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Genetic structure and essential oil diversity of the aromatic shrub Lippia 
origanoides Kunth (Verbenaceae) in two populations from northern Colombia

Estructura genética y diversidad del aceite esencial en el arbusto aromático Lippia 
origanoides Kunth (Verbenaceae) en dos poblaciones en el norte de Colombia
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ABSTRACT RESUMEN

In the present study, the diversity in essential oil composition 
and genetic structure of two populations of Lippia origanoides 
from Colombia, one from the department of Magdalena on the 
Atlantic coast in the north, and the other from the canyon of 
the Chicamocha river in the northeast, were compared. Indi-
viduals were sampled in each of the two populations and ISSR 
(inter-simple sequence repeat) molecular markers were applied 
to document the distribution of the genetic diversity within and 
among the populations. Essential oils were extracted by steam 
distillation from individuals collected in the two populations 
and analyzed by gas chromatography and mass spectrometry 
(GC-MS). The results suggest that genetic diversity levels of L. 
origanoides in Magdalena and Chicamocha are relatively high 
(Hs ranged from 0.35 to 0.37) and comparable to allogamous 
plant species and other related species of the same genus. A 
rather low genetic differentiation (qII varied from 0.07 to 0.17) 
was found between the two populations, in spite of the relatively 
large geographical distance between them. The essential oils of 
L. origanoides can be classified as monoterpenic in type, and 
according to the relative amount of the major compounds, six 
chemotypes are proposed. Five of them (B, C, D, F and G) are 
present in the canyon of the Chicamocha river, while two of 
them (C and E) are present in Magdalena. Chemotypes B and 
C are similar to chemotypes previously reported. In summary, 
the essential oils from individuals collected in Chicamocha are 
rich in thymol (chemotypes C and D); carvacrol (chemotype 
B); p-cymene, eucalyptol (+ β-phellandrene trace) and thymol 
methyl ether (chemotype F); and thymol methyl ether, p-
cymene, thymol and γ-terpinene (chemotype G); while those 
from Magdalena are rich in thymol (chemotype C), and euca-
lyptol and α-phellandrene (chemotype E). These results suggest 
a significant presence of genetic and essential oil diversity in 
this species, which should be studied further in order to make 
more efficient use of this promising plant resource.

En el presente estudio, la diversidad en la composición de los 
aceites esenciales y la estructura genética en dos poblaciones 
de Lippia origanoides de Colombia, una del departamento del 
Magdalena sobre la costa Atlántica en el norte, y la otra del 
cañón del río Chicamocha en el noreste, fueron comparados. 
Se tomaron muestras de individuos en cada una de las dos 
poblaciones y se aplicaron marcadores moleculares ISSR (inter-
simple sequence repeat) con el fin de documentar la distribu-
ción de la diversidad genética dentro y entre poblaciones. Los 
aceites esenciales se extrajeron por destilación por vapor de 
individuos colectados en las dos poblaciones y se analizaron por 
cromatografía de gases y espectrometría de masas (GC-MS). 
Los resultados sugieren que los niveles de diversidad genética de 
L. origanoides en Magdalena y Chicamocha son relativamente 
altos (Hs varió desde 0,35 hasta 0,37) y son comparables con 
plantas alógamas y otras especies relacionadas del mismo 
género. Se encontró una diferenciación genética más bien baja 
(qII varió desde 0,07 hasta 0,17) entre las dos poblaciones, a 
pesar de existir una distancia geográfica relativamente grande 
entre ellas. Los aceites esenciales de L. origanoides pueden 
ser clasificados como de tipo monoterpeno, y de acuerdo a 
la cantidad relativa de los compuestos mayoritarios, se pro-
ponen seis quimiotipos. Cinco de ellos (B, C, D, F y G) están 
presentes en el cañon del Chicamocha, mientras que dos de 
ellos (C y E) están presentes en Magdalena. Los quimiotipos B 
y C son similares a quimiotipos reportados previamente. En 
resumen, los aceites esenciales de los individuos colectados en 
Chicamocha son ricos en timol (quimiotipos C y D); carvacrol 
(quimiotipo B); p-cimeno, eucaliptol (+ trazas de β-felandreno) 
y timol metil éter (quimiotipo F); y timol metil éter, p-cimeno, 
timol y γ-terpineno (quimiotipo G); mientras que aquellos del 
Magdalena son ricos en timol (quimiotipo C), y eucaliptol y 
α-felandreno (quimiotipo E). Estos resultados sugieren una 
presencia significativa de diversidad genética y diversidad en el 
aceite esencial en esta especie, lo cual debería ser estudiado aún 
más a fin de lograr hacer un uso más eficiente de este recurso 
vegetal promisorio.
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xerophytes, Andes.
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Introduction

Detailed analyses of the national and international market 
of essential oils have revealed that in spite of the potential 
of many of its native plant species, Colombia’s contribution 
to the worldwide market is quite limited, mainly due to a 
low number of strategies, programs and research initiatives 
in aromatic plant species (Biocomercio Sostenible, 2003; 
Díaz et al., 2002). In this regard, the lack of knowledge on 
important issues such as agronomic potential and genetic 
composition of these kinds of species has limited their 
exploitation and utilization. The medicinal and aromatic 
plant species constitute an excellent source of new mol-
ecules useful for the synthesis of new preventive drugs for 
several human diseases (Balunas and Kinghorn, 2005), 
and antimicrobial and antioxidant activities (Bakkali 
et al., 2008; Cowan, 1999; Ng et al., 2000; Svoboda and 
Hampson, 1999), among others. These activities reside in 
the phytochemicals, secondary metabolites and essential 
oils contained in these species (Balunas and Kinghorn, 
2005; Cowan, 1999; Gurib-Fakim, 2006).

