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Abstract 
This study was to carry out the molecular characterization of isolated bacterial from some deteriorated 

fruits and vegetables. Common bacterial affecting selected fruits and vegetables were isolated. They 

include: Pseudomonas aeruginosa, Salmonella enterica, Enterococcus faecium and Lactobacillus 

plantarum. They were molecularly characterized using 16SrDNA sequence analyses. DNA extraction 

was carried out using Zymo DNA mini kit prep and the primer used were 16SF and 16SR. The 16SrDNA 

regions of these pathogens were amplified by polymerase chain reaction (PCR) with Gene Amp 9700 

thermocycler and then sequenced using Applied Biosystem 3130X gene analyser. Nucleotide sequences 

were deciphered using nBLAST. Alignment and construction of phylogenetic tree were performed using 

Neighbour Joining method of MEGA 7 software together with the sequence of related strains which were 

downloaded from GenBank. The results of the DNA yield and purity were within the range of 23 to 215.2 

ng/μl and 1.84 to 1.93. The number of nucleotide for all the organisms isolated varies from 490 to 1563, 

BLAST searches revealed that the organisms identified were within the range of 93-100% identical. The 

results demonstrated that good yield and pure DNA extracts were obtained from the selected fruits and 

vegetables and the primers used are useful for bacterial identification. 
 

Keywords: DNA extraction, primers (16 SF and 16 SR), gel electrophoresis, polymerase chain reaction, 

Sequencing and Phylogenetic analysis 

 

Introduction 
Fruits and vegetables have high dietary and nutritional values and due to these qualities they 
are very important (Barth et al., 2009) [2]. Consumption of fruits and vegetables has been 
promoted because of their vitamins, minerals, antioxidants, and fiber content. Consuming 
them also has the ability in reducing the risk of some specific diseases (Oguntibeju et al., 2013) 
[20] and due to these, consuming fruits and vegetables has dramatically increased by more than 
30% during the past few decades (Barth et al., 2009) [2]. 
Fruits and vegetables deteriorate fast because they are perishable in nature and cannot 
withstand too high or low temperature and this deterioration is mainly caused by two main 
activities which are natural degradation due to activities of enzymes and growth of 
microorganisms (bacteria, molds and yeasts). Bacteria and fungi may also produce waste 
products which act as poisons or toxins, thus causing an unplanned and unpleasant effect 
(Bakri et al., 2010) [1]. Deoxyribonucleic acid (DNA) extraction is the process by which 
nucleic acids in a cell is separated away from proteins, membranes, and other cellular material 
contained in the cell from which it is recovered. The ability to extract and purify DNA is often 
the key starting point for a variety of downstream experimental procedure like polymerase 
chain reaction (PCR). Pure DNA extraction give good polymerase chain reaction (PCR) 
products compared to DNA with lower purity which requires several dilutions before it will 
give a good PCR product (Turaki et al., 2017) [29]. Kumari et al., (2012) [16] also reported that 
quality and overall yield are important for molecular techniques in plant molecular biology, 
genetic materials conservation and crop improvement. The purpose of this study was to carry 
out the molecular characterization of isolated bacterial from deteriorated fruits and vegetables. 

 

Materials and Methods 

The bacterial isolates were preserved by growing them on Nutrient Broth and stored in MC- 

Cartney bottle until they were taken to International Institute of Tropical Agriculture (IITA) 

Bioscience Centre Laboratory for further analysis. The DNA extraction and purification were 

prepared according to the manual of Zymo Research Corp. (ZR Plant/Seed DNA Mini Prep 

Kit) 
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Assessment of DNA quantity and purity 

The quantity of the extracted DNA was compared by 

measuring the concentration and purity using a UV 

Spectrophotometer (NanoDrop™ 2000, Thermo Scientific). 

DNA extracts were quantified by measuring the absorbance 

at 260 nm (A260). DNA purities were estimated by 

calculating the A260/A280 ratios. Samples calculated to have 

A260/A280 ratios of 1.7–2.0 were assumed to be pure, free 

from protein, and other contaminants (Cawthorn et al., 2011) 
[3]. Every sample was measured three times. Measurements 

were taken at room temperature following sufficient mixing 

of all samples. 

 

Agarose gel electrophoresis and spectrophotometry 

Agarose gel (1.5%) was prepared, microwaved at 100 oC for 

3 minutes and allowed to cool. Five microliter (5 µl) of 

ethidium bromide (EtBr) was added to 150 ml agarose gel, 

poured into the agarose gel tank (Compact L/XL Biometra by 

Analytik Jena Company) and allowed to solidify. 

