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Abstract— Pea is a legume that belongs to the family Fabaceae and an economical source of carbohydrates, proteins, and
vitamins. Nitrogen deficiency is the main problem of crops, which is hard to overcome. However, pea plants can establish
a symbiotic relationship with the bacteria known as Rhizobacterium and efficiently utilize the available nitrogen through
the roots, and the plant can withstand even harsh conditions. Nodule, which is established by these rhizobacteria are main
parts which are involved in the process of nitrogen fixation; Nod factors are stimulator for the establishment of nodules in
the rhizobia of pea NodC gene is one of these factors, used as a genetic marker to analyze the genetic variation among
Rhizobacterium keeping in view the capability of nitrogen fixation. In this purposed research, the nodC gene was amplified
using PCR technology, cloning, sequencing, and phylogenetic analysis to study the homology and divergence in Rhizobium
from other species that have these Nod factors in establishing the nodulation and enhancing the nitrogen fixation in the

leguminous species.
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I. INTRODUCTION

Legumes are considered the mainstay of agriculture [1, 2].
Globally, Legume grains are the primary food source that
provides extra nutrition compared to any other crop. [3].
With more than 50% of repetitive sequences, pea has the
smallest genome size of approx. 430 Mb, and is enriched
with resources available for molecular biological studies
[4]. Nitrogen seed demand is moderately fulfilled by
nitrogen acquired by the roots and vegetative organs that
remobilize the nitrogen [5]. There is a dire need for proper
attention to enhance the growth of pea worldwide, and
different techniques have been developed to enhance the
rate of growth regulators, which proved very helpful to
increase the development and production rate of pea crops.
Gibberellin acid and cytosol are the primary growth-
enhancing regulators playing a central part in the best
production of seed rate and yield of that crop [6].

The symbiotic relation of useful bacteria with legume
crops is the most critical factor for the high growth rate of
crops. In pea, rhizobia are the bacteria found in pea roots
and provides benefits to crop by fixing the atmospheric
nitrogen into the soil nitrogen. An atmospheric form of
nitrogen is not in a useful state for the crop, so the crop
requires to convert this form of nitrogen into the soil form
so that the crop can easily use this nitrogen for total
production [7]. For the active fixation of nitrogen, a
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symbiotic relationship is vital between the rhizobia and
leguminous plants [8]. Crop production is increased by the
treatment of a plant with growth-stimulating bacteria, and
these bacteria play an influential part by increasing the
concentration of growth regulators, which enhance the
uptake ability of nitrogen [9].

Nodules are the structures present in the roots of pea crops
in which these helpful bacterial species are found. These
bacteria have many advantageous effects on the yield of
pea crops. Nutrient uptake ability and health of the plant
are improved by the biological activity of these bacterial
species [10]. Rhizobium bacteria produce Nod factor which
stimulates the root nodules formation in the leguminous
plants. Nod factor has many genes that are complexed in
the nodule formation. All the genes are essential and work
together. The missing of a single gene will not lead to the
formation of a root nodule [11].

Rhizobium bacteria live as intracellular in the leguminous
plants such as pea and maintain an endo-symbiotic
relationship. Fixation of nitrogen occurs due to this
association of this symbiosis between the plant and
rhizobia [12]. Through the threaded mode intracellular
reaction generally, rhizobia enter the host plant roots tissue
after the colonization of roots hair tips [13]. Based on the
development of new roots to the older part of the roots.
There are three zones the zone one is the new growing tips
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and hair zone, two is sub scribal zone, while root growth is
terminated by zone three carrying root hairs [14]. Root
hairs, as a part of susceptible zone, response to Nod factors
producing rhizobia, determining the curling and
deformation of the root. Small shape changes become
because of curling are called spheres cook the rhizobia
entrapped in them. The rhizobia enter the root hairs
intracellular through inward groaning infection thread [15].
These infectious threads lead the rhizobia to the
developing nodules called primordial, present at the
cortical cell division. Nod factors form basic nodulation.
These plants mostly respond at the epidermis, pericycle,
and cortex [16].

The NodC gene produces the main structure of the Nod
factor along with the help of NodA and NodB. Different
alleles of NodC are different from each other, and the
similarity range is from 40 to 100% [17]. NodABC genes
are considered compulsory genes in all the Rhizobium
species to stimulate the nodulation and enhance a
symbiotic relationship between plant and rhizobia. NodC
proteins are also crucial for the synthesis of chitin
oligomers [18]. NodC gene produces a protein having
44,000 Da molecular weight. These genes bind to the
external membrane of the root cell and cause the
nodulation infection, which leads to the symbiosis relation
for the nitrogen fixation [19].

Different phytochemicals, flavonoids, and taproot excrete
are assessed to induce the activity of the nodC gene.
Flavonoids were defined to induce the nodC gene at 7pH,
but at a different scale, although very low induction was
observed in acid-tolerant isolates at acidic pH. In the pea
roots, the exudates released seem to no change in their
capability to induce the activity of the nodC gene. The
early stage of interaction is root adhesion, colonization,
root hair curling, and branching. The process of mutual
molecular signaling determines its specificity. From the
plant root exudates, rhizobia recognize the flavonoids and
respond with lipochito-oligosaccharide (LCOs) molecules,
which are nod factors. These molecules are responsible for
different legume response like root cell division,
deformation of root hair nodulation gene transcription in
root hairs. Different flavonoids like (coumestans,
flavonols,  flavones, flavanones, chalcones, and
isoflavonoids) some of these can inhibit or induce the nod
gene expression. Flavonoids can also act as a growth
enhancer in Rhizobium. For all the rhizobial strain, the
rhizobial gene nodABC are common. NodC factor chain
length is determined by nodC protein to be a host
specificity measure made by the nod factors [20].

