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Abstract 
 

Accurate identification of commercially cultivated coffee species is necessary since the cup quality may be attributed to the 

kind of species used. Hence, DNA barcoding was performed using nuclear ribosomal internal transcribe spacer (ITS) and 

maturase K (matK). Both markers had 100% amplification and sequencing success rates. Although ITS had lower resolution in 

Coffea species, it efficiently discriminated Coffea liberica. The matK barcode discriminated all the species. Findings revealed 

that matK is an efficient barcode over ITS for commercially cultivated Coffea species by generating the highest rate of both 

universality and discrimination power. DNA barcoding as a method of authentication will benefit the coffee industry and 

coffee growers for large-scale plantations. © 2021 Friends Science Publishers 
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Introduction 
 

Coffee (Coffea L.) belongs to the Rubiaceae family, 

comprising of 124 species (Davis et al. 2019). Among these 

species, C. arabica L., C. canephora Pierre ex A. Froehner 

and C. liberica W. Bull ex Hiern are commercially 

cultivated in the Philippines. C. liberica has two known 

varieties, namely, excelsa and liberica. Generally, the fruits 

of var. liberica are bigger, more tapered at the base, have 

thicker and leatherier pericarp than that of var. excelsa 

(Bridson 1988). 

Planting materials such as seedlings need accurate 

identification since the market value of coffee depends on 

the cup quality which may be attributed to the species. 

Consumers tend to choose C. arabica (locally known as 

Arabica) because of its rich aroma. C. canephora (locally 

known as Robusta) is more bitter and has higher caffeine 

content than C. arabica (Lecolier et al. 2009), while C. 

liberica (locally known as Kapeng Barako) has a strong 

flavor. 

Morphology-based identification is the usual 

method of identifying plants including coffee. However, 

it is difficult to discriminate Coffea species at the 

seedling stage. Generally, distinct characteristics of 

Coffea species can be observed at maturity but they still 

possess overlapping characters (Panaligan et al. 2020). 

Another technique that can be used for species 

identification is the utilization of short DNA sequences 

as barcodes. This technique is not dependent on 

environment and life stages (Hebert et al. 2003). The 

matK marker was used in this study because of its 

greater plant species discrimination (CBOL Plant 

Working Group 2009). The nuclear ribosomal internal 

transcribe spacer (ITS) was added to matK as suggested 

by the China Plant BOL Group (2011). The ITS and 

matK were used to assess possible barcodes in 

authenticating commercially cultivated Coffea species 

in the Philippines. Hence, this study aims to evaluate 

the PCR success rate, sequencing success rate, and 

discriminatory power of ITS and matK. 

 

Materials and Methods 
 

Sample collection and amplification of the DNA 

barcodes 

 

Young coffee leaf samples were collected and stored in bags 

with silica gel for DNA extraction. Herbarium vouchers 

were made and deposited at the University of Santo Tomas 

Herbarium (USTH). 
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DNA samples were extracted following the protocol 

of Dneasy Plant Minikit (Qiagen, Hilden, Germany). Using 

universal primer pairs (Table 1), the ITS and matK regions 

were amplified with a total volume of 25 μL per reaction. 

The PCR mixture contained 19.45 μL water, 2.5 μL 10x 

reaction buffer, 0.5 μL 50 mM MgCl2, 0.4 μL 10 mM dNTP, 

0.5 μL 10 μM forward and reverse primers, 0.15 μL 5u/ μL 

Taq DNA polymerase (Vivantis) and 1.0 μL DNA. The 

PCR amplification was performed using a T100 Thermal 

Cycler (Bio-Rad) as follows: initial denaturation at 97°C for 

90 s followed by 35 cycles of 95°C for 30 s, 55°C for 20 s 

(ITS) or 50°C for 20 s (matK), 72°C for 1 min, followed by 

final extension at 72°C for 10 min (Li et al. 2012). The PCR 

products were purified using QIA-quick Purification Kit 

(Qiagen, Germany) and sent to Macrogen Inc., Seoul, South 

Korea for bidirectional DNA sequencing. 

 

Sequence analyses 
 

Consensus sequences were edited and assembled using 

Codon Code Aligner v. 4.1.1 (Codon Code Co., Centerville, 

MA, USA). Multiple Sequence Alignment was performed 

using MEGA 7 (Kumar et al. 2016). Neighbor-Joining (NJ) 

trees were constructed in MEGA 7 using 1000 bootstrap 

replicates. Pairwise distances of these markers were 

computed using Kimura–2–parameter (K2P) model 

(Kimura 1980) with MEGA 7 software (Kumar et al. 2016). 

Wilcoxon two–sample test was performed using S.P.S.S. 

software (version 20.0; S.P.S.S. Inc., Chicago, U.S.A.). 
 

Results 
 

A total of 48 sequences were newly generated in this 

study from ITS and matK and were deposited in 

GenBank (Table 2). The ITS and matK regions were 

100% amplified and sequenced (Table S1). Interspecific 

distances of ITS and matK were significantly higher 

than their intraspecific distances (P ˂ 0.001) (Table S2). 

There were two members of C. canephora that 

interclustered with C. arabica in the Neighbor-Joining 

tree of ITS (Fig. 1A), while matK discriminated all the 

Coffea species (Fig. 1B). 

