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Abstract 

 

For preliminary characterization and discrimination among four wild and three cultivated economic species of family 

Lamiaceae scattered in Taif governorate of Saudi Arabia, different molecular approaches were used. Nineteen loci from five 

enzyme systems were determined: twelve were monomorphic and the other (ADH-1, MDH-2, α-EST-4, α-EST-5, α-EST-6, 

α-EST-7 and PRX-2) were polymorphic in at least one species. The estimated observed heterozygosities were higher than 

those of the expected in 6 species. The negative values of the inbreeding coefficient referred to an excess in heterozygosity 

in the 6 species indicating some tendency to outcrossing selection against homozygosity. The UPGMA dendrogram grouped 

all individuals of the same species together revealing lower genetic diversity within each species. The seven DNA primers 

generated 16 bands of which 14 were polymorphic with polymorphism percentage ranging between 0.00 to 100% indicating 

a high level of polymorphism. The eleven unique bands identified were stable and specific for the four species of the two 

genera; Mentha and Lavendula. Results can be used for the DNA barcoding approaches and subsequently the conservation 

of these Saudi Arabian plant resources. 
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Introduction 

 

Lamiaceae (the mint family) is represented in the 

Saudi Arabia flora by 76 species; of them 23 are 

medicinal plants (Collenette, 1999). These species are 

used for medicinal, flavoring and food preservation 

purposes. Due to the presence of many secondary 

metabolites, they show anticancer, antioxidant, antiviral 

and antibacterial activities (Carović-Stanko et al., 2016). 

Limited work has been done on the characterization and 

discrimination among Lamiaceae species found in Saudi 

Arabia using allozyme and other molecular markers.  

Allozyme electrophoresis was conducted to assess 

the genetic diversity and the population structure in 

Ocimum (Mustafa et al., 2006), Thymus (Lopez-Pujol et 

al., 2004; Ali et al., 2012), Lavandula multifida (Chograni 

et al., 2012), Rosmarinus officinalis (Zaouali et al., 2012). 

Also, several molecular markers were used in different 

researches related to Lamiaceae taxa: RAPD (Chograni & 

Boussaid, 2010; Shinwari et al., 2011), ISSR (Rodrigues 

et al., 2013; Safaei et al., 2016), SSR (Radosavljević et 

al., 2012), ESTs (Karaca et al., 2013), DNA barcode 

genes (rbcL, matK and trnH-psbA) (De Mattia et al., 

2011; Zahra et al., 2016; Zahra & Shinwari, 2016), 

regions of chloroplast DNA (Jabeen et al., 2012) and 

nrDNA ITS sequences (Özcan et al., 2015).  

Generally, molecular markers play an important role 

in identification, detecting variability, discriminating 

among wild and cultivated species and populations of 

family Lamiaceae around the world. As a preliminary 

study, our present work aims to characterize and 

discriminate among wild and cultivated species of family 

Lamiaceae scattered in Taif governorate of Saudi Arabia 

depending upon different allozyme loci, one RAPD 

primer, three SSR primers and three DNA specific 

barcode primers (NY, matK-KIM and matK-pK). 

 

Materials and Methods 

 

Plant material: Fresh leaves of 42 individuals of 3 

cultivars and 4 wild species, varying from 4 to 7 per 

species, belonging to family Lamiaceae were collected 

from Taif highlands of Saudi Arabia. The collected plant 

material was indentified and named according to 

Collenette (1999). The principal characteristics of their 

sites are summarized in Table 1. 

 

Table 1. Names and sources of seven species of Lamiaceae. 

No. Species Type Geographic origin 
Coordinates 

Latitude (N) Longitude (E) 

1. Lavandula dentate L. Wild Ash Shafa 21 05 55 40 20 34 

2. Lavandula pubescens Decne. Wild Ash Shafa 21 05 55 40 20 34 

3. Mentha longifolia L. Wild Ash Shafa 21 04 47 40 23 03 

4. Mentha viridis L. Cultivated Ta'if city 21 16 00 40 25 00 

5. Plectaranthus comosus Sims. Cultivated Al-Hawiyya 21 16 00 40 25 00 

6. Rosmarinus officinalis L.  Cultivated Al-Hawiyya 21 16 00 40 25 00 

7. Otostegia fruticosa Forssk. Wild Ash Shafa 21 05 54 40 20 35 
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Isozyme electrophoresis: The investigated isozymes 

were: alcohol dehydrogenase (ADH); (E.C. 1.1.1.1), α-

and β-esterases (EST); (E.C.3.1.1.1), malate 

dehydrogenase (MDH); (E.C.1.1.1.37) and peroxidase 

(PRX); (E.C.1.11.1.7). For their extraction, 1 g of fresh 

leaves was homogenized in 1 ml extraction buffer (1 M 

Tris-HCl, pH 8.8). The homogenate was centrifuged at 

10000 rpm for 5 min and the clear supernatant was kept 

at –20ºC. According to Stegemann et al., (1985), the 

supernatant of each sample was separated by 10% 

Native-polyacrylamide gel electrophoresis method. 

