
Complete Genome Sequences of
Mycobacterium kansasii Strains Isolated
from Rhesus Macaques

Aruna Panda,a Sushma Nagaraj,b Xuechu Zhao,b Hervé Tettelin,b

Louis J. DeTollaa,c

Department of Pathology, and Department of Epidemiology and Public Health, Program of Comparative
Medicine, University of Maryland School of Medicine, Baltimore, Maryland, USAa; Department of Microbiology
and Immunology, Institute for Genome Sciences, University of Maryland School of Medicine, Baltimore,
Maryland, USAb; Department of Medicine, Division of Infectious Diseases, University of Maryland School of
Medicine, Baltimore, Maryland, USAc

ABSTRACT Mycobacterium kansasii is a nontuberculous mycobacterium. It causes
opportunistic infections with pulmonary and extrapulmonary manifestations. We re-
port here the complete genome sequences of two M. kansasii strains isolated from
rhesus macaques. We performed genome comparisons with human and environ-
mental isolates of M. kansasii to assess the genomic diversity of this species.

Mycobacterium kansasii, a nontuberculous mycobacterium, is an opportunistic
pathogen of humans. It induces pulmonary or disseminated infections in humans

infected with HIV. It is known to cause fibrocavitary lung disease in non-HIV patients
(1–6). M. kansasii isolates have been recovered from environmental samples such as
dust, soil, and water (7). The presence of M. kansasii has been infrequently reported
from asymptomatic wild or domestic animals such as birds, wild deer, pigs, and dogs
(8). Mycobacteriosis due to M. kansasii infection has been reported in monkeys (9, 10).
Infection with M. kansasii, accompanied by inflamed lymph nodes or pneumonic
lesions, has been described in rhesus monkeys, squirrel monkeys, cattle, llamas, goats,
camels, and both domestic and feral pigs (9, 10).

We report here the complete genome sequences of two M. kansasii strains, 11-3469
and 11-3813, isolated from Chinese rhesus macaques utilized in biomedical research.
Genomic DNA from each M. kansasii isolate was sequenced using the Pacific Biosci-
ences RS II platform (two SMRT cells per genome; 183,133 reads with an average length
of 2,600 nucleotides [nt] were obtained for strain 11-3469, and 133,528 reads with an
average length of 2,678 nt were obtained for 11-3813). Reads were assembled using
HGAP Assembler version 2.0.1 (11), resulting in 21 contigs with a cumulative size of
6,801,699 bp for 11-3469, and 18 contigs with a cumulative size of 6,629,039 bp for
11-3813. Annotation was performed using the IGS Prokaryotic Annotation Engine (12).
The genome sequence for 11-3469 had a G�C content of 66.11%, 49 tRNA genes, three
rRNA operons, and 8,533 predicted open reading frames, while that for 11-3813 had a
G�C content of 66.09%, 47 tRNA genes, three rRNA operons, and 9,491 predicted open
reading frames.

To explore the genomic diversity that exists between M. kansasii strains obtained
from monkeys and humans or from the environment, we downloaded annotated
M. kansasii genome sequences available in GenBank as of 24 January 2017. These
included finished genome sequences of the human isolate type strain Hauduroy ATCC
12478 (CP006835.1) and two more human isolates, strains 662 from bronchial lavage
(CP009481.1) and 824 from sputum (CP009483.1); draft genome sequences of strains
732 from human sputum (JANZ00000000.1) and SMC1 from a human-associated hab-
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itat (JNDJ00000000.1); and six environmental isolates from Europe: 1010001454,
1010001458, 1010001468, 1010001493, 1010001495, and 1010001469 (13).

Multiple whole-genome sequence alignments were performed with Mugsy version
1r2.3.1 software within the CloVR Comparative pipeline (14). Core segments, including
single nucleotide polymorphisms, were analyzed with Phylomark version 1.1 software
(15) and a neighbor-joining phylogenetic tree built using the MEGA7 software (16). The
tree revealed two major clades, one consisting of all but one of the environmental
isolates plus strain 732, and the other one composed of 1010001495, all remaining
human isolates, and our monkey isolates. Monkey isolate 11-3469 was slightly more
closely related to the human isolates than isolate 11-3813. We conclude that disease-
causing human and monkey isolates are more closely related to each other than to
environmental isolates.

Accession number(s). This whole-genome shotgun project has been deposited in
GenBank under the accession numbers MVBM00000000 and MVBN00000000 for
M. kansasii strains 11-3813 and 11-3469, respectively.

ACKNOWLEDGMENT
This work was supported by departmental funds of the Program of Comparative

Medicine at the University of Maryland School of Medicine.

REFERENCES
1. Bloch KC, Zwerling L, Pletcher MJ, Hahn JA, Gerberding JL, Ostroff SM,

Vugia DJ, Reingold AL. 1998. Incidence and clinical implications of
isolation of Mycobacterium kansasii: results of a 5-year, population-based
study. Ann Intern Med 129:698 –704. https://doi.org/10.7326/0003-4819
-129-9-199811010-00004.

2. Carpenter JL, Parks JM. 1991. Mycobacterium kansasii infections in pa-
tients positive for human immunodeficiency virus. Rev Infect Dis 13:
789 –796. https://doi.org/10.1093/clinids/13.5.789.

