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ABSTRACT - This study aimed to evaluate the genetic diversity by RAPD markers in 20 genotypes of ‘yellow’ passion fruit
(Passiflora edulis Sms). The 16 primers generated 92 markers, 57 (62%) of which were polymorphic. The genetic distance (gd;;)
estimated by the complement of the Dice index (gd;; = 0.19) and genotype grouping based on UPGMA algorithm showed low
variability among genotypes. These results show a narrower genetic basis than reported for other Passiflora populations and the
need to increase this variability by germplasmintroduction. Diver gent genotypes wer e al so identified for the choice of parents for

crossesfor genetic gainsin traits previously selected within the population studied.

K ey wor ds: Molecular markers, yellow passion fruit, genetic improvement, genetic variability.

INTRODUCTION

The genus Passiflora comprises at |east 400 species,
of which approximately 120 are native and dispersed across
the Brazilian territory (Bernacci et al. 2005). Thisis the
reason why Brazil is considered one of the mgjor centers
of genetic diversity of the group (Faleiro et al. 2005).
However, the survival of this diversity of both economic
and ecological interest is threatened by a significant
reduction in forest areas, caused by human actions, eg.,
the high rates of deforestation that widely affect tropical
regions (Bernacci et al. 2005).

The interest in Passiflora is focused primarily on
edible fruit species such as the passion fruit (Passiflora

edulis Sims), which is prevalent in the passion fruit
production fields across Brazil (Borges et al. 2005).
Currently, Brazil stands out as the largest passion fruit
producer and consumer, accounting for about 70% of the
world production (Ferreira 2005, Bellon et al. 2007).
However, theincreased passion fruit production in Brazil
in recent years is a consequence of the extension of
cultivated area in the country. Among the factors that
explain the low productivity of passion fruit is the
irregularity of the orchards, mainly due to a lack of
improved genotypes available (Meletti et al. 2000).
Actionsof screening to estimate the genetic variability
of Passiflora spp. by physicochemical descriptors
(Cardoso-Silvaet a. 2007, Araljo et a. 2008, Cerqueira-
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Silva et al. 2009a) to characterize the disease reaction
(Junqueiraet al. 2003, Ledo et al. 2006, Cerqueira-Silvaet
al. 2008) and to conduct intra-and interspecific crosses
(Jungueiraet a. 2008, Fonsecaet al. 2009) have shown an
increase in the number of studies associated with the
improvement of thecropin Brazil.

The access to molecular polymorphism at the DNA
level has been animportant tool in the generation of useful
knowledge for different stages of breeding programs of
Passiflora spp. Different molecular techniques have been
applied to estimate the genetic variability of passionfruit,
eg., studies using restriction enzymes of cpDNA sites
(Sanchez et al. 1999), isozymes (Segura et a. 2003) and
amplified fragment length polymorphism (AFLP) markers
(Segura et al. 2002), although the genetic variability of
Passiflora spp. is mostly estimated by random amplified
polymorphic DNA (RAPD) (Fajardo et al. 1998, Vianaet al.
2003, Bellonet a. 2007, Bellon et a. 2009).

Although markers may be defective in terms of
repeatability of the results (Borém and Caixeta 2006),
strategiesto reduce the occurrence of experimental errors
are available, such as the use of DNA repeats of a same
genotype in all amplification cycles and the assessment
(gel reading) by more than one observer. Such measures
reduce the possibility of experimental errors (Lea et al.
2008).

The application of RAPD markersisnot restricted to
the characterization of the genus Passiflora and the use
efficiency of thistechniquein different genetic approaches
is demonstrated by recent results in solving problemsin
different plant species, generating useful information for
conservation and genetic improvement of plants (Juchum
et al. 2007, Leal et al. 2008, Ferrdo et a. 2009). In these
studies a variable number of polymorphic bands was
observed, for example, 30 polymorphic bandsby Leal et al.
(2008) and 231 polymorphic bands obtained and eval uated
by Ferrdo et al. (2009). Variation in the number of RAPD
markers used in diversity studies is also demonstrated
and discussed by Dias et al. (2004). The objective of this
study was to characterize a Passiflora edulis Sims
genebank by RAPD markers, based on estimates of genetic
dissimilarity.

