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ABSTRACT. Guacatonga (Casearia sylvestris) is a native plant of
the Atlantic Forest, with high medicinal potential and relevance for
reforestation programs. The aim of this study was to characterize,
with microsatellite markers, two populations of C. sylvestris from
remaining areas of the Atlantic Forest in the State of Sdo Paulo. High
allelic variation was found in both populations (N, = 101 and 117; 4,
=12.5 and 14.4), although with high endogamy coefficients (f = 0.640
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and 0.363). Estimates of genetic structure suggested the presence of
considerable genetic divergence between the populations (£ = 0.103);
however, there was no spatial genetic structure within the populations.
Genetic divergence may have occurred due to decreased gene flow
between the fragmented populations as the result of deforestation. The
results of this study demonstrate the importance of genetic diversity
and its characterization in native plants within remaining forest areas
for the management and restoration of such areas.
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Spatial genetic structure

INTRODUCTION

Brazil possesses the highest diversity of plant species in the world, including some with
high medicinal potential, both in the Atlantic Forest and in other biomes (Souza-Moreira et al.,
2010). Originally, the Atlantic Forest covered almost the entire Brazilian coast, extending into
Paraguay and Argentina. Colonization and urbanization processes, as well as industrialization
and the irregular occupation of forest land, have decreased its size to preserved areas, which
are today limited to fragments of the original forest (Morellato and Haddad, 2000).

In the State of Sao Paulo, destruction of the forest has already reached approximately
79,500 km? (Rodrigues et al., 2009). Furthermore, the exploration of native forests and
extractivism without management strategies have resulted in greater fragmentation and
biodiversity decline, reducing the viability of plant species (Rodrigues et al., 2011).

Currently, the Atlantic Forest is deemed one of the world’s most important biomes, and
is considered a hotspot for the conservation movement due to its high degree of endemism and
the number of threatened species (Myers et al., 2000; Martini et al., 2007). Nevertheless, less
than 10% of the vegetal species of the Atlantic Forest have been evaluated for their biological
characteristics, and less than 5% have been subjected to detailed phytochemical and genetic
analyses (Luna et al., 2005). Habitat loss and isolation of forest fragments can be observed by
the decreased genetic variability, which decreases the population’s effective size, and through
a possible increase in endogamy, which may contribute to the decreasing reproductive success
of the plant population (Hartl and Clark, 2010).

Many remaining native forest species have medicinal potential, and are important,
especially for the rural population, (Oliveira et al., 2011), for pharmacological research
(Ferreira et al., 2011) and forest reforestation. Among these species, guagatonga (Casearia
sylvestris, Salicaceae), which has known pharmacological potential (Backes and Irgang,
2002), has a crucial role in these fragile ecosystems. Although studies on its phytotherapical
characteristics have been performed, few have investigated the biological, genetic, and
reproductive characteristics of this species.

In order to maintain biological diversity and assure existing ecological processes,
measures aimed at the conservation and recovery of the remaining forest biomes are required,
taking into consideration the maintenance of genetic diversity, as well as the use of native
species in plantations (Rodrigues et al., 2009). Therefore, genetic studies on C. sylvestris are
necessary to provide an understanding of the structure and genetic diversity of its populations,
which could be used to subsidize reforesting programs. Thus, this study’s aim was to
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characterize, with microsatellite markers, two populations of C. sy/vestris from the remaining
forests of the Atlantic forest of the State of Sao Paulo.

MATERIAL AND METHODS
Study sites

The study was carried out in two areas of Atlantic Forest remnants of the State of
Sdo Paulo. The first area was Mata Santa Genebra (Santa Genebra Woods) (22°4920"S,
47°06'40"W), in the city of Campinas, covering approximately 252 hectares. The area is
inserted in a matrix constituted by an annual and perennial mosaic of cultures, pastures,
reforestation, and few human settlements (Guirdo and Filho, 2011). The second area was
Estagdo Experimental do Tieté (Tiet€ Experimental Station) (22°00720"S, 47°43'38"W),
located in the municipality of Tieté, occupying an area of 253.8 hectares. In each area, young
leaves of 46 individual C. sylvestris samples were harvested. The samples were conditioned in
liquid nitrogen and each individual sample was georeferenced.

