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Abstract

Alekseeva, M., Zagorcheva, Tz., Atanassov, I. & Rusanov, K. (2020). Origanum vulgare L. –a review on genetic 
diversity, cultivation, biological activities and perspectives for molecular breeding. Bulg. J. Agric. Sci., 26 (6), 
1183–1197

Origanum vulgare L. or simply called oregano is a flowering plant of the Lamiaceae family, which has been known since 
ancient times due to its diverse properties and applications as a culinary spice but also as a herb with medicinal properties. It 
is widespread throughout the Mediterranean, Western and Southwestern Eurasia and in the Irano-Turanian regions. Being a 
popular medicinal plant with well-known application in traditional medicine due to its antibacterial, antifungal and anti-inflam-
matory properties among others, O. vulgare has been a subject of extensive research related to analysis of genetic diversity, 
possibility for cultivation as well as analysis of the composition and biological activities of its essential oil and plant extracts. 
Here we present a short review on this species with an accent on the recent progress in genetic diversity studies, applying mod-
ern DNA marker systems, possibilities for cultivation, composition and evaluation of the biological activities of the obtained 
essential oil and different plant extracts as well as the perspectives for molecular breeding of improved cultivars with desired 
agronomic traits, based on the current and emerging knowledge.

Keywords: Origanum vulgare L.; taxonomy; genetic diversity; cultivation; essential oil; terpene synthase genes; 
molecular breeding

Introduction

The genus Origanum belongs to the Lamiaceae family 
of flowering plants and consists of more than 50 species in-
cluding medicinal, fragrant, culinary and ornamental plants. 
Plants from this genus have been used in traditional medicine 
and as food additives since ancient times. The primary and 
secondary metabolites that this plants produce are central for 
their various beneficial properties and biological activities – 
antibacterial, antifungal, antiviral, insecticidal, antioxidant, 
anti-inflammatory, antitumor and more (Garcia-Beltran & 
Esteban, 2016).

Origanum vulgare L. is probably the most well-known 
species from the genus Origanum, which is applied in tra-
ditional medicine and as a culinary spice. It has two com-
mon names – oregano and wild marjoram. Sometimes called 
the “prince of herbs”, the name Origanum was first used by 
the ancient Greek physician Hippocrates (460 – 370 B.C.). 
The name originates from the Greek words for mountain 
(oros) and joy (ganos), meaning “joy of the mountains”. 
Oregano has been used since antique in folk medicine and 
for food flavouring and preservation. Fresh oregano has a 
spicy aroma reminiscent of clove and balsam, and the dried 
herb has a pungent flavour with notes of peppermint, pine 
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and clove. Oregano is traditionally used in Italian, Greek and 
Mexican dishes. Flowering tops are used in beers and ales, 
and fresh and dried leaves can be added to soups, casseroles, 
sauces, stew, eggs, olives, teas, tomato-based dishes and 
strong-flavoured foods like chili and pizza (Meyers, 2005). 
In folk medicine O. vulgare is used for respiratory disorders 
(coughs, inflammation of the bronchial mucous membranes 
and as an expectorant), upset stomach, painful menstruation/
as an emmenagogue, rheumatoid arthritis, to induce sweat-
ing, for urinary problems, muscle aches and as a diuretic. In 
Chinese medicine oregano is a remedy for colds, vomiting, 
fever, dysentery, and jaundice and childhood malnutrition. 
The essential oil is used commercially to scent soaps, lotions 
and perfumes (Meyers, 2005). Oregano essential oil is also 
used to kill lice and in homeopathy oregano is considered 
an aphrodisiac. Preparations include infusions, tea powders, 
gargles and baths (Fleming, 2000).

Distribution, Taxonomy and Botanical  
Description

O. vulgare is a perennial herb, which is widespread 
throughout the Mediterranean region, Western and South-
western Eurasia and in the Irano-Turanian region (Lukas et 
al., 2015). According to the most widely accepted taxonomic 
reference for the genus, Origanum vulgare L. comprises six 
subspecies (Ietswaart, 1980), which are distinguished on the 
basis of differences in the indumentum, the size or colour 
of bracts and flowers and in the number of oil glands on the 
leaves (Lukas et al., 2015). Table 1 shows the six O. vulgare 
L. identified subspecies as well as their regions of distribution.

O. vulgare develops creeping roots, branched woody 
stems and opposite, petiolate and hairy leaves (Grieve, 1994). 
The plants from the genus Origanum have bracts or non-typ-
ical leaves, which surround the calyx and corolla. The leaves 
are spade-shaped, olive-green and are covered with fine hairs 
called trichomes. The leaves and flowering parts of the plant 
contain essential oil glands that produce volatile oils, which 
give the plant its fragrance (Meyers, 2005). O. vulgare has 
flowers that occur in spikes forming a panicle with multiple 

branched stems growing from a central stalk. Corollas are 
purple, pink or white, depending on the subspecies. 

Genetic Diversity Based on DNA Markers

Usually, the identification of medicinal plants is based 
on the evaluation of phenotypic characteristics such as mor-
phology, smell, taste, colour, texture and size. These charac-
teristics, however, have certain limitations like insufficient 
variation among the samples, subjectivity of the analysis, 
plasticity of the character due to the influence of the envi-
ronment and/or management practice as well as ability to 
be scored only at certain stages of the plant development. 
Recently the traditional methods of plant identification have 
been complemented by methods of phytochemistry and mo-
lecular biology. Molecular markers, based on DNA sequence 
variation, have become important for the identification and 
authentication of medicinal plants and for the estimation of 
genetic diversity (Nybom & Weising, 2007).

Studies on systematic, genetic diversity and identifica-
tion of Origanum species have been mostly focused on the 
morphological characteristics and the composition of the es-
sential oil. However, in the last decades, molecular markers 
such as AFLP, ISSR, SAMPL, SSR, RAPD and CAPS have 
been applied to detect DNA polymorphism between/within 
populations and to identify phylogenetic relationships (Je-
drzejczyk, 2018).

