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Time has flown, and we are in the middle of summer
of the year 2021. As I am writing this President’s
message, our nation continues to battle the global
crisis from the COVID-19 pandemic. Scientists around
the world continue working hard to understand
better this virus and the speed of mutation.
Presently we are dealing with the COVID delta variant
and soon to be dealing with the lambda COVID
variant. This gives much reason to continue following
the CDC guidelines by using masks, create awareness
about the necessity to get vaccinated, and remain
vigilant. At this moment, I want to express my
gratitude to all medical professionals worldwide for
their courage and relentless effort in caring for our
patients. Thank you for your dedication and hard
work to our community and the world.
continued page 2...
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A Message from the NJAS President (Con't)
What is coming? We can never afford to stand still, and we are not. The NJ Academy of Science (NJAS)
continues to adapt to the needs of our members. At the present time, the executive members of the NJ
Academy of Science have decided to conduct the 67th Annual meeting this year in a live manner on May
7, 2022. However, if the health crisis challenges surpass our current situation, we will be forced to
continue in a virtual manner. We would notify NJAS members ahead of time if this is the situation. Please
enjoy this newsletter edition, it highlights all the participants abstracts and many video links of the 66th
Annual Meeting.
We all have suffered professionally and personally; the NJ Academy of Science wants to be the vehicle for
our members to share their stories and collaborate as an organization to create vaccine awareness. We
need your support to share your personal moments. Please join the mission to inspire others to become
vaccinated. Please share your stories here.
We are proud to announce that the NJ Academy of Science selected new executive officers in the Spring
of 2021. The open executive officer positions were filled by NJAS members and faculty members from
Kean University, American Cancer Society, Temple University, Berkeley College, Marine Academy of
Technology and Environmental Science, Bergen County Academies, and High Technology HS. This is an
impressive team that represents various academic and private institutions in the state of New Jersey which is of utmost importance for the growth and diversification of our organization. As a team, we are
working vigorously to expand the Academy’s mission to our community.
continued page 3.....
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A Message from the NJAS President (Con't)
I must admit I am looking forward to the day when we can meet again, face-to-face. Please continue to do
all you can to prevent the spread of COVID-19 and to take good care of yourself and your families. Lastly,
I would like to end my message with this quote, “And once the storm is over, you won’t remember how
you made it through, how you managed to survive. You won’t even be sure whether the storm is over. But
one thing is certain, when you come out of the storm, you won’t be the same person who walked in.
That’s what this storm’s all about.” ―Haruki Murakami. Enjoy your summer!
Maria Agapito,

Maria Agapito, PhD President, NJ Academy of Science

HISPANIC HERITAGE MONTH (September 15th - October 15th)
Spotlight on Ellen Ochoa

Image by Islibn CC BY-NC-ND-4.0

Photo by NASA CCO 1.0 Public Domain Dedication

Ellen Ochoa is considered the first Hispanic female astronaut, having served as a crew member
on four U.S. space shuttle missions. Ochoa was a central figure in leading the nation’s human
space flight enterprise: she functioned as the Deputy Center Director for five years, led the Flight
Crew Operations Directorate, and was eventually elected as the 11th director of the Johnson
Space Center. Following her educational pursuits at San Diego State University (where she
received her bachelor’s degree in physics) and Stanford University (where she received her
master’s degree and doctorate in electrical engineering), Ochoa launched her career as a
research engineer at Sandia National Laboratories and NASA Ames Research Center in 1988. At
the Ames Research Center she studied optical information processing, and when selected to be
an astronaut in 1990, she moved to the Johnson Space Center. Ochoa has been recognized for
her exemplary work by being awarded the Distinguished Service Medal, the Presidential
Distinguished Rank Award, honorary doctorates, and several other accolades. As a female and a
member of a minority group who earned her own success, Ochoa has encouraged others to
pursue technical fields regardless of their background, as expressed through her words:
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"Dont be afraid to reach for the stars."
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NJ Academy of Science Seminar Announcements
September 17, 2021 Pedagogical Seminar
Peter Frank, Ph.D
Science and Politics Fellow
Eagleton Institute of Politics
New Jersey Dept. of Education
Peter.Frank@doe.nj.gov
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Pam Dixon Kuhn, President
Science Research For All, Inc.
https://www.scienceresearchforall.org/about-us/
May 7, 2022

67th NJAS Annual Meeting (more information in our fall edition)

