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Minutes from CAMDAO8 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 5" 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 - Introduction to the EMERALD dataset, Ron Peterson, Novatis Institute of Biological
09.30 Research, Cambridge, Massachusetts, U.S.A.

09:30 — Keynote, ‘Muddling or modelling your way through normalization?’, Ernst Wit,
10:15  University of Groningen, The Netherlands.

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

‘EMERALD microarray platform comparison based on hypothesis tests under order

1‘5“112 " restrictions’, Florian Klingimiiller and Thomas Tuechler, Department of Statistics and
' Probability Theory, University of Technology Vienna, Austria.

15:45 _ ‘Exploiting the EMERALD mixture design for model based microarray platform

16:15 comparisons by Bayesian inference of technical and biological variance

components’. Thomas Tuechler, et al, Boku University Vienna, Austria.

16:15 — ‘Progress on transformation and normalization ontology’, James Malone, European
16:45 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 lllumina 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 Klinglmuller 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.
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Project objectives

This European Union Framework Program 6 Coordination Action
{CA) will serve to establish and disseminate quality metrics (M),
milcroaray standards and best laboratory practices throughout the
European microaray community. This will allow micoamsy data
production governed by QA/GE, significantly enhancing the quality
of microamay data and setting a precedent for other amay-based
technologles. Ower the last 15 years microaray technology has
pproved the method of cholce for capturing molecular biologial data
In a masively paraliel fashlon. Data qualty and meta-data
idocumentation) are key to all micoamy data generation and
analysis, to ensure that maximum Information can be extracted from
the data. Very early In the development of micmamay based
transcript profiling the microary community has reallsed the
mikcroarmay

structured

Attachment 2: EMERALD leaflet distributed at CAMDA 2008.

EMERALD

A European Project funded by the Sixth Framework Programme
for the Quality of Lfe and Management of Living Resources
Projectno. LSHG-CT-2006-03768%
sclentific officer:Christina Kyriakopoulou (Peceuropesu)
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Contact:

Project coordinator:
Martin Kulper
Norweglan University of Sclence and Technology {(NTNU,
Department of Blology, Realfagbygget, NTNU, 7451 Trondheim, Norway.
Emall: kulper@nt.mtnu.no
Phone +47 73550348
Fax +47 73596100

Project fellows:
Widar Belswig
Dept. of Cancer Reserarch and Molecular Medidne,
Morweglan University of Sclense and Technology,
Medisinsk Teknisk Forskningssenter
Olav Kymres gt.g,
7439 Trondhelm, Norway
Emall:vidarbelsvag@ntnu.no
Phone +47 73598615
Fax +47 72576400
and
Ewa Sugajska
WIB Department of Plant Systems Biology,
UGent-VIB Research Bullding FSvM,
Technologlepark 827,
BE-9052 GENT, Belgium
Emall: ewsug&@psh.ugentbe
Phone +32 93313823
Fax+32 53313803

A Tool for Quality Assessment

L named
amayQualityhetrics, that provides 8 HTML report with
diagnostic plots for one or dual color micoamay data The:
quality report comtains. the evaluation of the individusl ammay
ualiny, the: exstence of spaiial effects, the reproducibiity of the
the between the the 6C
eporters, and the evalustion of the

microarray analysts or o compare the effiiency of different methods of

(=]
-l
<X
"
w -
=
w

European Project on

Standards and Standardisation
of Microamray Technology and
Data Analysis

www.microarray-quality.org

Particpate In
EMERALD QC web survey

The goal of this survey Is to gain Insightt Into procedures, platforms, and
needs of the microamay users community. The fiocus s both on commer-
dal GemeChip arrays and all sources of cDNA and oligonuclectide
microarays. The survey s geared to gather Infiormation anomymoushy
from academic, 2l and commerclal hich use
mmmytechnubg)es routinely. The survey Is now open and can be
Iityiorg o directly at:
hittpkvass e s noyevalflogindotextemalid=2021-14551 abbr

The results of the survey will ba rade freely avallable to the micoaray
e, ough our web page, following analysls of the

&n overvlew table added, idemtify arrays idenitfied as having & poteniial
jprobilem or a5 being an outlier.

People responsible are Audrey Kauffmann and Wolfgang Huber at E8I,
Hinxiom, UK.

www.microarray-quality.org

data. The need to reanalyse and reproduce data spawned a
‘grassmots movement; now the MGED Sodety that estabiished
guklelines for experiment description {MIAME) and a structured
data exchange model (MAGE-ML]. MGED Inftiatives have pradomi-
nantly been focused on data context, and has only recently been
extended to Induded data content. Quality and Integrity of
micoamay data compendla {2g. In ArayExpress) are major
determinants for information extraction model bullding and high
quality data will be ane of the pillars of systems biology. This CA Is
designed to structure and amalgamate ongoing efforts across
Europe, In close assoctation with MGED and the ERCC.
Coordination and dissemination
activities

Coordination activities are defined In skx main areas relevant for
microarmay analysts: Development of quality metrics, ontology for
data description, Implementation of standards and best practices,
selection of standards that are candidates for European
Refierence Matenak, Impact on data Information content,
and dissemination of QA/C principles to novel
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different -omikcs domains. These activitles are

made up of sxwork packages (WP
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data. We appreciate your participation In this study.

Sign up for new issues of the
EMERALD Newsletter
at our web page:
www.microarray-quality.org

Normalisation and Transformation
ontology (NTO)
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EMERALD workshops

ws7: Biology with the
#th EMBO Confierence: From Functional Genarmics to Systems
Biology, 1518 Movember 2008, Heldelberg, Germanyl.

collabaration wiht the Bth Intemational conference fr the
Crtical Assessment of Microamay Data Analysts CAMDA),
46, December,Wienna, Austria, 2008

WSS Towards federal standards |planned Spring 2008).

WS for newtec

Spring 2008},

WS11:  Dissemination of results to larger community (planned
Auturnin 3009) .

Web pages relevant for the project
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The NTO:

tions {081}, 3 large, multi-national,

{MGED] Soclety org}
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Extemal RNA Control Comsortium (ERCC)
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A Beta version of the ontology & From MicroAmay Quality (MAGC] project
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