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ABSTRACT

Peppers belong to the Solanaceae family and present a wide genetic variability that may be accessed through

phenotypic and genotypic traits. This work aimed to study the genetic divergence in an ornamenta] peppkztien
by multivariate methods based on the individual and simultaneous analyses of qualitative, quantitative, and molecular
data.The work was developed in the CenterAgfrarian Sciences (CCA) of the Universidade Federal da Paraiba
(UFPB), Paraiba state, Brazil. 44 progenies from,aeReration were used and the characterization of 30 qualitative
traits, 16 quantitative traits, and 18 pairs of microsatellite primers was performed. Individual and simultaneous analyses
of the variables were performed by using the clustering methéafs algorithmTochers method was used based

on distance matrixeA.non-metric multidimensional scaling was applied (nMDS) for the graphic representation of the
distance matrixes in the bidimensional space. Data analysis was efficient to separate the genotypes into distinct
groups. There is genetic variability among the individuals o€thennuun®, population, verified by individual and
joint trait measurements. The three clustering methods were efficient to represent the genetic distance between
individuals of ornamental pepper plants. Individuals 1, 2, 7, 8, 10, 11, 21, 27, 29, 35, and 38 are indicated to advance
generation and continue the breeding program.
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INTRODUCTION (Stommel & Griedach, 2008; Mongkolporn Zaylor, 2011)

Peppers belong to the Solanaceae famgnus and ornamental plant (Régo & Régo, 2018).

Capsicum and are found in regions of tropical and The speciecapsicum annuunsomprises the bell
temperate climate in several regions of the worl@€Ppers and the sweet and spicy peppers, as well as or-
(Pickersgillet al, 1997; Stommel & Bosland, 2006). Thesd'amental varieties (Stommel & Bosland, 2006). Itis used
plants have presented a growing and continuo@$ an ornamental plant for possessing variegated foliage,
reception by the consuming market (Ré&gal., 2016; compact size, and fruits with varied coloring in the different
Régo & Régo, 2018). maturation stages (Me#t al, 2014; Régo & Régo, 2018;
Peppers also present a wide genetic diversity for tfesso&t al, 2018).
phenotypic traits of size, leaves, and fruits, with potential The knowledge of the degree of genetic variability
for utilization in the food industry and use as a medicindhrough divergeoe studies, is essential in the
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identification process for new sources of genes of interdsttilization of the F, obtained from the self-fertilization of

(Falconer & Mackay1996).To indicate this variability the F resultant of the crossing between the parental

sufficient genetic diversity is needed to allow the selectiandividuals: UFPB134 x UFPB77.2 &ble 1), with

of individuals that can be used in breeding programs. (Cqshenotypical diversity for the qualitative traits.

taetal, 2011). The seeds of the 44 progenies were sowed in
Among the ways to evaluate this diversity in peppgpolystyrene trays of 180 cells filled with commercial

plants, quantitative and qualitative traits stand out in tiibstrate, and when presenting six definitive leaves the

identification of superior genotypes and more recenti§eedlings were transplanted to plastic pots containing

by molecular markers, which allow to characterize an®00 mL of the same substrate.

determine the existing genetic divergence within and The morpho-agronomic characterization was

between vegetal species (Boredtal, 2006 Villelaetal, performed based on th@apsicumdescriptors (IPGRI,

2014). 1995). 30 qualitative traits were evaluated: stem ¢olor
In order to determine the genetic distance betwedpdal anthocyanin, stem shape, stem pubescence, growth

individuals based on the collected data, biometric modéPégbit, branching densitjillering, leaf densityleaf color

are utilized, based on multivariate techniques that allo\@af shape, leaf blade edges, leaf pubescence, flower

to combine several information data of a set ofosition, corolla colgrcorolla stain colgrcorolla shape,

characteristics (Mesquitt al, 2016), thus allowing the filament coloranther colarstigma insertion, calix pigment,

choice of divergent individuals (Sudeéal,, 2005). calix magin, calix ring constriction, immature fruit color

The generation of several data of different categoriddtermediary fruit colarmature fruit colaranthocyanin
(phenotypical or genotypical) may be a factor thattain, fruit shqpe, frwt apex shape, fruit _pethel fl_rmness
complicates both the analysis and interpretation of t1d Stem pedicel firmness, and 16 quantitative traits: plant
characterization results, often resulting in the incomplef9ht, canopy diametefirst bifurcation height, stem
distinction between accessions (Roezl, 2010). In diameteryleaf length, leaf width, fruit length, igest fruit

this perspective, the joint analysis of the variables migﬁi{amete,rsmallest fruit diametepeduncle length, pericarp

provide a better indication of the variability potentiality"ICkness, placenta length, fruit length/diameter relation,

existing in germplasm banksdifeset al., 2015). fruit weight, dry matter content and number of seeds per
The technique that allows the joint analysis o;rwt'.: h lecul | 200 ¢ ol
qualitative and quantitative data was proposed by Gower or the molecufar analyses, Mg of young tofiar

