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Lecture 1: Introduction to Microarrays

e Administrative Matters

e What do microarrays measure?

e Introductionto R
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Administrative Matters

e Course web site
http://bioinformatics.mdanderson.org/MicroarrayCourse

e Office hours: T, Th, 3:30-4:30, Faculty Center

e Dr. Baggerly: FC2.2060
e Dr. Coombes: FC2.3014

o Grading:

e /0% Homeworks (every two weeks)
e 30% Final project
1. Homeworks and final projects can be worked on jointly.
2. Assignments submitted electronically, in a single file.
3. Submissions should include figures, R code, and text.
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Textbooks

Required: Dalgaard P. Introductory Statistics with R.
Springer-Verlag, New York, 2002.

Recommended: Simon RM, Korn EL, McShane LM, Radmacher
MD, Wright GW, Zhao Y. Design and Analysis of DNA
Microarray Investigations. Springer-Verlag, New York, 2003.

Optional: Speed T (ed). Statistical Analysis of Gene Expression
Microarray Data. Chapman and Hall, New York, 2003.

Optional: Parmigiani G, Garrett ES, Irizarry RA, Zeger SL (eds).
The Analysis of Gene Expression Data. Springer-Verlag, New
York, 2003.
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Course Outline

Week 1: Introduction to microarray technologies

Weeks 2 and 3. Image analysis and quantification for cDNA
arrays and Affymetrix arrays

Weeks 4 and 5: Normalization methods. Implications for
downstream analysis of low-level processing choices.

Week 6. Methods for selecting differentially expressed genes
Week 7: Theory and practice of multiple comparisons

Weeks 8 and 9: Interpreting gene lists with reference to public
databases: IMAGE clone ids, Affymetrix probe sets, GenBank,
UniGene, LocusLink
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Course Outline

Week 10: Experimental design, sample size, and power for
microarray experiments

Week 11: Clustering microarray data
Week 12: Classification of samples using microarray data
Week 13: Validation and cross-validation of results

Week 14: Incorporating clinical information: more advanced
uses of microarrays

Week 15: Open problems: meta-analysis, time course
experiments, etc.
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Course objectives

Microarrays are important for the study of gene expression. This
technology changes the way biologists approach problems and
Introduces new challenges for statisticians. The literature now
contains more than 7000 papers using microarrays; biologists
should understand how the data is processed in order to evaluate
these publications. Statisticians need to understand where the
data comes from, in order analyze it appropriately. After taking
this course, students should be able to:

Understand how microarrays work and how they are analyzed.
Evaluate the analysis of microarray data in a published paper.

Perform some basic analyses of microarrays.
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What do microarrays measure?

Short answer: Gene expression.

Longer answer (also known as “biology in ten minutes”) follows...
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What do microarrays measure?

Short answer: Gene expression.

Longer answer (also known as “biology in ten minutes”) follows...

All living creatures are made of cells. (Except for viruses...)

Chromosomes are the carriers of inherited information. Normal
human cells contain 23 pairs of chromosomes. (Figure courtesy
of Robert J. Huskey at the University of Virginia.)
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The role of gene expression

Each chromosome consists of a pair of DNA molecules held
together by complementary nucleotide base pairs (in total, about
3 x 10° base pairs). The structure of DNA provides an
explanation for heredity, by copying individual strands and
maintaining complementarity.

A normal individual is composed of bazillions of cells all
containing identical chromosomes. Since the cells contain the
same genetic information, what makes skin cells different from
liver cells or kidney cells or brain cells?
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The role of gene expression

Each chromosome consists of a pair of DNA molecules held
together by complementary nucleotide base pairs (in total, about
3 x 10° base pairs). The structure of DNA provides an
explanation for heredity, by copying individual strands and
maintaining complementarity.

A normal individual is composed of bazillions of cells all
containing identical chromosomes. Since the cells contain the
same genetic information, what makes skin cells different from
liver cells or kidney cells or brain cells?

Short answer: Gene expression ....
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What Is a gene?

Traditional definition: the fundamental unit of heredity.

“Old geneticists knew what they were talking about when
they used the term 'gene’, but it seems to have become
corrupted by modern genomics to mean any piece of
expressed sequence....”

— Sydney Brenner, Science. 2000; 287: 2173

“[Gene] Is a highly nuanced noun like 'truth’. Ten years ago,
It commonly meant 'genetic locus’.... Over time biologists
became more comfortable thinking of a gene as a
transcribed region of the genome that results in a functional
molecular product.”’

— Nat Goodman, Genome Technology. 2001; April: 55-58.
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The Central Dogma

Information flows from DNA to RNA to proteins.

The information flow typically occurs in three steps:

Transcription: Portions of DNA sequences are copied into RNA
molecules that guide protein synthesis.

Splicing: Eucaryotic RNA molecules are spliced to remove
Intfron sequences.

Translation: Sequences of nucleotides in mMRNA are read in sets
of three and translated into amino acids to produce a protein.
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Definitions

A gene is a contiguous segment of a DNA molecule that gets
transcribed into RNA in some cells.

A protein-coding gene is a gene whose mRNA is translated into
at least one protein in some cells.

We say that a gene is expressed in a cell if its gene product, in
the form of mMRNA or protein, is present.

Theoretically, the goal of a microarray experiment is
simultaneously to quantify the amount of expression of thousands
of genes in a collection of cells; i.e., to measure gene expression.

Microarrays measure mRNA expression, not protein.
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An idealized expression profile

If we could count the number of mMRNA molecules from each
gene in a single cell at a particular time, we might get this:
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How do microarrays work?

The biological principle involved is the same one that allows DNA
double helices to provide the basis for heredity: Sequences of
DNA or RNA molecules containing complementary base pairs
have a natural tendency to bind together.

..AAAAAGCTAGTCGATGCTAG...
ITTTTCGATCAGCTACGATC...

If we know the mRNA sequence, we can build a probe for it using
the complementary sequence. Two possibilities:

o Direct synthesis of a short sequence (oligo)

» Reverse transcription from mRNA to cDNA
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How do microarrays work?

In general, the probes are shorter than the genes.

Critical note: Different probes for the same gene have different
binding affinities. Since the affinities are unknown, microarrays
produce relative measurements of gene expression.

After selecting the desired probes for all genes of interest, they
are attached to a solid substrate. Samples containing the target
genes are labeled with a fluorescent dye or radiaoactive particle,
hybridized to the array, and scanned. The image is the data.
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Microarray Platforms

Spotted cDNA on nylon membranes (obsolete)

e Commerically produced: Research Genetics, Clontech
e Radioactive labeling, single channel

Multiple synthesized short oligos (25-mers) on silicon

e Commerically produced: Affymetrix
e Single channel fluorescent labeling
e Between 11 and 20 probes per gene target

Spotted cDNA or long oligos (60- or 70-mers) on glass slides

e Home-grown or commercial
e Two-channel: simultaneous co-hybridization of two samples
e Two-color fluorescent labeling
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Overview: Nylon cDNA Microarrays

Cells :__:__:

RMA Isulatiunl
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Reverse
Transcription

Imaging with
Phosphorlmager®

m Hybridization
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Nylon cDNA Microarrays

The raw data Is a 16-bit, gray-scale, TIFF image.
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