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INTRODUCTION

Self–incompatibility is a self–recognition and rejec-
tion mechanism controlled by S–allele to prevent self–
fertilization (de Nettancourt, 1977; Hiscock and Mclnnis, 
2003), while early–acting inbreeding depression results in 
postzygotic seed abortion and reduction due to homozy-
gote for deleterious recessive alleles (Charlesworth and 
Charlesworth, 1987; Harder and Barrett, 2006).  Since 
the both fail to set seeds in self–pollination, these two 
mechanisms have been often confounded.  A phenome-
non to reduce selfed seed number has been determined 
whether it is resulted from self–incompatibility or early–
acting inbreeding depression in some species.  Reduction 
in seed set in self–pollination of Eichhornia paniculata 
(Manicacci and Barrett, 1996) and Pseudowintera axil-
laris (Sage and Sampson, 2003) was due to self–incom-
patibility rather than inbreeding depression.  On the other 
hand, it is suggested in Medicago sativa (Brink and 
Cooper, 1939), Leavenworthia (Lloyd, 1968) and 
Erythronium grandiflorum (Rigney, 1995) that the 
reduced seed numbers in self–pollination may be an 
expression of inbreeding depression during embryo 
development.  Distinguishing self–incompatibility from 
early–acting inbreeding depression is difficult, but obser-
vation of self pollen tube behaviors is considered to be 
one of the methods to distinguish them because early–
acting inbreeding depression acts after fertilization, while 
self–incompatibility mainly acts before fertilization.

It is recently demonstrated that Lilium longiflo-
rum Thunb. shows quantitative variation of selfed seed 
setting among individuals in natural populations 
(Sakazono et al., 2008).  Incompatible (self) pollen tubes 
are arrested in the style and fertilization is failed in L. 
longiflorum regarded as a self–incompatible species 

(Ascher and Peloquin, 1968; Li and Niimi, 1995).  Self pol-
len tube behavior was, however, examined only in a few 
cultivars of the species, and it has not been observed for 
individuals from natural populations.  To clarify whether 
the factor causing quantitative variation of selfed seed 
set in L. longiflorum is due to self–incompatibility or to 
early–acting inbreeding depression, we investigated pol-
len tube behavior and seed set following artificial self–
pollination.

MATERIALS AND METHODS

Plant materials
Lilium longiflorum seedlings were established from 

more than 20 capsules each collected from six natural 
populations (Table 1) and were grown in a greenhouse 
without heating at Kyushu University.  Sakazono et al.  
(2008) examined the variation of the degree of self–
incompatibility in L. longiflorum individuals from 18 nat-
ural populations and divided them into four classes, self–
incompatibility, predominant self–incompatibility, weak 
self–incompatibility and self–compatibility by the result 
of selfed seed production.  The population which is dom-
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Table 1.	 Lilium longiflorum populations examined in this 
study

AM
TO
YR
IK
IS
IR

SC
SC
Mixed
Mixed
Mixed
Mixed

Z SC indicates a population which is dominated by self–com-
patible and weaky self–incompatible individuals and Mixed 
indicates a population which is dominated by predominant 
self–incompatible and self–incompatible individuals 
(Sakazono et al., 2008).

Amamioshima island, Ryukyu Arc.
Tokunoshima island, Ryukyu Arc.
Yoronto island, Ryukyu Arc.
Ikemajima island, Ryukyu Arc.
Ishigakijima island, Ryukyu Arc.
Iriomotejima island, Ryukyu Arc.

Population
abbreviation

Compatibility
status of 

populationZ

Locality
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inated by self–compatible and weakly self–incompatible 
individuals is defined as SC population, and that domi-
nated by self–incompatible and predominant self–incom-
patible individuals as mixed population.  Two SC popula-
tions in Amamioshima Island (AM) and Tokunoshima 
Island (TO) and four mixed populations in Yoronto 
Island (YR), Ikemajima Island (IK), Ishigakijima Island 
(IS) and Iriomotejima Island (IR) were selected in this 
study.  Proportion of self–compatible and weakly self–
incompatible individuals in the populations varies among 
populations (AM; 60.7% and 28.6%, TO; 31.8% and 
40.9%, YR; 18.9% and 21.6%, IK; 0% and 11.1%, IS; 0% 
and 3.3%, IR; 2.1% and 8.5% respectively, Sakazono et 
al., 2008).

