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ABSTRACT. We analyzed genetic structure and diversity among
eight populations of popcorn, using SSR loci as genetic markers. Our
objectives were to select SSR loci that could be used to estimate genetic
diversity within popcorn populations, and to analyze the genetic structure
of promising populations with high levels of heterozygosity that could be
used in breeding programs. Fifty-seven alleles (3.7 alleles per locus) were
detected; the highest effective number of alleles (4.21) and the highest
gene diversity (0.763) were found for the Umc2226 locus. A very high
level of population differentiation was found (F = 0.3664), with F_ for
each locus ranging from 0.1029 (Umc1664) to 0 6010 (Umc2350). Th1s
analysis allowed us to identify SSR loci with high levels of heterozygosity
and heterozygous varieties, which could be selected for production of
inbred lines and for developing new cultivars.
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INTRODUCTION

Studies on the genetic variability in popcorn varieties are important due to the
great interest of popcorn production in Brazil. There is a lack of information on genetic
structure and diversity of the populations in adapted varieties with desirable agronomic
traits. In Brazil, popcorn improvement has been considered an important investment to
reduce the import of seeds and also for the development of new varieties adapted to differ-
ent and heterogeneous regions of country (Scapim et al., 2006). There are few genotypes
available to supply domestic demand (Scapim et al., 2006; Freitas et al., 2006; Pereira
et al., 2008; Rangel et al., 2008; Vilela et al., 2008). Given the continental size of Brazil
with different climatic conditions, the release of popcorn hybrids by public and private
institutions for each region is very important to reduce dependence on seeds from foreign
markets, particularly due to the cultivation of North American hybrids (Miranda et al.,
2008; Santos et al., 2008; Vieira et al., 2009; Leonello et al., 2009).

The use of single sequence repeat (SSR) markers in the identification of genetic
variability of popcorn germplasm has been reported in lines (Liu et al., 2003; Dandolini et
al., 2008; Leal et al., 2010) and in different genotypes (Wu et al., 2004; Silva et al., 2009).
The goal of these studies has been mainly to predict heterozygous hybrid combinations
in the breeding programs, the number of allele per SSR locus, and the most polymorphic
SSR locus. The genetic dissimilarity between lines and genotypes has been reported, but
the genetic structure of those populations has not been described. The knowledge of the
observed and expected heterozygosity levels and of the differentiation among the popcorn
populations would help identify genotypes that have higher genetic diversity within popu-
lations for line extraction to improve breeding programs. The lines obtained may be fi-
nally used for the generation of new hybrid cultivars. The hybrids from breeding program
have a high chance of producing superior lines and unknown popcorn genotypes may also
present high potential for line extraction.

Zelia, a North American hybrid, and IAC-112, a modified simple hybrid, are culti-
var hybrids from breeding programs, which have been used in line extraction (Miranda et
al., 2008; Vieira et al., 2009). The open-pollinated varieties and unknown popcorn geno-
types may also be used in line extraction, but it is important that a preliminary evaluation
of the base population be conducted to predict their potential for line extraction, use at an
experimental level and/or in combination for future release as superior cultivars. Due to
the lack of information on genetic structure of populations in cultivar hybrids with desir-
able agronomic traits and in open-pollinated varieties and unknown popcorn genotypes,
in the present study we analyzed the genetic structure and diversity among populations of
popcorn using SSR primers as genetic markers and a set of eight genotypes that represent
the diversity available currently and in use by breeding programs. The objectives of the
present study were: a) selection of SSR loci most suitable for estimating genetic diversity;
b) estimation of the genetic diversity within popcorn varieties, and c¢) to analyze the genetic
structure of the promising populations for use in breeding programs.

