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La diversidad genética, descrita como P (86.21%) y cuantificada usando | (0.453) y
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lo cual ayudaria a conservar lo niveles de diversidad genética en programas de
propagacion.
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1. INTRODUCTION

In natural populations, the spatial genetic stmetu.e. the non-random
spatial distribution of genotypes, can result framumber of evolutionary
and ecological processes, including the matingesygKaliszet al., 2001),
the capacity of the species for gene dispersalgeed and pollen dispersal
mechanisms) (McCauley, 1997; Epperson, 2000gt-&., 2000; Miyazaki
and Isagi, 2000; Kaliszt al., 2001; Hardyet al., 2004; Hardestyt al.,
2005; Chunget al., 2006), adult density (Hamrick et al., 1993; Gatprand
Delph, 1999; Gitzendanner and Soltis, 2000, Nyb2894; Vekemans and
Hardy, 2004), thinning among cohorts (Berg and Heknrl995; Parker et
al., 2001; Chungt al., 2003, Jones et al 2007), spatial and tempottnns
of seedling establishment (Schnabel et al., 19%kd? et al., 2001),
colonization and disturbance history (Linhart anchr@, 1996; Epperson
and Chung, 2001; Parker et al., 2001, Wallace, 2D@izenset al., 2004),
and microenvironmental selection (Linhart and Gra®96; Gehring and
Delph, 1999Kalisz et al., 2001).

The patchy spatial distribution of genotypes cacuoat different scales, for
example at the level of populations, subpopulatioos even among
neighbouring individuals (Escudeebal., 2003). At a fine spatial scale, the
most prevalent cause for spatial structure is golyblemited gene dispersal,
which results in the formation of local pedigresusture (Epperson, 2000;

Vekemans and Hardy, 2004). In plants the dispéus&tion is mediated by



the male gametophyte (pollen) and the young spotepiseed) (Petit. al.
2005). Frequently, these two dispersion vehiclesssimoderate to strong
spatial restriction in their dispersal (VekemansHardy 2004), therefore
generating processes of fine scale population gestticture (Gehring and
Delph, 1999; Hardt al., 2004; Teraet al., 2005). This process is mainly a
result of isolation by distance, namely, the sigaifitly positive correlation
between genetic relatedness among individuals laeid $patial proximity
(Hardyet al., 2005).

There are different approaches for measuring thectsire of genetic
diversity in populations. Statistics suchras (Wright, 1943) or Analysis of
Molecular Variance (AMOVA) (Excoffieet al., 1992) have been widely
used to measure the spatial variance in gene fregggeamong populations
or other spatial subdivisions. Although these méges give valuable
information about the structure of genetic divgrsibey require averaging
subpopulations at one or more hierarchical leve[gpérson and Li, 1996),
and they do not provide information below the siake the smaller
subdivision, so that lower scales cannot be exgl@Escuderct al., 2003).
Currently, spatial autocorrelation analyses aral usedetect and interpret
spatial patterns of genetic variation within plggpulations (Heet al.,
2000; Chunget al., 2004; Zhanget al., 2007). Spatial autocorrelation
methods make no assumptions about the scale o$ttheture, which is
especially convenient when there is no previouswkedge of the spatial

distribution of genotypes in the species under ystuwhd also because



processes that generate spatial structure may tepatraifferent scales and
there is thus no single "correct” scale at whichdescribe populations
(Levin, 1992).

Lippia origanoides, Kunth, Verbenaceae, is a shrub that can readb Gb
m of height, and whose leaves, flowers and sterasept a characteristic
Artemisia or marjoram odour (Lopez, 1977). Thisaipromising species
with essential oils of high quality that are usedsity in cosmetics and
perfumery, and that have significant antimicrobiattivity against
Escherichia coli, Staphylococus aureus, Staphylococus aureus, Candida
albicans andCandida tropicalis (Santost al., 2004; Oliveiraet al., 2007).
L. origanoides leaves are used like a substitute of common narjor
(Maisch, 1885; Oliveirat al., 2007).

