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Abstract 

In Drosophila melanogaster, 11-cis-vaccenyl acetate (cVA) is a pheromone shown to affect 

both aggression and feeding behaviour. The aim of this study was to investigate the effect of 

cVA exposure on gene expression in wild type flies and to confirm crosses with genetic 

knockouts in the cVA pathway. The genes studied in the wild type flies were Akh (homologue 

of glucagon), Dilp2,-3 and -5 (homologues of insulin), Dsk (homologue of cholecystokinin), 

sNPF (homologue of neuropeptide Y) and TβH(needed in the production of ocotpamin, 

homologue of noradrenalin). The knockout genes studied were the two cVA specific odorant 

receptors Or65a, Or67d and TβH. RNA was extracted from whole heads, cDNA synthesis 

was performed and the cDNA was then used in SYBR Green RT-qPCR. The knockout genes 

were not confirmed, due to methodological problems. The expression of Dilp3, Dilp5 and Dsk 

were significantly lower in the experimental flies, the expression of the other genes where not 

affected. The results indicate that exposure to cVA affects the expression of some of the 

neuropeptides involved in weight regulation. Due to the methodological problems 

experienced, a recommendation is to confirm the data using different reagents in RT-qPCR. 

 

Key words: feeding behaviour, neuropeptides, weight regulation, aggressive behaviour, 

human homologues   

 

Sammanfattning 

Fetma är ett växande folkhälsoproblem med få effektiva behandlingar. Orsakerna är flera, 

men genernas uppsättning uppskattas påverka 40-70% av den individuella variationen i vikt. 

Många av de gener som påverkar viktreglering hos människor har motsvarigheter i andra 

arter. En art som ofta används i genetisk forskning är bananfluga. Ett ämne som påverkar både 

aggression och ätbeteende hos bananflugor är 11-cis-vaccenyl acetat (cVA). Syftet med denna 

studie var att undersöka hur viktreglerande gener påverkas när bananflugor exponeras för 

cVA och bekräfta genuppsättningen hos flugor där man slagit ut gener som krävs för att 

signalen från cVA ska gå fram. De gener som studerades var bland annat flugornas 

motsvarighet till insulin. Flugorna frystes in, huvudena togs av och användes för att ta fram 

RNA, som sedan omvandlades till DNA och analyserades med hjälp av en metod som mäter 

mängden av DNA. Resultatet tyder på att exponering för cVA påverkar vissa gener 

inblandade i viktreglering. På grund av de metodologiska problem som uppstod, bör 

resultaten bekräftas av upprepade studier. 
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Introduction 

Obesity, a growing public health issue with few effective treatments today, is causing both 

health problems and great economic costs for societies. The causes of obesity in humans are 

for the most part multi-factorial, including both genetic and environmental factors, and cannot 

be linked to one single gene although genetic disposition is an important factor. By using 

family and twin studies, the genetic influence on obesity has been estimated to 40-70% and 

there are at least 15 genetic loci linked to obesity [1]. 

Genes involved in human obesity are more commonly coding for some protein 

classes than others, e.g. one third of the identified genes are coding for proteins involved in 

cell signalling. Many identified human obesity-linked genes have homologues in other species 

[2]. 

Drosophila melanogaster, i.e. fruit fly, is a common model organism
1
 in genetic 

studies. It has been used for about 100 years in research and has many benefits. Flies have a 

short life cycle with a large number of offspring, are easy to manipulate in many 

developmental stages and easy to make behavioural observations on. The maintenance costs 

are low and flies are robust when handling them and not very susceptible to pathogens [3, 4]. 

Since Drosophila has been studied for so long, a lot is known about it both genetically and 

behaviourally which also benefits further studies.  

In Drosophila, aggressive behaviour is used for defence and to acquire food, mates 

or territory. This aggressive behaviour is complex and regulated by multiple factors, both 

genetic and environmental, and studies often show divergent results within the same species. 

Male flies are known to fight over food and females, while females mainly fight over food 

and female aggression is mostly linked to reproductive behaviour. Some behaviour seems to 

occur only in the laboratory setting, thus making it more difficult to apply the results to non- 

laboratory environment, e.g. the size of the laboratory setting seems to influence the 

behaviour. There can also be differences between socialized and naïve
2
 flies [5].    

The male specific pheromone 11-cis-vaccenyl acetate (cVA) controls aggression, 

mating behaviour and feeding behaviour in Drosophila. Both females and males are affected 

by cVA through the odorant receptors Or65a and Or67d, expressed in a small group of 

olfactory receptor neurons (ORNs), but females and males are affected in opposite ways. 
                                                             
1 “A model organism is one which allow us to analyse a particular problem in the hope that the answer it gives us 

will be general and perhaps universal” [3, page 2] 

 
2 i.e. flies that has been isolated or not yet had time to become socialized.  
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While male mating behaviour is inhibited, mating behaviour in females is promoted [6, 7]. 

The pheromone is only synthesized by males and acute exposure mediates increased 

aggression through the Or67d receptor, while chronic exposure mediates reduced aggression 

through the Or65a receptor. It promotes male-to-male aggression and may thus mediate 

control of the male population density on a food source, to keep the balance of feeding and 

reproduction [6].  

