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Abstract: Persimmon (Diospyros kaki Thunb) species is a hexaploid genotype that has a morphologically
polygamous gyonodioecious sexual system. D. kaki bears unisexual flowers. The presence of male
flowers resulted in the presence of seeds in the varieties. The fruits of persimmon are classified
according to their astringency and the pollination events that produced seeds and modify the levels of
astringency in the fruit. The presence of seeds in astringent varieties as pollination variant astringent
(PVA), pollination variant non-astringent (PVNA) and pollination constant astringent (PCA) resulted
in fruits not marketable. Molecular markers that allow selection of the varieties according to the type
of flowers at the plantlet stage would allow selection of seedless varieties. In this study, a marker
developed in D. lotus by bulk segregant analysis (BSA) and amplified fragment length polymorphism
(AFLP) markers, named DlSx-AF4, has been validated in a germplasm collection of persimmon,
results obtained agree with the phenotype data. A second important trait in persimmon is the
presence of astringency in ripened fruits. Fruits non-astringent at the ripen stage named pollination
constant non-astringent (PCNA) are the objective of many breeding programs as they do not need
removal of the astringency by a postharvest treatment. Astringency in the hexaploid persimmon is a
dominant trait. The presence of at least one astringent allele confers astringency to the fruit. In this
paper we checked the marker developed linked to the AST gene. Our goal has been to validate both
markers in germplasm from different origins and to test the usefulness in a breeding program.
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1. Introduction

Persimmon (Diospyros kaki Thunb) species is a hexaploid genotype that has a morphologically
polygamous gyonodioecious sexual system [1]. D. kaki bears unisexual flowers, as do other Diospyros
species. There are genotypes that bear only female flowers and genotypes bearing male and female
flowers [2]. Furthermore, varieties bearing only male flowers were described in China [3] and occasional
male flower formation was reported in varieties that usually bear only female flowers [4]. In addition to
the unisexual flowers, some varieties or genotypes bear hermaphrodite flowers; however, these flowers
do not function fully as female flowers [5]. Most of the commercial varieties present only female
flowers [6], however the presence of the male flowers type is important in two scenarios: first when
the production of seeded fruits is convenient and second in breeding activities in which crosses
are requested.

The fruits of persimmon are classified according to their astringency and the pollination events
that resulted in different types of fruits. The PCNA (pollination constant non-astringent) varieties
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are always not astringent at maturity regardless of pollination events and the presence or absence of
seeds in the fruit. The presence of male flowers in these varieties is most convenient since it allows
pollination and produces seeded fruits that increase the fruit size and weight. In Japan, the presence of
seeds in the fruit does not affect the consumers demand [7]. However, in Europe and western countries
consumers prefer seedless fruits.

Three additional variety types can be distinguished: PVNA-type (pollination variant
non-astringent), which are non-astringent varieties when seeds are present; PVA-type (pollination
variant astringent), which are astringent varieties in most parts of the fruit and non-astringent around
the seeds if they are present, and PCA-type (pollination constant astringent), which are astringent
varieties regardless the presence of seeds. The loss of astringency in these types of persimmons is
associated to the ability of the seeds to produce acetaldehyde. This production resulted in browning of
the flesh around the seeds (Figure 1), which interfere with the postharvest treatment for removing
the astringency in the fruit, all together the PVA and PCA type fruits are unmarketable if they are
pollinated and the fruits present seeds [8,9]. In PVA and PCA varieties it is crucial to avoid pollination,
hence the presence of male flowers in the variety and in the vicinity of the crop should be avoided.
The ability of the production of male flowers is a genetic trait that should be determined in the varieties
for avoiding seeds in astringent varieties or improving the presence of them in non-astringent varieties.
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Figure 1. Phenotypes of the traits selected. (A,B) flowers from the variety ‘Cal Fuyu’, female and male
respectively and (C,D) results of pollination on astringent fruits from ‘Rojo Brillante’ a pollination
variant astringent (PVA) variety: (C) parthenocarpic non-pollinated fruits and (D) pollinated fruits in
which presence of seeds resulted in no marketable fruits.

