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ABSTRACT - Inabackeross population of the allotetraploid Coffeaarabical. theloci with dipl oid-like segregation wer e predominant,
although a few loci with tetrassomic inheritance or distortion of the expected segregation were al so 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 markersin the groups. The average distance between two markerswas 7.3 cM.
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INTRODUCTION

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

The development of molecular markers has opened new
possibilitiesfor genetic studies on Arabicacoffee. An advantage
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of these markersisthat they can be obtained in agreater 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, Lashermeset a. 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 (alotetraploid and self-fertil e species) was expected
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to be difficult dueto thelow level of polymorphism (Paillard et
al. 1993, Orozco-Castillo et al. 1994, Lashermes et al. 1996,
1999) and polyploidy (Paillard et a. 1996). Thisarticle described
the single-locus inheritance analysis and the construction of a
partial molecular linkagemap for C. arabicaL.

MATERIAL AND METHODS

Segregant population
A first backcrossgeneration (BC,) population of 104 coffee
plants was obtained as follows:

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

4
H 464-2 ); Hibrido de Timor CIFC 2570
H 789 (104 individuals of BC))

Mundo Novo IAC 464-18 is a Coffe arabica cultivar and
Hibrido de Timor CIFC 2570 was derived from a natural
hybridization between C. arabica and C. canephora. Hibrido
de Timor was used as recurrent parent, so that the dominant
allelespresent in the Mundo Novo cultivar could beanalyzed 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, TrisHCI 0.1 M pH 8.0, EDTA Na, 0.005 M),
nuclear lysis buffer (Tris HCl 0.2 M pH 8.0, EDTA Na, 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 °C 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 (50pgmL?).

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 25uL reaction volume, containing 25 ng
genomic DNA, 1 unit AmpliTag DNA polymerase, 0.1 mM
dNTPR, 0.2 M primer, 50 mM KCI, 10 mM Tris HCI pH 8.3, 2
mM MgCl,, and ultrapure water. The PCR was performed with
one cycle of DNA denaturation (95 °C for 1 minute), 39 cycles
of DNA fragment amplification (adenaturation step of 15 sec at
94 °C, an annealing step of 30 secondsat 35 °C, and an extension
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step of 60 seconds at 72 °C, and one final extension step of 7
minutesat 72 °C. Theamplified DNA fragmentswere separated
by 1.4% agarose gel electrophoresis, stained with ethidium
bromide, and exposed to UV light for image capturing. Thetotal
of 680 primers (Operon Technologies kits OPA-OPZ, OPBA,
and OPBH) were tested with both parents and F, plants. Only
sharp polymorphic bandswith 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 markerswas tested with a sub-sample (12
plants) of the backcross population, parents, and F, plants.
This test consisted in duplicate data of the RAPD markers.
Reproducible markersonly were scored for the entire popul ation.

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 Hibrido de Timor
CIFC 2570). RAPD loci of the backcross popul ation were tested
for 1:1.5:1, and 2:1 segregation ratio using the chi-square (%)
test. Genetic aspects of Arabicacoffee, an allotetraploid species,
werediscussed. 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 aminimum 3.0 LOD score. The Kosambi function
(Kosambi 1944) was used to convert the recombination rates
into map distances (CentriMorgan - cM).

RESULTS AND DISCUSSION

Ninety-three polymorphic RAPD loci were obtained with
80 selected primers (1.2 markers per primer) and presented the
following segregationratios: 1:1for 87 loci, 2:1 for four loci, and
5:1 for twoloci, according to the chi-square (:#?) test (P> 0.01).
In adouble-haploid population of C. canephora, 81% of RAPD
and 85% of RFL P markersshowed 1:1 segregationratio (Paillard
et al. 1996). In a backcross population of a tetraploid species,
1:1 ratioisexpected for both disomic and tetrasomic inheritance
if the F, plant carries only one dominant allele (i.e., Aa and
Aaaa, respectively); 5:1 ratio is expected for tetrasomic
inheritance, which is aresult of either tetravalents formed by
preferential pairing of homologues or bivalentsformed by random
pairing among thefour chromosomes; and 2:1 ratioisadistortion
of the 1:1 segregation ratio. TheAaaa F, genotypeispossibly a
result of a heterozygous locus of Mundo Novo IAC 464-18

417



TA Teixeira-Cabral et al.

with at least one recessive dlele (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 Arabicacoffee RAPD loci (87 loci - 93.5% of thetotal) showed
1:1 ratio, confirming the morphol ogical and cytogenetic evidences
of its diploid-like meiotic behavior. Lashermes et al. (2000)
observed that the segregation of 3 RFLP heterozygousloci in 14
F, plantswas also in agreement with the expectationsfor 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 (homol ogous pairing).

