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Abstract Self-incompatibility is a genetic mechanism
enforcing cross-pollination in plants. Hazelnut (Coryius
avellana L.) expresses the sporophytic type of self-in-
compatibility, for which the molecular genetic basis is
characterized only in Brassica. The hypothesis that the
hazelnut genome contains homologs of Brassica self-
incompatibility genes was tested. The S-locus glyco-
protein gene (SLG) and the kinase-encoding domain of
the S-receptor kinase (SRK) gene of B. oleracea L. were
used to probe blots of genomic DNA from six genotypes
of hazelnut. Weak hybridization with the SLG probe
was detected for all hazelnut genotypes tested; however.
no hybridization was detected with PCR-generated
probes corresponding to two conserved regions of the
SLG gene. One of these PCR probes included the region
of SLG encoding the 11 invariant cysteine residues that
are an important structural feature of all S-family genes.
The present evidence suggests that hazelnut DNA hy-
bridizing to SLG differs significantly from the Brassica
gene, and that the S-genes cloned from Brassica will not
be useful for exploring self-incompatibility in hazelnut.
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Introduction

Many plants possess structures or mechanisms that
encourage outcrossing. One of the most effective out-
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crossing mechanisms known is self-incompatibility (SI),
where a physiological barrier prevents self-fertilization
in otherwise fertile hermaphrodites. In most cases, SI is
determined by a single multi-allelic locus, called the
S-locus (Matton et al. 1994). Any pollen expressing the
same S-allele as the recipient pistil is rejected. Several
forms of SI exist, among which gametophytic and
sporophytic SI have been studied in most detail. In
sporophytic self-incompatibility (SSI), pollen accept-
ance or rejection by the stigma is based on the (diploid)
S-genotype of the pollen donor plant. In SSI, S-alleles
can interact in pollen and in pistil, showing dominance,
co-dominance, mutual weakening, or other interactions
(Nasrallah and Nasrallah 1989).

The families Asteraceae, Brassicaceae, Convolvu-
laceae. Caryophyllaceae and Corylus of the Betulaceae
exhibit SSI (Charlesworth 1988). Tapetal substances
(including recognition molecules) transferred to the pol-
len-grain wall during microsporogenesis are believed to
be responsible for the recognition of the pollen parent’s
S-phenotype on the recipient stigma (Heslop-Harrison
etal. 1974). Incompatible pollen is arrested on the
stigma surface, where pollen adhesion, hydration, ger-
mination, or penetration of the stigma is blocked. Cal-
lose is deposited in both the pollen grain/tube and the
adjacent stigmatic papillae. These manifestations of SSI
are very similar among different botanical [amilies
(Howlett et al. 1975; Boyle and Stimart 1986; Nasrallah
and Nasrallah 1989).

The study of SSI at the molecular level is limited to
the Brassicaceae (reviewed by Nasrallah and Nasrallah
1989, 1993; Dickinson et al. 1992; Hinata et al. 1993;
Matton et al. 1994). At least two expressed genes are
now known to reside at the S-locus in Brassica: SLG and
SRK (Nasrallah and Nasrallah 1993). The term S-haplo-
type” has been suggested as a replacement for “S-allele”
to reflect this situation (Boyes and Nasrallah 1993). How
SLG and SRK interact to effect pollen recognition re-
mains unclear, but current evidence suggests that func-
tional copies of both genes are required for the proper
operation of SI (Nasrallah and Nasrallah 1993).
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The S-locus glycoprotein (SLG) encodes a secreted
glycoprotein abundant in the cell walls of the stigmatic
papillae, and shows precise temporal regulation coinci-
dent with the developmental acquisition of SI (Nasral-
lah et al. 1985a; Kandasamy et al. 1989). The SLG gene
lacks introns (Nasrallah et al. 1988). Sequence compari-
sons among alleles have shown that the protein encoded
by SLG contains both conserved and hypervariable
regions. The conserved regions include a portion at the
N-terminal end, and 11 invariant cysteine residues in a
particular arrangement toward the C-terminal end
(Nasrallah and Nasrallah 1989).

SRK contains seven exons, the first of which is vir-
tually identical to SLG within a given S-haplotype (Stein
et al. 1991). The seven exons of SRK encode this ex-
tracellular “S-domain”. a membrane-spanning helix.
and juxta-membrane, kinase catalytic and C-terminal
domains. SRK encodes a functional serine/threonine
kinase (Goring and Rothstein 1992). and SRK tran-
scripts show temporal and tissue specificity similar to
SLG (Stein et al. 1991).

