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The Human Genome Project

Before: human genome has about 100,000 genes.
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Introduction

The Human Genome Project

Before: human genome has about 100,000 genes.

THE
HUMAN '
GENOME "

=

After: human genome has about 30,000 genes.
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Introduction

Shock and Dismay

» The New York Times: Genome Analysis Shows Humans Survive on Low
Number of Genes The two teams report that there are far fewer human genes
than thought—probably a mere 30,000 or so—only a third more than those
found in the roundworm. ... The impact on human pride is another matter.
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Number of Genes The two teams report that there are far fewer human genes
than thought—probably a mere 30,000 or so—only a third more than those
found in the roundworm. ... The impact on human pride is another matter.

» Washington Post: It also raises new and difficult questions, such as how human
beings—with all their passions and fears, their capacity for art, music, culture
and war—can be all that they are with just 30,000 or so genes, only five times
as many as in baker's yeast.

T. M. Murali

CS 6104: Systems Biology and Drug Discovery



Introduction

Shock and Dismay

» The New York Times: Genome Analysis Shows Humans Survive on Low
Number of Genes The two teams report that there are far fewer human genes
than thought—probably a mere 30,000 or so—only a third more than those
found in the roundworm. ... The impact on human pride is another matter.

» Washington Post: It also raises new and difficult questions, such as how human
beings—with all their passions and fears, their capacity for art, music, culture
and war—can be all that they are with just 30,000 or so genes, only five times
as many as in baker's yeast.

» USA TODAY: Perhaps the biggest surprise since the code was deciphered in
June is that it takes just 30,000 to 40,000 genes to make, maintain and repair a
human. ... "“If you're judging the complexity of an organism by the number of
genes it has, we've just taken a big hit in the pride department,” says the
National Genome Research Institute’s director, Francis Collins, who also heads
the U.S. arm of the International Human Genome Project.
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Shock and Dismay

>

T. M. Murali

The New York Times: Genome Analysis Shows Humans Survive on Low
Number of Genes The two teams report that there are far fewer human genes
than thought—probably a mere 30,000 or so—only a third more than those
found in the roundworm. ... The impact on human pride is another matter.

Washington Post: It also raises new and difficult questions, such as how human
beings—with all their passions and fears, their capacity for art, music, culture
and war—can be all that they are with just 30,000 or so genes, only five times
as many as in baker's yeast.

USA TODAY: Perhaps the biggest surprise since the code was deciphered in
June is that it takes just 30,000 to 40,000 genes to make, maintain and repair a
human. ... "“If you're judging the complexity of an organism by the number of
genes it has, we've just taken a big hit in the pride department,” says the
National Genome Research Institute’s director, Francis Collins, who also heads
the U.S. arm of the International Human Genome Project.

The New York Times (Aug 24, 2001): Human Genome Now Appears More
Complicated After All After a humiliating deflation this February, human
dignity is on the recovery path, at least as measured by the number of genes in
the human genome.
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Relative Genome Sizes
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Introduction

Chimps vs. Humans

P

Chimp and human genome are only about 1.2% different!
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What Factors Differentiate Various Species?
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What Factors Differentiate Various Species?
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» Gene expression patterns.

» Mechanisms and dynamics of gene regulation.
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What Factors Differentiate Various Species?

» Different genes.

» Gene expression patterns.

» Mechanisms and dynamics of gene regulation.

» "It is the evolution of the regulatory networks and not the
genes themselves that play the critical role in making

organisms different from one another,” The Digital Code of
DNA, Hood and Galas, Nature, vol 421, 2003.
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» Gene expression patterns.

» Mechanisms and dynamics of gene regulation.

» "It is the evolution of the regulatory networks and not the
genes themselves that play the critical role in making

organisms different from one another,” The Digital Code of
DNA, Hood and Galas, Nature, vol 421, 2003.

» We need to understand how genes, proteins, and other
molecules interact with other in different cell states and under
different external conditions.
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What Factors Differentiate Various Species?

» Different genes.

» Gene expression patterns.

» Mechanisms and dynamics of gene regulation.

» "It is the evolution of the regulatory networks and not the
genes themselves that play the critical role in making

organisms different from one another,” The Digital Code of
DNA, Hood and Galas, Nature, vol 421, 2003.

» We need to understand how genes, proteins, and other
molecules interact with other in different cell states and under
different external conditions.

» Study only of individual elements is unlikely to reveal
higher-order principles.
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Enter Systems Biology

» Systems Biology is the study of the parts of the cell, their
properties, and their relationships.
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Introduction

Enter Systems Biology

» Systems Biology is the study of the parts of the cell, their
properties, and their relationships.

» What are the structures and modules that make up cellular
networks?

» How do these modules interact with each other over time and
in different situations?

» How can we interrogate the cell and iteratively refine our
models of the cell?
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CS 6104: Systems Biology and Drug Discovery



Introduction

Characteristics of Systems Biology

» Modular cell biology (rather than molecular).
» Discovery-driven and hypothesis-driven.

