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ABSTRACT 

Strychnos henningsii (Gilg.) is an endangered medicinal plant in Kenya due to over exploitation for medicinal 

purposes. To understand the levels of genetic variation across populations and geographical regions of this 

species, we aimed at assessing the genetic diversity in nine Kenyan populations of Strychnos henningsii using 

inter-simple sequence repeat (ISSR) Markers. A total of 270 samples from nine populations of S. henningsii were 

collected. The genetic variation within and among populations were evaluated using inter-simple sequence repeat 

(ISSR). A total of 96 loci were revealed by ISSR primers all of which were polymorphic. These markers revealed 

that Ngong population was the most polymorphic with 51 (53.12%) polymorphic loci and Baringo as the least 

polymorphic with 28 (29.17%) polymorphic loci detected. Thirteen population specific loci were also revealed by 
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ISSR markers which might have contributed to specific population traits. A higher molecular variance was 

showed among populations 58% (p>0.001) than 41% within populations. According to Nei’s unbiased genetic 

distance matrix the most genetically close populations were Taveta and Marsabit with the highest genetic identity 

(0.8803) and the lowest genetic distance (0.1275) between Jilore and Baringo. Clustering analysis based on Nei’s 

genetic distance grouped the nine population into three; Cluster I consisted of three populations namely Kitui, 

Ngong and Jilore. Cluster II consisted of five populations (Marsabit, Taveta, Nyeri, Narok and Karura) and 

cluster III consisted of Baringo population. These results were also supported by principal coordinate analysis. 

The present findings indicated a low genetic variation between and among the existing genotypes of S. henningsii. 

This implies that the conservation efforts should aim to preserve all the existing populations of this threatened 

plant species along with extensive domestication for commercial purpose. 
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Introduction 

Medicinal plants continue to be the most important source of drugs for the majority of world’s population. Over 

the last decade there has been a rising demand for the herbal medicine globally (Panda et al., 2015; Varma and 

Shrivastava 2018) which is accompanied by dwindling supply of medicinal plants due to over-harvesting and 

habitat loss. Developing countries being the major suppliers of herbal materials are severely affected (Varma and 

Shrivastava 2018). Most of the harvested plant materials are derived from their natural habitats. This has led to a 

large number of medicinal plants under threat of extinction. Therefore there is a serious need for conservation and 

utilization of medicinal plants species. Studies on genetic diversity of medicinal plants can provide useful insights 

for designing conservation strategies and sustainable utilization of these genetic resources (Panda et al., 2015; 

Souza et al., 2012; Yang et al., 2012). As genetic diversity plays an important role in survival and adaptation of a 

species to its environment (Varma and Shrivastava 2018), it is essential to determine the amount of genetic 

variability using molecular markers. 
 

Molecular markers are not influenced by environmental factors, are highly inheritable and exhibit enough 

polymorphism to discriminate against closely related genotypes (Archat et al., 2003; Weising et al., 2005). There 

are several molecular markers available and which have been used in genetic diversity studies of medicinal plants. 

In the present study ISSR markers were used to determine the genetic variation among and within S. henningsii 

populations in Kenya. These markers have been used in genetic diversity studies of medicinal plants for example 

(Rocha et al., 2016) in Croton heliotropiifolius., (Brito et al., 2016) in Varronia curassavica (Jacq.)., (Tabin et 

al., 2016) in Rheum, (Alansi et al., 2016) in Ziziphus spina-christi (L.) ,(Khan and Shah 2016) in Withania 

somnifera and (Pereira-Almeida et al., 2017) in Croton tetrandenius. 
 

S. henningsii (Gilg.) is a plant species that belong to the family Loganiaceae and is widely distributed in the tropic 

and sub tropical regions. It has been used for a long time in the African traditional systems of medicinal practice 

for treatment of various disorders including rheumatism, gastrointestinal complications, abdominal pains, syphilis, 

and possibly of value in dysmenorrhoea (Hutchings 1989; Watt and Breyer 1962; Pujol 1993; Hutchings 1996; 

Oyedemi et al., 2009). Because of its wide scale medicinal use, this plant species has been severely over-exploited 

in its natural habitats. In fact it has been reported as disappearing in Ukambani areas in Kenya (Musila et al., 

2004). A research study on ethnobotany of S. henningsii (Kuria et al., 2012) also indicated that this plant species 

was threatened in all the area of study. This has therefore called for conservation efforts for this valuable plants 

species to prevent from becoming extinct. 
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MATERIALS AND METHODS 

