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We are thrilled to welcome you to Sciential’s debut issue. We are here to promote
science communication and advance scientific inquiry by offering the McMaster
community a variety of broad-scoped peer-reviewed literature pieces and publish-
ing opportunities. Recognizing that our readers take pleasure in learning about a
vast variety of topics, Sciential is committed to presenting interdisciplinary content
as we seek to showcase works from all programs within the Faculty of Science. The
journal’s ultimate goal is to increase the accessibility of informative scientific works,
thus contributing to an improved understanding and appraisal of scientific dis-
course, while providing an opportunity for readers to learn about the interesting and
innovative work that is being conducted by McMaster students.

With the intention to substantially enhance your experience with the journal, we
have developed a unique colour scheme representing the different types of literature
pieces. You will find that all of the original research works such as student theses, in-
dependent study projects, and coursework components are represented in coral red.
We hope this section will showcase the McMaster student body as a research-driven
community. The academic literature reviews are represented in teal green, and offer
a comprehensive overview of a particular topic. The opinion pieces, represented in
light purplish blue, demonstrate a view on popular subject matter supported by
peer-reviewed literature.

In this issue, you will be able to indulge in a multitude of topics covering aspects of
health policy, psychology, molecular biology, and genetic testing. The issue opens
with an original research by Mostafa Mohammed Elsabagh describing a new species
of Nematoda, a class of invertebrate species used as trivial model organisms in sci-
entific research. Following is the work of Ishita Paliwal et al. reporting on the change
of feeding behaviour of an insect, M. persicae, upon varying starch exposure of the
A. thaliana plant. The publication also features an academic literature review by Ab-
dullah El-Sayes describing insights into stem cell acquisition, characteristics, and
the notable relevance of stem cell research in modern healthcare. The issue closes
with four captivating opinion pieces by Bianca Colarossi, Mostafa Mohammed Elsa-
bagh, Tyler Redublo, and Syeda Masooma Zaidi.

The Sciential Team expresses sincere gratitude to the faculty and staff of the School
of Interdisciplinary Sciences (SIS), including Dr. Kimberley Dej, Dr. Veronica Ro-
driguez Moncalvo, Dr. Katie Moisse, and the incredible Science Librarian, Abeer
Siddiqui for their utmost support with the establishment and development of our
initiative. We are thankful to the Science Initiative Fund (SIF) from the McMaster
Science Society (MSS) for their generous funding in support of Sciential. We would
like to acknowledge Abdullah El-Sayes and Tyler Redublo, the senior editors, for
their endless effort to manage submission flow and ensure supreme quality of the
published pieces. We would like to extend our appreciation to the incredible team of
editors and graphic designers who have worked diligently and devoted an extensive
amount of their time to bring Sciential’s first issue to you. We genuinely hope that
you enjoy your time reading the journal and will return for our future issues.

b
Alisa Nykolayeva
Editor-in-Chief

Aiman Shahid
Editor-in-Chief
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ABSTRACT

Nematodes (Nematoda) are slim tubular worms ranging between 0.5
mm — 2 mm in length and 10 to 100 um thick. They have effectively
adapted to inhabit all regions of the Earth, but are most commonly
found in soils, decomposing vegetation, and freshwater sources.
Ceanorhabditis elegans (C. elegans), an important member of this
phylum, is a valuable model system. Owing to its small, fully se-
quenced genome, it is typically used to model the development of some
diseases, such as neurodegenerative diseases. Nematodes are highly
diverse, with over 30,000 species having not yet been described. While
C. elegans will continue to be the primary model species, the classifica-
tion of previously unknown species is valuable as it allows for study of
the evolutionary pathway leading to each species, behavior and in-
stincts, and how such animals behave as parasites. This diversity is ex-
citing, and Drs. Kimberley Dej and Bhagwati Gupta work with stu-
dents to document new species. In the laboratory, we use morphologi-
cal analysis of the mouth, the pharynx, and the tail, combined with
data generated by sequencing the 18S small ribosomal subunit rRNA
gene to explore and document these new species. Here, we discuss how
it was determined that a unique specimen collected from the Hamil-
ton, Ontario area was found to have features of multiple genera: Os-
cheius and Ceanoreabditis.

Keywords: Nematode diversity, speciation, genetic analysis, se-
quencing, morphological analysis

INTRODUCTION

C. elegans and other nematodes continue to be major  which evolve at rapid rates, with evidence pointing to
model organisms in biology, however, the known species  positive selection'. This great variation occurs as a
of this family of invertebrates represents only 45% of an  result of nematodes seeking new ways to endure

estimated 50,000 unique species’. Nematodes are di-  harsh conditions in unfamiliar environments, which
verse colonizers of microbe-rich habitats; rotting vegeta-  is driven by natural selection’. C. elegans and other
tion unites three of the most important lab model organ-  nematodes can be found to endure environments of
isms in the same ecological niche; S. cerevisiae, D. mela- hypoxia, osmotic stress, heat, cold, pathogens, and
nogaster, and C. elegans. For example, analyses con-  other toxins'. Logically, to understand how nema-
ducted in silico on the C. elegans genome have identified  todes can successfully endure these conditions, new
nearly a thousand G-protein coupled receptors species need to be discovered and categorized into a
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library. Currently, it is estimated that 30,000 species of
nematode have yet to be described. The purpose of this
study was to contribute to the building of this library by
searching for a new species of nematode and using

morphological and genetic analysis to verify its novelty.

LIFE CYCLE OF C. ELEGANS

It is important to first consider the life cycle of C. ele-
gans and other nematodes. The life cycle of C. elegans
begins with a 3.5 to 4-day embryonic developmental
period, part of which occurs in the mother’s uterus?®. At
this point, the nematodes exist as eggs®. Following this
period, the eggs hatch and the resulting larvae- identical
to adults with exception to their underdeveloped repro-
ductive system- live through four stages of life, L1 to
L4>. Each of these stages are separated by periods of
lethargus and moulting. The natural environment of C.
elegans has an influence on its development. When
young larvae are exposed to environments of crowding
by pheromone sensation, food depletion, and high tem-
perature, they interrupt their developmental cycle and
enter an alternative stage known as the dauer stage'2.
During the dauer stage, they possess reduced metabo-
lism and increased stress resistance?.

NEMATODE ANATOMY

Nematodes are slender creatures, and have a fairly
linear morphology with several tubular tracts within
them; one forms the digestive tract and the other forms
the reproductive tract’. Morphological analysis in this
study involved analysis of the mouth, pharynx, and tail
regions.

Mouth

The mouth is found at the very front of the nematode
and is a key characteristic involved in identifying the
family of most nematodes?. Four distinct mouth fami-
lies exist. Rhabditidae mouths have several protrusions
at the opening of a long, narrow cylindrical tract, called
a stoma?. Diplogastridae, a family which includes Pris-
tionchus pacificus, contains a shorter stoma with char-
acteristic teeth, providing it with the ability to consume
live C. elegans when other food is scarce?. Finally, Pa-
nagrolaimidae and Cephalobidae have mouths where
the stoma has been strengthened with hardened sclero-
tin? (Figure 1).

Pharynx

The pharynx extends from the mouth into the begin-
ning of the digestive tract. Generally, for the most
commonly studied nematode, C. elegans, the mouth
has 4 characteristic portions: the procorpus, the
bulb-like metacorpus, the isthmus, and the terminal
bulb* (Figure 2). The functions of the metacorpus and
terminal bulb are similar, in that they are responsible
for transporting food, usually bacteria, into the diges-
tive tract while also grinding it for more efficient di-
gestion*. The pharynx varies between genuses, there-
fore it forms a reliable method of distinction between
different samples that are isolated. When compared
to another commonly studied soil nematode, Oschei-
us tipulae, it is found that rather than having a dis-
tinct metacorpus, the oesophageal muscles are spread
out from the procorpus through to the terminal bulb®.

Tail

The tail is unique in that it is the only source of sexual
dimorphism occurring outside of the internal anatomy
of nematodes®. Most C. elegans worms are born as her-
maphrodites, which means that they have both male
and female reproductive systems. Males develop as a
result of non-disjunction of the sex chromosomes
during meiosis, which is a rare event?. The male tail is
different from a hermaphrodite’s by having a fan-like
projection at the end of the tail®. The tail is where the
nematode’s body tapers in an asymmetrical manner,
and contains the rectum®2. For morphological analysis,
the tail can be used to distinguish between species by
comparing the side which the rectum exits to®.

MATERIALS AND METHODS

Collection and Decontamination

Samples of decomposing vegetation were collected
from different regions of the McMaster University
campus in Hamilton, Ontario. Most samples were col-
lected from the McMaster community garden. The
community garden contains many different ecological
niches within which a diverse collection of nematode
species may live. This, in turn, would improve the like-
lihood of finding a new species, and so therefore pro-
vided a preferred place of collection.

© 2018 Sciential
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Portions of collected specimens were then transferred
into 50 mm petri dishes with Nematode Growth Media
(NGM) seeded with Escherichia coli. The animals were
then kept at room temperature (20 °C to 25 °C) and se-
rially transferred to new plates to decontaminate them
from mites, molds, and fungi.

Clonal Colony Formation

Out of the 9 different samples, animals at adult stage
were selected and placed as individuals into new NGM
plates to grow into new clonal colonies. As known from
their lifecycle, selection of adults allows for both gono-
choristic and hermaphroditic animals to be bred, as the
potential fertilization event has already occurreds. The
worms were observed and kept at room temperature
and success was determined if they produced a clonal
colony with a high number of individuals (50+ per
entire 50 mm dish).

