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Abstract Thirty resynthesized Brassica napus lines with
defined S-allele constitution and the ancestral B. oleracea
and B. campestris lines were used for the analysis of S
locus glycoproteins (SLGs). The aim of this study was to
investigate (1) whether the S-specific glycoproteins of the
diploid ancestor lines were also expressed in the amphidip-
loid hybrids and (2) whether the occurrence of SLG bands
was correlated with the activity of the respective S-alleles,
which had been tested by means of diallele pollination tests
in a previous study. Stigma proteins were separated by iso-
electric focusing (IEF)-gel electrophoresis, and glycopro-
tein bands were identified by Western blotting and Con-
Alperoxidase reaction. The SLG bands of the B. campes-
tris parent could be detected in al 30 resynthesized B.
napus lines. In contrast, B. oleracea SLG bands could only
be detected in 12 resynthesized B. napus lines. Only B.
napus lines which carried the dominant B. oleracea S-al-
leles S; and S,q showed respective SLG bands in all cases.
Nine B. napus lines showed only glycoprotein bands of the
B. campestris parent, athough the biological functioning
of the B. oleracea S-alleles was demonstrated by test-polli-
nations. New SLG bands different from those of the B. ol-
eracea and B. campestris parents occurred in 16 B. napus
lines. The expression level of the SLGs in B. napus was
not correlated with the self-incompatibility phenotype, not
only in the case of recessive S-aleles (S,, S;5), but also for
dominant alleles (e.9. Si4, Ssp, Sys)-
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Introduction

Self-incompatibility (SI) has evolved in flowering plants
as a mechanism to prevent self-fertilization. In Brassica,
self-incompatibility is controlled by a single, multiallelic
S-locus which contains at least two genes, the S-locus
glycoprotein (SLG) gene and the S-locus receptor kinase
(SRK) gene (for review see Nasrallah and Nasrallah
1993). The existence of S-specific proteins in stigmas of
B. oleracea was first pointed out by Nasrallah and Wal-
lace (1967) who used immunological techniques. The
isoelectric focusing analysis of Roberts et al. (1979)
showed that mature stigmas of B. oleracea possess large
guantities of a specific glycoprotein not present during
earlier stages of development in the bud. The differential
bands were found in mature stigmas but not in young
stigmas, ovaries and styles. It was postulated that the dif-
ferential protein bands were S-allele specific. Additional
studies of Nishio and Hinata (1977, 1980), Hinata and
Nishio (1978, 1980, 1981) and Nasrallah and Nasrallah
(1984) revealed that certain glycoproteins co-segregate
with S-alleles in S-segregating populations: these glyco-
proteins, which are believed to participate in the recogni-
tion reaction between stigma and pollen, were named S-
locus glycoproteins (SLGs). DNA sequences encoding
SL Gs have been cloned and molecularly characterized in
B. oleracea by Nasrallah et a. (1985, 1987). A second
gene situated at the S-locus, the S-locus-receptor kinase
(SRK) gene, was identified and characterized by Stein et
al. (1991). Because of the presence of two transcriptional
units at the S-locus Boyes and Nasrallah (1993) suggest-
ed referring to the S-allele as the S-haplotype. Based on
sequence comparison the S-haplotypes have been
grouped into two major classes. class | includes haplo-
types high in the dominance series and exhibiting a
strong incompatibility phenotype; class Il consists of the
three recessive haplotypes S,, S;s and S; which exhibit a
weak incompatibility phenotype (Nasrallah et al. 1991).
Two other genes, homologous to the SLG gene but
not linked to the S-locus, the S-locus-related (SLR 1 and
SLR 2) genes, are also expressed in the stigma (Boyes et
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al. 1991). The function of these genes in the self-incom-
patibility response remains unclear. The fact that SLR
genes segregate independently of the S-locus indicates
that they are not a determinant of self-incompatibility
specificity. However, they may play a supporting role in
the functioning of the SLG or the SRK gene in specific
pollen recognition (Boyes et a. 1991).

