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quality score use in mapping, 163
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scoring and filtering, 161–162
seeding, 160–161

Marginal likelihood, 249
Markov assumptions, 247
Mascot, 192
Mass differential equation model, 257b
Mass spectrometry (MS), 188–199

overview of, 188–189, 189f
peptide identification, 191–194
accurate mass and time tag (AMT) approach,
193–194

database-driven approaches, 191–193
de novo sequencing, 194–195, 195t
estimating false positives, 193
target-decoy approach, 193
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labeled, 197–198, 198f
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selected reaction monitoring (SRM), 198–199, 198f

protein digestion for, 190
protein identification, 195–196
false positives, 195–196
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protein quantitation, 199
sample preparation, 189–190
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Matlab machine learning algorithms, 79
MATLAB programming language, 9, 11
Maximum, 22
Maximum entropy algorithm, 298, 298t
Mean

central limit theorem and, 29
comparing means between groups, 28–30, 28f
population, 22, 23
sample, 21, 22
standard error of, 24
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Measures of central tendency, 22
Median

sample, 21, 22
in unimodal, symmetric distribution, 24
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Medical subject headings (MeSH), 293, 294t
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Medline, 285, 286f, 288
MEK, 242f, 243, 246–252, 247f, 253b–254b
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defined, 8, 8t
space complexity and, 13–14

Meta-analysis
described, 144

gene expression experiments, 261–281
for increasing statistical power, 144

MetaMap, 291t
Metathesaurus, 292–293, 294t
Metrics, microarray analysis, 114–115, 115f
Microarrays, 107–122
analysis of gene expression values, 114–122

metrics, 114–115, 115f
semisupervised clustering methods, 117–120, 119f
statistical approaches to data interpretation,
120–122, 121t

unsupervised clustering methods, 115–117,
116f–117f

blocks, 109
high-density DNA, 132
next-generation sequencing compared, 107
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overview, 112
preprocessing and normalization, 112–114
two-color compared, 108

overview of, 107–109
tiling, 107
two-color

MA plots, 111, 111b
one-color compared, 108
overview, 109–110
preprocessing and normalization, 110–111, 111f

Microscope images, 87–88, 88f
Minimum, 22
Minkowski equation, 114
Mismatch probes, 112
Missing data, 41
Mixture models, flow cytometry and, 212–215
Model averaging, 251
Modeling assumptions, 242
Models
pathway

Bayesian networks, 245–259
Boolean networks, 242–244, 242f, 245
challenges in, 241
differential equation models, 257b–258b
dynamic Bayesian networks, 244–245
modeling assumptions, 242
network inference, 241
robust, 244

probabilistic, 72–76, 73f, 241–242
Bayesian network, 73f, 74–76
hidden Markov models (HMM), 73f, 74–76,
298, 298t

proportional hazard, 42
MoDIL, 183
Module networks, 255–256
Monty Hall problem, 18
Moore, Andrew, 80
Moore, Gordon, 47
Moore’s law, 47–48
MOSAIK, 166t, 167
MRI. See Magnetic resonance imaging
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MS. See Mass spectrometry
Multiple hypotheses, correction for, 21, 35–36,
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Multiple hypothesis testing, 140, 145

correction methods, 35–36
Benjamini–Hochberg false discovery rate, 36
Bonferroni, 35
Tukey, 36

errors, 35
problems with, 34–35

Multiple testing, 140, 145
Mutual information theoretic technique, 102
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applications, 286–287
machine learning, 297–300, 298t–300t
named entity recognition, 290–291, 291t
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standard terminologies, 292–295, 294t–295t

NCBI (National Center for Biotechnology
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Negative predictive value (NPV), 54, 55f
NER (named entity recognition), 290–291, 291t
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Network inference, 241
Networks

Bayesian, 73–74, 73f, 245–259
in action, 255–256
chain rule, 247
joint probability distribution, 245–248
learning signaling pathway structure from flow
cytometry data, 256

Markov assumptions, 247
model properties, 251–255
model semantics, 245–246
notation, 246–249
structure learning, 249–251

Boolean, 242–244, 242f, 245
dynamic Bayesian networks, 244–245
module, 255–256
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Next-generation sequencing, 155–184
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CHIP-seq, 172–179

advantages, 178
algorithms, 173–177
features of software packages, 179f
overview, 172–173
practical considerations, 177–178
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future of, 184
gene expression microarrays compared, 107
Illumina, 156, 156t
RNA-seq, 167–172

advantages, 167–168, 171–172
applications, 167–168
approaches to identifying transcript structure,
168–170, 168f

overview, 167–168
transcript quantification, 170–171, 171f

sequencing services, 183–184
short-read mapping, 159–167

alignment programs, 166–167, 166t
characteristics of short reads, 159–160, 160f
indel alignment, 163–164
mapping output, 165–166
mapping quality/posterior probability, 162–163,
162f

paired-end alignment, 164–165, 165f
practical considerations, 166–167
quality score use in mapping, 163
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scoring and filtering, 161–162
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variation detection, 180–183
copy-number variants, 180, 182
detecting large-scale variants, 182–183, 183f
detecting nucleotide-level variation, 180–182, 181f
genomic variants classified by scale, 180
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Noise, 64
Nominal significance threshold, 140
Nonmaximum suppression, 105b
Nonparametric population-finding methods, 215–216
Nonparametric statistics, 30, 41
Normalization
one-color microarrays, 112–114
two-color microarrays, 110–111, 111f

NPV (negative predictive value), 54, 55f
Null distribution, 121, 140
Null hypothesis
described, 26
test statistic and, 27

