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Abstract-This study aimed to estimate the genetic diversity of three Elaeis guineensis populations
in Rio Grande do Norte state, as well as to verify the decreases in effective population size. The
population with the highest polymorphism was MAT (Mata) with+ 57 loci (72%), followed by
RIA (Riacho) with 54 loci (68%) and HOR (Horta) with 34 loci (43.03%). The RIA population
was shown to be the most genetically diverse, with Nei (2= 0.28) and Shannon (/= 0.41) diversity
indices. There was high genetic differentiation among populations (AMOVA, analysis of molecular
variance = 42%), which was separated into three distinct genetic groups according to a Bayesian
analysis. There was a significant population decrease (P < 0.05) for the HOR population in the
IAM (infinite allele model) and SMM (stepwise mutation model), and for the RIA population
in the JAM. The data obtained in this study may support ex-situ conservation projects for Elaeis
guineensis, contributing to the selection of genotypes and their sustainable use.

Index terms: Molecular Marker, Bottleneck, ISSR, Conservation.
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(co) T

de Elaeis guineensis Jacquin (Arecaceae)

Resumo-Este trabalho objetivou estimar a diversidade genética de trés populagdes de Elaeis
guineensis no Estado do Rio Grande do Norte, bem como verificar a diminui¢do do tamanho
efetivo da populagdo. A populagdo com maior polimorfismo foi a MAT (Mata) com 57 locos
(72%), seguida pela RIA (Riacho), com 54 locos (68%), e HOR (Horta), com 34 locos (43,03%).
A populacdo RIA mostrou-se a mais diversificada geneticamente, com indices de diversidade
de Nei (& = 0,28) e indice de Shannon (/ = 0,41). Houve alta diferenciacdo genética entre as
populacdes (AMOVA, analise de varidncia molecular = 42%), que foi separada em trés grupos
genéticos distintos, de acordo com uma analise bayesiana. Houve uma diminuigao significativa da
populagao (P <0,05) para a populagdo HOR no modelo IAM (modelo de alelos infinitos) e SMM
(modelo de passos de muta¢do), e para a populacdo RIA no IAM. Os dados obtidos neste estudo
podem apoiar projetos de conservacgio exsitu para Elaeis guineensis, contribuindo para a sele¢ao
de genotipos e seu uso sustentavel.

Termos para indexacio: Marcadores Moleculares, Gargalo Genético, ISSR, Conservagio.
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Introduction

Plants in the Arecaceae family are amongst
the most economically important species in Brazilian
forests. In addition to having a direct relationship with the
agricultural sector, these species have several non-timber
forest products of economic and ecological importance
such as leaves, fruits, seeds and oils (MARTINS et al.,
2012). The Elaeis guineensis palm tree is popularly known
as oil palm. Its economic prominence is due to its oil,
being one of the world’s leading sources of vegetable oil.
(FERREIRA etal., 2012; USDA, 2012). E. guineensis oil
can be extracted from both the fruit (palm oil) and the nut
(palm kernel oil). It has several uses in the pharmaceutical
and food industry, as well as for producing biofuels
(ABREU; OLIVEIRA; GUERRA, 2010). As it comes
from a renewable energy source, palm oil can be used as
biodiesel (KUSS et al., 2015).

Planting E. guineensis on different soils and its
use for various activities means that it is increasingly
important to consider ex-situ conservation of this species
(CHAGAS etal., 2015). Research with palm trees has been
significantly growing over the years, demonstrating the
importance of understanding the genetic and ecological
aspects of the species (CHAGAS et al., 2015; FAURBY
etal., 2016).

Through genetic studies of forest populations,
knowledge about the genetic variability and the distribution
of genotypes in space have been useful for both genetic
conservation and genetic improvement (BRANDAO
et al., 2011). Genetic diversity can be estimated by
molecular markers, currently focused on ISSR markers
(Inter-Sequence Simple Repeats). ISSRs are useful in
detecting polymorphism because they have low cost, are
abundant in the genome and easily repeatable between
laboratories, therefore being frequently used in population
genetics studies (ADHIKARI et al., 2017). Among the
factors that can influence population genetic diversity
are recent anthropic action, the population size, the
population isolation, gene flow, reproductive system and
environmental events (VIEGAS et al., 2011).