Novak et al. (2008) developed the first simple sequence 
repeat (SSR) markers for the genus Origanum. Novak et al. 
(2008) elaborated 13 SSR markers from expressed sequence 
tags (ESTs) of essential oil glands of O. vulgare. The devel-
oped markers were also able to cross-amplify PCR products 
from O. majorana. The authors analyzed a total of 20 O. vul-
gare and 19 O. majorana plants. The number of alleles for a 
marker ranged between 2 and 4. The observed and expected 
heterozygosities ranged from 0.00 to 0.60, and from 0.14 to 
0.67, respectively (Novak et al., 2008). In a later study ten 
microsatellite markers from the ones developed by Novak et 
al. were also used to investigate the genetic effects of recent 
colonization of O. vulgare in restored semi-natural grassland 

Table 1. Subspecies of O. vulgare L. and regions of distribution
Subspecies Region

O. v. ssp. glandulosum (Desfontaines) Ietsw. Tunisia, Algeria
O. v. ssp. gracile (K.Koch) Ietsw. From East Turkey to Afghanistan and South Siberia
O. v. ssp. hirtum (Link) Ietsw. Balkan, Turkey
O. v. ssp. virens (Hoffmanns. & Link) Ietsw. Azores, Madeira, Balearic Islands, Portugal, Spain, Morocco
O. v. ssp. viridulum (Martrin-Donos) Nyman Widespread from Corsica to Nepal
O. v. ssp. vulgare From Britain and Scandinavia to Taiwan; naturalized in North 

America and Venezuela (Skoula & Harborne, 2002)
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patches (Helsen et al., 2013). The genetic diversity and differ-
entiation of 14 recent populations were compared with that of 
14 old, putative source populations. The study demonstrated 
that spontaneous plant colonization after habitat restoration 
can lead to new and viable populations in a relatively short 
time, overcoming pronounced founder effects, when several 
source populations are nearby. The rapid buildup of genetic 
diversity in restored populations, combined with low among 
population differentiation, could contribute positively to the 
overall viability of the O. vulgare metapopulation and also to 
mitigate the consequences of the genetic drift observed in the 
original source populations (Helsen et al., 2013).

Azizi et al. ( 2009) carried out a study using amplified 
fragment length polymorphism (AFLP) and selectively am-
plified microsatellite polymorphic loci (SAMPL) markers to 
investigate the genetic diversity and subspecies differentia-
tion among 42 O. vulgare accessions – 39 from the Gatersle-
ben Genebank (Germany) and 3 cultivated types. The results 
of the analysis confirmed the morphological classification 
of the subspecies. Both marker systems were suitable for 
taxonomic investigation and identification of subspecies of 
oregano, but SAMPL markers were slightly more efficient in 
differentiating accessions and subspecies than AFLPs (Azizi 
et al., 2009). Azizi et al. also examined 42 O. vulgare acces-
sions (39 from the Gatersleben Genebank (Germany) and 3 
cultivated types) to detect molecular, quantitative, morpho-
logical and chemotype polymorphisms and to discover pos-
sible correlations between them (Azizi et al., 2012). Again, 
AFLP and SAMPL markers were used for genotyping. A 
relatively high correlation between chemotypic patterns and 
genetic markers was identified, while a lower correlation 
was found between the morphological and genetic matrices. 
Cluster analysis, population inference and principal compo-
nent analysis revealed a broad genetic and chemical varia-
tion among the accessions (Azizi et al., 2012).

Van Looy et al. (2009) investigated the within-population 
genetic variability and among-population genetic differen-
tiation of 21 populations of O. vulgare along the river Meuse 
in Belgium, using dominant AFLP markers, in order to as-
sess the effects of flood events on the genetic structure of 
riparian populations (Van Looy et al., 2009). The average 
observed within-population genetic diversity was high and 
suggested that river regulation and associated fragmentation 
of the populations had not strongly affected genetic diversi-
ty. The genetic differentiation between populations was high 
and could be explained by founder effects, rather than by 
genetic drift in isolated populations (Van Looy et al., 2009).

The germplasm variability of Greek oregano (O. vulgare 
ssp. hirtum) was investigated using random amplification of 
polymorphic DNA (RAPD) markers (Katsiotis et al., 2009). 

Analysis of molecular variance revealed that genetic vari-
ability was distributed mainly within populations. Genetic 
distance between populations from different geographical 
locations was significant, supporting noteworthy genetic dif-
ferentiation among O. vulgare ssp. hirtum populations (Kat-
siotis et al., 2009).

Amar & Wahab studied the genetic and chemical vari-
ability among four Origanum species including O. vulgare, 
O. vulgare ssp. hirtum, O. syriacum var. syriacum and O. 
majorana, grown in Egypt, using inter simple sequence re-
peats (ISSR) and sequence-related amplified polymorphism 
(SRAP) markers (Amar & Wahab, 2013). The results con-
firmed that O. vulgare and O. vulgare ssp. hirtum were high-
ly correlated to each other. The SRAP marker system seemed 
to be more effective than ISSR for studies on intraspecific 
diversity and relationships among Origanum germplasm. 
SRAP had more sensitive, distinctive nature and higher dis-
crimination capacity and could simultaneously detect several 
polymorphic markers per reaction (Amar & Wahab, 2013).

Ince et al. ( 2014) developed SSR and cleaved amplified 
polymorphic sequences (CAPS)-SSR markers from ESTs 
and mRNA sequences from Origanum, Stenogyne, Thymus 
and Salvia species. Microsatellite and CAPS-microsatellite 
markers were utilized to test whether they were useful in spe-
cies identification and phylogenetic studies in 65 individual 
samples representing 8 Origanum species. The results indi-
cated that they were very effective for species identification 
and to clarify taxonomic uncertainties within the genus and 
could be used to provide anchoring points for the integration 
of genetic maps among species (Ince et al., 2014).

ISSR markers were recently used in a study on genetic 
diversity between Origanum species (Jedrzejczyk, 2018). 
The species and subspecies included O. heracleoticum (from 
USA, this is the old name of O. vulgare ssp. hirtum), O. ma-
jorana, O. syriacum, O. vulgare ssp. gracile, O. vulgare ssp. 
hirtum, O. vulgare ssp. vulgare. The results of ISSR-PCR 
revealed polymorphism between species and subspecies of 
the genus Origanum, which ranged from 80 to 100%. The 
identification of all tested accessions was possible based on 
the banding profiles. Certain ISSR primers could be used to 
distinguish the O. vulgare subspecies. Specific bands enabled 
distinction between accessions of the same species but of dif-
ferent origin. The results suggested that ISSR primers can be 
successfully used for identification and estimation of genetic 
variability within Oregano genus (Jedrzejczyk, 2018).