MATERIAL AND METHODS

A set of eight popcorn genotypes was chosen to represent part of the germplasm
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available in our collection (UEM: State University of Maringd, PR, Brazil). Selections
were made from Zélia (DuPont of Brazil S.A. - Pioneer Seeds) and IAC-112 (Agronomy
Institute of Campinas, SP, Brazil) hybrids, from the open-pollinated varieties Vigosa M-21
(Federal University of Vigosa, MG, Brazil), UNB-02 (National University of Brasilia, DF,
Brazil), SE-013 (hybrid of North American origin), and Laranjeiras do Sul (originated
from Taiwan, Republic of China), and from the unknown popcorn genotypes Argentina
and Chile. The seeds of 20 plants per genotype were germinated in an acclimatized cham-
ber and DNA was isolated from young leaves of 10 seedlings per genotype according to
the Hoisington et al. (1994) procedure.

The 100 SSR primers previously mapped for maize were obtained from http://
www.maizegdb.org and used in 8 or 9 DNA samples (a total of 69 samples) of each pop-
corn variety. After screening all the primers, a set of 15 polymorphic SSR primers (Table
1) was selected for further analysis.

Table 1. Single sequence repeat primers used for analysis of genetic diversity and structure of populations of
the eight varieties of popcorn.

Primer Repeat type Sequence (5'—3") Chromosome

BNLG1063 (AG),, Forward: GGAGACAACCCCGACGAC 2
Reverse: GGTACCAGAGCCACAGATCC

BNLG1083 (AG),, Forward: ACAGTCTGTTGGGGAACAGG 1
Reverse: CAACGCTGGTTTGTCGTTTA

UMC1071 (TACGA), Forward: AGGAAGACACGAGAGACACCGTAG 1
Reverse: GTGGTTGTCGAGTTCGTCGTATT

UMC1077 (CA),,(CGCA),, Forward: CAGCCACAGTGAGGCACATC 10
Reverse: CAGAGACTCTCCATTATCCCTCCA

UMCI1653 (GAAA),, Forward: GAGACATGGCAGACTCACTGACA 6
Reverse: GCCGCCCACGTACATCTATC

UMC1664 (AACA), Forward: AATTGTTTACTGCGCTGAAACTCC 1
Reverse: CCTCTTTGCCTGTACCGTGTATTC

UMC1736 (GCAT), Forward: CCATCCACCACTAGAAAGAGAGGA 2
Reverse: TTAATCGATCGAGAGGTGCTTTTC

UMC2047 (GACT), Forward: GACAGACATTCCTCGCTACCTGAT 1
Reverse: CTGCTAGCTACCAAACATTCCGAT

UMC2115 (TGCCA); Forward: CTGTCTGTCTACCCAACCCAACAG 5
Reverse: GGGGATAGGCGTGTGTATGTACTG

UMC2116 (GCCG), Forward: CGGTCGATATAATCTTGGCTGATT 1
Reverse: GGCGCAGAGATCATTTGTTTAAT

UMC2226 (TGG), Forward: TGCTGTGCAGTTCTTGCTTCTTAC 1
Reverse: AGCTTCACGCTCTTCTAGACCAAA

UMC2262 (CATCT), Forward: TCTGTTCGGGATTCTTCTTCAGTC 3
Reverse: CGTTCCCTGGTACCCTGTCTATAA

UMC2281 (GTCC), Forward: CAATGATTGGAGCCTAACCCCT 4
Reverse: ATGATGATCTGCAGAGCCTAGTCC

UMC2343 (TGTGTGTQG), Forward: TCATCTTCCCCACAAATTTTCATT 9
Reverse: GACTGACAACTCAGATTTCACCCA

UMC2350 (GGCCAGT), Forward: AGTAGCGACTCCTCTGCGTGAG 10

Reverse: CGAATCGAGGATGGTTTGTTTTT

Sixty-four primers amplified well for all popcorn samples but 38 were monomor-
phic for all 69 plants. The polymerase chain reaction (PCR) was performed using a TC-
512 thermal cycle (TECHNE, Cambridge, UK). The amplifications were performed by the
Touchdown PCR program (Don et al., 1991) using volumes of 20 mL containing 25 ng
genomic DNA, 10 mM Tris-HCI, pH 8.8 [2.0 uL 10X reaction buffer (20 mM Tris-HCI,
pH 8.0, 0.1 mM EDTA, 1.0 mM DTT, 50% (v/v) glycerol) or 1X reaction buffer], 2.5 mM