Elucidation of the genetic and molecular basis of sex expression in D. kaki leading to the
development of molecular markers would allow selection of the varieties according to the type of
flowers, being a great contribution for persimmon production and Diospyros breeding. The hexaploidy
of D. kaki made elucidation of this question more difficult than in diploid genotypes. Since the genus
includes more than 700 species with different levels of polyploidy, the diploid Diospyros lotus was
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used for investigation of the sex expression into the genus [10]. These authors described the model of
inheritance and developed molecular markers associated to sex expression. Later small RNA acting as
a sex determinant was identified [11]. Development of markers used the bulk segregant analysis (BSA)
and amplified fragment length polymorphism (AFLP). An AFLP marker identified as DlSx-AF4 was
sequence-characterized and converted into the sequence characterized amplified region (SCAR) [10].
In this study the marker has been tested in a germplasm selection of varieties phenotyped for sex
expression and a backcross population obtained at Instituto Valenciano de Investigaciones Agrarias
(IVIA). The results provide evidence of the usefulness of molecular marker assistance in identifying
the genetic potential of production of male flowers in persimmon, an important trait in breeding.

PCNA varieties are highly desired because their mature fruits are not astringent, as they stop
accumulating tannins at early steps of fruit development [12]. In Japanese varieties, the PCNA trait is
recessive to the non-PCNA trait [13] and is controlled by a single locus, AST [14]. Due to persimmon
being a hexaploid, the PCNA type should contain six recessive ast alleles [15]. In breeding programs
aimed at obtaining PCNA cultivars, the hexaploidy of persimmon along with the recessive inheritance
of the non-astringency trait led to breeders to develop crosses that involved only PCNA genotypes.
Consequently, several generations of crosses between PCNA genotypes along with the low genetic
diversity of this group of persimmons resulted in families with a high rate of inbreeding and plenty of
the problems derived from this fact. To avoid inbreeding, the programs need to use non-astringent
cultivars in the crosses, but the rate of PCNA obtained could be very low depending on the number of
dominant AST alleles carried by the parents selected. In a backcross BC1, the expected proportion of
PCNA offspring from a non-PCNA F1 parent with one dominant AST, two or three is 50, 20 or 5%,
respectively, under an autohexaploid model. In this context, it is of high interest to be able of selecting
PCNA types and non-PCNA types in the families obtained at the plantlet stage. The alternative is
to select the type of the fruits in the fields after a juvenile period of four years minimum, which is
extremely costly and has a low efficiency.

Many efforts have been made to target the region linked to AST [14,16–18]. The most promising
results were obtained in a study that identified a region tightly linked to the AST gene [19]. These
authors developed a multiplex PCR method based on primers developed from the region identified,
highly reliable that allowed detecting recessive and dominant alleles. These primers have been used to
test a group of varieties [15]. The region contains microsatellites that allow distinguishing 12 different
alleles from 14 non PCNA genotypes. More than 200 accessions and several crosses between PCNA and
non-PCNA genotypes were analyzed [20]. Based on the number of fragments detected per individual
these authors were able to determine the dominant (AST) and recessive (ast) alleles in the hexaploid
persimmon germplasm.

Using this methodology, in this paper we applied molecular assisted selection for discriminate
PCNA cultivars and seedlings from different segregated populations obtained in the frame of the IVIA
breeding program. The markers for both traits were developed from Japanese varieties, our goal is to
validate the markers in a set of germplasm from different origins and different type of astringency and
applied them to the IVIA breeding program, in which the involvement of varieties from Mediterranean
origin is relevant.

2. Materials and Methods

2.1. Plant Materials

2.1.1. Validation of AST and DlSx-AF4S Markers

Molecular markers developed for sex expression and type of astringency in persimmon were
studied in a set of 42 accessions (Table 1) from the persimmon germplasm collection maintained
at IVIA, Moncada, Spain (39.588741, −0.394848). The accessions were phenotyped regarding the
presence of male flowers. The phenotype of astringency type was known from previous germplasm
characterization [21,22].
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Table 1. Plant material studied, origin, astringency type, genotype of AST marker, flower type and genotype of the DlSx-AF4S marker.

