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ABSTRACT

and Tatiana Tavares Carrijo™*

Although a species’ sexual system may influence the genetic diversity of its populations in their natural environment,
there have been few such studies involving indigenous species of the Atlantic Forest. Here we study Myrsine coriacea,
a dioecious tree widely used in reforestation programs despite a lack of information about its natural interpopulation
genetic variation. To address this knowledge gap, intra- and interpopulation genetic diversity were measured for male
and female individuals of ten natural populations using ISSR markers. Greater intrapopulation genetic diversity indicated
interpopulation gene flow, regardless of isolation and distance between populations. Multivariate analyses detected
significant differences in genetic diversity between populations, but not between males and females, which indicates
that genetic diversity did not differ between the two sex morphs. Distance between populations was unrelated to
genetic diversity. Myrsine coriacea has not experienced a loss of genetic variability despite the characteristic segregated
spatial distribution of its populations. These results suggest that obligatory cross-pollination and dispersal by birds
may be important mechanisms for the maintenance of genetic diversity in natural populations of M. coriacea.
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Introduction

A species’ sexual system is one of the most relevant
biological traits driving genetic variation in populations of
plants. Dioecious or self-incompatible species generally
exhibit higher intrapopulation genetic diversity than
self-compatible hermaphroditic species (Charlesworth
& Charlesworth 1978; Thomson & Barrett 1981). On
the one hand, this can be advantageous considering that
high genetic variation allows relatively rapid responses to
environmental change, facilitating survival under disturbance
regimes (Davies ef al. 2016). On the other hand, dioecious
or self-incompatible species that are sparsely distributed

may be more prone to local extinction than hermaphroditic
species, because one of the sexes may be favored, resulting
in a skewed sex ratio (Bawa 2004). Considering that most
tropical tree species are self-incompatible or dioecious (Bawa
1974; Bawa & Opler 1975), information on the patterns
of genetic diversity in these organisms is fundamental for
the establishment of better conservation strategies. Despite
several studies that have focused on understanding aspects
of genetic diversity in tree and dioecious angiosperm species
in the tropics (e.g., Gauder & Cavalli-Molina 2000; Viegas
et al. 2011; Schroeder et al. 2014; Silva et al. 2014a;
Arruda et al. 2015), the knowledge generated can still be
considered insufficient considering the species richness of
this region.
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Genetic diversity in populations of the dioecious Myrsine coriacea (Primulaceae)
in the Atlantic Forest

Genetic diversity corresponds to any measure that
quantifies the magnitude of genetic variation within a
population of a species (Hughes et al. 2008), and is an
important measure of the ability of the population to adapt
to environmental change (Reed & Frankham 2003). Given the
current scenario of global climate change and modifications
to natural ecosystems due to human activities, measuring
the genetic diversity of populations is essential for providing
information for conservation and management of natural
resources, especially in biodiversity hotspots (Schierenbeck
2017). The development of more efficient and less costly
molecular markers has made it possible to advance knowledge
about the genetic diversity of natural plant populations in
the Atlantic Forest (Buzatti et al. 2012; Silva et al. 2014Db).
However, information on population genetic diversity is still
scarce in this highly species-rich biome.

Myrsine coriacea (Primulaceae) is a species of
angiosperm characterized by dioecious trees or shrubs (Freitas
& Kinoshita 2015) that occur in Central and South America
(Tropicos 2017). In Brazil, the species occurs in the Cerrado
and the Atlantic Forest biomes (BFG 2015). In the latter, the
species can be found in almost all ecosystems, from restingas
to high altitude campos (BFG 2015; Freitas & Kinoshita
2015). Individuals of M. coriacea frequently colonize
disturbed (such as abandoned pastures) as well as undisturbed
(rocky outcrops) open areas (Freitas & Carrijo 2008).
Canopy shading by this species contributes to suppression
of grasses, and thus facilitates the establishment of seedlings
of other angiosperms (Silveira et al. 2013). The pollination
mechanisms of this species have not yet been studied, but
it is possible that pollination is carried out exclusively by
wind, as has already been documented for other species
of Myrsine (Otegui & Cocucci 1999; Albuquerque et al.
2013). Myrsine coriacea has a high capacity to produce
fruits that are attractive to birds (Pascotto 2007; Jesus &
Monteiro-Filho 2007), thus increasing the seed rain below
its canopy (Begnini et al. 2013). These characteristics make
M. coriacea one of the most commonly used species in
reforestation programs in Brazil (Durigan et al. 2011). The
collection of seeds used for this purpose, however, has been
performed without considering the genetic variability of
natural populations.

