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ABSTRACT. Senefeldera verticillata (Euphorbiaceae) is a species 
that exclusively occurs in the Atlantic Forest; it is used in the 
restoration and recovery of degraded areas and has therapeutic uses. 
Due to the scarcity of information on genetic patterns of this species, 
genetic diversity was characterized by the use of molecular markers, 
Inter Simple Sequence Repeats (ISSR). Leaf samples were collected 
from two populations located in the National Forest (FLONA) of 
Pacotuba and in the Private Reserve of Natural Patrimony (RPPN) 
Cafundó. Twelve ISSR primers were used, resulting in 179 
amplification products, with 76% polymorphic bands. The genetic 
diversity values of Nei (H’) and Shannon index (I) were 0.329 and 
0.503, respectively. The estimated historical gene flow among the 
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fragments was high (Nm = 13.542). Molecular analysis of variance 
showed that most of the genetic diversity is within conservation units 
(95%), with genetic differentiation among populations considered 
moderate (ΦST = 0.0501). Thus we propose conservation of 
genetically dissimilar individuals in the two localities, so that the 
existing variability is preserved. Six groups were identified by the 
unweighted arithmetic means clustering method, in which 30 
matrices of both fragments were collected in a single group. Bayesian 
analysis indicated that there is a small degree of genetic variation 
among populations, though organization of groups by locality was 
not confirmed by the STRUCTURE software. We were able to 
identify genetic divergence among the trees evaluated in these 
conservation units, demonstrating the usefulness of the ISSR 
markers. In addition, this information could help in the adoption of 
strategies for the selection of respresentative specimens to compose a 
seed bank of native forest species of the state of Espírito Santo. 

Key words: Molecular marker; Genetic variability; Gene flow; Selection of 
matrix trees 

INTRODUCTION 

The Atlantic Forest is known worldwide for its rich biodiversity and endemism. 
Among the states included in the Brazilian Atlantic Forest biome, the most representative is 
Espírito Santo, which has an area of 45,597 km2; this state initially had approximately 90% 
of its vegetation cover composed of this biome (Instituto Nacional de Pesquisas Espaciais, 
2015). According to Assis et al. (2007), among the typologies that make up the Atlantic 
Forest in the state, are the semideciduous seasonal forests, which are the second most 
important vegetation formation in terms of occupied area, mainly concentrated in the south. 

The conservation areas of Pacotuba National Forest (FLONA of Pacotuba) and the 
Private Reserve of Natural Patrimony Cafundó (RPPN Cafundó) are located in southern 
Espírito Santo state. They are significant remnants of the original forest in this region, being 
of fundamental importance for the conservation of these environments (Instituto de 
Pesquisas da Mata Atlântica, 2005). 

These conservation units have a wide diversity of tree species, but the species 
Senefeldera verticillata (Euphorbiaceae), commonly known as Sucanga, stands out. It is 
anendemic species of Brazil and is only found in the Atlantic Forest in the states of 
Pernambuco, Bahia, Alagoas, Minas Gerais, Espírito Santo and Rio de Janeiro. It is a 
pioneer tree, monoecious with a zoocoric dispersion syndrome (Pscheidt and Cordeiro, 
2012). It presents rapid growth and easy propagation, allowing its use in the restoration and 
recovery of degraded areas, besides being economically important for therapeutic purposes 
(Hans, 2012; Pires et al., 2013). 

Despite it’secological and economic potential, this species is still little studied; so 
far there is no information about diversity and / or genetic structure. 
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The genetic variability of a species is the basis for its adaptation and survival, being the 
main factor that allows evolution to occur; even though it is amplified by evolutionary factors 
such as mutation and migration, it can be lost by genetic drift, mating between related 
individuals and selection (Cole, 2003). Knowledge about the genetic diversity of a species has 
been central to decision-making in the constitution of seed lots that will compose seedlings for 
genetic conservation and breeding (Sebbenn, 2006). 

