
 Calcium-independent Phospholipase A2 is Vital in Neurons 

and Possibly Other Tissues to Inhibit Age-Related Motor 

Degeneration 

 

Thesis Submitted in Partial Fulfillment  

of the Requirements  

of the Jay and Jeanie Schottenstein Honors Program 

 

Yeshiva College  

Yeshiva University  

September 2019 

 

 

Benjamin Shulman  

 

Mentor: Josefa Steinhauer PhD, Department of Biology, 

Yeshiva University 



1 

 

Contents 

Abstract ........................................................................................................................................... 2 

Introduction ..................................................................................................................................... 2 

PLAN diseases ............................................................................................................................ 3 

Animal models ............................................................................................................................ 4 

GAL4-UAS and RNAi systems .................................................................................................. 5 

Drosophila model ....................................................................................................................... 6 

Material and Methods ..................................................................................................................... 7 

Drosophila strains and husbandry .............................................................................................. 7 

Fly crosses ................................................................................................................................... 8 

F1 collection................................................................................................................................ 9 

Climbing assays ........................................................................................................................ 10 

Statistical analysis ..................................................................................................................... 10 

Results ........................................................................................................................................... 10 

Whole-body knockdown of iPLA2 causes severe climbing defects........................................ 10 

Neuronal specific knockdown of iPLA2 causes climbing defects in aged male flies ............. 12 

Control flies show minimal climbing defects until 60 days ..................................................... 12 

Muscle-specific GAL4 driver line was found to be faulty ....................................................... 13 

Discussion ..................................................................................................................................... 14 

Male vs. female climbing ability .............................................................................................. 14 

Pan-neuronal and ubiquitous knockdown ................................................................................. 15 

References ..................................................................................................................................... 18 

Appendix ....................................................................................................................................... 21 

 

  



2 

 

Abstract  

By 2020, nearly one million Americans will be living with Parkinson’s disease (PD), and nearly 

ten million worldwide. This number outstrips every other age-related neurodegenerative disease 

save for Alzheimer disease (AD). The underlying cause of PD remains elusive, as does a medical 

remedy. Several genes have been linked to the disease, such as PLA2G6 (also known as iPLA2, 

PARK14, and iPLA2-VIA), a calcium-independent phospholipase A2 (iPLA2), which has been 

implicated in two forms of PD: Dystonia-parkinsonism (DP) and autosomal recessive early-onset 

parkinsonism (AREP). PLA2G6 has also been associated with Infantile neuroaxonal dystrophy 

(INAD) and atypical neuroaxonal dystrophy (aNAD). The model organism Drosophila 

melanogaster contains one homolog for PLA2G6. Previous studies have established knockout 

PLA2G6 Drosophila mutants showing locomotor defects, decreased lifespan, and increased 

sensitivity to oxidative stress − all symptoms of PD and other PLA2G6-associated 

neurodegeneration (PLAN) diseases. To better understand the mechanism and cell types by 

which PLA2G6 works, I used the GAL4-UAS and RNAi systems to generate two fly lines: one 

with PLA2G6 knockdown in neuronal tissue and one with ubiquitous knockdown. I found that 

the while PLA2G6 was required for neuronal upkeep to prevent age-related locomotor decline, 

neuronal tissue alone does not explain the full extent of the disease pathology. Based on these 

findings, a more universal approach should be taken when dealing with PLA2G6 related 

diseases. I believe that this information will be insightful and useful for future therapeutic 

approaches combating PLAN diseases.  

 

Introduction  

This year, 60,000 Americans will be diagnosed with Parkinson’s disease (Statistics, 2019). 

Simple tasks such as sipping coffee, walking up a flight of stairs, and speaking to loved ones will 

become insurmountable challenges for these people. They will join the almost one million 

Americans who live and struggle with this debilitating disease. Resting tremors, rigid muscles, 

slowed movements, and impaired speech will result from the gradual loss of motor control. A 

hallmark of the disease is progressive deterioration of dopaminergic neurons in the substantia 
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nigra pars compacta (SNpc) portion of the mid-brain. The molecular causes of dopaminergic cell 

death, however, are still unclear. Even after decades and billions of dollars’ worth of research, a 

cure to the disease has alluded the medical community (Chai & Lim, 2013).  

