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Abstract: This study was carried out to characterize three strains of bacteria isolated from groundnut grown in
different soils in the Sudan using 16SrRNA gene sequences. The analysis of the sequences revealed that all the
three isolates and the reference strains are Klebsiella spp. with similarity ranging from 98% to 99%. However
when the sequences were aligned, it was found that there are differences between the different isolated and the
reference strains in three positions namely 867, 955 and 964. The differences in the three positions resulted in
differences in the translated amino acids of the sequences of the genes also in three positions 289, 319 and 322.
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I. INTRODUCTION

The taxonomy of nitrogen-fixing bacteria is undergoing substantial revisions due to the advent of molecular methods for
phylogenetic analysis, and in certain cases this has proved useful in unraveling ecological relationships among confusing
groups. Molecular methods are also proving useful in studies of biodiversity within populations of rhizobial species
(Kahindi et al., 1997)[1]. Studies correlating genetic with phenetic data are essential for determining the taxonomic
significance of results obtained with the various techniques (Schlegel, 1992)[2].

Bacterial classification can be based on phenotypic and/or genotypic features. Phenotyping can be based on
morphological, physiological, or biochemical aspects and, in the case of the family Rhizobiaceae, also on symbiotic
compatibility with legume host plants. Genotyping can be done by various methods such as DNA (rRNA) nucleotide
sequence analysis, amino acid sequence analysis, DNA:DNA hybridization, DNA: rRNA hybridization, randomly
amplified polymorphic DNA (RAPD) fingerprinting, restriction fragment length polymorphism (RFLP), fingerprinting for
repetitive sequences in the genome, RNA oligonucleotide cataloguing and mol% guanine plus cytosine (G+C) of total
DNA (Van Rossum et al., 1995)[3].

Restriction fragment length polymorphism (RFLP) and direct sequence of 16SrRNA genes have been used at both species
and genera level (Romdhane et al., 2006, Laguerre et al., 1994, Lafay and Burdon, 2001)[4, 5, 6]. One of the most
advantages of 16SrRNA region is that, it is highly conservative, hence supports the well-established subdivision of
rhizobia into species and genera (Sun et al., 2001)[7]. The 16SrRNA gene sequencing previously used to detect potential
novel taxa of new isolates (Heyndrickx et al., 1996)[8]. Moreover, a longer fragment of the 16SrRNA gene (e.g, 800 bp)
contain a conserved region that is sufficient to show the variation within groups of root nodule bacteria (Wolde-meskel et
al., 2005)[9]. Additionally, the DNA sequence analysis of 16SrRNA region is a powerful tool in discriminating among
strains and also known to exhibit a great deal of sequence and length variation (Mutch and Young, 2004)[10].
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As the genetic diversity in tropical rhizobial species is still poorly known (Germano et al., 2006)[11], this study was
designed to characterize three strains of bacteria isolated from groundnut grown in different soils in the Sudan using
16SrRNA.

Il. MATERIALS AND METHODS

Isolation of bacteria:

Nodules were collected in August 2011 from three different regions in the Sudan, EI-Obied (with sandy soil (Arenosols)
in western Sudan, El-Gezira (central Sudan) and El-Gadarif (eastern Sudan) with heavy clay soil (Vertisols). To collect
the groundnut nodules the whole plants were pulled up carefully without detaching the nodules. Collected nodules were
washed with sterile water and then surface sterilization was done using 70% ethanol and 0.1% HgCl, and repeatedly
washed with sterile water. After surface sterilization, nodules were crushed and then the resulting suspension was streaked
onto yeast extract mannitol agar (YEMA) at pH 6.8, the medium contains (g / I): mannitol, 10; K,HPO,, 0.5;
MgS0..7H,0, 0.2; NaCl, 0.4; yeast extract, 1; agar, 20 with Congo Red or Bromothymole Blue. Purity was assured by
routine plating on YEMA supplemented with Congo red and the uniform colonies were selected. The basal growth
medium is that described by Vincent (1970)[12]. After repeated sub-culturing, pure culture was obtained from a single
cell. The characters of the isolates were compared with reference strain which was obtained kindly from biofertilization
department, Ministry of Sciences and Technology, Sudan.

