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Abstract

Neurodegenerative diseases (NDDs) such as Alzheimer’s
Disease and Parkinson’s Disease are becoming increasingly
prevalent. There is an urgent need to develop new and more effective
therapeutic strategies to combat these devastating illnesses.
However, due to ethical concerns regarding experimentation on
human beings to research NDDs, little progress has been made
with human research subjects. As a result, model organisms have
become our best approach for better understanding the underlying
mechanisms behind NDDs. This research paper aims to explore the
potential candidates for model organisms in order to determine what
species would have the greatest potential to study human NDDs and
potentially allow for more effective research for therapies in the future.
In order to find the ideal model organism, we conducted a thorough
analysis that compiled data from various sources. The method in
which the best model organism was determined utilized genotypic
and phenotypic comparisons between the model organisms, as
well as genetic associations made between these model organisms
and a set of characteristic NDDs. Moreover, we provide a list of
the advantages and limitations of many commonly used model
organisms. In conjunction with our qualitative comparisons of
genetic association and phenotypic effects of the animal models, we
provided quantitative comparisons that included several examples
of life history data. These groups of data were then integrated and
analyzed together, and our results suggest that a certain species of
model organism is better suited for the study of NDDs than others.
Based on the findings, it would be sensible to invest more effort
into researching neurodegenerative diseases using this standard
model organism to increase the efficacy of scientific modeling and
research.
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Introduction

Neurodegenerative disorders (NDDs) are characterized by their
detrimental effects on neurons. Since these cells are the primary
components of the nervous system and do not replicate by mitosis,
these diseases cause a myriad of neurological and physical impairments
[1]. Some of the prevalent NDDs include: Parkinson’s Disease (PD),
Alzheimer’s Disease (AD), and Frontotemporal Dementia (FTLD).
The risk of developing these disorders and other similar diseases
has a strong positive correlation with age. Research has shown the
connection between genetic architecture and the development of these
NDDs. For example, harboring the apolipoprotein E4 (APOE4) allele
is a major risk factor in developing early onset AD, and is associated
with the loss of neurological synapses and the buildup of beta-amyloid
plaques between neurons [2]. This damage causes the symptoms of
Alzheimer’s, which include memory loss, difficulty communicating,
and cognitive impairment.

FTLD, also known as Pick’s Disease, is a form of dementia
resulting from damage caused to the frontal and temporal lobes; it
thus causes changes to a patient’s emotions and language skills. A
gene that has been studied relating to this is the Tau or MAPT gene,
which causes tau protein abnormalities. Additionally, candidate gene
and Genome Wide Association Studies (GWAS) have unearthed
several genes and mutations that are associated with monogenic PD,
such as the PARKS autosomal-dominant allele [3]. As a result, these
alleles are strongly correlated with the effects of PD, which include
cognitive impairment, dementia and tremors.

