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Coffee Leaf Rust (CLR) disease caused by fungal pathogen Hemileia vastatrix is one of 
devastated diseases in coffee plants.  Disease RGA (resistance gene analog) primer 
pair CARF 005 has been reported for leaf rust-resistant screening in Arabica coffee 
and has never been reported in Liberica coffee. Previously, Liberoid Meranti 1 and 2 
(Lim 1 and Lim 2) from Meranti Islands Indonesia were officially published by the 
government as CLR resistant cultivars and adaptive to peat soil. Our study aimed to 
analyze the resistance of Liberica coffee plants based on functional primer CARF 005. 
We sampled healthy plants of three Liberica genotypes (Lim 1, Lim 2, Bengkalis) in 
commercial farmer fields. DNA was extracted from young leaves, amplified and 
sequenced using CARF 005 primers. All samples generated DNA band about 400 bp. 
In addition, nucleotide sequences are similar to Arabica putative disease resistance 
gene.  All the three sequences contain NB-ARC conserved domain which contribute 
to pathogenic-resistant trait. The regions also contain one motif sequence of P-
loop/Walker-A domain. Our result confirmed that DNA fragments amplified by CARF 
005 are linked to RGA region and eventually we suggested that CARF 005 can be 
used to identify resistance to CLR in Liberica. It will particularly contribute for 
supporting Liberica breeding program and conservation of Liberica germplasm. 
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INTRODUCTION 

Coffee is one of important agricultural commodities in 

Indonesia particularly, Robusta (Coffea canephora Pierre 

ex A. Froehner) and Arabica (Coffea arabica L.). Another 

coffee species, Liberica (Coffea liberica W. Bull ex Hiern), 

was quite unpopular especially in Indonesia probably 

due to relatively lower yield compared to other species 

(Harni et al., 2015). However, Liberica coffee plants are 

able to grow and develop in peat land area which is 

predominantly found in Riau Province, Indonesia 

(Prasetyo et al., 2019; Maryani and Novriadhy, 2022). 

Reportedly, Liberica varieties from Meranti Island 

Indonesia namely Liberoid Meranti 1 or Lim 1 (Litbang, 

2015) and Liberoid Meranti 2 or Lim 2 (Litbang, 2019) 

showed phenotypically resistance to Coffee Leaf Rust 

(CLR) disease caused by the obligate parasitic fungal 

pathogen Hemileia vastatrix. Thus, the Liberica cultivars 

can be source of resistant germplasm. Coffee Leaf Rust 

(CLR) disease is one of main devastated diseases in 

coffee plants. The disease may lead to significant 

reduction of coffee berry yields up to 35% (Silva et al., 

2022; McCook and Vandermeer, 2015; Talhinhas et al., 

2017). Symptoms of the disease can be recognized by 

orange spore mass on the lower surface of leaf resulting 

in premature leaf fall (Talhinhas et al., 2017). It has been 

considered that the most effective strategy to maintain 

coffee productivity and sustain their existence is by 

providing resistant cultivars. There are several 
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approaches to identify resistance against plant pathogen 

such as morphology, biochemistry and molecular 

methods. Molecular markers are believed as valuable 

tools to assess the plant trait since they can detect at any 

stage of plant development including for determining 

CLR disease resistance such as SCAR (sequence 

characterized amplified region) markers (Alkimim et al., 

2017), receptor-like kinase marker (Almeida et al., 

2021) and RGA-based primer CARF 005 (Alvarenga et 

al., 2011; Barka et al., 2020). 

CARF 005 marker has been developed to distinguish 

resistant and susceptible Arabica populations 

(Alvarenga et al., 2011; Barka et al., 2020). The primer 

pair anneal to R gene region encoding NBS-LRR protein. 

NBS-LRR protein is the largest class of R protein which 

are found in various plant species.  Plants have two 

immune systems called plant triggered immunity (PTI) 

and effector triggered immunity (ETI) (Jones and Dangl, 

2006; Dodds and Rathjen, 2010). The first layer of plant 

defence, PTI,  require PRR (pattern-recognition 

receptors) protein whereas ETI system involve R gene 

encoding resistance protein including NBS-LRR protein  

(Lee and Yeom, 2015). Hence, objective of our study was 

to analyze resistance to CLR disease of Liberica coffee 

grown under peatland area in Meranti Islands Indonesia 

based on molecular marker CARF 005. 

 

MATERIALS AND METHODS 

Plant material 

Two Liberica coffee varieties (Lim 1 and Lim 2) officially 

released by Agricultural Ministry of Republic Indonesia 

and one Liberica local genotype (Bengkalis/B1) were 

used in this study. We collected leaves from three 

healthy plants for each variety or genotype from 

commercial fields on peatland area in Meranti Islands, 

Indonesia. Leaf samples were wrapped in aluminium 

foil, kept in cooling box and brought to the laboratory. 

Eventually the samples were stored in the deep freezer 

before DNA isolation. 

