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Abstract—Gamboge disorder (GD) or fruit damage by the yellow 

sap is a major problem in mangosteen. Mangosteen plants varied in 
the level of GD, from very low or non GD to low, moderate and high 
GD. However it was difficult to differentiate between GD and non 
GD plants because evaluation of the disorder is strongly influenced 
by environment. In this study we investigated the usefulness of 
primer designed from bioinformatics related to cell wall strength, 
termed as MCWS, to predict GD. Plant materials used were 28 
mangosteen plants selected based on percentage of GD categorized as 
high, moderate, low and very low or non GD. The result showed that 
the specific DNA fragments were absent in the high GD accessions. 
The MCWS marker suggests as a novel polymorphic marker for GD 
in mangosteen as well as a marker for detect variability in 
mangosteen as apomictic plant. 
 

Keywords—Bioinformatics, cell wall strength, gamboge disorder, 
mangosteen, polymorphic marker. 

I.INTRODUCTION 
ANGOSTEEN is prospective  fruit of  Indonesia as export 
commodity. Volume of fresh fruit export increases 

gradually particularly to European countries, China, Hongkong, 
and United Arab Emirates [1]. Of the total Indonesian 
mangosteen production only about 25% are eligible for export. 
One of the factors causing the low volume of mangosteen 
exports is fruit damage by yellow gummy, commonly called 
as gamboge disorder (GD). Losses caused by GD are very 
serious because the fruit with yellow gummy unfit for 
consumption or used for processed products. 

 [2] suggested that the GD is a physiological disorder which 
showed symptoms of yellow fruit aril. One of the factors 
caused of GD is suspected by the destruction of the epithelial 
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cells that surrounding the yellow latex secretory ducts. The 
rupture epithelial cell of yellow latex secretory ducts can be 
seen in the longitudinal section of the mangosteen fruit 
endocarp [3]. The turgor pressure of the cells contributed to 
the breaking pressure. Rupture occurs when the combination 
of cell turgor pressure exceeds the strength of the cell wall [4]  

This information  suggest that interaction between the cell 
wall strength  and the release of the yellow sap in  mangosteen 
fruits  is probably the most important mechanisms of gamboge 
disorder. Mangosteen trees showed differences in resistance to 
gamboge disorder both among individuals and locations. 
Percentage of gamboge disorder of individual plants ranged 
from very low (0-1%) to very high (up to 69%). Oservations at 
six locations in West Sumatra showed that  gamboge disorder 
varied from 15% to 46%  [5]. Reference [6] reported several 
trees with heavy bearing in Burma and susceptible to gamboge 
disorder. However it has remained difficult to differentiate 
between GD and non GD on the basis of the morphological 
findings. Beside that evaluation of the disorder is strongly 
influenced by environment. Previous work [5] reported that 
high rainfall contribute to the high percentage of  GD. High 
turgor pressure induced by high water absorption can directly 
destruction epithelial cells and also release yellow gummy 
from the duct. Breaking pressures above turgor pressure were 
remarkably variable among organisms [4].  

The strength of cell walls that responsible for allowing the 
persistence of GD is also the environtmental and genetic 
interaction. The mechanisms that regulate the mechanical 
strength and cell wall biosynthesis is complex and requires 
coordination of a number of metabolic pathways involving 
gene [7].  Detection of cell wall strength by specific molecular 
markers could potentially be helpful in overcome GD.  It has 
been accepted that mangosteen exhibits apomictic, where all 
sibling are believe as similar or uniform genetically. However, 
according to recent assessment using RAPD [8,9], RAF [10] , 
AFLP [11] and ISSR markers [12] and also morphological 
traits [13] showed variation that suspected as different genetic.  
Based on the existence of genetic variation in mangosteen it is 
possible to develop reliable markers to access the variation 
and to detect gamboge disorder as well. 