Reproductive Methods

Out of 5 different clonal colony formation attempts, a
single clonal colony was selected for further testing and
work within the study: sample M.1.1.1. Several young
animals, preferably between the L2 and L4 stage, were
selected from the M.1.1.1 clonal colony and transferred
to individual NGM plates and observed for clonal
colony formation according to the previous criteria of
50+ individuals per 50 mm dish. Young worms were se-
lected to eliminate the chance of a fertilization event
from occurring, in the case that the species was gono-
choristic. Formation of a clonal colony indicates that
the species is not gonochoristic, which introduces the
possibility for a hermaphroditic or parthenogenetic
species®.

Morphological Analysis

Nomarksi microscopy was used for the morphological
analysis. To prepare the worms for observation, the
WormaAtlas agar pad protocol was followed’. A solution
of 5% agarose in PBS was first melted, from which a
drop was dispensed onto a glass microscope slide. A
second slide was laid upon the drop of agarose solution
to flatten it. Then, a drop of 10 mM NaN3 solution was
dispensed onto the agarose flat pad after the flattening
slide was removed. 5-10 animals were placed onto the
drop of NaN3. Once the animals were motionless, a
glass coverslip was added above the worms and the now
prepared slide was observed at 20x, 40x and 60x objec-
tive magnification using Nomarski prisms.

© 2018 Sciential

Genetic Analysis

Adult worms were first digested in proteinase K. Poly-
merase chain reaction amplified the genomic content
of the samples and was followed by separation of cell
contents by gel electrophoresis to yield pure genomic
DNA. A third-party DNA sequencing service (MOBIX
Lab) returned the gene sequence obtained by
Sanger-sequencing. The sequence was then compared
to known sequences using the National Library of
Medicine Blastn service.

RESULTS AND DISCUSSION

MORPHOLOGICAL ANALYSIS
Mouth

When the mouth of sample M.1.1.1 was compared to
common mouth types of different nematode families,
it was found that it showed very strong resemblance to
the mouths of the Rhabditidae: a long and narrow
stoma, preceded by protrusions at the front of the
mouth which form the opening/closing mechanism of
the mouth (Figure 3).

Pharynx

Knowing that the sample M.1.1.1 is likely a Rhabditid,
the study of pharynxes was narrowed to members of
that family. Comparison with C. elegans was per-
formed initially as it was the most common. It was
found that the pharynx of M.1.1.1 clearly resembles
those of the Oscheius genus, as it lacks the metacorpus
of a Caenorhabditid (Figure 4).

Tail

The final criterion for the morphological analysis of
M.1.1.1 was comparing its tail to that of two other spe-
cies, specifically Ceanorhabditis elegans and Oschei-
us tipulae. These two were chosen from insights gen-
erated from the pharyngeal analysis, as it was not an-
ticipated that the tail would provide specific categori-
zation abilities earlier in the study. When compared, it
was found that M.1.1.1 had two features of its tail that
were common to that of C. elegans. The tail of M.1.1.1
was moderately long (80 pum), with two faces; one
linear and the other curved. The rectum and its open-
ing were on the straight/linear face of the tail, a fea-
ture that is found in C. elegans. When examining
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images of the tail of O. tipulae®, it was clear that the rec-
tum’s position on the tail was reversed, which discount-
ed support for M.1.1.1’s inclusion into the Oscheius
genus (Figure 5).

REPRODUCTIVE METHODS & GENETIC ANALYSIS

When individuals of the M.1.1.1 sample were placed in-
dependently on new seeded NGM dishes, it was found
that they consistently produce full and healthy clonal
colonies with nearly 50+ individuals by 72 hours (over 7
attempts). This provides evidence for the claim that
M.1.1.1 is likely hermaphroditic. When the 18S small ri-
bosomal subunit rRNA gene was sequenced and align-
ment generated, results returned very high (99%) query
coverage with the 18S small ribosomal subunit rRNA
gene of C. briggsae (Figure 6).

CONCLUSION

The purpose of this study was to use morphological and
genetic analysis to characterize an unknown specimen
of nematode from Hamilton, Ontario. Examination of
the mouth indicated support for a Rhabtididae family.
The genuses Ceanorhabditis and Oscheius were con-
tenders from examination of the rectum and pharynx
respectively. Considering the genetic similarity to C.
briggsae and the hermaphroditic nature of M.1.1.1, we
believe this sample is a variant of the Oscheius genus
with deep influence from the Ceanorhabitis genus, a
novel finding when consulting known phylogenies.
However, additional studies into this unknown speci-
men is necessary, in order to conclude that it is indeed
novel and not a consequence of genetic variability.
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APPENDIX
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Rhabditidae Diplogastridae Panagrolaimidae Cephalobidae

Figure 1 - Four nematode mouth families that form as a guide to examination of the mouth?.

Pharyngeal-intestinal

Buccal Procorpus Metacorpus  Isthmus Terminal
Cavity Bulb

Figure 2 - The pharynx of
the commonly studied nema-
tode, C. elegans. There are
four distinct regions of the
pharynx, each of which are
essential to transportation of
food into the digestive tract.
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Rhabditidae Diplogastridae Panagrolaimidae Cephalobidae

Figure 3 - Morphological Analysis of the mouth. (A): The four different mouth families of nematodes. (B) The
mouth of sample M.1.1.1 at 60x oil immersion objective, with arrowheads highlighting the front mouth protru-
sions. (C) The mouth of C. elegans, which is very similar in structure to that of M.1.1.1.5.

Figure 4 - Compari-
son of the pharynx of
sample M.1.1.1. to the
pharynx of C. elegans,
a member of the same
family. It is clear that
the sample M.1.1.1.
lacks the metacorpus
which would have
been found at the
middle arrowhead.
Right image*.

© 2018 Sciential
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—————

Oscheius tipulae

———————

Rectum

Figure 5 - Comparison of the tail of sample M.1.1.1. (two left-most images) with known morphological reproduc-
tions of C. elegans and O. tipulae. Right-most image®.
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INTRODUCTION

It is well known that plant-animal systems interact in many complex ways,
and each organism must adapt and develop mechanisms to best survive in
their given conditions. While much is understood about the plant Arabidop-
sis thaliana and the aphid Myzus persicae, additional research must be con-
ducted to gain more knowledge about the interactions between the two spe-
cies. As a defence mechanism, in response to aphid feeding, A. thaliana con-
verts sucrose into starch. Due to a lack of sucrose, there is less feeding by M.
persicae. However, it has not yet been shown if these aphids are able to detect
an increase in starch and recognize this as a deterrent to feeding. To test this,
varying concentrations of potato starch were applied mechanically to A.
thaliana (n=36) and the effect on aphid population size and plant health was
analyzed. The research team found that M. persicae do not detect higher
starch levels on A. thaliana as an indicator that nutrient availability on the
plant is limited. Instead, it was found that on all but one plant, high starch
concentration was a factor in plant deterioration. Thus, the research team ad-
vises against using starch as an organic pesticide. The findings of this study
are significant as they will contribute to a better understanding of the organ-
isms that threaten plant health, which will prove to be useful in the mainte-
nance of various food crops.

Keywords: Arabidopsis, Myzus, aphid, starch, feeding, herbivory

Myzus persicae, commonly referred to as the green
peach aphid, is one of the most economically important
crop pests worldwide'. They are generalist herbivores?
that are globally distributed and have a host range of
over 400 different species'. In addition to damaging its
host plant through feeding, M. persicae is a very strong
viral vector which can cause the plant to sustain viral
damage?+. The main method in controlling M. persicae

has been using chemical insecticides. The widespread
use of these insecticides, aside from being harmful to
the environment, has led aphids to develop resistance
to many of them®s.

When M. persicae feeds, it inserts its stylus into the
phloem of the plant, effectively wounding it. As a re-
sponse to the aphid, plants have developed various

© 2018 Sciential
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mechanisms of defense. In A. thaliana, one of these
mechanisms involves the conversion of sucrose to
starch in plant leaves®’. This process is controlled by the
enzyme 9 trehalose-6-phosphate synthase 1 (TPS11 9),
which promotes the accumulation of starch. A. thaliana
upregulates the gene that codes for this protein after
attack by M. persicae®. M. persicae infestation on A.
thaliana has also been shown to upregulate the gene
responsible for synthesizing ADP-glucose, the sugar
that is donated to a growing starch chain. Similar
studies have been conducted suggesting that these
effects are also seen in tomato plants® In addition, M.
persicae numbers were found to be lower on plants that
were mutant for starch synthase III, which caused
starch to be hyper-accumulated. From these findings, it
was suggested that starch accumulation in A. thaliana
deters feeding by M. persicae®®.

A. thaliana is frequently used in laboratory studies as a
model since it is easy to grow and has a fast
reproduction cycle®®. For the purpose of this
experiment, A. thaliana and M. persicae are used as a
model system to determine how starch applied to the
plants will affect the feeding behaviour of M. persicae.
Since glucose level will not be altered in any of the
plants, it is possible to attribute any feeding behaviour
changes to the increase in starch levels. Starch will be
applied by coating A. thaliana with varying
concentrations of potato starch. This procedure was
chosen since both potato starch and starch produced by
A. thaliana as a defence mechanism have rounded,
discoid granules and appear similar in conformation
(although potato starch granules are larger)*'2. In
vivo, potato starch has been found to cause a decreased
level of probing from M. persicae when compared with
a control, also supporting the use of potato starch as a
treatment®.