For most NDD cases, the genotype of the individual is a major
factor in their development of symptoms. However, there are
certain environmental influences that can catalyze the progression
of disorders. The development of PD, for instance, may be impelled
by chemical compounds such as MPTP, which destroy neurons that
transmit dopamine, a neurotransmitter related to movement. Thus,
the behavioral and physical effects of the disease are intensified.
Industrial gases and certain pharmaceutical products have a part to
play in the advancement of PD [4]. In addition to these, there are
other factors that have been observed to be related to the cause of
PD, such as ingesting pesticides, whether through food or water
[5]. These NDDs have devastating impacts on the quality of life of
sufferers. For example, as PD progresses with age, it causes muscle
degeneration, loss of vocal abilities, and diminished bodily function
control. The very nature of these diseases causes patients to not
have an understanding of what is happening to them; though the
changes to their body are physical, they cannot see and thus know
what exactly is occurring inside their brains. Additionally, those who
suffer from NDDs often require intensive care, which is quite time-
consuming [6,7] and expensive if being conducted through an outside
organization [8].
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Experimentation on human beings is viewed as unethical, making
it difficult to conduct research on NDDs that affect humans. However,
model organisms present less ethical concerns, and have already
changed the study of human biology and disease pathology in ways
that were not predictable a decade ago; model organism studies could
help circumvent the ethical concerns of experimentation on humans.
With animal models of NDDs, knowledge and understanding of
the molecular pathogenesis of neurodegenerative disorders such
as Alzheimer’s Disease, Parkinson’s Disease, and Frontotemporal
Dementia has been enhanced. Once a causal allele has been associated
with a disease phenotype, scientists can create knockout (KO) or
transgenic animals in order to better understand the mechanisms of
these diseases. In addition to bypassing concerns on ethics, the use
of model organisms to study human diseases serves as a convenient
method to analyze many disorders like AD, FTLD, and PD. A myriad
of organisms have been used to study human diseases, including
mice, monkeys, fruit flies, zebrafish, and certain types of nematodes
[9,10]. Model organisms are viable, ethical research subjects that can
be utilized to study the underlying causes and effects of the many
components behind these diseases. However, model organism studies
of NDDs canstill be improved. Currently, a variety of model organisms
are used to study NDDs, and it is unclear if any are more suitable
to model them. This research aims to determine the best model for
improved understanding and treatment of these neurological diseases.
In order to determine which model organisms should be used for
the study of NDDs, we compare them in respect to their genetic
similarity to humans and the overarching characteristics that compose
a model organism (reproduction rate, generation time, etc). We also
review literature using model organisms to study NDDs, measuring
the overall success of each model organism for a range of diseases
in terms of number of genetic associations made as well as their
phenotypic effects. Our ultimate goal is to dictate the best model for
the study of NDDs to improve our ability to conduct more efficient
research on these disorders.

We hypothesize that the rhesus monkey (macaca mulatta) is the
best model organism for the study of neurodegenerative diseases
because of its genetic similarity to humans. The rhesus monkey is
classified as a mammal, which indicates close characteristics to
humans. Furthermore, rhesus monkeys share a common ancestor
with humans approximately 8 million years ago, which is relatively
recent, in terms of evolution. Additionally, rhesus monkeys and other
primates exhibit behavioral characteristics comparable to humans.
Taking into consideration the fact that most neurodegenerative
diseases have phenotypic effects on behavioral traits, the idea that
similar behavior may increase the potential of the model organism is
plausible.

Methods

To conduct our research, we performed a meta-analysis that
consolidated sets of data from a myriad of academic sources. This
data was then statistically analyzed in order to determine whether our
hypothesis was to be accepted or rejected. To compile our data, we
utilized various literature reviews and articles available through the
University of California, Santa Barbara Library’s research database.
During the search, a certain criterion of search words were used to
efficiently sort through the documents. Keywords included: Model
Organism, Genome, Gene-Editing, Neurodegenerative Disease,
Parkinson’s Disease, Non-human model organism, Schizophrenia,
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Statistical Analysis, Alzheimer’s, Transgenic systems, Frontotemporal
Dementia, and APOE4. When collecting information from these
articles and reviews, we categorized the data into two distinct
groups: the general characteristics of a model organism, and specific
observations made by scientists in previous studies and experiments.
This particular organization of data reflects the two main spheres of
influence we need to consider when identifying the ideal organism for
modeling NDDs.

First, there are certain characteristics that an organism must have
in order to make it ideal for utilization in a lab, regardless of the
topic being researched. This category of information is presented as
general characteristics of a model organism, and includes life history
traits (for example, generation and maturation times) and certain
neurological attributes, such as the number of neurons in the brain.

The second category of information is centered on the data
collected by various scientists studying each model organism and
their overall success (if any) with the organism in their research. For
this group of data, we viewed the genetic associations of the NDD,
and the phenotypes that the model organism displayed when the NDD
was introduced to its nervous system. By genetic associations, we
mean the number of genes affecting a particular disease. We also
created a list of the benefits and limitations that each model organism
presented with every disease introduced.

The NDDs listed in our study were chosen for distinct reasons.
The three NDDs we picked share genetic association in the sense that
the Tau protein is a cause for all three diseases. In addition, PD is
one of the most common NDDs and the most physically degrading.
AZ is very well-known in popular science and patients of this suffer
from severe memory loss.10 Lastly, FTLD is a type of dementia that
accounts for 20-50% of all dementia cases; it also defines a group
of disorders with similar characteristics, and this breadth allows for
our findings to have a greater significance and impact on the human
population. Through our comparative analysis of these two data sets,
we were able to design a method that determines the ideal organism
for modeling NDDs.

