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C 
offee is a favorite drink of many people around the 

world. Its genus Coffea is widespread in Africa, 

Latin America, and Southeast Asia. In this study, 

three coffee species representing four varieties that 

are commercially grown in Cavite Province in 

Southern Luzon, Philippines were studied for molecular and 

morphological identification and differentiation. These varieties 

are C. arabica (Arabica coffee), C. canephora (Robusta coffee), 

C. liberica var. Liberica (Liberica or Barako coffee), and C. 

liberica var. Dewevrei (Excelsa coffee). Leaf samples were col-

lected from coffee farms in Amadeo town and Tagaytay City in 

the province of Cavite and from the germplasm collection of the 

Cavite State University in Indang town also from the province of 

Cavite. DNAs were extracted and sequenced using matK and 

rbcL genes. The neighbor-joining trees were generated including 

other matK and rbcL sequences available in GenBank. Coffea 

liberica var. Liberica and C. liberica var. Dewevrei from 

Amadeo, Tagaytay, and Indang consistently clustered together 

for both matK and rbcL sequences, indicating the genetic homo-
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geneity of the samples. This also supports their reported classifi-

cation as varieties of one species. While overall, C. arabica se-

quences clustered together, there is a need to further examine 

some Arabica and Robusta samples since some samples clus-

tered together. Misidentified seedlings being distributed to cof-

fee farmers may also be a factor. The matK gene compared to 

rbcL gene served as a better molecular marker for differentiation 

of the species and varieties in this study. On the other hand, mor-

phological differentiation, using morphometric analyses of leaf 

width and leaf shape of the different varieties using traditional- 

and landmark-based methods also showed significant differences 

among the varieties. MANOVA comparing the leaf shape of all 

four varieties generated three distinct canonical variates (CV). 

The CVA plot generated showed C. liberica var. Liberica and C. 

liberica var. Dewevrei forming distinct groups along the CV1 

axis, while C arabica and C. canephora were separated along 

the CV2 axis. It is interesting to note that although there was no 

sequence variation in matK and rbcL between the two C. liberica 

varieties, significant differences were observed morphologically 

for six of the morphometric characters measured as well as for 

the landmark-based morphometrics so that the two varieties can 

be differentiated using these morphological markers. This is the 

first time that information from molecular data and morphologi-

cal assessment using morphometrics has been used in studying 

identification and differentiation of coffee varieties in the coun-

try.  
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INTRODUCTION 

 

Coffee is the second most traded commodity worldwide, the 

first being crude oil. It belongs to the genus Coffea L. compris-

ing over a hundred species (Tornincasa et al. 2010). Being pro-

duced in more than 70 countries, mostly from Africa, Latin 

America, and Southeast Asia, it is considered as an important 

agricultural product (Mishra and Slater 2012). The estimate of 

coffee consumption worldwide in 2009/10 amounted to 133.9 

million bags (International Coffee Organization). Three species 

of coffee are used as beverage, Coffea arabica, C. canephora 

and C. liberica (Davis et al.2006).  

Coffea arabica L., commonly known as Arabica coffee, is 

the most commonly cultivated coffee species due to its superior 

taste quality, rich aroma and low caffeine content (Mishra and 

Slater 2012). It is responsible for 70% of the world’s coffee pro-

duction (Tornincasa et al. 2010). This coffee species is the only 

allotetraploid amongst other coffee varieties (Clarindo and Car-

valho 2008). Coffea canephora Pierre ex A.Froehner, commonly 

known as Robusta coffee, is second to Arabica coffee in terms of 

commercial value. Some refer to Robusta coffee as C. robusta 

but it is generally considered a variety of C. canephora 

(Tshilenge et al. 2009). The Robusta variety accounts for 95% of 

C. canephora grown worldwide. This coffee species has the 

highest caffeine content and an inferior taste compared to C. 

arabica but is resistant to coffee diseases. Coffea liberica W.Bull 

ex Hierncomes has two varieties, C. liberica var. Liberica that 

originated from West Africa and C. liberica var. Dewevrei, also 

known as Excelsa coffee, which came from Central Africa 

(Charrier and Berthaud 1985). These two varieties are also com-

mercially cultivated but in lesser quantities compared to C. ara-

bica and C. canephora (Kuit et al. 2004). 