The pathway in which cVA regulates behaviour is not fully understood. One 

intermediate is tyrosine, which is converted into tyramine by Tyrosine decarboxylase 2 (Tdc2) 

in ORNs. Tyramine is then converted into octopamine by Tyramine β-hydroxylase (TβH). In 

insects, octopamine is an equivalent to the mammalian noradrenaline. The effects of cVA on 

other genes are not fully known [8]. Since it seems to affect feeding behaviour (Philip 

Goergen, results not yet published), it is interesting to measure the expression of genes known 

to be involved in weight regulation after flies have been exposed to cVA. It is also interesting 

to measure expression of genes suspected to be regulated by octopamine and thus might be 

involved in the control of aggressive behaviour. 

The flies used in this study were laboratory derived wild type flies and different 

crosses of knockouts
3
 in the cVA pathway and their controls. Some of the knockouts in the 

present study where created using the GAL4-UAS
4
 system. GAL4 is a transcription factor 

normally found in yeast. The UAS is an activation sequence that is activated by the 

transcription factor GAL4. The GAL4-UAS system depends on the crossing of two transgenic 

lines, one line that contains the GAL4, the so called driver in the system, and another line that 

contains an UAS-dependent transgene, i.e. the responder [9]. The GAL4 gene is inserted after 

a specific promoter, and thus only expressed when that gene is expressed. It means that the 

expression of a target gene, the responder, is directed by the expression of the driver. That 

allows very specific control over when and in which cell the target gene is expressed. 

RNA interference (RNAi) is a form of post-transcriptional gene regulation and is 

often used to knock out gene expression. Together with the UAS, an inverted repeat for the 

transgene is added. After transcription the mRNA base pair with itself and form a hairpin 

loop. The double stranded mRNA is recognized by nucleases as a part of the cells virus 

protection system and hence destroyed. The cleaved sequence is then used in the nucleases to 

recognize more of the mRNA with the same sequence and degrade it [10].  

                                                             
3 Here the term knockout refers to a transgenic fly with an inactivated, i.e. knocked out, gene 
4 UAS = Upstream Activaton Sequence 
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This means that although the flies are heterozygote for the transgene, when the 

normal gene is transcribed, the mRNA is still degraded. There may be some leakage in this 

system, i.e. some of the cells that do not express the GAL4 may still get an expression of the 

UAS controlled gene due to a heat shock promoter that is often inserted together with the 

UAS, thus making those cells knockouts for the gene as well. That may happen if the flies are 

aged warmer than 18 °C. The GAL4-UAS system together with the RNAi system makes the 

knockouts very specific for certain tissues or certain cells. Another way for creating knockout 

flies used in this study is by inserting an interrupting sequence between the promoter and the 

gene, and thus preventing transcription. 

In Drosophila studies, it is common to use a gene that changes the phenotype as a 

marker to make it possible to visually distinguish transgenic flies from wild type under the 

microscope. Three such markers were used on the flies in this study. The white (w) gene, 

necessary to make the eyes red and mutations causes white eyes. The yellow (y) gene, needed 

for the dark body and mutations make the body pale and yellowish, while mutations in the 

vermilion (v) gene give the eyes different shades of orange instead of red colour.  

Polymerase chain reaction (PCR) is a method to amplify specific nucleotide 

sequences, and quantitative real time PCR (RT-qPCR) can be used to determine the 

concentration of mRNA from the gene of interest. RT-qPCR allows real time detection of the 

amplification through a fluorescent molecule that is added to the reactions master mix. It can 

either be probes, specific for the target gene, which gives rise to a fluorescent signal once they 

are bound to the target gene. It can also be a dye, for example SYBR Green, which binds to 

all double stranded DNA in the mixture. The more DNA strands in the reaction, the more 

fluorescence can be detected and the fewer cycles are needed for the fluorescence to reach the 

detection threshold.  

By comparing the expression of the target gene to the expression of housekeeping 

genes, i.e. genes not affected by the experiment and there by having a stable expression, the 

relative expression of the target gene can be calculated. This allows comparison of gene 

expression between different groups of samples. 

This study is a part of a larger study including flies behaviour when they are exposed 

to cVA, the genes of interest were selected from previous results. The main genes of interest 

are Drosulfakinin (Dsk) and TβH to investigate the link between cVA exposure and 

aggression behaviour. Other genes of interest, due to their known link to weight control and 

feeding behaviour, are adipokinetic hormone (Akh) and Drosophila insulin like peptide 2, -3 

and -5 (Dilp2, -3 and -5) and short neuropeptide F (sNPF). 
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Akh functions like the mammalian glucagon, which is a part of the system 

controlling the blood glucose levels, and is also considered a neuropeptide [11, 12]. 

There are seven Dilps, six which are cleaved like insulin in mammals and one that is 

non-cleaved, like insulin-like growth factor (IGF) in mammals. Dilp2, Dilp3 and Dilp5 have 

been found to be expressed in brain median neurosecretory cells (MNC) in both larvae and 

adult flies. All Dilps, but Dilp2 in particular, can promote growth. Mutations in sNPF have 

been shown to reduce the levels of Dilp2 expression. Normal expression of Dilp2 and -5 

requires Dilp3 [13].  