Neutral molecular markers are fundamental tools for
studying patterns of genetic dispersion (Gongalves et al.
2014; Melo et al. 2015; Hoeltgebaum et al. 2015). Of all
the advantages attributed to inter simple sequence repeats
(ISSRs), their most outstanding characteristic is a high
efficiency for the detection of polymorphisms among taxa
or genotypes. Other advantages of ISSRs for population
studies are related to the ability of these markers to detect
polymorphisms when the DNA sequence of the studied
organism is unknown (Kumar ez a/. 2006) and its low cost
(Santana et al. 2011), which make them especially interesting
for prospective studies of genetic diversity. These markers
have been widely used in studies of genetic diversity with
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a focus on natural populations (Ansari ef al. 2012; Yin et
al. 2014; Moraes et al. 2015; Noroozisharaf et al. 2015).

Here we measure both intrapopulation and interpopulation
genetic diversity of male and female individuals of Myrsine
coriacea in natural populations of the Atlantic Forest.
Intrapopulation genetic diversity is expected to be higher
than interpopulation genetic diversity, which is a common
feature of cross-pollinated species (Loveless & Hamrick
1984). For this reason, low divergence between males and
females is expected within each population, and among
populations that are geographically closer to each other.
Therefore, we measured or estimated: (1) magnitude and
distribution of intrapopulation genetic diversity of males
and females; (2) pairwise genetic dissimilarity among
individuals within populations; (3) gene flow and degree
of differentiation among populations; and (4) spatial structure
of genetic diversity.

Materials and methods
Studied species and sampling procedures

Myrsine coriacea (Sw.) R. Br. Ex Roem. & Schult. has an
arboreal or shrub habit, varying from 1.5-15 m in height,
with characteristic candelabriform branches. Leaves vary
in size, are alternate and without stipules, and usually
possess lanceolate leaf blades. Flowers are pentamerous
and develop as glomeriform inflorescences and ramifloras
(Freitas & Carrijo 2008; Freitas et al. 2009). We sampled 249
individuals distributed among 10 natural populations. Each
population is in a different municipality in the southern
region of the state of Espirito Santo, southeastern Brazil
(Fig. 1). We numbered the study populations from 1
to 10 (Tab. 1). Myrsine coriacea is a pioneer species and
individuals form isolated populations with characteristic
spatial aggregation. Each population included in this study
was located within a single vegetation patch.

Field expeditions were carried out between August and
December 2015, during the flowering period of the species
so that female and male individuals could be distinguished
by their flowers. The following criteria were adopted for
collecting the material for molecular study: (1) only adults in
the reproductive phase were included; and (2) only male and
female individuals with similar heights and stem diameters
were included. Leaf samples of each individual were collected
in the field and packed in sealed paper together with silica
gel. In the laboratory, the samples were stored for at least 24
hours in a freezer at -30 °C. After this period, the samples
were lyophilized for 48h and stored in boxes with silica gel.

Molecular analysis
Total genomic DNA was isolated and purified using a

modification of the Doyle & Doyle (1990) extraction method.
After extraction, DNA was checked in 0.8 % agarose gel to
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Figure 1. Geographic location of the ten natural Myrsine coriacea populations studied. Top left, location of Brazil and the state of
Espirito Santo, in gray. MG - state of Minas Gerais, ES — state of Espirito Santo; BA — state of Bahia; RJ - state of Rio de Janeiro.
Location 1 - municipality of Alegre, locality Caveira D’Anta; Location 2 - municipality of Mimoso do Sul, locality Pedra dos Pontées;
Location 3 - municipality of Castelo, locality Forno Grande State Park; Locality 4 - municipality of Dores of Rio Preto, locality Macieira
in the National Park of Caparad; Location 5 - municipality of Domingos Martins, locality Pedra Azul State Park; Town 6 - municipality
of Iina, locality Serra do Valentim; Town 7- municipality of Vargem Alta, locality rural property; Location 8 - municipality of Venda
Nova do Imigrante, locality Experimental Farm of Incaper and in a rural property; Location 9 - municipality of Muqui, locality rural
property; Location 10 - municipality of Dores do Rio Preto, locality Casa Queimada in the National Park of Caparad.
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observe DNA integrity. After initial screening of 32 ISSR
primers, seven were selected on the grounds of them having
the largest number of polymorphic fragments and quality
amplified bands (Tab. 2).

