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A pollen allergen-encoding gene is expressed in wheat ovaries
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Abstract

To isolate genes specifically expressed at the initiation of plant embryo development we have applied a sensitive
subtractive hybridization technique for three isogenic wheat lines of the so-called ‘Salmon system’ with either
zygotic or autonomous embryo development. Here we present a gene sequence showing a high homology to grass
pollen allergens of type II/III thought to be expressed in pollen tissue only. Surprisingly, the pollen allergen-like
sequence, designated Tri a 111, is also expressed in gynoecia of the sexual, male fertile wheat line ‘(aestivum)-
Salmon’, whereas the two parthenogenetic and male sterile wheat lines ‘(caudata)-Salmon’ and ‘(kotschyi)-Salmon’
completely lack any Tri a Il transcript. Our data suggest a positive correlation between the expression of this clone
and the manifestation of male fertility. Northern and in situ hybridization analysis revealed that, in addition to its
presence in pollen, Tri a III is expressed in the parenchymatous tissue of ‘(aestivum)-Salmon’ ovaries exclusively
at the day of anthesis. This precise temporal and spatial expression pattern suggests a more general function of the

polien allergen-like sequence 7ri a III not limited to the exhibition of allergens in pollen grains.

Introduction

In angiosperms the development of the female gam-
etophyte occurs deeply embedded in carpel derived
ovules [26]. Highly complex mechanisms of pollina-
tion and fertilization have evolved to ensure the inter-
action between female and male gametophyte [22, 28].
In addition to the different forms of pollination highly
specific interactions of pollen, pollen tube and sperm
nucleus with stigma, ovary, and ovule have evolved.
On the one hand, the intra-specific gamete fusion is
rendered possible by a variety of genetically controlled
processes like pollen germination on the stigma, direc-
ted pollen tube growth through the transmitting tissue,
and double fertilization. On the other hand, in some
plant species the intra-individual fertilization is preven-
ted by gametophytically or sporophytically controlled
self-incompatibility (for a review, see [8]). Further-

The nucleotide sequence data reported will appear in the EMBL,
GenBank and DDBJ Nucleotide Sequence Database under the acces-
sion number Z50867.

more, the intergenetic fertilization can be prohibited by
crossability loci which act gametophytically to inhibit
fertilization {18].

Using genetic and molecular approaches a wealth
of information has been obtained concerning male
gametophyte and pollen development [24]. Much less
is known about the female gametophyte development
as well as processes connected to the transition from the
gametophytic to the sporophytic generation by double
fertilization.

Besides the fertilization-dependent induction of
embryogenesis several plant species have developed
the capability to reproduce by different asexual pro-
cesses, summarized as apomixis (for recent reviews see
[4, 17]). Haploid parthenogenesis is still another path-
way of asexual embryo development. Here the egg cell
of a reduced embryo sac divides directly without fer-
tilization and forms a haploid embryo [34, 23]. These
parthenogenetic processes mimic many of the events of
sexual reproduction. Comparative molecular studies of
sexually and asexually reproducing lines might there-
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fore provide a suitable experimental system to isolate
and characterize genes involved in the regulation of
these events.

We have applied the so-called ‘Salmon system’ of
wheat first described by Kihara and Tsunewaki [16]
which principally meets the criterion mentioned above.
In the sexual wheat line ‘Salmon’ the short arm of chro-
mosome 1B of the wheat genome is substituted by the
short arm of rye chromosome 1R. The transfer of this
nucleus into different Aegilops cytoplasms (A. caudata,
A. kotschyi) results in male-sterile plants with the cap-
ability for autonomous embryo development. Without
fertilization about 25% of the egg cells start a partheno-
genetic development into polyhaploid embryos [34].
Further embryo and seed development depend on endo-
sperm formation upon fertilization of polar nuclei.
Based on extensive genetic studies it was concluded
that the 1RS chromosome arm carries a gene respons-
ible for parthenogenesis induction (prg), whereas a
parthenogenesis-suppressing gene (spg) should be loc-
ated on the 1BS arm [34].

In a first approach to isolate genes specifically
expressed at the initiation of embryo development we
have screened for gene sequences which are differen-
tially expressed in the three isogenic wheat lines of
the improved ‘Salmon system’ [23] with either zygotic
or autonomous embryo development. Several clones
have been isolated. The more detailed analysis of one
of these clones revealed sequence similarity to pollen
allergens. We demonstrate here that a pollen allergen-
like gene shows in addition to its expression in pollen
a precise temporal expression pattern in the ovary.

