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Supplementary Figures 
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Supplementary Figure S1 Di�erential sequencing coverage of > 2000 bp sca�olds from the sponge 
metagenomic libraries. Each circle represents a metagenomic sca�old. �e circles are colored according to 
their GC content, the diameter of these circles is proportional to sca�old length. ‘x’ symbols represent 
sca�olds that contain tRNAs, crossed circles represent sca�olds that contain 16S rRNA genes. Ellipses 
show examples of bins chosen for reassembly of sponge MOX symbionts. �e sizes of the complete bins 
shown here (all contigs included in the ellipse) are 2.44 Mbp for the branching sponge and 2.29 Mbp for 
the encrusting sponge.   
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Supplementary Figure S2 A photomosaic of the Chapopote ‘bubble’ site where the sponges were 
collected (photos taken from 2.5 m above the sea�oor). Areas dominated by sponges (green), mussels 
(red) and tubeworms (yellow) are highlighted.  
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Supplementary Figure S3 Phylogeny of the 16S rRNA genes from the symbiotic MOX of sponges 
collected at the Campeche and Mictlan seeps. �e dataset included metagenomic 16S rRNA gene 
sequences from this study and sequences from the NCBI database (94 sequences total). Bootstrap values 
below 50% are not shown. �e tree is drawn to scale, with branch lengths representing the number of 
substitutions per site. �e analysis included 1,262 positions. �e genome of the North Sea sediment 
enrichment genome D14 lacked the fully assembled 16S rRNA gene sequence. Star marks the 16S rRNA 
gene sequences which were excluded from the tree calculation due to its short length, which would have 
hindered the phylogeny resolution, and whose position in the tree was estimated based on a phylogeny of 
separately aligned truncated sequences. MMG is Marine Methylotrophic Group. 
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Supplementary Figure S4a Phylogeny of pmoA genes from the symbiotic MOX of sponges collected at 
the Campeche and Mictlan seeps. The dataset included pmoA sequences from this study and from the 
NCBI database (54 nucleotide sequences total). �e tree is drawn to scale, with branch lengths 
representing the number of substitutions per site. �e analysis included 344 positions. 
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Supplementary Figure S4b Phylogeny of concatenated PmoCAB and PxmABC proteins (39 amino acid 
sequences total). Sequences were �rst aligned for each subunit, following concatenation of individual 
alignments in the ABC order. �e tree is drawn to scale, with branch lengths measured in the number of 
substitutions per site. �e analysis included 886 positions. 
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mi=micromere cells, ma=macromere. b, electron-dense blastomeres (bl) with lipid droplet inclusions (li). 
c, Lipid droplet inclusions in blastomeres. d, nucleolated larval cells with homogeneous (ho) and 
heterogeneous yolk (he), n = nucleus, co = collagen �bers. e and f, methane-oxidizing symbionts 
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Supplementary Figure S6 Pangenome analysis of methane-oxidizing bacteria (MOX). Orthologous gene 
counts are shown. a, Comparison of the sponge MOX symbiont genomes assembled in this study.  b, 
Comparison between the genomes of the sponge MOX symbionts and related free-living and symbiotic 
MOX. “Sponge MOX symbionts” group includes the genomes of MOX from the four sponge individuals 
analyzed in this study. “North Sea enrichment MMG2” group includes the two genomes of the Marine 
Methylotrophic Group 2 bacteria enriched from the North Sea sediments.  “Methylomonadaceae isolates” 
group comprises the 18 representative genomes of Methylomonadaceae (main text, Figure 4), which were 
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H. (S.) methanophila 

BGC0000837: Arylpolyene Vf biosynthetic gene cluster Vibrio fischeri (40% of genes show similarity)

BGC0000836: Arylpolyene Ec biosynthetic gene cluster Escherichia coli (25% of genes show similarity)
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Supplementary Figure S7: Aryl polyene synthesis cluster in H. (S.) methanophila MOX symbiont 
genome. Vibrio �scheri and Escherichia coli Vf and Ec aryl polyene synthesis domains are shown as 
references. Homologs are shown in the same color. The second alignment is colored according to the 
average expression values of respective genes (color legend is shown in �gure on bottom right). 
