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In many higher plants, selffertilization and genetically related individuals are prevented by pollen-stigma incompatibility. In the
genus Corylus, incompatibility is of the sporophytic type and controlled by a single locus with multiple alleles. The objective of this
study is to identify the S-alleles present in a collection of Portuguese landraces in order to select the most appropriate landraces
for establishment of future orchards and for breeding programmes. Ten major Portuguese hazelnut landraces were submitted to
controlled pollinations in the field, with 18 genotypes whose S-alleles are known. The pollen tubes were observed at 100X under a
florescence microscope to evaluate their development. Three landraces were revealed to have S, allele, two have Ss, and four have
one of the S3, Ss, S10, and S5 alleles. One landrace was compatible with the 18 S-alleles tested and for two landraces, it was possible
to identify both alleles. The information of the self-incompatibility relationship between these old cultivars is obviously useful for

selecting the most suitable pollinators for planning new orchards and for new cultivars development.

1. Introduction

Self-incompatibility is a widespread phenomenon which
promotes outcrossing in flowering plants. Compatibility
relationships, originally determined for the purpose of
making successful hybridizations, suggest that sporophytic
incompatibility exists in the European hazelnut, Corylus avel-
lana L. Reciprocal differences occur, indicating dominance,
and the site of the reaction is the stigmatic surface. This
type of genetic control was first reported for Crepis foetida
L. [1] and Parthenium argentatum Gray [2] and has subse-
quently been reported in other members of the Asteraceae
(Compositae), Brassicaceae (Cruciferae), and other families
[3]. In the sporophytic incompatibility system, the pollen
exine carries the product of one or two S-alleles, and the
phenotype of the pollen is determined by the plant that
produces the pollen [4]. Pollen rejection in the sporophytic
system is controlled by the interaction of the S-alleles
expressed by the pistil and the pollen, and not by the haploid

genotype of the pollen. Molecular studies of sporophytic
self-incompatibility (SSI) have been carried out exclusively
in Brassica. The self-incompatibility response occurs in the
stigmatic papillary cells that carry the plasma membrane-
anchored S receptor kinase (SRK) gene [5] on their surface
and an S-locus glycoprotein (SLG) in the cell wall [6]. Both
are highly polymorphic and SLG shares a high degree of
sequence identity with the extracellular domain of SRK. Silva
et al. [7] and Takasaki et al. [8] showed that SRK is the
primary determinant of self-incompatibility in the pistil, and
that SLG acts to promote the full manifestation of the SI
response through an unknown mechanism.
Self-incompatibility in hazelnut is of the sporophytic
type and under the control of a single locus with multiple
alleles [3]. The stigmatic surface is the site of the incompat-
ibility reaction [9]. To date, 31 S-alleles have been identified
[10-12] (Mehlenbacher, pers. comm.). All are codominant
in the pistil, although they may show codominance or dom-
inance in the pollen [10]. Research in several countries has
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TasLE 1: Origin of the Portuguese hazelnut landraces studied.
Accessions County Longitude Latitude
Cal Viseu 7° 56'W 40° 39'N
Ca3 Viseu 7° 56'W 40° 39'N
Ca4 Viseu 7° 48'W 40° 39'N
Ca5 Viseu 7° 54'W 40° 39'N
Ca7 Felgueiras 8 10'W 41° 22'N
Ca8 Felgueiras 8 10'W 41° 22'N
Ca9 Castelo de Paiva 8°16'W 41° 02'N
Calo Castelo de Paiva 8° 16'W 41° 02'N
Call Moimenta da Beira 7° 34'W 40° 57'N
Cal2 Moimenta da Beira 7° 34'W 40° 57'N
TABLE 2: Pollen testers (18) used to identify S-alleles in Portuguese hazelnut landraces. Alleles expressed in the pollen are underlined.
Cultivar S-alleles Reference Location
Culpla 9 10 [16] UTAD
Butler 2 3 [32] UTAD
Pauetet 18 22 [32] UTAD
Tonda di Giffoni 2 23 [32] UTAD
Ronde du Piemont 2 7 [32] UTAD
Morell 12 [14] UTAD
Segorbe 9 23 [32] UTAD
Gunslebert 5 23 [16] UTAD
Vermellet 2 16 [33] SPAIN
Tombul 4 12 [10] SPAIN
Henneman #3 6 10 [10] SPAIN
Mortarella 2 17 [10] SPAIN
Gem 2 14 [10] USA
OSU 447.015 26 26 [13] USA
Buttner’s Zeller 11 27 Mehlenbacher, pers. comm. USA
OSU 930.081 4 29 Mehlenbacher, pers. comm. USA
OSU 1136.056 10 30 Mehlenbacher, pers. comm. USA
The Shah 14 30 Mehlenbacher, pers. comm. USA

