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Figure S1 | Rtn loci in C. nematophagum JUb275 genome. Representation of genetic organisation of 
all rtn loci in the genome of C. nematophagum JUb275 (accession number: SAMN09925764). Genes 
coding for RtnA are shown in blue, RtnB in dark magenta, RtnC in light magenta. Toxic domains of 
RtnCs are shown in red and genes coding putative immunity proteins are shown in green. Scale, 1 kb. 
* gene of rtnA8 is C-terminally truncated and lacks most of the β-propeller and the T9SS-CTD domain. 
** in the deposited genome, rtnBC9 is truncated by nonsense mutations, the scheme corresponds to full 
length ORF as confirmed by re-sequencing. *** rtnA9 does not have complete β-propeller domain, only 
a short fragment of two strands and T9SS-CTD-like domain. 

 



 

Figure S2 | C-termini of rtnC code for variety of toxic domains. AlphaFold3 structural models of 
RtnC C-terminal toxic domains coloured from N- to C-terminus (left model), and by pIDDT values 
(right model). GeneBank accession numbers of corresponding rtnC are provided on the right if each 
panel alongside functional prediction based on structural comparisons using DALI server and 
AlphaFold3 models as inquiry. Toxicity assays correspond to heterologous expression of toxic domains 
in E. coli. E. coli cells were transformed with pBAD33 vectors encoding C-terminal variable toxic 
domains for expression in cytoplasm (C) or in the periplasm (P) by cloning in fusion with tat secretion 
signal peptide from torA gene. Overnight cultures were serially diluted (10-1 to 10-6, from left to right) 
and spotted on LB agar plates supplemented with 1% of L-arabinose. 

 



 

Figure S3 | RtnA interaction with RtnB and RtnC. a schematic representation of the C. 
nematophagum rtn1 locus coloured by the indicative scheme as in following panels. b pull-down assays 
using strep-tagged RtnB1 (BST) as a bait. RtnA1FL, B1ST and C1FL proteins were co-expressed in 
periplasm of E. coli BL21 and purified on streptactin-sepharose resin. Note non-specific binding of 
RtnAFL to streptactin resin. c Pull-down assays using RtnA1ST (AST), C-terminal domain lacking 
derivative (A1ΔCTDST), or RtnA2 lacking C-terminal domain (A1ΔCTDST) as a bait co-expressed with flag-
tagged RtnB1 and C1 as indicated. Total periplasmic extracts (T) and strep-elution fraction (E) were 
analysed by SDS-PAGE, co-purified flagged proteins were detected by western-blot with anti-flag 
antibodies. Representative replicate of at least three independent experiments is shown. 

 

  



 
Figure S4 | Workflow of cryo-EM data-processing. Workflow depicting procedures of data analysis 
used to generate final cryo-EM density map of RtnB1-RtnC1 at 3.4 Å (unmasked) resolution. Numbers 
of movie stacks, particles and volumes used at all essential steps are provided in boxes and procedures 
are indicated above arrows. Fsc curve of last refinement is provided below.  



 

Figure S5 | N-terminal RtnB1 features involved in closing the bottom of the cocoon. Cryo-EM 
structure of the RtnBC1 cocoon (left) or its cut-through view (middle), as well as bottom view (right, 
top) and cut-through view from the top (bottom, right). N-terminal helix corresponding to residues 33-
43 of full length RtnB1 (or 9-19 without the signal peptide) is shown in yellow and following inner β-
sheet layer corresponding to residues 54-98 of full length RtnB1 (or 30-74 without the signal peptide) 
is shown in blue. 

 



 

Figure S6 | Structural comparison of Rhs repeat-comprising proteins. a Chicken teneurin Ten2 
(PDB: 6FB3); b Mosquito salivary gland surface protein 1 (PDB: 8FJP); c Photorhabdus laumondii 
T6SS-secreted Rhs1 toxin (PDB: 7PQ5); d Photorhabdus luminescens insecticidal Tc toxin (PDB: 
6H6F). e Chryseobacterium nematophagum Rtn toxin (this study), colored in gray overlayed with 
AlphaFold3 model of complete secreted RtnABC1 complex colored by chain as shown in scheme (left) 
and by confidence (middle). Predicted Local Distance Difference Test graph for the AF3 model of 
RtnABC1 is provided on the right. 

 



 

Figure S7 | Structural prediction of RtnC1 C-terminal domain. a Prediction of RtnC1-C-terminal 
toxin domain coloured by confidence. b Prediction of entire autoproteolytically cleaved C-terminus 
coloured by confidence. Predicted Local Distance Difference Test graphs for the AF3 models are 
provided on the right. 

  



 

Figure S8 | T9-dependant killing by Rtn1 and Rtn2 toxins on solid agar media and in liquid co-
cultures with sensitive strains. a C. nematophagum WT or rtn loci mutant strains sensitive (S) to 
specific toxin attacks due to missing immunity protein were challenged by WT attacker (A) strain, or 
T9SS-deficient mutant (ΔgldK) or mutant lacking two first rtn loci (Δrtn1-2) on solid media or b, in 
liquid culture. CmR marker carrying sensitive strains were recovered and their CFUs were counted by 
plating on chloramphenicol cultures. Three biological replicates are represented in different shades of 
grey, with each point in same colour is a technical replicate. Bar represents means of all replicates. 
Comparison of means was assessed with one-way ordinary ANOVA. No difference in survival was 
detected between experiments, which is denoted by a same letter group. Difference of survival between 
groups p < 0,0001; except for difference between groups ab versus a, or b in panel a and between group 
bc versus b, or c in panel b (p = 0,01). For lysis experiments, C. nematophagum sensitive strains were 
lacZ+ and their lysis is assessed using CPRG (yellow), which is converted to (purple) by liberated β-
Gal. 

 