Materials and methods
Plant material

The ‘Salmon’ system has been essentially improved
by about 20 back-crosses and the generation of
doubled haploid lines [23]. The now established
system involves three homozygous isogenic lines:
‘(aestivum)-Salmon’ (aS) as standard with normal
sexual reproduction and the two alloplasmic, male-
sterile lines ‘(caudata)-Salmon’ (cS) and ‘(kotschyi)-
Salmon’ (kS) exhibiting autonomous embryo devel-
opment with a frequency of about 90%. All wheat
lines mentioned below were grown in pots in the
greenhouse with 16 h illumination and a day/night
temperature of about 22/12 °C during the generative
phase: the parthenogenetic, male-sterile wheat lines ¢S

and kS, the sexual, male-fertile lines aS, ‘(aestivum)-
Rubin’, and ‘(aestivum)-Hatri’, ‘(aestivum)-Ares’ and
‘(aestivum)-Borenos’ as well as the sexual but male-
sterile lines ‘(timopheevi)-Ares’ and ‘(timopheevi)-
Borenos’, the progenies ¢S x ‘(aestivum)-Rubin’ (two
and three back-crosses: cSR2 and cSR3, respectively)
and the segregating cSx ‘(aestivum)-Chinese Spring’
offspring (two back-crosses: ¢cSCh?). From the two
lines ¢S and kS only the amphidiploid plants (2n = 42)
have been used for the following analysis. All poly-
haploid seedlings were eliminated after determining
the ploidy level by flow cytometry from leaf cells
(FACStar's flow cytometer and sorter, Becton &
Dickinson).

RNA isolation and cDNA library construction

Gynoecia from the two parthenogenetic wheat lines
‘(caudata)-Salmon’ and ‘(kotschyi)-Salmon’ as well as
from the sexual line ‘(aestivum)-Salmon’ were manu-
ally dissected only from the area of the spikes corres-
ponding to a developmental stage of 1 to 2 days before
anthesis and immediately frozen in liquid nitrogen.
About 500 mg of the frozen tissue was ground in 1.5 mi
of extraction buffer (1 M Tris-HCI, 5 mM EDTA, 0.1%
SDS pH 7.4) and 1.5 ml phenol/chloroform/isoamyl
alcohol (25:24:1, v/v/v). After brief centrifugation the
aqueous phase was extracted additionally with an equal
volume of phenol/chloroform/isoamyl alcohol. Nucle-
ic acids were precipitated with 0.1 vol of 3 M sodium
acetate (pH 5.2) and 3 vol of ethanol, immediately cent-
rifuged, and dissolved in 0.6 ml DEPC-treated water.
Separation of polysaccharides was achieved by centri-
fugation of the solution for 10 min at 13 000 rpm. Total
RNA was then selectively precipitated with 0.6 m14 M
LiCl for 16 h on ice. After centrifugation the ribonuc-
leic acids were washed with 2 M LiCl and 70% ethanol,
and finally dissolved in water.

Poly(A)* mRNA was fractionated from total RNA
by adsorption to oligo(dT) cellulose (Pharmacia, type
7) as described [20]. Double-stranded cDNAs were
synthesized from ¢S and aS gynoecium poly(A)*t
mRNAs (5 pug each) using the Amersham kit RPN
1256 Z and an oligo(dT) primer for first strand cDNA
synthesis. The average size of ds cDNA was 0.4 to
1.6 kb, the largest was about 4 kb.

Libraries were prepared from 270 ng double-
stranded ¢cDNA by ligation of EcoRI/blunt-ended
adaptors (Amersham) to the cDNA fragments, size
fractionation with a GeneClean kit (Bio 101, removal
of fragments smaller than 200 bp), and cloning of the



adapted cDNA into the EcoRI site of the phage vec-
tor AZaplI (Stratagene). The cDNA library specific for
genes expressed in gynoecia of ‘(aestivum)-Salmon’
was used to screen for full length cDNA clones via
plaque hybridization.

Subtractive hybridization

The strategy to enrich cDNA fragments specific for
¢S and aS gynoecium gene sequences was basically
the same as presented by Wang and Brown [37] with
one important modification: by applying two different
linker primers for each pool of cDNA fragments to be
subtracted from each other there is no need anymore to
digest PCR-amplified cDNAs before photobiotinyla-
tion to inhibit amplification of residual driver in later
PCR experiments [6].

To gain multiple DNA fragments from each cDNA
in the range of 200 to 800 bp, half of the amount of
cDNA fragments were completely digested with Alul
and Alul/Rsal separately for 4 h at 37 °C with 10 U
restriction enzyme per 10 pl. The cDNA fragments
from ¢S and aS thus treated were then ligated to dif-
ferent double-stranded phosphorylated linker primers:
LP1 (25-mer dTAG TCC GAA TTC AAG CAA GAG
CACA and 21-mer dCTC TTG CTT GAA TTC GGA
CTA) for ¢S cDNA fragments and LP2 (25-mer dAGC
CAT TCT AGA CGT GTA ACT GATA and 21-mer
dAGT TAC ACG TCT AGA ATG GCT) for aS cDNA
fragments, respectively. The oligonucleotides were
synthesized on an Applied Biosystems apparatus and
were purified by polyacrylamide electrophoresis. Cor-
responding oligonucleotides were phosphorylated and
annealed leading to duplex linker primers with one
blunt end and one 4 base 3’ protruding end. 7 nuc-
leotides from the blunt end LPI1 includes an EcoRI
restriction site, LP2 a Xbal site, respectively. To puri-
fy ligated cDNAs from excess linker primer half of
each reaction mixture was size fractionated on a 1.4%
low-melting agarose gel.

