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Abstract
Background Improving oil palm in Nigeria for food security and subsequent export requires a better
understanding of the genetic diversity among oil palm progenies tolerant and susceptible to Fusarium
wilt disease. In view of the limitations of the orthodox method used in screening this disease, and the
advantages of molecular markers, fourteen (14) Inter-simple sequence repeat (ISSR) DNA markers were
applied to evaluate the genetic diversity, population structure and cluster resolutions of alleles
responsible for tolerance of 560 Elaeis guineensis Jacq palms representing 8 different progenies
distributed across NigeriaResults The ampli�cation product revealed a moderately high level of genetic
diversity with a total of 46 alleles identi�ed, resulting in an average of 4.9091 alleles per locus detected
between the oil palm progenies. Polymorphic information content (PIC) values varied between 0.3706-
0.7861, with a mean value of 0.6829. The genetic diversity values ranged from 0.4063-0.8125 with a
mean of 0.7216, while the major allele frequency ranged from 0.2500- 0.7500 with a mean value of
0.3750. Shannon's information index (I), Nei's gene diversity (H), and the effective number of alleles (Ne)
had values of 0.6931, 0.5000, and 2.000, respectively. The genetic diversity was highest in progeny 3023,
and lowest in progeny 4189. Mean values of the total gene diversity (Ht), gene diversity within the
population (Hs) of the progenies, coe�cient of gene differentiation among the progenies (Gst) and level
of gene �ow (Nm) were 0.4899, 0.3520, 0.2815 and 1.2764, respectively. The dendrogram clustered the
progenies into six major clusters, while Principal Component Analysis (PCA) grouped the progenies into
�ve clusters. PCA further identi�ed the coordinate positions of tolerant and susceptible alleles of oil palm
progeniesConclusion This study con�rmed the identi�cation of the coordinate positions of tolerant alleles
in the gene loci, which could be exploited by breeders to developing tolerant oil palm seedlings.

Background
Oil palm (Elaeis guineensis Jacq) is a crop that lasts for more than two growing seasons. It is
allogamous and of African origin. Oil palm is the highest oil-yielding crop in the world. Nigeria, the most
populous nation in Africa, is the fourth largest world palm oil producing country and number one in
Africa. In the humid tropical areas of Africa, there are not less than 43 countries where the crop is
cultivated presently (Sheil et al.,, 2009; FAO, 2015). A high percentage, greater than 30% of vegetable oil, is
generated from this crop, which makes it stand out in fat supply to the world (USDA, 2015). The plant,
apart from being the producer of palm oil which humans take in as a diet, is also essential in body
insulation and energy to people domiciled in a lot of developing countries (Goh et al.,, 2016). The problem
of maintaining production and development of oil palm establishment has been raising issues not only to
the local sphere of plant science but also in the �elds of economics (Rival et al.,, 2016).

The crop is vulnerable to many diseases, and the most devastating of them all in Africa is the Fusarium
wilt disease whose causative agent is Fusarium oxysporum f.sp elaeidis (Paterson et al.,, 2013;
Noumouha et al.,, 2014). The production of oil palm in Africa is cut drastically by the effects of this
disease (Ntsomboh et al.,, 2015). The devastating effects of this disease are as high as 70%, and some
factors which include areas where the condition had occurred do favour the sudden emergence of the

http://www.g3journal.org/content/7/6/1683
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disease (Rival, 2017). Fusarium as genera includes many species which are capable of causing the
physical manifestation of a disease. The causative agent is soil borne; however, it is still possible for the
pathogen transmitted by rain and wind (Leslie and Summerell, 2006). There as some saprophytic species
of Fusarium which are soil borne and have the ability to live and utilize the dead organic matter of the oil
palm trunk, while some species live as endophytes inside the palm and do not cause disease to the palm.