Results

Model organisms are generally selected for a rapid generation time
and substantial number of offspring, among other things. All of the
candidate species have differing benefits and limitations in reference
to their life history traits. These qualities often determine whether
an organism can even be considered for use. Furthermore, other
qualifications vary, depending on what disease the target organism
will study. The parameters of an ideal organism for modeling NDDs
typically include the genetic resemblance to humans who suffer from
the disease as well as phenotypic similarity of effects.

General characteristics

When looking at overall attributes of model organisms, mice
appear to have moderate statistics in comparison to the other four
species (Table 1). In all three categories, it possesses qualities that
hover around the mean. The fruit fly has a relatively short generation
time of around 12 days, and synthesizes the most offspring of the five
species. Roundworms have a short generation time of four days and
produce a large amount of offspring. Zebrafish are similar to mice
in generation maturation time, but produce a substantially greater
quantity of offspring. The rhesus monkey, however, appears to be
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an outlier in the group. It has the longest generation time, slowest
reproductive maturity, and gives birth to the least amount of offspring.
In a lab, obtaining F1 and F2 generations would be time-consuming
when viewed with the other organisms. All these factors are taken
into consideration when deciding which organism would act as an
efficient model.

In addition, we modeled our general understanding of each model
organism in a bar graph (Figure 1). The percentage of the genome
sequenced was used as a measurement of our current understanding
of the organism. All five organisms have a majority of their genomes
sequenced, but only the zebrafish and rhesus monkey have their
genomes completely sequenced. Meanwhile, the other three
organisms still have the bulk of their DNA sequenced even if they are
not finalized yet.

Figure 2: This bar graph compares the total number of neurons in the brain for
each species used as a model organism. As a reference point, humans have 100
billion neurons in their brains.

Figure 1: The chart depicts how much of the genome for each species has been
annotated. The Zebrafish and Rhesus Monkey are both fully sequenced (100%).
Note that the intervals begin at 50%.

In another chart, the number of neurons per species was recorded
(Figure 2). This allowed us to compare the complexity of the
nervous system among the different species that were studied. The
rhesus monkey had the most neurons out of the species studied
(over a billion), which may indicate that it possesses more nervous
complexity than a roundworm (less than a thousand neurons).

The more closely related two species are, the more likely they are
to share genetic material. To determine the evolutionary similarity
between humans and each species, a cladogram was used to visualize
the points at which each species diverged from the main lineage
(Figure 3). The rhesus monkey, as expected, is strongly linked to
humans, with mice following relatively close behind. Roundworms
are very distantly related to humans, with our last common ancestor
existing about 800 MYA.

Figure 3: Cladogram depicting the points in evolutionary history at which each
species of model organism diverges from humans.

Genetic associations and phenotypic similarities

To identify the more specific attributes, the different genes that
contribute to each disease were organized into a table with the disease
phenotypes associated with all of the model organisms (Table 2).
Starting with the number of genetic associations between each model
organism in respect to each neurodegenerative disease, the column
shows the number of genes reflected in the human genome that
each model organism carries. This is also known as the number of
genes that have been identified as affecting a particular disease. This
information was also displayed in a graph (Figure 1). Mice have the
most significant correlation to all three diseases with AD in particular.
Zebrafish have the second highest amount of genes associated with
AD, twice the number found in roundworms; however, they had very
little correlation with PD and FTLD.

Spcsr o Orgms | STerniontine | st ot || et
Mouse Mus musculus 3 6-8 1.5-2 S. Graham, M. Nei, S. Herculano-Houzel, R. Lambert, L. Ballanger
Fruit fly Drosophila melanogaster 12/30 500 10/30 G. Rubin, J. Shih, H. Lagercrantz, P. Geiger, T. Wong
Roundworm Caenorhabditis elegans 4/30 300 3/30 S. Perry, O. Hobert, D. Muschiol, L. Herndon, J. Chasnov, R. Wilson
Zebrafish Danio rerio 34 100-200 3 ;n:;::;}: J. Postlethwait, C. Lawrence, Sanger Institute, D. Ho, C.
Rhesus monkey Macaca mulatta 132 1 36-48 C. Xue, C. Choi, S. Herculano-Houzel, NIH, M. Kessler

maturity are all favored general characteristics of an ideal model organism.

