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SUMMARY

Correlation was demonstrated between S alleles and differential stigma
proteins separated by isoelectric focusing. Taking seven S-segregating
families in B. oleracea and B. campestris, the differential proteins of individuals
were analysed, and at the same time their § genotypes were determined
from the data on pollen tube penetrations in intra-family diallel pollinations.
Self-incompatibility was controlled sporophytically by a pair of S alleles.
All but two of the differential protein bands were completely correlated with §
alleles, and all of them were prominently PAS positive. The content of an
S-correlated protein in the stigma of homozygotes was estimated to be roughly
twice as much as that in heterozygotes. Of thirteen S alleles investigated,
two being identical, seven were correlated with distinct glycoproteins; no differ-
ential proteins were detected associated with the other six. The S-correlated
glycoproteins were postulated to be the specific products of § alleles.

1. INTRODUCTION

GeNETIC studies have revealed that self-incompatibility in Cruciferae is
characterised by sporophytic control of multiple § alleles (Bateman, 1955;
Thompson, 1957; Haruta, 1962). In legitimate pollinations, pollen grains
germinate on the stigma and grow through the pectin-cellulose layer of
stigmatic papillae (Kroh, 1964). In illegitimate pollinations, pollen grains
rarely germinate on the stigma, and when they do the pollen tubes stop at
the pectin-cellulose layer (Kanno and Hinata, 1969; Dickinson and Lewis,
1973). The stigmatic surface is considered to be the recognition site between
pollen and pistils in self-incompatibility response. Presence of S-specific
antigens in stigmas was indicated by immunological methods (Nasrallah
and Wallace, 1967; Nasrallah, 1974; Sedgley, 19744, b; Kudera and
Polak, 1975) and by disc electrophoresis (Nasrallah ez a., 1970). Correlations
between three S alleles and the antigens or disc electrophoretic bands were
studied by Nasrallah et al. (1972).

It has been shown in our studies of different § homozygotes in B.
oleracea and B. campestris that stigmatic homogenates contain differential
proteins which are detected by acrylamide-gel isoelectric focusing. The
differential bands are found in mature stigmas but not in young stigmas,
ovaries, styles, leaves or seedlings. They are PAS positive and react with
concanavalin A. It has been postulated that the differential protein bands
are S-allele specific (Nishio and Hinata, 19772 and b, 1978).

The present study was undertaken to investigate the § specificity of the
differential proteins on various materials. Taking wild plants as the main
material, the segregations of § alleles and of stigmatic proteins were investi-
gated in parallel, and their relations were discussed.
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2. MATERJIALS AND METHODS

Seeds of B. oleracea L. ssp. robertiana were collected at Cabo Norfeo near
Rosas, Spain, in 1975. B. campestris L. was collected from a naturalised
population at Oguni, Yamagataken, Japan, in 1973. Selfed seeds were
obtained by bud pollination from several plants grown in a glass house in
the laboratory. Five selfed families were raised from the former species
(O-171-2, -7, -15, -18 and -23) and one from the latter (C-470-30). In
addition, one F, family (S;3-5,,) was raised by bud pollination from an F,
hybrid of oleracea homozygotes of determined S-type. The original seeds
were provided from Dr. N. P. A. van Marrewijk, Institute for Horticultural
Plant Breeding, The Netherlands. Diallel or test-cross pollination was
carried out in each family, and the pollen tube behaviour was examined on
the following day with the aid of fluorescent microscopy after aniline blue
staining (Nakanishi and Hinata, 1973). Score + + was given for crosses
in which abundant pollen tubes penetrated stigmatic tissues; score -,
where many pollen tubes penetrated while many others failed; score +,
where <20 pollen tubes penetrated a stigma; and score —, where pene-
trating tubes were absent or less than five per stigma. Observations were
generally replicated several times for each cross combination when irregular
data were obtained. From these data § genotype was inferred in every
plant of a family.

