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Allozyme polymorphism in populations of Ceratitis capitata from Algeria,
the northwestern Mediterranean coast and Reunion Island.

Abstract — Introduction. In Algeria, the Mediterranean fruit fly Ceratitis capitata Wiedmann
constitutes the main obstacle to production and exportation of many fruits. In studies of the
genetic structure differences of medfly populations, certain authors, using molecular markers,
observed the existence of different patterns among the pest Mediterranean populations. A clear
understanding of the source and migration of the Mediterranean fruit fly would be useful for
undertaking a successful eradication or control program. For this reason, preliminary work
sought to compare the genetic structure of Algerian populations of C. capitata with that of
other populations situated either in the western Indian ocean or on the northwestern Mediter-
ranean coast. Materials and methods. The study of enzyme polymorphism allowed the com-
parison of the genetic structure of four Algerian populations of Ceratitis capitata with one from
Reunion Island and five other populations collected from the northwestern Mediterranean coast
(France and Spain). Enzyme analyses were performed on ground pest adults electrophoresed
on a starch gel. Fifteen loci were analyzed for each population. Results and discussion. In
spite of a wide geographic distribution of the analyzed populations (from a latitude of 24° to
44° N), no gradient of allelic frequencies was observed for any of the polymorphic loci. A
higher genetic variability was observed in the population of Reunion Island than in the pop-
ulations of Algeria or the northwestern Mediterranean coast. No genetic differentiation was
observed among the populations of southern Algeria (Djanet and Ghardaia) and northern
Algeria (Boufarik and Oran).

Algeria / France / Spain / Reunion / Ceratitis capitata / fruit damaging insects /
enzyme polymorphism

Polymorphisme enzymatique de populations de Ceratitis capitata originaires
d’Algérie, du littoral nord-ouest méditerranéen et de I'lle de la Réunion.

Résumé — Introduction. En Algérie, la mouche méditerranéenne des fruits, Ceratitis capi-
tata, est le principal obstacle a la production et I'exportation de fruits. En étudiant les diffé-
rences de structures génétiques entre populations de mouches des fruits a partir de marqueurs
moléculaires, certains auteurs ont observé I'existence de comportements différents parmi les
populations méditerranéennes du ravageur. Une bonne compréhension de l'origine et de la
migration de l'insecte serait utile pour entreprendre son éradication ou adopter des mesures
de contrdle. Pour cette raison, des travaux préliminaires ont cherché a comparer la structure
génétique de populations algériennes de C. capitata avec celle d'autres populations localisées
ou dans I'ouest de I'océan Indien, ou sur le littoral nord-ouest de la Méditerranée. Matériel
et méthodes. L'étude du polymorphisme enzymatique de C. capitata a permis de comparer la
structure génétique de quatre populations d’Algérie avec celle de I'lle de la Réunion et cing
autres populations prélevées sur la céte nord-ouest de la Méditerranée (France et Espagne).
Des analyses d’enzymes ont été effectuées sur des broyats d'insectes adultes étudiés par élec-
trophorese sur gels d’amidon. Quinze loci ont été analysés pour chaque population. Résultats
et discussion. Malgré la large distribution géographique des populations analysées (lat. 24°
a 42° N), aucun gradient des loci polymorphes n’est apparu. Une plus forte variabilité géné-
tique a été observée pour la population de I'lle de la Réunion que pour celles localisées en
Algérie ou sur la cote nord-ouest de la Méditerranée. 1l n'existe pas de différentiation géné-
tique entre les populations isolées du sud de I’Algérie (Djanet et Ghardaia) et celles situées au
nord (Boufarik et Oran).

Algérie / France / Espagne / Réunion / Ceratitis capitata / insecte déprédateur des
fruits / polymorphisme enzymatique
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1. Introduction

In Algeria, the Mediterranean fruit fly Cer-
atitis capitata Wiedmann constitutes the
main obstacle to the fruit production and
the exportation of citrus, apricots and
peaches. The introduction of C. capitata to
the Mediterranean basin was believed to
have occurred in 1842 [1]. Medflies were
reported for the first time in the surround-
ings of Algiers in 1859. This insect was found
in the wasteland and oases where climatic
conditions and a diversification of fruit
species are favorable for its proliferation.

Many authors have studied the popula-
tion variability of C. capitata throughout its
vast geographic distribution area. Huettel
et al. [2] were the first, as far as we know,
to have studied the genetic structure differ-
ences using enzymatic protein elec-
trophoresis. These authors found a higher
genetic variability in a South African popu-
lation than in a population from Israel.