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MgCl,, 0.1 mM of each dATP, dGTP, dCTP, dTTP, 0.3 mL of each primer (F and R prim-
ers) and 1 U Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA). After amplification, a
total of 20 pL of the mix (69 samples) were separated by gel electrophoresis on 4% agarose
gel. The agarose gel was prepared with 50% agarose Metaphor (Cambrex, Rockland, ME,
USA) and 50% standard agarose using 0.5X TBE buffer (44.5 mM Tris, 44.5 mM boric
acid and 1 mM EDTA; Sambrook et al., 1989). All 69 samples amplified by SSR primer
were run on the same gel at 60 V for 4 h. A 1-kb ladder (Invitrogen) was used as a molecu-
lar weight marker. Gels were stained using 0.5 pg/mL ethidium bromide and the image
was captured by Ultraviolet Transilluminator High Performance-Edas 290 using the 1-D
3.5 program (Kodak, Rochester, NY, USA). The allele numbers per locus were determined
based on their relative position on the gel.

Genetic variability in eight varieties of popcorn was analyzed with the POPGENE
1.32 Computer Program (Yeh et al., 1999). The allele frequencies, percentage of polymorphic
loci (%P), y* test for deviation from Hardy-Weinberg equilibrium, observed and expected
mean heterozygosities (H, and /), mean number of alleles per locus (N,), mean number
of alleles per polymorphic locus (N, A/pl), and number of effective alleles (N,) were estimated
for the 15 SSR loci and 8 popcorn varieties. The fixation index (F ) and Wright’s (1965) F-
statistic values (F and F_) were also calculated for the 15 SSR loci. Genetic identity (Nei,
1973) and distances among the varieties were calculated by UPGMA grouping.

RESULTS

Thirty-eight primers were monomorphic for all samples tested and only 26 ampli-
fied two or more products (polymorphic loci). The estimated proportion of SSR polymor-
phic loci (%P) in the eight varieties is 41%. A total of 57 alleles, or an average of 3.7 alleles
per locus, were detected in leaves of the popcorn plants obtained from seeds of the eight
varieties (Figure 1; Table 2).

M1 2 34 56 7 8910111213 141516171818 2021 22 23

Figure 1. Single sequence repeat fingerprint of the Vigosa (lanes 1-9), IAC-112 (lanes 10-18) and SE-013 (lanes 19-23)
popcorn varieties using the UMC1071 primer. Lane M = Molecular weight marker (1-kb ladder of Invitrogen).

An extra allele was evident as a third allele in one plant of Vicosa M-21 and SE-013
varieties using the UMC1653 primer. The extra band (allele 4) was observed as having a com-
parable intensity with the two original alleles and allele 4 was detected exclusively in the plants
from the Laranjeiras do Sul variety, showing an allele frequency equal to 0.1875. The triallelic
phenotype was not considered in the analysis of polymorphism in the SSR loci of popcorn, but
it is important to report an extra third allele at the SSR locus of popcorn. A triallelic pattern at
microsatellite loci has been observed in other Zea mays cultivars (in su-1 progenies of sweet
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Table 2. Number of alleles (V,) and number of effective alleles (V,) per polymorphic SSR locus, mean

observed (H,)) and expected heterozygosmes (H}), and fixation coefficients F (F, F , F_; Wright, 1965) in the