In recent years, several single-gene mutations have been linked to instances of inherited familial 

PD. These inherited cases, however, are rare. Most cases of PD are sporadic in nature, meaning 

they stem from a mix of environmental and genetic factors (Chai & Lim, 2013; Modi et al., 

2016). While the sporadic and familial forms of PD appear to differ from one another, the two 

are pathologically and clinically identical. This commonality supports the idea that 

mechanistically the same underlying issues are occurring in both forms of the disease. An 

analysis of inherited PD, therefore, can offer insights into the molecular mechanisms behind the 

more frequent sporadic PD.  

One such gene, which when mutated leads to PD, is iPLA2, a calcium-independent 

phospholipase. Phospholipases A2 (PLA2) are a group of enzymes that catalyze the 

transformation of glycerophospholipids to fatty acids and lysophospholipids through the 

cleavage of the sn-2 ester. They have been implicated in a variety of functions, and there are 

currently more than 30 types of PLA2 known (Schaloske, 2006; Ramanadham et al., 2015). A 

subset of PLA2 enzymes, known as calcium-independent phospholipases or iPLA2, perform their 

catalytic function independently of Ca2+. Of the 9 enzymes in the iPLA2 family, the most 

researched of the group is the enzyme encoded by iPLA2 (synonyms: PLA2G6, iPLA2-VIA, 

GVIA PLA2, iPLA2-β, PNPLA9, PARK14). In humans, the PLA2G6 gene encodes iPLA2, is 

found on chromosome 22, and has broad expression throughout the body (PLA2G6 

Phospholipase, 2019).  

PLAN diseases 

Several diseases have been linked to mutations in PLA2G6. Collectively these diseases are 

referred to as PLA2G6-associated neurodegeneration (PLAN) diseases, and include: infantile 

neuroaxonal dystrophy (INAD), atypical neuroaxonal dystrophy (aNAD) (Khateeb et al. 2006; 

Morgan et al., 2006), Dystonia-Parkinsonism (DP) (Paizen-Ruiz et al., 2009), and autosomal 

recessive early-onset Parkinsonism (AREP) (Gregory et al., 2008). INAD is an autosomal 

recessive disease which commences from six months to three years of age. Children with INAD 
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have severely limited motor and neurological function, retardation, visual issues, and death 

before age 10. In aNAD, onset of the disease is later and progresses more slowly (Khateeb et al. 

2006; Kurian et al. 2011). PLA2G6 related PD usually sets in during one’s adult years, and 

patients display a slew of neurodegenerative symptoms including, but not limited to, tremors, 

hypokinesia, gait disturbance, dystonia, dysarthria, rapid cognitive decline, and neuropsychiatric 

changes (NBIA, 2019). In the past decade, much research has been done to better understand 

these diseases.   

Animal models 

In 2008, two independent teams established knockout (KO) PLA2G6 mouse models (Shinzawa 

et al., 2008; Malik et al., 2008). Both studies found that the mutated mice had motor impairment 

by age 1, and death by age 2. At 15 weeks, spheroids and vacuoles were found throughout the 

central and peripheral nervous system. There was axonal degeneration in the central and 

peripheral nervous system, as well as cerebral atrophy. Similar issues are seen in PLAN patients 

(Shinzawa et al., 2008; Malik et al., 2008; Beck et al., 2011; Sumi-Akamura et al., 2015).  

