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II. INTRODUCTION 

Interest in using ethyl formate in the present experi¬ 

ment to test its mutagenic effect is related to the work of 

S. Osawa, V. G. Allfrey and A. E. Mirsky (1956) on the reten¬ 

tion and removal of nucleotides by the isolated calf thymus 

nuclei. In a part of their work they found that when calf 

thymus nuclei in sucrose solution were treated with dilute 

acetate buffers (0.02M) below pH 5.1, 85 to 90 per cent of 

the nucleotides were removed. In testing how specific the 

acetate is in releasing nucleotides from the nuclei several 

related substances have been tested for comparison. It was 

found that the salts of simple fatty acids, such as formic, 

propionic and monochloroacetic acid, have the same capacity 

to release nucleotides. However, ethyl alcohol, acetalde¬ 

hyde, citrate, glycine hydrochloride, succinate and acetone 

do not have this kind of effect. 

In another series of experiments, they found a linear 

relationship between the concentration of the acetate and 

percentage of nucleotides removed from the nuclei. That is, 

increasing the concentration of the acetate results in a 



corresponding increase in percentage of nucleotides removed 

from nuclei. 

The way in which the chemicals act on the nucleus is 

unknown. But on the basis of their common properties it 

was believed that the salts of fatty acids or their related 

compounds might have a strong capacity to change the nature 

of the genic materials and cause mutations. 

One of the fatty acid esters, ethyl formate has been 

tested on the eggs of Drosophila melanocraster at the polar 

cap stage by L. Alteriburg (1956) and an induced lethal mu¬ 

tation rate of 4.2±1.6% was obtained when the second pair 

of chromosomes was tested. Two other compounds, sodium 

formate and ethyl acetate, were also tested in the same way 

(E. Altenburg and L. Alteriburg, 1958)? no significant in¬ 

duced mutation rates were found (0.3±0.2% and 0.2+0.1% re¬ 

spectively) . The higher mutation rate of the ethyl formate 

treated eggs might be due to the stronger penetrating power 

of the ethyl formate into the cell as compared with the 

other two compounds mentioned. Since the number of ethyl 

formate treated flies in the work done by L. Altenburg in 

1956 was not very large, the present study was undertaken 
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to get further evidence on the mutagenic action of ethyl 

formate. 

When ethyl formate reacts with water which surrounds 

the eggs, ethanol and formic acid can be produced. The 

former has been tested in various organisms and found to 

have no mutagenic action. The latter might be mutagenic. 

But, because of the low solubility of the ethyl formate in 

water the amount of formic acid produced would be negli¬ 

gible , It therefore seemed probable that any mutagenic ef¬ 

fect which ethyl formate might have would be due to the 

ethyl formate itself rather than the products of its dis¬ 

sociation . 

The polar cap stage of the Drosophila egg was found 

by some authors (E. Altenburg, 1936; H. J. Muller, et al. 

1954; I». Altenburg, 1958) to be convenient for treatment 

with physical or chemical agents in study of the mutagenesis, 

since the polar cap cells are located at one end of the de¬ 

veloping egg, directly below the thin vitelline membrane 

where they are almost directly in contact with the agents 

being treated. Any induced mutations would be reduplicated 

in the course of development by cell division. As a result 
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each mutation induced at the polar cap stage would be repre¬ 

sented by a cluster of mutant sperm cells in the mature fly 

(the male being selected for further breeding). 
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III. GENETIC TECHNIQUE 

Since the second chromosome of Drosophila is twice as 

long as the X-chromosorae (which is often used in mutagenic 

studies), it would contain tv/ice as many induced mutations 

as the X and was therefore used in preference to the X in 

the present studies. Moreover, there would be little if any 

germinal selection against lethal mutations that arose in 

the early germ tract; in the X there would be, since it is 

haploid in the male. 

The technique used in the present experiments in de¬ 

tecting second chromosome lethal mutations was developed by 

Muller in 1951 and is known as the "sifter” technique. In 

this technique the eggs of the cross of two isogenic strains, 

JL 

one of which is cn bw sp and the other cn bw sp, are treated 

at the "polar cap" stage v/ith the agent. After the eggs de¬ 

velop into adults, the males are selected and are crossed 

with virgin females v/hich have star, curly, cinnabar, brown 

and speck (S Cy cri. bw sp) on one of their second chromo¬ 

somes and sternopleural, cinnabar, brown and speck (Sp cn 

bw sp) on another. 



