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S| Appendix, Supplementary data

D1. Identification and classification of transcribed regions outside annotated CDSs

The ~17 million reads generated by sequencing the global transcriptome RNA pool library allowed to identify 1511
TRs outside annotated CDSs or RFAM features. These TRs were classified according to their transcriptional
context. A full description of all these TRs is available in Table S4 and on the fpeb website.
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The validity of expression was confirmed for at least 87% of the 1511 TRs based on their expression level in the
in vitro condition-dependent transcriptome dataset.

Proportion of TRs expressed, in at least one sample, at low, middle and high level dcregso conditions, relative to
CDSs expression level.

Category  Total TRs of length < 150bp TRs of length 2 150 bp

of TRs ?;‘)mber # withexp® Q25"  Q50°  Q75°  # withexp® Q25"  Q50° Q75
50 231 182 150 140 126 96 49 49 49 44 30
30 586 333 204 139 95 65 253 253 220 129 48
36 PT 67 13 10 8 5 5 54 54 42 18 7
Intra 542 374 327 291 244 156 168 168 160 132 79
Indep 85 40 37 36 33 20 45 45 41 30 20

#number of new TRs for which expression level is available in the in vitro condition data-set (specific probes available)

® humber of new TRs with expression level that exceeds, in at least one sample, the expression value of the 25% less
expressed CDSs

¢ the median expression value; ° the expression value of the 75% most highly expressed CDSs.

A first group of 231 TRs (category 50) correspond to r
annotated CDSs, where translation initiation elements are
size (median, 80 bp). However, some arelong ( 49 TRs of |l ength O tisadtingregilatoaynd encom
elements such as riboswitches or transcription attenuation RNA elements.

Among regions extending i n-PB éccourds fos 67 dRslthatextendi(median; 24 e gor y 3¢
bp) downstream predicted intrinsic terminators and thus apparently result from imperfect termination of
transcription. Interestingly, the group of 586 other TRs ¢
short TRs that tend to terminate at a defined position and long TRs that tend not to terminate at defined
termination sites and characterized by gradual decrease of expression.Lack of correspow®mulence bet\
of regions extended in 3868 and intrinsi c ajortyofMong @t5@bps i ndi ca
36 regheaBds of 87.7 % of the 333 short 36 TRs coincide w
proportion drops to 19.4% for the 253 | ong -P&atefoRys and i s act

Anothergr oup of 542 TRs, named o6éintrad, was composed of regi
strand, most of them being within polycistronic mMRNAs. Several carry a predicted open reading frame, such as
THCO0290_N_0396 or THC0290_N_0391 which could encode small uncharacterized proteins missing from the
current genome annotation. Some are very long untranslated regions (up to 996 bp for THC0290_N_1363) and
their role remain unknown.

Lastly, the 6indepd category encompdany RS afnbtatichNasngt r anscr i
which are expected bona-fider egul at ory RNAs (al so named sRNAs). Besi des,
CDSs among which two are transcribed in antisense of each other (THC0290_N_0389 and THC0290_N_0390)
and another one (THC0290_N_0643) encodes a putative exported protein and is part of gene cluster A1751

containing genes functionally related to redox homeostasis.



D2. Gene co-expression clusters and Principal Component Analysis.

Gene co-expression clusters were defined based on pairwise Pearson distance (1 i r) of expression profiles.
Three statistically significant correlation levels (r=0.8, 0.6, and 0.4) were used to define A-, B- and C-clusters. This
use of an average-link hierarchical clustering tree based on Pearson distance to define co-expression clusters (1,
2) ensures consistency across the three levels of clustering (A-clusters subdivide B-clusters which subdivide C-
clusters) and does not induce artificial grouping of genes in co-expression clusters (a drawback of many
approaches discussed in Abu-Jamous and Kelly 2018 (3)): 32% of the genes are in the 69% of A-clusters that are

of size 1.
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A. Distribution of pairwise Pearson correlation coefficients between the 3981 genes and transcribed regidest+6
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obtained by 10 random shuffling the sample labels for each gene (dashed line) and to the three reference values (r4
and 0.4) at which the hierarchical clustering tree wassto define ceexpression clusters.

B. Cumulated number of genes in clusters when including clusters in order of decreasing sizeBf@mé Cclusters. The!
subplots corresponding to clusters of size >1 are delineated by dotted lines (583/18lt8té&s, 381/578 Eclusters,
121/148 Cclusters). The insert plot displays illustrative examples of relationships at the three reference Pearson cor
levels. For each level, it also reports the correspondingalpe computed, either with the standard omnailed test
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the quantile of the shuffled distribution shown in panel A (italicized).

