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Abstract
Hancornia speciosa Gomes is an important species from Brazil, distributed in the Cerrado, Caatinga and
Atlantic Rain Forest domains. Six botanical varieties are described for H. speciosa, of which are
distributed in different regions, however, currently, only two varieties are recognized (pubescens and
speciosa). Additionally the phylogeographic and phylogenetic studies have not been reported for H.
speciosa, which only phylogeographic study has been related for populations from the Cerrado domain.
Here we aimed to assesses the phylogeographical structure of H. speciosa and build the phylogenetic
tree using trnH-psbA sequences from chloroplast genome and six microsatellites loci of nuclear genome.
The results for chloroplast sequence showed 11 haplotypes and phylogenetic tree revealed two main
clades, which the first clade containing the botanical varieties H. speciosa var gardneri, H. speciosa var
pubescens and H. speciosa var cuyabensis and secund clade containing the botanical variety H.
speciosa var speciosa. The microsatellite analysis revealed on group containing botanical variety H.
speciosa var speciosa, while another group consisted of other botanical varieties. The phylogeographic
structure revealed five groups: two corresponded to variety H. speciosa var speciosa (individuals from
Caatinga and Atlantic Rain Forest domains) and other three groups contain the botanical varieties H.
speciosa var gardneri, H. speciosa var pubescens and H. speciosa var cuyabensis (individuals from
Cerrado domain). The genetic structure and phylogenetic data support the two recognized botanical
varieties of H. speciosa.

Introduction
The climatic oscillation has the main driver of the evolution and diversity, which contributes for biological
dispersion, genetic diversity and speciation (Hewitt 2004; Chen et al. 2008; Carnaval et al. 2009; Thomé et
al. 2010). In the Brazilian ecosystems, six biomes have been described, including the Atlantic Rain Forest
domain, Caatinga domain (seasonally dry tropical forest biome) and Cerrado domain (Neotropical
savanna). These biomes has differences, which the Atlantic Rain Forest domain is humid, with high
levels of precipitation and great biodiversity and endemism (Morellato and Haddad, 2000), and there are
ecoregions such as the Atlantic Coast Restingas (Assis et al. 2011), which the vegetation is composed of
elements from the Atlantic Rain Forest and the Cerrado, Caatinga and Amazonia (Sacramento et al. 2007;
Castro et al. 2012). The Cerrado is a savanna vegetation, found in dystrophic soils (latosols) and a
climate characterized by dry season, the vegetation is composed by high number of endemic plants,
which is an important biodiversity hotspot (Myers et al. 2000). The Brazilian Caatinga domain is
characterized by diverse types of vegetation and found geomorphologically different areas, of which can
act as barriers to gene flow (Moro et al. 2015).

The diversity of biomes has resulted in great diversity of species and high intraspecific diversity.
Remarkable, some species occurs in the Atlantic Rain forest, Cerrado and Caatinga, of which Hancornia
speciosa Gomes is one of the most notable. Hancornia speciosa is known as mangaba or mangabeira in
the vernacular language, belongs to the family Apocynaceae and is an economically important fruit
species, which the fruit is consumed in nature, sweet, ice-cream and juice (Silva Júnior and Lédo, 2006).
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Six botanical varieties are described: (1) H. speciosa var. speciosa Gomes, (2) H. speciosa var.
maximiliani A. DC., (3) H. speciosa var. cuyabensis Malme, (4) H. speciosa var. lundii A. DC., (5) H.
speciosa var. gardneri (A. DC.) Muell. Arg. and (6) H. speciosa var. pubescens (Nees. and Martius) Muell.
Arg. (Monachino, 1945). The identification of these botanical varieties is based in the morphological
characters; however, the origin of the genetic relationships and the putative hybrids of the botanical
varieties is not clear (Collevatii et al. 2016; Flores et al. 2017). The botanical varieties are dispersed in the
Atlantic Rain forest, Cerrado and Caatinga domains, of which the differences among biomes is suitable
for phylogeographic and phylogenetic studies, which may be useful to understand of the genetic
diversification of H speciosa. However, currently, only two varieties are recognized: pubescens and
speciosa, according to Koch et al. (2015).

