Pollen allergens are restricted to few protein
families and show distinct patterns of

species distribution

Christian Radauer, PhD, and Heimo Breiteneder, PhD Vienna, Austria

Background: Inhalative allergies are elicited predominantly by
pollen of various plant species. However, a classification of the
large number of identified pollen allergens is still missing.
Objective: To analyze pollen allergen sequences with respect to
protein family membership, taxonomic distribution of protein
families, and interspecies variability.

Methods: Protein family memberships of all plant allergen
sequences from the Allergome database were determined by
using the Protein Families Database of Alignments and Hidden
Markov Models. The taxonomic distribution of pollen allergens
was established from the Integrated Taxonomic Information
System. Members of abundant pollen allergen families were
compared with allergenic and nonallergenic homologues by
database similarity searches and multiple sequence alignments.
Results: Pollen allergens were classified into 29 of 7868
protein families. Expansins, profilins, and calcium-binding
proteins constitute the major pollen allergen families, whereas
most plant food allergens belong to the prolamin, cupin, or
profilin families. Pollen allergens were revealed to be
ubiquitous (eg, profilins), present in certain plant families (eg,
pectate lyases), or limited to a single taxon (eg, thaumatin-like
proteins). Allergenic plant profilins constitute a highly
conserved family with sequence identities of 70% to 85%
among each other but low identities of 30% to 40% with
nonallergenic profilins from other eukaryotes, including human
beings. Similarly, allergenic polcalcins possess sequence
identities of 64 % to 92% but show low identities of 39% to 42%
to related nonallergenic calmodulins and calmodulin-like
proteins from vegetative plant tissues and man.

Conclusion: This classification of pollen allergens into protein
families will aid in predicting cross-reactivity, designing
comprehensive diagnostic devices, and assessing the allergenic
potential of novel proteins. (J Allergy Clin Immunol
2006;117:141-7.)
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Pollen from wind-pollinated seed plants constitutes
one of the most important elicitors of type 1 allergy world-
wide.'® A large number of grass, tree, and weed species
sheds their pollen in high concentrations during the pollen
season, leading to allergic symptoms from seasonal
rhinoconjunctivitis to bronchial asthma in susceptible
individuals.

The last 2 decades were marked by large advances in
the molecular characterization of pollen-derived allergenic
proteins. Pollen allergens belonging to various protein
families have been identified in diverse plant species.7'10 A
large amount of information on pollen allergens can be
found in allergen databases such as the Allergome (Www.
allergome.org) or the Official List of Allergens from the
International Union of Immunological Societies Allergen
Nomenclature Sub-Committee (www.allergen.org). How-
ever, a systematic—taxonomic and molecular—classifica-
tion of pollen allergens has not been made available so
far. Such a compilation of taxonomic and molecular rela-
tionships among pollen allergens will be a valuable tool
for several areas of clinical practice, basic research, and
regulatory authorities.

Pure natural or recombinant allergens are currently
introduced into diagnostic tests'' and will probably be also
used for allergen-specific immunotherapy.]2 However,
accuracy of diagnostic tests and efficacy of therapeutic
approaches are often compromised by allergenic cross-
reactivity both among different pollen species13 as well
as between pollen and plant-derived food.'* A systematic
molecular classification of pollen allergens will facilitate
theoretical understanding and enable prediction of cross-
reactivity.

Environmental changes brought about by human civ-
ilization may also have considerable effects on pollen
allergy. Global climate change affects start, duration, and
intensity of pollen seasons, distribution of plant species,
and allergen content of pollen grains.'® Likewise, air pol-
lution may also have effects on the interaction between
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allergens and the human immune system.'® Finally, human
activities have led to the introduction of allergenic non-
endemic plants, either accidentally, such as the spread of
ragweed in Europe,!” or by planting foreign plants in
urban areas.'®

Thus, in a changing environment a deeper understand-
ing of factors that govern allergenicity of pollen and
make specific pollen proteins allergenic will be required
for the development of rational strategies for prevention
and management of pollen allergy. The aim of this study
was, therefore, an analysis of the Allergome database,
currently the most comprehensive collection of allergen
data, with respect to taxonomic distribution of pollen aller-
gen sources and identified pollen allergens as well as a
molecular classification of pollen allergens by alignment
of their sequences with the Protein Families Database of
Alignments and Hidden Markov Models (Pfam).