In Colombia, in recent years, there has been an increased 
interest in the study of the composition and biochemical 
properties of the essential oils of several native aromatic and 
medicinal plant species and their potential uses (Meneses et 
al., 2009a; Nerio et al., 2009). Among these native species, 
Lippia origanoides Kunth, an aromatic shrub that belongs 
to the Verbenaceae J. St.-Hil. family and also known as “oré-
gano de monte” (from its common name in Spanish), is very 
promising due to its high content and quality of essential 
oils. Many of the species of this family are characterized 
as having a relatively high content of essential oils (more 
than 1%) with a great diversity of uses in the pharmaceu-
tical, food, textile, chemical, cosmetics and perfumery 
industries (Sartoratto et al., 2004). The essential oils of L. 
origanoides contain secondary metabolites responsible for 
its particular pungent odor similar to the spice known as 
oregano (Arcila-Lozano et al., 2004; Calpouzos, 1954) and 
contain a significant chemical variation, so far represented 
in Colombia by three chemotypes (Stashenko et al., 2010). 
The essential oils of L. origanoides exhibit antioxidant, 
antimicrobial, antigenotoxic and antiparasitic activities 
(Arcila-Lozano et al., 2004; Pascual et al., 2001) and are 
promising for their effects against pathogenic microorgan-
isms of importance in agriculture and human health (dos 
Santos et al., 2004; Henao et al., 2009; Oliveira et al., 2007; 
Ramírez et al., 2009).

Lippia origanoides is restricted to xerophytic and subxero-
phytic areas (Albesiano, 2003; Albesiano and Rangel-Ch., 

2006; Parra and Rodríguez, 2007) in northern South 
America (Colombia, Venezuela and Guyana). In Colombia, 
L. origanoides has been reported in large semiarid areas in 
the departments of Santander and Boyacá, especially in the 
inter-Andean canyon of the Chicamocha river, and also 
in Cauca, Nariño and the Atlantic coast (department of 
Magdalena) (Albesiano and Rangel-Ch., 2006; Stashenko 
et al., 2010; Suárez et al., 2008). Along Chicamocha canyon, 
L. origanoides is widely and abundantly distributed because 
of its ability to tolerate stress and its phenotypic plasticity 
(Antolinez-Delgado and Rodríguez, 2008; Camargo and 
Rodríguez, 2008; Parra and Rodríguez, 2007). 

Genetic diversity studies in promising species such as L. 
origanoides provide useful information for the efficient 
use and conservation of these resources. Only a handful 
of genetic analyses of this species has been carried out. 
De Campos et al. (2011) undertook a cytogenetic study, 
reporting the chromosome number of L. origanoides in 
pollen mother cells as n = 12. On the other hand, Suárez 
et al. (2008) carried out a population genetic analysis on L. 
origanoides from two localities within the basin of the Chi-
camocha river in northeastern Colombia by means of ISSR 
markers. Recently, Vega-Vela and Chacón-Sánchez (2012) 
undertook a more detailed analysis of the genetic structure 
of L. origanoides along an altitudinal gradient within the 
canyon of the Chicamocha river in the departments of 
Santander and Boyacá in Colombia, by means of AFLP 
(amplified fragment length polymorphism) markers, and 
reported four different populations at contrasting altitudes.

As stated above, genetic diversity studies by molecular 
markers and chemotype diversity studies have been mainly 
focused at few localities in Colombia, especially from the 
Chicamocha canyon, leaving out other regions of Colom-
bia. This, along with the fact that this species also occurs 
in the department of Magdalena, in Cerro San Fernando, 
a low elevation coastal hill (about 200 m a.s.l.) in Santa 
Marta, an area that is isolated from the three Andean 
cordilleras in Colombia, raises a number of questions: Do 
the individuals from the Chicamocha canyon and from 
Magdalena contain essential oils of different composi-
tions?; How do individuals from the Chicamocha canyon 
and Magdalena differ genetically from each other?; and, 
How much heterogeneity in essential oil composition can 
be found among different localities within the Chicamocha 
canyon? Answering these types of questions is relevant 
because the biological activities and potential applications 
of the essential oils depend on their composition, which 
in turn may vary within a species. For these reasons, this 
study was performed with the aim of documenting the 
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levels of inter- and intra-population genetic diversity and 
essential oil diversity of L. origanoides from two popula-
tions in northern Colombia (canyon of the Chicamocha 
river and Magdalena).

