
CC S.
. =

BY NC ND

               BioTechnologia                                 vol. 101 (3)  C  pp. 179–191  C  2020       
               Journal of Biotechnology, Computational Biology and Bionanotechnology RESEARCH  PAPERS

http://doi.org/10.5114/bta.2020.97877

Genetic characterization of some rhizobial isolates
from various legumes

ENAS M. ABD EL-GHANY,  RAGAA A. EISSA,  ABDELMEGID I. FAHMI *,
HESHAM H. NAGATY,  ABDELFATAH M. EL-ZANATY

Genetics Department, Faculty of Agriculture, Menoufia University, Egypt
 

Abstract 

In the last few decades, there has been a growing interest in environmentally friendly sustainable agricultural
practices, thus increasing the role of biofertilizers such as rhizobia, which can decrease the need for chemical
fertilizers, reduce adverse environmental effects, and help to save money. Therefore, information on the distri-
bution and genetic variation of native rhizobial isolates would aid in selecting novel rhizobial strains that could
be developed and used as biofertilizers in legume production. This research was conducted to characterize 24
rhizobial isolates from five legumes on morphological, biochemical, and molecular aspects and determine the
phylogenetic relationships among them. Rhizobial isolates were obtained from five Egyptian legumes: faba bean,
lentil, pea, clover, and soybean. Morphological characterization classified the isolates into fast and slow growers.
Biochemical characterization using API 20E and API 20NE systems showed a large diversity, which may reflect
their adaptation in different environments. Moreover, molecular detection of the 16S rRNA gene enabled to cha-
racterize 19 of them to the species level. Rhizobial isolates from pea, faba bean, clover, and lentil were identified
as Rhizobium leguminosarum and those from soybean were identified as Bradyrhizobium japonicum. These data
reflected a narrow diversity of rhizobial species in Egypt. A phylogenetic analysis of the 19 isolates confirmed that
B. japonicum isolates were divergent from all other isolates. Furthermore, the phylogram revealed that each
group of isolates that originated from the root nodule of a certain legume formed a separate subcluster. The ob-
tained data suggested a narrow range of interspecies variations, which is consistent with the idea of the presence
of biovars among the species.
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Introduction

Rhizobia are gram-negative bacteria present in the
root nodules of legumes (Ngakou et al., 2009). These
soil bacteria are aerobic, nonsporulating, and rod-shaped
(Chaintreuil et al., 2000). A symbiotic relationship ter-
med mutualism develops between legumes and rhizobia,
wherein both organisms benefit from each other. Rhi-
zobia produce nitrogen-containing ammonium which, un-
like nitrogen in the air, can be easily taken up by plants
and used for protein production (Kiers et al., 2002).
Therefore, symbiotic nitrogen fixation resulting from
a rhizobia-legume interaction can act as a renewable
source of nitrogen and replace the usage of  nitrogen-
based chemical fertilizers (Mus et al., 2016). The inter-

action between rhizobia and plants leads to the establish-
ment of specialized structures called nodules in which
bacteria convert atmospheric nitrogen into ammonia.

The legume family (Leguminosae, Fabaceae ) con-
sists of approximately 19 300 plant species, which inclu-
des approximately 750 genera. This family of flowering
plants includes species of agronomic importance such as
faba bean (Vicia faba ), clover (Trifolium alexandrinum),
soybean (Glycine max ), pea (Pisum sativum ), and lentil
(Lens culinaris ). In the last few decades, there has been
a growing interest in environmentally friendly sustain-
able agricultural practices, thus increasing the role of
biofertilizers such as rhizobia, which can decrease the
need for chemical fertilizers and thus reduce adverse
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negative environmental effects and help to save money.
Therefore, information on the distribution and genetic
variation of native rhizobial isolates would aid in selec-
ting novel rhizobial strains that could be developed and
used as biofertilizers in legume production (Eissa et al.,
2009; Hassan et al., 2015). Rhizobia-legume symbiosis is
of special importance for agricultural ecosystems, annu-
ally producing 50% of the total biological nitrogen fixa-
tion worldwide (Yadav and Verma, 2014). Rhizobia-legu-
me symbiosis is a host-specific association, and hence,
there is a need to determine the strains and the diversity
of rhizobia associated with a specific type of legume for
better utilization of the benefits associated with rhizobia
biofertilizers (Batista et al., 2015). Rhizobia distribution
and its diversity are also affected greatly by the geogra-
phical locality, and therefore, determining their phylo-
geny could highlight their evolutionary origin. Efficient
methods of classifying isolates are necessary to identify
strains with a high nitrogen fixation ability. The initial
characterization and screening of rhizobia have been
based on morphological features; however, this method
is highly prone to errors due to morphological plasticity.
Rhizobia are also specific to a particular legume; there-
fore, it is essential to identify and characterize these
organisms by morphological, biochemical, and molecular
methods to detect the best and most efficient isolates for
nitrogen fixation. Bacteria possess ribosomal RNA
(rRNA) cistron that comprises three genes: a small su-
bunit 16S and large subunits 23S and 5S. The relation-
ship among closely related groups such as species or
genera can be determined by genetic sequence informa-
tion, which is widely regarded as one of the most valid
criteria (Litvaitis, 2002; Casamatta et al., 2005; Raja-
niemi et al., 2005; Svenning and Wright, 2005). Hence,
phylogenetic studies can be performed by comparing
16S rRNA. Therefore, the main objective of this study
was characterization of rhizobial isolates from some le-
gumes growing in Egypt on morphological, biochemical,
and molecular levels and determination of the phylo-
genetic relationships among them.

