BIOINFORMATICS

Young-Rae Cho, Ph.D.
Assistant Professor
Department of Computer Science
Baylor University

Baylor University
Engineering
Computer Science




What i1s Bioinformatics?

= |nterdisciplinary research area to manage and analyze biological data
using computational techniques
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What i1s Bioinformatics?
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Computational Biology

Stage 1.
Sequence Analysis

Residue - 16024 (Sequenced Strand) Sequence Length- 1 122]
heazs ACCCAAGTAT TGACTCACCC
hears ATGAATA
6124 GG !
heirs CCCOCTCCCC ATGCTTACAA GCAAGTACAG CAATCAACCC
heaz4  TCAACTATCA CACATCAACT GCAACTCCAA AGCCACCCCT CACCCACTAG
hoara  GATACCAACA AMCCTACCCA CCCTTAACAG TACATAGTAC ATAMAGCCAT
hesza  TTACCGTACA TAGCACATTA CAGTCAAATC CCTTCTCGTC CCCATGGATG
heors  ACCCCCCTCA GATAGGGGTC CCTTGACCAC CATCCTCCGT GAAATCAATA
heazs  TCCCGCACAA GAGTGCTACT CTCCTCGCTC CGGGCCCATA ACACTTGOGA
hoars  GTAGCTAAAG TGAACTGTAT CCGACATCTG GTTCCTACTT CAGGGTCATA
hosza  AAGCCTAAAT AGCCCACACG TTCCCCTTAA ATAAGACATC ACGATGGATC
ACAGGTCTAT CACCCTATTA ACCACTCACG GGAGCTCTCC ATGCATTTGG
5 TATTTTCGTC TGOGGGGTAT GCACGCGATA GCATTGCGAG ACGCTGGAGC

hos ACCC TATGTCGCAG TATCTGTCTT TGATTCCTGC CTCATCCTAT
hss ACCTACGTTC AATATTACAG TTACTARAGT
05 ATTAATGCTT GTA TIGAATGTCT

55 GCACAGCCAC TTTCCACACA
05 CCCCCTCCCC CRCTTCTGEC
55 CCASAAACAA AGAACCCTAA CACCAGCCTA
05 TTTTGGCGGT ATGCACTTTT GTCACC
5 TCCCCTCCCA CTCCCATACT ACTAATCTCA
05 CCTACCCAGC ACA AC CGCTGCTAAC CCC/
55 AACCCCAAMG ACACCCCCCA CA

TTT CCACCAAMCC
TCT CTGCCAAACC
ATTTC ASATTTTATC
ACTAA CACATTATTT
CCCCaCCCAT
CC GAACCAACCA

 Gene sequencing

* Sequence alignment
« Homolog search

* Motif finding

Baylor University
Engineering
- Computer Science




Computational Biology

Stage 1.
Sequence Analysis

Residue - 16024 (Sequenced Strand) Sequence Length- 1 122]

