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Abstract

The oil palm is a plant that produces vegetable oil and is pollinated by insects. It can grow for many years. To study the population structure
trends and genetic diversity of 150 oil palm lines from Indian indigenous collections. A total of 54 SSR loci were used to amplify DNA from
150 oil palm samples. The amplification results revealed a considerable degree of genetic heterogeneity among oil palm individuals based
on 54 polymorphic microsatellite loci. The average PIC value for all polymorphic loci across oil palm genotypes was 0.44, ranging from
0.19 to 0.78. However, the mixing of different genotypes was better explained by the SSR markers. Of the 54 SSRs examined in this
study, mEgCIR0246, mEgCIR3358, mEgCIR0782, and mEgCIR0779 show a respectably high degree of polymorphism. The mean of
Heterozygosity (Ho) was 0.28 and 150 genotypes were split into two main groups using unweighted pair-group technique. The oil palm
lines were found to have originated from two separate sources. The SSR method was found to be effective and reliable for measuring the
genetic diversity in oil palm. Knowing about genetic diversity and how different populations are structured is very important for managing

genetic resources in a way that helps future breeding programs.
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Introduction

The oil palm belongs to Arecaceae family and is
scientifically called Elaeis guineensis Jacq. (2n=32). It
is also referred to as the oil king of the world (Babu et al.,
2021). This is the most edible vegetable oil yielding crop,
producing up to 4.0-6.0 metric tons per hectare per year
with proper agricultural management (Henson & Harun,
2005). It has 16 pairs of chromosomes and the estimated
haploid genome size is about 1.8 gigabytes, as reported
by Singh et al. (2013). The Dutch imported seeds of oil
palm from African country during 1848, and four seedlings
were planted at Java Bogor Botanical Gardens, Indonesia.
Commercial oil palm farming started in Malaysia in 1917
(Corley & Tinker, 2003). Malaysia, Nigeria, Indonesia,
Ecuador, Thailand, Colombia, Papua New Guinea, Cote
d’Ivoire, Congo, and India are the top countries in the world
for producing oil palm. Indonesia is the top producer of palm
oil, with a total output of 32.60 million tons and an average
yield of 3.57 metric tons per hectare. Malaysia ranks second
with about 18.93 million tons produced and a productivity
rate of 3.83 metric tons per hectare, according to Bhagya
et al. (2020). India brought in 12.71 million tons of edible
oil during the 2014-15 period, and out of that, 70% was
palm oil, according to Bhagya ef al. (2020). There hasn’t
been enough study on the oil palm variety using DNA
markers like isozymes, RAPDs, and RFLP as mentioned in
the references by Hayati et al. (2004), Maizura et al. (2006)
and Barcelos ef al. (2000). In genetic research, it is crucial
to examine DNA sequence variation.

The great diversity of oil palm germplasm can be
investigated for desirable features in order to produce new
types using molecular breeding methods. Genome-based
tests, such as molecular markers, are seen as useful tools
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for studying ecosystems genetically, understanding how
populations are structured, measuring genetic diversity,
and helping in selecting plants with good genetic diversity
through markers. These methods are supported by studies
from Zaki et al. (2012), Zhou et al. (2015), Babu et al,,
(2023) and Bhagya et al. (2024)., Simple sequence repeats
are considered one of the best and most effective molecular
markers available today. This is because they have strong
inheritance patterns, can have many different forms, are
located in specific places on chromosomes, mutate quickly
in genetics, and are easy to analyze. Additionally, SSRs
contain a lot of genetic information.

Research on molecular markers in oil palm has
offered insights into a multi-omics approach and offers
a foundation for more detailed future studies on oil palm
(Xu et al., 2024). Recently, molecular characterization of
indigenously collected oil palm genotypes of exotic sources
was carried out in India (Bhagya et al., 2018, 2019, 2020,
and 2024; Babu et al., 2021). Babu et al. (2019) created the
first microsatellite database for oil palm, called OpSatdb.
They worked on establishing and validating the entire
genome and specific microsatellite locations in the oil palm
species, Elaeis guineensis. The polymerase chain reaction,
in particular, facilitates their detection (Heckenberger, 2002;
Zhou et al., 2015). SSR markers have become one of the
most important and dependable tools for studying genetic
diversity and population structure in oil palm (Zhou et al.,
2015; Singh et al., 2008).