Variety Origin Type 1 AST 2 Flowers 1 D1Sx-AF4S 2 Variety Origin Type 1 AST 2 Flower 1 D1Sx-AF4S 2

Anheca Spain PCA + ♀ − Kawabata Japan PCNA − ♀ −

Ferrán-12 Spain PCA + ♀ − Koda Gosho Japan PCNA − ♀ −

Reus-6 Spain PCA + ♀ − Maekawa jiro Japan PCNA − ♀ −

Tomatero Spain PCA + ♀ − Mukaku jiro Japan PCNA − ♀ −

Costata Italy PCA + ♀ − O’Gosho Japan PCNA − ♀ −

Lycopersicon Italy PCA + ♀ − Suruga Japan PCNA − ♀ −

Aizumishirazu-A Japan PCA + ♀ − Yamato Gosho Japan PCNA − ♀ −

Fuji Japan PCA + ♀ − Bétera-2 Spain PVA + ♀ −

Korea Kaki Japan PCA + ♀ − Reus-15 Spain PVA + ♀ −

Takura Japan PCA + ♀ − Rojo Brillante Spain PVA + ♀ −

Yokono Japan PCA + ♀ − Xato de Bonrepós Spain PVA + ♀ −

Cal Fuyu Japan PCNA − ♀/♂ + Aizumishirazu-B Japan PVA + ♀ −

Fau Fau Japan PCNA − ♀/♂ + Atago Japan PVA + ♀ −

Fukuro Gosho Japan PCNA − ♀/♂ + Hiratanekaki Japan PVA + ♀ −

Fuyu Japan PCNA − ♀ − Hiratanenashi Japan PVA + ♀ −

Giant Fuyu Japan PCNA − ♀ − Maru Japan PVA + ♀/♂ +
Hana fuyu Japan PCNA − ♀ − Tone Wase Japan PVA + ♀ −

Hana Gosho Japan PCNA − ♀/♂ + Pakistan Seedless Pakistan PVA + ♀ −

Ichikikei Jiro Japan PCNA − ♀ − Agakaki Japan PVNA + ♀/♂ +
Isahaya Japan PCNA − ♀ − Castellani Italy PVNA + ♀ −

Jiro Japan PCNA − ♀ − Edoichi Italy PVNA + ♀ −

1 Data from phenotyping. 2 Data from genotyping.
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2.1.2. Marker Assisted Selection

Marker assisted selection was made on 12 segregated populations obtained from (‘Rojo Brillante’
× ‘Cal Fuyu’) × ‘Cal Fuyu’ in 2016. The backcross was made using ‘Rojo Brillante’ a high-quality
variety astringent (PVA) and ‘Cal Fuyu’ a PCNA variety with male flowers. Both parents were selected
based on agronomic characteristics and adaptability to the Mediterranean environment [21].

Segregated populations screened and individuals per population are described in Table 2.
All progenies and seedlings obtained were maintained in orchards at CANSO’s Experimental Station,
L’Alcudia, Valencia, Spain (39.189086, −0.542067).

Table 2. Results of genotypes analyzed by molecular markers. Number of offspring with the astringent
allele (AST), with the DlSx-AF4S allele, with AST + DlSx-AF4S (not selected) and number of offspring
with the absence of both markers (genotypes selected).

Progeny Total

Number of Offspring

AST + D1Sx-AF4S +
AST +

D1Sx-AF4S +
AST −

D1Sx-AF4S −

F-1.34 99 61 (61.6) 39 (39.4) 22 (22.2) 21 (21.2)
F-1.50 65 39 (60.0) 43 (66.2) 28 (43.1) 11 (16.9)
F-1.52 47 13 (27.7) 24 (51.1) 4 (8.5) 14 (29.8)
F-2.27 5 4 (80.0) 3 (60.0) 3 (60.0) 1 (20.0)
F-4.19 11 8 (72.7) 9 (81.8) 7 (63.6) 1 (9.1)
F-4.24 61 20 (32.8) 31 (50.8) 10 (16.4) 20 (32.8)
F-4.35 38 14 (36.8) 9 (23.7) 4 (10.5) 19 (50.0)
F-4.49 52 14 (26.9) 17 (32.7) 3 (5.8) 24 (46.2)
F-5.32 12 10 (83.3) 6 (50.0) 4 (33.3) 0 (0.0)
F-5.34 27 11 (40.7) 16 (59.3) 5 (18.5) 5 (18.5)
F-5.36 17 12 (70.6) 9 (52.9) 4 (23.5) 0 (0.0)
F-5.41 7 5 (71.4) 3 (42.9) 3 (42.9) 2 (28.6)
total 441 211 (47.8) 209 (47.4) 97 (22.0) 118 (26.8)

Numbers in parentheses are the rate (%) of corresponding offspring in each progeny.

2.2. Methods

2.2.1. DNA Isolation

Young fully expanded leaves were collected from trees and kept at −20 ◦C until DNA isolation.
DNA was isolated according to the CTAB method described in [23] with minor modifications [24].

