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Soil fungi, Fusarium solani and Fusarium oxysporum f. sp. passiflorae are among the pathogens of
greatest economic importance to the passion fruit culture. Little is known about the genetic variability
of these pathogens from different regions. The genetic variability of F. solani and F. oxysporum f. sp.
passiflorae isolates from Pantanal, Amazon and Cerrado of Mato Grosso State, Brazil, was studied with
the help of molecular markers inter-simple sequence repeat amplification (ISSR) and inter-
retrotransposon amplified polymorphism (IRAP). The molecular identification of the isolates was
performed by partial sequencing of the internal transcribed spacer (ITS) of the rDNA region. High
genetic variability among isolates of F. solani and F. oxysporum f. sp. passiflorae was found. The
dendrogram generated by UPGMA divided the fungi isolates in two large groups, however, with
grouping tendency according to the biome of collection only for F. oxysporum f. sp. passiflorae. There
was no significant correlation between geographic distance and genetic similarity for F. oxysporum f.
sp. passiflorae and F. solani.

Key words: Collar rot, Fusarium wilt, passionflower, Passiflora edulis, inter-simple sequence repeat
amplification (ISSR), inter-retrotransposon amplified polymorphism (IRAP).

INTRODUCTION

The Mato Grosso state houses three biomes: Pantanal, in the months of summer and fall (Assine, 2003; Junk et
Cerrado and Amazon (IBGE, 2004). The Pantanal is a al., 2006). The climate in the Pantanal is hot and has two
sedimentary plain with low topographic gradient and slow distinct seasons: rainy summer, from October to April,
runoff water, characterized by seasonally flooded areas and dry winter, from May to September (Junk et al.,
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2006). The Cerrado is the second largest Brazilian
biome, characterized by formation of tropical savanna
(IBGE, 2004), with prevailing tropical climate, with hot
and humid summer and dry winter (Marcuzzo et al.,
2011).

Currently, in Mato Grosso Cerrado, there is prevalence
of beef cattle and intensive agriculture, especially the
large plantations of soy, corn, beans, cotton, coffee and
sugarcane (CONAB, 2015). The Amazon biome, the
largest in the country with about 4.1 million km?, is mainly
composed of three forest types: upland forests, lowland
forests, periodically flooded by the rivers, and the Igapo
forests, located near the riverbeds. In addition, this biome
encompasses areas of savannas (Cerrado) and
meadows (IBGE, 2004).

Brazil is the world's largest producer of passion fruit
(Passiflora edulis Sims) with 838,000 tons in the 2013
crop, being Bahia (355,020 t) and Ceara (213,902 t), the
largest Brazilian producers. In Mato Grosso, passion fruit
production is still low, accounting for only 0.92% of the
Brazilian production (IBGE, 2015). The occurrence of
diseases is a major factor limiting the expansion of the
cultivated area and the increasing passion fruit
productivity in the state. Among the diseases that affect
the passionflower, it is highlighted the collar rot, caused
by the Fusarium solani fungus, anamorphic phase of
Haematonectria haematococca (Berkeley and Broome)
Samuels & Nirenberg (Leslie and Summerell, 2006), and
the Fusarium wilt, caused by the Fusarium oxysporum f.
sp. passiflorae fungus (Fischer et al., 2005).

Fusarium wilt and collar rot are widespread in the main
producing areas of passion fruit in Brazil. In regions with
incidence of these diseases, the impact on passion fruit
culture is significant, with reduced productivity, premature
death of plants and consequently decrease in the life
cycle of the orchards (Pio-Ribeiro and Mariano, 1997;
Liberato and Costa, 2001; Fischer et al., 2005).

Furthermore, F. solani and F. oxysporum f. sp.
passiflorae  produce resistance  structures, the
chlamydospores (Leslie and Summerell, 2006), which
allow its survival in the soil for several years, even
without the presence of passion fruit (Pio-Ribeiro and
Mariano, 1997; Fischer et al., 2005).