Dsk is a homolog of the mammalian cholecystokinin (CCK) that is secreted in the 

gastro intestinal channel, but also functions as a neuropeptide. In mammals CCK is thought to 

affect e.g. feeding behaviour and Dsk may be involved in the feeling of satiety [14].  

NPF and sNPF in Drosophila are homologues of vertebrate neuropeptide Y and they 

seem to determine the feeding behaviour of the fly. When sNPF is overexpressed the food 

intake increases and the flies grows bigger and heavier [15].  

One aim here was to study the expression of Akh, Dilp2, Dilp3, Dilp5, Dsk, sNPF 

and TβH in wild type flies exposed to cVA. The second aim was to confirm the genetic 

background of Or65a, Or67d and TβH knockout crosses and measure the expression of Dsk in 

the TβH knockout flies.  

 

Methods 

 

Flies and treatment of the flies  

If not otherwise stated flies were bought from Bloomington Stock Center in Indiana, USA. 

Or67d
GAL4/GAL4

 flies were a gift from Professor Barry Dickson, Institute of Molecular Biology, 

Vienna, Austria. The crosses were set up in the local laboratory.  

The wild type flies were created by crossing the two wild type flies available, 

Canton-S and Oregon R (CSORC). The other lines used are w, yv, UAS-Or65a
RNAi

, UAS-

TβH
RNAi 

and Or67d
GAL4/GAL4

 with the driver lines Tdc2-GAL4 and Elav-GAL4.  

To create flies with a reduced TβH expression Tdc2-GAL4 flies were crossed with 

UAS- TβH
RNAi

 flies (Tdc2-GAL4: UAS- TβH
RNAi

) as experimental flies with Tdc2-GAL4 

crossed with yv (Tdc2-GAL4/+) and UAS-TβH
RNAi

 crossed with yv (UAS-TβH
RNAi

 /+) as 

controls. For the reduced Or67d expression, the Or67d-mutant (Or67d
GAL4/GAL4

) flies were 

used as experimental with w
1118

crossed with Or67d
GAL4/GAL4 

(Or67d /+) as controls. To create 

flies with a reduced Or65a expression, Elav-GAL4 flies were crossed with UAS-Or65a
RNAi 
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flies (Elav-GAL4: UAS-Or65a
RNAi

) as experimental flies with Elav-GAL4 crossed with yv 

(Elav-GAL4/+) and UAS-Or65a
RNAi

 crossed with yv (UAS-Or65a
RNAi

 /+) as controls.  

The flies were cultured in bottles with standard fly food (Jazz-Mix, Fischer 

Scientific), with extra yeast added to a total yeast content of 10 %. The bottles were stored in 

25 °C with a controlled day light cycle, 12 hours dark and 12 hours light. When the female 

had laid the eggs, the parent generation was discarded. The first generation males and females 

were then collected to separate vials. The collected flies where aged in 29 °C for 5-7 days and 

then frozen and stored in -80 °C.  

The CSORC flies where either controls flies or experimental flies. The experimental 

flies were exposed to cVA for 24 hours before freezing, by putting a capillary tube with 2-3 

µL pure cVA in the vial. For this study the CSORC crosses was only handled from the 

freezing of the flies. Some of the CSORC samples where already made to cDNA and only 

handled in the RT-qPCR steps.  

 

RNA extraction and cDNA synthesis 

Fly heads were removed by vortexing, shaking and slamming the microcentrifuge tube, while 

the flies were still frozen. The heads were counted on a petri dish over dry ice and transferred 

to a new microcentrifuge tube with a small brush, 40-50 heads per tube. The heads were 

thereafter stored in -80 °C until RNA extraction.  

RNA was extracted from the whole heads. The heads were homogenized with a 

pellet pestle in 800 μL extraction buffer (TRIzol, Invitrogen, Sweden) and incubated for 5 

minutes. Then 160 μL chloroform were added, the tubes were shaken by hand for 15 seconds 

and incubated for 3 minutes. The suspension was centrifuged in a microcentrifuge at 12 000 g 

for 15 minutes at 4 °C. The aqueous phase was transferred to a fresh microcentrifuge tube and 

precipitated in 400 μL isopropanol and incubated for 10 minutes. The suspension was then 

centrifuged in a microcentrifuge at 12 000 g for 15 minutes at 4 °C again. After this the 

supernatant was discarded and the pellet was rinsed in 1 mL 75% ethanol, followed by 

centrifugation in a microcentrifuge, at 12 000 g for 5 minutes at 4 °C. The supernatant was 

then discarded and the RNA pellet air-dried for 15 minutes.  

The pellet was re-suspended in 30 µL H2O in 55 °C for 10 minutes. To remove all 

genomic DNA, 2 μL of DNase (DNase I Recombinant RNase free, Roche, Germany) was 

added to the RNA suspension and was then placed in a heating block at 37 °C for 3 hours. 

