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Abstract: Polyembryonic mango varieties, often used as rootstocks, produce 
two or more embryos per seed, one of which is genetically distinct from the 
mother plant. This study aimed to differentiate three mango varieties regard-
ing embryonic origin, vigor, and genetic non-uniformity using SSR markers. The 
mango varieties evaluated were Espada, Capucho, and Coquinho, which are 
commonly used as rootstocks. Thirty primers reported in the literature were 
tested, along with variables such as emergence percentage, seedling number, 
and extent of polyembryony. Only primers MillHR26, MillHR36, MillHR32, and 
MillHR28 were polymorphic. No direct association was found between seedling 
vigor and embryonic origin. Zygotic embryos may have been suppressed in the 
Capucho variety, which also exhibited a greater extent of polyembryony. This 
probable suppression, combined with higher polyembryony, indicates Capucho 
as the most suitable rootstock source for achieving genetic uniformity.
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INTRODUCTION

Mango exhibits high global economic importance, and in 2022, it ranked 
among the three most traded tropical fruits worldwide. According to FAO 
(2023), in 2023, the production of mango, mangosteen, and guava exceeded 
60 million tons, with Brazil ranking sixth among the world’s largest producers. 
In 2023, the country produced more than 1.7 million tons of mangoes and 
an estimated production value of over 3.2 billion reais, with emphasis on the 
Sub-middle São Francisco valley region (IBGE 2023). Mango cultivation is highly 
relevant, both economically and in terms of job creation for this region of Brazil 
(Gazzola et al. 2020).

In Brazil, both polyembryonic and monoembryonic mango varieties 
are cultivated. In polyembryonic varieties, the seeds contain two or more 
embryos, one of which can be zygotic, while the others have nucellar origin. 
The monoembryonic variety, however, has only a zygotic embryo (Kalal et al. 
2023). Due to this, to preserve the agronomic characteristics of monoembryonic 
varieties, vegetative propagation is employed in commercial orchards, grafting 
the scion cultivars onto polyembryonic rootstocks (Jain et al. 2025).
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In the Northeast region of Brazil, with emphasis on the Sub-middle São Francisco Valley, the mango (Mangifera indica 
L.) varieties Espada, Capucho, and Coquinho are adapted to local edaphoclimatic conditions and are used as rootstocks in 
mango seedling production (Santos et al. 2024). Despite their widespread use, studies focusing on these varieties remain 
scarce, particularly those employing molecular biology tools aimed at the characterization and their genetic variation.

In mango breeding, the zygotic embryo is of interest, because it gives rise to plants genetically distinct from their 
parental lines. However, for commercial seedling production, growers focus on those derived from the nucellar embryo, 
which are considered clones of the female parent, providing greater genetic uniformity among the seedlings (Rocha et 
al. 2014, Jain et al. 2025).

In order to ensure this genetic uniformity, seedlings originating from the zygotic embryo should be discarded. For this 
purpose, it is common practice among seedling producers to perform phenotypic selection based on vigor, considering 
the more vigorous seedlings as originating from the nucellar embryo (Kalal et al. 2023).

However, it is difficult to differentiate zygotic from nucellar seedlings based on vigor. Rocha et al. (2014), working with 
the cultivar ‘Rosinha’, when evaluating the polyembryonic genotype of mango UBÁ using ISSR markers, found zygotic 
seedlings in 18 seeds, six of which were among the most vigorous. They concluded that, for this genotype, the more 
vigorous plants may be of zygotic origin. Cordeiro et al. (2006) studied the relationship between embryo position, vigor, 
and embryonic origin in the cultivar ‘Rosinha’ and observed that the zygotic embryo could occupy different positions 
within the seed, and that 90% of the most vigorous seedlings were of zygotic origin. Marcial et al. (2021), working with 
the polyembryonic cultivar ‘Ataulfo’, found that 15% of the largest embryos in the seed gave rise to zygotic seedlings. 
Factors such as these can reduce the effectiveness of methods based on traditional visual morphological assessments to 
distinguish zygotic seedlings due to the overlap of characteristics between zygotic and nucellar embryos (Tardivo et al. 
2025). This can consequently promote variability among seedlings, potentially reducing orchard production performance.

