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Introduction

The identification of plant individuals is usually based on the 
evaluation of morphological and physiological traits, denominated 
descriptors [1]. These descriptors are usually influenced by abiotic 
factors, hindering the identification of sufficient characteristics to 
discriminate genotypically distinct individuals [2].

Biochemical and molecular markers, which are 
methodologically more specific, have been used in studies on 
human beings and can also be applied to forensic genetics for 
providing high-accuracy information [3]. The automation of 
molecular techniques, provided by the development of the 
methodology of in vitro amplification of the genetic material by 
polymerase chain reaction (PCR), led to molecular markers related 
to the genomic DNA. These markers allow the identification of 
polymorphism from the amplification of DNA sequences with 
different sizes, depending on the technique employed. Therefore, 
these tools provide more efficient discrimination, mainly between 
morphologically identical but genetically different individuals.

Molecular markers can be defined as tools that utilize molecules 
present in an organism to detect genetic variations. Among 
these molecules, markers based on variations at the DNA level 
present greater polymorphism between morphologically-related  

 
individuals [4]. There are several types of molecular markers, each 
one with its advantages and restrictions. They are indicated for 
specific cases, always considering the available infrastructure. 
Among the DNA markers available, the Restriction Fragment 
Length Polymorphism (RFLP), Random Amplified Polymorphic 
DNA (RAPD), Sequence Characterized Amplified Region (SCAR), 
Simple Sequence Repeats (SSR), Inter-Simple Sequence Repeat 
(ISSR), and Amplified Fragment Length Polymorphisms (AFLP) 
are the most frequently used.

The association of molecular markers with other types of 
genetic markers is useful for allowing the characterization of 
various biological materials, generating a potential tool for the 
characterization of plant germplasm. The families Verbenaceae 
and Lamiaceae, which hold a large number of species of economic 
and medicinal importance, can be characterized by markers. 
These families are made up of bioactive species with several 
biological properties and are used both in folk medicine and in 
the drug, food, perfume, and cosmetic industries [5]. Much of this 
bioactivity is related to the presence of secondary metabolites, 
such as the essential oils. Essential oils are constituted by a variety 
of compounds, mostly mono and sesquiterpenes. Biotic and abiotic 
factors can influence their composition. These metabolites can be 
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used to distinguish individuals belonging to the same botanical 
family due to the ability of a given group to synthesize a particular 
set of substances absent in another genus. However, they are not 
sufficient to genetically differentiate individuals with the same 
chemical profile within the same species. Morphologically-similar 
plants with the same chemical profile may not present the same 
genotypic constitution. Thus, the essential oils can assist studies 
on the genetic diversity of populations of the same species. 
Nevertheless, these metabolites are the result of genetic and 
environmental factors and/or the interaction between them. In 
this sense, molecular markers are an essential tool to complement 
studies related to these families since they allow the direct 
assessment of variations in the level of nitrogenous bases in plant 
genomes, providing more precise information.

Family Verbenaceae
The family Verbenaceae J.St.-Hil. comprises approximately 

36 genera and 1000 species. It has a pantropical distribution, 
occurring mostly in in tropical and temperate zones [6-7]. Brazil 
holds approximately 16 genera and 250 species [8]. The presence 
of glandular trichomes, which produce essential oils of great 
medicinal importance, is a marked characteristic of this family. 
Some genera have stood out owing to their medicinal uses, such as 
Lantana, Stachytarpheta, and Lippia [9-10].

The use of chemical markers has been reported for the genus 
Lantana in an analysis of 15 species, revealing (E)-caryophyllene 
as the major compound and phellandrene, cubebene, and elixene 
as minor compounds. However, (E)-caryophyllene was not 
detected as the major compound in the genus Lippia. Instead, 
studies suggested that species belonging to the genus Lippia 
contain limonene, citral, carvacrol, β-myrcene, camphor, and 
thymol as their main chemical markers. In addition to essential 
oils, other secondary metabolites can be used to distinguish 
genera or families. A taxonomic study of four genera of the family 
Verbenaceae (Lippia, Lantana, Aloysia, and Phyla) proposed the 
presence of iridoid glycosides as a taxonomic descriptor for this 
family [11-12].