eight varieties of popcorn.
Locus N, N, H, H, F F, F
Bnlgl063 4.0 2.3505 0.1594 0.5746 0.4230 0.7159 0.5077
Bnlgl1083 5.0 2.5981 0.2319 0.6151 0.4004 0.6306 0.3840
Umcl071 4.0 2.1231 0.4928 0.5290 -0.2240 0.0635 0.2349
Umcl077 4.0 3.4689 0.3188 0.7117 0.2313 0.5466 0.4102
Umcl653 5.0 1.4936 0.2464 0.3305 0.0035 0.2611 0.2585
Umcl664 3.0 2.2274 0.8261 0.5510 -0.6778 -0.5051 0.1029
Umcl736 3.0 1.9094 0.2174 0.4763 0.1159 0.5225 0.4599
Umc2047 3.0 2.4855 0.2754 0.5977 0.1936 0.5438 0.4343
Umc2115 3.0 2.4155 0.5217 0.5860 -0.0312 0.1067 0.1338
Umc2116 3.0 2.3669 0.4928 0.5775 -0.2115 0.1324 0.2839
Umc2226 5.0 4.2189 0.6232 0.7630 -0.2695 0.1749 0.3500
Umc2262 4.0 3.1985 0.4348 0.6874 -0.0643 0.3560 0.3949
Umc2281 4.0 3.1540 0.7246 0.6829 -0.5196 -0.0592 0.3030
Umc2343 4.0 3.5306 0.2029 0.7168 0.3100 0.7125 0.5833
Umc2350 2.0 1.8304 0.1159 0.4537 0.3518 0.7414 0.6010
Mean 3.7 2.6248 0.3923 0.5902 -0.0563 0.3307 0.3664

corn; 8%, e.g.) using the UMC1446, UMC1590 and UMC2343 primers (Rupp et al., 2009).
The triallelic pattern in SSR loci has been considered evidence of chimeras, a mechanism of
genetic diversification well characterized by Hocquigny et al. (2004) occurring in grapevine
clones (Crespan, 2004; Moncada et al., 2006). The detection of 3 alleles at the same locus
could be the result of a chimeric structure in which genotypes of different cell layers displayed
different alleles. However, as the chimeric situation was not clearly investigated in our study,
the third allele at Umc1653 locus was not considered to estimate the polymorphism.

The N, is not equivalent among the 15 SSR loci. The highest N, (4.21) and the high-
est H, (0.763) were detected in the Umc2226 locus with repeated motifs of three nucleotides
[(TGG),], and a lower N, (1.49) and lower H_ (0.33) was detected in the Umc1653 locus with
repeated motifs of four nucleotides [(GAAA),,] (Table 2). The mean H of all SSR loci is 0.5902.

The larger N, per locus and the higher H_ (>0.50) detected in 12 SSR loci (Umc1071,
Umc2262, Umc2281, Bnlgl063, Bnlgl083, Umcl077, Umc2226, Umc2343, Umc2lil5,
Umc2116, Umc2047, and Umc1664) suggest that 80% of the 15 SSR loci are adequate and
sufficient to make differentiation of the 8 popcorn varieties. Allele frequencies were analyzed
for the 15 SSR loci. Departure from Hardy-Weinberg equilibrium was observed in 37 of the 92
(40.2%) tests done in the eight varieties (data not shown) owing to an excess of heterozygous
individuals. The F'_value was positive in 53.3% of the SSR loci. However, an excess of het-
erozygous plants was detected (5.63%) for all SSR loci in the eight varieties. The F_value was
negative at Umcl071, Umc2262, Umc2281, Umc2226, Umc2115, Umc2116, and Umcl664
loci, indicating an excess of heterozygous plants in 46.66% of loci. Excess of heterozygous
plants occurred mainly in the Zelia, IAC-12, Argentina, and UNB-02 varieties (Table 3).

An extremely high population differentiation level was detected in samples from all
eight varieties of popcorn (£ = 0.3664) with F_ for each locus ranging from 0.1029 (Umc1664)
to 0.6010 (Umc2350). The F value indicated that 36. 64% of the total variance in allele fre-
quencies at SSR loci was due to genetic differences among the eight varieties of popcorn.

