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ABSTRACT Here we present the genomes of four marine agarolytic bacteria belonging
to the Bacteroidota and Proteobacteria. Two genomes are closed and two are in draft
form, but all are at least 99% complete and offer new opportunities to study agar-degra-
dation in marine bacteria.
KEYWORDS agarolytic, agarase, marine microbiology
M icroorganisms capable of degrading agar (agarolytic) are important for under-
standing carbon cycling in marine systems, interactions with agar-producing
organisms, and human digestion, and have various biotechnological applications (1-7).
Agar degradation is a widespread phenotype, conferred by multiple different agarases
in the CAZyme glycoside hydrolase family with unique agar bond specificities that are
deployed in a variety of combinations depending on the organism (3, 8-11). Here,
we present the sequenced genomes of four bacteria with phenotypic and genotypic
evidence of agarolytic activity isolated from multiple marine sources to expand and
explore the genomics underlying this metabolism.

We collected surface seawater samples (15 mL) in Falcon tubes from beaches in
Washington State and Key West, Florida (Table 1), transported these to the Martin
Lab at the University of Puget Sound on ice, and stored them at 12°C until plating
shortly thereafter. We serially diluted samples using artificial seawater before plating
0.1 mL on seawater complete (SWC) agar plates (12). We identified colonies with
conspicuous agarolytic “pitting” phenotypes (Fig. 1) and passaged organisms of interest
twice to ensure isolation. For generating frozen stocks and extracting genomic DNA,
we inoculated cultures in SWC broth with 0.1% agar, which we incubated overnight in
a shaking water bath (30°C). Cryostocks included 25% sterile glycerol and were stored
at —80°C. High molecular weight DNA was extracted using a PureLink Microbiome DNA
Extraction Kit (Invitrogen, USA), purified using a DNA Clean and Concentrator Kit (Zymo
Research, USA), and quantified via Qubit Fluorometer (Invitrogen, USA).

We used lllumina sequencing for all strains and additional Oxford Nanopore
sequencing for two. The same DNA extractions were used for Nanopore and Illumina
sequencing. We sheared DNA for Nanopore sequencing to 4-8 kbp with a G-tube
(Covaris) at 6,000 rpm, constructed libraries with the SQK-LSK108 1D genomic DNA
ligation kit (Oxford Nanopore, UK) with slight modifications (https://doi.org/10.17504/
protocols.io.bixskfne), and sequenced with an R9.4 flowcell using a MinlON (Oxford
Nanopore Technologies, ONT). Base-calling was performed with Guppy v2.3.1 (ONT).
lllumina library preparation and sequencing were performed as previously described
(13) at the USC Genome Core with NextSeq550 paired end 150 bp sequencing. Hybrid
Nanopore-lllumina assemblies for strains EKP101 and EKP203 were performed with
Unicycler v0.4.8 (14), and lllumina-only assemblies were performed for strains EKP108
and EKP202 with SPAdes v3.13.1 (15). We performed post-assembly assessment with
CheckM2 v1.0.0 predict (16), Quast v5.0.2 (17), coverage calculations with CoverM 0.4.0

November 2023 Volume 12 Issue 11

Editor Frank J. Stewart, Montana State University,
Bozeman, Montana, USA

Address correspondence to Mark O. Martin,
momartin@pugetsound.edu, or J. Cameron Thrash,
thrash@usc.edu.

Elise K. Phillips and Jacob M. C. Shaffer contributed
equally to this article. The order of the names was
based on lab seniority.

The authors declare no conflict of interest.
See the funding table on p. 4.

Received 21 July 2023
Accepted 31 July 2023

Published 9 October 2023

Copyright © 2023 Phillips et al. This is an open-access
article distributed under the terms of the Creative
Commons Attribution 4.0 International license.

10.1128/MRA.00667-23 1

Downloaded from https://journals.asm.org/journal/mra on 28 June 2024 by 2603:8001:a400:¢6f7:dd29:a968:677¢c:e22a.


https://doi.org/10.17504/protocols.io.bixskfne
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00667-23&domain=pdf&date_stamp=2023-10-09
https://doi.org/10.1128/MRA.00667-23
https://creativecommons.org/licenses/by/4.0/

Microbiology Resource Announcements

Announcement

"BYTR:0LL9:8968:6TPP:LJ99:00%8: 1008:€09T £q $Z0T dun[ g7 uo exwyfeurnol/310 wse sreuinol//:sdyy woiy pepeojumoq

