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Nonspecific lipid transfer proteins (nsLTP) are common allergens discovered and described 40 years ago. 
They are present in many plant species and protect plants from stressors such as heat and drought. Studies on 
the peach nsLTP, Pru p 3, show that nsLTP are very cross-reactive through presented IgE epitopes shared by nsLTP 
from other botanically related fruits. These allergens are to varying degrees resistant to heat and digestion, and 
sensitization may occur through the oral, cutaneous, or inhaled routes. In the last years, several web tools for 
the prediction of allergenicity of new molecules based on their homology with known allergens have been created, 
and have established guidelines to assess potential allergenicity of proteins through bioinformatics. Here, Allerbase 
and NCBI Protein BLAST were applied to characterize the protein sequences of nsLTPs of plant species – Malus 
domestica Borkh., Prunus persica (L.) Batsch., Daucus carota (L.), Vitis vinifera (L.) and Solanum lycopersicum (L.). 
Obtained primary data were evaluated by the algorithm NCBI BLAST (Basic Local Alignment Search Tools). This tool 
allows searching similar protein sequences, in this case, was used Protein BLAST for comparing protein sequences. 
Most of the analysed sequences displayed a high probability of being allergenic according to the high sequencing 
identity and sharing IgE epitopes to each other. The highest sequencing identity in preselected plant species was 
presented between Pru p 3 (isoform Pru p 3.0102) and Mal d 3 (isoform Mal d 3.0101), 91.32% and they share the 
same epitope, NNA. The lowest sequencing homology was identified between Mal d 3.0203 and Dau c LTP, 43.10% 
and they did not share any epitope to each other.
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Introduction 
Non-specific lipid transfer proteins (LTP), 7–9 kDa 
proteins present in high concentration (around 4% of 
the total soluble proteins) in higher plants (Kader, 1996; 
Yeast and Rose, 2008), are one of the most common 
causes of primary food allergy in the Mediterranean 
area, where it induced the largest number of food-
dependent anaphylactic reactions. A gradient exists 
in the prevalence of LTP sensitization between 
northern and southern regions (Asero et al., 2009). 
This peculiar geographical distribution is still poorly 
described, the hypotheses of primary sensitization are 
probably associated with genetic factors, abundance 
of cultivation/maintenance, number of harvest 
(the harvest in the Mediterranean can take up to 
8–12 months), and year-round consumption. However, 
the main factor is associated with the prevalence of 
flowering trees to which the population is exposed. 
The pollen in these trees has cross allergens with 
LTPs. Observation of data suggests, that the presence 
of birch pollen protects against the symptoms of LTP 
allergy; the higher the levels of birch pollen, the lower 
the prevalence of LTP in different parts of the world 
(Vereda et al., 2011).

Thanks to the structural homology among LTPs from 
botanically unrelated species and their widespread 
distribution throughout the plant kingdom, patients 
may become sensitized after ingesting a large array 
of plant foods. LTPs are pepsin and thermal- resistant, 
they remain in an unmodified form in the intestinal 
tract, which is the essential condition to induce 
systemic reaction (Asero et al., 2002).

Most LTPs are located in the superficial layers of 
fruits (peach, apple), and some are present in higher 
concentrations in seeds, which are eaten with pulp 
(kiwi, tomato). Other seeds, like almonds, have no 
significant amount of LTP, but they contain a peel that 
is frequently eaten along with the seed and probably 
contains it (Pravettoni et al., 2009; Bernadri et al., 
2011; Giangrieco et al., 2015).

LTP families are divided into two subfamilies, which 
are different in their molecular mass, LTP 1–9 kDa – 
which includes the majority of LTP proteins, and LTP 
2–7 kDa which includes a much more limited number 
of representatives. 

