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Abstract: The potential of a protein to cause an allergic reaction is often assessed using a variety of 

computational techniques. Leveraging advances in high-throughput protein sequence data coupled 

with in silico or computational methods can be used to systematically analyze large proteomes for 

allergenic potential. Despite its widespread consumption and growing clinical reports of 

hypersensitivity, the full extent of their allergenicity is yet unknown. In this study, for the first time, 

we conducted a genome-wide in silico analysis by analyzing a total of 54,010 protein sequences to 

identify the complete spectrum of potential mango allergens. These proteins were analyzed using 

various bioinformatics tools to predict their allergenic potential based on sequence similarity, 

structural features, and known allergen databases. In addition to the known mango allergens, 

including Man i1, Man i2, and Man i3, our findings demonstrated that several isoforms of cysteine 

protease, non-specific lipid-transfer protein (LTP), legumin B-like, 11S globulin, vicilin, thaumatin-

like protein, and ervatamin-B family proteins exhibited strong allergenic potential, with >80% 3D 

epitope identity, >70% linear 80 aa window identity, and matching with >80 known allergens. Thus, 

a genome-wide in silico study provided a comprehensive profile of the possible mango allergome, 

which could help identify the low allergen-containing mango cultivars and aid in the development 

of accurate assays for variety-specific allergic reactions. 
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1. Introduction 

The identification and characterization of allergens and allergen-like proteins from food sources 

is a central concern in not only allergy research but is also of growing importance of the food industry, 

where safety and risk assessment are crucial for regulatory approval, product development, and 

consumer protection [1–3]. On the other hand, identification of a complete allergen profile from any 

food species is challenging and time-consuming because of the complexity of the proteins involved 

and the individual variability in immune responses. However, computational methods and the 

availability of complete genome sequences can streamline this process, leveraging bioinformatics 

tools to analyze protein structures and identify potential allergenic components more efficiently. 

These computational approaches hinge on key features, such as sequence similarity, conserved 

structural motifs, and immunologically relevant domains that are commonly associated with known 

allergenic proteins [4]. 
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Although in silico and computational tools cannot distinguish between the sensitization and 

elicitation phases of allergy development, international guidelines, including those from the 

FAO/WHO and the European Food Safety Authority (EFSA), endorse their use, defining a protein as 

potentially allergenic if it shares more than 35% identity over 80 amino acids, or contains exact 

matches of 6-8 contiguous amino acids with a known allergen [5]. These thresholds recognize in-silico 

predictions as a first-pass assessment in allergen risk evaluation, form the basis of many allergenicity 

prediction platforms, and are widely adopted to streamline regulatory evaluations in both academic 

and industry contexts [4]. 

Fruit allergies, which impact 0.03% to 8% of the global population, are a growing health concern 

[2,6]. Despite the incidence rate, many fruits remain underrepresented in allergen databases. In 

particular, tropical fruits have seen a surge in global consumption yet remain poorly characterized 

with respect to their allergenic profiles [4,7]. Mango (Mangifera indica L.), a widely consumed tropical 

fruit valued for its flavor and nutritional benefits, exemplifies the growing divide between growing 

global dietary expansion and the gap in allergen knowledge. In recent decades, mango has 

experienced an evident rise in popularity beyond its native growing regions. Namely, in the United 

States, mango imports have quadrupled over the past two decades to meet consumer demands, from 

smoothies to skincare products and therefore, contributing to a broader and more frequent exposure 

across all age groups (USDA Economic Research Service). A recent meta-analysis of studies on fruit 

allergies found that mangos are one of the top five tropical fruits that trigger fruit allergies [6]. 

Multiple studies have implicated mango as a significant allergen, with reported prevalence ranging 

from 0.3% in Switzerland to 16% in Thailand, and skin test positivity rates as high as 42.3% in some 

Chinese cohorts [4,8]. 

Mango allergy manifests primarily in two immunological forms: immediate (Type I) and 

delayed (Type IV) hypersensitivity [8]. These reactions often manifest as contact dermatitis, rash, 

eczema, and blistering. As documented by Ukleja-Sokolowska et al, a 30-year-old woman developed 

generalized urticaria, facial oedema, strong stomach pain, and watery diarrhea within several 

minutes of eating a mango [9]. Despite its clinical significance, the allergenic profile of mango remains 

incompletely characterized. According to the WHO/IUIS Allergen Nomenclature Sub-committee 

(https://allergen.org/), only three allergenic proteins have been formally identified in mango, 

including chitinase (Man i1), pathogenesis-related (PR) protein (Man i2), and profilin (Man i4), 

representing only a fraction of the mango’s total proteome. A recent study by Guo and Cong (2024) 

listed a couple more proteins [4], including glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

[10], lipoxygenase and glucanase [11], which showed cross-reactivity with allergenic patient sera. 

