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ABSTRACT

The continuing fragmentation of forests has been a threat to the maintenance of genetic resources. Genetic diversity is fundamental
to the survival of species in natural environments in the long term, as well as being the basis for genetic improvement. The objective
of this study was to evaluate the genetic diversity in natural populations of Hancornia speciosa and to contribute to the development
of conservation strategies. We sampled 105 individuals of H. speciosa, distributed in seven populations. The ISSR (Inter-Simple Sequence
Repeat) markers provided 70 loci, of which 81% were polymorphic. The mean genetic diversity of Nei (h) was 0.19, and the Shannon index
(/) was 0.27. The h and / diversity indices ranged respectively from 0.16 to 0.24 in the PAD (Parque das Dunas) population and from 0.21
to 0.29 in MAC (Macaiba) population. Resulting from a Bayesian analysis, the genotypes were divided into four groups (K = 4). The allelic
diversity patterns observed indicated the occurrence of the genetic bottleneck in all populations, according to the stepwise mutation
model (SMM). The infinite allele model (IAM) revealed an imbalance between mutation and genetic drift only in the PAD population.
Genetic conservation strategies for H. speciosa should cover each genetic group that was differentially structured. We recommend in situ
conservation and the creation of germplasm banks, especially with the PAD population which demonstrated the lower genetic diversity
and decreased effective population size according to the two mutational models.

Index terms: Apocynaceae; genetic structure; genetic bottleneck; ISSR; mangabeira.

RESUMO

A continua fragmentacdo das florestas tem sido uma ameaca a manutencao dos recursos genéticos. A diversidade genética é fundamental
para a sobrevivéncia das espécies em ambientes naturais a longo prazo, além de ser a base para o melhoramento genético. O objetivo deste
estudo foi avaliar a diversidade genética em populag¢des naturais de Hancornia speciosa e contribuir para o desenvolvimento de estratégias
de conservagdo. Foram amostrados 105 individuos de H. speciosa, distribuidos em sete popula¢ées. Os marcadores ISSR (Entre Sequéncias
Simples Repetida) forneceram 70 loci, dos quais 81% foram polimérficos. A diversidade genética média de Nei (h) foi de 0,19 e o indice de
Shannon (/) foi de 0,27. Os indices de diversidade h e / variaram respectivamente de 0,16 a 0,24 na populacdo de PAD (Parque das Dunas) e de
0,21 a 0,29 na populagdo de MAC (Macaiba). De acordo com a anélise bayesiana, os genétipos foram divididos em quatro grupos (K = 4). Os
padrdes observados para diversidade alélica indicaram a ocorréncia de gargalo genético em todas as popula¢des, de acordo com o modelo
de passos de mutagdo (SMM). O modelo do alelo infinito (IAM) revelou um desequilibrio entre a mutacdo e a deriva genética apenas na
populacdo de PAD. Estratégias de conservacdo genética para H. speciosa devem abranger cada grupo genético diferencialmente estruturado.
Recomendamos a conservagao in situ e a criagdo de bancos de germoplasma, especialmente com a populagdo PAD que demonstrou a menor
diversidade genética e decréscimo no tamanho efetivo da populacdo conforme os dois modelos mutacionais.

Termos para indexag¢do: Apocynaceae; estrutura genética; gargalo genético; ISSR; mangabeira.

INTRODUTION

Hancornia speciosa Gomes belongs to the family
Apocynaceae, one of the largest families of angiosperms,
with about 366 genera and more than 5,100 species (Nazar
etal., 2013; Endress; Liede-Schumann; Meve, 2014). The
species is known as mangabeira and has a wide distribution
in Brazil. H. speciosa is reported from the coastal tableland
of the north east to the Cerrado of the mid-west, south

2018 | Lavras | Editora UFLA | www.editora.ufla.br | www.scielo.br/cagro

east and north regions (Koch et al., 2015). The genus
Hancornia is considered monotypic since it possesses
only one species (Almeida et al., 2016). In the north east
region of Brazil, towards the mid-west and the north, H.
speciosa var. speciosa Gomes occurs; in the south east H.
speciosa var. maximilliani (A. DC.) and H. speciosa var.
lundii (A. DC.) occur; in the mid-west H. speciosa var.
cuyabensis Malme occurs; and in the Central Region of
Brazil both H. speciosa var. gardneri (A. DC. Muell. Arg.)
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and H. speciosa var. pubescens (Nees & Martius) Muell.
Arg. occur (Collevatti et al., 2016).