These subfamilies share a general molecular structure 
but indicate low sequence similarity – about 30% 
sequence identity. Peach is the most probable cause of 
LTP sensitization in an endemic area and according to 
Pastorello et al. (2013) a peach contains most of LTP 
epitopes. Based on sequence identity between LTPs, 

after peach, the most offending foods belong to the 
Rosaceae family (apple, pear, apricot, plum, almond, 
etc.), followed by hazelnut, walnut, and peanut. Asero 
et al. (2013) reported a study of LTP-safe plant foods 
with a conclusion that plant foods like carrots, bananas, 
melons and potatoes were clinically tolerated by all 
LTP-allergic patients studied previously (Asero, 2007). 
In melon, LTP are located on the surface and may induce 
contact dermatitis after handling (Gandolfo-Cano, 
2014). LTPs isolated from banana can cause adverse 
reaction in a selected paediatric population (Palacin et 
al., 2011). Allergic reaction to other plant foods such 
as cereals, tomato, onion, fennel, celery, broccoli, and 
saffron are rarer and prevail in patients with very 
elevated IgE level to Pru p 3 (Pastorello, 2013).

Here, in silico approach was used to identify conserved 
parts in the aminoacid sequences of lipid transfer 
proteins in selected plant species to be able to select the 
regions suitable for the design of degenerate primers 
as a base for a new DNA marker technique.

Material and methodology

Biological material
A total of five plant species were selected – Malus 
domestica Borkh., Prunus persica (L.) Batsch., 
Daucus carota (L.), Vitis vinifera (L.) and Solanum 
lycopersicum (L.) (Table 1) for sequentional 
characteristics of nsLTP. 

All the species were selected based on our previous 
studies where homologous sequences of allergen 
coding genes were in silico evaluated and a functional 
DNA marker techniques were developed for this genes 
(Žiarovská and Urbanová, 2022; Čerteková et al., 2023).

Applied algorithms
First, identification of LTP proteins was performed for 
selected plant species. Allerbase was used to search for 
allergens and their isoforms (Table 1). 

Selected primary sequences data were evaluated by the 
algorithm NCBI BLAST (Basic local Alignment Search 
Tools) (Altschul et al., 1990; Altschul et al., 1997) for 
cross-aligning of the obtained sequences for individual 
intraspecific variability of isoform as well as for 
interspecific variability among selected plants. Output 
data were shown in a defined table with indicators 
such as sequences, alignment, and score. 

The main parameters evaluated were query cover and 
percentage of identity. The query cover is a number 
that describes how much of the query sequence was 
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covered by the target sequence. The percent identity is a 
number that describes how similar the query sequence 
is to the target sequence (how many characters in each 
sequence are identical).

In the obtained amino acid sequences IgE epitopes 
were marked and were obtained their sharing with 
each other.

Statistical analysis
Results processing and evaluation was handled with 
the basic software device Microsoft Office Excel 2007 
and Microsoft Office Word 2007 (WINDOWS 10 Home). 
Free-available databases NCBI GenBank and Allerbase 
served as material resources and also free-available 
tools NCBI BLAST among selected sequences.

Results and discussion
Pru p 3, the peach allergen, is a non-specific lipid transfer 
protein type 1 known as a precursor for other nsLTP-
related sensitizations (Pravettoni et al., 2009; Bernadri 
et al., 2011; Asero et al., 2007, 2013; Pastorello, 2013; 
Gandalfo-Cano, 2014; Giangrieco et al., 2015). Peach 
LTP operates as an archetype of the LTP family due to 
its broad distribution among the plant species. It mostly 
cross-reacts with most members of the Rosaceae 
family, such as apple, cherry, plum, apricot, and with 

other families such as hazelnut, peanut, tomato, onion, 
and carrot. Pru p 3 acts as a marker allergen for severe 
systemic symptoms and it is a diagnostic indicator for 
detecting allergy to the Rosaceae family. Peach LTPs 
are expressed as two isoforms: LTP 1 – mostly found 
in pollinated flowers and LTP 2 – usually found in the 
ovary (Allergen Encyclopedia, 2022). In peach Pru p 3 
six amino acid sequences were identified, which were 
bound IgE antibodies – known as epitopes (Table 2).

