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Abstract

Background: Pru p 1 is a major allergen in peach and nectarine, and the different

content in varieties may affect the degree of allergic reactions. This study aimed to

quantify Pru p 1 levels in representative peach varieties and select hypoallergenic

Pru p 1 varieties.

Methods: To obtain monoclonal and polyclonal antibodies, mice and rabbits,

respectively, were immunized with recombinant Pru p 1.01 and Pru p 1.02. The Pru

p 1 levels in fruits from 83 representative peach varieties was quantified by sand-

wich enzyme‐linked immunosorbent assay (sELISA). nPru p 1 was obtained through

specific monoclonal antibody affinity purification and confirmed by Western blot

and mass spectrometry. The variable Pru p 1 content of selected varieties was

evaluated by Western blot and the expression level of encoding Pru p 1 genes by

quantitative polymerase chain reaction.

Results: A sELISA method with monoclonal and polyclonal antibodies was built for

quantifying Pru p 1 levels in peach. Pru p 1 was mainly concentrated in the peel

(0.20–73.44 μg/g, fresh weight), being very low in the pulp (0.05–9.62 μg/g) and not

detected in wild peach. For the 78 peach and nectarine varieties, Pru p 1 content
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varied widely from 0.12 to 6.45 μg/g in whole fruit. We verified that natural Pru p 1

is composed of 1.01 and 1.02 isoallergens, and the Pru p 1 expression level and Pru p

1 band intensity in the immunoblots were in agreement with protein quantity

determined by ELISA for some tested varieties. In some cases, the reduced levels of

Pru p 1 did not coincide with low Pru p 3 in the same variety in whole fruit, while

some ancient wild peach and nectarines contained low levels of both allergens, and

late‐ripening yellow flesh varieties were usually highly allergenic.

Conclusion: Pru p 1 content is generally low in peach compared to Pru p 3. Several

hypoallergenic Pru p 1 and Pru p 3 varieties, “Zi Xue Tao,” “Wu Yue Xian,” and “May

Fire,” were identified, which could be useful in trials for peach allergy patients.
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K E YWORD S
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1 | BACKGROUND

Peach (Prunus persica (L.) Batsch) is rich in nutrients beneficial to

health. It is a native fruit crop of China but is grown worldwide with

high levels of consumption.1 However, it is one of the fruits most

frequently reported as allergenic, with sensitization prevalence in

Europe increasing from 5.4% to 7.9% in 2014, and it poses a potential

major risk to some individuals.2,3

To date, allergens identified in peach fruit and pollen include Pru

p 1 (pathogenesis‐related 10 proteins [PR‐10]), Pru p 2 (TLP), Pru p 3

(nonspecific lipid transfer protein), Pru p 4 (profilin), Pru p 7

(gibberellin‐regulated protein),2 Pru p 9 (PR‐1, pollen allergen),4 and

ENEA (the first four N‐terminal residues, similar to latex Hev b 5), a

recently identified allergen.5 Of these, the two main allergens Pru p 1

and Pru p 3 together account for more than 95% of peach allergies in

Europe and China.3,6,7 They induce two different allergy patterns: in

central Europe and north China the symptoms are mild and local,

such as oral allergy syndrome (OAS) related to Pru p 1, while in

southern Europe and China the symptoms are mostly OAS and/or

systemic due to Pru p 3.3,8 Hypersensitivity caused by Pru p 1 is

mostly induced by cross‐reactions with Fagales pollen group 1

allergenic proteins, such as Bet v 1.9–11

Three naturally occurring isoforms of Pru p 1, Pru p 1.0101, Pru

p 1.0201, and Pru p 1.0301, have been identified in the “Earlygold”

peach cultivar and their immunoglobulin E (IgE)‐binding efficiency

has been studied. Pru p 1.0301 is mainly expressed in peach pollen,

and Pru p 1.0101 (DQ251187) and Pru p 1.0201 (KM350692) iso-

allergens are present in the fruit, with Pru p 1.0201 having the

highest binding capacity to IgE compared with Pru p 1.0101 and Pru

p 1.0301.12,13 This means that Pru p 1.0101 and Pru p 1.0201 can

essentially represent the total Pru p 1 content in peach fruit.

