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Abstract

Genetic variability in pepper genotypes has been widely assessed using phenotypic fraits and molecular
markers, which are essenfial fo estimate the genefic divergence of the species and thus recommend parental
individuals for breeding programs. In this scenario, this study aimed to evaluate the genetic divergence
between ornamental pepper accessions (C. annuum L.) using RAPD molecular markers. Seventeen ornamental
pepper accessions and one plant of the commercial cultivar Calypso were used in the study. The accessions
were subjected fo RAPD analysis with 15 primers. The analysis revealed high variability between the accessions
and evidenced that accessions UFPB-355 and UFPB-348 were the most dissimilar, whereas accessions UFPB-
443 and UFPB-77.3 were the most similar. The accessions were grouped into three different groups, evidencing
their genetic divergence The accessions characterized in this study are promising and can be used in future
pepper breeding programs due to their high genetfic variability. Moreover, the results obtained in this study
allow recommending accessions UFPB-45, UFPB-77.3, UFPB-137, UFPB-356, and UFPB- 443 as parent individuals
since they are the most divergent. Finally, the RAPD markers were highly sensitive in driscriminating pepper

accessions and should be used as an auxiliary fool for choosing parents.
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Intfroduction

Ornamental plants are used to improve the
beauty of different environments, e.g., interior decoration
and landscaping (Pereira et al.,, 2022). Peppers stand
out among the currently culfivated ornamental plants
due fo their growing and confinuous acceptance by
the consumer market, showing importance for several
uses, both fresh (in natura) and processed, and providing
good profitability with field cultivation (Régo et al., 2011;
REégo & REgo, 2018; Finger et al., 2012).

Breeding programs of ornamental peppers have
been conducted by hybridization or mass selection
(Régo et al., 2016). In this scenario, the choice of parental
individualsis crucial to geneticimprovement and depends
on the available genetic variability (Neitzke et al., 2010).
Germplasm characterization using morphologic and
agronomic traits and biochemical and molecular markers
is essential to determine the genetic variability between

and within accessions and make them available to
plant breeders (Maciel et al., 2016; Carvalho et al., 2017;
Oliveira et al., 2019).

The phenotypic and genotypic diversity of
ornamental peppers can be used as essential information
in breeding programs (Costa et al., 2021). This genetic
variability between and within species provides aesthetic
value for ornamental plants, e.g., leaf variegation,
small sizes, erect flowers, and marked and small fruits, in
addition fo resulfing in plants of relatively easy cultivation
(Stommel & Bosland, 2007; Melo et al., 2014).

Molecular markers are basic tools for estimating
the genetic variability between and within populations
(Pessoa et al., 2019), and the identification of divergent
parental individuals based on molecular markers has
increased due to the satisfactory discrimination of
genotypes according to the number of alleles detected
(Buso et al., 2016). From this perspective, Silva et al. (2017)
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highlighted the importance of RAPD (Random Amplified
Polymorphic DNA) markers for estimating genetic
variability in ornamental peppers.

In this context, this study aimed to evaluate the
genetic diversity between ornamental pepper accessions
(C. annuum L.) using RAPD molecular markers.

Material and Methods

The experiment was developed in the Laboratory
of Biotechnology and Plant Breeding at the Center
of Agricultural Sciences of the Federal University of
Paraiba (CCA-UFPB), state of Paraiba, Brazil. Seventeen
ornamental pepper accessions (C. annuum L.) belonging
to the Germplasm Bank of the CCA/UFPB were used in
the experiment: UFPB-001, UFPB-004, UFPB-045, UFPB-046,
UFPB-77.3, UFPB-099, UFPB-132, UFPB-134, UFPB-137, UFPB-
340, UFPB-348, UFPB-355, UFPB-356, UFPB-443, UFPB-449,
UFPB RED, UFPB ORANGE, and the ornamental pepper
commercial culfivar Calypso (C. annuum L.), as an
ornamental pepper ideotype.

