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ABSTRACT
Some allergens have previously been identified in mango (Mangifera indica Linn), including profilins, Bet v 1-

like proteins and chitinase. In this paper, we identified the deepest investigation of mango potential allergens
using high-throughput Illumina sequencing. RNA-Seq generated 11,751,123 contigs that were assembled into
99,328 unigenes with 16,848 unigenes of >1000 bp. A total of 230,242 unigenes were annotated using public
protein databases, with a cut-off E-value above 10, of which 27,295, 46,030, 24,227 and 14,023 unigenes were
assigned to gene ontology terms, Nr, Swiss-Prot and clusters of orthologous groups, respectively. A total of 66
potential allergen genes were identified, and their relative expressions were evaluated using Illumina RNA-Seq
technology. Allergens mainly belonged to pollen allergen, pathogenesis-related protein Bet v I family and
NADPH-dependent FMN reductase. We selected c61327.graph_c0, highly expressed in fruit and annotated as
Pollen Ole e 1, was used as a template to obtain homologous protein structure in the RCSB PDB bank (PDB:
4z8w). We over-expressed and purified ¢61327.graph_c0, which could bind to human IgE by immunoblotting
analysis.

The epitope (74-SFRQEVKTEKHGEFKVHLPFSVSEHV-99) was speculated to confer allergic reactions.
Therefore, this study provided a comprehensive systemic view of the transcriptome between mango leaf and fruit
allergens endowed with biological activities, which will be useful for further genomic research studies and
breeding of lower allergenic mango cultivars.
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1. INTRODUCTION

Mango (Mangifera indica Linn) belongs to the Ana-
cardiaceae family and is the most important tropical
fruit crop in China, distributed in Hainan, Guangxi,
Guizhou and other provinces (Wu et al., 2014). Man-
go is popularly regarded as “the king of fruits”. Their
fruits are rich in antioxidant vitamins A and C, B6
(pyridoxine), folate, potassium and omega-3 and -6
polyunsaturated fatty acids which all benefit human
health (Dautt-Castro et al., 2015; Srivastava et al.,
2016). Mango has also been reported to have anti-
bacterial and anti-carcinogenic action (Noratto ef al.,
2010). Mango can be processed to make juices, ice
creams, fruit bars, smoothies and spicy chilli paste
(Fasoli and Righetti, 2013).

Despite the massive consumption of mango world-
wide, hypersensitivity reactions caused by fruits can-
not be ignored (Paschke et al, 2001; Hassan and
Venkatesh, 2015). Allergy to mango has a range of
symptoms of varying levels (Weinstein et al., 2004).
Some people show delayed hypersensitivity reaction,
presenting with erythema, urticaria, dyspnea, anaphy-
laxis or angioedema, and others are entirely debilitat-
ed with immediate hypersensitivity reactions, show-
ing oral allergy syndrome and manifesting in facial
angioedema, hoarseness, pruritus of palms and respir-
atory distress (Wu et al., 2012). Moreover, conven-
tional mango processing into products does not allow
the complete elimination of allergenic potency (Dube
etal.,2004).

Allergy cross-reactivity is frequently observed in dai-
ly life (Diaz-Perales et al., 1999). Cross-reactions
between mango fruit and various other foods have
been reported due to the typical structure and proper-
ties of each protein family over a wide range of plant
species, genera and even families (Wellhausen et al.,
1996; Oka et al., 2004). These proteins could be rec-
ognized by the immune system and the ingestion of
pollen, which can trigger an allergic reaction in a sus-
ceptible individual (Vargas Correa ef al., 1991; Ren-
ner et al., 2008). Mango allergens were reported to
cross-react with birch pollen, celery, citrus, pistachio
nut, Artemisia pollen and papaya (Song et al., 2008).
Several allergens in mango fruits were identified and
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purified using an immunoglobulin (IgE) detection
system and were also identified on the international
allergen list (http://www.allergome.org/index.php). In
mango, they are mainly denoted as Man il, Man i2
and Man i3, attributed to ribosomal protein, NADH-
plastoquinone oxidoreductase subunit and cyto-
chrome ¢ heme attachment protein, respectively. Re-
combinant Man il was purified in Escherichia coli,
with potential for use in immunotherapy against man-
go allergy (Tsai et al., 2017).

