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Very little is known about rhizobia that form nodules on Thermopsis spp. We report the isolation of a
Mesorhizobium huakuii strain with a unique rnod4 gene that form nodules on Thermopsis lupinoides in Kamt-
chatka, Russia. The isolate did not form nodules on Thermopsis chinensis or Thermopsis caroliniana, which

suggests it may be host specific.

Biological nitrogen fixation through the symbiotic interac-
tion between leguminous plants and soil bacteria collectively
called rhizobia is very important for sustainable plant produc-
tion in natural ecosystems and in agriculture. Consequently,
there has been an increase in research toward rhizobia nodu-
lating legumes worldwide in order to improve upon the bene-
fits associated with this interaction. Despite these efforts, rel-
atively little is known about rhizobial populations associated
with some native legumes in northern temperate regions. The
legume genus Thermopsis which is found exclusively in the
Northern hemisphere comprises about 23 species, eight of
which are reported to form nodules with a-rhizobia (14). The
root nodule bacteria of Thermopsis appear to have received
relatively little research attention. Available information sug-
gests that species within this genus may form nodules with
rhizobia ascribed to the genera Rhizobium and/or Agrobacte-
rium (8, 16). In Kamtchatka, Russia, Thermopsis is represented
by Thermopsis lupinoides (L.) Link. This species has an Asiatic
Pacific distribution and is considered to occur on seashores,
but in Kamtchatka, it also occurs inland (9). We had the
unique opportunity to study rhizobia nodulating 7. lupinoides
growing naturally in this region. Nodules from four well-spaced
and randomly selected T. lupinoides plants in full flower (Fig.
1, left panel) were sampled on July 2005 on a gravel roadside
near Utka, southwestern Kamtchatka (53°14.9'N, 156°50.6'E)
in Russia. The plants, which were collected within a stretch of
about 50 m, were sampled by digging clumps of soil down to 10
to 15 cm. Roots were carefully released from the soil, and
randomly selected nodules were detached and preserved by
drying over silica gels until root nodule bacteria were isolated
(13). A total of 20 isolates (TM1 to TM20), each from an
individual nodule, which were representative of the sampled
plants were obtained using the procedure described by Am-
pomah and Huss-Danell (2). All the isolates formed colonies
within 3 or 4 days after streaking on yeast extract-mannitol
agar medium kept in a 28°C growth chamber. Pure cultures of
isolates were stored at —80°C.
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We studied the genetic diversity among the 20 isolates at the
chromosomal and nodulation gene level by amplifying and
comparing sequence information from the housekeeping genes
atpD and recA and the nodA gene, respectively. DNA for PCR
was obtained by using the method described by Rodriguez-
Echeverria and associates (12). Partial atpD and recA se-
quences were amplified with the primer pairs atpD255F/
atpD782R (at the end of the primer designations, F stands for
forward and R stands for reverse) (17) and recA6F/recA504R
(5), respectively, with PCR cycling conditions similar for am-
plifying the intergenic spacer region of the rRNA of rhizobia
(11). A partial nodA gene was also amplified with the primer
pair nodA-1 and nodA-2 with procedures described by Haukka

FIG. 1. Thermopsis lupinoides at collection site (left; photo by Ker-
stin Huss-Danell), roots with nodules formed with TM1 in the green-
house (top right) and the interior of the nodules (bottom right panel)
(both panels on right courtesy of Kjell Olofsson).
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FIG. 2. Neighbor-joining phylogenetic tree showing the relationship between TM1 and the different Mesorhizobium type strains based on the

1,309-nucleotide sequence of the 16S rRNA (A), 399-nucleotide sequence of the apD gene (B), and 401-nucleotide sequence of the recA gene (C).
The tree was constructed using MEGA4 software (15). The numbers at branch points are the significant bootstrap values (expressed as a
percentage based on 1,000 replicates; only values that are >70% are shown). The horizontal branch lines are proportional and indicate p-distances.
The scale bar in each panel represents the number of nucleotide substitutions per 100 nucleotides. bv, biovar.
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FIG. 3. Neighbor-joining phylogenetic tree based on nodA sequences (539 nucleotides [nt]), showing the relationship between TMI1, the
different Mesorhizobium type strains, and some other type strains of rhizobia. The legume genus (or genera) in brackets is the common host(s)
associated with that rhizobial type strain. The tree was constructed using MEGA4 software (15). The numbers at branch points are the significant
bootstrap values (expressed as a percentage based on 1,000 replicates; only values that are >70% are shown). The horizontal branch lines are
proportional and indicate p-distances. The scale bar represents the number of nucleotide substitutions per 100 nucleotides.

