
The effects of gamma-radiation on lifespan and fecundity on genotypes 
with different inherent lifespan in Drosophila melanogaster 
 
Marcus Nyberg 
2011, June 22 
Department of evolution biology, Uppsala university, Sweden 
 
 
 
 
 
 
Abstract 
 
The source to genetic diversity in a population is DNA mutations. One way DNA-mutations occur 
is through the inability to correctly repair single and double stranded DNA breaks. Throughout a 
genetically diverse population there might be differences between genotypes in their ability to repair 
single and double stranded breaks. This ability could be reflected in the individual lifespan, as the 
faster a genotype accumulates somatic mutations the faster it is predicted to die according to the 
somatic mutation hypothesis   Here we sampled 50 genotypes from the wild type population 
Dahomey, and tested their response in terms of lifespan and fecundity to exposure of gamma 
irradiation at two ages (10 and 24 days). Flies tested for lifespan was exposed to 550Gy and those 
tested for fecundity was exposed to 100Gy. The main hypothesis was to investigate if short lived 
genotypes repair themselves less, shown through larger reduction in amount of eggs laid and lifespan, 
after exposure to radiation. Radiation had a strong general effect on fecundity, but we detected no 
general difference in response by long lived and short lived flies. However, our results show an 
almost significant (p-value= 0.0744) effect on that short lived flies are less sensitive, compared to 
long lived flies, to irradiation at an old age. Interestingly old flies laid relatively more eggs than 
young after irradiation. For the lifespan study we got the opposite results compared to what we 
expected: long lived genotypes showed a decrease in lifespan after radiation treatment, while short 
lived showed increased lifespan after. Flies irradiated at an older age showed a smaller effect of 
radiation on life result in line with the fecundity data that showed a smaller decline for flies exposed 
at an old age. These contradicting data might indicate a mixed weakness-hormesis-correlation of the 
genetic pool in a population making short lived genotypes are more susceptible to hormesis than long 
lived genotypes



Introduction 
 
Ever since Darwin different theories of 
evolution has been presented (1). What it 
all comes down to in the end is which 
individuals get the greatest number of 
offspring and how well these offspring 
survive and multiply. It is easy to imagine 
an environment with no threats to the 
individual genotype and where success 
means the greatest number of offspring. If 
the genotype gets one offspring per year for 
a hundred years of its life, the genotype 
would be more successful than the second 
genotype with a shorter lifetime of 50 years 
adulthood. If the second genotype is 
mutated and suddenly starts getting two 
offspring every years the two competing 
genotypes would technically get the same 
amount of offspring during their lifetime, 
although the next generation would come 
earlier for the second genotype. But this 
would also affect the nurture and survival 
of the offspring. With one offspring per 
year the first genotype would more likely 
have a greater survival success of its one 
offspring per year compared to the second 
with two. A balance will be reached. But if 
a predator suddenly enters the environment 
and starts hunting the organisms the 
balance will change. Then it would be 
more favorable to get the most offspring in 
the shortest amount of time possible even 
though the survival per offspring is less 
than the first organism with one offspring 
per year. Therefore the theory of evolution 
of aging in an overlapping population, with 
mixed young and old generations, is 
generally assumed to be caused by 
extrinsic, outside of population, caused 
deaths (2). This causes the ratio of old 
versus young living organisms to increase, 
and makes it beneficial for individuals with 
mutations causing younger fecundity at an 
younger age to accumulate in a population 
when this results in more offspring. The 
younger the organism’s sexual peek and the 
higher the fecundity also the shorter the 
medium lifetime become (3). The cause of 
this is believed to be a genetic trade off 
with greater energy spending for faster 
development causing more offspring in a 
shorter period of time.  This battles greater 
extrinsic caused deaths with a shorter life 
as a cause. Opposite a lower energy-
spending causing longer development time 
with less offspring by time a longer life 
effect as has been seen in Drosophila 