The genus Lippia contains approximately 200 taxa and 160 
species of herbs, shrubs, and small trees, many of which are rich 
in essential oils [10,13-14]. These plants are widely distributed 
in Tropical Africa, Mexico, Central America, Paraguay, Argentina, 
and Brazil, accounting for approximately 70-75% of the species. 
Many of the Brazilian species are endemic and are concentrated 
in the Serra do Espinhaço, Minas Gerais, and Goiás, where they 
grow between rocks. Due to their characteristics and to anthropic 
activities in these regions, such as mining, these endemic species 
are endangered [7,10,15]. Despite being spread all over the 
Brazilian territory, reports on the genus Lippia are concentrated 
in species popularly used in the northeastern region of the 
country. Some of them have been included in the official programs 
of primary health care [16], with emphasis on the species Lippia 
alba (Mill.) N.E. Br. and Lippia sidoides Cham. Moreover, the latter 
occurs nation-wide.

Family Lamiaceae
The family Lamiaceae is the largest of the order Lamiales, an 

order that includes between 20 and 30 families. Studies on the 
morphology, chemistry, and molecular phylogeny have changed 
the classification of this family, resulting in the addition of a large 
number of genera that had originally been classified in the family 
Verbenaceae. As a result, the family has about 240 genera and 
7,200 species, occurring in tropical and temperate areas around 
the world. Currently, 32 genera and approximately 496 species are 
native to Brazil, although this number is constantly changing due 
to new discoveries. Seven subfamilies have been recognized, five 
of which occur in South America. The main genera of the family 
Lamiaceae native to Brazil include Vitex, Aegiphila, Amasonia, 
Rotheca, Clerodendrum, Volkameria, Scutellaria, Leonurus, Leucas, 
Leonotis, Ocimum, Marsypianthes, Hypenia, Eriope, Hyptidendron, 
Hyptis, and Heltodon [17,18,19].

This family consists mainly aromatic herbs and shrubs 
that contain essential oil secretory glands. The plants present 
quadrangular stems and opposite leaves, and the inflorescences 
have raceme aspect [20].

This family is one of the most diverse and generalized regarding 
ethnomedicine, and its medicinal value is due to the concentration 
of volatile oils, which are important for the pharmaceutical, 
perfumery, cosmetics, pesticides, and flavoring industries [4,21]. 
Medicinal plants have socio-cultural, spiritual, and medicinal 
value in rural and tribal lives of developing countries [22]. People 
from all over the world use between 50,000 and 80,000 plants for 
medicinal purposes [23].

Isoenzymatic Molecular Markers

Isoenzymatic markers were the first ones to be used in 
molecular differentiation between individuals. Despite their 
pioneering nature, these markers are usually employed to 
obtain information related to genetic variability levels in natural 
populations [24].

From the information contained in the genomic DNA, with the 
translation process, reading of the sequence of messenger RNA 
(mRNA) for protein synthesis occurs, using polymerization in 
amino acids peptide bonds. Among the proteins formed, those with 
catalytic function are denominated enzymes, being responsible for 
catalyzing reactions in an organism in the presence of a specific 
substrate. Some of these enzymes may have the same affinity for 
a given substrate but different molecular weights, i.e., they are 
molecularly distinct enzymes, denominated isoenzymes. Despite 
having the same catalytic functions, they can be biochemically 
differentiated [25]. Thus, the electrophoresis analysis allows 
to visualize and genetically discriminate the isoenzymatic 
differentiation between individuals, species, and populations.

The isoenzymatic discrimination and its applications have 
expanded in plant genetics research, and the investigation of the 
patterns of genetic variability is one of its main characteristics 
[24,26]. Wild barley [27] and wheat [28] were some of the first 
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studies related to genetic discrimination by isoenzymes. Regarding 
bioactive plants, two populations of Ocimum nudicaule were the 
first ones to be analyzed by isoenzymes [29].

The identification of variability levels enables the evaluation 
of the genetic structure in natural populations, which increases 
the efficiency of plant breeding programs and helps the study on 
the conservation of native genetic resources [30]. For instance, 
when assessing the genetic diversity of the endangered species 
Dracocephalum austriacum, high genetic diversity was identified 
within populations, which allowed selecting populations that were 
suitable for genetic diversity conservation [31] and genotypes 
that could work as parents in future breeding programs.

The diversity and genetic structure of 25 natural populations 
of Thymus capitatus, an ornamental plant of the Mediterranean 
region, were analyzed by eight isoenzymes [32]. Eleven 
polymorphic loci were detected, and many of them showed rare 
alleles. These results corroborate studies on isoenzymatic diversity 
using other species of the family Lamiaceae [33-34]. Differentiation 
and genetic similarities between populations indicate they have 
recently been isolated by anthropogenic pressure. However, 
based on the authors’ estimates, most populations showed high 
variation, suggesting that the populations constitute suitable 
germplasm for conservation and use in breeding programs.

