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1. Introduction

Passion fruit belongs to the family Passifloraceae. The 
genes Passiflora L., considered to be the largest of this family 
comprising about 500 species (He  et  al., 2020), which 

present a wide phenotypic variability in flowers, stems, 
leaves and fruits (Martinez et al., 2020). Worldwide, Brazil 
is the largest producer and consumer of passion fruit, both 
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Resumo
A Passiflora edulis é uma espécie amplamente distribuída e cultivada na Colômbia, com potencial econômico. 
Embora exista uma grande variabilidade genética e fenotípica, ela ainda não foi explorada através do uso de 
técnicas moleculares. O presente estudo teve como objetivo caracterizar a estrutura e diversidade genética dos 
cultivares de P. edulis utilizando marcadores ISSR. O estudo foi realizado com amostras de folhas de 21 cultivares 
de P. edulis coletadas em um sistema produtivo no departamento de Boyacá, Colômbia, utilizando sete primers 
ISSR. A similaridade genética foi utilizada para agrupamento pelo método UPGMA, o conteúdo de informação 
polimórfica (PIC - Polymorphic Information Content), a heterozigosidade esperada (He), o índice de Shannon (I), o 
fluxo gênico (Nm) e o coeficiente de diferenciação genética (Gst) foram estimados usando os Programas POPGENE 
e TFPGA. O modelo bayesiano e análise de variância molecular (AMOVA - Analysis of Molecular Variance) foram 
utilizados para avaliar a estrutura genética. Os cultivares de P. edulis apresentaram altas taxas de polimorfismo. Sete 
ISSR produziram 138 loci. A análise de agrupamento formou dois grupos de acordo com a similaridade genética 
e características fenotípicas associadas principalmente ao fruto. O valor médio da heterozigosidade esperada foi 
de 0,29 para a população total e 0,27 e 0,22 para os grupos I e II, respectivamente. A AMOVA indicou uma maior 
diversidade dentro dos grupos, mas não entre grupos apresentando níveis de hierarquia diferentes daqueles 
considerados neste estudo. Observou-se diferenciação genética moderada (Gst=0,12) e alto fluxo gênico (Nm=3,91).
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have established the distances between cultivated species 
and their wild relatives as a strategy for the exploration 
and conservation of genetic resources (Ocampo  et  al., 
2021). Molecular genetic studies are essential to enable 
the definition of priority regions for conservation and 
identification of species and accessions to be prospected 
for germplasm banks and inserted in genetic improvement 
programs (Martinez et al., 2020).

Considering the reality posed for wild passion fruit 
species, the application of molecular biology tools, 
such as Inter Simple Sequence Repeat (ISSR) molecular 
markers, allows a fast and low-cost characterization, 
especially useful for still poorly studied species (Silva et al., 
2022; Morillo  et  al., 2023). Thus, this study aimed to 
characterize the genetic diversity of P. edulis f. flavicarpa 
cultivars present in natural populations and maintained 
in farms of passion fruit producers in the municipality of 
Miraflores, Boyacá in Colombia, using ISSR markers, with 
a view to proposing conservation strategies and genetic 
improvement of the species.

2. Material and Methods

2.1. Plant material

Leaf samples of twenty-one passion fruit cultivars 
were collected from farmer´orchard with the greatest 
tradition in this crop in the municipality of Miraflores. 
The cultivars were selected based on the differences 
observed in terms of clearly distinguishable morphological 
descriptors (Ocampo et al., 2021) (Figure 1), Boyacá located 
at 5°11’47”NL and 73°08’40”WL, at an altitude of 1,432 
masl, with an average annual temperature of 16°C and 
a relative humidity of 87% on the sidewalk Pueblo and 
Cajón. The harvested samples and stored to -80°C until use.

2.2. DNA extraction

Genomic DNA was obtained from approximately 
200 mg of healthy young plant leaf tissue macerated in 
liquid nitrogen using the Dellaporta et al. (1983) protocol 
modified. The DNA integrity was tested by electrophoresis 
on 0.8% agarose gel, stained with Gelred dye (Biotum, USA). 
The concentration was determined in a spectrophotometer 
(Biotek EPOCH|2 device) in the absorbance ratios in ng/µL 
to A260/A280. They were diluted in HPLC water for a total 
volume 100 µL to 10 ng/µL, stored at -20°C.

