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which is used widely as bio-inoculants through sequencing of
16SrRNA, nifH, nodC, recA, and gInll genes. DNA of the
bacteria was extracted, PCR amplification of different genes
and sequencing were done. The results indicated that TAL169 is
Mesorhizobium with 99% identity according to 16SrRNA, recA
and gInll genes sequences analysis. At the same time, nifH gene
analysis indicated that it is Sinorhizobium with the same
identity. The phylogeny analysis of all genes placed TAL169
bacterium in separate categories. The study concluded that there
is no genetic relationship between TAL169 and Bradyrhizobium
which used in inoculation trials in different regions in the world
and was named as TAL169. That is why the majority of
previous  studies findings used this bacterium as
Baradyrhizobium in bio-inoculation recorded no significant
differences in the production of legumes inoculated. So using of
this bacterium is a useless process. Accordingly, for successful
bio-inoculation and production improvement in agriculture,
before preparation of the bacterial inoculants identification of
locally isolated Rhizobia by sequencing and analyzing of the
above-mentioned genes or more housekeeping genes is
recommended.
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Introduction:

Using chemical fertilizers to improve agricultural yield results in harmful effects on the
environment in addition to the high cost. This leads scientists to think about using Rhizobial
inoculants as an alternative way to maintain and improve soil fertility and increase yield.
However, there are many studies used commercial inoculants incompatible to the leguminous
plant such as TAL169 which leads to failure in bio-inoculation trials. This necessitates using
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molecular techniques for characterization of the bio-inoculants before using in the bio-
fertilization process. Bio-fertilization is an application of nitrogen-fixing bacteria to convert
atmospheric nitrogen gas to nitrate absorbed by the leguminous plant and increase soil fertility.
This process is used widely in the world by using commercial inoculants prepared by Rhizobia
isolated from different legumes. To isolate the bacteria for inoculants preparation, classical
isolation methods are used like spread plate, Gram stain, biochemical tests. These methods
require time, affected by some environmental factors and there are some nitrogen-fixing bacteria
like Klebsiella share the same biochemical characters with Rhizobia which lead to wrong
characterization and misclassification. Now, it is possible to classify bacteria by using techniques
which determine both phenotypic and genotypic characteristics like 16S rRNA gene sequencing
and genomic DNA-DNA hybridization (Stackebrandt and Goebel, 1994). 16S rRNA gene
sequencing became the most suitable practice to identify and to draw the phylogenetic
relationship for all microorganisms in the environment. There are many reasons for using
16SrRNA gene for identification purpose, one of the reasons is presence of this gene in all
organisms with the same function, the second reason is that gene sequence is conserved
sufficiently, and the last reason is "around 1500 bp of sequence size which is relatively easy to
sequence and large enough to contain sufficient information for identification and analysis of
phylogeny" (Clarridge, 2004). "16SrRNA gene sequence analysis has demonstrated high
resolving power for measuring the degree of relation between organisms above the species level"
but " comparative studies clearly revealed the limitations of the sequence analysis of this
conserved gene and gene product in the determination of relationships at the strain level "
(Stackebrandt and Goebel, 1994). Despite this, many studies recorded that different bacterial
species revealed "identical or nearly identical 16S rRNA gene sequences". So the identity of the
16SrRNA gene sequence is not enough to distinguish bacteria below the species level (Fox et al.,
1992; Jaspers and Overmann, 2004; Sullivan et al., 1996). Also, it is impossible to identify
microbes adequately by using techniques targeting a single gene only like 16S rRNA gene (Jany
and Barbier, 2008). Besides that, there is another problem for using 16S rRNA to identify
bacteria that is the gene sequence is heterogeneous due to the presence of multiple 77n operons
within one genome (Acinas et al., 2004). Alternatives technique to 16S rRNA is required for
bacterial species identification like multi-locus sequence analysis of housekeeping genes
(MLSA). This approach is superior to 16SrRNA genes in species identification and
"distinguished by a higher degree of sequence divergence" (Martens, 2008). Because house-
keeping genes sequences variation occur slowly during the evaluation process (Das et al.,
2014).The genes used by MLSA should be characterized by ubiquity single copy, and not
subjected to recombination. MLSA technique "can give sequence clusters at a wide range of
taxonomic levels" (Gevers et al., 2005). There are some criteria used by ad hoc committee for the
re-evaluation of the species definition. These include “sequencing of a minimum of five well-
chosen housekeeping genes, universally distributed, present as single copies and located at
distinct chromosomal loci, as a method of great promise for prokaryotic systematic"
(Stackebrandt et al., 2002).