melanogaster studies(4). 
Two mechanic theories of aging are 
currently accepted, mutation accumulation 
(MA) and antagonistic pleiotropy (AP) (5). 
MA describes ageing as a process where a 
low induced selection of the organism leads 
to accumulation of mutations throughout 
the lifetime. This eventually causes 
dysfunction of individual cells, tissues and 
organs reducing fitness and strength and 
causes death to a greater extent generation 
by generation for the most long living (6). 
The second evolutionary aging theory, AP, 
describes aging as a process where 
beneficial mutations gives selective success 
in the youth but causes direct or indirect 
dysfunction and earlier deaths at older ages. 
Thereby the genotype with the more 
beneficial mutation in the young 
individuals, which possible leads to defects 
by age, gets more offspring, increases in the 
population as a whole and makes the 
average lifespan (7).  
One of the many causes of aging is lifetime 
induced mutations in DNA. Such 
mutations can be due to many factors such 
as inserted and deleted elements caused by 
misreading by the DNA polymerase, 
deamination of cytosine to uracil or 5-
metyl cytosine to thymine (8) or as we 
focus on here, single and double stranded 
DNA breaks (9). Even though single 
stranded DNA breaks occurs 50 times 
more often than double stranded breaks 
they are much easily repaired (8)Hence it 
is therefore of greater interest to focus on 
the double stranded DNA breaks which are 
strong enough to cause mutations (8).  
Since both MA, increasing mutations 
induced by DNA breaks over time through 
generation accumulating positive or 
negative mutations, and AP, strength or 
non-strength-giving mutations possible 
ability to repair DNA more or less at 
youth, seems to fit in the question of how 
natural diverse spread aging is controlled, it 
is of great interest to investigate if this also 
is the case and if one of the theories seems 
to fit better.        
To test whether induced double stranded 
DNA breaks causes a difference in a 
population’s age-spectrum a sample must 
be taken and held preserved through 
generations. Earlier a technique of non-
recombination was developed to deal with 
this situation (10). In Drosophila 
melanogaster it is only the females which 
are able to recombine alleles and mix 



genetic material (11, 12) By inducing 
mutations (13) and thus making the 
females unable to perform homolog 
recombination during meiosis plus adding a 
Y chromosome to the female genome a half 
genome identical genotype called “clone-
generators” could be created (10). If the 
females gave two X-chromosomes and the 
male one X the embryo would die. If the 
female gave a Y-chromosome and the male 
one Y the embryo would also die. This 
causes the offspring to either as male have 
the Y-chromosome from the female and 
the X-chromosome from the male or as 
female to have the two X-chromosomes 
from the female and the Y-chromosome 
from the male. The male offspring can be 
mated with the females again to preserve 
the created flies, named hemiclones, all the 
time with no risk of recombination of the 
un-recombined chromosomes. And during 
every meiosis the males comes to share half 
or their genome from their inbreed 
Dahomey clone-generator mothers and the 
unique half of the genome from their 
individual fathers. 
Earlier a random sample of 50 Dahomey 
WT males had been taken to simulate a 
population. The males were then mated as 
described above, and showed in fig (1), into 
half genome unique hemiclones sharing 
half the genome from the mother and 
receive half part of the genome uniquely 
from each father.  

 
 
 
From an earlier lifespan study of the 
hemiclones a unique difference for each 
hemiclone had been measured. This natural 
difference could most likely be caused by 
many things such as physiological 
differences (14), metabolic differences (15, 
16) plus many other things but also the 
ability to repair double stranded DNA 
breaks (9). If there was a difference in 
ability to repair double stranded DNA 
breaks causing the difference in lifespan 
there would also be a difference in ability 
to repair induced double stranded DNA 
breaks. Hence, it would be interesting to 
test whether the 50 different hemiclones, 
according to their difference in lifespan, 
would be able to repair themselves when 
induced with double stranded DNA breaks 
by gamma irradiation in a lifespan 
relationship measured by a lifespan study 
and a study in strength seen through 
amount of fecundity. 

From earlier other works with irradiation 
effects on Drosophila melanogaster (17) a 
value of 550 Gy was chosen to the life 
length study because of an assumed total 
death within two to three weeks. A 



hypothetical value of 100 Gy was chosen 
for the fecundity test by such means to not 
induce death during the egg-laying period. 
From this study we here present data 
comparing 50 long to short lived 
hemiclones as young (10 days when 
irradiated) and the extreme short and long 
living hemiclones as old (24 days when 
irradiated), to the ability to lay eggs as a 
measure of strength of repair (100 Gys 
irradiation), and lifespan the as ability to 
repair DNA-breaks (550 Gys irradiation) 
when irradiated compared to non-
irradiated hemiclones, as illustrated in fig 2.  
 