METHODS

Allergen sequences and protein
family assignment

A list of all pollen and plant food allergens (single sequence per
allergen) was extracted from the Allergome database (http:/www.
allergome.org, release of March 1, 2005).'” Protein sequences of
these allergens were obtained from the Universal Protein Re-
source (Uniprot) database release 4.2 (March 1, 2005) located
at the European Bioinformatics Institute (http://www.ebi.ac.uk).?
Protein family memberships of each allergen were assigned by com-
paring the sequences with the Pfam database version 17.0 (http://
www.sanger.ac.uk/Software/Pfam/, March 2005).2I Multidomain
allergens were included once for each unique domain if different pro-
tein architectures that contained one of these domains were found.

Fragment sequences, such as those obtained by translation of
expressed sequence tags or N-terminal protein sequencing, that
produced no significant alignment with the Pfam database were
assigned to a protein family by comparing them with Viridiplantae
sequences from the Uniprot database using the Basic Local
Alignment Search Tool (BLAST)?? located at the Swiss Institute of
Bioinformatics (http://www.expasy.org/tools/blast/) with parameters
optimized for short query sequences (comparison matrix, PAM30;
E-value threshold, 100, low-complexity filter off, ungapped alignment
for fragments shorter than 30 residues). If all of the most significant
hits belonged to the same protein family, the allergen in question
was assigned to that family.

Protein family distribution of all seed
plant protein sequences

To assess whether the distributions of protein families among
pollen and plant food allergens reflect the frequencies of these
families among all seed plant proteins, all Spermatophyta protein
sequence entries containing a Pfam annotation were downloaded
from the Uniprot database. The number of occurrence of Pfam
domains was counted, with proteins containing several different
domains being counted once for each unique domain.

Taxonomic distribution of pollen
allergen sources

A list of plant species whose pollen was described to elicit allergic
reactions or bind human IgE was obtained from the Allergome
database. Botanical taxonomic data were retrieved (March 15, 2005)
from the Integrated Taxonomic Information System online database
(http://www.itis.usda.gov).
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Sequence alignments of allergen sequences
with their homologues

Representative members of the most abundant pollen allergen
families were selected as reference sequences and compared with
the Uniprot database using the BLAST server located at the Swiss
Institute of Bioinformatics. Sequences of allergenic as well as non-
allergenic proteins with significant similarities to the reference
sequences (E-value below 10) were classified by protein family and
biological source. Ranges of sequence identities to the reference
allergen sequence within each group were determined by using the
alignments generated by the BLAST program.

Clustering of pollen allergen sequences with
allergenic and nonallergenic homologues

To visualize relationships within subfamilies of allergenic and non-
allergenic members of the most abundant pollen allergen families,
homologues of profilins, expansins, and calcium-binding proteins
were subjected to a cluster analysis. A representative sample of
sequences from each group defined in the BLAST search described
was downloaded and aligned by using the ClustalX 1.83 program.*®
Unrooted neighbor-joining trees generated from these alignments
were drawn by using TreeView 1.6.6.%*

RESULTS
Protein families of pollen allergens

At the date of data retrieval for this study (March 1,
2005), the Allergome database listed 157 completely or
partially sequenced pollen allergens. Comparison of their
sequences with the Pfam protein family database revealed
a limited representation of protein families among pollen
allergens (Fig 1, A). Although members of 2615 protein
families (of a total of 7868 protein families in the Pfam da-
tabase) were found among all seed plant proteins, only 29
protein families contained pollen allergens. The distribu-
tion of protein families among pollen allergens differed
from the distribution of food allergen families (Fig 1, B;
Table I). Sequences of 137 plant food allergens were clas-
sified into 27 protein families. Ten of 29 pollen allergen
families were also represented among food allergens.
Pollen allergen families with at least 3 members are listed
in Table 1.

