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• Context: Some ambitions of genome-scale experimentalists

• Bioconductor’s tasks:

– Reduce barriers to entry for statisticians

– Foster software reliability, analysis reproducibility

– Ease biologists’ use of modern statistical tools

• Vehicles for teaching, developing
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Ambitions I: structural theories of gene function
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Design: large scale integration of published arrays
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Product: coexpression implies shared role

• Cross-organism integration: metagenes formed by recipro-
cal BLAST

• Cross-experiment integration: metagene constituent expres-
sion level vectors are obtained

• Measure of coexpression of two metagenes is inversely pro-
portional to the p-value for correlation tests computed for
their constituents over experiments

• An ordination is constructed so that highly coexpressed
metagenes are at small distances on the plane

• Clusters of genes in plane assessed for functional charac-
teristics
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Issues for statistical educators

• Has bias been avoided? Hard to formalize.

– Risk of (some) circularity – annotation at hump derived
from experiments used to establish the GO annotation?

• Has information been used efficiently?

– Arbitrary thresholds employed to distinguish coexpressed
gene pairs

– Proximities based on ‘p-values’

– Single predominant category assigned to each cluster in
the coexpression graph

• Inspiring analysis, statistical rigor modest at best

• Question: How would you check the work?
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Ambitions II: Reliable methodology

• MAQC, Nat Biotech Sept 2006
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Self-consistent monotone titration frequencies
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Other criteria for platform performance
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Ambitions III: treatment algorithms based on inte-
grative transcript profiling

• Signature/score for drug responsiveness via standard tran-
script profiling

• Pathway activation signatures/scores based on profiling cell
lines that have been transfected with pathway-specific vec-
tors

• Illustrate survival differences for drug-non-responders who
differ with respect to pathway activation
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Bild et al Nature 2006: Genes manifesting pathway
dysregulation
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Dressman et al JCO 2007: Survival among platinum
non-responders distinguished by pathway activation

12



Algorithm
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Reproducibility challenge: Baggerly et al. JCO let-
ter 2008
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Summary of some ambitions

• surveys of array collections still problematic, underdocu-
mented, hard to reproduce (Ioannidis Nat Biotech 09)

• methodologies for interpreting transcript profiling experi-
ments not harmonized – GSEA, GSA, SAFE, ...

• experimental toolchest exploding, statisticians can barely
keep up

• ‘qualitative’ findings and presentations are common

– MAQC monotone titration frequencies

– ‘pathway activation’

– null distributions derived by label permutation, observed
result is ‘in the tail’ – but model underlying permutations
may not be justified
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Bioconductor’s tasks:

• Reduce barriers to entry for statisticians

• Foster software reliability, analysis reproducibility

• Ease biologists’ use of modern statistical tools
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Teaching case study: Problem 4-72 of Alberts, MBoC
Does loss of histone H4 increase expression of a greater fraction of genes

near telomeres than in the rest of the genome? Explain.

17



Solution: ‘statistical analysis’

The student is told that 50-gene windows were formed and proportion
of expressed genes is plotted relative to distance of window midpoint to
telomere
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Caveats on the Alberts volume presentation

• Student is not given the source of the chromosome display
(Wyrick et al 1999; it is in the bibliography with a back-
reference, but no direct reference)

• Graphics in the text are worse than in my slide

• The display is hard to parse; it is not clear that all chromo-
somes exhibit telomere-proximal expression enrichment

• There are 2 DVDs supplied with the book, but no numerical
data – all figures and text

• Getting students to perform informal visual interpretation/explanation
is nice, but mechanics of justifying the interpretation must
also be mastered
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An approach using Bioconductor concepts

• The computer programming language R is used

• It includes built-in documentation and can be extended by
users without special privileges

• A self-describing data structure is used to manage and sup-
port interrogation of the relevant data

• The student explores the numerical patterns in the data
directly

• This serves to model both

– the administrative tasks of structuring and managing ex-
perimental results

– the analytic tasks of discovering and interpreting patterns
in quantitative data
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Example for Wyrick data

> H4dep6h

ExpressionSet (storageMode: lockedEnvironment)

assayData: 6365 features, 4 samples

element names: exprs

phenoData

sampleNames: W1, M1, W2, M2

varLabels and varMetadata description: none

featureData

featureNames: YAL069W, YAL067C, ..., YPR132W (6365 total)

fvarLabels and fvarMetadata description:

chrloc: NA

chrnum: NA

experimentData: use 'experimentData(object)'
pubMedIds: 10586882

Annotation: org.Sc.sgd.db
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MIAME

> experimentData(H4dep6h)

Experiment data

Experimenter name: Wyrick JJ

Laboratory: Whitehead Institute for Biomedical Research, Cambridge, Massachusetts 02142, USA.

