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Abstract  
Olives infested with the olive fruit fly were collected by monitoring olive orchards in Çanakkale 

area during 2006 and 2007, and in 2013 to study the level of organophosphate insecticide resistance in 
the acetyl cholinesterase gene. Single fly was used for genomic DNA isolation. All genomic DNA’s were 
monitored by PCR-RFLP in the presence of resistance alleles. The assay was used to test the 
Glycine488Serine resistance mutation occurred in exon VI. The technique was established previously 
by mutagenesis due to introduced reverse primer that just reaches codon 488, creating Mbi I restriction 
site. The specimens screened in 2006 carried a resistance mutation (31.70%), and heterozygote mutation 
(65.21%), while only 3.10% of the specimens were organophosphate susceptible. The specimens 
screened in 2007carried a resistance mutation (54.14%), and heterozygote mutation (44.75%), while 
1.10 % of the specimens were susceptible. The specimens screened in 2013 carried a resistance mutation 
(81.77%) and heterozygote mutation (18.23%). There were no homozygous susceptible individuals 
found. This study presented the status and frequency of acetyl cholinesterase point mutation in the field 
collected olive flies against used organophosphate insecticides. 
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1. Introduction
The olive fruit fly, Bactrocera oleae Rossi, (Diptera:Tephritidae) is the most harmful and 

widespread pest affecting especially cultivated olive (Olea europaea L.) orchards in Turkey 
(1). It is an endemic pest in the Mediterranean basin. It also is found in the Middle East, 
Mexico, North Africa, South Africa and has been introduced recently into California in 1998 
(2). The damage is caused by larval-feeding inside the olive fruit. The damage to olive fruits 
is severe, resulting in quantitative losses and reducing the quality of olive oil by increasing 
the acidity. Although mass trapping and sex pheromone mating disruption tools have been 
used to control B. oleae, traditionally, the management of the olive fruit fly is based on the 
use of organ phosphorus insecticides in Turkey. In the Mediterranean basin, farmers mostly 
have relied on chemical control with organophosphates (OP) such as dimethoate or fenthion 
for many years. Both have low residual effect in olive oil (3, 4). OP insecticides act upon the 
insect nervous system by inactivating acetyl cholinesterase (AChE), resulting in paralysis and 
death (3). The intensive and long-term use of chemicals has caused resistance problems. The 
appearance of insecticide resistant field populations was shown in Greece to be due to acetyl 
cholinesterase (AChE) modifications (5). It was shown that two point mutations in AChE of 
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olive fly were responsible for resistance. AChE is well-known to be a key enzyme in the 
nervous system, finalize nerve impulses by catalysing the acetylcholine hydrolization (5).  It 
has been reported that insecticide resistance is related with the excessive amount of AChE in 
laboratory strains of Drosophila (6). On the other hand, a modification of acetylcholine 
hydrolysis usually causes insect resistance (7, 8, 9) and a change inside the active site of the 
enzyme responsible from resistance related mutations (5) and insects can be insensitive to 
insecticides by AChE point mutation (3). This has been investigated in Drosophila 
melanogasterr (7), in mosquito species (10, 11), Musca domestica (9, 12, 13, 14), Ceratitis 
capitata (15), Bactrocera dorsalis (16), Aphis gossypii Glover (17, 18), and Bactrocera oleae 
(5). Several studies now have determined the molecular differences in the target site for 
organophosphate insecticides. It has been known that there is two point mutations in the 
active site of AChE which is responsible for changes of isoleucine to glycine through valine 
at position 214 (1214V) and serine at position 488 (G488S), respectively. G488S mutation 
always is found with I214V in field populations. Both mutations together cause higher 
resistance status in the field (4, 5, 19). A simple PCR-RFLP assay has developed by utilizing 
an AccI restriction site made by Ile214Val and BssHII restriction sites lost by a change with 
the followed mutation, Gly488Ser (3, 4, 5,19). Olive flies also have developed resistance to 
parathyroid insecticides recently (20). The apperance of B. oleae resistant populations in olive 
orchardsis an extremely important threat in olive production, on the other hand, there is still 
not much information on the geographic distribution of resistance in Turkey. Thus, it is 
important to follow up resistance alleles in field populations as an aid to develop efficient 
management programs. In the present study, I report the acetyl cholinesterase point mutation 
in the field collected olive flies against traditionally used organophosphate insecticides in 
Çanakkale (Turkey). 

