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Abstract. Hayati R, Lisnawita, Munir E, Basyuni M. 2020. Short Communication: MADS-box genes expression in seedlings of Elaeis 
guineensis Jacq. resistance to Ganoderma boninense. Biodiversitas 21: 5805-5810. Advances in molecular technology were allowed the 
molecular studies of the flowering genes to expected to be used to predict Elaeis guineensis fruit production. This study aims to identify the 
genetic structure associated with flowering genes, belonging to the MADS-box gene family of oil palm to Ganoderma boninense 
susceptible and resistance types. Different length of expressed genes was identified the single band pattern. Based on UVITEC-1D methods, 
all populations detected expression in primer EGGLO and EGDEF. Moreover, SS, SA, RA were not expressed in primer EGSQUA, 

EGAGL2, and EGAG. GENEALEX results, 5 sets of MADS-box family markers showed Na values was 2.20 to 3.00, and He values was 
0.40–0.67. Higher PIC = 0.82 was found in RA and SA populations. The dendogram described clustering based on genetic distances with 
two clusters. The first cluster was described as resistant asymptomatic and symptomatic population. Furthermore, the second cluster 
consisted of two clustering susceptible asymptomatic and symptomatic populations, separately. This phenomenon is likely to be the 
sampling rate and the addictive nature of parent crossing derivatives.  

Keywords: Elaeis guineensis, GENEALEX, MADS-box gene expression, oil palm, PIC 

Abbreviations: RS: Resistance symptomatic, RA: Resistance asymptomatic, SS: Susceptible symptomatic, SA: Susceptible asymptomatic 

 

INTRODUCTION 

The incredible Elaeis guineensis Jacq. productivity was 

underlined with the reality of the crop from one-third of the 

world plant, based on the production of fats and oils. 

Therein the oil palm production was occupation 75.7 

million tons in 2017, and export amounted to 1.53 million 

tons of USD 819.26 million in 2020. It was recorded to 

have increased by 14% and 27% in terms of market share 

value compared to the same period in 2018-2019 

(Subagyono 2020; Shahbandeh 2020). Growth parameters 

of oil palm were survival rate, plant heights, leaf lengths, 

leaf width, stem girth, and total fruits (bunches) (Soltis and 
Soltis 1989; Misron et al. 2020). The total fruits are one of 

the main parameters of oil palm production. Commonly, oil 

palm production related to the number of fruits can be 

determined from the beginning of the flowering phase as 

the initial stage of fruit formation (Adam et al. 2011; 

Abraham-Juarez et al. 2020; Alabi et al. 2020; Noushini et 

al. 2020).  

Advances in molecular technology were allowed the 

molecular studies of the flowering genes that play a role in 

flowering (Santos et al. 2020; Uguru et al. 2020). In most 

plants, the flowering process is controlled by many genes, 

such as SQUA, AGL, GLO, AG, and DEF genes that are 

mutually reliable (Singh et al. 2020). The structural 

character from E. guineensis to the MADS-box genes, 

namely SQUAMOSA, DEFICIENS, GLOBOSA, 

AGAMOUS, and AGL2 subfamily (Adam et al. 2006). On 

oil palm, the molecular development of flowers is still 

limited. Singh et al. (2020) have been reported oil yield 

was controlled alleles type II MADS-box genes (SHELL) 

to impact of presence that thickness from endocarp, shell, 

and fruit of kernel. Recently, Li et al. (2020) have been 

reported EgMADS21 was expressed to early mesocarp 
development stages from oil palm fruits to a negative 

correlation. Furthermore, the MADS-box genes remain 

considered as the most potential ancestor of sweet potato 

and transcription factors regulate the floral organogenesis 

in lotus (Giovannoni 2007; Zhu et al. 2020; Lin et al. 

2020). The SQUA, GLO, and DEF genes were included in 

the MADS-box gene occupied with sepals, petals, and 

stamen contents. The MADS-box gene encodes the 

family's major transcription factors regulating development 

in higher plants, including flowers and fruits (Saedler et al. 

