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Abstract

Background

Allergy to short ragweed (Ambrosia artemisiifolia) pollen is a serious and expanding health

problem in North America and Europe. Whereas only 10 short ragweed pollen allergens are

officially recorded, patterns of IgE reactivity observed in ragweed allergic patients suggest

that other allergens contribute to allergenicity. The objective of the present study was to

identify novel allergens following extensive characterization of the transcriptome and prote-

ome of short ragweed pollen.

Methods

Following a Proteomics-Informed-by-Transcriptomics approach, a comprehensive tran-

scriptomic data set was built up from RNA-seq analysis of short ragweed pollen. Mass spec-

trometry-based proteomic analyses and IgE reactivity profiling after high resolution 2D-gel

electrophoresis were then combined to identify novel allergens.

Results

Short ragweed pollen transcripts were assembled after deep RNA sequencing and used to

inform proteomic analyses, thus leading to the identification of 573 proteins in the short rag-

weed pollen. Patterns of IgE reactivity of individual sera from 22 allergic patients were

assessed using an aqueous short ragweed pollen extract resolved over 2D-gels. Combined

with information derived from the annotated pollen proteome, those analyses revealed the

presence of multiple unreported IgE reactive proteins, including new Amb a 1 and Amb a 3

isoallergens as well as 7 novel candidate allergens reacting with IgEs from 20–70% of

patients. The latter encompass members of the carbonic anhydrase, enolase, galactose

oxidase, GDP dissociation inhibitor, pathogenesis related-17, polygalacturonase and UDP-

glucose pyrophosphorylase families.
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Conclusions

We extended the list of allergens identified in short ragweed pollen. These findings have

implications for both diagnosis and allergen immunotherapy purposes.

Introduction
Exposure to short ragweed (Ambrosia artemisiifolia) pollen is a major cause of severe type I
respiratory allergy [1]. While the plant was originally native to North America, subsequent
spreading to Europe makes short ragweed pollinosis a public health issue in both geographical
zones, with a prevalence of IgE sensitization continuously on the rise [2,3]. A comprehensive
knowledge of the allergen repertoire of this pollen is a prerequisite for accurate diagnosis and
efficient immunotherapy. As of today, 10 short ragweed pollen allergens have been identified
and recorded by the International Union of Immunological Societies (IUIS). This includes the
pectate lyase Amb a 1, considered as the major short ragweed pollen allergen with approxi-
mately 90% of ragweed-allergic individuals exhibiting IgE reactivity to this molecule [4–6]. Sev-
eral minor allergens have also been described such as Amb a 3 and Amb a 7 (two
plastocyanins), Amb a 4 (a defensin homologous to Art v 1), Amb a 5 (with unknown func-
tion), Amb a 6 (a non-specific lipid transfer protein), Amb a 8 (a profilin) as well as Amb a 9
and Amb a 10 (two calcium-binding proteins) [7–10]. In addition, we recently identified as a
new major allergen a cysteine protease reactive with seric IgEs from 66% of ragweed-allergic
patients, recorded as Amb a 11 by the IUIS [11]. Interestingly, however, many patients display
IgE reactivity toward proteins distinct from such known allergens, indicating that other aller-
genic components remain to be identified in short ragweed pollen [5,11].

Proteomic studies for the identification of new allergens from non-model plant species such
as A. artemisiifolia are classically hindered by the paucity of protein or genomic information
available in public databases. The short ragweed proteome is poorly known with only about
thirty different proteins documented in public databases. To circumvent this problem, we
applied a broad RNA sequencing approach to first generate a comprehensive inventory of the
short ragweed pollen transcripts, then infer proteins and further characterize the proteome by
mass spectrometry (MS) [12–15]. Combining this approach with IgE reactivity profiling of
patients’ sera using high-resolution 2D-gel electrophoresis, we present herein a detailed charac-
terization of the A. artemisiifolia pollen proteome and allergome, with evidence for several
allergens and isoallergens.

Methods

Analysis and annotation of the short ragweed pollen transcriptome
Total RNAs were isolated from A. artemisiifolia pollen grains (GREER, Lenoir, NC) using the
RNeasy kit (Qiagen, Courtaboeuf, France). The selection of mRNAs and the construction of a
random primed library were conducted by Vertis Biotechnologies (Freising, Germany). Subse-
quent deep mRNA sequencing using a 454 sequencing apparatus with titanium chemistry
(Roche Diagnostics, Meylan, France), de novo assembly with the Newbler software (Roche
Diagnostics) and annotation were performed by Beckman Coulter Genomics (Grenoble,
France). For each transcript, 6-frame translations were used to perform a BLASTP analysis
against proteins available for the flowering plants (taxonomy ID 3398) and determine the most
probable reading frames. An annotated transcriptome-derived proteome (TDP) database
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containing 9678 predicted protein sequences was built based upon translation(s) in frame(s)
yielding a blast hit, or giving the longest translated sequences. Protein sequences shorter than
33 amino acids and without any blast hit (e-value above 10−5) were excluded. To identify puta-
tive short ragweed allergens by similarity to known allergens, the TPD entries were compared
by BLASTP to a set of plant proteins labeled as allergens in Uniprot (“viridiplantae and aller-
gen”) using the CLC Genomics Workbench 7 software (CLCbio, Aarhus, Denmark). A hit was
considered as positive when the calculated e-value was smaller than 10-5.

A pathway analysis was performed on the assembled transcripts with the KEGG (Kyoto
Encyclopedia of Genes and Genomes) Automatic Annotation Server (KAAS). KEGG ortholo-
gies (KO) were assigned using the bidirectional best hit (BBH) method and Arabidopsis thali-
ana as a gene data set.

Analysis of the short ragweed pollen proteome
Short ragweed pollen grains were ground in liquid nitrogen, then resuspended at 1:5 (w/v) in
PBS pH 7.4 (Ambion, Austin, TX) supplemented with a cocktail of protease inhibitors (Com-
plete, Roche, Meylan, France). After gentle shaking at room temperature for 1 hour and centri-
fugation at 10,000 g for 30 min, supernatants were collected, filtered at 0.22 μm, and enriched
in low abundance proteins using the Proteominer kit (Bio-Rad, Marne La Coquette, France).
Proteins were digested with trypsin prior to analysis by reversed-phase liquid chromatography
using an Ultimate 3000 RS nano LC system (Thermo Fisher Scientific, Villebon sur Yvette,
France) coupled to MS (Impact HD, Bruker Daltonics, Wissembourg, France). Peptide identifi-
cation was performed using the PEAKS software (Bioinformatics Solutions Inc., Waterloo,
Canada) and the in-house TDP database supplemented with Amb a 4, Amb a 5, Amb a 6
sequences obtained from IUIS (www.allergen.org) as they were not retrieved through our tran-
scriptome analysis. Only proteins identified with a minimum of 2 peptide sequences, including
at least 1 unique sequence, were taken into account. Further details on MS analysis and protein
identification are provided in the online repository (In-solution MS analyses).

To create a proteome map, proteins from an aqueous short ragweed pollen extract were first
precipitated using the PerfectFocus kit (Agro-Bio, La Ferté Saint Aubin, France), resuspended
in a 7 M urea, 2 M thiourea, 4% CHAPS and 30 mM Tris pH 8.8 buffer, before 2D-gel electro-
phoresis using 3–10 non linear pH range 12.5% DALT gels (GE Healthcare, Velizy-Villacou-
blay, France), as per the manufacturers’ instructions. Following Sypro Ruby staining (Life
Technologies, Saint Aubin, France), protein spots of interest were excised from 2D-gels using
an EXquest spot cutter (Bio-Rad), then submitted to tryptic digestion and analyzed by LC-MS/
MS. Further details on MS analyses and protein identification are provided in the online repos-
itory (In-gel MS analyses).

Identification of IgE reactive proteins in short ragweed pollen
Sera from 22 European patients allergic to short ragweed pollen, enrolled in a phase I study
(ClinicalTrials.gov identifier: NCT01224834) after approval by a local ethical committee, Medi-
cal Research Council Ethics Committee for Clinical Pharmacology (Hungary; EudraCT: 2008-
003715-12), were used to detect short ragweed pollen proteins exhibiting IgE reactivity. Writ-
ten informed consents were obtained from patients. All patients had a clinical history of sea-
sonal ragweed pollen allergy, a positive skin prick test and specific IgE levels to short ragweed
pollen allergens� 0.70 kU/L documented by ImmunoCap (Thermo Fisher Scientific, Saint
Quentin en Yvelines, France). For immunoblotting, total proteins from an aqueous short rag-
weed pollen extract were fractionated by 2D-PAGE as described above, blotted onto a nitrocel-
lulose membrane, incubated with individual sera at a 1:10 dilution, and then with rabbit anti-
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human IgE (Dako, Les Ulis, France) followed by HRP-conjugated goat anti-rabbit antibodies
(Merck Millipore, Molsheim, France). Specific IgE binding was detected by chemiluminescence
using the Advansta WesternBright Quantum kit (Diagomics, Blagnac, France) and a Fusion
FX CCD camera (Vilber Lourmat, Collegien, France). IgE reactive spots were annotated using
the proteome map.

Results

Short ragweed pollen transcriptome and proteome analyses
To characterize the short ragweed pollen proteome and search for novel allergens, a combined
approach relying on deep RNA sequencing, MS analyses and IgE reactivity mapping was
applied (Fig 1). As a first step, mRNAs were extracted from short ragweed pollen and
sequenced using 454 Next Generation Sequencing technology. A total of 1 554 596 raw reads,
with a 20-580 bp (median 468 bp) length distribution, was obtained. The short ragweed pollen
transcriptome was then rebuilt by assembling the sequencing reads, thus yielding 7991 tran-
scripts. Protein sequences derived from such transcripts were compiled in a Transcriptome-
Derived Proteome (TDP) database compatible with MS search engines. Up to 7885 transcripts
gave rise by translation to 9678 peptides sequences at least 33 amino acid long, out of which
5231 exhibited significant homology to recorded plant proteins in at least one translation
frame. To further complement the annotation of this library, a pathway mapping analysis was
performed using the KEGG Automatic Annotation Server (KAAS). As expected, such annota-
tion revealed many transcripts related to molecules involved in either primary metabolic path-
ways (e. g. carbohydrate, amino acid, nucleotide or energy metabolisms), genetic information
processing, plant-pathogen interaction, cell growth and death or signal transduction (Fig 2). In
addition, some transcripts pertaining to specialized metabolisms (e. g. terpenoid, phenylpropa-
noid synthesis) were also found.

We then analyzed a short ragweed pollen extract by LC-MS/MS, prior and after protein
enrichment to assess low abundance proteins and improve the proteome coverage. A total of
573 protein groups were detected, based on at least 2 peptides identified, out of which� 1
unique (S1 Table).

Short ragweed pollen allergome analyses
Focusing specifically on allergens, our LC-MS/MS analysis confirmed, using the aforemen-
tioned criteria, the presence in the short ragweed pollen extract of both Amb a 1 (5 known iso-
forms, as well as 4 other Amb a 1-related proteins), Amb a 5, Amb a 6, Amb a 8, Amb a 10 and
Amb a 11. Although the registered Amb a 3 allergen was not retrieved by our analyses, a highly
similar protein displaying 87% overall sequence identity (and up to 96.7% identity within the
91 amino-terminal residues) with Amb a 3 was identified (S1 Table). In addition, we also
detected proteins exhibiting sequence similarities with known plant allergens of the enolase,
expansin, isoflavone reductase, Ole e 1, polygalacturonase and pathogenesis-related (PR) 2
families.

To complement those analyses, we fractionated a short ragweed extract using high-resolu-
tion 2D-PAGE (Fig 3). Gel plugs from 74 protein spots were recovered, trypsin digested and
analyzed by LC-MS/MS. A total of 127 protein entries were identified in these spots (with 2 or
more peptides sequenced, including at least 1 unique, data not shown). We subsequently
assessed IgE reactivity of short ragweed pollen proteins by immunoblotting with individual
sera from 22 allergic individuals. As shown in Fig 4a–4f, most patients had seric IgEs reactive
with multiple ragweed proteins. Up to 49 IgE reactive spots, out of which 25 exhibiting IgE
reactivity with� 20% of sera tested, were assigned using the 2D proteome map (Table 1).
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Fig 1. Experimental workflow of short ragweed pollen transcriptome, proteome and allergome characterization.Messenger RNAs from short
ragweed pollen were analyzed by deep RNA sequencing using 454 sequencing technology. After de novo transcript assembly, a translated sequence
database was generated and used to assign MS/MS spectra from proteomics experiments and perform homology searches. After obtaining a reference 2D-
map of the short ragweed pollen proteome, IgE reactivity was analyzed with sera from 22 allergic patients.

doi:10.1371/journal.pone.0136258.g001
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As expected from the known high abundance of its various isoallergens in short ragweed
pollen, Amb a 1 and fragments thereof were identified in several spots. Amb a 1 was confirmed
as the most prevalent major allergen, with 95.5% (21/22) of patients’ sera reacting with at least
one Amb a 1 spot (Fig 4, spots 23, 24, 29, 30, 34 and 37). In addition, a new acidic Amb a 1-like
molecule (S2 Table) was identified in spot 21, reactive with seric IgEs from 41% (9/22) of
patients. Spots 27, 31–33 and 40 also contained Amb a 1-related proteins, albeit surprisingly
with no or marginal IgE reactivity. Spots 41, 42, containing the recently described Amb a 11
major allergen, reacted with IgEs from 63.5% (14/22) of patients. Amb a 8 (spot 64) as well as
the Amb a 3-like molecule (spot 59) were recognized by IgEs from 50% (11/22) and 18% (4/22)
of patients, respectively. In contrast, no IgE reactive spots were ascribed to Amb a 4, Amb a 5,
Amb a 6, Amb a 9 and Amb a 10 allergens in our analyses.

Fig 2. Functional analysis of the short ragweed pollen proteome. Proteomemining and classification into functional categories was performed using the
KAAS server. The histogram denotes numbers of occurrences of KEGGOrthology (KO) annotations (abscissa) assembled in selected categories (ordinate).
Among allergens, Amb a 1 and carbonic anhydrase were related to carbohydrate and energy metabolisms, respectively.

doi:10.1371/journal.pone.0136258.g002
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We subsequently focused on groups of spots unrelated to known short ragweed pollen aller-
gens, as they exhibited intermediate to high (20–70%) prevalences of IgE reactivity (Fig 4;
Table 1; S2 Table). For example, the acidic string of spots 10-14 reacted with 41–68% (9-15/22)
of patients’ sera. MS/MS analyses indicated that these spots contain proteins belonging to
either the enolase, polygalacturonase or UDP-glucose pyrophosphorylase families. Another
polygalacturonase with a more alkaline isoelectric point was identified in spot 17, exhibiting
IgE reactivity with 45.5% (10/22) of sera. These two polygalacturonases display 68% sequence
identity, and thus could be considered as isoallergens. Spot 55, recognized by IgEs from 36%
(8/22) of patients, contains a homolog of the PR-17 PRp27 tobacco protein. Three additional
series of spots reacted with IgE from 20–30% of patients. Peptides derived from these spots
matched with members of either the carbonic anhydrase, galactose oxidase or GDP dissocia-
tion inhibitor families (Fig 4; Table 1; spots 6–7, 8–9, 51–52, respectively). Beside those 7 pro-
teins, we also identified several plastocyanin-like copper binding proteins displaying reactivity
with about 10–20% of patients’ sera (Table 1; spots 65, 67–69).

