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ABSTRACT Here, we report the draft genome sequences of 10 marine Pseudoaltero-
monas bacteria that were isolated, assembled, and annotated by undergraduate students
participating in a marine microbial genomics course. Genomic comparisons suggest that 7
of the 10 strains are novel isolates, providing a resource for future marine microbiology
investigations.

The genus Pseudoalteromonas comprises numerous marine species that are found
in association with marine plants and animals (1). Some Pseudoalteromonas species

produce compounds that inhibit the fouling of marine surfaces by invertebrates and
algae (2), while others stimulate the metamorphosis of tubeworms, urchins, and corals
(3). Many pseudoalteromonads possess the ability to produce diverse specialized
metabolites (4–6), providing an understudied resource for biotechnology.

To engage undergraduates in discovery-based research, 10 purified isolates were
cultured, and their genomes were sequenced, assembled, annotated, and analyzed by
students participating in a marine microbial genomics (MMG) course at San Diego
State University. The strains were collected from various marine organisms or objects
using sterile cotton swabs (Table 1). A single colony of each strain was obtained on ma-
rine agar 2216 (BD Difco, Franklin Lakes, NJ, USA) and incubated at 25°C for 24 to 48 h.
Colonies were transferred to marine broth 2216 and incubated for 24 to 48 h at 25°C
before storage and DNA isolation. Genomic DNA was extracted using a Quick-DNA fun-
gal/bacterial miniprep kit (Zymo Research, Irvine, CA, USA). 16S rRNA gene (27F-1492R)
Sanger sequencing (Eton Biosciences, San Diego, CA, USA) classified all strains as being
within the Pseudoalteromonas genus (.98% identity, .97% coverage). DNA was sub-
mitted to the Microbial Genome Sequencing Center (Pittsburgh, PA, USA) for library
preparation (Illumina DNA prep kit; San Diego, CA, USA) and whole-genome sequenc-
ing (NextSeq 550; Illumina), producing 2 � 150-bp paired-end reads. Reads were
trimmed using Trim Galore v0.6.1 (7), assembled using Unicycler v0.4.8 (8), integrated
in PATRIC v3.6.9 (9), and annotated using the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) v5.1 (10) with default parameters. General features of each genome
are listed in Table 1.

To identify and compare the genomes of the newly sequenced strains with their
nearest publicly available genomes, we used the Mash/MinHash search (9, 11) and cal-
culated the average nucleotide identity (ANI) using EZBioCloud (12). Of the 10
genomes, 7 possessed ANI values that are below the 95% threshold that delineates
species (13), suggesting that they are novel isolates (Table 1). When grown on marine
agar 2216, all strains possessed pigmentation (Table 1) (14). When analyzed using
antiSMASH v5.0 (15), the genomes were found to possess from 2 to 25 specialized

Citation Alker AT, Gode BS, Aspiras AE, Jones
JE, Michael SR, Aguilar D, Cain AD, Candib AM,
Cizmic JM, Clark EA, Cozzo AC, Figueroa LE,
Garcia PA, Heaney CM, Levy AT, Macknight L,
McCarthy AS, McNamara JP, Nguyen KA, Rollin
KN, Salcedo GY, Showalter JA, Sue AD, Zamro
TR, Dunbar TL, Malter KE, Shikuma NJ. 2021.
Draft genome sequences of 10 bacteria from
the marine Pseudoalteromonas group.
Microbiol Resour Announc 10:e00404-21.
https://doi.org/10.1128/MRA.00404-21.

Editor Catherine Putonti, Loyola University
Chicago

Copyright © 2021 Alker et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Nicholas J.
Shikuma, nshikuma@sdsu.edu.

Received 20 April 2021
Accepted 16 July 2021
Published 12 August 2021

Volume 10 Issue 32 e00404-21 mra.asm.org 1

GENOME SEQUENCES

https://orcid.org/0000-0002-4428-0978
https://orcid.org/0000-0001-5518-5020
https://doi.org/10.1128/MRA.00404-21
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00404-21&domain=pdf&date_stamp=2021-8-12


TA
B
LE

1
G
en

om
e
fe
at
ur
es

an
d
m
et
ad

at
a
of

10
Ps
eu
do

al
te
ro
m
on

as
st
ra
in
sa

,b

St
ra
in

C
lo
se
st
st
ra
in
,

as
se
m
b
ly

ac
ce
ss
io
n
n
o.