Interestingly, in a subsequent study, it was found that mice with point mutations, as opposed to 

complete KO of PLA2G6, had earlier onset of the disease, more rapid progression, and lethality 

occurred at an earlier age. These phenotypes align with INAD, while the null mutant phenotypes 

seem to align with aNAD (Wada et al., 2009; Sumi-Akamaru et al., 2015). In a 2018 study, a 

knockin (KI) mouse model of early-onset PARK14 was generated from a homozygous point 

mutation in PLA2G6 (D33Y1). This model phenocopied early-onset PD and showed that mice 

containing a specific homozygous point mutation had early neurodegeneration in the SNpc due 

to mitochondrial dysfunction, mitophagy impairment, transcriptional abnormality, and ER stress 

(Chiu et al., 2018).   

While mice models are useful, the fruit fly, Drosophila melanogaster, has proven to be an apt 

model organism for studying human diseases, specifically neurodegenerative ones. Cheap 

costs, a short lifecycle, and high functional conservation between fruit flies and vertebrates 

have made Drosophila a fundamental model organism for studying human biology. In 

addition, numerous tools and systems have been developed to help manipulate and analyze the 

fly genome. Two systems which I employed were the GAL4-UAS and the RNAi systems.  
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GAL4-UAS and RNAi systems 

The GAL4-UAS system (Caygil & Brand, 2006) uses GAL4, a transcriptional activator from 

yeast, which binds to an upstream activating sequence (UAS). Any gene downstream of the UAS 

is transcribed in the presence of GAL4. Drosophila has no endogenous UAS or GAL4, but both 

can be inserted into the fly genome. The system is bipartite: one fly line containing GAL4 is 

crossed with another fly line containing a UAS element. The resulting progeny contain both the 

GAL4 and UAS genes (Fig. 1).   

 

Figure 1. Schematic of GAL4-UAS system. Separate GAL4 driver (under the control of a 

tissue-specific enhancer) and UAS-target lines (driving expression of the gene of interest) are 

crossed to one another. The progeny produces the gene of interest, but the original driver and 

target line do not. Image adapted from Caygil & Brand, 2006. 

 

The GAL4 system can be spatially and developmentally specific depending on the genomic 

locus into which the GAL4 gene is inserted. For instance, when GAL4 is inserted downstream of 

the endogenous elav gene promoter, a gene which is transcribed only in neuronal tissues, GAL4 

will be selectively transcribed in neuronal tissue. Today there are numerous fly stock centers 

containing thousands of different GAL4 driver lines with specific spatial, as well as 

developmental, transcription patterns.  
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RNA interference, or RNAi, is a nucleotide sequence-specific tool which mediates mRNA 

degradation (Fire et al., 1998). Used in conjunction with the GAL4-UAS system, RNAi can 

selectively knock down gene function in a single cell type (Roignant et al., 2003). In my 

study, I used a fly line containing an iPLA2 specific RNAi transgene downstream of UAS. 

When crossed with a GAL4 fly line, iPLA2 was selectively knocked down in the progeny.  

Drosophila model  

One ortholog for iPLA2 has been found in Drosophila: CG6718 (iPLA2-VIA). Fly models 

with partial or complete loss of iPLA2 function mutations were reported by Malhorta et al. 

(2009), Kinghorn et al. (2015), Lin et al. (2018), Iliadi et al. (2018), and Schonbrun et al. 

(publication in progress). Such fly lines had a reduced lifespan and severe locomotor defects, 

both symptoms of PLAN patients (Fig. 2).  

 

Figure 2. iPLA2 knockout mutants from Schonbrun et al. Both male and female mutants 

show rapid locomotor decline after 20 days compared to isogenic control . Climbing index 

measures the climbing ability of the flies (explained more in-depth below). Image adapted 

from Schonbrun et al., publication in progress.  

 

As the PLA2G6 gene is associated with locomotor decline, the prime suspects for its locus of 

action were muscle and neuronal tissue. Based on this, Schonbrun et al. compared the effects 



7 

 

of iPLA2 knockdown in muscle tissue to knockdown in neuronal tissue. They observed 

severe climbing defects in flies with neuronal knockdown, but little to no impact in the 

muscle knockdown line. Unfortunately, the study done by Schonbrun et al. was limited in size 

and control groups, and the flies were not tested throughout their lives to observe progressive 

motor decline. Other studies used similar neuronal knockdown procedures to observe the 

spatial effects of iPLA2 (Kinghorn et al., 2015; Illiadi et al., 2018). These observations have 

led to the belief that neuronal damage is the main culprit behind the locomotor decline and 

early mortality seen in animal models, and human patients, with mutated iPLA2. In my study, 

however, I show that this theory is an oversimplification of the PLAN pathology.  

