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Discovered in Congo in 1898, Coffea canefora var. robusta accounts for 25 to 40% of the coffee grown
in the world. Most genetic diversity of robusta coffee accessions conserved in ex situ collections has
been estimated from morphological characteristics. There are limited studies on genetic variability and
diversity in C. robusta. Inter-simple sequence repeat (ISSR) and random amplified polymorphic DNA
(RAPD) markers were used to assess the level of genetic variability among robusta coffee accessions
from the founder gene pool in the Democratic Republic of Congo (DRC). The present study clearly
established the high variability in the Congolese genepool. RAPD primers detected a higher level of
polymorphic loci (95%) than ISSR markers (52%). Each accession could be genotyped using RAPD
markers and both markers were efficient in revealing the genetic variability. Jaccard’s similarity
coefficients generated to determine the genetic distances among accessions, revealed that most of the
accessions were genetically distant from each other. The accessions tested represent useful genetic

materials for breeding for resistance to tracheomycose and other traits in DRC.
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INTRODUCTION

Coffees belong to the Family, Rubiaceae. The genus
Coffea L. comprises over 100 taxa that have been
identified so far. Commercial coffee production relies
mainly on two species, Coffea arabica L. (70%) and
Coffea canephora Pierre (30%). Coffea robusta which is
widespread mostly in Africa is generally considered a
variety of C. canephora. C. arabica is a natural
allotetraploid (2n = 4X = 44), and is self-fertile (Coste,
1989). Other species are diploids (2n = 22) and generally
self-incompatible. C. canephora is widely grown in Africa,
Indonesia, and to some extent in Northern Brazil. This
species accounts for approximately 25 to 40% of the
coffee grown in the world. Discovered in 1898 in what is
now the Democratic Republic of Congo (DRC), C. robus-
ta is the most commonly grown variety of C. canefora
accounting for up to 95% of C. canephora populations
worldwide. Unlike C. arabica, plants C. robusta does not
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need to grow at high altitude, requires less care to grow
because it is hardier, and it tends to be less susceptible
to pests and rough handling (Coste, 1989). Its area of
distribution is variable and corresponds to hot and humid
climatic regions. It is found in low and middle altitudes
areas in Africa (lvory Coast, Democratic Republic of
Congo, Cameroon, Uganda, Angola, Ghana, Togo,
Madagascar, Tanzania, and Republic of Central Africa),
in the far East (India, Indonesia, Philippines, etc), and in
Oceania (New Caledonia, etc). Globally, the robusta
coffee genepool is conserved in ex-situ collection plots in
several countries with the Ivory Coast maintaining the
largest collection of 700 wild genotypes. In view of the
wide geographical distribution of C. robusta, characte-
rization and evaluation of its genepool is necessary for
effective crop improvement programmes and for better
conservation and management of genetic resources
(Prakash et al., 2005).

C. robusta is of paramount economic importance in the
DRC. It represents almost 90% of all the plantations
across the country and is the DRC’s biggest cash crop.



Most of the R. coffee plantations in the DRC derive from
progenies of six elite local clones from the Yangambi
Research Stations, and one introduced clone from Indo-
nesia, that was previously selected for yield. No specific
breeding programs were developed to improve the
agronomic traits of genotypes, but selection of genotypes
based on yields and morphological traits was carried on
by the “Institut National d’Etudes et de Recherches Agro-
nomiques” (INERA). Reoccurrence of some diseases
such as tracheomycose (caused by Gibberella
xylariodes) continues to be a serious threat to coffee
production and emphasis is now being directed to
disease resistance. For this reason, knowledge of genetic
diversity is critical for coffee improvement in the DRC
(Fraselle, 1950; and Tshilenge et al., 1998).

Assessment of genetic variability within and among
arabica coffee populations using molecular markers such
as RAPD, ISSR, ALFP, and SSR has been the subject of
several studies (Aga et al., 2005; Agwanda et al., 1997;
Anthony et al., 2002; Chaparro et al., 2004; Lashermes et
al., 1993; and Masumbuko and Bryngelsson, 2006).
Similar analysis in robusta coffee is sketchy, especially
for genetic materials from Africa. The main objective of
the present study is to evaluate the level of genetic
variation among robusta coffee accessions from the DRC
using RAPD and ISSR markers.

MATERIALS AND METHODS
Genetic materials

Seeds were collected from accessions randomly chosen and
derived from progenies of clones that were intercrossed and grown
on experimental plots at Kiyaka Research Station. These original
clones represent the main genepool of all the Robusta coffee
populations grown in the DRC. The accessions were: KR1/1,
KR1/3, KR2/5, KR8/8, KR8/10, KR9/8, KR 10/1, KR 10/8, KR 11/8,
KR 12/1, KR 12/4, KR 12/6, KR 14/1, KR 14/10, KR 15/3, KR 5/4,
KR 15/6, KR 15/12, KR 16/2, KR 16/5, KR 16/7, KR 17/48, KR
17/55, KR 19/11, KR 19/12, KR 19/18, KR 19/31, KR 20/3, KR
20/50, KR 20/51, KR A/1, and KR B/4. Accessions with the same
numerator are progenies of the same half siblings that shared the
same maternal parent. The parental trees were initially selected
more than 50 years ago based on seed size and yield. Thirty seeds
from each accession were cleaned from debris and their seed coat
removed prior to storage in liquid nitrogen and DNA extraction.
Similarly, embryos were excised from thirty seeds per accession
following seed imbibitions for three weeks. The embryos were then
frozen in liquid nitrogen and stored at —20°C until DNA extraction.