North east Brazil is the region that produces the
most fruit, as known as mangaba, and the collection is
a predominantly extractive activity (IBGE, 2016). The
fruits are consumed mainly by the local populations in
the region where the tree occurs, with a wide diversity of
uses in the diet (Oliveira et al., 2017). Besides the socio-
economic role, fruit collection and commercialization
are a significant economic activity that contributes to the
income of the communities (Sa; Lédo; Lédo, 2011). In fact,
between 2015 and 2016, the quantity of fruit produced
1,600 tonnes in Brazil, with the value of about 3.65 million
BRL (equivalent to about 1.10 million USD) (IBGE,
2016). In addition to the sweet fruit, the roots, barks and
latex have the medicinal use (Oliveira et al., 2017). Latex
presents the biotechnological potential for the development
of new drugs, revealing a potential for future horticultural
and breeding programs (Arruda et al., 2016).

Strategies for the maintenance of forest resources
have been increasingly important due to the rapid loss of
natural habitats (Nascimento et al., 2012). The remaining
forests are widely fragmented and mostly located in areas
of monoculture and pasture (Moraes; De Mello; Toppa,
2017). Thus, the gene flow from the pollen exchange
between populations can be altered, as well as seed
dispersal (Vieira; Carvalho, 2008). In the north east of
Brazil, real estate speculation and the establishment of
monocultures such as coconut, sugar cane, extensive
livestock breeding, and various extractive activities are
constant threats to the genetic integrity of the natural
populations of H. speciosa. Efforts are needed to reconcile
conservation of the genetic resource and the sustainable
use of H. speciosa.

Genetic diversity is represented by distinct
alleles and genotypes found within and among the
populations. This variability is reflected in physiological
and morphological characteristics, being the basis of the
evolutionary potential of the species in response to human
disturbances (Mimura et al., 2017). In this sense, PCR-
based molecular markers (polymerase chain reaction)
are useful tools in detecting both polymorphism between
individuals and numerous variations at chromosomal
levels (Adhikari et al., 2017). Studies related to the
quantification of the genetic diversity of H. speciosa
are continuing (Costa et al., 2015; Soares et al., 2017).
Further research is needed to provide a broad overview of
the geographic distribution of genetic diversity (Almeida
et al., 2016), with implications for genetic conservation
and breeding.

Ciéncia e Agrotecnologia, 42(6):623-630, Nov/Dec. 2018

Among the factors that may influence the distribution
of genetic diversity is the reproductive system of the species,
which is closely related to the flow of pollen and seeds among
populations. Theoretically, the higher the flow, the less genetic
differentiation there will be between the populations. On the
other hand, low gene interchange increases the differentiation
among the populations (Ellstrand, 2014). The present work
aimed to evaluate the distribution of genetic diversity between
populations and the levels of genetic diversity and structuring,

MATERIAL AND METHODS

Target species

H. speciosa has nocturnal anthesis, as well as an
allogamous and self-incompatible reproductive system, hence
being an outcrossing species (Darrault; Schlindwein, 2005;
Collevatti et al., 2016). It has mass flowering, which can
promote a geitonogamy (self-pollination) (Pinto; Oliveira;
Schlindwein, 2008). H. speciosa requires biotic agents,
mainly moths, for pollination and hence for fruit production
(Collevatti etal., 2016). It presents, predominantly, zoochory
dispersion, with the hoary fox (Lycalopex vetulus) being
one of its dispersers (Dalponte; Lima, 1999). The seeds are
recalcitrant, and the propagation by asexual pathways is
uncommon (Santos et al., 2015), which hinders the production
of seedlings and natural regeneration.

Study site and sampling

All the populations sampled are in the eastern
coastal region of the State of Rio Grande do Norte, which
is in the Atlantic Forest domain (Figure 1).

Figure 1: Geographical location of populations of
Hancornia speciosa sampled in north eastern Brazil, in the
State of Rio Grande do Norte. The codes and coordinates
of the sampled populations are shown in Table 1.
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The region is characterized as coastal tableland,
where the characteristic vegetation is the Semi-deciduous
Seasonal Forest (Veloso; Rangel Filho; Lima, 1991).
Usually the soils are deep and of low natural fertility.
The region suffers intense anthropogenic action due
to the large human population density and agricultural
activities. The H. speciosa populations of the Parque da
Cidade (PAC) and of the Parque das Dunas (PAD) are
the only ones that are in areas of permanent protection.
The other populations are subject to greater levels of
both human impact and the effects of extraction of trees
and fruit.

