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Abstract 
 
 The nervous system is composed of billions of neurons that communicate rapidly 

via electrical and chemical signaling to receive, transmit, and integrate information flow 

throughout the body. Within each neuron, microtubules serve as tracks for long-range 

transport that is essential for maintaining the cell’s function and survival. The purpose of 

this research project was to understand how polarity of dendrite microtubules contributes 

to polarized trafficking of proteins and organelles in a neuron. Since Drosophila 

melanogaster share many neuronal properties with vertebrates, these fruit flies served as 

a useful model system for studying neuronal cell biology. Three assays were completed 

to determine the effect of altering the minus-end-out microtubule orientation of ddaE 

dendrites to evenly mixed. In all cases, Kap3RNAi was utilized to create an experimental 

group consisting of larvae with an evenly mixed microtubule orientation, and rtnl2RNAi 

was used to establish a control group of larvae with predominately minus-end-out 

microtubules in their dendrites. The class I neuron was imaged with confocal microscopy 

and analyzed using Image J. Results showed that altering microtubule polarity did not 

change dendrite morphology significantly but did affect aspects of endosome movement 

and mitochondrial distribution strongly. A deeper understanding of the contribution of 

microtubule polarity to polarized trafficking of organelles in the dendrites may aid in 

advancing research about the structural and functional specialization of dendrites as well 

as medical therapies for neurodegenerative diseases. 
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Introduction 
 

Neuron 
 

Whether it is the aroma of perfume or the chimes of the Old Main clock, the 

nervous system is responsible for processing stimuli from the environment and sending 

information over long distances in the human body. A neuron is the basic unit of the 

nervous tissue (Campbell et al., 2008). 

Neurons are highly compartmentalized in morphology and function (Stone et al., 

2008). This neuronal differentiation is controlled by a series of proteins such as kinases, 

phosphatases, small GTPases, and scaffolding proteins; it can result from the addition of 

insulin-like growth factor 1 and the lack of cell-to-cell contact or extracellular matrix 

molecules (Conde et al., 2009). For a vertebrate neuron, cell bodies can be found in the 

brain, spinal cord, and peripheral ganglia. Most of the proteins are synthesized in the cell 

bodies. Dendrites synapse with axons in order to receive signals and transmit them 

towards the cell body for processing. Alternatively, axons carry signals away from the 

soma and towards other neurons or output cells (Campbell et al., 2008). Vertebrate axons 

have fewer ribosomes and no Golgi outposts compared to dendrites (Craig et al.,1994). 

Moreover, while the single processes of axons usually divide into branches at synapses, 

dendrites are more extensively branched throughout their structure to cover a larger 

surface area (Campbell et al., 2008). 
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Microtubule Polarity 
 

A major task of the neuron is to transfer proteins and membranes from the cell 

body to distant regions in axons and dendrites. This intracellular transport is essential to 

maintain the cell’s function and survival, and the tracks for this long-range directional 

transport consist of microtubules (Black et al., 1989), cylindrical structures of alpha and 

beta tubulin heterodimers. Neurons have polarized microtubules throughout their 

processes that can be categorized into two groups: minus-end-out and plus-end-out 

microtubules. Minus-ends of these microtubules usually have noncentrosomal 

microtubule arrangements (Bartolini et al., 2006), while plus-ends interact with several 

proteins and are involved with assembly and disassembly. This microtubule polarity 

directs traffic in the cytoplasm, and thus, it establishes an asymmetric distribution of 

different organelles. Molecular motor proteins transport microtubules into axons and 

dendrites and dictate the microtubule polarity orientation. Different groups of 

microtubule-binding proteins and membrane proteins are found in axons and dendrites 

(Baas et al., 2010). Cytoplasmic dynein is a motor that transports vesicles towards the 

minus ends of microtubules, whereas kinesin proteins are plus-end directed motors 

(Lodish et al. 2000). 

Microtubule orientation is distinctly different in axons and dendrites (Rolls et al., 

2007). Studies have found that microtubules in vertebrate dendrites have mixed 

orientation, while axons have all plus-ends distal to the cell body. Experiments involving 

the hook labeling method have shown an equal number of plus-end-out and minus-end-

out microtubules throughout the dendrites of frog mitral cells (Burton 1988). In this hook 

decoration method, microtubules are incubated with tubulin and a buffer that stimulates 
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polymerization, resulting in tubulin protofilament hooks on the walls of the microtubules. 

Electron micrographs are then used to determine the handedness of the hooks, which 

denotes the microtubule orientation. When one’s fingers are curved in the direction of the 

hooks, the thumb points towards the minus-end of the microtubule (Kuo 2007). Similarly, 

mixed microtubule orientation was evident in proximal dendrites of cultured rodent 

interneurons via both the hook method and assays involving microtubule plus-end 

binding protein, EB3- green fluorescent protein (GFP) (Stepanova et al., 2003). In 

hippocampal neurons, the presence of minus-end-out microtubules initiates dendritic 

specialization and growth (Baas et al. 2011). 

Unlike previous studies involving the cultured vertebrate neurons, live imaging 

experiments have found that in Drosophila, the dendrite is defined by microtubules with 

minus-ends distal to the cell body (Stone et al., 2008). End-binding protein 1 (EB1) is a 

commonly used plus-end tracking protein, or +TIP, that localizes specifically to growing 

microtubule plus ends (Lansbergen, et al., 2006). Using stable cell lines expressing EB1-

GFP, the directional movement of these fluorescent comets was tracked with confocal 

microscopy and quantified. In Drosophila sensory neurons, assays using EB1-GFP 

dynamics have shown that more than 95% of microtubules in dendrites of highly 

branched dendritic arborization (da) neurons have minus-ends distal to the soma (Rolls et 

al., 2007). Moreover, experiments involving EB1-GFP have shown that minus-end-out 

microtubules are predominant not only in Drosophila sensory neurons but also in 

interneurons and motor neurons, making them the “conserved signature” of Drosophila 

dendrites; the predominance of minus-end-out microtubules in these proximal dendrites 

ranged from 88% to 94% (Stone et al., 2008). EB1-GFP dynamics have further shown 
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that microtubules growing around dendritic branch points turn toward the cell body along 

stable plus-end-out microtubules 98% of the time (Mattie et al., 2010). Recent studies 

involving injury trauma and neuronal regeneration have also provided support for this 

“signature minus-end-out” microtubule orientation in dendrites by demonstrating that 

polarized Drosophila dendrites can convert into axons after complete reversal of 

microtubule polarity (Rolls et al., 2009). 

