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Auxiliary Supplementary Materials

Supplementary Results
Detailed genomic features of of Ca. E. ruthgatesiae 8E

The 8E genome contained 88 tRNA and 22 rRNA genes, including 8 5S rRNA, 7 16S
rRNA, and 7 23S rRNA genes (table. S2). Seven 16S rRNA genes separated into 2 subclades in
the phylogenetic tree. A similarity test was performed for all the 16S rRNA copies of
8E using local blast. A discrepancy was found in one copy of the 16S rRNA gene which showed
lower identity with other copies (identity > 97.7 %). Despite some variations between the genes,
these genes were still clustered in a single clade by the phylogenetic analysis (Fig. 1E). In the
genome of 8E, a total of 5229 CDSs were annotated, and no prophage was detected. Only 1452
CDSs were classified into RAST subsystems, which is fewer than other known Endozoicomonas
type strains indicated the discrepancy with other known bacteria. Like the previous functional
report of the genus Endozoicomonas (2), we found that the most abundant subsystem was Amino
Acids and Derivatives (282), followed by Protein Metabolism (227), Cofactors, Vitamins,
Prosthetic groups, Pigments (138), and Carbohydrates (135) (fig. S8a). Like other
Endozoicomonas in RAST subsystem profiles, 8E displayed a high portion of genes classified in
Amino Acids and Derivatives (19.8 %), Protein Metabolism (15.9%), and Carbohydrates (9.51%)
(fig. S8a). 8E have the most genes categorized in Protein Metabolism out of all Endozoicomonas,
especially in protein biosynthesis and protein folding (fig. S8c).

8E had 33 gene copies of chromosome segregation ATPases (SMC superfamily) and 16
gene copies of chromosome segregation proteins (SMC prok B superfamily), which might relate
to cell division and the structural maintenance of chromosomes, respectively. Chromosome
segregation proteins and ATPases are common in bacteria, and all Endozoicomonas species
contain multiple copies of them. Based on the phylogenetic tree of the two proteins, we confirmed
that the 8E chromosome segregation protein and ATPase were separated from the protein
sequences of other Endozoicomonas and formed a discrete clade (fig. S2c, d). We found 6 copies
of glycosyltransferase (Gly transf sug superfamily), which might functionally catalyze the
glycosidic linkages synthesis, scattered in the 2.74-2.97 Mbps region. There was a high density of
various sized DNA TRs (1,126 TRs) ranging from 30 to 2,000 bp in 8E, mostly located at 4.94 —
5.07Mbp (74 TRs) and 5.84-6.31Mbp (361 TRs).

Description of the Endozoicomonas ruthgatesiae sp. nov

Endozoicomonas ruthgatesiae (ru.th.gates’iae, N.L. fem. n. ruthgatesiae, of Ruth Gates,
name of a coral biologist). Cells are Gram-negative, aerobic, and rod shape with 0.4-0.8 um wide,
and 1.6-4.0 um long. No mobility was observed but flagella-like structures and fimbriae-like
structures were observed in the minimal medium with 0.1mM DMSP (Fig. 2B). After incubation
on Mmbv4 agar at 25 °C, colonies are beige, crateriform, and circular with undulate margin. The
colony size is around 0.6mm in diameter incubated for 3 days at 25 °C. Sodium ions are required
for growth; grow in 0.5-4.0 % NaCl. Growth occurs at 20-35 °C (optimum, 25°C), and pH 6-9
(optimum, 7). Oxidase and Catalase activity are strong. In APl ZYM Kit test, except for alkaline
phosphatase, esterase, lipase, leucine arylamidase, valine arylamidase, cystine arylamidase,
trypsin, and acid phosphatase, others are negative. Ca. E. ruthgatesiae exhibited no activity for a-
chymotrypsin, a-galactosidase, f-galactosidase, S-glucuronidase, S-glucosidase, N-acetyl- -
glucosaminidase, a- mannosidase, and a-fucosidase. In addition to the above negative enzymatic
activities, Ca. E. ruthgatesiae had no Naphthol-AS-BI-phosphohydrolase activity, but this activity
was detected in other species of Endozoicomonas (table S1).



Bacterial colony are moderately susceptible to streptomycin (10 pg/ml) and ampicillin (10
pg/ml). The current strain is 8E. isolated from coral Acropora sp. collected from Kenting,
Pingtung, Taiwan. (Coral collection procedures in Kenting National Park were permitted by
Kenting, Pingtung County Government with permit number No. 10670917900). To honor the
dedication of Professor Dr. Ruth Gates to coral reefs, we name the de novo coral isolated
bacterium: Endozoicomonas ruthgatesiae.