2.2.2. Molecular Markers Analysis

The capacity of producing male flowers was checked with the sequence characterized amplified
region (SCAR) marker ‘DlSx-AF4S’ [10], primers used were: forward (DlSx-AF4-3F; 5′-ACA TCC AAA
GTT CTG GAG AAT CA-3′) and reverse (DlSx-AF4-3R; 5′-ATT GGT GCT TGG TCA AAC ATA TC-3′).

Determination of PCNA genotypes used the primers described in [19] PCNA-F
(CCCCTCAGTGGCAGTGCTGC) and 5R3R (GAAACACTCATCCGGAGACTTC).

Polymerase chain reactions (PCRs) were performed in a final volume of 20 µL containing 1× of
DreamTaq Buffer (Thermo Fisher Scientific, Vilnius, Lithuania), 0.1 mM of each dNTPs (Promega,
Madison, WI, USA), 20 ng of genomic DNA and 1 U of DreamTaq polymerase (Thermo Fisher Scientific,
Vilnius, Lithuania). The PCR program consisted of pre-denaturation at 94 ◦C for 2 min; 35 cycles at
98 ◦C for 15 s, 60 ◦C for 20 s and 72 ◦C for 1 min; followed by a final extension at 72 ◦C for 10 min.
PCR products were separated by electrophoresis on 1.5% agarose gels in 0.5× TAE buffer and visualized
with GelRED® (Sigma-Aldrich, St. Louis, MI, USA).
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3. Results and Discussion

3.1. Marker Assisted Selection Validation: Production of Male Flowers

A set of accessions belonging to the persimmon germplasm bank were phenotyped for the
presence of male flowers and later genotyped with the marker DlSx-AF4S [10] to test the accuracy of the
marker for Molecular Assisted Selection (MAS). Results of the genotype agreed with the results of the
phenotype (Table 1), non-discrepancies were observed. The capacity of developing male flowers was
clearly stated by the presence of the amplified band (320 bp). Figure 2a shows the results on an agarose
gel of the presence of male flowers in the genotypes ‘Agakaki’, ‘Cal Fuyu’ and the selection ‘F-1.34′

from the IVIA breeding program. Total correlation between the phenotype and the presence/absence
of the band was obtained for all the genotypes studied (Table 1). This marker is a great advantage
in breeding programs in which astringent and non-astringent genotypes are involved. The presence
of male flowers in astringent varieties (PVNA, PVA and PCA) resulted in the presence of seeds in
the fruit. The loss of astringency in these types of persimmons is associated to the ability of the
seeds to produce acetaldehyde (Figure 3). Production of acetaldehyde is a quantitative trait in which
less production by the seed resulted in higher astringency on the pulp (PCA), and high production
resulted in low/none astringent flesh (PVNA) being PVA intermediate. This acetaldehyde production
resulted in browning of the flesh around the seeds, which interferes with the postharvest treatment
for removing the astringency in the fruit [25]. All together the PVA and PCA type fruits pollinated
are unmarketable. In the case of PVNA types in which the presence of seeds browned completely the
flesh (Figure 3), there are specific markets in which these varieties are accepted. However, in most
of the markets, the PVNA fruits are accepted with no seeds and after removing the astringency by
postharvest treatment. In all breeding programs that use astringent varieties, MAS for discriminating
male flowers is very important for avoiding self-pollination and/or mix of cultivars that can cross
pollinated among them and produced seeds. In breeding programs that involve non-astringent
varieties the discrimination of the presence of male flowers is necessary too. Some Japanese programs
look for varieties with male flowers and seeds that increase the size and setting of fruits, but in
western countries, where the presence of seeded fruits is not acceptable, the presence of male flowers
is discarded similarly to astringent varieties. Selection of this trait in persimmon species that have a
four-year juvenile period resulted in great interest to avoid plants in the fields that will be eliminated
in the future and, additionally, to avoid undesired pollination in the breeding plots.
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Figure 2. PCR results by electrophoresis in an agarose gel (1.5%) vs. phenotype data; (A) DlSx-AF4S
PCR results. The (+) presence and (−) absence of male flowers from phenotype data; the DlSx-AF4S
marker is present in varieties ‘Agakaki’, ‘Cal Fuyu’ and F.1-34 in agreement with the phenotype; (B) AST
PCR results; (+) astringent fruits according to phenotype data and (−) non-astringent fruits (pollination
constant non-astringent (PCNA)) according to phenotype data. The AST marker was present in all
astringent varieties and absent in ‘Cal Fuyu’, a PCNA variety.
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Figure 3. Three types of astringent persimmon according to the amount of acetaldehyde produced by
the seed; (A) fruits of pollination constant astringent (PCA), PVA and pollination variant non-astringent
(PVNA; from right to left) and (B) distribution of condensed tannins, visualized by precipitation of
blue ferric chloride impregnated in a paper [25,26]. Fruits of PCA, PVA and PVNA (from right to left).