Materials and methods

Root nodule collection 

Plants of five field-grown legume species, namely faba
bean (V. faba ), clover (T. alexandrinum ), pea (P. sati-
vum), lentil (L. culinaris), and soybean (G. max ), were

collected at various field locations in seven governorates
in Egypt: Menoufia, Gharbia, Suez, Dakahlia, Giza, Fa-
youm, and Behyra. At each location, 10 individuals of
each legume species were sampled. The plants along
with their rhizosphere soil were kept in plastic bags and
brought to the laboratory where bacterial strains were
isolated (Jordan, 1984). 

Bacterial isolation

Root nodules were washed with tap water twice to
remove soil. The nodules were surface sterilized using
95% alcohol for 1–4 min, immersed in 1% sodium hypo-
chlorite for 5 min, rinsed five times in sterile water, and
crushed with a sterilized glass rod. The resulting suspen-
sion was streaked on the Yeast Extract Mannitol Agar
(YEMA), and the plates were then incubated at 28EC in
dark for 72 h. The isolated typical single colonies were
re-streaked on freshly prepared YEMA plates to obtain
pure cultures (Vincent, 1970). Single typical rhizobial co-
lonies were sub-cultured on YEMA plates. Finally, a total
of 24 rhizobial isolates were obtained, maintained, and
preserved on YEMA supplemented with glycerol and
kept at !20EC.

Morphological characterization of the bacterial strains

Rhizobial isolates were characterized morphologically
by detecting different features such as color, colony size,
motility, shape, and gram staining. Carbol fuchsin stai-
ning and motility test were conducted according to Crab-
tree and Hinsdill (1974). 

Biochemical characterization of the bacterial strains

Samples of rhizobial isolates were subjected to diffe-
rent biochemical tests by using a standardized API 20NE
and API 20E stripe kits (Biomerieux, France) according
to the manufacturer’s instructions (Niste et al., 2015),
which included four groups of tests. The first group in-
cluded enzyme utilization tests: β-galactopyranosidase,
arginine dihydrolase (ADH), hydrogen sulfide (H2S) pro-
duction, tryptophan deaminase (TDA), lysine decarboxy-
lase (LDC), ornithine decarboxylase (ODC), urease
(URE), gelatinase (GLE), Voges Proskauer (VP), and
citrate utilization (CIT). The second group included car-
bon source utilization tests: inositol, saccharose, meli-
biose, mannitol, rhamnose, glucose, sorbitol, amygdalin,
and arabinose. The third group contained biochemical
characterization tests: oxidase, esculin, potassium ni-
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trate, β-galactopyranoside, L-arginine, and tryptophan.
The fourth group included utilization of different carbo-
hydrate source tests: malate, caprate, mannose assimila-
tion, N-acetyl-glucosamine, maltose, potassium gluco-
nate, phenyl acetate, adipate, and trisodium citrate.
A single well-isolated colony of each isolate (18–24 h
old) was removed carefully and emulsified in 5 ml of
sterile saline to achieve a homogeneous bacterial su-
spension that was used immediately. The bacterial su-
spension was distributed into the tubes of the API 20NE
and API 20E strips containing the dehydrated substrates
carefully to avoid the formation of bubbles at the base of
the tubes. Strips of API 20NE were incubated at
36 ± 2EC for 18–24 h, and API 20E strips were incuba-
ted at 29EC for 24 h. After the incubation period, the
strips were read by referring to the reading table sup-
plemented with the tests.

Molecular characterization of the bacterial strains

Genomic DNA was extracted from rhizobial isolates
according to the method of Wilson (1997). The universal
ribosomal 16S rRNA gene of bacteria was used for mole-
cular characterization and phylogenetic studies as it is
highly conserved between different species of bacteria.
Primers fD1 and rD1 were used for the amplification of
the 16S rRNA gene. fD1 (5N!CCGAATTCGTCGACAAC
AGAGTTTGATCCTGGCTCAG!3N) and rD1 (5N!CCCG
GGATCCAAGCTTAAGGAGGTGATCCAGCC!3N) (Weis-
burg et al., 1991). The PCR reaction was performed in a
50 μl reaction volume containing 100 ng DNA, 25 μl PCR
Master Mix (2x My TaqTM Red Mix, Thermo Scientific
Fisher, USA) and 20 μM of forward and reverse primers.
Amplifications were performed in the following condi-
tions: initial denaturation at 95EC for 10 min, 35 cycles at
95EC for 30 s, 58EC for 1 min, 72EC for 1 min and the
final extension at 72EC for 10 min. Aliquots (5 μl) of the
PCR products were separated on 1% (wt/vol) agarose gels
at 60 V for 1.5 h in 1x TBE buffer (0.045 M Tris-borate
and 1 mM EDTA, pH 8.2), stained with ethidium bromide
(final concentration 0.2 mg/ml), and visualized by UV light.
The PCR products (amplified DNA) were purified, and the
sequencing was performed by Macrogen Inc. (South Ko-
rea) using state-of-the-art robotics and instrumentation. 