The distributions of pollen and plant food allergen
families did not correspond to the frequencies of protein
families among all seed plant proteins (Fig 1, C; Table I).
Among the 25 most abundant families of seed plant
proteins, only a single family contained allergens: the
prolamin family, which was the most abundant family of
plant food allergens but ranked 12th (of 29 protein fami-
lies) among pollen allergens and 23rd (of 2615 protein
families) among all seed plant proteins.

Taxonomic distribution of pollen allergens

The Allergome database listed 178 plant species that
contained pollen to which allergic reactions have been
described in the literature (see this article’s Table E1 in the
Online Repository at www.jacionline.org). These plants
belonged to 44 taxonomic families and 29 orders. Only
6 of these families contained more than half of the species.
About ' of allergenic pollen species were grass pollen
(Poaceae, 43 species); other abundant families were
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FIG 1. Protein family distributions of pollen and plant food allergens. Allergens from the Allergome database
were compared with the Pfam protein family database. Numbers of sequences in all families of pollen
(A, 29 families) and plant food (B, 27 families) allergens and in the 25 most abundant families of all
seed plant proteins (C, 2615 families total) are shown. ATP synthase, adenosine triphosphate synthase;
Cu/Zn-SOD, copper-zinc superoxide dismutase; FAD binding, flavin adenine dinucleotide binding protein;
Hsp70, heat shock protein 70; NADH ubiquinone oxred, nicotinamide adenine dinucleotide ubiquinone oxido-
reductase; PPR repeat, pentatricopeptide repeat; PR-1, pathogenesis related protein 1; RuBisCo-L, ribulose
bisphosphate carboxylase-oxygenase large subunit; SRF, serum response factor-type transcription factor.

TABLE I. Distribution of pollen allergens into protein families and comparison with their occurrence within
plant food allergens and all seed plant proteins*

Pollen allergens

Plant food allergens

All seed plant proteins

Pfam Rank Numbert Rank Numbert Rank Number
Family accession (of 29) (of 157) (of 27) (of 137) (of 2615) (of 170,661)
Expansin C-terminus PF01357 1 26 — — 53 402
Profilin PF00235 2 21 3 17 279 94
EF-hand PF00036 3 14 — — 34 606
Expansin N-terminus PF03330 3 14 — — 68 347
Ole e 1-like PF01190 5 9 — — 347 73
Pectate lyase PF00544 5 9 — — 317 82
Ribonuclease PF01620 7 8 — — 507 45
Bet v 1-like PF00407 7 8 4 12 59 382
Glycosyl hydrolase 28 PF00295 9 7 — — 116 226
FAD-binding domain PF01565 9 7 14 1 208 140
Thaumatin-like PF00314 11 6 6 5 105 258
Prolamin PF00234 12 4 1 39 23 1075
Amb V allergens PF03913 13 3 — — 1921 4

*Only pollen allergen families with at least 3 members are listed.

tSingle sequence per allergen.

Cupressaceae (cypress family, 16 species), Betulaceae
(birch family, 12 species), Arecaceae (palms, 8 species),
Asteraceae (ragweed family, 8 species), and Fabaceae
(legumes, 7 species).

In contrast with the large number of allergenic pollen
species, the taxonomic repertoire of sequenced pollen

allergens was limited to 52 species from 14 taxonomic
families (see this article’s Table El in the Online
Repository at www.jacionline.org). Plant families with
the largest number of sequenced allergens were Poaceae
(71 allergens from 15 species), Cupressaceae (20 allergens
from 8 species), Asteraceae (13 allergens from 5 species),
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TABLE Il. Taxonomic distribution of pollen allergen families*
Number of allergens
Expansin EF Expansin Ole e Pectate Ribonu- Betv Glyco FAD Amb
Family Total C-term Profilin hand N-term 1-like lyase clease 1-like hydr 28 binding Thaumatin Prolamin V
Cupressaceae 20 1 7 3 6
Arecaceae 1 1
Poaceae 71 26 6 2 14 3 8 2 7
Asteraceae 13 3 2 1 3
Plantaginaceae 1 1
Oleaceae 12 1 3 4
Chenopodiaceae 4 1 1 1
Brassicaceae 8 2 4 1 1
Betulaceae 13 2 3 5
Fagaceae 3 3
Platanaceae 2 1
Cannabaceae 2 1
Urticaceae 3 1 2
Euphorbiaceae 2 2

