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ABSTRACT. The objective of this study was the identification of the
cytoplasmic types and the genotyping for the fertility restoration nuclear
locus (Ms) in 59 onion accessions, aiming at the selection of ‘A’ and
‘B’ lines essential for the obtainment of hybrids. Three markers were
used to identify the cytoplasm 5’ cob, orfA501, and orf725, and two
were used for the Ms locus (AcSKP1 and AcPMS1). The two types of
male-sterile cytoplasm (‘S’ and ‘T’), as well as fertile cytoplasm (‘N”),
and the Ms and ms alleles in both homozygosity and heterozygosity
were detected in the 59 genotypes evaluated in the experiment. The
frequencies of the 5° cob/orfA501 and orf725 markers, as well as of
the markers AcSKP1 and AcPMS|1, were close in the onion accessions
evaluated in this study. In the Brazilian germplasm, the frequencies
of the ‘N’, ‘S, and ‘T’ cytoplasm were approximately 0.47, 0.28, and
0.25, respectively, whereas the allele frequencies of Ms and ms were
0.52 and 0.48, respectively. The accessions Régia, EHCEB 20146,
EHCEB 201427, Alvorada, Serrana, Crioula Mercosul, EHCEB 20142,
BRS 367, Rainha, Juporanga, and Alfa SF C-XI have potential for the
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identification of ‘A’ and ‘B’ lines, since they presented mixtures of
cytoplasm and different allele frequencies for Ms. All the plants of the
accessions EHCEB 20142040/EHCEB 20141040, EHCEB 20142028/
EHCEB 20141028, and EHCEB 20112006/EHCEB 20111006 were
in the Nmsms and Smsms conditions, and have the potential for ‘B’
and ‘A’ lines, respectively, for the CMS-S system. All the plants of the
accessions EHCEB 20142027/EHCEB 20141027, EHCEB 20102019/
EHCEB 20101019, and Alfa SF ‘B’/Alfa SF ‘A’ were in Nmsms
and Tmsms conditions, and have the potential for ‘B’ and ‘A’ lines,
respectively, for the CMS-T system.

Key words: Allium cepa; Maintainer lines; Male-sterile cytoplasm;
Hybrid

INTRODUCTION

Onion is one of the main vegetables in Brazil, accounting for almost 1.5 million tons
in the 2015 harvest. The Northeast region is responsible for approximately 20% of the national
production (Leite, 2012; IBGE, 2015). The country accounts for almost 2 and 40% of the
world’s and South America’s production, respectively, being the 11th largest producer in the
world (FAOSTAT, 2017). Despite the high yield, uniformity, and earliness of the hybrids,
the use of open-pollinated (OP) populations is significant in some regions, such as in the
Northeast region (Nunes et al., 2014). For Santos et al. (2012), the use of OPs is due to the
high cost of hybrid seeds, while Nunes et al. (2014) attributed it to the poor dissemination of
the agronomic performance of hybrids.

For the production of onion hybrid seeds, the CMS-S and CMS-T systems of nuclear-
cytoplasmic sterility are used. The first is the most widely used, due to its great stability in
the different environments (Havey, 2000). In the CMS-S system, only one gene (Ms) restores
fertility, while alleles of three genes restore fertility in the CMS-T system (Kim et al., 2015).
For the production of hybrids, male-sterile lines are required (‘A’ or Smsms lines in the CMS-S
system), as well as maintainer lines (‘B” or Nmsms lines in the CMS-S system) and lines with
combining abilities (lines ‘C’) (Santos et al., 2008).

The conventional development of onion hybrids requires 4-8 years for cytoplasm
identification and 10-12 years for genome transfer by backcrossing (Khosa et al., 2016),
considering the biennial cycle of the species. In tropical regions, such as the Brazilian
Northeast, this time can be reduced by 50%, since the seed-to-seed cycle is annual, with the
vernalization of bulbs in a cold chamber (Santos et al., 2012).

The identification of the fertile (‘N”) and sterile cytoplasm (‘S” and ‘T”) was facilitated
and accelerated with the development of the molecular markers 5° cob and orfA501 (Sato,
1998; Engelke et al., 2003), which require two independent polymerase chain reactions
(PCR), and of the marker orf725 (Kim et al., 2009), which requires only one PCR. Despite
the advance in the cytoplasmic identification, the identification of the ‘B’ line was dependent
on manual backcrosses in the field. Identification of the cytoplasm type was performed by
Ragassi et al. (2010) and Santos et al. (2012), in predominantly Brazilian germplasm, and by
Khar and Saini (2016) in Indian germplasm.

