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Abstract Theobroma cacao L.—Moniliophthora
perniciosa expressed sequence tags (ESTs) were
converted into useful satellite markers for population
analysis and genetic mapping. Forty-nine flanking
primer pairs from TSH1188 (a resistant genotype) and
Catongo (a susceptible genotype) ESTs were designed
and screened for polymorphism analysis. Eleven were
polymorphic, with an average of 3.81 alleles per locus
and a total of 42 alleles. The satellite markers were
tested on 21 cacao accessions and two bulked DNAs
generated from 6 resistant and 6 susceptible plants
from a segregating F, (SCA6 x ICS1) population for
witches’ broom resistance. These results show that
EST-derived microsatellites (short sequence repeats,
SSRs) in Theobroma cacao have many potential
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applications in linkage mapping and the planning of
crosses.
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The cacao crop (Theobroma cacao L.) is grown by
about two million producers, in more than 50 countries
(Knight 2006). Witches’ broom disease, caused by the
fungus Moniliophthora (=Crinipellis) perniciosa
(Stahel) (Aime and Phillips-Mora 2005), is one of the
major cacao diseases in South America and the
Caribbean Islands, destroying plantations and leading
to important economic and social changes in disease
areas such as the State of Bahia in Brazil (Albuquerque
2006). Among the strategies for disease control, the
most efficient is the use of resistant cacao genotypes.
The actual base of cacao resistance to M. perniciosa is
predominantly based on Scavina 6 sources. Unfortu-
nately the fungus is adapting to and overcoming the
Scavina’s resistance (Pires 2003), so the main objec-
tive of breeders is to increase resistance durability
by obtaining new sources of cacao resistance and
to develop a pyramidizing gene strategy. To select
genotypes with new resistance genes, molecular data
such as expressed sequence tags (ESTs) (Zaidan et al.
2005; Gesteira et al. 2007) and EST-short sequence
repeats (SSRs) markers have been developed. Herein,
3,487 cacao—M. perniciosa interaction ESTs, includ-
ing 2,280 from TSH1188 (a resistant genotype) and
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1,207 from Catongo (a susceptible genotype), were
screened for SSR detection, and 11 polymorphic SSRs
were obtained for subsequent analysis of population
and genetic mapping.

From the SSRs identified, we designed 49 flanking
primers pairs for polymorphism analysis using either the
PRIMER 3 (www.genome.wi.mit.edu/cgibin/primer/
primer3_www.cgi) or the Primer Design Report soft-
ware. These primers were tested in 23 accessions, being
21 genetically distinct and resistance genotypes and 2
bulked DNAs generated from 6 resistant and 6 suscep-
tible plants from a segregating F, (SCA6 x ICS1)
population for witches” broom resistance. Leaf samples
from each genotype were harvested and used for DNA
extraction according to Doyle and Doyle (1990). The
polymerase chain reaction (PCR) (20 pl) was as
follows: 30 ng of DNA, 0.2 mmol 17! of each primer,
2.0 mmol 17" MgCL, 0.2 mmol 17" of each dNTP
(Ludwig Biotecnologia Ltd.), 1x buffer, and 1 U Tag
DNA polymerase (Ludwig Biotecnologia Ltd.). PCR
products were first checked using 3% agarose gel and
stained with ethidium bromide, then the evaluation of
the polymorphism was made on 6% denaturing TBE
acrylamide gel stained with silver nitrate according to
Creste et al. (2001) and Gramacho et al. (2007).

Each locus was tested for Hardy—Weinberg equi-
librium (HWE), and genetic diversity parameters were
assessed in terms of observed number of alleles (NA),
observed heterozygosity (Hp), and expected hetero-
zygosity (Hg) using Genetix (version 4.05.2; Belkhir
et al. 1999). A test for linkage disequilibrium was
conducted using FSTAT software (Goudet 2001).

From the 49 microsatellite loci tested, 37 (66 %)
produced robust alleles, with 13 (35%) being poly-
morphic (locus msEstTsh-3 was observed as the most
polymorphic), and 24 (65%) being monomorphic for
the accessions tested. The remaining 19 (34%) failed to
amplify fragments under the various conditions tested.
The analyses of 21 cacao accessions using 11 micro-
satellite loci revealed a total of 42 alleles. The number
of alleles per locus ranged from 2 to 6, with an average
of 3.81 alleles per locus (Table 1). The observed
heterozygosity varied among loci from O to 0.67, with
an average of 0.29. The expected heterozygosity varied
among loci from 0.16 to 0.70, with an average of 0.48.
All loci showed a significant deviation from HWE, and
were independent after Bonferroni correction for
multiple tests. Deviations from HWE can point either
to mistyping genotypes, sampling bias or natural

selection. The observed departure from HWE noted
is likely due to the nature of the accessions tested:
cultivated material selected and used to develop
populations segregating for resistance to various
diseases as well as other agronomically important
traits (bean number, productivity, etc.). For each of the
11 sequences, the open reading frame (ORF) was
determined wusing the ORF Finder program
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html) and the
EST-SSR was localized with respect to the ORF
(Table 1). In three cases, the SSRs were located in the
untranslated regions (UTR) (two in the 5 UTR and one
in the 3’ UTR), whereas in the other cases either they
were located in the ORF (four cases) or the location of
the SSR in the cDNA was not clearly determined (four
cases). Such repeat patterns (SSR) in ORFs could
reflect functional selection of amino acid reiterations in
the encoded proteins. Whole-genome analyses have
shown that repeat stretches of small/hydrophilic amino
acids are frequent in proteins (Katti et al. 2000).
Therefore, nucleotide composition might strongly
affect the structures and functions of encoded proteins,
and could be a determining force in the selection of
SSRs in coding sequences.

The results were highly satisfactory as the poly-
morphic loci used herein are the first SSRs derived
from ESTs derived from the cacao—M. perniciosa
interaction. These EST-SSRs, besides allowing map-
ping of expressed sequences on the genetic map, also
have the potential to identify parents with different
resistant genes to witches’ broom. Preliminary results
obtained with the tested accessions showed segrega-
tion between resistant and susceptible accessions for
specific genes related to the polymorphic loci, as well
as the separation between the Scavina 6 genotype and
the other resistant ones, indicating the involvement of
different genes of resistance to witches’ broom
disease. It is important to note that we are leading
with expressed genes from the cacao—M. perniciosa
interaction, and for this reason, the markers identified
from these genes on resistant cacao accessions may
give specific information about plant resistance.
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