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GENETIC DIVERSITY AND STRUCTURE 
OF Oenocarpus mapora GERMPLASM 

CONSERVED AT EASTERN AMAZON1 
ELISA FERREIRA MOURA2, MARIA DO SOCORRO PADILHA DE OLIVEIRA3, 

DIEHGO TULOZA DA SILVA4, LÍGIA CRISTINE GONÇALVES PONTES5

ABSTRACT – The aim of this study was to evaluate the genetic diversity and structure in the germoplasm 
of Oenocarpus mapora conserved at Eastern Amazon. Thus, 88 individuals were genotyped with five 
microsatellite loci. These individuals belong to 24 accessions that were sampled in eight sample places 
of three Brazilian Amazon states conserved at the Active Germplasm Bank (AGB) of Embrapa Eastern 
Amazon. All loci were polymorphic and they generated 85 alleles with an average of 17 alleles per loci. 
Total genetic diversity (HE) was 0.48. Sample places were considered genetically distinct, with θp = 0.354. 
The analysis of molecular variance (AMOVA) identified that the genetic portion among areas was of 36.14% 
and within 63.86%. The Nei distances varied from 0.091 between Abaetetuba and Santo Antônio do Tauá, 
both in the state of Pará (PA), to 4.18, between Parintins, AM and Rio Branco, AC. By means of Bayesian 
analysis, it was identified nine clusters that compose the accessions of the germplasm bank, with different 
distributions among individuals. The study showed high fixation rates per sample area, which indicates that 
there may have been significant inbreeding or crossing among parental individuals. It suggests that future 
samples should be made of different plants in natural populations. Even though, it was verified that there is 
considerable genetic variation in the germplasm of O. mapora. 
Index terms: Arecaceae, molecular markers, microsatellites, plant genetic resources.

DIVERSIDADE E ESTRUTURAÇÃO GENÉTICA EM GERMOPLASMA
 DE Oenocarpus mapora CONSERVADO NA AMAZÔNIA ORIENTAL

RESUMO - O estudo teve como objetivo avaliar a diversidade e a estruturação genética em germoplasma 
de Oenocarpus mapora conservado na Amazônia Oriental. Para isso, foram genotipados com cinco locos 
microssatélites 88 indivíduos pertencentes a 24 acessos conservados no Banco Ativo de Germoplasma 
(BAG) da Embrapa Amazônia Oriental e coletados em oito locais distintos de três estados da Amazônia 
brasileira. Todos os locos foram polimórficos, gerando 85 alelos e média de 17 alelos por loco. A diversidade 
genética total (HE) foi de 0,48. As áreas de coleta foram consideradas geneticamente distintas, com θp = 
0,354. A análise de variância molecular (AMOVA) identificou que a porção de variação genética entre as 
áreas foi de 36,14%, e dentro, de 63,86%. As distâncias de Nei variaram de 0,091, entre as áreas de coleta 
de Abaetetuba e Santo Antônio do Tauá, no Estado do Pará, a 4,18, entre as áreas de coleta de Parintins, no 
Amazonas e Rio Branco, no Acre. Estudo por meio de abordagem bayesiana identificou a existência de nove 
populações que compõem as amostras do BAG analisado, com diferentes distribuições entre as amostras. 
O estudo mostrou alta taxa de endogamia por área de coleta, indicando que pode haver significativas taxas 
de autofecundação ou cruzamento aparentado nessa espécie, sugerindo que as coletas de amostras devam 
ser feitas de diferentes plantas nas populações naturais. Mesmo assim, foi identificado que há considerável 
variação genética no germoplasma de O. mapora avaliado. 
Termos para indexação: Arecaceae, marcador molecular, microssatélites, recursos genéticos vegetais.
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INTRODUCTION
Among the genus of palm species common 

in the Amazon that have potential for commercial 
use, the Oenocarpus species have notable 
characteristics. Five Oenocarpus species occur in 
the Amazon Forest. The species O. mapora, also 
known as ‘bacabi’ or ‘bacabinha’, is relevant for its 
use in food, which is obtained from its fruits and 
palm-of-heart. The fruit pulp produces a beverage 
that is much appreciated and can be locally 
consumed or commercially exploited. Its heart-of-
palm also has fine organoleptic characteristics. In 
addition, oil can be obtained similar to the olive 
oil from its fruits (BALICK, 1986). This palm 
species is largely used by local communities where 
it is abundant (ZAMBRANA et al., 2007), but its 
market is still local. 