Linker-ligated Alul and Alul/Rsal cDNA fragments
from ¢S and aS in the size range of 200 to 2000 bp
were combined and stored in the low-melting agarose
at —20 °C. ¢S and aS cDNA fragments were amplified
directly from the agarose by PCR through 25 cyclesina
100 pl reaction containing 1 ;21 cDNA agarose solution
(30-40 pg DNA), 0.2 mM dNTPs, 1.5 mM MgCl2,
3 U Tagq polymerase (Promega M1861) and 1 uM of
the appropriate 2 1-mer oligonucleotide specified above
using a thermocycler (Mastercycler, Eppendorf) under
the following conditions: denaturation at 94 °C for
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I min, annealing at 50 °C for 1 min, and elongation at
72 °C for 2 min with 25 s of autoextension per cycle.

After six cycles of subtractive hybridization the
enriched ¢cDNA fragment pools P6 and S6 were
finally amplified with 25 cycles of PCR. Reaction
products were cleaved with EcoRI or Xbal, respect-
ively, and ligated to dephosphorylated pBluescribe
vector pBS (Stratagene) for transformation into com-
petent Escherichia coli DH5a cells.

Southern and cDNA library analysis

DNA was isolated from leaf tissue (wheat, barley,
tobacco, and Arabidopsis) essentially as described by
Thompson et al. [33]. The genomic DNA (15 pg) was
digested for 16 h with 150 units of different restric-
tion endonucleases and additionally with 20 units fresh
enzyme for another 2 h. Electrophoresis was performed
through a 0.8% agarose gel in a running buffer of TPE
(90 mM Tris-phosphate, 2 mM EDTA pH 8.0). After
depurination in 250 mM HCI the DNA was transferred
onto nylon membrane (Hybond N+, Amersham) under
alkaline conditions (0.4 M NaOH) and hybridized with
[*?P]dCTP-labelled SA7X1 or Tri a III. The mem-
branes were prehybridized and hybridized at 65, 60
or 55 °C in 250 mM NaCl 1.25 mM EDTA 125 mM
sodium phosphate, 7% SDS, 1% BSA, and 10% PEG
in the presence of 200 ug/ml of denatured sonicated
calf thymus DNA. The hybridized membranes were
washed two times at hybridization temperature in 2 x
SSC/0.1% SDS (1x SSC is 0.15 M NaCl, 0.015 M
sodium citrate), two times in 1 x SSC/0.1% SDS, and
finally two times in 0.1 x SSC/0.1% SDS, and exposed
to Kodak X-Omat AR films.

For cDNA library screening 3 x 10° plaque lifts
were taken onto Hybond N membranes (Amersham) as
described by the manufacturer. The membranes were
prehybridized (2 h at 65 °C) in 2x SSPE (1x SSPE
is 0.18 M NaCl, 0.01 M sodium phosphate, 0.001 M
EDTA pH 7.5) 1 x Denhardt’s solution (1 x Denhardt’s
solution is 0.02% Ficoll, 0.02% BSA, 0.02% PVP
6000), and 0.1% SDS and hybridized (16 h at 65 °C)
in 5x SSPE, 5x Denhardt’s solution, 0.5% SDS, and
25 pg/ml of denatured sonicated calf thymus DNA.
The membranes were washed under stringent condi-
tions two times at 65 °C with 2x SSPE/0.1% SDS
and two times with 1x SSPE/0.1% SDS. The cDNA
probe SA7X1 generated by the subtractive hybridiza-
tion was labelled with the Mega Primed DNA Labelling
system (Amersham) to screen the aS library for full-
length cDNA clones. Only one positive clone could
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be isolated not containing any poly(A) tail. Sequence
information of the 3’ end of cDNA clones was achieved
by applying the 3'RACE kit (Rapid Amplification of
c¢DNA Ends) according to the manufacturer (Gibco-
BRL).

