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Witches' broom disease of cacao (Theobroma cacao L.), caused by Crinipellis perniciosa (Stahel) Singer, is the most importam
disease of cacao in the cacao growing areas of South America and Caribbean Tslands. Very little is known about the genetic biology
of the pathogen population, and this infonnation is very importam to the host improvement programs and deployment of resistant
planting material. A collaborative America Countries intemational program was initiated to identify and describe the genetic diversity
of Crinipellis perniciosa in South America. Microsatellites (SSR) constitute highly infonnative genetic markers for popuJation genetic
studies due to their co-dominant and multiallelic nature and distribution in the genome. SSR primers were searched in the C.perniciosa

genome data base and designed as potential candidates to define an efficient, standardized, molecular fingerprinting protocol for this
pathogen. These primers have been evaluated for reliability, widespread disttibution across the C.perniciosa genome and their ability
to discriminate isolates ofthis fungus. The final objective here is to study the diversity structure ofthe C. perniciosa population
from the main cacao growing area in South America countries. Preliminary results are reported.
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Desenvolvimento de marcadores microsatélite para análise genética de Crinipellis
perniciosa. A doença vassoura-de-bruxa do cacaueiro (Theobroma cacao L.), causada pelo fungo Crinipellis perniciosa

(Stahel) Singer, é a principal enfennidade desta cultura na América do Sul e Ilhas do Caribe. Pouco se sabe sobre a biologia e o
comportamento genético deste fitopatógeno, infonnaçào importante para o desenvolvimento de variedades resistentes à vassoura­
de-bruxa. Um consórcio intemacional foi iniciado para descrever a diversidade genética do Crinipellis perniciosa na América do Sul.
Microsatélites (SSR) constituem marcadores genéticos altamente informativos para estudos genéticos de população, devido a sua
natureza co-dominante e distribuição no genoma. SSR foram procurados na base de dados do C. perniciosa e selecionados como
candidatos potenciais para o estabelecimento de um protocolo de jingerprin/ing para este fitopatógeno. Estas regiões de SSR
foram avaliadas quanto a sua distribuição no genoma do C. perniciosa e poder descriminativo entre os isolados da espécie. O
objetivo final deste trabalho foi estudar a estrutura genética em populações de C. perniciosa provenientes de regiões produtoras
de cacau de países da América do Sul. Os resultados preliminares deste trabalho são descritos.

Palavras-chave: Vassoura-de-bruxa, Theobroma cacao, diversidade genética.
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Introduction Table I. Isolates of Crinipel/is perniciosa and Moniliophtora
roreri screened for SSR amplifieation

* Numbers of isolares wirhin parentheses.

Isolation of microsatellites

Crinipellis perl1lClOsa database (http://

www.lge.ibi.unicamp.br/vassoura/) was screened for the

presence of SSR. Primer pairs complementary to the
flanking regions of the microsatelIite sequences were

designed using either the computer program PRIMER3
(www-genome. wi. mil. ed u/cgi - b i n/pri mer/

primer3 _www.cgi)orolig04.0.Primers were designed
in a way ofyielding PCR products ofthree different sizes.
Sixty six microsatellites with di-tri and tetra motifs were

screened in Crinipe/lis sequences (Table 2). Sixty-three
primers were designed and tested in 3% agarose gel.

1nfected tissues, taken from vegeta tive brooms and

diseased pods, were harvested, surface-sterilized and
incubated on Crinipe/lis nutrient selective medium for 3­

8 days. The morphology of the derived cultures was
carefully observed in order to confiml their identity. Ali

fungal cultures were grown in Malt 50% for 12 days.
Mycelia were filtered through Whatman No. 1 filter paper,

washed twice with TE buffer (10mM Tris-HCI; lmM

EDTA, pH 8.0), Iyophilised and total DNA was extracted
as described by Zolan and Pukila (1986). The amount of
DNA was quantified by eJectrophoresis and

spectrophotometry. The DNA samples were diluted in
100 ~I sterilized water adjusted to 1 ng ~I-I and stored at
-21°C for further use. Samples that showed degradation
ofDNA in electrophoresis gels were discarded and DNA

extraction was repeated. RNA was eliminated by adding
3 ~I of RN Ase.