Materials and methods

Study area and sample collection for DNA extraction
The study area was comprised of two populations, one from 
the Atlantic coast of Colombia, department of Magdalena, 
municipality of Santa Marta, and the other from the canyon 
of the Chicamocha river, in the departments of Santander 
and Boyacá (Fig. 1A). 

In Magdalena, samples were taken in el Rodadero (Cerro 
La Llorona, 11°12’9.2’’ N, 74°13’11.7’’ W) and in Taganga 
(Cerro Gordo Bonito 11°16’42’’ N, 74°10’53.5’’ W and Playa 
Grande 11°16’18’’ N, 74°11’52’’ W), where L. origanoides 
has been reported according to records held in the her-
barium at the Universidad del Magdalena. Explorations 
of other nearby localities allowed for the collection of 
samples of L. origanoides in two more localities, in Bahía 
Concha (11º17’47’’ N, 74º09’13.7’’ W) and on the road to 
Cienaga (Jolonura district, Puente de Toribio, 11°2’45.5’’ N, 
74°11’41.1’’ W). All these localities were very close to the 
coast and to the city of Santa Marta. A total of 46 samples 
were taken in Magdalena, at elevations ranging from 100 to 

360 m a.s.l. Six botanic specimens collected in Magdalena 
were sent to the National Herbarium in Colombia (COL) 
for taxonomic identification under accession numbers 
533538-533543.

In the canyon of the Chicamocha river, a total of 31 indi-
viduals were collected in the municipalities of Pescadero 
and Cepitá, at elevations ranging from 200 to 800 ma.s.l. 
These individuals were used to make inter-population com-
parisons with the 46 samples from Magdalena by means of 
molecular markers. Fourteen botanic specimens collected 
in the Chicamocha canyon were sent to the National Her-
barium in Colombia (COL) for taxonomic identification 
under accession numbers 550395-550408.

From each individual, young leaves were collected and 
used for extraction of DNA. High-quality DNA suitable 
for genetic analyses of L. origanoides was obtained using 
the chemical denaturing properties of the guanidinium 
cation and silica, with a protocol developed for aromatic 
and medicinal plants (Vega-Vela and Chacón, 2011).

Inter-population comparisons
To compare the genetic diversity between the two popu-
lations of L. origanoides, a total of ten ISSR markers were 
used, and a binary (presence/absence of bands) matrix 
was built for all the alleles observed in the 77 individuals 
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Boyacá 
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FIGURE 1. A. Study area: department of Magdalena, municipality of Santa Marta and the basin of the Chicamocha river in the departments of San-
tander and Boyacá in northeastern Colombia. B. Individual of L. origanoides from Magdalena grown in a greenhouse. Photos:  Suárez, A. (coast of 
Santa Marta) and Vega-Vela N.E. (other images).
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analyzed. The genetic structure was evaluated by means of 
AMOVA with 1,000 permutations as implemented in the 
software: GenAlex (Peakall and Smouse, 2006). A genetic 
distance matrix among individuals based on Nei’s coeffi-
cient (Nei and Li, 1979) was built and used to construct a 
neighbor-joining (NJ) topology using the package: Phylip 
(Felsenstein, 1989). Statistical support for groups was es-
tablished by means of bootstrapping (1,000 permutations). 

In order to identify possible outlier loci that could be 
under some sort of selection process and avoid bias in 
the estimation of the population parameters, the method 
developed by Beaumont and Nichols (1996) was applied 
as implemented in the DFDIST software (Beaumont, 
2008). Genetic differentiation among populations (θII) and 
panmictic heterozygosity (HB) were calculated with the 
Hickory software (Holsinger et al., 2002) that implements 
a Bayesian approach with two models (full model, and free 
model without assuming EHW). 

Chemical composition of essential oils
Essential oils (EO) were extracted from 12 individuals co-
llected in the department of Magdalena (three individuals) 
and the Chicamocha canyon (nine individuals) (Tab. 1). 

In the Chicamocha canyon, L. origanoides occurs in areas 
that differ in altitude and for the purpose of this study, 
three basins were defined following Vega-Vela and Chacón-
Sánchez (2012): the lower basin (300 - 1,000 m a.s.l.), the 
medium basin (1,000 - 2,000 m a.s.l.), and the upper basin 
(at elevations greater than 2,000 m a.s.l.) (Fig. 2, adapted 
from Vega-Vela and Chacón-Sánchez, 2012). In order to 
evaluate the heterogeneity of essential oil compositions in 
the Chicamocha canyon, individuals from each of these 
three basins were analyzed (Tab. 1).

Leaves, flowers and stems were harvested for EO extrac-
tion from plants either growing in natural conditions or 
propagated under greenhouse conditions (Fig. 1B) from 
cuttings collected in the wild. In the greenhouse, cuttings 
were propagated in a substrate containing coconut fiber, 
coal slang and river sand (1:1:1). The greenhouse was located 
at the Universidad Nacional de Colombia, Bogota, at 2,556 
m a.s.l. at coordinates 4°38’08.46” N and 74°0.5’11.99” W, 
with a natural photoperiod for this part of the Tropics. 
The control of weeds was done manually and use of her-
bicides, fungicides and insecticides was avoided. Samples 
of fresh plant material from plants in their flowering stage 
(approximately 1 kg) were cut into small pieces and steam 

TABLE 1. Geographical data of 12 individual samples of L. origanoides from the department of Magdalena and the Chicamocha canyon, analyzed for 
the composition of their essential oils and the chemotypes identified in this study.