Allergen levels in various fruits have been extensively studied to

help patients avoid high‐risk varieties, especially in Rosaceae fruits

such as apple and peach. The PR‐10 protein levels are highly

dependent on the varieties and also influenced by storage conditions

and duration.14–16 LTP and PR‐10 proteins have been most studied

due to their high sensitization rate and cross‐reactivity. LTP is stable,

mainly concentrated in the peel and the levels vary greatly in

different varieties, related to ripening, aroma, and sugar content.17–19

The content of PR‐10 proteins has been found to be lower than that

of LTP in peach, and is usually affected by genotype, storage condi-

tions and storage time.14,20 A recent study selected Pru p 3 hypoal-

lergenic varieties after measuring over 100 varieties using sensitive

monoclonal antibody ELISA.19 Quantification of the Pru p 1 levels is

necessary to analyze whether there is a relationship between fruit

quality (aroma, sugar content, ripening date) and Pru p 1 content, to

evaluate the potential risk level of Pru p 1 and to screen out hypo-

allergenic varieties for both Pru p 1 and Pru p 3.

The aim of this study was to establish a sandwich enzyme‐linked
immunosorbent assay (sELISA) method, to quantify Pru p 1 content in

83 peach varieties and define varieties with low levels of Pru p 1

allergen to benefit peach allergenic patients.

2 | MATERIALS AND METHODS

2.1 | Plant materials

Based on peach genetic diversity previously identified in China, a core

collection of 19 nectarine and 64 peach varieties (60 cultivated and 4

wild), a total of 83, were selected (Table S1).21,22 Most of these vari-

eties were cultivated in an experimental orchard in Jiaxing, Zhejiang

Province. Fruits from different varieties were collected in two

consecutive years, 2018 and 2019. Total soluble solids (°Brix) content

was measured with a digital refractometer (PR‐101α; ATAGO), and

peach aroma intensity was classified subjectively as light, medium, or
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strong (Table S1) based on the Descriptors and Data Standard for

Peach.23 Peach fruit were pitted and separated into peel, pulp and

whole (including peel and pulp). The samples were stored at −40°C.

2.2 | Preparation of protein extracts and protein
determination

Protein extraction was carried out as described previously.18 Briefly,

1 g of homogenized material was ground to powder in liquid nitrogen

and taken up in Coca’s solution (0.1 M Na2CO3, 0.1 M NaHCO3, 0.1 M

NaCl, 2 mM EDTA–Na2, 20 mM sodium diethyldithiocarbamate tri-

hydrate), at 1:5 (wt/vol) for pulp and whole samples and 1:10 (wt/vol)

for the peel samples. Each peach variety contained three replicate

samples. The supernatant was stored at −30°C and used for Pru p 1

quantification within 2 days. Total protein content was determined

with the Bradford Assay Kit (Sangon Biotech) according to the manu-

facturer’s instructions.

2.3 | Mouse monoclonal antibodies

To produce anti‐Pru p 1.0101 and anti‐Pru p 1.0201 mAbs, four Bal

b/c mice were immunized subcutaneously intraperitoneally with 10–

40 μg (interval of 10 μg) rPru p 1.0101 and rPru p 1.0201, obtained

from previous research.13 The mice were boosted five times twice at

2‐week intervals with 50 μg antigens in Incomplete Freund’s adju-

vant. Antibody producing hybridoma cells secreting anti‐rPru p 1

monoclonal antibodies were selected by ELISA andWestern blot with

two isoallergen antigens and peach peel extracts. Antibodies were

purified using HiTrap Protein‐A affinity chromatography.