The use of molecular markers allows for more accurate identification of genetic variations among individuals. Among 
the molecular markers that can be used for this purpose, SSRs (Simple Sequence Repeats) stand out, as they have been 
frequently employed due to their high degree of polymorphism, codominance, and high informativeness, being widely 
applied in studies of genetic diversity, parentage analysis, genetic linkage, evolutionary history, among others (Srivastav 
et al. 2021, Sridhar et al. 2022, Koltun et al. 2024).

Thus, the objective of this study was to select polymorphic SSR loci through a screening of primers available in the 
literature to differentiate three mango varieties regarding embryonic origin, vigor, and genetic non-uniformity using SSR 
markers. The mango varieties evaluated were Espada, Capucho, and Coquinho, which are commonly used as rootstocks.

MATERIAL AND METHODS

Primer selection from the literature
In this study, 30 primers were tested and selected based on their polymorphic information content (PIC), as reported 

in the studies conducted by Ravishankar et al. (2011), Ravishankar et al. (2015), Ravishankar et al. (2017) and Alves et 
al. (2016). The linkage group of the SSR loci was also considered during the selection process, prioritizing primers from 
different groups in order to ensure broader genetic coverage of the individuals.

Primer screening
For primer screening, DNA was extracted from leaves of 12 mango seedlings, four seedlings per rootstock variety 

(Espada, Capucho, and Coquinho). The seedlings were obtained from certified nurseries located in the municipalities 
of Petrolina, Pernambuco, and Curaçá, Bahia, Brazil.

DNA extraction was carried out using a modified 2X CTAB protocol, originally adapted for mango (Mangifera indica L.), 
as described by Lima et al. (2007), combined with the modified method of Ferreira and Grattapaglia (1995). Modifications 
included the integration of steps from both protocols, such as the use of steel beads, absent in the protocol of Lima et 
al. (2007), and the addition of pre-heated (60 °C) CTAB buffer directly to microtubes containing the plant tissue, followed 
by maceration without returning the samples to the water bath.
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Fully expanded young leaves from mango seedlings were collected, labeled, placed in separate plastic bags, and 
transported to the Laboratory of Plant Pathology and Breeding at the Federal University of Vale do São Francisco 
(UNIVASF), Agricultural Sciences Campus, Petrolina-PE. Between 100 and 150 mg of leaf tissue were weighed and 
transferred to 1.5 mL microtubes containing four 2-mm stainless steel beads. To this material, 950 µL of CTAB buffer 
was added, previously prepared with the following composition: 0.2% (w/v) CTAB, 1.4 M NaCl, 20 mM EDTA, 500 mM 
Tris-HCl (pH 8.0), and 2% β-mercaptoethanol, pre-heated to 60 °C for 10 min. Samples were then macerated using an 
L-Beader 3 disruptor at 4,000 rpm for 4 min.

The samples were cooled at room temperature for 5 min, followed by the addition of 600 µL of chilled CIA solution 
(Chloroform:Isoamyl Alcohol, 24:1) for protein precipitation, and centrifuged at 4,000 rpm for 10 min. The aqueous 
phase was pipetted four times in aliquots of 100 µL, transferred to new 1.5 mL microtubes, and mixed with 400 µL of 
isopropanol (–20 °C) for DNA precipitation. Tubes were kept on ice for 10 min, and when dark precipitates were observed 
at the bottom, the supernatant was carefully removed. Samples were then centrifuged for 10 min at 4,000 rpm, and 
the supernatant was discarded.

The resulting pellet was air-dried at room temperature for 1 h to allow complete ethanol evaporation, followed by 
the addition of 30 µL of TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA) containing 10% RNase. Samples were incubated 
at 37 °C for 45 min. DNA integrity was assessed by electrophoresis in 2% agarose gel at 80 V for 1 h. Purity was evaluated 
by the 260/280 ratio, and concentration (ng µL-1) was determined using a NanoDrop Lite 1000 spectrophotometer.

DNA samples were subsequently used in polymerase chain reaction (PCR). Each PCR reaction was performed in a final 
volume of 20 µL containing 150 ng of genomic DNA, 2 µL of 10X buffer, 2 mM MgCl₂, 0.2 mM dNTPs, 1 µM forward and 
reverse primers, and 0.4 µL of Taq DNA polymerase. Thermal cycling conditions consisted of an initial denaturation at 
94 °C for 1 min, followed by extension at 72 °C for 1 min. This was followed by 35 cycles, each consisting of denaturation 
at 94 °C for 30 s, annealing at 55 °C for 30 s, extension at 72 °C for 1 min, and a final extension at 72 °C for 5 min.