Although descriptions mention that O. 
mapora in Brazil occurs only in the West of the 
Brazilian Amazonia, which includes the state of 
Acre and the Southwest of the state of Amazonas 
(BALICK, 1986; LORENZI et al., 2010), samples 
were collected in the East, precisely on the Northeast 
of the state of Pará and in the borders of Pará and 
Amazonas. 

The possibility to maintain a part of genetic 
variability of O. mapora on germplasm banks 
reduces the risks of lost due to environmental 
degradation. For this to be obtained, the phase of 
genetic variation analysis is crucial to establish 
sample strategies and procedures for conservation 
and management (CIBRIAN-JARAMILLO et 
al., 2013). From 1984 to 1992, Embrapa Eastern 
Amazon realized samples of Oenocarpus species 
in several sites of Amazonia, including samples 
of O. mapora, to establish a germplasm bank in 
its facilities. Nowadays, this bank represents the 
only source of genetic resources of these species in 
Brazil, and possibly in the world. 

The genetic study of samples collected 
in different sites allows evaluating the level of 
genetic variation structure and the possibility of 
genetic erosion (CIBRIAN-JARAMILLO et al., 
2013). This information allows the identification 
of critical sites for sample in order to establish and 
enrich germplasm banks and help to conduct in situ 
conservation programs. 

Microsatellite markers or SSRs (single 
sequence repeats) are sequences of one to six base 
pairs that occur in great abundance in the genome of 
eukaryotes. In addition to the great abundance, SSR 
markers are commonly homogeneously distributed 
in the genome, generate great information per locus 

and have high reproducibility (KALIA et al., 2011). 
They also permit to estimate several population 
genetic parameters due to their multiallelism and 
codominant heritage. Microsatellite have been 
used to evaluate the population dynamics of palm 
species (OTTEWELL et al., 2012), to generate 
information for palm management (NAMOFF et 
al., 2011; NAZARENO; REIS, 2014) and in the 
analysis of genetic variation kept on germplasm 
banks (OLIVEIRA et al., 2010). 

 Thus, the aim of this study was to verify 
the genetic diversity and structure of germplasm of 
O. mapora conserved at a germplasm bank from 
Eastern Amazon. 

MATERIAL AND METHODS 

The Oenocarpus complex Germplasm Bank 
of Embrapa Eastern Amazon was established based 
on samplings between 1984 and 1992. Samples were 
obtained in the Brazilian States of Acre, Amazonas 
and Pará. The bank is located in Belém, Pará, 
Brazil, 15 km from the local Embrapa head office. 
In each sample area, fruits were sampled from each 
matrix plant, which represents an accession. Thus, 
each accession from the germplasm bank represents 
an open-pollinated family. 

To estimate the genetic variability of O. 
mapora maintained in the bank, we selected 88 
plants, which belonged to 24 accessions from eight 
different sample areas (Table 1). Figure 1 shows the 
sample places. Total genomic DNA was extracted 
according to a procedure similar to that of Doyle and 
Doyle (1990). Leaflets were macerated with liquid 
nitrogen, and polyvinylpyrrolidone (PVP) and 3 mL 
CTAB extraction buffer (2% CTAB, 5 M NaCl, 0.5 
M EDTA, PVP, 1 M Tris-HCl, and sterile water) 
were added to the macerate. The macerate was 
homogenized and incubated in hot water bath at 65 
°C for 1 h. Afterwards, chloroform:isoamyl alcohol 
(24:1) was added followed by homogenization, and 
the sample were centrifuged for 10 min at 10,000 
rpm. Three milliliters of 95% ethyl alcohol was 
added to the supernatant to precipitate the DNA, and 
the samples were centrifuged for 10 min at 10,000 
rpm. Next, the precipitate was washed with 70% 
ethyl alcohol for 10 min and centrifuged at 5000 
rpm. DNA samples were resuspended in 300 μL TE 
buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and 
RNAse. DNA was quantified on a 1% agarose gel 
using lambda phage DNA as a standard, at different 
concentrations (50, 100 and 200 ng μL-1). 

