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Abstract

A cDNA isolated from pea petals exhibits extensive similarity to pollen allergen genes, a cytokinin-
regulated cDNA from soybean suspension cultures, a partial cDNA preferentially expressed in tobacco
genetic tumours, four Arabidopsis expressed sequence tags (ESTs) and fifteen rice ESTs. This diverse
family of pollen allergen-likes genes may have a common ancestor or at least share common functional
domains. Possession of a putative signal peptide and a presumed extracellular location is a common

aspect of this family of sequences.

A cDNA was isolated during the screening of a
pea petal-specific cDNA library. The library con-
tained cDNA prepared from mRNA derived from
young pea standard and wing petals of the line
JI813. Petals had only just begun to develop red
pigmentation at the rim of the wing. The cDNAs
were cloned unidirectionally in the lambda Uni-
zap XR phage vector (Stratagene). After three
rounds of screening, the cDNAs were excised in
pBluescript from the phage vector using an in vivo
excision process employing SOLR cells and the
ExAssist helper phage (Stratagene). Sequencing
of the 5" and 3’ ends of the cDNA inserts indi-
cated that one clone (PPA1) exhibited homology
to rye grass pollen allergen gene Lol pI [2]. The

entire PPA1 ¢cDNA was sequenced on both
strands in pBluescript by an oligonucleotide
walking strategy employing an ABI 373A auto-
mated sequenator (Applied Biosystems). The
cDNA insert was 822 bp and contained a poten-
tial open reading frame of 258 amino acids with
18 bp of untranslated 5’ leader sequence (Fig. 1).

The University of Wisconsin GCG FASTA
program revealed that the PPA1 predicted amino
acid sequence was 299, identical to that of the rye
grass pollen allergen Lol pl (Fig. 2), responsible
for producing the major rye grass pollen allergen
[2, 3]; its in vive function is unknown. A cDNA
for Lol pI was previously isolated from a pollen-
specific library [2]. The protein product may be

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under .

the accession number X85187.
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1 gtctctctctctcttgcaatggctgcaattcttctcctcaccattgcatcactaacctca 60
1. M A A I L L L T I A S L T 8 20
61 ctttttgctccaaccaccgctcgaatccctggagtt:tacaccggcggcccttggaccagt 120
22 L F APTTARTIZPGV VYTSGGT PTWT S 40
121 gctcatgetactttetacggeggeagtgatgecteceggaacaatgggtggtgettgtggg 180
41 A H A T F Y G G S D A S G T MGG AT C G 60
181 tacggaaacttatacagccaaggctacggecgtcaacaccgecageactaagcacageacta 240
61YGNLYSQGYGVNT‘AALSTAL 80
241 ttcaacaatggcttaagttgeggtgecatgttttgagectcaagtgtgaccaagatccacgg 300
81FNNGLSCGAC.FELKCDQDPR 100
301 tggtgtaaccctggaaacccttecatcttaatcactgecaacaaacttttgtectecaaat 360
101l w ¢ N P GNUP S I L I TATNTFTCU&PZPN 120
361 ttcgctgaacctagtgacaatggtggetggtgtaacccacctegaccacactttgatett 420
121, F A E P S DNGGWU CNU PUPU RUPUHTFUDL 140
421 gccatgcccatgtteocttaagatcgetcaatacegegecggaatcgteccegttgottac 480
141 A M P M F L K I A Q Y R A G I V P V.A Y 160
481 cgccgtgtgccatgcagaaaggcaggaggcatcagattcacaatcaacggtttecgttac 540
161 R R V P ¢C R K A G 6 I R F T I N G F R Y 180
541 ttcaacttggttctaatcaccaacgtcgegggtgcaggggatategtgecgegtgagtgta 600
181 F N L V L, I T NV A G A G D I.V R V 8 V 200
601 aaaggaaccaacacagcgtggatgacaatgagccgtaactgggggcagaactggcaatce 660
201 K G T N T A WMTM S RNWG QN W Q S 220
661 aacgcagtttttgtgggecaggetetctettttagggtcaccggecagtgacegtegtaca 720
221 N A V F V ¢ Q AL 8 F RV TG S DU RTU RT 240
721 tccacgtcatggaacgtggcaccacctcattggcagttcggacaaaccttcacaggaaag 780
241 § T §S W N V A P P HWQF G Q TV F T G K 260
781 aatttccgecgtctgaaaaaattattaaaaaaaaaaaaaaaaa 822
261 N F R V * 274