A message from one of our September presenters...PAM DIXON KUHN,
President, Science Research for All, Inc.
In an increasingly technological nation, the need for people to fill STEM-related
jobs is apparent. In order to fill this void, participation in high school original
science research has long been part of the specialized STEM-school curriculum.
But what about students who have a keen interest in science and attend regular
public schools or even underserved schools where a science research program is not
offered? Unfortunately, these students miss the opportunity to experience research during
their high school tenure and, consequently, are not as well-prepared for their college science
classes. A science research curriculum in the secondary school allows students to participate
in an authentic research experience whereby opportunities arise for open inquiry when
students decide what and how they will study. In essence, students execute well thought-out
research projects much like what professional STEM researchers do every day. The result is
increased student enthusiasm towards STEM leading to a greater propensity to pursue
science courses in college and, eventually, more participation in long-term STEM careers.
While teaching Science Research in a regular public school for almost a decade, I
experienced stunning results, in that 72% of my research students ultimately graduated from
a four-year college with a STEM degree and 55% were actively involved in research as part of
their career. The students who participated in my course were from all academic levels,
including General Education, College Prep and Advanced Placement (AP). Regardless of
academic level, the students’ interest and enthusiasm propelled their projects. Students
become so proficient in their chosen research topic, many times they were working at a
graduate college level. Additional benefits of the science research curriculum included 1)
understanding the scientific method 2) taking ownership of their work 3) improving writing
and communication skills 4) working independently 5) time management 6) increase in STEM
participation and engagement
After retiring from public school teaching in 2016, I formed a nonprofit organization,
Science Research for All, Inc. Our mission is to bring science research programs, like the one
my students experienced, to all high schools, regardless of their zip code. We work directly
with educators through professional development by giving them tools they need to
implement and run a successful science research program in their school. As a result of
empowering science teachers with this knowledge, we hope more students will be “turned
on” to STEM. We imagine a future where all students have the opportunity to engage in
science research and are inspired to practice the scientific method in partnership with the
scientific
community.
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Reflections on the 66th NJ Academy of Science
Virtual Research Competition
This past year marked the NJ Academy of Science's (NJAS) 66th year of bringing students
and researchers together to exchange scientific ideas. Due to the COVID-19 pandemic,
the NJAS 66th annual meeting was again facilitated as a virtual research competition.
Despite these challenges, there were more than one hundred participants who submitted
their scientific video presentations! This distinguished research competition gives students
(high school, undergraduate, and graduate students) several opportunities, including a chance
to present their original scientific research and compete to have their research abstract
published, to present at the National American Junior Academy of Science (junior academy
level), or serve as the NJ Academy of Science delegate at the American Association for the
Advancement of Science (senior academy level).
The NJAS Board would like to congratulate all the participants and their families, their mentors
and teachers, and the judges for their support and commitment to science. Following are the
2021 NJ Academy of Science Virtual Research Competition Winners including a link to their
videos. Also included are the names of our distinguished judges. Abstracts of all
participants (in alpha order) by category can also be found in this Newsletter, beginning
on page 27.

CCO 1.0 https://www.publicdomainpictures.net/en/view-image.php?image=223449&picture=desert-landscapet

https://www.publicdomainpictures.net/en/view-image.php?image=369647&picture=artificial-intelligencext
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66th NJ Junior Academy of Science
Virtual Research Competition Winners
Biochemistry

Daniel Lin

Giovanna Onofrietti

Cell/Molecular Biology

Zoe Zachiko

Hannah Park

Health/Medicine

Neha Vazarkar

Zerlina Huang

Bill Zhang

John Clausing

David Chang

Jue Gong
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Jonathan Levy

Kosei Dohi

Engineering

Rravind Krishnan

Kathy Zhang

Sidharth Srivastava Anastasia Samets

Ecology

Ethan Chia

Harnoor Sachar

Physics

Botany

Juliette Onofrietti

Myra Dhingra

Topical Reviews

Kaitlyn Culbert

Rhea Raghu

Harrison Banks

Carley Zhou
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66th NJ Junior Academy of Science
Virtual Research Competition Winners (cont.)
Math/Computational

Grace Park

Erik Lee

Seehanah Tang

Microbiology

Katherine Fang Kathleen Antonakakis Rayan Jawa

Earth Science

Ayan Lateef

Emily Jones

Psychology

Ryan Schagar

Brandon Liau

Sumaiya Tasnim

66th NJ Senior Academy of Science
Virtual Research Competition Winners
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The Distinguished Judges of the 66th NJ Academy of
Science Virtual Research Competition
Dr. Maria Agapito (Bard High School Early College/Kean University)
Dr. Genesis Julyus T. Agcaoili (Southside Virginia Community College)
Ms. Blanca Rosales-Ahn, M.S. (Kean University)
Dr. James Arnone (William Paterson University)
Dr. Darryl Aucoin (Caldwell University)
Ms. Roberta Batorsky, M.S. (Temple U)
Dr. Kiruthika Balasubramanian (American Cancer Society)
Dr. Melissa Baralt (Berkeley College/Montclair State University)
Dr. Agnes T. Berki (Caldwell University)
Dr. Paul Bologna
Dr. Dan Celenti (AT&T Labs (retired)/Brookdale Community College)
Mr. Thomas Chen, B.S. (Academy for Math, Science, & Engineering)
Dr. Grace Cook (Bloomfield College)
Mr. James Danch, M.S. (Colonia High School)
Ms. Nancy Farlow, BS (Jersey City High School)
Dr. Eric Forgoston (Montclair State University)
Dr. Mira Franke (Kean University)
Dr. Jing Gao (Kean University)
Dr. M. Denise Gemmellaro (Kean University)
Eden-Renee Hayes
Mr. Will Heyniger, M.S. (Kean University)
Dr. Eric Iannacone (Raritan Valley Community College)
Dr. Silky Kamdar (BMS)
Dr. Julian Paul Keenan (Montclair State University)
Dr. Walter Korfmacher (consultant)
Dr. "Eli" Il-Hyung Lee (Montclair State University)
Dr. Laura Lorentzen (Kean University)
Sirag Mahmood, M.S. (NJIT)
Ms. Nadia Makar, M.S. (Jose Marti STEM Academy)
Dr. Kendall Martin (William Paterson University)
Dr. Sasmita Mishra (Kean University)
Dr. Tiffany Morris (Bard High School Early College)
Ms. Cailin O’Connor, MS (Kean University)
Dr. Robert O’Hagan (Montclair State University)
Ms. Nan Perigo, MS (Kean University)
Dr. Rongsun Pu (Kean University)
Ms. Chrissy Rebert, M.S. (Teq)
Dr. Kristie Reilly (Kean university)
Yuriko Root, MS (Kean University)
Dr. Joseph Spagna
Yaman Thapa (Caldwell University)
Rory Ulloque
Vandan Upadhyaya, MD, MBA
Dr. Smriti Zaneveld (Lazarus 3D, Inc.)
Ms. Joyce Zhou, B.S. (Columbia University)
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Letters to the NJAS
Newsletter Editor
We encourage a diversity of voices and
views in our letters. Letters may include a
review of a book, opinions about a movie as
it relates to science, a scientific question
posed to the NJAS community, or even a
piece of art in relation to science (may
serve as the front page picture!). Opinions
on current science news or issues or
reference to an article that has appeared
within the last two issues of the NJAS
newsletter are always welcome.
Letters should preferably be 150 to 175
words and must include the writer's
address and phone number (only the name
will be published). A piece of art may be
submitted electronically in a JPEG format.
Letters or art should be exclusive to the
NJAS "Newsletter." To send a Letter or Art
to the Editor: email letter/art to
donleo54@gmail.com. Subject line must
include "Letter/Art to the NJAS Newsletter
Editor."

