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The aim of this study is to comparative study between conventional and molecular assay of 
isolation, identifi cation and characterization of non-leguminous endophytic bacteria and fungi 
in the leguminous root samples. The plant root samples, Helianthus annuus, Carica papaya and 
Lycoperesicum solanum (Sunfl ower root and stem, pawpaw root and stem, and tomato root and stem 
from Adekunle Ajasin University School farm, Akungba Akoko, Ondo state, Nigeria. The isolation of 
endophytic bacteria were performed using the conventional method of isolation (biochemical test) 
and characterization were done using both the conventional and molecular method of bacteria 
characterization. The antibiotic susceptibility test (Antibiogram) was observed using disc diffusion. 
The four bacteria identifi ed were Bacillus cereus, Enterobacter sp. Actnomycoses sp. and Aeromonas 
sp. for conventional method and Fusarium solani, Fusarium vortecelium and Bacillus thuringiensis for 
molecular method as confi rmatory point of view. In this study, all isolated organisms tends to be Gram 
positive using the gram staining technique. Antibiogram shows the zones of inhibition with diameter 
ranging from 0-20 mm, Enterobacter sp. were more sensitive to the various antibiotics used. Ultraviolet 
spectrophotometer was also used to determine the growth dynamic as well as the death rate of the 
isolates, the addition of antibiotics (ciprofl oxacin) to the isolates at the 24th hour speed up the death 
rate of the isolates from non-leguminous endophytic bacteria. After the preliminary identifi cation of 
the bacteria isolates and the confi rmatory identifi cation of both bacteria and fungi isolates of the 
non-leguminous endophytic microorganism, it was noted that the preliminary identifi cation was only 
able to achieve the genus level of taxonomic characterization, While the molecular method confi rm 
the molecular sub level identifi cation of isolates depletes the absolute taxonomic identifi cation and 
characterization to the sub-species level. The results of this study validates the use of molecular 
sequencing for the assay identifi cation and characterization of non-leguminous endophytic bacteria 
and fungi as the easy and best mode of identifi cation of both bacteria and fungi isolates as a veritable 
tools for research purposes.

ABSTRACT

INTRODUCTION 
Endophytic microbes brings nutrients to plants include those that fix atmospheric 

nitrogen in plant tissues. These types of endophytes include actinorhizal and 
rhizobial symbioses. Because of sensitivity of nitrogenases to oxygen, the few 
families of plants that engage in nitrogen-fixing symbioses sequester microbes in 
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low oxygen nodules where nitrogen is fixed and transferred 
to root tissues [1].

Another type of nutritional endophytic symbiosis 
involves microbes that inhabit both endophytic tissues 
and extend out into soil. Dark septate endophytes and 
mycorrhizal fungi establish this kind of symbiosis with 
many families of plants. Hyphae of these fungi grow 
endophytically in roots, and the mycelia extending into soil 
acquire nutrients and mobilize it back to plants. Another 
nutrient acquisition mechanism involves the liberation of 
nutrients from insects by microbes that extend between, or 
cycle between, plants and decaying insects. In this process 
insects consume plants, accumulating nitrogen and other 
nutrients in their bodies; degradation of insects by microbes 
that are also symbiotic with plants results in transfer of 
nutrients to plants [2].

Sunfl owers are botanically classifi ed as Helianthus 
annuus. They are a large plant and are grown throughout 
the world because of their relatively short growing season. 
Domesticated sunfl owers typically have a single stalk 
topped by a large fl ower. This is signifi cantly diff erent from 
the smaller, multiply branched wild sunfl ower. During the 
growing season, the individual fl owers are each pollinated, 
seed development then begins moving from the outer rim of 
the fl ower toward the centre. It generally takes 30 days after 
the last fl ower is pollinated for the plant to mature.

It is a deep rooted crop and pulls out water from below 
the root zone of soil. It show positive response on limitation 
of precipitation, soil water and irrigation to growth and yield 
[2]. Sunfl ower yield in low due to less and improper use of 
fertilization. All the nutrients are important but nitrogen is 
most essential, because it increase in root and leaf length, 
leaf area duration, photosynthesis and increase seed yield 
[3]. There are many responsible factors for increasing yield 
per hector but management of fertilizers is more important 
for increasing growth, development and yield of sunfl ower 
crop. Nitrogen is consider essential nutrient for sunfl ower 
crop, which increased vegetative growth and seed yield, but 
excessive fertilization increased plant height and lodging 
[4].

Tomato (Lycopersicum solanum) is a perishable vegetable 
widely cultivated and consumed worldwide [5]. It is rich in 
nutrients, vitamins, dietary fi bres, and phytochemicals [6]. 
It is known to be a very profi table crop that provides high 
returns for small scale farmers in most developing countries 
[7]. However, isolation and identifi cation of microorganisms 
that are associated root of tomatoes have gained some 
research focus [8].

The presence of bacteria with a potential risk to humans 
like Alcaligenes faecalis, Acinetobacter baumannii, Bacillus 
cereus, Burkholderia cepacia, Chromobacterium violaceum, 
Enterobacter hormaechei, Pseudomonas aeruginosa, Proteus 
vulgaris, Pantoea agglomerans, Serratia marcescens and 

Staphylacoccus sp. in the rhizosphere of many plants has 
been reported previously [8]. It has been also reported that 
potential pathogens may internalize tissues of pre-harvest 
lettuce, alfalfa, cress and tomatoes [8]. P. aeruginosa, a 
dominant pathogen infecting the lungs of cystic fi brosis 
patients and capable of infecting various tissues and organs 
[9]. Some fungi has been claimed to be identifi ed by various 
authors, some of which include; Pyrenochaeta lycopersici, 
Fusarium oxysporum, Pythium sp. and Rhizoctonia sp., 
Phytophthora nicotiana var. nicotiana, Phytophthora parasitical 
and P. capsici [9].

A more in-depth knowledge on the status of microbial 
endophytes and their benefi cial activities in the sub-
Saharan African cropping systems is, however, still lacking. 
Fungal root endophytes are a phylogenetically diverse group 
primarily occurring within the Ascomycota, although some 
belong to the Basidiomycota. Piriformospora indica (Phyllum 
Basidiomycota) and particular isolates within Trichoderma 
and Fusarium species (Phylum Ascomycota) have been 
reported to enhance growth of various plant species and to 
induce resistance to pests like insects and nematodes [10]. 
Some research has also revealed positive eff ects of Dark 
Septate Endophytes (DSE) which comprise a group of asexual 
ascomycetes and are characterized by dark melanized septa 
on plant growth, yield and nutrient uptake [11].

In Nigeria, pawpaw is one of the most popular, cheapest, 
economically important fruit tree grown and consumed 
for its nutritional content [12]. Pawpaw (Carica papaya L.) 
belongs to the family Caricaceae with over 22 species and 
only one member of the genus Carica that is cultivated as 
a fruit tree while the other three genera (Cyclicomorpha, 
Jarilla and Jacaratia are grown primarily as ornamentals 
[13]. Pawpaw (C. papaya. L) is short lived, with a hollow 
unbranched herbaceous stem. It is dual or multipurpose early 
bearing, space conserving crop. Papaya may be monoecious 
or hermaphrodite.

Pawpaw (C. papaya L.) Extracts have exhibited 
inhibitory eff ects on gram-positive bacteria and gram-
negative bacteria. These organisms include: Bacillus subtilis, 
Escherichia coli, Salmonella typhi, Staphylococcus aureus, 
Enterobacter cloacae and Proteus vulgaris [14]. Aspergillus 
niger, Rhizopus nigricans, Aspergillus fl avus, Rhizopus oryzae 
and Fusarium moniliforme of fungal origin are responsible 
for post-harvest losses in pawpaw. 

