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Apples are the most consumed fruit in the European Union with the exception of citrus fruits and apple consumption is part of a healthy
and balanced diet. Although apples are recommended to consume each day, they are one of the fruits that can trigger an allergic
reaction. The most important apple allergen in Central and Northern Europe is Mald 1. The aim of the study was to analyse natural
restriction pattern variability of the part of Ypr 10 gene promotor in four apple varieties. All the analysed varieties resulted in different

cleavage profiles for Ase | and Spe | when compared to the virtual cleavage profile of the genomic sequence stored in the public

Regular article nucleotide database.
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INTRODUCTION

Food provides to humans basically nutrients and energy for the activity. When
properly formulated, it provides enough of the necessary substances, vitamins
and microelements for the life. Food should only benefit by keeping the proper
and healthy nutrition. Nevertheless, an unpleasant and damaging response to food
exist in human organism. These are undesirable food reactions or their clinically
more serious part - food allergies (Kerestes et al., 2011). Food allergy has an
immunological background, particularly in the loss of immunological tolerance to
dietary ingredients, which also manifests itself in an inadequate immune response
to food antigens - especially proteins (Fuchs, 2013). Allergic diseases arise from
many causes that complement together and overlap in their action. The condition
is the repeated interaction of the organism with the externally occurring allergen.
An important role in allergy is played by the inheritance, the ability of the
organism to prevent the influence of various infectious and non-infectious
pollutants, the quality of the function of the nervous and endocrine system, the
influence of the environment and some other influences (Petru, 1994).

Apples are one of the oldest, most desirable and most used fruits in the world and
among fruit, they possess the greatest measure in harmonious nutrition of the
population. They are versatile in the useand are grown not only for direct
consumption but also for drying, preserving or for further processing (Luby,
2003). For millennia, apples are breeded and cultivated to meet the demands of
not only the consumers. There are over 7000 varieties, but only a few dozen are
usedcommercially, such as Golden Delicious, Gala, Jonagold and Red Delicious.
Apple consumption is part of a healthy and balanced diet (Szamos, 2011). They
are the most consumed fruit in the EU with the exception of citrus fruits. Due to
the availability of fruit throughout the year, apples are a very important source of
secondary plant metabolites (Kiewning, 2013).

Although apples are recommended to consume each day, they are one of the
fruits that can trigger an allergic reaction (Pagliarany et al., 2013). Apple can
cause oral allergy syndrome (Kollmann et al., 2013) Actually, about 11.5% of
children aged 0-6 years are allergic to apples and 6.6% of adults (Kiewning et
al., 2013). Apple allergy is a common phenomenon in patients who have birch
pollen allergy. Allergists have reported, that patients tolerate one apple (Gilissen
et al., 2005). Apple varieties are divided into high, medium and low allergenic
potential groups (Kiewning, 2014). The literature reports that Golden Delicious
is a highly allergenic variety, while Santana is identified as a low allergenic
variety (Gilissen, 2005).
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Four major allergens are described in apples — Mal d 1, Mal d 2, Mal d 3 and Mal
d 4. Mal d 1 and Mal d 4 allergens are thermolabile and sensitive to proteolytic
degradation, while Mal d 2 and Mal d 3 allergens are resistant to heat and stable
to proteolytic degradation. Mal d 1 and Mal d 2 are the most important apple
allergen inducing an IgE response (Szamos et al., 2011).The most important
apple allergen in Central and Northern Europe is Mal d 1. Mal d 1 is the homolog
of the Bet v 1 family, especially due to the high sequence identity and structural
similarity between Mal d 1 and Bet v 1 (Somkuti et al., 2013). Both allergens
Bet v 1 and Mal d 1 belong to the pathogenesis-related proteins (PR-10 proteins)
(Breiteneder and Ebner, 2000). The PR-10 genes appear in a large number of
vascular plants (Somkuti, 2013). PR-10 proteins associated with pathogenesis
have been described as proteins with ribonuclease activity and ability to bind
cytokinins, steroids or DNA. Interestingly, no specific feature for PR-10 proteins
has been found so widely in many plants (Beuning, 2004). Mal d 1 (Ypr 10 gene)
was firstly characterized, isolated and cloned in 1995. Several isoforms and
variants were identified. Mal d 1 is considered to be the major allergen of an
apple that causes allergy (Piihringer et al., 2000). The Mal d 1 allergen is a 17-
18-kDa protein, 159 amino acids encoded by nucleotides 480-483 (Gao et al.,
2005). Variant Mal d 1b has 158 amino acids. The beta structure consisted of 33
(21%). 62 (39%) and 159 subunits that are included in spiral and beta-leaf
components. The Mal d 1 allergen structure consists of seven strings and one
long and short spiral (Somkuti et al., 2013). Mal d1 allergen comprise from set
of genes structured from 31 different loci where each encoding another isoform.
In addition, for each isoform, there are a number of slightly different alleles that
can code for iso-allergen variants, which increases the Mal d 1 protein variability.
Isoallergens may vary widely in their allergenic properties, but it is not clear
which of these proteins are more involved in the allergic reaction (Pagliarany et
al., 2013).