Currently, there is a wide variety of molecular markers available that allow the analysis 
of genetic variability among and within populations. Among these markers, we highlight ISSRs 
(Inter Simple Sequence Repeats) (Zietkiewicz et al., 1994), characterized as dominant and semi-
arbitrary (Souza et al., 2005). These markers are increasingly used in evaluations of genetic 
diversity of tree species, as they are inexpensive, highly reproducible and informative (Nybom, 
2004; Kumar et al., 2011). 

We evaluated the pattern of genetic diversity in S. verticillata trees located in two 
reserves in Espírito Santo state by means ISSR markers, to help define strategies suitable for 
their preservation. This data will help select trees as future seed providers to help recover native 
forests of this state. 

MATERIAL AND METHODS 

Population Sampling and Vegetable Material 

Young leaves with good phytosanitary appearance were randomly collected from 39 
adult S. verticillata trees; 17 trees were located in the FLONA of Pacotuba (20º45 ' South 
latitude and 41º17' West  longitude) and 22 were located in the RPPN Cafundó (20º43'latitude 
South and 41º13'west longitude)  (Fig. 1). Sampling took into account the population 
distribution, with at least 50 m distance between the trees, in order to avoid the collection of 
related individuals. 

Figure 1. Location map of the study area, showing the sampling sites. 
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Extraction and quantification of genomic DNA 

Genomic DNA was extracted by the protocol of Doyle and Doyle (1990), with 
modifications proposed by the Instituto Agronômico de Campinas (IAC), adjusting the 
concentrations of 1% polyvinylpyrrolidone (PVP) and cetyl trimethylammonium bromide 
(CTAB) to 2%. The concentration and purity of the samples were analyzed by 
spectrophotometry using the NanoDrop 2000 apparatus (Thermo Fisher Scientific, 
Waltham, MA, USA). As a parameter of quality of the samples, the criterion described by 
Barbosa (1998), which based on the relation A260 / A280, was adopted; it states that ratios 
lower than 1.8 indicate protein contamination and higher than 2.0 indicate contamination 
with chloroform or phenol. 

PCR amplification 

Twelve ISSR primers produced by the University of British Columbia, Vancouver, 
Canada, were used for the genetic characterization of S. verticillata individuals. Polymerase 
chain reactions (PCR) were performed with a total reaction volume of 20 μl, containing 1X 
buffer (10 mM Tris-HCl pH 8.5 and 50 mMKCl), 2.5 mM MgCl2, 0.25 mM each dNTP, 0.2 
μM primer, 1 unit Taq DNA polymerase and 50 ng genomic DNA. 

The amplifications were conducted in a thermal cycler (Applied Biosystems, Veriti 
model) under the following conditions: initial denaturation of 5 min at 94°C, followed by 35 
cycles of denaturation (94°C for 45 sec), annealing (52°C for 45 sec) and elongation (72°C 
for 90 sec) and a final extension of 72°C for 7 min.  

The amplification products were separated by electrophoresis in 2% agarose gel in 
1X TBE (Tris 0.089 mol-L -1, boric acid 0.089 mol-L -1 and EDTA 0.002 mol-L -1) for 5 h 
at 100 V (0.50 μg/ mL-1) and photographed under UV light (ChemiDoc MP Image System 
- Bio Rad), allowing visualization of the amplification pattern of each primer, and the
molecular size of the fragments, estimated with a 100 bp molecular weight marker (Ladder).

Statistical analysis 

The information contained in the gels was converted into binary matrices, being 
determined by presence (1) and absence (0) of bands in each locus. Afterwards, a 
descriptive analysis of the data was carried out, which included as parameters the total 
number of bands (TNB), number of polymorphic bands (NPB), percentage of polymorphic 
bands (PPB) per primer and size variation of fragments generated in pairs of bases (VFG). 

After the descriptive analyzes, the POPGENE software version 3.2 (Yeh and Boyle, 
1997) was used to calculate the following parameters of genetic diversity: number of 
effective alleles (Ne), percentage of polymorphic loci (PPL), Shannon diversity index (I) 
(Shannon and Weaver, 1949) and genetic diversity of Nei (H’) (Nei, 1973). The genetic 
differentiation coefficient (GST) and gene flow (Nm) were also calculated with the aid of 
this software. 