Genome editing can be a significant source to enhance the
functioning of the nodC gene, which will ultimately lead to
the improvement in the nitrogen fixation ability of crops, it
will be possible only in that case if we have complete
information of the related gene. The aim of the proposed
research was to clone and sequence the pea rhizobium
nodC gene to develop transgenic for better N-fixation.
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Il. RELATED WORK

The most important benefit of pea is its ability to fix the
nitrogen; Rhizobium is responsible for the fixation of
nitrogen in the roots of a pea. Rhizobia can induce the
nodule in the roots of the plant, and ultimately these
nodules are the source that fixes the nitrogen in the roots
and provides it to the whole plant [21]. Rhizobiaceae
belongs to the signal transduction family and compulsory
for the formulation of nodules in the leguminous plants
[22].

Peters and Verma [23] studied multiple bacterial strains of
Rhizobium, Azorhizobiu, Sinorhizobium, collectively
known as rhizobia, existing in the soil can blight plant
roots resulting in the symbiotic relationship by the nodule
formation. NodC gene was also cloned and sequenced for
developing its genetic variation with related strains in
different crops.

Plant flavonoids induce the bacterial nodulation genes that
determine the synthesis of the main nodulation signal
molecules, Nod factors [24]. Both the number and the type
of Nod factors are crucial in defining host specificity.
However, rhizobia producing different Nod factors and
with different nod genes can effectually nodulate the same
plant. For example, in the case of Rhizobium tropici. and
Rhizobium etli bv. phaseoli, both of which are nitrogen-
fixing symbionts in the common bean (Phaseolus vulgaris)
[25, 26]. Rahi et al. [27] isolated the 120 different strains
of bacteria from the Pisum sativum that caused root
nodules, and further cultivated at different locations in
trans-Himalayan valleys at in Himachal Pradesh, India.
Using 16S rRNA gene recA, atpD, PCR-RFLP, nodC,
sequencing of 16S rRNA, ERIC-PCR, nifH carbon source
utilisation pattern (BIOLOG), and whole-cell fatty acid
profiling, the sequence was studied.

1. METHODOLOGY

Centre of Agricultural Biochemistry and Biotechnology
(CABB), University of Agriculture, Faisalabad, Pakistan,
is selected for the implementation of the proposed
research.

Sample collection of root nodules: Ayub Agriculture
Institute (AAR1) Faisalabad, Pakistan, was the Centre
from where pea samples were collected. ‘Meteor’ cultivar
was the best to be grown in the fields of University of
Agriculture Faisalabad, Pakistan. Seeds germinated in the
field for eight weeks. After that, seedlings were uprooted,
and roots were transferred to the ice. After that these were
carried to the laboratory, and distilled water was used for
proper washing, soil particles were washed thoroughly.

Then roots were used to remove the nodules by the use of
the surgical blade. Healthy, undamaged, and fresh nodules
were treated with ethanol for 1 min and kept in a laminar
flow hood in the solution of calcium hypochlorite solution
(3%) for 5 min. Nodules were again treated with the
distilled water for 5 min. For complete sterilisation of yeast
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extract, mannitol was used to culture nodules. Treatment
was applied for 3 days while maintaining the temperature
at 26 +2 °C [28].

Isolation of root nodule rhizobia: After washing nodules
were crushed by using the sterile water by making a
suspension of 20uL in a Petri dish. After adding Congo red
in the Yeast Extract Medium, Suspension was cultured on
this medium at 28+2 °C till bacterial colonies were grown
completely. To get pure colonies of bacteria sub-culturing
was done after 3 days [29]. 60% glycerol was mixed with
the equal volume of bacterial colonies and the temperature
was kept at -80°C. The recipe of YEM is given in Table 1.

Table: 1- Composition of YEM (Yeast Extract Mannitol) Medium
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Following primers were used to amplify the nodC gene of
bacteria:

Forward Primer:

nodCf 5’-ATGCCATTGATCCGAGATTC-3’

Reverse Primer:

nodCr 5’-CTATCGCGTCTGGGACGTAT-3’

The primers were synthesised from e-oligos Gene LinkTM
[31].

PCR Amplification of nodC gene: Eppendorf thermal
cycler was used for amplification of nodC, gene; Reagents
were as in Table 2.

Table 3.2-Reagents of PCR amplification

DNA extraction of Rhizobium: Rhizobium DNA was
extracted by following the Sambrook et al. [30] procedure
with changes. Bacterial colonies were grown on the YEM
broth at 28 +2 °C for three days. After that medium was
centrifuged at 8,000 rpm for 10 minutes to get the pellet,
then the obtained pellet was suspended with the use of TE
buffer in the 500 pL in which lysozymes (100 pL) were
present in the concentration of 15 mg/ mL and RNAase (50
pL) was 10mg/MI. 30 puL SDS (10%) was added to this
mixture after keeping this mixture at 37 °C for 40 min.
Incubation for the mixture was done for 20 min at the
temperature of 70 °C. Then proteinase K (20mg/mL) in the
concentration of 10 uL was added to the mixture at the
temperature of 45 °C and stored for 2 hrs.

Centrifugation was repeated at increased speed i.e., 13,000
rom and for 15 minutes, and the supernatant was
precipitated with mixture of phenol and chloroform
(25:24). Then precipitation was done with the addition of
chloroform/ isoamyl alcohol (24:1). At the end, Na-acetate
(3M, pH 5.2) 1/10th volume of and isopropanol 0.6 vol.
were added to the supernatant by maintaining the
temperature at -80 °C for 30 min. Last centrifugation was
done for 15 min at 15,000 rpm, and 1 MI of 70% ethanol
was used to wash the pellet, and a laminar flow hood was
used for frying the pellet. After that, TE buffer was used to
dissolve the pellet. Then DNA was stored at 4 °C for use.
Bacterial DNA Quantification: 0.8 % Gel in TAE buffer
was used to determine the quality of isolated DNA by
using gel electrophoresis at the voltage of 55V for 55 min.
A spectrophotometer (CECIL, CE 2021) was used to
determine the quantity of DNA in the mixture. For this
purpose, 49 ul of distilled water was added to 1ul of DNA
to make dilutions. DNA was quantified by taking the
absorbance at 260 nm wavelength using water as blank.
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Ingredi_ents Concentration (%) PCR Mastsre:/?iir:l:ie (@NTPs, Quantity (uL)
Mannitol 10 Tag polymerase, MgCI2, Taq 17.0
MgSO4. 7H20 0.1.0 buffer, d3H20)
K2HPO4 0.04 Forward Primer (10 pum) 1.0
Yeast Extract 0.05 Reverse Primer (10 pm) 1.0
NaCl 0.02 DNA Template (1/49 pl) 1.0
Agar 15t02 Total Reaction Mixture 20.0
Congo red 5ml
pH 7.2 PCR Profiling: PCR amplification was carried using the

cycling program is given described. For the amplification
of nodC the temperature of the lid was maintained at
105°C, and cycling was as in Table 3.

