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Figure S1. Phylogeny of the order Pirellulales based on whole genome-based multilocus 

sequence analysis (MLSA). Reliability estimators based on Shimodaira-Hasegawa testing were 

determined. They are only shown in the tree when <1. The outgroup contains three genomes from 

the family Planctomycetaceae.  
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Figure S2. Different parameters used to assign strain K22.7T to the genus Rubripirellula. Identity 

values were determined for 16S rRNA sequence identity, rpoB gene identity, average nucleotide 

identity (ANI) as well as amino acid identity (AAI) and percentage of conserved proteins (POCP). 

All values are given in percent. 
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Figure S3. Different parameters to attribute strain FF011LT to the genus Roseimaritima. Identity 

values were determined for 16S rRNA sequence identity, rpoB gene identity, average nucleotide 

identity (ANI) as well as amino acid identity (AAI) and percentage of conserved proteins (POCP). 

All values are given in percent. 
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Figure S4. Different parameters to attribute strain EC9T to the genus Rosistilla. Identity values 

were determined for 16S rRNA sequence identity, rpoB gene identity, average nucleotide identity 

(ANI) as well as amino acid identity (AAI) and percentage of conserved proteins (POCP). All 

values are given in percent. 
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Figure S5. Different parameters to attribute strain HG15A2T to the family Lacipirellulaceae. 

Identity values were determined for 16S rRNA sequence identity, rpoB gene identity, average 

nucleotide identity (ANI) as well as amino acid identity (AAI) and percentage of conserved 

proteins (POCP). All values are given in percent. 
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Table S1. Cultivation media used in this study. (P) peptone, (YE) yeast extract, (NAG) N-acetyl-

D-glucosamine, (C) carbenicillin, (A/S) ampicillin/streptomycin, (F. s.) Fucus serratus powder, (G) 

glucose solution (10 ml/L). 

 

Medium Purpose 
Carbon/nitrogen 

sources 

Fungicide 

concentration 

[mg/l] 

Antibiotic 

agent 

M1H ASW Isolation P, YE, G(10) 0, 20, 100 C or A/S 

NAGH ASW Isolation NAG 0, 20, 100 C or A/S 

M1H NAG 

ASW 
Growth P, YE, NAG, G(10) - - 

AMS 
Algal 

attachment 
F. s. - - 

 

 

Table S2. Oligonucleotides for amplicon generation used in this study. All primers were 

developed based on a previous study [1]. Each sample was prepared with a unique reverse primer. 

 

Primer Amplicon Index sequence [5’3’] 

V3R_81 Laminaria biofilm TCT CGG 

V3R_92 Laminaria glass fibre filter CGG TGT 

V3R_82 Laminaria polycarbonate filter TCA GCG 

V3R_32 Fucus biofilm TTG TGA 

V3R_36 Fucus glass fibre filter TAA CTC 

V3R_33 Fucus polycarbonate filter TTG ACT 

V3R_37 Ulva biofilm TAC CAA 

V3R_61 Ulva glass fibre filter CAT CTT 

V3R_60 Ulva polycarbonate filter CTA GAA 
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Table S3. Input and output data of the 16S rRNA gene amplicon analysis. OTU: operational 

taxonomic unit. 

 

  Number of  

Sequences 

Average  

Length (bp) 

Total number 

of OTUs 

OTUs (phylum 

Planctomycetes) 

Biofilm     

Fucus sp. 32,381 146 546 72 

Laminaria sp. 129,618 149 733 4 

Ulva sp. 83,580 150 669 22 

Seawater particles     

Fucus sp. 40,405 145 866 32 

Laminaria sp. 47,671 149 1103 40 

Ulva sp. 60,244 151 981 13 

Seawater     

Fucus sp. 48,097 149 1252 44 

Laminaria sp. 133,343 151 1020 13 

Ulva sp. 57,263 150 787 7 
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Table S4. Cellular fatty acid contents (%) of the novel strains and corresponding closely related 

type strains. 
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C10:0 - - - - - - - - 