The Phallotoxin "phalloidin," from the
lethal death cap mushroom, is used to
stain F-actin filaments in cell bio assays.

https://commons.wikimedia.org/wiki/File:Red_death_cap_mushroom.jpg

Courtesy of Wooseok Kwon Bergen County Academy

Call for Manuscripts for the
Bulletin
Please consider submitting your findings to the
prestigious NJAS official journal. Peer reviewed
and indexed in PubMed, this journal is the
perfect location for your research. We are
currently on a twice-yearly publication schedule,
which consists of a Spring issue and a Fall issue.
Anyone having questions about the review and/or
publication process should contact the Bulletin
editor at NJAS.publications@gmail.com
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Musings From Our Members
Through the Eyes of the Beholder
By Kannamai Pichappan
(grade 12)

Remember when we were preparing for nuclear wars,
putting our money in missiles.
Remember when doctors told us to go outdoors,
“It’s good for your health,” they’d whistle.
Remember when giving a hug was a sign of love,
when we would clap and say hello.
Remember when wealth was
gold coins and loads and loads of dough.
Well, times have changed.
We thought guns and bombs and atomic wars
would be attributed for our perish.
But never did one guess
that we would be stabbed, not by knives,
but by the spikes of the coronavirus.
Our guns and weapons may be glorified
but they gather dust as we speak.
Civic responsibility asks us to stay inside,
for our health and those around us, it pleads.

A

a. https://phil.cdc.gov/Details.aspx?pid=11733

What are we looking at?

We thought wealth was gold and silver;
We thought cash was king.
But even the man born on a silver platter,
must bow to the crown of Covid-19.
The farmer who was mocked
for his ragged shoes and torn clothes
has more in his basket full of eggs,
than in the tainted cash we hold.
In a time when border security
is a defender against attack,
allow me to ask:
“Can it hold corona back?”
So,
let me remind you:
It is all in the eyes of the beholder.
b. https://phil.cdc.gov/Details.aspx?pid=18168

Public Domain SEM Images from PHIL : a. ventral surface of a bed bug, Cimex lectularius.
Colorized Staphylococcus aureus (MRSA) being engulfed by a WBC.
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Featured Works By Our Members
THE PEDAGOGICAL VALUE OF RESEARCH

Calling All Innovators!
Bartek Fecko (Grade 11)
Calling All Innovators! In this age of scientific innovation and discovery, the ability to eloquently
communicate scientific information is indispensable. As such progressions pertaining to science,
technology, engineering, and mathematics (S.T.E.M) may create doubt or ambivalence in up-andcoming scientists to make their dent in this interdisciplinary field, the necessity of effective S.T.E.M
writing cannot be stressed enough. As the respective fields of S.T.E.M describe how the world
naturally (science and mathematics) or artificially (technology and engineering) works, discovering
more about and innovating our world requires ambition, diligence, inspiration, and above all,
inquisitiveness. Undoubtedly, aiming to better grasp such a complex field is a daunting task, ranging
from up-and-coming scientists to the most revered scientific minds. For example, take two
complicated phenomena, dark matter and unintelligible signals from space, and two common
activities, yawning and dreaming: science (perhaps remarkably for the latter two) cannot explain
how and/or why these four things happen, and there is little indication that we are on the verge of
some great discovery! However, the inquisitiveness innately present in human beings naturally
drives us to persistently pursue answers to complicated questions about the world around us. In no
demographic group is such inquisitiveness demonstrated better than in young minds, regardless of
whether the stereotypical nerdy, lab-coated scientist is their vision of the future. Consequently,
because experimentation and the basic scientific process at large is especially conducive to the
curious tendencies of adolescents, early involvement in S.T.E.M and experience with S.T.E.M writing
is critical. To better illustrate the benefits of S.T.E.M writing, I’ll speak from experience. Despite
being relatively inexperienced in the research department, the importance of S.T.E.M writing is
apparent to me as it is for scientists of all levels of discipline and from all disciplines. At time of
writing, the entirety of my involvement in S.T.E.M has been writing annotated bibliographies for
studies found on ScienceDaily or PubMed that captured my interest as routes of exploration for a
research project. To be more specific, the primary topics of these studies (those most captivating to
me) have been anti-inflammation, inhibition of insulin resistance, and other effects caused by an
ammonium salt called berberine, the mitigation of a nutrient intake mechanism called
macropinocytosis in pancreatic tumors, and the production of bloodborne antibodies to combat
fungal invasions of blood vessels. Writing effectively has allowed me to simplify and organize
complicated information for the purpose of finding something worth investigating and turning into
my own research project. Furthermore, my writings have always been indications of my individual
passions and interests as if they reflected my uniqueness- an effect which I anticipate to intensify as
my works ultimately become complete, cohesive projects involving more creativity than those thus
far. In general, whether it be cellular biology, nanotechnology, biophysics, quantum mechanics,
chemical engineering, or any S.T.E.M-related discipline that a bright-minded student finds conducive
to his/her passions, S.T.E.M writing assists in building a greater understanding of the subject matter
as well as the writer’s unique interest within that broad field. So markedly different than the strict
topic requirements, pre-provided lists of sources, and hours of class time worth of information
concerned with in-school essay writing, S.T.E.M writing allows the young students of today to
explore their fascinations whilst becoming more involved members of the scientific community and,
hopefully, the next generation of innovators.
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Featured Works By Our Members (cont...)
THE PEDAGOGICAL VALUE OF RESEARCH

