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1. Antisense RNA 
Antisense RNAs play an essential role in genetic regulation and are associated in the 

tight regulation of transposase, toxic proteins, transcription regulators and virulence pro-
teins to name a few (reviewed in [1]). They bind with their targeted mRNA with perfect 
complementarity since they are encoded in the opposite strand. Their dimension varies 
greatly, from a few hundred nucleotides (100 to 300 nt) to larger sizes (700 to 3500 nt) [2]. 
The formation of an asRNA-mRNA complex could impact the secondary structure of both 
RNAs, leading to a change in their stability and perhaps degradation [3]. The binding of 
asRNA to its target could prevent the ribosome from reaching the RBS. Antisense sRNA 
could also impact the mRNA in the opposite strand due to transcription interference with-
out directly binding with one another. Divergently transcribing promoters could interfere 
with each other, resulting in the collision of RNA polymerase complexes for example [2]. 
An elongating RNA polymerase (RNAP) on the antisense strand could impede the for-
mation of an initiation complex on the sense strand through transcription occlusion or 
dislodged an already formed one through sitting duck interference [2].  

Information about asRNAs comes from Ribogap [4], which extracts data from Rfam 
to facilitate the analysis of non-coding RNA [5]. Only asRNAs with an E-value lower than 
0.0005 were taken into consideration. Rfam is a database on RNA families bases on sec-
ondary structures and covariance model. Since asRNAs do not rely on secondary struc-
tures, they may be underrepresented in Rfam. Nevertheless, it still gives us a good esti-
mation of the extent of knowledge of asRNAs in bacteria. Moreover, we are limited by the 
available annotations in Rfam. For example, the sRNA MicF is known to be encoded in a 
different locus than its target, the outer membrane protein OmpF in Escherichia coli [6]. It 
would therefore meet criteria to be classified as a trans-acting sRNA rather than an 
asRNA. However, early research did not make the same distinction between asRNA and 
sRNA, so it was classified as an asRNA in Rfam, a categorization which remains. It would 
be tedious to go through the list of all asRNAs family in Rfam to verify their classification, 
and we are confident that it would not change the conclusion of this perspective article.  

  



1.1. Prevalence of asRNAs in bacteria 
Forty distinct asRNAs were annotated in bacterial genomes based on the Rfam data-

base. Like for sRNAs, the phyla Proteobacteria and those from the Terrabacteria group 
also encode for the most distinct asRNAs (Table S1), with 29 and 17 respectively. Interest-
ingly, the proportion of asRNAs in the two most studied phyla relative to the sum of all 
phyla from Table S1 is similar to that of sRNAs from Table 1 (60% vs. 58% for Proteobac-
teria and 35% vs. 35% for Terrabacteria), even though asRNAs act through very different 
mechanisms, also suggesting that these numbers strongly correlate with the “intensity of 
research” within these phyla. 

Table S1. Number of distinct annotated asRNAs encoded in different phylum. 

Phylum group asRNAs 
FCB group 1 2 

Proteobacteria 29 
Terrabacteria group 17 

1 FCB group stands for Fibrobacteres, Chlorobi, and Bacteroidetes, whereas 2 PVC group repre-
sents Planctomycetes, Verrucomicrobia, and Chlamydiae. 

Genus that encodes for the most distinct asRNAs are all from the family Enterobacte-
riaceae, apart for Serratia marcescens that is a Yersiniaceae (Figure S1, A). We also in exam-
ined the top 10 most annotated asRNAs in all bacteria (Figure S1, B). 

 

 
Figure S1. Prevalence of asRNAs in bacterial genomes. (A) Top 20 species that encodes for the most 
distinct asRNAs. All strains from the same species are considered. (B) Top 10 asRNAs that are most 
found within bacterial genomes. Each individual occurrence of an asRNA was taken into consider-
ation. Only asRNAs with E-value lower than 0.0005 were kept. 

Some of the genera that encode for the highest number of distinct asRNAs were also 
those that contain the most sRNAs. However, three genera were not discussed before: 
Raoultella, Serratia and Cedecea (Table S2, in bold) and they are all human pathogens. Cede-
cea neteri for example was isolated at the CDC (Centers for Disease Control and Preven-
tion), from where its name originates. Even if the incidence of Cedecea infections is infre-
quent, increasing occurrences and its antibiotic resistance warrant more research interest. 
It is considered an opportunistic pathogen, since it is isolated in immunocompromised 
patients [7].  



