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Minutes from CAMDA08 Conference, December 4-6, 2008 
(Vienna, Austria). 
 
CAMDA is a conference that offers researchers from computer science, statistics, molecular 
biology, and other areas an opportunity to benefit from the critical evaluation of various 
techniques in microarray data analyses. In advance of the conference a data set was 
released and the participants were asked to analyze this and submit a report to be presented 
at the workshop. Selected abstract were chosen for shorter oral presentations or poster 
presentations. This year two data set were offered. The primary, general CAMDA dataset was 
offered by the laboratory of Prof. Christine and collaborators. They made available raw and 
processed data from a small microarray gene expression time-course experiment that is 
typical of gene expression time-course data sets yet provides an unusual opportunity for 
pushing the performance of analysis methods. The second dataset was the ‘EMERALD’ 
dataset provided by Marc Salit and colleges from NIST (National Institute of Standards and 
Technology) (Liggett et al., 2008). This study and dataset aimed to make a microarray 
experiment to study the relative magnitudes of technical and biological variation. 
 
The EMERALD workshop/session took place on the 5th of December and it was the major 
contribution the conference. The aim of the EMERALD workshop at CAMDA was to put focus 
on and discuss issues related to preprocessing and quality of microarray data. About 40-50 
people (mainly from Europe) attended the conference. 
 
The specific agenda for the EMERALD session was: 
 
Friday, 5 Dec – Emerald sessions 
09.00 – 
09.30  

Introduction to the EMERALD dataset, Ron Peterson, Novatis Institute of Biological 
Research, Cambridge, Massachusetts, U.S.A.  

09:30 – 
10:15  

Keynote, ‘Muddling or modelling your way through normalization?’, Ernst Wit, 
University of Groningen, The Netherlands.  

10.35 – 
11.20  

‘Metrology for Gene Expression: Measurement Batch Effects, Probe Sensitivity, 
Gene-List Reproducibility’, Walter Liggett, NIST, Gaithersburg, Maryland, U.S.A.  

14:45 – 
15:15  

‘EMERALD microarray platform comparison based on hypothesis tests under order 
restrictions’, Florian Klinglmüller and Thomas Tuechler, Department of Statistics and 
Probability Theory, University of Technology Vienna, Austria.  

15:45 – 
16:15  

‘Exploiting the EMERALD mixture design for model based microarray platform 
comparisons by Bayesian inference of technical and biological variance 
components’. Thomas Tuechler, et al, Boku University Vienna, Austria.  

16:15 – 
16:45  

‘Progress on transformation and normalization ontology’, James Malone, European 
Bioinformatics Institute (EMBL-EBI), Cambridge, U.K.  

16.45 – 
17.15  Panel discussion  

 
 
 
Summary of the talks: 
 
First talk: Introduction to EMERALD dataset (invited speaker) 
An introduction to the dataset was given by Ron Peterson, Novatis. 
There is a growing understanding of the sources of variability in microarray experiments, and 
ways to control that variability are propagating. In part because the technical variability 
observed in contemporary microarray experiments has become better controlled, statistically 
significant lab-to-lab and batch-to-batch effects have been observed. A number of 
experiments which study the same samples across a variety of laboratories and platforms 
have reported this. The essential question is whether these effects are significant with respect 
to the biological variability observed amongst the samples. This question lies at the heart of 
establishing the fitness for purpose of microarrays for biological studies. 



Data was produced by three different laboratories measuring the same samples on three 
different platforms – each with their own batch factors (Liggett et al., 2008). The platforms 
were the Affymetrix Rat Genome 230 2.0 array, the Illumina RatRef-12 array, and the Agilent 
Whole Rat Genome array. The samples were a titration mixture of RNA isolated from kidney 
and liver, from 6 different normal control rats from an earlier experiment at Novartis. This 
titration presents a series of 4 samples from each rat: RNA from the kidney, a mixture of 75% 
RNA from kidney and 25% from liver, a mixture of 25% RNA from kidney and 75% from liver, 
and RNA from the liver. These samples were measured in replicate, for each animal. Pooled 
samples from the various animals were also measured, for a nominal 96 arrays from each 
platform. 