Analyses of 16S rRNA sequences

The sequence analysis was conducted according to
the method of Kumar and Ram (2018). The sequences

of 16S rRNA of the bacterial strains were compared with
those of published bacterial type strains using the
National Center for Biotechnology Information (NCBI)
server. Sequence similarity searches were performed
using BLASTN (http://www.ncbi.nlm.nih.gov/blast). The
sequences from closely related strains as listed on the
List of Prokaryotic names with Standing in Nomencla-
ture (LPSN) (www.bacterio.net) and the reference
strains were retrieved for phylogenetic analyses from
the GenBank/EMBL database (http://www.ebi.ac.uk/
Tools/sss/fasta/nucleotide.html). For pairwise distance
matrixes, multiple alignments were performed using the
algorithm CLUSTAL Omega (https://www.ebi.ac.uk/
Tools/msa/clustalo/) provided by the European Bio-
informatics Institute (EMBL-EBI).

Accession numbers

Sequences were submitted to GenBank through Ban-
kit (a World Wide Web sequence submission server avai-
lable at NCBI) and the accession numbers were given.
The sequences are available online (http://www.ncbi.
nlm.nih.gov) and can be located by the following acces-
sion numbers: MH733495, MH734103, MH734609,
MH734109, MH733813, MH734608, MH734108,
MH734182, MH734102, MH733593, MH735139,
MH734620, MH734612, MH734185, MH734184,
MH734195, MH734241, MH734242, and MH734613.

Phylogenetic analyses 

For phylogenetic analyses, partial 16S rRNA gene
sequences obtained in this study together with sequen-
ces retrieved from GenBank were aligned using the
CLUSTAL W software in the MEGA X software package.
A phylogenetic tree was constructed using the neighbor-
joining (NJ) and maximum likelihood (ML) methods in
MEGA X software package. For ML analyses, the gene
sequences were appropriately trimmed and sub-
sequently concatenated. The best-fit models of nucleo-
tide substitution were determined in MEGA X, and the
most appropriate were selected for the construction of
ML trees as referred in figure legends.

Results and discussion

A total of 24 isolates were obtained from surface-
sterilized nodules of five legumes from seven Egyptian
governorates; Menoufia, Gharbia, Suez, Dakahlia, Giza, 
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Table 1. Morphological characterization of rhizobium isolates obtained from various legumes

Isolate code Host Governorate
Growth period

(days)
(fast /slow)