ADH, MDH, PRX and α-& β-EST gels were stained 

according to protocols of Weeden & Wendel (1990), 

Jonathan & Wendell (1990), Heldt (1997) and 

Scandalios (1964), respectively.  

 

DNA isolation and amplification: Fresh leaves (250 mg) 

belonging to four species; Larandula dentate L. 

pubescens, Mentha longifolia and M. viridis were used for 

DNA isolation using CTAB method (Doyle & Doyle, 

1987). To obtain different DNA markers, each species was 

analyzed with one random primer (RAPD), three specific 

SSR primers and three coding DNA genomic regions 

belonging to matK (matK-KIM, matK-pK and NY) (Table 

4). These well-known universal primers were produced by 

Macrogen Inc. (Seoul, Korea). A PCR amplification for 

each sample was done with a 25 µL total reaction/sample 

that included 10 µL Taq Master Mix, 1 µL each, forward 

and reverse primers, and 1 µL DNA. Thermal cycling was 

done on a Techne TC-3000 (Barloworld Scientific, Ltd. 

Staffordshire, UK) with the following program: 105°C 

heated lid, initial denaturation of 94°C for 5 min, and 35 

cycles (1 min at 94°C), annealing (30 s at different 

temperatures) and extension (1 min at 72°C) and a final 

extension at 72°C for 7 min. Primers details and annealing 

temperatures are provided in Table 4.  

 

Statistical analysis: The genetic variability within the 

seven species of Lamiaceae and the inbreeding 

coefficient; Wright’s F [F = (1 – Ho/He)] were analyzed 

by the parameters that described by Hamrick & Godt 

(1989) and NEI (1973) and illustrated in Table 3. Levels 

of statistical significance for each parameter were 

determined by t-test (Varghese et al., 1999). For further 

clarification of within species genetic variability, each 

band coded as 1 or 0 for its presence or absence, 

respectively. Cluster analysis was performed using 

UPGMA procedure and represented in a phenogram by 

using SAHN and TREE modules, respectively depending 

on NTSYS-pc 2.2 program (Rohlf, 1998). For DNA 

analysis, The characteristic bands of RAPD, SSR and 

matK patterns were estimated by comparing with 100bp 

DNA ladder (Cleaver Scientific Ltd, UK) using gel 

analyzer program (version 3).  

 

Results and Discussion  

 

Results in this research represented the first use of 

different molecular markers to characterize the 

interspecific genetic variability and discriminating among 

some species of Lamiaceae in Saudi Arabian flora.  

A total of 26 alleles were scored among the 19 loci 

from 5 isozymes investigated (Fig. 1). Their 

frequencies are illustrated in Table 2. Twelve loci 

(MDH-1, PRX-1, α-EST-1, α-EST-2, α-EST-3, β-EST-

1, β-EST-2, β-EST-3, β-EST-4, β-EST-5, β-EST-6 and 

β-EST-7) were monomorphic, having one allele, in the 

seven species, whereas seven loci having two alleles; 

ADH-1, MDH-2, α-EST-4, α-EST-5, α-EST-6, α-EST-7 

and PRX-2, were considered as polymorphic in at least 

one species. The locus MDH-1 was detected in all 

species. Loci α-EST-2, α-EST-3, β-EST-2 and β-EST-4 

distinguished L. dentata from L. pubescens that 

characterized by only two loci; MDH-2 and PRX-1. On 

the other hand, 6 loci; MDH-2, α-EST-2, α-EST-3, β-

EST-1, β-EST-2 and β-EST-3; discriminated between 

M. longifolia and M. viridis (Table 5). 

The parameters of genetic variation within species 

are shown in Table 3. A ranged from 1.00 in L. dentata to 

1.42 in P. comosus with a mean of 1.24 alleles per locus, 

whereas the Apmean was 1.81, ranging from 1.00 in L. 

dentata to 2.00 in 5 species. Plectranthus ranged from 

0.00% in L. dentata to 41.7% in P. comosus with a mean 

of 23.9%. Ho ranged from 0.00 in L. dentata to 1.00 in 5 

species with a mean of 0.797, whereas the mean of He 

was 0.412. Obviously, the observed heterozygosities were 

higher than those of the expected in 6 species. Similar 

results were exactly obtained in Thymus loscosii and 

Lavandula multifida populations (Lopez-pujol et al., 

2004; Chograni et al., 2008).  