Seven natural populations of Teucrium polium were assessed 
using isoenzymes and RAPD regarding their diversity and genetic 
structure. The genetic profile within the population had similar 
results for both markers. Forty-six electrophoretic bands were 
detected by seven isoenzymes, and 144 loci were amplified 
by eight RAPD primers [35], proving to be promising tools for 
genotypes characterization.

Despite their efficiency, isoenzymatic markers are limited by 
the reduced coverage. Only a small number of loci can be identified 
by this method. In addition, these enzymes can change depending 
on the environmental influence, the plant development stage, and 
the tissue analyzed [5].

DNA Molecular Markers

DNA molecular markers emerged aiming at sampling 
different regions of the genome from the structural and molecular 
knowledge of the deoxyribonucleic acid. 

RFLP (Restriction fragment length polymorphism)
At molecular level, the main difference between two 

individuals is detected from the genetic constitution of each 
organism. This difference is the main characteristic that generates 
polymorphisms. From this principle, the Restriction Fragment 
Length Polymorphism (RFLP) was developed [36], being one of the 
first molecular markers based on the DNA molecule. The detection 
technique of the RFLPs markers uses restriction enzymes, 
responsible for cleaving the genomic DNA at distinct but specific 
points, allowing the formation of several fragments, whose sizes 
will correspond to the target region of the enzyme. The product 
generated is then separated by electrophoresis, visualized by 

radioactivity, or stained with fluorochromes. The polymorphism 
visualized at the end is generated from mutations and alterations 
in restriction sites corresponding to the enzyme used.

The RFLP markers are easily reproducible. They have 
high polymorphism and can differentiate homozygote from 
heterozygote individuals. However, the main disadvantage is the 
lengthy development time and the large amount of high-quality 
genomic DNA [25].

Different species have been the target of studies with RFLP, 
which aim to characterize the existing variability. Maize was the 
first plant to be studied using RFLP markers [37,38].

Phylogenetic studies carried out in mangroves using RFLP 
molecular markers revealed data that favored the classification 
of Avicennia spp., Verbenaceae, into another family, Avicenniaceae 
[39]. Due to the toxicity present in Salvia divinorum, which can 
provoke psychotropic hallucinations, the combination of analytical 
chemistry and RFLP molecular methods identified samples of S. 
divinorum, assisting the forensic and toxicological sciences [40]. 
Moreover, when studying the applicability of RFLP markers to 
Salvia genotyping, researchers correlated molecular results with 
levels of essential oil production. However, their results indicate 
the need for further studies on the genetic variations of Salvia [41].

The emergence of plant hybrids is a phenomenon that can 
naturally occur. Nevertheless, it may affect the performance 
and potentiate the extinction of rare species. RFLP markers 
and morphological analyses were fundamental to distinguish 
endangered taxa and their hybrids with the exotic plant Lantana 
strigocamara.

Lately, the isoenzymatic molecular markers and RFLP have 
been poorly used. Conversely, depending on the species, they 
may still be useful [42]. Despite their great collaboration at the 
beginning of genetic diversity studies of several plant species, they 
were replaced by more modern techniques, which have greater 
reproducibility and specificity in accessing species genomes.

SSR (Simple Sequence Repeats)
The SSR microsatellite markers were first described in plants 

by Condit & Hubbell [43], who detected the repeats (AC)n and 
(AG)n. The application of microsatellites as PCR primers was 
first described by Lieckfeldt et al. [44] and Meyer et al. [45]. The 
genome of eukaryotic species is densely populated by different 
classes, with repeated sequences and little complexity. The terms 
Simple Sequence Repeats (SSR) or Short Tandem Repeats (STR) 
were later replaced by Microsatellite Markers [46-47]. Morgante 
& Olivieri [48] clarified that microsatellites occurred in 34 plant 
species and that AT repeats were the most commonly detected 
class of nucleotide microsatellites. They also found that the 
microsatellite markers were more frequent in the plant species 
than in invertebrates and fungi and less frequent in vertebrates.

Microsatellite markers are formed by sets of tandem repeats 
(one after another), with length from two to six nucleotides, and 
occur between the most polymorphic loci of the genomes [49,50].
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Regions containing SSR are individually amplified by PCR 
using a pair of specific primers (from 20 to 30 bases), which 
complement the sequences flanking the microsatellite. In view of 
codominance and multiallelism, microsatellites have the highest 
genetic information content, which, together with the need for a 
small amount of DNA, makes them the ideal genetic markers for 
genetic mapping, with higher efficiency for studies on diversity, 
varieties protection, and assisted selection [51-54]. 