EO No. Sample ID Location Harvested in1 Latitude (N) Longitude (W) Elevation (m) Chemotype*

1 S94
Department of Magdalena, municipality of Santa Marta, 
locality Bahía Concha

Greenhouse 11.2960 74.1558 - E

2 S97-2
Department of Magdalena, municipality of Santa Marta, 
localityTaganga

Greenhouse 11.2636 74.1537 - C

3 S69
Department of Magdalena, municipality of Santa Marta, 
localityTaganga

Greenhouse 11.2690 74.1959 - C

4 A1
Department of Santander, lower Basin of the Chicamocha 
river, municipality of Pescadero

Greenhouse 6.8238 73.0091 586 B

5 CA-262
Department of Santander, lower Basin of the Chicamocha 
river, localities Pico de La Vieja and Zapatoca

Field 6.8589 73.2009 1,460 C

6 CA-263
Department of Santander, lower Basin of the Chicamocha 
river, localities El Batal and Zapatoca

Field 6.7523 73.2298 676 C

7 CA-264
Department of Santander, lower Basin of the Chicamocha 
river, localities Las Juntas and Villanueva

Field 6.7689 73.2089 372 F

8 CA-184
Department of Santander, medium Basin of the Chicamo-
cha river, locality:Tipacoque-Capitanejo

Field 6.4683 72.6921 1,238 B

9 CA-268
Department of Boyacá, medium Basin of the Chicamocha 
river, localities Soatá and Tipacoque

Field 6.3651 72.6709 1,882 D

10 CA-269
Department of Boyacá, medium Basin of the Chicamocha 
river, locality: Capitanejo

Field 6.5045 72.6809 1,168 C

11 CA-271
Department of Boyacá, Upper Basin of the Chicamocha 
river, localities Socha, Sagra and Abajo

Field 6.0185 72.7028 2,100 G

12 CA-272
Department of Boyacá, Upper Basin of the Chicamocha 
river, localities Socha and Santa Teresa

Field 5.9905 72.7333 2,300 C

1 Essential oils (EO) were extracted from plant material either propagated and growing in a greenhouse, or growing in natural conditions (field). *Capital letters indicate chemotypes. The major 
compounds of the chemotypes and their relative amounts are: chemotype B (carvacrol > 40%), chemotype C (thymol > 50%), chemotype D (thymol 29.6%), chemotype E (eucalyptol 21.9% 
and α-phellandrene 17.8%), chemotype F (p-cymene 18.4%, eucalyptol + β-phellandrene trace 17.4% and thymol methyl ether 10.7%), chemotype G (thymol methyl ether 21.6%, p-cymene 
19.6%, thymol 13.5% and γ-terpinene 12.0%).
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distillated. The EO extracted under this method were ana-
lyzed by GC-MS (gas chromatography-mass spetrometry) 
with capillary columns (Rtx®-5MS, Restek Corporation, 
Bellefonte, PA). Chemical constituents were identified 
based on the comparison of their mass spectral pattern and 
retention indices with those obtained from the Wiley 138, 
NBS 75K and NIST libraries, as well as those published by 
Adams (1995). Retention indices were calculated according 
to Van den Dool and Kratz (1963). 

In order to meaningfully describe the variation in the es-
sential oil composition and to facilitate the description of 
chemotypes, principal component analyses (PCA) were 
carried out, based on covariance matrixes, by using the: 
Multivariate Statistical Package (MVSP) software (Kovach, 
2004). Two PCA analyses were carried out, one of them 
taking as variables all the substances detected across all 
the samples, and the other one taking as variables only 
the substances with a relative abundance higher than 1%.

Results and discussion

Inter-population comparisons
A total of 194 ISSR loci were amplified in the 77 individuals 
analyzed, among them, 10 loci were identified as outliers 
with a confidence limit of 0.95. The genetic diversity (HB) 
and genetic divergence (θII) values, calculated with the 

software: Hickory, are shown in Tab. 2. As can be seen, the 
statistic θII is overestimated at 21 to 43% when the outlier 
loci are included. This overestimation is expected because 
for the outlier loci the observed FST values were significantly 
higher. The estimated values for θII without outlier loci 
ranged from 0.066 (under the full model) to 0.1314 (under 
the free model). Suárez et al. (2008) observed a θII value of 
0.032 for ISSR markers when comparing individuals of L. 
origanoides from two localities within the Chicamocha 
canyon (Pescadero and Cepitá). This genetic divergence 
was considered low by the authors. Also, Vega-Vela and 
Chacón-Sánchez (2012), when comparing four different 
populations of L. origanoides within the Chicamocha 
canyon at contrasting elevations, reported a θII value of 
0.16 for AFLP markers, under the full model. Comparing 
genetic divergence values reported by different studies is a 
difficult task because each study is unique in its sampling 
strategy and markers used. However, it is interesting to 
see that the highest value of genetic divergence for the 
two populations reported in our study (Magdalena and 
Chicamocha, separated by about 508 km) and without 
outlier loci (θII=0.13 under the free model) is similar or 
even lower than the genetic divergence value reported 
by Vega-Vela and Chacón-Sánchez (2012) (θII=0.16) for 
populations within the Chicamocha canyon separated 
by only up to 27 km. This result is somewhat unexpected 
with standard patterns of isolation by distance, which 

