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ABSTRACT:
Cultivation of strawberry has acquired great importance for consumption, promoting the increase of its 
production in Ecuador. However, the process of importing plant material from producer countries to 
improve domestic production has contributed to the dissemination of the fungus Fusarium oxysporum f. 
sp., fragariae. The objective of this study was to identify the presence of the pathogen by the application 
of molecular methods to Fusarium strains isolated in the province of Pichincha. Ninety-two diseased 
strawberry plants and 92 asymptomatic plants were analyzed. Of these samples, 13 fungal isolates with 
the characteristics of the genus Fusarium were identified. The isolates were analyzed at the molecular 
level by Polymerase Chain Reaction (PCR) through the amplification of the ITS regions of the rDNA 
sequences and the EF-1 is a gene, these were sequenced to elucidate the phylogenetic relationships 
between the isolates. Twelve strains were identified as F. oxysporum f. sp., fragariae. So, the present 
research contributes to the search for control alternatives to avoid the dissemination of the pathogen in 
strawberry plantations in Ecuador.
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INTRODUCTION

	 The strawberry (Fragaria ananassa) has become 
a very important industrial crop worldwide, it can be said 
that this plant has the most varied and complex management 
possibilities, which has allowed for unusual development in 
the productive areas. The strawberry demand in the world is 
increasing, not only because of its flavor but also because of 
its health benefits. Markets like Europe and the United States 
register a high consumption, and most of the worldwide 
production of this fruit originates there [1].

	  In Ecuador, intensive strawberry cultivation began in 
1983, mainly in the province of Pichincha [2], and in recent 
years the cultivated area has increased to 1,200 ha in the 
main strawberry varieties Albion, Monterrey and Diamante 

in greater proportion in the province of Pichincha with 400 
ha, Tungurahua 240 ha and in the provinces of Chimborazo, 
Cotopaxi, Imbabura and Azuay with 40 ha, being thus the 
livelihood of the majority of fruit growers in these sectors, 
which are cultivated between 1300 and 3600 m above sea 
level with average temperatures of 15 °C. In the country, 12% 
of the strawberries harvested are exported while the rest of the 
production is used to meet domestic demand, which means 
the international market has a large field for exploitation [3].

	 The specific pathogenicity of Fusarium oxysporum 
f. sp., Fragariae causes a negative impact on agriculture 
worldwide as they are causative agents of vascular wilt and 
basal rot of a large variety of plants, in Ecuador this fungus 
affects the production of fruit crops such as babaco [4], 
strawberry, kidney tomato, among others, attributed to the 
difficult diagnosis of its worldwide dissemination [5].
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	 Currently, the development and use of new molecular 
biology technologies based on Polymerase Chain Reaction 
(PCR) can be used for the application of molecular markers 
[6]. Restriction Fragment Length Polymorphism (RFLP), 
Random Amplification of Polymorphic DNA (RAPDs), 
Amplified Fragment Length Polymorphism (AFLPs), among 
others, are used in the analysis of genetic DNA polymorphism, 
which in conjunction with the development of bio-informatic 
software designed for the analysis of sequences, allows to 
obtain efficient and timely information applicable to a large 
number of samples, being more specific, objective, sensitive 
and faster techniques than traditional methods [7]. The main 
objective of this research is to identify strains of Fusarium 
oxysporum f. at the molecular level using the ITS region and 
the ET-1 gene.

MATERIALS AND METHODS

	 Sampling was carried out in strawberry producing 
areas located in the province of Pichincha, from which 92 
symptomatic and 92 asymptomatic plants were obtained; 
these plants were in phases of vegetative development 
and fruiting. The analyses were conducted in Agrocalidad 
laboratories according to the following procedure:

Seeding of plant material and substrate: Longitudinal cuts 
of the stem were made and 1-2 cm segments containing areas 
with and without vascular wilt lesions were removed. After 
this process, three sets of four segments were seeded in PDA 
medium, then incubated at 24 °C for 7 days. Isolates which 
present asexual structures of Fusarium sp., were selected [8].