Table 1: Universal primers of the two candidate barcodes 
 

Barcode Primer  Primer sequence (5’–3’) Reference 

ITS ITS5 GGAAGTAAAAGTCGTAACAAGG White et al. (1990) 

 ITS4 TCCTCCGCTTATTGATATGC 
matK 3F_Kim f CGTACAGTACTTTTGTGTTTACGAG CBOL- PWG 2009 

 1R_Kim r ACCCAGTCCATCTGGAAATCTTGGTTC 
ITS = internal transcribe spacer; matK = maturase K 

 

Table 2: List of Coffea species used in the study and their accessions 

 
Species Place of Origin/Collection Place Code USTH Accession GenBank Accession 

ITS matK 

C. arabica  Indang, Cavite A1 014856 MK611791 MK722268 
C. arabica  Indang, Cavite A3 014857 MK611792 MK722267 

C. arabica  Ampasit, Benguet A31-1 014858 MK615726 MK722270 

C. arabica  Ampasit, Benguet A31-2 014859 MK615727 MK722269 
C. arabica  BSU, Benguet A311-1 014860 MK615728 MK722266 

C. arabica  BSU, Benguet A311-2 014861 MK615729 MK722265 

C. arabica Mascarenes/Nicaragua                     – – DQ153609 AB973195 
C. canephora  Indang, Cavite C1 014862 MK615730 MK722259 

C. canephora  Indang, Cavite C2 014863 MK615731 MK855097 

C. canephora  Alfonso, Cavite C6 014864 MK615732 MK722261 
C. canephora  Alfonso, Cavite C7 014865 MK615733 MK722260 

C. canephora  Indang, Cavite C8 014866 MK615734 MK722264 

C. canephora  Indang, Cavite C9 014867 MK615735 MK722263 
C. canephora  Indang, Cavite C10 014868 MK615736 MK722262 

C. canephora  NOMIARC, Bukidnon C512-2 014869 MK615737 MK722258 

C. canephora  NOMIARC, Bukidnon C513-2 014870 MK615738 MK855098 
C. canephora Cameroon/Vietnam – – DQ153593 AB973198 

C. canephora Mexico/Indonesia – – MF417755 AB973197 

C. liberica  Indang, Cavite L1 014871 MK615739 MK722250 
C. liberica  Indang, Cavite L3 014872 MK615740 MK722249 

C. liberica  Alfonso, Cavite L6 014873 MK615741 MK722253 

C. liberica  Silang, Cavite L7 014874 MK615742 MK722252 
C. liberica  Alfonso, Cavite L8 014875 MK615743 MK722251 

C. liberica  Indang, Cavite LE1 014876 MK615744 MK722255 

C. liberica  Indang, Cavite LE3 014877 MK615745 MK722254 
C. liberica  Alfonso, Cavite LE7 014878 MK615746 MK722257 

C. liberica  Silang, Cavite LE8 014879 MK615747 MK722256 

C. liberica var. dewevrei Central African Republic – – DQ153603 – 
C. liberica var. liberica Congo/ not indicated                       – – DQ153610 AM412465 
USTH = University of Santo Tomas Herbarium; ITS = internal transcribe spacer; matK = maturase K  
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Discussion 
 

The high amplification and sequencing success rates of ITS 

and matK indicate that these DNA barcodes are universal 

for Coffea species. The universality of ITS and matK are 

congruent with the findings of Huang et al. (2019) and 

Amin et al. (2020). Having significantly higher interspecific 

than intraspecific distances suggests that these two 

candidate barcodes have the potential to discriminate Coffea 

at the species level. The lower discriminatory power of ITS 

as compared to matK has previously been reported by Chen 

et al. (2020). In this study, matK had higher discriminatory 

power than ITS (Fig. 1), which is incongruent with the 

finding of Huang et al. (2019). The different results of these 

 
 

Fig. 1: Neighbor-Joining tree inferred using Kimura two-parameter distances and 1000 bootstrap replicates of (A) ITS and (B) 

matK. Numbers on nodes are bootstrap support (BS) values. Outgroups were obtained from GenBank. Note: A = C. arabica; C 

= C. canephora; L = C. liberica (liberica); LE = C. liberica (excelsa) 
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studies imply that the efficiency of a DNA barcode varies in 

different genera and species. As an example, ITS was 

efficient in discriminating C. liberica but was not able to 

discriminate C. canephora. Some species would be better 

resolved by other DNA regions, as exemplified by matK, 

which discriminated all the Coffea species (Fig. 1B). 

In the Philippines, there are four known coffee types 

and these are ‘arabica’, ‘robusta’, ‘liberica’, and ‘excelsa’ 

corresponding to C. arabica, C. canephora, C. liberica 

and C. excelsa, respectively. However, Panaligan et al. 

(2020) reported that liberica and excelsa (locally known 

as Kapeng Barako) belong to a single species that is C. 

liberica. In this study, the NJ trees for ITS and matK 

showed that liberica and excelsa grouped in a single clade 

(Fig. 1), thus supporting the result of the previous study 

that liberica and excelsa belong to the same species 

(Panaligan et al. 2020). 

 

Conclusion 
 

Although ITS had lower discriminatory power in Coffea, it 

efficiently discriminated C. liberica. The matK region was 

able to discriminate the three Coffea species, indicating that 

this DNA barcode is efficient for authentication of 

commercially cultivated coffee at the species level. 
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