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Abstract 

Salvia limbata is one of the aromatic herbs of Lamiaceae that naturally grows in different regions of Iran. This species 

has several usages in folk and modern medicine. In the current research, population genetic divergence and structure 

were evaluated in eight Iranian populations of this species. Nuclear genomes were extracted using CTAB method and 

amplified by ten ISSR primers. Parameters of genetic divergence changed among and within the examined populations. 

Percentage of among populations polymorphism was higher than within population ones in most of studied populations. 

It was supported by results of Analysis of Molecular Variance test, which revealed the large part of significant genetic 

variation belonged to among populations rather than within populations. In this regard, individuals of most populations 

were close together, while according to UPGMA tree, the studied populations were clustered into seven groups. 

STRUCTURE analysis and NJ tree produced similar results. The low rate of gene flow (Lm) and highest value of 

genetic differentiation (GST) confirmed the high genetic differentiation of the studied populations. Popart analysis 

revealed the occurrence of several mutations in order to adapt populations with environmental conditions. The 

occurrence of adaptive mutations and gene flow disruption due to habitat separation seems to differentiate the 

populations. 
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Introduction 

 

Salvia L., is one of the largest genera of Lamiaceae family, comprises of more than 50 taxa, which grows 

naturally in different regions of Iran (Jamzad 2012). Salvia species are used in folk and modern medicine for 

treatment of several diseases (Talebi et al. 2019a). 

Salvia limbata C. A. Mey. is an aromatic tall plant of the genus and grows in various parts of Iran. 

According to several studies, the essential oil or extracts of this herb have numerous biological activities. For 

example, Alemy et al. (2012) suggested that the methanolic extract of this plant has central antinociceptive 

activity in mice, because it has showed a significant antinociceptive effect in the hot-plate test and its effect 
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was inhibited by naloxone. The naloxone inhibitory effect on the antinociceptive activity of extract suggests 

a morphine-like activity profile for S. limbata.  

Findings revealed that consumption of this plant that contains tryptophan, one of the essential amino 

acids, might be useful for dietary deficiency of this amino acid, because this aromatic herb can accumulate 

tryptophan as a free compound together with sterols and their glucosides (Saeidnia et al. 2011).  

The extracted essential oil from aerial parts of S. limbata has antifungal activity in comparison with 

other taxa of the genus. Furthermore, the methanolic extract of this herb has revealed strong anti-influenza 

virus activity (Ogutcu et al. 2008). 

Genetic diversity plays a key role in the speciation process. Inter and intraspecific genetic 

divergences play a prominent role in function and structure of ecosystem (Whitham et al. 2008). Intraspecific 

genetic divergence is not only the currency of natural selection; it also underpins plant as well as animal 

breeding. Global genomic biodiversity provides a rich source of raw material for biotechnology. Besides, 

genetic diversity evaluation of crop plants has a very important role in food and nutrition security, 

continually developing yield from crops and livestock on the same land space (Dulloo et al. 2014). Also, 

genetic difference increases resilience to climate change by providing the characteristics which are very 

important to the efficiency and adaptability of system production (FAO, 2015). 

There are several molecular techniques for investigation of genetic variations among and within 

plant species such as random amplified polymorphic DNA (RAPD), amplified fragment length 

polymorphism (AFLP), simple sequence repeat (SSR), and inter sample sequence repeat (ISSR) (Everaert et 

al. 2001; Diederichsen & Fu 2006; Cloutier et al. 2009; Talebi et al. 2019a). 

There are several evaluations about infraspecific morphological (Talebi et al. 2019b), essential oil 

composition (Salehi et al. 2008; Morteza-Semnani et al. 2014) and anatomical (Nejadhabibvash et al. 2017) 

variations in S. limbata. On the contrary, we could not find a study on the population genetic diversity and 

structure of this species in Iran and the world. Therefore, in the current study, we conducted a comprehensive 

study on the population genetic variation and structure on eight populations of S. limbata in Iran. The results 

of this study can be useful in the genetic breeding programs and conservation of genetic diversity of this 

important medicinal plant. 

 

 

Material and methods 

 

Plant samples 

Twenty four individuals of eight S. limbata populations were harvested from different regions of Iran (Table 

1, Fig. 1). Plant samples were identified according to morphological descriptions provided in valuable 

references such as Flora of Iran (Jamzad 2012) and Flora Iranica (Rechinger 1982) and. We deposited the 

voucher samples in the Herbarium of Arak University (AUH).  

 
Table 1. Locality address and herbarium numbers of the studied populations of S. limbata.  
 

