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Abstract. The polymerase chain reaction with arbitrary primers (RAPD) discriminated between two
separately maintained cultures of Bradyrhizobium japonicum USDA 110 differing in symbiotic perfor-
mance under drought conditions. Since strain 110 is used in inoculum production, the use of RAPD to
monitor inoculum cultures could help to preserve their genetic composition and prevent the loss of
important symbiotic properties. The use of RAPD could also be extended to other B. japonicum strains

currently used in inoculum production.

Bradyrhizobium japonicum USDA 110 was isolated in
1959 from the nodule of a soybean grown in Florida [11].
Symbiotic tests under both field [3] and greenhouse
conditions [9, 22] have demonstrated that strain USDA
110 is superior at symbiotic nitrogen fixation compared
with other strains. For this reason USDA 110 is com-
monly used in commercial soybean inoculum and has
recently served as the parent strain for an improved
inoculum currently in commercial use [8, 13—15].

Two cultures of B. japonicum USDA 110 were found
to differ in symbiotic performance under drought condi-
tions by Hunt et al. [7]. One of these cultures was
obtained from the USDA culture collection (USDA-ARS,
Beltsville, MD, USA) while the other was obtained from
the Nif TAL (Nitrogen Fixation and Tropical Agriculture
Laboratory, Paia, HI, USA) collection, where it was
renamed Nif TAL 102. Hunt et al. [7] found that soybeans
inoculated with USDA 110 were more drought tolerant
than soybeans inoculated with NifTAL 102. Soybean
cultivar Cobb under drought conditions with USDA 110
produced 18% higher seed yield and 9% higher shoot
nitrogen content compared with NifTAL 102, whereas
soybean cultivar Coker 448 under drought conditions
showed a 43% increase in seed yield and a 5% increase in
shoot nitrogen content for USDA 110 relative to NifTAL
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102. Hunt et al. [7] speculated that variations in the
composition of colonial morphology variants, which had
been shown to vary in symbiotic nitrogen fixation
abilities [17—19], could explain the observed differences
between the two cultures.

Phenotypic variation in several different B. japoni-
cum USDA 110 cultures was noted previously by Mullen
and Wollum [21]. These variations occurred in colony
morphology, antibiotic resistance, growth in various
media, and competition with other strains of B. japoni-
cum. However, statistically significant differences in
nitrogen fixation were not detected [21]. In contrast to
these results, Hartmann et al. [5] used RS-« (a repeated
DNA sequence in B. japonicum) as a probe and noted
identical hybridization patterns between two USDA 110
cultures maintained in different laboratories. Hartmann et
al. [5] concluded from this observation that USDA 110
cultures remain genetically stable when cultured in
different laboratories.

In this study, RAPD was used to evaluate genetic
variation between NifTAL 102 and USDA 110, which
were found to differ in their relative abilities to impart
drought tolerance to soybean. Both cultures were also
grown in three different carbon sources, and the percent-
age of mannitol- versus non-mannitol-utilizing colony
morphology variants was determined.
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Materials and Methods

Bradyrhizobium japonicum strains USDA 122 and USDA 466 were
obtained from P. van Berkum (USDA-ARS, Beltsville, MD, USA). B.
Japonicum strains USDA 110 and NifTAL 102 were obtained from A.G.
Wollum (Department of Soil Science, North Carolina State University,
Raleigh, NC, USA) and were the same cultures used previously to
demonstrate a difference in drought tolerance [7].

B. japonicum strains were grown to stationary phase in a yeast
extract basal medium supplemented with either 1% mannitol (YEM),
1% arabinose (YEA), or 1% gluconate (YEG) [18]. Cells used for DNA
isolation were grown in YEM. Following cell growth, DNA was
isolated and PCR amplified as described by Mathis and McMillin [16].
The following arbitrary primers were used in PCR amplification
(RAPD): OPE-01-OPE-10 and OPO-1-OPO-10 (Operon Company,
Alameda, CA, USA), ARP-2, ARP-5, ARP-6 [20], ARP-7 (GTACGTG-
GCG), SPH-1 [4], MICROSAT [(T or AYGAGGGTGG], CRL-7, and
CRL-13 [12].

Results and Discussion

B. japonicum strains USDA 110, NifTAL 102, 110-
serogroup strain USDA 466 (95% homology to USDA
110 under stringent hybridization conditions, [6]) and
USDA 122 (2% homology to USDA 110 under stringent
hybridization conditions, [6]) were analyzed with RAPD.
Six of the 28 primers tested (21%) were found to give
distinct DNA banding patterns for each of the strains
studied, OPE-01, OPO-07, OPO-09, SPH-1, ARP-7 (data
not shown), and CRL-7 (Fig. 1). Six primers (21%) failed
to amplify DNA from any of the strains (OPE-03,
OPE-09, OPO-01, OPO-02, OPO-08, and ARP-6, data
not shown) and three others (11%) amplified only USDA
122 DNA (OPE-06, OPE-08, and OPE-10, data not
shown). None of the 13 remaining primers (46%) could
clearly distinguish all four of the strains tested from each
other (OPE-02-OPE-04, OPE-07, OPO-03-OPE-06,
OPO-10, MICROSAT, CRL-13, ARP-2, and ARP-5, data
not shown).

