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Abstract 

Laing distal myopathy is inherited in an autosomal dominant manner usually before the age of five 

that initially involves the dorsiflexion in the ankles’ and in big toes to the finger extensors. Weakness 

of the flexor muscles in the neck is seen in most affected individuals and mild facial weakness is also 

often present. Hypertrophic or dilated cardiomyopathy, starting at birth to respectively second or 

third decade of life, is the symptom in the affected humans. 

This study performed on Drosophila melanogaster, has evaluated whether feeding MuRF1 enzyme 

(which has a similar role as ABBA enzyme) to Drosophila larvae, in different concentrations, will have 

a positive effect on the larvae’s muscular abilities through an analysis of their manifestation, the 

distance they manage to crawl and the time it takes for them to turn from a ventral up to dorsal up 

position.  

The result show no significant impact on larvae ability to turn or crawl between different groups fed 

with MuRF1 enzyme, nor between the two control groups, wild larvae and mutated larvae. Other 

studies have proven that there is a significant difference in muscular ability between wild and 

mutated larvae, so explanations to why this study did not manage to replicate these results were 

evaluated. The study found that how many days has passed since hatching has a significant impact 

on performance of turning and crawling for wild larvae that are not treated with enzyme.  

There are a number of improvement suggestions to the experimental design and the methodology 

to enable a proper evaluation of the research aim of this thesis. Future research on the topic should 

implement these and redo the experiments and measurements of this study. In addition, the 

quantity of larvae that reaches pupa stage should be captured to evaluate whether the MuRF1 

enzyme has a positive impact on mutated larvae reaching pupation stage. The most important parts 

of the improvement proposals to measure the ability of larvae when they are about the same age, as 

this was proven with statistical significance to have an impact on crawling and turning. 

  

https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/autosomal-dominant/
https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/affected/
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Popular scientific summary  

Studies have been done to investigate the possible treatment impact of feeding Drosophila larvae 

with MuRF1 enzyme (which has a similar role as ABBA enzyme) on previously generated disease 

model of Laing distal myopathy by over expression of ABBA. The general aim there was to improve 

the muscular function of larvae with a mutation that simulated this disease which can lead to a 

further step towards the possibility of helping human patients with the same condition.  

This research gathered needed data from two genders of Drosophila: WT (wild ones) and CRISPRS 

(mutant) as Laing distal myopathy models. Same types of Drosophila were first used by Dahl-

Halvarsson and colleagues (2018) for a similar research which has been taken as the base for this 

study. Drosophila larvae have been divided into eight different test groups, four of which were Wild-

type (initially having normal gene) and four CRISPR flies larvae (previously mutated) to serve as a 

model, simulating Laing distal myopathy of human. For both healthy and mutated larvae four of the 

groups were given larvae food with enzyme with three different concentrations mixed in, while one 

was given food without MuRF1 supplement, and could act as a control group against which results 

could be compared.  

Both the CRISPR Cas9 larvae and the Wild-type healthy ones were also measured when crawling and 

turning, two tasks that indicate how well larvae’s muscles function. The performance of the different 

groups was then compared and it was found that there were no apparent statistical differences 

between the different groups of larvae being treated by the MuRF1 enzyme.  

It was identified that the age of the larvae has an impact on their ability to crawl and turn, for wild-

type healthy larvae. This was not taken into account when comparing different groups with each 

other, and is a likely reason why this study was not able to recreate results from earlier studies.  

It is recommended to do further studies with larvae that are closer in age. In addition, a number of 

actions are suggested to simplify the crawling measurement, to further reduce the possible error 

sources, and speed up the experiment to allow a larger number of larvae to be evaluated each day. 

Finally, it is also recommended to measure the ability of larvae when they are about the same age, 

as this was proven with statistical significance to have an impact on crawling and turning. 
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Abbreviations 

AM Actomyosin 

ATP  Adenosine triphosphate 

cDNA Complimentary DNA 

CRISPR Cas9 Clustered regularly interspaced short palindromic repeats 

DM Drosophila Melanogaster 

gDNA Genomic DNA 

GFP +/-  Green fluorescent protein 

LMM Light mere myosin 

µLC Myosin light chain 

MRC Muscle receptor 

MSM Myosin storage myopathy  

MuRF Muscle specific RING finger in human 

MyHC Myosin heavy chain  

RBCC RING, B-box, coiled–coil 

PBS Phosphate-buffered saline 

RPL Ribosomal protein lateral 

RYR1 Ryanodine receptor 1 

ssODNs                 Single stranded oligonucleotide DNA 

TRIM Tripartite motif family protein 
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1. Introduction 

Myopathy is a collective name referring to hundreds of different types of muscle disease. Myosin is 

considered as a vital molecule mainly in heart contractions and also muscular movements, which in 

case of mutations in slow/β-cardiac myosin heavy chain (MYH7), it will lead to muscular 

impairments, often accompanied by cardiomyopathies, whereas mutation in α-helical rod domain 

associates with Laing distal myopathy.  The K1729del mutation, located in the Light mere myosin 

(LMM) of MYH7, is predicted to disrupt the heptad repeats of the α-helical coiled-coil C-terminal rod 

domain of myosin. In order to generate a fly model for this mutation, Dahl-Halvarsson and 

colleagues (2018) used targeted genome editing using CRISPR/Cas9. They developed a mutation of 

(K1729del) in Drosophila melanogaster, as model of Laing distal myopathy using genomic 

engineering. 