2001).  
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The function of the MADS-box gene was determined as 

a regulator that controls plant development pathways 

(Alvarez-Buylla et al. 2000). However, the commercial oil 

palm germplasm in Indonesia aimed at seeds that resistant 

to diseases such as Ganoderma. G. boninense and G. 

sinense can stunt growth and fruit production in oil palm 

plants from the age of 5 to 25 years, wherein, the oil palm 

cannot produce optimally (Hayati et al. 2020). G. 

boninense has interfered with the flowering and formation 

process of oil palm fruits (Shariffah-Muzaimah et al. 2020).  
Putranto et al. (2016) has been reported six upregulation 

genes, i.e. EgCHI1, EgVIR-1, EgVIR-2, EgIFR-2, EgMT-

1, and EgSPI-2 as potential positive biomarkers for oil 

palm of moderate tolerant to Ganoderma. Sarpan et al. 

(2020) has been reported the EgDEF1 gene was expressed 

for clonal abnormality in the epigenetic phenomenon and 

linked for hypomethylation to transposable elements. 

However, in general, there is little knowledge about the 

function of the flowering gene in Ganoderma pathogen-

resistant plants. This study aims to identify the genetic 

structure associated with flowering genes, belonging to the 
MADS-box gene family from E. guineensis fruits variety 

resistance to G. boninense susceptible and resistant plant 

types. The finding of genetic structure fruit may present the 

genetic resources for further optimization of oil palm 

breeding.  

MATERIALS AND METHODS 

Plant materials 

The materials were used in this study from the plant 

crossing Dura × Pisifera varieties from Elaeis guineensis 

belong to Socfindo derived in Bangun Bandar-Serdang 

Bedagai, Indonesia, located at 3˚18'43'' N 99˚00'23'' E. One 

series of plant crosses from Ganoderma boninense 

experimental genetic material in the field (2002 planting 

years). The plantation area was 50 ha/block, wherein sixty 

plants/plot per one cross. The spacing was 9 × 9 m 

(equilateral triangle) with a total crop of 144 plants/ha. 

Then, the fruits were harvested 2-3 months after flowering. 

A total of fruits were used in two types (resistance and 
susceptible) with 30 replications for each population. The 

sample plants used were in standard conditions to find 

uniformity, the fresh bunches from the plants used were 

growth flat soil and not ditch (the presence of stagnant 

water was thought to be not only a factor of G. boninense 

diseases). The genetic material for the Ganoderma trial in 

the field was fruit tissues from plants that were still 

produced from 17 years old (block 35). Observation of 

resistance to Ganoderma followed the previous procedures, 

namely genetic trial, parental garden, specific Ganoderma 

trial, and early screening test (Breton et al. 2009). Type of 

fruits was classified from symptomatic and asymptomatic 

oil palm plants against Ganoderma pathogen (Table 1), 

namely Resistance symptomatic (RS); Resistance 

asymptomatic (RA); Susceptible symptomatic (SS); and 

Susceptible asymptomatic (SA) were previously studied 

(Hayati et al. 2021). 

DNA extraction 

DNA isolated by using the cetyl trimethyl ammonium 

bromide (CTAB) method (Basyuni et al. 2017) with 

modified with polyvinyl pyrrolidone (PVP). Firstly, the 
fruit fresh bunches tissues (500 mg of mesocarp and kernel 

per sample) from E. guineensis were ground in liquid 

nitrogen with a mortar, and then 0.1 g of PVP was added. 

Then, 5 ml of CTAB was added to the sample and 

incubated at 65 ˚C for 30 minutes. Furthermore, 1 volume 

of chloroform:  isoamyl alcohol (24:1; CI) was added, and 

the samples were centrifuged at 14,000 rpm at 4 ˚C for 20 

seconds. This step was repeated three times. 

The supernatant was collected and added 1 volume of 

cold isopropanol, then incubated at – 20 ˚C for 30 minutes. 

Thus, the samples were centrifuged at 14,000 rpm at 4 ˚C 

for 10 minutes. This dried pellet was added with 500 µL 

TE pH 8, 1/10 volume of NaCH3COO3 3 M pH 7 (cold), 

and 2 volumes of ethanol absolute (cold) and incubated 

overnight at –20 ˚C. The next following day, the dried 

pellet was washed with 400 µL of 70% ethanol (cold) and 

centrifuged at 14,000 rpm at 4 °C for 5 minutes. One 

hundred ml of double-distilled water (ddH2O) and 1/10 
volume RNAse were added to the dried pellet, and then the 

sample was incubated at 37 ˚C for 1 hour. The quality and 

quantity tests were used in the absorption spectrum (220-

750 nm) with NanoDrop 1000 (Wilmington DE, USA). 