Huo et al. (2015) and Kim et al. (2015) reported the development of markers for
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identification of the male-sterility restorer nuclear locus (Ms) making it possible to fully identify
‘A’ and ‘B’ lines assisted by markers. Khar and Saini (2016) reported the application of 5° cob
and orf725 markers associated with Ms locus markers in Indian germplasm, and no similar study
was found in the literature for Brazilian germplasm. Santos et al. (2012) reported experimental
hybrids based on the onion ‘Baia’ germplasm, considering the molecular identification of the
cytoplasm type, associated with random field test cross test for the ‘B’ line identification.

The goal of this study was to identify the cytoplasmic types present in 59 onion
genotypes from the Embrapa Germplasm Bank, as well as the genotyping of the Ms locus, in
order to reduce the time in the identification of male-sterile (‘A’) lines and maintainers of male
sterility (‘B”), an essential step in the process of obtaining hybrids.

MATERIAL AND METHODS
Plant material

Fifty-nine genotypes of the Embrapa Onion Germplasm Bank, consisting of 28
genotypes of Brazilian origin, 11 pairs worked for ‘A’ and ‘B’ lines, and 9 genotypes of
different origin (Tables 1, 2, and 3) were evaluated. The genotype plants were sown in the
experimental field of Embrapa Semiarid and transplanted when they reached 20 cm in height.
The collection for DNA extraction was performed 30 days after transplanting, in young and
healthy leaves. Leaves of seven plants of each genotype were collected and conditioned in the
freezer at -80°C until the individual extraction of the DNA.

Evaluation of the type of cytoplasm

The extraction of genomic DNA was done using the 2X CTAB protocol (Doyle and Doyle,
1990), with some modifications: 7500 and 10,000 rpm, in the first and second centrifugations,
2% B-mercaptoethanol, and incubation at 60°C for 30 min. The DNA was resuspended in Tris-
EDTA buffer, and DNA integrity and quantification was evaluated on 0.8% agarose gel.

Three independent PCRs were performed to identify the type of cytoplasm. The first
two reactions were performed according to Engelke et al. (2003), with modifications, for the
5’ cob and orfA501 markers, to a final volume of 20 pL: 0.25 uM of each primer, 0.15 mM of
each dNTP, 1X PCR buffer, 2.0 mM MgCl,, 2.5 U enzyme Taq DNA polymerase, and 50 ng
total DNA. The third reaction was performed according to Kim et al. (2009), for the orf725
marker, to a final volume of 10 pL: 0.2 uM of each primer, 0.2 mM of each dNTP, 1X PCR
buffer, 2.0 mM MgCl,, 1.0 U Tag DNA polymerase enzyme, and 50 ng total DNA.

The primer sequences of the 5’ cob marker (Sato, 1998) were: 1) primer S: 5'-GTCCA
GTTCCTATAGAACCTATCACT-3', 2) primer N: 5'-TCTAGATGTCGCATCAGTGGAATC
C-3',and 3) primer common: 5'-CTTTTCTATGGTGACAACTCCTCTT-3', which amplify the
180- and 414-bp fragments. The second reaction was with primers from the orfA501 marker
(Engelke et al., 2003): primer 1: 5'-ATGGCTCGCCTTGAAAGAGAGC-3' and primer 2:
5'-CCAAGCATTTGGCGCTGAC-3', which amplifies the 473-bp fragment. The results of
these two reactions were considered as complementary in the identification of cytoplasmic
types. The third reaction was performed with the primers of the orf725 marker: 1) MK-F:
5'-CATAGGCGGGCTCACAGGAATA-3', 2) MK-R1: 5'-AATCCTAGTGTCCGGGGTTTC
T-3',and 3) MK-R2: 5'-CAGCGAACTTTCATTCTTTCGC-3' developed by Kim et al. (2009).
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These primers amplify fragments of 628 and 833 bp.

The programming of the thermocycler for 5° cob amplifications consisted of: a) an
initial cycle of 2 min at 94°C, b) 36 cycles of 30 s at 94°C, 1 min at 53°C and 2 min at 72°C,
and c) a final cycle of 5 min at 72°C. The orfA501 marker consisted of: a) an initial cycle of 2
min at 94°C, b) 40 cycles of 30 s at 94°C, 1 min at 54°C, 2 min at 72°C, and ¢) one cycle end of
5 min at 72°C. For the orf725 marker, the following were followed: a) an initial denaturation
cycle of 5 min at 94°C, b) 40 cycles of 30 s at 94°C, 1 min at 60°C and 90 s at 72°C, and ¢) a
final cycle of 5 min at 72°C.