The genetic diversity that exists among plant cultivars makes it easier for breeders to manipulate and
enhance traits which are desirable to farmers and suitable to breeders (pest and disease resistance). In
carrying out the genetic assessment, the genetic diversity that is possessed by plant progenies may not
be at par with the physical observation of traits or essential characters, but has many bene�ts over the
morphological assessment (Govindaraj et al.,, 2015). It is evident to note that varieties that possess high
genetic diversity identi�ed by molecular markers could be used and taken as a standard in the breeding
process (Van Zonneveld et al.,, 2012; Ilves et al.,, 2013; Vinceti et al.,, 2013).

Molecular markers which entail Ampli�ed fragment length polymorphism (AFLP), Simple sequence repeat
(SSR), and Randomly ampli�ed polymorphic DNA (RAPD) have been applied in the investigation of
genetic variability and genetic a�liation between different plant species (Igwe et al.,, 2017). The (ISSR)
marker system is a PCR based system that makes use of a single ampli�cation primer which is made up
of a set of repeated DNA motifs that targets the microsatellite regions (Salis et al., 2017). Inter-simple
sequence repeat markers target multiple genomic loci and amplify DNA segments that occur in between
two microsatellite regions that face each other in terms of orientation.

The deployment of classical breeding techniques geared at improving bene�cial traits to farmers like
tolerance to pathogenic organisms requires the assessment of many different progenies. However, to
assess progenies for tolerance phenotypically, it requires lots of �nance and above all can be affected by
environmental factors. The use of classical breeding in classifying individual varieties into various
clusters adopts morphological features but has limitations because they do not reveal real genetic
relationships and other shortcomings. The advantage of ISSR markers of not requiring sequence data for
primer design and the allelic richness it possesses was essential for adopting in this study. The
identi�cation of the genetic relationships, population structure that exists among Fusarium wilt tolerant
and susceptible oil palm progenies, and the determination of the coordinate positions of tolerant alleles
possessed by oil palm progenies which could be exploited by breeders in developing tolerant oil palm
plant lines.

Methods

Sample Collection and DNA Extraction 

A total of 560 palms representing eight progenies were sampled from the fields of oil palms containing susceptible and

tolerant oil palm progenies. The progenies were selected based on their use for the basis of screening purposes (Table

1) (Figure 1). For each progeny, 70 palms were sampled based on the availability of the samples. Approximately 100
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mg of fresh young unopened leaves were harvested from each palm. The leaves were subsequently cleaned and

maintained at -800C. The total genomic DNA extraction was carried out using the CTAB method with little

modifications.

Polymerase Chain Reaction and Agarose Gel Electrophoresis 

Polymerase chain reaction (PCR) amplification was accomplished by mixing together 1.50 μl of 50 mM MgCl2

(BIOLINE Massachusetts, USA), 2.00 μl of 2.50 mM dNTPs (BIOLINE, Massachusetts, USA), 0.20 μl 500 U Taq DNA

polymerase (BIOLINE, Massachusetts, USA), 1.0 μl of 10 μM each of ISSR primer pair, 15.05 μl of 500 ml diethyl

pyrocarbonate (DEPC)-treated water (INVITROGEN, Carlsbad, CA, USA) and 2.0 μL 100 ng DNA, 2.5 μl of 10× Taq

Buffer (BIOLINE, Massachusetts, USA) to make up a volume of 24.25 μL . The list of ISSR markers, their sequences,

and annealing temperatures are presented in Table 2. The PCR cycling profile employed for the reaction entailed an

initial step at 94 °C for 5 min., succeeded by 35 cycles of 94 °C for 30 s, 72 °C for 1 min., and a 10 min last extension

at 72 °C. For the PCR reaction, eight (8) μl of the PCR products were electrophoresed in a 1.5% agarose gel

comprising 0.5 mg/ml ethidium bromide and photographed on Transilluminator UV light (Fotodyne Incorporated,

Analyst Express, USA). 