2.4 | Rabbit polyclonal antibodies

Two New Zealand rabbits were immunized with four subcutaneous

boosters with rPru p 1.0101 and rPru p 1.0201. The primary injection

was 0.5 mg antigen emulsified in Complete Freund's Adjuvant, and

this followed by three booster injections with different intervals 7–

14 days and 0.75 mg antigens emulsified in Incomplete Freund's

Adjuvant. Antibodies (Rb IgG) specific to the two isoallergens were

derived from hyperimmune sera and purified by protein A column.

Two pAbs P1 anti‐rPru p 1.0101 and P2 anti‐rPru p 1.0201 were

obtained and detected by direct ELISA using Pru p 1 and Pru p 3 as

antigens to test their capacity and specificity. These antibodies were

produced by HuaAn Biotech Ltd. (authorization for use of animals no.

SCXK 2016‐0004 and SCXK 2017‐0004).

2.5 | Affinity chromatography and liquid
chromatography–mass spectrometry

Protein (5 mg) extracted from peach peel (cv. “Jin Shuo”) was

loaded onto 20 ml gravity columns (Sangon Biotech) previously

coupled with 6 mg of A2‐D8 antibody. MAb‐bound Pru p 1 iso-

forms were eluted with a glycine buffer (0.1 M, pH = 2.4) and

then dialyzed to phosphate‐buffered saline (PBS) (pH = 8.3).

Peach peel extract and eluate samples were analyzed by sodium

dodecyl sulfate–polyacrylamide gel electrophoresis (SDS‐PAGE)
and Western blot. Liquid chromatography–mass spectrometry (LC‐
MS/MS) after in‐gel trypsin digestion was used for identity‐
matching of the purified protein to deduced allergens from peach

extract.

2.6 | sELISA quantification of Pru p 1 allergen

Monoclonal and polyclonal antibodies specific for the two Pru p 1

isoallergens were used to find the suitable pair for sELISA. A0‐A7‐
G11 was selected as the capturing antibody due to its high affinity

to both isoallergens, with bound proteins detected by biotinylated

pAbs P1 and P2 (1:1 mixed) in conjunction with horseradish

peroxidase‐conjugated streptavidin (Amsersham Bioscience).

Recombinant Pru p 1 was obtained in our laboratory through

cloning, heterologous expression, and purification using the AKTA

explorer (GE Healthcare) system, on a HisTrap FF crude column (GE

Healthcare). Detailed methods on Pru p 1 have been included in a

previous article.13 Pru p 1 (rPru p 1.0101 and rPru p 1.0201, 1:1

mixed) was used as the standard protein to construct the response

curve for sELISA. Detection was with goat anti‐rabbit immunoglob-

ulin G (IgG) (Sangon Biotech) labeled with peroxidase (1:2000

diluted). To guarantee the precision of the measurement, standard

curves were repeated with a twofold serial dilution from 0.12 to

500 ng/ml, with duplication in every batch of four 96‐well plates. The
peach samples were diluted with PBS at suitable ratios (peel 1:100,

pulp 1:5, whole fruit 1:20) so that the optical density values were

within the working range. The calculated Pru p 1 (including Pru p

1.0101 and Pru p 1.0201) content was expressed as microgram per

fresh weight (FW) of whole fruit or specific tissue. Detailed ELISA

(sELISA) has been published in a previous article.18

2.7 | SDS‐PAGE and immunoblot

Proteins were separated by 12% acrylamide gels and electroblotted

(100 V, 350 mA, 1 h) onto polyvinylidene fluoride membrane

(0.2 μm; Bio‐Rad) in a mini Trans‐Blot electrophoretic transfer cell

(Bio‐Rad). After blocking with 5% (wt/vol) skimmed milk for 1 h, the

membrane was washed three times in TBST, then incubated with

5 μg/ml polyclonal P1 and P2 (used in ELISA as detecting anti-

bodies, 1:1 mixed) for 1 h. After washing, the membrane was

incubated for a further hour with goat anti‐rabbit IgG coupled with

HRP (1:1500 dilution; Sangon Biotech). Finally, the membrane was

incubated for 2 min in the dark with 2 ml chromogenic reagent

(Bio‐Rad, ClarityTM Western ECL Substrate) and the chem-

iluminescence was recorded using the ChemiDoc Imaging system

(Bio‐Rad).
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2.8 | Quantitative polymerase chain reaction of
Pru p 1.0101 and Pru p 1.0201 genes in 10 selected
varieties