This study was aimed at analysing the genetic
diversity in Elaeis guineensis populations through ISSR
molecular markers. It also aims to detect the occurrence
of possible population genetic bottlenecks.

Material and methods

Study site

The study was carried out in three E. guineensis
populations located in the city of Macaiba, Rio Grande
do Norte (Table 1). The vegetation has transition zones
and areas of Caatinga, and some fragments of Atlantic
forest are found.

An anthropogenic pressure scale was constructed
using the presence and intensity of the following items:
agricultural activity, ruminant and/or domestic animals,
selective cutting and erosion. Each of these factors was
assigned a score between 0 to 10. Using the formula: (3
x QN) + VM, where ) is the sum of all of the scores,
QN is the number of levels, and VM is the maximum
possible value in the total record of the factors, level one
was deemed to be the most preserved and the level five
the most degraded (SANTOS; VIEIRA, 2005).

Sampling

We sampled vegetal material of 43 E. guineensis
individuals. The plant tissue was stored in 2 mL plastic
tubes containing 2X CTAB (cetyltrimethylammonium
bromide), and subsequently stored in a freezer at -20 °C
until DNA extraction.

DNA extraction and PCR

We employed the efficient method described by
Doyle and Doyle (1987) to extract DNA, with some
adaptations. We used: 100 mM of Tris pH 8.0; 1.4 M of
NaCl; 20 mM of EDTA pH 8.0; 2% (p/v) CTAB; 1% (p/v)
PVP-40 and 0.2% (v/v) of B- mercaptoethanol preheated to
60 °C in a water bath. The extracted DNA was diluted to
TE (Tris-HC1 10 mM; EDTA mM pH 8.0) and quantified
in an Epoch™ and then diluted to 50 ng.L".

The polymerase chain reaction (PCR) was performed
with the use of six ISSR primers (from the University of
British Columbia, UBC primer set #9, Vancouver, Canada)
(Table 2). The PCR mix was composed of buffer (10 X),
BSA (1.0 mg.mL"), MgCl, (50 mM), dNTP (2.5 mM),
primer (2 uM), Taq polymerase (5.0 U.uL"), DNA and
ultrapure water, with a final volume of 12 pL. The PCRs
were performed in a Veriti™ thermal cycler. The sample
amplification program was 94 °C for 5 minutes, followed
by 37 cycles at 94 °C (15 seconds), 47 °C (30 seconds)
and 72 °C, for 1 minute. We included a final extension at
72 °C (7 minutes) with cooling at 4 °C. The PCR products
were submitted to electrophoresis on 1.5% (p/v) agarose
gel with TAE buffer (Tris-acetate-EDTA) and stained with
GelRed™., We applied a molecular weight DNA ladder of
1 kb. After electrophoresis, the gels were photographed
with ultraviolet light in E-Box™ VX2 equipment.

Data analysis

Genetic diversity

We constructed a binary matrix based on the
presence (1) and absence (0) of the loci. The parameters
of genetic diversity were analysed in the POPGENE 1.32
program (YEH et al., 1997), where the percentage of
polymorphic loci (P), number of alleles (Na), effective
number of alleles (Ne), Nei’s index (/) and Shannon index
(/) were obtained for the populations. The diversity indices
h and [ were submitted to analysis of variance (ANOVA)
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using BioEstat v.5.3 program (AYRES et al., 2007).

PIC value

The polymorphism information content (PIC) was
calculated to measure the efficiency of initiators used
in showing the polymorphism between individuals. We
used the formula proposed by Anderson et al. (1993) to
estimate the PIC:PICi=1- 3112} where P is the frequency
of the allele “j” in the marker “””. The value obtained at
the end of the calculation classifies the primers into three
categories, being “satisfactorily informative”, when PIC
is above 0.50; “moderately informative”, when PIC varies
between 0.25 and 0.50; and “less informative”, when the
value of PIC is below 0.25 (BOTSTEIN et al., 1980).