The Brassica genome also contains a number of
sequences homologous to SLG (Nasrallah et al. 1985b),
some of which are expressed. The intronless genes SLR1
and SLR2 encode secreted glycoproteins with signifi-
cant sequence homology to SLG. and show a similar
expression pattern (Trick and Heizmann 1992; Hinata
et al. 1993). Sequence similarities include the 11 invari-
ant cysteines in the same arrangement as in SLG and
SRK. The functions of SLRI and SLR2 are unknown,
but they play no part in determining allelic identity, and
neither is linked to the S-locus (Lalonde et al. 1989;
Trick and Heizmann 1992).

The evolutionary relationship among S-genes is in
dispute. Some scientists propose a common evolution-
ary origin, and others argue for multiple independent
origins (Bateman 1952: Bell 1995: Read etal. 1995).
Among families with gametophytic self-incompatibility
(GSI), the S-gene product is an RNase in the Solanaceae,
the Rosaceae, and perhaps the Campanulaceae (Sassa
et al. 1992; Singh and Kao 1992; Stephenson et al. 1992).
However, the S-gene products of Papaver rhoeas
(Papaveraceae) and Phalaris coerulescens (Poaceae) are
not RNases, and their mechanism of action is clearly
different (Franklin-Tonget al. 1991: Footeet al. 1994; Li
et al. 1994). Because only one family with SSI has been
examined at the molecular level, no basis exists for
judging which features are general aspects of SSI, and
which are unique to crucifers.

We are interested in studying SI in Corylus avellana
(hazelnut), partly as a basis of comparison to Brassica
and partly for practical reasons. Hazelnut expresses SSI
(Thompson 1979). All known hazelnut S-alleles are
co-dominant in the pistil and show either co-dominance
or simple dominance in the pollen (Mehlenbacher and
Thompson 1988). To-date. 26 S-alleles have been identi-
fied (S. A. Mehlenbacher, Oregon State University, per-
sonal communication). The pollen-stigma interactions
are typical of SSI (Hampson et al. 1993) but, in contrast

to most species with SSI, hazelnut pollen is binucleate
and potentially long-lived (Heslop-Harrison et al. 1986).
In breeding programs, our present inability to overcome
SI makes certain desirable crosses impossible, or com-
patible only in one direction. In the orchard, SI necessi-
tates the planting of compatible pollenizers.

The objective of the present investigation was to
determine whether the hazelnut genome contains
homologs of the Brassica self-incompatibility genes SLG
and SRK. We reasoned that, if the S-genes of the two
species share a common ancestry or mechanism of
action, they may show sequence similarity at the DNA
level, and probes from B. oleracea L. might detect the
hazelnut S-gene on genomic DNA blots. If successful,
this approach may enable Brassica clones to be used as
tools to advance the understanding of SSI in hazelnut.

Materials and methods
Plant matenal

Immature hazelnut leaves were collected from clones in a layer bed at
the Oregon State University Vegetable Research Farm near Corval-
lis, Oregon, and from specimens growing in a greenhouse under
natural daylengths The cultivars and their S-allele genotypes were as
follows: “Tonda di Giffon1” (S,S;). ‘Barcelona’ (S, S.). ‘Butler’ (S,S;),
‘Gasaway’ (S,;S,4). "Hall's Giant’ (S5S| ), and "Negret' {5,,5,,). S-
allele designations are from Mehlenbacher and Thompson (1988), or
S.A. Mehlenbacher, Department of Horticulture, Oregon State Uni-
versity (personal communication). These clones were chosen to repre-
sent a diversity of S-alleles and geographic origins, including Eng-
land. Italy, Spain and the USA.

DNA was also extracted from three field-grown, self-incompatible
mbred lines of broccoli (B. oleracea var. italica 161, 179 and 240-S-24),
and from tobacco (Nicoriana tabacum “Maryland Mammoth’) grow-
ing in a greenhouse. The S-genotypes of the broccoli lines were
unknown.

