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Abstract: This study aimed to characterize papaya lines via microsatellite markers,
and select genotypes based on the fixation index in order to promote the genetic
purification of important commercial hybrids parent lines. Overall, 400 genotypes
from three parental lines (JS-12, SS-72/12, and Sekati) were genotyped. Expected (HE),
observed (HO) heterozygosity, and fixation index (F), were estimated. Genetic distances
were estimated using an unweighted index, which was graphically presented via cluster
analysis using the UPGMA and PCoA. Intra-genotypic variability was detected in both
JS-12 and Sekati lines, while an absence of it was observed in SS-72/12. Such variability
may positively contribute to the fitting of ‘UENF/Caliman 01" and ‘UC-10" hybrids into the
traits of commercial interest how size and weight fruit. Regarding the fixation index, 293
genotypes showed maximum values (F=1) facilitating the genotypes selection process.
Concerning population analysis, a close proximity between heterotic group ‘Formosa’
lines was observed, while a greater distance among ‘Solo’ group ones, and this enables
systematic exploitation of such material. The fixation index maximum enabled the 80
genotypes selection thereby contributing to the parents genetic purification, since, the
selected genotypes will be used in future hybridization steps to generate hybrids fitted
into the traits of commercial interest.

Key words: Carica papaya L., genetic variability, microsatellite markers, genetic
purification.

For papaya hybrids generation, the
use of pure lines is recommended to avoid

Papaya (Carica papaya L.) is a tropical fruit tree
that presents economic importance to national
and international agribusiness. In this vein, crop
breeding programs have intensified the efforts
to develop hybrid cultivars that meet market
demands (Pereira et al. 2019a) by exploiting
the available genetic variability of elite lines.
This breeding strategy is only viable due to the
absence of inbreeding depression (Manshardt &
Drew 1998), which enables the implementation
of hybridization programs focusing on heterosis
and hybrid vigor.

segregation in F, a phenomenon that may lead
to undesirable agronomic variability in the
hybrids (Allard 1971). The genetic instability in
hybrids can be overwhelmed via genetic lines
purification which seeks to minimize unwanted
effects on the hybrid, such as crop heterogeneity.
Thus, in such cases, the line characterization at
molecular levels and selection are fundamental.

Papaya lines belonging from the Active
Germplasm Bank UENF/Caliman are well
characterized by both agronomic (Marin et al.
20064, b, Pereira et al. 2019b) and molecular
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descriptors (Pinto et al. 2013, Vivas et al. 2018,
Pirovani et al. 2021). The use of these lines in
crossbreeding programs developed 21 hybrid
papaya cultivars (Pereira et al. 2019a). However,
from the observation of agronomic variation
related to the size and weight of fruits in two
hybrids that have a high potential for the crop
development in the country ‘UENF-Caliman 07
and ‘UC-10, there was a need to recharacterize
the JS-12, Sekati and SS-72/12 parental lines
these hybrids. Since this variation may indicate
the existence of intra-genotypic variability in
these lines.

Microsatellite markers (Simple sequence
repeat) are powerful tools in molecular
characterization due to their multiallelic and
especially codominance nature (Turchetto-Zolet
et al. 2017), since they enable the genotypes
selection based on the genetic variability level
and genotypes allele fixation index. Currently,
there are many primers of microsatellite
designed for C. papaya species (Santos et al.
2003, Eustice et al. 2008) that have been used
in the development of binding maps and
identification of QTLs associated with morpho-
agronomic traits (Chen et al. 2007, Blas et al.
2012, Nantawan et al. 2019).

In this context, this study aimed to
characterize papaya lines via microsatellite
molecular markers, aiming at selecting
genotypes within JS-12, SS-72/12, and Sekati lines
belonging at germplasm bank UENF/Caliman,
by considering intra-genotypic variability and
fixation index, thereby contributing to their
genetic purification as well as to the adjustment
of agronomic trait size and weight fruit, reducing
the size of the ‘UC-10" and increase the ‘UENF-
Caliman 071’ fruit according to market demand,
as well as increasing uniformity during the
production process.

VARIABILITY IN ELITE PARENT LINES OF PAPAYA

MATERIALS AND METHODS
Plant material

Samples containing young leaves were collected
from 400 hermaphrodite genotypes of C. papaya
belonging to three different lines (SS-72/12)
Belonging to the ‘Solo’ group, and (Sekati and
JS-12) “Formosa’ group located at germplasm
bank UENF/Caliman, Universidade Estadual do
Norte Fluminense. The genotypes were selected
by a mass selection based on fruit size and
fruit yield. Thus, 100 genotypes each from the
SS-72/12 and Sekati lines were sampled, and
200 genotypes from the JS-12. Concerning JS-12
line, two classes were considered due to the
occurrence of variability in fruit weight trait, in
which 100 genotypes containing large fruits were
classified as JS-12 L which average weight 1.350
kg: while JS-12 S the 100 genotypes displaying
small fruits which average weight 950 g.