Fig. 1. Nucleotide sequence and deduced amino acid sequence of the pea PPA1 cDNA. The single-letter amino acid code is used
to represent the protein sequence. An asterisk represents the TGA termination codon.

present on the surface of the pollen, thereby ex-
erting its allergenic effect [2]. A specific region of
the protein was determined to be responsible for
the allergenicity of Lol pI [2]. Two other closely
related pollen allergen genes (Phipl from Phleum
pratense and Hol-I1 from Holcus lanatus) exhibit
similarity to PPA1 (see legend to Fig. 2 for ac-
cession numbers). An additional partial sequence
of a pollen allergen homologue from maize,
Zea ml, also exhibits similarity to PPA1 [4] but
because the sequence is partial, it is not included
in Fig. 2.

The PPA1 sequence is also 309 identical to
the cytokinin-regulated soybean suspension cul-

ture cim] protein sequence [5]. The sequence of
cim1 contains a putative signal sequence followed
by relatively hydrophilic residues. Cytokinin ap-
plication caused rapid induction of ciml mRNA
accumulation in soybean suspension cultures,
leading Crowell to postulate [5] that ciml, as a
putatively extracellular protein induced by cyto-
kinin, may be involved in the depositon of cell
wall material and in the formation of the cell di-
vision plate during cytokinesis. A partial cDNA
clone, TID301, representing a gene preferentially
expressed during the development of tobacco ge-
netic tumours [ 6], also exhibits similarity to PPA1
(Fig. 2). The genetic tumours from which TID301
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Fig. 2. Comparison of PPA1 with pollen allergen related sequences. The seven sequences are aligned using the PILEUP and
PRETTYBOX programs [20]. Solid black boxes represent identical amino acids, dark hatched boxes indicate similar amino acids
and lightly hatched boxes related amino acids. The Rye sequence represents Lol pl from rye (accession no. M57474), Hlan
represents Hol-/1 from H. lanatus (accession number Z27084), Pprat represents Phipl from P. pratense (accession number Z27090),
Ciml represents ciml from soybean (accession number U03860), Tobtum represents TID301 (accession number D26459), Ppal
represents the pea PPA1 sequence and Prpro represents PR4b from tobacco (accession number PIR3:S23800). The sequence of

TID301 is partial.

was isolated arose on the progeny of interspecific
crosses between Nicotiana glauca and Nicotiana
langsdorffii. TID301 is not detectably expressed in
the leaves or stems of either N. glauca or N. langs-
dorffii but is expressed in genetic tumours. It has
been suggested that cytokinin is involved in the
formation of genetic tumours [6]. Expression of
TID301 may be subject to regulation by cytoki-
nin as there is evidence that the expression of the
endogenous rol/B and C genes of the N. glauca
genome is closely correlated with the extent of the
tumorous state [7]. Recently the product of the
rolC gene was shown to exhibit a cytokinin-N-
glucosidase activity thereby releasing free cytoki-
nin from apparently inert conjugates [8]. The re-
latedness of the amino acid sequences in Fig. 2 is
greater than the displayed identities because of
the conserved hydrophobic and aromatic resi-
dues, which are not indicated by the PRETTY-
BOX display.

