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Abstract. RAPD (randomly amplified polymorphic 
DNA) markers generated by arbitary decamers have 
been successfully employed to detect genetic polymor- 
phisms between coffee species and between Coffea 
arabica genotypes. The RAPD profiles were used to 
construct dendrograms and these were consistent with 
the known history and evolution of Coffea arabica. 
Material originating from Ethiopia and the arabica 
sub-groups - C. arabica var. typica and C. arabica vat. 
bourbon- were clearly distinguished. RAPD analysis 
therefore reflects morphological differences between 
the sub-groups and the geographical origin of the 
coffee material. Species-specific amplification products 
were also identified, but, more importantly, amplifica- 
tion products specific to C. canephora were identified in 
two C. arabica genotypes, Rume Sudan and Catimor 
5175. This diagnostic product is therefore indicative of 
interspecific gene flow in coffee and has biological 
implications for selective introgressive hybridisation in 
coffee. Our study demonstrates the power of the poly- 
merase chain reaction technology for the generation of 
genetic markers for long-lived perennial tree and bush 
crops. 
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Introduction 

Coffee is the world's most valuable agricultural export- 
ing commodity. It contributes approximately s 
billion annually to the economies of more than 50 
countries of Latin America, Africa and Asia. Commer- 
cial coffee production relies on two species: Coffea 
arabica and C. canephora. Higher quality coffee is 
associated with C. arabica and arabica coffee repre- 
sents 73% of world production and almost all of the 
production in Latin America. C. canephora (robusta 
coffee) is mainly grown in central and western equator- 
ial Africa and comprises 80% of African production. 
This is considered to be of low quality and is suitable 
only for the domestic market. 

C. arabica is the only tetraploid (2n = 4x = 44) 
species in the genus Coffea, and is indigenous to the 
highlands of south-western Ethiopia and south-eastern 
Sudan. It is an inbreeder exhibiting disomic inheri- 
tance - and is considered to be a segmental allotetrap- 
loid (Charrier and Berthaud 1985). C. canephora is an 
obligate outbreeder with a gametophytic incompatibil- 
ity system. Disease-resistance genes have been transfer- 
red into the C. arabica gene pool via natural and 
artifical interspecific hybridisation between the two 
species. 

The geographical distribution of coffee has been 
strongly influenced by man. Arabica coffee was intro- 
duced to the American continent from the Yemen via 
Java and the Netherlands in the early 18th century. 
Historical evidence suggests that the base population 
descended from only a few trees. The genetic base of the 
American arabica coffee is therefore considered to be 
very narrow and represents only a small proportion of 
the potential genetic variability available within the 
coffee gene pool. The inbreeding nature of C. arabica, 



935 

together with the historical perspective on its limited 
genetic base, has prompted several collecting expedi- 
tions. A number of'living tree' coffee germplasm collec- 
tions (Kartha et al. 1981) have been established (Car- 
valho 1952) due to the recalcitrance of coffee seed and 
tissue culture technology used to establish in-vitro 
germplasm collections. In both cases there is a need to 
accurately assess the level of genetic variation in order 
to minimise duplication and establish core collections. 
Such core collections should be representative of the 
genetic variability available within the arabica gene 
pool and provide a source of germplasm which is 
accessible to coffee breeders. 