The coffee varieties C. arabica, C. canephora, C. liberica 

var. Liberica (locally known as Kapeng Barako), and C. liberica 

var. Dewevrei are commercially grown in the Philippines 

(Tshilenge et al. 2009). Historically, coffee was introduced by a 

Spanish Franciscan monk in Batangas in 1740. The coffee indus-

try prospered when the Philippines became the fourth largest 

coffee bean exporter in the world. Unfortunately in 1889, coffee 

rust disease destroyed the coffee farms in Batangas. The remain-

ing unaffected seedlings were transferred to Cavite where pro-

duction was restarted (Philippine Coffee Board 2012). However, 

lack of proper identification, particularly, in seedlings that are 

distributed to farmers for expansion and replanting areas has 

plagued the coffee industry. Commercial coffee blends screening 

to distinguish one coffee variety from another are usually evalu-

ated through chemical analysis of compounds. This method, 

however, cannot be considered as totally reliable (Tornincasa et 

al. 2010). DNA barcoding is a tool for plant identification 

(Hollingsworth et al. 2011). The Consortium for the Barcode of 

Life (CBOL) Plant Working Group (2009), with the aim to come 

up with a universal plant barcode, recommended the combina-

tion of the plastid genes matK and rbcL for this purpose. The 

matK, which is a rapidly evolving coding region, can highly dis-

criminate among species. The rbcL, on the other hand, is univer-

sal and produces high quality bidirectional sequences. Since cof-

fee is a very important commodity, information regarding the 

genetic similarity of materials for planting would be very useful 
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to farmers to ensure the same quality of the crop. At the same 

time, variation among coffee varieties would aid in the improve-

ment of the coffee cultivars for breeding or commercial pur-

poses. 

Species discrimination would be more powerful if molecular 

data is in congruence with morphological data (Duminil and Di 

Michele 2009). Traditional morphometrics has been used in sys-

tematics of different plant species. Linear and angular measure-

ments, as well as meristic counts, are obtained (Adams et al. 

2004) and analyzed using statistical tests such as Cluster Analy-

sis, Principal Component Analysis and Discriminant Analysis 

(Henderson 2006). In the last two decades, geometric mor-

phometrics (GM) has been developed as a tool in analyzing 

overall shape variation. It is a landmark-based technique using 

the coordinates of biological points as variables (Rohlf and Mar-

cus 1993; Richtsmeier et al. 2002). Although GM has been 

widely used in various animal taxa, it is not utilized much in 

plant systematics (Henderson, 2006).  

In this study, the matK and rbcL genes were used to differ-

entiate the four coffee varieties that are commercially grown in 

Cavite Province in Southern Luzon, Philippines. Morphological 

variation was also assessed using both traditional and geometric 

morphometrics of leaf width and leaf shape. Leaves were as-

sessed since these are the structures that are readily available all 

year round and variations in their morphology can easily be de-

tected using ordinary measuring tools.   

MATERIALS AND METHODS 

 

Plant Material and DNA Extraction 

Young coffee leaves from the shoot tips of four commer-

cially grown coffee varieties, Coffea arabica var. Arabica, C. 

canephora var. Robusta, C. liberica var. Liberica, and C. 

liberica var. Dewevrei were collected from coffee farms in 

Amadeo town and Tagaytay City and the germplasm collection 

of Cavite State University in Indang, Cavite (Table 1). All varie-

ties were represented in each town except for Arabica which was 

not planted in Amadeo town. At least two plants were sampled 

for each variety in Amadeo town and Tagaytay City, while five 

plants were sampled for each variety from the germplasm collec-

tion of the Cavite State University in Indang, Cavite. The ge-

nomic DNA of the leaf samples were extracted according to 

manufacturer’s instructions using Qiagen™ DNeasy Plant Mini 

Kit (USA). 

