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1. INTRODUCTION

Rhizobia are soil born gram-negative
bacteria, endophytes and also able to colonize

ABSTRACT
Isolation, molecular identification and phylogenetic
relationships of Rhizobial isolates nodulated some

leguminous crops grown in Sohag governorate, were
conducted in this present study. According to the 16S
rDNA sequencing analysis, all of isolates were belong to
genus Rhizobium which is commonly colonizing root
nodules of different leguminous crops. Among of all the 5
bacterial isolates only EMR2 gave 100% of similarity with
Rhizobium pusense strain NRCPB10 NR_116874.1 while,
EMR1 isolate exhibited 99.58% of similarity with
Rhizobium binae strain BLR195 NR_137242.1. The two
isolates EMR4 and EMR5 showed (97.35 and 97.14%,
respectively) similarity with the two bacterial strains
Rhizobium aegyptiacum strain 1010 NR_137399.1 and
Rhizobium bangladeshense strain BLR175 NR_137241.1.
Finally the isolate EMR3 was similar to Rhizobium
bangladeshense strain BLR175 NR_137241.1 with 96.88%.
It was found that the 2 rhizobial species (Rhizobium
bangladeshense and Rhizobium aegyptiacum) of Egyptian
clover were shared the same clade. As well as it also shared
Rhizobium binae of Lupine as a common ancestor. Finally,
it was found that Rhizobium pusense of Peanut was the
common ancestor with all other rhizobial isolates. These
findings revealed that the conserved gene of these 4
Rhizobium isolates was derived from Rhizobium pusense.
The obtained results showed that the genetic diversity of the
rhizobial isolates that nodulate the leguminous crop at the
chosen sites in the Sohag governorate is very low, which
may be cause their low host specificity and ability to
increase nodules formation in different leguminous crops,
making them a promising bio-fertilizer for Egypt's
sustainable crop production.

KEYWORDS: Genetic diversity, Rhizobium, 16S
rRNA, Phylogenetic tree, Root
nodules

rhizospheric rejoins of legumes and many other
crops (Lopez-Guerrero et al., 2013). They able
to fix the atmospheric nitrogen with various
leguminous plants and therefore play a
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significant role in plant nutritional process
throw enhancing nitrogen fixation and
increasing crop production (Stocker et al., 2008
and Toro et al., 1997).

The symbiotic relationships between
rhizobial bacteria and leguminous host is
resulted from exchanging certain molecular
signals that determine host-specificity whereas,
seeds and roots of legume secrete many of
organic compounds such as flavonoids, which
change between different species (Wadhwa et
al., 2011).

According to the huge variation and the
wide speared of the legumes, various rhizobial
colonies were founded and their genetic
diversity became obvious (Drew and Ballard,
2010). This diversity is coming from the
actions of rhizobia, host legumes and the
environmental biotic and abiotic factors (Yan
et al.,, 2014). Studying the biodiversity of
rhizobia could be helps us to isolate a
promising isolates from wild legumes plants
that might be used in bacterial improving
programs. As well as, it's considered a good
method for improving leguminous crops
quality and productivity when inoculated with
such new isolates (Zahran et al., 2012).

Using the molecular techniques to
identify bacterial isolates were increased
because the traditional  microbiological
characterization did not gave clear or true
evolutionary relationship  (Giller, 2001).
Recently, molecular methods have been
developed to determine different microbial
genera, species and strains (Ismail et al., 2013).
Among of these techniques, the 16S rRNA
genes sequencing, was an efficient in bacterial
identification at both genera and species levels

(Romdhane, et al., 2006 and Lafay and Burdon,
2001). Due to, their highly conservative which
supports well the establishment of rhizobia
classification into genera and species (Sun et
al., 2010). The 16S rRNA genes sequence
(1500 bp) is presented in almost all bacteria,
and large enough to use in the informatics
studies (Schrdoder, 2014 and Patel, 2001). So, it
is use a lot in the bacterial phylogenetic
relationships studies due to their stability and
their vital functions in the bacterial cell
(Pulawska et al., 2000).

16S rRNA gene sequencing technique
have been used in numerous of microbial
phylogeny investigations (Kolbert and Persing,
1999, Ismail et al., 2013 and El-Zanaty et al.,
2014). So, isolation, molecular identification
and phylogenetic relationships of Rhizobium
bacterial isolates  nodulated  different
leguminous crops grown in Sohag governorate,
were conducted in this present investigation.

