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Abstract 

 

Microspore development in the apomictic mangosteen (Garcinia  mangostana L.)  

has not been exhaustively studied. The objectives of this study were to establish the  

developmental sequences and to determine whether the bursting of the tetrads/microspores at a 

time corresponding to microspore release was the factor that contributed to cause of male  

sterility.  Various sizes of flower buds were collected and investigated through combined 

anatomical observations, histochemical studies and fluorescence microscopy. The developmental 

stages were categorized as follows; early pollen mother cell, late pollen mother cell, tetrad 

microspore, early  microspore,  late microspore and anthesis. Recent studies shown that the 

vacuolated  tapetum  cells  were disintegrated  at  the  late  pollen  mother  cell stage  and  a  few 

of  them  were still presented  at  tetrad  stage,  resulting  in  a  significant  decrease  in  the  

number  of  pollen  mother  cells  and  tetrads. A  scattered  sporopollenin was deposited around 

the tetrad. A few of the released  microspores could  be seen but they did  not  develop  into  

functional  pollen  grains.  In contrast, most  tetrads  could  not  be librated and were degraded. 

The FCR test revealed that the tetrads (52.381±15.660) and microspores (21.400±4.470) were low 

viable. After  Oil  Red O  and  Sudan  IV staining, lipid stores were detected in  all parts of  the  

anther. When tested with Periodic Acid-Schiff Reaction and Iodine-Potassium Iodide staining, 

accumulation of carbohydrate was rarely detected in the anther wall layers, tapetal cells, 

sporogenous derivatives and loculi. Proteins (Ninhydrin and amido black staining) was also 

scarcely reserves. Male sterility is probably caused by the early degeneration of the tapetum 

combined with a disruption of the tetrads/microspore formation. To confirm the current  results 

and clarify some indistinct points, further studies of the sub-cellular level using analysis by 

transmission electron microscopy are still the subject of intensive research.  
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   A  = anther  
   AC                      =     (archesporial cell) 

CMS  = cytoplasmic  male  sterile) 

Cn  =     connective tissue  
En  =     endothecium  
Ep  =     epidermis) 

F  =     fibrous thickening  
FCR  =     fluorochromatic  reaction) 

FDA  =     fluorescein  diacetate) 

G  =     gynoecium  

L  =     locule  
M  =     middle layer  
MI  =     microspore  
MS  =     Murashige  and  Skoog (1962)  

PAS-Reaction  =     Periodic Acid - Schiff  Reaction)   

PCD  = (Programmed cell death) 

PMC  =     pollen mother cell  

PPC   =     primary parietal cell) 
Pt  =     petal  

SC  =     sporogenous cell) 

SG  =      (starch grain) 

Sm  =     stomium  

SPC  =     secondary parietal cell) 

St  =     septum  
T  =     tapetum  
Td  =     microspore tetrad  
TTC  =      2-3-5- triphenyle tetrazolium chloride 

TZ  =     tetrazolium salt   

12  



1 
 

1 
 

 
 

1.1   
 

sperm cells 2 

polar nuclei

apomixis  (Carneiro et al., 

2006; Poerwanto, 2007) dioecious plant

Lan, 1984; Richards, 1990; Poerwanto, 2007

Poerwanto, 2007

self pollination cross pollination
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microspore tetrad 
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1.2     
 

1.2.1    
 

Clusiaceae Garcinia)

Garcinia mangostana  L. 

35 80 species

 (Osman and Milan, 2006) 

cortex tap root system

Lan, 1984; Richard, 

1990; Osman and Milan, 2006; Yapwattanaphun et al., 2008 elliptic

ovate-oblong 9-25 

 4.5-10 

1

epidermis mesophyll
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2545 76.5±20 Downton et al., 1990  
 

  

 

Kingdom Plantae 

        Division               Magnoliophyta (flowering plant) 

                        Class             Magnoliopsida (Dicotyledon) 

                             Order                    Theales 

                                  Family             Clusiaceae 

                             Genus                    Garcinia 

                       Species                 Garcinia  mangostana  L.  
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natural hybridization wild type  

Garcinia  hombroniana  Pierre. 2n=48   Garcinia  malaccensis Hook. f. (2n=42) Osman

and Milan, 2006

1 polyploidy

2n=56-76 (Poerwanto, 2007 2n=88-96 2n=120-130 (Osman and Milan, 2006  

microsatellite analysis

tetraploid Matra et al., 2010) 

 

1  Garcinia mangostana L., G. malaccensis Hook. f.  

      G. hombroniana Pierre. ( : Osman and Milan, 2006) 

 

1.2.2  
 

5

5

4 tetrasporangiate Lan, 1984 Polygala  2 

bisporangiate Milby, 1976

 

floral meristem)  (stamen primodium) 
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cell primary 

parietal cell) (primary sporogenous cell) 

