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In the present study, the frequencies of three organophosphate (OP) resistance-associated mutations in 
acetylcholinesterase gene of Bactrocera oleae (BoAce) populations collected from 8 different important 
olivegrowing areas in the west part of Turkey were determined. Populations were sampled from the areas 
that have been treated with only the pyrethroid α-cypermethrin; pyrethroids plus OPs; deltamethrin with 
pheromone eco-traps, and no insecticide treatment applied areas for many years. For Ile214Val and 
Gly488Ser point mutations PCR-RFLP and for ∆3Q deletion mutation PCR diagnostic tests were carried 
out. Seventy-two percent of the total individuals analyzed in the study were exhibited heterozygous 
genotype (RS) for both Ile214Val and Gly488Ser point and homozygous susceptible genotype (SS) for 
∆3Q deletion mutations. This RS/RS/SS combination together with RS/RR/SS with the frequency of 13% 
were the most common two combinations observed in all of the populations under different insecticide 
regimes, even in the populations under no insecticide pressure for many years. Independent evaluation of 
the three mutations resulted in 0.450, 0.534 and 0.037 frequency values for the resistant alleles of 214Val, 
488Ser and ∆3Q mutations, respectively. Among the studied populations, the frequencies of resistant 
alleles for the positions of 214 and 488 were not differed from each other. However, in 3 of the popula-
tions the frequency of the R allele of ∆3Q was zero and it changed between 0.025 and 0.100 in the remain-
ing five populations. Results of this study contributed to the distribution pattern of the two point mutations 
in Europe and a pattern for ∆3Q mutation was determined for the first time in the field collected olive fly 
samples.
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INTRODUCTION

The olive fruit fly, Bactrocera oleae, is the most destructive and intractable pest of 
olives causing severe economic losses due to reduced yields and decreased quality of 
both fruit and oil in each production season in commercial olive growing regions 
worldwide. It is monophagous, feeding only on cultivated olives (Olea europea) and
wild relatives of olive. Females of this insect lay their eggs into the ripening olives 
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where the newly hatched larvae feed upon the pulp causing significant qualitative and 
quantitative loss in the product. In Turkey, if not controlled, crop losses change 
between 30 to 70% in olive growing areas [21]. 

Although some biological control strategies like sterile insect technique (SIT) and 
mass trapping systems have been used on a limited scale, the management of B. oleae
in the last four decades has been mainly based on the use of OP insecticides. But there 
is a new switch towards pyrethroids and the macrocyclic lactone spinosad [10]. In 
spite of the growing ecotoxicological concerns, insecticides are still the main tool for 
insect management. The widespread use of them results in the development of resist-
ance in natural insect populations constructing a major problem in effective control 
of agriculturally important pest species.

Development of resistance might be the result of behavioral mechanisms, i.e. 
hypersensitivity or hyper irritability from the toxic agents, or physiological mecha-
nisms, i.e. decreased up take or increased detoxification of toxic agents and change in 
target site in which the site of the action has been altered to decrease the sensitivity 
to toxic attack [20]. 

Acetylcholinesterase (AChE, EC 3.1.1.7), is the primary target of many organo-
phosphate (OP) and carbamate (CB) insecticides, exists on the cholinergic post-syn-
aptic membrane playing a key role in nervous impulse transmission by hydrolyzing 
the neurotransmitter acetylcholine. These insecticides phosphorylate or carbamylate 
the serine hydroxyl group within the active site gorge of the enzyme. This results in 
increased concentration of acetylcholine in the synapses and a hyperexcited central 
nervous system that may lead to death of the organism [4, 7]. It has been reported that 
several insect species can be resistant to insecticides by having point mutations in Ace
gene that renders the enzyme insensitive to OPs [5, 12, 22, 23]. Such mutations have 
been identified in Drosophila melanogaster [6, 15], in Musca domestica [12, 13, 24], 
and in B. dorsalis [9].