2. MATERIALS AND METHODS

This study was conducted in Microbial
Genetics Laboratories, Genetics Department,
Faculty of Agriculture, Sohag University,

Egypt.
2.1.Samples collection

Five bacterial strains were isolated from
healthy root nodules of three leguminous crops
Lupine (Lupinus termis L.), Peanut (Arachis
hypogaea L.) and Egyptian clover (Trifolium
alexandrinum L.) cultivated at several locations
within Sohag Governorate as shown in, Table
1. These isolates were symbolized as EMR1,
EMR2, EMRS, EMR4  and EMR5

Table 1. Symbols, host plant and locations of rhizobial isolates used in the present work.

No. Isolate symbol Host plant

1 EMR1 Lupine

2 EMR2 Peanut

3 EMR3 Egyptian clover
4 EMR4 Egyptian clover
5 EMR5 Egyptian clover

2.2. Rhizobia isolation

According to Vincent, 1970, active and
pink nodules, were washed many times with
sterilized water (H20), surface sterilization
were done for 3 min by 95% (v/v) ethanol and
then washed thoroughly with sterile H.O for
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Locations

Nazaa

Tahta

Tema

Sohag University

Awlad salem, Dar EI Salam
five times. The separated nodules were added
on Petri dishes in a drop of sterile double
distilled water (H20), and by sterile scalpel
were crushed to obtain the nodule exudates
then , streaked onto Yeast Extract Mannitol
media (YEM) (Mannitol, 10 g; KoHPOs4, 0.5 g;
MgSOs4. 7H20, 0.2 g; NaCl, 0.1 g; Yeast
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extract, 3.0 g; Agar, 20.0 g; and Water to 1,000
ml. pH 6.8). After incubation for 3 days of at
28 °C, the selected bacterial single colonies
were purified on YEM media for several times
due to their growth and morphological
characteristics. The purified single colonies
were stored on slant agar of YEM at 4°C.

2.3. Morphological characterization

The bacterial isolates were tested for
Gram staining reaction, cell shape, motility,
growth in aerobic and un-aerobic conditions
and presence of gummy substances as reported
by Cowan and Steel (1975). Purified bacterial
cultures, at log phase were observed
microscopically according to Aneja (2006).
Gram’s staining was done according to Hucker
and Conn (1923) to determine the Rhizobial
staining ability (gram negative or gram
positive). Motility test were done according to
Elbeltagy et al. (2000) in a semi-solid nutrient
agar plates (0.2% agar). Absorption of Congo
red stain was also observed in YEM medium
with 0.05% (w/v) stain as mentioned by
Zuvenhuizen et al., (1986).

2.4. Molecular identification of rhizobial
isolates

2.4.1. Genomic DNA isolation

Genomic DNA were isolated from the
fresh colonies of the five isolates by CTAB
protocol according to Porebski et al. (1997).
Some additional requirements were used such
as, freshly phenol: chloroform: isoamyl alcohol
(25: 24: 1), 96%~100% Ethanol and RNase
(50mg/ml). The obtained DNA was dissolved
in 100 ul TE buffer and used as the template
for the PCR reactions.

2.5. Amplification and analysis of 16S
rRNA gene

The amplification of 16S-rRNA gene
sequence was done according to (Hilario et al.,
2004) by using the universal bacterial primers
16S-1F (5-AGAGTTTGATCCTGGCTCAG-
3) and 16S-1509R (5'-
ACGGCTACCTTGTTACGACTT-3". The
PCR reaction mixture were done in (50 ul) of
the final volume by mixing (4ul) of the DNA
template with (2ul) from each primer and
(17ul) of sterilized double distilled water then
complete final volume by adding (25ul) of 10
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X Dream TaqTM Green Buffer as a Master
Mix. PCR reaction conditions was carried out
as followed: Initial denaturation at 94°C for 3
minutes, denaturation at 94°C for 30 seconds,
primer annealing at 570C for 30 seconds, chain
extension at 72°C for 2 minutes and a final
extension at 72°C for 10 minutes.
Denaturation, annealing and extension cycles
were repeated for 30 cycles. The PCR products
were sequenced by using ABI 3730xlI DNA
sequencer at GATC Company (GATC Biotech
Ltd. — The London BioScience Innovation
Centre - London, United Kingdom). The
obtained sequences were checked for their
similar sequences in the public database using
Basic Local Alignment Search Tool (BLASTN)
on the website http://www.ncbi.nih.gov
(Shayne et al., 2003).

All the 16S rRNA gene sequences of
the bacteria isolates were deposited at the
database of National Center for biotechnology
Information (NCBI) and had accession
numbers OMO014203 to OMO014207. The
phylogenetic tree was constructed by MEGA
X software package program (neighbor-joining
NJ) method (Kumar et al., 2018).