Study areas and Plant materials 

Nine populations were selected from areas where S. henningsii grows naturally. These populations were Taita-

Taveta, Kilifi, Narok, Baringo, Kitui, Marsabit, Nyeri counties Karura forest (Kiambu county) and Ngong forest 

(Kajiado county) (Fig. 1). At least 30 individual plants were randomly selected for sampling in each population 

with about fifty to two hundred meters apart between them. Small discs of cambium tissues were collected 

directly from the tree trunk using a hollow metal and a hammer and preserved in absorbent envelopes containing 

silica gel until they arrived in the laboratory where they were dried in an oven at 30°c and the stored at room 

temperature until extraction (Esau 1977). 

 

Fig 1: Map showing the sampling sites of S. henningsii in Kenya 

 

DNA extraction 

DNA was extracted from 0.1- 0.2g of cambium tissues using CTAB method by Doyle and Doyle (1990) method 

with modifications. A sorbitol buffer was initially utilized for removing mucilaginous polysaccharides, followed 

by tissue extraction with a CTAB buffer. To the powdered cambium tissues 500 µls of sorbitol buffer were added 

and mixed by vortex then centrifuged for 10 min at 14000 rpm at 4°c. The supernatant solution was removed and 

discard, then 750µl sorbitol buffer were added again and remix by vortex. The sorbitol buffer cleaning was 

repeated until no visible mucilage layer was present in the sample after centrifugation (usually 3 or 4 times). The 

supernatant solution was removed and 750µl CTAB buffer solution added and mixed well. The samples were 

incubated at 65°c in a water bath for 30-60 min and at RT with gentle inversions to mix. There after equal volume 

of (750µl) CIA was added and mixed by inversion for 10-20 min and then centrifuged at 14000 rpm at RT for 10-

20 min. The upper aqueous solution was transferred into a new microfuge tube 2.0ml and equal volume (750µl) of 
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CIA added and mix by inversion for 10-20 min then centrifuged at 14000rpm at RT for 10-20 min. The upper 

aqueous solution was transferred into a new microfuge tube and 1/10 volume of 3M Ammonium acetate or 

Sodium acetate was added. Equal volume of isopropanol was added and the solution mixed by inversion then 

stored at -20°c overnight. The samples were centrifuged at 14000 rpm at 4°C for 5 min and 750µl of 70% ethanol 

was added to wash the DNA and this was repeated 2 to 3 times then centrifuged at 14000 rpm at 4°c for 5 min. 

The supernatant was discarded and the pellet dried and 100 µl TE added to dissolve the DNA. The DNA samples 

were subjected to the agarose gel electrophoresis and spectrophotometric analysis for assessment of their quality 

and quantity. 

 

PCR-ISSR Assay 

Forty ISSR (Invitrogen by Thermo Fisher Scientific) primers were screened and nine that gave clear and scorable 

bands were selected for their ability to amplify the genomic DNA of S. henningsii. The reaction mixture consisted 

of a total volume of 12.5µls which contained.12.5ng/µl DNA template, 1 Unit Taq polymerase, 10 × PCR buffer, 

10mM dNTPS, 25mM MgCl2, 10µM primers, 25% PVP and PCR grade water. The amplification was carried out 

in a 96 Veriti Applied Biosystems® thermacycler. This consisted of an initial 5 min denaturation step at 95
o
C 

followed by 35 cycles of 30 s denaturation step at 95
o
C, 45s annealing step at 47

o
C, 2 min extension step at 72

o
C 

and a final extension step for 5 min at 72
o
C. The amplified DNA fragments for both RAPD and ISSR markers 

were separated by electrophoresis on a 2% agarose gel stained with 1 % SYBER SAFE dye in 1× TBE buffer at 

100V for 3-4 h. DNA molecular marker (100-bp ladder) was also included in the gel to estimate the molecular 

weight of the DNA fragments obtained. After the run, the gels were photographed under UV light using gel 

documentation system and then scored for the presence/absence of a band for each primer .The data was recorded 

in MS excel for analysis. 
 