Total RNA was isolated from whole peach with three independent

replications using the Rapid Universal Plant RNA Extraction Kit

supplied by Hua Yue Yang Biotechnology, following the manufac-

turer’s instructions. Three replicates of the amplification and a

negative control were done for all samples. The concentration of

total RNA was determined by the absorbance at 260 nm (A260)

using a NanoDrop spectrometer. First‐strand complementary DNA

(cDNA) was synthesized using HiScript® II Q Select RT SuperMix

for quantitative polymerase chain reaction (qPCR) (+gDNA wiper)

(Vazyme, China). Real‐time PCR reactions were in a total volume of

20 μl, containing 0.4 μl (10 μmol/L) of each primer, 1 μl diluted
cDNA, and 10 μl 2 � ChamQ Universal SYBR qPCR Master Mix

(Vazyme). The primers selected were Pru p 1.0101, Pru p 1.0201,

and ACTIN, based on our previous study.24 The qPCR conditions

were: 30 s at 95°C, followed by 45–50 cycles of 10 s at 95°C for

template denaturation, 20 s at 60°C for annealing and 20 s at 72°C

for extension and fluorescence measurement. The specificity of

amplification was confirmed by melting curve analyses and the

correct size of the amplification products confirmed by the presence

of a single band of expected size for each primer pair in electro-

phoresis gels.

2.9 | Statistical analyses

Quantitative data were expressed as mean ± SE by Prism 6.0

(GraphPad Software). Significant differences among groups were

assessed using the Kruska–Wallis nonparametric test. All sta-

tistical tests with p < 0.05 were considered as significant. Real‐
time PCR data were presented according to the comparative

method (2−ΔΔCt), where ΔCt is the difference in threshold cycles

for the target (Ct sample) and reference (Ct ACTIN). Excel and

Prism 6.0 were used for qPCR statistical analyses and figure

plotting.

3 | RESULTS

3.1 | Selection of mAbs and pAbs

Screening by ELISA against rPru p 1.01 and rPru p 1.02 resulted in

five mAbs and two pAbs. The mAbs A0‐A7‐G11, B6‐A1‐B11, A2‐D8,
and pAb P1 were obtained against Pru p 1.0101, and two mAbs, C7‐
C4, 5‐D10, and the pAb P2 against Pru p 1.0201. All mAbs detected

Pru p 1 at 17 kDa in Western blot (Figure 1). Preliminary testing

indicated that mAb A0‐A7‐G11 had high binding capacity and spec-

ificity, making it a suitable capturing antibody. As binding of the

polyclonal antibodies P1 and P2 was similar for both isoallergens,

they were mixed at a ratio 1:1 as the detecting antibodies. Pair

matching and antibody specificity tests were also carried out

(Tables 1 and 2).

3.2 | Dose–response standard curve

The dose–response standard curve, obtained with rPru p 1.0101 and

rPru p 1.0201 (1:1 mixed), ranged from 0 to 500 ng/ml with a linear

section between 4 and 32 ng/ml (Figure 2). The intra‐assay

F I GUR E 1 Western blot of selected mAbs specific to rPru p 1.

