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ABSTRACT 

Plants constitute excellent microbial habitats, where it is possible to find a considerable amount of beneficial 
individuals, including bacterial endophytes. Endophytes are microorganism that colonizes plant tissue without causing any 
evident symptom or disease, while providing a series of benefits to the plants, which range from promoting the plant 
growth to acting as biological control agents. The overall aim of this investigation was to molecularly characterize 
endophytic bacteria associated to the fig (Ficuscaricavar. Brown Turkey) crops, through the amplification of 16S 
ribosomal DNA. To achieve this, fig plant leaf segments were disinfected and cultured in EMB and NA culture media, for 
the bacteria morphological identification. Later, 16S rDNA was isolated using the UNI2 and UNI5a primers. Finally, the 
obtained sequences were compared to those found in the GenBank database, and a phylogenetic tree and a genetic distance 
matrix were developed. It was determined that the obtained isolates corresponded to Klebsiellaoxytoca, Pseudomonassp 
and Pantoeasp, which had been previously reported as endophytic bacteria in other plant crops.  
 
Keywords: endogenous plant microorganisms, in vitro bacteria isolation, 16S ribosomal DNA, phylogeny. 
 
INTRODUCTION 

The negative impact over the environment as well 
as the high costs within the international markets of 
chemical fertilizers and pesticides have led farmers around 
the world, especially in developing countries, to gain more 
interest in alternatives such as the use of biofertilization 
and biological control for plant pathogens. 

In regards to this aspect, plants constitute 
excellent microbial habitats, where it is possible to find a 
great amount of beneficial individuals (Rosenblueth y 
Martínez, 2006), including the endophytic bacteria, which 
are an alternative to the environmental problems caused by 
intensive traditional agriculture methods (Fishal et al., 
2010; Ongenaet al., 2007; Welbaum et al., 2004; Postma 
et al., 2003; Benhamou, 2000). 

The endophytes are microorganisms 
(bacteria,fungi or actinomycetes) that colonize plant 
tissue, intercellular as well as intracellularly, without 
causing any apparent symptom or disease (Nair y 
Padmavathy, 2014). The endophytic bacteria are beneficial 
to plants because they promote growth, provide tolerance 
to environmental stress(Nair y Padmavathy, 2014; Munif 
et al., 2012; Rosenblueth and Martínez, 2006; Zinniel et 
al., 2002), act as biological control agents for 
phytopathogens due to the production of secondary 
metabolites (Oliveria et al., 2012), interact with pathogens, 
and increase the plant resistance to diseases, contribute to 
the biological nitrogen fixation process and can also be 
biorremediation agents (Perez and Chamorro, 2012). 

In general, these microorganisms enter the plant 
through its root, however, there are other entrance paths 
such as stomata, plant wounds, emergence areas in lateral 
roots, and in some cases, bacteria may produce hydrolytic 
enzymes that are capable of degrading the plant cell wall 
(Macculley, 2002). The population density of endophytic 

bacteria is highly variable, and will depend of the bacterial 
species, the genotype of the host plant, the development 
stage, the tissue where the microorganisms is found, as 
well as the environmental conditions (Pérez et al., 2010). 

According to Wang and Dai (2011), due to the 
coexistence process with their host, endophytic bacteria 
have acquired interesting adaptability properties, being 
able to synthesize biologically active substances that are 
similar to the secondary metabolites produced by the host 
plant; these are properties that, if used accordingly, in 
biotechnology, they can have multiple applications.  

Therefore, it is important to establish a 
standardize isolation protocol that allows the 
characterization of  endophytic bacteria, as a first step for 
the efficient use of  a microorganism, since it would allow 
to determine which are the isolates present in the host of 
interest and which are the characteristic functions of these 
individuals within the plant (Rives et al., 2007). 

The aim of this research is to perform a molecular 
characterization of the endophytic bacteria through the 
amplification of 16S ribosomal DNA (rDNA), associated 
to the fig crop (Ficuscarica) and obtained from leave 
material from the “Brown Turkey” fig variety. 
 
MATERIALS AND METHODS 
 
Isolating endophytic bacteria 

The leaf material from the local fig variety, 
“Brown Turkey”, identified by Castro et al. (2015), was 
obtained from the experimental fruit crop field located in 
in the Instituto Tecnológico de Costa Rica (ITCR) and 
from the region of Turrubares, found in the province of 
San José. Phytosanitary analyses were performed to the 
samples collected in order to ensure the absence of 
pathogen microorganisms in the sample material. 
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For the isolation of the microorganisms of 
interest, the leaves were washed with soap and water 
during 3 minutes. After this, the leaves were introduced in. 
a laminar flow hood, were they were soaked in sterile 
deionized water. The leaf material was then placed in 5% 
v/v (3, 5% i.a.) CaClO4 for 5 minutes and three additional 
rinses were made using sterile distilled water.  