Table 1: The table refers to the different life history traits of each model organism. A quick generation time, high count of off spring, and short period until sexual
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Ve N
Number of
Diseases Organism Genetic Associ- Phenotypes Benefits (B) / Limitations (L) References
8 ations / Disease P
Gene Homologs
ins, Dan 2013 [11
B: The effects of the disease are clear to see - plaque buildup and Cossins, Dan 2013 [11]
11 1 | iti i h .
Alzheimer’s . . damaged cells are casy to sce. In addition, ml.ce are cheap and Lutz, Kathleen and Osborne, Melissa
. Mouse 15 Learning deficits easy to look after, and they are good test subjects for drugs L:
Disease . 2014 [12]
Age dependent effects - may take a long time to observe effects
in the mice. .
1n the mice Hall, Alicia M. 2013 [13]
. . . Clovis, Y 2019 Part 1 [14,15
B: Relatively easy and inexpensive to culture, and there are very oVis, Yoanne art 1] ]
Fruit fly 3 Eye degradation few etbi0§l and regullatory restrictions onl its use in laboratories. Koon, Alex.C 2017 [16]
L: Fruit flies show disease phenotype during early stages of AD,
hereas humans *t sh h S il la stages. .
whereas humans don’t show phenotypes until later stages. Tan, Florence Hui Ping [17]
B: Has simple nervous system that uses most of the neurotrans- | Clovis, Yoanne 2019 Part 1 & 2
Roundworm 5 Progressive Paralysis mitters found in a mammalian brain. L: Roundworms have short
lifespan - only 3.5 days naturally (without freezing). Alexander, Adanna 2014 [18]
Pathological Hyper B: Phenotypic effects of disease were clear - short tail, smaller | Clovis, Yoanne 2019 Part 1 & 2
Zebrafish 10 hos ﬁo ) at)ilc'?n head, and impaired brain development. L: Zebrafish brain struc-
phosphory ture and adult brain physiology needs to be better understood. Newman, Morgan 2014 [19]
B: Monkeys share many genetic similarities with humans. They
flect the entire biol f the dis that th 1 or-
reflect the entire blo. ogy of the dl%_ease at no other mo_de  or Douglas, Grow 2014 [20]
Rhesus Neuron death and ganisms can. L: Raises many ethical concerns. There is little
N/A . . . . . .
monkey learning deficits data on monkeys available for us. Little data is available for .
ey . e Didier, E. S., et al. [21]
disease genetic association” between rhesus monkeys and hu-
mans.
B: Mice h 1 life than that of fruit .
. 5 Elevated dopamine tce have longer TIle spans .an . a» ° .r.ound\fvorm and frui Cossins, Dan 2013
Parkinson’s h fly. They also share more genetic similarities with humans L:
. Mouse 9 release, mice are . . .
Disease ) According to studies, mice showed spontaneous locomotor ac- .
hyperactive . . Lee, Yunjong 2012 [22]
tivity, so they may be difficult to observe carefully.
lovis, Y« 2019 Part 1
B: Flies express proteins involved in Parkinson’s show cellular Clovis, Yoanne @
Fruit fly 4 Reduced lifé span, male and_ behavioral pl‘fenotypes that reéemble s.ympt’oms. of human Koon, Alex. C 2017
sterility patients L: Short life span for studying Parkinson’s Disease. Not
many effects can be observed during this time. Xiong, Yulan 2018 [23]
B: Good model for finding novel therapies. C. elegans have been | Jason F. Cooper 2018 [24]
Loss of dopaminergic shown to exhibit disruption and increased sensitivity to stress —
Roundworm 4 P & similar to humans. L: Neuron connectivity differs from humans. | Clovis, Yoanne 2019 Part 2
neurons . ) . .
Also, the molecular biology of dopamine and dopaminergic neu-
rons is hard to study. Alexander, Adanna 2014
Zebrafish 1 N/A N/A Lopes, Tomas 2013 [25]
Rh
osus N/A N/A N/A N/A
monkey
Cossins, Dan 2013
Fronto- B: Th isease was visible; this tes .
ronto Synaptic dysfunction 1€ Progressive motor' fearon discase was ,VMb e; this test Lutz, Kathleen and Osborne, Melissa
temporal Mouse 7 . . subject allows for easy visibility. L: They don’t accurately re-
. and behavioral deficits . . 2014
Dementia flect responses to acute inflammatory stresses in humans.
Roberson, Erik 2013 [26]
B: Fruit ﬂy is a good m0‘d61 to. stufly RNA toxicity involved in Casci, lan 2015 [27]
. . F. dementia. They have high offspring numbers and low cost for
Fruit fly 1 Reduced life span . . . .
maintenance L: Fruit fly nervous system is very much different
. Koon, Alex. C 2017
from the human and other mammalian nervous systems.
. B: Greater toxicity in worms expressing the mutant Tau protein | Clovis, Yoanne 2019 Part 1
Uncoordinated move- e L . Lo .
Roundworm 2 are easily distinguishable L: Difficult to maintain, require a lot
ment
of effort Alexander, A
Clovis, Yoanne 2019 Part 2
Accumulation of Tau B: Red fluorescent cells can be seen expressing tau in embryos
. and behavioral deficits - easy visibility L: Its genome contains | Solchenberger, Barbara 2015 [28]
Zebrafish 1 throughout spinal cord, . . .
. . numerous duplicate genes, which means few mutant strains are
brain, and retina . . . R . .
available for studying neurodegenerative disease. Xi, Yanwei
2011 [29]
Rhesus N/A N/A N/A N/A
monkey