(1971). Therefore, there are no reports on the use of tlll'%sue from each individual of the, opulation were

strategy for the quantification of the genetic dissimilarit;‘?‘ ubjected to DNA extraction, according to the protocol

. , . . S described by Doyle & Doyle (1990). The DNA amount
using Gowe's coeficient or in a genetic divgence study vzed | | at 0.8%guots f h
usingWard’s algorithmTochets method, and non-metric was analyzed in agarose gel at 0.8¥guots from eac

multidimensional scaling iapsicumpepper plants for DNA S?mt'?'e ertr; applleld to the gte.zl Wtelclisb an_d thﬁ
the joint analysis of quantitative, qualitative, andoncentration otth€ samples was estimated by visually

molecular data. cqmparmg the fluorescence intensity pf the DNA bands
with bands of known pattern. The running was performed

Under_ the hypotr_le_3|s_ O.f. dIStII-’]CtIOI’] am_jin TAE 1X buffer (Tris-acetate 0.04 M and EBRTL mM) at
characterization of promising individuals in the geneti

80 v and the ethidium bromide gel hot hed und
breeding of ornamental peppers, this work aimed to ass anche efhidiim bromide getwas photographed Under

UV light in a Gel Logic 112Imaging System.
the genetic diversity in an,Bopulation of ornamental g g ging >y

s throuah multivariate methods based on the indi For DNA purification, the samples were incubated in
peppers through muftivanate methods based on the NG, o path at 37 °C, with DNA in a proportion of 1:1/2

\rlr'f;ljeacljgg (jggt analysis of qualitative, quantitative, angENAse (40 ng/ mL; v:v), for 12 miAfterwards, NaCl 1:10
' 5 M was added, followed by 2/3 of the volume of cold
MATERIAL AND METHODS isopropapol, anq the sqmples were kept at -20 °C for 2h.
After the incubation period, the samples were centrifuged
The work was developed in a plant nursery and in tifer 10 min at 14.000 rpm. The supernatant was removed
Laboratory ofVegetal Biotechnology at the Center ofand the microtubes were washed twice with 70% ethanol
Agrarian Sciences (CCA) of the Universidade Federal dand once with 95% ethanol, and then centrifuged at 14.000
Paraiba (UFPB), state of Paraiba, Brazil. rpm for 2 min per washind\fterwards, the supernatant
The vegetal material consisted of 44 progenies fromas carefully discarded and the microtubes were
an F, generation of ornamental peppe@s @nnuuni.), maintained at ambient temperature for total ethanol
belonging to the Germplasm Bank of the geBapsicum evaporation; the precipitate was resuspended jrL4ff
of the UFPB, originated from the controlled self-TE bufer.
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The microsatellite markers were selected based on teghidium bromide/200 mlof TAE buffer. After the
information available in the literature f6r annuungPortis  amplification, 2uL 1x of DNA Loading Blue | 10x was
et al, 2007). The microsatellite primers used in thadded to each 10QL of the amplified sample, then
experiment consisted of 18 pairafle 2). homogenizing and applying 1 in each gel well, and
The amplification reactions were conducted in a finabuL of the molecular weight standard of 1Kb Plus DNA
volume of 254L, containing the following reagentspy2 ~ Ladder - 1ug/uL were utilized. The running was
of genomic DNA, 0.2U ofaq DNApolymerase enzyme, performed in an electrophoresis chamber at 70 v for
2.5pumol L of buffer of the 10X enzyme (500 mM KCI, 100 approximately 1 houthe gels were visualized in a Geo-
mM Tris-HCI), 1.5umol L* of MgCI2 (50 mM), 0.fumol L*  Logic 212 Pro-Carestre&hmaging system.
of dNTP (deoxyribonucleotides), O of theforward Gelimages were taken for later analysis. The 1Kb Plus
primer, 0.5uM of thereverseorimer and 17.41L of ultrapure  DNA ladder marker was used as a molecular weight
water 2 uL of DNA was applied and, late23puL of the reference for estimating the sizes of the amplification
previously described mix was added. products. In the analyzed SSR loci, the allelic frequency
All PCR amplifications were performed in a thermaln each category in all samples was classified as either
cycler (modell C-PlusTechne Bibby Scientific L&), and present (1) or absent (0).
the amplification reactions were conducted in the Joint and individual analyses of the quantitative,
following manner: 3 min at 94 °C for initial denaturationgualitative, and molecular variables were performed
followed by 35 cycles, each consisting of 94 °C for 1 minysing the clustering ofvard’s algorithm.Tochefrs
52-58 °C for 1 min (depending on the primer), 72 °C for inethod was used based on distance matrixes.
min and one final extension at 72 °C for 7 min, afterwardBurthermore, the non-metric multidimensional scaling
temperature was reduced to 10 °C. (nMDS) was applied for the graphic representation in
The amplified fragments were then separated ithe bidimensional space of the distance matrirdls.
agarose gel at 3.5% in TAE buffer and stained with analyses were performed with the R software, version
ethidium bromide (10 mg/mL), at the rate ofuB of 3.0.3 (R Development Cofle@am, 2014).