Note: S-alleles not tested are 4, 8, 11, 15, 19, 20, 21, 22, 23, 24, 25, and 31.

been carried out to determine the alleles present in different
cultivars [13-19]. Cultivars may be cross-incompatible, so
commercial orchards are planted with cross-compatible cul-
tivars and pollinators that have overlapping flowering times
to ensure good fruit set. In hazelnut breeding programs,
incompatibility prevents making many desirable crosses, and
in other cases it dictates the direction of the cross [10]. Some
Portuguese hazelnut landraces have been identified with
particular interesting traits. The objective of this study is to
identify the S-alleles in these Portuguese landraces in order to
select the most appropriate combinations for establishment
of future orchards.

2. Materials and Methods

The ten most important Portuguese hazelnut landraces were
selected (Table 1). They include four from Viseu county
(Cal, Ca3, Ca4, and Ca5), two from Felgueiras county (Ca7

and Ca8), two from Castelo de Paiva county (Ca9 and Cal0),
and two from Moimenta da Beira county (Call and Cal2).

A total of 18 genotypes with known S-alleles in the field
collections at three locations were used as testers: eight at
the University of Trds-os-Montes and Alto Douro (UTAD),
Portugal, four at IRTA, Spain, and six at Oregon State
University in Corvallis, USA (Table 2). Two to five branches
of each selected landrace tree were emasculated by clipping
catkins and were covered with Tyvek bags (1 x 0.5m) in
January. This was done to isolate female inflorescences and
prevent exposure to air-borne pollen. A second Tyvek bag
was used to cover and protect the inner bag from damage by
wind. Only female flowers from covered branches were used
for incompatibility testing. When catkins of tester cultivars
had elongated and were about to shed (stage Fm1, [20]),
they were brought to the laboratory in the afternoon, laid on
paper in a single layer, and held at room temperature (18—
20°C) overnight to allow the anthers to dehisce.
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TABLE 3: Results of pollinating ten Portuguese hazelnut landraces with testers.
(a)
S-alleles/accession Culpla Butler Pauetet Tonda di Giffoni Ronde du Piemont Morell Segorbe Gunslebert Vermellet
10 3 18 2 7 1 9 Bl 16
Cal +2 - + + + + + + +
Ca3 + + + - + + + + +
Ca4 + + + - + + + + +
Ca5 + + + - + + + + +
Ca7 + + - + + + + + +
Ca$ + + + + + + - - +
Ca9 + + + + + + - +
Cal0 + + + + + + + + +
Call =0 + + + + + + + +
Cal2 + + + + + + + - +
(b)
S-alleles/accession Tombul Gem  447.015 Buttner 930.081 1136.056 The Shah  Hennemanno.3  Mortarella
12 14 26 27 29 10 30 14 30 6 17
Cal + + + + + + + + +
Ca3 + + + + + + + + +
Ca4 + + + + + + + + +
Ca5 + + / / / / / + +
Ca7 + + + + + + + + +
Ca8 + + + + + + + + +
Ca9 + + + + + + + + +
Cal0 + + + + + + + + +
Call + + + + + + + +
Cal2 + + + + + + + + +

a . .

(+): compatible combination.
b(-): incompatible combination.
/: not evaluated.

The pollen was harvested next day and preserved in the
freezer at —20°C in glass vials. When the stigmas on bagged
branches reached 2-5 mm (stage Ff2, [20]), they were polli-
nated in the field with the tester pollen. Each landrace was
pollinated with pollen from different tester cultivars. One
week to 10 days after pollinization, the flowers were collected
and fixed in FAA (formalin-acetic-alcohol). The styles were
squashed on a microscope slide in a drop of aniline blue. The
pollen tubes were observed at 100X under the florescence
microscope as described by Martin [21] and adapted to
hazelnut styles by Romisondo [17].