L. origanoides occurs in the Neotropical region, specificallytie north and
centre of South America, and also in the Caribb&inseppe, 2003). It is
generally found in dry environments, where thessarke shallow, stony and
poor in organic matter (Albesiano et al., 2003)Clwiombia, northern South
America, herbarium records bf origanoides suggest the species occurs in
the Andean region (Albesiano et al., 2003), theatit Coast (Instituto
Alexander Von Humboldt Herbarium) and in the interdean valleys
(Alvaro Fernandez Pérez Herbarium, UniversidadQieica). In Santander,
in northeastern Colombi&, origanoides exhibits a natural wide distribution
in the dry region of the Chicamocha Canyon, esfigdia small hillsides

with smooth or steep slopes. In this locality, theessive shepherding of

10



goats has played an important role in the vegetatistribution, although.
origanoides is not affected by these herbivores because itagm toxic
tannins and defensive structures like spines andhsh(Albesiancet al.,
2003). Nevertheless, other types of anthropogeniervention that are
taking place on the Chicamocha Canyon, includindordstation and
transitory cultivation (Albesianet al., 2003; Malagoret al., 1995; Serrato,
2007), could lead to significant concerns regardhmg conservation of the
species.

Despite being a promising aromatic plant, veryelits known about basic
biological aspects oL. origanoides, for example its breeding system or
dispersal capabilities, which have a direct infleceeron genetic diversity
levels and spatial distribution of genotypes insig&tural populations
(Wright, 1946). It is expected that the odoriferammpounds present in
these plants attract pollinators, thus favouringhhlevels of gene flow
within populations (Leviret al., 2001; Albreet al., 2003).

Highly polymorphic genetic markers are a usefull ttm infer genetic
structure and dispersal patterns (Hamdyal., 2005). ISSR (Intersimple
Sequence Repeats) are arbitrary multiloci markexsdyred by PCR
amplification using anchored-microsatellite primeiZietkiewicz et al.
1994). This method has the advantage that no ganomic information is
required and it generates relatively stable PCRiymts that show high
levels of polymorphisms (Bornet and Branchard, 2084 a result, ISSR

have been widely applied in studies of genetic mditae and population
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structure (Camacho and Liston, 2001; Culley andfey@&@001; Siceet al.,
2005). Additionally, this technique constitutes aternative for taxa for
which little or none research has been done atiblecular level (Liu and
Wendel, 2001). Nevertheless, ISSR are dominantkenarand their
principal limitation for population genetic studiissthe biased estimation of
allele frequencies, which is usually done by assgniardy-Weinberg
equilibrium (HWE) inside populations (Zhivotovsky,999; Culley and
Wolfe, 2001). The estimation bias of this methggarticularly serious in
presumably outcrossing species where a relativegh tproportion of
heterozygous individuals are expected. Thus, totsvact this limitation,
different types of alternative methods have beeopg@sed, such as a
Bayesian approach, which takes full advantage df darovided by
dominant markers without assuming HWE (Zhivotovsk§99; Holsingegt
al., 2002).

The aim of the present study was to measure gediiesity levels ofl.
origanoides from two representative localities of the Chicatmo Canyon,
in northeastern Colombia, and to document fine faimn structure at

different spatial scales using spatial autocorn@badnalyses.
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2. MATERIALS AND METHODS

2.1. Sample Collection

Samples from 111 individuals &f origanoides were collected from one
population located on the Chicamocha Canyon, atwthstern side of the
department of Santander in Colombia, during Sepéergb05 and August
2006 (Figure 1). Most of the collections were matléwo localities which
were chosen for their position along the Chicamdeheer, specifically in
the municipalities of Pescadero (6°49’ N, 73°00’ &M Cepita (6°45" N,
72°58" W) (Figure 1). The sampling strategy re#ldctthe current
distribution and abundance of the species in eacdlity. In Pescaderda..
origanoides is more abundant and continuously distributed ot Isides of
the Chicamocha River, and in this locality sampliwgs performed at
random. On the other hand, in Cepita, the distidioudf L. origanoides is
restricted to the east side of the Chicamocha Riaed at this locality
sampling was only possible along two small trarseeparated by farms
and cultivated land. Sixty-two and 39 samples wendlected from
Pescadero and Cepita, respectively. Additionall, ihdividuals were
sampled between these two localities along the ®dstof the Chicamocha
River, which allowed the examination of larger diste classes. For each

individual collected, complete passport data wereorded using a GPS
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(Geographical Positional System), GARMIN (USA).