Supplementary Discussion
High proportion of eukaryotic-like proteins in 8E

ELPs originated from eukaryotes and horizontally transferred to the associated
prokaryotes. Their functions are mostly hypothesized to relate to bacterial-host interactions (617).
ELPs are now commonly detected in bacterial genomes. Endozoicomonas is one of bacterial
groups which often carry ELPs (11, 12, 14, 62) However, different Endozoicomonas clades
possess distinct ELPs that might be caused by various adaptation strategies in symbiosis
construction with their coral hosts (63). In this study, we found that the total 8E genome consisted
of more than 8% ELPs, which is more than the other Endozoicomonas genomes used in our
comparative genomic analysis (fig. S2). Similar phenomenon were also purported in a recent
study which annotated a tremendous amount of ELPs (1/3 of putative ELPS) in an Acropora
humilis isolated E. marisrubri 6¢, 7.69 Mb genome (14). The great deal of ELPs is likely one of
the reasons for the genome expansion in 8E and the other large Endozoicomonas genomes, despite
the absence of prophage and plasmids. The large amount of ELPs in coral associated
Endozoicomonas suggests that Endozociomonas species might have broad host ranges for
different coral species or have coevolved with various coral hosts over time. However, what the
specific functions of these ELPs are, and why these ELPs are largely expanded with multiple
copies in the large Endozoicomonas genomes, are still unanswered and intriguing questions.

WD40 domain proteins and Ankyrin repeats are the two major ELPs in Endozoicomonas
genomes. The functions of ankyrin repeats have been proposed variously in different bacteria. For
instance, in the sponge Cymbastela cencentrica symbiont, ankyrin repeats may help bacteria avoid
phagocytosis by the predator amoeba (64) but, in human microphages, ankyrin repeats are used to
assist host-cell gene modulation (65). Recently, WD40 proteins in prokaryotes have gained more
attention (66-68) but their abundance is usually less than 1 % in bacterial genomes, and most of
them are reported from Cyanobacteria and Planctomycetes (68). The WD40 domain was first
described in association with cellular functions in eukaryotes(69) In prokaryotes the WD40
proteins are mostly annotated as serine/threonine protein kinase and participate in biological
processes or functions, such as ribosome assembly and transmembrane proteins(70). Interestingly,
WD40 proteins are the most abundant ELPs in the 8E genome, accounting for around 3% with
160 copies. The high number of WD40 proteins comprise various domains which are typically
composed of 7 to 16 repeating units. These variations in the domains result in various protein
functions with different physical and chemical properties (64). Notably, the abundance of WD40
proteins are proposed to be positively related with genome size(70). A similar phenomenon can be
found in the larger Endozoicomonas genomes (> 7Mb) (This study and (14)), not in the smaller
Endozoicomonas genomes. We herein propose ELPs play a key factor in Endozoicomonas-coral
host interactions and encourage more studies, especially on their cellular and physiological
functions. These studies will be helpful in gaining insights into molecular interactions in coral and
other organism holobionts.

Supplementary Methods



Morphological characterization

For colony morphological observation, the bacteria were separated by four ways streaking
on 1.5% agar and 0.1% glucose MMB medium and incubated for 4 days for single colony
formation at the fourth region. The single colony was observed using a dissecting microscope
(Leica E45, Germany).

For microscopic characterization, log-phase bacterial cells were collected, and the medium
was replaced by PBS to reduce the background non-target signal before adding a fixative buffer
(2.5% glutaraldehyde + 4 % paraformaldehyde/0.1M PBS) at 37 °C for 10 min. For bacterial
morphology observation, cells were mounted on grow-discharge carbon-formvar grids and stained
by 2% phosphotungstate for 1 s, and immediately rinsed by sterilized H20. For inner cell
structural characterizations, fix bacterial cells were then centrifuged at 4500 rpm for 5 min, and
the bacterial pellets were fixed in 2.5 % glutaraldehyde and 4 % paraformaldehyde in 0.1 M
sodium phosphate buffer, pH 7.0 at room temperature for 1 hour. After three 20 min buffer rinses,
the samples were post-fixed in 1% OsO4 in the same buffer for 1 hour at room temperature and
then rinsed in three 20 min changes of buffer. Samples were dehydrated in an alcohol series,
embedded in Spurr’s resin, and sectioned with a Leica Reichert Ultracut S or Leica EM UC6
ultramicrotome. The ultra-thin sections (70-90 nm) were stained with 5% uranyl acetate in 50%
methanol and 0.4% lead citrate in 0.1 N sodium hydroxide. General bacterial cell morphology and
bacterial cell ultra-thin sections were both observed using a FEI G2 Tecnai Spirit Twin
transmission electron microscope at 80 KV, and the images were taken with a Gatan Orius CCD
camera.

