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Abstract 
Plant species that show gregarious spatial distribution and endemism to the Atlantic Forest, such as Dorstenia 
elata, are particularly sensitive to the effects of genetic diversity loss. In the present study, we aimed to 
quantify the genetic diversity in native populations of this species in an Atlantic Forest remnant. The 
sample included three aggregates of individuals, and molecular characterization was performed with twelve 
ISSR primers. Intrapopulation analyses were based on the calculation of the Shannon index; total expected 
heterozygosity and the matrix of distances between pairs of individuals were also calculated. The obtained 
grouping dendrogram evinced the formation of two groups. Interpopulation investigations were based on 
the analysis of molecular variance and the estimate of historical gene flow. The results demonstrate that one 
group comprised the genotypes from two subpopulations, and the other contained exclusively the genotypes 
of a third subpopulation. The greatest genetic variability was observed within rather than among populations, 
indicating that the geographical distance and the road that divides the studied populations are not causing 
loss of genetic diversity.
Key words: Caiapiá, ISSR, Moraceae.

Resumo 
Espécies de plantas que mostram padrão gregário de distribuição e endemismo na Floresta Atlântica, como 
Dorstenia elata, são particularmente sensíveis aos efeitos da perda da diversidade genética. Considerando 
isso, objetivou-se com este trabalho quantificar a diversidade genética em populações nativas dessa espécie 
em um remanescente da Mata Atlântica. A amostra incluiu três subpopulações de indivíduos e a caracterização 
molecular foi realizada com doze primers ISSR. As análises intrapopulacionais foram baseadas no cálculo 
do índice de Shannon; a heterozigosidade total esperada e a matriz de distâncias entre pares de indivíduos 
também foram calculadas. O dendrograma de agrupamento obtido evidenciou a formação de dois grupos. 
As investigações interpopulacionais foram baseadas na análise de variância molecular e na estimativa do 
fluxo gênico. Os resultados demonstram que um grupo compreendeu os genótipos de duas subpopulações, e 
o outro continha exclusivamente os genótipos de uma terceira subpopulação. A maior variabilidade genética 
foi observada dentro e não entre populações, indicando que a distância geográfica e a estrada que divide as 
populações estudadas não estão causando perda de diversidade genética.
Palavras-chave: Caiapiá, ISSR, Moraceae.
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Introduction
The At lan t ic  Fores t  i s  among the 

phytogeographical domains facing the most threat 
and containing the greatest species richness in the 
world (Myers et al. 2000; Goldenberg et al. 2020), 
being greatly impacted by anthropic activities. 
Indeed, human action has been modifying the 
structure of tropical forests, causing reduction in 
the density of species and affecting reproduction, 
pollination, and gene flow distribution between and 
within natural populations due to the increasing 
level of spatial isolation between them (Sebbenn 
et al. 2011). Knowledge about the alterations on 
genetic diversity of native species from the Atlantic 
Forest has greatly advanced in the last two decades 
(Guidugli et al. 2010; Sheu et al. 2017; Paschoa et 
al. 2018), but is still insufficient for various groups 
of plants.

The suppression of forest fragments, may 
lead to loss of genetic diversity due to shrinkage 
of populations (Viegas et al. 2011). This process 
also leads to increase in genetic differentiation 
between populations, with crossings occurring 
between related individuals; thus, the natural 
evolution of the species is compromised and their 
capacity to adapt to environmental changes is 
reduced (Young & Boyle 2000). This scenario is 
particularly relevant for plant species endemic to 
the Atlantic Forest with local gregarious individual 
distribution or preferentially occurring in specific 
phytophysiognomies, such as the ombrophilous 
or semi-deciduous forests, as is the case of most 
Dorstenia L. species.

Dorstenia is the second largest genus of 
the family Moraceae, comprising more than 
one hundred species (Berg & Hijiman 1999) 
distributed in the Americas, Asia and Africa. Its 
representatives can be easily recognized by their 
herbaceous to sub-shrubby and development of 
inflorescences of coenanthium type (São José & 
Romaniuc-Neto 2016). Of the 42 species occurring 
in Brazil, 34 are found in the Atlantic Forest (BFG 
2018), often occupying the herbaceous stratum of 
forest fragments (Luber et al. 2016). It has been 
reported that the inflorescences are visited by 
small insects (Berg 2001; Araújo 2008) and the 
fruits are dispersed by gravity, close to the parent 
plants (Berg 2001). Yet, a knowledge gap exists 
regarding how the biological characteristics of 
Dorstenia species, in addition to the fragmentation 
of their natural environments in the Atlantic Forest, 
are influencing the genetic variability of their 
populations.