3. RESULTS AND DISCUSSION

The present investigation was conducted
to isolate and characterize rhizobial isolates
from different leguminous crops such as:
Lupinus, Peanut and Egyptian clover cultivated
at several locations within Sohag Governorate
by traditional and molecular methods as well
as, to determine the phylogenetic relationships
among them.

3.1. Morphological characterization

According to their phenotypic
characteristics corresponding to Rhizobia, 5
pure isolates of putative Rhizobium strains were
isolated from root nodules of different
leguminous crops (Lupine, Peanut and
Egyptian clover) cultivated at several locations
within Sohag Governorate. The phenotypic and
growth features were further studied in order to
determine their diversity and relatedness.
Results revealed that all isolates grew rapidly
on YEM medium and formed visible colonies
after 3-5 days like many of Rhizobium species.

Their doubling time was found to be
between 10 and 14 h. All bacterial isolates
were negative to Gram stain, whitish color,
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colonies had a round convex with regular
margins and their extracellular gum were
abundant on the surface.

Moreover, all of the isolated strains were
motile, aerobic, rod shaped, heterotrophic, and
non-spore forming bacteria. As well, all of the
5 isolates produced white colonies on YEM
medium supplemented with 0.05 % Congo red.
These results are in accordance with the results
of Vincent (1970) and Dye (1980) who's
identified that Rhizobia is a weakly absorb
Congo red dye or presented in a white colonies,
not similar to their so closely related
Agrobacterium spp., which take up the dye
strongly. It was also reported by (Hahn, 1966)
that rhizobia species presented as a white
colonies on nitrogen free or synthetic nitrate-
containing medium  supplemented  with

0.0025% Congo red, and this could be used to
differentiated it from the other colored colonies
of the rhizospheric bacteria.

3.2. Molecular identification of bacterial
isolates

Nowadays, the applications of 16S rRNA
gene sequencing technology become wide
spread and powerful tool for identification and
classification of bacteria at species level. It is
become a superior technique to characterize the
un-known, rarely isolated, or the bacterial
strains with the abnormal phenotypic shape
(Clarridge, 2004). The PCR product fragments
of 16S rRNA gene of the 5 bacterial isolates
were given a band of 1500 base pairs (bp)
(Figure 1).
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Figure 1. 16S rRNA gene banding pattern of 5 bacterial isolates. M: 100 bp ladder marker
and lanes EMR1 through EMRS5 refer to bacterial isolates.

The similarity percentages of the
obtained 5 bacterial isolates sequences and

their closest related NCBI strain(s) in Genbank
database, were shown in (Table 2).

Table 2. Identification of bacterial isolates based on 16S rDNA sequence.

Closest strain in NCBI and

Isolates  accession No. % Similarity . . Class
their accession No.
Rhizobium binae strain BLR195 .
EMR1 OM014203 99.58 NR 137242.1 o~ Proteobacteria
Rhizobium pusense strain .
EMR2 OMO014204 100 NRCPB10 NR_116874.1 o~ Proteobacteria
Rhizobium bangladeshense .
EMR3 OMO014205 96.88 strain BLR175 NR_137241.1 o~ Proteobacteria
Rhizobium aegyptiacum strain .
EMR4 OMO014206 97.35 1010 NR_137399.1 o~ Proteobacteria
EMR5  OMO014207 97.14 Rhizobium bangladeshense b 0100pacteria

strain BLR175 NR_137241.1
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Data in Table (2) showed that all of
bacterial isolates were belong to genus
Rhizobium which is commonly colonizing root
nodules of different leguminous crops. Among
of all the 5 bacterial isolates only EMR2 gave
100% of similarity with Rhizobium pusense
strain NRCPB10 NR_116874.1 while, EMR1
isolate exhibited 99.58% of similarity with
Rhizobium binae strain BLR195 NR_137242.1.
The two isolates EMR4 and EMR5 showed
(97.35 and 97.14%, respectively) similarity
with the two bacterial strains Rhizobium
aegyptiacum strain 1010 NR_137399.1 and
Rhizobium bangladeshense strain BLR175
NR_137241.1. Finally the isolate EMR3 was
similar to Rhizobium bangladeshense strain
BLR175 NR_137241.1 with 96.88%. There
was a symbiotic relationship  between
Rhizobium species and roots of different
leguminous plants (Abdel-Lateif et al., 2016).

The phylogenetic tree of the 16S rRNA
gene sequence from each of the current
bacterial isolates and their relatives in the
GenBank database was generated using the
neighbor-joining method. For all of the
phylogenetic trees, the greatest composite
likelihood technique was utilized to calculate
branch lengths. The scale bar refer to base
substitutions per location. The percentage of
duplicate trees in which the relevant taxa
clustered together in the bootstrap test is shown
next to each branch (1000 replicates). Sequence
from tested bacterial isolate is marked by red
rhombus.  Azorhizobium caulinodans strain
LMG 6465 was used as outgroup. The
phylogenetic tree (Figure 2) indicated that
isolate EMR1 of Lupine had the closest
relationship with Rhizobium binae strain
BLR195. (GeneBank  accession Nos.
NR_137242.1 which are found in the same
clade.

