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ABSTRACT  

Inter-simple sequence repeat (ISSR) analysis was carried out to determine the genetic diversity of six species of 

Spilanthes in peninsular India. Eighteen primers with good banding pattern were selected for the study based on 

their reproducibility. The results of PCR based ISSR analysis revealed 96.51% polymorphism and 0.19 to 0.35 

polymorphic information content. The marker index (4.57 to 8.63) and observed heterozygosity (Ho) (0.2, UBC 854) 

to (0.54, UBC 856) with an average of 0.36, expected heterozygosity (He) (0.18 UBC 854 to 0.35 UBC 853) with an 

average of 0.26 were documented for all Spilanthes accessions. The Shannon’s diversity index ranged from 0.84 (UBC 

857) to 1.46 (UBC 853). The average resolving power  was 19.87 per ISSR primer. The highest RP value of  25.69 was 

observed with ISSR primer UBC 836 and the lowest of 15.96 with UBC 873. The phylogenetic analysis indicated that 

individuals were morphologically distinct species and formed individual clusters. The principal coordinate analysis 

indicated correlation with similarities and the geographic distances among the species. The Mantel test proved the 

correlation of molecular matrix with morphological and geographic distance matrix among the accessions. The 

prevalence of diversity in Spilanthes species in peninsular India is demonstrated for the first time using ISSR markers. 
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INTRODUCTION 

Spilanthes Jacq.  (~ spp. Family: Asteraceae, tribe: 

Heliantheae) is a specious group distributed both in 

the New and Old World tropics, as well. Amongst six 

species of Spilanthes viz., S. paniculata Wallich ex DC. 

and S. calva (DC.) R.K. Jansen are native to India, 

while, S. uliginosa (Swartz) Cassini, S. ciliata (Kunth) 

Cassini and S. radicans (Jacquin) R.K. Jansen. are 

immigrant species (Shivarajan and Mathew, 1984). S. 

oleracea Linnaeus R.K. Jansen, a cultivated species 

introduced from Brazil (Hooker, 1872). Ray headed 

species include S. calva, S. ciliata, S. paniculata. and 

S. uliginosa, while the discoid headed include S. 

oleracea and S. radicans. Most of the species find 

importance in traditional medicines and alkamides 

extracted from them are effective in curing 

toothache and throat infections; it is also used as 

local anesthetic and digestive tonic (Ramsewak et al. 

1999). It is reported to possess anti-inflammatory, 

antiseptic, analgesic, antioxidant and cytotoxic 

properties (Jondiko et al. 1986; Saritha et al. 2002; 

Rai et al. 2004; Wu et al. 2008; Prachayasittikul et al. 

2009).  

The molecular markers have been used in various 

activities like plant breeding, conservation of genetic 

resources, disease resistance, gene mapping, linkage 

studies and genetic diversity studies. The most 

common markers involved are random amplified 

polymorphic DNA (RAPD, Welsh and McClelland, 
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1990; Williams et al. 1990), amplified fragment 

length polymorphism (AFLP, Vos et al. 1995), 

restriction fragment length polymorphism (RFLP, 

Botstein et al. 1980), diversity array technology 

(DART,  Wenzl et al. 2004),  sequence-tagged sites 

(STS, Bradshaw et al. 1994), single nucleotide 

polymorphism (SNP, Wang et al. 1998), single simple 

repeat (SSR, Tautz, 1989; Weber and May, 1989), and 

inter-simple single repeat (ISSR, Zietkiewicz et al. 

1994).  The ISSR markers were developed from the 

need to explore microsatellite repeats without prior 

knowledge of DNA sequences (Lagercrantz et al. 

1993). The technique is based on the amplification of 

DNA segments between two microsatellite repeated 

regions (Zietkiewicz et al. 1994). Hence, the ISSR is a 

simple, quick and an efficient technique that 

produces amplified products in the range of 200–

2000 base pairs. The ISSR marker (dominant) system 

is based on the use of 15-20 bp primers which are 

complimentary to SSR (microsatellite) sequences 

found throughout the eukaryotic genomes. The 

microsatellite repeats target multiple genomic loci to 

amplify their ISSR sequences of different sizes. In 

addition, this could be used to confirm the presence 

and evaluate the distribution of certain microsatellite 

repeats within the genome (Zietkiewicz et al. 1994). 

This is useful in identifying individual specific 

differences, inter-species genomic finger-printing, 

genetic diversity, phylogenetic inferences, gene 

tagging, genome mapping and evolutionary biology 

(Godwin et al. 1997; Reddy et al. 2002; Panda et al. 