C-term, C-terminal domain; N-term, N-terminal domain; Glyco hydr 28, glycosyl hydrolase family 28; FAD binding, flavin adenine dinucleotide binding protein.

*Only pollen allergen families with at least 3 members are listed.

Betulaceae (13 allergens from 5 species), and Oleaceae
(12 allergens from 4 species).

An arrangement of pollen allergens by protein family
and taxonomic family (Table II) reveals large differences
in the taxonomic distribution of pollen allergen families.
Ubiquitous pollen allergen families occurring in almost
all plant families examined include the profilins and the
EF hand containing calcium-binding proteins. Several
allergen families occurred in a small number of taxonom-
ically diverse plant families, such as the Ole e 1 homo-
logues, pectate lyases, polygalacturonases (members of
the glycosyl hydrolase family 28), and nonspecific lipid
transfer proteins (members of the prolamin superfamily).
The third group consisted of protein families confined
to single taxa. Allergenic expansins, ribonucleases, and
flavin adenine dinucleotide—binding proteins were con-
fined to grass (Poaceae) pollen, Bet v 1 homologous allergens
were specific for pollen from the order Fagales (Betulaceae
and Fagaceae), and the thaumatin-like and the Amb V
allergens were found exclusively in Cupressaceae and
Asteraceae pollen, respectively.

Interspecies variability of pollen allergens
and their homologues

Sequence similarities among members of prevailing
pollen allergen families and their allergenic and nonaller-
genic homologues are depicted in Fig 2. In addition,
multiple sequence alignments of members of the 3 most
abundant pollen allergen families—profilins, expansins, and
calcium-binding proteins—and their homologues were
used to generate trees representing divergence between
any pair of sequences (Fig 3).

The comparison of plant profilins with homologues
from fungi and vertebrates (Fig 3, A) revealed that they
form a highly conserved family with sequence identities
between 70% and 85% among each other, but low identi-
ties (30% to 40%) compared with nonallergenic profilins

from other eukaryots, including human beings (Figs 2,
3, A).

The C-terminal expansin domain was found within 2
groups of grass pollen allergens, the group 1 allergens
that also contained the N-terminal expansin-domain and
the group 2/3 allergens lacking this part of the sequence.
Group 1 grass pollen allergens shared 41% to 90% of their
sequences, whereas group 2/3 allergens showed 45%
to 46% sequence identity to the reference sequence of
Phl p 1 (Fig 2). Both allergen families were related to
B-expansins from dicotyledonous plants (Fig 3, B).
However, sequence similarities to nonallergenic dicot
[B-expansins as well as to a-expansins from monocots
and dicots were equally low (27% to 47%).

The largest group of pollen allergens containing EF
hand domains is the polcalcin family, which is character-
ized by the presence of 2 EF hand domains and sequence
identities of 64% to 92% (Figs 2, 3, C). A small number of
pollen allergens with 3 (Bet v 3 from birch) or 4 (Ole e 8
from olive and Jun o 2 from juniper) of these structural
elements has also been characterized and displayed 51%
to 59% sequence identities to polcalcins (Figs 2, 3, C).
All of these allergens showed low sequence similarities
to calmodulins and calmodulin-like proteins from vegeta-
tive plant tissue as well as from animals, including human
beings (39% to 42%).