Chryseobacterium

Mariniflexile sp. AS56 AS56 (GCF_046736295.1)
Mariniflexile litorale KMM 9835 (GCF_031128465.2)
Mariniflexile sp. TRM1-10 TRM1-10 (GCF_003425985.1)
Aestuariibaculum sp. YM273 YM273 (GCF_030908365.1)
Aestuariibaculum lutulentum L182 (GCF_032926325.1)
Pseudalgibacter alginicilyticus HZ22 (GCF_001310225.1)
Siansivirga zeaxanthinifaciens CC-SAMT-1 (GCF_000941055.1)
Thalassobellus suaedae HL-DH14 (GCF_031826635.1)
Algibacter sp. L3A6 L3A6 (GCF_009796825.1)
Algibacter lectus AS40 (GCF_046736305.1)
Algibacter sp. L1A34 L1A34 (GCF_009796805.1)
Algibacter sp. R77976 R77976 (GCF_044594645.1)
Algibacter sp. AS12 AS12 (GCF_046736315.1)
Seonamhaeicola sp. ML3 ML3 (GCF_023273855.1)
Seonamhaeicola sp. MEBiC1930 MEBiC1930 (GCF_045277075.1)
Seonamhaeicola sp. S2-3 S2-3 (GCF_001971785.1)
Flavivirga abyssicola MEBiC07777 (GCF_030540775.2)
Flavivirga eckloniae ECD14 (GCF_002886045.1)
Pseudotamlana carrageenivorans UJ94 (GCF_002893765.1)
Tamlana sp. s12 s12 (GCF_016767215.1)
Allotamlana fucoidanivorans CW2-9 (GCF_045788535.1)
Flavobacteriaceae bacterium GSB9 GSB9 (GCA_022749295.1)
Algibacter luteus HNIBRBA226 (GCF_030344935.1)
Flaviramulus sp. BrNp1-15 BrNp1-15 (GCF_022259695.1)
Changchengzhania lutea SM1355 (GCF_006974145.1)
Hwangdonia lutea SCSIO 19198 (GCF_032814565.1)
Oceanihabitans sp. IOP_32 IOP_32 (GCF_009498295.1)
Formosa sp. L2A11 L2A11 (GCF_009796865.1)
Formosa sediminum PS13 (GCF_007197735.1)
Formosa sp. Hel1_33_131 Hel1_33_131 (GCF_001735745.1)
Formosa sp. Hel3_A1_48 Hel3_A1_48 (GCF_001735715.1)
uncultured Flavobacteriaceae bacterium (GCA_943846735.1)
Pontimicrobium sp. IMCC45349 IMCC45349 (GCF_047219225.1)
Pontimicrobium sp. SW4 SW4 (GCF_039954625.1)
Olleya sp. Bg11-27 Bg11-27 (GCF_002831645.1)
Olleya sp. HaHaR_3_96 HaHaR_3_96 (GCF_019278545.1)
Psychroserpens sp. NJDZ02 NJDZ02 (GCF_004843725.1)
Olleya aquimaris DAU311 (GCF_003410315.1)
Olleya sp. YS YS (GCF_029760915.1)
Olleya sp. R77988 R77988 (GCF_044594215.1)
Mesoflavibacter sp. HG37 HG37 (GCF_003008475.2)
Mesoflavibacter sp. HG96 HG96 (GCF_003008415.2)
Mesoflavibacter profundi YC1039 (GCF_014764305.1)
Mesoflavibacter sp. SCSIO 43206 SCSIO 43206 (GCF_019904215.1)
Lacinutrix sp. Bg11-31 Bg11-31 (GCF_002831665.1)
Lacinutrix venerupis DOK2-8 (GCF_001971745.1)
Lacinutrix sp. 5H-3-7-4 5H-3-7-4 (GCF_000211855.2)
Lacinutrix neustonica HL-RS19 (GCF_026625145.1)
Lacinutrix sp. WUR7 WUR7 (GCF_016864015.1)
Winogradskyella sp. HaHa_3_26 HaHa_3_26 (GCF_019278425.1)
Winogradskyella sp. PAMC22761 PAMC22761 (GCA_014303495.1)
Winogradskyella helgolandensis Z354 (GCF_013394675.1)
Winogradskyella forsetii SW133 (GCF_013394635.1)
Winogradskyella schleiferi Z215 (GCF_013394655.1)
Winogradskyella sp. PG-2 PG-2 (GCF_000828715.1)
Winogradskyella sp. R77965 R77965 (GCF_044594915.1)
Winogradskyella sp. MH6 MH6 (GCF_022810765.1)
Winogradskyella sp. J14-2 J14-2 (GCF_001971725.1)
Winogradskyella sp. (GCA_965228925.1)
Winogradskyella sp. MIT101101 MIT101101 (GCF_047126865.1)
Psychroserpens ponticola MSW6 (GCF_023556315.2)
Mangrovimonas sp. YM274 YM274 (GCF_030908385.1)
Bizionia sp. M204 M204 (GCF_023205095.1)
Aegicerativicinus sediminis SM2-F (GCF_015476115.1)
Kordia sp. (GCF_965224175.1)
Kordia sp. SMS9 SMS9 (GCF_003352465.1)
Kordia antarctica IMCC3317 (GCF_009901525.1)
Christiangramia sp. OXR-203 OXR-203 (GCF_034372165.1)
Christiangramia sp. LLG6405-1 LLG6405-1 (GCF_045055805.1)
Christiangramia forsetii KT0803 (GCF_000060345.1)
Gramella sp. MT6 MT6 (GCF_019357415.1)
Christiangramia salexigens LPB0144 (GCF_001889005.1)
Christiangramia flava JLT2011 (GCF_001951155.1)
Christiangramia fulva SH35 (GCF_003024155.1)
Zunongwangia sp. HRR-M8 HRR-M8 (GCF_027594405.1)
Zunongwangia sp. HGR-M22 HGR-M22 (GCF_027594425.1)
Zunongwangia sp. SCSIO 43204 SCSIO 43204 (GCF_019904275.1)
Zunongwangia profunda SMA-87 (GCF_000023465.1)
Salegentibacter mishustinae F1 (GCF_020310005.1)
Salegentibacter sp. T436 T436 (GCF_001932675.1)
Antarcticibacterium sp. 1MA-6-2 1MA-6-2 (GCF_021535135.1)
Antarcticibacterium flavum JB01H24 (GCF_006159205.1)
Antarcticibacterium arcticum PAMC 28998 (GCF_007993795.1)
Salinimicrobium tongyeongense HN-2-9-2 (GCF_026109735.1)
Salinimicrobium sp. 3283s 3283s (GCF_039602225.1)
Leeuwenhoekiella palythoae F5 (GCF_020310025.1)
Leeuwenhoekiella sp. ZYFB001 ZYFB001 (GCF_011784865.1)
Leeuwenhoekiella sp. LLG6367-2.1 LLG6367-2.1 (GCF_045055775.1)
Leeuwenhoekiella sp. A16 A16 (GCF_047946675.1)
Leeuwenhoekiella sp. A2 A2 (GCF_047946655.1)
Nonlabens sp. Ci31 Ci31 (GCF_012974865.1)
Nonlabens sp. MB-3u-79 MB-3u-79 (GCF_002831625.1)
Nonlabens dokdonensis DSW-6 (GCF_000332115.1)
Nonlabens ulvanivorans CI.11.F.A3 (GCF_032922765.1)
Nonlabens ponticola MJ115 (GCF_003966335.1)
Nonlabens tegetincola NBRC 100970 (GCF_002117085.1)
Nonlabens sp. MIC269 MIC269 (GCF_001430865.1)
Nonlabens sp. SY33080 SY33080 (GCF_011784885.1)
Psychroflexus sp. ALD_RP9 ALD_RP9 (GCF_017311165.1)
Flavobacterium sp. CS20 CS20 (GCF_018080005.1)
Psychroflexus torquis ATCC 700755 (GCF_000153485.2)
Croceibacter atlanticus HTCC2559 (GCF_000196315.1)
Dokdonia sp. LLG6352-1 LLG6352-1 (GCF_045055815.1)
Dokdonia sp. MED134 MED134 (GCF_000152925.2)
Dokdonia donghaensis DSW-1 (GCF_001653755.1)
Dokdonia sp. Dokd-P16 Dokd-P16 (GCF_003095655.1)
Dokdonia sp. 4H-3-7-5 4H-3-7-5 (GCF_000212355.1)
Dokdonia sp. R86516 R86516 (GCF_044596715.1)
Aequorivita sp. F7 F7 (GCF_020341635.1)
Aequorivita iocasae KX20305 (GCF_016757735.1)
Aequorivita nionensis VBW088 (GCF_046352995.1)
Aequorivita marisscotiae Ant34-E75 (GCF_029814825.1)
Aequorivita ciconiae H23M31 (GCF_004022485.1)
Aequorivita sublithincola DSM 14238 (GCF_000265385.1)
Marixanthomonas sp. SCSIO 43207 SCSIO 43207 (GCF_019904255.1)
Pukyongia salina RR4-38 (GCF_002966125.1)
Constantimarinum furrinae ALE3EI (GCF_014295415.1)
Rasiella rasia RR4-40 (GCF_011044175.1)
Patiriisocius sp. Uisw_017 uisw_017 (GCF_047731265.1)
Patiriisocius sp. Uisw_047 uisw_047 (GCF_047730165.1)
Flavobacteriaceae bacterium Uisw_064 uisw_064 (GCA_047730175.1)
Flavobacteriaceae bacterium (GCA_965178585.1)
Gilvibacter sp. (GCF_965216375.1)
Aquimarina sp. AD1 AD1 (GCF_003443695.1)
Aquimarina sp. LLG6339-5 LLG6339-5 (GCF_045055285.1)
Aquimarina sp. Aq107 (GCF_943733665.1)
Aquimarina sp. BL5 BL5 (GCF_003443675.1)
Aquimarina sp. SS2-1 SS2-1 (GCF_042434905.1)
Aquimarina sp. AD10 AD10 (GCF_003443715.1)
Aquimarina sp. TRL1 TRL1 (GCF_013365535.1)
Aquimarina sp. (GCA_965219655.1)
Aquimarina sp. W85 W85 (GCF_042434915.1)
Aquimarina sp. ERC-38 ERC-38 (GCF_026222555.1)
Flavobacteriaceae bacterium YJPT1-3 YJPT1-3 (GCA_029866965.1)
Maribacter sp. 1_2014MBL_MicDiv 1_2014MBL_MicDiv (GCF_001865655.1)
Maribacter dokdonensis (GCF_963692985.1)
Maribacter sp. BPC-D8 BPC-D8 (GCF_035207705.1)
Maribacter sp. R86514 R86514 (GCF_044597005.1)
Maribacter hydrothermalis T28 (GCF_001913155.1)
Maribacter sp. LLG6340-A2 LLG6340-A2 (GCF_045057105.1)
Maribacter sp. X9 X9 (GCF_048537565.1)
Maribacter cobaltidurans B1 (GCF_002269385.1)
Maribacter sp. (GCA_043564585.1)
Maribacter sp. R77961 R77961 (GCF_044594925.1)
Maribacter sp. MJ134 MJ134 (GCF_003970695.1)
Maribacter aestuarii JCM18631 (GCF_027474845.2)
Aggregatimonas sangjinii F202Z8 (GCF_005943945.1)
Costertonia aggregata KCCM 42265 (GCF_013402795.1)
Maribacter halichondriae Hal144 (GCF_027474825.1)
Maribacter litopenaei HL-LV01 (GCF_025244665.1)
Maribacter sp. HTCC2170 HTCC2170 (GCF_000153165.2)
Zobellia laminariae AS94 (GCF_030553095.1)
Zobellia alginiliquefaciens LLG6346-3.1 (GCF_029323795.1)
Zobellia russellii R86513 (GCF_044597075.1)
Zobellia galactanivorans DsiJT (GCF_000973105.1)
Euzebyella marina RN62 (GCF_003687485.1)
Cellulophaga sp. HaHa_2_1 HaHa_2_1 (GCF_019278585.1)
Cellulophaga sp. HaHa_2_95 HaHa_2_95 (GCF_019278565.1)
Cellulophaga baltica 4 (GCF_000468575.2)
Cellulophaga algicola DSM 14237 (GCF_000186265.1)
Cellulophaga sp. L1A9 L1A9 (GCF_009797025.1)
Cellulophaga sp. HaHaR_3_176 HaHaR_3_176 (GCF_019021925.1)
Cellulophaga omnivescoria MSK1 (GCF_027915275.1)
Cellulophaga lytica DSM 7489 (GCF_000190595.1)
Arenibacter algicola SMS7 (GCF_002234495.1)
Arenibacter antarcticus KCTC 52924T (GCF_041320605.1)
Sediminicola sp. YIK13 YIK13 (GCF_001430825.1)
Ulvibacterium sp. (GCA_965228935.1)
Flagellimonas oceani 501str8 (GCF_011068285.1)
Flagellimonas aurea ac8 (GCF_042140175.1)
uncultured Allomuricauda sp. (GCF_963677115.1)
Flagellimonas ruestringensis DSM 13258 (GCF_000224085.1)
Flagellimonas sp. C4 C4 (GCF_042134605.1)
Flagellimonas marinaquae IFOP_LL357 (GCF_036322665.1)
Allomuricauda sp. (GCA_965212215.1)
Flagellimonas sp. GZD32 GZD32 (GCF_042134615.1)
Allomuricauda sp. R78024 R78024 (GCF_044596045.1)
Flagellimonas sp. CMM7 CMM7 (GCF_021390195.1)
Flagellimonas sp. HMM57 HMM57 (GCF_021390175.1)
Flagellimonas maritima HME9304 (GCF_003269425.1)
Flagellimonas sp. (GCF_965215805.1)
Flavobacteriaceae bacterium GF1 GF1 (GCA_045866215.1)
Allomuricauda sp. SCSIO 64092 SCSIO 64092 (GCF_023016285.1)
Croceivirga sp. (GCA_965230555.1)
Flagellimonas lutaonensis CC-HSB-11 (GCF_000963865.1)
Allomuricauda sp. SCSIO 65647 SCSIO 65647 (GCF_021534965.1)
Robiginitalea biformata (GCA_965228355.1)
Muriicola soli MMS17-SY002 (GCF_004139715.1)
Candidatus Arcticimaribacter forsetii (GCF_910589745.1)
Imtechella halotolerans JCM 17677 (GCF_028743515.2)
Zhouia spongiae HN-Y44 (GCF_022760175.1)
Abyssalbus ytuae MT3330 (GCF_022807975.1)
Sinomicrobium kalidii HD2P242 (GCF_021183825.1)
Galbibacter sp. BG1 BG1 (GCF_013391805.1)
Flavobacteriaceae bacterium M23B6Z8 M23B6Z8 (GCA_046199005.1)
Polaribacter sp. AHE13PA AHE13PA (GCF_019278505.1)
Polaribacter sp. R2A056_3_33 R2A056_3_33 (GCF_019278485.1)
Polaribacter sp. HaHaR_3_91 HaHaR_3_91 (GCF_019278525.1)
Polaribacter sejongensis KCTC 23670 (GCF_038024065.1)
Polaribacter sp. NJDZ03 NJDZ03 (GCF_019263805.1)
Polaribacter sp. Q13 Q13 (GCF_016858305.2)
Polaribacter atrinae JCM 19202 (GCF_038023995.1)
Polaribacter staleyi KCTC 52773 (GCF_038024045.1)
Polaribacter butkevichii KCTC 12100 (GCF_038024105.1)
Polaribacter sp. L3A8 L3A8 (GCF_009796785.1)
Polaribacter sp. ALD11 ALD11 (GCF_002831685.1)
Polaribacter marinaquae MCCC 1K00696 (GCF_038019025.1)
Polaribacter sp. BM10 BM10 (GCF_002005425.1)
Polaribacter pectinis L12M9 (GCF_014352875.1)
Polaribacter haliotis KCTC 52418 (GCF_014784055.1)
Polaribacter batillariae G4M1 (GCF_017498485.1)
Polaribacter cellanae SM13 (GCF_017569185.1)
Polaribacter tangerinus MCCC 1H00163 (GCF_038024095.1)
Polaribacter reichenbachii KCTC 23969 (GCF_038024055.1)
Polaribacter sp. R77954 R77954 (GCF_044595335.1)
Polaribacter sp. MED152 MED152 (GCF_000152945.2)
Polaribacter dokdonensis KCTC 12392 (GCF_038023985.1)
Polaribacter litorisediminis OITF-11 (GCF_019968605.1)
Polaribacter vadi JCM 31217 (GCF_038024115.1)
Polaribacter gangjinensis JCM 16152 (GCF_038024125.1)
Polaribacter sp. HL-MS24 HL-MS24 (GCF_032758595.1)
uncultured Polaribacter sp. (GCA_963422315.1)
Tenacibaculum todarodis LPB0136 (GCF_001889045.1)
Tenacibaculum finnmarkense 20-4106-2 (GCF_028010205.1)
Tenacibaculum dicentrarchi AY7486TD (GCF_001483385.1)
Tenacibaculum pacificus 18-2881-A (GCF_027941775.1)
Tenacibaculum aestuariivivum (GCF_964507685.1)
Tenacibaculum ovolyticum 20-4135-2 (GCF_027941795.1)
Tenacibaculum soleae (GCF_964513085.1)
Tenacibaculum insulae (GCF_964512435.1)
Tenacibaculum sp. AHE14PA AHE14PA (GCF_019278465.1)
Tenacibaculum sp. HL-MS23 HL-MS23 (GCF_032463465.1)
Tenacibaculum sp. AHE15PA AHE15PA (GCF_019278445.1)
Tenacibaculum retecalamus 18-3228-7B (GCF_027941755.1)
Tenacibaculum platacis (GCF_964036595.1)
Tenacibaculum jejuense KCTC 22618(T) (GCF_900198195.1)
Tenacibaculum vairaonense (GCF_964036645.1)
Tenacibaculum polynesiense (GCF_964048965.1)
Tenacibaculum mesophilum DSM 13764 (GCF_009362255.1)
Tenacibaculum tangerinum GRR-S3-23 (GCF_029853675.1)
Tenacibaculum maritimum NCIMB 2154 (GCF_045584685.1)
Polaribacter huanghezhanensis KCTC 32516 (GCF_030444335.1)
Polaribacter pacificus MCCC 1K03199 (GCF_038024035.1)
Lutibacter sp. A80 A80 (GCF_022429645.1)
Lutibacter sp. A64 A64 (GCF_022429565.1)
Lutibacter profundi LP1 (GCF_001543325.1)
Urechidicola croceus LPB0138 (GCF_001761325.1)
Aureibaculum algae 10Alg 115 (GCF_006065315.1)
Lutimonas zeaxanthinifaciens YSD2104 (GCF_030503675.1)
Wenyingzhuangia fucanilytica CZ1127 (GCF_001697185.1)
Flavobacterium ginsenosidimutans YTB16 (GCF_037478105.1)
Flavobacterium luteolum IMCC34776 (GCF_027111275.1)
Flavobacterium sp. YJ01 YJ01 (GCF_029320955.1)
Flavobacterium crocinum HYN0056 (GCF_003122385.1)
Flavobacterium panacagri CJ75 (GCF_030378165.1)
Flavobacterium sp. GSB-24 GSB-24 (GCF_027924665.1)
Flavobacterium fluviale HYN0086 (GCF_003312915.1)
Flavobacterium nitrogenifigens KACC 18538 (GCF_008369745.1)
Flavobacterium sp. KACC 22763 KACC 22763 (GCF_028736155.1)
Flavobacterium sp. TR2 TR2 (GCF_025252405.1)
Flavobacterium ginsengisoli KCTC 23318 (GCF_029625315.1)
Flavobacterium humidisoli MMS21-Er5 (GCF_023272795.1)
Flavobacterium anhuiense GSE09 (GCF_001705175.1)
Flavobacterium gelatinilyticum IMCC34777 (GCF_027111295.1)
Flavobacterium endoglycinae BB8 (GCF_017352115.1)
Flavobacterium sp. KACC 22758 KACC 22758 (GCF_028736135.1)
Flavobacterium johnsoniae UW101; ATCC 17061 (GCF_000016645.1)
Flavobacterium panici BSSL-CR3 (GCF_024499525.1)
Flavobacterium sp. N503310 N503310 (GCF_025947385.1)
Flavobacterium soyae 55 (GCF_045348165.1)
Flavobacterium sp. KACC 22761 KACC 22761 (GCF_034058155.1)
Flavobacterium plurextorum RSG-18 (GCF_024638035.1)
Flavobacterium sp. N2469 N2469 (GCF_025947245.1)
Flavobacterium sp. N2038 N2038 (GCF_025947185.1)
Flavobacterium sp. CFS9 CFS9 (GCF_041154745.1)
Flavobacterium sp. N502540 N502540 (GCF_025947365.1)
Flavobacterium tructae CF-01 (GCF_041902285.1)
Flavobacterium sp. N502536 N502536 (GCF_025947345.1)
Flavobacterium collinsii TRV642 (GCF_946903285.1)
Flavobacterium sp. KBS0721 KBS0721 (GCF_002007065.3)
Flavobacterium bizetiae HJ-32-4 (GCF_024271895.1)
uncultured Flavobacterium sp. (GCF_951805225.1)