DNA extraction

To determine the level of genetic variation among accessions, total
cellular DNA from 1 g of bulk samples was extracted from whole
seeds and excised embryos using the method described by
Nkongolo et al. (2005), with some modifications. DNA from 20
individual embryos per accessions was extracted to assess the
level of genetic diversity within each accession. The concentration
of each bulk sample was determined using the DNA quantitation kit
from Bio-Rad and the purity was determined using a Varian Cary
100 UV-VIS spectrophotometer.
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Amplification of RAPD and ISSR markers

Ten RAPD primers and ten ISSR primers, synthesized by Invitro-
gen, were chosen for preliminary amplification of four DNA
samples. DNA amplification was performed following the procedure
described by Nkongolo et al. (2005). Each PCR reaction was
performed in a 25 | volume containing 5 ng of genomic plant DNA,
10 mM Tris-HCI, pH 8.3 [at 25°C], 50 mM KCI (Applied Biosystems,
Foster City, CA), 3.5 mM MgCl,, 200 M of each dNTP (Applied
Biosystems, Foster City, CA), 0.5 M primer and 0.625 U of Taq
DNA polymerase (Applied Biosystems, Foster City, Calif). For each
primer, a negative control reaction with double distilled water was
included. A drop of mineral oil was added to each reaction and the
samples were amplified on a DNA thermal cycler (Perkin Elmer,
Foster City, CA). The cycles performed were as follows: an initial
denaturation at 95°C for 5 min followed by a 2 min incubation at
85°C at which point the polymerase was added; 42 cycles of 90 s at
95°C, 2 min at 55°C, and 60 s at 72°C were performed; a final
extension at 72°C for 7 m and a subsequent incubation at 4°C
followed. PCR products were loaded onto 1% agarose gels
(invitrogen) in 0.5 X Tris-borate-EDTA (TBE) buffer containing
ethidium bromide and run at 2.8 V/cm for 90 min. The agarose gels
were documented using the Bio-Rad ChemiDoc XRS system and
analyzed with the Discovery Series Quantity One 1 D Analysis
Software.

ISSR and RAPD analyses

Six SSR and seven RAPD primers that gave consistent profiles
across the populations were considered for the analysis (Table 1).
Presence and absence of bands were scored as 1 or O, respec-
tively. Faint bands were not recorded for analysis. Data were
analyzed using RAPDistance Program version 1.04 (Armstrong et
al., 1994). Jaccard’'s similarity coefficients were generated to
determine the genetic distances among populations. Dendrograms
were constructed using the neighbour-joining analysis (Saitou and
Nei, 1987). The degree of the relationship between the similarity
matrices based on RAPD and ISSR data was calculated using
Pearson’s correlation coefficient and the significance of the corre-
lation was determined by the Mantel test (Mantel, 1967).

The following parameters were generated using POPGENE 1.31
to describe in detail the level of genetic variation using combined
data from amplifications with ISSR and RAPD primers: Nei's gene
diversity (h), Shannon’s information index (i), the observed number
of alleles (Na) and the effective number of alleles (Ne) (Nei, 1973;
Yeh et al., 1997).

RESULTS
DNA extraction and amplification

Genomic DNA was isolated from whole coffee seeds and
dissected embryos. The quality test revealed that no DNA
samples were degraded. DNA concentrations were much
lower in samples from whole seeds compared to those
from embryos. In fact, average concentrations of DNA
from whole seeds and embryos were 76.2 and 500.7
ng/ul, respectively. The amplification of the two sets of
samples with RAPD and ISSR primers generated no
PCR products from DNA from whole seeds. Interestingly,
the RAPD and ISSR primers generated strong and score-
able PCR products with DNA from embryos (Figures 1
and 2).
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Figure 1. ISSR profiles of genomic DNA from different coffea canephora (Var. robusta accessions amplified using
primer ISSR 17899 in a 2% agarose gel. Lanes 1 and 39 contain 1-Kb + DNA ladder. Lanes 2 to 37 contain amplified
coffea canephora (Var. robusta) products from different accessions.

1Kb+ ladder

1Kb+ ladder

Figure 2. RAPD profiles of genomic DNA from different coffea canephora (Var. robusta accessions amplified using primer
UBC 186 in a 2% agarose gel. Lanes 1 and 39 contain 1-Kb + DNA ladder. Lanes 2 to 37 contain amplified coffea

canephora (Var. robusta) products from different accessions.

ISSR analysis

The primer sequence and the size of the amplified
fragments are summarized in Table 1. Overall, 52% of
the bands generated with the six ISSR primers tested
were polymorphic. Primers UBC 825 and 17899A
generated intense bands that were highly polymorphic.
The genetic relatedness among accession was deter-
mined using the Jaccard’'s similarity coefficients. The
scale used for the genetic distance runs from 0 (meaning
no genetic difference) to 1 (different for all conditions-

criteria). The genetic distance among the coffee acces-
sions varied from 0 to 0.67 (Table 2). About 40% of the
genetic distances were equal or greater than 0.40.
Accessions KR19/12 and KR19/18 had identical ampli-
fication profiles and a genetic distance of 0. Likewise
accessions KR10/1 and KR12/6 as well as accessions
KR19/31 and KR20/50 revealed identical ISSR amplifi-
cation profiles. Accessions KR15/12 and KR8/8 were the
most distantly related. A dendrogram was constructed
from the similarity coefficients using the RAPDistance
program v.1.04 (Armstrong et al., 1994). Four main clus-



Table 2. Distance matrix generated from ISSR and RAPD data used in neighbour-joining analysis of Coffea canephora var.