Five anti‐Pru p 1 mAbs. mAbs A0‐A7‐G11 (lane 1), B6‐A1‐B11
(lane 2), and A2‐D8 (lane 3) were produced against rPru p 1.0101;
C7‐C4 (lane 4), 5‐D10 (lane 5) were produced against Pru p

1.0201. Five micrograms peach crude extract were added in
each lane

TAB L E 1 Monoclonal antibody pair matching test for
sandwich ELISA (OD at A450 nm)

mAb Bio‐P1 Bio‐P2

A0‐A7‐G11 1.66 1.51

B6‐A1‐B11 1.17 1.64

C7‐C4 0.72 1.10

A2‐D8 0.04 0.26

5‐D10 0.19 0.35

Note: Coated with 100 μl of 3 μg/ml mAb, rPru p 1 1 μg/ml (rPru p

1.0101 and rPru p 1.0201, 1:1 mixed), detector pAb 100 μl of 3 μg/ml.

Abbreviations: ELISA, enzyme‐linked immunosorbent assay; OD, optical

density.
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coefficient of variation ranged from 2.88% to 7.25% and that of

interassay from 1.96% to 7.58%, indicating high sensitivity, accuracy

and reproducibility (Table 3).

3.3 | Natural Pru p 1 purification and protein
identity

The natural Pru p 1 purified through affinity chromatography was

confirmed by immunoblot and LC‐MS (Figure 3). SDS‐PAGE and

Western blot gave a band at 17 kDa (Figure 3A,B). Peptide spectrum

matching gave the sequence coverage of 75.0% for Pru p 1.0101 and

83.1% for Pru p 1.0201 (Figure 3C).

3.4 | Quantification of Pru p 1 in 83 peach varieties

Even though Pru p 1 was generally low in the 83 cultivars, the

variation ranged from 0.12 to 6.45 μg/g in whole fruit. There was

an undetectable level of Pru p 1 content in four individual plants

of the wild peach variety used for rootstock, and it was higher in

nectarine (2.58 μg/g) than in pubescent peaches (2.16 μg/g)
(Figure 4A). Pru p 1 was mainly concentrated in the peel (0.20–

73.44 μg/g), less in the pulp (0.05–9.62 μg/g). There was no sig-

nificant difference in Pru p 1 content between peel from nectarine

and peach cultivars (shown in Figure 4B). Variety group, ripening

date, and aroma intensity all had no significant effect on Pru p 1

(p > 0.05). Representative hypoallergenic Pru p 1 varieties were

“Zi Xue Tao,” “Wu Yue Xian,” “May Fire,” and the high Pru p

1 allergen varieties were “Zhong You 7,” “Zao Zhen Bao,”

“Chun Lei.”

3.5 | Immunoblot of 10 representative varieties

Ten varieties representing wild, low/medium/high‐Pru p 1 content

groups based on the sELISA results were immunoblotted. Figure 5A

shows that Pru p 1 was not detected in wild varieties. In peach and

nectarine varieties, the 17 kDa bands were stronger with

increasing Pru p 1 content, which indicated that immunoblot re-

sults were generally consistent with sELISA. Specific details,

including concentration of peach crude extract, quantitative con-

centration of Pru p 1 and quantities of samples added are given in

Table S2.

3.6 | qPCR of Pru p 1.0101 and Pru p 1.0201 in 10
selected varieties

Pru p 1.0101 and Pru p 1.0201 expression levels were basically

consistent with their Pru p 1 protein quantification: the increase in

gene expression was in line with increase in content. Three repre-

sentative varieties with low Pru p 1 content, “Zi Xue Tao,” “Wu Yue

Xian,” and “Nan Shan Tian Tao” also had low Pru p 1.0101 and Pru p

1.0201 expression, while Pru p 1 gene expression was high in vari-

eties with relatively high Pru p 1 content, about four times higher

than in low content varieties. In addition, the expression of Pru p

1.0201 was higher than Pru p 1.0101 in 10 tested varieties, except

“Nan Shan Tian Tao” (Figure 5B).