Personal Research Experience
Gene Lee (Brown University)
Fresh out of middle school, I was intimidated by the lab. Trifolds half my height covered the walls,
filled with mind boggling text and multicolored graphs. Scholarly upperclassmen clad in white lab coats
and blue gloves concocted vibrant pink and orange solutions like alchemists converting lead to gold in
bubbling cauldrons. Even its location seemed exclusive: the lab lay hidden in the corner of a biology
classroom through an inconspicuous glass door. That biology classroom happened to be my homeroom,
and so each morning I watched and listened as the upperclassmen came and went through this haven of
knowledge. Each member was privy to a foreign language full of technical terms, venting about cells that
stubbornly refused to proliferate or laughing about mistakes under the hood while preparing PCRs or
ELISAs that set weeks of effort all for naught. But most enticing of all, they were having fun.
I mustered up the courage to attend the introductory research elective, which demystified the
equipment, language, and most importantly, the lab mentor and upperclassmen. They too were still
learning, not afraid of “failure”. Mistakes were to be expected, almost encouraged, as both teacher and
student improvised around obstacles. So the hardest part of research, at least for my timid self - to
propose an idea, to leave yourself
vulnerable to criticism – was overcome. I could let go of self-doubt and pursue wacky projects: can cancer
cells smell? Can you squeeze cells to death?
“Why not, but how?” my mentor asked. I gawked back: as a student, I always followed directions and
expected immediate answers. It was on me to identify the appropriate procedures, to justify purchases
and to even schedule out my day to run experiments. I tried turning to google for rescue, but the usual
factoid was replaced with hundreds of scientific papers. Support was always available, but this wasn’t
homework; no one’s checking up on you to get the work done.
The responsibility was a burden. The frustration of conducting assay after assay without any results
wrought me with anxiety. But I kept coming back. To throw my all into a project was addicting, yet I was
on the verge of quitting. And it felt lonely. My friends would invite me outside during break, but I would
have to decline; there was an assay ready to be read in the lab. The sun would be out, the cloud cover a
perfect shade, and I'd spot my friends outside from the second story window. Then I’d turn back to the
screen for the results, heart beating, fingers crossed.
What a pain in the neck! you’re probably thinking. Stop whining! Aren’t you supposed to convince me of
the merits of research? Well … it’s complicated. I can only speak for myself, but independent research has
taught me that there are no directions, and that sometimes, the path you choose leads up to a dead end.
Don’t get me wrong: you should be hopeful and strive for success, and the knowledge acquired through
failure is the reward. Just don’t get too caught up on the prizes or that extra line in your resumé. Have fun
along the way.
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Featured Works By Our Members (cont...)
Interview With Dr. Vincent Brandeis
Mehwish Mirza (Grade 12)
A graduate of Johns Hopkins University and member of the Lenox Hill, Wyckoff Heights, St. Barnabas, and
Montefiore Hospitals, Dr. Vincent Brandeis is an OB/GYN and runs his own medical practice in New York.
During his fellowship at Rutgers Medical School, Dr. Brandeis was on the team of the first IVF program in
New Jersey – which was one of the earliest IVF centers in the United States. Given his over 25 years of
experience in reproductive endocrinology and infertility and board certifications in obstetrics and
gynecology; reproductive endocrinology; and infertility, Mehwish Mirza, a high school senior at Bergen
County Academies, interviewed him about the emerging field of STEM, especially in the era of the COVID19 pandemic.
1. Some of the missions of NJAS include stimulating education and research in science; creating
solutions to society’s challenges by advancing scientific research and education; and overall,
promoting the advancement of STEM-related fields. Since NJAS is entirely a non-profit organization,
it seeks to accomplish this purpose by sponsoring grants and competitions to promote high school
research, developing STEM networks by hosting scientific seminars, and much more. In your opinion,
what do you believe are some of the benefits of the existence of organizations like NJAS?
The advantage of having such organizations is that it encourages independent thinking. In young scientists,
there is a clarity of information that is entirely unbiased. Unfortunately, too often, when people practice
science for many years, whether it be clinical or research, they tend to go in a direction that works for
them because of many factors, whereas a young student, who doesn’t really have those constraints, can
see things from a broader and clearer vision. Organizations such as NJAS enable these young scientists and
encourage their innovative yet unbiased contributions to the field.
2. Given that you’re a practicing OB/GYN, can you give some insight into how the pandemic has
affected your practice? What were some difficulties that you faced that you believe are specific to
your specialization?
I think that the most devastating part of the pandemic is that it completely turned medicine as we know it
upside down. The focus of medicine is practicing as a communal effort – whatever you do, you’re in a close
network of physicians that you can rely upon. When you’re forced to work independently as a physician, it’s
very difficult – not being able to see other physicians face to face extremely limits your ability to help your
patients, on many levels. First of all, it’s difficult to get appointments because physicians have limited
practice volume. Secondly, it places the burden on those who have elective procedures – they have to wait
because there’s simply no space in the operating room, because the staff is limited taking care of dying
patients. So, there’s less staff around and it doesn’t allow you to take care of patients who have lifethreating yet elective situations. By delaying colonoscopies and investigations for unexplained pain, for
example, you’re essentially delaying diagnosis – at the very least, you’re delaying diagnosis, at the very
most, you’re delaying treatment. continued....
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Featured Works By Our Members (cont...)
Interview With Dr. Vincent Brandeis (cont...):
But in terms of educational growth, over the last 100 years, medicine has emerged as a collaboration.
There’s an organizational hierarchy, where you have your interns and residents interacting with
established physicians; you have seminars and you have the ability to exchange ideas and discuss issues
as a group. In medicine, in particular, working remotely and in an isolated manner goes against the whole
philosophy [of medicine]. And so, I think that has been a major factor that has affected many practices,
including mine, because it’s completely the opposite of what the structure of medicine is – at least in the
present time, medicine is not meant to be practiced in isolation, it’s meant to be practiced as a
cooperative, easy-access field.
On the other hand, what the pandemic did do was popularize and revolutionize telehealth medicine in a
way that perhaps never else would have happened. There are many types of visits that probably don’t
need to be done in a one-to-one, face-to-face manner with a physician. So now, with televisits, non-urgent
issues can be dealt with from the comfort of the patient’s home. So, in a kind of paradoxical way,
telehealth medicine has increased access to physicians because it now opens up a whole new avenue of
communication that didn’t exist before.
The pandemic helped further internationalize medicine through the use of telehealth technology. You can
do consultations nationally and internationally because we now have all the equipment to do so – we have
the optics and acoustics that allow you to be in touch with the greatest physicians to whom you’d
otherwise be forced to go to or wait 6 months to book an appointment with. And now, at your fingertips,
you can really get involved in a clinical manner much easier and much quicker.
For all the so called “badness” this pandemic caused, I think it did have hugely important benefits in terms