PPA1 displays a more limited similarity to sev-
eral pathogenesis-related (PR) and wound-in-
duced proteins such as the deduced amino acid
sequence of the PR-4b clone (accession number
PIR3: S23800) [9] over the first 60, of the PPA1
sequence; (not shown). The limited similarity to
the PR proteins was detected by using the GCG
program PROFILESEARCH employing a pro-
file of Lol pl, Hol-l1, Phlpl, ciml, TID301 and
PPA1 to search the PIR databases. After detect-
ing the pollen allergen proteins, the next most
similar amino acid sequences were of the PR4
group of proteins. Three other PR protein se-
quences also display limited similarity to PPAL1
(accession nos. PIR3:S523801, PIR2:S18598 and
PIR3:S23799) belonging to the PR-4 family of
proteins [9, 10], for which the in vivo function is
not known. A soybean protein (accession number
PIR2:S28028) displaying homology [11] with
potato wound-induced proteins [12] also exhib-
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Fig. 3. Comparison of the N-terminus of PPA1 with the deduced amino acid sequences of one Arabidopsis and three rice ESTs.
The sequences were aligned with the PILEUP and PRETTYBOX programs. The Arabidopsis Atts2363 clone has the accession
number Z29931 and the three rice clones Oss5074a, Oss3911a and Osr04481a have the accession numbers D42004, D41419 and

D23861 respectively.

ited limited similarity to PPA1 (not shown). There
is an interesting parallel with the homology de-
tected between the pollen allergen protein of birch
BervI [13], the PR1 group of pathogenesis-related
proteins [14] from bean and ABA-responsive
proteins from pea [15].

The UW GCG package TFASTA program
was used to search the GenBank/EMBL data-
bases and uncovered 15 rice and 4 Arabidopsis
ESTs with hypothetical protein sequences exhib-
iting a much higher degree of homology with
PPAL1 than either Lol pl or the pollen allergen
genes, ciml or TID301 (Fig. 3), suggesting that
the genes represented by the Arabidopsis and rice
ESTs are closer in function to the pea PPA1 gene
than PPAL1 is to the legume-derived ciml. The
ESTs are randomly chosen cDNA clones se-
quenced by one pass representing ca. 350 bp,
usually at the 5" end. By reference to PPAL1, one
of the Arabidopsis ESTs appears to be complete
at the N-terminus (Atts2363) and there are three
different but related rice sequences also complete
at the N-terminus (Oss5074a, Oss3911a and
Osr04481a). With respect to the PPA1 sequence,
the other Arabidopsis and rice ESTs are probably
partial clones with no area of overlap with the
N-terminus complete EST sequences so that it
was not possible to determine if these partial
clones represented additional incomplete copies
of the full-length EST sequences or different
genes.

A hydropathy plot of PPA1 [16] indicated that
the N-terminus possesses a putative signal se-
quence terminating at residue 22 so that the ma-
ture PPA1 peptide would be 236 residues long
(Fig. 4). This suggests that PPA 1 may be exported
to the apoplast as has been suggested may also be
the case for the soybean cim1 hypothetical protein
[5]; the pollen allergen proteins may be present
on the surface of pollen as Lol pl also possesses
a putative signal sequence [3]. The PR4 group of
pathogenesis-related proteins possesses a hydro-
phobic N-terminus domain reminiscent of a sig-
nal peptide, agreeing with the extracellular loca-
tions of PR4 [10]. Each of the Arabidopsis and
rice ESTs shown in Fig. 3 possesses a putative
signal sequence as defined by the SIGCLEAVE

100 200
LI N L LB L LN B L I R
3 -
2 J — 2
1 - 1
o - ~ 0
-1~ = -1
2 = -2
-3 ‘ -3
RN EENEE N TN NN RN
100 200

Fig. 4. Hydropathy plot of the pea PPA1 protein sequence.
The amino acid sequence of PPA1 shown in Fig. 1 was analy-
sed by the method of Kyte and Doolittle [14] to derive the
hydropathic profile of the PPA1 protein product. Hydropho-
bic regions are represented by positive values.



program of the UW GCG package. The hypo-
thetical mature protein of Oss04481a starts at
residue 19, that of Oss3911a also at residue 19,
that of Oss5074a at residue 29 and that of
Atts2363 at residue 24 on their respective
sequences shown in Fig. 3. Neither PPA1, ciml,
TID301 or PR4b possess a region with homology
to the peptide fragment of Lo/ pI implicated in its
allergenic activity [2].

