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ABSTRACT

The umbu-caja (Spondias sp.) is a fruit specie native of the brazilian semiarid region with high potential for
cultivation. The juicy pulp is used in the production of juices and nectars. The aim of this study was to
characterize 18 individuals of umbu-caja tree at three sites located in the Brazilian northeast municipalities of
Mossord/RN and Apodi/RN to identify individuals with superior attributes for fruit processing and/or in natura
consumption The morphological, physical and physicochemical characterization of 20 fruits of each individuals
were performed. Leaves of trees were used for molecular analyses with Inter Simple Sequence Repeats
(ISSR) and Random Amplified Polymorphic DNA (RAPD) markers. It was possible to verify that there are
phenotypic variability among the fruits of umbu-caja trees. The individuals of the same region were grouped in
the same group. JZ5, JZ6 and MAG individuals can be used for pulp processing, while JZ1, JZ2, JZ3 and JZ6
are adequate for in natura consumption. The molecular analyses showed polymorphism for the two molecular
markers used. The ISSR marker generated the greatest polymorphism among the individuals. However, the
RAPD marker made it possible to achieve a more consistent cluster, which is in agreement with the geographical
distribution of these individuals. The use of morphological markers together with molecular markers constitutes
an important tool for characterizing umbu-cajé individuals.
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Caracterizacion morfolégica y molecular de arboles de Umbu-caja
en la region nordeste del Brasil

RESUMEN

Umbu-caja (Spondias sp.) es una especie de fruto nativa de la region semidarida brasilefia con alto potencial
de cultivo. La pulpa jugosa se utiliza en la produccién de jugos y néctares. El objetivo de este estudio fue
caracterizar a 18 individuos de umbu-caja en tres sitios ubicados en los municipios noreste de Mossor6 / RN
y Apodi/ RN para identificar individuos con atributos superiores para procesamiento de frutasy / o consumo
in natura. Se realizé la caracterizacién morfolégica, fisica y fisicoquimica de 20 frutos de cada individuo. Las
hojas de los arboles se utilizaron para los analisis moleculares mediante Secuencias Intergénicas Repetidas
Simples (ISSR) y la Amplificacion aleatoria de ADN polimorfico (RAPD). Se pudo verificar la existencia de
variabilidad fenotipica entre los frutos de los arboles umbu-caja. Los individuos de la misma regién se agruparon
en el mismo grupo. Los individuos JZ5, JZ6 y MA6 pueden usarse para el procesamiento de pulpa, mientras
que JZ1, JZ2, JZ3 y JZ6 son adecuados para el consumo in natura. Los andlisis moleculares mostraron
polimorfismo para los dos marcadores moleculares utilizados. El ISSR gener6 el mayor polimorfismo entre
los individuos. Sin embargo, el marcador RAPD permitio lograr un grupo mas consistente, lo que esta de
acuerdo con la distribucion geogréfica de estos individuos. El uso de marcadores morfolégicos junto con
marcadores moleculares constituye una herramienta importante para caracterizar individuos umbu-caja.

Palabras clave: ISSR, RAPD, recursos genéticos, Spondias sp.
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INTRODUCTION

Brazil produces the most fresh fruit in the world
in terms of tropical variety, however, none of
these fruits are native (Reetz et al., 2015). The
umbu-caja (Spondias sp.) is a perennial fruit
tree that is propagated asexually, and belonging
to the genus Spondias (Anacardiaceae). It has
a succulent fruit and sweet-acidulous pulp
(average pulp yield of 55% to 65% and soluble
solids around 10 °Brix), which can be used for
in natura consumption or processed in juices,
ice cream and popsicle (Santos et al., 2016).

The fruits of umbu-caja tree have increased
contribution in the Northeast regions
agribusiness, mainly in commerce.
Nevertheless, there being no commercial
plantations and an irregular seasonal fruit
production. Despite this, the marketing as a fruit
pulp is assured since there is a consumer
marketthat uses the product in the form of juices
and ice creams (Brito et al., 2009). Therefore,
protecting this tree against the risk of genetic
erosion, which can threaten unexploited native
species, is a matter of urgency.

Different factors affects the physical and
physicochemical characteristics of fruits.
Among then stand out genetic constitution, solil
and climatic conditions, cultivation and post-
harvest treatment are mentioned (Rodrigues et
al., 2012). The use of techniques for the
characterization of plant material are essential
for breeding and cultivar protection programs.
Morphological markers are still widely used, but
may present problems such us low efficiency
in the detection of genetic variability. On the
other hand, molecular markers are accurate
and detect differences in DNA, as well as
distinguish polymorphism between different
individuals (Samal et al., 2011).

