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Gene expression analysis	



•  From EST clusters to spotted cDNA microarrays	



•  Long vs. short oligonucleotide microarrays vs. RT-PCR	



•  Methods of DNA microarray data analysis	



•  Serial analysis of gene expression (SAGE) and RNA-seq	



•  Promoter analysis	



•  Chromatin immunoprecipitation (ChIP-seq)	
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Figure 4.3  Principle of cDNA 
microarrays	
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Figure 4.3  Principle of cDNA 
microarrays (Part 1)	



Figure 4.3  Principle of cDNA 
microarrays (Part 2)	
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Figure 4.5  Principle of short 
oligonucleotide arrays	





9/26/13	



6	



Figure 4.5  Principle of short 
oligonucleotide arrays (Part 2)	



Figure 4.6  Construction of Affymetrix oligonucleotide arrays	
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Figure 4.4  Illumina bead arrays	
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Long oligonucleotide microarrays	


•  Long oligonucleotide microarrays are increasingly popular.  These are 

based on conventional methods of oligonucleotide synthesis and 
microarray printing (on polylysine or etc) of 60-80 base oligos, 
typically one per gene.	



•  These in many respects represent a compromise between the 
advantages and disadvantages of spotted cDNAs vs. proprietary short 
oligos.  	



•  Long oligonucleotide microarrays have moderate cost, good 
sensitivity, and good reproducibility.  	



•  Some long oligonucleotide microarrays are commercially available.  It 
is also possible to make your own, and hence control the gene content 
of your assay.	



•  In general, the correlations between microarray platforms are low to 
moderate, due to a variety of factors (3’ bias in probes, probe length, 
hybridization stringency, diffusion limits, etc).	
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Figure 4.17  Quantitative RT-
PCR	
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Figure 4.8  Simple normalization 
of microarray data	
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Box 4.1, Figure A  Visualization 
of single-channel microarrays	



Figure 4.9  Analysis of variance (ANOVA) for gene 
expression data	
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Figure 4.10  Volcano plot of 
significance against effect	



Figure 4.10 - the “volcano” plot of statistical significance	


versus log2 of fold-change in gene expression values.	



Figure 4.11  Hierarchical 
clustering of gene expression	



Figure 4.11 - Hierarchical clustering of gene expression patterns.	
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Figure 4.12  Profile plots	



Figure 4.12 - Profile plots of gene expression data in each cluster.	
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Figure 4.18  Microarray analysis 
of sporulation in budding yeast	



Figure 4.18 - microarray analysis of sporulation in budding yeast.	
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Figure 4.19  Gene expression changes in yeast - boxes represent genes that are 
repressed (green) or induced (red) at least 2-fold, either after glucose limitation (upper 

left quadrant), or 250 generations of adaptive evolution (lower right quadrant).	



Figure 4.20  The compendium 
approach	



Fig. 4.20 - The compendium approach - can cluster both genes and treatments.	
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Figure 4.21  Molecular 
pharmacology of cancers	



Figure 4.21 - the molecular pharmacology of cancer.	



Figure 4.22  Developmental changes in gene expression in Drosophila	
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Figure 4.22  Developmental changes in gene expression in Drosophila	
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Figure 4.14  Principle of SAGE 
(Part 1)	
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Figure 4.14  Principle of SAGE 
(Part 2)	



Figure 4.15 SAGE analysis of yeast and colorectal cancer transcriptomes	





9/26/13	



20	



Figure 4.16  RNA-Seq Analysis	



RNA-Seq: sequencing 200 bp random fragments of cDNAs	



Martin and Wang (2011) Nat. Rev. Genet. 12, 671-682.	
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Martin and Wang (2011) Nat. Rev. Genet. 12, 671-682.	



Martin and Wang (2011) Nat. Rev. Genet. 12, 671-682.	
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Martin and Wang (2011) Nat. Rev. Genet. 12, 671-682.	
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Lenhard et al. (2012) Nat. Rev. Genet. 13, 233-245.	



Types of promoters in Metazoa	



Lenhard et al. (2012) Nat. Rev. Genet. 13, 233-245.	
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Lenhard et al. (2012) Nat. Rev. Genet. 13, 233-245.	
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Chromatin immunoprecipitation (ChIP on chip)	


•  One goal for future microarray analysis methods is to use gene regulatory 

pathways to constrain (or inform) cluster analysis.	



•  A popular method that attempts to discover gene regulatory pathways at the 
whole genome level involves chromatin immunoprecipitation (first crosslink 
proteins to DNA in living cells, then shear the DNA and add specific antibody 
to one transcription factor, and immunoprecipitate the complexes).	



•  DNA fragments that were purified in this way can be fluorescently labeled, and 
hybridized to genomic microarrays (or promoter microarrays).  	



•  The result is a high-resolution, physical map of the binding sites of a particular 
transcription factor, to all gene targets in the genome, under physiological 
conditions, in the living cell.	



•  Additional experiments are required to establish whether this binding has a 
positive, negative, or no effect on transcription.	



Figure 4.13  Chromatin immunoprecipitation and regulatory pathways	





9/26/13	



26	



ChIP for transcription factors or histone modifications	



Furey (2012) Nat. Rev. Genet. 13, 840-852.	



Dnase-hypersensitive domains, formaldehyde cross-linking	



Furey (2012) Nat. Rev. Genet. 13, 840-852.	
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ChIP data analysis	



Furey (2012) Nat. Rev. Genet. 13, 840-852.	



Dnase-seq	



Furey (2012) Nat. Rev. Genet. 13, 840-852.	
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Chromatin-chromatin interactions	



Furey (2012) Nat. Rev. Genet. 13, 840-852.	



Detection of allele-specific bias in ChIP-seq	



Furey (2012) Nat. Rev. Genet. 13, 840-852.	
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Discussion questions - week 5	


•  Discuss the advantages and disadvantages of various methods of gene 

expression analysis, including cDNA microarrays, long & short 
oligonucleotide microarrays, qRT-PCR, SAGE, and RNA-seq.	



•  Discuss the advantages and disadvantages of various methods of 
identifying and analyzing groups of co-regulated genes, including 
hierarchical clustering, principal cluster analysis, and ChIP.	



•  Discuss the quantitative considerations involved in using mathematical 
methods of clustering to cluster samples (or experiments) rather than genes, 
and some of the applications of this approach in developmental biology, 
cancer biology, and biomedical research.  Which of these is compatible 
with RNA-seq?  Why is RNA-seq rarely used with these analyses?	



•  Discuss the major types of Metazoan promoters, and the functional and 
structural (DNA sequence, chromatin modifications) characteristics of 
each.	



•  Discuss methods of chromatin immunoprecipitation, as a tool for 
understanding the role(s) of chromatin structure in gene regulation.  Your 
answer should include some of the advantages and disadvantages of each 
method.	