DNA extraction:

For molecular characterization all experiments were done in Molecular Genetics lab - Institute of Genetics — Technical
University of Dresden — Germany. Genomic DNA was isolated similarly as described by Dhaese et al. (1979)[13]. Strains
were grown in AG broth medium in incubator shaker (150 rev/minutes) at 28°C for 2 days. About 20 ml of the bacterial
culture were collected by centrifugation. After washing the bacterial biomass once with TE buffer (10 mM tris, 1 mM
EDTA, pH 8), bacteria were resuspended in 300 pl TE buffer. 100 pl of 5% SDS (Sodium dodecyl sulfate) and 100 pl
pronase E (2.5 mg/ml in TE buffer pre-incubated for 90 minutes at 37°C) were added. After mixing, the solution was
incubated for overnight. Then the DNA was thoroughly sheared using a syringe. The DNA was purified by two
extractions with 300 pl of Tris-buffered phenol and one extraction with methylene chloride. DNA was precipitated with
2.5 volumes of ethanol. The quality and quantity of the DNA were assessed using a NanoDrop ND-1000 device
(Spectrophotometer, USA) and agarose gel electrophoresis stained with ethidium bromide, using a marker ladder as
reference.

Amplification and sequencing of 16SrRNA gene:

For amplification of the 16SrRNA genes, the forward primer 16Sa (5 -CGCTGGCGGCAGGCTTAACA-3") and the
reverse primer 16Sb (5-CCAGCCGCAGGTTCCCCT-3") were used (van Berkum and Fuhrmann, 2000)[14] and
amplified near 1500 base pairs of 16SrRNA from the isolates and the reference strain. The PCR was performed using 5 pl
of 10x pfu buffer, 1 pl dNTPs, 1 pl forward primer, 1 pl reverse primer, 1 pl template DNA, 1 pl pfu DNA polymerase,
1.5 pl DMSO (Dimethyl sulfoxide) and 38.5 pl double distilled water total volume of 50 pl. PCR conditions were: an
initial denaturation at 95°C for 3 minutes, 34 cycles of denaturation at 95°C for 30 seconds, annealing at 55°C for
30seconds, extentsion at 72°C for 2 minutes and final extension at 72°C for 15 minutes. PCR products were purified by
MEGAQquick-spin Total fragment DNA purification kit according to manufacture instructions. For visualization PCR
products were separated on 1% agarose gel and stained with ethidium bromide, using a marker ladder as reference. The
PCR product was sequenced with the above mentioned primers and sequenced again with the primers Kleb16Sf (5°-
CCCTGGTAGTCCACGCTGTAAACG-3") and Kleb16Sr (5-TTCGCACCTGAGCGTCAGTCTTTG-3"). Sequencing
was done by GATC Biotech (Konstanz, Germany).

Data analysis:

The sequence analyses of 16SrRNA genes were performed by using the algorithm BLASTN (Altschul et al., 1997) to
identify similarities, the software programs APE (A Plasmid Editor) was used for sequences alignments and translation
and the program EMBOSS (European Molecular Biology Open Software Siute) was used for merging DNA sequences.
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Nucleotide sequences accession numbers:

The 16SrRNA sequences obtained in this study were deposited in the Gen Bank data base under the following numbers:
KJ940119, KJ940120, and KJ940121 for El-Gadarif, EI-Gezira and EI-Obied strains, respectively.

I1l.  RESULTS AND DISCUSSION

DNA of about 21226bp (base pairs) was extracted for all isolates and the reference strain with concentrations of 164, 263,
72.4 and 850.4 ng / pl for EI-Gadarif, EI-Gezira, EI-Obied and the reference strains, respectively (Fig. 1).

The PCR amplification resulted in about 1500 bp (base pairs) bands of 16SrRNA gene for the three isolates and the
reference strain (Fig. 2). The concentrations of PCR product used for 16SrRNA gene sequencing were 35.4, 133.7, 33.2
and 74.5 ng / pl for El-Gadarif, EI-Gezira, EI-Obied and the reference strains, respectively.