» Driven by high-throughput and accurate biological
measurements.

» Uses and needs sophisticated computational, mathematical,
and statistical ideas.

» Requires close collaboration between biologists and
quantitative scientists.

T. M. Murali
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Systems Biology and Drug Discovery

Promises of Human Genome Project

» Identify numerous novel targets for drug therapy.
» Determine the physiological functions of many proteins.

» Enhance knowledge of the genetic basis of various complex
diseases.

» Knowledge of all human genes and haplotypes will lead to a
better understanding of individual drug responses.

T. M. Murali
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Systems Biology and Drug Discovery

Challenges in Achieving these Promises

» What are the pathways and genetic programmes that cause
diseases?

» What are the functions of human genes and how are they
involved in disease processes?

» What are the effects of administering a drug “downstream” of
the drug target?

» What genetic and environmental factors cause differences in
an individual's susceptibility to a disease or response to a
drug?

T. M. Murali
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Systems Biology and Drug Discovery

By assembling a comprehensive understanding of cellular networks
and pathways, systems biology helps in:

1. Target identification: drug developed to target a specific
molecule or interaction in a pathway.

2. Predicting the molecular mechanism-of-action of a drug (with
known therapeutic effects).

3. Predicting drug toxicity.

T. M. Murali
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Course Structure

Course Structure

Discuss state-of-the-art research papers.
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Course Structure

Discuss state-of-the-art research papers.

» Lectures
» Group presentations by students

» Invited lectures
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Course Structure

Course Structure

Discuss state-of-the-art research papers.

Lectures
Group presentations by students
Invited lectures

Class participation
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Course Structure

Course Structure

Discuss state-of-the-art research papers.

Lectures

Group presentations by students

>
>

» Invited lectures
» Class participation
>

Final project
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Course Structure

Grading

Presentation: 20%
Class participation: 30%
Final project: 50%
Homeworks: 0-10%.

vV v v .Yy
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Course Structure

Student Groups

» Each group has 2-3 members.
» You can form your own groups.

» Try to form groups with students with different backgrounds.

T. M. Murali
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Course Structure

Group Presentations

» Number of papers: the group and | mutually decide a set of
2-3 papers. You can either present one paper in detail (and
summarise others) or give equal importance to all papers.

» Time: present for 1.5-2 hours and expect 0.5-1 hours of
questions and discussion. Be prepared for some discussions to
take over your presentation.

> Please give me PDF/PostScript/IATEX copies of slides (no
Microsoft PowerPoint).

T. M. Murali
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Course Structure

Group Presentations

» Number of papers: the group and | mutually decide a set of
2-3 papers. You can either present one paper in detail (and
summarise others) or give equal importance to all papers.

» Time: present for 1.5-2 hours and expect 0.5-1 hours of
questions and discussion. Be prepared for some discussions to
take over your presentation.

> Please give me PDF/PostScript/IATEX copies of slides (no
Microsoft PowerPoint).

» Class Participation is very important.

T. M. Murali
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Course Structure

Suggestions on Reading and Presenting Papers

» Be sceptical/critical: even papers in Nature, Science, or
PNAS have errors or invalid thinking.
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Course Structure

Suggestions on Reading and Presenting Papers

» Be sceptical/critical: even papers in Nature, Science, or
PNAS have errors or invalid thinking.
» Algorithmic/computational papers:
» Are the biological assumptions valid?
> Is the algorithm good and computational efficient? Can you
improve the technique?
» Can you mathematically describe the output of the algorithm?
» Don’t have to give all details. You can just present the
essential ideas.

T. M. Murali
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Course Structure

Suggestions on Reading and Presenting Papers

» Be sceptical/critical: even papers in Nature, Science, or
PNAS have errors or invalid thinking.
» Algorithmic/computational papers:
» Are the biological assumptions valid?
> Is the algorithm good and computational efficient? Can you
improve the technique?
» Can you mathematically describe the output of the algorithm?
» Don’t have to give all details. You can just present the
essential ideas.
» Read supplementary information. Often has details about the
assumptions, the techniques, and the results.
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Course Structure

Final Software Project

Software + analysis project.

We will define a project inspired by the papers you present.
I will discuss list of projects in the next class.

You can propose a project to me.

| will meet each group once a week to monitor progress.
You can use Perl, C, C4++, Java, Python, R ...

vV V.V v Vv Y
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The software has to run on Linux!
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Course Structure

Final Software Project

Software + analysis project.

We will define a project inspired by the papers you present.
I will discuss list of projects in the next class.

You can propose a project to me.

| will meet each group once a week to monitor progress.
You can use Perl, C, C4++, Java, Python, R ...

The software has to run on Linux!

vV V.V vV VvV VvV VY

If a life science student is part of a software project, biological
analysis of the results must play a major role.

T. M. Murali
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Course Structure

Course Times

» Is the Thursday 5-7:45pm time slot fine with everybody?
» Office hours: 10am-12pm Wednesdays and by appointment.