1n 1989, witches'broom disease (Crinipe/lis

perniciosa) was introduced in Sahia (Pereira et aI., 1989),

causing a tremendous drop in yield. The severity of lhe
disease was higher than in other regions due to a combination
of several factors favorable to the disease, such as a

continuous large area (600 thousand hectares) cultivated as
a monoculture, with highly susceptible varieties and with a
climate favorable to the development ofthe epidemics.

Crinipellis perniciosa is a very unique basidiomycete,

as it belongs to a restricted group of basidiomycetes,
that is hemibiotrofic and has a homomictic reproductive
strategy (Griffith and Hedger, 1994), features found in

only 1% of alI basidiomycetes. While much research has

been conducted on population structure of fungal
pathogens (Mc Donald 1997), knowledge on the
population structure of C. perniciosa is sparse and most
work has been focused primarily on understanding the

origin of the fungus in Sahia (Anderbrhan et aI. 1999;
Gomes et 01. 2000; Arruda et aI. 2003).

Simple sequence repeat (SSR) markers are potentially
valuable tools for studying genetic variation within genotypes.

Microsatellites are highly polymorphic due to their variable
number of repeat and highly reproducible and easy to score.
The primers also provide specificity for a particular species;

therefore, the markers can be applied to samples therefore
avoiding the potential problems associated with nonspecific
markers on contaminated samples. They are ideal
molecular markers for studying genetic variation within

populations (Jarne and Lagoda 1996).
At present, library development and screening is lhe

common way to isolate relatively large quantities of
SSRs, but the investments in time and money can make

this process expensive. Database screening provides the
most readily available source of SSRs to anyone with
access to a sequencing data base. As part of our research
in population dynamics Crinipellis perniciosa, we

initiated this study to develop locus-specific
microsatellite markers, and applied these to a collection

of 600 isolates of C. perniciosa. The genome database
was searched for the presence of SSR. The objective
of this search was to assess the frequency of different
motifs and to check the general applicability of lhese

primers in amplifying DNA from other biotypes, and

other closely related species (Moniliophthora roreri).

Materiais and Methods

c- biotype

S- biotype

Moniliophthora roreri

Bahia (91)*
Amazonas (2)
Peru (I)
Ecuador( I)

Solanum l)'cocarpw/1 (I)
Solanulll rugoso (I)
Orllloseu arborea ( I)

Peru( I)
Ecuador( I)

Total: 100 isolates

Fungal Isolates and DNA extraction
One-hundred isolates of C. perniciosa were used in

this study. The isolates are listed in Table I.
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PCR Analysis and Amplification
PCR reactions were carried out in a volume of20 ~

containing 5 ng ofDNA template, 0.4 f1Mof each primer,
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1.5 mM MgCI2, 0.2 mM dNTPs, IX reaction buffer and
1 unit of Taq DNA polymerase (Amersham Pharmacia
Biotech or PeqLeb). PCR products were first checked
using 3% agarose gel stained with ethidium bromide.
Primers pairs with good amplification were screened for

polymorfism in 5% polyacrylamide gels.
Ten primers were radiolabelled and checked on

acrylamide gel. This step was done at CIRAD.
Radioactive PCR were as follow: 5 IlL forward primer

(100 !1M) was end-labelled using 10 III [ã_32P) -ATP, 2

IlL ofT4 kinase buffer, and 3 III ofT4 DNA kinase were
brought to a final volume of 30 III with sterile ddH20.
The contents were mixed and incubated at 37°C for 1 h.