Comparison of OP resistant and susceptible B. oleae strains indicated two point 
mutations; Ile214Val in exon 3 and Gly488Ser in exon 6 [23], and a short 9 bp dele-
tion in exon 10, named ∆3Q, in the carboxyl terminal of AChE that are associated 
with resistance [11]. The new proposed reaction mechanisms that are caused by these 
mutations were discussed [8, 10, 11, 23]. For historical phylogeograpy and popula-
tion genetics of olive fly in detail see Augustinos et al. [1], Nardi et al. [16, 17].

In order to get more information on the spread of the mutations responsible for 
increase insensitivity to OPs, the frequencies of Ile214Val and Gly488Ser point muta-
tions using PCR-RFLP tests and ∆3Q deletion mutation using direct PCR diagnostic 
test in Ace gene (BoAce) of natural B. oleae populations collected from 8 different 
important olive growing areas in west part of Turkey were determined in this study. 
These areas were under different insecticide management strategies including only 
the pyrethroid α-cypermethrin; pyrethroids together with OPs; deltamethrin with 
pheromone eco-traps applications, and no insecticide treatment for many years.

This is the first time in the literature surveying out the frequencies of these muta-
tions, which were determined in individual flies, in field collected B. oleae popula-
tions from such a wide distribution area where different insecticide management 
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strategies have been applied, contributing to the putative scenario for the spread of 
these three Ace mutations, not only under the selection pressure of OPs but also under 
other applications even in the lack of any treatment.

MATERIALS AND METHODS

Olive fly samples

Olive fruits infested by B. oleae were collected from orchards. Collections were done 
from different trees to limit the possibility that siblings were collected. Samples from 
each population were kept in separate cages to prevent mixing and incubated in the 
laboratory at 25 °C until larvae emerged and developed into adulthood. Then the 
samples were frozen and stored at –80 °C until used. The samples were collected 
from 8 populations under different insecticide regimes in the west part of Turkey in 
the fall of 2008–2009. Four of these populations (Pop1–4) were from the areas regu-
larly treated with only the pyrethroid, α-cypermethrin, two of them (Pop-5 and Pop-6) 
were from pyrethroid plus OP treated areas (the same area was given pyrethroid and 
OP separately in different times), one (Pop-7) from deltamethrin with pheromone 
eco-traps treated area and the remaining one (Pop-8) from no insecticide treated area. 
According to the information obtained from related Provincial Directorates of 
Agriculture, all the treatments have been carried out for many years in the related 
areas. In order to have a homogenous sampling, the number of populations screened 
from each insecticide management areas was determined in accordance to the size of 
each management area. We isolated and used 20 resistance statuses unknown indi-
vidual olive fly samples from each population to analyze the all three mutations.

Genomic DNA extraction and diagnostic tests for detection of specific
OP resistance point and deletion mutations in BoAce

Genomic DNAs were extracted from the samples according to Bender et al. [3]. PCR-
RFLP tests were carried out for two point mutations. Detection of Ile214Val substitu-
tion in exon 3 was performed by using the method of Hawkes et al. [8]. Gel electro-
phoresis of AccI-digested amplification products resulted in the presence of full 
length (232 bp) susceptible exon 3 alleles (Ile214), with resistant alleles (214Val) 
digesting to give bands of 168 and 64 bp and heterozygotes showing all these three 
bands together. For the detection of the second point mutation (Gly488Ser) in exon 
6, the procedure described by Margaritopoulos et al. [14] was followed. While the 
susceptible individuals were just giving the 100 bp product, resistant individuals were 
inferred from the digestion of the original 100 bp amplification product into 69 and 
31 bp bands. Detection of these three bands together was evaluated as heterozygote 
individuals. PCR diagnostic test according to Kakani et al. [11] was performed for the 
detection of ∆3Q in exon 10. The PCR of the wild type allele yielded a 96 bp product 
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whereas PCR of the mutant allele yielded an 87 bp product due to the deletion. The 
difference between the wild type and the mutant PCR products were visualized by 
using 10% native-acrylamide gel according to the procedure of Ausubel et al. [2]. 
Illustrative gel photographs for each mutation were given in Fig. 1.