Table 2: The data in the table shows the results and observations of previous experiments conducted on the different species for each separate NDD. The specific genes
that contribute to the diseases are also listed in the second column.
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Fruit flies had genes ranging from one to four for the different diseases,
and there was no recorded data with any of the diseases relating to the
rhesus monkey.

Following genetic association is the disease phenotypes that each
organism exhibit. Beginning with AD, different model organisms
display different disease phenotypes. While some organisms display
similar disease phenotypes to humans, others exhibit more distinct,
easily observable phenotypes. For example, mice and rhesus monkeys
with AD exhibit similar phenotypes as humans; they show learning
and behavioral deficits. This similarity provides a more accurate
reflection of human disease in animal models. On the other hand,
fruit flies and roundworms with AD display different phenotypes
such as eye degradation and progressive paralysis. Due to their
physical nature, these phenotypes are easier to observe and study for
researchers. In addition to disease phenotypes, a list of benefits and
limitations were included. The list of benefits and limitations depict
the strengths and weaknesses of each model organism in respect to
the neurodegenerative disease in more detail. This information will
be taken into consideration when comparing the model organisms in
the discussion (Figure 4).

Figure 4: This graph illustrates the varying numbers of genes discovered for
each model organism in the three diseases. The x-axis is the species name and
the y-axis is the number of genetic associations found. The different colored bars
represent different diseases: PD, AZ, and FTLD.

L

Discussion

The usage of animal models plays a crucial role in the advancement
of biomedicine and has been a cornerstone of medical advancement
for many centuries. Mammals such as monkeys and mice have
traditionally been the preferred models for biomedical research
due to their close evolutionary relationship with humans. However,
the use of mammals in research often raises ethical and budgetary
concerns, such as the cost of larger mammal subjects and the ethics
of using them. Due to these concerns, researchers have proposed to
use non-mammalian model organisms such as roundworms, fruit flies
and zebrafish. In the context of neurodegenerative diseases, although
many model organisms have been used for research, no single species
of model organism has been identified as most effective for research
and development of treatment. In this research paper, we address
this issue by providing genotypic and phenotypic comparisons of the
advantages and limitations of many commonly used model organisms.
Using this data and comparisons, we determine a single species of
model organism that is most ideal for the general study and research
of neurodegenerative diseases.

