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Coffee Berry Disease (CBD) is a major constraint that limits Coffea arabica production, whose
resistance is governed by three genes, T, R that are dominant and recessive k in varieties Hibrido de
Timor (HDT), Rume Sudan (RS) and K7 respectively. This study identified the genomic region occupied
by R-gene using F, genotypes from varieties RS and SL28; and Single Nucleotide Polymorphic (SNP)
markers obtained through Genotyping by Sequencing. Redundant markers were removed and 699
markers obtained for linkage mapping and quantitative trait loci (QTL) analysis. The Linkage map
spread over 5525.39 cM across eleven coffee chromosomes (Chr). The QTL was analyzed by both
Interval Mapping (IM) and Inclusive Composite Interval Mapping (ICIM) using SNP markers and CBD
resistance mean scores of the F, genotypes and their parents. Three QTLs, qCBD 1-1in Chr 1, qCBD 2-1
and qCBD 2-2 in Chr 2 were significantly associated with CBD resistance, detected by both IM and ICIM
at LOD 2 2.5 (P<0.05). Two flanking markers that were closer to the three QTLs; 100025973|F|0-59: T>C-
59:T>C at a distance of 3 centi Morgans (cM) from qCBD 1-1 and 100034991|F|0-44:C>T-44:C>T, that was
flanking in both qCBD 2-1 and qCBD 2-2 at 12.5 cM, whose SNPs were significant (P<0.05), are
recommended for validation and use in marker-assisted breeding.

Key words: Coffee berry disease, linkage map, quantitative trait loci, genotyping by sequencing, single
nucleotide polymorphism, SL 28, R-gene.
INTRODUCTION

Coffee Berry Disease (CBD) is caused by the fungal et al., 1993) and is a major constraint to Coffea arabica L.
pathogen Colletotrichum kahawae Waller & Bridge (Waller production in African countries with a possibility



of occurrence in other coffee-growing countries in the
world (Van Der Vossen et al.,, 2015). CBD epidemics
destroy 50-80% of susceptible Arabica coffee varieties
during prolonged wet and cool weather conditions
(Hindorf and Omondi, 2011) if no control is applied. The
preventive control of CBD using programmed fungicide
sprays increases production cost by 30-40% and
contributes to environmental pollution (Gichuru et al.,
2008); and therefore, the need for resistant varieties as
the best alternative approach in the management of this
disease.

C. arabica L. is a simple tetraploid (2n = 4x = 44) and
the only tetraploid species of coffee, formed out of two
diploids species, Coffea canephora and Coffea
eugenioides (Lashermes et al.,, 2011). This species is
genetically less diverse in comparison to its parental
diploid species (Baruah et al., 2003), a situation that has
been associated with its susceptibility to diseases
(Prakash et al., 2002) and hinders molecular breeding
tools development for the breeding process (Sant'’Ana et
al., 2018). The first case of CBD was reported in 1922, in
coffee plantations on the slope of Mt Elgon in Western
Kenya (McDonald, 1926), from where it spread to other
Arabica coffee producing countries in Africa (Hindorf and
Omondi, 2011). Studies on the source and selection for
resistance to CBD date back to 1974 (Robinson, 1976)
but significant breakthrough on selection was on the
discovery of the hypocotyl inoculation test on six-week-
old seedlings. This revealed that the mechanism of CBD
resistance in the field conditions was similar to the
reaction of CBD inoculum in the hypocotyl of a six-week-
old seedling (Van Der Vossen et al., 1976).

Initial studies on the inheritance of CBD resistance
indicated a continuous variation in a naturally occurring
heterozygous population, leading to the belief that CBD
resistance is polygenic (Van Der Graaff, 1978). However,
this belief was dismissed by the study of Van der Vossen
and Walyaro (1980). The study revealed that there are
only three genes that confer resistance to CBD in C.
arabica. These genes are the R-gene in the variety Rume
Sudan, T-gene in HDT and a recessive k-gene found in
both K7 and Rume Sudan. The T and R genes are
dominant while the k gene is recessive and only confers
partial resistance to CBD in a homozygous state. The R-
locus has multiple alleles (R;R;) in Rume Sudan and
R,R, that are less effective in Pretoria (Van der Vossen
and Walyaro, 1980; Hindorf and Omondi, 2011).

