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compared with autumn.  An initial rapid decrease in seasonal rates of water loss was correlated with 
decreased water loss as increased cuticular lipids.  Later in the autumn, cryoprotectant accumulation 
may have affected cold tolerance in D. simulans. 
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Abstract  
Drosophila melanogaster is one among the heavily exploited model organisms, used to study 

genetics and more commonly used in the field of genetic toxicology due to the primary factor of 
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easiness in culturing.  The objective of this study was to evaluate the genotoxic potential of ethyl 
methanesulfonate (EMS) that has been reasonably anticipated to be a carcinogen based on animal 
studies.  Two endpoints namely, DNA fragmentation assay and SMART (Somatic mutation and 
Recombination test) were chosen.  The DNA fragmentation assay allows determining the amount of 
DNA that is degraded upon exposure of the fruit fly to genotoxic agents.  This assay involved 
exposure of Canton flies to 0.5 M, 0.05 M, and 0.005 M of EMS for 24 hrs and 48 hrs.  Extensive 
shearing was observed in the DNA samples of both parent and progeny, whereas intact band 
formation was seen only in progeny.  The Wing spot assay provides a rapid means to assess the 
potential of a chemical to induce loss of heterozygosity (LOH) resulting from gene mutation, 
chromosomal rearrangement, chromosome breakage, or chromosome loss.  Analysis of wings 
obtained from the flies, emerged from the trans-heterozygous larvae of mwh/flr3 cross-over, exposed 
as in the previous end-point, revealed spot formation characteristic of both the recessive markers.  
Single spots representing mutated flr3 clone and trichomes with twin spots per cell representing 
mutated mwh clone was observed.  This indicates the occurrence of either mitotic recombination or 
mutation, in the form of point mutation, deletion, or translocation.  Keywords: Drosophila, DNA 
fragmentation assay, Ethyl methanesulfonate, Gentotoxicity, SMART.  
 
 
Introduction 
 

Drosophila melanogaster, commonly referred to as “fruit fly”, is regarded as the most ideal 
eukaryotic model organism for the purpose of screening chemical compounds for mutagenic and 
genotoxic activity.  It posesses several advantages like short generation time, easy to culture and 
maintain, less number of chromosomes for analysis, and high degree homology to the human genome 
that makes it very useful in genotoxic assays (Graf and Singer, 1992).   

Genotoxic agents are abundant in the environment and are often linked to human activity.  
The effects these agents have on humans include many common diseases, such as cancer.  The 
response to genetic damage interfaces closely with many aspects of cellular metabolism, such as 
DNA repair and recombination, replication, transcription, cell cycle regulation, and cell death.  These 
genotoxic agents fall into three categories, such as carcinogens, mutagens, and teratogens.  Several 
types of chemical compounds have been tested for their genotoxic potential.  One among them is 
ethyl methanesulfonate (EMS).  EMS is a direct- acting mono-functional ethylating agent that is 
reasonably anticipated to be a human carcinogen based on sufficient evidence of carcinogenicity from 
studies in experimental animals (Report on Carcinogens, 12th Edition, 2011).  Alkylation of cellular, 
nucleophilic sites by EMS occurs via a mixed SN1/SN2 reaction mechanism.  EMS produces 
significant levels of alkylation at oxygens, such as the O6 of guanine and in the DNA phosphate 
groups.  Genetic data obtained using microorganisms suggest that EMS may produce both GC to AT 
and AT to GC transition mutations.  There is also some evidence that EMS can cause base-pair 
insertions or deletions as well as more extensive intragenic deletions (Sega, 1984).  The National 
Occupational Exposure Survey (conducted from 1981 to 1983) estimated that 971 workers, including 
448 women, potentially were exposed to ethyl methanesulfonate (Report on Carcinogens, 12th 
Edition, 2011). 

The mutagenicity tests that have been performed on Drosophila have adopted several assay 
methods, and the majority of the mutations have been reported in the regions of its eye, abdomen, 
bristles, and wings.  DNA fragmentation assay is one among the standard tests that help in identifying 
genotoxicity at the molecular level.  Damages induced by a compound on the DNA are observed in 
the form of fragments that clearly are indicative of a genotoxic incident.  The Wing Spot Assay, on 
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the other hand, has been considered as one of the gold standard assays for mutagenicity testing in 
Drosophila. 

