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Fig. 4. Comparison of unique genes and flanking regions in the massiliense cluster. GenBank accession numbers are given in parentheses. The
orange arrows indicate the unique genes in the massiliense cluster. BLASTN match scores less than 200 are not shown.

doi:10.1371/journal. pone.0114848.9004
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Diego, CA), according to the manufacturer’s instructions. A paired-end
sequencing run for 83 mers was performed using an Illumina Genome Analyzer
IIx (GA IIx) with the TruSeq SBS Kit v5. Fluorescent images were analyzed using
the Illumina RTA1.8/SCS2.8 base-calling pipeline to obtain FASTQ-formatted
sequence data.

De novo assembly of short DNA reads and gap-closing

Prior to de novo assembly, the obtained 80-mer reads were assembled using
ABySS-pe v1.2.5 [36] with the following parameters: k60, n60, c68.4, t10, e10 and
q20. Predicted gaps were amplified with specific PCR primer pairs followed by
Sanger DNA sequencing with the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA).
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Fig. 5. Prevalence of massiliense cluster unique regions and growth curve analysis in Japanese M.
massiliense and M. abscessus isolates. A bar chart showing the prevalence of MmGI-1 and three
massiliense cluster unique regions in Japanese M. massiliense and M. abscessus isolates (A). The curves
represent in vitro growth (OD at 530 nm) over a period of 21 days at 37°C in aerobic (B) and microaerobic (C)
conditions. Data represent the means + SE from 6 MmGI-1 positive M. massiliense, 8 MmGI-1 negative M.
massiliense and 12 M. abscessus isolates. M. mas and M. abs shows M. massiliense and M. abscessus,
respectively. Key: +, positive; -, negative. * P<0.05; ** P<0.01 (Student’s t-test).

doi:10.1371/journal.pone.0114848.g005
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Validation of gap closing and sequencing errors by short-read
mapping

To determine whether mis-assembled sequences and incorrect gap-closing
remained after reference-assisted gap-closing, 40-mer short reads were aligned to
the tentative complete chromosomal DNA sequence using Maq software (ver.
0.7.1) with the easyrun Perl command [37]. We then performed a read alignment
to validate possible errors using the MapView graphical alighment viewer [38].

Annotation

Gene prediction was performed for the complete genomic sequence with the
RAST annotation server [39], followed by InterProScan [40] search and BLASTP
search using nr database for validation. Genomic information, such as nucleotide
variations and circular representations, was analyzed with gview software [41].

Pairwise alignment of chromosomal sequences

Pairwise alignment was performed by BLASTN and TBLASTN homology searches
[42] followed by visualization of the aligned images with the ACT [43] or
EMBOSS dottup program [44].

BLAST atlas

A BLAST atlas was generated by a BLASTP homology search [42] using the gview
program [41]. The atlas displays BLASTP comparison results. The visualized area
shows that the length of similar genes covers at least 80% between M. massiliense
JCM 15300 and other Mycobacterium spp.

SNP analysis

To construct simulated paired-end reads from the available genomic sequences of
M. abscessus group strains, SimSeq software [45] was used with “SimSeq.jar” and
“SamToFastq.jar” commands with the following default parameter modifications:
number of pairs of reads, “—read_number 2000000”; mean library insert size,
“—insert_size 150”; and paired-end reads length of 120 mer, “—1 120 —2 120”.
These parameters indicated that 4 million hypothetical 120-mer reads were
generated without mutations or indels from the genomic sequences used for SNP
identification. To generate short-read mapping data of all M. abscessus group
strains compared with the reference chromosomal sequence of M. massiliense JCM
15300, bwasw [46] and samtools [47] software was used with the default
parameters. All SNPs were extracted by VarScan v2.3.4 [48] with the default
parameters. All SNPs were concatenated to generate a pseudo sequence for
phylogenetic analysis. The DNA maximum-likelihood program (RAXxML v7.25)
[49] was used for phylogenetic analysis with 1,000-fold bootstrapping. FigTree v.
1.2.3 software was used to display the generated tree.
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Phylogenetic analysis

Nucleotide and amino acid sequences were aligned with mafft v6.86 [50] followed
by phylogenetic analysis using the neighbor-joining method or maximum-
likelihood method with 1,000-fold bootstrapping in clustalW2 [51] or RAXML
v7.25 software [49]. FigTree v. 1.2.3 software was used to display the generated
tree.

PCR amplification

The PCR mixture contained approximately 1 ng of template DNA, 1 x
PrimeSTAR GXL Buffer (Takara Biochem. Shiga, Japan), 200 uM of each dNTP,
200 nM of each primer, and a total of 2.5 unit of PrimeSTAR GXL DNA
polymerase (Takara Biochem.). The primer sequences for PCR amplification are
shown in $4 Table. PCR was performed in 25 pl volumes under the following
conditions: at 98 °C for 20 sec followed by 30 cycles at 98°C for 15 sec, 65°C for
15 sec and 68 °C for 1 min (for below 1.5 kb amplicons) or 5 min (for over 1.5 kb
amplicons). Amplified PCR products were electrophoresed in 1.0% (w/v) agarose
gel at 100 V and detected by staining with GelRed (Biotium Inc. Hayward, CA).

