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Table 8: Validated Microarray results using ABI TaqMan® Assays

Results

Table 7: Validated Retina-Related Genes using Roche UPL

Figure 2: Cross-platform matched probes within an exon

Figure 1: Experimental Design

Table 3: RefSeq exon overlaps

Table 2: UniGene overlaps

Introduction

Gene expression microarrays have made a significant impact in maGene expression microarrays have made a significant impact in many areas of research. The ny areas of research. The 
diversity of platforms and analytical methods has made comparisodiversity of platforms and analytical methods has made comparison of data from multiple n of data from multiple 
platforms very challenging. In this largeplatforms very challenging. In this large--scale study, we developed a comprehensive framework scale study, we developed a comprehensive framework 
for crossfor cross--platform comparison that included data from ten different platfoplatform comparison that included data from ten different platforms. As part of this rms. As part of this 
framework, probe sequences were obtained from each platform.  framework, probe sequences were obtained from each platform.  

The different platforms include singleThe different platforms include single-- and dualand dual-- dye platforms, and cDNA and oligonucleotide dye platforms, and cDNA and oligonucleotide 
microarrays that were either fabricated microarrays that were either fabricated ““inin--househouse”” or were commercially available. Each or were commercially available. Each 
laboratory received aliquots from two different RNA samples, moulaboratory received aliquots from two different RNA samples, mouse retina (MR) and mouse se retina (MR) and mouse 
cortex (MC), that were prepared in the Cepko Laboratory at Harvacortex (MC), that were prepared in the Cepko Laboratory at Harvard Medical School. The rd Medical School. The 
biological variation within tissue RNA preparations was minimizebiological variation within tissue RNA preparations was minimized by pooling tissue from many d by pooling tissue from many 
animals prior to extracting the RNA. Hybridization was conductedanimals prior to extracting the RNA. Hybridization was conducted in replicates of five to enhance in replicates of five to enhance 
statistical reliability. statistical reliability. 

QRTQRT--PCR was used as an independent method to quantify the results ofPCR was used as an independent method to quantify the results of the microarray data. the microarray data. 
Two approaches were taken, one using ABI TaqMan assays and the oTwo approaches were taken, one using ABI TaqMan assays and the other, Rochether, Roche’’s Universal s Universal 
ProbeLibrary (UPL). TaqMan assays were conducted at ABI, whereasProbeLibrary (UPL). TaqMan assays were conducted at ABI, whereas the UPL was conducted the UPL was conducted 
inin--house. UPL was chosen over SYBR Green due to ithouse. UPL was chosen over SYBR Green due to it’’s flexibility, ease of use, cost, and result s flexibility, ease of use, cost, and result 
time from assay design to results.time from assay design to results.

Ideally, it would have been preferred if all experiments were coIdeally, it would have been preferred if all experiments were conducted at one site, but since this nducted at one site, but since this 
was not practical given resource constraints, experiments were cwas not practical given resource constraints, experiments were conducted at multiple sites. This onducted at multiple sites. This 
ensured that the experiments were carried out by experienced tecensured that the experiments were carried out by experienced technicians for each platform. hnicians for each platform. 
Additionally it permitted us to evaluate the level of the variatAdditionally it permitted us to evaluate the level of the variation of different platforms among ion of different platforms among 
laboratories and concurrently, the variation of similar platformlaboratories and concurrently, the variation of similar platforms used at different sites. Using this s used at different sites. Using this 
approach, if the variation exists between platforms, we can get approach, if the variation exists between platforms, we can get a general assessment whether it a general assessment whether it 
was attributable to a particular platform.       was attributable to a particular platform.       

Data Analysis

The normalization, transformation, and filtering steps constitutThe normalization, transformation, and filtering steps constituted the preed the pre--processing procedure.processing procedure.
The methods were performed independently for each platform and iThe methods were performed independently for each platform and in several ways for different n several ways for different 
purposes. All raw data values were normalized and the method of purposes. All raw data values were normalized and the method of normalization was selected normalization was selected 
based on the dye format. based on the dye format. 
Normalization: Normalization: 

•• SingleSingle--dye platforms dye platforms -- quantile normalization quantile normalization 
•• TwoTwo--dye platforms  dye platforms  -- loess normalization. loess normalization. 

Transformation Transformation 
•• Linear scalingLinear scaling
•• Percentile scalingPercentile scaling
•• LogLog22 ratios from the two samples.ratios from the two samples.

FilteringFiltering
•• Filtering at the spot (image) level, taking into account qualityFiltering at the spot (image) level, taking into account quality flags and signalflags and signal--toto--noise ratio noise ratio 

(SNR) thresholds (SNR) thresholds 
Pearson and Spearman correlation coefficients were calculated foPearson and Spearman correlation coefficients were calculated for intrar intra-- and interand inter-- platform comparisons.platform comparisons.