Fig 3. 2D-gel reference map of the short ragweed pollen proteome. Proteins from an aqueous short ragweed pollen extract were separated by 2D-gel
electrophoresis and stained with Sypro Ruby. Proteins spots were picked and analyzed by LC-MS/MS after trypsin digestion. Proteins were identified using
the Transcriptome-Derived Proteome collection supplemented with missing known allergens. Numbers refer to spots analyzed by mass spectrometry.
Identification details are provided in Table 1.

doi:10.1371/journal.pone.0136258.g003
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Fig 4. Mapping of IgE reactivity with short ragweed pollen proteins.Water soluble short ragweed pollen proteins were resolved by 2D-gel
electrophoresis, then probed by western blot with seric IgEs from 22 ragweed-allergic patients. Representative patterns of IgE reactivity obtained from 6
patients (a-f) are shown. Identification details are provided in Table 1.

doi:10.1371/journal.pone.0136258.g004
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Table 1. Assignments of 2D-gel spots containing IgE reactive proteins. An aqueous short ragweed pollen extract was submitted to 2D-gel electrophore-
sis followed by western blotting on nitrocellulose membranes with seric IgEs from 22 ragweed-allergic patients. A total of 74 gel plugs (with spot numbers
referring to Fig 3) were recovered and assigned after LC-MS/MS analysis using the TDP database. For each spot analyzed, the top 3 master proteins identi-
fied in each protein group, based on� 2 peptides sequenced, including� 1 unique one, are listed by decreasing occurences of peptide matches as well as
prevalences of IgE reactivity among patients. When several proteins shared the same annotation, a ranking number (#) was assigned.

Spot numbers IgE reactivity frequencies Identification Total (unique) number of peptides sequenced

1 <20% Copper binding protein #1 2 (2)

2 <20% Galactose oxidase #1 10 (10)

Amb a 1.01 2 (2)

3 <20% Galactose oxidase #1 24 (24)

Galactose oxidase #2 2 (2)

4 - Galactose oxidase #1 8 (8)

Phosphoglycerate mutase 3 (3)

Galactose oxidase #2 3 (3)

5 <20% Malic enzyme 21 (21)

Rab GDP-dissociation inhibitor #1 7 (6)

Polygalacturonase #1 6 (6)

6 31% Galactose oxidase #2 26 (26)

Phosphoglucomutase 13 (13)

Berberine bridge enzyme 12 (12)

7 31% Galactose oxidase #2 28 (28)

Phosphoglucomutase 13 (13)

Berberine bridge enzyme 7 (7)

8 32% Rab-GDP dissociation inhibitor #2 26 (23)

Amb a 1.01 4 (4)

Rab GDP-dissociation inhibitor #1 4 (1)

9 27% Rab GDP-dissociation inhibitor #1 20 (18)

Rab-GDP dissociation inhibitor #2 8 (6)

UDP-glucose pyrophosphorylase 6 (6)

10 41% UDP-glucose pyrophosphorylase 18 (18)

Polygalacturonase #1 6 (6)

Enolase 4 (4)

11 68% UDP-glucose pyrophosphorylase 20 (20)

Polygalacturonase #1 16 (16)

ATP synthase subunit beta 12 (12)

12 68% UDP-glucose pyrophosphorylase 25 (25)

Polygalacturonase #1 17 (17)

ATP synthase subunit beta 14 (14)

13 50% UDP-glucose pyrophosphorylase 34 (34)

Polygalacturonase #1 9 (9)

Enolase 9 (7)

14 50% UDP-glucose pyrophosphorylase 36 (36)

Polygalacturonase #1 6 (6)

Enolase 5 (4)

Amb a 1.03 5 (2)

15 <20% Fructose-bisphosphate aldolase #1 26 (26)

Pectinesterase 11 (11)

Amb a 1-like #1 10 (7)

(Continued)
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Table 1. (Continued)

Spot numbers IgE reactivity frequencies Identification Total (unique) number of peptides sequenced

16 - UDP-glucose pyrophosphorylase 39 (39)

Enolase 7 (6)

Polygalacturonase #1 6 (6)

Amb a 1.04 6 (5)

17 45% Polygalacturonase #2 16 (16)

Amb a 1.02 11 (11)

Galactose oxidase #2 8 (8)

18 - Phosphoglycerate kinase 10 (10)

Amb a 1.01 9 (8)

Amb a 1.05 7 (6)

19 - UDP-glucose pyrophosphorylase 26 (26)

Phosphoglycerate kinase 11 (11)

Enolase 6 (6)

Polygalacturonase #1 6 (6)

20 <20% Isocitrate dehydrogenase 7 (7)

Amb a 1.05 5 (5)

Phosphoglycerate kinase 5 (5)

21 41% Amb a 1-like #2 21 (20)

Amb a 1-like #3 5 (3)

Pantothenate kinase 3 (3)

UDP-glucose pyrophosphorylase 3 (3)

14-3-3-like protein #1 3 (1)

22 <20% Isocitrate dehydrogenase 16 (16)

Hexokinase 2 (2)

UDP-glucose pyrophosphorylase 2 (2)

Amb a 1.05 2 (2)

23 95% Amb a 1.01 27 (21)

Amb a 1.03 13 (9)

Amb a 1.04 12 (8)

24 95% Amb a 1.01 32 (27)

Amb a 1.03 14 (11)

Amb a 1.04 9 (5)

25 <20% Amb a 1.05 18 (15)

Amb a 1.03 12 (10)

Amb a 1.01 9 (8)

26 <20% Amb a 1.05 22 (19)

Amb a 1.03 5 (3)

Fructose-bisphosphate aldolase #2 4 (4)

27 <20% Amb a 1-like #1 11 (11)

Alcohol dehydrogenase #1 9 (9)

Amb a 1.02 9 (8)

28 <20% Alcohol dehydrogenase #1 14 (14)

Amb a 1-like #1 13 (13)

Amb a 1.02 13 (12)

Pectinesterase 5 (5)

Alcohol dehydrogenase #2 4 (4)

Glyceraldehyde-3-phosphate dehydrogenase #1 3 (3)

(Continued)
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Table 1. (Continued)

Spot numbers IgE reactivity frequencies Identification Total (unique) number of peptides sequenced

29 95% Amb a 1.04 16 (13)

Amb a 1.03 12 (9)

Amb a 11 4 (4)

Fructose-bisphosphate aldolase #2 4 (4)

Amb a 1.01 4 (2)

Amb a 1.02 4 (1)

30 95% Amb a 1.03 19 (19)

Fructose-bisphosphate aldolase #2 14 (14)

Amb a 1.04 6 (5)

31 <20% Amb a 1-like #1 22 (16)

Amb a 1.02 18 (15)

Fructose-bisphosphate aldolase #2 10 (10)

Glyceraldehyde-3-phosphate dehydrogenase #2 8 (2)

Glyceraldehyde-3-phosphate dehydrogenase #3 8 (2)

32 <20% Amb a 1-like #4 16 (16)

33 <20% Amb a 1-like #1 21 (15)

Amb a 1.02 14 (10)

Fructose-bisphosphate aldolase #2 13 (13)

34 95% Amb a 1.03 22 (21)

Fructose-bisphosphate aldolase #2 14 (14)

Type IIIa membrane protein cp-wap13 6 (6)

35 - Fructose-bisphosphate aldolase #2 24 (24)

Amb a 1.02 12 (9)

Glyceraldehyde-3-phosphate dehydrogenase #4 8 (2)

36 <20% Pectinesterase 11 (11)

Amb a 1.02 11 (9)

Fructose-bisphosphate aldolase #2 10 (10)

37 73% Amb a 1.02 24 (20)

Amb a 1-like #1 12 (12)

Pectinesterase 11 (11)

38 73% Amb a 1.0202 30 (27)

Glyceraldehyde-3-phosphate dehydrogenase #1 7 (5)

Amb a 1-like #1 5 (5)

Fructose-bisphosphate aldolase #2 5 (5)

39 - Fructose-bisphosphate aldolase #2 12 (12)

Amb a 11 5 (5)

Aldose 1-epimerase family protein 5 (5)

Amb a 1.01 5 (3)

Glyceraldehyde-3-phosphate dehydrogenase #4 5 (3)

40 <20% Amb a 1-like #3 19 (11)

Amb a 1.04 14 (10)

Amb a 1.03 10 (6)

41 64% Amb a 11 12 (12)

Transducin 8 (8)

Fructose-bisphosphate aldolase #2 7 (7)

(Continued)

Short Ragweed Pollen Allergome Characterization

PLOS ONE | DOI:10.1371/journal.pone.0136258 August 28, 2015 11 / 18



Table 1. (Continued)

Spot numbers IgE reactivity frequencies Identification Total (unique) number of peptides sequenced

42 64% Amb a 11 11 (11)

Fructose-bisphosphate aldolase #2 11 (11)

Aldose 1-epimerase family protein 8 (8)

43 - Fructose-bisphosphate aldolase #1 29 (29)

Aldose 1-epimerase family protein 9 (9)

Phenylcoumaran benzylic ether reductase-like protein 6 (6)

44 <20% 14-3-3 protein #1 10 (7)

14-3-3 protein #2 10 (7)

14-3-3 protein #3 6 (6)

45 - Cysteine protease 4 (4)

Lactoylglutathione lyase 4 (4)

Actin 3 (1)

Actin-97 3 (1)

46 - Lactoylglutathione lyase 3 (3)

47 - Lactoylglutathione lyase 12 (12)

Fructose-bisphosphate aldolase #2 10 (10)

Pseudouridine-metabolizing bifunctional protein #1 10 (1)

48 - 14-3-3 protein #2 10 (8)

14-3-3 protein #3 8 (8)

14-3-3 protein #1 8 (6)

49 <20% Amb a 1.01 4 (4)

14-3-3 protein #3 4 (4)

Triosephosphate isomerase 4 (4)

50 - Pseudouridine-metabolizing bifunctional protein #1 18 (18)

Carboxylesterase 9 (9)

Ascorbate peroxidase 8 (8)

51 27% A-type carbonic anhydrase 15 (15)

Fructose-bisphosphate aldolase #2 2 (2)

52 27% A-type carbonic anhydrase 14 (14)

Villin 3 (3)

Copper binding protein #2 2 (2)

Glucose and ribitol dehydrogenase 2 (2)

53 <20% Triosephosphate isomerase 6 (6)

Aldose 1-epimerase family protein 5 (5)

Amb a 1.02 5 (4)

54 - Amb a 1.02 4 (2)

Actin 3 (3)

Glutathione S-transferase 3 (3)

55 36% Pathogenesis-related protein 17 4 (4)

56 - Amb a 1.02 10 (8)

14-3-3 protein #3 7 (7)

Inorganic pyrophosphatase 7 (7)

57 - Glutathione S-transferase 8 (8)

Amb a 1-like #1 6 (5)

Amb a 1-like #4 3 (2)

Actin 3 (1)

Actin-97 3 (1)

(Continued)
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Table 1. (Continued)

Spot numbers IgE reactivity frequencies Identification Total (unique) number of peptides sequenced

58 - Art v 2 allergen 12 (12)

Amb a 11 5 (5)

Actin 5 (2)

59 <20% Amb a 3 10 (10)

Copper binding protein #2 3 (3)

60 - UDP-glucose pyrophosphorylase 5 (5)

Actin 2 (2)

Enolase 2 (2)

Phosphoglycerate kinase 2 (2)

61 55% Amb a 1.01 15 (10)

Amb a 1.04 12 (6)

Amb a 1-like #1 7 (7)

62 - Cystatin proteinase inhibitor 6 (6)

UDP-glucose pyrophosphorylase 5 (5)

Thioredoxin 3 (3)

Actin #2 3 (3)

Copper binding protein # 6 3 (3)

63 - Amb a 3-like 12 (12)

Villin 3 (3)

Pseudouridine-metabolizing bifunctional protein #2 3 (3)

Copper binding protein #3 3 (3)

Actin #3 3 (1)

Actin 4 #2 3 (1)

64 50% Copper binding protein #2 5 (5)

Amb a 8.0102 4 (3)

Amb a 8.0101 4 (3)

65 <20% Copper binding protein #4 3 (3)

Copper binding protein #1 2 (2)

66 - Copper binding protein #4 3 (3)

Copper binding protein #1 2 (2)

67 <20% Copper binding protein #3 5 (3)

Copper binding protein #4 4 (2)

Copper binding protein #5 2 (2)

68 <20% Copper binding protein #4 12 (7)

Copper binding protein #2 9 (4)

Glutaredoxin 3 (3)

Amb a 1.01 3 (2)

Copper binding protein #5 3 (1)

69 <20% Copper binding protein #2 13 (9)

Copper binding protein #4 7 (3)

Glutaredoxin 6 (6)

70 - Copper binding protein #2 9 (9)

Glutaredoxin C4 5 (5)

Ras-related protein 3 (3)

71 - Calmodulin 12 (12)

Villin #2 5 (5)

Actin 4 4 (3)

(Continued)
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Discussion
The pollen of A. artemisiifolia (short ragwed) causes severe allergic rhinoconjunctivitis [8].
While the rate of IgE sensitization to ragweed is about 25% in the US population [1], short rag-
weed spreading leads to a growing prevalence of sensitization in Europe as well [3]. Among the
10 short ragweed pollen allergens officially recognized by the IUIS as of today, the pectate lyase
Amb a 1 and the cysteine protease Amb a 11 represent major allergens [8,11], whereas other
allergens are considered as minor [7,8,10]. In addition however, many patients exhibit signifi-
cant IgE reactivity to proteins beyond those known allergens, justifying the search for novel
ragweed allergens potentially important for diagnosis and immunotherapy purposes [5,11].

To further document the A. artemisiifolia pollen proteome and allergome, we implemented
a Proteomics-Informed-by-Transcriptomics approach [14] relying upon transcriptome
sequencing combined with a comprehensive proteomic analysis. Data obtained with this
approach were cross-tabulated with IgE reactivity profiles from sera of 22 ragweed allergic
patients in order to identify novel allergens. Up to 7991 assembled transcript sequences were
used to create a database comprising 9678 derived protein sequences annotated by sequence
similarity with protein records from public databases. Up to 66% of those transcripts yielded
annotated protein sequences in at least one reading frame, thus arguing for the good accuracy
of sequence prediction in those analyses. The latter was further confirmed by the high number
(n = 328) of protein groups identified by MS, with good coverage (i. e.� 5 peptides sequenced;
S1 Table). As expected, mining of the short ragweed pollen trancriptome confirmed the pres-
ence of many primary metabolism-related transcripts, as previously described in the plant
kingdom [16,17]. In addition, specialized metabolism-related transcripts encoding proteins
involved in terpenoid or phenylpropanoid synthesis were also found, in agreement with previ-
ous studies on the short ragweed transcriptome [18,19].

Many of the known short ragweed pollen allergens, such as Amb a 1, Amb a 8, Amb a 9,
Amb a 10 and Amb a 11, were retrieved by the transcriptomic analysis, even if not all isoforms
described for those molecules were detected. The latter could reflect either natural polymor-
phisms, variations in the expression of isoforms or aggregation of highly related transcripts
under consensus sequences during the assembly of sequencing reads. Sequencing read map-
pings highlighted recurrent nucleotide point variations, confirming the existence of isoforms/
variants for many allergens. As an illustration, multiple potential Amb a 1-like sequences were
identified based on our transcriptome analysis, with three of them further confirmed at the
proteomic level with good sequence coverage. In contrast, the presence of a single Amb a 11
transcript in our data set, without any closely related sequence detected, suggests that this
major allergen exhibits limited polymorphism. Interestingly, whereas we failed to detect the
Amb a 3 allergen both in transcriptomic and proteomic analyses, a highly similar molecule was
identified, with 96.7% amino acid sequence identity over the amino terminal part, but with a
different C-terminal end, consistent with results from a recent study on the influence of ozone
exposure on the short ragweed pollen transcriptome [18].

