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ABSTRACT Candida psychrophila is an obligate psychrophilic yeast classified into
the family Debaryomycetaceae (Saccharomycotina). Here, we report the draft genome
sequence of the type strain, NRRL Y-17665. The genome sequence is 11.2 Mb long
and codes for 5,827 predicted proteins.

The yeast Candida psychrophila was originally isolated from penguin dung at Cape
Royds, Ross Island (Antarctica) (1). Later studies showed its affiliation with the genus

Debaryomyces belonging to the CTG clade of Saccharomycotina (2, 3). C. psychrophila is
an obligate aerobe and psychrophile that does not grow at temperatures above 17°C
(4). Its adaptation to cold environments is mediated by lipidome enrichment for
unsaturated fatty acyl moieties (5, 6) and stress proteins, which are induced at a mild
heat shock (25°C) (7).

In this work, the genome sequence of C. psychrophila was determined using Illumina
HiSeq2500 technology. Genomic DNA was isolated from a clonal culture of the type
strain grown overnight in YPD medium (1% [wt/vol] yeast extract, 2% [wt/vol] peptone,
2% [wt/vol] glucose) at 7°C with constant shaking. The DNA was extracted essentially
as described previously (8) and purified using DNeasy minispin columns (Qiagen). The
sequencing of a paired-end (2 � 101 nucleotides) TruSeq PCR-free DNA library was
performed by Macrogen (South Korea). In total, 51,320,288 reads were generated. The
low-quality ends of reads were trimmed by Trimmomatic (9), and the assembly was
done by SPAdes version 3.9.1 (10) with K � 67. The mitochondrial genome and
ribosomal DNA (rDNA) repeat were manually adjusted in Geneious version 5.6.6 (11).
Contigs with coverage less than 10� or length less than 200 bp were discarded. The
assembly was further polished with Pilon (12). The resulting assembly has a length of
11,241,723 bp in 193 contigs; the N50 is 487,949 bp, and the longest contig has a length
of 1,179,685 bp. The GC content is 36.74%. Ten contigs terminate on one side with an
array of telomeric repeats (TTATGAGGTGTCTGGATG). The sequence complementary to
this motif was also found in the template domain of putative telomerase RNA (TER1).

To annotate the nuclear genome, protein-coding genes were predicted using
ExonHunter (13) (with custom parameter training) and Augustus (14) (with model for
Debaryomyces hansenii). ExonHunter reported 5,827 protein-coding genes, and Augus-
tus 5,502. According to tRNAscan-SE version 1.3 (15), the genome contains 192 nuclear
tRNAs, including 2 pseudogenes. The genome statistics are comparable to those of
D. hansenii, which has a genome size of 12 Mb, with 6,284 predicted proteins in the
UniProt proteome and 200 tRNAs. The BUSCO pipeline (16), comparing the ExonHunter
gene set to 1,711 conserved single-copy orthologs in the order Saccharomycetales,
reported 3 missing and 33 fragmented genes. Some of these are found in the Augustus
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predictions; combined ExonHunter and Augustus gene predictions are 98.9% complete
using the BUSCO approach.

The genome sequence of C. psychrophila together with the genomes of D. hansenii
(17) and Debaryomyces fabryi (18) provide a resource for comparative and functional
studies, which may elucidate strategies for cold adaptation, including metabolic alter-
ations, membrane composition, and stress responses. Moreover, the genome sequence
would allow identification of cold-active enzymes suitable for biotechnology (19).

Accession number(s). This whole-genome shotgun sequencing project has been

deposited in ENA/DDBJ/GenBank under the accession no. FYBW00000000. The version
described in this article is the first version, FYBW01000000.

ACKNOWLEDGMENTS

The strain NRRL Y-17665T was kindly provided by James Swezey (Agricultural
Research Service, Peoria, IL, USA).

This work was supported by grants from the Slovak Research and Developmental
Agency (14-0253, 15-0022) and the Slovak Grant Agency (1/0719/14, 1/0333/15, 1/0052/
16, 1/0684/16).

REFERENCES
1. Goto S, Sugiyama J, Iizuka H. 1969. A taxonomic study of Antarctic

yeasts. Mycologia 61:748 –774. https://doi.org/10.2307/3757466.
2. Kurtzman CP, Suzuki M. 2010. Phylogenetic analysis of ascomycete

yeasts that form coenzyme Q-9 and the proposal of the new genera
Babjeviella, Meyerozyma, Millerozyma, Priceomyces, and Scheffersomyces.
Mycoscience 51:2–14. https://doi.org/10.1007/S10267-009-0011-5.

3. Lachance M-A, Boekhout T, Scorzetti G, Fell JW, Kurtzman CP. 2011.
Candida Berkhout (1923), p 987–1278. In Kurtzman CP, Fell JW, Boekhout
T (ed), The yeasts: a taxonomic study, 5th ed, vol 1. Elsevier, London,
England.

4. Watson K, Arthur H, Morton H. 1978. Thermal adaptation in yeast:
obligate psychrophiles are obligate aerobes, and obligate thermophiles
are facultative anaerobes. J Bacteriol 136:815– 817.

5. Bhuiyan M, Tucker D, Watson K. 2013. Determination and differentiation
of triacylglycerol molecular species in Antarctic and non-Antarctic yeasts
by atmospheric pressure-chemical ionization-mass spectrometry. J Mi-
crobiol Methods 94:249–256. https://doi.org/10.1016/j.mimet.2013.06
.012.

6. Bhuiyan M, Tucker D, Watson K. 2014. Electrospray ionization-tandem
mass spectrometry analysis of phospholipid molecular species from
Antarctic and non-Antarctic yeasts. J Microbiol Methods 105:1–15.
https://doi.org/10.1016/j.mimet.2014.07.011.

7. Deegenaars ML, Watson K. 1997. Stress proteins and stress tolerance in
an Antarctic, psychrophilic yeast, Candida psychrophila. FEMS Microbiol
Lett 151:191–196. https://doi.org/10.1111/j.1574-6968.1997.tb12569.x.

8. Philippsen P, Stotz A, Scherf C. 1991. DNA of Saccharomyces cerevisiae.
Methods Enzymol 194:169–182.

9. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114–2120. https://doi.org/10
.1093/bioinformatics/btu170.

10. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455– 477. https://doi.org/10.1089/cmb.2012.0021.

11. Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton
S, Cooper A, Markowitz S, Duran C, Thierer T, Ashton B, Meintjes P, Drum-
mond A. 2012. Geneious Basic: an integrated and extendable desktop
software platform for the organization and analysis of sequence data.
Bioinformatics 28:1647–1649. https://doi.org/10.1093/bioinformatics/
bts199.

12. Walker BJ, Abeel T, Shea T, Priest M, Abouelliel A, Sakthikumar S, Cuomo
CA, Zeng Q, Wortman J, Young SK, Earl AM. 2014. Pilon: an integrated
tool for comprehensive microbial variant detection and genome assem-
bly improvement. PLoS One 9:e112963. https://doi.org/10.1371/journal
.pone.0112963.
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