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Abstract— This study was to determine the relationships 
between genetic variation and metal concentrations based on 
polluted and clean populations of Centella asiatica from the 
transplantation study through the use of Random Amplified 
Microsatellites (RAMs). The 19 primers amplified a total of 153 
reproducible bands across the 8 populations of C. asiatica used 
for a transplantation study at week 3 and week 6. For the 
transplantation study under laboratory conditions, there was a 
similar relationship found between the genetic variations and 
the metal accumulations. This indicated that the roots, leaves 
and stems of C. asiatica were able to reflect the metals pollution 
of the sampling sites.  
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I.  Introduction  
The presence of heavy metal in high concentration is a 

serious risk to ecology, which may lead to the deterioration 
of the quality the environment, and provoke humans’ health 

problems. The heavy metal pollution in soil is a major threat 
due to their persistence, toxicity, long half-lives and the 
potential of bioaccumulation [1]. The industrialization leads 
to the wide spread of heavy metals, which the uptake of 
these pollutants by consumable medicinal plants has become 
a worldwide concern, as these contaminants may be 
transferred to human through the food chain [2]. One of the 
widely taken medicinal plant in Asian countries [3] is 
Centella asiatica (family: Umbelliferae), and it is listed in 
the WHO [4] as a useful medicinal plant. 
 

The toxic effects of trace metals in different plants may 
also varies significantly [5]. The effects of trace metals on 
plant genetic variations have not yet been reported in the 
literature; therefore, it will be interesting to find out the 
relationships of trace metals and the changes in plant genetic 
structure. In this study, the RAMs technique (Randomly 
Amplified Microsatellites) was used to type genetic markers 
from very small amounts of DNA.  
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In this study, the relationships between genetic variations 
and metal concentrations on polluted and clean populations 
of C. asiatica were determined, through Random Amplified 
Microsatellites (RAMs) markers. 

II. Methodology 

A. Site Selection and Transplantation 
Study 
Four sites were selected namely UPM, Balakong, Seri 

Kembangan (SK) and Juru for the experimental study. UPM 
was selected because it is an agricultural area whereas 
Balakong, SK and Juru are known as industrial areas. The 
transplantation studies were carried out under laboratory 
conditions. Prior to transplantation, top soils from UPM, 
Balakong, SK and Juru were collected and placed into trays. 
The plants were transplanted after 3 weeks because an 
obvious effect could only be observed after 2 weeks of 
transplantation [6]. After the transplantation study, the 
samples were separated into leaves, stems and roots. The 
plant and soil samples were dried in an oven for 72 hours at 
60 ºC to obtain constant dry weights and determined for 
metals concentration. 

B. Metal Concentration Analysis 
For the determination of Al, As, Ba, Br, Ca, Ce, Co, Cr, 

Cs, Dy, Eu, Fe, Ga, Hf, K, La, Lu, Mg, Mn, Na, Ni, Rb, Sb, 
Sc, Sm, Ta, Tb, Th, Ti, U, V, Yb and Zr, instrumental 
neutron activation analysis (INAA) was used in the TRIGA 
MARK II reactor at the Agensi Nuklear Malaysia 
(NUKLEAR MALAYSIA), Bangi, Selangor (Malaysia) [7, 
8]. For Cd, Cu, Ni and Pb, atomic absorption spectroscopy 
(AAS) was utilized [9].  

C. Genetic Variation Study 
DNA was isolated from the homogenized leaves by 

disrupting the cells in Edward’s Solution. The modified 

extraction method was performed according to the protocol 
described by Barker et al. [10]. The primers selected in this 
study were obtained from Pasqualone et al. [11], Leroy [12], 
Lalhruaitluanga & Prasad [13], Baloch et al. [14] and Lee et 
al. [15]. PCR was performed according to the Fermentas 
Life Sciences protocol. PCR Amplified products was 
separated by electrophoresis on a 2% agarose gel. Ethidium 
bromide staining was conducted to detect the bands on the 
agarose gel.  
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For RAMs data, the amplified bands were scored for all 
individuals by using the UVIDoc software. The Software 
POPGENE version 1.31 [16] was used for the calculations 
of the number and percentage of polymorphic loci. To 
illustrate the relationship among populations, a dendrogram 
was constructed. 