To prevent the damage caused by Fusarium wilt and
collar rot, it is important to use preventive measures such
as, avoid planting seedlings from places with occurrence
history of these diseases (Fischer et al., 2005). In areas
already infested, the use of resistant cultivars is one of
the most important measures within the integrated
management of Fusarium wilt and collar rot. In this
context, the study of genetic variability of F. solani and F.
oxysporum f. sp. passiflorae fungi is fundamental to direct
passionflower genetic improvement programs in order to
obtain resistant cultivars (Silva et al., 2013).

However, little information is available so far on the
genetic variability of isolates of F. solani and F.
oxysporum f. sp. passiflorae fungi collected from different
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regions (Silva et al., 2013).

Molecular markers, inter-simple sequence repeat
amplification (ISSR) and inter-retrotransposon amplified
polymorphism (IRAP) are used to determine the genetic
variability in fungal species (Queiroz et al., 2014; Dinolfo
et al.,, 2014; Saxena et al., 2014). Thus, the objective of
this study was to evaluate the genetic variability of
isolates of F. solani and F. oxysporum f. sp. passiflorae
originating from Pantanal, Cerrado and Amazon biomes
in the state of Mato Grosso, Brazil, through molecular
markers ISSR and IRAP.

MATERIALS AND METHODS
Fungi isolation

Plants of yellow passion fruit showing typical symptoms of Fusarium
wilt and collar rot were collected from the three areas of Mato
Grosso biomes: Pantanal, Cerrado and Amazon. For the isolation
of F. oxysporum f. sp. passiflorae and F. solani, small segments of
symptomatic tissue from each sample collected were superficially
disinfected with 70% alcohol and 1% sodium hypochlorite, and then
washed in sterilized distilled water.

Thereafter, the segments were transferred to Petri dishes
containing the agar culture PCNB (Nash and Snyder, 1962). The
plates were incubated in BOD, with temperature of 24°C and 12 h
photoperiod for colony growth. Morphological characterization of
the isolates was made after the isolation processes, based on color
of the colony; presence or absence, size and format of macro and
microconidia; presence or absence and arrangement of
chlamydospores; and the type of phialides where conidia are
formed (Nelson et al., 1983; Nirenberg, 1990). After the
morphological characterization and the species identification,
monosporic cultures of each isolate were prepared. Then, the
monosporic isolates were stored in the Mycology Collection of the
Vegetable Breeding Laboratory from the University of Mato Grosso
(UNEMAT), Caceres campus.

Formulation of thematic map

Cartographic representations concerning areas with occurrence of
Fusarium wilt and collar rot - where plants of yellow passion fruit
showing typical symptoms were collected from the three areas of
Mato Grosso biomes - were delimited in the field, along with the
owner, using GPS navigation. These data from the field work were
used in the preparation of layouts of thematic maps. To make the
respective thematic maps, the data recorded in the GPS (points
and tracks) were discharged through TrackMaker and MapSource
software. In sequence, these were imported into ArcGIS software,
version 9.2, Esri, for editing, thus building the geographical
database of research.

DNA extraction of isolates and analysis of genetic variability

For the extraction of genomic DNA, the monosporic isolates of F.
solani and F. oxysporum f. sp. passiflorae were grown in liquid
potato dextrose agar (PDA) medium for two weeks. Subsequently,
the mycelium was macerated in liquid nitrogen. DNA extraction was
performed using extraction kit (Axygen Biosciences USA) according
to the manufacturer.

Validation of morphotyping was determined with the help of
molecular markers ISSR and IRAP. The primers used in this study
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Table 1. Primers used in the analysis of IRAP and ISSR
markers (Longato and Bonfante, 1997; Santos et al., 2012).

