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ABSTRACT 
Bacterial endophytes are host-beneficial microbial symbionts inhabiting different plant tissues without causing damage to the host plant. 

To our knowledge, no previous data was available regarding the endophytic bacterial population colonizing root nodules of plant 

legumes in this region. Therefore, this study was conducted to identify and assess the biodiversity of the bacterial endophytes of four 

different legumes species of the Fabaceae family, including Chickpea, Faba bean, Common bean, and Lentil in Duhok province, using 

16S rDNA sequencing. The results revealed that 69 different pure culture colonies were isolated based on the phenotypic characteristics 

of endophytes on YEM medium and Gram staining. Based on 16S rDNA sequencing, seventeen bacterial species have been identified, 

with the sequence identities ranging from 98.41-100%. They belonged to nine different bacterial genera. The identified bacterial genera 

were Pantoea sp. (35%), Enterobacter sp. (26%), Clostridium sp. (15%), Kosakonia sp. (9%), Pseudomonas sp. (4%), Curtobacterium 

sp. (4%), Erwinia sp. (3%), Salmonella sp. (3%), and Rahnella sp. (1%). These bacterial genera belonged to four Phyla, including 

Pseudomonadota, Bacillota, Proteobacteria, and Actinobacteria. The antibacterial sensitivity against six various antibiotics by disc 

diffusion method showed different resistant patterns (bacitracin 78%, amoxicillin 56%, rifampin 34%, erythromycin 11%, 

chloramphenicol and tetracycline 6%), respectively. The phylogenetic analysis clustered the identified bacterial endophytes into three 

major clades and 11 different sub-clusters (C1 to C11), with a high degree of similarity amongst bacteria belonging to the same species. 

In conclusion, the population densities, species richness, and frequency of isolated endophytes showed variations based on geographical 

locations and the type of plant legumes. Finally, the results of the current investigation might add significant knowledge regarding 

endophytic bacterial populations colonizing different plant legumes in this region. 

https://creativecommons.org/licenses/by-nc/4.0/ 
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1. Introduction 

Bacterial endophytes are symbiont microbes that live inside the 

host plant tissues and parts without causing any sign of disease[1]. 

The host plants in this symbiotic relationship could benefit from 

these endophytic bacteria as these natural symbionts produce a 

variety of beneficial compounds to improve plant growth, 

maximize crop productivity, and reduce the environmental 

impacts of agriculture[2]. 

Various microbial genera live endophytically in the roots and 

nodules of both legumes and non-legumes that are grown all over 

the world. Members of Streptomyces, Azocareus, Serratia, 

Gluconobacter, Stenophomonas, Bacillus, Pseudomonas, 

Paenibacillus, and Enterobacter, which belong to the three 

bacterial Phyla, including Actinobacteria, Proteobacteria, and 

Firmicutes, found as endophytes[3].  

Legume plants play significant roles in agriculture and cropping 

systems, not only for their commercial value as food in providing 

vital nutrients such as protein, fiber, folate, vitamins, iron, 

phosphorus, calcium, potassium, and zinc, but also as a green 

manuring crop in improving soil fertility and crop yields by direct 

nitrogen transfer as well as residual fixed nitrogen through the 

symbiotic association with microorganisms and enhancement of 

other soil microbial activity[21]. Water availability is significantly 

affected by climate changes, which increases soil salinity and 

decreases many crops' production[7]. The presence of naturally 

occurring nitrogen-fixing bacteria in soil offers promising means 

of recovering depleted soil nutrients for food production to satisfy 

the demands of the world's expanding population while relieving 

farmers of the expense and excessive reliance on chemical 

fertilizers[5]. Endophytic microbial communities have received 

great interest in recent years, either in agriculture and medicine 
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or in controlling environmental contamination. These bacteria are 

used in agriculture as biofertilizers, biocontrol agents, or stress 

reducers[4, 5].  

The bacterial endophytes interact with the host plants in 

mutualistic, neutral, or hostile ways. They can raise the nitrogen 

pool in the soil to improve plant nutrition for improved 

productivity. Additionally, the endophytic bacteria can promote 

the growth of legumes and biologically control plant pathogens[5].  

Endophytes living inside a plant may be responsible for many 

significant characteristics and therapeutic capabilities. The 

physiological changes in the plant cell are triggered either 

actively or passively by endophytes[20]. It has been reported that 

bacterial endophytes can produce the phytohormones such as 

IAA, gibberellins, and cytokinins to directly stimulate the growth 

of the host plant, phosphate solubilization, N2 fixation, or 

indirectly by the production of antibiotics, siderophores, and lytic 

enzymes against the pathogens[6]. Many studies have also shown 

that endophytes produce bioactive substances that promote plant 

growth and boost plant resistance to diseases[9].  