A
N
I

(%
)

G
en

om
e

si
ze

(M
b
)

N
5
0
(b
p
)

G
C
(%

)

N
o.

of
ra
w

re
ad

s
N
o.

of
co

n
ti
g
s

C
ov

er
ag

e
(×

)
C
ol
on

y
p
ig
m
en

t

N
o.

of
sp

ec
ia
liz
ed

m
et
ab

ol
it
e

g
en

e
cl
us
te
rs

m
ac
B

E
va

lu
e

m
ac
S

E
va

lu
e

m
ac
T

E
va

lu
e

Is
ol
at
io
n

or
ig
in

Is
ol
at
io
n

lo
ca
ti
on

SR
A
ac
ce
ss
io
n

n
o.

G
en

om
e
ac
ce
ss
io
n

n
o.

M
M
G
00

1
Ps
eu
do

al
te
ro
m
on

as
lu
te
ov
io
la
ce
a
H
33

-S
,

G
C
F_
00

16
25

69
5.
1

99
.4

6.
19

16
6,
34

1
42

.0
4,
23

3,
85

4
15

5
16

4
Pu

rp
le

25
0

0
2E

-1
09

Tu
b
ew

or
m

Q
ui
ve
ra

Ba
si
n,

Sa
n
D
ie
go

SR
R1

41
27

47
4

JA
G
JE
M
00

00
00

00
0

M
M
G
00

2
Ps
eu
do

al
te
ro
m
on

as
lu
te
ov
io
la
ce
a
H
33

-S
,

G
C
F_
00

16
25

69
5.
1

99
.4

6.
19

16
6,
86

3
41

.9
3,
53

4,
63

4
15

1
13

6
Pu

rp
le

25
0

0
2E

-1
09

Tu
b
ew

or
m

Q
ui
ve
ra

Ba
si
n,

Sa
n
D
ie
go

SR
R1

41
27

47
3

JA
G
JE
L0
00

00
00

00

M
M
G
00

5
Ps
eu
do

al
te
ro
m
on

as
au

ra
nt
ia
S3

89
5,

G
C
A
_0

05
88

72
85

.1

78
.6

5.
66

17
3,
18

3
40

.7
2,
30

4,
62

5
96

98
O
ra
ng

e
21

0
0

2E
-5
9

Tu
b
ew

or
m

Q
ui
ve
ra

Ba
si
n,

Sa
n
D
ie
go

SR
R1

41
27

46
7

JA
G
JE
K0

00
00

00
00

M
M
G
00

6
Ps
eu
do

al
te
ro
m
on

as
sp
.S
31

78
,G

C
A

_0
05

88
69

85
.1

92
.7

4.
27

18
4,
29

7
39

.4
2,
15

3,
86

7
61

12
3

Br
ow

n
6

N
S

N
S

N
S

Se
di
m
en

t
Si
lv
er

St
ra
nd

,
Sa
n
D
ie
go

SR
R1

41
27

46
6

JA
G
JE
J0
00

00
00

00

M
M
G
00

7
Ps
eu
do

al
te
ro
m
on

as
sp
.S
31

78
,

G
C
A
_0

05
88

69
85

.1

92
.6

4.
08

21
0,
29

5
39

.5
1,
27

8,
59

0
64

81
Br
ow

n
5

N
S

N
S

N
S

In
te
rt
id
al

b
ou

ld
er

Bi
rd

Ro
ck
,S
an

D
ie
go

SR
R1

41
27

46
5

JA
G
JE
I0
00

00
00

00

M
M
G
00

9
Ps
eu
do

al
te
ro
m
on

as
lu
te
ov
io
la
ce
a

N
C
IM

B1
94

4,
G
C
F_
00

16
25

56
5.
1

91
.9

6.
51

46
9,
15

8
42

.2
4,
50

5,
82

0
75

17
3

Pu
rp
le

16
0

0
7E

-1
05

A
qu

ar
iu
m

fi
lt
er

A
qu

ar
iu
m
,S
an

D
ie
go

SR
R1

41
27

46
4

JA
G
JE
H
00

00
00

00
0

M
M
G
01

0
Ps
eu
do

al
te
ro
m
on

as
sp
.H

10
3,

G
C
F_
00

14
69

20
5.
1

77
.2

3.
57

20
4,
15

0
38

.2
1,
47

7,
06

2
39

10
7

Pi
nk

2
N
S

N
S

N
S

Se
a
sn
ai
l

Su
ns
et

C
lif
fs
,

Sa
n
D
ie
go

SR
R1

41
27

46
3

JA
G
JE
G
00

00
00

00
0

M
M
G
01

2
Ps
eu
do

al
te
ro
m
on

as
sp
.M

SK
9-
3,

G
C
A
_0

03
59

03
35

.1

79
.1

5.
44

56
,3
81

40
.7

1,
30

7,
35

9
26

1
62

O
ra
ng

e
20

0
4E

-1
34

2E
-5
9

Ye
llo

w
sp
on

ge
Su

ns
et

C
lif
fs
,

Sa
n
D
ie
go

SR
R1

41
27

46
2

JA
G
JE
F0

00
00

00
00

M
M
G
01

3
Ps
eu
do

al
te
ro
m
on

as
ci
tr
ea

S2
23

3,
G
C
A
_0

05
88

74
45

.1

78
.6

5.
84

15
3,
00

3
40

.8
1,
53

8,
91

1
14

5
68

G
re
en

17
0

8E
-1
35

2E
-5
9

Ye
llo

w
sp
on

ge
Su

ns
et

C
lif
fs
,

Sa
n
D
ie
go

SR
R1

41
27

46
1

JA
G
JE
E0

00
00

00
00

M
M
G
01

9
Ps
eu
do

al
te
ro
m
on

as
lu
te
ov
io
la
ce
a
IP
B1

,
G
C
F_
00

16
96

45
5.
1

98
.9

5.
94

30
9,
28

1
42

.7
3,
75

9,
17

9
75

17
0

Pu
rp
le

17
0

0
3E

-9
6

C
or
al

W
at
er

Fa