Isozymes have been shown to be useful genetic 
markers for estimating genetic diversity and evaluating 
population differentiation. However, biochemical as- 
says are limited by the number of polymorphic loci 
detected. Electrophoretic analysis of C. arabica ac- 
cessions from Ethiopia and Kenya with six enzyme 
systems failed to reveal polymorphism. These results 
contrasted to the level of morphological variation 
detected in the same germplasm (Lowran 1978) and 
suggested that isozymes may be inappropriate for 
evaluating diversity in C. arabica. The development 
of molecular biology has resulted in alternative 
DNA-based procedures for the detection of polymor- 
phism. The most widely used is restriction fragment 
length polymorphism (Tanksley et al. 1989) but this 
procedure is time-consuming, labour intensive and 
costly. Welsh and McClelland (1990) and Williams 
et al. (1990) reported a novel technique based on the 
amplification of random D N A  sequences by the poly- 
merase chain reaction (PCR) with arbitrary primers. 
This PCR-based assay has been used for cultivar 
identification (Hu and Quiros 1991), phylogenetic and 
pedigree studies (Heun and Helentjaris 1993), genetic 
mapping (Williams et al. 1990; Welsh et al. 1991), and 
the estimation of outcrossing rates (Fritsch and Reis- 
berg 1992). The advantages of this technique include its 
simplicity, speed, and the requirement for only small 
amounts of relatively-crude genomic D N A  (Rafalski 
et al. 1991; Waugh and Powell 1992). Single-primer 
DNA amplification is particularly relevant to peren- 
nial tree crops and has been used for clone identifica- 
tion in banana and cocoa (Kaemmer et al. 1992; Wilde 
etal.  1992), population differentiation (Chalmers 
et al. 1992; Russell et al. 1993), and genetic mapping 
(Carlson et al. 1991; Roy et al. 1992). Despite its econ- 
omic and agricultural importance coffee has not bene- 
fited extensively from the technological developments 
which have been applied to other cash crops. In this 
manuscript we demonstrate that randomly amplified 
polymorphic D N A  (RAPD) can be used for the genetic 
characterisation of coffee germplasm, the estimation of 
relatedness, and the detection of interspecific gene 
introgression. 

Materials and methods 

Plant material 

The coffee genotypes studied are represented by 22 C. arabica 
accessions, one natural interspecific hybrid (Hybrid de Timor), 
three C. canephora accessions and one C. liberica accession 
(Table 1). 

Total 9enomic DNA isolation 

DNA was isolated from fresh or freeze-dried leaf material using a 
modification of the method described by Gawel and Jarret 
(1991). Leaf material (10 g fresh weight or 2 g freeze-dried) was 
ground to a fine powder in liquid nitrogen using a pestle and 
mortar with the addition of 400 mg of Polyclar AT. Extraction 
buffer [100 ml comprising 2% CTAB, 100 mM Tris HC1 (pH 8.0), 
1.4 M NaC1, 20 mM EDTA, 0.1% DTT ] pre-heated to 65 ~ was 
added and the extract incubated at 65 ~ for 30 min with occa- 
sional mixing. The samples were extracted with 75 ml of chloro- 
form for 15 min and centrifuged at 5,000rpm for 5min. The 
aqueous supernatant was filtered through muslin cloth, mixed 
with an equal amount of ice-cold popan-2-ol and left at room 
temperature for 15 rain to precipitate DNA. Following centrifu- 
gation at 10,000 rpm for 10 rain, the supernatant was discarded 
and the DNA pellet drained by inverting the tubes. The DNA 
was resuspended in 2 ml of TE buffer [10 mM Tris HC1 (pH 7.5), 
1 mM EDTA] and incubated at 65 ~ for 15min after the 
addition of 20 gl of RNase A (10 mg/ml). Any insoluble material 

Table 1. Coffee genotypes studied together with their country of 
origin 

Species Accession Country of origin 

Coffea arabica 1. N-39 Tanzania 
2. RS-510 Sudan 
3. Blue Mountain Jamaica 
4. Typica Guatemala 
5. Pache Guatemala 
6. Mundo Novo Brazil 
7. Caturra Brazil 
8. Pacas E1 Salvador 
9. Anacafe M - 8 7  Guatemala 

10. Caturra Brazil 
Coffea arabica 11. ET6 A2 16695 Ethiopia 

12. ET25 A4 16712 Ethiopia 
13. ET41 A7 16725 Ethiopia 
14. ETll CA7 16700 Ethiopia 
15. ET19 A3 16708 Ethiopia 
16. ET27 AF 16714 Ethiopia 
17. ET47 A4 16729 Ethiopia 

Coffea canephora 18. Robusta 3751  Indonesia 
19. Robusta 3753  Indonesia 
20. Robusta 3580 Congo 