Colony morphology Cell
morphology Motility Gram’s

reaction

MNF-EM-R1 pea Menofia 2–3 small round, white small rods +ve !ve

MNF-EM-R7 pea Gharbia 2–3 small round, white small rods +ve !ve

MNF-EM-R11 pea Suez 2–3 small round, white small rods +ve !ve

MNF-EM-R12 pea Behyrah 2–3 round, creamy small rods +ve !ve

MNF-EM-R500 pea Fayoum 2–3 round, creamy small rods +ve !ve

MNF-EM-R501 pea Dakahlia 2–3 round, creamy small rods +ve !ve

MNF-EM-R3 faba bean Menoufia 2–3 round, watery small rods +ve !ve

MNF-EM-R4 faba bean Gharbia 2–3 round, watery small rods +ve !ve

MNF-EM-R9 faba bean Suez 2–3 round, watery small rods +ve !ve

MNF-EM-R15 faba bean Behyrah 2–3 round, watery small rods +ve !ve

MNF-EM-R502 faba bean Giza 2–3 round, watery small rods +ve !ve

MNF-EM-R503 faba bean Dakahlia 2–3 round, creamy small rods +ve !ve

MNF-EM-R2 clover Gharbia 2–3 small round, white small rods +ve !ve

MNF-EM-R504 clover Behyrah 2–3 round, watery small rods +ve !ve

MNF-EM-R5 clover Suez 2–3 round, creamy small rods +ve !ve

MNF-EM-R6 clover Menofia 2–3 round, watery small rods +ve !ve

MNF-EM-R19 clover Menofia 2–3 round, watery small rods +ve !ve

MNF-EM-R14 lentil Menofia 2–3 round, creamy small rods +ve !ve

MNF-EM-R16 lentil Gharbia 2–3 round, watery small rods +ve !ve

MNF-EM-R17 lentil Suez 2–3 round, watery small rods +ve !ve

MNF-EM-R18 lentil Behyrah 2–3 round, watery small rods +ve !ve

MNF-EM-R20 soybean Gharbia 3–5 round, creamy small rods +ve !ve

MNF-EM-R21 soybean Suez 3–5 round, creamy small rods +ve !ve

MNF-EM-R22 soybean Behyrah 3–5 round, creamy small rods +ve !ve

Fayoum, and Behyra. They were initially characterized
using phenotypic traits, and they showed characteristics
of Rhizobium spp. (Table 1). The colonies appeared
white, watery, and creamy round, and the cells were
small rods, motile, and gram-negative. These results are
in agreement with the data previously published by El-
Zanaty et al. (2014) and Singh et al. (2018). Further-
more, the bacteria showed a growth period of 2–3 days
for fast-growing bacteria (from faba bean, lentil, pea, and
clover) and of 3–5 days for slow-growing bacteria (from
soybean). These findings are in agreement with the clas-
sification of rhizobia into fast-growing Rhizobium and
slow-growing Bradyrhizobium (Deshwal and Chaubey,
2014).

The commercially available API 20NE and API 20E
biochemical identification system (bioMérieux) was used
to identify the biochemical profiles of the isolates. The
reactions were assigned according to the reading table
provided by the manufacturer (Niste et al., 2015). 

In enzyme activity profile tests, (data presented in
Table 2), all isolates were positive for TDA. In contrast,
they were unable to produce H2S. The obtained data
showed that 15 isolates (62.5%) produced ortho-nitro-
phenyl-β-galactosidase (ONPG). Nine isolates (37.5%)
showed color change (positive results) in the ADH test.
Most isolates produced LDC, except for one MNF-EM-
R503 isolate from faba bean, one MNF-EM-R16 isolate
from lentils, and two (MNF-EM-R20 and MNF-EM-R21) 
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Table 2. Enzyme utilization of rhizobium isolates obtained from various legumes

Isolate code
API 20E tests

ONPG ADH H2S TDA LDC ODC URE GLE VP CIT

MNF-EM-R1 + + ! + ! ! + ! + +

MNF-EM-R7 ! ! ! + ! + + ! + +

MNF-EM-R11 + + ! + ! ! + ! + +

MNF-EM-R12 ! ! ! + ! ! ! ! + +

MNF-EM-R500 + + ! + ! + ! ! + +

MNF-EM-R501 + ! ! + ! ! + ! + +

MNF-EM-R3 ! + ! + ! ! ! + ! !

MNF-EM-R4 + + ! + ! ! + ! + !

MNF-EM-R9 ! ! ! + ! ! ! ! + !

MNF-EM-R15 ! ! ! + ! ! + + + !

MNF-EM-R502 ! ! ! + ! ! ! ! + !

MNF-EM-R503 + ! ! + + ! ! + ! +

MNF-EM-R2 + + ! + ! + + + + !

MNF-EM-R504 ! ! ! + ! ! + ! + +

MNF-EM-R5 + ! ! + ! ! ! ! + !

MNF-EM-R6 + ! ! + ! ! + ! + !

MNF-EM-R19 ! ! ! + ! ! ! ! + +

MNF-EM-R14 ! + ! + ! ! ! + + +

MNF-EM-R16 + ! ! + + ! ! ! + +

MNF-EM-R17 + + ! + ! ! ! + + +

MNF-EM-R18 + ! ! + ! ! ! + + +

MNF-EM-R20 + + ! + + ! + + + +

MNF-EM-R21 + + ! + + + + + + +

MNF-EM-R22 + + ! + ! ! + + + !

ONPG – β-galactopyranosidase, ADH – arginine dihydrolase, H2S – H2S production, TDA – tryptophan deaminase,
LDC – lysine decarboxylase, ODC – ornithine decarboxylase, URE – urease, GLE – gelatinase, VP – voges proskauer,
CIT – citrate utilization

isolates from soybean. Four isolates, including MNF-EM-
R20, showed positive results in the ODC test, while 12
(50%) and 10 (41.7%) isolates showed color change in
urease (URE) and gelatinase (GLE) activity tests, res-
pectively. All but two faba bean isolates (MNF-EM-R3
and MNF-EM-R503) were positive in the VP test. Bac-
terial isolates from pea and lentil were positive for the
CIT test. Only one isolate (MNF-EM-R503) from faba
bean and two isolates (MNF-EM-R504 and MNF-EM-
R19) from clover were positive in this test. These
results showed some similarity to those previously re-
ported by Niste et al. (2015), Patil et al. (2014), and

Shahzad et al. (2012). The results of the rhizobial isola-
tes analyzed in this study agreed with these authors
results for TDA and H2S tests, although some variations
were observed for other enzyme tests. These authors
showed positive results for ONPG and URE and negative
results for ADH, LDC, ODC, GLE, VP, and CIT for the
tested strains with no variations. The present study
revealed that biochemical characteristics given in Table
2 for most of the isolates were quite similar to those of
rhizobial strains. However, some isolates did not re-
semble standard rhizobial strains. These differences may
be due to the differences in the ecological environments 
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Table 3. Carbon source utilization by rhizobium isolates obtained from various legumes

Isolate code
Carbon source

INO SAC MEL MAN RHA GLU SOR AMY ARA

MNF-EM-R1 ! ! ! ! ! ! ! ! !

MNF-EM-R7 + ! + + + + + + !

