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Infections with the Beijing family of Mycobacterium tuberculosis occur worldwide and are endemic in Asian countries. We pres-
ent the draft genome sequence of DS6701, a multidrug-resistant M. tuberculosis Beijing strain of sequence type 10. The isolate is
a representative of strains isolated from a multidrug-resistant tuberculosis outbreak in Thailand.
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The prevalence of drug-resistant and multidrug-resistant tuber-
culosis has a negative impact on the global control of tubercu-

losis (1). The Beijing family of Mycobacterium tuberculosis has
been shown to be associated with resistance to the most potent
drugs against tuberculosis (2). Based on single nucleotide poly-
morphisms (SNPs), the Beijing family was grouped into different
sequence types (3). Modern sublineage sequence type 10 is the
most prevalent in countries such as Peru, Vietnam, and Thailand
(4–6), and it is speculated to possess higher transmissibility and
virulence (7). An outbreak of tuberculosis occurred in Thamaka
district, Kanchanaburi province Thailand between 2002 and 2010
(8). Isolates from the outbreak were resistant to isoniazid, rifam-
pin, ethambutol, and streptomycin. We performed the whole-
genome sequencing of a representative strain, DS6701, isolated
from a pulmonary tuberculosis patient during the outbreak.

Genomic DNA was purified by the hexadecyltrimethylammo-
nium bromide (CTAB) method and sequenced on the Illumina
Hiseq 2000 platform, yielding an average read length of 100 bp;
49,537,612 paired-end reads were generated and were aligned to
reference the M. tuberculosis H37Rv genome (GenBank accession
no. AL123456.2) with Bowtie 2 (version 2.1.0); 98.97% of the
reads aligned to the reference genome. Analysis of the reads by
BEDTools (version 17.2.0) showed that 99.3% of the reference
genome was covered by at least one read.

The reads were trimmed and assembled by CLC Genomics Work-
bench (version 7.0; http://www.clcbio.com). A 4,343,026-bp draft as-
sembly of 127 contigs was produced. The contigs have an average
length of 34,180 bp, N50 of 98,718, and an average coverage of
1233�. The GC content of the genome is 65.6%. Annotation was
performed by NCBI Prokarytoic Genome Annotation Pipeline
(PGAP) (http://www.ncbi.nlm.nih.gov/genome/annotation_prok/).
The draft genome has 3,998 genes, 3,918 coding sequences, 45 tRNAs,
3 rRNAs, 27 pseudogenes, and 5 noncoding RNAs.

Spoligotyping of the strain using Spolpred (9) showed a typical
Beijing-specific spoligotype pattern that corresponds to Spoligo-

type International Type 1. SNP analysis was performed with
SNPsfinder (http://snpsfinder.lanl.gov/). The DS6701 genome
has 1,560 SNPs compared to the reference H37Rv genome. Com-
pared to the genomes of other Beijing strains in GenBank, DS6701
has 1343, 763, 652, 432, 395, and 395 SNPs with the genomes
of strains NITR203 (CP005082.1), R1207 (CM001045.1),
CCDC5180 (CP001642.1), CCDC5079 (CP002884.1), X122
(CM001044.1), and HN878 (CM001043.1), respectively. SNP
analysis according to (3) showed that it belongs to SNP cluster
group 2 and modern sublineage ST 10 of the Beijing family.

A total of 229 SNPs comprising 72 synonymous, 104 nonsyn-
onymous, and 53 intergenic were found to be unique to our strain.
SNPs known to confer resistance to rifampin, (S450L in rpoB
gene) isoniazid (S315T in katG gene), streptomycin (K43R in rpsL
gene), and ethambutol (G406D in embB gene) were observed and
confirmed the drug-resistant phenotypes.

The availability of the draft genome of DS6701 might provide a
platform for comparative genomic analysis among modern sub-
lineage sequence types of Beijing family isolates.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession number JOKR00000000. The version described
in this paper is version JOKR01000000.

ACKNOWLEDGMENTS

This work was supported by a postdoctoral fellowship grant, Mahidol
University, Drug-Resistant Tuberculosis Fund, Japan Science and Tech-
nology Agency (JST), and National Science and Technology Development
Agency, Thailand (NSTDA).

REFERENCES
1. Gandhi NR, Nunn P, Dheda K, Schaaf HS, Zignol M, van Soolingen D,

Jensen P, Bayona J. 2010. Multidrug-resistant and extensively drug-
resistant tuberculosis: a threat to global control of tuberculosis. Lancet 375:
1830 –1843. http://dx.doi.org/10.1016/S0140-6736(10)60410-2.