Hybrids 21. Hybrido de Timor Indonesia 
22. Catimor 8660 Brazil 
23. Catimor 5175  Portugal 
24. Catimor 11670 Columbia 
25. Catimor 12870 Brazil 
26. Catimor 8667 Brazil 

Coffea liberica 27. Anon Guatemala 
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was removed by centrifugation for 5 min at 14,000 rpm and the 
supernatant removed to clean tubes. The DNA was re-precipi- 
tated by the addition of 2 vol of 100~ ethanol (ice-cold) and 
recovered by briefly centrifuging at 14,000rpm. The DNA 
samples were vacuum dried, resuspended in 1 ml of TE buffer 
and stored at 4 ~ 

DNA amplification (RAPD) 

PCR reactions (50g l) contained approximately 100ng of 
genomic DNA, dATP, dCTP, dGTP and dTTP each at 100 gM 
final concentration, 200 nM of primer, 1 x Taq polymerase buf- 
fer and one unit of Taq XL polymerase (Northumbria Biologi- 
cals Ltd). Each reaction was overlaid with t00 pl of mineral oil of 
prevent evaporation. The random sequence 10-met primers used 
in this study (Tabel 2) were synthesised on an Applied Bio- 
systems 391 PCR-mate oligonucleotide synthesiser. Samples for 
enzymatic amplification were subjected to 45 repeats of the 
following thermal cycle: i min at 92 ~ 2 min at 35 ~ and 2 min 
at 72 ~ Fragments generated by amplification were separated 
according to size on 2% agarose gels run in 1 x TBE [89 mM 
Tris HC1 (pH 8.3), 89 mM boric acid, 5 mM EDTA], stained with 
ethidium bromide and visualised by illumination with ultraviolet 
light (312 nm). 

H ybridisation analysis 

Amplified DNA was transferred to Hybond N + (Amersham) 
nylon blotting membrane by the alkaline method of Reed and 

Table 2, Primers used for the detection of polymorphism in 
coffee 

Primer Sequence 

sc10-04 
SCI0-15 
SC10-20 
SC10-22 
SC10-25 
SC10-30 
SC10-33 
SC10-35 
SC10-36 
SC10-37 
SC10-38 
SC10-44 
SC10-47 
SC10-49 
SC10-50 
SC10-55 
SC10-56 
SC10-57 
SC10-63 
SC10-64 
SC10-66 
SC10-69 
SC10-70 
SC10-71 
SC10-73 
SC10-74 
SC10-75 
SC10-77 
SC10-78 
SCI0-84 

5'TACCGACACC 
5'GCTCGTCAAC 
5'ACTCGTAGCC 
5'CTAGGCGTCG 
5'CGGAGAGTAC 
5'CCGAAGCCCT 
YTCGCCATAGC 
5'GTGCGGACAG 
5'TCACCGAACG 
5'GCCAATCCTG 
5'GACCCCGGCA 
5'CCAGGAAGCC 
5'ATAGCTCGCC 
5'CCACGAGCAT 
5'ACGCGCTGGT 
5'GGGAGACGTA 
5'CCAGCGTCTA 
5'GCTGGAAGCG 
5'CCTTGCGCTT 
5'CCAGGCGCAA 
5'AGTGGGCGCA 
5'GACGCTCTCC 
5'TTGGCCGCGA 
5'CTGGCGTAGT 
5'TCGGCCCTCG 
5'CGGACTTGGG 
5'ACCCAGCCAC 
5'AGATAGCGGG 
5'TCGGAGCGGT 
5'TGTGGGCATG 

Mann (1985). Fragments to be used as probes were prepared 
using a 'Prep a gene' DNA purification kit. Isolated fragments 
were labelled by random priming (Feinberg and Vogelstein 1984) 
with ~2p-dCTP (3000 Ci mmol- 1; ICN Biomedicals), and used to 
probe the prepared blots with standard procedures (Maniatis 
et al. 1982). After hybridisation, the blots were washed in several 
changes of 0.1 x SSC, 0.1% SDS at 65 ~ and the hybridising 
fragments revealed by autoradiography. 