Project Synopsis 
 

Neuronal polarity refers to the differences between axons and dendrites. Past 

research suggests that microtubule polarity of axons and dendrites may contribute to 

neuronal polarity. For example, organelles traveling along microtubules toward plus-ends 

can be found in axons and dendrites, but organelles moving toward minus-ends of 

microtubules have only been seen in dendrites (Baas, et al. 2011). Also, dendrites have 

proteins and organelles that are relatively scarce in axons, such as the rough endoplasmic 

reticulum, the Golgi apparatus, and neurotransmitter receptors (Craig et al., 1994).  

The purpose of this research was to understand how microtubule polarity 

contributes to polarized trafficking of proteins in dendrites and, thus, their specialization 

in structure and function. Does changing microtubule orientation alter dendritic 

morphology or disrupt organelle trafficking and distribution within the dendrite? To meet 

this goal, tagged markers were used to examine how different characteristics of 

Drosophila melanogaster dendrites are affected when microtubule orientation is changed 

from minus-end-out to about evenly mixed. Using data collected from confocal 

microscopy, both qualitative and quantitative analyses were carried out with Image J 

program. It was hypothesized altering dendritic microtubule orientation from minus-end-
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out to evenly mixed would disrupt organelle transport and distribution. 

Drosophila melanogaster as a Model System 
 

Drosophila melanogaster is a valuable model system for research in 

neuroscience. Fruit flies have a short life cycle, allowing several experiments to be run in 

a give time span. Their transparent larval bodies make their neuronal processes easily 

observable via microscopy, and they can be maintained with little difficulty at a low cost. 

Using the abundance of genetic tools, researchers can manipulate gene expression in 

Drosophila and observe the effects on neurons in vivo. Many proteins, such as EB1, are 

similar between fruit flies and vertebrates (Rogers et al., 2002), which allows 

observations and conclusions from research with Drosophila to be applied to vertebrates, 

especially humans. Furthermore, the major types of intracellular compartmentalization 

are also conserved between Drosophila and vertebrates; like axons and dendrites of 

vertebrate neurons, those of Drosophila differ in both microtubule binding proteins and 

filament orientation (Rolls et al., 2007). Therefore, Drosophila is an important model 

system that can be easily manipulated to study neuronal organization on a molecular 

level. 

In Drosophila, dendritic arrangement is relativity simple and uniformly polarized 

with predominantly minus-end-out microtubules (Stone et al., 2008). Therefore, transport 

specifically in dendrites can be studied by targeting these microtubules. In particular, the 

Drosophila dendritic arborization (da) neurons, which are sensory neurons found 

extensively on the body wall of Drosophila larvae, are easily studied due to their unique 

dendritic morphologies (Anderson et al., 2005). The four different subclasses of dendritic 

aborization (da) neurons vary in their pattern of dendritic branching (Grueber et al., 
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2002). In class II to IV, growing microtubules turn at a smaller angle toward the cell body 

than away from the soma, and so growth towards the cell body is favored. However, the 

class I neuron has a comb-like structure, and its branch angles are closer to right angles 

and similar for both the inward and outward turns. Compared to the class II-IV neurons, 

the comb dendrite of the class I neuron has a larger average inward turn angle and a 

smaller average outward turn angle. Since directed microtubule growth at branch points 

plays an important role in establishing microtubule polarity, the class I dorsal dendritic 

aborization neuron E (ddaE) experiences the strongest polarity defects when kinesin-2 

motor levels are reduced by RNAi (Mattie et al., 2010). Consequently, the assays in this 

project were focused on the ddaE class I neuron.    

Directed Microtubule Growth 
 
Growing microtubules have two potential avenues. A microtubule plus-end 

extending from a distal dendrite through a branch point into another distal dendrite forms 

a plus-end-out microtubule in the latter dendrite. However, assays of EB1-GFP dynamics 

in da neurons have shown that this orientation only had a 2% prevalence, while the 

minus-end-out microtubule signature of the Drosophila dendrite had a 98% prevalence. 

Thus, dendritic microtubules primarily grow towards the cell body at dendritic branch 

points (Mattie et al., 2010). 

Live imaging experiments have shown that the following three requirements are 

necessary for establishing this uniform microtubule polarity in dendrites: directed 

microtubule growth, +TIPs, and the kinesin-2 motor. Using EB1-GFP dynamics, the 

growing plus ends of microtubules were tracked in dorsal clusters of da neurons. Results 

from two-color live imaging of Drosophila larvae expressing tau-GFP and EB1-GFP 
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showed that plus ends of growing microtubules track stable existing microtubules in 

dendrites and move towards their plus ends (Mattie et al., 2010).  

Kinesins are proteins that walk toward the plus-ends of microtubules. Kinesin-2 

(KIF3) is a heterotrimeric protein with two motor subunits, Klp64D and Klp68D in 

Drosophila, and a globular, accessory subunit called Kap3 (Mattie et al., 2010). In 

mammalian cells, Kap3 interacts with the microtubule plus-end binding protein (+TIP) 

adenomatous polyposis coli (Jimbo, et al., 2002). After reducing the levels of any of the 

three subunits of the kinesin-2 motor using RNA interference (RNAi), results from 

scoring the EB1-GFP comets showed an increase in the number of plus-end-out 

microtubules to 20% to 28%. More specifically, Kap3RNAi showed an increase to 

approximately 24% of plus-end-out microtubules, while Klp68DRNAi and Klp64DRNAi 

showed an increase to 20% and 28% respectively. Without kinesin-2, the undirected 

microtubule growth prevented the formation of the uniform minus-end-out microtubule 

polarity in dendrites, and in this way, the microtubule polarity became disorganized 

(Mattie et al., 2010). Therefore, in this project, to alter the microtubule orientation of 

dendrites from minus-end-out to evenly mixed, RNAi was used to reduce the levels of the 

kinesin-2 motor. 

Moreover, upon decreasing the kinesin-2 subunits using RNAi, more plus-end-out 

microtubules were present in the comb dendrite than the other da neurons. As described 

previously, the pattern of the dendrite branch angles in the comb dendrite is responsible 

for this stronger phenotype in the class I neuron, compared to the other da neuron classes, 

upon reduction of the kinesin-2 levels (Mattie et al., 2010). Therefore, this project 

focused on analyzing effects in the class I neuron ddaE. 
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Lastly, when EB1 levels were reduced using RNAi, the number of dendrite-to-

dendrite microtubule tracks visible with Rab4-RFP using confocal microscopy doubled, 

representing an increased number of dendrites with mixed polarity (Mattie et al., 2010). 

Consequently, EB1 is necessary to maintain uniform dendritic microtubule polarity, and 

in this project, the fruit fly lines used to examine dendrite morphology included EB1 

expression. 

