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Abstract 
 
Buckwheat (Fagopyrum esculentum Moench) is a heterostylous plant displaying heteromorphic sporophytic self-
incompatibility (SI). In order to detect proteins involved in SI, pistils from both long and short styles were isolated and 
then selfed or cross-pollinated. One-dimensional gel electrophoresis revealed that short pistils 2 h after selfing contained 
an unique 50 kDa protein. In the two-dimensional electrophoresis two distinct groups of proteins possibly involved in SI 
response were detected in the short, and one in the long pistils.  
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⎯⎯⎯⎯ 
 
Self-incompatibility (SI) is an inherited outbreeding 
mechanism, which enables plants to prevent self-
fertilization by discriminating between the self- and non-
self pollen grains. It is widely distributed among plant 
families; it has been estimated to occur in more than half 
of all angiosperm species. Two types of SI are known: 
gametophytic and sporophytic, and the latter can be 
homomorphic or heteromorphic (De Nettancourt 1997). 
Self-incompatibility is the main barrier for breeders who 
want to produce lines with selected traits, what makes 
studying on SI very warranted.  

Buckwheat (Fagopyrum esculentum Moench) is a 
heterostylous plant displaying sporophytic hetero-
morphic type of self-incompatibility. It is a distylous 
species, with long styles (pin morph) and short styles 
(thrum morph). The legitimate pollination is possible 
only between these two types. In heteromorphic sporo-
phytic SI the site of pollen tube arrest after illegitimate 

pollination may be on the stigma surface, within the 
stigma, or in the style (Dulberger 1992). In buckwheat, 
the self-pollen tubes grow till the 2/3 style length in long 
styles, while in short styles they stop growing at the 
junction between the stylar and the stigmatic tissue 
(Schoch-Bodmer 1934). 

In contrast to the morphological phenomena, data 
about the molecular mechanisms responsible for SI are 
still very scarce (De Nettancourt 1997). Recent study on 
Averrhoa carambola (Wong 1994a,b) demonstrated the 
presence of several proteins specific for stamen and style 
of both short and long morphs. Athanasiou and Shore 
(1997) reported identification of short style specific 
proteins in distylous Turnera, but their function is still 
unknown. 

In this study we have isolated buckwheat proteins 
after cross and self-pollination, and separated them by 
sodium dodecyl sulfate-polyacrylamide gel electro- 
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phoresis (SDS-PAGE) and isoelectric focusing (IEF), in 
an attempt to relate differences in morphological aspects 
of SI reaction with differences in protein profiles between 
the two styles. 

Buckwheat plants (Fagopyrum esculentum Moench 
cv. Darja) from field-collected seeds were grown in a 
greenhouse. Seeds gave rise to plants with short pistils 
and plants with long pistils. The day prior to experiments, 
all opened flowers were removed. Freshly opened flowers 
were collected the next morning and pistils were isolated 
under sterile conditions. Pistils were then selfed or cross-
pollinated and incubated in a Petri dish, containing the 
germination medium (Brewbacker and Kwack 1963). 
Pistils (30) were homogenized in 285 mM Tris pH 6.8,  
2 % sodium dodecylsulfate (SDS), 20 % glycerol, 4 %  
β-mercaptoethanol. The homogenate was then centri-
fuged for 15 min at 13 000 g, and supernatant was used 
for protein analysis. Protein concentration was 
determined by the method of Lowry et al. (1951). Two-
dimensional electrophoresis (2D PAGE) was performed 
with IEF in the first dimension and SDS-PAGE in the 
second. IEF was performed in a 4 % acrylamide gel 
containing 0.4 % ampholines, pH range 3 - 10 (O’Farell 
1975). Protein samples (0.04 cm3 containing approx.  
40 µg protein), were loaded on the tube gels, and IEF was 
carried out at 700 V for 12 h. Separation in the second 
dimension was realized on a discontinuous system 
(Laemmli 1970) using vertical slab gel of 12 % 
polyacrylamide. Molecular mass marker (Sigma-Aldrich 
Fine Chemicals, St. Louis, USA) was included in the 
electrophoresis, which was carried out under the constant 
current of 20 mA. Proteins were visualized by silver 
staining (Merill 1984). Protein separation by one-
dimensional electrophoresis was the same as described 
for the second dimensional gel electrophoresis of 2D 
PAGE (Laemmli 1970). However, after extraction, the 
supernatant was added to a buffer containing 2 % SDS,  
2 % β-mercaptoethanol, with 0.1 % bromophenol blue as 
indicator. The mixture was dipped into boiling water for 
5 min.  