I generated two fly lines: one with knockdown of iPLA2 in neuronal tissue and another with 

ubiquitous knockdown. While both lines showed locomotor defects, the line with ubiquitous 

knockdown showed more severe and earlier locomotor defects. This points to the possibility 

that iPLA2 plays a larger role, outside of neurodegeneration, which contributes to locomotor 

defects and early mortality. These finding will hopefully be insightful for future research on 

PLAN diseases, including PD, and subsequent therapeutic approaches. By using the GAL4-

UAS system in conjunction with RNAi, I observed that while neuronal tissue plays a large role 

in locomotor defects, it is not the only piece of the puzzle. 

 

Material and Methods 

Drosophila strains and husbandry 

HMS01544, mhc-GAL4, tubulin-GAL4, and w1118 were from Bloomington Drosophila Stock 

Center. Elav-GAL4 was a gift from J. Treisman. All flies were kept at 26.0 ± 0.2 ˚C and standard 

media was used for culturing flies: 3.83% molasses, 1.58% yeast, and 3.83% corn meal 

supplemented with 0.11% methyl paraben and 0.38% propionic acid as mold inhibitors.  
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Fly crosses 

Five fly lines were used to set seven crosses constituting the parental (P) generation. The lines 

were: elav-GAL4 (neuronal driver), mhc-GAL4 (muscle driver), tub-GAL4 (ubiquitous driver), 

HMS01544 (UAS-RNAi for iPLA2), and w1118 (wild type). Each of the three GAL4 lines were 

crossed to both HMS1544 and w1118 for a total of six crosses. The seventh cross was HMS1544 to 

w1118. Virgin females were used for crosses containing w1118, and virgin HMS1544 females were 

used for the remaining three crosses. Fig. 3 shows these seven crosses.  
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Figure 3. Seven crosses performed. Only the desired progenies are written. Male fly genotype 

on left side and female on right side of each both . The progenies were selected against based on 

balancer markers. Both SM6 (Cross A and B) and CyO (Cross E and F) are curly winged 

phenotypes. Therefore, curly flies were selected against for Cross A, B, E, and F. TM6B (Cross 

C and D) is humeral phenotype; curly and non-humeral were, therefore, selected for in Cross C 

and D.  

 

F1 collection 

For each cross, two vials were set with a total of 10-15 flies per vial. Each P vial was passed 

every two days. After ~10 days, the F1 generation flies were sorted and collected over CO2. All 

crosses, other than HMS1544 crossed to w1118, had balancers to select against (Fig. 3). For 

crosses containing elav-GAL4 and tub-GAL4, curly wings were selected against (Cross A, B, E, 

and F). In crosses containing mhc-GAL4 there were two balancers. Mhc-GAL4 was balanced on 

the third chromosome with humeral, so humeral was selected against. The second chromosome 

contained scutoid/curly (Sco/CyO), and scutoid masks the humeral phenotype. Therefore, 

progeny containing scutoid could not be used as it was unclear whether the mhc-GAL4 gene was 

present or not. For the mhc-GAL4 crosses, therefore, curly wings were selected for and humeral 

was selected against. In the w1118 to HMS1544 cross all progeny were collected. Both male and 

female progeny were collected and kept in separate vials with ~10-15 flies per vial. F1 vials were 

passed 1-2 times a week.  
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Climbing assays 

Loss of locomotor ability, especially with aging, is a common pathology in PLAN patients. To 

relate this symptom in Drosophila, climbing assays were conducted to analyze the age-

dependent effect of PLA2G6 knockdown. Assays, which utilize a fly’s negative geotaxis system, 

were conducted at varying ages: 10, 20, 30, 35, and 40 days. Progeny of w1118 crossed to 