Data Analyses 

The data matrix of ISSR profiles obtained from fragments of each amplicon was scored as 1 (presence of alleles) and 0

(absence of alleles). The data generated from the scoring of the ISSR amplicons were employed for phylogenetic

reconstruction using Unweighted Pair Group Mean with Arithmetic (UPGMA) and dissimilarity index in Jaccard s

option (Ojuederie et al., 2013). The analysis was carried out using NTSYSpc software version 2.02. Furthermore,

genetic diversity, allele frequency, and the polymorphic information content (PIC) were analysed using PowerMarker

Version 3.25. Genetic diversity and population structure analyses of the oil palm progenies were analyzed using

POPGENE software version 1.32. Also, total gene diversity (Ht), gene diversity within the population (Hs), the level of

gene flow (Nm), and the coefficient of gene differentiation (Gst) were calculated with POPGENE software version 1.32

(Yeh et al., 1999).

 

Table 1: Background derivation of susceptible and tolerant oil palm progenies screened
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S/NO    FIELD(S)

    CODE

PALM NUMBER PEDIGREE STATUS PROGENY

1 25 (4.17x4.17) 120 Aba Dura Susceptible 1 

2 25 (3.361x1.53) 2211 Calabar x Dura Susceptible 8 

3 25 (32.2824x1.2209) 3023 Angola Dura Susceptible 4 

4 25 (5.1225xG145) 2478 Serdang Ave Deli Dura Susceptible 15

5 25 (26/0932xG144) 3456 Malaya Deli Dura Susceptible 3

6 54 (31.5703dx31.5703d) 1621 Ecuador Dura Tolerant 8 

7 54 (25.3337dx25.3337d) 1723 Ecuador Dura Tolerant 10 

8 25 (6.594 x5.1450) 4189 Calabar Tenera Susceptible 11

 

Figure 1: The GIS map site of susceptible and tolerant oil palm sample collection in Nigeria
 

Table 2: ISSR primers used for genetic diversity and population structure analysis of oil    

 palm
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S/No Primer name Primer sequence 5’-3’ Annealing temperature Ta (0C) GC Content

         %

1 ISSR 836 AGAGAGAGAGAGAGAGTA    570C 44.4

2 ISSR 858 TGTGTGTGTGTGTGTGGT 520C 50

3 ISSR 890 GTAGTGTGTGTGTGTGT  540C 41

4 ISSR 868 GAAGAAGAAGAAGAAGAA 500C 33

5 ISSR 826 ACACACACACACACACC  520C 53

6 HB-12 CACCACCACGC 48.50C 47

7 ISSR 888 CAGCACACACACACACA 58.50C 52.17

8 ISSR 818 CACACACACACACACAG 480C 52.94

9 ISSR 889 ATTACACACACACACAC 520C 41.2

10 ISSR 827 ACACACACACACACACG 530C 53

 

 

 

 

 

Results
Genetic diversity interpretations revealed by Inter-simple sequence repeat molecular markers

To assess the degree of genetic diversity of 560 palms representing eight (8) different progenies of oil palm, fourteen

(14) ISSR molecular markers were verified. Ten (10) out of the 14 markers produced scorable bands and used in the

diversity investigation (Plate 1). A dendrogram using Unweighted Pair Group Mean Arithmetic (UPGMA) and

dissimilarity index clustered the progenies into six significant clusters based on their genetic similarities and

divergence (Figure 2). Cluster 1 grouped two susceptible progenies (3023 and 2211) at a booth trap of 10% between



Page 7/19

them. Apart from they are both susceptible progenies, they were grouped based on shared ancestry/ parentage of the

progenies. Taking a close examination at the first cluster, progeny 3023 is an Angola Dura, while progeny 2211 is a

cross between Calabar and Aba Dura. However, progeny 3023, which is an Angola Dura, has parentage of (Ufuma and