The relationship amongst these samples enables model-based analysis, amongst other 
approaches. Model-based approaches can be compelling because they permit observation 
and apportionment of variation in the residuals. The titration samples present interesting 
opportunities for alternative analyses as well, with the titration fraction as a surrogate or proxy 
for RNA concentration. A particular interest for this CAMDA dataset was its use for evaluating 
the performance of different preprocessing approaches and techniques. 
 
 
Second talk: Keynote talk (invited speaker) 
The keynote talk was held by Ernst Wit, University of Groningen: Muddling or modelling your 
way through normalization? 
 
Ernst talked about two attitudes to “normalization”: the Computer Scientist’s Attitude: 
Muddling a preprocessing activity, whereby data are cleaned before further analysis; and the 
Statistician’s Attitude: Modelling, a joint modelling activity, whereby analysis and accounting 
for nuisance effects are combined. 
Examples of a computer scientist approach include normalizing all local features first, then 
progress to normalizations that involve several and, finally, all arrays, were shown. 
What are the drawbacks of “muddling”? False believe that the normalized data are clean (and 
typically no way of checking whether this is true). The uncertainly inherent in the 
normalization is not carried forward to the analysis: results can be too liberal. Most pre-
processing methods can’t deal with additional structure in the data. 
 
As an alternative Ernst proposed a statistical model, in order to check the validity of their 
normalization model. A model carries the uncertainty in the normalization over to inference 
and is able to deal with the peculiar structure of the EMERALD dataset. 
Ernst asked: What are the essential features of the EMERALD data? Comparison of interest: 
2 tissue types: kidney and liver. Measured in 0/1, 0.25/0.75, 0.75/0.25, 1/0 mixtures. Each 
repeated 3 times (per rat, per platform), plus some additional pools. 3 different laboratories 
each with their own platform. 6 normal rats, repeatedly used in each lab. 96 arrays in each 
platform. Therefore, the platform is confounded with laboratory. Low replication number: only 
6 degrees of freedom for comparing kidney/liver across thousands of genes; deal with lots of 
technical replication. Mixtures are introduced, which need to be modelled. 
It was also aksed: What are the nuisance (but relevant) features of the EMERALD data? 
There might be spatial variation across the slides. Depending on the platform, there is 
information about, Fluidics station, Fluidics Machine and Scanner that was used in the 
experiment on each array. 
We want to learn which genes behave differently in the liver and the kidney, and for this a 
random effect model is useful. The advantage over a usual regression model is that we 
require only 4 parameters instead of 40,000! We can still do inference on the basis of the 
random effects and it allows a more subtle normalization model. Further more data were 
added to the model like: hybridization artifacts, technical replication. And finally, scale and 
variation differences between platforms were added (probably the most challenging part). 
The bad news with this approach, it that it takes several hours to process the data 
(approximately 500,000 data points) and to fit the model, but the good news is that the 
method can be run in any package with mixed model capabilities. In conclusion, the muddling 
approach to normalization has and will have a role to play in large datasets. Mixed effects 
models make it possible to replace the muddling approach by a modelling approach, which 



means that quality of the inference improves. And finally, the EMERALD dataset is a fantastic 
dataset for the development of intra-platform methods. 
 
 
Third talk: Metrology for Gene Expression: Measurement Batch Effects, Probe 
Sensitivity, Gene-List Reproducibility by (invited speaker) Walter Ligget 
 
They have obtained insight into the relative size of measurement batch effects and biological 
variation as represented by the animal-to-animal differences. These differences provide a 
practical benchmark because the animals were all subject to the same control-group 
treatment. 
Although calibration curves for individual probes are unknown, insight into calibration can be 
obtained from a platform-to-platform correspondence that identifies probes that measure the 
same transcript. This identification allows insight into the relative sensitivity of probes from 
different platforms. 
They found that, although the animal-to-animal variation is generally larger than the 
measurement batch effects, their measurements do lead to the conclusion that these effects 
should not be ignored in experimental design and analysis. It is moreover the case that the 
measurement batch effects might be larger in a different experiment. Second, over the set of 
transcripts for which liver expression is appreciably different from kidney expression, no 
platform is undeniably more sensitive than another. However, the difference in probe 
sensitivity between two platforms varies appreciably from transcript-to-transcript. That is, one 
platform seems more sensitive for some transcripts, and the other platform more sensitive for 
other transcripts. This observation suggests considerations in the interpretation of single-
platform studies. Third, they found that gene list reproducibility is likely to be worse than might 
be expected. 
In conclusion, their investigation provides full coverage only of the probes for which liver 
expression differs from kidney expression. Inclusion of more animal organs would lead to 
better coverage of the probes. 
 
