Genome-wide distribution of bilin-binding GAF domains
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Introduction

GAF domains were first described for vertebrate cGMP-specific phosphodiesterases, a cyanobacterial adenylate cyclase
and the bacterial formate hydrogen lyase transcription activator FhlA [1]. GAF domains consist of about 150 amino
acids conserved in many signaling molecules. GAF domains (PF01590) can be identified in the Pfam database by their
characteristic protein sequence signature. GAF domains of plant phytochromes represent the bilin-lyase-specific GAF
subfamily [2]. The phytochromes form a major class of signal transducing photoreceptors in plants and the largest group
of GAF containing proteins. Although, they were first discovered in higher plants, they are also widely distributed in
bacteria.
In this study, we surveyed the distribution of GAF domains in many organisms according to the hypothesis that
function as a light receptor.
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Methods

The genome sequences of the 150 organisms were obtained from the KEGG/GENES, JGI, and GenBank databases.
Domain search was performed with the programs HMMER package and the Pfam database (release 7.2) [3]. Cluster
analysis was carried out by the ClustalW program.
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Results and Discussion

The survey of genome sequences of 150 organisms revealed the presence of 1252 GAF domains encorded by 1065
ORFs (Fig. 1A). The 1252 GAFs domains could be categorized into more than ten subclasses based on the cluster
analysis. There are 99 ORFs encoding 141 GAFs categorized into phytochrome related CB-GAF domains (Table 1).
Surprisingly, 79% of the CB-GAFs exist in cynaobacteria. The 141 CB-GAF domains could be clustered into four
classes using the neighbor-joining algorithm (Fig. 1B). Class I is involved in higher plant. Class II is involved in
photosynthetic, non-photosynthetic and cyanobacteria. Class III and Class IV consist of cyanobacterial phytochromelike GAFs.
Based on these results, we propose that the GAF domains were explosively multiplied with functional diversity, and
one part of them has evolved into the CB-GAF.
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Figure 1:Distribution of GAF and CB-GAF
domains on a universal tree of life (A) and
Dendrogram of CB-GAF domains. Arrow
indicates cyanobacteria. Abbreviation:
CFB, Cytophaga-Flexibacter-Bacterioides.

Table 1: Number and distribution of CB-GAF and GAF domains in the genomic database.

a) Genes containing GAF domain. b) GAF domain. c) Genes containing CB-GAF domain. d) CB-GAF domain. e) draft genome.
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