 

DNA Barcoding 

The DNA samples were amplified for the matK and rbcL 

genes. The PCR mix contained 25µL of the following: 2.5µL 

10x PCR buffer, 2.5µL Q buffer, 1.0µL 25mM MgCl2, 1.25µL 

10µM primer, 0.5µL 2.5mM dNTPs, 0.125µL 5U/µL Taq Poly-

merase (Roche), and 1.0µL 20ng DNA. For the matK gene, the 

p r i m e r s  u s e d  w e r e :  m a t K F  5 ’ C G T A C A G -

T A C T T T T G T G T T T A C G A G 3 ’  a n d  m a t K R 

5’ACCCAGTCCATCTGGAAATCTTGGTTC3’ (KJ Kim, as 

cited by Kuzmina and Ivanova 2011). The PCR running condi-

tions were: initial denaturation at 94ºC for 1 min; 35 cycles of 

94ºC for 30 s, 52ºC for 20 s and 72ºC for 50 s; and final exten-

sion at 72ºC for 5 min.For the rbcL gene, the primers used were: 
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Species/Variety Place Collected (Cavite) 

C. canephora (Robusta) 1 Amadeo 

C. canephora (Robusta) 2 Amadeo 

C. liberica var. Liberica (Liberica/Barako) 1 Amadeo 

C. liberica var. Liberica (Liberica/Barako) 2 Amadeo 

C. liberica var. Dewevrei (Excelsa) 1 Amadeo 

C. liberica var. Dewevrei (Excelsa) 2 Amadeo 

C. arabica (Arabica) 1 Tagaytay 

C. arabica (Arabica) 2 Tagaytay 

C. canephora (Robusta) 1 Tagaytay 

C. canephora (Robusta) 2 Tagaytay 

C. liberica var. Liberica (Liberica/Barako) 1 Tagaytay 

C. liberica var. Liberica (Liberica/Barako) 2 Tagaytay 

C. liberica var. Dewevrei (Excelsa) 1 Tagaytay 

C. liberica var. Dewevrei (Excelsa) 2 Tagaytay 

C. arabica (Arabica) 1 Indang 

C. arabica (Arabica) 2 Indang 

C. arabica (Arabica) 3 Indang 

C. arabica (Arabica) 4 Indang 

C. arabica (Arabica) 5 Indang 

C. canephora (Robusta) 1 Indang 

C. canephora (Robusta) 2 Indang 

C. canephora (Robusta) 3 Indang 

C. canephora (Robusta) 4 Indang 

C. canephora (Robusta) 5 Indang 

C. liberica var. Liberica (Liberica/Barako) 1 Indang 

C. liberica var. Liberica (Liberica/Barako) 2 Indang 

C. liberica var. Liberica (Liberica/Barako) 3 Indang 

C. liberica var. Liberica (Liberica/Barako) 4 Indang 

C. liberica var. Liberica (Liberica/Barako) 5 Indang 

C. liberica var. Dewevrei (Excelsa) 1 Indang 

C. liberica var. Dewevrei (Excelsa) 2 Indang 

C. liberica var. Dewevrei (Excelsa) 3 Indang 

C. liberica var. Dewevrei (Excelsa) 4 Indang 

C. liberica var. Dewevrei (Excelsa) 5 Indang 

Table 1. List of coffee varieties studied. 
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done so that the differences between landmarks would reflect 

only the differences in shape independent of size, position, or 

orientation (Slice 2007). Programs from the Integrated Mor-

phometrics Package (Sheets 2004) were used for this and for the 

succeeding analyses. GPA was performed using CoordGen6f. 

Shape variations between varieties were analyzed using 

MANOVA and were summarized using Canonical Variate 

Analysis (CVA) and discriminant analysis using the program 

CVAGen6l. To determine whether the plant exhibits isometric or 

allometric growth pattern, partial warp scores were computed to 

correlate shape variables with the logarithm of centroid size. The 

centroid size is the square root of the sum of squared distances of 

the landmarks in a configuration to their average location (Slice 

2007). To visualize patterns in shape variability, deformation 

grids were generated. Deformation grids provide an exact map-

ping of one configuration onto another and involve the use of 

thin-plate functions to fit differences in the landmark positions in 

one specimen relative to the positions in another (Rohlf and 

Marcus 1993; Slice 2007).   

 

RESULTS AND DISCUSSION 

 

Sequence analysis of matK and rbcL 
A total of 41 matK and 42 rbcL sequences were analyzed. 

The 41 matK sequences included sequences from ten Coffea 

species and one from Ixora coccinea as outgroup. The 42 rbcL 

sequences included sequences from nine Coffea species and one 

from Gymnocladus dioica as outgroup.  

