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INTRODUCTION 

Ultra-violet light has heen extensively used to produce gene 

mutations following Alteriburg's discovery in 1931 that this was possible 

in Drosophila melanogaster. Previous to this, Geigy had attempted to 

do the same thing but his results were very inconclusive. Since that 

time it has been found that ultra-violet radiation also produces gene 

mutatinns in the pollen of Antirrhinum (Koethling and Stubbe, 193*0 > 

in maize pollen (Stadler & Sprague, 1936), in bacteria (Hollaender & 

Glaus, 1936), in fungi (Hollaender, 1939) and in Tradescantia (Swanson, 

1940). 

The genetics of these other materials, bacteria, fungi, maize, 

etc. is not too well understood, and in many cases changes induced by 

ultra-violet treatment have not been proven to be genetic; however, 

the genetics of Drosophila is so well understood that it is better 

adapted for use in mutation studies. 

The majority of workers who use Drosophila for irradiation work 

with ultra-violet light, irradiate the adult stage. However, ultra¬ 

violet light has very poor penetrating power, so that very little of 

it can penetrate the outer layers of the adult and reach the germ cells. 

It Is therefore not possible to get more than a low mutation rate 

(about a one or two percent mutation rate) by treating the adults. Very 

high doses of ultra-violet are toxic to the adult. 

As early as 1923# the origin of the gonad cells in Drosophila 

was worked out by Heuttner, and later confirmed and elaborated on by 

Sonneriblick (19*4-1). These workers found that by the eighth cleavage, 
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nuclei have begun to migrate toward the periphery of the egg to the 

posterior polar plasm, thus destroying the earlier homogeneous dis¬ 

tribution of the nuclei in the egg. These migrating nuclei, along 

with a number of polar granules, are pinched off in globules of pos¬ 

terior polar plasm, and thus form the polar cap cells which are the 

primordial germ cells. 

Irradiation of the eggs of Drosophila in the polar cap stage 

presented a good possibility of circumventing the difficulties of adult 

irradiation. At this stage, the primordial germ cells that form the 

cap above referred to, consist (when fully formed) of about 20 cells 

at the amicropolar end of the developing egg, about 2 to 3 hours after 

fertilization* (Fig. 1) 
Figure I* 

At this stage therefore, the germ cells are very close to the surface. 

Thus most of the ultra-violet radiation reaching the egg can penetrate 

to these cells, and increase the possibility of getting gene mutations. 

Altehburg (1933) was the first to employ successfully this method in 

mutation studies. At first only the polar cap end of the egg was 

irradiated by shielding the rest of the egg with a'cover-glass. Later 

the technique was modified by placing the eggs on moistened blotters 
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with the polar cap end protruding beyond the edge of the blotter, the 

eggs being irradiated in a vertical position. The technique now em¬ 

ployed is to treat the eggs in a horizontal position with the polar 

cap end of the egg protruding through a hole in aluminum foil. (See 

Fig. 2, Part H). This method was devised in order to irradiate all 

the cells of the polar cap directly (the light being parallel to the 

long axis of the egg) instead of only about half of them, as when the 

direction of the rays is at right angles to the long axis of the egg. 

The mode of action of ultra-violet light on the cells of 

Drosophila is not yet well understood. There is evidence (Hollaender, 

19^1) that ultra-violet acts on the nucleic acid and/or on the nucleo 

proteins of the cell as shown by a higher induced mutation rate when 

monochromatic ultra-violet of 2650 A0 is used, (Stadler, 1936);this 

wave length being selectively absorbed by nucleo protein. 

By irradiating inseminated females with radium it was found, by 

Bay-Chandhuri (19^)# that the frequency of sex linked lethals produced 

was directly proportional to the dosage and independent of the intensity 

of irradiation. The same has been found to be true of x-radiation 

(Hollaender, 19^1 - Muller and Olivor, 1928jetc) .; there is a direct 

ratio between dose and mutation rate regardless of the intensity. It 

is also an established fact that x-rays produce gross and minute chromoso 

raal changes (translocations, inversions, and deletions) as well as g§ne 

mutations. The opposite applies to ultra-violet light; no evidence has 

been found that ultra-violet produces gross or minute Chromosomal changes 

except in very rare instances, and in these instances their frequency is 

not in excess of the spontaneous frequency. (Muller and Mackenzie,1940) 
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The mutation rate is not a linear function of the dose of ultra-violet 

radiation as it is in the case of x-radiation. With increases in dose 

of ultra-violet, the.mutation rate rises in an approximate linear fashion 

up to a certain point, then any increases in dose do not increase the 

mutation rate in proportion to the dose, "but cause a lesser increase, 

and after a certain dose is reached, further increases may actually 

decrease the rate, at least in the case of fungi (Hollaender, 1946). 

To what this lack of rise in mutation rate with higher doses is 

due has not yet been determined satisfactorily. The possibility has been 

proposed that the intensity of the ultra-violet dose given is involved. 