Table 1. (Continued)

Spot numbers IgE reactivity frequencies Identification Total (unique) number of peptides sequenced

72 - Copper binding protein #2 3 (3)

Early nodulin 55–2 putative 3 (3)

73 - Early nodulin 55–2 putative 3 (3)

Copper binding protein #2 3 (3)

74 - Amb a 5.0101 2 (2)

doi:10.1371/journal.pone.0136258.t001
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Immunoblotting experiments confirmed IgE reactivities for Amb a 1, Amb a 8 and Amb a
11 in agreement with the literature [8,9,11,20]. We also confirmed distinct levels of IgE reactiv-
ity among Amb a 1 isoallergens, with Amb a 1.01 and Amb a 1.03 being the most frequently
recognized isoallergens, as previously suggested by others [20–22]. The aforementioned novel
Amb a 3-like protein displays a significantly lower IgE reactivity when compared with the
known Amb a 3 allergen [8,9,23], possibly due to either an influence of the divergent C-termi-
nal 11 amino acids or a potential denaturation of the molecule during 2D-electrophoresis.
Despite the fact that they were clearly detected in the extract, we could not identify minor aller-
gens such as Amb a 4, Amb a 5, Amb a 6, Amb a 9 and Amb a 10 [5–8,10,23] within IgE reac-
tive spots. Only two Amb a 4 (spots 49, 53) and Amb a 5 (spot 74; Table 1)-derived peptides
were detected in low or unreactive spots, in agreement with Asero et al. who also failed to
detect Amb a 4 in 2D immunoblots [24]. The reason for this discrepancy in the detection of
selected minor allergens is presently unclear, but could be due to limited solubility, alkaline pI,
poor focusing, low abundance or epitope loss affecting IgE reactivity with those molecules.
Noteworthy, Amb a 4, Amb a 5 and Amb a 6 were also undetected during the transcriptome
analysis, suggesting a low mRNA abundance, as previously reported by others for Amb a 5
[25]. Alternatively, the expression of genes encoding some of those allergens could be signifi-
cantly modulated during plant development. In this regard, it is interesting to note that Amb a
4 and Amb 6 were initially cloned from ragweed flowers as opposed to pollen [10,26].

Importantly, we identified at least 7 new water-soluble IgE reactive pollen proteins. Two of
them, i. e. the galactose oxidase and PR-17 proteins, were detected in IgE reactive spots without
other contaminating proteins (spots 3 and 55). Although they do not display homologies with
known allergens, these molecules are nevertheless most probably bona fide allergens. Interest-
ingly, the PR-17 protein belongs to the pathogenesis-related protein family encompassing
numerous plant allergens, even if no member of class 17 had been previously described as an
allergen [27–29]. Noteworthy, the 5 additional candidate allergens, namely carbonic anhydrase,
enolase, GDP dissociation inhibitor, polygalacturonase and UDP-glucose pyrophosphorylase,
belong to allergen families previously reported in other natural sources, including plants [30–
33]. Among those, the enolase and polygalacturonase exhibit a high prevalence (41–68%) of
IgE reactivity in ragweed-allergic patients, in line with the documented allergenicity of those
protein families [31] Our findings are also in agreement with a recent study on the effect of
NO2 on A. artemisiifolia pollen allergenicity concluding that enolase is a potential allergen
[34]. Furthermore, the strong IgE reactivity observed for those candidate allergens in 4 of the
22 patients tested (Fig 4e and 4f), suggests that they may significantly contribute to allergy
symptoms in selected patients. Lastly, additional molecules previously identified as allergens in
other natural plant sources (e. g. several copper binding proteins, a PR-2 member, an expansin,
an isoflavone reductase) [31] were also detected in the short ragweed pollen, even if we
observed little or no IgE binding for those molecules.

Altogether, our study demonstrates, in line with parallel reports [12–15,35], that RNA
sequencing coupled to MS-based proteomics and IgE-reactivity profiling is a powerful
approach for the comprehensive characterization of allergens derived from natural sources.
Using this strategy, we significantly expanded our knowledge of the short ragweed pollen aller-
gome, as well as our understanding of the diversity of IgE sensitization among patients.
Whereas the prevalence of IgE reactivity and clinical relevance of these candidate allergens
should be further addressed in dedicated studies relying upon purified natural or properly
folded recombinant molecules, we conclude that other allergens beyond the ones currently reg-
istered should be taken into account for the diagnosis and immunotherapy of short ragweed
pollen allergy.
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was analyzed by LC-MS/MS (prior and after protein abundance normalization). Protein identi-
fication was performed using the PEAKS software and the annotated TDP database. Only the
master proteins in each protein group are reported. The transcript number, total number of
peptides and number of unique peptides sequenced are provided as well as, when available, the
Uniprot entry and annotation of a known homolog.
(PDF)

S2 Table. Nucleotide sequences of candidate ragweed pollen allergens. S2 Table provides the
nucleotide sequences, recovered from the transcriptome analysis, encoding the identified can-
didate allergens.
(PDF)

Author Contributions
Conceived and designed the experiments: VBLF MLM JB. Performed the experiments: MLM
JB RG KJ. Analyzed the data: VBLF MLM JB. Wrote the paper: VBLF PM. Supervised the
study: EN LM PM. Reviewed the manuscript: VBB LM.

References
1. Arbes SJ Jr, Gergen PJ, Elliott L, Zeldin DC (2005) Prevalences of positive skin test responses to 10

common allergens in the US population: results from the third National Health and Nutrition Examina-
tion Survey. J Allergy Clin Immunol 116: 377–383. PMID: 16083793

2. D'Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, Behrendt H, et al. (2007) Allergenic pollen
and pollen allergy in Europe. Allergy 62: 976–990. PMID: 17521313

3. Burbach GJ, Heinzerling LM, Rohnelt C, Bergmann KC, Behrendt H, Zuberbier T (2009) Ragweed sen-
sitization in Europe—GA(2)LEN study suggests increasing prevalence. Allergy 64: 664–665. doi: 10.
1111/j.1398-9995.2009.01975.x PMID: 19210367

4. Jahn-Schmid B, Hauser M, Wopfner N, Briza P, Berger UE, Asero R, et al. (2012) Humoral and cellular
cross-reactivity between Amb a 1, the major ragweed pollen allergen, and its mugwort homolog Art v 6.
J Immunol 188: 1559–1567. doi: 10.4049/jimmunol.1102445 PMID: 22205029

5. Asero R, Wopfner N, Gruber P, Gadermaier G, Ferreira F (2006) Artemisia and Ambrosia hypersensi-
tivity: co-sensitization or co-recognition? Clin Exp Allergy 36 658–665. PMID: 16650052

6. Gadermaier G, Wopfner N, Wallner M, Egger M, Didierlaurent A, Regl G, et al. (2008) Array-based pro-
filing of ragweed and mugwort pollen allergens. Allergy 63: 1543–1549. doi: 10.1111/j.1398-9995.
2008.01780.x PMID: 18925891

7. Wopfner N, Gruber P, Wallner M, Briza P, Ebner C, Mari A, et al. (2008) Molecular and immunological
characterization of novel weed pollen pan-allergens. Allergy 63: 872–881. doi: 10.1111/j.1398-9995.
2008.01635.x PMID: 18588553

8. Wopfner N, Gadermaier G, Egger M, Asero R, Ebner C, Jahn-Schmid B, et al. (2005) The spectrum of
allergens in ragweed and mugwort pollen. Int Arch Allergy Immunol 138: 337–346. PMID: 16254437

9. Gadermaier G, Dedic A, Obermeyer G, Frank S, Himly M, Ferreira F (2004) Biology of weed pollen
allergens. Curr Allergy Asthma Rep 4: 391–400. PMID: 15283880

10. Leonard R, Wopfner N, Pabst M, Stadlmann J, Petersen BO, Duus JO, et al. (2010) A new allergen
from ragweed (Ambrosia artemisiifolia) with homology to Art v 1 frommugwort. J Biol Chem 285:
27192–27200. doi: 10.1074/jbc.M110.127118 PMID: 20576600

11. Bouley J, Groeme R, Le Mignon M, Jain K, Chabre H, Bordas-Le Floch V, et al. (2015) Identification of
the cysteine protease Amb a 11 as a novel major allergen from short ragweed. J Allergy Clin Immunol
In press. doi: 10.1016/j.jaci.2015.03.001

Short Ragweed Pollen Allergome Characterization

PLOS ONE | DOI:10.1371/journal.pone.0136258 August 28, 2015 16 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136258.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136258.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136258.s003
http://www.ncbi.nlm.nih.gov/pubmed/16083793
http://www.ncbi.nlm.nih.gov/pubmed/17521313
http://dx.doi.org/10.1111/j.1398-9995.2009.01975.x
http://dx.doi.org/10.1111/j.1398-9995.2009.01975.x
http://www.ncbi.nlm.nih.gov/pubmed/19210367
http://dx.doi.org/10.4049/jimmunol.1102445
http://www.ncbi.nlm.nih.gov/pubmed/22205029
http://www.ncbi.nlm.nih.gov/pubmed/16650052
http://dx.doi.org/10.1111/j.1398-9995.2008.01780.x
http://dx.doi.org/10.1111/j.1398-9995.2008.01780.x
http://www.ncbi.nlm.nih.gov/pubmed/18925891
http://dx.doi.org/10.1111/j.1398-9995.2008.01635.x
http://dx.doi.org/10.1111/j.1398-9995.2008.01635.x
http://www.ncbi.nlm.nih.gov/pubmed/18588553
http://www.ncbi.nlm.nih.gov/pubmed/16254437
http://www.ncbi.nlm.nih.gov/pubmed/15283880
http://dx.doi.org/10.1074/jbc.M110.127118
http://www.ncbi.nlm.nih.gov/pubmed/20576600
http://dx.doi.org/10.1016/j.jaci.2015.03.001


12. Lopez-Casado G, Covey PA, Bedinger PA, Mueller LA, Thannhauser TW, Zhang S, et al. (2012)
Enabling proteomic studies with RNA-Seq: The proteome of tomato pollen as a test case. Proteomics
12: 761–774. doi: 10.1002/pmic.201100164 PMID: 22539427

13. Schulten V, Greenbaum JA, Hauser M, McKinney DM, Sidney J, Kolla R, et al. (2013) Previously unde-
scribed grass pollen antigens are the major inducers of T helper 2 cytokine-producing T cells in allergic
individuals. Proc Natl Acad Sci U S A 110: 3459–3464. doi: 10.1073/pnas.1300512110 PMID:
23401558

14. Evans VC, Barker G, Heesom KJ, Fan J, Bessant C, Matthews DA (2012) De novo derivation of prote-
omes from transcriptomes for transcript and protein identification. Nat Methods 9: 1207–1211. doi: 10.
1038/nmeth.2227 PMID: 23142869

15. Campbell BC, Gilding EK, Timbrell V, Guru P, Loo D, Zennaro D, et al. (2015) Total transcriptome, pro-
teome, and allergome of Johnson grass pollen, which is important for allergic rhinitis in subtropical
regions. J Allergy Clin Immunol 135: 133–142. doi: 10.1016/j.jaci.2014.06.034 PMID: 25129679

16. Zhang P, Dreher K, Karthikeyan A, Chi A, Pujar A, Caspi R, et al. (2010) Creation of a genome-wide
metabolic pathway database for Populus trichocarpa using a new approach for reconstruction and
curation of metabolic pathways for plants. Plant Physiol 153: 1479–1491. doi: 10.1104/pp.110.157396
PMID: 20522724

17. Chae L, Kim T, Nilo-Poyanco R, Rhee SY (2014) Genomic signatures of specialized metabolism in
plants. Science 344: 510–513. doi: 10.1126/science.1252076 PMID: 24786077

18. Kanter U, Heller W, Durner J, Winkler JB, Engel M, Behrendt H, et al. (2013) Molecular and immunolog-
ical characterization of ragweed (Ambrosia artemisiifolia L.) pollen after exposure of the plants to ele-
vated ozone over a whole growing season. PLoS One 8: e61518. doi: 10.1371/journal.pone.0061518
PMID: 23637846

19. El Kelish A, Zhao F, Heller W, Durner J, Winkler JB, Behrendt H, et al. (2014) Ragweed (Ambrosia arte-
misiifolia) pollen allergenicity: SuperSAGE transcriptomic analysis upon elevated CO2 and drought
stress. BMC Plant Biol 14: 176. doi: 10.1186/1471-2229-14-176 PMID: 24972689

20. Nandy A, Augustin S, Wald M, Pump L, Hermann A, Treder S, et al. (2013) Recombinant Major Rag-
weed Allergen Amb a 1: Physicochemical Characterization and Immunologic Comparison of Five
Recombinant Ragweed Isoallergens Amb a 1.01 to Amb a 1.05. J Allergy Clin Immunol 131: AB16.

21. Nandy A, Augustin S, Mitulski L, Cromwell O (2011) Isoallergen Analysis of Pectate Lyases (Amb a 1
and Amb a 2) from Commercial Short Ragweed Pollen. J Allergy Clin Immunol 127: AB168.

22. Augustin S, Wald M, Asero R, Reese G, Klysner S, Nandy A (2013) Assessment of Amb a 1 isoaller-
gens as basis for development of a recombinant ragweed immunotherapeutic vaccine. Allergy 68: 111.

23. Adolphson C, Goodfriend L, Gleich GJ (1978) Reactivity of ragweed allergens with IgE antibodies.
Analyses by leukocyte histamine release and the radioallergosorbent test and determination of cross-
reactivity. J Allergy Clin Immunol 62: 197–210. PMID: 81221

24. Asero R, Bellotto E, Ghiani A, Aina R, Villalta D, Citterio S (2014) Concomitant sensitization to ragweed
and mugwort pollen: who is who in clinical allergy? Ann Allergy Asthma Immunol 113: 307–313. doi:
10.1016/j.anai.2014.06.009 PMID: 25053399

25. Ghosh B, Perry MP, Rafnar T, Marsh DG (1993) Cloning and expression of immunologically active
recombinant Amb a V allergen of short ragweed (Ambrosia artemisiifolia) pollen. J Immunol 150:
5391–5399. PMID: 7685794

26. Hiller KM, Lubahn BC, Klapper DG (1998) Cloning and expression of ragweed allergen Amb a 6. Scand
J Immunol 48: 26–36. PMID: 9714407

27. Hoffmann-Sommergruber K (2000) Plant allergens and pathogenesis-related proteins. What do they
have in common? Int Arch Allergy Immunol 122: 155–166. PMID: 10899758

28. Midoro-Horiuti T, Brooks EG, Goldblum RM (2001) Pathogenesis-related proteins of plants as aller-
gens. Ann Allergy Asthma Immunol 87: 261–271. PMID: 11686417

29. Sinha M, Singh RP, Kushwaha GS, Iqbal N, Singh A, Kaushik S, et al. (2014) Current overview of aller-
gens of plant pathogenesis related protein families. ScientificWorldJournal 2014: 543195. doi: 10.
1155/2014/543195 PMID: 24696647

30. Conti A, Giuffrida MG, Hoffmann-Sommergruber K, Wagner S, Amato S, Mistrello G, et al. (2007) Iden-
tification of latex UDP glucose pyrophosphorylase (Hev b UDPGP) as a novel cause of latex fruit allergy
syndrome. Eur Ann Allergy Clin Immunol 39: 116–118. PMID: 17523384

31. Radauer C, Bublin M, Wagner S, Mari A, Breiteneder H (2008) Allergens are distributed into few protein
families and possess a restricted number of biochemical functions. J Allergy Clin Immunol 121: 847–
852. doi: 10.1016/j.jaci.2008.01.025 PMID: 18395549

