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Abstract 

The cerebellum is an important part of our nervous system because it is 

responsible for coordinating gross and fine motor movements, balance, and eye 

movements. As the sole output of motor error information from the cerebellum, the 

effective functioning of the cerebellar circuit is completely dependent on the proper 

functioning of Purkinje neurons. Research has shown that neurotrphins, such as 

brain-derived neurotrophic factor (BDNF) are responsible for regulating Purkinje 

cell growth, differentiation and function. This research focused on the inhibition of 

the mitogen-activated protein (MAP) kinase pathway, which is a signaling pathway 

downstream of BDNF receptors. I used the MetaVue software program to measure 

the longest dendrite, cell body area, and total cell area of mixed cultured cerebellar 

cells treated with varying concentrations of the MAP kinase inhibitor PD98059. I 

hypothesize that the inhibition of this cellular pathway will result in a decrease in 

total cell area, cell body area, and total dendritic area, but longest dendrite length 

will not display a significant decrease in length. Inhibition of the MAP kinase 

pathway significantly decreased the longest dendrite, the total cell area, and the 

total dendritic area. Inhibition only significantly decreased cell body area for the 

100μM treatment group. The data from this research might be able to help ataxia 

patients in the future. By understanding the development of Purkinje neurons and 

what helps them to grow, we might be able to create drugs that can reverse or slow 

down the degeneration of these neurons. 
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Chapter 1: Introduction/Background 

 
Anatomy and Function of the Cerebellum 
 

The cerebellum is an important part of our nervous system because it is 

responsible for coordinating gross and fine motor movements, balance, and eye 

movements (Xu 2010). The cerebellum is located dorsal to the spinal cord and is 

made up of at least five types of neurons, including the Purkinje cells (Baptista et al. 

1994). In general, a Purkinje cell is made up of a cell body, dendrites, dendritic 

spines, and an axon (Baptista et al. 1994). Dendrites are responsible for receiving 

and integrating signals from other cells. The dendritic spines are thorn-like 

structures on the dendrites where the dendrites connect to other neurons and 

where excitatory synapses occur (Xu 2010). Axons are responsible for transmitting 

information from the cell body to other neurons within the organism. As the sole 

output of motor error information from the cerebellum, the effective functioning of 

the cerebellar circuit is completely dependent on the proper functioning of Purkinje 

neurons. 

Within the adult cerebellum, the cell bodies of the Purkinje neurons are lined 

up in a monolayer, with the dendrites protruding in a fan-like fashion into the 

molecular layer (Figure 1). Long axons of Purkinje neurons extend down into the 

granule cell layer of the cerebellum (Baptista et al. 1994). The axons of another 

neuron, the granule cells, extend upwards to form T-shaped parallel fibers in the 

molecular layer among the dendrites of the Purkinje cells. These fibers form 

synapses with the spines of the Purkinje dendrites and allow the neurons to 
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communicate with other portions of the brain (Baptista et al. 1994). Climbing fibers 

are formed from the inferior olivary nuclei in the medulla oblongata, and they form 

synapses with the proximal third of the Purkinje cell dendrite as it is figuring out its 

orientation during development. Climbing fibers do not extend all the way out to the 

tips of the Purkinje dendrites, but they aid in development and in computing motor 

error (Baptista et al. 1994).  

 

 

 

 

 

 

Figure 1. Cerebellar Cell Layers 

 

Cerebellar Ataxia 

Purkinje cells within the cerebellum are an important system to study 

because there are many patients who are diagnosed with cerebellar ataxias, which 

occur because of a loss of cellular connections due to degenerating Purkinje 

neurons. These ataxias are a direct effect of improper functioning Purkinje neurons, 
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granule cells, or Purkinje neurons that do not have a healthy morphology. We are 

able to study these cells fairly easily because much of the development of Purkinje 

cells in rodents occurs postnatally (Baptista et al. 1994, Morrison & Mason 1998). 

We can use the mice as our model system because similar genetic mutations, 

such as those in the ATXN1 gene that codes for the ataxin protein, closely mimic 

human ataxia mutations, so they are good models of what would happen in a human 

system. Similar to humans, mice exhibit late onset symptoms due to null mutations 

in these genes that worsen with age including impaired motor function leading to 

frequent falls and foot slips (Kim et al. 2018). This will be beneficial during 

experimentation because we can relate our findings to human anatomy and 

physiology, while performing multiple trials with the shorter developmental period 

and ability to genetically manipulate the mice (Kim et al. 2018). All experiments can 

be done after the birth of the mouse pups because of the postnatal development of 

the Purkinje cells. The effects that we see on the neurons of the mouse cerebellum 

will give us information on how the human cerebellum might react to similar drugs. 

Purkinje cells are constantly receiving signals from the granule cells about 

where our body parts are in space and time. The Purkinje cells also receive signals 

from the motor centers of our brain about where our brain wants the specific body 

part to be (Mason et al. 1997). The difference between the brain’s intended location 

and the actual location is called motor error. Once a motor error is detected by the 

Purkinje neurons in the cerebellum, the Purkinje cells can send a message back to 

the motor centers in the cerebral cortex to correct the mistake (Mason et al. 1997). 
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In patients with cerebellar ataxia, this motor error is not calculated correctly, so 

smooth and precise movements are not possible.  

Proper functioning of these Purkinje cells within this circuit is determined by 

their structure. Each Purkinje cells has a highly branched, planar dendrite with 

many dendritic spines that are the sites of synapses with up to 200,000 granule 

cells. The Purkinje cells are the only output from the cerebellum (Mason et al. 1997). 

Without the proper functioning of the cerebellum, smooth and precise movements 

of the body parts are not possible because the motor circuit cannot correct itself 

properly. Ataxia occurs when the Purkinje neurons have not developed correctly 

and/or do not have sufficient cellular synapses to communicate effectively with the 

motor centers of the brain. 

Symptoms of ataxia can include poor coordination of movements, including 

altered gait, poor eye coordination, difficulty pronouncing words, and even difficulty 

swallowing (He et al. 2013). Ataxias usually occur for one of three reasons: 

decreased neurotrophin availability, decreased cellular receptors for the 

neurotrophins, or decreased neuronal survival of Purkinje neurons (Chao 2006). 

These three conditions can occur for a variety of reasons, both genetic and sporadic. 

The ataxia could be inherited or it could also be acquired. In all forms of inherited 

ataxias, the individual has received a faulty gene that encodes for a necessary 

component of the Purkinje cell or cerebellar development. The most common form 

of cerebellar ataxia is spinocerebellar ataxia type I (Kim et al. 2018, Rousseaux 

2018). This ataxia is caused by a CAG trinucleotide repeat expansion in the ATXN1 

gene, which causes the production of an abnormally long ataxin protein (Kim et al. 
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2018). This protein does not fold correctly and therefore cannot function properly. 