It is the purpose of the experiments herein reported to determine how 

the mutation rate varies, when the intensity varies. 
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II.- MATERIALS MD METHODS 

A. POLAR CAP METHOD 

The Polar-cap method of treatment, -with ultra-violet, as pre¬ 

viously stated, has been found to increase greatly the induced mutation 

rate. In general, the polar-cap method used vas to irradiate two groups 

of eggs of Drosophila melanogaster in a horizontal position, (see Fig.2) 

at two distances from the ultra-violet lamp, (General Electric germicidal 

lamp, 15 watts) thus making the intensity at the near distance, 25 centi¬ 

meters, about ten time the intensity at the far distance, 80 centimeters 

(the intensity being 1:101). This can be explained as follows: If the 

radiation came from a point source, the intensity would vary inversely 

OA 

as the square of the distance. Since the far distance is or 3.2 that of 

1 2 
the near, the intensity at the 80 cm. distance would be /(3.2) or about 

-/10.2^ the intensity at the 25 cm. distance. However, in the present 

experiments, the source was a tube 18 incles long, and this necessitated 

a Slight modification of the above inverse square law. The correction thus 

made necessary was mathematically arrived at by Dr. John Evans of the 

Physics Department of the Rice Institute. The corrected relative intensi¬ 

ties at the' 25 cm. and 80 cm. distances were those given above, (1:101). 

Since the dose received by both groups was to be the same, the time of 

treatment was of the order of 1:10 for the near and far distances. Controls 

were used in each experiment. 

To detect any recessive lethal mutations induced by the ultra¬ 

violet treatment, it was necessary to carry the breeding of the treated 

eggs through three generations, marker genes being used to identify the 
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treated and non-treated chromosomes. After preliminary designation of 

the F^ culture as a lethal, a back-cross and three successive inbreed¬ 

ings ■sere employed to definitely establish proof of a recessive lethal 

mutation. 

The eggs used for the ultra-violet treatment were from the 

cross of 60 females by 6l'' males, designated as Po, 1-Jhen these eggs 

developed into adults, the males were selected for further mating, so 

that only the males wore followed for lethal mutations (in the second 

pair of autosomas) • We may return briefly to the eggs themselves 

(treated in the polar cap stage) • The crosses which produced them 

were started almost a week before treatment of the eggs, for it takes 

the female parent about a week after fertilization to lay eggs abund¬ 

antly. These crosses (60 female X 61 male) were changed to new food 

bottles daily to facilitate further egg laying. On the day of treat¬ 

ment the crosses were changed to new bottles at an early hour, allowed 

to lay for from an hour and one-half to two hours, giving "batch one” 

eggs, then changed again to new bottles, giving "batch two" eggs. This 

allowed for the removal of old developing eggs, in batch one, from the 

oviducts of the females, leaving only new eggs for batch two, all or 

most of which would then be in the polar cap stage at the time of 

treatment. In all cases, only the eggs from batch two were used. The 

adult Drosophila tiers removed from the batch two bottles after about 

three hours of laying, the first hour being subtracted as a negllgable 

egg laying time due to adjustment of the flies to the new food. The 

eggs enter the polar cap stage almost two hours after being laid. 

The method of polar cap treatment used in these expermlnents 
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was as follows: After the adults were removed from the bottle, the 

food was removed in one piece. The eggs were then placed in holes, 

of appropriate size, somewhat smaller than the egg in cross section, 

in a strip of aluminum foil. This was mounted on a glass slide by the 

use of a somewhat larger piece of moistened blotting paper. The foil 

adhered to the damp blotter, and this in turn to the slide. Three 

different lots of eggs, each mounted on Its own. slide, were prepared 

in each experiment, one lot (of about 30 eggs) for treatment at the 

near distance, a second (again about 30) at the far distance, and a 

third that served as controls. To be sure that the eggs did not dry 

out during this process of mounting, a damp chamber was used. This 

contained ice (to lower the temperature and hence retard the rate of 

development of the eggs in order to allow time for mounting the eggs 

before the polar cap stage was past . The eggs for one slide were not 

all mounted in the holes in their foil, and then those for the next 

slide, but all three slides alternately received eggs, so that all 

three were completed at approximately the same time, and a slide was 

out of the ice chamber only when an egg was being mounted on it. 

The chorion, or shell, was left on the eggs undergoing treatment, 

but it was necessary to remove this shell from fifteen to twenty-five 

"extra" eggs for the polar cap examination. A minimum of 75$ of these 

eggs had to be in polar cap before treatment was begun. During the 

process of mounting the eggs for treatment, these "extra" eggs were also 

placed in the cold damp-chamber for a comparable period of time so that 

they would not develop at a more rapid rate. 