J Alzheimers Neurodegener Dis ISSN: 2572-9608, Open Access Journal

DOI: 10.24966/AND-9608/100047

Table 1 depicts the life history traits of each organism. It showcases
the organism’s generation time, when it reaches reproductive
maturity, and how many children it can produce in one reproductive
event. These particular traits were made into criteria because they
are the three main characteristics that are considered when selecting
an organism to model any sort of disease. Ideally, a model species
should have a short generation time, reach sexual maturity in a short
period of time, and have a large amount of offspring [30] These traits
alone determine how usable and efficient an organism will be in a
lab setting, no matter the topic of research it is involved in. A short
generation time is necessary for a more efficient lab setting in which
F1 and F2 generations are easily obtained. A substantial number of
offspring allows for several different tests to be conducted on the
progeny of a single pair. Reaching sexual maturity in a short period of
time permits scientists to breed organisms in a timely manner. In Table
1, the rhesus monkey is observed to take the longest time to mature,
and produces one child every 11 years under normal conditions. This
indicates that monkeys are highly inefficient in a laboratory and may
not be preferable for studies requiring several generations worth of
experiments. On the other side of the spectrum, roundworms appear
to have the most potential, as it has a brief generation time of 4 days,
produces 300 offspring in a reproductive event, and only takes three
days to sexually mature. The characteristics present in roundworms
enable scientists to perform tests on multiple individuals after short
periods of time.

In Figure 1, the chart depicts the progress on sequencing the
genome of each individual species. While only the zebrafish and
monkey have their DNA sequenced completely, all five organisms are
shown to have at least 95% of their genome sequenced. Since the
difference in percentages is relatively miniscule, it has little impact
in deciding which model organism is ideal. Figure 2 displays the
number of neurons per species. Here, roundworms are an outlier in
the data, with very little neurons. Comparatively, rhesus monkeys
come the closest to the actual amount of neurons in the human brain.
This suggests greater complexity, which in turn has implications
that mice and monkeys have elaborate nervous systems as opposed
to roundworms. Considering that humans have the most neurons at
approximately 100 billion, the more neurons an organism holds, it can
be inferred that it becomes more similar to humans. The cladogram
(Figure 3) visualizes the evolutionary lineage of all five species and
when they diverge from humans. Rhesus monkeys are the most
related to humans, having diverged 25 MYA. Because the more
closely related two species are generally correlates with number of
genetic associations overall, it can be assumed that rhesus monkeys
share the most genetic material with humans, followed by mice.

Table 2 and Figure 4 consolidates data that include genotypic
and phenotypic comparisons of different organisms for each
neurodegenerative disease, and provides benefits and limitations of
each model organism in the context of experimentation. One major
goal of model organism research for human diseases is to identify
genes that may harbor variation that affects the disease phenotypes,
then verify if those genes will also have homologs in the human
genome. Figure 4 reveals the number of genes that affect disease
phenotypes for each NDD. For genes that cause Alzheimer’s Disease,
Parkinson’s Disease, and Frontotemporal Dementia, mice share the
greatest number of genes with humans for each disease (15, 9, and
7 respectively). Zebrafish have the second highest amount of genes
associated with AD, twice the number found in roundworms; however,
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zebrafish had very little correlation with PD and FTLD. Fruit flies
had genes ranging from one to four for the different diseases. For
rhesus monkeys, although they possibly share more genes with
humans than mice, there is no recorded data for genetic homologs of
any of the diseases relating to the rhesus monkey due to ethical and
budgetary concerns. These numbers show the extent of accuracy and
resemblance to human diseases if researchers were to model those
diseases on these organisms. Since mice share the greatest number
of genes with humans, we can conclude that in terms of genetic
association between model organisms and humans, mice would be the
most ideal. In addition, according to Table 2, the exhibition of disease
phenotypes show us the different symptoms model organism exhibit
in respect to each neurodegenerative disease. In this criteria, the best
model organism is determined in the context of which model organism
display phenotypes that are most similar to those of human patients.
In general, mice display phenotypes that are most similar to human
patients across all three diseases. Although rhesus monkeys exhibit
symptoms of neuron death and behavioral deficits in AD, which are
found in human patients; the rhesus monkey doesn’t provide us with
nearly as much data as mice. Fruit flies, roundworms, and zebrafish
all display phenotypes that are easy to observe. However, since we
determine the best model organism based on phenotypic similarities
with human patients, they are not as ideal as mice to be used as a model
organism because their phenotypes don’t align with human patients.
Finally, Table 2 also provide a list of benefits and limitations for each
model organism. These benefits and limitations were observed and
concluded by researchers during previous experiments conducted
on the different species for each separate neurodegenerative disease.
To summarize the benefits and limitations of each model organism,
in general non-mammalian model are more cost effective, display
symptoms that are easier to observe, and they don’t raise ethical
concerns. Nonetheless, limitations of non-mammalian models
outweigh their benefits. Since non-mammalian models have short
life span, they typically display phenotypes during early stages
of the disease. However, human patients with NDDs don’t display
phenotypes until later stages of the disease. This difference makes
mammalian model organisms like mice a better and more accurate
model than non-mammalian model organisms such as roundworms,
zebrafish, and fruit flies. However, this doesn’t mean non-mammalian
organisms are not beneficial at all during the research process. Non-
mammalian model organisms are typically used in early research to
deliver fast answers to a discovery problem - such as the function
of a gene, or to define novel therapeutic entry points. Since the way
we determine the best model organism is based on their genetic and
phenotypic similarities of human patients, mice are considered to be
the most ideal model organism for the general study and research of
neurodegenerative diseases.

