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Following hydration, pollen germinates and a tube INTRODUCTION
emerges. This pollen tube is the vegetative cell carrying 

Coordination and communication between pollen the generative cell or the two sperm cells. For seed 
and pistil is required for pollination to succeed, formation, pollen tube must grow through stigma, style 
resulting in fertilization. Stigma receives pollen grains and ultimately reach the ovule where it enters into  
through various agencies. On reception, pollen grains embryo sac to deliver male gametes in vicinity of egg. 

Continuous synthesis of a new wall at apical end allows  adhere to stigmatic surface. This adhesion is rapid, 
growth of the pollen tube tip to be oriented towards the strong and a highly selective process that ensures 
female gametophyte (Heslop-Harrison 1987).fertilization with appropriate pollen only. Illegitimate 

In flowering plants ovules are seated deep within pollen are not able to bring about fertilization as they 
the sporophytic tissue referred to ase pistil. Pollen may fail to achieve proper adhesion on stigma surface, 
grains are received at  distal end of pistil on a pad like fail to hydrate and/or to germinate. For selection or 
structure, the stigma. Here pollen germinate and pollen rejection, pollen interact through pollen coat held 
tube grows down to reach the ovary through a material with stigma through its extracellular matrix 
physically and chemically regulated process. The (ECM). Pollen released from the anther are dehydrated 
pollen tube traverses through pistil which depending on and quiescent. After adhesion of pollen to stigmatic 
the species is either lined with transmitting tissue surface, first thing that happens is their hydration as a 
(Arabidopsis, tobacco, maize) or is hollow (lily, Torenia result of which they become metabolically active. 
fournieri).Thus, hydration is a prerequisite for pollen grain 

Stigmatic papillae are bombarded with pollen grains germination and is a highly regulated process 
of both compatible and non-compatible species. (Palanivelu & Tsukamoto 2011).
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ABSTRACT

Pollen-stigma interaction plays crucial role not only for successful fertilization but also for prevention of 

inappropriate fertilization. This interaction acts as the very first check point in selection or rejection of pollen grains. 

Pollen-stigma interaction not only represent a good example of cell-cell communication but the responses coming 

from these interactions are fast. During the interaction, many genes are up-regulated or down-regulated in pollen and 

stigma and the resultant molecules facilitate this interaction. In this review, molecular and biochemical aspects of 

pollen-stigma interaction are discussed.
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However, interaction between stigmatic papilla cell and 2000). Pollen releases pollen coat proteins, oleosins, 
the pollen grain lead to recognition of compatible pollen certain enzymes and lipids (Stead et al. 1980, Elleman & 
which only are allowed to germinate (Dickinson 1995). Dickinson 1996) which interact with thin proteinaceous 
These compatibility interactions involve factors from layer on waxy cuticle of stigmatic papillae to promote 
both pollen and stigma. However mechanism underlying pollen adhesion (Stead et al. 1980, Elleman et al. 1992, 
such interactions is not fully understood so far (Iwano et 

Elleman & Dickinson 1996).
al. 2014).

In Brassica S-locus glycoprotein (SLG) and S-locus 
It is now becoming clear that from the time of pollen 

related-1 (SLR1) proteins have been implicated in 
acceptance and ultimate fertilization, there are a number 

pollen adhesion (Luu et al. 1999). Suppression of SLR1 
of complex and cooperative interactions. In cruciferous or blocking SLG or SLR1 resulted in reduced pollen 
plants, such as, Arabidopsis, compatible pollen first adhesion (Nasrallah et al. 1991, Silva et al. 2001). SLG 
adhere to papilla and form a foot before hydration and and SLR1 secreted by stigma are glycoproteins that have 
subsequent germination (Fig. 1). Pollen tube then sequence similarity to extracellular domains of large 
penetrates stigma, grows through style and after S-domain receptor kinase family (Takayama et al. 1987, 
penetrating septum in ovary reaches the ovule via the Isogai et al. 1988, Shiu & Bleecker 2003). Interestingly, 
funiculus. Once inside ovule, pollen tube bursts in during binding of both SLG and SLR1 to PCP-A1 and 
embryo sac and effects fertilization (Chapman & Goring SLR1-BP the small pollen coat proteins (PCPs) have 
2010). been proposed to mediate pollen adhesion to stigma 

(Doughty et al. 1998, Takayama et al. 2000). 

