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Abstract: Citrus fruits enjoy widespread consumption globally, being among the most popular
fruits. They are highly regarded for their nutritional composition, offering a range of beneficial nu-
trients. However, it's important to acknowledge that they can also elicit allergic reactions in sensi-
tized individuals, which presents a contrasting aspect. Bet v 1 cross reacting allergen is major birch
pollen allergen and it the most commonly sensitizing allergen in central Europe. Bet v 1 belongs to
the group of PR-10 proteins in the plant kingdom that cause a various allergic reaction. Bet v 1
allergen has a number of isoforms and homologues. These homologues genes are inherited from a
common ancestor and subsequent amino acid similarity. It can cause the phenomen cross-reactivity
in food allergies. The aim of the study was analyzing the length polymorphism variability of the Bet
v 1 homologs in orange varieties by using degenerated and nondegenerated primers. A total of 8
varieties of Citrus sinensis L. Osbeck were used in the analysis. BBAP technique (Bet v 1 based am-
plified polymorphism) was used to detect the length variability of fingerprints of allergen encoding
genes of Bet v 1 homologs. Degenerated primer combination and only a one from nondegenerated
variant of primers provided fingerprints, that were unique for every individual variety of analyzed
oranges. In all other primer variants, from 2 up to the 4 varieties generated the same BBAP profile,
what indicate the higher degree of Bet v 1 homologs seguentional conservativity when compared to
other fruit species.
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1. Introduction

Oranges are one of the most grown species and account for more than half of the
world's citrus production [1]. Citrus sinensis L. Osbeck contains various flavonoids, flavo-
nols, polymethoxy flavonoids, flavanones and coumarins [2]. In addition to its excellent
nutritional value, Citrus sinensis L. Osbeck is also known for its use in medicine because
possesses antiproliferative activity, antibacterial activity, antifungal activity antiparasitic
activity, insecticidal activity and many others health benefits [3]. Oranges are divided into
sweet oranges, which are divided into: navel oranges, white oranges, and blood oranges.
And then we have a group of sour oranges [4].

Plant species have a large number of proteins in common, including allergenic pro-
teins. An increasing number of proteins potentially expressed in all plant species have
been identified from decades of molecular biology studies and genome sequencing. Many
genes encoding homologous proteins have been found in the genomes. Bet v 1 (major
allergen of birch pollen) and its homologues belong to the PR-10 (pathogenesis-related
class 10) protein family [5]. Research about Bet v 1 allergen dates back to 1989 [6]. Many
plants contain food allergens that are Bet v 1 homologues, suggesting that people allergic
to birch pollen often suffer from the PFS (pollen food syndrome) syndrome. when such a
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phenomenon occurs we talk about cross-reactivity [7]. Cross-reactivity can be described
as the similarity between two allergens, and the more similar they are, the more likely it
is that cross-reactivity will occur [8]. Franzese and co-authors reported that the cross-re-
action is a consequence of a similar epitope structure of the allergen to which the same
antibodies bind [9]. Reactions to plant foods associated with birch pollen (Bet v 1) are
considered to be the most common form of food allergy in adults in Central and Northern
Europe [10]. Studies show that cross-reactions occur between oranges and other foods
such as peanuts [11]. Database AllerBase contains up to 27 isoallergens Bet v 1 [12]. When
we refer to isoallergens, we are talking about allergens that are homologous and exhibit
shared biochemical characteristics. These shared properties include a similar molecular
size, comparable or identical known biological functions, and an amino acid sequence
identity of at least 67%. It's important to note that each isoallergen can has multiple highly
similar forms (> 90% identity), which are commonly referred to as variants or isoforms
[13]. Structurally homologous Bet v1 isoforms may have different properties in terms of
allergic sensitization and Th2 polarization. This is probably due to differential suscepti-
bility to proteolytic cleavage [14]. Database also contains cross-reactive allergens which
include the allergen Mal d 1, which is the main allergen of Malus domestica [15], Api g1,
major allergen of Apium graveolens [16] and many others. The knowledge of the Bet v 1
homologues is increasing, but the knowledge of the ypr10 gene and its potential applica-
bility in different genomic techniques is still limited. However, a certain percentage of
homology has been found [17].

Four primer pairs were designed for the development of the BBAP technique for the
comparison of triplets for different amino acids (histidine/asparagine/glutamine/lysine).
In developing the primers, the authors focused specifically on two amino acid segments.
These segments were subjected to BLAST (Basic Local Alignment Search Tool) analysis
with fruit species with established genomic sequences. Forward primer was designed for
a region of high homology in Malus domestica [18]. Degenerate primer has degeneracy sit-
uated at positions 12 (S) and 14 (K), meaning that position 12 can be occupied by either
guanine or cytosine, and position 14 can be filled with either thymine or guanine [19, 20].

2. Methods
Plant material and DNA isolation

In the study we used 8 varieties of Citrus sinesis L. Osbeck (Salustiana, Navelina,
Navel Late, Mid Knights, Odmiana, Lane Late, Valencia). Total genomic DNA was iso-
lated by using Thermo scientific GeneJET purification mini kit, according to the manu-
facturer's protocol. The samples were subjected to a PCR analysis to confirm their func-
tionality. In this analysis, the presence of ITS (Internal Transcribed Spacer) sequences,
which are universally present in organisms belonging to the Eukarya domain, were ex-
amined. The presence of ITS was verified on 1.5% agarose gel.