2.3. ISSR amplification

For each sample, seven ISSRs primers were amplified 
(Table  1). The ISSRs were selected from a database of 
ISSRs applied in previous based on their high polymorphic 
content and broad coverage of the passion fruit genome 
(Ferreira  et  al., 2021). The PCR amplification reaction 
consisted of 20 ng of DNA, 2 µmol of the primers, 1 U of 
Taq DNA Polymerase, 0.2 mM of dNTPs, 1.5 mM of MgCl2 
and 1X buffer in 25 µL reaction. The amplification program 
was 5 minutes at 95°C (initial denaturation), followed by 
37 cycles at 95°C for 30 s, annealing temperature 50-58°C 
(depending of primer, Table 1) for 45 s, 72°C for 2 min; 

fresh and processed (Ocampo et al., 2021). The passion fruit 
tree is native to tropical America (Souza et al., 2020). The 
botanical varieties Passiflora edulis f. flavicarpa (yellow or 
sour passion fruit) and P. edulis Sims f. edulis (purple passion 
fruit) are most important economically (Wu et al., 2020).

Most Passiflora species are allogamous, diploid, with 
2n = 12, 18, or 20 chromosomes (Yotoko et al., 2011), with 
ornamental potential and medicinal properties (Belo et al., 
2018; He et al., 2020), due to its contents of alkaloids, 
flavonoids and carotenoids, minerals and vitamins A, C, 
and D. The seeds contain essential fatty acids (55–66% 
linoleic acid, 18–20% oleic acid, and 10–14% palmitic acid), 
that can be used in the food and cosmetic industries (da 
Silva et al., 2015).

In spite of the economic importance and its various 
potential uses in industry and medicine of passion fruit 
in Colombia, there has been scanty information on the 
genetic diversity of cultivated germplasm in its main 
producing departments (Antioquia, Huila, Meta, and Valle 
del Cauca) (Ocampo et al., 2021). The characterization of 
the germplasm is fundamental for the knowledge of its 
genetic variability (Hashemi and Khadivi, 2020), to direct 
the programs of conservation, genetic improvement and 
potential use of the germplasm (Chavarría-Perez et al., 2020; 
Holanda et al., 2020). The genetic diversity of Passiflora 
species worldwide has been evaluated using morphological 
descriptors (Ramaiya et al., 2018; do Carmo et al., 2017; 
Ocampo et al., 2017; Pérez and d’Eeckenbrugge, 2017), 
agronomic traits (Galeano Mendoza  et  al., 2018) and 
physicochemical descriptors (dos Reis et al., 2018). Although 
the morphological characterization is the one that is carried 
out most frequently due to its low cost and easy to do, it 
presents serious limitations in terms of the inheritance 
of the characters, the dependence on the phenology of 
the plant and the vulnerability to environmental changes 
(Ocampo et al., 2017).

As an alternative, molecular marker utilizations for plant 
identification have been widely accepted due to several 
advantages, such as unlimited number, unaffected by 
environment and growing conditions, easy interpretation, 
and reliable repeatable results (Antunes  et  al., 1997). 
Several studies have been reported on the genetic diversity 
of Passiflora species with random amplified polymorphic 
DNA (RAPD) (Vieira  et  al., 2019), amplified fragments 
length polymorphism markers (AFLP) (Ortiz et al., 2012), 
simple sequence repeat markers (SSR) (Araya et al., 2017; 
Grisi et al., 2019), inter-simple sequence repeats (ISSR) 
(Martinez et al., 2020) and sequence-related amplified 
polymorphism (SRAP) markers (Oluoch et al., 2018). Among 
these, the ISSR method is preferred for use in plants with 
limited prior genetic knowledge, as it is a simple, fast, 
relatively cheap technique, requires minimal laboratory 
skills, small amounts of DNA, and generates a large number 
of fragments in each reaction (Vianna et al., 2019).