PCR products were visualized on 1.5% agarose gels stained with ethidium bromide
and photographed under ultraviolet light. The identification of ‘N’, ‘S’, and ‘T’ cytoplasms
for the 5° cob and orfA501 markers was based on Engelke et al. (2003): 1) ‘N’ cytoplasm -
presence of a 180-bp fragment and absence of other fragments; 2) ‘S’ cytoplasm - presence
of fragments of 180, 414, and 473 bp; and 3) ‘T’ cytoplasm - presence of the 180- and 473-bp
fragments and absence of the 414-bp fragment. For the orf725 marker, it was identified as ‘N’
cytoplasm the presence of a fragment of 833 bp, as ‘T’ cytoplasm the presence of fragments
of 833 and 628 bp, and as ‘S’ cytoplasm the presence of a fragment of 628 bp. The size of the
amplified fragments was estimated in comparison with the 100-bp Ladder marker.

Evaluation of the male-fertility restorer locus (M5s)

PCRs for the codominant marker AcSKP1 (Huo et al., 2015) were adjusted to a final
volume of 25 pL: 50 ng total DNA, 0.4 uM FU 898 (5'-GCAATACACAGCTTCTAGCTGA
ATT-3"),0.4 uM FD 898 (5'-AACACACACACAGAGTGAGAAATTTTATAT-3"), 0.2 uM SU
628 (5-TCTGTGTGTGTGTGTAATTTCTCTG-3"), 0.2 uM SD 628 (5'-CGGAAGATTAAT
ATTTTGCGTATACAT-3'"), 0.15 mM of each dNTP, 1X PCR buffer, 2.0 mM MgCl, and 2.0
U Taq DNA polymerase enzyme. For the AcPMSI marker (Kim et al., 2015), the ampli-
fication reactions were adjusted to a final volume of 10.0 pL: 10 ng total DNA, 0.2 uM of
the primer forward (5'-GGTCACCAGGTGGAGAGAGAA-3'), 0.2 uM of the primer reverse
(5'-TCATTGAGCTGCATCCAAAA-3"), 0.2 mM of each dNTP, 1X PCR buffer, 2.0 mM
MgCl, and 1 U Taq DNA polymerase. The amplification reactions for the marker AcSKP1
were described by Huo et al. (2015) and Kim et al. (2015). The amplified products were sepa-
rated on 1.5% agarose gels for the AcSKP1 marker and on 2.5% gels for the AcPMS1 marker,
both stained with ethidium bromide and photographed under ultraviolet light.

The evaluation for the locus fertility restorer of the marker AcSKP1 considered: 1)
dominant homozygote (MsMs) - presence of an 898-bp fragment, 2) recessive homozygous
(msms) - presence of a 628-bp fragment, and 3) heterozygote (Msms) of 898- and 628-bp
fragments (Huo et al., 2015). For the AcPMS1 marker we considered: 1) dominant homozygote
(MsMs) - a 242-bp fragment, 2) homozygous recessive (msms) - a 276-bp fragment, and 3)
heterozygous (Msms) - the presence of fragments of 242 and 276 bp. The size of the fragments
was estimated in comparison with the marker with the 100-bp ladder.

RESULTS
Evaluation of the type of cytoplasm

The two types of male-sterile cytoplasm (‘S and ‘“T”), as well as the fertile cytoplasm
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(‘N’), were detected in the 59 genotypes evaluated (Tables 1, 2, and 3). The gels were readily
identifiable for all 5’ cob/orfAS501 and orf725 markers, producing fragments of the expected
sizes, as Engelke et al. (2003) and Kim et al. (2009) (Figures 1 and 2).

Table 1. Fertile ‘N’ and male-sterile ‘S’ and ‘T’ cytoplasm types and genotyping for the male fertility restorer

locus (Ms) in seven Brazilian germplasm plants.