heoza
hera
he1z4
he1rs
hez24
o274
hesza
hears
o424
16474
hesza

TTCTTTCATG GGGANGCAGA TTTGGGTACC ACCCAAGTAT TGACTCACCC
AT TATT TCGTACATT: WMTAT
TGTACGGTAC CATAAATACT TGACG \CCCAATC
CACATCAMMA CCCCCTCCCC ATGCTTACAA GCAAGTACAG CAATCAACCC
TCAACTATCA CACATCAACT GCAACTCCAA AGCCACCCCT CACCCACTAG
GATACCA, \CCCA CCCTT CATAGTAL AT
TTACCGTACA TAGCACATTA CAGTCAARTC CCTTCTCGTC CCCATGGATG
ACCCCCCTCA GATAGGGGTC CCTTGACCAC CATCCTCCGT GAAATCAATA
TCCCGCACAA GAGTGCTACT CTCCTCGCTC CGGGCCCAT! CTTE66G
GTAGCTALAG TGAACTGTAT CCGACATCTG GTTCCTACTT CAGGGTCATA
AAGCCTAAAT AGCCCACACG TTCCCCTTAA ATAAGACATC ACGATGGATC
ACAGGTCTAT CACCCTATTA ACCACTCACG GGAGCTCTCC ATGCATTTGG
TATTTTCGTC TGOGGGGTA (G CTGGAGC
CGGAGCACCC TATGTCGCAG TA
TATTTATCGC ACCTACGTTC AATATTACAG GC
GTGTTAATTA ATTAATGCTT GTAGG
GCACAGCCAC TTTCK GACATCAT! \TTT CCACCAANCC
CCCCCTCCCC COCTTCTGRC CACAGCACTT \TCT CTGCCAAACC
CCAMMAACAA AGAACCCTAA CACCAGCCTA ACCAGATTTC AAATTTTATC
TTTTGGCGGT ATGCACTTTT AACAGTCACC CCCCAACTAA CACATTATTT
TCCCCTCCCA CTCCCATACT ACTAATCTCA TC C CCCCaCceaT
CCTACCCAGC ACACACACAC CGCTGCTAAC CCCATACCCC GAACCAACCA
AACCCCAAMG ACACCCCCCA CA

Stage 2.
Structure Analysis

Gene sequencing

Sequence alignment

Homolog search
Motif finding
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Protein folding
Homolog search
Protein docking
Function prediction




Human Genome Project

= Goal
e I|dentification of complete human genome
e Mapping the genes from a functional standpoint
=  History
e Began in 1990 by NIH
* Aninitial draft was released in 2001
= Participation
e International Consortium was founded by hundreds of universities and research

centers from US, UK, Germany, France, Japan, Canada, China, New Zealand, India,

and so on.
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Computational Biology

Stage 1.
Sequence Analysis

Residue - 16024 (Sequenced Strand) Sequence Length- 1 122]

heoza
hera
he1z4
he1rs
hez24
o274
hesza
hears
o424
16474
hesza

TTCTTTCATG GGGANGCAGA TTTGGGTACC ACCCAAGTAT TGACTCACCC
AT TATT TCGTACATT: WMTAT
TGTACGGTAC CATAAATACT TGACG \CCCAATC
CACATCAMMA CCCCCTCCCC ATGCTTACAA GCAAGTACAG CAATCAACCC
TCAACTATCA CACATCAACT GCAACTCCAA AGCCACCCCT CACCCACTAG
GATACCA, \CCCA CCCTT CATAGTAL AT
TTACCGTACA TAGCACATTA CAGTCAARTC CCTTCTCGTC CCCATGGATG
ACCCCCCTCA GATAGGGGTC CCTTGACCAC CATCCTCCGT GAAATCAATA
TCCCGCACAA GAGTGCTACT CTCCTCGCTC CGGGCCCAT! CTTE66G
GTAGCTALAG TGAACTGTAT CCGACATCTG GTTCCTACTT CAGGGTCATA
AAGCCTAAAT AGCCCACACG TTCCCCTTAA ATAAGACATC ACGATGGATC
ACAGGTCTAT CACCCTATTA ACCACTCACG GGAGCTCTCC ATGCATTTGG
TATTTTCGTC TGOGGGGTA (G CTGGAGC
CGGAGCACCC TATGTCGCAG TA
TATTTATCGC ACCTACGTTC AATATTACAG GC
GTGTTAATTA ATTAATGCTT GTAGG
GCACAGCCAC TTTCK GACATCAT! \TTT CCACCAANCC
CCCCCTCCCC COCTTCTGRC CACAGCACTT \TCT CTGCCAAACC
CCAMMAACAA AGAACCCTAA CACCAGCCTA ACCAGATTTC AAATTTTATC
TTTTGGCGGT ATGCACTTTT AACAGTCACC CCCCAACTAA CACATTATTT
TCCCCTCCCA CTCCCATACT ACTAATCTCA TC C CCCCaCceaT
CCTACCCAGC ACACACACAC CGCTGCTAAC CCCATACCCC GAACCAACCA
AACCCCAAMG ACACCCCCCA CA