DNA extraction

A procedure based loosely on that of Radetzky (1990) was developed
for use on hazelnut. Leaves (fresh, or previously frozen i liquid
nitrogen and stored at —80°C) were ground to a fine powder in liquid
nitrogen in a mortar. The powder was added to pre-heated (65°C)
2 x CTAB buffer (100 mM Tris-HCl pH 8.0, 20 mM EDTA, 1.4 M
NaCl, 2% CTAB. 1% B-mercaptoethanol) at a rato of 10 ml-g™*
FWt of leaf in a 50-ml polypropylene centrifuge tube. The contents
were promptly mixed, then homogenized for 15-20 s m a Tekmar
homogenizer (Tekmar Company, Cincinnati. Ohio)

The samples were incubated for 60 mun at 65°C 1n a water bath,
then 1 vol of chloroform: 1soamyl alcohol (24.1 v:v) was added. and
the phases mixed by rapid inversion. After centrifugation at 10000 g
for 10 mun at 25°C. the aqueous phase was carefully removed and 0.5
vol of 5 M NaCl added. DNA was precipitated with 0.6 vol of cold
{—20°C) 1sopropanol.

The solution was immeditately centrifuged (10000 g. 10 min at
4°C), and the supernatant discarded. The pellet was washed with 76%0
ethanol 10 mM ammonium acetate, air-dried for approximately 3
min and resuspended overnight in 0.7 ml of TE (10 mM Txus pH 8.0.
1 mM EDTA) at 4°C. RNase A (Sigma, St. Louis. Missouri) was
added to a final concentration of from 10 to 15 units per ml, and the
samples incubated at 37°C for > 1 h.

DNA was extracted once with an equal volume of 1-1 Trns-
equilibrated phenol:chloroform isoamyl alcohol (24/1), and twice
with 24 1 chloroform :1soamyl alcohol. The phases were separated by
centrifugation for 10 min at about 14000 g after each extraction. After



the final extraction, DNA was precipitated with 0.1 vol of 3 M sodium
acetate (pH 5.2) and 1 vol of cold isopropanol. After centrifugation as
before. the pellet was rinsed with cold 80% ethanol and drained. To
rid the pellet of remaining ethanol, it was air-dried or left uncovered at
37°C for 1520 min (Lodhi et al. 1994). The DNA was re-suspended
m an appropriate volume of TE (usually 100 pl) overnightat4°C. and
stored at 4°C or —20°C.

The same procedure was used to isolate DNA from the herba-
ceous species. except that the homogenization step was ormitted, and
the ininal precipitation of DNA from the ageuous phase was satisfac-
tory with 1 vol of cold 1sopropanol alone.

Bacterial transformation, genomic DNA digests and
Southern blotting

The pBOSS plasnud. provided by Dr. June Nasrallah of Cornell
University, contained a partial cDNA for SLG from the B. oleracea
allele S¢ (SLG,). This cDNA lacks only the portion encoding the
extreme N-terminal end of the signal peptide. Standard protocols
were used for bacterial transformation and gel-purification of the
serts (Sambrook et al. 1989).

Hazelnut {about 20 pg) or Brassica (about 10 pg) genomic DNA
was digested with either HindIIl. EcoRI or BamHI (New England
Biolabs. Beverly, Mass.) and electrophoresed through a 0.8%% agarose
gel using TAE buffer (Sambrook et al. 1989) at 120V, or 25V for
overnight runs. DNA was blotted onto a Zetaprobe GT nylon
membrane (Biorad, Hercules, Calif.), as described by Sambrook et al.
(1989). Restriction enzyme-digested tobacco DNA or sheared, diges-
ted salmon-sperm DNA were included as negative controls.

Blots were probed separately with the 1 2-kb B. oleracea SLG,
c¢DNA or PCR-amplified fragments thereof. or a soybean rRINA gene.
At least two blots were tested with each probe. Approximately 50 ng
of the desired DNA fragment was radiolabelled with 50 pCi of [o-
“P1dCTP, using the random primer labelling method {Feinberg and
Vogelstein 1983) Pre-hybridization of the blot was carried out in
0.25 M Na,HPO, (pH 7.2) and 7% SDS. The blot was hybridized
overnight at 65°C in the same solution with the labelled probe.