For these reasons, morphological,
physicochemical or molecular
characterization are necessary to learn how
to maintain the genetic variability that exists
among plants of the same species (Santana
et al., 2011; Santos et al., 2016). Studies on
the morphological characterization of umbu-
cajé, although incipient ones are found in the
literature (Gondin et al., 2013; Freitas et al.,
2015). However, with respect to molecular
markers, the scenario is more critical, with rare
researches that use molecular markers for the
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characterization of fruits of umbu-caja (Santana
etal., 2011).

The molecular markers ISSR and RAPD are
dominant and based on Polymerase Chain
Reaction (PCR) amplifying DNA segments. The
advantage of using two molecular markers for
analysis is because different regions of the
genome of the species will be sampled and their
application does not need any prior information
about the target sequences on the genome
(Samal et al., 2011).

The aim of this study is to characterize,
morphological, physicochemical and
molecularly, umbu-caja individual trees that
have superior agronomic attributes for
processing the fruits and/or in natura
consumption.

MATERIAL AND METHODS
Plant material

Fruits of umbu-cajé individual trees were used
for morphological characterization and leaves
were employed for molecular studies.

Morphological characterization

Eighteen umbu-cajé individual trees that have
superior agronomic attributes for processing the
fruits and/or in natura consumption were
collected in different geographical areas of
northeast region of Brazil.

In Apodi and Mossoro sites located in the Oeste
Potiguar microregion of Rio Grande do Norte
(RN) the trees were selected. Its named as
follows: ML1, ML2, ML3, ML4, ML5 and ML6
from the Moacir Lucena settlement, Apodi/RN;
JZ1, JZ2, JZ3, JZ4, JZ5 and JZ6 from the
Juazeiro Il Rural Community, Apodi/RN and
MA1, MA2, MA3, MA4, MA5, MA6 from the
Coqueiro rural community, Mossoré/RN.

According to the classification of Thornthwaite
(1948), the area has a type «Ex»- arid climate,
with average annual rainfall of 590 mm, and
average annual temperature of 31 °C.

Twenty ripe fruits were harvested from each
individual. For physical analyses, it were
evaluated: longitudinal diameter (mm) and
transverse diameter (mm). Besides, it was



Biotecnologia Vegetal Vol. 17, No. 2, 2016

calculated the longitudinal/transverse diameter
ratio and determined the fruit mass (g), pulp
mass (g), bark mass (g) and seed mass (g).

For physicochemical analyses, the 20 fruits pulp
were processed to get a single sample for
determining: pH, total soluble solids (TSS) (%)
(directly determined from the juice with a digital
refractometer, PR-100 Pallete model, Atago
brand) and total titratable acidity (TTA) as
recommended by AOAC (2005) (% in citric
acid). The TSS/TTA ratio was calculated. The
content of vitamin C was determined using
Tillmans method according to Strohecker and
Henning (1967) in ascorbic acid 100 g* pulp.
The pulp yield (%) was calculated by subtracting
bark and seed weight from the total fruit weight
and technological index (%), by pulp percentage
and TSS percentage ratio.

The averages, standard deviation and
coefficient of variation of the evaluated
characteristics were estimated using BioEstat
5.0 software. The Unweighted Pair Group
Method with Arithmetic Mean (UPGMA)
hierarchical clustering model was used to
assemble the dendrogram, which makes it
possible to verify the degree of similarity
between individuals or similar groups. Cluster
analyses were performed by Genes software
(Cruz, 2013).

Molecular characterization

Leaf samples of each umbu-caja individuals
were collected and stored in labeled plastic bags
and packed in thermal boxes. DNA was
extracted from young and healthy umbu-caja
leaves in order to perform the molecular
analyses. Plant DNA extractions were
performed immediately after the leaves were
collected from the field.

The protocol described by Yamamoto et al.
(2013) was used to extract the DNA from the
umbu-caja tree leaves.

ISSR analysis
The protocol and 25 primers proposed for
Santana et al. (2011) was used for ISSR

analysis.

The amplification reactions were performed in
a reaction volume of 12 pul. Each reaction
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contained 10 ng of template DNA, 10 mM (pH
8.3) Tris-HCI, 50 mM KCl, 2.5 uM MgCl,, 2 mM
of each dNTPs, 5 mM RAPD primer, 1 unit Taq
DNA polymerase and sterile ultra purified water
to complete the reaction volume.

The amplification program included pre-
denaturation step of 4 min at 94°C followed by
35 cycles of denaturation at 94°C for 40 s,
differents temperatures for each primer (48°C,
50°C or 52°C for 40 s) and extension at 72°C for
1 min. The final extension was made at 72°C for
7 min. About 25 primers was selected based on
clarity and scorability of banding patters. Amplified
products were electrophoresed in a 2.5% (w/v)
agarose-1x Tris-borate-EDTA gel stained with
ethidium bromide. The gel was then exposed to
ultraviolet light and photographed using a digital
camera Canon.