Results 
 
The hypotheses was to investigate  and see 
whether induced double stranded breaks in 
DNA would be repaired according to 
lifespan, at a radiation dose of 550 Gy, 
where it was believed that long lived 
hemiclones would be able to repair 
themselves better compared to the 
hemiclones of a shorter lifespan. The 
fecundity study where the hemiclones were 
irradiated with 100 Gy was done to look at 
the strength in correlation to repair in 
ability to lay eggs.   
 

 
 
When the study started the 50 different 
hemiclones had been taken over after have 
had been used in a hatching success test to 
look at the capacity to repair irradiated 
sperms and were 10 days of age. These 
hemiclones were kept in two identical 
blocks with 2 weeks of difference in start 
time. In parallel to the 50 hemiclones of 
each block also the three most long lived 
and short lived hemiclones were taken and 
kept without exposure to radiation until 
day 24and were called “extremes”. Of each 
hemiclone there were two vials with flies, 
both containing up to 30 flies. The same 
thing went for the Old Block extremes. 
During day 10 of the young block 
hemiclones life they were radiated at 550 
Gray at 1.024 Gy/min. On the 24th day of 
the old block extremes life they were 
irradiated at the same dose. All flies where 
then “flipped”, turned from the old vial 
into a new one, every second day to reduce 
environment induced deaths and kept this 
way out through their remaining lives. 
Parallel to the life length study another 
block of extremes were kept and divided 
up in two conditions. One times two with 
flies which was not to be irradiated, called 
N, and one time two which was irradiated, 



called R. These conditions had at most 15 
flies per vial and had been mated with the 
same amount of males for two days before 
irradiation of 100 Grey on day 10 of their 
lives.. From day one after irradiation the 
flies were kept on standardized yeast. 
During day 3, 4 and 5 after irradiation the 
hemiclones' eggs were collected. The eggs 
were then counted and the flies 
terminated.   
 
The fecundity results: 
The eggs laid between day 3 and 5 was 
counted and divided up per fly and 
hemiclone before analysis was made. 
To all hemiclones radiation treatment at 
100 Gy showed a significant decrease in 
fecundity (fig 3A). Difference in lifespan 
by itself between hemiclones gave no 
difference in fecundity (fig 3B). Just age 
without any irradiation treatment by itself 
showed no effect on fecundity between 
short and long lived flies (fig 3C). 
Surprisingly, older flies showed a greater 
fecundity than young flies after irradiation, 
the total opposite to no treatment where 
young showed higher fecundity fig (3D). 
The difference in lifespan between 
hemiclones showed no significant 
difference relative to short and long lived 
with and without irradiation treatment (fig 
3E). Although lifespan showed a significant 
effect on fecundity between young and old 
hemiclones, more egg-laying can be seen 
for young short lived flies compared to long 
lived ones. At old age the short and long 
lived hemiclones showed interestingly the 
same fecundity (fig 3F). As the 
hypothetically thesis expected, the 
fecundity study  data almost showed 
significance (p=0.0744) when comparing 
the difference between the mean value of 
the three most extreme short lived and the 
three most extreme long lived flies by the 
decrease in fecundity by different ages after 
100 Gy radiation treatment (Lifespan x Age 
x Treatment). This may be due to a 
summary effect of the old and young data 
when Lifetime*Treatment is non-significant 
for both young and old flies(3F). What is 
interesting from these fecundity data is the 
fact that long-lived flies are more sensitive 
to irradiation when young compared to the 
fact that short lived flies are more sensitive 
when old (Fig3G)   
 
The lifespan results: 

Every second day after the day or 
irradiation treatment with 550 Grey the 
female flies where moved to new food and 
counted. Dead flies were removed. The 
data used for analysis was the LD(50)-
value, the time to when 50% of the flies 
had died, by each hemiclone and vial. Both 
data from block 1 and 2 are used but from 
the old blocks all but hemiclones 46 and 48 
from Old block 2 were included, since 50% 
of the flies of these genotypes had yet not 
died at the time of the analyses . The data 
for the natural lifespan had been collected 
earlier from a life length study of the same 
hemiclones but for virginal females, named 
“Block C” in fig 2. The flies which were 
irradiated in this study were taken from a 
hatching success study and were in some 
cases still laying eggs when irradiated.  
Opposite our hypothesis, that predicted a 
greater repair-capacity of the long lived 
flies, the diverse lifespan after radiation 
showed 