Polymerase chain reaction (PCR) 

MADS-box primers were selected refer to Table 2 

(Adam et al. 2006). One reaction contained 2.5 µL 

SappireAmp Fast PCR Master Mix (2X Premix), 0.5 μM 

Forward and Reverse primer and 100 ng (1.5 µL) DNA, 

and 5.0 µL dH2O, wherein 10 µL reaction volume. PCR 

was recognized under the condition to denaturation at 94°C 
for 2 minutes, 30 cycles at 94°C for 30 seconds, annealing 

at 55-60°C for 60 seconds, the extension at 72°C for 3 

minutes, and through the final extension at 72°C for 7 

minutes. 

 

Electrophoresis  

The PCR product was analyzed using electrophoresis 

within a 1% agarose capsule (Lee et al. 2012). 

Furthermore, the GelRed was added and carried out with a 

UV-Transilluminator to estimate the molecular weight 

using UVITEC-1D (UVI-1D) software from Cambridge. 
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Tabel 1. Description of material planting 
 

                      Plants material Description 

 

Figure 1. Resistance symptomatic (RS). The fruit was collected from fresh 
bunches of plants that have shown symptoms of Ganoderma boninense. 
There were found some fruiting bodies (Basal Stem Root), however, the 
plants still survived to produce. The nature of resistance was the addictive 
nature of crossing derivatives (symptoms index per block > 50%). 

 
 

 

Figure 2. Resistance asymptomatic (RA). The fruit was collected from 
fresh bunches of plants that have not shown symptoms of G. boninense. 
The plants still look healthy and produce well. The nature of resistance was 
the addictive nature of crossing derivatives (symptoms index per block > 
50%). 
 

 
 

 

Figure 3. Susceptible symptomatic (SS). The fruit was collected from fresh 
bunches of plants that have shown symptoms of G. boninense. There were 

found some fruiting bodies (Basal Stem Root), and the plants still survived 
to produce. The nature of susceptibility was the addictive nature of crossing 
derivatives (symptoms index per block < 50%). 
 
 
 

 

Figure 4. Susceptible asymptomatic (SA). The fruit was collecting from 

fresh bunches of plants that have not shown symptoms of G. boninense. 
The plants still look healthy and produce well. The nature of resistance was 
the addictive nature of crossing derivatives (symptoms index per block < 
50%). 
 

 

 
Tabel 2. Primers used to analyze the MADS-Box genes 
 

Primer Primer sequences (5’-3’) Amplification (bp) 

EgSQUA F-AGGCACTAAACCAGCAGGCA  
R-ACACACTTAAGGTTCCCACA 

459 

EgAGL2 F-TGCAGATCTTCAACGAAAGG 
R-TAGAATAGCTCCCTCACAGG 

471 

EgGLO 
 

EgAG 
 
EgDEF 

F-TGAGGCATTTGAAGGGTGA  
R-ACACCAAAAGAGAAGACC 

F-CCTTCAGAATTCGAACAGG  
R-GACAGGCTCCCCTCTCAGGA 
F-ATCACCACGCAGACGGATAC  
R-AGTACCATGGAGGAAGCCAA 

365 
 

519 
 

365 
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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 of genetic data. The locus was used in codominant 

data sets and options and was used for all analyses. To 

identification the correlations among individuals in the 

subpopulation used to run Fis, the frequency correlations 

among subpopulations to Fst, and for both factors was Fit. 
PIC analysis was a polymorphism information content. The 

allele frequency data for each locus and allelic pattern across 

populations are described in Figures 5 and 6. F-statistics (Fis, 

Fit, and Fst) were estimated for each locus. The probability 

of being greater than zero was determined by bootstrap 

analysis using 1,000 replicates, with a 99% confidence 

interval (Peakall and Smouse 2006). For all statistical tests, 

we chose a level for a significance level *P < 0.001. Each 

population was analyzed the number of different alleles of 

frequency >0.5% (Na) and the genetic polymorphisms to 

the heterozygosity expected (He) (Avval 2017).  
The clustering of genetic distinct among populations 

were conducted using MultiVariate Statistical Package 

(MVSP) Kovach computing services, UK ver 3.2, for 

Unweighted Pair Group Method of Arithmetic average 

(UPGMA) (Backeljau et al. 1996). The bootstrap was 

analyzed in 1000 replications for assessed nodes strength 

(Felsenstein 1985). 