Subsequently, researchers [3-5] worked
on the hypothesis that the ancestral popu-
lations of South Africa, Kenya and Reunion
Island have a higher enzyme polymorphism
than that observed in the populations col-
lected in the Mediterranean basin. These
populations might have been introduced in
small numbers and their present genetic
structure might have resulted from a
founder effect. Under this hypothesis, the
Sahara was supposed to constitute a geo-
graphic bottleneck to the dispersion of
genes originating from ancestral popula-
tions. Gasparich et al. [6], in their study of
several populations of the Mediterranean
basin using molecular markers, observed in
the population of Tozeur, in the south of
Tunisia, the existence of a pattern different
from the other Mediterranean populations.

Algeria has a Sahara geographical area
extending from the latitude 37° to 19° N,
including scattered oases. A clear under-
standing of the source and migration of the
Mediterranean fruit fly would be useful for
undertaking a successful eradication or con-
trol program. For this reason, preliminary
work sought to first compare the genetic
structure of the South-Algerian populations
of C. capitata with that of a population of
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Reunion Island situated in the western
Indian ocean and, secondly, the popula-
tions collected on the northwestern
Mediterranean coast (Spain and France)
and in the Island of Corsica with that of
populations of coastal Algeria.

2. Materials and methods

2.1. Origin of samples

Samples were taken from ten localities on
different host plants (table ). Pupae were
then collected, and the obtained adults
were frozen at —80 °C. Nevertheless, strains
of unknown origin, kept for many years in
the laboratory, were also analyzed. For
these samples, the allelic frequencies were
shown for comparison with natural popu-
lations, but they were not taken into
account in the analysis of results.

2.2. Electrophoretic studies

The adults were ground in 30 uL of tris-
borate-EDTA buffer (pH 7) and were then
analyzed on horizontal gels of starch. Fif-
teen enzyme loci of each population were
analyzed with the exception of the locali-
ties of Ghardaia and Oran (Algeria), for
which only the polymorphic loci were ana-
lyzed. The buffers used were:

— tris-lithium-citrate-borate buffer (pH 8,3)
for aconitase hydratase (Acoh), alcohol
dehydrogenase (Adh), malic enzyme (Me),
glucose-6-phosphate-isomerase (Gpi), hex-
okinase (Hk), leucine-amino-peptidase
(Lap) and phosphogluconate dehydroge-
nase (Pgdh);

— tris-maleate buffer (pH 7,3) for aspar-
tate aminotransferase (Aat), adenylate
kinase (Ak), 3-hydroxybutyrate dehydroge-
nase (Hbdh), isocitrate dehydrogenase
(Idh), 1-lactate dehydrogenase (Ldh),
malate dehydrogenase (Mdh), phosphoglu-
comutase (Pgm) and alpha glycerophos-
phate dehydrogenase (Gpdh).

The analysis of manose-6-phosphate
isomerase (Mpi) and esterase (Est) was
abandoned because of illegibility. Elec-
trophoretic and staining procedures were



Table I.

Locations, dates of sampling and host plants of Ceratitis capitata populations from ten localities of Algeria,

France and Spain.

Country Locality
Boufarik
Djanet
Ghardaia
Oran

Algeria

France Avignon
Montpellier
Perpignan
Corsica
Reunion?

Spain Gerone

@ Southern Hemisphere.

carried out according to Pasteur et al. [7]
and Hillis and Moritz [8].

For each locality, 24 to 96 individuals
were analyzed. As the allele frequencies did
not differ between females and males, the
allele frequencies of the sexes were grouped
together.

2.3. Data analysis

The deviations from Hardy-Weinberg
expectations were analyzed with the test
described by Louis and Dempster [9]. The
F statistics were calculated according to
the formula of Weir and Cockerham [10].
The standard deviations and the confidence
intervals were assessed by the methods of
Jackknife and Bootstrap on loci, respec-
tively. Linkage disequilibrium between loci
was not calculated because the enzymatic
systems were not analyzed on the same
individual. The allelic frequencies were
compared per locus with the exact test of
Fisher and the global test was calculated by
the method of Fisher [11] (for this test, each
locus is considered to be independent).