 
 
a more narrowing form from the natural 
lifespan data to a more middle value of 
lifespans(fig 4). The long living hemiclones 
showed a decrease in lifespan as expected 
but surprisingly the short living hemiclones 
showed an increase in lifespan (fig 4). Seen 
in another way the correlation to a longer 
life length for the short lived hemiclones 
compared to after radiation shorter lived 
normally long lived hemiclones subtracted 

from the normal lifespan data can be seen 
as a linear relationship shown in (fig 5).   
Interestingly, as also was seen in the 
fecundity measurements, the hemiclones 
with the most extreme lifespan seems to 
show a lower response to radiation 
treatment when they are old but not young 
as can be seen in fig 6.  
  

 



 
 
Materials and Methods 
 
Fly handling: 
The flies were cultured in the same way as 
they have been for the last 40 years: same 
food, same day-rhythm cycle (12h artificial 
light and 12 h darkness),  temperature 
(25°C) and air conditions (60% air 
humidity).    

Fly food: 
Because of risk of infection and harm to 
flies of sticking to fly excrements, new food 
was given every second day. The food 

consisted per kilo out of 100g dried yeast, 
100g white sugar, 40g agar and 750g water. 
These ingredients were mixed and boiled 
for 15 minutes and then set to cool down 
to 60 °C when preservatives of 5g ethanol 
(95%), 3g tegosept and 2 g propionic acid 
were added. The food was poured, still hot 
into vials and sat to cool and solidify. Then 
food was then kept in double sealed plastic 
bags in 4°C until use. The food represented 
a 1.0 (1.0 is the normal standard energy 
need) food source and reached up around 
one cm from the bottom of the vial.  
 

 
 
During the fecundity test flies where kept 
on the same food plus a standardized yeast 
of 75 µl per vial of a 1.6 g dissolved dry 
yeast in 10 ml tap water. 

Fly model: 
The hemiclonal flies which were used were 
created by sampling 50 random males from 



the laboratory population Dahomey. These 
males were mated to specially constructed 
clone-generator females which made it 
possible to capture haploid genomes and 
keep these haploid genomes intact over 
many generations. The hemiclones which 
were created out of the clone-generator 
females and the random picked Dahomey 
males were kept in 18°C and remated with 
clone-generator females every 40th day until 
use. Hemiclone males were crossed to 
random Dahomey females to place the 
hemiclones (haploid genomes) in females 
in a random haploid genetic background. 
These females were used in the 
experiments. 

Equipment: 
We used a gamma-radiation source to 
induce single and double strand breaks.  
The radiation was emitted from two 
Cesium 137 blocks separated apart by 15 
cm, in between which the flies were 
placed, still kept in their normal vials and 
irradiated by an effect of 1.024 Grey/min. 
The time spent in the radiation chamber 
decided the irradiation dose.  
The flies where housed in vials of the size 
28.5 x 95mm made ofpolystyrene. As a lid 
to keep air ventilation but flies enclosed 
cotton was used.  
To sort and count flies CO2 anesthesia was 
used. The flies were kept on a thin pored 
grid through which CO2 transpired during 
sorting. A dissecting microscope was used 
to facilitate sexing of. 
To give the flies new food the new vial 
with food in was placed on top of the old 
when the cotton cap was taken off. The 
vials were then turned 180° and tapped to 
make the flies fall in to the new vial. 
The flies in vials were kept in 25 °C 
incubators. Data analyze: 
The data was collected manually and by 
counting living flies every second day. The 
data was saved in Microsoft Excel. The data 
was analyzed and statistically tested for 
significance in the software JMP.  
 