Table 1: List of nine ISSR primers used for molecular characterization of S. henningsii 

NO. ISSR. Primer Primer Sequence (5' -3') 

1 UBC-807 AGA GAG AGA GAG AGA GT 

2 UBC-809 AGA GAG AGA GAG AGA GG 

3 UBC-811 GAG AGA GAG AGA GAG AC 

4 UBC-818 CAC ACA CAC ACA CAC AG 

5 UBC-820 GTG TGT GTG TGT GTG TC 

6 UBC-825 ACA CAC ACA CAC ACA CT 

7 UBC-830 TGT GTG TGT GTG TGT GG 

8 UBC-861 ACC ACC ACC ACC ACC ACC 

9 UBC-862 AGC AGC AGC AGC AGC AGC 
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Data Analysis 

The binary data matrix in MS excel was subjected to POPGENE and GENEALEX software to determine the 

genetic diversity parameter for each population and for each marker. The percentage of polymorphic bands (PPB), 

total number of bands produced per primer, Nei’s (1973) genetic diversity (H), Shannon information index (I) 

(Shannon and Weaver, 1949), Nei’s (1978) unbiased genetic distance and Nei’s genetic differentiation index (Gst) 

among population were estimated using POPGENE version 32 software (Yeh et al., 2000). Cluster analysis based 

on Nei’s (1978) unbiased genetic distance was carried out using unweighted pair group method with arithmetic 

averaging (UPGMA) by Sneath and Sokal, 1973 using TFPGA Software (Miller, 1997) and a dendrogram was 

constructed using MEGA Ver. 7 (Tamura et al., 2016). Analysis of molecular variance (AMOVA) was carried out 

as described by Excofier et al (1992) using hierachial levels; individuals, populations and their groups to partition 

genotypic variance within and among Strychnos henningsii in Kenya. Analysis of molecular variance (AMOVA) 

and Principal Coordinate Analysis (PCA) were performed using GenAlEx 6.1 software (Peakall and Smouse, 

2006).  

 

RESULTS 

270 individuals randomly selected from nine populations (Figure 1) of S. henningsii in Kenya were used for the 

genetic diversity study. Nine ISSR primers were selected which gave reproducible and distinct polymorphic 

amplified products (Plate 1). 
 

 

Plate 1: ISSR marker profile of amplified loci of samples from Baringo population using primer 862. Lane (1-

30) are samples, M:-Marker DNA 100bp ladder 

 

ISSR analysis revealed that Ngong population was the most polymorphic population with 51 (53.12 %) 

polymorphic loci detected while Baringo population was the least polymorphic population with 28 (29.17 %) 

polymorphic loci detected (Tables 2 & 3). The mean percentage polymorphism detected was 43.40 % (Table 2). 

800bp 

500bp 

800bp 

500bp 

   M   1    2    3   4   5     6   7     8   9   10  11  12 13 14  15 M 

 M  16  17  18 19  20  21 22 23 24  25  26  27 28  29 30  M 
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The nine primers revealed a total of 13 specific loci as follows: Kitui (5), Marsabit (1), Narok (2), Karura (2), 

Ngong (2), Taveta (2), Nyeri (0), Jilore (0) and Baringo (0) (Table 2). The number of observed alleles (Na) ranged 

from 1.2917-1.5312, Number of effective alleles (Ne) ranged from 1.1594 -1.3148, Nei’s genetic diversity ranged 

from (H) 0.0955 - 0.1828 and Shannon information index (I) ranged from 0.1448-0.2728 (Table 3). 
 

Table 2: Genetic diversity analysis of nine populations of S. henningsii estimated using ISSR markers in GenAlex 

software 

Population %P N Na Ne I He UHe PSL 

Kitui 43.75% 30.000 0.917 1.307 0.251 0.172 0.175 5.000 

Marsabit 41.67% 30.000 0.865 1.255 0.219 0.147 0.149 1.000 

Baringo 29.17% 30.000 0.688 1.159 0.145 0.096 0.097 0.000 

Nyeri 39.58% 30.000 0.802 1.282 0.232 0.159 0.162 0.000 

Narok 42.71% 30.000 0.885 1.271 0.230 0.156 0.158 2.000 

Karura 51.04% 30.000 1.063 1.376 0.299 0.207 0.211 2.000 

Ngong 53.13% 30.000 1.115 1.315 0.273 0.183 0.186 2.000 

Jilore 37.50% 30.000 0.781 1.235 0.203 0.137 0.139 0.000 

Taveta 52.08% 30.000 1.052 1.298 0.267 0.177 0.180 2.000 

Mean 43.40% 30.000 0.907 1.278 0.236 0.159 0.162 

  
Table 3: Genetic diversity analysis of nine populations of S. henningsii estimated using ISSR markers in PopGene 

