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					ABSTRACT  

					ARTICLE INFO  

					Coffee is one of the most traded commodities globally, with Indonesia as one of the major  

					contributors to its production volume. The two most commonly cultivated species in Indonesia  

					are Coffea arabica (arabica) and Coffea canephora (robusta). One notable location for cultivating  

					Arabica and Robusta coffee is the Gayo Experimental Farm in Pondok Gajah, Bener Meriah,  

					Aceh. It is well known that the area has suitable environmental and soil conditions for cultivating  

					both coffee species. Therefore, this study aims to determine the evolutionary relationships  

					between Arabica and Robusta coffee varieties grown at the farm using the matK and rbcL genes.  

					Genomic DNA was extracted using a modified CTAB method and amplified the matK and rbcL  

					genes. Subsequently, DNA sequencing was carried out using BLAST, followed by phylogenetic  

					analysis with Maximum Parsimony. The results showed that the concentration of the extracted  

					genomic DNA ranged from 33.95 to 149.65 ng/µL, and its purity at A260 and A280 was between  

					1.7 and 1.9. The amplified gene sequences for the matK and rbcL genes were 856–867 bp and  

					566–657 bp, respectively. In addition, the matK, rbcL, and matK+rbcL genes also showed a  

					genetic distance of 0.001 between Arabica coffee species, Coffea arabica x Coffea canephora,  

					and Coffea eugenioides. The results also indicated that Robusta coffee varieties had a genetic  

					distance of 0.001-0.005 with Coffea canephora. This study's matK and rbcL genes demonstrated  

					the relationship between Arabica and robusta coffee varieties. However, these two genes could  

					not distinguish coffee at the varietal level.  

					Article history:  

					Received 09 February 2025  

					Revised 22 April 2025  

					Accepted 27 April 2025  

					Published online 01 July 2025  

					Copyright: © 2025 Harnelly et al. This is an open-  

					access article distributed under the terms of the  

					Creative Commons Attribution License, which  

					permits unrestricted use, distribution, and reproduction  

					in any medium, provided the original author and  

					source are credited.  

					Keywords: Coffee, Arabica, Robusta, Phylogenetic, Maturase K (matK), Ribulose-1,5-  

					bisphosphate carboxylase (rbcL)  

