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Abstract  Article Info 

Oil palm genetic material bank of Cameroon is interested and well distributed in a lot of oil palm 

improvement research and producer centers of tropical area of the world. Using the Next 

Generation Sequencing, we sequenced the genome of 169 wild accessions, 25F1 tested 

progenies, 09 advanced parents and 01 oleifera individual. The assemble genome sequence 

contained 11,578 scaffolds for a total genome length candidates of 10.034362 Mb. A total of 

21,302 nucleotide polymorphism or genetic variations were discovered, from which 20,959 

single nucleotide substitutions or SNPs and 343 insertions/deletions or Indels were discovered, 

indicating the evidence of great diversity of nucleotides variants across the studied genome. The 

frequency of the single nucleotide substitution observed was 1 SNP in 471 bp. The number of 

transition point mutation events was more detected compare to the number of transversion, with 

the ratio of transition/transversion equal to 9.65. The investigation on the genetic population 

structure determined the best suitable K value at 3, referring the number of the major 

subpopulations. In addition, the result revealed that most of the individual studied genomes were 

admixed. Our data provide useful and valuable oil palm resource material for accelerating oil 

palm genetic improvement breeding program progress. 
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Introduction 

 
Oil palm (Elaeis guineensis Jacq.) is one of the most 

important oil bearing crops in the world. Palm oil is used 

in various products ranging from cooking oil and 

margarine to animal feeds, soaps and cosmetics. A recent 

escalation in global demand for palm oil is largely driven 

by its emerging role as a feed stock in biodiesel 

production (Mekhilef et al., 2011). In terms of yield per 

unit of planting area, oil palm is the most efficient oil 

yielding crop, producing roughly four tons of oil per 

hectare per year, exceeding the production of soybean by 

nearly tenfold. The rapid ascent of palm oil production in 

the past few years has eventually led to it over taking soy 

bean oil as the world's leading vegetable oil. Palm oil 

currently dominates the global vegetable oil economy, 

contributing about 36 % of the total world oil production 

(Gupta, 2011). Oil palm is a diploid monocotyledon with 

a chromosome complement of 2n =32 and belongs to the 

genus Elaeis and the family Palmae. There are two 
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commonly known species within the genus Elaeis: an 

economically important E. guineensis originating from 

West Africa and E. oleifera native to tropical Central and 

South America (Soh et al., 2010). Oil palm is an 

outcrossing species due to asynchronous maturation of 

male and female inflorescences. Based on a flow 

cytometric analysis, oil palm has an estimated haploid 

genome size of about 1800 Mb (Singh et al., 2013). 

Commercial breeding in oil palm began shortly after the 

introduction of palm seeds to Southeast Asia. Since then, 

considerable improvements have been achieved in both 

yield and quality characters (Corley and Lee, 1992). It 

has been estimated that 70% of the yield increases in oil 

palm plantation in the second half of the 19th century 

was attributed to cultivar improvement (Davidson, 

1993). Conventional breeding through recurrent selection 

has played a crucial role in yield enhancement. 

Unfortunately, oil palm requires at least 8 to10 years to 

achieve one breeding cycle. Its long generation time is 

considered a major obstacle in new cultivar 

development. The ability to identify individuals 

possessing desirable traits at a nearly stage will help save 

time and resources needed to develop superior varieties. 

One of the quantitative traits in oil palm that contributes 

directly to increase oil yield is fruit bunch weight (BW). 

Billotte et al., in 2010 attempted to locate the 

quantitative trait loci (QT L) affecting BW using a multi- 

parent linkage map consisting of 251 microsatellite 

markers. Nine QTL affecting BW were detected using a 

within-family or an across family model. More recently, 

Jeennor and Volkaert in 2014 employed a genetic map 

consisting of 89 microsatellites and 101 single nucleotide 

polymorphism (SNP) markers constructed from a 

mapping population of 69 progeny to identify a QTL 

associated with BW. Another valuable, yet often 

neglected, characteristic in oil palm is vertical height.  