Fig. 1. PCR-RFLP analysis to detect the presence of Ile214Val and Gly488Ser mutations and direct PCR 
diagnostic test to detect the presence of ∆3Q mutation in individual flies representing various susceptible 
and resistant genotypes. A: Lanes contain the AccI digest products from individuals either homozygous 
for the wild type “susceptible” allele (SS, lanes 1 and 3) or heterozygous (RS, lanes 2, 4 and 5). B: Lanes 
contain the MbiI digest products from individuals either homozygous for the wild type “susceptible” 
allele (SS, lane 1), homozygous for the “resistance” allele (RR, lanes 2, 3, 9 and 10) or heterozygous (RS, 
lanes 4, 5, 6, 7 and 8). C: Lanes contain the amplification products of exon10 from individuals either 
homozygous for the wild type “susceptible” allele (SS, lanes 4 and 6) or heterozygous (RS, lanes 1, 2, 3 
and 5). The lane on the extreme left (A and B) or right (C) contains a size marker (multiples of 50 bp 

fragments)
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RESULTS

From 8 different locations in the west part of Turkey where different insecticide man-
agement strategies have been applied a total of 160 individuals of B. oleae were col-
lected and were analyzed for the presence of Ile214Val, Gly488Ser point and ∆3Q 
deletion mutations in Ace. Combination patterns of these three resistance-associated 
mutations in all of the screened fly samples were illustrated as a pie diagram in Fig. 
2. Most of the individuals, with the frequency of 72%, exhibited heterozygous geno-
type (RS) for both Ile214Val and Gly488Ser point and homozygous susceptible 
genotype (SS) for ∆3Q deletion mutations. This highest frequency genotype combi-
nation was followed by the RS/RR/SS combination with the frequency of 13%, SS/
RS/SS combination with the frequency of 4% and RS/RS/RS combination with the 
frequency of 4% for the three resistance-associated mutations in the same order, 
respectively. While four different combinations, having at least one R allele at one of 
the mutation sites, illustrated in Fig. 2 had the frequency of 1% for each, the remain-

Table 1
Frequencies of the most common five phenotypes detected under different insecticide regimes

Phenotypes

Insecticide regimes

No insecticidePyrethroid
(α-cypermethrin) OP+Pyrethroid Deltamethrin+

Pheromon Ecotrap

RS/RS/SS 67.5 70 75 80

RS/RR/SS 15 10 15 10

SS/RS/SS 5 – 5 10

RS/RS/RS 3.75 7.5 5 –

SS/SS/SS 3.75 5 – –

Fig. 2. Pie diagram illustrating the genotypic combination patterns of the three resistance-associated 
mutations for the positions of 214, 488 and ∆3Q, respectively, in all of the screened fly samples
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ing 3% of the individuals exhibited the homozygous genotype for the wild type (SS) 
for three of the mutation sites.

Frequencies of the most common five genotypic combinations in the populations 
under different insecticide regimes were summarized in Table 1. The RS/RS/SS com-
bination had its highest frequency (80%) in the population sampled from the area 
without any insecticide treatment while its lowest frequency (67.5%) was detected in 
the populations from the area treated with only the pyrethroid, α-cypermethrin. The 
frequency of the second common combination (RS/RR/SS) was 10% in pyrethroids 
plus OPs treated and no insecticide treated populations, and 15% in pyrethroid and 
deltamethrin with pheromone ecotraps used populations. The third (SS/RS/SS) and 
the fourth (RS/RS/RS) common combinations were not detected in pyrethroids plus 
OPs treated and no insecticide treated populations, respectively. The fifth combina-
tion exhibiting the homozygous genotype for the wild type (SS) for three of the muta-
tion sites was observed in only the pyrethroid (3.75%) and pyrethroids plus OPs (5%) 
treated populations.