Pollen Coat Protein-Pollen coat proteins (PCPs) 

present in the exine are implicated in pollen–stigma 

recognition and subsequent pollen germination. Deep 

proteomic profiling of PCPs in maize recognized eight 

new proteins that include profilins, caleosin, Zea m2, β-

expansin-10, exopolygalacturonase, Rho GDP-

dissociation inhibitor 1, Ras-related protein Rab-2-A, 

and putative subtilase. Similarly several proteins have 

been identified from the PCPs of Arabidopsis and 

rapeseed proteins (Murphy & Ross 1996, Ross & 

Murphy 1998, Mayfield et al. 2001, Murphy 2006). 

Functional classification has revealed that these PCPs Fig. 1–Diagram of early events during pollen germination and 

pollen tube growth on  stigmatic papillae of Arabidopsis. 1. could be playing important roles in pollen–stigma signal 
An oval, desiccated pollen adhering to a stigmatic papilla. 2. A transduction, rehydration and germination initiation, or 
spherical, hydrated pollen has formed ‘Coat Foot’ between hydrolysis of stigma wall for entry of pollen tube 
pollen grain and stigmatic papilla. 3. A hydrated pollen has (Cabrillac et al. 2001, Mayfield & Preuss 2000, 
germinated. 4. Pollen tube has grown towards style. Updegraff et al. 2009, Wu et al. 2015). Detailed studies 

have shown that BcMF8 gene encoding a putative AGP 
Pollen adhesion—In Arabidopsis thaliana early stages 

protein in pollen wall plays a crucial role in modulating 
of pollen capture and adhesion to stigma involve exine 

physical nature of pollen wall and helps in maintaining 
held substances. Interestingly, mutant pollen grains with 

integrity of pollen tube wall matrix (Lin et al. 2014).
malformed exines have reduced adhesion to stigmatic 

Role of Stigma-The initial recognition of pollen by  
surface (Gaude & Dumas 1984, Zinkl et al. 1999, Zinkl stigma results in formation of vesicles (as in 
& Preuss 2000, Nishikawa et al. 2005, Dobritsa et al. Arabidopsis) or multivesicular bodies (MVBs; as in 
2009). Initial adhesive interaction between pollen and Brassica) on stigmatic papillae where compatible pollen 
stigma subsequently requires proteins and lipids from adhered. In this recognition response Exo70A1, a 
both surfaces for stronger interactions (Dickinson et al. component of exocyst complex, has been implicated 
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(Safavian & Goring 2013). Arabinogalactan proteins in weaker cer6 and cer1 mutant had reduced lipid droplets 

stigma and extensins in the style are thought to play on pollen coat and could not be hydrated by stigma. 

important role in pollen recognition and pollen tube However, co-pollination with wild type pollen restored 

elongation, respectively (Losada & Herrero 2014). hydration process (Preuss et al. 1993, Hulskamp et al. 

Secretory zone of wet stigmas (e.g., tobacco) release 1995, Wolters-Arts et al. 1998). Analysis of these 

exudates that promote pollen germination and tube mutants revealed that CER6 is needed for 

penetration of stigma (Kandasamy & Kristen 1987, biosynthethesis of long chain fatty acids while, CER1 is 

Nasrallah et al. 1991). Transgenic tobacco plants required for conversion of long chain aldehydes to 

expressing cytotoxic barnase gene attached to stigma- alkanes during wax biosynthesis (Aarts et al. 1995, 

specific promoter, STIG1 lacked stigmatic secretory Fiebig et al. 2000). It has been shown that application of 

zone and most pollen grains were unable to germinate on lipids on wild-type leaves also promoted pollen 

ablated stigma (Goldman et al. 1994). It was later shown germination and pollen tube growth (Wolters-Arts et al. 

that these stigmaless pistils lacked necessary lipids 1998). Studies with mutants have shown that in 

essential for pollen tubes to penetrate stigma (Wolters et Arabidopsis rate of hydration of pollen grain appears to 

al. 1998). Contrastingly in plants with dry stigmas (e.g. be dependent on GRP17 and EXL4 genes (Mayfield & 

Arabidopsis) lipids on pollen coat fulfill the role of Preuss 2000, Updegraff et al. 2009).

Factors affecting pollen germination-In Arabidopsis in exudates in wet stigmas and help in pollen germination, 

perhaps promoting water flow from stigma to pollen vivo pollen germination occurs within 30 min which is 
(Wolters et al. 1998, Preuss et al. 1993).  much faster than in vitro germination (  et al. 2004). 