Significance of Project 
 

The integrity of intracellular transport via microtubules is essential for the 

function and survival of neurons. Consequently, alterations to this directed transport can 

cause defects in the neurons and lead to neurodegenerative diseases. While other cells in 

the body may be replaceable, most neurons must last an entire lifetime (Campbell et al., 

2008). A deeper understanding of neuronal polarity and microtubule polarization may 

help shed light to the basic processes that cause these diseases and aid in designing drug 

therapies for nerve injury repair and regeneration. For example, the da neurons in 

mammals, which are usually located in the midbrain, are involved in motor control, 

neuroendorcrine hormone release, cognition and emotion, reward, and psychiatric and 

neurological disorders (Perrone-Capano et al., 2000). Examining similar neurons in 

Drosophila, as was done in this research project, may help understand the physiology of 

the nervous system and advance neurological medicine. Although this research is relevant 

to the field of health sciences, the work is also important to answer existing questions 

about the relationship between dendritic transport and microtubule polarity and also bring 

forth novel research questions for study. Thus, purpose of this research was to understand 

how microtubule polarity contributes to polarized trafficking of proteins in dendrites and, 
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thus, their specialization in structure and function. 
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Materials & Methods 

Fly Stocks 
 

All the fly lines were kept at 25°C. For the dendrite morphology assay, progeny 

were collected from the crosses of dicer2; 221 EB1-GFP/TM6 with VDRC 45400 

Kap3RNAi and VDRC 33320 Rtnl2rnai. Virgin female flies of Kap3RNAi and Rtnl2rnai 

were collected after incubating the fly lines for a maximum of 6 hours at room 

temperature or 12 hours at 18°C. The females from each RNAi line were crossed with 

males from dicer2; 221EB1/TM6. Every 24 hours, the food cap with the larvae was 

collected in Petri dishes and allowed to mature for 72 hours at 25°C. Using the UAS-

Gal4 binary expression system, GFP-tagged microtubule binding proteins were expressed 

in the Drosophila neurons. The elav (embryonic lethal, abnormal vision)-Gal4 driver was 

used to activate gene transcription of EB1-GFP, proteins that bind to growing 

microtubule plus-tips and are visible as green comets; the greatest green fluorescence is 

found at the plus-ends. RNAi was used to knock down Kap3 in the mutant fly neurons 

and alter microtubule orientation, and the UAS-Dicer2 transgene was added to increase 

the effectiveness of the RNAi in the Drosophila neurons (Dietzl et al., 2007). 

For the endosome trafficking assay, the same cross procedure was used to prepare 

the progeny, as in the previous experiment. Virgin female Drosophila melanogaster of 

VDRC 33320 Rtnl2rnai and VDRC 45400 Kap3RNAi were each crossed with males of 

the upstream activation sequence (UAS)-Rab4-RFP; elav-Gal4, UAS-Dicer2. The 

Rab4/RFP is a membrane trafficking protein that localizes to endosomes and fluoresces 

red (Rolls et al., 2010). Likewise, for the mitochondria assay, virgin females of VDRC 

33320 Rtnl2rnai and VDRC 45400 Kap3RNAi were crossed with males from Dicer2, 
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mCD8RFP/cyo; elav-Gal4, mitoGFP. Driven by elav, mito-GFP was used to label the 

mitochondria, and mCD8-red fluorescent protein (RFP), a protein that localizes on the 

plasma membrane, was used to outline the structure of the dendrites. 

 To prepare for a future Golgi localization assay in dendrites involving the fly line 

477, mCD8-RFP; dicer2,GalT-YFP, virgin female UAS-mCD8-RFP, 477Gal4 fruit flies 

were crossed with UAS-GalT-YFP, UAS-dicer2 males. A recombination scheme was 

also begun to create fly line with Rab-3, which is involved with synaptic transmission 

and neurotransmitter release, and another line with ANF-GFP (UAS-ANF-EMD, 221 

Gal4/TM6 line) to study effects of altering microtubule orientation on the distribution of 

the atrial natriuretic factor in dendrites. 

Live Imaging of da Neurons 
 

Live, three-day old larvae were cleaned in Schneider’s solution and mounted on 

agarose-padded slides with their dorsal side up. After a cover slip was placed gently on 

top of the larvae and secured in place with scotch tape, the larvae were imaged with the 

confocal microscope Zeiss LSM510 or Olympus FV1000. Several consecutive live 

images of the class I neuron, primarily in the 3rd and 4th hemisegments from the mouth, 

were taken. One image was taken each second, and only a single class I neuron was 

imaged in each larvae. The 40X objective was used on the Olympus, and the 60X 

objective was used on the Zeiss. 

Analysis of EB1‐GFP and Rab4‐RFP Dynamics 
 

Using an image-processing program called Image J, Z-stacks were compiled from 

the time series videos obtained with confocal microscopy, and different properties of the 

class I neuron were evaluated qualitatively and quantitatively to determine the differences 
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between the control and experimental groups. In the morphology assay, dendrite length 

beginning from the junction at the cell body and extending to the last branch point of the 

primary dendrite was measured in pixels/um with Image J tools. 

For the endosome trafficking assay, moving comets in the primary dendrite that 

were clearly visible in at least three consecutive frames with “gray scale” settings in 

Image J were tracked and counted manually. As depicted in figure 1, each endosome 

moving toward the soma was labeled “To Soma,” and each endosome moving away was 

tagged “Away Soma.” If an endosome changed direction midway in its transport, each 

movement was counted. For example, if the comet initially moved towards the soma and 

then turned around to move away from the cell body, the movement would be counted as 

both “To Soma” and “Away Soma.” Also, if an endosome moved for a certain time in 

one direction, stopped, and then continued moving in that direction, the movement was 

counted twice in the same direction.  

 

 
Figure 1: Dendrite Scoring Rubric 

This figure represents a model for the quantification of endosome trafficking in the primary 
dendrite of the class I neuron. Only dark and distinct dots were counted. Continuous movements in one 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direction were counted once as either “To Soma” or “Away Soma.” Motions, during which the direction 
changed, were tallied for each direction, and discontinuous motions in the same direction were counted 
multiple times for that direction accordingly. In this way, each movement was accounted. 

 
In the mitochondrial distribution assay, mitoGFP comets were counted manually. 

For each larva imaged, the total number of mitochondria in the primary dendrite and each 

of the secondary branches were counted and summed. In addition, using the tracing tools 

in Image J, the lengths of the primary dendrite and each of the secondary dendrites were 

measured in pixels/um and added. All the length values were scaled to lengths in 

micrometers for a 40X objective and a 0.7x zoom. Dividing the number of mitochondria 

by the summed lengths of the primary and secondary dendrite branches gave the number 

of mitochondria per unit length in micrometers. Furthermore, the number of branch 

points with localized mitochondria clusters and the number of mitochondria at each 

branch point were also scored; a parameter of three microns from each branch point was 

used as a standard. The numbers of mitochondria at each of the branch points were 

averaged in each sample, and these values were then averaged for both the control and 

experimental groups to get a mean number of mitochondria per branch point for each 

group. Likewise, the number of occupied branch points for each individual sample was 

found, and then these values were averaged to estimate the mean branch point occupancy.  

