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Section S1. Design of the tags

The SOLiD sequencing technology proceeds by shearing RNA molecules into small fragments
and reading these in a massively parallel way (Metzker 2010). A typical RNA-seq run results
in several tens of millions of reads, each of 50 nt in length encoded in the SOLiD colorspace
representation (Breu 2010). When using 5’tagRACE with PCR and gel electrophoresis-based
methods, the length of the tags can be chosen to be around 30-40 nt to provide good specificity
and stable binding of primers (Fouquier d’Hérouel et al. 2011). However, when combining
5’tagRACE with RNA-seq on the SOLiD method, the use of such long tags is inappropriate
due to the limited read length of this technology; such long tags would occupy most of the
read leaving too little space for biological information to be of any use. We expect similar
considerations to be relevant also for other sequencing platforms. Redesigning the tags to make
them more suitable for tagged RNA-seq (tagRNA-seq) is thus a major step to make the whole
procedure feasible. An important requirement for a good efficiency of tag ligation by the T4
RNA ligase is high purine content (75%) at their 3’ end; we imposed the tags to end by GAA
or AAA (Wagner and Vogel 2005; Raabe et al. 2014).

The SOLiD colorspace encoding is designed in such a way that each sequence of ‘colors’
corresponds to four sequences of nucleotides (Breu 2010). Consequently, a candidate tag that
appears to be specific in nucleotide representation may be mistaken for another sequence from
the sample with the same colorspace representation. Thus the specificity of the tag with regard
to the studied organism needs to be considered in the colorspace representation, i.e. the tag
must be such that its colorspace representation is different from the colorspace representation
of any subsequence of the genome. In addition, it is desirable for the tags to be as different as
possible from each other to compensate for sequencing mistakes or other sources of errors, and
minimise the risk of confusion.

Technically, a length constraint of the tags also applies due to the necessity to get rid of the
excess (unligated to 5’ RNA ends) after each RNA ligation step. Our methodology imposes a tag
length < 17 nt to avoid affecting the total RNA content during the separation process. Finally,
because of the limited read length of the sequencing technology, it is desirable for the tags to
be as short as possible in order to have as much read length left for the biological information
as possible. The final choice of tags is thus a tradeoff between the quantity of information in
the biological sequence, technical constraints and the error tolerance of the tags.

We have set up a 3-step pipeline to generate suitable pairs of tags that takes as input the
genome of a bacterium and a parameter E describing the desired error tolerance, and outputs
a set of pairs of candidate tags. The first step in the procedure is to generate in a systematic
way possible sequences. This is done by simple enumeration, from the shortest to the longest
length considered. We then concatenate to each sequence the endings GAA and AAA and
evaluate the purine content. Sequences that do not fulfill the requirement of purine content
higher or equal to 75% are rejected. Secondly, for each candidate from the previous step, we
then verify the specificity (in the colorspace representation) of the sequence itself as well as for
all sequences that can be produced from the candidate by at most E substitutions, deletions or
additions of nucleotides. A rigorous check of this kind would be computationally prohibitive.
However, this step is very similar to another very common problem in the field of DNA/RNA
sequencing: ”the alignment”, which, for a given reference sequence, consists in finding all the
sequences in the genome that match the reference with at most E mismatches. Consequently,
checking the specificity within an error tolerance of E is equivalent to failing at aligning the
sequence to the genome with at most E errors. The alignment problem has been extensively
studied for several decades and there are nowadays many efficient algorithms to perform this
task (Klus et al. 2012, and references therein). However, algorithms that are efficient enough
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to be used in practice all rely on some sort of approximation that enables massive speed up in
the search step. This means that any alignment software will, in some rare cases, miss some
matches that should have been accepted within the provided error tolerance. Those misses
are likely different for each software, but are deterministic for a given software running on a
given genome. Therefore, we can turn the problem around by requiring that the same software
is used for the design of the tags and for the alignments after sequencing. We can thus miss
some possible tag pairs, but we will not mistakenly align a tag to the genome. In our case, the
specificity and error tolerance steps were verified using Bowtie (Langmead et al. 2009), aligning
in colorspace and the “-v” alignment mode allowing for E mismatches. Tags that fail to align are
progressively added to two pools (ending in AAA and GAA) of good candidates. The procedure
is stopped when a satisfactory number of good candidates have been discovered. Finally, the
last step is to select, among the two pools of candidates available, the pairs that maximize
the difference between the two tags. This step is achieved by performing a Smith-Waterman
(SW) alignment (Smith and Waterman 1981) between each pair of candidates and selecting the
pair(s) that provide(s) the lowest alignment score. Although computationally inefficient, the
SW alignment is applied to a not too numerous set of candidates of modest length and is thus
computationally feasible. In the present case, the pair TSS-tag (5’-GCGAGACUGAGAA-3’)
and PSS-tag (5’-GCAUAGGGGUAAA-3’) were obtained by applying the procedure described
above using the genome of E. faecalis V583 (reference sequences with NCBI accession numbers
[GenBank:AE016830] to [GenBank:AE016833]). The numbers of sequences with lengths 11, 12
or 13 nt for error tolerance of 0, 1 or 2 are shown in figure S1. We note that no sequences
shorter than 11 nt satisfying the specifications were found. 4 sequences of 13 nt long ending in
GAA were found to satisfy the specificity with ’E = 2’, but no such sequences were found with
AAA ending. We decided to restrict the tags to a length of 13 nt and focus on the 4 candidates
with error tolerance E = 2. Out of the roughly 20 000 sequences in the AAA-end pool with E
= 1, the Smith-Waterman alignment gave between 6 and 50 equally good partner sequences.
TSS-tag and PSS-tag use in this study were arbitrarily chosen among this set of sequences.
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GAA−3’ −−− E=2