 

The mean intraspecific genetic distance was 0.35% for the 

matK gene and 0.016% for the rbcL gene. The mean interspeci-

fic genetic distance was 0.68% for the matK gene and 0.42% for 

the rbcL gene (Table 2). A summary of cases for intraspecific 

genetic distances greater than 0.1% for both matK and rbcL 

genes is shown in Table 3. 

 

Of the five C. arabica specimens obtained from Indang, two 

were amplified for the matK gene, while all were amplified for 

the rbcL gene. Two C. arabica specimens from Tagaytay and 

Amadeo were amplified for both matK and rbcL.  For the C. 

arabica specimens from Indang, the two matK sequences and 

four out of five rbcL specimens were identical with respective C. 

arabica sequences from GenBank.  For the two Tagaytay speci-

mens, however, both matK and rbcL sequences from both speci-

mens grouped with separate clades represented mostly by C. 

canephora sequences (Table 3; Figures 2 and 3). 

rbcLF 5’ATGTCACCACAAACAGAGACTAAAGC3’ (Levin 

et al. 2003) and rbcLR 5’GAAACGGTCTCTCCAACG-

CAT3’ (Fazekas et al. 2008). The PCR running conditions were: 

initial denaturation at 94ºC for 3 min; 43 cycles of 94ºC for 30 s, 

50ºC for 30 s, 65ºC for 1 min; and final extension at 72ºC for 5 

min. The amplified PCR products were extracted from 1% aga-

rose gels using Qiagen™ Gel Extraction Kit (USA). The purified 

products were sent to FirstBASE (Selangor, Malaysia) for bi-

directional sequencing. 

 

The sequences were assembled using STADEN package 

version 1.5.3 (Staden et. al.1998) and aligned using Mega 5 soft-

ware (Tamura et al. 2011). Available sequences of matK and 

rbcL genes from Coffea species deposited in Genbank were used 

for the analyses. Neighbor-joining trees were generated with 

1000 bootstrap replicates using the Kimura 2-parameter (K2P) 

distance model (Kimura 1980).  

 

Morphometric Analyses 

For each of the coffee varieties from Indang, a total of 95 

mature leaves from 19 trees were obtained. For the traditional 

morphometric analysis, each leaf was measured for the following 

parameters: maximum length, petiole length, blade length, maxi-

mum width, length above maximum width, and length below 

maximum width. ANOVA was used for data analysis using 

SPSS Software (SPSS, Chicago, IL, USA). 

 

For the geometric morphometric analysis, nine landmarks 

(Figure 1) along the margins of the leaves were digitized on each 

digital image of the specimen using the tpsDig2 software (Rohlf 

2010). Generalized Procrustes Analysis (GPA) was performed to 

superimpose landmark coordinates as shape variables. This was 

Figure 1. Landmarks used for geometric morphometrics. 

  Intraspecific Genetic Distance   Interspecific Genetic Distance Within Genus 

 
Number of 

Comparisons 
Minimum Mean Maximum 

Standard 
Error 

 
Number of 

Comparisons 
Minimum Mean Maximum 

Standard 
Error 

matK (n=40)* 
155 0.00% 0.35% 2.30% 0.04%  625 0.00% 0.68% 2.98% 0.07% 

rbcL (n=41) 217 0.00% 0.16% 0.88% 0.02%  644 0.00% 0.42% 1.28% 0.01% 

Table 2. Summary of percent genetic divergences (computed using K2P model) within and between species using both matK and 

rbcL genes.  

*n represents the number of sequences used for the comparisons. Species represented by only one sequence are not included in in-

traspecific comparisons 



391 Vol. 7 | No. 2 | 2014 Philippine Science Letters 

   Intraspecific Distance  

Comparison Number of Comparisons Mean 
Standard 

Error 
   

  
matK 

  

        

  