Though stigmatic papilla receives pollen from It is now known that there are several factors stimulating 
various species but only a positive interaction between the pollen germination in different species. For example, an 
two recognizes a compatible pollen grain and materializes unidentified methanol-soluble factor in Chrysanthemum 
into a successful pollination (Dickinson 1995). Signal floral organs (Tsukamota & Matsubara 1967) and an 
molecules from compatible pollen grains seem to induce unidentified component from styles, STIL (STyle 

2+
export of Ca  from stigmatic papilla to pollen. Recent Interactor for Lycopersicum esculentum protein receptor 
studies suggest that stigmatic ACA13 (Auto-inhibited kinases) in tobacco and tomato (Wengier et al. 2010) 2+ 2+
Ca ATPase13) functions in export of Ca  to compatible significantly increased in vitro pollen germination and 
pollen tube, thus promoting successful fertilization. 

pollen tube lengths. Although flavonol was shown to 
Bioassay studies with Calcium Green in B. rapa and 

stimulate petunia pollen germination in vitro but there is 
Arabidopsis showed that fluorescence of the dye 

no conclusive proof that flavonols are indispensable 
increased on papilla cell surface only when compatible 

molecules for pollen germination or pollen tube growth 
pollen or its pollen coat was present (Iwano et al. 2014). 

(Mo et al. 1992, Pollak et al. 1995). Chemocyanin, a small 
Interestingly, S-determinant SP11/SCR of pollen 

2+ basic protein from lily stigmas, is a promising candidate prevented Ca  export to pollen cell wall thus leading to 
that may mediate initial guidance of pollen tubes (Kin et the rejection of self-pollen.
al. 2003, Dong et al. 2005). Brassinosteroids from female Hydration—A cross-pollen grain recognized as 
tissues have been shown to stimulate pollen tube growth compatible by papilla cell is supplied with water to 
in Arabidopsis (Vogler et al. 2014). Other small hydrate it and effect its germination. It appears that this 
molecules, which stimulate pollen germination and pollen recognition of compatible pollen by stigmatic papilla is 

2+
tube growth via putative Ca -permeable membrane due to presence of certain lipids in pollen coat. Strong 
channels of pollen tube include γ-aminobutyric acid cer6 mutants lack long-chain lipids in pollen coat and 
(GABA) (Ling et al. 2013, Palanivelu et al. 2003, Yu et al. fail to be hydrated by stigmatic papilla and 
2014). consequently do not germinate. However, increased 

A number of secreted peptides are implicated in environmental humidity and/or application of lipids to 
pollen-pistil interaction and guidance of pollen tube stigma restored hydration of pollen grains which 
through style (Table 1).germinated and effected fertilization. Contrastingly, 

Fiebig
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Molecular Mechanisms of Pollen Recognition— surface of stigma after discrimination of self-pollen from 
Three main molecular mechanisms of compatible pollen non-self pollen. This recognition and rejection is 
recognition have been identified: (i) Brassicaceae genetically controlled by a single S-locus, which contains 
system, (ii) Solanaceae system, and (iii) Papaveraceae three highly polymorphic genes, SRK (S-locus Receptor 
system. The self-recognition system, adopted by Kinase), SP11 (S-locus Protein 11)/SCR (S-locus 
Brassicaceae and Papaveraceae depends on a specific Cysteine Rich Protein) and SLG (S-locus glytoproteins). 
interaction between male and female S-determinants SCR/SP11 is pollen coat protein of tapetal origin whereas 
derived from the same haplotype. The non-self SRK, the stigma SI determinant, is a plasma membrane 
recognition system, found in Solanaceae, depends on spanning Receptor Kinase. Upon pollination, SP11 
non-self (different S-haplotype)-specific interaction penetrates papilla cell wall and binds to SRK in an S-
between male and female S-determinants, and male S- haplotype-specific manner. This binding induces 
determinant genes are duplicated to recognize diverse autophosphorylation of SRK, and phophorylated SRK 
non-self female S-determinants. interacts with MLPK (M-locus protein kinase) localized 

in papilla cell membrane. After subsequent signal (i) Brassicaceae System—In SI system of 
transduction, yet to be characterized, rejection of self Brassicaceae (Fig. 2), self-pollen are rejected at the 

Name Type of peptides MW of mature Expressed Plant Function
and proteins peptides and tissue

proteins (kDa)

GRP17 Oleosin, a glycine- 49 Stamen Arabidopsis Pollen hydration
rich protein with 
an oil-binding 
domain

Chemocyanin Plantacyanin, 10 Stigma Lily In vitro pollen 
(3Cys) attraction

lAT52 CRP (4 Cys, ~20 Pollen Tomato Hydration and 
glycosylated) pollen tube

growth

LeSTIG1 CRP (16 Cys) 13 Stigma Tomato Stimulate pollen 
tube growth

SCAs CRP 9 Stigma and Lily Adhesion of 
Transmitting pollen tubes to
tissue transmitting 

tissue
TTS AGP ~100 Transmitting Nicotiana Pollen tube 

(glycosylated) tissue growth

ZmEA1 EA 1-like - Synergid and  Maize Micropylar 
egg cells pollen tube 

guidance

LUREs CRP (6 cys) 9 and 10 Synergid cells Torenia Pollen tube 
fournieri attractants

*small proteins (polypeptides of ~20kDa are termed peptides) after Higashiyama (2010)

Table 1—Some peptides* and proteins involved in pollen-pistil interactions.