According to Stumpf and his colleagues (2008; cited in Imperial College London, 2008), a survey on 

the genetic differences between human and fruit fly led to the results that they have dramatic 

differences in the number of interactions between proteins. Still they found the small selections of 

genes through strict cut offs, containing both top most variable regions and top most conserved 

ones, both in human and flies. These were regarding nucleotides or amino acid conservation, 

respectively 766 and 746 in human and 772 and 580 in the flies unlike ribosome which didn’t show 

any significant enrichment. Hence, amino acid metabolic process remained significantly important 

for flies and human. 

Laing distal myopathy is inherited in an autosomal dominant manner (usually before the age of five) 

that initially involves the dorsiflexion in the ankles, in great toes and the finger extensors. In most 

affected individuals the weakness of the flexor muscles in the neck, mild facial weakness, 

Hypertrophic or dilated cardiomyopathy, starting at birth to respectively second or third decade of 

life are also the symptoms in the affected humans. (Lamont and Laing, 2006) 

Sarcomere is the fundamental contractile unit of a myofibril. Sarcomeres will be repeated along the 

length of myofibril and are limited by the Z bands in between. So the segment of a myofibril 

between two adjacent Z lines will be regarded as a sarcomere in striated muscles which consist of 

both thick (myosin) and thin (actin) filaments (Miller-Keane, 2003). Sarcomeric Myosin heavy chain 

(MyHC) and Myosin light chain (µLCs) are resulted from multigene families, which are divided in two 

clusters encoding distinctive isoforms. The β/slow MyHC gene both in human and mouse, is closely 

linked to the cardiac α-MyHC gene located on chromosome 14. The other group defining skeletal 

muscle genes as well as embryonic and perinatal genes and also fast MyHCs in adults, are clustered 

in chromosome 17 and 11, respectively in human and mouse. Except for µLC1 and µLC3 isoforms, 

which originate from a single gene but with alternative promoters and alternative splicing of the first 

exon, the rest of sarcomeric µLCs are coded by a distinct gene. (Schiaffino and Reggiani, 1994) 

Sarcomerogenesis is governed by many molecular mechanisms and human muscle development has 

a lot in common with fruit fly Drosophila melanogaster, due to that it is a conserved pattern. All 

MyHC isoforms in Drosophila are encoded by a single MyHC gene but through splicing of RNA 

alternatively, made identifying of direct effect of mutant alleles on formation and stability of 

myofibril achievable. (Bernstein et al., 1983) 
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Myosin is a molecular motor, which through converting the chemical energy into mechanical force, 

plays a leading role both in body movements (skeletal muscle structure) and heart contractility 

(cardiac muscle). The leading role of myosin in the muscle structure is so important that cannot be 

disregarded. In mammals all its isoforms are encoded by a multi gene family (Dahl-Halvarsson et al., 

2018). Each myosin molecule is composed of two myosin heavy chains (MyHC) which form the 

carboxyl terminal portions as globular heads and also collaborate to make the α-helical coiled-coil 

rod as myosin tail. In the junctions between heads and tail, each heavy chain is correlated with a 

twisted Myosin light chain (µLC). µLCs are also known as alkali type or µLC1 family and the other as 

regulatory structure which belongs to µLC2 family. (Schiaffino and Reggiani, 1994) 

The chemical kinetic describes that when the two actin molecules are bound with myosin molecule, 

adenosine triphosphate (ATP) will be hydrolyzed by actomyosin (AM). In fact myosin dissociates 

from actin as soon as ATP binds to AM and then in the dissociated state of myosin, hydrolysis of ATP 

occurs. Actin rebinds to myosin after hydrolysis and form the AM+ADP+Pi complex which is a weak 

bound and later on will be isomerized to the strongly bound state. (Onishi et al., 2006) 

In the limb skeletal muscle of an adult human, type 1 muscle fibers and the heart ventricles, express 

slow/β-cardiac MyHC (MyHC I) which is encoded by MYH7 (Schiaffino and Reggiani, 1994). The first 

striated muscle MyHC isoform is slow/β-cardiac MyHC (MYH7), which is associated with disease in 

human (Geisterfer-Lowrance et al., 1990). Hundreds of different dominant mutations in MYH7, 

associated with hypertrophic and dilated cardiomyopathy are mainly located within the globular 

head of MYH7 and in the rod region as well (Walsh et al., 2010). Apart from pure cardiomyopathy, 

skeletal muscle disease with or without cardiac involvement are also caused by mutations in MYH7 

(Tajsharghi and Oldfors, 2013). A great number of these mutations are along the α-helical coiled-coil 

C-terminal rod domain (known as light mere myosin, LMM) of MYH7. These two skeletal mutations 

in myopathies with distinct morphological and clinical phenotypes have been associated with Laing 

distal myopathy and myosin storage myopathy (MSM) (Tajsharghi and Oldfors, 2013; Lamont et al., 

2014). In most cases of myopathy, symptoms can arise within an age range from congenital to fifty 

years of age, however the symptoms can also be present in early childhood. In typical cases of Laing 

distal myopathy, the clinical symptoms begin with weakness of ankle dorsiflexors and a “hanging big-

toe” sign. Although association with cardiomyopathy has been reported, cardiac involvement is not 

usually a feature of Laing distal myopathy. (Dahl-Halvarsson et al., 2018)  

To investigate the mechanisms underlying the pathology of the recurrent causative MYH7 Mutation 

(K1729del), Dahl-Halvarsson and colleagues (2018) have developed a Drosophila melanogaster 

model of Laing distal myopathy by means of genomic engineering of the Drosophila MyHC locus. 