Principal Component Analysis of the transcriptomes revealed highly coordinated changes in gene expression: the
position of the 64 samples on the first axis already explains as much as 48.5% of the total variance of the dataset,
reflecting changes across growth stages, and the next three axes highlight the main transcriptome variations
associated with fish plasma exposure (PC2), growth on blood (PC3) and survival in water (PC4).
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PCA axes 1 to 10: rmse's and coordinates of the biological conditions.
Upper panel: Coordinates of samples on the PCA axes 1-5 and axes 6-10 are plotted separately. Coordinates are rescaled (and
shifted) for each axis such as to span exactly the (0,1) interval.
Lower panel: root mean square error (rmse) between the gene expression levels as predicted by the coordinates of the sample
in the PCA projection and measured gene expression levels as previously described (1). Rmse decreases gradually (predictions
become more accurate) when the dimension of the PCA projection increases. PCA axes 1-10 are represented by staked
colored surfaces whose widths indicate the decrease in rmse associated to each axis. To make the identification of the axis
corresponding to each significant surface area easier we recycled 5 different colors 2 times to represent the 10 axes (separating
by black lines each 2 group of axes).
The percentage of total variance explained by each axis is indicated between parentheses.
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Deep sequenciemdgRNASeq librarg resbilted in ~7.5 million reads which were analyzed to retrieve
putative TSSs as peaks above background signal. Altogether, 1884 genomic positions were identified as enriched
i n-erddH(Table S3).

2,537.500 2,550,000 2,762,500
Genome annotation (+) I— — N S — — - -
TRs annotation (+) — b | — (- e -

10 10

5-end enriched library I L ‘ L
read coverage ()| ok Wi 41 1 PTRRTRN RN

| |
7
6
5
Transcriptome library % W M
read coverage (+) 2 A m N NN u
1 o] mu |||I I 0 i ! lk h'l
] [

Genome annotation (-) @

e R Y

+L] I - -SEE (e -
TRs annotation (-) « = S IR T B | H ) = | ol e |

10 10

5-end enriched library |
read coverage (-) ” |

ih RRRA ARSI (A T " ¥ U..l p

79
&

e T “ s sl

¢g2 3ASYy2YAO0 GASsa 2F NBE-erdsenrdoRdeddgioBaRERNASN Ebrdes of Jpsyghfophilukny p Q

These putative TSSs were classified into 5 groups according to their genomic context with respect to annotated
CDSs. Those in the main group (64.4%) are less than 500 bp upstream of start codons of annotated CDSs, which
can be considered as the canonical position for a TSS. The other contexts are inside a CDS on the sense strand

(26.8%) or on the antisense strand (4.4%), and intergenic (between CDSs) but not upstream a start codon (4.4%).

The | ast group (55 posi-endoof sonserced RNAs sleady tbported in thér RFANS 6

database, including tRNAs, small signal recognition particle RNA, tmRNA, RNase P RNA, etc.

WSLI NIAGAZ2Y 2F Lidzit A0S ¢{{a Ayi2 RAFTFSNBYyd OF
all canonical sense antisense inter RNA
All 5 @nds 1884 1178 491 80 80 55
5 -@nds (excluding redundant sequences) 1868 1170 491 80 72 55
5 @nds with predicted sigma factor motif 1194 951 73 76 57 37

Sigma factor binding sites were predicted for 1194 (63.4%) of the initial list of putative TSSs (Table S2) with
important differences between genomic contexts. The proportion of TSSs confirmed by the presence of a sigma
factor binding site is of 81.2% for putative TSSs in canonical and intergenic contexts, 95.0% for putative TSSs in
antisense, but 14.9% for putative TSSs in sense. These proportions suggest a good sensitivity of in silico sigma
factor binding site detection and good specificity of experimental mapping of TSSs, except for a majority of the
putative TSSs in sense wh-endsof pRNA degrddatign poducts: e spond t o

D4. Condition-dependent expression profiles of the primary and alternative sigma factors.
A total of 9 sigma factor encoding genes were identified in the genome of F. psychrophilum OSU THCO2-90
using prediction of pfam domain PF04542 which corresponds the region structurally conserved among the most

divergent family members of s’ and of pfam domain PF04552 which corresponds to the highly conserved RpoN
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box of the s>* family. Therefore, alongside the primary sigma factor s” encoded by rpoD, F. psychrophilum
contains 8 alternative sigma factors: 1 s> factor encoded by rpoN and 7 extracytoplasmic function (sECF) sigma
factors. ECFfinder web tool successfully assigned 6 sECF sigma factors to one of the 43 phylogenetically distinct

s groups defined by Staron et al 2009 (4).