Population genetic structure

The analysis of molecular variance (AMOVA)
between the three populations was obtained employing
the ALERQUIM 3.1 program (EXCOFFIER et al., 1992),
the AMOVA estimates the population differentiation based
on molecular data. A dendrogram was constructed using
the NTSYS program (ROHLF, 1993) by the UPGMA
grouping method and concerning Nei’s genetic identity
(1978). Correlation between the genetic distance of Nei
and geographical distance was analysed by the Mantel test
using the PC-Ord 4.14 program (MCCUNE; MEFFORD,
1997) with 1,000 Monte Carlo permutations.

Bayesian Analysis

The number of genetic groups (K) was determined
through Bayesian analysis using the STRUCTURE
v.2.2 program (PRITCHARD et al., 2000). The value
of K ranged from 1 to 3, and was obtained employing
the admixture ancestry model based on correlated allele
frequencies. We used ten independent races for each
value of K. The races were performed to use the Monte
Carlo method with 250,000 random permutations via
Monte Carlo Markov Chain (MCMC) and burn-in of
500,000. The value of K was verified according to the AK
method, implemented in the Structure Harvester program
(EVANNO et al., 2005; EARL; VONHOLDT, 2012).

Genetic bottleneck

The significant decreases in the effective population
size were obtained in the Bottleneck 1.2.02 program
(CORNUET; LUIKART, 1996). The analysis is carried
out from allele frequency data and is based on the
principle that populations which have undergone a genetic
bottleneck present a reduced number of alleles (NEI;
ROYCHOUDHURY, 1974). The appropriate mutation
model for ISSR markers is the intermediary between the
infinite allele model (IAM) (KIMURA; CROW, 1964) and
the stepwise mutation model (SMM) (KIMURA; OTHA
(1978). Thus, the IAM and SMM models were used for

detecting bottlenecks in this work, where the signal test (a
=(.05) was used from the allele frequencies to point out
significant genetic bottlenecks (CORNUET; LUIKART,
1996).

Results and discussion

Genetic polymorphism and PIC value

The ISSR primers used generated 79 loci ranging
from 10 to 15 and averaging 13 per primer (Table 2). The
PIC values ranged from 0.48 to 0.50, with an average of
0.49, classifying the primers as moderately informative.
The primers with the highest PIC values were the UBC 825
and the UBC 826, followed by UBC 822, showing to be
efficient in detecting polymorphism between individuals
(Table 2).

A large number of loci were obtained from the use
of the few primers; a fact that contributed to developing
the research when a reduction in the cost and a minimum
amount of time were available for this study. Some studies
have shown that it is possible to discriminate between
genotypes and populations with a reduced number of
loci. For example, Hamza et al. (2012) studied the palm
tree Phoenix dactylifera L. with the use of six primers
and 43 loci. While in researching with the Butia genus
(Arecaceae), Gaieiro et al. (2011) selected five primers
which generated 74 loci. For the PIC, the average value of
0.49 indicates that the primers used are in the moderately
informative range, like that observed by Pinheiro et al.
(2017) in studies using ISSR markers with Copernicia
prunifera (Mill.) H.E. Moore.

Genetic diversity

Considering all populations, the number of
polymorphic loci was 78 (99%) (Table 3). The total
number of alleles observed was close to 2.00, and the
effective number of alleles was 1.66. Diversity indices had
means of 4 =0.24 and /= 0.35 (Table 3). The population
with the highest number of polymorphic loci was the
MAT, with 57 loci (72%), followed by RIA with 54 loci
(68%) and HOR with only 34 loci (43%). The number
of alleles (Na) and effective number of alleles (Ne) had
the same pattern. The MAT and RIA populations showed
no statistical difference between their genetic diversity
indices (& and [).

The HOR population had statistically lower
genetic diversity than the MAT and RIA populations. The
observed variation may have been due to the smallest
population size, the usage history of the species in the
region and the anthropogenic influences nearby. The
most significant genetic similarity between the RIA and
MAT populations suggests greater historical gene flow
between the two. These populations also have a higher
homogeneity of environments in their location. Both have
better conservation status according to the anthropogenic
pressure scale (Table 1), and have environmental factors in
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their favour such as the slope of the soil and watercourse
towards MAT-RIA. Although the slope of the land remains
the same for the HOR population, anthropogenic pressure
such as roads and civil construction isolate this population
from the others, and probably could lead to maintaining
genetic differentiation (NATHAN et al., 2017).