MATERIALS AND METHODS 
Collection of samples

Mature plant specimen of three leguminous plants; 
Helianthus annuus, Lycopersicum solanum and Carica papaya 
were randomly collected from the school farm of Adekunle 
Ajasin University, Akungba-Akoko (7.2704 °N, 5.2241°E) in 
triplicates. The plant specimen were authenticated by the 
Department of Microbiology, Faculty of Science. 
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Serial dilution of plant samples

Serial dilution was carried out on the plant root samples 
collected. 9mls of distilled water was measured using sterile 
syringe and needle into ten (10) test tubes and corked with 
cotton wool and covered with aluminum foil and sterilized 
in an autoclave at 121°C for 15 minutes in order to prevent 
contamination. After sterilization the water was allowed to 
cool to about 35°C-40°C. 1 g of the macerated root sample was 
measured and dispersed into the 9 mL of water contained in 
the fi rst test tube making 10-1 dilution using a sterile syringe 
and needle, from 10-1 dilution, aliquots of 1mL into the 
second test tube containing 9 mL of sterile water making 10-

2, this process was repeated for other test tubes until the 10-10 

test tube was prepared.

Bacteria isolation from plant sample

The samples collected were separately washed with tap 
water, followed by surface sterilization using 70% ethanol 
for 30 seconds, 2% Sodium Hypochlorite (NaOCl) for 5 
minutes, 3% Hydrogen peroxide for 30 seconds and then 
rinsed fi ve times with distilled water, to remove epiphytic 
microbes. Ten grams of these samples were cut to 2-3 cm 
pieces and macerated using sterilized mortar and pestle 
with 12.5 mm potassium phosphate buff er (pH 7.1), followed 
by a 10-fold serial dilution where 0.5 ml of the 10-3 dilution 
was plated using the pour plate method on Nutrient Agar 
supplemented with Cycloheximide (100 μg/mL) to inhibit 
fungal growth. Inoculated Petri plates were incubated at 37°C 
for 24 hours. After the incubation time, the Colony Forming 
Units (CFU) for each plate was estimated [15]. Isolates 
diff ering in morphological appearance were selected and 
were streaked onto new plates until pure cultures were 
obtained. Pure cultures of bacterial isolates were maintained 
on NA slants and were stored at 4°C.

Ef iciency of surface sterilization plant sample

The effi  ciency of surface sterilization procedure was 
necessarily checked by imprint method, also success of the 
surface sterilization method was confi rmed by the absence 
of any microbial growth on media plates impregnated with 
50 μl aliquots of the fi nal rinse water. This was done to avoid 
isolation of epiphytic organisms, the surface sterilization 
was considered successful as there was no growth [16].

Pour plate technique for enumeration of non-
leguminous endophytic bacteria count from plant 
sample

From the serial dilution above, 0.5 mL of the 10-7 and 
10-10 from each root samples was spread evenly into two 
Petri-dishes respectively using Nutrient Agar for Helianthus 
annuus, and both Nutrient Agar and Potato Dextrose Agar for 
Solanum lycopersicum and Carica papaya. The prepared agar 
(NA) and (PDA) was allowed to cool to 45°C and aseptically 

poured into the Petri-dishes (about 20 mL each) to make a 
plate. The plates was rotated clockwise and anti-clockwise 
to ensure even distribution of the sample within the medium 
and also to allow the agar form a uniform layer [16].

Incubation of non-leguminous endophytic bacteria 
isolates from plant sample

After the agar has been cooled and gelled, the Petri-
dishes was inverted to prevent condensation dropping from 
the lid into the agar and then incubated in the incubator at 
37°C for 24-78 hours.

Total bacteria count of non-leguminous endophytic 
bacteria isolates from plant sample

After 24 to72 hours of incubation, the plates were 
examined thoroughly and the plates containing 10-7 was 
discarded due to lack of distinct colony, other plate used 
in microbiological culture of 10-10 was properly observed. 
The total colonies were counted using a colony counter. The 
count can also be done easily by dividing the plate into four 
quarters, the fi rst quarter counted fi rst and recorded then 
the second quarter till the fourth quarter which was noted 
and recorded (17).

Identi ication of non-leguminous endophytic 
bacteria isolates from plant sample

Preliminary identifi cation of the bacterial isolate where 
based on their morphological characteristics and result from 
various biochemical tests carried out on them. Each of the 
endophytic isolate were cultured on media and observed after 
24h of incubation for their morphological characteristics. 
Biochemical characteristics were determined according to 
the methods of Olutiola [18] and examined according to the 
Bergey's Manual of Determinative Bacteriology [19]. This 
was done to confi rm the identity of the endophytic bacteria 
isolates.

Isolation of non-leguminous endophytic bacteria 
isolates from plant sample isolation method (sub-
culturing)

Nutrient agar was prepared according to manufacturer 
instruction. The homogenized agar was poured into 
sterilized McCartney bottles and autoclaved at 121°C for 
15 minutes. The bottles containing media was placed in 
slanting position and allowed to cool. After cooling, distinct 
colonies was sub-cultured by streaking on the slants. This 
was done by using sterile inoculating loop to pick part of 
the colony and inoculated on the solidifi ed media in the 
bottle (slant). After the streaking process, the slants were 
incubated at 37 °C for 24 hours. The slants will further be kept 
in the refrigerator to serve as stock culture for subsequent 
test during identifi cation. This process was carried out 
aseptically to avoid contamination [17].
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Morphological characterization of non-leguminous 
endophytic bacteria isolates from plant sample

The appearance of the colony of each isolate on the agar 
media was studied and characteristics such as shape, edge, 
pigment, opacity, elevation and surface were observed as 
described by Olutiola [18].

Gram staining of non-leguminous endophytic 
bacteria isolates from plant sample

This test was carried out on 24h old cultures of the 
isolate in order to determine their gram reaction and cellular 
morphology. The gram reaction diff erentiates bacteria into 
gram positive and gram-negative bacteria. A smear of the 
culture between 18 to 24 hours was prepared on a clean 
grease free microscope slide with a drop of sterile distilled 
water and mixed. The smear was allowed to dry and then 
heat-fi xed by passing the slide over a spirit fl ame once 
or twice. The heat-fi xed smear was fl ooded with crystal 
violet and allowed to stain for 60s after which the stain was 
poured off  and rinsed with water, the slide was fl ooded with 
iodine solution and will be allowed to stand for another 60s 
and then poured off  and rinsed with water, the smear was 
decolorized with 95% ethanol and rinsed immediately after 
10s with water. The smear was further counter stained with 
safranin for another 60s after which was gently rinsed off  
with water. It was air-dried and examined under the oil 
immersion objectives of 100x light microscope. The gram 
reaction, shape and arrangement of cell were then recorded 
[20].

Biochemical test for preliminary identi ication of 
non-leguminous endophytic bacteria isolates from 
plant sample

Catalase test: The inability of strict anaerobes to 
synthesize catalase, peroxidase, or superoxide dismutase may 
explain why oxygen is poisonous to these microorganisms. 
In the absence of these enzymes, the toxic concentration of 
H2O cannot be degraded when these organisms are cultivated 
in the presence of oxygen. Organism capable of producing 
catalase rapidly degrade hydrogen peroxide which is a 
tetramer containing four porphyrin heme groups (i.e. iron 
groups) that will allow the enzyme to react with hydrogen 
peroxide [15].

The enzyme catalase is present in most cytochrome 
containing aerobic and facultative anaerobic bacteria. 
Catalase has one of the highest turnover numbers of all 
enzyme such that one molecules of catalase can convert 
millions of molecules of hydrogen peroxide to water and 
oxygen in a second. Catalase production and activity can be 
detected by adding the substrate H2O2 to an approximately 
incubated (18-to 24-h) slant culture. Organisms which 
produces the enzyme break down the hydrogen peroxide, 
and the resulting oxygenproduction produces bubbles in the 
reagent drop, indicating a positive test. Organisms lacking 

the cytochrome system also lack the catalase enzyme and 
are unable to break down hydrogen peroxide, into O2 and 
water and thus are catalase negative [20].

Oxidase test: This was carried out using oxidase reagent 
as described by Baker, et al. (2001). Two drops of freshly-
prepared oxidase reagent (1% aqueous tetramethyl-p-
phenylene diamine hydrochloride solution) were placed on 
a piece of fi lter paper. A part of the colony of the bacterial 
isolate was collected using one end of sterile grease free 
glass slide and smeared across the fi lter paper impregnated 
with the oxidase reagent and observed for deep purple colour 
within 10 seconds.