Figure S1: Number of tags of 11, 12 and 13 nt long with different error tolerances.

As for E. coli, because of the larger genome with a more neutral GC-content in comparison
to E. faecalis, a comparable error tolerance of 2 requires longer sequences. Nevertheless, we
verified that the tags as designed for E. faecalis are also absent from the E. coli U00096.3
and used them as well for tagging E. coli RNA in order to facilitate several experimental steps.
Given the observed high accuracy of RNA-seq on the tag sequences (Section S2.) and provided
the lower error tolerance is taken into account in the analysis, the impact of such a choice is
negligible.
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Section S2. Raw sequencing output

Global results from RNA-seq experiments are summarised in table S1 for E. faecalis and in table
S2 for E. coli. A description of the samples and their preparation can be found in Materials
and Methods.

SOLiD 3 RNA libraries

rRNAs present rRNAs removed
”KTH” transcriptome ”KTHr” transcriptome

Reads % of total (previous) Reads % of total (previous)
Total 120 572 828 100% 125 763 371 100%
Mapped 49 294 643 40.8% 41 776 633 33.2%
Mapped in rRNA 42 828 356 35.5% (86.9%) 13 099 245 10.4% (31.4%)

Illumina RNA library

”IlluminaSt” transcriptome
Reads % of total (previous)

Total 56 425 007

Remaining after adapter removal 44 158 978 78.2%
Mapped 39 032 892 69.2% (88.4%)
Mapped in rRNA 37 987 679 67.3% (97.3%)

SOLiD 5500 tagged RNA libraries

”Rt” transcriptome ”St” transcriptome
Reads % of total (previous) Reads % of total (previous)

Total 71 287 382 66 627 584

Without tags 65 291 792 91.6% 62 636 046 94.0%
Mapped 34 048 489 47.8% (52.1%) 33 984 161 51.0% (54.3%)
Mapped in rRNA 31 625 325 44.4% (92.9%) 32 129 015 48.2% (94.5%)

With TSS-tag 2 206 697 3.1% 1 419 828 2.1%
No error in tag 1 678 955 2.4% (76.1%) 1 085 208 1.6% (76.4%)
Mapped 829 521 1.2% (37.6%) 561 621 0.8% (39.6%)
Mapped in rRNA 218 231 0.3% (26.3%) 183 792 0.3% (32.7%)

With PSS-tag 3 340 293 4.7% 2 172 190 3.2%
No error in tag 2 392 558 3.4% (71.6%) 1 652 182 2.5% (76.0%)
Mapped 1 595 507 2.2% (47.8%) 1 170 366 1.8% (53.9%)
Mapped in rRNA 920 665 1.3% (57.7%) 679 731 1.9% (58.1%)

Table S1: Summary of raw sequencing results in E. faecalis.