Twenty stigmas in oleracea or 25 in campestris were collected from open
flowers of each plant before anther dehiscence. The isoelectric focusing of
stigma proteins was performed by the method described in a previous paper
(Nishio and Hinata, 1978). The gels after electric focusing were immersed
in 12-5 per cent trichloroacetic acid for 1 night, and washed in 7-0 per cent
acetic acid with 4-5 changes for 1 week to remove ampholine. After this
procedure the gels were stained for 45 minutes with 0-2 per cent Coomassie
Brilliant Blue G 250 in acetic acid/ethanol/water (10 : 45 : 45), destained in
acetic acid/ethanol/water (10 :25 :65), and then stored in 7-0 per cent
acetic acid. Stained gels were scanned by a densitometer at 570 nm.
Carbohydrate localisation on the gels was detected by the periodic acid
Schiff (PAS) reaction according to Zacharius ¢f al. {1969).

3. ResuLts

All the families showed segregation in their pollen tube behaviour. The
general segregation pattern of incompatibility was explicable by the sporo-
phytic action of § alleles, and the § genotype of every plant was inferred
from the diallel pollination tables. The observed families were classified
to three cases.

(i) Families 0~171-23 and Fy S14-S,,

In these families, each \§ allele was correlated with one or more differen-
tial protein bands. An example is family O-171-23. From the diallel cross-
pollinations of 20 plants in the family, six plants were inferred to be S,S,,
two plants §,5, and 12 plants S5,5, as illustrated at the left side in fig. la.
Here §,, S, were arbitrarily used to distinguish homozygotes of two
alleles and heterozygotes. The diallel table was in accordance with sporo-
phytic co-dominance reactions of § alleles, with the exceptions of plants
nos. 5, 7 and 18 where S, was dominant over S, in stigmas.
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Presence or absence of differential bands is shown at the right side of
fig. la. Without exception, S, homozygotes had the B; band, .5, homo-
zygotes had B; and B,, and their heterozygotes and parent plant had all
three. Densitometric scans of representative gels are illustrated in fig. 1b.
All the three bands were shown to be PAS positive. These demonstrate
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Fic. l.—Data of the diallel pollinations in family, O-171-23 (fig. 1a, left) and the presence
() or absence (.) of differential bands in each plant (fig. la, right), and the densi-
tometries of the stained gels of representative plants (fig. 1b). Score + -+, abundant
pollen tubes penetrating; +, many pollen tubes penetrating but some failed; +, <20
pollen tubes penetrating; —, <5 or no pollen tubes penetrating. S-genotypes (SzSa,
SpSh, etc.) were assigned to the plants of each mating group assuming a l-locus sporo-
phytic systemm with co-dominance. * are exceptional cases where S, is dominant to
Sy in stigmas only. P denotes the parent plant vegetatively propagated.
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that the B; glycoprotein is associated with the S, allele and B, and B,
glycoproteins with the S, allele.

The area under the densitometer tracing of Coomassie Blue staining was
shown to be proportional to the amount of protein (Fazekas de St Groth
et al., 1963). The peak area of a differential protein band was approximated
to a triangle and the protein content was estimated from a standard curve
which was made using bovin serum albumin. Fig. 2 shows protein contents
per 20 stigmas estimated on the bands B,, B, and B, in the family O-171-23,
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F16. 2.—Estimated protein contents of differential bands in 20 stigmas of each plant in
family O-171-23 (B,, B, and B;) and in an F, family §,,-S,, (B, and B;). Each square
represents 1 plant.

and on B, and B; in an F, family §,;3-S,,, where the bands B, and B, were
ascribed to the S, allele and corresponded to the respective bands % and g
in a previous report (Nishio and Hinata, 1977a). The band ascribed to
Sz was not examined due to a technical failure. The estimation was
replicated only once or twice in each plant according to the amount of
material available. Although the band protein content of individual plants
was variable, the average protein content of homozygotes was found to be
significantly higher than that of heterozygotes, in every band. The ratio
of the average value of homozygotes to that of heterozygotes was 2-24,
2-17, 1-70, 1-82 and 1-41 for B,, B,, B;, B, and By, respectively.
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(i) Family 0-171-7

The diallel pollination of this family indicates that all plants were self-
incompatible and that two S alleles segregated (fig. 3a). However, the
isoelectric focusing of each plant did not reveal any protein band differences
(fig. 3b). No prominent PAS positive band was found in any gel. This
indicates that the §, and S}, alleles produce amounts of proteins too small
to be detected or that they do not produce any specific proteins.
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Fic. 3.—Data of the diallel pollinations (a) and of densitometries (b) in family O-171-7.
Explanation as in fig. 1.

