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AbstrAct- The aim of this study was to characterize Passiflora spp. accessions and its genetic 
diversity based on quantitative morphological descriptors of flowers and fruits. The study was conducted 
at Embrapa Cerrados, Planaltina-DF. Fifteen Passiflora spp. accessions were characterized using 14 
quantitative morphological descriptors. Genetic distances among accessions were estimated based on 
Mahalanobis’ generalized distance. Cluster analysis via dendrogram and graphic dispersion was analyzed. 
The relative contribution of characters for accession divergence was also calculated. The morphoagronomic 
characterization based on quantitative descriptors of flowers and fruits contributed to the differentiation of 
Passiflora spp. accessions, serving as an important tool for variability quantification. This information is 
useful to perform Passiflora spp. characterization and genetic diversity studies.
Index terms: multivariate analysis, Passifloraceae, genetic resources.

DIVErsIDADE GENÉtIcA E MOrFOAGrONÔMIcA DE Passiflora spp. 
bAsEADA EM VArIÁVEIs QUANtItAtIVAs DAs FLOrEs E FrUtOs

rEsUMO- Objetivou-se caracterizar acessos de Passiflora spp. e sua diversidade genética baseada em 
descritores morfoagronômicos quantitativos de flores e frutos. O estudo foi realizado na EMBRAPA Cerrados, 
Planaltina-DF. Foram caracterizados 15 acessos de Passiflora spp. utilizando 14 descritores morfoagronômicos 
quantitativos. Distâncias genéticas entre os acessos foram estimadas com base na Distância de Mahalanobis. 
Análise de agrupamento via dendrograma e dispersão gráfica via coordenadas principais foram analisadas. Foi 
calculada, também, a contribuição relativa dos caracteres para divergência genética dos acessos analisados. 
A caracterização morfoagronômica baseada em descritores quantitativos de flores e frutos contribuiu para 
a diferenciação fenotípica entre os acessos Passiflora spp., servindo como importante instrumento para 
quantificar a variabilidade. Essa caracterização é importante para estudos mais completos de caracterização 
e diversidade genética do gênero Passiflora.
termos para indexação: análise multivariada, Passifloraceae, recursos genéticos.
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INtrODUctION
The use of genetic resources has viability 

based on collection, introduction, conservation 
and exchange of germplasm accessions, as well 
as on their characterization and evaluation, which 
allows knowing the qualities and potentialities of 
the material (FAlEiRO et al., 2012). in a survey 
on demands for passion fruit research, Faleiro et al. 
(2006) indicated the characterization, domestication 
and use of new species as a priority. An important 
step of characterization and evaluation processes 
is the elaboration of descriptors, which can be 
morphological, agronomic and molecular.

For the development of a breeding program, 
among other aspects, it is important to characterize 
accessions in order to obtain basic information about 
genotypes for use in crosses (FAlEiRO et al., 2008). 
The verification and quantification of intra and 
interspecific variability is of utmost importance, since 
it allows genetic resources to be more efficiently 
used by breeders.

Morphoagronomic descriptors play a 
fundamental role in the characterization and 
selection of plants, being decisive in the choice of 
genotypes along recombination cycles and also in 
the selection of genotypes for use as new parents. 
The morphoagronomic characterization for genetic 
variability studies has been made based on features 
that are easy to detect and measure and suffer little 
environmental influence.

Negreiros et al. (2008) characterized yellow 
passion fruits from half-sibling progenies and 
observed that some fruits presented desirable 
characteristics both for the fresh market and for the 
industry, as well as superiority of some genotypes 
for future breeding programs.

To characterize P. edulis genotypes, Castro 
et al. (2012) selected minimum morphological 
descriptors to distinguish passion fruit varieties, 
which indicated 22 of the 28 descriptors analyzed 
with a high contribution in the total observed 
variation. These results showed that the agronomic 
descriptors are useful to differentiate genetic 
resources of the genus Passiflora. This study aimed to 
characterize Passiflora spp. accessions and its genetic 
diversity based on quantitative morphoagronomic 
descriptors of flowers and fruits.