Finally, the leaves were grinded and dissolved in 
peptone water at a 1:5 ratio. Serial dilutions were prepared 
and 0.5ml of the 1:100 dilution was inoculated in Nutritive 
Agar medium, through the use of a Drigalski spatula. The 
Petri dishes containing the inoculated medium were 
incubated at 37°C for 24 h. 

The bacteria obtained from the isolates, were 
subcultured once again in Nutritive Agar medium (NA) at 
37°C for 24 h. Later, they were inoculated in Eosin 
Methylene Blue agar (EMB) for their morphological 
characterization. Lastly, the isolates were placed in 250ml 
erlenmeyers with 50 ml of nutritive broth medium and 
were incubated for 18 hours, for their molecular 
characterization. 
 
Total DNA extraction and amplification of the 16S 
rDNA 

For thetotal DNA extraction, Wizard Genomic 
DNA Purification Kit® was used, following the 
manufacturer´s specifications. However, a modification 
was done in the initial stage, were the samples were 
exposed to liquid nitrogen for 2 minutes, along with the 
lysis buffer for the posterior disruption performed with the 
use of a Retsch® macerator. The concentration and purity 
of the DNA was quantified through 
aThermoScientific®nanodrop. 

In regards to the 16S rDNA amplification, a 
Polymerase Chain Reaction (PCR) process was performed, 
using UNI andUNI5a primers, recommended by 
Mahenthiralingam et al. (2000). The PCR reactions were 
developed using 25 µl of sample, Dream TaqTM Master 
Mix 2X (Fermentas®); 0.6 µM of primers, and 0.8 of 

DNA. The thermal profile was of 95°C for 3 min, (95°C 
for 30 seconds, 57°Cfor 40 s, 72°C for 1 min) for 35 
cycles; with a final extension of 7 min at 72°C. The PCR 
products were analyzed in 1% agarose gel with gelRed at 
1X, for 45 min. TheMassRulerTM DNA Ladder Mix 
marker was used. The sequencing of the amplified 
products was achieved by sending 20μL of the amplified 
products from each simple to MacrogenInc (USA). 
 
Bioinformatic analysis of the sequences 

The sequences were edited and assembled with 
the BioEdit® (Hall, 1999) and CAP3® (Huang and Madan, 
1999) software, respectively, and the chimera analysis was 
executed using the DECIPHER tool from the University of 
Wisconsin (Wright et al., 2012) in order to evaluate the 
quality of the amplified material.  

Additionally, a nucleotide comparison was 
performed with the National Center for Biotechnology 
Information (NCBI) database, through a BLAST search. 
The five GenBank accessions that presented a higher 
match percentage with the amplified sequences were used 
to build a phylogenetic reconstruction of Maximum 
Likelihood (ML) using the MEGA v6.0 software (Tamura 
et al., 2013). The intention was to be able to calculate the 
genetic distance between the isolates based on the number 
of base pair substitutions between the sequences and 
eliminating positions with missing data through the use of 
the Tamura-Nei model (1993) and a bootstrap of 500 
repetitions.  
 
RESULTS 
 
Isolating endophytic bacteria 

From the execution of the isolation procedure, 
three endophytic bacteria were obtained, which were 
identified morphologically as Gram negative bacillus. The 
isolates were placed in EBM medium and in NA for their 
morphological identification (Table-1). 

 
Table-1. Physical traits from the obtained isolates. 

  

Isolate Gram Shape EMBmedium NA medium 

A - Bacillus Purple White 

B - Bacillus Incolora Yellow 

C - Bacillus Purple White 
 

Gram negative (-) 
 
Total DNA extraction and amplification of the 16S 
rDNA 

An average concentration of 343.21 ng/µL was 
obtained, with an average A260/A280 ratio of 1.78 of the 
total DNA from the three isolates identified in this study. 
The amplification of the fragment of interest was of 
approximately 965bp (Figure-1).  
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Figure-1. Bandsobtained during the PCR reaction 
optimization for amplification of the 16S rDNA. (MM) 

Molecular marker, (a, b y c) microorganisms in the study, 
(Ctrl-) Negative control in the reaction process. 