Since NifTAL project completed many inoculation trials achieved around the world in which
TAL 169 bacterium was used as inoculants with different leguminous plants e.g Somasegaran et
al. (1989), in Sudan Elsheikh and Ibrahim (1999) and Ibrahim et al. (2011). Furthermore, there
are commercial biofertilizers composed of this bacterium available across the world such as
Biozote used by Asad ef al. (2004). All these studies used this bacterium in the inoculation as
Bradyrhizobium sp. The question now is that, is TAL169 bacterium is Bradyrhizobium? and why
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most inoculation trials in which this bacteria used as inoculants were failed to increase legumes
yield?

Thus, this study was conducted to answer the above questions through molecular
characterization and phylogeny analysis of TAL169 bacterium through amplification and
sequencing of 16SrRNA, nifH, nodC and two house-keeping genes (recA and gInlI).

Materials and Methods:

Bacterial Strain and DNA Extraction
The bacterial strain (DSM 2729) was purchased from German culture collections. Genomic
DNA was isolated by using a modified method of Dhaese et al. (1979). Strain of the bacteria was
grown in AG (Arabinose Gluconate) medium in incubator shaker (150 rev/minutes) at 28°C for 2
days. About 20 ml of the bacterial culture were collected by centrifugation. The centrifuge was
washed with TE buffer (10 mM tris, | mM EDTA, pH 8), re-suspended in 300 ul TE buffer.
Then 100 pl of 5% SDS (Sodium dodecyl sulfate) and 100 pl pronase E were added, mixed and
the solution was incubated overnight. After that, the DNA was thoroughly sheared using a
syringe. Purification of the DNA was done 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 measured by 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 the Different Genes
Primers used for  amplification @ of  16SrRNA  gene  were 16Sa  (5'-
CGCTGGCGGCAGGCTTAACA-3") and R16Sb (5'-CCAGCCGCAGGTTCCCCT-3") forward
and reverse primers, respectively (van Berkum and Fuhrmann (2000). Primers used for
amplification of nifH, recA, gInll and nodC genes were designed in silico using Gemi — primer
design software developed by Sobhy and Colson (2012). ). These latter primers and PCR
conditions were illustrated in Tables (1) and (2), respectively. For amplification of 16STRNA the
PCR reaction was set as 5 pl of 10x pfu buffer, 1 ul dNTPs, 1 pl forward primer, 1 pl reverse
primer, 1 ul template DNA, 1 ul pfu DNA polymerase. Then 1.5 ul DMSO (Dimethyl sulfoxide)
and 38.5 ul double distilled water were added. The PCR reaction for amplification of nifH, recA,
gInll and nodC was 5 pl of 10x Dream 7agq buffer, 1 ul dNTPs, 1 pl forward primer, 1 pl reverse
primer, 1 pl template DNA, 0.25 ul Dream 7ag DNA polymerase, 1.5 ul DMSO and 39.25 ul
double distilled water. The same PCR reaction was done for nodC except 2.5 pl DMSO and
38.25 ul double distilled water were added in state of 1.5 and 39.25 pl DMSO and double
distilled water added to the other genes, respectively.

PCR products for all genes were purified by MEGAquick-spin Total fragment DNA purification
kit according to manufacturer instructions. For visualization PCR products were separated on 1%
agarose gel and stained with ethidium bromide, using a marker ladder as reference. All
experiments were done in Molecular Genetics Lab, Institute of Genetics, Faculty of Sciences,
Technische Universitit Dresden, Germany, and sequencing was done by GATC Biotech
(Konstanz, Germany).