MNF-EM-R11 + + + + + + + + +

MNF-EM-R12 ! ! ! + ! + ! ! !

MNF-EM-R500 + + + + + + + + +

MNF-EM-R501 ! + + ! + + ! ! +

MNF-EM-R3 + + + + + + + + +

MNF-EM-R4 ! ! ! ! ! ! ! ! !

MNF-EM-R9 ! ! ! + ! + ! ! !

MNF-EM-R15 + + + + + + + + +

MNF-EM-R502 + + + + + + + ! +

MNF-EM-R503 + + ! + + ! + ! +

MNF-EM-R2 + + + + + + + + +

MNF-EM-R504 ! ! ! + ! + ! ! +

MNF-EM-R5 ! ! ! + ! ! ! ! !

MNF-EM-R6 + ! ! + ! ! ! ! !

MNF-EM-R19 ! ! ! + ! + ! ! !

MNF-EM-R14 + ! + + + ! + ! +

MNF-EM-R16 + + + + + + + + +

MNF-EM-R17 ! + + + + ! ! + +

MNF-EM-R18 ! ! ! + ! ! ! ! !

MNF-EM-R20 + + ! ! + + ! ! !

MNF-EM-R21 + + + + + + + + +

MNF-EM-R22 ! + + + + ! + + +

INO – inositol, SAC – saccharose, MEL – melibiose, MAN – mannitol, RHA – rhamnose, 
GLU – glucose, SOR – sorbitol, AMY – amygdalin, ARA – arabinose

of the isolates. Hence, these isolates may not be conside-
red as probable rhizobial isolates until further confirma-
tion tests are conducted. 

The results of API 20E tests for determining the
ability to utilize different carbon sources are presented
in Table 3. The data showed that MNF-EM-R1 and MNF-
EM-R4 were unable to use any of the tested sugars (ne-
gative) as the carbon source. One pea isolate (MNF-EM-
R501) and one soybean isolate (MNF-EM-R20) were
unable to use mannitol as the carbon source. Thirteen
rhizobial isolates (54.2%) used inositol, saccharose, and
melibiose. Eight isolates (33.3%) did not utilize rham-
nose. Glucose, sorbitol, and amygdalin were utilized by

15 (62.5%), 12 (50%), and 10 (41.7%) of the isolates, res-
pectively. Finally, 14 (58.3%) isolates assimilated arabi-
nose. The tested isolates showed varied results for the
utilization of different carbon sources, which is similar to
the results reported by Rodrigues et al. (2018) for iso-
lates obtained from the legume tree. This observed di-
versity is possibly due to their adaptation to different
environments. 

The results of other biochemical identification tests
(Table 4) demonstrated that all the tested isolates could
use oxidase and esculin, except for the isolates MNF-
EM-R22 and MNF-EM-R504. Seven isolates showed
a negative reaction in the potassium nitrate test, in 
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Table 4. Biochemical characterization
of rhizobium isolates obtained from various legumes

Isolate code
Tests

OX ESC NO3 PNPG ADH TRP

MNF-EM-R1 + + ! + + !

MNF-EM-R7 + + ! + ! !

MNF-EM-R11 + + ! + + !

MNF-EM-R12 + + + + ! !

MNF-EM-R500 + + + + + !

MNF-EM-R501 + + + + ! !

MNF-EM-R3 + + + + + +

MNF-EM-R4 + + ! + ! !

MNF-EM-R9 + + ! + ! !

MNF-EM-R15 + + ! + ! !

MNF-EM-R502 + + ! + ! !

MNF-EM-R503 + + ! + ! !

MNF-EM-R2 + + + + + -

MNF-EM-R504 + ! ! + ! !

MNF-EM-R5 + + ! + ! !

MNF-EM-R6 + + ! + ! !

MNF-EM-R19 + + ! + ! !

MNF-EM-R14 + + ! ! + !

MNF-EM-R16 + + ! + ! +

MNF-EM-R17 + + + ! + !

MNF-EM-R18 + + ! + ! !

MNF-EM-R20 + + + + + -

MNF-EM-R21 + + ! + + +

MNF-EM-R22 ! + ! + ! !

OX – oxidase, ESC – esculin, NO3 – potassium nitrate, PNPG – β-galacto-
pyranoside, ADH – l-arginine, TRP – tryptophan

which where the rhizobial isolates were unable to reduce
nitrates to nitrites, and thus, no red color developed in
the culture medium. All the tested isolates were positive
for β-galactopyranoside assimilation, except for two iso-
lates (MNF-EM-R4 and MNF-EM-R17) that were isolated
from lentil plants. Over half of the isolates showed inabi-
lity to assimilate L-arginine and tryptophan (62.5% and
87.5%, respectively). The obtained results agreed with
those of Shoukry et al. (2013) who tested rhizobial iso-
lates from the nodules of Faba bean plants. 