They confirmed that Mutations within the α-helical rod domain of MYH7 are mainly associated with 

Laing distal myopathy. Further findings show that Homozygous MyHCK1728del animals die during 

larval/pupa stages, and both homozygous and heterozygous larvae display reduced muscle function. 

By the acquired methods, larval turning and crawling assays were used to evaluate muscle function 

in heterozygous and homozygous MyHCK1728del larvae (MyHCK1728del/MyHCK1728del). Homozygous 

animals for MyHCK1728del , in larval turning assays showed an increase in time needed to turn over and 

a decrease in crawling ability as well. (Dahl-Halvarsson et al., 2018). Flies in different ages should 

attain sets of movements, like crawling, turning from ventral to caudal position in larvae and 

climbing, jumping etc. in adults. But the flies suffered with this Myhk1728del were proven to be 

flightless and had a lot more defects in normal habits development. 
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In the study done by Dahl-Halvarsson and colleagues (2018) it was indicated that Homozygous 

MyHCK1728del mutation in both larval/pupa stages will be lethal, while reduced muscle function would 

be observed in both homozygous and heterozygous larvae as a routine in advance. Being flightless, 

with reduced movements and with a decrease in lifespan of the flies, is the diagnostic criteria of 

MyHCK1728del which was observed in indirect flight and utilization of jump muscles, and the same 

condition occurs in heterozygous MyHCK1728del animals. Disruption in the muscle structure, with 

clearly disorganized muscle filaments were observed in Sarcomeres of MyHCK1728del mutant while 

indirect flight muscles and larval body wall muscles were being effective. Demonstration of 

structural and functional impairments in heart muscle due to the mutant allele in homozygous 

MyHCK1728del larvae, unlike heterozygous animals, is indicating a dose-dependent effect.  

MuRFs (muscle specific RING finger in human) proteins that regulate the MyHC s degradation, are 

members of tripartite motif family (TRIM)/ RING, B-box, coiled–coil (RBCC) superfamily of E3-ligases. 

MuRF1 deficiency combined with detrimental MuRF3 mutation will result in sarcolemma myosin 

accumulation (Olivé et al., 2015). In Drosophila, Abba/Thin which is another member of TRIM/RBCC 

protein will be required for integrity in sarcomere during muscle formation and function. Mutant 

Drosophila will exert an abnormal accumulation in the globular structure of MyHC, therefore we are 

searching whether expression levels of Abba/Thin have any effect on defects in muscle affiliated 

with MyHCK1728del, resulting in Abba overexpression (using muscle specific Mef2-Gal4.). (Domsch 

et al., 2013) 

The expression of Abba/Thin, an E3-ligase that is essential for maintaining sarcomere integrity is 

associated with MyHCK1728del. It leads to affected performance in the jump and flight ability, resulting 

in Laing distal myopathy of indirect flight muscles and muscles in the lower extremities, through 

suppression. This model of Laing distal myopathy in Drosophila is a certain morphological phenotypic 

feature’s recapitulation, seen in Laing distal myopathy patients with the recurrent K1729del 

mutation. Our observations that Abba/Thin modulates these phenotypes suggest that manipulation 

of Abba/Thin levels of activity may be beneficial in treating Laing distal myopathy. 

Sarcomerogenesis in fruit fly Drosophila melanogaster is governed by many molecular mechanisms 

where human muscle development has a lot in common with, due to which a conserved pattern is 

found. All MyHC isoforms in Drosophila are encoded by a single MyHC gene but through alternatively 

splicing of RNA defines the direct effect of mutant alleles on formation and stability of myofibril 

(Bernstein et al., 1983). 

1.1 Aim of the study 

As briefly mentioned, there is research on topics related to Laing distal myopathy, especially studies 

by Dahl-Halverson et al. (2018), and how the symptoms, the origin of myopathy disease and our 

main concern of Laing distal myopathy, have a lot in common between humans and some animals 

such as Drosophila melanogaster. In other words, longer life among the mutated Drosophila could 

lead us to a hope for increasing the quality of life for the patients. In tandem with these studies done 

before, this study intends to investigate whether there is a positive impact on Drosophila through an 

overexpression of TRIM proteins family member, by measuring larvae’s muscular abilities.  
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2. Materials and methods 

2.1 Larva groups and food 

Female Drosophila which has mated will lay hundreds of eggs in their environment which is the 

decaying fruits in the nature but yeast apple plates in the lab. The eggs will turn to be larvae a day 

after the eggs have been laid, this in total means the second day of the life cycle. These very small 

and thin larvae are called first instar larvae. Their bodies are transparent and their inner organs can 

be seen. Then they feed on the fruit and yeast, and convert to the second instar larva in the 

following day. They are still small and transparent and not able to fulfill the demands of this study. 

With the third instar larva phase during the fourth day, the larvae have gained appropriate size for 

both handling and being the subject case for this study. Then gradually they grow in the pre-pupa 

stage till the seventh day to enter the pupa stage. Pupa is the most inactive state of larva in the 

microscopic view, however the time for its metamorphosis and appearance of the sexual organs. 