3. Results

The S-alleles present in the Portuguese landraces were deter-
mined based on pollen tube development. In compatible
crosses, pollen germinated well and produced masses of
long parallel tubes with strongly fluorescing callose plugs. In
incompatible crosses, pollen germinated at a lower rate and
produced very short tubes which often curved or ended in a

pronounced bulb. For these studies, fresh female flowers were
used, as the quality of the female inflorescence is important
in obtaining easily distinguishable reactions. For the ten
landraces and 18 testers, it was possible to determine the
compatibility of the combinations and thus some of the
alleles present in the landraces (Table 3).

Of the 10 landraces tested, the landrace Cal was
incompatible only with the S; tester “Butler” The second
allele remained unknown. For landraces Ca3, Ca4, and Ca5,
the presence of allele S, was indicated by incompatibility
with pollen of the S, tester “Tonda di Giffoni” All three
landraces were compatible with pollen of the other 16 testers
(Figure 1). These three landraces were compatible with
pollen of the other 17 testers. For landrace Ca7, incom-
patibility with tester “Pauetet” indicated the presence of
Sis. The second allele in Ca7 was not determined, since
pollen of the other 17 testers was compatible. Ca8 and Ca9
were incompatible with S5 tester “Gunslebert” and Sy tester
“Segorbe” and thus have the genotype S5Sy. Pollen expressing
the remaining 15 alleles was compatible. Landrace Cal0 was
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TABLE 4: Summary of compatibility of female inflorescences of ten Portuguese hazelnut landraces with 18 pollen testers.
Landraces Alleles

Pistil rejects (incompatible) Pistil accepts (compatible)

Cal S 815 82, S5, 865 875 S9, S105 S125 S145 S165 S17> S185 S265 $27> $29, S0
Ca3 S S15 83, S5, 865 S75 S9, S105 S125 S145 S165 S17> S185 S265 S27> $29, S30
Ca4 S S15 83, S5, 865 S75 S9, S105 S125 S145 S165 S17> S185 S265 $27> $29, S30
Ca5 S S15 83, 855 865 875 S95 S10> S125 S145 S165 S17> S185 265 $275 S29, S0
Ca7 Sis S15 82, 83, Ss5 865 S75 S10> S125 S145 S165 $175 S185 Sa6> S27> S295 S30
Ca8 S5S9 S15 82, 835 865 875 S10> S125 S145 S165 $17 S185 S265 $27> S29 S30
Ca9 8589 S15 82, 835 865 875 S105 S125 S145 S165 $17> S185 S265 $27> S29 S30
Cal0 S15 82, 83, 855 S6> S75 So5 S125 S145 S16> $175 S185 Sa65 S275 S295 S30
Call Sio S15 82, 83, 855 S6> S75 So5 S125 S145 S16> $175 S185 Sa65 S275 S295 S30
Cal2 S5 S15 82, 83, 865 87, 89 S105 S125 S145 S16> 17, S185 Sa65 S27, S295 S30

FiGure 1: Compatible cross Ca5 x Butler (S3).

compatible with pollen of all 17 alleles tested. Landrace
Call had incompatibility with allele Sy, as its females were
incompatible with pollen of the Sy tester “Culpla.” Call was
compatible with pollen expressed by the other 17 testers, so
the identification of the genotype was incomplete (S;0S5?).

Landrace Cal2 was found to carry Ss, as its females were
incompatible with “Gunslebert” pollen (Ss tester), but com-
patible with pollen expressing the other 16 alleles (Table 3).
Pollen expressing each of the 12 S-alleles (81, Sq, S75 Si0> S125
S14> S16> S17> S26> S27, S29, and S3p) was compatible on females
of all 10 landraces, indicating their absence in the landraces.
The S-alleles of the tested landraces are summarized in
Table 4. Pollen testers for the 12 alleles were not included in
this study: 4,8,11, 15, 19, 20, 21, 22, 23, 24, 25, and 31.

