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ABSTRACT Pandoraea fibrosis is a newly identified Gram-negative bacterial species
that was isolated from the respiratory tract of an Australian cystic fibrosis patient.
The complete assembled genome sequences of two consecutive isolates (second
isolate collected 11 months after antibiotic treatment) from the same individual are
presented here.

andoraea species have been isolated from cystic fibrosis (CF) airways, lung/blood

from non-CF individuals, and environmental (e.g., soil and water) sources (1-6).
Clinical isolates are predominantly multidrug resistant (MDR) and commonly cocolonize
with Pseudomonas aeruginosa when recovered from CF sputum (4, 7). Pandoraea spp.
can establish chronic airway infections and cause significant lung function deteriora-
tion, possibly due to eliciting a proinflammatory response (7-11). The detection of
Pandoraea spp. remains difficult (misidentified as Burkholderia cepacia or a Ralstonia
sp.); hence, the prevalence of Pandoraea sp.-associated infections may be underre-
ported (1, 12, 13). To date, 11 Pandoraea species have been described, including the
recently characterized species Pandoraea fibrosis (14).

Only three incomplete P. fibrosis genome sequences have been reported (NCBI), of
which two were collected from a CF patient admitted to the Royal Hobart Hospital
(Tasmania, Australia) (14, 15). These isolates include the designated strain 63997 and a
subsequent isolate (7641) collected 11 months after antibiotic treatment. These MDR
strains, initially detected as Pandoraea apista and then Pandoraea pnomenusa, recently
underwent polyphasic taxonomic analysis and were identified as P. fibrosis (14-16).
Given the overall dearth of complete clinical Pandoraea genomes, combined with our
limited understanding of virulence and resistance mechanisms of Pandoraea spp., we
sought to complete these two P. fibrosis genomes and identify genes associated with
disease.

Strains 6399 and 7641 were previously recovered from CF sputa (14, 15) via growth
on Burkholderia cepacia-selective medium and stored at —80°C in lysogeny broth (LB)
supplemented with 20% (vol/vol) glycerol. Glycerol stocks were streaked onto LB agar
for colony isolation and grown in LB. Subsequently, high-molecular-weight (HMW) DNA
was purified from 63997 using the DNeasy blood and tissue kit (Qiagen) and a >8-kb
size selection performed via the BluePippin instrument (Millennium Science), while
7641 was prepared using the MagAttract HMW kit (Qiagen). DNA extracts underwent
Oxford Nanopore Technologies (ONT) MinlON sequencing with the SQK-LSK108_1D
long reads (63997) or the RAD003-v2 (7641) kit and were sequenced on R9.4 flowcells.
Sequences were base called using Albacore 2.3.1, which yielded 33X (6399T) and 13X
(7641) coverage, respectively.

Genomes were assembled using both Illumina MiSeq data (16) and ONT reads via
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Unicycler v0.3.7 (17). Default parameters were used for all software unless otherwise
noted. The completed genomes were 5,592,065 bp (6399") and 5,592,064 bp (7641),
with both exhibiting a G+C content of 62.8%. Similar to the prior Illlumina-only
assembly (16), genomes were annotated using the Rapid Annotations using Subsystem
Technology tool kit (RASTtk) v2.0 with taxonomy identity 93220 (P. pnomenusa) (18).
The RASTtk pipeline identified a total of 5,103 (63997) and 5,104 (7641) protein-coding
sequences (57 genes associated with virulence, disease, and defense and 42 genes
linked to antibiotic resistance and toxic compounds), with both isolates containing 76
RNA genes (64 tRNA genes). Gene content was similar between the two isolates,
although the iron acquisition gene ybtA was absent in 7641. A comparison to P.
pnomenusa RB38 (19) revealed that 63997 has 280 genes unique to P. fibrosis. Con-
versely, the Prokaryotic Genome Annotation Pipeline identified 4,801 (63997) and 4,799
(7641) protein-coding sequences and 81 RNA genes (65 tRNA genes) (20). ResFinder 3.2
identified the blagya_,55 gene (86.21% identity; beta-lactam resistance) in both strains
(21). Compared with 63997, 7641 harbored 3 indels, 3 missense mutations, and 1 large
1,451,403-bp inversion (BWA-MEM, GATK, and snpEff) (22-24). The completion of these
genome sequences has provided insight into P. fibrosis virulence and antibiotic resis-
tance mechanisms.

Data availability. This whole-genome sequencing project has been deposited in
DDBJ/EMBL/GenBank under accession numbers CP047385 for strain 6399 (BioProject
number PRINA266749, BioSample number SAMNO03174139, and SRA numbers
SRX7812756 [lllumina reads] and SRX6578695 [ONT reads, fast5]) and CP047386 for
strain 7641 (BioProject number PRINA266765, BioSample number SAMN03174414, and
SRA numbers SRX7812757 [lllumina reads] and SRX6578757 [ONT reads, fast5]). The
assembly versions described in this paper are the second versions.