software 

Population N PPL %P  Na* Ne*   H*  I* 

Kitui 30 42 43.75 1.4375 1.3067 0.1720 0.2514 

Marsabit 30 40 41.67 1.4167 1.2548 0.1469 0.2189 

Baringo 30 28 29.17 1.2917 1.1594 0.0955 0.1448 

Nyeri 30 38 39.58 1.3958 1.2823 0.1590 0.2317 

Narok 30 41 42.71 1.4271 1.2715 0.1558 0.2303 

Karura 30 49 51.04 1.5104 1.3764 0.2071 0.2994 

Ngong 30 51 53.12 1.5312 1.3148 0.1828 0.2728 

Jilore 30 36 37.5 1.3750 1.2346 1.1366 0.2030 

Taveta 30 50 52.08 1.5208 1.2977 0.1773 0.2673 

Overall 270 96 100 2.0000 1.4683 0.2889 0.4473 

Key words:  

N= population size, PPL= population polymorphic loci, % P= percentage polymorphism, Na = Number of observed alleles, Ne = number 

of effective alleles, H= Nei’s genetic diversity, I = Shannon information indices, He = expected Heterozygosity, UHe = unbiased expected 

Heterozygosity, PSL= population specific loci 
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The polymorphism and expected heterozygosity revealed in this study were comparable to the results of the 

Principal Coordinate Analysis (PCA) where sample dispersion was highest in the more genetically diverse and the 

genetically similar populations. The first three axes accounted for 25.13 %, 19.78 % and 15.61 %; cumulative 

percentage being 60.52% (Figure 2) of the total genetic diversity detected in the entire study materials. According 

to Nei’s (1978) unbiased measure of genetic identity and distance matrix (Tables 4), ISSR analysis revealed that 

the lowest genetic identity coefficient was 0.7239 (Jilore and Baringo populations) and the highest genetic 

identity coefficient was 0.8803 (Taveta and Marsabit populations) while the genetic distance ranged between 

0.1275 (Taveta and Marsabit populations) and 0.3231 (Jilore and Baringo populations). Hence the most 

genetically diverse populations indicated from this analysis were Jilore and Baringo while Taveta and Marsabit 

were the most genetically close populations (Table 4). Analysis of molecular variance (AMOVA) revealed a 

higher genetic variation p < 0.001 (58 %,) among than within (41%) the Strychnos henningsii provenances (Table 

5; Figure 3). 

 

Table 3: ISSR population specific loci 

population NPL primers sequences Band size (bp) 

Kitui 5 807 AGA GAG AGA GAG AGA GT 400 

  861 ACC ACC ACC ACC ACC ACC 900 

  862 AGC AGC AGC AGC AGC AGC 500 

  862 AGC AGC AGC AGC AGC AGC 400 

  818 CAC ACA CAC ACA CAC AG 500 

Marsabit 3 811 GAG AGA GAG AGA GAG AC 1000 

  811 GAG AGA GAG AGA GAG AC 500 

  862 AGC AGC AGC AGC AGC AGC 800 

Karura 2 830 TGT GTG TGT GTG TGT GG 500 

  861 ACC ACC ACC ACC ACC ACC 400 

Ngong 2 825 ACA CAC ACA CAC ACA CT 300 

  861 ACC ACC ACC ACC ACC ACC 500 

Nyeri 0    

Jilore 0    

Baringo 0    

Narok 2 807 AGA GAG AGA GAG AGA GT 400 

  809 AGA GAG AGA GAG AGA GG 400 
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Fig 2: A three dimensional plot of the Principal Coordinate Analysis (PCA) of ISSR data showing the 

clustering of S. henningsii populations 

 

*The first, second and third principal coordinates account for 25.13, 19.78% and 15.61% of total variation, 

respectively 

 

Table 4: Nei's (1978) Unbiased Measure of Genetic Identity and Genetic Distance from ISSR markers using 

PopGene software 

pop ID Kitui Marsabit Baringo Nyeri Narok Karura Ngong Jilore Taveta 

Kitui **** 0.8556     0.7992     0.8141    0.8471     0.8422    0.8494    0.8428    0.8366    

Marsabit 0.1560      **** 0.8203     0.8755    0.8481     0.8417    0.8298    0.8337    0.8803    

Baringo 0.2241    0.1981      **** 0.8019    0.8361     0.8250    0.7675    0.7239    0.8004    

Nyeri 0.2057    0.1330     0.2208      **** 0.8606     0.8236    0.8064    0.8436    0.8639    