The enzyme was thereafter deactivated by placing the samples in 75 °C for 15 minutes.  
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To control for removal of genomic DNA in the RNA extraction, and later to verify 

the cDNA synthesis, 0.5 μL of the RNA solution were amplified with PCR (PCR Thermal 

cycler, VWR International, Sweden) using the Tub primer (sense: 

TGTCGCGTGTGAAACACTTC, anti-sense: AGCAGGCGTTTCCAATCTG, Thermo 

Scientific, Germany) and 9.5 µL master mix containing 1.0 µL 10X PCR MgCl2 free reaction 

buffer, 0.3 µL MgCl2 solution, 0.1 µL Taq polymerase (all from BioTools DNA Polymerase 5 

U/µL, BioTools, Spain), 0.1 µL dNTPs (Fermentas Life Sciences/Thermo Scientific, 

Delaware, USA), 0.5 µL DMSO, 6.5 µL H2O and primer mix with 0.1 µL forward primer, 0.1 

µL reversed primer and 0.8 µL H2O for each sample. The PCR had the following cycles: 95 

°C for 3 minutes and then 35 cycles of 95 °C for 30 seconds, 58 °C for 30 seconds and 72 °C 

for 45 seconds and at the end 72 °C for 5 minutes. The templates were then run in a gel 

electrophoresis on a 1.5% agarose and ethidium bromide gel.  

The RNA concentration, and later the cDNA concentration, was measured by using 

Nanodrop (Thermo Scientific, Delaware, USA). For the cDNA synthesis 5 μg of RNA 

template, but not more than 12 μL, were transferred to PCR tubes. If the volume with 5 μg of 

RNA was less than 12 μL, it was diluted with H2O. 1 μL of master mix I, containing 0.5 µL 

dNTPs and 0.5 µL random primer (Primer Random p(dN)6 50 A260U, Roche, Germany), 

was added and the samples were incubated at 65 °C for 5 minutes in the PCR machine. The 

samples were placed on ice for at least 1 minute and the condensation was spun down. Then 7 

mL master mix II, with 4 µL 5X FS buffer, 2 µL DTT and 1µL MLV RT (all from M-MLV 

Reverse Transcriptase, Invitrogen, Sweden), was added, the suspension was mixed gently 

with the pipette and spun down. The samples were then incubated at 25 °C for 10 minutes, at 

37 °C for 1 hour and at 95 °C for 15 minutes in the PCR machine.  

The cDNA synthesis was confirmed by PCR and gel electrophoresis, as in the step 

controlling RNA samples for genomic DNA. When the cDNA synthesis was confirmed, the 

cDNA was diluted with H2O to 5 ng/ µL and 20 ng/ µL and stored in -20 °C until used for 

RT-qPCR.  

 

Quantitative RT-PCR 

For the quantitative RT-PCR (RT-qPCR) the BioRad iCycler (BioRad, California, USA) with 

the MyiQ Single Color Real-Time PCR Detection system (BioRad, California, USA) software 

was used. The PCR cycles were 95 °C for 3 minutes, 50 repeats of 95 °C for 30 seconds, 

annealing temperature for 30 seconds and 72 °C for 45 seconds, during which the real time 

detection was made. This was followed by one step of 72 °C for 60 seconds and the annealing 
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temperature for 60 seconds. After that, 65 repeats of 15 seconds starting at 55 °C and adding 

0.5 °C for each cycle followed.  

The master mix contained 9.25 µL MQ H2O, 2 µL 10X PCR MgCl2 free reaction 

buffer, 1.6 µL MgCl2, 0.2 µL dNTP, 0.05 µL forward primer, 0.05 µL reverse primer, 1 µL 

DMSO, 0.5 µL SYBR Green (SYBR
®
 Green I nucleic acid gel stain, Sigma) and 0.08 µL 

polymerase per sample. For the reaction, 15 µL master mix and 5 µL cDNA in each well 

where used. The concentration of cDNA was either 5 ng/ µL or 20 ng/ µL depending on the 

primer.  

RT-qPCR was performed on duplicates on five to seven replicas of each of the 

crosses and on nine replicas respectively of the CSORC controls and experimental. All 

primers were bought from Thermo scientific, Germany, and were either found in published 

papers or designed using Fruitfly.org to obtain the number of the gene and then using 

ensemble.org to obtain the sequence. The sequence was then used in Beacon Designer 8.02 

(Premier Biosoft, California, USA) program, the suggested primers with the least amount of 

primer dimer and hair pin loops where selected. The primers were diluted to a concentration 

of 100 pmol/ µL, according to the manufacturer´s instructions.  

As a reference for the calculation of relative expression, three housekeeping genes 

were used, Rp49 (sense: CACACCAAATCTTACAAAATGTGTGA, anti-sense: 

AATCCGGCCTTGCACATG), EF-1 (sense: GCGTGGGTTTGTGATCAGTT, anti-sense: 

GATCTTCTCCTTGCCCATCC) and Rpl-11 (sense: CCATCGGTATCTATGGTCTGGA, 

anti-sense: CATCGTATTTCTGCTGGAACCA).  