Table 3 shows the proportion of N A/ » mean H_ and H_ in the eight varieties of pop-
corn. The highest H | value (0.5567) was found in the UNB-02 Varlety whereas the lowest val-
ue (0.2074) was recorded in the Chile variety. The highest /_ value was 0.5547 for the Laran-
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Table 3. Number of alleles per polymorphic SSR locus (&, NPI), number of effective alleles (V,), proportion of
polymorphic locus (%P), mean observed (/) and expected heterozygosities (H,) in the plants of the eight
varieties of popcorn.

Genotype N Ny N, N, %P H, H

Zélia 8 9 1.7333 1.5471 60.00 0.4417 0.2599
TAC-112 9 11 1.8667 1.5477 73.33 0.4148 0.2790
Vigosa M-21 9 15 2.9333 2.0065 100.0 0.3852 0.4539
UNB-02 8 15 3.0000 2.4322 100.0 0.5667 0.5521
SE-013 9 13 2.8667 2.1301 86.67 0.3852 0.4650
Laranjeiras do Sul 8 15 3.1333 2.3607 100.00 0.4833 0.5547
Argentina 9 7 1.4667 1.3746 46.67 0.2889 0.2053
Chile 9 7 1.7333 1.5002 46.67 0.2074 0.2346

jeiras do Sul variety and the lowest H, value (0.2053) was recorded in the Argentina variety.
The Argentina and Chile varieties had the lowest values for mean H (0.2889 and 0.2074,
respectively), since eight of the 15 SSR loci are in homozygosis for Argentina (Umcl063,
Umcl653, Umcl071, Umc2262, Umc2350, Umcl077, Umc2343, Umc2047) and Chile
(Umcl1653, Uncl1071, Umc2350, Umcl736, Umc2226, Umc2343, Umc2047, Umcl664); dif-
ferent alleles were detected only at seven SSR loci (46.67%). A tendency for allele fixation
was evident for Argentina and Chile varieties, which have unknown genealogy. Despite being
hybrids, the Z¢lia and IAC-112 varieties also showed a tendency for allele fixation at six and
four SSR loci, respectively.

DISCUSSION

In this study, we have shown that the estimated proportion of polymorphic loci in the
eight varieties of popcorn was 41% and that 64% of the primers derived from field maize (26
showing polymorphisms) selected from genomic libraries and databases can be efficiently ap-
plied to amplification and analysis of genetic structure and diversity of popcorn. A high number
of primers derived from field maize have yet to be used to characterize the genetic diversity of
Brazilian popcorn (Dandolini et al., 2008; Silva et al., 2009; Trindade et al., 2010). Our results
enable us to stimulate the use of primers for SSR loci derived from field maize for the analysis
of genetic structure and diversity among popcorn populations. Null alleles were not detected
for the eight varieties of popcorn from the analyses of the 15 primers (13 UMC and 2 BNLG).

The mean number of alleles estimated in the eight varieties of popcorn (3.7 alleles/
locus) was higher than the values reported for lines from popcorn and field maize. Li et al.
(2004) reported 2.7 alleles per locus in 56 lines of popcorn using 113 primers and 3.35 and 3.0
alleles/locus were reported by Dandolini et al. (2008) and Trindade et al. (2010), respectively,
using 15 primers in 10 and 15 lines of popcorn. For 21 lines of field maize, Li et al. (2004) re-
ported 3.58 alleles per locus using 113 SSR primers. As expected, open-pollinated populations
outcrossing a higher allele mean-number (5.4) have been detected in popcorn varieties using
61 primers (Wu et al., 2004). In the open-pollinated field maize cultivars, the analysis of 50
SSR loci by Liu et al. (2005) and 45 SSR loci by Qi-Lun et al. (2008) showed a mean number
ofalleles equal to 4.1 and 6.4, respectively. The evidence in the present study indicates that the
high number of alleles per locus may have occurred since Zélia and IAC-112 are hybrids and
Vigosa M-21, UNB-02, SE-013, and Laranjeiras do Sul, are all open-pollinated populations.