of the accessibility of medicine.
3. Given that it’s been a few months since the FDA approved the COVID-19 mRNA vaccines, how do
you feel the east coast region, especially the NJ-NY area, compares to other states with regard to
vaccination rates and healthcare in general? What are some factors/reasons that you believe best
explain such discrepancies amongst different states and regions in the US?
The most important factor is the disproportionate effect on older people compared to younger people.
When you look at the numbers, unfortunately, they don’t always properly stratify in terms of who the
population is. That’s why it’s so important to examine the number of new infected cases present in
different age groups. Some areas of the country have higher levels of obesity, higher levels of diabetes,
higher levels of people that live in close quarters and other people don’t. Like in North Dakota and South
Dakota, where there’s lower population density (compared to) – not just have less people, but they tend to
not be living as congested as we are in the city – it’s a little more difficult to compare the effect of the
pandemic amongst different geographic locations – think of it as comparing two different species. So
that’s the biggest problem.
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Featured Works By Our Members (cont...)
Interview With Dr. Vincent Brandeis (cont...):
And in terms of the east coast, we have so much travel and a much higher incidence of people coming
from other countries. So in states where you don’t have such a huge amount of travel from other
countries and an older population, you can’t compare the data very well.
However, when taking into consideration such factors upon comparison of vaccination rates, it is the case
that vaccination rates are relatively higher on the east coast, including the NJ-NY area. There are many
reasons why is so, but one of the many reasons has to do with accessibility- vaccines, in the earlier stages
of the distribution and manufacturing cycle, were more accessible on the east coast because they had
easier means of making them.
The infrastructure was already there on the east coast to get the vaccines by the nature of the fact that
it’s more of a structural environment, rather than a rural area. A second, and important, explanation for
these differences in vaccination rates is education – in more rural areas, many people do not want to get
the vaccine; there are many reasons why they are reluctant to do it, but of the many reasons, a lot of it
has to do with education and the understanding of the vaccine. On the east coast, there’s simply more of
an educated society willing to take a scientific risk, whereas in some rural areas, where they’re stuck in
their ways and sometimes don’t even like to go to the doctor’s office just to start with, you can see a large
amount of hesitancy regarding vaccines.
4. Lastly, what is one piece of advice you would like to give to aspiring physicians or other STEMworkers? In light of the pandemic, what additional advice would you give?
An important piece of advice is that, as a young clinician-to-be or STEM-worker, you must be aware that
you are the future and that future advances will be the key to the greatest progress that we will be
making in the next 20-30 years. There’s really no barrier except yourself – the only limitation a person has
is their own imagination and their own inclination. There’s no reason why any aspiring scientist can’t hope
to be the next Rosalind Franklin or Isaac Newton, because the future is in their hands. Now that there’s
such an easy access to information, a person doesn’t have reason to assume they can’t be better than the
past. That doesn’t mean that the present doctors aren’t good it just means that there’s more information.
The youth can, and should, see things with greater clarity because they’re not burdened by the
constraints that often older physicians, who have practiced a certain way because that’s the only way they
have to navigate, do. A young student who’s walking in with a clean “blackboard” has a huge advantage
where they can see things in a less structured and less restricted manner.
As for the pandemic, we can learn from the evolution of our understanding of it –we walked into this
knowing very little to nothing about the virus. And many of the concepts and understandings we had
initially were changed almost daily because of the nature of its effect upon society and our improved
understanding as we went along. So, one thing to take away from the pandemic is that we have to be very
humble and be willing to know that the truth of science is a function of the day, and that the truth can
oftentimes change, which doesn’t necessarily mean that you were wrong about your hypothesis – it’s just
that you weren’t as informed to come to a valid conclusion.
On behalf of NJAS, I would like to thank Dr. Brandeis for taking time out of his schedule to speak with me!
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The DNA
Sai Hasini Chandran (Grade 6)
What is DNA?? Well, it is commonly known as a resembling print from our parents or ancestors. Yes!
We are 99% made from our parents. We are the rest of them. But it is more than a resemblance, it has a
whole history of science mixed inside our bodies and that's what I am going to explain to you.
DNA is deoxyribonucleic acid. It is a bond of atoms stuck together in a twisty, curvy spiral ladder;
double helix molecule.They are the genetic code that establishes the characteristics of every living
organism like you.Since,DNA is made out from molecules named Nucleotides-each one of the nucleotides
is made up of a phosphate , a sugar and a nitrogenous base. Here are the four types of nitrogenous bases
(A)adenine, (T)Thymine, (G)guanine, (C)Cytosine which makes the genetic code.
DNA has great leadership qualities, it takes the role of a boss and instructs each one of the 3 billion
cells in our body what kind of job it should do in each part.Well, while the DNA tells others to do their
part, then it should do its part. It creates us, our bodies, the person who we are. But that’s not easily
done.It starts from the amino acids. It is a very essential and important chemical that comes in 20
different shapes and sizes. Your body connects all those amino acids together to form one unique
protein.The protein should be created in a correct form in order to work properly,so the bossy boss DNA
shows the amino acids to do it correctly to bring everything smooth.
Till now,we have seen a little bit about DNA and how the amino acids create each protein. But why on
earth does it have to work hard and create each protein in the right quality and assemblance? The Protein
mixed up with some other chemicals and form a cell! When the cell gathers together then it forms a
tissue, then the tissue will form the organs and bones-which will form the wonderful YOU.This is why it
works so hard to produce cells which form you.
Well,as we have seen how this huge process takes place,but where does it take place? The DNA is all
coiled up inside the nucleus of a cell.But, to convert the amino acids as proteins.The DNA needs to
interact with the amino acids. But there is a problem.The amino acids present in the cytoplasm and the
DNA can’t simply move out from the nucleus where it belongs
Hold that pity party!! Well, all the DNA needs to do is connect and interact with the amino acids, but it
can’t get out of the nucleus. So it forms a replica of itself to meet the amino acids!
The cell makes a copy of the DNA sequence in the same exact data that is RNA in this instead of
thymine , Uracil will be present.Normally,the DNA is double stranded but RNA is single stranded. This RNA
is much,much,much smaller with the right input,so it can escape out of the membrane of the Nucleus.
After it has its quick escape,it goes into a cell organelle called ribosomes which is a protein building
machine .They simply read the RNA sequence which is like their instructions and align the amino acids
and make proteins.They correctly follow the instructions from the RNA code and make a perfect protein
which makes a perfect cell,tissue,organ and which makes the perfect YOU!!
This whole DNA has a simple but hard process going on with its life.It is also awesome with these weird
but true tested facts.Did you know that your DNA ladder can stretch from earth to sun and back again,600
times!!No wonder how big you are from inside you!