From each individual, 20-30 young leaves were ctdl@ and preserved in
zip-lock plastic bags containing silica gel andratbat -20°C until DNA
extraction. Herbarium samples were sent to theof@bian National
Herbarium (COL) for taxonomic determination undee iccession number

522847.

2.2. DNA extraction and PCR amplification

Genomic DNA was isolated from young leaves. Leahgles were finely
ground in liquid nitrogen (-80°C) and DNA extractiovas made using a
modification of the CTAB method reported by Pigtdt al (2001). The
resulting DNA solution was stored at -20°C in TEféufor later use.

A set of 50 ISSR primers (obtained from the Uniitgrsf British Columbia
in Vancouver, Canada) was screened for amplifiats&uccess and
polymorphisms in a representative samplé.odriganoides. PCR reactions
were carried out in a total volume of 15 pl contagnl unit of Taq
polymerase (Promega), 1X PCR Buffer (Promega), M2tNTPs, 0.5uM
of the ISSR primer and 10-20 ng of extracted DNAmplifications were
performed on a PTC-100TM thermocycler (MJ Resetal) following
Wolfe (2005) cycling conditions. PCR products wdoaded onto 2%
agarose gels in 0.5X TBE buffer, run at constartage (50 V) for 3 h and

detected by staining with ethidium bromide. Ea@®SR band was
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considered as an independent character or locus palymorphic bands
were scored visually as either absent (0) or pteggnh Qualitative
differences in band intensity were not considefesséfaet al., 2003). Two
independent scorings were made on each gel, ang thise bands
consistently scored were considered for analy#isso, replicate samples
were analyzed for each locus and only reprodudbleds were considered

for analysis.

2.3. Data analysis

2.3.1. Genetic Diversity

Genetic diversity was described as the percentagelgmorphic loci P),
and quantified as Shannon’s diversity indBx(§hannon and Weaver949)
usingPOPGENEv. 1.31 (Yehet al., 1995), which assumes that populations
are in HWE. Also, a Bayesian approach, which doet assume HWE
(Zhivotovsky, 1999; Holsingeet al., 2002), was used to estimate the
average panmictic heterozygosityig] using the HICKORY software
(Holsinger and Lewis, 2003). This software uses Kdais chain Monte
Carlo simulations to produce posterior distribusiobased on the data

(Holsingeret al., 2002).
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2.3.2. Genetic Structure

Cluster and autocorrelation analyses were applied measuring the
structure of genetic diversity within the populatiof L. origanoides from
the Chicamocha Canyon. In all cases, multi-lomayses, instead of the
classical analysis of one allele at a time, wemdopmed, thus avoiding the
stochastic noise (allele to allele and locus tau$)(Smouse and Peakall,
1999). To determine how individuals from the twacdbties clustered
together, a Principal Coordinate Analysis (PCO) wasgied out, using a
squared Euclidean distance matrix from which ppaticoordinates were
extracted. In addition, the Nei and Li (1979) samty coefficient was used
to measure inter-individual genetic differentiatiorhis similarity matrix
was used to construct a dendrogram with the UnwedghPairs Group
Method using Arithmetic Averages (UPGMA) algorithmlhe PCO and

Cluster analyses were carried out using MVSP 3dvé¢h, 1998).