Selfed seed production and observation of self 
pollen tube elongation

Stigmatic self pollination was conducted on one 
flower per individual three days after anthesis in the 
greenhouse from middle May to early July 2006, and 
styles with stigma were collected 120 hrs after the polli-
nation.  The styles were fixed in FAA (Ethyl alcohol 70% 
: Formaldehyde : Acetic acid = 90 : 5 : 5) and stored at 
room temperature until observation.  They were washed 
in water, followed by softening for 24 to 25 hrs in 1N 
NaOH solution at 25 °C and then washed with distilled 
water.  Pollen tubes in the softened styles were stained 
for five to six hrs with 0.1% aniline blue and observed 
with fluorescence microscopy (Nikon E800).  Number of 
individuals in each population used for the observation 
of pollen tube elongation was four to 10 (Table 2).  
Ovaries were kept on the plants after collecting styles, 
and enlarged capsules were collected about 60 days after 
pollination.  Capsules that contained at least one mature 
seed with complete embryo and endosperm were 
regarded as successfully set, and proportion of capsule 
set and total seed number were investigated.

Cut–style self pollination was also conducted on one 
flower per self–incompatible individuals from four popu-
lations (YR, IK, IS and IR) in the greenhouse from late 
May to early July 2006.  For cut–style pollination, styles 
were cut off at one cm above the ovary followed by about 
three mm longitudinal slitting in the remaining style.  
The style was covered with aluminum foil after being 
filled by self pollen into the slit.  Total seed number was 

counted according to the method for stigmatic pollina-
tion.

RESULTS

Sufficient pollen germination at the stigma and pen-
etration into the style were observed in all the individu-
als (data not shown).  Self pollen tubes were observed at 
the base of the styles in 18 individuals of the total (45%) 
(Fig. 1), and 16 of them (40%) succeeded to set seeds 
(Table 2).  Selfed seeds were obtained in all the individ-
uals of SC populations (AM and TO), while most of the 
individuals of mixed populations (YR, IK, IS and IR) 
failed to set selfed seeds.  The arrested positions of the 
self pollen tubes in the style of the individuals that failed 
to set selfed seeds varied among individuals (Fig. 1).

Half of the individuals from SC populations (AM and 
TO) produced >100 selfed seeds, but some individuals 
in the mixed populations (YR, IK and IR) also produced 

Table 2.	 Number of individuals to selfed seed set in L. longi-
florum

AM
TO
YR
IK
IS
IR

Total

  4
  6
  7
  5
  8
10
40

  0
  0
  3
  4
  8
  9
24

0
1
1
0
0
0
2

2
2
2
0
0
0
6

2
3
1
1
0
1
8

Z See Table 1.

PopulationZ

Number of
individuals
examined

Number of individuals contained
each selfed seed number

0 <10 10–100 100<

Fig. 1.	 The arrested positions of self pollen tubes in L. longiflo-
rum styles.
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Fig. 2.    Sakazono et al.

Fig. 2.	 Relationship between total number of selfed seeds and 
total number of self pollen tubes observed at the base of 
each style in L. longiflorum.
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>100 selfed seeds (Table 2).  Pollen tubes reached the 
base of the styles in five individuals of YR population, but 
there was only one individual that produced over 100 
selfed seeds.  Total number of pollen tubes that were 
observed at the base of the styles tended to correspond 
to that of selfed seeds (Fig. 2).  Pollen tubes often pro-

duced irregular callose plugs and showed abnormal mor-
phology (Fig. 3. B and C) in the individuals that failed to 
set selfed seeds or produced only a small amount of 
selfed seeds.

Most of self–incompatible individuals (94.4%) suc-
ceeded to set capsules and seeds in cut–style pollination 
(Table 3).  The total seed number varied from 2 (IK) to 
66 (IS) (data not shown).