and associates (7). Aliquots (10 wl) of amplified products ex-
amined by electrophoresis in 1% agarose gel stained with
SYBR safe (Invitrogen) showed that the products obtained
were of the expected size. The remnants of the PCR products
were purified using the NucleoSpin extract II column (Mach-
ery-Nagel, Duren, Germany) according to the manufacturer’s
recommendations and sequenced at Macrogen Inc., Seoul,
South Korea. Nucleotide alignments of the sequenced atpD,
recA, and nodA genes for all the isolates that were constructed
with the ClustalW 1.83 program imported into Bioedit 4.8.4 (6)
revealed that the isolates were identical at all the studied loci.
Enterobacterial repetitive intergenic consensus sequences
(ERIC) PCR (4) run for all the isolates showed similar profiles
for the isolates (data not shown), which further confirmed that
indeed one strain was present in all 20 nodules studied. The
lack of diversity in occupants of our sampled nodules obtained
from different plants well separated from each other was quite
a surprise, because it is very common to find some diversity
among nodule bacteria within a site. Some of the possible
reasons for our results could be that the strain obtained in our
work may be the most dominant strain in that site or may have
spread along the roadside in connection with maintenance of
the road as the plants grew along the road or this strain may be
very competitive for nodulation. BLASTN searches (1) indi-
cated that atpD, recA, and nodA sequences of the Thermopsis
lupinoides bacteria matched reference strains in the genus
Mesorhizobium. However, at this time, the phylogeny of bac-
teria, including rhizobia, to a large extent is influenced by the
16S rRNA sequence information (10). Because our isolates
were practically one strain, we arbitrarily selected an isolate
(TM1) and obtained a nearly full-length 16S rRNA sequence
(18). Phylogenetic analysis of type strains of Mesorhizobium

species indicated that TM1 grouped with Mesorhizobium
huakuii (Fig. 2). Further inclusion of some previously de-
scribed M. huakuii strains (3) with TM1 in a 16S rRNA and
recA tree confirmed the affiliation of TM1 to M. huakuii (in-
formation available from authors upon request). To our knowl-
edge, this is the first report of an M. huakuii strain nodulating
Thermopsis lupinoides, as M. huakuii is commonly associated
with Acacia and Astragalus (14). Even though the nodA tree
showed that TM1 possessed nodA4, which was typical of the
genus Mesorhizobium, it branched well from the other type
strains, which also suggested that it was a unique type (Fig. 3).

We examined whether nodulation of TM1 was specific to
Thermopsis lupinoides or extends to other hosts. Therefore,
besides Thermopsis lupinoides (seeds from Kamtchatka, Rus-
sia), we also included Thermopsis chinensis S. Moore and Ther-
mopsis caroliniana M. A. Curtis (seeds from Chiltern Seeds,
United Kingdom), originating in China and North America,
respectively, which are known to form nodules, as well as Lotus
comniculatus L. (seeds from Sweden), in a nodulation test per-
formed on seedlings raised from surface sterile seeds estab-
lished in sterile growth pouches (Mega International, St. Louis
Park, MN) with N-free solution in a greenhouse. We included
the model L. corniculatus symbiont M. huakuii MAFF303099
in our tests, because in addition to its closer relation to TM1,
it also served as a positive control for nodulation of L. cornicu-
latus. TM1 formed pink nodules only on 7. lupinoides (Fig. 1,
right panel), not on the other tested hosts, an indication that it
has a narrow host range. The inability of TM1 to form nodules
on the two other tested Thermopsis species suggests that its
nodA gene may be unique and strengthens the inferences from
the nodA phylogenetic tree. M. huakuii MAFF303099 formed
nodules only on L. corniculatus.
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In conclusion, we have demonstrated that T. lupinoides
forms nodules only with a M. huakuii strain with a unique nodA
gene which may be host specific.

Nucleotide sequence accession numbers. The nucleotide se-
quences of TM1 have been deposited in the GenBank database
under the following accession numbers: JF260928 for the 16S
rRNA fragment, JF260929 for the nodA gene, JF260930 for
the atpD gene, and JF260931 for the recA gene.
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