With the aim to identify proteins associated with SI 
reaction, protein profiles of self and cross-pollinated short 
and long pistils 2 and 4 h after pollination were 
compared. After one-dimensional separation and silver 
staining many common proteins were visible in a range 
from 15 to 100 kDa, while the 50 kDa protein was 
detected only in short pistils 2 h after self-pollination 
(Fig. 1, lane 5). This protein was not found in the same 
pistils 4 h after self-pollination (not shown), what could 
be a consequence of its degradation, in the situation 
where irreversible inhibition of the self-pollen tubes 
occurred. The assumption that 50 kDa protein is 
specifically induced by SI reaction remains to be 
confirmed. Analysis of long self-pollinated pistils did not 
reveal any differences compared to compatible 
polinations. It was reported previously that in 
heteromorphic Linum grandiflorum, SDS-PAGE was not 

suitable to separate morphs specific proteins (Ghosh and 
Shivana 1980).  

2D PAGE of protein extracts from self and cross-
pollinated long and short pistils, 2 h after pollination 
revealed a unique group of polypeptides - 25 - 35 kDa,  
pI 4.7 - 5.5 among long pistil proteins after illegitimate 
pollination (Fig. 2A). Proteins common for both self and 
cross-pollinated (Fig. 2B) pistils were in a range of  
 

 
Fig. 1. SDS PAGE profiles of protein extracts from short and 
long styles 2 h after pollination. Lines 1 and 4 - unpollinated 
long and short pistils. Lines 2 and 5 - selfed long and short 
pistils. Lanes 3 and 6 - cross-pollinated long and short pistils. 
Arrow indicates the 50 kDa protein in lane 5. 

 
25 - 70 kDa, pI 5.5 - 6.5. In selfed short pistils two 
groups of proteins could be associated with SI reaction 
(Fig. 2C). The one was a group of proteins from  
25 - 55 kDa, pI 5.2, and another was a poorly separated 
group in a range from 35 - 65 kDa, pI 5.5. Besides, a 
group of proteins 25 - 35 kDa was also present after 
legitimate pollination (Fig. 2D), but it was less abundant. 
Quantitative differences in abundance among proteins 
 (25 - 35 kDa, pI 5.5) noticed between selfed and cross-
pollinated pistils could not be ignored, suggesting their 
involvement in SI reaction. Proteins in a range of  
25 - 70 kDa, pI 5.5 - 6.5 were common for both selfed 
and cross-pollinated pistils. 

It is clear that the proteins responsible for SI response 
in the short and in the long styles are not identical, neither 
in their abundance, nor in mass and pI values, which is in 
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agreement with morphological data obtained from 
fluorescence micrographs (Miljuš-Đukić et al. 2003). We 
can assume that some of them have functions in adhesion 
to stigma surface, or to the inhibition of pollen tube 
elongation. Athanasiou and Shore (1997) have found 
proteins specific for short style of distylous Turnera 
plants, which can be involved in SI reaction, but function  
 

 

is unknown. They suggested different SI mechanisms for 
plants with short and long styles. According to our 
results, this could be suggested for buckwheat, too. The 
complexity of heteromorphic SI in buckwheat could be 
elucidated by functional and structural characterization of 
proteins considered to be involved in SI.  

 

 
 

Fig. 2. 2D PAGE profiles of protein extracts from long (A, B) and short (C, D) pistils 2 h after illegitimate (A, C) and legitimate 
pollination (B, D). Arrows indicate groups of proteins from 25 - 35 kDa, pI 4.7 - 5.5 (A), 25 - 35 kDa, pI 5.2, and 35 - 65 kDa, pI 5.5 (C). 
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