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Heavy metal exposure is known to cause adverse health effects because of 
its ability to damage membrane and DNA, perturb protein function, and 
disturb enzyme activity (Witkowska et al., 2021). By interfering with immune 
homeostasis, heavy metal exposure results in a disease state, in which the 
body fails to make appropriate immune activation and suppression in tissues 
and organs (Duarte et al., 2018). Heavy metals as environmental pollutants 
can become even more toxic by mixing with different environmental 
elements, such as water, soil, and air (Mitra et al., 2022). Due to their 
characteristics of toxicity, longevity in the atmosphere, and ability to 
accumulate in the human body via bioaccumulation, humans and other living 
organisms can be exposed to heavy metals through ingestion or inhalation of 
contaminated food, drinking water, and polluted air or through occupational 
exposure in the workplace (Mitra et al., 2022).

Heavy metals have been identified as 
neurodevelopmental toxins since they can be 
responsible for fetal damage which leads to 
neurological defects, developmental delays, learning 
disabilities, and behavioural abnormalities (Gorini et 
al., 2014). For instance, in Drosophila melanogaster, 
heavy metal exposure causes irreversible 
neurobehavioural damage, reducing lifespan and 
locomotor activity( Bonilla-Ramirez et al., 2011). 
Accumulation of heavy metal in the fruit fly's head is 
associated with the neurodegeneration of several 
dopaminergic neuronal clusters, while also destroying 
DAergic neurons in the fly's brain, thereby impairing 
their movement capabilities (Bonilla-Ramirez et al., 
2011). Several studies have demonstrated that 
elevated levels of heavy metal exposure can affect the 
behaviour of organisms. However, one study 
highlighted a concerning finding; it showed that 
songbirds with heavy metal exposure displayed an 
increase in aggressive behaviour (Janssens et al., 
2003). 

Exposure to temperature fluctuations is a common 
source of naturally occurring stress for organisms. For 
many insect species, exposure to low temperatures 
induces a reversible comatose state known as chill 
coma (Findsen et al., 2014). This condition is caused by 
the loss of neuromuscular function and leads to 
progressive loss of ionic and metabolic homeostasis, 
as well as hemolymph ions (Williams et al., 2018; Davis 
et al., 2021). One area of focus in this field is rapid cold 
hardening (RCH), which is a protective response 
against cold shock. The RCH response protects against 
cold shock, a form of non-freezing injury, which 
represents a major obstacle to the successful 
cryopreservation of many types of cells and tissues 
(Lee Jr et al., 2010). Research shows that RCH 
improved both survival and reproductive output after 
a subsequent cold shock, but the RCH treatment alone 

was associated with costs in terms of reduced survival 
and reproductive output (Overgaard et al., 2007). In 
addition, cold activation of potential immunity in 
Drosophila may be a compensatory mechanism to 
maintain stable immune function during or after a low-
temperature cold shock (Salehipour-shirazi et al., 
2016). A study identified the most pronounced 
changes following the RCH treatment to be elevated 
levels of glucose and trehalose (Overgaard et al., 
2007). While some studies did not find changes in gene 
expression levels, a gene expression analysis study 
revealed that stages of cold response elicited gene 
expression changes involved in heat shock response, 
circadian rhythm, and metabolism (Vesala et al., 2012). 