DNA extraction and inter-simple sequence repeat (ISSR) amplification

The Doyle and Doyle (1990) protocol was used to extract DNA from samples. The
quality and amount of extracted DNA were determined by electrophoresis ona 1% (p/v) agarose
gel colored with SYBR safe DNA gel stain (Invitrogen), by comparison with a molecular
weight Lambda marker (Invitrogen). Genetic characterization was performed based on eight
microsatellite markers as described by Cavallari et al. (2008) (Table 1). The microsatellites
were amplified by PCR and allele size was determined using the semiautomatic sequencer
LI-COR DNA Analyzer 4300 (LI-COR Corporate), as described by Cavallari et al. (2010).

Table 1. Genetic diversity estimates for eight loci microsatellites in two populations of Casearia sylvestris.

Locus Variation (bp) Na Ho Hr f

Csy04 138-168 15 0.489 0.890 0.452
Csy06 258-298 20 0.663 0.923 0.282
Csy07 228-264 19 0.253 0.932 0.730
Csyll 128-176 21 0.283 0.917 0.693
Csyl4 259-298 24 0.066 0.929 0.929
Csyl5 209-300 29 0.382 0.948 0.599
Csyl6 220-289 19 0.554 0.928 0.404
Csyl8 261-311 21 0.815 0.935 0.129
Average 21 0.438 0.925 0.528

Variation in allele size is shown in base pairs (bp), N, = total number of alleles, /, = observed heterozygosity, H,
= expected heterozygosity, /= inbreeding coefficient.

Data analysis

Parameters of genetic diversity were estimated as follows: numbers of alleles per locus
(N,); medium number of alleles per locus (); allelic fullness (4,); observed heterozygosity
(H,) and expected heterozygosity (H,), in addition to the coefficient of intrapopulation
endogamy (f), using the FSTAT program (Goudet, 1995). The relevance of f was determined
based on 20,000 permutations, based on the value of o = 0.05 adjusted by the Bonferroni
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correction (Rice, 1989). Nei (1972)’s genetic distance among individuals was used to construct
the dendrogram with the neighbor-joining method in the program Populations (Langella,
1999). Group reliability was evaluated by bootstrap (1000 replications).

The genetic structures among populations were quantified by estimating F-Statistics
(Weir and Cockerhan, 1984), calculated with the GDA program (Lewis and Zaykin, 2001).
The genetic spatial structure among the populations was evaluated based on the coefficient
of kinship estimated from J. Nason (Loiselle et al., 1995), and calculated with the SPAGeDI
program (Hardy and Vekemans, 2002). Correlograms were plotted among the coefficient of
medium kinship and classes of defined distance for each population, and a confidence interval
of 95% was calculated for each class of distance, based on 1000 Jackknife replicas. However,
the majority of loci presented low-to-medium estimates of heterozygosity.

RESULTS AND DISCUSSION

The microsatellite markers used in this study exhibited high allelic variation, with
N, varying from 15 (Csy04) to 29 (Csyl5) (Table 1). However, most of the loci reported
estimates of heterozygosity ranging from low to medium, such that all loci presented a high
heterozygote deficit, with high endogamy coefficient values, and f'varying from 0.129 to 0.929
(Table 1). Estimates of allelic diversity were slightly higher in the populations from Tieté, in
comparison to the populations of Santa Genebra (Table 2). From the 117 alleles found in Tieté
populations, 67 were not identified in Santa Genebra populations. Conversely, from the 101
alleles found in Santa Genebra populations, 51 were not identified in the Tieté populations.
The populations of Tieté presented higher /, and lower f'than Santa Genebra populations (H,
=0.562 and 0.313; f=0.363 and 0.640, respectively) (Table 2). Estimates of genetic diversity
obtained in the present study supported the results obtained by Cavallari et al. (2010). Those
authors evaluated nine populations of two varieties of C. sylvestris (sylvestris and lingua) and
found high indexes of allelic diversity, with an average number higher than 15 alleles per locus
in the sylvestris variety.