The objective of this study was to characterize a
Passiflora edulis Sims genebank by RAPD markers, based
on estimates of genetic dissimilarity.
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MATERIAL AND METHODS
Plant material

The 20 genotypes of yellow passion fruit (Passiflora
edulis Sims; Pe-G1 to Pe-G20) evaluated in this study had
been naturally pollinated and are part of the Passiflora
Genbank of the Universidade Estadual do Sudoeste da
Bahia (UESB), campus Vitdria da Conquista (CAGT-
Passiflora/UESB) (lat 14° 53' S, long 40° 47" W, and alt
900 m agl). These 20 genotypes are represented together
with the populationsthat were characterized for resistance
to the Passion-fruit woodiness virus (Cerqueira-Silva et
al. 2008) and that are being characterized inrelation to the
physicochemical fruit descriptors (Nonato €l at. 2008).

Molecular analysis

L eaf tissue samples of passion fruit were collected
and stored in an ultrafreezer (-80 °C) until DNA extraction
using the protocol of Doyle and Doyle (1990). The
amplification reactions (PCR) were performed using
standard RAPD procedures (Williamset al. 1990), with 16
primersof theseriesOPD (D-03, -05, -07,-11, -13, -16, -18,
and -20) and OPE (E-01, -02, -03, -04, -07,-14, -15, and - 18)
of Operon Technology. These primers were selected in
advancefor their high repeatability among the 40 primers
that constitute these series (OPD and OPE). The PCR
consisted of 40 cyclesof 30 sec at 94 °C, 40 sec at 50 °C
and 1 minat 72 °C, with aninitial denaturation step (5min
at 94 °C) and after the cycles afinal extension step at
72 °Cfor 7min, followed by temperaturereductionto 15 °C.

Theamplification products were el ectrophoresed on
1.6% agarose gel stained with ethidium bromide and
submerged in 1X TBE (buffer consisting of Tris-borate-
EDTA). After electrophoresis, the gelswere photographed
under ultraviolet light in an EDAS 290 gel doc system
(Kodak). The banding pattern observed was used to
construct a binary data matrix (O for absence and 1 for
presence of bands), including all monomorphic and
polymorphic markers obtained based on the criteria of
clarity and repeatability.

The RAPD techniqueissensitiveto small variations
in experimental conditions, which can cause problems of
dataconsistency (Borém and Caixeta2006). To ensure data
reliability, threereplications of one sample per primer were
used, so that in each amplification cycle DNA of the same
genotype was used, considered as control. Thus, only
primersthat produced clearly visible bands of the control
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in the evaluations were considered in the final analysis.
Moreover, the electrophoretic patterns were eval uated by
two researchers, based on the criterion of agreement of
the raters for the analysis.

Satistical analyses

The following multivariate analysis procedures
were carried out: i) estimation of the genetic similarity
(gdij=1-gs;, wheresimilarity = gs; and dissimilarity =
gd;), based on the coefficient of Dice (1945); ii) genotype
grouping by the unweighted pair-group method with
arithmetic mean (UPGMA), selected for thelowest values
of distortion and stress, as well as the highest cophenetic
correlation for the species, as applied by Cerqueira-Silva
et a. (2009b); iii) two-dimensional dataprojection and; iv)
evauation of cluster quality and two-dimensional data
projection based on distortion, stress and correlation
estimates.

Theefficiency of cluster matricesand two-dimensiona
data projection was evaluated using a classification
proposed by Kruskal et al. (1964). Statistical analyseswere
performed using software Genes (Cruz 2001).