Citrate test: The agar used in citrate test is Simmon’s 
Citrate Agar; it is used to test an organism ability to utilize 
citrate as a source of energy. The medium contain citrate 
as the sole carbon source and Inorganic Ammonium 
Salts (NH4HPO4) as the source of nitrogen. It was done by 
dissolving the agar and gently heat with mixing and boiling 
until it dissolved. A 5 ml was dispensed into each tube and 
autoclaved at 121°C for 15 min. It was cooled and slanted 
before the test organism was streaked with a light inoculum. 
It was then be incubated aerobically at 37°C for 5 days and 
examined. Those that changed from original colour (green) 
to blue or yellow were considered positive. While those that 
retained the green colour were considered negative. Un-
inoculated control tubes were included then the results were 
then recorded [20].

Indole test: Some microbes are capable of hydrolyzing 
the amino acid tryptophan and one of the end products 
is indole. The latter reacts with 4-dimethyl amino 
benzyladehyde to form a dark red dye. Each of the bacterial 
isolates were cultured in sterile nutrient broth for 48h at 
37°C. 2 ml of chloroform were added to the broth culture 
and mixed gently. About 2 ml of Kovac’s reagent were later 
added, shaken gently and allowed to stand for 20min. A red 
colour at the reagent layer indicates indole production [21]. 
The results were then recorded.

Sugar fermentation test: A situation whereby 
carbohydrates are utilized in the partial or total absence of 
oxygen is referred to as fermentation. But sugar is utilized 
in the presence of oxygen such reactions are known as 
oxidation. Sterilization of the basal medium was done using 
an autoclave at 121°C for 15min. Ten percent (10%) sterile 
solution of the test sugar (glucose, fructose, mannitol, 
dextrose and galactose) was added, inverted Durham tubes 
was put into each tube. Diff erent isolates were inoculated 
into each test tube according to the labeling using a sterile 
inoculating loop. Un-inoculated tubes serve as controls. 
The results were examined daily for up to 7days in which 
methyl red indicator changed to yellow. A yellow coloration 
indicated growth and acid production. Also, the upper part of 
the Durham tubes was examined to detect any accumulated 
gas which indicated gas production [20,22] results were 
then recorded.
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Motility test: A little immersion oil was placed round 
the edge of a cavity slide and then a loopful of the bacterial 
colony was transferred to the centre of a clean dry cover slip 
with a sterile inoculating lop. The cavity slide was inverted 
over the cover slip such that the culture drop was in the 
centre of the slide depression. The culture drop appeared 
hanging. This was examined immediately for motility under 
the oil immersion microscope [22].

Methyl red test: Using a Pasteur's pipette, 10 drops of 
methyl red pH indicator was added to each tube and the tube 
was swirled gently to mix the drops into the broth. Each 
tube was examined for color change. Bacteria that produce 
many acids from the breakdown of dextrose (glucose) in 
the MR-VP medium cause the pH to drop to 4.2. At this pH, 
methyl red becomes red, a red color represents a positive 
test. Bacteria that produce fewer acids from the breakdown 
of glucose drop at pH to 6.0. At this pH, methyl red is yellow 
and this represents a negative test [22].

Voges-prokauer test: This test was carried out by 
inoculating MR-VP medium and incubating at 37°C for 2 
days. It was then tested with methyl red and then 0.6mL of 
alpha napthol sodium (about 15 drops) and 0.2mL of 40% 
KOH (about 10 drops) was added. It was shakes and examined 
for the red colour of a positive reaction after 15 minutes to 
1hour. A positive reaction developed a red color after 15-
60 min. Under alkaline conditions and in the presence of 
oxygen, acetyl-methyl-ethanol will be oxidized to diacetyl 
which reacts with creatine to give a red colour, creatine is 
present in peptone [23].

Antibiogram (antibiotic susceptibility test) of non-
leguminous endophytic bacteria isolates from plant 
sample

The test was performed to determine the phenotypic 
resistant of the bacterial isolates to commonly used 
antibiotics. These tests were carried out following the Kirby-
Bauer disc diff usion method of [23]. Inoculum from culture 
of bacteria isolates on nutrient agar slants were inoculated 
into test tubes containing sterilized nutrient broth and 
incubated at 37°C for 18h which serve as the stock for the 
test. Mueller-Hinton agar was prepared and sterilized, 
then dispensed into sterilized Petri dishes. The plates were 
allowed to cool for about 15min so as to allow it to gel and 
excess surface moisture to be absorbed. The inoculum was 
introduced into plates by streaking before applying the 
antibiotics impregnated discs. Two types of discs were used; 
Cephalosporin antibiotic discs (Oxoid); Cefuroxime (30 
μg), Ceftazidime (30 μg), Cefoxitin (30 μg), Cefpodoxime 
(10 μg), Cefepime (30 μg) and Multi-test Predetermined 
commercial Gram negative and Gram positive discs which 
were applied to the surface of the well labeled inoculated 
agar plated aseptically using sterile forceps. The discs were 
then placed fi rmly by slightly pressing on the inoculated 
plates with the sterilized forceps to ensure complete contact 

with the agar. After 24h of incubation, each plates was 
examined, susceptibility to each antibiotics were indicated 
by a clear zone. The zone of inhibition were measured using 
a calibrated ruler was held on the back of the inverted petri 
plate and was recorded [23].

Fungi isolation from non-leguminous plant sample

Pour Plate method was used for inoculation, 0.5ml of 
dilution (107, 1010) each dilution was carefully inoculated 
into the centre of three diff erent sterile Petri dishes, after 
which the sterilized prepared PDA media (Potato Dextrose 
agar) is poured aseptically into each Petri dish and mixed 
together with the inoculums by combination of to and fro 
and circular. Antibiotics (Chloramphenicol) were added to 
inhibit the growth of bacteria. The plates were then allowed 
to gel and then placed in a sterile incubator in inverted form. 
After 72 hours, the growth (colonies) became visible and due 
to morphological appearance, each colony was sub-cultured 
using PDA and antibiotics were also added to further inhibit 
the growth of bacteria [23].

Preliminary identi ication of fungal isolates from 
non-leguminous plant sample

The pure isolates were subjected to microscopic 
examination. Clean greased free slide was used for the 
identifi cation. A drop of water was mounted in the center of 
the slide, then a small portion of the fungal mycelium was 
cut out with a sterile inoculating needle. The cut piece was 
put directly in the water droplet and tease out. A drop of 
Lactophenol blue cotton stain was put directly in the teased 
out mycelium. A cover slide was then placed over the teased 
portion and mounted on the microscope stage. The viewing 
was fi rst done with the lower magnifi cation (x10), then the 
higher magnifi cation objective lens (x40). The nature of the 
mycelium, the types of fruiting body and the spore structure 
served as the criteria for the identifi cation of the isolates. The 
isolates were identifi ed and confi rmed with the mycological 
Atlas and compendium of soil fungi [15]. 

Con irmatory molecular identi ication of non-
leguminous endophytic bacteria and fungi isolates 
bacteria DNA extraction from non-guminous 
endophytic bacteria isolates

DNA was extracted using the protocol stated by 
Pawlowski K, et al. [1. Briefl y, Single colonies grown on 
medium were transferred to 1.5 ml of liquid medium and 
cultures were grown on a shaker for 48 h at 28 ºC. After this 
period, cultures were centrifuged at 4600 g for 5 min. The 
resulting pellets were resuspended in 520 μl of TE buff er 
(10 mMTris-HCl, 1mM EDTA, pH 8.0). Fifteen microliters 
of 20% SDS and 3μl of Proteinase K (20 mg/ml) were then 
added. The mixture was incubated for 1 hour at 37ºC, then 
100μl of 5 M NaCl and 80μL of a 10% CTAB solution in 0.7 M 
NaCl were added and votexed. The suspension was incubated 
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for 10 min at 65ºC and kept on ice for 15 min. An equal volume 
of chloroform: isoamyl alcohol (24:1) was added, followed by 
incubation on ice for 5 min and centrifugation at 7200g for 20 
min. The aqueous phase was then transferred to a new tube 
and isopropanol (1:0.6) was added and DNA precipitated at 
–20ºC for 16 h. DNA was collected by centrifugation at 13000 
g for 10 min, washed with 500μl of 70% ethanol, air-dried at 
room temperature for approximately three hours and fi nally 
dissolved in 50 μl of TE buff er [24].