The purpose of this study is to investigate the 
effects of environmental stress on adult flies, 
specifically heavy metal exposure and cold 
temperature, and how this relates to developmental 
and immunological problems in their offspring. This 
study explores whether the first generation’s response 
to environmental stressors closely resembles that of 
the second generation. Moreover, whether the 
adverse effects are passed on to the second 
generation without direct exposure to the stress. 
Lastly, the study aims to determine how exposure to 
multiple stressors affects the organisms and whether 
these effects are aggravated or cancelled out. If heavy 
metal exposure indeed decreases development and 
immunity in fruit flies, then it follows that the second 
generation would also likely be affected by the 
diminished immunological functions inherited from 
their parents. Similarly, if cold shock does enhance 
survival and reproduction in adult flies, it is reasonable 
to hypothesize that adult flies exposed to both heavy 
metal and cold shock would exhibit improved 
immunological functions compared to those exposed 
solely to heavy metal.
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MATERIALS AND METHODS
1)  Extraction of Heavy Metal
5g of coiled copper, lead, brass, and aluminum were 
each added into a 50mL conical tube, which was filled 
up to 25mL with distilled water. The heavy metals were 
then extracted into the water of each test tube by 
using a rocker for 48 hours as shown in Figure 1. The 
water metal level was measured by dipping one strip 
of the water metal kit (SenSafe Water Metals Check 
Test, USA) into the heavy metal extracts for 30 seconds 
and moving it back and forth. Then excess water was 
removed on a paper towel for 2 minutes before 
comparing it to the table indicating the level of heavy 
metal contents. The heavy metal solutions were 
sterilized with a syringe (KOVAX-syringe, Korea) and 
0.20 µm (GVS Single Use Filter, USA). Then, each heavy 
metal extract was mixed at a ratio as shown in Table 1 
to create a heavy metal mixture at 100 ppb for the 
heavy metal level.
2)  Extraction of heavy metal from daily items 
and labware
A 2.19g floating foam tube rack was put into a 50mL 
conical tube, which was filled up with distilled water. A 
tumbler mug with a logo and painting on the outside 
was submerged in water in a plastic container. The 
test tube and plastic container were placed on a 
rocking shaker for 48 hours. The water metal level of 
the extract was measured by using one strip of the 
water metal kit. The paint extract was sterilized with a 
syringe (KOVAX-syringe, Korea) and 0.20 µm (GVS 
Single Use Filter, USA).

3) Fruit fly culture media preparation
A 250mL beaker was heated on a hot plate and 50mL 
distilled water, 8.4g of corn meal, 3.75g of sugar, and 
2.4g of dry yeast were added. Then 40mL distilled 
water, 0.75g of agar, 1mL of molase, and 0.57mL of 
propionic acid was added. 10mL distilled water was 
added and while creating the mixture, the mixture was 
constantly stirred with a spatula to prevent the sinking 
of precipitate / solid. When the mixture was fully 
mixed, the 5mL of mixture was poured into 20 plastic 
tubes for fruit fly culture and covered with cotton.
4) Preparation and anesthesia of fruit fly
Fruit flies, Drosophila melanogaster, were purchased 
from Biozoa Biological Supply Company, Korea, in 
which there were 10 wild-type fruit flies in each tube, 

Figure 1. Heavy metal mixture and pain extract extraction process

Table 1. Heavy metal mixture ratio used for fruit fly 
exposure condition.  

Figure 2. Fruit fly culture media and anesthesia for transfer of fruit flies
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the surface of the fruit fly culture media. After heavy 
metal and paint extract was absorbed into the culture 
media and dried, adult flies were transferred into the 
test tubes. 4 of each extract and control, totaling 20 
plastic tubes with media culture were prepared. 
To test the direct effect of the stressors, adult fruit flies 
were exposed to heavy metal, paint extract or treated 
with a cold exposure at 3°C for 4 hours as indicated in 
Table 2. To test the long-lasting and hereditary effects, 
offspring (second generation) born from stress-
exposed adults moved to normal conditions were 
tested (Figure 3).
6) Adult fly activity measurements
To observe the activity of the differently treated adult 
flies, once the flies reached the top of the test tubes, 
test tubes were hit 10 times to drop all the flies to the 