Table 1: Description of the qualitative traits of the parental generation of the ornamental pepper €agsiesi(n annuum.) used
in this study

Parents CDC CAN CDF CFL CFM
UFPB134 Green Dark purple Green White Orange
UFPB77.2 Green with purple strips Purple Variegated Purple Red

CDC - Sem color CAN — Anthocyanin color in the stem, CDF — Leaf col@FL — Flower coloy and CFM — Color of the mature fruit.

Table 2: Microsatellite loci (SSR) and primers (forward and reverse)

Loci SSR Primer (Forward/Reser se)

EPMS-596 (A) o CTCGTGCCGRATTTCTGTCA/AAGGGCGTGTTTGGRTGAA
EPMS-642 (AT)8 CAACTTCGCGTTATTGTCCA/AGGGCGGACAAAGAAGATTT
EPMS-643 (CT)17 CCAAGATCAACTCTTACGCTAT/CCCCTCAAGAATTCCCTCCA
EPMS-649 (TA), AAGGGTTCTCGAGGAAATGC/TCAATCCCAAAACCATGTGA
EPMS-650 (TA) 6 CATGGGTGAGGGRCATGGT/AGAGGGAAGGGTRATTTGCC
EPMS-654 (AAC), TTCCACTCTTCGAAGCACCT/GGRGGGTTTAACACCGCCT
EPMS-657 (AAG), CTGATCGTGGATGTGGATTG/TAGAATTGCTGTGAGTGCGG
EPMS-658 (AAG), CCTTGAGTAGGCGCACAAAT/TTCCTCATTGCTTTTCCCAC
EPMS-677 (ATA), ATCTGCCCTTATCGATGCAC/CCGAATTGTGGAGGAAACAT
EPMS-680 (ATT), TGGAATTCACATGGTGAAAAA/ITGAAACTTTGTGGGCTATGG
EPMS-683 (CAA), AAATGGATCCCAACAACCAA/GGAGTTGAAAACGGTGGAGA
EPMS-694 (CCA), CTAGTACGAGGCAGGGGAGG/CCAGACCCGCTTTTGACHR
EPMS-703 (GAA), AAGATTTGGCGGAGACTTCA/TGCACCAACTTTGTCTCTGC
EPMS-705 (GAA), TCAACTAGATCCACCACGCA/TAACCCGTTGCTCACACTCA
EPMS-709 (GAG), ACGCCGAGGACTTGATGAC/TTCTTCATCCTCAGCGTGTG
EPMS-712 (GCA), CCACAAAGGGTTTAAGCAGC/AAGGCAGGAGCAGAGTTCAA
EPMS-924 (CT),.-(TA),..(GTA), GCCGTCGTCAGAAAAGGTAG/TGCATTTCTGTCAGAGGCTG
EPMS-925 (AT), CTCACAAGCAGAAGTGGACC/CCCAGRAAACTTAACCGCAC
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RESULTSAND DISCUSSION environmental influence on the phenotypic expression,

. o being of utter importance since they shall reflect the real
The dendrograms obtained from the dissimilarity matrix g P y

by Ward’s algorithm fo th titati litati dpotential of the individuals and their possibility of use in
ywards algoriihm 10 In€ quantiative, qualitative, and ., breeding (\iraet al, 2013). Detecting the variability

molecuriarféle_scdr.lp_t((j)rs Ian(: ]r(])mt dat? a_naly5|s ;IIqwed Within the population, for the quantitative traits, allows
group t e 44 individuals o t g population into 'St”_“:t_ obtaining gains when practicing selection in an early
groups (Figure 1), suggesting the presence of Va”ab'l'géneration (Silva Netet al, 2014)

within the population based on the different evaluated For the qualitative traits (Figure 1b), the formation of