RAPD analysis

For umbu-cajd molecular characterization 40
arbitrary RAPD primers were used from
Operon Technologies Inc. (Alameda, CA, USA).
The amplification reactions were performed in
a reaction volume of 12 pul. Each reaction
contained 10 ng of template DNA, 10 mM (pH
8.3) Tris-HCI, 50 mM KCl, 2.5 uM MgCl,, 2 mM
of each dNTPs, 5 mM RAPD primer, 1 unit Taq
DNA polymerase and sterile ultra purified water
to complete the reaction volume.

The amplification program included pre-
denaturation step of 5 min at 94°C, amplification
reactions were cycled 40 times at 94°C for 30 s,
35°C for 1 min, and 72°C for 1 min in a
thermocycler. A final extension was allowed for 7
min for 72°C. About 40 primers was selected
based on clarity and scorability of banding patters.
Amplified products were electrophoresed in a
1.0% (w/v) agarose-1x Tris-borate-EDTA gel
stained with ethidium bromide. The gel was
then exposed to ultraviolet light and
photographed using a digital camera Canon.

Data analysis

A binary matrix was developed based on visual
scoring of the bands in the cases of both RAPD
and ISSR. The Jaccard similarity coefficient was
used to interpret the molecular analyses, which
generated an estimated genetic similarity
among the individuals, using Genes software
(Cruz, 2013).
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RESULTS AND DISCUSSION
Morphological characterization

A phenotypic variation was observed among
the individuals according to the analyses. The
MA4 and MAS5 had the largest fruits (IBPGR,
1980), whereas, the JZ4 and JZ2, MA2 had
the smallest fruit sizes (Table 1). The fruits
analyzed were classified as small if <35 mm.
The values found for the LD and TD variables
are consistent with the values found in the
literature (Carvalho et al., 2008; Gondim et
al., 2013).

The fruits from the different individuals had
an average rating for the LD/TD ratio,
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indicated that these fruits have a rounded
shape (Table 1). As a result, the variability for
this characteristic was low. More rounded
fruits are the best for pulp processing
industries, since cleaning and pulping are
simpler tasks (Chitarra and Chitarra, 2005).

There were variations regarding to AFM for
all the individuals analyzed (Table 1). Some
were classified as small (321, JZ2, JZ3, JZ4,
JZ5, JZ6, ML1, ML2, ML3, ML4, ML5, MLS6,
MA2, MA1 and MAG), medium (MA3) and large
(MA4 and MAS), according to Bosco et al.
(1999). The average found (10.7 g) was lower
than that obtained by Carvalho et al. (2008)
(19.8 g) and Freitas et al. (2015) (13.1 g)
originating from Rio Grande do Norte.

Table 1. Physical characteristics of fruits collected from 18 individuals of umbu-caja tree (Spondias sp.) in

three locations of northeast of Brazil.

IND. LD TD LD/TD AFM APM ABM ASEM
JZ1 26.03 23.02 114 8.85 6.00 1.50 1.50
Jz2 23.17 2059 114 6.75 4.50 1.00 1.00
JZ3 27.23 24.69 111 10.25 7.00 2.00 1.50
Jz4 2408 2183 114 7.50 5.00 1.50 1.00
JZ5 26.61 23.65 1.10 9.25 7.00 1.50 1.50
JZ6 28.15 25.19 1.12 10.75 8.00 1.00 1.50
ML1 27.80 2482 111 11.50 7.00 2.50 2.00
ML2 25.62 24.28 1.07 9.45 6.00 2.00 1.50
ML3 26.96 24.36 1.08 10.50 6.50 2.50 1.50
ML4 2740 2581 1.06 11.00 7.00 2.50 1.50
ML5 28.46  26.10 1.09 12.00 7.00 3.00 2.00
ML6 2782 26.05 1.09 11.50 7.00 2.50 2.00
MA1 25.07 2353 1.05 9.00 5.00 2.00 1.50
MA2 2485 21.60 1.15 7.50 4.00 1.50 1.50
MA3 28.48 26.03 1.10 13.00 9.00 2.00 2.00
MA4 31.05 28383 1.09 16.00 10.50 2.50 3.00
MAS 31.09 28.69 1.10 16.00 11.00 2.50 3.00
MAG 2711  26.43 1.03 12.00 9.00 1.50 2.00
Min. 23.20 20.6 1.00 6.80 4.00 1.00 1.00
Max. 31.10 28.8 1.20 16.00 11.00 3.00 3.00
Mean 27.05 2475 1.10 10.71 7.03 1.97 1.75
CV(%) 7.75% 8.94% 3.00% 24.02% 27.33% 29.45% 31.38%

Legend: IND individuals, LD longitudinal diameter (mm), TD transversal diameter
(mm), AFM average fruit mass (g), APM average pulp mass (g), ABM average bark

mass (g) ASEM average seed mass (g)
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Most of the umbu-caja fruits used were small.
However, it is worth considering that, in addition
to the AFM variable being greatly influenced by
the environment, this characteristic is inherent
to its own individual. This is flexible within the
typical limits of each individual, when the fruits
reach full physiological development (Chitarra
and Chitarra, 2005).