2003; Bornet and Branchard, 2004; Zhang et al. 

2013). The ISSR markers are widely applied in 

taxonomic studies due to high variation of banding 

sequences at the population and interspecific level 

(Vanderpoorten et al. 2003; Dogan et al. 2007) as 

well as in studies investigating genetic diversity at the 

species level (Gunnarsson et al. 2005; Liu et al. 2007; 

Szczecinska  et al. 2009). Although morphological 

variations in Spilanthes species are documented, 

there is no molecular evidence on genetic diversity of 

these species. In the present study, the molecular 

characterization of Spilanthes species was attempted 

by using ISSR markers to determine the inter-specific 

and intra-specific variations occurring in Spilanthes 

distributed in the peninsular India and correlation 

among molecular, morphological and geographical 

distance of the accessions.  

 

MATERIALS AND METHODS 

Collection of plant material  

In the present study, six species of Spilanthes viz., S. 

calva, S. ciliata, S. oleracea, S. paniculata, S.  radicans 

and S. uliginosa occurring in the peninsular India 

were selected for their characterization by using the 

ISSR technique. Plants collected from various 

locations (Fig.1). were grown in a shade house at 

Field Gene Bank of Division of Plant Genetic 

Resources, Indian Institute of Horticultural Research 

(IIHR), Bangalore, India. Details of collection 

locations from peninsular India are detailed in Table 

A1(supplementary material).  

Protocol for optimization of plant DNA isolation and 

PCR-ISSR analysis  

The genomic DNA was extracted principally by the 

Cetyl trimethyl ammonium bromide (CTAB) method 

(Doyle and Doyle, 1987). The plant parts exhibited 

the presence of phenols that interfered in obtaining 

pure DNA sample, hence modified CTAB method was 

employed to obtain clear creamish DNA. The purity 

checking was carried out using the UV 

spectrophotometer where the optical density ratio 

was optimum (OD260:280 around 1.8-2.0). The gel 

electrophoresis also exhibited clear DNA bands. A 

preliminary optimization of DNA isolation and 7-8 

PCR ISSR analyses showed that the amplification 

could be carried out as described previously (Lavanya 

et al. 2014). In this study, 75 ISSR primers from 

University of British Columbia (UBC) were screened 

initially and 18 primers that yielded amplification 

products for all six species were selected for PCR ISSR 

analysis. The details of the primers and sequences 

are detailed in Table A2 (supplementary material). 

Characteristics of amplified bands from ISSR 

markers  

Each ISSR band was identified as an independent 

locus and distinct, reproducible bands were 

considered for scoring. The scoring was carried out 

manually by observing for the presence of ISSR bands 

(presence =1 or absence =0) to determine 

polymorphism in each locus. The amplified product 

of each primer was determined for the total number 

of amplified bands;  number of polymorphic bands 

(bands not amplified in all accessions) and number of 

monomorphic bands (bands present in all 
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accessions), maximum number of bands, minimum 

number of bands and average bands. 

Analysis of ISSR markers  

In order to determine the suitability of ISSR markers 

for evaluation of genetic profiles, the performance of 

markers was measured using parameters such as 

percentage polymorphism (PP), polymorphic 

information content (PIC), Nei's genetic distance, 

observed heterozygosity (Ho), expected 

heterozygosity (He), marker index (MI), resolving 

power (RP) and principal coordinate analysis (PCA).  

The PIC refers to the value of a marker for detecting 

polymorphism within a population. The PIC 

depended on the number of detectable alleles and 

the distribution of their frequency (Boostein et al., 

1980, Anderson et al. 1993). Hence, the PIC of each 

primer was calculated using the average PIC value 

from all loci of each primer. The MI was calculated as 

described (Varshney et al. 2005). 

MI = EMR × PIC 

 Effective multiplex ratio (EMR) = n × β 

where n is the average number of bands amplified by 

accession to a specific system marker (multiplex 

ratio) and β is estimated from the number of 

polymorphic loci (np).  

The number of non-polymorphic loci (nnp), β = np/ 

(np + nnp). 

The RP of each primer was calculated (Prevost and 

Wilkinson, 1999) as- RP = Ʃ Ib 

 where Ib represents the informative fragments. The 

Ib can be represented on a scale of 0-1 by the 

following formula: Ib = 1 - (2 × (0.5 - p)) 

where p is the proportion of accessions containing 

the band. 

The genetic diversity of ISSR marker was evaluated by 

calculating Shannon diversity Index 

Shannon diversity index (H) was calculated 

(Lewontin, 1972) as- H= Ʃpilog2pi  

where pi is the frequency of a given band for each 

population.  

