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SUMMARY

The Echinococcus granulosus genome was searched for microsatellites using 8 different repeated oligonucleotides as probes

(GT15, CT15, AT15, CG15, CAT10, CAA10, CGG10 and CATA10). Southern blot experiments revealed that DNA regions

containing GT, CAA, CATA and CT repeats are the most frequent in the E. granulosus genome. AT and CG probes

showed no hybridization signal. Two loci containing CA/GT (Egmsca1 and Egmsca2) and 1 locus containing GA/CT

(Egmsga1) repeats were cloned and sequenced. The locus Egmsca1 was analysed in 73 isolates from Brazil and Argentina

whose strains were previously characterized. Brazilian isolates from cattle strain and Argentinean isolates from camel

strain were monomorphic and shared the allele (CA)7. Argentinean isolates of sheep and Tasmanian sheep strains shared

2 alleles [(CA)8 and (CA)10] with Brazilian isolates of sheep strain. The allele (CA)11 was found only in Brazilian isolates of

sheep strain at a low frequency. The Brazilian and the Argentinean sheep strain populations were tested for the Hardy-

Weinberg equilibrium, and only the former was in agreement with the expectations. No polymorphism was found among

individual protoscoleces from a single hydatid cyst, validating the utilization of pooled protoscoleces from 1 cyst, grouped

as an isolate, in population studies. This work describes for the first time the isolation and characterization of micro-

satellites from E. granulosus.
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INTRODUCTION

Echinococcus granulosus is a small endoparasitic flat-

worm causative of hydatid disease in intermediate

hosts (wild and domestic herbivores and also man)

and of echinococcosis in definitive hosts (canids).

The hydatid disease is one of the most important

zoonosis (Thompson & Limbery, 1995). Although

control programmes against human hydatid disease

have been established in some countries and effec-

tive strategie controls are available, the parasite

has still a wide geographical distribution affecting

many countries of all continents (Eckert, Conraths

& Tackmann, 2000).

Microsatellites are tandemly repeated DNA seg-

ments, with short repeat units (f6 bp), which are

usually polymorphic in number (Tautz, 1989;

Weber &May, 1989; Litt & Lutty, 1989). Because of

their high abundance, widespread distribution and

high heterozygosities in the genomes of various or-

ganisms (Stallings et al. 1991), microsatellites are

useful in studies of population structure, molecular

epidemiology and genomic mapping.

Although a variety of microsatellite loci have been

described in parasites, we noticed only 2 such studies

in Cestoda. Pentanucleotide repeats were found

within the E. multilocularis U1 snRNA gene com-

plexes, which discriminated parasites from different

localities (Bretagne et al. 1996). Also, 5 polymorphic

loci were isolated from the tapeworm Schistocephalus

solidus (Binz et al. 2000). No microsatellite markers

have been described for E. granulosus to date. Since

the species has a high degree of differentiation, and

strains are supposed to differ in developmental, trans-

mission and other features, microsatellites would be

valuable markers for epidemiological and clinical

studies. In this work the presence and abundance of

microsatellites in E. granulosus genome was analysed
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by Southern hybridizations. We also isolated and

characterized 2 CA and 1 GA repeat loci. We used

one of the CA loci for a preliminary population

analysis.

MATERIALS AND METHODS

Southern hybridization

Total DNA obtained from protoscoleces of a single

hydatid cyst was digested with AluI, TaqI, RsaI,

EcoRI orHindIII, electrophoresed in a 0.8% agarose

gel and transferred to nylon membranes (Hybond

N+, Amersham-Pharmacia). The hybridization was

carried out according to Sambrook & Russell (2001).

Eight different 32P-labelled oligoprobes (Table 1)

were used for hybridization with DNA of E. granu-

losus. The temperature of hybridization and the strin-

gency of washing conditions varied according to the

Tm (melting temperature) of each oligonucleotide

(Table 1).