MAtErIAL AND MEtHODs
The study was carried out at the Fruit Activity 

Support Unit and laboratory of Food Analysis of 
Embrapa Cerrados, Planaltina-DF. The experimental 
design was a completely randomized design with 15 
treatments (accessions) and four replicates, totaling 
60 experimental plots. Each plot was composed of the 
average reading of 3 structures (descriptor of flower 
or fruit). Fifteen Passiflora spp accessions from the 
‘Flor da Paixão’, Active Germplasm Bank (BAG) 
were characterized, namely: 1. P. alata (CPAC MJ-
02-17), 2. P. nitida (CPAC MJ-01-03), 3. P. suberosa 
(CPAC MJ-35-02), 4. P. caerulea (CPAC MJ-14-01), 
5. P. hatschbachii (CPAC MJ-50-01), 6. P. maliformis 
(CPAC MJ-58-01), 7. P. quadrangularis x P. alata 
(CPAC MJ-H-44), 8. P. sidifolia (CPAC MJ-16-02), 
9. P. malacophylla (CPAC MJ-43-01), 10. P. alata 
(CPAC MJ-02-09), 11. P. alata (CPAC MJ-02-19), 
12. P. quadrangularis (CPAC MJ-07-03), 13. P. 
cincinnata (CPAC MJ-26-03), 14. P. alata BRS Mel 
do Cerrado, 15. P. tenuifila BRS Vita.

The descriptors evaluated in flowers were 
androgynophore length (CAN), external diameter of 
the coronal cavity (DEEC), internal diameter of the 
coronal cavity (DIC), pedicel length (CPD), anther 
length (CA), anther width (lAN), ovary length 
(COV), ovary diameter (DOV). The descriptors 
evaluated in fruits were peel mass (MCA), seed 
mass (MSE), pulp mass (MPO), juice yield (RES), 
total titratable acidity (AT) and ratio between soluble 
solids and total titratable acidity (RATiO). length, 
diameter and width data were obtained in centimeters 
(cm); mass data were obtained in grams (g).

The Mahalanobis distances (Mahalanobis, 
1936) were estimated based on information from 
matrices of averages and covariates, calculated based 
on 14 morphoagronomic descriptors, eight of flowers 
and six of fruits, separately. Based on the matrices 
of distances, dendrogram cluster analysis was 
performed using the UPGMA method (Unweighted 
Pair-Group Method using Arithmetic Averages). 
Graphic dispersion was performed based on 
multidimensional scales using the main coordinates 
and the SAS software (SAS iNSTiTUTE iNC., 2004) 
and Statistica software (STATSOFT iNC., 2005). 
Pearson correlations were obtained based on the 14 
morphoagronomic descriptors and on descriptors of 
each plant structure (flowers and fruits). The relative 
contribution of characters for divergence - SiNGH 
(1981) was calculated with the aid of the Genes 
software (CRUZ, 2013). The stability of clusters 
was computed through the Bootstraping analysis 
with 500 replications through the Genes software 
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(CRUZ, 2006).

rEsULts AND DIscUssION

Using the quantitative flower descriptors, the 
formation of seven groups was observed. Group one 
was similar to that formed using all descriptors, that 
is, with all P. alata accessions grouped together with 
CPAC MJ-H-44 hybrid (Figure 1). Corroborating the 
results observed, Ortiz et al. (2012) reported high 
genetic homogeneity when accessions of the same 
species are analyzed. Group two was composed of 
CPAC MJ-01-03, CPAC MJ-26-03, CPAC MJ-14-01 
and CPAC MJ-58-01 accessions, which presented a 
very similar flower size and led to values numerically 
close   and smaller genetic distances between them.

Group five was composed of CPAC MJ-
16-02 and CPAC MJ-43-01 accessions. The other 
accessions, CPAC MJ-07-03, CPAC MJ-50-01 and 
P. tenuifila BRS Vita were not grouped together. 
Observing the dispersion graph, it was observed that 
CPAC MJ-07-03, CPAC MJ-50-01 and P. tenuifila 
BRS Vita accessions maintained the same tendency 
of distancing from the others, as well as CPAC 
MJ-35-02 accession, which belongs to subgenus 
Decaloba. Muschner et al. (2012) found genetic 
distance between subgenus Decaloba and subgenus 
Passiflora, confirming the classification in different 
subgenera. The other Passiflora spp. accessions were 
much closer to the dispersion chart, following the 
same dendrogram tendency.

For the quantitative fruit descriptors, the 
dendrogram shows the formation of three groups 
of similarity, and group one can be divided into two 
subgroups, the first composed of P. alata accessions 
and P. alata and P. quadrangularis hybrid and the 
second subgroup was composed of CPAC MJ-01-
03, P. tenuifila BRS Vita, CPAC MJ-35-02, CPAC 
MJ-14-01 and CPAC MJ-43-01 accessions (Figure 
2). Viana et al. (2010) verified a wide inter- and 
intraspecific morphological variation, obtaining a 
clear separation of species.