For the reference strain about 1039 and 1153 bp for forward and reverse primers, respectively were sequenced and for the
isolated strains the sequencing results for forward and reverse primers were (1101 and 1150 bp), (796 and 1213 bp) and
(1155 and 1013 bp) for El-Gadarif, EI-Gezira and EI-Obied strains, respectively The sequence analysis of 16SrRNA gene
for the three isolates and the reference strain revealed that all strains are Klebsiella spp like including the reference with
similarity 99% for El-Gadarif, EI-Gezira and the reference strains and 98% for EI-Obied isolate. It was reported
previously that bacteria with >97% 16S rRNA gene homology are regarded as the same species (Stackebrandt and
Goebel, 1994)[15]. The same result was obtained when sequencing was performed using Kleb16S primers and analyzed
which resulted in sequencing (forward and reverse primers) of (702 and 681 bp), (699 and 684 bp), (701 and 686 bp) and
(704 and 687 bp) for the reference, El-Gadarif, EI-Gezira and EI-Obied strains, respectively. The 16SrRNA sequences
merging resulted in 1457 nucleotides for all strains. There were clear differences between the isolates themselves and the
isolates and the reference strain, in some nucleotides positions. The differences were concentrated in the region between
801 to 1000 bp namely in three positions 867, 955 and 964 of the sequences as shown in Fig. (3). The reference and El-
Gezira strains were found differ in three positions one of them was position 867 in which the nucleotide was (G) for the
reference strain and (T) for El-Gezira strain, the second position was 955 in which the nucleotide of interest was unknown
for the reference strain and it was (C) for EI-Gezira strain and the third position was 964 in which the nucleotide was (C)
for the reference and (G) for El-Gezira strain. The reference and EI-Obied strains differ only in one position (964), the
nucleotide in this position was (C) for the first and (G) for the second strain. The reference strain also differ from
El-Gadarif strain in one position (955) the nucleotide in this position was unknown for the reference strain and it was (C)
for El-Gadarif strain. Between El-Gezira and El-Gadarif strains there were two positions of differences (867 and 964), the
nucleotides of differences were (T and G) and (G and C), respectively. El-Gadarif and El-Obied strains also differ in two
positions (955 and 964), for the first position, the nucleotide was (C) for the first strain, and it was unknown for the
second strain, and in the other position the nucleotides of difference were (C) and (G) for El-Gadarif and EI-Obied strains,
respectively. Finally El-Gezira and EI-Obied strains also differ in two positions (867 and 955), the nucleotide of
difference in the first position was (T) for EI-Gezira and (G) for EI-Obied strains and it was (C) for EI-Gezira strain and
unknown for EI-Obied strain. The translation of the sequences of 16SrRNA gene resulted in 485 amino acids for all strains
used in this study. However due to the differences in nucleotides positions mentioned above, the amino acids 289, 319
and 322 were found differ from strain to another. In the first position the amino acid was Leucine for the Reference, El-
Gadarif and EI-Obied strains and it was Phenylalanine for El-Gezira strain. In the second position the amino acid was
unknown for both the Reference and EI-Obied strain and was Proline for both El-Gezira and El-Gadarif strains. In the
third position the amino acids in position 322 was Histidine for both the Reference and El-Gadarif strains and Asprtate for
El-Gezira and EI-Obied strains. The concentration of the differences in the region lays between 801 to 1000 bp of the
sequences may indicate that, these isolates are of the same ancestor and changes occur in this region of 16SrRNA gene
because of different environment and different soil type from which the strains were obtained. Hence the soil type has a
direct effect on the genetic characters of the isolates and the changes in this region enable these isolates to adapt
themselves to live in the different soil type. Although the analysis of 16SrRNA genes confirmed that our isolates are
Klebsiella spp. like, the isolates induce nodule formation in groundnut and failed to nodulate Phaseolus valgaris and
Vigna spp. this result was in consistence with Ibanez et al. (2009)[16] who reported that in spite of the fact that nodulation
ability of bacteria was confirmed directly after isolation, several months later some strains failed to nodulate peanut,
probably due to the loss of symbiotic genes. They also stated that the 16SrDNA sequences of seven fast-growing strains
the phylogenetic analysis showed that these isolates belonged to the Phylum Protecbacteria, class Gammaproteo-bacteria,
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and included Pseudomonas spp., Enterobacter spp., and Klebsiella spp. After storage, these strains became unable to
induce nodule formation in Arachis hypogaea plants, but they enhanced plant yield. When the isolates were co-inoculated
with an infective Bradyrhizobium strain, they were even found colonizing pre-formed nodules. They found that the
alignments of their nearly full-length 16SrDNA sequences indicated that all of them were highly similar (99% similarity)
to those of 16S ribosomal genes belonging to members of the Class Gammaproteobacteria, genera Pseudomonas (for
isolates NCHA33, NCHA35, and NVAM24), Klebsiella (for isolates NTI31, TT001) and Enterobacter (for isolates
NMAN11 and NONC13). They further showed that, the plants inoculated with only the fast-growing strains did not show
any nodule structure on their roots, but the shoot dry weights were significantly higher than those from non-inoculated
plants, indicating the ability of these isolates to promote plant growth. Since external contamination was excluded, these
fast-growing strains were effectively recovered from inside the nodules (Ibanez et al., 2009)[16]. They further stated that
considering the above results, the Gammaproteobacteria analyzed in this study are best described as opportunistic bacteria
and not genuine peanut symbionts, with the cooperation of host— endophyte —rhizobia being necessary for a peanut nodule
occupation.