Population no. Localities addresses and altitude, m a.s.l. Voucher number 

1 Markazi province, Arak, Sardasht, 1850 AUH‒ 5010 

2 Markazi province, Saveh, Sangak, 1900 AUH‒5011 

3 Khorasan Razavi, Ghoochan to Sabzevar, 1730 AUH‒5012 

4 Markazi province, Zarandiyeh, Vidar, 1750 AUH‒5013 

5 Semnan province, Ahovan, 1720 AUH‒5014 

6 Markazi province, Zarandiyeh, Rangraz, 1430 AUH‒5015 

7 Semnan province, Semnan to Ghoochan AUH‒5016 

8 Tehran province, Lashkarak, 2100 AUH‒5017 

 
 

DNA extraction and PCR 

We used CTAB activated charcoal protocol for genomic DNA extraction. Besides, the quality of extracted 

genome was tested by running on 0.8% agarose gel. We examined ten ISSR primers, while only seven of 

them produced scorable data; UBC834, (CA)7GT, (AGC)5GG, (AGC)5GT, (GA)9C, (CA)7AT and (GT)7CA. 

We used a 25 μl volume tube containing 10 mM Tris–HCl buffer ( pH 8), 0.2 μM of a single primer, 50 mM 



GENETIC VARIABILITY AND POPULATION STRUCTURE OF IRANIAN SALVIA LIMBATA POPULATIONS 

 

58 

 

KCl, 0.2 mM of each dNTP, 1.5 mM MgCl2, 3 U of Taq DNA polymerase and 20 ng extracted DNA for 

PCR reactions. 

The following program was applied for amplification reactions: initial denaturation step, 5 min at 

95°C, 40 cycles of 1 min at 95°C; 1 min at 53–58°C, 2 min at 75°C and the final extension step of 8–11 min 

at 75°C. The PCR results were run on 1% agarose gel, then stained with ethidium bromide. We used a 100 

bp molecular size ladder for estimating the size of fragments. 
 

 
 

Figure 1. Distribution map of the investigated populations of S. limbata (numbers indicated populations according to 

Table 1). 

 

 

Molecular Analyses 

The obtained bands were coded as binary traits (presence = 1, absence = 0) and used for the genetic diversity 

analyses. The evaluated genetic divergence parameters were: number of bands unique to a single population, 

number of different alleles, number of different bands with a frequency ≥ 5%, Shannon Information Index, 

number of effective alleles, expected heterozygosity, Nei unbiased genetic distance, unbiased expected 

heterozygosity and polymorphic loci percentage. (Freeland et al. 2011). In addition, Nei’s genetic distance 

was estimated among and within the studied populations and also Neighbor–Net networking for UPGMA 

tree clustering (Freeland et al. 2011; Huson & Bryant 2006).  

We did Analysis of Molecular Variance (AMOVA) test with 1000 permutations (Peakall & Smouse, 

2006) and Nei’s Gst analysis (Meirmans & Van Tienderen 2004) by GenAlex 6.4 and Geno–Dive ver.2, 

respectively. The population’s genetic difference was evaluated by GST (standardized measure of genetic 

differentiation according to Hedrick (2005). 

Populations’ genetic structure was analyzed by Bayesian-based model STRUCTURE (Pritchard et 

al. 2000). The data were scored as dominant markers for STRUCTURE analysis according to Falush et al. 

(2007). 

Evanno test was performed on STRUCTURE results to determine the best number of K by delta K 

value (Evanno et al. 2005). In K–Means clustering, both summary statistics, pseudo–F and Bayesian 

Information Criterion, provide the best fit for K value (Meirmans 2012). 

 

 

Results 

 

Parameters of genetic variations among and within the evaluated populations of S. limbata have been 

presented in Table 1. In total, 151 Bands with a frequently ≥5% were recorded among the populations, which 
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20 of them were private. In this regard, the maximum and minimum numbers of bands with a frequently 

≥5% were reported from Arak, Vidar and Rangraz populations, respectively.  

 
Table 2. Parameters of genetic diversity among the investigated populations (Bands Freq. – number of different bands 

with a frequency ≥5%, Private Bands – number of bands unique to a single population, Na  number of different alleles, 

Ne – number of effective alleles = 1/(p^2 + q^2), I –Shannon Information Index = -1*(p*Ln(p)+q*Ln(q)), He – 

expected heterozygosity = 2 *p*q, uHe –unbiased expected heterozygosity = (2N/(2N-1)) * He, where for diploid 

binary data and assuming Hardy–Weinberg equilibrium, q = (1-Band Freq.)^0.5 and p = 1-q, Nei unbiased genetic 

distance and P=percentage of polymorphic loci). 
 

Population Value Na Ne I He uHe 
polymorphis

m 
Bands Freq. 