male and female mixed. Adult fruit flies were 
anesthetized, as shown in Figure 2, to help with the 
process of transfer and collection of fruit flies. The 
given anesthesia kit (Biozoa Biological Supply 
Company, Korea) consists of an anesthesia bottle, CO2 
effervescent (Alka-Seltzer, Mexico), a syringe needle, 
and filter paper. Distilled water was poured at least 
halfway into the anesthesia bottle and the lid was 
closed immediately after the CO2 effervescent was put 
in. The fruit fly test tube was flipped and the needle 
from the anesthesia kit was put in between the gap 
between the tube and the cotton stopper. The valve of 
the aesthesia bottle was opened and after 1-2 
minutes, the fruit flies were anesthetized. The fruit 
flies were put on filter paper and transferred into each 
test tube with culture media.
5) Fruit fly cultivation with paint extract and 
heavy metal exposure
The 20 plastic tubes with fruit fly culture were fully 
dried and then 100µl of paint extract 1/10, paint 
extract 1/100, heavy metal extract mixture 1/10, and 
heavy metal extract mixture 1/100 were pipetted onto 

Table 2. Treatment conditions for adult fruit fly and 
pupae. 

Figure 3. A representative diagram of a fly exposure 
condition to test the effect on its offspring (second 
generation). Adult flies were exposed to heavy 
metal and then moved to normal conditions to lay 
eggs. Adult flies hatched from these eggs were 
tested to make observation of the second 
generation.

Figure 4. Images of staining process of larvae and stained larvae from differently exposure environments.
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bottom. The time it took the flies to reach the top of 
the test tube again was recorded.
7) Larvae staining
To observe the damage of the environmental stressors 
(heavy metal, paint extract, low temperature) on 
human intestinal epithelial homeostasis, the fruit flies' 
organ system, specifically the midgut cells, were 
examined by staining larvae of each test condition 
sample (Capo et al., 2019). After larvae (and pupa if 
necessary) were collected, they were washed with 
Phosphate Buffered Saline (PBS) and then stained with 
0.02% Trypan Blue (Figure 4). The stained larvae were 
rinsed with PBS until the larvae surface was destained 
and then were observed under a stereo microscope. 
8) Measurement of relative mRNA abundance 
with PCR
A. RNA extraction
To collect RNA of the different adult flies after different 
exposures, RNA was isolated using the RNeasy Mini Kit 
(QIAGEN, Germany). 10 adult flies of each sample were 

collected and fly tissues were disrupted and 
homogenized by centrifuging the tissues with 400uL of 
Lysis buffer and five 2.3mm diameter ZIRCONIA/SILICA 
beads (BioSpec Products, USA). Then, following the 
instructions of the RNeasy Mini Kit, 40ul of RNase-free 
water was added directly to the spin column 
membrane, and then it was centrifuged to elute the 
RNA.
B. cDNA synthesis
5ul of total RNA, 0.5ul of Oligo dT primer, 2ul of 5X 
reaction buffer, 0.2ul of RTase, and 2.3ul of RTase-Free 
Water were each added into 200ul tubes and put into 
a PCR machine at 42 °C for 1 hour.
C. PCR
5ul of cDNA sample, 4ul of F, R primer, 2ul of dNTP, 2ul 
of 10x reaction buffer, and 6.5ul of distilled water were 
added into each microtube. The microtubes were put 
into a PCR machine and went through initial 
denaturation at 95 °C for 2 min, 35 cycles of 
denaturation (95 °C, 15s), annealing (60 °C, 35s), and 
extension (75 °C, 45s), and a final extension at 75 °C 

Table 3. Sequences and reaction temperature of the primers used in this research.
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exposure group. In addition, for heavy metal mixture 
1/100, paint extract 1/000, and paint extract 1/10, one 
adult fly was dead due to the environment by day 4. 
Heavy metal conditions seem to have a greater 
negative impact in the long term than in the short 
term as on day 2, there was no noticeable difference, 
but by day 4 there was a significant difference in 
development and viability.
3) Activity of adult fruit flies exposed to heavy 
metal or cold temperature
On day 2, for the control flies, it took 10 times to drop 
the flies to the bottom while for the heavy metal 
exposed flies, it only took 4 times of tapping the test 
tube. 