Flavobacterium sp. MDT1-60 MDT1-60 (GCF_014844035.1)
Flavobacterium gyeonganense KACC 17688 (GCF_029625295.1)
Flavobacterium flavigenum IMCC34775 (GCF_027111255.2)
Flavobacterium sp. RS13.1 RS13.1 (GCF_048282555.1)
Flavobacterium sp. N1736 N1736 (GCF_025947065.1)
Flavobacterium pectinovorum ZE23VCel01 (GCF_030505355.1)
Flavobacterium cupriresistens F-323 (GCF_020911925.1)
Flavobacterium flavipigmentatum F-70 (GCF_020911905.1)
Flavobacterium sp. 140616W15 (GCF_003668995.1)
Flavobacterium sp. ZE23DGlu08 ZE23DGlu08 (GCF_030505335.1)
Flavobacterium sp. KS-LB2 KS-LB2 (GCF_036895565.1)
Flavobacterium sp. Sr18 Sr18 (GCF_011064265.1)
Flavobacterium sp. CECT 9288 CECT 9288 (GCF_918731615.1)
Flavobacterium sp. CHNK8 CHNK8 (GCF_019774515.1)
Flavobacterium galactosidilyticum F-340 (GCF_020911945.1)
Flavobacterium sp. WC2421 WC2421 (GCF_040822115.1)
Flavobacterium sp. WC2430 WC2430 (GCF_040822075.1)
Flavobacterium sp. K5-23 K5-23 (GCF_023278045.1)
Flavobacterium crassostreae LPB0076 (GCF_001831475.1)
Flavobacterium acetivorans F-29 (GCF_020911885.1)
Flavobacterium praedii IMCC34515 (GCF_026810365.1)
Flavobacterium sp. IMCC34518 IMCC34518 (GCF_027111095.2)
Flavobacterium sp. N3904 N3904 (GCF_025947305.1)
Flavobacterium sp. M31R6 M31R6 (GCF_013284035.1)
Flavobacterium aestivum (GCF_026870175.2)
Flavobacterium gilvum EM1308 (GCF_001761465.1)
Flavobacterium aquiphilum IMCC34779 (GCF_027111335.1)
Flavobacterium marginilacus IMCC34673 (GCF_026870155.1)
Flavobacterium limnophilum IMCC36791 (GCF_027111315.2)
Flavobacterium nackdongense GS13 (GCF_004355225.1)
Flavobacterium eburneipallidum IMCC36793 (GCF_027111355.2)
Flavobacterium lacustre IMCC36792 (GCF_027474525.2)
Flavobacterium ovatum KCTC 52693 (GCF_040703125.1)
Flavobacterium faecale WV33 (GCF_048320115.1)
Flavobacterium sp. NG2 NG2 (GCF_034119845.1)
Flavobacterium commune PK15 (GCF_001857965.1)
Flavobacterium nitratireducens JCM 17678 (GCF_029625335.1)
Flavobacterium sp. N2013 N2013 (GCF_025947165.1)
Flavobacterium keumense K3R-10 (GCF_029866485.1)
Flavobacterium ammonificans SHINM13 (GCF_020886115.1)
Flavobacterium ammoniigenes GENT5 (GCF_020886055.1)
Flavobacterium branchiophilum FL-15 (GCF_000253275.1)
Flavobacterium psychrophilum OSU THCO2-90 (GCF_900130145.1)
Flavobacterium davisii GX-01 (GCF_042182265.1)
Flavobacterium covae 94-081 (GCF_001534645.1)
Flavobacterium columnare ATCC 49512 (GCF_000240075.2)
Flavobacterium oreochromis Costa Rica 04-02-TN (GCF_019565455.1)
Flavobacterium sp. N1846 N1846 (GCF_025947085.1)
Flavobacterium hankyongi KTce-4 (GCF_036840915.1)
Flavobacterium sp. N1994 N1994 (GCF_025947145.1)
Flavobacterium sangjuense GS03 (GCF_004797125.1)
Flavobacterium sp. JAD_PAG50586_2 JAD_PAG50586_2 (GCA_023213215.1)
Flavobacterium sp. TBRC 19032 TBRC 19032 (GCF_047038245.1)
Flavobacterium sp. TBRC 19031 TBRC 19031 (GCF_047038255.1)
Flavobacterium rivulicola IMCC34852 (GCF_030643905.1)
Flavobacterium capsici PMTSA4 (GCF_032098525.1)
Flavobacterium sp. N1719 N1719 (GCF_025947045.1)
Flavobacterium sp. HJ-32-4 HJ-32-4 (GCF_022532105.1)
Flavobacterium sp. N1718 N1718 (GCF_025947025.1)
Flavobacterium pallidum HYN0049 (GCF_003097535.1)
Flavobacterium magnum HYN0048 (GCF_003055625.1)
Flavobacterium azooxidireducens IGB 4-14 (GCF_023195775.1)
Flavobacterium sp. WW92 WW92 (GCF_028753015.1)
Flavobacterium sp. N2550 N2550 (GCF_025947265.1)
Flavobacterium kingsejongi WV39 (GCF_003076475.1)
Flavobacterium ardleyense A2-1 (GCF_033547075.1)
Flavobacterium sediminilitoris YSM-43 (GCF_023008245.1)
Flavobacterium sp. N501239 N501239 (GCF_025947325.1)
Flavobacterium jumunjinense HME7102 (GCF_021650975.2)
Flavobacterium sp. N1861 N1861 (GCF_025947105.1)
Flavobacterium sp. N2270 N2270 (GCF_025947225.1)
Flavobacterium channae KSM-R2A30 (GCF_021172165.1)
Flavobacterium cyclinae KSM-R2A25 (GCF_021172145.1)
Flavobacterium sp. N2820 N2820 (GCF_025947285.1)
Flavobacterium sp. (GCF_035195345.1)
Flavobacterium haoranii KCTC 23008 (GCF_009363055.1)
Flavobacterium okayamense KK2020170 (GCF_019702945.1)
Flavobacterium sediminis MEBiC07310 (GCF_003148385.1)
Flavobacterium indicum GPTSA100-9 (GCF_000455605.1)
Flavobacterium nakdongensis 20NA77.7 (GCF_031326205.1)
Flavobacterium agricola CC-SYL302 (GCF_025919725.1)
Flavobacterium sp. WV_118_3 WV_118_3 (GCF_039778605.1)
Flavobacterium cerinum C1 (GCF_024496085.1)
Flavobacterium inviolabile P2-65 (GCF_013389455.1)
Flavobacterium sp. N1946 N1946 (GCF_025947125.1)
Flavobacterium enshiense R6S-5-6 (GCF_022836875.1)
Flavobacterium arcticum SM1502 (GCF_003344925.1)
Flavobacterium litorale WSW3-B6 (GCF_019613795.1)
Flavobacterium alkalisoli XS-5 (GCF_008000935.1)
Flavobacterium album HYN0059 (GCF_003096035.1)
Flavobacterium psychrotrophum CJ74 (GCF_003403075.1)
Myroides sp. ZB35 ZB35 (GCF_001865835.1)
Myroides sp. A21 A21 (GCF_000807225.1)
Myroides odoratimimus G13 (GCF_004337635.1)
Myroides profundi D25 (GCF_000833025.1)
Myroides albus P34 (GCF_024722315.1)
Myroides phaeus 18QD1AZ29W (GCF_009799805.1)
Myroides odoratus FDAARGOS_1131 (GCF_016726985.1)
Myroides sp. mNGS23_01 mNGS23_01 (GCF_030067755.1)
Myroides fluvii CJ210 (GCF_009792295.1)
Flavobacterium sp. N2155 N2155 (GCF_025947205.1)
Flavobacterium sp. CBA20B-1 CBA20B-1 (GCF_028473145.1)
Paenimyroides aestuarii SCSIO 72103 (GCF_024628805.1)
Myroides sp. JBRI-B21084 JBRI-B21084 (GCF_030545015.1)
Flavobacterium dauae TCH3-2 (GCF_004151275.2)
Flavobacterium sp. xlx-214 xlx-214 (GCF_013874595.1)
Capnocytophaga sp. ARDL2 (GCF_041530365.1)
Flavobacterium sp. I3-2 I3-2 (GCF_013389595.1)
Capnocytophaga sp. oral taxon 323 F0383 (GCF_001278825.1)
Capnocytophaga sp. oral taxon 864 F0512 (GCF_002998835.1)
Capnocytophaga sp. oral taxon 902 W10638 (GCF_013394735.1)
Capnocytophaga ochracea DSM 7271 (GCF_000023285.1)
Capnocytophaga sputigena NCTC11097 (GCF_900638125.1)
Capnocytophaga sp. ChDC OS43 ChDC OS43 (GCF_002209445.1)
Capnocytophaga leadbetteri F0087 (GCF_041734475.1)
Capnocytophaga sp. FDAARGOS_737 FDAARGOS_737 (GCF_009730375.1)
Capnocytophaga sp. oral taxon 878 F0545 (GCF_002999135.1)
Capnocytophaga haemolytica NCTC12947 (GCF_900187255.1)
Capnocytophaga gingivalis H1496 (GCF_002302415.1)
Capnocytophaga sp. H4358 H4358 (GCF_002302515.1)
Capnocytophaga canis WGS1926 (GCF_043170185.1)
Capnocytophaga sp. H2931 H2931 (GCF_002302535.1)
Capnocytophaga stomatis H2177 (GCF_002302635.1)
Capnocytophaga cynodegmi G7591 (GCF_002302475.1)
Capnocytophaga canimorsus NCTC11921 (GCF_900638435.1)
Chryseobacterium sp. CP-77 CP-77 (GCF_036362765.1)
Chryseobacterium gleum NCTC11432 (GCF_900636535.1)
Chryseobacterium cucumeris PcE1 (GCF_044361575.1)
Chryseobacterium sp. PCH239 PCH239 (GCF_018924625.1)
Chryseobacterium sp. SG20098 SG20098 (GCF_031844745.1)
Chryseobacterium sp. WX WX (GCF_029542485.1)
Chryseobacterium sp. KCF3-3 KCF3-3 (GCF_045865955.1)
Chryseobacterium sp. JV274 F3_Prior (GCF_903969135.1)
Chryseobacterium sp. D764 D764 (GCF_019317325.1)
Chryseobacterium sp. HR92 HR92 (GCF_045689405.1)
Chryseobacterium sp. MA9 MA9 (GCF_024399315.1)
Chryseobacterium indologenes PgBE177 (GCF_018362995.1)
(GCA_900460995.1)
Chryseobacterium lactis KC_1864 (GCF_003815875.1)
Chryseobacterium sp. PMSZPI PMSZPI (GCF_047221375.1)
Chryseobacterium rhizoplanae XL97 (GCF_020342415.1)
Chryseobacterium bernardetii H4638 (GCF_003815955.1)
Chryseobacterium sp. StRB126 StRB126 (GCF_000829375.1)
Chryseobacterium sp. G0162 G0162 (GCF_003815715.1)
Chryseobacterium nakagawai NCTC13529 (GCF_900637665.1)
Chryseobacterium capnotolerans (GCF_021278965.1)
Chryseobacterium sp. G0186 G0186 (GCF_003815675.1)
Chryseobacterium joostei DSM 16927 (GCF_003815775.1)
Chryseobacterium arthrosphaerae FS91703 (GCF_029320935.1)
Chryseobacterium sp. E1 E1 (GCA_019203745.1)
Chryseobacterium gallinarum DSM 27622 (GCF_001021975.1)
Chryseobacterium carnipullorum F9942 (GCF_003815855.1)
Chryseobacterium oranimense 33-M-3 (GCF_025244725.1)
Chryseobacterium sp. Chry.R1 Chry.R1 (GCF_039645525.1)
Chryseobacterium sp. PTM-20240506 PTM-20240506 (GCF_048296755.1)
Chryseobacterium daecheongense PL22-22A (GCA_027920525.1)
Chryseobacterium sp. T16E-39 T16E-39 (GCF_002216065.1)
Chryseobacterium paludis CJ51 (GCF_025403485.1)
Chryseobacterium piperi ATCC BAA-1782 (GCF_002285635.2)
Chryseobacterium nematophagum JUB275 (GCF_CnematophagumJUB275)
Chryseobacterium potabilaquae (GCF_Cpotabilaquae)
Chryseobacterium nematophagum JUB129 (GCF_CnematophagumJUB129)
Chryseobacterium fistuale (GCF_Cfistuale)
Chryseobacterium sp. SW-1 SW-1 (GCF_048572715.1)
Chryseobacterium glaciei IHBB 10212 (GCF_001648155.1)
Chryseobacterium sp. G0201 G0201 (GCF_003815655.1)
Chryseobacterium sp. MMS23-Vi53 MMS23-Vi53 (GCF_047651245.1)
Chryseobacterium fluminis MMS21-Ot14 (GCF_026314945.1)
Chryseobacterium sp. ZHDP1 ZHDP1 (GCF_018603435.1)
Chryseobacterium gambrini DMF-6 (GCF_027941895.1)
Chryseobacterium sp. Y16C Y16C (GCF_022488405.1)
Candidatus Chryseobacterium colombiense (GCF_029203185.1)
Chryseobacterium sp. M5 M5 (GCF_045037995.1)
Chryseobacterium scophthalmum LGBM4 (GCF_046735985.1)
Chryseobacterium balustinum KC_1863 (GCF_003815995.1)
Chryseobacterium indoltheticum ATCC 27950 (GCF_003815915.1)
Chryseobacterium sp. 3008163 (GCF_003669035.1)
Chryseobacterium sp. C-71 C-71 (GCF_020911865.1)
Chryseobacterium sp. CY350 CY350 (GCF_027945075.1)
Chryseobacterium sp. LJ668 LJ668 (GCF_019613955.1)
Chryseobacterium sp. FDAARGOS 1104 FDAARGOS_1104 (GCF_016728765.1)
Chryseobacterium taihuense 3012STDY6944375 (GCF_900683625.1)
Chryseobacterium oryzae ADR-1 (GCF_022811665.1)
Chryseobacterium sp. PET-29 PET-29 (GCF_025736815.1)
Chryseobacterium nepalense AC3 (GCF_023195755.1)
Chryseobacterium shandongense G0239 (GCF_003815615.1)
Chryseobacterium sp. POE27 POE27 (GCF_039727685.1)
Chryseobacterium endophyticum OsEnb-ALM-A6 (GCF_039613855.1)
Chryseobacterium sp. JJR-5R JJR-5R (GCF_034047335.1)
Chryseobacterium sp. IHB B 17019 IHB B 17019 (GCF_001456155.1)
Chryseobacterium camelliae VAN22-5A (GCF_027920545.1)
Chryseobacterium gotjawalense wdc7 (GCF_030012525.1)
Chryseobacterium salivictor NBC 122 (GCF_004359195.1)
Kaistella flava (ex Peng et al. 2021) 7-3A (GCF_015191005.1)
Kaistella antarctica NCTC13489 (GCF_900637895.1)
Chryseobacterium sp. SNU WT5 SNU WT5 (GCF_007362475.1)
Kaistella carnis G0081 (GCF_003860585.1)
Kaistella polysaccharea GW4-15 (GCF_020410745.1)
Kaistella daneshvariae H3001 (GCF_003860505.1)
Kaistella sp. 97-N-M2 97-N-M2 (GCF_021513235.1)
Kaistella jeonii NCTC13459 (GCF_900638245.1)
Chryseobacterium sp. 6424 6424 (GCF_003692615.1)
Flavobacteriaceae bacterium 3519-10 3519-10 (GCF_000023725.1)
Kaistella faecalis F4 (GCF_020985365.1)
Kaistella haifensis G0079 (GCF_003816015.1)
Chryseobacterium sp. SNU WT7 SNU WT7 (GCF_008831505.1)
Marnyiella aurantia CX-624 (GCF_014041915.1)
Chryseobacterium suipulveris SC2-2 (GCF_022811685.1)
Candidatus Kaistella beijingensis PM-38 (GCF_020084865.1)
Chryseobacterium taklimakanense NCTC13490 (GCF_900187185.1)
Bergeyella porcorum QD2021 (GCF_036209505.1)
Cloacibacterium caeni (GCF_907163105.1)
Cloacibacterium sp. TD35 TD35 (GCF_028864635.1)
Cloacibacterium normanense NRS-1 (GCF_003860565.1)
Amniculibacterium sp. G2-70 G2-70 (GCF_014353055.1)
Epilithonimonas sp. UC225_85 UC225_85 (GCF_042695135.1)
Chryseobacterium sp. KACC 21268 KACC 21268 (GCF_028736075.1)
Epilithonimonas zeae ZM18 (GCF_023278365.1)
Epilithonimonas vandammei F5649 (GCF_003860525.1)
Chryseobacterium sp. NEB161 NEB161 (GCF_012273575.1)
Chryseobacterium sp. POL2 POL2 (GCF_011058315.1)
Riemerella anatipestifer ATCC 11845 (GCF_000252855.1)
Riemerella columbina TH22 (GCF_030517065.1)
Cruoricaptor ignavus M1214 (GCF_014961145.1)
Bergeyella cardium HPQL (GCF_009914665.1)
Elizabethkingia miricola Mir-N11 (GCF_021431905.1)
Elizabethkingia sp. 2-6 2-6 (GCF_005234115.1)
Elizabethkingia ursingii G4123 (GCF_002022125.1)
Elizabethkingia bruuniana ATCC 33958 (GCF_007923145.1)
Elizabethkingia anophelis R26 (GCF_002023665.2)
Elizabethkingia sp. M8 M8 (GCF_016598555.1)
Elizabethkingia meningoseptica NCTC10016 (GCF_900475375.1)
Elizabethkingia sp. JS20170427COW JS20170427COW (GCF_006088815.1)
Apibacter sp. ESL0404 ESL0404 (GCF_019469245.1)
Apibacter sp. ESL0432 ESL0432 (GCF_019469225.1)
Apibacter sp. B3706 B3706 (GCF_011082725.1)
Apibacter sp. B2966 B2966 (GCF_011082485.1)
Apibacter raozihei HY041 (GCF_004014855.1)
Empedobacter falsenii 1681-1 (GCF_013488205.1)
Empedobacter brevis SE1-3 (GCF_008705155.1)
Empedobacter stercoris SCVM0123 (GCF_025244765.1)
Faecalibacter sp. LW9 LW9 (GCF_034661295.1)
Faecalibacter bovis ZY171143 (GCF_017948305.1)
Weeksellaceae bacterium MIP2422 (GCA_949788275.1)
Weeksella virosa DSM 16922 (GCF_000189415.1)
Vaginella massiliensis WGS2087 (GCF_043950645.1)
Ornithobacterium rhinotracheale DSM 15997 (GCF_000265465.1)
Candidatus Ornithobacterium hominis MSHR-COH1 (GCF_951229915.1)
Blattabacterium punctulatus CPUml (GCF_003226695.1)
Blattabacterium sp. (Cryptocercus punctulatus) str. Cpu Cpu (GCF_000236405.1)
Blattabacterium clevelandi CCLhc (GCF_003268615.1)
Blattabacterium sp. (Cryptocercus kyebangensis) CKYod (GCF_003226855.1)
Blattabacterium sp. (Mastotermes darwiniensis) MADAR (GCF_000233435.1)
Blattabacterium sp. (Periplaneta americana) BPLAN (GCF_000093165.1)
Blattabacterium sp. (Blatta orientalis) Tarazona (GCF_000334405.1)
Blattabacterium cuenoti PLATYZsp (GCF_014251515.1)
Blattabacterium sp. (Blaberus giganteus) BGIGA (GCF_000262715.1)
Blattabacterium sp. (Nauphoeta cinerea) (GCF_000471965.1)
Blattabacterium sp. (Blattella germanica) Alboraia (GCF_000022605.2)
Candidatus Walczuchella endosymbiont of Icerya purchasi (GCF_964030875.1)
Candidatus Walczuchella monophlebidarum (GCF_000709555.1)
Candidatus Uzinura diaspidicola ASNER (GCF_000331975.1)
Flavobacteriales bacterium AspAUS03 (GCA_047528275.1)
Flavobacteriales bacterium Tduv (GCA_047528255.1)
Flavobacteriaceae bacterium UJ101 UJ101 (GCF_001880285.1)
Ichthyobacterium seriolicida JBKA-6 (GCF_002369955.1)

