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Accumulation of drastic mutants in selection lines for resistance to the insecticides dichlorvos and mala- 
thion in Drosophila melanogaster* 
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Summary. Viability tests were performed on second and third chromosomes from lines of Drosophila melanogaster selected 
for increased resistance to the organophosphorus insecticides dichlorvos and malathion, in order to evaluate the accumu- 
lation of drastic alleles. Our results show that malathion reduces significantly the relative viability of chromosome 3 and also 
increases the frequency of drastic alleles in this chromosome, while dichlorvos increases significantly the frequency of drastic 
alleles in chromosome 2. 
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Lethal alleles have repeatedly been found at high frequencies 
in experimental populations subjected to selection for quant- 

e 12 itative charact rs ' . In these laboratory populations, lethals 
arise by mutation and could increase its frequency by differ- 
ent means, for example, by heterotic effects of lethal hetero- 
zygotes 3 or by epistatic interactions between linked lethal 
genes 4. When the selected character is the resistance to a 
potentially mutagenic compound, the response must be 
higher due to the induced increase in the mutation frequency. 
Therefore, studies on the occurrence of drastic mutants in 
these selected lines could provide useful information on the 
genotoxicity of tested compounds. 
There is no doubt that natural insect populations contain 
many pesticide-resistant variants and, when challenged by 
selection, quickly develop resistance. In this way, positive 
responses in selection experiments for increased resistance 
to several insecticides have been reported by different au- 
thors 5-v but, up to now, no data have been published on the 
genetic load induced in the selected lines by analyzing quanti- 
tatively and qualitatively the effects of detrimental alleles 
accumulated. 
Organophosphorus compounds generally show alkylating 

8 properties and, consequently, they are potentially muta- 
genic agents. Dichlorvos and malathion are two organo- 
phosphorus insecticides fairly well studied from the muta- 
genic point of view but, unfortunately, no general agreement 
has been reached on their genotoxicity because both positive 
and negative results were found using different organisms 
and mutagenicity assays 9-~3. 
The present report deals with the occurrence of drastic mu- 
tants in lines of Drosophila melanogaster selected, during the 

viability tests; drastic mutants. 

adult stage, for increased resistance to dichlorvos and to 
malathion. The question whether the results of this kind of 
experiment would be interesting from the point of  view of 
mutagenicity studies is considered. 
Materials and methods. 1) Chemicals and treatment proce- 
dure. Dichlorvos, or 0, 0-dimethyl-0-(2, 2-dichlorovinyl) 
phosphate, with a purity of 97 %, was supplied by Productos 
Cruz Verde S.A. (Barcelona) and was diluted in an aqueous 
solution which contained 5 % sucrose. Malathion, or S-[1,2- ' 
di(ethoxycarbonil) ethyl] dimethyl phosphorothiolothio- 
nate, 50 % emulsifiable concentrate (50 % active ingredient, 
50% xylol, dispersing and emulsifying agents), obtained 
from Agrocr6s S,A. (Barcelona), was first dissolved in di- 
methyl sulfoxide (DMSO, Panreac) and then diluted with a 
5 % sucrose solution to give a final DMSO concentration of 
1%. In both cases, the insecticide concentrations used for 
treatment were based on the active ingredient. For  adult 
feeding treatment, 3--4-day-old flies were starved for 4 h and 
then fed the test solution in special glass filter feeding units 14. 
2) Selection experiments. Selection experiments were per- 
formed on a population of Drosophila melanogaster desig- 
nated MRA, previously selected for increased resistance to 
malathion 15. The selection procedure was simple. In the line 
selected for increased resistance to malathion, flies surviving 
after adult treatment were used as parents of  the next genera- 
tion. The selection was practised during 8 generations, in- 
creasing the concentration of malathion from 50 to 100 ppm. 
In the line selected for increased resistance to dichlorvos the 
experiment lasted for 20 generations, but the selection was 
applied in alternate generations because of the high toxicity 
of dichlorvos. In this line, the concentrations applied ranged 
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Table 1. Relative viability of homozygous chromosomes 2 and 3 including and excluding lethals and semilethals 

1123 

Population Chromosome 2 Chromosome 3 No. 
No. chromosomes Relative viability No. chromosomes Relative viability flies 
tested % 4- SE tested % • SE scored 