Recently, using endophytic bacteria to improve the production of 

legumes has gained increasing attention. Endophytic bacteria 

play a fascinating role in increasing soil fertility and minimizing 

the usage of chemical fertilizers[8]. Recently, 16S rDNA 

sequencing has become a vital tool for precise bacterial 

identification, particularly for bacteria with odd phenotypic 

profiles, rare bacteria, slow-growing bacteria, non-cultivable 

bacteria, and illnesses with a negative culture response[10].  

Applying this molecular technique has led to the discovery of 

many novel bacteria in the last two decades (2001 –2022)[11].   

It has suggested that the root nodules of legumes establish an 

ecological niche for the growth and survival of diverse bacterial 

endophytes, however to the best of our knowledge; no previous 

data were available reporting the endophytic bacterial population 

in root nodules of plant legumes in the Kurdistan region and Iraq. 

This study aimed to identify the endophytic bacteria of the root 

nodules of some common legumes of the Fabaceae family in 

different geographical locations of Duhok province at the 

molecular level and verify the biodiversity and phylogenetic 

analysis of the endophytic bacterial community of the studied 

legumes. 

2. Materials and Methods 

2.1 Sample collection and study site 

Legumes samples, including Common bean (Phaseolus 

vulgaris), Chickpea (Cicer arietinum), Lentil (Lens culinaris), 

and Faba bean (Vicia faba), have been collected from seven 

districts (Duhok, Sumeal, Zakho, Amedy, Sheikhan, Bardarash, 

and Akre). 

Duhok city lies in the western part of the Kurdistan region, 

northwest of Iraq, about 470km north of Baghdad and 430-450m 

above sea level. For each plant species, four samples were 

randomly selected per location (district). 

2.2 Isolation and culturing of the endophytic bacteria 

Roots and nodules of the collected samples were cleaned with tap 

water to dispose of the soil particles and remove any exterior 

debris, and then washed with distilled water. Under aseptic 

conditions, the surface of roots and nodules was well disinfected 

with (1/3) of NaClO for 5 minutes, being cut into small pieces 

and mashed one at a time in sterile mortars and pestles, using 

sterilized distilled water. The homogenized mixtures had streaked 

on yeast extract-mannitol agar (YEM) media. The inoculated 

Petri dishes had incubated at 28 °C for 24 to 48 hours in an 

incubator. The plates had checked for bacterial growth 48 hours 

later. Entophytic bacterial colonies had collected with an 

inoculation needle and then further subcultured on a new yeast 

extract-mannitol (YEM) medium to produce pure single-culture 

colonies. The purified colonies were stored in 40% (v/v) glycerol 

at -20 C as stocks before being used in another experimental 

technique. 

2.3 Phenotypic Characterization of the bacterial isolates 

2.3.1 Colony Characteristics 

Microbiological characterization of the isolated bacterial 

endophytes had performed using colony morphology and its 

characteristics on the YEM agar[12].  

2.3.2 Gram stain test 

This step had performed as follows:- 

One drop of overnight bacterial culture had spread on a clean 

slide to make a smear and has fixed by a heat stream. A few drops 

of crystal violet (to stain gram-positive bacteria) have added to 

the bacteria for 60 seconds. Then, 2-4 drops of iodine have added 

to the bacterial smear for 45-60 seconds. A few drops of ethanol 

have added for 10 seconds to wash out the excess stain and 

decolorize gram-negative bacteria. Then, a few drops of safranin 

have added for 1 minute to counterstain gram-negative bacteria. 

The slide was then gently washed with tap water and observed 

under the (1000X) using a light microscope, following standard 

protocol[13]. 

2.3.3 Antibiotic sensitivity test 

The antimicrobial activity of the isolated endophytes had assayed 

against six antibiotics, including Amoxicillin (30µg), Bacitracin 

(30µg), Chloramphenicol (30µg), Erythromycin (30µg), 

Rifampin (30µg), and Tetracycline (30µg), employing the Kirby 

Bauer disc-diffusion assay technique. Organisms classified as 

resistant (R) or sensitive (S) according to the inhibition zone as 

described in the DIFCO manual, 10th edition [1] 

2.4 Molecular identification of the isolates 

2.4.1 DNA extraction 

Genomic DNA was extracted from all isolated endophytic 

bacteria using AddPrep Bacterial genomic DNA extraction kit 

following the manufacturer's protocol. The quality and quantity 

of the extracted DNA had checked by a NanoDrop 

spectrophotometer. 
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2.4.2 PCR amplification of 16S rDNA gene 