In addition, compared to the control, the heavy 
metal exposed flies took a significantly increased 
climbing-up time. Taking longer for their climbing 
behaviour, two days after moving to normal condition, 
for heavy metal mixture 1/10, 1 out of 6 flies didn’t 
reach the top while for heavy metal mixture 1/100 and 
2 out of 6 flies didn’t make it to the top of the test 
tube. After 4 days of being moved to normal condition, 
the trend of adult flies not reaching the top of the test 
tube became more prevalent. Apart from the control 
and heavy metal mixture 1/10, 2 from paint extract 
1/10, 3 from paint extract 1/100, 3 from heavy metal 
mixture 1/100 were not able to reach the top of the 
test tubes. Locomotive defects and a decline in the 
natural upward climbing behaviour can be a result 
from possible neurodegenerative disorders, caused by 
heavy metal exposure that exceeds reduced activity 
from aging.

Temperature also effected fly activity. Three flies 
from 3°C 4 hrs were not able to reach the top of the 

for 10 minutes. The primers were designed with the 
sequences as follows in Table 3, then were produced 
at Macrogen, Korea. 
D. Gel electrophoresis and DNA band intensity 
measurements
50mL of 1x TAE buffer and 1.00g of (2.0%) of Agarose 
LE Master were mixed and microwaved to dissolve the 
solute. 5uL of StaySafe Nucleic Acid Gel (Dongin 
Biotech, Korea) was added to the gel solution and 
poured into the mold. The gel was put into the gel mini 
electrophoresis system. PCR product was 20uL, so 4uL 
of 6x DNA loading dye was added for a total of 24uL 
(Figure 5). 10uL of each sample was loaded into the gel 
well and then 100bp DNA size marker (Biorad, USA) 
was loaded after every 6 samples. After loading, the 
gel mini electrophoresis system ran for 18 minutes at 
100V.

The gel was viewed under the UV illuminator 
(Figure 5) and the band images were taken. With the 
images, the band intensity was measured and 
calculated using a program called ImageJ.

RESULTS
1)Extraction of heavy metal for exposure testing
From metals, copper and brass had the highest heavy 
metal level of 400 ppb and aluminum had a heavy 
metal level of 100 ppb (Table 4). The copper, lead, 
brass, and aluminum extract each had a water metal 
level of 400, 10, 400, and 100 ppb. From 
environmental exposures, the foam tube had a heavy 
metal level of 50 ppb and tumbler had level lower than 
10 ppb. Each metal extract was mixed to create a 
heavy metal mixture at 50-100 ppb to match with the 
heavy metal level of the floating rack. 

As shown in Table 5, there was no noticeable 
difference in the number of survivor adult flies 
between the heavy metal exposure samples, all with 6 
or 7 survivors flies out of the original 10 flies. 
Compared to the control, heavy metal exposure had a 
considerable negative impact on the viability of fruit 
flies. On the other hand, cold shock did not impact the 
number of survivor adult flies compared to the 
control.
2) Percentage of eclosion
 By day 2, the percentage of eclosion was the highest 
with 30% for paint extract 1/10, then 20% for both the 
control and heavy metal mixture 1/10, 10% for heavy 
metal mixture 1/100, and lastly 0% for paint extract 
1/100. By day 4, the heavy metal exposure group had a 
percentage of eclosion lower than that of the no 

Figure 5. PCR, Gel electrophoresis and UV 
illumination.

Table 5. Number of survivor adult flies in different 
environmental stressor conditions.

