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We report the draft genome sequence of Mycobacterium heraklionense strain Davo, isolated from a fine-needle aspirate of a
right-ankle soft-tissue mass. This is the first draft genome sequence of Mycobacterium heraklionense, a nonpigmented rapidly
growing mycobacterium.
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Mycobacterium heraklionense is an unpigmented member of
the Mycobacterium terrae complex that was originally iso-

lated from Heraklion, a city in Crete, Greece (1). It is an uncom-
mon cause of infection of humans, with the first case reported
only in 2014 (2). Mycobacterium heraklionense has also been
reported to have been isolated from water treatment sludge (3).
The notable phenotypic characteristics of Mycobacterium her-
aklionense include an intermediate growth rate, smooth colo-
nies with no pigmentation, positive nitrate reduction, and pos-
itive beta-glucosidase activity (1).

Rapidly growing mycobacteria constitute a commonly isolated
population of acid-fast bacilli in the clinical microbiology lab of
varying clinical importance, and molecular methods are often the
only means of rapidly discriminating between them (4, 5). We
sequenced the first draft genome of Mycobacterium heraklionense
from a fine-needle aspiration sample from a 53-year-old woman,
who presented to an orthopedic surgery clinic in 2014 with a right-
medial soft-tissue ankle mass. The patient had previously had a
repair of a transverse laceration of her right Achilles tendon after a
gardening accident 20 years prior. Cytological analysis of the as-
pirate revealed purulent fluid consistent with an inflamed cyst,
and the acid-fast bacillus culture returned positive on day 14 of
culture. The isolate was originally typed as Mycobacterium herak-
lionense based on partial rpoB sequencing. Susceptibility testing
showed the following MICs (�g/mL): amikacin, �2; ciprofloxa-
cin, �4; clarithromycin, �4; ethambutol, 1.25; kanamycin, 8;
moxifloxacin, �2; rifabutin, 0.25; rifampin, �16; and streptomy-
cin, 4. No other bacteria or yeast were recovered from the aspirate.

DNA from M. heraklionense strain Davo was extracted using
the Qiagen EZ1 kit, and paired-end libraries were prepared using
the Nextera XT DNA library kit, followed by 2 � 250-bp sequenc-
ing on Illumina HiSeq. Sequences were adapter and quality
trimmed (Q30) using Cutadapt, de novo assembled using SPAdes
version 3.5, metagenomically screened for contaminating se-
quence with SURPI, and annotated via Prokka version 1.1 (6–9).
A total of 11,595,000 paired-end reads with an average length of
181 nucleotides were recovered after trimming. De novo assembly
yielded 75 contigs for a total assembly size of 5,109,749 bp with an
N50 of 187,081 bp, an average coverage of 337�, and a total of
4,742 coding sequences. Contiguity was most likely disrupted by

the high GC content (68%), along with several high-copy-number
integrases, transposases, and recombinases that were longer than
the sequence read length. A 55.5-kb contig that was present at a
20-fold-higher copy number than other genomic contigs demon-
strated 65% nucleotide identity to a variety of Mycobacterium
phages, including Saal, Sparky, and CaptainTrips (10).

BLASTn analysis of the complete 16S sequence from strain
Davo showed 100% identity to M. heraklionense type strain NCTC
13432, while other top hits included members of the M. terrae
complex, including M. arupense, M. senuense, and Mycobacterium
sp. JDM601. No high-confidence antibiotic resistance genes were
identified by Comprehensive Antibiotic Resistance Database anal-
ysis (11).

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/ENA/GenBank un-
der the accession number LDPO00000000. The assembly de-
scribed in this paper is the first version, LDPO01000000.

ACKNOWLEDGMENT

This work was supported by the University of California San Francisco
Department of Laboratory Medicine.

REFERENCES
1. Tortoli E, Gitti Z, Klenk H-P, Lauria S, Mannino R, Mantegani P,

Mariottini A, Neonakis I. 2013. Survey of 150 strains belonging to the
Mycobacterium terrae complex and description of Mycobacterium engbae-
kii sp. nov., Mycobacterium heraklionense sp. nov. and Mycobacterium lon-
gobardum sp. nov. Int J Syst Evol Microbiol 63:401– 411. http://
dx.doi.org/10.1099/ijs.0.038737-0.