In our research, we realize that there are caveats to our findings.
One would be the ethics of non-human model organisms. Animal
rights organizations such as PETA are actively campaigning against
animals being used in research, and the US government has set ethical
standards in using animals for modeling human diseases. Since the
research also involves NDDs, there have been concerns about the
effects that these could show to mammalian nervous systems, as they
are similar to human nervous systems. Thus, data on larger mammals,
such as the rhesus monkey, was not readily available to us.

However, we were able to find data on the other non-mammalian
model organisms. Another caveat of our research could have been
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bias towards certain organisms. Due to the nature of a meta-analysis,
the data we collected could have held a potential bias towards a
certain model organism. For example, a scientist conducting research
could potentially choose one organism over another due to personal
reasons. Additionally, a scientist may have potentially miscounted or
not observed a phenotype that a model organism showed. Thus, we
may not know a specific phenotype displayed by a model organism
due to a scientist not fully recording their research.

The ultimate goal of our research was to find an ideal model
organism to help study NDDs. We initially hypothesized that the
rhesus monkey would be the ideal model organism due to its genetic
similarity to humans and its complex nervous system. However, this
hypothesis was rejected as we combed through our data. When we
hypothesized that the rhesus monkey was the ideal model organism,
we did not take into account the ethics behind choosing non-primate
models. We learned, however, that this was the reason why there was
not sufficient data to support our hypothesis. Many members of the
public are opposed to researching upon primates. Instead, we found
that the ideal model organism is the mouse (Mus musculus). This is
due to many reasons, including the genetic associations with NDDs
in humans, as well as being a mammal and having a more complex
nervous system. Mice also have many applications in biotechnology;
for example, many of the genetic associations found using mice were
discovered through transgenesis. This method allows for a more direct
understanding of the correlation between certain human genes and the
phenotypic effects of each NDD studied. We observed that most of the
transgenic model organisms were of the species mus musculus, and
because of this it can be concluded that the utilization of transgenesis
is more efficient on mice. The mouse is also considered an ethical
option that the US government is compliant with using. According
to our research, the data we have collected and the conclusions we
have come to mean that mice should be used to study NDDs in the
future as they show similar genotypic and phenotypic characteristics
to humans when introduced to NDDs.

This research aimed to standardize the selection of a model
organism for future research. By finding similarities in the NDDs
studied, we were able to compare model organisms in their phenotypic
responses to the diseases. Standard units of measurement are deeply
embedded in scientific academia; it is only logical that there should
be standard organisms for NDDs, especially since many of them
share similar traits. We hope that our comparisons will enable future
scientists to effectively choose model organisms for their research.
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