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ABSTRACT 
RAPD (random amplification of polymorphic DNA) markers have been used to elucidate genetic distinctiveness between/among 11 (selfed control 
lines and 10 true breeding M4 macro mutant lines) plant types of Andrographis paniculata (Burm. F.) Ness (Family: Acanthaceae; medicinal plant 
species with immense therapeutic uses). Out of the 30 RAPD primers, 25 reproduced a total of 240 bands of which 170 (70.83 %) were polymorphic. 
The average number of fragments amplified by RAPD markers across the plant types has been 9.6 with a range of 5 to 19 (size 190 bp to 1065 bp). 
RAPD primers studied across the plant types varied in relation to scorable fragments, polymorphism percentage (28.57 % to 90.91 %), polymorphism 
information content – PIC (0.07513 to 0.47230) and marker index – MI (3.41 to 36.34). Results obtained for Shannon diversity index - I (2.3514 to 
2.3985), genetic diversity/locus - Hep (0.904 to 0.911) and effective allele/locus – Aep (10.41 to 11.23) suggested narrow genetic base of the studied 
plant types. Band spectra analyzed by UPGMA (Unweighted Pair Group Method with Arithmetic Mean) showed 6 major clusters and a close 
relatedness between/among the plant types, which may be significant for designing efficient breeding programme towards crop improvement. Upon 
considering different genetic parameters, taken together, it seems that OPA 06, OPA 08-09, OPB 05, OPC 01-04, OPC 06 and OPC 09 are efficient 
and effective RAPD primers for molecular screening of A. paniculata germplasms. 
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INTRODUCTION 
Molecular markers independent of environment have been 
used successfully in different plant species for screening 
genotypes in a short span of time. Among them, RAPD 
(random amplification of polymorphic DNA) is simple, 
efficient, cost effective, stable and reliable for germplasm 
identification1,2 and represents available portion of the 
genome3,4. Further, RAPD is a powerful tool for assessing 
genetic diversity as well as relatedness among 
species/germplasms/hybrids including others5-7. RAPD 
markers have been used for genetic characterization of 
different plant species7-13 including germplasm accessions 
of Andrographis paniculata (Burm. F.) Ness belonging to 
the family Acanthaceae14-15. A. paniculata is commonly 
known as kalmegh (king of bitter) possessing immense 
therapeutic uses16 and is prominent in 26 Ayurvedic 
formulations as evidenced from Indian Pharmacopoeia. In 
the present investigation 11 plant types (control and 10 
true breeding macro mutant lines) of A. paniculata were 
analyzed using RAPD markers with an objective to 
ascertain distinctiveness between/among them, which 
could be significant for designing breeding strategies for 
genetic improvement. Furthermore, an attempt has been 
made to develop an effective RAPD primer based system 
for genetic assessment of A. paniculata germplasms using 
different efficiency parameters. 
 
MATERIALS AND METHODS 
Plant Material 
Seeds of Andrographis paniculata (Burm. F.) Ness 
(moisture content: 11.60 %) were obtained from 
Medicinal Plant Garden, Narendrapur Ramkrishna 
Mission, Govt. of West Bengal, India. Dry seeds of A. 
paniculata treated with different concentrations (0.25, 
0.50 and 1.00 %, for 2 and 4 hours durations) of 

ethylmethane sulphonate (EMS) and diethyl sulphate 
(dES) at 36° ± 1°C at pH 6.8 and 14 viable macromutants 
were screened from M2 (1168 plants scored) population17. 
Control and 10 true breeding macro mutant plant types 
namely, ‘lax branching’, ‘broad leaf I’ and ‘II’ (‘I’-normal 
leaf color, green 15627[3], ‘II’-dark green – jade green 
126891), ‘narrow leaf I’ and ‘II’ (‘I’-normal flowering 
range 153 to 178 days from showing; ‘II’-early flowering 
– 121 to 138 days), ‘unbranched II’ (normal flowering 
range), ‘drooping leaf I’ (stem color normal – oriental 
green 126242), ‘early maturity’, ‘dark green leaf’ (pearl 
green 113422) and ‘bushy’ were used as germplasm 
source. Selfed lines of each plant type were forwarded in 
each generation. The mutant trait(s) were monogenic 
recessive to normal17. Harvested M4 seeds of the mutants 
were used for RAPD analysis. Four macro mutants 
namely, ‘unbranched I’, ‘viridis’, ‘drooping leaf II’ and 
‘dwarf’ could not be analyzed due to paucity of seeds. 
The plant types were grown at 30 × 20 cm row to plant 
distance during the months of April to January (2008-09 
to 2012-13) in the experimental field plots of Kalyani 
University (West Bengal plain - latitude 22°50´ to 24°11´ 
N, longitude 88°09  ́ to 88°48  ́ E, altitude 9.75 m; soil – 
sandy loamy soil, soil pH 6.85). Color codes were laid 
with reference to British Atlas of Color (7th edition, 
2007). 
 