Subsequently, 3 μl of loading dye was added to 5 μl each of 

the samples. Samples were resolved, loaded and allowed to 

run at 100 V for 45 min before viewing on UV light source 

and photographed. 

 

Polymerase Chain Reaction amplification and sequencing 

PCR Cocktail mix for bacteria isolates 

The DNA of the selected isolated bacteria were subjected to 

the following cocktail mix and condition for the PCR. The 

PCR cocktail mixture contained 1.0 μl of 10× PCR buffer 

reactions, 1.0 μl of 25 mM MgCl2 and 0.5 μl of each 5pMol 

of forward (16 SF) and reverse (16SR) primers. Addition of 

1.0 μl of DMSO, 0.8 μl of 2.5 Mm DNTPs, 0.1 μl of Taq 5 

μ/μl, 2.0 μl of 10 ng/μl DNA and 3.1μl of H20 per 10 μl 

reaction mixture (Table 1). 

 
Table 1: PCR Cocktail mix for bacteria 

 

Component Concentration 

10× PCR buffer 1.0 

25mM MgCl2 1.0 

5pMol forward primer 0.5 

5pMol reverse primer 0.5 

DMSO 1.0 

2.5 Mm DNTPs 0.8 

Taq 5μ/μl 0.1 

10 ng/µl DNA 2.0 

H2O 3.1 

 10µl 
 

The primers used for the 16S rDNA molecular 

characterisation of the selected associated bacteria were: 

16SF: GTGCCAGCAGCCGCGCTAA 16SR: 

AGACCCGGGAACGTATTCAC (Mauti et al., 2013) [18] 
 

PCR condition 

The following thermocycling parameters are typically 

utilized by initially denaturing at 94 °C for 5 min, followed 

by 36 cycles of 94 °C for 30 s, annealing at 56 °C for 30 s, 

and extension at 72 °C for 45 sec. This was followed with a 

final extension step of 72 °C for 7 min and later left at 10 °C 

as the hold tempt for further used. This procedure was carried 

out using a modified method of Schoch et al., (2012) [26] and 

Promputtha and Miller (2010) [22]. The amplicon from the 

reaction was loaded on 1.5% agarose gel tank (Compact 

L/XL Biometra by Analytik Jena Company). The ladder used 

is hyper ladder 1 from Bioloine. (Table 2). 

Table 2: PCR condition 
 

Initial 

den. 
Den. 

Ann. 

tempt 
Extension 

No. of 

circles 

Final 

extension 

Hold 

tempt 

94 °C 94 °C 56 °C 72 °C 36 72 °C 10 °C 

5 min 30 sec 30 sec 45 sec  7 min ∞

 

PCR product purification 

The PCR was purified with the following protocol 2 vol (20 

μl) of absolute ethanol was added to the PCR product. It was 

incubated at room temperature for 15 minutes, spinned down 

at 10000 rpm for 15 minutes before decanting the supernatant 

and then spin down at 10000 rpm for 15 minutes and 2 vol 

(40 μl) of 70% ethanol was added before decanting 

supernatant then it was air dried. About 10μl of ultrapure 

water was added and then checked for amplicon on 1.5% 

agarose using gel documentation system (UV Trans 

illuminator by Aplegen). The PCR product was used for 

sequencing reaction.  

 

Sequencing of selected bacterial isolates 

The sequencing reaction was purified by using Sanger 

sequencing of the purified PCR products which is performed 

using Big Dye Terminator v3.1 cycle sequencing with 3μl of 

DNA template and 0.5 μl of 2 μM of each primer. Both 

strands are sequenced (bi directionally) using a combination 

of the following primers: 16SF, and 16SR. The product from 

the purification process was loaded and the sequence are 

generated on the ABI 3130 genetic analyser from Applied 

Biosystems (Gene Amp PCR system 9700 by Applied 

Biosystems). 

 

Sequence data view and alignment  

The sequences data was viewed and analyzed with Mega 7 

and Bioedit software and were compared with sequences in 

National Centre for Biotechnology Information (NCBI), 

USA which was done by using nucleotide Basic Local 

Alignment Search Tool (BLAST). Sequence alignments were 

performed using Clustal W (Thompson et al., 1994) [28] and 

Alignments were subsequently adjusted manually using 

Bioedit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html) 

(HaIl, 1999) [9] and MEGA 7 (Kumar et al., 2016) [31]. The 

consensus sequence of the 16S and ITS region were 

submitted for a BLAST using the NCBI GenBank database 

to obtain species-level information (El-Elimat et al., 2014) [7] 

 

Phylogenetic analyzes 

The evolutionary history was inferred using the Neighbour-

Joining method (Saitou and Nei, 1987) [23]. Evolutionary 

analyses were conducted in MEGA7 (Kumar et al., 2016) [31]. 