Furthermore, mango is not only antigenic on its own but also exhibits extensive cross-reactivity with 

other food and inhalant allergens [12]. These existing findings underscore the broader immunological 

risk that mango poses to individuals with existing sensitizations, emphasizing the need for a deeper 

and wider understanding of mango’s allergenic potential. 

In silico approaches have been successfully employed to identify the potential allergenicity of 

many proteins in various plant species [13–19]. However, to our knowledge, no genome-wide 

analysis has been conducted to profile the complete allergome of any tropical fruits including mango. 

With the majority of the proteome remaining uncharacterized for allergenicity, a genome-wide 

evaluation is both timely and necessary. In this study, we conducted a genome-wide in-silico 

screening of 54,010 protein sequences from mango. Using a combination of allergenicity prediction 

algorithms, such as AllergenOnline, AllerCatPro, epitope-based scanning, and structural homology 

assessments, we aimed to systematically identify and catalog potential allergens in mango. By 

expanding the known allergen repertoire of mango, our analysis provides a valuable foundation for 

future research in allergy diagnostics, immunotherapy design, and food safety assessment, especially 

pertinent as tropical fruits like mango become increasingly integrated into global diets and diverse 

consumer products [20]. 

2. Materials and Methods 
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2.1. Collection of Mango Protein Sequences: 

The mango genome (CATAS_Mindica_2.1, assembled in 2020 by the Beijing Institute of 

Genomics, Chinese Academy of Sciences, using the widely cultivated Alphonso variety (RefSeq 

Accession: GCF_011075055.1) currently consists of 54,010 protein entries, which are publicly 

accessible under the NCBI Protein database (Taxonomy ID: 29780). To assess the allergenic potential 

of mango proteins, these protein sequences were downloaded into FASTA format and curated to 

include essential metadata such as NCBI accession numbers, protein names, sequence lengths, and 

source information. Figure 1 outlines the stepwise bioinformatics pipeline used to assess the 

allergenic potential of Mangifera indica proteins. 

 

Figure 1. Bioinformatics pipeline for allergen prediction in Mangifera indica proteins using database screening, 

data visualization, and AI-based hypersensitivity analysis. 

2.2. In Silico Platform for Identification of Potential Mango Allergens 

The curated protein sequence dataset served as the foundation for our genome-wide allergen 

prediction screening and was subjected to AllerCatPro 2.0, a well-established prediction tool that 

integrates sequence similarity, epitope analysis, and structural comparisons [21,22]. Since 

AllerCatPro can only analyze 50 protein sequences at a time, we split the mango proteome dataset 

(54010 protein sequences) into 1081 FASTA files and submitted each one for analysis. We additionally 

implemented a filter with two criteria: (i) ≥70% sequence identity over an 80-amino-acid linear 

window, and/or (ii) best match with at least 80 known allergen entries, to ensure the strong 

consistency and specificity of the allergen prediction results (strong and weak evidence). 

2.3. Bioinformatics Tools for Data Processing 
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Scatter and bubble plots were generated using Python. Multiple amino acid sequence alignment 

was performed, and a phylogenetic tree was generated using an open-source sequence alignment 

platform, Clustal Omega (https://www.ebi.ac.uk). Heatmaps on percentage (%) identity were 

generated using Excel. B-cell epitope prediction was performed using Immune Epitope Database 

(IEDB) (http://tools.iedb.org/bcell/) following the Kolaskar and Tongaonkar method [23]. 

3. Results and Discussion 

The identification of allergenic proteins in food sources is a growing priority for researchers and 

regulatory agencies alike, especially as global diets diversify to include a wider range of under-

characterized foods. In this regard, in silico approaches in conjunction with high-quality genome 

sequence data can enable scalable, quick evaluation of allergen identification, structural motifs, 

epitope similarity, and sequence homology to clinically verified allergens. 

3.1. Identification of Known Mango Allergens 

Our results indicated that five of the six proteins and/or protein families that were previously 

identified as mango allergens [4] were successfully identified and classified as having substantial 

allergy potential, demonstrating the effectiveness of the AllerCatPro as a powerful allergen 

prediction tool. These proteins include glyceraldehyde 3-phosphate dehydrogenase (GAPDH), 

profilin, β-1,3-glucanase, Bet v 1-like homologous protein/pathogenesis-related proteins (PR 

proteins), and Type I chitinases (Figure 2, Table S1). 