Table 3.3- PCR cycling program

Stages Temperature Time

Initial Denaturation 94°C 10 min

Denaturation 94°C 30 sec

Annealing 52°C 30 sec

Extension 72°C 30 sec

Final Extension 95°C 5 min
Storage 4°C

Temperature

Electrophoresis of PCR amplified product: PCR
amplified product was resolved on 1 % agarose gel in
buffer of 0.5 X TAE (Tris-acetate-EDTA) with 3pL
ethidium bromide (10mg/mL). DNA weight markers of
100bp and 1 kb (GeneRuler, Fermentas) were run as a
marker for size determination. The gel was visualised
under UV light and photographed.

Gel elution of DNA fragment: The DNA fragment of
575bp amplified using specific primers was cut from the
gel under UV light using a surgical knife (Feather safety
razor, Japan). By using a Thermo Scientific Gel elution kit
(Kit # 1C0O691) according to the instructions given at
manual and technique described by Silva et al. [32], the
desired DNA fragment was eluted from the gel.

Cloning of amplified DNA: Gel eluted DNA fragment
was cloned in cloning vector-using TA cloning kit
Fermentas according to the instructions on operating
manual.
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The ligation mixture consisted of the following reagents
Table 4.

Table 4- Ligation reagents

Reagents Quantity

Vector 1uL(50ng)

Insert 1 pL(25ng)
Ligation Buffer luL
T4 DNA Ligase 0.1uL
Deionised H20 6.9uL
Total volume 10uL

Reaction was carried overnight at 4 °C.

Preparation of Competent cells: E. coli strain DH5a was
used as competent cells. Competent cells stored at -80 °C
were thawed and streaked with a wire loop on LB agar
plates and placed these plates in an incubator at 37 °C for
overnight. A single colony was picked with the help of a
toothpick, dissolved in 6 ml LB medium in a culture tube,
cultured at 37°C with gentle shaking at 150rpm, and
allowed to multiply overnight [33].

This primary culture was used to further inoculate 120 ml
LB to prepare secondary culture. The secondary culture
was also cultured at 37 °C in an incubator with shaking at
150rpm for 5 h to achieve OD600 = 0.5. The mixture was
spinning for 12 min at 4 °C and 3500 rpm, the supernatant
was discarded and the pellet was put on ice. MgCI2 (25 ml,
0.1M) ice-cold was poured on the pellet suspended by
gentle shaking and spinning at 3500rpm for 10 min to
pellet the cells. The upper layer was removed gently and
the pellet was suspended in cold 0.1 M, CaCl2 (5 ml), and
glycerol (15 %) and mixed gently for five minutes.

The mixture was centrifuged again at 3500 rpm for 10 min
at 4 °C, and the pellet was stored at 4 °C overnight. Pellet
was again suspended in 15% glycerol and 0.1 M CaCl2
and aliquots of 100ml mixture of competent cells were
prepared and stored at -80 °C.

Transformation into competent cells by heat shock
method: The heat shock method [34] was applied to
transform E. coli competent cells. Ligation product (3ul)
was mixed with 100l competent cells and put on ice for
30 min. The mixture was put at 42 °C for 90 sec. This heat
treatment made the membrane-permeable and allowed the
entry of recombinant plasmids into the competent cell
DHS5a.

The tube was immediately transferred to ice and put for 5
min. This treatment allowed membrane to regain its normal
position. About 300ul LB medium was added, mixed the
contents thoroughly and incubated at 37 °C for 60 min.
Cells were distributed on plates of LB agar containing
ampicillin (50mg/ml), X-gal, and IPTG. Plates were put in
the laminar flow to absorb the liquid and become dry. The
plates were sealed with parafilm and incubated at 37 °C for
eight hours. Blue and white colonies were observed in the
petri plates. White colonies were marked and were used for
colony PCR to determine positive colonies. For this
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purpose, white colonies were removed with toothpick and
dissolve in PCR mixture containing following reagents as
in Table 5 and Number of cycles are explained in Table 6
and 7.

Table 3.5- Reagents for Colony PCR

Reagents Quantity (ul)
PCR master mixture (Dream 15 ul
Taq)
Transformed white colony 1 colony per tube
Left Primer 2(10 pm)
Right Primer 2(10uMm)
Total reaction mixture 20 ul
Table 6- PCR cycling
Stages Temperature Time
Initial denaturation 95°C 5 min
Denaturation 95°C 60 sec
Annealing 56 °C 60 sec
Extension 72°C 90 sec
Final extension 72°C 5 min

Table 7- Number of cycles at every stage

Stage Number of Cycles
Denaturation 1
Start Loop 25
Final extension 1

Isolation of Plasmid DNA: Colonies confirmed positive
for carrying insert were used for plasmid DNA isolation.
Plasmid DNA isolation kit (QiaGen Science, USA) was
used and method followed was described by Chen et al.
[35].

Purification of plasmid DNA: Isolated Plasmid DNA was
further purified by the PEG method (polyethylene glycol)
explained by Li et al. [36].