Quantitative data analysis of the “St” and “Rt” transcriptomes discussed in extensive details
in the paper yielded 66.6 and 71.3 millions of total reads, respectively. Out of those, and
permitting at most two sequencing errors in the tag, we were able to map for Rt and St: i)
52.8% and 54.7% of reads with no tags; ii) 28.6% and 28.7% of reads with TSS-tags, representing
3.8% and 2.8% of total reads, respectively, and iii) 35.5% and 41% of reads with PSS-tags,
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SOLiD Wildfire tagged RNA library

”Coli” transcriptome
Reads % of total (previous)

Total 136 574 252

Remaining after adapter removal 97 166 615 71.2%

Without tags 89 553 433 65.6% (92.2%)
Mapped 26 960 785 19.7% (30.1%)
Mapped in rRNA 23 557 114 17.3% (87.4%)

With TSS-tag 2 705 707 1.98% (2.78%)
Mapped 530 719 0.39% (19.6%)
Mapped in rRNA 145 134 0.11% (27.3%)

With PSS-tag 1 658 796 1.71%
Mapped 600 184 0.44% (36.2%)
Mapped in rRNA 341 584 0.25% (56.9%)

Table S2: Summary of raw sequencing results in E. coli.

corresponding to 5.4% and 3.8% of total reads, respectively. Those numbers confirm that
samples were of similar quality and the sequencing procedure worked in a similar manner in
both cases.

Interestingly, while almost 90% of untagged reads fall into rRNA regions, the proportion is
much smaller for reads carrying TSS- and PSS-tags, about one third and two thirds respectively.

In order to account for variations in total number of reads and be able to compare ex-
periments, RNA levels are reported normalised to the total number of reads mapped, as it is
commonly done in RNA-seq. Additionally the ligation procedure introduces a new variability
in the experiment that is averaged out by normalising the number of tagged reads mapped at a
given position to the total number of tagged reads mapped for the entire V583 genome (Table
SA).

The comparison between the annotated genome of E. faecalis V583, and St and Rt indicate
that out of the 3.34 Mbp long genome, respectively 1.5 and 1.8 Mbp appears to be transcribed
(coverage higher than 2x), respectively. These transcribed regions encompass 49% to 58% of the
annotated sequences (i.e. ORFs, r- and tRNAs that represent 2.88 Mbp of the total genome), 2
(∼73 kb) to 3% (111 kb ) being due to antisense transcription, and 29% to 36% of non-annotated
and/or non-coding portions (i.e. 5’- and 3’ UTRs, unannotated ORFs, and as- and sRNAs, 0.47
Mbp). On the other hand, ∼1.3 and 1.1 Mbp appears without any signal (coverage equal zero),
representing ∼30% of annotated regions and ∼55% to 60% of non-annotated ones, in St and
Rt, respectively.

Two untagged libraries obtained from S growth conditions were sequenced on the (older)
SOLiD 3 platform. In these libraries rRNAs were removed or conserved, providing transcrip-
tomes “KTHr” and “KTH”, respectively.

Table S3 shows that the mapping rates observed in those transcriptomes can be raised
arbitrarily high by filtering out reads of low quality. This indicates that the lower mapping rate
observed compared to other platforms are only due to somewhat lower quality reads from the
SOLiD 3 (a contamination from foreign RNA would cause a constant fraction of unmappable
reads even for reads with very high quality). Given the large gap between the SOLiD 3 and
5500 platforms, such improvements in overall quality are not out of lines of expectations.
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Furthermore, a more detailed analysis of the table allows to conclude that i) the platform
produces virtually no reads with qualities in the 0-10 range and ii) the removal of the rRNA
does affect other RNAs in some unknown manner (at least in our experiment) as the mappable
fraction remains lower even for high quality reads.