T. M. Murali
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Course Structure

Sources of Information

>
>

T. M. Murali

There is no textbook for the course.
Useful /related books:
» Computational Modeling of Genetic and Biochemical
Networks, James M. Bower and Hamid Bolouri, MIT Press
» Microarrys for an Integrative Genomics, Isaac S. Kohane, Atul
J. Butte, and Alvin Kho, MIT Press.

Conferences: ICSB, RECOMB, ISMB, PSB, KDD, machine
learning conferences, discrete algorithms conferences.

Journals (CS-oriented): Bioinformatics, Journal of
Computational Biology, BMC Bioinformatics, TCBB, TKDE.
Journals (biology-oriented) Nature, Science, Nature Reviews
Drug Discovery, Nature Biotechnology, Nature Reviews
Cancer, Drug Discovery Today, PNAS, NAR, Genome Biology,
Genome Research.

Discussions on the listserv: CS6104_91493@listserv.vt.edu
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Topics

» Disease classification using gene expression data.

» Computational and statistical techniques.
» Application to various diseases, primarily cancer.

Prediction of disease outcome.

Personalised medicine, genome variation and disease.
Whole-genome functional annotation of genes.
Chemical genomics and pharmacogenomics.

RNA interference to probe gene function.
Comparative systems biology.

Proteomics and disease.

vV V.V V. VY vV VY

Literature mining (gene-disease association databases).

T. M. Murali
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Other Possible Topics

» Cancer biology.
» Malaria (possible invited lecture).
» Data integration techniques.

» Designing novel proteins.

T. M. Murali

CS 6104: Systems Biology and Drug Discovery



Sources of Data




Sources of Data

» Gene expression data
» Gene knockouts and external perturbations such as drugs.
» Samples belonging to various classes
» Time-series data.
» GEO, SGD, the Whitehead institute.
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Sources of Data

» Gene expression data
» Gene knockouts and external perturbations such as drugs.
» Samples belonging to various classes
» Time-series data.
» GEO, SGD, the Whitehead institute.
» Protein-protein interaction data
» Large-scale Yeast 2-hybrid assays (yeast, worm, fruitfly).
» Affinity precipitation + mass spectometry (yeast).
» Literature (HPRD).
» Transcriptional regulation
» Protein-DNA binding data (yeast, human liver TFs).
» Binding profiles for known TFs (SCPD, TRANSFAC).
» Literature, Computation, Databases
Transcriptional regulators (TRANSFAC)
» Protein-protein interactions (DIP, GRID, Predictome, MIPS)
» Metabolic networks (KEGG, EcoCyC, BioCarta, GenMAPP)
» Functional annotations (GO, MIPS, species-specific databases

v
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CSB 2003

Computational Systems Biology (Fall 2003)

» Fundamental computational ideas and techniques used in
systems biology.

» Biotechnological breakthroughs that make systems biology
possible.

» Studied research that improves our basic understanding of
biology.

T. M. Murali
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CSB 2003

CSB 2003: Topics in Analysis of Gene Expression Data

» Simple DNA microarray clustering

» Biclustering of DNA microarray data

T. M. Murali
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CSB 2003

CSB 2003: Transcriptional Regulatory Networks
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CSB 2003

CSB 2003: Transcriptional Regulatory Networks
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CSB 2003: Transcriptional Regulatory Networks
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Repression functions of modules F, E, and
DC mediated by Z site

Both P and CG, needed for synergistic link
with module B

Final step up of system output

Positive input from modules B and G

Synergistic amplification of module B
output by CG,-P subsystem

Switch determining whether Otx site in
module A, or upstream modules (i.e.,
mainly module B), will control level of
activity

Repression function inoperative in
endoderm but blocks activity elsewhere

Final output communicated to BTA
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CSB 2003

CSB 2003: Topics in Transcriptional Regulatory Networks

» Extracting them from DNA microarray data.

» Finding genes that are regulated together under specific
conditions.

» Developmental regulatory networks.

» Modular organisation and network motifs.

T. M. Murali
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CSB 2003: Protein-Protein Interaction Networks
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CSB 2003

CSB 2003: Topics in PPl networks

» Experimental and computational techniques for determining
protein-protein interactions.

» Assessing and improving their reliability.

» Functional annotation using PPI networks (by integrating
different sources of evidence).

T. M. Murali
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CSB 2003: Metabolic Networks
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CSB 2003: Metabolic Networks

T. M. Murali
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CSB 2003

CSB 2003: Topics in Metabolic Networks

» High-level structural properties.
» Modelling and reconstruction.

» Modelling and simulation of cellular networks.

T. M. Murali
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CSB 2003

Example Project: ActiveNetworks

Protein—protein
interaction networks

Heat shock —
Cold shock—

Sip18 mutant

Experiments

Desiccation —=

Carbon
starvation™ "

e

Core ActiveModule

O—O0—O

Metabolic
pathways

Hypotheses

T. M. Murali

ActiveModule for each experiment
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Example Project: ActiveNetworks

T. M. Murali
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