Narok 0.1659    0.1648     0.1791     0.1502      **** 0.8269    0.8146    0.8201    0.8705    

Karura 0.1718    0.1723     0.1924     0.1941    0.1900      **** 0.8074    0.7790    0.8713    

Ngong 0.1632    0.1866     0.2647     0.2152    0.2050     0.2139      **** 0.8363    0.8438    

Jilore 0.1710    0.1819     0.3231     0.1700    0.1983     0.2497    0.1788      **** 0.8314    

Taveta 0.1784    0.1275     0.2226     0.1463    0.1387     0.1377    0.1698    0.1847      **** 

*Nei's genetic identity (above diagonal) and genetic distance (below diagonal). 
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Table 5: Analysis of Molecular Variance for S. henningsii as revealed by ISSR markers 

Source df SS MS 

Est. 

Var. % p>0.05 

Among Regions 2 669.272 334.636 0.269 2% 0.001 

Among Pops 6 1868.083 311.347 10.139 58% 0.001 

Within Pops 261 1876.100 7.188 7.188 41% 0.001 

Total 269 4413.456 

 

17.595 100% 

 
 

 

Figure 3:  Percentage of Molecular variance of ISSR data 

 

Cluster analysis of ISSR data based on the Nei’s (1978) unbiased genetic distance generated a dendrogram with 

three major groups. Cluster I consisted of three populations namely Kitui, Ngong and Jilore. Cluster II consisted 

of five populations (Marsabit, Taveta, Nyeri, Narok and Karura) and cluster III consisted of Baringo population 

(Figure 4). 

Among 

Regions 

1% 

Among Pops 

58% 

Within Pops 

41% 

Percentages of Molecular Variance 



International Journal of Innovative Research and Knowledge                                                                                   ISSN-2213-1356 

www.ijirk.com  Page 90 

 

Figure 4: UPGMA clustering analysis of the nine S. henningsii populations based on Nei's (1978) unbiased genetic 

distance 

 

DISCUSSIONS AND CONCLUSIONS 

Genetic diversity assessment of medicinal plant species is an essential component in germplasm characterization, 

evolution, breeding and conservation (Wu et al., 1999). However, from literature survey information on genetic 

diversity of S. henningsii is lacking. Therefore efforts were made in the present study to characterize 270 

individuals from nine populations of S. henningsii in Kenya using ISSR markers in order to provide insight useful 

for its conservation and sustainable utilization. ISSR makers have been successfully used in other studies on 

genetic diversity of medicinal plant species such as (Rocha et al., 2016) in Croton heliotropiifolius., (Brito et al., 

2016) in Varronia curassavica (Jacq.)., (Tabin et al., 2016) in Rheum (Khan and Shah 2016) in Withania 

somnifera and (Pereira-Almeida et al., 2017) in Croton tetrandenius.  
 

In the present study, ISSR markers detected and amplified 96 loci among S. henningsii genotypes all of which 

were polymorphic. The mean percentage polymorphism revealed by ISSR markers was 43.40%. The most 

polymorphic population revealed was Ngong with 51 polymorphic loci (53.12 %) while the least polymophic 

population was Baringo with 28 (29.17%) polymorphic loci. In other studies on the genetic diversity of Costus 

pictus similar results were obtained where a percentage polymorphism of 42.47% was revealed by ISSR markers 

(Naik et al., 2017). (Zebarjadi et al., 2016) reported 59.13% percentage polymorphism in Peganum harmals L. 

Moreover, low levels of polymorphism in ISSR markers have also been reported in previous studies for example 

24.36% in Bruguirra gymnorrhiza and 12.73% in Heritiera fomes (Dasgupta et al., 2015). Yet in other studies a 

high polymorphism (94.8%) was reported in Croton tetradenius (Pereira –Almeida et al., 2017), Ziziphus spina-

christi (L.) (Alansi et al., 2016) reported 93.4% percentage polymorphism and (Liu et al., 2013) reported 76.1% 

in Thuja sutchuenensis. 
 