Sequencing and Data Analysis: Isolated Plasmid DNA
was used for cycle sequencing and subsequent sequencing
[37]. ABI Prism Applied Biosystems 310 DNA Sequencer
was used for sequencing. Sequencing was carried in both
directions using forward and reverse primers. DNA
sequencing data were subjected to bioinformatics tools for
homology search, deduced amino acid sequence,
alignment, multiple alignments, and construction of the
phylogenetic tree. The data were aligned with related
sequences in the databases. The EXPASYsoftware and
NCBI Blast (nucleotide and amino acid) at the National
Centre of biological information, Expasy, JustBio, and
ClustalW Softwares were used. MEGA 6 software was
used to construct a phylohenetic tree.

IV. RESULTS AND DISCUSSION
PCR amplification of bacterial nodC:
By using the PCR technique nodC gene was amplified,

which was of 575bp in length, and that was isolated from
the pea rhizobia. A universal pair of primers (nodCF and
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nodC1l) was used for this purpose. Reagents of PCR
amplification were optimised according to requirements.
Gradient PCR was used for the optimisation of temperature
at the annealing stage, which was 52°C. The samples were
sequenced at the CABB department of UAF, Pakistan. Best
results were observed when dNTPs, MgCI2, Primer, and
annealing temperature were 2.5 mM, 1Mm, and 54°C,
respectively. Amplification of nodC is visible in Figure 1.

Blue-white screening for positive clones:

Amplified Fragments were cloned into the vector after
purification of amplified PCR from the gel, and the heat
shock method was used for the transformation of the
competent cell. LB agar plates were prepared with the
different concentrations of ampicillin, X-GAL, and IPTG,
and these reagents were in50 pg/ml, 40 mg/ml, and 40 pl,
respectively Figure 2. Mini-prep Kit was used by following
the procedure instructed by the manufacturer to isolate the
Plasmid. For insert check, EcoR1 and BamHI enzymes
were used to restrict the clone. The First band was about
2736 bp which was a vector and the lower band is 585 bp
which represents the insert Figure 2.

Sequencing of cloned nodC gene:

Using specific primers discussed in materials and methods,
the NodC gene fragment was amplified. PCR product was e
ectrophoresed, gel eluted, and finally cloned into a cloning
vector. Plasmid DNA was isolated and the fragment was
sequenced. The deduced nucleotide sequence is presented
in Fig 3. Sequencing was conducted from both sides using
forward and reverse primers. The deduced sequence was
translated into amino acids and presented in Figure 4.

Sequence Homology using BLAST:

In the database, the sequence was compared with the
previous sequences that were available. BLAST was used
and the Rhizobium clone in the NCBI database was
compared with the corresponding sequences. The Pea
Rhizobium clone has been found to have elevated
homology more than 99% with related Rhizobium clones
(RIv. trifoli 0.01283, Rhizobium sp. BIHB, R. phaseoli and
Rlv. SEMIA Rhizobium sp. and pea Rhizobium) presented
in (Figure 5) and (Figure 6). In (Figure 5), the Rhizobium
clone was compared with the Rhizobium leguminosarum
isolates PS25-2, and there was complete homology
(100%). In Figure 6, homology between the Rhizobium
clone and Rhizobium leguminosarum bv. viciae strain
LMR620 was 99%. Multiple sequence alignments were
conducted, also are presented in Figure 7.

Phylogenetic analysis using MEGAX:

The phylogenetic tree was constructed using MEGAX is
shown in (Figure 8). The phylogenetic data revealed that
the sequence was closely related to Rhizobium-0.00069, pea
Rhizobium,  Mesorhizobium0.12447,  Rhizobium  sp.
BL160.02645, Rhizobium Burkholderia, and Rhizobium sp.
BL210.12273 were distantly related.
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Discussion

Atmospheric nitrogen is fixed by the bacteria rhizobium
found in the nodules of roots in this crop to enhance soil
productivity [38]. Without any expenditure large quantity of
nitrogen is accumulated in the soil through the nitrogen-
fixing activity of bacteria to increase the growth and
production of pea. The number of nodules, cultivar, and
several bacterial strains are the main important factor on
which  phenomena of nitrogen fixation depends.
Immunisation of roots of crops with rhizobia is considered
a great source of improvement in growth rate and
production of pea [39, 40].

Solubilisation of phosphate, nitrogen fixation, production of
indole acetic acid, and biofertilisers are the main important
methods for improving the crop but the process of
biofertilisers has proved most significant as reported by
Vessey [41] and Saharan and Nehra [42]. Pea plants obtain
nitrogen by 1) Supplemented by ammonia and nitrate
manure or fertiliser given to the soil, 2) decomposition of
organic matter, 3) nitrogen transformation by natural
approaches, and 4) biological nitrogen fixation [43].

Rhizobacteria are essential biological weapons to fix
atmospheric nitrogen by increasing the root growth and
formation of nodules in the roots [44]. Several research
groups/administrations are involved in developing
biofertilisers and are trying to enhance the use of
biofertilisers [45]. At the molecular level, identification of
bacterial species is made by the nodC gene sequencing,
which is used in research and examination [46, 47]. Manual
methods for identification and distinction between species
provide unsuccessful results. These types of results created
incorrect data [48]. NodC gene has been found in bacteria,
and the study of this gene about its feature and functions
has been done using a genetic marker [49]. By collecting
information about sequences, genetic distance can be
measured between strictly connected species of bacteria,
and this way of measurement is reflected as most accurate
[50, 51].