Previous research has revealed mango physiological
results, including volatile composition, postharvest
management and fruit quality during the ripening pro-
cess (Hoang et al., 2015). Recently, genomic infor-
mation about mango development has received more
attention (Luria et al, 2014). Large-scale Illumina
sequencing has provided a comprehensive gateway to
determine the new transcripts, gene expression and
more accurate profiles of the transcriptome, and has
become a powerful technology for species that lack
reference genome information (Hong et al., 2016; Liu
et al., 2016). The assembled data can be analyzed to
evaluate a wide variety of genetic characteristics and
metabolic pathways in mango fruit, and much mango
transcriptome data have been reported. More than
13,500 unigenes of mango related to expression in
leaf tissues and the chloroplast genome were annotat-
ed to 293 KEGG pathways (Dautt-Castro et al,
2015). Transcriptomic and proteomic analysis of a
mixed mango sample with flesh and peel of mango
variety “Zill” were reported, with 54,000 transcripts
assembled and 2754 proteins matched to mango tran-
scripts. This revealed critical pathways during fruit
ripening. Comparative transcriptome analysis of un-
ripe and mid-ripe mango fruit determined to ripen
associated genes. Overall, there were 74,312 unique
transcripts obtained and 127 pathways identified in
the mango transcriptome by KEGG analysis, which
were mainly involved in detoxification, carbon me-
tabolism, ethylene biosynthesis and aromatic amino
acid degradation. This study also revealed differences
in softening associated genes and other nutritional
characteristics.
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In order to better understand the different transcrip-
tomes of mango leaf and fruit, their individual expres-
sion profiles were determined in our research. Not-
withstanding previous reports showing allergen sensi-
tization to mango fruit, a more comprehensive assess-
ment of allergen genes in mango leaf and fruit was
undertaken in our study. We report a larger dataset of
the transcriptome profiles and elucidate the signifi-
cant allergens involved in different pathways. This
information provides an essential platform for further
allergen studies in mango. Producing lower allergenic
cultivars through molecular biology should be useful
in new mango breeding programs.

2. MATERIAL AND METHODS

2.1. RNA extraction

Mango leaf and fruit were collected and immediately
frozen in liquid nitrogen, then grounded mechanically
into the fine powder and stored at —80 °C for RNA
extraction. Total RNA was isolated using an RNA
Isolation Kit (Takara, Japan), according to the manu-
facturer’s guidelines. The total RNA was suspended
in RNase-free water, and RNA integrity and quality
were assessed using an Agilent 2100 (Agilent, Santa
Clara, CA, USA).

2.2. Library construction and illumina sequencing
The Magnetic Oligo (dT) beads (Invitrogen, USA)
was performed to isolate poly (A) mRNA from total
RNA. Then mRNA was randomly fragmented by the
fragmentation buffer. Used these fragments as tem-
plates, cDNA was synthesized and purified. After
purified cDNA, adapters were then connected. Suita-
ble fragments were selected for PCR amplification
and the library was then identified. Agilent 2100 Bio-
analyzer was applied for the quantification and quali-
fication of the library. Finally, high-throughput se-
quencing was conducted through the Illumina HiSeq
4000 (Illumina, San Diego, CA, USA) to generate
150-bp paired-end reads. The process of de-nova
transcriptome sequence was shown in Figure 1. The
raw sequence reads are available at the NCBI GEO
(Gene Expression Omnibus) database under the ac-
cession number (GEO No. GSE142427).
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Extract RNA
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PCR amplification

High throughput sequencing
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Unigene annotation
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COG, Pfam, KEGG)
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Expressed Gene using
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rinity Assembled FPKM

Contigs, Unigenes

) Selected genes related with
allergens

Figure 1. Transcriptome sequence of mango fruit and
leaf and biological analysis.

2.3. Data processing, assembly and annotation of
unigenes

The clean reads were selected from raw data by filter-
ing out adaptor-only reads, reads containing more
than 5% N bases unknown, and low-quality reads
(reads containing more than 50% bases with Q-value
<10) and used in the following analysis. Trinity as-
sembly program was used to obtain data (Grabherr et
al., 2011). All unigenes were respectively compared
with different databases. Clusters of Orthologous
Groups of proteins database (COG, http://
www.ncbi.nlm.nih.gov/COG/) (Tatusov et al., 2000),
NCBI non-redundant protein database (Nr, http:/
www.ncbi.nlm.nih.gov/), Swiss-Prot (http://
www.expasy.ch/sprot) (UniProt Consortium, 2018),