Angola) which is (P8). Ufuma itself has a link with P1 (Ufuma and Aba). Progeny 2211 has a parent of Calabar and Aba

which is P3. Cluster II consists of just one susceptible progeny (120) with a booth trap of 11%. Cluster III contained

only one tolerant progeny (1621) with a booth trap of 12%. Cluster IV equally included one susceptible progeny (2478)

with a booth trap of 13%. Cluster V contained one susceptible (3456) together with progeny (1723) which is a tolerant

progeny with a booth trap of 14% but clustered together due to a common origin. Taking an insight into this cluster,

progeny 1723 is an Ecuador Dura, while progeny 3456 is a Malay Deli Dura. Progeny 1723 has parentage of Ecuador

Deli (BB4). The clustering was a result of the common origin, Deli, which is an ethnic group in Indonesia. Cluster VI

contained just one susceptible progeny (4189) with a booth trap of 16% all from the Nigerian (Figure 2 and Table 3).

Plate 1:  PCR amplification profile of oil palm DNA fragments using ISSR markers (ISSR 890, ISSR 836 and ISSR 827).

M=100bp step DNA ladder, 1-6(progeny 120, susceptible), (progeny 2211, susceptible), (progeny 3023, susceptible),

progeny 2478, susceptible), progeny 3456, susceptible) and progeny 1621, tolerant) 7-8(progeny 1723, tolerant) and

(progeny 4189, susceptible.

Figure 2: Dendrogram of oil palm progenies amplified with ISSR molecular markers

Principal component analysis grouped the oil palm progenies into five clusters (Figure 3), which is different from the

clustering of the dendrogram as a result of the region of coverage of the markers. Cluster 1 clustered progeny 2478

(Serdand Ave Deli Dura). Cluster 2 clustered progenies 120 (Aba Dura); progeny 3023(Angola Dura) and progeny

2211 (Calabar and Aba Dura) together. Looking at this cluster, they all share the same parent P1 (Ufuma and Aba).

Cluster 3 clustered progeny 3456 alone. Cluster 4 clustered progeny 1723 (Ecuador Dura) and progeny 1621

(Ecuador Dura) due to familiar parents, Ecuador Deli (BB4). Cluster V clustered progeny 4189 (Calabar Tenera). Each

group was a representative of a unique allele possessed by the oil palm progenies. 

Figure 3: Principal component analysis of oil palm progenies based on Inter-simple sequence repeat markers

Genetic structure and progeny differentiation

The ten (10) ISSR primers amplified a total of 46 alleles. The amplified alleles from each marker ranged from 3-6, with

a mean of 4.9091 (Table 4). Polymorphic information content (PIC) values ranged from 0.3706-0.7861 with a mean

value of 0.6829. The ISSR markers ISSR836, ISSR858, ISSR890, ISSR868, ISSR826, HB-12, ISSR888, ISSR818, and

ISSR889 were found to be polymorphic, while ISSR827 was monomorphic with the least PIC value. The genetic

diversity values ranged from 0.4063-0.8125 with a mean of 0.7216, while the major allele frequency ranged from

0.2500- 0.7500 with a mean value of 0.3750. Allelic scores count and frequencies obtained from Elaeis guineensis (oil

palm) progenies using Inter-simple sequence repeat (ISSR) markers (Additional file 1: Table S1). The genetic diversity

in progenies 3023 and 2478 which are both susceptible progenies were identified to be the highest with effective

number of alleles (Ne), Nei’s gene diversity (H) and Shannon’s information index (I) values of 2.000, 0.5000, 0.6931
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respectively (Table 5), while the genetic diversity in progeny 4189 (Susceptible) and 3456 (Susceptible) using ISSR

markers was found to be the lowest with Ne, H, and I value of 1.9007, 0.4739, 0.6668. The genetic diversity values of

these progenies were ranked as progenies 3023> 2478> 1621> 1723> 120> 2211> 3456> 4189 from high to low

based on polymorphism at the ISSR loci. The Ne, H and I values ranged from 1.9007-2.000, 0.4739-0.5000, 0.6668-

0.6931.