To find the relationship between genetic 

composition and geographic distribution of 

accessions, genetic composition and morphological 

data matrix and all the three were tested for 

correlation using the partial Mantel test (Mantel 

1967; Mantel and Valand 1970). The Euclidean 

distance matrix (D) was computed and converted to 

a similarity(S) matrix by formula S= 1 - D. A Nei's 

genetic similarity matrix (Nei and Li, 1979) was also 

computed for the genetic data. Using the 

geographical coordinates of the collection localities, 

a geographic distance matrix was computed and 

converted into a similarity matrix. All matrices were 

tested for pair-wise correlation (p<0.05), using 

Mantel's non-parametric test (Mantel, 1967).  

The principal coordinate analysis (PCO) was 

performed. The Nei’s genetic distance matrix was 

subjected to phylogenetic analysis (Parsimony 

method, Paup Verison 4.0) to assess genetic 

relationships among accessions. All above statistical 

analyses were determined by the program NTSYS-pc 

2.11. 

 

RESULTS AND DISCUSSION 

ISSR scoring and data analysis  

 The selected primers (18) generated a total of 2215 

bands from 30 accessions, amongst which 2137 

bands were polymorphic (96.50%). The maximum 

amplification was observed due to primer 855 (163 

fragments) and minimum observed due to primer 

844 (38 fragments).  Each primer caused various 

levels of polymorphism to differentiate the species 

and 100% polymorphism was observed in primers- 

UBC 841, 842, 844, 845, 846, 847, 852, 853, 854, 855, 

858, 860 and 866 (Table 1). The band length ranged 

from 134 to 1100.  The fragment numbers were 34-

76 for 844, 854 and 857; 78-120 for 860, 866 and 858; 

121-140 fragments for 843, 845, 842 and 852; 141-

165 fragments for 841, 853, 846, 847, 856, 840 and 

855 (Figure 1). The results indicated that ISSR 

markers could be used effectively to analyze the 

genetic diversity in Spilanthes. Although species of 

Spilanthes viz., S. calva, S. ciliata, S. oleracea, S. 

paniculata, S. radicans and S. uliginosa in peninsular 

India could be identified morphologically (Lavanya et 

al. in press), there is a published report analysis of 

genetic diversity of Chrysanthemum varieties at the 

varietal and species levels, which was determined 

successfully by ISSR markers (Arup et al. 2013). 
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Figure 1: The number of bands and polymorphic loci yielded for 30 accessions of Spilanthes spp. using UBC ISSR 

primers.  

 
Figure 2: ISSR finger-prints generated using primer UBC 856 from 30 accessions of Spilanthes collected from 

peninsular India  

Table 1: Amplified products of UBC ISSR markers and their characteristics 
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 No. of bands (Total ) No. of polymorphic loci

SN UBC ISSR Primer TNB NPB PP MXNB MNNB AVG B 

1. 840 9 8 88.88 9 2 4.95 

2. 841 9 9 100 8 2 5 

3. 842 9 9 100 7 1 4.6 

4. 843 8 7 87.5 6 1 4.43 

5. 844 7 7 100 4 1 2.34 

6. 845 9 9 100 9 1 4.47 

7. 846 8 8 100 8 1 4.42 

8. 847 10 9 100 8 5 4.26 

9. 851 8 7 87.5 6 3 4.13 

10. 852 11 11 100 8 1 4.78 

11. 853 11 9 100 8 2 5.21 

12. 854 9 9 100 8 2 2.52 

13. 855 9 9 100 7 4 5.43 

14. 856 8 7 87.5 8 4 2.73 

15. 857 7 6 85.7 5 1 2.86 

16. 858 8 8 100 6 3 3.91 

17. 860 9 9 100 8 2 3.95 

18. 866 10 10 100 10 2 3.26 
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Data screening is based on 30 accessions of Spilanthes collected from peninsular India. 

TNB= total number of bands; NPB= number of polymorphic bands; PP=percentage polymorphism; MXNB= 

maximum number of bands; MMNB= minimum number of bands; AVGB- average number of bands per primer). 

 

Table 2: Genetic diversity of Spilanthes accessions and parameters studied using 18 UBC ISSR primers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data screening is based on 30 accessions of Spilanthes collected from peninsular India. 

Ho=observed heterozygosity; He=expected heterozygosity; Fr=frequency of polymorphic bands; DI=diversity 

index; MI=marker index; PIC=polymorphic information content; RP=resolving power; SDI=Shannon diversity 

index for 18 UBC ISSR primers. 