 

Genetic diversity serves as a way for populations to 

adapt to changing environments. With more variation, it 

is more likely that some individuals in a population will 

possess variations of alleles that are suited for the 

environment. Those individuals are more likely to 

survive to produce offspring bearing that allele. The 

population will continue for more generations because of 

the success of these individuals (Sahney et al., 2010). It 

can be measured by the gene diversity representing the 

proportion of polymorphic loci across the genome; Also 

by the heterozygosity, which is the fraction of 

individuals in a population that are heterozygous for a 

particular locus. In addition, it can be also determined by 

the nucleotide diversity represented by the extent of 

nucleotide polymorphisms within a population, and is 

commonly measured through molecular markers such as 

micro- and minisatellite sequences, mitochondrial DNA 

and single-nucleotide polymorphisms (Kawabe et al., 

2014). When a population is divided into subpopulations, 

there is less heterozygosity than there would be if the 

population was undivided. High heterozygosity means 

lots of genetic variability. Low heterozygosity means 

little genetic variability. Often, the observed level of 

heterozygosity will be compared to what we expect 

under Hardy-Weinberg equilibrium (HWE). If the 

observed heterozygosity is lower than expected, we seek 

to attribute the discrepancy or divergence to forces such 

as inbreeding. If heterozygosity is higher than expected, 

we might suspect an isolate-breaking effect means the 

mixing of two previously isolated populations. Genetic 

data can be used to infer population structure and assign 

individuals to groups that often correspond with their 

self-identified geographical ancestry. Clustering of 

individuals is correlated with geographic origin or 

ancestry (Jorde and Wooding, 2004). Population 

stratification occurs when the study samples comprise 

multiple groups of individuals who differ systematically 

in both genetic ancestry and the phenotype under 

investigation. Two terms are relevant to a review of the 

estimation of ancestry: local ancestry and global 

ancestry. Local ancestry estimates the extent to which 

each person's genome is divided into chromosome 

segments of definite ancestral origin. Global ancestry 

estimates the proportion of ancestry from each 

contributing population, considered as an average over 

the individual's entire genome (Alexander et al., 2009). 

Spurious apparent associations would be due to 

differences in ancestry rather than true association of 

alleles to phenotypes (Cardon and Palmer, 2003). 

Admixture occurs when individuals from two or more 

previously isolated populations interbreed. The 

previously isolated populations are referred to as 

ancestral or parental and the newly formed population is 

referred to as admixed. In non-human species, the same 

process is often referred to as hybridization. Admixed or 

hybrid individuals have mixed ancestry. Admixture 

mapping is a method for capitalizing on recent admixture 

to correlate ancestry at genetic loci with a phenotype. 

From the admixture process or events, which should be 

started after two generations of interbreeding between 

previously isolated parental populations, chromosomes 

in admixed individuals are mosaics of ancestry (Shriner, 

2013). The advent of DNA-based genetic markers 

enabled plant breeders to accelerate their breeding 

programs through the utilization of marker-assisted 

selections. In the past two decades, several types of 

molecular markers have been developed in oil pa lm 
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(restriction fragment length polymorphisms, random 

amplified polymorphic DNAs, simple sequence repeats) 

and used in the construction of genetic linkage maps and 

various phylogenetic studies (Billote et al., 2001; 2005). 

Recently, attention has been geared toward the use of 

single nucleotide polymorphisms (SNPs) as genetic 

markers. The ubiquity of SNPs in eukaryotic genome and 

their usefulness as genetic markers has been well 

established over the last decade. SNP markers typically 

occur at frequencies of one per~100-500 bp in plant 

genomes, depending on the species, e.g. 1 SNP/ 490 bp 

in soybean (Choi et al., 2007) and 1 SNP/540 bp in pea 

(Leonforte et al., 2013). With rapid advancement in 

sequencing throughput together with an overall decrease 

in sequencing cost, next generation sequencing 

technologies have been applied to SNP identification in 

various plant species (Ganal et al., 2009). However, it 

remains costly to employ whole-genome sequencing to 

evaluate multiple individuals in a mapping population, 

especially for organisms with large genomes such as oil 

palm (1800 Mb). Reduced representation methods are 

extremely useful, not only because of their cost reducing 

aspects, but also because many research questions can be 

answered with a small set of markers and do not require 

every base of the genome to be sequenced. There are 

several techniques employed to reduce genome 

complexity and to capture only a fraction of the genome 

to be sequenced. Restriction -site -associated DNA 

sequencing (RAD-seq) was introduced by Miller et al., 

in 2007 and adapted to incorporate barcoding for 

multiplexing by Baird et al., in 2008. More recently, a 

less complicated method for constructing highly 

multiplexed reduced representation genotyping-by-

sequencing (GBS) libraries was proposed by Elshire et 

al., in 2011.  

