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Diversity of rhizobia recovered from five medicinal
legumes, Trigonella foenum graecum, Abrus precatorius,
Mucuna pruriens, Melilotus officinalis and Vicia angusti-
Jolia was investigated. Nine bacterial strains isolated
on yeast extract mannitol agar (YEMA) and showing
tolerance to 2% NaCl were analysed along with refe-
rence strains, Bradyrhizobium japonicum SB102,
Sinorhizobium meliloti 102F 34 and Rhizobium gallicum
R602sp” using restriction patterns produced by ampli-
fied DNA coding for 16S rDNA (ARDRA) with two
enzymes Haelll and Mspl and were placed in six geno-
types. Four isolates from Trigonella, i.e. PP1, PP2, PP3
and PP4 were placed in two genotypes; one genotype
was closely related to S. meliloti 102F 34 and the other
to B. japonicum SB 102, Genetic diversity was also
assessed by repetitive PCR using BOX primers, wherein
all the isolates were placed in five genotypes. Based on
repetitive PCR, isolates from nodules of Trigonella
were placed in single genotype. Nitrogen-fixing ability
of the isolates was confirmed by amplification of 781 bp
nifH fragment in five isolates, PP1, PP2, PP3, PP4 and
PP9.

MICROBIAL diversity is considered as one of the most useful
resources for bioprospecting. Rhizobia are of particular
interest due to their symbiotic nitrogen fixing ability with
members of Leguminosae' which is the second largest
family of flowering plants and includes more important
drugs than any other family. Genetic diversity of bacteria
is being analysed increasingly by PCR-based genomic
fingerprinting methods. As more knowledge is acquired
and isolates from unexplored legumes are studied, new
species are discovered and former species are split. Due
to improved methods of characterization, the classification
of rhizobia has undergone drastic changes®’ and the phy-
logenetic analysis of the family Rhizobiaceae and related
genera has been upgraded”’. Laguerre er al.® applied the
restriction fragment length polymorphism analysis of PCR-
amplified 16S rRNA gene for identification of rhizobia.
Since then, this technique has been utilized extensively by
various workers and several novel species have been
reported during the last decade’'*. Applying these tech-
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niques, Allorhizobium undicola and all species of Agro-
bacterium have been reassigned to the genus Rhizobium’'.
Randomly-amplified polymorphic DNA profiles have
provided new tools for investigating genetic polymor-
phism. This method has been used for genetic analysis of
Bradyrhizobium strains nodulating Arachis hypogea15 and
nodule isolates of Acacia sp.'®. Repetitive sequence-based
PCR (rep-PCR) has come as an advanced technique which
is found to be in agreement with the phylogenies derived
from multilocus enzyme analysis'"'®. Considering the
interest in rhizobial diversity, in the present study we have
used amplified rDNA restriction analysis (ARDRA), rep-
PCR and nifH gene analysis to assess the diversity of the
rhizobial population in some medicinal legumes growing
in the sub-Himalayan tract of Uttaranchal, a tropical region
of northern India.

Five legumes of medicinal importance were selected for
recovery of nodule bacteria. These were Trigonella foenum
graecum (a source of alkaloid trigonellin and saponin-
diosgenin used in oral contraceptives and sex hormones),
Abrus precatorius (abortifacient, also used as remedy in
eye inflammation), Mucuna pruriens (seeds with anthe-
mentic and astringent properties), Melilotus officinalis
(coumerin derivative used as anticoagulant of blood) and
Vicia angustifolia (vicianin, a glycoside used as a seda-
tive)'. V. angustifolia and M. pruriens were collected
from Hardwar (29°66” 40”N lat., 78°13’E long.) whereas
T. foenum graecum, A. precatorius and M. officinalis
were from Dehradun (between 30°17’N and 30°24'N lat.,
78.0°E and 78°6’E long.). Nodules from these legumes
were collected and washed several times in sterile water,
surface-sterilized using 70% ethanol and 0.1% HgCl,,
and repeatedly washed thoroughly with sterile water. Ste-