The development of a new coffee variety takes more
than 25 years due to the perennial nature of this crop.
This period can be reduced drastically by using marker-
assisted selection (MAS) and hence the need to identify
markers associated with the traits of interest in coffee
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(Moncada et al., 2016). Genetic resistance to CBD has
been characterized by various studies in Kenya. The
locus for the T-gene was mapped by Agwanda et al.
(1997) using Random Amplified Polymorphic DNA
(RAPD) markers. The same locus was identified by
Gichuru et al. (2008) using Simple Sequence Repeats
(SSR) markers and Amplified Fragment Length
Polymorphisms (AFLP) markers and christened it as Ck-
1. Similarly, detection and mapping of the R- gene in
Rume Sudan is desirable and believed to be realized
through QTL mapping using Genotyping-by-Sequencing
(GBS) based single nucleotide polymorphism (SNP)
markers.

GBS is a powerful, cost-effective method for identifying
single-nucleotide polymorphisms (SNPs) on a whole-
genome scale. This techniqgue encompasses reduced
representation genome sequencing based on partial
restriction enzyme digestion, usually with a methylation-
sensitive restriction enzyme, followed by barcoded
adaptor ligation and next-generation sequencing of highly
multiplexed samples, usually 96, samples per lane
(Elshire et al., 2011; Vining et al., 2017). The Diversity
Array Technology Pty Ltd (DArT, Canberra, ACT,
Australia), was developed as a cost-effective sequence-
independent ultra-high-throughput marker system. The
DArT develops markers through a microarray
hybridization method that produces a thousand of
polymorphic loci in a single assay (Alam et al., 2018).
Various studies have utilized DArT- GBS based SNP
markers in coffee (Moncada et al., 2016; Garavito et al.,
2016; Sant'Ana et al., 2018). The process of quantitative
trait loci (QTL) mapping is useful in the detection of
genes that could either have positives, negatives or both
effects on the trait of interest. It helps in identifying
genomic regions conveying disease resistance in bi-
parental populations (Sant’Ana et al., 2018). This process
leads to the identification of linked molecular markers that
may be used for gene pyramiding in the breeding process
for durable resistance to diseases (Kthiri et al., 2019).
This study aims to identify the genetic region for R-gene
that confers resistance to CBD in Coffea arabica variety
Rume Sudan through bi-parental QTL mapping using
GBS-based SNP markers.

MATERIALS AND METHODS

Phenotypic and population structure analysis of the mapping
genotypes

The study materials comprised 108 Coffea arabica genotypes
including 106 F, genotypes and their parents, Rume Sudan and
SL28 maintained at Coffee Research Institute of the Kenya
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Agricultural and Livestock Research Organization (KALRO-CRI) in
Ruiru, Kenya. Ruiru is located within the upper midland (UM2) at 1°
06'S and 36° 45'E and an altitude of 1620 m above sea level
(Jaetzold et al., 2006). Rume Sudan is a Coffea arabica landrace
(Scalabrin et al., 2020) with the R gene in the R locus that confers
resistance to CBD (Van Der Vossen and Walyaro, 1980); while
SL28 is a commercial Kenyan cultivar that is high yielding and of
excellent cup quality but highly susceptible to CBD. The F;
individuals were obtained by crossing the parents and subsequent
selfing of their F; generation. The F, genotypes were classified their
resistance to CBD based on their F; progenies using hypocotyl
inoculation method on a standard scale of 1 — 12 of Van der
Vossen et al. (1976). The population structure analysis of the study
genotypes was carried out by Principal Component Analysis (PCA)
based on marker data using the PCA-clustering functionality tool
within the KDCompute plugin system (https://kdcompute.igss-
africa.org/kdcompute/plugins).