Studies related to genetic diversity in natural 
plant populations allow quantifying the distribution 
of the genetic variability in time and space (Ângelo 
et al. 2006). Molecular markers enable the rapid 
and accurate identification of genetic diversity in 
a population, and have become efficient tools for 
conservation studies in plants (Pádua et al. 2016). 
Inter-simple sequence repeat (ISSR) markers 
are based on DNA amplification via polymerase 
chain reaction (PCR), and have been widely used 
in population genetics studies of various species 
(Trindade et al. 2012). As dominant markers, 
they do not differentiate between heterozygous 
and dominant homozygous individuals; still, they 
have the advantage of analyzing multiple loci in 
a single reaction (Goulão & Oliveira 2001), are 
widely reproducible and do not require previous 
knowledge about the genome of the studied species. 
The present work aimed to characterize the genetic 
diversity and structure of Dorstenia elata Hook. in 
an Atlantic Forest remnant.

Material and Methods
Sampling and study area
Dorstenia elata is an autogamous and 

autochorous species, endemic to the Atlantic forest 
(Judd et al. 2002). The studied was conducted in 
an Atlantic Forest remnant located to the south of 
the state of Espírito Santo, Brazil (22°35’54”S, 
41°10’53”W; Fig. 1). The area of the study 
comprises a Lowland Ombrophilous Forest, with 
mean annual precipitation of 1,200 mm (Oliveira-
Filho et al. 2005), and elevation ranging between 
100 m and 800 m (Luber et al. 2016). Three clusters 
of individuals from the species were studied, here 
designated as Local 1 (n = 22 specimens), Local 
2 (n = 21) and Local 3 (n = 21), for a total of 64 
individuals. There was a distance of 260 meters 
between Local 1 and 2, 450 meters between Local 
2 and 3, and 710 meters between the Local 1 and 3. 
There is a road between Local 2 and 3. This sample 
represents the total or near-total of individuals 
existing in each local studied. Leaf samples from 
healthy specimens were collected and stored in 
pre-labeled paper bags containing silica.

DNA extraction and ISSR analysis
The DNA extraction was performed according 

to protocol of Doyle & Doyle (1990), with some 
modifications proposed by the Agronomic Institute 
of Campinas (IAC). First, approximately 200 mg 
of leaves were macerated in liquid nitrogen, and 
the obtained powder was transferred to labeled 2 
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mL microtubes. In quick succession, 700 μL of 
extraction buffer were added and the tubes were 
shaken on a vortex device. Another 700 μL of buffer 
were subsequently added to each tube, followed 
by another agitation round to achieve complete 
homogenization. The tubes were then incubated 
in water bath at 65 °C for 40 min, being shaken 
every 10 min. Next, the tubes were centrifuged 
at 12,000 rpm for 10 minutes, resulting in the 
formation of two phases. The supernatant was 
transferred to fresh 2 mL tubes, and 660 μL of 
chloroform: isoamyl alcohol (24:1) were added to 
each tube. The tubes were agitated for 5 minutes 
through manual inversion, and again centrifuged at 
12,000 rpm for 12 min. The resulting supernatant 
was transferred to new 1.5 mL tubes, and 600 μL of 
cold isopropyl alcohol were added. Subsequently, 
a new centrifugation was performed for 15 min at 
12,000 rpm. The formed precipitate was washed 
three times with 500 μL of 70% ethanol. The 
alcohol was discarded, and the pellet was kept at 
room temperature for 15 min to dry. At last, the 
DNA was resuspended in TE buffer (10 mM Tris, 

1 mM EDTA) containing RNAse (10 μg.mL-1) 
and incubated at 37 °C. The DNA concentration 
and quality were estimated in a NanoDrop 2000c 
spectrophotometer.

