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Abstract. Numba S. 2023. Genetic diversity and its association with Phytophthora palmivora resistance in durian (Durio zibethinus) 
using RAPD markers. Biodiversitas 24: 4542-4548. Durian (Durio zibethinus L.) is a popular tropical fruit that contributes significantly to 
regional economic value. Root and stem rot disease caused by Phytophthora palmivora has become a serious threat to the growth and 
development of durian. Indonesia has various local durian varieties that have the potential of resistant to P. palmivora. This study aims to 
analyze genetic diversity and its association with the resistance of durian to root and stem rot disease caused by P. palmivora using 
RAPD markers. Ten varieties of durian were compared with those of 2 wild species, namely D. kutejensis (Hassk.) Becc. and Boschia 
excelsa Korth.. The DNA profile analysis was performed by using 10 RAPD primers. Furthermore, cluster analysis was done using the 

NTSYS (Numerical Taxonomic and Multivariate Analysis System) ver. 2.0. Observation of the DNA profile (DNA banding pattern) 
showed that all the primers succeeded in producing amplified DNA fragments. Of the total 78 bands produced, 10 bands were 
considered monomorphic, while 68 bands (87.20%) were considered polymorphic. The high level of polymorphism causes a low level 
of similarity between varieties so that not all resistant varieties are grouped in the same cluster. This study found that the 1kb band 
produced by the OPA-2 primer was a potential gen associated with resistance to P. palmivora. It is suggested to carry out further tests on 
crosses of resistant and susceptible varieties. 
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INTRODUCTION 

 durian (Durio zibethinus L.) is a popular tropical fruit 

that contributes significantly to regional economic value 

(Somsri 2015; Aziz et al. 2017). Durian has a unique taste 

and texture as well as its high nutrient content (Aziz and 

Jalil 2019). According to Devalaraja et al. (2011), durian is 

a good source of protein (1.47%), fat (5.33%), fiber (3.1%), 

and carbohydrates (27%). Durian is also known as the 

"king of tropical fruit" due to its superlative flesh, high 

nutritional contents, and appearance which resembles the 
thorny thrones of Asian kings (Ali et al. 2020). In 

Indonesia, most plants are not commercially cultivated, and 

the differences between the cultivars have not been widely 

studied (Tan 2022).  

 durian is a plant native to Southeast Asia (Zhou et al. 

2021). Indonesia is listed among the major durian-

producing countries along with Malaysia, Thailand, 

Cambodia, and Vietnam. Durian production in Indonesia 

has increased since 2016 and peaked in 2021, with 

production reaching 1.35 million tons. That number 

increased by 19.40% compared to the previous year which 

amounted to 1.13 million tons (Central Bureau of Statistics 
2022). Furthermore, the Indonesian government has opened 

5,000 ha of durian plantations throughout Indonesia, 

because of the increasing domestic demand for durian in 

2017 (Sulistiyo et al. 2022). These plantation areas led to a 

remarkable increase in durian production in 2018. 

Therefore, one of the priorities of research in the field of 

horticulture is to collect and identify the parent tree fruit 

native to Indonesia's superior worth in terms of both 

production and resistance to pests and diseases.  

The genetic diversity of durian has attracted much 

interest from researchers from Southeast Asia (Vanijajiva 

2011; Mursyidin and Daryono 2016; Prakoso and 

Retnoningsih 2021; Mursyidin et al. 2022) as well as from 

Cina (Wang et al. 2019; Lin et al. 2022). The majority of 

these studies seek to uncover the potential superiority of 

durian characters because germplasm collection is a vital 
component of the success of plant breeding programs and 

the development of superior cultivars (Cowling et al. 2016; 

Wambugu et al. 2018).  

Root and stem rot disease caused by Phytophthora 

palmivora has become a serious threat to the development 

of durian plants in Indonesia. This disease causes the death 

of plants, both juvenile and mature plants (Santoso et al. 