Table 1. Nucleotide sequences of the RAPD and ISSR primers used to amplify genomic DNA from Coffea
canephora (Var. robusta) accessions.

RAPD and ISSR Primers | Primer sequences (5’ — 3") | Size of the amplified fragments
RAPD

UBC 186 GTGCGTCGCT 200-2000
Grasse 2 GTGGTCCGCA 150-1200
OPA 4 AATCGGGCTG 0

OPA11l CAATCGCCGT 300-2000
OPH 20 GGGAGACATC 0

Grasse 6 CGTCGCCCAT 300-1200
E 12 TTATCGCCCC 0

ISSR

Echt5 AGACAGACGC 250-1000
HB 13 GAGGAGGAGGC 250-800
HB 15 GTGGTGGTGGC 300-1000
UBC 825 ACACACACACACACACT 450-1100
SCISSR 1 (AG)BRG 250-850
17899A CACACACACACAAG 250-1400

diagonal and RAPD data in the lower diagonal.
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robusta (RAPDistance version 1.04). ISSR data are in the top

112 3 4 5 6 7 8 9 10 |11 |12 |13 (14 |15 [16 |17 (18 |19 [20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30 [31 |32
1 ]0{0,23]0,15[0,42] 0,39|0,29| 0,47| 0,15 0,46| 0,23| 0,33] 0,47| 0,27| 0,53 0,29] 0,36{ 0,36| 0,56| 0,53| 0,09| 0,47| 0,31| 0,21| 0,15| 0,36/ 0,36{ 0,08( 0,17| 0,08| 0,27] 0,23| 0,21
2 0 0,21|0,57]| 0,33 0,44| 0,50( 0,21 0,50{ 0,29] 0,38{ 0,50] 0,31| 0,56 0,44| 0,50| 0,50{ 0,59| 0,56{ 0,31/ 0,59| 0,47{ 0,38 0,33{ 0,42| 0,42| 0,15] 0,23| 0,15| 0,31| 0,29| 0,27
3 0 0,50{0,37] 0,38{0,44| 0,14/ 0,43) 0,21] 0,31) 0,44| 0,25/ 0,50] 0,38/ 0,44| 0,44/ 0,44]| 0,41{0,23| 0,44/ 0,40] 0,31| 0,27] 0,46| 0,46| 0,08| 0,15| 0,08| 0,25/ 0,21] 0,07
4 0 0,56] 0,50| 0,57] 0,38 0,45/ 0,46 0,63| 0,57| 0,47] 0,64) 0,60| 0,46| 0,46 0,67{ 0,53 0,50] 0,46] 0,64| 0,53| 0,50/ 0,33| 0,33 0,46] 0,42] 0,46| 0,56 0,57/ 0,43
5 0 0,28 0,33 0,28] 0,50] 0,33 0,22{ 0,33| 0,17 0,39] 0,28 0,33] 0,33] 0,42| 0,32 0,44/ 0,42] 0,39] 0,22] 0,28] 0,61) 0,61| 0,33| 0,39( 0,33] 0,17] 0,42| 0,32
6 0 0,33( 0,38 0,63( 0,44] 0,20 0,33] 0,25/ 0,40| 0,14| 0,21) 0,21| 0,44/ 0,41] 0,36/ 0,21] 0,29( 0,07| 0,14{0,57| 0,57( 0,33] 0,40{ 0,33 0,13| 0,44| 0,41
7 0 0,44/ 0,38] 0,40{0,14] 0,00{0,31] 0,08{ 0,21) 0,15{0,15] 0,15| 0,14 0,43] 0,29| 0,36] 0,27| 0,33] 0,54| 0,54| 0,40{ 0,36] 0,40{ 0,20] 0,40{ 0,47
8 0 0,31{0,08]0,31] 0,44| 0,13/ 0,50{ 0,38{ 0,44] 0,44| 0,53| 0,41) 0,23) 0,53/ 0,40{ 0,31{ 0,27] 0,46] 0,46] 0,08) 0,15| 0,08 0,25{ 0,21| 0,07
9 0 0,25| 0,47] 0,38] 0,40( 0,33 0,53| 0,50| 0,50] 0,38] 0,36] 0,42| 0,60( 0,46( 0,56| 0,53| 0,55 0,55] 0,38] 0,33| 0,38 0,50( 0,38 0,36
10 0 0,27/ 0,40| 0,20{ 0,47] 0,33 0,50| 0,50( 0,50] 0,38 0,17] 0,59 0,36| 0,38] 0,33| 0,54| 0,54| 0,15| 0,23/ 0,15| 0,31{ 0,15| 0,14
11 0 0,14(0,19] 0,21{0,07] 0,27{ 0,27] 0,27| 0,25) 0,29| 0,38/ 0,21] 0,13} 0,20 0,60/ 0,60] 0,27{ 0,33] 0,27{ 0,07] 0,27{ 0,35
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Table 2. Contd.