For PCR reactions, it was used five 
microsatellite primers: AG5-5#12, developed by 
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Lepsch-Cunha et al. (2003), and Ob03, Ob07, 
Ob15 and Ob17, by Montufar et al. (2007). 
PCR was performed in a final volume of 20 μL, 
containing 30 ng genomic DNA, 50 μM of each 
dNTP, 0.1 μM primer (forward and reverse), 1.0 
mg mL-1 BSA (bovine serum albumin), 0.6 U Taq 
DNA polymerase (Invitrogen, Brazil) and reaction 
buffer containing 1 mM MgCl2 supplied by the 
manufacturer. Reactions were carried out in 0.2 
mL microtubes and amplified on an Amplitherm 
TX96 thermocycler programmed according to 
Montufar et al. (2007). Annealing temperatures 
varied from 56 to 59 oC. Reaction products were 
run in vertical electrophoresis in 6% acrylamide gel 
and stained with silver nitrate. Gels were visually 
interpreted and each primer represented one locus 
and each band with a different pattern of migration 
represented an allele. 

The power of discrimination of the primers 
used was accessed by their combined probability 
of identity and combined power of discrimination, 
using their probabilities of identity (PI) and 
of exclusion (PE), calculated on GenAlEx 6.5 
(PEAKALL; SMOUSE, 2012).

It was estimated the parameters of genetic 
diversity for all individuals and for each sample area: 
total number of alleles, polymorphic loci, average 
of alleles, average of effective alleles, observed 
and expected heterozygosities and fixation index 
using GenAlEx 6.5. The structuring of the genetic 
variability was evaluated employing F , θp, and f 
parameters (WEIR; COCKERHAM, 1984), which 
are analogous to the WRIGHT (1951) FIT, FST, and 
FIS statistics, respectively, using the FSTAT 2.9.3.2 
software (GOUDET, 2002). Confidence intervals at 
95% probability were obtained for the parameters 
by bootstrapping 1,000 replicates. The genetic 
distances among each pair of sample areas based 
on Nei’s (1972) were realized on TFPGA program 
(MILLER, 1997). The significance of Nei’s 
genetic distances was tested by the permutation 
of individuals among groups. It was verified the 
partition of total genetic variation among and 
within sample areas using AMOVA (EXCOFFIER; 
SMOUSE; QUATTRO, 1992) using ARLEQUIN 
3.5 program (EXCOFFIER; LISCHER, 2010).

The assignment of individuals to populations 
and relatedness among populations were assessed 
with Structure 2.2 software (PRITCHARD et al., 
2000). The admixture model and the recessive 
alleles model without prior population information 
were used. Following a burn-in period of 250,000, 
six independent runs were carried out for each value 
of K (from 1 to 10) with 250,000 repeats. The true 

value of K (∆K) was chosen according to Evanno 
et al. (2005).

  RESULTS AND DISCUSSION

The five primers used were polymorphic. 
They generated a total of 85 alleles, with a mean 
of 17.00 alleles per locus and ranging from 12 
(AG5-5#12) to 26 alleles (Ob03) (Table 2). These 
values are comparable to those obtained for Attalea 
phalerata, a palm common in the South and West 
of Amazon (CHOO et al., 2010), where the average 
of alleles was 12.1, with 3 to 25 alleles per locus. 
For Butia eriospatha, sampled in Brazilian South, 
the average of alleles was 4.44, with 2 to 9 alleles 
per locus (NAZARENO; REIS, 2014). The loci 
AG05 and Ob03 presented the lowest (0.38) and 
the highest value (0.62), respectively, for expected 
heterozygosity, with a mean value of 0.48 for the 
five investigated loci. This value is comparable to 
that was found for other palm species, such as 0.467 
and 0.526 for Astrocaryum aculeatum (RAMOS et 
al., 2012), 0.49 for Butia eriospatha (NAZARENO;  
REIS, 2014), but above that was found for other 
species, such as 0.66 for Oenocarpus bataua 
(OTTEWELL et al., 2012) and 0.781 for Euterpe 
edulis (CONTE et al., 2008).