Preservation of the pathogen: In the Petri dishes of 
monosporic cultures, 10 mL of sucrose (10%) and 10 mL of 
peptone (20%) were added with a handle (Digralsky), the 
mycelium and the poured liquid were homogenized. Paper 
squares (0.5 cm2) were placed in the solution, letting it rest 

8 minutes; then enough paper segments embedded in the 
dilution were introduced into eppendorf tubes and cooled to 
6 °C. After massification, enough biomass was obtained for 
the extraction of DNA [9, 10].

Molecular analysis (phylogenetic test): For this analysis, 
DNA was extracted from the mycelium using liquid nitrogen 
by macerating it in the mortar. The maceration was deposited 
in eppendorf tubes by adding 1 mL of extraction buffer and 0.5 
mL of chloroform, iso-amino alcohol in a 24: 1 ratio. The tubes 
were introduced into the bain-marie, at 55 °C for 30 minutes 
while inverting them every 10 minutes. They were let to rest 
for 5 minutes, then centrifuged at 14000 rpm for 10 minutes.

	 The supernatant was transferred to a new sterile tube, 
adding 1 mL of isopropanol. It was allowed to freeze at −20 
°C for 20 minutes, then centrifuged for 3 minutes at 10000 
rpm. When the pellet was formed, rinsings were performed 
with 70% ethanol once or twice, then the pellet was allowed to 
dry for 25 minutes and inoculated into TE buffer and RNAse, 
then left in the environment for 30 minutes. DNA purity was 
assessed using a specific miniaturized spectrophotometer 
(nanodrop, Roche LC1536). Amplification analysis of the gene 
of interest by PCR. The primers EF1, EF2, ITS1, ITS4 were 
used in this study (table 1). For each PCR reaction, a volume 
of 25 μL was used; with concentrations of 1.5 mM MgCl2, 
0.2 mM of each dNTP; 0.5 μM of each primer 1.25 U / 25 μL 
Taq polymerase (FLEXI), PCR buffer (Green FLEX 1X). The 
amplification was carried out in a thermocycler according to 
the following conditions: initial denaturation at 94 °C for 5 
minutes, 35 reaction cycles at 94 °C for 30 seconds, annealing 
at 53 °C for 1minute, initial extension at 72 °C for 1 minute 
and a final extent at 72 °C for 10 minutes. The PCR product 
was analyzed by 0.5% agarose gel electrophoresis previously 
prepared in buffer TBE 1X (Trisborate, EDTA), a molecular 
weight marker of 100 bp was used and the gel was run for 30 
minutes at 100 volts.

Region	 Initiator	 Sequence	 Author

Internal Transcribed Spacer (ITS)	 ITS-1	 5’-TCCGTAGGTGAACCTGCGG-3’	 Martin and
	 ITS-4	 5’-TCCTCCGCTTATTGATATGC-3’	 Rygiewicz (11) 
Translation Elongation Factor (TEF-1α)	 EF-1	 3’-ATGGGTAAGGARGACAAGAC-5’	 O'Donnell et al. (12)
	 EF-2	 3’-GGARGTACCAGTSATCATGTT-5’  	  

Table 1. Nucleotide sequences used for the amplification of ITS (s) and TEF-1α regions

	  The gel was then visualized in a UV light 
transilluminator. PCR products with nonspecific bands were 
purified by means of the Band-stab PCR process until clear 
bands were obtained. All amplified products were sent to 
sequence MACROGEN (Seoul, Korea); the results were 
compared with the GenBank database [13]. Sequences were 
compared using a BLAST (Basic Local Alignment Search 

Tool) alignment that allowed gender and species identification 
(www.ncbi.nlm.nih.gov/BLAST).

