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Supplementary information 
Supplementary Results and Discussion 
Gene expression changes by Endozoicomonas marisrubri 6c suggest responses to other bacteria 

and viruses in the holobiont 

Further features associated with responses to other bacteria as well as to viruses were 
significantly differentially regulated. These include the upregulation of the quorum quenching 
enzyme AHL acylase pvdQ as well as a phage integrase family gene, the head morphogenesis 
protein SPP1 gp7, CRISPR-associated helicase Cas3 (DESeq2; p value < 0.05; FC ≥ 2); as well 
as the downregulation of viral recombinase domains (DESeq2; p value < 0.05; FC ≥ -2; 
Supplementary Table 6a,b). Differential regulation of these features suggests responses of E. 
marisrubri 6c to the presence of metabolites and/or nucleic acid fragments of holobiont-associated 
bacteria (e.g., via upregulation of AHL acylase; but see also [1] who suggest Pseudomonas 
aeruginosa express this enzyme to modulate its own quorum-sensing-dependent pathogenic 
potential upon infection) and viruses (e.g., CRISPR-Cas3, part of the prokaryotic adaptive 
immune system against foreign nucleic acids; [2] in the host extract that may have passed through 
in the tissue fractionation process. While the differential expression of these features in response 



to host cues in vitro may not necessarily represent natural responses of E. marisrubri 6c in the 
intact holobiont, it suggests it may readily respond to potential competitors and viruses.   
  
Proteomic response of E. marisrubri 6c to holobiont cues 
The most strongly upregulated protein in the E. marisrubri 6c proteome in the presence of host 
tissue extracts was a betaine-carnitine-choline transporter (BCCT carrier) (FDR, ~1.7 FC 
increase, adjusted p value < 0.05). The observed upregulation of glycine betaine transporters as 
well as small solute binding proteins (opuAC; cf. transcriptomic response in the main manuscript; 
Figure 4) in response to holobiont cues aligns well with previous reports of high gene expression 
of pathways involved in glycine-betaine metabolism in symbiotic and aposymbiotic Cnidaria, 
across larval and adult stages, and in symbiotic Symbiodiniaceae [3–5]. Corresponding 
upregulation of BCCT carriers in E. marisrubri 6c in response to host extracts lends support to 
the notion that symbiotic bacteria may contribute to shaping intracellular pools of glycine betaine 
within the coral holobiont and as such may be drivers of osmoregulation and nitrogen cycling [5]. 
Finally, another notable feature in the proteome is biotin synthase bioB, which is exhibiting a trend 
towards upregulation (Supplementary Table 6b). Biotin is another essential cofactor (Vitamin B7), 
and thereby of potential relevance for the coral host and Symbiodiniaceae. 
  

 

 

 

 

 

 

 

 

 

 

  
 
 
 
 
 
 
 
 
 
 



Supplementary results: Figures and table captions 

 
Supplementary Figure S1. Optical density measurements (OD600) of different media inoculated 
with Endozoicomonas marisrubri 6c cells, specifically autoclaved, filtered seawater (AFSW), 
AFSW + 15 % host tissue extract, and standard Difco2216 Marine Broth (positive control) at 28 
°C over the course of 48 h. No growth was obvious from E. marisrubri 6c cells in AFSW and 
AFSW + 15 % host tissue extract. 
 
 
 
 
 



 
Supplementary Figure S2. Bacterial community composition associated with the tissues of the 
common Red Sea coral, Acropora humilis (n = 6). A. Relative abundances of most abundant 
bacterial classes based on 16S rRNA gene sequencing. B. Relative abundances of 15 most 
abundant bacterial families based on 16S rRNA gene sequencing. 
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Supplementary Figure S3. Transcriptomic and proteomic responses of Endozoicomonas 
marisrubri 6c after 3h exposure to coral host tissue extract. A. Principal component analysis 
(PCA) plot of transcriptomic response; B. PCA plot of proteomic response; C. Pearson correlation 
plot of log2 fold changes (FC) in expression or abundance of transcripts and proteins, respectively. 
Only overlapping genes and proteins, i.e., present in both datasets were considered. No 
correlation of FC between transcriptomic and proteomic response was observed.  
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Supplementary Figure S4.  Reconstructed metabolic pathways and direction of change of 
individual proteins within selected significant biological processes (GO terms) in the 
Endozoicomonas marisrubri 6c proteome in response to coral host tissue extract as identified with 
GO term enrichment analysis. 
 
 
 
 
 
 



Supplementary Tables are provided separately. 
 
Supplementary Table S1. Bacterial ASV count table, taxonomic annotation of bacterial 
community composition associated with the tissues of the common Red Sea coral Acropora 
humilis. 
 
Supplementary Table S2. Absolute quantification of Endozoicomonas marisrubri 6c in the total 
tissue-associated bacterial microbiome of the common Red Sea coral Acropora humilis via qPCR 
using universal bacterial and E. marisrubri 6c-specific primer pairs. The abundance of E. 
marisrubri 6c is expressed as percentage of gene copy numbers of the total 16S rRNA gene copy 
numbers. 
  
Supplementary Table S3. Detailed breakdown of annotated features (genes) distributed over 
SEED Subsystems (as implemented in RAST) in the genome of the novel Endozoicomonas 
marisrubri 6c.  
  
Supplementary Table S4. Results of GGDC (formula d4, i.e., calculations of DDH and distance 
calculations based on identities / HSP length) using the draft genome of Endozoicomonas 
marisrubri 6c as a query genome. 
  
Supplementary Table S5. Average Nucleotide Identity (ANI) and Amino Acid Identity (AAI) 
values of novel Endozoicomonas marisrubri 6c compared to other available Endozoicomonas 
nucleotide and amino acid sequences. All ANI and AAI values are << 95. SeqA = Identity of query 
genome. SeqB = Identity of reference genome. SD = standard deviation of identity between 
reciprocal best-matching fragments. N = number of reciprocal best matches found. Omega = 
minimum number of fragments (ANI) or proteins (AAI) between the genomes. Frx = N/Omega 
ratio (%), i.e., the percentage of the genome shared. 

Supplementary Table S6. Full list of differential features in the response of Endozoicomonas 
marisrubri 6c in response to coral host tissue extract (relative to control). a) Differentially 
expressed genes as identified by DESeq2 (statistical significance: p < 0.05; |FC| > 2.0). b) 
Differentially abundant proteins as identified by the limma algorithm (FDR; statistical significance: 
p < 0.05; |FC| > 0.5). 

  
Supplementary Table S7. List of significant biological processes based on Gene Ontology (GO) 
term enrichment characterizing the response of Endozoicomonas marisrubri 6c to coral host cues 
(relative to seawater; KS test). a) Significant GO terms based on gene expression changes. b) 
Significant GO terms based on changes in protein abundances.  
 
Supplementary Table S8. List of significant biological processes based on Gene Ontology (GO) 
term enrichment characterizing overlapping and consistently regulated responses (up- or 
downregulated) of Endozoicomonas marisrubri 6c to coral host cues (relative to not consistently 
regulated responses; Fisher’s test) in both transcriptomic and proteomic datasets.  
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