Material and methods

Planting material

The study included 150 oil palm germplasm lines
collected from different states in India, such as Tamil Nadu,



Andhra Pradesh, Karnataka, Maharashtra, and Andaman
Nicobar. These samples were kept at the field gene bank
of ICAR-IIOPR, which is the Indian Institute of Oil Palm
Research located in Pedavegi.

Extraction of DNA

DNA was taken from young, unwrapped oil palm
leaves that hadn’t been opened yet. A special method called
modified CTAB was used, which was first described by
Murray and Thomson (1980). To check the DNA’s quality, it
was run on a gel made from 0.8 percent agarose. The amount
of DNA was measured using a UV spectrophotometer and
then brought up to a concentration of 50 ng per microliter.
The DNA was stored in a freezer set at -20 degrees Celsius
for future use.

Amplification of PCR and electrophoresis

For the PCR reaction, 0.2 micromolar concentrations
of both forward and reverse primers, 2 microliters
of 2 mM dNTPs, 0.2 microliters of 0.2 U Taq DNA
polymerase (Invitrogen, USA), and approximately 50 ng
of template DNA were added to make up a total volume of
20 microliters. The amplification of the genomic SSR loci
was performed using a thermocycler (MJ Research, USA)
programmed for 35 cycles, each consisting of 30 seconds
at 94 °C, 30 seconds at varying annealing temperatures
specific to each primer, 1 minute at 72 °C, followed by a final
extension step of 10 minutes at 72 °C and holding at 4 °C.

To separate the PCR products, a 2.5% superfine
resolution (SFR) agarose gel was used. Electrophoresis
was completed after three hours at room temperature
with a voltage of 100 volts. After the gel was stained with
ethidium bromide, the bands were analyzed using the Bio
Imaging System (Bio-Rad, USA). For data analysis, only
the bands that showed the highest clarity and consistency
were considered. To ensure the reliability of the results, two
individuals independently repeated the PCR and scored the
bands. The molecular weight of each band was determined
using a 100-bp DNA ladder.

DNA analysis

The 54 SSR loci used in this study. Using Power Marker
V 3.0 (Liu & Muse, 2005), these SSRs were analyzed
across 150 germplasm lines to generate basic statistical
data, including PIC value, allelic richness, heterozygosity
(Ho), gene diversity (He), and inbreeding coefficient (f). The
tree was constructed using the CS Chord 1967 frequency
matrix and the Unweighted Pair Group Method Analysis
(UPGMA).

The gene flow and population structure among oil palm
accessions were examined using a model-based clustering
method available in the Structure v. 2.3.4 software package.

This method assumes that the sample contains
several subpopulations. According to the admixture model
(ALPHAPROPSD=0.20), an accession can belong to more
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than one subgroup. The number of subgroups (K) in the
entire population was determined by running the method
at different K values ranging from 1 to 10, and performing
5 independent runs for each K value. During the burn-in
phase, 100,000 replications were conducted.

Results

SSR polymorphism and genetic diversity

The SSR data was analyzed with a 100-bp DNA ladder,
and the findings were then used for further studies on
population structure and genetic diversity. Figure 1 shows
the banding pattern observed in 150 oil palm genotypes at
the SSR locus mEgCIR3358. Power markers were used
to evaluate the PIC value, allelic richness, heterozygosity,
inbreeding coefficient, and gene diversity (He) (Table 1).
The chance that two alleles picked at random from the
population are different is called gene diversity. Anticipated
heterozygosity (He) is a common term used to describe it.
The diversity of genes ranged between 0.21 and 0.81, with
an average of 0.52. In terms of heterozygosity, or observed
heterozygosity (Ho), an average of 0.28 was recorded, with
a range of 0.00 to 0.87.