Isolation of genomic DNA

DNA extraction from young leaves was carried
out following the CTAB method (Doyle & Doyle
1990). Then, the samples were subjected to
quantification on 1% metaphor agarose gel and
diluted to a 5 ng/pL working concentration,
using the High DNA Mass Ladder marker
(Invitrogen, USA). The gel was stained in a
GelRedTM/blue juice solution (1:1) and the
images captured by the MiniBis Pro photo
documentation system (Bio-Imaging Systems).

Molecular analysis via PCR

The 56 pairs of microsatellite primers used
in this study were designed and described
by Eustice et al. (2008) and were selected by
bearing in mind the genomic location, seeking to
select primers on all chromosomes, thus widely
covering the species genome (Table I). For this, it
was used the available information presented in
the genetic map developed by Chen et al. (2007).
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Table . List of 56 microsatellite markers selected for analysis of papaya lines. Linkage group (LG), primer sequence
and annealing temperature (Ta °C).

Locus LG

P3K2388C0
P3K418CC
CPM1554C2
P6K1472C0
P6K1117CC
P3K2530CC
P3K6912CC
P3K1850CC
P6K1268CC
P6K624CC
ctg-335CC
CPM746LCC
CPM1621CC
CPM765LCC
P3K3407CC
P8K190CC
P3K4489CC
PEK25CC
P3K3968A5
ctg-164CC
P6K128CC
P3K86CC
P3K2152CC
ctg-365A5
P3K3256CC
CPM681CC
P8K187CC
P3K5113C0
P3K1382A5
P6K71CC
P3K3490CC
ctg-371CC
Ctg-203C0
CPM1846CC
ctg-456CC
ctg-148C0
ctg-4155
P3K3511CC

1
1

—

N N NN NN YN OO0 000 10 P B DWW 0w NN NN

Forward primer
GCACACATAAAAATGTGCTTCG
CGTAAAGACTTGTTGCCTTACGC
TTGACGAATTCAAACCCATGC
GAAGGAGCATCCATCGCAAC
GAACAGGAGGGTTGCTGGTG
TTCCCCTTCCTTTGACAGCA
TGAAGCCTCAGTGAATCCAAA
TTTCTCCCACATGACCCACA
GCAGTCTCTTCTCTCCAAGGTCA
AAAGATGACCGGAGCCGT
GATTCCTGTTGGTCGTTGGC
TTATGTTTGGGAAGAACGCC
ATGGTAACCCAGCGTGAGGA
CAACGCTCTCCCTCTCTCTC
TGTACGGCCTGAAATTCTTCC
GTGAGAAAGCCAACGCCAAT
ATTTGACGTGGCAGCACCTT
TTCAATACCTTTTGTTTGGAACCT
TGCGATCGAAAGGTTCTTGAG
ACCCCAAGGTTGGTGCTTTT
GCCGGCTCAGGAGGTTAAGA
GTTGTTCTGTCCACCCCCAC
CTCCAAGAAAACTTTGACATGGG
TTCTTTCACCCGCTCCTCTG
CGACAAGGAAATTAAAGCCAAATC
AAGCTAGGCTTGGGCTGGAC
GCGAGGTGGGCAGTAAAGAA
CGAAAACTCTCAGGCGCATC
ACAAATCCAGCAAATATCCCATT
GGCTCTCTGTCCTCCCACCT
GGTTGGATTGCTTTGCCTTAAA
TGCACACATATGATTCCTTGCTT
CTTTTGCCCTTTCCTCTCCG
GCCCACACTCTTGATGGGAC
TGAATTCAAATGCTGCCTCAG
GAATTTTAGCGCGAAGTGAGC
TTCATCGTCTCGCTGAAATTGA
CCCACGAGTCACAGGGTTTC
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Reverse primer
TGCAAAGTCTCTGCTTTCAAGA
CCAAGACTTGCATAACGGCTC
CACCTCGTGGCATCAAACAA
CCAGTCCATTTTCCAGCCAA
CATTCCAGCTACTCAGGCGG
CAAGTGCTCTGCCATTGTGG
CCCATGGGAACACATCTATTG
GGGGGTGCTTTGGAATCTTT
GTCCCCTTAGCTGCATCCAC
GCTCTCTGGTAAGAGAGATTGTGG
TGGTGCATGTATGATGAATGTGA
GCCAATTCCCCACAAATCTA
ACGCCAAATATTCCCAACCC
AACTCTGACCCATGACCAGC
GCTGGGTGTCTGTCTTGCTG
GGGACTAAAAATTCAAGGTACCCA
AAGACGGTGCCGTATAAGCG
TGCCATAGCCTCTCTTCCTG
TGGAAATGGCTGGTTTTGTCA
GCGGTGCCCCTATTATTTGA
CAATGACCAAACGCCACACA
CACCCGTGACGAGCAACAT
CAATTATGAGCCGGTCACTAACAA
AAACAACTCGGCCCAACTGA
ATGACCGTGTTTGGTTGCTG
CCGTGATGACGTGACGTGTAA
TTCACGTACTTGATTGGCGTTTT
CCCCCATCTACTCTCCCATCA
CAACATCTCAATTTGCAAAGCA
CCTCGTCACCGGTTTGATCT
GGTACATACACACATGCACAAGCA
AACTCCATCACATTCCCCTTCT
TGCCCCTGATCTCTTTCTCATC
TCGAGAAAGTCCCATCCTTAACA
GGACCTATCAGTTCAACTTCCCA
CTCAACAATCGACATTGAGAAGC
CCAGTAGGCTCTCCAAATGGG
GGTTATGCTCGGCCAAAATG
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Table I. Continuation.