Genotyping of SNP markers

Genomic DNA samples were extracted from fresh leaves of each of
the 108 genotypes using a standard cetyltrimethylammonium
Bromide (CTAB) protocol of Doyle and Doyle (1987). The quality
and quantity of the DNA samples were evaluated through a
Spectrophotometer (Specgene, UK; at 260/280 nanometers) and by
running it through 0.8% agarose gel electrophoresis. The DNA
concentration was adjusted to 50 ng/ul. The genomic DNA samples
were sent to Diversity Arrays Technology (DArT) Pty Ltd, in
Canberra-Australia (http://www.diversityarrays.com) for sequencing
and identification of SNP markers. The GBS was performed as
described by Elshire et al. (2011). The genomic DNA was digested
with methylation-sensitive restriction enzyme. This type of enzyme
was chosen due to its partial sensitivity to DNA methylation, thus
avoiding repetitive element regions and frequency of DNA cutting
(Elshire et al., 2011; Brito et al., 2017). After digestion, the DNA
was ligated to adapters and then combined into pools of 96
samples and amplified with primers compatible with the adapter
sequences (Camacho et al., 2019). After polymerase chain reaction
(PCR), the pooled products were purified and quantified for
sequencing on the Illlumina HiSeq 2500 flow cell (lllumina platform)
(Elshire et al., 2011; Akohoue et al., 2020).

The SNP calling was carried out by DArT-soft14 algorithm within
the KDCompute pipeline developed by Diversity Arrays Technology
(http://www.kddart.org/kdcompute.html). In the primary pipeline, the
FASTQ files were first processed to filter poor quality sequences to
ensure that the assignments of the sequences to specific samples
carried in the barcode split region were consistent and reliable
(Barilli et al., 2018; Li et al., 2018; Nemli et al., 2017). The identical
sequences were collapsed into FASTQ call files that were used in
the secondary pipeline for DArT P/L’s proprietary SNPs calling
algorithms (DArT-soft14) pipeline in the processing of the sequence
data (Barilli et al., 2018). Since open access genome assembly with
reliable sorting of homologous sequences for C. Arabica is not yet
available (Scalabrin et al., 2020), the filtered sequence reads were
aligned against the C. canephora reference genome (http://coffee-
genome.org/coffeacanephora) to determine the corresponding
genomic positions.

The genetic linkage map construction

The high-density linkage map for the Rume Sudan x SL28 F,
populations and their parents was carried out using QTL IciMapping
version 4.2 (http://www.isbreeding.net/). Before the map was
constructed, redundant SNP markers were removed using the BIN
functionality tool, implemented within the QTL IciMapping software

(Meng et al., 2015). The obtained markers after binning were used
in the construction of genetic linkage maps using the MAP
functionality tool within the software. The map function was by
stepwise regression to select the most significant markers and a
likelihood ratio test to calculate the logarithm of odds (LOD) scores
for each marker by a criterion of > 2.5 LOD and a maximum
distance of 30 cM between two loci. Three steps were involved in
building a linkage map: grouping, ordering, and rippling. The
grouping was carried out with a LOD score > 2.5 that was used to
declare the linkage relationship between two markers such that
markers with LOD higher than the threshold were grouped. The
Recombination Counting and ORDering (RECORD) algorithm was
used for ordering markers while rippling was by the sum of adjacent
recombination fractions (SARF) to confirm the marker order (Meng
et al.,, 2015; Sitonik et al., 2019, Awata et al., 2020). The
recombination fraction between two linked loci was used to sort the
markers with the Kosambi mapping function (Kosambi, 1943) in
centi Morgans (cM).