For low-stringency washes, the membranes were washed twice in
2 x 88C, 01% SDS for 20-30 min, once at room temperature and
once at 65°C. Under these conditions. an approximately 20-30%
mismatch would be tolerated. For blots probed with the soybean
rRNA gene, the blots were also washed successively with 1 x SSC,
0.5 x SSC, and 0.1 x SSC (all with 0.1% SDS} at 65°C for 30-60 min
each. Only a 3-4% mismatch is tolerated under these conditions.
After washing, the blots were exposed to X-ray film (Fuji RX-6CU) for
5 days at —80°C with two intensifying screens, except for the blots
probed with the IRNA gene which were left on film for 1.5 h with no
intensifving screen

Blots to be re-probed were stripped by washing twice for 20-30
min each in a large volume of 0.1 x SSC 0.5% SDS at 95°C. The
stripped blots were checked by exposing them overnight at —80°C
with an intensifying screen.

PCR conditions

The “Primers 2" computer program (Scientific and Educational
Software. State Line, Pa.) was used to choose appropriate PCR
prumer pairs for amphfying target regions of interest from the pBOSS
plasmid Primers were synthesized at the Central Services Labora-
tory, Oregon State University. The primer pawrs (Table 1) amplified
the following regions of the SLG, cDNA: a 148-bp [ragment from
nucleotides 384-532 (fragment A). a 102-bp fragment from nucleot-
ides 725-827 (fragment B), a 362-bp fragment from nucleoudes
840-1202 (fragment C) Figure 1 diagrams the relative positions of
these fragments in the mature S-locus-specific glycoprotein (SLSG)
Satisfactory yield and purity of the desired fragments were ob-
tained with 0.6 ug of template DNA and 2, 3 or 4 mM of MgCl,
(depending on the primer pair used). The 100-pl reaction volume
contained 200 pM of each ANTP and 0 75 pM of each primer, plus 2.5
units of AmpliTaq DNA polymerase in the supplied buffer. All
reagents except the primers came from Perkin-Elmer (Norwalk,
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Table 1 Sequences of PCR primers used to amplify selected portions
of the Brassica SLG gene

CAGTAACAACGACGCAAGTG
CGCTTGATGGATCATCTGAA

CCAACAACAGCATCTACTCG
GAAGACCAGAACCTGTTCCA

CCAGTGCGATACATACATAA
TAATTCCGCATATCGTCAAG

Fragment A- Forward:
Reverse.

Fragment B- Forward:
Reverse:

Fragment C-Forward:
Reverse:

signal peptide

31100 mature SLSG
[ ] 1-181 [182-26¢ 269-405 ]
80% 52% 78%
A B C

A = AA 115-165 (NT 384-532)
B= AA 229-263 (NT 725-827)
C = AA 267-388 (NT 840-1202)

Fig. 1 Diagrammatic representation of the Brassica S-locus-specific
glycoprotein (SLSG). showing amino-acid (AA) conservation of three
different regions of the protein among different S-alleles (Nasrallah
and Nasrallah 1989). The approximate positions of the protein
regions encoded by the three PCR-generated nucleotide (NT) frag-
ments used to probe DNA blots are shown below (not to scale)

Conn ). Three controls were included with each reaction' no DNA
polymerase, no primers, and no template The samples were overlaid
with mineral oil before PCR to prevent evaporation.

PCR was performed in a Thermolyne Temp-Tronic PCR ma-
chine (Barnstead-Thermolyne Corp., Dubuque. Iowa) as follows. 3
min at 94°C; 39 cycles of 1 min at 92°C plus 2 min at 35°C plus 3 min
at 72°C. After the final cycle. the samples were held for 13 minat 72°C

Results

In initial experiments, faint bands were observed after 2
days of exposure with one intensifying screen when
hazelnut genomic-DNA blots were probed with the
Brassica SLG gene, while strong signals were observed
with control Brassica DNA. To enhance detection of the
bands from hazelnut, further DNA gel-blot hybridi-
zations were carried out. using more hazelnut DNA, and
increasing the exposure time to 5 days with two inten-
sifying screens.

Figure 2 shows an example of a blot probed at low
stringency with the 1.2-kb ¢cDNA of SLG. Multiple
bands were observed in the Brassica genotypes, consist-
ent with previous reports that SLG is one member of a
multigene family (Nasrallah et al. 1985b). Bands with
the strongest hybridization in the Brassica lanes prob-
ably correspond to the SLG gene in these lines. Some
RFLPs are present among the Brassica genotypes
(Fig. 2. lanes 2, 9 and 12).

