaticsCourses.htm

http://illinoisbiogrid.org/