The aim of the study was to analyse natural restriction pattern variability of the
part of Ypr 10 gene promotor in three cabinet varieties of apples compared to
Santana variety and virtual cleavage pattern based on the Mal d 1 genomic
sequence stored in the public nucleotide database.

MATERIAL AND METHODS
Biological material and DNA extraction

Apple varietes used in the study (Santana, Cripps Pink, Jonagold and Gala) were
bought in local stores. Total genomic DNA was extracted by Gene JET Plant
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Genomic DNA mini Kit (Thermo Scientific) following the manufacturers
instructions for polyphenol rich tissues with a modification of the amount of
processed material (where 1 g of fresh pulp was used) and the material
homogenization (where grinding of fresh pulp in sea sand directly in lysis
solution was used). Extracted DNA was checked for the quality and quantity by
Nanophotometer P-Class (Implen).

PCR amplification, restriction analysis and amplicon separation

Genomic data of Mal d 1 allergen stored in NCBI under the acession number
AF020542.1 (Malus domestica major allergen Mal d 1 gene; complete sequence)
were used for primer designation and data mining of the existed variable
sequences of Mal d 1 allergen stored in public sequence databases by nucleotide
BLAST algorithm (Altschul et al., 1990; Johnson et al., 2008). The strength of
Mal d 1 promotor started at nt 3 and ended at nt 522 was chosen for PCR
amplification.

Combi PPP master mix (TopBio) was used in PCR and the following time and
temperature profile was used: 95 °C, 3minutes, 35 x (95 °C for 60 seconds; 58°C
for 60 seconds; 72 °C for 60 seconds) and final 72 °C for 5 minutes.
Restriction profiles of AF020542.1 acession was performed online using the
Nebcutter V2.0 (nc2.neb.com/NEBcutter2) and Restriction mapper V3
(www.restrictionmapper.org). Restriction analysis temperature treatment of
amplicons was performed by following the protocol of restriction enzymes
provider (Ase | and Spe I; New England Biolabs). Restriction fragments were
separated in 6% PAGE gels stained by GelRed (Biotium).

RESULTS AND DISCUSSION

In spite of the very good knowledge about fruit allergen protein characteristics or
their immunological interaction in sensitized patients (Rona et al., 2007), the
knowledge about their expression characteristics in plants per se is very limited.
The actually known information about the expression of Mal d 1 allergen and
Ypr 10 promoter is as follows. Yprl0 genes were found to be induced by
multiple stress factors. Application of abiotic stimuli, like salicylic acid and
reduced glutathione significantly increased both, Yprl0*a-GUS activity in
transgenic tobacco and transcriptional and translational expression of Mal d 1 in
young apple leaves. Virus infection of the transformed tobacco plants strongly
induced Yprl0*a-GUS transgene expression. After treatment with fungal
elicitors a clear increase in GUS activity and Mal d 1 expression was observed in
young tobacco and apple leaves, respectively (Piihringer et al., 2000).

Apple allergens expression was reported by Botton et al. (2009) as to be
significantly affected by shadowing, elevation, and storage, whereas water stress
slightly influenced the expression of only two genes, in spite of the dramatic
effect on both fruit size and vegetative growth of the trees.

Data minig was applied firstly to check the variability of different Yprl0
promotor (nt 3-522) possible stored in NCBI. Using the BLAST algorithm to
Malus domestica taxid 3750, only two differences in nucleotide sequences were
found (figure 1). In the case of T/A substitution, the Fai I restriction site
(YAT/R) was identified.

nt
AF020542.1| 5°.......307 ATTTTGTTCATTATTGT ..... 3’

FN823234.1| 5°...44491 ATTTTGTTCCTTATTGT ... 3’

AF020542.1{5".......127 GGTACCATTAGTTATTCAGC ..... 3’

FN823234.1| 5.....4431 GGTACCATAAGTTATTCAGC ..... 3’

Figure 1 Comparison of variable sites of nt 3-522 of Yprl0 gene promotor in
actual NCBI dataset.

Complete restriction map of the amplified part of Yprl0 gene promotor was
analysed in the second step and two restriction endonucleases were chosen for the
analysis of apple varieties used in the study — Ase I and Spe I. In silico cleavage
by Ase | has resulted in four restriction fragment and cleavage by Spe | has
resulted in two restriction fragments with the characteristics completed in figures
2-4.