(i) Families 0-171-2, -5, -15, -18 and C-470-30

In these families, one or more PAS-positive bands were ascribed to one
S$ allele, but no other bands were found ascribable to the other S allele.

Family C-470-30 seems to be a similar case as regards S alleles, but
showed another glycoprotein peculiarity. We detected three differential
protein bands, Bg, B, and By in the family (fig. 4). Of the three bands, one
B; was ascribed to the S, allele. Bands Bg and B, however, segregated
independently of the § alleles. They seemed to be controlled by a pair of
allelomorphs, since no plant lacking both bands has yet been observed.
All three bands were PAS positive. So far, we have not found any other
glycoprotein ascribable to the other allele, .S,.

41/1—c
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Fic. 4.—Data of the diallel pollinations, of the differential bands (a) and of densitometries
(b) in family C-470-30. Explanation as in fig. 1.

During the investigation of family O-171-15, the band of one § allele
was thought to correspond to the band B; of the S, allele in the family
O-171-23 (fig. 1). It was ascertained from a pollination experiment that
these alleles were cross incompatible (i.e. identical).

4. DiscussION

Self-incompatibility in Brassica species is due to the inhibition of pollen
tube penetration into stigma tissues in illegitimate pollinations. The pollen
tube penetration was, therefore, examined to determine S genotypes in a
family. The sporophytic control of a pair of § alleles was generally con-
firmed, though an exceptional case in the family O-171-23 is being further
investigated.

Adding up the total § alleles of seven families, 13 were investigated since
two were thought to be identical. Glycoprotein bands completely cor-
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related with seven S alleles were found, but no protein bands ascribable to
the other six alleles have been detected so far. The differential proteins
may correspond to those which were detected by immunological techniques.
The data indicating that the differential proteins appear in mature stigmatic
tissues (Nishio and Hinata, 19774) and that the content of the differential
proteins in homozygotes was roughly twice as much as in heterozygotes
are comparable to those reported by Nasrallah (1974) and Sedgley (19745),
respectively. Nasrallah et al. (1972) studied correlations between three §
alleles and antigens or disc electrophoretic bands. One band was ascribed
to the S, allele but no detected bands were ascribed to §; and §3. Presence
of a segregating band independent of § alleles was also indicated. These
were supported by our observations with a number of § alleles.

As for the S alleles to which no detected proteins were ascribed, two
alternative possibilities should be considered. The first is that certain
glycoproteins were unable to be extracted or detected by the present
method. Cases could be imagined in which some kinds of glycoproteins
strongly bound to cell membranes, or undetectable amounts of proteins,
were enough for the actual recognition events, and so on. The other
possibility is that these S alleles do not produce any specific proteins and that
the S-correlated proteins are not essential to self-incompatibility reactions.
Although we do not support this latter alternative, it cannot be ruled out
until further studies have defined the role of the S-correlated glycoproteins
in the self-incompatibility mechanism.

All the differential protein bands were PAS positive and no other
prominently PAS-positive bands were observed in the present study. Of
these differential glycoprotein bands, two, By and B,, were not correlated
with § alleles, while all the other bands were so correlated. The proteins
differentiating § homozygotes have all been taken into account in our
previous speculations on § specificity. They may, however, include both
S-determined proteins and ones not determined by S. Only the S$-
correlated glycoproteins would then be candidates for S-specific substances.

In some cases two glycoprotein bands were ascribed to one § allele.
This may suggest a possibility that the S alleles denoted here are complex
genes as mentioned in a previous report (Nishio and Hinata, 1977a).
Another possibility is that one band is the dimer of the other. A pre-
liminary observation suggests that a specific band may be separated into
two or more fractions by SDS electrophoresis or by isoelectric focusing in the
presence of urea (unpublished). The chemical analysis of the specific
glycoproteins is now in progress, and they seem to be complex in nature.

Self-incompatibility has been widely used to obtain hybrid seeds in the
breeding of Brassica species. The identification of S alleles could be of
practical value. The analysis of the specific proteins might be expected to
help this work. For example, the identity of two § alleles in different
families was suggested by isoelectric focusing, and confirmed by pollinations.
When glass tubes of 3 mm diameter were used in isoelectric focusing, 10
stigmas per individual were enough for the identification of the specific
proteins. The present limitation is that no specific proteins have found
corresponding to some § alleles.
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