DNA extraction 

Total genomic DNA was extracted from a young and 

fresh leaf according to the manufacturer protocol of 

Genomic DNA Mini Kit (Plant) Geneaid (Geneaid Biotech 

Ltd., New Taipei City, Taiwan). Around 100 mg of leaf 

tissue per sample was ground to fine powder using 

mortar and pestle with liquid nitrogen. RNase was used 

to remove RNA contamination. Integrity of extracted 

DNA was checked under 1% agarose gel with additional 

of FluoroVueTM Nucleic Acid Gel Stain (SMOBIO 

Technology Inc., Taiwan). 

PCR and sequencing 

DNA amplification used CARF 005 primer pair (F: 5’-

GGACATCAACACCAACCTC-3’ and R: 5’-

ATCCCTACCATCCACTTCAAC-3’) (Integrated DNA 

Technologies, Singapore) based on Barka et al. (2020). A 

volume of 50 µl PCR mixture consisted of 5 µl of 10x 

DreamTaq buffer, 5 µl of 2 mM dNTPs, 5 µl of 10 µM each 

for forward and reverse primer, 0.4 µl 5 U/ µl Taq DNA 

Polymerase (Thermo Fisher Scientific Inc., USA), 

nuclease free water and genomic DNA solution up to 50 

µl total volume. Amplification cycles as Barka et al. 

(2020) described was denaturation at 95 ℃ for 5 min, 

followed by 35 cycles of 94 ℃ for 30 s, 60 ℃ for 30 s, 72 

℃ for 60 s and post-PCR at 72 ℃ for 10 min. A volume of 

5 µl PCR product was visualized by electrophoresis 

under 1% agarose gel. Remain PCR product about 45 µl 

was subsequently sent to First Base Laboratories, 

Malaysia through PT. Genetika Science Jakarta 

Indonesia, a company partner of First Base Laboratories, 

for sequencing. The laboratory performed  purification 

treatment our PCR product followed by cycle sequencing 

with bidirectional sequencing method. 

Sequence analysis 

The nucleotide sequence data was subjected to BioEdit 

ver 7 prior to analyze using BLAST for similarity 

alignment with NCBI database 

(http://www.ncbi.nlm.nih.gov/BLAST) and identification 

of conserved domain. Nucleotide sequence was converted 

into amino acid sequence by Augustus program 

(http://bioinf.uni-greifswald.de/augustus/) and for 

checking the particular amino acid motif. Alignment of 

predicted protein sequence was performed by Clustal 

Omega program 

(https://www.ebi.ac.uk/Tools/msa/clustalo). 

Phylogenetic relationships based on predicted protein 

sequence was constructed using Molecular Evolutionary 

Genetics Analysis (MEGA X) program (Kumar et al., 2016). 

 

RESULTS AND DISCUSSION 

Total genomic DNA was successfully extracted from 

the three samples of Liberica coffee and amplified 

using primer pair CARF 005. The primer pair was able 

to generate a well-defined DNA band with the size 

around 400 bp (Figure 1). This size of PCR product is 

similar to result of study on C. arabica genome using 

the same primer (Barka et al., 2020). The functional 
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primer CARF 005 was previously reported to amplify 

DNA segment which is related to a partial open 

reading frame of C. arabica genome encoding a 

disease resistance protein (Alvarenga et al., 2011).  

The marker CARF 005  was developed from 

Resistance Gene Analog(s) (RGA) sequences to 

distinguish between resistant and susceptible Arabica 

coffee plants to H. vastatrix based on presence or 

absence of PCR product (Alvarenga et al., 2011).

 

 
Figure 1. DNA amplification result. PCR using CARF005 primer generated a clear band of about 400kb. M = 1 kb DNA 

ladder, Coffee varieties: 1 = Lim 1, 2 = Lim 2, 3 = Bengkalis. 

 

A number of studies on mechanism of coffee plants 

resistance against CLR disease primarily have focused on 

Arabica and Robusta (Cao et al., 2013; Pestana et al., 

2015; Jibat, 2020; Santos et al., 2022; Silva et al., 2022). 

As mentioned above, functional marker CARF 005 was 

also initially for identifying resistance on Arabica against 

CLR disease. Therefore, this study is the first experiment 

using CARF 005 for Liberica coffee resistant to CLR. 

Our PCR result indicated that Lim 1, Lim 2 and Bengkalis 

may genetically contain NBS-LRR sequence related to 

resistance against CLR disease. To confirm, the PCR 

product subsequently was subjected to sequencing 

reaction. Result of sequence cycles was analyzed to 

check similarity of nucleotide sequence to NCBI 

database. The result showed that all Liberica DNA 

fragments were similar to nucleotide sequence encoding 

C. arabica putative disease resistance protein RGA4 

(Table 1). 

 

Table 1. Sequence similarity between the three liberica coffee (Lim 1, Lim 2, B1) and disease resistance protein that 

have been deposited in Genebank. 