In order to enhance and coop with time frame to develop 
molecular markers, the marker related to cell wall strength 
was designed from NCBI sequences data base. The 
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complete cds, NM_180820.1 from Arabidopsis thaliana FRA1 
(Fragile FIBER 1); microtubule motor (FRA1) mRNA, 
complete cds, NM_124156.4 from Arabidopsis thaliana FRA1 
(Fragile FIBER 1); microtubule motor (FRA1) mRNA, 
complete cds, and AY158084.1 from Arabidopsis thaliana 
kinesin-like protein (FRA1) gene, complete cds [16], and 
XM_002510131.1from Ricinus communis Kinesin heavy 
chain, putative, mRNA [17]. The sequences were then 
analyzed using ClustalW 1.83 Genebee and the results were 
used to design a pair of reverse and forward primers 
associated with the cell wall strength termed as MCWS 
(Mangosteen Cell wall Strength). Part of multiple sequence 
alignment of five DNA sequences presented in Fig. 2. 

 
AY158083.1     

AAGGTTGCTGTTCACATCAGACCACTCATCGGCGAC
GAAAGGATTCAAGGTTGTCAAGAT 

NM_180820.1    
AAGGTTGCTGTTCACATCAGACCACTCATCGGCGAC

GAAAGGATTCAAGGTTGTCAAGAT 
NM_124156.4    

AAGGTTGCTGTTCACATCAGACCACTCATCGGCGAC
GAAAGGATTCAAGGTTGTCAAGAT 

AY158084.1     
AAGGTTGCTGTTCACATCAGACCACTCATCGGCGAC

GAAAGGATTCAAGGTTGTCAAGAT 
XM_002510131.1 

AAAGTTGCTGTTCATGTCAGACCACTCATCGGCGAT
GAACGTGCTCAAGGCTGTCAAGAT 

               ** ***********  ******************* *** *   
****** *********              

AY158083.1     
CAAGGCTACAATGCTACCGTTCTTGCTTATGGACAAA

CGGGTTCCGGTAAAACATATACA 
NM_180820.1    

CAAGGCTACAATGCTACCGTTCTTGCTTATGGACAAA
CGGGTTCCGGTAAAACATATACA 

NM_124156.4    
CAAGGCTACAATGCTACCGTTCTTGCTTATGGACAAA

CGGGTTCCGGTAAAACATATACA 
AY158084.1     

CAAGGCTACAATGCTACCGTTCTTGCTTATGGACAAA
CGGGTTCCGGTAAAACATATACA 

XM_002510131.1 
CAAGGATATAATGCGACAGTTCTTGCTTATGGTCAGA

CGGGATCAGGGAAGACGTATACA 
               ***** ** ***** ** ************** ** ***** ** 

** ** ** ****** 
AY158083.1     