C. liberica Var. Liberica Amadeo 1 Other C. liberica sequences 11 0.78% 0.00%    

C. arabica Tagaytay 1 
  

C. arabica sequences from Indang and GenBank 
  

10 0.67% 0.00%   
  

C. arabica Tagaytay 2 
  

C. arabica sequences from Indang and GenBank 
  

10 1.33% 0.00%   
  

Pairwise comparisons of all C. canephora sequences 
  

21 1.11% 0.15%   
  

Pairwise comparison between C. mauritiana sequences 
  

2 0.27% 0.00%   
  

              

rbcL             

C. arabica Indang 1 and C. arabica Tagaytay 2 Other C. arabica sequences from Indang and GenBank 14 0.53% 0.01%    

C. arabica Tagaytay 1 Other C. arabica sequences from Indang and GenBank 
  

6 0.86% 0.02%   
  

C. liberica Var. Liberica Tagaytay 1 
  

Other C. liberica sequences 15 0.35% 0.00%   
  

C. liberica Var. Dewevrei Amadeo 1 
  

Other C. liberica sequences 15 0.17% 0.00%   
  

Pairwise comparisons of all C. canephora sequences 45 0.32% 0.04%     

 

Table 3. Summary of percent genetic divergences (computed using K2P model) within species that have a mean genetic distance 

greater than 0.1%.  

 C. arabica(n=95) C. canephora(n=95) C. liberica var. Liberica (n=95) C. liberica var. Dewevrei (n=95) 

Maximum Length 137a* ± 39 208b ± 24 224c ± 40 219c ± 24 

Petiole Length 9a ± 3 12b ± 2 12b ± 4 9a ± 2 

Blade Length 128a ± 37 196b ± 23 212c ± 38 210c ± 23 

Maximum Width 56a ± 18 76b ± 12 113c ± 28 126d ± 16 

Length Below Maximum Width 64a ± 18 92b ± 16 113c ± 24 114c ± 20 

Length Above Maximum Width 64a ± 21 104c ± 15 99bc ± 24 96b ± 22 

Table 4. Mean (in mm) ± standard deviation of morphometric characters obtained from leaf samples of four varieties of Coffea.  

*Means followed by the same superscript letter are not significantly different at α=0.05 using Duncan’s Multiple Range Test. 
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Figure 2. Neighbor-joining tree showing the relationship of the specimens analyzed in this study with other Coffea species from 

GenBank based on the matK gene sequences.  
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Figure 3. Neighbor-joining tree showing the relationship of the specimens analyzed in this study with other Coffea species from 

GenBank based on the rbcL gene sequences.  
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canephora. The maximum length of C. liberica var. Liberica and 

C. liberica var. Dewevrei were not significantly different from 

each other. Leaf width differences among all varieties were sig-

nificant.  

 

The plot of the 380 specimens, grouped according to variety 

on the first two canonical variates, is shown in Figure 4. 

MANOVA comparing the leaf shape of all four varieties gener-

ated two distinct canonical variates (CV). The CV1 axis ac-

counts for 90% of the total variance while the CV2 axis accounts 

for 8.5% of the variance. The CVA plot generated showed C. 

liberica var. Liberica and C. liberica var. Dewevrei forming dis-

tinct groups along the CV1 axis while C arabica and C. can-

ephora were separated along the CV2 axis. Based on the defor-

mation grids generated, variation along the CV1 axis describes 

an expansion of the leaf base for specimens distributed in the 

positive end of the axis. Variation along the CV2 axis, on the 

other hand, describes a longitudinal elongation for specimens 

distributed in the positive end of the axis. Regression of the Pro-

crustes distance on the centroid size showed that allometry in the 

sampled specimens was statistically insignificant (r = 0.044; P = 

0.20). 

 

Among C. liberica specimens from Indang, C. liberica var. 

Dewevrei and C. liberica var. Liberica showed identical matK 

and rbcL sequences. The matK sequences were also identical to a 

C. liberica sequence from GenBank. Some C. liberica sequences 

from Amadeo and Tagaytay did not group with the sequences 

from Indang (Table 3; Figures 2 and 3). 

 

The sequences of C. canephora exhibited average intras-

pecific distances of 1.11% and 0.32% for the matK and rbcL 

genes, respectively (Table 3). The C. canephora sequences from 

Indang were divergent for both matK and rbcL genes. In both 

trees, at least one of the C. canephora sequences from Indang 

grouped with a C. canephora sequence from GenBank, while the 

others grouped with a C. congensis sequence from GenBank. 