To use SSR markers, specific primers for the target species 
must be developed by constructing genomic libraries, selecting 
and sequencing positive clones, and designing the primers. 
Subsequently, amplification with PCR, agarose gel electrophoresis, 
or polyacrylamide is performed, and then the polymorphism is 
visualized by staining with silver or fluorescent (polyacrylamide) 
or with ethidium bromide solution (under ultraviolet light) 
(agarose). One of the disadvantages of these markers is the high 
cost for the development of primers [55,56]. However, primers 
that have been developed for a determined species can be used 
in another species of the same genus due to microsatellite sites 
maintained between species [25]. These primers are denominated 
heterologous primers. Microsatellites are classified according to 
the composition of the repeated sequences, as follows: perfect 
repeats, without any interruption, such as 12 GTGTGTGTGTGTGT; 
imperfect repeats, interrupted by bases that do not match the 
motif, such as GTGTGTGTaGTGTGTT; and compound repeats, at 
which two or more microsatellite repeats (classes) are adjacent to 
one another, such as GTGTGTGTGTGTCACACACACACA) [5].

A comparative study on the breeding system and genetic 
structures of two species of the genus Clerodendrum, using SSR 
markers, resulted in the genetic information and knowledge 
about the taxa, the degree of inbreeding depression, pollen/seed 
dispersal distance, and pollen genetic diversity on pollinators. 
In a study on Verbenoxylum reitzii (Verbenaceae), an endemic 
tree of the Brazilian Atlantic Forest, which investigated its 
usefulness in population genetic studies, SSR markers revealed 
high polymorphism, acting as a powerful tool for genetic and 
phylogeographic studies of populations. The marker was effective, 
providing genetic information for the development of conservation 
strategies for the species [57-58].

In a study with Pogostemon cablin, microsatellite primers 
were developed to characterize the Active Germplasm Bank of 
the Federal University of Sergipe. Twelve microsatellites were 
developed, out of which six were polymorphic. The genetic 
diversity was efficiently identified, providing new information 
for research on the species, which will subsidize conservation 
strategies and open paths to other studies [59].

Previously developed microsatellite markers and nine others 
that were later isolated from Salvia officinalis L., an endemic 
species occurring in only two locations in the Balkan Peninsula, 
were evaluated. Of the 30 markers tested in the natural population, 
15 were successfully amplified, allowing the comparison of the 
genetic variation between plants. This study also shows the lesser 
genetic variation of rare species [60].

Genetic variability analysis was carried out between 
populations of Minthostachys verticillata collected in Central and 
Northwestern Argentina. Ninety-three plants from nine sites were 
analyzed, and results revealed that variability was higher between 
than within populations. The cluster analysis identified three 
clusters. The genetic variability observed in the study was higher 
than that represented in previous phytochemical reports, although 
the plants are found in the large distribution area, with significant 
anthropogenic action. The Mantel test demonstrated a positive 
and significant correlation between genetic and geographic 
distance. Applying SSR markers to native species can be useful for 
the analysis of natural populations, complementing the chemical 
analysis and developing markers associated with compounds in 
native species [61].

A study on endangered populations of Origanum compactum 
revealed that the Gibraltar strait could have been a plant migration 
route between southern Spain and northern Morocco. Their 
isolation may have caused the high population differentiation 
(Fst = 0.22) and low gene flow (Nm = 0.88). These results 
highlight the importance of developing appropriate conservation 
strategies for these species, such as partially restoring the gene 
flow in fragmented and isolated populations that could be quickly 
extinguished. This technique will be useful for future breeding 
programs [62].

The genetic diversity and population structure of 18 
populations of Rosmarinus officinalis, a Mediterranean shrub 
plant, was analyzed using SSR markers. The authors proposed 
that the life history and reproductive characteristics contribute 
mainly to explain the high levels of genetic diversity and the weak 
population structure. Eleven microsatellite loci were polymorphic 
in all the 18 populations of R. officinalis, totaling 231 different 
alleles [63].

With the development of a genomic library, nine microsatellite 
primers were obtained for Lippia alba and used in the 
characterization of the germplasm of the University of São Paulo. 
Six of them produced polymorphisms, dividing the germplasm into 
two clusters. The data assists the characterization of germplasm 
banks, L. alba breeding programs, and other studies on genetic 
diversity and classification of species of the genus Lippia [64].