Control 42 28.64 -4- 0.86 42 28.22 4- 1.86 4547 
(41) (29.01 + 0.80) (35) (28.22 5: 1.86) (3707) 

Dichlorvos 18 26.36 • 2.79 18 25.71 4- 3.12 1684 
(15) (29.23 4- 2.75) (14) (30.73 4- 2.66) (1367) 

Malathion 21 27.03 4- 2.84 21 14.19 4- 2.38 a 1603 
(18) (31.54 5: 1.65) (10) (24.07 - 1.64) L~ (960) 

Data in parentheses correspond to counts excluding drastic alleles, aSignificant at 0.01 level (based on t-test). 

Table 2. Viability classes for chromosomes 2 and 3 
Population Chromosome 2 Chromosome 3 

Quasi-normal Drastic Quasi-normal Drastic 
Control 97.62 2.38 83.34 i6.66 
Dichlorvos 83.34 16.66 a 77.78 22.22 
Malathion 85.72 14.28 47.62 52.38 b 
a Significant at 0.05 level, b significant at 0.01 level (based on chi-square test). 

from 1 to 5 ppm. At the end of  the experiment, both selected 
lines showed a significant level of resistance with respect to 
the original population.  
3) Viability tests. Viability measurements were done just 
when the selection experiments were finished. Males from the 
selected lines, as well as from the base population,  were 
mass-mated with virgin females of the tester strain Cy O/Pm; 
TM2 Ubx/Sb. F 1 males of the phenotype Cy; Ubx were 
singly mated with 3 virgin females of the tester stock. The 
number  of males used was 50 for control and 25 for each 
treatment. Males and virgin females of the F2 generation 
with phenotype Cy; Ubx were mated to obtain progeny ho- 
mozygous for specific second or third chromosomes. 
4) Culture conditions. A standard food medium enriched 
with living yeast was used for raising the flies and for the 
tests, and all experiments were performed in a controlled 
temperature at about  25 ~ 
Results and discussion. Table 1 shows the number  of chromo- 
somes tested, the number  of flies scored at F3 and the relative 
viability of homozygous chromosomes 2 and 3 for control 
and treatments. These results are expressed including and 
excluding lethal and semilethal mutations.  We consider that 
a chromosome carries a lethal when only heterozygous 
offspring is observed in F3, while a chromosome carries a 
semilethal when the frequency of normal offspring is less 
than 50 % of the expected frequency. From our data it ap- 
pears that only the treatment with malathion is able to reduce 
significantly the relative viability of chromosome 3. 
When we analyzed the percentage of  chromosomes carrying 
quasi-normal alleles vs those carrying drastic alleles (lethals 
and semilethals) we found (table 2) that in both selection 
lines there is an apparent increase in the proport ion of chro- 
mosomes with drastic alleles. Nevertheless, the chi-square 
test indicates that only the increases of drastic mutants  in- 
duced by dichlorvos in chromosome 2 and by malathion in 
chromosome 3 are significant. 
Our data indicate that chronic treatment with the organo- 
phosphorus insecticides used in this study induces, in addi- 
tion to the significant increase in the resistance level in front 
of them, an accumulation of genotoxic effects that can be 
evaluated by means of the decrease of relative viability and/  
or by the increase in the number  of chromosomes carrying 
drastic alleles. The difference observed between chromo- 
somes in their ability to accumulate drastic alleles has also 
been found in natural  populations 16 as well as in populations 
exposed to chemicals 17, and it has been postulated to be due 

to the existence of different linkage complexes in the two 
chromosomes. 
The increase in the number  of chromosomes 2 carrying dras- 
tic alleles found in the dichlorvos selection line can be related 
to the positive results of Hanna  and Dyer I~ in an experiment 
on the accumulation of recessive lethal mutat ions after 40 
generations of exposure to dichlorvos. The lack of published 
data makes it impossible to compare our results for mala- 
thion selection with those of other workers. 
We conclude that prolonged treatment with compounds 
suspected of mutagenicity can lead to an accumulation of 
genetic alterations, decreasing the relative viability and/or  
increasing the number  of chromosomes with drastic alleles. 
Therefore, selection procedures may be used to obtain valu- 
able complementary data in the mutagenic screening of 
chemicals, principally with those showing high toxicity. 
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