4. Discussion

Self-incompatibility is classified as gametophytic and sporo-
phytic ones based on whether the pollen behavior is

determined by its own haploid genotype or by the diploid
genotype of the plant that produces pollen [22, 23]. It is
a well-known phenomenon in Brassica. Corylus avellana L.
is the only fruit species known to have sporophytic self-
incompatibility. Molecular studies have greatly improved
our understanding of sporophytic self-incompatibility in
Brassica, where research has been focused on identifying
and characterizing the pollen and pistil components of the
incompatible response as well as other proteins and events
that lead to pollen rejection [24]. Another major quest in
self-incompatibility research is the identification of S-locus
products in the pollen. For reasons that are not entirely clear,
the experimental approaches that led to the cloning of the
stylar products of the S-locus, the SLGs from Brassica spp., S-
RNases from solanaceous plants, and the small glycoproteins
from Papaver rhoeas, have not proved to be useful in iden-
tifying the pollen products. Possibly, map-based approaches,
similar to those used to clone the Pfo gene from tomato [25],
will be required. However, although identifying the product
of the S-locus in pollen will provide another valuable piece
of the puzzle, it will not reveal the whole story [23]. Several
studies identified molecular markers linked to S-alleles but
molecular studies of sporophytic self-incompatibility have
been carried out exclusively in Brassica. Hampson et al. [26]
attempted to use S-gene sequences from Brassica to find
some homology with the S-genes of hazelnut, but they found
that the Brassica S-genes were not useful for exploring the
mechanism of sporophytic self-incompatibility in Corylus.
They think that the sporophytic self-incompatibility genes
of Brassica and Corylus have either diverged greatly during
evolution or are of independent origin. Studies with RAPD
and SCAR markers revealed that only the marker OPI10775,
closely linked to the S, allele, was useful for marker-assisted
selection of individuals with the S, allele [27]. In apple
and almond, with gametophytic incompatibility, S-allele
genotyping can be performed using a protein-based method
that looks at differences in S-RNase migration through a
protein gel [28] or by PCR amplification of genomic DNA
with “allele-specific” primers [29, 30]. Van Nerum et al.
[31] reexamined the self-incompatibility genotypes of apple
cultivars containing putative “new” S-alleles using S-allele-
specific PCR and sequence analysis.
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The details of sporophytic self-incompatibility in hazel-
nut are still completely unknown at the molecular level. In
our study, we identified six S-alleles using controlled pollina-
tions of bagged flowers in the field followed by fluorescence
microscopy. In incompatible pollinations, pollen germina-
tion was delayed, and pollen tubes were distorted and failed
to penetrate the stigma. Mehlenbacher [11] showed that
the dominance relationship of alleles in the pollen is linear
with seven levels, and this was used to choose the pollen
testers for the present study. Recently identified S-alleles S7,
S29, and S3p have not yet been assigned to a level in the
dominance hierarchy. Fluorescence microscopy is the most
appropriate technique because to date no other techniques
are available for S-allele identification. Three landraces, all
from Viseu county, revealed the presence of the S, allele. For
seven landraces (four from Viseu county, one from Felgueiras
county, and two from Moimenta da Beira county), we were
able to identify one allele. Females of all landraces showed
compatibility with pollen expressing S, Se, S7, Si0> S12> S14>
Si6> S17> S26> S27, S29, and S, thus, these alleles are absent
in the landraces. For only two landraces (Ca8 and Ca9), it
was possible to identify both alleles (S5S9). Landrace Cal0
was compatible with all 18 testers. Tests with additional
pollen testers will be needed to identify its S-alleles. In
the other seven landraces, only one S-allele was identified.
They may be homozygous at the S-locus. More likely, they
carry a second allele not tested in this study. Homozygous
testers are useful in basic pollination and incompatibility
studies and would simplify allele identification. These ten
Portuguese hazelnut landraces might be useful as parents in
breeding new cultivars. Their use will require information
on their S-genotypes. Interest in old cultivars for new
orchards in Portugal is increasing due to their appreciable
organoleptic and nutritional characteristics. Hazelnuts can
be planted in response to commercial demand for high
quality food and “functional” products. The information on
the incompatibility relationships among these landraces is
obviously useful for selecting the most suitable pollinizers for
new orchards.
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