Table 2. Genetic diversity estimates for both populations of Casearia sylvestris based on eight microsatellite loci.

Population N Na 1 Ar Ap Ho He f
Santa Genebra 46 101 12.6 12.5 51 0.313 0.864 0.640*
Tieté 46 117 14.6 144 67 0.562 0.880 0.363*

N = number of sampled individuals, N, = total number of alleles, 4 = average number of alleles per locus, 4, =
allelic richness, Ap = number of private alleles, H, = observed heterozygosity, H, = expected heterozygosity, /=
inbreeding coefficient. *Significant at P < 0.05.

Estimated values for the F-statistics were elevated compared with those reported by
Weir and Cockerham (1984), with F = 0.552, F = 0.103, and F|; = 0.500, which were
significantly different from zero. The F value suggests there is a high level of genetic
divergence among C. sylvestris populations in the remaining forests of Santa Genebra and
Tieté, which is consistent with the high number of private alleles found. Apart from this
divergence, the values of the F-statistics suggested that most of the total inbreeding observed
(F,;) was due to the panmixia deviation and the occurrence of inbreeding within the Santa
Genebra and Tieté populations (F; = 0.500). The elevated F; value reflects the increased
heterozygote deficiency in these populations, as suggested by the elevated values of f'shown
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in Table 2. This may also be related to the reproductive system of C. sylvestris. The elevated
inbreeding coefficient values and Fg may indicate that self-fertilization is common in the
populations of Santa Genebra and Tieté. The results of the individual grouping analysis, based
on neighbor-joining algorithm and Nei (1972)’s distance, are consistent with the elevated
genetic divergence found among the populations of C. sylvestris (Figure 1). Two large groups
were formed, which separated the individuals of these populations.
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Figure 1. Dendrogram generated using the Neighbor-joining method, based on Nei’s distance (1972), showing the
groupings of Casearia sylvestris individuals from the populations of Santa Genebra (clearer branches) and Tieté
(darker branches).

The high genetic divergence observed between the populations of Santa Genebra and
Tieté is most likely related to the low gene flow resulting from forest fragmentation (Frankham
et al., 2008). Similar results were found for the Copaiba tree (Copaifera langsdorffii) by Martins
et al. (2008), whereby it was suggested that forest fragmentation restricts gene flow between
populations of these species, possibly due difficulty in pollinator movement. The genetic isolation
may also be related to the high number of private alleles found in this study (Karasawa, 2005).

In general, the kinship coefficients of J. Nason (Loiselle et al., 1995) were low, and
no spatial autocorrelation was found in the two populations, such that C. sylvestris individuals
presented variable kinship coefficients between the classes of distance (Figure 2). The absence
of a correlation between kinship and distance between individuals can be indicative of
endogamy in the populations of C. sylvestris over the entire area of Santa Genebra and Tieté.

Despite the elevated estimates of allelic diversity, the results obtained in this study
suggest there was an increased rate of inbreeding among the C. sylvestris populations in the
remaining forests of Santa Genebra and Tieté. Additionally, considerable divergence could be
observed, which was most likely related to gene flow among the isolated fragmented areas of
the Atlantic Forest. The fragmentation of the populations, and the absence of interconnected
ecological corridors, has resulted in a high level of genetic divergence, preventing genetic
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Figure 2. Correlogram exhibiting kinship coefficient measures in populations from Santa Genebra and Tieté for
each class of distance (indicated by maximum distance in meters). The dashed lines indicate critic values (upper
and lower) with 95% confidence interval.

exchange, and increasing the effects of inbreeding and genetic drifts (Rodrigues et al., 2011).
Genetic studies carried out in populations of native plants in remaining forest areas can
provide essential information for the management and recovery of these areas. In this context,
from a genetic perspective, the results of this study support the use of microsatellite markers
for the characterization of genetic diversity in C. sylvestris populations in remaining forests.
In addition, this study supports the relevance of strategies that aim to recover degraded forest
areas and create ecological corridors, permitting connectivity between remaining forests that
are currently isolated.
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