Fifteen adult individuals were sampled in each
population, identified by the presence of flowers or fruits
(Table 1). The smallest geographical distance between the
populations is 3.6 km between PAC and PAD. The largest
distance is between the populations of PIU and TOU,
separated by 92.1 km (Table 2).

DNA extraction, PCR and electrophoresis

Samples were removed from the stem tissue in the
cambial region and packed in 2 mL plastic tubes, containing
CTAB 2X. Approximately 250 mg of the stem tissue was
used for the extraction, according to the method described
by Doyle and Doyle (1987), with some modifications.
PCR was performed on a Veriti™ Thermocycler (Applied
Biosystems, USA) following the protocol of Costa et al.
(2015). The ISSR primers used were the ISSR UBC808,
UBC810, UBC826, UBC827, UBC841 and UBC842,
which provided the best amplification profile and larger
numbers of loci for H. speciosa (Costa et al., 2015).

The electrophoresis was undertaken on 1.5% agarose
gel (v/v), in TAE buffer (1.0 X, Tris-Acetate-EDTA) and
100 V. The DNA molecular weight marker utilised was 1 kb.
The gels were photographed with ultraviolet light in Box™
VX2 (Vilber Lourmat, France), revealing DNA fragments
stained with GelRed™ (Biotium, USA).

Table 1: Sampled populations of Hancornia speciosa, population code (as in Figure 1), sample size, geographic

coordinates and altitude (m).

Population County Code Lat. /Long. Altitude
Caiana Ceara Mirim CAl 5°3521"S 35°16'27"0 45
Cotovelo Parnamirim coT 5°57'58"S 35°08'31"0 23
Macaiba Macaiba MAC 5°5319"S 35°21'29"0 46
Parque da Cidade Natal PAC 5°50'49"S 35°13'48"0 57
Parque das Dunas Natal PAD 5°51"18"S 35°11'54"0 40
Pium Nisia Floresta PIU 6°0020"S 35°11'54"0 63
Touros Touros TOU 5°13'41"S 35°30'28"0 25

Table 2: Genetic diversity in seven populations of Hancornia speciosa. The columns represent polymorphic loci
(L), percentage of polymorphic loci (%P), number of allele (na), effective number of alleles (Ne), genetic diversity of
Nei (h), Shannon index (/). The values shown in parentheses indicate the standard errors.

Population L/ %P na (se) Ne h /

CAl 31/44 1.44 (0.06) 1.34(0.05) 0.19(0.03) 0.27 (0.04)
coT 29/4 1.41 (0.06) 1.34 (0.05) 0.18 (0.03) 0.26 (0.04)
MAC 33/47 1.47 (0.06) 1.38 (0.05) 0.21 (0.03) 0.29 (0.04)
PAC 32/46 1.46 (0.06) 1.35(0.05) 0.19(0.03) 0.28 (0.04)
PAD 30/43 1.43(0.06) 1.28 (0.05) 0.16 (0.03) 0.24 (0.04)
PIU 30/43 1.43 (0.06) 1.37 (0.05) 0.20 (0.03) 0.28 (0.04)
TOU 32/46 1.46 (0.06) 1.35(0.05) 0.20 (0.03) 0.28 (0.04)
Total 57/ 81 1.81 (0.05) 1.49 (0.04) 0.29 (0.02) 0.43 (0.03)
Average 31/44 1.44(0.01) 1.35(0.01) 0.19 (0.01) 0.27 (0.01)
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Diversity and genetic structure

The genetic diversity was estimated using the
POPGENE 1.3 software (Yeh; Boyle, 1997), obtaining the
number of alleles observed (na), number of effective alleles
(ne), genetic diversity of Nei (%) and the Shannon Index (/).
The genetic diversity indexes (4 and /) were submitted to
ANOVA (Analysis of Variance) using Past 3.20 program
(Hammer; Harper; Ryan, 2001) to verify the statistical
difference between the populations. It was used the Kruskal-
Wallis ANOVA for non-parametric data, indicated by
previous analyses using the Lilliefors normality test.

The analysis of molecular variance (AMOVA) was
performed using the ARLEQUIN 3.5.2 software (Excoffier;
Lischer, 2010). The correlation between the geographic
distance (km) and the genetic distance (G,) was evaluated
by the Mantel (r,,) test using GenAlex 6.503 software
(Peakall; Smouse, 2012). The significance of the 7, test was
obtained through a Monte Carlo test with 999 permutations.