PCR for amplification of DNA fragments was performed
in a total volume of 15 pL containing 1X PCR Master Mix
(Thermo scientific), 0.3 pM primer, 1 U (unit) Tag DNA
polymerase and 30 ng DNA. The reactions were carried out
under the following conditions: 5 minutes of denaturation at
94 °C, followed by 40 annealing cycles. The annealing cycles
consisted of three stages: a) 1 minute at 94 °C, b) 1 minute
at 50 °Cand ¢) 1 minute at 72 °C, with a final extension step
of 2 minutes at 72 °C. The optimal number of markers (loci)
needed to discriminate genotypes followed Kruskal (1964)
and Silveira et al. (2003) considering the Jaccard index.

Data analysis

Monomorphic and polymorphic bands were coded as
absence (0) and presence (1) of a marker. Polymorphic loci
of the seven selected primers were used to generate an
array of binary data. Genetic distance among individuals
was estimated according to the Jaccard Index Arithmetic
Complement (Sneath & Sokal 1973), using the software
Genes (Cruz 2013). Considering that coincident bands can be
expected in studies performed with individuals of the same
species, the use of the Jaccard coefficient is recommended
(Borém & Fritsche-Net 2014). Nei’s genetic diversity (H’),
Shannon index (I), percentage of polymorphicloci (P) and
coefficient of genetic divergence between populations (G,)
were calculated using the program Popgene 3.2. Genetic
divergence between populations was additionally estimated
by an AMOVA with three hierarchical levels using the
program Arlequin 3.1 (Excoffier & Lischer 2010).

The approach proposed in McDermott & McDonald
(1993), which is based on the F-statistics theory proposed
by Wright (1951), was used to obtain an indirect estimate
of the gene flow among populations, calculated with the
software Popgene 3.2. Population structure was evaluated
by Markov Chain Monte Carlo (MCMC) simulations using
the multilocus genotypes of individuals to detect probable
genetic groups (K), assuming a mixed population model.
The number of established populations (K), followed by
independent runs for each value of K, was obtained with
the program STRUCTURE 2.3.4 (Pritchard et al. 2000).

Multivariate analyses were used to compare male
and female individuals between and within populations.
Analysis of variance using permutation tests (PERMANOVA;
Anderson 2001) was used to verify whether male and female
M. coriacea occupy different positions in multidimensional
space for each locality (totaling 10 tests). For these tests,
one factor (sex) and two levels (male or female) were used.
A dissimilarity matrix was constructed for each population
based on a matrix of individuals per band. The complement
of the Jaccard coefficient was used as a measure of distance
between individuals. Significance values were calculated
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by permutation (999 iterations) with alpha = 0.05. A two-
factor test was run for the entire dataset using sex (male
and female) and locality (10 levels) as factors, as well as
their interaction. We also tested whether the differences
among STRUCTURE groups were related to differences in
the location of the groups in multivariate space.

Differences among groups may be due not only to
the location of the objects (in our case, individuals) in
multivariate space, but also could be a consequence of a
dispersal effect (Warton et al. 2012). A test for homogeneity
of the multivariate dispersion (PERMDISP; Anderson
2006) was used to identify whether differences were due
to the dispersion of the objects around their centroids.
Boxplots were constructed based on the distances of objects
(individuals) relative to the centroids of male and female
levels within each locality. This allowed us to visualize which
group of individuals was more dispersed or variable.

Principal coordinate analysis (PCoA) was used as an
ordination method to visualize the individual patterns of
bands in two-dimensional space. This was done within each
locality and for the entire dataset (all localities). Individual
males and females were identified in plots by different letters.
Finally, a Mantel test (Legendre & Legendre 2012) was used
to evaluate the association between genetic differentiation
(®ST) between populations and the geographical distances
between them. Multivariate analyses were performed in
R (R Core Team 2015) using the package Vegan (Oksanen
etal 2017).