 The probability of identity (PI) corresponds 
to the probability that two individuals share the 
same multi-loci profile for a certain locus or a 
group of loci in a population. The probability that 
two genotypes with the same multiloci profile were 
identical by chance was of 6.01x10-8 (Table 2) and 
the power of exclusion considering the five loci was 
of 99.998%, which indicates the good power of 
resolution of the primers used. 

Estimates of parameters that were related 
to the genetic structure of the populations were: F 
=0.477, θp=0.354, and f =0.19 (Table 3). Considering 
that the confidence intervals did not include zero, 
the hypothesis that the respective parameters differ 
from zero was accepted.  The differentiation among 
sample areas was confirmed by AMOVA, where FST 
= 0.36** (Table 4). The portion of genetic variation 
among areas was 36.14% and within, 63.86%. This 
high differentiation rate among sample areas may be 
an effect of sampling, since for some sample areas, 
seeds were sampled from only one individual. The 
reproductive system of O. mapora was considered 
as allogamous and protandric type (KALUME et 
al., 2002), and species with this type of reproduction 
generally contain higher variation within sample 
areas. However, the high differentiation between 
the sample places of O. mapora may also be related 

^

^
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to the limited distances covered by beetles, their 
natural pollinators (COUTURIER et al., 2002; 
KUCHMEISTER et al., 1998).

The fixation indexes for each sample place 
varied from -0.29 in Itacoatiara, AM to 0.38 in 
Abaetetuba, PA (Table 5). The only place that did 
not show high fixation index was Santo Antônio do 
Tauá, PA with -0.06, and Itacoatiara, AM showed 
excess of heterozygotes (Table 5). All other sample 
places had high fixation indexes. Abaetetuba, PA had 
one of the greatest representativeness of individuals 
as source of seeds to compose the germplasm bank 
(Table 1), but it showed high f value. Studies with 
other palm species have also verified high levels 
of fixation indexes, even when bigger samples 
per population are used, as for Butia eriospatha 
(NAZARENO; REIS, 2014), Pseudopheonix 
ekmanii (NAMOFF et al., 2011) and Euterpe edulis 
(CONTE et al., 2008). However, in a study with a 
species of the same genus, Oenocarpus bataua, that 
has similar type of seed dispersion and pollination, 
and occurs in great agglomerations, a low fixation 
index was observed in a population highly sampled 
(OTTEWELL et al., 2012). Thus, the high fixation 
indexes may be an effect of seed sampling, most of 
them from a single plant that occurred isolated in the 
sample area. This may be indicative of inbreeding 
in the species, in cases where outcrossing was not 
possible. It also alerts for the need of new sampling 
based on a higher number of individuals for better 
representation. 

Considering the differentiation based 
on Nei’s (1972) distance, there was significant 
differentiation among all comparisons (Table 6). 
The estimative of genetic distance among Santo 
Antônio do Tauá, PA and Sena Madureira; AC 
could not be measured, since these populations had 
no alleles in common. The Nei’s genetic distances 
varied from 0.091, between Abaetetuba and Santo 
Antônio do Tauá, both in the state of Pará, to 4.18, 
between Parintins, AM and Rio Branco, AC. 

There were 44 private alleles; the majorities 
(23) for samples from Cruzeiro do Sul, AC (Table 
5). This could be an effect of the effective size of 
alleles for this sample area (4.96 against 10 alleles 
observed, Table 5). Colares, PA, was the only 
one that did not have private alleles. It highlights 
the importance to maintain accessions sampled 
in different places, since one of the objectives of 
germplasm banks is to conserve rare genotypes. 