In Colombia, some studies have been carried out on 
intra- and interspecific genetic variability in the genus 
Passiflora L using morphological descriptors (Ocampo et al., 
2021), molecular markers such as amplified fragment 
length polymorphism (AFLP) (Ocampo  et  al., 2004); 
microsatellites (Bernal-Parra et al., 2014) and Intersimple 
Sequence Repeat (ISSR) (Morillo et al., 2023). These studies 
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the absence. Cluster analysis was performed by using 
Unweighted Pair Group Method with the Arithmetic mean 
(UPGMA). The SIMQUAL program was used to calculate 
the Jaccard’s coefficients by using NTSYS-pc 2.1 (Rohlf, 
2000). The dendrograms were constructed using the 
algorithm with the SAHN module. The cut-off values of 
dendrograms were then determined based on calculation 
method described by Jamshidi and Jamshidi (2011). Genetic 
similarity (GS) was estimated for all cultivars pairs using 
the following equation (Nei and Li, 1979):

2
    

2
ij

ij i j
ij

N
Gs N N

N
= + + 	 (1)

where ijGs  represents the similarity estimated between 
the genotypes i and j, based on the ISSR data, ijN  is the 
total number of bands common to i and j, and iN  and  
correspond to the number of bands found in genotypes i 
and j, respectively. Cophenetic correlation coefficient (CCC) 
between similarity matrix and dendrogram cophenetic 
values was estimated to validate the dendrogram in 
relation to the original similarity estimates and the binary 
data matrix analyzed using COPH and MXCOMP programs 
in NTSYSpc.

The Nei´s genetic distance (H), Shannon information 
index (I), coefficient of genetic differentiation (CGD), 
number and percentage of polymorphic loci, and gene flow 
(GF) (McDemott and McDonald, 1993), heterozygosity were 
estimated with the statistical package POPGENE version 
3.2 and TFPGA (Tools for Population Genetic Analysis, 

and a final extension at 72°C for 7 min. All reaction was 
carried out with the PTC 1000 programmable thermal 
controller thermocycler (M.J. Research, Inc). PCR product 
was then separated by electrophoresis in 2% agarose gel, 
with running TBE 0.5X at 100 volts for approximately 3 
h in a Maxicell Primo EC-340 Electrophoresis Gel System 
chamber and stained with Gelred dye, and then visualized 
under transilluminator.

2.4. Statistical analysis

The analyzes were carried out only with those bands 
that presented a clear amplification. A binary matrix was 
generated where one indicates the presence and zero 

Table 1. ISSR markers used to determinate the genetic diversity 
in the passion fruit cultivars.

Primer Sequence (5´to 3´)

CCA DDB(CCA)5

CGA DHB(CGA)5

GT VHV(GT)5G

AG HBH(AG)7A

CT DYD(CT)7C

TG HVH(TG)7T

CA DBDA(CA)7

The following designations are used for the generative sites: H (A or 
T or C); B (G or T or C); V (G or A or C) and D (G or A or T).

Figure 1. Some phenotypic characteristics in plant and fruit that define the 21 cultivars used in the study. MRF: Corresponds to each 
of the different passion fruit cultivars that were evaluated in the study.
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passion fruit cultivars were grouped into two sub-groups 
(Figure 2) as reveled by population structure in Figure 3 
and Figure 4.

The Bayesian clustering method with linear and 
generalized mixed model indicated that the 21 passion 
fruit cultivars were clustered into two genetic groups 
(K=2) (Figure 3 and Figure 4). Figures 2 and 4 shows the 
estimated population structure based on Delta K (ΔK) 
when it reaches its maximum value following the ad-hoc 
method and subpopulation clusters (K) that are represented 
by different colors, respectively. The structuring in two 
genetic groups show a predominance of a genetic group 
was represented by the red color for the different cultivars 
(approximately 71%), while the second genetic group was 
represented by the green color for the rest of the cultivars 
evaluated (29%).The groupings corresponded mainly to 
phenotypic characteristics such as leaf shape, fruit shape, 
presence or absence of tendrils, among others. Cophenetic 
correlation coefficient was 94%, showed a good relationship 
between the genetic distance and the groups formed.