Males and females have some special structures that can be distinguished on their external parts 

including the black color at the bottom of males’ stomach. In the second or third day, one could 

detect the green fluorescent color on either parts of their body. Those are called GFP+ (Green 

Fluorescent Protein) helping to distinguish the heterozygote ones whereas the ones without the 

glitter are homozygotes that will not reach pupa stage or adulthood.  

The investigated cases of Drosophila larvae in this study, were the wild type which had normal gene 

and were considered as positive control and CRISPR which were deliberately mutated and lacked 

normal gene, which were considered as negative control. In addition, the latter case could either be 

homozygotes or heterozygotes. Since homozygotes were not expected to survive as long as 

heterozygote larvae in the experiment, heterozygotes were the main focus. Mutated larvae and wild 

type were treated with different concentrations of MuRF1 enzyme supplement, through mixing the 

enzyme with larvae food. Mutant larvae that were not treated with enzyme and the wild type not 

treated with enzyme formed two control groups, without and with the normal gene, respectively. 

The test methods for the ability to crawl and turn were then measured. 

Each concentration of enzyme was tested on three sets of 15 larvae per group, for a total sample 

size of 45 larvae for each group. These groups and the control groups were made up of a similar 

composition of unclear sexes and of homozygote/heterozygote in CRISPR ones (since differentiation 

of types needs the observation of the GFP marker under fluorescent microscope shown as green 

glittering dots on the either ends) thereby, heterozygotes will be GFP+ and homozygotes are GFP-. 

First and second instar larvae were not qualified to perform any measureable activity with, so the 

third instar larvae were designed to be used. To obtain larvae in the third instar, adult flies were 

stimulated to lay eggs on the day zero, after which the eggs were being transferred to the different 

plates prepared for the different case groups. The eggs would have hatched one day after they were 

laid, and larvae would have grown into the third instar three days after hatching. Plates were stored 

during the entire period in incubators at 25° Celsius, with food available based on specific 

concentrations of MuRF1 enzyme.  

With eight groups in total and a sample size of 15 larvae in each set, the total number of larvae that 

needed to be investigated for each set of the experiment was 120. Considering the time limitation of 

the laboratory equipment and the time for test each larva, it was necessary to perform the test over 
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several days. As explained in a previous paragraph, Drosophila flies stay in the third instar until they 

reach pupa stage, for about four days. The tests were thus distributed over the course of three days, 

with five larvae from each group being tested each day.  

2.2 Food preparation 

2.2.1 Larva food without treatment 

Drosophila melanogaster, or fruit fly, lives on ripped fruit and lays eggs in the same environment. In 

nature larvae will hatch out of the eggs and eat the ripped decayed fruits until they transform into 

pupa state. Before that time they will move to a dry place to start the inactive pupa state of 

metamorphism. 

In the lab, female adult larvae lay eggs in the cage, on the apple plates. These plates contain:  

 20 µl tap-water per plate. 

 0.45 gr Bacto agar per plate 

o Boiled together to 100°C, then cooled down to 50-55°C before methylparaben is 

added 

 0.5 gr sucrose per plate 

 5 µl diluted apple juice per plate (1 µl apple juice to 4 µl water) 

  0.3 µl 10% Methylparaben in Ethanol, per plate  

Larvae live and are fed on the apple juice agar as well. Here yeast powder mixed with 1-2 drops of 

water is placed on the plates. 

2.2.2 Larva food with treatment 

To prepare larvae for study, eggs were transferred within a day of them being laid to the differently 

prepared plates. In plates for control only food as explained in the previous section were used. In the 

plates where larvae were fed enzyme, the following process was followed. First, different 

concentrations of MuRF enzyme was created through dilution of a high concentrated MuRF solution. 

Through dilution three different MuRF enzyme concentrations were reached: 1 µg/µl, 0.5 µg/µl and 

0.09 µg/µl. 0.5 µl of each concentration was then mixed with 250 mg of yeast powder to reach the 

right consistency. The final mixtures were then transferred to the respective plate.  

Concentration Calculations: 

MuRF Concentration= 0.25 mg/ml = 250 µg/µl 

C1 V1 = C2 V2 

250 V1 = 1 * 800 µl 

V1 =   3.2 µl MuRF1 (250 µg /µl)  

3.2 µl MuRF1 (250 µg/µl) and (800-3.2) = 796.8 µl H2O  

3.2 µl * 250 µg/µl = 800 µl * C2 

C2 = 1 µg/µl 
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1
300 µl (of MuRF 1 µg µl) + 300 µl H2O = 600 µl * 0.5 µg µl 

2
91 µl (of MuRF 0.5 µg/µl) + 409 µl H2O = 500 µl * 0.091 µg/µl MuRF1 

2.3 Muscular function testing 

To evaluate the impact of the MuRF enzyme, and its effect on mutated and healthy flies, larvae’s 

ability to crawl and to turn was studied. These two activities were picked simply due to the fact that 

they are the two main activities that larvae can do that are dependent on their muscular function. In 

both cases, the performance of each larva was measured three times in succession, after which an 

average of the three was calculated. If in any of the tries the larva demonstrated signs of being close 

to pupa stage, the results of the larva was excluded completely.  

2.3.1 Crawling ability 

In order to measure the larvae’s ability to crawl, they were picked up, one by one, and placed on a 

new apple plate, with a checker paper beneath it. The plate was lit up by a high focused light 

microscope. Each larva was allowed to crawl for one minute, after which the distance it had crawled 

was measured. When larvae crawled in non-straight paths, the distance was estimated based on the 

number of checker squares that the larvae covered. If a larva reached the brim of the plate, it was 

lifted and brought back to the center of the plate, so it could continue to crawl. Larvae were not 

stimulated to crawl in any way.  