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Supplementary Figure S8 (a,b) Structure of and occurrence of eukaryote-like protein (ELP)-encoding 
sequences in the genomes of sponge symbionts (a, b) and in sponge metagenomes (c, d). a, �e structure 
of the longest ELP in H. (S.) methanophila MOX symbiont.  Eukaryote-like domains (ELDs), which 
comprised leucine-rich repeats and cadherin-like domains, as well as an autotransporter beta-domain, 
which encodes a pore-forming element of the type V secretion system are shown. BLAST hits for this 
sequence (query 1) within the genome of H. (S.) methanophila MOX and Cycloclasticus symbionts are 
shown below. b, �e structure of the longest ELP in I. methanophila MOX symbiont.  Eukaryote-like 
domains (ELDs), which comprised leucine-rich repeats cadherin-like, polycystic kidney disease (PKD) 
and �bronectin type 3 domains are shown. BLAST hits for this sequence (query 2) within the genome of 
H. (S.) methanophila MOX are shown below. In panels a and b, identity values at amino acid level 
between the query and the sequences identi�ed by BLAST are shown in parentheses. Consensus sequence 
and the mean pairwise identity (MPI) over all pairs in the column are included (100%, green; 30-99%, 
yellow; below 30%, red).  
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Supplementary Figure S8 (c, d) Structure of and occurrence of eukaryote-like protein (ELP)-encoding 
sequences in the genomes of sponge symbionts (a, b) and in sponge metagenomes (c, d). c, d: Sca�olds 
that contain ELPs (green circles) in the metagenomes of H. (S.) methanophila (c) and I. methanophila (d), 
revealed by BLAST analysis using the longest assembled ELP genes as queries. In panel c, red circles mark 
sca�olds that contain the autotransporter beta domains identi�ed by BLAST using the respective partial 
ELP sequence as a query. 
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Supplementary Figure S9 Phylogeny of narG genes from the symbiotic MOX of sponges collected at the 
Campeche and Mictlan seeps (highlighted in green). The dataset included narG sequences from this study 
and from the NCBI database (73 amino sequences total). �e tree is drawn to scale, with branch lengths 
representing the number of substitutions per site. �e analysis included 1167 positions. 
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Supplementary Figure S10 Partial gas chromatograms (total ion current) of fatty acid (a, b) and alcohol 
fractions (c, d) in H. (S.) methanophila (a, c) and I. methanophila (b, d). Istd= internal standard. Symbols 
and detailed nomenclature; fatty acids (a, b): gray circles= saturated fatty acids, white circles= 
monounsaturated fatty acids, black stars= demospongic acids, red stars= brominated demospongic acids, 
white triangle= iso-fatty acids, black triangle= anteiso-fatty acids, ω= position of double bond counting 
from the methyl-end of the chain, Δ= position of double bonds counting from the carboxylic acid end. 
Nomenclature alcohols (c, d): 27Δ5=cholest-5-en-3β-ol (cholesterol), 27Δ5,24= cholesta-5,24-dien-3β-ol 
(desmosterol), 28Δ5,24= 24-methylcholesta-5,24-dien-3β-ol, 29Δ5,24= 24-ethylcholesta-5,24E-dien-3β-ol 
(fucosterol), 28Δ5,24= 24-ethylcholesta-5,24Z-dien-3β-ol (iso-fucosterol), c= contaminants. 
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Supplementary Figure S11 Hopanoid synthesis in sponge MOX symbionts. �e reconstruction is based 
on genomes of I. methanophila and H. (S.) methanophila MOX and on transcriptomes of H. (S.) 
methanophila MOX. Enzymes and their subunits are abbreviated with the name of the encoding gene. 
Boxes are colored according to the expression value of a respective transcript (color legend for expression 
values is shown on the bottom of �gure). 
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