					Introduction  

					According to previous studies, local farmers cultivate over 20 Arabica  

					Coffee is among the most important commodities in  

					international and local trade. The commodity belongs to the Coffea  

					genus within the Rubiaceae family. Although the Coffea genus  

					comprises several species, only two are predominantly traded on the  

					global market, namely Coffea arabica L. (arabica) and Coffea  

					canephora Pierre ex A. Froehner (robusta). In addition, Arabica has  

					become an economically important species, accounting for  

					approximately 60% of global coffee output, while Robusta contributes  

					the remaining 40%. 4  

					coffee varieties at the Gayo Experimental Farm, with the most common  

					species being Gayo 1, Gayo 2, P-88, Ateng, Bergendal, Sigarar Utang,  

					and Tipika. 8 Meanwhile, Robusta is often cultivated with more limited  

					variations due to certain factors. 7 The diversity of Gayo coffee varieties  

					is largely due to the farmers’ practice of selecting specific plants to  

					serve as seed sources. Coffee producers in Central Aceh and Bener  

					Meriah cultivate a range of native varieties, including Timtim Aceh,  

					Borbor, Ateng Super, P 88, and BP 542 A, each known for its unique  

					characteristics. Selective breeding for seed sourcing is vital, as it plays  

					a significant role in determining the quality of Gayo coffee. 9  

					1

					2

					3

					In 2022, Indonesia's coffee production reached 774.96 thousand tons,  

					with a plantation area of 1,265,980 hectares. Aceh Province contributed  

					9.08 % (70,352 tons) of the total production, with an area of 114,024  

					In line with the results, molecular breeding using DNA markers can  

					complement conventional plant breeding techniques. 10 In plant genome  

					5

					hectares. In addition, the districts of Central Aceh, Gayo Lues, and  

					studies, polymerase chain reaction (PCR)-based molecular techniques  

					Bener Meriah are the main contributors in the province, with areas of  

					51,100 ha, 5831 ha, and 48,163 ha, respectively, as of 2021. One  

					notable plantation is the Gayo Experimental Farm Pondok Gajah in  

					Bener Meriah. The farm is 1400–1425 meters above sea level, with  

					steep and undulating terrain. The maximum temperature varies up to  

					26oC, while the lowest is approximately 18–23°C. 7  

					11  

					are widely applied,  

					including DNA barcoding and phylogenetic  

					6

					analysis using molecular markers, such as matK and rbcL.12 The matK  

					gene encodes the maturase K enzyme, which is essential for the splicing  

					of type II introns from RNA transcripts, a process essential for proper  

					chloroplast function.13 In addition, the gene is frequently used in coffee  

					phylogenetic studies. 12,14-16 Similarly, the rbcL gene encodes the large  

					subunit of ribulose-1,5-bisphosphate carboxylase (Rubisco), playing an  

					essential role in catalyzing the fixation of carbon dioxide using ribulose  

					1,5-bisphosphate (RuBp).17 Phylogenetic studies within the Coffea  

					genus also used the rbcL gene. 12,14,16,18 The Consortium for the Barcode  

					of Life (CBOL) recommends matK and rbcL as DNA barcoding  

					markers for plants due to their ubiquity, high sequence quality,  
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					affordability, and effectiveness in distinguishing angiosperm families.  

					19  

					Several studies have been carried out on the morphological  

					Official Journal of Natural Product Research Group, Faculty of Pharmacy,  
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					characterization of various Arabica coffee varieties, including Gayo 1,  

					20  

					Gayo 2, Ateng Super, P 88, and C 47,  

					as well as morphological  

					kinship analysis of Arabica and Robusta varieties, such as Moca Yaman,  

					BP, SLN 9, BP 542, C 41, C 48, C 49, C 50, CH 306, CTT, and Lampung  
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					coffee. 21 Despite the existing literature, there is no information on their  

					phylogenetic analysis using the matK and rbcL genes. Therefore, this  

					study aims to determine the evolutionary relationships between Arabica  

					and Robusta coffee varieties grown at the Gayo Experimental Farm  

					using the matK and rbcL genes.  

					final extension (72 °C, 600 seconds). The denaturation, annealing, and  

					extension processes lasted 35 cycles, and the matK and rbcL gene  

					amplification results were observed using 0.8 % agarose at 70 volts for  

					35 minutes in gel documentation (UVITEC).  

					DNA sequencing  

					The Sanger sequencing technique was used to perform DNA  

					sequencing 25-27, and the 1st Base (Malaysia) completed the entire  

					sequencing procedure, while PT Genetika Science (Indonesia)  

					facilitated it. Sequencing results were received by e-mail, which  

					included various files in AB1 format (.ab1) and text documents (.txt),  

					as well as an electrophoregram in portable document format (.pdf).  

					Material And Methods  

					Sample collections  

					The coffee leaf samples were obtained from a coffee plantation located  

					in Gayo Experimental Farm Pondok Gajah in Bener Meriah (4°10'33"  

					N and 95°15'40" E) at an altitude of 1476 meters above sea level (masl).  

					The leaf samples collected in this study were from 10 coffee varieties:  

					nine Arabica and one Robusta. The Arabica coffee varieties used were  

					BP (Balai Penelitian/Research Centre), BP 542 (Balai Penelitian 542),  

					C 41 (Catimor 41), C 48 (Catimor 48), C 49 (Catimor 49), C 50  

					(Catimor 50), CH 306 (Catimor Hybrid 306), CTT (Catimor Tropical  

					Technology), and SLN 9 (Sylvain 9), while the robusta coffee variety  

					used was Lampung Coffee. The author collected and stored field  

					samples in plastic clips using silica gel and cleaned the leaves' surface  

					of impurities using water.  

					Assembling the sequencing result  

					Chromatograms of sequencing results were examined with FinchTV  

					software (Finch TV 1.4.0 Geospiza) to determine the peak quality  

					values of the forward and reverse sequences. BioEdit v.7.2.5 software  

					combined and aligned high-quality forward and reverse sequences to  

					28  

					generate consensus sequences. These consensus sequences for each  

					variety were saved in FASTA format or copied to Notepad for Basic  

					Local Alignment Search Tools (BLAST) analysis.  

					DNA extraction  

					Sequence similarity search with the GenBank database using BLAST  

					algorithm  

					The BLAST program (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was  

					used to look for sequence similarities between the consensus sequences  

					of each coffee variety (query sequences), which were compared to the  

					GenBank database. The BLAST analysis provided a list of sequences  

					with the highest level of homology to the query sequence, and GenBank  

					provided sequence data in various file formats, such as FASTA, 30 for  

					phylogenetic study.  

					The DNA extraction was done using the modified Cetyl Trimethyl  

					Ammonium Bromide (CTAB) method.  