The seedswere germinatedin 180-cell polystyrene
tfrays filled with the commercial substrate Plantmax®. When
showing six frue leaves, the plants were fransplanted to
900 ml pots containing the same substrate, after which
the morpho-agronomic characterization was performed
(Pessoa et al., 2018), and young leaves were collected,
identified, and stored in a freezer for later DNA extfraction.

DNA quantification and extraction

For DNA exitraction, 200 mg of young leaf tissue
collected from each individual was used according to the
protocol described by Doyle & Doyle (1990). The quality
and quantity of DNA were analyzed in 0.8% agarose gel
by applying aliquots from each DNA sample to the gel
wells. The concentration of the samples was estimated by
visually comparing the fluorescence intensity of the DNA
bands against bands of known pattern. The running was
performed in TAE 1X buffer (Tris-acetate 0.04 M and EDTA
1 mM) at 80V, and the gel stained with ethidium bromide
was photographed under UV light in a Gel Logic 112®
imaging system.

Purification of the DNA samples

The C. annuum genomic DNA samples were
incubated in a water bath at 37 °C for 12 minutes with a
DNA concentration ratfio of 1:0.5 RNAse (40 ng/mL) (v:v).
After this process, NaCl was added at a ratio of 1:10,
followed by 2/3 of the volume with cold isopropanaol,
after which the samples were kept at -20 °C for 2 hours.
Subsequently, isopropanol was carefully discarded (and
only the pellet was left in the microfube), and DNA

washing was started in three stages: the first and second
stages were the same and occurred by adding 1000 uL
of 70% alcohol, pellet detachment from the bottom of
the microtube, and then centrifugation for five minutes
at 13,400 rom. After double washing with 70% alcohol,
the same procedure was repeated with 95% alcohol
and centrifugation at 13,400 rpm. Next, the supernatant
was carefully discarded, and the microtubes were kept
at ambient temperature until total ethanol evaporation,
after which the precipitate was resuspended in 40 uL of
TE buffer.

RAPD reaction

The oligonucleotides for the RAPD reactions
were selected based on the information available in the
literature for C. annuum L. by synthesizing 15 RAPD (5'—
3'): MEP-01 (AGACGGCTCC); MEP-02 (GTTACGGACC);

MEP-03 (GGGCGACTAC); MEP-04 (GTGCGCAATG);
MEP-05 (TCGCATCCAG); MEP-06 (CAGAAGCGGA);
MEP-07 (CACAGCGACA); MEP-08 (CAAAGCGCTC);

MEP-09 (TCCCCATCAC); MEP-10 (TGCGGGTCCT); MEP-
11 (CAGGATICCC); MEP-12 (GTGGAGTCAG); MEP-13
(AAGTCCGCTC); MEP-14 (CAGCACTGAC), and MEP-15
(GACAGGAGGT).

The amplification reactions were performed in a
25 L solution containing 23 uL of Master Mix (1X buffer
+ 3 mM MgCI, + 200 mM dNTP + T mM primer + 1 U Tag
DNA polymerase) and 2 uL of genomic DNA (50 ng). The
reactions were performed in a thermocycler by observing
the following working program: initial denatfuration at
94°C for 3 min; 40 cycles, each consisting of the following
sequence: 15s at 94°C, 30s at 34°C, and 60s at 72°C. After
the 40™ cycle, a final extension stage was performed at
72°C for 7 min.

The amplification products were separated by
electrophoresis in a horizontal vat containing 0.5 X TBE
buffer for one hour using 1.5% agarose gel at 80V. After
the running, the gels were photographed under UV light
in a Gel Logic 112imaging system. At this stage, SuL of the
DNA molecular marker 100pb DNA Ladder (Invitrogen®)
was used for the analysis.

