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ABSTRACT We report the draft genome sequence of Pseudomonas sp. strain LD120,
which was isolated from a brown macroalga in the Baltic Sea. The genome of this
marine Pseudomonas protegens subgroup bacterium harbors biosynthetic gene clus-
ters for toxic metabolites typically produced by members of this Pseudomonas sub-
group, including 2,4-diacetylphloroglucinol, pyoluteorin, and rhizoxin analogs.

Pseudomonas bacteria occur in many terrestrial and aquatic ecosystems, where they
interact with various hosts, including plants, invertebrates, and humans (1–3).

Pseudomonads can serve as a source for novel secondary metabolites, and some are
used as bioremediation and biological control agents (4–6). The genus Pseudomonas is
composed of different lineages, divided into groups and subgroups (7–9). The Pseu-
domonas protegens subgroup harbors mainly isolates from soil or roots that are active
against plant pathogens and pest insects (5, 10, 11).

Here, we sequenced the genome of Pseudomonas sp. strain LD120 using PacBio
technology. Strain LD120 was isolated from a blade of the brown macroalga Saccharina
latissima, from the Baltic Sea (12). A 16S rRNA gene-based analysis placed LD120 in a
close phylogenetic relationship with the P. protegens type strain CHA0 (13, 14). LD120
exhibits broad-spectrum antimicrobial activity, including activity against algal patho-
gens (12), which involves the toxic metabolites 2,4-diacetylphloroglucinol (DAPG) and
pyoluteorin (14).

The MagAttract high-molecular-weight (HMW) DNA kit (Qiagen) was used to extract
LD120 genomic DNA from 400 �l of an overnight nutrient yeast broth culture prepared
from an individual colony derived from the original stock of the strain. Sequencing was
performed by the Lausanne Genomic Technologies Facility. DNA samples were sheared
in Covaris g-TUBEs to obtain fragments with a mean length of 10 kb. The sheared DNA
was used to prepare a library with the PacBio SMRTbell template preparation kit v1.0.
The resulting library underwent size selection on a BluePippin system (Sage Science,
Inc.) for molecules larger than 7 kb, which excluded smaller plasmids. The library was
multiplexed and sequenced using one single-molecule real-time (SMRT) cell and a
Sequel system (movie length, 600 min). Genome assembly was performed using the
RS_HGAP_Assembly.4 protocol in SMRT Link v6.0.

The resulting assembly generated six contigs with a maximum length and N50 value
of 3,219,715 bp and 1,709,349 bp, respectively, providing a total genome length of
6,672,566 bp (G�C content, 61.61%; coverage, 136�). Annotation of the LD120 ge-
nome with the NCBI Prokaryotic Genome Annotation Pipeline (PGAP) identified 5,987
coding sequences. In addition, 68 tRNAs and 16 rRNAs were detected.

The average nucleotide identity (calculated based on BLAST� results [15]) between
the genomes of strain LD120 and the type strain CHA0 (16) was 87.32%, which
identified LD120 as a member of the P. protegens subgroup. The LD120 genome

Citation Heiman CM, Wiese J, Kupferschmied
P, Maurhofer M, Keel C, Vacheron J. 2020. Draft
genome sequence of Pseudomonas sp. strain
LD120, isolated from the marine alga
Saccharina latissima. Microbiol Resour
Announc 9:e01305-19. https://doi.org/10.1128/
MRA.01305-19.

Editor Julie C. Dunning Hotopp, University of
Maryland School of Medicine

Copyright © 2020 Heiman et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Christoph Keel,
christoph.keel@unil.ch, or Jordan Vacheron,
jordan.vacheron@unil.ch.

* Present address: Peter Kupferschmied,
Federal Office for Agriculture, Swiss Federal
Plant Protection Service, Bern, Switzerland.