F I GUR E 2 Standard curve of rPru p 1 by sandwich enzyme‐
linked immunosorbent assay (sELISA). Dose–response standard
curve of rPru p 1 in sELISA with mAb A0‐A7‐G11 as the capture

antibody and biotinylated PAbs P1 and P2 as the detector antibody

TAB L E 2 Specificity of antibodies for Pru p 1 (OD at A450 nm)

Antigen

rPrup 1.0101 rPrup 1.0201 rPru p 1.0101:rPru p 1.0201 (1:1 mix) Peach peel extract nPru p 3 rMal d 1Antibody

A0‐A7‐G11 1.37 1.53 1.89 1.28 0.04 0.12

P1 1.91 1.24 2.03 1.24 0.05 0.70

P2 1.52 1.53 1.79 1.27 0.11 1.33

P1:P2 (1:1 mix) 1.74 1.86 1.91 1.31 0.23 1.22

Note: Coated with 100 μl of 3 μg/ml A0‐A7‐G11, antigen 100 μl at 1 μg/ml (peach peel extract 100 μl), detector pAb 100 μl at 3 μg/ml (P1 and P2 1:1

mixed).

Abbreviation: OD, optical density.
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4 | DISCUSSION

sELISA is commonly used in fruit allergen quantification, for orange,

apple, and peach.15,17–19,25 This method is advantageous in that it

reacts directly with allergens in food and is highly sensitive and ac-

curate. Owing to the similar epitopes of Pru p 1.01 and Pru p 1.02,

our method was developed using a monoclonal (A0‐A7‐G11) and two

polyclonal antibodies (P1 and P2), able to effectively identify these

two major isoforms to determine total Pru p 1 level in peach fruit.

Results from ELISA showed that the binding capacity of mAb A0‐A7‐
G11 to the target antigens was high, but very low to other antigens

(Table 2). The recovery rate, CVs, intra‐ and inter‐assay precision

were acceptable (Table 3), with the quantification range determined

as 4–32 ng/ml (Figure 2). These results demonstrate the develop-

ment of ELISA with satisfactory sensitivity, accuracy, precision,

reproducibility, and specificity for the detection of Pru p 1 in fresh

peach. Because Pru p 1 is unstable, we took measures to minimize the

degradation: the fruit was ground to powder in liquid nitrogen, and

the dry powder stored at −40°C; protein extraction was performed in

a 4°C refrigerator, and EDTA and diethyldithiocarbamate in the

extraction buffer prevents degradation from allergens/proteins;

samples were tested within 2 days after extraction.

Quantification of Pru p 1 in the peach and nectarine of 83 va-

rieties collection ranged from 0.12 to 6.45 μg/g of FW: a previous

report gave values between 0.01 and 0.18 μg/g of FW in whole fruit,

0.14 and 1.76 μg/g of FW in the peel for a limited number of

TAB L E 3 The percent recovery and the coefficients of variation of sandwich ELISA

Spiked rPru
p 1 (ng/ml)

Intra‐assay (n = 6) Inter‐assay (n = 3)

Measured (ng/ml) SD (ng/ml) CV (%) Recovery rate Measured (ng/ml) SD (ng/ml) CV (%)

4 4.54 0.024 6.74 113.5 4.1 0.03 7.58

8 8.09 0.021 4.02 101.1 7.71 0.02 4.96

16 16.05 0.024 2.88 100.3 15.81 0.02 1.96

32 32.53 0.091 7.25 101.6 29.80 0.04 3.04

Abbreviation: ELISA, enzyme‐linked immunosorbent assay.

