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SUPPLEMENTARY NOTE 1
Redefinition of KEGG cobalamin module
The cobalamin module derived from KEGG was redefined to include enzymes upstream of Cob(I)yrinate a,c, diamide and downstream of precorrin-2. Precorrin-2 is a common precursor of cobalamin, from which two pathways for the biosynthesis of cobalamin diverge (1).

Redefined module for cobalamin biosynthesis through precorrin (aerobic):
K03394 K02229 K05934 K05936 K02228 K05895 K00595 K06042 K02224 K02230 K13786 (K00798,K19221) K02232 (K02225,K02227) K02231 K00768 (K02226,K22316) K02233

Redefined module for cobalamin biosynthesis through co-precorrin (anaerobic):
(K02302,K02304) (K02190,K03795,K22011) (K03394,K13540) (K05934,K13540,K13541,K21479) K05936 (K02189,K13541) K02188 K05895 K02191 K03399 K06042 K02224 K13786 (K00798,K19221) K02232 (K02225,K02227) K02231 K00768 (K02226,K22316) K02233

SUPPLEMENTARY NOTE 2
Astudillo‐García et al. (2) identified multiple enzymes in their SAUL MAGs involved in the methyl branch of the Wood-Ljungdahl (WL) pathway, responsible for the conversion of CO2 to methyltetrahydrofolate. However, as these enzymes are involved in other cellular processes, only the acetyl-CoA synthase/carbon monoxide dehydrogenase (ACS/CODH) is identified as the key enzyme of the WL pathway: a five-subunit enzyme complex that together with carbon monoxide dehydrogenase reduces CO2 to acetyl-CoA. In supplementary table S5A of the paper the authors only identified the presence of subunit A of acetyl-CoA synthase (EC 1.2.7.4; cdhA for Archaea and acsA for Bacteria). To verify the absence of subunits B, C, D, and E, and thus a potentially active ACS/CODH, we searched for cdhABCDE and acsABCDE in both the previously published SAUL MAGs (2) and our own using EnrichM v0.5.0 (https://github.com/geronimp/enrichM). None of the five acs and cdh subunits were present in any of the MAGs.

SUPPLEMENTARY NOTE 3
Jernigan and Bordenstein (3) analyzed 1 912 bacterial strains for the presence of Ankyrin repeat proteins (ARPs). They found that the percentage of ARP coding genes was positively correlated with the type of symbiosis (facultative or obligate). Additionally, the percentage of ARPs per coding gene was >0.2% in <1% of the free-living bacterial strains. For that reason, 0.2% was taken as a conservative threshold to identify microorganisms likely to be symbiotic.


SUPPLEMENTARY FIGURES
Supplementary Figure 1. Relative abundance of dominant MAGs (>2% abundance across the data) in Ircinia ramosa after de-replication at 95% identity. “Unmapped” represents reads that could not be mapped to any of the 297 de-replicated MAGs. IR: Ircinia ramosa followed by the replicate number.

Supplementary Figure 2. Relative abundance of I. ramosa associated microorganisms across biological replicates and over time. Time point 0: directly after transfer to aquaria. Timepoint 3: T0 + 3 months in aquaria. Timepoint 5: T0 + 5 months in aquaria. IR: Ircinia ramosa followed by the replicate number. Heatmap is based on 16S rRNA gene data and uses the Silva taxonomy (4).

Supplementary Figure 3. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in six autotrophic carbon fixation pathways found in marine prokaryotes, from left to right: Wood-Ljungdahl pathway, reductive citric acid cycle, hydroxypropionate-hydroxybutyrate cycle, 3-hydroxypropionate bi-cycle, dicarboxylate-hydroxyburyrate cycle, and the Calvin-Benson-Bassham cycle. KOs in bold represent key enzymes for each pathway. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Stars indicate genes confirmed by GraftM v0.11.1 (ref. 5). Brown coloured lineages have the metabolic potential for the reductive citric acid cycle, blue coloured lineages for the 3-hydroxypropionate/4-hydroxyburyrate cycle, and green coloured lineages for the Calvin-Benson-Bassham cycle. Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively.

Supplementary Figure 4. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in nitrification, denitrification, assimilatory nitrate reduction, and dissimilatory nitrate reduction. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Stars indicate genes confirmed by GraftM v0.11.1 (ref. 5). Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively. 

Supplementary Figure 5. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in taurine transport, sulfide and sulfite oxidation, and sulfate reduction. KOs in bold represent enzymes encoding for the taurine transporter. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Brown coloured lineages have the metabolic potential to transport taurine. Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively.