HMS1544 were tested up to 70 days as a comparison for wild type climbing ability. For tests, 8-

15 flies were transferred into a new food vial, and an empty vial was secured atop it with scotch 

tape. The flies were tapped to the bottom and given 20 seconds to climb into the upper vial. The 

process was repeated four more times in succession, for a total of five tests. Each fly to reach the 

top half of the apparatus per trial was given a point. The Climbing Index (CI) for each assay was 

determined based on the sum of the number of flies that climbed into the upper vial over the five 

20 s trials, divided by the number of flies in the group (5 being the best climbing ability, 0 being 

the worst). For each condition, at least three groups were averaged to derive the mean CI. For 10 

d assays, the flies were transferred using CO2 and then given time to recover before performing 

the assay. For all other age groups, flies were transferred without CO2. 

Statistical analysis  

T-tests and their resulting P values were used to compare GAL4>RNAi CI to their genetic 

background control lines carrying GAL4 alone. *p < 0.05, **p < 0.01, ***p < 0.005, ****p < 

0.0005.  Statistical analysis by unpaired t-test. Error bars represent standard deviation.    

 

Results  

Whole-body knockdown of iPLA2 causes severe climbing defects 

The tub-GAL4 driver was used as a positive control to observe the effects of ubiquitous 

knockdown of iPLA2. This cross verified the effectiveness of the GAL4>RNAi system in 

knocking down iPLA2 production. Tub-GAL4 alone was used a genetic background control to 

ensure that there were no issues with the tub-GAL4 fly line.  
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Even at 10 d, both male and female tub>RNAi flies had lower climbing indexes than their control 

counterparts; only male climbing, however, was statistically significant (male: p=0.0045; female: 

p=0.14) (Fig. 4). This trend continued at 20 d: tub>RNAi male climbing was severely 

diminished, dropping to a CI of almost 2 (p=1.2 (10-7)), while female CI stayed above 4 

(p=0.03). Both the female and male controls had a CI close to 5 at 20 d. By 30 d the climbing 

issues for both male and female flies were severe, and only ~35% of male flies survived. 

Although background control flies’ CI decreased slightly, both male and female CI stayed above 

4. Statistical comparison of control to RNAi confirmed that by 30 d the climbing ability of the 

RNAi flies was severely diminished (male: p=9.5 (10-9); female: p=2.6 (10-6)). By 35 d all male 

mutant flies had died, and female flies had severe climbing defects (p=1.5 (10-4)). All RNAi flies 

were dead by 40 d, while both male and female background control flies continued to have high 

CI.  

 

Figure 4. Male and Female tub>RNAi CI. The lower number in the bar line signifies the 

number of vials tested, and the upper number signifies the total number of flies tested. Error bars 

show standards deviation.  
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Neuronal specific knockdown of iPLA2 causes climbing defects in aged male flies 

Elav-GAL4 is a neuronal driver, and elav>RNAi, therefore, had selective knockdown of iPLA2 

in neuronal tissue. Elav-GAL4 alone flies were used as a genetic background control to ensure 

that there were no issues with the elav-GAL4 line.  

While both male and female elav>RNAi flies decreased in climbing ability over time, when 

comparing their CI to the CI of controls, only male flies at 40 d showed a strong statistically 

significant difference (p=2.0 (10-4)) (Fig. 5). 

 

Figure 5. Male and Female elav>RNAi CI. The lower number in the bar line signifies the 

number of vials tested, and the higher numbers signifies the number of total flies tested. Error 

bars show standards deviation. 