DNA from all the hazelnut cultivars hybridized to
SLG (Fig. 2, lanes 4, 6-8, 10, 11). At the stringency used,
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' o ¥ 6 = Butler
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8 = Negret
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2.0~ 10 = Barcelona

11 = Gasaway
12 = Biassica 161

Fig. 2 Blot of HindITI-digested genomic DNA probed with Brassica
SLG. Lanes were loaded with about 20 pg of hazelnut DNA or about
10 pg of Brassica, Nicotiana, or salmon-sperm DNA

the hazelnut sequence is estimated to be 70-80% similar
to that of the Brassica probe. Two bands of approxi-
mately 9.9 kb and 8.2 kb were common to ‘Hall’s Giant’
(S5S,5). ‘Butler’ (S,S;). ‘Negret’ (S,,5,,) and *Gasaway’
(S5S,). In*Gasaway’(S,S,¢) and “Barcelona’ (S, S,), the
8.2-kb fragment is more prominent. An extremely faint
band at about 4.2 kb was barely detectable in most
hazelnut cultivars. The absence of any signal in the
lambda MWt markers, salmon-sperm and tobacco
DNA (Fig. 2, lanes 1, 3, 5) confirms that the probe is
binding specifically.

To further characterize the nature of the hybridizing
DNA in hazelnut, probes to specific portions of the SLG
gene were used. The aim was to elucidate the segment of
SLG that was hybridizing to the hazelnut sequence. For
example, if the hazelnut sequence encodes a secreted
glycoprotein or a receptor serine/threonine kinase. it
may exhibit the common structural features of S-multi-
gene family members, without necessarily being the
hazelnut SI gene.

Three regions of SLG were chosen for PCR amplifica-
tion and used as probes (see diagram in Fig. 1): (1)
fragment A, coding for a portion of the N-terminal
region A (amino acids 115-1635 in the mature protein)
that is conserved among Brassica Class-I alleles; (2)
fragment B, corresponding to a short stretch of the
“hypervariable” region B (amino acids 229-263); (3)
fragment C, encoding a portion of the C-terminal region
(amino acids 267-388) spanning the 11 conserved cys-
teine residues that are the “major structural hallmark”
of all S-multigene family members (Nasrallah and Nas-
rallah 1993). Fragments A and C, but not B, were
expected to hybridize with the Brassica DNA at low
stringency.

The blot shown in Fig. 2 was probed sequentially
with fragments A, B and C. Fragment A hybridized to all
three Brassica positive controls (Fig. 3.1anes 2,9,12). No
signals appeared in any lanes with hazelnut DNA, or
with any of the negative controls. When the blot was
probed with fragment B, no hybridization was observed,
except for a very faint doublet in Brassica line 179 (data
not shown). Presumably there is sufficient homology in

12345678 9101112
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Fig.3 Same blot as Fig 2. probed with fragment A (N-terminal
fragment) of SLG
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Fig. 4 Same blot as Fig. 2. probed with fragment C (cysteine-region
fragment) of SLG

this sequence with the SLG¢ hypervariable region for the
probe to hybridize at low stringency. Probing with
fragment C, the coding region spanning the cysteine
array. likewise resulted in signals only in Brassica con-
trol lanes (Fig. 4). All three fragments therefore reacted
as expected with the Brassica controls. and none hybrid-
ized to any of the negative controls. Probing the blot
with a soybean rRNA gene demonstrated that the hazel-
nut DNA was capable of hybridizing with a conserved
gene (Fig. 5).

Fig. 5 Same blot as F1g 2, probed with soybean rRNA gene
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Discussion

The common position of bands hybridizing to SLG
among hazelnut genotypes with different S-alleles and
widely different geographic origins was very surprising.
Because hazelnut cultivars are clonally propagated and
strongly outcrossing. one would expect them to be at
least as heterozygous as the three different inbred lines of
broccoli. The positions of bands hybridizing to the SLG
probe were also common to all hazelnut cultivars when
EcoRI or BamHI was used to digest the DNA. The
hybridizing sequence in hazelnut therefore seemed to be
very conserved among genotypes. in contrast to the
abundant polymorphisms around the S-locus of Bras-
sica (Nasrallah et al. 1985b).