Finally, in each assay, the results for the control and experimental groups were 

compared quantitatively and qualitatively, and the percent difference was calculated.  

 Statistical Analysis  
 

For each set of data points, the overall mean, variance, standard deviation, and 

standard error were found. The overall mean was found by summing each of the 

individual values and then dividing by the total number of data points in each group. 
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Next, each individual data point was subtracted by this mean, and the differences were 

squared individually. Variance was found by dividing the sum of these differences by one 

less than the sample size, as shown by the following formula: 

€ 

x1 − x
_ 

 
 

 

 
 ∑
2

n −1
. “n” is the 

number of data points, and 

€ 

x
_
 is the overall mean. Standard deviation was found by taking 

the square root of the variance, and the standard error was calculated by dividing the 

standard deviation by the square root of the sample size.  

Next, a two-tailed t-test was performed to determine whether the difference 

between the control and experimental groups was significant. The observed t-value was 

calculated using the following formula: 

€ 

x1
_
− x2

_

n1 −1( )s1
2 + n2 −1( )s2

2

df
∗

n1 + n2
n1n2

. “s” is the 

standard deviation, and “df” is the degrees of freedom (

€ 

n1 + n2 − 2).  

When reading the chart of critical t-values, the alpha level was set to 0.05. If the 

observed t-value was less the critical t-value, the null hypothesis was accepted, and it was 

concluded that no significant difference existed between the two mean values. However, 

if the observed t-value was greater than or equal to the critical t-value, the null hypothesis 

was rejected, and it was concluded that there was a significant difference between the two 

mean values. 
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Results 

Altering microtubule polarity does not affect dendrite morphology 
 
 The goal of the first assay was to determine the effect of disrupting minus-end-out 

microtubule orientation on dendritic morphology. It was hypothesized that the growth 

pattern and resulting morphology of the dendrite would change upon altering the 

microtubule orientation. The experimental group consisted of Kap3RNAi larvae with an 

evenly mixed microtubule orientation. The RNAi knockdown increased the percentage of 

plus-end-out microtubules in dendrites, resulting in the minus-end out microtubule 

signature orientation of dendrites to change to evenly mixed. The control group had 

dendrites with a minus-end-out microtubule orientation; RNAi was used to reduce the 

levels of reticulon 2 (rtnl2), which is a membrane protein associated with the 

endoplasmic reticulum. This protein is usually 200-1200 amino acids in length, and its 

genes are found in a wide range of eukaryotes, fungi, plants, and animals (Oertle et al., 

2003). No phenotype is observed when rtnl2 in fruit flies is knocked down by RNAi 

(Mattie et al., 2010). 

Contrary to the hypothesis, the results did not show a notable qualitative 

difference between the control and experimental groups. A sample size of 10 fruit fly 

larval neurons was used for both the experimental group and the control group. Overall, 

the comb-like shape of the neuron remained consistent. As shown in figures 2 and 3, the 

class I neurons in both groups had dendrites that extended outwards to form a “C” shape. 

Relative to the other neurons in the dorsal cluster, the class I neuron was spaced farther 

away and had a shorter primary dendritic branch and fewer secondary offshoots.  
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Figure 2: Dendrite Morphology of Control ddaE 
  This image was obtained from live imaging with confocal microscopy. It represents the class I 
neuron’s dendrites in a threeday old larvae from the control group. The green fluorescence is due to the 
expression of EB1GFP in the larvae. The ddaE is distinguished by its comb dendrite. 

 
Figure 3: Dendrite Morphology in Experimental ddaE 
  This image is from live imaging with confocal microscopy. It represents the class I neuron’s 
dendrites in a threeday old larvae from the experimental group. The expression of EB1GFP is 
responsible for the green fluorescence. Like the control group, the ddaE depicted in this figure conserves 
the comblike dendritic structure. 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Moreover, an average number of 8.8 branch points was found in the experimental 

group and an average of 9.36 secondary branches for the control (figure 4), yielding a 

5.98 percent difference. Based on the two-tailed t-test, this difference in the number of 

branch points was insignificant. The observed t-value of 0.838 was less than the critical t-

value of 2.101 for an alpha level of 0.05 and 18 degrees of freedom. 

 

 

Figure 4: Branch Points in Class I Neuron 
  “n” is equal to the number of Drosophila larvae scored (one neuron per larvae). A sample size of 
10 was used for the experimental group and the control group. Based on the experimental group’s 
results, the mean number of branch points was 8.8, and the variance was 2.4. The standard deviation 
was 1.549, and the standard error was 0.490. For the control group, the average number of branch 
points was 9.36, and the variance was 2.061. The standard deviation was 1.435, and the standard error 
was 0.454. The error bars in the graph refer to the standard error. 

Since many of the images showed branches with curly tips, this observation was 

quantified. As figure 5 shows, an average of 0.2 curly tipped branches was found in the 

experimental group and an average of 0.18 in the control, yielding an 11.11% difference. 

According to the two-tailed t-test, this difference was insignificant. The observed t-value 

of 0.105 was less than the critical t-value of 2.101 for an alpha level of 0.05 and 18 

degrees of freedom. 
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Figure 5: Prevalence of CurlyTipped Branches 
  A sample size (n) of 10 was used for the experimental group and the control group. For the 
experimental group, the mean number of curlytipped branches was 0.2, and the variance was 0.178. 
The standard deviation was 0.422, and the standard error was 0.133. For the control, the mean number 
of curlytipped branches was 0.18, and the variance was 0.182. The standard deviation was 0.426, and 
the standard error was 0.135. The error bars refer to the standard error. 

Moreover, dendrite reach was analyzed by measuring the linear distance from the 

junction between the cell body and the dendrite to the last branch point of the primary 

dendrite. An average dendritic reach of 28.78 um was estimated for the experimental 

group and an average of 36. 53 um was found for the control (figure 6), giving a percent 

difference of 21.22%. The two-tailed t-test showed that this difference was insignificant. 

The observed t-value of 1.78 was less than the critical t-value of 2.101 for an alpha level 

of 0.05 and 18 degrees of freedom. 
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Figure 6: Dendritic Reach in Class I Neuron 
  “n” is equal to the number of Drosophila larvae scored (one neuron per larvae). A sample size of 
10 was used for both the experimental group and the control group. For the experimental group, the 
average dendritic reach was 28.78, and the variance was 70.606. The standard deviation was 8.403, and 
the standard error was 2.657. For the control, the mean dendritic reach was 36.53, and the variance was 
120.843. The standard deviation was 10.993, and the standard error was 3.476. The error bars indicate 
the standard error for each group. 