 

The PIC analysis was carried out to determine the 

efficiency of each ISSR marker to express 

polymorphic loci in Spilanthes. The calculated PIC 

values for ISSR markers ranged from 0.15 to 0.33. The 

highest mean PIC value of 0.33 expressed by primer 

UBC 853 indicated that this primer was the most 

polymorphic. The primer UBC 857, which yielded the 

lowest mean PIC value of 0.15, was the least 

polymorphic. The MI ranged from 4.57 for UBC 845 

to 8.63 for UBC 856 which indicated that the latter 

primer was the most efficient in detecting 

polymorphism.  

As far as the genetic diversity parameters are 

concerned, observed heterozygosity (Ho) ranged 

from 0.2 (UBC 854) to 0.54 (UBC 856) with an average 

of 0.36, whereas the expected heterozygosity (He, 

genetic diversity) ranged from 0.18 (UBC 854) to 0.35 

(UBC 853) with an average of 0.26 for Spilanthes 

accessions. The Shannon diversity indices (SDI) 

ranged from 0.84 (UBC 857) to 1.46 (UBC 853). The 

resolving power (RP) is a parameter that indicated 

the discriminatory potential of primers chosen. 

While the average RP was 19.87 per ISSR primer, the 

highest RP value was observed with the ISSR primer 

836 (25.69) and the lowest with the ISSR primer 873 

(15.96) (Table 2).  

Polymorphism in a given population occurs due to 

the existence of genetic variants which is 

represented by the number of alleles at a locus and 

their frequency of distribution in a population.  In the 

present study, the percentage of polymorphism due 

to UBC ISSR markers was high as revealed by the 

Sl. No. UBC ISSR Primer Ho He FR DI MI PIC RP SDI 

1. 840 0.46 0.29 0.91 0.73 7.33 0.26 5.4 1.16 

2. 841 0.39 0.28 1 0.65 6.53 0.24 5.13 1.21 

3. 842 0.37 0.28 1 0.64 7.07 0.27 5.6 1.23 

4. 843 0.37 0.21 0.91 0.77 8.47 0.20 3.8 0.88 

5. 844 0.22 0.19 1 0.55 6 0.15 4.47 0.92 

6. 845 0.38 0.29 1 0.46 4.57 0.30 7.67 1.41 

7. 846 0.38 0.29 1 0.8 9.6 0.27 6.47 1.23 

8. 847 0.41 0.33 1 0.56 6.2 0.30 7.93 1.53 

9. 851 0.37 0.26 1 0.59 6.5 0.24 4.2 1.02 

10. 852 0.41 0.33 1 0.63 6.97 0.30 7 1.4 

11. 853 0.44 0.35 1 0.59 7.03 0.33 7.47 1.46 

12. 854 0.2 0.18 1 0.62 6.83 0.16 4.8 1.06 

13. 855 0.54 0.29 1 0.62 6.83 0.27 2.33 0.87 

14. 856 0.45 0.32 1 0.78 8.63 0.30 5.6 1.19 

15. 857 0.23 0.18 1 0.63 5.7 0.15 3.6 0.84 

16. 858 0.36 0.27 1 0.63 7.6 0.25 5.2 1.1 

17. 860 0.35 0.23 0.92 0.61 7.3 0.21 6.07 1.19 

18. 861 0.27 0.24 1 0.54 4.88 0.22 5.33 1.1 
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differentiation of species. There are several 

comparative studies with RAPD showing high 

polymorphism than the ISSR (Shaffie et al. 2011).  

The technique of ISSR has been successful in 

determining the difference among polyploids and 

diploids (Reddy et al. 2002). The individual polyploids 

have resulted following hybridization. The genus 

Spilanthes is self-pollinated but random crossing 

could have resulted in the formation of hybrids 

(Jansen, 1980). The change in morphological 

characteristics such as radiate to discoid heads and 

the reduction in the number of floral parts support 

the possibility of hybridization of self-pollinated 

randomly crossing species of Spilanthes on opined by 

Jansen (1980). The ISSR markers could be employed 

for these investigation to differentiate the taxa status 

at species and varietal level.  

The Mantel test for ISSR data matrix with 

geographical data for collection locations of species, 

ISSR similarity matrix and morphological similarity 

matrix (Lavanya et al. 2014 in press) indicated a 

positive correlation.  Correlation of three matrices by 

partial Mantel test was positive as well, indicating the 

good correlation among three data sets.  