2. Material and Methods
Infested olives were collected in field surveys in Çanakkale area during 2006 and 2007, 

and in 2013. Coordinates of sampling sites were taken by GPS and mapped on Çanakkale 
Landsat TM satellite images using ArcGIS 9.2 (figure 1). The samples were collected from 
olive orchards representing the field population, sprayed with organophosphates such as 
fenthion or dimethoate. Infested olive fruit samples were collected in paper bags and brought 
to the laboratory. The infested olives were placed in plastic containers having a piece of paper 
towel at the bottom in order to allow larvae to complete their development inside the fruits 
(1). Pupae were collected daily and placed in sterile plastic cups with vermiculate. A liquid 
artificial diet containing water, sugar, and brewer’s hydrolyzed yeast (21) were supplied to 
adult flies along with a solid diet having hydrolyzed brewer’s yeast, sugar, dried egg yolk 
powder, and streptomycin sulfate (22).Water also was provided by dental wicks.  One- or 
two-day-old adults were taken for analyses and stored at –80 °C until DNA extraction. At 
least 10 unknown olive flies were tested individually to screen resistance status from each 
sampled population. A laboratory population of olive fly (Demokritos laboratory strain from 
Greece) was used as susceptible strain (LS) and reared at 24±1°C, 60% Relative Humidity 
with fluorescent lighting providing 16:8 h (light: dark) photoperiod (22, 23).  

Genomic DNA was isolated from single olive fly with the DNeasy Kit (Qiagen, Hilden, 
Germany) by following the manufacturer’s protocol.  Biochemical AChE insensitivity was 
determined by using PCR-RFLP developed previously (20) and dependent upon the presence 
of G488S iAChE resistance mutation. The assay was established in our laboratory by Dr. 
George Skavdis and Dr. John Vontas in a joint research and development project (TÜBİTAK 
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105O 705–Greece 877). In brief, the tests were based on primer-induced mutagenesis where a 
single mutation is occured by PCR at the reserve primer of resistant allele, causing an MbiI 
restriction site. Digestion of PCR products with MbiI allows differentiation of resistance 
associated mutation. The full-length (100bp) of resistance alleles was detected by agarose gel 
electrophoresis of MbiI-digested amplicons. The primers developed by MARGARITOULOS 
& al.2008 were used. 

Primers were based on the exon VI of boACHE gene: D6F 5' TATTATA CAC ACC 
AGC TGG GTT GGT AAT CCG -3' and D6R 5' ATATTTATAA GGG CAG GTG AAG 
AAIT GAC CGC -3'.  In order to detect (C/T) polymorphism, an inosine has been placed in 
the reverse primer (D6R) at the position -8 (20). Based on this change, the resistance allelle 
has MbiI recognition site (5'GAGCGG 3') with PCR reaction (20). PCR was performed 
according to the previous study (20). Brifely,40 ng gDNA was used for amplifications with 2 
unite Taq polymerase (Fermentas), 1X PCR buffer, 2.5 mM MgCl2 and 0.5 mM of each 
primer. PCR condition was 94 °C for 5 min, 30 cycles of 94 °C for 30 s, 60 °C for 30 s, 72 °C 
for 30 s followed by final extension at 72 °C for 5 min. About 15-20 µl of PCR amplicons 
was used for digesting with 4 units MbiI endonuclease (Fermentas) in 20 µl. Agarose gel 3% 
(w/v) was used to electrophoresed MbiI digested products. Digestion with MbiI results a 
restriction pattern of 3 fragments (100, 69 and 31bp) for heterozygote resistant alleles (RS), 2 
fragments (69 and 31 bp) for resistant alleles (RR-homozigot for the resistant allele), and 1 
fragment (100 bp) for susceptible alleles (SS- homozygote for the susceptible allele) (20).   

3. Results
Organophosphate resistances in natural populations of olive fly were identified 

previously in Mediterranean countries (3, 4, 5, 19, 20, 24). In this study, field collected 

Figure 1. Collection 
sites of Bactocera oleae to 
monitor resistance status in 
Çanakkale province, Turkey. 
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individuals from 46 locations in Çanakkale (figure 1) were analysed for the first time for 
the presence of Gly488Ser (25) by PCR-RFLP diagnostic tests developed previously (20). 
The mutation was determined by digesting of the PCR products with MbiI endonuclease. 