2.3.2 Turning ability 

Throughout the paper, “turning” means changing the imposed position of the larva’s body from 

“ventral up to dorsal up” and starting to crawl. In order to measure this, each larva was placed 

gently ventral up, and the time it took for the larva to change its body position and start to crawl was 

measured. According to Dahl-Halvarsson study (2018) larvae will turn and start to move again 

eventually, but due to time limitations larvae that had not turned after 60 seconds were not 

included as part of the statistical analysis. The fact that larvae did not turn after 60 seconds could be 

both due to the mutation impacting the muscular abilities so that they are unable, but it can also be 

that the larvae are close to pupa stage and slower in general. For this reason it was not recorded 

which group had more excluded larvae.  

2.4 Statistical analysis 

Two statistical analyses were done using One-Way ANOVA for normal distributed samples with 

homogenous variance, and the Kruskal-Vallis test for non-normal distributed samples when 

comparing multiple groups. When comparing two groups to each other (CRISPR and white controls) 

Independent T-test was used for normal distributed samples with homogenous variance, and Mann-

Whitney U test for non-normal distributed samples. Finally a Two-way ANOVA was performed to 

identify the impact of group of larvae and day of measurement together. Crawling results proved to 

be normally distributed, while turning results were not, when grouping samples based on type and 

concentration fed. When grouping samples into larvae type, concentration and day, both crawling 

and turning results proved to be normally distributed. All analyses were done in SPSS version 24. A 

p-value of less than 0.05 was considered to be significant. 
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3. Results 

While in previous studies simply crossing the defected animals with animals overexpressing Abba 

had a positive effect on mutated CRISPR larvae, this study has not found any significant impact of 

feeding larvae with different concentrations of MuRF1 enzyme. This study also did not find any 

significant difference between control groups, wild and mutated larvae.  

By dividing the samples into groups and based on their egg’s hatching day, we studied the 

performance of larvae. Further checking of the days within individual groups showed that there 

were significant differences between days in some groups. The graphical data examination shows 

that the day since hatching has an impact on performance. 

3.1 Impact on mutated larvae 

As mentioned earlier, in this study three different concentrations of MuRF1 enzyme were mixed 

with larva food and fed to mutated larvae, after which their ability to crawl and turn was measured.  

As can be seen in Figure 1 and to some extent Figure 2, none of the results are significant. However, 

there are indications on performance. The larvae fed with food mixed with an enzyme with the 

concentration of 0.5 µg /µl perform best (crawl the furthest and turn the quickest). Larvae fed with 

food mixed with an enzyme with the concentration of 0.09 µg /µl perform individually worse than 

larvae not treated with enzyme for both crawling and turning. Larvae fed with food mixed with an 

enzyme with the concentration of 1 µg /µl perform better than the control group for crawling, and 

slightly worse for turning.  

 

 
 

Figure 1: Mean crawling distance (cm), per larvae group. Bars represent 
mean value ± 1 SD. Statistical significance was determined by one-way 
ANOVA (F3,162 = 0.273, p=0.845) (n = 42, 43, 40 and 41 respectively) 
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Figure 2: Mean turning time, per larvae group (seconds). Bars represent 
mean value ± 1 SD. Statistical significance was determined by Kruskal-Wallis 

test (χ
2

2 = 7.468, p = 0.058) (n = 42, 45, 39 and 41 respectively) 

 

3.2 Impact on healthy larvae 

While understanding whether feeding enzyme to larvae in the form of food will have an impact in 

treating muscular dysfunction is the main aim of the study, it is also important to understand if the 

enzyme will have any negative impact on healthy larvae. For this reason, healthy larvae were given 

food with the same concentration enzyme as the mutated larvae, and compared to the control 

group, which was not given enzyme.  

Treating healthy larvae with enzyme through food does not have any significant impact on their 

ability to crawl or turn, as visible in Figure 3 and Figure 4. Looking at any indicative results that are 

not significant, Figure 3 shows that the ability to crawl is almost identical across the investigated 

groups, while Figure 4 shows that all groups which were fed enzyme turn slower than untreated 

healthy larvae. Worth noting is also that the confidence intervals for turning, for healthy larvae 

treated with enzyme, are much wider than for healthy larvae not treated with enzyme. 
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Figure 3: Mean crawling distance (cm), per larvae group. Bars represent 
mean value ± 1 SD. Statistical significance was determined by one-way 
ANOVA (F3,114 = 0.038, p=0.990) (n = 29, 35, 28 and 26 respectively) 

 

 

 

Figure 4: Mean turning time, per larvae group (seconds). Bars represent 
mean value ± 1 SD. Statistical significance was determined by Kruskal-Wallis 

test (χ
2

2 = 1.817, p = 0.611) (n = 29, 35, 28 and 26 respectively) 
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3.3 Healthy vs mutated larvae 

Feeding the enzyme to wild type and mutated larvae and measuring the impact on their ability to 

crawl and turn has not shown any significant differences in the performance of the groups. As 

explained in the first section  1, Dahl-Halvarsson et al. (2018) have described the profound impact of 

the mutation on the muscles of Drosophila Melanogaster model through their failure in muscular 

performances before any enzyme application. Afterwards the effect of MuRF enzyme was rather 

staggering on their performance and also on the reagents’ function and in the whole pack to restore 

the myosin function. This study has not managed to reproduce these results.  

