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Supplementary	Fig.	1	|	Example	of	growth	phase	dependent	transcription	of	FN1438-FN1441	operon
Normalized read distribution for the FN1438-FN1441 operon including the fruK gene likely involved in fructose 
uptake.
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       FNN  - G T AA TA A G ATAGTA A AA AA AAA G G T TG AA T A A T G T AAAT GA AA ATATA TTGACTTTCAAAATAT TA T TATAATA T A TA GTAGCT A AT G GGTGAAAA TATGGA CTTATA ACTATAA AGAGA GA TT AATA AATT T G AAAAT CAAGAAAATT

A TA A G TAGTA A AA AA AAA G G T TG GAA A T G T AAAT GA AA       FNP  - G T T C G GTATA TTGACTTTCAAAATAT TA T TATAATA T A TA GTAGCT A AT G GGTGAAAA TATGGA CTTATA ACTATAA AGAGA GA TT AATA AATT T G AAAAT CAAGAAAATT
       FuH  - G G T ---A TA A G ATAGTA A AA A AAA G G T TG T A A T G T AAAT GA AA ATATA TTGACTTTCAAAATAT TA T TATAATA T A TA GTAGCT A AT G GGTGAAAA TATGGA CTTATA ACTATAA AGAGA GA TT AATA AATT T G AAAAT CAAGAAAATT

A T A G A A A TA A A A AA G A T TG GAA T A A T G T AAAT GA AA A       FNA  C T G A - G T ATATA TTGACTTTCAAAATAT TA T TATAATA T A TA GTAGCT A AT G GGTGAAAA TATGGA CTTATA ACTATAA AGAGA GA TT AATA AATT T G AAAAT CAAGAAAATT
A TA A G A ATAGT A A AA A A G A G T TG GAA T A A T G T AAAT GA A       FNV  T G - G G GTATA TTGACTTTCAAAATAT TA T TATAATA T A TA GTAGCT A AT G GGTGAAAA TATGGA CTTATA ACTATAA AGAGA GA TT AATA AATT T G AAAAT CAAGAAAATT

       FuP  T CC TT C --- AC T G T T G A A A AA G T C A C TTCA CT TTATA TTGACTTTCAAAATAT TA T TATAATA T A TA GTAGCT A AT G GGTGAAAA TATGGA CTTATA ACTATAA AGAGA GA TT AATA AATT T G AAAAT CAAGAAAATTA G A A A A GAA T A A
a ta a g a atagta a aa aa aaa g a g t tg gaa t a a t g t aaat ga aa a       Con  .TATA TTGACTTTCAAAATAT TA T TATAATA T A TA GTAGCT A AT G GGTGAAAA TATGGA CTTATA ACTATAA AGAGA GA TT AATA AATT T G AAAAT CAAGAAAATT

                                                                                                                                                
       FNN  G T - T T T C AT C CT -----A A TC A T G GA A AA T A C AA TT T AT AA A AG AAAAAG ACTA A TAGTTCC T ACTTTTTT CT A ACAGCTACT TA T GCTG TT GG TA T AA A AACA TTTAA AA A GA T A TTT ATT TTT CTATATTTGC AAA