The number of olive fly adults and the frequencies of Gly488Ser allele for each 
populations are also given in table 1 and table 2.  A total of 161 flies collected from 21 
different locations in 2006 were tested based on a diagnostic PCR-RFLP assay (table 1). 
Monitored individuals showed 31.70% homozygous resistant (RR) and 65.21% heterozygous 
resistant (RS) alleles carried the G488S resistant mutation. Only 5 out of 161 (3.10%) alleles 
were susceptible (SS). Samples taken in 2006 in İznik, Bursa have been heavily exposed to 
different insecticides for 20 years and served as (expected)  positive control and all tested 
samples were homozygous resistant (RR) (table 1 and 2). Only isolated populations from 
İntepe, Dümrek, Geyikli, and Edremit showed susceptible alleles (table 1). 

Table 2 showed frequency of Gly488Ser resistance status of olive fruit fly individuals 
collected in 25 different locations in 2007, in which 181 individuals were tested. In this 
population, 54.14% tested homozygous resistant (RR) and 44.75% heterozygous resistant 
(RS), carrying the G488S resistant mutation. Only 2 out of 181 (1.10%) alleles were 
susceptible (SS). All field collected samples in 2007 in İznik were also homozygous resistant 
(RR) (table 2).  

Table 1. Frequency of Gly488Ser resistance status of 
olive fruit fly individuals collected in Çanakkale 

province in 2006 
Collection sites  FR

* R/N**

Lapseki 0.625 10/8 
Çardak 0.75 12/8 
Aşağıokçular –Kepez 0.556 10/9 
İntepe 0.583 7/6 
İntepe –Yenimahalle  0.625 10/8 
Akköy 0.571 8/7 
Akçapınar 0.75 12/8 
Bozalan–1 0.714 10/7 
Yeniköy 0.714 10/7 
Taşlıtarla  0.687 11/8 
Dümrek  0.556 10/9 
Kemallı–1 0.834 10/6 
Geyikli 0.5 8/8 
Üvecik 0.714 10/7 
Kızılcaören 0.562 9/8 
Geyikli–2 0.857 12/7 
Yağcılar 0.667 12/9 
Gökçebayır–Ezine 0.5 9/9 
Mecidiye–Ezine 0.571 8/7 
Gülpınar–1 0.75 12/8 
Edremit–1 0.5 7/7 
İznik, Bursa (Control) 1 18/9 

* FR: The resistant allelefrequency, R/2N (24)
**N: Total number adults, R:The tested resistant 
alleles (24) 

Table 2. Frequency of Gly488Ser resistance status 
of olive fruit fly individuals collected in Çanakkale 

provincein 2007 
Collection sites  FR

* R/N

Kayalar –Ayvacık 0.687 11/8
Zerdalilik –Bayramiç 0.625 10/8 
Işıkeli –Bayramiç 0.5 7/7 
Bayramiç 0.642 9/7
 Pıtırelili–Bayramiç 0.714 10/7
Ayvacık 0.714 10/7
Kumburun–Geyikli 0.812 13/8
Çamoba–Geyikli 0.812 13/8
Akçapınar–2 0.785 11/7
Bozalan–2 0.916 11/6
Geyikli olive storage 0.642 9/7 
Geyikli–3 0.95 19/10
Tavaklı– Geyikli 0.812 13/8 
Akköy–Pazarköy 0.812 13/8
Tigem–Akçapınar 0.571 8/7
Kumkale–Tigem 0.875 7/4
İntepe–2 0.714 10/7
Assos 0.714 10/7
Çamdibi–Havran–Edremit 0.667 8/6
Havran 0.7 7/5
Edremit–2 0.875 14/8
Gülpınar–2 0.875 14/8
Kemallı–2 0.778 14/9
Kemallı oil factory 0.642 9/7 
Umurbey 0.857 12/7
Iznik, Bursa (Control) 1 18/9 