Using the GENES program (Cruz, 2013), a similarity matrix was calculated 
between individuals, which was converted to a dissimilarity matrix using the arithmetic 
complement of the Jaccard coefficient (Jaccard, 1901), and a dendrogram was constructed 
by the method unweighted arithmetic means (UPGMA). The cut-off point for the 
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dendrogram was determined by the method proposed by Mojema (1977). The cophenetic 
correlation coefficient (r) was calculated in order to check the consistency of the cluster. 

An analysis of molecular variance (AMOVA) was used to evaluate the distribution of 
genetic variability among and within populations, as well as to infer their structure, using 
ARLEQUIN software version 3.11 (Excoffier et al., 1992). 

The STRUCTURE 2.3 program (Pritchard et al., 2000), based on Bayesian statistics 
was used to infer the number of groups (k). Twenty runs were performed for each value of K, 
where the number of established groups (K) ranged from K = 1 to K = 5, with 250,000 burn-ins 
and 1,000,000 Markov Chain Monte Carlo (MCMC) simulations. For the definition of the most 
probable K value, we used the mean and standard deviation of each probability value of K and 
the ΔK method proposed by Evanno et al. (2005), using the software STRUCTURE 
HAVESTER (Earl and Von Holdt, 2012). 

RESULTS AND DISCUSSION 

The twelve primers used allowed us to obtain 179 amplified fragments, of which 76% 
were polymorphic. The use of ISSR primers in this study was satisfactory for the detection of 
polymorphism in natural populations of S. verticillata, where the percentage value of 
polymorphic bands can be compared with results in similar works. 

In a study of genetic diversity in wild populations of Eugenia uniflora in forest 
remnants with different successional stages, 79% polymorphic loci were found in the areas of 
advanced succession stage and 70% in the area of initial succession (Aguiar et al., 2013). In 
another study involving the use of ISSR markers with the tree species Schizolobium parahyba 
var. amazonicum, 136 loci were found, 58% being polymorphic (Silva Júnior et al., 2017), fewer 
than in our study. 

The number of bands per primer varied between 8 and 24, with a mean of 14.9 bands 
per primer, with a variation of molecular weights of the different loci, from 150 to 2080 base 
pairs (bp). Primer UBC 818 revealed the largest number of polymorphic bands (20), whereas the 
primer with the least number of polymorphic bands was UBC 842, with three bands (Table 1). 

Table 1. ISSR primers used in the study of Senefeldera verticillata, including total number of bands (TNB), 
number of polymorphic bands (NPB), percentage of polymorphic bands per primer (PPB) and size variation of 
fragments generated in pairs of bases (VFG). 

Primer Sequence TNB NPB PPB % VFG (min-max) 

UBC 807 (AG)8T 13 11 84.61 150 – 1600 

UBC 808 (AG)8C 18 15 83.33 250 – 2080 

UBC 811 (GA)8C 13 10 76.92 250 – 1520 

UBC 812 (GA)8ª 17 10 58.82 240 – 2080 

UBC 818 (CA)8G 24 20 83.33 360 – 2080 

UBC 836 (AG)8YA 9 5 55.55 260 – 2080 

UBC 842 (GA)8YG 8 3 37.50 250 – 2080 

UBC 856 (AC)8YA 17 13 76.47 480 – 2080 

UBC 864 (ATG)5 16 14 87.50 280 – 1500 

UBC 868 (GAA)6 17 13 76.47 300 – 2080 

UBC 880 (GGAGA)3 18 16 88.88 230 – 1020 

UBC 891 HVH(TG)7 9 6 66.66 260 – 1220 

TOTAL 179 136 75.97 - 

*A = Adenine; T = Thymine; C = Cytosine; G = Guanine; H = (A, T or C); V = (A, C or G) and Y = (C or T).
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At the species level, the genetic diversity measured by number of effective alleles 
(Ne), genetic diversity of Nei (H’) and Shannon (I) index were 1.538; 0.329 and 0.503, 
respectively. Based on the H’ and I calculations, the genetic variations of the two 
populations classified them as FLONA> RPPN; however, there were no large differences in 
the levels of diversity between the two fragments (Table 2). 

