
Genome Sequence of the Amphotericin B-Resistant Candida
duobushaemulonii Strain B09383

Nancy A. Chow,a Lalitha Gade,a Dhwani Batra,b Lori A. Rowe,b Phalasy Juieng,b Vladimir N. Loparev,b

Anastasia P. Litvintsevaa

aMycotic Diseases Branch, Centers for Disease Control and Prevention, Atlanta, Georgia, USA
bBiotechnology Core Facility Branch, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

ABSTRACT Candida duobushaemulonii is a drug-resistant yeast that can cause inva-
sive candidiasis. Here, we report the first genome sequence of C. duobushaemulonii,
isolate B09383, generated using PacBio sequencing technology. The estimated ge-
nome size was 12.5 Mb with a GC content of 46.84%.

First described in 2012, Candida duobushaemulonii has been classified as part of the
C. haemulonii complex that also comprises C. haemulonii and C. haemulonii var.

vulnera (1). The yeast has been linked to deep cutaneous infections (2), recurrent
vulvovaginal candidiasis (3), and candidemia (4). Additionally, antifungal suscepti-
bility testing has shown that C. duobushaemulonii is often resistant to amphotericin
B and fluconazole (4, 5). Species identification methods based on biochemical
profiles such as the Vitek 2 automated system are unable to distinguish species
within the C. haemulonii complex and other closely related species such as C. auris.
Thus, genetic methods including whole-genome sequencing are becoming increas-
ingly important in the proper identification of C. duobushaemulonii. In response, we
have generated the first genome sequence of C. duobushaemulonii from the drug-
resistant isolate B09383.

Long fragments of genomic DNA were prepared using a nonenzymatic method,
with the MasterPure yeast DNA purification kit (Epicenter, Madison, WI, USA). Single-
molecule real-time (SMRT) sequencing was done at the Genome Sequencing Labora-
tory (CDC, Atlanta, GA, USA) using the PacBio RS II SMRT DNA sequencing system
(Pacific Biosciences, Menlo Park, CA, USA). Specifically, 20-kb libraries were generated
with the SMRTbell template prep kit 1.0 (Pacific Biosciences). Libraries were bound to
polymerase using the DNA/polymerase binding kit P6 v2 (Pacific Biosciences), loaded
on two SMRT cells (Pacific Biosciences), and sequenced with C4 v2 chemistry (Pacific
Biosciences) for 360-minute movies.

Sequence reads were de novo assembled using Canu v1.6 (6). The resultant
contigs were checked for further joins and circularity using Circlator v1.5 (7).
Contigs were polished using Quiver, part of SMRT analysis suite v2.3 (Pacific Bio-
sciences) (8), and the sequence order was verified using restriction enzyme AflII
whole-genome mapping (OpGen, Gaithersburg, MA). Seven contigs ranging from
787,164 bp to 3,440,864 bp and one mitochondrial chromosome of 22,443 bp were
identified.

Accession number(s). The whole-genome sequencing project for isolate B09383
has been deposited in DDJ/ENA/GenBank under the accession number PKFP00000000.
The version described in this paper is the first version.

ACKNOWLEDGMENT
We thank Elizabeth Berkow (Mycotic Diseases Branch, CDC) for performing antifun-

gal susceptibility testing on isolate B09383.

Received 16 February 2018 Accepted 28
February 2018 Published 29 March 2018

Citation Chow NA, Gade L, Batra D, Rowe LA,
Juieng P, Loparev VN, Litvintseva AP. 2018.
Genome sequence of the amphotericin B-
resistant Candida duobushaemulonii strain
B09383. Genome Announc 6:e00204-18.
https://doi.org/10.1128/genomeA.00204-18.

This is a work of the U.S. Government and is
not subject to copyright protection in the
United States. Foreign copyrights may apply.

Address correspondence to Nancy A. Chow,
yln3@cdc.gov.