Moreover, the ability of the isolates to assimilate 10
carbohydrate sources was tested. The results presented

in Table 5 indicate that six isolates (25%) showed a posi-
tive response for the utilization of malate and caprate as
the carbohydrate source. In contrast, five isolates (20.8%)
showed negative results for mannose and N-acetyl-gluco-
samine, and only seven isolates (29.2%) could assimilate
maltose and potassium gluconate. Ten isolates (41.7%)
could utilize phenyl acetate, and only four isolates
(16.7%) could use adipate. Several authors such as Gra-
ham and Parker (1964), Hussain et al. (2002), Ramírez-
Bahena et al. (2008), and Dekak et al. (2018) have
shown vast differences in the ability of rhizobia to utilize
various carbohydrate sources.
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Table 5. Utilization of different carbohydrate sources
by rhizobium isolates obtained from various legumes

Isolate code
Carbohydrate

MLT CAP MNE NAG MAL GNT PAC ADI

MNF-EM-R1 + ! + + + + ! !

MNF-EM-R7 + ! + + + + ! !

MNF-EM-R11 + ! + + + + + !

MNF-EM-R12 ! ! + + + ! ! !

MNF-EM-R500 + ! + + + + + !

MNF-EM-R501 ! ! + + + ! ! !

MNF-EM-R3 + + + + + + + !

MNF-EM-R4 + + + + + + ! !

MNF-EM-R9 ! ! ! ! ! ! ! !

MNF-EM-R15 + ! + + + + ! !

MNF-EM-R502 + ! ! + ! + + +

MNF-EM-R503 + + + + + + + +

MNF-EM-R2 + ! + + + + + !

MNF-EM-R504 ! ! ! ! ! + ! !

MNF-EM-R5 ! ! ! ! ! ! ! !

MNF-EM-R6 ! ! ! ! ! ! ! !

MNF-EM-R19 + ! ! ! ! ! ! !

MNF-EM-R14 + + + + ! + ! +

MNF-EM-R16 + ! + + + + + +

MNF-EM-R17 + + + + + + ! !

MNF-EM-R18 + ! + + + + + +

MNF-EM-R20 + ! + + + + + !

MNF-EM-R21 + + + + + + + +

MNF-EM-R22 + ! + + + ! ! !

MLT – malate, CAP – caprate, MNE – mannose assimilation, NAG – N-acetyl-glucosamine,
MAL – maltose, GNT – potassium gluconate, PAC – phenyl acetate, ADI – adipate,
CIT – trisodium citrate

Biochemical profiling of rhizobia by using the API
strips is widely applied in studies of species description
(Delamuta et al., 2015; Shamseldin et al., 2016). This is
a rapid and easy test that reveals several biochemical
characteristics of plant-associated bacteria and has been
applied to characterize rhizobial collections (Dias et al.,
2013; Niste et al., 2015; Rodrigues et al., 2018). The re-
sults of these biochemical tests reveal a large diversity
among the isolates investigated in the present study,
which may be due to their adaptation in different en-
vironments or due to their functional diversity (Gilbert
et al., 2010; Miki et al., 2014). Although these results

indicate the importance of biochemical characteristics to
better understand functional diversity, they are also
complementary to DNA taxonomic assessments (Rodri-
gues et al., 2018).

Molecular characterization and phylogenetic analysis
were conducted using genomic DNA of all isolates. PCR
amplification of the 16S rRNA gene of all isolates resul-
ted in the amplification of 1300 bp DNA fragments. PCR
products were sequenced, and the BLAST program was
used to determine the species identity of isolates
(Table 6). By comparing the sequences of the 16S rRNA
gene to those deposited in GenBank, 79.2% of the isola-
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Table 6. Molecular identification of rhizobium isolates obtained from various legumes by NCBI BLAST N

Isolate code Alignment description E-value
Max

identification
[%]

Accession
number Species name

MNF-EM-R1 KJ634558.1
Rhizobium leguminosarum bv. viciae strain SWD43 0.0 95.69 MH733495 Rhizobium

leguminosarum

MNF-EM-R7 MG274266.1
Rhizobium leguminosarum strain ALD2.7 0.0 92.73 MH734103 Rhizobium

leguminosarum

MNF-EM-R11 MG274266.1
Rhizobium leguminosarum strain ALD2.7 0.0 90.87 MH734609 Rhizobium

leguminosarum

MNF-EM-R12 KY940047.1
Rhizobium leguminosarum strain RP1 0.0 95.33 MH734109 Rhizobium

leguminosarum

MNF-EM-R3 AB971246.1
Rhizobium leguminosarum gene clone NGB-CR-18 0.0 81.74 MH733813 Rhizobium

leguminosarum

MNF-EM-R4 MG274266.1
Rhizobium leguminosarum strain ALD2.7 0.0 92.56 MH734608 Rhizobium

leguminosarum

MNF-EM-R9 KF670819.1
Rhizobium leguminosarum bv. viciae strain ASU 0.0 88.01 MH734108 Rhizobium

leguminosarum

MNF-EM-R15 KY940047.1
Rhizobium leguminosarum strain RP1 0.0 97.55 MH734182 Rhizobium

leguminosarum

MNF-EM-R6 KY940047.1
Rhizobium leguminosarum strain RP1 0.0 96.91 MH734102 Rhizobium