At the time that the majority of the "extra” eggs were in polar 
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cap, treatment was begun. As previously stated, two distances from 

the ultra-violet lamp, as measured from the center of the lamp, were 

used. The control group of eggs was placed about half-way between the 

treatment slides, and well protected from the ultra-violet light. The 

slides holding the eggs were set in the slots of small wooden slide 

boxes in a manner such that, as reviewed from the ultra-violet lamp, 

only the foil with the polar cap of the egg showing was visible. In 

other words, only the polar-cap tip of the egg was irradiated as shown 

in Figure 2 below, which is not drawn to scale. 

up. A piece of corrugated paste board could be slid between the lamp 

and the eggs so that the lamp could be on without the eggs receiving 

any ultra-violet light. This arrangement allowed for the slides holding 

the eggs to be set in place without turning off the Ian® after its warm¬ 

up period of some fifteen minutes (this warm-up period being necessary 

for the lamp to reach a steady, maximum output of its radiation). Except 

where noted, the time of treatment for the 25 cm. eggs was 1.5 minutes j 

the time of treatment of the 80 cm. and control eggs was 15*15 minutes. 

The 80 cm. and control eggs were set into place, irradiated for 7-72 

minutes and then the sliding partition pushed down, cutting off the 

ultra-violet rays from them. The 25 cm. eggs were then set in place, 
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and all were irradiated for 1-g minutes. The 25 cm eggs were removed, 

with the sliding partition down, then the 80 cm. eggs irradiated for 

their remaining time. The controls (shMded from the lamp) remained 

in the radiation bos for the entire 15.15 minute period. 

Immediately after treatment the treated slides were examined 

to see that all the eggs remained in place on the foil during treatment. 

Any that were out of place were discarded. Those in place were then re¬ 

moved to moistened pieces of blotting paper, those from each distance 

and the controls being kept separate. These were put into vials contain¬ 

ing food and returned to the damp-chamber, with ice removed, to be sure 

that the eggs remained moist while developing. .Forty-eight hours later 

these vials were examined, and a count of the number of eggs hatched in 

each vial was taken. Eleven to thirteen days after treatment the vials 

were examined for the presence of adults. Xn addition to an examination 

of these adults, a count and a separation of sexes was made. 

B. STOCKS 

The Drosophilas used in the present experiments were bredi on 

standard oatmeal culture, poured either into vials or one half -pint milk 

bottles. The vials were used for the breedings after treatment and the 

bottles for stocks. 

The stocks used in these experiments had the designations 60, 6l, 

i 33, and 1 8. The chromosomal composition of these stocks is: 

60 — 
11 ™ cn bw sp 

cn bw sp 
II 

bw 
61 — 

cn 
cn bw 

i 33- J
1 cy 
mr bs 
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III 
T 2-3 
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11 Pdef. f- 2-3 
Cy L ' Pi life 

Where: cn = cinnabar eye color 

bw a brown eye color 

sp a speck ( a dark spot in the axil of the wing) 

rar a morula (rough eyes) 
bs a blistered wing 
Gy a curly wing 

L a lobe (small eye) 

P defa pale deficiency (having a small segment of the 

"second" chromosome missing) 

Pi a pale insertion (having the above segment from 
the second chromosome in the 

third) 

T2-3 s A translocation between chromosomes 'two and three. 
fa He - delta, hairless, ebony 

The presence of cinnabar (cn.) in the genotype of a Drosophila in com¬ 

bination with brown (bw) eye color gives a phenotypic expression of 

white eyes; therefore, both the 60 and 6l stocks appear whiteeyed (they 

are normal winged^ . The mutation curly (cy) is lethal in the homozygous 

state, and morula blistered (mr bs) in the homozygous state is semi-lethal; 

those homozygotes that become adults are sterile, so that the i33 stock 

(which is of genotype 6y sp and appears curly winged with normal red eyes) 

breeds true. The same is true of the 1 8 stock; the genotype given, 

(Pdef T2-3 TL7-3) being the only non-lethal combination possible. 

( Cy L fa He Pi) 

Crossing over in this stock is cut to a minimum by the presence of the Cy 

inversion. These 1 8;Drosophila appear curly winged with red, lobed eyes. 
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C. GENETIC TECHNIQUE 

Many experiments on the nutation rate in Drosophila involve the 

detection of mutations in the X chromosome. But it is desirable to avoid 

use of the X chromosome because of the possibility of "germinal selection" 

against induced lethals in the males; that is, the possibility that any 

induced lethal might cause the death of the germ cell with the induced 

lethal. This is possible because the male has only one X and hence no 

normal allele (as he would have if he had another X) to prevent this 

lethal from expressing itself. In the case of autosomes however, there 

are always two of a kind, and hence if a lethal is induced in any of 

them, the normal allele in the other one will prevent the lethal from 

killing the cells. Therefore, in these experiments, only mutations in 

the autosomal chromosomes (the second pair) were looked for. The C L B 

method of detecting mutations in the.X chromosome is comparatively simple, 

but when autosomal chromosomes are tested, the genetic technique of detec¬ 

tion becomes complicated. It will now be described in detail on the 

following pages• 

Only the males hatching from the treated eggs were used in further 

crosses, the females being discarded. These treated males (F0) were indiv¬ 

idually crossed to three virgin i33 females ( this cross was 

designated as the Pi. These were transferred to new vials a week 

later to insure the hatching of a great number of F-^. Starting here 

and continuing throughout the rest of the breeding, each treated male and 

his:; offspring were kept separate from the other treated males and their 

offspring. When the F^ hatched the sexes were separated, and of the Fi 

males, only those with curly wings were used for the Pg ; all the 
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females and the straight ■winged males Here discarded. The curly winged 

females were discarded because any lethal that had been induced in the 

treated chromosome might get lost by crossing over in the female; the 

straight winged flies of both sexes were discarded because only flies 

with Cy (curly wings) were of the right kind for the cross in the next 

generation.. The curly winged Fi males were of two types; speck and non¬ 

speck, It was possible, in most cases, to get the desired number of 

twenty males of each type by collecting them for a week or ten days. 