Data systematization and statistical analysis

A binary matrix was constructed (0, 1) based
on the gel band reading, in which (0) indicated the
absence and (1) indicated the presence of bands.
Then, the dissimilarity matrix was estimated based on the
dissimilarity coefficient by Sokal (1962). The locus in which
the frequency of the most common allele was equal or
superior to 0.95 was considered polymorphic according
to the criteria proposed by Nei (1979).
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Furthermore, a dendrogram was generated
based on the genetic distance mafrices using the
UPGMA hierarchical clustering (Unweighted Pair Group
Method with Arithmetic Mean) described by Sokal &
Michener (1958). The cophenetic correlation coefficient
stablished by Mojena's criteria (1977) was estimated
to check the consistency of the dendrogram. Tocher's
clustering and principal component analysis were also
performed based on the genetic distance matrices. All
analyses were performed using the statistical software R
Studio, version 3.2.0.

Results

Of the 15 primers used, 11 were effective for
amplifying the samples (Table 1), generating 206 bands
distributed into 40 loci, all polymorphic. Primers MEP-
1 (22%), MEP-2 (38%), MEP-3 (67%), MEP-5 (15%), MEP-6
(20%), and MEP-7 (10%) showed the highest amplification
numbers, with clear bands, intense coloration (Fig. 1),
and a mean of 18.72% of bands, whereas primers MEP-9,
MEP-10, MEP-11, and MEP-12 did not amplify the samples.

The most dissimilar accessions were UFPB-77.3 x
UFPB-443 (0.855). In confrast, the most similar accessions
were UFPB-348 x UFPB-355 (0.220) (Table 2).

Table 1. RAPD oligonucleotides, nucleotide sequences, total number of amplified bands, number of polymorphic and
monomorphic loci, and percentage of polymorphic loci in ornamental pepper accessions (C. annuum L.).

. Total ho of Number of Number of
Primer Sequence 5'— 3’ amplified . . . . Polymorfism (%)
bands polymorphic loci  monomorphic loci

MEP - 01 AGACGGCTCC 22 7 0 100%
MEP - 02 GITACGGACC 38 8 0 100%
MEP - 03 GGGCGACTAC 67 7 0 100%
MEP - 04 GIGCGCAATG 9 3 0 100%
MEP - 05 TCGCATCCAG 15 3 0 100%
MEP - 06 CAGAAGCGGA 20 2 0 100%
MEP - 07 CACAGCGACA 10 3 0 100%
MEP - 08 CAAAGCGCTC 6 2 0 100%
MEP - 09 TCCCCATCAC 0 0 0 0
MEP - 10 TGCGGGTCCT 0 0 0 0
MEP - 11 CAGGATICCC 0 0 0 0
MEP - 12 GTIGGAGTICAG 0 0 0 0
MEP - 13 AAGTCCGCTC 9 1 0 100%
MEP - 14 CAGCACTGAC 3 3 0 100%
MEP - 15 GACAGGAGGT 7 1 0 100%

TOTAL 206 40 0

02 03

04 05
1.000 pb
900 pb
800 pb
700 pb
600 pb
500 pb
400 pb
300 pb

200 pb
100 pb

06 07 08

09 16 1718

Figure 1. Electrophoretic profile of the RAPD amplification generated with the MEP-02
primer in 18 Capsicum annuum L. M accessions using the molecular weight marker

Ladder 100 pb.
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Table 2. Genetic distance estimates between 18 accessions and the ornamental pepper cultivar Calypso, all belonging to C.
annuum L.
Accessions Ac-001 Ac-004 Ac-045 Ac-046 Ac-77.3 Ac-99 Ac-132 Ac-134 Ac-137 Ac-340 Ac-348 Ac-355 Ac-356 Ac-443 Ac-449 Calypso Ita Ora Ita Red
Ac-001 0