For the APM variable, the range obtained was
between 4.0 (JZ1) and 11 g (MA5) (Table 1). In
these sense, Carvalho et al. (2008) found a
variation between 6.5 and 19.1 g in umbu-caja
individuals. The fruits of the individuals
evaluated have a lesser amount of pulp, may
be because these umbu-caja trees
spontaneously occur in the Oeste Potiguar
microregion and are not subjected to appropriate
agronomical practice.

With respect to the average bark mass (ABM),
the values obtained in the analyzed trees
showed an average of 1.97 g. The JZ2 had the
lowest value (1.0 g) while the ML5 had the
highest (3.0 g) (Table 1). Some fruit pulping
industries consider the bark as an integral part
of the pulp. However, it is important to consider
the need to select individuals with lower ABM
values, because part of the pulp is connected
to the bark during the pulping process, which
may increases the volume of waste generated
in the process.

Regarding the average of seed mass (ASEM),
the variable ranged from 1.0 to 3.0 g and the
average was 1.75 g. The JZ4 and JZ2 had the
lowest ASEM values, while the MA4 and MA5
had the highest (Table 1). Carvalho et al. (2008)
found values ranging between 1.3 and 9.3 g,
with an average of 6.3 g, which is higher than
the value found during our study. However,
Santos et al. (2010) reported an average value
of 1.63 g. Gondin et al. (2013) informed that this
variable is related to the mass of the fruits. The
heavier the fruit, the greater the seed
percentage. This statement can be proven by
looking at the JZ4, JZ5, JZ6 and MAS5 results.
The seed mass characteristic is directly
influences the pulp yield, which is related to
product quality in industrial processing (Gondim
etal., 2013).

The values of TTAranged 0.79% to 1.6%, which
indicates a high variance between the evaluated
individuals (Table 2). According to the Brazilian
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Quality and Identity Standard (PIQ) for yellow
mombin (Spondias mombin L.) - a specie of
the same genus that is widely found throughout
Brazil (Brazil, 2000) - the minimum value for
this variable must be 0.90%. With the exception
of JZ1 (0.79%) and JZ2 (0.80%), all the other
individuals had TTA values above those
recommended for yellow mombin pulp,
meaning fruit from the umbu-caja tree has great
potential for its industrialization. Santos et al.
(2010) found similar TTA values.

The average pH of the analyzed fruits was
2.91, ranged between 2.51 (ML2) and 3.27
(JZ6), where the minimum was 2.2 (Table 2).
High pH values (low acid) are preferred for in
natura consumption (Brazil, 2000). However,
this fact highlights a problem that industries
face stemming from enzyme activities and the
development of microorganisms being
encouraged (Santos et al., 2010). At this
point, genetically improving the umbu-caja
tree is justified, with the need to select
individuals that are suitable for both pulp
processing, producing, and marketing in
natura fruits.

The total soluble solids (TSS) content ranged
between 10.1 and 16.0 °Brix (Table 2). All the
individuals evaluated reached values above 9.5
°Brix (minimum value required) (Brazil, 2000).
The overall TSS average is above that found
by other authors such as Lira et al. (2005) who
reported mean values of 10.1 °Brix and Tiburski
et al. (2011) that mentions TSS content of 14.9
°Brix. Therefore, there was reasonable variation
for this characteristic, with the TSS content
variability being a notable aspect among the
individuals tested.

Both, the fresh fruit consumer market and the
processed fruit market prefer fruits with a high
TSS/TTAratio. These variable ranged between
8.32 (ML5) and 19.61 (JZ2) (Table 2). Analyzing
ripe fruits from umbu-caja trees, different
authors reported variations between 3.7 and
10.6 (Carvalho et al., 2008), 9.97 and 13.75
(Gondim et al., 2013), 11.77 and 15.64 (Vieira,
2013). According to the results, JZ2 could be
selected due to the higher TSS/TTA ratio.
However, fruits from this individual are smaller
and lighter, and, despite of low acidity, it cannot
be used for processing. This means that the
JZ3 and JZ6 are the candidates selected for the
process.
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Table 2. Physicochemical characteristics of fruits collected from 18 individuals of
umbu-caja tree (Spondias sp.) in three locations of northeast of Brazil.