					22  

					The leaf samples were  

					29  

					weighed to 0.2 grams and crushed into smaller fragments. The specimen  

					was placed within a 1.5 mL microcentrifuge tube, and 1000 µL of  

					extraction buffer was added. Subsequently, the samples were placed in  

					a water bath at 65 °C and incubated for 30 minutes. Following  

					completion of the incubation procedure, the samples were centrifuged  

					at a speed of 12000 relative centrifugal force (rcf) for 10 minutes. The  

					liquid portion was moved to a small tube with a capacity of 1.5 mL, and  

					700 µL of a mixture containing chloroform and isoamyl alcohol (CIA  

					24:1) was added. The contents were mixed rapidly using a vortex for 15  

					seconds and repeated thrice.  

					After washing with CIA, the top solution was poured into a 1.5 mL  

					microcentrifuge tube, and chilled isopropanol was added to two-thirds  

					of the solution. This was, however, mixed well and placed in a  

					controlled environment at a temperature of -25 °C for 10 minutes.  

					Following the incubation period, the mixture was subjected to  

					centrifugation at a speed of 12000 rcf for 10 minutes, and the liquid  

					portion was discarded until a solid mass formed at the bottom of the  

					tube. Furthermore, the DNA-containing pellet was thoroughly rinsed  

					with 600 µL of 70 % alcohol and then subjected to centrifugation at  

					12000 rcf for 10 minutes, and this method was repeated three times. The  

					next step involved DNA elution, which used TE-RNAse in a volume of  

					up to 50 µL. Following the collection of DNA samples, the DNA  

					concentration, purity, and visibility were assessed, and the purity of the  

					extracted DNA, using a nanophotometer (Implen NP80) by measuring  

					the ratio of A260 to A280, yielded a purity value within the range of 1.8  

					to 2.0. The gel electrophoresis procedure was performed on a 1 %  

					agarose gel at 70 volts for 35 minutes, and the visualization of the gel  

					was performed using gel documentation equipment manufactured by  

					UVITEC.  

					Phylogenetic analysis  

					ClustalW, a feature of the MEGA XI software, aligned the sample and  

					database sequences with the greatest similarity (pairwise and multiple  

					31  

					sequence alignment). Pairwise distances were calculated using the  

					Kimura 2-parameter model, 32 and phylogenetic trees were constructed  

					using the Maximum Parsimony (MP) statistical approach with 1000  

					bootstrap replications. Outgroups used for phylogenetic tree  

					reconstruction included Ixora coccinea and Emmenopterys henryi.  

					Results and Discussion  

					Sequencing matK and rbcL amplicons  

					All the Arabica and Robusta coffee varieties amplicons were sent to 1st  

					Base Malaysia for Sanger sequencing. This method could sequence  

					25  

					nucleotide sequences up to 800 or 1000 bp, making it suitable for  

					matK and rbcL amplicons from the ten coffee varieties used in this  

					study. Based on the chromatogram results, the sequences of SLN 9, CH  

					306, CTT, C 41, C 48, C 50, and BP had a quality value of more than  

					20 (>Q20) (Figure 1A), allowing the nucleotide sequences to be  

					identified with confidence. A reliable nucleotide base identification  

					must have a quality rating of 20 or above. Additionally, 20 represented  

					a one-in-100 chance of incorrect base calling. 25  

					Amplification of the matK and rbcL genes  

					Amplification of the matK gene and using primers included 3F_KIM_f:  

					CGT ACA GTA CTT TTG TGT TTA CGA G and 1R_KIM_r: ACC  

					CAG TCC ATC TGG AAA TCT TGG TTC.  

