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for each array. The output of this function is an object of the Pa-
rameterList class, containing all the model parameters (represent-
ing the intensity saturation characteristics of both dyes, and the 
hybridization of target to complementary probes) of the specified 
arrays. 

The function normalizeData() takes the raw microarray data 
(RGList_CALIB object) and the estimated model parameters (Pa-
rameterList object) as input arguments. The parameters of the 
spike based calibration model are used to estimate the absolute 
expression levels for each combination of a gene and condition in 
the design of the microarray experiment, irrespective of the num-
ber of microarray slides or replicate spots on one slide. When re-
quired, this function can be used on individual genes, or on a se-
lected group of genes instead of on the entire gene set. 

These functions are written in C++. A dynamic link library, 
compiled from the C++ code is used as a plug-in for the R wrapper 
functions.  
2.3 Visualization  
The CALIB package provides different visualization functions that 
allow quality control and data exploration. As the estimation of 
model parameters depends to some extent on the quality of the 
external control spikes, it is advisable to check the quality of the 
external controls and the estimated parameters prior to running the 
normalization function by using these visualization functions. Ad-
ditional functions are also provided to view the final results of the 
normalization procedure. 

The functions plotSpikeCI() and plotSpikeRG() can be used to 
check the quality of external controls before running the estimation 
function, as well as to evaluate the model fit after parameter esti-
mation. plotSpikeCI() compares measured intensities to actual 
spike concentrations. plotSpikeRG() compares Cy3 and Cy5 meas-
urements from the same spot. Other functions can only be called 
after estimating the model parameters: plotSpikeHI() plots the es-
timated amount of hybridized target against corresponding intensi-
ties of calibration controls (i.e. with a 1:1 ratio) and serves to 
evaluate the calibration model, and plotSpikeSpotError() plots the 
distribution of estimated spot capacity errors for all spikes of an 
array (as a histogram, box plot or density plot). 

The functions plotSpikeACEC() and plotNormalizedData() can 
be called after data normalization. plotSpikeACEC() compares the 
actual concentrations of calibration controls (i.e. with a 1:1 ratio) 
with the estimated concentrations. Ratio controls are not included 
by default, as they do not necessarily reflect the design of the ex-
periment. plotNormalizedData() allows comparing the estimated 
expression levels of two selected conditions. 

3 USAGE 
The CALIB package has a manual and vignette describing its use. 
In order to illustrate the workings and principles of this method, 
and the usage of functions in the package, we include a test exam-
ple derived from the study of Hilson et al., 2004  consisting of a 
color-flip of two conditions.  

4 DISCUSSION 
We implemented CALIB, a user-friendly Bioconductor package 
for the normalization of two-color microarray data. The underlying 
method relies on the presence of external control spikes to estimate 

the parameters of a calibration model, which are then used to ob-
tain absolute expression levels for all genes. This spike based nor-
malization procedure provides an alternative solution to the stan-
dard ratio based normalization, which is particularly applicable in 
cases where, either the global normalization assumption is violated 
and no alternative solutions exist, or for applications where abso-
lute expression levels are more convenient than ratios’. Besides the 
normalization procedure, CALIB provides some convenient visu-
alization tools for quality control of the experimental protocol 
based on externally added control spikes. 
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