Due to the sharing of LTP homologous IgE-epitopes in 
botanically unrelated species, cross-reactivity to one 
another can occur (Asero et al., 2002; Sharma, Vitte, 
2004). Pru p 3 is referred to as plant panallergen as it 
has widespread distribution among plant-foods and 
pollens. The difference between the two isoforms of 
Pru p 3 is only 2.2% and they are varied in two epitopes. 
Pru p 3.101 contains epitopes in 72–91 sequence 
positions (violet in Figure 1) and are different from 
each other in 76. amino sequence positions. Epitop of 
Pru p 3.101 is situated in 78. –80. sequences position 
(Figure 1) and is different from another isoform in 76. 
sequence position.

Pru p 3 shows a significantly similar identity to apple 
LTP – Mal d 3 – from 76,92% to 91,32%. Pru p 3 
contains apple LTP epitope – NNA from 64. sequence 
position (Figure 2).

Table 1 Plant species selected for bioinformatic analysis
Species Isoform of allergen NCBI Protein (GenPept) accession code

Prunus persica
Pru p 3.0101 P81402
Pru p 3.0102 CAB96876

Malus domestica

Mal d 3.0101 AAT80633
Mal d 3.0101 AAT80634
Mal d 3.0101 AAT80635
Mal d 3.0101 AAT80636
Mal d 3.0101 AAT80637
Mal d 3.0102 AAT80649
Mal d 3.0201 AAT80650
Mal d 3.0201 AAT80653
Mal d 3.0201 AAT80654
Mal d 3.0201 AAT80655
Mal d 3.0201 AAT80656
Mal d 3.0202 AAT80663
Mal d 3.0202 AAT80664
Mal d 3.0203 AAT80665

Daucus carota Dau c LTP AAB96834
Vitis vinifera Vit v 1.0101 AAO33394
Solanum lycopersicum Sola l 3.0101 AAB42069
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Pru p 3 shares 62.92% sequence identity with the 
allergen of Vitis vinifera Vit v 1. Unrelated species 
such as carrots, amino sequence identity is between 
55.06–56.18%. They share the same epitope in 
structures – NNA. The lowest similarity species is 
between peach and tomato allergen Sola l 3 – 49.45% 
but it is still enough for cross-reactivity to occur. Mal 
d 3 is a non-specific lipid transfer protein (nsLTP) and 
is known as an important pan-allergen of apple (Malus 
domestica) (Sancho et al., 2006). The most reported 
cases of apple allergy are in European countries but 
especially in the Mediterranean regions. Mal d 3 is 

concentrated in the epidermis of the apple, but it 
depends on the type of cultivated apple, storage after 
harvest, position of the tree, and apple maturity. Apple 
LTP is a highly thermostable protein, and it is resistant 
to pepsin digestion (Allergen Encyclopedia, 2022). 
Sancho et al. (2006) state that the concentration 
of Mal d 3 is higher in apple grown in the shady site 
compared to sunny sites and in fully mature fruit ready 
for consumption. Mal d 3 occurs in two isoforms – Mal 
d 3.01 and Mal d 3.02, in which the sequence identity 
is between 85.22 to 98.26%. Mal d 3 sensitization can 
double as a marker for primary sensitization to apple 

Species Isoalergen Protein Species Isoallergen Protein Query % Identity %
Prunus persica Pru p 3.0101 P81402 Prunus persica Mal d 3.0101 AAT80635 100 80,22

Query  1    ITCGQVSSALAPCIPYVRGGGAVPPACCNGIRNVNNLARTTPDRQAACNCLKQLSASVP
  ITCGQV+S+LAPCI YVR GGAVPPACCNGIR +N LARTT DRQ ACNCLK L+ S+ 

Sbjct  25   ITCGQVTSSLAPCIGYVRSGGAVPPACCNGIRTINGLARTTADRQTACNCLKNLAGSIS

Query  61 VNPNNAAALPGKCGVHIPYKISASTNCATVK  91
VNPNNAA LPGKCGV++PYKIS STNCATVK

Sbjct  85 VNPNNAAGLPGKCGVNVPYKISTSTNCATVK  115

Figure 1 The epitopes of Pru p 3 isoforms and their query cover and identity
Standard IUPAC codes are used for aminoacids