16

NJAS | VOLUME 46.1

FEATURED
WORKS
BY Members
OUR MEMBERS
Featured Works
By Our
(cont...)
Organoids: A Promising New Technology for Cancer Research
Sofia Kaplan (Grade 12)
As scientists bid to refine cancer research models, one technology emerges as promising: organoids.
Organoids are three-dimensional (3D) models of in vivo tissues and organs, and have great potential
applications for cancer research. For instance, organoids may be used for drug testing to more accurately
represent how cancer patients will respond to certain treatments, and in precision medicine to identify
the most optimal treatment strategy for individual patients. These new 3D models may also be able to
reproduce how viral infections and mutations lead to cancer, and recent co-cultures of organoids and
lymphocytes offer hope that this technology can be applied to immunotherapy [1]
Although traditional two-dimensional (2D) cancer models have made tremendous contributions to
cancer research, these models have limits. 2D cell line cultures lack the ability to simulate important
factors such as the immune system, microenvironment, and organ-specific functions. Additionally, new
studies suggest that organoids succeed where 2D cell lines fall short, as organoids were shown to be the
most genetically similar to their human sources when compared to 2D cell culture [2]. Therefore,
organoids hold enormous potential for creating better treatments that address the genetic contributors
to cancer growth and pathogenesis, and should be the focus of future cancer research efforts.
Bibliography:
1 Da Peng, Rachel Gleyzer, Wen-Hsin Tai, Pavithra Kumar, Qin Bian, Bradley Isaacs, Edroaldo Lummertz da
Rocha, Stephanie Cai, Kathleen DiNapoli, Franklin W. Huang, Patrick Cahan. Evaluating the transcriptional
fidelity of cancer models. Genome Medicine, 2021; 13 (1) DOI: 10.1186/s13073-021-00888-w
2 Xu, H., Lyu, X., Yi, M., Zhao, W., Song, Y., & Wu, K. (2018). Organoid technology and applications in cancer
research. Journal of hematology & oncology, 11(1), 116.

Will the U.S. ever reach herd immunity?
Mila Kaplan (Grade 12)
COVID-19 vaccination rates in the U.S. have been declining since April as a little over 500,00 doses are
being administered per day in comparison to the over 3 million doses administered per day in April [3].
With the relaxed mask and social distancing restrictions and the new, most infectious Delta coronavirus
variant, these declining vaccination rates are concerning and provoke the question: will the U.S. ever
reach herd immunity to COVID-19? To answer this question, we must first have an understanding of what
herd immunity is. Herd immunity is when the percentage of a community that is immune to a disease is
large enough that the disease is unlikely to continue spreading [2]. There is no specific herd immunity
percentage, but with the increase in variants the previous estimates of 60-70% have been increased to up
to 85% [2].
Vaccine hesitancy and uneven vaccine distribution are some of the major obstacles in the way of the U.S.
reaching herd immunity [1]. The communities with larger percentages of unvaccinated people will allow new,
more contagious variants to spread and potentially mutate to make vaccines less effective. Taking all of these
factors into account, experts are estimating that herd immunity may take years to reach and COVID-19 will
likely become endemic, meaning that the virus will be present at a baseline level but will be less severe [1].
continued.page 18...
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The bottom line is that in order to end the pandemic and reach herd immunity, more people need to get
vaccinated to prevent the spread and emergence of new variants. We can all help end the pandemic- get
vaccinated and encourage your family and friends to do the same!
Bibliography:
Aschwanden, Christie. “Five Reasons Why COVID Herd Immunity Is Probably Impossible.” Nature News,
Nature Publishing Group, 18 Mar. 2021, www.nature.com/articles/d41586-021-00728-2.
2 MacMillan, Carrie. “Herd Immunity: Will We Ever Get There?” Yale Medicine, Yale Medicine, 21 May 2021,
www.yalemedicine.org/news/herd-immunity.
3 Naema Ahmed, Dan Keating. “Tracking the Coronavirus Vaccine, State by State.” The Washington Post,
WP Company, 15 July 2021, www.washingtonpost.com/graphics/2020/health/covid-vaccine-statesdistribution-doses/.