Northern analysis

Total RNA (10 ug) or poly(A)™ mRNA (1.5 ug) was
dissolved in 25 pl of 25 mM N-morpholinopropanesul-
fonic acid (MOPS, pH 7.0), 5 mM sodium acetate, 15%
formaldehyde, 50% formamide, denatured (15 min at
55 °C) and electrophoresed through a 1% agarose gel
containing 17% formaldehyde in 25 mM MOPS pH
7.0. The RNA was transferred onto Hybond N+ by
capillary blotting in 20x SSC overnight, and fixed
with UV light (320 nm) for 12 s. Prehybridization and
hybridization was at 65 °C as described for Southern
analysis. Post-hybridization washing was usually per-
formed at 65 °C twice in 2x SSC/0.1% SDS and once
in 1x SSC/0.1% SDS.

DNA sequencing

The DNA sequence was determined using an A.L.F
DNA Sequencer (Pharmacia LKB) and a fluorescence
labelled Autoread Sequencing kit (Pharmacia). Homo-
logy searches against GenBank, SwissProt, and EMBL
databases were performed using the software pack-
ages PC/Gene (IntelliGenetics), HIBIO DNASIS, and
HIBIO PROSIS (Hitachi Software Eng.).

In situ hybridizations

Ovaries from the three wheat lines under study were
dissected from the area of the spike corresponding
to a developmental stage of 1 day before anthesis
and immersed in ethanol/chloroform/acetic acid (6:3:1,
v/v/v) for 1 h under slight vacuum at 0 °C followed
by another 3 h incubation at room temperature. After
washing with absolute ethanol the tissue was kept in
100% ethanol for 24 h. Subsequently, the fixed pistils
were rinsed in 70% ethanol and transferred to a mix-
ture of ethanol/glycerol/water (1:1:1, v/v/v) in which
they were stored until embedding. After dehydration
in graded ethanol series the tissue was embedded in
Paraplast Plus (Sherwood Medical). Sections of 12 um
were cut with a steel knife (Microtom, Microm HM 400
S), transferred to poly-L-lysine-coated slides (Sigma),
and dried overnight at 45 °C. The slides were cleared
with xylene, blocked with 1% of acetylated bovine
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Figure 1. cDNA and predicted amino acid for Tri a IIL. The deduced
amino acid sequence represented by the single-letter code is shown
below the DNA sequence and begins at the first potential in-frame
initiation codon. The open reading frame continues for 118 amino
acids and ends with the TGA stop codon denoted by an asterisk. The
putative transmembrane segment is underlined. The location of the
primary cDNA clone SA7X1 is indicated by bold letters.

serum albumin (Sigma, in 10 mM Tris-HCI pH 8.0),
treated with 5 pg/ml proteinase K, and acetylated to
block non-specific charge interactions.

In situ hybridization was performed according to
Harris and Wilkinson [13] at 45 °C for 16 h in a form-
amide system using either 3S-labelled cRNA [9] or
33P-labelled DNA probes.

Results
Isolation of differentially expressed cDNA fragments

To identify genes specifically expressed in ‘(caudata)-
Salmon’ (cS) or ‘(aestivum)-Salmon’ (aS) plants
poly(A)™ mRNA was isolated from gynoecia 1 day
before anthesis and reverse transcribed into double-
stranded cDNA. Using an improved subtractive hybrid-
ization technique [6] several clones specific for either
the sexual aS line or for the parthenogenetic line ¢S
have been isolated.

Here we describe a detailed analysis of one of these
cloned ¢cDNA fragments, designated SA7X1, which is
expressed in the gynoecia exclusively of the sexually
reproducing wheat line aS. A corresponding transcript
of about 800 bp is missing in the two parthenogenetic
lines (Fig. 5).

This 436 bp gene sequence was first cloned directly
from the subtractive hybridization procedure. Since
it most likely represented only a partial sequence we
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Tri a TIT  MA----SASRMLTVAVLAALFAGAM-AVKVK 51
Lol p IIT  —-—-—-—-———-—C- - TKVD 29
Lol p IT  mmmmm o AAPVEH: 30
Phl p II MSMASSSSSSLLAMAVLAALFAGAWCVPKVTH: 54
*. *.* .*-.********** *.
Tri a III EWQPL -VWEVSCSKPLVGPFNFRF 106
Lol p III EWEPM - LWEVKSAKPLTGPMNFRF 84
Lol p II WLALKKNGDGVWE IKSDKPLKGPFNFRF 86
Phl p II EWVAM 3GVWIFDSEEPLQGPFNFRFLITERGHM 110
- 0* 0*. '-** **-****.-- .
Tri a IIT  DFKIGKTYEPEY- 118
Lol p ITI  AFTVGKTYTPEYN 97
Lol p II DFKVGTTYKPE- - 97
Phl p II KYTIGATYAPEE- 122
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Figure 2. Comparison of the Tri a III deduced amino acid sequence with other type IVIII pollen allergens. Region of homology of the deduced
Tri a TIT amino acid sequence to Lol p IIl and Lol p 11 from Lolium perenne and Phl p Il from Phleum pratense. The character to show that a
position in the alignment is perfectly conserved is an asterisk below the sequence. Conservative substitutions of amino acids are indicated by
dots below the sequence. The potential transmembrane segment is underlined. Potential sites for glycosylation (48 N) and tyrosine sulfatation
(59 Y) are indicated by a circle. In shaded boxes the conserved B-cell and T-cell epitopes are shown. The sequence alignments were performed

using the CLUSTAL program [14].