Contact information:

Title: Chromosomal landscape of nucleosome-dependent gene expression and silencing in yeast.

URL: http://jura.wi.mit.edu/young_public/chromatin/

PMIDs: 10586882

Abstract: A 169 word abstract is available. Use 'abstract' method.
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> abstract(H4dep6h)

[1] "Eukaryotic genomes are packaged into nucleosomes, which are

thought to repress gene expression generally. Repression is particularly

evident at yeast telomeres, where genes within the telomeric

heterochromatin appear to be silenced by the histone-binding silent

information regulator (SIR) complex (Sir2, Sir3, Sir4) and Rap1

(refs 4-10). Here, to investigate how nucleosomes and silencing

factors influence global gene expression, we use high-density arrays

to study the effects of depleting nucleosomal histones and

silencing factors in yeast. Reducing nucleosome content by depleting

histone H4 caused increased expression of 15% of genes

and reduced expression of 10% of genes, but it

had little effect on expression of the majority (75%)

of yeast genes. Telomere-proximal genes were found to be

de-repressed over regions extending 20 kilobases from the telomeres,

well beyond the extent of Sir protein binding and

the effects of loss of Sir function. These results

indicate that histones make Sir-independent contributions to telomeric silencing,

and that the role of histones located elsewhere in

chromosomes is gene specific rather than generally repressive."
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from help(org.Sc.sgdCHRLOC)

Each ORF identifier maps to a named vector of chromosomal

locations, where the name indicates the chromosome.

Chromosomal locations on both the sense and antisense strands are

measured as the number of base pairs from the p (5' end of the

sense strand) to q (3' end of the sense strand) arms. Chromosomal

locations on the antisense strand have a leading "-" sign (e. g.

-1234567).

Since some genes have multiple start sites, this field can map to

multiple locations.
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X[G,S] for filtering; other functions

> exprs(H4dep6h[1:3,]) # dump

W1 M1 W2 M2

YAL069W 5 54 5 37

YAL067C 82 123 22 129

YAL066W 52 23 28 26

> cloc = function(x) abs(fData(x)$chrloc) # helper

> H4dep6hL = H4dep6h[ !is.na(cloc(H4dep6h)), ]

> erat = exprs(H4dep6hL[,2])/exprs(H4dep6hL[,1])

> mean(erat[cloc(H4dep6hL)<40000]>3)

[1] 0.3525424

> mean(erat[cloc(H4dep6hL)>=40000]>3)

[1] 0.1325854
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What happened?

• We examined Wyrick’s data as distributed at the URL en-
coded in H4dep6h (exprs() dump)

• We simplified filtering of expression values by chromosomal
location using a new function cloc

• We got rid of all genes with missing locations (SGD)

• We computed expression ratios (MT to WT)

• We compared frequency of three-fold increase with H4 de-
pletion in two regions: within 40kb of telomere and beyond
40kb

• We seem to have confirmed the basic assertions in Wyrick
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Additional potentials

• Which genes are not de-repressed when histone H4 is de-
pleted? What is different about them?

• Is the rate of decline of de-repression over base-pairs con-
stant across chromosomes?

• Are there other biologically interesting ‘bumps’ of de-repression
away from telomeres?

• With the data in hand, much can be done

• With data from other experiments (e.g., heat shock, cell cy-
cle) along with annotation resources and sequence, broader
integrative inquiries can be made
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Barriers to entry: reduced?

• with an R package encoding the Wyrick expression data,

– a statistician can jump right in to methods consideration

– a biologist can, with proper training, reproduce pub-
lished analyses and perturb them to illuminate unad-
dressed concerns

∗ – is the inference sensitive to the three-fold de-repression
threshold?

∗ – how does de-repression localize in detail?

• for de novo inquiries, some programming will be needed;
patterns that are reused become packaged/turnkey
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Software reliability, portability
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Training vehicles

• Short courses – 5-6x yearly

• Project conference, tutorials, developer day

• Vignettes – computable documents illustrating workflow
patterns

• Books (three monographs since 2005)

• Cold Spring Harbor Lab Summer course (integrative statis-
tical analysis of genome scale data)
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Conclusions

• Numerical/computational competencies of biologists must
increase

• Reliability of inferences cannot falter in the face of vol-
ume/complexity of experimental results

• R has growing acceptance in many domains; Excel should
not be used for nontrivial tasks involving statistics/visualization

• R packages of experimental data are important teaching
resources

– self-documenting

– can include scripts to completely reproduce intepretive
analyses

• in progress: tracking the quantitative components of a well-
accepted biology text with an R/bioconductor companion
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