Analysis of the QTL for resistance to CBD

The SNPs markers obtained from BIN together with the phenotypic
scores of CBD infection of the F, genotypes that had strong
parental relationships and their parents were used in QTL analysis
using the QTL functionality of the QTL Ici-Mapping software v4.2
(Meng et al., 2015). The conventional Interval Mapping for additive
QTL (IM-ADD) and inclusive composite interval mapping for
additive QTL (ICIM-ADD) methods was adopted in QTL analysis.
The QTL Ici-Mapping software carries out QTL analysis by
incorporating additive genetic effects (Zhang et al., 2008; Meng et
al., 2015). The LOD value of = 2.5 with a window scan step of 1 cM
and 1000 permutation test was used as the threshold to declare the
significance of the QTLs defined at P<0.05 (Kim and Reinke., 2019;
Awata et al., 2020). Stepwise regression was adopted to determine
the percentages of phenotypic variance explained (PVE%) by
individual QTL, additive and dominance effects at LOD peaks
(Awata et al., 2020). In the QTL naming, the letter “q” indicates QTL
followed by the abbreviation of the trait name (CBD), the
chromosome and lastly the marker position.

The markers that were closely linked with the significant QTLs
were statistically tested using the scores of their alleles, where the
alleles with significant differences (P<0.05) by t-test were confirmed
as significant SNP markers (Xiong et al., 2019; Tsai et al., 2020).

RESULTS
Phenotypic and SNP marker data analysis

The GBS based Diversity Arrays sequencing (DArTseq)
generated 1635 SNPs markers from the F, genotypes
and their parents. After filtering, 1170 SNP markers were
anchored to the 11 coffee chromosomes that were
utilized for further analysis in the study. The phenotypic
data analysis is described in a recent study by Gimase et
al. (2019). The PCA clustering analysis of 108 genotypes
revealed three main clusters: A, B and C (Figure 1). The
“A” genotypes clustered with SL 28, “B* with Rume
Sudan while “C" was not grouped with any of the two
parents.

The “C" cluster comprising 20 genotypes that portrayed
a weak relationship with the rest eliminated to obtain
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Figure 1. Population structure analysis on the relatedness of the 106 F, genotypes to their parents using PCA clustering.

88 genotypes that were used in QTL analysis. The first total of 699 high-quality SNP markers were obtained and
principal component (PC1l) was the most important, used in the construction of the linkage map. The 699
which accounted for 78% of the total variation (Figure 1). SNP markers were spread over 5525.39 cM across
eleven genetic linkage groups (LG), equivalent to coffee
chromosomes with an average marker distance of 7.904
Genetic linkage map construction cM and a maximum interval size of 18.378 cM (Table 1).
The highest genetic distance was recorded on chr 6 at
After binning of the 1170 DArT-Seq SNP markers, 471 800.56 cM while the lowest was at chr 7 at 265.98 cM.
markers were highly correlated and therefore removed. A The highest mean distance between two markers was
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Table 1. Whole-genome genetic linkage maps for the Binned makers indicating the size and mean distances per

chromosome.

Linkage group No. of SNP markers Size (cM) Mean distance (cM)
Chrl 85 393.32 4.627
Chr2 44 773.31 17.575
Chr3 78 379.65 4.867
Chr4 132 781.33 5.919
Chr5 94 388.09 4.129
Chr6 80 800.56 10.007
Chr7 26 265.98 10.23
Chr8 56 383.95 6.856
Chr9 28 439.29 15.689
Chr10 29 532.99 18.379
Chril 47 386.92 8.232
Whole Genome 699 5525.39 7.905

in chr 10 at 18.378cM while the lowest was in chr 5 at
4.128cM. The highest numbers of markers were on chr 4
(132) while the lowest number was on chr 7 (26) (Table
1).

