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Abstract

To conduct efficient disease screening, the differentiation of the palm tree (Elaeis guineensis 
Jacq.) to Ganoderma boninense resistance populations is critical. Differentiation can be done 
by analyzing the genetic structures of the two populations and comparing their seedling and 
matures. This article presents the results of studying four selected stably amplified polymorphic 
of codominant microsatellite data to estimate the differentiation between eight E. guineensis 
populations from different types of inoculated or symptoms of Ganoderma from North 
Sumatera, Indonesia. The DNA extraction was carried out based on the CTAB method with a 
little modification. The forward and reverse primers, i.e., P4(EGIFR), P6(EG01), P7(EG02), 
and P9(EG03), were used in a polymerase chain reaction (PCR). The detection of the results 
of amplification was performed using molecular weight analysis on UVITEC-1D software. 
To determine the microsatellite analysis, the data of genes were used to perform with the 
GENALEX ver 6.502 and MVSP ver 3.2 software. Four of the loci have polymorphism for all 
types of seedling and mature species of E. guineensis. The polymorphism information content 
was calculated as PIC=0.70. The genetic differentiation among populations was highest (Fst 
> 0.25), showed a high genetic divergence. The calculation of Fst by population revealed that 
the highest Fst was largely due to suggesting diversifying selection in gene flow and resistance 
selection. The molecular of analysis variance (AMOVA) was showed a significant (5%) 
differentiation among individuals (100%) between eight types of population. A clustering by 
UPGMA analysis, based on squared Euclidean and Datalog (10), transformed genetic distances 
and revealed was a significant difference cluster in the seedling and mature populations.

Keywords: Codominant data; Elaeis guineensis; ganoderma; genetic diversity; seedling and 
mature.

1. Introduction

The oil palm plantation is a highly important 
commodity in tropical countries for 
generating foreign exchange (Sayer et al., 
2012; Phalan et al., 2013). Elaeis guineensis 
Jacq. is an eternal, fat-producing species of 
African origin, amounting to 30% of Africa's 
vegetable oil output, and has been increased 

demand in 2019 (Voora et al., 2020). The oil 
palm can be live more than 20 years    to   yields   
production    for   the   crude   palm  oil  (CPO),     
to increase the agro-industries (Saktioto et al., 
2019). The global production of oil palm in 2019 
was 75.7 million tons in Indonesia, wherein the 
oil palm production was approximately 42.7
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million tonnes and generated about 21-23 
(w/w) in each ton of fresh fruit bunches (FFB) 
(Indonesian Directorate General of Estate 2020; 
Shahbandeh, 2020). However, basal stem rot 
fungus, Ganoderma boninense, has been now 
revealed to be a major threat to E. guineensis 
plantations in North Sumatra, Indonesia (Hayati 
et al., 2020). Oil palm plantations considerable 
losses caused by the impact of disease of G. 
boninense (Caro et al., 2014), the use of resistant 
planting materials is needed (Purba et al., 2019). 
     For a long time, the Ganoderma disease 
was tackled using planting material resistant to 
disease (Mudge et al., 2020). Several researchers 
still examined the quality and performance of 
the plant breeders of E. guineensis to finding the 
germplasm resources of Ganoderma resistance. 
Oil palm cultivation is one of the most profitable 
and the molecular bases of important agronomic 
traits at the single base-pair resolution, enabling 
gene-centered breeding and engineering this 
remarkable crop (Barcelos et al., 2015). Certain 
marker types may be used to perform genetic 
screening approximation, and the molecular 
marker as single nucleotide polymorphism (SSR) 
has been widely applied to the study of genetic 
structure among and also within-population 
to diverse plant species (Maughan et al., 1995; 
Powell et al., 1996 and Sserumaga et al., 2019). 
The MAS (Marker Assisted Selection) targets 
the genes and utilizes the probe-level of genetic 
structure and diversity among a population of 
tightly related species available in a bank of 
germplasm (Mullis, 1990; Erlich et al., 1990).
    The simple sequence repeats (SSR) marker 
was the higher polymorphic, specific of the 
genome, codominant data, and indicated 
a nearly instead distribution more to the 
genome. It is used in the genetic diversity 
analysis in structure population, assisted 
selection for crop improvement, and gene 
mapping (Madar et al., 2019; Osorio-Guarín 
et al., 2019; Terryana et al., 2020). Currently, 
SSR markers are one of the most promising 
molecular marker systems for understanding 
the genetic diversity and structure of oil palm 
(Singh et al., 2008). The study was provided 
a theoretical and experimental basis for 
future breeding, evaluation, management, 