The inbreeding coefficient (F) values in all species 

were lower than zero except L. dentata (Table 3). These 

values ranged from –1.00 to 0.00 with a mean of –0.787. 

The negative values referred to an excess in 

heterozygosity in the 6 species that could be due to some 

tendency to out crossing selection against homozygosity 

enhancing higher heterozygosity or random events in their 

environment. The increased heterozygosity was also 

reported in Rosmarinus officinalis, Lavandula stoechas 

and Lavandula multifida (Zaoual & Boussaid, 2008; 

Chograni et al., 2008, 2013). The levels of inbreeding 

coefficient (F) have a tendency to decrease in self-

compatible species (Leimu et al., 2006).  

The UPGMA dendrogram obtained depending on the 

29 isozyme bands scored in the 42 individuals showed 

little variability within species examined (Fig. 2). At 

coefficient 0.70, seven groups were formed and 

corresponded to the seven species. All individuals of the 

same species grouped together presenting higher 

similarity values among individuals revealing the lower 

genetic diversity within each species. The decrease in 

genetic variation within species may be due to two 

reasons: investigating small number of individuals for 

each species and the self-compatibility of Lamiaceae 

species. This result was in accordance with those of 

Leimu et al., (2006) and Owens & Ubera-Jiménez (1992). 

Hamrick & Godt (1989) concluded that the genetic 

variation stayed largely among populations not within 

them in self-compatible species. 
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Table 2. Allele frequencies of different gene loci influencing isozyme patterns detected in seven species of Lamiaceae, (N) 

represents the number of individuals examined. 

Locus Allele 
L. dentata L. pubescens M. longifolia M. viridis P. comosus R. officinalis O. fruticosa 

N Freq. N Freq. N Freq. N Freq. N Freq. N Freq. N Freq. 