Although the function of the ataxin protein is unclear, it is believed that this protein 

plays a role in producing other proteins and processing RNA (Kim et al. 2018). The 

abnormal ataxin-1 protein forms aggregates that interfere with normal degradation 

of other proteins by the proteasome (Kim et al. 2018). Patients will display more 

severe symptoms as the number of CAG repeats in their ATXN1 gene increases (Kim 

et al. 2018, Rousseaux 2018). Acquired ataxias can arise from severe brain injuries, 

prolonged alcohol abuse, or even viral or bacterial infections, such as chickenpox 

and meningitis, that spread to the brain and affect the cerebellum (Guo 2018, Chao 

2006). 

For most cerebellar ataxias, symptoms arise during the teen years or in an 

individual’s early 40’s (Xu 2010). Symptoms that show up in the late 40’s can be 

especially detrimental because by this age, an individual usually has children of 

their own, and the mutated genes that caused the ataxia have potentially already 

been passed down to the next generation. Prognoses for ataxia patients are poor, 

with progressive deterioration of motor coordination eventually leading to the 

patient’s death (He 2010). This time scale varies by patient and depends on what 

type of ataxia the patient has and its underlying cause. In order to be able to help 

these patients, we need to have a better understanding of the factors that contribute 

to normal development of the Purkinje neurons. In patients with ataxia, the 

dendrites of Purkinje cells are smaller, cover less surface area, have fewer 

connections, and overall the cells are dying (He 2010). By understanding what 

creates or maintains these dendrites or makes them grow or shrink, we might help 
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these ataxia patients by either slowing down the ataxia or even reversing the 

degeneration. The current research hopes to expand on previous findings in the 

Morrison lab and investigate the role of the MAP kinase pathway. Knowledge of this 

pathway will lead to helpful insight into the growth and development of these vital 

neurons.  

 

 

 

 

 

 

 

Figure 2. Cerebellar Cell Development. Numbers at top indicate postnatal 

days (Morrison & Mason, unpublished) 

Purkinje Cell Development 

When looking at the differentiation of mouse Purkinje neurons, development 

can be broken up into 4 stages (Baptista et al. 1994, Figure 2). During midgestation 

(embryonic day 14.5 or so), Purkinje cells migrate and position themselves beneath 

the external granule layer in a disorganized crowd. Their cell bodies are 

characteristically smooth and they have only a few simple cell processes. Climbing 

fibers will begin to come in contact with the Purkinje cells at this time. This is the 

time when the Purkinje cells are trying to distinguish the more superficial molecular 

layer from the deeper, developing granule cell layer so they can orient their 



Emilie Kramer    

 

 11 

dendrites in a fan-like fashion reaching toward the surface of the brain above the 

granule cell layer. The second stage is the neonatal stage (embryonic day 19- 

postnatal day 0), where the first processes of the Purkinje cells retract back into the 

cell body. Thin extensions grow outwards, and the climbing fibers now form 

connections around the entire soma of the Purkinje neuron. Next, apical dendrites 

begin to form on the Purkinje cells and olivary climbing fibers extend up the 

growing Purkinje dendrites. Parallel fibers from the granule cells orient themselves 

perpendicular to the Purkinje cell dendrite plane. Finally, the Purkinje cell dendrites 

expand, branch, and develop numerous dendritic spines. Climbing fibers and 

parallel fibers make specific synapses with the dendritic spines (Baptista et al. 

1994). Each Purkinje cell receives synapses from up to 200,000 granule cells. During 

these stages, activation of different signaling pathways allows for the proper 

development of the Purkinje neurons. Neurotrophins and their respective receptors 

help the Purkinje neurons to branch and to form their many dendritic spines that 

will aid in information processing, both within the cerebellum and to other parts of 

the brain and spinal cord (Tannaka & Masahiko 2015). 

Proper development of Purkinje cells requires cell-cell interactions between 

granule cells and Purkinje cells (Morrison & Mason 1998). Although the first two 

stages of Purkinje development may not be dependent on cell-cell interactions 

between granule cells and Purkinje cells, Purkinje-alone cultures grown without 

granule cells do not have fully developed dendrites and also have low cell survival 

rates (Morrison & Mason 1998). Cultures that contain Purkinje cells and granule 

cells progress through the stages of development normally and contain Purkinje 
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cells with axons and branched dendrites and synapses. In intact mice and human 

brains, these granule cells form the internal granule layer of the cerebellum and are 

among the smallest neurons in the nervous system (Chopra & Ravi 2014, Figures 

1,2). Along with interactions between the mossy fibers and the Purkinje cells, 

granule cell parallel fiber-Purkinje cell interactions are an integral driver of the 

proper development of Purkinje neurons (Morrison & Mason 1998).  

 

Neurotrophins in the Cerebellum 

Neurotrophins are important regulators in growth, development, and 

plasticity of the developing Purkinje cells. There are four classes of neurotrophins 

and each is known to activate specific cellular pathways that are necessary for the 

survival of neurons (Guo 2018, Chao 2006). Nerve growth factor (NGF), brain 

derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotrophin-4 

(NT-4) are all needed at specific concentrations in specific locations during brain 

development (Chao 2006). Each of these neurotrophins binds to a specific cell 

receptor molecule either in the tyrosine kinase (Trk) receptor family or the p75 

receptor family (Chao 2006). Previous work has demonstrated that the 

neurotrophin BDNF can alter the pattern of Purkinje neuron dendrite or spine 

outgrowth (Morrison & Mason 1998). BDNF preferentially binds to TrkB cell surface 

receptors on Purkinje cells that signal through the mitogen-activated protein (MAP) 

kinase and phosphoinositide-3 (PI-3) kinase pathways within the cell (Huang & 

Reichardt 2003, Chao 2003, Figure 3). When these pathways are inhibited, the 

intracellular signaling pathways initiated by BDNF cannot be completed and the 
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Purkinje neurons do not increase transcription of the developmental genes. The 

resulting Purkinje neurons have smaller cell bodies, less total cell area, and less 

dendritic area (Dressler 2018). 