Table S2. Description of genus encoding for the most distinct asRNAs. 

Genus 
Nb of dis-

tinct 
asRNAs1 

Description Ref 

Escherichia 16 Most well-understood bacteria 8 

Klebsiella 13 
Nosocomial pathogen, model organism to 

study drug resistance 
9 

Salmonella 13 Model organism to study host-pathogen inter-
actions 

10 

Shigella 11 Causative pathogen of shigellosis 11 
Enterobacter 9 Responsible for nosocomial infections 12 
Citrobacter 9 Third most common urinary pathogen 13 
Raoultella 8 Associated with histamine poisoning in human 14 

Serratia 8 Opportunistic nosocomial pathogen 15 

Cedecea 6 
Rare pathogen associated with urinary tract in-

fections; antibiotic resistance 
16 

1The number represents the quantity of distinct sRNAs in all bacterial strains within this 
genus. 

The most annotated asRNAs in bacterial genome were also discovered in the model 
organism E. coli (MicF [6], SgrS [17-19], DicF [20-23] and RNA-OUT [24]), in pathogens (V_AS5 
[25], AsrC [26], HPnc0260 [27], rliD [28] and CopA [29-32]) or as part of computational homol-
ogy searches (C4 [33]) (Table S3). 

Table S3. Description of top 10 most prevalent asRNAs in bacteria. 

asRNA Description RFAM asRNA expression Discovered in Ref 

C4 C4 antisense RNA RF01695 - 
Proteobacteria, 

Phages 
33 

V_AS5 Vibrio RNA AS5 RF02818 - Vibrio cholerae 25 

MicF - RF00033 
Regulates outer mem-
brane protein OmpF 

Escherichia coli 6 

AsrC 
antisense RNA of 

rseC mRNA 
RF02746 

Target rseC; promote 
bacterial motility 

Salmonella enterica 
serovar typhi 

26 

SgrS - RF00534 
Coordinate response to 

glucose-phosphate 
stress 

Escherichia coli 17-19 

DicF - RF00039 
Inhibitor of gene ftsZ 
involved in cell divi-

sion 
Escherichia coli 20-23 

HPnc0260 
Bacterial antisense 

RNA HPnc0260 RF02194 - Helicobacter pylori 27 

rliD Listeria sRNA rliD RF01494 
Antisense of the gene 

pnpA, a Polynucleotide 
phosphorylase 

Listeria monocyto-
genes 

28 

RNA-OUT - RF00240 Tn10/IS10 antisense 
system 

Escherichia coli 24 

CopA CopA-like RNA RF00042 
Regulate copy number 

of plasmid R1 

Plasmid R1 (first 
isolated from Sal-

monella sp. [34] 
29-32 

 
 



As demonstrated, most of the knowledge we have for asRNAs comes from study on 
research-intensive pathogens and model organisms. The most prevalent asRNAs are also 
found in closely related species of the same order, almost exclusively from the Enterobac-
teriaceae family, apart from Yersiniaceae. By extending our research to other bacteria, we 
could improve our understanding of the role of asRNAs in genetic regulation.   

2. Materials and Methods 
2.1. RiboGap 

Information about sRNA, coding sequence and annotations was extracted from Ri-
boGap [4]. This database is accessible via a web interface: http://ribo-
gap.iaf.inrs.ca/ribo_gap_advanced_version_ribogap_v2.pl (version 2). Queries can be se-
lected with a user-friendly interface or be typed in SQL directly in the appropriate box. 
Queries used for this article are found in Table S4. All genetic information (RNAs and 
genes) compiled for each species are naturally found in their genome. 

Table S4. RiboGap queries. 