Although there was no direct evidence for the contribution of these peanut fast-growing strains to nitrogen fixation, at
least the increase in the shoot dry weight of plants inoculated only with the Klebsiella-like isolates could be related to
their ability to fix nitrogen. Other mechanisms, such as the secretion of phytohormones could also have contributed to the
plant growth promotion observed (Ibanez et al., 2009) [16]. They also stated that a possible explanation for the presence
of Gamma- proteobacteria in peanut nodules is that these strains may colonize root nodules after or during their
formation.

Fig: 1 Genomic DNA for the isolates and the reference strain. Lane (1) = Ladder, Lane (2) = El-Gezira, Lane (3) = EI-Obied,
Lane (4) = El-Gadarif and Lane (5) = Reference strain.
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Fig: 2 Amplification of 16SrRNA gene for the isolates and the reference strain. Lane (1) = Ladder, Lane (2) = EI-Obied, Lane
(3) = El-Gadarif, Lane (4) = El-Gezira and Lane (5) = Reference strain.

801>ccggagctaacgegttaaatecgacegoctggggagtacggeocgecaaggttaaaactcaaatgaattgac ccocgeacaago Aagcats >900
801>ccggagectaacgegttaaatcgacogoctggggagtacggeocgcaaggttaaaactcaaatgaattTacgggggoccogcacaagoggtggageatgtggt>900

- * - * - * . + » *
Sil>ttaattocgatgoaacgogaagaaccttacctggtcttgacatccacagaact tiicagagatgCatt: cotic [aact [Aagaca ctgca>1000
901>ttaattcgatgocaacgogaagaacocttacctggtocttgacateccacagaact tiCcagagatgGhAttggtgoct togggaactgtgagacaggtgotgea>1000

* * * * * * * * * *

901>ttaattcgatgcaacgcgaagaaccttacctogtcttgacatccacagaacttilicagagatgCatis ccticgggaactgtgagaca ctgeax>1000
901>ttaattegatgcaacgegaagaaccttacctggtettgacatecacagaacttiicagagatghAttggtgecttegggaactgtgagacaggtgetgea>1000

901>ttaattcgatgcaacgegaagaaccttacctggtctigacatccacagaact tilicagagataCat tggtgecticgggaactgtyagacaggtgctgea»1000
901rxttaattcgatgoaacgegaagaaccttacctggtettgacatecacagaacttiCeagagatglattggtgocttegggaactgtgagacaggtgetgea»1000

atgaattgacgggggc agcggtggagcatgtggt>900

S01>ttaattogatgocaacgogaaganccttacots cttgacatccacagaacttNCcagagn baGAT cottos mac t aga ca ctgca>1000
S01>ctaattcgatgoaacgcgaagaaccttacctbgdtottgacatoccacagaacttiCcagagatgCattgdtdccttocgggaactgbgagacagdtgctgca>1000

901 »ttaattcgatgcaacgcgaagaacctiacctggtcttgacatccacagaacttiCcagagatgCatt ccticgggaactgtgagaca ctgeca>1000
901>ttaattcgatgcaacgcgaagaaccttacctggtettgacatecacagaacttiNcagagatgGAttggtgecttogogaactgtgagacaggtgetgear»1000

a0l>ccggagctaacgogttaaatocgaccgoctggggagtacggocgcaaggttaaaactcaaatgaattTac CCCgCacasagc jagca t >900
801>ccggagctaacgogttasatocgacogoctggggagtacggoccgoaaggt taaaactcaaatgaat tgacgggggocogoacaagocggtggagoatgbggt > 900