NR_115466.1:583-1054 Rhizobium tropici strain IFO 15247 16S ribosomal RNA partial sequence

26

38
> L € EMR1

57
43 F\IR_108508.1:556-1031 Rhizobium subbaraonis strain JC85 16S ribosomal RNA partial sequence
NR_044393.1:566-1037 Rhizobium oryzae strain Alt 505 16S ribosomal RNA partial sequence
NR_137242.1:588-1059 Rhizobium binae strain BLR195 16S ribosomal RNA partial sequence

— NR_157647.1:553-1032 Rhizobium arenae strain MIM27 16S ribosomal RNA partial sequence

70 [— NR_133844.1:588-1059 Rhizobium rhizoryzae strain J3-ANS59 168 ribosomal RNA partial sequence

ENR_‘I 48819.1:568-1039 Rhizobium puerariae strain PC004 16S ribosomal RNA partial sequence

4 NR_148270.1:540-1011 Rhizobium smilacinae strain PTYR-5 16S ribosomal RNA partial sequence

NR_126295.1:575-1046 Rhizobium straminoryzae strain CC-LY845 168 ribosomal RNA partial sequence

X67221.1 Azorhizobium caulinodans partial 16S rRNA gene strain LMG 6465 (outgroup)

—
0.05

Figure 2. Neighbor-joining phylogenetic dendrogram showing the genetic relationships
between EMRL1 isolate and reference their strains based on 16S rRNA gene

sequence.

Concerning isolate EMR2 of Peanut,
the phylogentic tree in Figure 3 showed that it
was close relaed to the two stains Rhizobium
pusense strain NRCPB10 NR_116874.1 and

123

Agrobacterium fabrum strain C58 but it
showed 100% simalarity with Rhizobium
pusense strain NRCPB10.
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58(NR_116616.1 Agrobecterium tumefaciens strain NCPPB2437 165 ribosomal RNA partial sequence
42{'NR_117203.1 Rhizobium nepotum 3977 16S ribosomal RNA partial sequence
NR_114990.1 Agrobacterium rubi strain LMG 17935 165 ribosomal RNA partial sequence
54 - NR_118035.1 Rhizobium skierniewicense Chi1 165 nibosomal RNA partial sequence
M1 LNR _118559.1 Rhizobium skieriewioense Cht1 165 ribosomal RNA partil sequence
NR_132669.1 Rhizobium naphthalenivorans strain TSY03b 165 ribosomal RNA partial sequence
54— NR_044216.1 Rhizobium selenireducens strain B1 165 ribosomal RNA partial sequence
NR_167010.1 Agrobacterium salinitolerans strain YIC 5082 168 ribosomal RNA partial sequence
L PENR2
L-NR_074266.1 Agrobacterium fabrum strain C58 165 ribosomal RNA parfial sequence
NR_116874.1 Rhizobium pusense strain NRCPB10 16S ribosomal RNA partal sequence
X67221.1 Azorhizobium caulinodans partial 165 rRNA gene strain LMG 6465 (outgroup)

—
001

Figure 3. Neighbor-joining phylogenetic dendrogram showing the genetic relationships
between EMR?2 isolate and their reference strains based on 16S rRNA gene
sequence.

The phylogenetic trees of the two isolates  close related to the same isolates Rhizobium
EMR3 and EMR5 of Egyptian clover (Figure ~ bangladeshense strain BLR175 NR_137241.1
3 and 4 ,respectively) showed that they are  which engaged the same clade.

751 NR_116338.1 Rhizobium etli strain CFN 42 165 ribosomal RNA partial sequence

631 NR_029184.1 Rhizobium etli strain CFN 42 16S ribosomal RNA partial sequence

% INR_113778.1 Rhizobium efli strain NBRC 15573 16S ribosomal RNA partial sequence
& NR_113895.1 Rhizobium indigoferae strain NBRC 100398 16S ribosomal RNA partial sequence
o NR_115253.1 Rhizobium pisi strain DSM 30132 16S ribosomal RNA partial sequence
100/INR_113671.1 Rhizobium phaseoli strain NBRC 14785 16S ribosomal RNA partial sequence
@ EVR3
99'NR_137241.1 Rhizobium bangladeshense strain BLR175 16S ribosomal RNA parial sequence
-NR_118339.1 Rhizobium leguminosarum bv. viciae USDA 2370 165 ribosomal RNA partial sequence

