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The Brazilian inoculant strains 29W and 587 were found to be members of Bradyrhizobium elkanii primarily
on the basis of 16S rRNA gene sequences identical to that of B. elkanii USDA76 and on the basis of reactivity
with antibodies against serogroups 76 and 31, respectively. The agronomic consequences of using strains of B.

elkanii as soybean inoculants are discussed.

Brazil is second only to the United States in soybean
production (21). Despite the importance of soybean produc-
tion in Brazil, little is known about the taxonomy of the
strains used for soybean inoculation in that country. Strains
29W and 587 efficiently nodulate soybean, lack uptake
hydrogenase activity, and have been widely used as com-
mercial inoculants for soybean in Brazil (18). In this work,
our objective was to determine whether the Brazilian inoc-
ulant strains, 29W and 587, were members of Bradyrhizo-
bium elkanii or Bradyrhizobium japonicum.

Strains of B. japonicum were categorized into three DNA
homology groups by Hollis et al. (12). Homology group II
differs from homology groups I and Ia in host range (5, 6),
foliar chlorosis induction (4, 9, 15-17, 19), exopolysaccha-
ride composition (16), colony morphology (9), uptake hydro-
genase expression (16), restriction fragment length polymor-
phism analysis (14), and 16S rRNA gene sequence (26). On
the basis of these results, Kuykendall et al. (1, 14) proposed
that a new species designation, B. elkanii, be used for DNA
homology group II strains.

Host range, foliar chlorosis, and intrinsic antibiotic resis-
tance. Strains 29W and 587 were similar to B. elkanii
USDAG1 in that they were capable of limited nodulation of
Glycine max (L.) Merr. cv. Clark genotype rj,rj,;, induced
foliar chlorosis on Clark soybean, and expressed high levels
of intrinsic resistance to streptomycin, spectinomycin, and
tetracycline (data not shown). This is in contrast to strains of
B. japonicum, which do not nodulate soybeans with the rj,7j,
genotype, do not induce foliar chlorosis, and are sensitive to
those antibiotics.

Southern analysis of common nodulation genes. All DNA
isolations and analyses were performed as described previ-
ously (2). BamHI fragments of bradyrhizobial total DNA
were separated by electrophoresis and transferred to a
nitrocellulose filter (23). The filter was probed with the
3.9-kb HindIII fragment from pMJS18 (20), which contains
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nodD,YABC, by using the ECL kit from Amersham (Arling-
ton Heights, Ill.). DNA from strain 29W showed a single
6.0-kb hybridization band identical in size to those in DNA
from B. elkanii USDAG61, USDAS83, and USDAY4 (data not
shown). The size of the fragment containing the common
nod genes in strain 587 was 7.5 kb, which is intermediate
between the 6.0- and 8.3-kb fragments in B. elkanii USDA61
and B. japonicum USDA110, respectively (data not shown).

Serogroup classification. Serotyping of strains 29W and 587
was done with fluorescent antibodies raised against several
strains of Bradyrhizobium (22). Strain 29W reacted with
antibodies raised against USDA76 (data not shown). Fuhr-
mann and Wollum (10) showed that strain 587 reacts with
antibodies raised against USDA31. This places 29W and 587
in serogroups 76 and 31, respectively. Strains USDA76 and
USDA31 are both members of B. elkanii, with strain
USDAT76 being the type strain of that species (14). Strain
USDAL110 did not cross-react with antibodies raised against
either USDA76 or USDA31.