Except for the cell morphology grown in broth medium, we also observed the cell
morphology grown on agar. 8E was first grown on a Mmbv4 agar plate with 0.1% glucose for 5
days, 1 mm x 1 mm agars with few single colonies were cut and loaded on the medium-
containing stub, then frozen by liquid nitrogen slush. The frozen sample was transferred to the
sample preparation chamber at -160°C. After 5 minutes, the temperature was raised to -85°C, and
the samples were etched for 20 minutes. After coating at -130°C, the samples were transferred to
the SEM chamber and observed at -160°C and 20KV using a cryo scanning electron microscope
(FEI Quanta 200 SEM/Quorum Cryo System PP2000TR FEI).

Physiological and biochemical characteristics

Bacterial mobility was determined by stabbing a bacterial inoculum into the center of a semi-solid
MMB medium (0.5% agarose) and then observing for the diffuse zone of bacterial growth in the
agar tube. The Gram stain kit (Fluka, England) was used to differentiate the gram-positive or -
negative bacteria. To reveal the optimal growth characteristics of the newly isolated bacterium
(i.e., 8E) at specific pH, temperature, and salinity, bacteria at the log phase were used for all the
tests. The concentration of the bacteria was determined by spectrophotometry. A wavelength of
600 nm was used to measure bacterial concentration (Analytik Jena ScanDrop 250, Germany).
For the tests, bacteria were cultivated in seven different pH media from pH 4, 5, 6, 7, 8, 9 and 10;
seven different salinity media with 0, 0.5, 1, 2, 3, 4, 5% of NaCl; and nine different temperature
conditions, 10, 15, 20, 25, 28, 30, 33, 35, 40 °C. An API 20NE kit (bioMérieux, France) was used
to reveal biochemical characteristics of the bacterium. Tolerance to low oxygen was tested by
culturing 8E for 10 days in a 2.5 L Oxoid AnaeroGen (Thermo, USA) sealed jar system with a
carbon dioxide produced sachet for anaerobic environment generation. Activity of catalase (35 %
H202) and oxidase test (0.1% tetramethyl-p--phenylenediamine dihydrochloride, TMPD) were
examined independently by dropping the prepared solution on the smear bacterial culture directly.

Genome annotation and characteristics of Ca. E. ruthgatesiae SE



tRNA and rRNA genes were predicted by Aragorn (77) and Barrnap (72) respectively, and
coding sequences (CDS) were predicted by Prodigal. The three tools mentioned above were
integrated in Prokka v 1.14.6 (73). The annotation was completed using the default settings in
Prokka. To facilitate the comparison between 8E and other Endozoicomonas species, the
functional gene categories were classified by RAST (Rapid Annotation using Subsystems
Technology) (Aziz et al., 2008) (74) and visualized by the SEED viewer (75). Putative bacteriophages
in bacterial genomes were identified using PHASTER (76), and only prophages marked as
“intact” were recorded. WD40 domain protein and ankyrin repeat protein were specifically
annotated using NCBI Batch web CD search using the conserved domain database (CDD) v3.19
(77) with e-value < 0.001 and a maximum number of hits = 10. Tandem repeats were annotated by
Tandem Repeats Finder (TRF) v4.09 (78) with a maximum period size of 2000 bp. EffectiveELD
5.2 in EffectiveDB (79) was used to predict the number of eukaryotic-like domains and
eukaryotic-like domains secreted proteins with a minimum score of 4.

Delineation of genomic taxonomy

To analyze the phylogenetic relationship of 8E in the genus Endozoicomonas, all
sequences were first aligned using cmalign, a covariance model (CM) aligner included in the
Infernal package (80). The bacterial domain of the CM was obtained from the Rfam database
(81). A maximum likelihood tree was constructed using 1Q-Tree v.2.2.0-beta (58) with 1000
replicates of bootstraps analysis, and the best model, Blosum62+F+1+G4, was chosen by
ModelFinder (82). A consensus tree was generated by igtree (83) and visualized on iTOL (84)
UBCGs (Up-to-date bacterial core gene sets) (85) were used to concatenate and align 92 core
genes to further confirm the position of 8E in the family Endozoicomonadaceae. ANI and AAI
were calculated using the “ANI/AAl-matrix calculator” (86) and heatmaps were generated from R
(87) using the pheatmap (88) package.