					The chromatograms of matK amplicon (variety C 49) and the two rbcL  

					amplicons (BP 542 and Lampung coffee) did not show clear nucleotide  

					sequences because the quality values were too low (Q < 20). A quality  

					score of 10 suggested a 1-in-10 chance of inaccuracy in the base-calling  

					14  

					Additionally, the  

					25  

					amplification of the rbcL gene using primers included rbcLa_f: ATG  

					procedure. Figure 1B shows the chromatograms of sequences C 49  

					23  

					TCA CCA CAA ACA GAG ACT AAA GC, and rbcLa_r2: GAA  

					(matK), BP 542 (rbcL), and Lampung coffee (rbcL), which had very  

					low peaks. Previously, the chromatograms of all three samples were of  

					high quality, but started to decrease before the completion of the  

					sequencing procedure. This could be due to secondary structures on the  

					DNA template and could interrupt Sanger sequencing operations, which  

					24  

					ACG GTC TCT CCA ACG CAT. The PCR mixture for a reaction  

					was 25 µL (12.5 µL MyTaq HS Red Mix, 0.5 µL forward primer, 0.5  

					µL reverse primer, 2 µL sample, and 9.5 µL RNase-free water), and the  

					matK gene amplification procedure comprised initial denaturation (94  

					°C, 60 seconds), denaturation (94 °C, 30 seconds), annealing (52 °C, 20  

					seconds), extension (72 °C, 50 seconds), and final extension (72 °C, 300  

					seconds). The rbcL gene was amplified using 5 steps, namely initial  

					denaturation (95 °C, 240 seconds), denaturation (94 °C, 30 seconds),  

					annealing (53.1°C, 60 seconds), extension (72 °C, 60 seconds), and  

					33  

					would prevent DNA polymerase elongation along the DNA strand.  

					Low-quality chromatograms were unsuitable for further examination;  

					hence, the BLAST analysis and phylogenetic tree reconstruction did not  

					include the three species. 34  
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					Each sample's forward and reverse strand sequences were aligned to  

					BLAST analysis  

					obtain consensus sequences using BioEdit v.7.2.5. 28 Due to low peak  

					quality, a 15–40 bp cut was done at the beginning of each strand.  

					Sequence assembling combines two or more nucleic acid sequences to  

					form a full contig using overlapping sections. The forward and reverse  

					sequence assembly process produced a single consensus sequence for  

					The BLAST analysis used consensus sequences obtained from Arabica  

					and Robusta coffee species matK and rbcL genes. This study aimed to  

					compare the nucleotide sequences of the samples (referred to as query  

					sequences) with the sequences stored in the database. BLAST identified  

					areas of similarity between sequences by comparing the query  

					sequences with the database sequences and determining the statistical  

					25  

					further study. Table 1 shows the number of nucleotide bases in the  

					25  

					consensus sequences of 10 Arabica and Robusta coffee species.  

					significance of the results. Additionally, BLAST could confidently  

					generate precise statistical estimates to determine homology. 35  

					The BLAST examination of sequences from Arabica coffee species,  

					namely the matK and rbcL genes, resulted in an E value of 0.0. The  

					expected value (E-value) was a more sensitive and reliable measure for  

					36  

					inferring homology than the identity percentage. The sequence data  

					used from the database only with E-values less than 0.01 % (0.001 or  

					1e-04), and a lower E value showed a higher probability that the  

					alignment originated from a shared ancestor. 37  

					The matK gene showed significant similarities between 8 arabica  

					varieties (SLN 9, CH 306, CTT, C 41, C 48, C 50, BP, and BP 542) and  

					the Coffea arabica species isolated CM (MN894552.1). The E value  

					and percentage of identity, which were both 0.0 and 99.66–99.88 %,  

					respectively, suggested a significant amount of homology. The  

					Lampung coffee variation had a significant similarity to the Coffea  

					canephora species (NC_030053.1), with an E value of 0.0 and an  

					identity percentage of 99.88 %. These 8 species of arabica coffee (SLN  

					9, CH 306, CTT, C 41, C 48, C 59, C 50, and BP) had a lot in common  

					with the CM isolate of the species Coffea arabica (MN894552.1). The  

					E value and percentage of identity, which were both 0.0 and 99.65-100  

					%, respectively, showed a significant amount of homology.  

					Figure 1: Chromatogram visualization of arabica and robusta  

					coffee varietal sequences using FinchTV. A. chromatogram cut  

					of high-quality nucleotide sequences (>Q20), B. chromatogram  

					cut of low-quality nucleotide sequences (<Q20)  

					Table 1: The length of the matK and rbcL consensus sequences from Arabica and Robusta coffee varieties  

					No.  

					Varieties  

					matK  

					matK Sequence Length  

					rbcL  

					rbcL Sequence Length  

					1

					SLN 9  

					+

					864  

					+

					646  

					2

					CH 306  

					CTT  

					+

					+

					+

					+

					-

					864  

					874  

					862  

					862  

					-

					+

					+

					+

					+

					+

					+

					+

					-

					605  

					641  

					657  

					642  

					614  

					576  

					566  

					-

					3

					4

					C 41  

					5

					C 48  

					6

					C 49  

					7

					C 50  

					+

					+

					+

					+

					875  

					867  

					856  

					867  

					8

					BP  

					9

					BP 542  

					Lampung coffee  

					10  

					-

					-

					SLN 9: Sylvain 9, CH 306: Catimor Hybrid, CTT: Catimor from Timor Timor, C 41,48-50: Catimor 41,48-50, BP (542): Balai Penelitian (542)  