QTL analysis

Significant QTLs for CBD resistance were detected by
both the conventional Interval Mapping for additive QTL
(IM-ADD) and inclusive composite interval mapping for
additive QTL (ICIM-ADD) based on LOD threshold value
> 2.5 defined at P<0.05. The IM-ADD detected a total of
19 QTLs at LOD = 2.5 (Figure 2a) that accounted for
56.5% of the total phenotypic variation explained (PVE)
by the model. Out of the 19 QTLs, only four QTLs had an
admixture of negative additive and dominance effect
(Table 2). The three were qCBD 1-1 in Chromosome 1
and qCBD 2-1, qCBD 2-2 in chromosome 2. Similar to
IM-ADD, ICIM-ADD detected a total of 41 QTLs at LOD
22.5 (Figure 2b) that explained 65% of the total PVE. Out
of the 41 QTLs, only five had an admixture of negative
additive and dominance effects (Table 3). The individual
percentage PVE by the QTLs ranged from 0.8-3.95% for
IM and 0.7-2.1 for ICIM.

Three QTLs, qCBD 1-1, in Chr 1 and qCBD 2-1, qCBD
2-2 in Chr 2 were detected by both IM-ADD and ICIM-
ADD with similar flanking markers/quantitative trait
nucleotides(QTNs),  where 100025973|F|0-59:T>C-
59:T>C and 4421602|F|0-12:T>C-12:T>C were left and
right flanking markers for qCBD 1-1 (Figure 3A). The
SNP  markers  4428977|F|0-55:C>A-55:C>A  and
100034991|F|0-44:C>T-44:C>T were flanking as left and
right marker in qCBD 2-1 while in qCBD 2-2,
100034991|F|0-44:C>T-44:.C>T and 4426086|F|0-
37.G>A-37.G>A were flanked as left and right marker
respectively (Figure 3b). For the two QTLs in Chr 2, the

SNP marker ID 100034991|F|0-44:C>T-44:C>T was
flanking as either left or right in qCBD 2-1 and qCBD 2-2
respectively. The three QTLs accounted for 6.4% PVE
and 3.4% PVE in IM and ICIM analysis respectively.

The left and right flanking marker for qCBD 1-1 (Figure
3a), was at a distance of 3 cM and 13.5 cM from the QTL
in both IM and ICIM analysis (Tables 2 and 3) while in
gCBD 2-1 and qCBD 2-2, the SNP marker
100034991|F|0-44:C>T-44:C>T was flanked as left and
right marker respectively (Figure 3b), at a distance of
16.5 and 12.5 cM in IM and ICIM respectively while the
other flanking markers were at a distance of 37.5 and
31.5 cM for both loci in IM and ICIM respectively (Tables
2 and 3). Two markers, 100025973|F|0-59:T>C-59:T>C
and 100034991|F|0-44.C>T-44.C>T in chr 1 and 2
respectively, were very close to the three significant
QTLs. The statistical t-test analysis of the two markers
revealed significant differences (P<0.05) in their allelic
means (Table 4).

DISCUSSION

The phenotypic variation among the 106 F, genotypes
with their parents and inheritance segregation ratio of the
gene for resistance to CBD was reported in an earlier
publication (Gimase et al., 2019). Evaluation of
population structure on the relatedness of the 106 F,
genotypes and their parents using the PCA revealed that
a total of 20 F, genotypes were weakly related with the
rest of the genotypes and were therefore excluded from
QTL analysis. The analysis of population structure
reduces type | error during association mapping
(Camacho et al., 2019). The mapping population was
confirmed as a suitable population for genetic mapping of
a dominant gene-based and Chi-Square test based on
3:1 Mendelian ratio of segregation (Gimase et al., 2019).
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Table 2. The QTLs for CBD resistance detected by IM with negative additive and dominance gene interaction effects