The C. canephora sequences from Amadeo were likewise diver-

gent and clustered with separate specimens from Indang. The C. 

canephora sequences from Tagaytay were identical to the C. 

liberica sequences from Indang (Figures 2 and 3).  

 

Morphometric analyses  
Morphometric analyses of leaf measurements indicated sig-

nificant differences in length and width among the four varieties 

(Table 4). C. arabica had the smallest leaf length, followed by C. 

Figure 4. Canonical Variate Analysis of shape variables of 380 specimens of Coffea. Grids at the bottom of the plot show the defor-

mation along the CV1 axis while grids at the right show deformations along the CV2 axis.  



Based on the CVA classification matrix generated (Table 5), 

C. canephora and C. liberica var. Dewevrei had the higher num-

bers of correct classification compared to C. arabica and C. 

liberica var. Liberica. Most of the misclassifications are those 

between C. arabica and C. canephora and those between C. 

liberica var. Dewevrei and C. liberica var. Liberica. 

 

The use of molecular markers for species identification and 

differentiation typically involves grouping individuals of the 

same species into one clade with high sequence identity while 

excluding individuals of other species. For DNA markers that 

have been established as barcodes, the presence of intraspecific 

individuals deviating from such sequence identity are probable 

cases of hybridization, misidentification, or species requiring 

further taxonomic review. The neighbor joining trees generated 

for the matK and rbcL genes generally grouped C. arabica, C. 

canephora, and C. liberica sequences into separate clades. There 

were several sequences, however, that did not match those of 

other specimens of the same species.  

 

The two C. arabica specimens from Indang that were ampli-

fied for the matK gene showed 100% sequence identity to both 

C. arabica and C. eugenioides specimens from GenBank, while 

Tagaytay specimens clustered with C. canephora. For the rbcL 

gene, four C. arabica sequences from Indang clustered with C. 

arabica from Genbank, while one Indang specimen and the two 

Tagaytay specimens clustered with C. canephora. This grouping 

with C. eugenioides and C. canephora reflects the origin of C. 

arabica. This species originated from a cross between C. can-

ephora and C. eugenioides (Clarindo and Carvalho 2008). As an 

allotetraploid, its nuclear genome would include that of both 

parent species. The chloroplast DNA, however, would only 

come from one parent. These results show that the C. arabica 

specimens from the germplasm collection in Indang may have 

originated from different sources.  

 

Indang specimens of C. liberica var. Dewevrei and C. 

liberica var. Liberica had identical sequences for both matK and 

rbcL genes although some specimens from Amadeo and Tagay-

tay were divergent. Coffea liberica var. Dewevrei was formerly 
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assigned its own genus C. excelsa. The data from this study sup-

port the reclassification of Davis et al. (2006) placing C. excelsa 

as a variant of C. liberica, while still being distinct from the vari-

ant C. liberica var. Liberica. 

 

The average intraspecific distances for C. canephora were 

very high for both markers (Table 3). These values are even 

higher than some distances between species. Both neighbor join-

ing trees show that C. canephora sequences form two subgroups. 

One of the subgroups includes sequences that match C. congen-

sis. C. congensis is widespread in Africa but is not found in 

Southeast Asia (Davis et al. 2006). Even among sequences of C. 

canephora, including one matK sequence from GenBank, there 

was a considerable amount of sequence variation found. This 

result should flag this species for taxonomic re-examination.  

 

Between the two molecular markers used in this study, the 

matK gene provided a better resolution among the different spe-

cies of Coffea. With the exception of C. canephora and C. con-

gensis as earlier discussed, each species formed a unique clade in 

the neighbor joining tree. This is not true for rbcL, which was 

not able to distinguish among C. liberica, C. myrtifolia, C. mau-

ritiana, and four sequences of C. canephora. This low discrimi-

natory power of rbcL has been recognized in other studies. 

Bafeel and co-workers (2012) reported that only 17% of Saudi 

Arabian wild plants were identified up to the species level, and 

the rest were only up to the genus level. This low discriminating 

power was attributed to the gene’s minimal sequence variation. 