The correlation between a genetic Euclidean distanmatrix and a
geographic distance matrix was tested using Maetts implemented in
GENALEX version 6.1 (Peakall and Smouse, 2006)c&iMantel tests are
apparently insufficiently powerful to detect fineage structure because they
are only sensitive to linear relationships of sgatutocorrelation (Heywood,
1991), additional spatial autocorrelation analysesre done under the

Moran’s | and the Normalized Mantalm approaches. The Moranis
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coefficient is comparable to the Pearson corratattoefficient and its
purpose is to quantify the correlation of the valwé a single variable (in
this case the first extracted axis of a PCO) betweairs of individuals
located at a given physical distance (Foetial., 2002). On the other hand,
the Normalized Mantelm, which is based on a Mantel statistic, estimates
the linear relationship between two sets of vadablaken at the same
sampling locations (Escuderet al., 2003). Normalized Mantelrm
coefficients were calculated using the pairwiseliean genetic distances
extracted from GENALEX version 6.1 (Peakall and 88 2006).

It has been suggested that the sampling desigraftect the estimation of
the spatial genetic structure (Vekemans and H&@94). Vekemans and
Hardy (2004) proposed that sampling nearby indiaigluat different
locations, and then organizing them into subgrazgadd be an alternative
for characterizing fine genetic structure when ¢hisr not a homogeneous
sampling. For this reason, the autocorrelationyaeal were performed not
only for the entire region (all 111 individuals)tkalso separately for each of
the two localities (Pescadero and Cepita). Mordn'and Normalized
Mantel rm statistics usually range from -1 to 1, where digant negative
values indicate negative spatial autocorrelaticairgpof individuals in the
distance class have dissimilar allele frequenciegereas significant
positive values indicate positive spatial autodatien (pairs of individuals
in the distance class have similar allele frequesjci Every possible pair of

individuals was considered as a join and assigoedne of 10 distance
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classes (according to the Euclidean distance s@pgrdahe pair) on
Pescadero and Cepita; and 20 distance classeseoentiie region. The
distance classes were based on arbitrarily chagenvals of equal size to
which the samples were assigned. Several intewale tested, ranging
from 20 to 200 m and maximum distance classessoki. and 1.4 km were
used for the entire region and Pescadero, respéctiFor Cepita, tested
intervals ranged from 40 m to 80 m, with a maximdistance class of 590
m. These distance classes accounted for the smalhek largest spatial
resolution possible for our dataset. All distandasg intervals analyzed
were chosen to allow for at least 30 pairs of datach class. The analyses
were done following the classical rule of only doesing pairs of points
separated by less than half the maximum distanserebd among all pairs
(Wagneret al., 2005). Moran’sl and Normalized Manteim coefficients
were calculated using the PASSAGE software (Rosgn@€01). For these
two approaches, the significance of individual éoefnts was determined
from their moments (Sokal and Oden, 1978), andesiagtocorrelation
coefficients among the distance classes are nepermtlent from each other,
significance for the entire correlograms was caltad using a Bonferroni

criterion (Oden, 1984).
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3. RESULTS

3.1. Genetic Diversity

A total of 58 scorable bands, ranging from 300 &pniore than 1000 bp,
were generated using five ISSR primers containifgCTC repeat units in
111 individuals. The five primers used are thedwlhg: #813 (CTC TCT
CTC TCT CTC TT), #814 (CTC TCT CTC TCT CTC TA), #B2TCT
CTC TCT CTC TCT CG), #843 (CTC TCT CTC TCT CTC TRa)d #845
(CTC TCT CTC TCT CTC TRG). Of these bands, 50 wsog/morphic,
accounting for 86.21% of ISSR polymorphism. Gaenéliversity indices
calculated either assuming HWE ¢r with the Bayesian approachg)Hlid

not differ significantly (0.453+ 0.009 and 0.4842P7, respectively).