2016 59Pollen-Pistil interactions : Biochemical and Molecular Insights- Dantu et al.

7 Prem Kumar Dantu -Pollen-Pistil-F

Monday, November 23, 2015 4:56:22 PM



pollen occurs on stigma. SLG is not required for 
recognition of pollen. It enhances the activity of SRK 
(Shimosato et al. 2007, Watanabe et al. 2012).

olecular model of self-

incompatibility response in Solanaceae, Rosaceae, and 

Scrophulariaceae. For details see Text. In this case rejection 

of self pollen tube occurs in style. (after Takayama & Isogai Fig. 2– The diagram represents tip of a stigmatic papilla 
2005).depicting molecular model of the self-incompatibility (SI) 

response in Brassicaceae.  For details see text. (based on 

Takayama & Isogai 2005 and Watanabe et al. 2012).

(ii) Solanaceae System: In this system (Fig. 3), the 

S-locus encodes a single female and multiple male S-

determinants, designated as S-RNase and SLFs, 

respectively. The female determinant is secreted in large 

amounts into extracellular matrix of style. In a pollinated 

pistil S-RNase is incorporated into pollen tube and 

functions as cytotoxin. In cross-pollination some 

members of SLFs interact with non-self S-RNase (from 

different S-haplotype), which detoxifies S-RNase and 

pollen tube continues to grow. However, in self-

pollination none of the SLFs interacts with S-RNase and, 

therefore, pollen tube RNA is degraded causing molecular model of self-

incompatibility response in the Papaveraceae. For details see cessation of pollen tube growth.
text. (after Takayama & Isogai 2005).S-RNase mediated self-incompatibility, first 

reported in Solanaceae by Anderson et al. (1986), also 

occurs in Rosaceae and Scrophulariaceae.

(iii) Papaveraceae System- In this system (Fig. 4) 

the S-locus encodes female and male S-determinants, 

designated as PrsS (Papaver rhoeas stigma S) and PrpS 

(Papaver rhoeas pollen S), respectively (Wheeler et al. 

2009). In self-pollination the binding of self (same S-

haplotype)-specific PrsS to its cognate PrpS on pollen 
2+

 plasma induces Ca influx in shank of the pollen tube. 
2+ 

Increased Ca level induces dramatic alterations in  

organization of pollen actin cytoskeleton (Straiger & 

Franklin-Tong 2003), leading to rapid growth inhibition 

and, ultimately, programmed cell death of incompatible 

H edpollen tube (Iwano & Takayama 2012).

Fig. 3– The diagram represents a part of style with self and 

cross pollen tubes and depicts m

Fig. 4– The diagram represents tip of a stigma pollinated with 

self and cross pollen and depicts 

CONCLUSION

The pollen-stigma interaction acts as the very first 

check point in selection or rejection of pollen grains. 

Adhesion of pollen is rapid, strong and is a highly 

selective process that ensures fertilization with 

appropriate pollen only. Illegitimate pollens are not able 

to bring about fertilization as they may fail to achieve 

proper adhesion on stigma surface, fail to hydrate and/or 

germinate. For selection or rejection, pollen interacts 

through pollen coat held material with stigma through its 

extracellular matrix. Following adhesion to stigmatic 

surface pollen is hydrated which is a highly regulated 

process. ydrat , pollen germinate and a tube emerges. 
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Pollen coat proteins (PCPs) present in exine are Dickinson HG, Elleman CJ & Doughty J 2000. Pollen 

implicated in pollen–stigma recognition and subsequent coatings: chimaeric genetics and new functions. Sex.  

pollen germination. The initial recognition of pollen by Plant Repro. 12 302-309.

stigma results in formation of vesicles or multivesicular 

bodies on the stigmatic papillae where compatible Dobritsa AA, Nishikawa SI, Preuss D, Urbanczyk-

pollen adhered. It appears that this recognition of Wochniak E, Sumner LW, Hammond A, Carlson AL & 

compatible pollen by stigmatic papilla is due to presence Swanson RJ 2009. LAP3, a novel plant protein required 

of certain lipids in pollen coat. It is now known that there for pollen development, is essential for proper exine 

are several factors stimulating pollen germination in formation. Sex. Plant Repro. 22 167-177.

different species. 
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