If the levels of starch on A. thaliana have a negative
effect on M. persicae, it is expected that lower numbers
of M. persicae will be observed. When under high levels
of stress and in environments, M. persicae will start to
reproduce to create alate morphs. If not under stress,
M. persicae will be wingless; however, if they are in a
stressful environment, their offspring will have wings,
allowing for movement to a new location. A complete
life cycle of M. persicae can occur in 10-12 days,
meaning that these changes can be easily and quickly
observed. If any alate forms are observed on A.
thaliana, this will also show that M. persicae are not
receiving enough nutrients, and act as an indicator that
the starch has affected their ability to feed.

The null hypothesis for this experiment is: “Different
concentrations of starch coatings on the exterior of A.
thaliana will not affect the feeding behaviour of M. per-
sicae.” Conversely, the corresponding alternative hy-
pothesis for the research question is: “Covering A. thali-
ana plants in varying concentrations of starch will have
an effect on the feeding behaviour of the green peach
aphid.” The research team predicts that as starch con-
centration increases, there will be a negative effect on
aphid population. The findings of this experiment may
contribute to the development of a novel and effective
insecticide specific to M. persicae that is natural and
easy to obtain. This may be used to decrease the usage
of commercial pesticides, which are more harmful to
the environment and which M. persicae have developed
a resistance towards'. Furthermore, these findings
could promote the development of similar insecticides
for economically significant crops such as canola, which
is also consumed by M. persicae®™.

MATERIALS AND METHODS

Obtaining the Study System

A. thaliana seeds that were dried and sealed in enve-
lopes in 2014 were suspended in 1.5 mL of distilled
water kept in Eppendorf tubes. Suspensions were
placed in the refrigerator to mimic the conditions of
springtime, optimizing growth and maintaining natural
conditions. Pots were prepared by packing soil and
pouring water on top of, as well as underneath the soil,
until it was completely soaked. After refrigeration,
seeds were placed onto a plate and two seeds were
placed in each pot of soil using a micropipette. One was
planted in the middle of the pot and the other was
planted near the side, as the A. thaliana seeds have 70%
success rate of establishment. If any of the seeds did not
grow, they would be removed from the pot. If two of the
seeds succeeded in growing within the same pot, the
roots of one plant were dug up and transferred into a
pot without any plants. In the end, each pot had one
plant. Plants were subjected to 14 hours of light per day
for three weeks and then 10 hours of light per day after-
wards. Following the third week of growth, fertilizer
was applied across the top to prevent damage to the
roots. A batch of 500 aphids were ordered from two fed-
eral labs. One is the lab of Jean-Philippe Parent, Re-
search Scientist in Entomology, Agriculture and
Agri-Food Canada, Government of Canada, Vineland,
ON. The other is Agriculture and Agri-Food Can-
ada/Agriculture et Agroalimentaire Canada, Frederic-

© 2018 Sciential
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Fredericton Research and Development Centre. These
aphids were inoculated on A. thaliana in domed
carriers. In the end, there was a batch stock of
2000-3000 aphids.

Manipulating the Study System

Four stock solutions of Clubhouse potato starch dis-
solved in water were prepared in four labelled spray
bottles. The solutions were divided into a control (0%),
low (10%), medium (30%), and high (50%) concentra-
tions of potato starch, created by weighing o g, 20 g, 60
g, and 100 g of starch respectively and dissolving each
sample in 200 mL of water. A. thaliana plants in the ro-
sette phase (n=36) were divided into four groups of
nine plants per treatment. For each treatment, plant
samples were sprayed five times from a distance of ap-
proximately 48 cm from the plant. During this time, the
plants were also rotated to ensure that they were entire-
ly covered with the starch solution on both sides of the
leaves and on the stem. Solutions were mixed constant-
ly by vigorously shaking the bottle in between sprays to
ensure even distributions of the starch.

A stratified random design was achieved by numbering
plant samples from 1-36 with plants 1-9 corresponding
to the control (red tape), 10-18 corresponding to 30%
starch solution (green tape), 19-27 corresponding to
50% starch solution (blue tape), and the 28-36 corre-
sponding to 10% starch solution (yellow tape). Three
covered trays contained 12 plants each. Using an online
random number generator, a random sequence of num-
bers from 1-12 were generated. The first three numbers
in the sequence corresponded to the positions of the
control plants, the next three numbers correspond to
low concentrations, the following three numbers corre-
sponded to the medium concentration, and the last
three numbers corresponded to the high concentration.
Figure 1 is the layout of the position of plants on each
tray; three plants were placed per row, with a total of
four rows. When placing the plants, care was taken to
ensure that they were evenly spaced across the tray so
that none of the plants were touching, to reduce the
likelihood of aphids transferring between plants within
a tray.

Plants were left to dry for an hour before M. persicae in-
oculation. Using a probe, aphids were taken from a va-
riety of plants within a stock tray and two aphids were
inoculated on each plant. While inoculating, aphids
were placed on top of two leaves on opposite sides of the
plant, and aphid colour was recorded.

1 2 3
4 S 6
7 8 9

10 11 12

Figure 1 - Layout of plant position numbers for each of
the three trays.

Data Collection

The number of living aphids on each plant, the location
of the aphids on the plant, the colour of the aphids, the
height of each plant, as well as observations on plant
health were then recorded on days one, four, six, eight,
and eleven. On each of the data collection days, two re-
searchers counted and measured the aforementioned
traits of the same plants. Results were compared to
reach a consensus in order to maintain accuracy of any
observations made. Days one, four, six, eight and eleven
were chosen for collecting data and recording observa-
tions. This was to maintain approximately equal spac-
ing between data collection days after inoculation. Be-
tween data collection times, trays were covered with a
translucent plastic lid to prevent aphids from escaping.

Statistical Methods

A two-way ANOVA and a post-hoc Tukey test were used
to analyze the data. The number of aphids counted was
transformed on a log(n+1) scale for analysis purposes
and analyzed in the software R (R v.3.4.4; The R
Foundation for Statistical Computing, 2018).

The differences found between the average number of
aphids in 0%, 10%, 30%, and 50% starch concentration
levels were measured using a two-way ANOVA, com-
paring number of aphids with concentration levels,
with a covariance analysis on time and an interaction
with trays. Testing with a tray interaction would indi-
cate whether or not a block effect is present, despite
using a stratified random design. The interaction be-
tween starch concentration and time was shown to be
insignificant in its effect on aphid number (F_,  =0.23,
P=0.98), and therefore a three-way ANOVA was not
used. To gain a better understanding of our data, a
post-hoc Tukey test was conducted to determine which
level(s) in our treatment groups of starch concentration
and trays caused significant differences between the
means of M. persicae population size.
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RESULTS

QUALITATIVE ANALYSIS

Trends between the varying concentrations of
starch

Plants with solutions of 0% and 10% starch concentra-
tion mainly experienced a decrease, then increase in
aphid number, with a few cases of disappearance.
Plants with solutions of 30% starch concentration also
experienced a similar trend of decrease, followed by an
increase in aphid number. Finally, plants with solution
of 50% starch concentration primarily demonstrated
cases of aphid disappearance.

Plants 4 and 21 from the 0% and 50% starch concentra-
tion solutions were initially inoculated with red aphids.
However, throughout the 11-day period red aphids ap-
peared on two different plants with 0% starch concen-
tration solution and on one plant with 10%, 30% and
50% starch concentration solutions each (excluding
plants 4 and 21). Most plants had aphids that were ini-
tially found under leaves, which eventually relocated to
the plant stems. In addition, a majority of plants from
all treatment groups had yellowing leaves. On plants
sprayed with 30% and 50% starch concentration solu-
tions, there was greater deterioration and moulding of
leaves. In terms of plant height, all four treatment
groups experienced an initial growth period, which was
then followed by a subsequent decrease.

Trends between the trays

The first, second and third trays experienced 17%, 50%,
and 42% of cases of aphid disappearance respectively.
The first and third trays only contained one plant with
red aphids, whereas the second tray contained three
plants, each with their own population of aphids. Over-
all, most aphids progressed from being on leaves to
stems. The second and third trays’ plant samples expe-
rienced yellowing of their leaves, but also exhibited
budding. Conversely, the first tray’s plant samples
demonstrated an equal spread in terms of overall plant
health. An initial increase followed by a decrease in
plant height was prominent in all trays. Furthermore,
the disappearance of aphids and plant health was simi-
lar in the second and third trays.

QUANTITATIVE ANALYSIS
In terms of aphid population, time (F,, =5.5386,

P<0.001), starch concentration (F,, =3.4180, P<0.05),
and trays (F,,, = 9.7554, P<o. 001) wele all s1gmﬁcant
independent variables. A two-way analysis of variance
was performed and there was a significant effect of
starch concentration and tray on aphid population
(F,,,,=2-1920, P<o0. 05). The post-hoc Tukey HSD test
shows the specific differences as described below.