Endozoicomonas genome comparison and visualization

The first base of the assembled genome of 8E was determined using the gene, dnaA, by
Seqgkit (89). A genomic atlas was generated by CG-View (90) and compared with other
Endozoicomonas genome by the BLASTn +2.12 with 0.001 expect value. Low identity regions
were manually checked by the Mauve rearrangement reviewer (97). The proteins in low identity
regions were picked and compared with other Endozoicomonas by phylogenetic tree
construction. Protein sequences were aligned by MAFFT version 7 (92) and consensus trees were
built and visualized using the same tool described before.

RNA extraction sequencing and gene expression analysis

The total RNAs were extracted using TRIzol reagent (Invitrogen, Thermo Fisher
Scientific, MA, USA) and followed procedures described in the manufacturer’s instruction.
Briefly, 1 mL TRIzol solution was added to the sample tube. Samples were mixed thoroughly by
vortexing for 30 s and incubated at room temperature for 5 mins. Phase separation was performed
with centrifugation (12,000 x g) at 4°C for 10 min. The upper aqueous phase was transferred to a
fresh tube. Then, 200 pl of chloroform was added to the sample tube, which was then incubated at
room temperature for 10 mins. Phase separation was performed again under the same condition.
The upper aqueous phase was transferred to a new tube and mixed with 500 pl isopropanol. After
the phase separation step (12,000 x g at 4°C for 8 mins), the supernatant was discarded. Then,
75% ethanol was used for washing the pellet twice. After removing the ethanol by centrifuge, the
RNA pellet was air dried and dissolved in nuclease-free water. Then, the RNA product was
quantitated using a Qubit RNA HS Assay kit and Qubit fluorometer, according to the



manufacturer’s instructions. The RNA integrity number (RIN) for each sample was measured
using Bioanalyzer 2100 (Agilent, USA). In the end, RNA-seq libraries were subjected to Illumina
sequencing on a HiSeq2500 (paired-end) at the NGS High Throughput Genomics Core of
Biodiversity Research Center in Academia Sinica, Taiwan.

Reads were first quality checked by FastQC (93), and mapped onto the 8E genome using
Bowtie 2 (94). FeatureCounts (95) was used to assign reads to genomic features. To compare the
transcriptomic expression between treatment (DMSP addition) and control (without DMSP
addition), the DESeq2 package (96) in R was used to normalize reads and generate Log fold
changes on gene expression levels. Two different conditions of two DMSP degraders were
compared: 8E (1) 0 hr control vs. 6 hr control, (2) 6 hr control vs. 6 hr treatment; and E.
acroproae (1) 0 hr control vs. 8 hr control, (2) 8 hr control vs. 8 hr treatment. Pathway prediction
was done using the web based BlastKOALA (97) and the gene was manually picked up for
heatmap classification using the package pheatmap (88) in R.

DMSP and DMS calibration curve

We used two different mediums for the assay and prepared two calibrations, one for each
of the mediums, to avoid unexpected ingredients affecting the efficiency of alkaline lysis of the
DMSP in the supernatant. Five DMSP standards were prepared (minimal medium: 0.025 mM,
0.05 mM, 0.1 mM, 0.15 mM, 0. 2mM) (MMB: 0.025 mM, 0.05 mM, 0.1 mM, 0.25 mM, 0.5
mM), and 1 mL of each was added to a 20 mL sealed vial with 0.1mL 5M NaOH (alkaline lyase),
respectively, and incubated in the dark at 25 °C, 200 rpm for 30 min. After that, 500 pl of
headspace gas was extracted using a gastight syringe and injected manually into GC (using the
same program mentioned above). The peak area was collected for the calibration curve, and each
concentration had three replicates.

