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Abstract

The fruit breeding studies require a long process and high costs. Therefore, hybridization and mutation
breeding in some countries such as Turkey were thrown into the background. The apple breeding studies in
Turkey is generally carried out as a selection breeding. However, since these studies were not carried out in
a comprehensive program, most of the selection studies could not be concluded with variety name. In these
studies, the characteristics of the genotypes were determined and they could not go further. The marker
assisted selection applications are widely used in molecular plant breeding. The DNA markers used in
molecular characterization studies are defined as fragments of DNA revealing variations or mutations which
can be used to detect polymorphism between different genotypes or alleles of a gene for a particular
sequence of DNA in a population. The aim of this study which it was planned as a preliminary study, it has
been to identify a molecular marker to help select apple cultivars or genotypes resistant to the fire blight
disease agent (Erwinia amylowora). Thus, selection studies will be accelerated and will be possible to
determine the variety or genotype which it has the desired properties in a short time. In this study, nine apple
varieties (Gala, Ak Saki, Mondial Gala, Kasel-37, Vista Bella, Starkrimson, Golden Delicious, Royal Gala,
Galaxy Gala) were used. A total of nine primers (designed from RLP1 gene sequence) were used to give
information about resistance or sensitivity to fire blight. As a result, the information thought to be related to
resistance/sensitivity to fire blight was obtained from the agarose gel image of three primer pairs (E1F/E1R,
E2F/E2R, E2F/E3R).
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1. Introduction

The apple is known as the temperate climate fruit type and is found in the genus Malus from the Pomoideae
subfamily of the Rosaceae family (Hancock et al. 2008). The fire blight is one of the important diseases
affecting the plants of pear, apple and other Rosaceae family (Zwet and Beer 1995). Erwinia amylovora
known as the fire blight agent is a bacterium in the Erwinia genus of Enterobacteriaceae family. This
bacterium is known with its short-rod-shaped, gram-negative, facultative anaerobe, peritric whip
characteristics. Erwinia amylovora causes infection in shoots, flower buds, trunks, roots and main branches
and the plants die in a short period of time (Pejchinovski 1996; Hale et al. 1996). In apple, quince and pear
gardens have occurred high economic losses in some years due to fire blight. It has been reported that there
were 10 million dollars financial losses in New Zealand in 1998. On the other side, about five hundred
thousand fruit trees were dismantled in Italy (Vanneste 2000). According to Norelli (2003), more than 220
thousand apple trees (more than 240 hectares) in southwestern Michigan has occured considerable economic
losses due to the fire blight. Oktem and Benlioglu (1988) reported that the fire blight disecase was first
detected in a pear orchard in Afyon Sultandag: first in 1985 in Turkey. It has been reported that pear trees
were severely damaged as a result of a severe infection in 1986 and 1987 (Momol et al. 1992). For this
reason, in Turkey, it has become more important to detect fire blight-resistant varieties as soon as possible
(Ozturk et al. 2011).
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Although many control methods have been tried against to fire blight, a permanent and effective control
method has not been developed up until now. The chemicals such as antibiotics and copper have been used
as plant control against this disease factor. However, it has been reported that the copper has negative effects
especially on the plant physiology and development of the flower (Basim 1999) and that repeated antibiotic
use has negative effects on human health and environment (Moller et al. 1981; Bastas ve Saygili 2008).
Biological control methods are also used for this pathogen disease. The plant breeding studies related to fire
blight-resistance has gained importance especially with the development of organic farming. The quarantine
is one of the most effective and important methods among the pathogen control methods. However, positive
results are obtained when strictly observing the quarantine rules (Zwet and Keil 1979; Maden and Toros
1991). On the other hand, the use of resistant rootstock, intermediate rootstock and cultivars have became
more important in the control of fire blight disease (Layne and Quamme 1975).

For a long time, different apple breeding programs against to fire blight have been carried out worldwide.
Among these studies, selection and hybridization methods have been widely used. A plant breeding study
that will be carried out with classical breeding methods requires a long process such as 6-12 years. In recent
years, interest in molecular-level studies has increased, particularly in order to shorten breeding time (Atay
et al. 2010). The aim of this study which it was planned as a preliminary study, it has been to identify a
molecular marker to help select apple cultivars or genotypes resistant to the fire blight factor. Thus, selection
studies will be accelerated and will be possible to determine the varieties and the genotypes which it has the
desired properties in a short time.