For time, there were significant differences in overall
aphid population between days 11 and 1 (P<0.001),
days 11 and 4 (P<0.01), and days 11 and 6 (P<0.05).
Whether the data was qualitatively compared by cate-
gorizing concentrations or by trays, the general trend
was a decrease in population from day o to day 1 and
then an overall increase in aphid number by day 11 (Fig-
ure 2).
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Figure 2 - Average number of aphids on each day of
data collection. Error bars represent the standard error
of the mean (SE). SE= + 0, 0.129099445, 0.341823103,
0.523268118, 0.635983733, 0.940655331 for days o, 1,
4, 6, 8, and 11, respectively. There were significant dif-
ferences in aphid numbers between days 11 and 1
(***P<0.001), days 11 and 4 (**P<0.01), and days 11
and 6 (*P<0.05). After the decrease in population from
days 0 to 1, there was a steady increase in aphid number
until day 11.

The significant differences in aphid population due to
concentration were between the 50% and 10% (P<0.05)
as well as the 50% and 30% (P<0.05) starch concentra-
tion solutions (Figure 3).

There was a significant difference (P<0.001) in aphid
population between the second and first trays, as well as
the third and first trays. This was observed qualitatively
for cases involving aphid disappearance in both the
second and third trays (50% and 42%, respectively) and
for the first tray (17%). In addition, overall plant health
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remained relatively consistent, and appeared similar
between the second and third trays. On the other hand,
a wider range of overall plant health was seen in the first
tray samples (Figure 4).

*
| ’ ‘
0% 10% 30% 50%

Starch Concentration (g/mL)

7

Average Number of Aphids
— N w - w

Figure 3 - Average number of aphids for each treat-
ment of starch concentration (g/mL). Error bars repre-
sent standard error of the mean (SE). SE= +
0.526321443, 0.469210122, 0.48667441, 0.392136452
for concentrations 0%, 10%, 30%, and 50%, respective-
ly. There was a significant difference (*P<0.05) in aphid
population between starch concentrations of 50% and
10% as well as the 50% and 30%. A significant decrease
in aphid number was observed following treatment of
the 50% starch concentration.

~

*hx

~N w & w

Average Number of Aphids

-

3
Figure 4 - Average number of aphids on each tray.
Error bars represent standard error of the mean (SE).
SE= + 0.489944088, 0.390895783, 0.298953247 for
tray numbers 1, 2, and 3 respectively. There was a sig-
nificant difference (***P<0.001) in aphid population
between the second and first trays and the third and

first trays. There were significantly more aphids on the
first tray than the second and third tray.

1 2
Tray Number

Out of all of the samples observed, the most significant
differences of aphid population were seen for the 10%
and 30% starch solutions in the first tray. There were
also significant differences between the 30% and 50%
concentrations in the third tray, as well as the 10% con-
centration in the first tray (P<0.05; P<0.001), along
with a difference between the 50% concentration in the
third tray and 30% concentration in the first tray
(P<0.01). Lastly, there were significant differences be-
tween the controls in the second tray and 10% and 30%
concentrations of starch in the first tray (P<o0.01;
P<0.05).

DISCUSSION

The goal of this study was to determine whether M. per-
sicae would detect high levels of starch concentrations
on a plant and thus be deterred from feeding on it. Sta-
tistical analysis and observations of the collected data
showed that differing levels of starch have an effect on
M. persicae abundance. From this experiment’s results,
there was no strong indication that the starch directly
deterred the aphids from feeding on the plants. Alterna-
tively, the A. thaliana plants treated with 10% and 30%
starch concentrations unexpectedly showed higher
numbers of M. persicae than the control plants. These
results suggest that M. persicae do not interpret in-
creased levels of starch on a plant as a signal of it having
limited nutrients. It is also possible that M. persicae
simply cannot detect increased levels of starch on a
plant.

Based on qualitative observations, it is worth noting
that plant health was visibly worse on the samples
treated with 30% and 50% starch solutions. A possible
explanation for this is that the starch solution- which
dried as clumps- blocked the plants from sunlight, thus
inhibiting photosynthesis and stunting their growth.
Based on these observations, the samples of A. thaliana
coated with 50% starch solution showed a general de-
crease both in the M. persicae population size, and in
plant health. This led us to believe that these negative
effects were likely not a cause of M. persicae feeding,
but rather a consequence of blocked sunlight. Further-
more, the control and 10% starch solution groups
showed increases in M. persicae population size near
the end of the observation period. However, the extent
of plant health deterioration was not as great in these
two samples, as was observed for the 30% and 50%
starch treatment groups.
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It is important to recognize that feeding by M. persicae
on A. thaliana did still play a role in deteriorating plant
health. Some signs of this in the samples that showed
high levels of feeding are i) plant leaf yellowing and
curling from losing moisture or by toxins that may have
been injected by M. persicae and ii) blackened plant
mass and growth of sooty mold fungi, which originate
from “honeydew”, a sticky substance produced by M.
persicae during feeding®. The former was seen in all
samples except for plant number 10, which was in the
control treatment. As such, there does not seem to be a
strong relationship between starch concentrations ap-
plied onto the plant, and the amount of feeding by M.
persicae. Interestingly, in the case of the latter, most
moldy plants observed were found to be under the 30%
and 50% starch solution treatment. Since no definitive
relationship can be determined from such information,
it is proposed that the blockage of sunlight by the
opaque clumps of starch likely contributed to the plant
deterioration seen in the 30% and 50% starch treat-
ment samples.

Looking at the data, a trend can be seen whereby a
higher number of M. persicae existed on the 10% and
30% plants than on the 50% plant and the control.
While it was predicted that higher starch concentra-
tions would decrease the numbers of M. persicae feed-
ing on A. thaliana, the opposite occurred. That is, sam-
ples with higher starch concentrations actually in-
creased aphid population for the intermediate treat-
ments, compared to the control. If it is true that the
starch negatively impacted A. thaliana, then it is possi-
ble that the carbohydrate reduced the plant’s defense
capabilities, which would explain the increase in M.
persicae numbers seen on the 10% and 30% starch con-
centration plants. The 50% concentration may have
negatively affected the plant to a degree that caused it to
have lower levels of sucrose, thus reducing the food
available for M. persicae and causing a subsequent de-
crease in the aphid population.

Some possible limitations of this study include the
sample size, tray locations, and ability to apply starch
uniformly across the entire plant. In terms of sample
size, only nine plants were studied per treatment group.
In the future, the design of this experiment may be im-
proved upon by increasing sample sizes, to better con-
trol for any variance between individual samples that
may have impacted the number of aphids that were
seen on each plant. These variations include differences
in leaf surface area and number of leaves on each plant.
Pertaining to tray location, the trays were placed under

a window to allow for the exposure to sunlight, which
was necessary for growth. However, due to the limited
size of the window, it is possible that all trays did not re-
ceive equal or optimal sunlight, which may have con-
tributed to plant deterioration. Lastly, applying the
starch via a spray bottle allowed for consistent spraying
of all plants. However, the starch dried in droplets,
meaning that the exterior of the plant was not covered
evenly at all times. This could be ameliorated by using
different methods of starch application, such as using a
brush, as well as periodically spreading the starch over-
time. This could be performed to ensure that the entire
plant is thoroughly and evenly covered at all times.

CONCLUSION

From these observations, the research team rejects the
null hypothesis. Covering A. thaliana plants in varying
concentrations of starch did appear to have an effect on
aphid feeding behaviour, as depicted by the significant
differences between aphid number in 50%-10% and
50%-30% starch concentration. However, since there
was no clear trend between increased starch concentra-
tion and aphid numbers on A. thaliana, these findings
show that the motivation of creating a less environmen-
tally harmful, starch-based pesticide would not be suc-
cessful. Nonetheless, the results from the study indicate
that there was a significant difference in the aphid pop-
ulation between differing starch concentrations, and
that potato starch may have an effect on A. thaliana
health. With more investigation into the potential of
starch as a natural pesticide, this compound may prove
to be a useful resource in reducing crop damage. Simi-
lar principles can be applied to more economically im-
portant plants, such as canola, in order to develop in-
secticides that would deter aphids, and trigger plant de-
fences in a similar way.

Further studies should be performed to corroborate the
findings by the research team. As such, the team would
suggest replicating this experiment over a longer period
of time, with a higher sample size and more treatment
groups. Additionally, future researchers could mechan-
ically apply the potato starch to the plants, so that the
starch is spread out. This will help to avoid clumping,
and the subsequent blockage of photosynthesis.
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ABSTRACT

The isolation of human embryonic stem cells in 1998 has since fueled the ideology that stem cells may even-
tually be used for human disease therapies as well as the regeneration of tissues and organs. The transfor-
mation of somatic cells to a pluripotent state via somatic nuclear transfer and embryonic stem cell fusion
brought the scientific community nearer to understanding the molecular mechanisms that govern cellular
pluripotency. In 2006, the first induced pluripotent stem (iPS) cell was reported, where a mouse somatic
cell was successfully converted to a pluripotent state via transduction of four essential factors. This cellular
breakthrough has allowed for robust scientific investigations of human diseases that were once extremely
difficult to study. Scientists and pharmaceuticals now use iPS cells as means for disease investigations, drug
development and cell or tissue transplantation. There is little doubt that scientific progress on iPS cells will
change many aspects of medicine in the next couple of decades.