ct
or
y,

C
ur
ac
ao

SR
R1

41
27

46
0

JA
G
JE
D
00

00
00

00
0

a
A
N
Iv
al
ue

s
ar
e
ca
lc
ul
at
ed

w
it
h
re
sp
ec
tt
o
th
e
cl
os
es
ts
tr
ai
n.
Th

e
M
A
C
p
ro
te
in

se
qu

en
ce
s
M
ac
B
(W

P_
03

96
09

83
0.
1)
,M

ac
S
(W

P_
03

96
09

82
4.
1)
,a
nd

M
ac
T
(W

P_
03

96
09

82
6.
1)

w
er
e
se
ar
ch

ed
ag

ai
ns
tt
he

ge
no

m
es

us
in
g
tB
LA

ST
n
(2
0)
.

b
N
S,
no

ts
ig
ni
fi
ca
nt
.

Alker et al.

Volume 10 Issue 32 e00404-21 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/assembly/GCF_001625695.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127474
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEM000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_001625695.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127473
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEL000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_005887285.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127467
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEK000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_005886985.1/
https://www.ncbi.nlm.nih.gov/assembly/GCF_005886985.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127466
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEJ000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_005886985.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127465
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEI000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_001625565.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127464
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEH000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_001469205.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127463
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEG000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_003590335.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127462
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEF000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_005887445.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127461
https://www.ncbi.nlm.nih.gov/nuccore/JAGJEE000000000
https://www.ncbi.nlm.nih.gov/assembly/GCF_001696455.1/
https://www.ncbi.nlm.nih.gov/sra/SRR14127460
https://www.ncbi.nlm.nih.gov/nuccore/JAGJED000000000
https://www.ncbi.nlm.nih.gov/protein/WP_039609830.1
https://www.ncbi.nlm.nih.gov/protein/WP_039609824.1
https://www.ncbi.nlm.nih.gov/protein/WP_039609826.1
https://mra.asm.org


metabolite biosynthesis gene clusters (Table 1). Strains MMG009 and MMG019 possess
the brominated marine pyrroles/phenols (bmp) gene cluster (16, 17), which can pro-
duce a compound capable of stimulating the metamorphosis of coral larvae (18). Of
the 10 genomes, 7 were found to possess macB, macS, and macT genes that compose
phage tail-like contractile injection systems (Table 1), which promote tubeworm meta-
morphosis and other host-microbe interactions (19). These genome sequences provide
a valuable resource for studying the ecology of Pseudoalteromonas bacteria and
advancing natural product biotechnology.