Cultivation

Wild oregano is herbaceous perennial, native to the Med-
iterranean region, particularly in high locations. In these ar-
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eas oregano is harvested mainly from wild populations at the 
flowering stage, once or twice a year. The interest towards 
cultivation of oreganoin Greece and Bulgaria is focused on 
the high essential oil subspecies of O. vulgare ssp. hirtum 
(syn. O. heracleoticum) also known as Greek oregano. Oreg-
ano harvests can be two or three annually. During the winter 
period the aerial parts are destroyed, but the roots maintain 
their vitality for the revegetation in spring. Oregano is toler-
ant to cold and dryness and grows in medium soils and in ar-
eas with high elevation and cool summer (Makri, 2002). The 
optimal climatic conditions for O. vulgare are temperatures 
5-28°C with an annual precipitation of 0.4-2.7 mm and soil 
pH 4.5-8.7 (Marzi, 1997). 

The demand and consumption of medicinal plants is in-
creasing worldwide (Hoareau & DaSilva, 1999). The culti-
vation of herbs is a good alternative not only to avoid over-
exploitation of wild populations, but also because it gives 
the opportunity to overcome the problems that are inherent 
in herbal extracts: misidentification, genetic and phenotypic 
variability, extract variability and instability, toxic compo-
nents and contaminants. Cultivation of herbs also creates 
opportunities for development of agriculture in mountain-
ous regions where growing traditional crops is not a feasible 
option. Therefore, efforts have been made in domestication 
and cultivation of oregano, which can be grown as an an-
nual plant in cold climates where it will not overwinter well. 
When grown as a perennial, roots should be divided every 3 
years for best growth and flavour (Kintzios, 2012). Plough-
ing of the soil and fertilization with ammonium phosphate 
during November-December is sufficient for oregano culti-
vation. The necessary pest control is a simple weeding out 
(manually or by using herbicides) at least 4 times a year. The 
average yield is 2.5-3.5 t/ha and the essential oil yield ranges 
from <0.5% to > 2 % of dry weight depending on the subspe-
cies (Bernath, 1997; Kintzios, 2012).

Oregano has a spreading root system and is usually 
propagated by seeds or cuttings. Direct sowing is difficult 
because oregano belongs to the species with the smallest 
fruits (approximately 60 µg per seed) (Thanos et al., 1995). 
The key to improving the direct sowing technique is select-
ing higher seed weight since seed quality; germinability and 
vigor depend on it. If seeds are used, they should be sown 
in a seed box in spring and planted outside when seedlings 
are 7.5 cm tall (Makri, 2002). Cuttings (transplants) of new 
shoots (about 30 cm long) are removed in late spring and 
placed in sand. The leaves should be firm enough to pre-
vent wilting. Cuttings with well-developed roots are planted 
in the ground about 30 cm apart or in pots outside. Several 
studies have reported the establishment of tissue cultures and 
the regeneration of plantlets from oregano plants (Svoboda 

et al., 1995; Matsubara et al., 1996; Baricevic, 1997; Alves-
Pereira & Fernandes-Ferreira, 1998; Fortunato et al., 2006). 
These studies enable the use of biotechnological methods for 
enhancing the production of planting material for propaga-
tion and breeding activities. 

Gathering of leaves and stem tips should start when plants 
are at flowering stage, beginning 10 cm from the ground. In 
dry climates the best harvest time to collect the highest con-
tent of essential oil is when approximately 50% of plants in 
the field have started flowering. Harvesting usually finishes 
at full bloom. Plant material should be dried in the shade to 
avoid direct sunlight thus preserving the green colour and 
aroma (Makri, 2002; Kintzios, 2012).

Essential Oil Composition

Many of the O. vulgare biological activities as well as 
its characteristic aroma are due to the essential oil, synthe-
sized in the trichomes, which are present in its areal parts. 
The highest level of essential oil content is observed during 
the flowering stage (Baranauskiene et al., 2013).Compared 
to leaves, the inflorescences showed to have 5-10 time more 
essential oil content measured as mg/g dry matter in O. vul-
gare ssp. vulgare (D’Antuono et al., 2000).

A number of factors have been known to affect the es-
sential oil content including geographical location, devel-
opmental phase, solar radiation, harvesting time and growth 
conditions (Tibaldi et al., 2011; Baranauskiene et al., 2013; 
Morshedloo et al., 2017). In general, the subspecies from 
the southernmost distribution area (O. vulgare ssp. glandu-
losum, O. vulgare ssp. hirtum and O. vulgare ssp. gracile) 
are rich in volatile compounds, whereas the subspecies from 
Central and Northern Europe (O. vulgare ssp. virens, O. 
vulgare ssp. vulgare and O. vulgare ssp. viride) have poor 
essential oil content (Lukas et al., 2015). The essential oil 
yield ranges from poor < 0.5% (O. vulgare ssp. vulgare, O. 
vulgare ssp. gracile II, O. vulgare ssp. virens, O. vulgare 
ssp. viride II) to intermediate 0.5 – 2.0% (O. vulgare ssp. 
gracile I, O. vulgare ssp. viride I) and high > 2% (O. vulgare 
ssp. hirtum, O. vulgare ssp. glandulosum) (Kintzios, 2012).
Subspecies with higher essential oil content (2% or more) 
usually produce large amounts of monoterpenoid phenols 
resulting from the ‘cymyl’ pathway – carvacrol and/or thy-
mol and chemically related compounds like γ-terpinen and 
p-cymene. The phenolic monoterpenes give the familiar 
oregano flavour and aroma. The subspecies with poor es-
sential oil content usually produce low amount of ‘cymyl’ 
compounds and higher quantity of acyclic compounds (lin-
alool, linalyl acetate, β-ocimene, myrcene) and/or bicyclic 
‘sabinyl’-compounds (sabinene, cis-/trans-sabinene hydrate 
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and their acetates) and/or bornane type compounds (cam-
phor, borneol, bornyl acetate). Also they often contain high 
amounts of sesquiterpenes (β-caryophyllene, germacrene D, 
bicyclogermacrene, α- and γ-muurolene, β-caryophyllene 
oxide) (Alves-Pereira & Fernandes-Ferreira, 1998; Lukas 
et al., 2015)