and conservation of oil palm.
    Faizah et al., 2020, has considered 
that resistance to basal stem root (BSR) 
would quickly be overwhelmed by the 
large volume of inoculum present in 
many plantations. However, the genetic 
improvement has provided resistance to 
the diseases prevalent in oil palm nursery 
stocks. Thus, it can be reduced using 
resistant materials. For Ganoderma diseases, 
a relatively rapid screening method was 
available for breeding programs (Teh et 
al., 2020). In addition, the observations on 
resistance to BSR thus far were depended 
on the incidence of natural infections in the 
field, a process needed for many years. The 
root inoculation method was provided as an 
alternative to screening. Recently, Afandi et 
al., 2018, reported the oil palm resistance 
gene seedling and mature variety based on 
the biochemistry characteristics. However, 
the genetic diversity of seedlings and mature 
populations infect with G.  boninense is not 
fully understood. The present study was 
described the genetic diversity and structure 
of four population seedlings and matures of 
oil palm that G. boninense inoculation.

2. Materials and methods

2.1 Root samples

Eight types of oil palm root tissue samples 
with three replicated were selected from 
experimental genetic materials of Elaeis 
guineensis Jacq, located in the Socfindo 
3˚19ʹ58ʺ North Latitude, 99˚02ʹ25ʺ East 
Longitude, North Sumatra, Indonesia. Four 
types of seedling and mature plants (15 years 
after planting) were selected. 
     Seedling resistance (SR), seedling 
non-resistance (SN), seedling resistance 
inoculation Ganoderma (SRIG), and seedling 
non-resistance inoculation Ganoderma 
(SNIG) were planted and harvested for 112 
days (Ganoderma boninense inoculated in 56 
days after planting (DAP)). Furthermore, the 
mature resistance symptom (MRs), mature 
resistance non-symptom (MRN), mature 
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non-resistance symptom (MNs), mature 
non-resistance non-symptom (MNN) were 
15 planting years. The roots were briefly 
kept in the nitrogen until analysis. 

2.2 DNA extraction 

The tissues (500 mg of roots per sample) 
were crushed and digested in 1 mL of cetyl 
trimethyl ammonium bromide (CTAB) 
method with a little modification. The 
content was included to 200 mM Tris-HCl 
pH 8,0 mM EDTA, 4.5% PVPP, 2% CTAB, 
1M NaCl (CTAB 2× buffer), according 
to Neuhauser et al., 2009. The DNA was 
precipitated using 100% ethanol (Zeugin et 
al., 1985), the pellet was washed with 70% 
ethanol, then air-dried and eluted with Tris-
HCl 10 mM  pH 8.0 and EDTA 1 mM pH 
8.2. Finally, it was kept at -20ºC before used. 

2.3 DNA analysis

The DNA quality was measured with 
electrophoresis; 3 µL DNA was separated 
with loading dye in a 1.0% agarose gel 
(Lee et al., 2012) and defiled with Gel-
Red, Biotium, (Fremont, CA) and shown 
under UV light Translumination (Imaging 
Systems). The DNAs were quantified in 
absorbance ratios (A280/260) and measured 
with the ‎NanoPhotometer® N60/N50 (Rana 
& Jain, 2019).

2.4 PCR amplification 

The primers were used to amplify 240–395 bp 
to E. guineensis Jacq. resistance of Ganoderma 
boninense. Primer P4(EGIFR); F (5′–
AAGCTCCTGGACGACTTCAA–3′) and R 
(5′–ATGGGAGGAAGTAACCAGCA–3′) (Tan 
et al., 2013). Primer P6(EG01), P7(EG02), and 
P9(EG03) based on the previous study. P6(EG01); 
F(5′–TTGCTGGAGGAATGCTCTCT–3′) 
R(5′–TCCAGCAGATGCAACACTTC–3′), 
P7(EG02);F(5′–AGGCCTACTTGGGTTCCACT–3′) 
R (5′–GCCCTTTCACATGATGTCCT–3′), and Primer 
P9(EG03); F (5′–TCTTCTTCCCCTTCCTCCTC–3′) R 
(5′–GGCAGTGCATTGGATGTCTA–3′). 