IND. TTA pH TSS VITC  TSS/TTA Tl PY
JZ1 0.79 3.21 14.45 9.26 18.40 9.88 67.80
Jz2 0.80 3.15 15.75 9.26 19.61 10.62 66.70
JZ3 0.93 3.17 15.40 9.26 16.52 10.52 68.30
Jz4 0.96 3.07 16.00 9.26 16.75 10.99 66.70
JZ5 1.12 3.12 16.00 9.26 17.97 11.68 75.70
JZ6 0.95 3.27 16.00 9.26 16.87 11.53 74.40
ML1 1.50 2.65 13.65 9.50 9.08 8.25 60.90
ML2 1.48 2.51 13.25 9.50 8.94 8.13 63.50
ML3 1.50 2.61 12.55 7.65 8.37 7.71 61.90
ML4 1.24 2.85 11.60 9.50 9.34 7.17 63.60
ML5 1.60 2.60 13.30 9.50 8.32 7.76 58.30
ML6 1.48 2.62 13.95 7.65 9.45 8.36 60.90
MA1 0.96 2.62 12.50 9.50 13.05 7.15 55.60
MA2 1.08 2.85 10.10 9.50 9.35 5.64 53.30
MA3 114 2.80 15.00 9.50 13.20 10.21 69.20
MA4 1.27 2.95 13.45 9.50 10.58 8.91 65.60
MAS5 112 3.23 13.10 9.26 11.67 9.04 68.80
MAG6 1.04 3.10 13.85 9.26 13.31 10.10 75.00
Min. 0.80 2.50 10.10 7.70 8.30 5.60 53.30
Max. 1.60 3.30 16.00 9.50 19.60 11.70 75.70
Mean 1.16 291 13.88 9.19 12.82 9.09 65.34
CV(%) 22.00% 8.96% 11.80% 6.22%  30.54% 18.63% 9.64%

Legend: IND individuals, TTA total titratable acidity (in % citric acid), TSS total
soluble solids (°Brix), pH, TSS/TTA ratio, VITC vitamin C (in mg/100 g of pulp), TI

technology index (%), PY pulp yield (%)

The VITC levels had arange between 7.65 mg/
100 g (ML3 and ML6) and 9.5 mg/100 g of
ascorbic acid (ML1, ML2, ML4, ML5, MA1, MA2,
MA3 and MA4) (Table 2). The values are
consistent with the range found by Carvalho et
al. (2008) between 3.8 and 16.4 mg/100g and
Santos et al. (2010), with an average of 8 mg/
100 mg. Consuming a 300 ml glass of juice
daily would supply around 82% of the
requirement of this vitamin for a balanced diet
(Brazil, 2005).

The average percentage of the Tlranged from
5.64% for MA2, until 11.68%, for JZ5 (Table 2).
Santos et al. (2010) reported an average of
6.97%, furthermore, Vieira (2013) presented an
average higher than 11.16%. The agricultural
industry prefers fruits that have the highest

industrial yield indices, because these fruits are
most likely to have high levels of soluble solids
(Sacramento et al., 2007). JZ5 (11.68) and JZ6
(11.53) stood out in terms of their technology
index.

Concerning PY, the JZ5 (75.7%), JZ6 (74.4%),
and MAG6 (75%) had the highest values, which
indicates that these individuals have potential
for selection (Table 2). The PY results were
higher than those informed by Santos et al.
(2010), with 69.7% and Gondim et al. (2013),
with an average of 68.53%.

According to the PIQ (Brazil, 2000), except
for JZ2, all individuals met the basic
requirements set out for the quality of fruit for
both fresh consumption and for processing
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pulp (Table 3). A minimum pH 2.2, titratable
acidity > 0.90 g/100 g of citric acid, soluble solids
> 9.5 and Brix soluble solids/titrable acidity
greater than 10.0, indicating the possibility of
selecting individuals for most features.

Figure 1 shows the dendrogram of similarity
created for the 18 umbu-caja trees under study
based on the 14 analyzed variables. Given a
0.33 cut-off point of similarity in the dendrogram,
formations of four groups subdivided into other
subgroups were observed.

From the morphological analyzes it was
possible to verify that there is variability
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between fruits of umbu-cajé, with a relative
grouping of individuals of the same region in
the same group. Group | was characterized
by including all the individuals from the
Juazeiro Il rural community. It contained those
that had the highest Tl and PY values. Group
Il contained all the individuals from the Moacir
Lucena Settlement and MA1, which had the
smallest TSS/TTA ratio according to the
physical and chemical characterization of
the fruits. It is possible that these
individuals were grouped together because
it had the same climatic conditions,
showing similar values for most of the
analyzed variables.

Table 3. Reference to fruit quality of umbu-caja (Spondias sp.) for
fresh consumption and pulp processing (Brazil, 2000).