Genotype Cytoplasm Cytoplasm Restorer Genotyping
Marker N S T Marker MsMs Msms msms
Serrana 5’ coblorfA501 2 0 5 AcSKPI 5 1 1
orf125 4 0 3 AcPMS1 5 1 1
Regia 5 coblorfA501 5 1 1 AcSKP1 0 1 6
orf125 5 1 1 AcPMSI1 0 1 6
EHCEB 20146 5’ coblorfA501 1 3 3 AcSKP1 3 2 2
orf125 1 3 3 AcPMSI1 3 2 2
Crioula Mercosul 5’ coblorfA501 1 0 6 AcSKP1 1 3 3
orf125 4 0 3 AcPMS1 1 3 3
Primavera 5’ coblorfA501 7 0 0 AcSKP1 0 0 7
orf125 7 0 0 AcPMSI 0 0 7
EHCEB 201426 5° coblorfA501 0 7 0 AcSKP1 3 4 0
orf125 0 7 0 AcPMSI 3 4 0
EHCEB 20142 5’ coblorfA501 3 0 4 AcSKP1 1 4 2
orf125 1 0 6 AcPMS1 1 4 2
Bola Precoce 5’ coblorfA501 0 0 7 AcSKP1 4 3 0
orf125 1 0 6 AcPMSI1 4 3 0
EHCEB 201427 5’ coblorfA501 2 2 3 AcSKP1 1 2 4
orf125 2 2 3 AcPMSI1 1 2 4
Alvorada 5 coblorfA501 4 1 1 AcSKP1 1 5 1
orf125 5 1 1 AcPMS1 1 4 1
Roxa Barreiro 5’ coblorfA501 7 0 0 AcSKP1 4 2 1
orf125 7 0 0 AcPMS1 3 2 1
Conquista 5’ coblorfA501 6 0 0 AcSKP1 5 1 0
orf125 6 1 0 AcPMSI 6 1 0
Imperatriz 5 coblorfA501 0 7 0 AcSKP1 1 3 1
orf125 0 7 0 AcPMS1 1 3 1
Sdo Paulo 5 coblorfA501 0 0 6 AcSKP1 3 1 3
orf125 0 0 7 AcPMSI1 2 1 2
BRS 367 5’ coblorfA501 3 0 4 AcSKP1 0 2 3
orf125 3 0 3 AcPMS1 0 3 3
Rainha 5’ coblorfA501 6 0 1 AcSKP1 4 2 1
orf125 6 0 1 AcPMS1 4 2 1
Juporanga 5’ coblorfA501 6 0 1 AcSKP1 5 1 1
orf125 6 0 1 AcPMSI1 5 1 1
Cascuda T8 5’ coblorfA501 0 3 4 AcSKP1 1 3 3
orf125 0 3 4 AcPMSI1 2 2 3
Cascuda T7 5’ coblorfA501 7 0 0 AcSKP1 3 3 1
orf125 7 0 0 AcPMS1 2 3 1
Cascuda T6 5 coblorfA501 7 0 0 AcSKP1 2 4 1
orf125 7 0 0 AcPMSI1 2 4 1
Cascuda T5 5° coblorfA501 0 7 0 AcSKP1 4 2 1
orf125 0 7 0 AcPMS1 3 3 1
Cascuda T4 5’ coblorfA501 0 7 0 AcSKP1 3 4 0
orf125 0 7 0 AcPMSI1 3 3 0
Cascuda T3 5 coblorfA501 7 0 0 AcSKP1 5 1 1
orf125 7 0 0 AcPMSI1 5 1 1
Cascuda T2 5’ coblorfA501 0 7 0 AcSKP1 3 3 1
orf125 0 7 0 AcPMS1 3 2 1
Alfa SF C-XI 5 coblorfA501 3 0 4 AcSKP1 2 2 3
orf125 0 1 6 AcPMS1 2 1 2
IPA 12 5 coblorfA501 0 7 0 AcSKP1 4 2 1
orf125 0 7 0 AcPMS1 2 1 2
IPA 11 5’ coblorfA501 7 0 0 AcSKP1 0 2 5
orf125 6 0 0 AcPMS1 0 2 5
IPA 10 5 coblorfA501 7 0 0 AcSKPI 0 1 6
orf125 7 0 0 AcPMS1 0 1 6
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Table 2. Fertile ‘N’ and male-sterile ‘S’ and ‘T’ cytoplasm types and genotyping for male fertility restorer locus
(Ms) in seven plants previously selected as ‘A’ and ‘B’ lines.