have screened a conventional cDNA library specific for
the aS line and isolated an overlapping longer cDNA
fragment. The sequence is shown in Fig. 1. It contains
an open reading frame (ORF) of 356 bases from the first
methionine at position 16 terminated with a TGA stop
codon at position 370. This ORF encodes a polypeptide
of 118 amino acids with a calculated molecular mass
of 13 282 Da. The proposed translation initiation site
and its flanking region (nucleotides 12-20) share 67%
identity with the consensus plant initiation sequence
AAC AAT GGC [19]. The translation initiation site
was confirmed by analysis of the genomic Tri a III
sequence (data not shown).

Sequence homology of the SA7X1 clone with genes
coding for pollen allergens

Database searches revealed considerable sequence
homology with genes coding for grass pollen aller-
gens of type II/III (Fig. 2). Although the allergen func-
tion was not directly proven the cloned gene was pre-
liminary designated Tri a III in accordance with the
TUIS (International Union of Immunological Societies)
nomenclature [21] for pollen allergens. In the overlap-
ping region the Tri a Il sequence shows 57.7% (68%),
69.1% (75.3%) and 55.1% (67%) identical (function-
ally conserved) amino acid positions with the pollen
allergens Lol p Il and Lol p 11 from Lolium perenne
[2, 3, 30] and with Phi p 1l from Phleum pratense [11],
respectively. Significant sequence similarity (63.9%)
was also found with a partial amino acid sequence
deduced from an incomplete cDNA clone thought to

code for a type II allergen, Dac g 11, from Dactylis
glomerata[27]. In contrast to the sequences of Lol p I,
Lol p Il and Phi p 11, the amino acid sequence of Tri a
I1I contains one potential glycosylation site at position
48 and one potential tyrosine sulfatation site at posi-
tion 59 (Fig. 2). Moreover, the Tri a III sequence but
not the other mentioned pollen allergen sequences can
be classified as an integral membrane protein with one
predicted transmembrane segment. No homologies to
known leader peptide sequences could be found which
is also the case for other signal-anchor membrane pro-
teins [15].

Southern analysis and chromosomal localization

Southern analysis using genomic wheat DNA and the
Tri a Il cDNA fragment as probe revealed the exist-
ence of a small gene family (Fig. 3a). 3'RACE experi-
ments which were performed to obtain the missing 3'-
end sequence information of the cDNA clone Tri a III
revealed different 3'-untranslated regions also emphas-
ising that in wheat several genes encode nearly identic-
al Tri a III proteins. In addition, cross-hybridizing
sequences could be detected in the genomes of barley
and tobacco (Fig. 3b). Only under low stringency con-
ditions weak hybridization signals were found when
genomic Arabidopsis thaliana DNA was probed with
the fragment (data not shown).

In an attempt to localize the gene on wheat
chromosomes we applied genomic DNA from nulli-
tetrasomic lines of Triticum aestivum (kindly provided
by Dr Andreas Borner, IPK Gatersleben) for Southern
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Figure 3. Southern blot analysis of genomic DNA from wheat,
tobacco, and barley. A. 15 pg of genomic wheat DNA was digested
with EcoRI1, Bglll, Sacl, Xbal, and BamHlI, fractionated on a 0.8%
agarose gel and transferred onto nylon membrane. The membrane
was hybridized either with the 32P-labelled fragment SA7X1 or with
the full-length clone 7ri a I1l at 65 © C. Washing was carried out at the
same temperature under stringent conditions (1x SSC/0.1% SDS).
B. 15 pug of genomic DNA from tobacco and barley were digested
with BamH]I, EcoRI, and HindlIll. Gel fractionation, immobilisation,
and hybridization were carried out as described above.

analysis. Missing hybridization signals in NSAT5B,
N4BT4A and also in N4DT4A indicated the location
of the Tri a III gene on the long arms of chromosomes
5A, 4B and 4D (to be reported elsewhere) correspond-
ing to the proposed evolutionary translocation between
chromosome arms 4AL and 5AL [25].