Unlike natural B. napus, resynthesized B. napus de-
rived from the hybridization of self-incompatible B. olera-
cea and B. campestris is self-incompatible. In general,
both parental S-loci can contribute to the incompatibility
response. In the first part of this investigation the activity
of the S-alleles in 30 resynthesized B. napus lines was
examined by diallele test-pollinations between all resyn-
thesized B. napus having one S-alele in common and
their respective diploid ancestors (Beschorner et al.
1995). The self-incompatibility phenotype was mainly
influenced by the dominance rank of the S-aleles. B.
oleracea S-alleles high in the dominance series (e.g. Ss,
S Sy) were aways active in the resynthesized B.
napus, whereas recessive aleles (S,, S;s) lost their activ-
ity in some test combinations. The B. campestris S
aleles were active in most cases, athough two alleles
were partialy inactivated in combination with the reces-
sive B. oleracea S-allele Sg;.

In the study described here we identified the SLG
bands of the nine B. oleracea and six B. campestris pa-
rental lines and analysed the occurrence of these SLG
bands in the resynthesized B. napus lines. The aim of
this study was to investigate (1) whether the S-specific
glycoproteins of the parental lines were also expressed in
the amphidiploid hybrids and (2) whether the differential
protein bands were correlated with the results of the dial-
lele test-pollinations (Beschorner et al. 1995).

Materials and methods

Plant material

Nine Brassica oleracea lines and six B. campestris lines (in-
cluding one self-compatible line) homozygous for defined
S-aleles (Table 1) and 30 lines of resynthesized B. napus with
different S-allele combinations were used for this investigation.
Origin and taxonomy of the diploid ancestors are as per
Beschorner et al. (1995). The designation of the B. napus lines
consists of the B. oleracea code followed by the B. campestris
code (e.g. B. napus line RS 1/2 is derived from the cross B.ol.
1x B. camp. 2).

Isoelectric focusing (1EF)

Sets of 25 buds (approximately 6-10 days before anthesis) and 25
flowers just before anthesis were collected from single plants.
Stigmas and styles of buds and open flowers were dissected and
stored at —20°C. The samples were homogenized in 50 pl distilled
water. After 100 pl dichlorethane was added to the samples they
were mixed and centrifuged at 4,000 rpm for 20 min at 4°C.
Twenty-microliter aliquots of the supernatant were used for iso-
electric focusing on 0.5-mm polyacrylamide gels (gradient pH
3.5-11) at 2,000 V. Total protein patterns were observed after sil-
ver staining (Merril et al. 1981). Isoelectric points of the separated
proteins were estimated by using the Pharmacia broad pl calibra-
tion kit (Pharmacia LKB Biotech, Freiburg, Germany).

Detection of glycoproteins

Glycoprotein bands were detected by the Con-A/peroxidase reac-
tion according to Hawkes (1982) with the following modifica-
tions: the proteins separated by |IEF were electroblotted onto a
NC-membrane (Schleicher and Schuell, 0.45 pm) and treated with
25% ethanol/10% acetic acid (v/v) for 15 min. After washing (5 x
2 min) in Tris-buffered saline (TBS, 50 mM Tris-HCI, pH 7.4,
150 mM NaCl, 150 mM KCI) the membrane was washed with
boiling 2% SDS/10 mM DTT-solution (in TBS) for 2 min. This
procedure can increase the sensitivity of detecting glycoproteins
by the Con-A-peroxidase reaction (P. Wehling, personal communi-
cation). Free binding sites of the NC-membrane were blocked with
0.5% Tween 20 in TBS for 1 h. The incubation of Con A and
horseradi sh-peroxidase was done as described by Hawkes (1982).
Bound peroxidase was detected according to Endo (1972).

Table 1 S-allele status of Brassica oleracea and B. campestris
lines used for resynthesis of B. napus

Code Sadlele Classification ab
B. oleracea

B.ol. 1 S8 Dominant/-

B.ol. 4 S2 Recessive/class 1|
B.ol.5 S4 L ess dominant/-
B.ol. 7 S14 Dominant/class |
B.ol. 8 S15 Recessive/class ||
B.ol. 10 S32 Dominant/-

B.ol. 11 S45 Dominant/-

B.ol. 13 S2 Recessive/class ||
B.ol. 14 S29 Dominant/class |
B. campestris

B. camp. 2 Sa -

B. camp. 3 Sb -

B. camp. 4 Sc -

B. camp. 5 Sd -

B. camp. 6 Sef -

B. camp. 7 - Self-compatible

aAccording to Visser et a. (1982) and Thompson and Taylor (1996)
bAccording to Nasrallah et al. (1991)