Data availability. The genome sequencing and assembly projects have been de-
posited in DDBJ/EMBL/GenBank under BioProject number PRJNA716944. See Table 1
for the SRA and GenBank accession numbers.

ACKNOWLEDGMENTS
This work was supported by the National Science Foundation (2017232404 to A.T.A.;

1942251 to N.J.S.) and the Alfred P. Sloan Foundation, Sloan Research Fellowship (N.J.S.).

REFERENCES
1. Holmström C, Kjelleberg S. 1999. Marine Pseudoalteromonas species are

associated with higher organisms and produce biologically active extrac-
ellular agents. FEMS Microbiol Ecol 30:285–293. https://doi.org/10.1111/j
.1574-6941.1999.tb00656.x.

2. Holmström C, Egan S, Franks A, McCloy S, Kjelleberg S. 2002. Antifouling
activities expressed by marine surface associated Pseudoalteromonas spe-
cies. FEMS Microbiol Ecol 41:47–58. https://doi.org/10.1111/j.1574-6941
.2002.tb00965.x.

3. Cavalcanti GS, Alker AT, Delherbe N, Malter KE, Shikuma NJ. 2020. The
influence of bacteria on animal metamorphosis. Annu Rev Microbiol
74:137–158. https://doi.org/10.1146/annurev-micro-011320-012753.

4. Gobet A, Barbeyron T, Matard-Mann M, Magdelenat G, Vallenet D,
Duchaud E, Michel G. 2018. Evolutionary evidence of algal polysaccharide
degradation acquisition by Pseudoalteromonas carrageenovora 9T to
adapt to macroalgal niches. Front Microbiol 9:2740. https://doi.org/10
.3389/fmicb.2018.02740.

5. Chau R, Pearson LA, Cain J, Kalaitzis JA, Neilan BA. 2021. A Pseudoaltero-
monas clade with remarkable biosynthetic potential. Appl Environ Micro-
biol 87:1–16. https://doi.org/10.1128/AEM.02604-20.

6. Bowman JP. 2007. Bioactive compound synthetic capacity and ecological
significance of marine bacterial genus Pseudoalteromonas. Mar Drugs
5:220–241. https://doi.org/10.3390/md504220.

7. Krueger F. 2015. Trim Galore: a wrapper tool around Cutadapt and FastQC
to consistently apply quality and adapter trimming to FastQ files. https://
www.bioinformatics.babraham.ac.uk/projects/trim_galore/.

8. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

9. Davis JJ, Wattam AR, Aziz RK, Brettin T, Butler R, Butler RM, Chlenski P,
Conrad N, Dickerman A, Dietrich EM, Gabbard JL, Gerdes S, Guard A,
Kenyon RW, MacHi D, Mao C, Murphy-Olson D, Nguyen M, Nordberg EK,
Olsen GJ, Olson RD, Overbeek JC, Overbeek R, Parrello B, Pusch GD, Shukla
M, Thomas C, Vanoeffelen M, Vonstein V, Warren AS, Xia F, Xie D, Yoo H,
Stevens R. 2020. The PATRIC Bioinformatics Resource Center: expanding
data and analysis capabilities. Nucleic Acids Res 48:D606–D612. https://doi
.org/10.1093/nar/gkz943.

10. Tatusova T, Dicuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky
L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI Prokaryotic
Genome Annotation Pipeline. Nucleic Acids Res 44:6614–6624. https://doi
.org/10.1093/nar/gkw569.

11. Ondov BD, Treangen TJ, Melsted P, Mallonee AB, Bergman NH, Koren S,
Phillippy AM. 2016. Mash: fast genome and metagenome distance esti-
mation using MinHash. Genome Biol 17:132. https://doi.org/10.1186/
s13059-016-0997-x.

