
Scientific argumentation and software design

VJ Carey, Channing Lab, Harvard Medical School
BioC 2009

• Three case studies in cancer transcriptomics

• Containers

• Software reliability

• Scientific argumentation; Bioconductor’s role/gaps
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Possible take-home messages

• Bioc growth in software packages not matched by growth
in experimental data packages

– the concept is severely underappreciated

• Formally packaging data (for private development use) early
on has various practical benefits

• A publication generated using a data package will satisfy
many key reproducibility and maintainability requirements

• Packaging discipline can and should be adopted early in the
analysis process

• also – EBImage allows you to take published figures and
extract underlying numerical data, to reanalyze data that
are numerically unavailable
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Case study 1: Dressman JCO 2007
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Irreproducibility following Baggerly et al. (letter, 7(!) vi-
gnettes)

• Much guesswork required to recompute based on supplemental data
on Duke web site

• Sanity check – near reproduction of Src activation effect among plat-
inum nonresponders
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Total non-reproducibility of asserted E2F3 effect

• Computations as with Src activation signature
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Scientific interchange

• First inning:

– Dressman et al: N=83 training, N=36 test samples, 12
cell lines, 1,727-gene predictive model, 2 heatmaps, 4
KM curves, 8 regressions, JCO paper, web site

– Baggerly et al: 7 vignettes, over 100 supporting files and
scripts, JCO letter (.6pp) with 7 major challenges to data
and interpretation, web site

• Second inning:

– Dressman et al: protest to the officials

While it is certainly important to present all in-
formation as accurately as possible, and we do regret
the errors that were introduced when we generated
several of the tables containing supplementary infor-
mation, these errors do not affect the conclusions of
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the study.
A focus on these errors as presented by Baggerly

et al is misleading since it suggests they are a con-
tributing factor in the supposed lack of reproducibil-
ity, which is not the case.

Most importantly, the claim that they cannot re-
produce the results of the study, when in fact they
did not even try to do so, is an egregious flaw in their
commentary. To reproduce means to repeat, using
the same methods of analysis as reported.

It does not mean to attempt to achieve the same
goal of the study but with different methods.

• Bottom of the second inning: Texas bull-pen exhausted
after seven vignettes; Duke pinch-hitters writing ARRA
grants – rain delay
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Summary of first case study

• Transcriptome-wide studies are complex – this is well-known

• Supplementary data are symbolically used to emulate wet lab open
protocols

– in this case there were/are errors making the data literally useless
for reproducibility (unless forensic methods were adopted)

– workflow leading to published artifacts (KM curves, heatmaps, re-
gressions) not explicitly available

• The authors introduce an important obligation on primary authors to
facilitate reproducibility:

To reproduce means to repeat, using the same methods of
analysis as reported.

• If you purport to do reproducible research, you must facilitate indepen-
dent repetition

• To satisfy this condition you must publish the data, the software, and
the conditions of use and report extraction
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Case study 2: Michiels random validation method
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Strong impact

• Findings

– Estimated signatures (test/train) are unstable

– For a given dataset, estimated misclassification rates vary
according to training set size

– Five of seven major studies do not classify patients better
than chance

Michiels paper has, as of April 29 2009, been cited 270
times (ISI Web of Science), with citations repeating con-
cerns about “well-documented” signature instability, diver-
gent results, and, in one case, indicating that microarray-
based findings are “not robust to the mildest of perturba-
tions” (Ramasamy and Mondry, 2008).
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Two confirmations and a disconfirmation – black – my estimates of MC(T)
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Summary on Michiels

•• no explicit effort to foster reproducibility (no datasets, soft-
ware, scripts)

• to explore the work we must solve problems of

– data acquisition

– algorithm implementation (fewer than 20 lines of reason-
ably generic R)

– results juxtaposition (EBImage capture of TIFF extract
of statistical graphics)

• What went wrong with Pomeroy? No clue.
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Case study 3: Ben-Porath and ‘stemness’ of ag-
gressive breast cancer tumors
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Data acquisition and translation

• Six studies: NEJM, JNCI, PNAS, Cancer Cell, Lancet, Clin-
ical Cancer Research

• Some overlapping cases identified and removed; harmonize
phenotypic labeling

• Translate reporters in use to Entrez Gene ids

• Form knowledge-based gene sets
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Observation: Specific clinical classes associated with high relative expression of ES
and allied gene sets
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Metaanalytic p < 0.0001 for ES+ effect on survival
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Reproducibility considerations

• All processed expression data and clinical annotations are
on line

• Genomica settings?

