
This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

M-BISON: microarray-based integration of data sources using networks

BMC Bioinformatics 2008, 9:214 doi:10.1186/1471-2105-9-214

Bernie J Daigle Jr (bdaigle@stanford.edu)
Russ B Altman (russ.altman@stanford.edu)

ISSN 1471-2105

Article type Research article

Submission date 6 September 2007

Acceptance date 25 April 2008

Publication date 25 April 2008

Article URL http://www.biomedcentral.com/1471-2105/9/214

Like all articles in BMC journals, this peer-reviewed article was published immediately upon
acceptance. It can be downloaded, printed and distributed freely for any purposes (see copyright

notice below).

Articles in BMC journals are listed in PubMed and archived at PubMed Central.

For information about publishing your research in BMC journals or any BioMed Central journal, go to

http://www.biomedcentral.com/info/authors/

BMC Bioinformatics

© 2008 Daigle and Altman, licensee BioMed Central Ltd.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

mailto:bdaigle@stanford.edu
mailto:russ.altman@stanford.edu
http://www.biomedcentral.com/1471-2105/9/214
http://www.biomedcentral.com/info/authors/
http://creativecommons.org/licenses/by/2.0










 - 11 - 

the fact that its own motif is found upstream of 5 of the 11 correctly called Hsf1p-

bound genes (Figure 5) suggests that its role in these pathways might warrant further 

investigation.  To more rigorously confirm this notion, we assayed whether any of the 

27 motifs with an unambiguously defined TF were enriched in the top 5% M-BISON 

scoring genes (single parameter list).  Of these, we filtered out those motifs whose TF 

gene did not have an M-BISON score within the top 10% of genes.  Two TFs satisfied 

these criteria and were statistically significant according to the hypergeometric p-

value:  YKL112W (p < 1.2e-06), a DNA repair TF, and YHR124W (p < 4.5e-83). 

Discussion  
A robust and properly validated method to incorporate known biological relationships 

with gene expression data to identify gene-wise differential expression would be 

useful and has not been available.  To address this need, we created M-BISON, a 

probabilistic approach to integrating biological knowledge with microarray data. 

One might argue that in microarray expression analyses, we should Òlet the 

data speak for themselvesÓ and not bias the analysis of differential expression with 

potentially inaccurate or irrelevant biological knowledge.  There are a few points to 

make.  First, it is always possible to run unbiased analyses given the experimental 

data (this of course should be done), but the data may be speaking in a noisy room 

with echoes, in which case having some idea of what the data may be saying could 

assist in interpretation.  Second, our method (as illustrated in the case studies of 

YOR020C and YBR045C) is an effective way to formally define Òsurprising resultsÓ 

and thus focus attention on potentially novel findings.  If the analysis with biological 

knowledge and the unbiased analysis lead to marked changes in rank for a gene 

(YOR020C moved from 2762 in the unbiased analysis to 23 with M-BISON) then it 

deserves study; there is clearly an interesting tension between the data and current 
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It is worth considering what would constitute a perfect gold standard for 

validating a DE gene predictor.  Ideally, a more accurate quantification of RNA (i.e. 

qRT-PCR) would be used, but obtaining such a measurement for every gene present 

on a microarray for a given condition is not feasible.  Approaches used in the past 

include evaluating gene lists based on gene annotations or prior knowledge of a 

condition, but these methods are at best indirect and apply to only a subset of all 

genes.  We believe that using a related high-throughput assay like ChIP-chip for a 

silver standard is a good compromise, as TFs are expected to regulate the expression 

of many of their target genes.  By choosing a closely related knowledge source like 

genome-wide motifs, which should predispose DE genes to be those containing motifs 

used by TFs, we hope to further minimize discrepancy between the silver standard 

and the unknown truth.  We note that though a standard like this will always miss 

some true positives (i.e. those resulting from secondary targets), it will still be useful 

in comparing relative performances between DE predicting methods. 

