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Genome sequences of four novel Endozoicomonas strains 
associated with a tropical octocoral in a long-term 
aquarium facility

Matilde Marques,1,2 Daniela M.G. da Silva,1,2 Elsa Santos,3 Núria Baylina,3 Raquel Peixoto,4 Nikos C. Kyrpides,5 Tanja Woyke,6 William 
B. Whitman,6 Tina Keller-Costa,1,2 Rodrigo Costa1,2
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ABSTRACT We report the genome sequences of four Endozoicomonas sp. strains 
isolated from the octocoral Litophyton maintained long term at an aquarium facility. 
Our analysis reveals the coding potential for versatile polysaccharide metabolism; Type 
II, III, IV, and VI secretion systems; and the biosynthesis of novel ribosomally synthesized 
and post-translationally modified peptides.

KEYWORDS Chitinases, Endozoicomonadaceae, host-microbe interactions, coral 
holobiont, symbiosis, bacteria

T he bacterial genus Endozoicomonas (Pseudomonadota, Endozoicomonadaceae) is a 
subject of increasing research interest owing to its widespread association with 

marine animals, particularly corals (1–4). However, Endozoicomonas spp. are typically 
difficult to cultivate and maintain in the laboratory (3, 4).

We report the genomes of four Endozoicomonas strains isolated from two Litophy
ton sp. specimens kept in a 19-m3 tropical exhibition aquarium at the Oceanário de 
Lisboa, Portugal. Host-derived microbial cell suspensions were retrieved as described 
previously (2). One gram of coral tissue was homogenized in 9 mL of sterile Ca2+- and 
Mg2+-free artificial seawater (2). The homogenate was serially diluted, plated separately 
on marine agar diluted 1:2 and R2A diluted 1:10 media, and incubated at 21°C for 4 
weeks. Genomic DNA of single colonies was extracted from cultures freshly grown in 1:2 
marine broth using the Wizard Genomic DNA Purification kit (Promega, USA). Purity was 
confirmed by Sanger sequencing of 16S rRNA genes amplified from genomic DNA using 
universal primers (F27 and R1492). Taxonomy assignment was performed with the SILVA 
Alignment, Classification, and Tree Service (v1.2.12) and database (v138.1). The same 
genomic DNA samples were used for genome sequencing at the DOE Joint Genome 
Institute (JGI) using PacBio sequencing technology (5). For each sample, genomic DNA 
was sheared to 6–10 kb, treated using SMRTbell Express Template Prep Kit 3.0, and 
purified with SMRTbell cleanup beads (PacBio). The purified product was enriched 
using barcoded amplification oligos (IDT) and SMRTbell gDNA Sample Amplification 
Kit (PacBio). A 10-kb PacBio SMRTbell library was constructed and sequenced on 
the PacBio Revio system using HiFi chemistry. Raw reads were quality-filtered as per 
the JGI standard operating practice (SOP) protocol 1061 using BBTools v.38.86 (http://
bbtools.jgi.doe.gov). Filtered reads >5 kb were assembled using Flye v2.8.3 (6). Organism 
and project metadata were deposited in the Genomes OnLine database (7). Contigs 
were annotated using the NCBI Prokaryotic Genome Annotation Pipeline (PGAP v.6.7) 
(8) and the DOE-JGI Microbial Genome Annotation Pipeline (MGAP v.4) (9) coupled to 
the Integrated Microbial Genomes and Microbiomes system v7 (IMG/M) for comparative 
analyses (10). Genome completeness and contamination were assessed with CheckM 

January 2025  Volume 14  Issue 1 10.1128/mra.00833-24 1

Editor Elinne Becket, California State University San 
Marcos, San Marcos, California, USA

Address correspondence to Rodrigo Costa, 
rodrigoscosta@tecnico.ulisboa.pt, or Tina Keller-
Costa, tinakellercosta@tecnico.ulisboa.pt.

Matilde Marques and Daniela M.G. da Silva 
contributed equally to this article. Author order was 
determined in order of increasing seniority.

The authors declare no conflict of interest.

See the funding table on p. 5.