Amplification products were first evaluated by electrophoresis in 2% agarose gel at 80 V for 1 h. Primers that produced 
amplification in all individuals were Polymorphic primers: MillHR26 (Forward: GCGAAAGAGGAGAGTGCAAG, Reverse: 
TCTATAAGTGCCCCCTCACG), MillHR36 (Forward: TCTATAAGTGCCCCCTCACG, Reverse: ACTGCCACCGTGGAAAGTAG), 
MillHR32 (Forward: TGGTGGTGTTTGTTTGCAGT, Reverse: ACCACCCGCAGTATTGAAAG), and MillHR28 (Forward: 
GCGGTCGCAGACAAATTCTATAT, Reverse: ACAACTCGAGATTGTCACATCTTT). Then, they were subjected to 6% polyacrylamide 
gel electrophoresis for 3 h and visualized with silver nitrate staining to assess polymorphism. Primers that failed to 
amplify in two or more individuals of the same rootstock variety were discarded.

Emergence percentage, polyembryony extent, and average number of seedlings per seed in each 
rootstock variety

The rootstock varieties were also evaluated for emergence percentage, polyembryony extent, and the average 
number of seedlings per seed. For this purpose, ten fruits of the Espada, Capucho, and Coquinho varieties were 
randomly collected from mango trees in Petrolina, Pernambuco, and Juazeiro, Bahia, Brazil. Seeds were extracted from 
the endocarp and a week later they were sown in plastic bags (17 cm wide × 22 cm high) filled with a mixture of Vertisol 
and sand (1:1, v/v), arranged at 0.2 × 0.2 m spacing in a completely randomized design. Seedlings were irrigated daily 
in the late afternoon using a watering can.

Emergence percentage (EM%) and polyembryony extent (E%) were calculated according to Kumar et al. (2020), 
with a modification in the formula for polyembryony extent. The modification consisted of using the total number of 
emerged seedlings instead of the number of seeds that produced more than one seedling.

EM (%) = Number of emerged seeds
Number of sown seeds

 

E (%) = Total number of emerged seedlings
Number of emerged seeds

 

The data for emergence percentage, polyembryony extent, and average number of seedlings per seed were numerically 
evaluated. Thirty days after sowing, the number of germinated seeds and the number of seedlings per seed were recorded.
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Molecular evaluation of the relationship between seedling vigor and embryonic origin
For molecular analysis, 30 days after sowing, leaf DNA was extracted from seedlings obtained from five seeds of 

each rootstock variety. Samples were labeled with a three-digit code to identify the variety, the seed, and the individual 
seedling from which the sample was collected: the first digit represented the rootstock variety (1 – Espada, 2 – Capucho, 
and 3 – Coquinho); the second digit indicated the seed (ranging from 1 to 5); and the third digit indicated the seedling, 
depending on the number of seedlings obtained per seed. The DNA sample of the most vigorous individual was marked 
with an asterisk (*). The most vigorous individual was defined as the one showing greater development in terms of 
height and number of leaves, assessed visually. In this step, during polyacrylamide gel electrophoresis, a control DNA 
sample of each rootstock variety was added, which was previously characterized as nucellar during primer screening.

Molecular data analysis
Molecular markers that revealed distinct banding patterns within the studied population were considered polymorphic. 

Seedlings were grouped according to their embryonic origin into nucellar and zygotic, based on the observed banding 
patterns. Seedlings were classified as nucellar when they exhibited identical banding patterns among individuals of the 
same rootstock variety for all primers evaluated in the electrophoresis analysis. Conversely, seedlings were classified 
as zygotic when they showed different banding patterns for at least one of the markers used. Based on molecular data 
from seedlings evaluated for the relationship between seedling vigor and embryonic origin, the Probability of Identity 
(PI) and the Probability of Identity among siblings (PIsibs) were estimated using GenAlEx 6 (Nordlander et al. 2022).

RESULTS AND DISCUSSION

Primer screening
Of the 30 primers evaluated, 12 were discarded during agarose gel evaluation due to amplification problems in 

Capucho and/or Coquinho rootstocks, amplifying in few or none of the individuals. All primers successfully amplified 
the individuals of Espada.