					(+) sequencing succeeded; (–) sequencing failed  

					Nucleotide composition and polymorphism analysis  

					The matK gene was less accurate because it differentiated species at the  

					lower taxon level, namely, variations.39  

					Sequence alignment results could be used to generate nucleotide  

					composition statistics (Table 2 and Table 3) and DNA polymorphism  

					characterization (Table 4) for arabica and robusta coffee species grown  

					at the Gayo Experimental Farm. The matK sequence was 855 bp long  

					following the alignment (Table 2), and T and A bases dominated the  

					nucleotide composition of the matK gene in nine coffee varieties, eight  

					arabicas, and robusta (Table 2). The average values for each base were  

					30.3 % thymine (T), 36.5 % adenine (A), 15.7 % cytosine (C), and 33.2  

					% guanine (G). The GC content was 33.2 % lower than the AT value  

					(66.8 %), and the GC content (33.6 %) of the matK gene in Coffea  

					species was less than the AT content (66.4 %). 12 Additionally, Low GC  

					concentrations suggested sequence instability.38  

					The matK gene's nucleotide base was the same among Arabica coffee  

					varieties (C 41, C 48, C 49, C 50, CH 306, CTT, SLN 9, and BP) (Table  

					2). There were changes in nucleotide content between Arabica and  

					Robusta species (Lampung coffee), and this suggested that the matK  

					gene could identify coffee at the species level but not at the variety level.  

					The alignment results showed an rbcL sequence of 566 bp long (Table  

					3), and the rbcL gene had the same nucleotide composition among each  

					Arabica coffee variety (Table 3). This meant that the nucleotide  

					composition of the rbcL gene was the same among all Arabica coffee  

					varieties. The average values for each base were 28.4 % thymine (T),  

					27 % adenine (A), 21.2 % cytosine (C), and 23.3 % guanine (G), and  

					the GC content (44.5 %) was less than the AT level (55.5 %).  

					Furthermore, the results of another study were comparable, with an  

					average GC content of 44.5 % in Coffea species, which was lower than  

					the AT content of 55 %. 12 Table 4 shows the results of the matK and  

					rbcL gene polymorphism analyses, and it includes all coffee sequences  

					that were used to build a phylogenetic tree. The length of the aligned  

					matK sequences was 855 bp, including 847 monomorphic sites and 8  

					polymorphic sites. There was a variable site at nucleotide 733 and 7  

					parsimony informative sites at nucleotides 8, 47, 173, 280, 319, 515,  

					and 742 (Table 4). The overall aligned sequence for the rbcL gene was  
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					566 bp, including 561 monomorphic sites and 5 polymorphic sites. The  

					rbcL gene's polymorphic sites contained 2 single variable sites at  

					nucleotides 160 and 161 and 3 parsimony informative sites at  

					nucleotides 241, 381, and 513. The study showed that the matK gene  

					had more polymorphism sites than the rbcL gene. However, both genes  

					had significantly fewer polymorphism sites compared to monomorphic  

					sites. The matK and rbcL genes exhibited limited variation, showing a  

					lack of genetic diversity in coffee genomes used to construct  

					phylogenetic trees. The relatively small genetic variation showed that  

					coffee species were closely related.  

					Table 2: Nucleotide base composition of the matK gene in Arabica and Robusta coffee varieties at the Gayo Experimental Farm  

					matK  

					T(U)  

					30.3  

					Varieties  

					SLN 9  

					CH 306  

					CTT  

					C

					A

					G

					AT  

					GC  

					Total  

					15.7  

					36.5  

					17.5  

					66.8  

					33.2  

					855  

					30.3  

					-

					15.7  

					-

					36.5  

					-

					17.5  

					-

					66.8  

					-

					33.2  

					-

					855  

					-

					C 41  

					30.3  

					30.3  

					30.3  

					30.3  

					30.3  

					30.3  

					30.2  

					30.3  

					15.7  

					15.7  

					15.7  

					15.7  

					15.7  

					15.7  

					15.7  

					15.7  

					36.5  

					36.5  

					36.5  

					36.5  

					36.5  

					36.5  

					36.7  

					36.5  

					17.5  

					17.5  

					17.5  

					17.5  

					17.5  

					17.5  

					17.4  

					17.5  

					66.8  

					66.8  

					66.8  

					66.8  

					66.8  

					66.8  

					66.9  

					66.8  

					33.2  

					33.2  

					33.2  

					33.2  

					33.2  

					33.2  

					33.1  

					33.2  

					855  

					855  

					855  

					855  

					855  

					855  

					855  

					855  

					C 48  

					C 49  

					C 50  

					BP  

					BP 542  

					Lampung coffee  

					Mean  

					SLN 9: Sylvain 9, CH 306: Catimor Hybrid, CTT: Catimor from Timor Timor, C 41,48-50: Catimor 41,48-50, BP (542): Balai Penelitian (542)  