Ac-004  0.624 0

Ac-045 0.312 0.624 0

Ac-046 0.468 0.604 0.563 O

Ac-77.3 0.732 0.732 0.662 0.811 0

Ac-99 0.413 0.604 0.517 0315 0.811 0

Ac-132  0.563 0.468 0.563 0.624 0.643 0.584 0

Ac-134  0.584 0.624 0.493 0.680 0.541 0.643 0.604 0

Ac-137  0.563 0.748 0.517 0.662 0.604 0.624 0.698 0.563 0

Ac-340  0.541 0.541 0.584 0.604 0.698 0.517 0.349 0.624 0.715 0

Ac-348 0.468 0.604 0.563 0.382 0.811 0.382 0.662 0.680 0.662 0.604 O

Ac-355 0.468 0.604 0.563 0.382 0.841 0.312 0.662 0.643 0.662 0.604 0.220 O

Ac-356 0.765 0.584 0.698 0.780 0.732 0.748 0.517 0.732 0.78 0.541 0.780 0.811 O

Ac-443 0.441 0.584 0.541 0.468 0.855 0.349 0.604 0.698 0.643 0.584 0.413 0.413 0.732 O

Ac-449 0.563 0.643 0.643 0.382 0.811 0.441 0.698 0.715 0.624 0.680 0.382 0.382 0.811 0.517 O

Calypso 0.517 0.643 0.563 0.382 0.811 0.382 0.662 0.643 0.584 0.643 0.382 0.312 0.811 0.468 0.382 O

Ita Ora  0.413 0.517 0.349 0.541 0.715 0.441 0.541 0.517 0.624 0.517 0.541 0.493 0.680 0.517 0.624 0.584 0
ltaRed 0.563 0.468 0.643 0.382 0.780 0.382 0.584 0.604 0.698 0.517 0.382 0.382 0.715 0.468 0.441 0.441 0.541 O

According fo the dendrogram obtained by accessions UFPB-004, UFPB-132, and UFPB-140, whereas
UPGMA and the cut-off established by Mojena's criterion  the last three groups were formed by a single accession:
(1977), the accessions formed six genetic dissimilarity  group IV (UFPB-356), group V (UFPB-137), and group VI
groups (Fig. 2). Group | was formed by accessions UFPB-  (UFPB-77.3). Accessions UFPB137 and UFPB 77.3 were
45, UFPB-001, Ita Orange, and UFPB-134, all showing a frait  strikingly different with regard fo flower color, imature fruit
of commercial interest in common, with yellow or orange  color, mature fruit color, and leaf color (Fig.3). In spite
ripe fruits (Fig. 3). of theses differences, Pessoa et al. (2018) stressed that

Grouped Il comprised the largest number of these accessions have similar morphological traits, e.g.,
accessions: UFPB-355, UFPB-348, Calypso, UFPB-099, UFPB-  leaf length, chlorophyll a, number of petals, number of
046, UFPB-449, Ita Red, and UFPB-443. Group lll comprised  stamens, anther length, and dry matter content.
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Figure 2. Dendrogram constructed by UPGMA based on the dissimilarity matrix of 18 C.
annuum L. accessions using 15 RAPD markers.
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(B)

UFPB-001 UFPB-004

(D)

UFPB-77.3

(E) (F)

UFPB-099

UFPB-137

(H)

UFPB - 356

Figure 3. Capsicum annuum L. accessions selected in this study. (a) UFPB-
01, (b) UFPB-004, (c) UFPB-77.3, (d) UFPB-099, (e) UFPB-134, (f) UFPB-137,
(9) UFPB-356, and (h) Calypso.The cophenetic correlation coefficient
(CCC) was significant and of high magnitude (Table 3). Furthermore,
both distortion (1.57%) and stress (12.53%) showed very low estimates,
which is consistent with the dendrogram obtained (Table 3).

Calypso

UFPB-356
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Table 3. Cophenetic Correlation Coefficient between the distance matrices and the UPGMA hierarchical clustering generated
based on the genetic divergence analysis between the 18 Capsicum annuum L. accessions through RAPD markers.