  Granule cells contain the RNA for the neurotrophin BDNF, but not much 

BDNF protein, while the Purkinje cells contain the protein for this neurotrophin, but 

don’t make the RNA (Hofer et al. 1990). This implies that Purkinje neurons obtain 

BDNF from the granules cells, their presynaptic partners. Neurotrophins are 

important for the proper development of Purkinje cells, but they are needed in a 

specific concentration in order to help the Purkinje cell and not hurt it. Each 

neurotrophin belongs to a specific family and will preferentially bind to certain 

receptors. Neuronal survival depends on these neurotrophins being present in the 

correct physiological concentrations so they can bind only to their respective 

receptors to trigger cellular processes that are needed for cell survival (Chao 2003, 

Morrison & Mason 1998). Purkinje cells grown with just brain-derived neurotrophic 

factor (BDNF) and no granule cells had increased survival rates compared to 

untreated control cells. Purkinje cells and granule cells grown together with the 

addition of BDNF resulted in decreased survival rates (Morrison & Mason 1998). 

The results of Morrison and Mason suggest that granule cells make BDNF for the 

Purkinje neurons and transfer it to them to aid in survival. When concentrations of 

BDNF are increased too much, fewer Purkinje cells survive (Morrison & Mason 

1998). However, interrupted interactions during development can cause a reduced 

concentration of BDNF, which has been linked to cerebellar ataxias (Chao 2006, 

Morrison & Mason 1998). 
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Figure 3. MAPK and PI3K pathways. Red lines show where PD98059 and LY204002 
block the pathway (Huang & Reichardt 2003) 

 

BDNF will bind to TrkB receptors on the cell membrane, which will cause 

phosphorylation of the receptor’s cytoplasmic domains and trigger the PI-3 kinase 

and MAP kinase pathways as seen in Figure 3 (Huang & Reichardt 2003, Chao 2003). 

Once the receptor has been bound and phosphorylated, a signal transduction 

cascade will be activated within the cell. Along the PI-3 pathway, Akt will be 

activated which will eventually lead to transcriptional modification within the 

nucleus (Figure 3). Along the MAP kinase pathway, important proteins such as Raf 

and Erk will play a role in activating CREB (Figure 3). This intracellular molecule 

will also enter the nucleus and increase transcription of a specific group of genes. 

Each of these pathways has different effects on the development of the Purkinje 

PD98059 
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neurons. However, their specific mechanisms of action on the developmental 

process are not entirely known (Mason & Morrison 1998, Shimada 1998, Chao 

2003).  

 

Intracellular signaling in Purkinje Neurons 

Research has shown that Purkinje cell dendrite and spine morphology are 

regulated independently of one another (Shimada et al. 1998). By inhibiting TrkB 

signaling with a treated TrkB receptor that acts as a sponge to bind BDNF without 

triggering an intracellular signal, the dendritic spine necks were longer than when 

normal levels of TrkB were present (Shimada et al. 1998). Prior work in the 

Morrison lab has focused mainly on the PI-3 kinase pathway. The current work will 

expand on those results, while also investigating the mitogen-activated protein 

(MAPK) kinase pathway. The MAP kinase pathway is responsible for responses to 

growth factors and neurotransmitters in other cell types, and it has a role in the 

synaptic plasticity of Purkinje cells (Johnson & Jope 1992). Each of these pathways 

can be inhibited with different pharmacological agents to observe the affects that 

they have on the Purkinje cells (Figure 3). PD98509 will be used to inhibit the MAP 

kinase pathway by blocking the phosphorylation of erk1/erk2 by Mek1 and 

therefore preventing the subsequent production of CREB (Huang & Reichardt 2003). 

Investigating the role of this MAP kinase pathway along with the PI-3 kinase 

pathway will give use more insight into the developmental process of the Purkinje 

cells. When these developmental processes go wrong, the cerebellum cannot 

perform its normal function. 



Emilie Kramer    

 

 16 

Previous research in the Morrison lab has shown that the PI-3 kinase 

pathway is activated through this TrkB/BDNF signaling during Purkinje cell 

development (Rodriguez 2017; Dressler 2018). Rosa Rodriguez conducted the 

preliminary studies of this research. She found that the inhibition of the PI-3K 

pathway did decrease dendritic branching. Rosa’s project consisted of fine-tuning an 

algorithm for the MetaVue software program developed by a previous student. She 

started to use Gensel’s semi-automated Sholl analysis to quantify changes in growth 

and differentiation of dendrites (Gensel 2010). However, she found that this 

approach required a version of the software not available at Lycoming at that time. 

She therefore reverted to a manual tracing protocol (to be described in the Methods 

chapter). Rosa began to collect data for cells treated with the PD98059 and 

LY294002 inhibitors. Rodriguez found that the MAPK pathway inhibitor PD98059 

decreased overall dendrite outgrowth and longest dendrite length, but not cell body 

size. The PI-3 kinase inhibitor, LY294002, decreased dendritic outgrowth but did 

not have an effect on longest dendrite or cell body size. 

Samuel Dressler (2018) continued Rodriguez’s studies and further validated 

the MetaVue software and algorithm. Dressler was able to determine the accuracy of 

morphometry using the MetaVue software by using images of different sized gray 

scale boxes that he created. A more detailed algorithm for using the MetaVue 

software was created by Dressler and is used in my work. Dressler found that the 

inhibition of the PI-3K pathway did affect morphology of the dendrites and cell 

body, but it did not significantly alter longest dendrite length. A decrease in the 

dendritic branching of the Purkinje cells can lead to decreased interactions with 
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granule cells. Morrison and Mason found that these interactions with granule cells 

are imperative for proper development and functioning of the Purkinje neurons. 

 Although the inhibition of this pathway did not significantly reduce the 

longest dendrite length, it did significantly decrease cell body area, total cell area 

and total dendritic area. This means that the PI-3K pathway modulates branching of 

Purkinje cell dendrites (Dressler 2018). My project also investigates the MAP kinase 

pathway to see if inhibition of this pathway has similar effects as inhibiting the PI-

3K pathway. There is already significant data to support the hypothesis that each of 

these two pathways has distinct effects on Purkinje neuron dendrite morphology 

(Rodriguez 2017 & Dressler 2018). However, additional data sets from the MAPK 

pathway are needed to bring this set of experiments to publication. 

This project is a continuation of the honors projects done by Rosa Rodriguez 

and Samuel Dressler under Dr. Mary Morrison. I used a pharmacological inhibitor to 

inhibit the MAP kinase pathway. The inhibitor PD98059 was used for the MAP 

kinase pathway, and the inhibitor LY294002 was used for the PI-3 kinase pathway 

in previous work. Data from this project will be used to supplement the previous 

data developed by Rodriguez and Dressler in hopes of making the research 

publishable. 