ADH-1 
a 

7 
1.00 

7 
1.00 

7 
0.5 

7 
0.5 

0 
0.00 

0 
0.00 

0 
0.00 

b 0.00 0.00 0.5 0.5 0.00 0.00 0.00 

MDH-1 a 7 1.00 7 1.00 7 1.00 7 1.00 4 1.00 4 1.00 6 1.00 

MDH-2 
a 

0 
0.00 

7 
0.5 

7 
0.5 

0 
0.00 

0 
0.00 

4 
0.5 

0 
0.00 

b 0.00 0.5 0.5 0.00 0.00 0.5  0.00 

PRX-1 a 0 0.00 7 1.00 0 0.00 0 0.00 2 1.00 0 0.00 6 1.00 

α-EST-1 a 7 1.00 7 1.00 0 0.00 7 1.00 4 1.00 0 0.00 0 0.00 

α-EST-2 a 7 1.00 0 0.00 5 1.00 0 0.00 4 1.00 4 1.00 6 1.00 

α-EST-3 a 2 1.00 0 0.00 3 1.00 0 0.00 0 0.00 0 0.00 0 0.00 

α-EST-4 
a 

0 
0.00 

0 
0.00 

0 
0.00 

0 
0.00 

4 
0.5 

0 
0.00 

0 
0.00 

b 0.00 0.00 0.00 0.00 0.5 0.00 0.00 

α-EST-5 
a 

0 
0.00 

0 
0.00 

0 
0.00 

0 
0.00 

4 
0.5 

4 
1.00 

0 
0.00 

b 0.00 0.00 0.00 0.00 0.5 0.00 0.00 

α-EST-6 
a 

0 
0.00 

0 
0.00 

0 
0.00 

0 
0.00 

4 
0.5 

4 
1.00 

0 
0.00 

b 0.00 0.00 0.00 0.00 0.5 0.00 0.00 

α-EST-7 
a 

0 
0.00 

0 
0.00 

0 
0.00 

0 
0.00 

4 
0.5 

4 
0.5 

6 
0.17 

b 0.00 0.00 0.00 0.00 0.5 0.5 0.83 

β-EST-1 a 7 1.00 7 1.00 7 1.00 0 0.00 4 1.00 4 1.00 0 0.00 

β-EST-2 a 7 1.00 0 0.00 4 1.00 0 0.00 0 0.00 0 0.00 6 1.00 

β-EST-3 a 0 0.00 0 0.00 3 1.00 0 0.00 0 0.00 0 0.00 0 0.00 

β-EST-4 a 3 1.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 

β-EST-5 a 0 0.00 0 0.00 0 0.00 0 0.00 4 1.00 4 1.00 0 0.00 

β-EST-6 a 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 2 1.00 

β-EST-7 a 0 0.00 0 0.00 0 0.00 0 0.00 4 1.00 4 1.00 0 0.00 

β-EST-8 
a 

0 
0.00 

0 
0.00 

0 
0.00 

0 
0.00 

4 
0.5 

0 
0.00 

5 
0.42 

b 0.00 0.00 0.00 0.00 0.5 0.00 0.58 

 

Table 3. Estimates of genetic variability and the fixation index (inbreeding coefficient) F in seven species of Lamiaceae. 

Species P A Ae Ho He F 

L. dentata 0.00 1.000 1.000 0.000 0.000 0.000 

L. pubescens 16.7 1.167 2.000 1.000 0.500 -1.000 

M. longifolia 25.0 1.250 2.000 1.000 0.500 -1.000 

M. viridis 33.3 1.333 2.000 1.000 0.500 -1.000 

P. comosus 41.7 1.417 2.000 1.000 0.500 -1.000 

R. officinalis 22.2 1.222 2.000 1.000 0.500 -1.000 

O. fruticosa 28.6 1.286 1.673 0.580 0.385 -0.506 

Mean 23.9 1.24 1.81 0.797 0.412 -0.787 

SE 13.26 0.133 0.378 0.385 0.187 0.393 

t-value 4.776*** 24.73*** 12.69*** 5.481*** 5.84*** -5.30*** 
p (<0.99) percentage of polymorphic loci; A average number of alleles per locus; Ae average effective number of alleles per locus; Ho 

observed heterozygosity; He expected heterozygosity under Hardy–Weinberg equilibrium; F Fixation Index (Inbreeding Coefficient); 

SE the standard error. *** p <0.005. 
 

Table 4. DNA primers used in the study. 

Primercode Sequence (5’-3’) 
Anneal 

temp. 

Band

s no. 

Polymorphi

c bands 

Polymorphis

m (%) 

RAPD TGCCGAGCTG 36˚C 5 5 100 

SSR 1-F GAAACACTCACAGCGAGAGC 
50˚C 1 0 0 

SSR 1-R CCTCCATTCACACTCCCCTA 

SSR 2-F TGTGGGCTGGTGATAGATGT 
50˚C 4 4 100 

SSR 2-R GCTTCATCCCACGGACTA 

SSR 3-F AGACGTTATTTGGAGCAGCA 
50˚C 1 0 0 

SSR 3-R TCTCGGATCAACATGAGCTG 

NY-552-F CTGGATYCAAGATGCTCCTT 
52˚C 1 1 100 

NY-1150-R GGTCTTTGAGAAGAACGGAGA 

matK-KIM3-F CGTACAGTACTTTTGTGTTTACGAG 
52˚C 2 2 100 

matK-KIM1-R ACCCAGTCCATCTGGAAATCTTGGTTC 

matK-pk4-F CCCTATTCTATTCAYCCNGA 
52˚C 2 2 100 

matK-pk1-R CGTATCGTGCTTTTRTGYTT 

Total   16 14 87.5 
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Table 5. Allozyme loci and molecular size (bp) of characteristic DNA bands discriminating among  
L. dentata, L. pubescens, M. longifolia and M. viridis. 

Marker system L. dentata L. pubescens M. lonifolia M. viridis 

Allozyme 

MDH - MDH-2 MDH-2 - 
PRX - PRX-1 - - 

α-EST 
α-EST-2,  
α-EST-3 

- 
α-EST-2, 
 α-EST-3 

- 

β-EST 
β-EST-2,  
β-EST-4 

- 
β-EST-1, β-EST-2,  

β-EST-3  
- 

DNA 

RAPD - - 408.8, 300.6 596.0, 354.1, 242.9 
SSR 2 - 147.0 391.5 - 

NY - - - 579.1 
matK-KIM 863.6 - 230.3 - 
matK-pk - - - 283.3 ,179.2 

 

 
 
Fig. 1. Zymograms of 42 individuals belonging to seven Lamiaceae species using three isozymes. (1-7) L. dentata, (8-14) L. 

pubescens, (15-21) M. longifolia, (22-28) M. viridis, (29-32) P. comosus, (33-36) R. officinalis, (37-42) O. fruticosa. 

