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Self-incompatibility (SI) is a genetic mechanism that exists in flowering plants to
prevent a plant from being pollinated by its own pollen and to promote cross-pollination.
Gametophytic SI (GSI) has been extensively studied and classified as an S-RNase model
and a compartmentalization model for their different responding processes.

Polyamines (PAs) are low-molecular-weight aliphatic polycations existing in all living
organisms and participating in various cellular regulations. Three types of PAs exist in
plant cells: free, perchloric-acid (PCA)-soluble and PCA-insoluble. Since PAs affect
pollen tube growth, they are likely to be strictly regulated as part of the plant physiology.
Loss of function or over-expression of PA synthase genes directly inhibits pollen grain
germination and pollen tube elongation. Previous studies have demonstrated that PA
contents differ after compatible and self-incompatible pollination in both Malus and
Pyrus.

‘Banpeiyu’ [Citrus maxima (Burm.) Merr.] and ‘Hyuganatsu’ (C. tamurana Hort. ex
Tan.) have strong GSI systems and been widely planted in southern part of Kyushu,
Japan, as commercial fruit trees. Elucidating the mechanism of SI in Citrus may lead to
methods for saving labor and therefore reducing production costs. In this study, using the
previously established Citrus mature pollen culture system and stylar crude protein
extract to simulate cross-compatible and self-incompatible response in vitro; and
investigated the relationship between PAs and SI in Citrus pollen tubes.

To investigate the relationship between PAs and SI, the content changes of putrescine
(PUT), spermidine (SPD) and spermine (SPM) in the germination of pollen tubes of
‘Banpeiyu’ and ‘Hyuganatsu’ were analyzed by HPLC, after both compatible- (C-) and
SI-like treatments. SI-like treatment increased the contents of free and PCA-insoluble
SPD. Exogenous SPD was also used to treat the pollen tubes, and morphological
alterations were observed, such as tip inflation, abnormal tip twist and content leakage,
which were consistent with that induced by SI-like treatment. Moreover, increases of
PCA-soluble and -insoluble SPD contents were detected in pollen tubes after
exogenous-SPD treatment.

Differential expression of proteins in pollen tubes after C- and SI-like treatments were
analyzed by nano-LC/MS. Fourteen and 27 proteins were identified after C- and Sl-like
treatments, respectively. Candidate genes for SI responses were identified as those
expressed at higher levels preliminarily screened by semi-quantitative PCR after C-and
SI-like treatments, including Cu/Zn superoxide dismutase (SOD), Fe SOD, Mn SOD,




genes Cu/Zn SOD, Fe SOD, Mn SOD, CAT, CYP and GPP were analyzed during C-,
Sl-like and exogenous SPD treatments by quantitative real-time PCR. The expression
levels of Cu/Zn SOD, Mn SOD, CAT, and CYP showed increases after SI-like treatment in
both ‘Banpeiyu’ and ‘Hyuganatsu’. On the other hand, exogenous SPD treatment also
increased the expression levels of Cu/Zn SOD, Mn SOD and CYP in ‘Banpeiyu’ and Cu/Zn
SOD, Mn SOD, CAT, and CYP in ‘Hyuganatsu’ and shared the variation trend with SI-like
treatments, though there were a few differences from the changes induced by SI-like
treatment.

Because of the increases in expression levels of stress-response-related genes, ROS
level changes, cytosolic calcium concentration changes and the effect of Sl-like and
exogenous SPD on actin filaments in pollen tubes were analyzed. The pollen tubes with
SI-like and exogenous SPD treatment showed increased ROS level and [Ca**]cy: contents
compared to that with C-like treatment and controls. Sl-like and exogenous SPD
treatments also induced polymerization of actin filaments, and ‘punctate foci’-like
fragments of actin filaments were observed.

PAs generally participate in a number of processes such as physiology, stress response,
reproduction and development in higher plants. The synthesis and regulation of PAs in
cells have been widely reported in plants. SI is a pattern that selectively eliminates the
unwanted gametophyte by genetic recognition in pistil-pollen interaction. The series of
alterations that occur in incompatible pollen tubes are congruous with a kind of
programmed cell death (PCD): namely, ROS burst, calcium ion influx, activation of
caspase-like protease, leakage of cytochrome c, collapse of mitochondria and
depolymerization of the cytoskeleton. In recent years, PAs have come to be understood as
potent plant compounds for their potential roles in various cellular activities. A few
researches have reported the effects of PA in the SI response. The results here suggest that
PAs not only cause the same morphological alterations as the SI-like response, but also can
result in an increase of expression levels of some Sl-related genes. SI has been thought to
be a kind of biotic stress which could trigger the stress response in pollen tubes. The
cytosolic changes aroused by exogenous SPD caused the pollen tube to undergo the same
changes observed in the SI-like response. This suggests that PA content changes might be a
key step and important factor regulating the SI response.
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