SSR markers were also developed for Phyla scaberrima 
to determine the genetic variability and population structure 
patterns of the species, totaling 11 primers. Fifty-six alleles 
were detected in 48 individuals belonging to three different 
populations. The mean number of alleles per locus was 5.09, 
while the polymorphic information content ranged from 0.000 to 
0.587. The 11 pairs of primers were also tested for amplification 
in six species of the genus Lippia. The transferability rate varied 
from four loci in Lippia florida and L. rotundifolia to six loci in L. 
corymbosa and L. microcephala. The 11 primers set proved to be 
valuable tools for population genetic studies in P. scaberrima and 
in species of the genus Lippia in which primers transferability was 
effective [65].
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RAPD (Random Amplified Polymorphic DNA)

The Random Amplified Polymorphic DNA was one of the first 
markers developed after the enhancement of PCR. The RAPD 
technique consists of the use of primers with arbitrary sequences, 
useful mainly in studies with species that have not been genetically 
described. It is a rapid technique and has a high potential to detect 
polymorphism even with small amounts of available genomic DNA 
[66]. In this reaction, the primer pairs with the genomic DNA at 
two different sites and complements the DNA template. If these 
primers are located between an amplifiable range-from 300bp 
to 2.5kb-a DNA product is formed by thermocyclic amplification. 
Polymorphisms are perceived by the presence or absence of 
primer binding sites and can be detected by agarose gel resolution 
[67].

Initially, RAPD was used by Williams et al. [68] to construct 
genetic maps for several species. Subsequently, according to the 
need, RAPD could be adapted to various situations, such as gene 
coding and identification of resistant genes in plants [69-71]. The 
RAPD technique became popular for its simplicity, efficiency, and 
easy performance. Moreover, they do not require information on 
the previous sequence [72].

The Random Amplified Polymorphic DNA methodology stands 
out due to its low cost, practicality, demand for small amounts 
of DNA, and applicability to species whose genetic material is 
unknown or presents few isoenzymatic polymorphism. The little 
knowledge about the genetics of the study species is related to the 
use of random primers. These primers amplify several regions of 
the genome without prior knowledge of the DNA sequence [73]. 
Unlike the isoenzymatic markers, whose applicability is related 
to the transcribed regions, RAPD markers have a greater genome 
range, amplifying both coding and non-coding regions [74].

The primary limitations of the RAPD technique are the variable 
reproducibility of results and the limited genetic information per 
locus due to its dominant behavior. In other words, the technique 
does not distinguish heterozygote from homozygote genotypes 
[25,68].

The RAPD technique was used in a study on the genetic 
similarity and for the construction of fingerprints of a group of 
Mesona chinensis. Eighteen cultivars and a hybrid were assessed 
based on RAPD markers. The study resulted in three primers that 
could completely distinguish the 19 samples and the similarity 
index. The subsequent clustering analysis divided the cultivars 
into five clusters. Moreover, the results of the markers revealed 
correlations between regional distributions and parental sources. 
These data provide useful subsidies for the classification, 
identification, and cultivation of this species [75].

The genetic variability of 11 populations, corresponding to 
nine species of the genus Lippia (L. corymbosa, L. diamantinensis, 
L. filifolia, L. florida, L. hermannioides, L. lupulina, L. rotundifolia, 
L. rosella, and L. sidoides), found in the Brazilian southeast, 
was assessed by RAPD molecular markers. The analysis was 

performed using 18 primers, generating 490 fragments, of which 
only one presented monomorphic traits for the individuals. With 
the data generated in the analysis, a dendrogram (UPGMA) was 
constructed with two major clusters. In addition, they observed 
that the mean interspecific genetic distances were similar for all 
species and higher than intraspecific genetic distances. This result 
confirms the efficiency of the use of RAPD markers in the analysis 
of genetic diversity for Lippia species and their contribution to 
conservation and taxonomic implications [15].

In the Anand region, in Gujarat, India, an efficient protocol 
for plant regeneration via organogenesis was developed, which 
analyzed the genetic homogeneity of clonal lines established by 
random amplified polymorphic DNA (RAPD) and ISSR of Vitex 
trifolia species (family Lamiaceae). After the successful plant 
regeneration from calli derived from stem, leaf, and petioles 
explants, the genetic analysis was performed using the marker. A 
total of 40 seedlings were analyzed using 60 RAPD primers and 27 
ISSR primers. Of the 60 RAPD primers, 20 were selected, generating 
125 countable bands. Meanwhile, for the 27 ISSR primers, 12 were 
selected, generating 49 bands. The authors concluded that the use 
of different explants (stem, leaf, and petiole) is advantageous for 
mass propagation and genetic transformation, confirming the 
efficiency of the RAPD and ISSR techniques to evaluate the nature 
of regenerated clones of V. trifolia [76].