For DMS gas quantification, two ranges of calibration curves (2.8-14ppm, 80-400 ppm)
were prepared. For making two distinct ranges of DMS concentration, 1 and 2 pl of 99.9% DMS
(MW;62.130, 0.864 g/cm?) liquid were extracted using a micro-gastight syringe and injected into
a 1200- and 500-ml serum bottle, respectively. The 80 T heated ovens were prepared for
complete evaporation of DMS, and the serum bottles were kept in the oven before sample
extraction. To create five concentration gradients, different volumes (low concentration: 0.01 ml,
0.025 ml, 0.040 ml, 0.060 ml, 0.080 ml; high concentration: 0.06 ml, 0.12 ml, 0.18 ml, 0.24 ml,
and 0.3 ml) were used. The injection procedure was the same as previously mentioned. DMS
concentration was calculated using the following equation DMS(mg/mS) =

10°m
[DMS(extraction volum pul) X DMSdensity(kg/L) X (L/106ul) X ( g/kg)]/

[serum bottle volume,y x (m3/106ml) :

Not all DMS cleavage by bacteria was released from the medium to the headspace. Hence,
the dissolved DMS has been estimated and depends on the Bunsen solubility coefficient (5;)
using the protocol developed by S. Hamilton in 2006. In this calculation, we assumed the salinity
of the medium was negligible, and the barometric pressure was 1 in the experiment vessel whose
headspace volume was 0.2 L, and liquid volume was 0.1 L at 25 .

8E distribution around the Indo-Pacific region

Four different coral microbial community studies were included for the 8E distribution
analysis: first, a bacterial community study focused on Acropora muricata in Taiwan, Okinawa
and Kochi published from our lab (98) second and third, studies that collected coral microbial
communities in West Australia (99)and the Davies Reef (100) and fourth, a study which targeted
two different coral species in the Red Sea, A. hemprichii and Pocillopora verrucosa. All 16S



microbial amplicon raw sequences were downloaded from NCBI and had the amplicon primers
removed by QIIME2 (107) cutadapt function. We denoised the sequences using DADA2
binding in QIIMEZ2 and removed rare ASVs with read counts less than 2, then assigned
taxonomy. Similarity searches were performed on all ASV sequences collected from four
different studies against 7 copies of 8E 16S rRNA sequences with local blastn. Only the ASVs
that fit the criteria "identity > 99%, e-value < 1e-5, mismatch and gaps < 3 " could be identified
as 8E. The map was drawn using R (102), ggplot2 (103) package.

Supplementary figures and tables
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fig. S1 Phylogenetic tree of identical characteristics of 8E and other Endozoicomonas
species. (A) WD40 repeat. 160 WD40 domain proteins have been annotated and separated to
four different regions in the 8E genome. There are 47 WDA40 proteins scattered from around
0.197Mbp to 0.331Mbp (Aa), 34 proteins at around 3.49Mbp to 3.64Mbp (Ab), 38 proteins from
4.62Mbp to 4.78Mbp (Ac), and 23 proteins from around 5.50Mbp to 5.79Mbp (Ad). The relative
location is marked on the upper 8E genome. (B) Ankyrin repeats. 66 ankyrin repeats have been
annotated and 56 are of ankyrin repeat containing proteins, and ankyrin repeats (3 copies) mix at
around 0.436Mbp to 0.744Mbp. The relative location is marked as 2 on the 8E genome. (C)
Midasin AAA ATPase. The 23 proteins located at around 0.966Mbp to 1.23Mbp, marked as 3
on the 8E genome. The relative location is marked as 5 on the upper 8E genome. The outgroups
of Parendozoicomonas haliclonae WD40 protein, ankyrin repeats (3 copies), Marinospirillum
celere Ankyrin repeat-containing protein, Campylobacter curvus Midasin AAA ATPase,
Thalassolituus oleivorans chromosome segregation protein was all obtained from UniProtkKB and
include accession numbers at the end. Multiple protein sequences were inferred from the MAFFT
alignment, after that maximum likelihood tree were calculated by igtree with 1,000 replications.
The minimum bootstrap values were 80 and marked with a light blue circle on the branching
points of the trees.
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fig. S2 The number of eukaryotic like domain and putative secreted protein in
Endozoicomonas species and obligate symbiotic bacteria.

The bar chart shows the number of high score secreted proteins annotated by EffectiveELD with
minimal ELD score > 4. Green spots belong to Endozoicomonas species and blue spots are
obligate symbiotic bacteria. The input protein sequences were annotated by Prokka v1.14.6 and
the original genome files, except Ca. E. ruthgatesiae, were obtained from the NCBI database
(table S4).
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fig. S3 The heatmap of the overall pathway based on the average normalized count.