Genetic studies have been described for H. speciosa using morphological (Ganga et al. 2010; Freitas et al.
2012; Nascimento et al. 2014; isoenzymatic (Martins et al. 2012) and molecular markers (Moura et al.
2011; Silva et al. 2011; Costa et al. 2011; Silva et al. 2012; Amorim et al. 2015; Collevatti et al. 2016; Costa
et al. 2017). Recent genetic population studies were performed in 28 populations from the Cerrado
domain, using seven microsatellite markers and showed isolation by distance and partially supported the
classification of the botanical varieties from Monachino (Collevatti et al. 2018). However, the complete
phylogenetic and phylogeographic studies is need in order to obtain robust inferences and understanding
of the relationships among putative botanical varieties as well the spatial distributions of H. speciosa.
Here we investigated the questions: (1) Are there phylogenetic supports for the botanical varieties of H.
speciosa? (2) Do genetic diversity show phylogeographic patterns associate with biomes? To answer
these questions, the present study analyzed the phylogeographic structure of H. speciosa using
sequences from the chloroplast genome and six nuclear microsatellite loci.

Material And Methods
Sampling and DNA extraction

Leaves were sampled in eight localities across to the three biomes. Three localities in the Cerrado (Goiás,
Minas Gerais and Maranhão), two in the Caatinga (Bahia and Ceará) and three from Atlantic forest
composed by localities Sergipe, Pernambuco and Paraíba. The samples correspond to a large area of
distribution of the species, allowing to obtain robust inferences about the evolution of the species (Figure
S1, in blue represent the distribution of specie and red represent the individuals sampled) Additionally,
nine individuals identified as the botanical varieties gardneri, pubescens and cuyabensis (three
individuals for each botanical variety) were sampled of the Active Germplasm Bank of Mangaba of the
Universidade Federal de Goiás.. DNA extraction was performed according to the protocol in Doyle and
Doyle (1990), and the quantity and quality of DNA were analyzed using 1% agarose gel electrophoresis.

cpDNA: amplification and sequencing

The amplification was performed for three regions of cpDNA (trnH-psbA intergenic spacer and matK and
rbcL genes) using primers described by Scarcelli et al. (2011). The reactions were performed in a total of
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50 μL, containing 5 μL reaction buffer, 1.5 mM MgCl2, 0.2 mM dNTP, 1.25 U Taq DNA polymerase, primers
(0.5 μM each) and 200 ng DNA. Amplifications were performed with an initial denaturation at 94 °C for 3
min, followed by 40 cycles at 94 °C for 30 s and annealing at 48 °C - 60 °C for 30 s, extension at 72 ºC for
1 min and a final extension at 72 °C for 10 min. PCR reactions were performed in a thermal cycler
(BioCycler) and PCR products were subjected to electrophoresis in 1% agarose gel to confirm
amplification. PCR products were sequenced using the BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems®) and analyzed by electrophoresis in a 3500 Genetic Analyzer (Applied Biosystems
Inc., Foster City, CA, USA).

cpDNA: haplotype analysis

Sequences were edited using the Geneious R9 software and aligned with MAFFT (Katoh et al. 2002)
implemented in Geneious. The alignment was performed using the default settings and optimized
manually when necessary. Haplotype diversity (h), nucleotide diversity (π) (Rogers and Harpending, 1992)
and mismatch distribution (Rogers and Harpending, 1992) were calculated using the DnaSP 5.10.01
software (Librado and Rozas, 2009). The mismatch distribution unimodal pattern is expected for
samples under recent demographic expansion and a multimodal pattern for populations at demographic
equilibrium.

The best-fit substitution model was obtained using the MEGA7 (Kumar et al. 2016) to help guide the
selection of a model for the molecular evolution of haplotypes, and the GTR+I+G model was used for
subsequent phylogenetic inferences using Bayesian analysis. This analysis was performed using Beast
v1.8.0 (Drummond and Rambaut, 2007), and the subsequent distribution was approximated using the
Markov Chain Monte Carlo method for 10 million generations. Convergence of parameters was assessed
using the Tracer 1.5 software (Rambaut and Drummond, 2009). Genealogic relationships between
haplotypes were estimated using the maximum parsimony statistical method (Templeton et al. 1992),
implemented in the R package ‘haplotypes’. The genetic relationships among species were also
investigated through a principal component analysis (PCA) using the function glPca in R
package adegenet (Jombart and Ahmed, 2011) and graphical obtained using the function plot3D” e “rgl.”

cpDNA: population structure

Spatial analysis of molecular variance was performed using the Spatial Analysis of Molecular Variation
(SAMOVA) software (Dupanloup et al. 2002). This approach uses the simulations to determine the
groups of populations (k) that are geographically homogeneous and that maximize the differences
between groups. The SAMOVA analyses were performed using 1000 permutations for k = {2, …, 8} groups.