Mucilaginibacter rubeus P2-22.5 (GCF_017577205.1)
Mucilaginibacter sp. P4 P4 (GCF_003286435.2)
Mucilaginibacter gossypii P3 (GCF_017569325.2)
Mucilaginibacter sp. SJ SJ (GCF_028993635.1)
Mucilaginibacter sp. UC70_90 UC70_90 (GCA_042694155.1)
Mucilaginibacter sp. SMC90 SMC90 (GCF_022811725.1)
Mucilaginibacter sp. Mucisp86 CT11-86 (GCF_047324315.1)
Mucilaginibacter sp. cycad4 cycad4 (GCF_034263275.1)
Mucilaginibacter celer HYN0043 (GCF_003576455.2)
Mucilaginibacter sabulilitoris SNA2 (GCF_034262375.1)
Mucilaginibacter sp. NFX135 NFX135 (GCF_048565145.1)
Mucilaginibacter sp. SP1R1 SP1R1 (GCF_014200575.2)
Mucilaginibacter sp. KACC 22773 KACC 22773 (GCF_028736215.1)
Mucilaginibacter ginsenosidivorax KHI28 (GCF_007971525.1)
Mucilaginibacter sp. FT3.2 FT3.2 (GCF_014205845.2)
Mucilaginibacter xinganensis BJC16-A31 (GCF_002257585.1)
Mucilaginibacter gotjawali SA3-7 (GCF_002355435.1)
Mucilaginibacter sp. X4EP1 X4EP1 (GCF_024808665.2)
Mucilaginibacter ginsenosidivorans Gsoil 3017 (GCF_007971025.1)
uncultured Mucilaginibacter sp. (GCA_963422535.1)
Mucilaginibacter sp. E4BP6 E4BP6 (GCF_013408825.2)
Mucilaginibacter sp. X5P1 X5P1 (GCF_014200495.2)
Mucilaginibacter sp. 14171R-50 14171R-50 (GCF_010093045.1)
Mucilaginibacter sp. 5C4 5C4 (GCF_034345625.1)
Mucilaginibacter sp. 21P 21P (GCF_019331605.1)
Mucilaginibacter sp. PAMC 26640 PAMC 26640 (GCF_001596135.1)
Mucilaginibacter yixingensis YX-36 (GCF_041080815.1)
Mucilaginibacter mali G2-14 (GCF_013283875.1)
Mucilaginibacter sp. PAMB04274 PAMB04274 (GCF_039634385.2)
Mucilaginibacter sp. PAMB04168 PAMB04168 (GCF_039634365.2)
Mucilaginibacter daejeonensis KACC 14964 (GCF_020783335.1)
Mucilaginibacter sp. CSA2-8R (GCF_038806765.1)
Mucilaginibacter robiniae F39-2 (GCF_012849215.1)
Mucilaginibacter sp. (GCA_965200995.1)
Mucilaginibacter ginkgonis HMF7856 (GCF_009754905.2)
Mucilaginibacter jinjuensis KACC 16571 (GCF_028596025.1)
Mucilaginibacter sp. KACC 22063 KACC 22063 (GCF_028736115.1)
Arcticibacter sp. MXS-1 MXS-1 (GCF_041902385.1)
Pedobacter heparinus DSM 2366 (GCF_000023825.1)
Pedobacter schmidteae eg (GCF_900564155.1)
Candidatus Pedobacter colombiensis (GCF_029202485.1)
Pedobacter foliorum LMG 31463 (GCF_044501175.1)
Pedobacter ginsengisoli T01R-27 (GCF_002736205.1)
Pedobacter gandavensis WB7 (GCF_029909495.1)
Pedobacter sp. PACM 27299 PAMC 27299 (GCF_001412655.1)
Pedobacter sp. FW305-3-2-15-E-R2A2 (GCF_038446955.1)
Pedobacter steynii DX4 (GCF_001721645.1)
Pedobacter sp. WC2423 WC2423 (GCF_040822065.1)
Pedobacter cryoconitis PAMC 27485 (GCF_001590605.1)
Pedobacter lusitanus NL19 (GCF_040026395.1)
Pedobacter sp. PAMC26386 PAMC26386 (GCA_014302835.1)
Pedobacter sp. UC225_65 UC225_65 (GCF_042698365.1)
Pedobacter riviphilus SW-16 (GCF_014692875.1)
Pedobacter sp. HDW13 HDW13 (GCF_011303555.1)
Pedobacter roseus KACC 11594 (GCF_014395225.1)
Sphingobacteriaceae bacterium GW460-11-11-14-LB5 GW460-11-11-14-LB5 (GCF_002151545.1)
Pedobacter sp. KACC 23697 KACC 23697 (GCF_045348445.1)
Pedobacter sp. KLB.chiD KLB.chiD (GCF_047040275.1)
Pedobacter sp. D749 D749 (GCF_019317285.1)
Pedobacter sp. KBS0701 KBS0701 (GCF_005938645.2)
Pedobacter endophyticus JBR3-12 (GCF_015679185.1)
Pedobacter sp. (GCA_965227205.1)
Pedobacter mucosus Q8-18 (GCF_022200785.1)
Pseudopedobacter saltans DSM 12145 (GCF_000190735.1)
Pedobacter aquae CJ43 (GCF_008195825.1)
Sphingobacterium sp. G1-14 G1-14 (GCF_002196555.1)
Sphingobacterium sp. B29 B29 (GCF_001952815.1)
Sphingobacterium siyangense FTD2 (GCF_023277505.1)
Sphingobacterium multivorum FDAARGOS_1142 (GCF_016725465.1)
Sphingobacterium sp. Lzh-3 Lzh-3 (GCF_046764375.1)
Sphingobacterium sp. UGAL515B_05 UGAL515B_05 (GCF_033097525.1)
Sphingobacterium thalpophilum ATCC BAA-1094 (GCF_038396785.1)
Sphingobacterium sp. R2 R2 (GCF_040760075.1)
Sphingobacterium sp. E70 E70 (GCF_019285695.1)
Sphingobacterium sp. DR205 DR205 (GCF_011064245.1)
Sphingobacterium detergens MGMM185 (GCF_048319825.1)
Sphingobacterium sp. ML3W ML3W (GCF_000747525.1)
Sphingobacterium sp. SG20118 SG20118 (GCF_044740685.1)
Sphingobacterium sp. SRCM116780 SRCM116780 (GCF_021442025.1)
Sphingobacterium sp. KU25419 KU25419 (GCA_026153535.1)
Sphingobacterium faecium WB8 (GCF_029909515.1)
Sphingobacterium sp. PCS056 PCS056 (GCF_023273895.1)
Sphingobacterium sp. WM WM (GCF_029542465.1)
Sphingobacterium cellulitidis WGS1282 (GCF_043187465.1)
Sphingobacterium mizutaii NCTC12149 (GCF_900187125.1)
Sphingobacterium sp. LZ7M1 LZ7M1 (GCF_024296865.1)
Sphingobacterium daejeonense NCTC13534 (GCF_901472535.1)
Sphingobacterium lactis DSM 22361 (GCF_011046555.1)
Sphingobacterium sp. CZ-2 CZ-2 (GCF_004526235.1)
Sphingobacterium hotanense AMCC101218 (GCF_008274825.1)
Sphingobacterium zhuxiongii dk4302 (GCF_009557615.1)
Sphingobacterium sp. BN32 BN32 (GCF_030503615.1)
Sphingobacterium oryzagri KACC 22765 (GCF_028736175.1)
Sphingobacterium bambusae KACC 22910 (GCF_033955345.1)
Sphingobacterium psychroaquaticum SJ-25 (GCF_004421025.1)
Sphingobacterium sp. SYP-B4668 SYP-B4668 (GCF_027627455.1)
Sphingobacterium spiritivorum HAMBI_1896 (GCF_034424195.1)
Olivibacter sp. LS-1 LS-1 (GCF_008245145.1)
Olivibacter sp. EAT-5 EAT-5 (GCF_044784325.1)
Olivibacter sp. SDN3 SDN3 (GCF_014334135.1)
Solitalea canadensis DSM 3403 (GCF_000242635.2)
Anseongella ginsenosidimutans Gsoil 524 (GCF_008033235.1)