Table 6. Percentage of eclosion in different ratios of 
heavy metal conditions 
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test tubes. As ectotherms, fruit flies seem to be 
impacted by the surrounding temperature. In 
temperatures under the optimal temperature, 
decrease in metabolic reaction and the inactivation of 
metabolism-related enzymes could cause the flies to 
slow down. However, when the temperature increases 
again to normal range, the fruit flies return back to 
normal behaviour and thus this doesn't seem to be a 
permanent damage for the fly but a temporary status. 
4) Activity of unexposed second generation fruit 
flies of parent flies exposed to heavy metal or 
cold temperature
Wildtype flies all flew back to the top of the tube within 
7 seconds. However, flies from heavy metal exposed 
parent flies dropped towards the bottom within 4 
times of tapping the test tube. Compared to the 
control, the heavy metal exposed flies had a 
significantly increased climbing-up time, taking longer 
for their climbing behaviour. This was observed in 
both heavy metal mixture and paint extract exposure, 
but more predominately in heavy metal exposed flies 
as all flies in this case crawled up. Interestingly, 
deterioration in activity of cold temperature exposed 
parent flies was also passed on to the second 
generation of flies. Flies took 12 seconds to climb up 
and mostly crawled up without flying. 
In all, these results demonstrated that even though 
these adult flies were never directly exposed to the 
environmental stressors, such as heavy metal or cold 
temperature, they were born with defects in their 
activity. 

5) Activity of fruit flies exposed to heavy metal 
and low temperature
After observation of flies exposed to either heavy 
metal or cold temperature, activity tendency of the 
flies exposed to both heavy metal and cold 
temperature was observed to see if the concurrence 
of both stressors has a different impact. All double 
stress exposed flies dropped towards the bottom 
within 4~6 times of tapping the test tube. For heavy 
metal exposure and cold shock adult flies, there is no 
difference in the climbing time with the control fruit 
flies. 
6) Cell damage in Drosophila larvae under the 
heavy metal or cold temperature exposure
Compared to the control group, which had 2 stained 
larvae, ratios 1/10 and 1/100 of both paint extract and 

Table 7. Climbing time of adult flies in different environmental stressor conditions.

Table 8. Climbing time of second generation adult 
flies of stress exposed parent flies that were moved 
to normal environment after stressor conditions.
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heavy metal mixture damages the cells of larvae. A 
ratio of over 1/100 for paint extract and heavy metal 
mixture as well as a cold exposure damages the cells 
of larvae. 
9) Effects of heavy metal and low temperature 
on immune related gene expression
 To discover the negative impacts of heavy metal 
exposure and cold shock on the immunity of fruit flies, 
the four immune-related gene expressions of 
Diptericin-A, Drosomycin-B, Metchnikowin, and 
Turandot-A were observed. 

 For the first generation of directly exposed 
adult flies, there was an overall slight decrease in 
expression of Diptericin-A. With paint 1/100 having the 
least expression, it can be seen that the capability of 
making antimicrobial peptides (AMPs), which are 
essential components of insect innate immune 
system, decreases with exposure to either heavy metal 
or a cold shock (Bolouri et al., 2017). There is a more 
significant decrease in the expression of Drosomycin-
B, a reporter gene for Toll pathway activation is 
drosomycin, which encodes an antimicrobial peptide. 
In particular, for heavy metal mixture 1/10, there is 
approximately a 23% drop in comparison to the 
control. There is also a significant decrease in the 
expression of Metchnikowin, in particular for paint 
extract 1/100. For Metchnikowin, both paint extract 
1/10 and 1/100 have a greater decrease than heavy 
metal mixture 1/10 and 1/100. For both Drosomycin-B 

heavy metal mixture had a higher number of stained 
larvae. ,paint extract 1/10 had 2 more stained larvae 
than paint extract 1/100; heavy metal mixture 1/10 
had 3 more stained larvae than heavy metal mixture 
1/10. The cold exposed larvae had 7 stained larvae. 
These results demonstrate the damages ratio of over 
1/100 for both paint extract and heavy metal mixture 
as well as a cold exposure to the cells of larvae. 
Larvae from few generation down, probably 2nd to 3rd 
generation of stressor exposed flies were also tested 
for their developmental damage. The number of 
stained larvae in sample control, paint 1/100, paint 
1/10, and mix 1/10 were all similar. However, for mix 
1/100 and cold temperature, there were not 10 larvae 
at the time of selection for both samples and majority 
of those had cell damage. 
8) Cell damage in Drosophila larvae under the 
heavy metal and cold temperature exposure
Cell damage that may be caused by both heavy metal 
and cold exposure was also tested. Compared to the 
control group, which had no stained larvae, ratios 
1/100 of paint extract and 1/10 of heavy metal mixture 
had a higher number of stained larvae. These results 
confirm that a ratio of 1/100 for paint extract and 1/10 

Table 9. Climbing time of adult flies exposed to both 
stressors, exposure to heavy metal and low 
temperature.