Genotype Cytoplasm Cytoplasm Restorer Genotyping
Marker N S T marker MsMs Msms msms
EHCEB 20142038 5’ coblorfA501 6 0 0 AcSKP1 3 3 1
orf125 7 0 0 AcPMS1 3 3 1
EHCEB 20141038 5 coblorfA501 0 7 0 AcSKP1 0 3 3
orf125 0 7 0 AcPMS|1 0 4 3
EHCEB 20112036 5 coblorfA501 7 0 0 AcSKP1 0 1 6
orf125 7 0 0 AcPMS1 0 1 6
EHCEB 20111036 5 coblorfA501 0 7 0 AcSKP1 0 0 7
orf125 0 7 0 AcPMS1 0 0 5
EHCEB 20142040 5 coblorfA501 7 0 0 AcSKP1 0 0 6
orf125 7 0 0 AcPMS1 0 0 7
EHCEB 20141040 5 coblorfA501 0 7 0 AcSKP1 0 0 7
orf125 0 7 0 AcPMS1 0 0 7
EHCEB 20142027 5’ coblorfA501 6 0 0 AcSKP1 0 0 7
orf125 7 0 0 AcPMS1 0 0 7
EHCEB 20141027 5 coblorfA501 0 0 7 AcSKP1 0 0 7
orf125 0 2 5 AcPMS1 0 0 7
EHCEB 20142028 5 coblorfA501 7 0 0 AcSKP1 0 0 7
orf125 7 0 0 AcPMSI1 0 0 6
EHCEB 20141028 5 coblorfA501 0 7 0 AcSKP1 0 0 7
orf125 0 7 0 AcPMS|1 0 0 7
EHCEB 20101003 5 coblorfA501 0 0 7 AcSKP1 0 0 7
orf125 0 2 5 AcPMS1 0 0 7
EHCEB 20122003 5’ coblorfA501 7 0 0 AcSKP1 0 0 7
orf125 7 0 0 AcPMS1 0 0 7
EHCEB 20101019 5 coblorfA501 0 0 7 AcSKP1 0 1 6
orf125 7 0 0 AcPMS1 0 1 6
EHCEB 20102019 5 coblorfA501 7 0 0 AcSKP1 0 0 7
orf125 7 0 0 AcPMS|1 0 0 7
EHCEB 20101017 5 coblorfA501 0 0 6 AcSKP1 0 0 7
orf125 0 0 6 AcPMS1 0 0 7
EHCEB 20102017 5 coblorfA501 6 0 1 AcSKP1 0 2 5
orf125 7 0 0 AcPMS1 0 2 2
EHCEB 20141008 5 coblorfA501 1 0 6 AcSKP1 0 0 7
orf125 1 0 6 AcPMS1 0 0 7
EHCEB 20142008 5 coblorfA501 7 0 0 AcSKP1 0 0 6
orf125 7 0 0 AcPMS1 0 0 6
EHCEB 20111006 5 coblorfA501 0 7 0 AcSKP1 0 0 6
orf125 0 7 0 AcPMS1 0 0 7
EHCEB 20112006 5 coblorfA501 7 0 0 AcSKP1 0 0 7
orf125 7 0 0 AcPMS1 0 0 7
Alfa SF ‘A’ 5 coblorfA501 0 0 7 AcSKP1 0 0 7
orf125 0 0 7 AcPMSI1 0 0 7
Alfa SF ‘B’ 5 coblorfA501 7 0 0 AcSKP1 0 0 7
orf125 7 0 0 AcPMS1 0 0 7

The frequencies of the ‘N’, ‘S” and ‘T’ cytoplasm types in the Brazilian germplasm
with the 5’ cob/orfA501 markers were 0.47, 0.28, and 0.25, respectively, whereas for orf725
the frequencies were 0.47, 0.27, and 0.26, respectively (Table 1). For ‘A’ and ‘B’ lines, the
frequencies of ‘N’, ‘S’ and ‘T’ for 5° cob/orfA501 were 0.50, 0.23, and 0.27, respectively,
while for orf725 the frequencies were 0.51, 0.26, and 0.23, respectively (Table 2). For the
germplasm of different origins, the frequencies of 5° cob/orfA501 and orf725 were the same,
being 0.25, 0.72, and 0.03 for ‘N’, °S’, and ‘T, respectively (Table 3).

In the Brazilian germplasm, the classifications of the 5’ cob/orfA501 and orf725
markers were the same in 23 of the 28 genotypes (82%) (Table 1). Changes in the frequencies
of the ‘N’ and ‘T’ cytoplasms for Serrana, Crioula, EHCEB 20142, Bola Precoce, Rainha,
Juporanga, and Alfa SF C-XI and small discrepancies between ‘S’ and ‘T’ for Alfa SF C-XI
were observed with the 5’ cob/orfAS01 and orf725 markers (Table 1).
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Table 3. Fertile ‘N’ and male-sterile ‘S’ and ‘T’ cytoplasm types and genotyping for the male fertility (Ms)
restorer locus in seven germplasm plants of diverse origin.