Results
Primer selection

The seven selected primers produced 43 fragments, of
which 93 % were polymorphic. The number of fragments
obtained per primer varied from four to nine (average =
6.14 bands per primer) (Tab. 2). Markers 825 and 834
had the highest and the lowest polymorphic information
content (PIC), respectively. The optimal number of markers
amplified by the ISSR primers was estimated at 38, with a
stress value less than 0.05 and a correlation of 0.947. The
polymorphic information content (PIC) was quantified
separately for each population (Tab. 3). The highest value
was recorded for population 7 (PIC = 0.481) and the lowest
for population 9 (PIC = 0.094).

Genetic diversity, gene flow and population structure

When analyzing males and females together (Tab. 4),
population 1 was the most diverse according to both the
Shannon index (I=0.450) and Nei’s diversity (H'=0.309),
while population 5 was the least diverse (I=0.385 and
H’=0.258). When considering sexes separately, population
1 remained the most diverse population (females: 1=0.451,
H’=0.309, and males: 1=0.432, H’=0.296). The lowest
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intrapopulation genetic diversity of females was recorded
for population 6 (I=0.342; H'=0.231) and of males for
population 9 (I=0.337; H'=0.228). The two indices revealed
similar results, with only a few exceptions (populations 3,
7, 8, and 9) where diversity was higher when males and
females were analyzed together.

When males and females were analyzed together,
the percentage of polymorphism (Tab. 4) ranged from
72 % to 83 %. For the separate sexes, the percentage of
polymorphism ranged from 60 % to 79 % (females) and
from 60 % to 76 % (males). In general, the percentage of
polymorphism was higher when analyzing males and females
together, especially in populations 3, 7, 8 and 9. The overall

The AMOVA revealed that intrapopulation genetic diversity
was higher (87 %) than interpopulation genetic diversity.
Genetic differentiation among almost all localities was
low (1.63 %). The genetic divergence among populations
within groups was 10.45. The mean value of gene flow for
all populations was 4.18. Pairwise comparisons of genetic
differentiation (®ST) ranged from 0.0051 to 0.1865
(Tab. S1 in supplementary material). The STRUCTURE
analysis indicated moderate genetic differentiation (Fig. 2).
The Mantel test revealed no correlation between genetic
and geographic distances (r=0.06, p=0.181).

Multivariate comparisons

genetic differentiation among populations (PST) was 0.121.
The coefficient of genetic divergence among populations
(GST) was 0.107, and thus very similar to the value of ®ST.

No differences were detected between male and
female individuals within each population (Tab. S2 in

Table 1. Localities of the ten natural Myrsine coricea populations studied, the code used to identify each population, the geographical
coordinates, and the elevation (minimum and maximum) of each locality.

'
Population Code Locality (Municipality) Latitude Longitude ““

1 Alegre 20°45°21”S 41°23'72°W 752 823

2 Mimoso do Sul 20°59'35”S 41°21°08"W 917 977

3 Castelo 20°30’59”S 41°05'03"W 1117 1158

4 Dores do Rio Preto (Macieira) 20°26’53"S 41°49’57"W 1774 1868

5 Domingos Martins 20°23’38”S 41°01’36"W 1270 1302

6 Itna 20°22’ 59”S 41°31°23"W 1093 1109

7 Vargem Alta 20°37 33”S 41°07°37"W 863 872

8 Venda Nova 20°21'28”S 41°11T11°W 851 867

9 Muqui 20°53’40S 41°20'12"W 639 646

10 Dores do Rio Preto (Casa queimada) 20027°27°S 41°48'38"W 2370 2532

Table 2. Seven ISSR primers selected for amplification of DNA fragments from the ten natural Myrsine coriacea populations studied.
TBN - Total number of amplified bands (including all populations); PBP - percentage of polymorphic bands; MW - maximum and
minimum molecular weight of the fragments obtained; PIC - polymorphic information content (see Roldan-Ruiz et al. 2000) based
on 1Kb marker. * Values in parenthesis refer to monomorphic bands.