To understand the genetic variation of three chemotypes 
of Lippia alba Mill. (Verbenaceae), the cytogenetic analysis of 
pollen viability and the nuclear DNA content were evaluated 
by the RAPD technique. The authors observed different ploidy 
levels and mixoploid individuals. Moreover, the flow cytometric 
analysis revealed an increase in the nuclear DNA content that 
was not directly proportional to the ploidy level variation. Forty-
seven random primers were used, of which ten polymorphic 
primers were selected. RAPD markers showed that most of the 
genetic variation might be a consequence of mixoploidy. Results 
demonstrated that chromosomal analysis, quantification of 
estimated nuclear DNA, and RAPD markers are excellent tools to 
detect genetic variation between L. alba chemotypes [77].

Another study applied RAPD molecular markers and 
compared ITS sequences to estimate the genetic variability of 
Verbena officinalis (Verbenaceae), aiming to generate a precise 
authentication method. Results showed that both techniques 
allowed the differentiation of V. officinalis from the rest of the 
genus, despite the existing intra-specific variation [78].

Nine Ocimum genotypes naturally cultivated in the Dakshin 
Dinajpur district, India, were genetically described by RAPD 
markers, which clearly showed that Ocimum africanum and 
Ocimum basilicum are different species. The authors also pointed 
out that the morpho-chemical and molecular study can be used 
as complementary methods in the description of the genotype 
diversity within the genus Ocimum for its correct identification 
and taxonomic classification [79].
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ISSR (Inter-simple sequence repeat)

The Inter-Simple Sequence Repeat markers (ISSR) were first 
introduced by Zietkiewicz et al. [80], where the 3’ terminus of the 
DNA is anchored, and the primers are used to amplify the inter-
SSR sequences or SSR flanking sequences. These markers were 
employed to conduct genetic diversity studies [81].

The method employed by the ISSR markers is based on the 
microsatellites. They are dominant and do not differ heterozygote 
from the homozygote individuals. However, they analyze multiple 
loci in a single reaction. Their primers may be anchored at 5’or 
3’ termini with one to four degenerate bases, based on DNA 
amplification by the PCR technique. This technique is simple 
and efficient due to its high reproducibility and repeatability, 
generating high polymorphism degree. Its use has become 
increasingly common. When using primers anchored at the 5’ 
terminus, the amplification products include the microsatellite 
sequence and its size variations in the genome, providing a 
higher polymorphism degree and a larger number of bands [82]. 
No previous knowledge of the genome is required to use this 
technique. Despite being dominant markers, they can be used to 
assess multiple loci in a single reaction [83,84].

The limitation of this marker is related to the fact that, for being 
dominant, the presence of the band can represent the dominant 
homozygote or the heterozygote individual, assuming that the 
absence of the band is the recessive homozygote. However, the 
presence or absence of the band may be related to the occurrence 
of insertions or deletions in the primer binding site [80,85]. ISSR 
primers are more robust than RAPD primers for they have a larger 
anchoring surface and higher annealing temperatures, increasing 
products reproducibility [86].

The chemical and molecular characterization of fifteen species 
of the genus Lantana (Verbenaceae) will assist future studies on 
the genetic and chemical evaluation of this species and other 
genera belonging to the Verbenaceae family, which should include 
a larger number of species, aiming at a more complete study on 
the chemical, genetic, and taxonomic diversity of these plants [87].

A study with twenty-seven accessions of Lippia alba Mill. from 
Rio Grande do Sul, Brazil, used ISSR and RAPD markers to evaluate 
the genetic variability and the relation between accessions. The 
genetic variability was high when compared with that of other 
plant species. The UPGMA method showed a low relation between 
accessions, and no clusters were formed between accessions 
belonging to the same chemotype. The two markers were efficient 
to evaluate the genetic diversity in L. alba and may contribute to 
the conservation and breeding of the species [88].