Nucleotide sequence of 16S rRNA genes. The internal
region of the 16S rRNA gene, which is variable among
strains of Bradyrhizobium and Rhizobium, was sequenced.
A 312-bp region of 16S rRNA from each rhizobial strain was
amplified by polymerase chain reaction (PCR) and se-
quenced in a manner similar to that described by Young et
al. (26) with the conserved primers Y1 (5'-TGGCTCA
GAACGAACGCTGGCGGC-3') and Y2 (5'-CCCACTGCT
GCCTCCCGTAGGAGT-3'). Each 15-pl PCR mixture con-
tained 0.2 mM each deoxynucleoside triphosphate, 0.75 U of
Taq DNA polymerase, 1.5 mM MgCl,, 50 mM Tris-HCI (pH
8.5), 20 mM KCl, 0.5 mg of bovine serum albumin per ml,
and 20 ng of template DNA. The concentration of each
primer in the reaction mixture was approximately 2 pM. The
reactions were performed in an Air Thermal Cycler (Idaho
Technology, Idaho Falls, Idaho). The profile parameters
were 5 min of denaturation at 93°C followed by 35 cycles of
45 s at 93°C, 45 s of annealing at 62°C, 120 s of elongation at
72°C, and a final soak for 5 min at 72°C.

Double-stranded PCR products were purified by using the
Magic PCR Preps system (Promega, Madison, Wis.). The
purified DNA was denatured by boiling for 40 s followed by
rapid cooling in a dry ice-methanol bath. Dideoxy sequenc-
ing was carried out with Sequenase (U.S. Biochemical,
Cleveland, Ohio). The reactions were run with 120 ng of
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1 50

B sp 2257 GCGGGCYTAG CAATACGTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC

B j 3407 GCGGGCGTAG CAATACGTCA GCGGCAGACG GGT 'TAAC GC AC
B j 110 GCGGGCYTAG CAATACGTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC
B j 59 GCGGGCgTAG CAATACGTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC
B e 31 GCGGGCaTAG CAATAtGTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC
B e 76 GCGGGCaTAG CAATAtGTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC
B e 29w GGGGGCaTAG CAATAtGTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC
B e 587 GCGGGCaTAG CAATAtGTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC

Consensus GCGGGC-TAG CAATA-GTCA GCGGCAGACG GGTGAGTAAC GCGTGGGAAC

51 100

B sp 2257 aTACCTTTTG GTTCGGAACA ACacAGGGAA ACTTgtGCTA ATACCGGATA

B j 3407 gTACCTTTTG GTTCGGAACA ACacAGGGAA ACTTgtGCTA ATACCGGATA
B j 110 gTACCTTTTG GTTCGGAACA ACacAGGGAA ACTTgtGCTA ATACCGGATA
B j 59 gTACCTTTTG GTTCGGAACA ACacAGGGAA ACTTgtGCTA ATACCGGATA
B e 31 gTACCTTTTG GTTCGGAACA ACtgAGGGAA ACTTcaGCTA ATACCGGATA
Be 76 gTACCTTTTG GTTCGGAACA ACtgAGGGAA ACTTcCaGCTA ATACCGGATA
B e 29w gTACCTTTTG GTTCGGAACA ACtgAGGGAA ACTTcaGCTA ATACCGGATA
B e 587 gTACCTTTTG GTTCGGAACA ACtgAGGGAA ACTTcaGCTA ATACCGGATA

Consensus ~-TACCTTTTG GTTCGGAACA AC--AGGGAA ACTT--GCTA ATACCGGATA

101 150

B sp 2257 AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATtGGCCC GCGTCTGATT

B j 3407 AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATCGGCCC GCGTCTGATT
B j 110 AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATCGGCCC GCGTCTGATT
B j 59 AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATCGGCCC GCGTCTGATT
B e 31 AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATCGGCCC GCGTCTGATT
B 3 76 AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATCGGCCC GCGTCTGATT
B e 29w AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATCGGCCC GCGTCTGATT
B e 587 AGCCCTTACG GGGAAAGATT TATCGCCGAA AGATCGGCCC GCGTCTGATT