Shannon diversity index of Passiflora edulis observed 
here was 0.4 (Table 2), while in the first group it was 0.39 
and in group two 0.34. Mean expected heterozygosity (He) 
from the analyzed total population of passion fruit were 0.29 
(Table 2). In genetic group I, the expected heterozygosity 
values ranged from 0.21 to 0.32 with an average of 0.27; 
and in the second, this parameter was between 0.13 and 
0.30 with an average of 0.22.

The genetic differentiation (Gst) were 0.12 according to 
Equation 1, showed that 12% of the total genetic variation 
were between population. The gene flow represented 
in the Nm coefficient was 3.91 on average for the total 
population, being low for the 21 passion fruit cultivars 
evaluated. AMOVA revealed that the diversity among 
groups and within individuals of passion fruit cultivars 
were 22% and 78%, respectively (Table 3).

version 1.3, Miller, 1997). Polymorphic information content 
(PIC) was calculated according to the formula proposed 
by Botstein et al. (1980):

2

1

1
n

ij
j

PIC P
=

= −∑ 	 (2)

Where Pij is the frequency of allele j at marker i.
According to the authors, indices below 0.25 are slightly 

informative; between 0.25 and 0.50, informative; an above 0.50 
highly informative, where 0.50 is the maximum value reached 
in dominant markers such as ISSR (Botstein et al., 1980).

The genetic structure analysis was done based on 
Bayesian model (Hubisz  et  al., 2009) with STRUCTURE 
program version 2.3.4. The runs for K values ranging from 
1 to 10 were executed with a burn-in length of 100,000 
tailed by 1,000,000 Monte Carlo Markov Chain (MCMC) 
interactions using admixture model. The number of 
subpopulations was determined using the Delta K (ΔK) 
ad hoc method proposed by Evanno  et  al. (2005) and 
implemented in the online tool Structure Harvester (Earl 
and vonHoldt, 2012) to estimate the most likely K in each 
set of passion fruit cultivars. The difference between and 
within the groups was evaluated by molecular variance 
analysis AMOVA, using GenAlex 6.5 program.

3. Results

Amplification reactions from the seven ISSR primers, 
considering the 21 cultivars of P. edulis, produced 225 
bands, 87% polymorphic, with a mean of 28.2 per primer 
(Table  2). Primers CA and CT, AG produced the lowest 
(21) and highest (38) numbers of bands, respectively 
(Table  2). The estimated PIC values ranged from 0.20 
to 0.25, according to Equation 2, for ISSRs AG and CT, 
respectively. The dendrogram based on UPGMA cluster 
analysis constructed from seven ISSR markers among the 

Table 2. Genetic parameters measured in the total population of Passiflora edulis cultivars and in the clusters formed in the conglomerates 
and structure analyses.

Total Population Group I Group II

Primer
N° Loci 

Polymorphic
% Polymorphic 

loci
He I Gst PIC Nm He I He I

AG 30 79 0.26 0.39 0.13 0.20 3.45 0.32 0.46 0.16 0.26

CA 19 90 0.27 0.41 0.14 0.22 3.05 0.30 0.45 0.19 0.31

CCA 18 100 0.37 0.55 0.15 0.29 2.94 0.21 0.31 0.24 0.36

CGA 37 93 0.29 0.45 0.06 0.23 7.36 0.30 0.44 0.27 0.41

CT 30 79 0.32 0.46 0.14 0.25 3.12 0.24 0.36 0.30 0.44

GT 22 92 0.30 0.46 0.14 0.24 2.99 0.25 0.36 0.26 0.41

TG 23 72 0.20 0.31 0.10 0.24 4.45 0.25 0.37 0.13 0.21

Average 25.57 86.43 0.29 0.43 0.12 0.24 3.91 0.27 0.39 0.22 0.34

He: Expected heterozygosity; I: Shannon Index; Gst: Coefficient of genetic differentiation; PIC: Polymorphic Information Content; Nm: Gene flow.
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Figure 2. Dendrogram of passion fruit cultivars based on the Nei-Li similarity coefficient and estimated with seven ISSR markers with 
UPGMA, SAHN and TREE classification methods of NTSYS-pc, version 1.8 (Exeter Software, NY, USA).