11 L 1 L 1 , L 1 L 1 520
| | | |

Spel fsel fsel Asel

Figure 2 Schematic positions of restriction sites of Ase land Spe |in the
amplicon analysed in the study.
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Length 5'Enzyme 5' Base 3'Enzyme 3'Base Sequence
494 Spel 27 none 520 CTAGTTTATC AGCCACAAAA TTTATCTCAT GATAAATAAA TACGACGGAG
TTTACAAATC AAAACTTTGG ATTATTTTGT CACAATGTAG ATATCCATCC
CCAAGTATAA TCAGGTACCA TTAGTTATTC AGCGTTTGTA ACGAATTTAT
TTAATTCCAA GTAAATTAAT AAGGAGTTTA CTCCAGTGCA AGATATAGAA
TTTAATTTAG AGAATTTTAA CGAAAAATTT CCGGTTCTGT TCATTTTAAC
GAAAAATCAC ATTTTTATAT TAAAAAGTCA ATTCTGGTAC TATTCACTTT
ACCCTTTATT TTGTCATTAT TGTTAAAACT CAAAGTTTTC AAGCACTTTT
TATTAATTTT TCTTTTAATT TATACTAAGA AGTTGTTGAG AAAGCAACTG
GAAATTAATG AGAGAAATTG ATAGGCAACG TTGACTGCCA GTTGCCATTG

TTGAAACAAA AAGAACTCTC AAGTCTTCAA CACCCCATCC TCAT

26 none 1 Spel 26 GCTCGATCAC GATAAACTAA GGTTAA

Figure 3 In silico restriction map of nt 3-522 of Ypr10 gene promotor stored in
NCBI by Spe I.

Length 5 Enzyme 5'Base 3 Enzyme 3' Base Sequence

192 none 1 Asel 192 GCTCGATCAC GATAAACTAA GGTTAACTAG TTTATCAGCC ACAAAATTTA
TCTCATGATA AATAAATACG ACGGAGTTTA CAAATCAAAA CTTTGGATTA
TTTTGTCACA ATGTAGATAT CCATCCCCAA GTATAATCAG GTACCATTAG

TTATTCAGCG TTTGTAACGA ATTTATTTAA TTCCAAGTAA AT

187 Asel 193 Asel 379 TAATAAGGAG TTTACTCCAG TGCAAGATAT AGAATTTAAT TTAGAGAATT
TTAACGAAAA ATTTCCGGTT CTGTTCATTT TAACGAAAAA TCACATTTTT
ATATTAAAAA GTCAATTCTG GTACTATTCA CTTTACCCTT TATTTTGTCA

TTATTGTTAA AACTCAAAGT TTTCAAGCAC TTTTTAT

89 Ascl 432 none 520  TAATGAGAGA AATTGATAGG CAACGTTGAC TGCCAGTTGC CATTGTTGAA
ACAAAAAGAA CTCTCAAGTC TTCAACACCC CATCCTCAT
52 Asel 380 Asel 431 TAATTTTTCT TTTAATTTAT ACTAAGAAGT TGTTGAGAAA GCAACTGGAA

AT

Figure 4 In silico restriction map of nt 3-522 of Ypr10 gene promotor stored in
NCBI by Ase I.
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Figure 5 Restriction profiles of analysed amplicons compared to the predicted by
virtual cleavage.
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Finally, PCR were performed using the extracted DNA of all of the analysed
apple varieties and subsequent restriction cleavage was applied. Virtual cleavage
maps were compared to the obtained restriction profiles (figure 5).

Virtual cleavage maps were based on the sequence of Malus domestica major
allergen Mal d 1 gene that was used in the data mining analysis. This sequence
was isolated from the apple variety Mclintosh by (Piihringer et al., 2000).
Mclntosh is reported in the literature as one of the hypoallergenic varieties
together with the Santana (Bolhaar et al., 2005; Kootstra et al., 2007) and Pink
Lady (trade name of club cultivar Cripps Pink) (Vlieg-Boerstra et al., 2011,
2013).

Restriction profile of Santana variety was the same as the virtual profile of the
Mclintosh variety only in the case of the Ase | cleavage. All the others analysed
varieties resulted in different cleavage profiles for Ase I. In total, 12 different
restriction fragments were obtained for varieties Jonagold and Cripps Pink and 10
for variety Gala. Spe I restriction cleavage resulted also in three different
cleavage pattern, but here, Gala and Cripps Pink profile were concordant and
Santana was again different from all of the other analysed varieties. All of the
analysed varieties resulted in four restriction fragments in the case of Spe
| cleavage, but they differ in the lenght of the fragments. That is, why it can be
supposed, that a wide natural variability exist for Mal d 1 allergen of apples
among the varieties.

Mal d 1 aminoacids variability was reported by Bokszczanin et al. (2015) in the
study, where new Mal d 1 alleles were identified among Polish Apple
varieties. Seven variants of Mal d 1.01 were investigated with three new; three
variants of Mal d 1.02 where two new were described; four variants of Mal d
1.04 with three new and one pseudoallele; seven different variants of Mal d
1.06A where three new were described; six variants of Mal d 1.06B with four
new and finally three variants of Mal d 1.06C where two new variants were
described.

All these alleles result in 16 different protein izoforms in polish apple varieties.

CONCLUSION

Restriction analysis of the part of the Ypr10 gene promotor of Mal d 1 allergen of
apples was performed in the study and a variability of obtained restriction
patterns was described. Four varieties were used in the study — Santana, Cripps
Pink, Jonagold and Gala. All the restriction fragments were compared to those
that were prepared by virtual cleavage of the genomic sequence of Mcintosh
Apple variety stored in the NCBI. Different restriction profiles of the analysed
part of the Mal d 1 allergen exist in apple varieties.
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