RS 14/3

B.c.3

Fig. 1 Separation of stigma and style proteins from two B. cam-
pestris lines (B.c. 2, B.c. 3) and two B. napus lines carrying the
same S-aleles (RS 1/2, RS 14/3) by analytical 1EF (pH gradient
3.5-11). Gel was stained with silve nitrate. Lanes 1 and 2 Stigma
and style, respectively, of buds approximately 6—10 days before
anthesis, lanes 3 and 4 stigma and style, respectively, of flowers
just before anthesis, M = pH marker 3-10 (Pharmacia, LKB). Gly-
coproteins detected by Con-A/peroxidase labelling are marked
with an asterisk
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Fig. 2 a—e Patterns of stigma-specific proteins of B. campestris Results

lines and resynthesized B. napus lines carrying the same S-alleles.
Glycoproteins detected by Con-A/peroxidase labelling are marked
with an asterisk

Identification of S-specific glycoprotein (SLG) bands

Comparing stigma and style samples of buds and open flowers
identified protein bands specific for the mature stigma (Fig. 1).
Isoelectric points of these proteins were estimated on the silver-
stained gel with the help of pl markers. The stigma-specific glyco-
protein bands were identified after |IEF by Western blotting and
detection with Con-A/peroxidase (* in Fig. 1). Single glycoprotein
bands could be determined as being S-specific by examining dif-
ferent plants with the same S-allele constitution.

I dentification of S-specific glycoprotein bands
of B. campestris

In B. campestris, each S-allele was correlated with one
or two glycoprotein bands detectable only in the ma-
ture stigma. In Fig. 2a S-specific glycoprotein bands
are indicated with the symbol of the respective S-al-
lele. Plants homozygous for the alleles S, and S;, se-
lected from the F, progeny of the F; hybrid cultivar
‘Tokyo King', could be differentiated through their S-
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pecific glycoprotein bands. Whereas the Sallele

showed a single band at pH 7.2, the S;-allele could be
showed two stigma-specific glycoprotein bands at

compatible cultivar ‘Yellow Sarson’ (B. camp. 7)
pH 6.85 and pH 8.7.

detected through a secondary band at pH 8.7. The self-

Fig. 3 a—e Patterns of stigma-specific proteins of B. oleracea g

lines and resynthesized B. napus lines carrying the same S-alleles.
Glycoproteins detected by Con-A/peroxidase labelling are marked

with an asterisk



Occurrence of B. campestris SLG bandsin
resynthesized B. napus

All resynthesized B. napus lines with the B. campestris
parent 2, 3, 4 or 5 showed the single S-specific glycopro-
tein band of the B. campestris parent (Fig. 2b, c). B.
napus lines with the B. campestris parent 6 (F; hybrid
cultivar ‘Tokyo King') included either the S.- or the S;-
allele homozygously. The identification of the respective
S-dleles was done by means of test pollinations (Be-
schorner et a. 1995). All lines with the S;-allele showed
the S-specific band at pH 8.7. The lines 4/6 and 11/6,
which include the S.-allele, both showed a new band at
pH 8.2 (Fig. 2d). B. napus lines which included the self-
compatible ‘Yellow Sarson’ (B. camp. 7) as B. campes-
tris parent showed both specific glycoprotein bands
unique to this parent (Fig. 2e).

S-specific glycoprotein patterns of B. oleracea and their
occurrence in the resynthesized B. napus lines

Stigma-specific glycoprotein patterns of B. oleracea
were more complex than the B. campestris ones. The S
alleles were correlated with one to seven different glyco-
protein bands which were detected only in the mature
stigma (Fig. 3a). For B. oleracea line 13, which carries
the recessive S-alele S,, no stigma glycoprotein band
could be detected, whereas B. oleracea line 4, also carry-
ing S,, showed a SLG band at pH 7.4. Only in the case
of the dominant S-alleles Sg (B.ol. 1) and S,q (B.0l. 14)
could SLG bands be found in all of the resynthesized B.
napus lines carrying the respective S-allele (Fig. 3b, €).
Nine B. napus lines showed no additional glycoprotein
band besides the B. campestris band. In 16 B. napus
lines new SLG bands that were different from those of
the B. oleracea and B. campestris parent occurred (Fig.
3b-e).