Data analysis 

Estimates of similarity are based on the number of shared 
amplification products (Nei and Li 1979). Principal coordinate 
analysis and single linkage cluster analysis (Kempton and 
McNicol 1990) were performed with the Genstat 5 Statistical 
package. 

Results and discussion 

Initially the level of polymorphism detected with 
RAPD markers was assayed in five C. arabica acces- 
sions: N-39, Blue Mountain, RS 510, Catimor, and 
Hybrido de Timor. Of the 30 RAPD primers used, 25 
detected polymorphism with an average of three poly- 
morphic loci per primer. An example of the polymor- 
phism detected with primer SC10-33 is shown in 
Fig. la. In order to extend the analysis a further 22 
coffee accessions were evaluated (Table 1). An example 
of the level of polymorphism detected with primer 
SC10-15 is shown in Fig. lb. 

The RAPD amplification products generated can 
be classified into two types: constant (monomorphie) 
and variable (polymorphic). These differences can be 
used to examine and establish systematic relationships 
(Hadrys et al. 1992). 

Considering only the variable products, the rela- 
tionship between species and accessions within species 
was examined by single linkage cluster analysis (Fig. 2). 
There is a clear separation of the two diploid species C. 
liberica and C. canephora from the arabica genotypes. 
The arabica genotypes form three distinct groups: 
Ethiopian-derived germplasm, bourbon and typica 
types. Historically coffee from Yemen gave rise to two 
distinct types: C. arabica vat. typica and C. arabica var. 
bourbon which was introduced to South America 
through the island of La R6union. Morphological 
differences exist between the two groups, with the 
bourbon type having a more compact, upright growth 
habit and being generally higher yielding. RAPD 
analysis therefore reflects morphological differences 
between arabica sub-groups. In order to assess whether 
the clustering of populations based on RAPDs could 
be further resolved, principle component analysis was 
used to examine the shared fragment data available for 
the 27 accessions. In Fig. 3, the first two principle 
components account for 47% of the total variation 
observed and reveal a clear separation of the three 
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Fig. 1. a RAPD profiles of five Coffea arabica genotypes with primer SC10-33. b RAPD profiles of the 27 Coffea genotypes listed in 
Table 1 after amplification with primer SC10-15 
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Fig. 2. Dendrogram of the Coffea accessions 
listed in Table 1 based on single linkage clus- 
ter analysis. Only 41 the informative poly- 
morphic amplification products were used in 
the analysis. 

species. Furthermore, the arabica accessions are again 
separated into three distinct groups representing 
the bourbon and typica types, and Ethiopian-derived 
germplasm. 

In order to facilitate the presentation of both con- 
stant and variable data we have used an alternative 
graphical method termed 'bandmap' (Powell et al. 
1991). The 'bandmap' (Fig. 4) examines the relation- 
ship between genotypes and RAPD-derived amplifica- 
tion products. Hence, the presence of an amplification 
product is represented by a filled box and the ordering 
of genotypes is exactly that generated by the dendro- 

gram of the genotypes based on single linkage cluster 
analysis (Digby and Kempton 1987). Thus genotypes 
which share a common amplification product are more 
likely to be placed close to each other. Amplification 
product re-ordering is based on relative frequencies. 
The advantages of this form of data presentation has 
been described previously (Powell et al. 1991; Wilde 
et al. 1992). The potential of RAPDs to identify diag- 
nostic markers for strain identification in mice (Welsh 
et al. 1991) and cultivar characterisation in plants (Hu 
and Quiros 1991; Klein-Lankhorst et al. 1991) has also 
been demonstrated. Similar conclusions can be made 
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Fig. 3. Principle co-ordinate analysis of the 27 coffee accessions 
analysed using the data set derived from 41 polymorphic 
markers 
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Fig. 4. 'Bandmap' of shared polymorphic amplification prod- 
ucts 

from the data presented in Fig. 4. For example amplifi- 
cation products numbers 20 and 22 are present in six 
accessions all of which are representative of the typica 
group of arabica coffee. These products are therefore 
diagnostic for the C. arabica var. typica sub-group. The 
'bandmap' provides a convenient method of genome 

Fig. 5. a Amplification products from RS510,N39, Robusta 
3753,3751,12870 and Catimor 5175 generated with primer 
SC10-30. The product diagnostic of interspecific gene flow is 
arrowed, b The arrowed band was used to probe a Southern- 
blot of amplified fragments generated by SC 10-30. Hybridisation 
occurs to Canephora, Rume Sudan RS-510 and Catimor 5175 
but not N39 (hybridisation to the upper band is the result of 
probe contamination) 

scanning to locateamplification products which are 
taxonomically useful. 