Southern analysis [17] (Fig. 5) of pea genomic
DNA digested with enzymes that do not cut in
the PPA1 sequence, using the PPA1 cDNA as a
probe, revealed single bands after high stringency
washes (2x 30 min in 0.1 x SSCand 0.1%, SDS
at 65 °C). This indicates that the PPA1 gene may
be present as a single-copy gene in pea although
the results of the Southern analysis do not rule
out closely spaced copies. Formaldehyde agarose
RNA gel blots [ 18] were used to analyse the ex-
pression of the PPA1 gene (Fig. 6) in immature
and mature petals and young leaves of pea plants.
PPA1 transcript accumulated more in young un-
pigmented petals than in mature pigmented pet-
als and was expressed at a low level in young
leaves.
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Fig. 5. Southern analysis of the PPA1 gene. 30 ug of pea
genomic DNA was loaded per track on a 1.0%, agaorose gel.
The DNA was digested with Eco RI (E), Pst1 (P) and Sall
(S).
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Fig. 6. RNA gel blot of the PPA1 transcript. Each track was
loaded with 0.5 pug of poly(A)* RNA produced by two pas-
sages of total RNA over an oligo d(T) cellulose column. The
lane marked ip is loaded with mRNA from immature pea
petals before pigmentation commenced (derived from the pea
line JI813), lane mp is loaded with mRNA from mature red
petals of the line JI813, lane Iv is mRNA from young leaves
of the same line. Panel p is the nitrocellulose filter probed with
the PPA1 cDNA and panel u is the same filter stripped and
then hybridised with the Antirrhinum ubiquitin cDNA. Washes
were at high stringency (2 x 30 min in 0.1 x SSC and 0.1%
SDS at 65 °C) and the temperature was reduced to 48 °C the
ubiquitin probe.

The expression pattern of PPA1 is similar to
that of Lol p1, which is expressed only in pollen
and inflorescences, with expression being greater
in inflorescences than in pollen [3]. The Zea ml
gene is expressed in pollen but not in roots, leaves
or etiolated seedlings; however mRNA accumu-
lation was not analysed in the different floral or-
gans [4]. The expression pattern of the cim1 gene
has only been analysed in soybean suspension
cultures [5] and the TID301 gene is expressed in
genetic tumours but not in stems, leaves or callus,
however its expression was not analysed in flow-
ers [6]. It is interesting to note that PR proteins
in general, besides being induced by pathogen
attack are developmentally regulated in tobacco
flowers [ 19] and probably function in the normal
process of flowering and reproductive physiology.

In conclusion, sequence analysis of a pea petal
cDNA has uncovered a family of pollen allergen-
like genes from diverse species expressed in flow-
ers and other tissues. Each member of this group
possesses a putative signal sequence (the TID301
clone is not complete at the N-terminus) and may
be an extracellular protein. The ciml clone is
regulated, and TID301 may be regulated, by cy-
tokinin. It is not known if cytokinin regulates the
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other members of this family. Several Arabidopsis
and rice ESTs exhibit a much higher homology to
the pea PPA1 sequence than to the other pollen
allergen-like family members. The region respon-
sible for the allergenicity of the bona fide pollen
allergen genes is not conserved in the other se-
quences. It is possible that the pollen allergen-like
gene family may have a common ancestor or at
least share common functional domains that may
be shuffled between genes during the course of
plant evolution. In this context it will be interest-
ing to know if PPA1 is regulated by cytokinin and
whether PPA1 expression is associated with ge-
netic tumours in pea. Experiments are now being
initiated to examine these possibilities.
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