Furthermore, an average length of 90.037 um was estimated for the primary 

dendrite in the control group and 76.866 um in the experimental group (figure 7), giving 

a percent difference of 14.628%. An outlier of 192.204 um was excluded in the 

calculation for the experimental group because the value was considerably different from 

the rest of the data set. When this value was included in the calculations, the standard 

deviation was 40 and the standard error was 12.646. However, excluding this single data 

point decreased the standard deviation and the standard error by a factor greater than 2, 

and consequently, this data point was defined as an outlier. According to the two-tailed t-

test, this difference in the length of the primary dendrite of the ddaE was insignificant. 

The observed t-value of 1.332 was less than the critical t-value of 2.110 for an alpha level 

of 0.05 and 17 degrees of freedom. 
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Figure 7: Primary Dendrite Length in the Class I Neuron 
  “n” is equal to the number of Drosophila larvae scored (one neuron per larvae). A sample size of 
9 was used for the experimental group, and the sample size for the control group was 10. For the 
experimental group, the average dendrite length was 76.866, and the variance was 269.318. The 
standard deviation was 16.411, and the standard error was 5.802. For the control group, the mean 
dendritic length was 90.037 um, and the variance was 684.063. The standard deviation was 26.155, and 
the standard error was 8.271. The error bars indicate the standard error in each group. 

Thus, dendrite morphology and growth pattern were not significantly altered in 

the class I neuron when the microtubule orientation is altered from minus-end-out to 

about evenly mixed. The mean length of the primary dendrite, dendritic reach, and the 

number of branch points and curly-tipped branches did not change considerably.  

 

Microtubule polarity affects the abundance of mobile endosomes and the 
direction of the endosome trafficking 
 

While dendrites and axons differ in their microtubule orientation, they are also 

unique with respect to the organelles they contain. Unlike axons, dendrites have 

organelles, such as the rough endoplasmic reticulum, polyribosomes, and Golgi outposts 

(Conde et al., 2009), which collaborate to form an endomembrane system. Endosomes, 
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which are membrane-bound compartments, play an important in sorting and transport 

between these different organelles and the plasma membrane in this system (Campbell et 

al., 2008). Moreover, endosomes control the membrane supply of dendrites. Thus, they 

are a distinguishing characteristic of dendrites. Additionally, endosomes bind to and 

travel along microtubules, and molecular motor proteins are responsible for mediating 

this movement (Murray et al., 2003). 

Therefore, the goal of this next experiment was to examine endosome trafficking 

in the main trunk of the class I neuron’s dendrite when the orientation was changed from 

minus-end-out to evenly mixed. The hypothesis was that changing microtubule 

orientation would affect the direction of endosome movement in dendrites; although 

transport would still occur, the efficiency was expected to decrease. Since kinesin motor 

proteins walk towards the plus-end of a microtubule, it was hypothesized that the control 

group would have a majority of the endosomes in the dendrite moving towards the cell 

body. However, after knocking down the Kap3 levels with RNAi, the introduction of 

more plus-end-out microtubules in the dendrite was expected to cause more endosomes to 

be transported away from the cell body. Theoretically, with an evenly mixed microtubule 

orientation, the experimental group should have about an equal number of endosomes 

moving towards and away from the soma, whereas the control group should have cargo 

transport in their minus-end-out microtubules predominately directed towards the cell 

body.  

The sample size was 29 for the control group (figure 8) and 30 fruit flies for the 

experimental group (figure 9). Each individual data point corresponds to a unique neuron 

from a distinct larva; no two neurons were imaged from the same larvae. Videos that 
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were not focused or unclear continuously were discarded, resulting in the uneven number 

of control and experimental samples. All the data was double-checked. 

 
Figure 8: Endosome Trafficking in Control ddaE 
  The image of the class I neuron in a threeday old Drosophila larvae was taken during live 
imaging using a confocal microscope and modified to grayscale settings in Image J. The cell body of the 
class I neuron is positioned at the bottom of the image, and the dendritic branches extend upward. The 
solid, black dots are endosomes in the dendrites. In the first image, the pink circle indicates the two 
endosomes in the comb dendrite that were tracked in this series of images. The pink arrow in the second 
image points in the direction that the lower comet in the pink circle had traveled. Finally, by the third 
image, the lower comet had moved close enough to the unmoving endosome (positioned further in the 
pink circle in image 1) to almost overlap it completely. 

 

 
Figure 9: Endosome Trafficking in Experimental ddaE 
                  The image of the class I neuron in a threeday old Drosophila larvae was taken during live 
imaging using a confocal microscope and modified to grayscale settings in Image J. The cell body of the 
class I neuron is positioned at the bottom left side of each image, and the dendritic branches extend 
upward. The solid, black dots are endosomes in the dendrites. In the first image, the pink circle indicates 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the two endosomes located in the comb dendrite that were tracked in the series of images. The pink 
arrow in the second image points in the direction that the comet further up in the pink circle had 
traveled relative to the unmoving endosome positioned below it. The third and fourth images show that 
the distance between these two endosomes increased as the top comet moved farther away. 

 
However, the results did not support the hypothesis. Summing the endosomes 

moving towards the soma in all the 29 control units gave 133 endosomes in total, while a 

similar quantification for endosomes moving away from the soma gave 149 endosomes 

(figure 10). In other words, 47.16% of control endosomes moved towards the soma, 

while 52.84% moved away (figure 11), leading to a ratio of 0.893 endosomes towards 

versus away the soma (figure 12). Likewise, the total number of endosomes moving 

towards the soma in the 30 experimental units was 79 data points or 53.02%, compared to 

the 70 endosomes, or 46.98%, moving away from the soma. Therefore, the experimental 

group had a ratio of 1.13 endosomes towards versus away the soma.  

 

 
Figure 10: Number of Mobile Endosomes in the Primary Dendrite of the Class I Neuron 
  The graph is based on the data collected from liveimaging 29 control Drosophila larvae and 30 
experimental larvae. “n” is equal to the number of Drosophila larvae scored (one neuron per larvae). The 
“To Soma” and “Away Soma” data was taken from the same neurons for each group. For the “To Soma” 
category of the control group, the mean number of mobile endosomes was 4.586, and the variance was 
0.218. The standard deviation was 0.467, and the standard error as 0.0867. For the “Away Soma” of the 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control group, the mean number of mobile endosomes was 5.138, and the variance was 9.123. The 
standard deviation was 3.020, and the standard error was 0.561. In the “To Soma” category of the 
experimental group, the average number of mobile endosomes was 2.633, and the variance was 3.620. 
The standard deviation was 1.903, and the standard error was 0.347. Lastly, for the “Away Soma” 
category of the experimental group, the average number of mobile endosomes was 2.333, and the 
variance was 3.471. The standard deviation was 1.863, and the standard error was 0.340. The error bars 
refer to the standard error, and the asterisk indicates a significant difference between the control and 
experimental groups. 