The wing somatic mutation and recombination test is more sensitive in terms of detecting a 
vast range of genetic abnormalities, such as mutations, deletions, and somatic recombinations (Graf 
et al., 1984;  Würgler et al., 1984).  This bioassay makes use of the wing-cell recessive markers 
multiple wing hairs (mwh, 3–0.3) and flare (flr3, 3–38.8) in transheterozygous mwh +/+ flr3 animals 
(Henderson, 2004).  During the embryonic development of D. melanogaster, imaginal disc-cell 
groups proliferate mitotically during larval growth until reaching the point of differentiating during 
metamorphosis of body structures of the adult insect.  If genetic alteration occurs in any one of the 
imaginal disc cells, these changes will be present in all the following cells, subsequently forming a 
mutant cell clone.  Induced mutations are detected as single mosaic spots on the wing blade of 
surviving adults that show either the multiple wing hairs or flare phenotype.  Induced recombination 
leads to mwh and flr3 twin spots and also to a certain extent, to mwh single spots.  Recording of the 
frequency and the size of the different spots allows for a quantitative determination of the mutagenic 
and recombinogenic effects.  The rapidity and ease of performance as well as the low costs of the test 
necessitate a high priority for validation of this promising Drosophila short-term test (Guzmán-
Rincón, 1995).  The present study is aimed at utilizing the two assays formerly described for 
evaluating the toxicity of EMS. 
 
Materials and Methods 
 

The alkylating agent, EMS that is to be tested for its genotoxic potential was supplied by 
Sigma Aldrich (M0880, CAS 62-50-0).  Prior to drug exposure, the compound was dissolved in 
ethanol to the different concentrations used.  Canton-S flies were bred for two generations on corn 
meal agar.  Drug exposure studies were performed in Carolina Formula 4 instant medium.  The 
different concentrations used were control,100 µl, and 500 µl of 0.5 M, 0.05 M, and 0.005 M of 
EMS, mixed with 3 g of instant food for 24 hrs and 48 hrs.  Test and duplicates were set up for each 
concentration.  The food was labeled with appropriate drug concentrations, and foiled, and allowed to 
set for two hours.  For phenotypic analysis, 15 male and 15 female flies were exposed to each of the 
drug concentrations and analyzed microscopically after 24 hours and 48 hours of exposure, 
respectively.  F1 generation analysis was performed on emergence, microscopically.  Post-phenotypic 
analysis and DNA isolation of both parent and F1 flies was performed after 24 hours and 48 hours of 
exposure, respectively, which was followed by fragmentation assay.  100 trans-heterozygous larvae 
of the mwh/flr3 cross were exposed to each of the four concentrations, and adult flies were allowed to 
emerge.  The emerged flies of the mwh/flr3 cross were etherized using 500 μl ether.  The wings of the 
flies were dissected and placed on a glass slide.  The wings were observed microscopically for any 
mutations. 
 
Results 
 

The results are tabulated in Tables 1, 2, 3, and Images 1, 2, and 3. 
 
Discussion 
 

Evaluation of genotoxicity of EMS was performed using two major gold-standard assays, 
namely the DNA fragmentation assay and wing spot assay.  For the fragmentation assay, 30 wild type 
Canton flies (15 male and 15 female) were exposed to 100 µl and 500 µl of 0.5 M, 0.05 M, and 0.005 
M each of EMS for 24 hours and 48 hours.  The viability status was 100% at all doses.  The breeding 
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efficiency, on the other hand, reduced to 50% for 0.5 M, and to 25% for 0.05 M and 0.005 (100 µL-
48hrs).  Analysis of the F1 flies prior to DNA isolation, under the stereo zoom microscope, revealed 
significant changes in phenotype in terms of discoloration of thorax and body, mild curling of wings, 
and stout appearance.  At all concentrations, there was protracted delay in the emergence of F1 with 
reduction in size of larvae and pupae (Table 1).   
 
Table 1.  Results of phenotypic analysis of F1. 
 

Sample name and 
concentration (µl) 

Rate of 
viability (%) 

Rate of breeding 
efficiency (%) Changes observed 

Control 100 100 No changes observed 

0.5M-100µL-24hrs 100 Reduced to 50 Reduction in the size of larvae and pupae; delay in emergence 
of F1. 

0.5M-100µL-48hrs 100 Reduced to 50 Reduction in the size of larvae and pupae; delay in emergence 
of F1; discoloration of body color to pale yellow seen in both 
males and females. 

0.5M-500µL-24hrs 100 Reduced to 50 Reduction in the size of larvae and pupae; delay in emergence 
of F1; discoloration of thorax to orange. 

0.5M-500µL-48hrs 100 Reduced to 50 Reduction in the size of larvae and pupae; delay in emergence 
of F1; discoloration of thorax to deep orange seen prominently 
in males. 

