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ABSTRACT Pseudomonas sp. strain BGI-2 is a psychrotrophic bacterium isolated
from the ice of Batura Glacier in the Karakoram mountain range. This strain pro-
duces a high yield of exopolysaccharide (EPS) at low temperatures and exhibits high
freeze-thaw tolerance. The BGI-2 genome contains 11 EPS-producing genes, which
are not found in the closely related Pseudomonas strains.

old habitats have been successfully colonized by microorganisms known as psy-

chrophiles or psychrotrophs, making them the most abundant extremophiles in
terms of diversity, distribution, and biomass (1). Their successful colonization of harsh
cold environments is the result of molecular evolution and adaptations (2). The
production of cryoprotectants such as exopolysaccharide is one of the key strate-
gies used by microorganisms to withstand the damage caused by freezing condi-
tions (3-5). Pseudomonas is a genus of the class Gammaproteobacteria known for its
metabolic versatility and ability to inhabit diverse environments, including the
extremes (6). Cold-adapted Pseudomonas species have been isolated from different
cold environments, including polar and nonpolar regions (7, 8). Pseudomonas sp.
strain BGI-2 was isolated from the ice of Batura Glacier using R2A medium (Difco).
The strain is halotolerant, with wide growth ranges for temperature (4 to 35°C) and
pH (5 to 11).

A pure culture of BGI-2 was grown in R2A broth at 15°C, and the genomic DNA was
extracted from an overnight culture using an UltraClean microbial DNA isolation kit (Mo
Bio Laboratories). The concentration and purity of the extracted DNA were determined
using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific). The DNA was
sequenced using lllumina MiSeq sequencing. The library was prepared using a Nextera
XT DNA library prep kit (Illumina, Inc., San Diego, CA), according to the manufacturer’s
protocol, and sequencing was performed in a MiSeq 2 X 250-bp run. Raw reads were Citation Ali P, Shah AA, Hasan F, Cai H, Sosa A,
. . . . . . Chen F. 2019. Draft genome sequence of a

processed for quality trimming and adapter removal using Trimmomatic v.0.33 (9). De e o g - )
novo assembly of the processed reads was performed using SPAdes v.3.10.0 (10) with isolated from the ice of Batura Glacier, Pakistan.
default settings to yield 106 contigs. The draft genome sequence of Pseudomonas sp. iterelote] Resiour Apmeuine rBosA0-2)
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strain BGI-2 consists of 6,267,352 bp with a GC content of 58.9% and an Ny, value of . : A
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110,913 bp. The mean read coverage for the assembly was 158.0X. The Rapid Anno- Bloomington

tations using Subsystems Technology (RAST) v.2.0 server (11) and the NCBI Prokaryotic Copyright © 2019 Ali et al. This is an open-

Genome Annotation Pipeline (PGAP) v.4.7 (12) were used for annotation of the assem- access article distributed under the terms of
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bled contigs. This resulted in the identification of a total of 6,075 genes comprising N ——

5,566 protein-coding genes, 73 RNAs, 60 tRNAs, and 376 pseudogenes. Address correspondence to Feng Chen,
Overall genome relatedness indices (OGRI) (13) between BGI-2 and the most closely chenf@umces.edu.

related Pseudomonas species were calculated (Table 1). Digital DNA-DNA hybridizations xz:;;’tee‘i%’\:;ﬁhzé?;g

(dDDH) were determined online using the Genome-to-Genome Distance Calculator Published 9 May 2019

(GGDCQ) (14). The estimated DDH values were calculated using formula 2 at the GGDC

Volume 8 Issue 19 €00320-19 4 Microbiology

mra.asm.org 1


https://doi.org/10.1128/MRA.00320-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:chenf@umces.edu
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00320-19&domain=pdf&date_stamp=2019-5-9
https://mra.asm.org

4 Microbiology

Ali et al.

TABLE 1 dDDH and ANI values for Pseudomonas sp. strain BGI-2 compared to those of
closely related Pseudomonas strains based on the 16S rRNA gene sequence similarity
from EzBioCloud