We compared M-BISON performance to that of a competing method, 

GeneRank, using the heat shock dataset.  We note that GeneRank depends on a single 

parameter, d, whereas the M-BISON model requires specification of three: , 

, and , the first two of which are non-trivial to estimate.  In terms of AUC 

and pAUC.2, M-BISON outperforms GeneRank, both in performance using optimal 

parameter choices and, more importantly, in performance when knowledge of the 

truth (and thus the values of the optimal parameters) is withheld.  We believe the 

reason for such improved performance is two-fold.  First, because M-BISON utilizes 

a probabilistic framework, uncertainty present in gene expression data is 

automatically incorporated into the model.  This is in contrast to GeneRank, which 

uses log ratios of expression.  We would expect this to improve results in much the 
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 We evaluate M-BISON performance on simulated datasets given the known 

DE genes by calculating the area under the ROC curve (AUC) at a false positive rate 

cutoff of both 0.2 and 1.  The R package ROCR [36] was used for this purpose. 

Biological  validati on 
To demonstrate the utility of M-BISON on real biological data, we chose a yeast 

dataset querying the heat shock transcription factor gene (hsf1).  We use gene 

expression data from [21] and biological knowledge from [22].  For the latter, we 

included any upstream conserved motifs at or above a score of 55, and we connect 

two genes in the knowledge graph if they share at least one motif.  As a silver 

standard, we use ChIP-chip results from [23], which reports 165 unique ORFs bound 

by Hsf1p.  Thus, we evaluate M-BISONÕs performance, in terms of AUC, of 

predicting likely heat shock-related DE genes (physical Hsf1p binding sites) given 

relevant expression data and biological knowledge.  A table listing each geneÕs 

expression value, M-BISON score, and upstream motifs is provided [see Additional 

file 1]. 

Comparison to existing methods 
We downloaded the MATLAB code for GeneRank, available as an additional file on 

the BMC Bioinformatics website.  GeneRank relies on one parameter, d, which can 

take on values from 0 to 1.  We ran GeneRank using each value of d from 0 to 1 in 

0.01 increments on the hsf1 data and knowledge listed above and compared its 

performance to M-BISON using AUC. 

Diff erenti al expressi on story 
We generated graphical representations of all knowledge networks using the tkplot 

function of the R igraph package.  Layouts were created using the fruchterman-

reingold algorithm with default parameters. 
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 Hypergeometric p-values for motif enrichment were calculated using the 

phyper function in the R stats package.  This function computes the probability due to 

chance of seeing a given or better enrichment of motifs at the top of a ranked list. 

Avai lability  

We implemented M-BISON and its associated evaluation functions as a documented 

R package, available at simtk.org under the project name Òm-bisonÓ. 
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knowledge of the right answerÑ empirical (blue) and d = .5 (brown), respectivelyÐ

shows that M-BISON performs significantly better in the unsupervised identification 

of Hsf1p bound genes. 

Figure 9  - YOR020C and YJR044C diff erential expressi on stories. 

Stories are shown for YOR020C alone (A) and YOR020C + YJR044C (B) from the 

hsf1 dataset.  Gene names have been removed for clarity.  Black arrows mark the two 

genes.  Large clusters of genes represent individual upstream motifs.  Sizes of red 

(boosted with respect to original rank) genes are directly proportional to magnitudes 

of M-BISON scores; sizes of blue (lowered with respect to original rank) genes are 

inversely proportional to score magnitudes.  YOR020C is boosted in score by M-

BISON, and it is clear that this is due to the many boosted genes surrounding it in 

knowledge.  In contrast, YJR044C receives a lower score due to the motifs, in spite of 

many boosted genes surrounding it.  By expanding the DE story in (B), the reason for 

this is revealed:  YJR044C is connected through two additional motifs to 61 genes 

that are also lowered. 

Figure 10  - YBR045C and YHR124W differ ential expression stories. 

Stories are shown for YBR045C alone (A) and YBR045C + YHR124W (B).  Sizing 

and coloring conventions are the same as in Figure 9.  YBR045C is lowered in score 

by M-BISON due to the many lowered genes sharing the MSE motif.  YHR124W is 

boosted in spite of these genes, and the expansion in (B) shows that this is due to the 

many boosted genes that also contain the Ume6/Ndt80 motif. 

Figure 11  - Graphical depicti on of M-BISON model. 

Each gene is represented by a red node (A), which takes on hidden binary values for 

differential expression (hkÕs) (B).  Microarray data (yellow) are incorporated 
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