2015). This disease has damaged up to 30% of durian 

farms (Drent and Guest 2004). Attacks of this disease have 

been reported in Australia (O'Gara et al. 2004), Phillipines 

(Abad and Cruz 2013), and Thailand (Ritmontree and 

Kongtragoul 2020). However, few studies were associated 
with the resistance of durian varieties to that disease 

(Camellia et al. 2019). Some wild durian species were 

reported to be resistant to the disease (Shamsudin et al. 

2000). Previous research assessed the resistance of durian 

to the missing lesion diameter parameter (Vawdrey et al. 

2005). Considering that the resistance of plant variety is 

influenced by both environmental and genetic factors, it is 
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necessary to conduct a study at the genetic level. One 

method that can be applied is the Random Amplified 

Polymorphic DNA (RAPD) marker. The marker has been 

used in several previous studies to determine genes 

associated with resistance to Phytophthora fragariae 

(Rpf1) in cultivated strawberries (Haymes et al. 1997), 

resisting Quantitative Trait Loci tolerance to root rot in 

soybean (Han et al. 2008), and developing molecular 

markers related to resistance of Phytophthora capsici to 

pepper (Capsicum annuum L.) (Truong et al. 2013). 
It is expected to obtain information about the DNA 

profile of disease-resistant varieties by analyzing several 

durian cultivars. This information can be used in the 

assembly program for durian varieties resistant to P. 

palmivora. This study aimed to analyze genetic diversity of 

durian and its association with resistance to root and stem 

rot disease caused by P. palmivora using RAPD markers. 

Furthermore, from the genetic information that can be 

planned further studies to detect genes that encode 

resistance to cancer and cancer stem to root, and can 

eventually be used for the assembly of durian varieties that 
are resistant to P. palmivora. 

MATERIALS AND METHODS 

Plant materials 

This study was conducted in the Laboratory of 

Molecular Biology, Center for Plant Breeding, Department 

of Agronomy, Institut Pertanian Bogor, Bogor, Indonesia. 

Durian leaves were collected from the nursery and 

germplasm in Cipaku, Bogor, West Java (varieties), and 

from Kalimantan (wild species). Identification of the level 

of resistance to P. palmivora was performed by using a 

data description of each variety released by the Ministry of 
Agriculture (Table 1).  

Procedures 

DNA isolation 

Total plant genomic DNA extraction was performed 

according to the method described by Dellaporta et al. 

(1983). Fresh leaf samples (2.5 g) were crushed with liquid 

nitrogen in a porcelain dish until a fine powder, then put in 

a tube (50 mL). A total of 15 mL of lysis buffer (Tris-

HCl pH 8.0, 2.0 M NaCl and 50 mM EDTA, 90 mM PVP, 

30 mM SDS, and -Mercaptho-ethanol 15 mM) was added 

to the tube containing the powder, then incubated at 65C 

for 20 minutes with shaking slowly. A total of 5 mL of 5 M 

sodium acetate solution was added and mixed thoroughly 

by shaking gently, then the suspension was incubated at -

20C. The suspension was centrifuged with 15,000 xg for 
25 min at 8oC. The supernatant was removed by using a 

micropipette whose tip had been cut to have a wide 

diameter. A solution of chloroform/isoamyl alcohol (24/1; 

v/v) was added to the DNA suspension. The suspension 

was homogenized carefully to avoid destruction of DNA, 

then centrifuged with 15,000 xg for 25 minutes at 8oC. The 

supernatant was then transferred to a new tube (extraction 

was repeated 2 times). The DNA in the suspension was 

added with ether and inverted the tube slowly so that 

mixed evenly, then centrifuged at 15,000 xg for 15 min at 

room temperature. A total of 2-3 volumes of absolute 

ethanol was added to the DNA suspension, and then the 

tube was inverted gently and incubated at -20C for 2 
hours. The threads of DNA were taken and transferred to a 

new Eppendorf tube. DNA precipitate was rinsed with the 

addition of 70% ethanol, then centrifuged with 10,000 xg 

for 5-10 minutes at 4C, and then the supernatant was 

discarded. The DNA precipitate was dried quickly at room 

temperature by placing the test tube using a vacuum pump. 