Discussion

The results of this study demonstrate that there is no cor-
relation between the occurrence of S-locus glycoproteins
and the activity of the respective S-aleles in resynthe-
sized Brassica napus. In 9 B. napus lines only glycopro-
tein bands of the B. campestris parent were detectable,
although the biological functioning of the B. oleracea S
alleles could be proved (Beschorner et al. 1995). It is
possible that a very low (not detectable) amount of S
specific glycoproteins is sufficient to reject pollen of the
same S-haplotype. The results from B. oleracea line 13,
which carries the recessive S-alele S, also supports this
hypothesis. Although no stigma glycoprotein band could
be detected in this line, it was self-incompatible and re-
jected pollen of line B.ol. 4 which aso carries the S,-
allele. As B.ol. 4 possesses a detectable SLG band, it
seems to be the different genetic backgrounds of B.ol. 13
and B.ol. 4 which lead to the differences in the expres-
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sion level of SLGs (see Beschorner et a. 1995 for taxo-
nomical details and origin). However, the self-incompat-
ibility response of both genotypes in the B. napus back-
ground was very similar (Beschorner et al. 1995). The
very low level of SLG proteins of the S,-haplotype was
demonstrated earlier by Nishio and Hinata (1980) who
were unable to detect S,-SLGs by means of isoelectric
focusing/ConA staining. Gaude et al. (1995) detected a
very low amount of SLG proteins in the stigma papillae
of S, homozygous plants and correlated this with a low
level expression of SLG transcripts. In contrast, a self-
compatible line (Sc) and the class Il S-haplotypes S; and
S,5 showed much stronger immunolabelling of SLGs and
high hybridization signals in RNA analysis. Gaude et al.
(1995) discuss their results as an indication that the SLG
gene may not play acrucial role in the self-incompatibil-
ity response or that low amounts of SLG proteins may
suffice in the case of certain S-alleles for their function
(e.g. the S, haplotype).

In resynthesized B. napus the interactions between the
two ancestral genomes lead to an even more complex sit-
uation than in the diploid species. A direct comparison
between the S-allele activity of the stigma and the occur-
rence of SLG proteins was possible in these B. napus
lines, as the self-incompatibility interactions between the
diploid parental lines and the amphidiploid hybrids were
tested in dialele test-pollinations in a previous study
(Beschorner et al. 1995). The SLG proteins of the B.
campestris parents were expressed in all cases, in con-
trast to the complex patterns of the B. oleracea SLGs in
the resynthesized B. napus lines. The newly occurring
stigma-specific glycoprotein bands in 16 B. napus lines
have to be taken into consideration in this context. New
glycoprotein bands occurring in different B. napus lines
which carry the same B. campestris S-allele (e.g. RS 4/6
and 11/6) indicate a B. campestris origin in these cases.
Further analysis would be necessary to clarify the origin
of the newly occurring bands. The 9 B. napus lines
where only the B. campestris SLGs could be detected
show that this had obviously no limiting effect on the ac-
tivity of several B. oleracea S-alleles. One example is B.
oleracea S-alele Sy, (B.ol. 10), which was fully active
in al combinations with self-incompatible B. campestris
(RS 10/2, 10/4, 10/6) athough only the B. campestris
SLG bands were detected. Only in combination with the
self-compatible B. campestris line 7 (RS 10/7) was the
S;,-allele completely inactive in the stigma and weak-
ened in the pollen (Beschorner et a. 1995).

The question that arises is just how the recognition of
the B. oleracea S-alleles on the stigma surface works in
the case of these B. napus lines which produce mainly B.
campestris SLGs and only a very low (not detectable)
amount of B. oleracea SLGs. One possihility is that al-
though the SLGs must be involved in some way in the
process of pollen rejection of the same S-haplotype, they
may not play the major role in the signalling pathway. A
mutation in the SRK gene, which led to a non-functional
protein kinase in B. napus (Goring et a. 1993), or the
absence of SRK expression in self-compatible mutants
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of B. oleracea and B. campestris (Nasrallah et al. 1994)
indicates that the SRK gene plays a key role in the rec-
ognition reaction on the stigma surface. On the other
hand, crossing experiments with self-compatible and
self-incompatible B. oleracea lines showed no SLG ex-
pression in the self-compatible line and a strong correla-
tion between the self-incompatible phenotype and the
occurrence of SLG bands in the segregating populations
(Heberer and Beschorner 1995). Therefore, it appears
that both the SL G and the SRK gene have to be function-
al to maintain the self-incompatibility system. The inter-
action between the SRK and the SLG gene products
seems to be the most important issue to clarify.
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