GenBank 16S rRNA gene dDDH ANI
Pseudomonas strain accession no. similarity (%) (%) (%)
P. caspiana FBF102 LOHF00000000 99.45 22.7 77.77
P. amygdali CFBP 3205 JYHB00000000 99.32 22.6 77.99
P. cerasi 58 LT222319 99.18 226 78.20
P. congelans DSM 14939 FNJH00000000 99.18 225 78.19
P. kilonensis DSM 13647 LHVH00000000 99.18 27.3 83.13
P. syringae KCTC 12500 AYTMO00000000 99.11 22.7 77.98
P. fluorescens DSM 50090 LHVP0O0000000 98.56 24.8 81.10

website (13, 14). The average nucleotide identity (ANI) was calculated using the
server-based software EzBioCloud (15). Pseudomonas sp. strain BGI-2 was most closely
related to Pseudomonas kilonensis DSM 13647, with ANI and dDDH values of 83.13%
and 27.3%, respectively (Table 1). The proposed ANI and dDDH values for species
boundaries are 95 to 96% and 70%, respectively (16, 17). These values are below the
accepted threshold for species demarcation, suggesting that Pseudomonas sp. strain
BGI-2 could be a novel species in the genus Pseudomonas.

The Pseudomonas sp. strain BGI-2 genome contains stress response genes which are
responsible for osmotic stress, oxidative stress, cold shock, detoxification, and carbon
starvation. Interestingly, 11 EPS-producing genes were identified in the BGI-2 genome,
while none of the 7 mesophilic Pseudomonas species in Table 1 contain these genes.
The EPS genes are EpsE (undecaprenyl-phosphate galactosephosphotransferase), CpsA
(capsular polysaccharide synthesis enzyme CpsA, sugar transferase), CpsB (capsular
polysaccharide synthesis enzyme CpsB), CpsC (capsular polysaccharide synthesis en-
zyme CpsC, polysaccharide export), CpsD (capsular polysaccharide synthesis enzyme
CpsD, exopolysaccharide synthesis), and 3 genes each of Glt1 (glycosyltransferase,
group 1 family protein) and Glt2 (glycosyltransferase, group 2 family protein). Produc-
tion of exopolysaccharide by microorganisms is considered an adaptation to survive
freezing environments (3, 4). Further in-depth study of the genomic data will help us
understand the molecular basis of cold adaptation.

Data availability. The draft genome sequence has been deposited in NCBI GenBank
under the accession number SISBO0000000, 16S rRNA gene sequence accession number
MH681214, BioProject number PRJINA523205, and BioSample number SAMN10966221. The
raw reads have been deposited in the NCBI Sequence Read Archive (SRA) with the
accession number SRR8715451.

REFERENCES

1. Struvay C, Feller G. 2012. Optimization to low temperature activity in

psychrophilic enzymes. Int J Mol Sci 13:11643-11665. https://doi.org/10
.3390/ijms130911643.

the taxonomy of Pseudomonas revisited: an update. Infect Genet Evol
57:106-116. https://doi.org/10.1016/j.meegid.2017.10.026.

. Jang SH, Kim J, Kim J, Hong S, Lee C. 2012. Genome sequence of

2. Casanueva A, Tuffin M, Cary C, Cowan DA. 2010. Molecular adaptations cold-adapted Pseudomonas mandelii strain JR-1. J Bacteriol 194:
to psychrophily: the impact of ‘omic’ technologies. Trends Microbiol 3263-3263. https://doi.org/10.1128/JB.00517-12.

18:374-381. https://doi.org/10.1016/j.tim.2010.05.002. 8. Vasquez-Ponce F, Higuera-Llantén S, Pavlov MS, Ramirez-Orellana R,

3. Carrion O, Delgado L, Mercade E. 2015. New emulsifying and cryo- Marshall SH, Olivares-Pacheco J. 2017. Alginate overproduction and
protective exopolysaccharide from Antarctic Pseudomonas sp. ID1. biofilm formation by psychrotolerant Pseudomonas mandelii depend on
Carbohydr Polym 117:1028-1034. https://doi.org/10.1016/j.carbpol temperature in Antarctic marine sediments. Electron J Biotech 28:27-34.
.2014.08.060. https://doi.org/10.1016/j.ejbt.2017.05.001.

4. Aslam SN, Cresswell-Maynard T, Thomas DN, Underwood GJ. 2012. 9. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Production and characterization of the intra-and extracellular carbohy- lllumina sequence data. Bioinformatics 30:2114-2120. https://doi.org/10
drates and polymeric substances (EPS) of three sea-ice diatom species, .1093/bioinformatics/btu170.
and evidence for a cryoprotective role for EPS. J Phycol 48:1494-1509. 10. Nurk S, Bankevich A, Antipov D, Gurevich AA, Korobeynikov A, Lapidus
https://doi.org/10.1111/jpy.12004. A, Prjibelski AD, Pyshkin A, Sirotkin A, Sirotkin Y, Stepanauskas R, Clin-

5. Nichols CM, Lardiére SG, Bowman JP, Nichols PD, Gibson JA, Guézennec genpeel SR, Woyke T, McLean JS, Lasken R, Tesler G, Alekseyev MA,
J. 2005. Chemical characterization of exopolysaccharides from Antarctic Pevzner PA. 2013. Assembling single-cell genomes and mini-
marine bacteria. Microb Ecol 49:578-589. https://doi.org/10.1007/ metagenomes from chimeric MDA products. J Comput Biol 20:714-737.
500248-004-0093-8. https://doi.org/10.1089/cmb.2013.0084.