					(-) Data not obtained due to sequencing process failure  

					Table 3: Nucleotide base composition of rbcL gene in arabica coffee varieties at Gayo Experimental Farm  

					rbcL  

					T(U)  

					Varieties  

					C

					A

					G

					AT  

					GC  

					Total  

					SLN 9  

					CH 306  

					CTT  

					28.4  

					21.2  

					27.0  

					23.3  

					55.5  

					44.5  

					566  

					28.4  

					28.4  

					28.4  

					28.4  

					28.4  

					28.4  

					28.4  

					-

					21.2  

					21.2  

					21.2  

					21.2  

					21.2  

					21.2  

					21.2  

					-

					27.0  

					27.0  

					27.0  

					27.0  

					27.0  

					27.0  

					27.0  

					-

					23.3  

					23.3  

					23.3  

					23.3  

					23.3  

					23.3  

					23.3  

					-

					55.5  

					55.5  

					55.5  

					55.5  

					55.5  

					55.5  

					55.5  

					-

					44.5  

					44.5  

					44.5  

					44.5  

					44.5  

					44.5  

					44.5  

					-

					566  

					566  

					566  

					566  

					566  

					566  

					566  

					-

					C 41  

					C 48  

					C 49  

					C 50  

					BP  

					BP 542  

					Mean  

					28.4  

					21.2  

					27.0  

					23.3  

					55.5  

					44.5  

					566  

					SLN 9: Sylvain 9, CH 306: Catimor Hybrid, CTT: Catimor from Timor Timor, C 41,48-50: Catimor 41,48-50, BP (542): Balai Penelitian (542)  

					(-) data not obtained due to sequencing process failure  

					Table 4: Polymorphism analysis of matK and rbcL genes from coffee species used in phylogenetic tree reconstruction  

					Parameter Analysis  

					matK  

					rbcL  

					rbcL  

					566  

					561  

					5

					Total length of aligned sequence (bp)  

					Number of monomorphic sites  

					Number of polymorphic sites  

					Total number of insertion-deletion sites (InDels)  

					Overlapping InDels sites  

					855  

					847  

					8

					0

					0

					0

					Number of single variable sites  

					1

					0

					2 variants: 733  

					Total number of mutations (Eta)  

					Parsimony informative sites (PIC)  

					8

					2

					2 variants: 1 (161)  

					3 variants: 1(160)  

					6

					7

					2 variants: 8, 47, 173, 280, 319, 515, 742  
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					Phylogenetic analysis  

					matK gene had a better distinguishing ability than the rbcL gene for  

					coffee species. 14  

					Phylogenetic analysis determined the relationship between Arabica and  

					robusta coffee varieties. Phylogenetic analysis using gene sequencing  

					data could show evolutionary relationships between species.40 This tree  

					visually represents evolutionary relationships between species.41 The  

					phylogenetic tree was constructed using the Maximum Parsimony  

					method with 1000x bootstrap replication and was based on matK  

					(Figure 2), rbcL (Figure 3), and matK+rbcL (Figure 4). The bootstrap  

					values obtained at each branching point (node) validated the  

					phylogenetic tree's structure. Sequence-based phylogenetic trees used  

					bootstrapping to determine their confidence, 42 and a bootstrap number  

					greater than 97 % was considered to provide enough support. As the  

					bootstrap value increased, the node received additional support. The  

					According to the matK gene, arabica coffee species (C 41, C 48, C 50,  

					CH 306, CTT, SLN 9, BP, and BP 542) that were identified as C.  