 
Forth talk (selected from submitted paper): EMERALD microarray platform comparison 
based on hypothesis tests under order restrictions, by Florian Klinglmüller University 
of Technology, Vienna. 
 
Klingmuller asked: Do the measured intensities reflect the titration? They looked for 
agreement across platforms and influence of normalization. For this they used a method of 
tests against ordered alternatives based on isotonic regression. What they then did was to 
compute one sided permutation test p-values for each animal, on each platform separately 
with Quantile and Baseline normalized data, and combine per animal tests from each platform 
and finally combine per platform tests from each normalization. They then found a location-
shift, and speculated if there was a higher messenger-RNA content in kidney? In addition, 
both normalization methods remove any visible trends in location. Further, they then found 
around 2 times more significant genes exclusive to baseline compared to quantile normalized 
data, and that more than 97% of genes exclusive to baseline normalized data are 
upregulated. The up-down in quantile was measured to exclusive genes 40:60 (up/down). 
In summary they concluded: Substantial number of genes shows significant monotonicity. 
Across platform agreement exceeds chance levels. Agreement on baseline normalized data 
is worse. Baseline normalized data shows more upward trends. Genes exclusively significant 
in baseline data are mostly showing upward trends. Regarding the methods they concluded 
that isotonic regression provides a means to detect monotonic trends. p-Value combination as 
a means to compare results from different platforms. 
 
 
Fifth talk (selected from submitted paper): Exploiting the EMERALD mixture design for 
model based microarray platform comparisons by Bayesian inference of technical and 
biological variance components’. Thomas Tuechler, Boku University Vienna. 
Tuechler introduced and applied a fully Baysian model for the interference of the variance 
component which explicitly exploits the tissue mixtures featuring in the EMERALD 
experiment/dataset. They observed intensity dependent differences specific to each platform 



and determined that biological variance amounts to about 30% of the signal variance in the 
data set. They then concluded that variation between individual rats in the EMERALD data set 
is smaller in relation to the technical noise and that, intriguingly, the three platform’s ability to 
detect this biological component differs remarkably with preprocessing and signal intensity. 
 
 
Sixed talk (invited speaker): Progress on transformation and normalization ontology’, 
James Malone, European Bioinformatics Institute, EMBL-EBI. 
This talk had to be cancelled. 
 
 
Panel discussion 
The session was finished by an open discussion. The discussion focused on the possibility of 
advising the research community preferred ways of pre-processing microarray data. The 
CAMDA session basically compared two major approaches: modelling of the data, where a 
statistical model is used to explain all the variation (both technical, biological, and noise) in 
the data; and basic pre-processing where data is normalised. Obviously the pre-processing 
approach is one that is often readily handled by bioinformaticians, whereas the modelling 
approach is best done when skilled statisticians are available. The availability of these skills is 
therefore a major factor in deciding which apoproach to take. It was agreed that it would be 
difficult to come up with an authoritive advice, it would seem better to just point to the 
differences between these two approaches. It was mentioned that the four data analysis 
examples presented in the workshop might offer an interesting example to the users 
community, and the Emerald consortium should pursue a back-to-back publication of these 
papers with the authors of each of these papers comenting on the other approahces. 
 
 
Additional dissemination 
In addition to the workshop we presented the project and disseminated results by a poster 
(see attachment 1) where we specifically presented some results from WP1 focusing on 
quality metrics and the development of additional MGED ontology (people responsible: 
Wolfgang Huber, Audrey Kauffmann, Helen Parkinson and James Malone all EBI). We also 
distributed a newsletter and the leaflet describing the EMERALD project, including all contact 
information for EMERALD (see attachment 2). 
 



Attachment 1: EMERALD poster presented at CAMDA 2008. 
 

 
 



Attachment 2: EMERALD leaflet distributed at CAMDA 2008. 
 

 

 
 
 