 

 
Figure 11: Percentage of Directional Trafficking by Endosomes 
  The graph is based on the total number of mobile endosomes presented in the figure 10. “n” is 
equal to the number of Drosophila larvae scored (one neuron per larvae). The “To Soma” and “Away 
Soma” data was taken from the same neurons for each group. The percentage of transport in each 
direction was calculated by dividing the number of endosomes traveling in that direction by the total 
number of endosomes present in either in the control group or the experimental group. This proportion 
was multiplied by 100 to yield the percentage. The graph shows that a greater proportion of mobile 
endosomes were traveling towards the soma in the experimental group, compared to the control group. 
As a result, a larger percentage of endosomes in the control group were found to be moving away from 
the soma. The error bars refer to the standard error, and the asterisk indicates a significant difference 
between the control and experimental groups. 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Figure 12: Ratio of Endosomes Traveling Towards and Away from the Soma 
  The graph is based on the total numbers of mobile endosomes traveling through the dendrites 
of a class I neurons, which was depicted in figure 10. “n” is equal to the number of Drosophila larvae 
scored (one neuron per larvae). For both the control and experimental groups, the total number of 
endosomes traveling towards the soma was divided by the total number moving away from the cell body 
to give the ratio of endosomes trafficked in either direction. Since this ratio for the control group was 
less than 1, a greater number of endosomes were traveling away from the soma in the control. The ratio 
for the experimental group was greater than 1, indicating that a larger number of mobile endosomes 
were heading towards to soma in the experimental group. 

The ratios of the two groups differ by 27% difference. By comparing the control 

and experimental groups, it can be found that the ratio of endosomes to and away from 

the soma was 5.86% greater in the experimental group than the control; 5.86% more dots 

moved towards the soma than away in the experimental group compared to the control. 

According to the two-tailed t-test, the difference in the prevalence of mobile 

endosomes traveling in either direction was significant. When the number of endosomes 

traveling towards the soma was compared between the control and experimental groups, 

the observed t-value was 5.372. At an alpha level of 0.05 and 57 degrees of freedom, the 

critical t-value was 2. Since the observed t-value was greater than the critical t-value, the 

null hypothesis was rejected, and a significant difference between the two groups was 
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concluded. Likewise, when the number of endosomes traveling away from the soma was 

compared between the control and experimental groups, the observed t-value was found 

to be 3.385. Since this is greater than the critical t-value of 2, the difference was 

determined to be significant. 

A noteworthy difference is also evident in the magnitude of the total number 

endosomes found trafficking in the class I neuron. While a total number of 282 

endosomes were counted in all the larvae of the control group, a sum of 149 endosomes 

was found in all the experimental larvae (figure 13). In other words, altering the 

microtubule orientation in the dendrites of the class I neuron from minus-end out to 

evenly mixed resulted in a down-regulation of endosome trafficking by a factor of 1.89. 

According to the two-tailed t-test, this difference was significant. The observed t-value of 

2.825 was greater than the critical t-value of 2 for an alpha level of 0.05 and 57 degrees 

of freedom. 

 
Figure 13: Total Quantity of Mobile Endosomes in the Class I Neurons 
  The graph represents the total number of mobile endosomes counted in 29 control larvae and 
30 experimental larvae using the data collected form live imaging with confocal microscopy. “n” is equal 
to the number of Drosophila larvae scored (one neuron per larvae).  Almost twice as many endosomes 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are present in the control group, compared to the experimental group. For the control group, the mean 
number of endosomes was 9.724, and the variance was 64.569. The standard deviation was 8.035, and 
the standard error was 1.492. For the experimental group, the mean number of endosomes was 4.967, 
and the variance was 19.9. The standard deviation was 4.461, and the standard error was 0.814. The 
error bars refer to the standard error, and the asterisk indicates a significant difference between the 
control and experimental groups. 

Thus, the hypothesis that the removal of Kap3 affects the direction of endosome 

transport of the class I neuron was correct. After the microtubule orientation was alerted 

from minus-end-out microtubules to about evenly mixed, the direction of endosome 

movement changed significantly. Moreover, disrupting the microtubule orientation 

caused a significant decrease in the total number of mobile endosomes throughout the 

primary dendrite of the ddaE. This unexpected difference was clearly evident from both 

qualitative assays of the time series videos from live imaging with confocal microscopy 

as well as subsequent quantitative analyses.  

 

Microtubule polarity does not influence overall mitochondrial distribution, but 
affects branch point occupancy 
 

Another organelle that is essential for neuronal differentiation and survival is the 

mitochondria. Oxidative phosphorylation of ATP by mitochondria is required to meet the 

high-energy demands of neurons. Inefficient mitochondrial transport can cause metabolic 

deficiencies, oxidative damage, excitotoxicity, and apoptosis that can result in muscular 

dystrophy, neuropathy, paraplegia, and neurodegeneration. This critical transport of 

mitochondria occurs along microtubule tracks and is mediated by molecular motors, such 

as kinesin and dynein proteins (Zinsmaier et al., 2008). 

Therefore, a third experiment was designed to examine the effects of disrupting 

minus-end-out microtubule orientation on the mitochondrial distribution in dendrites. It 

was hypothesized that the mixing the microtubule orientation would alter the distribution 
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of mitochondria in the class I neuron dendrites (figure 14). More specifically, introducing 

additional dendritic plus-end-out microtubules using Kap3RNAi would give kinesins 

more opportunities to transport mitochondria into the dendrites. Therefore, it was 

hypothesized that the experimental groups would have a greater number of mitochondria 

in its dendrites, compared to the control group.  

 

 
Figure 14: ddaE Mitochondrial Distribution in Control & Experimental Groups 
  These images of the class I neuron were obtained from live imaging 3day old Drosophila larvae 
using confocal microscopy. The top two images are from the control group, and the lower two images are 
from the experimental group. The class I neuron is positioned on the right side of each image and can be 
easily distinguished by its comb dendrite. The mitochondria were labeled with mitogreen fluorescent 
protein. mCD8red fluorescent protein localizes on the plasma membrane and was used to outline the 
structure of the dendritic branches. Mitochondria in the primary dendrite and the secondary dendrites 
of the class I neuron were counted in this assay. 



       29 

For the quantification of the mitochondria in the primary dendrite (figure 15), the 

sample size of 22 was used for the control group and 21 for the experimental group. A 

maximum of 12 branch points and a minimum of 4 branch points were found in all the 

data. The average number of mitochondria throughout the primary dendrite was found to 

be 16.57 for the control and 14.52 for the experimental group, yielding a 12.7% 

difference in the average number of mitochondria in the main branch. According to the 

two-tailed t-test, this difference was significant. The observed t-value of 2.188 was 

greater than the critical t-value of 2.020 at an alpha level of 0.05 and 41 degrees of 

freedom. 