Figure 6. Microscope images of stained and 
unstained larvae (A) larvae with no stain (B) larvae 
with stain

Table 10. Larvae born from flies directly exposed to 
heavy metal or low temperature without transfer 
to normal condition.

Table 11. Offspring larvae born in normal condition 
from first generation of flies exposed to heavy 
metal or cold shock
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and Metchnikowin, heavy metal mixture 1/10 has a 
greater decrease than heavy metal mixture 1/100, 
while paint extract 1/100 has a greater decrease than 
paint extract 1/10. For Turandot-A, which is a gene that 
response to stress in the fat body by the JAK-STAT 
pathway, there was no significant difference among 
control, mix 1/10, mix 1/100, paint 1/10, and paint 
1/100. However, there was about 10% rise in the 
expression of Turandot-A in the low temperature 
sample.

For the double stressor exposed adult flies, there 
wasn’t a significant difference between the control and 
the double stressor exposed flies. Overall, heavy metal 
mixture 1/10 had the least expression for Drosomycin-
B and Metchnikowin,.Drosomycin-B had the most 
general decrease in all double stressor exposed adult 
flies. For Metchnikowin, as the heavy metal 
concentrations rose, the expression decreased despite 

exposure to low temperature. While both heavy metal 
mixture 1/100 and paint extract 1/100, the low 
temperature seems to compensate as shown in the 
expression of Metchnikowin, this effect does not 
continue when the heavy metal concentration rises to 
1/10. The overexpression of Turandot A in paint 
extract 1/100 and paint extract 1/100 in double 
stressor condition suggests prolonged survival and 
retain normal activity. For Turandot A, exposure from 
paint extract of daily use material seems to have a 
greater significance than the exposure from artificial 
heavy metal mixture as the gene expression increase 
was most prominent in paint 1/10 exposed flies.

DISCUSSION
In Drosophila melanogaster, heavy metal exposure 
causes irreversible neurobehavioral damage and 
significantly reduces locomotor activity (i.e. climbing 
abilities). The general locomotion of flies was tested 
through climbing and flight activity, by dropping all the 
flies to the bottom and then recording the time it took 
the flies to reach the top of the test tubes. Compared 
to the control, the heavy metal and cold exposed flies 
had a significantly increased climbing-up time. This 
suggests that heavy metal exposure and surrounding 
temperature defects locomotive behaviour. To see if 
the tendency of the first generation passes onto the 
second generation and similarly impacts the second 
generation, the 1st generation was exposed to heavy 
metal or cold temperature while the 2nd generation 
was born in normal conditions. Compared to the 
control, the heavy metal exposed flies had a 
significantly increased climbing-up time. This result 

Table 12. Larvae from flies exposed to heavy metal 
and cold temperature

Figure 8. Immune related mRNA expression levels 
of second generation flies from parents that were 
exposed to stress conditions.(A) gel electrophoresis 
(B) mRNA expression levels

Figure 9. Immune related mRNA expression levels 
of adult flies exposed to heavy metal and low 
temperature (3°C for 4hrs) conditions before being 
moved to normal condition.(A) gel electrophoresis 
(B) mRNA expression levels



 THE CANADA SCIENCE FAIR JOURNAL

9Kristin Cho | Issue 06 | Volume 06 | CSFJ 

suggests that parents exposed to heavy metal cause 
their offspring to have defects in activity. For double 
stressor exposed adult flies, there was no difference in 
the climbing time with the control fruit flies. In this 
experiment, the cold shock restored adult flies' activity 
after both stressors were applied. 