Raw read was normalized by DESeq?2 and on average all genes participated in the specific
pathway according to the KEGG annotation. A red star indicates that the differences of
normalized count are 10 times more in the 6hr/8hr treatment than in the 6hr/8hr control, and a
blue star indicates the opposite. The numbers on the color bar correspond to the logarithm of
normalized counts. (A) Ca. E. ruthgatesiae 8E overall pathway heatmap. (B) E. acroporae
Acr-147T overall pathway heatmap. The left two columns are the control (without DMSP), and
the right column is the treatment (with DMSP).
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(A) 34S-label position on the DMSP and the tracer metabolic expected pathway. %S was
expected to be released out of the cells along with the DMS production. (B) 3 3C-label position
on the DMSP and the tracer expected metabolic pathway. One 3C label compound was
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expected to stay in the cell and participate in the bacterial central carbon metabolism.
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(A) "TH-NMR spectrum. a: [1-13C] DMSP; b: DMSP; and c: [1,2,3-13C3] DMSP. (B) *C-NMR.
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fig. S6 The DMSP dose-dependent assay of two Endozoicomonas species.

The assay was performed to detect bacterial proliferation with different concentrations of DMSP.
Each treatment with a specific DMSP concentration has three replicates. Control samples are
minimum medium/0.2% casamino acid added only; test samples were treated with different
concentrations (i.e., 0.1 mM, 1.0 mM, 3.0 mM, and 5 mM) of DMSP in minimum medium/ 0.2%
casamino acid added.
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fig. S7 Ca. E. ruthgatesiae prevalence and abundance around the Indo-Pacific Ocean.

Four studies were included for amplicon sequence variant (ASV) analysis, and a similarity search
was performed by including and comparing all ASVs against Ca. E. ruthgatesiae 16S rRNA gene
sequences with local blastn. The yellow region in one pie chart represents the prevalence of Ca. E.
ruthgatesiae in all samples of the study, and in the other pie chart, represents the mean abundance
of the whole microbiome (identified at identity >99%, e-value < 1e-5, and mismatch & gap <3).
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fig. S8 Endozoicomonas species functional annotation by RAST tool kit (RASTtK).

(A) RAST subsystem feature distribution, showing percentage of annotated genes in each
feature. (B) Percentage of genes related to Cofactors, Vitamins, Prosthetic Groups, and
Pigments. (C) Percentage of genes related to Protein metabolism. (D) Percentage of genes
related to Amino acid and derivates.



table S1, Differential phenotypic characteristics of Candidatus Endozoicomonas ruthgatesiae
and other Endozoicomonas species.

Characteristics Ca. E. E.numuensis  E.arenosclerae  E.atrinae  E.elysicola  E. acroporae  E. ascidiicola
E.ruthgatesiae ~ montiporae HC50™ CBAS572™ WP70™  MKT110™ Acr-14""  AVMARTO05™
8E (This CL-33""
study)
Isolated source Hexacoral Hexacoral :Marine sponge: Marine sponge : Comb pen: Sea slug Hexacoral Ascidians
shell
Pale creamy
Colony pigment Beige Beige” White/yellowi Cream? Beige * Beige* : Cream white”: Margins*
(medium) sh brown #
Cell size (um) 1.6-4.0 1.0- 3.0-10 x 0.4- 0.5-1.0 (diameter):  0.7-  0.4-0.6 x1.8- 2.0- 0.3-0.7x1.2-
x0.4-08 3.0 x 0.5-0.7 0.8 1.0x1.2-3.6 2.2 3.0 x 0.5-0.8 11.3
Relation to O2 A A FAN A A A A FAN
Motility - + - + - + - +
Catalase activity + + + ND + + + +
Oxidase activity + + + ND + + + +
Optimum /Growth 25 /20-35 25 /15-35 25/15-37 20-30/12-35 | 30/15-37 25-30/4.0-37; 30/ 20-35 23/5-27
temperature
Optimum / Growth | 7.0/6.0-9.0 8.0/6.0-10  7.5-8.0/5.5- ND 7.0/6.0-9.0 ND 7.0/5.0-10 ' 6.0-7.0/6.2-
pH 9.0 8.3
Optimum /Growth 10,20 /5-40 20/10-50 20/10-50 30 /20-50 20/10-40 . >0/>0 20/10-50 1.0/0.5-5.0
NaCl (PSU)
Alkaline phosphatase + + + +* + ND + +
Esterase + - + = + ND + +
Lipase + - + - - ND + -
Leucine arylamidase + + + ND + ND + +
Valine arylamidase + - + ND + ND + +
Cystine arylamidase + — — ND — ND + —
Trypsin + — - ND + ND — +
a-chymotrypsin - - - ND - ND — —
Acid phosphatase + + + ND + ND +
Naphthol-AS-BI- - + + ND + ND + +
phosphohydrolase
a-galactosidase - - — ND + ND - —
B-galactosidase - - - = + ND - -
B-glucuronidase — — - ND + ND — —
B-glucosidase - - - — — ND - —
N-acetyl- - - - - +7 + ND - +
glucosaminidase
a-mannosidase - - - ND — ND - -
a-fucosidase - - - ND - ND — —