Population genetic structure

The lowest genetic distance observed was among
the MAT and RIA populations (0.24), and the most
significant genetic distance was among the HOR and
MAT populations (0.40) (Table 4). These two populations
also have a greater geographical distance from each other
(1.45 Km).

AMOVA indicated that there is a higher proportion
of genetic variability within populations (58%) than
among populations (42%) (Table 5). The Mantel test
revealed the existence of a positive correlation between
genetic and geographic distances between populations, but
which was not significant (» = 0.62; P> 0.05). According
to Lee et al. (2002), genetic diversity among and within
populations is a result of several historical events and
recent evolutionary processes. Isolated populations tend
to have low gene flow between them, and thus high
population differentiation.

The Cluster analysis (Figure 1) shows that the most
similar populations are MAT and RIA (0.79), which are
closer geographically, and probably makes it possible to
share alleles with each other. These two populations are
also more similar regarding the anthropogenic pressure
scale, both of which are more protected than HOR.

Bayesian analysis

The Bayesian analysis revealed the existence of
three distinct genetic groups (K = 3), according to the LnP
(D) and AK wvalues. The three groups (K = 3) indicated
that populations have distinct genotypes (Figure 2). It was
possible to verify the geographic distribution patterns of
genotypes through the Bayesian analysis, which presented
the formation of three groups. Although populations
are spatially close to each other, there is high genetic
differentiation, probably due to the anthropogenic actions
in the region to the cutting of individuals and the isolation
of populations.

Genetic bottleneck

We observed statistical significance in the IAM and
SMM models for the HOR population (Table 6). However,
a bottleneck for the RIA population was only detected in
the IAM model. The MAT population did not demonstrate
a genetic bottleneck in either model.

According to the IAM model, despite the RIA
population being the most genetically diverse population,
it suffered a significant population decrease. The two
models were both significant for the HOR population,
corroborating the low values of genetic diversity and

intense anthropic activity at the site. The construction
of roads, the building of houses, and land use for urban
and agricultural operations could all be the causes of the
occurrence of bottlenecks. Anthropogenic advance leads
to a decline in biodiversity and results in fragments of
isolated vegetation (NEWBOLD et al., 2015).

The increase in anthropogenic activities is probably
one of the main factors responsible for reducing the
Elaeis guineensis population, which perhaps diminishes
ecological interactions with damage to the maintenance
of the evolutionary potential in the long-term. When
species are not adapted to climatic and environmental
conditions, their survival is more difficult and subject to
stochastic events (BARRETT; KOHN, 1991; YOUNG
etal., 1996). According to Concei¢ao and Muller (2000),
Elaeis guineensis is a monoecious species. Asynchrony
in anthesis is common and makes it less likely that self-
pollination occurs, and that pollination mechanisms (wind,
insects, etc.) are available for gene flow both within and
between populations of this plant.

Implications for conservation and breeding

The data obtained in this study are essential
to support breeding and conservation projects of E.
guineensis in Brazil. It indicates that the determination
of priority populations for conservation is essential to
support the economic viability of cultivating E. guineensis.
For example, the RIA population presented large values
of diversity and should be prioritised in conservation
strategies because it shows significant population
decreases. Additionally, the HOR population presented
significant bottlenecks in both models and has low
diversity indexes, making it a priority for the conservation
of the remaining genetic resources. The information in this
study may support conservation projects for the species,
indicating priority populations and divergent genotypes
for implanting germplasm banks.

However, this study was only based on three E.
guineensis populations in one small area of Brazil. It
is still unknown how these populations relate to other
populations elsewhere in Brazil, or indeed to the other
palm oil producing areas of the world. However, these are
all non-native populations of a species which is endemic
to West Africa, and it remains unknown how much of the
genetic diversity of wild populations has been transported
around the world. Although we are advocating that
conservation of genetic diversity is important in Brazil, it
is also vital that the wild populations are also conserved. It
is this genetic resource, which only exists in West Africa,
which could be important in the future when genes are
required for ensuring resistance to fungal, bacteriological
or viral diseases, or to reduce damage by nematodes, mites,
insects or other potential pests. This conservation needs
to be considered in any country growing oil palms, but
is especially vital within the West African range of this
economically important species.
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Table 1. Population references, geographic coordinates, sample size () and anthropogenic pressure scale of the three
Elaeis guineensis populations.