 
Bioinformatic analysis of the sequences 

The sequences obtained from each strain were 
compared with the GenBank database through the 
“Nucleotide Blast” search, where “isolate a” presented a 
99% identification match when compared to the 
accessions KT261115.1, LC049180.1, LC049179.1, 
KJ801560.1 and KF054939.1 of Klebsiellaoxytoca. 
Meanwhile, “isolate b” evidenced a 99% average identity 
with the accessions KR067597.1, KR189834.1, 
KP305910.1, KJ698416.1 and 
KC901544.1ofPseudomonas sp. Finally, for“isolate c”, the 
average 99% identity was obtained with the accessions 
AB558501.1, EU240199.1, LN851879.1, KF717505.1 of 
Pantoeasp. and KC153128.1, from Pantoeaananitis. 

The construction of a phylogenetic tree through 
the Maximum Likelihood (ML) Method demonstrates the 
existing differences between taxa and it presents a 
behavior similar to the one obtained when the PCR 
sequenced products were compared with the GenBank 
database; however, it is possible to observe a more robust 
phylogenetic variability between isolates (Figure-2). 
 

 
 

Figure-2. Phylogeny reconstruction base on the 16S 
rDNA, using the Maximum Likelihood (ML) 

Method with a 500pb bootstrap. 

DISCUSSIONS 
 
Isolating endophytic bacteria 

Many studies associated to the isolation and 
characterization of endophytic bacteria have been 
performed in different species of agricultural interest, such 
as coffee, banana, rice, soy, corn, among other, detailed in 
the revision executed by Perez et al. (2009); however, very 
few studies have researched fruit plant species.  

For the endophytic bacteria isolation, different 
sample material disinfection procedures have been tested 
followed by the maceration in buffer solution and the 
posterior inoculation in culture medium. Zinniel et al. 
(2002) used an initial disinfection with 70% ethanol and 
later the samples were immersed in 2% sodium 
hypochlorite, with Tween 20®for 10 s and macerated the 
plant material with a phosphate based buffer. Similarly, 
Munif et al. (2012) used different concentrations of 
sodium hypochlorite (3% to 6%) with Tween 20® during 
3 min and macerated the samples in a phosphate buffer, 
performing serial dilutions for their inoculation in the 
culture media. In this study, 5% calcium hypochlorite was 
used for 5 min before macerating the plant tissue in 
peptone water until its inoculation in the selected culture 
medium. 

Comparing the protocols mentioned before, the 
phosphate buffer is a solution which regulates the pH and 
supports the normal functions of the cells, and it is 
commonly used for the isolation of endophytic bacteria 
(Zinniel et al., 2002). On the other hand, peptone water is 
frequently used as a cell dilution medium, since it 
maintains the cell viability, having a similar function as 
the phosphate buffer used in the research studies 
mentioned before. Apart from the sodium hypochlorite, 
calcium hypochlorite is also a superficial disinfection 
agent for microorganisms (Min et al., 2015). Finally, 
Munif et al. (2012) establishes that, due to their 
intracellular habitat, the isolation of endophytic bacteria 
requires the tissue maceration, which is part of the 
isolation steps used in this study. 

In regards to the isolation and characterization of 
the bacteria, according to Sigma Aldrich®, the EMB 
medium used is a selective medium derived from Levine 
culture medium which presents two carbohydrates, lactose 
and sucrose. Therefore, it allows to differentiate the 
bacteria that ferment lactose from the rest of the 
microorganisms, and at the same time, partially inhibit the 
growth of Gram positive bacteria, generating color 
changes, based on the carbohydrate being fermented. This 
is a culture medium that is frequently used for the growth 
and characterization of enteric bacteria, a family that is 
generally classified as being endophytic. Due to the Gram 
staining and their bacillus morphology, the bacteria were 
cultured in this culture medium, presenting a purple color 
for the A and C isolates, and no coloration for the C 
bacterial isolate. 
 