** phenotypic data obtained from genomic sequences. # Bacterial colonies were growth on

Marine agar.



table S2, Endozoicomonas genome characteristics

. r t .
End.o Z0icomonas a(:::r(l)llll:ley Cl(\)llsl:)lg contigs cog't(e:nt CDS R R Prophage d‘(YnI::iOn ilél;z:tn DddD
strains size (Mb) (bp) (%) i i protein protein
Ca. E. ruthgatesie 8E 7.37 (99.14) 7,377,917 1 48 5229 22 88 0 160 66 +
E. acroporae Acr-14" 6.05(98.56) 47,658 309 49.2 4821 18 78 1 23 97 +
E. acroporae Acr-1* 6.03 (98.99) 56,565 299 49.3 4,872 6 77 3 22 97 +
E. acroporae Acr-5* 6.03(98.99) 58,040 295 49.3 4,872 7 80 3 22 97 +
E. montiporae CL-33T 5.43(98.99) 1,612,341 3 485 4,808 22 114 2 4 1 —
E. arenosclerae CBAS572T | 6.45(99.14) 44,889 328 47.0 5614 25 118 1 3 4 -
E?ﬁfﬁﬂ; 6.51(97.63) 42,432 300 46.0 5650 16 73 1 4 13 -
E. atrinae WP70T 6.68(98.92) 21,158 985 47.1 4880 15 81 0 0 10 -
E. elysicola MKT110" 5.61(98.98) 481,336 21 46.8 4526 21 85 0 0 8 -
E. numazuensis HC50™ 6.34 (99.14) 124,905 131 47.1 5177 9 90 1 7 6 -
E;ff;;’;ﬁomonas Sp- 6.82(99.78) 99815 507 400 6029 2 59 0 1 10 -
Endozoicomonas sp. G2-1# | 4.12(99.21) 233,877  46.05 425 3734 5 83 0 1 1 +
Endozoicomonas sp. AB1 4.04 (94.85) 20,472 284 46.0 3376 2 42 ND ND ND -
Ezlriirllg:;gicomonas 546 (99.57) 458274 69 515 4645 7 98 ND ND ND _
Kistimonas asteriae 5.01(99.57) 199,845 49 51.4 4289 8 93 ND ND ND -




table. S3. The DddD protein identity of Ca. E. ruthgatesiae and other DddD-containing
Gammaproteobacteria

Ca. E. ruthgatesiae (%)
Endozoicomonas sp. YOMI1 93.182
Endozoicomonas sp. ONNA1 92.703
Marinobacter zhejiangensis [SFM33971.1] 75.866
Pseudomonas sp. SJZ079 [TWC34159.1] 75.598
Marinobacter mobilis [SDX71985.1] 75.747
Marinobacter sp. JH2 [QBM19223.1] 74.791
Amphritea atlantica [SER18761.1] 73.596
Pseudomonas guineae [SFI11272.1] 74.313
Pseudomonas sp. J465 [ACY01992.1] 74.910
Marinomonas aquiplantarum [RBO85988.1] 70.167
Marinomonas rhizomae [RBP79500.1] 69.809
Moritella sp. JT01 [KX007111.1] 69.498
Marinomonas balearica [TD098802.1] 69.056
Endozoicomonas sp. G2_1 67.900
Endozoicomonas acroporae Acr 1 68.225
Endozoicomonas acroporae Acr 5 68.225
Endozoicomonas acroporae Acr 147 68.225
Marinomonas pollencensis [REG86934.1] 66.428
Endozoicomonas sp. SESOKO1 68.176
Endozoicomonas sp. ONNA2 67.386
Marinomonas fungiae [CUB04494.1] 65.476
Grimontia indica [EOD79702.1] 62.127
Pseudomonas chlororaphis subsp. aureofaciens [AZD92653.1] 59.304
Pseudomonas putida [AMK30774.1] 59.259
Granulosicoccus antarcticus IMCC3135 [ASJ71256.1] 55.875
Halomonas sp. HTNK1 [ACV84065.1] 54.012
Psychrobacter sp. JB385 [SIN22021.1] 54.524
Psychrobacter sp. J466 [ACY02894.1] 52.758
Pseudomonas sp. NFR09 [SET63727.1] 42.788