12 0 0,31(0,08| 0,21 0,15| 0,15 0,15] 0,14{ 0,43} 0,29| 0,36) 0,27| 0,33| 0,54/ 0,54| 0,40| 0,36| 0,40| 0,20| 0,40| 0,47
13 0 0,38/ 0,25/ 0,31/ 0,31 0,41(0,29] 0,33/ 0,41] 0,27{ 0,19] 0,13[ 0,53] 0,53( 0,20| 0,27{ 0,20| 0,13 0,31 0,19
14 0 0,29(0,23| 0,23( 0,08] 0,21{ 0,50] 0,36{ 0,31) 0,33] 0,40) 0,62| 0,62) 0,47{ 0,43/ 0,47{0,27(0,47]| 0,53
15 0 0,21 0,21]0,33) 0,31} 0,23| 0,33| 0,15/ 0,07| 0,14/ 0,57] 0,57] 0,33] 0,40/ 0,33/ 0,13{ 0,33 0,41
16 0 0,00] 0,29| 0,27| 0,43 0,15] 0,36| 0,14] 0,21] 0,42] 0,42) 0,40{ 0,36( 0,40| 0,20] 0,50| 0,47
17 0 0,29(0,27]0,43(0,15| 0,36{ 0,14] 0,21{ 0,42] 0,42 0,40) 0,36{ 0,40| 0,20{ 0,50| 0,47
18 0 0,14/ 0,53] 0,29( 0,36| 0,38{ 0,44| 0,64 0,64| 0,50|0,47) 0,50{ 0,31/ 0,50| 0,47
19 0 0,50] 0,27 0,44/ 0,35/0,41{ 0,60( 0,60{ 0,47| 0,44|0,47|0,29| 0,47/ 0,35
20 0 0,53] 0,25] 0,29| 0,23| 0,45 0,45( 0,17{ 0,25/ 0,17 0,33 0,17/ 0,29
21 0 0,47/0,27|0,33| 0,54| 0,54/ 0,50| 0,47( 0,50| 0,31| 0,59| 0,47
22 0 0,21{0,15|0,62(0,62] 0,36{0,43] 0,36{ 0,27) 0,36/ 0,44
23 0 0,07]0,50] 0,50] 0,27 0,33/ 0,27/ 0,07{ 0,38] 0,35
24 0 0,46| 0,46| 0,21/ 0,29(0,21{0,13] 0,33| 0,31
25 0 0,00/ 0,42] 0,36{ 0,42| 0,53| 0,54| 0,50
26 0 0,42/ 0,36/ 0,42/ 0,53] 0,54/ 0,50
27 0 0,08] 0,00] 0,20/ 0,15/0,14
28 0 0,08]0,27] 0,23/ 0,21
29 0 0,20{0,15| 0,14
30 0 0,31{0,29
31 0 0,27
32 0
Numbers 1 to 32 represent accessions KR1/1, KR1/3, KR2/5, KR8/8, KR8/10, KR9/8, KR 10/1, KR 10/8, KR 11/8, KR 12/1, KR 12/4, KR 12/6, KR 14/1, KR 14/10, KR 15/3, KR 5/4, KR 15/6, KR 15/12,

KR 16/2, KR 16/5, KR 16/7, KR 17/48, KR 17/55, KR 19/11, KR 19/12, KR 19/18, KR 19/31, KR 20/3, KR 20/50, KR 20/51, KR A/1, and KR B/4, respectively.

ters were identified (Figure 3). Accession KR14/1
appeared to be an out group.

RAPD analysis

The level of polymorphism detected with RAPD
primers was much higher (95%) compared to
ISSR data. Primers UBC 186 and OPA 11 pro-
duced 27 and 13 RAPD bands, respectively that

were all polymorphic. As with ISSR data, the
genetic relatedness among accessions was deter-
mined using the Jaccard’s similarity coefficients
(Table 3). The data revealed that most of the
accessions were genetically distant from each
other with distance values ranging from 0.17 to
0.89 with more than 75% of genetic distance
values 0.5. Progenies from accessions KR8/8
and KR8/10 were the most genetically closely
related followed by progenies from accessions KR

15/4 and KR 12/1. Progenies from accessions
related.
A dendrogram KR15/3 and KR1/1 were the

most distantly was constructed from the similarity
coefficients using the RAPDistance program
v.1.04 (Armstrong et al., 1994). No distinctive
main clusters were identified. Some accessions
from the same family such as KR 8/8 and KR 8/10
clustered together and many from different fami-
lies were grouped in the same cluster (Figure 4).



132 KR 810

KR /8
— 005 KR 1755

KR 1513
1% o KR 101
k]
| ] _[i KR 12/6
016 —
° o I:UEQ R 14110
T
m B == 7 R 15112
074 . e KR1512
o KR 154
077 4
1 053 o KR 156
. : K
cil KR 167
048 KR4
08 - b KR 17148
"028 KR 19/1
: iL KR &8
121 2 169 [0 KR19/12
RIS 1’
- i o KR19/18
' KR 1118
L8 kR 203
] KR 113
0 KR19/31
23 -
01345 kR 20m0
28

04 KR 2/5
KR B/4
%
015 "T KR 10/8
B8 kR
S -
R KR A1

Figure 3. Dendrogram of the genetic relationships among coffea
canephora (Var. robusta accessions based on the Jaccard similarity
matrix using ISSR data. The values above the branches indicate
the patristic distances based on the neighbour-joining (NJ) analysis.