Figure 1. Blue white screening for positive clones
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3000 marker

DL5000
DNA Marker

Load S pl
50ng 5,000 bp
S0ng 3.000bp
50ng 2.000bp
50ng 1.500bp

" Cloning Vector —2736bp

rnodC=585bp
100ng 1,000 bp el

50ng 750bp

50ng 500bp

50 ng 250 bp

50ng  100bp

1.0% TAE Agarose Gel

Figure 2. Restriction analysis of rhizobium clone using EcoRI and BamHI enzymes. L lane= ladder (5kb), 1-lane= two bands (upper for
vector, lower for insert)

1-GECTEEAACGAGGAGOGCGOEFCACANGCTCGCTTCGGTGCAGT TATGTGT TGETGOGHFE -0

61 -CCATGTGOGAT GTACCGTCGETCTGCTATGC T TTCGE TEETCGATCAGTACGAGACFCIAG-120
121 - CTTTATCFEGECAAGCCGAGTGACTTCGHCEAAGATCFOCATTTGACGATTC TCATGCTG-180
181 -AGCGCAGFCTTTCGAACTGAGTATGT TCCGAGTGCCATCGCGROGACAGTCGTTCCAGAC-240
241 -ACGATGEETGTTTATCTACGECAACAMNC TACGETGEECACGCAGCACCTTTCGEGATACT-300
301-TTGCTTECOGCTTCCTGTACTGCCTGETCTCGATCGETATC TCACGCTGEACGCAATAGEG- 360
361-CARAATGTCGGCCTGCTACT TCTTGOGC TGTOGGTAT TGACAGGAAT TEFOCAGTTTHCG-420
421 -CTGACCEOCACACTGCCCTGETGEACGATCCTGETCAT TGEATCCATGACTC TTGTACGC-480
481 -TGTAGCGTGGCTGOCTATCGEGCCCRCGAACT TAGGTTTTTGEGT TT TGO TCTOCACACG-540
241 -CTCGTGAACATCTTTCTCTTAATTCOCT TGAMNGGC-5T 5

Figure 3. : Deduced nucleotide sequence of nodC gene from pea rhizobium

Goccoctgcaacdaggagogegoggecacaagctogettoggtgcagttatgtgttgetgeggeo
A C N E E R A A Q A R F G A V M C C C G
ccatgtgcgatgtaccgteggtctgetatgetttegetgeoctogatcagtacgagacgoeag
P C A M ¥ E EKE 5 A M L 5 L L D o ¥ E T O
ctttatcgocggcaagoccgagtgacttoggogaagatocgocatttgacgattoctecatgotyg
L ¥ R &G K P 5 r ¥ &6 E D E H L T I L. M L
agcgcaggctttocgaactgagtatgttococgagtgocatocgecggogacagtegttecagac
s A &G ¥ K T E ¥ ¥V P 5 A I & A T WV WV P D
acgatgggtgtttatctacgecaacaactacggtgggocacgcagcacctttocgggatact
T M & ¥V ¥ L E © © L E W A E 5 T F E D T
ttgcttgegectteoctgtactgeoctggtetogatocggtateoctocacgoctggacgcaataggy
L . A L P ¥V L. P & L D E ¥ L T L D & I &
caaaatgtcggcctgectacttecttgegectgtecggtattgacaggaattggeoccagtttgeg
2 N VvV 4 L L L L A L 5 V L T = I = Q F A
ctgaccgccacactgeecctggtggacgatocctggtocattggatoccatgactocttgtacge
L T A T L P W W T I L v I & 5 M T L WV R
tgtagcgtggctgoctategogeccgogaacttaggtttttgggttttgetectocacacy
c 5 vV A A Y KK A K E L. K F L. &= F &Aoo L. H T
Ctcgtgaacatecttteotettaattoccocttgaagge

L v N I F L L I P L K
Figure 4. Amino acid sequence of deduced nodC from pea rhizobium. The amino acid sequence is abreviated in the single letter code
below the nucleotide sequence. Translator tool ‘Justhio software” was used for analysis.
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R. CLONE 1 GCCTGCAACGAGGAGCGCGCGGCACAAGCTCGCTTCGGTGCAGTTATGTGTTGCTGCGGC 60
FErrrrrrrrrerrerrr e et e et e ettt ettt
R.PS25-2 1 GCCTGCAACGAGGAGCGCGCGGCACAAGCTCGCTTCGGTGCAGTTATGTGTTGCTGCGGC 60
R. CLONE 61 CCATGTGCGATGTACCGTCGGTCTGCTATGCTTTCGCTGCTCGATCAGTACGAGACGCAG 120
CErrrrrerrrrrrrrerrer et et et et ettt et et
R.PS25-2 61  CCATGTGCGATGTACCGTCGGTCTGCTATGCTTTCGCTGCTCGATCAGTACGAGACGCAG 120
R. CLONE 121 CTTTATCGCGGCAAGCCGAGTGACTTCGGCGAAGATCGCCATTTGACGATTCTCATGCTG 180
FErrrrrrerrrerrerrr e et e et e ettt ettt
R.PS25-2 121 CTTTATCGCGGCAAGCCGAGTGACTTCGGCGAAGATCGCCATTTGACGATTCTCATGCTG 180
R. CLONE 181 AGCGCAGGCTTTCGAACTGAGTATGTTCCGAGTGCCATCGCGGCGACAGTCGTTCCAGAC 240
FErrrrrrerrrerrrrrr e et et ettt ettt
R.PS25-2 181 AGCGCAGGCTTTCGAACTGAGTATGTTCCGAGTGCCATCGCGGCGACAGTCGTTCCAGAC 240
R. CLONE 241 ACGATGGGTGTTTATCTACGCCAACAACTACGGTGGGCACGCAGCACCTTTCGGGATACT 300
FErerrrerr e errr e ettt ettt et
R.PS25-2 241 ACGATGGGTGTTTATCTACGCCAACAACTACGGTGGGCACGCAGCACCTTTCGGGATACT 300
360

TTGCTTGCGCTTCCTGTACTGCCTGGTCTCGATCGGTATCTCACGCTGGACGCAATAGGG

R. CLONE 301
FEErrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e

TTGCTTGCGCTTCCTGTACTGCCTGGTCTCGATCGGTATCTCACGCTGGACGCAATAGGG 360
CAAAATGTCGGCCTGCTACTTCTTGCGCTGTCGGTATTGACAGGAATTGGCCAGTTTGCG 420

R.PS25-2 301
R. CLONE 361

CAAAATGTCGGCCTGCTACTTCTTGCGCTGTCGGTATTGACAGGAATTGGCCAGTTTGCG 420

CTGACCGCCACACTGCCCTGGTGGACGATCCTGGTCATTGGATCCATGACTCTTGTACGC 480
Frrrrrrrrrrrerr e et e e e e e e et e e e e e e e