On the CSORC males the primers for Rpl-11, Rp49, EF-1, Dilp2 (sense: 

AGCCTTTGTCCTTCATCT, anti-sense: CATACTCAGCACCTCGTT), Dilp3 (sense: 

AAACTGCCCGAAACTCTC, anti-sense: AGCATCTGAACCGAACTAT), Dilp5 (sense: 

CTTGATGGACATGCAGAG, anti-sense: GAAAAGGAACACGATTTG), sNPF (sense: 

ACGCAGTGTTCCTCAGTT, anti-sense: TAGCATTCGCCGCATCTT), Dsk (sense: 

CCGATCCCAGCGCAGACGAC, anti-sense: TGGCACTCTGCGACCGAAGC), Akh 

(sense: CTGGTCCTGGAACCTTTT, anti-sense: GAGCTGTGCCTGAGATTG) and TβH 

(sense: TTATGCCAGTGATGCTGCTC, anti-sense: TGAAAGCATTCTGCAAGTGG) were 

used.  

On the Tdc2-GAL4: UAS- TβH
RNAi

, Tdc2-GAL4/+ and UAS-TβH
RNAi

 /+ females the 

primers for Rpl-11, Rp49, EF-1 and TβH were used. On the Tdc2-GAL4: UAS- TβH
RNAi

, 

Tdc2-GAL4/+ and UAS-TβH
RNAi

 /+ males the primers for Rpl-11, Rp49, EF-1, Dsk and TβH 

were used.  
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On the Or67d
GAL4/GAL4

and Or67d /+ females the primers for Rpl-11, Rp49, EF-1 and 

Or67d (sense: TGGTCACCTAATACTCACGGCTG, anti-sense: 

CGCAAGTTGTGGAAAGTTGAACG) were run.  

On the Elav-GAL4: UAS-Or65a
RNAi

, Elav-GAL4/+ and UAS-Or65a
 RNAi 

/+ no primer 

were used. 

 

Data analysis 

Bio-Rad iQ5 Standard Ed. 2.0 (BioRad, California, USA) was used to obtain the data from the 

RT-qPCR. For data analysis, at least 3 replicas per cross were included. Samples that did not 

work well in the RT-qPCR were excluded from analysis. The first criterion to include a 

sample in the analysis was that it had a value from the housekeeping gene as a reference. The 

second criteria was that the cycle threshold (Ct) was not more than 1 cycle apart for the 

duplicates if the Ct was around 20 and not more than 2.5 cycle apart if the Ct was around 30. 

Both wells in duplicate had to show a melting curve peak at the same temperature, to make it 

possible to distinguish it from primer dimers.  

LinReg was used to sort the data for a Grubbs test, available online (Graphpad 

software, California, USA), which was used to analyse the data for outliers. The outliers were 

removed and the remaining data were analysed by the Pfaffl method.  

The GraphPhad Prism 6 software (Graphpad software, California, USA) was used to 

make the diagrams and to do the significance test. The significance test used here was the 

Mann-Withney test, which is a non-parametric test that can handle different sample sizes and 

data that is not normally distributed. P-values ≤ 0.05 were considered significant. 

 

Results 

To calculate the relative expression of the genes of interest, reference genes are used. At the 

end only Rp49 was used as a reference gene, due to inconsistent results with EF-1 and Rpl-11. 

Three of the CSORC samples, one control and two experimental, did not get a value from 

Rp49 and was excluded from further analysis. For the males with a reduced TβH expression, 

one sample of each cross did not result in a value and was excluded from the analysis. All of 

the female samples got a value from the reference gene. 

The mean quality of RNA, determined by the 260/280 ratio on Nanodrop, was 1.91 

(SD ±0.13) and the median was 1.96. Nine of the CSORC samples were previously made and 

their RNA quality is not included. 
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CSORC males 

Using the Akh primer, the expression in the controls, median relative expression 

0.06, was not significantly different from the expression in the experimental flies, median 

relative expression 0.05 (p = 0.6857). A summary of the results is seen in figure 1, for the 

primer efficiencies and number of samples included in the analysis see table 1. 

 

 

Table 1 Summary of relative expression medians and range for Akh, Dilp2, Dilp3, Dilp5, Dsk and sNPF in 

male flies exposed to cVA for 24 hours compared to control flies. The Dilp3, Dilp5 and Dsk primers showed 

a significantly higher relative expression median for the controls compared to the experimental flies. The 

statistical test used was Mann-Whitney and a p-value < 0.05 was considered significant.  