Quality Fruit

Pulp processing

Fresh consumption
pH high
TTA low
TSS high
TSS/TTA high
PY -
LD/TD Round fruits

between 2.2 2x<3.5
> 0.90 g/100g citric acid
2 9.5 °Brix
=10
2 50%

Round fruits

v

P noa R nom

1o ] 1 4 1 & 1
1.5 l.& 1.5 L. l.g

Dristincia Evclideans madia

Figure 1. Dendrogram of dissimilarity among 18 individuals of the umbu-caja tree (Spondias sp.) based
on 14 fruit variables by the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) hierarchical
clustering model from the average standardized euclidean distance. Cophenetic value 0.80.
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Group lllincluded four of the six umbu-caja tree
individuals from the Coqueiro rural community,
in which geographical locations are visually
closer together than the other trees, allocated
in groups Il and IV, from the same region.
Regarding to physical variables, this group
contained individuals that had the highest values
for LD, TD, AFM, APM, ASEM and TTAthat were
analyzed. Finally, group IV was made up only
by the MA2, which have smaller AFM and lower
TSS, Tland PY values. The clustering of single
individual in a separate group may suggest that
it has different phenotypic characteristics.

Umbu-cajé tree is propagated principally by
asexual way because the 90% of fruits lack
seeds (Carvalho et al., 2008), which indicates
that the individuals located in surrounding
regions have a tendency to resemble each
other. This fact possibly justifies what occurred
with the trees from the Moacir Lucena
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Settlement as well as the Juazeiro Il and
Coqueiro rural communities. However, the
same thing happened between the MA1 and
MA?2 individuals, which is not only due to
environmental causes, but also likely due to a
result of sexual reproduction or natural
mutations (Souza et al., 2006).

Molecular characterization
ISSR analysis

Nineteen of the 25 ISSR primers tested during
the study, performed by Santana et al. (2011),
showed suitable results in terms of producing
consistent fragments, a satisfactory
amplification profile and variable intensity. Table
4 presents the names of the selected primers,
their respective sequences and the number of
fragments produced during the molecular
analyses with ISSR.

Table 4. Results with Inter Simple Sequence Repeats (ISSR) selected primers for amplifying
the umbu-caja tree (Spondias sp.) individuals of three location of northeast of Brazil.

Primer (5'-3") Primer sequence* Tm (°C) NAF NPF %P
DICA5'CY CY(CA)s 50 8 3 37.5
DIGA3'C (GA)sC 50 7 3 42.9
DIGA3'RC (GA)sRC 50 8 6 75.0
DIGA3'T (GA)sT 50 7 3 42.9

TriCAC3'RC (CAC)sRC 50 6 1 16.7
TriGTG (GTG)s 50 6 2 33.3

TriGTG3'YC (GTG)sYC 50 8 6 75.0

TriGTG5'CY CY(GTG)s 50 8 3 37.5

TrTGT3'RC (TGT)sRC 50 8 5 62.5

TriTGT5'CY CY(TGT)s 50 8 3 37.5

TrAAC3'RC (AAT)sRC 50 9 3 33.3

TriAAG3'RC (AAG)sRC 50 8 6 75.0

TrACA3'RC (ACA)sRC 48 7 2 28.6

TrAGG3'RC (AGG)sRC 50 6 1 16.7

TrTCA3'RC (TCA)sRC 50 11 4 36.4

TriTCT3'RC (TCT)sRC 50 6 1 16.7

TriTGA3'RC (TGA)sRC 48 4 1 25.0

TriCGA3'RC (CGA)sRC 50 5 55.6

TriGAA3'RC (GAA)sRC 50 10 6 60.0

Total 144 64
Mean 7.58 3.37 44.4

Legend: Tm annealing temperature, NAF number of amplified of fragments, NPF number of
polymorphic fragments, %P polymorphism percentage. *R=A, G; Y=C,T
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There was alow observed variability among the
umbu-caja tree individuals from the three
locations under analysis, which indicates low
genotypic variation. This fact was an expected
result because the variability within a population
is smaller than among populations (Reis and
Grattapaglia, 2004).

In this study, we found 44.4% polymorphism
and an average of 7.58 polymorphic fragments/
primer, varying between 1 and 6 fragments/
primer. The polymorphism percentage was
lower than reported by Santana et al. (2011).
The authors studying 25 ISSR primers in umbu-
caja trees and found an 80% polymorphism,
which corresponds to an average of 10
fragments for primer, varying between 5 and
16 fragments/primer.

The association between the distances
obtained by the Jaccard coefficient and the
cophenetic matrix provided a value that
indicated a high representativeness (92%),
thereby inferring that the clusters made are
consistent. The dissimilarity interval ranged
from 0.010 to 0.208, with the shortest distance
between the ML1 and ML5 and the greatest
dissimilarity degree between the JZ1 and MA2
(Figure 2). Based on the cut-off point
corresponding to the average genetic
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dissimilarity (agd=0.09) (60%), the dendrogram
classified the umbu-cajé tree individuals into
three groups that were subdivided into several
other groups.