Members of the Ole e 1 family were conserved among
Oleaceae species (86% to 89% identity), but showed low
similarities of 32% to 39% to homologues from other
families (Fig 2). Similarly, among members of the pectate
lyase family, sequences of ragweed group 1/2 allergens,
Cupressaceae group 1 allergens, and nonallergenic pectate
lyases from fruits diverged considerably (45% to 49%
identity; Fig 2). Sequences of group 5/6 grass pollen aller-
gens were quite variable (48% to 88% identity to Phl p 5).
Bet v 1 homologues from Fagales tree pollen showed
sequence identities above 70% among each other, but
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FIG 2. Sequence variability among important pollen allergen families and their allergenic and nonallergenic
homologues. Representative allergens from each family (bold) were compared with the Uniprot database by
using the BLAST program. The diagram shows ranges of percent sequence identity of allergenic (black bars)
and nonallergenic (white bars) homologues. ELPs, expansin-like proteins.

much lower similarities to homologues from typical birch
pollinosis-related fruits and vegetables (37% to 67%; Fig 2).

DISCUSSION

Many pollen allergens are among the best characterized
allergenic proteins studied so far. The cloning of the first
pollen allergen, the major birch pollen allergen, Bet v 1,
in 1989% marked the advent of a decade characterized
by large progresses in the molecular characterization of
allergens. Despite the wealth of data compiled until now,
a systematic classification of pollen allergens by protein
family and taxonomic origin has been missing.

Comparison of 157 at least partially sequenced pollen
allergens with the Pfam protein family database revealed
that pollen allergens were distributed among only 29
protein families (Fig 1, A), a small number compared with a
total of 2615 protein families (of 7868 families in the Pfam
database) found in seed plants. An equally limited protein
family distribution was found among plant food allergens
(Fig 1, B). Both distributions corroborate data from a
recent publication based on different allergen databases
and an earlier Pfam version.”® In a study aimed at imple-
menting an allergy prediction system based on sequence
motifs, Stadler and Stadler’’ found only 52 motifs that
matched 644 of 779 allergen sequences from all types of
sources. Thus, limited occurrence of allergens within pro-
tein families is not confined to allergens of plant origin.

The patterns of protein families containing pollen
allergens showed marked differences from the distribution
of plant food allergens (Table I). Whereas expansins, pro-
filins, and calcium-binding proteins constitute the major
pollen allergen families, most plant food allergens belong
to the prolamin, cupin, and profilin families. Families
important in both types of allergen sources are the pro-
filins and the Bet v 1 homologues, with both families

responsible for the well known pollen-associated food
allergies.'* Several allergen families have been described
both in pollen and plant food: the flavin adenine dinucle-
otide—binding proteins,®® thaumatin-like proteins,?® lipid-
transfer proteins (members of the prolamin superfamily),*
and the isoflavone reductases.’' However, data on their
cross-reactivity between pollen and food are scarce.

The spectrum of plant species containing allergenic
pollen is much larger than the number of species with
allergens studied on the molecular level (see this article’s
Table E1 in the Online Repository at www.jacionline.org).
A comparison of the taxonomic distribution of sequenced
allergens and all potentially allergenic pollen species
revealed 2 types of discrepancies. The first bias is a taxo-
nomic one. The group of plants studied in most detail
are grasses, which are confined to a single taxonomic
family, Poaceae. Seventy-one allergens from 15 species,
distributed among 10 protein families, have already been
isolated. Considering this together with the high cross-
reactivity among grass pollen species,’ it can be assumed
that most relevant grass pollen allergens have already
been identified. Trees are a taxonomically more diverse
group. Members of several families such as Cupressaceae,®
Betulaceae,m and Oleaceae>” have been extensively studied,
whereas characterization of allergens from other common
trees such as palms (Arecaceae), maples (Aceraceae), or
acacias (Fabaceae) is still in its infancy.lo Identification of
weed pollen allergens, although taxonomically most diverse,
has concentrated so far on mugwort and several species of
ragweed and pellitory.()’33 In contrast, members of several
plant families containing weed species common in tropical
and subtropical climate zones, such as Amaranthaceae and
Euphorbiaceae, are poorly characterized.