Savory herb (Lamiaceae) is one of the most relevant medicinal 
plants of Iran, which is one of the most significant repositories of 
Savory germplasm, accounting for about 16 species of the genus 
Satureia. Ten different populations of three species (Satureia 
rechingeri, S. khuzistanica, and S. spicigera) were evaluated for 
their genetic diversity using ISSR. Three primers that produced 

clear and reproducible fragments were selected, generating 19 
bands. Results of this study revealed that ISSR markers could be 
used efficiently in the genetic differentiation of the species [89].

A study on Mentha cervina evaluated the morphological, 
phytochemical, and genetic differences in 12 populations, aiming 
to obtain the diversity level between them. The relatively low 
genetic diversity detected in the populations analyzed indicates 
that the maintenance of their evolutionary potential is threatened 
if population sizes are maintained and if the habitats are not 
protected. The amplification of the 121 individuals by ISSR 
generated 175 bands, corresponding to a mean of 82.4 fragments 
per individual. Of these bands, 171 were polymorphic (97.7%). 
The genetic diversity of M. cervina at species level is relatively 
high. Conversely, low genetic diversity was detected at population 
level [90].

In a study with 13 populations of Perovskia abrotanoides, 
nine selected ISSR primers produced 119 discernible bands, with 
80.7% polymorphism. The genetic similarity values between 
populations ranged from 0.07 to 0.79, indicating a high level of 
genetic variation. The applicability of ISSR markers to characterize 
the populations of Perovskia abrotanoides was compared, being the 
first attempt to use molecular markers to investigate the genetic 
relationships of P. abrotanoides populations. The information 
generated can be useful to improve the agro-morphological and 
phytochemical traits of this species [91].

In a study aiming at the fast and precise identification of 
Mentha L. species, ISSR markers were used to estimate the genome 
size, determine the inter and intraspecific variation within the 
genus Mentha, and describe the relationships between genotypes. 
Thirty-seven ISSR primers were used, which resulted in the 
amplification of 333 loci and 100% polymorphism. The number of 
bands varied from 13 to 24. Moreover, the UPGMA method divided 
the species into seven clusters. These markers are recommended 
for the identification of Mentha L. species/cultivars during 
reproduction, conservation, and germplasm collection [92].

The characterization of the genetic diversity of a native 
population of Eplingiella fruticosa of the state of Sergipe, Brazil, 
using ISSR molecular markers revealed an intermediate genetic 
diversity. The 100 plants analyzed, collected in 11 municipalities 
of the state of Sergipe, were evaluated by eight ISSR primers, 
resulting in 72 informative bands. The clustering analysis by the 
UPGMA method resulted in three clusters. The smallest genetic 
distance occurred between plants EPF94 and EPF96 (0.250), and 
the greatest distance was detected between the plants EPF50 and 
EPF96 (0.9778). The polymorphic information content (0.253) 
was considered moderately informative. These results can support 
the conservation and use of the genetic resources of Eplingiella 
fruticosa [93].

AFLP (Amplified Fragment Length Polymorphism)
The Amplified Fragment Length Polymorphism (AFLP) 

markers are based on the selective PCR amplification of total 
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genomic DNA fragments generated by cleavage, using restriction 
enzymes. The methodology combines specificity, resolution, 
and sampling power by the restriction enzyme digestion, being 
fast and practical in detecting polymorphisms. This technique 
has been widely used for fingerprinting and genetic mapping 
purposes, especially in cultivated plant species that have low DNA 
polymorphism [94-95].

AFLP analysis consists of four steps: in the first, the genomic 
DNA of the individual is cleaved by two restriction enzymes; in the 
second, specific adapters are attached to the ends of the genomic 
fragments generated by the cleavage; in the third, a fraction of the 
fragments generated is amplified selectively via PCR, using specific 
primers designed to recognize sequences in the adapters; and in 
the fourth, the subpopulation of amplified fragments is separated 
in high-resolution gel [25,96]. 

One of the advantages of this technique is the detection of high 
indices of polymorphisms per reaction; also, no prior knowledge 
of the DNA sequence data is required to construct the primers 
[97]. The disadvantage is the lesser information content per locus 
due to the dominant nature of these markers, i.e., they do not 
differentiate homozygote from heterozygote genotypes [25].

The diversity and genetic structure of 14 wild populations of 
Lippia graveolens located in four distinct regions of Southeastern 
Mexico were analyzed using AFLP markers. Some parameters, such 
as the genetic diversity of Nei (Hj), cluster analysis, and Bayesian 
analysis were estimated. The authors observed that thymol had 
the highest genetic diversity in the chemotypic analysis. The 
Bayesian analysis revealed a low but significant differentiation 
between chemotypes. As for the genetic variability, populations 
dominated by individuals of the thymol chemotype presented 
higher diversity (Hj = 0.31-0.25) than populations with exclusively 
sesquiterpene chemotype (Hj = 0.058). These results confirm that 
the genetic variability influences the chemical profiles, as well as 
environmental and biotic factors, which play an essential role in 
determining the structure and the chemotype of this species [98].