Locus LG Forward primer
P3K2851CC 7 TAGAAGCAGATGCGGAGGGA
CPM766CC 8 TACCAAGTTCAGCAAGCGGT
P3K170CC 8 CAATGGAGGGCAGTTTTGATG
P6K900CC 8 TTTGGATCTTGTGGGTTCGG
P3K7483A5 8 GCAGCCCGTACAGAAGAGGA
P6K1498CC 8 AGTCAAACATCGGCTTGCGT
P3K2305CC 8 GGTGGTGATTCACAAGTGGG
P3K3828CC 9 CCTGCTTCGTTGGAATTTGG
P3K178CC 9 AACCAGAACTCCAAAAAGAAATCC
P3K4272CC 9 TTTCGTCACATCAGACCAAGC
P3K7484C0 10 CGGTAGCGACTCATCGGACT
P3K7598CC 10 GTGGACCCCTGCAAAAGTTG
P3K149C0 1 TGGTGGATGTTGATGCATGTT
P6K710A5 1 TTTGTAGAAAGGCTTTGGTTGAGA
ctg-718CC 1 CCAACTCACACCATTTGCCA
P3K3510C0 12 GTAGCCGAACGCACAACACA
P3K7344CC 12 GGATTCTTTTGGGGTCATGGA

P3K917C0 12

PCR amplification reactions were performed
with a final volume of 13 pL, containing 10 ng of
DNA, 1X Tris-Base, 0.2 mM dNTPs, 1.9 mM MgCL,
019 uM of each primer, and 0.75 U of Tag DNA
polymerase. Amplifications were accomplished
in an Eppendorf® Gradient Thermocycler, set
up with the following steps: initial denaturation
at 94°C for 5 min, followed by 35 cycles of 1
min at 94°C for complete denaturation; primer
annealing for 1 min; and an extension during 3
min at 72°C, followed by a final extension at 72°C
for 7 min.

The amplified products were stained with a
solution GelRed + Blue juice (1:1) and separated
by electrophoresis in a 4% metaphor agarose
gel in TAE 1X running buffer, at 80V and 0.20A,
constantly. Subsequently, the agarose gels
were visualized under ultraviolet light and the
images were captured by the MiniBis Pro photo
documentation system.
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CACACACTCGCAATGGTAAAGAA

VARIABILITY IN ELITE PARENT LINES OF PAPAYA

Reverse primer T(°C)

TCCAGACCCAAAAACCCAAA 55
ATACTTTCTCCCCCTTCGGA 50
TGGGAGAAAAGGAAAGAACATGA 60
GGAAGAGGAGATGTGAAAACGG 50
CTCTGAGCAGCAAGCCAACA 60
CCAACTTTGTTGCTGCCCTC 60
ATGGTCCCAGAAATGTGCAA 55
ACAGAAATAAAAGGCGGGGG 60
AACTGGACGCGTATGGAATG 50
TAGTCCATGCGAAAATACACGTT 60
TTGACTCGCGAGGAAAGGAG 60
GAGATCTCGTGCAGAATTCAAGG 60
TCTGGTGGTCATGATGGTGG 60
CGAGCACGACTGAAAGCAAG 50
TTGACAAGGGACCAGTCGTG 60
CGTGTAAAAGAAGCGGTAGATCG 60
GAGCAGTGCATGTGCGGTAA 60
TGCAGAGCACATTGAGAGGG 60

Statistical analysis

The outputs from the amplification of 56 loci
were converted into a numerical matrix, as
described by Ramos et al. (2014). Based on this
matrix, the genetic distance was estimated
using the unweighted index with Genes version
2018.23 (Cruz 2013).