- - - * * * - - * *
901>ttaattcgatgcaacgeogaagaaccttacctggtocttgacatccacagaacttNCcagagatgGAttggtgoct togggaactgtgagacaggtgctgca>1000
901>ttaattocgatgocaacgogaagaaccttacctggtottgacatccacagaacttiNcagagatgGittggtgocttogggaactgtgagacaggtgoctgeca>1000

Fig. 3: The nucleotide differences in 16SrRNA gene between the reference and El-Gezira, the reference and El-Obied, the
reference and El-Gadarif, El-Gezira and El-Gadarif, EI-Gadarif and EI-Obied and El-Gezira and EI-Obied strains,
respectively.
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Also it was reported that as well as the rhizobia, some non-symbiotic bacteria have also been isolated from the root nodule
of a wide range of legumes (de Lajudie et al., 1999; Gao et al., 2001; Kan et al., 2007; Zakhia et al., 2006)[17, 18, 19,
20]. The presence of bacteria other than rhizobia in legumes was well documented (Sturz et al., 1997)[21]. Also Philipson
and Blair (1957)[22] found diverse species, including Gram positive bacteria, in nodules of health clover. The
implications of this discovery, would be significant, especially if it is confirmed that the association between legume
nodules and Gammaproteobacteria is common in nature and that this interaction is beneficial for plant growth. The results
obtained in this work also strengthen the proposition formulated by Sturz et al. (1997)[21] that the term ‘‘root nodule
bacteria’’, often used to refer to the exclusive presence of rhizobia in nodules, should be redefined. Arachis hypogaea thus
be considered to be promiscuous in nature since root nodules of a single plant are not induced by a predominant genetic
variant enriched from the rhizosphere population. On this basis of this finding, peanut nodules may be considered a
reservoir for different rhizobial lineage (Angelini et al., 2011)[23]. Despite of high specificity of the legume—Rhizobium
interaction and the selective nodule environment, non-rhizobial nodule rhizobacteria have been reported. Root nodules
which traditionally considered the exclusive niche of rhizobia are being colonized by several free-loaders unrelated to
symbiotic nitrogen fixation. Evidence that the healthy nodule interior can contain endophytes not necessarily related to
symbiotic or diazotrophic context has been documented i.e. Klebsiella (groundnut, clover and bean) as was reported by
Ozawa et al. (2003)[24]. As in the biochemical tests in this study, isolates were classified as fast growing. This result was
typically stated by Silva et al. (2012)[25] that the 16SrRNA sequences of others fast-growing isolates showed similarity
with Enterobacter sp., Rhizobium sp. and Klebsiella sp. and it confirmed the results obtained before (lbanez et al.,
2009)[16] which showed similarity of the 16SrDNA sequences of fast-growing isolates from root nodules of Arachis
hypogaea with Pseudomonas spp., Enterobacter spp. and Klebsiella spp. The authors defended the idea that, these isolates
were opportunistic bacteria that colonize nodules induced by rhizobia. Until 2001, all bacteria known to be isolated from
nodules were restricted to genera within the Alpha proteobacteria. However, this began to change when isolates belonging
to the Beta proteobacteria were discovered as nodule-forming or nodule-associated bacteria (Chen et al., 2001, Chen et
al., 2005, Moulin et al., 2001, Valverde et al., 2003)[26, 27, 28, 29]. Although we used 16SrRNA gene to characterize our
isolates, Other studies revealed that despite the 16SrRNA gene is efficient to define genera, because it is conserved, but
have variable regions; it has also limitations to identify species, due to possible occurrence of genetic recombination and
horizontal gene transfer (Neto et al., 2010)[30]. Studies on the diversity of rhizobia often depend on the analysis of
16SrRNA gene sequences for species-level identification. Moreover, several studies have shown that 16SrRNA genes may
undergo recombination and horizontal transfer resulting in sequence mosaicism (van Berkum et al., 2003; Vinuesa et al.,
2005)[31, 32]. Another disadvantage of bacterial identification based on the analysis of 16SrRNA genes is that, closely
related species cannot always be differentiated because of high levels of sequence conservation (Martens et al., 2007)[33].
To surmount these difficulties, the use of other genes such as protein coding (house keeping) genes with greater sequence
divergence than 16SrRNA genes, are recommended as supplementary genetic markers for identification of the rhizobia
(Martens et al., 2007 and 2008)[33, 34].