Consensus AGCCCTTACG GGGAAAGATT TATCGCCGAA AGAT-GGCCC GCGTCTGATT

151 188

B sp 2257 AGCTAGTTGG TagGGTAATG GCCtACCAAG GCGACGAT

B j 3407 AGCTAGTTGG TagGGTAACG GCCtACCAAG GCGACGAT
B j 110 AGCTAGTTGG TagGGTAACG GCctACCAAG GCGACGAT
B j 59 AGCTAGTTGG TgaGGTAATG GCtcACCAAG GCGACGAT
B j 31 AGCTAGTTGG TgaGGTAATG GCtcACCAAG GCGACGAT
B j 76 AGCTAGTTGG TgaGGTAATG GCtcACCAAG GCGACGAT
B j 29w AGCTAGTTGG TgaGGTAATG GCtcACCAAG GCGACGAT
B j 587 AGCTAGTTGG TgaGGTAATG GCtcACCAAG GCGACGAT

Consensus AGCTAGTTGG T--GGTAATG GC--ACCAAG GCGACGAT

FIG. 1. Sequence alignment of 16S rRNA genes from eight
strains of Bradyrhizobium. The consensus sequence is shown at the
bottom for those nucleotides which are identical for all eight strains.
Those bases which differ are shown as dashes in the consensus
sequences and as lowercase letters in the strain sequences. Se-
quences of strains NZP 2257, RCR 3407, USDA110, USDAS9,
USDAZ31, and USDA76 were taken from the work of Young et al.
(26). B sp, Bradyrhizobium species strain; B j, B. japonicum; B e, B.
elkanii.

AprPL. ENVIRON. MICROBIOL.

template DNA and 336 ng of either primer Y1 or Y2.
Multiple sequence alignment and calculation of the consen-
sus sequence were determined with the PRETTY program of
the Genetics Computer Group (Madison, Wis.) package (3).

The multiple sequence alignment of the internal variable
region of the 16S rRNA gene for several Bradyrhizobium
strains is shown in Fig. 1. The 188 bases sequenced are
identical among strains 29W and 587 and the known se-
quences from B. elkanii USDA31 and USDA76. The B.
elkanii sequences differ from those of B. japonicum USDAS59
and USDAL110 and Bradyrhizobium sp. strain NZP 2257 by
6, 10, and 11 bases, respectively.

Thus, two important inoculum strains from Brazil are
members of B. elkanii. This conclusion is based on six lines
of evidence: (i) the ability of these strains to nodulate
soybeans with the rj,rj, genotype; (ii) their ability to induce
chlorosis in soybean leaves; (iii) their expression of high
levels of intrinsic antibiotic resistance; (iv) their classifica-
tion as either serogroup 76 or 31, both of which include
members of B. elkanii; (v) common nod gene restriction

. patterns similar to that of strains of B. elkanii; and (vi) 16S

rRNA gene sequences identical to that from strains of B.
elkanii. Also, Neves et al. (18) have shown that strains 29W
and 587 lack uptake hydrogenase activity, as is the case with
other strains of B. elkanii.

The fact that soybean inoculants commonly used in Brazil
are B. elkanii strains may have important consequences for
inoculation practices in that country, given recent agronomic
results in the United States and Brazil. Recent studies by
Fuhrmann and coworkers (24, 25) suggest that soybeans
inoculated with rhizobitoxine-producing B. elkanii strains
exhibit smaller chlorophyll concentrations in leaves, lower
nodule and shoot dry weight, lower total N, fixation, and
less leaf protein than plants inoculated with non-chlorosis-
inducing strains of either B. elkanii or B. japonicum. Soy-
beans inoculated with strains 29W and 587 had grain yield
production about 30% below that of soybeans inoculated
with CB1809, a B. japonicum strain used as a commercial
inoculant in Australia (18). These yield declines may be
caused by both the lack of uptake hydrogenase activity and
the ability to produce rhizobitoxine in soybean nodules
induced by B. elkanii strains (15, 16). The absence of uptake
hydrogenase activity reduces the yield of soybean plants (7,
8, 11, 13).

Nucleotide sequence accession numbers. The partial se-
quences of the 16S rRNA genes from strains 587 and 29W
have been assigned accession numbers L.20781 and L.20867,
respectively.
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