traits.Varial?iIity is essential in the selection of individualsfOur groups of individuals was verified: group | formed
for generation advancement. by 11 individuals (1, 36, 29, 9, 15, 26, 34, 27, 25, 11, and 23),
In the analysis of the quantitative data, the formatiogroup Il by seven (28, 10, 24, 12, 14, 37, and 39), group |l
of a larger number of groups (five) was observed iformed by individuals 30, 20, 22, 19, 16, 2, 6, 21, and 31,
comparison with the groups formed by using qualitativand group IV with 17 individuals (43, 42, 40, 41, 44, 38, 13,
and molecular data (Figure 1a). Group I, formed bg, 4, 17, 8, 5, 7, 35, 33, 18, and 32). The fact that the
individuals 1, 3, 4, 2, and 5. Group Il, formed by only ongquantitative traits formed the largest number of groups
individual, 27, which possesses distinct characteristigsxd are more discriminating in this work does not
from the remaining individuals of the population. Groupnvalidate the need for the use of qualitative descriptors
11, formed by individuals 13 (41, 42, 34,12, 13, 14, 23, 10, 9 studies of genetic divgence. Howevera higher
22,6, 7,and 8). Groups IV (38, 39, 40, 35, 37, 21, 15, 31, 3lhmogeneity of the individuals was verified for the
30,and 33) and V (25, 26, 29, 24, 28, 11, 43, 44, 18, 19, 17, g0alitative traits of the studied population. Qualitative
16, and 36) were formed by 11 and 14 individualgjescriptors are important in the evaluation of plants with
respectively These results suggest the existence afrnamental potential, since they are related to the visual
variability within the E population, and that the genesaspect of the plant, such as the color of the stem, flowers,
continue segregating for the evaluated quantitative traifsuits, both mature and immature, growth habit of the plant,
The quantitative traits are, mosttie result of the joint branching densityeaf density and colpand fruit shape
action of several genes,hat implies in a strong (Mouraet al, 2010), besides being of easy measurement
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Figurel: Dendrogram obtained Ward'’s algorithm, based on the generalized distance of Mahalanobis. Quantitative (a), qualitative
(b) and molecular data (c) and joint analysis (d) in goopulation of ornamental peppe@apsicum annuurb.).
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and less influenced by the environment. These descript@&icient in quantifying the differences between
should be considered in the identification of plants witindividuals. Machadcet al. (2015) also reported the
greater ornamental potential, as well as in crossings fionportance of the joint data analysis, which may allow
the production of ornamental pepper cultivars (Neitzke greater efficiency in the knowledge of the divergence
al., 2010). between accessions in germplasm banks.

The dendrogram obtained with the dissimilarity matrix ~ According toTochefs method, distinct groups were
generated from the molecular descriptors allowed tHermed among the individuals according to the evaluated
formation of four distinct groups (Figure 1c). Group | wasraits (Table 3). For the quantitative data, the formation of
formed by 15 individuals (1, 3, 6, 4,5, 8,9, 11, 13, 19, 20, 24even groups was registerecalfle 3a). Group | was
17,15, and 16), group Il was formed by 11 plants (36, 4fhrmed by a larger number of individuals, 77, or 28% of
34, 46, 32, 33, 29, 26, 27, 18 e 25), group Il by fivéhe total of evaluated individuals. Group Il was formed by
individuals (41, 42, 43, 44 e 47), and group IV by 13 plantnly two plants, 7 and 8 (4.54 %). Group Ill was formed by
(12, 14, 22, 23, 24, 30, 31, 35, 2, 7, 10, 38, and 39). Tpants 2, 5, 4, and 3 (9.09 %), and group¥/|VI, andVII
grouping resulted in the same number of groups as wittere formed by only one genotype each: 1, 6, 21, and 27,
the qualitative data, as well as the grouping manner dspectively (@ble 3a)This method provided a digrent
some individuals, emphasizing the importance ajrouping from the previous method &d'’s algorithm),
qualitative data analysis in ornamental peppételaet with a larger number of groups, presenting the
al. (2014) reported the formation of divergent groups usintharacteristic of forming groups with only one genotype
microsatellite molecular markers. Ulheal (2014) ina each, in case of genotypes with greater dissimilareg{V
study with the molecular characterization of 26 pepp@oncelost al, 2007) According to Ramalhet al (2016),
lineages using microsatellite loci, identified the formatiothis method is employed along with other methods to
of three distinct groups. complement the results and aid in the better distinction of