Nuclear SSR (nSSR) amplification and genotyping

A set of six SSR markers developed by Rodrigues et al. (2015) was used for polymorphism analysis
(Table S2). The reactions were performed in a total volume of 50 μL containing 5 μL reaction buffer, 1.5
mM MgCl2, 0.2 mM dNTP, 1.25 U Taq DNA polymerase, primers (0.5 μM each) labeled with 5¢-FAN and
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200 ng DNA. Amplifications were performed with an initial denaturation at 95 °C for 10 min, followed by
15 cycles at 94 °C for 30 s and annealing at 55 °C–60 °C for 1 min; 20 additional at 89 ºC for 1 min and
annealing at 55 °C–60 °C for 1 min, extension at 72 ºC for 1 min and a final extension at 72 °C for 1 h.
PCR reactions were performed in a thermal cycler (BioCycler), and PCR products were subjected to
capillary electrophoresis in a 3500 Genetic Analyzer (Applied Biosystems Inc., Foster City, CA, USA), using
the GeneScanTM 600 Liz® (Applied Biosystems) as size standard.

nSSR analysis

The allele number (Na), expected heterozygosity (HE), observed heterozygosity (HO) and deviation from
Hardy–Weinberg equilibrium (HWE) were obtained using the R package Pegas (Paradis et al. 2017) and
the R package PopGenReport 3.0 (Gruber and Adamack, 2017). The minimum-spanning networks were
produced in the R package poppr 2.6.1 (Kamvar et al. 2014), using the genetic distance measure of Bruvo
et al. (2004) to examine the genetic relationships among multilocus microsatellite genotypes, and PCA
was produced in the R package adegenet (Jombart and Ahmed, 2011). The population structure was
estimated using the R package Geneland 2.0.9 (Estoup et al. 2007).

Results
Haplotype networks and phylogenetic analyses

Of the three chloroplast regions sequenced, only the trnH-psbA showed polymorphism in the 151 samples
analyzed, resulting in a total of 427 bp length. The analysis of the sequences revealed 11 haplotypes
(Table S1), haplotype diversity (h) of 0.683 ± 0.022 and the mean nucleotides diversity (π) of 0.00458 ±
0.004. The haplotypes were named using H letter and numbers from 1 to 11, of which H4, H5, H6, H7, H10
and H11 were private to variety H. speciosa var speciosa, H1 to variety H. speciosa var pubescens, H2, H3
and H9 to variety H. speciosa var gardneri and H8 to variety H. speciosa var cuyabensis (Figures 1 and 2).
Among the haplotypes private to variety H. speciosa var speciosa, the H4, H5, H6, and H7 were exclusive
from the Restinga, while haplotypes H10 and H11 were from the Cerrado domain. Markedly, haplotype H3
(H. speciosa var cuyabensis) was found dispersed in the Caatinga domain (Figure 2A).

The relationship among haplotypes using PCA shows clear support for botanical varieties delimitation in
H. speciosa (Figure 1A), where variety H. speciosa var speciosa was displayed in one group and the
varieties H. speciosa var gardneri, H. speciosa var cuyabensis and H. speciosa var pubescens in another
group. Among the varieties of the second group, variety H. speciosa var pubescens was separated from
varieties H. speciosa var gardneri and H. speciosa var cuyabensis (Figure 1A). The phylogenetic analyses
using Bayesian (Figure 1B), showed two main clades, of which one clade was constituted of varieties H.
speciosa var gardneri, H. speciosa var cuyabensis and H. speciosa var pubescens and another clade was
formed by variety speciosa (Figure 1B). Remarkedly, the variety H. speciosa var gardneri was found in the
first clade close to varieties H. speciosa var cuyabensis and H. speciosa var pubescens (Figure 1B).
According to the NETWORK results, haplotypes from variety H. speciosa var speciosa contained four
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nucleotide substitutions, while the haplotypes from H. speciosa var gardneri, H. speciosa var cuyabensis
and H. speciosa var pubescens showed one to three substitutions (Figure 2B).

nSSR analysis

A total of 176 samples were genotyped with six nSSR loci and the results displayed 138 alleles with 23
alleles on average by locus, ranging from 14 to 41 alleles/locus (Table S2). The observed heterozygosity
(HO) ranged from 0.34 to 0.79 and the expected heterozygosity (HE) ranged from 0.66 to 0.91. The genetic
relationships among genotypes using a minimum-spanning network showed that most of the genotypes
from H. speciosa var speciosa (individuals from Sergipe, Pernambuco, Paraíba and Maranhão) were
observed in a large cluster, while the genotypes from H. speciosa var gardneri, H. speciosa var cuyabensis
and H. speciosa var pubescens (individuals from Bahia, Ceará, Goiás, and Minas Gerais) were observed
in another large cluster (Figure 3A).