Bacterial culture

The M. abscessus and M. massiliense type strains were cultured at 37°C in
Middlebrook 7H9 broth (Difco) supplemented with 10% OADC (BD) and 0.05%
Tween 80 under aerobic or microaerobic (6% aerobic O, tension) conditions with
AnaeroPack (Mitsubishi Gas Chemical Company, Inc., Tokyo, Japan). Growth
was monitored by removing aliquots at the indicated time points and measuring
the OD at 530 nm.

Statistical analysis

The statistical test between MmGI-1 positive M. massiliense and M. abscessus was
calculated by Fisher’s Exact Test. Data of bacterial culture are expressed as mean
+ standard error (SE) from 7 MmGI-1 positive M. massiliense, 8 MmGI-1
negative M. massiliense and 12 M. abscessus isolates. Statistical analysis was
performed using the student’s t-test. The t-test was used to investigate whether the
means of two groups are statistically different from each other. Differences were
considered significant with a p-value of <0.05 and 0.01.

Nucleotide sequence accession numbers:
The complete genomic sequence of M. massiliense JCM 15300 has been deposited
into the DNA Data Bank of Japan (DDBJ; accession number: AP014547).
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Supporting Information

S1 Figure. Comparative analysis between the complete genomic sequence of
the M. massiliense JCM 15300 strain and draft genomic sequences of M.
massiliense CCUG 48898. The upper dot plot represents synteny between JCM
15300 and CCUG 48898, and the yellow vertical bars indicate gap regions in the
draft genome of CCUG 48898. The bottom table shows gaps between contigs in
CCUG 48898.

d0i:10.1371/journal.pone.0114848.5001 (TIF)

S2 Figure. Genomic comparison and BLAST atlas of 3 clusters in the M.
abscessus group. Comparative analysis of M. massiliense JCM 15300 and M.
abscessus ATCC 19977 using a BLASTN homology search visualized by the ACT
program (middle) and a BLAST atlas of M. massiliense JCM 15300 and M.
abscessus ATCC 19977. In the comparative analysis, the red and blue bars between
chromosomal DNA sequences represent nucleotide matches in the forward and
reverse directions, respectively. BLASTN match scores less than 999 are not
shown. In the BLAST atlas, the coding regions of JCM 15300 or ATCC 19977 were
aligned against those of other M. abscessus group strains using BLASTP, and the
results are displayed as colored bars (as in Fig. 1A). The three yellow boxes
represent prophages on each chromosome. Specific features are represented by
characters: 1, unique region in the massiliense cluster; , unique region in JCM
15300; §, unique region in the abscessus cluster; 9, MmGI-1 (also see blue bars in
Fig. 1A).

doi:10.1371/journal.pone.0114848.5002 (TIF)

S3 Figure. Visualization for M. abscessus group pan-genomes and core
genomes. A. Curve for pan-genomes and core genomes of M. abscessus group.
The box plots indicate the pan- or core genome size for each genome comparison.
The median values were connected to represent the relationship between genome
number and gene cluster number. B. Curve for the new gene cluster number
observed with every increase in the number of M. abscessus group genomes.
d0i:10.1371/journal.pone.0114848.5003 (TIF)

S4 Figure. Phylogenetic tree of mycolic acid cyclopropane synthetase domain

(CMAS, pfam02353) proteins in Mycobacterium using the maximum-like-

lihood method with 1,000-fold bootstrapping. The scale indicates that a branch
length of 0.3 is 30 times as long as one that would show a 1% difference between
the amino acid sequences at the beginning and end of the branch. The number at
each branch node represents the bootstrapping value. The proteins in red indicate
proteins that are conserved only in the massiliense cluster.
doi:10.1371/journal.pone.0114848.5004 (TIF)

S1 Table. Mutation sites in the complete genomic sequence of M. massiliense
JCM 15300 compared with those in draft genomic sequences of M. massiliense
CCUG 48898.

doi:10.1371/journal.pone.0114848.s005 (PDF)
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§2 Table. The unique gene loci in M. massiliense JCM15300.
doi:10.1371/journal.pone.0114848.s006 (PDF)

$3 Table. The deleted genes of massiliense and bolletii clusters among M.
abscessus group.
doi:10.1371/journal.pone.0114848.s007 (PDF)

S4 Table. Oligonucleotide primer sequences used in PCR assays and the
judging method for presence of MmGI-1 and other M. massiliense unique
regions. ‘
doi1:10.1371/journal.pone.0114848.s008 (PDF)

S5 Table. Isolates analyzed in the present study and results of conventional
PCR based detection against MmGI-1 and other M. massiliense unique regions.
do0i:10.1371/journal.pone.0114848.,5009 (PDF)
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