Moreover, this method has been reported as fast and accurate 

both for examining the relationships among species and also 

to assign unidentified samples to known species (Hebert et 

al., 2003) [10]. This method was also compared with Clustal 

Omega to construct the trees 

 

Maximum Likelihood 

Sequences were edited using Bio-edit and Mega 7 software. 

Each sequence was subjected to an individual BLAST to 

verify its identity in GenBank. The newly obtained sequences 

were aligned with highly similar, homologous sequences 

from GenBank using the multiple sequence alignment 

program MUSCLE (Edgar, 2004) [6], Clusta Omega 

(https://www.ebi.ac.uk/Tools/msa/clustalo/) with default 

parameters. The final alignment was optimized by eye and 
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manually corrected. Maximum likelihood methods were used 

in phylogenetic analyses for all genes. 

 

Results 

Quantitative estimation of DNA by Nano-drop 

Spectrophotometer 

High quantity and good yield of DNA was obtained during 

extraction from all the selected fruits and vegetables. The 

concentration of DNA (nucleic acid) obtained from the 

samples measured in nano-gram per microlitre (ng/µl) and 

the absorbance ratios of DNA purity were shown in the Table 

3. The results of the agarose gel electrophoresis of the 

isolated bacteria (Plate 1) are marker (M), Pseudomonas 

aeruginosa (a), Salmonella enterica (b), Lactobacillus 

plantarum (c) and Enterococcus faecium (d). 

 
Table 3: Quantity and purity of Nucleic acids extracted from 

selected microorganisms 
 

Sample ID Nucleic Acid (ng/μl) A 260/A 280 ratio 

Pseudomonas aeruginosa 215.2 1.89 

Salmonella enterica 23 1.93 

Lactobacillus plantarum 34.4 1.84 

Enterococcus faecium 42.2 1.85 

 

 
 

Plate 1: Agarose gel electrophoresis of products from PCR performed with primers 16SF and 16SR. Pseudomonas aeruginosa (a), 

Salmonella enterica (b), Lactobacillus plantarum (c) and Enterococcus faecium (d) 

 

Amplification, sequencing and data alignment of selected 

bacteria isolates 

The primer pairs successfully amplified all the bacterial 

isolated which signified their uniform effectiveness in 

amplifying intense bands. The 93-100% amplification rate of 

selected bacterial isolates was obtained in the present study. 

Based on the sequence of GenBank reference strains and 

pathogenic strains, the phylogenetic tree was generated for 

bacteria species. The organisms, number of nucleotide based 

on the query lengths of amplified fragments using the primers 

16SF and 16SR for bacteria range from 490 to 1526 are 

shown in Table 4. The accession number, query covered and 

the percentage of identity are Pseudomonas aeruginosa 

(NR117678.1) with 100% query cover and 99% identity, 

Salmonella enterica (CP 022663.1) with 100% query cover 

and 93% identity, Lactobacillus plantarum (MK 347022.1), 

Enterococcus faecium (KT 626391.1) with 100% query cover 

and 100% identity. 

 
Table 4: Nucleotide sequence amplification 

 

No of nucleotide sequence amplified 

Organisms Accession no. 16SF 16SR Percentage of query cover Percentage of Identity 

Pseudomonas aeruginosa NR117678.1 847 1526 100 99 

Salmonella enterica CP022663.1 490 1275 100 93 

Lactobacillus plantarum MK347022.1 1439 764 100 100 

Enterococcus faecium KT626391.1 869 540 100 100 

 

Phylogenetic analysis  

The evolutionary history was inferred using the Neighbor-

Joining method (Saitou and Nei 1987) [23]. The evolutionary 

distances were computed using the Maximum Composite 

Likelihood method (Tamura et al., 2004) [27] and are in the 

units of the number of base substitutions per site. All 

positions containing gaps and missing data were eliminated. 

Evolutionary analyses were conducted in MEGA7 (Kumar et 

al., 2016) [31]. The phylogenetic tree analyzed are shown in 

Figure 1-4.  

Nucleotide composition for amplified bacteria and fungi  

Table 5 shows the nucleotide frequencies and all the 

frequencies are given in percentage. The average total for T 

(U), C, A and G are 21.7, 22.8, 23.7 and 29.7 with the sum 

total of 1221.8. The table also shows the total of each 

accession number with the total ranging from 490 to 2239 

based on each accession number. 
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Fig 1: Phylogenetic tree of Pseudomonas aeruginosa sequence 

 

The optimal tree of Pseudomonas aeruginosa with the sum of branch length 0.02013175 and there were a total of 828 positions 

in the final dataset. 