Interestingly, RAPD primers were able to generate
unique fingerprints for each of the accessions analyzed.

ISSR and RAPD combination

Since ISSR and RAPD markers target different regions
within a genome, the two data sets were combined. The
genetic distance values were as high as those generated
with the RAPD system (Table 4). They ranged from 0.24
to 0.79. Over 70% of the genetic distance values were
0.5. Progenies from accessions KR16/2 and KR15/12 as
well as those from KR12/1 and KR 11/8 were the most
closely related. Progenies from accessions KR12/6 and
KR1/1, KR15/3 and KR11/8, along with progenies from
KR15/12 and KR8/8 were the most genetically distant.
The dendrogram constructed with the genetic distance
values revealed two main clusters including progenies
from different families (Figure 5). No pattern was
identified.
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Figure 4. Dendrogram of the genetic relationships among coffea
canephora (Var. robusta accessions based on the Jaccard similarity
matrix using RAPD data. The values above the branches indicate
the patristic distances based on the neighbour-joining (NJ) analysis

Detailed analysis of combined ISSR and RAPD data
was conducted using POPGENE software. The levels of
genetic diversity within accessions were not significantly
different for all the parameters studied. As a result, only
the mean values are reported. Overall, the level of
genetic diversity was high. The mean level of
polymorphic loci was 91.5%. The mean Nei's gene
diversity (h) value was 0.2076, and the Shannon’s index
(I) 0.449. The mean observed number of alleles (Na) and
effective number of alleles (Ne) were 1.9167 and 1.3383,
respectively.

Correlation between ISSRs and RAPDs

The genetic distances matrices obtained through ISSR
and RAPD analyses were compared using the Mantel
test. The values of the Mantel test showed no significant
correlation (r = - 0.082) between individual pair wise
genetic distance matrices. These data indicated no good
fit of the data obtained by the two markers suggesting
that the two systems should be used as complements to
each other.
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Table 3. Distance matrix generated from RAPD data used in neighbour-joining analysis of Coffea canephora var. robusta.

2 3 4 5 6 7 8 9 10 (11 |12 (13 |14 |15 (16 |17 |18 (19 |20 |21 (22 |23 |24 (25 |26 |27 (28 |29 |30 |31 |32

1 0,80]0,83|0,83(0,83|0,78|0,86|0,75] 0,78 0,80| 0,83] 0,88 0,88| 0,82]| 0,89 0,80| 0,71} 0,83 0,71 0,83| 0,78 0,83| 0,82] 0,83 0,83| 0,80| 0,85( 0,87| 0,78] 0,92 0,83 0,83