X67221.1 Azorhizobium caulinodans partial 165 rRNA gene strain LMG 6465(outgroup)

P——
0.05

Figure 4. Neighbor-joining phylogenetic dendrogram showing the genetic relationships
between EMR3 isolate and their reference strains based on 16S rRNA gene
sequence.
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& EVR5

60

51 NR_113778.1 Rhizobium etli strain NBRC 15573 168 ribosomal RNA partial sequence
WINR_137243.1 Rhizobium lentis strain BLR27 16S ribosomal RNA partial sequence

4 NR_074499.2 Rhizobium efli strain CFN 42 168 ribosomal RNA complete sequence

"3 NR_116338.1 Rhizobium efl strain CFN 42 16 ribosomal RNA partial sequence

871 NR_137399.1 Rhizobium aegyptiacum strain 1010 165 ribosomal RNA partial sequence

of NR_137241.1 Rhizobium bangladeshense strain BLR175 16S ribosomal RNA partial sequence

100 | NR_113671.1 Rhizobium phaseoli strain NBRC 14785 16S ribosomal RNA partial sequence

(=2}
T

NR_115253.1 Rhizobium pisi strain DSM 30132 16S ribosomal RNA partial sequence
- NR_113895.1 Rhizobium indigoferae strain NBRC 100398 16S ribosomal RNA partial sequence

NR_137242.1 Rhizobium binae strain BLR195 16S ribosomal RNA partial sequence
X67221.1 Azorhizobium caulinodans partial 16S rRNA gene strain LMG 6465(outgroup)

——
0.05

Fig 5. Neighbor-joining phylogenetic dendrogram showing the genetic relationships between
EMRS5 isolate and their reference strains based on 16S rRNA gene sequence.

Finally, the constructed phylogenetic tree
(Figure 6) of isolate EMR4 and their related
reference strains in database showed that it had
the same clade with Rhizobium aegyptiacum
strain 1010 NR_137399.1.

The phylogenetic tree of all 5 rhizobial
isolates was presented in Figure (7). It was
found that the 2 rhizobial species (Rhizobium
bangladeshense and Rhizobium aegyptiacum)

50 1 @ EMR4
ol

of Egyptian clover were shared the same clade.
As well as it also shared Rhizobium binae of
Lupine as a common ancestor. Finally, it was
found that Rhizobium pusense of Peanut was
the common ancestor with all other rhizobial
isolates. These findings revealed that the
conserved gene of these 4 Rhizobium isolates
was derived from Rhizobium pusense.

NR_137399.1 Rhizobium aegyptiacum strain 1010 16S ribosomal RNA partial sequence

211 NR_137241.1 Rhizobium bangladeshense strain BLR175 16S ribosomal RNA partial sequence
31 NR_149191.1 Rhizobium aethiopicum strain HBR26 16S ribosomal RNA partial sequence
NR_137242.1 Rhizobium binae strain BLR195 16S ribosomal RNA partial sequence

"24 NR_171437.1 Rhizobium chutanense strain C5 16S ribosomal RNA partial sequence

——
0.02

NR_113778.1 Rhizobium etli strain NBRC 15573 16S ribosomal RNA partial sequence
19011 NR_074499.2 Rhizobium etli strain CFN 42 165 ribosomal RNA complete sequence
11NR_116338.1 Rhizobium etli strain CFN 42 16S ribosomal RNA partial sequence

NR_116835.1 Rhizobium vallis strain CCBAU 65647 16S ribosomal RNA partial sequence
———NR_115253.1 Rhizobium pisi strain DSM 30132 16S ribosomal RNA partial sequence
X67221.1 Azorhizobium caulinodans partial 16S rRNA gene strain LMG 6465(outgroup)

Figure 6. Neighbor-joining phylogenetic dendrogram showing the genetic relationships
between EMR4 isolate and their reference strains based on 16S rRNA gene

sequence.
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1)

—

005

EMRS3 Rhizobium bangladeshense strain EMRS 165 ribosomal RNA, partial sequence (OMO14205)
’EMRS Rhizobium aegyptiacum strain EMRA 165 bosomal RNA partil sequence (OMO14207)
EMR4 Rhizobium aeqyptiacum strain EMRS 165 rbosomal RNA partial sequence(OM014206)
EMR1 Rhizobium bine strain EMR1 165 ribosomal RNA, partial sequence (OMO14203)

EMR2 Rhizobium pusense sirain EMR2 165 rbosomal RNA, partal sequence (OM014204)

Figure 7. Neighbour-joining phylogenetic dendrogram showing the genetic relationships of
the 5 rhizobial isolates of three different leguminous crops based on the 16S

rRNA gene sequence.