 G. mangostana L. G. malaccensis Hook. f.   G. hombroniana Pierre. 

 . .- . ., . .- . . . .- . . . .- . . 
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Ubisch bodies

orbicules tangential side

radial side

Batygina, 2002  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

5  1 2

 )

  : Goldberg et al., 1993) 

 

 

 

(1) 

(2) 

 



9 
 

 

 

 

 

 

 

 

6 
 
  
    (AC: , E: , M: , PMC: -

    , PPC: , SC: , SPC: , T: 
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7 microsporogenesis
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I prophase I

 

cytokinesis cell 

plates Albert et al., 

2011  8

I successive cytokinesis) 

II 4 -

(simultaneous cytokinesis) 

aperture pattern Ressayre et al., 2005; Albert et al., 2011)  
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 (T-shaped)  (Z-shaped)  (linear) -

(tetrahedral) 
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rhomboidal)  (tetragonal) decussate) Albert et al., 2011

fatty acids)  (phenylpropanoids) Honys et 

al., 2006
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(Owen and Makaroff, 1995) -

Li and Zang, 2010 9
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Honys et al., 2006  
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1.2.3  
 

1.2.3.1  
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Lu et al., 2003
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1.2.3.2   
 

Rudramuniyappa Annigeri 2008 Kalanchoe  morlagei

RNA

pectin methylesterase) pectate lyase) 

pectin modification

esterase

alcohol dehydrogenase Lavithis and Bhalla, 1995; Tadge and 

Kuhlemeier, pollen viability

Wang et al., ;  Ilgin et al., 2007  I kinesin-1)  

Zhou et al., 2011

(aquaporins) dehydrins)  

(esterases enzyme) acid phosphatase) (Dickinson et al., 2000; Shivanna, 

2003)  
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Paxson-Sowders et al., 2001
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Kapoor et al., 2002  
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vessicle nonbeaded strands

beaded strands Fernando and Cass, 

1994 Brassica napus 

I 

plastids I Evans et al., 1991
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pollen-stigma recognition Piffanelli et al., 1998  
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Shivanna, 2003  
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Haisheng et al., 2005  
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Cytoplasmic Male 

Sterile: CMS) 

Laser and Lersten, 1972

Shivanna, 2003

Balk and Leaver, 2001  

2 

Lee et al., 1980  

3) 
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Sheoran and Saini, 1996)  

Jewell et al., 1988  
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(Fei and Sawhney, 1999

(Izhar and Frankel, 1971; Kapoor, 2002
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tetranucleate pollen grains



16 
 

 Bonato et 

al., 2004

Schrauwen (1996) 

5 1) 

 2) -

3) 

4) 

 5)

 (Clement et al., 1998) ( 11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



17 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
11  

   ( : Clement et al., 1998) 

 

1.3    
 

1. 
 

2. 
 

3.  

4. 
 

POLY 
SACCHARIDES 



18 
 

2 

 

 

 

2.1  

 

2.1.1  

-   Insize 

-  

-  

- Petrunkewic ) 

- T- butyl alcohol series 12  ( ) 

 

2.1.2

   (SEM) 

- (Gallenkamp) 

- (Tyco/healthcare kentall paraplast plus) 

-  

-  ( ) 

-  

-  

-  

-  (Glycerin gelly) 

-  

-  

-  

- (cryostat media: Richard- ALLAN Scientific NEG-50) 

- cryostat LEICA CM 1850) 

 



19 
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2.2.1.3 
  

 

 100 (critical point drier) 

JSM-5200, JEOL 

 

2.2.1.4   

 

 

 

20

and safranin staining

15 Ruzin (1999)

2 µg/ml 7% (w/v) 5

365 Coleman and Goff, 1985 Regan and Moffatt, 1990  

 

Olympus  BX-51 DP2-BSW 15

10  

 
  

 

 

autofluorescence

Ruzin, 1999  
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5-10 (Ruzin, 1999) 

(Brown, 1969) 
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20 0.005% 

0.15 M  -

pH 6.2, 7.2, 8.2, 9.2 10.2  
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: Ruzin, 1999 One-Way ANOVA 

Dunnett T3 test 95% 
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20 4 

maturation medium) (  ) 200 

10 700 
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 : Vizintin and Bohanec, 2004)  
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0.9-1.0, 1.1-1.2, 1.3-1.4, 1.5-1.6, 1.7-1.8, 1.9-2.0  ( 16) 

0.70, 1.14, 1.34, 1.53, 

1.69, 1.67 1.63  2 -

2

6 

0.9-1.2 2) 

1.3-1.4 3) 

1.5-1.6 4)  

1.7-1.8 5) 

1.9-2.0 6)  

9-20 

basifixed) 