 
Discussion 
 
Our hypothesis was that long lived 
genotypes would show a smaller response 
to radiation in terms of changes in lifespan 
and fecundity, than short lived genotypes. 
The reasoning behind this idea was that 
variation in lifespan may reflect difference 

in ability to repair somatic. Our results 
from the lifespan study show the opposite 
and this opens up a totally new type of 
questions.  
The reason 550 Gy was chosen as the 
irradiation dose in the lifespan study was 
because it was thought high enough to kill 
the flies within two to three weeks. This 
idea was based on previous studies on 
Drosophila (17). In tone study Cesium 137 
with a dose of 2.279 Gy/min was used 
compared to the 1.024 Gy which was used 
in this study. Even though the non-radiated 
flies lived 5 days longer totally, this 
difference in radiation dosage per time unit 
may be one of the reasons to the 
contradicting findings for some of the 
normally more short lived flies. The 
radiation effect can besides give a negative 
short term effect instead of being a down 
set have worked positive on the  flies stress 
defense response, and made them up 
regulate, here seen more at short living 
hemiclones.  This phenomenon is generally 
called hormesis (18), but is normally 
assumed to just cause a positive effect at 
low dose or gamma-radiation. Although it 
has been shown that histone complexes 
gets activated within minutes of gamma-
irradiation in Drosophila (19). And this 
during with a to low dose per minute could 
give the opposite effect of what was 
expected. An interesting follow up study to 
this one would be to do a titration of 
irradiation doses from 100 Grey to 1000 
Grey or more in 100 Grey steps and just 
for the extreme hemiclones. Such a study 
would indicate if there is a type of opposite 
effect of radiation at different levels, at 
which radiation level there is a shift and 
whether there is a difference in between 
the hemiclones in correlation to their 
normal lifespan, with long lived hemiclones 
more sensitive in the shift as can be seen 
here.  
Another possible cause to the different 
response to irradiation might be the trade-
off in energy spending that is known to 
exist between short and long lived 
genotypes within a species. This effect 
might be what is seen in this study where 
the short lived hemiclones have a greater 
spending capacity than the more long lived 
hemiclones. This gives them a greater 
chance to repair and build a greater repair 
response to the induced stress and be more 
prepared in the future. Even if the damage 
of the genome can have been greater at the 



more short lived and less stressing to the 
long lived because of a naturally by lifespan 
stress-response (20) the accumulated effect 
of an enhanced stress-response during 
irradiation can have given overall positive 
effect for the remaining life for the short 
lived, and the opposite for the long living. 
The outcome in the results which actually 
supports this is the old extremes response 
to irradiation seen in fig 3D and 6 B,D. 
These data indicate that the natural stress 
between day 10 and 24 of the extreme 
hemiclone life builds up a stress defense to 
the irradiation. The effect seems to be the 
greatest to the long lived flies. The reason 
can in fact be that the stress has been 
spread over a longer time-period. There has 
not been any lack of energy even to the 
more slow metabolizing hemiclones. 
Because the energy demand per unit of 
time has been smaller, the long lived flies 
can have afforded it. 
A third possibility might be the hatching 
test which was made before the flies were 
taken to irradiation. This might have 
exhausted the long lived hemiclones more 
than the short lived when the short lived 
spends a greater energy amount per unit of 
time.  
An interesting study to test this would be 
to interfere with the metabolic system. If a 
short lived hemiclone have a greater 
cellular metabolism it would also be more 
sensitively affected by defects in this 
system. Therefore one way would be stop 
or reduce any components in the 
mitochondrial metabolic system such has 
been shown to be done with Clioquinol a 
COQ7 inhibitor (21).  
There are also the possibilities that fly 
handling of different research conductors 
by the very difference in procedure can be 
accounted for the differences. Many things 
such as handling of the hemiclones can 
have interfered with the results. The 
different procedure in handling can have 
caused different amounts of stress in 
normal life length measures compared to 
irradiated conditions and thus by a 
hormesis pathway up regulating repair 
systems in either condition. The best had 
been to test normal lifespan parallel to the 
irradiation test even though it was not 
meant for the irradiated hemiclones to 
continue living for not more than about 
two to three weeks. 

When it comes to whether the data fits any 
of the mechanic models AP and MA, 
different conclusions can be drawn.    
AP seems to function on the short living 
hemiclones where they seem to have some 
type of beneficial mutation which causes 
them not to die. If this test would have 
been a natural environment the more short 
lived hemiclones which increase in life 
length would have benefited, while MA fits 
to the long lived hemiclones if the old flies 
are looked onto. They seems to handle 
radiation induced mutations much greater 
than the short living ones, although the life 
length data are not fully significant (Fig 
6D) but for fecundity (Fig 3D).  
Gladly many more and new interesting 
questions have come up from this data so it 
is just to start digging for the knowledge of 
gold again.    
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