Keywords: Pluripotent, stem, cells, genetics, iPS.
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INTRODUCTION

Induced pluripotent stem cells are relatively novel in
the scientific literature, however, their use in clinical
science has been immense. The first iPS cells were de-
veloped from murine organisms in 2006' and later in
humans in 20072 These pluripotent cells are created
from an organisms’ somatic cells by transducing four
essential factors required for pluripotency. Once iPS
cells are yielded, they can differentiate into different cell
lineages for scientific investigations or potential organ-
ismal transplantation. The benefit of employing iPS
cells is the avoidance of host immune rejection after
transplantation, as the newly produced cells carry the
same genome and characteristics of an individual’s reg-
ular somatic cells. Current research focuses on using
iPS cells to create novel therapeutics for common
human diseases such as Amyotrophic Lateral Sclerosis
and Congenital Long QT Syndrome. Using similar tech-
niques, stem cells similar to iPS cells have also shown
therapeutic potential for treating human cancers. The
purpose of this review is to depict the acquisition, char-
acteristics, and medicinal application of iPS cells. Spe-
cifically, this paper will discuss the following;:

Stem Cells

Acquisition and Characteristics of iPS cells
iPS Cell Medical Therapeutics
iPS-Cell-Alike Medical Therapeutics

STEM CELLS

Stem cells have three characteristics that define their
identity. First, stem cells are capable of self-renewal
that entails the capability of symmetrical divisions,
where both daughter cells have stem cell characteris-
tics. This usually occurs during development, after a
stem cell transplantation, or after an insult to an exist-
ing stem cell pool®. The second characteristic of stem
cells is that they are able to yield differentiated progeny.
Depending on the potency of the cells, differentiated de-
scendants may be from one, or a combination, of the ec-
toderm, mesoderm or endoderm germ layers. Third,
stem cells must be capable of populating tissue in vivo.
This phenomenon, however, is still under scientific in-
vestigation.

.=

All mammals are derived from a totipotent stem cell
that can give rise to embryonic and extraembryonic
tissue. During the process of embryogenesis, descen-
dent cells- usually the cells of the inner cell mass (ICM)-

lose their potency and become pluripotent, giving rise
to only embryonic tissue®. Eventually, cells of the ICM
differentiate to become constituents of different tissue
types and stem cells for different tissues. These tissue
stem cells are deemed multipotent or unipotent and
may only be differentiated as one particular cell type.
Whether all tissues have resident stem cells is a topic
still under debate in the scientific literature. For in-
stance, it remains unresolved whether true stem cells
reside in adult heart muscle in postnatal life, or in the
pancreas, among other tissues®.

INDUCED PLURIPOTENT STEM

CELLS

Pluripotent stem cells have the capability of differenti-
ating into all three germ layers: ectoderm, mesoderm
and endoderm. In 2006, Takahashi and Yamanaka
discovered a method for yielding pluripotent cells
from organismal somatic cells (Refer to section 4.1).
This was first created using murine animals, but one
year later, in 2007, Yu and colleagues identified key
factors for inducing pluripotent cells in human somat-
ic cells. This finding is immense as it allows scientists
to obtain easily accessible somatic cells from an organ-
ismal model or patient, transform it to a pluripotent
state and thereafter differentiate it to another cell
type. Examples of this include transforming blood
cells to peripheral neural sensory cells, which are
nearly impossible to obtain from human patients due
to potential neuronal damage and ethical reasons*.

ACQUISITION OF

PLURIPOTENT STEM CELLS

Somatic Nuclear Transfer

The somatic cell nuclear transfer experiment was the
first to show that differentiated cells are capable of be-
coming pluripotent. In 1960, it was demonstrated that
implanting an albino Xenapus laevis nucleus into a
brown Xenapus laevis enucleated oocyte was able to
generate a clone of the donor brown frogs. Hence, a
nucleus of a differentiated cell is capable of undergo-
ing changes that entails a pluripotent state to eventu-
ally give rise to a fully developed organism. The repro-
gramming of the cell occurs 24-48 hours after the im-
plantation of the nucleus into the enucleated oocyte. A
similar experiment has also been conducted with
sheep somatic nuclear transfer giving rise to a clone
famously known as Dolly®.
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Fusion of Somatic Cells with
Embryonic Stem Cells

Another method of transforming somatic cells to a
pluripotent state is to fuse differentiated cells with
embryonic stem (ES) cells”. Similar to the somatic cell
nuclear transfer experiment, molecular changes occur
to allow differentiated cells to become pluripotent.
Studies have found that ES cell fusion with differenti-
ated cells activated OCT4 expression in somatic cells®,
which is a gene essential for pluripotency. The exact
mechanism of this transformation, however, is not
fully understood.

INDUCED PLURIPOTENT STEM
CELL GENOME

EXPRESSION

Factors Needed for Murine Models

Studies have identified certain genes highly expressed
in embryonic stem cells of murine organisms. A total
of 24 factors were identified including: b-catenin,
c-Myc, STAT3, S33Y-b-catenin? T58A-c-Myc™,
STAT3-C", and Grb2DSH2*. When these 24 factors
were transduced in differentiated somatic cells, they
effectively transformed the cells into undifferentiated
murine stem cells. However, further investigation
proved that not all 24 factors are needed and only
genes c-Myec, Klf4, SOX2, and OCT3/4' are necessary
for the induction of induced pluripotent stem cells
from differentiated mouse fibroblast cells. iPS cell col-
onies did not form when either OCT3/4 or Klif4 were
removed. The removal of SOX2 resulted in only a few
cell colonies, and the removal of c-Myc caused cell col-
onies to emerge but without ES-cell-like morphology’.
Therefore, if any one of these 4 factors are removed,
cells fail to transform into iPS cells, hence all four gene
factors are deemed necessary.

Factors Needed for Humans

There are differences between mouse fibroblast cells
and human cells. In mice, c-Myc promotes pluripoten-
cy, however, in human cells c-Myc causes death and
differentiation of ES cells®. Hence, a different combi-
nation is needed to initiate the transformation of so-
matic cells to iPS cells. These factors are OCT4, SOX2,
NANOG, and LIN282 Removal of OCT4 and SOX2
eliminates the formation of iPS cell colonies?. Mean-
while, overexpression of NANOG shows a 200-fold in-
crease in reprogramming efficiency, and LIN28 has a
consistent but modest effect on the reprogramming of
cells.

GENOME MODIFICATION

TECHNIQUES

The first method used to transform somatic cells into
iPS cells was performed using viral transduction with
the reprogramming factors. Viruses commonly used in-
clude retrovirus and lentivirus. This method poses risks
as it may lead to insertional mutagenesis, tumour for-
mation and unpredictable genetic dysfunction. In-
stead, recent studies have shown that short-term over-
expression of the transcription factors required for the
4 factors using plasmids, or using transposons that are
subsequently removed by a Cre-Lox system, are ade-
quate to transform differentiated cells to pluripotent
cells®. Specifically, studies have demonstrated that re-
peated transfection of two expression plasmids, one
containing the complementary DNAs of OCT3/4, SOX?,
and Klf4 and the other containing the c-Myc ¢cDNA, into
mouse embryonic fibroblasts resulted in iPS cells with-
out evidence of plasmid integration. Also, these cells
produced teratomas when transplanted into mice and
contributed to adult chimeras, thus proving their plu-
ripotent cell state™.

Furthermore, cell penetrating peptides (CPP) may be
used to overcome the cell membrane barrier during the
cellular reprogramming process. CPPs contain a high
concentration of arginine and lysine amino acids that
allow associated peptides to surpass the cell mem-
brane®. Studies have shown that red fluorescent protein
fused to 9 arginine (a form of CPP), injected into COS7
cells and human newborn fibroblasts successfully sur-
passed the cell membrane and entered the cytoplasm.
Therefore, CPP provides a plausible mechanism to de-
liver factors for transcription of the four essential genes
into cells”. Other studies have also concluded that
chemical agents, BIX-01294 and BayK8644, cause his-
tone modifications, particularly methylation and acetyl-
ation modulation of the OCT4 and Klf4 genes to im-
prove the transformation of somatic cells to pluripotent
cells®. Therefore, many safe and secure methods exist
for the formation of induced pluripotent stem cells from
somatic cells, which yields great advantages for clinical
applications.

ASSAY FOR STEM CELL

CULTIVATION

To determine if the cultivated cells are indeed pluripo-
tent, an assay is employed. A potent example of this in
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Figure 1 — Formation of colonies occurs only for pluripotent stem cells as they transcribe Fbx15 with the
Bgeo cassette, a fusion including the B-galactosidase and neomycin resistance genes. Pluripotent stem cell
colonies appear blue and have embryonic stem cell-like characteristics.

-cludes an antibiotic resistance assay. Bgeo cassette of
a fusion of B-galactosidase and neomycin resistance
genes is inserted into the Fbx15 gene by homologous
recombination’. Hence, by cultivating cell cultures in
G418 antibiotic conditions, only stem cells will survive
and will be illuminated blue in colour' (due to the
-galactosidase insertion into the Fbx15 gene) (Figure
1.0). Stem cells homozygous for the Bgeo knock-in
construct (Fbxis"/*s*) were resistant to extremely
high concentrations of G418 (up to 12 mg/ml), where-
as somatic cells derived from Fbxis/*% mice were
sensitive to normal concentrations of G418 (0.3
mg/ml) as these differentiated cells do not express the
Fbx15 gene'.