2. Materials and Methods

2.1. Plant Material

The leaf samples of apple varieties used in the study were obtained from collection garden at the Department
of Horticulture (Atatiirk University, Agricultural Faculty). In the spring, the first leaves from the buds of
apple trees were brought to the laboratory in cold chain and kept in the freezer (-80°C) until DNA isolation.
In this study, nine apple varieties (Gala, Ak Saki, Mondial Gala, Kasel-37, Vista Bella, Starkrimson, Golden
Delicious, Royal Gala, Galaxy Gala) were used. Some literature studies on resistance or sensitivity of apple
varieties against to fire blight are presented in Table 1.

2.2. Primer design and synthesis

In this study, the information of fire blight resistance gene determined by Gardiner et al. (2012) was used.
This RLP1 gene sequence (Accession No: IN798166) in the NCBI gene bank was used in the primer design.
A total of nine primers (four forward and five reverse) were used in this study and a total of twenty primer
combinations were tried with this primer pairs. In Table 2, base sequences and Tm (°C) values of these
primer pairs were given.

Table 1. Some literature information about apple varieties used in the study and their resistance or
sensitivity against to fire blight
Varieties Resistance/Sensitivity

Gala Very Sensitive (Zwet 1996)
Very Sensitive (Warner 1992)
Moderately Resistant (Vanneste 2000)
Very Sensitive (Hampson and Kemp 2003)
Sensitive (Yilmaz and Aysan 2009)
Sensitive (Kellerhals et al. 2014)
Sensitive (Kost et al. 2015)
Very Sensitive / Sensitive (Koski and Jacobi 2018)
Very Sensitive (Beckerman 2018)

Ak Saki1 Moderately Resistant (Demir and Giindogdu 1993)
Mondial Gala Moderately Resistant (4kgiil et al. 2005; Oz¢agiran et al. 2004)
Kasel-37 Moderately Resistant (Demir and Giindogdu 1993)
Vista Bella Resistant (Sehic et al. 2009)
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Starkrimson Moderately Resistant (Demir and Giindogdu 1993)
Sensitive (Koski and Jacobi 2018)

Golden Delicious Very Sensitive (Kleinhampel et al. 1984)
Very Sensitive (Fucikovsky 1987)
Moderately Resistant (Demir and Giindogdu 1993)
Moderately Resistant (Mirik 2000)
Sensitive (Koski and Jacobi 2018)
Sensitive (Beckerman, 2018)
Resistant (Sehic et al. 2009)

Royal Gala Sensitive (Koski and Jacobi 2018)

Galaxy Gala Moderately Resistant (4kgiil et al. 2005; Oz¢agiran et al. 2004)
Sensitive (Norelli et al. 2003; Turchek 2004)
Sensitive (Kost et al. 2015)

2.3. DNA isolation and determination of DNA concentration and purity

The DNA isolation protocol was carried out in the following steps: 1000 pl of DNA extraction buffer
(containing 0.2% of B-mercaptoethanol and 0.2 g of PVP) was added to on 0.3 g plant material in 2 ml tube
which is lysed by liquid nitrogen. The tubes were incubated at 65°C for 60 minutes. After incubation, 0.4
ml of chloroform was added and the tubes were centrifuged at 14.000 rpm for 20 minutes (+4°C). The
supernatant was transferred into a new tube and added 2.5 pl of RNase and 8 pl of proteinase-K and incubate
for 45 minutes at 37°C. To precipitate the DNA, 100 pl ammonium acetate and two and a half times the
volume of isopropanol are added to each tube. The tubes were centrifuged at 14.000 rpm for 20 minutes and
were centrifuged again for 1 minute. The DNA was then washed with 70% ethanol and dissolved in 100 ml
of 1X TE buffer. The DNA was suspended at +4°C for 24 hours and stored at (-) 20°C. DNA quantity and
purity of the samples were determined. For this, 260 (OD260) and 280 (OD280) nanometer optical
densitometric spectrophotometer nanodrop readings were made. Then, DNA concentrations were equalized.