Molecular Analysis 
Total genomic DNA of 11 plant types of A. paniculata 
were isolated from 0.2 g of germinated seedlings (in each 
case), raised in Petri plates lined with moist filter papers 
(35° ± 1°C), using DNeasy Plant Mini Kit of Qiagen, 
USA. Quality and quantity of extracted DNA were 
checked subsequently by running the dissolved DNA in 
0.8 % agarose gel in comparison with standard lambda 
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DNA marker of known concentration. The DNA from 
each case was diluted to 30 ng/μl for RAPD analysis. 
 
RAPD analysis 
Ten-base 30 RAPD primers (OPA 01-10, OPB 01-10, 
OPC 01-10; Operon Technologies, Alameda, USA) were 
used for Polymerase Chain Reaction (PCR). 
Amplification reactions were performed in volumes 25 µl 
containing 2.5 µl of 10X assay buffer (100 mM Tris- HCl; 
pH 8.3, 500 mM KCl, 15 mM MgCl2), 100 mM of each 
dNTPs (dATP, dCTP, dGTP and dTTP) (MB1 Ferment 
Inc., Maryland, USA), 5 pg of RAPD primer, 1.0 unit of 
Taq DNA polymerase (Bangalore Genei, India) and 30 ng 
of template DNA. The amplification reactions were 
carried out in a DNA Thermal Cycler (Eppendorf AG, 
Hamburg, Germany) programmed for 44 cycles following 
as: 1st cycle of 5 minutes at 94°C followed by 43 cycles 
each of 1 minute at 92°C, 1 minute at 37°C, 2 minutes at 
72°C. The final step consisted of one cycle of 7 minutes 
at 72°C for complete polymerization. After completion of 
the PCR, 2.5 µl of 6X loading dye (MB1 Ferment Inc., 
Maryland, USA) was added to the amplified products and 
were electrophorized in a 1.5 % (m/v) agarose (Bangalore 
Genei, Bangalore, India) gels with 1X TAE buffer, 
stained with ethidium bromide and documented by a gel 
documentation system (Syngene, Cambridge, UK). Three 
repeat runs were made to observe the consistency of the 
band positions as well as intensity for each plant type and 

with each primer. The primers documenting uniformity 
were considered for analysis. 
 
Statistical Analysis 
RAPD bands were designated based on their molecular 
weight and calculated using the kilo base (kb) ladder used 
as marker. Molecular data processed in MS excel for 
calculating polymorphic band(s) of individual primer, 
average polymorphic band per primer and percentage of 
polymorphism. Analysis of informative potential of 
molecular markers and genetic diversity among the 
genotypes under assessment including the effective 
number of allele per locus - Aep

18, Shannon diversity 
index – I19, genetic diversity/diversity index – Hep

18, 
marker index (MI) and polymorphism information content 
– PIC20 were computed for each primer across the plant 
types based on frequency of alleles of each plant type 
locus. 
 
Cluster Analysis 
RAPD bands were scored as present (1) or absent (0) in 
the studied species entered in a binary data matrix. Based 
on the results on bands spectra, proximity matrix has been 
generated for all possible pairs from Euclidean Distance 
and was used to construct the dendrogram by Unweighted 
Pair Group Method with Arithmetic Mean (UPGMA). 
The data was analyzed using IBM SPSS Statistics 20. The 
combined data from RAPD markers were processed 
together. 