2 0 0,33]0,33|0,46(0,45|0,31| 0,40(0,58] 0,50( 0,46| 0,68] 0,59 0,54| 0,63| 0,36 0,64| 0,70] 0,64 0,46| 0,58] 0,46 0,54| 0,67] 0,18 0,50| 0,50] 0,36 0,45| 0,54 0,57 0,46
3 0 0,43]0,43|0,42(0,29]0,50| 0,54|0,46] 0,53 0,58 0,47] 0,50( 0,67| 0,57] 0,69 0,75| 0,69] 0,53 0,64| 0,43]| 0,50 0,71| 0,43] 0,46(0,47| 0,33] 0,42(0,69| 0,53] 0,43
4 0 0,17]0,42|0,40(0,62]0,54| 0,46 | 0,53] 0,65 0,63| 0,60| 0,67 0,46| 0,69] 0,75 0,58 0,43] 0,42 0,43| 0,50| 0,63 0,43| 0,57] 0,36 0,44| 0,54] 0,69 0,43| 0,53
5 0 0,271 0,40| 0,50 0,42] 0,33| 0,53|0,65] 0,56 0,50| 0,73] 0,46 0,79| 0,85] 0,69 0,53 0,42| 0,53|0,60| 0,71] 0,53 0,57| 0,36] 0,44| 0,64| 0,76] 0,31 0,63
6 0 0,38]0,33|0,55(0,45|0,42| 0,67|0,56] 0,36(0,81|0,58| 0,73|0,91| 0,83]| 0,64 0,55| 0,64] 0,62 0,73|0,54] 0,45(0,57| 0,53] 0,67 0,80| 0,54 0,64
7 0 0,46]0,50(0,43(0,40|0,47|0,60| 0,47] 0,64 0,43|0,73] 0,69 0,64| 0,50| 0,50 0,50| 0,47] 0,74 0,40| 0,53] 0,53|0,41| 0,60] 0,65( 0,59 0,50
8 0 0,50]0,40|0,36|0,72]0,63| 0,45|0,74] 0,40 0,70| 0,90| 0,82 0,62| 0,64] 0,71|0,79| 0,71] 0,50 0,55| 0,64 0,50 0,75| 0,69] 0,50 0,62
9 0 0,11]0,64|0,67|0,65|0,50|0,81|0,30]0,73| 0,67 0,44| 0,42 0,22| 0,64 0,80(0,81| 0,64] 0,69 0,57| 0,53] 0,77(0,80| 0,42] 0,64
10 0 0,57]0,610,59(0,42]0,76| 0,20{0,75] 0,70 0,50 0,33] 0,30 0,57| 0,73] 0,75( 0,57| 0,62] 0,50( 0,47| 0,69] 0,73 0,33| 0,57
11 0 0,65]0,63|0,50(0,73]0,57|0,58|0,85] 0,79 0,63| 0,64]0,71|0,69| 0,63|0,43(0,57| 0,65]| 0,44(0,64| 0,50| 0,63 0,63
12 0 0,76]0,70|0,73|0,68|0,78|0,75|0,71] 0,50 0,67| 0,65] 0,47|0,77|0,71] 0,75(0,60| 0,70] 0,74( 0,70| 0,65| 0,58
13 0 0,53]0,72|0,67(0,76] 0,88 0,83|0,70] 0,72 0,63| 0,75] 0,70 0,56 | 0,67 0,65 0,47| 0,56] 0,75 0,56 | 0,63
14 0 0,77]10,54|0,77(0,83]0,77|0,60| 0,62] 0,60 0,75| 0,69] 0,38 0,54| 0,63]| 0,59(0,71| 0,75] 0,60 0,60
15 0 0,70]0,85|0,83(0,79|0,67|0,81|0,53]0,71|0,53|0,60| 0,76 0,62| 0,65| 0,75(0,77| 0,67 0,60
16 0 0,75]0,70| 0,50 0,33]0,30(0,57|0,73] 0,75(0,46| 0,71] 0,60 0,47| 0,69] 0,64 | 0,46| 0,57
17 0 0,75]0,67|0,69(0,73]0,79|0,77|0,69] 0,69 0,75| 0,80| 0,67|0,60| 0,67] 0,79 0,58
18 0 0,33]0,64|0,67(0,75|0,73|0,85|0,75] 0,82 0,77| 0,80| 0,67(0,73| 0,85] 0,75
19 0 0,45]0,44|0,58(0,67]0,79(0,69|0,75] 0,62 0,67| 0,60| 0,77 0,69 0,69
20 0 0,42]0,43|0,60(0,71]0,53|0,67|0,36] 0,53| 0,64| 0,69] 0,53 0,53
21 0 0,64]0,71/0,81|0,64]0,79(0,67|0,63]|0,77(0,80| 0,54 0,64
22 0 0,50]0,63|0,43(0,57]|0,36(0,53| 0,54] 0,76 0,63 0,43
23 0 0,76] 0,60 0,64|0,53]0,67(0,50|0,67] 0,76 0,60
24 0 0,63]0,67|0,65|0,61]|0,64(0,76|0,71] 0,53
25 0 0,57]0,56|0,44|0,54]0,50( 0,63 0,43
26 0 0,50]0,56(0,58|0,81]0,67(0,67
27 0 0,47]0,57(0,78| 0,47] 0,65
28 0 0,43]10,59(0,53| 0,61
29 0 0,62]0,73| 0,64
30 0 0,33] 0,57
31 0 0,63
32 0