Mapping of Probes Across Platforms 

Probe mapping was conducted using two approaches: annotation-based and sequence-based.
The probe sequences from each microarray platform were mapped toThe probe sequences from each microarray platform were mapped to the mouse genome using the mouse genome using 
the BLAT standthe BLAT stand--alone program . The sequence alignment results were parsed so thalone program . The sequence alignment results were parsed so that only probeat only probe--
toto--exon matched pairs were extracted for the crossexon matched pairs were extracted for the cross--platform comparisons. platform comparisons. ‘‘ProbeProbe--toto--exonexon’’ means means 
that only the aligned sequences positioned completely within an that only the aligned sequences positioned completely within an exon were considered as a exon were considered as a 
match. match. 

Table 5: Correlation coefficient: UniGene clusters

Table 6: Correlation coefficient: RefSeq exons

Figure 3: Box-plots of the log2 ratios (filtered) for all platforms

Conclusion
Stringent pre-processing techniques (normalization, transformation, filtering) are necessary  any 
cross-platform comparisons.

• Consistency of measurements mapped at the exon level demonstrates that the data from different 
platforms can be compared. 

• Dynamic ranges for all platforms were similar, whereas Agilent and MWG arrays displayed the 
highest ratio compression.

• Ability to reliably detect low expressed genes is still a limitation of microarrays in general, in   
contrast to the accuracy of measuring highly expressed genes.

• Cross-laboratory variations are significantly smaller than the cross-platform variations
• QRT-PCR by ABI TaqMan and Roche Universal ProbeLibrary confirmed our results. We found that UPL 

has really enabled high-throughput quantitative validations for our cross-platform study.
• Extensions to our analytical approach are continuing with the goal of improving data quality and 

exchangeability.
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Table 9: Cross-Laboratory comparison

Figure 4: Cross-Laboratory scatter-plots

Microarray Experiments

Sample preparation and hybridization steps were conducted followSample preparation and hybridization steps were conducted following the protocols provided for ing the protocols provided for 
each platform. Eight of the ten microarray platforms are currenteach platform. Eight of the ten microarray platforms are currently commercially available: ly commercially available: 
Affymetrix, Agilent, Applied Biosystems (ABI), Amersham (now GE Affymetrix, Agilent, Applied Biosystems (ABI), Amersham (now GE Healthcare), Compugen (now Healthcare), Compugen (now 
SigmaSigma--Genosys), Mergen, MWG Genosys), Mergen, MWG BioTechBioTech (now (now OcimumOcimum BiosolutionsBiosolutions), and Operon. Probes from ), and Operon. Probes from 
Compugen and Operon were printed together on the same slide. TheCompugen and Operon were printed together on the same slide. The remaining two platforms remaining two platforms 
are from academic laboratories, cDNA and long oligonucleotide (Mare from academic laboratories, cDNA and long oligonucleotide (MGH) arrays. Six of the ten GH) arrays. Six of the ten 
microarray platforms (Agilent, cDNA, Compugen, MGH, MWG, and Opemicroarray platforms (Agilent, cDNA, Compugen, MGH, MWG, and Operon arrays) are ron arrays) are 
considered as considered as twotwo--dyedye platforms as they require the hybridization of two samples, wheplatforms as they require the hybridization of two samples, whereas the reas the 
others are others are singlesingle--dyedye platformsplatforms

A subset of the experiments was conducted independently at a secA subset of the experiments was conducted independently at a second laboratory using identical ond laboratory using identical 
samples. This portion of the study is still ongoing, but resultssamples. This portion of the study is still ongoing, but results from Affymetrix, Amersham, and from Affymetrix, Amersham, and 
Mergen platforms have been completed.Mergen platforms have been completed.

All labeling and hybridization methods were completed as specifiAll labeling and hybridization methods were completed as specified by each manufacturered by each manufacturer’’s s 
hybridization protocol. Image processing of the scanned images whybridization protocol. Image processing of the scanned images were conducted using the ere conducted using the 
recommended scanners and settings.recommended scanners and settings.
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Table 4: Intra-platform Correlations for log2 ratios - (a) non-filtered (b) filtered

(a)(a) (b)(b)

43922753498113851776267049661629228874RefSeq exon

13129605120218141988218022152635272915510RefSeq

17512481564140916121982206921492834677721944LocusLink

17568615511972182318582089215750601274930120UniGene Clusters

10987654321Unique # 

Table 1: Number of overlaps across platforms
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