RESULTSAND DISCUSSION

Theamplification reactions performed with 16 RAPD
primers produced atotal of 92 bands, 57 polymorphic and
35 monomorphic, representing 62 and 38%, respectively
(Table 1). The mean number of bands observed per primer
was 5.7 and ranged from one for OPE-4 to 11 for OPE-1.
The number of polymorphic bands and the mean ratio of

these bands per primer, observed between the genotypes
of P. edulis, can be considered low when compared with
dataavailablefor P. edulis, with 75.03% polymorphic bands
and amean of 14.4 bands per primer (Bellon et a. 2007)
and P. alata, with 62.12% polymorphic bands and amean
of 12.7 bands per primer (Bellon et a. 2009).

Theseresults can be explained, at least partially, by
the origin of the germplasm evaluated. The P. edulis
genotypes used in this study were originated from open-
pollinated genotypes of field production, and despite
indirectly, they were the result of participatory plant
breeding or local selections performed by the producers
themselves. On the other hand, Bellon et al. (2007) and
Bellon et al. (2009) assessed plants from wild and
commercial accessionstogether, contributing to agreater
variability between members of the population.

The dg;; of 20 genotypes of P. edulis ranged from
0.12 (between Pe-G4 and Pe-G20) to 0.26 (between the
pairs Peand Pe-G3 and Pe-G7; Pe-G3 and Pe-G18; Pe-G4
and Pe-G16; Pe-G12 and Pe-G16); the mean gd; of all 380
pairswas0.19. These dissimilarity valueswerelower than
those observed in other variability studies involving
Passifloraspp., suchasP. edulis(0.09 < gd; < 0.50) (Bellon
etd. 2007), P. alata (0.086 < gd; < 0.32) (Bellonet a. 2009)
and P. nitida (0.031 < gd;; < 0.471) (Junqueiraet al. 2007)
and evidence the narrowing of the genetic basis of the
population evaluated in this study.

Despite the wide genetic and interspecific variability
observed for the genus Passiflora, low dg;; values were
observed among P. edulisgenotypes (Vianaet a. 2003) as
well asamong commercia genotypesof P. alata (Bellon et

Table 1. Primers used to obtain RAPD data, with respective descriptions of the numbers of bands in genotypes of passion fruit

(Passiflora edulis Sims)

Primers Sequence 5°— 3’ No. of polymorphic bands

No. of monomorphic bands No. of bands per primer

OPD-03 GTCGCCGTCA 6 2 8
OPD-05 TGAGCGGACA 2 1 3
OPD-07 TTGGCACGGG 2 2 4
OPD-11 AGCGCCATTG 6 1 7
OPD-13 GGGGTGACGA 8 0 8
OPD-16 AGGGCGTAAG 5 2 7
OPD-18 GAGAGCCAAC 1 2 3
OPD-20 ACCCGGTCAC 4 3 7
OPE-01 CCCAAGGTCC 6 5 11
OPE-02 GGTGCGGGAA 1 2 3
OPE-03 CCAGATGCAC 2 5 7
OPE-04 GTGACATGCC 1 0 1
OPE-07 AGATGCAGCC 1 5 6
OPE-14 TGCGGCTGAG 6 1 7
OPE-15 ACGCACAACC 3 0 3
OPE-18 GGACTGCAGA 3 4 7

Total 57 35 92

156 Crop Breeding and Applied Biotechnology 10: 154-159, 2010



Genetic diversity in yellow passion fruit (Passiflora edulis Sims) based on RAPD

al. 2009). Inthiscontext, several studies show thereduction
of variability among Passiflora genotypes on the market
or found in a particul ar geographical region, compared to
genotypes from different geographic regions or growing
wild (Fejardoetal. 1998, Vianaet a. 2003, Bellon et d. 2007,
Junqueiraet al. 2007, Bellon et al. 2009).

Thisisthefirst report on specific genetic variability
of P. edulis genotypes grown in the state of Bahia,
estimated by molecular markers. This study is of
fundamental importance becauseit dealswith apopulation
drawn from participatory plant breeding that been
characterized in terms of some agronomic features of
regional significance, such as the resistance to cowpea
aphid-borne mosaic virus (CABMV) (Cerqueira-Silva et
al. 2008) and physicochemical fruit descriptors (Nonato et
al. 2008).