3.2. Genetic Structure

Results of the PCO analysis are shown in FigureTBe high overlap of
individuals shows a pattern of very low differetiba between the two
localities. In addition, the dendrogram constrdoseth UPGMA using the
similarity matrix based on the Nei and Li coeffreiedid not suggest the
presence of discrete geographic groups among thehlg (data not shown).
The average genetic similarity as measured by thieaNd Li coefficient

(1979) was 0.84 and ranged from 0.987 to 0.672irsRd# genetically
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distant individuals (Nei and Li coefficient close@.672) were found within
the two localities (inside Pescadero and insideit@epnd also between the
two localities.  Supporting this finding of relagly low level of
differentiation among individuals from the two lt¢itas, the Mantel test
showed a weak but significant correlation amongetierand geographic
distance (r=0.074, P<0.05).

Fine scale autocorrelation analyses were carriedoowall 111 individuals
from the entire region as well as separately fascBdero and Cepita. For
the entire region, significant autocorrelations avebserved with Moran’s
and Normalized Mantelrm autocorrelograms in all distance classes
analyzed. The autocorrelograms for distance diatesvals smaller than
150 m showed positive spatial autocorrelations a(dadt shown) and
negative correlations were only observed when fargéervals were
considered (i.e. 150 m and 200 m). The correlogréon 150 m intervals
are shown in Figure 3. The Morar’'sautocorrelogram (Figure 3a) shows
significantly positive values at the first intervé)-150 m) and at the
intervals 750-900 m, 900-1050 m and 1050-1200 micating high
genetic similarity shared among individuals withiimese distances. At
intervals from 150 m to 750 m values were not digaint. Figure 3a also
shows significantly negative values at distancawéen 1200 and 1350 m,
indicating that individuals separated for more tdah km are likely to be
genetically more differentiated than expected framspatial random

distribution of genotypes. Similar results wereaited for the correlogram
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based on the Normalized Manteh coefficient (Figure 3b).

Autocorrelation analyses were also performed séglgréor the localities of
Pescadero and Cepita using distance class inteo¥al$0 m and 60 m,
respectively. For Pescadero, Morah’autocorrelogram showed significant
positive autocorrelation at the first interval (861 m) and significant
negative autocorrelation at the last interval 00d-2350 m (Figure 4a).
This result was similar for the Normalized Manteh autocorrelogram
(Figure 4b). In Cepita, a similar correlation paitéo that observed for the
entire region and for Pescadero was found, but amaller scale. The
Moran’s | autocorrelogram exhibited positive significant retations at
distance intervals ranging from 0 to 120 m, whiléha last distance interval
of 420-490 m significantly negative correlationggvebserved (Figure 5a).
Similar results were obtained for the Normalized nkéh rm

autocorrelogram (Figure 5b).
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4. DISCUSSION

4.1. Genetic diversity

L. origanoides from the Chicamocha Canyon exhibited high levels o
genetic variation indicated by a high(86.21%) and relatively highand
Hg (0.453 and 0.484, respectively). This level of ejenvariation forL.
origanoides is higher in comparison to previous reports frondely
distributed species (Hamrick, 1979; Loveless andmiizk, 1984;
Gitzendanner and Soltis, 2000; Nybom, 2004; Walk@@4). However, for

a more meaningful comparison of genetic diversiata from close
relatives (e.g. congeners) should be analyzed éGaanner and Soltis,
2000). As far as we know, there have been no remdrgenetic diversity in
Lippia species, except for an unpublished studylL.ofilba and Aloysia
triphylla (a species related to the genugpia) using ISSR markers
(Martinez et al. personal communication). In that study, alba showed
high diversity values as measured®y85.23%),l (0.418) andHg (0.436),
andA. triphylla also showed a similar pattern for the same dityenstdexes:

P (95.45%),l (0.436) andHg (0.461). Genetic diversity levels of these two
widely distributed Verbenaceae species are sinoitaslightly higher than
those obtained fok. origanoides. Other reports from widely distributed
Verbenaceae species, which are not so closelyecel&tL. origanoides,

show comparatively similar or lower levels of geoetliversity. For
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example, reports fronvitex negundo L. in China, have showPR ranging
from 81% to 85% in some populations analyzed (Sal 003, Zhangt al
2007). Vitex rotundifolia L., an aromatic and medicinal plant from China,
has shown moderai(22.6%) and (0.275) (Huet al in press).