- Sequences 53 B 2 T R

AGA GAG AGA GAG AGA GT 100 % 750 - 300 0.317

811 GAG AGA GAG AGA GAG AC 5(1) 80 % 1000 - 350 0.282
822 TCT CTC TCT CTC TCT CA 5(1) 80 % 1000 - 400 0.322
825 AGA GAG AGA GAG A GAGYT 7 100 % 1500 - 350 0.384
834 AGA GAG AGA GAG AGA GYA 6(1) 83.33 % 750 - 200 0.192
856 ACA CACACA CACACA CYA 9 100 % 1400 - 400 0.340
880 GGA GAG GAG AGG AGA 7 100 % 900 - 300 0.324
Mean - 6.14 92 % 685.71 0.308

Table 3. List of primer used and their polymorphic information content (PIC) for each of the ten studied natural populations of
Myrsine coriacea. 1 — Alegre; 2 — Mimoso do Sul; 3 — Castelo; 4 — Dores do Rio Preto (Macieira); 5 — Domingos Martins; 6 — Iina; 7 —
Vargem Alta; 8 - Venda Nova do Imigrante; 9 - Muqui; 10 — Dores do Rio Preto (Casa Queimada).

PIC values per population PIC mean

2 5 [ o s | 6 7 | & [ s | ol

0.264 0.213 0.294 0.261 0.250 0.247 0.179 0.262 0.268 0.287 0.253

822 0.269 0.252 0.273 0.308 0.297 0.316 0.338 0.331 0.300 0.344 0.303
856 0.344 0.321 0.342 0.240 0.238 0.330 0.318 0.306 0.363 0.320 0.312
880 0.372 0.253 0.276 0.267 0.394 0.223 0.348 0.274 0.278 0.292 0.298
825 0.411 0.402 0.344 0.367 0.279 0.260 0.25 0.368 0.260 0.334 0.327
807 0.320 0.321 0.075 0.225 0.161 0.199 0.481 0.432 0.243 0.236 0.270
834 0.126 0.219 0.185 0.180 0.210 0.238 0.214 0.189 0.094 0.142 0.180
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Table 4. Within-population genetic diversity in ten populations of Myrsine coriacea. N = number of individuals from each locality; H' =
Nei’s genetic diversity (Nei 1973); I = Shannon’s genetic diversity index (Lewontin 1972); P - percentage of polymorphism. 1 — Alegre;
2 — Mimoso do Sul; 3 - Castelo; 4 — Dores do Rio Preto (Macieira); 5 - Domingos Martins; 6 — Iuna; 7 - Vargem Alta; 8 - Venda Nova

do Imigrante; 9 — Muqui; 10 - Dores do Rio Preto (Casa Queimada).