Resistance status of the individuals for these three mutations in the populations 
was given in Table 2. Except for Pop-4, the frequency of RS/RS/SS genotypic com-
bination of three Ace mutations in the populations was considerably higher than the 

Fig. 3. Pie diagrams illustrating the frequencies of the three resistance-associated mutations in all of the 
screened fly samples. A: For Ile214Val point mutation. B: For Gly488Ser point mutation. C: For ∆3Q 

deletion mutation



28 SİBEL BAŞKURT et al.

Acta Biologica Hungarica 62, 2011

frequencies of other combinations changing between 70% (in Pop-6) and 90% (in 
Pop-1). In Pop-4 the frequency of this combination was found as 25% following the 
RS/RR/SS combination with the frequency of 30%. While it was not detected in 
Pop-1, with the frequencies changing between 10–15% in the remaining six popula-
tions, RS/RR/SS combination is the most frequent second combination observed. 
Individuals having the homozygous genotype for the susceptible type for three of the 
mutation sites were detected in only Pop-1 (5%), Pop-4 (10%) and Pop-6 (10%) out 
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Table 2
Resistance status of the individuals for Ile214Val and Gly488Ser point and ∆3Q deletion mutations in 

the populations collected from different insecticide treated areas

Populations Number of
individuals Ile214Val Gly488Ser Δ3Q

Pop-1 18
 1
 1

RS
SS
SS

RS
SS
RS

SS
SS
SS

  Pyrethroid Treated Areas

Pop-2 16
 3
 1

RS
RS
RS

RS
RR
RS

SS
SS
RS

Pop-3 15
 3
 2

RS
RS
SS

RS
RR
RS

SS
SS
SS

Pop-4  5
 6
 2
 2
 2
 1
 1
 1
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RS
SS
RS
RS
RS
SS
SS
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SS
SS
RS
SS
RS
RS

SS
SS
SS
SS
RS
RS
SS
RS

Pop-5 14
 2
2
1
1
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RS
RS
SS
SS

RS
RS
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SS
RS

SS
RS
SS
RS
RS

  Pyrethroid + OP Treated Areas
Pop-6 14

 2
 2
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 1
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RS
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SS
SS
RS
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Pop-7 15
 3
 1
 1
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  Ecotraps Treated Area

Pop-8 16
 2
 2
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SS
SS
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  No Insecticide Treated Area
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of 8 populations screened. The number of different genotypic combinations detected 
in the populations was changed between 3 (in Pop-1, 2, 3 and 8) and 8 (in Pop-4).

Independent evaluation of the three resistance-associated mutations in total indi-
viduals was summarized in Figure 3A–C. Most of the individuals were heterozygous 
(RS) for Ile214Val (90%) and Gly488Ser (81%). However, only 13% of the individu-
als were homozygous (RR) for 488Ser. The remaining 10% and 6% of the individuals 
were SS for the same point mutations in the same order. So, the frequency of R allele 
for Ile214Val mutation was 0.450 and the frequency of R allele for Gly488Ser muta-
tion was 0.534. On the other hand, no individual with the RR genotype was detected 
for ∆3Q deletion mutation and 92% of the individuals were SS for this mutation. The 
frequency of R allele for this deletion mutation was considerably lower (0.037) than 
the R alleles of the both point mutations. Among the studied populations, the frequen-
cies of resistant alleles for the positions of 214 and 488 were not found to be consid-
erably different from each other. However, the resistant allele of ∆3Q was not 
detected in Pop-1, 3 and 8, and its frequency was changed between 0.025 (in Pop-2 
and 7) and 0.100 (in Pop-4 and 5) in the remaining five populations.

DISCUSSION

B. oleae is the most important olive orchard pest and different conventional control 
strategies i.e., attraction to baits, colors, pheromones and insecticides, have been used 
for its management. Attractive compounds as baits to lure olive flies to chemosterili-
zation or an early death by insecticide, sticky trap and liquid trap means have been 
used for over a century. Since yellow color highly attracts the olive flies, it has been 
incorporated into the design of several types of sticky and McPhail traps. Trapping 
efficiency has been greatly improved by the discovery and synthesis of sex pherom-
one produced by male and female flies by combining with other lures such as ammo-
nium bicarbonate. Over the last four decades, the management of olive fruit fly has 
mostly been based on the use of OP insecticides used as cover bait sprays. There has 
been an increase in the use of pyrethroids during the last several years and more 
recently for increased efficiency with less active ingredients spinosad has been incor-
porated into a bait spray [25].