III. Results and discussion 
Of the 43 primers tested, 19 primers (Table 1) which 

produced clear and distinct banding patterns were selected 
for the screening of polymorphisms in the populations of C. 
asiatica used in the transplantation study. Those primers 
amplified bands ranging in molecular weights from 100 bp 
to 700 bp. The 19 primers amplified a total of 153 
reproducible bands across the 8 populations of C. asiatica 
used in transplantation study at week 3 and week 6. 
 

Table 1 The primers code and their sequences that were 
used in the RAMs study 

No primer 
code 

Sequence Annealing 
Temperature °C 

1 UBC 807 5’ AGA GAG AGA 

GAG AGA GT 3’ 
54.8 

2 UBC 822 5’ TCT CTC TCT 

CTC TCT CA 3’ 
54.8 

3 UBC 810 5’ GAG AGA GAG 

AGA GAG AT 3’ 
54.8 

4 UBC 825 5’ ACA CAC ACA 

CAC ACA CT 3’ 
54.8 

5 UBC 811 5’ GAG AGA GAG 

AGA GAG AC 3’ 
57.2 

6 UBC 808 5’ AGA GAG AGA 

GAG AGA GC 3’ 
57.2 

7 UBC 840 5’ GAG AGA GAG 

AGA GAG AYT3’ 
56.5 

8 UBC 856 5’ ACA CAC ACA 

CAC ACA CYA 3’ 
56.5 

9 UBC873 5’ GAT AGA TAG 

ATA GAT A 3’ 
43.9 

10 NSSR 3 5’ CAG CAG CAG 

CAG CAG 3’ 
58.9 

11 UBC 857 5’ ACA CAC ACA 

CAC ACA CYG 3’ 
58.8 

12 UBC 843 5’ CTC TCT CTC 

TCT CTC TRC 3’ 
58.8 

13 UBC 818 5’ CAC ACA CAC 

ACA CAC AG 3’ 
57.2 

14 UBC 820 5’ GTG TGT GTG 
TGT GTG TC 3’ 

57.2 

15 UBC 827 5’ ACA CAC ACA 

CAC ACA CG 3’ 
57.2 

16 ISSR 15 5’ CCC GTC TGT 

GTG TGT 3’ 
56.2 

17 ISSR 19 5’ GGA GTC GTC 

GTC GTC 3’ 
58.9 

18 ISSR 02 5’ GAC AGA CAG 

ACA GAC 3’ 
54.2 

19 UBC 817 5’ CAC ACA CAC 

ACA CAC AA 3’ 
54.8 

Note:  Y=(A, C), D=(A, G, T), B=(C, G, T), H=(A, C, T), 
V= (A, C, G) 

In the clustering analysis for the transplantation study 
under laboratory conditions, the cluster divided the 
populations into two major groups (Figure 1). UPM week 3 
and UPM week 6 were grouped in a major cluster, whereas 
Juru week 3, Juru week 6, Balakong week 3, Balakong week 
6, SK week 3 and SK week 6 were grouped in another major 
cluster. The clustered sites showing the how close the metal 
concentration present in the all parts of C. asiatica. 
 

  
Figure 1 Hierarchical cluster analysis of C. asiatica based on 37 
trace metals concentrations (Log10 mean+1) in all parts for the 
laboratory transplantation study. 
 
The UPGMA dendrograms generated based on the distances 
derived from Dice similarity coefficients showed the highest 
distance value was between Juru week 3 and UPM week 6 
for transplantation laboratory transplantation study (Figure 
2). The cluster analysis generated based on all metal 
accumulations showed the greatest distance between UPM 
week 3 and Juru week 3 and UPM week 6 with Juru week 3.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 UPGMA dendrogram generated based on distances 
derived from the Dice similarity coefficients for C. asiatica 
population used in the laboratory transplantation study 
 

For the laboratory transplantation study, the results 
showed a correlation of metal accumulations and genetic 
variations in C. asiatica. This indicated that the roots, leaves 
and stems were able to reflect the metal pollution of the 
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sampling sites. The positive results based on the 
experimental studies under laboratory conditions revealed 
that metal accumulations affected the genetic variations in 
C. asiatica. 

IV. Conclusion 
The 19 primers amplified a total of 153 reproducible 

bands across the 8 populations of C. asiatica used for a 
transplantation study at week 3 and week 6. For the 
transplantation study under laboratory conditions, there was 
a similar relationship found between the genetic variations 
and the metal accumulations. This indicated that the roots, 
leaves and stems of C. asiatica were able to reflect the 
metals pollution of the sampling sites.  
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