This cross gives four classes of offspring (F^), 

but only those males which carry 8 Cv cat to so chromosomes 

are Chosen as P2. The males possessing this chromosome are 

two types: specie (sp) and non-speck (sp*). Each type 

carries one of the two treated male <*x> second chromosomes. 

These males are in turn mated individually to the "sif¬ 

ter" virgins. The sifter stock is a translocation heterozy¬ 

gote for two complexes involving rearrangements of the sec¬ 

ond and third chromosomes. One second chromosome contains 

S and Sp. & small segment of this chromosome has been de¬ 

leted and inserted into one of the third Chromosomes, as the 

result of a translocation. The deletion is referred to as 

the Pale deletion (P*“) , and the insertion as the Pale in¬ 

sertion (P^) • The third chromosome with the pale Insertion 

carries the markers Delta, Hairless, ebony (D1 He). The 

other third chromosome carries a series of complex inver¬ 

sions (In CXF), As the result of a translocation, the sec¬ 

ond chromosome with Cy is in effect linked with the third 

chromosome that has P+, and in outcrosses, only those off¬ 

spring which receive these two chromosomes from their sifter 

parent can survive. Therefore, when the males are crossed 
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to sifter females only those P2 offspring with the Cy chro¬ 

mosome from their sifter mothers and the treated chromosome 

from their fathers can survive. The F2 offspring (all 

of which are now of desired genotypes) are used as the P3. 

They are all heterozygous for a Cy second chromosome, and a 

treated chromosome (non-Cy, i.e,, straight winged). If the 

treated chromosome does not carry a lethal the F3 will he 

produced in the ratio of two curlys to one straight. How¬ 

ever, if the treated chromosome contains a lethal, the 

straight-winged flies (which also are cn and bw, a combina¬ 

tion which appears white) would not be viable, and the cul¬ 

ture would contain only Cy offspring. If the treated chro¬ 

mosome contains a slight detrimental, the straight wing 

flies would be reduced in number relative to curlys. The 

expected ratio in F3 should be 6 Cy++:2 Cy
+cn+:l Cy+cn bw, 

but actually the experimental results always show a devi¬ 

ation from this, as will be discussed later in this paper. 



Figure 1. Diagram of matings for the defection, 

by the sifter technique, of lethal mutation 

on the second pair of chromosomes, The non- 

viable offspring of the P3 are not shown in 

the diagram* 60, 61, gSQ, and j66 refer to 

the stocks used 
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IV. METHOD 

A cross of cn bw sp § x cn iw cf (both from isogenic 

stocks) was made one week before the experiment. To main¬ 

tain the viability of these flies they were transferred to 

a fresh bottle each day. On the first day of the experiment 

the flies were transferred to a new bottle. One and one- 

half hours after the transfer the flies were emptied from 

the bottle. The eggs were collected under the binocular 

microscope and spread on a slide smeared with dilute wet 

yeast. 

Eight to ten minutes later (after the eggs were all 

stuck on the slide) the chorion membranes were removed by 

means of a blunt needle. The dechorionated eggs were placed 

separately on slides and examined under the microscope for 

polar cap stage of development (Pig, 2-A). All those eggs 

which were not of the polar cap stage were rejected. 

About 60 holes were made in a piece of tin foil by 

means of a needle. The selected eggs were inserted into the 

holes so that just the polar cap projected through the foil 

(Pig. 2-B). The eggs were kept moist throughout this oper¬ 

ation, The foil was sealed on a small vessel with the micro- 



Figure 2~&, A dechorionated Drosophila egg at the 

polar cap stage of development. 

Figure 2-B* Position of the egg during treatment, 

showing polar cap end inserted through the 

hole in the foil. 
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Vitelline membrane 

Pig. 2-A 

t t t 
Ethyl -formate vapor 

Fig. 2-B 
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pyle ends of the eggs facing inside. The vessel was placed 

in a small chamber (2x2x3 inches) which contained a 

small vessel of ethyl formate, with the vapor of which the 

chamber was saturated. 