 

From the ISSR markers, the mean values and standard deviation of Ne, H and I from the whole progenies were

1.9614±0.0427, 0.4899±0.0112, 0.6830±0.0113 (Table 5). The closeness in the genetic diversity values recorded

could be as a result of inbreeding, and the limited change in allelic frequency. From the genetic differentiation using

the ISSR markers, the mean values of the total gene diversity (Ht), gene diversity within the population of the

progenies (Hs), coefficient of gene differentiation or gene diversity among the population (Gst) and level of gene flow

(Nm) were 0.4899, 0.3520, 0.2815 and 1.2764 respectively (Table 6). The Ht values ranged from 0.4739-0.5000; Hs

values varied from 0.2612-0.4163; Gst from 0.1673-0.4488 and Nm values from 0.6142-2.4878. The diversity among

the oil palm progenies was as a result of high gene flow in the system which led to the high diversity found in progeny

3023, and the low gene flow leading to low diversity in progeny 4189.

 

The coordinates generated through the principal coordinate analysis showed the coordinates and positions of unique

alleles generated on the factorial axis of the gene loci of the oil palm progenies (Table 7). It showed the pointers on the

principal component scale, which determined the positions and status grouping of the oil palm progenies. Based on the

coordinates, it pointed out the distinctions between the tolerant and susceptible progenies separated from each other

on the factorial axis. These coordinates indicated the divergence and drift among the breeding populations. Based on

these coordinates, it showed progeny 4189, which is a susceptible progeny grouped in the same principal component

axis where we had two tolerant progenies of 1621 and 1723; this could mean that progeny 4189 could be tagged an

illegitimate palm.
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Discussion
The inability of farmers to access healthy seedlings has resulted in farmers looking elsewhere and
collecting seedlings from doubtful local and foreign sources. Some have had to import seedlings to meet
their planting targets, where such imported seedlings which failed in the �eld due to susceptibility to
Fusarium wilt disease may plunge investors into �nancial crisis. The above raises the issue of
unrestricted importation of oil palm seedlings. It has also drawn attention for the need to thoroughly
screen the oil palm seedlings to curb the menace of Fusarium wilt disease. However, the revelation of
molecular markers in screening has made the work easier in identifying the coordinates and positions of
alleles, genetic sequences responsible for Fusarium wilt and tolerance in oil palm progenies. Therefore,
genetic diversity study using informative markers is essential in genetic improvement and also in the
identi�cation of unique alleles. In this study, ISSR markers were used to assess the level of genetic
diversity, relationships among the different progenies of oil palm from various growing �elds and cluster
resolutions of tolerant and susceptible alleles.

The majority of the primers used produced bands that are scorable and used in the diversity analysis;
this, however, is in agreement with the study of Saptadi et al. (2017) which stated that RAPD and ISSR
markers evaluated produced scorable bands for further analysis. Similar studies of Igwe et al. (2017)
revealed that four (4) out of the ten primers produced scorable bands used in the diversity investigation.
Further reports to support this study are the studies of Srivastav et al. (2013) and Zehdi et al. (2004),
which revealed polymorphic scorable bands generated by ISSR molecular markers.

The ISSR markers produced a dendrogram which clustered the oil palm progenies into six signi�cant
clusters based on their genetic similarities and divergence which they inherited from their parental cross.
So progenies found in the same group or cluster share some similar inherited traits, while those found in
different clusters are genetically dissimilar; this is in line with the studies of Igwe et al. (2017); Igwe and
A�ukwa (2017) and Cheng et al. (2018) which stated that the cluster analysis grouped their population
into more than two groups. However, apart from the genetic similarities or divergence, some of the oil
palm progenies like progeny 3023 and progeny 2211 which are both susceptible were grouped in the
same cluster because they share the same ancestry/ parentage; this is in accordance with the report of
Okoye (2016) which stated the dendrogram classi�cation of accessions into various clades with parents’
grouped separately into a clade using SSR markers.