The joint data analysis involving quantitative,the formed groups (Ramalletal, 2016).
qualitative, and molecular traits revealed the formation of Tochefs grouping method for qualitative data allowed
three distinct groups (Figure 1d), presenting efficiency ithe formation of eight distinct groupsa@le 3b). Group 1
quantifying the differences between individuals of thevas formed by 15 individuals (34.09% of the total of
population. Group | was formed by 15 individuals (1, 3, Gndividuals in the population). Group Il (22.72%). Group
4,5,8,9,11, 13,19, 20, 21, 15, 16, and 17), group Il by 111 (18.18%). Groups IV and V were formed by three
(35, 33,38, 43, 31, 32, 28, 26, 27, 18, and 25), and groupiltividuals each, corresponding to 6.81% of the total of
was formed by the largest number of individuals, totalinopdividuals evaluated for each group. Groups VI and VI
18 plants (39, 44,42, 40,41, 2,7, 10, 36, 37,12, 14, 24, 29, ®2re each formed by two plants, or 4.55% of the total of
23, 30, and 34) (Figure 1d); this group revealed a widevaluated plants. Group VIl was formed by one individu-
variability for the evaluated traits. These results evidene (2.7%)According to Cruz & Regazzi (1997), the higher
the presence of genetic variability within the populatioris the number of formed groups, the more heterogeneous
as well as the possibility of genetic gain in later selectionss.the analyzed population for the evaluated characteristics.
The selection should be preferably applied to individuals The largest number of individuals observed by
belonging to distinct groups since those belonging tBochers method corresponded to the molecular data, with
the same group are more similar than those that belonghe formation of 1 distinct groups (d@ble 3c). Group |
different groups (Correa & Gongalves, 2012). was formed by the largest number of plants, 8 individuals

In this population, the individuals continued to(18.18%). Groups Il and Ill grouped seven individuals
segregate, being necessary to select the plants of inteessth (15.91%). Group IV was formed by five individuals
and advance the generation. Individuals 1, 23, 25, 27, 39,1.36%). Groups V and VII were formed by four
and 41 were the most divergent among the evaluatedlividuals, corresponding to 9.09% of the total
analyses and may be indicated for selection. Mesguitapopulation. Group VIl was formed by individuals 1, 3, and
al. (2016), working with an Fpopulation of ornamental 4, which presented genotypic similarities between each
pepper plants, and using only quantitative charactersther corresponding to 6.81% of the total of evaluated
identified the formation of only two groups among thelants. Groups VIl and IX were formed by two individuals
populations. In the present work, the formation of moreach, 31 and 35, and 12 and 14, respectivgyesenting
groups was observed when using the joint analysis 4f55% of the total of evaluated plants, whereas groups X
qualitative, quantitative, and molecular data. (2) and XI (11) presented only one individual each (2.27%).

According to Mouraet al. (2010), the joint data There was no concordance in the separation of the indivi-
analysis allows allocating individuals in a singledual by groups in the individual analysis of the
dendrogram, providing better data analysis and beimgantitative, qualitative, and molecular datalbghers
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method, with the molecular traits being more efficient itndividuals. Groups VI, IX and X were formed by only
the separation of individuals. Microsatellites or simpl®ne individual each: 2, 8 andl]l respectively
sequence repeats markers may currently be consideoedresponding to 2.27% of the total of evaluated plants.
as the most used markers for genetic studies due to th&gnetic variability is the raw material for genetic breeding,
simplicity of execution and for being able to detect a higheing necessary for the practice of selection in the
degree of genetic polymorphism, with greater consisteneglvancement of segregating generations. Therefore, the
in the results concerning genetic similarity or divergencgelection of individuals 1, 2, 7,9, 12, 26, 34, 37, and 44 is
(Dutra Filhoet al, 2013). recommended for representing divergences by the
Grouping analysis byochets optimization method evaluated methods.
for joint data analysis allowed to gather the 44 genotypes With the use offochefs method, it was possible
into ten distinct groups @ble 3d). Group | was formed by to form a larger number of groups when compared to a
ten individuals: 24, 29, 22, 23, 36, 30, 34, 7, 10, and 37, whidndrogram obtained Ward’s algorithm. Fariat al.
corresponds to 22.72% of the total of evaluated individual012) reported that when a method is more sensible to
Group Il was formed by five individuals: 40, 41, 42, 44, andetermine the number of groups, it can verify with more
39, formed by 11.36% of the plants in the population. Growgfficiency the existence of discrepant individuals. This
[l was formed by seven individuals: 26, 27, 28, 25, 31, 3ethod was applied in ornamental peppers plants in
and 18, representing 15.90% of the evaluated individuatbe identification of the parental individuals (Neitzke
Group IV was formed by eight individuals: 20, 21, 16, 17al., 2010; Pesscet al., 2018), in an [population (Silva
15, 19, 13, and 9 (18.18%). Individuals 1, 3, 4, 5, andMeto et al, 2014; Pessoat al., 2015) and in F
formed groupV, with 11.36% of the plants evaluated inpopulations (Mesquitat al, 2016) only for quantitative
the population. Group VI allowed to group four individualsdata. Few works used this method for mixed data in
38, 43, 33, and 35, corresponding to 9.09% of the evaluajeelpper plants.
plants. These individuals presented similar traits, allowing According to the non-metric multidimensional scaling,
them to remain in the same group. This characteristic itfwas observed that the individuals remained dispersed
this method becomes interesting since it allows to identiffFigure 2). For the quantitative data, individuals 1, 2, 5, 4,
genetically similar individuals, and not only distinct3, 7, 8, 6, and 27 were distant in relation to most plants
groups (Silveet al, 2016). Individuals 12 and 14 formedevaluated in the population. Therefore, such as in the
group VII, which corresponds to 4.58% of the total ofemaining evaluated methods &w’s Algorithm and