Table 2. Base sequences and Tm (°C) values of primer pairs used in this study (F: Forward primer, R:
Reverse primer)

Primer name Primer sequence (5°—3°) Tm (°C)
E1F TCCGAATCCTTGACCTCATC 60,01
E1IR AGGTGGTTGTGGCTCAAATC 59,97
E2F ACCGCCCAGTTTAATTGTATC 60,00
E2R TTGTGGCTCAAATCTAAGTGC 60,00
E3F TTCCTTGAACCAGCTTTCG 58,98
E3R AAGACGACGCTTCAAGGTG 59,02
E4F ACTTTATCACCGGTACCATC 54,00
E4R TTGTGGCTCAAATCTAAGTG 53,97
E5R TTGTTGCAATCGAGATTTAG 53,92

2.4. PCR and electrophoresis procedures

PCR content was prepared in 22l total reaction volume; 12.5u1 dH20, 1ul genomic DNA, 0.5ul ANTP, 2ul
1xPCR buffer, 2.5ul MgCl, and 0.5ul Taq polymerase and 1pl each primer (forward and reverse primers).
The PCR cycle was based on the following steps; 5 minutes at 94°C, 1 minutes at 94 °C + 1 minutes at 45-
60°C + Iminutes at 72 °C (45 cycles) and lastly 5 minutes at 72 °C. The PCR products were run on agarose
gel electrophoresis. Agarose gel was prepared with SB (sodium borate) buffer in 1% concentration.
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Ethidium bromide was added in the amount of 0.5 mg/ml into the agarose gel. The electrophoresis process
was carried out for 150 minutes at 70 volts. The gel was examined and photographed under UV light on the
imaging device. For evaluation, a 1 kb DNA marker on the gel was used.

3. Results

A total of nine primers were used to give information about resistance or sensitivity to fire blight (Erwinia
amylowora) and the agarose gel images of these primer pair combinations were given below. Agarose gel
images of E1F/E1R, E2F/E2R and E2F/E3R primer combinations showed significantly different band
images. In Figurela, a single band were obtained (approximately 90 b) for Kasel-37 and Galaxy Gala apple
varieties used in the E1F/EIR primer pair gel image, while three bands (approximately 90bp, 150bp and
220bp) for Gala, Ak Saki, Mondial Gala, Vista Bella, Starkrimson, Golden Delicious and Royal Gala
varieties were obtained. In the E2F/E2R primer pair gel image, a single band (70 bp) was obtained in Kasel-
37 and Galaxy Gala apple varieties (Figure.1b). In addition to, two bands in Gala and Golden Delicious
apple varieties were seen at approximately 70bp and 175bp, while in the other apple varieties (Ak Saki,
Mondial Gala, Kasel-37, Vista Bella, Starkrimson, Royal Gala, Galaxy Gala) three bands of approximately
70bp, 175bp and 200bp were obtained (Figure.1b). In the gel image of the E2F/E3R primer pair (Figure.1c),
a clear band of approximately 280 bp in Ak Saki, Mondial Gala, Vista Bella, Starkrimson, Golden Delicious
and Royal Gala apple varieties were obtained according to Gala, Kasel-37 and Galaxy Gala apple varieties.
In other combinations of primer pairs, there was no band image which would show any difference to the
resistance of apple varieties for fireblight disease.

S R R e T T T E AR PR SRR g e o
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Figure 1. Agarose gel image of ELIF/ELR (a), E2F/E2R (b) and E2F/E3R (c) primer pairs (M:Marker,
1:Gala, 2:Ak Saki, 3:Mondial Gala, 4:Kasel-37, 5:Vista Bella, 6:Starkrimson, 7:Golden Delicious,
8:Royal Gala, 9:Galaxy Gala)
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4. Discussions

The selection has been one of the most important steps in apple cultivation and many of the apple varieties
described so far have been evaluated. However, many countries except Turkey, has given more importance
to hybridization breeding and has developed numerous varieties and rootstocks that were determined to be
appropriate to their ecology (Kacal et al. 2009; Atay et al. 2010). On the other hand, vegetative propagation
is preferred in order to maintain the genetic structure of perennial fruit species such as apple species. The
apple breeding studies are quite difficult and requires a long period of youth infertility and large growing
areas. Moreover, the high annual maintenance costs in these growing areas make the breeding studies harder.
In recent years, DNA-based molecular methods have been used more in order to obtain results in plant
breeding studies in less time. The use of molecular markers related to fruit quality and yield-related
characters and disease resistance allows early selection. The most important issue in all breeding programs
applied in fruit species was related to resistance to diseases.