Different population groups were
pooled according to their geographic dis-
tribution. In these cases, individuals were
grouped together before the calculation of

Populations of Ceratitis capitata from Algeria

Latitude Date
36° 2’ June 1993
24° 0’ July 1996
32° 5 February 1996
35° 8’ May 1997
44° 1’ October 1991
43° 7 October 1991
43° 1’ November 1991
42° 1’ December 1992
21° 2’ July 1999
41° 9’ June 1992

frequencies. The average number of indi-
viduals exchanged between populations at
each generation were calculated according
to the pattern described by Wright [12]. In
this pattern, the gene flow between popu-
lations was determined by the number of
migrants, Nm, whose calculation was based
on the inverse relation between Nm and Fst
(which measures the genetic difference
between populations): Nm = [(1 / Fst—1) /
4]. Another method to calculate Nm [13],
based on private alleles, establishes a rela-
tion between the average frequency of pri-
vate alleles P and the gene flow: {log [p(l)]
=0.505 x log (?\Im) —2.44}. A correction was
used for mean sample size (Ns) by multi-
plying Nm by (25 / Ns) [14]. These calcula-
tions were done with Genepop software
[15] and Biosys [16].

3. Results

3.1. Comparison between populations

Five (Pgm, Aat, Idh, GPI and Hbdh) out of
the fifteen loci tested were found to be
polymorphic for at least one population
(the main allele frequency < 99%) with the
exception of the Gerone population for

Fruits, vol. 57 (3)
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Host plant

Apricot
Bitter orange
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Apple

Apple

Apple
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which all the loci tested were found to be
monomorphic (table I11). For the Reunion
Island population, four other loci (Aco,
Mdh, Adh and Hk) were found to be poly-
morphic, but the allele frequencies were
uncertain and the loci were not taken into
account in the calculations. The level of
heterozygosity varied from 0 for Gerone to
0.116 for Oran (table I1l). The breeding lab-
oratory population presented only two
polymorphic loci (Pgm and Aat) and a rate
of heterozygosity of 0.076 (table IlI).

In three cases, the analysis per locus and
per population gave rise to significant devi-
ation from Hardy-Weinberg expectation:
a deficit of heterozygotes in Oran at Pgm
(P = 0.005), in Reunion Island at Idh
(P < 0.0000) and a case of an excess of het-
erozygotes at Aat (P = 0.0227) in Oran.

The high values of Fis (which measures
deviations within populations) and Fit
(which measures deviations of the whole
populations) observed at the locus Idh
(table 1V) confirmed the deficit in het-
erozygotes. The value of average Fst was
0.0397 with a standard deviation of 0.008
and the confidence limits of 0.0146 to
0.0476. The genetic differentiation between
populations was significant at the 1%
threshold for Pgm, Idh and Aat and the
inter-loci test was highly significant.

The number of migrants (Nm), calcu-
lated by the Fst estimation [10], was 6. This
value was 4 when calculated by the Slatkin
method [13], with one mean private allele
frequency of 0.026. Three private alleles
were observed in the Reunion Island pop-
ulation at the Pgm, ldh and Pgi loci, with
respective percentages of (4.2, 4.7 and 1)%
and one private allele in the Boufarik pop-
ulation at Hbdh (0.5%).

3.2. Comparison of populations
by geographic zones

There was a significant genetic differen-
tiation between the five populations col-
lected in France (Perpignan, Montpellier,
Avignon and Corsica) and Spain (Gerone)
(P = 0.0005) (table V). The differentiation
disappeared when the Montpellier popula-
tion was not taken into account (P = 0.1151).

Fruits, vol. 57 (3)

The four populations of Algeria
(Djanet, Ghardaia, Boufarik and Oran) were
significantly different genetically (P =
0.0039), but the populations of Djanet,
Ghardaia and Boufarik alone were not sig-
nificantly different (P = 0.5003).

The two populations of Montpellier and
Oran shared a high percentage of the same
allele at the Pgm locus, other than the major-
ity allele, respectively (17 and 18.8)%
(table 1) . Nevertheless, in one case (Oran),
a high proportion of this allele was brought
by homozygote individuals whereas in the
other (Montpellier) no homozygotes were
observed. These two populations were not
significantly different (P = 0.4323).

Without the populations of Oran and
Montpellier, the comparison of the seven
remaining populations presented no signif-
icant differences (P = 0.0975, table V).

Comparisons performed on allele fre-
quencies of the Reunion Island population
with the populations of Spain and France
(without Montpellier) and of Algeria (without
Oran) proved highly significant (P < 0.000).

For all comparisons, the Fst value was
relatively low (table V) and Nm values, cal-
culated by the Fst, from 5 to 22.