It is necessary to know the genetic
variation among Rhizobium species and its
reflection on the fertility of  soil and
productivity of crops (Smalla, et al., 2007).
Using different Rhizobium inoculates as a
valuable biofertilizers could be help to improve
the production of legume crops (Binde et al.,
2009).

Our results were similar to these of
Rashid et al., 2015 and Shamseldin et al., 2016
who found that Rhizobium strains that nodulate
Egyptian clover (Trifolium alexandrinum L.)
divided into two clusters, according to 16S
rRNA, atpD and recA genes analyses. The first
cluster strains were known as Rhizobium
aegyptiacum sp, and the second cluster strains
were named as Rhizobium bangladeshense.

On the other hand, the other Rhizobium
species (Rhizobium binae and Rhizobium
pusense) were isolated from many legumes
crops such as Trifolium alexandrinum L., Cicer
arietinum L. and Pisum sativum L. (Rashid et
al., 2015, Panday et al., 2011 and Rahi et al.,
2020). The genes of nodulation in Rhizobium
spp. are carrying on plasmids which could be
easy moved between different rhizobial species
(Kuykendall et al., 2004). So it is possible to
find several rhizobial stains attack more than
one legume genus and forming nodules, there
seem to be processes that give the rhizobium-
legume  relationships  some  specificity
(Kuykendall et al., 2004).

The obtained results showed that the
genetic diversity of the rhizobial isolates that
nodulate the leguminous crop at the chosen
sites in the Sohag governorate is very low,
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which may be cause their low host specificity
and ability to increase nodules formation in
different leguminous crops, making them a
promising bio-fertilizer for Egypt's sustainable
crop production.

4. REFERENCES

Abdel-Lateif KS, Hewedy OA and El-
Zanaty AM (2016). Phylogenetic
analysis of 23S rRNA gene sequences
of some Rhizobium leguminosarum
isolates and their tolerance to drought.
African Journal of Biotechnology,
15(35):1871-1876.

KR  (2006).  ‘Experiments in
Microbiology, Plant Pathology and
Biotechnology’, 4th  Edition. New
Delhi, pp. 245-275. ARAUJO,

DR, Menna P, Bangel EV, Barcellos
FG, e al, (2009). rep-PCR
fingerprinting and taxonomy based on
the sequencing of the 16S rRNA gene
of 54 elite commercial rhizobial strains.
Molecular Biology and Biotechnology,

Aneja

Binde

83: 897-908.
Clarridge JE (2004). Impact of 16S rRNA
gene sequence analysis for

identification of bacteria on clinical
microbiology and infectious diseases.’
Clinical Microbiology Reviews, 17(4),
pp. 840-862.

Cowan ST and Steel KJ (1975). In "Manual
for the identification of medical
bacteria". University Press, Cambridge.

Drew EA and Ballard RA (2010). Improving
N2 fixation from the plant down:



Ismail, E.A. and Soltan, H.A.H., 2023

Compatibility of Trifolium
subterraneum L. cultivars with soil
rhizobia can influence symbiotic

performance. Plant Soil, 327, 261-277.

Dye M (1980). Functions and maintenance of a
Rhizobium collection. In  "Recent
advances in  biological  nitrogen
fixation". Holmes and Meier Publishers,
Inc., New York. p. 435.

Elbeltagy A, Nishioka K, Suzuki H, Sato T,
Sato YI, Morisaki H, Mitsui H and
Minamisawa K (2000). Isolation and
characterization of endophytic bacteria
from wild and traditionally cultivated
rice varieties. Soil Science and Plant
Nutrition, 46, pp. 617-629.

El-Zanaty AF, Abdel-lateif K and Elsobky
M (2014). Molecular identification of
Rhizobium isolates nodulating Faba in
Egyptian soils. Journal of Bioprocess
and Biotechnology, 5:194.

Giller KE (2001). Nitrogen fixation in tropical
cropping systems. CABI.

Hahn NJ (1966). The conga-red reaction in
bacteria and its usefulness in the
identification of rhizobia. Canadian
journal of Microbiology, 12:725-733.

Hilario E, Buckley TR and Young JM
(2004). Improved resolution of the
phylogenetic relationships
among Pseudomonas by the combined
analysis of atpD, carA, recAand 16S
rDNA. Antonie van
Leeuwenhoek 86:51-64.

Hucker GJ and Conn HJ (1923). Methods of
Gram Staining. New York State
College of Agriculture, Experiment
Station, Technology Bulletins, 129.

Ismail M, El-Zanatay AM, Eissa RA and
Hewedy OA (2013). Genetic Diversity
of Rhizobium leguminosarum as
Revealed by 16S rRNA Gene Sequence.
American-Eurasian Journal of
Agriculture and Environmental
Science, 13:797-801.