BBAP analysis

In our analysis, the BBAP technique was used to detect the homologues of Bet v 1 aller-
gen in Citrus sinensis L. Osbeck. Five different reverse primers were used in the PCR
analysis according to the methodology of Ziarovska and Urbanova [18]: R1 (5'- aaccacac-
catcaccgac - 3"), R2 (5" — aaccacaccatcaacgac - 3°), R3 (5" — aaccacaccatgaccgac - 3"), R4 (5
— aaccacaccatgaacgac - 3") and one degenerated primer (5 - ttggtgtggtastkgctg - 3"). One
forward primer was used in analysis (5" — cctggaaccatcaagaag - 3'). The premix itself
consisted of 5 ul of Mastermix (2x Elizyme HS Robust Mix), forward primer and reverse
primer in 400 nM concentrations, H20 and 4 ul of DNA. All components were pipetted
to a final volume of 10 ul. The following temperature and time regimes were used for
thermal cycling on the PCR cyclers: initial denaturation 95°C for 5 minutes, denaturation
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95°C for 45 seconds, annealing 54°C for 45 seconds, elongation 72°C for 35 seconds and
the last step was final elonfation 72° for 10 minutes. Results from electroforeogram were
processed by using GelAnalyzer. Binary matrix was created from fragments distribution
in gel, and followed dedrogram by using DendroUPGMA [21]. Jaccard coefficient has
been used to compare between sets of variables.

3. Results and discussion

Due to a phenomenon called cross-reaction, allergy to oranges is often associated with
pollinosis and sensitization to other plants [22]. Using reverse primer R1, a total of 56
fragments were amplified in all Citrus sinensis varieties. These fragments were visualized
and evaluated on agarose gels, indicating the presence of approximately 200 bp (base
pair) fragments in each variety. When the reverse primer R2 was used, slightly more
fragments (58) were produced. Conversely, when the reverse primer R3 was used the
smallest number of fragments, only 38 being detected. The reverse primer R4 resulted in
the production of 57 fragments. Additionally, the use of the degenerate primer led to the
amplification of 48 fragments. By using primers R2, R3, R4 we detected Bet v 1 homo-
logues with size around 388 bp. The main allergen of birch Bet v 1 gained its notoriety
thanks to the phenomenon of cross-reaction. It is likely that homologues of Bet v 1 found
in several plants cause the so-called cross-reaction phenomenon in humans [10]. The
variability of homologues of Bet v 1 with the BBAP technique used was monitored in
Malus domestica [20], and in cereals, specifically in Avena Sativa [23]. In a study con-
ducted by Ziarovska and co - authors did an analysis where allergen Bet v 1 homologues
were identified in a range of 30 plant species. These species included Ficus carica, Carica
papaya, Pyrus communis, Punica granatum, Vaccinium myrtillus, Ananas comosus, Citrus re-
ticulata, Annona cherimola, Castanea sativa, and Citrus x limon [17]. Notably, the study also
investigated Citrus sinensis, the focus of our own investigation. The presence of Bet v 1
homologues in these diverse plant species suggests a potential role in allergenicity and
highlights the relevance of understanding these homologues across various plant taxa.
Urbanova 2021 applied the BBAP technique to different vegetable species to see what
profiles and how much variability there is between species. The vegetables included Al-
lium cepa, Beta vulgaris, Spinacia oleracea, Daucus carota and others. Apium graveolens was
also analyzed in the same study [24]. Bohle in their study already reported that in these
vegetable species the Bet v 1 homologues are present [25]. Several techniques have al-
ready been used to detect Bet v 1 homologues in plants such as Cannabis sativa [26].
Comparing and searching for conserved stretches of PR genes has also been addressed
by Juskyté and her colleagues. In their study comparing the sequences of a putative PR
gene among different crops, including Citrus sinensis [27].
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Figure 1. Dissimilarity dendrograms for length polymorphism of Bet v 1 homologues in
analysis of different varieties in Citrus sinenes L. Osbeck. The letters represent the follow-
ing varieties of Citrus sinensis: A = Salustiana, B = Navelina, C = Navel Late, D = Mid
Knights, E = Odmiana, F = Lane Late, G = Navel and H = Valencia.

Cophenetic correlation coefficient when using primer R1 is 0.83, for R2 it is 0.91, for R3 it
is 0.94, for R4 it is 0.79 and for D it is 0.86. Genetic distance was from 0.000 (Odmiana
and Lane Late) to 0.545 (Odmiana and Navel Late, Lane Late and Navel Late) by using
primer R1, from 0.000 (Odmiana and Mid Knights, Valencia and Mid Knights, Valencia

U = W N



Biol. Life Sci. Forum 2023, 3, x 5 of4

and Odmiana) to 0.556 (Navel and Salustiana) by using primer R2, from 0.000 (Navel
and Mid Knights, Navelina and Navel Late) to 0.667 (Salustiana and Valencia, Mid
Knights and Valencia) by using primer R3, from 0.222 (Navel and Lane Late) to 0.636
(Navel and Valencia) by using primer R4, and from 0.167 (Navel and Navelina) to 0.889
(Mid Knights and Navel Late) by using primer D. From results of distance matrix and
dendrograms we can conclude that when we use primer R1 and R2, the same profile was
degenerated between some varieties, but on the contrary, by using primers R3, R4 and
D, there were different profiles between each variety.

4. Conclusion

It is likely that in Central Europe, where birch is abundant, homologues of the Bet v1
allergen in plants such as Citrus sinensis L. Osbeck may play a role in allergy to Citrus
sinensis. This analysis provides valuable information about the variability between each
variety of Citrus sinensis L. Osbeck. The successful application of this BBAP technique to
Citrus sinensis L. Osbeck varieties suggests that they have a wide range of practical uses
and as we have found out from another studies this technique can be applied to different
types of vegetables and fruits with consistent results. This universal applicability indi-
cates that the BBAP technique can be utilized across multiple vegetable and fruit species,
allowing for efficient and reliable analysis of genetic variability.
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