2. Abedalthagafi M, Rosenberg O, Miller S. 2014. First report of tenosyn-
ovitis in an immunocompetent person caused by Mycobacterium herak-
lionense. JMM Case Rep 1:e002071. http://dx.doi.org/10.1099/ jm-
mcr.0.002071.

3. Makovcova J, Babak V, Slany M, Slana I. 2015. Comparison of methods
for the isolation of mycobacteria from water treatment plant sludge. An-
tonie Van Leeuwenhoek 107:1165–1179. http://dx.doi.org/10.1007/
s10482-015-0408-4.

4. Greninger AL, Langelier C, Cunningham G, Keh C, Melgar M, Chiu
CY, Miller S. 2015. Two rapidly growing mycobacterial species isolated
from a brain abscess: first whole-genome sequence of Mycobacterium im-
munogenum and Mycobacterium llatzerense. J Clin Microbiol 53:
2374 –2377. http://dx.doi.org/10.1128/JCM.00402-15.

5. De Groote MA, Huitt G. 2006. Infections due to rapidly growing myco-
bacteria. Clin Infect Dis 42:1756 –1763. http://dx.doi.org/10.1086/504381.

crossmark

Genome AnnouncementsJuly/August 2015 Volume 3 Issue 4 e00807-15 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00807-15&domain=pdf&date_stamp=2015-7-23
http://genomea.asm.org


6. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics Oxf Engl 30:2068 –2069. http://dx.doi.org/10.1093/
bioinformatics/btu153.

7. Naccache SN, Federman S, Veeraraghavan N, Zaharia M, Lee D, Sa-
mayoa E, Bouquet J, Greninger AL, Luk K-C, Enge B, Wadford DA,
Messenger SL, Genrich GL, Pellegrino K, Grard G, Leroy E, Schneider
BS, Fair JN, Martínez MA, Isa P, Crump JA, DeRisi JL, Sittler T,
Hackett J, Miller S, Chiu CY. 2014. A cloud-compatible bioinformatics
pipeline for ultrarapid pathogen identification from next-generation se-
quencing of clinical samples. Genome Res 24:1180 –1192. http://
dx.doi.org/10.1101/gr.171934.113.

8. Martin M. 2011. Cutadapt removes adapter sequences from high-
throughput sequencing reads. EMBnet.journal 17:10 –12. http://
dx.doi.org/10.14806/ej.17.1.200.

9. 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 sequencing. J Comput Biol 19:455– 477. http://dx.doi.org/10.1089/
cmb.2012.0021.

10. Pope WH, Bowman CA, Russell DA, Jacobs-Sera D, Asai DJ, Cresawn
SG, Jacobs WR, Hendrix RW, Lawrence JG, Hatfull GF, Science Edu-
cation Alliance Phage Hunters Advancing Genomics and Evolutionary
Science, Phage Hunters Integrating Research and Education, Mycobac-
terial Genetics Course. 2015. Whole genome comparison of a large col-
lection of mycobacteriophages reveals a continuum of phage genetic di-
versity. eLife 4:e06416. http://dx.doi.org/10.7554/eLife.06416.

11. McArthur AG, Waglechner N, Nizam F, Yan A, Azad MA, Baylay AJ,
Bhullar K, Canova MJ, De Pascale G, Ejim L, Kalan L, King AM, Koteva
K, Morar M, Mulvey MR, O’Brien JS, Pawlowski AC, Piddock LJ,
Spanogiannopoulos P, Sutherland AD, Tang I, Taylor PL, Thaker M,
Wang W, Yan M, Yu T, Wright GD. 2013. The Comprehensive Antibi-
otic Resistance Database. Antimicrob Agents Chemother 57:3348 –3357.
http://dx.doi.org/10.1128/AAC.00419-13.

Greninger et al.

Genome Announcements2 genomea.asm.org July/August 2015 Volume 3 Issue 4 e00807-15

http://genomea.asm.org

	Draft Genome Sequence of Mycobacterium heraklionense Strain Davo
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENT

	REFERENCES