Amplification of 16SrDNA gene fragments (1400bp) was carried 

out by PCR in a thermal cycler (Eppendorf AG / USA), using 

primers 16Sa (5'- CGCTGGCGGCAGGCTTAACA-3') and 

16Sb (5'-CCAGCCGCAGGTTCCCCT-3') according to Taoufiq 

and others (2018) with few modifications. The PCR conditions 

were as follows: one cycle at 94°C for five minutes served as the 

initial denaturation, followed by 30 cycles beginning with 

denaturation at 94°C for 45 seconds, annealing at 55°C for 45 

seconds, and amplification at 72°C for 90 seconds, followed by a 

final extension at 72°C for seven minutes. Amplified products 

had resolved by 1.2% agarose gel electrophoresis, visualized 

using a UV-transilluminator, and a clear picture had captured 

using a Nikon digital camera.  

2.4.3 Sequencing of 16S rDNA 

MinElute PCR Purification Kit (50) (Qiagen) had used to purify 

PCR products following the supplier's instructions. The purified 

PCR products have been sequenced by Macrogen Incorporation 

(Seoul, South Korea), implementing an ABI3730 XL automatic 

DNA analyzer and the primer pair 16Sa and 16Sb.  

2.4.4 Analysis of 16S rDNA sequences and species identification 

Geneious, version R8.1, Biomatters[14], and BioEdit version 7.2 

software programs have been applied to analyze, edit, trim, and 

verify the sequenced fragments of 16S rDNA for each forward 

and reverse strand and saved in Fasta format. The sequenced 

fragments (1400 bp) of 16S rDNA amplicons had compared with 

the available sequences at NCBI (National Center for 

Biotechnology Information). The nucleotide sequences showed ≥ 

99 % similarities retrieved by using the Basic Local Alignment 

Search Tool (BLAST) against 16S rDNA sequences of type 

strains (www.ncbi.nlm.nih.gov/ BLAST). 

2.4.5 Phylogenetic analysis 

Geneious program version R8.1, Biomatters[14], has been used for 

the phylogenetic analysis and nucleotide sequence alignment. 

The ClustalW algorithm, using the default parameters, has been 

used to align sequences. The UPGMA method has been applied 

to construct a phylogenetic tree. 

3. Results and Discussion 

In the current study, legumes of Common bean (Phaseolus 

vulgaris), Chickpea (Cicer arietinum), Lentil (Lens culinaris), 

and Faba bean (Vicia faba) from seven different districts of 

Duhok governorate, including Duhok, Sumeal, Zakho, Amedy, 

Sheikhan, Bardarash, and Akre have selected to identify the 

endophytic bacteria at the molecular level and to address their 

biodiversity. The colony characteristic results of the endophytic 

bacteria on the YEM medium revealed that 69 distinct pure 

culture colonies have obtained, of which 28 colonies were from 

Faba bean, 16 from Chickpea, 13 from Common bean, and 12 

from Lentil. The isolated endophytes had characterized using 

colony morphology and appearance, including shape, size, color, 

type of margin, opacity, elevation, texture, and their appearance 

after Gram staining. Bacterial isolates produced different colony 

morphology and characteristics on the YEM. For instance, white 

colonies with entire margins, translucent, and rod-shaped gram-

negative bacteria had characterized from each of the studied 

legumes.  Further, Rod-shaped gram-negative white colonies 

with opaque, uneven edges had also observed in most study sites. 

The endophytes that colonized some of the investigated legumes 

had recognized as being creamy in color with elevated, whole 

edges and opaque with gram-negative rods. In addition, gram-

negative bacteria produced pale yellow, opaque colonies with full 

borders and bacilli in the cell shape of bacteria observed in all 

studied plant legumes. In addition, small to medium-sized, white, 

and flattened periphery colonies with gram-positive rods have 

been observed in some studied legumes. Moreover, smooth, 

translucent, convex, with entire margins, pale reddish yellow 

colonies with gram-negative rods had also been found in some of 

the studied legumes. These results might reflect the biodiversity 

and richness of the endophytic bacteria that colonized the studied 

legumes.  

The antibacterial properties of the isolated bacterial endophytes 

have screened against six different antibiotics using the disc 

diffusion method.  Results showed that the highest resistance rate 

(78%) was for bacitracin, followed by 56% for amoxicillin, 34% 

for rifampin, and 11% for erythromycin. In contrast, the lowest 

resistance rate (6%) was for each chloramphenicol and 

tetracycline, respectively. Resistance to antibiotics among 

endophytic bacteria might be due to the increasing use and 

applications of antibiotics over the last decades. This led to the 

increasing release of antibiotic-resistant genes into the 

environment and soil through resistant environmental strains and 

the significant accumulation of these antibiotic-resistant genes in 

agricultural soils that horizontally transferred to other 

microorganisms, including endophytic bacteria[16]. 