The second discrepancy between potentially allergenic
pollen species and species studied on the molecular level
is a geographic one. Whereas wind-pollinated species of
Europe, North America, and Japan have been studied in
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FIG 3. Unrooted neighbor-joining trees generated from sequence
alignments of major pollen allergen families and nonallergenic
proteins with significant sequence similarities to these allergens.
A, Profilins; B, expansins; C, EF-hand proteins. Branch lengths are
proportional to sequence divergence. Allergens are marked by
dashed ellipses. CaBP, calcium-binding protein; CLP, calmodulin-
like protein; Exp, expansin; ExpA, alpha-expansin; ExpB, beta-
expansin; Expl, expansin-like protein; ExpR, expansin-related
protein; prof, profilin; PLP, profilin-like protein.

great detail,"> much less is known about allergens from
tropical and subtropical pollen species. However, the
prevalence of allergic diseases has been increasing in
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developing countries.****> The most striking example
of an allergologically important but poorly characterized
plant family is the family Arecaceae (palm trees), which
contains several species described as major elicitors of
pollen allergy in Southern Asia.>* Opposed to its allergo-
logical significance, only a single pollen allergen from the
palm family has been cloned so far, Pho d 2, the profilin
from date palm (Phoenix dactylifera).*®

An arrangement of sequenced pollen allergens by
protein family and taxonomic family revealed 3 types of
allergens (Table II): ubiquitous allergens such as profilins
and EF-hand proteins, allergen families restricted to a
small number of taxonomically diverse plant families
such as Ole e 1 homologues and pectate lyases, and protein
families confined to single plant families or orders. Most
of these plant family-specific allergen families are found
in grass pollen. This may reflect the large number of grass
pollen allergens sequenced so far, possibly including aller-
gens present but not detected yet in other pollen species.
Another explanation may be the evolutionary distance of
grasses from other allergenic plants that may have led to
the development of grass-specific pollen proteins.

Interestingly, the prevalence of sensitization to the ubi-
quitous allergens, profilins and calcium-binding proteins,
is usually low. One example is grass pollen. Most patients
are sensitized to [3-expansins (group 1) and ribonucleases
(group 5), with both protein families specific for grass
pollen. On the other hand, frequencies of sensitization to
profilins (group 12) and calcium-binding proteins (group
7) are below 20%.” Similarly, homologues of the major
birch pollen allergen, Bet v 1, recognized by IgE from
more than 90% of patients allergic to birch pollen, are found
exclusively in trees from the order Fagales. In contrast,
profilin (Bet v 2) and calcium-binding proteins (Bet v 3
and Bet v 4) are minor allergens with frequencies of sen-
sitization below 20%.>” One reason for the low allergenic
potential of profilins and calcium-binding proteins may
be the fact that members of both protein families are found
in human beings (Fig 3), leading to suppression of the
immune response to these allergens in most individuals.

A comparison of sequence conservation within allergen
family members (Fig 2), taxonomic distribution of identi-
fied allergens (Table II), and cross-reactivity data from the
literature'® reveals a high degree of correspondence.
Ubiquitous, highly cross-reactive allergens such as profi-
lins and calcium-binding proteins show sequence similar-
ities of more than 60% between members of different plant
families. In contrast, (3-expansins from grasses share less
than 50% of their sequences with homologues from other
plant families, which do not cross-react with grass pollen
expansins and have never been described as allergens.
Similarly, the major olive pollen allergen, Ole e 1, cross-
reacts with its homologues from the family Oleaceae
(Fra e 1 from ash, Lig v 1 from privet, and Syr v 1 from
lilac), which share almost 90% of their sequences.38 In
contrast, cross-reactivity to homologues from other plant
families (Plal 1 from plantain and Che a 2 from goosefoot)
is weak, which matches their low sequence similarities to
Ole e 1.7 A review of sequence similarities among
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allergenic and nonallergenic homologues of pollen aller-
gens (Fig 2) leads to the conclusion that the prerequisite
for allergenic cross-reactivity is sequence identity of at
least 50%. The only known exception from this rule is
the Bet v 1 family. Cross-reactive Bet v 1 homologues
that are responsible for birch pollinosis-related food
allergy share only 37% to 67% of their sequences with
Bet v 1. This may be explained by the fact that surface-
exposed residues of Bet v 1 homologues are more conserved
than buried ones, resulting in higher levels of similarity
between surfaces compared with entire sequences.26