					arabica had a very close relationship with C. eugenioides and the  

					crossing species C. arabica x C. canephora. The extremely low genetic  

					distance of 0.001 supported this, while robusta coffee species  

					(Lampung coffee) had a relatively low genetic distance to C. canephora  

					species (0.001-0.005). This showed that the Lampung coffee variety  

					had a close relationship with C. canephora. The closer the genetic gap  

					between species, the stronger the relationship was. 45,46  

					Phylogenetic analysis based on the rbcL gene  

					data and analytic methods supported the node with a high bootstrap  

					Phylogenetic tree reconstruction based on the rbcL gene (Figure 3) was  

					constructed using eight coffee varieties grown at Gayo Experimental  

					Farm, nine sequences from the GenBank database, and 2 outgroup  

					sequences, Ixora coccinea and Emmenopterys henryii. A total of two  

					species of coffee, BP 542 and Lampung coffee, were left out of  

					phylogenetic tree reconstruction using the rbcL gene because of a  

					problem with the sequencing. Therefore, rbcL sequencing data were  

					collected from the chloroplast genomes of multiple species, including  

					C. canephora (NC_030053.1 and OQ946709.1), C. liberica var.  

					dewevrei (OQ946698.1), and C. arabica x C. liberica (NC_083908.1)  

					in the database.  

					43  

					score.  

					Additionally, bootstrap values less than 50 % were not  

					considered when constructing phylogenetic trees. 42  

					In addition to phylogenetic tree reconstruction, genetic distance  

					calculations were carried out to identify the relationships between  

					coffee species. The genetic distance between 2 sequences was a  

					quantitative measure of how genetically far apart the sequences were.  

					This similarity was the opposite of genetic distance, and when the  

					genetic distance between 2 sequences was low, the genetic similarity  

					was high, and vice versa. 44  

					The phylogenetic tree of the rbcL gene showed 4 clades, including A,  

					B, C, and the outgroup (Figure 3). There was 100 % support for clade  

					A, which was made up of Arabica coffee varieties (C 41, C 48, C 49, C  

					50, CH 306, CTT, SLN 9, and BP). This clade included C. arabica  

					(MN894552.1, KY085909.1, and OR459824.1), C. arabica × C.  

					canephora (OQ946716.1), and C. eugenioides (OQ946711.1). Clad B  

					consisted of C. canephora (OQ946709.1) and C. liberica var. dewevrei  

					(OQ946698.1), which had 70 % bootstrap support. Clade C, which  

					boasted a 60 % bootstrap value and included the species C. canephora  

					(NC_030053.1) and C. arabica x C. liberica (NC_083908.1), showed  

					no significant differences. Lastly, the last clade was composed of  

					outgroups with 100 % bootstrap support. The rbcL gene's phylogenetic  

					tree showed that arabica coffee varieties (C 41, C 48, C 49, C 50, CH  

					306, CTT, SLN 9, and BP) formed a polytomy with C. arabica, C.  

					eugenioides, and species originating from interspecific crosses of C.  

					arabica x C. canephora. This is supported by the very low genetic  

					distance (0.000) between these sequences. Their genetic makeup is  

					similar when no genetic differences exist between the organisms. 45  

					This study found that the rbcL primer was ineffective in differentiating  

					coffee taxa at the species level. This was shown by the fact that  

					polytomy appeared in clade A, sequences from C. canephora and C.  

					liberica var. dewevrei merged in clade B, and sequences from C.  

					canephora merged with those from a cross between C. arabica and C.  

					liberica in clade C. The rbcL gene could not tell the difference between  

					coffee species like C. liberica, C. myrtifolia, C. mauritiana, and C.  

					canephora, according to the study. 14 The limited sequence diversity of  

					this gene had impacted its lack of ability to differentiate this species.  

					Figure 2: Maximum parsimony phylogenetic tree using matK  

					genes from Arabica and Robusta coffee varieties, sequences  

					from the database, and outgroups. Values in the nodes showed  

					bootstrap values  

					Phylogenetic analysis based on the matK gene  

					The matK gene was used to create a phylogenetic tree from nine coffee  

					varieties grown at Gayo Experimental Farm, nine sequences from the  

					GenBank database, and two outgroup sequences, Ixora coccinea and  

					Emmenopterys henryi. These two species were chosen as outgroups due  

					to their close relationship to coffee species, and the Rubiaceae family  

					included Coffea, Ixora, and Emenopterys.  

					Figure 2 shows a phylogenetic tree with 4 clades: A, B, C, and the  

					outgroup. Clade A had 8 species of Arabica coffee (C41, C48, C50, CH  

					306, CTT, SLN 9, BP, and BP 542), 3 species of Coffea arabica  

					(MN894552.1, KY085909.1, and OR459824.1), one species of Coffea  

					arabica x Coffea canephora (OQ946716.1), and one species of Coffea  

					eugenioides (OQ946711.1). In Clade A, all Arabica coffee varietals  

					formed a polytomy with full bootstrap consensus, while Clade B  

					included  

					2

					species, namely Coffea arabica  

					x

					Coffea liberica  

					(NC_083908.1) and Coffea liberica var. dewevrei (OQ946698.1).  