The genetic dissimilarity matrix was
exported to the Mega X program (Kumar et al.
2018), in which analyses of clusters were carried
out using the hierarchical UPGMA method
(Unweighted Pair Group Method Arithmetic
Mean), and the graphical dispersion of genetic
distances was performed based on the principal
coordinates analysis - PCoA via GenAlex 6.3
software (Peakall & Smouse 2006, 2012).

The numerical matrix was submitted to the
Power marker 3.5 software (Liu & Muse 2005), in
which the following parameters of diversity were
estimated: observed number of alleles per locus
(Na), expected (H,) and observed heterozygosity
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(H.), besides the polymorphic index content
(PIC) and fixation index (F).

RESULTS

Molecular analysis of the intra-genotypic
variability

The three studied lines presented lower
averages of H_ indicates that the alleles are
almost entirely fixed for the analyzed loci (Table
I1). 1t is worth highlighting the SS-72/12 line,
which presented H, equal to zero, and seems
to hold fully fixed alleles, thus being considered
the best line with regards to allelic fixation and
suitable as parents to generate hybrid seeds in
further crop breeding programs. The other lines
- JS-12 and Sekati - showed H_ values ranging
from zero to 0.077.

A suitable result can be observed in the
allele fixation, in which 73.25% (293) of the
genotypes presented the maximum value (F=1),
specifically (65) JS-12 L, (69) JS-12'S, (59) Sekati,
and (100) SS-72/12 genotypes. The JS-12 L and
JS-12 S lines presented values that ranged from
0.724 to0 1.00, and from 0.853 to 1.00 for the Sekati
line (Table I1). This result is of utmost importance
for the study since the main aims is selecting
fully fixed genotypes.

Based on the cluster analysis for each
line, it is observed the presence of intra-
genotypic variability revealed by the occurrence
of groups and subgroups by using the cut-off
demonstrated by Mojena (1977) for lines JS-
12 L, JS-12 S, and Sekati. This detected genetic
variability, although unwanted, was already
expected and it is likely related to the observed
morpho-agronomic variability in these lines.
Due to the lack of genetic variability in the SS-
72/12 line, the dendrogram was not generated.

VARIABILITY IN ELITE PARENT LINES OF PAPAYA

Three groups were formed in both JS-12 L
and JS-12 S lines (Figure 1 and 2), in counterpart
to four groups in Sekati (Figure 3). This
outcome corroborates with the results already
demonstrated by the genetic variability analysis
(Table 11). This detected genetic variation in
both lines may be associated with variability in
the ‘UENF/Caliman 01" and ‘UC-10" hybrids. This
raises thus the necessity of a genotype selection
to obtain genetically uniform hybrids.

The results were also expressed in a two-
dimensional plane via principal coordinate
analysis. In JS-12 L line, such coordinate
explained 50.83% (Figure 4a); while 47.64% (Figure
4b) and 67.1% (Figure 4c) for JS-12 S and Sekati,
respectively. In the three PCoA graphs, a large
distribution of genotypes was demonstrated,
covering four graph quadrants. The Sekati line
displayed genotypes with the highest dispersion,
indicating that there is higher genetic variability
among them.

18-121-10
1312L-38

JS-12L-100

Figure 1. Dendrogram generated by the UPGMA
hierarchical method based on analysis of 100
genotypes from JS-12 L line (cophenetic correlation
coefficient = 0.77).
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Figure 3. Dendrogram generated by the UPGMA Figure 4. Principal Coordinates analysis based on the
hierarchical method based on analysis of 100 genetic distance revealed by the Unweighted Index
genotypes of the Sekati lineage (cophenetic (Cruz 2013) applied to the lines a) JS-12 L; b) JS-12 S and
correlation coefficient = 0.86). c) Sekati.
Molecular analysis for the population 212 alleles per locus on average. Only three

loci showed values of observed heterozygosity

A total of 56 polymorphic alleles were obtained
(H,) higher than zero, namely P6K128CC (0.123),

by analyzing 26 polymorphic SSR loci, totalling
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ctg-365A5 (0.65), and P3K7344CC (0104), with an
average of 0.011, which is lower the expected
heterozygosity (H,) 0423, on average. The PIC value
provides an estimate of the discriminatory power
of the loci, by considering not only the number
of alleles by locus but also their respective
frequencies within studied population (Botstein
et al. 1980). In this study, the PIC values ranged
from 0.5 (P6K900CC) to 0.093 (P3K7344CC), with
an average of 0.333, thus being classified as little,
moderately, and highly informative (Table Il1).
Based on the cluster analysis coupled with
the UPGMA hierarchical method (Figure 5a), it
was observed the formation of three groups by
the cut-off point established by Mojena (1977).
There is a close proximity between the lines of
the heterotic group ‘Formosa’, namely JS-12' S and
JS-12 L (group 1) and Sekati (group 11), and a wide

