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Supplementary Information

For this study, the data set of experimentally verified bacterial sRNA-mRNA interactions from
Busch et al. (2008) was extended by further sRNA-mRNA interactions with experimental support
from literature. The extended data set consisted of 15 different sRNAs and 41 interactions from
the 3 bacterial species Escherichia coli K12 (E. coli), Salmonella typhimurium LT2 (Salmonella)
and Staphylococcus aureus N315 (S. aureus).

To obtain homology information, the RNA family sequence alignment of each sRNA was
downloaded from the Rfam database 9.1 (Gardner et al., 2009). However, analysis of the sequence
data showed that the Rfam families of some sRNAs miss part of the sequence that is involved
in the sRNA-target interaction. This applies to the interactions RyhB-sdhCDAB (Massé and
Gottesman, 2002), RyhB-shiA (Prévost et al., 2007) and Spot42-galK (Møller et al., 2002) in
E. coli and RybB-ompN (Bouvier et al., 2008) in Salmonella. Therefore, they were excluded in
this study. In addition, the interactions of the E. coli sRNA OmrB with its targets cirA, ompR

and ompT (Guillier and Gottesman, 2008) were neglected, because the final data set already
contained interactions of these genes with the sRNA OmrA, which belongs, together with OmrB,
to one Rfam family. Finally, two different interactions of the S. aureus sRNA RNAIII with its
target rot (Boisset et al., 2007) were excluded from the data set because they contain crossing
interactions, which cannot be predicted by the current version of PETcofold. The final data set
of 32 sRNA-mRNA interactions that was used in the study is given in Supplementary Table S1.

Alignments of the target genes and their orthologous were created by the following procedure:
First, genome sequences for all 69 species with available complete genome according to the Rfam
annotation were downloaded from the EMBL Nucleotide Sequence Database (Cochrane et al.,
2009). DNA sequences of all annotated proteins were extracted from each genome. Then the
OrthoMCL tool (Li et al., 2003) was used with default parameters to identify groups of orthologous
genes separately for the S. aureus species (from Rfam family of RNAIII) and all remaining species
(from Rfam families of E. coli and Salmonella sRNAs). For each target gene, we created a set
of 250 nt long orthologous target sequences (150 nt upstream and 100 nt downstream of the
annotated start codons) according to the OrthoMCL prediction. Target sequences of species that
are not contained in the Rfam family of its interaction partner were excluded from the sequence
sets. The subsequences of 250 nt length were chosen because all interactions are in range from
-132 to +56 relative to the start codon. Flanking regions were included for prediction of mRNA
structure and for compensation of misannotated translational start sites. Finally, the sets of
targets were locally aligned on sequence level with MAFFT version 6 (using option E-INS-i for
generalised affine gap costs) (Katoh and Toh, 2008).

For the final sRNA sequence alignments, all sequences without available complete genome and
without a predicted ortholog in the target sequence set were removed from the Rfam sequence
alignments followed by removal of gap-only alignment columns.

The resulting data set with sRNAs from Rfam and mRNAs from orthology prediction was
processed twofold. mRNA sequences that were very distant from the mRNA sequence of the
reference organism were likely to be false positive predicted orthologs and, thus, should be
excluded. This was achieved by removing all mRNA sequences from the mRNA alignment that
had, in comparison to the reference organism, a pairwise sequence identity at the interaction site
and 10 nt of the flanking sequences (PIint

ref
) below a given threshold. Here PIint

ref
thresholds of either

40%, 50% or 60% were applied. Redundant sequences were excluded from the data set to avoid a
bias by overweighting similar sequence information. To this end, mRNA sequences were clustered
with the tool BLASTClust. BLASTClust is part of the standalone BLAST package (Altschul et al.,
1997) and is typically used to create non-redundant sequence sets. BLASTClust was called for
nucleotide input with a word size of 8 and a percent identity threshold of 100% over an area
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covering 90% of each sequence. From each cluster of similar sequences, the sequence with lowest
PIint

ref
was taken. If an mRNA was removed from an mRNA alignment, then the corresponding

sRNA, i.e., the sRNA of the same organism that interacts with the mRNA, was removed from
the sRNA alignment.
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Supplementary Tables

Table S1: Data set of bacterial sRNAs and their target mRNAs used in this study. Rfam acc.
denotes the Rfam accession number.