The largest main allele frequency was discovered in the
SSR locus mEgCIR3232; the second-highest was found at
mEgCIR0192. Both of the two alleles (170 bp and 180 bp)
that distinguish the SSR locus mEgCIR3232—which has
amplified 150 oil-palm genotypes—appear at an 88%
frequency. The least common major frequency of alleles
was observed at the mEgCIR0246 SSR loci (260 bp at
24%), mEgCIR3400 (120 bp at 34%), SMG00217 (210 bp
at 39%), and SMGO00155 (260 bp at 39%). There is a
theoretical range of -1 to 1 for the inbreeding coefficient
(F). For landraces that are genetically heterozygous, there is
only one. At a single SSR locus, the inbreeding coefficient
ranged from -0.32 to 1.00.

Population structure

The LnP (D) value was used to group all the genotypes
and figure out the exact population structure (K). We tested
K values from one to ten, with ten iterations each. Figure 2
shows that K=2 had the highest change in InP (D) value. The

Table 1: Summary of SSR marker polymorphism and the most
informative loci identified among the 54 SSR markers

Parameter Value
Number of SSR loci analysed 54
Total alleles detected 169
Mean alleles per locus 3.13
Allele range per locus 2-6
Mean major allele frequency 0.58
Major allele frequency range 0.24-0.88
Mean expected heterozygosity (He) 0.52
Expected heterozygosity range 0.21-0.81
Mean observed heterozygosity (Ho) 0.28
Observed heterozygosity range 0.00-0.87
Mean polymorphism information content (PIC) 0.44
PIC range 0.19-0.78
Mean inbreeding coefficient (f) 0.47

Inbreeding coefficient range -0.32-1.00
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Figure 1: The banding pattern of 150 oil palm genotypes with the genomic SSR locus mEgCIR3358
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oil palm genotypes were divided into two groups based on
the ancestry inferred at K=2. The population structure found
using the STRUCTURE program (version 2.3.4) closely
matched the regional patterns seen in the phylogenetic tree
based on germplasm (Figure 3).
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The genetic population structure for a native collection
that included the oil palm genotype from five states was
evaluated using a list of 54 SSR loci distributed across all
chromosomes. The phylogenetic study showed a minimum
of two demographic groups, depending mostly on their
geographic origin. Gene flow between the two population
groups has also been detected by the phylogenetic analysis.

Discussion
SSR polymorphism and genetic diversity

In this study, the average He value was 0.52, which is
higher than the 0.437 found by Ting et al. (2010) using 15
SSR markers, but lower than the 0.644 reported by Bakoumé
et al. (2015) and the 0.762 from Okoye et al. (2016). Even
though some selection and breeding activities have been
conducted on the materials, the high mean values of He
observed in the oil palm samples indicate a significant level
of genetic diversity. The goal of oil palm breeding is to make



Journal of Plantation Crops, 54(1): 16-24

1.00
0.80
0.60
0.40
020
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
040
020
0.00

100 131 93 96 114 132 112 124 139 83 102 104
105 149 94 108 129 134 116 125 11 84 78 107

51 67 37 38 7 73 22 66 44 49 28 35

138 135 113 137 109 88 122 145 79 80 120 119 118

20 140 142 144 148 87 101 133 150 92 97 99

103 82 126 81 136 110 89 86

Figure 3: The population structure of oil palm genotypes (a and b) using genomic SSR loci

the best use of different agronomic traits while preventing
the negative effects of inbreeding, which can reduce yield.
Allelic variety is increased by the varied open-pollinated
germplasm found in natural oil palms.