Kolbert CP and Persing DH (1999).
Ribosomal DNA sequencing as a tool
for identification of bacterial pathogens.

Current  Opinion in  Microbiology,
2:299- 305.

Kumar S, Stecher G, Li M, Knyaz C and
Tamura K (2018). MEGA X:

127

Molecular  Evolutionary  Genetics
Analysis across computing platforms.
Molecular Biology and Evolution, 35,
pp. 1547-1549

Kuykendall LD, Young JM, Marti nez-
Romero, E, Kerr A and Sawada H
(2004). Genus 1. Rhizobium Frank
1889, 338AL In: The Proteobacteria,
Bergey s Manual of Systematic
Bacteriology, (Brenner, Krieg, Staley
and Garrity Eds.), 2" Edn., Vol. 2.
Springer, New York (in press).

Lafay B and Burdon JJ (2001). Small-subunit
rRNA  genotyping  of  rhizobia
nodulating Australian Acacia spp.
Applied environmental Microbiology,
67: 396-402.

Lopez-Guerrero MG, Ramirez MA and
Martinez-Romero E (2013). Rhizobial
genetic repertoire to inhabit legume and
non-legume  rhizospheres, In: De
Bruijn, F J ed, Molecular Microbial
Ecology of the Rhizosphere, Wiley-
Black well Volume 1 & 2.

Panday D, Schumann P, and Das SK (2011).
Rhizobium pusense sp. nov., isolated
from the rhizosphere of chickpea (Cicer
arietinum L.). International Journal of
Systematic and Evolutionary
Microbiology (61): 2632—-2639.

Patel JB (2001). 16S rRNA Gene Sequencing
for Bacterial Pathogen Identification in
the Clinical Laboratory. Molecular
Diagnosis, 6, 313-321.

Porebski S, Bailey LG, Baum BR (1997).
Modification of a CTAB DNA
extraction protocol for plants containing
high polysaccharide and polyphenol
components. Plant Molecular Biology
Reporter, 15, pp. 8-15.

Pulawska J, Maes M, Willems A and

Sobiczewski P (2000). Phylogenetic

Analysis of 23S rRNA Gene Sequences

of Agrobacterium, Rhizobium and

Sinorhizobium Strain. Systematic and

Applied Microbiology, 23:238-244.

P, Giram P, Chaudhari D, diCenzo

GC, Kiran S, Khullar A, Chandel

M, Gawari S, Mohan A, Chavan S

and Mahajan B (2020). Rhizobium

indicum sp. nov., isolated from root
nodules of pea (Pisum sativum)

Rahi



Scientific Journal of Agricultural Sciences 5 (1): 119-129, 2023

cultivated in the Indian trans-
Himalayas. Systematic and Applied
Microbiology, 43 (5):1-9.

Rashid MH, Young JP, Everall I, Clercx P,
Willems A, Santhosh Braun, M and
Wink M (2015). Average nucleotide
identity of genome sequences supports
the description of Rhizobium lentis sp.
nov., Rhizobium bangladeshense sp.
nov. and Rhizobium binae sp. nov. from
lentil  (Lens culinaris)  nodules.
International Journal of Systematic and
Evolutionary Microbiology, 65, 3037—

3045.

Romdhane SB, Nasr H, Samba-Mbaye R
and Rome, MN (2006). Genetic
diversity of Acacia tortilis ssp.

raddiana rhizobia in Tunisia assessed
by 16S and 16S-23S rDNA genes
analysis. Journal of Applied
Microbiology, 100: 436-445.

Schréder JJ (2014). The Position of Mineral
Nitrogen Fertilizer in Efficient Use of
Nitrogen and Land: A Review. Natural
Resources, 5, 936-948.

Shamseldin A, Carro L, Peix A, Velazquez
E, Moawad H and Sadowsky MJ
(2016). The symbiovar trifolii of
Rhizobium bangladeshense and
Rhizobium  aegyptiacum sp.  nov.
nodulate Trifolium alexandrinum in
Egypt. Systematic and Applied
Microbiology 39: 275-279

Shayne JJ, Hugenholtz P, Sangwan P,
Osborne C and Jansen HP (2003).
‘Laboratory cultivation of widespread
and previously uncultured bacteria.
Applied of Environmental
Microbiology, 69, pp. 7211-7214.

Smalla K, Oros-Sichler M, Milling A, Heuer
H, Baumgarte et al., (2007). Bacterial
diversity of soils neighbor-assessed by
DGGE, T-RFLP and SSCP fingerprints
of PCR-amplified 16S rRNA gene
fragments: Do the different methods
provide similar results? Journal of
Microbiological Methods., 69: 470-479.