Cophenetic Correlation (CCC) Degrees of freedom

T-test Distortion (%) Stress (%)

0.83** 151

18.48** 1.57 12.53

Tocher's optimization method allowed forming
five distinct groups (Table 4). Group | included the
largest number of accessions (11), representing 61.12%
of the evaluated accessions and fusing the accessions
of groups | and Il in the dendrogram (underlined in Table
4): UFPB-001, UFPB-45, UFPB-46, UFPB-099, UFPB- 355, UFPB-
348, UFPB-443, UFPB-449, UFPB-ITA Orange, UFPB-ITA Red,
and Calypso. On the other hand, Group Il was formed
by only three accessions, UFPB-004, UFPB-132, and UFPB-

340, representing 16.67% of the total. Group Il was formed
by two accessions, UFPB-77.3 and UFPB-134, representing
11.11% of the diversity. Therefore, Tocher’s optimization
method was once more ineffective in separating
accessions UFPB-77.3 and UFPB-134, which are very
different phenotypically (Fig. 3). Groups IV and V, in furn,
were represented by only one accession each, UFPB-137
(5.55%) and UFPB-356 (5.55%) (Table 4).

Table 4. Representation of the clustering using Tocher’s Optimization Method based on the dissimilarity between 18 Capsicum

annuum L accessions.

Accessions

I UFPB-001, UFPB-45, UFPB-46, UFPB-099, UFPB-355, UFPB-348, UFPB-443, UFPB-449, [ta Orange, Ita Red, and Calypso
Il UFPB-004, UFPB-132, and UFPB-340
Il UFPB-77.3 and UFPB-134

UFPB-137
UFPB-356

The first two principal components explained
57.8% of the existing genetic diversity between the 18 C.
annuum L. accessions (Fig 4). There is a correspondence
between the dendrogram obtained in the cluster analysis
(UPGMA) and the map of principal components, forming

Variables - PCA

Dim2 (16.5%)

. '
-1.0 0.8

|
|
|
|

4
/

six groups (Fig 4). The accessions that confributed most to
the first two principal components were, in descending
order of importance, UFPB-77.3, UFPB-356, UFPB-137, UFPB-
132, UFPB-134, and UFPB-356 (Fig 4).

1> AC:
CALIPSO i2

\
\
\
v

1C.45

0.0 0.5 1.0

Dim1 (41.3%)

Figure 4. Confribution of the accessions for the first two principal
components, which explained 57.8% of the whole genetic divergence
among the 18 C. annuum L. accessions evaluated through 15 RAPD
molecular markers. The shorter the length of the arrow and the closer
to red, the lower the contribution. The larger the arrow and the closer
to blue, the greater the contribution.
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Discussion

The difference observed in the number of bands
could be due fo the competition between PCR products.
This factor can generate distinct and unstable bands
since each primer has a specific site of homologous
recognifion in the genome in which more bands shall
be produced (Larekeng et al., 2019). The number of
bands can also vary according to factors such as primer
complementarity and secondary structures in the DNA
template strand (Binneck et al., 2002).

The genetfic diversity assessed in this research
was superior to the diversity observed by Devi et al. (2018)
using nine RAPD primers in C. annuum. These authors
showed that it was possible fo amplify 76 bands. These
markers have been effectively used to evaluate genetic
variability in different studies with Capsicum species
(Gaudel, 2000; Costa et al., 2006; Renganathan et al.,
2017; Devi et al., 2018).

The highest genetic dissimilarity was verified
between accessions UFPB-443 and UFPB-77.3 (0.855)
(Table 2). Dissimilar genotypes should be used to obtain
gains in ornamental pepper breeding programs (Pessoa
et al., 2019).

The RAPD markers were sensitive in separating
accession UFPB-77.3 from UFPB-137 (Fig. 2), which are
phenotypically different (Fig. 3c and 3f, respectively).These
accessions were grouped into a same cluster in a study
performed by Pessoa et al. (2018) based on qualitative
and quantitative morphological traits. Fruit color was the
main difference between accessions UFPB-001 (yellow)
and UFPB-004 (red) (Fig. 3a and 3b, respectively) as well
as accessions with different architectures, e.g., UFPB-134
and UFPB-137 (Fig. 3e and 3f, respectively). Accessions
UFPB-001 (yellow) and UFPB-004 (red) were grouped in
toa same cluster by Pessoa ef al., 2018. These authors
observed no separation between accessions UFPB-134
and UFPB-137 based on morphological data.