The temperature was kept at 60°P. to lengthen the du¬ 

ration of the polar cap stage. At the end of the treatment 

the eggs were transferred to a small piece of v/et blotting 

paper. All eggs were allowed to develop at 78°-85°P. The 

number of eggs that hatched was checked every day for the 

first week after treatment. 

Throughout the course of the treatment, the eggs were 

placed in darkness. After the treatment the eggs were trans¬ 

ferred under yellow light to the blotting paper and allowed 

to develop in darkness. Thus any possible photoreactivating 

effect of the natural light or ordinary electric light was 

completely avoided in the treatment of the eggs. 

After the eggs developed into adults, the males were 

selected and were mated to three g60 females* The parent 

flies were allowed to mate and lay eggs in the bottle for 

three days. On the fourth day all flies were transferred 

to another bottle. The flies which developed in the first 
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bottle were designated as brood 1 and from the second as 

brood 2, The parent flies were emptied from the second bot¬ 

tle one week after the transfer. All newly hatched males 

were collected from brood 1 and brood 2 and kept in sugar 

agar medium vials until sufficient numbers were obtained. 

The brood 1 males were used for the matings, but some males 

of later broods were used in addition to the number in brood 

1, when it was not enough to make P2 crosses. 

The P2 culture was made by crossing one Cy sp (or Cy 

sp+) male with three sifter virgins in a small vial. To 

test for the lethals or detrimental chromosomes derived from 

the germ tracts of the treated males, eleven F^ males were 

selected from each culture (as P2) and individually mated 

to sifter females. 

The P2 flies (F^ tf x sifter 9) were removed on the 

sixth day after mating. The offspring of the P2, obtained 

one week later, were checked for the characters of Cy, cn, 

sp (or sp+), Any cultures having Sp (sternopleural) off¬ 

spring were produced by non-virgin sifter females and 

were discarded, Three females of F2 were inbred with 

three males (P3). Those cultures which did not go well at 

the third day after they were started were replaced with new 
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cultures. Each F3 culture was examined for lethals or 

detrimentals and recorded. 

In the present study a preliminary experiment was run 

to determine the lowering of the F3 ratio. The chorions of 

the eggs were removed. All other procedures were the same 

as stated above except that instead of treating the eggs 

with water vapor to prevent desiccation distilled water was 

applied to the polar cap ends. 
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V. RESULTS 

In the preliminary experiment a total 647 F3 cul¬ 

tures were counted. The data are presented in Table X. 

The mean (M) of the distribution is 0.435 and the 

standard deviation (S.D.) is ±0.146. The curve drawn from 

data in Table I shows a strong asymmetry (Fig. 3). When 

it was subjected to chi-square test it gave a value of 

50.16; the probability of its being symmetrical (P) is 

smaller than 0.001. The skewness (Sk) of the curve is 

+0.41. 

The experiments in which eggs were treated with ethyl 

formate were conducted over a six-month period; a low per¬ 

centage hatch was obtained when eggs were treated for 5, 

10, 15, and 20 minutes. It was found that in all cases 

many of the eggs died within 36 hours of the treatment. 

The hatching rates and percentages of fertile males are 

shown in Table II, 

The number of F3 flies obtained from the 20 minute 

and 15 minute treatments was too small to be subjected to 

statistical treatment* The 10 minute and 5 minute treat¬ 

ments show very low lethal mutation rates, almost the same 

as the controls (Table III). However, no clusters or visible 
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TABLE I. 

The ratios of Cy+ (straight wings) to Cy (curly wings) in 
647 F3 cultures, expressed as a per cent of Cy. The cho¬ 
rions of the eggs were removed and only distilled water ap¬ 

plied on the eggs. 