A total of 25 ISSR primers were used in the 
molecular analyses. The amplification reactions 
were performed in PCR plates with a final volume 
of 20 μL per sample, each containing 20 ng of 
DNA; 0.25 μmol.L-1 of each dNTP; 0.2 μmol.L-1 
of primer; 10 mmol.L-1 of Tris-HCl (pH 8.5); 
2.4 mmol.L-1 of MgCl2; and 0.2 U of Taq DNA 
polymerase (Fermentas®). The amplifications were 
carried out in a VeritiTM thermocycler (Applied 
Biosystems). The program used to amplify the 
fragments consisted of the following steps: Initial 
denaturation at 94 °C for 5 minutes; 35 cycles, each 
comprising denaturation at 94 °C for 45 seconds, 
annealing at 52 °C for 45 seconds and extension at 
72 °C for 90 seconds; a final extension at 72 °C for 
7 minutes; and cooling at 4 °C. The amplification 
products were separated via electrophoresis in 2.5% 
agarose gel at 100 V for 4 hours. Subsequently, 
the fragments were stained with ethidium bromide 

Figure 1 – a-c. Location map of the study area – a. municipality of Castelo, highlighting the area of study; b. state 
of Espírito Santo, highlighting the municipality of Castelo; c. map of Brazil, highlighting the state of Espírito Santo.
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(0.25 μg/mL), exposed to ultraviolet light, and 
photographed using a Biorad® Gel Doc XR 
photodocumentation system. All analyses were 
carried out at the Laboratory of Biochemistry 
and Molecular Biology at the Centro de Ciências 
Agrárias e Engeharias (CCAE) - Universidade 
Federal do Espírito Santo (UFES).

Data analysis
The amplified products were evaluated by the 

presence (1) or absence (0) of polymorphic bands for 
each subpopulation in a binary matrix. The Jaccard 
index was used to calculate the genetic dissimilarity 
among the individuals. The genetic dissimilarity 
mean was used to analyze the 64 individuals by 
Unweighted Pair-Group Method with Arithmetic 
Mean (UPGMA). The cutoff was defined using 
the coefficient of Mojema (1977). The cophenetic 
correlation was done to verify the reliability of the 
data between the matrices of dissimilarity and the 
graphic grouping data. All the above analyses were 
performed with the program GENES (Cruz 2016).

To estimate the variance within and among 
populations, an analysis of molecular variance 
(AMOVA) was carried out (Excoffier et al. 1992) 
using the program Arlequin version 3.11. The 
Shannon index was estimated with the program 
POPGENE version 1.32 (Yeh et al. 1999). 
Parameters for dominant diploid data were used, 
with the statistics of genetic variation for each 
subpopulation calculated according to Nei (1987). 

In addition, an analysis of gene diversity was 
performed in the populations by Nei’s method 
(1987), and the values for total heterozygosity 
(HT), mean genetic diversity (HS) and gene flow 
(Nm) were estimated. The Bayesian grouping was 
achieved with the software Structure (Pritchard 
et al. 2000). The program was executed for 
10,000 interactions in order to test the population 
subdivision from k = 1 to k = 6, and thus verify any 
possible subdivision. Twenty runs were performed 
for each k value. The number of genetic groups was 
estimated by the delta K (DK) value (Evanno et al. 
2005) using the software Structure Harvester (Earl 
& von Holdt 2012).

Results
Intrapopulation diversity
Of the 25 ISSR primers tested to evaluate 

the genetic diversity in Dorstenia elata (Tab. 1), 
the twelve most polymorphic ones were selected. 
The twelve used primers allowed obtaining 119 
amplified fragments. The number of fragments 
per primer varied from 3 (UBC 811 - sample local 
1) to 13 (UBC 808 - sample local 3), with a mean 
number of 7.9 fragments. According to Jaccard’s 
arithmetic complement in the dissimilarity matrix, 
the individuals 12 (sample local 1) × 52 (sample 
local 3) were the most divergent (Cluster Diameter- 
CD = 0.86957), and 35 (sample local 2) × 36 
(sample local 2) were the closest (CD = 0.07843). 
The cophenetic correlation coefficient (CCC) 