C16:0 27.68 17.3 22.77 35.1 37.25 39.2 23.2 22.55 

C17:0 - 4.5 - 2.1 1.39 1.2 - 1.47 

C18:0 2.06 5.6 2.52 3.1 7.05 4.3 8.87 15.32 

C16:1 ω9c - - - - - 8 - 26.14 

C16:1 ω11c - - - - 3.28 - 1.34 - 

C17:1 ω8c 1.89 12 4.03 2 - - - - 

C17:1 ω9c - - - - 
 

4 - 2.74 

C18:1 ω7c 1.43 - 4.88 - - - 5.84 - 

C18:1 ω9c 42.5 41.5 55.07 47 8.91 40.8 34.77 20.73 

C18:1 ω11c - - - - - 1.6 - 6.23 

C20:0 ω9c - - 1.13 - - - - - 

Iso-C14:0 - - - - - - 1.82 - 

Iso-C16:0 - - - - - - 2.97 2.65 

C12:0 3-OH - - - - - - 1.01 - 

C14:0 2-OH 1.39 - - - - - - - 

C16:0 2-OH 2.72 1.1 - - - - - - 

C16:0 3-OH - - - - - - - - 

C18:0 2-OH - - - - - - 3.5 - 

C18:0 3-OH - 1.3 2.84 - - - - - 

C16:1 ω7c/Iso-C15:0 2-OH 19.26 - 3.45 - - - 14.69 - 

C18:2 ω6,9c/Anteiso-C18:0 - - - - 35.06 - - - 
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Table S5. Genome characteristics of strain K22.7T and other members of the genus 

Rubripirellula. The novel strain K22.7T was compared to strains published before [2, 3]. The 

genomes were published by [4]. All values were determined based on calculations from CheckM 

v1.1.2 [5] and Prokka v1.14 [6].  

 

K22.7T 

Rubripirellula 

reticaptiva 

Poly59T 

Rubripirellula 

tenax Poly51T 

Rubripirellula 

amarantea Pla22T 

Rubripirellula 

obstinata LF1T 

Genome size 

(Mb) 
8.54 7.85 7.99 6.95 7.09 

Scaffolds 1 13 42 9 27 

G+C content (%) 57.3 54.8 56.2 53.7 54.3 

Genes (per Mb) 
6512 

(762) 
6165 (785) 6399 (800) 5260 (756) 5942 (838) 

Protein-coding 

genes (per Mb) 

6461 

(756) 
6088 (775) 6274 (785) 5182 (745) 5871 (828) 

Hypothetical 

proteins 
4320 3996 4237 3315 4046 

rRNAs (16S-23S-

5S) 
2-2-2 1-1-3 1-1-2 1-1-1 2-1-1 

tRNAs 44 71 120 74 66 

Giant genes 12 9 8 9 9 

Transposable 

elements 
66 13 19 2 59 
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Table S6. Genome characteristics of strain FF011LT and other members of the genus 

Roseimaritima. The novel strain FF011LT was compared to strains published before  [2, 7]. The 

compared genomes were published previously [4, 7]. All values were determined based on 

calculations from CheckM v1.1.2 [5] and Prokka v1.14 [6].  

 

FF011LT 
Roseimaritima ulvae 

UC8T 

Roseimaritima sediminicola 

JC651T 

Genome size (Mb) 7.22 8.21 6.25 

Scaffolds 1 1 185 

G+C content (%) 54.5 59.1 62.4 

Genes (per Mb) 
5533 

(766) 
5903 (719) 4564 (730) 

Protein-coding genes (per 

Mb) 

5482 

(759) 
5828 (709) 4510 (721) 

Hypothetical proteins 3547 3735 2773 

rRNAs (16S-23S-5S) 2-2-2 1-1-1 1-1-1 

tRNAs 44 71 50 

Giant genes 4 10 5 

Transposable elements 41 55 16 

 

 

 

 

  



 

 12 

Table S7. Genome characteristics of strain EC9T and other members of the genus Rosistilla. The 

novel strain EC9T was compared to strains published before [8]. The genomes were published by 

[4]. All values were determined based on calculations from CheckM v1.1.2 [5] and Prokka v1.14 

[6].  

 

EC9T 

Rosistilla oblonga 

CA51T 

Rosistilla oblonga 

Mal33 

Rosistilla carotiformis 

Poly24T 

Genome size (Mb) 7.48 7.25 7.51 7.44 

Scaffolds 1 1 1 1 

G+C content (%) 57.9 58.2 58.1 57.7 

Genes (per Mb) 
5486 

(733) 5297 (730) 5538 (737) 5576 (749) 

Protein-coding genes 

(per Mb) 

5439 

(727) 5249 (724) 5490 (731) 5525 (742) 

Hypothetical proteins 3436 3258 3486 3511 

rRNAs (16S-23S-5S) 1-1-1 1-1-1 1-1-1 1-1-1 

tRNAs 43 44 44 47 

Giant genes 9 6 5 6 

Transposable elements 30 63 40 18 
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Table S8. Genome characteristics of strain HG15A2T and other members of the family 