PopulatinCode ___|_____ N W | | P Y

Female (n=17) 0.309 0.451 79.07

1 Male (n=17) 0.296 0.433 76.74
Both sexes (n = 34) 0.309 0.450 79.07

Female (n = 15) 0.283 0.419 76.74

2 Male (n = 15) 0.285 0.423 76.74
Both sexes (n = 30) 0.288 0.426 76.74

Female (n = 6) 0.253 0.374 67.44

3 Male (n = 6) 0.249 0.369 67.44
Both sexes (n = 12) 0.271 0.402 74.42

Female (n = 16) 0.264 0.384 67.44

4 Male (n = 16) 0.267 0.394 72.09
Both sexes (n = 32) 0.266 0.390 72.09

Female (n = 10) 0.270 0.399 72.09

5 Male (n =12) 0.256 0.383 72.09
Both sexes (n = 22) 0.258 0.385 74.42

Female (n = 11) 0.231 0.342 62.79

6 Male (n=11) 0.273 0.404 74.42
Both sexes (n = 22) 0.265 0.394 74.42

Female (n =9) 0.274 0.401 69.77

7 Male (n =9) 0.246 0.357 60.47
Both sexes (n = 18) 0.298 0.438 76.74

Female (n=12) 0.285 0.417 74.42

8 Male (n =12) 0.263 0.391 72.09
Both sexes (n = 24) 0.304 0.452 83.72

Female (n=12) 0.246 0.364 67.44

9 Male (n =13) 0.228 0.337 62.79
Both sexes (n = 27) 0.266 0.396 74.42

Female (n = 14) 0.276 0.407 74.42

10 Male (n = 14) 0.285 0.419 74.42
Both sexes (n = 28) 0.284 0.420 76.74

supplementary material). Considering the entire data set
and the two factors (sex and locality), significant differences
were detected among populations, but not between sexes,
and there was no significant interaction between the two
factors (PERMANOVA, Tab. 5). Data dispersion did not
differ between sexes (Fig. S3 in supplementary material),
in contrast to localities, for which differences in dispersion
were significant (PERMDISP, Tab. 5). Differences among the
groups detected by STRUCTURE were significant both for
location and dispersion (Tab. 5). These results agree with the
group structure generated by STRUCTURE. In general, male
and female individuals did not form distinctive groups within
each locality. The PCoA graph for the two groups defined
by STRUCTURE separated populations 1 to 4 (group 1)
from populations 6 to 10 (group 2) (Fig. 3).

Discussion

The results indicate high levels of polymorphism and
genetic diversity in M. coriacea. The high intrapopulation

Acta Botanica Brasilica - 32(3): 376-385. July-September 2018

genetic diversity compared to the moderate interpopulation
genetic differentiation indicates historical gene flow among
populations, regardless of their distance or isolation. The
two STRUCTURE groups do not represent contrasting
geographic regions with respect to phytophysiognomic
or environmental aspects (e.g., elevation, temperature).
An analysis of genetic diversity separately for males and
females also did not indicate genetic differences between
sex morphs. These results suggest that genetic drift is not
causing great differences between populations. This may
be explained, at least in part, by high gene flow due to
anemophily (wind pollination) as well as to ornithochory
(bird-mediated dispersal) of seeds.

The proportion of polymorphic loci detected for
populations of M. coriacea was similar to the values detected
for Gaultheria fragrantissima (86 %), which is also a dioecious
shrub, usually found on forest edges (Apte et al. 2006).
Interestingly, even herbaceous species of Primulaceae have
a high proportion of polymorphic loci, ranging from 76 to
83 % in Androsace tapete (Geng et al. 2009), and from 58
to 64 % in Primula interjacens (Xue et al. 2004). Like M.
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Figure 2. Graphical representation of the Bayesian analysis STRUCTURE performed for 249 individuals from ten natural populations
of Myrsine coriacea based on molecular data obtained from the amplification profiles of seven ISSR markers. The vertical lines delimit the
localities. The value of K=2 shows two moderately structured populations: G1 (green): 1 to 4; G2 (red): 5 to 10. 1 - Alegre; 2 - Mimoso
do Sul; 3 - Castelo; 4 - Dores do Rio Preto (Macieira); 5 - Domingos Martins; 6 - Itna; 7 - Vargem Alta; 8 - Venda Nova do Imigrante;

9 — Muqui; 10 - Dores do Rio Preto (Casa Queimada).

Table 5. Results of the multivariate tests for location (PERMANOVA) and dispersion (PERMDISP) for the entire dataset considering
two factors (sex and locality) and the interaction between them. Between groups results refer to the two groups of populations

identified by STRUCTURE. Significant values highlighted in bold (P <0.05).

Sex

1 0.76 0.003 0.695 1 0.86 0.388

Locality ¢ 5.64 0.180 0.001 9 2.52 0.015
Sex: Locality 9 0.73 0.020 0.981 - - -

Between groups 1 17.67 0.070 0.001 1 6.59 0.009

coriacea, these species have a gregarious spatial distribution
and are perennial with mandatory cross-pollination, but
differ in habit and their continuous spatial distribution. The
different proportions of polymorphicloci detected among
the studied populations may be influenced by different
patterns of spatial aggregation (distance among individuals)
within each population. Population 4, which formed a small
and distinct population with only small spatial distances
between individuals was the least polymorphic. This
population may have originated from a single dispersal
event (founder effect), or from the same parent plants. In
contrast, populations 1 and 8 were the most polymorphic.