As Figure 5 and Figure 6 show, there is no significant difference between the mutated and the 

healthy larvae. The two groups crawled practically the same amount of centimeters (the mutated 

larvae even slightly longer) and turned after more or less the same amount of seconds. 

 

 

 

Figure 5: Mean crawling distance (cm), per larvae group. Bars represent 
mean value ± 1 SD. Statistical significance was determined by Independent 

T-test (t69 = 0.344, p=0.732) (n = 42 and 29 respectively) 
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Figure 6: Mean turning time, per larvae group (seconds). Bars represent 
mean value ± 1 SD. Statistical significance was determined by Mann-

Whitney U test (U = 624, z = 0.432, p = 0.666) (n = 42 and 28 respectively) 

 

3.4 Days since hatching 

As larvae’s ability to crawl and turn was measured over the course of several days, there is a 

possibility that the day in which the measurement was taken had impact on the performance of the 

larvae. In order to control this, the distance crawled and the time taken to turn was compared 

between the different days within the same group. As Figure 7 and Figure 8 show, several of the 

groups show a decrease in performance the longer they were in larva stage (crawl along a shorter 

distance and turn after a longer time).  

A two-way ANOVA shows that there is a prominent effect of days passed, for both crawling and 

turning (F2,261 = 3.880, p = 0.022 for crawling and F2,256 = 16.290 p > 0.001 for turning) and a main 

effect for the interaction between Group*Day for crawling (F14,261 = 1.885 p = 0.028), but not for 

turning. Third day indicates that three days have passed since the eggs were laid. 

Looking closer at the days within each group, there were significant differences between third and 

fifth day and fourth and fifth day for turning in wild type control (p = 0.030 and p = 0.033) and in 

mutant flies being given balancing  enzyme with the concentration of 0.5 µg / µl (p = 0.007 and p = 

0.007). For wild type control there was also a significant difference between third-fifth days for 

crawling (p = 0.010), while mutant flies with 0.5 µg / µl concentration enzyme had a significant 

difference for crawling between third and fourth days (p = 0.032).  
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Figure 7: Mean crawling distance (cm, left graph) and turning time (seconds, right graph), per larvae group 
and day. Bars represent mean value ± 1 SD. Statistical significance was determined by ANOVA for each 

group (F2,26 = 5.172, p = 0.013, F2,25 = 4.064, p = 0.030 for the significant results), followed by Tukey’s test. 
Asterisks denote significant differences from the control (* p < 0.05, ** p < 0.01). 

 

 

Figure 8: Mean crawling distance (cm, left graph) and turning time (seconds, right graph), per larvae 
group and day. Bars represent mean value ± 1 SD. Statistical significance was determined by ANOVA for 

each group (F2,37 = 3.459, p = 0.042, F2,39 = 7.059, p = 0.002 for the significant results in order left to 
right), followed by Tukey’s test. Asterisks denote significant differences from the control (* p < 0.05, ** 

p < 0.01). 

 

  



 

18 

 

 

4. Discussion  

As previously mentioned, in a study conducted by Dahl-Halvarsson and colleagues in 2018 a Laing 

distal myopathy model in Drosophila melanogaster was established, using CRISPR/Cas9 genome 

editing. The genomic region of interest was amplified by PCR from whole-fly extracts and digested 

with DdeI. So that the cloning of targeting sequence (CTCGGACTCCAGCTTCCTCT) into plasmid’s RNA 

was performed and with a 177-base-long single stranded (ssODNs) in fly embryos expressing Cas9 

was co-injected during oogenesis. Certain muscle morphological features seen in Laing distal 

myopathy patients carrying the recurrent K1729del mutation were best summarized through this 

model, and were indeed worthy for understanding the pathology and testing therapeutic 

approaches. 

Furthermore, this study unveiled structural and functional phenotypes associated with this mutation 

in skeletal and heart muscles, and identified a mechanism that alleviates the pathological 

phenotype, suggesting that E3- ligase modifier gene activity may reduce or enhance the impact of 

this myosin mutation in patients. (Dahl-Halvarsson et al., 2018) 

According to Dahl-Halvarsson research, patients with myopathy often demonstrate compensatory 

changes in protein expression that can obscure the mutation’s primary effect. However by rising up 

of other MyHC isoforms, this would be hampered. As long as genetic codons were believed to be 

highly gnomically in their limited four chromosomes, the effects of obscuring and hampering might 

be presented differently. (Dahl-Halvarsson et al., 2018) 

Dahl-Halvarsson et al. show that through transferring the genes of Abba enzyme effective on over 

expression in the integrity of the protein into the mutant ones, the gene’s effect could be improved 

by the Abba enzyme and reduce the mutation’s impact. This study has evaluated whether feeding 

the enzyme, in different concentrations, to Drosophila larvae will have a positive effect on reversing 

the mutation’s effect on the larvae’s genome. It was considered that MuRF ‘s supplement would act 

as a compensation for having better muscular manifestation, regarding sarcomere and myosin 

repaired structure.  

Results for this study show no improvements when comparing larvae’s ability to turn and to crawl, 

as seen in Figures 1 to 4. However, as can be seen in Figure 5 and Figure 6, comparing wild and 

mutated larvae’s abilities also showed no differences between their abilities, contrary to the results 

of Dahl-Halvarsson. These results indicate that the outcome of this study is not fully reliable. The 

remaining part of the discussion will be spent on outlining what the reasons for this may be and 

suggest changes to the experimental design that aim to being able to remove the methodology as a 

factor and get more reliable results. 