Short Ragweed Pollen Allergome Characterization

PLOS ONE | DOI:10.1371/journal.pone.0136258 August 28, 2015 17 / 18

http://dx.doi.org/10.1002/pmic.201100164
http://www.ncbi.nlm.nih.gov/pubmed/22539427
http://dx.doi.org/10.1073/pnas.1300512110
http://www.ncbi.nlm.nih.gov/pubmed/23401558
http://dx.doi.org/10.1038/nmeth.2227
http://dx.doi.org/10.1038/nmeth.2227
http://www.ncbi.nlm.nih.gov/pubmed/23142869
http://dx.doi.org/10.1016/j.jaci.2014.06.034
http://www.ncbi.nlm.nih.gov/pubmed/25129679
http://dx.doi.org/10.1104/pp.110.157396
http://www.ncbi.nlm.nih.gov/pubmed/20522724
http://dx.doi.org/10.1126/science.1252076
http://www.ncbi.nlm.nih.gov/pubmed/24786077
http://dx.doi.org/10.1371/journal.pone.0061518
http://www.ncbi.nlm.nih.gov/pubmed/23637846
http://dx.doi.org/10.1186/1471-2229-14-176
http://www.ncbi.nlm.nih.gov/pubmed/24972689
http://www.ncbi.nlm.nih.gov/pubmed/81221
http://dx.doi.org/10.1016/j.anai.2014.06.009
http://www.ncbi.nlm.nih.gov/pubmed/25053399
http://www.ncbi.nlm.nih.gov/pubmed/7685794
http://www.ncbi.nlm.nih.gov/pubmed/9714407
http://www.ncbi.nlm.nih.gov/pubmed/10899758
http://www.ncbi.nlm.nih.gov/pubmed/11686417
http://dx.doi.org/10.1155/2014/543195
http://dx.doi.org/10.1155/2014/543195
http://www.ncbi.nlm.nih.gov/pubmed/24696647
http://www.ncbi.nlm.nih.gov/pubmed/17523384
http://dx.doi.org/10.1016/j.jaci.2008.01.025
http://www.ncbi.nlm.nih.gov/pubmed/18395549


32. Fonseca C, Planchon S, Pinheiro C, Renaut J, Ricardo CP, Oliveira MM, et al. (2014) Maize IgE binding
proteins: each plant a different profile? Proteome Sci 12: 17. doi: 10.1186/1477-5956-12-17 PMID:
24650160

33. Hur GY, Park HJ, Kim HA, Ye YM, Park HS (2008) Identification of Dioscorea batatas (sanyak) allergen
as an inhalant and oral allergen. J Korean Med Sci 23: 72–76. doi: 10.3346/jkms.2008.23.1.72

34. Zhao F, Elkelish A, Durner J, Lindermayr C, Winkler JB, Ruëff F, et al. (2015) Common ragweed
(Ambrosia artemisiifolia L.): Allergenicity and molecular characterisation of pollen after plant exposure
to elevated NO2. Plant Cell Environ doi: 10.1111/pce.12601

35. Chan T-F, Ji K-M, Yim AK-Y, Liu X-Y, Zhou J-W, Li R-Q, et al. (2015) The draft genome, transcriptome,
and microbiome of Dermatophagoides farinae reveal a broad spectrum of dust mite allergens. J Allergy
Clin Immunol 135: 539–548. doi: 10.1016/j.jaci.2014.09.031 PMID: 25445830

Short Ragweed Pollen Allergome Characterization

PLOS ONE | DOI:10.1371/journal.pone.0136258 August 28, 2015 18 / 18

http://dx.doi.org/10.1186/1477-5956-12-17
http://www.ncbi.nlm.nih.gov/pubmed/24650160
http://dx.doi.org/10.3346/jkms.2008.23.1.72
http://dx.doi.org/10.1111/pce.12601
http://dx.doi.org/10.1016/j.jaci.2014.09.031
http://www.ncbi.nlm.nih.gov/pubmed/25445830


Supplementary materials1

In-solution mass spectrometry (MS) analyses2

Proteins from short ragweed pollen extracts with or without protein level normalization3

(Proteominer kit, Bio-Rad, Marne-La-Coquette, France) were precipitated with the PerfectFocus kit4

(Agro-Bio, La Ferté Saint Aubin, France) and resuspended in 8 M urea, pH 8. Sample5

concentrations were determined using a Bradford assay (Bio-Rad). Subsequently, 10 µL of6

samples (20 µg) were mixed with 2 µL of a 1 % (w/v) ProteaseMax (Promega, Lyon, France)7

solution in 50 mM ammonium bicarbonate. Disulfide bridge reduction was performed by adding 18

µL of a 250 mM dithiothreitol solution followed by incubation for 20 min at 37°C. After cooling down9

at room temperature, cysteine alkylation was carried out using 1 µL of a 500 mM iodoacetamide10

solution after a 30 min incubation in the dark. Subsequently, 81.5 µL of 50 mM ammonium11

bicarbonate, 1 µL of 100 mM CaCl2 and 2 µL of a 0.5 µg/µL trypsin (Promega) solution were added12

successively. After a 3 h incubation at 37°C, enzymatic digestion was quenched by adding 1.5 µL13

of formic acid (FA). Peptide samples were then centrifuged at 13,000 g for 10 min to remove the14

excess of degraded surfactant.15

Nano-LC-MS/MS analyses were performed using an Impact HD mass spectrometer (Bruker16

Daltonics, Wissembourg, France) coupled to an Ultimate 3000 RS nano LC system (Thermo Fisher17

Scientific, Villebon-sur-Yvette, France). Digested samples (4 µg) were first desalted in-line for 1018

minutes using a C18 pre-column (Acclaim PepMap100 nanoViper 5 µm, 100 Å, 100 µm i.d x 2 cm;19

Thermo Scientific) using a loading buffer (0.1 % FA / 2 % ACN) with a flow rate of 15 µL/min.20

Chromatographic separations were performed at 50°C using a C18 column (Acclaim21

PepMapRSLC nanoViper, 5 µm, 100 Å, 75 µm i.d. x 25 cm; Thermo Scientific) with a flow rate of22

450 nL/min. Peptides were eluted using an acetonitrile (CAN) gradient over 238 min directly in the23

mass spectrometer equipped with a CaptiveSpray source (Bruker Daltonics). Acquisitions were24

performed in positive mode with end plate offset and capillary voltages set at -500 and 1,400 V,25

respectively. MS spectra were acquired over the 50-2,000 m/z range with a scan rate of 2 Hz.26

MS/MS spectra were acquired using the Intensity Dependent Acquisition Speed (IDAS) mode with27

a MS-MS/MS cycle time fixed at 7 s, a trigger threshold set at 2x103 counts (cts) and an acquisition28

speed defined as follows: 4 Hz for precursor intensity below 4x104 cts and 16 Hz for precursor29



intensity above 1x106 cts. An active exclusion list was enabled and precursor ions were excluded30

after one spectrum for 120 s.31

In-gel MS analyses32

Following Sypro Ruby staining (Life Technologies), spots of interest were excised from 2D-gels33

using an EXquest spot cutter (Bio-Rad) and then submitted to tryptic digestion. Briefly, spots were34

first destained with a 50 % ACN / 50 mM ammonium bicarbonate solution and then dehydrated35

using ACN. Gel pieces were then rehydrated with 20 µL of a 10 ng/µL trypsin solution prepared in36

0.01 % (w/v) ProteaseMax / 50 mM Ammonium bicarbonate. After a 5 min incubation on ice, 30 µL37

of a 0.01 % (w/v) ProteaseMax solution in 50 mM Ammonium bicarbonate were added. After 1h at38

50°C, the enzymatic digestion was quenched by adding 1 µL of FA. Digests were then centrifuged39

at 13,000 g for 10 min to remove the excess of degraded surfactant. Digested samples were40

analysed by nano LC-MS/MS as described above, except for the ACN gradient which was reduced41

to 18 min, the MS-MS/MS cycle time fixed at 3 s and MS/MS acquisition speed set at 1 Hz for42

precursor intensity below 4x104 cts and 8 Hz for precursor intensity above 1x106 cts.43

Protein identification44

Protein/peptide identifications were performed using the PEAKS software (Bioinformatics Solutions45

Inc., PEAKS Studio version 7). All searches were done against the Transcriptome-Derived46

Proteome (TDP) database supplemented with Amb a 4, Amb a 5, Amb a 6 and Amb a 8.010247

sequences recorded in the IUIS database. The database search parameters included up to 148

missed cleavage, 1 non-specific cleavage, a precursor ion mass tolerance of 10 ppm, a false49

discovery rate ≤ 1 % at peptide level and a fragment ion mass tolerance of 0.05 Da.50

Carbamidomethylation of cysteine (+57.0214) was set as a fixed modification. No variable51

modification was allowed. Only proteins identified with a minimum of 2 peptides sequenced52

including at least 1 unique peptide, were taken into account. All proteins identified with the same53

set of peptides were grouped by the PEAKS algorithm and only the highest scoring hit of each54

protein group was conserved in the protein list. In case of multiple-frame translations due to55

frameshift(s) in nucleotide sequences, the respective numbers of peptides were added.56



Allergen name Transcript number Sequenced peptides Unique sequenced peptides Homolog uniprot entry Annotation

isotig04531 57 55 G7L857_MEDTR Galactose oxidase

isotig04683 47 45 B9HEB7_POPTR Predicted protein

isotig00904 45 1 G3FLW0_MANIN Actin 4

isotig04820 43 14 TBB1_MAIZE Tubulin beta-1 chain

isotig00400 41 1 G5EN35_9ASTR Actin

isotig04668 41 2 G5EN35_9ASTR Actin

isotig05518 41 38 IPYR_SOLTU Soluble inorganic pyrophosphatase

isotig04431 38 37 B9RCJ8_RICCO ATP binding protein  putative

isotig04734 38 9 TBB1_MAIZE Tubulin beta-1 chain

Amb a 1.02 isotig01677 37 26 E1XUL3_AMBAR Putative pectate lyase

isotig01609 36 36 Q2WFK8_9ASTR Fructose-bisphosphate aldolase

isotig03176 36 34 B9RET0_RICCO Protein transport protein Sec24C  putative

Amb a 1.03 isotig01670 35 25 E1XUL4_AMBAR Putative pectate lyase

isotig03205 35 12 B9GL62_POPTR Acyl-coA synthetase family protein

isotig04714 35 16 D7KYQ2_ARALL Alpha-1 tubulin

isotig04511 34 33 B9IAP6_POPTR Fimbrin-like family protein

Amb a 1.01 isotig01671 33 29 MPA11_AMBAR Pollen allergen Amb a 1.1

isotig04525 33 32 G7L857_MEDTR Galactose oxidase

isotig04571 33 31 A5CKE3_SOLLC Rab-GDP dissociation inhibitor

isotig03294 32 32 F6M8J8_POPDE UDP-glucose pyrophosphorylase

isotig03296 32 28 A5ATJ7_VITVI Pectinesterase

isotig03178 32 32 B9H9T9_POPTR Villin 2 family protein

isotig04479 30 30 B9GGI8_POPTR Predicted protein

isotig04439 29 29 D7U9X3_VITVI Pectinesterase

isotig04480 29 28 A6YM33_RICCO Phosphoenolpyruvate carboxylase

isotig04617 29 11 B9R6R7_RICCO Tubulin alpha chain  putative

isotig03416 28 28 B9ST19_RICCO Serine/threonine protein phosphatase 2a regulatory subunit A  putative

Amb a 1.04 isotig01678 27 23 MPA14_AMBAR Pollen allergen Amb a 1.4

isotig02173 27 23 Q287V1_9BRAS Putative plasma membrane ATPase

Amb a 1.05 isotig04729 26 25 MPAA2_AMBAR Pollen allergen Amb a 2

isotig03179 26 25 Q5K4L5_TOBAC Villin 1

Amb a 1-like isotig01676 25 24 MPA11_AMBAR Pollen allergen Amb a 1.1

isotig03369 25 3 B9GIF5_POPTR Predicted protein

isotig04535 25 25 O82722_NICSY ATP synthase subunit beta

isotig04752 25 24 G7L857_MEDTR Galactose oxidase

isotig05812 25 23 PLDA1_CYNCA Phospholipase D alpha 1

Amb a 1-like isotig04702 24 22 A0PJ16_ARTVU Amb a 1-like protein

isotig05285 24 24 PLDA1_CYNCA Phospholipase D alpha 1

isotig04627 23 6 A9P7T6_POPTR Tubulin alpha-4 chain

isotig02118 22 17 Q2KN24_AMBAR Profilin

isotig04499 22 20 Q6UN74_TOBAC Ntp101

isotig04527 22 22 Q5BN15_PETHY Pyruvate decarboxylase 2

isotig04622 22 22 Q9MBB7_SALGI Polygalacturonase

isotig04528 21 21 B9RKI6_RICCO Malic enzyme

isotig05036 21 21 B9SP64_RICCO Phosphoglucomutase  putative

isotig03212 20 20 B9RZB3_RICCO Phosphatidylinositol 4-kinase  putative

isotig03244 20 8 Q6Q8A6_TOBAC Hexokinase 1a

isotig04442 20 18 B9GN25_POPTR Pleckstrin homology domain-containing family protein

isotig04419 20 18 B9S0J4_RICCO Pleiotropic drug resistance protein  putative



Allergen name Transcript number Sequenced peptides Unique sequenced peptides Homolog uniprot entry Annotation

isotig04498 20 19 B9GZR0_POPTR Pectinesterase

isotig04633 20 20 Q2WFI2_9ASTR Isocitrate dehydrogenase [NADP]

isotig04735 20 20 A1KXD9_LACSA 26S proteasome subunit 7-like protein

isotig04924 20 20 Q5I6D6_9ROSI Sinapyl alcohol dehydrogenase-like protein

isotig04586 19 19 B9SDN2_RICCO Calcium-dependent protein kinase  putative

isotig07102 19 19 B9HSX0_POPTR Predicted protein

isotig05375 19 5 G7K096_MEDTR ADP-ribosylation factor

isotig06350 19 19 B9SRJ0_RICCO Chemocyanin  putative

Amb a 1-like isotig03262 18 13 A0PJ16_ARTVU Amb a 1-like protein

Amb a 1-like isotig04731 18 13 A0PJ16_ARTVU Amb a 1-like protein

isotig02537 18 17 Villin 2 family protein

isotig03089 18 6 G5EN35_9ASTR Actin

isotig03245 18 6 Q6Q8A6_TOBAC Hexokinase 1a

isotig04681 18 18 B9SRZ2_RICCO Isocitrate dehydrogenase  putative

isotig04898 18 18 Q2PZA5_CUCME Putative alcohol dehydrogenases

isotig04921 18 18 D7MN90_ARALL Aldose 1-epimerase family protein

isotig05412 18 16 Q6J205_TROMA 14-3-3 protein

Amb a 8.01 17 12 Q2KN23_AMBAR Profilin

isotig03862 17 3 Q677H6_HYAOR ADP-ribosylation factor

isotig04521 17 15 Q6UN74_TOBAC Ntp101

isotig04567 17 16 B9H9N5_POPTR Calcium dependent protein kinase 2

isotig04801 17 17 CYSEP_PHAVU Vignain

isotig05083 17 14 G7JHI0_MEDTR 14-3-3-like protein

isotig05175 17 17 G7L3T9_MEDTR Cell division cycle protein-like protein

isotig02197 16 16 B9RMQ3_RICCO Alpha-L-fucosidase 2  putative

isotig05399 16 12 A9PCE5_POPTR 14-3-3-like protein GF14 iota

isotig04846 16 16 Q6RUF8_SOYBN Glycerol kinase

isotig04707 15 15 Q9MBB7_SALGI Polygalacturonase

isotig04751 15 15 B9RKL6_RICCO Galactose oxidase  putative

isotig04858 15 15 B9HBY5_POPTR Predicted protein

isotig06807 15 2 B9IPS6_POPTR Predicted protein

isotig03364 14 13 LOR15_ARATH Protein LURP-one-related 15

isotig03486 14 14 A7DX12_LOTJA A-type carbonic anhydrase

isotig04441 14 13 B9SN36_RICCO Protein SEY1  putative

isotig04492 14 14 G7K028_MEDTR Phosphatidylinositide phosphatase SAC1

isotig04784 14 14 I1W1T8_PRUPE Cytosolic invertase 1

isotig04791 14 14 Q1M0P0_POPTO UDP-glucuronic acid decarboxylase 3

isotig04843 14 14 I6LNT9_HELAN Phosphoglycerate kinase

isotig03226 13 9 G7JCD0_MEDTR Plasma membrane H+ ATPase

isotig03256 13 3 I7FJJ2_TOBAC MAP kinase

isotig03399 13 13 D7MLU4_ARALL Phosphofructokinase family protein

isotig04416 13 13 Q8S912_TOBAC Microtubule bundling polypeptide TMBP200

isotig04629 13 13 B9RRN0_RICCO Protein transport protein sec23  putative

isotig04793 13 13 Q5M9V4_TOBAC ATP synthase subunit alpha

isotig04987 13 11 B9GY91_POPTR Serine/threonine-protein phosphatase

isotig01777 12 1 PLY59_SOLLC Probable pectate lyase P59

isotig01779 12 1 PLY59_SOLLC Probable pectate lyase P59

isotig03214 12 7 B9GN25_POPTR Pleckstrin homology domain-containing family protein