I hypothesize that the inhibition of the MAP kinase cellular pathway will 

result in a decrease in total cell area, cell body area, and total dendritic area, but 

longest dendrite length will not display a significant decrease in length. Results from 

these analyses may have translational implications for patients with certain types of 

ataxias. By understanding the development of Purkinje neurons and what helps 
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them to grow, we might be able to create drugs that can reverse or slow down the 

degeneration of these neurons. These drugs would help to mitigate or possibly 

eliminate the symptoms of the patients and help give them a more suitable life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Emilie Kramer    

 

 19 

Chapter 2: Materials & Methods 

Obtaining Purkinje Cell Cultures. Animals and Dissection. C57BL6/J mouse pups 

from a timed-pregnancy breeding colony at Lycoming College were used. Chemicals 

came from Sigma Aldrich unless otherwise indicated and all animal handling was in 

accordance with GCULA and the Lycoming College IACUC guidelines under FACUC-

approved protocols. After the birth of the newborn pups, they were decapitated 

with scissors one at a time. Each brain was dissected into a puddle of ice-cold 

calcium- and magnesium-free (CMF) phosphate buffered saline (PBS). The overlying 

pial membrane was dissected away. The cerebellar cells were dissociated using 

trypsin, CMF-PBS, and trituration. The cells were then plated in 6mm diameter Nunc 

Labtek poly-D-lysine coated wells at 1.17x106 cells/cm2 in horse serum-containing 

medium. 

Culture Media. Basal Medium Eagle (BME) obtained from Sigma (B9638-10XIL) 

was prepared by adding 2.2 g/L of sodium bicarbonate to 800 mL H2O, the volume 

was brought up until obtaining a pH of 7.4 and then the solution was filter-sterilized. 

100mL of horse serum-containing medium was prepared from 84mL BME, 200uL 

penicillin-streptomycin, 10mL horse serum, 160μL L-glutamine, 4.8 mL 10% 

glucose, 71μL 10% NaCl, and 769uL H2O, calibrated to pH=7.4 and then filter-

sterilized (pore size =30um). The morning after cultures were established, the 

medium was changed to a serum-free medium in order to reduce the effects of 

growth factors present in the serum-containing medium. Serum-free medium was 

prepared with 93mL BME, 1g BSA, 1mL Sigma ITS, 200μL penicillin-streptomycin, 

70μL L-glutamine, 4.8mL 10% glucose, 79μL 10% NaCl, and 851μL dH2O, calibrated 
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to pH=7.4 and then filter-sterilized, bringing the final pH to 7.6. Every three to four 

days the serum-free medium was exchanged for the whole duration of cell culture 

use (Hatten et al, 1998). 

Pharmacological Inhibitors and Immunohistochemistry. All cultures were 

treated with the pharmacological inhibitors PD98059 or LY294002 

(Calbiochem/EMD Biosciences Inc.), which were diluted in dimethyl sulfoxide 

(DMSO; Calbiochem/EMD Biosciences Inc.). Cultures were treated once with a final 

concentration of 0, 10, 20, or 100μM PD98059 or 0, 1, or 10 μM LY294002 in a 

serum free media and the inhibitors were included with each change of fresh media. 

After the 14-day incubation period, the cultures were fixed onto the slides with 

paraformaldehyde and immunostained using rabbit anti-Calbindin-D28K (Swant, 

Bellinzona, Switzerland, 1:2000 dilution) as the primary antibody and goat anti-

rabbit peroxidase (Jackson Immunoresearch, 1:3000 dilution; Baptista et al., 1994; 

Hatten et al., 1998) as the secondary antibody. Diaminobenzidine and hydrogen 

peroxide were used for colorimetric development. Slides were then dehydrated by 

being placed in solutions of increasingly higher concentrations of ethanol and then 

cover slipped using Permount. 

Image collection. All slide identities were blinded to the analyzer to ensure that 

pre-treatment of the cell cultures was unknown to the analyzer during imaging and 

analysis. Identification of the images was given by the location on the slide, rather 

than by treatment group. All images were collected using a Nikon TE2000U inverted 

microscope and differential interference-contrast (DIC) optics in order to collect 

pseudo three-dimensional images. The total magnification of the images was 600X 
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by using a 10X camera lens and a 60X objective lens. For every set of culture wells, 

nine images were collected from predetermined visual fields. This method was used 

to minimize bias when analyzing the wells and deciding which cells to image. All 

images were collected using the MetaVue imaging system with a custom-designed 

algorithm, which was compiled by students in Dr. Morrison’s laboratory at 

Lycoming College. 

 For every well, nine pre-determined visual fields were used for image 

collection. Every well contained 17.5 visual fields horizontally and 16.5 visual fields 

vertically. The top, middle of the well was found by scanning back and forth along 

the top of the well. The visual field map (Figure 4) was used to navigate the rest of 

the well and collect images from each of the 9 visual fields. Images were collected 

from visual fields A-I. If there was not a traceable cell within the pre-determined 

visual field (origin), the surrounding visual fields were scanned in the pre-

determined sequence until a traceable, well-isolated cell was found (Figure 4).  

 

 

 

 

 

 

 
A. B. 
 

24 9 10 11 12 

23 8 1 2 13 

22 7 origin 3 14 

21 6 5 4 15 

20 19 18 17 16 
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Figure 4. Method of Cell Selection. A) Nine cells selected from visual fields A-I. B) If 
no image could be found in the pre-determined field, the surrounding fields were 
scanned using this pre-arranged method. 
 
 

Morphometric Analysis Routine. (Also see Appendix I for the benchside 

protocol) All data were analyzed using the procedure established by Dressler 

(2018). All images were collected using the MetaVue software and the images were 

size calibrated before data were collected. Images were calibrated based on whether 

they were imaged using a 60X or 63X objective lens. Dendritic length was measured 

with the “multi-line” tool on the toolbar. Longest dendrite was traced by starting at 

the outside of the cell body where the dendrite attaches and then by following the 

center of the dendrite out to its farthest spine. Cell body area and total cell area was 

determined using the “trace-region” tool. This tool was used to trace around the 

entire cell body, making sure to include the white border from the DIC imaging, 

creating a traced loop around the cell body. The inside of this trace was painted 

white and then the “threshold image” was used to ensure that only the inside of the 

cell body was included in the measurements (Figure 5).  
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Figure 5. Example image of threshold function (thresholded cell in solid orange). 
Cells were initially traced using the “trace-region” tool. Cells were painted and the 
threshold tool was used to find total cell area and cell body area. 

 

Total cell area was determined using a similar method to the cell body 

method. The “trace-region” tool was used to trace the entire cell, with dendrites and 

cell body, to determine the total cell area. The dendritic areas of the cells were 

calculated by subtracting the cell body area from the total cell area. All data were 

recorded in Excel spreadsheets. 