     PCR was established under the conditions 
for denaturation at 94°C for 4 min, 35 cycles 
at 94°C for 30 sec, annealing at 55°C for 45 
sec, extension at 72°C for 1 min, and then 
with a contained final extension at 72°C 
for 10 min. One reaction contained 2.5 µL 
Tiangen, Biotech (with component 10 mM 
Tris-HCl in pH 8.2, 5% Glycerol, 10 mM 
EDTA 0.02% Bromophenol Blue, 1.0 μL 
F and R primer, and 2.5 µL DNA, 13.0 µL 
ddH2O, for a final the volume of 20 μL.

2.5 Electrophoresis 

PCR products were separated by 
electrophoresis in 1% agarose gel (Lee et al., 
2012). The allele was obtained in Gel-Red 
color, and a UV-Translumination carried out 
the image to assess the product molecular 
weight with UVITEC-1D software 
(Cambridge).

2.6 Microsatellite data analysis

The parameters of the genetic structures were 
calculated using GENALEX ver 6.502. This 
software was particularly in the range matrix 
to generate multiple types of the marker, 
including codominant data, haploid data, 
and binary genetic data. The SSR was used 
in codominant data sets and options and was 
used for all analyses. Nei’s genetic distance 
matrix (Table 2) was calculated according to 
Nei, 1972. 
    To identification the correlations among 
individuals in the subpopulation used to 
calculated Fis, the frequency correlations 
among subpopulations to Fst, and for both 
factor was Fit. Nm analysis was a total of 
migrant and polymorphism information 
content with PIC. The SSR allele frequency 
data graphs for each locus and allelic pattern 
across populations are described in Figures 2 
and 3. The genetic structure and population 
were calculated with an AMOVA to molecular 
variance analysis with GENALEX ver 6.502 
(Peakall & Smouse, 2006). 
     Statistical analyses of microsatellite data 
were computed using GENALEX ver 6.502,
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F-statistics (Fis, Fit, and Fst) were estimated 
at each locus. The probability of being 
greater than zero was determined by 
bootstrap analysis using 1,000 replicates, 
with a 99% confidence interval (Peakall & 
Smouse, 2006). For all statistical tests, we 
chose a significance level α=0.001.

2.7 Clustering analysis

To identify groups of population analysis 
to genetic differences, we used clustering 
sampling by MVSP ver 3.22, Kovach 
computing services (UK) in unweighted 
pair group method of arithmetic averages 
(UPGMA) (Backeljau et al., 1996). The 
bootstrap analysis with 1,000 replication 
was used to assess the strength of nodes 
(Felsenstein, 1985).

3. Results and discussion

3.1 Genetic structure analysis

The genetic structure of the population can 
provide critical information for developing 
management strategies. PCR product 
analysis with SSR markers obtained an 
alternative method of characterization in the 
DNA genome. This marker was employing 
oligonucleotides-SSR at one or the other 
of the 5′ or 3′ end, with 2 to 4 purine or 
pyrimidine residue to start the amplification 
(Zietkiewicz et al., 1994). In this study, 
the genetic structure distribution between 
and within the types of Elaeis guineensis 
population is essential to adopt efficient 
strategies to screen resistance to Ganoderma. 
     The allele frequencies and the total 
number of migrant and polymorphism 
information content (PIC) for the four loci 
are given in Table 1. The locus showed 
disjunct distributions as the allele frequency 
value was not different in Fis and Fit. 
Genotype frequencies from loci within 
single populations can be represented by 
the fixation index, Fis=1.00, significant 
deficiency of heterozygosity (Soltis & Soltis, 
1989). In other research, the polymorphisms 

at 15  microsatellite loci throughout the 
Hevea brasiliensis genome in Southwest 
Amazonia were found the genetic structure, 
the average 21.7 alleles per locus which 
heterozygosity (Guen et al., 2009). 
    However, significant differences in Fst were 
observed from the locus; the values were 
found in 0.29 to 0.30. Genetic differentiation 
among oil palm populations was decreased 
along a locus P4(EGIFR) and P7(EG02), 
indicating that locus was more similar to 
each other than with the locus P6(EG01) 
and P9(EG03). This could be explained by 
gene flow and balanced selective resistance. 
Hayati et al., 2004, reported the differences 
in Fst values among oil palm populations 
in Africa due to restricted gene flow and 
ecotypic selection among geographic zones. 
Furthermore, the observed Nm diversity 
values ranged from 0.58–0.60. The PIC 
values were showed an 0.70 for locus.
Table 1. Wright’s indices a Fis, Fst, Fit, Nm, 

and PIC. 