0.07-0.46 0.09-0.16 
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17

2  
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16 ) 0.9-1.0  ) 1.1-1.2 
  ) 1.3-1.4  ) 1.5-1.6  ) 1.7-     

     1.8   1.9-2.0  

 

2   

 

 
  

1.  0.9-1.0 0.70 ± 0.061 

 1.1-1.2 1.14 ± 0.044 

2.  1.1-1.2 
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1.14 ± 0.044 

1.34 ± 0.066 
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1.34 ± 0.066 

1.53 ± 0.099 

4.  1.5-1.7 

1.7-1.8 
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6.  - 1.63 ± 0.103 
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 *mean ± SE (SE: standard error), 95 P = 0.05  

a = Dunnett  T3 ( ) 

 

-  
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6.2 0.077  ± 0.044 a  

7.2 0.082  ± 0.070 a 

8.2 0.405  ± 0.154 a 

9.2 0.282  ± 0.123 a 

10.2 0.504  ± 0.146 a 
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1.1-1.2  

1.3-1.4 

1.5-1.6 

1.3-1.4  1.5-1.6 -

 Triticale

21  (Bennett et al., 1971) 

Petunia  24 Shivanna et al., 2003

 Leymus chinensis 5

Teng et al., 2005 (Taxus baccat) 6

 Pennell and Bell, 1987  

Petunia

3-4, 4-5  6-20 

uninucleate stage of 

microspore Kapoor et al., 2002) 2009  Jun  
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Smith, 1945
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Populus bolleana

late leptotene) 

diakinesis)   (Jun et al., 2009)

- (Laikova et al., 2005)  

Roberts, 1942; Marray et al., 2003  
 

4.2  
 

 

Batygina, 2002

TEM  

  

Ku et al., 2003 Tripathi and Singh, 

2008 (Balk and Leaver, 2001; Barrena 
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Wu and Yang, 
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 Shi et al., 2009; Shivanna et al., 2003

early mistiming dissolution)  Izhar 

and Frankel, 1971; Fei and Sawhney, 1999)

(Ariizumi and Toriyama, 2011

2.997±0.482

Chen et al., 2006

genic male-sterile Shi et al., 2009 Heilanthus annuus L.) Tripathi and 

Singh, 2007  (Jatropha curcas L.) Liu et al., 2007   

-  Dashek (2000 -

- (pH 6.2 7.2) 

- pH 8.2, 

9.2 10.2  
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 I

4 

 Albert  (2011) 

Albert et al., 2011

 

intermediate cytokinesis

Penet et al., 2007  

cell adhesion and fusion

Chen et al., 2007

Rhee  Somerville (1998)  (pectic 

polysaccharide)

Arabidopsis pectinmethyl esterase) 

 Arabidopsis qrt1 

mutant  Francis et al., 2006) 

Psamosilene tunicoides 

Qu et al., 2010  

Shivanna et al., 2003; Dong et al., 2005) 
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Ku et al., 2003

Chasan, 1992

1.485±0.194

(Ariizumi and Toriyama, 2011

Li  (2010)  cyp704B2
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Bedinger, 1992, Guan et al., 2008; Aya et al., 2009

Mepham and Lane, 

1970) 

Karl et al., 2007

autophagosome

Mizushima, 2007; Chen et al., 2009

Bialik and Kimchi, 2008

Taiz, 1992
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Shukla and Sawhney, 1993
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(Feijo and Pais, 1988) 



59 
 

Lu et al., 2003

-

Lawrence and Mayne, 

1991  

Yamada et al., 2007   

 

Chasan, 1992
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40 %  ethyl  alcohol        125.0  ml. 

Glacial  acetic  acid           27.5  ml. 

Concentrated nitric  acid       2.5  ml. 

Meruric  chloride             To saturation 

 

1 12  
 

      

1 water 

ethanol  95% 

butyl alcohol 

95  ml 

  5  ml 

  0  ml 

7 water 

ethanol  95% 

butyl alcohol 

15  ml 

50  ml 

35  ml 

2 water 

ethanol  95% 

butyl alcohol 

90  ml 

10  ml 

  0  ml 

8 water 

ethanol  95% 

butyl alcohol 

  5  ml 

40  ml 

55  ml 

3 water 

ethanol  95% 

butyl alcohol 

80  ml 

20  ml 

  0  ml 

9 water 

ethanol  95% 

butyl alcohol 

 0  ml 

25  ml 

75  ml 
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4 water 

ethanol  95% 

butyl alcohol 

70  ml 

30  ml 

  0  ml 

10 Pure butyl alcohol 

+ eosin 

 

5 water 

ethanol  95% 

butyl alcohol 

50  ml 

40  ml 

10  ml 

11 Pure butyl alcohol  

6 water 

ethanol  95% 

butyl alcohol 

30  ml 

50  ml 

20  ml 

12 butyl alcohol 

paraffin oil 

( 1:1) 