isotig03246 12 12 B9SIF7_RICCO Diacylglycerol kinase  alpha  putative



Allergen name Transcript number Sequenced peptides Unique sequenced peptides Homolog uniprot entry Annotation

isotig03312 12 10 Q9S7F7_FRAAN Cytosolic ascorbate peroxidase

isotig04628 12 12 Q6VAA8_STERE UDP-glycosyltransferase 91D1

isotig04470 12 12 B9H7Y5_POPTR Predicted protein

isotig04781 12 12 B9T1B9_RICCO Patellin-4  putative

isotig04800 12 12 B9SAG9_RICCO Receptor serine-threonine protein kinase  putative

isotig05000 12 10 I1KXM8_SOYBN Serine/threonine-protein phosphatase

isotig05077 12 12 D7TIZ5_VITVI Pyruvate kinase

isotig05344 12 9 B9R9J4_RICCO Fructokinase  putative

isotig05536 12 4 Q40203_LOTJA RAB1C

isotig05693 12 11 CAPPB_FLATR Phosphoenolpyruvate carboxylase 1

isotig07010 12 6 F2CVV2_HORVD Predicted protein

Amb a 3-like isotig04817 11 11 MPAA3_AMBEL Pollen allergen Amb a 3

Amb a 6.01 11 11 NLTP6_AMBAR Non-specific lipid-transfer protein

isotig01864 11 11 Q2KM81_ARTVU Polcalcin

isotig05139 11 11 B9GF67_POPTR Predicted protein

isotig02868 11 11 E6NU09_9ROSI JHL07K02.9 protein

isotig04448 11 11 A9ZM29_SOYBN Oxysterol-binding protein

isotig05401 11 11 B9RAG9_RICCO AMP-activated protein kinase  gamma regulatory subunit  putative

isotig06452 11 11 H6WJJ6_9ROSI Pathogenesis-related protein 17

Amb a 8.01 isotig06625 10 8 PROF3_AMBAR Profilin-3

Amb a 11 isotig04855 10 10 V5LU01_AMBAR Amb a 11 Cysteine protease

isotig02260 10 10 Q41724_ZINEL TED2

isotig02326 10 10 B9SSY3_RICCO Type II inositol 5-phosphatase  putative

isotig03274 10 10 Q5DUH0_CAPCH Glutathione S-transferase GST1

isotig03299 10 10 B9HAS7_POPTR Pectinesterase

isotig03448 10 10 B9GKZ1_POPTR Transducin family protein

isotig04546 10 10 Q3HLN2_TOBAC Sucrose-phosphate synthase isoform B

isotig04547 10 10 B9SR46_RICCO 2-oxoglutarate dehydrogenase  putative

isotig04570 10 10 B9RM62_RICCO Aspartic proteinase Asp1  putative

isotig05369 10 9 B9H4T8_POPTR Ras-related GTP-binding family protein

isotig04703 10 10 PLY59_SOLLC Probable pectate lyase P59

isotig05151 10 6 B9HBS5_POPTR Predicted protein

isotig04892 10 10 B9S8G9_RICCO Zinc finger protein  putative

isotig05063 10 10 D7LD44_ARALL Esterase/lipase/thioesterase family protein

isotig05203 10 9 LOR15_ARATH Protein LURP-one-related 15

isotig07197 10 7 B9I610_POPTR Predicted protein

isotig05874 10 10 XYL2_MEDSV Beta-xylosidase/alpha-L-arabinofuranosidase 2

isotig06357 10 10 O24548_VIGUN Type IIIa membrane protein cp-wap13

isotig06051 10 10 F2EBF9_HORVD Predicted protein

isotig02653 9 9 No hit

isotig03297 9 6 I1MK76_SOYBN Pectinesterase

isotig03458 9 5 Q6T8C9_HELAN Putative alpha-soluble NSF attachment protein

isotig03712 9 9 Q5KQH5_ORYSJ putative 2 3-bisphosphoglycerate-independent phosphoglycerate mutase'

isotig03920 9 6 G1FCF5_9ROSI Fructokinase

isotig04427 9 7 B9S0J4_RICCO Pleiotropic drug resistance protein  putative

isotig05050 9 3 B9GXB4_POPTR Predicted protein

isotig04776 9 9 Q96383_CENCA Aspartic proteinase

isotig04927 9 9 A0AQQ6_HORVU Inositol phosphate kinase

isotig05108 9 9 B9RPP7_RICCO DUF26 domain-containing protein 2  putative



Allergen name Transcript number Sequenced peptides Unique sequenced peptides Homolog uniprot entry Annotation

isotig03576 9 9 B9HU21_POPTR Predicted protein

isotig05306 9 9 B9RZW7_RICCO Dihydrolipoyl dehydrogenase

isotig05511 9 8 J7F320_CAMSI Eukaryotic translation initiation factor 5A4

isotig05846 9 9 D7TMQ2_VITVI Citrate synthase

isotig04447 9 9 B9IHR4_POPTR Phosphatidylinositol-4-phosphate 5-kinase family protein

isotig05984 9 9 A6GVD5_ARTVU Art v 2 allergen

isotig02675 9 1 B9MT67_POPTR Predicted protein

isotig04874 9 9 B9NE02_POPTR Predicted protein

isotig07303 9 1 Q9SXT5_CICAR Rab-type small GTP-binding protein

isotig06976 9 9 F2DAY3_HORVD Lactoylglutathione lyase

isotig03003 8 8 G7I824_MEDTR Glucose and ribitol dehydrogenase

isotig05115 8 4 B9GG35_POPTR Predicted protein

isotig03119 8 8 B9RC84_RICCO Pollen-specific protein SF3  putative

isotig03215 8 3 B9GN25_POPTR Pleckstrin homology domain-containing family protein

isotig03970 8 1 I0CC93_9CARY Type II peroxiredoxin

isotig03971 8 1 A3FPF4_NELNU Thioredoxin-dependent peroxidase

isotig04425 8 8 Q5MNW6_GOSHI Kinesin

isotig04474 8 8 G7JS80_MEDTR Leucine-rich repeat receptor-like protein kinase

isotig04548 8 8 A4GU96_GOSHI Kinesin-related protein

isotig07641 8 8 B9H3U7_POPTR Predicted protein

isotig05149 8 7 B9H9Z0_POPTR DEAD box RNA helicase family protein

isotig05141 8 8 D2D330_GOSHI Lactoylglutathione lyase

isotig05163 8 6 Q5DK69_SOLLC Pollen-specific kinase partner protein

isotig05365 8 8 B9SI95_RICCO Early nodulin 55-2  putative

isotig05517 8 8 Q9M6K5_TARER Isopentenyl pyrophosphate:dimethyllallyl pyrophosphate isomerase

isotig05907 8 1 Q45W77_ARAHY Ubiquitin-conjugating enzyme 1

isotig02381 8 6 B9IJL9_POPTR Predicted protein

isotig04937 8 8 B9ILA9_POPTR Phosphatase 2C family protein

isotig05985 8 8 B9IPD3_POPTR S-adenosyl-L-methionine:carboxyl methyltransferase family protein

isotig06099 8 8 A6YM33_RICCO Phosphoenolpyruvate carboxylase

isotig06493 8 8 B9MTX7_POPTR Haloacid dehalogenase-like hydrolase family protein

isotig06173 8 8 Q6ZFF2_ORYSJ Os08g0482600 protein

isotig06364 8 1 Q45W77_ARAHY Ubiquitin-conjugating enzyme 1

isotig02870 8 7 B9MXN5_POPTR Predicted protein

isotig06444 8 8 PSB1_PETHY Proteasome subunit beta type-1

isotig06769 8 8 D6BRD7_9ROSI Universal stress protein

isotig01832 8 8 B9N470_POPTR Predicted protein

isotig07006 8 8 B3F8F4_SOLTU Glutaredoxin

contig24397 7 7 No hit

isotig00331 7 7 VA726_ARATH Putative vesicle-associated membrane protein 726

isotig01811 7 2 CALM_HELAN Calmodulin

isotig02442 7 7 B6TIJ3_MAIZE Thioredoxin

isotig05271 7 7 B9GKD5_POPTR Predicted protein

isotig03338 7 7 Q7GDU7_ORYSJ Cysteine endopeptidase

isotig03426 7 7 G7JFL5_MEDTR ATP phosphoribosyltransferase

isotig03497 7 7 D7UAT7_VITVI Uridine kinase

isotig03870 7 6 ENO1_HEVBR Enolase 1

isotig02824 7 1 B9GRN8_POPTR Predicted protein

isotig04459 7 7 D7MB86_ARALL Kinase family protein
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isotig04514 7 2 B9HPN3_POPTR Calcium dependent protein kinase 5

isotig04526 7 7 A1KXE1_LACSA Pectin acetylesterase

isotig04657 7 7 B9RTM1_RICCO Protein kinase atmrk1  putative

isotig04662 7 7 Q9SSZ1_HELAN Aspartic proteinase

isotig04798 7 3 B9HPN3_POPTR Calcium dependent protein kinase 5

isotig04952 7 7 B9RB80_RICCO Peroxidase 65  putative

isotig05118 7 7 Q40495_TOBAC N-ethylmaleimide sensitive fusion protein

isotig05126 7 7 B9T5A1_RICCO Cholinephosphate cytidylyltransferase  putative

isotig05144 7 7 O22406_PETCR Glucose-6-phosphate 1-dehydrogenase

isotig03055 7 7 B9HTD1_POPTR Transferase family protein

isotig05454 7 7 B3TLV8_ELAGV Ubiquitin-conjugating enzyme family protein

isotig04588 7 7 B9I9L6_POPTR CTP synthase

isotig05821 7 7 B9RES5_RICCO Calcium ion binding protein  putative

isotig05027 7 7 B9IGR3_POPTR Predicted protein

isotig06174 7 3 ADF7_ARATH Actin-depolymerizing factor 7

isotig06378 7 7 ERG3_ORYSJ Elicitor-responsive protein 3

isotig06387 7 7 D6BRD7_9ROSI Universal stress protein

isotig04694 7 7 D7MT53_ARALL Predicted protein

isotig07466 7 7 F2E7L1_HORVD Histone H4

isotig01197 6 4 B9H0Q2_POPTR Adenylyl cyclase-associated protein

isotig02205 6 6 D6BR66_9ROSI Glutathione S-transferase omega

isotig03551 6 6 A9PDU2_POPTR Predicted protein

isotig02609 6 4 Q8H2B6_TOBAC Pollen specific actin-depolymerizing factor 2

isotig02635 6 6 B9RMQ3_RICCO Alpha-L-fucosidase 2  putative

isotig02722 6 6 B9HCD3_POPTR Autoinhibited H+ ATPase

isotig05071 6 6 B9GEN8_POPTR Ribose 5-phosphate isomerase family protein

isotig03180 6 5 B9R839_RICCO ATP binding protein  putative

isotig03196 6 4 E5GB47_CUCME Eukaryotic peptide chain release factor subunit

isotig04639 6 6 B9GJK1_POPTR Dehydration-responsive family protein

isotig03218 6 6 J7FH09_MESCR Sucrose non-fermenting 1

isotig03459 6 2 Q6T8C9_HELAN Putative alpha-soluble NSF attachment protein

isotig03517 6 4 Q9XGI6_SOLLC Expansin9

isotig03538 6 2 C9E9M0_PHAVU RabA2

isotig03539 6 4 RAA1F_ARATH Ras-related protein RABA1f

isotig03608 6 2 PP12_TOBAC Serine/threonine-protein phosphatase PP1 isozyme 2

isotig03653 6 6 B9SI95_RICCO Early nodulin 55-2  putative

isotig03660 6 6 D7MPW2_ARALL Vesicle-associated membrane family protein

isotig05704 6 3 B9GXB4_POPTR Predicted protein

isotig04504 6 6 Q6KC53_NICPL Calcium-dependent protein kinase 17

isotig04506 6 6 Q2PYW3_SOLTU Vacuolar sorting receptor protein PV72-like protein

isotig04517 6 6 B9SFZ6_RICCO

Phosphatidylinositol-3 4 5-trisphosphate 3-phosphatase 

and dual-specificity protein phosphatase PTEN  putative

isotig04520 6 6 B9RJX8_RICCO Restin  putative

isotig04551 6 3 B0FC97_9FABA Calcium-dependent protein kinase

isotig04581 6 4 D7LI11_ARALL Phospholipase D beta 1

isotig04711 6 6 B5M9E5_SOLLC Beta-glucosidase 08

isotig04746 6 2 PP12_TOBAC Serine/threonine-protein phosphatase PP1 isozyme 2

isotig04840 6 6 Q70Z24_TOBAC Protein kinase CK2 alpha chain

isotig04907 6 6 B9RWX1_RICCO ATP binding protein  putative
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isotig04981 6 6 D7MNZ2_ARALL Glycerophosphoryl diester phosphodiesterase family protein

isotig04869 6 6 B9I192_POPTR Myosin heavy chain-related family protein

isotig06567 6 6 B9I610_POPTR Predicted protein

isotig05534 6 6 I1QY51_ORYGL Coatomer subunit beta

isotig03542 6 4 B9IA37_POPTR Predicted protein

isotig05686 6 6 D7LHK4_ARALL Kinase

isotig05767 6 6 CALX_HELTU Calnexin homolog

isotig05831 6 6 H6VNP1_LYCBA LAT52-like protein

isotig05906 6 6 D3JX88_PANGI Glutamate decarboxylase

isotig05941 6 6 B3GPG7_ORYSJ Spermidine synthase 3

isotig06082 6 6 Q84ZX6_SOLLC Sucrose-phosphatase

isotig04721 6 6 B9MV41_POPTR Predicted protein

isotig06249 6 6 A3F7Q4_GOSHI Phenylcoumaran benzylic ether reductase-like protein

isotig04744 6 6 B9MWU0_POPTR Acid phosphatase survival protein SurE

isotig04912 6 6 B9N328_POPTR Predicted protein

isotig06571 6 6 E6NU33_9ROSI JHL05D22.14 protein

isotig06764 6 6 A9PBC3_POPTR Glutaredoxin C4

isotig06802 6 5 G7LI12_MEDTR Actin depolymerizing factor

isotig05400 6 6 D7M708_ARALL Predicted protein

Amb a 5.01 5 5 MPAA5_AMBEL Pollen allergen Amb a 5

contig22391 5 5 G7LBH9_MEDTR Protein vip1

isotig01202 5 3 B9H0Q2_POPTR Adenylyl cyclase-associated protein

isotig01412 5 5 Q8RXH5_TOBAC Osmotic stress-activated protein kinase

isotig01868 5 3 I6XNH4_LINUS Putative actin-depolymerizing factor 12

isotig05866 5 5 A9PCA9_POPTR NPL4 family protein

isotig02120 5 5 H2L0T2_HELAN Preproalbumin PawS1

isotig02184 5 5 I3SK85_LOTJA Glutathione peroxidase

isotig02228 5 1 B9S5V9_RICCO Casein kinase  putative

isotig02259 5 5 A1L4Y4_ARATH At5g61510

isotig02499 5 5 A5BTZ8_VITVI Annexin

isotig02543 5 5 B9RYE9_RICCO Polyadenylate-binding protein  putative

isotig02551 5 5 P93666_HELAN Leucine-rich-repeat protein

isotig06168 5 5 A9PFY3_POPTR Predicted protein

isotig02674 5 4 F4IQ28_ARATH RabGAP/TBC domain-containing protein

isotig06303 5 5 A9PG62_POPTR ADP-ribosylation factor family protein

isotig03184 5 5 Q001P5_ARTAN NADPH--cytochrome P450 reductase

isotig03190 5 5 B9RLG2_RICCO O-linked n-acetylglucosamine transferase  ogt  putative

