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                    Abstract
The precisely timed process of tapetum development and its degradation involving programmed cell death is an important molecular event during anther development. Through its degeneration, the tapetum not only provides nutritive substances to the developing microspores but also contributes to the pollen wall by way of sporopollenin, which is a complex mixture of biopolymers, containing long-chain fatty acids, phenylpropanoids, phenolics and traces of carotenoids. A number of dyes and staining methods have been used to visualize tapetal structure and its components by using light microscopy techniques, but none of these methods could differentially stain and thus distinguish tapetal cells from other cell types of anther wall. While analysing progression of tapetum development in different cell types in rice anthers, we discovered a unique property of periodic acid–Schiff (PAS) stain, which upon interaction with some specific component(s) in tapetal cells and developing microspores emits fluorescence at ~620 nm. In rice anthers, the PAS-associated fluorescence could be observed initially in tapetum and developing microspores, and subsequent to degeneration of tapetum, the fluorescence was found to emanate mainly from the pollen wall. We also show that PAS-dependent fluorescence in tapetal cells is distinct from the autofluorescence resulting from pollen wall components and is also not caused by interaction of PAS with pollen starch. Henceforth, this novel fluorescence property of PAS stain could prove to be a new tool in the toolkit of developmental biologists to analyse different aspects of tapetum development and its degeneration with little more ease and specificity.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Imaging and Analysis of the Content of Callose, Pectin, and Cellulose in the Cell Wall of Arabidopsis Pollen Tubes Grown In Vitro
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A simple and versatile cell wall staining protocol to study plant reproduction
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 October 2015
                                    

                                

                                Thomas J. Musielak, Laura Schenkel, … Martin Bayer

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Anther development of maize (Zea mays) and longstamen rice (Oryza longistaminata) revealed by cryo-SEM, with foci on locular dehydration and pollen arrangement
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 February 2015
                                    

                                

                                Chih-Hua Tsou, Ping-Chin Cheng, … David B. Walden

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Abbreviations
	PAS:
	
                    Periodic acid–Schiff

                  
	PCD:
	
                    Programmed cell death

                  



References
	Ariizumi T, Toriyama K (2011) Genetic regulation of sporopollenin synthesis and pollen exine development. Annu Rev Plant Biol 62:437–460
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Blackmore S, Wortley AH, Skvarla JJ, Rowley JR (2007) Pollen wall development in flowering plants. New Phytol 174:483–498
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Castro AJ, Rejon JD, Fendri M, Zafra A, Jimenez Lopez JC, Rodriguez Garcia ML, Alche JD (2010) Taxonomical discrimination of pollen grains by using confocal laser scanning microscopy (CLSM) imaging of autofluorescence. In: Mendez A, Diaz J (eds) Microscopy: science, technology, applications and education. Formatex, Spain, pp 607–613

                    Google Scholar 
                

	de Oliveira JMS, Martins MS, Dorneles MP, de Freitas CC (2015) Starch distribution in anthers, microspores and pollen grains in Aechmea recurvata (Klotzsch.) L.B.Sm., Dyckia racinae L.B.Sm. and Tillandsia aeranthos (Loisel.) L.B.Sm. (Bromeliaceae). Acta Bot Bras 29:103–112
Article 
    
                    Google Scholar 
                

	Deveshwar P, Bovill WD, Sharma R, Able JA, Kapoor S (2011) Analysis of anther transcriptomes to identify genes contributing to meiosis and male gametophyte development in rice. BMC Plant Biol 11:78
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Diboll AG (1967) Ultraviolet microscopy distinguishes the insoluble polysaccharides from the non-polysaccharides in periodic acid-Schiff-colored biological tissues. Caryologia 20:101–105
Article 
    
                    Google Scholar 
                

	Feder N, O’Brien TP (1968) Plant microtechnique: some principles and new methods. Am J Bot 55:123–142
Article 
    
                    Google Scholar 
                

	Goldberg RB, Beals TP, Sanders PM (1993) Anther development: basic principles and practical applications. Plant Cell 5:1217–1229
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Guo JX, Liu YG (2012) Molecular control of male reproductive development and pollen fertility in rice. J Integr Plant Biol 54:967–968
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Haskins EF (1982) Toluidine blue: a simple, effective stain for plant tissues. Am Biol Teach 44:487–489
Article 
    