VARIABILITY IN ELITE PARENT LINES OF PAPAYA

genetic distance with the SS-72 /12 (group Il1),
which belongs to the ‘Solo’ group. It is also worth
noting that molecular analysis was not able to
separate the genotypes of the JS-12 line into the
initially determined classes (large fruit and small
fruit).

Genotypes were also analyzed for graphical
dispersion based on Principal Coordinate Analysis
(PCoA) (Figure 5b). The two coordinates together
explained 97.72% of the total variability, in which
about 82.72% was explained by coordinate 1, and
15% by coordinate 2. The analysis showed a clear
distinction between the lineages as seen in the
dendrogram. Quadrants |, I, and IV gathered only
genotypes fromthe JS-12 L, JS-12 S and Sekati lines,
while quadrant Ill clustered the SS-72/12 line in a
single point on the graph, thereby demonstrating
the absence of genetic variability in this material.

33

l.
+J5-12 G
A J5-12P
o SEKATI
m55-72-12

a) +JS-12P )
4J5-12G
G
&
o
] oSckai
u
m55-72/12

3
£
£

80 60

20 0

L 1
100 40

PC1(82.72%)

Figure 5. Clusters based on the analysis of 400 papaya genotypes generated by the genetic distance obtained via
Unweighted Index. a) UPGMA (Cophenetic correlation coefficient = 0.92). b) Principal Coordinates Analysis (Cruz

2013).

Table Il. Means of genetic variability parameters obtained from each papaya lines.

Lines Locus
SS-72/12 26.00
JS-12L 25.99
JS-12S 25.99
Sekati 25.85
Means 25.96

Na
2.00
3.00
3.00
213
2.53

H, H, F

0.26 0.00 1.00
0.26 0.02 0.94
0.26 0.01 0.95
0.50 0.02 0.97
0.32 0.01 0.97

Na: observed number of alleles, H,: expected heterozygosity, H_: observed heterozygosity and F: fixation index.

An Acad Bras Cienc (2023) 95(1)
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Considering that the main objective of this
study is selecting genotypes with less genetic
variability as well as a higher fixation index,
20 genotypes were selected in each line with
maximum fixation index (F=1). Such genotypes will
compose the future stage of biparental crossings
aiming at obtaining hybrids with adjusted fruit
weight and size. Although the selected genotypes
presented a maximum fixation for the analyzed
loci, they hold differentallelic constitutions, which
makes them suitable for selection. Therefore, the
genotypes 06, 07, 09, 16, 20, 30, 31, 47, 50, 53, 59, 61,
65, 69, 77, 78, 88, 90, 92 and 95 were selected for
the JS-12 L; while the genotypes 03, 05, 06, 08, 09,
11,16, 17,18, 20, 25, 26, 33, 38, 39, 41, 42, 45, 46 and
53 for JS-12 S line. Finally, for the Sekati line, the
following genotypes were selected: 07; 08; 09; 10;
11:15; 27; 27; 28; 29; 30; 33; 36; 37; 39; 43; 45; 36; 51
and 61.

DISCUSSION

The molecular analysis detected a higher intra-
genotypic genetic variability in Sekati, which was
then followed by JS-12 L and JS-12 S lines, both
belonging to the ‘Formosa’ heterotic group. This
result may be associated with the reproductive
behavior of this group which presents a higher
cross-fertilization rate as compared to the
heterotic group ‘Solo’, namely SS-72/12 line.
This line also reproduces by self-fertilization
but displays a lower cross-fertilization rate
(Damasceno Junior et al. 2009), and presents
observed heterozygosity values equal to zero.
JS-12, Sekati and SS-72/12 genotypes are
materials that have already been explored in
hybridization assays - both for their morpho-
agronomic traits and combinatorial capacity
(Marin et al. 20064, b, Pereira et al. 2019b). Based
on these previous studies, it has been developed
two hybrids with great potential to be exploited in
the Brazil, such as the ‘UENF/Caliman 07, already

VARIABILITY IN ELITE PARENT LINES OF PAPAYA

cultivated by both national and international
farmers, and ‘UC-10', which holds great potential
for commercial purposes. However, there is still a
demand for adjustments in the weight and fruit
size traits to increase the productive potential of
such hybrids, as well as make it easy the packing
and transport steps.