 

GBS is an efficient strategy that can simultaneously 

detect and score tens of thousands of molecular markers. 

This technique has successfully been applied to high-

density genetic map construction and QTL mapping in 

several plant species (Poland et al., 2013). Currently 

available GBS protocols have also been customized to 

work with multiple sequencing platforms, including the 

Illumina GAII, Illumina HiSeq, Ion Torrent PGM and 

Proton (Mascher et al., 2013; Poland et al., 2013). More 

currently, the Next Generation Sequencing library 

preparation was performed by Next RAD (Nextera-

tagmented reductively-amplified DNA) to provide high 

significantly unbiased genotype data of loci scattered 

across the genome, giving high-quality SNP calls on 

limited available samples of interest (Mondjeli et al., 

2024). 

Genetic variation is the basis of genetic improvement. 

The draft genomes of Pisifera form of the species E. 

guineensis, and another species E. oleifera oil palm are 

available. The genome size of oil palm is 1.8 Gb. The 

genomic study of the oil palm germplasm collection of 

Cameroon has not been reported yet and the 

implementation of Next Generation Sequencing library 

preparation performed by Next RAD has lacking. 

Considerable contribution efforts oil palm populations 

have been confirmed in oil palm improvement breeding 

program of most of the oil palm producer countries. New 

explorations of wild oil palm population were done 

recently across the diverse regions of Cameroon. 

However, information about genome-wide genetic 

variation is still lacking. The objectives of this study 

were to determine the genome-wide overview of genetic 

variation and Stratification through genome-wide 

discovery of SNP markers. To our knowledge, this is the 

first attempt to apply the Next RAD technique to identify 

SNP markers in oil palm. 

 

Materials and Methods 

 

Collection of samples 

 

Two explorations of seven different geographical and 

ecological regions (forest and savannah area) of 

Cameroon were recently held in Cameroon by 

Colombian, Indonesian and Cameroonian researchers to 

collect and create a useful representative wild oil palm 

population in their respective oil palm research Centre 

for germplasm collection issue. A total of 177 wild oil 

palm accessions were collected and conserved in the 

germplasm. For this study, 204 oil palm leaflet samples 

(169 wild accessions, 25 F1 tested progenies, 09 

advanced parents and 01 oleifera individual) were 

collected from the Specialized Station for oil palm 

research La-dibamba of Cameroon and send to Indonesia 

in the biomolecular laboratory research Centre of PT. 

Astra Agro Lestari in Pangkalan Bun, Kalimantan. 

 
DNA Extraction 

 
DNA isolation was carried out using the modified 

Qiagen method in the Tissue Lyser II equipment. Oil 

palm fresh leaflet blade was cut for about 100 mg into 

small pieces using a pair of scissors, which was rinsed 

after each use. The piece of each samples was transferred 

into 1.2 ml collection tube containing 600 ul of GP1 

buffer, introduced also a bead into the same collection 

tube and seal that tube using collection tube cap. All the 
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oil palm collection tube samples was arranged into the 

collection tube holder, which was put into the holder 

adaptor of the Tissue Lyser II and run the apparatus after 

previously set the frequency at 30 Hz for 10 minutes.  

 
The running time was appreciated using a timer or 

chronometer. The collection tube holder was then 

released from the adaptor and introduced into the water 

bath at 65oC for 20 minutes. After the first 10 minutes 

interval, the collection tube holder was removed and 

inversed by shaking using hands (10 times) and inserted 

again into the water bath for the last 10 minutes. The 

incubation of TE buffer bottle was done by introducing it 

at the time with the collection tube holder into the same 

water bath for later use. The collection tube holder and 

the TE buffer bottle was taken out from the water bath 

and cooled down to room temperature. Each whole 

mixture was be now transferred into the new sterile 

collection tube of 2ml microtube. The Chloroform was 

added at 600 ul into each tube mixture after their 

introduction in the laminar air flow cabinet. The tubes of 

this new mixture was then inversed for 10 times. The 

tubes was then transferred to centrifuge and run at 12000 

rpm for 5 minutes. The liquid only was then introduced 

into new sterilized 2 ml microtube and centrifuged again 

at 12000 rpm for 5 minutes.  