T A ACAGCTACT TA T GCTG TT GG TA T AA A AACA TTTAA AA A GA T A TTT ATT TTT CTATATTTGC AAA       FNP  G T T- A T T CA ----- -------A A TC A T G GA A A T A C A A TTA A TA A AATAA AAAAAG ACTA TAA TAGTTCC T T C
T A ACAGCTACT TA T GCTG TT GG TA T AA A AACA TTTAA AA A GA T A TTT ATT TTT CTATATTTGC AAA       FuH  G C G T G T TT- TC T T------ TTTCTA A TC A T G GA A A TTATA A AA AAAAG ACTA TAA TAGTTCC T ACTTTTTT C
T A ACAGCTACT TA T GCTG TT GG TA T AA A AACA TTTAA AA A GA T A TTT ATT TTT CTATATTTGC AAA       FNA  T A G G T G CT-- T T C T ----- G - TA A T A T GA AA T A C AA T AT A AA AAG AAAAAG ACTA TAA TAGTTCC T CTTTTT
T A ACAGCTACT TA T GCTG TT GG TA T AA A AACA TTTAA AA A GA T A TTT ATT TTT CTATATTTGC AAA       FNV  T G G T T T T T T C ----- TA A T A T G GA A AA T A C A C A TT T TA AA TAAG AAAAAG ACTA AA TAGTTCC T A TTTTTT C
T A ACAGCTACT TA T GCTG TT GG TA T AA A AACA TTTAA AA A GA T A TTT ATT TTT CTATATTTGC AAA       FuP  C T GA G C T CT T T TTA A AT TGG GTT------- GAGT TC ACACCAT ATTTT A G CA A T A C A A TA A A A T T A TTTTT C
T A ACAGCTACT TA T GCTG TT GG TA T AA A AACA TTTAA AA A GA T A TTT ATT TTT CTATATTTGC AAA       Con  . . .....a a tc a t g ga a aa t a c a c aa ttata ata aaaataag aaaaag acta taa tagttcc t actttttt c
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       FNN  TCT A G G T C A --A A ATT A A TTT A T T TAT A AT AAT A T GA G TT AA T C T A AA TTT ACT T T A AT A A TATTTGAC TT TT A T TG TA T AAAATAA TTT A G G A ATGT T TTAG AA CAAGGATAAGGAAA TAT T A AAAA TGAATAACTT TCT ATTGTATGC

T A A TATTTGAC TT TT A T TG TA T AAAATAA TTT A G G A ATGT T TTAG AA CAAGGATAAGGAAA TAT T A AAAA TGAATAACTT TCT ATTGTATGC       FuH  T T T T C G T G A --A G C G GAT TT TTT A TAT TA A TAT A T A T GA G T AA T C T A AA TTT ACT T T A
T A A TATTTGAC TT TT A T TG TA T AAAATAA TTT A G G A ATGT T TTAG AA CAAGGATAAGGAAA TAT T A AAAA TGAATAACTT TCT ATTGTATGC       FNA  C C C G T G -- AG - GG A A C TATATT A A TTT A TAT TAT A TAT AT A G TTT AA T C T AA TT AC T A
T A A TATTTGAC TT TT A T TG TA T AAAATAA TTT A G G A ATGT T TTAG AA CAAGGATAAGGAAA TAT T A AAAA TGAATAACTT TCT ATTGTATGC       FNV  C T T A C GCT -- AG C T T C AATA T A A TTT TAT TAT A TAT A A T G GTT A T A AA TTT ACT T T A A
T A A TATTTGAC TT TT A T TG TA T AAAATAA TTT A G G A ATGT T TTAG AA CAAGGATAAGGAAA TAT T A AAAA TGAATAACTT TCT ATTGTATGC       FuP  A AA AAA T C C CTC C G A TA G T A AA A G C T T TT AG TT AA AT A A A T AAT G GA GT T A T A T T T A A
T A A TATTTGAC TT TT A T TG TA T AAAATAA TTT A G G A ATGT T TTAG AA CAAGGATAAGGAAA TAT T A AAAA TGAATAACTT TCT ATTGTATGC       Con  . . . . .. .atatt a a ttt a tat tat a tat aat a t g ga gttt aa t c t a aa ttt act t t a a

                                                                                                                                                            
       FNN  G TT G ----- ----- ACTA T ------------- T TTA GG CT TTAT CCTT TTTTTTAGTATA A T TTA TT TAA TA A TA AATCAGT TAGCATTCAATGTT ACTGATTTTTT TT AA TTA A GT G T TA T A T TT ATAT TAA A GTAAGT AC G AT TA T A A