Primers Sequence (5’ → 3’)
Number of polymorphic fragments

SubPop 1 SubPop 2 SubPop 3

UBC 807 AGA GAG AGA GAG AGA GT 7 8 12

UBC 808 AGA GAG AGA GAG AGA GC 8 6 13

UBC 810 GAG AGA GAG AGA GAG AT 5 4 11

UBC 811 GAG AGA GAG AGA GAG AC 3 4 12

UBC 813 CTC TCT CTC TCT CTC TT 6 6 11

UBC 824 TCT CTC TCT CTC TCT CG 6 8 12

UBC 825 ACA CAC ACA CAC ACA CT 9 9 9

UBC 840 GAG AGA GAG AGA GAG AYT 7 6 8

UBC 842 AG AGA GAG AGA GAG AYT 4 6 9

UBC 845 CTC TCT CTC TCT CTC TRA 8 8 9

UBC 854 TCTCTCTCTCTCTCTCRG 7 7 9

Table 1 – ISSR used in the study and number of polymorphic fragments in each sampled subpopulation.
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demonstrated an association of 87.15% between 
the distances obtained on the dissimilarity matrix 
(Jaccard’s complement) and the cophenetic matrix. 
The fragments obtained in this study by means of 
ISSR markers were also employed to construct 
a dendrogram based on the UPGMA grouping, 
using the genetic distances between the pairs of 
individuals (Fig. 1). Two distinct groups can be 
observed, the first containing the subpopulations 1 
and 2 and the second comprising the subpopulation 
3. The Shannon index varied from 0.456 to 0.6931 
among the populations, with a mean of 0.5106 
(Tab. 2).

Genetic dif ferentiat ion among 
populations
Through AMOVA, the genetic variation was 

partitioned into two levels: within populations and 
among populations (Tab. 3). The value for genetic 
differentiation among populations (ΦST) was 
0.4247, indicating remarkably high differentiation. 
Accordingly, 57.52% of the variation was attributed 
to diversity within the populations, and the 
remaining 42.48% to diversity among populations. 
Nei’s genetic diversity (1987) was 0.2467 (GST 
= 0.24) among the populations; thus, it can be 
inferred that the sampled variability contributed 

Variance component Estimate %
Between 10.4925 42.4748
Within 14.2104 57.5252
Total 24.7029 100

ΦST Statistics 0.4247 42.47

Table 3 – Analysis of molecular variance among the three subpopulations of Dorstenia elata from Atlantic Forest 
fragment of Espírito Santo, Brazil.

with 24% to the total heterozygosity, and therefore 
76% of the genetic variability is distributed within 
the populations. The dendrogram obtained from 
the genetic distances among the subpopulations is 
presented in Figure 2.

Partitioning of the genetic variation of the 
populations was also verified by grouping of 
individuals in Bayesian clusters. The verified 
genetic markers defined the correct number of 
groups, based on the rate of change in Ln(k), ΔK 
statistics, indicating convergence for two Bayesian 
groups (K = 2) (Fig. 3). Overall, the genetic 
characteristics obtained with the molecular markers 
ISSR demonstrated that the two genetic groups 
occurred in the different proportion in the three 

aggregates; subpopulations 1 and 2 are represented 
mainly by the color red, while subpopulation 3 is 
represented by the color green, with few components 
of the red genetic group. (Fig. 4). However, there was 
no formation of a specific group for each locality.

Discussion
Intrapopulation diversity
The number of polymorphic fragments 

generated by the primers in this study can be 
considered sufficient for the evaluation of genetic 
diversity in the species, as the obtained CCC 
= 0.87 indicates good adjustment between the 
dissimilarity matrix and the generated dendrogram. 

Shannon Index

Subpopulation 1 0.3169

Subpopulation 2 0.3466

Subpopulation 3 0.4841

Mean 0.5106

Table 2 – Shannon Index of the three subpopulations and final mean value for the three subpopulations of Dorstenia 
elata from Atlantic Forest fragment of Espírito Santo, Brazil.



Martins LAR et al.6 de 9

Rodriguésia 72: e00862020. 2021

According to Vaz Patto et al. (2004), values above 
0.56 reflect adequate concordance between the 
matrices, meaning that the value obtained here was 
satisfactory. Therefore, it could be inferred that 
subpopulations 1 and 2 present higher similarity, 
which indicates greater gene flow between them. 
In turn, the most distant individuals were identified 
among specimens from the subpopulations 1 and 
3, that are distant 710 meters from each other, 
demonstrating lower similarity between them, and 
consequently lower gene flow.

Studying the genetic diversity in two natural 
populations of candeia [Eremanthus erythropappus 
(DC.) MacLeish] by means of RAPD marker, Estopa 
et al. (2006) demonstrated that the genetic distance 
can be influenced by the geographical distance, i.e. 
it can be associated to the distribution of individuals 
in the areas by reason of the dispersal mode. In the 
present study, the geographical distance influenced 
the crossing of individuals among the aggregates, 
suggesting that the closer the subpopulations are 
geographically, the smaller the genetic distance 
between them.

The populations sampled in areas that can 
be more affected by anthropic activity (SubPop 
1 and 2), as they are easily accessible, presented 
lower values of genetic diversity (Shannon index of 
0.3169 and 0.3466, respectively) when compared 
to SubPop 3 (Shannon index = 0.4841) (Tab. 2).