sRNA Rfam acc. Target Organism Reference

CyaR RF00112 luxS E. coli De Lay and Gottesman (2009)
CyaR RF00112 nadE E. coli De Lay and Gottesman (2009)
CyaR RF00112 ompX E. coli De Lay and Gottesman (2009)
CyaR RF00112 yqaE E. coli De Lay and Gottesman (2009)
CyaR RF00112 ompX Salmonella Papenfort et al. (2008)
DsrA RF00014 hns E. coli Lease et al. (1998)
DsrA RF00014 rpoS E. coli Majdalani et al. (1998)
GcvB RF00022 sstT E. coli Pulvermacher et al. (2009)
GcvB RF00022 argT Salmonella Sharma et al. (2007)
GcvB RF00022 dppA Salmonella Sharma et al. (2007)
GcvB RF00022 gltI Salmonella Sharma et al. (2007)
GcvB RF00022 livJ Salmonella Sharma et al. (2007)
GcvB RF00022 livK Salmonella Sharma et al. (2007)
GcvB RF00022 oppA Salmonella Sharma et al. (2007)
GcvB RF00022 STM4351 Salmonella Sharma et al. (2007)
GlmZ RF00083 glmS E. coli Urban and Vogel (2008)
MicA RF00078 ompA E. coli Udekwu et al. (2005)
MicA RF00078 lamB Salmonella Bossi and Figueroa-Bossi (2007)
MicC RF00121 ompC E. coli Chen et al. (2004)
MicC RF00121 ompD Salmonella Pfeiffer et al. (2009)
MicF RF00033 ompF E. coli Schmidt et al. (1995)
OmrA RF00079 cirA E. coli Guillier and Gottesman (2008)
OmrA RF00079 ompR E. coli Guillier and Gottesman (2008)
OmrA RF00079 ompT E. coli Guillier and Gottesman (2008)
OxyS RF00035 fhlA E. coli Argaman and Altuvia (2000)
RNAIII RF00503 SA1000 S. aureus Boisset et al. (2007)
RNAIII RF00503 SA2353 S. aureus Boisset et al. (2007)
RNAIII RF00503 spa S. aureus Huntzinger et al. (2005)
RprA RF00034 rpoS E. coli Majdalani et al. (2002)
RyhB RF00057 uof-fur E. coli Večerek et al. (2007)
RyhB RF00057 sodB E. coli Geissmann and Touati (2004)
SgrS RF00534 ptsG E. coli Kawamoto et al. (2006)
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Table S2: Prediction performance of PETcofold on data sets with 32 interactions. PIint

ref
denotes

the minimal pairwise interaction site sequence identity to the reference. The predictions were
evaluated by their mean interaction MCC. PETcofold was run with values ranging from 0.0 to 1.0
in steps of 0.1 for the intramolecular base pair reliability threshold (δ) and the minimal partial
structure probability (γ) either (a) without the option -noLP or (b) with -noLP. Tables (a) and
(b) list the best mean MCC of the 121 parameter combinations, the corresponding median MCC
and the values yielding to the best mean MCC. (c) Average number of compensatory interaction
base pair exchanges (CBP) of the data sets.

(a) PETcofold without option -noLP

PIint

ref
Best mean MCC Median MCC δ/γ

40% 0.507 0.564 0.9/0.9
50% 0.510 0.564 0.9/0.9
60% 0.494 0.546 0.9/[0.0,...,0.5]

(b) PETcofold with option -noLP

PIint

ref
Best mean MCC Median MCC δ/γ

40% 0.504 0.561 0.9/0.9
50% 0.511 0.583 0.9/0.9
60% 0.491 0.526 0.9/0.9

(c)

PIint

ref
CBP

40% 0.195
50% 0.171
60% 0.114

Table S3: Performance of PETcofold on prediction of four sRNA-mRNA joint secondary struc-
tures. PETcofold was run with a value of 0.9 for the intramolecular base pair reliability threshold
(δ), varying values for the minimal partial structure probability (γ), with the option -noLP and
optionally with the option -extstem.

MCC of joint secondary structure

sRNA-target pair PETcofold without -extstem PETcofold with -extstem

γ 0.1 0.3 0.5 0.7 0.9 0.1 0.3 0.5 0.7 0.9

MicA-ompA 0.87 0.87 0.87 0.87 0.87 0.83 0.83 0.83 0.83 0.83
OxyS-fhlA 0.80 0.80 0.80 0.71 0.71 0.82 0.82 0.71 0.71 0.71
RyhB-fur 0.13 0.13 0.13 0.13 0.12 0.13 0.13 0.13 0.13 0.12
RyhB-sodB 0.67 0.67 0.67 0.67 0.67 0.71 0.71 0.71 0.70 0.70

Average 0.62 0.62 0.62 0.60 0.59 0.62 0.62 0.60 0.59 0.59
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Supplementary Figures

Figure S1: The flow chart diagram is an adapted version of Figure 1 showing the different
programs integrated in PETcofold, which are Pfold (Knudsen and Hein, 2003), RNAfold (Hofacker
et al., 1994), PETfold (Seemann et al., 2008) and RNAcofold (Bernhart et al., 2006). MEA denotes
maximum expected accuracy and EA denotes expected accuracy.

6



(a) (b)

Figure S2: Performance of PETcofold while varying the parameters δ (maximal intramolecular
base pair reliability) and γ (minimal partial structure probability). The 3D plot shows the
mean MCC of 32 interactions using input sequences with (a) 40% and (b) 50% minimal pairwise
interaction site sequence identity to the reference. Predictions were carried out without the
option -noLP. The maximal MCC is marked with “+”.
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(a)

(b)

(c)

Figure S3: Joint secondary structure of the sRNA-mRNA interaction complex of (a) OxyS-fhlA,
(b) RyhB-sodB and (c) RyhB-uof-fur. Each sequence alignment shows the two input alignments
concatenated by the linker symbol “&”, the joint structure predicted by PETcofold (with param-
eters δ = 0.9, γ = 0.1, and options -noLP and -extstem) and the interaction complex model from
literature (Geissmann and Touati, 2004; Večerek et al., 2007). Sequences are labelled with the
genome accession numbers of the corresponding organisms. Angle brackets indicate intermolec-
ular base pairs between the two RNAs. Round and square brackets indicate intramolecular base
pairs. Square brackets indicate positions that are constrained in step 1 of the PETcofold pipeline.
For OxyS-fhlA, only columns with < 50% gaps are shown. The alignments were visualised with
Jalview (Waterhouse et al., 2009).
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