The high essential oil yield species O. vulgare ssp. hir-
tum, also known as the Greek oregano, produces less essen-
tial oil during the cool and wet vegetative period, more dur-
ing the warm and dry flowering period and after flowering 
the leaves get older and drier and the essential oil content 
decreases (Skoula & Harborne, 2002). This subspecies in-
cludes two main chemotypes – thymol and carvacrol. There 
are also intermediate chemotypes, containing both thymol 
and carvacrol, and types with a high content of the two bio-
synthetic precursors – γ-terpinen and p-cymene (D’Antuono 
et al., 2000). The amounts of the two main constituents car-
vacrol and thymol show large variations in O. vulgare ssp. 
hirtum essential oil. For example, Kokkini et al. (2004) an-
alyzed samples from six different locations in Greece and 
found that carvacrol amounts ranged from 1.7 to 69.6% and 
thymol ranged from 0.2 to 42.8%. The same was observed 
also for the other main constituent p-cymene, which varied 
17.3 – 51.3%. 

Biological Activity of O. vulgare Essential Oil 
and Plant Extracts

Antimicrobial activity
The demand for natural and safe food products is increas-

ing worldwide. The possibility of using essential oils as anti-
pathogenic agents is very important due to several reasons: 
the increase of antibiotic resistant strains, the rise in the num-
ber of people with lower immunity, the increased incidences 
of drug resistant biofilm associated infections, the demand 
for natural and clean-label food products (Leyva-Lopez et 
al., 2017). 

Many scientists consider the use of oregano essential oil 
and different plant extracts as anti-pathogenic agents in the 
food industry. The antibacterial activity of essential oil and 
plant extracts from O. vulgare against common human path-
ogens and food spoilage bacteria have been tested in many 
researches. Some of the studies are focused on individual 
use of oregano essential oil (Govaris et al., 2011; Marques 
et al., 2015; Shange et al., 2019), while others are based on 
combination of essential oils from O. vulgare and other plant 
species, e.g. Rosmarinus officinalis (de Sousa et al., 2013; 
Barbosa et al., 2016; Diniz-Silva et al., 2019).Infusions of 
both essential oils and aqueous or ethanolic plant extracts 
can be used in antimicrobial formulations as they have activ-

ity against strains of Gram positive and negative bacteria. 
Oregano essential oil and extracts display activity against 
Escherichia coli, Pseudomonas aeruginosa, Micrococcus 
luteus, Staphylococcus aureus, Enteroccocus faecalis, Bacil-
lus cereus, Listeria monocytogenes, Salmonella enterica and 
more (Licina et al., 2013; Teixeira et al., 2013; Mazzarrino et 
al., 2015; Sarikurkcu et al., 2015; Khan et al., 2018).

Different conditions such as low pH, temperature or oxy-
gen levels enhance the antibacterial action of the essential 
oils (Garcia-Beltran & Esteban, 2016). As the pH decreases, 
the ability of the essential oils to dissolve in the bacteria’s 
cell or its membrane increases due to the hydrophobic char-
acter of the oils (Burt, 2004). The diffusion rate through the 
bacterial cell membranes also depends on the extraction and 
purification method of the essential oils. Denaturalization, 
breakdown, volatilization and loss of functional properties of 
the active compounds should be avoided (Raybaudi-Massilia 
et al., 2009).The essential oil from O. vulgare has antimi-
crobial activity due to its high content of monoterpenoid 
phenolic compounds, especially thymol and carvacrol. The 
main compounds of the oregano essential oil, carvacrol and 
thymol, show a great variety of antibacterial mechanisms, 
responsible for the disruption of the cellular membrane such 
as inhibition of ATPase activity, release of intracellular ATP 
and other constituents resulting in cell death (Lambert et 
al., 2001; Burt, 2004; Raybaudi-Massilia et al., 2009). The 
monoterpenoid phenolic compounds from the essential oil 
can enter into the phospholipid bilayer and align between the 
fatty acid chains or they can bind to the proteins of the mem-
brane. This results in changes of the membrane permeability 
and destabilization of the bacterial membrane (Lambert et 
al., 2001; Giannenas et al., 2018). The antibacterial activ-
ity of O. vulgare essential oil was also studied in different 
meat (Marques et al., 2015; Pesavento et al., 2015; Shange 
et al., 2019) and fish products (Cardoso et al., 2017). Some 
authors obtained good results from the use of combination of 
oregano essential oil and chitosan in the packaging of meat 
in modified atmosphere (Petrou et al., 2012; Paparella et al., 
2016). The use of oregano essential oil in food packaging 
was shown to be safe – there was a lack of toxicity during a 
90-day study on rats with doses 330-fold higher than those 
expected to be in contact with consumers in the worst sce-
nario of exposure (Llana-Ruiz-Cabello et al., 2017). 

Oregano essential oil is also used individually or in com-
bination with other essential oils as antimicrobial agent in 
different types of cheeses (Govaris et al., 2011; de Souza et 
al., 2016; Gurdian et al., 2017; Bedoya-Serna et al., 2018; 
Diniz-Silva et al., 2019). The right concentration of essential 
oil should be evaluated carefully because it showed inhibi-
tory effects on the growth of starter lactic acid culture (de 
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Souza et al., 2016). Also, there is a possibility of modifica-
tions of the organoleptic properties of the food. The use of 
edible coatings and films, which contain the essential oil, 
seems like a great solution to this problem (Cardoso et al., 
2017; Gurdian et al., 2017).

O. vulgare essential oil and plant extracts have been used 
as antimicrobial agents in post-harvest fruit and vegetables 
– leafy vegetables (Barbosa et al., 2016), grapes (dos Santos 
et al., 2012; de Sousa et al., 2013), pomegranate (Thomidis 
& Filotheou, 2016) and apple (Rojas-Grau et al., 2007). In 
some studies the essential oil was in edible coating or film 
(Rojas-Grau et al., 2007; Du et al., 2009; dos Santos et al., 
2012). Another great opportunity is the use of essential oil as 
preservatives in fruit juices (Raybaudi-Massilia et al., 2009; 
Dutra et al., 2019).