The number of genetic groups, K, was 
calculated as nine by the method proposed by 
Evanno et al. (2005), based on calculations generated 
by Structure 2.3.3. (K=9; Figure 2). This number of 

groups was higher than sample places, which shows 
different genetic backgrounds in the composition 
of O. mapora individuals in the germplasm bank. 
In a previous study, Moura and Oliveira (2012) 
identified K=5 for the same sample areas when 
using RAPD markers, confirming the capacity of 
SSR markers to identify higher polymorphism. 
According to groups distribution, individuals 
sampled in Cruzeiro do Sul, AC represent the most 
heterogeneous material, with different genetic 
compositions. Part of this genetic composition was 
apparent in individuals sampled in Abaetetuba, 
PA, which also shared genetic composition with 
individuals from Parintins, AM. Individuals from 
Rio Branco, AC had genetic composition similar 
to Cruzeiro do Sul and Sena Madureira. It was 
observed that there was difference among sample 
places composition when samples were based on 
only one plant, such as for Itacoatiara, AM (green), 
Parintins, AM (brown) and Rio Branco, AC 
(yellow). Sample places where seeds were sampled 
from a larger number of plants had individuals 
with mixed genetic compositions (Figure 2). Some 
samples from Abaetetuba, PA shared the same 
composition of Cruzeiro do Sul, AC, which may 
have been an effect of introductions from Acre in 
the state of Pará. Samples from Colares, PA also 
had similarity with samples from Parintins, AM. 
According to Balick (1986) and Lorenzi (2010), the 
geographic range of O. mapora does not include 
the state of Pará. There are indications that plants 
of O. mapora occurring in the state of Pará are 
actually the result of introductions. This hypothesis 
is congruent with the fact that the seeds that were 
sampled to compose the germplasm bank were 
collected on farmers’ properties. Some individuals 
from Colares, PA shared similarity with individuals 
from Parintins, AM, which may have also been a 
result of introductions from this region, as observed 
by Moura and Oliveira (2012) with RAPD markers. 

Thus, it was verified that, although samples 
based on few trees in some sample areas, the 
genetic diversity maintained in the germplasm bank 
of O. mapora is high, with great potential for use 
in the genetic breeding program. The analysis with 
molecular markers has identified that the genotypes 
are differentiated by sample areas and that it is 
worthy to invest in new samples in the places less 
represented, since places more represented had 
higher genetic diversity. 
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TABLE 1- Number of individuals and accessions of Oenocarpus mapora per sample that composes the 
germplasm bank of Embrapa Eastern Amazon.

Sample place State Number of accessions Number of plants

Cruzeiro do Sul Acre 10 24

Rio Branco 1 5

Sena Madureira 1 7

Itacoatiara Amazonas 1 13

Parintins 2 8

Abaetetuba Pará 7 20

Colares 1 5

Santo Antônio do Tauá 1 6

Total 24 88

TABLE 2 - Genetic characteristics of the five microsatellite markers used to analyze the accessions of 
Oenocarpus mapora sampled in Brazilian Amazonia, showing, for each of them, the Genbank 
registration number, the allele size range (in bp), annealing temperature of the primer pairs 
(Ta), number of alleles per locus (A), probability of identity (PI), power of exclusion (PE), 
gene diversity (HE) and coefficient of endogamy (F). 

Loci GenBank Ta
Allele size 
range (bp) Allele number(A) PI PE HE F

Ob03 DQ455754 59 ºC 98-128 26 1.3x10-2 95.39% 0.62 0.22

Ob07 DQ455758 59 ºC 157-189 14 3.1x10-2 89.88% 0.48 -0.02

Ob15 DQ455766 58 ºC 200-222 17 3.9x10-2 87.67% 0.44 0.16

Ob17 DQ455768 59 ºC 125-159 16 7.4x10-2 79.43% 0.48 0.01

AG5-5#12 AY262721 56 ºC 104-121 12 5.1x10-2 84.27% 0.38 0.44

Total 6.0x10-8 99.99%

Mean 17.00 0.48 0.15

TABLE 3 -  Estimates of genetic parameters for eight sample places of Oenocarpus mapora that composes 
the germplasm bank of Embrapa Eastern Amazon. Confidence interval at 95% probability.

f θp F

Estimate 0.19 0.354 0.477

Lower limit (CI 95%) 0.078 0.289 0.387

Upper limit (CI 95%) 0.295 0.412 0.575

^

^
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TABLE 4 - Analysis of molecular variance (AMOVA) for 88 individuals of Oenocarpus mapora sampled 
in eight sample places in States of Brazilian Amazonia assessed with five microsatellite loci. 