It is important to note that members of these families were identified in both the high and weak 

allergen evidence categories, indicating that they may have clinical significance and that additional 

experimental validation is necessary. For example, out of the 39 chitinase isoforms that were found, 

three had strong evidence and 36 had weak evidence. Comparably, PR proteins have 25 isoforms, 8 

of which are strong and 17 of which are weak; GAPDH has 19 isoforms, 9 of which are strong and 10 

of which are weak; and profilins have 13 isoforms, all of which exhibit strong evidence. These 

findings highlight the varying levels of evidence supporting the role of different protein isoforms in 

biological processes. Further research is essential to clarify the functions of the weaker isoforms and 

to explore their potential as mango allergens. Importantly, GAPDH was recognized as Man i 1 in a 

recent publication by Guo and Cong [4], although chitinase proteins were listed as Man i 1 in the 

WHO/IUIS Allergen Nomenclature Sub-committee database. Similarly, chitinases were named as 

Man i 2 and Man I chitinase, profilin as Man i 3.01 and Man i 3.02, and Bet v 1-like homologous 

protein/pathogenesis-related proteins (PR proteins) as Man i 14 kDa. As a result, we decided to use 

the name of the mango allergens in this investigation in line with the most recent publication [4]. 
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Figure 2. Scatter plot analysis of mango proteins with predicted allergenicity by AllerCatPro 2.0. (A) Proteins 

with strong allergen evidence, plotted by % identity over an 80 amino acid window (x-axis) and number of 

known allergen hits (y-axis). The dot color indicates 3D epitope identity (yellow to red gradient). (B) Proteins 

with weak allergen evidence, shown using the same axes; dot color represents 3D epitope identity (green to 

orange gradient). 

3.2. Potential Allergens in Mango Genome 

In addition to the recognized mango allergens, AllerCatPro discovered hundreds more proteins 

belonging to different protein families that have a high probability of being allergens. In particular, a 

total of 1,489 (3%) and 5,277 proteins (10%) out of the 54,010 mango protein sequences had strong 

and weak allergenicity potential, respectively (Figure 3A, Table S1). The discovery of multiple 

allergenic protein families that are not yet considered as mango allergens but show a high degree of 

resemblance to known allergens from other fruit species further validated the efficacy of this in silico 

workflow. For instance, a number of proteins from cysteine proteases, legumin, non-specific lipid 

transfer proteins (LTP), thaumatin-like protein, vicilin, ervatamin-like proteins, and globulins are 

among these families that showed strong allergenic potency (Figure 3B). These findings expand the 
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known allergome of mango well beyond what has been previously reported in allergen databases 

and underscore the potential of in silico approaches to uncover novel candidate allergens based on 

structural and sequence homology with clinically established allergens from other sources (Figure 

3B). 

 

Figure 3. In silico allergenicity classification of 54,010 mango proteins. (A) Pie chart showing strong (n = 1,489; 

3%), weak (n = 5,277; 10%), and no (87%) allergen evidence. (B) Bar graph showing isoform-level classification 

of five known mango allergens into strong and weak categories. 

3.3. Identification of High-Confidence Allergen Protein Families in Mango 

While approximately 1,500 proteins demonstrated strong evidence of allergenicity and over 

5,200 proteins were considered to pose a lower allergenic risk, we applied an additional filter (≥70% 

identity across an 80-amino-acid linear window and ≥80 known allergen hits) to refine the candidate 

list and better categorize protein families. This approach reduced the dataset to 63 high-confidence 

allergens and 185 proteins with moderate evidence (Figure 4, Table S2). 

We discovered that the second-highest category of proteins in the mango genome indicated a 

significant risk of allergies were those belonging to the cysteine protease family (Figure 3B). Several 

cysteine protease protein isoforms were significantly matched with kiwi (Actinidia deliciosa) Act d1 

allergen (Figure 4A). The top three cysteine protease proteins, which are accession XP_044488586.1, 

XP_044511549.1, and XP_044509143.1, were aligned with Act d1 using multiple sequence alignment 

(Figure S1) and showed >82% amino acid sequence identity with Act d1 (Figure 5A). 

Furthermore, amino acid sequence alignment reveals a highly conserved B-Cell epitope region 

(Figure S2), and the epitope scores of these cysteine proteases were higher than those of the known 

Act d1 (Figure S3). A newly created AI-based allergy prediction tool called pLM4AIg [24], further 

cross-validated the allergen potential for these cysteine proteases and confirmed the significant 

allergenicity comparable to Act d1. 
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Figure 4. High-confidence mango allergen candidates identified using refined thresholds. (A) Proteins predicted 

as strong allergens (n = 63). Dot size indicates number of allergen hits; color shows % identity to 3D epitope. 

Several cysteine protease isoforms showed strong matches with kiwi allergen Act d 1. (B) Proteins predicted as 

weak allergens (n = 185) using the same thresholds. 