Supernova
By Kanisha Shiv (Grade 6)
A supernova is the most enormous explosion scientists have ever seen! A supernova is usually the last
“whoopee” of a dying star. Each blast is an extraordinarily bright explosion of a star. This happens when
the dying star is about 5 times the mass of our sun, explodes with a tremendous bang! Just imagine
something so huge collapsing within 15 seconds! Enormous stars burn big amounts of nuclear fuel at their
cores/centers. Their cores produce tons of energy , so their centers become very hot. When a massive star
runs out of fuel, it cools off. This causes the pressure in the star to drop and the star suddenly collapses!!
The collapse happens so fast that it creates enormous shock waves. In the end a condensed core and
nebula( a cloud of dust and gas) is left behind. If the star was 10 times the size of our sun before
exploding , the supernova could turn into a blackhole.
A second type of supernova exists. When two stars orbit one another and at least one of those stars is
an Earth-sized white dwarf. A white dwarf is the remains of what's left after a star that has run out of fuel.
If a white dwarf collides with another source of matter , the white dwarf can explode. BANG!!
Supernovas are phenomenal events that outshine galaxies for days and even months! Unfortunately
Supernovas are rare. Scientists and Astronomers believe that they occur only 2 times in a century.
Scientists can learn many things from supernovas. Since the universe contains many galaxies astronomers
study supernovas outside of our galaxy. One of the main things they learned is that stars are the
universe’s factories! Stars generate the chemical elements needed to create life. At a star’s core, simple
and well-known elements like hydrogen turn into heavier and more complex elements. These heavier
elements such as carbon and nitrogen, are one of the few elements needed to create life. This
phenomenal explosion is remarkable.
Supernovas are just like fireworks, just much bigger. They’re both big , beautiful explosions that make
people awe. Supernovas can happen when a dying star explodes or when an Earth-sized white dwarf star
collides with a source of matter. Supernovas are beautiful explosions that fade over the course of
thousands of years, enhancing and spreading their chemical elements throughout the universe.
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TIME
By: Bhuvana Sri Pasupuleti (Grade 9)
When you place a dot on a paper it is considered to be one dimension, if you place another dot little
farther and join the two dots then it becomes a two dimensional line segment if you move the paper on
which the line segment is there it becomes three-dimensional.
Well, is there a fourth dimension? The answer is, Yes. And this is what the scientists claim to be “TIME”
Time. What is the first idea that comes to one's mind when they think of time?
Perhaps, the theory of relativity or even one of the brilliant minds of scientists in history who have made
progressing inventions on the standard idea of time.
In Layman's terms, Time is a precise motion in our surroundings through an entire cosmic creation or
dimension. Many people have different perceptions of time. One may think it is an optical illusion the
universe is driving under, or one may think time is just a movement, or may not even care at all about the
existence of time.
But in all our lives time play an extremely significant role from our day-to-day lives to the intensity of
human thoughts and emotions. Many scientists have been struck with awe as to how time can show its
variety in different dimensions. On a comprehensive aspect, just like in the movie “Interstellar” if an
astronaut travels to another planet and spends one hour on that planet, it could be an approximate
equivalent to 50 years on planet earth.
Although the relativity of time is well explained by Albert Einstein the beauty of time is its eternity, all we
can do is to be a part of it. Even the space time continuum is quite convoluted with respect to Time travel
as we can only travel through time not trough space.
Scientists promise that one day they will make the greatest contribution to mankind by introducing time
traveling through space and seeing the future. There are many scientific theories involving black holes
and string theory, but time and space travel remains the realm of scientific fiction, movies, and Sci-Fi
books. Present day time and space traveling still remains as a mystery.
Work Cited:
https://www.thegreatcoursesdaily.com/time-travel-in-interstellar-time-dilation-and-causal-loops/
https://www.space.com/29859-the-illusion-of-time.html
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Epithelial Stem Cell - Niche Interactions in Lung Development,
Homeostasis, Regeneration and Disease Virtual Conference
September 1-3, 2021 London, UK
Poster Submission: 11th August 2021
Registration Deadline: 11th August 2021
Venue: Virtual, Fusion Online
Organizer: Fusion Conferences
https://online.fusion-conferences.com/all-conferences/2

Friends of NJ School of Conservation
friendsofnjsoc.org/events
Teaching Climate Change
August 18: Teaching Climate Change in Non-Science Classrooms, Grades 6-12
October 13: Teaching Climate Change in Science Classrooms, Grades 6-12
iNaturalist: A Tool for Exploration and Citizen Science
August 7: iNaturalist: The Field Edition! at Merrill Creek
August 14: Wild Edibles Information Walk