Inter-rater reliability. Before the larger data set could be collected, inter-rater 

reliability was established. About 6-8 sessions, lasting about 1-2 hours each, were 

spent with Dr. Morrison, observing, analyzing images, discussing and learning how 

to trace the Purkinje cells. Many images were used to examine different 

morphologies between cells and how they appear on the images. Many sessions 



Emilie Kramer    

 

 24 

were used to practice tracing without collecting any data. Dr. Morrison and I would 

trace a cell together and discuss different ambiguities in the image until we both 

agreed on what parts to include or exclude. This training period was also used to 

learn the algorithm of MetaVue.  

 Two tests were done to establish inter-rater reliability between myself, Sam 

Dressler, and Rosa Rodriguez. The first test was performed with a set of 5 randomly 

selected images that Rodriguez and Dressler had traced. I traced the 5 images and 

compared my results with those of Dressler and Rodriguez using paired and 

unpaired t-tests. In order to proceed with tracing, I needed to be within 5% of the 

results of the previous two students and there needed to be no statistically 

significant differences between our data sets from cell body and total cell area 

traces. A 5% difference was used as the criterion because previous unpublished 

work detected differences between treated and untreated cells that were larger than 

5%. After the first round of data collection, my results differed from Dressler’s data 

by more than 5% for 3 of the 5 total cell area traces, but none of the cell body traces 

(see Chapter 3 for results). My results differed from Rodriguez’s data by more than 

5% for 3 of the 5 total cell area traces and 4 of the 5 cell body traces. After this 

round of tracing and re-examining the saved image traces, it was determined that 

Rodriguez was an outlier and a second test should be conducted between only 

Dressler and myself. 

 

More training sessions with Dr. Morrison. The second test consisted of 8 images 

that had been traced by Dressler for his independent research project. The same 
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procedure was used and the same tests were conducted for the second round of 

images. The results of the second test indicated no significant differences in data 

sets.  My data only differed by more than 5% for one cell body trace. After 

examination with Dr. Morrison, the cell body for this particular cell was determined 

to be ambiguous. Independent tracing began after test 2.  
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Chapter 3: Results 
 Inter-Rater Reliability. In order to make sure inter-rater reliability was established 

during tracing, test traces were compared for three students. Dr. Morrison traced 

the cell body area and the total cell area for 5 images and we used those traces as a 

baseline. Rosa Rodriguez had to obtain results that were within 5% of all of Dr. 

Morrison’s values and were not significantly different (p<0.05) when compared via 

independent and paired sample t-tests. Sam Dressler compared his images to those 

of Rosa’s and my images were compared to both of theirs to establish inter-rater 

reliability. 

 

Table 1. First inter-rater reliability test- Raw Measurements 

 EK= Emilie Kramer, SD= Sam Dressler, RR= Rosa Rodriguez 
 

 

I traced the cell body area and the total cell area of five previously traced 

images. Table 1 shows the data from all three students. Independent and paired 

sample t-tests were conducted between EK/SD, EK/RR, and RR/SD (Table 2). 

Independent and paired-sample tests were used to see if there were significant 

differences between data sets and when comparing individual images. A significant 

 Cell Body (μm2) Total Cell Area (μm2) 
Image Name EK SD  RR  EK SD RR 

AC2PD14D01A4 136.933 143.348 158.344 756.910 820.315 911.366 
AC2LY14D05B 155.329 152.053 159.375 811.100 799.483 813.900 
AC2LY14D06E 195.396 199.647 174.654 734.071 721.830 833.520 

AC2PD14D02H1 200.769 199.012 219.822 881.941 942.230 987.466 
AC2PD14D02G2 166.935 165.870 153.096 1215.870 1092.800 1354.86 
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difference between individual images was only seen between EK/RR for total cell 

area data (p=0.019). After conducting t-tests on all three students’ results, data were 

compared by subtracting EK results from SD/RR results for cell body and total cell 

area. The differences between my data and the data of the other two students were 

calculated to see if my numbers were consistently higher or lower than theirs 

(Tables 3 and 4). I tended to be lower than Rodriguez’s traces for both cell body and 

total cell area traces. In comparison to Dressler’s traces, my numbers varied. At 

times my results were higher than his and at other times my results were lower. 

Dressler’s traces also tended to be lower in value when compared to Rodriguez’s.  

  
 

 
 
Table 2. First inter-rater reliability test- Independent and Paired Sample T-tests for 
Cell Body and Total Cell Area Measurements 

* Significant difference (p<0.05) 
 

 
 
 
 
 
 
 
 
 

 
 Cell Body Total Cell Area 

Student 
Comparisons Independent  Paired  Independent  Paired  

EK vs. SD 0.958 0.651 0.967 0.898 
EK vs. RR 0.911 0.826 0.469 *0.019 
RR vs. SD 0.951 0.907 0.399 0.071 
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Table 3. First inter-rater reliability test- Comparison of EK results to SD and RR 
results for Cell Body 1 

 

 

 

 

 

 

 

 

 

1 Table 3. Data were compared by subtracting the EK results from SD/RR results for 
cell body (CB) traces. A raw percentage was calculated between EK and SD/RR data.  
* Results differ by more than 5% 
 

 

Table 4. First inter-rater reliability test- Comparison of EK results to SD and RR 
results for Total Cell Area 1 

1 Table 4. Data were compared by subtracting EK results from SD/RR results for 
total cell area (TCA) traces. A raw percentage was calculated between EK and SD/RR 
data.  
*Results differ by more than 5% 
 

 

Raw percentage differences were also calculated between all three students 

(Tables 3 and 4). This percentage was calculated to make sure that no individual 

results for cell body and total cell area differed by more than 5%. This criterion was 

chosen because previous unpublished work detected differences between treated 

Image Name SD-EK 
(μm2) 

SD-
EK/SD 

RR-EK  
(μm2)  

RR-
EK/RR 

RR-SD 
(μm2) 

RR-
SD/RR 

AC2PD14D01A4 6.415 0.045 21.411 *0.135 14.996 *0.095 
AC2LY14D05B -3.276 -0.022 4.046 0.025 7.322 0.046 
AC2LY14D06E 4.251 0.021 -20.742 *-0.119 -24.993 *-0.143 

AC2PD14D02H1 -1.757 -0.009 19.053 *0.087 20.810 *0.095 
AC2PD14D02G2 -1.065 -0.006 -13.839 *-0.090 -12.774 *-0.083 

Image Name SD-EK 
(μm2) SD-EK/SD RR-EK 

(μm2) RR-EK/RR RR-SD 
(μm2)  

RR-
SD/RR 

AC2PD14D01A4 63.405 *0.077 154.456 *0.169 91.051 *0.099 
AC2LY14D05B -11.617 -0.015 2.800 0.003 14.417 0.018 
AC2LY14D06E -12.241 -0.017 99.449 *0.119 111.690 *0.134 

AC2PD14D02H1 60.289 *0.064 105.525 *0.107 45.236 0.046 
AC2PD14D02G2 -123.070 *-0.113 138.990 *0.103 262.060 *0.193 
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and untreated cells that were larger than 5%. My results closely mirrored those of 

Dressler’s for cell body measurements (Table 3). In comparison to Rodriguez’s 

traces, 4 of my 5 traces differed from hers by more than 5%. When comparing 

Dressler’s and Rodriguez’s cell body traces, 4 of the 5 images had a difference 

greater than 5%. My total cell area traces differed from Dressler’s by more than 5% 

for 3 of the 5 images (Table 4). They also differed from Rodriguez’s for 4 of the 5 

images. Dressler and Rodriguez had greater than a 5% difference for 3 of the 5 

images.  