Private 

Bands 

Arak 
Mean 0.492 1.077 0.060 0.042 0.050 9.84% 

24 4 
SE 0.086 0.032 0.024 0.017 0.020 1.02 

Sangak 
Mean 0.557 1.075 0.065 0.044 0.052 11.48% 

17 8 
SE 0.089 0.029 0.024 0.016 0.019 0.98 

Ghoochan 
Mean 0.410 1.068 0.057 0.039 0.046 9.84% 

19 3 
SE 0.085 0.029 0.023 0.016 0.019 1.32 

Vidar 
Mean 0.541 1.089 0.080 0.053 0.064 14.75% 

24 4 
SE 0.095 0.030 0.025 0.017 0.021 1.87 

Ahovan 
Mean 0.262 1.014 0.016 0.010 0.012 3.28% 

14 0 
SE 0.066 0.010 0.011 0.007 0.008 0.96 

Rangraz 
Mean 0.541 1.096 0.088 0.058 0.070 16.39% 

13 1 
SE 0.098 0.031 0.026 0.018 0.021 1.98 

Semnan 
Mean 0.656 1.205 0.166 0.114 0.137 27.87% 

23 0 
SE 0.114 0.046 0.035 0.025 0.030 2.14 

Lashkarak 
Mean 0.311 1.023 0.019 0.013 0.015 3.28% 

17 0 
SE 0.068 0.017 0.014 0.009 0.011 0.38 

Total 
Mean 0.471 1.081 0.069 0.047 0.056 12.09% 

151 20 
SE 0.032 0.011 0.009 0.006 0.007 2.80% 

 
 

The largest number of primitive band was registered in Sangak populations, against, no primitive 

band was observed in Ahovan, Semnan and Lashkarak populations.  

The highest numbers of different (Na) and effective alleles (Ne), Shannon Information Index (I), 

expected heterozygosity (He), and unbiased expected heterozygosity (uHe) were recorded in Semnan 

population, while the lowest amounts of these parameters were observed in Ahovan population.  

The highest percentage of within population genetic polymorphism (27.87%) was registered in 

Ghoochan population, and the lowest one (3.28%) belonged to Lashkarak population. The total percentage of 

among populations genetic polymorphism was 12.09%, which was greater than all of studied populations, 

except for Semnan (27.87%), Rangraz (16.39%), and Vidar (14.75%) populations. Therefore, individuals of 

the mentioned populations were clustered far from each other rather than the rest populations in PCA plot 

(Fig. 2).  

Results of AMOVA test revealed significant difference (P ≤ 0.001) among and within the 

populations. According to Fig. 3, more than 70% of genetic variations was due to among populations 

difference and the rest amount (27%) belonged to within populations diversity.  

The studied populations were clustered separately in UPGMA (Fig.4) and Neighbor Joining (Fig.5) 

trees of ISSR molecular data. Based on these trees, seven genotypes were recognized among the studied 

populations: 1 - Arak population, 2 - Sangak population, 3 - Ghoochan population, 4 - Vidar population, 5 - 

Ahovan population, 6 - Rangraz and a member of Semnan populations, 7 - Semnan and Lashkarak 

populations. 
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Figure 2. PCA plot of the evaluated populations and their individuals (numbers indicated populations according to 

Table 1). 

 

 
 

Figure 3. Results of AMOVA analysis among and within the studied populations. 

 
 

 

STRUCTURE analysis confirmed the existence of seven genotypes among the populations (Fig. 6), 

which indicated the strong population’s structure. Moreover, the high value (0.82) of genetic differentiation 

(GST) was reported among the populations. Reticulation dendrogram (Fig.7) revealed a low rate of gene flow 

among the populations, which was supported by a low value of Nm (0.11).  

Individuals of each evaluated population were placed closely in TSC network, except for Semnan 

and Lashkarak populations (Fig. 8). This network indicated the occurrence of consecutive mutations which 

has caused large intra-population variations in these populations. 
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Figure 4. UPGMA tree of the studied populations and their members according to ISSR data (numbers indicated the 

populations based on Table 1). 

 

 
Figure 5. NJ tree of the evaluated populations and their individuals based on ISSR data (numbers indicated the 

populations based on Table 1). 

 

 
 

Figure 6. STRUCTURE analysis of the studied populations, which revealed the best number of K=7 (numbers 

indicated the populations based on Table 1). 
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Figure 7. Reticulation dendrogram of the studied populations that indicating gene flow among. Abbreviations: Arak (1-

3), Sangak (4-6), Semnan (7-9), Vidar (10-12), Ahovan (13-15), Zarandiyeh (16-18), Ghoochan (19-21) and Lashkarak 

(22-24). 