The Bayesian analysis was performed to estimate
the number of genetic groups (K) using the Structure 2.2
software (Pritchard; Stephens; Donnelly, 2000). Genetic
groups ranged from K = 1 to K= 7. The admixture ancestry
model was used, based on the frequency of the correlated
alleles. Ten independent runs were performed for each K. The
runs were performed with 500,000 Monte Carlo simulations
via Cadeia Markov (MCMC) and burn-in of 250,000. The
number of genetic groups (K) was identified according to
the model Log-likelihood of probability LnP(K) plus AK
method (Evanno; Regnaut; Goudet, 2005) as implemented
in the Structure Harvester program (Earl; vonHoldt, 2012).

Genetic bottlenecks

The Bottleneck 1.2.02 software (Luikart; Cornuet;
1999) was used to verify if there was a recent decrease in

the population size of the species (within the last tens of
generations, Van Rossum; Prentice, 2004). The infinite
allele model (IAM) and stepwise mutation model (SMM)
were used to infer the presence of a genetic bottleneck.
According to Luikart and Cornuet (1998), the most suitable
model for ISSR primers would be an intermediary between
IAM and SMM. Therefore, both models are recommended
for such analysis. The signal test (a = 0.05) was used to
indicate the presence of significant genetic bottlenecks.

RESULTS AND DISCUSSION

Genetic diversity and structuring

The total number of loci observed was 70, of which
57 (81%) were polymorphic. The average value obtained
for the effective number of alleles (ne) was 1.345, the
average genetic diversity of Nei (k) was 0.19, and the
average Shannon index (/) was 0.27 (Table 3).

The number of polymorphic loci of the sampled
populations was low, ranging from 29 (41%) in COT to
33 (47%) in MAC. This low index is indicative of low
genetic diversity. According to the Kruskal-Wallis test (H),
the seven populations showed no statistical differences
between the genetic diversity indexes of & (H = 1.604, P
=0.925) and / (H = 1.604, P =0.925).

The 4 value for H. speciosa (0.19) was lower than
expected for long-lived perennial and outcrossing species
(0.25 and 0.27, respectively) (Nybom, 2004). The differences
in genetic diversity indices among species are generally
associated with the unique life history of each species
(Fajardo; Vieira; Molina, 2014; Costa et al., 2015; Pinheiro
etal., 2017). For example, Souza and Lovato (2010) studied
two species of the genus Dimorphandra and found contrasting
diversity indices. The species D. mollis, which has a high
demographic density, presented average values of 4 (0.12)

Table 3: Estimates of genetic distances of Nei (G,;) below the diagonal, and geographical distance (km) above the
diagonal, between the populations of Hancornia speciosa. The minimum and maximum values are represented

in bold type.

CAl coT MAC PAC PAD PIU TOU
CAl 0 4417 34.39 28.87 30.52 46.36 47.62
coT 0.14 0 25.40 16.40 13.77 7.58 91.12
MAC 0.10 0.10 0 14.90 18.10 21.72 74.92
PAC 0.21 0.26 0.23 0 3.65 17.45 75.02
PAD 0.12 0.14 0.07 0.199 0 16.16 77.34
PIU 0.10 0.11 0.13 0.25 0.20 0 92.14
TOU 0.05 0.13 0.07 0.21 0.25 0.12 0
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and /(0.18), while the species D. wilsonii, at risk of extinction,
presented lower average values of /2 (0.05) and 7 (0.08).

Costa, Silva and Lédo (2011), using dominant
RAPD markers in H. speciosa, obtained mean values for
h of 0.17 and I of 0.25, which are similar to the means
found in the present study. The reduced values of genetic
diversity in H. speciosa should be monitored and quantified
in several other populations, as they can reflect the
anthropogenic pressure and genetic erosion (Yokomizo;
Maia; Da Trindade, 2017).

The AMOVA revealed more variation within the
populations (75%) than between them (25%) (Table 4).
The values obtained are in accordance with the pattern
found in other studies with cross-pollinating, tree species
(Nybom, 2004; Costa; Silva; Lédo, 2011; Pinheiro et
al., 2017). The genetic diversity maintained within and
between populations is a function of historical events and
recent evolutionary processes (Lee et al., 2002). Cross-
fertilized species tend to retain a higher genetic diversity
within populations (Nybom, 2004). Endangered species
that have low population density present higher variability

among populations than within them, due to loss of alleles
by genetic drift (Souza; Lovato, 2010).

The mean G was 0.16. The PAD and TOU populations
showed the highest genetic distance (G, = 0.25), while the
TOU and CAI populations were more genetically similar
(0.05) (Table 2). However, the Mantel test indicated an absence
of correlation between genetic and geographic distance
matrices (r=-0.19; P=0.30). These results indicate a random
distribution of genotypes among populations and currently
are not associated with isolation by distance. Probably the
fragmentation and spatial isolation of the populations are
relatively recent events and so have not created a pattern of
geographic isolation of genotypes. Although the dispersal of
pollen by moths is short-distance, the dispersion of H. speciosa
seeds by hoary foxes could have contributed to the maintenance
of the historical gene flow among populations.