These results prompted a new round of tracing with Dr. Morrison. We traced 

a new set of neurons together, taking time to study each cell closely before tracing 

and to discuss the more difficult parts of interpreting their structure and edges. 

Then I analyzed a new set of previously traced cells independently and performed a 

new round of statistical analyses comparing my results to those previously 

collected. 

After the first round of inter-rater testing, we determined that the data of 

Rosa Rodriguez were the outliers. Another round of tracing was done to compare 

my data with traces from Dressler’s research images. The same procedure was used 

for this round of images as the first round. I used images that Dressler had obtained 

and traced for his project and traced them myself to compare our total cell area and 

cell body measurements (Table 5).  
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Table 5. Second Inter-rater Reliability Test- Tracing Results of 2 Students for 8 
Neurons-Raw Measurements 

 
 
 

Independent and paired sample t-tests were run to compare cell body (CB) 

and total cell area (TCA) between our individual traces and the data sets (Table 6). 

All statistical tests showed there were no significant differences between my data 

and SD’s data. The same procedure was used to compare CB and TCA data. I 

subtracted my data from SD’s data and then divided by SD’s data (Table 7). The cell 

body for image e063mixLY14d3c63x was the only trace that differed by more than 

5%. After analyzing the image with Dr. Morrison, we determined the cell body was 

ambiguous which led to the differences in data between SD and me. 

 Cell Body (μm2) Total Cell Area (μm2) 

Image Name EK SD EK SD 

e063mixLY14D4B63x 71.079 69.023 902.905 922.743 

e063mixLY14D6H63x 56.031 56.007 860.592 850.116 

e063mixLY14d1i63x 143.005 141.48 946.525 955.791 

e063mixLY14d2g63x 86.8769 89.393 404.829 425.119 

e063mixLY14d6i63x 95.949 92.514 847.18 826.286 

e063mixLY14d11c63x 60.022 61.499 573.833 550.027 

e063mixLY14d3c63x 101.111 105.409 1386.06 1424.14 
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Table 6. Second Inter-rater Reliability Test- Independent and Paired Sample T-tests 
for Cell Body and Total Cell Area Measurements 

 
 
 
 
 

 
 
Table 7. Second Inter-rater Reliability Test- Comparison of EK results to SD results 
for Cell Body and Total Cell Area 1 
 

 Cell Body Total Cell Area 
Image Name SD-EK (μm2) SD-EK/SD SD-EK (μm2) SD-EK/SD 

e063mixLY14D4B63x -2.056 -0.030 19.838 0.021 
e063mixLY14D6H63x -0.024 -0.001 -10.476 -0.012 
e063mixLY14d1i63x -1.525 -0.011 9.266 0.009 
e063mixLY14d2g63x 2.516 0.028 20.290 0.048 
e063mixLY14d6i63x -3.435 -0.037 -20.894 -0.025 

e063mixLY14d11c63x 1.477 0.024 -23.806 -0.043 
e063mixLY14d3c63x 4.298 *0.067 38.080 0.027 

1 Table 7. Data were compared by subtracting the EK results from SD results for cell 
body (CB) and total cell area (TCA) traces. A raw percentage was calculated between 
EK and SD/RR data.  
* Results differ by more than 5% 
 
 
 

 
 

 
 

 Cell Body Total Cell Area 
Student 

Comparison Independent Paired Independent Paired 

EK vs. SD 0.991 0.869 0.979 0.622 

 
  



Emilie Kramer    

 

 32 

 
 
 
 
Inhibition of MAP kinase  
 
Longest Dendrite. Sample sizes for all treatment groups were (N=18), except for 

100uM (N=14). N=14 for the 100uM treatment group because trace-able cells could 

not be found in all visual fields. Inhibition of the MAP kinase pathway with PD98059 

significantly decreased the average longest dendrite of all treatment groups. 

Analysis through independent t-tests revealed p < 0.05 for 10, 20, and 100uM 

treatment groups. 
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Figure 6. Average length of longest dendrite for cerebellar cells treated with 
varying concentrations of MAP kinase inhibitor PD98059. N=18 cells for 0, 10, 
20uM. Error bars indicate standard deviation. Cerebellar cells were cultured 
for 14 days. Independent sample t-tests were run for all treatment groups. 
*Results are statistically significant when compared to untreated controls 
(p<0.05)  
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Cell Body. Sample sizes for all treatment groups were (N=18), except for 100uM 

(N=14). Inhibition of the MAP kinase pathway with PD98059 significantly decreased 

the average cell body area for one treatment group. Analysis through independent t-

tests revealed a p < 0.05 for the 100uM treatment group. 
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Figure 7. Average cell body areas for cerebellar cells treated with varying 
concentrations of MAP kinase inhibitor PD98059. N=18 cells for 0, 10, 20uM. 
Error bars indicate standard deviation. Cerebellar cells were cultured for 14 
days. Independent sample t-tests were run for all treatment groups. 
*Results are statistically significant when compared with untreated controls 
(p<0.05)  
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Total Cell Area. Sample sizes for all treatment groups were (N=18), except for 

100uM (N=14). Inhibition of the MAP kinase pathway with PD98059 significantly 

decreased the average total cell area of all treatment groups. Analysis through 

independent t-tests revealed p < 0.05 for 10, 20, and 100uM treatment groups. 
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Figure 8. Average total cell areas for cerebellar cells treated with varying 
concentrations of MAP kinase inhibitor PD98059. N=18 cells for 0, 10, 20uM. 
Error bars indicate standard deviation. Cerebellar cells were cultured for 14 
days. Independent sample t-tests were run for all treatment groups. 
*Results are statistically significant when compared with untreated controls 
(p<0.05)  
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μDendritic Area. Sample sizes for all treatment groups were (N=18), except for 