The variability observed by the clustering in
genotype differentiation is essential for selection (Pessoa
et al., 2019), which should be preferably applied to
individuals belonging to distinct groups, which are more
genetically dissimilar (Correa & Goncalves, 2012). REgo
et al. (2011) analyzed the genetic divergence of 29
Capsicum spp. accessions and reported the formation
of eight different groups, demonstrating variability
between the evaluated individuals. In another study,
Costa et al. (2016) used UPGMA clustering analysis and
separated Capsicum spp. individuals based on genetic
diversity using RAPD into two distinct groups. Therefore,
the number of groups formed through clustering is

related to the variability of the analyzed individuals. The
UPGMA method is also used in other studies, effectively
categorizing Capsicum genotypes and determining
genetic dissimilarity through other traits (Vasconcelos et
al., 2012; Carvalho et al., 2017).

The stress and distorfion values should be the
lowest possible in order to determine an adequate graphic
projection, whereas cophenetic correlation coefficients
should not be under 0.7 since vaues opposed to these
would indicate inadequation of the clustering method
(Rohlf, 1970). These parameters do not apply to this study
since the coffenetic correlation value was above 80%
and showed low stress and distortion values, confirming
the consistency of the clustering pattern (Cargnelutti Filho
et al., 2010; Cruz et al.,, 2014). Therefore, the statistical
models used here were effectively detected dissimilarity
between Capsicum accessions.

Optimization methods maintain the principle of
group establishment in order to provide homogeneity
and heterogeneity between groups.
Tocher's clustering (Table 4) showed a lower power
in discriminating divergences between genotypes
compared to UPGMA. This fechnique grouped the
accessions of groups | and Ilin the cluster analysis, forming
five groups instead of six. Another difference referred to
accessions UFPB-77.3 and UFPB-134, which were clustered
info the same group using Tocher's opfimization (Table
4), even though they are phenotypically different (Fig.
3). Pessoa ef al. (2018), working with the quantitative
characterization of the same pepper accessions (C.
annuum L.), obtained the same number of groups through
Tocher's opfimization analysis. However, the accessions
were clustered in different manners, and accessions UFPB-
001 and UFPB-099 and UFPB-77.3 and UFPB-134 remained
tfogether in the same group. These findings highlight the
importance of molecular characterization for identifying
accessions, improving breeding
programs, and as a phenotypical characterization toll,
avoiding possible duplicates of parental individuals and
increasing the sensitivity in the detection of genetic
divergence between accessions.

The most divergent accessions through both
cluster analysis (UPGMA) and through Tocher's method
were UFPB-77.3, UFPB-137, and UFPB-356, which should be
recommended as parental individuals to continue the
genetic breeding program of this species.

Through Tocher's optimization method for
clustering genotypes, the distances within groups are
smaller than distances between groups (Cruz & Regazzi
1997, Vasconcelos et al., 2007). In this scenario, the

within  groups

identification  of
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intergroup distance can be useful for parental choice
since the cross between more divergent parents can
increase the successin the selection of superior genotypes
in segregating populations (Zuin et al., 2009). Faria et
al. (2012) and Vasconcelos et al. (2014) studied the
genetic diversity of pepper using Tocher’'s method and
reported the formation groups with only one accession,
as observed in the present research.

Principalcomponent analysis (PCA) corroborated
the results obtained by UPGMA and Tocher's analysis.
However, high genetic variability was observed within
groups
Adeyemo &Lawal (2017) using PCA in the diversity analysis
of Capsicum accessions. These authors highlighted the
importance of genetic diversity in Capsicum for use in
breeding programs.

Based on the analyses used in the present study,
it was possible to assess the genetic divergence between
the studied pepper
of different approaches in genetic diversity analysis
(UPGMA, Tocher's method, and Principal Components
Analysis) increases the sensitivity in the detection of
divergence between accessions. These results allowed
identifying accessions UFPB-77.3, UFPB-137, and UFPB-356
as the most genetically divergent. These accessions can
be used as parental individuals in breeding programs of
ornamental pepper.