The evidence of a third allele at the Umc1653 locus in Vigosa M-21 and SE-013 varieties
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has not been considered or investigated in the present study, but the new alleles that arose from
mutations or mitotic recombination events at SSR loci may enlarge the polymorphism level at
SSR loci of the popcorn varieties. In the popcorn varieties (69 plants), 2.89% of plants possess
three alleles at the Umc1653 locus. In 101 inbred lines representing tropical, USA, and Canada/
Europe inbred, 0.02% plants possessed three or more alleles for one microsatellite (Matsuoka et
al., 2002). The observation of three or more alleles was justified by authors either as more than
one locus that is being amplified in the PCR or alternatively as the result of DNA contamina-
tion and/or PCR artifacts, and were treated as missing data. However, the triallelic pattern in
SSR loci has also been detected in progenies of sweet corn (Rupp et al., 2009) and has been
considered as evidence of chimeras and as a mechanism of genetic diversification in grapevine
clones (Hocquigny et al., 2004; Crespan, 2004; Moncada et al., 2006), which have vegetative
propagation. Although the reproductive system in maize plants happens by out- or self-crossing,
where the chimerism effect has minor importance, the presence of a third allele in SSR locus is
indicative of the potential of loci in molecular diversification and variability. Thus, in addition
to the Umcl071, Umc2262, Umc2281, Bnlgl083, Umcl077, Umc2226, Umc2343, Umc2115,
Umc2116, Umc2047, Umcl664,and Umc1664 loci, where a larger effective number of alleles per
locus and higher gene diversity (/, >0.50) were observed, the detection of extra alleles may be
conferring high genetic diversity also for the Umc1653 locus in the popcorn varieties.

The genetic diversity estimated from the expected mean heterozygosity has not been
analyzed in other studies with different popcorn varieties (Wu et al., 2004; Silva et al., 2009)
and with inbred lines of popcorn (Dandolini et al., 2008; Trindade et al., 2010). The analysis
of SSR loci in popcorn has been principally scored based on the genetic distances, where the
estimation of effective number of alleles, the observed heterozygosity and expected hetero-
zygosity were not calculated. The genetic differentiation among popcorn populations has also
not been described in other studies. In the present study, the high differentiation among the
eight varieties (F_ = 0.3664) suggests the formation of divergent groups. According to Wright
(1978), F values between 0.15 and 0.25 indicate a very high interpopulational divergence
level. The genetic relationship between individual plants from different groups may help to
select parents for crossing from a base population, and to maximize heterosis. The varieties
Z¢€lia and Argentina, e.g., can be considered the most genetically divergent as revealed by 15
SSR loci analyzed in our study. The highest genetic differentiation was evident at Umc2350
locus (F_ = 0.6010; Table 2); the UMC2350 primer is, therefore, the most suitable primer to
characterize the different popcorn varieties based on allele frequencies.

In contrast to the high level of genetic divergence in SSR loci among the eight varieties,
an excess of heterozygous was detected in Zélia, IAC-112, UNB-02, and Argentina varieties
indicating possibilities of progeny selection in the medium and long-term. High values for pro-
portion of polymorphic loci and observed and expected heterozygosities in most of the varieties
(Zelia, IAC-112, UNB-02, and Laranjeiras do Sul) revealed the hybrid (Z¢lia and IAC-112) and
open-pollinated (UNB-02 and Laranjeiras do Sul) conditions for maintenance of these popula-
tions. The negative global value of F_(-0.0563) indicated an excess of 5.63% of heterozygous
plants. The high heterozygosity detected at SSR loci in UNB-02, e.g., may be an important
aspect since high heterozygosity would indicate that the plant population probably has a sub-
stantial amount of adaptive genetic variation to escape the effects of a control agent that limits
the development and maintenance of plants, in contrast to plant populations showing the lowest
heterozygosity levels (Argentina and Chile varieties, e.g.). In the our study, the Argentina and
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Chile varieties have shown lower values of observed and expected mean heterozygosity (H,=
0.2889/H_,=0.2053 and H, = 0.2074 / H_ = 0.2346, respectively). The genetic characterization
at different popcorn populations from Argentina (Bracco et al., 2009) has shown high and low
heterozygosity levels, and a high differentiation between populations from different regions.