Primer No of 

samples 

included 

ctr/exp 

Controls 

median 

relative 

expression 

(range) 

Experimental 

median 

relative 

expression 

(range) 

p-value Mean primer 

efficiency 

(±SD) 

Akh 4/4 0.06 

(0.05-0.61) 

0.05 (0.0005-

0.09) 

0.6857 1.856 

(0.1063) 

Dilp2 7/6 1.00 (0.74-

2.36) 

0.32 

(0.02-1.60) 

0.1014 1.904 

(0.1333) 

Dilp3 7/5 1.00 

(3.67-0.14) 

0.0005 

(0.00-0.04) 

0.0025 1.888 

(0.09554) 

Dilp5 5/5 0.79 

(0.24-1.26) 

0.02 

(0.00-0.78) 

0.0154 1.691 

(0.1080) 

Dsk 6/5 0.93 

(0.54-2.58) 

0.04 

(0.00-0.16) 

0.0043 1.943 

(0.1016) 

sNPF 4/3 0.05 

(0.00-0.16) 

0.19 

(0.00-1.00) 

0.6286 1.714 

(0.1243) 

 

Using the Dilp2 primer, there was no significant difference between controls, median 

relative expression 1.0, and the experimental flies, median relative expression 0.32 (p= 

0.1014). Using the Dilp3 primer, the control flies showed a significantly higher expression, 

median relative expression 1.00, compared with the experimental flies, median relative 

expression 5×10
-4

 (p=0.0025). Using the Dilp5 primer, the controls showed a significantly 

higher expression, median relative expression 0.79, compared to the experimental flies, 

median relative expression 0.02 (p=0.0154).  
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 Figure 1 Relative expressions of Akh, Dilp2, Dilp3, Dilp5, Dsk and sNPF in male flies exposed to cVA for 

24 hours compared to control flies. The Dilp3 (p=0.0025), Dilp5 (p= 0.0154) and Dsk (p= 0.0043) primers 

showed a significantly higher median relative expression for controls compared to experimental flies. The 

statistical test used was Mann-Whitney and a p-value < 0.05 was considered significant. Data are shown as min 

to max. 

 

 

Using the Dsk primer, the controls showed a significantly higher expression, median 

relative expression 0.93, compared to the experimental flies, median relative expression 0.04 

(p=0.0043). Using the sNPF primer, the expression in the controls, median relative expression 

0.05, was not significantly different from the expression in the experimental flies, median 

relative expression 0.19 (p = 0.6286). The TβH primer was also used, but the results did not 

meet the criteria for data analysis.  

 

Males with reduced TβH expression 

Using the TβH primer, only the Tdc2-GAL4: UAS- TβH
RNAi

 samples showed enough 

expression to make analysis possible. The results for the other two crosses did not meet the 

criteria for data analysis and comparison of the different crosses. Using the Dsk primer there 

was a difference in the expression between the different crosses (Figure 2). The Tdc2-GAL4/+ 

(n=5) showed a significantly lower relative expression, median relative expression 1.3, than 

Tdc2-GAL4: UAS- TβH
RNAi 

(n=4), median relative expression 8.4 (p= 0.0317). There were no 

significant difference between the relative expression of the Tdc2-GAL4/+ and the UAS-
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TβH
RNAi

 /+ (n=3), median relative expression 4.3, crosses or the UAS-TβH
RNAi

 /+ and the 

Tdc2-GAL4: UAS- TβH
RNAi

 crosses (p=0.3929 and p=0.1143 respectively). The primer 

efficiency for the Dsk primer was 1.95 with ±SD 0.07.  

 

Figure 2 Relative expression of Dsk in Tdc2-GAL4: UAS- TβH
RNAi

, Tdc2-GAL4/+ and UAS-TβH
RNAi

 /+ 

males. The relative expression of Dsk is significantly (p=0.0317) higher in the Tdc2-GAL4: UAS- TβH
RNAi 

crosses than in the Tdc2-GAL4/+ crosses. The differences in relative expression between the UAS-TβH
RNAi

 /+ 

and the other two crosses are not significant. The test used is the Mann-Withney and a p<0.05 is considered 

significant. The analysis included 5 samples of the Tdc2-GAL4/+ crosses, 3 samples of the UAS-TβH
RNAi

 /+ 

crosses and 4 samples of the Tdc2-GAL4: UAS- TβH
RNAi 

crosses. Data are shown as min to max. 

 

 

Females with reduced TβH expression 

Using the TβH primer, the Tdc2-GAL4: UAS- TβH
RNAi

 samples showed that the gene was 

expressed. The data from the other two crosses did not meet the criteria for data analysis. 

 

Females with reduced Or67d expression 

Using the Or67d primer, the data did not meet the criteria for data analysis 

 

Discussion 

In this project, the first aim was to study the expression of genes related to weight regulation 

and aggression in wild type flies exposed to cVA. Previously, cVA has mainly been studied in 

aggression and courtship behaviour and this was an attempt to study the connection between 

feeding regulating neuropeptides and cVA.  

Interestingly, cVA seems to affect the expression of some of the genes involved in 

weight regulation. Out of the seven primers run on the CSORC samples, Akh, Dilp2, Dilp3, 

Dilp5, Dsk, sNPF and TβH, three showed a significant difference between experimental flies 



14 
 

and controls. The primers with the significant differences are Dilp3, Dilp5 and Dsk and the 

expressions of the genes are lower in the experimental flies than in the control flies. All those 

three are secreted from MNCs [16]. The three genes interact with each other and with Dilp2 

and sNPF [13], which did not show significant differences in expression in the present study. 

The result of the Dsk primer was opposite to expected, assuming that Dsk is 

mediating the aggressive behaviour after exposure to cVA. Since acute cVA exposure leads to 

increased aggression in the flies [6], the expected results would have been an increased 

expression of Dsk in the experimental flies.  