Bacteroidia bacterium (GCA_965229165.1)
Aurantibacillus circumpalustris Swamp196 (GCF_029625215.1)
Sphingobacteriales bacterium JAD_PAG50586_3 (GCA_023213195.1)
Vicingaceae bacterium (GCA_030584125.1)
Bacteroidota bacterium (GCA_049177215.1)
uncultured Bacteroidia bacterium (GCA_943846675.1)
Bacteroidetes bacterium UKL13-3 (GCA_001602415.1)

Bacteroidia (182 genomes)
Flavobacteriia (16 genomes)

Saprospiria+2 others (11 genomes)
Chitinophagia (55 genomes)

Cytophagia (166 genomes)
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Figure S9 | Distribution of rtn loci across Bacteroidota genomes. Phylogenetic tree was built using 
PhyloPhlAn for the 1087 analysed genomes from phylum Bacteroidota. Genome identifiers are 
provided on the right side. Heatmap representing number of rtn loci detected in genomes and presence 
of T9SS and T6SSiii are indicated along the species names. Clades from taxa without rtn loci were 
collapsed (number of genomes in collapsed subtrees is indicated), with exception of the class of 
Bacteroidia which was collapsed despite containing one genome with a Rtn locus. The tree was rooted 
with the Cytophagia clade. Red circles indicate branches with a UF-boot support above 95%. The length 
of branches is expressed in substitutions per site.   



 
Table S1 | T9SS-dependant Rtn proteins identified by label-free mass spectrometry in culture 
supernatant of C. nematophagum JUb275. Tsc indicates total spectrum count, which is the total 
number of tandem mass (MS/MS) spectra identified for a specific protein. 

  

  

Sequence
coverage

(%)

Mol. Weight
(kDa)

WT/ΔgldK
TSCName

GenBank
accession 
number

p-valueRatio

12,257,50,0178882,7428RtnA1A0A3M7L8L5

78114,84,6E-0716,68347RtnB1A0A3M7L862

78,331242,03E-0515,34642RtnC1A0A3M7L9P9

/57,2///RtnA2A0A3M7LFP1

6,63121,70,000736102410RtnB2A0A3M7LE61

41127,69,65E-0613,18181RtnC2A0A3M7LE95

3,156,90,0287375,078RtnA3A0A3M7LDK1

3,2690,40,7255151,543RtnB3A0A3M7LE58

14130,50,000775102453RtnC3A0A3M7LGW4

/56,9///RtnA4A0A3M7LCA9

21,33127,50,012609102423RtnB4A0A3M7LCD3

2,7130,52,71E-0710242RtnC4A0A3M7LFC8

/57,1///RtnA5A0A3M7LA42

6,9126,43,18E-05102424RtnB5A0A3M7LBP5

20,33129,60,00016816,7599RtnC5A0A3M7LCB2

5,157,10,18876110242RtnA6A0A3M7L8Y9

78114,41,2E-0515,93161RtnB6A0A3M7L7E0

30127,93,94E-0611,95170RtnC6A0A3M7L763

8,7357,97,94E-05102412RtnA7A0A3M7LC12

/142,8///RtnB7A0A3M7L9Q1

/135,7///RtnC7A0A3M7LBS3

/12,1///RtnA8A0A3M7L7I6

9,871150,00014102417RtnB8A0A3M7LB16

17,33125,14,74E-0615,9994RtnC8A0A3M7L7K2

1817,40,1286020,817RtnA9A0A3M7LDD8

39,33237,10,0003993,02115RtnBC9A0A3M7LBY0



Table S2 | Bacterial strains used in this study. 

Strain Description Culture Reference 

E. coli BL21 For production of recombinant proteins LB, 37°C NEB #C2530H 

E. coli DH5α For toxicity assays LB, 37°C NEB #C2987H 

E. coli NEB10β For cloning LB, 37°C NEB #C3019H 

E. coli S17 For conjugation of pYT313 LB, 37°C Fisher Scientific 
#NC1526716 

E. coli MG1655 WT strain, for killing assays LB, 37°C Laboratory 
collection 

C. nematophagum 
JUb275 

WT strain CYE, 30°C Page et al. 1 

C. nematophagum 
JUb129 

WT strain, for killing assays CYE, 30°C Page et al. 1 

C. indologenes 
ATCC29897 

WT strain, for killing assays CYE, 37°C BCCM/LMG 
Bacteria Collection 
LMG8337 

F. johnsioniae CJ1827 Streptomycin-resistant rpsL2 derivative of ATCC 
17061 (UW101) for killing assays 

CYE, 30°C Rhodes et al 2 

JUb275 ΔgldK C. nematophagum JUb275 deleted for the T9SS 
protein GldK 

CYE, 30°C This study 

JUb275 Δrtn1 C. nematophagum JUb275 deleted for Rtn1 locus 
(Rtn1 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn2 C. nematophagum JUb275 deleted for Rtn2 locus 
(Rtn2 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn3 C. nematophagum JUb275 deleted for Rtn3 locus 
(Rtn3 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn4 C. nematophagum JUb275 deleted for Rtn4 locus 
(Rtn4 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn5 C. nematophagum JUb275 deleted for Rtn5 locus 
(Rtn5 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn6 C. nematophagum JUb275 deleted for Rtn6 locus 
(Rtn6 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn7 C. nematophagum JUb275 deleted for Rtn7 locus 
(Rtn7 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn8 C. nematophagum JUb275 deleted for Rtn8 locus 
(Rtn8 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn9 C. nematophagum JUb275 deleted for Rtn9 locus 
(Rtn9 sensitive) 

CYE, 30°C This study 

JUb275 Δrtn1-2 C. nematophagum JUb275 deleted for Rtn1 and 
Rtn2 loci (Rtn1 and 2 sensitive) 

CYE, 30°C This study 



JUb275 Δrtn1-9 C. nematophagum JUb275 deleted for all the 9 rtn 
loci (Rtn1 to 9 sensitive) 

CYE, 30°C This study 

JUb275 site1:lacZ JUb275 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn1 site1:lacZ JUb275 Δrtn1 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn2 site1:lacZ JUb275 Δrtn2 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn3 site1:lacZ JUb275 Δrtn3 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn4 site1:lacZ JUb275 Δrtn4 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn5 site1:lacZ JUb275 Δrtn5 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn6 site1:lacZ JUb275 Δrtn6 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn7 site1:lacZ JUb275 Δrtn7 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn8 site1:lacZ JUb275 Δrtn8 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn9 site1:lacZ JUb275 Δrtn9 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn1-9 site1:lacZ JUb275 Δrtn1-9 with lacZ inserted at site 1 CYE, 30°C This study 

JUb275 site1:cmR JUb275 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn1 site1:cmR JUb275 Δrtn1 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn2 site1:cmR JUb275 Δrtn2 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn3 site1:cmR JUb275 Δrtn3 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn4 site1:cmR JUb275 Δrtn4 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn5 site1:cmR JUb275 Δrtn5 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn6 site1:cmR JUb275 Δrtn6 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn7 site1:cmR JUb275 Δrtn7 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn8 site1:cmR JUb275 Δrtn8 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn9 site1:cmR JUb275 Δrtn9 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275 Δrtn1-9 
site1:cmR 

JUb275 Δrtn1-9 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb275  Δrtn1 site1:lacZ , 
site2:rtnI1 

JUb275 Δrtn1 site1:lacZ complemented with the 
immunity protein RtnI1 sequence at site 2  

CYE, 30°C This study 

JUb275  ΔrtnA1 JUb275 deleted for rtnA1 sequence CYE, 30°C This study 

JUb275  ΔrtnA1-rtnA2 JUb275 deleted for rtnA1 and rtnA2 sequences CYE, 30°C This study 

JUb275  rtnA1-CTD JUb275 with rtnA1 deleted for the CTD sequence  CYE, 30°C This study 

JUb275  rtnC1ΔCt1 JUb275 with RtnC1 deleted for the C-terminal 
nuclease domain sequence  

CYE, 30°C This study 

JUb275 ΔtssBC JUb275 deleted for tssB and tssC T6SS genes  CYE, 30°C This study 

JUb275 ΔporZ JUb275 deleted for porZ coding sequence CYE, 30°C This study 

JUb275 rtnC1D879N JUb275 with a point mutation on RtnC1 D879N CYE, 30°C This study 



JUb275 site1:mLytchee JUb275 with mLytchee inserted at site 1 CYE, 30°C This study 

JUb275 
site1:mChartreuse 

JUb275 with mChartreuse inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn1 
site1:mChartreuse 

JUb275 Δrtn1 with mChartreuse inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn2 
site1:mChartreuse 

JUb275 Δrtn2 with mChartreuse inserted at site 1 CYE, 30°C This study 

JUb275 Δrtn1-9 
site1:mChartreuse 

JUb275 Δrtn1-9 with mChartreuse inserted at site 
1 

CYE, 30°C This study 

JUb275 ΔgldK 
site1:mChartreuse 

JUb275 ΔgldK with mChartreuse inserted at site 1 CYE, 30°C This study 

JUb129 site1:cmR JUb129 with cmR inserted at site 1 CYE, 30°C, Cml This study 

JUb129 site1:mlytchee JUb129 with mLytchee inserted at site 1 CYE, 30°C This study 

 

Table S3 | Plasmids used in this study 

Plasmid Application Resistance Reference 

pBAD33 Arabinose-inducible vector Cml Guzman et al 3 

pCDF-Duet IPTG-inducible vector Sm Novagen 

pRSF-Duet IPTG-inducible vector Km Novagen 

pACYC-Duet IPTG-inducible vector Cml Novagen 

pYT313 Suicide vector for chromosome mutagenesis in 
C. nematophagum 

Ap (E. coli), Ery (C. 
nematophagum) 

Zhu et al 4 

pCP23 Confers tetracycline resistance to F. johnsoniae Tc Agarwal et al 5 

pYT313 site1:lacZ Insertion of lacZ gene in C. nematophagum 
JUb275 chromosome at site 1 

Ap (E. c), Ery (C. n) This study 

pYT313 site1:cmR Insertion of cmR gene for chloramphenicol 
resistance in C. nematophagum JUb275 
chromosome at site 1 