QTLName Chr Postn (cM) Left Marker Right Marker LOD PVE (%) Add Dom LeftCl RightCl
qCBD 1-1 1 3 100025973|F|0-59:T>C-59:T>C  4421602|F|0-12:T>C-12:T>C  3.6948 1.1664 -1.173 -0.208 0 16.5
qCBD 2-1 2 9231 4428977|F|0-55:C>A-55:C>A  100034991|F|0-44:C>T-44:C>T  2.755 25918 -1.948 -1.396 9193.5 9247.5
qCBD 2-2 2 9280 100034991|F|0-44.C>T-44.C>T  4426086|F|0-37:G>A-37:G>A 2.755 2.6022 -1957 -1.385 9263.5 9317.5
Table 3. The QTLs for CBD resistance detected by ICM with negative additive and dominance gene interaction effects.
QTL name Chr Position Left marker Right marker LOD PVE (%) Add Dom Left CI Right CI
qCBD 1-1 1 3 100025973|F|0-59:T>C-59:T>C 4421602|F|0-12:T>C-12:T>C 3.695 0.768 -1.173  -0.208 0 16.5
qCBD 2-1 2 9274 100034991|F|0-44:C>T-44:.C>T 4426086|F|0-37:G>A-37:G>A 2915 1.313 -1.803  -1.447 92615 9305.5
qCBD 2-2 2 9237 4428977|F|0-55:C>A-55:C>A 100034991|F|0-44.C>T-44:.C>T 2.915 1.311 -1.800 -1.453 9205.5 9249.5

Table 4. A t-test (P<0.05) for two SNP markers that was closely associated with the three significant QTLs for resistance to CBD in

Rume Sudan.

SNP marker ID Chr Allele 1 Means+SD Allele 2 Means+Sd
100025973|F|0-59:T>C-59:T>C 1 T 0.83+0.02° C 0.630.32°
100034991|F|0-44:C>T-44:C>T 2 C 0.8320.07° T 0.92+0.01%

This study generated a genetic linkage map from
699 SNP markers spreading over 5525.39 cM
across eleven genetic linkage groups (LG), with
an average marker distance of 7.904 cM at
maximum interval size of 18.378 cM. Although
saturated genetic linkage maps of C. arabica are
useful for mapping resistance genes and
identification of markers linked to those genes,
they are not widely available due to low molecular
polymorphism and the polyploidy nature of this
species (Pestana et al.,, 2015). Despite this
constraint, several studies attempted to generate
these types of maps for Arabica coffee. Pestana
et al. (2015) used fewer makers (111) to construct

a relatively smaller linkage map with a total length
of 976.8 cM. The LG size ranged from 18.4 cM
(LG 12) to 234.6 cM (LG 1) with a distance
between two adjacent markers varying from 0 cM
to 29.4 cM, with the average distance of 9.9 cM;
while the mean distance between markers within
each linkage group varied from 5.3 cM (LG 5) to
20.1 cM (LG 10). Moncada et al. (2016)
constructed a relatively advanced linkage map
using 848 (both SSR and SNP) markers that
represented all 22 C. arabica linkage groups with
a total map length of 3840 cM. The average
distance was 4.52 cM between markers and a
maximum interval size of 35 cM, where the length

of each linkage group ranged from 535.9 cM for
LG 1 to 22.7 cM for LG 22 and the number of
markers ranged from 129 markers on LG 1 to 8
markers on LG 22. The linkage map in this study
equally forms a basis for future research studies
on C. arabica since it consists of sequence-based
SNPs that can be widely used by the research
community (Moncada et al, 2016). Both
conventional interval mapping (IM) and Inclusive
composite interval mapping (ICIM) were used in
this study for QTL analysis. The ICIM is an
effective two-step statistical approach that allows
separation of co-factor selection from the interval
mapping process, to control the background
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effects and improve the mapping of QTL with additive composite interval mapping (CIM).

effects (Horn et al., 2015; Awata et al 2020). ICIM has a
proportion of lower False Discovery rate (FDR) than