The individuals were generally distributed
among the different groups, which was probably
because it come from the same region (Oeste
Potiguar) and presumably the same genetic
source, since the umbu-caja tree only
propagates asexually.

The individuals from the Juazeiro rural
community were fully clustered (group 1),
indicating that it have a high level of genetic
similarity. The individuals from the Moacir
Lucena settlement were distributed in groups |
and Il. Its shows their genetic similarity with
individuals from other locations. The ISSR
technique presented an average value 59.6%
for the resampling analysis, with a consistency
of above 60% for most groups formed. Although
small, the genetic variability found can be useful
for genetic improvement programs. One of
the advantages of genetic improvement
programs with perennial species that are
vegetative propagate is that there is a
possibility to transfer all the genetic variance
that exists in a given individual, in view of its
method of reproduction.
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Figure 2. Cluster analysis of 18 umbu-caja tree individuals (Spondias sp.), using
the Jaccard coefficient arithmetical complement index to measure dissimilarity,
based on 19 Inter Simple Sequence Repeats (ISSR) primers.



86

Almost all the individuals from the Coqueiro rural
community were clustered in group |l, with
exception of MA2 (group Ill), which was
separated from the others, showing a
supposedly different genetic makeup from the
others. It is worth mentioning that during the
morphological analysis this same individual
constituted a separate group, inferring that the
analyzed variables could be related gene
regions.

Generally, a high level of polymorphism occurs
in tropical species when dominant molecular
markers are used (Santana et al., 2011).
However, this polymorphism can be minimal
depending on the population analyzed, which
is due to the low genetic similarity that is also
evidenced by the phenotypic similarity. Despite
the sampled trees were collected from a large
area, we can conclude that it were spread
around the region from a few individuals. The
low level of polymorphism found can be
attributed to the low mutation rate among the
repetitive sequences of the microsatellites and
to the existence of similar regions of the
genome (Reddy et al., 2002).

The fact that a single individual was separated
into a third group may indicate that its genetic
nature is different from the others, suggesting
that there was sexual reproduction or a
manifestation of natural hybridizations among
the umbu-cajéa trees, as was affirmed by
Souza et al. (2006). Then, we can consider
the hypothesis that probable hybridizations
suggest that there are plants in the natural
environments that have intermediate
characteristics, when compared to some
species of the genus, indicating not only the
possibility of natural cross breeding, but also
that the incompatibility barriers within the
Spondias genus can be weak.

ISSR analysis

From 40 RAPD primers that were screened,
17 of these presented fragments with greater
distinctness and repeatability (Table 5). The
low percentage of polymorphic markers
shows reduced genetic variability found
among the individuals analyzed (25.4%). Lima
et al. (2011) found 145 fragments with 21
RAPD primers, which 115 where polymorphic
in 32 caja accessions. They found average
number of fragments produced per primer of
6.8, 5.4 polymorphic fragments per primer
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and 68.8% of genetic similarity. Moreira et al.
(2007), while analyzing genetic diversity
among umbu plants (Spondias tuberosa Arr.
Cam.), detected low variability based on
RAPD markers, with an average of one
polymorphic fragment per primer. According
to Ferreira and Grattapaglia (1998) an
average number of 5 fragments per primer is
considered satisfactory.

Based on a 60% cut-off point for genetic
dissimilarity, there were two observed groups
distributed into 4 other subgroups (Figure 3).
Onthe visual analysis of the dendrogram, some
individuals showed a 100% similarity to each
other, in two groups, which was true even when
using the Jaccard coefficient arithmetical
complement, which is recommended for binary
data from similar populations, thereby
reinforcing the hypothesis forward by Carvalho
et al. (2008).

Even though they are located in the same
geographic region, the greatest dissimilarity
among the individuals was ML2 and ML3,
given that the ML3 individual was generally
the most genetically distant among all the
others, constituting a separate group (Figure
3). The results obtained from the RAPD
technique suggests that there was a lower
variability response within the communities
or settlements than between themselves
(Reis and Grattapaglia, 2004). Performing
molecular analyses with RAPD markers in
Spondias is a recent approach.

By means of the cophenetic correlation
analysis, a 91% association between the
distance matrixes, obtained by the Jaccard
coefficient, and the cophenetic matrix
(represented by the dendrogram) was verified,
which indicates that there is a consistency
between the clusters generated. Lima et al.
(2011) demonstrated a cophenetic correlation
of 92.4%, close to that found in this study.

For the comparison analysis of the clusters
generated from the genetic dissimilarities by the
Mantel test, a significance between the ISSR
and RAPD molecular markers (r=0.47) and non-
significance for the morphological
characteristics was verified (data not show).
However, as a result of its average magnitude,
this indicates that they must be considered
complementary measures, not allowing one
technique to replace the other.
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Table 5. Results with Random Amplified Polymorphic DNA (RAPD) selected primers for amplifying
the umbu-caja tree (Spondias sp.) individuals of three location of northeast of Brazil.