 
The supernatant was carefully transferred into 2 ml 

microtube and 600 ul of GP2 was added to mix with the 

supernatant and inversed the tubes for 10 times. The 

whole mixture was then transferred into CB3 spin 

column which was previously inserted into 2 ml 

collection tube. They were both centrifuged at 12000 

rpm for 1 minute. The filtered supernatant was then 

discarded and the remaining mixture was transferred 

again into the same GB3 spin column then centrifuged 

also again at 12000 rpm for 1 minute and discard once 

more the filtered supernatant.  

 
The GD buffer was added for 500ul then centrifuged the 

tubes at 12000 rpm for 1 minute. The filtered supernatant 

was discarded again so that 600 ul of PW buffer was 

added into the tubes which was centrifuged at 12000 rpm 

for 1 minute. The filtered supernatant was discarded and 

this step should be repeated once more by adding 600 ul 

PW buffer into the same tubes and centrifuged at 12000 

rpm for 2 minutes. The CB3 spin column was now 

transferred into 1.5 ul microtube then 50 ul TE buffer 

was added into the center of the column and let stand it 

for 5 minutes on the collection tube holder, then 

centrifuged the tubes at 12000 rpm for 2 minutes. A total 

of 204 oil palm fresh leaflet extracted DNA was obtained 

and the stored into the freezer at - 20
o
C. 

 

DNA quantification and qualification 

 

DNA concentrations (ng/ul) was determined using the 

Nano Drop 2000 spectrophotometer by measuring the 

DNA absorbance at UV wavelength λ= 260.0 nm and 
280.0 nm. The optical density (OD) ratio at 260/280 was 

calculated to determine the DNA purity, which is related 

to DNA protein contamination. The electrophoresis 

process was run during 30 minutes with an electrical 

current tension of 100 volt. The gel was removed and 

stained in a solution of ethidium bromide for 5 to 10 

minutes, then rinsed with aquades and observed in the 

UV Transilluminator using a camera. 

 

Genome sequencing, assembly and quality 

Assessment 

 

High-quality genomic DNA was extracted from 204 leaf 

samples of wild types and advanced Dura and Tenera 

palms was prepared following the protocol 

recommendation of the NGS library preparation of Next 

RAD for genotype sequencing. 

 
Detection of SNPs and genetic variations in 204 oil 

palm genome candidates 

 
The detection of SNPs was performed using TASSEL 

5.2.33 software (Trait Analysis by Association, 

Evolution and Linkage), which was able to provide the 

genome information related to the nucleotide 

polymorphism, number and proportion of not missing 

variants, number and proportion of missing variants, 

number of gametes, number and proportion of not 

missing gametes, number and proportion of missing 

gametes, number and proportion of heterozygous loci, 

and the average minor allele frequency (MAF).  

 
To analyze the genetic structure and relationship between 

different oil palm genome candidates, Evanno Cross-

Entropy method was used to determine the best 

subpopulation K value of the studied population 

(Rubinstein, 1997; Rubinstein and Kroese, 2004), while 

SNiPlaysoftware was used to visualize the 

subpopulations or clusters with the same similarity 

across the genome. We performed a Principal Coordinate 

Analysis (PCoA) to examine the population structure. 
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Results and Discussion 

 

Genetic diversity in the Oil palm population genome 

of the study 

 

The genetic diversity is the total number of genetic 

characteristics in the genetic makeup of a species. It can 

be measured by the gene diversity representing the 

proportion of polymorphic loci across the genome, the 

heterozygosity, and also by the nucleotide diversity 

represented by the extent of nucleotide polymorphisms 

or SNPs variants within a population. 

 

SNP discovery and genotyping using Next RAD 

 

It is important to study the patterns and frequencies of 

mutations in the genome as these mutation events, which 

include nucleotide substitutions, insertions and deletions, 

provide the molecular basis of gene and genome 

evolution. The detection of all the genetic variation 

presents in a given oil palm genome was included: single 

nucleotide polymorphisms SNPs, small insertions and 

deletions (INDELs) and larger forms of structural 

variation.  