Total DNA extraction and 16S rDNA amplification 

The total DNA extraction was performed from 
fresh bacterial suspensions cultured a day before, in order 

 Pantoea sp. dbj|AB558501.1|

 Pantoea sp. gb|EU240199.1|

 Isolate C gb|KU145116|

 Pantoea sp. emb|LN851879.1|

 Pantoea sp. gb|KF717505.1|

 Pantoea ananatis gb|KC153128.1|

 Isolate A gb|KU145114|

 Klebsiella oxytoca gb|KT261115.1|

 Klebsiella oxytoca dbj|LC049180.1|

 Klebsiella oxytoca dbj|LC049179.1|

 Klebsiella oxytoca gb|KJ801560.1|

 Klebsiella oxytoca gb|KF054939.1|

 Isolate B |KU145115|

 Pseudomonas sp. gb|KR067597.1|

 Pseudomonas sp. gb|KR189834.1|

 Pseudomonas sp. gb|KP305910.1|

 Pseudomonas sp. gb|KJ698416.1|

 Pseudomonas sp. gb|KC901544.1|

100

100

66

87

100

0.02
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to ensure the genetic quality of the material. Various 
authors suggest that this methodology facilitates the 
extraction process, due to the suspension homogeneity and 
the DNA integrity from a fresh culture (Moore et al., 
2004; Ríos, 2010). On the other hand, the use of the liquid 
nitrogen and the maceration using the lysis buffer, allows 
a more efficient disruption, by dissolving a greater amount 
of nucleic acids and also inactivating the enzymes that 
degrade DNA (Ronsted, et al., 2007). This process 
allowed achieving a higher average of purity of 1.78, 
which favored the amplification and sequencing of the 
DNA of interest (Glasel, 1995). 

The average 965bp 16S rDNA amplified region 
(Figure-1), was similar to the one reported by 
Mahenthiralingam et al. (2010) who obtained an amplified 
region of approximately1020 bp using the same primers 
for the identification of multiple bacterial genus. In this 
context, 16S rDNA was used due to this gene´s efficiency 
in the construction of phylogenetic and evolution 
relationships, since this sequence presents multiple copies 
in each cell, with highly conserved regions and variable 
regions, even between the same species (Arenas et al., 
2009). 
 
Bioinformatic sequence analysis  

Despite the importance of the 16S rDNA analysis 
for the study on bacterial communities, studies performed 
by Haas et al. (2011), have determined that the genetic 
diversity in a given sample, when using the PCR 
amplification, can be influenced by the formation of 
chimeras in the amplified product.  

Previous studies performed by Ashelford et al. 
(2005), have concluded that around 5% of the sequences 
found within the most important 16S gene collectionscan 
be considered anomalous, due to the presence of chimeras. 
Within this context, reports performed by the GreenGenes 
(DeSantis et al., 2006), Ribosomal Database Project 
“RDP” (Cole et al., 2009), SILVA (Pruesse et al., 2007), 
and EZ-Taxon (Chun et al., 2007) databases, have 
determined that variables such as the type of primer, the 
number of PCR cycles performed, and the relative 
abundance of this gen are contributing factors in the 
formation of chimeras. Therefore, the identification of 
chimeras is considered a critical point when working with 
the amplification of the 16S gen (Acinas et al., 2005; Lahr 
andKatz, 2009). This is the reason for using the  
DECIPHER tool, developed by Wright and his colleagues 
(http://decipher.cee.wisc.edu/index.html) at the University 
of Wisconsin (2012) in this study; obtaining negative 
results for the formation of chimeras using the short 
sequence algorithm (ss_DECIPHER), which presents a 
89% detection rate and a false positive rate of 1.6%. 

On the other hand, the use of the BLAST tool 
evidenced that the 16S rDNA amplified region allowed to 
determine the homology, of up to 99%, with species that 
have been correctly identified in NCBI. This information 
was corroborated through the phylogenetic analysis of 
identified strains (Figure-2), where the isolates a, b and c 
were grouped with the accessions forKlebsiellaoxycota, 
Pseudomonas sp. and Pantoea sp. respectively. According 

to Mendoza (2012) the more common ancestor’s two taxa 
share between each other, the more related they are. This 
is evidenced when the genetic distance matrix between the 
accessions is analyzed (Table-2), where the divergence of 
the taxa related to Klebsiellaoxycota is of 0, 001, the ones 
for Pseudomonas sp. are of 0,003 and ofPantoea sp. are 0, 
001. 

These results match the study performed by 
Arenas et al. (2009) who indicated that 16S gen contribute 
in the identification of the bacterial genotypes, due to the 
polymorphisms found in each of the taxa, and since it 
allows the exploration of the genetic diversity and the 
establishment of the relationships present between the 
different genotypes. 