                    Google Scholar 
                

	Hong L, Tang D, Zhu K, Wang K, Li M, Cheng Z (2012) Somatic and reproductive cell development in rice anther is regulated by a putative glutaredoxin. Plant Cell 24:577–588
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hsieh K, Huang AHC (2007) Tapetosomes in Brassica tapetum accumulate endoplasmic reticulum-derived flavonoids and alkanes for delivery to the pollen surface. Plant Cell 19:582–596
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Jung KH, Han M-J, Lee Y-S, Kim Y-W, Hwang I, Kim M-J, Kim Y-K, Nahm BH, An G (2005) Rice Undeveloped Tapetum1 is a major regulator of early tapetum development. Plant Cell 17:2705–2722
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Jung KH, Han MJ, Lee DY, Lee YS, Schreiber L, Franke R, Faust A, Yephremov A, Saedler H, Kim YW, Hwang I, An G (2006) Wax-deficient anther1 is involved in cuticle and wax production in rice anther walls and is required for pollen development. Plant Cell 18:3015–3032
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kapoor S, Kobayashi A, Takatsuji H (2002) Silencing of the tapetum-specific zinc finger gene TAZ1 causes premature degeneration of tapetum and pollen abortion in petunia. Plant Cell 14:2353–2367
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kimura Y, Stadtman TC (1995) Glycine reductase selenoprotein A is not a glycoprotein: the positive periodic acid-Schiff reagent test is the result of peptide bond cleavage and carbonyl group generation. Proc Natl Acad Sci USA 92:2189–2193
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kurusu T, Koyano T, Hanamata S, Kubo T, Noguchi Y, Yagi C, Nagata N, Yamamoto T, Ohnishi T, Okazaki Y, Kitahata N, Ando D, Ishikawa M, Wada S, Miyao A, Hirochika H, Shimada H, Makino A, Saito K, Ishida H, Kinoshita T, Kurata N, Kuchitsu K (2014) OsATG7 is required for autophagy-dependent lipid metabolism in rice postmeiotic anther development. Autophagy 10:878–888
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Li N, Zhang DS, Liu HS, Yin CS, Li XX, Liang WQ, Yuan Z, Xu B, Chu HW, Wang J, Wen TQ, Huang H, Luo D, Ma H, Zhang DB (2006a) The rice Tapetum Degeneration Retardation gene is required for tapetum degradation and anther development. Plant Cell 18:2999–3014
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Li Z, Ohno N, Terada N, Zhou D, Yoshimura A (2006b) Application of periodic acid-Schiff fluorescence emission for immunohistochemistry of living mouse renal glomeruli by an “in vivo cryotechnique”. Arch Histol Cytol 69:147–161
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li Y, Der Fen Suen, Huang CY, Kung SY, Huang AHC (2012) The maize tapetum employs diverse mechanisms to synthesize and store proteins and flavonoids and transfer them to the pollen surface. Plant Physiol 158:1548–1561
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Liu RS, Qiu YL, Wei DM, Liu HH, Zhu XY, Tian HQ, Teixeira da Silva JA (2011) Distribution of starch and neutral lipids in the developing anthers of Ipomoea cairica. Ann Bot Fenn 48:256–262
Article 
    
                    Google Scholar 
                

	McCormick S (1993) Male gametophyte development. Plant Cell 5:1265
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Nguyen GN, Hailstones DL, Wilkes M, Sutton BG (2009) Drought-induced oxidative conditions in rice anthers leading to a programmed cell death and pollen abortion. J Agron Crop Sci 195:157–164
Article 
    CAS 
    
                    Google Scholar 
                

	Niu N, Liang W, Yang X, Jin W, Wilson ZA, Hu J, Zhang D (2012) EAT1 promotes tapetal cell death by regulating aspartic proteases during male reproductive development in rice. Nat Commun 4:1445
Article 
    
                    Google Scholar 
                

	Pacini E, Franchi GG, Hesse M (1985) The tapetum: its form, function, and possible phylogeny in Embryophyta. Plant Syst Evol 149:155–185
Article 
    
                    Google Scholar 
                

	Parish RW, Li SF (2010) Death of a tapetum: a programme of developmental altruism. Plant Sci 178:73–89
Article 
    CAS 
    
                    Google Scholar 
                

	Qin P, Bin Tu, Wang Y, Deng L, Quilichini TD, Li T, Wang H, Ma B, Li S (2012) ABCG15 encodes an ABC transporter protein, and is essential for post-meiotic anther and pollen exine development in rice. Plant Cell Physiol 54:138–154
Article 
    PubMed 
    
                    Google Scholar 
                

	Raghavan V (1988) Anther and pollen development in rice (Oryza sativa). Am J Bot 75:183–196
Article 
    
                    Google Scholar 
                

	Sanders PM, Bui AQ, Weterings K, McIntire K, Hsu YC, Lee PY, Truong MT, Beals T, Goldberg R (1999) Anther developmental defects in Arabidopsis thaliana male-sterile mutants. Sex Plant Reprod 11:297–322
Article 
    CAS 
    
                    Google Scholar 
                

	Scott R, Hodge R, Paul W, Draper J (1991) The molecular biology of anther differentiation. Plant Sci 80:167–191
Article 
    CAS 
    