40 Sudan Journal of Science and Technology June (2020) vol. 21 No. 1
ISSN (Print): 1605 427x e-ISSN (Online): 1858-6716



Table (1) Primers used for amplification of nifH, recA, glnll and nodC genes
Genes Primers
nifH MnifHAILf (§-ATCGGCAAGTCCACCACCTCYCAAA-3Y)
MnifHAIIr (5’-AGCAGCATGTCCTCGAGCTCCTCCA-3")

recA MrecAAIlf (5-TACATGATGTCGAACTCGACCACCT-3")
MrecAAI2r(5"CATTGACGACCAAGGGGTGATGTAT-3")

gInll MgInITAIlf (5-CGTTYRGTGTTCGGTGAWCAAGCAA-3")
MgInlTAI2 r (5°-TCGTGCTTGCCGGTCARRCGCTTGT-3")

MnodCA12{(5’-TTTGCCWCAGCCAGTACKGTTGCCA-3")
nodC MnodCA121(5 - AGTTGGCGCGCACGAAACGCTGCCA-3")

Table (2) PCR Reactions for amplification of the different genes

Genes Conditions
16STRNA An initial denaturation at 95°C for 3 minutes, 35 cycles of denaturation at 95°C for 30 seconds,
annealing at 60°C for 30seconds, extension at 72°C for 2 minutes and a final extension at 72°C for 15
minutes.
nifH An initial denaturation at 95°C for 3 minutes, 35 cycles of denaturation at 95°C for 1 minute,
annealing at 55°C for 1 minute, extension at 72°C for 5 seconds and a final extension at 72°C for 5
minutes.
recA An initial denaturation at 95°C for 3 minutes, 35 cycles of denaturation at 95°C for 1 minute,
annealing at 50°C for 1 minute, extension at 72°C for 2 minutes and a final extension at 72°C for 5
minutes.

gInll An initial denaturation at 95°C for 3 minutes, 35 cycles of denaturation at 95°C for 1 minute,
annealing at 55°C for 1 minute, extension at 72°C for 45 seconds and a final extension at 72°C for 5
minutes.

nodC An initial denaturation at 95°C for 3 minutes, 35 cycles of denaturation at 95°C for 1 minute,
annealing at 55°C for 1 minute, extension at 72°C for 45 seconds and a final extension at 72°C for 5
minutes.

Data Analysis:

Algorithm BLASTN was used for sequence analyses of the different genes (Altschul et al.,
1997). Phylogeny trees analyses were done online www.phylogeny.fr (Dereeper et al., 2008,
2010; Edgar, 2000; Castresana, 2000; Guindon and Gascuel, 2003; Anisimova and Gascuel,
2006; Chevenet et al., 20006).

Results and Discussion:

Table (3) shows PCR product concentrations obtained for the different genes. The identification
process was started by 16SrTRNA sequencing to assigns the genus which defines the genes and
primers to be used for MLSA to identify species (Gevers et al., 2005). About 1343, 750, 629 and
427 bp of 16S rRNA, nifH, recA and gInll were obtained, respectively (Figure 1). The analysis
of 16SrRNA sequence revealed that TAL169 is Mesorhizobium with identity 99%, like that of
recA and gInll sequences analyses. The phylogeny analyses of 16SrRNA, recA and gInll genes
placed TAL169 in a separate category other than the known Mesorhizobium spp. and
Bradyrhizobium as shown in Figures (2, 3 and 4). This result is in agreement with other studies
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which stated that the sequence analysis of 16S rDNA agreed with that from the recA (Dai et al.,
2012 and Ghosh and Roy, 2006). The separation of TAL169 in the phylogeny tree analyses
indicates that it is another species of Mesorhizobium. Although many studies mentioned to
16SrRNA sequence analysis limitation, "I6SrRNA sequence characterization is being widely
used in evolutionary, taxonomic, and ecological studies not only to define taxa but also to
characterize which taxa are present" (Fox et al., 1992). Besides that, it was stated that "a general
identification strategy for new isolates could consist of initial partial sequencing of the 16STRNA
gene for genus-level identification" because of the availability of database (Martens et al., 2008).
The importance of recA gene sequence analysis in this study represents in its "good capability to
identify and classify strains" (Martens et al., 2008).