Correlation test conducted for each morphological 

character with each primer and vice-versa and with 

geographic distance of accessions with the genetic 

similarity matrix and vice-versa. Among 

morphological characters’ flower head diameter and 

leaf lamina length exhibited good correlation 

(r=0.3673 and r=0.2103). The morphological 

characters like stipule size, leaf lamina width, 

peduncle length exhibited moderate correlation, but 

it was not significant (p>0.05). Whereas correlation 

of each primer with morphological similarity matrix 

when performed, exhibited high correlation for UBC 

840 and low for 861 (r=0.6928 and r=0.2774), 

correlation value (r>0.6) was achieved for UBC 840, 

842, 847, 851 and 860. The correlation values (r<0.3) 

achieved for UBC 854 and 861 and all values were 

significant (p <0.05). The partial Mantel test 

correlated for three similarity matrices, a positive 

correlation (r=0.648) was achieved and was 

significant (p=0.002). The correlation among the 

genetic and geographical distances showed r=0.2207 

with p value of 0.4404; on the other hand, the 

genetic similarity matrix with morphological 

similarity matrix correlation was positive (r=0.6455 

and p=0.001). 

Principal coordinate analysis (PCA) The related 

species were clearly separated by principal 

coordinate analysis (PCA). The grouping of samples in 

principal coordinate analysis was according to the 

morphological grouping of species of Spilanthes and 

accessions were segregated within the genus 

according to geographical variations and similarities 

within the species (Fig 3). 

 
Figure 3. Two-dimensional representation of 

principal coordinate analysis of genetic 

relationships of Spilanthes spp. inferred from 

similarity matrix using the Jaccard’s index by UBC 

ISSR markers. S. calva:SC1-SC9, S. ciliata: SCI1-SCI4, 

S. oleracea: SO1, SO2, S. paniculata: SP1, SP2, S. 

radicans:SR1-SR7, S. uliginosa: SU1-SU6. 

 

Cluster analysis 

Based on the genetic distances, the phylogenetic tree 

was constructed to determine the relation of 

Spilanthes accessions at the interspecific, intra-

specific levels and within the species of Spilanthes 

accessions. The species were differentiated clearly in 

the tree, with each species forming an individual sub-

cluster. Accordingly, species S. uliginosa and S. 

radicans were closely related, while S. paniculata 

was closely related to this sub-cluster, whereas S. 

oleracea and S. paniculata were clustered together. 

The cluster of S. oleracea, S. paniculata and S. 

radicans and the cluster of S. calva and S. ciliata were 

connected to third sub-cluster. Two accessions of S. 

calva were separated from the species individual 

cluster. The clusters clearly differentiated the species 

and within the species the distance among 
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accessions were correlated to the geographical 

distances. The correlation between the genetic data 

and geographical distances and correlation with 

morphological similarity matrix and all three 

revealed by the Mantel test, was confirmed by the 

PCO analysis (Fig 3) and clearly so by the Parsimony 

dendrogram (Fig 4). 

 
Figure 4.  Phylogeny of Spilanthes accessions generated by PAUP on the similarity matrix obtained using Nei’s 

genetic distance based on ISSR data (Nei, 1978).  

  

CONCLUSION 

In the present study the markers were technique of 

ISSR used for successful differentiation the species of 

Spilanthes occurring in peninsular India. Further the 

existence of polyploids and their relationship with 

diploid individuals during the course of evolution 

could be studied. The genus Spilanthes is known to 

be closely related to genus Acmella (Richard, 1807) 

and is characterized by the presence of discoid heads 

and pappus of awns. Taxonomic studies by Cassini in 

1822 that focused on the characterization of two 

genera Spilanthes and Acmella concluded that 

Acmella differs from Spilanthes only in having radiate 

heads and hence these two genera cannot be 

separated reliably by differences of the pappus. Since 

then, this genus has been traditionally divided into 

two sections, Spilanthes and Acmella Rich (Candolle 

1836; Moore 1907). More recently morphological 

and chromosomal studies suggest that Acmella and 

Spilanthes should be considered as two distinct 

genera and the features used to separate the taxa are 

described as follows (Jansen 1980; 1985). In this 

context a detailed study of both the taxa Spilanthes 

and Acmella is need of the hour. The species 

distributed in Peninsular India morphologically are in 

accordance with the Acmella species described by 

Jansen (1981, 1985). In this context, the molecular 

study (ISSR) of these species is a foundation for 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


          

 

 

 
International Journal of Pharmacy and Biological Sciences                                                        Lavanya Devi K* et al 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 
 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

135 

studies of these taxa and their revision in Peninsular 

India. 
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