• Inheritance of nonreproducibility from foundational studies?

• Cost to make one of the survival figures independently re-
producible? Probably low, but yet to be attempted...

• What are the benefits? More restful sleep, easier extension
by other researchers, introduction of versioning
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Summary of case studies

• Commitments to concrete reproducibility of computational
analysis of microarrays are generally weak or nonexistent

• Data-sharing obligations may be symbolically met without
verification

• Strong positive and negative claims move into literature
and medicine regardless of demonstrable unreliability

• Incentives for supporting independent repetition of analyses
are weak

– can be difficult

– maybe no one will ever use it
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Containers – main families

• Metadata: databases, tables, tracks; annotation networks

• Data: tables, objects, packages

• Software: functions, methods under OOP discipline, pack-
ages

• Workflows culminating in arguments/manuscripts – con-
tainer concept not well-adapted to these?

• Web services: assume good container designs for all the
constituents above

• Bioconductor premise: support meaningful work on com-
modity hardware without assuming WWW connectivity –
compact computational environment, counter to apparently
prevailing view that a web site can suffice for supporting re-
producibility
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Containers – main properties

• self-describing, self-documenting

• contents have guaranteed structure/datatypes

• API – formal specs on feasible interrogations and range of
replies

• can be programmatically validated
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Containers – examples in Bioconductor

• metadata: AnnDbBimap (used for org.Hs.eg.db, GO.db),
GeneSet (GSEABase), data.frame (SNPlocs.Hsapiens), PDIn-
foPkgSeed (pd.genomewidesnp.6) – and the associated pack-
ages themselves

• data: eSet, ExpressionSet, exCGHset, snp.matrix, smlSet,
methylumiSet, graph

• software: packages, task views

• workflow culminating in argument: Sweave vignette
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methylumi container examples –GoldenGate

> mldat

Object Information:

MethyLumiSet (storageMode: environment)

assayData: 1536 features, 10 samples

element names: Avg_NBEADS, BEAD_STDERR, betas, methylated, pvals, unmethylated

phenoData

sampleNames: M_1, M_2, ..., F_10 (10 total)

varLabels and varMetadata description:

sampleID: sampleID

SampleLabel: SampleLabel

Sample: Sample

Gender: Gender

featureData

featureNames: AATK_E63_R, AATK_P519_R, ..., ZP3_P220_F (1536 total)

fvarLabels and fvarMetadata description:

TargetID: NA

ProbeID: NA
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...: ...

PRODUCT: NA

(17 total)

experimentData: use 'experimentData(object)'
Annotation:

Major Operation History:

submitted finished

1 2009-07-28 00:33:29 2009-07-28 00:33:30

command

1 methylumiR(filename = system.file("extdata/exampledata.samples.txt", package = "methylumi"), qcfile = system.file("extdata/exampledata.controls.txt", package = "methylumi"), sampleDescriptions = samps)
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> fData(mldat)[100:101, ]

TargetID ProbeID SEARCH_KEY PROBE_ID GID

BCL2L2_E172_F BCL2L2_E172_F 5384 BCL2L2 BCL2L2_E172_F 14574571

BCL2L2_P280_F BCL2L2_P280_F 4235 BCL2L2 BCL2L2_P280_F 14574571

ACCESSION SYMBOL GENE_ID CHROMOSOME REFSEQ CPG_COORDINATE

BCL2L2_E172_F NM_004050.2 BCL2L2 599 14 36.1 22846038

BCL2L2_P280_F NM_004050.2 BCL2L2 599 14 36.1 22845586

DIST_TO_TSS CPG_ISLAND

BCL2L2_E172_F 172 N

BCL2L2_P280_F -280 N

INPUT_SEQUENCE

BCL2L2_E172_F TTGGGCTGCACTAGGGGGAACCGGGAATAGAGATGGTGTCGG

BCL2L2_P280_F CTGGAAAAGTTCAACAAGTGCATGGAACATCGGAAACCTCCTGAAAATGCTAAATT

SYNONYM

BCL2L2_E172_F BCLW, BCL-W, KIAA0271

BCL2L2_P280_F BCLW, BCL-W, KIAA0271

ANNOTATION

BCL2L2_E172_F apoptosis regulator BCL-W; go_component: membrane; go_component: mitochondrion; go_function: protein binding; go_process: anti-apoptosis; go_process: spermatogenesis; go_process: regulation of apoptosis

BCL2L2_P280_F apoptosis regulator BCL-W; go_component: membrane; go_component: mitochondrion; go_function: protein binding; go_process: anti-apoptosis; go_process: spermatogenesis; go_process: regulation of apoptosis

PRODUCT

BCL2L2_E172_F BCL2-like 2 protein
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BCL2L2_P280_F BCL2-like 2 protein

28



Containers and sanity checks – do Illumina’s input CPG addresses agree with hg18?