isotig03213 5 5 D7KE30_ARALL Phosphatidylinositol 4-kinase

isotig03234 5 4 B9RQ50_RICCO Fimbrin  putative

isotig03454 5 5 G7ICJ3_MEDTR Serine/threonine-protein phosphatase

isotig03516 5 3 Q8LKK0_GOSHI Alpha-expansin

isotig03559 5 3 Q9SXT7_CICAR Rac-type small GTP-binding protein

isotig03642 5 5 Q719L3_PARAR Rubber synthesis protein

isotig03861 5 5 A5HIG2_9FABA Succinyl-CoA ligase beta subunit

isotig03871 5 4 D7LUC8_ARALL Enolase

isotig06044 5 5 B9GV21_POPTR FH INTERACTING protein 1

isotig04268 5 2 G8XWY8_9ASTR Glyceraldehyde 3-phosphate dehydrogenase

isotig06018 5 5 B9H523_POPTR Predicted protein

isotig04690 5 5 B9RZ67_RICCO Expressed protein  putative
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isotig04691 5 4 PLY_TOBAC Pectate lyase

isotig04692 5 5 METK2_TOBAC S-adenosylmethionine synthase 2

isotig04864 5 3 D7LI11_ARALL Phospholipase D beta 1

isotig04900 5 5 ATPG3_IPOBA ATP synthase subunit gamma  mitochondrial

isotig04901 5 5 Q5D8D3_SOLLC Acyl-coenzyme A oxidase

isotig05154 5 5 D7MPL3_ARALL Glycerophosphoryl diester phosphodiesterase family protein

isotig05199 5 5 B1PVT0_TOBAC LIM domain protein 2b

isotig05210 5 5 G7JAD8_MEDTR Ribonuclease P protein subunit p25

isotig05265 5 5 G7J933_MEDTR Endoglucanase

isotig05278 5 2 E1XUL5_AMBAR Putative pectate lyase

isotig05422 5 5 D7M301_ARALL Catalytic/ coenzyme binding protein

isotig05483 5 2 B9S6D8_RICCO Inorganic pyrophosphatase  putative

isotig04047 5 5 B9IA95_POPTR Eukaryotic translation initiation factor 3 subunit H

isotig05692 5 5 B9SP79_RICCO ARF GTPase activator  putative

isotig05021 5 5 B9IEY8_POPTR Leucine-rich repeat family protein

isotig05824 5 5 A6GVD5_ARTVU Art v 2 allergen

isotig06073 5 5 B9SZM7_RICCO Calcium ion binding protein  putative

isotig06125 5 5 Q9LSL3_ARATH Oligopeptidase A

isotig05280 5 5 B9MUG4_POPTR Invertase/pectin methylesterase inhibitor family protein

isotig06172 5 5 D9IL91_BRARP Phytocystatin 5-3

isotig06284 5 3 G8XR12_GOSHI UDP-glucuronic acid decarboxylase 2

isotig06287 5 5 Q6T8C6_HELAN Initiation factor eIF4A-15

isotig06304 5 5 Q9FS79_WHEAT Triosephosphate isomerase

isotig06380 5 1 B6SI29_MAIZE Histone H2A

isotig06573 5 5 G8HAB2_PAPSO PLP-dependent aminotransferase

isotig06593 5 4 LEA14_GOSHI Late embryogenesis abundant protein Lea14-A

isotig06734 5 5 RS13_SOYBN 40S ribosomal protein S13

isotig06750 5 1 B6SI29_MAIZE Histone H2A

isotig03260 5 1 B9NAS8_POPTR Predicted protein

isotig03261 5 1 B9NAS8_POPTR Predicted protein

isotig07112 5 3 G7KP54_MEDTR GPI-anchored protein

isotig05463 5 5 D7M708_ARALL Predicted protein

isotig07264 5 5 I1SSI8_HEVBR Thioredoxin

isotig07447 5 1 PROF_HELAN Profilin

isotig07487 5 2 Q6RUQ2_DAUCA Glyceraldehyde 3-phosphate dehydrogenase

isotig00591 4 4 G7JXY1_MEDTR SNAP25 homologous protein SNAP33

isotig05628 4 2 A9PD45_POPTR UDP-XYLOSE SYNTHASE 4 family protein

isotig02623 4 4 B9T1M8_RICCO Kinesin heavy chain  putative

isotig03086 4 4 B9RM70_RICCO Translation initiation factor  putative

isotig03131 4 3 B6VAD7_BUPCH LEA-2 protein

isotig03204 4 4 B5LAV6_CAPAN Putative long-chain acyl-CoA synthetase

isotig03313 4 2 Q40589_TOBAC Cytosolic ascorbate peroxidase

isotig03339 4 4 CYSEP_PHAVU Vignain

isotig04612 4 4 B9GM16_POPTR Uridine 5'-monophosphate synthase family protein

isotig03782 4 2 B9RGR3_RICCO Serine/threonine protein kinase  putative

isotig04420 4 4 B9RDF9_RICCO Nucleotide binding protein  putative

isotig05710 4 4 B9GX99_POPTR Cysteine proteinase inhibitor

isotig04467 4 4 B9S097_RICCO Polyadenylate-binding protein  putative

isotig04486 4 4 B9RM96_RICCO Protein binding protein  putative
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isotig03202 4 2 B9GXH9_POPTR Acyl-coA synthetase family protein

isotig04530 4 4 B9I9Z0_POPTR Serine/threonine-protein phosphatase

isotig04594 4 4 B9R7M4_RICCO F-box and wd40 domain protein  putative

isotig04688 4 4 B9R8X2_RICCO Chaperone protein dnaJ  putative

isotig04706 4 4 B9H2J6_POPTR Cytochrome P450

isotig04724 4 4 A7DX12_LOTJA A-type carbonic anhydrase

isotig04725 4 4 B9S773_RICCO Lupus la ribonucleoprotein  putative

isotig04778 4 4 B9T3M9_RICCO Glucan endo-1 3-beta-glucosidase  putative

isotig04783 4 4 Q6F4I8_ZINEL Gamma-glutamylcysteine synthetase

isotig04837 4 4 B9SWG9_RICCO Beta-fructofuranosidase  insoluble isoenzyme 1  putative

isotig04847 4 4 F6I390_VITVI Pectinesterase

isotig04983 4 4 B9S7L4_RICCO Calcium ion binding protein  putative

isotig05052 4 4 No hit

isotig05300 4 4 B9HSK1_POPTR Predicted protein

isotig05150 4 4 G7JW19_MEDTR Vesicle-associated membrane protein

isotig05260 4 4 B9RI05_RICCO Proteasome subunit alpha type

isotig05272 4 4 QPCT_ARATH Glutaminyl-peptide cyclotransferase

isotig04827 4 4 B9I3T0_POPTR Predicted protein

isotig02858 4 4 B9I5L5_POPTR Predicted protein

isotig05373 4 4 B9RCL0_RICCO Na(+)/H(+) antiporter  putative

isotig05379 4 4 G7JXI6_MEDTR 26S proteasome non-ATPase regulatory subunit

isotig07135 4 1 B9I610_POPTR Predicted protein

isotig05403 4 2 RB2BV_BETVU Ras-related protein Rab2BV

isotig05501 4 4 B9T7A1_RICCO Ef-hand calcium binding protein  putative

isotig05662 4 4 B9R8B6_RICCO Calcium lipid binding protein  putative

isotig05684 4 4 D1MWZ0_CITLA GRAM domain-containing protein

isotig05903 4 4 CYC_HELAN Cytochrome c

isotig02558 4 3 B9IK20_POPTR Predicted protein

isotig05940 4 4 MMT1_WOLBI Methionine S-methyltransferase

isotig06019 4 3 B9RYE9_RICCO Polyadenylate-binding protein  putative

isotig06088 4 4 Q9FYX1_SOLLC BAC19.5

isotig06228 4 4 B9RFW4_RICCO Pyruvate dehydrogenase  putative

isotig06399 4 4 Q0G879_CAMSI Cyclophilin

isotig06465 4 4 Q8H6C0_SILLA Oligomycin sensitivity conferring protein

isotig06525 4 4 F8SKC4_HEVBR TCTP.1

isotig07053 4 4 B9S5F1_RICCO Proline oxidase  putative

isotig07362 4 4 PLRX1_ARATH Pollen-specific leucine-rich repeat extensin-like protein 1

isotig07605 4 4 I1SSI8_HEVBR Thioredoxin

isotig04255 3 3 A9P8N0_POPTR Predicted protein

isotig01124 3 3 Q1LYX3_ARATH At5g42560

isotig01357 3 3 Q9ZNX3_PETHY PGPS/D7

isotig01452 3 3 G7L1H1_MEDTR Shaggy-related protein kinase

isotig03085 3 3 A9P9K5_POPTR eIF4-gamma/eIF5/eIF2-epsilon domain-containing family protein

isotig01977 3 3 Q38678_AMBAR Cystatin proteinase inhibitor

isotig02092 3 3 B9RT59_RICCO Kif4  putative

isotig02826 3 3 D7MQT4_ARALL Lipin family protein

isotig04762 3 3 B9GFY8_POPTR SEC14 cytosolic factor family protein

isotig03043 3 3 Q3HRW8_SOLTU 60S ribosomal protein L18a

isotig03177 3 1 B9RET0_RICCO Protein transport protein Sec24C  putative
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isotig04608 3 3 B9GJ76_POPTR Myosin heavy chain-related family protein

isotig03404 3 3 Q84RS1_MEDSA ZIK1 protein

isotig03456 3 3 B9SB24_RICCO GTP-dependent nucleic acid-binding protein engD  putative

isotig03572 3 3 H6VNP1_LYCBA LAT52-like protein

isotig04682 3 3 B9GNW6_POPTR Pleckstrin homology domain-containing family protein

isotig03668 3 3 I1MLJ3_SOYBN Uridine kinase

isotig03742 3 3 B9T0Q0_RICCO Calcium binding protein/cast  putative

isotig03830 3 3 G7LCC0_MEDTR 26S proteasome non-ATPase regulatory subunit

isotig03831 3 3 O48844_ARATH 26S proteasome regulatory subunit

isotig03906 3 3 F2Y9D8_LITCN Aconitase protein

isotig04728 3 3 B9GVL4_POPTR Predicted protein

isotig04278 3 2 Q94BT9_ARATH Copper transport protein ATX1

isotig04452 3 3 Q9LIQ9_ARATH Protein BLISTER

isotig04489 3 3 G7K8N7_MEDTR EH-domain-containing protein

isotig04509 3 3 B9GPQ2_POPTR MLO-like protein

isotig06416 3 3 B9GXB4_POPTR Predicted protein

isotig04542 3 2 B9SN36_RICCO Protein SEY1  putative

isotig04555 3 3 Q2HV31_MEDTR Prefoldin

isotig04565 3 3 No hit

isotig04726 3 3 B9H3Y3_POPTR Predicted protein

isotig04609 3 2 G7IAZ5_MEDTR Protein kinase Pti1

isotig04623 3 3 B9RUS7_RICCO Kinesin light chain  putative

isotig04672 3 2 Q5DK69_SOLLC Pollen-specific kinase partner protein

isotig05404 3 3 B9H563_POPTR Predicted protein

isotig04693 3 3 No hit

isotig04767 3 3 CAP4_ARATH Putative clathrin assembly protein At1g03050

isotig04789 3 3 B9HB66_POPTR Phosphatase 2C family protein

isotig04845 3 3 B9SV82_RICCO UDP-glucose 4-epimerase  putative

isotig04879 3 3 D7KWK7_ARALL Kinase

isotig04904 3 3 B9S7I4_RICCO Myosin XI  putative

isotig02271 3 3 B9HI16_POPTR Predicted protein

isotig04919 3 3 B9RZI2_RICCO Protein binding protein  putative

isotig02491 3 2 B9HIN8_POPTR Predicted protein

isotig05341 3 3 B9HRU2_POPTR Predicted protein

isotig05158 3 2 B9SLE6_RICCO Calcium-dependent protein kinase  putative

isotig05212 3 3 B9RBM2_RICCO 26S proteasome regulatory subunit S3  putative

isotig05236 3 2 Q9SXT7_CICAR Rac-type small GTP-binding protein

isotig05248 3 3 B3TLS7_ELAGV Senescence-associated protein

isotig04529 3 3 B9I173_POPTR Predicted protein

isotig05448 3 3 A5XEM2_MEDTR Putative RNA binding protein

isotig05474 3 3 Q8GWT7_ARATH Putative embryonic abundant protein

isotig05541 3 3 Q8L7U7_ARATH AT4g39670/T19P19 60

isotig05557 3 3 E0A8M9_PETIN VAMP721

isotig05584 3 3 B9RK58_RICCO Ectonucleotide pyrophosphatase/phosphodiesterase  putative

isotig05652 3 3 B9T3W8_RICCO Troponin C  skeletal muscle  putative

isotig05683 3 2 B9RH93_RICCO Kinase  putative

isotig05738 3 3 G8A187_MEDTR 40S ribosomal protein SA

isotig05759 3 1 B9VS69_9ASTR Heat shock protein 70.58

isotig05797 3 3 B9SE94_RICCO C  putative
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isotig05807 3 3 H6TNS0_ELAGV Putative 24 kDa seed maturation protein

isotig03480 3 3 B9IGR3_POPTR Predicted protein

isotig05842 3 3 Q9ZNX3_PETHY PGPS/D7

isotig05877 3 3 Q8L8T0_ARATH Ripening-related protein-like

isotig07106 3 3 B9IHT1_POPTR Predicted protein

isotig05586 3 3 B9ILW2_POPTR Villin 4 family protein

isotig06175 3 3 D7TAR8_VITVI Proteasome subunit beta type

isotig06266 3 3 D7MI82_ARALL ATCHX24

isotig06295 3 2 B9SA27_RICCO Trafficking protein particle complex subunit  putative