The existence of intra-genotypic genetic
variability in both JS-12 and Sekati lines probably
occurred during the generation advance via self-
pollination, in which different alleles from the
same locus were fixed into these lines. It was also
observed that some genotypes had heterozygous
loci, and this can be associated with a higher
cross-fertilization rate that probably occurs in
Formosa group genotypes. This variability can
be controlled and avoided by adopting more
accurate practices to generation advance via
self-fertilization, germplasm rejuvenation, and
seed production, which may be carried out with
adequate flower bud protection.

As presented by the outcomes from
cluster analysis, the genetic variability was also
observed in JS-12 L, JS-12 S and Sekati lines, both
in dendrograms and two-dimensional graphic
analysis, thereby corroborating with the current
results. Regarding population clusters, it was
observed that the groups were formed based
on heterotic groups. Such organization enables
systematic exploitation of the lines, making
them promising in crop breeding programs,
thereby corroborating with results demonstrated
elsewhere (Pirovani et al. 2021, Vivas et al. 2018).

The genotypes selection was achieved due
to the presence of intra-genotypic variability, as
well as their maximum allelic fixation for the
analyzed loci. This detected genetic variability
can provide a pathway to fitting hybrids, as it
will likely result in distinct allelic combinations,
thereby increasing the probability of developing
the desired hybrid. In this sense, we suggest
that a partial diallel be performed as a further
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VARIABILITY IN ELITE PARENT LINES OF PAPAYA

Table Il Descriptive analysis of the genetic variability from 26 loci analyzed in the 400 genotypes of C. papaya.

Locus GL N
CPM1554C2 1 400
P6K1117CC 1 400
P3K2530CC 1 394
P3K6912CC 2 400
P3K1850CC 2 400
P6K1268CC 2 400
P3K4489CC 3 400
P6K25CC 4 400
P6K128CC 4 400
P3K86CC 4 400
P3K2152CC 5 400
Ctg-365A5 5 398
P8K187CC 5 400
P3K1382A5 6 400
P3K3490CC 6 400
ctg-41S5 7 400
P3K3511CC 7 400
CPM766CC 8 395
P3K170CC 8 400
PEKS00CC 8 400
P3K7483A5 8 400
P3K178CC 9 400
P3K3490CC 9 400
P3K149C0 i 400
P3K7344CC 12 396
P3K917CO 12 400
Means 399.35

Na H, H, PIC
2 0.375 0.000 0.305
2 0.500 0.000 0.375
4 0.377 0.000 0.327
2 0.500 0.000 0.375
2 0.375 0.000 0.305
2 0.500 0.000 0.375
2 0.375 0.000 0.305
2 0.500 0.000 0.375
2 0.500 0123 0.375
2 0.500 0.000 0.375
2 0.500 0.000 0.375
2 0.491 0.065 0.371
2 0.375 0.000 0.305
2 0.375 0.000 0.305
2 0.375 0.000 0.305
2 0.375 0.000 0.305
2 0.500 0.000 0.375
2 0166 0.000 0152
2 0.375 0.000 0.305
3 0.625 0.000 0.500
2 0.375 0.000 0.305
2 0.500 0.000 0.375
2 0.500 0.000 0.375
2 0.375 0.000 0.305
2 0.098 0104 0.093
2 0.500 0.000 0.375

212 0.423 0.011 0.333

GL: linkage group, N: sampled individuals, Na: observed number of alleles, H,: expected heterozygosity, H : observed

heterozygosity and PIC: polymorphic index content.

hybridization step to adjust the ‘UENF/Caliman
071 hybrid; while a top-cross to adjust the ‘UC-10’
hybrid - due to the absence of genetic variability
in the SS-72/12 parent. Once identified the best
combination of parents for the commercial traits
of interest size and weight fruit, they will be
selected and self-fertilized to develop the next
generations of these parents.

It is expected that with the selected
genotypes and the continuity of the work, we will
be able to achieve purified lines, contributing
to the maintenance of the commercial standard
of the developed hybrids. This process aims to
obtain the ‘UCI0" hybrid with a maximum of 2.0 kg
fruits and the hybrid ‘Calimosa’ with fruits from
1.2 to 1.4 kg and more yielding.
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CONCLUSIONS

The use of microsatellite markers enabled the
identification of intra-genotypic variability in
the JS-12 and Sekati lines; while no genetic
variability was observed in SS-72/12 concerning
the analyzed loci. The presence of variability, as
well as the maximum fixation index, allowed the
selection of genotypes within studied lines, thus
contributing to the genetic purification of such
lines. These genotypes will likely contribute to
the development of improved hybrids containing
fruits with suitable size and weight in future
stages of the current breeding program.