F I GUR E 3 Identification of purified

natural Pru p 1 by monoclonal antibody
affinity. (A) Sodium dodecyl sulfate–
polyacrylamide gel electrophoresis of the

purified nPru p 1 (2 μg). (B) Western blot of the
purified Pru p 1. (1) rPru p 1.0101 (0.2 μg); (2)
nPru p 1 (2 μg, purity is 76%); (3) peach peel

extract (cv. “Jin Shuo,” 6.5 μg); (4), BSA (0.2 μg).
(C) Mature protein sequence, verified peptides
by mass spectra fingerprint shown in green
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F I GUR E 4 Comparison of Pru p 1 content in different varieties. (A) Pru p 1 content in whole fruits of wild peach, nectarines, and peach
varieties. (B) Pru p 1 content in peel of nectarines and peach varieties. Difference between groups was assessed by Kruskal–Wallis

nonparametric test followed by Dunn’s multiple comparison test (A); ns, not significant. Data expressed as mean ± SE

F I GUR E 5 Immunoblot and quantitative

polymerase chain reaction (qPCR) of 10
representative low/medium/high Pru p
1varieties. (A) (1) “Mao Tao 1”; 2–4: low Pru p

1 group. (2) “Zi Xue Tao”; (3) “Wu Yue Xian”; (4)
“Nan Shan Tian Tao”; 5–7: medium Pru p 1
group. (5) “Xue Bu Dai”; 6), “Chi Yue”; (7) “Yuan

Meng”; 8–10: high Pru p 1 group. (8) “Zao Zhen
Bao”; (9) “Chun Lei”; (10), “Zhong You 7”; (11)
rPru p 1.01 (0.25 μg); (12) rPru p 1.02 (0.1 μg);
(13), BSA (0.1 μg). (B) qPCR results of Pru p
1.0101 and Pru p 1.0201 in 10 selected
varieties
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varieties.14 PR‐10 proteins in other fruits had also been quantified,

for example, Mal d 1 levels in apple ranging from 0.5 to 15 μg/g of

FW, 3.8 to 72.5 μg/g of FW in the pulp or 0.71 to 20.17 μg/g FW in

fresh fruits, and 5.95 to 200 μg/g FW in stored fruits.15,26 It seems

that the content of Mal d 1 in apples is much higher than Pru p 1 in

peaches, which may explain the higher incidence of Mal d 1 allergy.

In China, there are three common sensitization patterns to peach

allergen component: monosensitization to Pru p 1, cosensitization to

Pru p 3 and Pru p 4, and monosensitization to Pru p 3.7,18 Most peach

allergic patients in China are positive to Pru p 3 due to primary

sensitization to Pru p 3 and cross‐reactive to Artemisia pollen

LTPs.3,7,27 The frequencyof reactivity toPrup1andPrup1 sIgE level is

much lower than that of Pru p 3 in China.3,7 This phenomenon may be

related to the following two factors: first, a low chance of sensitization

to birch pollen allergen PR‐10 that cross‐reacts with Pru p 1,28 due to

the very limited number of birch trees in densely populated cities in

Northern China and the virtual absence of birch trees in Southern

China; second, the Pru p 1 content in peach fruit is very low.

In previous research we found that Pru p 3 is generally low in

ancient and early‐maturing red flesh peach varieties.19 From an

evolutionary point of view, Pru p 3 content was very low in the “Mao

Tao” primary wild peaches and some local landraces (old varieties

cultivated in a small area) of red‐fleshed peaches, and higher in most

modern peach varieties, especially late‐ripening yellow‐fleshed vari-

eties. A similar phenomenon is also found in the quantification of Pru

p 1. Wild peaches and ancient red‐fleshed peaches such as “Zi Xue

Tao,” and nectarines such as “May Fire,” usually contained very low

Pru p 1. In contrast, some high quality fruit varieties with strong

aroma and high sugar content such as “Jin Hua,” “Jin Shuo,” contained

high concentration of Pru p 1 and Pru p 3. Therefore, artificial

breeding programs seem to be developing in the direction of pro-

ducing a high potential of allergen sensitization.

