
April 21, 2006 11:51 WSPC/Book Trim Size for 9in x 6in gene

Contents

Preface vii

1. Introduction 1

1.1 The Microarray: Key to Functional Genomics and Systems
Biology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Applications of Microarray . . . . . . . . . . . . . . . . . . 2
1.2.1 Gene Expression Profiles in Different Tissues . . . . 3
1.2.2 Developmental Genetics . . . . . . . . . . . . . . . . 3
1.2.3 Gene Expression Patterns in Model Systems . . . . . 3
1.2.4 Differential Gene Expression Patterns in Diseases . . 4
1.2.5 Gene Expression Patterns in Pathogens . . . . . . . 5
1.2.6 Gene Expression in Response to Drug Treatments . . 6
1.2.7 Genotypic Analysis . . . . . . . . . . . . . . . . . . . 7
1.2.8 Mutation Screening of Disease Genes . . . . . . . . . 7

1.3 Framework of Microarray Data Analysis . . . . . . . . . . . 8
1.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2. Basic Concepts of Molecular Biology 13

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2 Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3 Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.4 Nucleic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.4.1 DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.4.2 RNA . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.5 Central Dogma of Molecular Biology . . . . . . . . . . . . . 22
2.5.1 Genes and the Genetic Code . . . . . . . . . . . . . . 23
2.5.2 Transcription and Gene Expression . . . . . . . . . . 25

ix



April 21, 2006 11:51 WSPC/Book Trim Size for 9in x 6in gene

x Advanced Analysis of Gene Expression Microarray Data

2.5.3 Translation and Protein Synthesis . . . . . . . . . . . 26
2.6 Genotype and Phenotype . . . . . . . . . . . . . . . . . . . 27
2.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3. Overview of Microarray Experiments 31

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
3.2 Microarray Chip Manufacture . . . . . . . . . . . . . . . . . 32

3.2.1 Deposition-Based Manufacture . . . . . . . . . . . . 33
3.2.2 In Situ Manufacture . . . . . . . . . . . . . . . . . . 34

3.2.2.1 The Affymetrix GeneChip . . . . . . . . . . 35
3.3 Steps of Microarray Experiments . . . . . . . . . . . . . . . 36

3.3.1 Sample Preparation and Labeling . . . . . . . . . . . 36
3.3.2 Hybridization . . . . . . . . . . . . . . . . . . . . . . 39
3.3.3 Image Scanning . . . . . . . . . . . . . . . . . . . . . 39

3.4 Image Processing . . . . . . . . . . . . . . . . . . . . . . . . 40
3.5 Microarray Data Cleaning and Preprocessing . . . . . . . . 42

3.5.1 Data Transformation . . . . . . . . . . . . . . . . . . 42
3.5.2 Missing Value Estimation . . . . . . . . . . . . . . . 43

3.6 Data Normalization . . . . . . . . . . . . . . . . . . . . . . 45
3.6.1 Global Normalization Approaches . . . . . . . . . . . 46

3.6.1.1 Standardization . . . . . . . . . . . . . . . . 46
3.6.1.2 Iterative linear regression . . . . . . . . . . . 46

3.6.2 Intensity-Dependent Normalization . . . . . . . . . . 47
3.6.2.1 LOWESS: Locally weighted linear regression 47
3.6.2.2 Distribution normalization . . . . . . . . . . 49

3.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4. Analysis of Differentially-Expressed Genes 51

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
4.2 Basic Concepts in Statistics . . . . . . . . . . . . . . . . . . 53

4.2.1 Statistical Inference . . . . . . . . . . . . . . . . . . . 53
4.2.2 Hypothesis Test . . . . . . . . . . . . . . . . . . . . . 54

4.3 Fold Change Methods . . . . . . . . . . . . . . . . . . . . . 56
4.3.1 k-fold Change . . . . . . . . . . . . . . . . . . . . . . 56
4.3.2 Unusual Ratios . . . . . . . . . . . . . . . . . . . . . 57
4.3.3 Model-Based Methods . . . . . . . . . . . . . . . . . 60

4.4 Parametric Tests . . . . . . . . . . . . . . . . . . . . . . . . 62
4.4.1 Paired t-Test . . . . . . . . . . . . . . . . . . . . . . 62



April 21, 2006 11:51 WSPC/Book Trim Size for 9in x 6in gene

Contents xi

4.4.2 Unpaired t-Test . . . . . . . . . . . . . . . . . . . . . 63
4.4.3 Variants of t-Test . . . . . . . . . . . . . . . . . . . . 64

4.5 Non-Parametric Tests . . . . . . . . . . . . . . . . . . . . . 65
4.5.1 Classical Non-Parametric Statistics . . . . . . . . . . 65
4.5.2 Other Non-Parametric Statistics . . . . . . . . . . . 66
4.5.3 Bootstrap Analysis . . . . . . . . . . . . . . . . . . . 67

4.6 Multiple Testing . . . . . . . . . . . . . . . . . . . . . . . . 69
4.6.1 Family-Wise Error Rate . . . . . . . . . . . . . . . . 70
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