ISSR polymorphisms used in this study are presuyrmablstly from nuclear
DNA. In contrast, a previous analysis of DNA polymploisms in four non-
coding chloroplast DNA regions showed no genetvexdiity among a set of
L. origanoides individuals from the Chicamocha Canyon (Suaeeal.,
2007). These apparently contrasting results magxXpdained in part by a
higher mutation rate of microsatellite regions frahe nuclear genome
compared to the chloroplast genome (Morgante ande@| 1993), and by
the different modes of transmission of the cpDNAuaily maternally) and
ISSR (usually biparentally) (Birky 1995). The levadf genetic variation
within populations may not only be influenced b tinating system of the
species but also by its effective population siZelley and Wolfe, 2001
Muir et al., 2004; Mable and Adam, 2007; Wright, 1946), whkxpected
to be smaller for uniparentally than for biparelytahherited markers. The
dominant nature of the ISSR markers used in thidystioes not allow us to
draw conclusions about the mating system in thecigs, therefore, this is

an aspect that deserves further investigation.
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4.2. Genetic structure

In this study, different approaches were used timese the level of genetic
differentiation among individuals from two locadi§ in the Chicamocha
Canyon (Pescadero and Cepitd) and also from ingigdwithin localities.
Results from the PCO and Cluster analyses showey legv genetic
differentiation among localities, which could lefadsuggest that neither the
river nor anthropogenic intervention are acting lidarriers to gene flow.
However, the spatial autocorrelation analyses usihreg Moran’s|l and
Normalized Manterm coefficients indicate that the distribution of gén
diversity is not random among and within localiti@he shape of the
correlograms revealed significant fine-scale genstructure within the
Chicamocha Canyon. The Moranscorrelogram corresponding to the
entire region (Figure 3) showed what seems to bmasoidal variation in
the first nine distance classes. This pattern nradicate a patchy
distribution of the variation (Radeloff et al., Z0 However, at larger
distances only significantly negative or no sigrafit values were displayed.
In general, there was a strong positive spatialo@ason between
individuals distributed within 450-1200 m from eackher (120 m for
Cepita), while individuals distributed at a distarlarger than 1200 m from
each other (490 m for Cepitd) showed significargatige autocorrelation

(Figures 3 to 5).
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These spatial patterns of genetic relatednessoagstent with the classical
model of isolation by distance, where there is @ide of genetic similarity
with increasing geographical distance (Wright, J948mong the different
evolutionary and ecological processes that may ledtle establishment of
this spatial genetic structuring, the most widetydged is limited gene
dispersal. Additionally, it has been suggested lindted gene dispersal is
probably the most prevalent cause for spatial giracat a fine spatial scale
(Epperson, 2000; Vekemans and Hardy, 2004). Intplatispersal function
is mediated by pollen and seeds (Petial., 2005). A variety of empirical
data indicate that in several cases seeds shoveadizied dispersal rate
resulting in patches of plants, while pollen maywha long-distance
dispersal occurring at a higher frequency, whicansugh to counteract the
effects of genetic drift in small populatioright 1946; McCauley, 1997;
Ouborget al., 1999; Kaliszet al., 2001; Chungt al., 2004; Chungt al.,
2006). ISSR polymorphisms are mostly located in tinelear genome,
which in most angiosperms shows a biparental itdrere, thus reflecting
the combined effect of the relative movement ofdseand pollen. IrL.
origanoides, like in other plants, the presence of odoriferoospounds are
likely the cause of attraction of pollinators (Let al., 2001; Albreet al.,
2003), which could serve as vehicles for pollerpéisal in relatively long
distances. When seed dispersal is random withinopulption, spatial
genetic structure will not develop (Kaliszal., 2001; Chungt al., 2003).

The moderate but significant levels of local spatsructure in L.