 

By using the next generation sequencing and the oil palm 

genomic DNA from 204 individuals (169 wild 

accessions, 25 F1 tested progenies, 09 advanced parents 

and 01 oleifera individual), the result of the study 

revealed that, the assemble genome sequence of the oil 

palm population candidate tree contained 11,578 

scaffolds for a total genome length candidates of 

10.034362 Mb. The raw results were able to display a 

total of 912,447,003 quality control (QC) passed reads 

covering length of sequence data, with an average of 

4,472,779.43 reads per sample and the mean read depth 

of 58.96. 

 

From the raw hapmap (Figure 1) read genome sequence, 

89.85% of the total sequence bases were able to align 

unique locations on the reference genome and 10.15% 

were missing. This current hapmap of the Cameroon oil 

palm DNA genome can be used as genetic fingerprint 

markers to identify oil palm population from Cameroon 

germplasm. In addition, the proportion of heterozygous 

alleles was 13.51% (Table 2) which is higher than the 

one reported by Jin et al., (2016) in oil palm elite Dura 

(1.01%), that in soybean (0.57%) by Lam et al., (2010) 

and in date palm (0.47%) by Al-Dous et al., (2011). Jin 

et al., (2016) reported that the genomic candidates of 

Dura and Pisifera palms used in producing the hybrid 

Tenera in Southeast Asia showed lowest number of 

SNPs and genetic diversity. The genomic overall average 

proportion of the Minor Allele Frequency (MAF), which 

is the frequency of the less (or least) frequent allele in a 

given locus and a given population, was estimated for 

16,88% of the alleles detected (Table 1). 

 

Single nucleotide polymorphisms (SNP) and 

insertions/deletions (INDELs) are the most abundant 

type of DNA sequence polymorphisms and can be 

theoretically found within every genomic sequence 

(Rafalski, 2002a, b). The results revealed a total of 

21,302 genetic variants, from which 20,959 single 

nucleotide substitutions and 343 insertions/deletions or 

INDELS were, discovered (Table 2).  

 

The fraction of INDELS recorded from this study was 

around 1.61% and this level is lower than the previous 

estimate (10.4%) in Riju et al., (2007), which utilized oil 

palm expressed sequence tags (ESTs) available in the 

NCBI database and Pootakham et al., (2015) who had 

used genotyping-by-sequencing (GBS) technology to 

identify putative SNP markers and their association with 

some agronomic oil palm traits. We focused only on 

single nucleotide variations and excluded the INDELS 

and variants involving more than one nucleotideas they 

were more likely derived from sequencing or alignment 

errors.  

 

The frequency of the single nucleotide substitution 

observed was 1 SNP in 471 bp, which is noticeably 

lower than the previously reported frequency of 1 SNP in 

74 bp (Riju et al., 2007) but higher than the one reported, 

1 SNP in 665 bp by Pootakham et al., (2015). The 

frequency observed here was likely to be quite 

overestimate since these SNPs were identified mainly 

from the wild oil palm population of the new germplasm 

collection and additional F1 population derived from 

progeny test crosses, while SNPs discovered in Riju et 

al., (2007) were obtained from mining publicly available 

ESTs derived from several unrelated individuals and 

those reported by Pootakham et al., (2015) were detected 

from F1 and F2 progeny.  

 

Moreover, with merely 576 ESTs analyzed, the rate of 

SNP discovery reported in Riju et al., (2007) may not 

represent the actual frequency of SNP occurrences across 

the genome. In this studied oil palm population, the most 

proportion of the nucleotide polymorphisms (89.15%) 

detected was related to the change of a purine base to 

another purine base or pyrimidine base to another 

pyrimidine base, referring to transitions (G/A, A/G or 

T/C, C/T). 
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The two types of genome substitution mutations related 

to the interchanges of bases were diagnosed. The 

transversion point mutation events, which are the 

substitution of a single purine base to pyrimidine base 

(A/C, C/A, T/A, A/T, G/C, C/G, T/G and G/T) accounted 

for 9.24% (Figure 2). The most prevalent variation was 

detected from the point mutation or substitution between 

two purine bases namely adenine and guanine A/G 

(44.93%) and the least common type of change was 

observed on the substitution of pyrimidine base to purine 

base: cytosine to guanineor their inverse (C/G), 

representing just 1.73% of total polymorphisms. In the 

set of SNP calls, the number of transition to the number 

of transversion for a pair of sequences: 

transition/transversion ratio was 9.65, which is very high 

compared to the earlier estimates reported for oil palm, 

1.77, 1.55, and 1.67 by Pootakham et al., (2013); Ting et 

al., (2014) and Pootakham et al., (2015) respectively. A 

high mean number of alleles and allelic richness imply 

great allelic or gene diversity which could have been 

influenced by cross breeding or admixture. Bar charts 

can be created for individual breeds to show variability 

in allelic distributions at loci (El-Mousadik and Petit, 

1996; Cochard et al., 2009). 