Both the present study’s (He=0.21) and Ting et al.
(2010) findings (He=0.340) indicated that the native oil palm
germplasm at Pedavegi had low levels of genetic variation.
Similar findings on genetic diversity were observed for He,
which ranged from 0.153 to 0.643 (Okoye et al.,, 2016)
and from 0.109 to 0.261 (Hayati et al,, 2004). Hayati
et al. (2004) found that the highest value was observed
in the E. guineensis population from Cameroon in Africa,
with a mean of 0.261, while the lowest was recorded in the
E. guineensis population groups from Senegal, having a
mean of 0.109. Ong et al. (2015) found an average of 0.398.
In the current investigation, He varies between 0.21 and
0.81, suggesting that a wide range of genotypes, from low to
high genetic variation, are available. This implies that there
is potential for selecting extremely diverse material from
the oil palm germplasm that was indigenously collected by
the ICAR-IIOPR. The high mean values of He depicted the
high genetic variability in the oil palm samples evaluated in
the study, notwithstanding that the materials have undergone
some selection and breeding activity. In fact, the principle in
oil palm breeding is to exploit complementarities of different
agronomic traits while preventing inbreeding effects that
depress yield. Open-pollinated germplasm that prevails in
the natural oil palm is rich in diversity, thereby increasing
allelic diversity. Results of the present study (He = 0.21)
and the previous study by Ting et al. (2016) (He = 0.340)
revealed the presence of low genetic variation among
indigenous oil palm germplasm at Pedavegi.

Within a range of 0.00 to 0.87, the mean observed
heterozygosity (Ho) was 0.28. The SSR loci with the
highest heterozygosity were mEgCIR0555 (0.87),
mEgCIR3402 (0.65),and mEgCIR0878 (0.54). Nevertheless,
mEgCIR0268 had the lowest heterozygosity (0.00),
followed by mEgCIR3649 (0.01), mEgCIR3400 (0.02),

and mEgCIR3376. Heterozygosity values above the mean
were observed in twenty-eight SSR loci.

The SSR analysis revealed a marked difference
between the expected heterozygosity (He=0.52) and
the observed heterozygosity (Ho=0.28), indicating a
deficit of heterozygous individuals within the evaluated
germplasm. Such a pattern may be attributed to several
factors, including the narrow genetic base of cultivated
oil palm in India, repeated use of a limited number of elite
parental lines in breeding programmes, and population
subdivision among germplasm originating from different
breeding populations (Wahlund effect). The limited number
of founder introductions and subsequent selection for
superior agronomic traits may have further reduced allelic
recombination, resulting in lower observed heterozygosity.
Similar reductions in heterozygosity have been reported in
cultivated oil palm.

Low observed heterozygosity is due to narrow genetic
base and oil palm is selected from the same mother parents
unknowingly and due to cross pollinated nature, each
individual tree has been considered as single genotype in
the study with the same accessions and genotypically they
might have originated from same mother palm. According
to earlier research on oil palm (Ong et al., 2015), the
heterozygosity among the chosen genotypes of the plant
was found to be consistent.

The major allele frequency of the SSR locus
mEgCIR3232 was highest, whereas mEgCIR0192 was
second highest. All 150 oil palm genotypes were amplified
by the two alleles (170 bp and 180 bp) that differentiate the
SSR locus mEgCIR3232; the frequency of the 180 bp allele
was 88 per cent. The SSR loci with the lowest major allele
frequency were the mEgCIR0246 (260 bp, 24% frequency),
mEgCIR3400 (120 bp, 34% frequency), SMG00217 (210 bp,
39% frequency), and SMGO00155 (260 bp, 39% frequency).
These results were similar to those of previous investigations
on population organization and molecular characterization
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(Lanes et al., 2015). Arecaceae is the family that includes
the macaw palm (Acrocomia aculeata). Because these
alleles preserve the pertinent allelic variety required for
plant breeding, this is the explanation for their behaviour
(Odong et al., 2011).

Given the aforementioned findings, it was discovered
that loci exhibiting high PIC, He, and Ho displayed
decreased inbreeding coefficients, and vice versa. In a
frequently used population of Deli dura, Hardon (1970)
discovered a significantly substantial negative association
between the inbreeding coefficient and bunch yield. As Fx
increased, there was a noticeable decline in bunch number.
Only those traits linked to fitness seem to be affected by
inbreeding depression (Hill & Mackay, 1981).