The within-population genetic diversity of M. coriacea
(I=0.385 - 0.450 and H’=0.258 - 0.309) was high when
compared to those reported for perennial species and
obligate cross-pollinators of Primulaceae, such as Primula
apennina (I=0.27 to 0.35 and H'=0.17 to 0.23; Crema et
al. 2009) and Primula obconica (I=0.04 to 0.3 and H’=0.03
to 0.20; Nan et al. 2003). The mating system can affect
these results. High intrapopulation genetic variation
in M. coriacea is expected because dioecious species in
natural environments tend to have high intrapopulation
genetic diversity, and low genetic differentiation between
populations, due to obligatory cross-pollination (Hamrick &
Godt 1996). The existence of significant genetic variability
is of fundamental importance not only for the conservation
of the species, but also to guarantee vigor and resistance
in progeny (Booy et al. 2000). This is an important aspect
when selecting matrices for restoration purposes.
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Multivariate and interpopulation diversity analyses
indicated significant genetic divergence between populations.
The moderate genetic differentiation among the ten studied
populations indicated by the values of ¢ = 0.121 and GST
=0.107 (Hartl & Clark 2010), suggests the beginning of the
process of differentiation between populations. High levels
of genetic differentiation (Gst=0.676) were also reported
for ten populations of the ericaceous species Chamaedaphne
calyculata (Szczecifiska et al. 2009). This perennial shrub
is patchily distributed (similar to M. coriacea), but has
bisexual flowers and capsulate fruits with limited dispersal
capacity compared with ornithochoric fruits. Wang et al.
(2014) suggest a similar pattern for natural populations
of Primula cicutariifolia, which have higher levels of genetic
differentiation (GST = 0.71), compared to the results reported
here for M. coriacea. Primula cicutariifolia is a biannual herb
with capsular fruits, whose seeds have limited capacity for
wind dispersal compared with ornithochoric diaspores,
such as those of Myrsine. Another important feature of
P. cicutariifolia is that its flowers are homostylic (anthers
and stigma are on the same level) and are self-compatible,
allowing for self-fertilization. Its flowers are small, without
nectar, embedded in the leaves and are poorly visited by
insects, hindering cross-pollination. Consequently, gene
flow between and within populations via pollen and seeds
is limited.

The highest genetic differentiation was found between
populations 4 and 5 (¢ST= 0.186), which are182 km from
each other (measured in a straight line). The lowest values
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Figure 3. Principal coordinates analysis for the groups defined by the Bayesian analysis implemented in the program STRUCTURE
(Group 1: populations 1 to 4; Group 2: portions 5 to 10). Points in the center of each group indicate the position of the centroid. Solid
lines indicate the distribution envelope (convex hull) of each group. Ellipses indicate the standard deviation of each group.

were recorded for populations 1 and 2 ($ST=0.005), which
are 59 km each other (measured in a straight line). Although
these contrasting values suggest a correlation between
genetic and geographic distances in M. coriacea populations,
the Mantel test did not support such a relationship for the
ten populations studied. The degree of genetic differentiation
can provide an estimate of historical gene flow among
populations. Efficient pollen and seed dispersal favors gene
flow, increases genetic variation within populations and
decreases divergence among them. Therefore, species whose
pollinator agents and dispersers cause dispersal of pollen
and seeds over long distances (such as wind or large animals)
tend to exhibit higher intrapopulation genetic variability
as well as greater gene flow between populations (Mori
2003). It is therefore reasonable to assume that possible
pollination by wind and the mainly bird-dispersed seeds of
M. coriacea provide sufficient gene flow to counteract the
effects of genetic drift.

The similar values for genetic diversity found between
male and female individuals of M. coriacea may be the result
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of abalanced sex ratio in the species. Organisms with sexual
reproduction tend to have a 1:1 sex ratio (Fisher 1930),
deviations from which decrease the demographic effective
population size (Vencovsky et al. 2012). When genetic
diversity is high and the sex ratio of a species is 1:1, the
effects of genetic drift are minimized and do not cause an
imbalance of genetic diversity between sexual morphs. Thus,
the balanced genetic diversity between sexual morphs may
be contributing to the high overall genetic diversity of M.
coriacea populations.

The obligatory cross-pollination and dispersl by birds
may have an influence on the maintenance of genetic
diversity in natural populations of this species. Geographic
distance and genetic differentiation among populations were
unrelated, probably due to gene flow facilitated by possible
wind pollination and fruit dispersal by birds. Considering
that genetic structure is an important prerequisite for the
efficient management of plant species, our results suggest
that the studied populations could be potential sources of
seeds for reforestation projects.
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