In the IlluminaSt dataset, a fraction of reads (∼21%) are discarded during the adapter re-
moval process due to the very short (<18 nt) bacterial RNA fragments they carry. The mapping
rate for the remaining ones is the highest observed among our different transcriptomes. While
this library yielded a similar number of mapped reads compared to the four other transcrip-
tomes, the average read length after adapter removal is shorter than 50nt and thus the total
coverage is lower.

Read quality threshold Rejected fraction Mapped fraction (mapped reads)
KTH KTHr KTH KTHr

0 8.8% 8.7% 42.46% (46.7 Mreads) 34.45% (39.6 Mreads)
5 8.8% 8.7% 42.46% (46.7 Mreads) 34.45% (39.6 Mreads)
10 11.1% 10.5% 43.43% (46.5 Mreads) 35.02% (39.4 Mreads)
15 31.3% 27.7% 54.53% (45.2 Mreads) 41.99% (38.2 Mreads)
20 55.7% 52.5% 73.97% (39.5 Mreads) 56.34% (33.7 Mreads)
25 81.1% 78.5% 89.21% (20.3 Mreads) 71.70% (19.4 Mreads)
30 99.1% 99.46% 97.17% (0.97 Mreads) 85.59% (0.58 Mreads)

Table S3: Filtering out reads with low quality arbitrarily improves the mapping rate in the
KTH sample at the cost of discarding a fraction of mappable reads. The quality of a read is
defined as the average quality of each of its letters. The column ”Read quality threshold” shows
the threshold below which a read is rejected. A read quality threshold of 0 means that only
reads with uncalled bases are removed.

The ”Coli” transcriptome was sequenced on a newly installed SOLiD Wildfire platform at
(MetaGenomPolis, INRA, France). Compared to the SOLiD 5500, this platform at its current
stage of development is known to produce a higher number of raw reads with an overall lower
quality, leading to a roughly similar number of usable reads, as observed by comparing the
tables.

Finally, it is worth noting that although the tagging process seem to ”consume” reads, in
practice, this effect is much smaller than it seems at first sight.

First, a tagged read remains a read that is mapped like any other once the tag sequence is
truncated in silico. As such, it is not ”lost” in the evaluation of the coverage or gene expression
level. The only reads truly lost due to the tags are tagged reads that would map if they didn’t
contain the tags, for example a read with multiple errors that could be mapped if it had 13 more
nt. As such, the true number of lost reads due to tagging is at most the number of unmappable
tagged reads, i.e. about three millions reads among about 70 millions (about 4.3%), which is less
than the variability in raw reads provided by the sequencer. Secondly, while the untagged KTH
transcriptome seems to give a better sensitivity in lowly expressed regions, the reason for this is
rather the larger number of total reads and the lower fraction of rRNA (even in the non-depleted
case). As a conclusion, although the tag can in principle lead to a decrease of detection efficiency,
this effect is comparable or lower to experimental variations in the sequencing experiments.
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Section S3. Prediction of transcription edges

The principle of the edge detection algorithm described in “Materials and Methods” of the
article, is illustrated in figure S2. The algorithm was used with a confidence threshold set to 5
unique reads. Visual inspection of the data in GBrowse (see below) suggests that this config-
uration provides good sensitivity and reliable predictions for regions with sufficient expression
level, where the coverage depth signal is continuous, but generates many predictions that we
believe to be false positives in lowly expressed regions, where the coverage becomes discrete.
We note that an approach based on a hidden markov model (HMM), documented elsewhere
(Golumbeanu 2013), to perform the same predictions on the same data showed slightly improved
specificity at the cost of much higher computational load.
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Figure S2: Proposed edge detection algorithm. For each signal above a chosen threshold is
marked as strong signal (blue region). Low signal is iteratively annexed to the strong signal
region (blue-hatched region). All signal that was not marked as strong at the end of the
procedure is disregarded (dashed line).