Oregano essential oil has also been shown to possess anti-
fungal activity against yeasts from the genus Candida, which 
are the most common cause for fungal infections worldwide 
(Khosravi et al., 2011; Brondani et al., 2018).

The essential oil from oregano as well as different plant 
extracts have also been tested for potential antiviral activities. 
The essential oil showed inhibitory effect on the replication 
of the yellow fever virus in vitro (Meneses et al., 2009) and 
inactivated murine norovirus (Gilling et al., 2014). The es-
sential oil also showed slight reduction on the infectivity of 
hepatitis A virus, while thymol alone showed no effect on the 
same virus but was effective against norovirus surrogates and 
murine norovirus (Sanchez & Aznar, 2015).Zhang et al. tested 
the antiviral effect of phenolic compounds from Origanum 
vulgare ethanolic extracts against respiratory syncytial virus, 
Coxsackie virus B3 and herpes simplex virus type 1, but most 
of them didn’t show inhibitory activities (Zhang et al., 2014).

Antioxidant activity
Oxidative stress due to the generation of free radicals and 

reactive oxygen species (ROS) causes damage to the cellular 
macromolecules. Oxidative damage has been related to vari-
ous health problems such as ageing, arteriosclerosis, cancer, 
Alzheimer’s disease, Parkinson’s disease, diabetes and asth-
ma (Wiseman & Halliwell, 1996; Aruoma, 1998; Nunomura 
et al., 2001). In living organisms cellular balance of free 
radicals is maintained by different antioxidant mechanisms 
(Nimse & Pal, 2015). 

Phenolic compounds are a well-known class of second-
ary metabolites in plants, which possess strong antioxidant 
properties (Foti, 2007). The antioxidant effect of phenolic 
compounds is mainly due to their redox properties and is the 
result of various possible mechanisms: free-radical scaveng-
ing activity, transition-metal-chelating activity and/or sin-
glet-oxygen-quenching capacity. They also play an impor-

tant role in stabilizing lipid peroxidation and in the inhibition 
of enzyme oxidation (Shan et al., 2005). 

Twelve from 21 phenolic compounds from oregano (e.g. 
rosmarinic acid, 2,5-dihydroxybenzoic acid) exhibited sig-
nificant antioxidant activity comparable to that of ascorbic 
acid (Zhang et al., 2014). Both ethanolic and aqueous orega-
no extracts exhibited good antioxidant and free radical scav-
enging properties in vitro and strongly inhibited DNA dam-
age (Majid et al., 2012), while methanolic extract showed 
antioxidant activity before and after gastrointestinal diges-
tion in vitro and in vivo (Gayoso et al., 2018). Ding et al. 
(2010) isolated rosmarinic acid methyl ester from O. vulgare 
and demonstrated its antioxidant and depigmentation activ-
ity (Ding et al., 2010). 

Some compounds from essential oils also possess sig-
nificant antioxidant effects (Raut & Karuppayil, 2014).The 
monoterpenoid phenolic compounds from the essential oil 
not only act as preservatives but also can enhance some 
properties of the food - the antioxidant activity and stability 
of the food colour. Various studies suggest the use of oregano 
essential oil as natural antioxidant agent for the food indus-
try (Sarikurkcu et al., 2015) with examples including cooked 
sausages (Fernandes et al., 2018), olive oil (Asensio et al., 
2012), fish (Garcia-Beltran et al., 2018), cheese (Asensio et 
al., 2015) among others. Paraskevakis et al. (2015) tested 
the effect of oregano essential oil compounds on the quality 
and total antioxidant capacity of milk following dietary sup-
plementation of dried O. vulgare ssp. hirtum in goats (Par-
askevakis, 2015). The dietary intake of dried oregano plants 
positively affected some enzymatic and non-enzymatic anti-
oxidant defenses of blood and milk and thus contributed to 
enhanced antioxidant capacity of the milk.

Cytotoxic and anti-proliferative activities
Compounds from oregano essential oil can be used as 

chemopreventive agents because they exert anti-prolifer-
ative and cytotoxic effects. The anti-proliferative proper-
ties have been demonstrated in several cancer cell models. 
The essential oil from oregano prevented the proliferation 
of human stomach cancer cell lines (AGS) – it altered the 
colony forming characteristics and the migration ability of 
cancer cells. The essential oil suppressed the transcription of 
the genes involved in fatty acid and cholesterol biosynthe-
sis pathway and induced mitochondrial mediated apoptosis, 
resulting in the inhibition of cancer cell growth (Balusamy 
et al., 2018). Supercritical oregano extracts caused a reduc-
tion in cell viability in a dose-dependent manner in activated 
human THP-1 cells (Ocana-Fuentes et al., 2010). Acetone 
extract from O. vulgare exhibited dose-dependent cytotoxic 
effect on adenocarcinoma cervical cancer (HeLa) cell line 
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(Berrington & Lall, 2012). Oregano also showed anti-prolif-
erative activity on hepatic cancer (HepG2) cell line (Marrelli 
et al., 2015) and on human colon adenocarcinoma (HT-29) 
(Begnini et al., 2014). After three months of a low uptake 
dose of oregano essential oil it has been established that it 
possesses anticancer activity in F1 DBA C57 Black hybrid 
mice – the engraftment of Lewis carcinoma decreased by 
1.8 times, its size decreased by 1.5 times and the develop-
ment of tumor was significantly suppressed (Misharina et 
al., 2013). Sankar et al. (2013) created silver nanoparticles, 
using the aqueous extract of O. vulgare, which showed dose 
dependent response against human lung cancer A549 cell 
line (Sankar et al., 2013).