 
Table 1: RAPD primers and efficiency parameters 

 
Primers Sequence (5'-3') Total 

number 
of bands 

Number of 
polymorphic 

bands 

Polymorphism 
(%) 

PIC 
value 

Marker 
index 
(MI) 

Effective 
allele per 

locus (Aep) 

Genetic 
diversity 
per locus 

(Hep) 

Shannon 
index  

(I) 

OPA 01 CAGGCCCTTC 9 5 55.56 0.20937 11.63 10.64 0.906 2.3767 
OPA 02 TGCCGAGCTG 9 6 66.67 0.24610 16.41 10.41 0.904 2.3819 
OPA 04 AATCGGGCTG 8 8 75.00 0.23967 17.98 10.64 0.906 2.3757 
OPA 05 AGGGGTCTTG 13 10 76.92 0.16020 12.32 10.87 0.908 2.3830 
OPA 06 GGTCCCTGAC 11 10 90.91 0.31255 28.41 11.11 0.910 2.3514 
OPA 08 GTGACGTAGG 7 5 71.43 0.31169 22.26 10.42 0.904 2.3624 
OPA 09 GGGTAACGCC 19 15 78.95 0.32014 25.28 10.87 0.908 2.3782 
OPA 10 GTGATCGCAG 9 6 66.67 0.23875 15.92 11.23 0.911 2.3842 
OPB 01 GTTTCGCTCC 9 5 55.56 0.12121 6.73 10.94 0.909 2.3972 
OPB03 CATCCCCCTG 5 3 60.00 0.09917 5.95 10.87 0.908 2.3922 
OPB 04 GGACTGGAGT 7 2 28.57 0.47230 13.49 10.99 0.909 2.3923 
OPB 05 TGCGCCCTTC 15 10 66.67 0.17631 11.75 10.64 0.906 2.3790 
OPB 06 TGCTCTGCCC 6 2 33.33 0.07713 2.57 10.87 0.908 2.3966 
OPB 07 GGTGACGCAG 9 5 55.56 0.10652 5.92 10.99 0.909 2.3883 
OPB 09 TGGGGGACTC 6 3 50.00 0.08264 4.13 10.99 0.909 2.3871 
OPB 10 CTGCTGGGAC 8 5 62.50 0.22314 13.95 10.64 0.906 2.3825 
OPC 01 TTCGAGCCAG 15 12 80.00 0.33937 27.15 10.99 0.909 2.3974 
OPC 02 GTGAGGCGTC 11 10 90.91 0.39970 36.34 10.94 0.909 2.3962 
OPC 03 GGGGGTCTTT 11 9 81.82 0.31856 26.06 10.87 0.908 2.3896 
OPC 04 CCGCATCTAC 7 6 85.71 0.37308 31.98 10.41 0.904 2.3786 
OPC 06 GAACGGACTC 11 9 81.82 0.33058 27.05 10.64 0.906 2.3622 
OPC 07 GTCCCGACGA 9 7 77.78 0.25344 19.71 10.53 0.905 2.3710 
OPC 08 TGGACCGGTG 11 5 45.45 0.07513 3.41 10.99 0.909 2.3985 
OPC 09 CTCACCGTCC 8 7 87.50 0.30579 26.15 10.94 0.909 2.3654 
OPC 10 TGTCTGGGTG 7 5 71.43 0.28808 20.58 10.64 0.906 2.3692 

Total 240 170 70.83      
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Figure 1: Band profile in Andrographis paniculata plant types (1: control, 2: ‘bushy’, 3: ‘lax branching’, 4: ‘dark green leaf’, 
5: ‘narrow leaf I’, 6: ‘un branched II’, 7: ‘narrow leaf II’, 8: ‘broad leaf I’, 9: ‘broad leaf II’, 10: ‘drooping leaf I’, 11: ‘early maturity’,  

M: DNA molecular weight marker - phiX174 DNA/Hae III Digest) using RAPD (A: OPB 05, B: OPB 07, C: OPA 08 and D: OPC 08) 
 

 
 