Stage 2.
Structure Analysis

Gene sequencing

Sequence alignment

Homolog search
Motif finding
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Functional Genomics

Stage 1.
Sequence Analysis

Stage 2. Stage 3.
Structure Analysis Genome Analysis

Residue - 16024 (Sequenced Strand) Sequence Length- 1 122]

heoza
hera
he1z4
he1rs
hez24
o274
hesza
hears
o424
16474
hesza

TTCTTTCATG GGGANGCAGA TTTGGGTACC ACCCAAGTAT TGACTCACCC
AT TATT TCGTACATT: WMTAT
TGTACGGTAC CATAAATACT TGACG \CCCAATC
CACATCAMMA CCCCCTCCCC ATGCTTACAA GCAAGTACAG CAATCAACCC
TCAACTATCA CACATCAACT GCAACTCCAA AGCCACCCCT CACCCACTAG
GATACCA, \CCCA CCCTT CATAGTAL AT
TTACCGTACA TAGCACATTA CAGTCAARTC CCTTCTCGTC CCCATGGATG
ACCCCCCTCA GATAGGGGTC CCTTGACCAC CATCCTCCGT GAAATCAATA
TCCCGCACAA GAGTGCTACT CTCCTCGCTC CGGGCCCAT! CTTE66G
GTAGCTALAG TGAACTGTAT CCGACATCTG GTTCCTACTT CAGGGTCATA
AAGCCTAAAT AGCCCACACG TTCCCCTTAA ATAAGACATC ACGATGGATC
ACAGGTCTAT CACCCTATTA ACCACTCACG GGAGCTCTCC ATGCATTTGG
TATTTTCGTC TGOGGGGTA (G CTGGAGC
CGGAGCACCC TATGTCGCAG TA
TATTTATCGC ACCTACGTTC AATATTACAG GC
GTGTTAATTA ATTAATGCTT GTAGG
GCACAGCCAC TTTCK GACATCAT! \TTT CCACCAANCC
CCCCCTCCCC COCTTCTGRC CACAGCACTT \TCT CTGCCAAACC
CCAMMAACAA AGAACCCTAA CACCAGCCTA ACCAGATTTC AAATTTTATC
TTTTGGCGGT ATGCACTTTT AACAGTCACC CCCCAACTAA CACATTATTT
TCCCCTCCCA CTCCCATACT ACTAATCTCA TC C CCCCaCceaT
CCTACCCAGC ACACACACAC CGCTGCTAAC CCCATACCCC GAACCAACCA
AACCCCAAMG ACACCCCCCA CA

Gene sequencing

Sequence alignment

Homolog search
Motif finding
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Protein folding « Function prediction
Homolog search « Gene clustering
Protein docking » Disease classification

Function prediction




Systems Biology

Stage 1.
Sequence Analysis

Stage 2.
Structure Analysis

heoza
hera
he1z4
he1rs
hez24
o274
hesza
hears
o424
16474
hesza

Residue - 16024 (Sequenced Strand) Sequence Length- 1 122]

ACC ACCCAAGTAT TGACTCACCC

T
CCCoCTCC

TTT
TCCCCTCCCA CTCCCATACT ACTAATCTCA T CCccaeecar
CCTACCCAGC AC AC CGCTGCTAAC CCCATACCCC GAACCAACCA
AACCCCAAMG ACACCCCCCA CA

Gene sequencing
Sequence alignment
Homolog search
Motif finding

Baylor University

Engineering

Protein folding
Homolog search
Protein docking
Function prediction

Stage 3.
Genome Analysis

Function prediction
Gene clustering
Disease classification

Stage 4.
Network Analysis

Network modeling
Function prediction
Pathway identification
Module detection

- Computer Science



Personalized Medicine

= Customized medical treatment
e examination of genetic variation

e understanding of the roles of genes in disease

Your DNA Affects Your Response to Drugs

. Safe, sffective Safe, nol affective Unsafe, nok Linsafe, effective

effactive
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Why Bioinformatics at Baylor?