Operons encodingigma factors in the genome df. psychrophilun©@SU THCGZ0.

Locustag Protein ID Start End Name Annotation ECFfinder

THC0290_0666 FP2048 803319 804182 rpoD Primary sigma-70 sigma factor

THC0290_2206 FP2249 2555365 2556831 rpoN RNA polymerase sigma-54 factor

THC0290_0638 FP2077 772469 773029 RNA polymerase ECF-type sigma factor ECF21
THC0290_0639 FP2076 773016 773693 Putative anti ECF-type sigma factor
THC0290_0640 FP2075 773726 774790 Putative sensor of anti-sigma and ECF

sigma factor
THC0290_0781 FP1933 929993 930601 Putative anti ECF-type sigma factor
THCO0290_0782 FP1932 930615 931109 RNA polymerase ECF-type sigma factor ECF22
THCO0290_1586 FP0623 1842055 1842597 RNA polymerase ECF-type sigma factor ECFO03
THC0290_1587 FP0622 1842628 1843008 Putative anti ECF-type sigma factor
THC0290_1588 FP0621 1843019 1843477 Putative sensor of anti-sigma and ECF

sigma factor
THC0290_1653 FP0549 1917528 1918436 Putative anti ECF-type sigma factor
THC0290_1654 FP2508 1918439 1918939 RNA polymerase ECF-type sigma factor ECF21
THC0290_1773 FP1454 2056140 2056589 Putative anti ECF-type sigma factor
THC0290_1774  FP1455 2056576 2057085 RNA polymerase ECF-type sigma factor
THC0290_1785 FP1466 2068194 2068742 RNA polymerase ECF-type sigma factor ECFO1
THC0290_1868 FP1106 2168095 2168679 RNA polymerase ECF-type sigma factor ECFO1

For sigma factor genes that are transcribed as polycistronic mMRNAs, all genes of the operon are listed.

All but one (THC0290_1785) are expressed in at least one of the condition-dependent dataset. While rpoD (sA) is
expressed at high level in all samples, its expression is highest in conditions such as freshwater survival or fish
plasma exposure. In contrast, rpoN (354) appears as constitutively expressed. This is consistent with a putative
post-transcriptional control of its activity as described for the s family that requires enhancer-binding activators

providing ATP for transcription initiation (5). The expression profiles of the 6 sECF

-type factors follow a general
pattern of increase in response to nutrient limitation (low nutrient agar, freshwater). However, they are not
identical suggesting differentiated roles: dynamic range of induction is widest for THC0290_1586, and some
factors are also induced in specific conditions such as plasma exposure for THC0290_1774 (and to a lower

extent THC0290_0638), and high osmotic pressure for THC0290_1868.
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D5. Promoter sequence discovery and classification into sigma factor regulons.

The de novo prediction algorithm classified the TSSs as associated to occurrences of 6 distinct sigma factor

binding site motifs, numbered from SM1 to SM6 according to their numbers of occurrences (Table S2).

Primary sigma factor motifs. The first 3 motifs (SM1, SM2 and SM3) carry the TANnTTTG consensus of the -7
boxrecognizedbysAWith56 and 386 extensions whose composition and | e
Compared to SM1, whichr e pr esents the majority of promoters (808 TSSs
extension but with a more pronounced T-enrichment. Motif SM2 (177 TSSs) displaysa C+A-r i ch 36 extensi on
is also the only one that displays a TTTG box around position -33, suggesting that the presence of the -33 box is

dispensable. The 3 motifs differed by the average transcription level measured downstream the corresponding

promoters: this level was the highest for SM2 and the lowest, but also the most variable across conditions, for

SM3.

Alternative sigma factor motifs.

SM4: Motif SM4 corresponds to the typical s

consensus sequence defined by the consensus
TGGCACGNnnnnTTGC (5). Heterogeneity between SM4 promoters was examined under the light of gene co-
expression clusters (Table S3). Two clusters (B254 and B419) were over-represented among SM4 promoters
associated genes. Genes belonging to cluster B254 were expressed at a high basal level, up-regulated during
growth on blood agar and down-regulated under nutrient starvation (stationary phase, freshwater, low-nutrient
agar). This cluster contains 7 transcriptional units, out of which 5 were identified as transcribed from SM4
promoters. These encode the ubiquitous heat-shock inducible molecular chaperones DnaJ-DnaK-GrpE, GroELS
and HtpG, and the ATP-dependent protease Lon responsible for misfolded protein degradation. Although no TSS
was det ec-end BRNAksgg (abddthus no sigma binding site identified) upstream of the two other genes
belonging to this cluster (namely, ftsH and secA), it is remarkable that their functions are also related to quality
control of proteins and to envelope stress response. Furthermore, other genes with related functions but outside
of co-expression cluster B254, such as those encoding the outer membrane chaperone Skp (OmpH) and ClpB
AAA+ disaggregase are also predicted to be transcribed from SM4 promoters. The second over-represented
cluster B419 is composed of 34 transcriptional units, 13 of which were identified as transcribed from SM4
promoters. Genes in this cluster are up-regulated during growth on blood, but in contrast to cluster B254, they are
also highly induced under osmotic pressure, plasma exposure and growth on low-nutrient agar. They encode
proteins involved in gliding motility, pyrimidine and isoprenoid biosynthesis, as well as several exported proteins
of unknown function.