The DNA precipitate is suspended in 5-10 mL of TE or 

ddH2O.  

 
 

 
Table 1. Plant materials used in the study and the identification results of each variety resistance against P. palmivora 
 

Species 
Varieties/ 

local name 
Source Status Identification 

D. zibethinus L. Sukun Semarang, Central Java, Indonesia Indonesia variety, released in 1984 Sensitive 
D. zibethinus L. Sunan Boyolali, Central Java, Indonesia Indonesia variety, released in 1984 Sensitive 

D. zibethinus L. Monthong Bangkok, Thailand Thailand variety, introduced in 1987 Resistant 
D. zibethinus L. Kani Bangkok, Thailand Thailand variety, introduced in 1987 Sensitive 
D. zibethinus L. Sihijau Banjar, South Kalimantan, Indonesia Indonesia variety, released in 1990 Resistant 
D. zibethinus L. Perwira Majalengka, West Java, Indonesia Indonesia variety, released in 1993 Resistant 
D. zibethinus L. Siwirig Majalengka, West Java, Indonesia Indonesia variety, released in 1993 Resistant 
D. zibethinus L. Bakul Muara, South Sumatra, Indonesia Indonesia variety, released in 1994 Resistant 
D. zibethinus L. Hepe Bogor, West Java, Indonesia Indonesia variety, released in 1994 Sensitive 
D. zibethinus L, Matahari Bogor, West Java, Indonesia Indonesia variety, released in 1994 Sensitive 

D. kutejensis (Hassk.) Becc. Lai Kute East Kalimantan, Indonesia  Wild Resistant 
Boschia excelsa Korth.  Lai Bengang  Mabah, West Kalimantan, Indonesia Wild  Resistant 
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RNase (DNase free) was added to a final concentration 

of 10-100 g/mL, then incubated at 37C for 1 hour. 

Proteinase K was added to a concentration of 100 g/mL 

to remove all the protein after RNase treatment, then the 

suspension was incubated at 37C for 1 hour. The 

suspension was extracted 1-2 times with 

chloroform/isoamyl alcohol. DNA contained in the tube 

precipitated by the addition of 0.1 volume 3 M sodium 

acetate and 2-3 volumes of cold absolute ethanol, then 

allowed at -20C for 2 hours. The DNA solution was 

centrifuged with 10,000 xg for 10 min at 4°C, then 

precipitated DNA was dried at room temperature by 

turning on a paper tube with a suction or vacuum pump. 

The DNA was suspended in TE or ddH2O and stored at -

20C. The DNA samples are stored in the storage buffer 

precipitated with cold ethanol 4x volumes, then centrifuged 

with 10,000 xg for 3 minutes. DNA precipitate was dried 
and then redissolved in ddH2O to achieve a 50 ng/µL final 

concentration. This DNA was used as a DNA template for 

DNA amplification. Pure DNA has been obtained in the 

extraction of DNA, then diluted to a concentration of 25 

ng/mL.  

DNA amplification and electrophoresis 

The primers used in this study were 10 RAPD primers 

(Operon Tech). The DNA profile analysis was done using 

the RAPD method by performing amplification of the total 

genomic DNA of plants. This stage was carried out 

following the method reported by Williams et al. (1990). 

The reaction mixture for Polymerase Chain Reaction 
(PCR) was prepared with a total volume of 25 µL of each 

containing 16.8 µL ddH2O, 2 µL (50 µg/ml) DNA 

template, 2.5 µL dNTP Solution Mix (Bio-Rad), 1 µL 

primer (15 ng) of OPA-1 – OPA-10 (Table 3), 0.2 µL (0.5 

U) Taq DNA Polymerase (Bio-Rad), and 2.5 µL (50 ng) 