The fixation index (f) varied from —0.32 to 1.00 across
loci, reflecting considerable variation in heterozygosity
among marker loci. Negative values indicate an excess
of heterozygotes at certain loci, whereas positive values
indicate heterozygote deficiency. Loci exhibiting an f value
of 1.00 showed complete absence of heterozygotes among
the evaluated accessions. This pattern is most likely due to
allele fixation within the sampled germplasm and may also
reflect the presence of null alleles, which can underestimate
heterozygosity in SSR analyses. Although null alleles
were not specifically evaluated in the present study, this
possibility should be considered when interpreting these
loci.

Based on the earlier SSR analysis, certain criteria
have been established to determine if a primer is highly
polymorphic. These criteria can be used in molecular
breeding programs for oil palm. They include a higher
PIC value, greater heterozygosity, high genetic diversity,
a lower frequency of the major allele, and a larger number
of polymorphic alleles.

Among the SSR loci evaluated, mEgCIR 0246 exhibited
the highest level of polymorphism, amplifying six alleles
with a polymorphic information content (PIC) of 0.78 and
expected heterozygosity (He) of 0.81, indicating excellent
discriminatory power for assessing genetic diversity.
The relatively high observed heterozygosity (Ho=0.45)
further suggests substantial allelic variation within the
germplasm. The low major allele frequency (24%) indicates
abalanced distribution of alleles, making this marker highly
effective for distinguishing among genotypes. The locus
mEgCIR3358 detected four alleles and recorded a PIC value
of 0.64, He of 0.70, and Ho of 0.44, with a major allele
frequency of 41%. These values indicate that this marker
possesses a high degree of informativeness and contributes
significantly to the assessment of genetic variability.
Similarly, mEgCIR0779 and mEgCIR0782 each amplified
five alleles, with identical PIC values of 0.61. The expected
heterozygosity was 0.68 and 0.67, respectively, while the
observed heterozygosity reached 0.42 for mEgCIR0779
and 0.47 for mEgCIR0782. Their moderate major allele
frequencies (40% and 43%, respectively) indicate good
allelic diversity and balanced allele distribution within the
population (Table 2).
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Table 2: Most informative SSR loci

SSR locus Alleles PIC He Ho  Major allele
frequency (%)
mEgCIR0246 6 0.78 0.81 045 24
mEgCIR3358 4 0.64 0.70 0.44 41
mEgCIR0779 5 0.61 0.68 042 40
mEgCIR0782 5 0.61 0.67 047 43

He=expected heterozygosity, Ho=observed heterozygosity,
PIC=polymorphism information content, f=inbreeding coefficient. The
four loci listed exhibited the highest PIC values and are therefore the
most informative markers identified in this study

Overall, these four loci demonstrated superior
informativeness compared with the remaining SSR markers,
as evidenced by their high PIC values (>0.60), elevated
gene diversity, and relatively low major allele frequencies.
According to the classification proposed by Botstein et al.
(1980), SSR markers with PIC values greater than 0.50
are considered highly informative, making these loci
particularly suitable for germplasm characterization, genetic
diversity analysis, population structure assessment, cultivar
identification, and marker-assisted breeding in oil palm.
Among them, mEgCIR0246 emerged as the most powerful
marker due to its highest allele number, greatest genetic
diversity, and lowest major allele frequency, highlighting
its potential for future molecular breeding and conservation
studies.

Babu ef al. (2014) observed that similar criteria
were taken into account while choosing the molecular
markers present in finger millet. Except for the SSR loci
mEgCIR0465 and mEgCIR0425, which were found to have
trimer repeat motifs (CCG), all of the polymorphic loci
under investigation demonstrated dimer repeat motifs. There
were 39 loci out of the 54 with the GA repeat motif. Repeat
motifs of GT, CA, and GTAT were found in the remaining
SSR loci. Babu et al. (2014) found the same results when
they studied the finger millet genotypes.