Several studies on natural populations have indicated the percentage polymorphism as a measure of genetic 

diversity (Naik et al., 2017). However, despite being the most commonly used indicator of genetic diversity, 

variation in this value is observed (Soares et al., 2016). Nei (1987) reported that percentage polymorphism is not a 

significant measure of genetic variation and that the parameter of genetic diversity (H) is more appropriate. In this 
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study, the values for genetic diversity (H) and Shannon index (I) ranged from (0.0955 - 0.1828) and (0.1448-

0.2728). According to genetic diversity and Shannon index values, Ngong population was the most diverse and 

Baringo being the least diverse population. These values indicate a low genetic (allelic) diversity for S. henningsii 

genotypes. The results obtained could be attributed to the pollination, propagation and seed dispersal mechanisms 

in S. henningsii. This plant species has cleistogamous reproduction (self-pollinating) (Adekule 2015; Bruce and 

Lewis 1960) and bears small and brightly colored flowers which indicate a high possibility of entomophilous 

pollination. Insects transfer pollen for short distance mainly on flowers in a single tree resulting in the production 

of inbred seeds with poor germination (Adekule 2015; Bryndum and Hedgegart 1969; Mathew et al., 1987; Indira 

and Mohandas 2002; Tangmitcharoen et al., 2009). It is propagated through seeds, wildings as well as suckers 

(Maundu and Tengas 2005). Seed dispersal is mainly by mammals especially birds and apes (Adekule 2015). It is 

also known to occupy restricted geographical zones in areas where it is naturally found. All these above factors 

have resulted in the narrow and common gene pool in S. henningsii populations. Other studies that reported low 

level of genetic divergence in the plant genotypes in their study include Thuja sutchuenensis  (Liu et al., 2013), 

Croton tetradenius (Pereira –Almeida et al., 2017), Costus pictus Naik et al., 2017) and Peganum harmals L 

(Zebarjadi et al., 2016). 
 

Analysis of molecular variance (AMOVA) revealed a high (58%) genetic variation among populations than 

(41%) within populations. This may be due to the reproductive system in S. henningsii. Additionally, genetic drift 

may have also contributed to the higher among population diversity through the loss of some alleles with 

successive generations in some population.  In Withania somnifera genetic diversity study, a high variation among 

populations than within populations was reported using RAPD and ISSR primers (Khan and Shah 2016). This was 

attributed to the self pollinating nature of the species. Panda et al., (2015) also reported a higher genetic variation 

among Plumbago zeylanica populations revealed by RAPD and ISSR markers due to habitat fragmentation. 

Reduction and fragmentation in wild medicinal plants due to over-exploitation in the forest cover could be one of 

the main causes that led to an increase in genetic differentiation and reduced gene flow between populations 

(Panda et al., 2015). In this study, Kitui, Taita–Taveta and Nyeri populations were highly over exploited and thus 

revealed a high genetic variation due to the reduction in gene pool within these populations. 
 

Clustering analysis grouped the populations into three groups based on the Nei’s (1978) unbiased genetic 

distances and the Principal coordinate Analysis confirmed the results of the clustering analysis. However, both 

UPGMA and the PCA analysis did not indicate a clear pattern of clustering and the geographical trend among the 

populations. The genetic divergence did not match to the geographical places of collection. Similar results have 

also been reported in studies on other medicinal plants species such as (Zebarjadi et al., 2016) in Peganum 

harmala L. and (Liu et al., 2013) in Thuja sutchuenensis and (Pereira-Almeida et al., 2017) in Croton tetradenius 

using ISSR markers while (Varma and Shrivasava 2018) in Andrographis paniculata used AFLP markers.  
 

Geographical isolation is one of the major factor influencing genetic differentiation by limiting the amount of 

gene flow through seeds and pollen (Pfeifer and Jetschke, (2006). The lack of significant correlation between 

genetic distance and geographical locations indicate that genetic drift has played an important role in influencing 

the genetic structure and increasing the genetic variation among populations (Fischer et al., 2000). A decline in 

population size lowers genetic diversity and lead to inbreeding depression (Naik et al., 2015). This is a possible 

scenario in the analyzed populations of S. henningsii. This species was very common even within the vicinity of 

local people homesteads but has rapidly declined due to over exploitation in its natural habitats for medicinal 

purposes. This further accelerates the effects of genetic drift. In the long-term perspective, a reduction in genetic 

variation could lower the ability of a population to adapt and increase the risk if its extinction under changing 

environmental conditions (Liu et al., 2013). 
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In conclusion, the results of this study showed that low genetic diversity exist at species and population level as 

assessed by ISSR markers. However, high genetic variation among than within populations exists in S. henningsii. 

Therefore efforts should be made to preserve all the extant populations of this plant species and their habitat. Due 

to its wide scale medicinal use, it would be sustainable if plantation of new populations can be established to meet 

its demand. In this way we can alleviate the excessive collection of natural resources of S. henningsii. 
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