EUKARYOTES

crossm

Volume 6 Issue 13 e00204-18 genomea.asm.org 1

https://www.ncbi.nlm.nih.gov/nuccore/PKFP00000000
https://doi.org/10.1128/genomeA.00204-18
mailto:yln3@cdc.gov
http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00204-18&domain=pdf&date_stamp=2018-3-29
http://genomea.asm.org


REFERENCES
1. Cendejas-Bueno E, Kolecka A, Alastruey-Izquierdo A, Theelen B, Groe-

newald M, Kostrzewa M, Cuenca-Estrella M, Gomez-Lopez A, Boekhout T.
2012. Reclassification of the Candida haemulonii complex as Candida
haemulonii (C. haemulonii group I), C. duobushaemulonii sp. nov. (C.
haemulonii group II), and C. haemulonii var. vulnera var. nov.: three
multiresistant human pathogenic yeasts. J Clin Microbiol 50:3641–3651.
https://doi.org/10.1128/JCM.02248-12.

2. Fang S-Y, Wei K-C, Chen W-C, Lee S-J, Yang K-C, Wu C-S, Sun P-L. 2016.
Primary deep cutaneous candidiasis caused by Candida duobushaemulo-
nii in a 68-year-old man: the first case report and literature review.
Mycoses 59:818 – 821. https://doi.org/10.1111/myc.12540.

3. Boatto HF, Cavalcanti SDB, Del Negro GM, Girão MJB, Francisco EC, Ishida
K, Gompertz OF. 2016. Candida duobushaemulonii: an emerging rare
pathogenic yeast isolated from recurrent vulvovaginal candidiasis in
Brazil. Mem Inst Oswaldo Cruz 111:407– 410. https://doi.org/10.1590/0074
-02760160166.

4. Hou X, Xiao M, Chen SC-A, Wang H, Cheng J-W, Chen X-X, Xu Z-P, Fan X,
Kong F, Xu Y-C. 2016. Identification and antifungal susceptibility profiles
of Candida haemulonii species complex clinical isolates from a multicenter

study in China. J Clin Microbiol 54:2676 –2680. https://doi.org/10.1128/
JCM.01492-16.

5. Kumar A, Prakash A, Singh A, Kumar H, Hagen F, Meis JF, Chowdhary A.
2016. Candida haemulonii species complex: an emerging species in India
and its genetic diversity assessed with multilocus sequence and amplified
fragment-length polymorphism analyses. Emerg Microbes Infect 5:e49.
https://doi.org/10.1038/emi.2016.49.

6. Koren S, Walenz BP, Berlin K, Miller JR, Bergman NH, Phillippy AM. 2017.
Canu: scalable and accurate long-read assembly via adaptive k-mer
weighting and repeat separation. Genome Res 27:722–736. https://doi
.org/10.1101/gr.215087.116.

7. Hunt M, Silva ND, Otto TD, Parkhill J, Keane JA, Harris SR. 2015. Circlator:
automated circularization of genome assemblies using long sequencing
reads. Genome Biol 16:294. https://doi.org/10.1186/s13059-015-0849-0.

8. Chin CS, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum A,
Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013. Non-
hybrid, finished microbial genome assemblies from long-read SMRT se-
quencing data. Nat Methods 10:563–569. https://doi.org/10.1038/nmeth
.2474.

Chow et al.

Volume 6 Issue 13 e00204-18 genomea.asm.org 2

https://doi.org/10.1128/JCM.02248-12
https://doi.org/10.1111/myc.12540
https://doi.org/10.1590/0074-02760160166
https://doi.org/10.1590/0074-02760160166
https://doi.org/10.1128/JCM.01492-16
https://doi.org/10.1128/JCM.01492-16
https://doi.org/10.1038/emi.2016.49
https://doi.org/10.1101/gr.215087.116
https://doi.org/10.1101/gr.215087.116
https://doi.org/10.1186/s13059-015-0849-0
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1038/nmeth.2474
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENT
	REFERENCES