Acknowledgments

This study was supported by the Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES),
Brazil - Financing Code 001. The authors kindly thank
the Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF) and Caliman Agricola S.A. Company for
the support.

REFERENCES

ALLARD RW. 1971. Principios do melhoramento genético das
plantas. Sao Paulo, SP: Edgard Blicher Ltda, 381 p.

BLAS AL, YU Q, VEATCH OJ, PAULL RE, MOORE PH & MING R. 2012.
Genetic mapping of quantitative trait loci controlling fruit
size and shape in papaya. Mol Breeding 29(2): 457-466.
https://doi.org/101007/s11032-011-9562-1.

BOTSTEIN D, WHITE RL, SKOLNICK M & DAVIS RW. 1980.
Construction of a genetic linkage map in man using
restriction fragment length polymorphisms. Am J Hum
Genet 32(3): 314-331.

CHEN C ET AL. 2007. Construction of a sequence-tagged
highdensity genetic map of papaya for comparative and
evolutionary genomics in Brassicales. Genetics 177(4):
2481-2491. https://doi.org/101534/genetics107.081463.

CRUZ CD. 2013. GENES: software para analise de dados
em estatistica experimental e em genética quantitativa.
Acta Sci Agron 35(3): 271-276. https://doi.org/10.4025/
actasciagron.v35i3.21251.

DAMASCENO JUNIOR PC, PEREIRA TNS, PEREIRA MG, SILVA FF,
SOUZA MM & NICOLI RG. 2009. Preferential reproduction
mode of hermaphrodite papaya plant (Carica papaya

VARIABILITY IN ELITE PARENT LINES OF PAPAYA

L; Caricaceae). Rev Bras Frutic 31(1): 182-189. https://doi.
0rg/10.1590/S50100-29452009000100025.

DOYLE JJ & DOYLE JL. 1990. Isolation of plant DNA from fresh
tissue. Focus 12: 13-15.

EUSTICE M ET AL. 2008. Development and application of
microsatellite markers for genomic analysis of papaya.
Tree Genet Genomes 4(2): 333-341. https://doi.org/10.1007/
s11295-007-0112-2.

KUMAR S, STECHER G, LI M, KNYAZ C & TAMURA K. 2018. MEGA
X: Molecular Evolutionary genetics analysis across
computing platforms. Mol Biol Evol 35(6): 1547-1549.
https://doi.org/101093/molbev/msy096.

LIU K & MUSE SV. 2005. PowerMarker: an integrated analysis
environment for genetic marker analysis. Bioinformatics
21(9): 2128-2129. https://doi.org/10.1093/bioinformatics/
bti282.

MANSHARDT RM & DREW RW. 1998. Biotechnology of
papaya. Acta Hortic 461: 65-73. https://doi.org/1017660/
ActaHortic1998.461.5.

MARIN SLD, PEREIRA MG, AMARAL-JUNIOR AT, MARTELLETO LAP
& IDE CD. 2006a. Heterosis in papaya hybrids from partial
diallel of ‘Solo’ and ‘Formosa’ parents. Crop Breed Appl
Biotechnol 6: 24-29. https://doi.org/10.12702/1984-7033.
v06n01a04.

MARIN SLD, PEREIRA MG, AMARAL-JUNIOR AT, MARTELLETO
LAP & IDE CD. 2006b. Partial diallel to evaluate the
combining ability for economically important traits of
papaya. Sci Agric 63(6): 540-546. https://doi.org/101590/
S0103-90162006000600005.

MOJENA R. 1977. Hierarchical grouping methods and
stopping rules: an evaluation. The Comput ) 20(4): 359-363.
https://doi.org/101093/comjnl/20.4.359.

NANTAWAN U, KANCHANA-UDOMKAN C, BAR | & FORD R.
2019. Linkage mapping and quantitative trait loci
analysis of sweetness and other fruit quality traits in
papaya. BMC Plant Biol 19: 449. https://doi.org/10.1186/
512870-019-2043-0.

PEAKALL R & SMOUSE PE. 2006. GenAlEx 6: Genetic
analysis in Excel. Population genetic software for
teaching and research. Mol Ecol 6: 288-295. https://doi.
0rg/101111/j1471-8286.2005.01155.X.

PEAKALL R & SMOUSE PE. 2012. GenAlEx 6.5: genetic analysis
in Excel. Population genetic software for teaching and
research — an update. Bioinformatics 28(19): 2537-2539.
https://doi.org/101093/bioinformatics/bts460.