 

Control flies show minimal climbing defects until 60 days 

Wild-type flies were crossed to the UAS-RNAi line to ensure that the RNAi line alone does not 

induce age-related climbing defects without GAL4. Up to 35 d, both male and female wt>RNAi 

had climbing indexes above 4 (Fig. 6). From 40 to 60 d both CI stayed relatively high between 3 

and 4, with only females dropping below 3 at 60 d. By 70 d both male and female flies had CI 

below 1, again with females slightly lower than males.  
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Figure 6. Male and Female wt>RNAi. The lower number in the bar line signifies the number of 

vials tested, and the higher numbers signifies the number of total flies tested. Error bars show 

standards deviation. 

 

Muscle-specific GAL4 driver line was found to be faulty 

Mhc-GAL4, which is a muscle-specific driver, was used to test the effects of iPLA2 knockdown 

in muscle tissue. Mhc-GAL4 alone was used as a genetic background control to ensure there were 

no issues with the mhc-GAL4 driver line. At 10 d there seemed to be major climbing defects in 

male mhc>RNAi (Fig. 7). It was determined that it was not the knockdown of iPLA2 in muscle 

tissue however, which was causing the climbing defects. Rather the mhc-GAL4 line was faulty. 

Mhc>wt had a low CI even at 10 d, for both male and female flies, which points to the fact that it 

was the mhc-GAL4 line that was responsible for the climbing defects and not the knockdown of 

iPLA2.  
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Figure 7. Male and Female mhc>RNAi CI. The lower number in the bar line signifies the 

number of vials tested, and the higher numbers signifies the number of total flies tested. Error 

bars show standards deviation. 

 

Discussion  

Male vs. female climbing ability  

Throughout the study an interesting phenomenon was observed: male RNAi flies, when 

compared to female RNAi flies, had more severe and earlier climbing defects. This was observed 

in both elav>RNAi as well as tub>RNAi. T-tests confirmed this difference between male and 

female tub>RNAi flies which had a p<0.05 for all aged assays (Appendix 1). T-tests comparing 

male and female elav>RNAi however only had p<0.1 for 40-day assays (Appendix 1). 

Interestingly, the opposite was observed in the wt>RNAi, as well as both elav>wt and tub>wt 

background controls, with males having a higher CI than females. These results fit with the 

literature which has shown that RNAi usually works better in males (Kaya-Copur & Schnorrer, 

2016). It is unclear whether this is because of the higher RNAi efficiency or GAL4 activity; 

either way, it is important to control for sex with experiments using RNAi and GAL4, something 

which previous studies of PLA2G6 in Drosophila labs had not done (for example, see Illiadi et 

al., 2018).  
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Pan-neuronal and ubiquitous knockdown 

A hallmark of PD, as well as the other PLAN diseases, is age-related motor decline. Climbing 

assays are used to model this motor dysfunction in Drosophila, which have a negative geotaxis 

system that senesces with age (Grotewiel et al., 2005; Illiadi et al., 2016). In previous studies, it 

had been shown that iPLA2 knockout mutants had severe climbing defects by 30 d (Iliadi et al., 

2018; Lin et al., 2018; Schonbrun et al., publication in progress). Muscle and neuronal cell death 

were the primary suspects for the motor dysfunction, as iPLA2 has been connected to neuronal 

protection and mitochondrial maintenance (Kinghorn et al., 2015; Sum-Akamaru et al., 2015). I 

set out to test both tissue types with tissue specific GAL4 drivers in conjunction with RNAi 

knockdown of iPLA2. Unfortunately, the muscle-specific GAL4 line was found to be faulty, as 

the background control line had climbing issues as early as 10 d. The mhc>RNAi portion of the 

experiment, therefore, had to be discarded. While the underlying issues with the mhc-GAL4 line 

are unclear, one theory is that the presence of multiple balancers caused the flies to be unhealthy 

(Bloomington Drosophila Stock Center, 2019). 