Organ specificity of Tri a Ill gene expression

The sequence of Tri a III shows homology to proteins
found to be specifically expressed in pollen. Surpris-
ingly, we have isolated the Tri a III fragment as being
differentially expressed in the gynoecia of the wheat
lines under study. To determine the tissue specificity of
Tri a Il expression in the three alloplasmic wheat lines
the accumnulation of the transcript in various tissues has
been investigated. The RNA blots in Figs. 4 and 5 show
that the 7ri a IIl mRNA is expressed in ovules and in
anthers (containing immature pollen) one day before
anthesis of ‘(aestivum)-Salmon’ and only in anthers
(1 dbA) of ‘(kotschyi)-Salmon’ whereas no hybridiza-
tion signal was obtained with RNA from leaves, roots
or pollen-free anther sacs. Therefore, the expression of

Figure 4. Organ specificity of Tri a III expression. A (top). Total
RNA from different tissues of the three wheat lines was hybridized
with the 32P-labelled cDNA fragment SA7X1: lanes 1-3, 20 ug of
total RNA of leaf tissue from ¢S, kS and aS, respectively; lanes 4—
6, 20 ug of total RNA of root tissue from ¢S, kS and aS, respectively;
lane 7, 8 pg of total RNA of empty anther sacs 1 day after anthesis
from aS; lane 8, 8 g of total RNA of anthers from kS containing
pollen grains 1 to 2 days before anthesis; lane 9, 8 ug of total
RNA of anthers from aS containing pollen grains 1 to 2 days before
anthesis; lane 10, 8 ug of total RNA of mature pollen grains from
aS 1 day after anthesis. B (bottom). Northern blot analysis of the
same membrane using an ATP/ADP translocator cDNA fragment as
probe to standardize loading.

Tri a Il is strongly related to those tissues of the wheat
plant which are involved in fertilization processes.

Temporal and spatial expression pattern of Tri a 1l in
wheat gynoecia

To analyse the temporal expression pattern of the Tri a
111 gene we have probed RNA isolated from developing
gynoecia of all three lines at eight different stages: three
days after meiosis, three days before anthesis, one
day before anthesis, anthesis, 20 h after pollination,
three days after pollination, three days after anthesis,
and five days after anthesis. As shown in Fig. 5, the
gene is exclusively expressed in aS gynoecia one day
before but mainly at the day of anthesis. Already 20 h
after pollination (zygote starts the first division) no
accumulation of the 7ri a III transcript is detectable
anymore. This remarkably precise temporal regulation
was reproduced in a second independent experiment.
To analyse the spatial expression pattern within
the gynoecium we performed in situ hybridization
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Figure 5. Expression pattern of Tri a III at different stages of wheat gynoecia development. Northern blot analysis of total RNA (20 pg per lane)
from gynoecia of different developmental stages of the three wheat lines cS, kS and aS using SA7X1 cDNA as a probe: 3 days after meiosis
(3 daM), 3 days before anthesis (3 dbA), 1 days before anthesis (1 dbA), anthesis, 20 h after pollination (20 haP), 3 days after pollination
(3 daP), 3 days after anthesis (3 daA), 5 days after anthesis (5 daA). Specific activity of the labelled probe= 1.6 x 10° dpm/ug. Film exposure
time 5 days.

Figure 6. Spatial expression pattern of Tri a III. The cDNA fragment SA7X1 was labelled with [a**P]dATP and in situ hybridized to gynoecia
sections from all three wheat lines ‘(caudata)-Salmon’, ‘(kotschyi)-Salmon’, and ‘(aestivum)-Salmon’. Photomicrographs of aS gynoecium
sections are shown in bright field (segment A) and dark field (segments B and C). A. Sagittal-longitudinal section of a wheat gynoecium. B. The
dark-field photomicrograph shows the expression pattern of the aS-specific 7ri a IIl mRNA in the parenchymatous tissue of the ovary from the
sexual wheat line ‘(aestivum)-Salmon’. No cross-hybridization could be detected with sections from the parthenogenetic lines ¢S and kS (data
not shown). C. Expression pattern of 7ri a III in aS ovary tissue close to the mycrophylar entrance of the embryo sac as shown in the boxed
region of segment A (diagonal section). Structural and vascular transport tissues are free of any hybridization signal. Abbreviations used: an,
antipodals; es, embryo sac; ii, inner integument; nu, nucellus tissue; pt, parenchymatous tissue. Bar in section A: 200 um, x61. Bar in section
B: 200 pm, x57. Bar in section C: 100 pm, x350.
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on ovary tissue microdissected 1 day before anthes-
is. Gene-specific transcripts could be found only in the
parenchymatous tissue of aS gynoecia reaching from
close to the base of the style along the outer integument
to the micropylar entrance (Fig. 6). The specificity of
the detection was controlled by the use of sense and
antisense in vitro transcripts as probe as well as by
RNase treatment of the sections. Control sections of
gynoecia from the ¢S and kS line did not give any
signal.