COMPARISON TO

EMBRYONIC STEM CELLS

Doubling Time and Genetic Markers

Most cultivated iPS cells demonstrate morphologies
similar to that of embryonic stem cells. These charac-
teristics include round cellular shape, large nuclei and
a scant cytoplasm'. The doubling time of these culti-
vated pluripotent stem cells was also similar to those
of ES cells at approximately 17.0 hours'. Reverse tran-
scription PCR demonstrated further similarities of iPS
cells and ES cells. Particularly, iPS cells were found to
transcribe OCT3/4, NANOG, E-Ras, Cripto, Daxi,
Zfp296', Fgfq*°, Myb, Kit, Gdf3, and Zic3 which are
deemed gene markers and highly expressed among ES

cells'. Overall, these characteristics confirm that
iPS cells are similar but not identical to ES cells.

Teratoma Formation

Another test that is employed to determine if the
obtained iPS cells are pluripotent involves the im-
plantation of iPS cells into immunosuppressant
mice and the subsequent observation for teratoma
formation. Several of the implanted iPS cell colo-
nies proved that the injected cells formed benign
tumours of all three germ layers including: neural
tissues, cartilage, and columnar epithelium'.
However, some teratomas only differentiated to
the endoderm and ectoderm layers, and other tu-
mours did not differentiate at all*. These observa-
tions effectively establish that most, but not all, of
the colonies transform into a pluripotent state.

Embryoid Bodies and Differentiation

Cell cultures can also be tested for the formation
of embryoid bodies and differentiation. When
grown in tissue culture dishes, embryoid bodies
from iPS cells containing the 4 factors promoting
pluripotency effectively attached to the bottom of
the dish and began differentiation'. Immunostain-
ing tested positive for the formation of the ecto-
derm (using BIII tubulin), mesoderm (using
a-smooth muscle actin) and endoderm (using
a-fetoprotein) germ layers'. However, cells with-
out the 4 necessary factors failed to form em-
bryoid bodies and did not differentiate’.
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MEDICINAL AND
THERAPEUTIC APPLICATIONS

OF INDUCED PLURIPOTENT
STEM CELLS

Applications for Autologous Transplantations

Implantation of ES cells into patients for tissue re-
placement or repair poses significant consequences in
terms of bodily immune responses. Patients would re-
quire lifelong immunosuppressive therapy*. Howev-
er, if patient somatic cells are used to derive tis-
sue-specific stem cells, immunosuppression would not
be needed as the inserted cells would be the patients’
own cells. One drawback to this method of disease res-
olution is that autologous iPS cells would have the po-
tential genetic mutations that underlie the existing
disease. This, however, can be overcome with in situ
repairs of the defected genome using homologous re-
combination®. Another concern regarding the implan-
tations of iPS cells into patients is the potential for the
iPS cells to form teratomas in the body. A plausible
solution to this is to inject differentiated and descen-
dent multipotent or unipotent stem cells into patients,
in order to prevent tumour development.

Applications for Amyotrophic Lateral Sclerosis

Amyotrophic Lateral Sclerosis (ALS) is a neurodegen-
erative disorder where motor neuron loss in the spinal
cord and motor cortex leads to paralysis and death®2.
Glia cells from ALS animal models have shown to pro-
duce factors that are toxic to motor neurons®. A study
conducted by Dimos and colleagues, 2008, demon-
strated that somatic fibroblast cells of elderly ALS pa-
tients may be transformed into iPS cells for pathology
investigation. Specifically, an 82-year-old patient was
used for this study. This patient was heterozygous for
the Li44F dominant allele of the superoxide dis-
mutase gene resulting in a slowly progressing form of
ALS?. Primary skin cells isolated by biopsy from the
patient had factors KLF4, SOX2, OCT4, and ¢-MYC
transduced into it by means of vesicular stomatitis
virus glycoprotein pseudotyped Moloney-based retro-
viruses*t. Some of these differentiated skin cells trans-
formed into iPS cells and demonstrated nearly com-
plete silencing of viral SOX2 and KLF4. Nevertheless,
some expression of viral OCT4 and ¢-MYC persisted-.
The embryoid bodies formed from these iPS cells were
treated with an agonist of the sonic hedgehog signal-

-ling pathway and retinoic acid to induce neuronal dif-
ferentiation®4. This experiment was successful and
motor neuron differentiation took place with the pa-
tient’s exact genotype®. These cells may then be used to
study the physiology and anatomy of the dysfunctional
cells or alter the genome to make it functional and
transplant the cells into the body for repair. However,
some limitations exist for this protocol. First, non-viral
techniques (as discussed in Genome Modification Tech-
niques) must be employed for clinical trials to begin, as
the use of viral vectors poses health risks. Second, pa-
tient genome defects must be understood, or success-
fully mitigated, for successful therapeutic applica-
tions.

Congenital Long QT Syndrome

Congenital long QT syndrome (LQTS) is a disease clas-
sified into 12 subtypes, all in which share a common fea-
ture of delayed repolarization, a prolonged QT interval
in the electrocardiogram, and a life-threatening poly-
morphic ventricular tachycardia known as torsade de
pointes=°. There is currently a lack of in vitro sources for
human cardiomyocytes, thus an inability to model the
disease in humans®. However, by utilizing iPS cells,
LQTS may now be modelled in vitro to better under-
stand the disease and potentially derive therapeutics.
Recently, scientists have isolated dermal fibroblasts
from a 28-year-old woman with a diagnosis of familial
type-2 LQTS due to a missense mutation in exon 9 of
the KCNH2 gene that encodes the pore-forming region
of potassium channels, hence leading to a significant re-
duction of the delayed-rectifier potassium current.
From these dermal cells, transduction of SOX2, Klf4
and OCT4 was committed with retroviral vectors. All of
the iPS cells showed ES cell-like morphologies and ex-
pressed the pluripotency gene markers: NANOG,
SSEA4, OCT4 and TRA-1-60%. These iPS cells are then
differentiated into the cardiac lineage, confirmed by the
presence of cardiac-specific transcription factors:
NKX2-5 and genes MLC2V, MYH6 and MYH?7%. From
these differentiated cells, it was found and modelled
that action-potential duration prolongation occurred in
LQTS differentiated cardiomyocytes relative to control
cells®®. Therefore, iPS cells have provided a foundation
for understanding human pathologies specific to the
cardiac system. These studies have proven that if cells
are not easily obtainable or isolated, iPS cells may be
used to induce the creation of one cell type from anoth-
er, in order to better understand diseases and to poten-
tially develop therapeutics.
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CELL DIFFERENTIATION WITH-

OUT USE OF INDUCED PLURIPO-
TENT STEM CELLS

Although common transformations of one cell identi-
ty-type to the other (e.g. blood cells to neurons) makes
use of the iPS cell state, there are methods that only
achieve multipotent intermediate cells rather than plu-
ripotent. In certain contexts, this situation is favoured
as it limits the potential for cells to differentiate into un-
desired or malignant cell lineages. The method of trans-
formation, however, is similar to that of the pluripotent
state discussed previously. In this conversion process,
OCT4 is preferentially expressed but levels of SOX2 and
NANOG expression remain relatively low®. This
method will transform the donor cell to a stem-cell
state, however, pluripotency will not be achieved.

CONCLUSION

Overall, the scientific community has expanded its
knowledge of stem cells and their applications over the
past few decades. There is little doubt that this field of
research will continue to grow, and develop into new av-
enues that will ultimately advance human health. The
identification of the four factors necessary to induce so-
matic cells to a pluripotent state was a scientific break-
through that led the authors to acquire a Nobel Prize in
2006. However, there is more work to be conducted.
Perhaps further research on this topic may lead re-
searchers to find ways to create human organs in the lab
for autologous transplantation. Likewise, stem cell in-
vestigations may uncover an underlying malignant
pathway that is necessary for tumour formation, allow-
ing us to intercept the tumours before they form. Al-
though the advances in stem cell research have been
vast thus far, there is still much more to learn in this
field of science.
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ABSTRACT

Severe Acute Respiratory Syndrome (SARS) was an active pandemic in the
spring of 2003, ravaging places such as Hong Kong and Canada. In Ontario,
the healthcare system was extremely unprepared, hence resulting in a multi-
tude of deaths, in which many were healthcare professionals. In contrast,
Vancouver took the necessary precautions leading up to the outbreak, and
the benefits of this can be seen in their low death toll. In the future, the On-
tario healthcare system needs to learn from these mistakes by preparing per-
sonal protective equipment and educating healthcare professionals on
proper infectious disease control protocol. This is a call to action for the On-
tario healthcare system.

INTRODUCTION

In the spring of 2003, the world was in a global crisis.
Severe Acute Respiratory Syndrome affected places
such as Hong Kong, China, Singapore, and Canada. Spe-
cifically, in Ontario, the public health system failed to
recognize the severity of the disease, putting hundreds
of healthcare professionals and civilians at risk. This
sheer lack of unpreparedness fueled the fire that spread
across Ontario that spring, putting those working on the
front line under viral attack.

DISCUSSION

Ontario’s Response to the Outbreak

The World Health Organization (WHO) reports that
over 250 Canadians were infected with SARS, with 49
confirmed deaths by the time the pandemic was called
off in July of 2003". Of these cases, 45% were health-
care workers who were not given the protection they
needed. Healthcare workers were asked to save person-

al protective equipment (PPE) - such as masks, gloves,
and isolation gear- for when a truly confirmed case of
SARS was present. Workers in Toronto were not being
told to treat every unidentified case as if it were SARS?.
This led to the spread of the deadly disease across hos-
pital floors and from worker to worker. The city of To-
ronto was not prepared for the speed at which the dis-
ease spread, thus failed to provide their workers with
the protection they needed and had a right to.