Within the H. speciosa var speciosa cluster, there is a separated sub cluster with abundance individuals
from Maranhão locality (Cerrado domain) and another sub cluster with individuals from Pernambuco,
Paraíba and Sergipe (Atlantic Coast Restingas). Another larger cluster showed a mixture of the other
varieties; however, a predominance of individuals from Bahia and Ceará (H. speciosa var gardneri) was
found in a sub cluster, while individuals from Goiás and Minas Gerais (H. speciosa var gardneri, H.
speciosa var cuyabensis and H. speciosa var pubescens) were observed in another sub cluster (Figure
3A). The relationship among genotypes using the PCA showed clear groups constituted by individuals of
H. speciosa var speciosa (individuals from Sergipe, Maranhão, Pernambuco and Paraíba) and another
group formed by individuals from H. speciosa var gardneri, H. speciosa var cuyabensis and H. speciosa
var pubescens (individuals from Bahia, Ceará, Goiás, and Minas Gerais) (Figure 3B).

Population genetic structure for cpDNA and nSSR

For cpDNA, the best description of population structure in the SAMOVA analysis was obtained when k = 5,
thereby enabling the identification of five population groups with FST = 0.94 (P < 0.001), comprising
93.9% of the variation between groups (Table 1). Group A contains the Paraíba, Pernambuco and Sergipe
localities and group B contains individuals from Maranhão locality. Both groups A and B correspond to
variety H. speciosa var speciosa from Coastal Tablelands Restingas and Cerrado domains, respectively.
Group C is characterized by individuals of H. speciosa var gardneri from Bahia and Ceará and groups D
and E contain individuals of H. speciosa var gardneri, H. speciosa var cuyabensis and H. speciosa var
pubescens from Goiás and Minas Gerais (Table 1, Figure 1A and Figure S1). The SAMOVA analysis for
nSSR among groups determined by cpDNA showed FST = 0.47 (P < 0.001), comprising 43.02% of the
variation between groups and 52.69% within of groups (Table 1). The mismatch distribution showed
populations at demographic equilibrium, of which the pairwise distribution displayed a typical
multimodal distribution to a model of sudden expansion (see Figure S2).

Discussion
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H. speciosa varieties relationships

Hancornia speciosa is spread in the Cerrado (tropical savanna) and Atlantic coast and here we show the
first complete phylogenetic and phylogeographic study using sequences from chloroplast DNA and SSR
data, including four botanical varieties and individuals from all regions where the species occurs. Our
findings show clear genetic differentiation among varieties of H. speciosa, of which H. speciosa var
speciosa shows high differentiation and distinct clade when compared with putative botanical varietes H.
speciosa var. cuyabensis, H. speciosa var. gardneri and H. speciosa var. pubescens. This clear
differentiation was observed using both chloroplast DNA sequence and SSR data. Among the varieties
from the south-west Cerrado domain, there was a lower distinction, in which the H. speciosa var.
cuyabensis was displayed in one clade and H. speciosa var. pubescens in another clade; however, H.
speciosa var. gardneri showed haplotypes close to H. speciosa var. cuyabensis or H. speciosa var.
pubescens, suggesting that H. speciosa var. gardneri may be originated by cross-pollination. The
hybridization among H. speciosa varieties was demonstrated by Collevatti et al. (2016), showing that
there is gene flow among botanical varieties.

The high similarity among individuals from the Cerrado domain was observed by Collevatti et al. (2018)
using SSR data, in which the varieties H. speciosa var. cuyabensis, H. speciosa var. gardneri and H.
speciosa var. pubescens generally clustered together. Other studies using chemometric analyses showed
that H. speciosa var speciosa differs from other varieties (Flores et al. 2017). Our phylogenetic analysis
shows correlation with morphological descriptions suggested by Monachino (1945), in which the
varieties H. speciosa var. gardneri and H. speciosa var. pubescens differ due to the presence of
pubescence in the leaves of H. speciosa var. pubescens (Monachino, 1945; Ganga et al. 2010). Our data
support two botanical varieties identified as H. speciosa var speciosa from Atlantic coast and and H.
speciosa var. pubescens from central Brazil. Two botanical varieties have been recognized by Koch et al.
(2015), which belong the H. speciosa var speciosa and H. speciosa var. pubescens. Studies using SSR
data (Collevatti et al. (2018) suggested partially support Monachino’s classification at least for the four
sampled varieties, however, our study we used samples from Caatinga and Atlantic forest domains and
two differences genetic data (sequence data from chloroplast and SSSr data from nuclear genome).