Molecular fungi DNA extraction from non-
leguminous endophytic fungi isolates

Approximately 100 mg of fungi mycellia was grinded 
with Dellaporta extraction buff er (100 mMTrls pH 8, 51 ml 
EDTA pH 8, 500 mMNaCI, 10 mMmcrcaptoethanol) and DNA 
extracted as described briefl y. Each sample was grinded in 
1000μl of the buff er in a sterilized sample bags. Mix was 
collected in sterile eppendorf tube and 40 μl of 20% SDS 
was then added, this was followed by brief vortexing and 
incubated at 65°C for 10minutes. At room temperature, 
160μl of 5 M potassium acetate was then added vortexed 
and centrifuged at 10000 g for 10 minutes. Supernatant 
where collected in another eppendorf tube and 400μl of cold 
iso propanol was added mixed gently and kept at -20°C for 
60 minutes. Centrifugation was at 13000 g for 10minutes 
to precipitate the DNA after which supernatant was gently 
decanted and ensured that the pellet was not disturbed. DNA 
was then washed with 500μl of 70% ethanol by centrifuging 
at 10000g for 10 minutes. Ethanol was decanted and DNA 
air-dried at room temperature until no trace of ethanol was 
seen in the tube. Pellet was then re-suspended in 50μl of Tris 
EDTA buff er to preserve and suspend the DNA [25].

Bacteria polymerase chain reaction from non-
leguminous endophytic bacteria isolates

PCR sequencing preparation cocktail consisted of 10 μl of 
5x GoTaqcolourless reaction, 3μl of 25mM MgCl2, 1μl of 10 mM 
of dNTPs mix, 1μl of 10pmol each 27F 5’- AGA GTT TGA TCM 
TGG CTC AG-3’ and - 1525R, 5′-AAGGAGGTGATCCAGCC-3′ 
primers and 0.3units of Taq DNA polymerase (Promega, 
USA) made up to 42μl with sterile distilled water 8μl DNA 
template. PCR was carried out in a GeneAmp 9700 PCR 
System Thermalcycler (Applied Biosystem Inc., USA) with a 
Pcr profi le consisting of an initial denaturation at 94°C for 
5 min; followed by a 30 cycles consisting of 94°C for 30s, 
50°C for 60s and 72°C for 1 minute 30 seconds; and a fi nal 
termination at 72°C for 10mins. And chill at 4oC.GEL [26].

Fungi Polymerase Chain Reaction|(PCR) Analysis 
from non-leguminous endophytic fungi isolates

To use the ITS gene for characterization of fungi, ITS 
universal primer set which fl ank the ITS1, 5.8S and ITS2 
region can be used; PCR sequencing preparation cocktail 
consisted of 10 μl of 5x GoTaqcolourless reaction, 3μl of 
25mM MgCl2, 1μl of 10mM of dNTPs mix, 1μl of 10 pmol 

each ITS 1: 5’ TCC GTA GGT GAA CCT GCG G 3’and - ITS 4: 
5’ TCC TCC GCT TAT TGA TAT GC 3’primers and 0.3units of 
Taq DNA polymerase (Promega, USA) made up to 42μl with 
sterile distilled water 8μl DNA template. PCR was carried 
out in a GeneAmp 9700 PCR System Thermalcycler (Applied 
Biosystem Inc., USA) with a PCR condition include a cycle of 
initial denaturation at 94°C for 5min, followed by 35cycles of 
each cycle comprised of 30secs denaturation at 94°C, 30secs 
annealing of primer at 55°C, 1.5 min extension at 72°C and a 
fi nal extension for 7min at 72°C [22].

Bacteria Polymerase Chain Reaction|(PCR) from 
non-leguminous endophytic bacteria isolates

PCR sequencing preparation cocktail consisted of 10μl of 
5x GoTaqcolourless reaction, 3μl of 25mM MgCl2, 1μl of 10mM 
of dNTPs mix, 1μl of 10 pmol each 27F 5’- AGA GTT TGA TCM 
TGG CTC AG-3’ and -1525R, 5′-AAGGAGGTGATCCAGCC-3′ 
primers and 0.3units of Taq DNA polymerase (Promega, 
USA) made up to 42μl with sterile distilled water 8μl DNA 
template. PCR was carried out in a GeneAmp 9700 PCR 
System Thermalcycler (Applied Biosystem Inc., USA) with 
a PCR profi le consisting of an initial denaturation at 94°C 
for 5 min; followed by a 30 cycles consisting of 94°C for 30s, 
50°C for 60s and 72°C for 1 minute 30 seconds; and a fi nal 
termination at 72°C for 10mins. And chill at 4°C.GEL [27,28].

Fungi PCR analysis (Procedure)

To use the ITS gene for characterization of fungi, ITS 
universal primer set which fl ank the ITS1, 5.8S and ITS2 
region can be used; PCR sequencing preparation cocktail 
consisted of 10 μl of 5x GoTaqcolourless reaction, 3μl of 
25mM MgCl2, 1μl of 10mM of dNTPs mix, 1μl of 10 pmol 
each ITS 1:5’ TCC GTA GGT GAA CCT GCG G 3’and - ITS 4: 
5’ TCC TCC GCT TAT TGA TAT GC 3’primers and 0.3units of 
Taq DNA polymerase (Promega, USA) made up to 42μl with 
sterile distilled water 8μl DNA template. PCR was carried 
out in a GeneAmp 9700 PCR System Thermalcycler (Applied 
Biosystem Inc., USA) with a PCR condition include a cycle of 
initial denaturation at 94°C for 5 min, followed by 35cycles of 
each cycle comprised of 30secs denaturation at 94°C, 30secs 
annealing of primer at 55°C, 1.5 min extension at 72°C and a 
fi nal extension for 7min at 72°C [29].

Molecular integrity from non-leguminous 
endophytic bacteria isolates

The integrity of the amplifi ed gene fragments was 
checked on a 1.5% Agarose gel ran to confi rm amplifi cation. 
The buff er (1XTAE buff er) was prepared and subsequently 
used to prepare 1.5% agarose gel. The suspension was boiled 
in a microwave for 5minutes. The molten agarose was allowed 
to cool to 60°C and stained with 3μl of 0.5g/ml Ethidium 
bromide (which absorbs invisible UV light and transmits the 
energy as visible orange light). A comb was inserted into the 
slots of the casting tray and the molten agarose was poured 
into the tray. The gel was allowed to solidify for 20minutes 
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to form the wells. The 1XTAE buff er was poured into the gel 
tank to barely submerge the gel. Two microliter (2 l) of 10X 
blue gel loading dye (which gives colour and density to the 
samples to make it easy to load into the wells and monitor 
the progress of the gel) was added to 4μl of each PCR product 
and loaded into the wells after the 100bp DNA ladder was 
loaded into well 1. The gel was electrophoresed at 120V for 
45 minutes visualized by ultraviolet trans-illumination and 
photographed. The sizes of the PCR products were estimated 
by comparison with the mobility of a 100bp molecular 
weight ladder that was ran alongside experimental samples 
in the gel [30].