None of the PCR-generated probes hybridized to
DNA from any of the hazelnut genotypes. The most
likely explanation for this observation is that the hazel-
nut sequence is hybridizing to some region of SLG
outside the areas spanned by fragments A, B and C, and
either contains no sequence similarity to Brassica within
these regions. or else the sequences diverge by more than
30% at the nucleotide level. The three fragments cover
only about half of the Brassica SL.G-coding sequence.
However, fragments A and C comprise parts of two SLG
regions showing conservation among Brassica S-alleles.
Conserved regions are believed to be important for the
gene’s function, especially the cysteine array. The fact
that these appear to be absent in the hazelnut DNA that
hybridized to the SLG probe suggests that the hazelnut
DNA sequences differ from SLG in important ways.

Certain other explanations for the lack of hybridi-
zation to hazelnut DNA can be discounted from control
data. For example, it is unlikely that hybridization
signals fell below the detection limit when using shorter
probes (the fragments), because Brassica bands as faint
as those of hazelnut using SLG as a probe were detect-
able with the fragments (e.g., compare the intensity of the
three or four highest-molecular-weight bands in line 240
when probed with SLG (Fig. 2, lane 2) and with frag-
ment C (Fig. 4, lane 2)). The specific activities of the
probes were probably similar.

A weakened signal due to repeated probing is also
unlikely. Other blots, probed few or no times previously,
reacted the same way to the different fragments as the
blot shown. In addition, equally faint bands in Brassica
had not disappeared during consecutive hybridizations.
Furthermore, the blot shown here was re-probed with
SLG at the end of the experiment, and the same two
bands noted earlier in the hazelnut lanes were still easily
distinguishable.

The absence of polymorphisms in the hazelnut DNA
when probed with SLG raises the question of whether
the hazelnut sequence could be a conserved S-multigene
family member (e.g., an SLR-like molecule, another
secreted glycoprotein, or a transmembrane receptor
kinase). Such genes have been found in several plant
species (e.g., Daucus) and may be involved in intercellu-
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lar signalling (Nasrallah and Nasrallah 1993). However,
the precise arrangement of cysteines is considered to be a
distinguishing feature of the S-multigene family, so frag-
ment C should have hybridized to any such genes in
hazelnut. The cysteine region is either absent in the
SLG-hybridizing hazelnut sequence, or else it differs by
more than about 30% from the Brassica probe.

The kinase domain of SRK (clone provided by Drs. J.
Nasrallah and J. Stein of Cornell University, Ithaca,
N.Y.) hybridized weakly with the 8.2-kb band in hazel-
nut, but only in ‘Hall’s Giant’ and ‘Butler’ (Hampson
et al., unpublished data). Any kinase related to SI in
hazelnut should be present in all these cultivars, because
all are self-incompatible. Bands hybridizing to SRK in
hazelnut appeared in different positions from those
hybridizing to SLG when BamH]I was used to digest the
DNA (data not shown).

The identity and significance of the SLG-hybridizing
sequences in hazelnut DNA remain uncertain. However,
present evidence suggests that these sequences are un-
likely to be the S-gene of hazelnut. SLG was the only
probe that hybridized to all hazelnut cultivars. and it
provided a weak signal. Furthermore, the two bands
detected by SLG were at the same position in all geno-
types tested. Considering the diversity of S-alleles, in
terms of the genetic backgrounds, geographic origins
and phenotypes represented by the hazelnut cultivars,
the absence of variation is remarkable. Such conserva-
tion around a putative S-locus is even more difficult to
explainin view of work on other species with SSI or GSI,
where variability both within and around the S-locus is
high (Singh and Kao 1992; Hinata et al. 1993). The
hazelnut DNA also failed to hybridize with two regions
of SLG believed to be important to its function in SI,
including one that is an invariant structural feature
among all S-multigene family genes.

The evidence presented in this paper suggests that the
S-genes cloned from Brassica will not be useful for
exploring the mechanism of SSI in hazelnut. Further-
more, the SSI genes of Brassica and Corylus appear to
differ significantly. If the hazelnut DNA seen hybridi-
zing to SLG here is the S-gene of hazelnut, its nuclco-
tide sequence must differ substantially from that of
Brassica in two regions showing high conservation
among Brassica S-alleles. Alternatively, regions such as
the cysteine array may be entirely absent from the
hazelnut S-gene.

If the hazelnut DNA hybridizing to SLG is not the
hazelnut S-gene. the actual S-gene of hazelnut must be
sufficiently different to elude detection by Brassica S-
gene probes even at low stringency. Such differences are
consistent with the idea that the SSI genes of Brassica
and Corylus have either diverged greatly during evol-
ution, or are of independent origin.
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