F3 ratio 
1% Cy* to Cy) Class mid-point Ho. of cultures 

0.00 - 0.05 0,025 1 
0.05 - 0.10 0.075 0 
0.10 - 0.15 0.125 7 
0.15 0.20 0.175 11 
0-. 20 - 0.25 0.225 32 
0.25 vm 0.30 0.275 43 
0.30 0.35 0.325 93 
0.35 — 0.40 0.375 95 
0.40 - 0.45 0.425 93 
0.45 0.50 0.475 83 
0.50 - 0.55 0.525 69 
0.55 - 0.60 0.575 47 
0,60 mm 0.65 0.625 26 
0,65 - 0.70 0.675 11 
0,70 M 0*75 0.725 18 
0.75 0.80 0.775 7 
0.80 mm 0.85 0.825 3 
0.85 «- 0.90 0.875 3 
0.90 0.95 0.925 1 
0.95 - 1.00 0.975 0 
1.00 - 1.05 1,025 4 

N = 647 
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mutations of the P^ genome were found in any of the treated 

or control series. The formula derived by Muller (1952) 

for the errors of the mutation frequencies was not applied 

in the present study. The most interesting result found in 

this study was that there was a remarkable lowering of the 

number of the flies in the straight wing classes in the P3 

of the treated series. The experiments with 10 minute treat¬ 

ments were separated into two parts since it was found in 

the series treated in June and July that the number of cn 

bw+ flies in the P3 cultures was significantly lower than 

the number of cn bw flies (Table IV, V; Pig. 4). This did 

not happen in the series treated in April and May (Table VI, 

VII; Pig. 5). The possible reason for the lowering is that 

the chromosome carrying the pale insertion (located in one 

of the third chromosomes of the sifter stock) acquired a 

dominant detrimental or semi-lethal mutation arising during 

May or June. The same lovrering of the cn bw+ class was 

found in the series treated for 5 minutes (Table VIII, IX? 

Pig. 6). 

The "accumulation" curves of the three series have 

been made for comparisons with the controls (Pig. 7, 8, 9). 
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TABLE III. 

The mutation rate of the three series of experiments. 

Series 
No. 

Time 
Exposed 
Cmin.) 

NO. 
Treated 

cf<f 

No. 
Chro, 
Tested 

No. Lethal 
+ Semi-leth. 

(20.10) 

Mutation 
Rate 

(%) 

S-l 10 12 156 0 + 2 1.3 

Control 10 10 136 0 + 0 0 

S-2 10 9 118 0 + 2 1.7 

Control 10 12 227 0 + 0 0 

S-3 5 37 647 3 + 1 0.6 

Control 5 18 249 1 + 0 0.4 
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It can be seen from the figures that both the 10 minute 

treatment (S-2) and the 5 minute treatment (S-3) show a de¬ 

crease in the number of high ratio cultures and an increase 

in the number of low ratio cultures, The series of 10 min¬ 

ute treatments in April and May (S-l) was not significantly 

different from the controls, although there were relatively 

more of the low ratio cultures and high ratio cultures. 

Pre-existing lethals were found in some of the sp+ 

carrying cultures, There can be no doubt that a lethal mu¬ 

tation had occurred in one of the second chromosomes of the 

stock No. 61 before the beginning of the experiments, All 

the pre-existing lethals found in P3 were excluded when the 

data were calculated. Those F3 counts having less than 20 

flies were omitted from the calculation* 
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TABLE IV. 

The per cent of straight winged flies in F3 cultures, as 
based on the ratio of straight wing flies to curly wing 
flies. The eggs were treated for 10 minutes with 100 per 
cent ethyl formate after the chorions of the eggs were re¬ 
moved. This series was tested in April and May, 1958, and 

designated as (S-l). (See Fig. 4). 

Per cent 

Class 
Mid¬ 
point Frequency 

Accumu¬ 
lative 
Value 

% of Accu] 
Value in 
• Total 

0.00 - 0.05 0.025 0 0 0 
0.05 - 0.10 0.075 2 2 1.28 
0.10 - 0,15 0.125 3 5 3,22 
0.15 - 0.20 0.175 2 7 4.48 
0.20 - 0.25 0,225 7 14 8.96 
0.25 - 0.30 0.275 34 48 30.70 
0.30 - 0.35 0.325 21 69 44.20 
0.35 - 0.40 0.375 17 86 55.20 
0.40 - 0.45 0,425 24 110 70.60 
0.45 - 0.50 0.475 17 127 81.30 
0.50 - 0.55 0,525 15 142 91.10 
0.55 - 0.60 0,575 6 148 95.00 
0.60 - 0.65 0.625 3 151 97.00 
0.65 - 0.70 0.675 4 155 99.50 
0.70 - 0.75 0,725 0 155 99.50 
0.75 - 0,80 0,775 1 156 100.00 
0.80 *- 0.85 0,825 0 156 100.00 
0.85 *- 0.90 0,875 0 156 100.00 
0.90 - 0*95 0.925 0 156 100,00 
0.95 - 1.00 0,975 0 156 100.00 

N = 156 
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TABLE V. 