1191

Three QTLs, qCBD 1-1, qCBD 2-1 and qCBD 2-2 were
detected by both IM and ICIM. The gCBD 1-1, detected
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by both IM-ADD and ICIM-ADD had a LOD score of 3.69
with similar flanking markers,100025973|F|0-59:T>C-
59:T>C and 4421602|F|0-12:T>C-12:T>C as left and right
flanking markers respectively. This locus was right at the
beginning of coffee Chromosome 1, where the left
flanking marker was at 0 cM; while the right marker was
at 16.5 cM. The QTLs, qCBD 2-1 and qCBD 2-2 detected
by ICIM in Chr 2 were similar to two QTLs, detected by
IM, with same flanking markers at LOD score 2.8 and 2.9
in IM and ICIM respectively. The SNP marker,
100034991|F|0-44:C>T-44:C>T was flanked in both
QTLs, as either left and right respectively. These QTLs
were placed towards the end of the second linkage
group. All the three QTLs had negative additive and
dominance effects implying that the additive-by-additive
and dominance-by-dominance interaction effects
between the flanking markers for each QTL (Zhang et al.,
2008) was acting against the trait that is, reducing CBD
infection in the host genotypes (Horn et al., 2015; Kim
and Reinke, 2019). Although the PVE% cumulatively by
the QTLs was high, the individual score was low. This is
attributed to the high number of the significant loci
detected by the model (Curtolo et al., 2017) and the small
size of the mapping population that was utilized in QTL
analysis (Zhang et al., 2008).

The flanking markers for qCBD 2-1 and qCBD 2-2
revealed polymorphic occurrence (presence/ absence of
allele) within the parental genotypes; therefore best
suited to diagnostic marker design for MAS (Rouet et al.,
2019). Abundance and polymorphic occurrence are some
of the features for an ideal marker for MAS (Babu et al.,
2004). Two SNP markers were closer to the three QTLs
where the SNP marker 100025973|F|0-59:T>C-59:T>C
was flanked as left marker for gqCBD 1-1 at a distance of
3 cM; while 100034991|F|0-44:C>T-44:C>T was flanked
in qCBD 2-1 and qCBD 2-2 as either left and right
respectively at a distance of 12.5 cM in ICIM. The genetic
variation between the alleles of this markers was
significantly different (P<0.05) based on t-test analysis,
confirming further that the SNPs were significant. In a
related study, Xiong et al. (2019) used a t-test to confirm
significant SNP involved in resistance to low nitrogen
traits in wheat mutant population; while Zhou et al. (2018)
used a t-test to declare SNP significantly associated with
plant height (P<0.05) in maize.

Previous work by Van der Vossen and Walyaro (1980)
on the inheritance of CBD resistance based on F,
progenies of 11 C. arabica varieties with different levels
of resistance revealed that the variety, Rume Sudan
carries two genes for resistance to CBD. The dominant
R- gene has multiple alleles occurring as R;R; and
recessive k gene. The study further reported that Rume
Sudan transmits high levels of resistance to CBD that
was indicated by a high negative General Combining
Ability (GCA) effects. In this study, three QTLs
significantly associated with CBD resistance, with a
combination of both negative additive and dominance

gene interactions against CBD infection. The three QTLs
are synonymous to the R gene associated with
resistance to CBD in C. arabica variety Rume Sudan as
described in the previous studies.

Conclusion

Coffee Berry Disease remains a limiting factor in the
production of Arabica coffee in Africa with the possibility
of occurring in other Arabica coffee-growing countries
globally. Breeding for resistance to diseases takes up to
30 years, a period that can be reduced significantly by
Marker-Assisted selection (MAS). This study identified
three genetic regions, one in coffee pseudo-chromosome
1 and two in pseudo-chromosome 2 that are associated
with CBD resistance in C. arabica variety Rume Sudan.
The study further revealed that two SNP markers were
closer to the three QTLs where the SNP marker
100025973|F|0-59:T>C-59:T>C was flanking as left
marker for qCBD 1-1 at a distance of 3 cM; while
100034991|F|0-44:C>T-44:C>T was flanking in qCBD 2-1
and qCBD 2-2 as either left and right marker respectively
at a distance of 12.5 cM. The SNPs of these markers
were significant following a t-test analysis (P<0.05).
These SNPs are likely to co-segregate with the three loci
and are identified as candidate DNA markers for the R-
gene conferring resistance to CBD in Rume Sudan and
recommended for validation and adoption as diagnostic
markers in marker-assisted breeding.
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