100uM (N=14). Inhibition of the MAP kinase pathway with PD98059 significantly 

decreased the average dendritic area of all treatment groups. Analysis through an 

independent t-tests revealed p < 0.05 for 10, 20, and 100uM treatment groups. 
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Figure 9. Average dendritic areas for cerebellar cells treated with varying 
concentrations of MAP kinase inhibitor PD98059. N=18 cells for 0, 10, 20uM. 
Error bars indicate standard deviation. Cerebellar cells were cultured for 14 
days. Independent sample t-tests were run for all treatment groups. 
*Results are statistically significant when compared to with untreated controls 
(p<0.05)  
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 Longest 
Dendrite 

Cell Body Total Cell 
Area 

Dendritic 
Area 

Control: 
0(μM) *0.001 0.519 *0.005 *0.004 
Control: 
20(μM) *2.94E-05 0.118 *3.87E-05 *4.19E-05 
Control: 
100(μM) *9.46E-06 *0.0002 *6.37E-09 *1.20E-08 

*Significant difference (p<0.05) 

Table 8. Independent T-tests between Control and Treatment 
Groups for Purkinje Morphology Measurements 
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Chapter 4: Discussion 
 
 Differences in Purkinje cell morphology affect the neurons’ function and 

communication pathways. The proper functioning of these pathways is responsible 

for balance, locomotion, and coordinating fine motor movements. Degeneration of 

Purkinje neurons leads to the malfunction of the signaling pathways and causes 

complications such as cerebellar ataxias. Previous research has indicated that BDNF 

and TrkB signaling plays a significant role in the development of Purkinje neurons 

(Morrison & Mason 1998). This current study was concerned with the role of the 

MAP kinase pathway and its role in Purkinje cell development. Both the MAP kinase 

pathway and the PI-3 kinase pathways are triggered through TrkB signaling. 

Previous work has shown that they might have different effects on the development 

of the Purkinje neurons and their dendrite morphologies (Dressler 2018, Rodriguez 

2017). 

 Dressler’s research indicated that the PI-3 kinase inhibitor decreased the cell 

body, total cell area and dendritic area of the Purkinje neurons, but did not 

significantly decrease the longest dendrite length. My results indicate that the MAP 

kinase inhibitor significantly decreased the longest dendrite length, total cell area, 

and dendritic area (Figures 7,8,9). In agreement with Dressler’s results, the MAP 

kinase inhibitor decreased many of the Purkinje neuron morphologies, but it also 

had a significant effect on the longest dendrite length (Figure 6). This could suggest 

that the MAP kinase pathway, unlike the PI-3 kinase pathway, also works to develop 

the dendrites’ lengths, which would agree with the previous hypothesis (Rodriguez 

2017).  
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My results indicate that the PD98059 only significantly decreased the cell 

body area of the 100uM treatment group. The t-tests of this data collection approach 

significance as the concentration of PD98059 increases (Table 8). This suggests that 

the inhibitor could be having significant results on the other treatment groups and 

significant results would be obtained if we had prepared more cells for each 

treatment group.  

It is imperative for Purkinje cells to have extensive branching with numerous 

dendritic spines in order to make synapses with granule cells and communicate 

with the motor centers of the brain. Research has shown that these cellular 

connections are fostered by specific concentrations of neurotrophins and their 

respective cellular receptors (Morrison & Mason 1998, Chao 2003). The signaling 

between Purkinje cells and the rest of the nervous system is dependent on the 

Purkinje cells ability to form these synapses. 

Purkinje cells have the ability to make more than 200,000 synaptic 

connections with granule cells (Morrison & Mason 1998). When these synapses are 

not formed, the Purkinje cells do not develop correctly, which results in significant 

differences in their morphologies. Based on previous research in the Morrison lab 

and the present research, it can be hypothesized that both the PI-3 kinase and MAP 

kinase pathways affect the development of Purkinje cells. These two pathways may 

have an effect on the dendritic branching, dendritic outgrowth or dendritic spine 

formation of a developing Purkinje cell. The results of this research, combined with 

the previous results, can give us a better understanding of these two signaling 
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pathways and can aid us in further understanding the two pathways in order to 

possibly help future ataxia patients. 
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Morphometric Analysis Routine 
(For MetaVue) 

 
Image Modifications: 
 
 1) Open image in MetaVue. 
 
 2) Calibrate distances. 

Measure  Calibrate Distances  Apply tab  60X 
Lens  Apply  Close 

* Zoom feature does not change calibration or pixel count.   
   * Final log- Calibration on first sheet only  
 
 3) Duplicate flattened image. 
  Edit  Duplicate Image 
 4) Close original image. 
 
Longest Dendrite: 

 
5) Region toolbar  Multi-line tool 
 ***Zoom in if necessary*** 
 
6) Draw a poly-line from the center of the longest dendrite’s 
width, where it leaves the cell body and follow the path of the 
dendrite to the tip, and double click to terminate the line.       
 
7) Label Logged Data. 

Log  Label Logged Data  Check ‘Log label 1’  
Type in or highlight from dropdown menu ‘Longest 
Dendrite’ 
 ***KEEP ‘Label Logged Data’ DIALOGUE BOX 
OPEN*** 

 
 8) Log Data- First log: 
 

Measure  Show Region Statistics  Configure Log 
 Check ‘Place log data on current line’, Uncheck ‘Log 
Column Titles’  OK  Close. 
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Measure → Region Measurements  Configure tab   

Check: Image name 
       Distance (For Maximal Distance only) 

Measure  Region Measurements  Open Log  
Check ‘Dynamic Data Exchange (DDE)’, Uncheck ‘A 
text file’  OK 

Application: Microsoft Excel 
     XX Distance (For Maximal Distance 
measurement only) 

   * XX = Your Initials 
  Starting Row: 1 
  Starting Column: 1  OK 
 

Log Data  Close 
 

***Minimize MetaVue and check to make sure the data 
logged in Excel and that it logged in the correct row 
and column. 
 
SAVE DATA!!!  Save file as ‘XXdataLog  
 **XX = Your Initials 

 
For Pre-existing Excel Sheet: 
  

Log  Open Log→ Sheet name = name at bottom of 
Excel Sheet. 

 
If data is already on Excel sheet, Log → set logging row and 
coloum 
Row: absolute, list next available row – Column: relative, 0. 
 
If new sheet (no data on it), you do not need to set logging row 
or column. 
 

Measure  Region Measurements  Configure tab   
Check: Image name 

   Distance  
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Log Data  Close  
***Minimize MetaVue and check to make sure the data 

logged in Excel and that it logged in the right row and 
column. 

 
 
 
Cell Body Measurement: 

 
 10) Delete poly-line. 
  Make poly-line the active region and hit the ‘Delete’ 
key. 
  

11) Trace cell body. 
   