The intensive use of OPs has resulted in the development of resistance in B. oleae
in all olive growing areas of the world. In order to better understand how this insect 
adapts to environmental stress and to design novel management strategies to prevent, 
or at least minimize the spread and evolution of resistance, molecular mechanisms of 
resistance in this fly have been attracting more attention.

Two-point mutations in exons III and VI were identified in the active site gorge of 
AChE in OP resistant B. oleae flies by Vontas et al. [23]. The frequencies of two-point 
mutations in the field collected material from several European countries and from 
South Africa were determined [8]. They found the highest proportion of resistance 
alleles in Greece, Albania and Italy where the olive fly has been under strong selective 
pressure due to the extensive use of OP insecticides. However, the lower proportion 
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of these alleles was detected in France and Spain due to reduced insecticide selection 
pressure in these areas. In the same study a speculation was done that 488Ser was 
originally the first to be selected and most probably followed by 214Val, which may 
alleviate to some extent detrimental effects of Gly488Ser upon acetylcholine process-
ing, very quickly. In our study we also did not observe any homozygous individual 
for 214Val while the frequency of heterozygotes was 90%. On the other hand, we 
detected 13% of the individuals as homozygous for 488Ser and 81% of the individu-
als as heterozygous for this mutation. The frequencies and geographical distribution 
of these two-point mutations by sequencing the Ace gene in 17 different field popula-
tions of B. oleae collected worldwide were also determined [18]. Their results con-
firmed Hawkes et al. [8] for the Mediterranean region and extended the notion to a 
global perspective.

A novel deletion mutation in exon X, named as ∆3Q, of Ace was found by Kakani 
et al. [11] and they screened field collected flies, which were divided in three groups 
of increasing resistance, from Greece and Cyprus in terms of the frequencies of the 
three resistance associated Ace mutations. They observed both point mutations almost 
in homozygocity at about 90% of the samples. However, they found no frequency 
variation and therefore no correlation between point mutation frequencies and resis-
tance levels of the flies concluding that Ile214Val and Gly488Ser are selected under 
the minimum OP pressure. Contrary to this, the frequency of the ∆3Q allele showed 
a significant correlation with OP-resistance levels, interestingly being always detect-
ed in heterozygosis. In their study, the frequencies of the resistant alleles of the two 
point mutations were found around 0.90 which was about twice higher than the fre-
quencies we detected. This might be the result of absence or limited use of OPs in the 
locations from where the fly samples were collected. Whereas our finding related to 
the frequency of resistant allele of ∆3Q mutation (0.037) was in accord with their 
finding of frequency of this allele (0.035) calculated for the medium resistant fly 
group as well as the average frequency (0.042) obtained from three resistance groups. 
As in their study, we also found R allele always in heterozygosis because of the prob-
able much higher fitness cost of ∆3Q. There might be other contributors to high 
resistance level in addition to this deletion mutation.

In the present study, RS/RS/SS (72%), RS/RR/SS (13%), SS/RS/SS (4%), RS/RS/
RS (4%) and SS/SS/SS (3%) triplet genotype combinations were the five commonly 
observed combinations in the populations for Ile214Val and Gly488Ser point and 
∆3Q deletion mutations in order in the combinations. Kakani et al. [11] reported 
25.83% and 37.30% mean residual AChE activities for the genotypic combinations 
of RS/RS/SS and RS/RS/RS, respectively. So, with this low AChE activity level, the 
RS/RS/SS combination with the low fitness cost seems to be the “best fitted” type in 
western part of Turkey. Detection of this combination in all of the populations under 
different insecticide regimes and even in the population under no insecticide pressure 
in highest frequencies supports this notion. Our detection of SS/SS/SS combination 
in 3% frequency is contrary to Kakani et al. [11] in which no sample was detected 
with this combination. This low frequency of the triple combination of homozygous 
susceptibles might be the result of insecticide pressure (selective sweep) for a few 
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beneficial mutations. To find out the ongoing situation in susceptibles in Turkey as 
well as worldwide pinned flies from available field collections should be carried out 
in a similar study of Newcomb et al. [19]. 