 

 
Figure 15: Mean Number of Mitochondria in Primary Dendrite of ddaE 
  The results in this graph are based on data collected from live imaging 3day old Drosophila 
larvae. “n” is equal to the number of Drosophila larvae scored (one neuron per larvae). The graph depicts 
the average number of mitochondria in the primary dendrite of the class I neuron for the control and 
experimental groups. The sample size for the control group was 22, and the sample size for the 
experimental group was 21. The average number of mitochondria for the control group was 16.57, and 
the variance was 9.5. The standard deviation was 3.082, and the standard error was 0.657. For the 
experimental group, the mean number of mitochondria in the primary dendrite was 14.52, and the 
variance was 9.362. The standard deviation was 3.06, and the standard error was 0.668. The error bars 
indicate the standard error. 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When calculating the average number of mitochondria per unit length (figure 16), 

a sample size of 16 was used for both groups. The sum of the numbers of mitochondria in 

the primary dendrite and the secondary dendritic branches was divided by the total length 

of the primary and secondary dendrites. An average of 0.0557 mitochondria per um was 

estimated for the experimental group, and an average of 0.0540 mitochondria per um was 

found for the control group, yielding a 3.25% difference. In the two-tailed t-test, the 

observed t-value of 0.360 was not greater than the critical t-value of 2.042 at an alpha 

level of 0.05 and 30 degrees of freedom. Therefore, the number of mitochondria per unit 

length throughout the dendrite does not change significantly upon altering microtubule 

orientation. 

 
Figure 16: Mean Number of Mitochondria Per Unit Length 
   The results presented in this graph are based on data collected from live imaging 3day old 
Drosophila larvae. The graph depicts the average number of mitochondria counted throughout the 
entire Class I neuron divided by the total length of the ddaE. The sample size (n) for the control and the 
experimental groups was 16. The average number of mitochondria per unit length for the control group 
was 0.0540 mitochondria per micrometer, and the variance was 0.0000872. The standard deviation was 
0.00934, and standard error 0.00233. For the experimental group, the mean number of mitochondria 
per micrometer was 0.0557, and the variance was 0.000269. The standard deviation was 0.0164, and the 
standard error was 0.0041. The error bars indicate the standard error. 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Furthermore, an average of 1.17 mitochondria were found per branch point in the 

primary dendrite of the class I neuron of the control group and 0.97 mitochondria per 

branch point in the experimental group (figure 17). The sample size was 22 larvae for the 

control group and 21 larvae for the experimental group. A 47% difference in the average 

number localized at the branch points was found. There were about twice as many 

mitochondria at the branch points in my control group compared to my experimental. 

However, the reliability of these results is questionable because manually tallying the 

endosomes at each branch point may have been subjective. If several mitochondria were 

overlapping each other at a single branch point, fewer mitochondria would have been 

tallied than the true value, and the results would then be an underestimate. Furthermore, 

according to the two-tailed t-test, the difference in the number of mitochondria localized 

to branch points was insignificant. The observed t-value of 1.219 was less than the 

critical t-value of 2.020 at an alpha level of 0.05 and 41 degrees of freedom. 

 
Figure 17: Mean Number of Mitochondria at Branch Points 
  The results in this graph are based on data collected from live imaging 3day old Drosophila 
larvae. The graph depicts the average number of mitochondria per branch point in the primary dendrite 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of the Class I neuron. “n” is equal to the number of Drosophila larvae scored (one neuron per larvae). The 
sample size was 22 larvae for the control group and 21 larvae for the experimental group.  For the 
control group, the average number of mitochondria at branch points was 1.165, and the variance was 
0.457. The standard deviation was 0.676, and the standard error was 0.144. For the experimental group, 
the average number of mitochondria per branch point was 0.97, and the variance was 0.844. The 
standard deviation was 0.290, and the standard error was 0.0634.  The error bars show the standard 
error for each group. 

Moreover, the average number of branch points occupied with at least one 

mitochondrion was found to be 0.91 for the control and 0.82 for the experimental group 

(figure 18). The sample size was 22 larvae for the control group and 21 larvae for the 

experimental group. As the two-tailed t-test showed, the 9.89 percent difference between 

the control group and the experimental group was significant. The observed t-value of 

2.118 was greater than the critical t-value of 2.020 at an alpha level of 0.05 and 41 

degrees of freedom. Therefore, the null hypothesis was rejected, and it was concluded 

that changing the microtubule orientation of dendrites from minus-end-out to about 

evenly mixed significantly decreases the branch point occupancy in the primary dendrite 

of the class I neurons of Drosophila. 

 
Figure 18: Mean Number of Branch Points Occupied with Mitochondria 
                     The results in this graph are based on data collected from live imaging 3day old Drosophila 
larvae. The graph depicts the average number of branch points in the primary dendrite of the Class I 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neuron that were occupied with mitochondria. The sample size for the control group was 22, and the 
sample size for the experimental group was 21. For the control, the mean number of mitochondria
occupied branch points was 0.91, and the variance was 0.012. The standard deviation was 0.103, and the 
standard error was 0.022. For the experimental group, average number of mitochondriaoccupied 
branch points was 0.82, and the variance was 0.0284. The standard deviation was 0.169, and the 
standard error was 0.0368. The error bars depict the standard error, and the asterisk indicates that a 
significant difference exists between the control and experimental groups. 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Discussion 
 

The purpose of this research was to learn about how microtubule polarity 

contributes to polarized trafficking of proteins and organelles in dendrites and, thus, their 

specialization in structure and function. Fluorescently tagged protein markers, RNAi, and 

confocal microscopy were used to examine how distinguishing characteristics of the class 

I neuron in Drosophila melanogaster dendrites was affected when microtubule 

orientation was changed from minus-end-out to about evenly mixed. Since previous 

research studies support the minus-end-out microtubule signature in Drosophila dendrites 

(Rolls et al., 2007), it was hypothesized that altering the microtubule orientation would 

cause the ddaE dendrites to lose their typical shape and organelle distribution. 

The first step was to examine the overall morphology of the class I neuron. Did 

the dendrite structure or growth pattern change in neurons with the introduction of more 

plus-end-out microtubules? According to the two-tailed t-tests, no significant phenotype 

was found. The comb-like shape of the neuron was conserved, and the number of branch 

points along the primary dendrite, length of the primary dendrite, dendritic reach, and 

prevalence of curly-tipped secondary branches were not considerably different between 

the control and experimental groups. Thus, altering microtubule polarity did not 

significantly affect dendrite morphology. 

Since dendrites have specific proteins and organelles that are relatively scarce in 

axons (Craig et al., 1994), the effect of microtubule polarity on this organelle trafficking 

and distribution within the dendrite was examined. Endosome movements were tracked 

throughout the primary dendrite of the class I neuron and quantified. Contrary to the 

hypothesis, 5.86% more endosomes moved towards the soma than away in the 
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experimental group compared to the control. According to the two-tailed t-test, this result 

was significant; the introduction of more plus-end-out microtubules in dendrites caused a 

statistically noteworthy increase in cargo transport towards the cell body. However, since 

this difference is small, further data collection and analysis may be necessary to increase 

the sample size and strengthen this conclusion. 