Figure 4. Population genetic structure of 21 passion fruit cultivars analyzed, calculate using the Structure software. Each vertical bar 
represents an individual sample, and the color of the bar indicates the probability that an individual will be assigned to one of the 
identified groups.

Figure 3. Delta K values obtained from Harvester Structure, estimated as the mean of the probability of K divided by the standard 
deviation of the probability of K. Evanno´s method with an optimal model of K=2.
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compared to group I (Figure 2). Cophenetic correlation 
coefficient was 82%, demonstrating a relationship between 
the genetic distances and the groups. The grouping of 
cultivars into different groups may be the result of exchange 
of planting material between producing regions and/
or due to hybridization, gene flow, propagation system, 
origin, among others. The similarity or dissimilarity 
observed between the passion fruit cultivars is possibly 
due to the processes of conservation and domestication 
of the germplasm (Chepkoech et al., 2020; Morillo et al., 
2023). Genetic variability within a population of a species 
is affected by a number of factors comprising the seed 
dispersal, gene flow, natural selection, geographic range, 
and the center of diversity (Hamrick and Godt, 1989). On 
the other hand, some authors point out that the selection 
of markers is essential to achieve greater precision in 
the identification of passion fruit cultivars, since the 
combination of markers affects the results (Ocampo et al., 
2021; Ho et al., 2021).

The cluster analysis was executed to deduce the genetic 
structure (Figure 4), estimate the lineage and presence of 
possible populations of the sample cultivars. The ISSRs 
studied using Bayesian groping generated two clusters 
Δk = 2 from 21 passion fruit cultivars, observed a small 
mixture between cultivars probably due to gene flow 
and continuous planting processes cycle after production 
cycle (Martinez et al., 2020). The 21 cultivars were more 
defined by their phenotypic characteristics associated 
with the fruit than by geographical origin, in addition to 
their type of reproduction, self-incompatibility processes, 
cross-pollination and the absence of directed selection 
processes (Ocampo et al., 2021). Admixture is considered 
because of exchange of plant material between the areas 
and/or hybridization (Chepkoech et al., 2020).

The results of two analysis performed (UPGMA cluster 
and Bayesian model-based method) agreed with existence 
of clusters or subpopulations. In spite of minor differences, 
the results were largely consistent. The results of the 
analyzes showed that the cultivars present reasonably 
heterogeneous phenotypic and genotypic characteristics, 
showing a small correspondence with the selection and 
domestication processes to which the species has been 
subjected in passion fruit-producing municipalities in 
Colombia (Ocampo  et  al., 2017; Morillo  et  al., 2023). 
Other studies have reported great genetic heterogeneity 
for cultivated accessions of P. edullis f. flavicarpa 
(Chepkoech  et  al., 2020; Ho  et  al., 2021); P. cincinnata 
(Silva et al., 2022) and P. setacea (Barbosa et al., 2021). 
In contrast, Ortiz  et  al. (2012) reported a high genetic 
homogeneity in cultivated material of purple passion fruit 

4. Discussion

The seven ISSR markers used to characterize the genetic 
diversity of the 21 passion fruit cultivars generated 255 
loci, which is considered appropriate for conducting a 
genetic study, results similar to those found in other 
characterizations of Passiflora germplasm (Ho et al., 2021; 
Silva et al., 2022; Morillo et al., 2023). The percentage of 
polymorphism found in the evaluation of the 21 cultivars 
was higher than 80% (Table  2) are similar to the data 
available in the literature for different species of the genus 
Passiflora based on ISSR markers (Maciel  et  al., 2019; 
Martinez et al., 2020; Ho et al., 2021). The values found 
here were higher than those observed in P. cincinnata for 
Embrapa Cassava & Fruits Collection (87.4%) and in the 
Embrapa Cerrados Collection (Silva et al., 2022).