Group two was composed of CPAC MJ-50-01 
and CPAC MJ-26-03 accessions. CPAC MJ-07-03 
accession was not grouped with the other accessions. 
According to the dispersion chart, CPAC MJ-50-
01 and CPAC MJ-26-03 accessions that appear 
together in the dendrogram were further separated, 
as was the CPAC MJ-07-03 accession. A large group 
of similarity was formed, as was observed in the 
accessions of group one of the dendrogram.

By the cluster analysis of 15 Passiflora spp. 
accessions using 14 quantitative morphoagronomic 
descriptors, the formation of 4 groups of similarity 

was verified (Figure 3). Considering all the evaluated 
characteristics, group one was composed of P. alata 
accessions and CPAC MJ-H-44 hybrid. Group two 
was the largest group, containing CPAC MJ-01-03, 
CPAC MJ-14-01, CPAC MJ-58-01, CPAC MJ-35-02, 
CPAC MJ-43-01, CPAC MJ-16 -02 and P. tenuifila 
BRS Vita accessions. Group three was composed of 
CPAC MJ-50-01 and CPAC MJ-26-03 accessions. 
CPAC MJ-07-03 accession did not form a group 
with other material probably due to its different size, 
considering the higher fruit weight and consequently 
a higher bark mass, higher pulp mass and higher 
juice yield. Observing the graphic dispersion, it 
was observed that accessions of group one and two 
are very close, forming a group with all accessions. 
Accessions that are together in the dendrogram 
forming group three in the dispersion are more distant 
from each other (Figure 3).

Correlations between estimates of genetic 
distances were obtained based on the descriptors 
of each plant structure (flowers and fruits) and on 
the 14 quantitative morphoagronomic descriptors. 
There was no significant correlation between genetic 
distances estimated based on fruit characteristics 
and those estimated based on flower characteristics 
(0.01ns), evidencing that these characteristics are 
complementary for more complete inter- and intra-
specific genetic diversity studies. There was a strong 
and highly significant correlation between genetic 
distances estimated based on all the descriptors and 
based on fruit descriptors (0.99**), demonstrating 
that the fruit characteristics were determinant for 
the differentiation of accessions of species evaluated 
In this study. For the species evaluated in the 
present study, diversity estimates based solely on 
quantitative fruit characteristics would be sufficient 
to differentiate accessions.

Based on the method of Singh (1981), it 
was observed that ovary length (COV) was the 
variable that most contributed with the variability 
of accessions, with 25.14% (Table 1) for flower 
characteristics. Lawinscky et al. (2014) observed 
that the corona diameter was the variable that most 
contributed to the determination of the genetic 
diversity between Passiflora alata Curtis and P. 
cincinnata Mast species. Santos et al. (2011) found 
that the variables that most contributed to the genetic 
diversity among P. foetida, P. sublanceolada and 
the corresponding hybrid were flower diameter and 
peduncle length.

it was verified by the Singh method that 
variable peel mass (MCA) was the one that most 
contributed to the morphoagronomic characterization, 
with 51.30%. According to Santos et al. (2009), fruit 
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peel thickness is an important characteristic from 
the commercial point of view, since it is strongly 
related to juice yield, promoting an increase in the 
pulp percentage. After peel mass, the characteristics 
that most contributed to accession differentiation 
were Pulp mass (MPO) (28.21%) and total titratable 
acidity (AT) (17.98%). Pulp mass is directly related 
to the commercial value of passion fruits for the 
fresh market and for industrial processing that 

use pulp as main raw material. Total titratable 
acidity is a characteristic of great importance for 
the industry, since high acidity levels increase pulp 
conservation time and discourage the manifestation 
of microorganisms (NEGREIROS et al., 2008), 
being highly related to the quality of the beverage 
produced from the fruit pulp, which can be evaluated 
by the ratio between soluble solids and total titratable 
acidity (RATiO).

tAbLE 1- Relative contribution of characters for divergence - SiNGH (1981), androgynophore length 
(CAN), external diameter of the coronal cavity (DEEC), internal diameter of the coronal cavity 
(DiC), pedicel length (CPD), anther length (CA), anther width (lAN), ovary length (COV), 
ovary diameter (DOV), peel mass (MCA), seed mass (MSE), pulp mass (MPO), juice yield 
(RES), total titratable acidity (AT) and ratio between soluble solids and total titratable acidity 
(RATiO) of 15 Passiflora spp. accessions Embrapa Cerrados, Planaltina, DF, 2015.