FIGURE 2. Relief map and geographical locations of the three basins of the Chicamocha river. Lower basin (municipalities of Villanueva [locality of 
Juntas], Jordán, Pescadero and Cepitá), medium basin (in the municipalities of Capitanejo, Tipacoque and Soatá) and the upper basin (municipali-
ties of Socotá, Socha and Beteitiva). Adapted from Vega-Vela and Chacón-Sánchez (2012).
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build up in populations with limited migration over time, 
where one would expect to find large genetic correlations 
among geographically close populations and a drop-off of 
these correlations as the geographical distance increases. 
However, we know that patterns of genetic differentiation 
are not only the result of geographic isolation among 
populations, but the product of the reproductive system 
of the species, life history traits (e.g. life cycle, dispersion 
mechanisms, etc.), divergence time among populations and 
historical processes such as fragmentation and colonization 
events. Interestingly, it has been found that the Chicamocha 
canyon shares floristic elements with other semiarid areas 
in Colombia such as La Guajira (near to Magdalena) and 
Patia (in southwestern Colombia), and with other semiarid 
areas from neighboring South American countries such 
as Venezuela, Ecuador and Peru (Albesiano and Rangel, 
2006). The presence of floristic similarities among semia-
rid regions that are geographically isolated indicates that 
other shared factors may exist (contemporary or historical) 
among these regions (unknown for us) that might help 
explain the relatively low divergence found among the two 
populations of L. origanoides in this study. 

Additionally, the AMOVA results showed that most of the 
genetic diversity is found within the two populations ana-
lyzed (Magdalena and Chicamocha canyon) (about 72%) as 
opposed to between them (about 28%), a pattern expected 
in species with open pollination. On the other hand, the NJ 
topology based on Nei’s genetic distance does not support 
the existence of groups related with geography (bootstrap 
P<50%). This is consistent with the AMOVA results and 
with the results of genetic divergence shown above. These 
results are important for the use and conservation of this 
genetic resource, and for sampling strategies, suggesting 
that a more exhaustive sampling within populations may 
be needed in order to capture most of the diversity, as we 
will see below.

Genetic diversity values (HB) for L. origanoides from Mag-
dalena and Chicamocha were similar and ranged between 
0.35 and 0.37 (without outliers), depending on the criteria 

used for polymorphic loci and model used (Tab. 2), and 
were approximately 30% lower than the HB previously 
reported for the same species in the Chicamocha canyon 
based on ISSR markers (HB=0.484) (Suárez et al., 2008), 
and about 18% higher than the average genetic diversity 
reported for several populations of the Chicamocha can-
yon based on AFLP markers (HB=0.28) (Vega-Vela and 
Chacón-Sánchez, 2012). These differences among studies 
may be due to the samples analyzed and the molecular 
markers used. One thing that is worth mentioning is the 
very similar level of genetic diversity that was found among 
Magdalena and Chicamocha in this study, a result that is 
somewhat unexpected and difficult to interpret given our 
lack of knowledge about the processes that are governing 
the current distribution of the genetic diversity in these 
populations. 

Chemical diversity of essential oils in L. 
origanoides from two populations in Colombia
A total of 74 components were observed in the 12 essential 
oils analyzed (Tab. 3 reports relative amounts >0.1%). The 
chemical diversity of L. origanoides is related to monoter-
pene and sesquiterpene hydrocarbons, alcohols, phenols, 
ketones, aldehydes, esters and epoxides. In the majority of 
samples, the principal compounds were p-menthane type 
aromatic monoterpenes such as thymol and carvacrol. 
Other monoterpene hydrocarbons and their oxygenated 
compounds (type thujene, pinene and carene) were pre-
sent at a minor proportion. Camphene type compounds 
were only detected in three samples in relatively smaller 
proportions (less than 2%). The sesquiterpenes and their 
oxygenated derivates in the samples analyzed were around 
15% and corresponded to compounds with structures such 
as caryophyllene, humulene and germacrene.

In general, the EO of the samples of L. origanoides ana-
lyzed can be classified as monoterpenic in type, where the 
amount of these compounds varied from 31.4 to 95.3% 
of the relative composition. The results of the two PCA 
analyses are identical and the one that took into account 
all the 74 compounds can be seen in Fig. 3.

TABLE 2. Genetic diversity (HB) and genetic divergence (θII) between populations (Chicamocha versus Magdalena) calculated with the Hickory soft-
ware. Values are reported under two criteria for polymorphic loci (0.99 and 0.95), and including or excluding the outlier loci. 

