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ABSTRACT - In a backcross population of the allotetraploid Coffea arabica L. the loci with diploid-like segregation were predominant,
although a few loci with tetrassomic inheritance or distortion of the expected segregation were also observed. A partial genetic map
of Coffea arabica L. was constructed with 82 RAPD loci scored in this backcross population of 104 individuals. It covered the
estimated length of 540.6 cM in eight linkage groups. The linkage group size was highly correlated with the number of markers,
indicating random distribution of the markers in the groups. The average distance between two markers was 7.3 cM.
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INTRODUCTION

Arabica coffee (Coffea arabica L.) is an allotetraploid
(2n=44) and self-fertile species (Charrier and Berthaud 1985).
It is probably originated from the diploid species C. eugenioides
and C. congensis (Raina et al. 1998). C. arabica displays diploid-
like meiotic behavior that can be observed in the segregation of
many morphological traits (Krug and Carvalho 1951, Carvalho
et al. 1991).  However, tetrassomic inheritance was also observed
in a segregant populations derived from Arabusta (C. arabica x
C. canephora) (Lashermes et al. 2000, Herrera et al. 2002).

The development of molecular markers has opened new
possibilities for genetic studies on Arabica coffee. An advantage

of these markers is that they can be obtained in a greater number
than the morphological markers, allowing the construction of
genetic maps. A partial map for C. arabica was reported with
16 major and 15 small linkage groups, covering 1802.8 cM of
the genome, with an average distance of 10.2 cM between
adjacent markers (Pearl et al. 2004). Partial linkage maps of C.
canephora, a diploid and self-incompatible species, were also
constructed (Paillard et al. 1996, Lashermes et al. 2001). Another
partial linkage map of the genus Coffea was obtained by using a
backcross population derived from two diploid and self-
incompatible species C. pseudozanguebariae and C. liberica
var. dewevrei (Ky et al. 2000). The construction of linkage maps
in C. arabica (allotetraploid and self-fertile species) was expected
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to be difficult due to the low level of polymorphism (Paillard et
al. 1993, Orozco-Castillo et al. 1994, Lashermes et al. 1996,
1999) and polyploidy (Paillard et al. 1996). This article described
the single-locus inheritance analysis and the construction of a
partial molecular linkage map for C. arabica L.

MATERIAL  AND METHODS

Segregant population

A first backcross generation (BC
1
) population of 104 coffee

plants was obtained as follows:

Mundo Novo IAC 464-18 x Híbrido de Timor CIFC 2570

                                   H 464-2 x Híbrido de Timor CIFC 2570

                                             H 789 (104 individuals of BC
1
)

Mundo Novo IAC 464-18 is a Coffe arabica cultivar and
Híbrido de Timor CIFC 2570 was derived from a natural
hybridization between C. arabica and C. canephora. Híbrido
de Timor was used as recurrent parent, so that the dominant
alleles present in the Mundo Novo cultivar could be analyzed in
the backcross population by a dominant DNA marker.

DNA extraction

Young leaves were crushed in liquid nitrogen and
transferred to Eppendorf tubes containing extraction buffer
(sorbitol 0.35 M, Tris HCl 0.1 M pH 8.0, EDTA Na

2
 0.005 M),

nuclear lysis buffer (Tris HCl 0.2 M pH 8.0, EDTA Na
2
 0.05

M, NaCl 2M, CTAB 2%), sodium bisulphate 0.02 M, Sarcosil
0.8 % (w/v) and activated carbon 1% (w/v). After incubation for
one hour at 65 0C and a chloroform extraction procedure, the
liquid phase was transferred to a new tube and the DNA was
precipitated by an equal volume of cold isopropanol. The DNA
was washed with cold 70% ethanol and dissolved in TE buffer
containing RNAse (50µ g mL-1).

DNA markers

Random Amplified Polymorphic DNA – RAPD (Williams
et al. 1990), a dominant DNA marker, was obtained by the
Polymerase Chain Reaction – PCR amplification and
electrophoresis separation of DNA fragments. DNA fragment
amplification was performed in a Perkin-Elmer 9600
thermocycler with 25µ L reaction volume, containing 25 ng
genomic DNA, 1 unit AmpliTaq DNA polymerase, 0.1 mM
dNTP, 0.2 M primer, 50 mM KCl, 10 mM Tris HCl pH 8.3, 2
mM MgCl

2
, and ultrapure water. The PCR was performed with

one cycle of DNA denaturation (95 0C for 1 minute), 39 cycles
of DNA fragment amplification (a denaturation step of 15 sec at
94 0C, an annealing step of 30 seconds at 35 0C, and an extension

RESULTS AND DISCUSSION

Ninety-three polymorphic RAPD loci were obtained with
80 selected primers (1.2 markers per primer) and presented the
following segregation ratios: 1:1 for 87 loci, 2:1 for four loci, and
5:1 for two loci, according to the chi-square (X2) test (P > 0.01).
In a double-haploid population of C. canephora, 81% of RAPD
and 85% of RFLP markers showed 1:1 segregation ratio (Paillard
et al. 1996). In a backcross population of a tetraploid species,
1:1 ratio is expected for both disomic and tetrasomic inheritance
if the F