Flower variables singh (%) Fruit variables singh (%)
CAN (cm) 10.34 MCA (g) 51.30

DEEC (cm) 16.90 MSE (g) 0.26
DIC (cm) 2.40 MPO (g) 28.21
CPD (cm) 20.07 RES (%) 2.23
CA (cm) 5.28 AT 17.98

lAN (cm) 14.76 RATiO 0.02
COV (cm) 25.14
DOV (cm) 5.01

FIGUrE 1- Clustering and dispersion analysis of 15 Passiflora spp. accessions based on the genetic 
dissimilarity matrix calculated using 8 quantitative flower morphological descriptors. The 
UPGMA method was used as a grouping criterion. The cophenetic correlation coefficient 
value (r) is 0.83. Embrapa Cerrados, Planaltina, DF, 2015. 

Legend: 1. P. alata (CPAC MJ-02-17), 2. P. nitida (CPAC MJ-01-03), 3. P. suberosa (CPAC MJ-35-02), 4. P. caerulea (CPAC MJ-
14-01), 5. P. hatschbachii (CPAC MJ-50-01), 6. P. maliformis (CPAC MJ-58-01), 7. P. quadrangularis x P. alata (CPAC MJ-H-44), 8. 
P. sidifolia (CPAC MJ-16-02), 9. P. malacophylla (CPAC MJ-43-01), 10. P. alata (CPAC MJ-02-09), 11. P. alata (CPAC MJ-02-19), 
12. P. quadrangularis (CPAC MJ-07-03), 13. P. cincinnata (CPAC MJ-26-03), 14. P. alata BRS Mel do Cerrado, 15. P. tenuifila BRS 
Vita.  Percentage numbers correspond to the stability of clusters computed by means of bootstrapping analysis with 500 replicates.
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FIGUrE 2- Clustering and dispersion analysis of 15 Passiflora spp. accessions based on the genetic 
dissimilarity matrix calculated using 6 quantitative flower morphological descriptors. The 
UPGMA method was used as a grouping criterion. The cophenetic correlation coefficient 
value (r) is 0.83. Embrapa Cerrados, Planaltina, DF, 2015. 

Legend: 1. P. alata (CPAC MJ-02-17), 2. P. nitida (CPAC MJ-01-03), 3. P. suberosa (CPAC MJ-35-02), 4. P. caerulea (CPAC MJ-
14-01), 5. P. hatschbachii (CPAC MJ-50-01), 6. P. maliformis (CPAC MJ-58-01), 7. P. quadrangularis x P. alata (CPAC MJ-H-44), 8. 
P. sidifolia (CPAC MJ-16-02), 9. P. malacophylla (CPAC MJ-43-01), 10. P. alata (CPAC MJ-02-09), 11. P. alata (CPAC MJ-02-19), 
12. P. quadrangularis (CPAC MJ-07-03), 13. P. cincinnata (CPAC MJ-26-03), 14. P. alata BRS Mel do Cerrado, 15. P. tenuifila BRS 
Vita.  Percentage numbers correspond to the stability of clusters computed by means of bootstrapping analysis with 500 replicates.

FIGUrE 3- Clustering and dispersion analysis of 15 Passiflora spp. accessions based on the genetic 
dissimilarity matrix calculated using 14 quantitative flower morphological descriptors. The 
UPGMA method was used as a grouping criterion. The cophenetic correlation coefficient value 
(r) is 0.83. Embrapa Cerrados, Planaltina, DF, 2015. 

Legend: 1. P. alata (CPAC MJ-02-17), 2. P. nitida (CPAC MJ-01-03), 3. P. suberosa (CPAC MJ-35-02), 4. P. caerulea (CPAC MJ-
14-01), 5. P. hatschbachii (CPAC MJ-50-01), 6. P. maliformis (CPAC MJ-58-01), 7. P. quadrangularis x P. alata (CPAC MJ-H-44), 8. 
P. sidifolia (CPAC MJ-16-02), 9. P. malacophylla (CPAC MJ-43-01), 10. P. alata (CPAC MJ-02-09), 11. P. alata (CPAC MJ-02-19), 
12. P. quadrangularis (CPAC MJ-07-03), 13. P. cincinnata (CPAC MJ-26-03), 14. P. alata BRS Mel do Cerrado, 15. P. tenuifila BRS 
Vita.  Percentage numbers correspond to the stability of clusters computed by means of bootstrapping analysis with 500 replicates.
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cONcLUsION
The morphoagronomic characterization 

based on quantitative descriptors of flowers and 
fruits contributed to the phenotypic differentiation 
among the 15 Passiflora spp. accessions, serving as 
an important instrument to quantify the variability 
among accessions. The fruit characteristics 
contributed more decisively to the differentiation of 
accessions evaluated in this study. The quantitative 
characterization of flower and fruit structures in a 
complementary way is important for more complete 
studies on the genetic characterization and genetic 
diversity of the genus Passiflora.
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