Table 2. Genetic variation in populations of Senefeldera verticillata detected by ISSR markers. 

Population N Ne H’ I PPL(%) 
FLONA of Pacotuba 17 1.544 0.327 0.498 75.98 
RPPN Cafundó 22 1.501 0.310 0.478 75.98 
Species 39 1.538 0.329 0.503 75.98 

N: number of samples; Ne: number of effective alleles; H’: genetic diversity of Nei; I: Shannon index. PPL: percentage 
of polymorphic loci. 

The value of I can vary between 0 and 1, and values equal to 1 indicate the 
maximum diversity observed in a population (Pádua and Ferreira, 2008). Under natural 
conditions, the value of H’ is never zero, due to the frequent incorporation of new alleles by 
crosses, even in small populations or fragmented environments, as well as by losses caused 
by genetic drift (Silva et al., 2014). 

Based on ISSR markers in this research, when compared to other works with tree 
species and using a similar methodology, diversity in S. verticillata can be considered high. 
Research on the species Myrciaria tenella (Myrtaceae) located in the Reserve of the Natural 
Patrimony in the area of restinga, in the municipality of Caju-SE, found I= 0.52 and H’= 
0.35, considered as relevant diversity levels (Santana et al., 2016). In another study 
involving the diversity and genetic structure of a natural population of Nectandra 
megapotamica, located in the Atlantic Forest area, values very close to the results of our 
study were found for I, H’ and percentage of polymorphic loci using RAPD markers (Costa 
et al., 2015). 

The results we found for genetic diversity may be related to the characteristics of 
the tree species and its location. Because it is a long life species and in a preservation area, 
where selective cutting is not allowed, habitat fragmentation apparently was not enough to 
affect the existing genetic diversity. Another factor that may contribute to the maintenance 
of the species is the presence of fauna, especially birds, which promote seed dispersal. 

Dissimilarity between matrices based on ISSR markers ranged from 0.47 to 0.90. 
The highest dissimilarity value (0.90) was observed between matrices 6 and 22, while the 
lowest (0.47) occurred between matrices 14 and 16, with the four matrices belonging to the 
FLONA of Pacotuba. 

Based on hierarchical grouping (UPGMA) of dissimilarity values and taking as a 
cut-off the percentage 94.46%, it was possible to identify six groups (Fig. 2). 

The matrices 38 and 6 were positioned in distinct groups, four and five, 
respectively, indicating a greater genetic distinction between these individuals. The pairs, 
matrices 13-26 and 22-30, formed groups two and six, respectively. Matrices 19, 23 and 20 
were pooled to form group three, and finally group one was formed by 30 matrices, which 
encompassed both individuals belonging to the FLONA of Pacotuba and the RPPN 
Canfundó. By evaluation of the dendrogram constructed by the grouping of the matrices, we 
perceived greater variability within the forest fragments than among them, since there was 
no predominance in the formation of groups containing individuals distributed by forest 
fragment. 
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Figure 2. Dendrogram generated by ISSRs markers with the arithmetic complement of the Jaccard coefficient 
and by the grouping method UPGMA, of the 39 arrays of Senefeldera verticillata. Samples from 1 to 17 (FLONA 
of Pacotuba, ES), samples from 18 to 39 (RPPN Cafundó, ES). 

The correlation coefficient was r = 0.71, revealing a high association between 
the similarities obtained by the Jaccard coefficient (dissimilarity matrix) and those 
represented in the dendrogram (cophenetic matrix). The higher the correlation value, 
the less distortion caused by the cluster (Cruz et al., 2011). 

Other analyzes such as (GST) and gene flow (Nm) were also performed. The 
data (GST = 0.035; Nm = 13.542) demonstrates intense gene flow between the two 
populations, decreasing the differences between them, which is evident in the 
dendrogram by formation of group one, which gathered individuals from both forest 
fragments. 