Stocker R, Seymour JR, Samadani A, Hunt
DF and Polz MF (2008). Rapid

128

chemotactic response enables marine
bacteria  to  exploit  ephemeral
microscale nutrient patches. Proceeding
of National Academy of Science
,USA,105.,4209-4214.

Sun GL, William M, Liu J, Kasha KJ and
Pauls KP (2001). Microsatellite and
RAPD polymorphisms in Ontario corn
hybrids to the commercial sources and
maturity ratings. Molecular Breeding,
7:13-24.

Toro M, Azcon R and Barea J (1997).
Improvement of arbuscular mycorrhiza
development by inoculation of soil with
phosphate- solublizing rhizobacteria to
improve rock phosphate bioavailability
(sup32) and nutrient cycling. Applied
Environmental Microbiology,63:4408-
4412.

Vincent JM (1970). A manual for the practical

study of root-nodule bacteria. IBP
handbook, No. 15, Black Well
scientific publications, Oxford and
Edinburgh.

Wadhwa K, Dudeja SS and Yadav RK
(2011). Molecular diversity of native
rhizobia trapped by five field pea
genotypes in Indian soils, Journal of
Basic Microbiology, 51: 89-97.

Yan J, Han XZ, Ji ZJ, Li Y, Wang ET, Xie
ZH and Chen WF (2014). Abundance
and diversity of soybean-nodulating
rhizobia in black soil are impacted by
land use and crop management.
Applied and Environmental
Microbiology, 80, 5394-5402.

Zahran HH, Abdel-Fattah M, Yasser MM,
Mahmoud AM and Bedmar EJ
(2012).Diversity and environmental
stress responses of rhizobial bacteria
from  Egyptian  grain  legumes.
Australian Journal of Basic and
Applied Science, 6, 571-583.

Zuvenhuizen LP, Bertocchi C and Van
neerven AR (1986). Congo red
absorption and cellulose synthesis by
Rhizobiaceae. Antonie van
Leeuwenhoek. 52: 381-386.



Ismail, E.A. and Soltan, H.A.H., 2023

g-.lﬂ\ gadlall
gl Jualaall pany 4 dydad) aladl awgal) cijad 4@l clBey ) il
"oalu s daa) s g ' deeland taaa ke o cpall sl

gloses dnals = el S — 2l ad = A8 dusiglly gl Gud
Gl Casadl 360 —ignall A3l Gl Jandl —g) il

Gl b L BT A L) o adite desene (o Lol AT agngil) LS e cual 4l
o ldie) Julaadl spald) deli alasiuly L) il Caasil) e loldiel c¥iall oy a8l 5 28 o lagws alailas
o Sl UK o))l 385 4Bl IS (e 4l apiall adadll 4gin g il aclill Cilagtid Qs Jacs 16S rDNA - ilais
5 EMR2 aljall o) an5 Les 4simg il aclsil ol oo o ) dsedd) el (o (g0 - ALBISED asasgiopll L€l e
e pdy absindly  Rhizobium pusense strain NRCPB1(0 4l aPlul ae Wb Sla cibael
Rhizobium binae strain BLR195 aPLul aa %99,0A40uiy Jilai EMR] aljal) culS Ly NR_116874.1
e and 97.14% aV,¥o i dila EMR4 and EMRS oiljal) cijglal (NR_137242.1 anydll a1 il
Rhizobium aegyptiacum strain 1010 NR _137399.1 and Rhizobium OEDL) ae casigl
wwy Jilall cw Jil EMR3 djell ciyelal 1,als W . bangladeshense strain BLR175 NR_137241.1
Oy el Uil of g . Rhizobium bangladeshense strain BLR175 NR_137241.1 4Bl as .%4%,AA
Wiy ol Gl 3 sl (0 Algiaddl psmssill e g QLD Ly adall ) s Lagd (peamnadl eyl (o
conll 138 o Liay) il o3 i€ aan ) el Dl S e Dale lasadl Jsil) (e Jg ) asmgiull oIS
. Rhizobium pusense (y s ia,Y) Rhizobium c¥jal L siadl)
Blisa) adloa) b adsid) Joalaad) (e doiall Siall (ha algjaadd) 3l sl gstl) o lale duasiall mabwll gl
dmaiio dia e (5SSl e 8pally Jilal) dpasead Galad 5 Cuy 35 Les ¢ Bl (it g Al
draladll oy pamdico j2 ale Gon cuadaS OVl 28 alatin) 4l daso lee 0as e JS Sl s 9
cgaal) (Ken ol ean 6 daltiudll

129