The speck and non-speck were kept separate, and each of the twenty 

speck and the twenty non-speck were individually crossed to two or three 

virgin 1 8 females. This cross was designated as the Pg • By examining 

the chart of crosses given on page 14 , it will be noticed that there 

are four possible gametes of the 1 8 females used in the Pg. However, 

only the CyL, A He Pi gamete is viable in combination with the gametes 

of the Pg male. All other combinations contain a deficiency (such as P 

def. T2-3, or a deficiency and a duplication such as Pdef. T2-3, A He Pi), 

The genetically balanced gamete (Cy L, A He Pi) can combine with either of 

the chromosomes of the Pg male. But the Fg resulting from the combination 

sg _ does not survive because Cy is lethal in the homo- 
Cy L A He Pi 

zygoiis state. Therefore, the only viable Fg offsprings are cn hw. (sp) 
Cy L 

t and these are the ones desired, since they contain the treated 

A He Pi 
chromosome. Because of this there is no need to select virgin Fg females 

In getting the Pg. 

The only Fg shown in the chart of crosses are the only viable 

offspring of the Pg ; however, ten different offspring of the Pg can be 

derived. That there are only four viable types can be readily shown. 
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Ignoring the third chromosome He Pi) for the time being, the gametes 

of the second chromosome, from both parents are cn bw (sp) and Cy L. As 

explained previously, a combination of gametes Cy L and Cy L is lethal. 

The combination of Cy L with cn bw (sp) is viable. An cn bw (sp) with 

cn bw (sp) is also viable provided a recessive lethal mutation was not 

induced in this chromosome by the ultra-violet treatment. Now take the 

third chromosome, ^ He Pi, into consideration. It is lethal in the 

homozygous statej therefore it can be present in the viable offspring 

only in the heterozygous state. (The genotype of the third chromosome 

of the Pg male is normal in these crosses, so it is not shown) Two-thirds 

of the cn bw (sp) offspring contain one f\ He Pi chromosome and one 

Cy L 

normal third chromosome ( from the Pg male), and the other one-third 

contain the normal thir<& chromosome from the P2 made in the homozygous 

condition. The same is true of the cn bw (sp) offspring; however 
cn bw (sp) 

when ^ He Pi is in them the pale insertion (Pi), which it so happens 

contains the normal allele of bw, covers the brown (bw) gene so that the 

F3 having these chromosomes have cinnabar eyes. The   

Fg appear white eyed. Both the cinnabar eyed and the white eyed flies, 

if present, are easily distinguished through the glass of the Fg vials 

when they are examined for lethals, particularly since both these classes 

have long wings (other offspring having curly wings). 

It is possible for the ultra-violet treatment to produce a semi- 

lethal recessive mutation. In this case, the F^ vials would be found to 

contain one or two long winged flies, or at least considerably fewer than 

the expected number of one-third of the total offspring. 
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An individual count of all F3 vials designated as lethals was 

made, and these vials were then individually subjected to further crosses 

to check the validity of the label "lethal" put on them. First some 

four curly-lobed F3 males were backcrossed to four virgin cn bw sp 

females as a check to be sure that the cn bw (or cn bw sp) chromosome 

had not been lost in the breeding process of these Fg . The presence of the 

the cn bw ( or cn bw sp) chromosome in the Fg was assured by the presence 

of 50JS white-eyed offspring from this backcross. The genotype of this 

backcross is: 
Pv .    X ; cn bw (sp) 
D cn bw sp, Cy L 

Fb 1 cn bw sp ♦ x cn bw sp 
cn bw (sp) Gy L 

white-eyed curly lobed 

These Fg lethals (curly-lobed) were also inbred for three more genera¬ 

tions (Pij. , P5 and Pg) and each filial generation (Flj. , F5 , and Fg) 

was; individually counted to see if the F3 lethal continued to remain 

a lethal, turn out to be a semi-lethal, or undergo reverse mutation. 

If these subsequent generations ( S% , F5 , and Fg ) remained all 

curly-lobed Drosophila, then a definite recessive lethal mutation had 

been inducedj if they showed some but considerably less than 33$ cn bw 

flies in all subsequent generations then it was considered a semi-lethalj 

and if any showed cn bw eyes to the extent of a third of the total off¬ 

spring it was considered a reverse mutation or a contamination. 

However, no cases of the latter kind were found. 

If in any speck or non-speck series, checked for lethals in 

the Fg , more than one vial was found to be lethal, these were cross¬ 

bred. That; is, if three lethals were found in one series, they were 
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designated as lethals 1, 2, and 3 and males of lethal 1 were crossed 

to virgin females from lethal 2, and to virgin females from lethal 3. 