Population parameter
99% with outliers 99% without outliers 95% with outliers 95% without outliers

Full model Free model Full model Free model Full model Free model Full model Free model

θII 0.1184 0.1698 0.066 0.1303 0.1197 0.1679 0.0722 0.1314
HB Chicamocha 0.350 0.349 0.354 0.352 0.367 0.365 0.372 0.369
HB Magdalena 0.341 0.339 0.349 0.348 0.357 0.356 0.368 0.366

Average diversity (HS) 0.346 0.344 0.352 0.350 0.362 0.360 0.370 0.367
Total diversity (HT) 0.368 0.371 0.365 0.368 0.386 0.388 0.384 0.387
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TABLE 3. Chemical composition of essential oils of L. origanoides from Magdalena and the Chicamocha canyon in Colombia. 

No.

Geographic region MAG LB MB UB

No. EO1 1 2 3 4 5 6 7 8 9 10 11 12

Greenhouse or field G G G G F F F F F F F F

1 α-Thujene 0.3 0.3 0.2 0.3 0.6 1.2 0.4 0.2   0.7  
2 α-Pinene 1.2 0.1 0.1 0.1 0.2 0.4 1.6 0.2   0.3  
3 Camphene 0.9 0.1 1.7   0.2  
4 Sabinene 3.0 0.3   0.4  
5 β-Pinene 0.5 0.1 0.1 0.7 0.2   0.2  
6 β-Myrcene 1.2 1.3 1.0 1.2 2.7 4.4 1.7 1.0   1.4  
7 α-Phellandrene + δ-3-Carene 0.3
8 α-Phellandrene 17.8 0.3 0.1 0.2 0.2 0.2 4.1   1.0  
9 α-3-Carene 0.1 0.1 0.3 1.3    
10 α-Terpinene 0.7 1.2 1.0 1.9 1.6 2.5 0.9   1.9  
11 p-Cymene 3.4 4.4 3.9 7.0 11.0 18.0 18.4 11.8 19.6 1.24
12 Limonene 4.1 0.6 0.4 0.5 0.4 0.6 4.0 0.4   1.4  
13 β-Phellandrene 0.1 0.2 0.2   0.5  
14 Eucalyptol 21.9 0.3 0.1 0.2 0.7 0.3 0.7   6.0  
15 Eucaliptol+(β-Phellandrene trace) 17.4
16 trans-β-Ocimene 0.3 0.1 0.1 0.1 0.2 0.3 0.2 0.1    
17 γ-Terpinene 5.8 6.8 6.2 16.6 8.7 10.9 8.5 6.3   12.0 0.57
18 cis-Sabinene hydrate 0.3 0.2 0.2 0.2 0.3 0.3 0.1 0.2   0.3  
19 Terpinolene 0.3 0.1 0.1 0.3   0.2  
20 Linalool 0.3 0.1 0.1 0.6 0.1   0.2  
21 trans-Sabinene hydrate 0.2 0.2 0.1 0.1 0.2   0.2  
22 cis-p-Menth-2-en-1-ol 0.1 0.1    
23 α-Campholenal 0.1    
24 trans-Pinocarveol 0.1 0.1    
25 Umbellulone 0.3 0.3 0.3 0.2 0.1   0.1  
26 Borneol 1.0 0.9   0.2  
27 Phellandrene aldehyde 0.2    
28 Ipsdienol 0.2    
29 Terpin-4-ol 0.2 0.3 0.3 0.3 0.6 0.5 0.5 0.5  1.3 0.3  
30 α-Terpineol 0.3 0.5   0.1  
31 Thymol methyl ether 0.5 1.9 1.7 1.6 3.1 1.1 10.7 0.7 0.4 2.4 21.6 1.24
32 Carvacrol methyl ether 0.1 0.2    
33 Carvone 0.1
34 Oxigenated Monoterpenoid C10H14O 0.2
35 Thymol 1.9 61.6 67.9 8.6 52.7 52.8 8.2 6.8 29.6 87.2 13.5 68.21
36 Carvacrol 7.4 44.9 0.5 0.3 0.2 63.8   0.4  
37 Thymol acetate 0.2 6.4 8.0 1.0 1.1 0.3 1.4 1.4  1.7 0.67
38 Carvacrol acetate 0.6 2.0 0.3    
39 α-Copaene 0.2 0.2 0.1 0.3 3.8  0.4  
40 β-Elemene 0.2    
41 β-Bourbonene 0.2    
42 β-Cubebene 0.2 0.7   
43 trans-β-Caryophyllene 7.3 4.5 4.5 4.5 6.2 2.0 6.2 0.8 3.2 2.9 6.4 1.87
44 cis-α-Bergamotene 1.0 0.7 0.5 0.1 0.2 0.2 0.6  0.1  
45 Sesquisabinene 0.3 0.3 0.2 0.1 0.1    
46 β-Copaene 0.1 0.2   0.3  
47 α-Humulene 3.7 2.0 2.3 2.1 3.3 0.9 3.1 0.4   2.6  
48 cis-Sesquisabinene hydrate   0.4  
49 9-epi-(E)-Caryophyllene 0.6 0.1  1.7 0.71
50 γ-Muurolene 0.4 0.4 0.4 0.3 0.2 0.4 0.6  0.6  
51 Germacrene D 6.9 0.6 0.5 1.2 1.6 0.9 0.9   0.4  

Continúa
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The two main components explained 88% of the varia-
tion in essential oil composition among the 12 samples 
analyzed. The substances that most contributed to the 
first component were thymol (with a loading of 0.879) 
and carvacrol (-0.445), and the ones that most contributed 
to the second component were carvacrol (0.854), thymol 
(0.377), thymol methyl ether (-0.190), eucalyptol (-0.158), 
α-phellandrene (-0.137), p-cymene (-0.125) and eucalyptol 
(+ β-phellandrene trace) (-0.121). 