The data obtained in this study give rise to several
suggestions for future focuses of pollen allergen research.
First, current knowledge of pollen allergens is concentrated
on major allergen sources of Europe, North America, and
Japan. The increase of allergic diseases, especially in Asia,
emphasizes the need for molecular characterization of
tropical and subtropical pollen species. Second, even in
Western countries, there are several poorly characterized
pollen allergen sources—for example, those plants hith-
erto overlooked because their pollination periods overlap
with major elicitors of pollen allergy. Finally, sequence
comparisons of allergens with their nonallergenic homo-
logues bring about new stimuli in the elucidation of factors
that confer allergenicity on proteins, as exemplified by
the apparent lack of allergenicity of a-expansins, fungal
profilins, or pectate lyases from fruits.
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TABLE E1. Taxonomic distribution of pollen allergen sources

Division Class Subclass Order Family (typical members) Species*
Coniferophyta Pinopsida Pinales Cupressaceae (cypress, juniper) 16 (8)
Pinaceae (pine) 6 (0)
Podocarpaceae (fern pine) 2 (0)
Taxales Taxaceae (yew) 1 (0)
Ginkgophyta Ginkgoopsida Ginkgoales Ginkgoaceae (ginkgo) 1 (0)
Magnoliophyta Liliopsida Arecidae Arecales Arecaceae (palms) 8 (1)
Commelinidae Cyperales Cyperaceae (sedges) 2 (0)
Poaceae (grasses) 43 (15)
Zingiberidae Zingiberales Cannaceae 1 (0)
Magnoliopsida Asteridae Asterales Asteraceae (ragweed, mugwort) 8 ()
Dipsacales Adoxaceae (elder) 1(0)
Lamiales Boraginaceae 1 (0)
Plantaginales Plantaginaceae (plantain) 1)
Scrophulariales Oleaceae (olive, ash) 54)
Solanales Convolvulaceae (morning glory) 1 (0)
Caryophyllidae Caryophyllales Amaranthaceae (amaranth) 6 (0)
Chenopodiaceae (lamb’s quarters) 3(2)
Dilleniidae Capparales Brassicaceae (mustard) 4 (3)
Ebenales Sapotaceae (moa tree) 1 (0)
Malvales Bombacaceae (cottontree) 1(0)
Tiliaceae (basswood) 1(0)
Salicacles Salicaceae (poplar) 1 (0)
Violales Tamaricaceae (tamarisk) 1(0)
Hamamelidae Casuarinales Casuarinaceae (horsetail tree) 1 (0)
Fagales Betulaceae (birch, alder, hazel) 12 (5)
Fagaceae (beech, oak, chestnut) 4 (3)
Hamamelidales Platanaceae (plane tree) 1(1)
Juglandales Juglandaceae (walnut) 1 (0)
Myricales Myricaceae (wax myrtle) 1 (0)
Urticales Cannabaceae (hemp, hop) 2 (1)
Moraceae (mulberry) 1 (0)
Ulmaceae (elm) 3(0)
Urticaceae (pellitory) 4(1)
Rosidae Euphorbiales Euphorbiaceae (annual mercury) 5Q2)
Fabales Fabaceae (acacia, cassia) 7 (0)
Rhamnales Elaeagnaceae (Russian olive) 1 (0)
Myrtales Melastomataceae (glorytree) 1 (0)
Myrtaceae (eucalyptus) 4 (0)
Sapindales Aceraceae (maple) 5 (0)
Anacardiaceae (pistachio) 6 (0)
Meliaceae (neem tree) 1 (0)
Sapindaceae (horse chestnut) 1 (0)
Simaroubaceae (tree of heaven) 1 (0)
Zygophyllaceae (beancaper) 1 (0)

*Number of species with allergenic pollen and with sequenced allergens, respectively.
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