6. Peix A, Ramirez-Bahena M-H, Veldzquez E. 2018. The current status on 11. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma

Volume 8 Issue 19 €00320-19

mra.asm.org 2


https://www.ncbi.nlm.nih.gov/nuccore/SISB00000000
https://www.ncbi.nlm.nih.gov/nuccore/MH681214
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA523205
https://www.ncbi.nlm.nih.gov/biosample/SAMN10966221
https://www.ncbi.nlm.nih.gov/sra/SRR8715451
https://doi.org/10.3390/ijms130911643
https://doi.org/10.3390/ijms130911643
https://doi.org/10.1016/j.tim.2010.05.002
https://doi.org/10.1016/j.carbpol.2014.08.060
https://doi.org/10.1016/j.carbpol.2014.08.060
https://doi.org/10.1111/jpy.12004
https://doi.org/10.1007/s00248-004-0093-8
https://doi.org/10.1007/s00248-004-0093-8
https://doi.org/10.1016/j.meegid.2017.10.026
https://doi.org/10.1128/JB.00517-12
https://doi.org/10.1016/j.ejbt.2017.05.001
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1089/cmb.2013.0084
https://www.ncbi.nlm.nih.gov/nuccore/LOHF00000000
https://www.ncbi.nlm.nih.gov/nuccore/JYHB00000000
https://www.ncbi.nlm.nih.gov/nuccore/LT222319
https://www.ncbi.nlm.nih.gov/nuccore/FNJH00000000
https://www.ncbi.nlm.nih.gov/nuccore/LHVH00000000
https://www.ncbi.nlm.nih.gov/nuccore/AYTM00000000
https://www.ncbi.nlm.nih.gov/nuccore/LHVP00000000
https://mra.asm.org

Microbiology Resource Announcements

12.

13.

Volume 8

K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R,
Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Par-
rello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A,
Zagnitko O. 2008. The RAST server: Rapid Annotations using Subsys-
tems Technology. BMC Genomics 9:75. https://doi.org/10.1186/1471
-2164-9-75.

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
.0rg/10.1093/nar/gkw569.

Auch AF, von Jan M, Klenk H-P, Goker M. 2010. Digital DNA-DNA
hybridization for microbial species delineation by means of genome-to
genome sequence comparison. Stand Genomic Sci 2:117-134. https://
doi.org/10.4056/sigs.531120.

Issue 19 e00320-19

. Meier-Kolthoff JP, Auch AF, Klenk H-P, Goker M. 2013. Genome sequence-

based species delimitation with confidence intervals and improved distance
functions. BMC Bioinformatics 14:60. https://doi.org/10.1186/1471-2105-14
-60.

. Yoon SH, Ha SM, Lim J, Kwon S, Chun J. 2017. A large-scale evaluation of

algorithms to calculate average nucleotide identity. Antonie Van Leeuwen-
hoek 110:1281-1286. https://doi.org/10.1007/510482-017-0844-4.

. Richter M, Rossell6-Méra R. 2009. Shifting the genomic gold standard for

the prokaryotic species definition. Proc Natl Acad Sci U S A 106:
19126-19131. https://doi.org/10.1073/pnas.0906412106.

. Goris J, Konstantinidis KT, Klappenbach JA, Coenye T, Vandamme P,

Tiedje JM. 2007. DNA-DNA hybridization values and their relationship to
whole-genome sequence similarities. Int J Syst Evol Microbiol 57:
81-91. https://doi.org/10.1099/ijs.0.64483-0.

mra.asm.org 3


https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.4056/sigs.531120
https://doi.org/10.4056/sigs.531120
https://doi.org/10.1186/1471-2105-14-60
https://doi.org/10.1186/1471-2105-14-60
https://doi.org/10.1007/s10482-017-0844-4
https://doi.org/10.1073/pnas.0906412106
https://doi.org/10.1099/ijs.0.64483-0
https://mra.asm.org

	Data availability. 
	REFERENCES