Supplementary Figure 6. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in thiamine (B1) metabolism and transport. Corresponding KEGG modules are displayed left of the figure. KOs in bold represent enzymes encoding for the thiamine transporter. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Brown coloured lineages have the potential to metabolise thiamine, blue coloured lineages for the transportation of thiamine over the membrane, and green coloured lineages for both the transportation and metabolism of thiamine. Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively. KEGG modules were retrieved on August 9, 2018, from https://www.genome.jp/.

Supplementary Figure 7. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in riboflavin (B2) metabolism and the conversion of riboflavin to flavin mononucleotide and flavin adenine dinucleotide. Corresponding KEGG modules are displayed left of the figure. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Brown coloured lineages have the potential to metabolise riboflavin. Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively. KEGG modules were retrieved on August 9, 2018, from https://www.genome.jp/.

Supplementary Figure 8. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in pantothenate (B5) metabolism. Corresponding KEGG modules are displayed left of the figure. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Brown coloured lineages have the potential to metabolise pantothenate. Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively. KEGG modules were retrieved on August 9, 2018, from https://www.genome.jp/.

Supplementary Figure 9. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in pyridoxine (B6) metabolism. KEGG modules are displayed left of the figure, showing enzymes involved in the pathway from erythrose 4-phosphate to both pyridoxine and pyridoxine phosphate. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Brown coloured lineages have the potential to metabolise pyridoxal phosphate from D-Ribulose 5-phosphate or D-Glyceraldehyde 3-phosphate. Blue coloured lineages have the potential to metabolise either pyridoxine or pyridoxine phosphate from Erythrose 4-phosphate. Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively. KEGG modules were retrieved on August 9, 2018, from https://www.genome.jp/.

Supplementary Figure 10. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in biotin (B7) metabolism. Corresponding KEGG modules are displayed left of the figure. KOs in bold represent enzymes accounting for two potential biotin transporters. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Brown coloured lineages have the potential to metabolise biotin, blue coloured lineages to transport biotin, and green coloured lineages for both the transportation and metabolism of biotin.  Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively. KEGG modules were retrieved on August 9, 2018, from https://www.genome.jp/.

Supplementary Figure 11. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in cobalamin (B12) metabolism. Corresponding KEGG modules are displayed left of the figure. Black lines separate the biosynthesis of cobalamin through precorrin from the biosynthesis of cobalamin through co-precorrin, sharing the last nine KOs. Brown coloured lineages have the potential to metabolise cobalamin through either one of the two pathways. Branch labels display taxonomy at the lowest inferred level. Bacterial and archaeal trees were rooted to LS-NOB (GB_GCA_002453875.1) and UBA543 (GB_GCA_002502135.1), respectively. The KEGG module for the final common steps was retrieved on August 9, 2018, from https://www.genome.jp/.

Supplementary Figure 12. KO absence/presence in MAGs retrieved from Ircinia ramosa involved in secretion systems III, IV, and VI. Corresponding KEGG modules are displayed left of the figure. Similar coloured squares are KOs involved in the same step of the module as defined by KEGG. Brown coloured lineages contain genes for secretion system III. Blue coloured lineages contain genes for secretion system VI. Branch labels display taxonomy at the lowest inferred level. The bacterial tree was rooted to LS-NOB (GB_GCA_002453875.1). KEGG modules were retrieved on August 14, 2018, from https://www.genome.jp/.

Supplementary Figure 13. Ircinia ramosa morphology. Picture taken by H.M. Luter.


SUPPLEMENTARY TABLES
Supplementary Table 1. Taxonomy and statistics of all 559 and 259 dereplicated MAGs retrieved from this study. GTDB R86.3 taxonomy is shown, including comparison to previous taxonomic classification in parentheses.

Supplementary Table 2. Percentage of reads per I. ramosa individual (from time point 0) that map back to the MAGs. All 559 MAGs were de-replicated at 95% identity with Drep v2.2.4 (ref. 6) to avoid arbitrary mapping between representatives of highly similar genomes. IR: Ircinia ramosa followed by the replicate number.

Supplementary Table 3. Taxonomy and statistics of previously published sponge symbiont genomes included in the concatenated marker gene tree. GTDB R86.3 taxonomy is shown, including comparison to previous taxonomic classification in parentheses. MAG: metagenome-assembled genome. SAG: single-cell amplified genome.

Supplementary Table 4. KO count for each of the dereplicated MAGs retrieved from this study. GTDB R86.3 taxonomy is shown, including comparison to previous taxonomic classification in parentheses. KOs involved in the described metabolic pathways (i.e. carbon, nitrogen, sulfur, and vitamin) and secretion systems III, IV, and VI were included.  
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