One factor that might impact the results, is the measurements that are chosen to represent the 

larvae's muscular ability, namely crawling and turning. However, these are common measurements, 

used in other research. Nichols and colleagues (2012) describe crawling as one of the main ways to 

assay larvae mobility, Estes and colleagues (2011) have used turning to determine impact of 

different treatments on larva, and finally the study by Berni and colleagues (2012) also uses both 

crawling and turning as the manifestation of larval mobility. The fact that the measurements are 

commonly prevalent in other research suggest that this is not a reason for the unreliable results.  
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If the measurements used are not at fault, perhaps there are ways in how the crawling and turning 

abilities were measured that skewed the results. When assessing larvae’s crawling ability for 

example, instead of measuring the distance a larva is crawling in a set number of seconds, the study 

could measure the time it takes to crawl a certain distance. In this study, larvae were placed in the 

center of glass plates, allowing the larvae to crawl in any direction, and to change direction at will. 

When measuring the total distance that the larvae crawled, the curved paths were approximated, 

and this could have impacted the results. Further, when larvae reached the brim of the plate, they 

were lifted back to the center. This took a couple of seconds, preventing larvae to crawl during this 

time. In their study, Heckscher and colleagues (2012) used methods to constrain the crawling into 

straight lines. Using the same approach in this study would have reduced the possible errors from 

the measurement technique and from the time spent on lifting larvae back to the center.  

Another possible error source is that larvae were not stimulated in any way to crawl or to turn 

during this study’s experiment. For turning, the flies were placed in an uncomfortable position, so 

they were likely to make the effort to turn without any stimulation. It was also observed during the 

experiments that the larvae started their attempts to turn immediately after being placed ventral 

up. For crawling however, without external stimulation the larvae might be differently interested in 

moving around the plate. They also reached the brim of the plate that they were placed on every 

now and then, and time was spent to move larvae back to the center of the place. Cobb and Dannet 

(1994), Cobb (2007) and Heimbeck and colleagues (1999) all show that odors can be used to either 

attract or repel Drosophila larvae, while Lin and colleagues (2015) show that adult fly males use odor 

secreted on food to attract females. Using an odor to which the larvae are attracted would stimulate 

the larvae both to crawl, and to crawl in a specific direction. Applying this method in this study 

would have reduced the potential disturbance in results coming from the larvae’s willingness to 

crawl.  

In this study each larva were given three tries to turn and to crawl, and the average result was 

recorded. Considering that Drosophila melanogaster has short term memory, it cannot be 

disregarded that this might have triggered them into crawling sooner, and better, the second and 

third time. The repeated experiments might have affected the results differently for the different 

groups. According to Zars and colleagues (2000) memories are thought to be due to lasting synaptic 

modifications in the brain. The search for memory traces is appeared by adenylyl cycles, ubiquitously 

which is an enzyme that is expressed in the Drosophila brain and mediates synaptic plasticity. This is 

needed for olfactory short-term memory as an exclusive component. 

The identified possible error sources in how the measurements were performed are all related to 

crawling and not turning. As neither crawling nor turning abilities indicated any performance 

differences between wild type larvae and mutated larvae, this indicates that while there are 

improvements to be made in how the experiment was designed, it does not seem to be the main 

reason for not identifying differences in the muscular abilities between white and mutated larvae as 

expected, and as found in the study by Dahl-Halvarsson and colleagues (2018). These changes will 

however simplify the crawling measurement, and speed up the measuring process, enabling more 

larvae to be measured in one day.  

After analyzing the impact of the amount of days from egg laying to measuring performance shows 

that this is a significant factor in explaining the crawling and turning performance, where wild type 
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larvae that are not fed enzyme show a dramatic, significant decrease in cm crawled and significant 

increase in seconds it took them to turn at the third day of measuring, compared to the first. This is 

illustrated in Figure 7 and Figure 8 . At the same time the performance of the mutated larvae did not 

see the same significant deterioration of performance, though the performance did show a non-

significant deterioration.  

Drosophila and insects in general have several molting between their cycle, after hatching they molt 

and enter the first instar, they grow a little and after the second molt they enter the second instar 

and then entering third instar. The insect form in between two subsequent molts is termed as instar. 

Depending on the surrounding environmental and other conditions such as inheritance, sex, food 

quality and quantity, the number of instars varies from 3 to 40 in different insect orders. Immature 

larvae eat more and are more adaptable to their surroundings. Then they will reach pupa stage and 

metamorphosis (Kaleka et al., 2019).   

In this study the eggs were left over the weekend, for the eggs to hatch and larva to grow to the 

third instar. During the weekend, there was no supervision of the eggs. This means that for more 

than 48 hours there was no supervision of the eggs, which means that there was no possibility to 

determine exactly how old each larva was, nor when they reached the third instar. There is a 

possibility that this had an impact on the results, especially between groups.  

One way to control the age of larvae to a greater extent is to change the temperature of the 

incubators inside which the plates with eggs and larvae are stored. Studies by French and colleagues 

(1998) and Merkey and colleagues (2011) have shown that temperature has an impact on growth 

rate of larvae as well as the energetic cost of metamorphosing into pupa state. Similarly, lowering 

the temperature in which eggs and larvae are stored will slow down the effect, and cause larvae to 

stay in the same stage for longer. This will increase the time frame during which they can be 

considered of similar age, which will make it easier for the researcher to complete the experiment 

with an enough number in sample group. If more frequent intervals of testing are not possible, this 

could be a way to achieve a similar result.  