leguminosarum

MNF-EM-R2 MG230195.1
Rhizobium leguminosarum strain RPN1 0.0 96.14 MH733593 Rhizobium

leguminosarum

MNF-EM-R5 KJ634558.1
Rhizobium leguminosarum bv. viciae strain SWD43 0.0 95.69 MH735139 Rhizobium

leguminosarum

MNF-EM-19 KY495212.1
Rhizobium leguminosarum strain CGAPGPBRS-025 0.0 98.69 MH734620 Rhizobium

leguminosarum

MNF-EM-R14 MG230195.1
Rhizobium leguminosarum strain RPN1 0.0 95.23 MH734612 Rhizobium

leguminosarum

MNF-EM-R16 MG230195.1
Rhizobium leguminosarum strain RPN 0.0 93.31 MH734185 Rhizobium

leguminosarum

MNF-EM-R17 MG274266.1
Rhizobium leguminosarum strain ALD2.7 0.0 94.94 MH734184 Rhizobium

leguminosarum

MNF-EM-R18 MF996753.1
Rhizobium leguminosarum strain LRM-5 0.0 97.31 MH734195 Rhizobium

leguminosarum

MNF-EM-R20 MH688810.1 0.0 83.86 MH734241 Bradyrhizobium
japonicum

MNF-EM-R21 KY940048.1
Bradyrhizobium japonicum strain RV9 0.0 99.21 MH734242 Bradyrhizobium

japonicum

MNF-EM-R22 MH688810.1
Bradyrhizobium sp. strain B918 0.0 83.33 MH734613 Bradyrhizobium

japonicum

tes were identified to the species level with homology
percentages ranging between 81.74% and 98.69%
(Table 6). According to the results, the isolates from
pea, faba bean, clover, and lentil were Rhizobium legu-
minosarum, while the isolates from soybean were Brady-
rhizobium japonicum. However, MNF-EM-R500, MNF-

EM-R501, MNF-EM-R502, MNF-EM-R503, and MNF-
EM-R504 were characterized only as rhizobia. These
data are consistent with previous reports. Zahran et al.
(2013) conducted the sequences analysis of 16S rRNA
and indicated that the strains from V. faba grown in the
cultivated lands of Beni-Suef Governorate had 99.6%
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Table 7. Nucleotide frequencies of the 16S rRNA region sequences
for rhizobium isolates obtained from various legumes

Isolate code T
[%]

C
[%]

A
[%]

G
[%]

G+C
[%]

Length(nt) analyzed
data set

MNF-EM-R1 21.4 21.5 25.5 31.5 53 855 bp

MNF-EM-R7 19.1 23.0 24.9 33.0 56 922 bp

MNF-EM-R11 19.7 23.4 24.5 32.5 55.9 985 bp

MNF-EM-R12 19.7 23.4 25.3 31.6 55 998 bp

MNF-EM-R3 22.0 22.0 27.2 28.7 50 540 bp

MNF-EM-R4 19.3 24.2 24.6 31.9 56.1 966 bp

MNF-EM-R9 24.6 23.1 25.4 26.9 50 778 bp

MNF-EM-R15 20.7 22.3 24.6 32.4 54.7 618 bp

MNF-EM-R6 20.3 22.9 25.7 31.2 54.1 651 bp

MNF-EM-R2 19.7 22.9 25.7 31.7 54.6 993 bp

MNF-EM-5 20.6 23.6 23.9 32.0 55.6 870 bp

MNF-EM-R504 19.3 24.2 24.6 31.9 56.1 966 bp

MNF-EM-R14 18.8 23.4 25.4 32.4 55.8 964 bp

MNF-EM-R16 19.6 23.3 25.1 32.0 55.3 806 bp

MNF-EM-R17 21.0 22.9 24.8 31.3 54.2 1411 bp

MNF-EM-R18 21.4 21.6 26.0 31.0 52.6 813 bp

MNF-EM-19 20.4 22.1 25.5 32.0 54.1 986 bp

MNF-EM-R20 19.8 21.6 25.8 32.8 54.4 980 bp

MNF-EM-R21 19.7 22.5 25.1 32.6 55.1 1003 bp

MNF-EM-R22 20.3 23.4 25.2 31.1 54.5 974 bp

identity with R. leguminosarum. Ismail et al. (2013) also
indicated that rhizobium isolated from the root nodules
of broad beans (V. faba L.) growing in 10 locations in
Egypt were R. leguminosarum, and they found a narrow
genetic distance among isolates. Fahmi et al. (2011),
Hassan et al. (2015), and Ismael et al. (2018) supported
the same results on V. faba. The narrow genetic varia-
tions could also possibly be due to the conserved nature
of the 16S rRNA gene, which could not discriminate be-
tween closely related rhizobia species (Berrada et al.,
2012). In addition, horizontal gene transfer and genetic
recombination could have possibly contributed to the
limited genetic variation of rhizobia in Egypt.