The percentage of polymorphism may be due to 
morphological and/or anatomical characteristics of the 
flower that lead to the self-incompatibility of the species 
(Table 2). Therefore, cross-pollination mediated by external 
agents is required, which contributes to the increase of 
the genetic variability of these species, for example, in P. 
cincinnata (Silva et al., 2022). Sousa et al. (2020) using 31 
ISSR markers in 25 wild passion fruit species and Sousa et al. 
(2015) observed that 20 primers had polymorphic loci. 
In view of the studies with the same primers in different 
species of the genus, it was observed that these markers, 
in addition to enabling molecular studies, also inform the 
divergence between species, whose characteristic makes 
this marker a potential tool for the selection of taxa in 
wild species of Passiflora L.

Regarding to Botstein et al. (1980), the average value of 
the PIC values according to Equation 2 for the evaluated 
ISSR markers was 0.24, the equations were mentioned 
within the results, which indicates that they are slightly 
informative (Table  2). Ho  et  al. (2021) suggested that 
ISSR marker is slightly more informative than RAPD, due 
to ISSR markers are longer and require higher annealing 
temperature, resulting in higher consistency. In general 
terms, low or low PIC values may be influenced not only by 
the type of molecular marker selected, but also by the way 
the species reproduces, for which reason Chepkoech et al. 
(2020) report average PIC values of 0.65, attributing said 
values to the fact that it is the producers themselves who 
select their seeds and carry out sexual seed multiplication, 
in addition to the fact that this influences the distribution 
of allelic frequencies in the cultivated populations (Pérez 
and d’Eeckenbrugge, 2017; Morillo et al., 2023).

The dendrogram generated from the UPGMA analysis 
using the seven ISSR markers revealed two groups of 
passion fruit cultivars with group II being the most diverse 

Table 3. Analysis of molecular variance (AMOVA) among and within groups using seven ISSR markers.

Source df Sum of squares
Variance 

Components
Total variation % p-value

Among Groups 1 120.959 8.927 22% 0.001

Within Groups 19 618.279 32.541 78% 0.01*

Total 20 739.238 41.468 100%

*Significance test after 1000 permutations; df: Degree of freedom.
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Pereira et al. (2015) found similar results when evaluating 
the use of ISSR markers in 259 accessions of P. setacea 
distributed in 12 municipalities in the state of Bahia. 
These data suggest high genetic variability within plant 
populations, which may be due to sexual reproduction, 
somatic cell mutation, selection, genetic flow, genetic drift, 
and environmental change (Araújo et al., 2020).

The average value of Nm was 3.91, thus showing a 
high gene flow, results similar to those reported for the 
germplasm of Colombia (Martinez et al., 2020; Morillo et al., 
2023). Barbosa et al. (2021) in P. setacea reported gene 
flow moderate (1.179, based upon Fst) and congruent with 
the high population structuring, results similar to those 
obtained in populations of P. setacea from southern Bahia, 
Brazil with ISSR and RGA markers Nm were low (0.86 
and 0.68, respectively) (Pereira et al., 2015). Factors such 
as pollen and seed dispersal determine the gene flow of 
populations, playing an essential role in its structure. It 
is important to keep in mind that most Passifloras species 
present self-incompatibility, which favors cross-pollination 
and therefore gene flow (Ocampo et al., 2017). In addition, 
it must be considered that the majority of Passifloras have 
a nocturnal habit, requiring external pollinating agents, 
which transport the pollen grain over long distances 
(Barbosa et al., 2021), thus promoting an increase in the 
flow and a decrease in genetic differentiation between 
populations (Anderson et al., 2022).

Passifloras producers in Colombia are the ones who 
carry out the selection processes of the phenotypes 
cycle after sowing cycle based on the standards required 
by the national or international market (Ocampo et al., 
2017), which directly or indirectly influences diversity. 
The above is observed in the great phenotypic diversity 
of the cultivars within the same producers’ farms, since 
they do not carry out any pollination control, they only 
select the fruits to extract their seed for the next cycle 
considering the production characteristics and in some 
cases resistance to phytosanitary problems.