Correlation with male sterility

The results of northern and in situ hybridization exper-
iments showing that the Tri a III transcript was only
found in the ovarian tissue of the sexual and male-
fertile line aS and not in the parthenogenetic, male
sterile lines ¢S and kS suggested a possible inverse
correlation between parthenogenesis and/or male ster-
ility of the wheat lines under study and the expression
of the pollen allergen-like sequence. To distinguish
between these possibilities, messenger RNA of sev-
eral male-fertile or male-sterile wheat lines has been
probed with the Tri a IIl cDNA. As shown in Fig. 7, the
expression of Tri a Il is strongly reduced in gynoecia
from the male-sterile wheat lines with one exception.
The hybridization signal of the labelled cDNA probe
with mRNA from ovaries of ¢cSCh; is as prominent as
the one with aS mRNA. Detailed analysis of the cSCH,
offspring revealed that this segregating second back-
cross generation did indeed regain male-fertile plants.

As a control mRNAs from ‘(aestivum)-Salmon’
gynoecia isolated from emasculated ‘(aestivum)-
Salmon’ plants (aSe: emasculated 1 dbA, dissected
at anthesis) has been applied in this northern analys-
is, too. This tissue also shows a distinct hybridization
signal. A contamination of styles or stigmata with pol-
len grains during the dissection procedure leading to
an artificial detection of the 7ri a III transcript in the
female tissue can therefore be excluded.

Discussion

Homology of Tri a Il to pollen allergens

Grass pollen allergy is a major human health problem
world-wide. Several allergens from Lolium perenne,

Phleum pratense and other plant pollen have been isol-
ated and characterized (for a review see [5]). Most of

tAs
aAf
aBf
tBs

aSe

Figure 7. Expression of Tri a Il in various male-sterile and male-
fertile wheat lines. A (top). 2 ug of mRNA isolated from gyn-
oecia of various wheat lines at anthesis were fractionated and
blotted as described in experimental procedures and hybridized
with the radiolabelled full length clone 7ri a III: R1, R2: male-
fertile ‘(aestivum)-Rubin’ (2 different preparations); cSR: male-
sterile ‘(caudata)-Salmon’ X ‘(aestivum)-Rubin’ (F1); ¢cSR3: male-
sterile ‘(caudata)-Salmon’ X ‘(aestivum)-Rubin’ (F3); c¢SCHj:
male-fertile/male-sterile segregating progeny of ‘(caudata)-Salmon’
X ‘(aestivum)-Chinese Spring’ (F2); H: male-fertile ‘(aestivum)-
Hatri’. 15 ug of total RNA from gynoecia at anthesis were
loaded per lane for the following wheat lines: tAs: male-sterile
‘(imopheevi)-Ares’; aAf: male-fertile ‘(aestivum)-Ares’; aBf:
male-fertile ‘(aestivum)-Borenos’; tBs: male-sterile ‘(timopheevi)-
Borenos’; aSe: ‘(aestivum)-Salmon’ (emasculated 1 dbA). Specific
activity of the labelled probe= 1.6 x 10° dpm/pg. Film exposure
time was 10 days for the first 6 lanes and 5 days for the last 5 lanes.
B (bottom). Northern blot analysis of the same membranes using a
(B-tubulin cDNA fragment as probe to standardize loading.

these proteins exist in multiple, isoallergenic forms
which are variants that appear to be immunologically
indistinguishable forming a quite large and inhomo-
genous group of pollen allergens. Most studies on pol-
len allergens have focused mainly on their immun-
ological properties and possible clinical applications
[12]. In contrast, very little is known about the expres-
sion patterns and potential biological functions of these
proteins. For example, the major birch pollen allergen
Ber v1 was shown to be similar to pathogenesis-related
proteins [7], and the pollen allergens Amb a 1 from rag-
weed and Cry j I from Japanese cedar were suggested
to be pectate lyases [35, 32]. However, the function of
the structurally completely different type II/III grass
pollen allergens is unknown.

In this paper we demonstrate for the first time that
a grass pollen allergen-like sequence thought to be
specific for pollen tissue [ 10] is also expressed in wheat
ovaries. Since a high degree of sequence homology was



found with Lol p I, Phl p I1, and Lol p 1] we designated
the wheat cDNA clone Tri a III. The presence of the
Tri a 1II messenger also in the female tissue strongly
supports a more general cellular function of this protein
not limited to the expression in the male gametophyte.