Previous studies have shown that most of the insulin producing cells (IPC, a 

subpopulation to MNC) in adult flies expresses both Dsk and Dilps. When it comes to feeding 

behaviour, when Dsk in IPC is knocked out, the flies increase their food intake. In flies with 

decreased Dilp2, .-3 and -5 expression the Dsk levels also decreases and in flies with 

decreased Dsk levels the Dilp levels increase [16]. Accordingly, the results in this study can 

be interpreted that cVa may first affect the Dilps thus making the Dsk expression decrease.  

How the expression of the Dilps is controlled is not fully understood [17], but e.g. 

octopamine and sNPF has an effect on IPCs. This is in line with the results in the present 

study since octopamine is an intermediate downstream from cVA. Another explanation to the 

unexpected results for the Dsk primer is that 24 hours exposure might be too long to measure 

an acute response, and consequently is the result of chronic exposure, mediated through the 

Or65a receptor and leading to a suppression of aggression, is seen [6]. The amount of cVA, 2-

3 µL, used here is also used by Liu et.al. [6], and their results indicated that exposure to cVA 

for 24 hours or longer led to reduced aggression. 

The second aim was to confirm three different Drosophila knockout crosses in the 

cVA pathway. With the Or67d
GAL4/GAL4

 mutants and it´s control, the results were not possible 

to analyse and hence the knockout of the Or67d gene could not be confirmed. 

     As for the Tdc2-GAL4: UAS- TβH
RNAi

 the data from the control crosses were not 

good enough to analyse. The result from both males and females indicates that the knockout 

line has the highest expression of TβH. This suggests that the lines were mixed early in the 

process, probably before this project started. 

The occurrence of a mix would also explain the results from the Dsk primer on the 

Tdc2-GAL4: UAS- TβH
RNAi

 males. Assuming that Dsk mediates aggressive behaviour after 

cVA exposure and is downstream from octopamine, the expected result would be a higher 

expression in the Tdc2-GAL4/+ controls and low or no expression in the Tdc2-GAL4: UAS- 

TβH
RNAi

. However, the results were opposite of what was expected.  
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The expression of all three of the knockout genes are, according to FlyBase
5
, low in 

adult wild type fly heads. The RT-qPCR results are probably due to low cDNA concentration 

of the genes of interest. Both the Or67d primer and the TβH primer were optimized using a 

cDNA concentration of 20 ng/ µL, the concentration normally used in the laboratory is 5 ng/ 

µL. The Or67d
GAL4/GAL4

 and the control cross are null mutants and the controls are 

heterozygote for the normal allele, which makes it possible that none of the flies have an 

Or67d expression at a measurable level.  

Since the other two knockouts are created with the GAL4-UAS system, the 

knockouts are never completely knocked out and low expression may be detectable even in 

the knockouts [18]. The control flies heterozygote for the GAL4 driver are expected to show 

normal expression and the control flies that are heterozygote for the UAS responder may have 

lower expression than the other control flies, but higher than the knockouts. This is what is 

seen with the Dsk primer on the males with reduced TβH expression. The low normal 

expression of TβH could also be an explanation for the lack of expression of TβH in the 

CSORC.  

Since qPCR is fairly easy and cheap it is widely used, but the results achieved are 

often contradictory [19]. There is considerable variation between different protocols, reagents 

and instruments and it is often difficult to see from the papers how the qPCR actually was 

performed. The information given is often not detailed enough to see if the conclusions are in 

line with the data given and drawn conclusions can often be misleading [19].  

There are several methodological problems to be aware of and several steps to 

consider in order to make SYBR Green RT-qPCR more reliable. RNA, which is the starting 

material in the analysis, is very sensitive; the lower the expression is from the start, the more 

sensitive the results are to surrounding factors. All steps, from freezing and extraction to 

synthesis, should be handled carefully and the time between extraction and synthesis should 

not be too long [20]. The extraction method used should obtain high quality RNA, and the 

samples should be stored in -80 °C [21]. High quality RNA can reduce errors and variation 

after RT-qPCR analysis and partially degraded samples should not be compared with intact 

samples [22]. 

After the DNase treatment, RNA quality and purity should be verified using 

Nanodrop and gel electrophoresis [20, 21]. One suggested limit for good RNA quality is that 

the 260/280 ratio on Nanodrop should be 1.8 or higher [20]. The cDNA synthesis should be 

                                                             
5 flybase.org 
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performed with a stable reverse transcriptase and in the primer design, a set of criteria 

regarding the primer properties should be used e.g. for the CG-content [21].  

One recommendation is that the Ct values for the reference gene should not differ 

more than 1 cycle between different samples [21]. Other authors recommend the use of more 

than one reference gene to make the statistical analysis more reliable or the use of a validated 

reference gene [19, 22]. 