We ran the edge detection algorithm on the RNA-seq data obtained with tagged and un-
tagged total RNA extracted from cells grown in S conditions (“St” and “KTH” transcriptomes).
The results were compared and we observed that 5’ edges in both transcriptomes are found at
similar locations (less than 4 nt apart), indicating that the addition of tags does not affect the
location of edges of transcribed regions (Figure S3).
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Figure S3: Histogram of the distances between edges predicted in the tagged (St) and untagged
(KTH) experiments. .

Combining predictions from the algorithm and signals provided by tags enable us to sort
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potential TSSs that match with the intuitive idea of a TSS, i.e. the absence of detectable
expression level upstream and clear expression level downstream (example in figure S4A), from
other less obvious situations (example in figure S4B). A global comparison between predictions
and tag counts was performed to obtain the figure ”below 30◦” in the main manuscript (Figure
2A), where we kept only points in the cloud that are within 4 nt of a predicted rising edge along
the same strand.

TSS-tag 
count

RNA level

St - Forward strand St - Forward strand

(A) (B)

Figure S4: (A) Example of a TSS-tag signal matching with the intuitive idea of a TSS, i.e. the
absence of detectable expression level upstream from the tag location and clear expression level
downstream. (B) Example of a TSS-tag signal at position 92950 nested in a longer transcribed
region and not matching with intuition.
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Section S4. The 5’ ends of Ref25C RNA

The transcript expressed from gene ref25C was previously characterised and the TSSs was
mapped at position 569154 (Fouquier d’Hérouel et al. 2011). In agreement with these results,
tagRNA-seq mapping allocates as TSS three nucleotides for Ref25C, 569154, 569155 and 569156
(Table SA). Based on the position 569154 and on the 3’ end mapping of the RNA, we showed
that Ref25C RNA can be overexpressed with an identical length as the transcript expressed
from the chromosome when the gene was cloned on a multicopy plasmid (225 bp), attesting
that the promoter region deduced from the RNA mapping was contained in the cloning vector
(see Figure S5 in (Fouquier d’Hérouel et al. 2011)). Furthermore, a transcriptional fusion
encompassing only 305 bp upstream from the TSS mapped (coordinate 569154) is sufficient to
drive the transcription of the lacZ encoding sequence used as reporter system in E. faecalis.
For comparison, the plasmid vector (p-lacZ, a derivative vector of pVE14189, (Dumoulin et al.
2013)) and DNA portions of 455 bp and 56 bp nested in 16S and 23S rRNAs encoding sequences,
respectively, were not active as measured in β-galactosidase assays (not shown) or visualized
on BHI plates containing 5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside (X-Gal), (Figure
S5; C. Lacoux and F. Repoila, unp. data). The promoter of the fsrA gene (PfsrA) was used as
positive control (Qin et al. 2001). These data indicate that the upstream region from the TSS
mapped at positions 569154/-56 by tagRNA-seq contains an active promoter. This conclusion
is reinforced by i) no significant RNA levels were detected within the 300 bp upstream from tags
detected (see browser and table SA), ii) -10 (TATAAT) and -35 (TTGAGC) hexamers highly
similar to canonical promoter sequences, and spaced by 17 bp are found upstream from the
mapped positions 569154/-56. Although the upstream-most 5’ end mapped for Ref25C RNA
appears above the diagonal figure 2B, experimental data here above indicate that this 5’ RNA
end is a true TSS.

Figure S5: β-galactosidase activities observed on BHI plates containing X-gal. The following
DNA fragments were used to drive the lacZ transcriptional fusion in a pVE14189 derivative
plasmid (Dumoulin et al. 2013): p-lacZ vector empty; pPref25C ::lacZ, lacZ encoding sequence
fused to 305 bp upstream of the TSS mapped for ref25C (coordinate 569154, Tables SA);
pPfrg16SrRNA::lacZ, 455 bp nested in 16S rRNA; pPfrg23SrRNA::lacZ, 56 bp nested in 23S rRNA;
pPfsrA::lacZ, lacZ encoding sequence fused downstream the fsrA promoter used as positive
control (Qin et al. 2001). The strain VE18581 containing the construct pPfsrA::lacZ was
kindly provided by Stéphane Gaubert.
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Section S5. Examples of known processing sites in E. coli retrieved by
tagRNA-seq

Examples of processing sites in E. coli reported in the literature retrieved by tagRNA-seq are
presented in table S4. In this table, we also include cases that are called as undetermined or
that falls below the selection threshold in our experiment. The ”Angle” refers to the location
of 5’ ends in the scatter plots on Fig.2 of the manuscript.