table S4. Number of reads for Transcriptomic analysis at different stages

Ca. E. ruthgatesiae 8E

Time points (hr) 0 6 6
Treatments Without DMSP Without DMSP With DMSP
Replicate 1 2 3 1 2 3 1 2 3
QC check 13,441,846 12,022,407 11,485,312 11,088,084 10,537,288 11,910,898 10,443,195 11,449,719 13,983,154
Phred score 37.62 37.56 37.62 37.56 37.56 37.59 37.60 37.57 37.61
Mapping to bacterial genome 13,313,402 11,894,683 11,364,048 10,975,052 10,443,432 11,786,988 10,354,373 11,347,671 13,825,245
(alignment rate %) (99.04%)
(98.94%) (98.94%) (98.98%) (99.11%) (98.96%) (99.15%) (99.11%) (98.87%)
Assigned to transcripts 12,194,899 10,919,295 10,448,497 10,248,524 9,645,204 10,849,819 9,569,331 10,439,729 12,698,793
E. acroporae Acr-147
Time points (hr) 0 8 8
Treatments Without DMSP Without DMSP With DMSP
Replicate 1 2 3 1 2 3 1 2 3
QC check 10,123,608 9,969,432 10,011,479 10,214,200 10,395,201 10,492,924 10,375,195 11,200,996 12,238,878
Phred score 37.49 37.46 37.48 37.52 37.50 37.58 37.57 37.56 37.55
Mapping to bacterial genome 10,017,887 9,875,021 9,843,561 10,120,982 10299898 10,405,533 10,276,746 11,133,864 12,072,400
(alignment rate %) (98.56%)
(98.42%) (97.73%) (98.56%) (98.40%) (98.70%) (98.53%) (98.70%) (98.44%)
Assigned to transcripts 9,146,330 9,168,171 9,111,140 9,123,576 9,309,553 9,432,910 9,392,321 10,162,624 10,971,733




tableS5, Genome accession number obtained from NCBI used in this study.

Bacterial genome

GeneBank assembly accession

Endozoicomonas montiporae CL-337
Endozoicomona numazuensis HC50"
Endozoicomona arenosclerae CBAS5727
Endozoicomona atrinae WP70"
Endozoicomona elysicola MKT1107
Endozoicomona acroporae Acr-147
Endozoicomona acroporae Acr-1
Endozoicomona acroporae Acr-5
Endozoicomona ascidiicola AVMART05T
Endozoicomona sp. AP1-3
Endozoicomona sp. Tanguisson_1
Endozoicomona sp. SM1973
Endozoicomona sp. G2_1
Endozoicomonas sp. AB1
Endozoicomonas sp. ONNAL
Endozoicomonas sp. YOMI1
Endozoicomonas sp. ONNA2
Endozoicomonas sp. SESOKO1
Parendozoicomonas haliclonae
Kistimonas asteriae

Legionella pneumophila
Mycobacterium leprae

Salmonella enterica

GCA_001583435.1
GCA_000722635.1
GCA_001562015.1
GCA_001647025.2
GCA_000710775.1
GCA_002864045.1
GCA_010994335.1
GCA_010994325.1
GCA_001646955.1
CP114886
CP114771
GCA._013425485.1
GCA_017744155.1
GCA_001729985.1
GCA_024606325.1
GCA_024606345.1
GCA_024606365.1
GCA_024606265.1
GCA_900174585.1
GCA_018263925.1
GCA_001753085.1
GCF_001457695.1
GCF 003718315.1




table S6. DMSP cleavage gene containing Endozoicomonas

Endozoicomonas species

DMSP cleavage gene

Coral Host

Completed
operon

Ca. E. ruthgatesiae (This study)

E. acorporae

Endozoicomonas sp. G2_1
Endozoicomonas sp. ONNA1
Endozoicomonas sp. ONNA2
Endozoicomonas sp. SESOKO1
Endozoicomonas sp. YOMI1
Endozoicomonas sp. AP1-3
Endozoicomonas sp. Tanguisson_1
E. ‘pistillata’ typeB

dddD
dddD
dddD
dddD
dddD
dddD
dddD
dddD
dddD
dddpP

Acropora sp.
Acropora sp.
Acropora cyntherea
Acropora tenuis
Acropora tenuis
Acropora tenuis
Acropora tenuis
Acropora pulchra
Acropora pulchra
Stylophra pistillata

Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
unknown
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