Received 24 October 2019
Accepted 28 January 2020
Published 20 February 2020

GENOME SEQUENCES

crossm

Volume 9 Issue 8 e01305-19 mra.asm.org 1

 on F
ebruary 20, 2020 at B

IB
LIO

T
H

E
Q

U
E

 D
U

 C
H

U
V

http://m
ra.asm

.org/
D

ow
nloaded from

 

https://orcid.org/0000-0003-4550-7537
https://orcid.org/0000-0001-5408-6290
https://orcid.org/0000-0002-8968-735X
https://orcid.org/0000-0003-0031-1338
https://doi.org/10.1128/MRA.01305-19
https://doi.org/10.1128/MRA.01305-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:christoph.keel@unil.ch
mailto:jordan.vacheron@unil.ch
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01305-19&domain=pdf&date_stamp=2020-2-20
https://mra.asm.org
http://mra.asm.org/


harbors biosynthetic gene clusters for DAPG and pyoluteorin and also for rhizoxin
analogs, which are produced by a subset of P. protegens strains (17–19). Unlike other P.
protegens subgroup strains, LD120 does not harbor gene clusters for production of the
antimicrobial pyrrolnitrin and the entomotoxin FitD (11, 20). This difference could be a
result of coevolution with the algal host and points to genomic diversity within the P.
protegens subgroup.

Data availability. This whole-genome shotgun project has been deposited in
DDBJ/ENA/GenBank under accession number WVHL00000000. The version described in
this paper is the first version, WVHL01000000. The sequences for the de novo assembly
have been deposited in EMBL/GenBank under accession number ERR3588830.
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4. Dvořák P, Nikel PI, Damborský J, de Lorenzo V. 2017. Bioremediation 3.0:
engineering pollutant-removing bacteria in the times of systemic biol-
ogy. Biotechnol Adv 35:845– 866. https://doi.org/10.1016/j.biotechadv
.2017.08.001.

5. Thomashow LS, Kwak Y-S, Weller DM. 2019. Root-associated microbes in
sustainable agriculture: models, metabolites and mechanisms. Pest
Manag Sci 75:2360 –2367. https://doi.org/10.1002/ps.5406.

6. Wiese J, Imhoff JF. 2019. Marine bacteria and fungi as promising source
for new antibiotics. Drug Dev Res 80:24 –27. https://doi.org/10.1002/ddr
.21482.

7. Mulet M, Lalucat J, García-Valdés E. 2010. DNA sequence-based analysis
of the Pseudomonas species. Environ Microbiol 12:1513–1530. https://
doi.org/10.1111/j.1462-2920.2010.02181.x.

8. Garrido-Sanz D, Meier-Kolthoff JP, Göker M, Martín M, Rivilla R, Redondo-
Nieto M. 2016. Genomic and genetic diversity within the Pseudomonas
fluorescens complex. PLoS One 11:e0150183. https://doi.org/10.1371/
journal.pone.0150183.

9. Hesse C, Schulz F, Bull CT, Shaffer BT, Yan Q, Shapiro N, Hassan KA,
Varghese N, Elbourne LDH, Paulsen IT, Kyrpides N, Woyke T, Loper JE.
2018. Genome-based evolutionary history of Pseudomonas spp. Environ
Microbiol 20:2142–2159. https://doi.org/10.1111/1462-2920.14130.

10. Kupferschmied P, Maurhofer M, Keel C. 2013. Promise for plant pest
control: root-associated pseudomonads with insecticidal activities. Front
Plant Sci 4:287. https://doi.org/10.3389/fpls.2013.00287.

11. Flury P, Aellen N, Ruffner B, Péchy-Tarr M, Fataar S, Metla Z, Dominguez-
Ferreras A, Bloemberg G, Frey J, Goesmann A, Raaijmakers JM, Duffy B,
Höfte M, Blom J, Smits THM, Keel C, Maurhofer M. 2016. Insect patho-
genicity in plant-beneficial pseudomonads: phylogenetic distribution

and comparative genomics. ISME J 10:2527–2542. https://doi.org/10
.1038/ismej.2016.5.

12. Wiese J, Thiel V, Nagel K, Staufenberger T, Imhoff JF. 2009. Diversity of
antibiotic-active bacteria associated with the brown alga Laminaria
saccharina from the Baltic Sea. Mar Biotechnol (NY) 11:287–300. https://
doi.org/10.1007/s10126-008-9143-4.

13. Ramette A, Frapolli M, Saux M-L, Gruffaz C, Meyer J-M, Défago G, Sutra
L, Moënne-Loccoz Y. 2011. Pseudomonas protegens sp. nov., widespread
plant-protecting bacteria producing the biocontrol compounds 2,4-
diacetylphloroglucinol and pyoluteorin. Syst Appl Microbiol 34:180 –188.
https://doi.org/10.1016/j.syapm.2010.10.005.