Received 25 July 2024
Accepted 26 October 2024
Published 9 December 2024

Copyright © 2024 Marques et al. This is an open-
access article distributed under the terms of the 
Creative Commons Attribution 4.0 International 
license.

http://bbtools.jgi.doe.gov
https://crossmark.crossref.org/dialog/?doi=10.1128/mra.00833-24&domain=pdf&date_stamp=2024-12-09
https://doi.org/10.1128/mra.00833-24
https://creativecommons.org/licenses/by/4.0/


TA
BL

E 
1 

G
en

er
al

 s
eq

ue
nc

in
g 

st
at

is
tic

s 
an

d 
ge

no
m

e 
fe

at
ur

es
 o

f t
he

 E
nd

oz
oi

co
m

on
as

 s
p.

 re
po

rt
ed

 in
 th

is
 s

tu
dy

Strain
a

Genome size

(Mb)

GC content

(%)

Genome

coverage (x)

Number of

contigs

Contig N50

(Mb)

Number of

reads
b

Average read

length (bp)
b

Estimated

Completeness (%)

Estimated

Contamination (%)

Co
un

ts
c

GenBank

accession number

SRA accession

number

Bioproject

accession number

Biosample

accession number

Genes

CDs

RNA

rRNA

tRNA

ncRNA

COG
d

Pfam
d

N
E3

5
5.

5
49

.0
18

7.
0

4
5

1,
78

8,
95

7|

3,
24

2

10
,3

18
 ±

 

3,
19

3.
2|

9,
97

1 
± 

3,
27

5.
8

99
.0

8
4.

41
4,

95
5*

| 

4,
86

1†

4,
82

8*
|

4,
66

7†

13
7†

25
*|

 2
5†

97
*|

 1
07

†
5†

3,
45

٭8
4,

93
٭3

JB
EW

TA
00

0

00
00

00

SR
R2

80
58

47

2

SR
R2

80
58

47

3

PR
JN

A
10

75
8

03

SA
M

N
39

94
5

17
7

N
E4

0
5.

5
49

.0
20

2.
0

3
5.

1
7,

82
6,

89
9|

10
,0

98

9,
47

7 
± 

2,
41

0.
7|

9,
29

0 
± 

2,
55

6.
6

99
.1

4
4.

19
4,

94
7*

| 

4,
84

9†

4,
82

0*
|

4,
65

7†

13
7†

25
*|

 2
5†

97
*|

 1
07

†
5†

3,
45

٭8
4,

93
٭3

JB
EW

TB
00

0

00
00

00

SR
R2

80
58

71

9 SR
R2

80
58

7

20

PR
JN

A
10

75
8

04

SA
M

N
39

94
5

18
4

N
E4

1
5.

5
49

.0
19

5.
0

6
5

3,
59

4,
92

9|

5,
04

5

10
,6

17
 ±

 

2,
88

3.
3|

10
,0

03
 ±

 

2,
86

0.
4

99
.0

3
4.

08
4,

98
1*

| 

4,
88

8†

4,
85

6*
|

4,
69

9†

13
7†

25
*|

 2
5†

97
*|

 1
07

†
5†

3,
44

٭9
4,

92
٭9

JB
EW

TC
00

0

00
00

00

SR
R2

80
58

71

2 SR
R2

80
58

7

13

PR
JN

A
10

75
8

05

SA
M

N
39

94
5

18
1

N
E4

3
5.

5
49

.0
19

6.
0

3
5.

1
4,

03
4,

15
2|

6,
01

7

10
,2

90
 ±

 

2,
78

5.
9|

9,
88

4 
± 

2,
80

7.
1

99
.2

1
4.

41
4,

94
1*

| 

4,
85

5†

4,
81

4*
|

4,
66

7†

13
7†

25
*|

 2
5†

12
2*

| 1
07

†
5†

3,
46

٭3
4,

93
٭9

JB
EW

TD
00

0

00
00

00

SR
R2

80
58

71

7 SR
R2

80
58

7

18

PR
JN

A
10

75
8

06

SA
M

N
39

94
5

18
5

a A
ll 

st
ra

in
s 

re
po

rt
ed

 in
 t

hi
s 

st
ud

y 
ha

ve
 b

ee
n 

is
ol

at
ed

 f
ro

m
 t

he
 o

ct
oc

or
al

 h
os

t 
Li

to
ph

yt
on

 s
p.

