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The massively parallel acquisition of RNA expression data is rapidly becom ng streamined
and dropping in price. In the near future we can expect that biologists and clinicians in
many institutions will be routinely neasuring such data. Therefore analysis of these data
sets to characterize biological systens, identify high-yield candi date genes/ESTs for
further biological investigation, or quantify a patient’s health risks, to just nane a
few tasks, will beconme a standard part of the investigational armanentarium Many

al gorithms have been devel oped to take RNA expression data sets and generate clusters
that are putatively reflective of functional dependencies. These algorithns range in
conplexity fromsinple fold-difference cal culati ons to conprehensive pair-w se

conpari sons and nodel construction. This tutorial is designed to teach the basics of the
various bioinformatics nethodol ogi es avail able to anal yze RNA expression data sets, yet
wi || approach the subject froma practical standpoint, so that attendees can i mediately
put these algorithns to use.

Content Description (4 parts):
1. Review
The first part of the tutorial will be the nbst didactic. It will include a review of:

Brief descriptions of the compnly used types of mcroarrays, and how use of the
di fferent types inpacts downstream anal ysis.

Typi cal flow of an investigation of the functional genomics of a biological domain
goi ng from hypot hesis generation to hypothesis validation.

Nature and format of the expression data files generated by the two nbst common
technologies will be described. Particular enphasis will be placed on the different
characteristics of these neasurenment systens and how nornalization of the data sets can
be approached (and conmon mi st akes).

Quantifying and conpensating for noise and irreproducibility in mcroarray
nmeasur enent s.

Description of the nobst frequently used clustering techniques. Their strengths and
weakness wi Il be sunmarized. The questions for which each m ght be better suited will be
addressed as well as reasonabl e approaches to the interpretation of results generated by
t hese techni ques.

Revi ew of several instances of the clustering techniques applied to various biol ogica
syst ens.

What to do next after a list of genes is obtained; howto |ink genes to other nationa
dat abases.

A review of the current rel evant biol ogi cal ontol ogi es, taxonomni es, and data nodel s and
their application to mcroarray analysis and storage.

2. Exanple Analysis

Several publicly available data sets will be introduced. The instructors will lead the
partici pants step by step through several analyses of these data sets. The will provide a
very concrete sense of what is involved in performng the analyses introduced in the

Revi ew part of the tutorial

3. Human CGenome Proj ect



An update on the Human Genome Project will be presented, including coverage of the draft
genone release. Inplications of the findings fromthe Human Genonme Project will be put
in the context of functional genom cs and nicroarray analysis.

4. Questions and Answers

During this segnent of the tutorial, participants will be encouraged to explore how they
m ght use these techniques in domains that are of interest to them Also, the instructors
will noderate a nore detail ed di scussion of the problens associated with each of the
techni ques revi ewed and where the current research challenges lie.

Goal s of the tutorial
By the end of the session, attendees will be able to:

1. Be able to explain the different types of genomic clustering avail able, including
intervention fold differences, self-organizing maps, phylogenetic-type trees, and know
the advant ages and di sadvant ages of each.

2. Know how to cal cul ate correlation coefficient, nutual information, entropy, and
ot her nmeasures of information and dissinmlarity.

3. Be able to interpret the results of each clustering nethod, and know what possible
next steps are available in analyzing the results.

4, Understand all the types of experinents done with nmicroarrays to date, and the
potential variety of experinents possible.

5. Know how to get more information about a resulting list of genes.

Who shoul d attend:

Bi oi nformati ci ans

Medi cal informaticians and clinicians |ooking to get involved in bioinfornmatics
St udent s

I nformati on Technol ogy professional s

Cover age:

Basi ¢ 30%
I nternedi ate 40%
Advanced 30%

I nstructors:

Both instructors have previously presented and taught at PSB, AM A, and |ISMB tutorials.
This tutorial was presented by the sane instructors at AM A 2001 and PSB 2002 (as well as
I SMB 1999 in an earlier version) and received excellent reviews. |saac Kohane and Atul
Butte are coauthors on an upcom ng book titled “Mcroarrays for an Integrative Genom cs”
which will be the first book published on mcroarray analysis (to appear in July 2002 by
MT Press). This tutorial will be taught based on this book.