Genotype Cytoplasm Cytoplasm Restorer Genotyping
Marker N S T Marker MsMs Msms Msms
EHCEB 201525 5 coblorfA501 0 7 0 AcSKP1 2 3 2
orf125 0 7 0 AcPMSI1 2 3 2
EHCEB 201515 5° coblorfA501 0 5 0 AcSKP1 2 1 2
orf125 0 5 0 AcPMSI 2 1 2
Optima F1 5 coblorfA501 0 7 0 AcSKP1 0 0 7
orf125 0 7 0 AcPMS1 0 0 7
Sirius F1 5 coblorfA501 0 7 0 AcSKP1 2 3 2
orf125 0 7 0 AcPMS1 2 3 2
F2 (EHCEB 20131006 x 5 coblorfA501 0 7 0 AcSKP1 2 3 1
EHCEB 20133014) orf125 0 7 0 AcPMS1 2 3 1
F2 (EHCEB 20151030 x 5’ coblorfA501 0 7 0 AcSKP1 1 5 1
EHCEB 20133015) orf125 0 7 0 AcPMS1 1 5 1
EHCEB 201124 5’ coblorfA501 6 1 0 AcSKP1 4 2 1
orf125 6 1 0 AcPMS1 4 2 1
EHCEB 201513 5° coblorfA501 5 0 2 AcSKP1 7 0 0
orf125 5 0 2 AcPMSI 7 0 0
EHCEB 201423 5’ coblorfA501 4 3 0 AcSKP1 0 1 6
orf125 4 3 0 AcPMS1 0 1 6
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Figure 1. DNA fragments of 21 onion (4/lium cepa L.) samples amplified with the primers of the 5’ cob and
orfA501 markers. Accession EHCEB 20111036 (°S’ cytoplasm, fragments with 180, 414, and 473 bp) = lanes 1, 2,
3,4,5,6,and 7. Accession Alfa SF ‘A’ (‘T” cytoplasm, fragments with 180 and 473 bp) = lanes 8, 9, 10, 11, 12, 13,
and /4. Accession Cascuda TS5 (cytoplasm ‘N’, fragments with 180 bp) = lanes 15, 16, 17, 18, 19, 20, and 21. Lane
L =a 100-bp ladder. Embrapa Semiarido, Petrolina, PE, Brasil, 2017.
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Figure 2. DNA fragments of 21 onion (Allium cepa L.) samples amplified with the orf725 marker primers.
Accession EHCEB 20111036 (°S’ cytoplasm, 628-bp fragments) = lanes 1, 2, 3, 4, 5, 6, and 7. Accession Alfa SF
‘A’ (‘T” cytoplasm, fragments with 628 and 833 bp) = lanes 8, 9, 10, 11, 12, 13, and 14. Accession Cascuda T7
(cytoplasm ‘N’, fragments with 833 bp) = lanes 15, 16, 17, 18, 19, 20, and 21. Lane L = a 100-bp ladder. Embrapa
Semiarido, Petrolina, PE, Brasil, 2017.
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The genotypes Serrana, Regia, EHCEB 20146, Crioula Mercosul, EHCEB 20142,
EHCEB 201427, Alvorada, BRS 367, Rainha, Juporanga, and Alfa SF C-XI presented a mixture
of fertile (“N”) and sterile (‘S” and ‘T”), having potential for works aiming to identify lines ‘A’
and ‘B’ (Table 1). The other genotypes presented either single-type or mixed cytoplasm of the
two sterile cytoplasms, with limitations to identify ‘A’ and ‘B’ lines within them (Table 1).

The ‘A’ and ‘B’ classifications with the 5’ cob/orfA501 and orf725 markers were the
same in 18 of the 22 lines (82%) (Table 2). The lines EHCEB 20141027 and EHCEB 20101003
presented cytoplasmic type classification discrepancies, being classified as ‘T’ by the 5’ cob/
orfA501 markers and as ‘S’ by the orf725 marker. Changes in the frequencies of the ‘N’ and
‘T’ cytoplasm were also observed for the EHCEB 20101019 and EHCEB 20102017 lines.

EHCEB 20142038/EHCEB 20141038, EHCEB 20112036/EHCEB 20111036,
EHCEB 20142040/ EHCEB 20141040, EHCEB 20142028/EHCEB 20141028, and EHCEB
20112006/EHCEB 20111006 pairs presented ‘N’ cytoplasm in line ‘B’ and ‘S’ cytoplasm
in line ‘A’ in all plants evaluated, whereas EHCEB 20101019/EHCEB 20102019, EHCEB
20101017/EHCEB 20102017 and Alfa SF ‘A’/Alfa SF ‘B’ presented ‘T’ and ‘N’ cytoplasm,
respectively (Table 2). The other ‘A’ and ‘B’ lines showed a cytoplasmic mixture within a line
or different classification with the 5’ cob/orfA501 and orf725 markers (Table 2).

In the germplasm of diverse origin, complete agreement was observed for the nine
genotypes in both the classification and the frequency of the three types of cytoplasm evaluated
with the markers 5° cob/orfA501 and orf725 was 100% (Table 3). Only the genotypes of
different origin EHCEB 201124, EHCEB 201513, and EHCEB 201423 have the potential for
identification of ‘A’ and ‘B’ lines, as they showed a mixture of fertile (‘N”) and sterile (‘T” or
‘S’) cytoplasm (Table 3).

Evaluation of the male-fertility restorer locus (M5s)

The Ms and ms alleles were detected in the 59 evaluated genotypes, both in homozygous
and in heterozygous (Tables 1, 2, and 3). The amplicons on the gels were easily identified for
all markers with the two alleles, producing fragments of the expected sizes, according to Huo
et al. (2015) and Kim et al. (2015) (Figures 3 and 4). Only in the reaction using the marker
AcPMS1 (Kim et al., 2015) it was observed presence in some of the nonspecific band samples.