Previously reported PSS tagRNA-seq result
Position Strand Region Ref. Position Tag count Angle

20910 - rpsT (A) 20908/-10 31 36◦

21021 - rpsT (A) 21018 2 90◦

2755593 + ssrA (B) 2755593 117 75◦

3055983 ssrS (C) 3055983 660 90 ◦

3212852 + dnaG-rpoD (D) 3212852/-3 6 45 ◦

3270495 - rnpB (E) 3270495 3 63 ◦

3913829 - glmU-glmS (F) 3913827 4 72 ◦

3982501 + argX-hisR (G) 3982501 8 59◦

3982586 + hisR-leuT (G) 3982586/-9 34 80 ◦

3982705 + leutT-proM (G) 3982705 41 84 ◦

3982731 + leutT-proM (G) 3982731 5 76 ◦

4035465 + rrsA (H) 4035465 238 67 ◦

4035530 + rrsA (H) 4035528/-31 9943 77 ◦

4037073 + rrsA (H) 4037073 2155 90 ◦

4037106 + rrsA (H) 4037106 171 56 ◦

4040442 + rrlA-rrfA (I) 4040442 105 56 ◦

Indirect evidence(1) - yfiD (K) 2716466/-76 10 90 ◦

Indirect evidence(2) - rpsU (K) 3210759 23 87 ◦

Table S4: Examples of processing sites known in E. coli retrieved by tagRNA-seq and tag
signals at the corresponding positions. The coordinates given correspond to the first nucleotide
after each cleavage site. The tag count columns gives the raw tagged read count (TSS+PSS).
(1) : Figure 1 (A) in (Vesper et al. 2011) clearly shows one or more non MazF-dependent
cleavage sites about 20 bp upstream of the reported mazF ”A” site (271651). In the present
case, multiple PSS-tags are observed in the AT-rich corresponding region, suggesting RNAse E
activity.
(2) : Figure S1 (B) in supplementary material of (Vesper et al. 2011) shows two non mazF-
dependent cleavage sites around respectively 10 and 20 bp upstream of the reported mazF ”A”
site (3210779). The latter region is AT-rich and contains clear tag signals indicating a PSS.
References in the table : (A) : (Mackie 2013) ; (B) : (Lin-Chao et al. 1999) ; (C) : (Kim et al.
2004) ; (D) : (Yajnik and Godson 1993) ; (E) : (Lundberg and Altman 1995) ; (F) :(Urban and
Vogel 2008) ; (G) : (Kime et al. 2014) ; (H) : (Li et al. 1999) ; (I) : (Gutgsell and Jain 2012) ;
(K) : (Vesper et al. 2011).

10



Section S6. Long 3’ untranslated regions

Using the edge detection algorithm described in section Section S3., we predicted the 3’ end of
transcripts corresponding to annotated ORFs with the additional constraint that the coverage
has to remain zero for at least 40 bp downstream of a predicted end. We also restricted our
search to transcribed annotated ORFs having a non-zero coverage over at least 75% of their
length, and considered only the last ORF of an operonic organization when such a situation
applied. We measured the length of the 3’UTR as the distance between the predicted 3’ end
of the transcript and the last nucleotide of the translation stop codon of the corresponding
annotated ORF; the distributions of those lengths for Rt and St are shown in figure S6.
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Figure S6: (Distribution of the 3’UTRs estimated lengths for annotated ORFs in Rt (top)
and St (bottom). Two cases for which the estimated 3’UTR length was greater than 500 nt fall
outside of the region shown above.

For each transcriptome, distributions are centered between 0 and 100 bp downstream from
the ORFs indicating that most of 3’ UTRs appear short (≤100 nt). On the contrary, a few
3’ UTRs were found with a length >200 nt and were further manually screened based on the
quality of the RNA signal. Table S5 presents the selected list of long 3’ UTRs found in the
V583 genome.