0.05M-100µL-24hrs 100 Reduced to 25 Protracted delay in the emergence of F1; discoloration of 
thorax to orange; males appear short and females appear 
stout. 

0.05M-100µL-48hrs 100 Reduced to 25 Protracted delay in emergence of F1; discoloration of thorax to 
deep orange; males appear short and shrunken and females 
appear stout. 

0.05M-500µL-24hrs 100 Reduced to 25 Protracted delay in emergence of F1; discoloration of thorax to 
orange; pale appearance of females. 

0.05M-500µL-48hrs 100 Reduced to 25 Protracted delay in emergence of F1; discoloration of thorax to 
deep orange; mild curling of wings seen at the posterior end. 

0.005M-100µL-24hrs 100 100 Protracted delay in emergence of F1; discoloration of thorax to 
orange; males appear stout and females appear short and 
stout. 

0.005M-100µL-48hrs 100 Reduced to 25 Protracted delay in emergence of F1; discoloration of thorax to 
orange; males appear stout and females appear short and 
stout. 

0.005M-500µL-24hrs 100 100 Protracted delay in the emergence of F1; discoloration of 
thorax to deep orange. 

0.005M-500µL-48hrs 100 100 Protracted delay in the emergence of F1; discoloration of 
thorax to deep orange. 

 
 DNA was isolated from both parent and progeny flies and was followed by gel 
electrophoresis.  Parent DNA showed intense shearing and intact band formation (Figure 1).  The 
area of band formation was restricted to maximum 0.1 kb-0.3 kb (Table 2).  However, fragmentation 
assay performed in F1 DNA showed only shearing and no band formation (Figure 2).  There was no 
shearing documented in the DNA of F1 whose parent flies were exposed to 100 µL of 0.005 M EMS 
for 48 hrs.  This could be attributed to low DNA yield (419.3 ng/ µL), due to poor breeding efficiency 
at that concentration, i.e. the number of flies obtained was significantly reduced.  It is thereby clear 
that the progeny showed pronounced genetic damage than the parent, thus proving that the damage 
been inherited.  However, to identify the type of inheritance followed, a self-fertilization between the  
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F1 flies and a test-cross between the F1 flies obtained from the exposed cultures and the F1 of control 
shall be helpful. 
 
 
Table 2.  Results of DNA fragmentation assay. 
 

Concentration (µl) Sample name and 
nanodrop value(ng/µl) Description of band formation 

Control Parent     -  1509.8 
Progeny  -  4874.9 Nil 

0.5M-100µL-24hrs Parent     -  1999.2 
Progeny  -  2642.3 

Two distinct bands below 0.1kb and one distinct band approx. at 
0.2kb. 

0.5M-100µL-48hrs Parent     -  1922.4 
Progeny  -  4780.6 

Two distinct bands below 0.1kb and one distinct band approx. at 
0.2kb. 

0.5M-500µL-24hrs Parent     -  2175.5 
Progeny  -  2371.9 

Two distinct bands below 0.1kb and one distinct band approx. at 
0.2kb. 

0.5M-500µL-48hrs Parent     -  2522.6 
Progeny  -  2638.8 

Two distinct bands, one below 0.1kb and other approx. at 0.2kb, and 
one faint band below 0.1kb. 

0.05M-100µL-24hrs Parent     -  5228.6 
Progeny  -  2425.4 

Two distinct bands, one below 0.1kb and other approx. at 0.2kb, and 
one faint band below 0.1kb. 

0.05M-100µL-48hrs Parent     -  5070.6 
Progeny  -  1194.1 

Two distinct bands, one below 0.1kb and other approx. at 0.2kb, and 
one faint band below 0.1kb. 

0.05M-500µL-24hrs Parent     -  3236.8 
Progeny  -  2615.7 

Two distinct bands, one below 0.1kb and other approx. at 0.2kb, and 
two faint band below 0.1kb. 

0.05M-500µL-48hrs Parent     -  2830.4 
Progeny  -  2005.1 

Two distinct bands, one below 0.1kb and other approx. at 0.2kb, and 
one faint band below 0.1kb. 

0.005M-100µL-24hrs Parent     -  3437.8 
Progeny  -  1851.4 One band at 0.1kb and two bands below 0.1kb 

0.005M-100µL-48hrs Parent     -  3944.4 
Progeny    -  419.3 

First band between 0.2 and 0.3kb, second band at 0.2kb and third 
band below 0.1kb. 

0.005M-500µL-24hrs Parent     -  2602.6 
Progeny  -  3565.2 One distinct band at 0.2kb and one faint band below 0.1kb. 

0.005M-500µL-48hrs Parent     -  2945.1 
Progeny  -  2953.9 One distinct band at 0.1kb. 