Genetic differentiation
among populations
The pollination of Dorstenia is entomophilic, 

mainly accomplished by flies or wasps (Berg 
2001), and the dispersal of diaspores is autochoric. 
Therefore, this study suggests that pollination 
may be more responsive than fruit dispersal in 
D. elata concerning the variability among the 
studied natural populations. Pollination appears 
to be the agent responsible for the connection 
between populations, given the impossibility of 
long-distance dispersal of the diaspores. These 
results indicate the importance of the connectivity 
between the forest fragments to maintain the 
genetic variability in this species.

Through the GST analyses (Fig. 3), it was 
possible to demonstrate the separation of the 
individuals in two groups, one comprising the 
subpopulations 1 and 2 and the other containing 
the subpopulation 3. Therefore, the geographical 
distance may be influencing the distribution of 
individuals in the study area.

Figure 2 – Dendrogram obtained through UPGMA 
method based on the genetic distances expressed by 
the complement of Jaccard’s coefficient for the three 
subpopulations of Dorstenia elata from Atlantic 
Forest fragment of Espírito Santo, Brazil. Pink = 
Group 1; blue = Group 2 (Programa Genes - Cruz 
2016).

Figure 4 – Bar graph showing the two genetic groups 
identified by the analysis (k = 2). Red = Group 1; 
green = Group 2. The numbers 1, 2 and 3 correspond 
to the aggregates of individuals from each collected 
subpopulation.

Figure 3 – Analysis of hierarchical grouping by the 
simple linkage - nearest neighbor method, based 
on the rate of change in DK value for the three 
subpopulations of Dorstenia elata from Atlantic 
Forest fragment of Espírito Santo, Brazil.
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According to Wright (1951), values of FST 
corresponding to GST from 0.00 to 0.05 indicate 
low genetic differentiation; values from 0.051 
to 0.15 express moderate genetic differentiation; 
and values above 0.15 point to high genetic 
differentiation. The values of genetic differentiation 
found in the present work can be considered high 
enough to infer the occurrence of differentiation 
among populations.

Mathematically, the statistics ΦST is 
equivalent to the value of GST, being applicable 
to different levels of hierarchical classification, 
such as populations within a geographical region 
or subpopulations within populations, as seen 
here. Despite the difference in values found in the 
two analyses, both show that the greater part of 
the genetic variability is concentrated within the 
subpopulations.

The historical gene flow estimated among 
the populations of D. elata was 1.5271, considered 
to be low. When gene flow among populations 
or subpopulations exceeds four migrants per 
generation, homogenization of the alleles occurs, 
and the populations thus function as panmictic. 
The results of the present work show that the gene 
flow was not sufficient to counteract the effects 
of genetic drift, which may be related to the 
isolation of the subpopulations because of forest 
fragmentation.

The genetic divergence obtained through the 
estimates of GST for the subpopulations of D. elata 
suggests the existence of significant genetic drift, 
since the obtained value (11.8%) was superior to 
that found in species with allogamous reproductive 
system (Loveless & Hamrick 1984; Moraes & 
Derbyshire 2002). This may be due to the low rates 
of gene flow among the subpopulations, which may 
thus fit the scenario where genetic drift overcomes 
the effects of gene flow.

The results from the analysis of genetic 
variation partitioning are in agreement with the 
assessment of genetic dissimilarity, which was 
calculated using the UPGMA method (Fig. 2) as 
well as Nei’s genetic distance, obtained by the 
simple linkage method (Fig. 3). According to 
Zanella et al. (2012), the combination of spatial 
distribution of the individuals and reproduction 
system may influence the levels of diversity, the 
homogenization of the populations, and hence   
increase the divergence among them. Overall, 
the obtained results suggest high distinction 
among the three populations based on the genetic 

differentiation value of ΦST = 0.4247, possibly 
indicating a state of isolation among them.

ISSR markers proved to be suitable for 
analysis of genetic diversity in D. elata, identifying 
high levels of intrapopulation polymorphism. 
The genetic diversity estimated by the indices 
of Shannon and Nei presented elevated values, 
which may be related to the good conservation 
status of the species in the sampled areas. The 
genetic differentiation among the populations is 
remarkably high, probably indicating very low 
historical gene flow among the sampled areas. 
Gene flow is present within the populations and 
contributes to the maintenance of the genetic 
diversity and preservation of the species in its 
habitat.
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