In order to reduce this impact, eggs and larva ought to be monitored more closely, separating larva 

hatched from the eggs at more frequent intervals. Effort should then be made to use larvae that are 

as close together as possible in age when measuring crawling and turning ability. One way to do this 

is to use the increased monitoring to only select the larvae that most recently evolved to the third 

instar for measurement. This would secure that the age of the larvae does not impact the 

measurement and reduce this disturbance from the result.  

One factor in explaining the deterioration of the crawling and turning abilities is that the older the 

larvae get, the closer to the pupa stage they are. By getting closer to pupa stage, they will decrease 

their activity and nearly become immobile. In an insect life cycle, pupal stage follows the larval state 

and precedes adulthood (imago). At the same time of pupa, the adult structures of the insect are 

formed while the larval structures are breaking down. Pupae are inactive, and usually sessile 

(Imperial College London, 2008).  

Related to this topic is the time it takes to reach the pupa stage. A study by Kang and colleagues 

(2002) has successfully extended the life span of Drosophila through drug treatment. It would be 

interesting to study if the MuRF1 enzyme’s velocity has any impact on the metamorphism of 
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Drosophila which makes them leave the larva stage sooner and enter the pupa stage. Also if mutant 

larvae could reach to pupa stage sooner and through early metamorphism rescued from mutation 

effect. This would require a closer watch of when larvae hatch from eggs. Then the exact time for 

pupation of larvae in different groups could be kept track of, and it could be evaluated whether the 

enzyme has an effect on the time to pupation for mutated larvae. Furthermore, this can be an 

important finding if homozygote larvae which could not reach adult stage, could attain the pupa 

stage.  

To summarise, if this thesis was to be redone, the experiment and measurement system would have 

been designed in another way. The first thing to do is to keep closer track of when larvae hatch from 

their eggs. This will make it possible to perform test to assess larvae ability to crawl and turn on 

larvae of a similar age. Further, when assessing crawling, the larvae would be put in one end of an 

open, narrow channel, in which there is only one way to crawl. The time it takes the larvae to reach 

the end of the channel would then be measured. In order to reduce the impact on larvae willingness 

to crawl, larvae would be stimulated, preferably by using an odor to which larvae are attracted to 

stimulate them to crawl towards the end of the channel. The changes to measuring crawling will 

speed up the experiment and increase the number of larvae measured in a day. The tests are to be 

performed during a single day to reduce the possibility that larvae are in different instars. Finally, the 

amount of days that pass before larvae turn into larvae are to be recorded, to identify if the MuRF1 

enzyme has any positive impact on this.  
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4.1 Ethical considerations 

Myopathy which for long was expected to be a muscle suffering impairment is now known to be a 

muscle breakdown that can be very crucial if not treated on time or correctly. As mentioned in the 

previous sections many cases show the variety of myopathy across the world and its high chance for 

leading to death. For these reasons and even more, science is trying to find a solution. The 

importance of further studies about myopathy is increased when knowing that in a great number of 

illnesses which are common between humans and other animals, genetic inheritances exist. As such 

myopathy or muscle breakdown can also be a common between human and a fly called ‘Drosophila 

melanogaster’. Studying this fly which has a simple genetic structure and is made up of 4 

chromosomes can help us find a way in looking for similarities and differences in genetic data 

between these flies and humans. It can also help in order to find the error pitfalls, so if the errors are 

the same the effective solutions could be the same also.  

Another importance in why scientists make many attempts to get to know this defect better is with 

the aim to propose a way to stop muscle deterioration which can itself result in losing of kidney, 

liver, lungs, heart and other organs and possibly lead to death. When studying myopathy it is worth 

considering that it has no boundaries neither in the origin of the disease nor the origin of the people 

affected, so a thorough study on these factors can contribute to science within this field. 

Regarding the ethical issues, while using animals for scientific purposes have been under the 

spotlight for some time now, the ethical implications of scientific experiments on insects have not 

been included in the ethical standards. According to Freelance (2018) animals can have capabilities 

similar to emotive state therefore, scientists should maximize the comfort of the animals in their 

experiments in a way that it would be beneficial to their study as well as the comfort of the animal. 

As per what Freelance recommends, in this study as well, Drosophila flies have been used knowing 

that they are not prone to population vulnerability. By clearly defining the aim and the methodology 

utilized for this study, it was aimed to be both efficient and accurate to answer the research 

questions with minimal impact on live subjects. The number of live animals used was also the 

minimum necessary number to generate the required data that could be statistically determined. 
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5. Conclusions 

This study has not reached expected results when comparing wild larvae and mutated larvae’s ability 

to turn and crawl, when comparing to earlier studies. When evaluating what the reasons for this 

might be, the main factor seems to be that larvae ability was evaluated across the span of three 

days, which impacted performance. 

In this report a number of improvement suggestions to the experimental design and the 

methodology used have been laid out. Future research on the topic should implement these in order 

to try to determine whether these results, verified as they were, are relevant or if they have been 

diluted by the flaws in the methodology and measurements carried out. The most important of 

these is to measure the ability of larvae when they are about the same age, as this was proven with 

statistical significance to have an impact on crawling and turning.  
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Appendix – Drosophila melanogaster Life Cycle 
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