These crosses were made to determine whether or not the lethals found 

in one series were alleles. If they were alleles, only curly-lobed 

offspring would he produced as a result of this cross-breeding. If 

the lethals in the series were not alleles, then cn bv, long winged 

Drosophila would be found among the offspring. Continuing the example 

above, if lethal 1 was found to be allelic to lethal 2, and also to 

lethal 3, then lethal 2 is allelic to lethal 3 also. 
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III RESULTS 

Some of the results obtained in these experiments are summarized 

in the table below. 

TABLE I 

25 cm 80 cm Controls 

No. Eggs Treated ITT 248 186 

No. Eggs Hatched 9T 104 102 

$ Eggs Hatched 54.80 41.94 54.84 

No. Adults Hatched 6T. 6T. 83 

$ Males of Eggs Hatched 37. IT 24.04 38,24 

No. Males Fertile 23 21. -39 

No. Fo Cultures Checked 
for Lethals mi 533 8^6 

No. Lethals Found 
- :32;- 40 12 

Net Induced Lethal Rate 3.55* 6.07# 1.44$ 
* .08$ . 42* .04$ 

One of the first problems that had to be solved in the present 

experiments was the most practical dosage to give the flies. Of course 

a high mutation rate is desirable since smaller numbers are necessary 

to get significant differences when the rates are high than when they 

are low, and on the whole higher doses give higher rates than lower 

doses. However, they also cause greater mortality of the eggs. Hence 

the dose has to be such that the rate is sufficiently high, yet the 

mortality is not too great. It was therefore decided that a dose which 
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produced 40 -50$ mortality might be about right. Several preliminary 

experiments were done to determine the length of time for treatment 

that would give 40 to 50$ mortality. One set of eggs was irradiated 

for 0.5 minutes at the near distance and 5»05 minutes at the far dis¬ 

tance. The percent of hatchability in this experiment was 100$ for the 

near distance and the controls, and 75$ for the far distance. The time 

was then increased to 1 minute and 10.1 minutes, and three experiments 

done. The percent of hatchability in these was 76$ for the near dis¬ 

tance, 60$ for the far, and 70$ for the controls. The 70$ in the 

controls is below that expected, but due, in this case, to excessive 

drying.out of the control eggs in one experiment where the hatchability 

was only 44$, thus lowering the average percent. The mortality rate of 

treated was still too low and the treatment was therefore increased to 

1*5 minutes and 15 minutes. At this dose about 60$ as many hatched at 

the far distance as in the controls (giving about 40$ mortality), and 

so this dosage was chosen. At the near distance, however, the mortality 

was only 16$ (if controls are considered as zero mortality due to treatment). 

Since both lots of eggs, near and far, were being given the same 

dosages, it was necessary to use that dosage which gave 40$ -5Q$ mortality 

at the greater of the two mortality rates, for if 40$-50$ were the lesser 

of the two the other would have been too great. 

It was noted, in the course of examining the vials containing the 

treated eggs, that all of the eggs which hatched did not survive to the 

pupa stage, and that not all of the pupae formed hatched into adults. 

This in all probability was due to a physiological lethal effect of the 

ultra*violet light on the eggs, and not due to any genetic change, since 
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the eggs are diploid and the genetic lethals are recessive. In later 

experiments where the number of pupae present in the vials was counted 

the percent of hatched eggs that developed into pupae was 79*31$ for 

the near distance, 52.72$ for the far distance, and 89.66$ for the 

controls. The percent of counted pupae that hatched into adults was 

86.96$ for the near distance 89.58$ for the far distance, and 92.31$ 

for the controls. 

The physiological lethal effect of the ultra-violet rays on the 

eggs was essentially the same for both male and female eggs. The percent 

of the total hatched eggs that developed into adult males as given in 

.Table I, is 37*17$ for the near distance, 24.04$ for the far, and 38.24$ 

for the controls. The percent of hatched eggs that developed into adult 

females is not significantly different: 29*90$ at the near distance, 

25*96$ at the far distance, and 43*14$ in the controls. 

Ou crossing the males (treated in polar cap stage) to the i 33 

females a number were found to be sterile. Fifteen P1 males treated at 

the near distance were found to be sterile; four Pi males treated at the 

far distance were sterile; no controls were found to be sterile. Expressed 

as a percent of the total P-j^ males, the sterility at the near distance is 

39*47$, and it is 16.0$ at the far distance. The greater sterility rate 

at the near distance, as contrasted to the lower mortality rate, indicates 

that the effect of ultra-violet light on sterility is different from its 

effect on mortality at the intensities and dosages used in these experi¬ 

ments. In one case (11.2b) an apparent semi-sterile P^^ male was found, 

as indicated by an F^ hatch a: little less than one half that of the normal 

hatch 
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One semi-lethal recessive mutation (one which when homozygous 

sometimes lives) was found among the Fg vials when checked, (l2.2a-5 Cy 

sP/sP , It was not scored as either a lethal or non-lethal. 