The 16S rRNA assay demonstrated the presence of
two species of rhizobia, namely R. leguminosarum and
B. japonicum, supporting the idea that there is a narrow
diversity of species of this genus in Egypt. According to
these data, the largest number of isolates (16 isolates)
were classified as R. leguminosarum, suggesting that

this strain predominates in the four legumes: faba bean
(V. faba), clover (T. alexandrinum ), pea (P. sativum ),
and lentil (L. culinaris ) in the seven governorates of
Egypt under study. In conclusion, these findings demon-
strated that the rhizobial isolates in the present study
are closely related and may have a recent common an-
cestral origin (Hassan et al., 2015). This may also be due
to a high degree of conservation of the 16S rRNA mole-
cule (Berrada et al., 2012). The horizontal gene transfer
and genetic recombination could also have possibly con-
tributed to the limited genetic variation of rhizobia in the
investigated governorates. 

Comparison of the small subunit of the ribosomal
RNA (SSU rRNA) has become the standard method for
assessing phylogenetic relationships among bacteria
(Olsen et al., 1994). The 16S rRNA gene-based phylo-
genetic tree was constructed and showed that the ana-
lyzed 19 microsymbionts clustered in a well-resolved
phylogram (Fig. 1). In the phylogram of 16S-rRNA gene 
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Fig. 1. A phylogenetic tree based on 16S rRNA gene sequences amplified from pea, faba bean, clover, lentil,
and soybean for the genera Rhizobium and Bradyrhizobium. The tree was constructed using the neighbor-
joining (NJ) and maximum likelihood (ML) method. GenBank accession numbers are given in parentheses.
Numbers at nodes indicate the levels of bootstrap support based on the neighbor-joining analysis of 1000
resampled datasets. Bootstrap values below 40% are not shown. The isolates from pea, faba bean, clover,
and lentil were Rhizobium leguminosarum, and the isolates from soybean were Bradyrhizobium japonicum

sequences, the B. japonicum  isolates formed a separate
cluster. They were phylogenetically divergent from all
other R. leguminosarum rhizobia included in the analy-
sis and formed an independent branch in the phylogram.
The 16S rRNA tree also revealed that all R. legumino-
sarum isolates were in one cluster, which indicates the
possibility that this gene originated from a common
ancestor. Furthermore, each group of isolates origina-
ting from the root nodule of a particular legume formed
a separate subcluster. The following groups of isolates,
namely MNF-EM-R3, MNF-EM-R4, MNF-EM-R9, and
MNF-EM-R15 from faba bean; MNF-EM-R2, MNF-EM-
R5, MNF-EM-R6, and MNF-EM-R19 from clover; MNF-
EM-R1, MNF-EM-R7, MNF-EM-R11, and MNF-EM-R12
from pea; and MNF-EM-R14, MNF-EM-R17, MNF-EM-
R18, and MNF-EM-R19 from lentil, were very close to
each other in the phenogram.  These data confirmed the
distinctness of the classical slow-growers, the genus
Bradyrhizobium, and showed that the fast-growers are

rather diverse. These results also confirmed the well-
established information that the species R. legumino-
sarum has three biovars: biovar viciae nodulates the
tribe Vicieae, biovar trifolii nodulates Trifolium, and
biovar phaseoli nodulates Phaseolus (Jordan, 1984).
These biovars could not be reliably differentiated from
each other, except by their host range. Therefore, the
phylogram (Fig. 1) showed that R. leguminosarum of
faba bean (probably biovar viciae) was separate in a sub-
cluster and was the most divergent among the slow-
growing Bradyrhizobium. The three other R. legumino-
sarum isolates (most probably biovar trifolii ) formed
three subclusters, and each one belonged to a specific
plant host. 

The distribution of nucleotides and the guanosine
and cytosine (G+C) content in the 16S rRNA sequences
of the 19 isolates are given in Table 6. The length of the
sequences analyzed varied from 540 to 1411 bp in all the
tested accessions, and the GC content ranged from 52.6
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to 56.1%. The results showed that 16S rRNA gene se-
quences were very conservative. Although they varied in
lengths, there was very limited genetic differentiation
among different isolates. Consequently, there was no
variation among individuals of the same species. This in-
dicated a narrow range of interspecies variations, which
is consistent with the belief that biovars are present
among the species. 

Conclusions

Biofertilizer production is important because of the
high cost of nitrogen-based chemical fertilizers. There-
fore, the knowledge of genetic variations among native
rhizobia could aid in selecting novel rhizobial strains that
could be developed and used as biofertilizers. In the pre-
sent study, 24 rhizobial isolates from five legumes that ori-
ginated from Egypt were characterized, and their phylo-
genetic relationships were determined. Phenotypically,
the isolates were characterized as rhizobia and were clas-
sified into the fast-growing Rhizobium and slow-growing
Bradyrhizobium. Biochemical profiling showed a large di-
versity among the isolates, which may be mainly due to
their functional diversity. By comparing the sequences of
the 16S rRNA genes,  the isolates were identified to the
species level, and a high level of homology was observed
among them. This limited genetic variation might be due
to the high degree of conservation of the 16S rRNA mole-
cule and the horizontal gene transfer among rhizobia. 
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