*Wright's statistics according to Weir 
and Cockerham, 1984.  **P<0.001. Fis: 
Correlations of alleles frequency among 
individuals in the population; Fst: Correlations 
of alleles frequency among sub-population; 
Fit: Correlations by both factors from alleles 
frequency; Nm: Total by migrant; PIC: 

Polymorphic information content. 
     The SSR marker assays were showed no 
significant locus differences between the PIC 
values. We found that the high polymorphism 
of genetic similarity among the seedling 
and mature plants of Ganoderma resistance 
varieties indicates that they maintain PIC=0.70 
as a result of the selection. These results are in 
agreement with the recent studies, and there 
were obtained with SSR markers. The high 
average PIC=0.73 was detected polymorphism 
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within the different seedling and mature oil 
palm sources evaluation; similarly, further 
confirmation of the high polymorphism of 
the selected SSR markers employed has been 
reported (Billotte et al., 2005; Singh et al., 
2008). 
   Furthermore, the genetic relationship among 
date palm (Phoenix dactylifera L.) cultivars 
with polymorphism percentage (36.49%) and 
PIC > 0.50 by eight ISSR primers have been 
reported (Aladadi et al., 2018). The PIC values 

of E. guineensis type cold-tolerance have 
been reported PIC=0.65 (Xiao et al., 2014), 
whereas the genetic diversity of E. oleifera 
reported PIC=0.63 (Zaki et al., 2012). Besides, 
not similarly, very low polymorphism in E. 
guineensis populations of seedling and mature 
species have been reported elsewhere, e.g., 
PIC=0.30 in SSR marker (Babu et al., 2019).  
Different from the lowest PIC value, 0.16 was 
found in Rhanterium epapposum using SRAP 
marker (Al-Salameen et al., 2014).

Table 2. The pairwise population of Fst values.

Noted: Seedling resistance (SR), seedling non-resistance (SN), seedling resistance inoculation 
Ganoderma (SRIG), seedling non-resistance inoculation Ganoderma (SNIG), mature resistance 
symptom (MRs), mature resistance non-symptom (MRN), mature non-resistance symptom 

(MNs), mature non-resistance non-symptom (MNN).

     Besides, there was a significant correlation 
in P < 0.001 between the genetic identity 
and Fst across the population (Table 2). In 
Fst to the expected distribution of pairwise 
differences, the correlations caused the 
observed distributions to differ across the 
population. 
     For the two primers (P4 and P7), the same 
value was shown at the Fst=0.29, respectively, 
and the highest in P6 and P9 (Fst=0.30). 
Fst was an analysis based revealed a high 
genetic differentiation (Fst > 0.25) among 
oil palm populations, respectively. However, 
the differences in Fst values among the total 
genetic differences among oil palm seedling 
and mature populations mainly due to 
restricted gene flow and resistance selection.
     Loveless & Hamrick, 1984, have reported 
that genetic differentiation among populations 
is principally a function of gene flow between 
populations by pollen and seeds dispersal. The 
species with discrete or isolated populations 

experiences less gene flow than species with 
more continuously distributed or contiguous 
populations and therefore have a relatively 
lower level of variation within populations and 
a higher variation among populations. 
     In this study, the highest levels of population 
differentiation were supported by low levels 
of gene migration among populations to the 
resistance of Ganoderma.  Genetic diversity 
observed was due to genetic differentiation 
within the sources of parental materials 
like in most perennial outbreeding species, 
which maintain most of their variation within 
populations (Hamrick et al., 1991).
     Such a difference has been reported by 
Okoye et al., 2016; the significant genetic 
distinction of Fst= 0.18 indicated the presence 
of a genetic structure between the E. guineensis 
from Nigeria, which used the SSR marker. 
At the same time, the low Fst values indicate 
weak population differentiation (Cvjetković et 
al., 2017).
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Table 3. Pairwise population the matrix of Nei’s unbiased genetic identification.

Noted: Seedling resistance (SR), seedling non-resistance (SN), seedling resistance inoculation 
Ganoderma (SRIG), seedling non-resistance inoculation Ganoderma (SNIG), mature resistance 
symptom (MRs), mature resistance non-symptom (MRN), mature non-resistance symptom 

(MNs), mature non-resistance non-symptom (MNN). 

