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Introduction 

Microarrays are currently the de facto tool for simultaneously studying expression profiles 

across thousands of genes. For research purposes, RNAseq will probably supersede them 

over the next few years as the global expression-profiling tool of choice (Ledford 2008). 

Currently RNAseq costs are still non-competitive, but they are dropping rapidly. The costs of 

mainstream array technologies are also steadily coming down, which will allow them to be 

more widely used as a diagnostic tool. Within this niche they are not likely to be replaced in 

the near future.  

 

For many livestock species, commercial arrays are available and frequently there is more 

than one platform/supplier. The choice of platform is important in terms of robustness and its 

ability to address the experimental questions. The three most commonly used bovine gene 

expression platforms used for global transcription profiling studies are the Affymetrix 

GeneChip Bovine Genome Array, the Agilent Bovine Gene Expression Microarray and the 

Bovine Oligo Microarray Consortium (BOMC) 24K array. The objective of this work is to 

summarize and compare these platforms, and propose some suggestions to assist researchers 

to make a decision about which one to use in their own projects.  

Bovine Microarray Platforms 

Table 1 summarizes the main features of each platform. In 

terms of the Agilent array this discussion refers to version V1 

(015354) of the platform. Recently Agilent released a new  

bovine array, V2 (023647) which was not evaluated in this 

study. The most striking feature is that even though a large 

number of transcripts are present on the three arrays used in 

the present study, the coverage in terms of the total number of 

genes (herein unique Entrez identifiers using the 

manufacturers' annotation files) is not so high. In Btau4.1 

(February 2010) there were 25,963 annotated genes. Hence, 

coverage varies between 42.5% for Affymetrix, 44.2% for 

Agilent through to 49.2% for the BOMC array. This is 

partly due to array designs lagging behind sequencing and 
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annotation changes (e.g. the Affymetrix array design is from 2004). As knowledge of the 

genome evolves, probes designed for a given gene may be re-annotated to another one; thus 

some genes are represented several times while others are not targeted by the array (up to 38 

probes are annotated to the same gene). Across all three platforms, 16,387 (63%) genes are 

represented and only 6,734 (26%) are common to all arrays. Figure 1 shows the overlap 

between platforms. 

 

Table 1: Summary of features in bovine gene expression platforms  

  Agilent V1 Affymetrix BOMC 
1
Number of data points generated 44407 530816 25200 

2
Controls 1737 133 1200 

3
Number of bovine transcripts 21901 23000 23492 

4
Duplicated spots Yes No No 

Channels (1 or 2 colours) 1 or 2 1 2 

Probes per target 60mer 11 x 25mer 50mer 
5
Hybridizations per slide 4 1 1 

6
Number of unique Entrez Ids 11479 11030 12766 

Minimum RNA requirements 25ng 10ng 20µg 
1For each target on the Affymetrix arrays there are 11 x 25mer oligos plus another set with the same 11 x 25mer 
oligos but with a mismatch in position 13 (to detect cross-hybridization). Hence, the large number of data points.  
2Controls include positive and negative controls as well as spike-ins and empty/blank spots. Half the Affymetrix 
data are from the mismatch oligos, which can be, to some extent, considered as a control. 
3Includes predicted transcripts and putative genes. Many transcripts target the same gene. 
4Agilent probes are in duplicate, the actual number of probes targeted is roughly half the total number of spots. 
5Each Agilent slide comes with four arrays - experiments have to be designed as multiples of four. 
6Number of hits to Btau4.1 (February 2010) using the manufacturers' annotation files.  

                                  

Costs are an important component in array studies. Prices fluctuate a lot but as a ballpark 

figure the BOMC array is the cheapest, followed by Agilent (~4X more expensive) and then 

Affymetrix. The main pros/cons of each platform are briefly discussed below:    

 

Affymetrix - Uses 11 x 25mer different short oligos (probeset) for each target and the same 

oligos with a mismatch in position 13 to measure cross hybridization. The methodology used 

to summarize the probesets into single target intensities is the main source of variability in 

analyses (Harrison et al. 2007; Gondro 2009). The use of short oligos is unique to Affymetrix 

and provides data that can be used to study variability within gene regions (e.g. snps or 

alternative splicing). It is a mature platform with well-developed analytical methods; this 

maturity also results in a dated design for the bovine platform, with many of the probes not 

targeting the transcripts and high levels of cross hybridization (on average 30% of the 

mismatches show higher expression intensities than the perfect matches). Hybridizations 

show very high levels of technical repeatability. The arrays are single colour hybridizations. 

 

Agilent - Targets are duplicated, which makes it easy to account for within array technical 

variability. It is the most up to date platform with the recent release of a new array design. 

