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Short Communication

Identification of Thai isolates assigned to the genus Asaia based on
16S rDNA restriction analysis
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The genus Asaia Yamada et al. 2000 was intro-
duced in acetic acid bacteria with a single species,
Asaia bogorensis Yamada et al. 2000 (Yamada et al.,
2000). Since the second and the third species were
additionally described as Asaia siamensis Katsura et
al. 2001 and Asaia krungthepensis Yukphan et al.
2004, three species were described in total (Katsura et
al.,, 2001; Yukphan et al., 2004). Strains of the three
Asaia species show common phenotypic features such
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as no or very weak oxidation of ethanol to acetic acid
and no or very weak growth in the presence of 0.35%
acetic acid (v/v). The discrimination of the three Asaia
species from one another is mainly based on pheno-
typic features, e.g., acid production from and growth
on different carbon compounds, which sometimes give
unreliable conclusions in their identification and classi-
fication.

We reported, as the second model, that the 16S-
23S rDNA ITS restriction analysis using two restriction
endonucleases Taql and Mval is applicable to species-
level identification and classification of thirteen strains
randomly selected from a large number of Thai iso-
lates assigned to the genus Asaia (Yukphan et al,
2006a). However, the thirteen strains tested did not
give three restriction groups, which corresponded to
the above-mentioned three Asaia species, but six re-
striction groups were given. In addition, a phylogenetic
tree based on 16S-23S rDNA ITS sequences repre-
sented complicated clustering, which was composed
of eight clusters.

In a subsequent study, the 16S rDNA restriction
analysis using three restriction endonucleases Siyl,
Bsall, and SnaBI gave four restriction groups in regard
to the three Asaia species for the selected thirteen
strains mentioned above (Yukphan et al., 2006b). In a
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phylogenetic tree based on 16S rDNA sequences,
three clusters corresponding to the three Asaia species
were recognized.

This paper is concerned with identification of a large
number of Thai isolates mainly isolated from tropical
flowers and phenotypically assigned to the genus
Asaia based on 16S rDNA restriction analysis.

Eighty-seven strains were isolated mainly from flow-
ers collected in Thailand by an enrichment culture ap-
proach using four different kinds of media, as de-
scribed previously (Huong et al., 2007; Katsura et al.,
2001; Yamada et al., 1976, 1999, 2000; Yukphan et
al., 2004). These Thai isolates were phenotypically as-
signed to the genus Asaia by no or very weak oxida-
tion of ethanol to acetic acid and no or very weak
growth in the presence of 0.35% acetic acid (v/v)
(Table 1). Asaia bogorensis BCC 12264", A. siamensis
BCC 12268, and A. krungthepensis BCC 129787
were used for reference strains.

PCR amplification of 16S rDNA was made (Yukphan
et al., 2006b). The purified 16S rDNA PCR products
were subjected to three different kinds of restriction
analysis using three restriction endonucleases of Sty
(Fermentas, Hanover, Maryland, USA=Eco130l),
Bsaldl (Fermentas=BseDl), and SnaBl (Fermentas=
Eco105l), as described previously (Yukphan et al.,
2006b). Restriction products were analyzed by 2.5%
agarose gel electrophoresis.

The eighty-seven Thai isolates phenotypically as-
signed to the genus Asaia tested were divided into the
following five groups by the combination of the result-
ing restriction patterns in Styl, BsaJl, and SnaBl diges-
tions (Table 1).

Group A was composed of Thai isolates that
showed restriction patterns a, ¢, and e, which coin-
cided with those of A. bogorensis BCC 122647, as
found in isolate AF84 (Fig. 1). The isolates of Group A
were forty-eight (data not shown except for isolate
AF84) and amounted to 55.1%.

Group B was composed of Thai isolates that
showed restriction patterns b, d, and e, which coin-
cided with those of A. siamensis BCC 12268', as
found in isolate AE97. The isolates of Group B were
twenty-nine (data not shown except for isolate AE97)
and amounted to 33.3%.

Group C was composed of Thai isolates that
showed restriction patterns b, ¢, and f, which coincided
with those of A. krungthepensis BCC 12978, as found
in isolate AE73. The isolates of Group C were two
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(data not shown in isolate AE74) and amounted to
2.4%.

Group D was composed of Thai isolates that
showed restriction patterns b, ¢, and e, which coin-
cided with those of A. bogorensis BCC 15696
(Yukphan et al., 2006a), as found in isolate AG60. The
isolates of Group D were three (data not shown except
for isolate AG60) and amounted to 3.5%.

Group E was composed of Thai isolates that
showed restriction patterns a, ¢, and f, as found in iso-
late AE68. The isolates of Group E were five (data not
shown except for isolate AE68) and amounted to
5.7%.