Puri ication of ampli ied product from non-
leguminous endophytic bacteria isolates

After gel integrity, the amplifi ed fragments were ethanol 
purifi ed in order to remove the PCR reagents. Briefl y, 7.6 μl of 
Na acetate 3M and 240μl of 95% ethanol were added to each 
about 40μl PCR amplifi ed product in a new sterile 1.5μl tube 
eppendorf, mix thoroughly by vortexing and keep at -20°C 
for at least 30min. Centrifugation for 10mins at 13000g and 
4°C followed by removal of supernatant (invert tube on trash 
once) after which the pellet were washed by adding 150μl of 
70% ethanol and mix then centrifuge for 15min at 7500g and 
4°C. Again remove all supernatant (invert tube on trash) and 
invert tube on paper tissue and let it dry in the fume hood at 
room temperature for 10-15min. then resuspend with 20μl of 
sterile distilled water and kept in -20°C prior to sequencing. 
The purifi ed fragment was checked on a 1.5% Agarose gel ran 
on a voltage of 110V for about 1hr as previous, to confi rm the 
presence of the purifi ed product and quantifi ed using a nano 
drop of model 2000 from thermo scientifi c [31]. 

Molecular sequencing from non-leguminous 
endophytic bacteria isolates

The amplifi ed fragments were sequenced using a Genetic 
Analyzer 3130xl sequencer from Applied Biosystems using 
manufacturers’ manual while the sequencing kit used was 
that of big dye terminator v3.1 cycle sequencing kit. Bio- Edit 
software and MEGA 6 were used for all genetic analysis [32].

Growth dynamic and death rate of isolates using 
ultra violet spectrophotometer

Growth dynamic refers to the rate at which cells of 
microorganism grow at a given time. This test was done to 
determine the rate of growth of the isolates as well as their 
killing time in due time. Colony was picked from the stocked 
culture slant and inoculated into nutrient broth which was 
incubated for 24hours at 37°C. A loopful of organism was 
picked from the broth culture into nutrient broth in three 
sets which are set A, B, and C respectively. Ultraviolet 
spectrophotometer was set at 480λ wavelength, warmed up 
for 15minutes and then the control was fi rst read, the fi rst 
was reading was taken at zero hour and it continues after 
every 12hours for 6times. At the 3rd reading, which is the 

24th hour of set B, ciprofl oxacin was added to determine up 
the rate of kill [32].

RESULTS
Three non-leguminous plant root samples were collected 

at School farm, Adekunle Ajasin University, Akungba 
Akoko, Ondo state. The organisms were isolated using both 
microscopic and macroscopic examination and preliminary 
isolation methods were used which was further subjected to 
preliminary biochemical test and the sugar fermentation of 
some simple sugars were carried out to identify the isolated 
organisms ,the growth and death rate were assayed using 
ultra violet spectrophotometer. Confi rmatory identifi cation 
of the isolated organisms were further carried out using 
Molecular sequencing which gives a distinct family and sub-
species of the isolated organisms.

Table 1 shows the type of non-leguminous plant samples 
collected, the numbers of plant sample collected, place of 
collection and time of collection. In this table, the type of 
non-leguminous plant root and stem sample collected was 
Helianthus annuus, Lycopersicum solanum, and Carica papaya, 
the number of sample collected was 6 and the samples were 
collected at the School farm, Adekunle Ajasin University, 
Akungba Akoko, at 2:30-3:00pm in the afternoon.

Table 2 shows the dilution factors of the non-leguminous 
plant root samples cultured and colony count of isolates 
cultured on nutrient agar showing bacterial growth. In this 
table, it was observed that 6 plates were isolated and each 
plate contains inoculums of serial dilution, the highest 
dilution factors are the 10-10 and the lowest dilution factor 
are the 10-7. SF-R 2, T-S 2, P-S 2 has the dilution factors 
of 10-10 and 20, 10, and 15 number of colonies respectively, 

Table 1: Sample collected, number of sample collected, place and time of 
collection.

Sample Collected Number of 
Samples Collected

Place of 
Collection

Collection 
Time

SF-R   1  Aaua school farm 2:30PM

  T-R   1  Aaua school farm 2:33PM

P-R   1 Aaua school farm 2:35PM

SF-S 1 Aaua school farm 2:40PM

T-R 1 Aaua school farm 2:45PM

P-R 1 Aaua school farm 3:00PM

Table 2: Dilution factors and colony count of non-leguminous Endophytic 
bacteria and fungi cultures from plant root samples.

Isolates Dilution Factor No of Colonies

SF-R 1 10-7 25

SF-S 2 10-10 20

T-R 1 10-7 22

T-S 2 10-10 10

P-R 1 10-7 32

P-S 2 10-10 15
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while SF-R 1, T-R 1, P-R 1 have the lowest dilution factor of 
10-7 and 25, 32, and 22 number of colonies respectively. The 
table shows that T-S 2 has the lowest number of colonies 
of 10 while P-R 1 has the highest number of colonies of 32 
respectively. 

Key: SF-R 1 = Sunfl ower root 1, SF-S 2 = Sunfl ower stem 
2,T-R 1 = Tomato root 1,T-S 2= Tomato stem 2, P-R 1= 
Pawpaw root 1, P-S 2= Pawpaw stem 2.

Table 3 shows the dilution factors of the non-leguminous 
plant root samples cultured and colony count of isolates 
cultured on potato dextrose agar, showing the fungal growth. 
In this table, it was observed that 6 plates were isolated and 
each plate contains inoculums of serial dilution, the highest 
dilution factors are the 10-10 and the lowest dilution factor 
are the 10-7. SF-S 2, T-S 2, P-S 2 has the dilution factors of 
10-10 and 11 , 15 and 17 number of colonies respectively, while 
SF-R 1, T-R 1, P-R 1 have the lowest dilution factor of 10-7 
and 28, 24, and 28 number of colonies respectively. The table 
shows that SF-S 2 has the lowest number of colonies of 11 
while SF-R 1 and P-R 1 has the highest number of colonies 
of 28 respectively

Table 4 shows the cultural characteristics of isolates, 
and the analysis of isolates cultured on nutrient and potato 
dextrose agar. In this table, it was observed that SF-R 1 and 
P-R 1b have the same cultural characteristics of raise creamy 
and smooth edges. T-R 1, P-S 2b and T-S 2 have the cultural 
characteristics of raise creamy and entire edges. SF-R 1b, 
SF-S 2, T-S 2b have cultural characteristics of low creamy 
and smooth edges while T-R 1b and P-R 1 have the same 
cultural characteristics of fl at creamy and smooth edges 
and P-S 2 has low, milky and smooth edges. SF-S 2b has fl at 
creamy and entire edges.

Table 5 shows the sample code, morphological 
characteristics of isolates subcultured from the NA and 
PDA plates. In this table, it was observed that SF-R 1, P-R 
1b, have the morphological characteristics of raise creamy, 
moderate, smooth and smooth edges, T-R 1, P-S 2b, T-S 2, 
have raise creamy, moderate, rough, dry and entire edges 
morphological characteristics. SF-R 1b, SF-S , T-S 2b have 
low, creamy, swarmy, smooth and smooth edges, T-R 1b, 
P-R1 have fl at creamy, milky wet, dry, swarmy, moderate 
and smooth edges morphological characteristics, P-S 
2 has low, milky, moderate, smooth and smooth edges, 
SF-S 2b has fl at, creamy, rough, swarmy and entire edges 
morphological characteristics.

Key: SF-R 1 = Sunfl ower root1, SF-S 2 = Sunfl ower stem 
2,T-R 1 = Tomato root 1,T-S 2= Tomato stem 2, P-R 1 = 
Pawpaw root 1, P-S 2 = Pawpaw stem.

Key: SF-R 1=Sunfl ower root 1, SF-R 1b = Sunfl ower root 
1b, SF-S 2 = Sunfl ower stem 2 , SF-S 2b = Sunfl ower stem 
2b, T-R 1 = Tomato root 1, T-R 1b = Tomato root 1b, T-S 2 
=Tomato stem 2, T-S 2b = Tomato stem 2b ,P-R 1 = Pawpaw 

root 1, P-R 1b = Pawpaw root 1b, P-S 2 = Pawpaw stem 2, P-S 
2b = Pawpaw stem 2.