Bayesian analysis

Four genetic groups (K = 4, Figure 2) were
observed, indicated by the highest values of LnP(K) and
AK. The seven populations sampled were structured in
four distinct groups (Figure 3).

Table 4: Molecular analysis of variance (AMOVA) in populations of Hancornia speciosa. The columns indicate df:
degrees of freedom and SS sum of squared deviations, and ®_: is the genetic differentiation.

Source of variation df SS Variance component Total variance (%)
Among populations 6 119.4 1.10 25
Within populations 98 327.7 3.34 75
Total 104 6.34 4.45 100
>, 0.25
-3600 25
-3700 A
-3800 / n \ 20
75 0900 m'./ i \ - 15
2’-4000 // '," “‘. \\ ﬁ
= 4100 L - 10
-4200 // ;’I .
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Number of K

Figure 2: Bayesian analysis indicating K = 4 according to the average probabilities of LnP(K) and AK (Evanno,

Regnaut and Goudet, 2005).

Ciéncia e Agrotecnologia, 42(6):623-630, Nov/Dec. 2018



628

FAJARDO, C. G. et al.

The PAD population presented a low proportion of
distinct genotypes, reunited in a single group, confirming
its larger differentiation. The same was observed for
COT population. The CAI, PIU and MAC populations,
in addition to PAC and TOU, can be seen to be more
genetically similar. The genetic structure observed is
consistent with the Mantel test, which showed no relation
between the geographical and genetic distance of the
populations.

Genetic bottleneck

All populations presented significant bottlenecks in
the SMM model (Table 5). The PAD population presented
a significant bottleneck in both IAM and SMM models.
Recent decreases in effective population size favour a
faster reduction in allelic richness than in heterozygosity.
This effect is a consequence of the imbalance between
mutation and genetic drift (Cornuet; Luikart, 1996). The

nsgo
0.80
040

020

identification of populations that have gone through a
genetic bottleneck is fundamental for the adoption of
strategies that aim to circumvent the effects of an effective
reduction of population size and the risk of extinction (Lee
et al., 2002).

Information about the levels and distribution
of genetic diversity are essential for the successful
management and preservation of populations of
endangered species (Fajardo; Vieira; Molina, 2016). The
scarcity of studies related to the reproductive ecology
of the species is another important fact to be considered
when aiming to conserve genetic resources. Being a
self-incompatible species, knowledge of the distribution
and habits of its dispersers and pollinators are essential.
These studies are necessary to support the development
of strategies that aim at maintaining the reproductive
dynamics of the H. speciosa in its wide geographical
range.

PAC TOU cot PAD

Figure 3: Genetic structure according to the Bayesian analysis and proportion of the genotypes in the seven
populations sampled. Populations are delimited by the dark vertical bar. The four different colours indicate the
four groups.

Table 5: Bottleneck tests for the populations of Hancornia speciosa using IAM and SMM models. The columns
are n = expected number of loci with excess heterozygosity under the respective model; Hd/He = number of loci
with a deficit of heterozygosity and excess heterozygosity; P = probability; * and ** = significant at the 5 and 1%
probability, respectively.

Populagdes AM SMM
n Hd/He P n Hd/He P
CAl 32 41/28 0.21 39 41/28 0.00%*
coT 31 41/28 0.26 38 41/28 0.01**
MAC 32 39/30 0.33 39 40/29 0.01*
PAC 31 41/28 0.24 38 43/26 0.00%*
PAD 32 47/22 0.01** 38 47/22 0.00**
PIU 32 40/29 0.28 38 41/28 0.01**
TOU 32 40/29 0.30 39 40/29 0.01*
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CONCLUSIONS

The genetic diversity values presented lead to the
recommendation that immediate in-situ conservation of the
studied populations is required. The low levels of genetic
diversity observed, the frequency of forest fragmentation,
and of the increase of the anthropogenic activities are
threats to the maintenance of the genetic resources of the
H. speciosa populations. Besides, the occurrence of a
significant genetic bottleneck in all populations suggests
the need to create germplasm banks that capture the genetic
diversity of this species. Thus, it can be possible to ensure
the maintenance of ex-sifu genetic variability so as to
assist in genetic improvement of the in-situ populations
of H. speciosa.
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