PCR buffer solution. Mineral oil was added to cover the 

surface of each tube perfectly. Amplification was done by 

placing the reaction mixture on the block and regulating the 

reaction cycle by step cycle program (DNA Thermal 

Cycler Bio-Rad CFX 96) up to 45 cycles, each cycle 

consisting of 3 stages, which begins with predenaturation at 
94oC to 96oC for 3 minutes. Stage 1 was denatured by 

heating to 94oC for 60 seconds, stage 2 for primary 

adhesion at temperatures of 36oC for 30 seconds and stage 

3 for the extension phase at 72o C for 2 minutes. After 45 

cycles added to the incubation at 72oC for 5 minutes to 

ensure that the amplified DNA renaturation has undergone, 

is used for thermal program delay the incubation at 72oC 

for 5 min, followed by cooling. 

A total of 10 µL aliquots of the amplified result of each 

primer combination was added with 3 µL of loading buffer 

containing bromophenol blue and sucrose (New England 
Biolabs). The suspension was migrated by electrophoresis 

on agarose gel (1%) at 50 volts for 2 hours. In the TAE 

electrophoresis buffer solution, 4 µg/µL ethidium bromide 

was added. The results of the gel electrophoresis were then 

observed using a UV-Trans illuminator (Major Science 

UV), then the band pattern (profile) of the results of the 

DNA amplification was observed and photographed using 

a Polaroid camera (FM UVT-A100-Vison).  

Data analysis  

The RAPD bands were scored for their presence (1) or 

absence (0). The RAPD data generated by reproducible 

primers were used to compile a matrix for clustering 

analysis using NTSYSpc (Numerical Taxonomic and 

Multivariate analysis System) Version 2.0. Genetic 

similarity among durian varieties and wild species was 

calculated using SIMQUAL (Similarity for Qualitative 

Data). The similarity coefficients were used to construct a 

dendrogram using UPGMA (Unweighted Pair-group 
Method with Arithmetical Averages) through SAHN 

(Sequential, Hierarchical, Agglomerative, and Nested 

Clustering). While the analysis of the relationship between 

genetic diversity and the level of resistance to P. palmivora 

was carried out by observing the specific banding patterns 

of the various test varieties and showing the level of 

resistance of each durian variety. 

RESULTS AND DISCUSSION 

Quantity and quality of DNA 

The quality of the DNA obtained from the extraction 

was very good, because the values of the A260/A280 ratio 
ranged from 1.74 to 1.88. The overall DNA yield recorded 

ranged between 43.2 µg/mL (Sunan) and 108.0 µg/mL 

(Montong). Data of observations about the quality and 

quantity of DNA from each of the durian varieties and wild 

species by using a spectrophotometer are presented in Table 2. 

According to Sambrook et al. (1989), suitable DNA 

purity for PCR ranged from 1.8 to 2.0. High-quality DNA 

available in DNA extraction was a basic rule requirement 

in molecular studies, particularly in DNA fingerprinting. 

Cetyl Trimethyl Ammonium Bromide (CTAB) was a 

method commonly used in many extractions of plant DNA 
polysaccharides and polyphenolic compounds. 

Furthermore, observational data on the quality of DNA 

from each wild variety by carrying out PCR amplification 

is presented in Figure 1. The quality of DNA obtained was 

considered appropriate because all the DNA samples can 

be amplified by PCR using random primers. Several factors 

affect the resulting pattern of intact bands and well, such as 

concentration and purity of DNA sample rate, size/length 

of the primer, primer composition (sequence of 

nucleotides), the concentration of magnesium ions, and the 

enzyme Taq-polymerase, and the optimal conditions for the 

PCR reaction for each type of plant. 

Genetic polymorphisms  

Observation of the DNA profile (DNA banding pattern) 

showed that all the primers used succeeded in producing 

amplified DNA fragments with the number of bands for 

each primer ranging from 7 to 9 bands. Of the total 78 

bands produced, 10 bands were considered monomorphic, 

while 68 bands 87.20% were considered polymorphic 

(Table 3). The data showed that none of the DNA profiles 

produced a 100% monomorphic band. This means that 

there were huge variations in the genomes of plants, both 

intra- and inter-specific among varieties and wild species 
on durian. The examples of RAPD banding patterns of 
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durian studied generated by primers OPA-3, OPA-4, and 

OPA-5 was presented in Figure 1. The results of 

amplification using OPA 3, 4 and 5 showed that there were 

no specific DNA bands found for varieties that were 

resistant to disease resistance to P. palmivora (Figure 1.A-C). 