 

 
 

Fig. 2. UPGMA phenogram showing genetic relationships among seven Lamiaceae species depending on allozyme data. 

https://en.wikipedia.org/w/index.php?title=Otostegia_fruticosa&action=edit&redlink=1


DISCRIMINATING LAMIACEAE SPECIES FROM SAUDI ARABIA 973 

 
 

Fig. 3. DNA patterns of four Lamiaceae species. (M) marker, (1) L. dentata, (2) L. pubescens, (3) M. longifolia, (4) M. viridis. Arrows 

indicate characteristic bands. 
 

A diverse level of polymorphism with DNA markers in 

different Lamiaceae taxa and their populations has been 

reported earlier such as Teucrium polium (Boulila et al., 

2010), Rosmarinus officinalis (Zaouali et al., 2012), two 

Thymus species (Ali et al., 2012), Mentha cervina 

(Rodrigues et al., 2013), Salvia officinalis (Hao et al., 2015), 

Micromeria (Puppo et al., 2016) through using various 

molecular techniques. For that, DNA from the 4 species; L. 

dentata, L. pubescens, M. longifolia and M.viridis was 

studied with one oligonucleotide RAPD primer, three 

microsatellite SSR primer pairs and three coding DNA 

genomic regions (matK-KIM, matK-pK and NY) for the 

plastid gene Maturase K. The primers sequences, number of 

bands and molecular size of characteristic DNA bands 

discriminating among the two species belonging to each of 

genera Lavendula and Mentha are shown in Tables 4 and 5 

and Fig. 2. Only two common bands were observed in the 4 

species by two SSR primers. The 7 primers generated 16 

bands of which 14 were polymorphic with polymorphism 

percentage ranging between 0.00 to 100% indicating a high 

level of polymorphism (Table 4). Our results were similar to 

those of Al-Rawashdeh (2011) who reported a unique DNA 

sequence for Mentha spicata, Mentha longifolia and 

Ziziphora tenuior using RAPD markers and differed from 

those scored by Jabeen et al., (2012) and Gobert et al., 

(2002) who showed high similarity coefficient between M. 

spicata and M. longifolia using three chloroplast genes (rbs). 

In addition to polymorphism, 11 unique bands were 

identified in L. dentata, M. longifolia and M. viridis 

(Table 5). Bands of RAPD, SSR-2, matK-pk and NY 

distinguish the two species of genus Mentha from those of 

genus Lavendula. Ten unique bands discriminated 

between M. longifolia and M. viridis. On the other hand, 

only two bands; in matK-KIM and SSR-2, could 

differentiate between L. dentata and L. pubescens (Table 

5 and Fig. 3). De Mattia et al., (2011) identified and 

discriminated six Lamiaceae genera by four barcoding 

loci (rpoB, rbcL, matK and trnH-psbA) and their results 

suggested that matK was suitable marker for the 

identification of species. Similar study was conducted by 

Zahra et al., (2016) for 32 herbal medicinal products of 

Lamiaceae suggesting matK as the best barcode. The 

unique bands were stable and specific for these species 

and thus could be considered as markers and used for 

their characterization. Except polymorphic bands, no 

reports of unique bands were available for the three 

species (L. dentata, M. longifolia and M. viridis) (Table 

5), therefore, this is the first report about unique bands for 

these species from Saudi Arabia.  

 

Conclusion 

 

In our preliminary investigation, high differentiation 

among seven Lamiaceae taxa was revealed by all 

parameters of markers reflecting the efficiency of them in 

the identification and discrimination among and within 

species of Lamiaceae. The purpose of our future research 

is to evaluate the possibility of DNA barcoding 

approaches to reach an unambiguous identification of 

these important aromatic Lamiaceae species. This will 

give us new prospects for more characterization that will 

be useful not only for taxonomic purposes within family 

Lamiaceae, but also for the evolution and conservation of 

these Saudi Arabian plant resources. 
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