Ap (E. c), Ery (C. n) This study 

pYT313 site1:mChartreuse For insertion of mLytchee in C. nematophagum 
JUb275 at site 1 

Ap (E. c), Ery (C. n) This study 

pYT313 site1:mLytchee For insertion of mLytchee in C. nematophagum 
JUb275 at site 1 

Ap (E. c), Ery (C. n) This study 

pYT313 ΔgldK Deletion of gldK sequence Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn1 Deletion of rtn1 locus Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn2 Deletion of rtn2 locus Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn3 Deletion of rtn3 locus Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn4 Deletion of rtn4 locus Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn5 Deletion of rtn5 locus Ap (E. c), Ery (C. n) This study 



pYT313 Δrtn6 Deletion of rtn6 locus Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn7 Deletion of rtn7 locus Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn8 Deletion of rtn8 locus Ap (E. c), Ery (C. n) This study 

pYT313 Δrtn9 Deletion of rtn9 locus Ap (E. c), Ery (C. n) This study 

pYT313 site2:rtnI Complementation of immunity rtnI1 gene in C. 
nematophagum chromosome at site 2 

Ap (E. c), Ery (C. n) This study 

pYT313 ΔrtnA1 Deletion of rtnA1 sequence Ap (E. c), Ery (C. n) This study 

pYT313 rtnA1-CTD Deletion of rtnA1 CTD sequence Ap (E. c), Ery (C. n) This study 

pYT313 rtnC1ΔCt1 Deletion of rtnC1 C-terminal nuclease domain 
sequence 

Ap (E. c), Ery (C. n) This study 

pYT313 ΔrtnA2 Deletion of rtnA2 sequence Ap (E. c), Ery (C. n) This study 

pYT313 ΔtssB-C Deletion of tssB ans tssC sequences Ap (E. c), Ery (C. n) This study 

pYT313 ΔporZ Deletion of porZ sequence Ap (E. c), Ery (C. n) This study 

pYT313 rtnC1D879N For point mutation on rtnC1 D879N Ap (E. c), Ery (C. n) This study 

pYT313 JUb129-site1:cmR For insertion of cmR in JUb129 at site 1 Ap (E. c), Ery (C. n) This study 

pYT313 JUb129-
site1:mLytchee 

For insertion of mLytchee in JUb129 at site 1 Ap (E. c), Ery (C. n) This study 

pRSF-Duet pelB-RtnB1-Flag IPTG-inducible expression vector for Flag-
tagged RtnB1 protein expression in E. coli 
periplasm with a pelB signal peptide from E. 
coli 

Km This study 

pRSF-Duet pelB-RtnB1-
Strep 

IPTG-inducible expression vector for Strep-
tagged RtnB1 protein expression in E. coli 
periplasm with a pelB signal peptide from E. 
coli 

Km This study 

pCDF-Duet pelB-RtnC1-Flag IPTG-inducible expression vector for Flag-
tagged RtnC1 protein expression in E. coli 
periplasm with a pelB signal peptide from E. 
coli 

Sm This study 

pCDF-Duet pelB-
RtnC1D879N-Flag 

IPTG-inducible expression vector for Flag-
tagged RtnC1 protein expression with a point 
mutation on aspartate 879 in E. coli periplasm 
with a pelB signal peptide from E. coli 

Sm This study 

pACYC-Duet pelB-RtnA1-
Flag 

IPTG-inducible expression vector for Flag-
tagged RtnA1 protein expression in E. coli 
periplasm with a pelB signal peptide from E. 
coli 

Cml This study 

pACYC-Duet pelB-RtnA1-
Strep 

IPTG-inducible expression vector for Strep-
tagged RtnA1 protein expression in E. coli 
periplasm with a pelB signal peptide from E. 
coli 

Cml This study 

pACYC-Duet pelB-
RtnA1ΔCTD-Strep 

IPTG-inducible expression vector for Strep-
tagged RtnA1 protein expression with no CTD 

Cml This study 



sequence in E. coli periplasm with a pelB 
signal peptide from E. coli 

pACYC-Duet pelB-
RtnA2ΔCTD-Strep 

IPTG-inducible expression vector for Strep-
tagged RtnA2 protein expression with no CTD 
sequence in E. coli periplasm with a pelB 
signal peptide from E. coli 

Cml This study 

pBAD33 Cyto-Ct1 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn1 (Cyto-Ct1) 

Cml This study 

pBAD33 Cyto-Ct1Y7A pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn1 with a 
catalytic point mutation (Cyto-Ct1Y7A) 

Cml This study 

pBAD33 Cyto-Ct1Y20A pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn1 with a 
catalytic point mutation (Cyto-Ct1Y20A) 

Cml This study 

pBAD33 Cyto-Ct2 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn2 (Cyto-Ct2) 

Cml This study 

pBAD33 Peri-Ct2 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn2 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct2) 

Cml This study 

pBAD33 Cyto-Ct3 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn3 (Cyto-Ct3) 

Cml This study 

pBAD33 Peri-Ct3 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn3 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct3) 

Cml This study 

pBAD33 Cyto-Ct4 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn4 (Cyto-Ct4) 

Cml This study 

pBAD33 Peri-Ct4 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn4 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct4) 

Cml This study 

pBAD33 Cyto-Ct5 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn5 (Cyto-Ct5) 

Cml This study 

pBAD33 Peri-Ct5 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn5 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct5) 

Cml This study 

pBAD33 Cyto-Ct6 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn6 (Cyto-Ct6) 

Cml This study 

pBAD33 Peri-Ct6 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn6 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct6) 

Cml This study 

pBAD33 Cyto-Ct7 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn7 (Cyto-Ct7) 

Cml This study 



pBAD33 Peri-Ct7 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn7 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct7) 

Cml This study 

pBAD33 Cyto-Ct8 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn8 (Cyto-Ct8) 

Cml This study 

pBAD33 Peri-Ct8 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn8 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct8) 

Cml This study 

pBAD33 Cyto-Ct9 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn9 (Cyto-Ct9) 

Cml This study 

pBAD33 Peri-Ct9 pBAD33 with arabinose-inducible expression 
of toxic C-terminal domain of Rtn9 with a 
torA-signal peptide for periplasmic 
translocation (Peri-Ct9) 

Cml This study 

 

 

 

Table S4 | DNA oligos used in this study. In the column describing the purpose, RL stands for oligos 
used for restriction-ligation cloning, GA – Gibson assembly and SLIC -  sequence and ligation 
independent cloning. 

Primer Sequence Purpose  

F-pYT-open GCATGCAAGCTTGGCGTAAT (GA) pYT313 mutagenesis plasmids 

R-pYT-open TCTAGAGGATCCCCCGAATT (GA)pYT313 mutagenesis plasmids 

F-up-d1-rtn GGAAAAATTCGGGGGATCCTCTAGAATACAAAATTGATCTTGA
AAGAAGG 

(GA) pYT313-Δrtn1 

R-up-d1-rtn CTGACATTCAAATATTATAAAGATTATTGTTTTATTTTTTTAGTTTG
GAACTTAA 

(GA) pYT313-Δrtn1 

F-down-d1-rtn TAAGTTCCAAACTAAAAAAATAAAACAATAATCTTTATAATATTT
GAATGTCAGT 

(GA) pYT313-Δrtn1 

R-down-d1-rtn CCATGATTACGCCAAGCTTGCATGCCCTTATTTATCTACAGAT
ACAGCAA 

(GA) pYT313-Δrtn1 

F-verif1-rtn AATCTCATGTGCAGGAATTTTTAAC verification of Δrtn1 

R-verif1-rtn AGTTGCTTTTAGGGTAAACTGAA verification of Δrtn1 

F-up-d2-rtn GGAAAAATTCGGGGGATCCTCTAGAACTAAATTTTATTTAGTTA
AATTTATTACGG 

(GA) pYT313-Δrtn2 

R-up-d2-rtn TAGGAGATTCTCAGAGCATTAGTTTACCTTGTAATGCTTTTTATT
AGATGGTCG 

(GA) pYT313-Δrtn2 

F-down-d2-rtn TTTTTGCGACCATCTAATAAAAAGCATTACAAGGTAAACTAATG
CTCTGAGAA 

(GA) pYT313-Δrtn2 



R-down-d2-rtn CCATGATTACGCCAAGCTTGCATGCATGCTTAGAACTCCATG
AGAAATTA 

(GA) pYT313-Δrtn2 

F-verif2-rtn TTCCATAAATGAGGCCGAACTA verification of Δrtn2 

R-verif2-rtn CTCCAAAATCCTCGACATCCAA verification of Δrtn2 

F-up-d3-rtn GGAAAAATTCGGGGGATCCTCTAGAAATATCTTCCAGCTCTT
CCAAT 

(GA) pYT313-Δrtn3 

R-up-d3-rtn ATAGGAGACAATTTTTTCTAGGAAGTGGATTCAATTGTGTTTTAA
TTTAAAAGCG 

(GA) pYT313-Δrtn3 

F-down-d3-rtn GCACGCTTTTAAATTAAAACACAATTGAATCCACTTCCTAGAA
AAAATTGTC 

(GA) pYT313-Δrtn3 

R-down-d3-rtn CCATGATTACGCCAAGCTTGCATGCACTCCACCATCTGTTAT
AGTGAT 

(GA) pYT313-Δrtn3 

F-verif3-rtn AAATTATGCCTTCCGAAAGGT verification of Δrtn3 

R-verif3-rtn AGCGTACATTTCCTAAATGGTC verification of Δrtn3 

F-up-d4-rtn GGAAAAATTCGGGGGATCCTCTAGATATTAGCTAAGTTAAGTG
TTAATTTTTT 

(GA) pYT313-Δrtn4 

R-up-d4-rtn AAGTTTTTTCAAAAAATAAGTTTTAATTCTTAGTGTATAAAATGGT
TTTAGTATT 

(GA) pYT313-Δrtn4 

F-down-d4-rtn AATACTAAAACCATTTTATACACTAAGAATTAAAACTTATTTTTTG
AAAAAACTT 

(GA) pYT313-Δrtn4 

R-down-d4-rtn CCATGATTACGCCAAGCTTGCATGCCGCTCCATAATCATACA
TCCCT 

(GA) pYT313-Δrtn4 

F-verif-d4-rtn CCCAACACAAAAAGCAAATTAC verification of Δrtn4 

R-verif-d4-rtn TCGGATTATGAGCCATACTGTAAA verification of Δrtn4 

F-up-d5-rtn GGAAAAATTCGGGGGATCCTCTAGATATTTATGTACTAGGAAA
TCATGAGTATTA 

(GA) pYT313-Δrtn5 

R-up-d5-rtn AATGGTGACTTTTTTATTAGGTTAATCAATTGTGTTTTAATTTTAAA
TTTTGTG 

(GA) pYT313-Δrtn5 

F-down-d5-rtn AAATTTAAAATTAAAACACAATTGATTAACCTAATAAAAAAGTCA
CCATTTC 

(GA) pYT313-Δrtn5 

R-down-d5-rtn CCATGATTACGCCAAGCTTGCATGCTTAAGTATTGGTGTAGCT
CCTTT 

(GA) pYT313-Δrtn5 

F-verif-d5-rtn GAAGTTGGAGGAATTCAGTATTTTG verification of Δrtn5 

R-verif-d5-rtn GGACAATCAACATTCCGAAAAA verification of Δrtn5 

F-up-d6-rtn GGAAAAATTCGGGGGATCCTCTAGAAACTAAGCTTCAACAAT
TTGAG 

(GA) pYT313-Δrtn6 

R-up-d6-rtn CTGCCAAGGGTAGGAGTTTTAATTGTGTTTTATTTTTTAGTTGTA
TTTAGAAATT 

(GA) pYT313-Δrtn6 

F-down-d6-rtn CTAAATACAACTAAAAAATAAAACACAATTAAAACTCCTACCCT
TGG 

(GA) pYT313-Δrtn6 



R-down-d6-rtn CCATGATTACGCCAAGCTTGCATGCCGTAGAAGTAATTTATTT
TTTTACAGAAT 

(GA) pYT313-Δrtn6 

F-verif-d6-rtn ATATACGTCAAGTTTTGACGCT verification of Δrtn6 

R-verif-d6-rtn CCTGAAACTTGTATTGATAACTCG verification of Δrtn6 

F-up-d7-rtn GGAAAAATTCGGGGGATCCTCTAGATTTAGGAATTTATTTTCTC
CTTCCT 

(GA) pYT313-Δrtn7 

R-up-d7-rtn GGTAACTTCTTCTACAATTAATAAATCTTAATGTTTATTTCGAGT
ATTGATTATT 

(GA) pYT313-Δrtn7 

F-down-d7-rtn TCAATACTCGAAATAAACATTAAGATTTATTAATTGTAGAAGAAG
TTACCTCA 

(GA) pYT313-Δrtn7 

R-down-d7-rtn CCATGATTACGCCAAGCTTGCATGCTACAGTTGTTTTGGGTAA
AGCT 

(GA) pYT313-Δrtn7 

F-verif-d7-rtn GCGACATCATAATAATTGAATTACT verification of Δrtn7 

R-verif-d7-rtn TGTTTCAAAAAGGGCACTATTTT verification of Δrtn7 

F-up-d8-rtn GGAAAAATTCGGGGGATCCTCTAGATATTATTGGACGTTCCC
AAAATAT 

(GA) pYT313-Δrtn8 

R-up-d8-rtn CCTTCTTCAAAGTATTTCTTATTTTTCAAGTGTGTTTTAATTTAAA
ATTGTG 

  
 