In a previous study, a perfect correlation was found
without any exception between the phylogenetic posi-
tions and the restriction groups in the species-level
identification of the thirteen strains tested (Yukphan et
al., 2006b). To confirm the results obtained above, iso-
lates selected from each group containing a newly rec-
ognized group, Group E, were sequenced for 16S
rDNA and analyzed phylogenetically, as described pre-
viously (Yukphan et al., 2006b). Distance matrices for
the aligned sequences were calculated by the two-pa-
rameter method of Kimura (1980). The neighbor-join-
ing method of Saitou and Nei (1987) was used for con-
structing a phylogenetic tree for 1,385 bases. Robust-
ness for individual branches was estimated by boot-
strapping with 1,000 replications (Felsenstein, 1985).

As shown in Fig. 2, isolates AF07 and AF84 of
Group A formed a cluster together with the type strain
of A. bogorensis. Isolate AE97 of Group B and isolate
AE73 of Group C formed clusters respectively with the
type strains of A. siamensis and A. krungthepensis.
Isolate AG60 of Group D was included in the cluster of
the type strain of A. bogorensis, as reported previously
(Yukphan et al., 2006b). However, the clustering of A.
bogorensis BCC 15696 of Group D and isolate AG60
was somewhat different. On the other hand, isolates
AE68 and AE76 of Group E formed a small cluster,
which was linked to the Group C cluster including the
type strain of A. krungthepensis.

Isolates selected from the new restriction group,
Group E were taxonomically examined for DNA-DNA
hybridization. Bacterial chromosome DNAs were pre-
pared, and DNA-DNA hybridization was made for iso-
lates AE68 and AE76 by the photobiotin-labeling, mi-
crodilution-well method of Ezaki et al. (1989), as de-
scribed previously (Yukphan et al., 2006a). The la-
beled DNA from A. krungthepensis BCC 12978 gave
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Fig. 1.
genus Asaia.

Restriction of 16S rDNA PCR products was made with Styl (a), BsaJl (b), and SnaBl (c). For estimation of restriction
fragments, 50-bp markers were used in gel elecrophoresis. Abbreviations: 1, A. bogorensis BCC 12264; 2, A. siamen-
sis BCC 12268"; 3, A. krungthepensis BCC 12978T; 4, isolate AF84 (Group A); 5, isolate AE97 (Group B); 6, isolate
AE73 (Group C); 7, isolate AG60 (Group D); 8, isolate AE68 (Group E); M, 50-bp marker.

DNA-DNA similarities respectively of 95 and 98% to
isolates AE68 and AE76 of Group E. These results in-
dicated that isolates of Group E were genetically iden-
tified as A. krungthepensis.

According to the phylogenetic and genetic data ob-
tained above and previously (Yukphan et al., 2006a,
b), the eighty-seven Thai isolates tested were identi-
fied as follows (Table 1).

Fifty-one isolates of Group A and Group D were
identified as A. bogorensis and amounted to 58.6% of
the total Asaia isolates. Twenty-nine isolates of Group
B were identified as A. siamensis and amounted to
33.3%. The remaining seven isolates of Group C and
E were identified as A. krungthepensis and amounted
to 8.1%. And no possible new species was shown in
the eighty-seven Thai isolates.

The 16S rDNA and/or 16S-23S rDNA ITS restriction
analyses were reported for identifying acetic acid bac-
teria (Ruiz et al., 2000; Tr¢ek and Raspor, 1999; Tréek
and Teuber, 2002). However, there were no reports
that a large number of Asaia strains were especially
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Restriction analysis of 16S rDNA by digestion with Styl, BsaJl, and SnaBl for Thai isolates assigned to the

analyzed for species-level identification.

In the present study, five restriction groups were
given for the eighty-seven isolates assigned to the
genus Asaia. These numbers were quite few, when
compared with those found in the 16S-23S rDNA ITS
restriction analysis with Tagl and Mval (Yukphan et al.,
2006a), which gave twelve restriction groups for the
only three Asaia species (data not shown). The results
obtained above represented that the 16S rDNA restric-
tion analysis is more convenient and useful than the
16S-23S rDNA ITS restriction analysis.

In a previous paper, we drew the following three
conclusions from the species-level identification of the
thirteen strains randomly selected from a large number
of Thai Asaia isolates (Yukphan et al., 2006a): 1)
Asaia bogorensis is the most popular in the genus
Asaia. 2) Two strains were found in A. krungthepensis
in addition to the three strains reported previously by
Yukphan et al. (2004). 3) Asaia siamensis is a rather
rare species in the genus Asaia, because identified
were only two strains. In this study, however, our con-
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Fig. 2. A phylogenetic tree based on 16S rDNA sequences for Thai isolates assigned to the genus Asaia.
The phylogenetic tree was constructed by the neighbor-joining method. Neoasaia chiangmaiensis isolate AC28" was
used for an outgroup. Numerals at nodes indicate bootstrap values (%) derived from 1,000 replications.

clusions were slightly changed: 1) Asaia siamensis is
not a rare species but not so popular, when compared
with A. bogorensis. 2) Asaia krungthepensis is the
most uncommon in the genus Asaia.
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