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thefact tha its own motif isfoundupdream of 5 of the 11 correctly called Hsf1p-
boundgenes (Figure 5) suggests that itsrole in these pahways might warrant further
investigation. To more rigoroudy confirm this nation, we assayed whether any of the
27 motifs with an unambiguousy defined TF were enriched in thetop 5% M-BISON
scoring genes (single parameter list). Of these, wefiltered outthose motifswhos TF
genedid not have an M-BISON score within thetop 10%of genes. Two TFs satisfied
these criteria and were statistically significant according to the hypageometric p-

vaue YKL112W(p <1.2e-06), aDNA repar TF, and YHR124W (p < 4.5e-83).

Discussion
A robug and propely validaed methodto incorporate known biological relationdhips

with gene expression daato identify gene-wise differential expression would be
ussful and has not been available. To address this need, we created M-BISON, a
probabilistic approach to integrating biological knowledgewith microaray daa
Onemightarguethat in microarray expression anayses, we should Qet the
data spesk for themselvesOand not bias theandysis of differential expressionwith
potentially inaccurate or irrelevant biological knowledge There are afew pantsto
make. Firgt, it isaways possible to run unbiased andyses given the experimental
data (this of course should bedong, but thedaamay be speaking in anoisy room
with echoes, in which case having some idea of wha the data may be saying could
assist in interpretation. Second,our method(asillugrated in the case studies of
YOR020Cand YBRO045Q is an effective way to formally define Gurprising resultsO
and thusfocusattention on potentially novd findings If theandysis with biological
knowledgeand the unbiased andysis lead to marked changesin rank for agene
(YORO020Cmoved from 2762in the unbiased andysis to 23 with M-BISON) then it

deserves study; there is clearly an interesting tengon between the data and current
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It isworth consgdering wha would conditute a pefect gold standad for
validaing a DE gene predictor. Idedlly, amore accurate quantification of RNA (i.e.
gRT-PCR) would beused, but obtaining such a measurement for every gene present
onamicroaray for agiven condiionis notfeasible. Approaches used in the past
indudeevaluaing genelists based on gene annotationsor prior knowledgeof a
condtion, butthese methodsare at best indirect and apply to only a subset of all
genes. We bdieve tha usng arelated high-throughputassay like ChlP-chip for a
slver standad isagoodcompromise, as TFs are expected to regulate the expression
of many of ther target genes. By choosng a closely related knowledgesource like
genome-wide motifs, which should predispos DE genesto bethose containing motifs
used by TFs, we hopeto further minimize discrepancy between the silver standard
and theunknown truth. We note tha thougha standard like this will always miss
some true postives (i.e. those resulting from seconday targets), it will still be useful
in comparing relative performances between DE predicting methods

We compared M-BISON performance to that of acompeting method,
GeneRank, usgngthe heat shodk dataset. We note that GeneRank dependsonasingle
paameter, d, whereas the M-BISON modd requires specification of three; » (NP5
" (OB and , thefirst two of which are nontrivial to estimate. Interms of AUC
and pAUC?, M-BISON outperforms GeneRank, both in performance using optiimal
parameter choices and, more importantly, in peformance when knowledgeof the
truth (and thusthevalues of the optimal parameters) iswithhdd. We bdievethe
reason for such improved performance istwo-fold. First, because M-BISON utilizes
a probabilistic framework, uncertainty present in gene expression daais
automatically incorporated into themodd. Thisisin contrast to GeneRank, which

uses log ratios of expression. We would expect this to improveresultsin much the
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We evaluae M-BISON performance on simulated daasets given the known
DE genes by calculating thearea unde the ROC curve (AUC) at afalse postiverate
cutoff of both 0.2 and 1. TheR package ROCR [36] was used for this purpo<.
Biological validation
To demongrate theutility of M-BISON onreal biological daa, we chose a yeast
dataset queying the heat shod transcription factor gene (h§1). We use gene
expression daafrom[21] and biological knowledge from[22]. For thelatter, we
induded any upgream conserved motifs at or above a score of 55, and we conrect
two genesin theknowledgegraphif they share at least onemotif. Asasilver
standad, we use ChiIP-chip results from[23], which reports 165unique ORFs bound
by Hsf1p. Thus we evaluate M-BISONG performance, in terms of AUC, of
predicting likely heat shok-related DE genes (physical Hsf1p binding sites) given
relevant expression data and biological knowledge A table listing each gene®3
expression value, M-BISON score, and upgream motifsis provided [see Additiond
file 1].
Comparison to existing methods
We downloaded the MATLAB codefor GeneRank, available as an additiond fileon
the BMC Bioinformatics webste. GeneRank relies on oneparameter, d, which can
take onvauesfromOto 1. Weran GeneRank usng each valueofd from0Oto 1in
0.01increments onthe hd1 dataand knowedgelisted aboveand compared its
performance to M-BISON usng AUC.
Differential expression story
We generated graphical representationsof all knowledgenaworks usng the tkplot
fundion of theR igraph package Layouts were created usng thefruchterman-

reingold algorithm with default parameters.
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Hypergeometric p-values for motif enrichment were calculated usng the
phyper fundionin theR stats package This fundion computes the probability dueto
chance of seeing a given or better enrichment of motifs at thetop of aranked list.
Availability
We implemented M-BISON and its assodated evaluaion fundionsas a doaumented

R package, available at smtk.org unde the project name Gn-bisonO
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knowledgeof theright answerN empirical (blue) and d = .5 (brown), respectivelyD
shows that M-BISON performs significantly better in theunsupeavised identification
of Hsf1p boundgenes.

Figure 9 - YOR020C and YJR044C differential expression stories.

Stories are shown for YOR020Caone(A) and YOR020C+ Y JR044C(B) fromthe
hd1 daaset. Genenames have been removed for clarity. Black arrows mark thetwo
genes. Largecluders of genesrepresent individud upgream motifs. Sizes of red
(booged with respect to origind rank) genes are directly propottiond to magnitudes
of M-BISON scores; sizes of blue (lowered with respect to origind rank) genes are
inversely propottiond to score magnitudes. Y OR020C s booged in score by M-
BISON, andit is clear that thisis dueto the many booged genes surroundngit in
knowledge In contrast, YJR044Creceives alower score dueto themotfs, in spite of
many booged genes surroundingit. By expandingthe DE story in (B), thereason for
thisisreveded: YJR044Cis connected throughtwo additiond motifsto 61 genes
tha are also lowered.

Figure 10 - YBR045C and YHR124W differ ential expression stories.

Stories are shown for YBR045Calone(A) and YBR045C+ YHR124W (B). Sizing
and coloring conventionsare thesame asin Figure9. YBR045Cis lowered in score
by M-BISON dueto the many lowered genes shaing the MSE motif. YHR124Wis
booged in spite of these genes, and theexpansonin (B) shows tha thisis dueto the
many booged genes that also contain the Ume6/Ndt80 motif.

Figure 11 - Graphical depiction of M-BISON model.

Each geneisrepresented by ared node (A), which takes on hidden binary values for

differential expression (h«®) (B). Microaray data (yellow) are incorporated
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