rile nodules were crushed and the resulting suspension
streaked onto yeast extract mannitol (YEM) agar plates’.
After subculturing, pure isolates were screened for salt
tolerance. Tolerance to NaCl was studied according to
Chen er al>. YEM agar plates amended with varying
concentrations (0.5, 1, 1.5, 2, 2.5 and 3%) of NaCl were
prepared. Log phase (10’ cfuml™) cultures were spot-
inoculated and plates incubated at 28 + 1°C. Observations
were taken after 3 days. Isolates that were able to tolerate
2% NaCl were selected and subjected to biochemical
characterization (Table 1). Tolerance to pH was determined
in YEM broth adjusted to pH 5.0-9.0. Buffers used to
adjust the pH were citrate phosphate (pH 5.0 to 7.0), and
TRIS HCI (pH 8.0 to 9.0). Log-phase culture to the final
concentration of 10°cfuml' was inoculated in YEM
broth in flasks and incubated at 28 + 1°C at. 150 rpm for
3-5 days. The effect of high temperature on growth of
isolates was observed in 50 ml YEM broth in flasks. The
broth was inoculated with log-phase cultures to a final
concentration of 10° cfu ml™" and kept at 44°C at 150 rpm
for 3 days. Uninoculated broth served as control. The
growth was determined spectrophotometrically at 610 nm.
Acid production was tested in YEM agar plates supple-
mented with 25 ppm bromothymol blue indicator dye”'.
The change of colour from green to blue indicated alkali
reaction and to yellow, acid production. Carbon source
utilization was performed according to the procedure des-
cribed by Amarger et al.’. The different carbon sources,
D-ribose, D-xylose, D-galactose, maltose, lactose and
inositol were added at a final concentration of 1 g1 to a
basal liquid medium (BLM) containing (per 1), K;HPOy,
1 g; KH,PO,, 1 g; FeCl;.6H,0, 0.01 g; MgSO,.7H,0, 0.2 g;
CaCl,, 0.1 g; (NH4),SO,, 1 g; BTB indicator dye, 25 mg.

Table 1. Morphological and physiological characteristics of rhizobia recovered from medicinal legumes on 2% NaCl
Brady- Rhizo-  Sinorhi- Azorhi-
rhizobium bium zobium  zobium
japonicum gallicum meliloti caulino-
Isolate PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8 PP9 SB102 R 602 sp" 102F34 dans®
Host of isolation Trifolium T. foenum  T. T. Abrus  Vicia Mucuna M. pru- Melilotus
foerum  graecum foenum foenum preca- angusti- pruriens riens  offici-
graecum graecum graecum torius  folia nalis
Colony diameter 34 2-4 3-5 3-5 4 2-4 3-5 3-5 1-2 0.5 1-2 34 1-2
(mm) on YEMA
(3 days, 28°C)
Growth at 44°C na - - - - + + + na na na na na
Growth at pH 8 + + + + + + + - + - - - -
Lysine decarboxylase - - - - - - + + - na na na -
Arginine dihydrolase - + + - + - + + - na na na -
Acid production on + + + + - + + + - - + + na
YEMA
C—source utilization
D-ribose + + + + + + - - - + + + -
D—xylose + + + + + + - + - + + + -
D—galactose + + + + + + - + - + + + -
Maltose - - - - - + + + - - - + -
Lactose - - - - - + + + - - - + -
Inositol + + - - - - - - +/- - na na -

+, Positive; —, Negative; na, Not assessed.
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This was dispensed in tubes (20 mm) as 5 ml aliquot and
inoculated by an exponentially-growing test bacterial
culture (10° cfu ml™"); tubes were incubated at 28 + 1°C
at 150 rpm for 5 days. Change in colour from green to blue
or yellow indicated utilization of the respective C-source.
BLM supplemented with mannitol served as positive con-
trol and that without C-source as negative control. To
detect the activity of arginine hydrolase, YEM broth was
amended with bromocresol purple (1.6%), cresol red
(0.2%) and 1% L-arginine monohydrochloride and inocu-
lated with log-phase bacterial culture. This was overlaid
with a 10 mm thick layer of sterile paraffin oil and incu-
bated at 28°C. Formation of violet/reddish colour indicated
positive test. For lysine decarboxylase, the substrate was
changed to 1% L-lysine dihydrochloride.

Pure cultures were grown in YEM broth till log
phase and genomic DNA was isolated according to
Bazzicalupo and Fani*’. Universal eubacterial primers
GM3f 5AGAGTTTGACT (AC) TCGC3" and GM4r
STACCTTGTTACGACTT3” were used for amplification
of 1492 bp region of the 16S rDNA gene on MJ PTC 100
thermal cycler. A 50 pl reaction mixture included 5-10 ng
of bacterial DNA as template, 1 UM of each primer, 1 U
of Tag DNA polymerase (Bangalore Genei, India) and
100 uM dNTPs. The reaction conditions were: initial
denaturation of 7 min at 94°C followed by 29 cycles of
denaturation of 1 min at 94°C, extension of 1 min at 72°C
and annealing temperatures 54°C for seven cycles, 53
and 52°C for one cycle each, 51°C for 20 cycles and a
final extension of 10 min at 72°C. Amplified DNA was
visualized in 0.8% agarose. An aliquot of 6-8 ul of the
PCR reaction product was used for restriction digestion
with Haelll and Mspl at 37°C for 2 h. Enzymes were
inactivated by heating the reaction mixture at 65°C for
10 min. The products were analysed electrophoretically
on agarose gel (2.5%). DNA bands generated by digestion
of PCR-amplified 16S rDNA with the two restriction
endonucleases Haelll and Mspl were used to construct a
dendrogram applying the unweighted pair group means
average (UPGMA) method® using NTSYSpc version 2.0
software program.