The5:1 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 tetravalentswererarein the
meiosis of C. arabica (Pinto-Maglio and Cruz 1998). Nine out
of 11 RFLP loci analyzed by Lashermes et al. (2000) followed
tetrasomic inheritancein the arabustainterspecific hybrid (Coffea
arabica x Coffea canephora). It was suggested that the
preferential chromosome pairing in thishybrid 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
(Herreraet a. 2002). In the present study, it might be expected
that Hibrido 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, alow number
of tetrasomic inheritance loci was observed in the backcross
population onfocus. Thisfact could bearesult of: i) Hibrido de
Timor CIFC 2570 was derived from one or more natural
backcross generationsto C. arabica and have partially recovered
thepreferential pairing characteristic of thisspecies; ii) apossible
additional preferential pairing recovery in F, after crossing with
theArabicacultivar Mundo Novo |AC 464-18; iii) heterozygous
loci of Mundo Novo | AC 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 alleleswere derived from the Arabica coffee parent
Mundo Novo IAC 464-18. Since the Hibrido de Timor CIFC
2570 wasderived from an interspecific cross between C. arabica

418

and C. canephora it is possible that the frequency of tetraploid
inheritanceishigher for the heterozygousloci 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 Hibrido de Timor parent can be analyzed
with adominant DNA marker.

There was an excess of heterozygous for four out of 93
markers (4.3%) that segregated 2:1, probably dueto gametophytic
selection or lethal zygotes. Plants derived from the backcross of
arabusta F, hybrid to C. arabica also exhibited segregation
distortion for three out of 11 RFLPloci (Lashermeset al. 2000)
and one out of 13 microsatelite loci (Herreraet 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
homol ogous 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 homeol ogous 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, alot of relevant genetic
information about this speciesistill undiscovered. Efforts should
be made to establish the genetic analysis of Arabicacoffeefor a
better understanding of the inheritance pattern of the genes and
itsapplication in breeding programs, especially thosethat involve
interspecific hybrids. In this context, DNA markers play an
important role.

A partia 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. Thelinkage group sizewas
highly correlated with the number of markers (r = 0.887),
indicating random distribution of the markersin 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 theintervalswerelower 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).

Arabicacoffeeisan alotetraploid and the mapping studies
should be directed to identify 22 linkage groups (n=22) and the
aspectsrel ated to the homeol ogous chromosomes. Linkage maps
of related diploid species might be necessary for comparisonsin
order to distinguish homeol ogous chromosomes. A partial map
for C. arabica was reported with 16 major linkage groups and
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Figure 1. Partial genetic linkage map of Coffea arabica based on 82 RAPD markers. Map distances
incM (Kosambi function) are indicated on the left of the linkage groups and the loci names on
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15 small linkage groups, covering 1802.8 cM of the genome
(Pearl et a. 2004). In C. canephora a genetic linkage map
comprising 160 loci identified 11 linkage groupsthat 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,
Lashermeset al. 1996, 1999) has been abottleneck for mapping
the genome. Hibrido de Timor CIFC 2570 was used here to
increase the number of polymorphic markersto map the Arabica
coffee genome. Besides, Hibrido de Timor was used asrecurrent
parent in the backcross to study the dominant alleles derived
from Mundo Novo |AC 464-18, a standard Arabica coffee
cultivar.

The partial linkage map of C. arabica presented hereisa
significant step towards the mapping of the entire genome using
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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. Theintegration of molecular linkage mapsof C.
arabica will allow geneticists and plant breeders to study and
manipul ate compl ex traits and obtain val uable information about
the polyploid evolution process in plants.
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Heranca de loco simples e mapa parcial de ligacao de
Coffea arabicalL.

RESUMO - Os locos com segregagoes tipicas de dipldides foram predominantes em uma populagdo de retrocruzamento do
alotetrapl6ide Coffea arabica L., embora alguns locos com heranca tetrassdmica ou distorcao da segregacao esperada foram
também observados. Ummapa parcial deligagao génica de Coffeaarabical. foi construido com82 locos de RAPD nesta populagéo
deretrocruzamento de 104 individuos. O mapa cobriu o comprimento estimado de 540.6 cM emoito grupos de ligacdo. O tamanho
do grupo deligacao foi altamente correlacionado com o nlimero de mar cas, indicando uma distribuigéo aleatéria das marcas nos

grupos. A distancia média entre duas marcas foi de 7,3 cM.

Palavr as-chave: café, marcadores molecul ares al otetrapl 6ide, mapa
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