In some of the clusters, there was a clustering of a susceptible (3456) progeny with a tolerant progeny
(1723). In this case, the grouping was not due to genetic similarities, but because they share a common
origin. Taking a look at their relationship implies that progeny 1723 is an Ecuador Dura, while progeny
3456 is a Malay Deli Dura. Progeny 1723 has a parent of an Ecuador Deli (BB4) which led to the
clustering; this, however, agrees with the report of Okoye (2016) which stated that some oil palm
progenies were grouped with a parent-progeny because they share a common origin.

The Principal Component Analysis (PCA) ampli�ed by ISSR molecular markers, resolved the progenies
into �ve clusters, which was different from the dendrogram, which grouped the oil palm progenies into six
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distinct clusters. The principal component analysis clustered some of the progenies 120, which is an Aba
Dura; progeny 3023 (Angola Dura), and progeny 2211 (Calabar and Aba Dura) because they share a
familiar parent P1, which is a combination of Calabar and Aba Dura. This study disagrees with the study
of Okoye (2016), which stated that based on the principal coordinate plot, some parents differentiated
themselves from other parents. Furthermore, the clustering between a tolerant progeny 1621 (Ecuador
Dura) and another tolerant progeny 1723(Ecuador Dura) by PCA in this study was as a result of each
progeny possessing a representative of a unique allele which they inherited from a familiar parent BB4
(Ecuador Deli). The survey of Okoye (2016) agrees with this report in stating that some progenies were
clustered together due to their link with a familiar male parent.

The majority of the ISSR markers revealed high values for a total number of alleles, mean numbers of
alleles, PIC, genetic diversity and the total number of polymorphic loci. It showed that the ISSR primers
ampli�ed a total of 46 alleles whereby each allele ampli�ed ranged from 3–6, with a mean of 4.9091. The
study is comparable to the �ndings of Igwe and A�ukwa (2017), which detected high values of alleles by
SCoT markers with a mean value of 16.200. The report of Singh et al. (2014) further supported this study
by revealing high allele number of 83 identi�ed from accessions of Vigna species when analyzed with
ISSR molecular markers.

The low mean number of alleles of 4.9091 as compared to the studies of Igwe et al. (2017) was as a
result of a limited number of descendants for their inter-crosses and number of ISSR markers used for the
diversity study. However, it is backed with the study of Singh et al. (2008) which reported a lower number
of alleles per locus (2.2 - 3.2) in oil palm when analyzed with fewer numbers of SSR molecular markers.

The frequency of the alleles for all the ISSR markers used for this diversity study as well as that of the
different progenies of oil palm varied. In as much as the progenies varied in terms of some being
susceptible and some tolerant; among the susceptible progenies still revealed varied allelic frequencies
which could be attributed to the fact that when populations remain small for any extended period,
sampling effects may become cumulative, and gene frequencies can undergo relatively large �uctuations
between generations, resulting in low-frequency alleles. The variations in the number of alleles and PIC
values observed in this study (ISSR: 46 alleles; 0.3706–0.7861 PIC) could be as a result of the different
progenies with so many genotypes coming into play because of the difference in the genetic constitution.
The markers revealed a mean gene diversity of 0.7216 for ISSR markers. These values indicate the high
allelic richness and genetic diversity among the different progenies of the oil palm, and also
demonstrated the higher e�ciency of the markers in differentiating the progenies.