Population Lat. /Long. n Vegetation Soil use Environment Anthropogenic
pressure
Riparian forest ~ Growing . .
HOR 5°52°58”S/35°21°477 0 13 and open vegetables Dec11v1ty.ar'1d high 4
(Horta) . . humidity
vegetation and logging
MAT 5953287 /35°21°10” O 15 Atlantic forest Agrlcultur'al ngh humidity and 3
(Mata) fragment edge use and trails organic matter content
Closed .
RIA® 50530067 /352174270 15 vegetationand ~ Roads River course, rocks 2
(Riacho) o and declivities
ciliary forest
Table 2. Summary of ISSR primers used, the nucleotide sequence, number of loci, and PIC value.
ISSR primers Sequence (5’ - 3’) Loci PIC
UBC 807 (AG)8-T AGA GAG AGA GAG AGA GT 15 0.49
UBC 822 (TC)8-A TCT CTC TCT CTC TCT CA 10 0.50
UBC 825 (AC)8-T ACACACACACACACACT 11 0.50
UBC 826 (AC)8C ACA CACACACACACACC 15 0.50
UBC 827 (AC)8G ACA CACACA CACACACG 14 0.48
UBC 857 (AC)8-YG ACA CACACA CACACACYG 14 0.49
Average 13 0.49
R = purine (A ou G) e Y = pyrimidine (C ou T)
Table 3. Measures of genetic diversity in Elaeis guineensis populations.
Populations polymorphic loci / % Na Ne h 1
HOR 34/43% 1.43+0.01 1.29+0.06 0.17+0.04 b 0.25+0.05 b
MAT 57172% 1.72+0.06 1.45+0.05 0.27+0.03 a 0.40+0.04 a
RIA 54/ 68% 1.68+0.06 1.45+0.05 0.284+0.03 a 0.41+£0.04 a
Average 48 /61% 1.61 1.40 0.24 0.35
Total 78 /99% 1.99+0.01 1.66+0.03 0.38+0.02 0.552+0.02

Polymorphic loci, percentage of polymorphic loci (%), number of alleles (Na), effective number of alleles (Ne), Nei’s index (%), and Shannon
index (/). The values represent the mean + standard error. The averages followed by the same letter in the column do not differ significantly
from each other by the Tukey Test at 5% probability.

Table 4. Estimates of the genetic distances of Nei (1978) below the diagonal, and geographic distance (Km) above
the diagonal between the Elaeis guineensis populations.

Populations HOR MAT RIA
HOR 0 1.45 0.39
MAT 0.40 0 1.06
RIA 0.25 0.24 0
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6 K. P. T. das Chagas et al.

Table 5. Analysis of molecular variance (AMOVA) among populations and between individuals within of the Elaeis
guineensis populations.

Source of variation df SS Variance component Percentage of variation P
Among populations 2 203.784 6.51 42% <0.00*
Within populations 40 354.123 8.85 58%

Total 42 55791 15.36 100%

Genetic differentiation Fst: 0.42
df: degrees of freedom; SS: sum of squared deviations; Fst: Genetic differentiation. P: probability.

Table 6. Bottleneck tests between mutation and genetic drift for the Elaeis guineensis populations in the IAM and
SMM models.

Populations IAM SMM
n He P n He P
HOR 34.75 27 0.05%* 43.50 27 0.00*
MAT 37.26 44 0.08 44.14 42 0.35
RIA 37.43 50 0.00* 44.52 47 0.33

n = expected number of loci with excess heterozygosity under the respective model; He = number of loci with excess heterozygosity; P =
probability; * = significant at 5% probability; IAM = infinite allele model and SMM = stepwise mutation model.

HOR

MAT

T | a7 o7s ot 0LEl
Net's Genetie Idenrity

Figure 1. UPGMA dendrogram based on Nei’s genetic identity between three Elaeis guineensis populations.
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o o o ©o
2 &5 2 8 =

Proportion of genotypes

o
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HOR

RIA

MAT

Figure 2. The genotypic proportion between the three Elaeis guineensis populations showing K = 3. The populations
are bounded by the vertical bars. The three different colours indicate the three distinct groups.
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