Three cases of apparent reversion to non-lethal, beyond the F^ 

generation, were found. One was the above mentioned semi-lethal, the 

other two (also not scored) were 10.2a-l Cy sP/sp and 11.2a-l Cy -j—. 
This apparent reversion to non-lethal is shown in the counts given be¬ 

low, and is indicated by the appearance in generations subsequent to 

the Fg of classes with long wings (Ten and -j~ cn bw), these being class 

es that are homozygous for the treated chromosome (cn bw) and that 

would not develop if this chromosome contained an induced mutation that 

was 100$ lethal. 

10*2a-l 
Cy ??/sp 

' 1* 

CyL 

Cy 
+cn 
+cn bw 

Fg Fjj. FJJ 

29 115 83 

27 1 
2 

 16 9 

»6 

65 

2 

11.2a-l 
Cy + 

CyL 24 

Cy 3 

+cn bw 
i """" 

12.2a-5 
Cy aP/sp 

CyL 60 

cy 
+ cn , ' 

+ cn bw 4 

101 106 69 

1 5 

 21   

70 61 73 
18 

1 

2 13 11 
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It is not certain that the above three cases represent reversions, but 

in any event, they are irregular and are not included in the counts 

either as lethals or non-lethals. 

One visible mutation (12.Ca Cy sp/sp) was found among the Fg 

control vials. Apparently it was a pre-existing mutation since it was 

found in all the white eyed Fg offspring of one series of vials. This 

visible mutation showed the wings to be wrinkled and stand out at an 

acute angle from the body, in contrast to the normal horizontal position 

of the wing in relation to the body. It was not possible to maintain 

this mutation, even though an attempt to do so was made, because the 

flies showing it were sterile. Ho doubt other visible mutation were 

induced by the ultra-violet treatment but were not readily visible to 

the naked eye. Since to detect these was not the object of these experi¬ 

ments, no careful microscopic examination for them was made. 

The tables (H, III, and IV) on the following pages show the 

number of vials counted in each series of each experiment, and the 

number of lethals found in each case. As a guide to these tables, the 

numbers before the decimal indicate the experiment number. The 1, 2, or C 

following the decimal indicates, in order, the near distance, the far 

distance, and the controls. The small letters indicate the first, 

second, third, etc. FQ males. 
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TftBLB kl 

Humber of Fg Cultures and Lethals per Hales Treated, in 

Polar Cap Stage, at the Hear Distance (25 cm) 

EXPERIMENT 
No* yj Cultures 
Cy ^/sp (speck) 

NO# Jo Cu. 
Cy -ftnon- 

13 * la 
: 

9 10 

13.lc 7 12 

13.M 6 12 

14. lb 5 13 

14.Id 15 16 

14. le 14 12 

l4.1f 17 9 

l4.1g 11 10 

15.1b 19 2b 

15.1c 19 (20) 

15.Id 20 20 

16. la 22 21 

16.lc 20 20 

16. Id 22 22 

16.lh. 21 20 

16. Ik 16 22 

17.1a 21 20 

17.1c 20 18 

17. le 22 17 

17.1f 21 20 

Totals 327 314 

Lethels 
Speck Non-Speck 

9 fci. 

1 | 

1 

a Si 

1 f 

existing 

2 

5 

11^ 
I® 

21 



TABLE III 
23. 

Number of Fg Culture and Lethals per P^ Male treated in Polar 

Cap Stage at the far distance (80 cm.) 

EXPERIMENT 
No. Fg Cultures No. 

Cy ®P/sp (speck) Cy 
Fg Cultures 
-(non-speck) 

Lethals 
Speck Non-speck 

10.2a 6 7 1 ' 

11.2a 6 16 1 ' 

11.2b 2 4 1 1 

12.2a 20 11 4 it, 2 

13.2a 12 8 6 . 

13.2c 14 14 

111-. 2a 6 4 2 ^ 

14.2b 8 8 1 ! 

14.2c 11 10 

l4.2f 20 20 

15* 2b 20 is: 

16.2a 22 19 2- 1 

16.2b 21 19 11 ' 

16.2c 22 22 i i 

I6.2d 20 19 3 i 5 

16.2@ 21 21 

l?.2a 20 21 

17.2b 21 20 

TOTALS 272 261 18 22 
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EXPERIMENT 
No. F3 Cultures 
Cy aP/sp (speck) 

Ho, F3 Cultures 
Cy-f-Tnon-speck) Speck 

10. Ca 12 6 

ll.Cb 15 1 

12, Ca 11 15 

12.Cb 15 15 2 H 
12.Cc 17 18 

13»Ca 7 6 

13*Cb 11 6 

23.Cc 5 8 

13*Cd 6 3 

l3,Ce m 8 

13.Cf 15 12 

l4.Ca 16 14 

14.Cb 20 12 

15. Ca 20 20 

15.Cb . 20 19 

15,Ce 20 20 3 * 

15. Cf 20 20 

15,Cg 19 (20) 