Table (3) PCR product concentrations of the different genes of TAL 169 bacteria

Genes 16SrRNA nifH recA ginll nodC
Concentrations ng/ pl 23.8 24.7 43.6 38.6 29.4
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Figure 1: PCR product of the different genes of TAL169 bacteria
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Figure 2: Phylogenetic tree of 16STRNA gene
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Figure 3: Phylogenetic tree of recA gene
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Figure 4: Phylogenetic tree of gInlI gene.
Despite the above-mentioned genes proved that TAL169 is Mesorhizobium, nifH gene sequence
analysis showed it is homology to Sinorhizobium with identity of 99% even though the
phylogenetic tree analysis of this gene showed that there were genetic differences between
TAL169 and the well known Mesorhizobium and Sinorhizobium spp. (Figure 5). This may be
due to that Mesorhizobia evolved according to their geographic distribution, the environmental
conditions and host plants (Ji et al., 2015). They were found associated with different plants like
chickpea (Zhang et al., 2018) and Sophora root nodules (De Meyer et al., 2016).
The inconsistency between nifH gene analysis results and the other genes may be due to
susceptibility of this gene to genetic recombination as it was reported before by Zhang et al.,
(2008), they isolated rhizobia from Vigna unguiculata and Vigna radiata, their results showed
that 90% of the analyzed strains belonged to or were related to different Bradyrhizobium and
Rhizobium spp. including Sinorhizobium fredii. Their justification of this result is that the
symbiotic genes were obtained by vertical transfer from other rhizobia (Zhang et al., 2008;
Mousavi et al., 2016).

Snorhhouum saheli CCAGAGCCGGGCGTCGGTTGCGCCGGGCGCGGCGTAATCACGT
4%&“ N e e G GRS SEA T

Bradyr hizobium _Sp. CCBAU 51172 GCGGCGCTAGCCGAGATGGGTCAGAAAATCCTG

Mesorhizobium_mediterraneum CCATGCCGATCCGCGAAGGCAAGGCCCAGGAGATCT
MtsorhilolilnTl_l‘iiltsn; AT\I\T/‘AGCTT\TCCTC/\TCGTCGGCTCCGACCCC AAAGCGGA
7

0.4
Figure 5: Phylogenetic tree of nifH gene
It is important to mention that, in this study, although sequences for nodC gene were obtained
after many trials using different primers, the sequence analysis of this gene revealed that it is
unknown bacterium. This supports the claim that TAL169 is another species of Mesorhizobium
and justifies the inconsistency occurred between nifH gene sequences and the other genes. At the
same time it indicates that isolation and amplification of this gene is not easy. These findings
verified by that “nodA4 genes of Mesorhizobium had different evolutionary histories from their
counterparts in other parts of the globe” (Dludlu et al., 2018).
Nod genes are responsible for host specificity and unclearness of genetic information of these
genes make understanding of nodulation process in this bacterium so difficult. Thus, more
studies on nod genes in this bacterium were required.
It is well known that TAL169 was isolated by NifTAL Project, Paia, Hawaii, USA from Vigna
unguiculata (Somasegaran et al., 1989). Many studies reported that this plant was infected by
different Rhizobia genus and species according to 16SrRNA gene sequence phylogeny.
However, this bacterium has been used as commercial inoculants in different countries around
the world as Bradyrhizobium sp. with different leguminous plants, and accordingly, there are
many studies achieved using this bacterium as reference strain. The inoculation results in some
improvement in legumes yield in some studies and failed in others. For example Ibrahim et al.,
(2011) inoculated two locally isolated strains of Bradyrhizobium sp. (ENRRI 16A and ENRRI
16C) provided by Biofertilizers Department, Environment and Natural Resources Institute,
National Centre for Research, Khartoum, Sudan, in addition to another two introduced strain of
Bradyrhizobium sp. (TAL 169 and TAL 1371) offered by NifTAL Project, Paia, Hawaii, USA.
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Their results showed significant differences in some parameters. Also, Ibrahim et al. (2010)
reported that inoculation with the locally isolated strains (ENRRI 16A and ENRRI 16C), as well
as the introduced strains (TAL 169 and TAL 1371) of Bradyrhizobium, failed to make a
significant increase in the mean phosphorus content of guar seeds. "Bradyrhizobium strains TAL
169 and TAL 1371 (introduced) and strains ENRRI 16A and ENRRI 16C (local) were used to
inoculate five guar cultivars, the locally-isolated strains affected these parameters more than the
introduced ones" (Elsheikh and Ibrahim, 1999). Dekunda (1993) inoculated six leguminous trees
with Bradyrhizobium japonicum TAL169, the result was no respond to inoculation as it was
stated. Also, Somasegaran et al. (1989) inoculated Voandzeia cultivar No. 12 P.P. Rust in
combination with Bradyrhizobium sp. TAL 169 showed high potential for growth, nodulation,
and nitrogen fixation. In the above inoculation trials, it is noticed that inoculations were done for
plants other than the plant from which TAL 169 was isolated. The inoculants were named as
Bradyrhizobium strain TAL 169. More than that there are many commercial bio-fertilizers
manufactured using TAL 169 like Biozote, bio-fertilizer manufactured by Pakistan Agricultural
Research Council (PARC) Islamabad. It is composed of living bacteria TAL169 in the carrier
material. "Biozote treatment resulted in yield that was slightly lower than Biopower, but was at
par with all other treatment" (Asad et al., 2004).