DISCUSSION

The result that the self pollen tubes were arrested in 
the style of the individuals which failed to set selfed seeds 
(Fig. 1) agrees with the previous data obtained with the 
cultivars considered to be self–incompatible (Brierley et 
al., 1936).  Total number of pollen tubes observed at the 
base of the style tended to correspond to that of selfed 
seeds (Fig. 2).  It suggests that the decrease in selfed 
seed number in L. longiflorum is caused mainly by self–
incompatibility but not by early–acting inbreeding depres-
sion.  There were morphologically abnormal pollen tubes 
in the styles of the individuals that reduced the total seed 
number in self–pollination (Fig. 3).  This result indicates 
that the growth of the most pollen tubes are inhibited by 
self–incompatibility response, but some pollen tubes are 
allowed to penetrate into the ovary for successful fertili-
zation in the predominant and weak self–incompatible 
individuals.  Most of the self–incompatible individuals 
(94.4%) produced selfed seeds in the cut–style pollina-
tion (Table 3).  Occurrence of quantitative variation of 
self–incompatibility in L. longiflorum, therefore, might 
be reinforced due to its long style (about 10 cm).  Two 
of 18 individuals in which the self pollen tubes reached 
the base of the styles failed to set seeds.  Further obser-
vations of fertilization and embryo development are nec-
essary to clarify when the incompatibility response 
occurred in these individuals.  For example, greater 
number of ovules in Narcissus triandrus ceased their 
development following self–pollination as compared to 
cross–pollination, which resulted in a reduction of avail-
able ovules (Sage et al., 1999).

The arrested position of incompatible pollen tubes 
varies among individuals (Fig. 1), and Amaki et al. (1989) 
also confirmed the similar phenomenon in the cultivars 
of L. longiflorum ‘Hinomoto’ and ‘Georgia’.  Zhang and 
Hiratsuka (1999) reproted that the strength to inhibit 
the growth of self pollen tubes in the styles varies among 
cultivars of Japanese pear, and suggested that self–incom-
patibility may occur in different parts of the style among 
pollination combinations.  Flowers of L. longiflorum have 
a hollow style with secretory cells, and nutrients from 
stylar exudate are utilized for pollen tube elongation 
(Kroh et al., 1970).  It is suggested in L. longiflorum that 
the amount of the exudate varies among individuals, and 
it results in the variation of arrested positions of self pol-
len tubes in self–incompatible individuals.  Ichimura and 
Yamamoto (1992) observed that self pollen tube elonga-
tion was promoted when the stylar exudate was injected 
into a stylar canal of self–incompatible L. longiflorum 
‘Hinomoto’, and suggested that self–incompatibility results 

Table 3.	 Number of individuals to selfed seed set for cut–style 
pollination in self–incompatible L. longiflorum indi-
viduals

YR
IK
IS
IR

Total

  4 (100)
  2 (100)
  5 (83.3)
  6 (100)
17 (94.4)

Z See Table 1.

4
2
6
6

18

PopulationZ

Number of
individuals that set
selfed seeds (%)

Number of
individuals
examined

Fig. 3.	 Self pollen tubes of L. longiflorum in the style.  A; Normal 
pollen tubes, B; Pollen tubes producing abnormal callose 
plugs, C; Abnormal pollen tube tip.  Bars indicate 0.2 mm.
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from the insufficient supply of stylar exudate.
Both genetic and biochemical mechanisms of self–

incompatibility in L. longiflorum have not been identi-
fied, and it is unknown whether the arrested positions of 
self pollen tubes in self–incompatible individuals and the 
variation of selfed seeds number in the individuals are 
the results of the difference of S–allele or other factors.  
Mena–Ali and Stephenson (2007) found in Solanum 
carolinense that specific S–allele significantly sets more 
selfed seeds than other S–alleles.  Identification of 
S–genotype for each individual and S–genotype segrega-
tion analysis among individuals showing different degrees 
of self–incompatibility is necessary to clarify the mecha-
nism controlling the variation of self–incompatibility in 
L. longiflorum.
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