2. Mokrousov I, Jiao WW, Sun GZ, Liu JW, Valcheva V, Li M, Narvskaya

crossmark

Genome AnnouncementsJuly/August 2014 Volume 2 Issue 4 e00803-14 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00803-14&domain=pdf&date_stamp=2014-8-14
http://genomea.asm.org


O, Shen AD. 2006. Evolution of drug resistance in different sublineages of
Mycobacterium tuberculosis Beijing genotype. Antimicrob. Agents Che-
mother. 50:2820 –2823. http://dx.doi.org/10.1128/AAC.00324-06.

3. Filliol I, Motiwala AS, Cavatore M, Qi W, Hazbón MH, Bobadilla del
Valle M, Fyfe J, García-García L, Rastogi N, Sola C, Zozio T, Guerrero
MI, León CI, Crabtree J, Angiuoli S, Eisenach KD, Durmaz R, Joloba
ML, Rendón A, Sifuentes-Osornio J, Ponce de León A, Cave MD,
Fleischmann R, Whittam TS, Alland D. 2006. Global phylogeny of My-
cobacterium tuberculosis based on single nucleotide polymorphism (SNP)
analysis: insights into tuberculosis evolution, phylogenetic accuracy of
other DNA fingerprinting systems, and recommendations for a minimal
standard SNP set. J. Bacteriol. 188:759 –772. http://dx.doi.org/10.1128/
JB.188.2.759-772.2006.

4. Iwamoto T, Grandjean L, Arikawa K, Nakanishi N, Caviedes L, Coronel
J, Sheen P, Wada T, Taype CA, Shaw MA, Moore DA, Gilman RH. 2012.
Genetic diversity and transmission characteristics of Beijing family strains
of Mycobacterium tuberculosis in Peru. PLoS OnE 7:e49651. http://
dx.doi.org/10.1371/journal.pone.0049651.

5. Faksri K, Drobniewski F, Nikolayevskyy V, Brown T, Prammananan T,
Palittapongarnpim P, Prayoonwiwat N, Chaiprasert A. 2011. Genetic
diversity of the Mycobacterium tuberculosis Beijing family based on IS6110,

SNP, LSP and VNTR profiles from Thailand. Infect. Genet. Evol. 11:
1142–1149. http://dx.doi.org/10.1016/j.meegid.2011.04.007.

6. Chen YY, Chang JR, Huang WF, Kuo SC, Su IJ, Sun JR, Chiueh TS,
Huang TS, Chen YS, Dou HY. 2012. Genetic diversity of the Mycobacte-
rium tuberculosis Beijing family based on SNP and VNTR typing profiles in
Asian countries. PLoS One 7:e39792. http://dx.doi.org/10.1371/ journal-
.pone.0039792.

7. Lasunskaia E, Ribeiro SC, Manicheva O, Gomes LL, Suffys PN, Mok-
rousov I, Ferrazoli L, Andrade MR, Kritski A, Otten T, Kipnis TL, da
Silva WD, Vishnevsky B, Oliveira MM, Gomes HM, Baptista IF, Narvs-
kaya O. 2010. Emerging multidrug resistant Mycobacterium tuberculosis
strains of the Beijing genotype circulating in Russia express a pattern of
biological properties associated with enhanced virulence. Microbes Infect.
12:467– 475. http://dx.doi.org/10.1016/j.micinf.2010.02.008.

8. Chuleeporn Jiraphongsa TW, Henpraserttae N, Panya L, Sukkasit-
vanichkul J, Pittayawonganon C. 2011. Community outbreak of multi-
drug resistance tuberculosis, Kanchanaburi province, Thailand on 2002-
June 2010. J. Preventive Med. Assoc. Thai. 1:11.

9. Coll F, Mallard K, Preston MD, Bentley S, Parkhill J, McNerney R, Martin
N, Clark TG. 2012. SpolPred: rapid and accurate prediction of Mycobacterium
tuberculosis spoligotypes from short genomic sequences. Bioinformatics 28:
2991–2993. http://dx.doi.org/10.1093/bioinformatics/bts544.

Coker et al.

Genome Announcements2 genomea.asm.org July/August 2014 Volume 2 Issue 4 e00803-14

http://genomea.asm.org

	
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