 
 

Fig 2: Phylogenetic tree of Salmonella enterica sequence 

 

The optimal tree of Salmonella enterica is with the sum of branch length 1.34350770 and there were a total of 418 positions in 

the final dataset. 

 
 

Fig 3: Phylogenetic tree of Lactobacillus plantarum sequence 

 

The optimal tree of Lactobacillus plantarum is with the sum of branch length 0.00434595 and there were a total of 463 positions 

in the final dataset

. 

https://www.plantpathologyjournal.com/


International Journal of Plant Pathology and Microbiology  https://www.plantpathologyjournal.com 

~ 39 ~ 

 
 

Fig 4: Phylogenetic tree of Enterococcus faecium sequence 

 

The optimal tree of Enterococcus faecium is with the sum of 

branch length 0.56871898 and there were a total of 452 

positions in the final dataset. 

 
Table 5: Nucleotide composition for amplified bacteria sequence 

 

S/N Accession no T(U) C A G Total 

1 NR 117678.1 20.6 22.7 25.2 31.6 1526.0 

2 MK288113.1 20.8 23.7 24.9 30.6 847.0 

3 MG742217.1 20.6 22.7 25.2 31.5 1360.0 

4 MH746107.1 20.1 22.7 25.5 31.7 1431.0 

5 MG641155.1 20.5 22.9 25.2 31.4 1431.0 

6 KY770795.1 20.7 23.5 25.8 30.0 966.0 

7 CPO28311.1 22.3 26.3 25.0 26.4 1566.0 

8 LR134233.1 21.9 25.5 24.5 28.1 1378.8 

9 LR134232.1 25.5 21.8 21.0 31.6 490.0 

10 CP029862.1 22.2 26.1 23.9 27.9 2239.0 

11 JQ315897.1 19.9 23.5 24.6 32.0 1470.0 

12 CP022663.1 22.1 25.8 26.1 26.0 1275.0 

13 MK347022.1 21.9 20.3 27.6 30.2 764.0 

14 JX262242.1 22.3 22.0 26.6 29.0 1439.0 

15 MK723995.1 22.3 22.0 26.2 29.4 1563.0 

16 FJ844949.1 22.1 21.9 26.5 29.5 1492.0 

17 HQ697623.1 22.1 21.8 26.6 29.5 1440.0 

18 MK336791.1 22.1 21.7 26.7 29.4 1208.5 

19 MK333758.1 20.6 22.1 26.1 31.2 869.0 

20 MH346252.1 21.0 22.3 25.9 30.8 902.0 

21 MH346266.1 21.2 22.2 25.9 30.7 910.0 

22 KT626391.1 20.9 21.1 25.9 32.0 540.0 

23 LR135408.1 25.8 19.5 33.5 21.2 1285.0 

24 MK333763.1 21.8 22.5 25.4 30.3 930.0 

 Average 21.7 22.8 23.7 29.7 1221.8 

 

Discussion 

Good quality DNA was extracted from the isolated bacteria 

which showed that contaminants were not present. This 

collaborated the report of Mirbahar et al., (2014) [19] that good 

quality DNA isolation is necessary and important. Pich and 

Schubert (1993) [21] described DNA purity in the range of 1.6 

- 1.7 in which shows the absence of contaminants. This study 

showed that the 16SrDNA primer used are good for 

phylogenetic analysis. Schloss (2010) [25] showed that the 

quality of 16S sequences are essential to accurate 

phylogenetic placement and taxonomic classification 

(Jumpstart Consortium Human Microbiome Project Data 

Generation Working Group, 2012). The percentages of 

identification of the isolated microorganisms are within the 

range of 93-100 percent sequence similarity of the genome as 

P. aeruginosa had 99 percent, L. plantarum had 100 percent, 

E. faecium is within 99-100 percent and S. enterica is within 

93 percent. This is in disagreement with most of the 

investigations reporting the amplification rates of 92-100% 

(Kress et al., 2005; Kress and Erickson, 2007; Fazekas et al., 

2008; Hollingsworth et al., 2009; Kress et al., 2009; CBOL 

Plant Working Group 2009; Ebihara et al., 2010) [15, 13, 8, 11, 14, 

4, 5]. 

 

Conclusion 

In conclusion, good quality DNA was extracted from the 

isolated bacteria which showed that contaminants were not 

present. The 16SrDNA primer proved to be useful in 

identification and characterization of the isolated 

microorganisms as they provide a more reliable method for 

identification of species than morphological characters. 
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