A nurse at Mount Sinai Hospital recounts her experi-
ence with SARS. Susan Sorrenti was an intensive care
nurse who was working with a transplant patient with a
suspected case of pneumonia®. She feared that the pa-
tient was presenting with symptoms of SARS and was
confused as to why he was not being quarantined.
Nurse Sorrenti was informed that masks, isolation gear,
and other PPE was in short supply and was only to be
used in confirmed SARS cases. This transplant patient
later went on to infect Nurse Sorrenti and 6 other
people at Mount Sinai Hospital that day?.

© 2018 Sciential
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Vancouver’s Response to the Outbreak

In contrast, the city of Vancouver was prepared when
their first case of SARS touched down and employed
various tactics to control the spread. Learning from
past pandemics, Vancouver had been increasing
awareness and preparedness for years. They created
an online bulletin to ensure that news about any infec-
tious disease spread was made public as quickly as
possible. An alert was sent out long before their first
infected patient touched down, ensuring that citizens
knew the signs and symptoms to look for among their
friends and family*. This vigilance limited the oppor-
tunity for the disease to spread at all in the city.

Patient o landed in central Vancouver after a trip to
Hong Kong with his wife, presenting with symptoms
that were consistent with those released on the online
bulletin. From the airport, him and his wife went di-
rectly to their family doctor, who referred them imme-
diately to their local hospital and patient 0 was quar-
antined immediately*. Health care workers were given
proper personal protection equipment, and none were
infected>¢. Vancouver proves that it was possible to
limit the effects of the disease if the right precaution-
ary steps were taken.

Implications and Solutions

The way that Toronto health officials handled the out-
break of SARS was abysmal. Justice Archie Campbell
writes“[SARS] was a disaster waiting to happen be-
cause the province's public health system had been
badly neglected...”. This negligence put thousands at
risk and cost the lives of many. I believe that in Toron-
to, every case needed to be treated as if it were SARS.
If isolation gear was in low supply, more needed to be
ordered. Materials around the hospital needed to be
used as make-shift equipment if necessary, as any-
thing is better than going into the situation completely
unprotected. Nurses and doctors needed infectious
disease control training. They must know how to
handle a situation when a severely contagious disease
is spreading uncontrolled around the city. Most im-
portantly, it is necessary that doctors and nurses un-
derstand their rights. They have a right to refuse work
in unsafe situations; this includes the right to protect
themselves and their families against the deadly dis-
eases found in hospitals each and every day. The main
issue that the healthcare system had was waiting for
SARS to reach Canada before attempting to control it.
As the disease tore across places like Hong Kong, the
Canadian healthcare system watched, hoping it never

made it and did not prepare for an outbreak. This extra
preparation - spreading the word to civilians, stocking
up PPE, and educating healthcare workers on the
spread of the disease and how to protect themselves -
would have made a world of difference, drastically
dropping the death toll that SARS left behind.

CONCLUSIONS

This is a call to action. Future outbreaks need to be con-
tained before they escalate to the level seen during the
SARS pandemic and healthcare workers need to be the
first protected. They are the first line of defense and put
their lives at risk every day to save people they do not
even know. How can nurses and doctors properly per-
form at work when they are constantly looking over
their shoulders, fearing the spread of another deadly
disease with little to no support from the healthcare
system? Something needs to change, and this change
needs to be made before the next pandemic hits
Canada.
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INTRODUCTION

Today, the CRISPR-Cas system has become the most
promising source of enthusiasm in biotechnology. It has
had a fair share of attention with wide-ranging, contro-
versial discussions of gene-editing. While the CRIS-
PR-Cas system may be the gene-editing tool we had
hoped for, we should not overlook the prospect of
off-target effects. Writing in Nature Microbiology,
Hynes et al." reports how this problem may soon be sur-
mounted by studying how phages evolved a method to
evade CRISPR-Cas.

WHAT IS CRISPR?

The CRISPR-Cas system is a bacterial defence mecha-
nism against a prophage, the integrated genome of an
invading phage®. It accomplishes this by recognising the
foreign DNA sequence and cleaving it from the bacteri-
um’s genome®. The CRISPR-Cas is a riboprotein com-
plex, made up of a crRNA, which recognises foreign
DNA sequences by binding to them, and Cas, an endo-

ABSTRACT

The CRISPR-Cas9 system has paved the way for re-
alising gene-editing, but its main weakness lies in
its potential for off-target effects. Studies into
phages reveal that they express “anti-CRISPR”
proteins which if harnessed, could provide us with
the solution to this lack of control.

Keywords: Phage, CRISPR-Cas, anti-CRISPR,
antimicrobial resistance

nuclease which cleaves DNAZ. Scientists have been able
to modify the crRNA to cut any sequence they choose,
the essence of gene-editing.

CRISPR’s PROBLEMS

However, the CRISPR-Cas system may occasionally
cleave sequences they are not intended to. This occurs
despite the absence of full complementarity, and for bi-
ological research and gene therapy, these off-target ef-
fects are a serious concern?. In human cell studies, up to
five mismatches can occur between the target and
crRNA without a noticeable change in editing activity3.
As a result, many scientists have been developing meth-
ods to detect off-target effects®. However, modification
of the guide RNA to lower mutation rates can cause a
decrease in binding or cuts by Cas in intended regions3.
Hence, Hynes et al.! looked to another avenue to over-
come this issue.
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SEARCHING FOR ANTI-CRISPRs

While bacteria battle phage infections with the CRIS-
PR-Cas system, many phages possess genes coding for
anti-CRISPR (Acr) proteins to inhibit CRISPR-Cas'.
Hynes and colleagues sought to find Acr’s in phages tar-
geting Streptococcus thermophilus, a member of the
same genus of the original source of CRISPR-Cas. Using
the phage-first method, they screened phages for their
ability to bypass bacterial immunity conferred by CRIS-
PR-Cas'. S. thermophilus, is frequently challenged by
phages to produce phage-resistant variants'. This is
analogous to “immunizing” them against strains of
phage. It was observed that some phages did not result
in immunized bacteria, and thus research was focused
on five of these phages'.

These candidates looked promising, but failure of CRIS-
PR-Cas in the bacteria is not the only possible reason
for their death. It could be that the phages had taken
over the bacteria faster than CRISPR’s ability to defend
against them'. Hence, Hynes and colleagues created a
new strain of S. thermophilus containing genes
common to the five phages, such that its CRISPR-Cas
system would readily prevent invasion from any of
these phages. Despite this, one phage: D4276, was con-
sistently successful in destroying this strain’. This was
the candidate Hynes was looking for.

Having narrowed down the search, Hynes and col-
leagues created strains of S. thermophilus, each with ac-
rI1A5, a novel Acr. The effect of this gene was a six-fold
increase in sensitivity’, indicating high efficacy. Hynes
and colleagues attempted to challenge the Acr-bearing
strain against other unrelated phages, to which it was
immune, and they observed sharp increases in sensitiv-
ity’. The findings were clear and promising: acrlIA5 is
an effective anti-CRISPR. Hynes and colleagues are
now working on the analysis of acrlIA5’s mechanism of
action and structure?.

ARE ANTI-CRISPRs THE RIGHT

PATH?

While their discovery illustrates evolution resulting
from phage-host interaction, Acr’s could be essential in
the development of several biotechnological applica-
tions. This includes gene-editing, as Acr’s will allow for
modulation of CRISPR-Cas systems. Studies in human
cells have shown that with a correct time delay, adding

Elsabagh, M. M.

an Acr can lead to a significant reduction in off-target
edits by Cas9, while retaining target specificity, leading
to improved accuracy in gene-editing>°.

It is natural to rush towards Acr’s as a solution to the
off-target effects. However, an area of exploration with
low activity is antimicrobial resistance by bacteria.
CRISPR-Cas evolved in bacteria to destroy invading
phages to prevent plasmid integration. However, stud-
ies have shown that some bacterial species lose this
ability if it impedes acquisition of beneficial bacterial
DNA, including those coding for antimicrobial resis-
tance®. In fact, some lineages do not even possess a
CRISPR-Cas system®. Therefore, if some lineages bene-
fit from the absence of this system, it may be possible
that a bacterial strain with a CRISPR-Cas system ac-
quiring an Acr could improve its ability to attain and in-
tegrate plasmids from antimicrobial-resistant neigh-
bours. This is alarming when we consider a field of
CRISPR-Cas antimicrobials. This endeavor harnesses
CRISPR-Cas gene-editing to remove genes conferring
antimicrobial-resistance in bacteria’. If, through the in-
creased use of Acr’s in one application, strains of bacte-
ria acquire these Acr genes to evade CRISPR-Cas anti-
microbials, will we have closed a newly opened avenue
in the battle against antimicrobial-resistance? It be-
comes clear that additional research into these phe-
nomena is necessary and that Acr’s will provide us with
great power, but clearly, with great power comes great
responsibility.
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ABSTRACT

Historically, the field of mental health has been shrouded in controversy and
conflict. The problems associated with diagnosing mental illnesses are still
prevalent today, and this process becomes even more complicated when as-
sessing children, who have yet to develop mature social skills and cognitive
functioning. Attention-deficit hyperactivity disorder (ADHD) is one of the
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ever before. By outlining the key factors that contribute to this problem, cer-
tain modifications can be made to improve the ADHD diagnostic procedures
for future applications. These changes can increase the accuracy of mental
health assessments, thus minimizing the number of false positive diagnoses
of ADHD in children worldwide.
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INTRODUCTION

Attention-deficit hyperactivity disorder (ADHD) is de-
scribed as “a persistent pattern of inattention and/or
hyperactivity-impulsivity that interferes with function-
ing or development™. ADHD is the most common
mental disorder among children and teenagers
(5.9%-7.1%), and the prevalence rates of ADHD diagno-
ses of this cohort have been increasing steadily over
time>.