The instructors for this course are involved in investigations of gene expression with
collaborators in nultiple acadeni c centers in Boston and el sewhere. These col |l aborations
i nvol ve the study of the functional genomics of organ transplantation and rejection,

di abetes, cardi ac di sease, tunorogenesis, neurodevel opnent, and neuronuscul ar di sease, to
just nention a few of the established application domains. The Children’s Hospita
Informatics Programis funded by five institutes of NIH (NIDDK, NLM N AID, NH.BI, and
NINDS) to performand anal yze nmicroarrays in functional genom cs, as well as many ot her
fundi ng agenci es.
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Associ ate Professor of Pediatrics, Harvard Medi cal Schoo
Director, Children’ s Hospital Informatics Program

| saac (Zak) Kohane is the director of the Children's Hospital Informatics Program and
Associ ate Professor of Pediatrics at Harvard Medical School. Dr. Kohane is |eading

mul tiple collaborations at Harvard Medical School and its hospital affiliates in the

el uci dation of regulatory networks of genes and the interaction between genotype and
phenotype using a variety of bioinformatics techniques. Application domains he is
currently involved in include tunorogenesis, neurodevel opnment, neuro-endocrinol ogy and
transpl antation biology. Dr. Kohane's research builds on his doctoral work in conputer
sci ence on deci sion support and subsequent research in machine |earning applied to

bi onedi ci ne. Dr. Kohane has al so | ed the devel opnent of cryptographic health
identification systens and aut onated personal health records. He has published over 50
papers in bionedical informatics. Dr. Kohane has chaired several national neetings
including the two nost recent Spring Synposia on Artificial Intelligence in Medicine at
Stanford University and the session on Linking Phenotype to Genotype at the Pacific
Synposi um on Bi oconputing. He is also a founder of the Center for Qutcones and Policy
Research at the Dana Farber Cancer Institute, founder and Associate Director for the
Center for Cenetic Epidem ology at Harvard Medical School. He is a Fellow of the Anmerican
Col I ege of Medical Informatics and a Fellow of the Society for Pediatric Research. He is
Associate Editor for Bioinformatics for the Journal of Biomedical Informatics and on the
editorial board of the Journal of the American Medical Informatics Associations. Dr.
Kohane is also a practicing pediatric endocrinologist at Children's Hospital in Boston

Atul Butte, M
Instructor in Pediatrics, Harvard Medical Schoo
Assistant in Pediatric Endocrinology, Children's Hospital, Boston

Atul Butte is currently on staff in the Children's Hospital Informatics Program is a
practicing pediatric endocrinologist at Children's Hospital, Boston, and is an Instructor
at Harvard Medi cal School. Dr. Butte received his undergraduate degree in Conputer

Sci ence fromBrown University in 1991, and worked in several stints as a software

engi neer at Apple Conputer (on the System 7 team) and M crosoft Corporation (on the Exce
tean). He graduated fromthe Brown University School of Medicine in 1995, during which he
worked as a research fellow at N DDK t hrough the Howard Hughes/ Nl H Research Schol ars
Program He conpleted his residency in Pediatrics and Fellowship in Pediatric
Endocrinol ogy in 2001, both at Children's Hospital, Boston. During his research work
under Dr. |saac Kohane, he devel oped a novel nethodol ogy for analyzing | arge data sets of
RNA expression, called Rel evance Networks. This technique was published in the
Proceedi ngs of the National Acadeny of Science (2000, 97:12182). Dr. Butte is an

i nventor on five pending US patents, including one for Rel evance Networks. Dr. Butte's
recent awards include the 2001 American Association for Cancer Research / Pharnacia

Schol ar-1n-Training Award and the 2001 Lawson W I ki ns Pedi atric Endocrine Soci ety
NovoNor di sk Cinical Scholar Award. Dr. Butte's research is supported by grants from

NI DDK, NHLBI, NI NDS, NLM the Endocrine Fellows Foundation, the Genentech Center for
Cinical Research and Education, the Lawson W/ kins Pediatric Endocrinol ogy Society, and
Mer ck.