Trace only cell body using    
Region Toolbar  Trace Region Tool 
Double click trace line, so that dots appear on the trace 
line.  Click and drag dots to include/exclude more or less 
area.  

12) Paint region. 
Display  Graphics  Paint region  Paint mode = 
Inside region area  Paint Color = Gray value  Gray 
value = 255  Paint  Close 

 
13) Threshold (See Figure A). 

Measure  Threshold image  Threshold tab  
State = Inclusive  Move top bar (‘Low’) all the way right 
(255) so region of interest (ROI) is orange  Close 
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Figure A 

 
 
 
14) Label Logged Data. 

Log  Label logged data  Check ‘Log label 1’  
Type in or highlight from dropdown menu ‘Cell Body’ 
*Label must appear in the top box. 
 

 
15) Measure  Region Measurements  Configure tab   

Check: Image name 
Threshold area  

Log Data  Close 
 

 
 
Total Cell Area:  
 

1) Measure→ threshold image→ off. 
2) Edit → undo paint 
3) Delete cell body trace line 

 2) Trace entire cell, including dendrites (See Figure B).   
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Region Toolbar  Trace Region Tool 
 

 
Figure B 

 
2b) Display → Graphics →Paint region→ Paint mode = inside region 
area → paint color = gray value→gray value = 255→paint→close. 
  

 
 
3) Threshold. 

Measure  Threshold image  Threshold tab  
State = Inclusive  Close 
 

******Total cell area – total dendritic area = area 
of soma 

 
4) Label Logged Data. 

Check ‘Log label 1’  Type in or highlight from 
dropdown menu ‘Total Cell Area’ 

 
 
6) Measure  Region Measurements  Configure tab   

Check: Image name 
   Threshold area  

Log Data  Close 
 

Saving Total Cell Area for Sholl Analysis 
  

1) Right click on traced region 
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2) Copy image to clipboard 
3) File, New  

Width: 1392 
Height: 1040 
Gray: 0 
Create 

4) Right Click, paste image from clipboard 
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Appendix II 
Raw Data 
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Image Name Longest Dendrite Cell body Total Cell Area  Dendritic Area 
MMPD14d01a3 44.827 59.472 1490.060 1430.588 
MMPD14d01b2 63.936 93.555 1205.611 1112.055 
MMPD14d01c1 19.899 157.788 1075.420 917.632 
MMPD14d01d1 24.844 162.685 1340.680 1177.995 
MMPD14d01e1 43.581 221.386 1510.440 1289.054 
MMPD14d01f4 49.841 185.660 1076.680 891.020 
MMPD14d01g2 55.994 257.974 1949.159 1691.185 
MMPD14d01h1 39.416 188.042 1787.311 1599.271 
MMPD14d01i 33.866 186.533 1038.064 851.531 
MMPD02a4 39.615 201.074 1442.332 1241.257 
MMPD02b 19.180 153.685 961.351 807.666 
MMPD14d02c 56.884 152.121 1282.821 1130.700 
MMPD14d02d 53.235 157.765 1302.453 1144.687 
MMPD14d02e 43.157 243.987 1576.908 1332.920 
MMPD14d02f3 27.688 184.878 1126.620 941.742 
MMPD14d02g1 41.847 207.467 1350.024 1142.556 
MMPD14d02h 23.349 174.053 885.953 711.900 
MMPD14d02i1 43.548 188.958 1460.423 1271.465 
MMPD14d03a2 36.157 268.107 1588.197 1320.090 
MMPD14d03b1 31.010 60.243 1047.700 987.457 
MMPD14d03c 16.636 195.464 562.035 366.571 
MMPD14d03d5 58.328 184.946 1500.275 1315.329 
MMPD14d03e4 22.239 92.592 798.961 706.369 
MMPD14d03f 18.638 158.536 705.859 547.323 
MMPD14d03g 27.099 295.956 1744.501 1448.544 
MMPD14d03h 27.113 256.013 1084.762 828.748 
MMPD14d03i1 24.735 115.431 937.563 822.132 
MMPD14d04a 15.502 153.028 706.007 552.979 
MMPD14d04b1 16.642 106.125 1005.885 899.759 
MMPD14d04c 24.009 143.745 1030.594 886.849 
MMPD14d04d3 32.823 284.871 1118.731 833.860 
MMPD14d04e2 22.772 145.570 812.007 666.438 
MMPD14d04f 25.033 65.344 739.353 674.009 
MMPD14d04g1 21.937 136.842 696.621 559.779 
MMPD14d04h 27.941 85.043 1267.429 1182.386 
MMPD14d04i1 29.338 187.677 994.074 806.397 
MMPD14d05a3 18.969 169.972 938.149 768.176 
MMPD14d05b1 25.700 98.814 896.982 798.167 
MMPD14d05c 23.835 147.213 735.136 587.923 
MMPD14d05d4 14.689 205.518 514.350 308.832 
MMPD14d05e5 21.322 91.549 864.928 773.379 
MMPD14d05f 26.520 158.672 879.051 720.378 
MMPD14d05g1 17.155 155.521 563.508 407.987 
MMPD14d05h3 18.504 169.156 678.758 509.601 
MMPD14d05i5 15.112 186.340 752.976 566.636 
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MMPD14d06a1 20.747 162.900 793.010 630.110 
MMPD14d06b 21.165 124.498 923.289 798.791 
MMPD14d06c6 23.819 141.183 790.845 649.662 
MMPD14d06d 12.475 156.065 665.712 509.646 
MMPD14d06e2 20.696 104.957 840.932 735.975 
M0MPD14d06f1 29.307 133.634 801.454 667.820 
MMPD14d06g 20.540 166.969 930.419 763.450 
MMPD14d06h 53.187 236.688 2049.354 1812.666 
MMPD14d06i1 13.343 162.231 584.794 422.563 
MMPD14d07a10 17.570 91.730 560.255 468.524 
MMPD14d07b18 12.831 146.499 413.665 267.166 
MMPD14d07c24 15.586 64.176 189.275 125.099 
MMPD14d07d28 13.427 47.197 152.891 105.694 
MMPD14d07e44 20.841 139.653 569.957 430.304 
MMPD14d07g2 18.731 129.735 601.501 471.766 
MMPD14d07h14 20.077 77.222 739.239 662.017 
MMPD14d08b1 14.308 140.809 706.471 565.662 
MMPD14d08c4 30.536 49.611 579.297 529.686 
MMPD14d08e9 25.950 116.394 695.612 579.218 
MMPD14d08f15 28.608 135.878 908.407 772.528 
MMPD14d08g14 24.816 178.428 685.082 506.654 
MMPD14d08h19 20.273 136.728 833.044 696.315 
MMPD14d08i 18.376 101.806 718.066 616.259 