Bl 2 3 b 7 8 o 10 11 12 1314 1516 17 18 19 20 2] &
—— “e e
500bp SEesEpeeeaEs saes - - -

Figure 3. DNA fragments of 21 onion (4//ium cepa L.) samples amplified with the marker AcSKP1. Accession
Sirius F1 (recessive homozygote, fragments with 628 bp) = lanes 1, 2, 3, 4, 5, and 6. Accession Primavera
(dominant homozygote, fragments with 898 bp) = lanes 7, 10, and /2 and (heterozygote, fragments with 628 and
898 bp) = lanes 8, 9, 11, and 13. Accession EHCEB 20142 (dominant homozygote, fragments with 898 bp) = lane
14 (heterozygote, fragments with 628 and 898 bp) = lanes 16, 17, 19, and 20 and (recessive homozygote, fragments
with 628 bp) = lanes 15 and 18. Accession Bola Precoce (dominant homozygote, fragment with 898 bp) = lane 21.
Lane L = a 100-bp ladder. Embrapa Semiarido, Petrolina, PE, Brasil, 2017.
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Figure 4. DNA fragments of 21 onion (4//ium cepa L.) samples amplified with the marker AcPMS1. Accession
EHCEB 20146 (recessive homozygote, fragments with 276 bp) = lanes I and 2 and (dominant homozygote,
fragments with 242 bp) = lanes 3 and 4. Accession Composto 1 (dominant homozygote, fragments with 242 bp) =
lane 9 (heterozygous, fragments with 242 and 276 bp) = lanes 5, 6, and 10 and (recessive homozygote, with 276
bp fragments) = lanes 7, 8, and /1. Accession Crioula Mercosul (dominant homozygote, fragment with 242 bp) =
lanes 14 and 17 (heterozygote, fragments with 242 and 276 bp) = lanes 12, 13, and 16 and (recessive homozygote,
fragments with 276 bp) = lanes 15 and 18. Accession Sirius F1 (recessive homozygote, fragment with 276 bp) =
lanes 19, 20, and 21. Lane L = a 100-bp ladder. Embrapa Semiarido, Petrolina, PE, Brasil, 2017.

The allelic and genotypic frequencies in the Brazilian germplasm were approximated
with the markers AcSKP1 and AcPMSI, being 0.52 and 0.48 for Ms and ms, respectively, and
0.35, 0.33, and 0.32 for MsMs, Msms, and msms, respectively (Table 1). Differences were
observed in allelic and genotypic classifications only for the Conquista, Cascuda T8, and
Cascuda T5 genotypes (Table 1).

The allele and genotype frequencies in ‘A’ and ‘B’ lines were approximated with the
markers AcSKP1 and AcPMSI1, being 0.06 and 0.94 for Ms and ms, respectively, and 0.02,
0.07, and 0.91 for MsMs, Msms, and msms, respectively (Table 2). The allelic and genotypic
frequencies in germplasm of different origin were identical with the AcSKP1 and AcPMSI1
markers, being 0.49 and 0.51 for Ms and ms, respectively, and 0.34, 0.29, and 0.37 for MsM:s,
Msms, and msms, respectively (Table 3).

DISCUSSION

The heterosis vigor, which results in high productive potential and greater bulbs
uniformity of hybrids in relation to OPs, has resulted in the adoption of hybrids in several
countries (Serra and Currah, 2002) and in the trend of onion breeding in the last 50 years in the
USA, Europe, and Japan (Brewster, 2008). The development of markers for identification of
the male-sterility maintaining nuclear locus (ms), associated with markers for identification of
fertile cytoplasm (*N’) or male sterile (‘T”and ‘S’), opens a new perspective on the development
of hybrids, considering the selection of ‘A’ and ‘B’ lines within germplasm adapted to certain
environments, such as the semi-arid region of Brazil.

In this study, the coincidence of the results obtained by the markers used for
cytoplasmic identification was high, but some discrepancies were detected. The 5° cob/
orfA501 markers consider the cob gene sequence (Sato, 1998) in the differentiation between
cytoplasmic types, whereas the orf725 marker is the cox I gene (Kim et al., 2009). However,
both sequences may occur in stoichiometric quantities detectable in the same individual,
which may generate discrepancies when comparing such markers, as those observed in the
Conquista, Alfa SF C-XI, EHCEB 20141027, and EHCEB 20101003 accessions where there
were frequency changes between the ‘S’ and ‘T’ cytoplasm. Kim et al. (2009) further stated
that orf725 amplification, which should only occur in the male-sterile cytoplasm, could also be
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detected in the ‘N’ cytoplasm, indicating that the use of this marker may generate some degree
of ambiguity in cytoplasmic classification.

Kim and Yoon (2010), based on analyses of the mitochondrial and chloroplast genomes,
reported that different genes might be involved in the induction of sterility in the male sterile
system in onion. The authors did not find any differences between the ‘T’ and ‘N’ cytoplasm,
but significant differences were found between them regarding the CMS-S, suggesting that
the CMS-T originated from the normal cytoplasm. This event could be associated with the
differences found in the identification of cytoplasm by the markers used in this study.