Marker Identifier Sequence 5’ - 3’

ISSR BH1 GTG GTG GTG GTG GTG

IRAP Cl IRAP1 CGTACGGAACACGCTACAGA
Cl IRAP4 CTTTTGACGAGG CCATGC

are shown in Table 1. The volume of 25 pl reaction mixture and the
PCR program were the same for both markers. In each sample, it
was used approximately 60 ng of total DNA, 2.5 ul of 10x PCR
buffer, 2.5 mM of each dNTP, 10 pMol of the oligo, 1 U of Taq
polymerase and ultrapure H,O s.q.f. to 25 pL. The program
consisted of an initial denaturation step at 94°C for 2 min, followed
by 35 cycles of 94°C for 1 min, 50°C for 2 min and 72°C for 2 min,
and a final step of elongation at 72°C for 10 min in Amplitherm
Thermal cycles thermocycler. Products from PCR were subjected to
agarose gel electrophoresis, 1.6%. The sizes of the amplified ones
were determined with the 123 bp DNA Ladder marker (Sigma-
Aldrich, Inc.) and 1 kb DNA Ladder (BioLabs).

In the evaluation of the gels, the presence (1) and absence (0) of
bands were used for the construction of two binary matrices, one
for F. solani and one for F. oxysporum f. sp. passiflorae. Binary
arrays were used for the calculation of genetic similarities
employing the Jaccard coefficient (Jaccard, 1908). Then UPGMA
cluster analysis was done for the preparation of dendrograms.
Cluster analysis was obtained by the data generated by the
combination of molecular markers ISSR and IRAP. All calculations
of dissimilarity and construction of dendrogram were made with the
aid of NTSYSpc 2.10 program.

With the data of the genetic and geographic distances, Mantel's
test was performed, using the program Genes (Cruz, 2006), to
assess the correlation between the spatial distance matrix and the
genetic distance. 10,000 simulations were used to test the
significance of the matrix correlations.

Molecular identification of the isolates

The molecular identification of the isolates was performed by partial
sequencing of the internal transcribed spacer (ITS) of the rDNA
region. The primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and
ITS5 (GGAAGTAAAAGTCGTAACAAGG 5'-3') were used for
amplification of the rDNA ITS region (White et al., 1990). For 25 uL
reaction, approximately 60 ng of total DNA, 2.5 ul of 10x PCR
buffer, 2.5 mM of each dNTP, 10 pMol of each primer
oligonucleotide, 1 U of Taq polymerase and ultrapure H,O s.q.f. to
25 pL were used. The program consisted of an initial denaturation
step at 94°C for 2 min, followed by 35 cycles of 94°C for 45 s, 50°C
for 45 s, and 72°C for 1 min, and a final step of elongation at 72°C
for 10 min in Amplitherm Thermal cycles thermocycler. Sequencing
was performed by the Sanger method with the Big Dye Kit in
ABI3100 Applied Biosystem sequencer (Dunn and Blattner, 1987).
The sequences were compared with existing sequences in
GenBank database using the BLAST program available at National
Center for Biotechnology Information - www.ncbi.nlm.nih.gov (NCBI
site).

RESULTS AND DISCUSSION

The location of collection of yellow passion fruit plants
showing typical symptoms of Fusarium wilt (FW) and

collar rot (CR) in the Mato Grosso biomes Amazon,
Pantanal and Cerrado is represented on the map in
Figure 1. Over half of the total area of Mato Grosso State
(54%) is occupied by the Amazon biome. The Cerrado is
the second largest biome of the state, occupying 39% of
the area, and the Pantanal biome represents only 7% of
the total area of the state (IBGE, 2004).