Box primer 5GATCGGCAAGGCGACGCTGACG?’
(ref. 18) was used to amplify the inter Box elements.
Forty ul of reaction mixture included 5-10 ng of template
DNA, 100 uM of primer, 1 U Taq DNA polymerase along-
with its buffer and 100 uM dNTPs. The reaction condi-
tions were: initial denaturation of 7 min at 95°C followed
by 39 cycles of 1 min at 94°C, 1 min at 60°C, 1 min at
72°C with the final extension of 6 min at 72°C. The
amplified product was visualized in 1% agarose gel after
electrophoresis.

For amplification of nifH region (781 bp), two primers
nifHl (5CGTTTTACGGCAAGGGCGGTATCGGCA3")
and nifH2 (Y TCCTCCAGCTC CTCCATGGTGATCGG3)™
were used. A 50 ul reaction mixture was prepared as des-
cribed in case of amplification of 16S rDNA region. The
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thermal cycler conditions for nifH amplification were:
initial denaturation of 30 s at 95°C, 5 cycles of 30 s at
94°C, 30 s at 55°C and 1 min at 72°C, 30 cycles of 30 s at
94°C, 30 s at 65°C and 1 min at 72°C. An aliquot of 10 ul
of amplified product was visualized on 1.2% agarose gel.
Visualization was carried out on a gel documentation sys-
tem (Biosystematica).

All nine isolates recovered on YEMA were Gram-nega-
tive, capsulated, motile, non-spore-forming rods. Morpho-
logical and biochemical characteristics (Table 1) revealed
that except PP7 and PP9, all other isolates were fast gro-
wers. PP5 and PP9 were negative for acid production;
isolate PP9 showed characteristics similar to Azorhizo-
bium spp.zs.

Genetic relatedness amongst the strains was assessed
employing ARDRA and rep PCR using Box primers.
When the 16S rDNA region of each of the nine isolates
and three reference strains was amplified by PCR, a major
amplification band of 1492 bp was observed. Restriction
analysis of 16S rDNA with Haelll and Mspl resulted in
3—4 different patterns for both the enzymes; each pattern
corresponded to a particular genotype. ARDRA generates
species-specific patterns®; exceptions showing variable
banding pattern within a species have been reported in
Rhizobium etli, R. tropici and R. loti®. Two different com-
binations of four enzymes, Cfol, Hinfl, Mspl and Ndell,
had the same discriminating power for Rhizobium as a
combination of nine enzymes. Laguerre et al.® concluded
that a combination of any two enzymes, e.g. Mspl and
Ndell, permitted differentiation between Rhizobium spe-
cies with the exception of R. loti and R. huakuii, and
R. etli and R. tropici. Furthermore, this group reported
that within the nine restriction endonucleases, only Haelll
discriminated between Rhizobium sp. strains from Leu-
caena leucocephala and Phaseolus vulgaris; a combina-
tion of nine restriction endonucleases yielded 20 different
16S rDNA genotypes in 48 strains. Polymorphism at
intraspecies level was thus reported, wherein two geno-
types were detected within R. etli and R. tropici, and
three genotypes within R. Joti. In the present study, a
combination of two restriction endonucleases Mspl and
Haelll permitted a resolution level comparable to that
reported by Laguerre e al.’. Six genotypes were detected
within nine bacterial strains; the three reference strains
belonging to different genera were placed on separate
lineages. Bradyrhizobium japonicum SB102 and Rhizo-
bium gallicum bv. gallicum R602$pT were on branches
separated by a distance of 3.87, whereas Sinorhizobium
meliloti 102 F34 was placed at a distance of 5.83 from
the other two species. Digestion with Haelll (Figure 1 a)
and Mspl (Figure 1 b) yielded 3—4 and 2-4 bands, respec-
tively. On the basis of ARDRA with Haelll, all nine iso-
lates were placed in three groups (Figure 1 a). All four
isolates from Trigonella, i.e. PP1, PP2, PP3 and PP4
were identical and appeared closely related to isolate PP6
from V. angustifolia. Two isolates PP7 and PP§ from
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M. pruriens were identical and appeared closely related
to isolate PP5 from A. precatorius. Isolate PP9 was closely
related to S. meliloti 102F34 along with B. japonicum
SB102 and R. gallicum strain R602sp’. ARDRA with
endonuclease Mspl resulted in altered relatedness amongst
isolates and with the standard strains. Restriction profile
of isolates PP2, PP3 and PP4 was identical to S. meliloti,
while PP1 produced a profile distinct from the remaining
three. PP7 and PP8 had identical profiles, whereas PP5,
PP6 and PP9 exhibited different profiles that did not match
with those of the reference strains. The phylogenetic rela-
tedness among the isolates was assessed based on the
UPGMA dendrogram (Figure 2). A total of six genotypes