The analysis of molecular variance (AMOVA) indicated that 5.01% of the total 
variance is between populations and 94.99% within populations, demonstrating that the 
greatest genetic variation is in the intrapopulation component (Table 3). This result 
could reflect intense historical gene flow between the units. 

Table 3. Molecular variance analysis of39 individuals of Senefeldera verticillata in two forest fragments in 
Espírito Santo state. 

Source of variation DF Sum of squares Components of variance Change (%) 
Between fragments 1 55.630 1.47551 5.01 
Within the fragments 37 1005.056 27.92171 94.99 
Total 38 1060.685 29.39723 
ΦST = 0.0501 

DF = Degrees of freedom 
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In allogamous species or mixed breeding systems, in which allogamy predominates, 
genetic variation is concentrated within the populations and less variation occurs between 
them; divergence between populations will be smaller the greater the gene flow (Loveless 
and Hamrick, 1987). Our results are similar to what has been generally found for natural 
populations of tropical tree species; most of the genetic diversity is present within 
populations (Gomes et al., 2011; Rossi et al., 2014). As S. verticillata is characterized as 
being a typically allogenic species, the results of variability that we found are in line with 
that expected. 

The coefficient of relative diversity between groups (GST) was 0.0356, indicating 
that 3.56% of the total genetic variation occurs among populations. This result is 
comparable to the population variance provided by AMOVA. The low value of ΦST found 
(0.0501) indicates that there is no structuring between the populations; that is gene flow 
between them has been high. Although the two forest fragments are not isolated by a large 
geographic distance, it is worth mentioning that this species is a tree with a long life cycle, 
and since adult trees were selected for evaluations, the estimation of genetic divergence 
reflects historical gene flow.  

The results of Nm and intrapopulation genetic variability obtained in this work 
indicate that, even though FLONA and RPPN do not form a continuous landscape, habitat 
fragmentation does not significantly affect the genetic diversity of S. verticillata in these 
environments. Wright (1978) considered that among the subpopulations differentiation is 
not considered insignificant, even if the FST values are equal to or less than 0.05. Thus, the 
result found for ΦST, should be considered in decisions taken to preserve conservation units. 

From the simulations performed by the STRUCTURE 2.3 program using the 
Bayesian approach, we observe the division of S. verticillata matrices belonging to the 
FLONA of Pacotuba (samples from 1 to 17) and RPPN Cafundó (samples from 18 to 39) 
into three genetic groups, making the presence of a mixture of genetic material between the 
matrices clear (Fig. 3). 

Figure 3.Genetic structure analysis of the 39 individuals from the two populations (FLONA of Pacotuba, ES-1 to 17 and 
RPPN Cafundó, ES-18 to 39) of Senefeldera verticillata. Individuals were classified into three groups (K = 3). 

Through the graphic visualization of the population structure, it is possible to 
observe that there was no large separation of genetic groups per conservation unit, which 
indicates that there is no great genetic difference among the fragments, as already evidenced 
in previous analyses. However, it is possible to observe a contrast in the distribution of the 
green group (Fig. 3), more prominent in the population of the RPPN Cafundó, and of the 
red group, which was more accentuated in the population of the FLONA of Pacotuba, 
indicating a certain differentiation between the two localities. This fact was confirmed by 
the result of ΦST (0.0501), which revealed moderate genetic differentiation between the 
units. 
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These results are also in agreement with the AMOVA data, which indicated that 
most of the genetic differentiation is at the intrapopulational level, as well as the gene flow 
value found (Nm = 13.542), which is responsible for the exchange of genes among the 
forest fragments, a process by which genetic variability is maintained among S. verticillata 
individuals in this area. 

CONCLUSION 

The percentage of polymorphism detected by the ISSR marker in S. verticillata 
indicated that the primers used in this study were adequate for the analyses of genetic 
diversity and will aid in the preservation work of this species. Based on AMOVA and GST, 
moderate genetic differentiation was observed among conservation units. Due to the greater 
genetic variability found within the forest fragments, the preservation of several individuals 
in both conservation units is recommended, in order to maintain the existing intra-
population genetic variability. 
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