R.PS25-2 361
R. CLONE 421

CTGACCGCCACACTGCCCTGGTGGACGATCCTGGTCATTGGATCCATGACTCTTGTACGC 480
TGTAGCGTGGCTGCCTATCGCGCCCGCGAACTTAGGTTTTTGGGTTTTGCTCTCCACACG 540

R.PS25-2 421
R. CLONE 481

R.PS25-2 481 TGTAGCGTGGCTGCCTATCGCGCCCGCGAACTTAGGTTTTTGGGTTTTGCTCTCCACACG 540

R. CLONE 541

CTCGTGAACATCTTTCTCTTAATTCCCTTGAAGGC 575

R.PS25-2 541 CTCGTGAACATCTTTCTCTTAATTCCCTTGAAGGC 575
Figure 5. Comparison of the nucleotide sequence of Rhizobium Clone with Rhizobium leguminosarum isolates PS25-2 using BlastN

1 GCCTGCAACGAGGAGCGCGCGGCACAAGCTCGCTTCGGTGCAGTTATGTGTTGCTGCGGC 60

R. CLONE
PErrrrrrrrrrrrrerr e e et et e e e e e e e e e
R. LMR620 1 GCCTGCAACGAGGAGCGCGCGGCACAAGCTCGCTTCGGTGCAGTTATGTGTTGCTGCGGC 60
R. CLONE 61 CCATGTGCGATGTACCGTCGGTICTGCTATGCTTTCGCTGCTCGATCAGTACGAGACGCAG 120
FErrrrrrrrrrerr et rr e e e e e e e e e e e e e e
R. LMR620 61CCATGTGCGATGTACCGTCGGTCTGCTATGCTTTCGCTGCTCGATCAGTACGAGACGCAG 120
R. CLONE 121 CTTTATCGCGGCAAGCCGAGTGACTTCGGCGAAGATCGCCATTTGACGATTCTCATGCTG 180
FEEEEEEEErr e e e e e e e e e e e e e e e e e e r
R. LMR620 121 CTTTATCGCGGCAAGCCGAGTGACTTCGGCGAAGATCGCCATTTGACGATTCTCATGCTG 180
R. CLONE 181 AGCGCAGGCTTTCGAACTGAGTATGTTCCGAGTGCCATCGCGGCGACAGTCGTTCCAGAC 240
Frrrrerreerrerrrerrrrrrrerrrrrr e rrr e e e e
R. LMR620 181 AGCGCAGGCTTTCGAACTGAGTATGTTCCGAGCGCCATCGCGGCGACAGTCGTTCCAGAC 240
R. CLONE 241 ACGATGGGTGTTTATCTACGCCAACAACTACGGTGGGCACGCAGCACCTTTCGGGATACT 300
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R. LMR620 241 ACGATGGGTGITTATCTACGCCAACAACTACGGTGGGCACGCAGCACCTTTCGGGATACT 300
R. CLONE 301 TTGCTTGCGCTITCCTIGTACTGCCTGGTCTCGATCGGTATCTCACGCTGGACGCAATAGGG 360
FErrrrrrrerrerr e et e e e e e e e e e e
R. LMR620 301 TTGCTTGCGCTTCCTGTACTGCCTGGTCTCGATCGGTATCTCACGCTGGACGCAATCGGG 360
R. CLONE 361 CAAAATGTCGGCCTGCTACTTCTTGCGCTGTCGGTATTGACAGGAATTGGCCAGTTTGCG 420
PEEEErrrrr et e e e e e et e e e e e e e
R. LMR620 361 CAAAATGTCGGCCTGCTACTTCTTGCGCTGTCGGTATTGACAGGAATTGGCCAGTTTGCG 420
R. CLONE 421 CTGACCGCCACACTGCCCTGGTGGACGATCCTGGTCATTGGATCCATGACTCTTGTACGC 480
PErrrrrrrrrrerrrrr e e et e e e e e e e e e e e
R. LMR620 421 CTGACCGCCACACTGCCCTGGTGGACGATCCTGGTCATTGGATCCATGACTCTTGTACGC 480
R. CLONE 481 TGTAGCGTGGCTGCCTATCGCGCCCGCGAACTTAGGTTTITGGGTTTIGCTCTCCACACG 540
PEEEErrrrr et et et e e e e e e e e e e e
R. LMR620 481 TGTAGCGTGGCTGCCTATCGCGCCCGCGAACTTAGGTTTTTGGGTTTTGCTCTCCACACG 540
R. CLONE 541 CTCGTGAACATCTTTCTCTTAATTCCCTTGAAGGC 575
PEETEETEEE e e e e ey
R. LMR620 541 CTCGTGAACATCTITCTCTTAATTCCCTTGAAGGC 575

Figure 6. Comparison of the nucleotide sequence of Rhizobium Clone with Rhizobium leguminosarum bv. viciae strain LMR620 using

Rhizobium clone
Pea.Rhizo
Mesorhizobium ——---
BL16 -~ ————————————-—
Burkholderia ————---
BL2]l -~ —————————————
Rhizobium Clone
Pea.Rhizo
Mesorhizobium

BL16

Burkholderia

BL21

Rhizobium Clone
Pea. Rhizo
Mesorhizobium

BL16

Burkholderia

BL21

Rhizobium Clone
Pea.Rhizo
Mesorhizobium

BL16

Burkholderia

BL21

Rhizobium Clone
Pea.Rhizo
Mesorhizobium

BL16

Burkholderia

BL21
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BlastN

GCCTGCAACGAGGAGCGCGCGGCACAAGCTCGCTTCGGTGCAGTTATGTGTTGCTGCGGC31
GCCTGCAACGAGGAGCGCGCGGCACAAGCTCGCTTCGGTGCAGTTATGTGTTGCTGCGGC31