A total of twenty isolates of F. solani were obtained,
being nine from the Amazon biome, eight from Cerrado
and three from Pantanal (Table 2). With respect to F.
oxysporum f. sp. passiflorae, ten isolates were obtained,
seven from the Amazon biome and three from Cerrado.
Only one isolate of F. oxysporum f. sp. passiflorae was
isolated from the Pantanal biome (Table 2). The lower
number of isolates found in the Pantanal can be
explained by the low density of human occupation in this
biome, with livestock prudution being the main economic
activity (Gavlak et al., 2013). Also, as passionflower is a
semi-perennial crop, with economic production cycle of
about three vyears (Bruckner and Picanco, 2001),
seasonal flooding of most of the Pantanal (Junk et al.,
2006) make the economic cultivation of passion fruit in
these areas impossible.

The genetic similarity obtained by the Jaccard
coefficients ranged from 0.00 to 0.38 for F. oxysporum f.
sp. passiflorae, and are shown in Table 3. Maximum
similarity was observed between 7A and 17A isolates
from, respectively, S&o José dos IV Marcos and
Paranaiba, both collection points belonging to the
Amazon biome (Table 3). The maximum genetic
dissimilarity was between the isolates 3A, from Séo José
dos IV Marcos (Amazon biome), and 1C, from Céceres
(Cerrado biome) (Table 2). Silva et al. (2013), working
with 14 isolates of F. oxysporum f. sp. passiflorae from
Bahia (BR) and one isolate collected in Minas Gerais
(BR), also observed genetic variability among isolates. As
mating in F. oxysporum has not yet been reported (Leslie
and Summerell, 2006), the generation of variability in this
species can be related to different events, such as
mutation and parasexual reproduction (Huang et al.,
2013; Silva et al., 2013), and environmental factors of the
geographic region where the pathogen is located (Silva et
al., 2013). The transposable elements constitute a source
of mutations likely to be a major cause of genetic
variability of F. oxysporum (Daboussi and Langin, 1994;
Schmidt et al., 2013).

This study showed that for the F. solani, the genetic
similarity ranged from 0.00 to 0.56, indicating high
genetic variability among isolates. The highest similarity
was identified between 5A and 8A pairs, and the smaller
among 5C and 11A isolates, in addition to the pair 7C
and 16C (Table 4). Isolates 5A and 8A were from the city
of S&o José dos IV Marcos and isolate 11A was collected
in Carlinda. These three isolates were from the Amazon
biome (Table 2). Isolates 7C and 16C were collected in
the Cerrado biome (Table 2). This high genetic variability
found between F. solani isolates may be associated with
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Figure 1. Map of Mato Grosso State showing the three biomes (Amazon, Cerrado and
Pantanal) and collection points of passion fruit plants presenting symptoms of Fusarium
wilt (FW or ASF) and collar rot (CR or ASPC).

sexual and parasexual cycles, and with mutations
(Waalwijk et al., 2006; Dufresne et al., 2011). In the F.
solani species, sexual reproduction is common (Leslie
and Summerell, 2006), and in passion fruit it is
characterized by the formation of reddish perithecia on
the injured lap of the plant (Fischer et al., 2005).
Analyzing the dendrogram generated by the genetic
similarity matrix among the 10 isolates of F. oxysporum f.
sp. passiflorae generated by UPGMA method, it was
possible to observe the formation of two large groups, |
and Il, with two subgroups in each group (Figure 2). In

group I, only the isolates from the Amazon biome were
grouped, being the subgroup 1.1 formed by isolates 2A
and 16A, and the subgroup 1.2 formed by isolates 7A and
17A. In group I, isolates from two biomes were grouped,
notwithstanding, the ones collected in the Cerrado biome
(1C, 2C and 4C) were grouped only in subgroup I1.2. In
the 1.1 subgroup, the other three isolates from the
Amazon biome were grouped (3A, 4A and 10A). The
existence of a relationship between genetic similarity and
the biomes of collection of F. oxysporum f. sp. passiflorae
isolates may be an indication of the influence of
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Table 2. List of isolates of F. oxysporum f. sp. passiflorae and F. solani used in the study and their origin.