Table 2 LTP epitopes and cross-reactive allergens of Pru p 3 by Allerbase database
Allergen Cross reactive 

allergen
Isoallergen Locus Epitope Type of epitope Aminoacid 

position

Pru p 3

Mal d 3 Pru p 3.0101 P81402 APCIPYVRGG sequentional/linear 11–20
Pru ar 3 – – IRNVNNLARTTPDRQ sequentional/linear 31–45

Zea m 14 – – GKCGVSIPYK sequentional/linear 71–80
Ory s LTP – – RTTPDRQAA sequentional/linear 39–47

Pru d 3 – – RNVNNLARTT sequentional/linear 32–41
Vit v 1 – – KCGVHIPYKISASTNC – –
Jug r 3 Pru p 3.0102 CAB96876 ATVK sequentional/linear 72–91

Note: Standard IUPAC codes are used for aminoacids

Species Isoalergen Protein Species Isoallergen Protein Query % Identity %
Prunus persica Pru p 3.0101 P81402 Prunus persica Mal d 3.0101 AAT80635 100 80,22

Query  1    ITCGQVSSALAPCIPYVRGGGAVPPACCNGIRNVNNLARTTPDRQAACNCLKQLSASVP
  ITCGQV+S+LAPCI YVR GGAVPPACCNGIR +N LARTT DRQ ACNCLK L+ S+ 

Sbjct  25   ITCGQVTSSLAPCIGYVRSGGAVPPACCNGIRTINGLARTTADRQTACNCLKNLAGSIS

Query  61 VNPNNAAALPGKCGVHIPYKISASTNCATVK  91
VNPNNAA LPGKCGV++PYKIS STNCATVK

Sbjct  85 VNPNNAAGLPGKCGVNVPYKISTSTNCATVK  115

Figure 2 Epitopes of Pru p 3.0101 and Mal d 3.0101
Standart IUPAC codes are used for aminoacids
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allergy and can differentiate true apple allergy from 
birch-apple syndrome. Extensive cross-reactivity may 
be observed between Mal d 3 and LTP-containing foods 
(Gomez et al., 2014; Chebib et al., 2022). The highest 
amino sequence identity observed in species has Mal d 
3 with Pru p 3 – 76.92–91.32% (Table 3). 

The similarity between Mal d 3.01 and the LTP of Vitis 
vinifera L. is 50.05% and with Mal d 3.02 it is 55.93%. 
Sola l 3 shares with Mal d 3 identity equal to 52.66% 
and with Mal d 3.02 about 51.06%. 

In Mal d 3, four epitopes are identified. The epitope 
NNA shares with all of its isoforms and also with Pru p 
3 and Dau c LTP. The epitope YVRSGGAVP is currently 
only in isoform Mal d 3.0101. Place for binding with 
IgE antibodies – NVPYKSTS is present in every apple 
isoform LTP. 

Daucus carota is one of the most important and popular 
widely cultivated root vegetables. Carrot sensitization 
is found wide across Europe and in the USA, Mexico, 
and some countries of Asia. Ingestion of carrot can 

trigger pollen-food-allergy syndrome associated with 
birch pollens. Dau c 1 was reported as a major allergen 
which is homologous to Bet v 1, the birch pollen 
allergen. According to Uter et al. (2017), systemic 
reaction was developed in about 50% of carrot-allergic 
patients. Dau c LTP shares the same epitopes as Pru p 3 
and Mal d 3 but has yet not found a negative influence 
on the formation of allergic reactions. These allergens 
share sequence identity from 43.97–56.18%. With Vit 
v 1 similarity in sequence equals to 50.46% and with 
Sola l 3 to 55.56% (Figure 3). 