The reason for the failure of some previous studies to improve yield was using incompatible
bacteria (TAL169) with different incompatible legumes. So in the future for better inoculation
outcome, it is better to identify the inoculants through housekeeping genes sequencing and insure
that the inoculants are suitable to the target leguminous plants. This will save time, money and
will give assured inoculation results unless other factors play a role and gave converse results.

In conclusion, TAL169 is genetically unrelated to neither known Mesorhizobium nor
Bradyrhizobium, it is also not related to the known Sinorhizobium. So using this bacterium as
inoculants is useless. Thus, before bio-inoculums preparation, molecular characterization and
identification have to be achieved at least by sequencing of 16STRNA, recA, and gInll or other
house-keeping genes to prepare inoculants, to achieve successful inoculation process, and
successful compatibility of the bio-inoculants and the host plant which in turn results in
production and productivity improvement in the field.

Acknowledgements:

The authors acknowledge Prof. Dr. Michael Gottfrt and his group in Molecular Genetics Lab,
Institute of Genetics, Faculty of Sciences, Technische Universitit Dresden, Germany for
bacterial strain purchasing and providing space and work materials.

References:

Acinas, S. G., Marcelino, L. A., Klepac-Ceraj, V. and Polz, M. F. (2004). Divergence and
redundancy of 16S rRNA sequences in genomes with multiple rrn operons. Journal of
Bacteriology, 186(9): 2629-2635.

Altschul, S.; Madden, T.; Schaffer, A.; Zhang, J.; Zhang, Z.; Miller, W. and Lipman, D.
(1997). Gapped BLAST and PSI-BLAST: a new generation of protein database search. Nucleic
Acids Research, 25(17): 3389-3402.

Anisimova, M., Gascuel, O. (2006). Approximate likelihood ratio test for branches: A fast,
accurate and powerful alternative. Systematic Biology. 55(4), 539-52.

Asad, S. A., A. Bano, M. Farooq, M. Aslam and A. Afzal. (2004). Comparative Study of the
Effects of Biofertilizers on Nodulation and Yield Characteristics of Mung Bean (Phaseolus
vulgaris L.). International Journal of Agriculture Biolology, 6(5): 837-843.

44 Sudan Journal of Science and Technology June (2020) vol. 21 No. 1
ISSN (Print): 1605 427x e-ISSN (Online): 1858-6716



Castresana, J. (2000). Selection of conserved blocks from multiple alignments for their use in
phylogenetic analysis. Molecular Biology Evolution, 17(4): 540-52.

Chevenet, F., Brun, C., Banuls, A. L., Jacq B., Chisten R. (2006). TreeDyn: towards dynamic
graphics and annotations for analyses of trees. BMC Bioinformatics, 7:439.