RESULTS AND DISCUSSION 

Results 

The expression pattern from the MADS-box genes was 

presented by PCR using DNA from fruit tissue. The 
EGGLO (GLO subfamily) genes have a role during the 

male and female in inflorescence to development. GLO 

genes (B-class) was played a generally conserved role in 

the determination of petal and stamen identity. To 

determine how and when these functions evolved is critical 

to the evolution of flowers. The proteins GLO necessary 

for stamen establishment and thus fertility. The expression 

was barely detected from RA and RS populations. 

However, the strong expression being appeared in the SS 

population, and similar detected in SE. Furthermore, the 

EGDEF genes (DEF subfamily) were detected similar to all 

populations. DEF subfamilies were suggested a strong 
coevolutionary pressure necessary to conserve the 

heterodimerization characteristic of the APETALA3 (AP3) 

protein. In the case of oil palm, it is interesting to note that 

the EgDEF and EgGLO genes display slightly different 

expression patterns. The genes have a role in the 

determination of stamens (Figure 5). 

The EGSQUA genes belong in the SQUAMOSA 

(SQUA subfamily). SQUA subfamily has a terminal part of 

the protein and present in FRUITFULL. These genes play a 

role in the determination of its function and specificity of 

flowers at the base of the tree. EGSQUA genes are 
expressed in vegetative organs and determination of the 

identity of the floral meristem. The expression patterns 

were detected from SA, RS, RA populations. However, no 

expression in SS. The EGAGL2 genes have a role during 

for late stages in floral fruit development (AGL2 

subfamily). The weakly expression being detected only for 

SS and RS populations. Thus, the function emerges 

restricted for reproductive fruit development from SA and 

RA populations. The EGAG genes have been appertained 

in the AGAMOUS (AG subfamily). The AGL genes were 

displayed in distinct patterns. In comparison with the AGL 

and AG subfamilies have strong coevolutionary to 
represent a specialization of function in flower complex. 

AGL and AG genes were found to be expressed in 

vegetative tissue. The results reported here show several 

identified oil palm genes has an expression pattern specific 

resistance and susceptible to either the populations, 

although no expression has been reported in some genes. 

For which expression was weakly detected from RS and 

not detection in SA. Similarly, their expression genes were 

a pattern (Figure 6). 

The number of different alleles (Na) were identified 

from 2.20 to 3.00, whereas the heterozygosity expected 
(He) was 0.40–0.67. The RA and SA populations were 

showed the same values of He. The data PIC was found 

highest polymorphism of genetic similarity among RA and 

SA populations (PIC = 0.82). Besides, not similarly, very low 

polymorphism was found RS and SS populations (Table 3). 

Genotype frequency for loci in populations was 

presented by the fixation index. The Fis was shown at 1.00 

from all populations, in the case was a deficiency of 

heterozygotes, similar to each other than with Fit value 

(1.00). However, Fst significant difference values were 

described from all locus, the range 0.273 to 0.652 (Table 4).  
 

 
Figure 5. PCR visualization oil palm fruit populations from 
EGGLO and EGDEF primers. Based on the Hyperladder (100 bp 

~ 10,000 bp) with 1% agarose gel. 
 

 
Figure 6. PCR visualization oil palm fruit populations from 

EGSQUA, EGAGL2 and EGAG primers. Based on the 
Hyperladder (100 bp ~ 10,000 bp) with 1% agarose gel 
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To suppose the resistance and susceptible population 

from E. guineensis, the genetic structure used to estimated 

the genetic distance to obtain the dendrogram. The 

UPGMA algorithm has described clustering for populations 

based on genetic distances. The dendrogram was 

constructed with two cluster groups. The first cluster was 

described as resistant asymptomatic and symptomatic 

population. Furthermore, the second cluster consists of two 

clustering susceptible asymptomatic and symptomatic 

populations, separately (Figure 7). 
 