Vitis vinifera is one of the oldest cultivated plants 
(Grassi, Arroyo-Garcia, 2020; Guzmán-Ardiles et al., 
2023). It is grown especially around the Mediterranean, 
but it is consumed all over the world also in the form of 
juice or wine. Some patients who are allergic to grapes 
can tolerate wine. Vit v 1 is the main allergen of vitis 
vinifera with sensibilization from 70 to 100% in grape-
allergic individuals (Allergen Encyclopedia, 2022). Vit 
v 1 shares the highest sequence homology with Pru 
p 3 – 62.92%. With Mal d 3 the sequence identity is 

Table 3 The query cover and sequence identity between Mal d 3.0101 and its isoforms and other LTP allergens 
Isoallergen Protein Isoallergen Protein Query (%) Identity (%)

Mal d 3.0101 AAT80633

Mal d 3.0101 AAT80634 100 100
Mal d 3.0101 AAT80635 100 100
Mal d 3.0101 AAT80636 100 100
Mal d 3.0101 AAT80637 100 100
Mal d 3.0102 AAT80649 100 98.26
Mal d 3.0201 AAT80650 100 86.96
Mal d 3.0201 AAT80653 100 86.96
Mal d 3.0201 AAT80654 100 86.96
Mal d 3.0201 AAT80655 100 86.96
Mal d 3.0201 AAT80656 100 86.96
Mal d 3.0202 AAT80663 100 85.22
Mal d 3.0202 AAT80664 100 85.22
Mal d 3.0203 AAT80665 100 85.22

Dau c LTP AAB96834 99 49.14
Vit v 1.0101 AAO33394 99 55.08
Sola l 3.0101 AAB42069 81 53.19

Note: Standard IUPAC codes are used for aminoacids

Table 4 LTP epitopes and cross-reactive allergens of Mal d 3 by Allerbase database
Allergen Cross reactive 

allergen
Isoallergen Locus Epitope Type of epitope Aminoacid 

position
Mal d 3 Pru p 3 Mal d 3.0101 AAT80633 YVRSGGAVP sequentional/linear 40–48

Fra a 3 Mal d 3.0101 AAT80634 INGLARTTADRQTACI sequentional/linear 58–75
Pru p 3 Mal d 3.0101 AAT80635 NNA sequentional/linear 88–90

- Mal d 3.0101 AAT80636 NVPYKISTS sequentional/linear 100–108
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on average 55.23% similar to each other. Homology 
between Vit v 1 and Dau c LTP is equal to 50.5% and in 
Sola 3 it is a little bit higher – 56.40% (Figure 3). In the 
allergen, no epitopes have been identified. 

Tomatoes are one of the most important popular 
vegetables which, are cultivated all over the world 
(Bai, Lindhout, 2007; Klee, Resende, 2020). however 
tomato-allergic individuals are not reported frequently 
(Allergen Encyclopedia, 2022). The highest homology 
in sequence shares with grape LTP protein – 56.04%, 
with Dau c LTP is identity equal to 55.56% and the 
lowest identity is with Pru p 3 – 49.45% (Figure 3). 
Sol l 3 does not contain any of the above-mentioned 
epitopes.

Plant allergens are typical with their great variability 
at the proteomic and genomic sequences and the 
multilevel analysis of these sequences is an actual part 
of research activities because of the raising number of 
food allergies worldwide. Previously, in silico approach 
was used for profilins and oleosins (Kyseľ et al., 2022) 
and the transfer of the in silico based predictions to an 
DNA marker techniques were applied for different plant 
species in the case of the analysis of Bet v 1 sequences 
as well as profilins (Speváková et al., 2021; Urbanová 
and Žiarovská, 2021; Kováčik et al., 2024).

Conclusion 
Investigating the structure of nsLTP is of great 
importance due to the high degree of cross-reactivity 
between nsLTP from different plant species. These 
allergens, which are presented in fruits, vegetables, or 
nuts, are able to sensitize through oral, continuous, and 
respiratory routes. Here, the descriptions of sequence 
similarity was performed for selected plant species 
and the identification of conserved parts was done. 
These will provide a background for the development 
of DNA based marker technique, such as this approach 
was successful previously. 
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Pru p 3.0101 Pru p 3.0102 Mal d 3.0101 Mal d 3.0101 Mal d 3.0101 Mal d 3.0101 Mal d 3.0101 Mal d 3.0102 Mal d 3.0201 Mal d 3.0201 Mal d 3.0201 Mal d 3.0201 Mal d 3.0201 Mal d 3.0202 Mal d 3.0202 Mal d 3.0203 Dau c  LTP Vit v 1.0101 Sola l 3.0101