 

Heterozygosity in the oil palm population of 

Cameroon 
 

The fraction of wild oil palm individuals in the studied 

population those are heterozygous for a particular locus 

in the genome is represented in Figure 3. The number of 

heterozygous genotype loci, distributed across the 

genome of individual was varied among the studied 

accessions. The degree of heterogeneity was least for 

some individuals and greatest to another. The current oil 

palm population was heterogeneous. Thus, confirming 

the evidence of nucleotide diversity across the genomes. 

The oil palm genome of A97_14.18 accession was 

identified to have more specific heterozygous loci across 

its genome (Figure3). The result indicated that, although 

the studied population was wild type oil palm natural 

population, there is a presence of genetic destruction 

situation in the current natural population. That is, the 

gene flow or gene migration which is the transfer of 

alleles or genes from one population or an individual to 

another was occurred in their natural environment. The 

migration into or out of a population may be responsible 

for a marked great change in allele frequencies (the 

proportion of members carrying a particular variant of a 

gene) observed in this study by the heterozygoty 

proportion of 13.51% (Table 1) and confirmed by the 

null rejected hypothesis of Hardy-Weinberg equilibrium 

test also observed in this research. Suggesting that 

precautions should be taken into account during selection 

of any oil palm accession candidate with the traits of 

interest for breeding program purposes. 

 

Missing data in the studied population 
 

In the whole genome sequence polymorphism analysis, 

the number of missing data should be determined in 

terms to avoid biases in the genetic parameter estimation 

(Hellmann et al., 2008; Lynch, 2008; Jiang et al., 2009). 

In this study, missing number of nucleotide variants 

across the chromosome candidates was performed. The 

distribution of the missing genetic variants across the 

genome of the studied individual oil palm population, 

revealed that the overall missing nucleotide variants 

across the genome of individual was ranging from 0 to 

0.2 and most of the missing nucleotide variants number 

was recorded with a frequency of 2%, while the minority 

of genomic missing data was equal to 0 (Figure 4). The 

missing variants were relatively found in most of the 

studied individual genome candidate (Figure 5), 

suggesting that advices were taken by filtering those 

missing data from the analyzed genome to control 

spurious associations. 

 

Population Structure of the studied population 
 

The population structure of the studied 204 accessions 

was classified after excluding the SNPs missing data 

from the genome candidate. Then, the remaining SNPs 

were used to construct the population structure using 

SNipaly program and Evanno cross-entropy plot to 

determine the best K number of the subpopulation 

groups (Figure 6). The result from ancestry and 

candidate genome relationship revealed that the best 

optimal value of was equal to K= 3 (Figure 7). The 

investigation on the genetic structure with suitable K 

value of the studied population revealed that three major 

genetic clusters or groups were found in this study. The 

genomic similarity relationship between the reference 

ancestry and individuals showed that most of studied 

individuals were formed with at least two extra genomic 

sets of ancestries (Figure 7). The admixed individuals 

have mixed ancestries. These results indicate that there is 

substantial genetic differentiation among individual 

tested genome and across the genome loci of each 

candidate. We found that several genomes showed 

evidence of admixture. These chromosomes are passed 

on to subsequent generations by inheriting part of alleles 

or set of chromosome from source population through 

genetic recombination or point mutations.  
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Table.1 Overall summary of the studied raw parameter of oil palm genome result from Tassel analysis 

 

State Type  Value 

Number of Taxa  204 

Number of Sites  21302 

Sites x Taxa  4.35E+06 

Number Not Missing  3.90E+06 

Proportion Not Missing  0.89851 

Number Missing  441037 

Proportion Missing  0.10149 

Number Gametes  8.69E+06 

Gametes Not Missing  7.81E+06 

Proportion Gametes Not Missing  0.89851 

Gametes Missing  882074 

Proportion Gametes Missing 0.10149 

Number Heterozygous 587136 

Proportion Heterozygous 0.13511 

Average Minor Allele Frequency 0.16877 

 