Gene Ontology (GO, http://www.geneontology.org/)
(Ashburner et al., 2000), Protein family (Pfam, http://
pfam.xfam.org/) (Finn et al, 2014), and KEGG
(Kyoto Encyclopedia of Genes and Genomes, http://

www.genome.jp/kegg/) with an E-value cut off of
107 (Kanehisa et al., 2004). The best-aligning results
were used to identify the sequence direction of the
unigenes. If different databases conflicted, the results
were prioritized in the order: Nr, Pfam, Swiss-Prot,
KEGG, COG and GO. When transcripts did not align
with any of the databases, EST Scan (http://myhits.isb
-sib.ch/cgi-bin/estscan) was performed to xdecide its
sequence direction.
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Table 1. Primers used for real-time PCR analysis

Gene ID Forward primers

Reverse primers

c61327.graph_c0

CGACAAGAAGTGAAGACAGAGA

AGCCTGAGTGAAGATGAAGTTG

c49299.graph_c0 CTCTTCTCTTCACTCGCTTTCC CCTTGGTGTTGCCGTCAGA
c44502.graph_c0, GCTGAGTTATGGCGGTCAAG TGGCTTCACAATTCAAGGCATT
c64434.graph_c0 CGCACGCTCCTTGAACTTC ACGACGCCGACATTGACA
c61297.graph_c0 CCACACCACACCACAACAAC CCAGTGATGACGACGACCTT
cl7261.graph _c0 CCTGTCAACCACTGGAACTCA AGACACAGCACTGCCATACC
c64821.graph _c0 ACACCGAAGAGATTGACAAGTC  GTTCCACAGGCACCGTAGT
c47476.graph_c0 ATGGTACTCGGCGATCTTGA CACTCTGGCGGTCCTTCTAT
c64956.graph_c0 TCCGCAGCCAGTTCCATT GCCAGCATTGTGTTACTCTCA
c52048.graph_c0 GAAGTGTTGGCGAGGAGGAT AGCGTTGTTCAATAGCGGTTC

S-actin

ATCGCTGAGCACCTTCCAACA

CCAATCCTGACCTCTGACACTTCT

2.4. Allergen analysis in mango leaf and fruit

All genes related to allergen were selected and clus-
tered based on Nr annotation and made descriptions.
The gene lengths of allergens were also listed. The
expression level of all allergen genes in mango leaf
and fruit were evaluated using FPKM (fragments per
kilobase of transcript per million mapped reads).

2.5. Real-time RT-PCR analysis

The total RNA of mango flower, leaf and fruit were
extracted using TAKARA Trizol Reagent according
to the protocol of manufacturer. The extracted RNA
was reversely transcribed using an RT-PCR Kit®
with an oligo dT-adaptor primer. S-actin as an inter-
nal standard gene and genes were amplified. The pri-
mers for each allergic gene and f-actin were shown
in Table 1. The fragments were separated on 1 % (w/
v) agarose gel electrophoresis. Quantitative real-time
PCR was performed in a LightCycler 480 instrument
(Roche) with the FastStart DNA Master SYBR Green
I kit. Amplification was performed for 30 cycles: de-
natured at 95°C for 30 s, annealed at 60 °C for 30 s,
and extended at 74 °C for 1 min. The allergen expres-
sion levels relative to the control were estimated by

calculating A ACt and subsequently analyzed using

2742 method.

2.6. Protein structure analysis

The amino acid sequence of allergens was obtained
with ORF (https://www.ncbi.nlm.nih.gov/orffinder/)
and used as templates by homology models with pro-

tein data bank (http://www.rcsb.org/pdb/home/

home.do). Cluspro software was used for protein-
protein docking. The assembly 3D structure was se-
lected based on cluster scores that yield large clusters
of docked structures with relatively low energies
(E=0.40Erep+—0.40Eatt+600Eelec+1.00Epgs)
(Kozakov et al., 2013). Discovery studio 4.5 software
was used to obtain the sequence of docked proteins
(Swellmeen et al., 2017). The proteins were aligned
with ESPript 3.0 webserver (http://espript.ibep.ft/
ESPript/ESPript/) based on the crystal structure
(https://swissmodel.expasy.org/).