————————————————————— GCCCAAGCTCGTTTCGGTGCGGTTATGTGCTGCTGTGGC31

—————————————————————————————— TCGCTTCGGCGCTGTTATGTGTTGCTGCGGT31
—————————————————————————————— TCGCTTCGGCGCTGTTATGTGTTGCTGCGGT31
—————————————————————————————— TCGCTTCGGCGCTGTTATGTGCTGCTGCGGT31

kkk KAkkkhkk kk kkhkkkkhAkkkk kkhkkkk k%

CCATGTGCGATGTACCGTCGGTCTGCTATGCTTTCGCTGCTCGATCAGTACGAGACGCAGI1
CCATGTGCGATGTACCGTCGGTCTGCTATGCTTTCGCTGCTCGATCAGTACGAGACGCAGO1
CCATGTGCGATGTATCGCCGGTCGGCCCTGCTTATGGTTCTTGATCAATACGAAACGCAGI1
CCATGTGCCATGTACCGCCGGTCCGCGCTCCTTTTGCTGCTAGATCAGTACGAGACGCAASL
CCGTGTACCATATACCGACGGTCCGCGCTCCTTCTGCTGCTAGATCAGTACGAGACGCAAY]L
CCGTGTACCATATACCGACGGTCCGTGCTTCTTTTGCTGTTAGACCAGTACGAGACACAGIL

Xk kkk Kk kk kk Kkk kkkkkk K *x Kk k Kk * K *x kk kk kkkkk kk k%

CTTTATCGCGGCAAGCCGAGTGACTTCGGCGAAGATCGCCATTTGACGATTCTCATGCTGLS1
CTTTATCGCGGCAAGCCGAGTGACTTCGGCGAAGATCGCCATTTGACGATTCTCATGCTG151
CTGTTTCGTGGGAAGCTGAGCGACTTCGGCGAGGATCGCCATCTCACGATCCTCATGCTGLS1
CTTTTTCGCGGGAAGCCGAGCGACTTCGGCGAGGACCGTCATCTGACGATTCTCATGCTG1S51
CTTTTTTGCGGGAAACCGAGCGACTTCGGCGAGGACCGCCATCTCACGATTCTCATGCTG1S51
TTTTTTCGGGGGAAACCGAGCGACTTCGGCGAGGACCGCCATCTCACGATTCTCATGCTG151

* kK kK kk Ak k kkk khkkhkkhkkhkhkkhkkhkhkkhk kk Ak kkk k Kkkkhkkk Khkkkkkkkhkk Kk

AGCGCAGGCTTTCGAACTGAGTATGTTCCGAGTGCCATCGCGGCGACAGTCGTTCCAGA210
AGCGCAGGCTTTCGAACTGAGTATGTTCCGAGTGCCATCGCGGCGACAGTCGTTCCAGA210
AAA-GCAGGGCTTCGAACCGAGTACATTCCGGACGCTATCGCGGCAACGGTCGTGCCGGA210
ACG-GCAGGTTATCGGACCGTGTACGTTCACGACGCCATTGCGGCGACAGTCGTTCCAGA210
ACG-GCAGGTTATCGGACCGAGTACGTTCCGGACGCCATTGCGGCGACAGTCGTTCCGGA210
ACC-GCAGGTTATCGGACCGAGTACGTTCCGGACGCCATTGCGGCGACAGTCGTTCCGGAZ10

* Kk k kK *kk kk ok kkk * Kk Kk Kk kk kkkkk kk kkkkk kk kK

CACGATGGGTGTTTATCTACGCCAACAACTACGGTGGGCACGCAGCACCTTTCGGGATAC270
CACGATGGGTGTTTATCTACGCCAACAACTACGGTGGGCACGCAGCACCTTTCGGGATAC270
TCGGCTGCGGCCATATCTACGCCAGCAACTGCGCTGGGCGCGAAGCACCTTCAGAGACAC270
CAGACTGGGGGCGTATCTGCGCCAACAACTGCGCTGGGCGCGCAGTACGTATCGGGACAC270
CAGTCTGGGGGCGTATCTGCGCCAACAACTGCGCTGGGCGCGCAGTACCTATCGGGACAC270
CAGACTGGGGGCGTATCTGCGCCAACAACTGCGCTGGGCGCGCAGTACGTATCGGGACAC270

* Kk Kk *kkhkkkk kkhkkkk kkhkkkk kk Kkkkkk kk Kkk Kkk K *x kK k%
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TTTGCTTGCGCTTCCTGTACTGCCTGGTCTCGATCGGTATCTCACGCTGGACGCAATAGG330
TTTGCTTGCGCTTCCTGTACTGCCTGGTCTCGATCGGTATCTCACGCTGGACGCAATAGG330
GCTGCTTTCGCTGCGCCTGCTACCCAGCCTCGATCGCTATCTCACCTTGGACGTGGTCGG330
GTTGCTTTCGCTGCGCCTGCTGCCCCGTCTCGATCGTTACCTTACGCTGGACGTGATCGG330
GTTGCTTTCGCTGCGCCTGCTGCCCTGTCTCGATCGCTACCTTACGCTGGAGGTGATCGG330
GTTGCTTTCGCTGCGCCTGCTGCCCTGTCTCGATCGCTACCTTACGCTGGACGTGATCGG330

kkhkkkk kkhkkKk K *x kk k% Kk Ak kkkkhkkhkk Kk kK K%k Xk kK Kk * Kk x

GCAAAATGTCGGCCTGCTACTTCTTGCGCTGTCGGTATTGACAGGAATTGGCCAGTTTGC390
GCAAAATGTCGGCCTGCTACTTCTTGCGCTGTCGGTATTGACAGGAATTGGCCAGTTTGC390
GCAAAATGTCGGGCCGCTCCTTCTCGCAGTGTCGGTGGTAACAGGGATCGCGCACCTTGC390
ACACAATCTGGGCTCGCTATTTCTCGGCTTATCGCTACTAGCGGGTCTCGCGCAGCTCGC390
ACTGAATCTGGGCTCGCTATTTCTCGCCTTATCGCTTCTAGCGGGGCTCGCGCAGCTTGC390
ACTGAATCTGGGCTCGCTATTTCTCGCCTTATCGCTTCTAGCGGGGCTCGCGCAGCTCGC390