(Fig. 4), corroborating the results found by

accessions. The combination

The use of the RAPD technique was efficient to
access the genetic divergence among the ornamental
pepper accessions, based on the primers used. Bobadilla-
Larios et al. (2017) and Devi et al. (2018) also reported the
efficiency of RAPD markers in genetic variability stfudies.

Conclusions

The accessions characterized in this study should
be used in breeding programs due to their genetic
variability.

Accessions UFPB-77.3, UFPB-137, and UFPB-
356 should be used as parental individuals in breeding
programs of ornamental pepper.

References

Adeyemo, O.A., Lawal, O. 2017. Assessment of Genetic
Diversity based on RAPD Analysis in Cultivars of Peppers
(Capsicum annuum, Capsicum chinense and Capsicum
frutescens) Grown in Nigeria. Journal of Scientific
Research and Development 17:48-53.

Binneck, E., Nedel, J.L., Dellagostin, O.A. 2002. Andlise de
RAPD na identificacdo de culfivares: uma metodologia
Util. Revista Brasileira de Sementes 24:183-196.

Bobadilla-Larios, V., Esparza-lbarra, E., Delgadillo-Ruiz,
L., Gallegos-Flores, P., Ayala-Lujan J.L. 2017. Varieties Of

Chile (Capsicum Annuum L.) Identified by Rapd Markers.
Tropical and Subtropical Agroecosystems 20: 465:473.

Buso, G.S.C., Reis, AM.M., Amaral, Z.P.S., Ferreira, M.E.
2016. Novel and highly informative Capsicum SSR markers
and their cross-species transferability. Genetics and
Molecular Research 15: gmr8689

Cargnelutti Filho, A., Storck, L., Guadagnin, J.P. 2010.
NUmero de repeticdes para a comparacdo de cultivares
de milho. Ciéncia Rural 40: 1023-1030.

Carvalho, F., Maciel, G., Oliveira, C., Nogueira, A,
Glasenapp, J., Siquieroli, A. 2017. Comparison of
clustering methods to study genetfic divergence in
pepper accesses at vegetative stage. Revista Brasileira
de Plantas Medicinais19: 236-243.

Correa, A. M., Gongalves, M. C. 2012. Divergéncia
genética em gendtipos de feijdo comum cultivados em
Mato Grosso do Sul. Revista Ceres 59: 206-212.

Costa, F.R., Pereira, T.N.S., Vitéria, A.P., Campos, K.P.,
Rodrigues, R., Silva, D.H., Pereira, M.G. 2006. Genetic
diversity among Capsicum accessions using RAPD
markers. Crop Breeding and Applied Biotechnology 6:
18-23.

Costa, M.D., Régo, E.R., Guedes, J.F.S., Carvalho, M.G.,
Silva, A.R., Régo, M.M. 2021. Selection of genotypes with
ornamental potential in an F4 population of ornamental
peppers (Capsicum annuum L.) based on mulfivariate
analysis. Comunicata Scienfiae 12: €3511.

Costa, M.P.S.D., Régo, M.M., Silva, A.P.G., Régo, ER.,
Barroso, P.A. 2016. Characterization and genetic diversity
of pepper (Capsicum spp) parents and inferspecific
hybrids. Genetics and Molecular Research 15: 1-12.

Cruz, C.D., Carneiro, P.CS., Regazzi, A.J. 2014. Modelos
biométricos aplicados ao melhoramento genético.
Editora UFV, Vicosa, Brazil. 508p.

Cruz, C.D., Regazzi, A.J. 1997. Modelos biométricos
aplicados ao melhoramento genético. Editora UFV,
Vicosa, Brazil. 390p.

Devi, A.A., Brajendra, N., Dinachandra, M. 2018. Genetic
Diversity Analysis in Chilli (Capsicum annuum L.) Found
in Manipur Using RAPD Markers. International Journal of
Current Microbiology and Applied Sciences 7: 257-262.