 Query 

sRNAs an-
notated in 
bacteria 

select distinct fragment.taxonomy,fragment.description as description_of_fragment,rna_fam-
ily.fam_id,rna_family.fam_name,rna_family.description as description_of_rna_family,rna_fam-

ily.type,rna_known.evalue from fragment inner join rna_known on fragment.fragment = rna_known.frag-
ment inner join rna_family on rna_known.fam_id = rna_family.fam_id where rna_family.description Like 

'%sRNA%' OR rna_family.type Like '%sRNA%' LIMIT 0, 50 
Bacterial 
genome 
size and 

number of 
annotated 

genes 

select distinct fragment.fragment,fragment.length,fragment.chromosome,fragment.gene_num,frag-
ment.description from fragment where fragment.chromosome Like '%chromosome%' LIMIT 0, 50 

Number of 
annotated 

RNA 

select * from fragment inner join rna_known on fragment.fragment=rna_known.fragment where frag-
ment.chromosome like '%chromosome%' and fam_id like '%RF%'; 

Number of 
annotated 

tRNA 

select * from fragment inner join rna_known on fragment.fragment=rna_known.fragment where frag-
ment.chromosome like '%chromosome%' and fam_id like '%tRNA%'; 

 

AsRNAs 
annotated 
in bacteria 

select distinct fragment.taxonomy,fragment.description as description_of_fragment,gap5.acces-
sion,rna_family.fam_id,rna_family.fam_name,rna_family.description as description_of_rna_fam-

ily,rna_family.type,rna_known.evalue from fragment inner join gap5 on fragment.fragment = gap5.frag-
ment inner join rna_gap5 on gap5.num_cle = rna_gap5.num_cle inner join rna_known on rna_gap5.rna_id 

= rna_known.rna_id inner join rna_family on rna_known.fam_id = rna_family.fam_id where rna_fam-
ily.type Like '%antisense%' OR rna_family.type Like '%asRNA%' LIMIT 0, 50 

Human 
pathogenic 

bacteria 

select distinct fragment.fragment,fragment.description,organism.pathogenic_in from organism INNER 
JOIN fragment on organism.organism_id=fragment.organism_id where organism.pathogenic_in Like 

'%human%' LIMIT 0, 50 
 

Only RNAs with an E-value lower than 0.0005 were kept for this article. We made 
similar queries that would consider E-values up to 100, which increased the number of 
sRNAs by ~20% in some well-studied classes and almost doubled number of sRNAs in 
less studied classes, which does not fundamentally change our conclusions (even if it had 
significantly changed our figures), but would, however, have resulted in a much less reli-
able set of data to prepare figures and tables presented in this article. Size of fragments 
(chromosome or plasmid) is not available yet on Ribogap. This information was therefore 
extracted from all available Genbank files in the FTP of NCBI [35].  

 



2.2. Graphical representation 
Graphic representations were created with the ggplot2 package [36] within Jupyter 

notebook [37]. 

3. Supplementary Figures 

 

 
Figure S2. Number of distinct annotated sRNAs in (A) all bacteria except Proteobacteria and those from the Terrabacteria 
group and in (B) only bacteria from the latter. The iceberg is a representation of the number of sRNAs that we could be 
missing in the Terrabacteria group, where the above water portion of the iceberg portrays the already known sRNAs (gray 
section), and the underwater section depicts what could be left to be discovered (hatched section) if all bacteria contained 
as many sRNAs as those with the highest number of them. Percentages also represent this ratio of what is known versus 
what could be left to discover. This figure represents a compilation of 398 and 1604 strains in (A) and (B) respectively. 

 

 
Figure S3. Number of annotated genes compared to genome size. The top 20 species containing the most annotated sRNAs 
from Terrabacteria group and Proteobacteria are emphasized with black and blue dots respectively. This figure also in-
cludes outliers from bacterial strains with no annotations available in NCBI [35] and some mislabeled as complete genomes. 



 
Figure S4. Number of annotated genes and RNA, where human pathogenic bacteria are emphasized 
in red. (A) Number of annotated genes compared to genome size (all chromosomes and plasmids 
for each bacterial strain are considered when applicable). (B) Number of annotated RNAs compared 
to fragment size (chromosomes or plasmids). RNAs include CRISPR RNAs, antisense RNAs, 
sRNAs, tRNAs, long non-coding RNAs, ribozymes and cis-regulatory elements. Bacteria were con-
sidered as human pathogens when they were labeled as such within the RiboGap database [4] and 
are derived from former tables that NCBI does not update anymore and thus do not include all 
pathogens (it includes 217 pathogens from a sample of 1023 bacteria and can thus still be considered 
a substantial sample). 

From the analysis shown in Figure S4, it appears clear that even if most of the species 
with the highest number of annotated sRNAs (and ncRNAs in general) are pathogens, 
even among human pathogens there are still numerous bacteria that are understudied 
from the point of view of their ncRNAs. 
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