Microsatellite isolation

(CA)n, (GA)n, and (TA)n repeats were isolated as de-

scribed earlier (Refseth, Fangan & Jakobsen, 1997;

Oliveira et al. 1998), with somemodifications. Geno-

mic DNA was digested with TaqI (Gibco BRL) and

500 ng of fragments were ligated to 50 pmoles of an

adapter at 16 xC overnight using 1 unit of T4 DNA

ligase (Gibco BRL). Then 100 ng of the ligation

product were mixed with 20 pmoles of one of the

biotinylated oligonucleotides GATGATCCGAC-

GCAT(CA)12, GATGATCCGACGCAT(GA)12 or

GATGATCCGACGCAT(TA)12 in 50 ml of TE

buffer (10 mM Tris–HCl, pH 8.0; 1 mM EDTA,

pH 8.0) containing 2 mM of the TaqI-20 mer oligo-

nucleotide to avoid hairpin formation. The mixture

was heated to 95 xC for 10 min and then annealed

at 60 xC (or 40 xC for AT-repeats) for 1 min. The

fragments containing the repeats were captured

by streptavidin-coated magnetic beads (Dynabeads

M280, Dynal) and amplified by PCR (polymerase

chain reaction) in a 50 ml reaction volume containing

10 pmoles of the adapter oligonucleotide, 2.5 units

of Taq DNA polymerase (Cenbiot), 100 mM of each

dNTP and Taq buffer (10 mM Tris–HCl, 50 mM

KCl, 4 mM MgCl2). The samples were incubated at

94 xC for 3 min and subjected to 23 cycles consisting

of 1 min at 94 xC for denaturation and 3 min at 72 xC

for annealing and extension and then incubated for a

final extension for 5 min at 72 xC. PCRproductswere

purified in GFX columns (Amersham-Pharmacia)

and cloned in the pGEM-T Easy Vector (Promega).

Plasmid inserts were sequenced using the DYE-

namic Dye Terminator Cycle Sequencing kit for

MegaBACE (Amersham-Pharmacia).

E. granulosus isolates

A total of 73 E. granulosus metacestode isolates

(Table 2) from the Southern region of Brazil and

from different Argentinean provinces were analysed.

Strains were identified as follows. In a previous

study, Kamenetzky et al. (2002) sequenced the mi-

thocondrial cytochrome c oxidase I gene and com-

pared their results with the published sequences

(Bowles, Blair &McManus, 1995). In another study,

the strains from Brazilian samples were identified

by SSCP of 6 different DNA segments: the non-

coding introns from genes ActII and Hbx2, part of

the coding region of the nuclear antigen B, part of

the mithocondrial NADHdehydrogenase 1 gene, the

non-coding 5k flanking region of the cytosolic MDH

(malate dehydrogenase) gene and the 3k flanking

region of Ag6 (a calcium-binding protein) gene. The

obtained patterns were compared to reference iso-

lates from each strain (Haag et al. 1999).

DNA amplification and analysis of microsatellite loci

Primers were designed complementary to the

sequences flanking the CA/GT (Egmsca1-F: 5k
CGAAAGTGATGACAAACCAA 3k and Egms-

ca1-R: 5k GCTTGATGGAGATGAGGTCG 3k)

Table 1. Oligonucleotide sequences used as probes and conditions used in the hybridization experiments

Oligo
sequence

Oligo Tm
(xC)

Hybridization
temperature (xC) Membrane washing conditions

(GT)15 90 65 2rSSC; 0.1% SDS, 50 xC, 10 min (twice) 1rSSC;
0.1% SDS, 50 xC, 10 min (once)

(CT)15 90 65 2rSSC; 0.1% SDS, 50 xC, 10 min (twice)
1rSSC; 0.1% SDS, 50 xC, 10 min (once)

(AT)15 60 40 5rSSC; 0.1% SDS, room temperature, 5 min (twice)
(CG)15 Undetermined 65 2rSSC; 0.1% SDS, 50 xC, 10 min (twice) 1rSSC;

0.1% SDS, 50 xC, 10 min (twice)
(CAT)10 80 60 2rSSC; 0.1% SDS, 50 xC, 10 min (3 times)
(CAA)10 80 60 2rSSC; 0.1% SDS, 50 xC, 10 min (3 times)
(CGG)10 Undetermined 65 2rSSC; 0.1% SDS, 50 xC, 10 min (twice) 1rSSC;

0.1% SDS, 50 xC, 10 min (once)
(CATA)10 Undetermined 65 2rSSC; 0.1% SDS, 50 xC, 10 min (3 times)
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and GA/CT repeats (Egmsga1-F: 5k TGACGGC-

GATGATGAGATAG3k and Egmsga1-R: 5kCCT-

TGCCACACGCTACACTG 3k). PCR was carried

out in a 50 ml reaction volume containing 10–20 ng of

the genomic DNA from protoscoleces of a single

hydatid cyst, 20 pmoles of each primer, 10 mM Tris–

HCl, pH 8.5, 50 mM KCl, 1.5 mM MgCl2, 100 mM
of each dNTP and 2.5U Taq DNA polymerase.