Primer (5'-3") Primer sequence Tm (°C) NAF NPF %P
OPA-01 CAGGCCCTTC 40 10 5 50.0
OPA-09 GGGTAACGCC 40 9 2 22.2
OPA-13 CAGCACCCAC 40 11 1 9.1
OPA-18 AGGTGACCGT 40 3 33.3

OPAA-02 GAGACCAGAC 40 9 1 111
OPAA-03 TTAGCGCCCC 40 1 12.5
OPAA-04 AGGACTGCTC 40 8 2 25.0
OPAA-07 CTACGCTCAC 40 11 2 18.2
OPAA-08 TCCGCAGTAG 40 7 4 57.1
OPAA-09 AGATGGGCAG 40 10 2 20.0
OPAA-12 GGACCTCTTG 40 2 22.2
OPAA-13 GAGCGTCGCT 40 5 1 20.0
OPAA-14 AACGGGCCAA 40 3 42.9
OPAA-15 ACGGAAGCCC 40 10 2 20.0
OPD-02 GGACCCAACC 40 2 40.0
OPD-05 TGAGCGGACA 40 6 1 16.7
OPD-15 CATCCGTGCT 40 1 111
Total - 143 35
Mean - 8.4 2.1 25.4

Legend: Tm annealing temperature, NAF number of amplified of fragments, NPF number of
polymorphic fragments, %P polymorphism percentage
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Figure 3. Cluster analysis of 18 umbu-cajé tree individuals (Spondias sp.), using the
Jaccard coefficient arithmetical complement index to measure dissimilarity, based on
17 Random Amplified Polymorphic DNA (RAPD) primers.
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Regarding to polymorphism, both markers had
a low percentage, ISSR (45%) and RAPD
(25.4%). However, the ISSR technique had a
greater polymorphism than the RAPD, thereby
confirming its superiority. There was a certain
tendency for individuals from same location to
cluster together in both molecular markers. A
priori, the umbu-cajé tree is allogamous by
nature, given the fact that its self-fertilization is
hampered due to the stigma above the stamens
(Nadia et al., 2007).

Mishra et al. (2014) enumerate a number of
interfering factors in the association between
molecular markers, including reproducibility and
quantity of fragments. The low concordance
between the genetic matrices may have
occurred due to the previously cited reason,
since the comparison between the datasets
was 64 and 35 polymorphic fragments of ISSR
and RAPD, respectively.

Sampling different parts of the genome from
the umbu-caja tree between the molecular
markers may have an influence on the
correlations found among the genetic matrices.
Furthermore, ISSR use longer primers (15-30
mers) as compared to RAPD primers (10
mers), which allows sequential use of high
annealing temperature leading to higher
stringency (Mishra et al., 2014).

Comparing three dendrograms (morphological,
ISSR and RAPD) we can see a certain similarity
between the different groups, for example, all
the individuals of the Juazeiro community were
grouped into a single group in the three
dendrogramas. Regarding the other individuals,
there was a variation in the positioning of the
same individuals, maintaining, however, some
correspondence. Thus, the results show a
greater discriminant power of the molecular
markers in groupings containing individuals of
another region in a single group, probably due
to the possibility of greater coverage of the
genome when compared to the morphological
characterization.

By the way, the results indicated the existence
of genetic variability among the different
individuals. In this sense, the use of
morphological markers together with molecular
markers constitutes an important tool to the
characterization of umbu-caj4 for breeding or
propagation purposes.
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Researches involving in the characterization of
umbu-caja individuals in the state of Rio Grande
do Norte should be encouraged so that the
genetic variability of the specie is maintained
throughout the generations, promoting the
genetic improvement with the conservation of
genetic resources.

CONCLUSIONS

Based on a general analysis of the physical,
chemical and physicochemical
characterization of the 18 individuals, it is
possible to infer that the JZ5, JZ6 and MAG6
are suitable for industrial pulp processing,
while the JZ1, JZ2, JZ3 and JZ6 are suitable
for in natura consumption and can be part of
future researches in genetic breeding of
umbu-cajé plants.

The genetic dissimilarity generated by the
molecular markers, in addition to the
morphological dissimilarity, can provide a guide
in the collection of divergent individuals and
gene banks can be created to perform genetic
improvement studies on umbu-cajé trees.

The ISSR marker generated the greatest
polymorphism among the individuals. However,
the RAPD marker made it possible to achieve
a more consistent cluster, which is in
agreement with the geographical distribution of
these individuals.

The ISSR and RAPD molecular markers
indicated that the interpopulational variability is
smaller than the intrapopulational variability.
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