14. Nagel K, Schneemann I, Kajahn I, Labes A, Wiese J, Imhoff JF. 2012.
Beneficial effects of 2,4-diacetylphloroglucinol-producing pseudomon-
ads on the marine alga Saccharina latissima. Aquat Microb Ecol 67:
239 –249. https://doi.org/10.3354/ame01595.

15. Richter M, Rosselló-Móra R, Oliver Glöckner F, Peplies J. 2016. JSpeciesWS: a
Web server for prokaryotic species circumscription based on pairwise
genome comparison. Bioinformatics 32:929 –931. https://doi.org/10
.1093/bioinformatics/btv681.

16. Smits THM, Rezzonico F, Frasson D, Vesga P, Vacheron J, Blom J, Pothier
JF, Keel C, Maurhofer M, Sievers M. 2019. Updated genome sequence
and annotation for the full genome of Pseudomonas protegens CHA0.
Microbiol Resour Announc 8:e01002-19. https://doi.org/10.1128/MRA
.01002-19.

17. Loper JE, Henkels MD, Shaffer BT, Valeriote FA, Gross H. 2008. Isolation
and identification of rhizoxin analogs from Pseudomonas fluorescens Pf-5
by using a genomic mining strategy. Appl Environ Microbiol 74:
3085–3093. https://doi.org/10.1128/AEM.02848-07.

18. Takeuchi K, Noda N, Katayose Y, Mukai Y, Numa H, Yamada K, Someya N.
2015. Rhizoxin analogs contribute to the biocontrol activity of newly
isolated Pseudomonas strain. Mol Plant Microbe Interact 28:333–342.
https://doi.org/10.1094/MPMI-09-14-0294-FI.

19. Polano C, Martini M, Savian F, Moruzzi S, Ermacora P, Firrao G. 2019.
Genome sequence and antifungal activity of two niche-sharing Pseu-
domonas protegens related strains isolated from hydroponics. Microb
Ecol 77:1025–1035. https://doi.org/10.1007/s00248-018-1238-5.

20. Kupferschmied P, Péchy-Tarr M, Imperiali N, Maurhofer M, Keel C. 2014.
Domain shuffling in a sensor protein contributed to the evolution of
insect pathogenicity in plant-beneficial Pseudomonas protegens. PLoS
Pathog 10:e1003964. https://doi.org/10.1371/journal.ppat.1003964.

Heiman et al.

Volume 9 Issue 8 e01305-19 mra.asm.org 2

 on F
ebruary 20, 2020 at B

IB
LIO

T
H

E
Q

U
E

 D
U

 C
H

U
V

http://m
ra.asm

.org/
D

ow
nloaded from

 

https://www.ncbi.nlm.nih.gov/nuccore/WVHL00000000
https://www.ncbi.nlm.nih.gov/sra/ERR3588830
https://doi.org/10.1128/aem.66.12.5448-5456.2000
https://doi.org/10.1111/j.1574-6976.2011.00269.x
https://doi.org/10.1371/journal.pone.0136241
https://doi.org/10.1371/journal.pone.0136241
https://doi.org/10.1016/j.biotechadv.2017.08.001
https://doi.org/10.1016/j.biotechadv.2017.08.001
https://doi.org/10.1002/ps.5406
https://doi.org/10.1002/ddr.21482
https://doi.org/10.1002/ddr.21482
https://doi.org/10.1111/j.1462-2920.2010.02181.x
https://doi.org/10.1111/j.1462-2920.2010.02181.x
https://doi.org/10.1371/journal.pone.0150183
https://doi.org/10.1371/journal.pone.0150183
https://doi.org/10.1111/1462-2920.14130
https://doi.org/10.3389/fpls.2013.00287
https://doi.org/10.1038/ismej.2016.5
https://doi.org/10.1038/ismej.2016.5
https://doi.org/10.1007/s10126-008-9143-4
https://doi.org/10.1007/s10126-008-9143-4
https://doi.org/10.1016/j.syapm.2010.10.005
https://doi.org/10.3354/ame01595
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1128/MRA.01002-19
https://doi.org/10.1128/MRA.01002-19
https://doi.org/10.1128/AEM.02848-07
https://doi.org/10.1094/MPMI-09-14-0294-FI
https://doi.org/10.1007/s00248-018-1238-5
https://doi.org/10.1371/journal.ppat.1003964
https://mra.asm.org
http://mra.asm.org/

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