According to these variables, the essential oils can be 
tentatively clustered into four groups (Fig. 3). Group I 
contains essential oils number 2, 3, 5, 6, 10 and 12, all of 
them containing thymol as the major compound (more 
than 50% of relative amount) followed by p-cymene 
(1.24-18%), γ-terpinene (6.2-10.9%) and thymol methyl 
ether (1.1-3.1%). It is interesting to point out that essential 

oil No. 10 showed the highest relative amount of thymol 
(87.2%) among all the samples analyzed. Stashenko et al. 
(2010) reported the composition of essential oils from 
samples collected in Colombia from the departments of 
Santander (Bucaramanga), Boyacá (Soatá), Cauca (Merca-
deres) and Nariño (Pedegral), where the main constituent 
was thymol (ca. 56%), followed by p-cymene (ca. 9%) and 
γ-terpinene (ca. 5%), and classified these as chemotype C. 
So, the essential oils from group I observed here will also 
be called chemotype C. 

Group II contains essential oils number 4 and 8, both of 
them containing carvacrol as the major compound (more 
than 40%) followed by p-cymene (7.0-11.8%), γ-terpinene 
(6.3-16.6%) and thymol (6.8-8.6%). Stashenko et al. (2010) 
also reported essential oils of similar composition to group 
II (carvacrol ca. 40%, p-cymene ca. 13%, γ-terpinene ca. 

CoNTINuACIóN TABLE 3. Chemical composition of essential oils of L. origanoides from Magdalena and the Chicamocha canyon in Colombia. 

No.

Geographic region MAG LB MB UB

No. EO1 1 2 3 4 5 6 7 8 9 10 11 12

Greenhouse or field G G G G F F F F F F F F

52 Bicyclogermacrene 0.8 0.5   0.6  
53 β-Bisabolene 0.3 0.3 0.2 0.3 2.4 1.6 2.25
54 Viridiflorene 0.2 3.9   

55
Oxigenated Sesquiterpenoid 
C15H26O

1.1 0.3 0.3 0.4 0.5
  

0.5
 

56 δ-Amorphene 0.6 0.3    
57 cis-Calamenene 0.3   0.4  
58 Sphathulenol 0.1   0.1  
59 Germacrene D-4-ol 0.5    
60 Palustrol 0.5 0.2    
61 Caryophyllene oxide 0.3 0.3 0.2 0.3 0.8 0.3 1.5 0.4 3.8  1.3  
62 Guaiol 0.1   0.1  
63 Viridiflorol 0.7 5.0 1.4    
64 Humulene epoxide II 0.3 0.2 0.4 0.1 0.5 0.2 2.0  0.4  
65 Muurola-4.10(14)-dien-1β-ol 0.2   0.1  
66 γ-Eudesmol 0.1   0.1  
67 Oxygenated compound C15H24O 0.4   0.3  
68 α-Cadinol 0.2 0.1   0.1  
69 α-Eudesmol 0.5   0.4  
70 β-Selinene 4.6   
71 δ-Cadinene   0.9
72 Benzil benzoate   17.22
73 Salicylicacid   3.57
74 α-Cubebene   0.91

Monoterpene hydrocarbons 39.2 15.1 13.0 28.1 26.1 39.3 43.2 21.4 39.8 1.8
Non-aromatic monoterpenoids 3.2 0.8 0.8 0.6 1.5 1.2 3.0 1.4 1.3 1.4
Aromatic monoterpenoids 32.2 70.2 77.7 58.4 58.1 54.8 37.9 72.5 31.4 89.6 43.2 70.1
Sesquiterpene hydrocarbons 21.9 8.0 7.9 8.9 13.2 4.7 11.6 1.7 15.2 6.2 11.8 6.6
Sesquiterpenoids 3.1 6.1 0.5 2.5 1.2 0.4 4.0 0.6 10.4 3.8
Benzoic acid derivates 20.8

1 For the number of the essential oil (Tab. 1). MAG: Magdalena, LB: lower basin; MB: medium basin; UB: upper basin of the Chicamocha river; F: sample collected in the wild; G: sample harvested 
from plants growing in greenhouse.
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11% and thymol ca. 11%) from samples collected in Co-
lombia from the department of Santander (Bucaramanga, 
Jordán Sube and Piedecuesta), and classified these as 
chemotype B. Therefore, the essential oils from group II 
observed here will also be called chemotype B.

Group III contains only essential oil number 9 that is 
characterized as having thymol as the major compound 
but at a lower relative amount than group I (29.6%), fol-
lowed by other substances such as β-selinene (4.6%), 
viridif lorene (3.9%), caryophyllene oxide (3.8%) and 
trans-β-caryophyllene (3.2%). Due to its composition, this 
essential oil is tentatively classified here as chemotype D.