Of the 16 remaining primers subjected to polymorphism analysis on polyacrylamide gels, four were polymorphic 
(MillHR26, MillHR36, MillHR32, and MillHR28), amplifying one to five alleles in the region between 100 and 500 bp, and 
allowing the identification of the embryonic origin of seedlings in the Capucho and Coquinho rootstocks. In contrast, no 
polymorphisms were observed in the Espada variety (Table 1; Figure 1). All primers classified as polymorphic enabled 
differentiation among the studied varieties (Figure 1).

The absence of polymorphism observed in individuals of the Espada rootstock may be related to the lack of genetic 
variability among individuals due to their nucellar origin. In polyembryonic mango genotypes, among the multiple 
seedlings derived from a single seed, one may be of zygotic origin while the others are nucellar, resulting in low genetic 
variability and the production of seedlings that maintain the characteristics of the mother plant (Viruel et al. 2005, Song 
et al. 2023, Ali et al. 2025). Therefore, even seedlings originating from different seeds and mother plants may have the 
same genetic constitution due to the prevalence of clonal individuals within the population.

Using primer MillHR26, two alleles were amplified in all individuals in the region between 100 and 200 bp, except 
for individual C3, for which only one allele was amplified. Consequently, this individual and Co3 were characterized as 

Table 1. Differentiation of mango seedlings from different rootstocks regarding embryonic origin as zygotic (Z) or nucellar (N) using 
SSR markers. Seedlings of Espada (E), Capucho (C), and Coquinho (Co)

Primers SSR
ESPADA CAPUCHO COQUINHO

Individual
E1 E2 E3 E4 C1 C2 C3 C4 Co1 Co2 Co3 Co4

MillHR26 N N N N N N Z N N N Z N
MillHR36 N N N N N N N N N N Z N
MillHR32 N N N N N N Z N N N N Z
MillHR28 N N N N N N Z N N N Z N
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zygotic in origin due to their distinct banding patterns compared to others of the same rootstock variety. This primer 
also allowed clear differentiation among the rootstock varieties based on the separation pattern of the amplified alleles, 
with the greatest separation observed for Espada, Coquinho, and Capucho individuals, respectively (Figure 1a).

For primer MillHR36, two alleles were amplified in Espada and Coquinho individuals in the region between 200 and 
300 bp. Similar to what was observed with MillHR26, individual Co3 was distinct from the other Coquinho individuals 
and confirmed as zygotic in origin. This primer also revealed distinct molecular profiles among the rootstock varieties. In 
Espada, a greater separation between amplified alleles was observed, whereas in Coquinho, the separation was smaller. 
For Capucho, a single allele was amplified in all individuals, characterizing them as homozygous at this locus (Figure 1b).

With primer MillHR32, two alleles with identical banding patterns were amplified in the 100–300 bp region for 
Espada (E1, E2, E3, E4) and Capucho (C1, C2, C4) individuals. Although two alleles were also amplified for individual 
C3 in the same region, the banding pattern differed from the other individuals of this rootstock, thus classifying it as 
zygotic, similar to the result observed with MillHR26 (Figure 1c).

For Coquinho, a single allele was amplified for all individuals except C4, for which two alleles were amplified, classifying 
it as a zygotic heterozygote. The molecular profile among the varieties was also clearly distinct for this primer, with 
greater allele separation observed for Espada and Capucho individuals, respectively (Figure 1c).

For primer MillHR28, two alleles were amplified in the 100-200 bp region for all individuals, except for C3 and Co3, 
which amplified only one allele, differing from individuals of their respective varieties and confirming the results obtained 
with MillHR26 and MillHR32 for C3 and MillHR26 and MillHR36 for Co3. This primer also allowed clear distinction of 
Capucho individuals from the other rootstocks, due to the largest observed separation between amplified alleles among 
the varieties (Figure 1d). The remaining primers were discarded due to monomorphic behavior in electrophoresis, 
nonspecific band formation, or unreliable banding profiles, preventing accurate molecular analysis of the rootstock 
varieties.

In this study, although 30 highly polymorphic primers were selected from the literature, only 16 amplified all 
individuals, and only four demonstrated polymorphisms. The absence of polymorphism in 11 primers may be explained 
by differences between the populations studied by Ravishankar et al. (2011), Ravishankar et al. (2015), Ravishankar 
et al. (2017) and Alves et al. (2016) and the population in this study, where even among studies by the same authors, 
variation in the number of alleles and the polymorphic information content (PIC) for the same molecular marker is 
observed, although none had a PIC value below 0.5.