2.7. Immunodetection assays

The identified allergen was constructed with recom-
binant prokaryotic expression vector pET28a (+).
Then, we transformed the recombinant into E.coli
BL21(DE3) to over-expression the allergen and puri-
fied the recombinant protein by nickel chelating chro-
matography. Finally, a total of 30ug protein were
determined and separated on 10% SDS-PAGE then
transferred onto polyvinylidene difluoride mem-
branes (Millipore, MA). After blocked with 5% non-
fat milk in TBST (0.1%) for 1 h, then the membranes
were respectively incubated overnight with IgE
(SouthernBiothech, Cat. No. B312ES, 1:200 dilution)
for 2 h at 25°C. After washed six times with TBST,
the membranes were hybridized with goat anti-
human IgE conjugated with horseradish peroxidase
(SouthernBiothech, Cat.No.1110-05) antibody 1: 5,
000 dilution for 45 min at 25 °C. After washed six
times with TBST. The membrane finally was incu-
bated with ECL detection kits (Thermo Scientific
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Pierce) for 2 min and exposed to X-ray film then IgE-
binding components were revealed by enhanced

chemiluminescence. Prestained protein molecular
weight marker (Thermo Scientific Fermentas,
SMO0671) was used.

3. RESULTS

3.1. Characterization of Mango Transcriptome
and de novo Assembly

Mango, as a member of the family Anacardiaceae, is
an allotetraploid fruit tree with a small genome size of
about 450 Mbp (Dautt-Castro et al., 2015). A new
mango transcriptome was assembled from 8.36 Gbp
of sequence data using Trinity software, which gener-
ated 11,751,123 contigs that were assembled into
99,328 unigenes with 16,848 unigenes above 1000 bp
and an average length of 1357 bases. A total of
230,242 transcripts were annotated using public pro-
tein databases, with a cut-off E-value above 107>, The
length ranges of 200-300, 300-500, 500—1000, 1000—
2000 and >2000 bp represented 20.08, 15.39, 15.89,
23.10 and 25.54%, respectively. Transcripts were also
analyzed in the KEGG database, and a total of 15,520
unigenes were assigned to 327 KEGG pathways. The
numbers of unigenes annotated using Non-redundant
(Nr), Swiss-Prot, GO and COG databases were re-
spectively 46,030, 24,227, 27,295 and 14,023. Addi-
tionally, 6568 unigenes were annotated in all data-
bases (Figure 2).

Figure 2. Venn diagram of mango unigenes annotat-
ed according to the NCBI Nr, Swiss-Prot, COG and

Huiqing Yan & Yin Yi et al.

KEGG databases and classified into GO. The over-
lapped unigenes are indicated in the intersections.

3.2. Expression Profile of Mango Fruit and Leaf
Using Trinity software, a total of 7369 genes were
identified as differentially expressed between mango
leaf and fruit, with a predicted FDR < 0.05: 4558 up-
regulated and 2811 down-regulated. We determined if
particular GO terms and KEGG pathways were en-
riched in the different genes compared with the com-
plete transcriptome. The GO enrichment terms were
classified into three categories: biological process,
cellular components and molecular function. In terms
of biological process, these different genes were
mainly involved in the metabolic process, the cellular
process, and the single-organism process based on
sequence homology. Cell part, organelle, membrane,
macromolecular complex and extracellular region
were the most significant cellular components. In
terms of molecular function, catalytic activity, bind-
ing, transporter activity and electron carrier activity
were noted. Most genes were involved in photosyn-
thesis, starch and sucrose metabolism, plant hormone
signal transduction, carbon metabolism and ribo-
somes (Figure 3A).

As reported in fruit ripening, a wide range of genes
were up-regulated in mango fruit, such as those in-
volved in the oxidation-reduction process and ATP
binding nucleus. These genes were generally involved
in essential carbohydrate and secondary metabolite
accumulation during fruit maturation with COG anno-
tation function classification of the consensus se-
quence. Translation, ribosomal structure and biogene-
sis, carbohydrate transport and metabolism, energy
production and conversion, secondary metabolite bio-
synthesis, transport and catabolism were significant
processes in which genes were up-regulated (Figure
3B). There were also many other genes predicted to
participate in general function only, which will be
very useful in further research where their expression
profiles will be assayed at the transcriptional level for
different developmental stages.
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Figure 4. The relative expression heatmap of 60 genes related to allergens identified from the massive amount of
transcriptome sequencing data in mango leaf and fruit with RNA-Seq (shown in white for the reason the expres-

sion value was higher than the figure legend).