ATGGGTACTGGCTGCGGAGACAGCAGCCAGACTGGT
ATCATCCCTCAAGTTATGAACGCT 

NM_180820.1    
ATGGGTACTGGCTGCGGAGACAGCAGCCAGACTGGT

ATCATCCCTCAAGTTATGAACGCT 
NM_124156.4    

ATGGGTACTGGCTGCGGAGACAGCAGCCAGACTGGT
ATCATCCCTCAAGTTATGAACGCT 

AY158084.1     
ATGGGTACTGGCTGCGGAGACAGCAGCCAGACTGGT

ATCATCCCTCAAGTTATGAACGCT 
XM_002510131.1 

ATGGGCACCGGATTTAAAGATGGTTGCCAAACAGGA
ATAATTCCTCAAGTCATGAATGTT 

               ***** ** ** *    ***  *  **** ** ** ** ** ******** 
***** * * 

AY158083.1     
CTTTTCACCAAGATAGAGACTTTGAAGCAGCAGATT

GAGTTTCAGATTCATGTTTCTTTT 
NM_180820.1    

CTTTTCACCAAGATAGAGACTTTGAAGCAGCAGATT
GAGTTTCAGATTCATGTTTCTTTT 

NM_124156.4    
CTTTTCACCAAGATAGAGACTTTGAAGCAGCAGATT

GAGTTTCAGATTCATGTTTCTTTT 
AY158084.1     

CTTTTCACCAAGATAGAGACTTTGAAGCAGCAGATT
GAGTTTCAGATTCATGTTTCTTTT 

XM_002510131.1 
TTGTACAGCAAGATTGAAACTTTAAAGCATCAAACT

GAATTCCAACTGCATGTTTCTTTC 
               * * ** ****** ** ***** ***** ** * *** ** **  * 

***********  
AY158083.1     

GGATCCTTGTACTGTTAATAAATCAGACACTAATAAC
ACTGGACATGTTGGTAAGGTAGC 

NM_180820.1    
GGATCCTTGTACTGTTAATAAATCAGACACTAATAAC

ACTGGACATGTTGGTAAGGTAGC 
NM_124156.4    

GGATCCTTGTACTGTTAATAAATCAGACACTAATAAC
ACTGGACATGTTGGTAAGGTAGC 

AY158084.1     
GGATCCTTGTACTGTTAATAAATCAGACACTAATAAC

ACTGGACATGTTGGTAAGGTAGC 
XM_002510131.1 

GGATCCGACTTCTTTGAACAAGCCAGATAC-
AGCAAA--TGGGCACACGGGAAAAGTAA- 

               ******   * ** * ** **  **** ** *  **   *** **    ** 
** ***   

AY158083.1     
ACATGTCCCTGGGAAGCCACCGATACAGATTCGAGA

AACATCCAACGGTGTTATCACACT 
NM_180820.1    

ACATGTCCCTGGGAAGCCACCGATACAGATTCGAGA
AACATCCAACGGTGTTATCACACT 

NM_124156.4    
ACATGTCCCTGGGAAGCCACCGATACAGATTCGAGA

AACATCCAACGGTGTTATCACACT 
AY158084.1     

ACATGTCCCTGGGAAGCCACCGATACAGATTCGAGA
AACATCCAACGGTGTTATCACACT 

XM_002510131.1 --
ATGTCCCTGGGAAACCACCAATACAAATTCGCGAAA

CATCAAATGGTGTCATAACACT 
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                 ************* ***** ***** ***** ******** ** 
***** ** ***** 