The pan-neuronal elav-GAL4 line contained only one balancer and there seemed to be no 

problems with this fly line; elav>wt climbed well throughout the assays. The results from the 

elav>RNAi cross showed that iPLA2 plays a vital role in neuronal cells’ integrity. Elav>RNAi 

consistently had a lower CI than its background control, and while only male 40 d flies had a 

p<0.05, the CI of both the males and females were consistently lower than their background 

control and decreased over time (Fig. 5). These results confirm what had previously been 

observed by Kinghorn et al. (2015), Iliadi et al. (2018), and Schonbrun et al. (publication in 

progress). This behavior, of progressive neurodegeneration, aligns with PLAN symptoms, 

specifically PD where locomotor issues arise later in life.  

In previous studies of iPLA2 there was a focus on neuronal tissue. My study of tub>RNAi, 

however, points to the possibility that a more whole-body outlook must be taken. Had neuronal 

damage been the sole cause of the climbing defects, the tub>RNAi should have phenocopied 

elav>RNAi. Tub>RNAi flies however, had more severe as well as earlier climbing defects. This 

points to the conclusion that climbing defects resulting from mutations in the iPLA2 gene 

cannot be solely attributed to neuronal damage. This also explains why the climbing ability of 
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elav>RNAi knockdown flies was not as severe as mutant knockout flies in previous studies 

(Iliadi, et al. 2018; Schonbrun et al., publication in progress). Elav>RNAi is neuronal specific 

while knockout mutant flies, as well as humans with PLAN diseases, have mutations throughout 

their bodies. Another possible explanation for this disparity between elav>RNAi and knockout 

lines is that knockout lines contain no iPLA2 protein while knockdown lines contain small 

amounts of protein from mRNA that evaded RNAi degradation. This, however, would not 

explain the difference between tub>RNAi and elav>RNAi as both are knockdown fly lines.  

This line of reasoning assumes that the tub-GAL4 driver is of equal strength as the elav-GAL4 

driver; a fact that is not necessarily true. While elav-GAL4 driver is a known neuronal-specific 

driver, there are no studies comparing the strength of the tub-GAL4 driver to the elav-GAL4 

driver (Kaya-Copur & Schnorrer, 2016). Yet even if the tub driver is stronger than the elav 

driver, the discrepancy between the two crosses seems too large to be explained only by the 

strength of the driver. The age discrepancy particularly implies that there is some other aspect of 

the tub>RNAi line which is not explained by the driver strength. More likely, iPLA2 plays an 

upkeep role in other parts of the fly body outside the neurons that affects motor function.   

While knockout PLA2G6 mutants represent inherited PD, a small portion of overall PD cases, 

the process occurring in the cells that lead to PD is the same as in the more common sporadic 

PD. Therefore, an analysis of PLA2G6 mutant cells can be extremely useful in understanding the 

mechanisms of sporadic PD. For instance, the mechanisms of cell death resulting from mutations 

in PLA2G6 are still being studied and debated by researchers. Many publications have posited 

that the resulting pathology from mutated iPLA2 is the consequence of a defect in phospholipid 

metabolism and the subsequent inability of cells to perform cardiolipin remodeling and upkeep 

of the mitochondrial membrane (Beck et al., 2011; Kinghorn et al., 2015). Lin et al. (2018) and 

Schonburn et al. (publication in progress) however, showed that phospholipid levels remain 

unchanged in flies with mutated iPLA2. Lin et al. claimed that iPLA2 plays a vital role in 

retromer function, sphingolipid metabolism, and vesicle trafficking; it is the breakdown of these 

cellular functions which causes the subsequent pathologies of PLAN patients. My results from 

tub>RNAi flies imply that cell death is occurring in additional parts of the body other than the 

neurons. This is an important finding as these locations can be pinpointed and then used as a 



17 

 

proxy to observe mechanisms of cell death. This information will hopefully be helpful in 

designing future therapeutic treatments for PLAN patients.   
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Appendix  

Appendix 1. P values comparing Male and Female elav>RNAi and tub>RNAi. 

elav>RNAi 

Day P Value 

10 0.219188 

20 0.733774 

30 0.302194 

35 0.407566 

40 0.091545 

 

 

 

tub>RNAi 

Day P Value 

10 0.006780081 

20 1.29007E-05 

30 0.018071517 