3.3. Genes Associated with Allergens in Mango Fruit
and Leaf

A total of sixty-six allergens were obtained at the tran-
scription level using the databases (Table 2). Pollen
allergen was the major component. The genes in mango
leaf and fruit could be BLASTed in different species
and encoded expansin-like proteins. Some other pollen
allergens, Che a 1 and Ole e 10, were also determined in
mango. Bet v type allergens were also present, includ-
ing allergenic isoflavone reductase-like protein Bet v
6.0102, pathogenesis-related protein Bet v I and calci-
um-binding protein Bet v 3-like protein. Some allergens
of Pru ar I-like, including c45493.graph cO0,
c51367.graph_c0, c94579.graph_c0 and
c40982.graph _c0, also belonged to the pathogenesis-
related protein Bet v I family. Allergen Alt was a type
of NADPH-dependent FMN reductase. Some other

kinds of allergens were also identified in mango-Ana o
2, chitinase, profilin, Can a 1, Mal d 1, Hsp90/Hsp, Pis
v 2.0201, Cla h and aldehyde dehydrogenase, which are
all potentially harmful to human health.

Sixty allergen genes were expressed in mango leaf and
fruit, and their relative expression patterns are shown in
Figure4. The genes c¢61327.graph_c0, c49299.graph_c0
and c44502.graph_c0 were highly expressed in mango
fruit, followed by c64434.graph_c0 and
c61297.graph_c0. The three top genes were those for
pollen allergen Che a 1, aldehyde dehydrogenase and
the pathogenesis-related protein Bet v I family. There
were 24 allergen genes mainly expressed in mango fruit
and 36 others were highly expressed in leaf (Figure 4).
Most of these genes encoded pollen allergen expansion-
like proteins.
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Table 2. The 66 genes related to allergens identified in mango leaf and fruit

Huiqing Yan & Yin Yi et al.

Description

GenelD

Gene length (bp)

Chitinase [Mangifera indica]

¢28599.graph_c0; c64821.graph c0

467;1404

Pollen allergen expansin [ Citrus sinensis]

¢29424.graph_cl; c48545.graph_c0; ¢50700.graph_c0

208; 1299; 1261

; 16893.graph_cl; c17261.graph c0; ; 385; 1032
. c44782.graph_c0; c17088.graph_c0 685: 769
Pollen allergen expansin [Jatropha curcas) c107559.graph_c0; c56856.graph c0; 93 1; 1066
c18243.graph c0
Pollen allergen expansin [ Gossypium hirsutum] c78593.graph_c0 202
Pollen allergen expansin [ Theobroma cacao] c17554.graph_c0; c46399.graph c0 1347;591
Pollen allergen expansin [ Gossypium arboreum] c47476.graph_c0; c16893.graph c0 1934;
Pollen allergen expansin [ Theobroma cacao) c50145.graph_c0 1178
Pollen allergen expansin [Populus trichocarpa] ¢64956.graph_c0 1229
Pollen allergen expansin [ Populus euphratica) ¢53495.graph_c0 988
Pollen allergen expansin [ Glycine max] ¢96988.graph_c0 211
Pollen allergen expansin [Sesamum indicum] ¢52048.graph_c0; c44844.graph c0 851;
Pollen allergen expansin [Ricinus communis| c2278.graph_c0; c66414.graph_c0 324; 351
Pollen allergen expansin [Morus notabilis) c40487.graph_c0 646
Pollen allergen Che a 1 [Citrus sinensis) ¢61327.graph _c0 963
Pollen allergen Ole e 10 [Citrus sinensis] ¢51181.graph_c0 662
Pollen allergen Ole e 10 [Fragaria vesca subsp. vesca] | ¢65925.graph_c0 661
Allergenic Bet v 6.0102 [Betula pendula] c88876.graph_c0; c82555.graph_c0 247
Pathogenesis-related Bet v I [ Theobroma cacao] ¢67436.graph_c0 405
Pathogenesis-related Bet v 1 [A/nus glutinosa) ¢85030.graph_c0 212
Calcium-binding Bet v 3-like [Citrus sinensis] c13785.graph_c0 592
Allergen Pru ar 1-like [ Nelumbo nucifera) c45493.graph_c0 767
Allergen Pru ar 1-like [Eucalyptus grandis) ¢51367.graph_c0 790
Allergen Pru ar 1-like [ Vitis vinifera] €94579.graph_c0 263
Allergen Pru av 1 [Vitis hybrid cultivar] c40982.graph_c0 796
Allergen Alt a 7-like [Citrus sinensis] €53665.graph_c0; c66046.graph_c0 1547, 374
Allergen Alt a [Jatropha curcas) c44502.graph_c0 877
Allergen Alt a 7 [Alternaria alternata] ¢91727.graph_c0 252
Allergen Alt a [ Neofusicoccum parvum] c4960.graph_c0; ¢58926.graph_c0 594; 925
Allergen Alt a [Ricinus communis] ¢53125.graph_c0 1361;
Alternaria Alternata Allergen Alt A 1 c5477.graph_c0 252
Allergen Ana o 2 [Anacardium occidentale] ¢77857.graph_c0 417
Can a 1 allergen protein [Sphaerulina musiva) c104693.graph_c0 247
Allergen Hsp90/Hsp1 [Sphaerulina musiva] c64618.graph_c0 2513
Pis v 2.0201 allergen [Pistacia vera] c41282.graph_c0 751
c81214.graph_c0; c64434.graph c0; c31302.graph _c0 | 249; 1773; 247
Al s o cial2 i 088k S 0 | 20215 0
c11731.graph_c0; c48481.graph_c0; c23071.graph _c0 | 252; 352; 333
¢61297.graph_c0; c18428.graph c0 1083; 390
Major allergen Mal d 1 [Malus domestica) c95412.graph_c0 232
Profilin [Glycine soja] ¢36990.graph_c0 366
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3.4. The analysis of Allergen Expressions
Allergen genes that were highly expressed in man-
go leaf or fruit were selected. These allergens were
determined with real-time PCR in three different
mango tissues: flower, leaf and fruit (Figure 5).
Their expressions basically corresponded with
RNA-Seq results. Expressions of ¢44502.graph_cO0,
c49299.graph_c0, c61297.graph_c0, c¢52048.graph_c0,
cl17261.graph_c0 and c61327.graph_c0 were higher in
fruit than the leaf. Other genes were expressed
more highly in leaf than fruit. Most genes were
highly expressed in flowers. Only
c64821.graph_c0 was highly expressed in leaf.