TA GG CT TTAT CCTT TTTTTTAGTATA A T TTA TT TAA TA A TA AATCAGT TAGCATTCAATGTT ACTGATTTTTT TT AA TT       FuH  ----- TTAA T ------------- TG T TA A GT G TA ACTATTTTTTG A T TT ATAT TAA A GT GT AC G AT TA T A A
TA GG CT TTAT CCTT TTTTTTAGTATA A T TTA TT TAA TA A TA AATCAGT TAGCATTCAATGTT ACTGATTTTTT TT AA TT       FNA  G AA A TC ----- -------- ATA G ------------- A T AT - TA TA A ATTTTTTG A A TA A GTAA T A G AT A A A
TA GG CT TTAT CCTT TTTTTTAGTATA A T TTA TT TAA TA A TA AATCAGT TAGCATTCAATGTT ACTGATTTTTT TT AA TT       FNV  G A T ----- -------- C ------------- A G A AT TA GT TA CTATTTTTTG A ATAT AA A TAAGT C AT TA A A
TA GG CT TTAT CCTT TTTTTTAGTATA A T TTA TT TAA TA A TA AATCAGT TAGCATTCAATGTT ACTGATTTTTT TT AA TT       FuP  G AA G T A T ATACT GTAAC A G G ATT CTATCTATTTTGT T TA AA TT T GA TA G A ACT T TTTT T TT TA AA TA TAAA
TA GG CT TTAT CCTT TTTTTTAGTATA A T TTA TT TAA TA A TA AATCAGT TAGCATTCAATGTT ACTGATTTTTT TT AA TT       Con  ..... .... . .............a a gt g ta actattttttg a t tt atat taa a gtaagt ac g at ta taaa a

                                                                     
       FNN  A G G GT G G T TATG A A A AAAA AAATTTTATC G CTTTT A AATA AGGAATA GA G AAA T G G A A TG TA T

T G G T TATG A A A AAAA AAATTTTATC G CTTTT A AATA AGGAA       FuH  - G G A C G CA GA G AAA G T G A A TG T
T G G T TATG A A A AAAA AAATTTTATC G CTTTT A AATA AGGAA       FNA  A ATA GA G AAA G AT G A AA TG TA T
T G G T TATG A A A AAAA AAATTTTATC G CTTTT A AATA AGGAA       FNV  C CTA GA G AAA G AT G G A AA TG A T
T G G T TATG A A A AAAA AAATTTTATC G CTTTT A AATA AGGAA       FuP  AG AG T TTT A A G G CA C CG A G G A A
T G G T TATG A A A AAAA AAATTTTATC G CTTTT A AATA AGGAA       Con  .ta ga g aaa g at g g a aa tg ta t
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Supplementary	Fig.	2	|	Features	of	newly	annotated	small	protein	candidates	fspC1	and	fspC2
Conservation analysis combined with TSS annotation uncovers small protein candidates fspC1 a, and fspC2 b, in 
intergenic regions. Shown are nucleotide alignments for representative strains of different fusobacteria where 
we identi�ied the small protein candidates (FNN = F.	n.	subsp.	nucleatum; FNA = F.	n.	subsp.	animalis; FNP = F.	n.	
subsp.	polymorphum; FNV = F.	n.	subsp.	vincentii; FuH = F.	hwasookii; FuP = F.	periodonticum). For protein 
alignment, the protein sequence of all strains with a complete annotation for the above stated fusobacteria	was 
used. The web-application of jpred 4¹, SignalP (5.0)², TMHMM (2.0)³ was used to predict the secondary 
structure, signal peptide and transmembrane domain respectively. However, the prediction did not show a 
signal peptide for either fspC1 or fspC2.
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Supplementary	Fig.	3	|	Annotation	of	operon	structures	by	dRNA-seq
a, Normalized read distribution for the proposed operon of fplA (phospholipase A1 type Vd autotransporter), 
FN1706 and FN1707. b, Normalized read distribution for the operon FN1326-FN1320 including the sub-operon 
FN1321-FN1320 (green) that is conditionally uncoupled through an additional TSS.
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Supplementary	Fig.	4	|	Promoter	motif	associated	with	identi�ied	ncRNAs.

MEME analysis identi�ied a promoter motif upstream of 12 ncRNAs. This motif displays an extended -10 box, 

followed by an AT-rich region and a -35 box similar to the promoter motif found upstream of the majority of pTSS 

(Fig. 1c).
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