12. Yoon SH, Ha SM, Kwon S, Lim J, Kim Y, Seo H, Chun J. 2017. Introducing
EzBioCloud: a taxonomically united database of 16S rRNA gene sequences
and whole-genome assemblies. Int J Syst Evol Microbiol 67:1613–1617.
https://doi.org/10.1099/ijsem.0.001755.

13. Thompson CC, Chimetto L, Edwards RA, Swings J, Stackebrandt E,
Thompson FL. 2013. Microbial genomic taxonomy. BMC Genomics
14:913. https://doi.org/10.1186/1471-2164-14-913.

14. Paulsen SS, Strube ML, Bech PK, Gram L, Sonnenschein EC. 2019. Marine
chitinolytic Pseudoalteromonas represents an untapped reservoir of bioac-
tive potential. mSystems 4:e00060-19. https://doi.org/10.1128/mSystems
.00060-19.

15. Blin K, Shaw S, Steinke K, Villebro R, Ziemert N, Lee SY, Medema MH,
Weber T. 2019. antiSMASH 5.0: updates to the secondary metabolite ge-
nome mining pipeline. Nucleic Acids Res 47:W81–W87. https://doi.org/10
.1093/nar/gkz310.

16. Agarwal V, El Gamal AA, Yamanaka K, Poth D, Kersten RD, Schorn M, Allen
EE, Moore BS. 2014. Biosynthesis of polybrominated aromatic organic
compounds by marine bacteria. Nat Chem Biol 10:640–647. https://doi
.org/10.1038/nchembio.1564.

17. El Gamal A, Agarwal V, Diethelm S, Rahman I, Schorn MA, Sneed JM, Louie
GV, Whalen KE, Mincer TJ, Noel JP, Paul VJ, Moore BS. 2016. Biosynthesis
of coral settlement cue tetrabromopyrrole in marine bacteria by a
uniquely adapted brominase-thioesterase enzyme pair. Proc Natl Acad
Sci U S A 113:3797–3802. https://doi.org/10.1073/pnas.1519695113.

18. Tebben J, Tapiolas DM, Motti CA, Abrego D, Negri AP, Blackall LL, Steinberg
PD, Harder T. 2011. Induction of larval metamorphosis of the coral Acropora
millepora by tetrabromopyrrole isolated from a Pseudoalteromonas bacte-
rium. PLoS One 6:e19082. https://doi.org/10.1371/journal.pone.0019082.

19. Shikuma NJ, Pilhofer M, Weiss GL, Hadfield MG, Jensen GJ, Newman DK.
2014. Marine tubeworm metamorphosis induced by arrays of bacterial
phage tail-like structures. Science 343:529–533. https://doi.org/10.1126/
science.1246794.

20. Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K,
Madden TL. 2009. BLAST1: architecture and applications. BMC Bioinfor-
matics 10:421–429. https://doi.org/10.1186/1471-2105-10-421.

Microbiology Resource Announcement

Volume 10 Issue 32 e00404-21 mra.asm.org 3

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA716944
https://doi.org/10.1111/j.1574-6941.1999.tb00656.x
https://doi.org/10.1111/j.1574-6941.1999.tb00656.x
https://doi.org/10.1111/j.1574-6941.2002.tb00965.x
https://doi.org/10.1111/j.1574-6941.2002.tb00965.x
https://doi.org/10.1146/annurev-micro-011320-012753
https://doi.org/10.3389/fmicb.2018.02740
https://doi.org/10.3389/fmicb.2018.02740
https://doi.org/10.1128/AEM.02604-20
https://doi.org/10.3390/md504220
https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/
https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/nar/gkz943
https://doi.org/10.1093/nar/gkz943
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1186/s13059-016-0997-x
https://doi.org/10.1186/s13059-016-0997-x
https://doi.org/10.1099/ijsem.0.001755
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1128/mSystems.00060-19
https://doi.org/10.1128/mSystems.00060-19
https://doi.org/10.1093/nar/gkz310
https://doi.org/10.1093/nar/gkz310
https://doi.org/10.1038/nchembio.1564
https://doi.org/10.1038/nchembio.1564
https://doi.org/10.1073/pnas.1519695113
https://doi.org/10.1371/journal.pone.0019082
https://doi.org/10.1126/science.1246794
https://doi.org/10.1126/science.1246794
https://doi.org/10.1186/1471-2105-10-421
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