The reaction was stopped by incubation at 70°C by 10
mino For the radioactive PCR reaction, 31ll ofradioactive

prime r and 51ll of nonradioactive primer (together, 4 !1M)
were used following the PCR protocol. Eletrophoresis of
radioactive products was carried out in 5% denaturing

TBE acrylarnida gel. The gels were dried at 80°C for 1.5 h.
AlI the amplifications were performed with a Touch

Down PCR, encompassing 10 cycles of denaturation at

94°C for 4 min, primer annealing at 60-48°C using I.O°C
decrements, and extension at noc for 1 min, followed

by 20 cycles at 94°C for 4 min, 48°C for 1 min, and
noc for 1 min, and a final 4-min extension at noc.

Results and Discussion

Sixty-three primer pairs, each flanking a distinct
microsatelIite locus, were first tested on a set of 16

isolates including isolates ofthe two biotypes . Most of

the primer pairs produced locus-specific amplicons in
PCR. Of the primer pairs designed, 28 were tested on
polyacrilamide gel. Six loci were polymorphic and
another 13 remain to be screened for polymorphism
(Figure 1). Almost ali alI eles found differed in size by

three base pairs or multiples oftwo base pairs. There is
one case where three successive alle1es differed by only

one base pair (Table 2).

Table 2. Characterization of microsatellite products in isolates of Crinipellis perniciosa.

PRIMER15
PRIMER 16PRIMER23PRIMER 19PRIMER 14PRIMER22

Nb. ali eles

73332 2

1°

176209202197235198

2°

177212206200239201

3°

180221214206

4°

186

5°

194

6°

197

7°

200

--0 0-

- .- - .•. ,··
_ .....__ t_ •.• _

,
,~.- -, .•.. ....,

1·
__ ~ I ---~-· .·

..,. ~·f-·'·.
)

8 -- [I]
7

2

6

o·
PRIMER 15 PRIMER 16 PRIMER 23 PRIMER 19 PRIMER 14 PRIMER 22

Locus

Figure I. Histogram depicting the number of alleles that occurred at each locus.
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Overall tetranucleotide repeat microsatellites showed
higher levels of polymorphism than three dinucleotide

repeat regions. Average heterozygosities ranged from
0.02-0.5. Preliminary results indicated that Bahia
population do indeed have reduced genetic diversity

when compared with the others populations. Primer sets
were also tested to check the general applicability of

these primers in amplifying DNA from closely related
biotypes and species. Cross species amplification was

successful in allloci. We have identified three loci very
use fuI to distinguish isolates from different biotypes,

aíJd a fourth one (primer 23) that identified the most
pathogenic isolate. Four primers differentiated isolates
from other countries.

The isolate from Moniliophthora gave repeatable and

scored pattems in ali loci. Our results may therefore
indicate a recent common ancestor for the

Moniliophthora roreri studied. These preliminary results
suggest the usefulness of the primers in population

studies may go beyond the present study of the C.
perniciosa and a have applications in population genetics
of M roreri.

Microsatellites c1early exist in large numbers in the

genome of C. perniciosa, but their variability is lower

than reported for other fungi. This low leveI ofvariability
is manifested in two ways. First, the number of

polymorphic loci was low. Among the 28 loci screened,
only seven were found to be polymorphic. Second, the
number of ali eles at the polymorphic loci was low. The
number of alleles in each locus ranged from 2 t07 among

isolates of C. perniciosa from a wide geographic area.
In contrast, in Venturia inaequalis, seven polymorphic
loci were found in 23 sequenced clones and the number
of alleles in each locus ranged from 2 to 48 (Tenzer et

a} 1999). Also in Aspergillus fumigatus, 10-23 different
alleles were detected in four microsatellite loci among
102 isolates (Bart-Delabesse et aI. 1998).

Although, We will test the effectiveness ofthe silver
staining process to detect polymorphisms in the

remaining loci, automated detection of microsatellite
ali eles with fluorescent dye-Iabeled primers would be
most efficient for studying populations. However, it is

prudent to determine the feasibility of the designed

primers and polymorphisms of the defined loci before
attaching fluorescent dyes to the primers.

Given their leveI of polymorphism, the primers
presented here should prove to be useful for investigating
the population genetic structure of Crinipellis perniciosa
and Moniliophthora rorei. This work is under way.
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