More than 80% of the oil palm progenies shared a common major allele frequency of 0.3750 at any given
locus. However, the presence of the same number of observed alleles of 2.000 found in both the
susceptible and tolerant progenies could be that they may not be too genetically dissimilar since most of
them either share the same ancestry, parents or origin. In determining the best ISSR markers used for
detecting DNA polymorphism, the discriminating power of each ISSR markers was scrutinized by
calculating their polymorphic information content (PIC). A PIC value of greater than 0.7 is considered to
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be highly revealing, while a value of 0.44 is adjudged to be mildly revealing. The result of this study
revealed a high average PIC value of (mean = 0.6829) in all tested ISSR markers. It further revealed that
apart from ISSR827 with the lowest PIC (0.3706), ISSR836 had the highest PIC (0.7861) which would be
the best in identifying the genetic diversity in different progenies of oil palm. This marker was followed by
ISSR858 (0.7544), ISSR890 (0.7456), ISSR868 (0.7119), ISSR826 (0.7119), HB–12(0.6675), ISSR888
(0.6675), ISSR818 (0.6299), and ISSR889 (0.6050). A similar report from Gwag et al. (2010) and Ouoba et
al. (2017) revealed that the values of PIC recorded for DAMD and SCoT markers were higher than 0.345
and 0.298 when ISSR markers were used for the analysis on Vigna radiata and Vigna subterranea
accessions. The PIC values identi�ed in this study revealed that ten of the ISSR markers were able to
identify the genetic diversity between the different oil palm progenies, which is in agreement with the
study of Okoye et al. (2016) which reported that the PIC values generated by SSR markers were helpful in
the assessment of the diversity inequity between genotypes.

Nei is the measurement for effective allele numbers deduced from each population. It is the inverse value
of the homozygosity. The higher the value of Ne, the more the individual is heterozygous (Nabila et al.,,
2014). Nei’s genetic diversity, numbers of effective alleles as well as Shannonʼs information index are very
crucial in the study of genetic diversity in plant species (Freeland et al.,, 2011). In this study, the Nei’s
genetic diversity (Ne), effective number of alleles (H) and Shannonʼs information index (I) were highest in
progenies 3023(32.2824x1.2209) and 2478(5.1225xG145) with values of 2.000, 0.5000, 0.6931 which
are both susceptible progenies, while progeny 4189(6.594x5.1450) (susceptible) was found to be the
lowest with Ne, H, and I value of 1.9007, 0.4739, 0.6668 using ISSR molecular markers. This report is in
line with what Igwe and A�ukwa (2017) reported which revealed values of Ne, H and I ranging from
1.183–1.593, 0.196–0.324, and 0.328–0.464 when investigated with DAMD markers.

The observed allele per locus (Na) of 2.00 in this study was found to be the same in all progenies.
However, the effective number of alleles (Ne) was different for all the different progenies of oil palm. The
effective number of the allele was topmost in progenies 3023(32.2824x1.2209) and 2478(5.1225xG145)
with values of 2.00, while the least values of 1.9007 were found in progenies 3456(26/0932xG144) and
4189(6.594x5.1450). These values were lower than that reported by Nabila et al. (2014) of a value of 2.92
in the FFB population of oil palm. The low values of an effective number of alleles in this study are as a
result of the genetic material used. The materials used were Dura materials that have crossed with pollen
from selected Dura or Pisifera seedlings, which confer traits of similar genetic materials as a result of
having a joint genetic base.

In assessing the obtained values of total gene diversities (Ht), gene diversity within population (Hs),
coe�cient of gene differentiation (Gst) and estimated gene �ow (Nm) detected in the progenies with ISSR
polymorphic markers, progenies 3023(32.2824x1.2209) and 2478(5.1225xG145) was revealed to have
the highest values of Ht = 0.5000) which is in agreement with the study of Igwe et al. (2017) which stated
highest total diversity (Hs) in Vigna unguiculata from Ebonyi state. The levels of total gene diversity in all
the progenies in this study were higher than that of what Hamrick, 1989 reported using SSR markers. The
gene diversity within the population was highest in progenies 3023(32.2824x1.2209) and
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1621(31.5703dx31.5703d) with values of Hs = 0.4163 and 0.3837 respectively, which is also in line with
the study of Igwe et al. (2017) using ISSR markers.