					Lampung coffee and Coffea canephora were included in Clade C  

					(NC_030053.1 and OQ946709.1), and the nodes in clades A, B, and C  

					had bootstrap values of 100 %, 87 %, and 100 %, respectively.  

					Additionally, the last clade consisted of an outgroup. The results of  

					phylogenetic tree reconstruction showed that the matK primer used in  

					this study could differentiate coffee at the species level, except for C.  

					arabica species and C. eugenioides, which were quite similar. The  

					Figure 3: Maximum parsimony phylogenetic tree using rbcL  

					genes from arabica coffee varieties, database sequences, and  

					outgroups. Values in the nodes showed bootstrap values.  
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					Phylogenetic analysis based on combined matK and rbcL genes  

					species from outgroups implied a common ancestor for coffee species.  

					12  

					This study also used the matK and rbcL genes (matK+rbcL) to create a  

					phylogenetic tree and emphasized the relationship between coffee  

					varietals. Figure 4 shows a phylogenetic tree built with the matK+rbcL  

					gene, and the sequences used were from 7 Arabica coffee varieties (C  

					41, C 48, C 50, CH 306, CTT, SLN 9, and BP), nine database sequences,  

					and two outgroups. Additionally, Arabica coffee variants (C 49 and BP  

					542) and one robusta coffee (Lampung coffee) were removed from the  

					reconstruction because the rbcL amplicons sequencing method did not  

					work. The matK+rbcL phylogenetic tree consisted of 3 clades: A, B,  

					and outgroup (Figure 4). Clade A, which had a 100 % bootstrap value,  

					consisted of 7 arabica coffee varieties: C. arabica (MN894552.1,  

					Using the matK (Figure 2), rbcL (Figure 3), and matK+rbcL (Figure 4)  

					genes for phylogenetic analysis, the authors viewed that all the different  

					species of Arabica coffee were part of a polytomy, which was a  

					branching point (node) that produced more than two groups of  

					offspring. Additionally, it suggested that the authors had not yet  

					established the evolutionary connections between descendant taxa with  

					confidence.50 Polytomy implied insufficient information in the data,  

					which was used to determine relationships within  

					a

					clade.51  

					Furthermore, all Arabica coffee varieties had polytomy, which meant  

					that the primers used in this study for the matK and rbcL genes could  

					not tell the difference between coffee varieties.  

					KY085909.1, and OR459824.1), C. arabica  

					x

					C. canephora  

					(OQ946716.1), C. eugenioides (OQ946711.1), C. arabica x C. liberica  

					(NC_083908.1), and C. liberica var. dewevrei (OQ946698.1).  

					Additionally, Clade B consisted of C. canephora, which had 100 %  

					bootstrap support.  

					The phylogenetic tree built from the combined matK+rbcL gene  

					(Figure 4) was structured similarly to the matK gene phylogeny. There  

					were similarities in the production of polytomic branches across  

					Arabica coffee varieties (C 41, C 48, C 49, C 50, CH 306, CTT, SLN 9,  

					and BP). Figure 4 shows the close relationship between the arabica  

					coffee species and the species C. arabica, C. arabica x C. canephora,  

					and C. eugenioides. The matK+rbcL phylogenetic tree also showed that  

					the species formed C. arabica and C. liberica were crossed-split before  

					C. liberica var. dewevrei, with a 100 % bootstrap support.  

					Conclusion  

					In conclusion, the matK and rbcL genes could not differentiate Arabica  

					coffee at the variety level. According to the matK, rbcL, and  

					matK+rbcL genes, the arabica coffee species had a strong kinship  

					relationship with the Coffea eugenioides species. Furthermore, robusta  

					coffee variants had a close kinship relationship with Coffea canephora.  

					The matK and rbcL genes used in this study showed kinship between  

					Arabica and Robusta coffee species. However, these two genes have not  

					been able to identify coffee at the lower taxon level. The inability of  

					matK and rbcL to distinguish Coffea arabica varieties highlights their  

					limited variability at the intraspecific level. This suggests more  

					informative markers, such as nuclear genes, are needed to achieve finer  

					taxonomic resolution.  

					What do you mean? Could the inability of matK and rbcL genes to  

					differentiate Arabica coffee varieties suggest the need for more variable  

					genetic markers or whole-genome approaches for finer taxonomic  

					resolution?  
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