Control reactions with bovine, ovine and human

DNAs were carried out to certify that no contami-

nation with host DNA was present in templates.

PCR products were electrophoresed in 40 cm long

8% polyacrilamide gels and visualized by AgNO3

staining. The different alleles found were manually

sequenced to verify the number of repeats, utilizing

the Thermo-Sequenase Radiolabeled Terminator

Cycle Sequencing Kit (Amersham-Pharmacia).

Microsatellite analysis in individual protoscoleces

from single hydatid cysts

In order to analyse possible genetic variation among

individual protoscoleces from a single hydatid cyst,

protoscoleces from 6 cysts were isolated under a

microscope, added to 25 ml of distilled H2O, in-

cubated with 2 mg of proteinase K at 50 xC for 1 h

and at 95 xC for 20 min, under mineral oil. PCR was

carried out in a 50 ml reaction volume containing the

lysed protoscolex, 10 pmoles of each Egmsca1-F and

Egmsca1-R primers, 10 mM Tris–HCl, pH 8.5,

50 mM KCl, 1.5 mM MgCl2, 100 mM of each dNTP

and 2.5UTaqDNApolymerase. PCR products were

electrophoresed in 40 cm long 8% polyacrilamide

gels and visualized by AgNO3 staining. The PCR

product of 1 individual from each cyst was sequenced

to determine the length of the microsatellite. The

cysts used in this experiment were removed from

bovine hosts from Southern region of Brazil.

Statistical analysis

All statistical analyses were performed with Gene-

pop (v3.1b, a program developed by Raymond &

Rousset (1995a). Only the Brazilian and Argentinean

populations from sheep strain (with n>10) were

tested. Hardy-Weinberg proportions were tested by

an exact test on contingency tables (Weir, 1990).

Within this test the P-value corresponds to the sum

of probabilities of all tables (with the same allelic

counts) with the same or lower probability than the

probability of the observed samples, which is used to

define the rejection zone. A Markov chain is used

to explore adequately the space of possible tables.

Tests for genic and genotypic differentiation (con-

cerned with the distribution of alleles and genotypes

in the various populations) were performed on con-

tingency tables by a Fisher exact test (Raymond &

Rousset, 1995b) and a G-based test (Goudet et al.

1996). Fis and Fst estimations were calculated

following Weir & Cockerham (1984).

RESULTS

Detection of microsatellites in the E. granulosus

genome

The hybridization of 6 different probes [(GT)15,

(CT)15, (CAT)10, (CAA)10, (CGG)10, (CATA)10] to

E. granulosus genomic DNA generated a pattern of

single or multiple bands ranging from approxi-

mately 0.3 to 10 kb (Fig. 1). The probes (GT)15,

(CAA)10, (CATA)10 and (CT)15 showed the highest

number of hybridizing bands, independently of the

restriction enzyme used. Among these repeated

sequences, GT and CAA were the most abundant

type of microsatellites in the E. granulosus genome,

followed by CATA and CT repeats.

The hybridization with the probes (CAT)10 and

(CGG)10 generated only a small number of bands.

No hybridization was observed with probes (AT)15
and (CG)15 (data not shown).

Isolation and characterization of sequences

containing dinucleotide repeats

Several clones containing perfect CA and GA-

repeats were isolated, but only 3 of these presented

both flanking sequences (Egmsca1, Egmsca2 and

Egmsga1) (Fig. 2). The other clones presented 1

flanking sequence and 1 end with the sequence

Table 2. Number of Echinococcus granulosus isolates from different

geographical regions, strains and hosts analysed in the study

Region Strain Intermediate host Number

Brazil (Southern region) Sheep Bovine, Ovine 38
Brazil (Southern region) Cattle Bovine 6
Argentina (Buenos Aires,
Neuquén, Rı́o Negro,
Tucumán and Santa Cruz
provinces)

Sheep Humans, Ovine 17

Argentina (Tucumán) Tasmanian
Sheep

Humans 5

Argentina (Rio Negro and
Neuquén)

Camel Humans 7
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GATGATCCGACGCAT, due to internal priming

of the biotinylated oligonucleotide leaking from the

magnetic beads. From the 3 complete isolated se-

quences, 1 contained the microsatellite near to an

insert end, impeding the design of a primer on this

flanking extremity (Egmsca2). Primer pairs were de-

signed to amplify Egmsca1 andEgmsga1 loci (Fig. 2).