Furthermore, the quantification and qualification results showed 

that the concentration of the isolated DNA ranged from 

(27.5ng/µl) to (154.9ng/µl) with a purity between 1.7 and 2. The 

findings of PCR amplification of the 16S rDNA fragment, using 

a primer pair 16Sa and 16Sb, showed distinct, single amplified 

DNA bands of about 1400 bp (Figure 1).  

 

Figure 1: Represents an example of the PCR amplification products of 

16SrDNA for tested endophytic isolates, electrophoresed in 1.2% 

agarose gel at 5-8 v/cm. Lane M represents the molecular weight marker 

(1500bp). Numbers from 1 to 30 represent the tested sample. 

The nucleotide sequences of 16S rDNA for both forward and 

reverse strands had determined for all 69 endophytic bacterial 

isolates. The obtained nucleotide sequences for each isolate 

searched for their identity and molecular identification of the 
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bacterial endophytes implementing the BLAST algorithm of the 

GenBank database against 16S rDNA sequences of type strains 

(www.ncbi.nlm.nih.gov/ BLAST) at the National Center for 

Biotechnology Information (NCBI). The results revealed that 

seventeen bacterial species identified with nucleotide sequence 

identities of 98.41-100% compared with the bacterial sequences 

in the NCBI database. The identified bacterial species belonged 

to nine different bacterial genera, including Clostridium sp., 

Pantoea sp., Enterobacter sp., Rahnella sp., Pseudomonas sp., 

Erwinia sp., Kosakonia sp., Salmonella sp., and Curtobacterium 

sp., belonging to four different bacterial phyla including; 

Pseudomonadota, Bacillota, Proteobacteria, and Actinobacteria. 

The most abundant bacterial endophytes identified from all 

legume plants, regardless of the legume type and their study sites, 

were Pantoea agglomerans (n=23), followed by Clostridium 

sporogenes (n=9), Enterobacter mori (n=9), 

Enterobacter ludwigii (n=5), Enterobacter asburiae (n=4), and 

Kosakonia sacchari (n=4), respectively. Other endophytic 

bacterial species such as Kosakonia pseudosacchari, 

Pseudomonas reidholzensis, Salmonella enterica, Pantoea 

vagans, Curtobacterium plantarum, Erwinia endophytica, 

Erwinia aphidicola, Clostridium butyricum, Pseudomonas 

azotoformans, Pseudomonas koreensis, and Rahnella aceris were 

found to be less abundant and diagnosed from one or two legume 

plants regardless their study sites (Figure 2).

 

Furthermore, based on the legume type, the overall Faba bean 

bacterial community had found to be the most diverse one 

represented by nine different species, including Clostridium 

sporogenes, Pantoea agglomerans, Enterobacter mori, Erwinia 

aphidicola, Pseudomonas koreensis, Pseudomonas 

azotoformans, Enterobacter ludwigii, Rahnella aceris, and 

Enterobacter asburiae. In addition, the second most diverse 

endophytic bacterial community had observed in legumes of 

Chickpea plants represented by eight different bacterial species, 

including Enterobacter mori, Clostridium sporogenes, Pantoea 

agglomerans, Enterobacter asburiae, Curtobacterium 

plantarum, Clostridium butyricum, Erwinia endophytica, and 

Pantoea vagans. In addition, seven bacterial species had 

identified from common bean legume, including Enterobacter 

mori, Enterobacter ludwigii, Pseudomonas reidholzensis, 

Pantoea agglomerans, Clostridium sporogenes, Kosakonia 

pseudosacchari, Salmonella enterica. In contrast, the less diverse 

bacterial endophyte community observed in Lentil plant legumes 

had represented by four different bacterial species, including 

Enterobacter asburiae, Pantoea agglomerans, Kosakonia 

sacchari, and Kosakonia pseudosacchari.  