1
 plant carries only one dominant allele (i.e., Aa and

Aaaa, respectively); 5:1 ratio is expected for tetrasomic
inheritance, which is a result of either tetravalents formed by
preferential pairing of homologues or bivalents formed by random
pairing among the four chromosomes; and 2:1 ratio is a distortion
of the 1:1 segregation ratio. The Aaaa F

1
 genotype is possibly a

result of a heterozygous locus of Mundo Novo IAC 464-18

step of 60 seconds at 72 0C, and one final extension step of 7
minutes at 72 0C. The amplified DNA fragments were separated
by 1.4% agarose gel electrophoresis, stained with ethidium
bromide, and exposed to UV light for image capturing. The total
of 680 primers (Operon Technologies kits OPA-OPZ, OPBA,
and OPBH) were tested with both parents and F

1
 plants. Only

sharp polymorphic bands with bands derived from Mundo Novo
IAC 464-18 were selected to produce RAPD markers that
segregate in the backcross population. The reproducibility of
these selected RAPD markers was tested with a sub-sample (12
plants) of the backcross population, parents, and F

1
 plants.

This test consisted in duplicate data of the RAPD markers.
Reproducible markers only were scored for the entire population.

Data analysis

RAPD markers were recorded as dominant markers: the
presence of the band corresponded to the dominant allele (from
Mundo Novo IAC 464-18), and the absence of the band
corresponded to the recessive allele (from Híbrido de Timor
CIFC 2570). RAPD loci of the backcross population were tested
for 1:1.5:1, and 2:1 segregation ratio using the chi-square (X2)
test. Genetic aspects of Arabica coffee, an allotetraploid species,
were discussed. A partial linkage map was constructed using the
Mapmaker v. 3 software (Lander et al. 1987). A two point analysis
identified linkage groups with maximum recombination values
( ) of 0.4 and a minimum 3.0 LOD score. The Kosambi function
(Kosambi 1944) was used to convert the recombination rates
into map distances (CentriMorgan - cM).
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with at least one recessive allele (i.e., AAAa, Aaaa, or Aaaa)
since the recurrent parent Hibrido de Timor CIFC 2570 has
only recessive alleles for these RAPD loci.

As expected for this allotetraploid species the majority
of Arabica coffee RAPD loci (87 loci - 93.5% of the total) showed
1:1 ratio, confirming the morphological and cytogenetic evidences
of its diploid-like meiotic behavior. Lashermes et al. (2000)
observed that the segregation of 3 RFLP heterozygous loci in 14
F

2
 plants was also in agreement with the expectations for disomic

inheritance. The predominance of the disomic inheritance (87
out of 93 loci) strongly indicates that C. arabica may present
genetically controlled preferential pairing of homologous
chromosomes as in wheat (Riley et al. 1960, Feldman 1993),
controlled by the gene Ph1 (homologous pairing).

The 5:1 ratio can be ascribed to tetrasomic segregation. A
few RAPD loci showed 5:1 segregation ratio (four loci, 2.2%) in
the backcross population. It is admitted that C. arabica, an
allotetraploid species (Grassias and Kammacher 1975, Medina-
Filho et al. 1984, Pinto-Maglio and Cruz 1998), may show
tetrasomic segregation in addition to disomic segregation.
Bivalents were predominant while tetravalents were rare in the
meiosis of C. arabica (Pinto-Maglio and Cruz 1998). Nine out
of 11 RFLP loci analyzed by Lashermes et al. (2000) followed
tetrasomic inheritance in the arabusta interspecific hybrid (Coffea
arabica x Coffea canephora). It was suggested that the
preferential chromosome pairing in this hybrid might not occur,
but random association instead. Further studies indicated that
recombination in the tetraploid arabusta hybrid is not
significantly affected by the genetic differentiation between
chromosomes belonging to the different genomes and that the
four sets of chromosomes have no difficulty in recombining
(Herrera et al. 2002). In the present study, it might be expected
that Híbrido de Timor CIFC 2570 derived from an interspecific
cross between C. arabica and C. canephora could affect the
chromosome pairing in the same way. However, a low number
of tetrasomic inheritance loci was observed in the backcross
population on focus. This fact could be a result of: i) Híbrido de
Timor CIFC 2570 was derived from one or more natural
backcross generations to C. arabica and have partially recovered
the preferential pairing characteristic of this species; ii) a possible
additional preferential pairing recovery in F

1
 after crossing with

the Arabica cultivar Mundo Novo IAC 464-18; iii) heterozygous
loci of Mundo Novo IAC 464-18 parent, which would engender
the same segregation ratio for disomic and tetrasomic inheritance
in the backcross population; and iv) origin of the RAPD
dominant alleles from the Mundo Novo IAC 464-18 cultivar.
All 93 loci considered in this study are dominant (RAPD) and
all dominant alleles were derived from the Arabica coffee parent
Mundo Novo IAC 464-18. Since the Hibrido de Timor CIFC
2570 was derived from an interspecific cross between C. arabica

and C. canephora it is possible that the frequency of tetraploid
inheritance is higher for the heterozygous loci that have dominant
alleles from the Hibrido de Timor CIFC 2570. This hypothesis
should further be tested by using a backcross population where
Mundo Novo is used as recurrent parent, so that the dominant
alleles found in the Híbrido de Timor parent can be analyzed
with a dominant DNA marker.