Attempts to isolate TA-repeats were made, despite

the negative result in the Southern experiment, to

ascertain a possible failure in hybridization with the

(TA)15 probe, related to its low Tm. However, no

clones were isolated containing this type of repeat.

Polymorphism of the Egmsca1 locus

No polymorphism was found among 150 proto-

scoleces from a single hydatid cyst. Twenty proto-

scoleces from 5 additional cysts were also analysed,

and no variation was found. All individuals were

homozygotes for Egmsca1 locus, with a (CA)7

Fig. 1. Presence and abundance of microsatellites in Echinococcus granulosus. Total DNA obtained from protoscoleces

of a single hydatid cyst was digested with AluI (1), TaqI (2), RsaI (3), EcoRI (4) or HindIII (5), electrophoresed in 0.8%

agarose gel, transferred to nylon membranes and hybridized to the following 32P-labelled oligonucleotide probes:

(A) (GT)15 ; (B) (CT)15 ; (C) (CAA)10 ; (D) (CAT)10 ; (E) (CGG)10 ; (F) (CATA)10.
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(1 cyst), (CA)8 (1 cyst) or (CA)10 repeat (4 cysts), as

revealed by sequencing.

Four alleles were found among the 73 studied iso-

lates, which were confirmed by sequencing the PCR

products from several homozygote and heterozygote

individuals: (CA)7, (CA)8, (CA)10 and (CA)11 (Fig. 3).

The allelic frequencies are shown in Table 3. The

allele (CA)7 was found only in cattle and camel

strains. The sheep and the Tasmanian sheep strains

shared the alleles (CA)8 and (CA)10. The allele (CA)11
was detected only in the sheep strain isolates from

Brazil.

Microsatellite data from the Egmsca1 locus

showed significant heterozygote deficiency in the

Argentinean sheep strain population (P<0.05). The

Brazilian sheep strain population agreed with

Hardy-Weinberg genotype expectations (P>0.05).

The genotype frequencies and heterozygosities for

each population are presented in Table 4.

No genetic differentiation was detected be-

tween the Brazilian and Argentinean sheep strain

populations (P>0.05). The values of Fis and Fst

were, respectively, 0.48 and x0.02, considering the

whole sample of sheep strain isolates separated into 2

populations (Brazil and Argentina).

Despite our attempts to optimize PCR conditions,

the analyses on the Egmsga1 locus resulted in a high

number of amplification bands, and were not used in

the population study.

DISCUSSION

The isolation of microsatellites and their flanking

sequences from genomes is frequently a laborious

and expensive exercise, except for those organisms

whose genomes have been completely sequenced or

from which a high number of sequences has been de-

posited inData Banks. The analysis ofmicrosatellites

by Southern blot using repeated oligonucleotides as

probes can provide valuable information before the

repeat isolation.

Fig. 2. Sequences of 3 Echinococcus granulosus microsatellite repeats and flanking regions. (A) Egmsca1 (GenBank

AF459418): sequence containing a perfect stretch of 10 CA repeats; (B) Egmsca2 (GenBank AF502944): sequence

containing a perfect stretch of 9 CA repeats (C) Egmsga1 (GenBank AF459419): sequence containing a perfect stretch

of 13 GA repeats. Primer pairs designed for Egmsca1 and Egmsga1 loci are underlined.
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Among the repeated oligonucleotides we used for

hybridization with DNA of E. granulosus, the probes

(GT)15, (CAA)10, (CATA)10 and (CT)15 showed the

greatest number of hybridized bands in E. granulo-

sus. GT repeats (or CA) have been reported as the

most frequent microsatellite motifs in several ani-

mal genomes (Tautz, 1989; Weber & May, 1989;

Stallings et al. 1991; Katti, Ranjekar &Gupta, 2001).