We analysed tagRNA-seq data in order to reveal the extension of transcripts downstream
annotated ORFs and detect long 3’ UTRs (Section S5). The sequencing method used in our
experiments is known to underestimate the length of the 3’ UTRs (Innocenti and Aurell 2013).
Consequently, transcripts displaying apparent 3’ UTRs longer than 200 nt can be safely con-
sidered as long 3’ UTRs. We analysed the latter and eliminated those for which TSSs were
nested in the end of corresponding ORFs or within 3’ UTRs, and those presenting a low cov-
erage signal (Section S5). We found 19 ORFs carrying long 3’ UTRs ranging from ∼200 nt to
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∼560 nt, including 6 of them that form antisense organisations with flanking ORFs transcribed
from the complementary DNA strand (Table S2). In contrast to eukaryotes where the fate of
an mRNA is mainly dependent on numerous trans-factors binding to the 3’ UTR (Garneau
et al. 2007; Brodersen and Voinnet 2009; Matoulkova et al. 2012), in bacteria, the significance
of long 3’ UTRs is poorly understood. A series of experiments have shown that some of them
are preferentially bound by the chaperon RNA protein Hfq in S. typhimurium (Sittka et al.
2008; Chao et al. 2012) and the RNase III in S. aureus (Lioliou et al. 2012), indicating the
interaction of 3’ UTRs with major factors involved in RNA-mediated regulation. For example,
in S. aureus the long 3’ UTR of icaR mRNA, that encodes a major transcription regulator
involved in virulence and biofilm development, pairs to the 5’ UTR of icaR mRNA via an intra-
and/or inter-molecular mechanism, represses translation and destabilises the transcript (Ruiz
de los Mozos et al. 2013). Long 3’ UTRs have been reported in several species across the bac-
terial kingdom suggesting that these RNA elements can be sources of genetic information and
regulatory processes that require further investigation (Sittka et al. 2008; Toledo-Arana et al.
2009; Rasmussen et al. 2009; Chao et al. 2012; Nicolas et al. 2012; Ruiz de los Mozos et al.
2013).

ORF 3’UTR length Comments
≥ 200 nt

EF 0052 322 antisense to 3’ end of EF 0051
EF 0157 352
EF 0405 305 antisense to 3’ end of EF 0404
EF 0478 423 antisense to near the entire ORF EF 0479 barely expressed
EF 0521 203
EF 0566 296
EF 0571 200
EF 0610 490
EF 0747 479
EF 1097 260
EF 1114 250
EF 2022 559
EF 2282 226 antisense to EF 2283 as predicted by transcription terminators
EF 2512 205
EF 2518 344
EF 2643 201
EF 2995 390 antisense to EF 2996 that is not expressed
EF 3207 203 antisense to a stand-alone sRNA whose TSS is not detected by tags
EF 3278 544

Table S5: Long 3’ UTRs detected in the St and Rt. Candidates (Figure S6) that were detected
due to weak signal in the tail or obvious sequencing artefacts have been removed.
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Section S7. Choice of the selection threshold for tag signals

Figure S7 shows the distribution of the number of genomic locations with a tag signal greater
or equal to a threshold as a function of that threshold for the three tagRNA-seq experiments
presented in this work. Above two or three reads, the resulting curves behave as power laws,
demonstrating that no ”natural threshold” is present in the data. The ”Coli” transcriptome
behaves in a similar way to the ”Rt” and ”St”, except for an overal lower level of signal due
to a slightly smaller number of reads spread over a 40% larger genome. Varying the threshold
simply changes the number of accepted candidates.

The values of roughly 5 reads chosen in this work are a reasonable choice that eliminates
the latter while maintaining a fair sensitivity for the detection.
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Figure S7: Number of positions where the raw tag signal (TSS+PSS) is greater than or equal
to a threshold as a function of this threshold for the Rt, St and Coli transcriptomes. The dashed
black lines plotted near the data points show power laws with exponent −1.
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Section S8. Accuracy of TSSs detection

As mentioned in section ”Detection of transcription starts and processing sites using 5’ tags”,
transcription at a transcription start site is not always initiated with single nucleotide accuracy
(Sharma et al. 2010; Schluter et al. 2010; Cortes et al. 2013; Morton et al. 2014) and our
detection scheme takes this into account by grouping tag signals distant by 4 nt or less from
each other when at least one of them is classified as a TSS candidate (Table SA and Fig. 2A).