Lacipirellulaceae. The novel strain HG15A2T was compared to strains published before [9-12]. The 

genomes were published in previous studies [4, 10]. All values were determined based on 

calculations from CheckM v1.1.2 [5] and Prokka v1.14 [6].  
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Genome size 

(Mb) 
5.99 5.87 5.27 4.33 6.77 6.26 6.61 6.92 6.78 6.62 6.47 6.14 5.07 

Scaffolds 1 1 22 18 13 27 1 1 2 1 1 27 6 

G+C content (%) 55.1 64.1 65.4 63.1 66.7 66.5 58 61.7 62 66.5 52.8 52.9 66.2 

Genes (per Mb) 
4978 

(831) 

4655 

(793) 

4225 

(801) 

3477 

(803) 

5343 

(789) 

4929 

(787) 

5415 

(819) 

5658 

(817) 

5626 

(829) 

5231 

(790) 

5395 

(833) 

5123 

(834) 

3949 

(778) 

Protein-coding 

genes (per Mb) 

4899 

(817) 

4597 

(783) 

4168 

(790) 

3425 

(791) 

5247 

(775) 

4869 

(777) 

5359 

(810) 

5581 

(806) 

5538 

(816) 

5169 

(780) 

5325 

(823) 

5041 

(821) 

3892 

(767) 

Hypothetical 

proteins 
3191 2944 2597 2058 3408 3113 3379 3662 3712 3265 3500 3251 2381 

rRNAs (16S-23S-

5S) 
1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 1-1-1 

tRNAs 75 54 53 48 92 56 52 73 83 58 66 78 53 

Giant genes 0 1 1 2 2 1 0 1 0 0 0 0 1 

Transposable 

elements 
60 7 39 21 10 9 181 9 27 100 34 23 6 
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Table S9. Secondary metabolite biosynthetic gene clusters determined by AntiSMASH. Genome 

mining by AntiSMASH yielded seven clusters for strain K22.7T (genome size: 8.54 Mb), seven for 

strain FF011LT (genome size: 7.22 Mb), six for strain EC9T (genome size: 7.48 Mb) and four for 

strain HG15A2T (genome size: 5.99 Mb). The number of clusters correlate with the genome size to a 

certain extent. 

 

 
Predicted compound class Putative annotation of key genes 

K22.7T 
  

Cluster 1 terpene phytoene synthase; squalene synthase 

Cluster 2 type III polyketide type III PKS 

Cluster 3 terpene terpene cyclase; polyprenyl synthetase 

Cluster 4 non-ribosomal peptide AMP-dependent synthetase/ligase (NRPS-like) 

Cluster 5 acyl amino acid N-acyl amino acid synthase 

Cluster 6 non-ribosomal peptide AMP-dependent synthetase/ligase (NRPS-like) 

Cluster 7 
mixed polyketide/ 

non-ribosomal peptide 

type I PKS; 

AMP-dependent synthetase/ligase (NRPS-like) 

FF011LT 
  

Cluster 1 terpene terpene cyclase; polyprenyl synthetase 

Cluster 2 bacteriocin DUF692 family protein 

Cluster 3 non-ribosomal peptide 

AMP-dependent synthetase/ligase (NRPS-like); 

dioxygenase, TauD/TfdA; condensation domain-

containing protein 

Cluster 4 non-ribosomal peptide AMP-dependent synthetase/ligase (NRPS-like) 

Cluster 5 polyketide type III PKS 

Cluster 6 terpene phytoene synthase; squalene synthase 

Cluster 7 
mixed polyketide/ 

non-ribosomal peptide 

type I PKS; 

AMP-dependent synthetase/ligase (NRPS-like) 

EC9T 
  

Cluster 1 polyketide type III PKS 

Cluster 2 terpene 
polyprenyl synthetase; dehydrogenase; phytoene 

synthase; lycopene cyclase 

Cluster 3 non-ribosomal peptide AMP-dependent synthetase/ligase (NRPS-like) 

Cluster 4 non-ribosomal peptide 

AMP-dependent synthetase/ligase (NRPS-like) 

asparagine synthase; 

alcohol dehydrogenase 

Cluster 5 thiopeptide 
radical SAM protein; OsmC/YcaO domain-

containing protein 

Cluster 6 non-ribosomal peptide 

2x AMP-dependent synthetase and ligase (NRPS-

like); acyl-CoA dehydrogenase; condensation 

domain-containing protein 

HG15A2T 
  

Cluster 1 other hypothetical protein - putative LmbU regulator 

Cluster 2 polyketide type I PKS 

Cluster 3 non-ribosomal peptide AMP-dependent synthetase/ligase (NRPS-like) 

Cluster 4 terpene terpene cyclase; polyprenyl synthetase 
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