The control experiment of the 10 minute treated series 
(S-l). (See Fig, 4), 

vPer cent) 

Class 
Mid¬ 
point Freauencv 

Accumu¬ 
lative 
Value 

% of Accum. 
Value in 

Total 

0.00 - 0.05 0.025 0 0 0 
0.05 - 0.10 0.075 0 0 0 
0.10 - 0.15 0.125 2 2 1.46 
0.15 - 0.20 0.175 3 5 3.68 
0.20 - 0.25 0.225 8 13 9.55 
0.25 - 0.30 0.275 24 37 27.20 
0.30 - 0.35 0.325 21 58 42.60 
0.35 - 0.40 0.375 20 78 57.10 
0.40 - 0.45 0.425 17 95 69.90 
0.45 - 0.50 0.475 15 110 81.00 
0.50 - 0.55 0.525 9 119 87.50 
0,55 - 0.60 0.575 4 123 90.60 
0.60 - 0.65 0.625 4 127 93.50 
0.65 - 0.70 0.675 3 130 95.80 
0.70 - 0*75 0*725 1 131 96.60 
0*75 - 0*80 0,775 1 132 97,20 
0*80 — 0*35 0*825 2 134 98.60 
0*85 ** 0*90 0,875 0 134 98.60 
0*90 - 0*95 0,925 1 135 99.40 
0*95 - 1*00 0,975 1 136 100.00 

N = 136 
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TABLE VI. 

The per cent of straight winged flies in P3 cultures, as 
based on the ratio of straight wing flies to curly wing 
flies. The eggs were treated for 10 minutes with 100 per 
cent ethyl formate after the chorions of the eggs were re¬ 
moved. This series was tested in June and July, 1958, and 

designated as (S-2). (See Fig, 5). 

Per cent 

Class 
Mid¬ 
point Frequency 

Accumu¬ 
lative 
Value 

% of Accum 
Value in 

Total 

0.00 — 0.05 0.025 0 0 0 
0.05 - 0.10 0.075 2 2 1.69 
0.10 - 0.15 0.125 5 7 5.92 
0.15 - 0.20 0.175 11 18 15,25 
0.20 - 0.25 0,225 21 39 33,10 
0.25 - 0.30 0.275 23 62 52.50 
0.30 - 0.35 0.325 15 77 65*20 
0.35 - 0,40 0.375 11 88 74,60 
0,40 - 0.45 0.425 6 94 79.50 
0.45 — 0.50 0*475 5 99 83 *90 
0.50 - 0.55 0.525 6 105 89.20 
0.55 - 0.60 0.575 2 107 90.60 
0.60 - 0.65 0.625 4 111 94.20 
0.65 - 0.70 0,675 1 112 95,00 
0,70 - 0,75 0.725 0 112 95.00 
0,75 - 0.80 0,775 2 114 96.90 
0,80 - 0,85 0,825 1 115 97.80 
0,85 - 0,90 0,875 0 115 97.80 
0,90 - 0*95 0.925 0 115 97.80 
0,95 - 1,00 0.975 3 118 100,00 

N = 118 
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The control experiment of the 10 minute treated series 
(S-2). (See Fig. 5). 

(Per cent} 

Class 
Mid¬ 
point Frecruency 

Accumu¬ 
lative 
Value 

% of Accum 
Value in 

Total 

0.00 - 0.05 0.025 0 0 0 
0.05 - 0,10 0.075 0 0 0 
0.10 - 0.15 0.125 4 4 1.76 
0.15 - 0.20 0.175 10 14 6.15 
0.20 - 0.25 0.225 25 39 17.80 
0.25 - 0.30 0.275 36 75 33,10 
0,30 - 0.35 0,325 52 127 56.10 
0.35 - 0.40 0*375 35 162 71.60 
0.40 - 0.45 0.425 20 182 80.25 
0.45 - 0.50 0.475 14 196 86.50 
0.50 - 0.55 0.525 11 207 91.20 
0.55 - 0,60 0.575 9 216 95.20 
0.60 - 0,65 0.625 7 223 98.30 
0.65 - 0,70 0.675 2 225 99.10 
0,70 - 0*75 0,725 1 226 99.50 
0.75 - 0,80 0.775 0 226 99,50 
0.80 - 0*85 0,825 1 227 100.00 
0.85 - 0,90 0,875 0 227 100.00 
0.90 - 0*95 0*925 0 227 100.00 
0*95 - 1,00 0,975 0 227 100,00 

K = 227 
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TABLE VIII. 