Key: SF-R 1=Sunfl ower root 1, SF-R 1b=Sunfl ower root 
1b, SF-S 2= Sunfl ower stem 2 , SF-S 2b= Sunfl ower stem 
2b, T-R 1 = Tomato root 1, T-R 1b= Tomato root 1b, T-S 
2=Tomato stem 2, T-S 2b= Tomato stem 2b ,P-R 1= Pawpaw 
root 1, P-R 1b= Pawpaw root 1b, P-S 2= Pawpaw stem 2, P-S 
2b= Pawpaw stem 2.

Table 6 shows the result of Gram staining and the 
microscopic examination of the bacterial isolates. It was 
observed in this table that SF-R 1, SF-R 2, T-R, P-R are all 
positive to Gram staining, SF-R 1, SF-R 2,T-R, P-R are all 
short rods.

Table 7 shows the preliminary biochemical tests carried 
on the recovered bacterial isolates, the tests include; 
motility, urease, indole, sugar fermentation, gas production 
and hydrogen sulphide tests. It was observed in this table 
that, SF-R 1(spot A) was positive to motility test while other 
isolates were negative to motility test. It was also observed 
that T-R was negative to indole test, while SF-R 1(spot A), 
SF-R 2(spot B) and P-R were positive to indole test. It was 
observed that SF-R 1(spot A), SF-R 2(spot B) were positive 
to urease test while, T-R and P-R were negative to urease 
test. Also, all the bacterial isolates were positive to sugar 
fermentation test. It was further observed that all bacterial 

Table 3: Dilution factors and colony count of isolates on fungal cultures from 
plant root samples.

Isolates Dilution Factor No of Colonies

SF-R 1 10-7 28

SF-S 2 10-10 11

T-R 1 10-7 24

T-S 2 10-10 15

P-R 1 10-7 28

P-S 2 10-10 17

Table 4: Cultural characteristics of isolates on NA and PDA agar of non-
leguminous Endophytic bacteria isolates.

Sample Code Cultural Characteristics

SF-R 1 Raise creamy, smooth edges

SF-R 1b Low creamy, smooth edges

T-R 1 Raise creamy, entire edges

T-R 1b Flat creamy, smooth edges

P-R 1 Flat creamy, smooth edges

P-R 1b Raise creamy, smooth edges

SF-S 2 Low creamy, smooth edges

SF-S 2b Flat creamy, entire edges

T-S 2 Raise creamy, entire edges

T-S 2b Low creamy, smooth edges

P-S 2 Low milky, smooth edges

P-S 2b Raise creamy, entire edges
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Table 5: Sample code, morphological characteristics of subcultures of the non-leguminous Endophytic bacteria isolates.

Sample Code Surface Colour Elevation Edge Mode of Spread

SF-R 1 Smooth Creamy Raise Smooth Moderate

SF-R 1b Smooth Creamy Low smooth Swarm

T-R 1 Rough Creamy Raise entire Moderate

T-R 1b Wet Creamy Flat smooth Swarm

P-R 1 Dry Milky Flat waxy Moderate

P-R1b Rough Creamy Convex Smooth Moderate

SF-S 2 Clear Whitish cream Low Smooth Swarm

SF-S 2b Rough Creamy Flat Entire Swarm

T-S 2 Dry Creamy Raise entire Moderate

T-S 2b Rough Milky Low Smooth Swarm

P-S 2 Smooth Milky Low Smooth Moderate

P-S 2b Raise Creamy Raise Entire Moderate

Table 6: Gram stain and microscopic examination on the recovered Non–leguminous Endophytic bacteria isolates.

Isolates Gram Stain Shape 

SF-R 1(spot A) + Short rods

SF-R 2(spot B) + Short rods

T-R + Short rods

P-R + Short rods

Table 7: Preliminary biochemical tests carried on the recovered Non –leguminous Endophytic bacteria isolates.

Isolates Motility Indole Urease Lactose Sucrose Dextrose H2S Gas production

SF-R Na 10-10 Spot A + + + + + + + 

SF-R Na10-10 Spot B  + +    + 

T-R Na 10-10       + +

P-R Na 10-10  +     + +

isolates were positive to hydrogen sulphide test. It was 
observed that SF-R 1(spot A), SF-R 2(spot B) were negative 
to gas production test, while, P-R and T-R were positive to 
gas production test.

Tables 8 & 9 shows the continuation of the biochemical 
tests such as the oxidase and identifi cation of the isolated 
organisms. In this table, it was observed that SF-R 1(spot A) 
and T-R were negative to oxidase test, while SF-R 2(spot B) 
and P-R were positive to oxidase test. It was also observed 
that all bacterial isolates were positive to catalase test. It 
was also observed in this table that all the bacterial isolates 
were all positive to mannitol test. It was also observed that 
all bacterial isolates were all positive to maltose test, it was 
also observed that all bacterial isolates were all positive to 
glucose test. It was also observed that all bacterial isolates 
were all negative to methyl-red test. It was also observed that 
all bacterial isolates were negative to voges-prokauer test. It 
was also observed that all bacterial isolates were positive to 
citrate test. The isolated organisms include Bacillus cereus, 
Actinomycoses sp., Enterobacter sp., Aeromonas sp.

 Key: + (positive)

Key: SF-R (spot A) = Sunfl ower root (spot A), SF-R (spot 
B) = Sunfl ower root (spot B), T-R = Tomato root, P-R = 
Pawpaw root.

Figures 1 & 2 shows the antibiotic susceptibility test of 
the identifi ed Gram positive organisms. It was observed 
that Enterobacter has the highest zone of inhibition to 
streptomycin (20mm), while, Bacillus cereus, Actinomycoses 
sp. has the lowest zone of inhibition to streptomycin 
(0mm). Bacillus cereus, Enterobacter sp. Aeromonas sp. have 
the highest zone of inhibition to gentamycin (20mm), 
while Actinomycoses sp have the lowest zone of inhibition 
to gentamycin (15mm). Bacillus cereus, Actinomycoses sp. 
and Aeromonas sp. has the highest zone of inhibition to 
rifampicin (20mm), while Enterobacter sp. has the lowest 
zone of inhibition to rifampicin (13mm). Actinomycoses sp. 
has the highest zone of inhibition to Amoxil (15mm), while 
Bacillus cereus has the lowest zone of inhibition to Amoxil 
(0mm), Actinomycoses sp. have the highest zone of inhibition 
to Norfl oxacin (17mm), while Bacillus cereus, and Aeromonas 
sp. has the lowest zone of inhibition to Norfl oxacin (0mm). 
Actinomycoses sp. and Aeromonas sp. has the highest zone 
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Table 8: Preliminary biochemical tests carried on the bacterial isolates and identifi cation of Non –leguminous Endophytic bacteria isolates using (biochemical tests).

Isolates Catalase Oxidase
Mannitol Maltose Glucose

MR VP Citrate Probable organism
SF GAS SF GAS SF GAS

SF-R Na 10-10Spot A + - + - + + + - - - + Bacillus cereus 

SF-R Na10-10Spot B + + + - + + + + - - + Actinomycoses spp

T-R Na 10-10 + - + + + + + - - - + Enterobacter spp

P-R Na 10-10 + + + - + + + + - - + Aeromonas spp

Table 9: NCBI Blast result showing the Non-leguminous Endophytic bacteria and fungi isolates.

Select for 
downloading or 
viewing reports

Scientifi c Name Max Score Total 
Score

Query 
Cover E value Per. Ident Accession

T-R Fusarium solani 841 841 99% 0 100.00% OK054587

P-R Fusarium verticillium 887 887 98% 0 99.80% OK054588

SF-R Bacillus thuringiensis 2597 36307 100% 0 99.79% OK054549

Figure 1  �Schematic diagram showing procedure for isolation of non-leguminous endophytic bacteria from plant sample [15].

of inhibition to chloramphenicol (13mm) while Bacillus 
cereus and Aeromonas sp has the lowest zone of inhibition 
to chloramphenicol (0mm). Bacillus cereus, Actinomycoses 
sp. Enterobacter sp. and Aeromonas sp. all have high zone of 
inhibition to ciprofl oxacin and levofl oxacin (20mm), Bacillus 
cereus has the highest zone of inhibition to Erythromycin 
(20mm) while Enterobacter sp. and Aeromonas sp. has the 
lowest zone of inhibition to erythromycin(15mm).