Biome Isolate Species Location
1A F. solani Sé&o José dos IV Marcos
2A F. oxysporum f. sp. passiflorae S&o José dos IV Marcos
3A F. oxysporum f. sp. passiflorae S&o José dos IV Marcos
4A F. oxysporum f. sp. passiflorae Séo José dos IV Marcos
5A F. solani Sé&o José dos IV Marcos
6A F. solani Indiavai
7A F. oxysporum f. sp. passiflorae S&o José dos IV Marcos
8A F. solani Sé&o José dos IV Marcos
Amazon . -
10A F. oxysporum f. sp. passiflorae Porto Esperidido
11A F. solani Carlinda
12A F. solani Carlinda
15A F. solani Alta Floresta
16A F. oxysporum f. sp. passiflorae Terra Nova
17A F. oxysporum f. sp. passiflorae Paranaiba
18A F. solani Carlinda
19A F. solani Terra Nova
1C F. oxysporum f. sp. passiflorae Caceres
2C F. oxysporum f. sp. passiflorae Nova Lacerda
3C F. solani Conquista d'Oeste
4C F. oxysporum f. sp. passiflorae Conquista d’Oeste
5C F. solani Tangara da Serra
6C F. solani Santo Antonio de Leverger
Cerrado 7C F. solani Santo Antonio de Leverger
9C F. solani Campo Verde
10C F. oxysporum f. sp. passiflorae Campo Verde
15C F. solani Santo Antonio de Leverger
12C F. oxysporum f. sp. passiflorae Campo Verde
16C F. solani Campo Verde
18C F. solani Campo Verde
1P F. oxysporum f. sp. passiflorae Céceres
2P F. solani Curvelandia
Pantanal 3P F. solani Nossa Senhora do Livramento
4P F. solani Santo Antonio de Leveger
5P F. solani Santo Antonio de Leveger

environmental factors of the geographical location area
on pathogen variability mechanisms (Silva et al., 2013).
Through analysis of the dendrogram generated by
genetic similarity matrix among 20 F. solani isolates, one
can find the formation of two major groups, | and Il, with
two subgroups in each group (Figure 3). There was no
relationship between genetic similarity and geographic
region of collection, where isolates from each biome were
divided into different subgroups. In the subgroup 1.1 A,
isolates 1A and 19A, from the Amazon biome, and 15C
and 16C, collected in the Cerrado biome, were grouped.
Isolates 5A, 8A, 12A, 15A, 18A and 6A, collected in the
Amazon, were grouped in subgroup .2, along with

isolated 18C and 5C, belonging to the Cerrado biome.
The 1.1 subgroup consisted of isolates from the three
biomes, being 11A (Amazon biome), 3P (Pantanal
biome) and isolates 3C, 6C, 7C and 9C from the Cerrado
biome. In 1.2 subgroup, only isolates from the Cerrado
biome (4P and 5P) were grouped. The non-grouping of
isolates as to geographical location corroborates with
reports in the literature for F. solani in other
pathosystems (Arruda et al., 2005; Brasileiro et al.,
2004).