Historical analysis of olive fly populations based on neutral markers by Nardi et al. 
[17] have shown in that Pakistan and Africa are the two regions where these flies have 
had the longest presence. A subspecies, var. asiatica, being genetically isolated from 
the other B. oleae group was detected in Pakistan. African populations that were 
found to be somewhat genetically isolated today from other populations, are sug-
gested as most likely the ancestral source from which European olive flies originated. 
So, the direction of historical distribution of this species was proposed as from Africa 
to the Middle East to the Mediterranean and then finally to America, showing a co-
evolution with its host plant. Since it is crossroad between all major areas where 
B. oleae is present, Middle East likely colonized in more recent times could have 
played a major role in the diversification of the species. The high overall variability 
detected in this region in [17] supports this notion. In an additional study, [18] 
hypothesized that, regarding to exon III, the most common resistant allele is derived 
from a group of alleles that are typical to the Middle East, and possibly to the very 
south-eastern part of Turkey. For the subsequent spread of this allele westward toward 
the Mediterranean area two possibilities were proposed by them. First, it may have 
been driven by selection from the beginning imposed by OP insecticides used in the 
Middle East, balancing the assumed fitness costs of carrying the resistance mutation. 
Second, it may have been passive in the initial phase and driven by selection only 
more recently after the spread of the olive fly in the Mediterranean. Our findings seem 
to be consistent with the second explanation since we determined RS/RS/SS combi-
nation in all of the populations screened even in the populations sampled from the 
areas where no insecticides or pyrethroids have being used for a long time. In relation 
with this, the frequencies of resistant alleles for the positions of 214 and 488 were not 
found to be significantly different from each other among the studied populations. 
This could be the result of gene flow among the olive fly populations between these 
locations caused mainly by the transportation of them easily by different vehicles. 
Also, here we should not exclude the possibility of the use of OP insecticides in very 
remote past.

Combining our results with the previous reports, it seems that the frequencies of 
the two-point mutations, depending on the OP usage, is in medium level in the west 
part of Turkey, reach their higher proportion in Greece, Albania and Italy, and then it 
becomes lower at the west part of Europe. Although the geographical distribution 
of ∆3Q mutation was characterized for the first time in this study for only west part 
of Turkey, the distribution pattern of it is not available in global perspective, yet.

In order to better understand the ongoing situation in B. oleae populations world-
wide and to minimize the detrimental effects of them on olive agriculture, researches 
on the resistance status of field collected populations should continue in detail by the 
guidance of molecular and biochemical models. However, the establishment of resis-
tance management programs for field populations of olive flies is very complicated. 
Such a program should conserve old compounds that continue to be effective and new 
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ones that show great promise for control (e.g. spinosad) [25]. One method to decrease 
the resistance of a field population may be application of an anti-resistance insecti-
cide, which is an insecticide more active against the mutated protein than against the 
wild type protein. This strategy might be feasible when there is only one mutation in 
the population. But with the combination of multiple mutations, this strategy becomes 
less and less applicable because the protein becomes resistant to all the insecticides 
[26]. Moreover, if we consider that field populations are like an “allele soup” compos-
ing of a mixture of different alleles with different sensitivities to each insecticide and 
treatment with one pesticide would eliminate one allele while selecting another one, 
the anti-resistance insecticide strategy does not seem to be efficient in field popula-
tions [26]. 

Therefore, an essential component of insecticide resistance management programs 
is the development of non-insecticidal control methods reducing selection pressure on 
a resistant population. These methods will also bring about a reducion in environmen-
tal pollution, contamination of olive fruits and oils and destruction of beneficial 
insects. Non-insecticidal alternatives that have worked in some situations or shown 
potential include mass-trapping programs, sterile insect techniques, particle film and 
biological control using natural enemies. Most effective among these might be clas-
sical biological control, which has the potential to provide high levels of control with 
minimal human inputs and may be easily integrated with controls for other important 
olive pests [25].

In conclusion, the present study is the first attempt to determine the OP resistance-
associated mutations in olive fly samples collected from different locations that were 
under different insecticide selection regimes. It seems that old and new insecticides 
will become ineffective if populations continue to develop resistance. Therefore, the 
above-mentioned non-insecticidal alternatives, especially biological control, that 
have not been fully tested deserve and need very intensive examination.
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