(GA) pYT313-Δrtn8 

F-down-d8-rtn CAATTTTAAATTAAAACACACTTGAAAAATAAGAAATACTTTGAA
GAAGGAT 

(GA) pYT313-Δrtn8 

R-down-d8-rtn CCATGATTACGCCAAGCTTGCATGCTACATCCAACCGGAGA
AATAAA 

(GA) pYT313-Δrtn8 

F-verif-d8-rtn GATCGCAAAAGTAATAATTAACTCAC verification of Δrtn8 

R-verif-d8-rtn GTAGCTCAATCAAGATACTTGAC verification of Δrtn8 

F-up-d9-rtn GGAAAAATTCGGGGGATCCTCTAGACTGATGCTTATTTTTGAC
AAAGAAG 

(GA) pYT313-Δrtn9 

R-up-d9-rtn TTAATGTTTTTTTAAATAACAATTACCTCTTGTTAAGTAATTTTATT
TAATAATTTGC 

(GA) pYT313-Δrtn9 

F-down-d9-rtn CGCAAATTATTAAATAAAATTACTTAACAAGAGGTAATTGTTATT
TAAAAAAACATT 

(GA) pYT313-Δrtn9 

R-down-d9-rtn CCATGATTACGCCAAGCTTGCATGCTGATGTTATTTTTTGTCTT
TTCATAATC 

(GA) pYT313-Δrtn9 

F-verif-d9-rtn CTCATGTGCAGGAATTTTTGTAAAC verification of Δrtn9 

R-verif-d9-rtn CTGCAAAGGGATTAACAAACTCT verification of Δrtn9 

F-up-pYT-d-gldK TGGTACTCCATGAGTTGCCGGATCCTCTAGAGTCGACCTG (SLIC) pYT313 ΔgldK 

R-up-pYT-d-gldK GGCTGGTAATATTACATTAACGGATCCCCCGAATTTTTCCG (SLIC) pYT313 ΔgldK 

F-up-d-gldK AGGTCGACTCTAGAGGATCCGGCAACTCATGGAGTACCA (SLIC) pYT313 ΔgldK 

R-up-d-gldK AAAAATTGTCTAGTTGATATTATCTTTTCATGTTAATTTTTATAATT
AAG 

(SLIC) pYT313 ΔgldK 



F-down-d-gldK TAAAAATTAACATGAAAAGATAATATCAACTAGACAATTTTTC (SLIC) pYT313 ΔgldK 

R-down-d-gldK CGGAAAAATTCGGGGGATCCGTTAATGTAATATTACCAGCC (SLIC) pYT313 ΔgldK 

F-up-pYT-
site1:lacZ 

TATATAACTCACATGAAGATTCGGATCCTCTAGAGTCGACC (SLIC) pYT313 site1:lacZ 

R-up-pYT-
site1:lacZ 

ATATAATTCAAGTATATTTGCTGCTGGATCCCCCGAATTTTTC (SLIC) pYT313 site1:lacZ 

F-up-site1:lacZ TGCAGCGGAAAAATTCGGGGGATCCAGCAGCAAATATACTT
G 

(SLIC) pYT313 site1:lacZ 

R-up-site1:lacZ TTCTTTGGTATGCGCTGCCGAATCAAATAAGGTTTAGCTCAC (SLIC) pYT313 site1:lacZ 

F-down-site1:lacZ GGTCTGGTGTCAAAAATAAAAGATTACATATTGAATATTATTTTT
G 

(SLIC) pYT313 site1:lacZ 

R-down-site1:lacZ CTGCAGGTCGACTCTAGAGGATCCGAATCTTCATGTGAGTTA
TATATTG 

(SLIC) pYT313 site1:lacZ 

F-down-lacZ CGTGAGCTAAACCTTATTTGATTCGGCAGCGCATACCAAAG (SLIC) pYT313 site1:lacZ 

R-down-lacZ ATAATATTCAATATGTAATCTTTTATTTTTGACACCAGACC (SLIC) pYT313 site1:lacZ 

F-up-pYT-
site1:cmR 

AGTGGCAGGGCGGGGCGTAAAAGATTACATATTGAATAT (SLIC) pYT313 site1:cmR 

R-up-pYT-
site1:cmR 

TCCAGTGATTTTTTTCTCCATTTTTTAATTACAATTTAG (SLIC) pYT313 site1:cmR 

F-down-cmR AACTAAATTGTAATTAAAAAATGGAGAAAAAAATCACTGG (SLIC) pYT313 site1:cmR 

R-down-cmR TAATATTCAATATGTAATCTTTTACGCCCCGCCCTGCCAC (SLIC) pYT313 site1:cmR 

F-up-pYT-
site1:mChartreuse 

CATGGATGAGCTCTACAAATAAAAGATTACATATTGAATATTATT
TTTG 

(SLIC) pYT313 site1:mChartreuse 

R-up-pYT-
site1:mChartreuse 

ACAGTTCTTCACCTTTAGACATTTTTTAATTACAATTTAGTTAATT
AC 

(SLIC) pYT313 site1:mChartreuse 

F-down-
mChartreuse 

TTAACTAAATTGTAATTAAAAAATGTCTAAAGGTGAAGAACTG  (SLIC) pYT313 site1:mChartreuse 

R-down-
mChartreuse 

ATAATATTCAATATGTAATCTTTTATTTGTAGAGCTCATCCATG (SLIC) pYT313 site1:mChartreuse 

F-up-pYT-d-rtnA1 TTTCATTAAGGTCAACTTTGGATCCTCTAGAGTCGACCTGC (SLIC) pYT313 ΔrtnA1 

R-up-pYT-d-rtnA1 CAGAGATTCAAATCCTGCATTGGATCCCCCGAATTTTTCCGC (SLIC) pYT313 ΔrtnA1 

F-up-d-rtnA1 TGAATATGTTCATACTTATATTGTTTTATTTTTTTAGTTTGG (SLIC) pYT313 ΔrtnA1 

R-up-d-rtnA1 TGCAGGTCGACTCTAGAGGATCCAAAGTTGACCTTAATGAAA
GAAGAC 

(SLIC) pYT313 ΔrtnA1 

F-down-d-rtnA1 AGCGGAAAAATTCGGGGGATCCAATGCAGGATTTGAATCTCT
GG 

(SLIC) pYT313 ΔrtnA1 

R-down-d-rtnA1 TCCAAACTAAAAAAATAAAACAATATAAGTATGAACATATTCAA
G 

(SLIC) pYT313 ΔrtnA1 

F-up-pYT-rtnA1-
CTD 

GATAAAAACTATTACGTATCCTGGATCCCCCGAATTTTTCCGC
TG 

(SLIC) pYT313 rtnA1-CTD 



R-up-pYT-rtnA1-
CTD 

TATTATAATTCACAGGAGATGTGGATCCTCTAGAGTCGACCTG
C 

(SLIC) pYT313 rtnA1-CTD 

F-up-rtnA1-CTD TGCAGGTCGACTCTAGAGGATCCACATCTCCTGTGAATTATA
ATAATAG 

(SLIC) pYT313 rtnA1-CTD 

R-up-rtnA1-CTD GAATATGTTCATACTTATATTTATATTAATTGATCAATTTGTTTATC (SLIC) pYT313 rtnA1-CTD 

F-down-rtnA1-CTD GATAAACAAATTGATCAATTAATATAAATATAAGTATGAACATAT
TC 

(SLIC) pYT313 rtnA1-CTD 

R-down-rtnA1-
CTD 

AGCGGAAAAATTCGGGGGATCCAGGATACGTAATAGTTTTTAT
C 

(SLIC) pYT313 rtnA1-CTD 

F-up-pYT-
rtnC1ΔCt1 

TTTTCAGTATCCGTATTCAAGGATCCTCTAGAGTCGACCTG (SLIC) pYT313 rtnC1ΔCt1 

R-up-pYT-
rtnC1ΔCt1 

TTTATTTCATATCGATTACCCGGATCCCCCGAATTTTTCCGC (SLIC) pYT313 rtnC1ΔCt1 

F-up-rtnC1ΔCt1 ATATTCTATATGTGTTCATAGTATTTTCAACAACACTTTC (SLIC) pYT313 rtnC1ΔCt1 

R-up-rtnC1ΔCt1 AGGTCGACTCTAGAGGATCCTTGAATACGGATACTGAAAAAG (SLIC) pYT313 rtnC1ΔCt1 

F-down-
rtnC1ΔCt1 

CGGAAAAATTCGGGGGATCCGGGTAATCGATATGAAATAAAA
TTTAAG 

(SLIC) pYT313 rtnC1ΔCt1 

R-down-
rtnC1ΔCt1 

AAAGTGTTGTTGAAAATACTATGAACACATATAGAATATC (SLIC) pYT313 rtnC1ΔCt1 

F-up-pYT-d-rtnA2 AACCTACCATCACGTAATGCTGGATCCTCTAGAGTCGACCTG (SLIC) pYT313 ΔrtnA2 

R-up-pYT-d-rtnA2 CTTTATTGATCTTGGTATCTGGATCCCCCGAATTTTTCCG (SLIC) pYT313 ΔrtnA2 

F-up-d-rtnA2 CGGAAAAATTCGGGGGATCCAGATACCAAGATCAATAAAG (SLIC) pYT313 ΔrtnA2 

R-up-d-rtnA2 GTAACTTTATTCATTTGTATGTAATGCTTTTTATTAGATG (SLIC) pYT313 ΔrtnA2 

F-down-d-rtnA2 CATCTAATAAAAAGCATTACATACAAATGAATAAAGTTAC (SLIC) pYT313 ΔrtnA2 

R-down-d-rtnA2 CAGGTCGACTCTAGAGGATCCAGCATTACGTGATGGTAGGTT
TTC 

(SLIC) pYT313 ΔrtnA2 

F-up-d-tssB-C AGGTCGACTCTAGAGGATCCCACTATTTGCTAGAAGCCAC (SLIC) pYT313 ΔtssB-C 

R-up-d-tssB-C AATGTTGTTATTCTAACATATAAAATTTTGTTTAATTTTTTATTAAAT
A 

(SLIC) pYT313 ΔtssB-C 

F-down-d-tssB-C TTATATGTTAGAATAACAACATTAATTTTAATG (SLIC) pYT313 ΔtssB-C 

R-down-d-tssB-C CGGAAAAATTCGGGGGATCCGAAGATTAGAAGCAGTCTGCC (SLIC) pYT313 ΔtssB-C 

F-up-d-porZ GGAAAAATTCGGGGGATCCTCTAGATAGATCTTACCAAACAA
GGTAATAATAGTAATC 

(SLIC) pYT313 ΔporZ 

R-up-d-porZ GTTCATCAATTAACTACTGCTATTTAATTATGCGATTATACTGCT
ATCTATTG 

(SLIC) pYT313 ΔporZ 

F-down-d-porZ TAGATAGCAGTATAATCGCATAATTAAATAGCAGTAGTTAATTG
ATGAACTCA 

(SLIC) pYT313 ΔporZ 

R-down-d-porZ CCATGATTACGCCAAGCTTGCATGCTATAAAAATTATTTATTTTT
ACCTTTTCGTGATGC 

(SLIC) pYT313 ΔporZ 



F-up-pYT-
rtnC1D879N 

TTACTCCTCGATTTCGTATGGATCCTCTAGAGTCGACCTG (SLIC) pYT313 rtnC1D879N 

R-up-pYT-
rtnC1D879N 

GATGGATTATCTGTTAGGACGGATCCCCCGAATTTTTCCG (SLIC) pYT313 rtnC1D879N 

F-up-rtnC1D879N AATTGAGCCTATAACAATAACTGTTTCTAGAGCGACACC (SLIC) pYT313 rtnC1D879N 

R-up-rtnC1D879N AGGTCGACTCTAGAGGATCCATACGAAATCGAGGAGTAAAG (SLIC) pYT313 rtnC1D879N 

F-down-
rtnC1D879N 

CGGAAAAATTCGGGGGATCCGTCCTAACAGATAATCCATC (SLIC) pYT313 rtnC1D879N 

R-down-
rtnC1D879N 

GGTGTCGCTCTAGAAACAGTTATTGTTATAGGCTCAATTG  (SLIC) pYT313 rtnC1D879N 

F-up-pYT-
site2:rtnI1 

ACTTATTAGAACAAATTTAACCTAAAACTTTGTCTAAATCTG (SLIC) pYT313 site2:rtnI1 

R-up-pYT-
site2:rtnI1 

TGATATTCTATATGTGTTCATAAATATTAATTATTAATTAC (SLIC) pYT313 site2:rtnI1 

F-up-site2:rtnI1 AGTAATTAATAATTAATATTTATGAACACATATAGAATATCAG (SLIC) pYT313 site2:rtnI1 