Phylogeographic structure

Phylogeographic structure in this work corroborates with the main phylogeographical patterns described
for the Cerrado domain, as reported for Dalbergia miscrolobium Benth (Fabaceae) (Novaes et al. 2013)
and for Qualea grandiflora Mart (Vochysiaceae) (Buzatti et al. 2018). Remarkably, the phylogeographical
patterns reveal a clear differentiation between the Cerrado domains and Atlantic Coast Restinga and
show a clear similarity to the Cerrado domain’s phylogeographic structure proposed by Collevatti et al.
(2018) using SSR markers for H. speciosa. However, our data contain individuals from Cerrado, from the
transition between Cerrado and Caatinga domains and from Atlantic Coast Restinga, including four
botanical varieties and complete spatial geographical distribution analyzed by SSR markers and
sequences from chloroplast DNA.
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The phylogeographic structure showed that H. speciosa var speciosa occurs in the Coastal Tablelands
and Restinga and in transitions areas between the Cerrado and Caatinga domains, while other botanical
varieties were exclusive in the Cerrado domain, except for H. speciosa var gardneri which was found in
the Caatinga domain from Bahia and Ceará. No samples of H. speciosa var speciosa from Central Brazil
were found in this study, possibly the H. speciosa var speciosa from Central Brazil is differente to found
in the Coastal Tablelands and Restinga. The structure from central Brazil showed that populations
clustered together, independent of botanical varieties, and this pattern was also found by Collevatti et al.
(2018) for populations from western Cerrado domains. However, we observed a separation between
individuals from Eastern and Western Central Cerrado domain. This separation in the Cerrado domain
may be explained by the different hypothesis involving climate, soil fertility, past climatic changes and
contact with other vegetation from the Atlantic Rain Forest, but our results suggest that some forces have
persisted and modeled the diversification of H. speciosa.

Genetic conservation

The genetic diversity of H. speciosa did not show random distribution in the geographical space and was
not separated by botanical varieties. There are four regions characterized by different lineages distributed
in the three botanical varieties. The first is located in the Atlantic Coast Restinga consisting of H.
speciosa var speciosa, whereas the second is located between Cerrado and Caatinga domains also
consisting of individuals of H. speciosa var speciosa. The third and fourth gene pools are located in
central Brazil, in the Eastern and Western Central Cerrado domains and are characterized by individuals
of H. speciosa var pubescens e H. speciosa var cuyabensis. The results have implications for
conservation, and it would be important to design strategies to conservation of the genetic diversity,
mainly in the Atlantic Coast Restinga, where the expansions of urban areas and agriculture have been
damaging the natural populations. Whereas two of six varieties reported by Monachino (1945); gardneri
and maximiliani were not found, although, the reported areas of occurrence have been examined.
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Tables
Table 1. Spatial Analysis of Molecular Variance (SAMOVA) between groups

Source of variation cpDNA   nSSR

Variance
Components

Percentage of
variation

  Variance
Components

Percentage of
variation

Among groups* 1.38 93.90   10.024 43.02

Among population
within groups

-0.0036 -0.025   1.0 4.29

Within populations 0.09353 6.34   12.28 52.69

Total 1.47 100   23.3 100

FST 0.94 (p<0.001) -   0.47 (p<0.001)  
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* Group A (Paraíba, Pernmbuco, Sergipe); Group B (Maranhão); Group C (Bahia, Ceará); Group D (Goiás);
Group E (Minas Gerais)  

Figures

Figure 1

Genetic relationships among haplotypes of the trnH-psbA sequence. (A) Principal component analysis
(PCA) revealing a three-dimensional distribution of Hancornia speciosa genotypes according to the
botanical varieties. (B) Phylogenetic analysis using Bayesian analysis, with support inferred by posterior
probability (here, represented in percentage).
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Figure 2

Patterns of distribution of Hancornia speciosa haplotypes. (A) Frequency of haplotypes for the trnH-psbA
intergenic spacer per region site. The size of the graphic is proportional to the size of the sample; the
coloured portions represent the Caatinga domain (pink), Cerrado domain (sky blue) and Atlantic Forest
domain (green). The colours on the pie graph correspond to haplotypes following the names in the legend
and SAMOVA groups, which are encircled by dotted lines. (B) Haplotypes network obtained by maximum
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parsimony statistics using the haplotype software. The sizes of the circles correspond to the proportion
of each haplotype and the names correspond to the botanical varieties.

Figure 3

Genetic relationships among genotypes of SSR loci. (A) Minimum-spanning network depicting the
distribution of Hancornia speciosa multilocus microsatellites. (B) Principal component analysis (PCA)
revealing a two-dimensional distribution of Hancornia speciosa genotypes
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