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have: i) increased statistical power to detect co-expression; ii) robust in silico validation of expression pro�les 
across studies; and, most importantly, iii) a rational basis to generate new hypotheses and to guide future exper-
iments6. �e �rst meta-analysis of transcriptomic data for Synechocystis included 163 microarray datasets on 
di�erent environmental and genetic perturbations, and identi�ed a set of genes commonly regulated under most 
perturbations, referred to as the Core Transcriptional Response7. However, a more thorough meta-analysis of 
expression of functionally related genes, in particular those associated with the photosynthesis, had not been 
carried out.

To exploit the existing wealth of Synechocystis transcriptomic data for the study of regulation of photosyn-
thetic genes, we collected and integrated 756 available microarray-based transcriptome pro�les from three public 
repositories, as the basis for the most integrative transcriptional study to date for Synechocystis. We took special 
care in the curation and pre-processing of these microarray data to minimize potential artifacts that might arise 
from the use of di�erent microarray platforms by di�erent laboratories. �e integrated dataset composed of 722 
microarrays (a�er curation) was clustered and examined for co-expression patterns to determine the activation 
and suppression of biological processes under various conditions. �e global clustering of these expression data 
revealed signi�cant enrichment in four functional gene clusters along the environmental perturbations analyzed: 
(i) Photosynthesis and respiration; (ii) General metabolism; (iii) Regulatory functions, transport and binding 
proteins; and (iv) Hypothetical proteins. A more focused analysis of these integrated expression data provided 
an unprecedented view of how the photosynthetic apparatus adapts to environmental changes in this cyanobac-
terium, and how photosynthesis is co-regulated with other processes on a system level. In particular, functional 
categories linked with light-dependent photosynthetic reactions were examined in detail, under a variety of envi-
ronmental perturbations. In addition, we inspected the co-expression patterns of components of light-dependent 
versus light-independent reactions of photosynthesis with the aim to evaluate their transcriptional regulation. 
Finally, we extended and enhanced CyanoEXpress (http://cyanoexpress.sysbiolab.eu)-a web-based resource for 
Synechocystis transcriptomic data8-to facilitate independent analysis of the integrated expression data. 

Results
Compilation and integration of gene expression datasets for Synechocystis. �e meta-analysis 
of microarray data generated by di�erent research groups, using di�erent platforms and under multiple environ-
mental conditions requires a set of standardized steps to assure reliability of the derived results (Fig.�1A). �e 

Figure 1. Data acquisition work�ow and composition of integrated gene expression data used in this 
study. (A) Work�ow of meta-analysis from data acquisition to biological interpretation. (B) Distribution of 
microarray measurements included in the integrated dataset derived from di�erent platforms, (C) Number of 
expression contrasts obtained from WT (environmental) and mutant (genetic) Synechocystis, (D) Distribution 
of expression contrasts for di�erent environmental conditions obtained from WT Synechocystis. WT �  wild 
type.
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