The estimated cophenetic correlation coefficient
cal culated asthe difference between the dissimilarity matrix
and graphical representation was 0.46, whilethe correlation
between the original distance and distance in two-
dimensional projectionwas0.28. The percentages of stress
observed for the cluster matrix (13.8%) and distance
projection in two-dimensional space (60.1%) were
classified asgood and inadequate, respectively, according
to Kruskal et al. (1964). Thus, the variability observed
between the genotypes of P. edulis was visually
represented by adendrogram and not by scatterplots. The
results observed for the stress values and use of UPGMA
agreed with the previous, related to the effectiveness of
different methods of multivariate statistics in the
characterization of variability in P. edulis (Cerqueira-Silva
etal. 2009b).

By the cluster analysis based on genetic distances,
the 20 P. edulis genotypes were divided into four
genetically similar groups, considering the cut-off point
at a relative genetic distance of 0.27 (Figure 1). These
groups agreed with the data in the dissimilarity matrix,
since the genotypes with highest dissimilarity (as the
genotype pairs Pe-G3 and Pe-G7; Pe-G3 and Pe-G18; Pe-
G4 and Pe-G16; Pe-G12 and Pe-G16) wererepresented in
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Figure 1. Clustering of 20 genotypes of passion fruit (Passiflora
edulis Sims) obtained by UPGMA agorithm based on Dice’ distance
matrix from RAPD bands. Pe-G1 to Pe-G20 corresponds to the
genotypes studied.

different groups in the dendrogram, while those with
lowest dissimilarity (Pe-G4 and Pe-G20) were united inthe
same group with the shortest distance. Thus, the graphical
representation in the dendrogram visualizesthe variability
of the divergent genotypes within the popul ation studied.

The combination of past or future phenotypic
characterizations with this analysis of the genetic
variability of P. eduliscan effectively contributeto genetic
gain by crosses between pairs of genetically divergent
plants at the DNA level (Figure 1) and controlled crosses
in terms of their agronomic characteristics. The results
indicate the need for introductions of exotic germplasm, at
least grown in other regions of the country, into the work
collections to be exploited in the early stages of genetic
improvement with the goal of generating local selections
and varieties. Theincrease of the number of accessionsin
banks is regarded as an efficient source for both species
conservation and increased variability in breeding
programs(Faleiro et al. 2005).

With the new knowledge on genetic variability it is
believed that the study population in future crosses can
be further exploited and the variability considerably
increased in the active passion fruit bank CAGT-
Passiflora/UESB, as a contribution to the conservation
and use of thisresourcein geneticimprovement programs
of the species.
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Diversidade genética de maracujazeiro ‘amarelo’
(Passiflora edulis Sims) com base em marcadores RAPD

Resumo - Este estudo teve como objetivo avaliar a variabilidade genética, por meio de marcadores RAPD, de 20 gendtipos
de maracujazeiro ‘amarelo’ (Passiflora edulis Sms). Os 16 primers geraram 92 marcadores, dentre os quais 57 (62%)
apresentaram-se polimorficos. A distancia genética (dg;;) estimada pelo complemento do indice de Dice (dg;=0,19) e o
agrupamento dos genétipos com base no algoritmo UPGMA mostraram reduzida variabilidade entre os gendétipos. Tais
resultados evidenciam um estreitamento da base genética, emrelacdo ao relatado para outras populagfes de Passiflora, e a
necessidade de incremento desta variabilidade pela introdugdo de germoplasma. Os resultados permitem ainda identificar
gendtipos divergentes para escolha de genitores em cruzamentos visando ganhos genéticos em caracteres agronémicos

previamente trabalhados dentro da populagdo estudada.

Palavr as-chave: Marcadores moleculares, maracuja‘ amarelo’, melhoramento genético, variabilidade genética.
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