Clarridge II1, J. E. (2004). Impact of 16S rRNA gene sequence analysis for identification of
bacteria on clinical microbiology and infectious diseases. Clininical Microbiology Review, 17
(4): 840-862.

Dai, J., Liu X. and Wang, Y. (2012). Genetic diversity and phylogeny of rhizobia isolated from
Caragana microphylla growing in desert soil in Ningxia, China. Genetic Molecular Research, 11
(3): 2683-2693.

Das, S.; Hirak R. Dash, Neelam Mangwani, Jaya Chakraborty, Supriya Kumari. (2014).
Understanding molecular identification and polyphasic taxonomic approaches for genetic
relatedness and phylogenetic relationships of microorganisms. Journal of Microbiological
Methods, 103: 80-10.

Dekunda, M. A. (1993). Response of some nitrogen fixing tree seedlings to Rhizobium cross-
inoculation. African crop science journal, 1(1): 25-29.

De Meyer,S. E., Tan, H. W., Andrews,M., Heenan, P. B. and Willems, A. (2016).
Mesorhizobium calcicola sp. nov., Mesorhizobium waitakense sp. nov., Mesorhizobium
sophorae sp. nov., Mesorhizobium newzealandense sp. nov. and Mesorhizobium kowhaii sp. nov.
isolated from Sophora root nodules. International Journal of Systematic and Evolutionary
Microbiology, 66: 786—795.

Dereeper, A., Audic, S., Claverie, J. M., Blanc, G. (2010). BLAST-EXPLORER helps you
building datasets for phylogenetic analysis. BMC Evolution Biology, 12, 10:8.

Dereeper, A., Guignon, V., Blanc, G., Audic, S., Buffet, S., et al. (2008). Phylogeny.fr: robust
phylogenetic analysis for the non-specialist. Nucleic Acids Research, 1; 36(Web Server
issue): W465-9.

Dhaese, P. De Greve, H. Decraemer, H. Schell J. and Van Mongatu, M . (1979). Rapid
mapping of transposon insertion and deletion mutations in the large Ti-plasmids of
Agrobacterium tumefaciens. Nucliec Acid Research, 7(7): 1837-1849.

Dludlu, M. N., Chimphango, S.B.M., Walker, G., Stirton, C.H., and Muasya, A.M. (2018).
Horizontal gene transfer among rhizobia of the Core Cape Subregion of southern Africa. South
African Journal of Botany, 118: 342-352.

Edgar, R. C. (2000). MUSCLE, multiple sequence alignment with high accuracy and high
throughput. Nucleic Acids Research, 32 (5): 1792-7.

Elsheikh, E. A. E. and Ibrahim, K. A. (1999). The effect of Bradyrhizobium inoculation on
yield and seed quality of guar (Cyamopsis tetragonoloba L.). Food Chemistry, 65: 183-187.

Fox, G. E., Wisotzkey, J. D. and Jurtshuk, P., Jr. (1992). How close is close: 16S rRNA
sequence identity may not be sufficient to guarantee species identity. International Journal of
Systematic Bacteriology, 42 (1): 166—170.

Gevers, D., Cohan, F. M., Lawrence, J. G., Spratt, B. G., Coenye, T., et al. (2005). Re-
evaluating prokaryotic species. Nature Review, Microbiology, 3: 733-739.

Ghosh, W. and Roy, P. (2006). Mesorhizobium thiogangeticum sp. nov., a novel sulfur-
oxidizing chemolithoautotroph from rhizosphere soil of an Indian tropical leguminous plant.
International Journal of Systematic Evolution Microbiology, 56: 91-97.

Guindon, S., Gascuel, O. (2003). A simple, fast, and accurate algorithm to estimate large
phylogenies by maximum likelihood. Systematic Biology, 52(5), 696-704.

45 Sudan Journal of Science and Technology June (2020) vol. 21 No. 1
ISSN (Print): 1605 427x e-ISSN (Online): 1858-6716



Ibrahim, K. A., Kamal, H. S., Abdella, A., Moayad, M. B. Z., Albasri, A. M., et al. (2011).
Response of growth, yield and seed quality of Guar (Cyamopsis tetragonolopa L.) to
Bradyrhizobium inoculation. Pakistan Journal of Nutrition, 10(9): 805-813.