3.2. Marker Assisted Selection Validation: Selection of PCNA

In Japanese cultivars, the PCNA trait is recessive to the non-PCNA trait [13] and is controlled
by a single locus, AST [14]. Due to persimmon being a hexaploid, the PCNA type should contain
six recessive ast alleles [15]. Detection of at least one AST allele determines the astringency of fruit.
Selection of non-astringent fruits or PCNA are the objective in most of the persimmon breeding
programs currently active in the world [27–32]. In this study we validated the AST marker developed
in [19] for discrimination between PCNA genotypes and the different astringent types.

Validation of AST marker was carried out in a set of cultivars from the germplasm collection with
known astringency (Table 1). A total correlation between the phenotypic data of astringency and the
markers obtained in the genotypes analyzed was obtained. Figure 2b shows the PCR products of a set
of accessions. Two PVA cultivars ‘Rojo Brillante’ and ‘Tone Wase’, three PVNA cultivars ‘Agakaki’,
‘Castellani’, ‘Edoichi’ and ‘F-1.34′ showed a clear band for AST marker. The PCNA cultivar ‘Cal Fuyu’
showed no amplified product.

3.3. Marker Assisted Selection of Both Traits in the IVIA Breeding Program

After validation of the DlSx-AF4S and AST markers in a set of accessions phenotyped, we applied
both markers in the breeding program for selecting the individuals of several segregated populations
(Figure 4).

A total of 441 individuals belonging to 12 segregated populations obtained by a backcross that
consisted in (PVA × PCNA × PCNA) were evaluated (Table 2). The cross (PVA × PCNA) was
made using ‘Rojo Brillante’ a high-quality variety astringent and ‘Cal Fuyu’ a PCNA variety with
male flowers.



Agronomy 2020, 10, 1172 8 of 11

Agronomy 2020, 10, x FOR PEER REVIEW 8 of 11 

 

 
Figure 4. PCR results from agarose gel electrophoresis of 16 backcross (BC) individuals genotyped for 
AST and D1Sx-AF4S markers. (A) Presence of the marker (D1SX-AF4S) indicates ability for 
developing male flowers. (B) Absence of the marker means absence of any astringent allele (AST), 
which corresponds to a PCNA genotype The BC progenies are selected based on the absence of both 
markers, which corresponds to PCNA types without capability of the development of male flowers. 
Individuals 1, 4, 9 and 14 have been selected. 

A total of 441 individuals belonging to 12 segregated populations obtained by a backcross that 
consisted in (PVA × PCNA × PCNA) were evaluated (Table 2). The cross (PVA × PCNA) was made 
using ‘Rojo Brillante’ a high-quality variety astringent and ‘Cal Fuyu’ a PCNA variety with male 
flowers. 

The astringency trait is a dominant marker and taking into account the hexaploidy of 
persimmon, the number of PCNA genotypes obtained in crosses that involved astringent types 
depends on the number of AST alleles present in the astringent parental. The validation of the AST 
marker was made based on different segregated families by [33]. Identification of different AST 
alleles was made in a set of cultivars by means of crosses with PCNA varieties, analysis of the 
segregation obtained and sequence of the genomic region [15]. If a non-PCNA has a single A allele 
(Aaaaaa) and is crossed with a PCNA individual (aaaaaaa), 50% of the offspring will be astringent. 
In the program the F1 seedlings obtained and crossed with the PCNA ‘Cal Fuyu’ resulted in a different 
percentage of astringent genotypes. It has been demonstrated that the number of PCNA obtained 
depends on the allelic dose of the F1 backcrossed [17]. In this study, the number of individuals per 
progeny was very low for studying segregation ratios and inferred the number of A alleles in the F1 

mothers. However, taking all the tested BC1 seedlings together the rate of astringent genotypes was 
around 50%, which indicates that the F1 group of maternal genitors might contain one AST allele on 
average. 