According to Yan et al. (2024), the polymorphic information content of a primer is a crucial factor in determining its 
utility and reflects how informative a primer can be for a given population, with values ranging from 0 to 1. Primers with 
values above 0.5 are considered highly informative. Therefore, identifying and using polymorphic primers is essential 
for detecting genetic polymorphisms and differentiating individuals.

Supporting the results obtained by Kumar et al. (2020), it was observed that using a higher number of molecular 
markers can increase the accuracy of individual differentiation. For example, the zygotic origin of individual C4 was only 
detected with primer MillHR32, whereas other individuals, such as C3 and Co3, had their origin confirmed using more 

Figure 1. Banding patterns for the primers SSR in the primer screening stage: a) MillHR26; b) MillHR36; c) MillHR32 and, d) MillR28. 
The rootstocks evaluated were represented by Espada (E); Capucho (C); and Coquinho (Co). Bp = base pairs. 
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than two primers. According to Ferreira and Grattapaglia (1998), each SSR primer represents a single genetic locus in 
the genome. Therefore, using a greater number of SSR markers allows broader coverage of specific genome regions, 
providing higher reliability in the results obtained.

Molecular evaluation of the relationship between seedling vigor and embryonic origin
The results obtained during the screening phase for the four primers considered polymorphic were subsequently 

confirmed during the molecular evaluation of seedlings derived from the five seeds, where the same allele separation 
pattern was observed for each of the studied rootstock varieties in plants characterized as nucellar, confirming that these 
primers can be used to differentiate seedlings of the Capucho, Coquinho, and Espada rootstocks (Figure 2).

Primers MillHR26, MillHR36, and MillHR32 enabled the identification of the embryonic origin of seedlings in 
Espada, Coquinho, and Capucho varieties (Table 2). Primer MillHR26 allowed the identification of the highest number 
of zygotic individuals (Espada 25%; Capucho 0%; Coquinho 16.66%), followed by primers MillHR32 (Espada 0%; 
Capucho 0%; Coquinho 33.33%) and MillHR36 (Espada 12.5%; Capucho and Coquinho 0%). No zygotic individuals 
were identified with primer MillHR28. Among the studied varieties, Coquinho exhibited the highest proportion of 
zygotic seedlings (50%).

In the Espada variety, two seeds produced a single seedling, and in seed 3, which produced two seedlings, no 
difference in vigor was observed between individuals. In seed 4, both the most vigorous and the less vigorous individuals 
were of nucellar origin, whereas in seed 5, the most vigorous individual was nucellar, and the less vigorous exhibited 
zygotic origin (Table 2; Figure 2).

In the Capucho variety, a higher number of seedlings per seed was obtained (ranging from two to three seedlings per 
seed); however, all were classified as nucellar (Table 2; Figure 2). The absence of zygotic seedlings in this variety may be 
related to a mechanism suppressing zygotic seedling development. Rocha et al. (2014) reported that, in polyembryonic 
cultivars, zygotic seedlings are typically located near the basal region and may degenerate due to competition with 

Figure 2. Banding patterns for the primers SSRs in the primer screening stage: a) MillHR26; b) MillHR36; c) MillHR32 and, d) MillHR28. 
Samples indicated by the letter ‘C’ corresponding to control, that is, the DNA of individuals characterized as nucellar for each evaluated 
rootstock variety. The first digit refers to the rootstock variety (1 – Espada; 2 – Capucho; 3 – Coquinho); the second digit represents 
the seed from which the individual originated; and the third digit represents the specific individual from that seed. Bp-base pairs. 
*Indicates the most vigorous seedling.
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nucellar embryos. Another possible mechanism is stenospermocarpy, a physiological disorder in which fertilization 
occurs, but the zygotic embryo degenerates before reaching physiological maturity (Navarro et al. 2023).

In this study, although the nucellar embryonic origin coincided with the most vigorous seedling in one seed of both 
Espada and Coquinho, it is not possible to establish a definitive relationship between vigor and embryonic origin. Seed 
emergence in both varieties was low (five seeds in Espada and five in Coquinho), allowing analyses to be conducted 
using only five seeds per variety. Additionally, some seeds produced only a single individual, preventing comparison of 
vigor among seedlings. In the Capucho variety, all seedlings were nucellar.