Using SSR markers, the 150 oil palm genotypes were
grouped into two main clusters, A and B (Fig. 4). Cluster B
contained 75 genotypes, while the primary cluster A also had
75 genotypes. Collections from five separate states make
up the A and B clusters. With mixes of several germplasm
lines, the main clusters once again created sub-clusters
among themselves.

The geographic proximity is likewise relatively close,
and the genotype admixture in the main clusters may have
resulted from the same parents crossing those genes. The
admixture of alleles between genotypes during genotype
crossing, breeding, and selection, as well as during the
domestication of oil palm accessions from one location to
another, may also be related to the four palms—sourced
from the Amsterdam Botanical Garden (Bogor)-that gave
rise to the modern oil palm industry worldwide (Abimbola
et al., 2016). These four palm trees were planted as
ornamental plants in Java in 1848 (Jalani, 2012). Rajanaidu
(1994) and Abimbola et al. (2016) were very worried about
this because it showed that the genetic diversity used to
grow oil palm in Malaysia was very limited.
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Figure 4: The dendrogram of one hundred and fifty oil palm genotypes as obtained from Power Marker software based on UPGMA analysis

The oil palm genetic material didn’t form groups that
could be clearly identified through cluster analysis. Some
plant types from the same area were grouped together,
and others from different areas were also grouped. This
indicates there’s no clear link between where the plants
came from, and similar results were seen in Abimbola et al.
(2016) and Sapey et al. (2017). According to Murthy and
Arunachalam (1966), the random way the plant types were
spread across different groups suggests that factors other
than location, like genetic changes over time, exchange of
plant materials, and natural or human-driven selection, are
behind the diversity seen.

Population structure

To obtain an accurate population structure (K), all
genotypes were grouped according to their LnP (D) values.
K values that range from one to ten (with ten cycles) were
examined. K 2 yielded the highest AK value. According to
Ong et al. (2015), the K value was 2. Previously, K=8 was
reported by Cochard et al. (2009), while K=5 was claimed
by Bakoumé et al. (2015). This implies that the diverse oil
palm germplasm from different countries exhibited a robust
population pattern. The results showed that, among the 150
oil palm genotypes, there was less germplasm exchange.

According to STRUCTURE analysis, there were
allele admixtures in 15 genotypes. Among these, the
genotype 1C0610007-141 was classified as Tenera.
I1C0610010-171 was identified as Dura, while IC0610010-
172 and IC0610010-178 were classified as Tenera. The
genotype 1C0610012-202 was also identified as Tenera,
whereas 1C0610041-253 belonged to the Pisifera fruit
form. The genotypes 1C0610026-114, IC0610019-80, and

1C0610017-B13 were classified as Dura. IC0610017-B16
and 1C0610020-B21 were identified as Tenera, while
1C0610020-B23 was classified as Pisifera. The genotypes
1C0610014-B26 and IC0610014-B28 belonged to the Dura
fruit form, and 1C0610029-B45 was classified as Tenera.
Overall, the admixture group comprised seven Tenera, six
Dura, and two Pisifera genotypes. The inferred ancestry at
K=2 suggested that the oil palm genotypes were grouped
into two populations. There was good correspondence
between the geographic pattern observed based on accession
in the phylogenetic tree and the population structure
identified using STRUCTURE software (STRUCTURE
v.2.3.4). Although the population groups corresponded
largely to geographic origins, there were some notable
exceptions.