Flower gender analysis revealed that around half of the genotypes analyzed have the capacity 
to generate the male flower (47.4%). This proportion is as expected, since the crosses need always a 
parent bearing male flowers. In the IVIA breeding program the presence of male flowers is a 
discarded trait for all types of fruit. In astringent types as PCA, PVA and PVNA, the presence of male 
flowers resulted in fruits pollinated and the production of seeds that brown the flesh and difficult the 

Figure 4. PCR results from agarose gel electrophoresis of 16 backcross (BC) individuals genotyped
for AST and D1Sx-AF4S markers. (A) Presence of the marker (D1SX-AF4S) indicates ability for
developing male flowers; (B) Absence of the marker means absence of any astringent allele (AST),
which corresponds to a PCNA genotype The BC progenies are selected based on the absence of both
markers, which corresponds to PCNA types without capability of the development of male flowers.
Individuals 1, 4, 9 and 14 have been selected.

The astringency trait is a dominant marker and taking into account the hexaploidy of persimmon,
the number of PCNA genotypes obtained in crosses that involved astringent types depends on the
number of AST alleles present in the astringent parental. The validation of the AST marker was made
based on different segregated families by [33]. Identification of different AST alleles was made in a set
of cultivars by means of crosses with PCNA varieties, analysis of the segregation obtained and sequence
of the genomic region [15]. If a non-PCNA has a single A allele (Aaaaaa) and is crossed with a PCNA
individual (aaaaaaa), 50% of the offspring will be astringent. In the program the F1 seedlings obtained
and crossed with the PCNA ‘Cal Fuyu’ resulted in a different percentage of astringent genotypes.
It has been demonstrated that the number of PCNA obtained depends on the allelic dose of the F1

backcrossed [17]. In this study, the number of individuals per progeny was very low for studying
segregation ratios and inferred the number of A alleles in the F1 mothers. However, taking all the
tested BC1 seedlings together the rate of astringent genotypes was around 50%, which indicates that
the F1 group of maternal genitors might contain one AST allele on average.

Flower gender analysis revealed that around half of the genotypes analyzed have the capacity
to generate the male flower (47.4%). This proportion is as expected, since the crosses need always
a parent bearing male flowers. In the IVIA breeding program the presence of male flowers is a
discarded trait for all types of fruit. In astringent types as PCA, PVA and PVNA, the presence of male
flowers resulted in fruits pollinated and the production of seeds that brown the flesh and difficult
the postharvest treatment for removing the astringency. PCNA types are discarded as well because
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consumers do not accept seeds in the fruits and the presence of male flowers can pollinate astringent
fruits, affecting negatively the quality and marketability of them.

Combined results of both markers, AST positive (astringency of the fruit) and DlSx-AF4S positive
(presence of male flowers) resulted in a high number of discarded genotypes. In column (AST- and
DlSx-AF4S) from Table 2 we indicated the genotypes that will be selected according to our breeding
objectives. Only genotypes not astringent (PCNA type) and without male flowers will be selected
(absence of both markers), a total of 118 from 441 (26.8%). It is important to point out that the markers
segregated independently. According to the published genome of Diospyros oleifera [34], identified as
the diploid D. kaki ancestor, the DNA fragments from which the markers were derived are located in
different chromosomes. Therefore, the AST and D1Sx-AF4 markers must segregate independently.

The low rate of genotypes selected from the populations generated indicates the usefulness of
the MAS applied in persimmon breeding. We could select at a plantlet stage the genotypes that will
be planted in the fields for further agronomic selection. This MAS avoids keeping the future rejected
plants during 4 years in the experimental fields. In our case near to 75% of the genotypes obtained
can be discarded at the seedling stage in the greenhouse, indicating a high effectiveness of MAS in
persimmon breeding.

4. Conclusions

The markers DlSx-AF4, linked to the production of male flowers and AST linked to astringency of
the fruits, have been validated in a germplasm collection of persimmon. Although the markers were
developed from Japanese cultivars, the correlation between the phenotype and genotype was 100% in
germplasm from a different origin, which demonstrated the usefulness of the markers for selecting
these important traits. Both markers have been screened in different progenies from a backcross that
includes an astringent parent from non-Japanese origin. Results demonstrated that selection of both
traits combined resulted in a very low rate of selection. In a context of breeding programs that involve
astringent cultivars the MAS applied to discriminate PCNA genotypes is highly valuable.
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