The 16S rRNA gene sequence, used in the current investigation, 

for molecular identification of bacteria at the genus and species 

levels, was an accurate and robust molecular and bioinformatics 

tool, particularly for isolates that might not fit any established 

cultural or biochemical profiles. In the current investigation, 

Pantoea sp. was the most prevalent species (35%), followed by 

Enterobacter sp. (26%), Clostridium sp. (15%), and Kosakonia 

sp. (9%), respectively. Pantoea is a Gram-negative bacterial 

genus of the family Erwiniaceae, which includes 20 species, 

recently separated from the genus of Enterobacter. Pantoea 

agglomerans, a gammaproteobacterium of plant origin, was the 

most frequent endophytic species (33.3% of all isolates) 

recovered from all plant legumes screened in this study. This 

bacterium is known to possess many beneficial properties for the 

prevention of diseases, and fighting plant pathogens, as it 

produces a range of antibacterial substances, including 

agglomerins, pantocins, herbicolin, andrimid, microcin, 

phenazine, and others, which can combat human, animal, and 

plant pathogens. Besides, it promotes plant growth, as well as the 

bioremediation of the environment[17]. Other endophytic species 

such as Pantoea vagans, Enterobacter mori, Enterobacter 

ludwigii, Enterobacter asburiae, Clostridium sporogenes,  

Pantoea sp.
35%

Enterobacter sp.
26%

Clostridium sp.
15%

Kosakonia sp
9%

Curtobacterium sp.…

Pseudomonas sp.
4%

Erwinia sp.
3%

Salmonella sp.
3% Rahnella sp.

1%

Pantoea sp. Enterobacter sp. Clostridium sp.

Kosakonia sp Curtobacterium sp. Pseudomonas sp.

Erwinia sp. Salmonella sp. Rahnella sp.

Figure 2: represents the pie chart of the abundance and percentage of each bacterial genus. 
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Clostridium butyricum, Kosakonia pseudosacchari, Kosakonia 

sacchari, Salmonella enterica, Pseudomonas azotofarmans, 

Pseudomonas koreeusis, Pseudomonas reidholzensis, Rahnella 

aceris, Erwinia aphidicola, Erwinia endophytica, and 

Curtobacterium plantarum have already been identified as 

endophytic bacteria in numerous earlier studies and isolated from 

rhizospheric soil. Certain cultivars of legumes contain members 

of specific genera, which may indicate that those members are 

better suited than others to survive as endophytic bacteria in 

legumes[18]. Variations in the make-up of the endophytic 

population according to cultivar or the plant clone had been 

reported previously in citrus plants, poplar trees, potatoes, salix, 

and legumes. It is unclear whether endophytic bacterial species 

confer any benefits to the host plant or if they may use the host as 

a survival strategy in the environment to reach plants on which 

they can develop the disease. Some bacterial species considered 

pathogenic for certain plant species have been isolated as 

endophytic in other species[19]. Understanding how endophytic 

microbes interact with their host plants requires the study of these 

species.  

Among the isolated endophytes, nine were from Faba bean, eight 

from Chickpea plants, seven from Common bean, and four from 

Lentil plant legumes, suggesting that legumes harbor a diverse 

array of bacterial endophytes. Although the endophytic bacterial 

species had been isolated successfully from all plant legumes 

used in the current study, the population densities, species 

richness, and frequency of the isolated endophytic bacteria varied 

based on the geographical locations and the type of plant legume. 

The fluctuations in the endophytic bacterial population might be 

due to seasonal variations and environmental conditions like 

temperature, humidity, and rainfall, which might not be favorable 

for all identified bacterial endophyte colonization. In addition, 

differences in soil texture and variations in legume species might 

influence the pools of resident endophytic bacteria in plants[15]. 

The phylogenetic analysis, based on the 16S rDNA nucleotide 

sequences, clustered the identified bacterial endophytes into three 

major clades and 11 different sub-clusters (C1 to C11), as seen in 

Figure 3. with a significant degree of similarity amongst bacteria 

belonging to the same species, which aided in the correlation of 

the identified endophytes based on the 16S rDNA sequences and 

demonstrated that the bacterial endophytes colonized the studied 

legumes were diverse and belonged to different phylogenetic 

groups. These findings may offer crucial insights into endophytic 

bacterial population analyses for potential and promising 

agricultural, medical, and biotechnological applications of 

endophytes for crop improvement, technological innovation, and 

combating or controlling the pathogenic microorganism by 

endophytes. 

 

Figure 3: Represents the phylogenetic tree of the isolated bacterial endophytes. 
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Conclusion 

Overall, it concluded that the endophytic bacterial populations 

varied depending on the legume type and geographical 

distribution. Further, the molecular identification of the bacterial 

endophytes based on 16S rDNA sequencing was an accurate and 

straightforward tool for bacterial identification at genus and 

species level with high discriminatory power and produced a 

robust phylogenetic tree. Finally, the current investigation will 

add additional knowledge to the literature regarding the 

endophytic bacterial populations colonizing different plant 

legumes in this region. These might give insights into potential 

and promising agricultural and biotechnological applications of 

endophytes for crop improvement.   
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