 

Figure.1 Hapmap of SNP genetic fingerprint markers of some major and minor nucleotide variants detected in oil 

palm population of Cameroon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Note: Nucleotide Codes, (Derived from IUPAC). A A:A; C C:C ; G G:G; T T:T; R A:G; Y C:T; S C:G; W A:T; K G:T; M A:C; + 

+:+ (insertion); 0 +:- , - -:- (deletion); N Unknown 
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Table.2 Identified polymorphisms in Cameroon oil palm germplasm 

 

Items Number of alleles Percentage (%) 

Total number of polymorphisms 21302  

Indels 343 1.61 

SNPs 20959 98.39 

Transition 18990 89.15 

A/G, G/A 9572 44.93 

T/C, C/T 9418 44.21 

Transversion 1969 9.24 

A/C, C/A 449 2.11 

A/T, T/A 621 2.92 

G/T, G/T 531 2.49 

C/G, G/C 368 1.73 

 

 

Figure.2 Proportion of single nucleotide polymorphism in Cameroon oil palm population 
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Figure.3 Heterozygosity distribution in the oil palm population of Cameroon 

 

 
 

Figure.4 Distribution of missing genetic variants across the overall studied genome of oil palm population of 

Cameroon 

 

 
 

Figure.5 Distribution of number of missing genetic variants per oil palm accession of Cameroon population 
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Figure.6 Evanno cross-entropy plot representing the best K number of the subpopulation groups 

 

 
 

Figure.7 Local Ancestry proportion genome segments in some individuals of the new oil palm germplasm of 

Cameroon 

 

 
 

Figure.8 The sub-populations in a population of 204 accessions, suggested by Principal Coordinate Analysis (PCoA) 

genetic diversity of the new germplasm of Cameroon 
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The result suggested also the evidence for the wild oil 

palm individual genome candidate being able to adapt to 

changing circumstances in their environment. Hellenthal 

et al., (2014) reported that DNA from the modern-day 

admixed population resembles a mosaic of small chunks 

or sets from the source population. The subpopulations 

Q0 and Q2 were mainly composed of wild accessions 

from diverse prospected geographical region origins of 

Cameroon. The subpopulation Q1 was clustered with 

most of advanced elite Dura and Tenera individuals from 

progeny test of the new 3rd selection cycle, associated 

with few accessions. 

 

The principal coordinate analysis (PCoA) was performed 

to examine this population structure so that the 

accessions with an admixture region in the genome or 

SNPs loci can also be visualized. The subpopulation Q1 

was quite genomically different to the subpopulations Q0 

and Q2. However, Q0 and Q2 were more clustered to 

each other related to their genome. Most of admixed 

individuals were relatively similar in terms of genome 

resemblance SNP loci contents to subpopulation Q2 and 

Q0. The scattering of individuals of the same 

subpopulation Q1 and admixture indicate also their 

relatively genome content differences (Figure 8).  

 

The results revealed that 37.75% of the overall 

population were composed of cluster Q2 in which 77 

accessions were identified, 37.25% was accounted by 

cluster Q0 with 76 accessions, while 15,69% was 

recorded by cluster Q1 with 32 accessions and 9.31% by 

the admixture group where 19 accessions were found. 

Shriner in 2013 reported that admixture occurs when 

individuals from two or more previously isolated 

populations interbreed. The previously isolated 

populations are referred to as ancestral or parental and 

the newly formed population is referred to as admixed. 

In oil palm, the admixture of investigated trees was 

reported by Jin in 2016. 

 

Conclusion 

 
The Next Generation Sequencing using Next RAD 

method successfully discovered a great Genome-wide 

diversity of single nucleotide polymorphism across the 

studied genomes. The results revealed that the studied oil 

palm population was divided into three major groups, in 

which most of individuals were detected as admixture of 

chromosome segments, indicating the chronological 

mutation or recombination events that occur generation 

to generation into the genome of these wild oil palm 

populations in their natural environment. Our data 

provide useful and valuable oil palm resource material to 

accelerate oil palm genetic improvement breeding 

program progress. 
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