Of particular relevance to coffee is the detection of 
RAPD amplification products which are species-speci- 
fic. Both natural and artificial interspecific hybridisa- 
tion have been a feature of C. arabica evolution and 
improvement. A number of markers are specific to C. 
canephora but more importantly some RAPD primers 
detected loci which were present in the C. canephora 
accessions but also present in the C. arabica genotypes 
at low frequency. For example product 31 (Fig. 4) is 
present in the three canephora accession and in two C. 
arabica genotypes (Rume Sudan RS-510 and Catimor 
5175). This product is detected with primer SC10-30 
and the RAPD profiles are shown in Fig. 5a. In order 
to provide further molecular proof of the identity of the 
0.2-kb product from C. canephora in Rume Sudan 
RS-510 and Catimor 5175 the amplification product 
arrowed in Fig. 5 was excised, labelled with 32 P-dCTP 
and used to probe Southern blots of the SC10-30 
amplification products. Fig. 5b clearly demonstrates 
that the labelled product hybridises to canephora, 
Rume Sudan RS-510 and Catimor 5175 products but 
not to N39. This species-diagnostic product is there- 
fore indicative of interspecific gene flow in coffee. 

The C. arabica accession Rume Sudan RS-510 was 
identified in seed collected from wild coffee growing on 
the Boma Plateau, Rume Valley, south east Sudan 
(Thomas 1942). As opposed to material collected in the 
south west highlands of Ethiopia, Rume Sudan RS-510 
is derived from truly wild populations of C. arabica 
which have not been subjected to human interference 
(Charrier and Berthaud 1985). Furthermore, this area 
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of Sudan is one of the few regions where C. arabica, C. 
canephora and C. liberica co-exist (Charrier and Be- 
rthaud 1985). Rume Sudan RS-510 is also one of the 
best sources of resistance to coffee berry disease, caused 
by the fungus Colletotrichum coffeanum (van der Vos- 
sen and Walyaro 1980). The Catimor accessions were 
obtained from segregating crosses between Caturra 
and Hybrid de Timor. Hybrid de Timor is the result of 
natural hybridisation between C. arabica and C. 
canephora (Rodrigues et al. 1975) and is an important 
donor of resistance genes to coffee berry disease and 
leaf rust (Hemileia vastatrix). The Catimor accessions 
were produced by backcrossing Caturra with Hybrido 
de Timor with selection for disease resistance at each 
stage of crossing (van der Vossen, 1985). Both Rume 
Sudan RS-510 and Catimor 5175 are characterised by 
having an 0.2-kb product derived from C. canephora 
and both arabica genotypes are known to possess 
genes conferring resistance to coffee berry disease. 

The results demonstrate the ability of RAPD 
markers to reliably differentiate between C. arabica 
sub-groups (bourbon and typica types) and provide a 
molecular tool to examine the distribution of genetic 
diversity of Coffea sp. In addition, RAPDs have been 
used to detect, natural, interspecific introgression be- 
tween diploid C. canephora and the C. arabica acces- 
sion Rume Sudan RS-510. The same dignostic product 
also identifies artificial introgression in the case of 
Catimor 5175. It is therefore likely that this RAPD 
product provides a marker for selective introgressive 
hybridisation in coffee. These results, which are in 
general agreement with the previously-reported 
phylogenetic studies from a number of sources (Char- 
rier and Berthaud 1985), demonstrate that RAPD 
markers have the potential to complement both con- 
ventional and biotechnological approaches to coffee 
improvement. 
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