* FR: The resistant allelefrequency, R/2N (24)
**N: Total number adults, R:The tested resistant 
alleles (24) 
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The Gly488Ser allele was found in all tested populations and frequencies ranged from 50 
to 100%. Genotyping resistance status of field collected olive fly individuals from Gülpınar 
and Kemallı were shown in figure 2. Primers based on the exon VI of boACHE gene 
amplified a 100 bp fragment in all tested individuals (figure 2A and 2C). MbiI digestion of 
100 bp PCR products resulted in 2 fragments (69 and 31 bp) for resistant alleles, 3 fragments 
(100, 69 and 31bp) for heterozygote resistant alleles, whereas 100 bp PCR product remains 
undigested as indicated by 1 fragment (100 bp) for susceptible alleles (figure 2B and 2D). The 
tested 6 samples were homozygous resistant (RR), 2 samples were heterozygous resistant 
(RS) (figure 2B and D) and 1 sample was susceptible (SS) in figure 2D in field population. 

A high incidence of mutations was detected in the samples collected from Çanakkale area. 
In total, 97% of the populations examined showed resistance alleles (RS or RR), whereas few 
individuals (3%) exhibited a homozygous genotype for susceptible to organohosphates in 2006, 
and 99% of the populations showed resistance alleles (RS or RR) in 2007. 

The natural populations of olive fly were resampled in Çanakkale area in 2013. A total of 
95 individuals were tested with PCR-RFLP assay. The Gly488Ser allele was found in all 
tested populations, with the frequencies of 82% being homozygous resistant (RR), and 18% 
heterozygous resistant (RS). There were no homozygous susceptible populations. 

4. Discussion
Insecticides resistance status should be monitored continuously against pests in order to 

determine resistance to chemicals. The first report about the possible OP resistant 
development was in the early 1970s (26, 27). The resistance to OPs was reported in the 
natural population of B. oleae in Greece (3) by altered acetlycholinesterase (5). Previous 

Figure 2. PCR-RFLP assay to 
screen G488S iAChE resistance 

mutation in Bactrocera oleae 
individuals in 3% agarose gel. A 

and C: Corresponds to PCR 
products amplified by primers 

D6R and D6F. B and D: 
Corresponds to MbiIdigestion of 
PCR products from individual 

samples (RR: homozygote for the 
resistant allele, RS: heterozygous 

for the resistant allele, SS: 
homozygote for the susceptible 
alleles, LMW: Low molecular 

weight marker).
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studies showed the extensive and continuous use of OPs caused genetic differentiation of the 
natural populations in favor of insecticide resistance but there is not much previous 
knowledge for comparison about the resistance history of B. oleae populations in Çanakkale 
which is near Greece. Hovewer, application of organophosphates to control olive fruit fly has 
been used commonly in Turkey for more than 4 decades.  It is also known that individual 
farmers control the pest in their orchards, and the number of applications varies depending on 
the area and season in Turkey. They usually apply insecticides 4-6 times as cover sprays 
against olive fruit fly in each season. 

 In this study, PCR-RFLP diagnostic assay used to detect the incidence of acetyl 
cholinesterase point mutation in the field collected samples in Çanakkale. Although, thirty-
two percent of the samples were homozygous resistant in 2006, fifty-four percent of the 
samples were homozygous resistant in 2007. Almost all field samples collected in 2006 
carried resistant alleles (RS or RR) for Gly488Ser, only 5 samples were susceptible (SS). 
Except for two individuals, all collected samples in 2007 carried Gly488Ser. These results 
showed that OP resistant genotypes are widespread in Çanakkale in which extensive use of 
tradinational OPs for many years is a serious selection reason. Previous studies (4, 19, 28), 
were reported similar results.  

It was obvious that resistance allele frequencies were increased over time in Çanakkale. 
Homozygote resistance level was low, however many local farmers have complained about 
inefficiency of their applications which means resistance status has become more problematic 
recently. Screening of field collected olive fruit fly individuals in 2013 showed that there was 
high incidence of resistance mutation G488S. So, these results were correlated with the 
anonymous reports from local farmers about the failures of chemical control.  

Conclusions 
The present study reports the detailed field sampling and monitoring in order to 

determine resistance associated point mutation in organophosphate insecticides in Çanakkale 
area, Turkey.  The simple diagnostic assays are accurate and should be used to monitor 
spreading resistant population and also prevent ineffective insecticide applications into new 
areas in Turkey.  
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