As a result, a TSS as reported in Table SC is not a single point location, but a region with a
start, an end and a width. The distribution of the widths of reported TSSs is shown in figures
S8(a) for E. faecalis and (b) for E. coli. Almost all TSSs reported are mapped with an accuracy
of 6 nt or less, and a large fraction of them with single nucleotide resolution.

Furthermore, we have studied in Figure S8(c) the distribution of tag signal (TSS+PSS)
around reported TSSs. The figure shows that most of the signal concentrates in the region ± 2
bp around the reported locations as given in Table SC.
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Figure S8: (a) Distribution of the widths of TSSs retrieved by tagRNA-seq in E. faecalis v583.
(b) The same in E. coli K12 MG1655. (c) Average normalised signal around the most probable
position of each TSSs retrieved for the St, Rt and Coli transcriptomes. The signal around each
TSS is normalised so that its maximum value on the range considered is 1. The dashed lines
represent one standard deviation from the average normalised signal in order to get an estimate
of the variability of the signals.
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Section S9. Description of the ppRNome Browser

A user-friendly visualization of all the data introduced in this work, called ”the ppRNome
Browser”, is available online at the address http://ebio.u-psud.fr/eBIO_BDD.php (select
database named “ppRNome”) using the Generic Genome Browser (GBrowse), an open-source
software developed within the Generic Model Organism Database project ((Stein et al. 2002)
and GMOD homepage1). The data presented in the browser is also available in a numerical
format in Table SA (significant tag signals) and Table SB (gene expression level) for the Rt and
St transcriptomes.

The main page of GBrowse starts with several tabs at the top, the two most important
of which being ”Browser” - the one selected by default when loading the page - and ”Select
Tracks” - the one allowing to select which data to display.

In the ”Browser” tab, a search box allows to navigate directly to genomic loci using the
annotation (e.g. “EF 1980”, “EF 0606”,) or directly by coordinates (e.g. “AE016830:250246..
253154”). The ”Data Source” menu allows to select the chromosome or one of the two plasmids
of E. faecalis strain VE14002 (V583 derivative) or the chromosome of E. coli K12 sub-strain
MG1655.

Once a data source is selected, the ”Overview”, ”Region” and ”Details” bar allow to navigate
interactively along the selected chromosome or plasmid with variable accuracy. Under the
navigation bars come the data tracks that show different kinds of information. By default, for
E. faecalis the browser will display only 3 data tracks showing, from top to bottom, the coverage
signal on the forward strand for the untagged RNA-seq in S growth conditions with rRNAs, the
genomic annotation obtained from NCBI and the coverage signal on the reverse strand from the
same data set. For E. coli, the coverage signal tracks are those from the ”Coli” transcriptome.
The user can modify the order of the tracks by simple drag and drop on the title bar of the
track. Color, scale and other parameters used to display the data on the track can be modified
by clicking on the icon showing a wrench in the corresponding title bar (for documentation on
the different options available, see the user manual on GBrowse’s homepage).

The ”Select Tracks” tab on top of the page allows selecting more data tracks to be shown in
the browser. Selectable tracks contain general genomic annotations (NCBI annotation, GC con-
tent, start/stop codons, rho-independent terminators,...) and all the data from our experiments
(coverage signal and tag signals on each strand for the different transcriptomes available). In
addition, for E. faecalis, we created a few special tracks combining two or more of the previously
described ones, which, while they do not bring any new information, help to compare results
across the different experiments. Below the list of available tracks, a legend describes for each
group of data tracks the type of data shown as well as the scaling and/or normalisation used.
The user can select and display as many tracks as desired simultaneously. However, a large
number of tracks can significantly slow down the interactive navigation.

1http://www.gmod.org
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