The per cent of straight winged flies in P3 cultures, as 
based on the ratio of straight wing flies to curly wing 
flies. The eggs ware treated for 5 minutes with 100 per 
cent ethyl formate after the chorions of the eggs were re¬ 
moved, This series vms tested in July and August, 1958, 

and designated as (S-3). (See Pig, 6). 

Per cent 

Class 
Mid¬ 
point Frecfuenev 

Accumu¬ 
lative 
Value 

% of Accum 
Value in 
Total 

0.00 - 0.05 0.025 3 3 0.46 
0.05 - 0.10 0.075 1 4 0.62 
0,10 - 0.15 0.125 10 14 2.00 

0.15 - 0,20 0.175 45 59 9.11 
0.20 — 0.25 0,225 63 122 18.87 
0,25 - 0.30 0.275 125 247 33.16 
0.30 - 0,35 0,325 99 346 53,47 
0.35 - 0.40 0.375 80 426 65.84 
0.40 - 0.45 0.425 83 509 76.19 
0.45 - 0.50 0.475 56 565 87,32 
0,50 — 0.55 0.525 30 595 91,92 
0.55 - 0.60 0.575 15 610 94.28 
0.60 - 0.65 0,625 17 627 96.90 
0.65 - 0*70 0.675 7 634 97.99 
0.70 - 0.75 0.725 4 638 98.69 
0.75 - 0,80 0,775 1 639 98.76 
0.80 - 0,85 0.825 3 642 99.27 
0,85 - 0,90 0,875 2 644 99.57 
0,90 - 0,95 0.925 2 646 99.83 
0,95 - 1.00 0,975 1 647 100.00 

B = 647 
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The control osperiment of the 5 minute treated series 
(S—3). (See Fig, 6), 

(Per cent? 

Class 
Mid¬ 
point Frecmencv 

Accumu¬ 
lative 
Value 

% of Acaum 
Value in 

Total 

0.00 - 0.05 0.025 1 1 0.40 
0.05 - 0.10 0.075 0 1 0.40 
0.10 - 0,15 0.125 2 3 1.20 
0.15 - 0.20 0.175 13 16 6.46 
0.20 - 0.25 0,225 14 30 12.05 
0,25 - 0.30 0.275 48 78 31.32 
0.30 - 0.35 0.325 48 126 50.60 
0.35 - 0.40 0,375 48 174 70*00 
0,40 — 0.45 0,425 14 188 75.50 
0.45 - 0.50 0.475 30 218 87,50 
0.50 - 0.55 0.525 6 224 90*00 
0,55 - 0,60 0,575 12 236 94.70 
0.60 - 0.65 0*625 5 241 96.80 
0*65 - 0.70 0*675 1 242 97.30 
0*70 - 0.75 0.725 2 244 97,99 
0.75 0*80 0,775 0 244 97,99 
0,80 - 0,85 0,825 2 246 99.80 
0,85 ~ 0*90 0,875 2 248 99,95 
0.90 — 0*95 0.925 1 249 100.00 
0*95 - 1*00 0.975 0 249 100.00 

H = 249 
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Fig. 9 
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VI. DISCUSSION AND CONCLUSIONS 

The data in the ultraviolet experiments of H. J. 