50  ml 

50  ml 

 

 

 
 

Hematoxylin & safranin O  

1. slide xylene  2  5   

2. slide absolute  ethanol : xylene  2   

3. slide absolute  ethanol  2  2   

4. slide ethanol  95%  2  2   

5. slide ethanol  70%  2  2   

6. slide  

7. 2   

8. acidulate  water  8   

9. 2   

10. lithium  carbonate 

 0.1% 2   
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11.  lithium  carbonate   2   

12. safranin  6  

13. 1-2   

14.  acidulate  water   2  

15. lithium  carbonate  0.1% 1    

16. alcohol  70%,  95%  100%  2 

2  

17. absolute  ethanol : xylene   2    

18. xylene  2  2   

19. slide  Mounting  HI-MO 

:  

 

DAPI  

1. 1    

2. 7%  sucrose   30   

3. DAPI  5   

4. Mount  glycerine  gelly 

5. UV  
:  

 

tinopal  

1. 1   

2.  0.5 M NaCl 7% sucrose  30   

3. tinopal  15   

4. UV  
  :  

 
(Oil Red O) 

1   
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1. propylene  glycol    2     

2. Oil  red  O   25     

3. propylene  glycol     1   

4.      1  

5.  30  

6. 2     2    

7. Mount  glycerin jelly  

:  

IV Sudan IV Ruzin, 1999; Brown, 1969  
1. 1  

2.  ethanol  50%  1  

3. ethanol 70%  1  

4.  IV 5-10   

5. 30   

6.  5   

7. 1  

8. Mount  glycerine  gelly 

:    

 

  

1. Deparaffinization  

2. 1 % Periodic acid  15   

3.  3  

4.  1  

5.  

6.   10   
7.  

8. 5   
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9. 1 % acid  alcohol 

10.  1-2  

11. Dehydration  alcohol-xylol series 

12. xylene 

13. Mounting  HI-MO 

: 

  

 

Ruzin, 1999  

1. 1   

2. 10   

3.  

4. Mount glycerine gelly  

: -  

 

Ninhydrin)  

1. Deparafinization 

2.   5   

3. 0.5%  ninhydrin  absolute alcohol  37  C  

 16   

4. 3   

5. slide  25   

6. 3   

7. Counterstain  hematoxylin  10   

8. Dehydrate  Graded  alcohols 

9. xylene 

10. Mounting  HI-MO 

:  
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Amido black)  ( : Regan and 

 Moffatt, 1990 ) 

1. 1   

2. amido black  30   

3. 2  

4. Mount glycerin jelly 

:  

 

Aniline Blue  

1.   Deparaffinization , rehydration 

2.    30   
3. 10  
4.  mount  

:  ( ) 

 

pollen viability test  

1. TZ analysis 2-3-5- triphenyle tetrazolium chloride (TTC-test) 

 

Colorless  soluble  tetrazolium salt    reddish insoluble 

                                                                                                       formazan 

Stock solution TTC 1% TTC  

1%  

 

Working solution (0.2-0.5% TTC ) 

stock  solution  

10-15%

1-2  

dehydrogenase 



88 
 

 

1.  

2. Working  solution 1:1 

3.  

  24  

4. 
   

 

2. Fluorochromatic Reaction (FCR-Test) 

 

 Fluorescein  diacetate (FDA solution)                                                      Fluorescein        

          (non-fluorescent)                                                                            (fluorescent) 

 
 

1.  FDA solution (2 mg/ml, solvent : acetone) 

2. Sucrose solution (15% or suitable concentration)  Calcium Nitrate 

  300 mg/ml 

3. Humidity chamber 

4. Fluorescence microscope 

 

 

1. 2-5 ml  

2. FDA  

   ( 30 ) 

3. 2  

4.  

5.  Humidity chamber   5-10   

6.  

   

 

Esterase (cytoplasm) 

hydrolyzed 
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2 MS (Murashing and Skoog, 1962) 

 

 mg/l  

                NH4NO3       1,650 

                KNO3       1,900 

                CaCl2. 2H2O     440 

                MgSO4.7H2O          370 

                KH2PO4          170 

                H3BO3            6.2 

                MnSO4.4H2O            6.9 

                ZnSO4.7H2O          6.14 

                KI          0.83 

 Na2MoO4.2H2O          0.25 

                CuSO4.5H2O        0.025 

                CoCl2.6H2O        0.025 

                Na2-EDTA        37.25 

                FeSO4.7H2O        27.85 

                Glycine            2.0 

Nicotinic acid            0.5 

                Pyridoxine-HCl            0.5 

                Thiamine-HCl            0.1 

                Sucrose      30,000 
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