• Percentage inhibition ratio of Bacillus cereus against 
Gram positive Non –leguminous Endophytic bacteria 
isolates. E (30μg) 17%, LEV (20μg) 17%, CN (10μg) 
18%. APX (20μg) 14%, RD (20μg) 17%, CPX (10μg) 
17%

• Percentage inhibition ratio of Actinomycoses sp. 
against Gram positive Non –leguminous Endophytic 
bacteria isolates, E (30μg) 11%. CPX (10μg) 14%, CH 
(30μg) 9%, NB (10μg) 9%, AMX (20μg) 10%, RD 
(20μg) 13%. APX (20μg) 10%.CN (10μg) 10%, LEV 
(20μg) 14%.

• Percentage inhibition ratio of Enterobacter sp. 
against Gram positive Non –leguminous Endophytic 
bacteria isolates, E (30μg) 11%, CPX (10μg) 15%, S 
(30μg) 15%, RD (20μg) 9%, APX (20μg) 13%. CN 
(10μg)15%, LEV (20μg)15%

• Percentage inhibition ratio of Aeromonas sp. against 
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Gram positive Non –leguminous Endophytic bacteria 
isolates, E (30μg) 10%. CPX (10μg) 14%, CH (30μg) 
9%, NB (10μg) 9%, S (30μg) 12%. AMX (20μg) 6%. 
RD (20μg) 13%, CN (10μg) 13%. LEV (20μg) 14%.

• Growth dynamic of bacteria isolates using ultraviolet 
spectrophotometer with the wavelength 480λ. It 
was observed that at 0hour, Enterobacter sp. has the 
highest growth rate of 0.132λ and Actinomycoses sp. 
have the lowest growth rate of 0.021λ. At 60th hour, 
Aeromonas sp has the lowest death rate of 0.140λ and 
Enterobacter sp have the highest death rate of -0.057λ

• Growth dynamic and killing time of bacteria isolates 
and addition of ciprofl oxacin antibiotic at 24th hour 
using ultraviolet spectrophotometer. In this table, it 
was observed that at 0 hour, Bacillus cereus has the 
highest growth rate of 0.181λ and Enterobacter sp. 
have the lowest growth rate of 0.135λ. At the 60th 
hour, Actinomycoses sp. has the lowest death rate of 
-0.080λ and Enterobacter sp. have the highest death 
rate of -0.050λ

Key: S - Streptomycin, NB - Norfl axacin, CH- 
Chloramphenicol, CPX- Ciprofl ox, E- Erythromycin, 
LEV- Levofl oxacin, CN- Gentamycin, APX- Ampiclox, RD- 
Rifampicin, AMX-Amoxil. ≥ 16 = Sensitive, ≤ 14 = Resistant 
15 = Intermediate (Figures 1-13).

• Confi rmatory molecular identifi cation of non 
legunminous bacteria isolates from Helianthus 
annuus (Sunfl ower) (Plate 1).

• Confi rmatory molecular identifi cation of non 
legunminous fungi isolates from Carica papaya and 
Lycopersicum solanum (Pawpaw and Tomato) (Plate 
2).

DISCUSSION
Plants are in continuous association with microbes 

which interact with them in positive, negative or neutral 
ways. Endophytes are microbial entities that colonize living 
plant tissues and most of them live in a relationship with 

Figure 2 Antibiotic susceptibility test of identifi ed Gram positive Non –leguminous Endophytic bacteria isolates.

Figure 3 Percentage inhibition ratio of Bacillus cereus against gram positive 
non-leguminous Endophytic bacteria isolates.

Figure 4 Percentage inhibition ratio of Actinomycoses spp against gram 
positive non-leguminous endophytic bacteria isolates.
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Figure 5 Percentage inhibition ratio of Enterobacter spp against gram positive 
non-leguminous endophytic bacteria isolates.

Figure 6 Percentage inhibition ratio of Aeromonas spp against gram positive 
non-leguminous endophytic bacteria isolates.

Figure 7 Growth dynamic of bacterial isolates using ultraviolet 
spectrophotometer with wavelength 480λ.

Figure 8 Growth dynamic and killing time of bacterial isolates with addition of 
ciprofl oxacin antibiotic at the 48th hour using ultraviolet spectrophotometer 
with wavelength 480λ.

Figure 9 Molecular assay of Isolation, Identifi cation and Characterization of 
Non-Leguminous Endophytic Bacteria of Helianthus annuus (Sunfl ower root, 
SF-R).

Figure 10 Molecular assay of isolation, identifi cation and characterization of 
non-leguminous endophytic bacteria and fungi of Lycopersicum solanum and 
Carica papaya (Tomato and Pawpaw root, T-R, P-R).

their host plant as symbionts and mutualistic association. 
Many endophytes are capable of producing compounds that 
serve as defense chemicals against pathogenic microbes 
infecting the plants. Endophytes not only promote plant 
growth, but also contribute to yield of the crop, suppress 
pathogens, and help in bioremediation of contaminated soils 
and solubilization of phosphates and nitrogenous nutrients. 
The main objective of this study is to compare between 
the conventional and molecular method of isolation, 
identifi cation and characterization of non-leguminous 
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Figure 12 Fusarium verticillium culture grown on potatoes dextrose agar.

Figure 11 Fusarium solani culture grown on potatoes dextrose agar.

Figure 13 B. Thuringiensis.
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endophytic bacteria and fungi, from this study, Findings of 
this study revealed that colony count of isolates for bacterial 
culture from plant root samples reveals that Pawpaw Root 
sample (P-R 1) had highest count of colony of 32 at dilution 
factor 10-7 while the least bacterial colony count was 
observed in Tomato Stem (T-S 2). These shows that bacterial 
endophytes have been obtained from all the plant parts taken 
but maximum numbers were contributed by roots followed 
by stem and then leaves. This might be because generally 
the endophytes enter plant tissue primarily through roots 
where their population is higher and thereafter decreases 
acropetally [29]. These observations are well supported by 
the study of Posada and Vega [33] which states that bacteria 
generally colonize the intercellular spaces, and they have 
been isolated from all plant compartments including seeds. 
Likewise, the colony counts for fungal culture revealed that 
highest colony count was observed in Pawpaw Root (P-R 1) 
and Sun Flower root (SF-R 1) sample with count of 28 each 
(Tables 2 & 3).

This present study revealed the cultural characteristics 
of the isolates on nutrient and PDA agar. Isolates appears 
to either be raised creamy, low creamy or fl at creamy. Also, 

most of the isolates are seen to have smooth edges as shown 
in table 4.

Morphological characteristics of isolates was studied 
base on surface, colour, elevation, edge and mode of spread, 
fi ndings show that surface of the isolates either appear 
as dry, wet, smooth or rough while they also appear as 
either milky or creamy in colour. The angle of elevation is 
either raised or low while isolates has it mode of spread as 
moderate or swarm (Table 5). The conventional method of 
isolation, identifi cation, and characterization employed 
during the course of this research work depletes that the 
biochemical test was also carried out for the characterization 
of the isolated bacterial culture from the various explants 
of  the plant and to further identify the organism isolated 
according to the “Bergey’s Manual of the Determinative 
Bacteriology”. The isolated organism were identifi ed to the 
Genus level. Findings revealed that all isolated endophytic 
bacterial were gram positive and appears to have short 
rods (Table 6). Further biochemical test were performed to 
further identify the organism isolated. Result shows that all 
isolates were non motile except for isolates from sunfl ower 
root (Spot A) which was motile. Most isolates were indole 
positive and also has the ability of utilizing one or two sugars 
as well as production of gas (Table 7). Further test such as 
catalase, oxidase mannitol, maltose, glucose, M.R, V.P test 
were all carried out and organism isolated include; Bacillus 
cereus, Actinomycoses sp., Enterobacter sp. and Aeromonas 
sp. This agrees to the work of [33-35] who in their study 
isolated endophytic bacteria such as Bacillus, Agrobacterium, 
Rhizobium, Pseudomonas, Mycobacterum, Enterobacter and 
Erwinia from legume tissue of plants.