 

The misplacement of sequences of C. canephora from Ta-

gaytay and some C. liberica specimens from Tagaytay and 

Amadeo can be attributed to misidentification. Since it has been 

a practice among coffee growers to distribute seedlings among 

the farmers, there is a possibility of misidentification. The value 

of coffee beans in the market increases with homogeneity for a 

specific variety, thus improper identification of the coffee varie-

ties can lead to a mixture of varieties, decreasing the value of the 

product. This strengthens the need for a molecular marker that 

can be used to identify and discriminate between and among 

species of coffee. 

  A posteriori assignment 

A priori assignment* 
C. arabica C. liberica Var. 

Dewevrei 

C. liberica Var. 

Liberica 

C. canephora 

C. arabica (n=95) 64 0 15 16 

C. liberica Var. Dewevrei (n=95) 2 75 12 1 

C. liberica Var. Liberica (n=95) 10 21 62 7 

C. canephora (n=95) 15 0 1 79 

Table 5. CVA classification for the four coffee varieties.  

*The a priori assignments are based on the coffee variant to which the specimens belong, while the a poste-

riori assignments make use of the Mahalanobis distance based approach to predict the group membership of 

each specimen based on the CVA. The diagonal line formed by the values in bold represent the number of 

specimens correctly classified while other values show the number of specimens misclassified to other va-

rieties.  



 

Morphometric analyses were also able to differentiate 

among the coffee varieties. All post hoc tests differentiated C. 

arabica, being the smallest in size, from the other varieties 

(Table 4). Coffea canephora was also significantly smaller than 

C. liberica based on the length and width of the leaf blade. Cof-

fea arabica and C. canephora share the same distribution along 

the CV1 axis (Figure 4). These varieties can be differentiated 

along the CV2 axis, which describes a longitudinal elongation 

with C. canephora being more elongated. The classification ma-

trix (Table 5) shows specimens from both species being misclas-

sified with each other. The similarity between C. canephora and 

C. arabica was also observed by Lashermes et al. (1997) when 

they constructed consensus trees generated from ITS analysis. 

The trees showed that C. canephora was more closely related to 

C. arabica than to C. liberica. The phylogenetic relationship of 

the different coffee species was assessed using parsimony and 

sequence data. 

 

In terms of overall blade size, the two varieties of C. 

liberica were the largest. Although there was no sequence varia-

tion between them, significant differences were observed mor-

phologically for leaf width (Table 4) as well as for the landmark-

based morphometrics (Figure 4). C. liberica var. Dewevrei had a 

mean maximum width significantly higher than the others. The 

CVA plot also shows this variety forming a distinct cluster. Cof-

fea liberica var. Dewevrei and C. liberica var. Liberica can be 

differentiated along the CV1 axis, which describes an expansion 

of the leaf base. Coffea liberica var. Dewevrei appeared to have 

the most expanded leaf base. This is supported by morphometric 

measurements wherein Coffea liberica var. Dewevrei is the only 

variant with a Maximum-Width to Length-Below-Maximum-

Width ratio greater than 1 (Table 4). This ratio is equal to 1 for 

Coffea liberica var. Liberica and is less than 1 for C. arabica and 

C. canephora. This pattern is similar to the distribution of the 

four varieties along the CV1 axis. The observed difference be-

tween the C. liberica varieties is supported by the study of 

Kumar et al. (2008). In their study, UPGMA-based dendrograms 

that were generated from both RAPD and ISSR data showed that 

C. liberica var. Dewevrei is least related to the other three varie-

ties. Berthou et al. (1983) also reported a clear distinction of C. 

liberica var. Dewevrei based on mtDNA variation. The two vari-

ants were differentiated by AFLP markers in a separate study 

(N’Diaye et al. 2005). The results of the morphometric analysis 

as supported by other studies using non-sequence markers sup-

port the placement of C. liberica var. Dewevrei as a distinct vari-

ety. 

 

This study is the first to use molecular data and morphologi-

cal assessment using traditional- and landmark-based mor-

phometrics in studying identification and differentiation of cof-

fee varieties in the country. This approach could be further em-

ployed for studying other Coffea populations in the country. Mo-

lecular identification of seedlings could be performed in estab-

lishing accessions in order to prevent misidentification. This 

would also be important in future studies involving assessment 

of genetic diversity and development of molecular markers for 

specific traits. Re-examination of C. canephora is also recom-

mended.   
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