3.5. Protein Structure Analysis

The allergen c61327.graph c0, which is highly
expressed in fruit, was used as a template to obtain
homologous protein structure in the RCSB PDB
bank (PDB: 4z8w). When searched using BLAST
in NCBI, this matched Pollen Ole e 1 (Theobroma
cacao) with a high level of amino acid identity
(71%). the predicted 3D of
c61327.graph_c0, the human IgE-binding simula-
tion was at this epitope (74-
SFRQEVKTEKHGEFKVHLPFSVSEHV-99)
(Figure 6A). The immunodetection using IgE (Fig.

In structure

6C) disclosed a main binding band of around 35
KDa. The molecular weight was approximately in
accordance with c¢61327.graph c0O, which were
33.53 KDa respectively. Thus, we concluded that
c61327.graph_cO showed the reaction to IgE,
which could cause allergic responses in the human
body. The docking protein sequences are shown in
Figure 6B. c61327.graph c0 was aligned with the
Pollen Ole e 1 allergen/ extension protein of 7. ca-
cao (GenBank: EOY03810.1), Cephalotus follicu-
laris (GenBank: GAV60102.1), Corchorus olitori-
us (GenBank: OMO89486.1) and Corchorus cap-
sularis (GenBank: OMPO03537.1) using ESPript
3.0. Based on the high similarity of protein se-
quences, cross-sensitivity reactions between man-
go and other species should be noticed.
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Figure 5. Relative expressions of ten allergens in
mango flower, fruit and leaf using real-time PCR.

WWW.SIFTDESK.ORG

106

Vol-5 Issue-2



SIFT DESK

Huiqing Yan & Yin Yi et al.

-7
| -3
- 100

-7

Capiaiorus fotieutarts (RN I i 7 LR AR £

- 40

-5

I i)
SIFSAGFFEFEPLEY
QIFSAGFFYFEPLEQOFEN

E (KDa)
HIFSAGFFEFEPLEOPIMMCHQKR SE]

IgE

Figure 6. Prediction of human IgE-Fc¢ (cyan) (PDB: 5 mol) bound to the epitopes of ¢c61327.graph c0O (PDB:
4z8w) allergen. (A) The allergen (purple) bound to IgE-Fc (yellow); image created using Discovery studio 4.5
software; (B) amino acid alignment among mango, Theobroma cacao, Cephalotus follicularis, Corchorus olito-
rius and Corchorus capsularis; image created using ESPript 3.0. The shadow is the putative IgE epitope (74-
SFRQEVKTEKHGEFKVHLPFSVSEHV-99). (C) IgE-binding pattern with sensitization to ¢61327.graph c0
(each was repeated twice) by western-blotting analysis.