Khar and Saini (2016) used three molecular markers to identify cytoplasm, among
them 5’ cob and orf725, reporting that no divergent results were found for the markers used.
However, the authors reported only ‘N’ and ‘S’ cytoplasm, without confirming the results about
the association of 0rfA501 with 5° cob. Thus, if the complete analysis were performed by the
authors above, such as the one applied in this study, discrepancies could have been detected.

AcSKP1 (Huo et al., 2015) and AcPMS1 (Kim et al., 2015) markers related to the Ms
locus fertility restorer in the CMS-S system, amplified fragments in individuals bearing ‘T’
cytoplasm. These results coincide with those found by Kim (2014) who reported the presence of
the Ms locus in individuals with cytoplasmic ‘T’ type. For the author, the restoration of fertility
in this cytoplasm may not be controlled by three independent genes, as proposed by Schweisguth
(1973), but by the distortion of segregation of a single gene. In this way, the hypothesis is that the
restoration is conferred by the same gene or by two strongly linked genes.

Khar and Saini (2016) reported equal frequencies of the Ms locus estimated by
the AcSKP1 (Huo et al., 2015) and AcPMS1 (Kim et al., 2015) markers for the typically
Indian germplasm, except line 121.1. In this study, applying the same markers in Brazilian
germplasm, the same frequencies were observed, except for some small discrepancies in the
genotypes Conquista, Cascuda T8, and Cascuda T5.

Genotypes that presented a mixture of cytoplasmic type, associated with recessive
alleles for the restorative locus have great potential for selection of ‘A’ and ‘B’ lines. In this
situation for the CMS-S system, of greater stability for hybrid production (Havey, 2000),
four genotypes were identified in the Brazilian germplasm analyzed: Régia, EHCEB 20146,
EHCEB 201427, and Alvorada. The genotypes EHCEB 20142040/EHCEB 20141040,
EHCEB 20142028/EHCEB 20141028, and EHCEB 20112006/EHCEB 20111006 presented
all plants in the condition Nmsms and Smsms, being considered lines ‘B’ and ‘A’, respectively,
for the CMS-S system. Despite having a purity for the type of cytoplasm, the EHCEB
20142038/EHCEB 20141038 pair presented allelic mixture in lines ‘B’ and ‘A’, necessitating
the elimination of the plants in the heterozygous condition, for total homozygous msms.

For the CMS-T system, 11 genotypes with the potential to obtain ‘A’ and ‘B’ lines
were identified, considering a mixture of cytoplasm and msms plants: Serrana, Régia,
EHCEB 20146, Crioula Mercosul, EHCEB 20142, EHCEB 201427, Alvorada, BRS 367,
Rainha, Juporanga, and Alfa SF C-XI. The genotypes EHCEB 20142027/EHCEB 20141027,
EHCEB 20102019/EHCEB 20101019, and Alfa SF ‘B’/Alfa SF A’ presented all plants in the
condition Nmsms and Tmsms, being considered lines ‘B’ and ‘A’, respectively, for the CMS-T
system. The Alfa SF ‘A’/Alfa SF ‘B’ lines were previously identified by Santos et al. (2010),
who adopted 5’ cob/orfA501 molecular identification of male-sterile plants with random field
pairing of fertile plants, followed by test cross.

In the CMS-T system, alleles of three genes in the male-sterile condition plants with ‘T’
cytoplasm are fertile if they have dominant allele 4 or both dominant complementary alleles C
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and D (Brewster, 2008). Because of this complex control, ‘B’ lines (Nmsms) have been used as
maintainers of ‘A’ lines on CMS-T (Pathak, 2000). Meer Van Der and Van Bennekom (1969)
observed that the ‘T’ cytoplasm might have temperature-affected sterility because when they
analyzed a CMS-T lineage, they found 93% male-sterile plants at 14°C and only 10% at 23°C.

The genotyping of OPs or lines previously worked for ‘A’ and ‘B’ lines for type of
cytoplasm and nuclear locus Ms consists of an essential preliminary study to identify the most
promising subjects that should follow for a later stage of study, evaluating a greater number
of samples by genotypes and associating with pollen viability and test crosses to confirm the
condition of male-sterile and male-sterile restorer plants.

OPs are still important in countries such as Brazil (Santos et al., 2010) and India
(Khar and Saini, 2016). For Brewster (2008), the locally selected OPs are better suited to their
region and may exceed the potential of hybrids developed in other regions. In this scenario, the
identification of lines ‘A’ and ‘B’ within adapted OPs, such as the one carried out in the present
study, may be the best situation for regions importing seeds of hybrids from other countries of
different edaphoclimatic conditions.
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