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Is DDT resistance in Drosophila melanogaster associated 
with increased expression of the Cytochrome P450 gene 
Cyp6g1? 
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Insecticide resistance has been reported to be associated with overexpression of cytochrome P450 
genes that play an important role in detoxification of xenobiotics. DDT resistance in Drosophila has 
recently been suggested to be governed by a single gene, Cyp6g1, of this multigene family. Here we 
confirm this finding: in a Drosophila melanogaster that has been exposed to high concentrations of 
DDT for the last twenty years, we observed the cytochrome P450 gene Cyp6g1 to be highly and 
constitutively overexpressed.. Currently, we are examining a possible role of other Cytochrome 
P450 genes in DDT resistance in Drosophila. 
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There is a large body of evidence that most insect species readily become more resistant to 
pesticides and as a result pest control in agriculture has become difficult. Drosophila melanogaster 
has since long served as a model organism to study the genetic basis of insecticide resistance and 
to address the question whether resistance is due to many genes with small effect (polygenic) or by 
one or few genes with large effect (major genes) (Morton 1993). 

Although DDT resistance in D. melanogaster was previously thought to have mainly a 
polygenic basis (King & Sømme 1958, Dapkus & Merrell 1977), more recent studies show that 
resistance is most often governed by major genes (Morton 1993 and references therein). In many 
cases, DDT resistance, and resistance to insecticides in general, was observed to be due to an 
increased rate of detoxification by either glutathione-S-transferases or cytochrome-P450’s that 
were overexpressed (Bijlsma & Kerver 1983, Morton 1993, Daborn et al. 2002). Particularly 
cytochrome-P450 genes, which have been found in every class of organism except anaerobic 
bacteria (Fogleman et al. 1998), seem to play a crucial role. In D. melanogaster, at least 83 
cytochrome P450 genes are present of which 43 are located on the second chromosome (Tijet et al. 
2001). 

Recently, it has been reported that a single Cytochrome P450 gene, Cyp6g1 located on the 2nd 
chromosome (2-65), seemed sufficient to confer resistance to DDT in D. melanogaster (Daborn et 
al. 2001, Daborn et al. 2002). In order to assess the possible involvement of Cyp6g1 in a 
population that had been made highly resistant by long-term exposure to DDT, we examined 
expression of this gene in third-instar larvae by Northern blotting in comparison to control larvae 
that had not been adapted to DDT. 

MATERIAL AND METHODS 
For this study, we used the offshoots of the base population ‘50x50’ (Bijlsma & Van Delden 
1977). Since 1983, one offshoot has been reared on DDT-supplemented medium. The DDT-
resistant population was started on 15 ppm DDT. This concentration was increased gradually until 
a concentration of 90 ppm was reached in 1987. From then on, the DDT-resistant population has 
been reared on 90 ppm DDT. Already four years after it was established on DDT, this population 
was observed to by highly resistant. Resistance was found to be mainly due to (a) factor(s) on the 
2nd chromosome (R. Bijlsma & A.C. Boerema, unpublished results). Another offshoot of the 50x50 
population has been kept on normal medium during the same period and serves as the susceptible 
control. 

Both populations were reared in cages as described by Beardmore et al. (1963) at 25°C and 
50-70% RH. Each cage was supplied with 15 food cups containing 40 ml of standard medium 
consisting of 26 g dead yeast, 54 g sucrose, 17 g agar and 13 ml Nipagin solution (10 g Nipagin in 
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100 ml 96% ethanol) per 1000 ml water. Every week, five of the food cups were replaced by fresh 
food cups. For the DDT-resistant population, DDT was added to the medium to a final 
concentration of 90 ppm. 

To obtain third-instar larvae, females were allowed to lay eggs on normal medium. After four 
hours, the females were discarded and the eggs were transferred to either control medium (without 
DDT) or medium containing DDT (40 ppm for the susceptible population and 90 ppm for the 
resistant population). After 72-90 h, the larvae were collected in a 2-ml tube and kept in liquid 
nitrogen until RNA isolation. 

RNA was isolated using the RNeasy kit (QIAgen). Thirty µg RNA was dissolved in 15 µl 
sample buffer (7.5 µl formamide, 1.5 µl 10 x MOPS (41.9 g MOPS (Free acid), 6.8 g 
NaAC•3H2O, 3.7 g EDTA•2H2O in 1000 ml H2O, pH 7), 2.7 µl formaldehyde, 3.3 µl H2O). To 
denature the RNA, the solution was placed at 60°C. After 15 min, 2 µl ficoll-orange was added. 
The samples were loaded onto the Northern gel (1.5 g agarose, 15 ml 10 x MOPS, 120 ml H2O, 27 
ml formaldehyde) and run at 160 V for 3-4 hours. Transfer of RNA onto a HybondN filter 
(Amersham) was performed overnight with 20 x SSC (174 g NaCl, 88 g Na-citrate in 1000 ml 
H2O, pH 7) as blotbuffer. After blotting, the filter was air-dried completely at room temperature 
and baked at 80°C for 2 hours. The HybondN filter was prehybridised in 100 ml prehybridisation 
buffer (50 ml formamide, 20 ml 50% (w/v) dextran sulphate, 10 ml 10% (w/v) SDS, 20 ml H2O, 
5.8 g NaCl) for at least 5 hours at 36°C. Subsequently, the labelled probe was added to the 
prehybridisation buffer and hybridisation was continued overnight at 36°C. The filter was washed 
for 5 min in 100 ml 2 x SSC at room temperature followed by 15 min in 100 ml 2 x SSC/1% SDS. 
Autoradiography was performed by exposing the filter to X-ray film (Kodak) using intensifying 
screens at -80°C. 

Based on the sequence as found in FlyBase (www.flybase.org), we developed the gene-
specific primer 5'-AgA gCA AAC Tgg gAC Tgg TCA gCC TgC TgA-3’. This primer was 5’ end-
labelled with γ-32P ATP and used as a probe. 

RESULTS AND CONCLUSIONS 
The comparison of expression levels of Cyp6g1 in the susceptible versus the resistant strain on 
food with and without DDT is shown in Fig. 1. The expression of Cyp6g1 in the DDT-resistant 
population was clearly higher than that in the susceptible population. This shows that long-term 
exposure to DDT has resulted in increased expression of Cyp6g1 and that this increased expression 
is constitutive in this population, as it is also observed in the absence of DDT in the medium.. 
However, no significant differences seemed to be present for both the resistant and susceptible 
population when comparing the expression on control and DDT-supplemented medium. This 
indicates that DDT does not induce the expression of the Cyp6g1 gene, at least not to an extent 
detectable in this Northern blot procedure. 

In conclusion, DDT resistance in the population ‘50x50’ is associated with overexpression of 
Cyp6g1. This is in agreement with the findings of Daborn and co-workers for other resistant D. 
melanogaster populations (Daborn et al. 2001, 2002). However, as there are large numbers of 
different cytochrome P450 on the 2nd chromosome, it is not excluded that the Cyp6g1 gene is not 
the only gene affected in this resistant 50x50 population. Therefore, we are currently testing if also 
other Cytochrome P450 play a role in the resistance to DDT in this population. 

 

 
Figure 1. The expression-pattern of Cyp6g1 for the DDT-resistant (R) and Susceptible (S) population 
‘50x50’. The resistant larvae were reared on 0 and 90 ppm DDT, whereas the susceptible larvae were reared 
on 0 and 40 ppm. 
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