The reference gene should be stable and expressed in all tissues and not affected by 

the experiment [23]. The protocol for RT-qPCR should be standardized, the pipetting steps 

should be as few as possible and the setting should be as clean as possible [21]. With low 

expression of the gene of interest, and thereby low concentrations of cDNA, the risk of primer 

dimer and other unspecific bindings in the RT-qPCR increases. With a Ct of 32 or lower, 

SYBR Green qPCR is as precise as other methods, but the specificity decrease after 32 cycles, 

thereby increasing both the standard deviation and variation coefficient [24, 25]. For data 

analysis, both the Ct value and the efficiency should be considered [21]. One common 

mistake is a low sample number, which makes the statistical results uncertain [19]. Each RT-

qPCR analysis should include at least 3 replicas [21]. Another common mistake is to exclude 

RT-qPCR efficiency [19].  

This study met a lot of the criteria for good RT-qPCR results mentioned above. The 

RNA extraction was made with TRIzol, which is considered a reliable method, and the 

protocol is similar to other protocols found online. The tissue was stored in -80 °C until 

extraction but the RNA was stored in -20 °C until the cDNA synthesis was performed. The 

cDNA synthesis was performed within a week from RNA extraction, in most cases within one 

or two days, but the storage may have affected the RNA stability.  

It is difficult to know if the samples here were based upon degraded RNA or not, 

since RNA from Drosophila do not give any bands on the gel. The majority of the samples 

were handled in the same way by the same person; therefore the possible degradation should 

be similar in all samples. In this study both Nanodrop and gel electrophoresis was used, 

Nanodrop to measure the RNA concentration and gel electrophoresis to verify the success of 

the DNase treatment and cDNA synthesis. The 260/280 ratio for RNA at Nanodrop was noted 

but it was the picture of the gel that determined whether the RNA was pure or not. Most 

samples here met the suggested criteria of a ratio ≥ 1.8. The protocol for the cDNA synthesis 

was the standard protocol in the laboratory.  
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Some of the primers used were designed from a set of criteria, but most of them were 

found in published papers. The reason to use primers from papers was due to inconsistent 

results or problems with the optimization of the self-designed primers.  

The plan was to use three reference genes and use the geometrical mean of them to 

count for the corrected Ct value. Since two of the housekeeping genes tested showed 

inconsistent results and big variation in Ct values between different samples, only one 

reference gene with stable, consistent results was used. Although it was considered stable the 

Ct values differed more than 1 cycle between different samples. The reference gene Rp49 has 

been used in other studies, e.g. by Söderberg [26], and is highly expressed in most tissues 

according to Flybase. 

In this study, the RT-qPCR was performed in a standardized way with all samples. 

The Taq polymerase used in this study had low efficiency and the SYBR Green was 

manufactured for use in gel electrophoresis. These factors did not seem to affect the results 

for the highly expressed genes, but might have contributed to difficulties with the low 

expressed genes.  

A minimum of 5 replicas was included in each RT-qPCR and a minimum of 3 

replicas were included in the analysis of each primer and group of flies. In the present study 

there were no upper limits of Ct and many genes of interest had a Ct value between 30 and 35, 

which should be taken into consideration when interpreting the data. For data analysis, both 

the Ct value and the efficiency should be considered [21], which it is in the Pfaffl method 

used.  

To continue study low expression genes, it would be useful to evaluate each step in 

the process of RNA extraction and cDNA synthesis for possible improvements. The protocol 

for reverse transcription includes 5 µg RNA, but not more than 12 µL. That requires a RNA 

concentration of at least 420 ng/ µL and many samples had a lower concentration. In the RNA 

extraction the previously used protocol, might be needed to obtain enough mRNA for low 

expressed genes. Other possibilities to obtain more mRNA are an increase in the number of 

fly heads or the use of RNase out in the reverse transcription step. To be sure the RNA is of 

good quality, the suggested 260/280 ratio of ≥1.8 can be considered using as a limit.  

Since there can be great differences in efficiency between reagents from different 

manufacturers [21], to get more consistent RT-qPCR data, the protocol would probably 

benefit from a more efficient Taq polymerase and a SYBR green suitable for qPCR. It could 

also be worth considering TaqMan probes. To make sure the RT-qPCR worked it would be 

useful to use a positive control or wild type control for the knockout studies.  
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One of the crosses, the Elav-GAL4: UAS-Or65a
RNAi

, and it´s control were not 

analysed. This was due to that it was not possible to optimize a primer within the timeframe 

of the project, although different primer sequences, concentrations of cDNA and temperatures 

were tested.  

In summary, the knockout crosses could not be confirmed in this study. The crosses 

with the reduced TβH expression need to be set up again due to a suspected mix up between 

the fly lines. As for the CSORC flies the Dilp3, Dilp5 and Dsk primers showed a significant 

lower expression in the flies exposed to cVA. The results indicate that cVa affect at least 

some of the neuropeptides, which opens up for further research. Since the cVA pathway is not 

fully known it would be interesting to extend the analysis to other genes involved in weight 

regulation, including expression levels of the above genes in knockout strains of the cVA 

pathway. This would help in gaining knowledge both about the cVA pathway but also about 

the mechanisms regulation feeding behaviour. It would also contribute to knowledge avout 

the connection between feeding and aggression, and the interaction between different 

neuropeptides involved in weight regulation. 
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