]
m
o
~N
)
O
o
S
<<
[a s
=
<
o0
o~
S
*Aisuap Buipod ‘g) ‘uoneulweiuod uo) ‘uonajdwod ‘|dwod,
3|gedijdde Jou ‘YN,
(MoL8TSTTL BIDUIISIP SRUOWOIR}[ROPNASY ™ S
N oVELELY) Seuowola)eopnasd blaeadepeuowosdlly J
‘6unud sebe spim 8107 uoibulysepmy 1301 Yoeag RETIEIRITe[eEMVE I EYbITe[eEM N o [IVVVIL-I5) sopeds
pue dasp ‘sa1uojod auym abie Lxaseieby  Buuds ‘yoeag uamQ  SUIMQ - dMO Sqoder 7880 L0 00l 91'6 Tolenideqoalold” deusldegT p ~sbiuod~gqoder 80Ld)3
‘(Yimoub Buipeaids
yieausapun Jebe sanjossip) (M.STLELY,L8 J03R1B11 St/yESy10ds ebainoswwel4 siebinoswwel4
Jebe jo bunud apim mojjeys 8107 ‘NS 6,26.47) obue 159 ~baeadebiinoawwel{ J'sajebeydoify) o sopeds
‘w)y abueio buimoib A|pidey Lx aselebe-eldg  Buuds  epuLoj4 ‘1o Aoy A9 - WM aoder +98°0 LE'L 86'66 WN ‘eiploaideg ™ dleloplossldeg” dieusldegT p ~sbnuod~yqoder 20zdX3
(M.STLELY,L8 Ja1d AUYM “slouqip BloeadeuouqinT
‘bumid sebe 810T ‘Nu¥S 67,2€.T) |lews 159 ‘sa|ela)oeqolalug  o'eldldeqoaloidewiuen Ajquiasse
daap ‘sa1u0j0d BUYM |lews Lxasesebe-elag  buuds  epuold sam Ay A3y - dMSMM €qoder 8980 790 00l VN Toleusideqoalold” diewsidegT p T6LSZLLTEqoder €02dX3
(Morlizel
‘N o£0ZE"LY) J9mid eli0dsaAIuWO ebeydojn|e) stebeydojn|jad
‘bund sebe uoibulysepm MOJ[3A JUI0d T blseadela1deqone|{ T Jisalelia1deqoAe|{ Kjwgasse
MOJ|BYS ‘S3IUOJOD MO||3A ||eLS 7xaseiebe-elag £10z|led  ‘yoeag uIod yseq ysed - dAdd Lqoder 5160 500 0oL 1066 ofelpiosaloeg >'ejoplosaydeg dielsideg P T6LSZLLTLGOde L0LdX3
2)ep 2injgpuawou  ainjepuawou INY
adfijousyq sasesebe paldipald uonejos| 9)Is uonejos|  sisay] Jayeys Krewwns Kab) Auod a_nEou sapads uonedyisse|d dwousb 1asn
0°0°LA ZTWP3YD L'L'ZTAM-9415 m
=1
umouyun ON €L VN Sty VN #98'898'CL 6e 6C09%L CC0STSY CL89L09LNWVS VN ¥5127606XdS  000000000DAADVI 80LdX3 a
umouyun ON €8l VN £'69¢ VN 0S¥'ETS'yL 8ve 88l9CL 1/6166L €L89L09LNWVS VN §51T606XYS  000000000dAADVI c0zdid ~
(dq016'6£1 'dq 156'665'L) SOA S9N € 1444 £95¢ L6£'6 0L9'8y9'LL 1414 €LEVYO0E  V/LLYVBLY 7189L09LNWVYS 851606X4dS 9517606X4S  000000000ZO3NVI €0Zdid m
S
ON S9N L £'8C (/A% 4 699'L 859'T18'LL Lee 79€E/8E  C9EE/8E LL89Z09LNWYS £51T606XYS £517606XUS §Ce6CLdD LOoLdX3 W
speai alodouen eujwn| "
o
SJUBWIAJA [ewosowolydeXg paziendal) sbiuo) aiodoueN A0d BAY euiwn|jj A0d BAY aiodouen speal euiwnjj]  Jusjuod Do 0SN 9zIs Swousn a|dwesolg UOISS3Je YHS UOISS3DL YHS  UOISSaDDE SWOUdD urens Q
o}
0'7°0A WAdA0) 0'T'sAlIsenD 19DON .m
g
,UOI1BWIOJUI UOIIR|OSI PUB ‘AWIOUOXE) ‘$D11S11R)S AJRWWINS dWOoUdD | 319VL 2


https://www.ncbi.nlm.nih.gov/nuccore/CP129325
https://www.ncbi.nlm.nih.gov/sra/SRX9092153
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9092157
https://www.ncbi.nlm.nih.gov/biosample/?term=SAMN16076811
https://www.ncbi.nlm.nih.gov/nuccore/JAUEOZ000000000
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9092156
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9092158
https://www.ncbi.nlm.nih.gov/biosample/?term=SAMN16076814
https://www.ncbi.nlm.nih.gov/nuccore/JACVVP000000000
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9092155
https://www.ncbi.nlm.nih.gov/biosample/?term=SAMN16076813
https://www.ncbi.nlm.nih.gov/nuccore/JACVVQ000000000
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9092154
https://www.ncbi.nlm.nih.gov/biosample/?term=SAMN16076812
https://doi.org/10.1128/MRA.00667-23

Announcement

Microbiology Resource Announcements

FIG 1 Colony morphology and phenotypes of the four strains. (A) Cellulophaga omnivescoria strain EKP101, (B) Vibrio sp. strain EKP203, (C) Flammeovirga sp.

strain EKP202, and (D) Pseudoalteromonas distincta strain EKP108. The zones of clearing around the colonies indicate areas of agarolytic activity.

(https://github.com/wwood/CoverM), and taxonomic identification with GTDB-tk v2.1.1
classify_wf (18). Default settings were used for all software unless otherwise noted.
Sequencing and assembly results are in Table 1. The taxonomy is as follows:
Cellulophaga omnivescoria strain EKP101; Flammeovirga sp. strain EKP202 (Class
Bacteroidia); Vibrio sp. strain EKP203; and Pseudoalteromonas distincta strain EKP108
(Class Gammaproteobacteria). The two hybrid assemblies (EKP101 and EKP203) are
circularized, and Vibrio sp. strain EKP203 contains two chromosomes and a putative
plasmid based on all three replicons being circularized at 3,004,313 bp, 1,599,951 bp,
and 179,910 bp (Table 1). All assemblies were estimated at greater than 99% complete
with minimal estimated redundancy/contamination and contained predicted agarases
(Table 1). Physiology and preliminary analysis of predicted agarase genes were comple-
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ted in the Honors Theses of E. Philips and J. Shaffer, respectively (dois: 10.6084/m9.fig-
share.23727165; 10.6084/m9.figshare.23727168).
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Genome sequences and raw sequencing reads are available under BioProject number
PRINA662106. Individual genome and SRA accessions are provided in Table 1.
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