Indirect population genetics statistics estimate gene �ow as the number of individual genes migrating
from one population to the other and per generation (Nm), and its in�uence is signi�cant in the
distribution of genetic materials. Gene �ow in the analysis was highest in progenies
3023(32.2824x1.2209) and 3456(26/0932xG144) with values of 2.4878 and 1.9087, respectively. It could
be as a result of progenies 3023(32.2824x1.2209), and 3456(26/0932xG144) being in the same location
and of proximity in the �eld containing susceptible plant lines caused by seed and pollen movement, thus
leading to low levels of genetic divergence seen among some of the progenies. Czarnecki et al. (2008)
stated high gene �ow values of 9.47 and 6.16 in their report.

The genetic differentiation (Gst) is classi�ed as low when its value is < 0.05, medium when its value is
0.05 < Gst < 0.15 and high when Gst > 0.15. So, the Gst coe�cient of the oil palm progenies was very
high. The obtained value of the coe�cient of gene differentiation (Gst = 0.2815) indicated that only about
8% of the total genetic divergence was because of isolation by geographic distance and natural selection,
while 92% was due to the mating system and gene �ow. However, there is an exception to the main cause
of coe�cient of gene differentiation in the sense that progenies 3456(26/0932xG144) (susceptible) and
4189(6.594x5.1450) (susceptible) grouped by dendrogram and progenies 1723(tolerant)
(25.3337dx25.3337d) and 1621) (31.5703dx31.5703d) (tolerant) grouped by principal component
analysis were of different locations. The susceptible and tolerant progenies were grouped, which means
that they share a common parentage, ancestry or origin, but separated by distance, so there should be
other factors that led to this. This high genetic differentiation within the progenies of oil palm could be as
a result of the transfer of genetic materials from parental cross to corresponding descendants, which is in
agreement with the study of Twyford et al. (2013) stating that high genetic differentiation could be linked
to outcrossing pollination process and exchange of genetic materials.

The coordinates generated through the principal coordinate analysis revealed the coordinates and
positions of unique alleles generated on the factorial axis of the gene loci of the oil palm progenies. The
coordinates are pointers on the principal component scale which determines the positions and status
grouping of the oil palm progenies. Based on the coordinates, it pointed out the variations that exist
between the tolerant and susceptible progenies separated from each other on the principal component
scale. These coordinates showed the heterozygosity and drift among the breeding populations. Based on
these coordinates, it showed progeny 4189 and 1723, regarded as susceptible and tolerant progenies
clustered on the other side of the principal component scale as compared to the different susceptible
progenies clustered on the other axis. However, this could be attributed to contamination, or to the fact
that progeny 4189 is an illegitimate palm caused by several reasons, like, wrong labelling, using wrong
pollens for pollination, and poor blotting of the male in�orescence to prevent self-pollination. The report
of Okoye (2016) supported the study by stating that the occurrence of unexpected fruit forms is an
indication of illegitimacy or contamination. Further reports from Okoye (2016) said that illegitimate
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hybrids are individual samples whose genotype or allelic con�guration does not conform to the allelic
shape of their putative parents.

Conclusions
The result of this study proved that the ISSR markers employed had reliable discriminating power on the
different progenies of oil palm as indicated by the values of the genetic diversity as well as the number of
alleles per primer, PIC values, per cent polymorphism, and other parameters. The discovery of coordinates
of alleles by PCA possessed by oil palm progenies which are responsible for tolerance or susceptibility
could be applied by plant breeders in developing tolerant free oil palm progenies for oil palm farmers to
increase food production.
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Figures

Figure 1

The GIS map site of susceptible and tolerant oil palm sample collection in Nigeria
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Figure 2

Dendrogram of oil palm progenies ampli�ed with ISSR molecular markers
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Figure 3

Principal component analysis of oil palm progenies based on Inter-simple sequence repeat markers
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