Ibrahim, K. A.; Suliman, K. H. and Abdalla, A. A. (2010). Influence of inoculation with
some Bradyrhizobium strains on yield attributes, seed proximate composition and mineral
content of guar (Cyamopsis teteragonolopa L.) grown in Sudan. Australian Journal of Basic and
Applied Sciences, 4(5): 808-816.

Jany, J. and Barbier, G. (2008). Culture-independent methods for identifying microbial
communities in cheese. Food Microbiology, Elsevier, 25 (7): 839-848.

Jaspers, E. and Overmann, J. (2004). Ecological significance of microdiversity: identical 16S
rRNA gene sequences can be found in bacteria with highly divergent genomes and
ecophysiologies. Applied Environmental Microbiology, 70(8): 4831-4839.

Ji, Z., Yana, H., Cui, Q., Wanga, E., Chena, W. And Chen, W. (2015). Genetic divergence
and gene flow among Mesorhizobium strains nodulating the shrub legume Caragana. Systematic
and Applied Microbiology, 38: 176—183.

Martens, M., Peter, D., Renata, C., Monique, G., Paul, De. and Anne, W. (2008).
Advantages of multilocus sequence analysis for taxonomic studies: a case study using 10
housekeeping genes in the genus Ensifer (including former Sinorhizobium). International
Journal of Systematic and Evolutionary Microbiology, 58: 200-214.

Mousavi, S.A., Li, L., Wei, G., Ras"anen, L. and Lindstrddotom, K. (2016). Evolution and
taxonomy of native mesorhizobia nodulating medicinal Glycyrrhiza species in China. Systematic
and Applied Microbiology, 13 pages.

Sobhy, H, Colson, P., (2012). Gemi: PCR primers prediction from multiple alignments,
Comparative and Functional Genomics.

Somasegaran, P., Abaidoo, R. C. and Kumaga, F. (1989). Host-Bradyrhizobium relationships
and nitrogen-fixation in the Bambarra groundnut /Voandzeia subterranea (L.) Thouars nom.
cons. Tropic Agriculture (Trinidad), 67 (2).

Stackebrandt, E. and Goebel, B. M. (1994). Taxonomic note: a place for DNA-DNA
reassociation and 16S rRNA sequence analysis in the present species definition in bacteriology.
Journal of Systematic and Evolutionary Microbiology, 44: 846—849.

Stackebrandt, E., Frederiksen, W., Garrity, G. M., Grimont, P. A., Ka"mpfer ef al. (2002).
Report of the ad hoc committee for the reevaluation of the species definition in bacteriology.
Journal of Systematic and Evolutionary Microbiology, 52: 1043—1047.

Sullivan, J. T., Eardly, B. D., van Berkum, P. and Ronson, C. W. (1996). Four unnamed
species of nonsymbiotic rhizobia isolated from the rhizosphere of Lotus corniculatus. Appl
Environ Microbiol., 62 (8): 2818-2825.

van Berkum P. and Fuhrmann, J. J. (2000). Evolutionary relationships among the soybean
bradyrhizobia reconstructed from 16SrRNA gene and internally transcribed spacer region
sequence divergence .Journal of Systematic and Evolutionary Microbiology, 50: 2165-2172.
Zhang, J., Guo, C., Chen,W., de Lajudie, P., Zhang, Z., Shangm Y. and Wang, E. (2018).
Mesorhizobium wenxiniae sp. nov., isolated from chickpea (Cicer arietinum L.) in China. Int J
Syst Evol Microbiol, 68: 1930-1936.

Zhang, Y., En Tao, W., Chang, F., Feng, Q., Li, L., et al. (2008). Bradyrhizobium elkanii,
Bradyrhizobium yuanmingense and Bradyrhizobium japonicum are the main rhizobia associated
with Vigna unguiculata and Vigna radiata in the subtropical region of China. FEMS
Microbiology Lett., 285 :146—154.

46 Sudan Journal of Science and Technology June (2020) vol. 21 No. 1
ISSN (Print): 1605 427x e-ISSN (Online): 1858-6716