                    Google Scholar 
                

	Shi J, Tan H, Yu XH, Liu Y, Liang W, Ranathunge K, Franke RB, Schreiber L, Wang Y, Kai G, Shanklin J, Ma H, Zhang D (2011) Defective Pollen Wall is required for anther and microspore development in rice and encodes a fatty acyl carrier protein reductase. Plant Cell 23:2225–2246
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Shivanna KR, Cresti M, Ciampolini F (1997) Pollen development and pollen-pistil interaction. In: Shivanna KR, Sawhney VK (eds) Pollen biotechnology for crop production and improvement. Cambridge University Press, Cambridge, pp 15–39
Chapter 
    
                    Google Scholar 
                

	Song Y, Wang J, Zhang G, Zhao X, Zhang P, Niu N, Ma S (2015) Microspore abortion and abnormal tapetal degeneration in a male-sterile wheat line induced by the chemical hybridizing agent SQ-1. Crop Sci 55:1117–1128
Article 
    CAS 
    
                    Google Scholar 
                

	Stieglitz H (1977) Role of beta-1,3-glucanase in postmeiotic microspore release. Dev Biol 57:87–97
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Thangasamy S, Guo CL, Chuang MH, Lai MH, Chen J, Jauh GY (2011) Rice SIZ1, a SUMO E3 ligase, controls spikelet fertility through regulation of anther dehiscence. New Phytol 189:869–882
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Thompson EP, Wilkins C, Demidchik V, Davies JM, Glover BJ (2010) An Arabidopsis flavonoid transporter is required for anther dehiscence and pollen development. J Exp Bot 61:439–451
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tütüncü Konyar S, Dane F (2012) Cytochemistry of pollen development in Campsis radicans (L.) Seem. (Bignoniaceae). Plant Syst Evol 299:87–95
Article 
    
                    Google Scholar 
                

	Vinckier S, Smets E (2001) The potential role of orbicules as a vector of allergens. Allergy 56:1129–1136
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Waterkeyn L, Bienfait A (1970) On a possible function of the callosic special wall in Ipomoea Purpurea (L) Roth. Grana 10:13–20
Article 
    
                    Google Scholar 
                

	Zhang D, Wilson ZA (2009) Stamen specification and anther development in rice. Chin Sci Bull 54:2342–2353
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang D, Yang L (2014) Specification of tapetum and microsporocyte cells within the anther. Curr Opin Plant Biol 17:49–55
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang Z, Niu L, Chen X, Xu X, Ru Z (2012) Improvement of plant cryosection. Front Biol 7:374–377
Article 
    
                    Google Scholar 
                

	Zhang D, Shi J, Yang X (2016) Role of lipid metabolism in plant pollen exine development. In: Nakamura Y, Yonghua LB (eds) Lipids in plant and algae development. Springer, Berlin, pp 315–337
Chapter 
    
                    Google Scholar 
                

	Zhao D (2009) Control of anther cell differentiation: a teamwork of receptor-like kinases. Sex Plant Reprod 22:221–228
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhu QH, Ramm K, Shivakkumar R, Dennis ES, Upadhyaya NM (2004) The ANTHER INDEHISCENCE1 gene encoding a single MYB domain protein is involved in anther development in rice. Plant Physiol 135:1514–1525
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgments
Mrinalini Chawla and Vibha Verma sincerely thank Council for Scientific and Industrial Research (CSIR) for Senior Research fellowships. We would like to thank Dr. A.K. Singh, IARI, New Delhi, for help in growing the plant material and Central Instrumentation Facility, University of Delhi South Campus, for confocal microscope facility. The authors gratefully acknowledge Department of Biotechnology, Government of India, DST FIST grant and University of Delhi R&D grant for financial support.


Author information
Authors and Affiliations
	Department of Plant Molecular Biology and Interdisciplinary Centre for Plant Genomics, University of Delhi South Campus, New Delhi, 110021, India
Mrinalini Chawla, Vibha Verma & Sanjay Kapoor

	University School of Biotechnology, Guru Gobind Singh Indraprastha University, Dwarka, New Delhi, 110078, India
Meenu Kapoor


Authors	Mrinalini ChawlaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Vibha VermaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Meenu KapoorView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sanjay KapoorView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sanjay Kapoor.


Electronic supplementary material

Below is the link to the electronic supplementary material.


                           
                        
Fig. S1
PAS-mediated fluorescence in Arabidopsis anther sections at S9 and S11 stages of anther development. Transverse sections of S9 and S11 stage anthers as visualized after PAS-staining under bright field with DIC optics (a, c); after PAS-staining using confocal microscope λex 488 nm λem 600-660 nm (b, d). Bar = 20 µm. Panels (e, f) show emission profiles from PAS-stained samples at λex 405 nm (e) and λex 488 nm (f), respectively (TIFF 4836 kb)


Fig. S2
PAS-mediated fluorescence in cryo-sections of rice florets at S10 and S12 stages of anther development. Transverse anther sections as visualized after PAS-staining under bright field with DIC optics (a–d); confocal microscope λex 488 nm em 600-660 nm (e–h). Bar (a–d) = 50 µm and (e–h) = 20 µm (TIFF 8402 kb)
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