15#Ch 17 (20) 

l6.Ca 21 20 

l6.Cb 20 21 

l6.Cc 21 21 

17*Ca 22 22 4 lfc 

l7.Cb 22 22 

17 .Cc 15 20 

i7,ca 21 21 

17.ce 20 21 

17.cs 20 17 1 1 

TOTALS m 388 30 

Lethals 
Non-speck 

1 i 

Pre- " 
Existing 
Pre- 

Existing 

1 '* - 

2 



IV, DISCUSSION MD CONCLUSIONS 

At the beginning of these experiments it was not known Just 

what results to expect since no other experiments had been reported 

on the effect of the intensity of ultra-violet radiation on the muta¬ 

tion rate in Drosophila melanogaster, or any other organism. The possi¬ 

bilities were: 

(1) That a variation in intensity of the ultra-violet light 

would have no appreciable effect on the mutation rate, only the dose 

determining the mutation rate, as has been found tree for x-radiation. 

(2) That an increase in intensity of ultra-violet radiation would 

Increase the mutation rate (even if the dose remained the same). 

(3) That an increase in intensity would decrease the mutation 

rate (again dose remaining^the same). 

The results of the present experiments indicate that the third 

possibility given above is tree. The difference between the percent of 

lethals found in the two treated groups (low and high intensity) is 

statistically significant, if we assume that at the time of treatment 

there were ten polar cap cells per polar cap, and that each cell multi¬ 

plies almost equally. 

The mathematical expression for the unbiased estimate of the 
( 

standard error, derived by Dr. H. D. Brunk of the Mathematics Department 

of The Rice Institute is as follows: 

S* = D VT~tT~-T)  
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the unbiased estimate of the standard error. 

rate (here: the mutation rate) 

A f (B - A) p 

A(A-l) -CB-A)p 

The total number of trials (here: the total F- cultures 

per series) 

The sum of the squares of the individual trials 

(here: the sum. of the squares of the F_ cultures of 

each series of each experiment) ^ 

0.1 (here: the reciprocal of the number of cells ini 

the polar cap at the time of treatment) 

The ultra-violet lamp used in these experiments gives off over 

90$ of its radiation in the 2537 A® wave length. But it also gives off 

radiation of wavelengths 3000 A0 to 4300 A0 (longer wave-length ultra¬ 

violet and violet-blue light). This is known to cause physiological 

photo-reactivation (Kelner,1950)$ that is, the photoreactivating light 

is capable of reversing the physiological effects initiated by the short 

ultra-violet radiation, which, if not followed by the photoreactivating 

light, would lead to death. However, it was previously not definitely 

known that the longer wave lengths would reduce the mutagenic effect 

of ultra-violet light, although some work on bacteria indicated a reversal 

of some of the "zero point" mutations, that is, those that occur without 

delay after radiation, as contrasted to mutations which occur after cell 

division and a delay of several hours, no effect having been demonstrated 

on the delayed mutations. Kelner (1950) has shown that photoreacting 

where: 

s; 
X 

and D 

where: 

A 

B 

and P 



27 

radiation, in the amount used by him on Escherichia coli, reduces the 

the effective ultra-violet dose by 60$. 

The difference between the percent of lethals found in the 25 cm 

group and the percent of lethals found in the 80 cm. group (£.67$) 

indicates that photoreactivation is much more pronounced at the higher 

\ 

intensities of radiation than at the lower. However if the mutagenic effect 

of the radiation increased correspondingly, there should be no net effect 

of the increased intensity on the mutation rate. It would therefore 

have to be assumed that the mutagenic effect of the radiation increased 

at a slower rate, with increasing .intensity, than the photoreactivating 

ratej that is, the mutagenic effect would be a linear function of the 

radiation dose, but the photoreactivating effect an exponential function 

(or the first a lower exponential function than the second). 

A specific example (hypothetical) in illustration of the above 

assumption can be given. Let the mutagenic effect of unit dose of radia¬ 

tion be 1 x a (one times a, where a iB some constant). Then, if the 

mutagenic effect varied directly as the dose, the mutagenic effect of 

two units dose would be 2 x a; of three units dose, 3 x a; and so on. 

Assume, on the other hand, that the photoreactivating effect of one unit 

dose (of photoreactivating radiation) was ^/l0 a, and that this effect 

increased as the square of the dose, provided the dose was increased by 

increasing only the intensity (and not the time of treatment). Then two 

units dose of this radiation would cause 2^ x ^/lO eg, photoreactivationj 

p T *1 

three units dose would cause 3 x /IQ a, (or 9 x /10 a); ten units 

would cause 10 x /10 a (or 100 x x/l0 a). The net mutagenic effect of 

the radiation would then be gotten by subtracting the photoreactivating 
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effect from the mutagenic effect, as shown in Table V. below. 

TABLE V. 

DOSE 
MUTAGENIC 
EFFECT 

PHOTOREACTIVATING 
EFFECT 

NET MUTAGENIC 

EFFECT 

<6. 1 x a 1 x l/lOa a - l/lO a = ,9a 

2 2 x a 4 x l/lOa 2a - 4/lOa - 1,6a 

3 3 x a 9 x l/lOa 3a - 9/lOa *» 2.1a 

10 10 x a 100 x l/lOa l©a - 10a ~ 0.0a 

In this example the mutation rate at first increases with increas¬ 

ing dose (the first three rates being .9a, 1.6a, and 2.1a), but the 

rate of increase falls off and at 10 units dose the photoreactivating 

effect would actually have neutralized the mutagenic effect of the 

radiation. 