Table 3: Clustering of 44 individuals for the quantitative (a), qualitative (b), and molecular (c) traits and joint analysis, (d) in F
populations of ornamental peppers, accordingochets method

Data/ Individuals

crovps Quantitativetraits (a) Qualitative traits (b)  Molecular traits (c) Joint analysis (d)

12, 13, 34, 11, 44, 28, 43, 24, 16,
1 36, 38, 32, 22, 14, 42, 41, 9, 10, 23, 2'36’4161’31%822031‘ 7,10, 38, 39, 23,22, 24,29, 22, 23, 36,

37, 35, 31, 29, 39, 33, 17, 40, 18, ’41'42 ’43 '44 ' 24, 30 30, 34, 7, 10, 37

15, 25, 20, 19, 30, 26 o
5,7,8,17,18, 32, 20, 21, 15, 16, 17,
2 7,8 33,35, 12, 14 13, 19 40, 41, 42, 44, 39
3 2543 9, 15, 29, 11, 23, 25, 26, 27, 29, 32, 25, 26, 27, 28, 25, 31,
T 27, 34 33,18 32,18
20, 21, 16, 17, 15,

4 1 10, 24, 28 42,43, 44, 47,41 19,13, 9
5 6 20, 22, 30 8,9,56 1,3,4,56
6 21 37,39 34, 46, 40, 36 38, 43, 33, 35
7 27 1, 36 1,3,4 12,14
8 26 31, 35 2
9 12,14 8
10 2 11
11 11
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Figure2: Graphic representation of the non-metric multidimensional scaling of the quantitative (a), qualitative (b), and molecular (c)
traits and joint analysis (d) in an population of ornamental peppeapsicum annuurh.).

Tochers method), individual 27 was separated from thstress values were 15.3%, 19.1%, 15.6 %, and 16.4% for
remaining individuals of the population (Figure 2a), beinthe quantitative, qualitative, molecuyland joint analyses,
recommended for selection to open the line in the nesespectively (Figure 2). These values are considered
generation. In the qualitative analysis of the data, it wagceptable for the representation of the distances of the
verified that individuals 29, 1, 38, and 26 were distant fronmdividuals in the graph (Sturrock & Och2000), what

the remaindeant the 40 remaining plants in the populatioimndicates a desired and efficient ordination in the distances
were together in dispersed groups in the graph (Figuoé the individuals of the population using this type of
2b). When using molecular data (Figure 2c), a greatanalysis. The lower the stress value, the truer the position
dispersion of plants 19, 36, 8, 10, and 2 was verified in tloé the points in the generated image, representing the
population. calculated distances (Clarkevarwick, 2001).

The non-metric multidimensional scaling (nMDS) Based on these analyses it was possible to verify a
separated individuals 19, 8, 11, 1, 3, 13, 5, 4, 35, anddgnetic divergence in the, population, with variability
through joint data analysis, presenting a greater genetor the quantitative, qualitative, and molecular traits,
divergence. Individuals 2, 8, and 11 remained isolated probably because the genes continued to segregate for
this scaling, as well is throudfochers method (Figure the evaluated traits, in this generation. These results allow
2d), being recommended for selection. selecting contrasting individuals to advance generations.

By calculating Kruskak stress for the mapping Thus, individuals 1, 2, 7, 8, 10, 21, 27, 29, 35, and 38 were
adjustment level of the non-metric multidimensionathe most divergent through this analysis, and some that
scaling for the evaluated characteristics it was possibteincided among the evaluated traits are indicated for
to observe a low stress value (Figure 2). Stress valuessglection and continuation of the breeding program of
to 20% are low and acceptable (Krusksdl, 1964). The ornamental pepper plants.

Rev CeresVicosa, v 66, n.6, p. 442-450, nov/dec, 2649



Genetic diversity in F3 population of ornamental pepp@ep§icum annuur.) 449

CONCLUSION IPGRI (1995) International plant genetic resources institute.
Descriptors for Capsicum. Rome, IBPGR. 49p.