AAC microsatellites are among the most frequent

trinucleotide repeats found in the human,Drosophila

and yeast genomes, and CATA microsatellites are

the most frequent tetranucleotide repeats found

in Drosophila (Katti et al. 2001). We conclude that

the (AT)15 and (CG)15 repeats are absent in the

E. granulosus genome, or present at very low fre-

quencies, because no hybridization signal was ob-

served for these probes. A lack of CG repeats was

reported in human, mouse, Caenorhabditis elegans,

Drosophila melanogaster, Arabidopsis thaliana and

yeast genomes (Dokholyan et al. 2000; Katti et al.

2001). Moreover, our attempts to isolate (TA)n re-

peats have all failed. We were able to isolate CA/GT

and GA/CT microsatellites, proving that the analy-

sis by genomic Southern blot is helpful to study their

distribution and abundance as a previous step in the

isolation strategy.

Since microsatellites are unstable sequences,

due to their repetitive nature (Eisen, 1999), DNA

Table 3. Egmsca1 allele frequencies in each population

Population

Alleles

(CA)7 (CA)8 (CA)10 (CA)11

Brazil – sheep strain 0,000 0,039 0,922 0,039
Brazil – cattle strain 1,000 0,000 0,000 0,000
Argentina – sheep strain 0,000 0,059 0,941 0,000
Argentina – Tasmanian sheep strain 0,000 0,200 0,800 0,000
Argentina – camel strain 1,000 0,000 0,000 0,000

Table 4. Genotype frequencies and heterozygosities for the Egmsca1 locus in each population analysed

Population*

Genotype frequencies

Hobs# Hexp$(CA)7/(CA)7 (CA)8/(CA)8 (CA)10/(CA)10 (CA)11/(CA)11 (CA)8/(CA)10 (CA)10/(CA)11

SS – B 0 0 0.868 0.026 0.080 0.026 0.11 0.15
CS – B 1.000 0 0 0 0 0 0 —
SS – A 0 0.059 0.941 0 0 0 0 0.11
TSS – A 0 0 0.600 0 0.400 0 0.40 0.36
CmS – A 1.000 0 0 0 0 0 0 —

* SS – B, sheep strain from Brazil ; CS – B, cattle strain from Brazil ; SS – A, sheep strain from Argentina; TSS – A,
Tasmanian Sheep from Argentina; CmS – A, camel strain from Argentina.
# Hobs, observed heterozygosity.
$ Hexp, expected heterozygosity (calculated only for non-monomorphic populations).

Fig. 3. Analysis of different Egmsca1 genotypes. The regions containing CA-repeats were amplified by PCR and analysed

by polyacrylamide gel electrophoresis. The gel was stained with AgNO3. MM, molecular marker; (1) homozygote

CA7/CA7 ; (2) homozygote CA8/CA8 ; (3) homozygote CA10/CA10 ; (4) homozygote CA7/CA7 ; (5) heterozygote CA8/CA10 ;

(6) heterozygote CA9/CA10 ; (7) heterozygote CA10/CA11 ; (8) control (DNA fragment amplified by PCR from the

recombinant plasmid containing 10 CA repeats of Egmsca1 locus).
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replication slippage during the asexual reproduction

stage of E. granulosus could lead to differences among

protoscoleces. The Egmsca1 locus was successfully

amplified in 150 protoscoleces taken at random from

1 single cyst and no genetic differences were ob-

served. Twenty protoscoleces isolated from each of

5 additional cysts showed no within-cyst differen-

tiation too. These results validate the use of proto-

scoleces from a whole hydatid cyst in studies of

E. granulosus population genetics, utilizing micro-

satellites as molecular markers.

The Egmsca1 genotype distributions confirmed

that both selfing and outcrossing occur in E. granu-

losus, as reported by other authors (Lymbery,

Thompson & Hobbs, 1990; Haag et al. 1999). The

negative value found for Fst in this locus indicates

that the Brazilian and Argentinean populations from

the sheep strain are not structured. The analysis of a

larger number of microsatellite loci will be required

to enhance the sensitivity of detection of within-

strain geographical differences. Indeed, only one

allele [(CA)7] was shared by the cattle and camel

strains. The phylogenetic relatedness of these strains

was previously shown in three parsimonious trees

constructed from mitochondrial data sets (Bowles

et al. 1995).

In conclusion, microsatellites are fully distributed

in E. granulosus genome, and their polymorphism is

useful to detect strain as well as some geographical

differences. For this reason, we are working on the

isolation and characterization of more loci, which

could be used as a panel for different studies on

population structure, genetic epidemiology and di-

agnosis of hydatid disease.
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