* **x Kk k  kk * K % *kxkk K * kkkx K * * kK * ok * * * kK

GCTGACCGCCACACTGCCCTGGTGGACGATCCTGGTCATTGGATCCATGACTCTTGTACG450

GCTGACCGCCACACTGCCCTGGTGGACGATCCTGGTCATTGGATCCATGACTCTTGTACG450
GCTGACTGGCGAAGCGCCTTGGTGGACAGGCATGACGATCGCGGCCATGACGCTGATCCG450
ATTGACAGCGACAGTGCCGTGGTGGACTGCCCTGATAATCGCATCATCGACCATGATCCG450
ATTGACAGCGACAGTGCCGTGGTGGACTGCCCTGATAATCGCATCATTGACCATGATCCG450
ATTGACAGCGACAGTGCCGTGGTGGACTGGCCTGACAATCGCATCATTGACCATGATCCG450

* Kk xk Kk * * Kk k  kkkkkkkx * k% **x % * * % % * *

CTGTAGCGTGGCTGCCTATCGCGCCCGCGAACTTAGGTTTTTGGGTTTTGCTCTCCACACS10
CTGTAGCGTGGCTGCCTATCGCGCCCGCGAACTTAGGTTTTTGGGTTTTGCTCTCCACACS10
CTGCAGCATGGCAGCGTTTCGTGCTCGCGAATTGCGATTTCTGGGATTTTGTGTCCATACS10
CTGTAGCGTGGCATCGGTTCGCGCTCGCCAGGTTCGATTTCTTGGCTTTTCTCTTCACACS510
CTGTAGCGTGGCATCGGTTCGCGCTCGCCAGATTCGATTTCTTGGCTTTTCTCTTCACACS510
CTGTAGCGTGGCATCGGTTCGCGCTCGCCAGATTCGATTTCTTGGCTTTTCTCTTCACACS510

kkok kkk khkxk * kkk kxk kkk Kk k Kk Kkkk Kk Kkk kkx ok Kk Kk
GCTCGTGAACATCTTTCTCTTAATTCCCTTGAAGGC ———==——————————————————— 575
GCTCGTGAACATCTTTCTCTTAATTCCCTTGAAGGC —=-=-=-———————————————————— 575
ACCCATCAATCTGTTCCTGTTACTTCCGTTGAAAGCGTATGCGCTTTGCACC 575

ACCCATTAACCTCTTTCTCTTGCTCCCCCTGAAAGTCTATGCGCTGTGTACATTGAGCAASTS
ACCCATTAACCTCTTTCTCTTGCTCCCGCTGAAAGCCCATGCGCTGGGTACATTGAGCAASTS
ACCCATTAACCTCTTTCTCATGCTCCCCCTGAAAGCCTATGCGCTGTGTACATTGAGCAASTS

* kK Kk k% * kk k% * * Kk x * Kk kK Kk

--—-= 575
--—— 575
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CAGC 575
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Figure 7. Multiple alignments of constructed nucleotide sequence of Rhizobium Clone with associated sequences in the data base using

Clustalw

Rhizobium Clone

R.phaseoli

Rlv_trifoli

Rh.SEMIA

R.sp

50

software.

Rlv. trifoli 0.01283, Rhizobium sp. BIHB, R. phaseoli and Rlv. SEMIA Rhizobium sp.

Figure 8. Phylogenetic tree of nodC of pea strains with other rhizobial strains, phylogenetic analysis done with MEGAX.
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A symbiotic relationship is present between the bacteria
Rhizobium, which is present in the nodules of root and crop
[52]. The symbiotic relationship proved very healthy and
fruitful for crop production and soil fertility [53]. One of the
reasons for the adverse effects of co-inoculating PGPR with
Rhizobium may be the production of antibiotics and areas of
competitive attachment to roots surface. [54, 55, 56, 57].
The use of bioinformatics tools for cloning and sequencing
of DNA for bacterial identification and analysis has been
described as more faithful and dependable [58]. Molecular
techniques used for amplification and sequencing of this
gene and using different kinds of software for this analysis
have proved that the nodC gene sequence is well preserved
between the same species and the same genus [59].
Previous research on rhizobia has shown that rhizobia
sequestered from various parts of the world is genetically
more diverse [60]. DNA was isolated from Rhizobium
found in nodules of the root of pea and after sanitisation of
bacteria; a PCR technique was used for the amplification of
nodC gene by using different types of primers [59]. High
homology is expressed by this DNA sequencing between
associated sequences in data [61]. Vessey and
Chemining’wa [62] have already proved these types of
same conclusions. Amplification by PCR provided a
sequence of nucleic acid, which proved very helpful for
constructing the phylogenetic tree [63]. Phylogenetic tree
data tells us the close relationship of isolated sequences to
Rhizobium leguminosarum. The same results of nodC gene
have been seen by using these techniques [64].

V. CONCLUSION AND FUTURE SCOPE

Root nodule of pea crop was used to obtain the rhizobium
and then sterilization performed. Crushing of nodules and
then culturing was done and again re-cultured it. After this
DNA extraction was performed. Technique of polymerase
chain reaction used to amplify selected nodC gene by using
specific primers. Gel electrophorese was performed on the
product of PCR and desired fragment was isolated from
gel. Then cloning and sequencing of fragments was
accomplished then this sequence was used to search the
homology and phylogenetic tree formation. Reason of
choosing pea as a crop sample was its high production rate
and rich source of important minerals, vitamins and
protein. A high value of homology resemblance was found
between the amplified sequence and the other sequence
present in the database. The clones AY665788, KR154711,
KR154710, KR154716, KR154714, KR154626, and
KP760600 found in the database showed more than 98%
homology.
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