There was no significant correlation, by Mantel test,
between geographic distance and genetic similarity to F.
oxysporum f. sp. passiflorae (r=0.015, t=0.0765; p =
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Table 3. Genetic similarity measures (D?) between pairs of isolates of F. oxysporum f. sp. Passiflorae.
2A 3A 4A 7A 10A 16A 17A 1C 2C 4C
2A 1.00
3A 0.07 1.00
4A 0.15 0.23 1.00
7A 0.15 0.18 0.16 1.00
10A 0.13 0.26 0.31 0.10 1.00
16A 0.22 0.20 0.10 0.17 0.14 1.00
17A 0.16 0.06 0.17 0.38 0.08 0.10 1.00
1C 0.06 0.00 0.19 0.08 0.15 0.10 0.14 1.00
2C 0.09 0.10 0.20 0.15 0.13 0.08 0.16 0.27 1.00
4C 0.15 0.08 0.16 0.09 0.16 0.13 0.13 0.30 0.19 1.00
Table 4. Genetic similarity measures (D?) between pairs of isolates of F. solani.
1A 5A 6A 8A 11A 12A 15A 18A 19A 3C 5C 6C 7C 9C 15C 16C 18C 3P 4P 5P
1A 1.00
5A 0.12 1.00
6A 0.19 0.27 1.00
8A 0.14 0.56 0.29 1.00
11A 0.21 0.15 0.16 0.14 1.00
12A 0.10 0.37 0.27 0.38 0.26 1.00
15A 0.19 0.32 0.27 0.33 0.16 0.44 1.00
18A 0.15 0.25 0.31 0.26 0.27 0.35 0.47 1.00
19A 0.18 0.15 0.06 0.13 0.18 0.16 0.20 0.29 1.00
3C 0.20 0.08 0.21 0.13 0.31 0.22 0.18 0.32 0.13 1.00
5C 0.21 0.19 0.19 0.17 0.00 0.12 0.23 0.14 0.08 0.06 1.00
6C 0.10 0.07 0.09 0.06 0.14 0.13 0.09 0.18 0.08 0.25 0.13 1.00
7C 0.10 0.11 0.13 0.06 0.10 0.17 0.17 0.15 0.09 0.21 0.24 0.39 1.00
9C 0.14 0.11 0.19 0.17 0.14 0.06 0.20 0.21 0.08 0.25 0.23 0.37 0.32 1.00
15C 0.26 0.19 0.12 0.13 0.17 0.32 0.28 0.14 0.17 0.20 0.17 0.08 0.08 0.13 1.00
16C 0.21 0.13 0.14 0.15 0.04 0.10 0.14 0.16 0.22 0.11 0.21 0.05 0.00 0.22 0.21 1.00
18C 0.19 0.21 0.32 0.27 0.09 0.11 0.25 0.26 0.07 0.18 0.19 0.11 0.07 0.25 0.11 0.18 1.00
3P 0.29 0.09 0.13 0.08 0.21 0.08 0.26 0.27 0.27 0.35 0.13 0.27 0.19 0.32 0.13 0.12 0.16 1.00
4P 0.09 0.06 0.08 0.03 0.23 0.11 0.08 0.18 0.15 0.11 0.10 0.19 0.15 0.24 0.10 0.08 0.06 0.23 1.00
5P 0.10 0.03 0.06 0.03 0.14 0.17 0.09 0.08 0.09 0.10 0.13 0.25 0.20 0.19 0.18 0.11 0.04 0.10 0.43 1.00
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generated by the UPGMA method, using the Jaccard coefficients.
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Figure 3. Dendrogram of genetic similarity among the 20 isolates of F. solani generated by the
UPGMA method, using the Jaccard coefficients.

93.76) and Fusarium solani (r = -0.00246, t = -0.03368; p
= 97.16%). This lack of correlation can be attributed to
small geographic distances between the sampled
municipalities and to the exchange of infected material

between the producers of passion fruit.

The high genetic variability presented by the isolates of
F. oxysporum f. sp. passiflorae and F. solani is presented
as an important frontier in obtaining passion fruit cultivars



with durable resistance to Fusarium wilt and collar rot.
However, further studies are needed to group these
isolates also according to the virulence and
aggressiveness.

Conclusions

1. The use of molecular markers ISSR and IRAP made it
possible to detect high genetic variability in F. oxysporum
f. sp. passiflorae and Fusarium solani collected in the
Pantanal, Cerrado and Amazon biomes in the state of
Mato Grosso, Brazil.

2. There was grouping tendency according to the biome
of collection only for F. oxysporum f. sp. passiflorae
fungus.

3. There was no significant correlation between
geographic distance and genetic similarity for F.
oxysporum f. sp. passiflorae and Fusarium solani.
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