There is genetic variability among the individuals 0kuskal J8 (1964) Multidimensional scaling by optimizing goodness
the K population ofC. annuumverified by the individual of fit to a non-metric hypothesis. Psychometrika, 29:01-27.
and joint analysis of the quantitative, qualitative, anlachado CFJesus FN & Ledo CAS (2015) Dig#ncia genética
molecular traits. de acessos de maracujé utilizando descritores quantitativos e

The three groping methods used in this wovkrd's qualitativos. Revista Brasileira de Fruticultura, 37: 442-449.
algorithm, Tochef's algorithm, and the non-metric Mel0 LF. Gomes RLF Silva VB, Monteiro ER, LopesACA &

. . ) L. . PeronAP (2014) Potencial ornamental de acessos de pimenta.
multidimensional scaling (nMDS) were efficient in  cjancia Rural, 44:2010-2015.

represeptlpg the g.enetlc dIStanFe between Omame%'squita JCPRégo ER, Silva\, Silva Neto JJ, Cavalcante LC &
pepper individuals in the population. Régo MM (2016) Multivariate analysis of the genetic divergence
: : among populations of ornamental pepp€apsicum annuum
To_cher_s grouplng methOd_ is recommended to eValuateL.). African Journal ofAgricultural Research, 114289-4194.
the diversity in an fpopulation of ornamental peppers _
f h iability b he d fMongkolporn O &Taylor PWJ (201) Capsicum. In: Kole C
or pr.esentlng a greater Vfa”a llity between the data Or(Ed.) Wild crop relatives: genomic and breeding resources,
the different evaluated traits. Vegetables. Berlin, Springep.43-57.
Individuals 1, 2, 7, 27, and 29 are indicated to open tfoura MCCL, Goncalves LSA, Sudré CRodrigues RAmaral

line in an E generation and continue the program of genetic JUNIOrAT & PereiraTNS (2010)Algoritmo de Gower na esti-
4 mativa da divergéncia genética em germoplasma de pimenta.

breeding. Horticultura Brasileira, 28:155-161.

Neitzke RS, Barbieri RL, Rodrigue&/F, Corréa IV& Carvalho
ACKNOWLEDGEMENTSAND FIF (2010) Dissimilaridade genética entre acessos de pimenta
CONFLICT OFINTERESTS com potencial ornamental. Horticultura Brasileira, 28:47-53.

PessodAMS, Régo ER, Carvalho MGsantos CAR& Régo MM
The authors are thankful to CAPES and CNPq by grant2018) Genetic diversity among accession<Capsicum annuum

of their research fellowshiputhors have declared that L. through morphoagronomic characters. Genetics and

no competing interests exist. Molecular Research, 17:01-15.
PessodAMS, Régo ER, BarrosoAP& Régo MM (2015) Genetic
REFERENCES diversity and importance of morpho-agronomic traits in

a segregating f2 population of ornamental peppkcta
Bonett LP Gongalves-idligal MC, SchuelteAR, Vidigal Filho OS, Horticulturae, 1087:195-200.

GonelaA & Lacanallo GF (2006) Divegéncia genética em pickersgill B (1997) Genetic resources and breedinGagsicum
germoplasma de feijoeiro comum coletado no estado do Paranéspp_ Euphytica, 96:129-133.

Brasil. Semina, 27:547-560. . ) ) .
) ) ) . Portis E, Nagy |, Sasvi Z,t&gelA, Barchi L & Lanteri S (2007)
Clarke KR &Warwick RM (2001) Change in Marine Communities:  The design ofcapsicumspp. SSR assays via analysis of in silico

An Approach to Satistical Analysis and Interpretation."2 DNA sequence, and their potential utility for genetic mapping.
edition. Plymouth, Plymouth Marine Laboratory76p. Plant Science, 172:640-648.

CorreaAM & Gongalves MC (2012) Divegéncia genética em
genotipos de feijdo comum cultivados em Mato Grosso do Sul.

Revista Ceres, 59:206-212. R Development Cor@ear_n (2_014) R: a Ianguag_e and enyirpnment
] i o for statistical computingVienna, R Foundation fort&tistical
CostaTs, SilvaAVC, LedoAS, SantosARF & Janior JFS (201) Computing Available at: <https://wwvR-project.og/>. Accessed

Diversidade genética de acessos do banco de germoplasma dgn- November 9, 2014.

mangaba em Sgipe. Pesquisdgropecuaria Brasileira, 46:499- ) i .
508. RamalhoAB, RossiAAB, Dardengo JFE, Zortéa KEMfiago AV

) o ) & Matins KC (2016) Diversidade genética entre genoétipos de
Cruz CD & RegazzA (1997) Modelos biométricos aplicados ao  gertholletia excelsapor meio de marcadores moleculares ISSR.
melhoramento genéticd/icosa, UFV 390p. Floresta, 46:207-214.