O

Oases, 171, 171t
Object-oriented languages, 11
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Odds ratio, in GWAS, 129–130
Odds ratios, 37b–38b
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ODEs (ordinary differential equations), 257,
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One-color microarrays

overview, 112
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two-color compared, 108

One-strand peaks, 176
Online mendelian inheritance in man (OMIM), 294t
Ontologies in biomedicine, 295–297, 296f
ORA. See Overrepresentation analysis
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Output variables, 66–67
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assessing statistical significance of pathways, 232
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tools for, 230t
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PAM (prediction across microarrays), 217
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Parameters, 250b
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Partitioning algorithms, 71–72, 118–119
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Pathway analysis
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assessing statistical significance of pathways, 232
correction for multiple hypotheses, 230t, 232
limitations of, 226–227
overview, 224–226, 225f
tools for, 230t

pathway-topology-based approaches, 228–229, 232t
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Pathway-level statistics, 230, 232
Pathway models
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Boolean networks, 242–244, 242f, 245
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differential equation models, 257b–258b
dynamic Bayesian networks, 244–245
modeling assumptions, 242
network inference, 241
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Pattern Recognition and Machine Learning (Bishop), 79
PCA (principal component analysis), 78
PCR, quantitative (qPCR), 172–173
Peak finding, 174
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Pearson correlation, 40–41, 42f, 114–115, 115f
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Peptide identification, by mass spectrometry (MS),
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accurate mass and time tag (AMT) approach,

193–194
database-driven approaches, 191–193
de novo sequencing, 194–195, 195t
estimating false positives, 193
peptide modifications, 95
target-decoy approach, 193

Peptide modifications, mass spectrometry and, 95
Peptide quantitation, mass spectrometry and, 196–199
labeled, 197–198, 198f
label-free, 196–197
selected reaction monitoring (SRM), 198–199, 198f
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Perfect-match probes, 112
Performance evaluation, 53–57, 55f, 56f
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Permutation testing, 39, 141
Personalized medicine, 131
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Perturbation factor, 229
PET (positron emission tomography), 90
pFDR, 121
Pharmacogenetics, 131
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association with genotypes (see Genome-wide
association study)

defined, 127–128
genotype-phenotype, 128–130, 128f
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Population variance, 23
Positive predictive value (PPV), 54, 56
Positron emission tomography (PET), 90
Posterior probability, 68, 162
Power, statistical, 127–128, 141–144
PPV (positive predictive value), 54, 56
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Pred probability, 159
Pred score, 159
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Primer extension, 135
Principal component analysis (PCA), 78
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Probabilistic modeling, defined, 72
Probabilistic models, 72–76, 73f, 241–242

Bayesian network, 73f, 74–76
hidden Markov models (HMM), 73f, 74–76,
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conditional, 18, 20, 68
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expectation, 21
joint, 19–20
Monty Hall problem, 18
notation, 18
posterior, 68, 162
transition, 75

Probability distribution, 213b–214b
Probes, for genotype calling, 135–136
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described, 9, 11
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described, 9–11
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ease of implementation, 15
executing, 8–9
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Proof-of-principle, 2
Proportional hazard models, 42
Prostate cancer, meta-analysis of, 266, 268, 268f
Protein identification, by mass spectrometry (MS),

195–196
false positives, 195–196
one peptide mapped to many proteins, 196

Proteins
mass spectrometry (MS) of

peptide identification, 191–194
peptide quantitation, 196–199
protein identification, 195–196
protein quantitation, 199

variations in, 188
Proteomics, 187–219
flow cytometry, 188–218
mass spectrometry (MS), 188–199
reasons for studying, 187

Proton, in MRI, 89
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p value
interpretation of, 27
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significant, 25
t distribution and, 29
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qPCR (quantitative PCR), 172–173
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reaction), 108
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Quality score, 159, 162–163, 162f
Quantile normalization, 113
Quantile-quantile (QQ) plot, 148, 148f
Quantitative PCR (qPCR), 172–173
Quantitative real-time–polymerase chain reaction

(qRT-PCR), 108
QuEST, 178, 179f
Question, formulation of, 25–26
q value, 36–37
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Reproducibility, statistical hypothesis testing and, 25
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168–170, 168f
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transcript quantification, 170–171, 171f

Robust, 244
Robust Multiarray Analysis (RMA) model, 113–114
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56–57, 56f
Root mean square error, 57
Root nodes, 246
RPKM, 170
RP (Rank Product) method, 122
R programming language, 9, 11, 113, 203, 261, 265
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machine language algorithms, 79
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integrating findings, 279
interpreting findings, 279
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S
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Sample mean, 21, 22
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SAMtools, 166, 182
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Sanger sequencing, 155
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Search
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Seed, 160
Seeding, 160–161
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Segmentation. See Image segmentation
Selected reaction monitoring (SRM),
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Self-self hybridization, 110
Semisupervised clustering methods, 117–120, 119f
Semisupervised learning, 51, 52f
Sensitivity, 54–57, 55f, 56f, 244
Sequencers, DNA, 155
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Short Oligonucleotide Analysis Package (SOAP),
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Short-read mapping, 159–167
alignment programs, 166–167, 166t
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mapping output, 165–166
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162–163, 162f
paired-end alignment, 164–165, 165f
practical considerations, 166–167
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repetitive reads, 161
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Signaling pathway, learning structure from flow
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Statistical analysis of data, 25–39
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null hypothesis, 26
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Summary statistics, 22
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linear classification, 69–70
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