Doyle, J.J., Doyle, J.L. 1990. Isolation ofplant DNA from
fresh fissue. Focus 12: 39-40.

Faria, P.N., Cecon, P.R., Silva, A.R., Finger, F.L., Silva, F.F.,
Cruz, C.D., Sdvio, F.L. 2012. Métodos de agrupamento
em estudo de divergéncia genética de pimentas.
Horticultura Brasileira 30: 428-432.

Finger, F.L., Régo, E.R., Segatto, F.B., Nascimento, N.F.F,,
Régo, M.M. 2012. Producdo e potfencial de mercado
para pimenta ornamental. Informe Agropecudrio 33: 14-
20.

Gaudeul, M., Taberlet, P., TillliBottraud, I. 2000. Genetic
diversity in an endangered alpine plant, Eryngium alpinum

Comunicata Scientiae, v.14: 3709, 2022



Rodrigues et al. (2022)

RAPD markers in the discrimination of...

L. (Apiaceae), inferred from amplified fragment length
polymorphism markers. Molecular Ecology 9: 1625-1637.

Larekeng, S.H., Dermawan, R., Iswoyo, H., Mustari, K. 2019.
RAPD primer screening for amplification on Katokkon
pepper from Toraja, South Sulawesi, Indonesia. In IOP
Conference Series: Earth and Environmental Science 270:
012023.

Maciel, G.M., Oliveira, C.S., Siquieroli, A.C.S., Melo, E.l,
Oliveira, A.H.G. 2016. Genetic dissimilarity among the
physiochemical characteristics of fruit from pepper
accessions. Bioscience Journal 32: 978-985.

Melo, L.F.D., Gomes, R.L.F., Silva, V.B.D., Monteiro, ER.,
Lopes, A.C.A., Peron, A.P. 2014. Potencial ornamental de
acessos de pimenta. Ciéncia Rural 44: 2010-2015.

Mojena, R. 1977. Hierarchical grouping methods and
stopping rules: an evaluation. The Computer Journal 20:
359-363.

Nei, M., Kumar, S., Takahashi, K. 1998. The optimization
principle in phylogenetic analysis tfends to give incorrect
topologies when the number of nucleotides or amino
acids used is small. Proceedings of the Natfional Academy
of Sciences 95: 12390-12397.

Neitzke, R.S., Barbieri, R.L., Rodrigues, W.F., Corréa, 1L.V.,
Carvalho, F.I.2010. Dissimilaridade genética entre acessos
de pimenta com potencial ornamental. Horficultura
Brasileira 28: 47-53.

Oliveira, C.S., Peixoto, J.V.M., Momesso, M.P., Pereirq,
L.M., Peres, H.G., Maciel, G.M. 2019. Caracteristicas de
plantulas: dissimilaridade genética entre acessos de
pimenta. Revista Ciéncia, Tecnologia & Ambiente 9:
e09114.

Pereira, B.R., Aguiar, R.A., Pires, L.P. 2022. Consumption
of Ornamental Plants and the Initial Impacts of Covid-19
Pandemic. Biodiversidade Brasileira 12:1-11

Pessoa, A.M.D.S., Régo, E.R.D., Silva, A.P.G.D., Mesquita,
J.C.P.D.,Silva, A.R.D.,Régo, M.M.D. 2019. Genetic diversity
in F3 population of ornamental peppers (Capsicum
annuum L.). Revista Ceres 66: 442-450.

Régo, E.R.; Régo, M.M. 2016. Genetics and Breeding of
Chili Pepper. In: Elizanilda Ramalho do Régo; Mailson
Monteiro do Régo; Fernando Luiz Finger. (Org.). Production
and breeding of chilli peppers (Capsicum spp.). Springer,
New York, USA. p. 57-80.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

All the contents of this journal, except where otherwise noted, is licensed
under a Creative Commons Attribution License attribuition-type BY.

Comunicata Scientiae, v.14: 3709, 2022