Each slide has four arrays which reduces variability (of arrays on the same slide), but the 

design has to be a multiple of four. There are less publicly available tools/methods for 

analyses but this should change as the platform gains popularity. One or two colour 

hybridizations are possible.  



BOMC - These are low cost arrays which can be used with widely available scanners. They 

need more RNA than either Affymetrix or Agilent arrays. They are more variable than the 

other two and with limited controls to estimate technical variability; single probes per target. 

They were developed for two colour competitive hybridizations, which can constrain the 

design and scalability of experiments. 

Differential Expression across Platforms 

The three platforms were compared by running the same experiment on each one. RNA 

samples were extracted from 6 animals (3 Brahman and 3 Holstein) and 6 arrays were 

hybridized on each of the three platforms. Agilent and Affymetrix arrays were hybridized 

one sample per array. BOMC slides used two samples per array in a dye swap design. Usual 

quality control metrics were performed (Gondro 2009) with all slides deemed of adequate 

quality for downstream analyses. The raw data were normalized using RMA (Irizarry et al. 

2003), unreliable probes were removed and Differential Expression (DE) between the two 

breeds was tested using a moderated t-test in Limma (Smyth 2004). 

 

Table 2 summarizes results for the three platforms. In total 386 unique genes were detected 

as DE at a p-value of <0.001 (Agilent = 162, Affymetrix = 83, BOMC = 193). The intersects 

are low with only 8 (2%) of the genes in common across all platforms and between 11 

(2.8%) - 14 (3.6%) in common across two platforms (on average 82% of the 386 genes are 

targeted/spotted on each platform). Results, in terms of percentages, are very similar for 

different p-value thresholds.  

 

Table 2: Summary of differential expression profiling between Holstein and Brahman 

breeds on the different platforms 

 

Agilent V1 Affymetrix BOMC 
1
Total pobes used 16192 16947 11330 

2
Number of DE probes 292 154 287 
3
Number of DE genes 162 83 193 

1Number of probes used in DE test after removal of controls and probes that did not pass filtering QC criteria. 
2Number of probes differentially expressed for a p-value <0.001. Includes probes that target the same gene.  
3Number of unique genes differentially expressed for a p-value <0.001. Unnanotated and duplicated probes were 
excluded. 

 

From the 6,734 genes common to all platforms (Figure 1); 4,164 passed QC measures on all 

three. The correlation of fold changes for these genes is 0.72 between Affymetrix and 

Agilent and 0.60/0.59 between BOMC and the other two. Correlations of significance ranks 

are low (<0.19). Other studies have shown that fold changes are a more robust estimate of 

expression for cross-platform analyses. We observed similar results; the three-way intersect 

of the top 20 largest fold changes is in the order of 14% (6 genes). Results are similar for the 

top 200 (11%) and 400 (15%).     



Discussion and Conclusions 

We have specifically discussed bovine platforms here, but the points below generally apply 

to other livestock species as well. 

 The actual number of genes covered by any of the platforms is not comprehensive of the 

genome and different platforms target different genes. If specific genes or pathways are 

known a priori to be implicated in a trait, it is worthwhile to ensure they are targeted by 

the platform.  

 The annotation files available from manufacturers should be treated with some caution; 

they may not be updated as regularly as desirable. Affymetrix only changes the 

annotation for an entire probeset but will not split them up, various alternative chip 

definition files have been released (Dai et al. 2005). The probe sequences are available 

from the suppliers; these can be re-blasted and re-annotated for the entire array or just 

for the genes of interest after the analyses (a positive side effect is that more probes get 

annotated to a gene). 

 One sample - one array designs are simple, scalable and remove the dye bias issue, 

albeit at a higher cost. The caveat is that, even on the same platform, different runs or 

labs frequently end up being the main effect identified by the arrays - this effect needs to 

be accounted for in the analysis model.   

 In terms of costs, the BOMC array is the cheapest but it needs more RNA, is more 

variable with high levels of noise and large numbers of probes are discarded during QC. 

The lower costs are offset by the need to have more biological and/or technical 

replicates to obtain reliable estimates. Technical replicates for Agilent and Affymetrix 

are generally not necessary. 

 For large projects working on various research questions within a species, the use of a 

consistent platform throughout projects will make it easier to integrate data at a later 

stage. Direct cross-platform analysis yields poor results; fold changes are more robust 

but there is the risk of adding additional noise to what is an already noisy technology.  

 

For the particular case of bovine gene expression profiling, we would currently suggest that 

Agilent arrays (single colour hybridizations) seem to offer the best alternative in terms of 

cost, reliability and current design.     
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