 S
tr

ai
ns

 N
E3

5,
 N

E4
1,

 a
nd

 N
E4

3 
w

er
e 

is
ol

at
ed

 f
ro

m
 t

he
 s

am
e 

sp
ec

im
en

 o
n 

M
A

 1
:2

, w
he

re
as

 s
tr

ai
n 

N
E4

0 
w

as
 is

ol
at

ed
 f

ro
m

 a
 s

ec
on

d 
sp

ec
im

en
 o

n 
R2

A
 1

:1
0 

m
ed

iu
m

.
b Va

lu
es

 p
er

 ru
n 

on
 tw

o 
di

ffe
re

nt
 S

M
RT

 c
el

ls
. S

RA
 a

cc
es

si
on

s 
ar

e 
pr

ov
id

ed
 p

er
 ru

n.
c A

nn
ot

at
io

n 
w

as
 p

er
fo

rm
ed

 u
si

ng
 th

e 
D

O
E-

JG
I M

ic
ro

bi
al

 G
en

om
e 

A
nn

ot
at

io
n 

Pi
pe

lin
e 

(M
G

A
P 

v.
4)

٭) 
) a

nd
 th

e 
N

CB
I P

ro
ka

ry
ot

ic
 G

en
om

e 
A

nn
ot

at
io

n 
Pi

pe
lin

e 
(P

G
A

P 
v.

6.
7)

 (†
).

d A
nn

ot
at

io
n 

fil
es

 a
re

 p
ub

lic
ly

 a
cc

es
si

bl
e 

on
 Z

en
od

o 
(h

tt
ps

://
do

i.o
rg

/1
0.

52
81

/z
en

od
o.

13
86

31
25

).

Announcement Microbiology Resource Announcements

January 2025  Volume 14  Issue 1 10.1128/mra.00833-24 2

https://ncbi.nlm.nih.gov/nuccore/JBEWTA000000000
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058472
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058473
https://www.ncbi.nlm.nih.gov/bioproject/1075803
https://ncbi.nlm.nih.gov/biosample/SAMN39945177
https://www.ncbi.nlm.nih.gov/nuccore/JBEWTB000000000
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058719
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058720
https://www.ncbi.nlm.nih.gov/bioproject/1075804
https://www.ncbi.nlm.nih.gov/biosample/SAMN39945184
https://www.ncbi.nlm.nih.gov/nuccore/JBEWTC000000000
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058712
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058713
https://www.ncbi.nlm.nih.gov/bioproject/1075805
https://www.ncbi.nlm.nih.gov/biosample/SAMN39945181
https://www.ncbi.nlm.nih.gov/nuccore/JBEWTD000000000
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058717
https://trace.ncbi.nlm.nih.gov/Traces/sra?run=SRR28058718
https://www.ncbi.nlm.nih.gov/bioproject/1075806
https://www.ncbi.nlm.nih.gov/biosample/SAMN39945185
https://doi.org/10.5281/zenodo.13863125
https://doi.org/10.1128/mra.00833-24


(v1.2.3) (11). AntiSMASH v7.1 (12) was used to identify secondary metabolite biosynthetic 
gene clusters (SM-BGCs). Default parameters were used for all software, unless otherwise 
specified.

Sequencing statistics and genome features are shown in Table 1. Average nucleo
tide identities (ANIs), calculated with FastANI v0.1.3 on KBase (13, 14), among strains 
NE35, NE40, NE41, and NE43, were above 99.9% in all pairwise comparisons. All four 
strains shared approximately 89.3% ANI with their closest relative, as determined by 
phylogenomics, including all Endozoicomonas-type strains with a publicly available 

FIG 1 Presence and abundance of select functional features of the Endozoicomonas sp. genomes 

described in this study. Values of each entry represent the numbers of coding sequences assigned to 

Pfam (top) and COG (middle) functions per genome (https://doi.org/10.5281/zenodo.13863125), and 

the number of SM-BGCs (bottom) coding for major compound classes identified with antiSMASH v.7.0 

(https://doi.org/10.5281/zenodo.13683288).
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genome: Endozoicomonas gorgoniicola PS125T (GCA_025562715), also isolated from an 
octocoral (15).

All four genomes encode several glycoside hydrolases, featuring chitinase, polysac
charide deacetylase, N-acetylglucosaminidase, and beta-galactosidase-encoding genes, 
congruent with the emerging view of complex carbon metabolism among Endozoicomo
nadaceae spp. associated with marine invertebrates (16–18). Multiple protein domains 
underlying Type II, III, IV, and VI secretion systems were predicted to be encoded in all 
genomes. Additionally, three CRISPR–Cas antiviral defense systems, several eukaryotic-
like repeat protein motifs, and the potential to synthesize putatively novel ribosomally 
synthesized and post-translationally modified peptides, among other natural products, 
were encoded (Fig. 1).
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