RESULTS AND DISCUSSION

	 After isolation in PDA medium confirmed 
by microscopic morphology, only 52 samples showed 



contamination by the fungi: Pestalotia sp., Fusarium sp., 
Rhizoctonia sp., and Mycosphaerella sp. The presence of 
spores belonging to the fungus Pestalotia sp., was evidenced 
in 46 isolates (88.52%); the presence of asexual structures of 
Fusarium sp., was determined in 13 isolates, representing 25% 
of the total samples; a minimum percentage (1.52%) with the 
fungus Rhizoctonia sp., and after analysis of the leaf area of 
the straw four isolates of Mycosphaerella sp., were identified 
(7.69%). It should also be noted that there were samples from 
which more than one isolate was obtained.

	 Phylogenetic analysis based on ITS fragments. It was 
carried out by a PCR with primers ITS1 - ITS4, DNA of the 
13 treatments and two possible pathogens was characterized 
by optical microscopy as Pestalotia sp., and Rhizoctonia sp. 
A band was evidenced in the gel at a height of 570 base pairs 
for the 13 treatments, including Pestalotia sp. In the case of 
Rizhoctonia sp. the band has a slightly higher molecular weight 
equivalent to 650 bp, Treatment AB8 and negative control (C-) 
showed no visible band (Figure 1).

	 Phylogenetic analysis based on the EF-1α region. The 
amplification and sequencing of the EF-1α region was performed 
with the EF1-EF2 primers plus the DNA of the 13 treatments. After 
PCR amplification, bands of 570 bp were visualized for the 13 
treatments and the presence of non-specific bands in each of the 
isolates was observed, so that the Band-stab PCR technique was 
performed in all isolates. Amplification of the products extracted 
with the Band-stab PCR technique enabled the visualization of 680 
bp bands in the 13 Treatments (AB1- AB13), with the following 
DNA concentrations: 80 ng / μl (AB2, AB3, AB4, AB5, and 
AB8), 100 ng / μL (AB1, AB6, AB7, AB9, AB10, AB11, AB12 
and AB13) (Figure 2).

	 Other authors have previously studied the ITS and EF-
1α regions, demonstrating their effectiveness in solving some 
generated ambiguities and locating taxonomically new species of 
the genus Fusarium [14]. Although the use of universal primers 
allows us to study inter-specific variability and to establish 
identifications when comparing the sequences obtained with 
others previously deposited in the GenBank database, it should 
be emphasized that the best tool to quickly and unequivocally 
identify at a lower cost the different species of fungi associated 
with vascular wilt is the use of specific primers (15), but everything 
will depend on the purity of the isolates and the PCR products, 
hence several procedures should be performed the best result is 
reached [16].

	 Evaluation of the special form of Fusarium oxysporum 
with specific primers. Specific oligonucleotides designed for 
Fusarium oxysporum f sp. Fragariae Fofra-1 and Fofra-2 [17], 
used in the PCR reaction, did not show amplification in the 13 
DNA samples. Thus, we must consider that the isolates used in this 
research did not amplify because there are differences in evolution 
between species from one locality to another [18, 19].

	 On the other hand, the ANOVA analysis revealed no 
significant statistical differences between the treatments in terms 
of distribution, indicating no variability among the variables. The 
coefficient of variation was 19.46%, which is considered tolerable 
and acceptable for field evaluation.

	 In conclusion, the molecular evaluation identified 
Fusarium oxysporum f. sp. fragariae as the pathogen responsible 
for vascular wilt in strawberry plants. During the assessment of 
pathogenesis, Fusarium oxysporum f. sp. fragariae was detected 
in all 13 treatments exhibiting vascular wilt symptoms, confirming 
its presence in Ecuador. This study marks a significant step in 
recognizing the microbiota associated with strawberry cultivation 
in Ecuador. It underscores the importance of using molecular 
techniques for pathogen detection. These tests revealed a high 
level of diversity among the identified fungal genera and species, 
providing valuable information for diagnosis and management 
strategies in strawberry farming.
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