25



origanoides, revealed by the spatial autocorrelation analysesld be due
in part to relatively restricted seed dispersalatdliies as it has been
reported for different plant populations (e.g. &lel., 2000; Miyazaki and
Isagi, 2000; Kaliszt al., 2001; Hardyet al., 2004; Hardestgt al., 2005;
Chunget al., 2006). Also it could be the result of relatiwahort-distance
pollen movement, as it has been reported for sohrebs and herbs
(Richardset al., 1999; Marret al., 2000; Barthelmesst al., 2006; Byrneet
al., 2007). As far as we know, there are no repomntshe seed and pollen
dispersal mechanisms in this species. For thisorgdisis not possible to
make a precise estimation of the cause (or causesthe non-random
distribution of genotypes ih. origanoides from the Chicamocha canyon.
Additional studies, including those that make ugedifferent types of
genetic markers (e.g. markers from cpDNA), will pérto evaluate the
relative movement of seeds and pollen (Trapnell &ridck 2004, Petiét.
al. 2005) and their influence on fine scale poputatgiructure in this
species.

The results obtained in this study are comparablidse obtained for tree
species where distance classes of hundreds of snetere analyzed
(Doligez and Joly, 1997; Deged al., 2001) and where fine genetic
structure at distance classes of hundreds of metassfound (Latouche-
Halle et al., 2003; Hardestgt al., 2005). Numerous analyses in shrubs have
found spatial genetic structure at finer scalesnfil to 10 meters (Loiselle

et al., 1995; Englandtt al., 2003; Chunget al., 2006; Tanget al., 2007).
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Future analyses may include a sampling strategyentgorter distances are
considered.

It must be taken into account that autocorrelatzoralyses are greatly
affected by the sampling strategies used (VekeraadsHardy, 2004). For

example, the precision of the autocorrelation egiiom increases with the

increasing number of samples belonging to the wigtalass analyzed. In
the three autocorrelation analyses performed (EgG¢5), a relatively large

number of pairs of data separated by short distaneze assigned to each
distance class analyzed, therefore, it is unlikbbt the significant genetic

structures detected in our analyses within prox@rtistances are artifacts

of the sampling scheme.

4.3. Implications for conservation and breeding

The present results have important implications d¢onservation and
breeding purposesL. origanoides is a species with high quality essential
oils that are used mostly in cosmetics and perfymend also have
significant antimicrobial activity (Santos et &Q04, Oliveiraet al., 2007).
Additionally, Oliveiraet al. (2007) have suggested thatoriganoides can
be considered as promising for future utilizatisragfood ingredient since it
shares the chemical composition of essential oilth wther cultivated
species. The wide distribution and the relativehhigenetic diversity

estimated in this study leads us to conclude lthatiganoides is not yet an
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endangered species. However, appropriate consemvaind breeding
strategies should be implemented if a massive mitlyction is planned.
Previous studies on promising species from Africd &€hina have reported
how species with wide distributions have becomenexdble by the over-
harvesting of natural stands (Muchugi al., 2006; Tang et al., 2007).
Currently, anthropogenic interventions are takitgce in regions were.
origanoides exhibits a natural wide distribution (Albesiamb al., 2003;
Malagon et al., 1995; Serrato, 2007). Habitat fragmentationseduby
deforestation and transitory cultivation could lgadsignificant concerns
regarding the conservation of this species. Thanatibn of the average
size of genetic patches can be helpful in desigowmifgction strategies for
proper propagation and breeding purposes. Usuakyfirst x-intercept in
the correlogram has been used as an estimate afidhester of the patch
(Peakall et al., 2003). However, this interpretatimight be problematic
since this distance is not a characteristic of poeulations studied and
depends strongly on the sampling scheme (VekemadsHardy, 2004).
For these reasons, this study does not allow ysrdoise the patch size
appropriate for an accurate collection, but it dabsw us to suggest that
sampling individuals at distances larger than 1 ¢ould result in the
collection of different genotypes, which could hgeserve the levels of
genetic diversity in a propagation program. Aduitl research on the
relationship between the essential oil compositmmd the genotypic

variation will contribute to future breeding initiees, since different
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chemotypes have been identified witHin origanoides (Oliveira et al.,

2007).
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