> c14 = Hsapiens$chr14

> matchPattern(as.character(fData(mldat)["BCL2L2_E172_F",

"INPUT_SEQUENCE"]), c14)

Views on a 106368585-letter DNAString subject

subject: NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN...NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

views:

start end width

[1] 22846017 22846058 42 [TTGGGCTGCACTAGGGGGAACCGGGAATAGAGATGGTGTCGG]

> matchPattern(as.character(fData(mldat)["BCL2L2_P280_F",

"INPUT_SEQUENCE"]), c14)

Views on a 106368585-letter DNAString subject

subject: NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN...NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

views:

start end width

[1] 22845556 22845611 56 [CTGGAAAAGTTCAACAAGTGCATG...AAACCTCCTGAAAATGCTAAATT]

> GGpdict = PDict(substr(as.character(fData(mldat)[,"INPUT_SEQUENCE"]),1,41))

> GGpdict
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TB_PDict object of length 1536 and width 41 (preprocessing algo="ACtree2")

> sum(countPDict(GGpdict, c14))

[1] 37

> sum(fData(mldat)[,"CHROMOSOME"]==14)

[1] 37
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> getValidity(getClass(class(mldat)))

function (object)

{

msg <- Biobase:::validMsg(NULL, Biobase:::isValidVersion(object,

"eSet"))

msg <- Biobase:::validMsg(msg, assayDataValidMembers(assayData(object),

c("betas")))

if (is.null(msg))

TRUE

else msg

}

<environment: namespace:methylumi>
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Foils to the container discipline

• Common student request after learning about Expression-
Sets: These are very nice but how do I get the data out to
disk so I can run my perl programs on them?

• MLInterfaces: explicitly addresses holistic use of contain-
ers but ignored by colleagues in favor of matrix exports to
functions

• formulae:

y ~ f(x1, x2, ...) | g(z1, z2, ...)

powerful idiom, can bind gene, gene sets, SNPs, addresses,
sequences, graphs to elements as desired – not often used;
instead, take data out of the container as vectors and put
into ordinary formulae

• interface contracts: e.g., predict(), resid() should be im-

32



plemented wherever suitable
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Software reliability and reliability of scientific argument

• software reliability measures

– face validity (usually not realistic)

– unit testing results (important, biased)

– recovery of truth in applications where truth is known (good, rare
in bioinformatics)

– interoperability, success of integrated applications (good, self-consistent
behavior established, truth very rarely known)

• Disconnect: reliable software and reliable scientific argument

– Case study 1: each analytic module may have been sound, but
processes similar to the admitted mislabeling of records seem to
have wrecked the reproducibility of the research

– Case study 2: computations are simple, but an important application
seems to be mistaken; 270+ citations, no audit

– Case study 3: curves/p-value implications; integrative analysis may
inherit errors in previous work of others
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– The established vulnerabilities are not in the“killer (methodological)
applications” – those get reasonable testing
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What would a solution look like?

• Every step of the workflow needs to be amenable to testing and verifi-
cation

• A ‘compendium’ in the sense of Gentleman and Temple Lang (SAGMB
2005) combines all needed data and software – a general protocol with
emphasis on dynamic content, entity that can be interrogated for prove-
nance of any data reference, and modified to alter any computation

• An R package with functions and scripts specifying computational basis
for every data reference in the manuscript

• an equivalent construction based on some other language
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Conclusions

• Independent reproducibility is a basic requirement

• Reproducing errors is of no interest, but errors will occur; ergo version-
ing is essential

• (R) Packaging discipline is an aid to reproducibility

• Package construction/maintenance should begin early in the analysis
cycle – preferably at data capture/QA activities

• Versioning, self-describing character, portability secured by any package
that is reasonably faithful to WRE guidelines

• Interoperability can be used to avoid challenges due to data volume
(SQLite, web service access, caching of intermediate data)

• Each investigator needs to commit to the discipline for their own sake
– benefits arguably exceed costs every step of the way

• bioc should take the lead by publicizing exemplars in the hardest ar-
eas (data packages with vignettes that recover/disconfirm accepted
findings)
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