     The genetic identity across the population 
was pairwise was calculated using Nei’s 
unbiased of the genetic distance. The genetic 
identification of E. guineensis to Ganoderma 
resistance populations was found from 0.13 
to 0.42 (Table 3). 
     The migration rates existing among seedling 
and mature populations were increased. The 
highest genetic differentiation between oil 
palm populations could be mainly due to years 
of planting differences as the populations 
used in this study covered resistance genes. 
On the other hand, the highest genetic 
divergence among the populations may be 
due to restricted pollen and seed dispersal; 
likewise, insects are pollinated, such as in 
Africa (Hartley, 1988).
     The length of the DNA samples was 
showed in heterozygosity from DNA genomic 
samples to established the expected range of 176 
bp – 422 bp allelic for each population per locus. 
Allele P7 (0.67) at mature non-resistance non-
symptom (MNN), which was present at the 
highest frequencies in mature and seedling 
populations, was not detected in any other 
populations assayed, which most likely 
indicates hybridization and introgression. 
The presence of rare allelic variants at a 
particular locus in one or two populations 
could be largely due to drift, to a lesser extent, 
to adaptive genetic variants (Bakoumé et al., 
2007; Thongthawee et al., 2010).

     The number of alleles described genetic 
variation at each locus to measure genetic 
variability (Arora and Bhatia, 2006). In this 
case, that has an impact on resistance genes 
differentiation within the population. 
     The populations with a relatively high average 
Na suggest that it has good genetic variation and 
could be amenable to the protection of germplasm 
resources. Genetic diversity is closely related to 
adaptive power, viability, evolutionary potential, 
and pathogen resistance. Finally, it also showed 
that this species resistant to the Ganoderma 
boninense has the genetic potential for breeding. 
Shannon's information index can indicate the 
level of genetic diversity; a higher value indicates 
greater genetic diversity (Wang et al., 2014). 
    For experimental validation of the data, 
each locus to predicted differences between 
size alleles, which allows the polymorphic to 
the variant base frequency of the allele, we 
describe using GENEALEX software. Allelic 
frequencies at these loci for each population 
examined, including the seedling and mature, 
are given in Table 4.
    For experimental validation of the data, 
each locus to predicted differences between 
size alleles, which allows the polymorphic 
to the variant base frequency of the allele, 
we describe using GENEALEX software. 
Allelic frequencies at these loci for each 
population examined, including the 
seedling and mature, are given in Table 4.
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Table 4. Allele frequencies by populations

Noted: P4=Primer EGIFR; P6=Primer EG01; P7=Primer EG02; P9=Primer EG03. Seedling 
resistance (SR), seedling non-resistance (SN), seedling resistance inoculation Ganoderma 
(SRIG), seedling non-resistance inoculation Ganoderma (SNIG), mature resistance symptom 
(MRs), mature resistance non-symptom (MRN), mature non-resistance symptom (MNs), 

mature non-resistance non-symptom (MNN). *Significant at P-value < 0.001.

discriminatory power of the SSR primer 
combinations. Microsatellite analysis was 
observed between oil palm (E. guineensis) 
from China and Malaysia; the Ho found 0.37 
and 0.40 (Zhou, 2015). While there found two 
to nine different Ho, an average of 0.08 - 0.83

per locus in S. sclerotiorum species were 
polymorphic (Mahalingam et al., 2020). The 
variation was due to the differences in the 
number of microsatellite repeat motifs in each 
locus. In Figure 1, we were indicated by a graph 
of seven polymorphic loci parameter edges. 
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Fig. 1. Average allelic patterns across populations. (Seedling resistance (SR), seedling non-resistance 
(SN), seedling resistance inoculation Ganoderma (SRIG), seedling non-resistance inoculation 
Ganoderma (SNIG), mature resistance symptom (MRs), mature resistance non-symptom (MRN), 

mature non-resistance symptom (MNs), mature non-resistance non-symptom (MNN)).
Table 5. The molecular variance analysis 