PEREIRA MG ET AL. 2019a. Twenty-two-year papaya breeding
program: from breeding strategy establishment to cultivar

An Acad Bras Cienc (2023) 95(1) 20220468 10 | 11



ALEX S. RODRIGUES et al.

development. Functional Plant Breeding Journal 1(2): 9-27.
https://doi.org/10.35418 /2526-4117/vin2a2.

PEREIRA MG ET AL. 2019b. UC10: a new early Formosa papaya
cultivar. Crop Breed Appl Biotechnol 19: 131-134. https://
doi.org/101590/1984-70332019v19n1c18.

PINTO FO, PEREIRA MG, LUZ LN, CARDOZO DL, RAMOS HCC
& MACEDO CMP. 2013. Use of microsatellite markers in
molecular analysis of segregating populations of papaya
(Carica papaya L.) derived from backcrossing. Genect Mol
Res 12(3): 2248-2259. https://doi.org/10.4238/2013.July.8.6.

PIROVANI AAV, RAMOS HCC, DUARTE RP, BOHRY D, SANTANA
JGS, SANTOS PHAD & PEREIRA MG. 2021. Molecular
characterization of elite lines of papaya (Carica papaya L.)
via SSR markers. Funct Plant Biol J 3(1): 49-58. https://doi.
0rg/10.35418/2526-4117/v3n1ab.

RAMOS HCC, PEREIRA MG, PEREIRA TNS, BARROS GBA &
FERREGUETTI GA. 2014. Genetic-molecular characterization
of backcross generations for sexual conversion in papaya
(Carica papaya L.). Genet Mol Res 13(4): 10367-10381.
https://doi.org/10.4238/2014.December4.32.

SANTOS SC, RUGGIERO C, SILVA CLSP & LEMOS EGM. 2003. A
microsatellite library for Carica papaya L. cv. Sunrise solo.
Rev Bras Frutic 25(2): 263-267. https://doi.org/10.1590/
S0100-29452003000200020.

TURCHETTO-ZOLET AC, TURCHETTO C, ZANELLA CM & PASSIA
G. 2017. Marcadores na era gendmica: metodologias e
aplicagoes. Ribeirao Preto, SP: Sociedade Brasileira de
Genética, 180 p.

VIVAS M, CARDOSO DL, RAMOS HCC, SANTOS PHD, SILVEIRA SF,
MORAES R & PEREIRA MG. 2018. Genetic diversity between
papaya lines and their correlation with heterosis in
hybrids for disease resistance and morpho-agronomic
traits. Summa Phytopathol 44(2): 110-115. https://doi.
0rg/10.1590/0100-5405/176828.

How to cite

RODRIGUES AS, RAMOS HCC, MIRANDA DP, PIROVANI AAV, SANTA-
CATARINA R, DUARTE RP, BRAGA CS, BOHRY D & PEREIRA MG. 2023. Intra-
genotypic variability in elite parent lines of papaya. An Acad Bras Cienc
95: €20220468. DOI 10.1590/0001-3765202320220468.

Manuscript received on May 25, 2022;
accepted for publication on June 26, 2022

VARIABILITY IN ELITE PARENT LINES OF PAPAYA

ALEX S. RODRIGUES
https://orcid.org/0000-0003-4040-5654

HELAINE C.C. RAMOS
https://orcid.org/0000-0002-0098-1027

DANIEL P. MIRANDA
https://orcid.org/0000-0002-4627-5929

ADRIANA AV. PIROVANI
https://orcid.org/0000-0003-4576-8948

RENATO SANTA-CATARINA
https://orcid.org/0000-0001-5647-4502

RAFAELA P. DUARTE
https://orcid.org/0000-0002-4978-7508

CATIANE S. BRAGA
https://orcid.org/0000-0002-8374-6339

DIEIMES BOHRY
https://orcid.org/0000-0002-8090-6149

MESSIAS G. PEREIRA
https://orcid.org/0000-0002-3463-3768

Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF), Laboratdrio de Melhoramento
Genético Vegetal, Av. Alberto Lamego, 2000, 28013-602
Campos dos Goytacazes, Rio de Janeiro, RJ, Brazil

Correspondence to: Alex S. Rodrigues
E-mail: alexsouzarodrigues@outlook.com

Author contributions

ASR and HCCR worked on paper design, methodology, data
interpretation, data curation and writing - original draft. AAVP,
DPM, RSC, DB and RPD worked on methodology and for support
to the analysis. ASR worked on the writing and methodology.
CSB, RSC and HCCR contributed to the critical review of the
results and text. ASR, HCCR and MGP worked on paper design,
supervision, data interpretation and writing - review & editing.

@)y

An Acad Bras Cienc (2023) 95(1) 20220468 11|11