There were differences in nucleotide sequence size or 

genetic variation in plants based on DNA banding pattern 

polymorphism generated by PCR. This was caused by a 

single random primer sticking to the DNA samples in 2 

different places on the opposite DNA thread. One of the 
main requirements for DNA amplification with a single 

primer random is if the primer has a sequence of a 

nucleotide base that is complementary to the second 

genomic DNA strands in opposite positions (Idrees and 

Irshad 2014). DNA amplification with PCR occurs if the 

complement was alkaline primers with the DNA base 

sequence of the template DNA not exceeding 5,000 bp. 

Table 3. Number of polymorphic and monomorphic bands 
generated by RAPD primers 

 

Primer 
Sequence 

(5’ – 3’) 

Number of bands 
Total 

bands 
Mono-

morphic 

Poly-

morphic 

OPA-1 5’-CAGGCCCTTC-3’ 0 9 9 
OPA-2 5’-TGCCGAGCTG-3’ 2 5 7 

OPA-3 5’-AGTCAGCCAC-3’ 1 6 7 
OPA-4 5’-AATCGGGCTG-3’ 2 6 8 
OPA-5 5’-AGGGGTCTTG-3’ 1 6 7 
OPA-6 5’-GGTCCCTGAC-3’ 0 6 6 
OPA-7 5’-GAAACGGGTG-3’ 0 9 9 
OPA-8 5’-GTGACGTAGG-3’ 2 6 8 
OPA-9 5’-GGGTAACGCC-3’ 1 8 9 
OPA-10 5’-GTGATCGCAG-3’ 1 7 8 

 Total 10 68 78 

 

 
 
Table 2. Quantity and quality of DNA obtained based on absorbance at a wavelength of 260 nm and 280 nm 
 

Species 
Absorbance 

A260/A280 
[DNA] 

(µg/mL) 260 nm 280 nm 

Durio zibethinus var. Sukun  0.118 0.064 1.85 70.8 
D. zibethinus var. Sunan 0.072 0.040 1.80 43.2 
D. zibethinus var. Montong 0.180 0.101 1.78 108.0 
D. zibethinus var. Kani 0.114 0.065 1.75 68.4 
D. zibethinus var. Sihijau 0.080 0.045 1.77 48.0 
D. zibethinus var. Perwira 0.126 0.072 1.75 75.6 

D. zibethinus var. Siwirig 0.119 0.067 1.77 71.4 
D. zibethinus var. Bakul 0.133 0.073 1.83 79.8 
D. zibethinus var. Hepe 0.096 0.051 1.88 57.6 
D. zibethinus var. Matahari 0.170 0.095 1.79 102.0 
Durio kutejensis 0.132 0.071 1.86 79.2 
Boschia exelsus 0.146 0.084 1.74 87.6 
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Figure 1. Banding patterns of durian generated by RAPD primers: (A) OPA-3, (B) OPA-4, (C) OPA-5, (M) 1 kb ladder, (1) Sihijau, (2) 
Sukun, (3) Montong, (4) Kani, (5) Sunan, (6) Perwira, (7) Siriwig, (8) Bakul, (9) Hepe, (10) Matahari, (11) Lai Kute, and (12) Lai Bengang 
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Previous studies have shown that local durian genetic 

polymorphism is generally quite high (> 69%). The number 

of polymorphism bands in this study is larger than in some 

previous studies. Ruwaida et al. (2009) reported five 

varieties of durian in Central Java, namely Sukun, Sunan, 

Montong, Petruk and Kani showed an average 

polymorphism of 81.9%. Mursyidin and Daryono (2016) 

was also reported 11 local durian cultivars from South 

Kalimantan's Province has indicated polymorphism degree 

of 82.17%. Research in Riau Province used seven durian 
cultivars, namely Empu Kunyit, Keong Mas, Ome Kampar, 

Montong, Tembaga, Bakul and Sijantung showed a 

polymorphism rate of 69.39% (Rosmaina et al. 2016). 