Another unexpected phenotype observed significantly in the dendrites upon 

microtubule orientation mixing was the decrease in the total number of endosomes in the 

primary dendrite of the class I neuron by a factor of 1.89. Almost half as many 

endosomes were present in the dendrite after microtubule orientation was changed to 

evenly mixed. Several possibilities may explain this reduction in the abundance of mobile 

endosomes in the primary branch of the comb dendrite. For example, a change in 

microtubule polarity may have hindered endosomes from entering at branch points, but 

further live imaging and quantification to compare the prevalence of mobile endosomes 

in the secondary branches and their localization frequency at the branch points may aid in 

testing this hypothesis. Also, the altered microtubule orientation might have 

compromised the mobility of the endosomes already present in the primary dendrite. To 

evaluate this possible mechanism behind the down-regulation phenotype, quantification 

of the total number of mobile and immobile endosomes throughout the primary dendrite 

of the class I neuron may be useful.  

Interestingly, according to previous research, disrupting endosomal function 

changes dendrite morphogenesis, including branch formation (Sweeney et al., 2006). 

However, the results from this project showed that altering the minus-end-out 

microtubule signature of Drosophila dendrites changed the pattern of endosome transport 
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and distribution in the dendrite significantly, but not dendritic morphology. Since three-

day old larvae were assayed in this project, one possible explanation for this difference in 

observations may be that any possible changes in dendrite morphogenesis might occur 

early on in the life cycle of the larvae and, by the third day of aging, the morphology may 

be modified to the normal phenotype of the comb dendrite that was seen in the control 

larvae in this project. Future experiments could track the changes in the morphology of 

dendrites during the first three days of aging to evaluate the plausibility of this 

explanation. 

Additionally, the results from live imaging in this project showed that some 

endosomes raced towards and away from the cell body, while other moved at a much 

slower pace. If time permitted, further interesting questions could have also been 

pursued. For example, is the speed of the endosomes affected? Does the distance traveled 

by the endosomes change? 

Mitochondria are also essential organelles for dendritic differentiation and 

survival, and they are transported with the aid of motor proteins (Zinsmaier et al., 2008). 

Consequently, their distribution in the dendrite was investigated when microtubule 

orientation was mixed. Compared to the previous assay, the live imaging resolution for 

this experiment was much higher, and a large sample size was easily attained. According 

to the two-tailed t-test, the mean number mitochondria in the primary dendrite of the 

ddaE, the number of mitochondria per micrometer, and the number of mitochondria 

localized at the branch points were not significantly different between the control and 

experimental groups. Moreover, the quantification of the number of mitochondria 

concentrated at branch points may not be highly reliable because the Golgi clustered at 
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each branch point are difficult to distinguish apart; many could possibly be overlapping, 

which would explain the different sizes of the GFP-labeled Golgi beads that were 

observed at these branch points. Consequently, the data analysis design for this particular 

series of data was too weak to make a confident conclusion. More explicate labeling or 

tracking methods may be required to make a conclusion about the Golgi prevalence at 

branch points. 

Interestingly, although the number of mitochondria per unit length in the class I 

neuron did not change significantly, the quantity of branch points occupied with 

mitochondria was significantly greater for the control compared to the experimental 

group. However, the 9.89 percent difference between the control group and the 

experimental group appears small, and more data may need to be collected to increase the 

sample size and strengthen this conclusion. As for endosome trafficking, the altered 

microtubule polarity may have compromised the transport of mitochondria in the comb 

dendrite. The cell body is responsible for synthesizing many proteins and organelles, 

including the mitochondria, and kinesin and dynein motors mediate the mitochondrial 

transport in neurons (Zinsmaier et al., 2008). The addition of plus-end-out microtubules 

in the dendrite may have provided kinesin motors more opportunities to transport 

mitochondria a greater distance away from the cell body and towards the periphery of the 

neuron. As a result, the transport of fewer mitochondria may have terminated at the 

dendritic branch points, and instead, more mitochondria might have spread throughout 

the class I neuron. To further evaluate the potential contribution by kinesin motors to the 

phenotype in mitochondrial distribution, future research studies could test whether the 

number of mitochondria increases with distance from the cell body when the minus-end-



       38 

out microtubule orientation is changed to evenly mixed. Moreover, the change in 

microtubule orientation may have caused more mitochondria to localize between branch 

points, but further data quantification is needed to test this hypothesis. 

Furthermore, a change in microtubule polarity could have hindered mitochondria 

from entering at branch points and resulted in the decreased localization of mitochondria 

at these branch points. If this were indeed the case, a greater number of mitochondria 

would have been restricted to the primary dendrite. However, according to the two-tailed 

t-test, the number of mitochondria in the primary dendrite did not change significantly 

after the microtubule orientation was altered. Therefore, this explanation may not be 

plausible. 

Therefore, the experiments in this project have shed light on the role of 

microtubule polarity in polarized trafficking in dendrites. Altering microtubule 

orientation did not significantly affect dendritic morphology or growth pattern. However, 

the increase in endosome transport towards the soma and the down-regulation in the total 

quantity of endosomes in the class I neuron were statistically significant. Furthermore, 

the mean number of mitochondria in the primary dendrite, the number of mitochondria 

per unit length, and the number of mitochondria localized at branch points did not change 

considerably, but the prevalence of branch points occupied with at least one 

mitochondrion decreased significantly after microtubule orientation became evenly 

mixed. These results suggest that organelle transport to dendrites may not be hindered 

with a change in microtubule orientation; dendritic trafficking may not differ regardless 

whether the microtubule polarity is minus-end-out or evenly mixed. However, the results 

from the endosome trafficking assay seem to contradict this conclusion, and 
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consequently, more data needs to be collected from this experiment to increase the 

sample size and test this hypothesis more rigorously. 

Further research is necessary to identify the mechanisms that contributed to the 

significant phenotypes in endosome trafficking and mitochondrial distribution. 

Experiments investigating the effect of disrupting the minus-end out microtubule 

orientation on Golgi localization, Rab-3 localization and neurotransmitter release, and 

atrial natriuretic factor distribution in the ddaE dendrites can also provide further insight 

into the role of microtubules polarity in directional transport in Drosophila melanogaster 

by testing whether axonal components are introduced into dendrites when plus-end-out 

microtubules are present in the dendrites. A deeper understanding of the contribution of 

microtubule polarity to polarized trafficking of organelles in the dendrites may aid in 

advancing research about the structural and functional specialization of dendrites as well 

as medical therapies for neurodegenerative diseases. 
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