12 M

4 5 6 7 8 9 10 M

1 2 3 4 5 6 7 8 9 10 11 12 M

500 bp
200 bp

Figure 1.
(a) restriction endonuclease Haelll and (b) restriction endonuclease
Mspl. Lane 1, PP1; Lane 2, PP2; Lane 3, PP3; Lane 4, PP4; Lane 5,
PP5; Lane 6, PP6; Lane 7, PP7; Lane 8, PP8; Lane 9, PP9; Lane 10,
Bradyrhizobium japonicum SB 102; Lane 11, Rhizobium gallicum
R602 sp” (ref. 9); Lane 12, Sinorhizobium meliloti 102 F34 (ref. 27);
Lane M, 100 bp mass ladder.

ARDRA of nodule isolates from medicinal plants with

Genotypes
I PP1
Bradyrhizobium japonicum SB102
I PP6

Rhizobium gallicum R602 sp”

PP2 ]
m | pps l'—
PP4

Sinorhizobium meliloti 102 F34

IV PP
v PP5
VI :I; PP7 | l—-"'
prg |
Frororrrii TTTT 7T FTTTT
0.00 1.94 3.89 5.83 7.78

Euclidean distance

Figure 2. UPGMA cluster of nodule isolates of medicinal plants on
the basis of 165 ARDRA with Haelll and Mspl.
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were formed based on nine isolates from five medicinal
legumes. Two genotypes were identified for isolates from
T. foenum graecum; one genotype represented by three
isolates was closely related to S. meliloti strain 102F34,
whereas another genotype appeared close to B. japoni-
cum. Two different species of Bradyrhizobium have ear-
lier been reported for soybean®’, Arachis hypogea' and
Phaseolus vulgariszs; even rhizobia from two different
genera have been reported from soybean nodules”. PP7
and PP8 were identical and along with PP5, were placed
outside the major cluster. Recently, Sinorhizobium abri
has been reported from Abrus precatorius™ from this
region, but PP5 which is an isolate from the same
host plant, appeared phylogenetically very distant from
S. meliloti. In view of the existing reports of more than
one species of rhizobia nodulating soybean® >*, two dif-
ferent rhizobia nodulating A. precatorius cannot be ruled
out.

On the basis of Box profiles (Figure 3) as well, six
genotypes were identified amongst nine isolates of medi-
cinal legumes. All four isolates of 7. foenum graecum
were placed in one genotype. This is an interesting obser-
vation because, on the basis of ARDRA with two enzymes,
these four isolates were placed in two genotypes irrespec-
tive of the fact that Box PCR discriminates at the sub-
species level'®. ARDRA profiles and Box profiles were
not correlated because the former provides single-locus
analysis, whereas the latter assesses genetic variability in
the whole genome. Furthermore, 16S rDNA is only 1500 bp
long compared to the entire genome. Downie and Young™
have reported that the S. meliloti genome has three parts;
circular chromosome of 3.65 Mbp length and two plas-
mids pSymA and pSymB of size 1.35 Mbp and 1.7 Mbp,
respectively. Mesorhizobium loti genome is closely simi-
lar with a chromosome (7.0 Mbp) and two plasmids of
0.35 Mbp and 0.2 Mbp (ref. 36). With the single tetracut-
ter restriction endonuclease, Haelll, 2-4 bands are usually
obtained which represents polymorphism in approxi-
mately 20 bases. However, use of two such enzymes will
result in variability in about 40 bases. On the other hand,

7 819 10

m12 M

Figure 3. rep-PCR fingerprints of nodule isolates from medicinal
plants using BOX primer. Lane 1, PP1; Lane 2, PP2; Lane 3, PP3; Lane 4,
PP4; Lane 5, PP5; Lane 6, PP6; Lane 7, PP7; Lane 8, PPS; Lane 9, PP9;
Lane 10, B. japonicum SB 102; Lane 11, R. gallicum R602 spT (ref. 9);
Lane 12, S. meliloti 102 F34 (ref. 27); Lane M, 100 bp mass ladder.
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