AY158083.1     
AGCTGGATCCACAGAAGTAAGTGTTAGTACGTTGAA

AGAGATGGCTGCTTGCCTTGACCA 
NM_180820.1    

AGCTGGATCCACAGAAGTAAGTGTTAGTACGTTGAA
AGAGATGGCTGCTTGCCTTGACCA 

NM_124156.4    
AGCTGGATCCACAGAAGTAAGTGTTAGTACGTTGAA

AGAGATGGCTGCTTGCCTTGACCA 
AY158084.1     

AGCTGGATCCACAGAAGTAAGTGTTAGTACGTTGAA
AGAGATGGCTGCTTGCCTTGACCA 

XM_002510131.1 
AGCAGGATCTACTGAAGTTAGTGTCAGTACGCTCAA

AGAAATGGCTGCTTGCTTAGAACA 
               *** ***** ** ***** ***** ****** * ***** 

************ * ** ** 
 

AY158083.1     
CACATGCCATTTTCACTATCACCGTGGAGCAAATGCG

CAAAATTAATACGGATTCTCCTG 
NM_180820.1    

CACATGCCATTTTCACTATCACCGTGGAGCAAATGCG
CAAAATTAATACGGATTCTCCTG 

NM_124156.4    
CACATGCCATTTTCACTATCACCGTGGAGCAAATGCG

CAAAATTAATACGGATTCTCCTG 
AY158084.1     

CACATGCCATTTTCACTATCACCGTGGAGCAAATGCG
CAAAATTAATACGGATTCTCCTG 

XM_002510131.1 
CGCATGCAATCTTCACCATCACACTAGAGCAAATGC

GTAAGCTTAACCCTGTATTCCCTG 
               * ***** ** ***** *****  * *********** **  ****  

* *  *  **** 
AY158083.1     

AAAACGGTGCTTACAATGGGAGCTTGAAAGAAGAAT
ATTTGTGTGCCAAGTTGCACTTAG 

NM_180820.1    
AAAACGGTGCTTACAATGGGAGCTTGAAAGAAGAAT

ATTTGTGTGCCAAGTTGCACTTAG 
MM_124156.4    

AAAACGGTGCTTACAATGGGAGCTTGAAAGAAGAAT
ATTTGTGTGCCAAGTTGCACTTAG 

AY158084.1     
AAAACGGTGCTTACAATGGGAGCTTGAAAGAAGAAT

ATTTGTGTGCCAAGTTGCACTTAG 
XM_002510131.1 

GCGACAGCAGTCCTAATGAGGGCATGAATGAAGAGT
ATCTATGTGCCAAGCTGCATTTAG 

                  ** *   *   **** * ** **** ***** *** * ********* 
**** **** 

AY158083.1     
TAGATCTTGCTGGTTCAGAACGAGCCAAAAGAACTG

GTTCAGACGGTTTGAGATTTAAGG 

NM_180820.1    
TAGATCTTGCTGGTTCAGAACGAGCCAAAAGAACTG

GTTCAGACGGTTTGAGATTTAAGG 
NM_124156.4    

TAGATCTTGCTGGTTCAGAACGAGCCAAAAGAACTG
GTTCAGACGGTTTGAGATTTAAGG 

AY158084.1     
TAGATCTTGCTGGTTCAGAACGAGCCAAAAGAACTG

GTTCAGACGGTTTGAGATTTAAGG 
XM_002510131.1 

TAGATCTTGCCGGTTCAGAGCGAGCTAAAAGAACTG
GTTCTGATGGTTTGCGTTTTAAGG 

               ********** ******** ***** ************** ** 
****** * ******* 

AY158083.1     
GCTTGGTAATGTTATCAGTGCGCTCGGTGATGAGAA

AAAGCGTAAAGATGGTGCCCATGT 
NM_180820.1    

GCTTGGTAATGTTATCAGTGCGCTCGGTGATGAGAA
AAAGCGTAAAGATGGTGCCCATGT 

NM_124156.4    
GCTTGGTAATGTTATCAGTGCGCTCGGTGATGAGAA

AAAGCGTAAAGATGGTGCCCATGT 
AY158084.1     

GCTTGGTAATGTTATCAGTGCGCTCGGTGATGAGAA
AAAGCGTAAAGATGGTGCCCATGT 

XM_002510131.1 
GCTTGGTAATGTTATTAGTGCACTTGGTGATGAAAAA

AAGCGGAAAGAAGGTGTTCACGT 
               *************** ***** ** ******** ******** 

***** ****  ** ** 
AY158083.1     -

ATTCCCTTGGTGGTAACAGCAGAACTGTGATGATAG-
---------------------- 
NM_180820.1    -

ATTCCCTTGGTGGTAACAGCAGAACTGTGATGATAG-
---------------------- 
NM_124156.4    -

ATTCCCTTGGTGGTAACAGCAGAACTGTGATGATAG-
---------------------- 

AY158084.1     
GATTCCCTTGGTGGTAACAGCAGAACTGTGATGATA

GGTAACCTGCAGTTTTCTTTTTTT 
XM_002510131.1 -

ACTCACTTGGTGGTAACAGCAAAACTGTTATGATA
G----------------------- 

                * ** **************** ****** *******              
Fig. 2 Part of multiple sequence alignment of five DNA sequences 

for cell wall strength based on ClustalW 1.83 software 
(http://www .genebee.msu.su). The underlined sequences are 

MCWS Forward and Reverse primers 

B. Polimorphysm of MCWS Primer   
The MCWS primer was amplified successfully, produced 10 

DNA bands ranged in size from 200 to 1200 bp. Amplified 
product consisting of 2 (20%) monomorphic bands and eight 
(80%) polymorphic bands (Fig. 3). This result inform that 
mangosteen shows diversity in genetic. Polymorphism and 
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