Numbers 1 to 32 represent accessions KR1/1, KR1/3, KR2/5, KR8/8, KR8/10, KR9/8, KR 10/1, KR 10/8, KR 11/8, KR 12/1, KR 12/4, KR 12/6, KR 14/1, KR 14/10, KR 15/3, KR 5/4, KR 15/6, KR 15/12,
KR 16/2, KR 16/5, KR 16/7, KR 17/48, KR 17/55, KR 19/11, KR 19/12, KR 19/18, KR 19/31, KR 20/3, KR 20/50, KR 20/51, KR A/1, and KR B/4, respectively.
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Table 4. Distance matrix generated from combined ISSR and RAPD data used in neighbour-joining analysis of Coffea canephora var. robusta.
2 3 4 5 6 7 8 9 10 (11 |12 |13 |14 |15 (16 |17 (18 |19 |20 |21 |22 (23 |24 (25 |26 |27 |28 |29 (30 |31 (32

1 0,58|0,57|0,75(0,65|0,58| 0,76 0,47| 0,72 0,58| 0,65(0,79| 0,67 0,77 0,72]| 0,70| 0,59( 0,74| 0,70| 0,58 0,70| 0,70 0,59 0,57 0,74 0,71| 0,57 0,65| 0,47 | 0,64 [ 0,62 0,59
2 0 0,32]0,55|0,44|0,52|0,48(0,35| 0,64 0,45| 0,48] 0,68( 0,52 0,64( 0,63| 0,57|0,65|0,71]| 0,68( 0,45| 0,68 0,52 0,54| 0,58 0,37 0,55( 0,39|0,35| 0,35| 0,46 0,50 0,42
3 0 0,54|0,45|0,46(0,42]0,36(0,57|0,39|0,48|0,58| 0,41 0,58 0,62( 0,62| 0,64 0,64|0,62| 0,46 0,62|0,46( 0,48| 0,57| 0,52| 0,55| 0,33| 0,29|0,29( 0,52| 0,44 0,29
4 0 0,46]0,55| 0,56 0,59| 0,60| 0,55 0,67|0,70| 0,63 0,72 0,73]|0,52| 0,68 0,79] 0,65| 0,55 0,52| 0,65|0,56| 0,65 0,47| 0,58 0,48 0,50| 0,59| 0,70 0,58| 0,56
5 0 0,321 0,41|0,42(0,54|0,38|0,41(0,56|0,41]|0,50|0,59(0,48| 0,61| 0,66 | 0,54 0,55| 0,48 0,50 0,41 0,55| 0,66 0,68| 0,39| 0,47 0,54 0,50| 0,43 | 0,52
6 0 0,42|0,43]0,70(0,52]|0,35(0,59|0,46| 0,45 0,63| 0,43| 0,52 0,71 0,68| 0,58 0,43| 0,58| 0,42 0,52|0,65( 0,62| 0,52]| 0,54 0,57 0,52 0,56 | 0,59
7 0 0,52|0,52]0,48(0,32|0,33(0,53|0,35|0,55|0,39|0,54( 0,48 0,46 0,54| 0,46 0,54| 0,44 0,63| 0,54 0,63 0,54| 0,44 0,58 0,48 0,57 0,55
8 0 0,47]0,26|0,39(0,67| 0,44|0,57| 0,66 0,55| 0,64 0,75|0,67|0,50| 0,67 0,67| 0,58 0,56 0,57| 0,60| 0,43 0,39]| 0,48| 0,50( 0,41| 0,39
9 0 0,24)0,64|0,63(0,61]|0,50|0,79(0,55| 0,71 0,58 0,47|0,50| 0,55 0,68 0,74 0,78| 0,71 0,75| 0,57| 0,52 0,68| 0,73 | 0,48 0,58
10 0 0,48|0,59|0,46(0,52]0,67(0,50|0,71| 0,65 0,50| 0,30 0,57 0,58( 0,59| 0,63 0,65| 0,68| 0,39 0,42 0,50( 0,58 0,29 0,42
11 0 0,50|0,48)0,42(0,50| 0,52 0,48| 0,60( 0,58 0,54] 0,58 0,59/ 0,50( 0,48| 0,60( 0,68| 0,54 0,44(0,52]0,29( 0,52] 0,55
12 0 0,65]0,54|0,62(0,57|0,59| 0,48 0,52| 0,54|0,57|0,63|0,45|0,67|0,73|0,76]| 0,58| 0,64 0,67| 0,58| 0,61 0,59
13 0 0,52|0,61|0,60(0,62|0,71|0,65(|0,61|0,65|0,56|0,53|0,52|0,62|0,69(0,52|0,43| 0,44 0,52| 0,50| 0,48
14 0 0,63]0,50|0,59(0,52|0,57(0,64|0,57| 0,58/ 0,64] 0,63|0,59|0,68(0,63|0,59(0,68|0,58| 0,62 0,64
15 0 0,61|0,68|0,63|0,66|0,58(0,70| 0,48 0,55|0,43]| 0,63| 0,78 0,58( 0,63| 0,66 0,53| 0,61 0,59
16 0 0,50]0,57|0,48(0,50| 0,22] 0,62 0,58 0,62 0,57|0,73|0,62| 0,52| 0,67 0,50| 0,60 0,63
17 0 0,53|0,50|0,65(0,50|0,69|0,54|0,52|0,67|0,70| 0,69 0,60| 0,57| 0,45( 0,73| 0,60
18 0 0,24|0,59|0,50(|0,52|0,60(0,69|0,78(|0,82| 0,64]| 0,70| 0,64 0,58( 0,73 | 0,65
19 0 0,57|0,40]|0,56(0,52|0,67(0,75|0,78] 0,62 0,63 0,61 0,56| 0,65| 0,58
20 0 0,57 0,46|0,54(0,58]|0,59|0,68( 0,32]| 0,48| 0,50( 0,58| 0,43 | 0,48
21 0 0,62|0,58|0,67(0,70|0,78| 0,67 0,63|0,72| 0,62 0,65| 0,63
22 0 0,48|0,52]|0,64(0,72]|0,46(0,59| 0,56 0,62| 0,61| 0,48
23 0 0,54|0,65)|0,68(0,48|0,60( 0,46|0,48| 0,67 0,50
24 0 0,64]0,67|0,52(0,54]|0,50|0,52(0,61| 0,48
25 0 0,47]0,58| 0,48 0,57 0,58| 0,68 0,54
26 0 0,55|0,57|0,60|0,77]| 0,71 0,68
27 0 0,36|0,36| 0,57 0,38| 0,48
28 0 0,32]|0,48| 0,46 0,50
29 0 0,43] 0,54 0,46
30 0 0,61] 0,54
31 0 0,52
32 0

Numbers 1 to 32 represent accessions KR1/1, KR1/3, KR2/5, KR8/8, KR8/10, KR9/8, KR 10/1, KR 10/8, KR 11/8, KR 12/1, KR 12/4, KR 12/6, KR 14/1, KR 14/10, KR 15/3, KR 5/4, KR 15/6, KR 15/12,
KR 16/2, KR 16/5, KR 16/7, KR 17/48, KR 17/55, KR 19/11, KR 19/12, KR 19/18, KR 19/31, KR 20/3, KR 20/50, KR 20/51, KR A/1, and KR B/4, respectively.
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Figure 5. Dendrogram of the genetic relationships among coffea
canephora (Var. robusta accessions based on the Jaccard similarity
matrix using combined ISSR and RAPD data. The values above the
branches indicate the patristic distances based on the neighbour-
joining (NJ) analysis.