Regarding the PI and PIsibs analyses performed, both values decreased as the number of markers increased. Using 
one SSR, the PI values obtained were 0.30, 0.38, and 0.29; with two SSRs, 0.09, 0.38, and 0.11; with three SSRs, 0.03, 
0.14, and 0.04; and with four SSRs, 0.01, 0.05, and 0.02 for the Espada, Capucho, and Coquinho rootstocks, respectively. 
The PIsibs values obtained were: using one SSR, 0.55, 0.59, and 0.54; with two SSRs, 0.30, 0.59, and 0.32; with three 
SSRs, 0.18, 0.35, and 0.19; and with four SSRs, 0.11, 0.21, and 0.11 for the Espada, Capucho, and Coquinho rootstocks, 
respectively (Figure 3). According to Nordlander et al. (2022), PI measures the probability that two randomly selected 
samples exhibit identical SSR profiles by chance, whereas PIsibs, provides a more conservative estimate by considering 
the possibility of identity among siblings. The decrease in PI and PIsibs values as the number of markers increases 
corroborates the findings reported by Yan et al. (2023), in which increasing the number of molecular markers led to PI 
and PIsibs values tending to zero. Low PI values indicate high fingerprinting power (Zhang et al. 2024).

Table 2. Differentiation of mango individuals in the different rootstocks according to embryonic origin as zygotic or nucellar using SSR 
markers. VAR-Variety; S.I.-Seedling individual; C – Control sample previously characterized as nucellar. *Indicates the most vigorous 
seedling

VAR. ESPADA CAPUCHO COQUINHO
SEED 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

S. I.
C 1 1 1 2 1 2 1 2 C 1 2 3 1 2 1 2 1 2 3 1 2 C 1 1 1 1 2 1

* * * * * *

M
AR

KE
RS

MillHR26 N Z N N N N N Z N N N N N N N N N N N N N N N N N Z N N N
MillHR36 N Z N N N N N N N N N N N N N N N N N N N N N N N N N N N
MillHR32 N N N N N N N N N N N N N N N N N N N N N N N N Z N Z N N
MillHR28 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Figure 3. Probability of Identity (PI) and Probability of Identity among siblings (PIsibs) as a function of increasing locus combinations 
estimated using GenAlEx 6 for the three rootstocks (Espada, Capucho, and Coquinho).
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Seedling emergence percentage and polyembryony extent in each rootstock variety
The highest emergence percentage was observed in the Capucho variety (100%), followed by Coquinho and Espada, 

both of which exhibited 50% emergence. Regarding the extent of polyembryony, the highest values were observed in 
Capucho, Espada, and Coquinho, with 260%, 150%, and 120%, respectively.

Kumar et al. (2020), similarly, obtained variable values for emergence percentage and polyembryony extent when 
studying polyembryonic rootstocks of the 13-1, Kurukan, and Ollour varieties, attributing these variations to the genotypes 
themselves and to genotype–environment interactions.

The likelihood of obtaining nucellar rootstocks increases in varieties with polyembryony extent greater than 80% 
(Kumar et al. 2020). However, in the formula proposed by these authors, polyembryony extent is calculated based on the 
number of seeds producing more than one seedling, disregarding the total number of seedlings produced. Consequently, 
different varieties may present the same polyembryony extent but produce different numbers of seedlings. To account 
for the number of seedlings produced per variety, the formula was modified in this study to allow the selection of 
varieties that not only produce more seeds with multiple seedlings but also generate a higher total number of seedlings.

The average number of seedlings obtained for Capucho, Espada, and Coquinho was 2.6, 1.5, and 1.2, respectively. 
Among the studies consulted, only Rocha et al. (2014) reported the occurrence of more than one zygotic embryo per 
mango seed. Therefore, the use of varieties that produce a higher number of seedlings per seed for rootstock production 
may reduce genetic variability among seedlings by increasing the proportion of nucellar to zygotic seedlings. In this 
context, based on polyembryony extent and the number of seedlings per seed, the Capucho variety would be the most 
suitable for producing rootstocks aimed at reducing genetic variability among seedlings.

CONCLUSIONS

The primers MillHR26, MillHR36, MillHR32, and MillHR28 can be applied both for the identification of hybrids and 
for differentiation of the Espada, Capucho, and Coquinho varieties. It was not possible to confirm a relationship between 
embryonic origin and seedling vigor; further studies with a larger experimental sample are necessary. Zygotic embryos 
in the Capucho variety appeared to have their development suppressed in all seeds evaluated. The Capucho variety 
proved to be the most suitable for obtaining genetically uniform rootstocks, considering its higher polyembryony extent, 
germination percentage, and number of seedlings obtained per seed.
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