In this study which was planned as a preliminary study, a gene sequence (RLP1 gene; Gardiner et al. 2012)
which was found to be associated with resistance to fire blight was utilized. The primers intended to be
considered as molecular marker candidates were designed from this gene sequence and were screened in
nine apple cultivars (Gala, Ak Saki, Mondial Gala, Kasel-37, Vista Bella, Starkrimson, Golden Delicious,
Royal Gala and Galaxy Gala). As a result, the information thought to be related to resistance/sensitivity to
fire blight was obtained from the agarose gel image of three primer pairs (E1F/E1R, E2F/E2R, E2F/E3R).
As a result of the use of the EIF/EIR primer pair, the Kasel-37 and Galaxy Gala apple varieties showed a
distinctly different band from the band images of the other apple varieties (Gala, Ak Saki, Mondial Gala,
Vista Bella, Starkrimson, Golden Delicious, Royal Gala) (Figure 1a). Similarly, in the use of the E2F/E2R
primer pair, the band image of Kasel-37 and Galaxy Gala apple cultivars were differed from the band images
of other apple cultivars (Figure 1b). In addition, as a result of the use of the same pair of primers (E2F/E2R),
Gala and Golden Delicious apple varieties were observed to produce a band of very little difference which
could be distinguished from other apple varieties (Figure 1b). On the other hand, as a result of using
E2F/E3R primer pair (Figure 1c), band image of Gala, Kasel-37 and Galaxy Gala apple varieties were found
different from other apple varieties (Ak Saki, Mondial Gala, Vista Bella, Starkrimson, Golden Delicious,
Royal Gala).

In this study, the literature on the resistance/susceptibility of apple cultivars to fire blight is given in Tablel.
The information in this table is generally based on the results of phenotypic analysis. Moreover, it should
be known that; the resistance to fire blight and the degree of sensitivity changed even in year-to-year climate
conditions (Koski and Jacobi 2018).

According to the information in Table1, Kasel-37 and Galaxy Gala apple varieties are expressed in moderate
resistance while Gala apple variety is very sensitive and sensitive (Zwet 1996; Warner 1992; Hampson and
Kemp 2003; Yilmaz and Aysan 2009; Kost et al. 2015; Beckerman 2018; Koski and Jacobi 2018). In a gene
transfer study by Kellerhals et al. (2014), has been mentioned to transfer the resistance gene from 'Malus x
robusta' wild apple plant to 'Gala' apple variety, which is susceptible to fire blight. In a study on a gene
transfer (Kost et al. 2015), it has stated that Galaxy Gala apple cultivar was a sensitive species against
Erwinia amylovora by Norelli et al. (2003) and (Turchek 2004). Gala and Royal Gala varieties are expressed
as apple varieties obtained by Kidd’s Orange Red x Golden Delicious hybridization (Kiddle 2006). ‘Galaxy
Gala’ is an apple variety that is cultivated as a natural mutation of the ‘Royal Gala’ apple tree which is one
of the Gala group apple varieties (Kiddle 2006). In a molecular study (Sehic et al. 2009), as a result of the
AE10-375 and GE-8019 SCAR primers, Vista Bella variety was found to be resistant to fire blight (Khan et
al. 2007). On the other hand, ‘Golden Delicious’ variety was reported to be fireblight-resistant only with the
SCAR primer named AE10-375 (Khan et al. 2007). Because the DNA based molecular markers provide
more accurate information than morphological and phenotypic evaluations, the following assessments can
be made. In this study, according to the agarose gel images obtained from E1F/E1R, E2F/E2R and E2F/E3R
primer pairs, the band information observed in Vista Bella, Golden Delicious apple varieties is similar to
the band information belonging to Ak Saki, Mondial Gala, Starkrimson and Royal Gala. Because of these
results, it can be mentioned that these apple varieties contain fire blight-resistance gene sequence. Thus, if
an explanation is made based on agarose gel images according to E1F/E1R and E2F/E2R; probably Kasel-
37 and Galaxy Gala apple varieties are sensitive and other apple varieties give an impression of resistance
against the Erwinia amylovora. On the other hand, Ak Saki, Mondial Gala, Vista Bella, Starkrimson, Golden
Delicious, Royal Gala apple varieties can be expressed as fire blight-resistant, while Gala, Kasel-37 and
Galaxy Gala apple varieties can be expressed as fire blight-sensitive according to the agarose gel image of
E2F/3R pirmer pair. The different sources indicate that Gala apple variety is very sensitive or sensitive to
fire blight. For the Gala variety; the E2F/3R image differed from the E1F/IR and E2F/2R images. It has
thought that this variety may be related to different allele hosting as a description of this situation. As a
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result, the information thought to be related to resistance/sensitivity to fire blight was obtained from the
agarose gel image of three primer pairs (E1F/E1R, E2F/E2R, E2F/E3R). Following this study, a
comprehensive study has planned in different fruit species such as apple, pear and quince which are highly
affected by this disease factor.
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