Doyle JJ & Doyle JL (1990) Isolation of plant DNA from Rocha MC, Gongalves LSZ, Rodrigues R, Silva PRA, Carmo MGF
freshtissue. Focus, 12:13-15. & AbboudACS (2010) Uso do algoritmo de Gower na determi-
Falconer DS & Mackay TFC (1996) Introduction to quantitative Nnacdo da divergéncia genética entre acessos de tomateiro do

geneticsl London, Longman. 464p. grupo cerejaActa ScientiarumAgronomy, 32:423-431.

Dutra Filho JA, ResendeM. Bastos GQ, Neto DEN & Machado Régo ER & Régo MM (2018) Ornamental Peppér: Van
PR (2013) Utilizacdo de marcadores moleculares RAPD esEST' Huylenbroeck J (Ed.) Ornamental Crops. Cham, Springer
SSR para estudo da variabilidade genética em cana-de-agticadnternational Publishing. p.529-565.
Revista CiénciaAgrondmica, 44:141-149. Régo ER, Régo MM & Finger FL (2016) Production and Breeding
Faria PN, Cecon PR, SilvAR, Finger FL, Silva FFCruz CD & of Chilli Peppers Capsicumspp.). Cham, Springer International
Séavio FL (2012) Métodos de agrupamento em estudo de diver-Publishing Switzerland. 129p.

géncia genética de pimentas. Horticultura Brasileira, 30:428jya pDG Coelho CJ, Romanek C, Gardingo JR, SRR Graczyki

432. BL, Oliveira EAT & Matiello RR (2016) Genetic dissimilarity
Gower JC (1971 general codicient of similarity and some of and definition of recombination clusters among green corn half-
its properties. Biometrics, 27:857-874. sib progenies. Bragantia, 75:401-410.

Rev CeresVicosa, v 66, n.6, p. 442-450, nov/dec, 2019



450 Angela Maria dos Santos Pessial.

Silva Neto JJ, Régo ER, Nascimento Miva FilhoVAL, Almeida  UlhoaAB, PereiraTN, Silva RN, Ragassi CRodrigues R, Pereira
Neto JX & Régo MM (2014)ariabilidade em populagdo base MG & Reifschneider FIJB (2014) Caracterizacao molecular de
de pimenteiras ornamentai€gpsicum annuunt.). Revista linhagens de pimenta do tipo Jalapefio amarelo. Horticultura
Ceres, 61:84-89. Brasileira, 32:35-40.

Stommel JR & Bosland PW (2006) Ornamental pepper, Capsicuwasconcelos ES, Cruz CD, Bhering & Resende Junior MFR
annuum. In:Anderson N (Ed.) Flower Breeding and Genetics: (2007) Método alternativo para analise de agrupamento. Pes-
Issues, Challenges and opportunities for thé' @éntury quisaAgropecudria Brasileira, 42:1421-1428.

Dordrecht, Springerp.561-599. Vieira EA, Fialho JFFaleiro FGBellon G Fonseca KGSilva MS,
Stommel JR & Griesbach RJ (2008) Inheritance of Fruit, Foliar, Paula-Moraes SV & Carvalho LJCB (2013) Caracterizagao

and Plant HabiAttributes in Capsicum Journal of theAmerican fenotipica e molecular de acessos de mandioca de indistria com
Society for Horticultural Science, 133:396-407. potencial de adaptacdo as condigGes do Cerrado do Brasil Cen-
Sturrock K & Ocha JA (2000) Multidimensional scaling stress tral. Semina: Ciénciadgrérias, 34:567-582.

evaluation table. Field Methods, 12:49-60. Villela JCB, Barbieri RL, Castro CM, Neitzke R@asconcelos CS,

Sudré CPRodrigues R, Riva EM, Karasawa MAmaral JuniorAT CarbonariT, Mis_tura cc &, Priori D (,2014) Caracterizagdo
(2005) Divergéncia genética entre acessos de pimentas e pi_molecular de_plmen@s_ crloula_élapsmum bgc_catu)ncom
mentdes utilizando técnicas multivariadas. Horticultura Brasi- marcadores microssatélites. Horticultura Brasileira, 32:131-137.

leira, 23:22-27.

Torres FE,Valle CB, Lempp B,Teodoro PE, Rigon JR@ibeiro
LP, Corréa CCG & Junior RAAL(2015) Estimativa da diver
géncia entre ecotipos de braquiaria baseada em descritores quan-
titativos e qualitativos. Ciéncia Rural, 45:485-491.

Rev CeresVicosa, v 66, n.6, p. 442-450, nov/dec, 2649