Group IV clusters essential oils number 1, 7 and 11, and 
although they differ from each other, what they have in 
common is that none of them contains thymol or car-
vacrol as the major compound. Essential oil number 1 
contains eucalyptol (21.9%) and α-phellandrene (17.8%) 
as the major compounds, followed by carvacrol (7.4%), 
trans-β-caryophyllene (7.3%), germacrene D (6.9%) and 
γ-terpinene (5.8%) and in this study, this oil is tentatively 
classified as chemotype E. Essential oil number 7 contains 
p-cymene (18.4%), eucalyptol (+ β-phellandrene trace) 
(17.4%) and thymol methyl ether (10.7%) as the major 
compounds, followed by γ-terpinene (8.5%), thymol (8.2%) 

and trans-β-caryophyllene (6.2%). This essential oil is ten-
tatively classified here as chemotype F. Essential oil number 
11 contains thymol methyl ether (21.6%), p-cymene (19.6%), 
thymol (13.5%) and γ-terpinene (12.0%) as the major com-
pounds, followed by trans-β-caryophyllene (6.4%) and 
eucalyptol (6.0%). This essential oil is tentatively classified 
here as chemotype G. 

By examining the geographical distribution of these che-
motypes, an interesting pattern emerges. In the canyon of 
the Chicamocha river, five chemotypes were observed (B, 
C, D, F and G), while in Magdalena, two chemotypes were 
found (C and E). Chemotype C was the most widespread, 
occurring in Magdalena (in Taganga town) and the three 
basins of the Chicamocha river (in Boyacá and Santander), 
from samples harvested in both, field and greenhouse, 
which suggests that this chemotype keeps its nature when 
the plants are cultivated in a greenhouse, a very important 
result for future developments of this genetic resource as a 
crop plant. This study adds a new department (Magdalena) 
to the known geographic range of chemotype C, which 
so far seems to be the most widespread within Colombia. 
Chemotype B was the second most widespread, occurring 
in the lower and medium basins of the Chicamocha river 
from plants harvested in the field and also from plants 
growing in a greenhouse. As with type C, this chemotype 

FIGURE 3. Scatterplot of the two main components from the PCA. Filled circles with numbers (according to Tab. 3) show the twelve essential oils 
analyzed. Essential oils were classified into four groups (I, II, III and IV) enclosed in dashed lines.
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keeps its nature when plants are cultivated in a greenhouse. 
The remaining chemotypes (D, E, F and G) are restricted to 
one locality (Tab. 1). Of these, chemotype E was extracted 
from plants growing in a greenhouse, so its presence in 
the wild is unknown, and chemotypes D, F, and G were 
extracted from plants growing in the wild, so we do not 
know if cultivation conditions will affect the chemical 
composition of these chemotypes.

As can be seen, essential oils present in the three basins of 
the Chicamocha river are diverse. In the lower basin, types 
C, B and F were observed, in the medium basin types C, 
B, and D were found, and in the upper basin types C and 
G were observed. Although the sample analyzed from the 
three basins of the Chicamocha canyon is small, it is in-
teresting to see some degree of diversity in their essential 
oils (five different chemotypes in nine samples). Recently, 
Vega-Vela and Chacón-Sánchez (2012) reported, on the 
basis of AFLP type molecular markers, four different 
populations along an elevation gradient in the Chicamocha 
canyon. Individuals from the upper basin (UB) formed a 
compact group and were apparently more closely related 
to individuals from the medium basin (MB). Conversely, 
the group of individuals from the lower basin clustered in 
a more dispersed group (two subgroups can be identified, 
LBa and LBb). The present results on the chemical diversity 
of essential oils and the results of Vega-Vela and Chacón-
Sánchez (2012) on the genetic structure of L. origanoides 
in the Chicamocha canyon suggest that the Chicamocha 
canyon may contain a much larger diversity than the one 
reported here and that in each basin, unique chemotypes 
might be found. Therefore, in order to capture most of the 
diversity in future studies, it seems that a more intense 
sampling is needed, which should take into account the 
geographical location of the sample within the canyon. 

Conclusions

This is one of the few studies that investigates aspects of 
both genetic structure and chemical diversity in plant spe-
cies of the Lippia genus in Colombia, particularly L. origan-
oides. The molecular markers used (ISSR) allowed for the 
estimation of relatively high genetic diversity levels in the 
sampled populations and relatively low genetic divergence 
between the two populations analyzed. The EO of L. orig-
anoides observed in this study were of the monoterpenic 
type and important variations in the relative amount of 
the major compounds were observed. On the basis of these 
variations, we propose six different chemotypes, which 
need further assessment of their geographic variation and 
potential uses. Five of these chemotypes (B, C, D, F and G) 

were obtained from plants harvested in the wild and one 
of them (E) was observed in plants collected from the wild 
but cultivated in a greenhouse, so its presence in natural 
conditions should be evaluated in the future. These results 
are very important in the context of the future development 
of this species as a new crop in Colombia and the need to 
make a rational use of this genetic resource. 
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