Furthermore, research on Tidore Island used Sixteen local 

durians namely Nona, Baba, Boso, Tusa, Batu/ gulinga, 

Mafu, Malal, Elephant, Butter, Blek, Malal Jaya, Jackfruit, 

Kusi, Kohori, Takate, Sambiki showed a polymorphism 

level of 75.22% (Sundari et al. 2021). In the study of 

several durian varieties in the Nonthaburi Province of 

Thailand, it was shown that the polymorphism level was 

quite low at 37.77% (Vanijajiva 2011). However, when 
compared to a study in Malaysia the level of polymorphism 

in this study was lower. samples from four durian orchards 

in Universiti Putra Malaysia 27 durian varieties showed a 

polymorphism level of more than 90% (Siew et al. 2018).  

Cluster analysis 

Out of 10 varieties of cultivated durian and 2 species of 

wild durian, three groups were formed at a similarity level 

of 57.5%. The first group consists of the varieties of Sukun, 

Sunan, Siwirig, Matahari, Hepe, Kani, Perwira, and 

Montong. This group is sensitive to P. palmivora, except 

for Perwira and Siwirig varieties. The second group 
consisted of varieties Bakul, Sigreen, and D. kutejensis. 

The second group was classified as resistant to P. 

palmivora. Outside these two groups, there is a species that 

does not belong to the two groups above, namely the 

species D. exelcus, which is resistant to P. palmivora. 

These results indicate that resistant characters have a low 

influence in determining the level of genetic similarity. 

This can be seen from the similarities between the Siwirig 

and Matahari varieties. these two species have a level of 

genetic similarity > 70%, but the character of resistance is 

different. Meanwhile, Bakul, Sigreen, and D. kutejensis are 

a group of species that are resistant but have a similarity of 
less than 60% (Figure 2). A similarity value of more than 

0.70 indicates high similarity, while it is classified as low 

below 0.60 (Trimanto 2012). The high level of 

polymorphism causes a low level of similarity between 

varieties, so that not all resistant varieties are grouped in 

the same cluster. There are resistant varieties grouped with 

susceptible varieties. Clustering based on the level of 

similarity generated using a limited number of primers in 

the RAPD method often does not determine the level of 

closeness of relationship for a special character such as the 

level of disease resistance. Previous research in Central 
Java showed that Sukun, Sunan, Montong, and Petruk 

varieties were in a separate group from Kani variety. In 

contrast, this study showed a close relationship between 

Sukun and Sunan varieties, while that in Central Java 

showed a close relationship between Sunan and Montong 

varieties which reached 84% (Ruwaida et al. 2009). Other 

research in Riau Province showed that Bakul and Montong 

were in different clusters (Rosmaina et al. 2016). That 

result is in line with this study. 

 

DNA band pattern with resistance to Phytophthora 

palmivora 
Differences in DNA versus patterns were influenced by 

differences in the results of genomic DNA amplification. 

The polymorphic band is an illustration of DNA bands that 

appear at certain sizes in a sample. Polymorphism is caused 

by the absence of amplification at a locus which is 

triggered by differences in the sequence of nucleotide bases 

at the primary attachment point. The existence of a 

polymorphic DNA banding pattern is caused by differences 

in the base arrangement of each DNA sample. The choice 

of primers in the RAPD analysis affects the polymorphism 

of the resulting bands, because each primer has its 
attachment site, as a result, the polymorphic DNA bands 