There was an excess of heterozygous for four out of 93
markers (4.3%) that segregated 2:1, probably due to gametophytic
selection or lethal zygotes. Plants derived from the backcross of
arabusta F

1
 hybrid to C. arabica also exhibited segregation

distortion for three out of 11 RFLP loci (Lashermes et al. 2000)
and one out of 13 microsatelite loci (Herrera et al. 2002).

There is therefore evidence of the predominance of the
diploid-like meiotic behavior of C. arabica. The predominance
of the disomic inheritance strongly indicates that C. arabica
may present genetically controlled preferential pairing of
homologous chromosomes. However, tetrasomic inheritance was
also observed, which may either be due to tetravalents formed
in the meiosis of C. arabica or of bivalents formed by random
pairing among four homeologous chromosomes. A distortion of
the expected segregation ratio occurred, probably due to the
gametophytic selection or lethal zygotes. In spite of the
worldwide importance of C. arabica, a lot of relevant genetic
information about this species is still undiscovered. Efforts should
be made to establish the genetic analysis of Arabica coffee for a
better understanding of the inheritance pattern of the genes and
its application in breeding programs, especially those that involve
interspecific hybrids. In this context, DNA markers play an
important role.

A partial molecular map with eight linkage groups covering
540.6 cM was constructed with 82 RAPD markers with a 1:1
segregation ratio (Figure 1). Five markers with the same
segregation ratio showed no linkage. The linkage group size was
highly correlated with the number of markers (r = 0.887),
indicating random distribution of the markers in the groups, as
observed also in Coffea canephora (r = 0.959) (Paillard et al.
1996). The minimum average distance between two markers
was 3.47 cM in group 7 and the maximum 18.7 cM in 8.  The
highest interval between two markers was 36.4 cM in group 8,
and 94.6% of the intervals were lower than 20 cM. The average
distance between two markers was 7.3 cM, which was
comparable to 10.2 cM reported for C. arabica (Pearl et al.
2004) and 10 cM for C. canephora (Paillard et al. 1996).

Arabica coffee is an allotetraploid and the mapping studies
should be directed to identify 22 linkage groups (n=22) and the
aspects related to the homeologous chromosomes. Linkage maps
of related diploid species might be necessary for comparisons in
order to distinguish homeologous chromosomes. A partial map
for C. arabica was reported with 16 major linkage groups and
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15 small linkage groups, covering 1802.8 cM of the genome
(Pearl et al. 2004). In C. canephora a genetic linkage map
comprising 160 loci identified 11 linkage groups that putatively
correspond to the 11 gametic chromosomes with the total length
of 1041 cM (Lashermes et al. 2001).

The low level of polymorphism among Arabica coffee
cultivars (Paillard et al. 1993, Orozco-Castillo et al. 1994,
Lashermes et al. 1996, 1999) has been a bottleneck for mapping
the genome. Híbrido de Timor CIFC 2570 was used here to
increase the number of polymorphic markers to map the Arabica
coffee genome. Besides, Híbrido de Timor was used as recurrent
parent in the backcross to study the dominant alleles derived
from Mundo Novo IAC 464-18, a standard Arabica coffee
cultivar.

The partial linkage map of C. arabica presented here is a
significant step towards the mapping of the entire genome using

the strategy of the integrated map construction. This strategy
was chosen due to the complexity of the genome and the low
level of polymorphism in this species. The use of different
populations might increase the number of polymorphic loci,
besides the use of additional types of DNA markers, such as
microsatellites. The integration of molecular linkage maps of C.
arabica will allow geneticists and plant breeders to study and
manipulate complex traits and obtain valuable information about
the polyploid evolution process in plants.
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Figure 1. Partial genetic linkage map of Coffea arabica based on 82 RAPD markers. Map distances
in cM (Kosambi function) are indicated on the left of the linkage groups and the loci names on
the right
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Herança de loco simples e mapa parcial de ligação de
Coffea arabica L.

RESUMO - Os locos com segregações típicas de diplóides foram predominantes em uma população de retrocruzamento do
alotetraplóide Coffea arabica L., embora alguns locos com herança tetrassômica ou distorção da segregação esperada foram
também observados. Um mapa parcial de ligação gênica de Coffea arabica L. foi construído com 82 locos de RAPD nesta população
de retrocruzamento de 104 indivíduos. O mapa cobriu o comprimento estimado de 540.6 cM em oito grupos de ligação. O tamanho
do grupo de ligação foi altamente correlacionado com o número de marcas, indicando uma distribuição aleatória das marcas nos
grupos. A distância média entre duas marcas foi de 7,3 cM.

Palavras-chave: café, marcadores moleculares alotetraplóide, mapa
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