ACKNOWLEDGMENTS
This research was supported by the Advance Queensland Innovation Partnerships
(grant 2016000403) and the Institute for Molecular Bioscience Centre for Superbug

Solutions (grant 610246) fund.

REFERENCES

1.

Coenye T, Falsen E, Hoste B, Ohlén M, Goris J, Govan JR, Gillis M, Vandamme
P. 2000. Description of Pandoraea gen. nov. with Pandoraea apista sp. nov.,
Pandoraea pulmonicola sp. nov., Pandoraea pnomenusa sp. nov., Pandoraea
sputorum sp. nov. and Pandoraea norimbergensis comb. nov. Int J Syst Evol
Microbiol 50:887-899. https://doi.org/10.1099/00207713-50-2-887.

. Johnson LN, Han JY, Moskowitz SM, Burns JL, Qin X, Englund JA. 2004.

Pandoraea bacteremia in a cystic fibrosis patient with associated sys-
temic illness. Pediatr Infect Dis J 23:881-882. https://doi.org/10.1097/01
.inf.0000136857.74561.3c.

. Atkinson RM, Lipuma JJ, Rosenbluth DB, Dunne WM, Jr. 2006. Chronic

2. Daneshvar MI, Hollis DG, Steigerwalt AG, Whitney AM, Spangler L, colonization with Pandoraea apista in cystic fibrosis patients determined
Douglas MP, Jordan JG, MacGregor JP, Hill BC, Tenover FC, Brenner DJ, by repetitive-element-sequence PCR. J Clin Microbiol 44:833-836.
Weyant RS. 2001. Assignment of CDC weak oxidizer group 2 (WO-2) to https://doi.org/10.1128/JCM.44.3.833-836.2006.
the genus Pandoraea and characterization of three new Pandoraea 10. Caraher E, Collins J, Herbert G, Murphy PG, Gallagher CG, Crowe MJ,
genomospecies. J Clin Microbiol 39:1819-1826. https://doi.org/10.1128/ Callaghan M, McClean S. 2008. Evaluation of in vitro virulence charac-
JCM.39.5.1819-1826.2001. teristics of the genus Pandoraea in lung epithelial cells. J Med Microbiol

3. Stryjewski ME, LiPuma JJ, Messier RH, Jr., Reller LB, Alexander BD. 2003. 57:15-20. https://doi.org/10.1099/jmm.0.47544-0.

Sepsis, multiple organ failure, and death due to Pandoraea pnomenusa 11. Martinez-Lamas L, Rabade Castedo C, Martin Romero Dominguez M,
infection after lung transplantation. J Clin Microbiol 41:2255-2257. Barbeito Castifieiras G, Palacios Bartolomé A, Pérez Del Molino Bernal
https://doi.org/10.1128/jcm.41.5.2255-2257.2003. ML. 2011. Pandoraea sputorum colonization in a patient with cystic

4. Green H, Jones AM. 2015. The microbiome and emerging pathogens in fibrosis. Arch Bronconeumol 47:571-574. https://doi.org/10.1016/j.arbr
cystic fibrosis and non-cystic fibrosis bronchiectasis. Semin Respir Crit .2011.06.014.

Care Med 36:225-235. https://doi.org/10.1055/5-0035-1546752. 12. Coenye T, Liu L, Vandamme P, LiPuma JJ. 2001. Identification of Pando-

5. Xiao X, Tian H, Cheng X, Li G, Zhou J, Peng Z, Li Y. 2019. Pandoraea raea species by 16S ribosomal DNA-based PCR assays. J Clin Microbiol
sputorum bacteremia in a patient who had undergone allogeneic liver 39:4452-4455. https://doi.org/10.1128/JCM.39.12.4452-4455.2001.
transplantation plus immunosuppressive therapy: a case report. Infect 13. Pimentel JD, MacLeod C. 2008. Misidentification of Pandoraea sputorum
Drug Resist 12:3359-3364. https://doi.org/10.2147/IDR.5227643. isolated from sputum of a patient with cystic fibrosis and review of

6. Lin C, Luo N, Xu Q, Zhang J, Cai M, Zheng G, Yang P. 2019. Pneumonia Pandoraea species infections in transplant patients. J Clin Microbiol
due to Pandoraea apista after evacuation of traumatic intracranial 46:3165-3168. https://doi.org/10.1128/JCM.00855-08.
hematomas: a case report and literature review. BMC Infect Dis 19:869. 14. See-Too WS, Ambrose M, Malley R, Ee R, Mulcahy E, Manche E, Lazenby
https://doi.org/10.1186/512879-019-4420-6. J, McEwan B, Pagnon J, Chen JW, Chan KG, Turnbull L, Whitchurch CB,

7. Jorgensen IM, Johansen HK, Frederiksen B, Pressler T, Hansen A, Van- Roddam LF. 2019. Pandoraea fibrosis sp. nov., a novel Pandoraea species
damme P, Hoiby N, Koch C. 2003. Epidemic spread of Pandoraea apista, isolated from clinical respiratory samples. Int J Syst Evol Microbiol
a new pathogen causing severe lung disease in cystic fibrosis patients. 69:645-651. https://doi.org/10.1099/ijsem.0.003147.