Noted: P-value to the level of significance for the distribution of variation.
The Na values for all populations are the same 
at 3.00. Additionally, we identify the known 
number of active alleles Ne=3.00.v     We were 
shown the graph's more certain maximum 
likelihood by calculating the average molecular 
weight in locus with an across the random 
population. That graph model was clarified 
almost 99.9% of the variance in the relative 
population. Furthermore, as intended from an

investigation of the resistance genes, it was 
shown that seedling and mature populations 
also have the resistance gene of Ganoderma     
To determine the genetic differences among 
the eight groups, we performed AMOVA and 
pairwise analyses (Table 5). The AMOVA 
results showed that differences among 
individuals caused 100% of the variation; it 
was significantly different from each other in

Fig. 2. Agarose gel of PCR visualization seedling populations by DNA ladder staining from 50 bp 
~ 1000 bp; 1% agarose gel. (A=Primer P4(EGIFR), B=Primer P6(EG01), C=Primer P7(EG02) and 
D=Primer P9(EG03); Seedling resistance (SR), seedling non-resistance (SN), seedling resistance 
inoculation Ganoderma (SRIG), seedling non-resistance inoculation Ganoderma (SNIG), mature 
resistance symptom (MRs), mature resistance non-symptom (MRN), mature non-resistance symptom 

(MNs), mature non-resistance non-symptom (MNN)). 
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the seedling and mature oil palm genotype. 
This suggests that genetic differences between 
individuals can explain existing genetic 
diversity. 

3.2 PCR amplification

The SSR markers are a powerful tool for this 
type of study. We were showed the possibility 
of using SSR primers to amplify in different 
types of seedling and mature. The putative 
loci were incorporated in the PCR as they can 
provide the resistance gene of Ganoderma 
recommended in the analysis to E. guineensis 
species (Tan et al., 2013). Moreover, another 
primer (P6(EG01); P7(EG02); P9(EG03)) was 
designed to extremely amplify the level of band 
expression. Four primers tested can amplify 
eight types of seedling  and  mature  species  
by four primers’ results among the total of 64 
bands, whereas the seedling type was 32 bands 
and the mature types 32 bands.
     Figures 2(A) and 2(B) were showed the 
amplificationappearance delivered over eight 
seedling populations using primer P4(EGIFR) 
and P6(EG01), respectively. The single bands 
of varied size, from 244 – 319 bp, were found 
based on primer P4, while, in the primer P6, the 
sizes varied from 265 to 261 bp. Likewise, a 

substantial range of the variability is probably 
caused by small implied deletion from 
the genomic regions amplified among the 
microsatellite anchored in the regions. The 
increased presence of the high molecular 
weight in Figure 2(C) was 297 bp–393 bp to 
primer P7(EG02). Furthermore, Figure 2(D) 
shows primer P9(EG03) for 280–340 bp of 
the molecular weight, for which such size 
variations were found.
    An expression of the amplified products 
in a different type of mature population, the 
P4(EGIFR) primer (Figure 3(A)) result in the 
amplification was 241–319 bp by-products 
PCR, while the P7(EG01) primer was identified 
more than P4. It was varied from 272 to 346 
bp (Figure 3(B)). The bands of the P7(EG02) 
primer were shown to be 292–381 bp (Figure 
3(C), and generated 203-422 bp PCR products 
with a P9(EG03), as shown in Figure 3(D).

3.3 Genetic distance similarity

The phylogenetic representing the genetic 
relationships with great likelihood were 
provided in Figure 4. 
   Importantly, to suppose the population genetic 
structure in the seedlings and matures of E. 
guineensis to Ganoderma resistance, the

Fig. 3. Agarose gel of PCR visualization mature populations by DNA ladder staining from 50 bp ~ 
1000 bp; 1% agarose gel. (A=Primer P4(EGIFR), B=Primer P6(EG01), C=Primer P7(EG02) and 
D=Primer P9(EG03); Seedling resistance (SR), seedling non-resistance (SN), seedling resistance 
inoculation Ganoderma (SRIG), seedling non-resistance inoculation Ganoderma (SNIG), mature 
resistance symptom (MRs), mature resistance non-symptom (MRN), mature non-resistance symptom 

(MNs), mature non-resistance non-symptom (MNN)).