Population 1 (G1) consisted of 78 indigenous oil
palm genotypes collected from Andaman and Nicobar,
Andhra Pradesh, Karnataka, Tamil Nadu, and Maharashtra.
Among 78, eight genotypes have admixture, viz., IC0610007-
141 with 35%, 1C0610017-B16 with 34%, 1C0610010-171
with 20%, 1C0610026-114 with 19%, 1C0610012-202 with
19%, 1C0610010-178 with 18%, and IC0610010-172 and
1C0610041-253 with 10% each. In G1, all the admixtures
observed belong to Andaman except [C0610041-253. The
population 2 (G2) consisted of 72 oil palm genotypes,
and among these, 7 genotypes had more admixtures,
which varied from 8% to 45%, viz., IC0610020-B21
and 1C0610017-B13 (45% each); 1C0610020-B23,
1C0610014-B28, and 1C0610014-B26 (25% each);
1C0610029-B45 (10%); and 1C0610019-80 (8%). The
admixture observed in G2 belongs to Andaman collections
except [C0610029-B45.
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Bayesian population structure analysis divided the oil
palm germplasm into two major genetic clusters (K = 2).
Cluster I mainly consisted of accessions sharing similar
pedigree backgrounds and breeding history, whereas Cluster
IT comprised genetically distinct accessions originating
from different breeding populations. The observed
clustering reflects historical breeding practices and the
use of a limited number of parental sources in developing
commercial planting materials. Although comprehensive
phenotypic information was not available for all accessions,
the identified genetic groups provide useful guidance
for selecting genetically divergent parents to maximize
heterosis and broaden the breeding population.

K suggested that there are two subpopulations in the
oil palm populations (AG001 and AGO008), but Ong et al.
(2015) discovered no strong subpopulation structure in
these populations. Andhra Pradesh, Andaman and Nicobar
Islands, Karnataka, Tamil Nadu, and Maharashtra were
the sources of 78 native oil palm genotypes that made up
Population 1 (G1). Of the 78, admixtures of 10% are present
in eight genotypes. With the exception of IC0610041-253,
all of the admixtures seen in G1 are Andaman. There were
72 oil palm genotypes in Population 2 (G2), and 7 of those
genotypes had higher admixtures, ranging from 8 to 45%.
The blend in G2 comes through the Andaman Islands. Ong
et al. (2015) validated the findings, revealing that 7% of the
variance occurred between populations.

The observed narrow genetic base in several accessions
is consistent with the historical origin of commercial oil
palm cultivation. Most cultivated germplasm worldwide
traces its ancestry to a very limited number of founder palms
introduced from West Africa and subsequently maintained
in the Amsterdam Botanical Garden before their distribution
to breeding programmes. This founder effect has contributed
to reduced genetic variability in cultivated populations and
is reflected in the clustering pattern observed in the present
study. The introduction of genetically diverse germplasm
from different geographical regions is therefore essential
for broadening the breeding pool and improving long-term
genetic gain.

Conclusion

The polymorphism levels of the mEgCIR0246,
mEgCIR3358, mEgCIR0782, and mEgCIR0779 markers in
the current study are significantly greater than those of the
other 54 SSRs, which makes them useful for mapping and
diversification studies in future breeding programs. Among
them, mEgCIR0246 emerged as the most powerful marker
due to its highest allele number, greatest genetic diversity,
and lowest major allele frequency, highlighting its potential
for future molecular breeding and conservation studies.
The 150 oil palm genotypes were divided into two major
clusters and two populations based on the findings for the
UPGMA clusters and population structure investigations.
We can infer from this result that the germplasm lines in our
field gene bank come from two different sources. Fifteen
genotypes, namely 1C0610007-141, IC0610017-B16,
1C0610010-171, IC0610026-114, 1C0610012-202,
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1C0610010-178, 1C0610010-172, 1C0610041-253,
1C0610020-B21, 1C0610017-B13, 1C0610020-B23,
1C0610014-B28, 1C0610014-B26, 1C0610029-B45, and
1C0610019-80, exhibited admixed ancestry, indicating the
presence of alleles derived from both genetic clusters. These
admixed genotypes represent valuable genetic resources and
may serve as promising parental materials for broadening
the genetic base and enhancing genetic gain in future oil
palm breeding programmes. When used to evaluate the
genetic diversity in oil palm, this SSR method has proven
to be both accurate and dependable. Creating effective
resource management plans will require an understanding
of population structure and genetic variation.
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