For determining varieties, while the selection was apparently strong in some SSR loci
(Bnlg1063, Bnlgl083, Umc2350, and Umc2343) showing a lack of heterozygous plants, a sig-
nificant excess of heterozygous (67.78 and 51.96%) was detected at Umcl664 and Umc2281
loci, and a moderate excess of heterozygous at Umcl071 (22.4%), Umc2226 (26.95%) and
Umc2116 (21.15%) loci. The negative values of F_indicate an excess of heterozygous plants.
The 15 SSR loci in eight varieties of popcorn have, therefore, relatively low and high levels
of genetic variation. Evidence that the domestication and artificial selection for morphological
and agronomic characteristics in maize have no significant effect on the level of genetic varia-
tion at SSR loci has been indicated by Vigouroux et al. (2005). However, differential levels of
genetic variation in SSR loci indicate that particular loci have been the target of artificial selec-
tion while in other SSR loci the random allele frequencies are as expected by Hardy-Weinberg
equilibrium.

Although SSR loci are usually considered just as evolutionary neutral as DNA
markers (Schlotterer and Wiehe, 1999; Schlotterer, 2000), favorable alleles at Bnlgl/063,
Bnlgl1083, Unc2350, and Umc2343 loci, e.g., may be the target of the artificial selection dur-
ing the formation of populations showing agronomic characteristics favorable for popcorn.
The functional significance of a substantial part of SSR loci has been proven by critical tests
in various biological phenomena (see review by Li et al., 2002). Subirana and Messeguer
(2008) have indicated that microsatellites with different repeated motifs may be structurally
related and involved in the determination of chromosome structure.

The functional significance of the apparently strong selection detected in some SSR
loci is not known, but our present popcorn collection may be considered as an important res-
ervoir of genes for the generation of different popcorn lines and future production of cultivars.
The analysis of genetic structure at eight popcorn varieties using SSR markers was important
to identify the SSR loci with high (Umcl071, Umc2262, Umc2281, Bnlgl083, Umcl077,
Umc2226, Umc2343, Umc2115, Umc2116, Umc2047, Umcl664, and Umcl664) and low
(Umc2350 and Umc1736) levels of heterozygosity, the Umc1653 locus with extra alleles, and
varieties showing high heterozygosity (Laranjeiras do Sul, UNB-02, Zélia, and IAC-112),
which should be the goal of the selection in the medium- and long-term for the generation of
inbred lines and future production of new cultivars. Plants of the Laranjeiras do Sul, UNB-02,
Z¢lia, and TAC-112 varieties may be also recommended for crossing with varieties that pres-
ent important agronomic characteristics to broaden the genetic basis in popcorn. The selected
primers may also be used to check line development, which should be used for future genera-
tion of new hybrid cultivars.

The genetic structure analysis of the eight popcorn varieties was especially important
to identify the UNB-02 variety as the one that presented the highest effective number of alleles
and the highest observed and expected mean heterozygosity values. The UNB-02 variety, as
well as Laranjeiras do Sul (a variety of unknown genealogy showing high values for effective
number of alleles and mean expected heterozygosity) could be used in medium- or long-term as
a source of popcorn inbred lines for future production of new cultivars. Zelia and Argentina vari-
eties also may be used for the generation of inbreed lines since an excess of heterozygous plants
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was detected in both populations. The selected primers (UMC1071, UMC2262, UMC228]1,
BNLG1083, UMC1077, UMC2226, UMC2343, UMC2115, UMC2116, UMC2047, UMC1664,
and UMC1664) in our study may be used to check the genetic stability and the development of
the inbred lines, which should be used for future generations of new hybrid cultivars.
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