 

 
Figure 8. TCS network of the studied S. limbata and their individuals (numbers indicated the populations based on 

Table 1). 
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Discussion 

 

We used ISSR molecular technique for evaluation of infraspecific genetic variation in S. limbata. Because, 

pervious investigations have confirmed that this technique is very useful in identification of within species 

genetic divergence in several Lamiaceae genera such as Salvia (Talebi et al. 2019a), Lallemantia (Koohdar 

et al. 2016), Stachys and Ziziphora (Tabaripour et al. 2018). 

The percentage of total among populations polymorphism was higher than the intra-population 

polymorphism percentages in most of studied populations. This finding was supported by AMOVA test, 

which revealed that more than 70% of genetic diversity is due to among populations rather than within 

populations. These suggest that mating occurs chiefly among individuals within a population, thus favoring 

the divergence among populations of the same species (Boulila et al. 2010). 

The highest amount of genetic differentiation (GST) indicated the strong genetic structure of the 

evaluated populations. According to STRUCTURE analysis and NJ tree, seven genotypes were identified 

among the populations. This showed that almost every population has a unique genetic structure. 

Furthermore, very low rate of gene flow that was presented by reticulation dendrogram and also small value 

of Nm were in agreement with results of STRUCTURE analysis. Similar results were reported from other 

Lamiaceae species. For example, Boulila et al. (2010) stated that the genetic differentiation among 

populations of Teucrium polium assessed by GST index was high, suggesting a low level of gene flow among 

the populations. 

Under Self-pollination or within population pollination conditions, much great divergence is 

observed among populations often with quite various alleles in diverse populations (Tachida & Yoshimaru 

1996).  

The UPGMA analysis revealed that individuals from each population were grouped together, except 

for Semnan and Lashkarak populations. The individuals of these populations were mixed together; besides, 

an individual of Semnan population was clustered with individuals of Rangraz population. Referring to the 

STRUCTURE analysis, it was observed that the mentioned populations have approximately similar genetic 

structure or have similar large fragments. The most important reason for the existence of similar fragments in 

genetic structure of different populations is presence of strong gene flow among populations. 

The breeding system of each plant is a crucial factor in determining the divergences among 

populations from various geographic habitats. The out-breeder plants often reveal much more gradual 

alternations among populations (Lanner-Herrera et al. 1996; Talebi et al. 2019a) reflected often in difference 

in frequency of allele along the ecological gradient. This has been observed in various plants, for example, 

Sorghum bicolor in West Africa (Morden et al., 1989). 

In this regard, Rao & Hodgkin (2002) demonstrated that, in addition to breeding system, other 

factors such as morphology of flower and reproduction type, significantly affected the distribution and extent 

of the genetic variation. 

Breeding system, floral morphology and reproduction type in S. limbata are adapted for out-crossing. 

Since the geographic distances among Semnan, Lashkarak and Rangraz populations are very large (at least 

ca 200 km) and there are several barriers among them, these populations appear to have the same origin or 

originate from the neighboring populations.   

Nevertheless, the rest populations did not seem to have a high rate of gene flow and they had an 

almost uniform genetic structure among individuals of each population. It confirmed the genetic segregation 

of these populations due to habitat segregation and existence of various barriers against the gene flow. 

Similarly, Boulila et al. (2010) believed that the high genetic structure among populations and their low level 

of genetic heterogeneity are indicative of their recent genetic isolation that could progressively lead to local 

adaptation. It is more important to know that each development in activities of human may decrease the 

population size and enhance the genetic drift. Therefore, all plant populations, in particular medicinal plants, 

should be protected by limiting overgrazing and overexploitation. 

In addition, the distance between some populations is over 1000 km. So, another reason for the 

substantial population structure is isolation by distance. According to several investigations (Hamrick et al. 

1989; Husband et al. 2002), the mentioned parameters are generally known to influence the genetic 

variability level and structure in plant taxa. 

Popart analysis showed that the occurrence of numerous mutations that make populations to adapt 

with their habitats causes differences in the genetic structure of populations and made their divergence. 
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Different evaluations (e.g. Leigh & Bryant 2015) revealed that haplotype network (Popart analysis) 

is performed in the analysis of population genetic data to visualize genealogical relationships at the 

infraspecific level, and to make inference about population’s biogeography and history. 

Talebi et al. (2019b) investigated morphological characteristics of eight populations of this species. 

They reported high morphological variations among the populations, and these populations were divided into 

four distinct groups. The authors hypothesized that the observed phenotypical changes were due to habitat 

ecological factors. It is important to note that the populations of both studies were the same, although the 

populations clustering of these evaluations was not equal. In other studies, Nejadhabibvash et al. (2017) and 

Salehi et al. (2008) evaluated anatomical, oil compositions of various populations of S. limbata and reported 

the high difference among the populations. These studies show that the combination of genetic and 

environmental factors can lead to adaptation and differentiation among the populations. 
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