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from the generalism that is characterized by the ancestral AA type.
Further investigations in combination with phylogenetic analysis
would provide clear evidence for this hypothesis, i.e., evidence to
judge if the emergence of modern AA types relies on convergent
evolution, which has the advantage of adaptation to the hosts.

The ancestral AA type, AA02, was observed in all of the different
hsp65 code types (Tabie 2). This implies that AAO2 had existed in
the MAH (or its immediate ancestor) prior to the occurrence of
the divergence of the hsp65 gene in MAH. Although no NA type
variations were found in any of the modern AA types (one-to-one
correspondence between NA types and AA types), most of them
were distributed in more than two hsp65 sequevars (Table 2).
The absence of sSNPs suggests that insufficient time has elapsed
since the emergence of these variants to fix them in the genome.
Therefore, it is unlikely that the modern AA types were present
prior to the occurrence of the divergence of the hsp65 gene in
MAH. These two genes, MACPPE12 and hsp65, would diverge inde-
pendently; thus the combination of these two genes can provide
further discrimination of sub-groups. Indeed, 57 pig isolates with
hsp65 code type 1, which was characterized as predominant code
type of pig isolates in our previous study (iwamaoto et al, 2012),
were subclassified into 5 AA types; AAO1 (n=26), AA02 (n=4),
AA07 (n=12), AAO8 (n=11), and AA09 (n=4) (Table 2, and
Table §1). This subclassification might be a useful approach when
we compare the clinical significance at the strain levels.

In conclusion, the present study highlighted the variability of
the MACPPE12 gene, which is absent in subspecies other than
MAH. The MACPPE12 variants were classified into two groups:
ancestral type (AA02) and modern types. AAO2 reflects the general
concept of MAH, i.e., ubiquitous host distributions and heterogene-
ity. The distribution of the modern types correlated with their ma-
jor habitats (hosts). The divergence of the MACPPE12 gene and its
distribution may be a good indicator to characterize MAH strains
prevalent in certain areas. Further studies using global sample sets
may shed light on the variation and distribution of the MACPPE12
gene at a global level.
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“"he Mycobacterium tuberculosis Beijing strain is a causative

. agent of tuberculosis with increasing prevalence, and it is as-
sumed to have a considerable impact on resistance to major
antituberculosis drugs. We identified the most prevalent clus-
ter (OM-V02) among the population of multidrug-resistant
tuberculosis (MDR-TB) patients in Osaka Prefecture, the larg-
est urban area in western Japan (1). To elucidate the underlying
genetic characteristics of the transmissibility and drug resis-
tance of this cluster, specifically found in MDR-TB patients, we
performed whole-genome sequencing of one representative
strain, OM-V02_005.

We sequenced OM-V02_005 genomic DNA on a 454 GS-FLX
Titanium Sequencer (Roche) and assembled the reads using New-
bler version 2.3. A total of 510,688 reads was generated, with an
average read length of 439 bp, yielding a total sequence of
224,340,568 bp.

The assembled sequences contained 134 contigs, and the
length of all contigs combined was 4,321,797 bp, with a G+C ratio
0f 65.5%. The average coverage depth was 52X, the N, contig size
was 68,368 bp, the average contig was 32,252 bp long, and the
longest contig was 184,273 bp.

Genome annotation was performed using GeneMark.hmm for
prokaryotes (http://exon.gatech.edu/gmhmm?2_prok.cgi), xBASE
(http://www.xbase.ac.uk/annotation/) for coding sequence genes,
and tRNAscan-SE 1.21 (http://lowelab.ucsc.edu/tRNAscan-SE/)
and RNAmmer 1.2 (http://www.cbs.dtu.dk/servicessfRNAmmer/)
for RNA genes. OM-V02_005 has 3,888 coding-sequence genes, 3
rRNAs (in a single operon), and 52 tRNA genes.

We compared the OM-V02_005 sequence with that of other
representative M. tuberculosis strains: H37Rv (GenBank accession
no. AL123456.2), CDC1551 (AE000516), F11 (CP000717),
CCDC5079 (CP001641), and CCDC5080 (CP001642). M. tuber-
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culosis CCDC5079 is a drug-sensitive strain and CCDC5080 is a
multidrug-resistant Beijing strain sequenced in China (2). The
reciprocal best-hit BLAST approach revealed that OM-V02_005
shares 90.0%, 92.7%, 90.0%, 92.7%, and 88.7% of its coding se-
quences with M. tuberculosis H37Rv, CDC1551, F11, CCDC5079,
and CCDC5080, respectively.

OM-V02_005 has 89 specific genes. Most of these were classi-
fied as genes for hypothetical proteins, but genes for both a dehy-
drogenase enzyme and the Tuf-like elongation factor Tu showed
specific sequence alignment between OM-V02_005 and a clinical
strain of M. tuberculosis T46 isolated in San Francisco from a
Filipino patient.

We investigated single nucleotide polymorphisms (SNPs) us-
ing SNPs Finder (http://snpsfinder.lanl.gov/). OM-V02_005 has
270 specific SNPs, of which 169 were nonsynonymous mutations,
66 were synonymous mutations, and 26 were mutations in pro-
moter regions. In addition to our previous report of the mutations
inrrs, rpoB, katG, gyrA, embB, and pncA (1), mutations were found
in rrl as 1236T and in gidB as A413E, respectively. No significant
mutations were found in inhA, oxyS, iniB, iniA, iniC, furA, and
rpsL (Rv0682). Nonsynonymous mutations include regulatory
proteins for growth/dormancy regulation (pknA, mprA, and
rpfA), intermediary metabolism and regulation (coaA, ribH, tal,
and bfrB), virulence genes (cIpB and mce3F), lipid metabolism
(ppsB and ppsD), and cell wall proteins (IprK/mcelE, mmpL1,
mmpL2, and dppA). The OM-V02_005 sequence data will pro-
vide an invaluable resource to elucidate the underlying mech-
anisms of transmissibility and drug resistance acquisition of
M. tuberculosis.

Nucleotide sequence accession numbers. The whole genome
sequence of OM-V02_005 has been deposited in DDBJ/EMBL/

genomea.asm.org 1
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