RAPD analyses provided genetic markers separating
USDA 110 from NifTAL 102 (Fig. 1), whereas other
DNA analyses performed in our laboratories such as
RFLP studies [1,2] with five random probes from a B.
Jjaponicum USDA 110 library, REP-PCR [10, 23] and
ERIC-PCR [10], were unable to separate USDA 110 from
NifTAL 102 (J.N. Mathis and D.E. McMillin, unpub-
lished data). RAPD analyses clearly demonstrate that
genetic divergence has occurred in the B. japonicum 110
cultures, which differed in symbiotic performance under
drought conditions. However, further research is required
to demonstrate that specific variations in RAPD banding
pattern directly correlate with differences in drought
tolerance.

The percentage of non-mannitol-utilizing variants
present in Nif TAL 102 was less than the percentage found
in USDA 110 for three different carbon sources studied
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Fig. 1. DNA fingerprints of B. japonicum USDA 110, NifTAL 102, and
contro] strains USDA 466 and USDA 122 generated by arbitrary PCR
primer CRL-7 (GCCCGCCGCC). DNAs were separated on a 2%
agarose gel: lane 1, molecular weight marker, pGEM, fragment sizes in
nucleotides are denoted; lane 2, USDA 110; lane 3, NifTAL 102; lane 4,
USDA 122; lane 5, USDA 466. All PCR patterns are representative of at
least three separate amplification runs in which different cultures of a
given strain were used. Within each of these separate runs two to four
replicate reactions were performed which gave the same patterns of
amplification, thus eliminating the possibility of position effects- within
the thermocycler. Each reaction for a designate strain was found to give
the same pattern for each culture of that strain, thus indicating the
reliability of the technique.

(Table 1), thus indicating that USDA 110 and NifTAL
102 are also phenotypically distinct from each other.
Twenty individual mannitol-utilizing and 20 individual
non-mannitol-utilizing colonies were screened from
USDA 110 and NifTAL 102 for nitrogen fixation ability
(Mathis and Champion, unpublished data). Each of these
single colony isolates was found to have similar symbi-
otic nitrogen fixation abilities, as determined by the
nitrogen contents of inoculated plants. Furthermore,
replicate greenhouse studies showed similar levels of
symbiotic nitrogen fixation for plants inoculated with
either Nif TAL 102 or USDA 110 (Mathis and Champion,
unpublished data). Since both cultures contain only
symbiotically competent (Fix*) colony morphology vari-
ants and have similar symbiotic nitrogen fixation abilities
under greenhouse conditions, it would appear that nitro-
gen fixation ability is not directly involved in the
observed differences in symbiotic performance between
USDA 110 and NifTAL 102 under drought conditions.



J.N. Mathis et al.: Genetic Variation in B. japonicum 110 Cultures

Table 1. Colony morphology variant composition of Bradyrhizobium
Jjaponicum NifTAL 102 and USDA 110 when grown in different
carbon sources

% non-mannitol-utilizing variants
in each Bradyrhizobium japonicum
USDA 110 culture grown in each carbon source

Carbon source USDA 110 NifTAL 102
arabinose (YEA) 10 <1
mannitol (YEM) 8 3
gluconate (YEG) 12 <1

4 Serial dilutions were plated onto YEM-plates from each of the media
YEM, YEA and YEG [18] from five replicate stationary phase cultures
(grown for 72 h and containing 1-4 X 10° CFU/ml). Duplicate plates
were scored for dilutions that plated between 50 and 150 colonies for
each of the five replicate cultures. Non-mannitol-utilizing versus
mannitol-utilizing colony morphology variants were distinguished by
their appearance on YEM plates. Mannitol utilizing are large and
mucoid, whereas non-mannito} utilizing are small and non-mucoid.

Interestingly, in the analysis of three different USDA 110
colony morphology variants (differing in mannitol utiliza-
tion and/or symbiotic nitrogen fixation ability) with the
same set of 28 primers, only two of the primers were
found to give differences in pattern (CRL7 and ARP7,
[16]). These differences were found to correlate with
differences in nitrogen fixation rather than mannitol
utilization. Since loss of symbiotic nitrogen fixation was
not detected in any of the variants observed in this current
study, and differences in RAPD pattern were not previ-
ously found to correlate with differences in mannitol
utilization, further analyses of colony morphology vari-
ants by RAPD were not conducted [16].

Since B. japonicum USDA 110 is used extensively
for the preparation of soybean inoculum, changes in
cultures of this strain that result in alteration of symbiotic
performance are of agricultural significance [8, 13, 14,
15]. While occurrences of phenotypic variation have been
documented previously for cultures of B. japonicum
USDA 110 [21], other investigators have reported evi-
dence for the genetic stability of USDA 110 cultures
maintained in different laboratories [5]. Our data docu-
ment the occurrence of both phenotypic and genetic
variation between USDA 110 cultures. Development of
DNA fingerprints and their use in monitoring strains used
for inoculum preparation may therefore be a useful
practice and should help in the preservation of important
symbiotic properties.
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