=  Bioinformatics Program in Baylor

e Bachelor of Science in Informatics (BSI), majoring in Bioinformatics

First undergraduate program nationally (1999). Continues to occupy

a very unique niche.

There is an increasing need to train individuals at the intersection
of computer science, biology (genetics), biochemistry, mathematics,

and statistics.

Two faculty members, Dr. Erich Baker and Dr. Young-Rae Cho

Approximately 40-50 majors.

Baylor University

Engineering

. Computer Science



Why Bioinformatics at Baylor?

=  Requirements

e Computer Science: 32 credit hours

e Biology: 20 credit hours

e Chemistry: 17 credit hours

e Bioinformatics: 12 credit hours
e Genomics & Bioinformatics
e Introduction to Computational Biology
e (Capstone Bioinformatics Design Project

e General Electives: O credit hours
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Why Bioinformatics at Baylor?
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What can | do with this degree?

= Graduate Schools (75%)
» Bioinformatics
» Professional schools
= Life science

= Computer science

= Industry (25%)
» Bioinformatics
(pharmaceutical research)
« Computer science

e Life science
®

Baylor University
. Engineering
o, Computer Science

Industry, 25%

Bioinformatics,
35%

Professional
School, 28%




Bioinformatics Career-Outlook

Bioinformatics Career & Salary Outlook
Molecular modelers and bioinformatics
software developers can obtain between
$60,000 and $100,000.

The outlook for careers in bioinformatics is
good, as the increasing trend in science is
towards taking a multidisciplinary approach
to solving biological problems. All of these
career fields should see faster than
average growth over the next five to seven
years. However, competition for such jobs
IS expected to be high, and the best
opportunities will be for candidates with
post-graduate degrees.
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Research Topics at Baylor

= Dr. Erich Baker

Shewanella Knowledgebase: integrating technology across disciplines and between
laboratories. (DoE)

 PTSD: managing data created by the center of excellence for traumatic brain injury.
(DoD/VA)

Ontological Discovery Environment: identifying empirically created ontologies from
primary biological sources. (NIH)

= Dr. Young-Rae Cho
e Biological network modeling and analysis
e Genomic and proteomic functional characterization

* Disease-related pathway and drug target identification
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Reference

=  http://www.ecs.baylor.edu/bioinformatics/

@ Mastering Multiple Disciplines

Sl A DECADE OF GROWTH IN BAYLOR BIOINFORMATICS
Engineeri
Comput
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BIOINFORMATICS FACULTY

Contact Information
Cir. Erich Baker

Phone: 254.710.7304
Erich_Baker@Baylor.edu

Dr. Erich Baker started his education at the University of Notre Dame. He earned a B.A. in
Political Science. He then continued his education receiving a M.5. in Biomedical Science from
Barry University. Dr. Baker completed his education at the University of Tennessee at Knoxville

where he sarned his PhD in Comparative and Experimental Medicine.

Michelle Aars
Phone: 254.710.3876
Michelle_Aars@baylor.edu

Befare coming to Baylor, he was an instructor at the University of
Tennessee, In 2002, he joined the Baylor Department of Computer

Science as an assistant professor in Bioinformatics.

Mailing Address

DOr. Young-Rae Cho, an Assistant Professor in Computer Science, holds a B.S. in Material
One Bear Place #97356 Science and Engineering from Yonsei University (1989), a B.A. in Computer and Information
Waco, TX 76798 Science from COhio State University (2002), a M.5. in Computer Science from the University of
Illinois {2003) and a Ph.D. in Computer Science and Engineering from SUNY Buffalo in 2009,

Give Back to Baylor
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