The percentage of eclosion, which shows the 
developmental stage from pupa to adult fly, allows 
identifying the damage heavy metal exposure has on 
the developmental stages of adult fruit flies. By day 2, 
the percentage of eclosion was the highest with 30% 
for paint extract 1/10, then 20% for both the control 
and heavy metal mixture 1/10, 10% for heavy metal 
mixture 1/100, and lastly 0% for paint extract 1/100. By 
day 4, the heavy metal exposure group had a 
percentage of eclosion lower than that of the no 
exposure group. In addition, for heavy metal mixture 
1/100, paint extract 1/000, and paint extract 1/10, one 
adult fly was dead due to the environment by day 4. 
Heavy metal conditions seem to have a greater 
negative impact in the long term than in the short 
term as on day 2, there was no noticeable difference, 
but by day 4 there was a significant difference in 
development and viability.

Observing cell damage via larvae staining, both 
heavy metal and cold exposure appear to inflict 
significant damage to the cells of larvae, indicating that 
even during developmental stages, notable cell 
damage occurs within the intestinal tract, a crucial 
organ within immunometabolic networks (Witkowska 
et al., 2021). Larvae from subsequent generations, 
likely the 2nd to 3rd generation of flies exposed to 
stressors, were also evaluated for developmental 
damage. For the 1/100 mixture and cold temperature 
conditions, fewer than 10 larvae were available for 
selection in both samples, with the majority exhibiting 
cell damage. This suggests a slower development 
compared to the control group. Both the 1/100 ratio of 
paint extract and heavy metal mixture, along with cold 
exposure, resulted in larval cell damage. Heavy metal 
exposure has been associated with alterations in the 
composition of the intestinal microbiome and an 
increase in pathogenic bacteria, while cold exposure 
and freezing of body water can lead to mechanical 
damage to cells.

Change in immunity was measured by checking 
the expression level of genes related to antimicrobial, 
antibacterial, and antifungal activation. To see if 
directly exposed flies and 2nd generation of those flies 
has a decrease in immunological response, 
expressions from primers Diptericin-A, Drosomycin-B, 
Metchnikowin, and Turandot-A were observed. There 
was an overall decrease in the expression of all the 
primers in the 2nd generation. For Turandot-A, which 
is a gene that response to stress in the fat body by the 
JAK-STAT pathway, there was no significant difference 
among the control and heavy metal exposed samples; 
however, there was about 10% rise in the expression 
of Turandot-A in the low temperature sample, 
signifying that flies in low temperature overexpress to 
survive and preserve normal condition.

Surprisingly, even the short 4 hours of cold 
temperature stress from the parents, seems to impact 
the 2nd generation, particularly for Drosomycin-B, 
Metchnikowin, and Turandot A. Unlike the parent, 
which had over expressions of Turandot A, the second 
generation does not show over expressions in 

Turandot A, suggesting that the cold compensating 
trait of the parent flies were not passed on.Decrease 
in immunity was observed in both stress exposed 
parent and their offspring flies. A difference was seen 
in Turandot A where unlike the parent, which had over 
expressions, 2nd generation flies did not show over 
expressions in Turandot A. 

CONCLUSION
 Through this study, it was found that adult parent flies 
that are impacted by both environmental stressors, 
heavy metal exposure and/or cold shock, impact their 
offspring to have developmental and immunological 
problems. From this study, it can be inferred that 
humans can have the same reactions to 
environmental stressors, and that can have negative 
impacts on offspring to have developmental and 
immunological issues. Furthermore, in future 
research, the mechanism behind why cold shock can 
restore the activity of adult flies that are negatively 
impacted by heavy metal exposure can be studied. 
Moreover, why environmental stressors have a greater 
and longer-lasting negative impact than artificial 
stressors can be explored.
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