 
Table 3.  Wing Spot assay. 
 
Concentration 
of EMS (µL) flr3 mwh Mwh 

/ flr3 Observations 

Control - - - Absence of spots 

0.5M-100 + - - Presence of large single spots – flr3 

0.5M-500 + + - Single large spot -flr3; Multiple trichomes per cell - mwh 

0.05M-100 + + - Multiple trichomes &2 hair per cell - mwh; Multiple single spots- flr3 

0.05M-500 + + + Multiple trichomes per cell - mwh; 6 single spots - flr3 and cluster of 
trichomes - mwh 

0.005M-100 + + + Large single spots- flr3 and multiple trichomes per cell – mwh; single 
spots-flr3 

0.005M-500 + + + 8 single spots -flr3 and cluster of trichomes per cell – mwh; Multiple 
single spots - flr3 
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Figure 1.  Agarose gel electrophoresis showing DNA fragmentation of Parent DNA samples.  
Description: Wells 1,2 – 100 and 500 bp ladder;  3 – Control;  4,5 – 100 µl of 0.5 M EMS for 24 hrs 
and 48 hrs;  6,7 – 500 µl of 0.5 M EMS for 24 hrs and 48 hrs;  8,9 – 100 µl of 0.05 M EMS for 24 hrs 
and 48 hrs;  10,11 – 500 µl of 0.05 M EMS for 24 hrs and 48 hrs;  12,13 – 100 µl of 0.005 M EMS 
for 24 hrs and 48 hrs;  14,15 – 500 µl of 0.005 M EMS for 24 hrs and 48 hrs. 
 
 

 
 
Figure 2.  Agarose gel electrophoresis showing DNA fragmentation of F1 DNA samples.  
Description: Wells 1,2 – 100 and 500 bp ladder;  3 – Control;  4,5 – 100 µl of 0.5 M EMS for 24 hrs 
and 48 hrs;  6,7 – 500 µl of 0.5 M EMS for 24 hrs and 48 hrs;  8,9 – 100 µl of 0.05 M EMS for 24 hrs 
and 48 hrs;  10,11 – 500 µl of 0.05 M EMS for 24 hrs and 48 hrs; 12,13 – 100 µl of 0.005 M EMS for 
24 hrs and 48 hrs;  14,15 – 500 µl of 0.005 M EMS for 24 hrs and 48 hrs. 
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 Further understanding of the exact mechanism and the type of mutation that influences the 
expression of phenotypic changes involved the second assay, i.e., SMART test.  Third instar larvae 
trans-heterozygous for two genetic markers mwh and flr3, were treated with 100 µl and 500 µl of 0.5 
M, 0.05 M, and 0.005 M of EMS.  Wings of the emerging adult flies were scored for the presence of 
spots of mutant cells, which result from either somatic mutation or mitotic recombination.  The 
appearance of single spots clearly indicated the contribution of flr3 clone and the twin spots with 
trichomes per cell represented the mwh clone.  The exact type of genotoxic effect was further 
evaluated by comparing the frequencies of spots per wing in the treated series to the control group 
(Table 3).   
 The results of the wing spot assay showed that all the doses gave rise to single spots 
corresponding to flr3 clone (approx. 75%) and the rest showed a combination with mwh clone, 
depicted by clustering of trichomes per cell (Figure 3).  The SMART test also yielded dose-
dependent results.  It has been understood from previous data obtained that flr3 clone arises due to 
point mutation, interstitial deletion and double crossing-over, and twin spots (mwh/flr3) arise due to 
mitotic recombination.  The presence of twin spots confirms the recombinagenic action of a 
compound.  From the results obtained, the experimental study clearly depicts that EMS is a potent 
genotoxic agent. 

Based on these findings, a dose-assessment analysis could be conducted, in-order to define a 
threshold dose that is considered “safe” for human exposure, since EMS is a well known 
pharmaceutical contaminant. 
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Figure 3 (previous page).  SMART analysis – A: Control;  B: Exposure to 
100 µl of 0.5 M EMS - Presence of large single spots -flr3;  C and D: 
Exposure to 500 µl of 0.5 M EMS showing single large spot –flr3 and 
multiple trichomes per cell – mwh, respectively;  E and F: Exposure to 500 
µl of 0.05 M EMS showing multiple trichomes per cell – mwh and single 
spots - flr3 with cluster of trichomes – mwh, respectively;  G and H: 
Exposure to 500 µl of 0.005 M EMS showing 8 single spots – flr3 along with 
cluster of trichomes per cell – mwh and multiple single spots - flr3, 
respectively. 