It has been reported that the endophytic bacteria may have two main effects. They may increase the ability of plants to
absorb nutrients from the soil by increasing root development and by assisting in solubilizing phosphorus (Kuklinsky-
Sobral et al., 2004)[35]. They may also control soil borne pathogens. The inoculation of endophytic bacteria has shown a
positive effect on plant growth in contaminated soil (Taghavi et al., 2005)[36]. Also, the nodule endophytic bacteria might
evolve into symbiotic bacteria by acquiring symbiotic genes from the rhizobia by lateral gene transfer inside the nodules,
as reported in rhizobia (Trinick et al., 1989)[37] and in endophytic bacteria (Taghavi et al., 2005)[36]. However
inconsistence with our results there are many studies which reported that endophytes only coexist with symbiotic bacteria
in nodules and they do not induce nodules (Wang et al., 2006)[38]. Also Pandya et al., (2013)[39] demonstrated in an in
vivo study that rhizobacterial (nonrhizobial) infection within the root hairs of Vigna radiate where the presence of native
E. adhaerens allowed Pseudomonas and Klebsiella spp. to enter root hairs. The ability of native E. adhaerens to infect
root hair remained unaltered irrespective of the presence of other rhizobacteria. Pseudomonas fluorescens IAM 12022 and
Klebsiella pneumonia subsp. ozaenae adhered to the surface and base of root hairs but failed to enter IT (infection thread)
in the absence of E. adhaerens, which confirmed their inability to form an infection thread and invade root hairs
independently. However, when co-inoculated with E. adhaerens, P. fluorescens IAM 12022 and K. pneumoniae subsp.
Ozaenae successfully colonized root hairs. The infection process was initiated by host-specific E. adhaerens, forming IT
which was invaded by test rhizobacteria. Ibanez et al. (2009)[16] revealed that these isolates were able to colonize the
nodules even after their formation. The inability of P. fluorescens and K. pneumoniae to enter root hairs may be attributed
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to their inability to secrete cellulase and pectinase. The role of cellulase the key cell wall-degrading enzyme, in facilitating
the primary infection process is reported to be essential in Rhizobium (Robledo et al., 2008)[40] and degradation of pectin
layers by pectate lyase in favoring the entry of Klebsiella strains in plant tissues is documented (Kovtunovych et al.,
1999)[41]. Some endophytes may enter independently from other bacteria through cracks formed at the emergence of
lateral roots in the zone of elongation and differentiation of the root (Rosenblueth and Martinez-Romero, 2006)[42] but
their localized movement within plant cells requires controlled release of pectinase and/or cellulase (Bekri et al.,
1999)[43]. Therefore, even if Pseudomonas and Klebsiella entered roots through cracks, their movement from one cell to
the other would be restricted. However when Fouts et al. (2008)[44] achieved complete genome sequence of the
Klebsiella pneumonia 342; they found gene complement capable of hydrolyzing a-linked glucans of starches and pectin
and another capable of splitting 1,4-b-glucosidic bonds of cellulosic components and long chain polymers of beta-glucose
such as chitin. Most importantly, known strains of Pseudomonas and Klebsiella lack Nod factors which allow rhizobia to
attach to the tip of growing root hair and signal the plant to form nodules. The entry of host-specific rhizobia alone is
facilitated through release of Nod factor in response to plant flavonoids (Perret et al., 2000)[45].

IV. CONCLUSIONS

Although the tested strains, (the isolated and the reference strains) were classified as fast growing Rhizobia by
biochemical characterization, the 16SrRNA genes sequencing revealed that they are Klebsiella spp. and all the isolated
strain may belong to the same species. There is a slight difference in the 16SrRNA gene nucleotides sequences of the three
isolates and the reference strain and the using of molecular method was found useful in classification of root nodule
bacteria. The using of Klebsiella like bacteria in inoculation will resolve the competitiveness problem in different soils
and environments and may enhance plant growth in the field better than Rhizobia.
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