Muller, L. Altenburg, et al (1954), in which the sifter 

technique was originally used, indicate that in the F3 cul¬ 

tures the Cy class is more than twice as frequent as the 

straight winged class, A lowering in expected proportion 

of the straight wing classes is obvious. A large number of 

F3 counts had not been made in that experiment or any other 

experiment done previous to the present. In most of the 

work done on mutations in the second chromosomes detected 

with the sifter technique only records were made of the 

counts of lethal or semilethal containing cultures, which 

were checked out by examining the culture through the glass 

of the Fg vials. The actual deviation of the ratio of 

curlys to straights from the expected was not determined 

except for the lethal and semilethal cultures* 

In the preliminary experiment of the present study 

every F3 culture was counted* The mean ratio (0*435) and 

the skewness (+0.41) of the resulting distribution strongly 

confirm L. Altenburg's findings. Ordinarily the straight 

winged fly is more viable than the curly winged fly. But 
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in this case the result is just reversed—the straight 

winged fly is less viable. The cause of this lowering in 

the viability of the straight winged class still remains to 

be investigated. 

From Table III it can be seen that the treatment with 

ethyl formate neither induces a high lethal mutation rate 

nor does it depress the spontaneous rate. The mutation 

rates of 10 minute treated series are not high (1.3% and 

1.7%). The 5 minute treatment gives a low mutation rate 

(0;6%), almost the same as the control rate (0.4%). The re¬ 

sults are somewhat different from those reported by L. Al- 

tenburg and E. Altenburg, who found that ethyl formate in¬ 

duced a mutation rate of about 4% (L. Altenburg and E. Al¬ 

tenburg, 1956). The mutagenic effect of ethyl formate shown 

in the present experiment is that it probably produces 

slight detrimental mutations. These detrimentals might be 

thought of as genetic changes which have only small pheno¬ 

typic effects. 

It was shown in the experiment of S. Osawa, et al 

(1956) that the removal of nucleic acids from the isolated 

thymus cell nuclei by the salts of fatty acids is pH de¬ 

pendent. If the loss of material from the nucleus is re- 
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lated to the mutation, the pH seems to be a very important 

factor in mutagenesis. In the present study an attempt has 

only been made to test the action of ethyl formate itself. 

No buffer system was used to maintain a constant pH. A 

further study will be necessary for the determination of 

the effect of pH on the mutagenicity of this chemical. 

In nature, mutations with very small phenotypic ef¬ 

fects are probably more important, for evolution, than large 

changes since the former would probably be more frequent 

(as indicated by the present studies) and less drastic than 

the latter. 



VII♦ SUMMARY 

A 100 per cent ethyl formate vapor was used to treat 

the eggs of Drosophila melanogaster at the polar cap stage. 

Second chromosome lethals were detected by using Muller's 

"sifter" technique. In a preliminary experiment it was 

found that even in the control series the straight winged 

class was below expectation in the P3, In the main ex¬ 

periments, five series of flies were treated with various 

durations of ethyl formate. It was found that the ethyl 

formate killed a large number of eggs and also enhanced the 

mortalities of the later stages in the development of the 

flies. But no significant induced lethal mutation rate was 

found. However, the 5 minute and 10 minute treatments re¬ 

sulted in a considerable lowering of the straight wing class 

in the P3. This lowering was probably due to the induction 

of slight detrimental mutations by the ethyl formate. 



37 

VIII. BIBLIOGRAPHY 

Alteriburg, E. 1936a. Eggs for ultraviolet treatment, 
D.I.S. 6,: 22. 

Alteriburg, E. 1936b. The production of mutations by the 
polar cap method of treatment. Biol. Zh. (Hose.) J3s 
27-34. 

Alteriburg, E. and Alteriburg, L. 1958. The mutagenic in¬ 
fluence of chemicals administered to the polar cap 
of Drosophila melanocaster. Unpublished. 

Alteriburg, L. 1954. The production of mutations in Dro¬ 
sophila by tertiary-butylhydroperoxide. P .N .A. S. 40s 
1037-1040. 

Alteriburg, L. 1956. The production of mutation in Dro¬ 
sophila by ethyl formate vapor. Rec, Genet. Soc. 
Am., No. 25. 

Allfrey, V. G., Mirslcy, A. E. and Osawa, S. 1956. Protein 
synthesis in isolated cell nuclei, J. Gen. Physiol. 
40: 451. 

Auerbach, C. and Robson, J. M. 1946. The chemical pro¬ 
duction of mutations. Nature 157 s 302. 

Auerbach, C. 1947. Tests of chemical substances for muta¬ 
genic action. Proc. Roy. Soc. Edin. 82: 284, 

Auerbach, C. 1949. Chemical mutagenesis. Biol. Rev. 24: 
355. 