Figure 2: Dendrogram showing clustering of 11 Andrographis plant types following UPGMA 
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RESULTS AND DISCUSSION 
Out of the 30 RAPD primers, 25 reproduced (Table 1; 
Figure 1: A-D) unambiguous scorable bands uniformly 
across the plant types. The RAPD primers yielded a total 
of 240 markers of which 170 (70.83 %) were 
polymorphic. Polymorphism generated by the markers 
across the plant types varied from 28.57 % (OPB 04) to 
90.91 % (OPA 06 and OPC 02). The level of 
polymorphism generated across the plant types is high 
suggesting that RAPD possesses the ability to resolve 
enhanced genetic variations in the studied plant types. 
The average number of fragments amplified by RAPD 
markers across the plant types was 9.60 with a range of 5 
to 19 (size 190 bp to 1065 bp). Such a high variation in 
the number of fragments produced by RAPD markers 
may be attributed to the differences in the binding sites 
throughout genome of the plant types. The efficiency of 
the RAPD primers has been quantified by using 
estimation of different genetic parameters (Table 1). 
Shannon diversity index ranged from 2.3514 (OPA 06) to 
2.3985 (OPC 08) among RAPD markers across the plant 
types as expected RAPD markers showed relatively high 
degree of genetic diversity. However, Shannon diversity 
index assessed across the primers in different plant types 
(3.1598 in control, 3.1454 in ‘bushy’, 3.1807 in ‘lax 
branching’, 3.1706 in ‘dark green leaf’, 3.1621 in ‘narrow 
leaf I’, 3.1625 in ‘narrow leaf II’, 3.1726 in ‘unbranched 
II’, 3.1839 in ‘broad leaf I’, 3.1606 in ‘broad leaf II’, 
3.1557 in ‘drooping leaf I’ and 3.1573 in ‘early maturity’) 
was rather uniform possibly indicating narrow genetic 
base of the studied plant types. Lattoo et al.14 analyzed 53 
A. paniculata accession belonging to 5 eco-geographic 
regions using RAPD markers and found that molecular 
genetic diversity based on Shannon index per primer 
averaged 5.585 with values ranging from 3.08 to 8.70 
indicating towards wide genetic base. Upon comparison 
on PIC values (marker discrimination power – Kesari et 
al.21) it has been noted that the range varied from 0.07513 
(OPC 08) to 0.47230 (OPB 04). Wijarat et al.15 assessed 
58 accessions of the species from Thailand using 30 
random RAPD primers and found PIC values ranging 
from 0.034 to 0.405 with an average of 0.172. Genetic 
diversity (Hep) is the expected heterozygosity18, is an 
index of effectiveness of RAPD loci information. In the 
present investigation, Hep showed remarkable 
homogeneity among the primers and it ranged from 0.904 
(OPA 02 and 08) to 0.911 (OPA 10). Further, Hep showed 
positive and significant correlation (r = 0.997, P < 0.001, 
DF = 24) with effective allele/locus (10.41 to 11.23). 
Marker index has been calculated in order to characterize 
the capacity of individual primer to detect polymorphic 
loci across the plant types. Considering MI values it 
seems that OPC 02 and OPC 04 are the most efficient 
primers. Based on the number and frequency of scorable 
fragments, polymorphism percentage and different 
efficiency parameters, taken together, it seems that OPA 
06, OPA 08-09, OPB 05, OPC 01-04, OPC 06 and OPC 
09 are efficient and effective markers and may be used for 
molecular screening of A. paniculata germplasms. Band 
spectra analyzed by UPGMA (Figure 2) revealed 
clustering of the genotypes in 6 major groups. A close 
relatedness between/among the genotypes (cluster 1: 

‘narrow leaf I’ and ‘II’ and ‘broad leaf I’; 2: ‘lax 
branching’ with genotypes of cluster 1; 3: ‘dark green 
leaf’ and ‘unbranched II’; 4: control with cluster 3; 5: 
‘bushy’ with cluster 4; 6: ‘drooping leaf I’, ‘early 
maturity’ and ‘broad leaf II’) has been noted. Such 
genetic relatedness may be significant as it provides scope 
for intercrossing and subsequently raising desirable plant 
type(s) of interest in the species. 
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