Pediatr Pulmonol 36:439-446. https://doi.org/10.1002/ppul.10383. 15. Ambrose M, Malley RC, Warren SJ, Beggs SA, Swallow OF, McEwan B,

Volume 9 Issue 13 e00060-20

mra.asm.org 2


https://www.ncbi.nlm.nih.gov/nuccore/CP047385
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA266749
https://www.ncbi.nlm.nih.gov/biosample/SAMN03174139
https://www.ncbi.nlm.nih.gov/sra/SRX7812756
https://www.ncbi.nlm.nih.gov/sra/SRX6578695
https://www.ncbi.nlm.nih.gov/nuccore/CP047386
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA266765
https://www.ncbi.nlm.nih.gov/biosample/SAMN03174414
https://www.ncbi.nlm.nih.gov/sra/SRX7812757
https://www.ncbi.nlm.nih.gov/sra/SRX6578757
https://doi.org/10.1099/00207713-50-2-887
https://doi.org/10.1128/JCM.39.5.1819-1826.2001
https://doi.org/10.1128/JCM.39.5.1819-1826.2001
https://doi.org/10.1128/jcm.41.5.2255-2257.2003
https://doi.org/10.1055/s-0035-1546752
https://doi.org/10.2147/IDR.S227643
https://doi.org/10.1186/s12879-019-4420-6
https://doi.org/10.1002/ppul.10383
https://doi.org/10.1097/01.inf.0000136857.74561.3c
https://doi.org/10.1097/01.inf.0000136857.74561.3c
https://doi.org/10.1128/JCM.44.3.833-836.2006
https://doi.org/10.1099/jmm.0.47544-0
https://doi.org/10.1016/j.arbr.2011.06.014
https://doi.org/10.1016/j.arbr.2011.06.014
https://doi.org/10.1128/JCM.39.12.4452-4455.2001
https://doi.org/10.1128/JCM.00855-08
https://doi.org/10.1099/ijsem.0.003147
https://mra.asm.org

Microbiology Resource Announcement

16.

17.

18.

19.

Volume 9

Stock D, Roddam LF. 2016. Pandoraea pnomenusa isolated from an
Australian patient with cystic fibrosis. Front Microbiol 11:692. https://doi
.org/10.3389/fmicb.2016.00692.

Ee R, Ambrose M, Lazenby J, Williams P, Chan KG, Roddam L. 2015. Genome
sequences of two Pandoraea pnomenusa isolates recovered 11 months
apart from a cystic fibrosis patient. Genome Announc 3:e01389-14. https://
doi.org/10.1128/genomeA.01389-14.

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.

Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,
Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.

Lim YL, Ee R, How KY, Lee SK, Yong D, Tee KK, Yin WF, Chan KG. 2015.
Complete genome sequencing of Pandoraea pnomenusa RB38 and mo-
lecular characterization of Its N-acyl homoserine lactone synthase gene
ppnl. Peer) 3:e1225. https://doi.org/10.7717/peerj.1225.

Issue 13 e00060-20

20.

21.

22.

23.

24,

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.

Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O,
Aarestrup FM, Larsen MV. 2012. Identification of acquired antimicrobial
resistance genes. J Antimicrob Chemother 67:2640-2644. https://doi
.0rg/10.1093/jac/dks261.

Li H. 2013. Aligning sequence reads, clone sequences and assembly
contigs with BWA-MEM. arXiv 1303.3997 [g-bio.GN]. https://arxiv.org/
abs/1303.3997.

McKenna A, Hanna M, Banks E, Sivachenko A, Cibulskis K, Kernytsky A,
Garimella K, Altshuler D, Gabriel S, Daly M, DePristo MA. 2010. The
Genome Analysis Toolkit: a MapReduce framework for analyzing next-
generation DNA sequencing data. Genome Res 20:1297-1303. https://
doi.org/10.1101/gr.107524.110.

Cingolani P, Platts A, Wang I. L, Coon M, Nguyen T, Wang L, Land SJ, Lu
X, Ruden DM. 2012. A program for annotating and predicting the effects
of single nucleotide polymorphisms, SnpEff: SNPs in the genome of
Drosophila melanogaster strain w1118; iso-2; iso-3. Fly (Austin) 6:80-92.
https://doi.org/10.4161/fly.19695.

mra.asm.org 3


https://doi.org/10.3389/fmicb.2016.00692
https://doi.org/10.3389/fmicb.2016.00692
https://doi.org/10.1128/genomeA.01389-14
https://doi.org/10.1128/genomeA.01389-14
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.7717/peerj.1225
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1093/jac/dks261
https://arxiv.org/abs/1303.3997
https://arxiv.org/abs/1303.3997
https://doi.org/10.1101/gr.107524.110
https://doi.org/10.1101/gr.107524.110
https://doi.org/10.4161/fly.19695
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