Correlation of Tri a lII expression with male sterility

Interestingly, the pollen allergen-like gene Tri a 111
was isolated as a cDNA fragment specifically enriched
from gynoecia of a sexual, male-fertile wheat line when
compared to gynoecia of an isogenic, parthenogenet-
ic, and male-sterile wheat line via subtractive hybrid-
ization. Northern blot analysis (Fig. 5) showed that
the two parthenogenetic, male-sterile lines ¢S and kS
under study completely lack any 7ri a III transcript
in ovary tissue. It was therefore tempting to assume
that in ¢S and kS the inhibition of the gynoecia spe-
cific Tri a I expression is connected to the induction
of parthenogenesis. However, the transfer of the ‘Sal-
mon’ wheat nucleus into the cytoplasm of Aegilops
caudata or A. kotschyi (lines ¢S and kS) not only leads
to parthenogenesis induction but also to male steril-
ity. In both alloplasmic lines pollen development is
affected at different stages. In the ¢S line development
of pollen is already aborted at an early stage whereas in
the kS line pollen development nearly reaches matur-
ity but leads to impotent pollen grains. Moreover, kS
anther lobes are not able to release the pollen [23]. The
expression of Tri a 11l in nearly mature pollen grains
(aS and kS lines) (Fig. 4) is followed by the expression
of the gene in the gynoecium only if the pollen really
reaches maturity and fertility (aS line only). This argu-
ment is reinforced by the precise temporal expression
of Tri a Ill in aS ovaries (Fig. 5) suggesting a ‘cross-
talk’ of anthers and gynoecia after pollen maturation
has been achieved.

A reciprocal example of gene expression in pol-
len and ovule tissue associated with male sterility has
recently been demonstrated by Abad et al. [1]. We
therefore propose that the expression of Tri a III in the
parenchymatous tissue of ovaries from sexual, male-
fertile wheat lines at anthesis is caused by an anther
signal to prepare the gynoecium for the reception of
the pollen tube. Such signal would not be emitted from
the male tissue in the male-sterile lines ¢S and kS. The
missing or at least strongly reduced expression of Tri a
IH in ovaries of other male sterile wheat lines seems
to support this hypothesis (Fig. 7). In Fig. 8 our obser-
vations are summarized: both female and male gamete
development as well as the expression of the pollen
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allergen-like Tri a Il sequence seem to be influenced
by the cytoplasm. However, a linkage of parthenogen-
esis and Tri a 11l expression is unlikely.

Moreover, to achieve self-fertilization the develop-
ment of the spatially separated female and male organs
has to be synchronized. This synchronisation event
needs a ‘cross-talk’ between the two sexual organs.
That some aspects of female and male meiosis are
under common genetic control has been reported [31].
Thus, the presence of a pollen-specific gene productin
the ovary as well as in anthers only shortly before and
at anthesis (Figs. 4 and 5) could be another example of
such a ‘cross-talk’ and synchronized gene expression.

Tri a 11l might be involved in the guidance of pollen
tube growth

In addition, there are genetic data available suggest-
ing that gynoecial factors may determine the pattern
of pollen tube behaviour such as direction and rates of
pollen tube growth [29]. As proficiently examined by
Vishnyakova and Willemse [36] the pistil transmitting
tract for pollen tube pathway in wheat includes all stig-
matic hairs, the transmitting tissue of stylodia and style
and the passage between outer integument and ovarian
epidermis in the ovarian cavity. After passing through

. the transmitting tissue, pollen tubes will enter this

ovarian cavity and grow in a space between the ovary
and the ovule walls towards the micropyle. However,
all those pollen tubes which do no follow the major
pathway after reaching the base of the style but grow
between the cells of the outer integument will imme-
diately arrest in their growth [36]. Interestingly, the
spatial expression pattern of Tri a III borders exactly
on the outer integument, the outer barrier of the pollen
tube tract, reaching from close to the base of the style
where a functional control of pollen tube growth would
be expected down to the micropylar entrance. There-
fore, the Tri a III gene product present in this paren-
chymatous tissue might be involved in the guidance of
pollen tube growth along the transmitting tract by keep-
ing it away from the surrounding ovarian tissue. Since
the parthenogenetic as well as the other male sterile
wheat lines analysed can still be fertilized by foreign
pollen at anthesis the missing Tri a III gene product is
obviously not an essential component involved in the
complex network of pollen tube guidance.

The manifestation of its function will require the
subcellular localization of the Tri a Il protein and the
generation of transgenic plants with a reduced expres-
sion level of 7ri a I11.
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Figure 8. Correlation of Tri a III expression with male sterility and parthenogenesis. This figure summarises the observed effects of different
cytoplasms on the wheat nuclear genome with or without the 1BL/IRS translocation (Ind. +/Supp. —; Ind. —/Supp. +, respectively) regarding
the display of male sterility, parthenogenesis and the expression of the 7ri a III gene sequence. In all wheat lines analysed the pollen allergen-
like sequence is only expressed in male fertile, non-parthenogenetic plants. A correlation of Tri a III expression with parthenogenesis is
unlikely. Abbreviations used: Ind. —, inductor of parthenogenesis not present on chromosome 1B; Ind. +, inductor of parthenogenesis present
on chromosome 1B (through translocation of rye 1RS); Supp. —, suppressor of parthenogenesis not present on chromosome 1B (through
translocation of rye 1RS); Supp. +, suppressor of parthenogenesis present on chromosome 1B.
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