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Abstract

1) Construction of a virtual Mycobacterium tuberculosis consensus genome and its application to
data from a next generation sequencer.

BACKGROUND: Although Mycobacterium tuberculosis isolates are consisted of several different
lineages and the epidemiology analyses are usually assessed relative to a particular reference
genome, M. tuberculosis H37Rv, which might introduce some biased results. Those analyses are
essentially based genome sequence information of M. tuberculosis and could be performed in sillico
in theory, with whole genome sequence (WGS) data available in the databases and obtained by
next generation sequencers (NGSs). As an approach to establish higher resolution methods for
such analyses, whole genome sequences of the M. tuberculosis complexes (MTBCs) strains
available on databases were aligned to construct virtual reference genome sequences called the
consensus sequence (CS), and evaluated its feasibility in in sillico epidemiological analyses.
RESULTS: The consensus sequence (CS) was successfully constructed and utilized to perform
phylogenetic analysis, evaluation of read mapping efficacy, which is crucial for detecting single
nucleotide polymorphisms (SNPs), and various MTBC typing methods virtually including
spoligotyping, VNTR, Long sequence polymorphism and Beijing typing. SNPs detected based on
CS, in comparison with H37Rv, were utilized in concatemer-based phylogenetic analysis to
determine their reliability relative to a phylogenetic tree based on whole genome alignment as the
gold standard. Statistical comparison of phylogenic trees based on CS with that of H37Rv
indicated the former showed always better results that that of later. SNP detection and
concatenation with CS was advantageous because the frequency of crucial SNPs distinguishing
among strain lineages was higher than those of H37Rv. The number of SNPs detected was lower
with the consensus than with the H37Rv sequence, resulting in a significant reduction in
computational time. Performance of each virtual typing was satisfactory and accorded with those
published when those are available.

CONCLUSIONS: These results indicated that virtual CS constructed from genome sequence data

is an ideal approach as a reference for MTBC studies.

2) MicroRNA-155 knockout mice are susceptible to Mycobacterium tuberculosis infection
MicroRNAs (miRNAs) are short, conserved, non-coding RNA molecules that repress translation,
followed by the decay of miRNA-targeted mRNAs that encode molecules involved in cell
differentiation, development, immnunity and apoptosis. At least six miRNAs, including
microRNA-155 (miR-155), were upregulated when born marrow-derived macrophages from

C57BL/6 mice were infected with Mycobacterium tuberculosis Erdman. C57BL/6 mice
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intravenously infected with Erdman showed up-regulation of miR-155 in livers and lungs.
Following infection, miR-155-deficient C57BL/6 mice died significantly earlier and had
significantly higher numbers of CFU in lungs than wild-type mice. Moreover, fewer CD4+* T cells,
but higher numbers of monocytes and neutrophils, were present in the lungs of Erdman-infected
miR-155 knockout (miR-1557) than of wild-type mice. These findings indicated that miR-155 plays

a critical role in immune responses to M. tuberculosis.

3) Genetic diversity of Mycobacterium tuberculosis isolates from foreign-born and Japan-born
residents in Tokyo.

Sequences of the full genomes of 259 clinical isolates of Mycobacterium tuberculosis, obtained from
foreign-born and Japan-born patients in Tokyo, Japan, were determined, and a phylogenetic tree
constructed by concatenated single-nucleotide polymorphism (SNP) sequences. The 259 isolates
were clustered into four clades: Lineage 2 (East Asian or "Beijing" genotype; n = 182, 70.3%),
Lineage 4 (Euro-American, n = 46, 17.8%), Lineage 1 (Indo-Oceanic, n = 23, 8.9%), and Lineage 3
(East African-Indian, n = 8, 3.1%). Of the 259, 36 (13.9%) were resistant to at least one drug. There
was no multi-drug-resistant isolate. Drug resistance was greater for the strains in Lineage 2 than
the non-Lineage 2. The proportion of Lineage 2 isolates was significantly smaller in foreign-born
(n = 43/91, 47.3%) than in Japan-born (n = 139/168, 82.7%) patients, whereas the proportion of
Lineage 1 isolates was significantly larger in foreign-born (n = 19/91, 20.9%) than in Japan-born (n
= 4/168, 2.4%) patients. We also found eight SNPs specific to the typical Beijing sub-genotype in
Lineage 2, including 4 non-synonymous SNPs. Of the 259 isolates, 244 had strain-specific SNP(s)
and small (1-30-bp) insertions and deletions (indels). The numbers of strain-specific SNPs and
indels per isolate were significantly larger from foreign-born (median 89, range 0-520) than from
Japan-born (median 23, range 0-415) (p 3.66E-15) patients. These results suggested that M.
tuberculosis isolates from foreign-born patients had more genetic diversity than those from

Japan-born patients.

4) Complete annotated genome sequence of Mycobacterium tuberculosis (Zopf) Lehmann and
Neumann (ATCC35812) (Kurono)

We report the completely annotated genome sequence of Mycobacterium tuberculosis (Zopf)
Lehmann and Neumann (ATCC35812) (Kurono), which is a used for virulence and/or
immunization studies. The complete genome sequence of M. tuberculosis Kurono was determined
with a length of 4,415,078 bp and a G+ C content of 65.60%. The chromosome was shown to
contain a total of 4,340 protein-coding genes, 53 tRNA genes, one transfer messenger RNA for all
amino acids, and 1 rrn operon. Lineage analysis based on large sequence polymorphisms indicated
that M. tuberculosis Kurono belongs to the Euro-American lineage (lineage 4). Phylogenetic
analysis using whole genome sequences of M. tuberculosis Kurono in addition to 22 M.
tuberculosis complex strains indicated that H37Rv is the closest relative of Kurono based on the
results of phylogenetic analysis. These findings provide a basis for research using M. tuberculosis

Kurono, especially in animal models.
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5) A silent mutation in mabA confers isoniazid resistance on Mycobacterium tuberculosis.

Drug resistance in Mycobacterium tuberculosis (Mth) is caused by mutations in restricted regions
of the genome. Mutations in katG, the promoter region of the mabA-inhA operon, and inhA are
those most frequently responsible for isoniazid (INH) resistance. Several INH-resistant (INH() )
Mtb clinical isolates without mutations in these regions have been described, however, indicating
that there are as yet undetermined mechanisms of INH resistance. We identified the mabA(g609a)
silent mutation in a significant number of INH(r) M¢b clinical isolates without known INH
resistance mutations. A laboratory strain, H37Rv, constructed with mabA(g609a) , was resistant
to INH. We show here that the mabA(g609a) mutation resulted in the upregulation of inhA, a gene
encoding a target for INH, converting the region adjacent to the mutation into an alternative
promoter for inhA. The mabA(g609a) silent mutation results in a novel mechanism of INH

resistance, filling in a missing piece of INH resistance in Mb.
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