isotig06348 3 3 B9RJX8_RICCO Restin  putative

isotig05878 3 2 B9MY35_POPTR Predicted protein

isotig06521 3 3 B8Y8A0_GOSHI Blue copper-like protein

isotig06542 3 1 G7KHL3_MEDTR ADP-ribosylation factor

isotig06546 3 3 B6T7E9_MAIZE Putative uncharacterized protein

isotig06551 3 3 MSRA_FRAAN Peptide methionine sulfoxide reductase

isotig06569 3 3 B9RK06_RICCO Pre-mRNA-splicing factor cwc24  putative

isotig06737 3 3 B9SB16_RICCO Rhicadhesin receptor  putative

isotig06810 3 3 RL10_VITRI 60S ribosomal protein L10

isotig06854 3 2 Q9M6E6_TOBAC Poly(A)-binding protein

isotig06940 3 3 Q96403_CUCSA Stellacyanin

isotig07017 3 1 Q6V5G1_9BRAS Cu2+ plastocyanin-like

isotig07260 3 1 G7KP54_MEDTR GPI-anchored protein

isotig07686 3 3 B6T2I0_MAIZE 60S ribosomal protein L11-1

isotig07711 3 3 G7LBH9_MEDTR Protein vip1

isotig07781 3 3 GPX1_HELAN Glutathione peroxidase 1

Amb a 10 isotig07261 2 2 Q2KN25_AMBAR Calcium-binding protein

contig09392 2 2 WNK8_ARATH Serine/threonine-protein kinase WNK8

contig23568 2 2 Q6EP48_ORYSJ Os02g0579800 protein

isotig01056 2 1 B9T805_RICCO Serine/threonine-protein kinase PBS1  putative

isotig01686 2 2 C0IXK1_SOLME U2 snRNP auxiliary factor large subunit

isotig02009 2 2 B9R9X1_RICCO Acid phosphatase 1  putative

isotig02303 2 2 G7ILD5_MEDTR Syntaxin-124

isotig02327 2 2 B9SSY3_RICCO Type II inositol 5-phosphatase  putative

isotig07099 2 2 A9PE36_POPTR Predicted protein

isotig02542 2 2 Q9M6E6_TOBAC Poly(A)-binding protein

isotig02641 2 1 B9RRX5_RICCO Serine/threonine-protein kinase  putative

isotig02724 2 2 B9HCD3_POPTR Autoinhibited H+ ATPase

isotig02815 2 2 D2U833_9ROSI Cation chloride cotransporter

isotig03358 2 2 B9GFY6_POPTR Predicted protein

isotig02871 2 1 D7SPC8_VITVI Putative uncharacterized protein

isotig03136 2 2 Q5I6E8_SOLLC 3-phosphoinositide-dependent protein kinase-1

isotig03188 2 2 Q5NT80_TOBAC Potassium channel NKT1

isotig03227 2 2 G7JCD0_MEDTR Plasma membrane H+ ATPase

isotig03250 2 1 B9S7I4_RICCO Myosin XI  putative

isotig05836 2 2 B9GJS3_POPTR Predicted protein

isotig03264 2 2 B9RY53_RICCO Gcn4-complementing protein  putative

isotig03546 2 1 I1Y996_NICBE RabE1

isotig04771 2 1 B9GN25_POPTR Pleckstrin homology domain-containing family protein

isotig03552 2 2 G7J8X4_MEDTR RHO protein GDP dissociation inhibitor
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isotig03580 2 2 HIS8_NICPL Histidinol-phosphate aminotransferase  chloroplastic

isotig03600 2 2 Q53XI0_ARATH Calcium-transporting ATPase

isotig03616 2 2 B9R792_RICCO Polyadenylate-binding protein  putative

isotig06274 2 2 B9GQW2_POPTR HVA22-like protein

isotig03914 2 2 B9GR88_POPTR Late embryogenesis abundant domain-containing family protein

isotig04239 2 2 B9RX93_RICCO Zinc binding dehydrogenase  putative

isotig04279 2 1 D3GC04_9ROSI Copper chaperone

isotig04322 2 2 G7L3J8_MEDTR DEAD-box ATP-dependent RNA helicase

isotig04423 2 2 Q93XQ3_NICAL Putative beta-1 3-glucan synthase

isotig04429 2 2 B9RQ57_RICCO Ubiquitin carboxyl-terminal hydrolase

isotig05695 2 2 B9GX91_POPTR Predicted protein

isotig04444 2 1 B9SDM2_RICCO Calcium-dependent protein kinase  putative

isotig04461 2 2 E5GBL8_CUCME ATP-dependent clp protease

isotig04500 2 2 Q9LW99_MESCR Protein kinase MK6

isotig04507 2 2 Q9LKQ9_HELAN Asparagine synthetase

isotig04515 2 2 Q3YAT0_PETIN Calcium-dependent protein kinase 2

isotig04539 2 2 G7LI83_MEDTR Aminophospholipid ATPase

isotig04577 2 2 B9S6T7_RICCO Plant ubiquilin  putative

isotig04587 2 1 B9RGR3_RICCO Serine/threonine protein kinase  putative

isotig04876 2 2 B9H4R0_POPTR Predicted protein

isotig04651 2 2 B9GPQ2_POPTR MLO-like protein

isotig07167 2 2 B9HEA7_POPTR Predicted protein

isotig06146 2 2 B9HFS8_POPTR Hexokinase

isotig04906 2 2 F4JZ24_ARATH Iron ion binding / oxidoreductase/ oxidoreductase protein

isotig05910 2 2 B9HI74_POPTR Predicted protein

isotig04925 2 1 B9HJT8_POPTR Pectate lyase

isotig04948 2 2 G7IJV4_MEDTR Serine/threonine protein phosphatase 6 regulatory subunit

isotig05011 2 2 B9T214_RICCO Rho GDP-dissociation inhibitor  putative

isotig06549 2 2 B9HKT2_POPTR Predicted protein

isotig02880 2 2 B9HLK9_POPTR Phosphoglucosamine mutase family protein

isotig02446 2 2 B9HNR2_POPTR Predicted protein

isotig05079 2 2 B9HQE4_POPTR Predicted protein

isotig06193 2 2 B9HRF6_POPTR Kinesin-like protein

isotig05102 2 2 Q711G8_TOBAC Cullin 1A

isotig05103 2 2 NDK_HELAN Nucleoside diphosphate kinase

isotig05132 2 2 G7JW19_MEDTR Vesicle-associated membrane protein

isotig05138 2 2 B9T2I4_RICCO Acyl-CoA thioesterase  putative

isotig05045 2 2 B9HTY1_POPTR Predicted protein

isotig05357 2 2 B9HZX5_POPTR WD-40 repeat family protein

isotig05299 2 2 F2DLW6_HORVD Elongation factor 1-alpha

isotig05370 2 2 B1PVT0_TOBAC LIM domain protein 2b

isotig05377 2 2 Q41152_RICCO Sucrose carrier

isotig05443 2 2 B9RUL1_RICCO Acid phosphatase  putative

isotig05452 2 2 Q94CF8_CAPAN Branched-chain-amino-acid aminotransferase

isotig05320 2 1 B9I763_POPTR DEAD box protein P68

isotig05519 2 2 G7L857_MEDTR Galactose oxidase

isotig05537 2 2 VATL_KALDA V-type proton ATPase 16 kDa proteolipid subunit

isotig05566 2 2 B9SDN2_RICCO Calcium-dependent protein kinase  putative

isotig05578 2 2 Q15FD2_STRAF NOX1
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isotig05627 2 2 B1PVT0_TOBAC LIM domain protein 2b

isotig05696 2 2 SF3_HELAN Pollen-specific protein SF3

isotig05699 2 2 B3TM00_ELAGV Translational initiation factor eIF1

isotig05718 2 2 B9S0D5_RICCO Ankyrin repeat-containing protein  putative

isotig05773 2 2 F6H2F7_VITVI Ubiquitin carboxyl-terminal hydrolase

isotig05777 2 2 GPX4_HELAN Probable phospholipid hydroperoxide glutathione peroxidase

isotig05830 2 2 G7IAA3_MEDTR Isocitrate dehydrogenase (NAD+)

isotig05891 2 2 B9SAD4_RICCO Nuclear acid binding protein  putative

isotig06117 2 2 Q68GS0_TOBAC SKP1

isotig06120 2 2 B9RDD0_RICCO Plant sec1  putative

isotig06145 2 2 Q9AT32_DAUCA Poly(A)-binding protein

isotig06164 2 2 B9RM00_RICCO Beta-hexosaminidase  putative

isotig06208 2 2 B9RDP2_RICCO Dead box ATP-dependent RNA helicase  putative

isotig06211 2 2 Q9AVP0_TOBAC Ubiquitin-conjugating enzyme (E2)

isotig03070 2 2 B9MVE1_POPTR Predicted protein

isotig06393 2 2 B9RGI7_RICCO Oligopeptidase B  putative

isotig05234 2 2 B9MZ16_POPTR Pantothenate kinase-related family protein

isotig06532 2 2 G7LH86_MEDTR Phi-1 protein

isotig06624 2 1 IF5A_SENVE Eukaryotic translation initiation factor 5A

isotig06655 2 2 B9RG74_RICCO NADH dehydrogenase  putative

isotig06782 2 2 B9SRJ0_RICCO Chemocyanin  putative

isotig06799 2 2 CYT5_ARATH Cysteine proteinase inhibitor 5

isotig06858 2 2 No hit

isotig06949 2 2 No hit

isotig06950 2 2 B9SZE8_RICCO Catalytic  putative

isotig06969 2 2 No hit

isotig07044 2 2 No hit

isotig07116 2 2 B9SDM9_RICCO Sucrose phosphate phosphatase  putative

isotig07215 2 2 B9RC95_RICCO Actin depolymerizing factor  putative

isotig07244 2 2 No Hit

isotig07301 2 2 B9GJS2_POPTR Uridine kinase

isotig07445 2 2 PSA4_SPIOL Proteasome subunit alpha type-4

isotig07523 2 2 B9RM96_RICCO Protein binding protein  putative

isotig07535 2 2 B6UH40_MAIZE WNK6

isotig07688 2 2 Q8LAM9_ARATH Pollen coat-like protein
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S2 Table: nucleotide sequences of candidate ragweed pollen allergens 

S2 Table provides the nucleotide sequences, recovered from the transcriptome analysis, encoding the identified candidate allergens 

Name Nucleotide sequence 

Amb a 1-like ATGTTTAATCTCTTGGTGCAAATTATTTGACGCACATTATTAGTTCTTGGTAAACCGATAATTACTGAATGTATATAAGCAAA

AAGTTGTTAAATAAATGATGAGATCGATCACCAAGAAGAACCACAACAATCATACAATGGGGATCAAACACTGTTGTTACAT

CTTGTATTTTACCTTAGCCCTTGTCACTTTGCTGCAACCTGTTCGTTCTGCCGAAGATCTCCATGAAATCTTACCTTCACCTA

ACGGAACAAGGAGGGGCCTGCAAGCATGTGAAGCAAACAACATTGTAGACCAGTGCTGGAGGTGCAAAGCGGATTGGGC

GGAAAACCGACAAGCGTTAGCCGATTGTGCCCCAGGTTTTGCAAAGGGAACCTTCGGCGGAAAATTGGGTGATGTCTACA

CCGTGACAAACGAAAATGATGATGATGTTGCAAATCCAATAGAAGGGTCACTCCGGTTTGGTGCGGCCCTGGAAAGGCCC

ATATGGATCATTTTTGAAAGAGATATGGTGATTCATTTGAACCAAGAGCTTGTGATAAACACAGACACGACGATCGATGGG

CGAGGGGCGAATGTAGAGATCATTAACGCTGGTTTGCACATCAATAATGTCAAGAATGTAATCATTCATAACATAAATATAC

ATGATATTAAACCGAATGAGGGAGGCATTGTTAAGTACAACGATGGTCCAGCAAGAAAAAGACCCAAAAGTGATGGTGATG

CTATATATATTGCTCGTGCTTCACAAGTATGGATCGACCATTGCTCGCTCAGTATGACTGCCGATGAGCTGATCGATGTCA

AACTCGGCAGCACGATGGTGACCATTTCCAACTGCAAATTCAGCCAAAGCCAATTTGTATTATTGTTGGGGGCTAATGACG

AAGATGTTGAAGATAAAGCCATGATGGTAAATGTGGCATTCAACACGTTCGCCGATCAGGTTGACCAAAGAATGCCCAGAT

GTCGACATGGGTTTTTCCAAGTCGTTAACAACAACTACGACAGATGGGGAACGTACGCTCTCAGTGGTAGCGCGGCTCCA

ACTATACTCAGCCAGGGGAACAGATTCTTCGCCGGGGATGAGCCCTCCAAGAAAAGTGTTGTAATGAGGAGTGGTCCAGG

CACCGAAGGGTCGATGTCGTGGAACTGGAGATCGGATAGAGACTTGCTTGAAAATGGTGCTACTTTTGAACCATCTGGGG

TTGATCCAGTGCTAACCCCTGAGCAAAACGCAGGGATGATTCCTGCCGAACCTGGAGAAGCCGCTCTAACACTCACTGCT

TTTACTGGTGTACTCTCATGCCAGCCTGGAGTACCTTGCTAAGCACCCGACCAATTTTATAATGTTCATAAAGACGTTTTTT

GTGTTGTTTTTTTAGTTAATAATATGCGACGATAAATTATACAATCTAAATCTATGTTAATCATGAATTTAGATTATCAATTAAT

GTTCATAAAGTGTATCGGCTACACCGATGGATGTTTCAAAACTTTATGTGAGGAAGAAGGAAGTAGTTTCAATTATAATATA

CTAGTATGAATATGAATGTTTGTGCGTTACC 
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Name Nucleotide sequence 

