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Small Antisense Regulatory RNA Genes in Bacterial Genomes
K. Mavromatis1, N. C. Kyrpides1

1  DOE Joint Genome Institute, Walnut Creek, CA

Genomes

Requirements
The method we use is heavily dependent on the good quality of annotation
and gene prediction in the related genomes. Furthermore it requires:

•Genomes of relativelly close organisms. However, a degree of divergence is
necessary in order to avoid random hits coming from syntenic regions.
•Presence of correct gene models. Common leaders, promoters,  that are not
included in the gene models can give false results.
•Presence of a region of sequence similarity between gene and intergenic
region detectable by blast. Small alignment region, or complicated patterns of
recognition cannot be identified.

Method Beginning of gene ± 50 nt 
around ATGIntergenic regions (IG) > 200 nt

The IGs are blasted to each other.

Identify :
1. Conserved IG regions (sequence and palindrome structure)

2. that have blast hit to similar genes (genes have been
assigned to clusters using the MCL cluster algorithm)

3. in a conserved manner
i.e. the hit is approximately at the same position on the

“target” gene relative to the start codon in the genomes we
examine, and the length of the alignment is also

approximately the same. The size of the aligned region, is an
indication of the strength of the predicted interaction.

Palindromes
Are used as an indication
of conserved structure

The method is based on the comparisons between ONE genome with a group
of others

Conclusions
A significant number of conserved IG regions with consistent

complementarity with genes can be identified in Enterobacteria
These genomes are phylogenetically closed to each other

In Bacilli the number of predicted interactions is low
These genomes are more distant phylogenetically

Chlamydia (intracellular pathogens) have a very low number of predicted
interactions implying either loss of this mechanism, or replacement with
another

Absence of Hfq homolog is in favor of loss of this function
The small number of transcriptional regulators in these genomes

implies that these genomes do not need a large number of regulatory
elements.

Surpiringly, Rickettsias exhibit significant number of putative interactions
although they seem not to have Hfq homolog.
Genes that are predicted to interact with IG elements belong to several

functional categories.
There is a preference for transport systems, and core functions.

More genomes will be examined in the future, and experimental
verification will be pursued.

Common genomes: The number of genomes that the predicted interaction is present.
Alignment btw IG and gene: The least number of nucleotides that are aligned between the IG and the “target” gene.

Results in E.coli (K12)

Predictions made in Enterobacteria, were compared to other known sRNA
and predictions from the literature made for E.coli K12.
5 out of 7 known antisense RNA were predicted correctly.
Preliminary experimental results verify that 6 out of 10 are transcribed (data
not shown).

Total predicted RNAs: 62
Known in the literature: 14
Known  antisense RNAs: 7
Correctly  predicted (RNA & interaction): 5

Experimentally checked: 10
Experimentally verified: 6
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Enterobacteria

-Rickettsia typhi Wilmington
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-Rickettsia prowazekii Madrid E
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+Bacillus cereus ATCC 10987
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Introduction
Small RNAs (sRNA) can act as regulators of the cell functions, mainly in
two ways(1,2). First, they bind to specific proteins and change their
activity, an example case is 6S that binds to RNA polymerase and alters its
activity. Second, sRNA molecules affect mRNA translation through base
pairing interactions near the RBS. These interactions can alter mRNA
structure and/or stability resulting either to inhibition or promotion of
ribosome binding.
Antisense sRNA are small RNA molecules that have a small region which is
complementary to the target mRNA (3). Thus, they can inhibit translation
by occluding the ribosome binding site, or activate translation by
preventing the formation of inhibitory mRNA structures. The rest of the
molecule folds creating secondary structure that is required for its function.
The specificity of these molecules is based on the complementarity with
the target mRNA (figure). Mutations can accumulate in these molecules
provided that they do not affect this pairing and the overall structure of the
molecule.  As a result these sRNAs can become more diverse between
distant phylogenetically species.
The RNA-binding protein Hfq appears to play important role in the
regulation of gene translation through the antisense RNA fashion (4). Hfq
is a conserved, abundant protein that has been implicated in a number of
RNA-mediated events. This interaction frequently results to the degradation
of the mRNA.
We developed a method based on the above mentioned observations for
the identification of putative antisense RNAs in the currently public
genomes. Our method identifies homologous intergenic regions that exhibit
complementarity with homologous genes in different organisms. Further
criteria for conservation of the RNA complementarity pattern (complement
bases relative to the start of the gene), and predicted loops in the putative
RNA gene are used to filter results.
Enterobacterial organisms were used for the evaluation of the method and
the results were compared to information known from the literature (5-8).
Predictions made for Escherichia coli (K12) are currently experimentally
studied.
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Hfq has been shown to participate in the degradation of the sRNA-mRNA
complex. Absence of the protein from some organisms could be an
indication that:

•An alternative form of the protein exists that is not identifiable by simple
BLAST search.

•They use a different mechanism.

•They do not have this mechanism.
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BLAST.
IGs are blasted
to the beginning

of the genes

Other filters e.g.
Rho independent terminators

Predicted promoters
Can be used as extra indicators

for the accuracy or the
prediction

Groups of organisms compared.
The presence of identified Hfq homolog is shown with a (+)

sign

Sequence alignment of
different Hfq homologs. The
sequence similarity is
restricted to small motifs,
making the indentification of
Hfq homologs a difficult task.
From :Valentin-Hansen etal. Mol.Microb. 2004,
51:1525

Prediction statistics

Organisms and Hfq