4. Discussion

Like many other authors [3, 4], we observed
a higher enzyme variability in the popula-
tion of Reunion Island than in those of
Algeria and the northwestern Mediter-
ranean coast (France and Spain). Neverthe-
less, in the studies conducted with a molec-
ular marker (mitochondrial DNA) [6], there
did not seem to be a genetic differentiation
between the isolated populations of the
South (Djanet and Ghardaia) and the popu-
lation of North Algeria (Boufarik). This result
could be explained either by the numerous
fruit and vegetable exchanges between the
different regions or by the effect of winds
[17]. However, in the Oran population, we
observed a high percentage of an allele at
the Pgm locus which makes it possible to
distinguish it from the other three Algerian
populations. This characteristic was also
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Table IV.
Homogeneity tests of allele frequencies and F-statistic for each of five polymorphic
loci for ten populations of Ceratitis capitata of different origin.

Locus Fis Fit Fst P2
Pgm 0.0851 0.1250 0.0428 < 0.0000
Hbdh -0.0177 —0.0061 0.0116 0.1617
Idh 0.9834 1.0478 0.1262 < 0.0000
Aat 0.1412 0.1623 0.0235 0.0036
Pgi —-0.0323 -0.0144 0.0176 0.0121
Mean 0.1572 0.1224 0.0397 < 0.0000°
Standard deviation® 0.0814 0.0834 0.0080

Confidence limitd + 0.3392 0.3696 0.0476

Confidence limitd — 0.0255 0.0406 0.0146

2 Values of Fisher exact test for significant deviations of Fst values from 0.

b Al loci combined.

¢ Assessed by the methods of Jackknife on loci.

d Assessed by the methods of Bootstrap on loci.

Fis, Fit and Fst. measure the deviations within populations, the deviations of the whole populations
and the genetic difference between populations, respectively.

Table V.

Level of significance of the differences in allele frequencies between geographical areas for each of five
polymorphic loci for ten populations of Ceratitis capitata of different origin. Values of genetic differentiation (Fst)
and gene flow (Nm).

Loci France-Spain Algeria France-Spain — Populations pooled:
(5 populations) (4 populations) Algeriacd France-Spain®
(7 populations) Algeriad

Reunion (1 population)

Pgm 0.0001 0.0111 0.0544 0.0122
Hbdh - 1.0000 1.0000 0.0050
Idh - 1.0000 1.0000 < 0.0000
Aat 0.0602 0.0736 0.1106 0.0290
Pgi 0.7889 0.0029 0.0537 0.2615
All loci 0.00052 0.0039P 0.0975 < 0.0000
Genetic differentiation (Fst) 0.0460 0.0306 0.0113 0.0293
Gene flow (Nm) 5.2 7.9 21.9 8.3

2 |f one excludes the Montpellier population the test is no longer significant (P = 0.1151, Fst= 0.0161).

b |f one excludes the Oran population the test is no longer significant, (P = 0.5003, Fst = 0.0063). The two populations of Montpellier
and Oran do not differ genetically (P = 0.4323, Fst = 0.0003).

¢ The populations of France and Spain without the Montpellier population.

d The populations of Algeria without the Oran population.populations, respectively.

188  Fruits, vol. 57 (3)



observed in the French population of Mont-
pellier and significantly differentiates it from
the two other French populations, even
though they are not separated by a large
geographic distance (100 to 150 km). How-
ever, the absence of homozygotes in Mont-
pellier may lead to the assumption that
there was a recent introduction. Being
unable to survive the hard winter only in
the South of France, the medfly is re-intro-
duced every year and its presence is con-
sequently irregular, which may not allow
maintenance of the rare alleles. Once again,
an important role is played by commercial
exchanges between the ports of Oran (Alge-
ria) and Séte (France), situated 50 km west
of Montpellier, which can be different from
exchanges between the ports of Algeria and
Marseille (France), situated 140 km east of
Montpellier.

The complete absence of polymorphism
in the Gerone population on fifteen tested
loci leads to the assumption that it consti-
tutes a residual population introduced in
small numbers without any exchanges with
other populations surviving hard winters
not favourable in this geographic zone [18].
However, this result will have to be con-
firmed by a more significant sampling of
this population.

In contrast, the samples kept for many
years in the laboratory have maintained a
relatively high percentage of heterozygos-
ity, higher than the percentage of het-
erozygosity of wild populations. In spite of
the insulation of the laboratory strain, the
accidental introduction of wild individuals
cannot be excluded.

In three populations (the South, centre
and East of Spain), eleven out of twenty-
five tested loci were polymorphic for all
populations [19]. These eleven loci were
also analyzed in our study and only three
(Hbdh, Idh and Pgm) were polymorphic in
the Algerian and French populations. In six
Mediterranean populations, six out of
twenty-five tested loci were polymorphic
[20]. In two populations collected in the
Southern Hemisphere (Kenya and Reunion
Island), twenty-two out of the twenty-five
loci tested were found to be polymorphic
[3]. This percentage of polymorphism is
distinctly higher than that observed in our

Populations of Ceratitis capitata from Algeria

study on the Reunion Island population
even if the four polymorphic loci with
uncertain frequencies are taken into
account (= nine polymorphic loci out of the
fifteen loci tested).