The kinship degree and the genetic variation distribution 
in Tectona grandis (popularly known as teak) cultivated in Côte 
d’Ivoire, were analyzed using AFLP markers. This species is 
crucial in afforestation and is exploited uncontrollably due to the 
quality of its physical properties. In this work, the AFLP markers 
demonstrated a clear differentiation between the populations 
introduced in Côte d’Ivoire, showing that they came from North 
India [99].

The species Lippia origanoides is economically significant 
for the region of the Chicamocha river basin, in Northeastern 
Colombia, due to the quality of its essential oils and to the fact 
that its distribution is restricted to the few semi-arid areas 
of Northern South America. By using AFLP markers and 173 
individuals sampled from four populations, a relatively high 
genetic diversity was detected within populations (Ht = 0,32; I 
= 0,48). Nevertheless, in populations located at higher altitudes, 
diversity was significantly lower, probably due to more extreme 

environmental conditions. Therefore, the differences in altitude 
between the Chicamocha river basins seem to be relevant in 
determining the genetic structure of this species [100].

The chemical characterization of the essential oil components 
[by gas chromatography/mass spectrometry (GC/MS)] and the 
genetic characterization of 27 cultivars of Ocimum basilicum using 
AFLP, revealed differences between the morphotypes evaluated. 
The GC/MS analysis identified 87 volatiles and five chemotypes. 
The authors stated that a relationship between a genetic 
profile, chemical composition, and morphology characterizes 
a fundamental step to future breeding programs and the in the 
cultivation of this species [101].

By the AFLP technique, the genetic diversity between ten 
accessions of Mentha (Lamiaceae) represented seven taxa and 
one interspecific hybrid. Six primer combinations were used, 
generating 2049 bands, of which 1,779 were polymorphic, 29 
were monomorphic, and 141 were unique. The authors estimated 
the similarity indices and performed the cluster analysis to 
construct a dendrogram, which revealed the kinship degree of the 
hybrid “Neerkalka” (CIMAP/C63) with one of the accessions (M. 
arvensis) [102].

Using this same species and technique, the genetic diversity 
and the genetic relationships between Mentha accessions was 
evaluated, aiming at determining the taxonomy of several 
interspecific hybrids. Therefore, 62 mint individuals representing 
five species and three hybrids were evaluated. An average of 40 
AFLP markers was generated, and the percentage of polymorphism 
ranged from 50% to 60% among all accessions studied. Although 
the number of mint accessions used in this study represents only 
a small sample of the mint germplasm available, the AFLP analysis 
has the potential to be used with a larger number of accessions 
[103].

The characterization of essential oil variability and the general 
congruence between the chemotype and the genetic clustering of 
wild and cultivated populations of Salvia desoleana using AFLP 
markers suggested the existence of a genetic influence on the 
chemical composition of its essential oil. This information will 
help the conservation and the improvement of the commercial 
value of S. desoleana [104].

In Teucrium arduini, the AFLP analysis separated the 
populations investigated into two clusters, based mainly on 
the geographic distance. The Mantel test revealed that the 
correlation observed between the morphological traits and AFLP 
was stronger than that detected between the essential oil profile 
and AFLP. In addition, the test presented a stronger association 
between the essential oil profile and geographic position than 
between the morphological traits and geographic position. This 
study contributes to the knowledge of the little-investigated flora 
of the Western Balkan Peninsula [105]. 

AFLP markers were used to evaluate the genetic variability 
in populations of Phyla scaberrima by AFLP markers. Three 
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combinations of AFLP primers resulted in 997 markers in a 
sample of 131 individuals from five populations (two populations 
from Mexico and three from Colombia). The low levels of genetic 
diversity detected in these populations showed an urgent 
management strategy must be developed to recover the genetic 
variability of the populations from Mexico and Colombia [106].

Conclusion
Molecular markers have contributed significantly to the 

generation of knowledge on bioactive species of the families 
Verbenaceae and Lamiaceae. Several other studies have also 
applied the ISSR and SSR markers. Such studies help understand 
the population genetic structure of poorly studied species and 
assist the development of conservation strategies and the future 
use of these genetic resources in breeding programs.
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