Bacteria isolated was tested against various antibiotics 
such as Streptomycin, Norfl oxacin, Chloramphenicol, 
Ciprofl ox, Erythromycin, Levofl oxacin, Gentamycin, 
Ampiclox, Rifampicin, and Amoxil. Result shows that 
Levofl oxacin, Erythromycin, Ciprofl ox and Gentamycin 
shows it susceptibility rate on all tested endophytic bacteria 
while all tested organisms were resistant to Norfl oxacin, 
Chloramphenicol and Amoxil. Other tested antibiotics has 
intermediate, resistant or are susceptible to one or two 
isolates. All antibiotics used for this research has afrequency 
inhibiton potentials on the endophytes which is clearly 
stated in fi gures 2-8 in which Bacillus cereus has the highest 
percentage(18% with levofl oxacin) [35]. The measurement 
of an exponential bacterial growth curve in batch culture was 
traditionally a part of the training of all microbiologists; the 
basic means requires bacterial enumeration (cell counting) 
by direct and individual (microscopic, fl ow cytometry) 
[35,36], direct and bulk (biomass), indirect and individual 
(colony counting), or indirect and bulk (most probable 
number, turbidity, nutrient uptake) methods. In the study, 
ultraviolet spectrophotometer is used to determine the lag 
phase, log phase or exponential phase, stationary phase, 
and death phase. And also, ultraviolet spectrophotometer 
was used to determine the death rate of the organisms with 

Mk Na

1500bp

Plate 1 Agarose gel electrophoresis showing the positive amplifi cation of 
the 16S r-RNA region of bacteria isolated from root of Helianthus annuus 
(sunfl ower).

500bp

Mk TR CR

Plate 2 Agarose gel electrophoresis showing the positive amplifi cation of the 
ITS region of fungi isolated from roots of Carica papaya and Lycopersicum 
solanum (pawpaw and tomato).
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addition of antibiotics. During lag phase, bacteria adapt 
themselves to growth conditions. It is the period where the 
individual bacteria are maturing and not yet able to divide. 
During the lag phase of the bacterial growth cycle, synthesis 
of RNA, enzymes and other molecules occurs. During the 
lag phase cells change very little because the cells do not 
immediately reproduce in a new medium. This period of 
little to no cell division is called the lag phase and can last 
for hours. During this phase cells are not dormant (35) the 
log phase (sometimes called the logarithmic phase or the 
(exponential phase) is a period characterized by cell doubling. 
The number of new bacteria appearing per unit time is 
proportional to the present population. If growth is not 
limited, doubling will continue at a constant rate so both the 
number of cells and the rate of population increase doubles 
with each consecutive time period. At the exponential phase, 
ciprofl oxacin was added to speed up the rate of death of the 
organisms. This helps us to understand that antibiotics can 
be used to control the death rate of the organisms, in the 
study, Growth dynamic of bacteria isolates using ultraviolet 
spectrophotometer shows that the highest growth of 0.132λ 
was observed in Enterobacter sp. while the least growth was 
observed in Actinomycoses sp. at 0.021λ. Likewise, at 60th 
hour, Aeromonas sp. has the lowest death rate of 0.140λ 
and Enterobacter sp. have the highest death rate of -0.057λ 
growth dynamic and killing time of bacteria isolates and 
the addition of ciprofl oxacin antibiotic at 24th hour using 
ultraviolet spectrophotometer. At 0 hour, highest growth 
rate of 0.181λ was observed in Bacillus cereus, while the least 
growth rate was observed in Enterobacter sp. at 0.135λ. At the 
60th hour, Actinomycoses sp. has the lowest death rate of 
-0.080λ and Enterobacter sp. have the highest death rate of 
-0.050λ.

The preliminary identifi cation of the non-leguminous 
endophytic bacteria and fungi was further subjected to 
confi rmatory identifi cation at which the non-leguminous 
endophytic isolates were molecular sequenced. The complete 
chloroplast genome of Helianthus annuus, Carica papaya and 
Lycopersicum solanum have an Expressed Sequence Tag (EST) 
databases for both Helianthus annuus, Carica papaya and 
Lycopersicum solanum were downloaded from the compositae 
Genome Project Database(CGPDB). The complete set of 
coding sequences from the direct sequencing of the non-
leguminous endophytic plant root samples were searched 
by BLAST respectively by EST database. Signifi cant hits 
were examined and placed into author-defi ned categories. 
Through detailed sequence analyses of a representative set 
of 1 bacterial clones and 2 fungal clones, it was provided that 
the fi rst report on the overall structural organization as well 
as sequence composition of Helianthus annuus, Carica papaya 
and Lycopersicum solanum genome [36].

Fusarium solani Species Complex (FSSC) are capable of 
causing disease in many agriculturally important crops. 
The genomes of some of these fungi include supernumerary 
chromosomes that are dispensable and encode host-specifi c 

virulence factors. In addition to genomics, this review 
summarizes the known molecular mechanisms utilized by 
members of the FSSC in establishing disease, it was observed 
that some of the antibiotics used during this research work 
has tramendous activity on Fusarium solani [25].

Fusarium verticillium are soil-borne fungal pathogens 
that invade through the roots and disrupt water transport 
through the vascular tissues, Fusarium wilts are host-
specifi c, whilst Verticillium wilts have wider host ranges 
• Symptoms include wilting, dieback and characteristic 
vascular staining and resting structures can contaminate 
soil or growing areas for long periods. The Spread may occur 
via movement of infected plants and cuttings. The use of 
disinfectants, will help to reduce the risk demonstrated with 
the use of antibiotic during the course of this research work. 
Verticillium and Fusarium species are soil-borne fungi that 
can survive for extended periods in the absence of a host 
plant by producing resilient resting structures.

B. thuringiensis is placed in the Bacillus cereus group which 
is variously defi ned as: seven closely related species: B. cereus 
sensu tricto  (B. cereus), B. anthracis, B. thuringiensis, B. mycoides, 
B. pseudomycoides, and  B.  cytotoxicus B. thuringiensis  also 
occurs naturally in the gut of  caterpillars of various types 
of moths  and butterfl ies, as well on leaf surfaces, aquatic 
environments, animal feces, insect-rich environments, and 
fl our mills and grain-storage facilities. 

The conventional method of identifi cation and 
characterization of bacteria and fungi is a good method 
which are in use for a very long time and has been used by 
several researchers to characterized bacteria and fungi but 
it has a short coming due to the fact that humans expertise 
are needed to have a good result but with the advent of bio-
informatics i.e, the molecular method, it is easy to identify 
and characterized bacteria and fungi to the sub-species 
level and the results is 100 percent correct. Therefore, the 
research has x-rayed the antimicrobial spectrum, growth/ 
killing kinetics of non-leguminous endophytic bacteria and 
fungi from helianthus annuus, carica papaya and lycoperesicum 
solanum. It has enabled us to identify and characterized 
bacteria and fungi to the sub molecular level. It should be 
advised that the molecular method should be used in the 
identifi cation and characterization of bacteria and fungi 
[36,37]. 

CONCLUSION 
Microbial endophytes could be employed to improve 

plant health and enhance productivity directly in commercial 
crop plants. Thus, the isolated non-leguminous endophytes 
could help reduce pathogens due to it antimicrobial activity 
as well as increasing crop productivity without harming the 
health of agricultural soils nor compromising food quality 
with agrochemicals. The current eff orts to fi nd microbial 
crop stimulants is a beginning that may lead to a signifi cant 
reduction in chemical applications in crop production. Non-
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leguminous Endophytes could help cultivate crops with less 
fertilizers, fungicides, insecticides. 

RECOMMENDATION
From the study and research observed from the 

comparative study between the conventional and molecular 
assay of isolation, identifi cation and characterization of 
non-leguminous endophytic bacteria and fungi, I thereby 
recommend that the molecular assay of identifi cation and 
characterization of either the bacteria or fungi, should be 
encouraged in modern day applications to research work to 
give a standardized and 100 percent correct identifi cation to 
the sub-species level.
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