Genetics of these crops. Generally, the genus Passiflora 
have a very extensive genetic variability both within the genus 
and within the most cultivated species (Ocampo et al., 2017). 
The results obtained in this research show the phenotypic 
variation expected in allogamous species. However, this does 
not present very high values compared to other studies of 
Passifloras since some producers have opted for vegetative 
propagation which makes the cultivars more homozygous 
and homogeneous. Despite the existence of genetic variability, 
it is necessary to implement directed selection processes 
that lead to obtaining new and better cultivars that meet 
the needs of farmers, producers, and consumers.

The passion fruit cultivars showed high values of 
polymorphism. Low values of heterozygosity, low genetic 
structure, high gene flow and the conformation of at least 
two genetic groups. Analysis of molecular variance indicated 
higher diversity within populations, with low differentiation 
between them. The ISSRs markers allowed the identification 
of variation at the intraspecific level. Molecular genetic 
studies are essential to enable the definition of priority 
regions for conservation and identification of species and 
accessions to be prospected for germplasm banks and 
inserted in genetic improvement programs.

(P. edulis f. edulis) with microsatellite markers and AFLP 
in Colombia. However, it is possible that an inadequate 
selection plan has not been developed in the department 
of Boyacá, for passion fruit, as farmers inconsistently select 
the finest fruits in each harvest, without considering cross-
pollination (Ocampo et al., 2017). In general, ISSR marker 
may be a valuable tool for studying intraspecific genetic 
diversity in Passiflora, mainly by grouping accessions 
according to genetic origin (Costa et al., 2012).

Regarding the expected heterozygosity values (He), 
these ranged between 0.20 (TG) and 0.37 (CCA) with an 
average value of 0.29 for the entire population (Table 2). 
Results similar to those obtained by Morillo et al. (2023) 
when evaluating the pattern of genetic diversity of 
Passifloras in Colombia. In group I and group II, average 
heterozygosity values of 0.27 and 0.22 were obtained, 
respectively (Table 2), lower values than those (He=0.56) 
reported in diversity studies in Passiflora in Colombia and 
other countries with ISSR markers (Maciel et al., 2019; 
Martinez et al., 2020). Reis et al. (2011) when studying 
populations of two cycles of recurrent selection in P. edulis 
obtained He = 0.200. However, they were higher than those 
found by Pereira et al. (2015) in 12 populations of P. setacea 
distributed in three agroecological zones within the state 
of Bahia, Brazil, using ISSR. The low molecular variability 
can be attributed to the loss and fixation of the alleles 
by the selection process directed towards agronomically 
favorable genotypes. The variability reported in Passifloras 
may be associated with allogamy and self-incompatibility 
(Ocampo et al., 2021). In general terms, genetic diversity 
depends on the reproduction system, seed dispersal, 
genetic drift, the coevolution process of the species, and 
the habitat (Maciel et al., 2019).

The Shannon diversity index found for the 21 passion 
fruit cultivars evaluated with the seven ISSRs, 0.43 
(Table 2) indicating a high genetic diversity. These results 
are similar to those reported in other cross-pollinated 
species (Castañeda et al., 2020). Pereira et al. (2015) found 
similar values with inter simple sequence repeats (ISSR) 
and resistance genes analogs (RGA) markers (I = 0.51 and 
0.34, respectively). This represents an advantage for crop 
improvement because species with high genetic diversity 
allow the selection of genotypes with agronomically 
favorable alleles (Bernardes et al., 2020).

According to Yeh (2000), estimates of genetic 
divergence between 0.151 and 0.250 represent a high 
level of differentiation; therefore, the results obtained 
with the GST (0.12), according to Equation 1, were low 
compared to the high levels of GST detected in other 
genetic diversity studies using SSR, ISSR and RGA markers 
(Gst = 0.36, 0.38, 0.42, respectively) on populations of P. 
setacea (Cerqueira-Silva et al., 2014; Pereira et al., 2015). 
Barbosa et al. (2021) reported mean genetic divergence 
between populations (Gst) was 0.221, indicating high 
levels of genetic differentiation in P. setacea in different 
regions of Brazil.

Analysis of Molecular Variance (AMOVA) revealed that 
the highest percentage of variation occurs within (78%) 
and not between groups (22%) (Table 3). Silva et al. (2022) 
indicated higher diversity within (99%) populations, with 
low differentiation between them (1%) in P. cincinnata. 
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