Carbonic 

anhydrase 

AAAAATTACCTTAAATGAAACACAAACCTCAACCATGAATTTCTCCAAACCGCTAATTAAATCATTAACCAATAAACAATTTAA

AGCTAAATGTGAAAACGATAAGCCACACAGATTTTGAATCTAGCTTGTCCAACAATGTTTACATGATTACATACATAGTCAC

GATTCAAGAAAAACTCGAACCATCTCTTCAATTCCATAACGATGTCAAACCTTAACCTATCATCACTTCTATTCATTTGTCTT

ATGATCATATCATCACGCTCCTTCATTTCCATTTGCACGGCTAATGAGTGCAATGATGTAGGGTTACGTCAACAACTCTTGT

TTGGAACAGCAACGAATGACATGCCCCAAACCACCTTTGATCGTCGAAAAATCTTGGAGATTGCAGAAGGTGGGCCAAAAT

TCAACTATCTAGAAGGGACTCAACTTGGTCCAAAGAATTGGGGAACTATTACGCCGGAATGGAAAATTTGTAACGATGGGA

AATCACAGTCTCCTATTAATATCGAAAACAATAGGGTGCAAGTTACGCCAAGTGACTTGAAACGTGCTTACCTGGACGCGC

CAGCCACAATTATTAATGGAATTAATAATATTGGTGTTCGTTGGACAGGAGATGGGGGAGGAATAGAAGTAAATGGTTCAA

TATACAAGCTAACTCAATGCCATTGGCATACTCCTTCTGAGCACACTGTTGACGGGAAGGGGTTCGATGCAGAACTACACC

TGGTTCATAAAAATGCCATGGGGCGTTTGGCGGTTGTTGGCATGCTTTACAACATTGGACTGCCTGATCCTTTTATTACAAG

TCTAGCACCGATGATGAGTGTACTTAATATAAATGAAGAAATTGCTGTGCCGAAAATAATTGCAGCTAGTATAAACTTTGGC

AGCAAAAAGAACTTTAGATATTATGGTTCCCTTACTACTCCTCCTTGCTCGGAGAATGTTATTTGGACTGTTGAAGAAAGGG

TTCGAACAATTTCACGCGAACAGATCAACCTGCTTAAGGGAAGTCATCAACCGGAATATCAACAAAATGCAAGGCCAGTAC

AACTACTTGGAGACAGACAAATTTGGAGTTTTGATTTACCTGAACCAGTCGTGTAGACTCGACTTATTCATGAAAGGCGTAT

TTATTTATTTATTTACATTTGAAAACATAAAATAATAAATCATTTTATGTCTGTATAGTATAATTTAAAAGGATATTAAATCATAT

TGTCAGCATATTTTTATATGCTATTAATTAATAACGATCT 

Enolase  TAAAGCTGGATACACAGACAAGGTTGTCATTGGAATGGATGTTGCCGCATCTGAATTCTATGGAAAAGGACAAGACCTATG

ATCTGAACTTCAAGGAAGAGAACAACGATGGCAAAGAAAAGATTTCAGGAGAACAACTAAAAGATCTTTACAAGTCGTTTGT

GAGTGAGTACCCCATTGTGTCCATTGAGGACCCATTTGACCAAGATGACTGGGAGCACTATGCCAAGATGACCGCTGAAT

GTGGCGAACAAGTACAAATTGTAGGAGACGATCTTTTGGTCACCAACCCACGAGAGTCAAGAAGGCAATTGATGAGAAGA

CTTGCAATGCTCTTCTTCTAAAGGTTAACCAAATTGGGTCTGTGACCGAGAGTATCGAAGCTGTGAGGATGTCCAAACATG

CTGGTTGGGGTGTGATGGCCAGTCACCGCAGTGGAGAAACAGAGGACACCTTCATTGCTGATCTTTCTGTGGGTTTGGCA

ACGGGTCAAATCAAAACTGGAGCTCCATGCAGGTCAGAGCGTCTTGCAAAGTACAACCAGCTGTTGAGAATCGAAGAAGA

GCTTGGATCAGAAGCGGTTTATGCTGGAGCCAACTTCCGCAAGCCAGTGGAACCCTACTAGATTTTACACAGATGACGAT

GAGTCGAGATGAGTGTCCATGTGGAATACGGCAATCACGTAGACGTGATGTTAATAAGGGCTACTCGAGTTTTATTTTGAG

GAGGTTTTTAACTTCTAAAATTTGCAGTTTGG 



3/6 

Name Nucleotide sequence 

GDP dissociation 

inhibitor 

GGTCCAGAAAAACAGCAGTCCATTCAAACTTTCCATTTCTATGCCTTCTCTTCCTCTATAATTTGTGGAACACACATTACATT

ACGTTATCAACCTCTTTAATTTGTGTTTCTTATTCTACAATCTCCATTTCTTCATCATCTTCTTTTTTATATTATTTGTTGAATAT

ATCAGTGAGATAATTGTTTGTGTAGATCATATCAACTATGGATGAAGAATACGACGTCATAGTTCTTGGCACCGGCCTCAAA

GAATGCATCCTCAGCGGTCTCCTCTCCGTCGATGGCCTCAAAGTGTTGCATATGGATAGAAACGATTATTATGGAGGAGAA

TCGAGCTCTCTCATGTTAAATCAGCTTTGGAAGCGGTTTAAAGGAGATGAAAACCCTCCGGAAACTTTAGGACTAGCAAGG

AGTATAATGTTGATATGATTCCAAAGTTCATGATGGCAAATGGTTTGTTGGTTCGCGCTCTGATCCACACCAACGTTACAAA

GTATCTGAATTTCAAGGCGGTGGATGGTAGCTTTGTATACAGCAATGGGAAGATCTACAAAGTTCCTGCAACTGACGTTGA

AGCGCTGAAATCTTCGATTATGGGCCTGTTTGAAAAAAGGCGCGCACGAAAGTTCTTTATATATGTTCAAGATTTTGAGGAA

AACGATCCCAAATCTCATGAAGGTTTGGATTTGAACACAATTCCTGCAAAAGAGCTCATTAGTAAATATGGTCTTGAAGATG

ATACAATTGAATTTATCGGTCATGCATTGGCACTCAATACTAGTGACAGTTATTTGGAACAGCCCGCAATCGATTTTGTGAA

GAGAATCAGGCTATATGCAGAGTCCTTAGCACGTTTCGAATCAGGATCTCCTTACATTTACCCAATGTATGGGCTTGGAGA

GTTGCCACAGGCGTTTGCTCGATTAAGTGCAGTTTATGGGGGGACTTACATGCTTAACAAGCCACAATGTAAGATAGAATT

TGATGACAGTGGGAAGGTGATTGGTGTGACCTCTGATGGAGAAACTGCTAAATGCAAAAAAGTTGTATGTGATCCATCATA

CGCGCCCGATAAGGTCAAAAAAGTTGGGAAAGTTGCTCGAGCCGTATGTATAATGAGTCATCCGATTCCAGATACAAACGA

TTCTCACTCGGCCCAAGTCATTATTCCACAGAAGCAACTTAACCGTAAATCAGACATGTATCTATTTTGCTGTTCTTATTCAC

ACAGTGTGGCTCCACAAGGCAAGTTTATTTCATTTGTGACAACGGAAGCAGAGACTGACGACCCTGAGAGCGAATTAAAG

CCCGGCGTTGACCTTTTGGGACCCGTGGATGAGATCTTTTATGAAACTTTGGACAGATTTGAGCCAACAGATGATGGTGCT

GCTGATTGCTGCTTTGTATCTACTAGTTATGATGCAACGACACACTTTGAGACAACGATGATTGATGTTCTTAACATGTACA

CCAAAATAACCGGAAAGGAACTTGACCTTTCGTGGACCTGAGTGCCGCTAGTGCTGGTGGTACCGAAGAATAAGTCGTTT

GCATCAAAACCTCTTGGCTTGTGGAGAGCTTTATTTCACACAGTCGGATAACGGAATATATTCTTTATTGTTTTGAAAATAG

GAATTGATGATCTGCACATCATGCTATTTTCTCATTTTAATATCACAAAGAAATAATTGTTCGAGTTTGTTTTGTAATAATTAC

TTGATAATTGATCCCCAAGTCCCAAGCTGTACCCCT 
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GGTGAATCCACGGAAATTCAGAAACACCAAGAAATCGGGTGTTTCATAAAAATTTTGTTCTAATTTTAGAATGTCTTTAACAT

CATAAATAGTAAAACCATCAAACACATCTTTTGCATATCTAACCATTCAATACAAACCCAAAAATCTAGTCACAATGGAACTC

AAATCATGTCTAATTTGCGCCATTTTTATGTTCATAGCCATCGCGCAGGCTGAAGTTTTCAACATCATGGATTTCGGTGCAA

AGCCGGATGAGGAGATTAGCACGGCTCTTAAAGATGCATGGGCCAAGGCATGTGCTGCAACCGAACCGAGCCAGCTGAT

CATTCCAACAGGCCGATTTCGCTTGAACGTGATCGAGTTTAAGGGACAATGTAAGGCACCAGTCGAGGTTAAAATCGATGG

AACTGTCATAGGTCCAGAAGATCCTATGGCCATTCCAAAAGGTGTCCAATGGATCACATTTAGCTACGTAACAGGCTTGAC

ATTATCAGGTTCGGGTACGGTAGATGGTGTTGGAGCAGCCATGGCATGGCCATCAAACAACCAGAAAATAACAAGAAAAG

GCGCATGCGGCCTTCAATATAATCTTTGCTTTAACTTCATTAACGATTCTATGGTTACTGGAATAACTTCAAAAGATAGCAAA

AACTTCCACGTGAATTTGATGGCATGTACGAATCTTACATTTGATAATTTCCACATAAGCGCACCCGCAGAGAGCCCCAAC

ACGGATGGAATCCACATCGGATGGTCGAAAAACATCACAATCATGAATTCCATTATTGAAACGGGTGATGATTGTGTGTCG

ATTGGCGATGGTTGTGAAAACTTGAACATCGTGGGAACGAAATGTGGTCCGGGCCATGGAATTAGCATTGGAAGTTTGGG

TAGAAACAAGGGTGAGAAGCCCGTGATCGGGGTTTACGTGAAGAACTGCTCGTTTTTAGAGACGGACAACGGTGTTAGGA

TCAAAACATGGCCTGATTCGCTGCCCGGAGAAGTTACCGAAATGCATTTTGAAGATCTTATCATGGATAAAGTTAGGAACC

CTGTTATCATCGATCAAGAATATTGCCCTAATAACGATTGCAACAAAGATAAACCATCGATGGTTAAGGTTCACAATGTTTTC

ATCAAGAATGTTGCTGGAACTTCGAATACACCTGAAGTTGTGAAGCTTATTTGTAGCAAGGCTAACAATGGATGTGAGAAT

GTGCACGTTTCCGACATTAATTTGACATATGATGGTCCTGAAGGCCAAGCATTTCAAGAGTGCCGTAATGTGAAGCCGATT

TATGAGGGCCAACTTAACCCTCCTGGCTGTGCAGCGGCTTGATCCTATTGAAAAGGGATTCAAACTTATGCATGGTTGCAT

GCAGTCGTTGCTGGTTCTCCACAAAAGAAGGCTGGTCTTTTGTTATCATTTTGAATTGCTTTTGAATAAGTTGTTACGTCAA

GTTGTTGAGTCTTCCTGTTTTTCTGGTATTAGCCGTTTGATAATTTAGTATAAGTAGTAGGCATTGCTTTGTATTCTGTATTC

ACTTTCATTTTCATTCAATAAGAGAACCAAGCATTTGAGTCTT 



5/6 

Name Nucleotide sequence 

Polygalacturonase

#2 

GATATCTAATCATTCAATTCAAACCCAAAAATCTAGTCACAATGGAATTCAAATCATGTCTAATTTGCGTCATTTTTATGCTCA

TTGCCATCACGCAGGCTGAAGTTTTCGACATCACGAAATTCGGTGCTAAGCCCGATGGAGAGATTAGTAAGGCCTTGTATG

AGGCATGGGTCGCTGCATGTTCAGCAACTCAACCGAGCCAACTGCTCATTCCCAAAGGCCGATTTTGCTTGAATGTAATCG

AATTTAACGGACCATGCAAATCTCAAGTTGAGGTTAAAATAGATGGAACTTTGGTTGCTCCTGAAGATCCTGTAGTCATTCC

AAAAGGATCCCAATGGATCACATTTAGCTATGTCACTGGCTTGAAAGTAACAGGTTCGGGTACGTTAGATGGTGTTGGAGG

GGCCATGGCATGGGTAACGGACGACCCGAAAACAACTGTCGAAAAAGGCTCAACCCTTCAACATAATCTTAGCTTTAACTT

TATCAAAGATTCTTCGATTACCGGAATAACTTCAAAGGATAGCAAGAATATCCACGCGAATATGGTGCAATGTACGAATGTT

ACATTCGATAATTTCCATGTCAGTGCGCCTGGAAAGAGCCCCAACACGGTTGGAATCCAAATAGGGTGGTCGAAAAACATC

ATTATCAAGAATTCTGTTATAGAAACTGGCGACGATTGTATCTCAGTTCGCGATGGAAACCTAGATGTGCACATTGAGGGA

GTGAAATGTGGCCCGGGCCGTGGTATTAGCATTGGAGGTTTGGGTAGAAACAATGGTGAGAAACCCGTGGCCGGAGTTTT

CGTGAAGAACTGCTCGTTTTCGTCCACAGCAAACGGTGTTTGGATTAAAACATGGCCCCATTCACATCCTTTAGATGTTTCC

AATATTCATTTTGAAGATCTTACCATGGATAAAGTTGGCAACCCTATTTTCATTCAGCAAGATTATTGCCCACATATCGAATG

CAAAAGAGATAGTCCATCAATGGTTAAGATTCATGATGTCTTCATCAAGAATGTTACGGGAACTGCGAATTCGCCTGAAGTT

GTGAAGCTGAGATGCAGCAAGGCCAGTAAAGGATGTGAGAATATTCAGATTTCAGACATTAACTTGAAATATGATGGTCCT

GCAGGCAAAGCAATTCAAGAATGCCAACACGTGAAGCCGGTTTATAGCGGTCAACTTATCCCTCCAGGTTGTGCAAAGGC

TTTTGAAATGTAACTCAATGTTAAAGATAGCCGTTTGCGTTAGAATAAGAGTGGGTAAGTATGAGTCCTGGCTTTAGGAATT

AGGATAGCTTGTTGCACAATAAACGTGTGGTCTTTTATGTATGTTTTTGTTTAGATTTAAAGTCGTTTGGTTGCTTGTTTAAA

GGCTTTTATTGATCAATAATACATGCAC 

PR-17 GCGGGCATGATTAAATTCAACACAGTTATTGGAGGAGTTCCATACACAAAACAAATAATGGGTGAGATCAACAAAATGTTAT

GGTCAGTGTTTAAACAAAACACCCCGGCTGAGCGAAGACCTGTAGATACCGTTCGCGTATTACTAAATGATAATACAGGAC

CGGGCATAGGAGTCACTTTGGGAGACACGATTAATATTAGCATGAGTTTTATAGGCAAGTACACTGGGCCAGTGGAATTAA

AAGTGGTATTCGCGGCCCTTTTGCACCATGAAATGGCGCATGTTTTCCAATGGTTTGGCGGGGGTAAGACCCCTCAAAATT

TGATAGAAGGGATCGCAGAGTACACAGTTATCAAAGCTAATTATAAAGGAATAATCTTTGAGAAGCCTGGTTCTGGGGATA

AATGGGACAAGGGATATGCTTTCACAGCCCGTTTTCTCGAGTATTGTGATGGGCTCGTTCCAGGGTTCGTGGCGCGACTT

AATAATATGATGAGGAACAATTACGATGTCTCGTTTTTTAAAAGTATCACAGGAAAGCCTGTGGAGCAATTGTGGAAGGAAT

ACAAGGCTAAATATCCGGGGGT 
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ATTCATTCATTTTATTTTTCTTATCATCATCATCATCATCATAATATCATTACTCTAGATCCAAATCAATCAATCAATCAATGGC

CGCTGCTGATACCGAGAAGCTGAACAATCTCCGATCTGCTGTCTCCTCTCTCACTCAGATCAGCGAGAATGAGAAATCTGG

ATTTATCAACCTTGTGTCCCGCTATCTCAGTGGCGAAGCAGAACATGTTGAATGGAGCAAGATCCAAACGCCTACTGACAA

GATCGTTGTGCCCTATGATACCCTATCAGCTGTACCAGAAGATGCTGCTGAAACCAAAAGTCTATTGGATAAGCTTGTGGT

GCTAAAGCTTAATGGTGGCTTGGGGACAACAATGGGATGCACTGGTCCAAAATCTGTCATAGAAGTGCGAAATGGATTGA

CATTTTTAGACTTGATTGTCATCCAAATTGAGTCACTCAATAAGAAGTATGGCTGTAGTGTACCCTTGCTTCTAATGAACTCA

TTCAACACACATGAAGATACCCAGAAGATTATTGAAAAATATGCTGGTTCAAATATCGAGATTCATACATTCAATCAGAGTCA

ATATCCTCGATTGGTTGTTGATGACTTTCTGCCACTGCCATCTAAAGGGGAAACCGGCAAAGATGGATGGTACCCTCCAGG

GCATGGTGATGTTTTCCCATCCTTGATGAACAGTGGGAAACTCGATGCACTACTGTCTCAGGGCAAGGAATACGTCTTTGT

TGCAAATTCCGATAACTTGGGAGCTGTAGTTGATTTGAAAATCTTGAATCACTTGATCCAGAACAAGAATGAGTACTGCATG

GAGGTAACACCTAAAACATTGGCTGATGTTAAAGGTGGCACTCTAATTTCATATGATGGGAAAGTTCAGCTTCTTGAAATTG

CACAAGTTCCCGATGAGCATGTCAATGAGTTCAAATCAATTGAGAAGTTCAAAATCTTCAACACCAACAACTTGTGGGTGAA

CTTGAATGCAATTAAAAGACTTGTGCAAGCCGATGCACTTAAGATGGAGATTATTCCAAATCCAAAGGAAGTCAATGGAGTT

AAAGTTCTTCAGCTTGAGACAGCTGCTGGTGCTGCAATCAAGTTTTTTGACAATGCCATTGGCATTAATGTTCCCCGATCTC

GATTCTTGCCGGTGAAAGCAAGTTCAGATTTGCTTCTTGTTCAGTCCGATCTTTACACTGAAAAAGATGGCTATGTGATCCG

CAACCCAGCTAGGACAGATCCAGCTAATCCTTCAATTGAATTGGGTCCTGAATTTAAGAAGGTTGGAGATTTCTTGAAGAG

GTTCAAGTCTATCCCCAGCATCATTGAGCTTGCTAGCTTGAAGGTTTCTGGTGATGTGTGGTTTGGATCTAATGTTGTTCTC

AAGGGTAAAGTGGTGGTTGCTGCAAATTCTGGAGAGAAGTTGGAAATTCCAGATGGAGCTGTACTTGAAAACAAGGAAGT

GCACAGTGCTGGTGATATCTAAAAGGTTATGGTTTGGTGTGTGGCAAGAGGTTACTTCCAAGTTGGTAATAATAATAATGTG

TTGTTTAGTATTTTTAGAATAATAT 
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