Samples Genebank accession Query coverage (%) e-value Identity (%) 
Lim_1 XM_027246611  

Coffea arabica putative disease resistance protein 
RGA4 

91 4e-156 96.48 

Lim_2 XM_027246611  
Coffea arabica putative disease resistance protein 
RGA4 

92 8e-153 95.89 

B1 XM_027246611  
Coffea arabica putative disease resistance protein 
RGA4 

92 2e-173 98.31 

 

To confirm that our DNA fragments contained any 

conserved domain related to disease resistance gene, we 

checked the sequence by CDD (conserved domain 

database)-NCBI. We found that our plants have 

conserved domain expressing nucleotide binding site-

ARC/APAF-1, R protein and CED-4) (NB-ARC) protein 

(Figure 2). The NB-ARC region has been reported as 

functional ATPase domain and its nucleotide-binding 

state is considered to regulate activity of the R protein 

(Van Ooijen et al., 2008). NB-ARC domain also act as a 

molecular switch, converting between ADP (repressed) 

and ATP (active) bound forms (Steele et al., 2019).

 

400 bp 

bp 
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Figure 2.  Conserved domain NB-ARC was found in Liberica coffee varieties Lim 1, Lim 2 and B1. 

 

The DNA sequence of our samples were converted into 

amino acid sequence using Augustus program prior to 

be subjected into ClustalOmega to align the similarity of 

the deduced amino acid sequences. Result of amino acids 

alignment showed that there is variation of amino acid 

residue amongst the three Liberica coffee genotypes 

(Figure 3). There are three amino acids with strongly 

similar substitution (colon), two amino acids with 

weakly similar substitution (period), eleven unrelated 

amino acid substitution (space). In addition, there is one 

conserved motif P-loop/kinase-1a/Walker a (GGLGKTT) 

that is one of characteristics of NB-ARC. P-loop motif is 

essential in nucleotide binding and the alterations of this 

motif may lead to a loss of function of the NBS-LRR 

proteins. GGLGKTT motif is also found in Arabica and 

Robusta coffee genome.  Conserved motif of P-loop can  

be  GGL/V/M/IGKTT (Zimmer and Wen, 2015), for 

example the motif is  GGVGKTT in banana   (Martanti et 

al., 2015) whereas P-loop motif of this study was 

GGLGKTT.

 

 
Figure 3. Alignment of predicted amino acid sequence using Clustal Omega. 

 

The majority of plant R (resistance) genes belong to the 

NB-LRR gene. The NB-LRR class genes can commonly be 

categorized into two groups: Toll/interleukin-1 receptor 

(TIR)–NB-LRRs (TNLs) and coiled-coil (CC)-NB-LRRs 

(CNLs) (Kim et al., 2012).The NB-ARC domain functions 

as  nucleotide-binding site and hydrolysing ATP  to 

trigger changes of R protein conformation (Van Ghelder 

et al., 2019). Conserved motifs in NB-ARC domain, 

including the P-loop, eventually contribute in influencing 

activation of R gene  (Steele et al., 2019). Proteins 

expressed R genes are involved in recognition of effector 

produced by plant pathogen. Binding between R protein 

and pathogenic effector molecule induce second layer of 

plant defence, the effector triggered immunity (ETI), 

which can hamper growth of pathogen (de Araújo et al., 

2019). Thus, RGA fragment of Liberica coffee samples in 

this study may correspondent to phenotype of resistance 

to fungal pathogen H. vastatrix as previously reported 

that the CARF 005 marker was derived from RGA 

sequence (Alvarenga et al., 2010; Barka et al., 2020). Our 

results ascertain resistant characteristic of Lim 1 and 

Lim 2 that have been described by Litbang (2015) and 

Litbang (2019). 

Phylogenetic analysis of the deduced amino acid of our 
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samples and putative disease resistance protein RGA of 

Coffea arabica (Figure 4) showed that Lim 1 and Lim 2 

are grouped and separated from Bengkalis coffee. The 

result supports that Lim 1 and Lim 2 are from same 

region in Meranti Island, whereas Bengkalis coffee is 

from another island, Bengkalis Island, in Indonesia. In 

addition, our samples revealed high similarity to 

putative amino acid sequences for disease resistance in 

Arabica coffee. According to (Noir et al., 2001), evolution 

of NBS-encoding genes experience accumulation of 

mutation gradually with low of divergence rate instead 

of a rapid mechanism. 

 

 
Figure 4. Phylogenetic tree of sequence of predicted amino acid between Liberica coffee varieties and putative disease 

resistance protein RGA Coffea arabica based on Neighbour Joining method. 

 

Another study using CARF 005 marker (Pestana et al., 

2015) showed that the marker produced polymorphic 

bands amongst parents and segregant F2 Arabica 

populations. Barka et al. (2020) used CARF 005 

marker to reveal candidate RGA by in silico technique. 

Other marker, SCAR, was used by Alkimim et al. 

(2017) to assess resistant and susceptible coffee 

population. All above studies have focused on Arabica 

and Robusta coffee populations. Thus, studying 

Liberica coffee is essential work. Therefore, we 

supposed that our result contributes to provide a new 

insight into molecular-based data in assessment 

resistance trait of Liberica coffee. We also suggested 

that the results of the study be used as basic data for 

further analysis in coffee breeding program 

particularly for Liberica coffee (selection or 

identification) and conservation.  The marker may 

also be used for evaluation in the fields for the release 

of new resistant Liberica coffee variety. 
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