Source of variation DF SS VC %TV

Among sample places 7 128.59 0.81 36.14

Within sample places 168 241.92 1.44 63.86

Total 175 370.51 2.25

Fixation index FST 0.36**

aDegrees of freedom (DF), sum of squares (SS), variance components (VC), percentage of total variation (%TV).** significant at 1% 
probability using 1023 permutations.

TABLE 5  - Genetic parameters estimated based on genotyping with five microsatellite loci for each sample 
area of individuals of Oenocarpus mapora conserved in the germplasm bank of Embrapa 
Eastern Amazon. 

Sample area N P Na Ne HE HO nP FIS 
Shannon 

index
Cruzeiro do Sul, AC 23.8 100% 10 4.96 0.74 0.65 23 0.12 1.79

Rio Branco, AC 5.0 100% 4.2 3.02 0.66 0.44 5 0.33 1.23

Sena Madureira, AC 7.0 60% 2.0 1.69 0.32 0.23 3 0.28 0.50

Itacoatiara, AM 13.0 100% 2.8 2.46 0.58 0.75 1 -0.29 0.93

Parintins, AM 8.0 60% 2.2 1.57 0.29 0.22 2 0.26 0.49

Abaetetuba, PA 20.0 100% 7.2 2.71 0.60 0.38 9 0.38 1.30

Colares, PA 5.0 80% 2.8 2.04 0.42 0.32 1 0.25 0.74

Santo Antônio do Tauá, PA 6.0 80% 2.2 1.37 0.24 0.27 0 -0.06 0.43

Total 44

N: average number of individuals, P: percentage of polymorphic loci, Na: Average number of alleles, Ne: average effective number of 
alleles, HE: expected heterozygosity, HO: observed heterozygosity, np: number of private alleles, FIS: index of fixation.  

TABLE 6 - Pairwise Nei’s genetic distances (1972) for sample places of Oenocarpus mapora in three 
States of Brazilian Amazonia, based on five microsatellite loci.

CS RB SM IT PA AB CO ST

CS 0.000**

RB 1.113** 0.000

SM 1.569** 0.633** 0.000

IT 0.812** 1.585** 2.621** 0.000

PA 3.104** 4.183** 3.614** 1.692** 0.000

AB 2.044** 1.577** 3.765** 1.839** 1.000** 0.000

CO 2.454** 3.453** 4.004** 2.403** 0.651** 0.330** 0.000

ST 3.918** 1.911** nc 2.228** 0.651** 0.091* 0.287** 0.000

**Significant at P<0.01 after 1000 permutations, nc = non calculated.
CS = Cruzeiro do Sul, AC (Acre); RB = Rio Branco, AC; SM = Sena Madureira, AC; IT = Itacoatiara, AM (Amazonas); PA = 
Parintins, AM; AB = Abaetetuba, PA (Pará); CO = Colares, PA; ST = Santo Antônio do Tauá, PA.
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FIGURE 1- Map of the North Region of Brazil. Spots indicate sample places of Oenocarpus mapora 
accessions analyzed in this study. 

FIGURE 2- Clustering of individuals was done using the Structure software at K = 9. Individuals are 
represented by vertical colored lines. The same color in distinct individuals indicates that 
they are from the same cluster. Different colors in the same individual indicate the percentage 
of the genome that is inherited from each cluster. CS = Cruzeiro do Sul, AC (Acre); RB = Rio 
Branco, AC; SM = Sena Madureira, AC; IT = Itacoatiara, AM (Amazonas); PA = Parintins, 
AM; AB = Abaetetuba, PA (Pará); CO = Colares, PA; ST = Santo Antônio do Tauá, PA. 
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