Anti-inflammatory activity
Inflammation is a normal response of the body to tissue 

damage, infections and chemical or physical agents. If in-
flammation is not controlled, the pro-inflammatory media-
tors are overproduced, which can induce pathologic process-
es related to diseases – arthritis, atherosclerosis, cancer and 
others. There are studies, which confirm the ability of oreg-
ano essential oil to exert anti-inflammatory activity (Leyva-
Lopez et al., 2017). Supercritical oregano extracts decreased 
the synthesis of pro-inflammatory cytokines and the produc-
tion of anti-inflammatory cytokine (Ocana-Fuentes et al., 
2010). Oregano essential oil also induced anti-proliferative 
effects and significantly inhibited several inflammatory and 
tissue remodeling biomarkers in a human skin disease cell 
model. It modulated global gene expression and altered sign-
aling pathways, which are critical in inflammation, tissue-
remodeling and cancer (Han & Parker, 2017).

Antiparasitic activity
Oregano essential oil and herbal extracts have been 

shown to exhibit different antiparasitic activities against 
parasites from the genus Eimeria, which cause the disease 
coccidiosis in animals like cattle and poultry. Oregano herbal 
extract had favorable effect on both the resistance and the 
production in rabbits (Nosal et al., 2014), while the essential 
oil exhibited anticoccidial effect in broiler chickens (Gian-
nenas et al., 2003; Skoufos et al., 2011). Oregano essential 
oil also showed antimalarial activity (Hussain et al., 2011) 
and was effective against Trypanosoma cruzi (Santoro et 
al., 2007).Other studies evaluated the inhibition of human 
intestinal parasites in vitro by the essential oil and carvacrol 
(Machado et al., 2010; Gaur et al., 2018).

Other medical applications
Diabetes mellitus is characterized by chronic hyperglyce-

mia with disturbance of glucose metabolism resulting from 

the defect in insulin secretion and/or insulin action. α-amylase 
and α-glucosidase are key enzymes in hydrolysis of starch 
and oligosaccharides. The inhibition of these enzymes is im-
portant for the management of the blood glucose level, but 
the inhibitors, which are currently in use, have adverse side 
effects. Sarikurkcu et al. (2015) tested the anti-diabetic ac-
tivity of the essential oils from two O. vulgare subspecies 
(ssp. vulgare and ssp. hirtum) by analyzing the α-glucosidase 
and α-amylase inhibitory activity (Sarikurkcu et al., 2015). 
The essential oil from both O. vulgare subspecies exhibited 
similar inhibitory activity against α-amylase (0.13-1.14 mmol 
ACEs/g), however the essential oil from O. vulgare ssp. vul-
gare showed significantly higher inhibitory activity against 
α-glucosidase (6.04 mmol ACEs/g) compared to the essential 
oil from O. vulgare ssp. hirtum (0.88 mmol ACEs/g). In a 
study with C57BL/6 mice the methanolic extract from oreg-
ano protected them from development of diabetes (Vujicic et 
al., 2015). In streptozotocin diabetic rats the aqueous oregano 
extract exhibited anti-hyperglycemic activity without chang-
ing the insulin secretion (Lemhadri et al., 2004).

The oregano essential oil and some compounds like ros-
marinic acid methyl ester and origanoside (novel phenolic 
glucoside isolated from O. vulgare) also showed anti-mel-
anogenic activity against tyrosinase and other proteins and 
transcription factors that participate in the biosynthesis of 
melanin (Ding et al., 2010; Liang et al., 2010; Sarikurkcu et 
al., 2015). The essential oil from O. vulgare ssp. hirtum was 
more potent tyrosinase inhibitor (45.6 mg KAEs/g) than that 
from O. vulgare ssp. vulgare (8.3 mg KAEs/g) (Sarikurkcu 
et al., 2015). Therefore, oregano can be useful for derma-
tological disorders linked to excessive amounts of melanin.

Oregano as a natural pesticide 
Excessive use of synthetic pesticides has negative effects 

on both human health and the environment. In recent years 
more and more efforts have been focused on the discovery 
of natural and eco-friendly products, including essential 
oils with herbicidal, insecticidal and fungicidal activity, to 
be used as substitutes of the synthetic pesticides (Mfarrej & 
Rara, 2019).

De Mastro et al. (2006) showed that chopped leaves and 
stems of oregano were able to reduce the number of weeds in 
pots and in the field (De Mastro et al., 2006). In vitro bioas-
say confirmed strong phytotoxic effect of oregano essential 
oil on Arabidopsis thaliana rosettes. The leaves were highly 
chlorotic and the plant growth was reduced (Araniti et al., 
2018). Oregano was also tested for weed control in toma-
to and cotton crops, but the essential oil severely affected 
both crops and weed species (Argyropoulos et al., 2008).
The essential oil of oregano had a significant larvicidal ef-
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fect on mosquitos (Govindarajan et al., 2016) and diamond-
back moth(Nasr et al., 2017). The oil and its terpenoids also 
showed activity against the red flour beetle (Tribolium cas-
taneum) (Kim et al., 2010; Licciardello et al., 2013). Licciar-
dello et al. (2013) proposed the incorporation of essential oil 
in food packaging because of its repellent effect.

Genes Associated with the Synthesis  
of Mono- and Sesquiterpenes

Over sixty mono- and sesquiterpenes have been report-
ed from the complex and highly variable essential oil from 
O. vulgare plants (Crocoll et al., 2010). The predominant 
compounds are the phenolic monoterpenoids thymol and 
carvacrol and their precursors γ-terpinene and p-cymene, 
the acyclic monoterpenoids lynalyl acetate and β-myrcene, 
and the sesquiterpenoids (E)-β-caryophyllene, β-bisabolene, 
germacrene-D, α-humulene, γ-muurolene and γ-cadinene 
(Morshedloo et al., 2017). 