Hence if we got two equal doses of the radiation by treating one 

lot of eggs at the far distance with intensity 1, but 10 units time, 

and the other lot (at the near distance) with intensity 10, but, 1 unit 

time, then the net mutation rates at the far distance would be 9.0a, and 

at the near, 0.0a, as shorn in Table VI below. 

TABLE VI. 

DISTANCE 

far 

near 

INTENSITY 

1 unit 

10 units 

DURATION OP TOTAL-ULTRA 
TREATMENT VIOLET DOSE 

10 units 

1 unit 

10 units 

10 units 

NET MUTATION 

RATE 

9»0a 

0.0a 

It is not to be assumed that photoreactivation necessarily 

causes an actual reversal of mutations. It has been shown by Stone and 

his co-workers (1948) and by Dickey and his co-workers (1949) that the 



t*, • 

29. 
physiological and genetics! effects of ultra-violet radiation are due 

indirectly to the production of organic peroxides in the medium by the 

radiation. Hence anything which destroyed the peroxide would lower the 

mutation rate by preventing the mutations, rather than of reversing them. 

It may well be that photoreactivating radiation has this preventative 

action, both physiologically and genetically. However, the possibility 

is not excluded that photoreactivating radiation causes a reversal of 

actual toxic or mutagenic effects that have been initiated by ultra¬ 

violet radiation. I 



BIBLIOGRAPHY 
30 

Alteriburg, Edgar 1930 The Effect of Ultra-Violet Radiation on 
Mutation, Anat. Rec. : 47; 383* 

  1933 The Production of Mutations by Ultra-Violet Light, 
Science: 78; 587. 

^Dickey, 1949 Pro* Hat. Acad; Sci.: 35* 

*Geigy, R. 1931 These 895> University of Geneve, Fac. Sci. 

Heutner, A. F. 1923 The Origin of the Germ Cells in Drosophila 
melanogaster, J. Morph.: 37; 385-422* 

Hollaender, A. 1941 Have-length Dependence of the Production of 
Mutations in Fungous Spores by Monochromatic Ultra-Violet 
Radiation (2I80-365OA), J. of Genetics, Suppl.j 153-154. 

Hollaender, A. and H. D. Claus 1936 Ultra-Violet Radiation of 
Escherichia coli, J. Gen. Physiology: 19; 753-765. 

Hollaender, A. and C. W, Emmons 1941 Wave-length Dependence of 
Mutation Production in the Ultra-Violet, with Special 
Emphasis on Fungi, Cold Spr. Har. Sym. Quan. Biol.: 9j 
179-186. 

........ 1946 Induced Mutations and Speciation in Fungi, Cold Spr. 
Har. Sym. Quan. Biol.: 11; 78-84. 

Kelner, Albert 1950 Light-Induced Recovery of Microorganisms from 
Ultra-Violet Radiation Injury, with Special Reference to 
Escherichia coli. Bull. H.Y. Acad. Med.: 26, No. 3; 189-199* 

Mackenzie, K. and H. J. Muller 1940 Mutation Effects of Ultra-Violet 
Light in Drosophila melanogaster* Proc. Roy. Soc. London, B: 
129; 491-517* 

Muller, H. J. 1928 The Problem of Genic Modification, Zeitschr. Indukt. 
Abstain.-u. Vererbugsl. Suppl. 1: 234-260. 

*Noethling, W. and H. Stubbe 1934 Untersuchungen iiber experimentelle 
Auslosung von Mutation bei Antirrhinum ma jus * Zeitschr. 
Indukt. Abstain, -u. Verebungsl.: 67; 152-172. 

Ray-Chaudhuri, S. P. 1945 The Validity of the Bunsen Roscoe Law in the 
Production of Mutations by Radiation of Extremely Low Intensity 
Proc, Roy. Soc. Edinburgh: 62B; 66-72. 

Sonnenblick, B. P. 1941 Germ Cell Movements and Sex Differentiation of 
the Gonads in the Drosophila Embryo, Proc. Nat. Acad. Sci.: 27; 
484-489. 

Stadler, L. J. and G. F. Sprague 1936 Genetic Effects of Ultra-Violet 
Radiation in Maize I, H, III, Proc. Nat. Acad. Sci.: 22; 
572-591. 



3/ 

Stone, W. S., Felix Haas, J. B. Blark, and 0. Wyss 1948 The Role of 

Mutation and of Selection in the Frequency of Mutants among 

Microorganisms Grown on Irradiated Substrate, Proc. Hat. 
Acad. Sci.: 34i 142-149. 

Swanson, C. P. 1940 A Comparison of Chromosomal Aberrations Induced 
by X-ray and Ultra-Violet Radiation, Proc. Hat. Acad. Sci.: 

26j 366-373. 

* Indicates articles not read in the original 