DISCUSSION

Thousands of coffee accessions are conserved in ex-situ
collections at the seed banks or experimental stations
worldwide but the majority are inadequately described for
an efficient exploitation in plant breeding. Most of the
genetic diversity was estimated from agronomic and
morphological characteristics. Morphological and agrono-
mic characters are influenced by the environment and the
assessment of diversity based on these parameters are
hampered by confusions due to the wide variations for a
particular phenotypic trait in a given population specially
for a open—pollinated species such as C. canephora (Var.
robusta). Molecular markers are not influenced by envi-
ronment; they largely have overcome these limitations
(Kuleung et al., 2006). Despite this, studies on variability

and diversity in robusta coffee have been relatively few.
In the present study we have assessed the genetic
variation within the robusta coffee gene pool available in
the DRC using ISSR and RAPD markers.

RAPD primers detected a higher level of polymorphic
loci (95%) than ISSR markers (52%). Each accession
could be genotyped using RAPD markers and both
markers were efficient in revealing the genetic variability
with the C. robusta gene pool in the DRC. The large
amount of polymorphic loci detected might be attributed
to the allogamous nature of the species, but it also
suggested that the original clones that constituted the
genetic basis of the populations studied were genetically
distant. In fact the progenies tested are the products of a
few of generations of inter crossings involving 15 half
siblings. The results showed no trend to genetic drift in
these populations.

Interestingly, half of the accessions from this collection
that was tested for resistance to tracheomycose showed
resistance to this disease at different levels (Tshilenge,
2006 unpublished data). This indicates that these acces-
sions can be useful in breeding programs not only for
yield but also for resistance to this disease.

Prakash et al. (2005) also analyzed genetic diversity in
the Indian Robusta coffee genepool in comparison to a
representative of a core collection from the centre of
genetic diversity in Africa. They found a high amount of
genetic variation in the materials analyzed using SSR
and AFLP markers. This is consistent with the high level
of variability detected with ISSR markers in DRC
accessions. In fact, it has been believed that most of the
cultivated robusta coffee types in the world including the
Indian genepool were derived from trees grown in DRC in
1895 (Charrier and Berthaud, 1985; Prakash et al., 2005).
The accessions analyzed in the present study are
progenies of the elite genotypes that were selected at the
National Research Institute now called Institut National
d’Etudes et de Recherches Agronomiques (INERA) betw-
een 1930 and 1960 (Montagnon et al., 1998; Tshilenge et
al., 1998)

Aga et al. (2005) reported lower polymorphic loci (25%)
in C. arabica from Ethiopia using ISSR primers compared
to 52% observed in the present study. The level of
genetic variability in C. arabica from Ethiopia tested by
Chaparro et al. (2004) also using RAPD primers was
much lower (34.2%) than the 95% observed in C. robusta
from the DRC. This low level of genetic variability in C.
arabica reported in many studies could be ascribed in
part to its autogamic nature (Chaparro et al., 2004).

Previous studies have shown different level of polymer-
phisms in different species when RAPD and ISSR were
compared. For example, Fang and Roose (1997)
reported high level of interspecific variation with RAPD
markers than with ISSR in Citrus spp. On the other hand,
several authors detected high level of polymorphism with the
ISSR system than with RAPD in several other plants
(Nkongolo et al., 2005; Nagaoka and Ogihara, 1997;
Raina et al., 2001; Rus-Kortekaas et al., 1994; Qian et



al., 2001).

In the present study, RAPD markers detected higher
level of polymorphism among robusta coffee accessions
than did ISSR markers. RAPD analyses showed also
greater genetic distances among accessions than did the
ISSR data. The discrepancy between the variations
revealed by RAPD and ISSR result from different target-
ed genomic regions. RAPD markers reveal polymorphism
in coding and noncoding regions, as well as, repeated or
single-copy sequences, covering the entire genome
(Williams et al., 1990). Microsatellite loci are dispersed
throughout the genome and are hypervariable because of
DNA slippage (Echt et al., 1996). Most often ISSR
primers detect more polymorphism than RAPD primers
because of the high level of variability in microsatellite
loci - areas which undergo a different evolutionary pro-
cess due to selection forces (Qian et al., 2001).

Although in the present study, the RAPD amplifications
were reproduced several times under the same condi-
tions, many studies have reported low reproducibility of
RAPD profiles compared to ISSR results. This could be
the result of a number of factors. First, RAPD primers are
composed of 10 arbitrary oligonucleotides. These deca-
mers are used under relaxed amplification conditions
which result in multiple priming sites with varying degrees
of similarity. Second, it is more difficult to obtain clear and
distinct bands between and within species because there
are many fragments of similar mobility that originate from
non-homologous regions (Sanchez de la Hoz et al., 1996).

In conclusion, RAPD markers appeared to be of higher
value than ISSR markers for characterization, analysis
and utilization of robusta coffee genetic materials. The
two systems are PCR-based and easy to apply to a large
screening of breeding materials. For an efficient assess-
ment of the genetic variability they should be used
conjointly to target a larger portion of the genome. In the
present study, the level of polymorphic loci was very high
although the accessions were derived from half siblings
originating from limited number of clones. Based on the
genetic variability, the resistance to tracheomycose and
the seed size, these accessions have great potential in
the breeding of robusta coffee for disease resistance and
high yield. The accessions can also be distributed to
coffee growers for further regeneration of plantations
where the genetic superiority of the progenies from this
pool has been affected by gene flow from other local
accessions.
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