Studies on other Lamiaceae species such as mint (Men-
tha sp.) and sweet basil (Ocimum basilicum) have provided 
insights into essential oil biosynthesis. The essential oil is 
produced in glandular trichomes situated on the aerial parts 
of the plants. The glandular trichomes consist of a cluster 
of secretory cells covered by a subcuticular storage cavity, 
where the essential oil is accumulated (Turner et al., 1999; 
Crocoll, 2011). In the secretory cells terpenes are formed 
from the universal five-carbon precursors isopentenyl di-
phosphate (IPP) and its isomer dimethylallyl diphosphate 
(DMAPP), which are both synthesized by the methyleryth-
ritol pathway in the plastids and the mevalonate pathway in 
the cytosol (Sallaud et al., 2009). DMAPP and IPP are fused 
by prenyltransferases to form geranyl diphosphate (GPP, 
C10), the usual precursor of the monoterpenes, and DMAPP 
and two units of IPP are fused to form farnesyl diphosphate 
(FPP, C15), the precursor of most sesquiterpenes. Next, the 
linear carbon skeletons of GPP and FPP are converted to the 
basic terpene skeletons by terpene synthases, a class of en-
zymes responsible for the huge structural diversity of mono- 
and sesquiterpenes since these enzymes often form multiple 
products (Tholl, 2006; Crocoll, 2011). Several studies have 
shown that the structural diversity of plant mono- and ses-
quiterpene synthases originate from diverse reaction mecha-
nisms (Degenhardt et al., 2009; Vattekkatte et al., 2018). The 
initial terpene synthase products are often further oxidized 
and/or conjugated by an important class of enzymes – cy-
tochrome P450s monooxygenases (P450s). These enzymes 
further add to the complexity of the structural diversity of all 
mono- and sesquiterpenes (Jan et al., 2018).

While studying the mechanisms of terpene synthesis in 

O. vulgare, Crocoll et al. (2010) isolated a total of 6 active 
terpene synthases from O. vulgare.Three of them (OvTPS1, 
OvTPS2 and OvTPS7) were involved in the synthesis of 
monoterpenes including sabinene, γ-terpinene andtrans-β-
ocimene and three (OvTPS3, OvTPS4 and OvTPS6) in the 
synthesis of sesquiterpenes including (-)-germacrene D, 
bycyclogermacrene and E-β-caryophyllene (Crocoll et al., 
2010). The isolated terpene synthases produced most of the 
terpene constituents of the O. vulgare essential oil. The en-
zyme responsible for γ-terpinene formation, OvTPS2, pro-
duced between 25.2 – 48.4% of the total terpene content 
of this species in vitro and therefore was suggested that it 
has a major role in the terpene synthesis in vivo. One of the 
compounds which was not directly formed by the charac-
terized terpene synthases was thymol. It was predicted that 
γ-terpinene is most likely converted to thymol by the action 
of one or more cytochrome P450 oxidases via p-cymene. 
Crocoll et al. (2010) also suggested that the isolated ter-
pene synthase genes from O. vulgare played a major role 
in controlling terpene composition in this species since the 
transcript levels of individual genes correlated closely with 
the amounts of the enzyme products found in the essential 
oil. The close correlation of γ-terpinene synthase expression 
and terpene composition indicated that transcript regulation 
of terpene synthase genes is the most important regulatory 
mechanism controlling terpene composition in O. vulgare 
(Crocoll et al., 2010). Further, Crocoll also demonstrated 
the involvement of cytochrome P450 monooxygenases in 
the conversion of γ-terpinene to thymol and carvacrol  and 
isolated 11 cytochrome P450 gene sequences from oregano, 
thyme and marjoram that were assigned to 5 gene names, 
CYP71D178 through CYP71D182 (Crocoll, 2011). The tran-
script levels of most of these genes showed good correlation 
with the occurrence of thymol and carvacrol. Heterologous 
expression of 2 of them in yeast resulted in active proteins 
catalyzing the formation of p-cymene, thymol and carvac-
rol from γ-terpinene. The properties and sequence motifs 
of these P450s were similar to those of well-characterized 
monoterpene hydroxylases isolated from mint (Crocoll, 
2011).

Recently, Jan et al. (2018) studied the tissue-specific 
expression patterns of 14 terpene synthase genes (OvTPS) 
and 5 cytochrome P450 monooxygenase (CYP) genes in 2 
oregano species – O. vulgare and O. majorana (Jan et al., 
2018). The maximum tissue-specific gene expression of both 
OvTPS and CYP sequences occurred in the flowers, then the 
leaves and finally, the stems, in both species. The roots ex-
hibited minimum relative gene expression. Significant cor-
relations between the relative expression of OvTPS7, OvT-
PS5 and CYP71D180 and the carvacrol content were also 
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observed (Jan et al., 2018).

Breeding and Perspectives for Marker Assisted 
Selection 

Breeding O. vulgare is in general related to improvement 
in both yield-related parameters like growth habit, leaf/stem 
ratio, stress (salt, cold) tolerance, and resistance to diseases 
as well as quality-related parameters including better aro-
matic characteristics, colour, essential oil content and com-
position, antioxidant and antimicrobial properties. 

O. vulgare is characterized by high levels of genetic, 
chemical and morphological heterogeneity observed inside 
and among its six different subspecies. The subspecies of O. 
vulgare show high variability in the essential oil content and 
the main compounds in the oil and also for morphological 
characters as leaf and flower colour, trichome density, yield, 
leaf/stem ratio and others (Franz & Novak, 2002). High 
chemical variation has been observed among and also within 
individual wild populations (Kokkini et al., 1991; Kintzios, 
2012). The observed high heterogeneity for both morpho-
logical and chemical characters in wild oregano populations 
has a negative impact on the quality and uniformity of the 
obtained plant material from natural populations. However, 
the observed heterogeneity is also a prerequisite for fruitful 
breeding programs. Breeding of O. vulgare in general starts 
from selection of best performing plants from wild popula-
tions. Recently, Sarou et al. (2017) reported the development 
of a conventional breeding program in Greece based on se-
lection of elite self-plants of the high essential oil content O. 
vulgare ssp. hirtum from a natural population in Samothraki 
Island (Sarrou et al., 2017).Further, interspecific hybridiza-
tion is common in the genus Origanum and therefore breed-
ing of O. vulgare may also include cross pollination between 
different Origanum species in search for a heterosis effect. 
Several O. vulgare cultivars like O. vulgare ssp. vulgare ‘Au-
reum’ (golden foliage, mild taste) and O. vulgare ‘Jim Best’ 
(gold and green marbled leaves) have been developed as or-
namentals. However, when developing O. vulgare cultivars 
targeting medicinal and culinary properties based on high 
essential oil content and quality (e.g. high carvacrol com-
position), the commonly applied selection methods should 
be coupled with analytical methods like GC-MS. Recently 
developed techniques for analysis of flower extracts rather 
than distillation of essential oil by Clevenger apparatus is a 
promising tool for faster and more straight-forward evalua-
tion of the essential oil composition of individual plants from 
natural populations (Zagorcheva et al., 2016). Such methods 
allow during-the-season evaluation of a high number of in-
dividual plants followed by collection of seeds or vegetative 

material from the ones with desired characteristics later in 
the season.