Pru p 3.0101 x 97.80 80.22 80.22 80.22 80.22 80.22 80.22 78.02 78.02 78.02 78.02 78.02 76.92 76.92 76.92 56.18 62.92 49.45
Pru p 3.0102 97.80 x 81.32 91.32 81.32 81.32 81.32 81.32 78.02 78.02 78.02 76.92 78.02 76.92 76.92 76.92 55.06 62.92 49.45
Mal d 3.0101 80.22 81.32 x 100.00 100.00 100.00 100.00 98.26 86.96 86.96 86.96 86.96 86.96 85.22 85.22 85.22 49.14 55.08 53.19
Mal d 3.0101 80.22 91.32 100.00 x 100.00 100.00 100.00 98.26 86.96 86.96 86.96 86.96 86.96 85.22 85.22 85.22 49.14 55.08 53.19
Mal d 3.0101 80.22 81.32 100.00 100.00 x 100.00 100.00 98.26 86.96 86.96 86.96 86.96 86.96 85.22 85.22 85.22 49.14 55.08 53.19
Mal d 3.0101 80.22 81.32 100.00 100.00 100.00 x 100.00 98.26 86.96 86.96 86.96 86.96 86.96 85.22 85.22 85.22 49.14 55.08 53.19
Mal d 3.0101 80.22 81.32 100.00 100.00 100.00 100.00 x 98.26 86.96 86.96 86.96 86.96 86.96 85.22 85.22 85.22 49.14 55.08 53.19
Mal d 3.0102 80.22 81.32 98.26 98.26 98.26 98.26 98.26 x 85.22 85.22 85.22 85.22 85.22 83.48 83.48 83.48 48.28 55.93 52.13
Mal d 3.0201 78.02 78.02 86.96 86.96 86.96 86.96 86.96 85.22 x 100.00 100.00 100.00 100.00 98.26 98.26 98.26 43.97 55.93 51.06
Mal d 3.0201 78.02 78.02 86.96 86.96 86.96 86.96 86.96 85,22 100.00 x 100.00 100.00 100.00 98.26 98.26 98.26 43.97 55.93 51.06
Mal d 3.0201 78.02 78.02 86.96 86.96 86.96 86.96 86,96 85,22 100.00 100.00 x 100.00 100.00 98.26 98.26 98.26 43.97 55.93 51.06
Mal d 3.0201 78.02 76.92 86.96 86.96 86.96 86.96 86.96 85.22 100.00 100.00 100.00 x 100.00 98.26 98.26 98.26 43.97 55.39 51.06
Mal d 3.0201 78.02 78.02 86,96 86.96 86.96 86.96 86.96 85.22 100.00 100.00 100.00 100.00 x 98.26 98.26 98.26 43.97 55.93 51.06
Mal d 3.0202 76.92 76.92 85.22 85.22 85.22 85.22 85.22 83.48 98.26 98.26 98.26 98.26 98.26 x 100.00 98.26 43.97 54.24 51.06
Mal d 3.0202 76.92 76.92 85.22 85.22 85.22 85.22 85.22 83.48 98.26 98.26 98.26 98.26 98.26 100,00 x 98.26 43.97 54.24 51.06
Mal d 3.0203 76.92 76.92 85.22 85.22 85.22 85.22 85.22 83.48 98.26 98.26 98.26 98.26 98.26 98,26 98.26 x 43.10 54.24 50.00
Dau c  LTP 56.18 55.06 49.14 49.14 49.14 49.14 49.14 48.28 43.97 43.97 43.97 43.97 43.97 43,97 43.97 43.10 x 50.46 55.56
Vit v 1.0101 62.92 62.92 55.08 55.08 55.08 55.08 55.08 55.93 55.93 55.93 55.93 55.39 55.93 54,24 54.24 54.24 50.46 x 56.04
Sola l 3.0101 49.45 49.45 53.19 53.19 53.19 53.19 53.19 52.13 51.06 51.06 51.06 51.06 51.06 5106 51.06 50.00 55.56 56.04 x

Figure 3 The sequence identity of nsLTP among analysed species
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