3. Corbett EL, Hay M, Churchyard GJ, Herselman P, Clayton T, Williams BG,
Hayes R, Mulder D, De Cock KM. 1999. Mycobacterium kansasii and M.
scrofulaceum isolates from HIV-negative South African gold miners: in-
cidence, clinical significance and radiology. Int J Tuberc Lung Dis
3:501–507.

4. Jacobson KL, Teira R, Libshitz HI, Raad I, Rolston KV, Tarrand J, Whimbey
E. 2000. Mycobacterium kansasii infections in patients with cancer. Clin
Infect Dis 30:965–969. https://doi.org/10.1086/313801.

5. Klein JL, Corbett EL, Slade PM, Miller RF, Coker RJ. 1998. Mycobacterium
kansasii and human immunodeficiency virus co-infection in London. J
Infect 37:252–259. https://doi.org/10.1016/S0163-4453(98)92014-X.

6. Lillo M, Orengo S, Cernoch P, Harris RL. 1990. Pulmonary and dissemi-
nated infection due to Mycobacterium kansasii: a decade of experience.
Rev Infect Dis 12:760 –767. https://doi.org/10.1093/clinids/12.5.760.

7. Falkinham JO III. 1996. Epidemiology of infection by nontuberculous
mycobacteria. Clin Microbiol Rev 9:177–215.

8. Schrenzel MD. 2012. Molecular epidemiology of mycobacteriosis in wild-
life and pet animals. Vet Clin North Am Exot Anim Pract 15:1–23. https://
doi.org/10.1016/j.cvex.2011.11.001.

9. Bercovier H, Vincent V. 2001. Mycobacterial infections in domestic and
wild animals due to Mycobacterium marinum, M. fortuitum, M. chelonae,
M. porcinum, M. farcinogenes, M. smegmatis, M. scrofulaceum, M. xenopi,
M. kansasii, M. simiae and M. genavense. Rev Sci Tech 20:265–290.

10. Valerio DA, Dalgard DW, Voelker RW, McCarrol NE, Good RC. 1979.
Mycobacterium kansasii infection in rhesus monkeys, p 65–75. In Montali
RJ (ed), Mycobacterial infection in zoo animals. Smithsonian Institution
Press, Washington, DC.

11. 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
sequencing data. Nat Methods 10:563–569. https://doi.org/10.1038/
nmeth.2474.

12. Galens K, Orvis J, Daugherty S, Creasy HH, Angiuoli S, White O, Wortman
J, Mahurkar A, Giglio MG. 2011. The IGS standard operating procedure
for automated prokaryotic annotation. Stand Genomic Sci 4:244 –251.
https://doi.org/10.4056/sigs.1223234.

13. Strapagiel D, Borówka P, Marciniak B, Bakuła Z, van Ingen J, Safianowska
A, Brzostek A, Dziadek J, Jagielski T. 2016. Draft genome sequences of
Mycobacterium kansasii strains 1010001454, 1010001458, 1010001468,
1010001493, 1010001495, and 1010001469, isolated from environmen-
tal sources. Genome Announc 4(3):e00456-16. https://doi.org/10.1128/
genomeA.00456-16.

14. Angiuoli SV, Matalka M, Gussman A, Galens K, Vangala M, Riley DR, Arze
C, White JR, White O, Fricke WF. 2011. CloVR: a virtual machine for
automated and portable sequence analysis from the desktop using
cloud computing. BMC Bioinformatics 12:356. https://doi.org/10.1186/
1471-2105-12-356.

15. Sahl JW, Matalka MN, Rasko DA. 2012. Phylomark, a tool to identify
conserved phylogenetic markers from whole-genome alignments.
Appl Environ Microbiol 78:4884 – 4892. https://doi.org/10.1128/AEM
.00929-12.

16. Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular evolutionary
genetics analysis version 7.0 for bigger datasets. Mol Biol Evol 33:
1870 –1874. https://doi.org/10.1093/molbev/msw054.

Panda et al.

Volume 5 Issue 16 e00187-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/MVBM00000000
https://www.ncbi.nlm.nih.gov/nuccore/MVBN00000000
https://doi.org/10.7326/0003-4819-129-9-199811010-00004
https://doi.org/10.7326/0003-4819-129-9-199811010-00004
https://doi.org/10.1093/clinids/13.5.789
https://doi.org/10.1086/313801
https://doi.org/10.1016/S0163-4453(98)92014-X
https://doi.org/10.1093/clinids/12.5.760
https://doi.org/10.1016/j.cvex.2011.11.001
https://doi.org/10.1016/j.cvex.2011.11.001
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.4056/sigs.1223234
https://doi.org/10.1128/genomeA.00456-16
https://doi.org/10.1128/genomeA.00456-16
https://doi.org/10.1186/1471-2105-12-356
https://doi.org/10.1186/1471-2105-12-356
https://doi.org/10.1128/AEM.00929-12
https://doi.org/10.1128/AEM.00929-12
https://doi.org/10.1093/molbev/msw054
http://genomea.asm.org

	ACKNOWLEDGMENT
	REFERENCES