DNA markers have enormous potential to improve the 
efficiency and precision of conventional plant breeding via 
marker-assisted selection (MAS) (Collard & Mackill, 2008). 
Many of the traits of interest to breeders are not easily as-
sessed; therefore, selection based on linked DNA markers 
is much more efficient. Selection based on markers can be 
carried out at an early age (plantlets), thus it can significantly 
reduce the number of individuals assessed by the breeder. 
MAS has great potential for efficient gene pyramiding (com-
bining several important genes in one cultivar). The prereq-
uisites for MAS are the DNA markers and linkage analy-
sis, which identifies the markers that are linked to the genes 
controlling the trait(s) of interest (Ben-Ari & Lavi, 2012). 
MAS rely on DNA markers, which are closely linked to ag-
ricultural traits of interest and therefore allow tremendously 
improved speed and efficiency over the traditional breeding 
approaches. The discovery of DNA markers linked to agri-
cultural traits of interest including essential oil content and 
composition typically involves the development of genetic 
maps, identification of QTLs and DNA markers located in 
the close vicinity of the QTLs.

To date, however, there have been relatively few reports 
of molecular marker-based approaches to medicinal plant 
improvement, and not even the most skeletal genetic maps 
are available for any of the important species including oreg-
ano (Canter et al., 2005). Although diverse genetic marker 
systems have been applied for evaluation of the genetic di-
versity in O. vulgare and other Origanum species, so far,no 
genetic maps have been developed and QTL analysis has not 
been carried out.

A different approach for oregano improvement may be 
based on the growing knowledge regarding genes involved 
in key steps of terpenoid synthesis for different Origanum 
species, which expression has already been proven to be 
closely related to the content of essential oil and its composi-
tion (Crocoll et al., 2010; Crocoll, 2011). Recently, Habibi et 
al. (2016) reported successful development of genetic trans-
formation and regeneration system from O. vulgare hairy 
roots. Although the modification of O. vulgare secondary 
metabolites by manipulating the expression of key genes in 
terpene biosynthesis through genetic transformation or gene 
editing is already a feasible option, the genetically modified 
plants are still not well accepted in many of the European 
countries, which may hamper the commercial application of 
such plants. However, although not as straight forward as are 
the genetic transformation or gene editing, analysis of the 
allele variants of such genes may be used for development 
of gene-specific markers and direct testing of the influence 
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of particular alleles and allele combinations on the content 
and composition of secondary metabolites in the essential 
oil. For example, Lukas et al. (2010) analyzed part of the se-
quence of the γ-terpinene synthase gene (intron 2, exon 3 and 
intron 3) in 4 Origanum species from the section Majorana 
and O. vulgare (section Origanum). The study revealed 6 dif-
ferent variants of the gene that were distinguishable accord-
ing to sequence characteristics in intron 3. The formation of 
“cymyl” compounds (γ-terpinene, p-cymene, carvacrol and 
other related compounds) in O. vulgare was found to be as-
sociated with the presence of intron pattern 1 and/or 3 and/
or 4. In plants lacking these gene variants “cymyl”- com-
pounds were completely absent or present in trace amounts 
only (Lukas et al., 2010).

There is a high degree of similarity in the DNA se-
quences of functional genes between different plant spe-
cies, therefore, DNA probes from one species can often be 
used to identify homologous sequences in another closely 
related species (Canter et al., 2005). The constantly grow-
ing number of sequenced plant genomes may be used as 
a source of valuable genetic sequence information. The 
genome sequences assembled at different levels of several 
medicinal plant species from the Lamiaceae family includ-
ing Salvia splendens, Pogostemon cablin, Perilla citrio-
dora, Mentha longifolia, Ocimum tenuiflorum and Scutel-
laria baicalensis are already available in the NCBI genome 
database and can be used as a source of information and 
design of degenerated primers targeting particular genes 
of interest in O. vulgare. Following cloning of such genes 
and their functional analysis, the set of already known gene 
sequences from O. vulgare may be enlarged and used for 
development of gene-specific markers and future breeding 
programs based on MAS.

Conclusions

O. vulgare is a medicinal and culinary plant species with 
high degree of morphological, quantitative, genetic and 
chemotype variation both among and within its six subspe-
cies. The essential oil distilled from its areal parts as well as 
the different plant extracts obtained from O. vulgare have 
shown a number of biological activities and find diverse ap-
plications in the food, cosmetics and pharmaceutical indus-
tries. Currently the vast amounts of utilized plant material 
from O. vulgare are obtained directly from the environment, 
which causes direct negative effect on the wild populations. 
Further the large variation observed within the subspecies 
and its wild populations is a major concern for the uniform-
ity of the obtained material in terms of its further processing 
and standardization of the final products.

Therefore, the transition from gathering of plants from 
wild populations towards cultivation of O. vulgare as an ag-
ricultural crop and especially its high essential oil-bearing 
subspecies like O. vulgare ssp. hirtum is a necessary process, 
which is expected to progress in the next few years. The cul-
tivation of O. vulgare will go in parallel with the selection 
of wild accessions and breeding for superior cultivars. Al-
though modern breeding in O. vulgare is currently hampered 
by the lack of genetic maps and mapped QTLs, substantial 
knowledge including cloning of key enzymes involved in 
the synthesis of terpenoids in O. vulgare has already been 
obtained. In addition, the genome sequences of several spe-
cies from the Lamiaceae family are already available in on-
line databases allowing transfer of knowledge between spe-
cies based on syntheny and sequence homology. Until QTL 
studies and DNA markers linked to particular traits become 
available in O. vulgare, breeding programs in the near fu-
ture should focus on the development of allele specific DNA 
markers for candidate genes, which expression is associated 
with desired traits and test for the influence of allele variants 
on the trait of interest. Additionally, breeding in O. vulgare 
could involve inter- and intra-specific hybridization, which 
is common in the genus Origanum and could be a valuable 
source of heterosis effects.
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