Cysteine proteases are increasingly recognized as clinically important plant food allergens, with 

several members of this protein family known to trigger IgE-mediated hypersensitivity reactions 

[25,26]. These enzymes, which play key roles in plant defense and ripening, are structurally stable 

and resistant to gastrointestinal digestion—features that contribute to their heightened allergenic 

potential [25,27]. Well-characterized examples include Act d 1 from kiwi, Ana c 2 from pineapple, 

and Cari p 1 from papaya, all of which have been associated with severe systemic allergic responses 

[25]. Their conserved structure and proteolytic function are believed to support both direct immune 

sensitization and disruption of epithelial barriers, increasing the likelihood of allergen exposure 

[28,29]. The high sequence identity and epitope similarity observed between mango cysteine 

proteases and Act d 1 point to a significant risk of cross-reactivity in sensitized individuals, aligning 

with the broader clinical significance of this allergen family. 

Lipid transfer proteins (LTPs), which are primarily low molecular weight heat-resistant proteins, 

are among the most well-characterized plant allergens that can be found in substantial quantities in 

the fruits [30]. Interestingly, our findings demonstrated that only two non-specific lipid-transfer 

proteins (LTPs), which correspond to accession numbers XP_044477456.1 and XP_044465367.1 in the 

mango genome, were identified as allergens with strong evidence. Despite being matched to known 

allergens Jug r 8 and Cry j LTP, however, these LTPs did not meet our high confidence criteria. On 
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the other hand, among the weakly evident allergen list, a total of 24 LTPs met our high confidence 

criteria (Table S2). Among these LTPs, a non-specific lipid-transfer protein 1-like (XP_044503745.1) 

protein matched with 192 known LTPs, showing 71.2% identity in a linear 80 aa window and 85.7% 

identity in a 3D epitope. Notably, this mango LTP showed the greatest match with the chestnut 

(Castanea sativa) Cas s8 allergen (Table S2, Figure 4B). 

 

Figure 5. Heatmap showing sequence identity between mango proteins and known allergens. (A) Cysteine 

protease proteins XP_044488586.1, XP_044511549.1, and XP_044509143.1 were aligned with cysteine protease 

allergens from various species. (B) Non-specific lipid-transfer proteins (LTPs) XP_044503745.1, XP_044473132.1, 

and XP_044473056.1 were aligned with allergens across multiple plant species. Color scale reflects percentage 

identity: red = high, yellow = moderate, green = low. 

To further demonstrate the similarities among the LTP isoforms in the mango genome, we 

selected two more LTPs (XP_044473132.1 and XP_044473056.1) and performed multiple sequence 

alignment in addition to a pairwise comparison of the known LTP allergens listed in the WHO/IUIS 

Allergen Nomenclature Sub-committee database. Our findings demonstrated that mango LTPs 

exhibited a conserved epitope binding location among plant LTPs and shared >50% amino acid 

sequence identity with all well-characterized fruit LTPs (Figure 5B, Figure S4). Cross-reactivity 

among LTPs from botanically distant fruits is well documented, with shared IgE-binding epitopes 

and overlapping T-cell reactivity contributing to the clinical phenomenon of LTP syndrome, where 
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sensitization to one LTP (e.g., Pru p 3 from peach) can trigger allergic responses to multiple plant 

foods [31–33]. 

4. Conclusions 

In conclusion, our study highlights the strength of genome-wide in silico approaches in 

identifying potential allergens in food sources that have not been fully explored before. We were able 

to examine over 54,000 protein sequences of mango genome as a case study, revealing a more 

comprehensive allergen profile that has been previously documented. In addition to confirming the 

known allergens from mangos, we also found new protein families that have substantial similarities 

to recognized allergens from other plant sources, such as lipid transfer proteins and cysteine 

proteases. These proteins showed good matches in allergy databases, conserved epitope areas, and 

high sequence identity, suggesting a high chance of cross-reactivity in sensitive people. The 

increasing number of clinical reports that associate mango with allergic reactions can be explained 

by this improved understanding of the mango proteome. Our findings also raise the possibility that 

there are a number of additional proteins with potential for allergies that have not been identified 

because of the limited scope of previous research on mango allergy. In order to determine which 

proteins, require further investigation in clinical or experimental settings, researchers may now 

effectively and affordably screen entire genomes using thorough in silico methods. 

Overall, this work contributes to filling the gap in allergen knowledge for tropical fruits like 

mango and sets the stage for future research in allergy diagnostics and food safety. These findings 

may also help breeders and food scientists develop low-allergen cultivars and safer food products, 

ultimately benefiting individuals with food sensitivities around the world. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
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Abbreviations 

The following abbreviations are used in this manuscript: 
LTP Lipid Transfer Protein 

PR Pathogenesis-Related 

GPI Glycosylphosphatidylinositol 

EFSA European Food Safety Authority 

IEDB Immune Epitope Database 

pLm4Alg Plant-based Language Model for Allergenicity 

CATAS Chinese Academy of Tropical Agricultural  
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