R-up-site2:rtnI1 AGATTTAGACAAAGTTTTAGGTTAAATTTGTTCTAATAAGTG (SLIC) pYT313 site2:rtnI1 

F-up-CNins2 GGAAAAATTCGGGGGATCCTCTAGACACCATAACCCAAATTT
CTCATAAA 

(GA) pYT313 site2:mLytchee 

R-up-CNins2 CATCTGAATAGCTTTAAAACAAAGGGCTTTTGTTATATCTGGAA
AAAGTCATGCA 

(GA) pYT313 site2:mLytchee 

F-down-CNins2 ACGCACGGCATGGATGAGCTCTACAAATAACCTAAAACTTTG
TCTAAATCTGAAAAA 

(GA) pYT313 site2:mLytchee 

R-down-CNins2 CCATGATTACGCCAAGCTTGCATGCCCGTACATTGTAACAAA
AGAATTAAAT 

(GA) pYT313 site2:mLytchee 

F-ins2-verif GTAGTAGTCGCAGATAGTAAAACTA (GA) pYT313 site2:mLytchee 

R-ins2-verif GTACAACGTATGTCAAGTACGGAGC (GA) pYT313 site2:mLytchee 

F-mLychee ATGGATTCAACAGAAGCAATTATT (GA) pYT313 site2:mLytchee 

R-mLychee TTACTTGTACAAACTTCCGCCA (GA) pYT313 site2:mLytchee 

R-CNins2-
mLychee 

TAATAATTGCTTCTGTTGAATCCATAAATATTAATTATTAATTACT
AAAATTCCCTTCA 

(GA) pYT313 site2:mLytchee 

F-CNins2-
mLychee 

AAGGCGGCTCTGGCGGAAGTTTGTACAAGTAACCTAAAACTT
TGTCTAAATCTGAAAAA 

(GA) pYT313 site2:mLytchee 

F-up-pYT-JUb129 
site1:cmR 

AGCAGCTAATGGTATTTTGGAGGATCCTCTAGAGTCGACCTG (SLIC) pYT313 JUb129 site1:cmR 

R-up-pYT-JUb129 
site1:cmR 

AGATTTTAGGAAAAGTTGAGGGATCCCCCGAATTTTTCCG (SLIC) pYT313 JUb129 site1:cmR 

F-up-JUb129 
site1:cmR 

CGGAAAAATTCGGGGGATCCCTCAACTTTTCCTAAAATCTG (SLIC) pYT313 JUb129 site1:cmR 

R-up-JUb129 
site1:cmR 

CTTTGGTATGCGCTGCCGAAAAAATGCGAGAACTTTATTAAG (SLIC) pYT313 JUb129 site1:cmR 



F-down-JUb129 
site1:cmR 

GAGTGGCAGGGCGGGGCGTAATGGCTTCTAATATAAGCTT (SLIC) pYT313 JUb129 site1:cmR 

R-down-JUb129 
site1:cmR 

AGGTCGACTCTAGAGGATCCTCCAAAATACCATTAGCTGC (SLIC) pYT313 JUb129 site1:cmR 

F-down-cmR TTAATAAAGTTCTCGCATTTTTTCGGCAGCGCATACCAAAG (SLIC) pYT313 JUb129 site1:cmR 

R-down-cmR AAGCTTATATTAGAAGCCATTACGCCCCGCCCTGCCACTC (SLIC) pYT313 JUb129 site1:cmR 

F-up-pYT-JUb129 
site1:mLytchee 

GCGGAAGTTTGTACAAGTAATGGCTTCTAATATAAGCTTAC (SLIC) pYT313 JUb129 site1:mLytchee 

R-up-pYT-JUb129 
site1:mLytchee 

ATTGCTTCTGTTGAATCCATTTTTTAATTACAATTTAGTTAATTA (SLIC) pYT313 JUb129 site1:mLytchee 

F-up-JUb129 
site1:mLytchee 

TTAACTAAATTGTAATTAAAAAATGGATTCAACAGAAGCAATT (SLIC) pYT313 JUb129 site1:mLytchee 

R-up-JUb129 
site1:mLytcheesit
e2:rtnI1 

TAAGCTTATATTAGAAGCCATTACTTGTACAAACTTCCGC (SLIC) pYT313 JUb129 site1:mLytchee 

F-pBAD-MCS CTGCAGGCATGCAAGCTTGGC (RL) pBAD33-plasmids 

R-pBAD-SD-Sal GATCAGTCGACCCTCCTTCTAGAGGATCCCCGGGTACCG (RL) pBAD33-Cyto plasmids 

R-torA-ss-Sal GACTGTCGACCGCCGCAGTCGCACGTCGC (RL) pBAD33-Peri plasmids 

F-C1-CT-Sal GACTGTCGACATGAATGAAACTGGAAAAATTTATAGAGT (RL) pBAD33-Ct1 

R-C1-CT-Hind GACTAAGCTTCTATATGTGTTCATTGTTCCCAT (RL) pBAD33-Ct1 

F-C2-CT-Sal GACTGTCGACATGGGAACTGAAGATTTTGTACAGA (RL) pBAD33-Ct2 

R-C2-CT-Sph CAGTGCATGCTTAATTTCTTTTATAAAAACGTGATGA (RL) pBAD33-Ct2 

F-C3-CT-Sal GACTGTCGACATGAGAGAAGGCTTAGGATGGGG (RL) pBAD33-Ct3 

R-C3-CT-Sph CAGTGCATGCTCATTTCTTTTTACCATAATTTTTTATTG (RL) pBAD33-Ct3 

F-C4-CT-Sal GACTGTCGACATGAGAACCTGGGGGGACCCGAAA (RL) pBAD33-Ct4 

R-C4-CT-Sph CAGTGCATGCTTATTTGTCTTTAACATCTAGTGCTTTATA (RL) pBAD33-Ct4 

F-C5-CT-Sal GACTGTCGACATGAGACAAGGTACAGACTGGGT (RL) pBAD33-Ct5 

R-C5-CT-Hind GACTAAGCTTTTATCTGATTCCAAATTTTAAATTAAGGTC (RL) pBAD33-Ct5 

F-C6-CT-Sal GACTGTCGACATGCAGGCTATGAAGCCTACACC (RL) pBAD33-Ct6 

R-C6-CT-Hind GACTAAGCTTTTATTTAGTATATTTTTTAGGATTAATTCCG (RL) pBAD33-Ct6 

F-C7-CT-Sal GACTGTCGACATGAGAGCTCCTATGGATGAATATG (RL) pBAD33-Ct7 

R-C7-CT-Hind GACTAAGCTTTTAAGGTGTACCATTTTTAATATAAT (RL) pBAD33-Ct7 

F-C8-CT-Sal GACTGTCGACATGGAGGGAAAAGAGGGAGTA (RL) pBAD33-Ct8 

R-C8-CT-Hind GACTAAGCTTCTACTTATATTTTTTAAAACCGGGT (RL) pBAD33-Ct8 

F-C1-CT-Y7A GCGAGAGTCCCTGGAGATCAGAC (MUT) pBAD33 Cyto-Ct1Y7A 

R-C1-CT-Y7A AATTTTTCCAGTTTCATTCATGTCG (MUT) pBAD33 Cyto-Ct1Y7A 

F-C1-CT-Y20A GCGATTGGAAGAACTAAACAACGTAG (MUT) pBAD33 Cyto-Ct1Y20A 



R-C1-CT-Y20A CGGTTTGCCACTTTCTGTCT (MUT) pBAD33 Cyto-Ct1Y20A 

F-pBAD-C9-CT TTACCGAATGTTCCATCCATGTCGACCCTCCTTCTAGAGG (SLIC) pBAD33 Cyto-Ct9 

R-pBAD-C9-CT TGGCCGTTTTATAAAGAATAAGCATGCAAGCTTGGCTGTTTTG (SLIC) pBAD33 Cyto-Ct9 

F-C9-CT CCTCTAGAAGGAGGGTCGACATGGATGGAACATTCGGTAA (SLIC) pBAD33 Cyto-Ct9 

R-C9-CT AAAACAGCCAAGCTTGCATGCTTATTCTTTATAAAACGGCCAT (SLIC) pBAD33 Cyto-Ct9 

F-pBAD-C9-P TGTTTTACCGAATGTTCCATCCATGTCGACCGCCGCAGTCG (SLIC) pBAD33 Peri-Ct9 

R-pBAD-C9-P TGGCCGTTTTATAAAGAATAAGCATGCAAGCTTGGCTGTTTTG (SLIC) pBAD33 Peri-Ct9 

F-C9-P GACTGCGGCGGTCGACATGGATGGAACATTCGGTAAAACA (SLIC) pBAD33 Peri-Ct9 

R-C9-P AAAACAGCCAAGCTTGCATGCTTATTCTTTATAAAACGGCCAT (SLIC) pBAD33 Peri-Ct9 

F-pETd-synth GCCAGGATCCGAATTCGAGCTC Construction of Duet plasmids with 
pelB 

R-pelB-duet GGCCATCGCCGGCTGGGCAGCGAGGAGCAGCAGACCAGC
AGCAGCGGTCGGCAGCAGGTATTTCATGGTATATCTCCTTATT
AAAGTT 

Construction of Duet plasmids with 
pelB 

R-pel-sac GGAGGAGCTCGGCCATCGCCGGCTGGGCAG (RL) Duet plasmids with pelB 

F-duet-strep-sal GACTGTCGACTGGAGCCACCCGCAGTTCGAAAAATAAAAGC
TTGCGGCCGCATAATGC 

(RL) Duet plasmids with C-ter strep 

F-duet-flag-sal GACTGTCGACTGGAGCCACCCGCAGTTCGAAAAATAAAAGC
TTGCGGCCGCATAATGC 

(RL) Duet plasmids with C-ter flag 

F-RtnA1-Sac GGAGGAGCTCCAGGAAGTCGTCTGGCAAAGAA (RL) pACYC-Duet pelB-RtnA1-Strep / 
Flag 

R-RtnA1-Sal GATCGTCGACTTTCTTAATCAATTTTGCGTTTGC (RL) pACYC-Duet pelB-RtnA1-Strep / 
Flag 

F-RtnB1-Sac GGAGGAGCTCCAAATAATACCTACCATTAAATCTCC (RL) pRSF-Duet pelB-RtnB1-Strep / Flag 

R-RtnB1-Sal GATCGTCGACGTTCTTGTAATTGTATTTATATTCTTTCA (RL) pRSF-Duet pelB-RtnB1-Strep / Flag 

F-RtnC1-Sac GGAGGAGCTCCAGTTAAGTCCTACTGAAAACT (RL) pCDF-Duet pelB-RtnC1-Flag 

R-RtnC1-Sal GATCGTCGACTATGTGTTCATTGTTCCCATAT (RL) pCDF-Duet pelB-RtnC1-Flag 

F-pACYC-
RtnA1ΔCTD 

AAACAAATTGATCAATTAATAGTCGACTGGAGCCAC (SLIC) pACYC-Duet pelB-RtnA1ΔCTD-
Strep 

R-pACYC-
RtnA1ΔCTD 

TATTAATTGATCAATTTGTTTATCTCCTAACTTGATAATTTTCC (SLIC) pACYC-Duet pelB-RtnA1ΔCTD-
Strep 

F-pACYC-
RtnA2ΔCTD 

GTCGACTGGAGCCACCCGCAGTTCGAAAAATAAAAGCTTGC
GGCCGCATAATG 

(SLIC) pACYC-Duet pelB-RtnA2ΔCTD-
Strep 

R-pACYC-
RtnA2ΔCTD 

TTATTTTTCGAACTGCGGGTGGCTCCAGTCGACGATTAATTGA
TCAATTTG 

(SLIC) pACYC-Duet pelB-RtnA2ΔCTD-
Strep 

F-pCDF-
RtnC1D879N 

AATCCATTAAGTGAGAAATTTC (SLIC) pCDF-Duet pelB-RtnC1D879N-
Flag 

R-pCDF-
RtnC1D879N 

AGTTGTGGCAAATCTCCCAATATC (SLIC) pCDF-Duet pelB-RtnC1D879N-
Flag 

 



Table S5 | cryo-EM data collection, processing and model refinement statistics 

 

 RtnB1-RtnC1 
PDB accession code 29RD 
EMDB accession code EMD-57319 
Data collection 
Microscope Talos Arctica 
Camera Gatan K2 Summit 
Voltage (kV) 200 
Magnification 45 000 
Total Dose 49.95 
Processing 
Symmetry imposed C1 
Micrographs number 6401 
Initial particle images (no.) 2204596 
Final particle images (no.) 379537 
Map resolution (Å)–(0.143 FSC threshold model) 3.4 
Model composition 
No. of chains 2 
No. of residues 1852 
No. of atoms 14836 
No. of ligands 0 
Bond lengths (Å) 0.002 
Bond angles (°) 0.547 
Ramachandran favored % 97.23 
Ramachandran allowed % 2.77 
Ramachandran outliers % 0.00 
Rotamers outliers % 0.55 
MolProbity score 1.17 
Clashscore 2.44 
CC (mask) 0.83 
CC (box) 0.74 
CC (peaks) 0.72 
CC (volume) 0.80 
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