What mechanism or explanation can be used to justify
these findings? Has there truly been an increase in the
number of children with ADHD over time? Many re-
searchers in the field of mental health do not believe so,
and instead suggest the possibility that a large majority

of these ADHD diagnoses are false positives. That is,
many children diagnosed with ADHD do not actually
suffer from the disorder. Perhaps these observations
are not representative of increases in ADHD preva-
lence. Instead, they are a portrayal of the underlying
problems with the current mental health assessment
system of children.
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FACTORS THAT CONTRIBUTE
TO ADHD OVER-DIAGNOSIS IN

CHILDREN

DSM Criteria and Diagnostic Procedures

The problem begins with the procedures in which
healthcare professionals diagnose ADHD in children,
and the definition of the condition itself. The
Diagnostic and Statistical Manual of Mental Disorders
(DSM) provides guidelines for diagnosis and criteria
of each type of mental illness. Each condition is
described by a standardized set of symptomss. On the
surface, the premise and design seem simple.
However, this is far from the reality. The main
problem with the DSM is the presence of bias, and
inconsistency during assessment. For instance, one of
the criteria for “hyperactivity and impulsivity”
associated with ADHD is: “Often talks excessively™.
“Excessively” is a subjective term; one professional’s
interpretation of an excessive behaviour may not be
the same for another. This is problematic considering
that even the slightest difference in understanding of
DSM criteria can result in a misdiagnosis of a mental
disorder.

In addition, ADHD diagnosis begins at a young age, so
clinicians receive information about a child’s
behaviour from individuals who regularly interact
with and observe them (parents, teachers)°. This may
further contribute to false positive ADHD diagnoses
because the accounts from these informants may be
uninformed and introduce a higher degree of
subjectivity. Consider the following finding: studies
show that teachers are more likely than parents to
report disruptive behaviour in school-age children’.
However, their reports might be biased based on the
circumstances in which they make their observations.
For instance, if a classroom is predominantly filled
with introverted students, a teacher may be more
likely to report an individual student as hyperactive, if
they do not follow the norms established by their
peers. Even if the student does not suffer from ADHD,
their teacher’s reports may play a deciding factor in
the diagnostic process.

Comorbidity

Another factor associated with over-diagnosing
ADHD in children is the issue of comorbidity; the

© 2018 Sciential

simultaneous presence of two or more conditions. It
was found that up to 75% of children diagnosed with
ADHD also meet criteria for other mental health
disorders®. This is because many symptoms of ADHD
are also considered characteristic of other disorders
(e.g. attention deficits are commonly seen with anxiety
and depression)®. This means that the observed
symptoms may not be indicators of ADHD, but
something else entirely.

Unique Developmental Trajectories

The last, and arguably most sensitive, factor that
contributes to over-diagnosis of ADHD in children is
the fact that many of the DSM’s defining traits of ADHD
are merely a part of a child’s normal cognitive
development. Take the following criteria: “Often has
difficulty waiting their turn”, and “Often unable to play
or engage in leisure activities quietly”. These features
are often demonstrated by many young children
because they have not yet fully matured or adapted to
society and its norms. Everybody learns at a different
rate, and perhaps some of these individuals require
more time to understand acceptable behaviours and
mindsets. However, this is not necessarily evidence of a
mental disorder, and these individuals do not deserve to
suffer the social and psychological consequences of
such a label.

Mental health is unlike any other form of physiological
equilibrium; it is often referred to as a spectrum be-
cause the line between healthy and unhealthy is
blurred. Unfortunately, there are no current methods of
correctly diagnosing ADHD with absolute certainty.
Even the DSM itself has been significantly modified
overtime because experts in the field are constantly
changing the ways that mental health is defined and un-
derstood™.

Moving forward, the responsibility of this issue rests
primarily on the shoulders of the health care system,
and the contributors of the DSM. One potential change
is to include more specific criteria and guidelines of
mental health disorders, thus establishing concrete
signs and symptoms, so that less of the diagnostic pro-
cess is left to interpretation. For instance, the afore-
mentioned ADHD criteria “often talks excessively”
could be improved by measuring tangible aspects of
speech, such as the amount of time that the individual
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speaks during conversations with a clinician. Another
suggestion is to refrain from assessing a child’s mental
health until a certain age (unless presented with an ex-
treme case), in order to promote their development
and maturity.

The procedures used to diagnose ADHD in children
today are filled with uncertainties and inconsistencies,
but it is currently the best that science has to offer. All
that is known for certain is that the mental health of
children around the world must be treated with the
utmost respect, and care. One misdiagnosis can lead a
young child into thinking that there is something
“wrong” with them. When in reality, it was their health
care system and professionals that wronged them.
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ABSTRACT

Obtaining information about your genes can be as easy as swabbing your
cheek for DNA testing. Companies that offer direct-to-consumer genetic test-
ing with saliva have the authority to collect and share personal data as well as
test results from their clients. However, patients want their personal infor-
mation to be protected and although these companies ask for consent before
sharing information with third-party sources, companies have the right to
use client data to initiate research or improve their business. Genetic testing
companies need to respect their clients and understand that they are paying
for a service which deals with sensitive information that individuals may not
want collected and stored.

INTRODUCTION

Individuals are now turning towards companies such
as 23andMe and Ancestry to learn more about their
family history and health screening. 23andMe is also
known for their direct-to-consumer genetic testing
with saliva that can report whether the individual car-
ries genetic indicators associated with health condi-
tions such as celiac disease, late-onset Alzheimer’s
disease, and Huntington’s disease’. Many individuals
that use these companies are fascinated by their re-
sults. However, a majority of individuals are unaware
that once they have sent their DNA, it is stored in the
company’s database. Thus, the company now owns
the right to the data.

TERMS AND CONDITIONS

Commercial and private genetic testing companies
should not be permitted to collect and share personal
data or DNA test results of their clients. The privacy
policy of Ancestry states, “Once our laboratory partner
has produced your DNA Data, the DNA and saliva (also
referred to as “biological samples”) are stored so that
they can be available for future testing”. Furthermore,
23andMe states in their privacy statement that they “do
use and share aggregate information with third parties
in order to perform business development, initiate re-
search, send you marketing emails and improve ser-
vices™. Although these statements are available for ev-
eryone to view, a CBC article regarding privacy implica-
tions argues that these policies are time-consuming and
tedious to read. Therefore, individuals accept the terms
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and conditions of the service without changing the
default privacy settings?.

ACCESS TO PERSONAL

GENOMIC DATA

A CBC article from 2018 mentions that Canadians are
protected by the Genetic Non-Discrimination Act.
Therefore, companies are not permitted to share DNA
testing or results with insurers or employers®.
However, Canadians who purchase DNA Kkits in other
countries are not protected by the Canadian Act and
they must follow the rules of the country in which the
kit is made*. Additionally, the National Human
Genome Research Institute allows researchers to
access genetic and individual research data upon
request. Access includes databases of genotypes and
phenotypes, the National Database for Autism
Research, and The Cancer Genome Atlas’. In the
United States, these databases are under “controlled
access”. Nonetheless, some data is readily accessible
while keeping the identities anonymous.

A MacLean’s article from 2017 states that customers
are under no impression that they have consented to
the collection and storage of their private information
and results®. Moreover, at any time, this information
can be sold to third parties such as pharmaceutical or
insurance companies for targeting individuals with
marketing schemes®. Another article published by
CNN in 2016 makes an appalling disclosure regarding
a team of American and Israeli scientists who could
reconstruct the identity of individuals who provided
anonymous genetic samples simply through readily
available databases on the internet’. Researchers
analyzed data of approximately 1.28 million people
and discovered that they can be tracked through open
genealogical  databases’”.  Through  extensive
examination, researchers were able to determine the
individual’s age, place of residence and other factors’.
An article from CBC also states that if people use their
Facebook or Twitter accounts to sign into 23andMe or
Ancestry, the companies will collect profile data, age
range, friends and followers if their privacy settings
are not restricted+.

CONCLUSION

Genetic testing websites house an individual’s most
sensitive information that is often shared unknowingly.
A majority of users click the “I Agree” option and are
unaware of the hidden details in the terms of use. Al-
though it is highly unlikely to ban these websites from
using client data without consent, nor storing and shar-
ing it, these companies must be transparent about how
exactly they handle sensitive information. The terms
and conditions are usually written by lawyers which
may not provide transparency to costumers and thus, it
should be written with the general audience in mind.
Most often, users do not consider changing the default
privacy settings or are unaware that they are able to.
Companies should take responsibility to ensure that
people can select the most private options available. In-
formation collected by these companies is not only risky
for the individual obtaining the test, but for their family,
relatives, and children.
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