produced by each primer are different, both in terms of the 

number of base pairs and the number of DNA bands 

(Poerba and Martanti 2008). Previous studies have focused 

on studies on P. palmivora attack and its diversity in plants, 

which have been carried out on several species of durian 

host plants (Masanto et al. 2019; Alsultan et al. 2021). The 

results of the report indicate that P. palmivora has attacked 

cocoa and durian crops in Malaysia. Previous research in 

Malaysia tested these 3 SCAR primers as markers of 

resistance to Phytophthora in durian and found that Primer 
886-2 was effective in differentiating susceptible and 

resistant genes (Camellia et al. 2019). 
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Figure 2. A dendrogram among 10 cultivated varieties of durian 
and 2 wild species of Durio generated by the UPGMA cluster 
analysis 
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Figure 3. Specific bands 1 kb size of the PCR amplification by using Primer OPA-2 (arrow) found in resistant varieties: (M) 1kb ladder, 
(1) Sihijau, (2) Sukun, (3) Montong, (4) Kani, (5) Sunan, (6) Perwira, (7) Siriwig, (8) Bakul, (9) Hepe, (10) Matahari, (11) Lai Kute, and 
(12) Lai Bengang 

 
 

One of the efforts to increase tolerance to Phytophthora 

root rot and stem rot can be done by overexpression of the 

plant antimicrobial peptide CaAMP1 gene. Antimicrobial 
peptides play an important role in the defense systems of 

plants and animals. Over-expression of CaAMP1 (C. 

annuum antimicrobial protein 1), an antimicrobial protein 

gene isolated from C. annuum leaves infected with 

Xanthomonas campestris pv. vesicatoria , confers broad-

spectrum resistance to hemibiotrophic bacterial and 

necrotrophic fungal pathogens in Arabidopsis (Niu et al. 

2020). Application of plant AMP has been shown to 

increase tolerance to many fungal diseases in several 

species, including chili (Tantong et al. 2016), pepper 

(Majid et al. 2017), rice (Weerawanich et al. 2018), 
soybean (Lin et al. 2013; Niu et al. 2020), and citrus (Kishi 

et al. 2018). This study found that the OPA-2 primer has 

produced specific bands of around 1 kb which may be 

associated with resistance to root/stem cancer (P. 

palmivora) (Figure 3). Further studies can test the 

effectiveness of crosses between sensitive and resistant 

varieties. Furthermore, these bands can be characterized as 

those immediately behind (associated) with resistance 

genes or gene bands directly responsible for resistance to P. 

palmivora. If their offspring produced band resistance 

properties, this band can be used as a marker/molecular 

marker to identify plants that are resistant to P. palmivora. 
Furthermore, these bands can be characterized as directly 

behind (associated) with resistance genes or gene bands 

directly responsible for resistance to P. palmivora. 

Based on DNA profile analysis, OPA-2 has produced 

specific bands of around 1 kb (1000 bp) which may be 

associated with resistance to root/stem cancer (P. 

palmivora) (Figure 3). A special band with a size of about 

1 kb appeared on the resistant varieties Montong, Sigreen, 

Officer, Siwirig, Bakul, D. kutejensis, and D. exelsus. 

Whereas, those were absent in the sensitive varieties 

(Sukun, Sunan, Kani, Hepe, and Matahari). The figure 
showed that the 1 kb band produced by primer OPA-2 is 

expected to determine the resistant character to root and 

stem disease caused by P. palmivora. The size of the 

fragments obtained ranged from 300 to 1000 bp (Figure 3). 

In conclusion, observation of the DNA profile (DNA 

banding pattern) showed that all the primers succeeded in 

producing amplified DNA fragments with the number of 

bands for each primer ranging from 7 to 9 bands. Of the 

total 78 bands produced, 68 bands 87.20% were considered 
polymorphic. The high level of polymorphism causes a low 

level of similarity between varieties, so that not all resistant 

varieties are grouped in the same cluster. This study found 

that the 1-kb band produced by the OPA-2 primer was a 

potential gen associated with resistance to P. palmivora. It 

is suggested to carry out further tests on crosses of resistant 

and susceptible varieties. 
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