The percentage of polymorphism varied
according to the populations; however, it
seems that, for a given locality, it could vary
slightly according to the host plant on which
the population was collected [21]. The com-
parison of allelic frequencies between sam-
ples collected on peaches and bitter orange
in Ghardaia showed no differences. Kourti
and Hatzopoulos [20] found a latitudinal cline
of allele frequencies for two loci (G-6-Pdh
and Idh). In our study, notwithstanding the
large geographic distribution of the popula-
tions analyzed (from a latitude of 24° to
44° N), no gradient in allele frequencies was
observed for any polymorphic locus.

The average value of Fst obtained from
the ten populations for the polymorphic
loci (0.0397) was significantly different from
0 and distinctly lower than the results
obtained by Gasperi et al. [3] (Fst = 0.123),
calculated from four populations (Reunion
Island, Kenya and the two Mediterranean
islands of Procida and Sardinia). The values
of Nm as calculated between all popula-
tions by the methods of Wright or Slatkin
were respectively 4 and 6. The theoretical
gene flow was substantial (> 1), in agree-
ment with the low genetic differentiation
observed. It is very difficult to compare
these results with those obtained by Gasperi
et al. [3] (1.8 and 0.3, respectively) on four
populations, including two from the origi-
nal zone of the species.

Enzymatic protein electrophoresis has a
major disadvantage in that it reveals only
one part of the variability. It is possible that
sampling, also, does not represent the whole
population and that some rare alleles can-
not be detected. Dealing with the same set
of Mediterranean populations, most of the
authors here mentioned have found differ-
ent polymorphic loci. These different results
could be explained by the electrophoretic
procedures carried out. The similarity
between allele frequencies observed in the
populations of South and North Algeria
shows the importance of commercial
exchanges that counterbalance the effects

Fruits, vol. 57 (3)
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of genetic drift caused by environmental
conditions. Parallel studies with molecular
markers [22] and ecophysiological adapta-
tive criteria (thermal threshold of develop-
ment, resistance to low temperatures) could
offer a better understanding of the geo-
graphic variability of the species.
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Populations of Ceratitis capitata from Algeria

Polimorfismo enzimatico de poblaciones de Ceratitis capitata originarias
de Argelia, del litoral noroeste mediterraneo y de la isla de la Reunion.

Resumen — Introduccion. En Argelia, la mosca mediterranea de la fruta, Ceratitis capitata,
representa el principal obstaculo para la produccién y exportacién de frutos. Estudiando las
diferencias de estructuras genéticas entre poblaciones de moscas de la fruta a partir de mar-
cadores moleculares, algunos autores han observado la existencia de comportamientos dife-
rentes entre las poblaciones mediterraneas de esta plaga. Una buena comprension del origen
y de la migracién del insecto seria Util para acometer su erradicacion o adoptar medidas de
control. Por esta razén, unos estudios preliminares intentaron comparar la estructura genética
de poblaciones argelinas de C. capitata con la de otras poblaciones localizadas en el oeste del
océano Indico o en el litoral noroeste del Mediterraneo. Material y métodos. El estudio del
polimorfismo enziméatico de C. capitata permiti6 comparar la estructura genética de cuatro
poblaciones de Argelia con la de la isla de la Reunion y cinco poblaciones més, recolectadas
en la costa noroeste del Mediterraneo (Francia y Espafia). Se efectuaron analisis de enzimas
de trituraciones de insectos adultos estudiados mediante electroforesis en gel de almidon. Se
analizaron quince loci por cada poblacién. Resultados y discusion. A pesar de la amplia dis-
tribucidn geogréfica de las poblaciones analizadas (lat. 24° a 42° N), no aparecié ningln gra-
diente de los loci polimorfos. Se observo una mayor variabilidad genética en la poblacion de
la Reunion que en las de Argelia o las de la costa noroeste mediterranea. No hay diferencia-
cién genética entre las poblaciones aisladas del sur de Argelia (Djanet y Ghardaia) y las del
norte (Bufarik y Orén).

Argelia / Francia / Esparfia / Reunion / Ceratitis capitata / insectos depredadores de
los frutos / polimorfismo enziméatico

To access this journal online:
www.edpsciences.org

Fruits, vol. 57 (3)

191