From the endophytic bacteria found, 
Klebsiellaoxytoca has been isolated from sugar cane 
(Ibañez et al., 2012) and soy (Kuklinsky-Sobral et al., 
2004), however, other species from this genus have also 
been found in crops such as wheat, rice, soy, banana, 
maize, (Perez et al, 2009) and in leguminous trees (Wang 
et al., 2006), among others. This bacteria has been widely 
used as a biorremediation agent for polluting compounds 
(JiaxiandJi-Dong, 2006; Gi-Seok et al., 2005; Jun-Ho et 
al., 2002; Hyoun-Young et al., 2002) and as a plant 
growth promoter (Ibañezet al., 2012). 

Furthermore, Pseudomonas sp. is an endophytic 
bacteria that has been isolated from olive trees (Prieto and 
Mercado-Blanco, 2008), clover (Sun et al., 2013) and 
cucumber (Malfanova et al., 2013), among others. 
Different species of this endophytic bacteria have been 
identified as a bio-controlling agent against Verticillium 
sp. (Prieto and Mercado-Blanco, 2008), 
Phythiumaphanidermatum (Muthukumar et al., 2010), 
Phytophthorainfestans in potato (Andreote et al., 2009) 
and the Ralstoniasolanacearumbacteria in eggplant 
(Ramesh et al., 2009) as well as a degrader of polluting 
components (Malfanova et al., 2013). 

Finally, Pantoea sp. has been isolated as an 
endophytic bacteria in crops such as cassava (Yanet al., 
2014), sugar cane (Loiret et al., 2004; Quecine et al., 
2012) and rice (Xiao et al., 2010; Feng et al., 2006), 
among others. Additionally, different species of 
Pantoeahave been used as plant growth promoters 
(Quecine et al., 2012) and nitrogen fixation agents (Loiret 
et al., 2004). 

Through this study it was possible to isolate and 
molecularly characterize three endophytic bacteria 
obtained from Costa Rican fig crops, being all endophytes 
with potential benefits that have been reported in other 
crops.
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Table-2. Genetic distance matrix from the ML phylogenetic tree. 
 

Accessions 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1.Isolate B 
|KU145115|  

0,003 0,003 0,003 0,003 0,003 0,013 0,013 0,013 0,013 0,013 0,013 0,014 0,014 0,014 0,014 0,014 0,014 

2. Pseudomonassp. 
gb|KR067597.1|   

0,000 0,000 0,000 0,000 0,013 0,013 0,013 0,013 0,013 0,013 0,014 0,014 0,014 0,014 0,014 0,014 

3. Pseudomonassp. 
gb|KR189834.1|    

0,000 0,000 0,000 0,013 0,013 0,013 0,013 0,013 0,013 0,014 0,014 0,014 0,014 0,014 0,014 

4. Pseudomonassp. 
gb|KP305910.1|     

0,000 0,000 0,013 0,013 0,013 0,013 0,013 0,013 0,014 0,014 0,014 0,014 0,014 0,014 

5. Pseudomonassp. 
gb|KJ698416.1|      

0,000 0,013 0,013 0,013 0,013 0,013 0,013 0,014 0,014 0,014 0,014 0,014 0,014 

6. Pseudomonassp. 
gb|KC901544.1|       

0,013 0,013 0,013 0,013 0,013 0,013 0,014 0,014 0,014 0,014 0,014 0,014 

7. Isolate C 
gb|KU145116|        

0,000 0,000 0,001 0,001 0,001 0,005 0,005 0,005 0,005 0,005 0,005 

8. Pantoeasp. 
dbj|AB558501.1|         

0,000 0,001 0,001 0,001 0,005 0,005 0,005 0,005 0,005 0,005 

9. Pantoeasp. 
gb|EU240199.1|          

0,001 0,001 0,001 0,005 0,005 0,005 0,005 0,005 0,005 

10.Pantoeasp. 
emb|LN851879.1|           

0,000 0,000 0,005 0,005 0,005 0,005 0,005 0,005 

11.Pantoeasp. 
gb|KF717505.1|            

0,000 0,005 0,005 0,005 0,005 0,005 0,005 

12. Pantoeaananatis 
gb|KC153128.1|             

0,005 0,005 0,005 0,005 0,005 0,005 

13. Klebsiellaoxytoca 
gb|KT261115.1|              

0,000 0,000 0,000 0,000 0,001 

14. Klebsiellaoxytoca 
dbj|LC049180.1|               

0,000 0,000 0,000 0,001 

15.Klebsiellaoxytoca 
dbj|LC049179.1|                

0,000 0,000 0,001 

16. Klebsiellaoxytoca 
gb|KJ801560.1|                 

0,000 0,001 

17. Klebsiellaoxytoca 
gb|KF054939.1|                  

0,001 

18. Isolate A 
gb|KU145114|                   
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