Bergendahl, C. J. 1950. The effect of varying the in¬ 
tensity of ultraviolet light on the mutation rate in 

•^Drosophila melanogaster. Master's Thesis, The Rice 
Institute. 

Bhattacharya, S. 1948a. A test for mutagenicity of methyl 
cholanthrene. Nature, London, 162; 573, 



-38- 

Bhattacharya, S. 1948b. Test for a possible action of 
ethylene glycol on the chromosomes of D. melanogaster. 
Proc. Roy, Soc. Edin. B63: 242-248. 

Bird; M. J. 1952. Chemical production of mutations in 
Drosophila, comparison of techniques. J. Genet. 50; 
480. 

Bowen, C. and Wilson, G. B, 1954. A comparison of the ef¬ 
fects of several antimitotic agents. J. Heredity 45: 
1—9. 

Clark, A. M. 1953. The mutagenic activity of dyes in 
Drosophila melanogaster. Am. naturalist 87: 295-305. 

Croxton, F, E. and Cowdan, D. J. 1949, Applied General 
Statistics. Prentice-Hall, Inc., New York. 

Dahlberg, G. 1948. Statistical Methods for Medical and 
Biological Students. George Allen & Unwin Ltd., London, 

Debusk, A. GIB. 1956. Metabolic aspects of chemical 
genetics. Advances in Ensymol. XVII: 393-476. 

Demerec, M. 1947. Production of mutations in Drosophila 
by treatment with some carcinogens. Science 105:634. 

Demerec, M. 1948. Induction of mutations in Drosophila by 
dibensanthracene. Genetics 33: 337-348. 

Demerec, M. 1949. Chemical mutagens. Proc. 8th -Intern. 
Genet., 201-209. 

Dickey, F. H., Cleland, G. H. and Lots, c. 1949. The role 
of organic peroxides in the induction of mutations. 
P.N.A.S. 35: 581-585. 

Fahmy, O. G, and Fahmy, M. J. 1957. Further evidence for 
differential effects of mutagens in Drosophila 
melanogaster. J. Genet. 5J5(No. 2): 280. 



-39 

Horowitz, H. H., Houlahan, M. B., Hung ate, M. g. and Wright, 
B. 1946. Mustard gas mutations in Neurospora. 
Science 104: 233. 

Kaplan, W. D. 1948. Formaldehyde as a mutagen in Dro¬ 
sophila. Science 108: 43. 

Law, L. W. 1938. The effects of chemicals on the lethal 
mutation rate in Drosophila melanogaster. P.N.A.S. 
24: 546. 

Meyer, H. U., Edmondson, M., Altenburg, L. and Muller, H. J., 
1950. Studies on mutations induced by ultraviolet in 
the polar cap of Drosophila. (Abstr.). Genetics 35: 
123-124. 

Meyer, H. U. 1951. Photoreactivation of ultraviolet muta¬ 
genesis in the polar cap of Drosophila. Rec. Genet. 
Soc. Am. 20: 113. 

Muller, H, J. 1941. Induced mutations in Drosophila. Cold 
Spring Harbor Symp. Quant. Biol. IX: 151. 

Muller, H. J. 1951. Detection of mutations in the second 
chromosome by use of the "sifter'1 stock. D.l.S. 25: 
117-118. 

Muller, H. J. 1952. The standard error of the frequency 
of mutants, some of which are of common origin. 
(Abstr.), Genetics 37: 608. 

Muller, H. J., Altenburg, L. S«, Meyer, H. U., Edmondson, M. 
and Altenburg, E. 1954. The lack of proportionality 
between mutation rate and ultraviolet dose in Dro¬ 
sophila. Heredity 8_(Part 2): 158-185. 

Osawa, S., Allfrey, V. G. and Mirsky, A. E. 1956, Mono¬ 
nucleotides of the cell nucleus. J. Gen. Physiol. 
40: 491. 



-40 

Poulson, D. I. 1947. The pole cells of Diptera, their 
fate and significance. P.N.&.S. J33: 182-184. 

Rabinowitz, M. 1941. Studies on the cytology and early 
embryology of the egg of Drosophila melanogaster. 
J. Morph. 69i 1-49. 