 
Table 3. Na, He and PIC by each population 
 

Population Na He PIC 

RA 2.60 0.53 0.82 
RS 3.00 0.67 0.26 

SS 2.20 0.40 0.42 
SA 2.60 0.53 0.82 
Mean 2.60 0.53 0.58 
SE 0.40 0.13   

Note: Na: Number of different alleles; He: Expected 
heterozigosity; PIC: Polymorphic information content. RS: 
Resistance symptomatic; RA: Resistance asymptomatic; SS: 
Susceptible symptomatic; SA: Susceptible asymptomatic 

 
 

Table 4. Frequency by each primer 
 

Primer Fit Fis Fst 

EGSQUA 1.00 1.00 0.459* 
EGAGL2 1.00 1.00 0.652* 

EGGLO 1.00 1.00 0.238* 
EGAG 1.00 1.00 0.467* 
EGDEF 1.00 1.00 0.273* 
Mean 1.00 1.00 0.418 
SE 0 0 0.075 

Note: Wright's statistics. *P<0.001. Fit: Correlations from allele 
frequency by both factors; Fis: Correlations among individuals 

from the population of allele frequency; Fst: Correlations among 
sub-population of allele frequency 
 
 
 

 
 
Figure 7. The dendrogram (squared Euclidean, Data-log 10) 
transformed the genetic distances by pairwise un-weighted 

clustering (UPGMA), MVSP (ver 3.22) methods. RS: Resistance 
symptomatic; RA: Resistance asymptomatic; SS: Susceptible 
symptomatic; SA: Susceptible asymptomatic 

Discussion 

PCR visualization of MADS-box genes from oil palm 

(E. guineensis) to represent allowed to identify distinct 

among resistance and susceptible to fruits material. The 

EGSQUA, EGAGL2, EGDEF, EGAG, and EGGLO are 

respected as potential biomarkers to resistance and 

susceptible oil palm fruit varieties. In this study, the 

expression was described to four fruit tissues from resistant 

and susceptible plants through MADS-box genes.  

Different length of genes was identified for each 
population displayed the single band pattern. Furthermore, 

the genetic variation is imperative for oil palm populations 

to be capable to face the present environment changed and 

to confirm long-term responses to screening and selection 

for the economic interest of traits. Differentially expressed 

genes leading to tolerance of Ganoderma have been 

reported from oil palm (Putranto et al. 2016). In other 

cases, Adam et al. (2007) have been reported the molecular 

to flower development of E. guineensis, twelve of MADS-

box genes from RT-PCR visualization were founded to 

determine function spatial and temporal patterns of male 
and female inflorescences.  

MADS-box genes were understood in the determination 

and evolution of flower fruits from both within the oil 

palm. A number of different allele was found in G. 

boninense symptom of oil palm at Na = 3.00, similarly in 

this study. Whereas, Bakoumé et al. (2007) have been 

reported the high intra-populations of diversity oil palm 

from Ulu Remis Deli not distinct in this study, wherein 

genetic variety He = 0.493 and another case E. oleifera 

with He = 0.221 (Maizura et al. 2017).   

The locus showed disjunctive distributions as the value 
of the allele frequency was not different in Fis and Fit. The 

allele frequencies both 1.00 signifying deficiency of 

heterozygotes with significant correration (Fst). Hayati et 

al. (2004) have been reported the differences in Fst values 

among oil palm populations in Africa due to restricted gene 

flow and ecotypic selection among geographic zones. 

The dendrogram was constructed based on MADS-Box 

genes. Closely clusters were estimated due to the sampling 

rate and the addictive nature of parent crossing derivatives. 

the resistant symptomatic and the asymptomatic population 

was found in one cluster, likewise in the susceptible 

symptomatic and asymptomatic populations. 
In conclusion, identification of MADS-box genes acting 

in development fruits of oil palm type resistance and 

susceptible to the determination of flowering genetic 

structure. The results were attained useful for selecting 

flowering genes although symptoms by Ganoderma greater 

in genetic diversity. 
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