4. DISCUSSION

[Mlumina mRNA sequencing technology is an effi-
cient technology to characterize the transcriptome
profile of mango (Sherman ef al., 2015), and has been
used in studies on grape (Tu et al., 2016),sweet or-
ange (Hu et al., 2016) and pineapple (Sharma et al.,
2017), producing data on differentially expressed
genes or new genes annotated with potential or novel
pathways. Therefore, Illumina sequencing of mRNA
is a priority for gene function research in mango.
There have been several recent studies on mango
fruit development and fruit quantity (Pandit et al.,
2010). However, as far as we know, few reports on
the use of the RNA-Seq technique to identify differ-
ent transcriptome profiles of mango leaf and fruit.
We obtained many genes involved in different meta-
bolic pathways during mango leaf and fruit develop-
ment. We generated 28 million sequence reads corre-
sponding to 8.36 Gb of raw sequence data and ob-
tained 99,328 unique sequences with 16,848 of >1
kb, of which 47,949 unigenes were annotated with
different databases, which was relatively higher than
those obtained for other fruits using transcriptome
sequencing and assembly. Our results provide the
most extensive published sequencing resource for
mango.

Out of 47,949 transcripts, 46,303 (96.57%) were suc-
cessfully aligned within the Nr database, 3.43% of
transcripts could not be Blasted to known genes be-
cause of genome limitation and lack of EST infor-
mation in mango. Of the annotated transcripts, some
unigenes were classified as ‘hypothetical protein’,
‘predicted protein’ and ‘putative’, which did not re-
ceive a confirmative annotation. It was challenging to
identify function and classification. Therefore, these
genes should receive more attention and analysis in
classical molecular biological experiments in order to
determine their potential roles, which may be critical
to allergen pathways.

Sixty-six allergen genes were obtained at the tran-
scriptome level, and mainly included pollen aller-
gens, the pathogenesis-related protein Bet v I family,
profilins, chitinase class I and Allergen Alt a 1. Pol-
len allergen expansin-like proteins are significant
allergens, exist in many species and are considered
pan-allergens— they are responsible for cross-
reactions between food and pollen. The pathogenesis-
related protein Bet v I family and chitinase are in-
volved in plant defense against fungi and bacteria, as
well as hydrophobic protection of chitin in animals
(Diaz-Perales et al., 1999). Profilins are actin mono-
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mer binding proteins and regulate the cytoskeleton in
higher plants (Song et al., 2008). Allergen Alt is a
type of NADPH-dependent FMN reductase, which
partially corresponds to the Man i allergen. The Alt a
1 is a species-specific molecular marker in citrus that
has been strongly associated with allergenicity, and
may have potential in immunotherapy against mango
allergies (Moreno et al., 2016; Gabriel ef al., 2017).
Despite many allergens existing in mango leaf and
fruit, their expressions differed. Expressions of the
ten allergenic genes in three different tissues were
compared using qRT-PCR, which corresponded very
well with RNA-Seq in mango and leaf. However,
allergens in flower were remarkably higher than any
other tissue. This indicates that people with strong,
sensitive, allergic reactions after eating mango should
avoid touching mango flowers.

Increasingly, low-allergenic cultivars are bred and
selected using molecular approaches, which can be
used to lower the expression of major allergens. Ge-
neticists have identified low allergenic apple cultivars
(Kootstra et al., 2007). A similar approach was initi-
ated in peach through collaboration between China
and Europe (Brenna et al., 2004). A total of 66 poten-
tial allergens in mango fruit were assessed in this
study, and major allergens can be screened. So, this
will aid the breeding of lower allergenic cultivars
through molecular biology. Similarities in protein
structure can be used to predict protein function;
c61327.graph_c0 was assigned the function of Pollen
Ole e 1 (T. cacao) based on similar amino acid se-
quences and proved to show interaction with human
IgE by immunoblotting analysis. However, the IgE
epitope of other allergens should be further investi-
gated. These results are a step toward understanding
the allergens of mango fruit and in developing new
cultivars with enhanced health properties.
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