The expression of allergen encoding genes is affected by many

factors. We have previously found that Pru p 3 content is related to

ripening date, sugar content, and aroma, while this correlation was

not identified in Pru p 1.19 Our quantification data showed that most

nectarines contained high levels of Pru p 1, some up to 5.97 μg/g.
Softening in these nectarines was slow, possibly due to the hydrolysis

effect of Pru p 1.29

Unfortunately, the reduced levels of Pru p 1 do not always

coincide with low Pru p 3. For example, nectarines such as “Zhong

You 7,” “Hu You 277/278,” and “Nan Fang Jin Mi,” have been found to

contain low Pru p 3 but high Pru p 1.19 This phenomenon is similar to

Mal d 1 and Mal d 3 content in apple.26 Considering fruit quality, it is

noticeable that those considered to be of good quality (strong aroma,

high sugar content, and nutritional value) are usually accompanied

with high allergen levels, as in peach and apricot.19,30 Polyphenol

oxidase activity and polyphenol content may be involved in

decreasing Mal d 1 expression.31 Plant genetic factors also play an

important role in fruit allergenicity, owing to the variations in

expression of allergen isoforms.26,32 Environmental factors also

affect allergenicity. For example, light and fruit load (expressed as

fruit number per square centimeter of trunk sectional area) affect the

gene expression of Pru p 1.0101 or Pru p 1.0201 at the transcription

level, which may ultimately affect the expression of Pru p 1.32

Pru p 1 is a pathogenesis‐related protein (PR‐protein), which
means that pathogen attack, such as wounding, microbial infection,

fungal infection, or environmental stress like light radiation, could

induce or up‐regulate PR‐protein synthesis, especially on the outside

of the organ, such as fruit peel.2,33,34 Significant reduction of the

expression of Pru p 1 genes has been observed in the peel rather in

the pulp by fruit bagging with opaque paper.35

The level ofPru p 1 in peel has been found to bemore than50 times

that in the pulp.24 A previous study has shown that Pru p 1.01 and Pru p

1.02 gene expression are predominant and constitutively expressed

with amaximumpeak of expression in the S2 phase, and vary greatly in

different cultivars in mature fruits.32 Here, we also found variation in

its expression, with Pru p 1.02 predominant, especially in the ancient

varieties “Mao Tao” and “Xue Bu Dai.” In apple, a similar phenomenon

has been found, with differing expression of three major Mal d 1 iso-

forms, Mal d 1.02 being the most highly expressed isoform.26 Gene

expression by qPCR is only indicative of possible higher protein pres-

ence: our initial aim to quantify Pru p 1 .01 and Pru p 1.02 and corre-

lated with the gene expression was not successful. Till now, no protein

quantification to the isoallergen level by Sandwich ELISA in fruit has

been available, perhaps requiring mass spectrometry aided with sen-

sitive isoform‐specific peptide markers.

Our aim was to screen for hypoallergenic peach varieties, to

allow breeders and growers to produce fruit with lower allergenic

potential, which might be tolerated by patients with peach allergy.

Results from this study may have implications for medical di-

agnostics, immunotherapy, clinical research, and breeding schemes

for new hypoallergenic cultivars. We also identified peach varieties

with high levels of Pru p 1 and Pru p 3 allergens, such as “Jin Shuo,”

“Jin Feng,” and “Zao Zhen Bao” (shown in Table S1), which could be

used as source material for diagnosis and for purification of natural

Pru p 1 and Pru p 3 allergens.

5 | CONCLUSION

A large variation of Pru p 1 content, ranging from 0.12 to 6.45 μg/g
in FW, was observed among 83 peach/nectarine varieties, and

mainly concentrated in the peel. The content of Pru p 1 in the

whole fruits of nectarines was slightly higher than that of peaches,

and the content of the wild peach “Mao Tao” was the lowest.

Although the reduced levels of Pru p 1 do not always coincide with

low Pru p 3, the ancient and early ripening red flesh varieties

usually contained low Pru p 1 and Pru p 3 like “Zi Xue Tao,” “Wu

Yue Xian,” and “May Fire.” This knowledge will help breeders select

hypoallergenic cultivars for agricultural production, as well as

medical practitioners for clinical trials.
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