SM5: No specific conditions of induction were identified based on average expression profiles, however SM5
promoters are found upstream of genes whose products are involved in specific functional pathways, such as
sugars metabolism and amino-acids scavenging. In particular, SM5 promoters are found upstream genes
encoding the lipopolysaccharide assembly protein LptE, the oligosaccharide translocase WzxE, a dTDP-4-amino-
4,6-dideoxygalactose transaminase and the dTDP-4-dehydrorhamnose reductase RmID (nucleotide sugar
precursors synthesis), which link SM5 regulon to LPS biosynthesis. Genes downstream SM5 promoters also
include the remFG-sprCDBF operon, as well as a LysE-type exporter related to amino-acids efflux systems, the
Asp/Glu-specific dipeptidyl-peptidase Dppll and a glutamine cyclotransferase which catalyzes the cyclization of
free L-glutamine and N-terminal glutaminyl residues in proteins (6-8).

SM6: Genes encoding several components of the T9SS are transcribed from SM6 promoters: the core
machinery subunit GIdN (PorN) transcribed from two promoters (SM6 and SM1); the peptidase PorU that cleaves
the C-terminal secretion signal after translocation of T9SS substrates on cell surface (44); and THC0290_0621,
an outer membrane protein of unknown function identified in Porphyromonas gingivalis (PG0189) as interacting

with the PorK/PorN complex (45). Others proteins of unknown function are also part of the SM6 regulon, such as



Band 7 domain proteins and the ATPase component of a putative ABC transporter (THC0290_1050), found

specifically induced in very low-nutrient solid medium.

D6. Two promoters control the expression of the gliding motility operon remFG-sprCDBF

The role of the motifs SM4 and SM5 identified in the region upstream the remFG-sprCDBF operon on the
transcriptional initiation was evaluated in F. psychrophilum THCO2-90. A transcriptional reporter plasmid
(PCPGM'-Piess-mCh) that allows fluorescence-monitoring of the activity of selected promoters in F. psychrophilum
was constructed (SI Appendix M2) and used in order to analyze the contribution of the SM4 and SM5 sigma
factor binding sites. A high activity was measured when the 404 bp-long DNA region upstream remF was cloned
upstream the mCherry gene. The introduction of transversion mutations sm4* or sm5* at highly conserved
positions of SM4 and SM5 consensus resulted in a significant decrease of promoter activity and mutagenesis of
both motifs sm4*sm5* resulted in residual activity comparable to the promoter-less plasmid. These results confirm
the role of the two TSSs to remFG-sprCDBF transcription and the importance of highly conserved nucleotides

identified in silico.

D7. Antisense transcription mainly or i gi nat es f regionsan naxodag ENAL.

We detected 287 TRs, hereafter named asRNAs, that overlap the antisense strand of 281 CDSs. A wide variety
of sense/antisense configurations is found regarding the length (with 25% of asRNAs < 196 bp and 25% > 545 bp)
and the location of asRNAs. Some are 3 6TRBs extending tail-to-tail within adjacent CDSs, others are indep TRs
partially or fully overlapping the coding region in sense.

An as s ess mend boundaries anil antisense transcription was performed using condition-dependent
expression profiles. The boundaries of transcribed regions (TRs) were defined based on the RNA-seq coverage
of a 18-condition RNA pool. As a consequence, the resulting annotation corresponds to the largest region
transcribed under these 18 experimental conditions. Expression levels of 64 individual RNA samples showed that
for many 36 and indep TRs, the exact 306 boundaries

with the mRNA expression level.
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Family Phylum

Genus
Conservation across the phyluBacteroidetesand secondary structure of Indep TRs which are antisense of CDSs.

Heatmap representationf conservation profile for the Indep TRs identified in this study which are antisense of annotated CDSs and RFAM RiNgwl kgitgince for secondary structurg
(low Minimum Free Energyscore indicates significant folding) are represented asphats on the rightside of the heatmap.
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