9

Rahmah Hayati, Lisnawita Lisnawita, Erman Munir, Mohammad Basyuni



Fig. 4. Dendrogram based on Squared Euclidean - Datalog(10) transformed genetic distances using the 
pairwise unweighted clustering method (UPGMA, MVSP ver 3.22). Seedling resistance (SR), seedling 
non-resistance (SN), seedling resistance inoculation Ganoderma (SRIG), seedling non-resistance 
inoculation Ganoderma (SNIG), mature resistance symptom (MRs), mature resistance non-symptom 

(MRN), mature non-resistance symptom (MNs), mature non-resistance non-symptom (MNN).

amplification data from the marker by SSR 
was used to estimate the genetic distance and 
to draw a phylogenetic tree. The dendrogram 
UPGMA algorithm was used to clustering 
the population based on the genetic distances 
population.
     The bootstrapping value represents a 
percentage in 1,000 to replications and verifies 
the reliability of the topology tree, mainly in 
a manner appropriate to SSR markers. The 
phylogenetic tree constructed from the SSR 
markers data was displayed two (2) clustering. 
The first cluster includes the mature resistance 
non-symptom (MRN) and the mature resistance 
symptom (MRs) were separated. Furthermore, 
in the second cluster, the lines from seedling 
E. guineensis were derived, i.e., seedling 
resistance (SR), seedling non-resistance (SN), 
seedling resistance inoculation Ganoderma 
(SRIG), and seedling non-resistance inoculation 
Ganoderma (SNIG), all of which exhibited a 
close relationship in one group. Furthermore, 
the mature non-resistance symptom (MNs) and 
mature non-resistance non-symptom (MNN) 
displayed to the out-group separately.
     The population in this study was not divided 
into separate clusters, but it was distributed in 
two large clusters, which showed a significant 
genetic similarity of the population. It was seen 
that the seedling population was more closely 

related; the seedling resistance inoculation and 
the non-inoculation were separated into one 
large group. Cluster analysis has separated the 
seedling and matures to Ganoderma resistance 
populations also different with respect to 
the genetic background of MTG variety 
traits in that they have a tolerance gene for 
Ganoderma (Putri et al., 2017). Based on 
these unique characteristics, there should be 
attempts to classify the oil palm as a different 
species (Purseglove, 1975; Hartley, 1988). 
   Microsatellite analysis efficiently was 
differentiated oil palm type seedlings and 
matured to Ganoderma resistance. These 
results will be useful for further studies, 
such as material planting selection, clonal 
identification, the monitoring of progeny 
in seed-production programs, and genetic 
mapping. Hama-Ali et al., 2014, reported 
that microsatellite analysis has successfully 
revealed the polymorphism associated 
with seedling and mature variation in the 
oil palm resistance gene to Ganoderma. 
Nevertheless, the seedling and mature 
variants were identified as their biochemistry 
characteristics (Afandi et al., 2018), but they 
have been developed were clarification by 
this research.
    Finally, oil palm can be distributed mainly 
in the tropical area of North Sumatra. Hence, 
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Sumatera oil palm’s development history 
and the experimental findings support the 
conclusion that the populations of Ganoderma 
resistance may be from the same source, 
and they have a similar genetic background. 
Further research was needed in this area. The 
genetic diversity and population structure 
data based on microsatellite analysis of SSR 
were a theoretical basis for deeper study 
and research into oil palm breeding. In the 
process of breeding selection, other reference 
indices, such as fruit productivity, disease 
control, and pathogen stress, should be used 
to determine breeding materials in the same 
group. Microsatellite molecular systematic 
data can contribute to the development of 
effective Ganoderma strategies.
    The genetic data was obtained here for 
the oil palm-based microsatellite markers 
demonstrated the genetic structure indirectly. 
These data were provided the genetic 
information for eight population seedlings 
and matured based on resistance Ganoderma 
oil palm lines that a great amount of genetic 
structure variation in the oil palm to preserved 
and improvement of oil palm breeding.

4. Conclusion

This study was confirmed the seedling and 
maturation of Elaeis guineensis Jacq. using 
microsatellite analysis. Four primers were 
amplified the PCR product of seedling and 
mature species, the single bands of varied 
sizes, a substantial range of the variability 
caused by small implied deletion from 
the genomic regions amplified among the 
microsatellite anchored in the regions. This 
study was confirmed the high polymorphism 
of genetic similarity among the seedling 
and mature of oil palm plants to Ganoderma 
resistance. 
     The genetic variation among the eight 
populations caused by differences among 
individuals was significantly different from 
each other. The separate phylogenetic clusters 
were distributed in two large clusters, which 
showed a significant genetic similarity of the 
population. The seedling population was

 found more closely related; the seedling 
resistance inoculation and the non-
inoculation were separate in one large group.
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