NJ Audubon Government Relations is hiring! Join a dynamic, fun team
of professionals as we make waves to protect the Delaware River
watershed!
Position Title: Engagement Coordinator Coalition for the Delaware River Watershed
Department: Government Relations
Reports to: Director Coalition for the Delaware River Watershed
Location: Trenton Temporarily Remote due to covid-19
Classification: Full Time Regular (40 hours/week)
Qualifications: 4 year degree and relevant 2-3 years experience preferred
Link: https://www.linkedin.com/posts/eileenamurphy_engagement-coordinatoractivity-6820704130617761792-2Jiw
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Apply to the GENETICS Peer Review Training Program
GENETICS is currently accepting applications from GSA members who are graduate
students, postdoctoral fellows, and junior faculty to take part in the Peer Review
Training Program. Participants will learn firsthand peer reviewing skills and receive
advice from journal editors. Applications are due by 11:59 p.m. EDT on September 14.
» genetics-gsa.org ( https://genetics-gsa.org/career-development/genetics-peer-reviewtraining-program/)
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"If you can’t explain something
simply, you don’t understand it
well. Most of the fundamental
ideas of science are essentially
simple, and may, as a rule, be
expressed in a language
comprehensible to everyone.
Everything should be as simple
as it can be, yet no simpler."
Albert Einstein
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NJ ACTS Translational Medicine
and Science Symposium
September 22 and 23, 2021
The Symposium brings together the NJ ACTS academic
communities of Rutgers, Princeton and NJIT to present the best new clinical and
translational re search and build
collaborative partnerships. The two-day conference will fea ture sessions on four hot
topics with internal talks chosen from the abstracts and an external keynote.
· Inclusion, Diversity and Equity in AI and Machine Learning
Keynote by Fei Wang, PhD, Associate Professor of Healthcare Policy and Research Weill
Cornell Medicine and Associate Professor of Population Health Sciences
· Social and Environmental Determinants of Health in the Urban Setting
Keynote by Olajide Williams, MD, Professor of Neurology; Chief of Staff of Neurology;
Associate Dean of Community Research and Engagement, New York-Presbyterian
Colum bia University Irving Medical Center
· Clinical Trial Science after a Pandemic
Keynote by Dean Fergossen, MHA, PhD, Professor, De partments of Medicine, Surgery, &
the School of Epidemiol ogy and Public Health, University of Ottawa
· Biomarker Exploration in the Heterogeneity of Disease
Keynote by Eran Elinav, M.D., Ph.D., Principal Investigator, Host-Microbiome Interaction
Research Group, Weizmann Institute of Science, Israel and HHMI & the Bill and Melinda
Gates Foundation International Research Scholar
Register Here:
https://redcap.rwjms.rutgers.edu/surveys/?s=JEMLRDFLC8

STEMCivics is seeking teachers for the following
high school positions:
Math, Chemistry, Biotechnology
The ideal candidates will have or be able to obtain a NJ teaching certificate in the
content area and possess an exceptional ability to build bonds with
students.
An alternative pathway to certification is possible for candidates who have not
attended a formal teaching program but have 30 credits in the content area.
STEMCivics serves 400 students in Ewing, NJ and provides a college-prep curriculum
focused on engineering and civic engagement. 50k, medical, dental, vision.
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News from Rutgers Office of Post Doc Affairs
Upcoming CTAAR Workshops
Planning for Uncertainty (Virtual Workshop)
Wednesday, August 11, 10:00-11:30 am
As we prepare to return to more in-person instruction in Fall 2021, many of us may be
wondering about how to respond to possible disruptions such as quarantines, illness, or
students trapped abroad. This workshop will introduce a course design approach that can
help make your course more resilient to disruptions, no matter what modality. If you wish
to attend the workshop or to receive the notes after the workshop, please register in
advance: REGISTER HERE

Introductory Imaging Core Facility Seminar |
August 16
Monday, August 16 | 11 am-12 pm
Do you currently use imaging in your research? Are you
interested in what instruments we have and what
support that the DLS/HGINJ Imaging Core can provide?
Dr. Jessica Shivas, new Director of the Imaging Core
Facility. will be managing all the microscopy equipment
and consult with labs on optimal imaging modalities.
Join Dr. Shivasfor an introductory seminar via Zoom on
Monday, August 16 from 11:00 am-12:00 pm to answer
these and other questions.

Zoom registration link:
https://rutgers.zoom.us/meeti
ng/register/tJErf-hqjsuEtbEaWSMQPGaCakOeaU
Zcw-t
*Source: Dr. Karen Schindler
and Dr. Kelvin Kwan

NIH Fellowships Grant Writing
Training
NIH F30, F31, F32 grants
REGISTER HERE
Meetings start September 23rd
and continue until December 2nd
at 1PM on Thursdays
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News from Rutgers Office of Post Doc Affairs
Maryland AGEP PROMISE Summer Success
Institute
The NSF-Funded Maryland AGEP PROMISE
Academy Alliance would cordially like to
invite you to The Summer Success Institute
on August 19-20, 1-4 pm EST, which is a
virtual conference that provides career
panels for doctorates, professional
development, networking, and motivating
camaraderie, particularly for
underrepresented graduate students and
postdocs in STEM fields.

*Source: Dr. Blessing Enekwe

Faculty Positions at Case Comprehensive
Cancer Center
The Case Comprehensive Cancer Center is
conducting an open search for multiple
faculty at all ranks with cancer-oriented
research programs. The Center has over
200 members across three institutions
(Case Western Reserve University, Cleveland
Clinic, and University Hospitals-Cleveland
Medical Center) that garner >$54M in peerreviewed, direct funding per year. If you are
interested in a faculty position at an
academic medical center that works in
cancer-related fields, see the link below.
You can also follow this link to obtain more details regarding our Center:
https://case.edu/cancer/.
*Source: Amar Desai, Ph.D.
25

NJAS | VOLUME 46.1

NJ Academy of Science
General Announcements (cont.....)

September 21, 2021 is
World Alzheimer's Day
“Alzheimer’s disease is a devastating illness
that can have a profound impact on the lives
of people diagnosed with the disease as well as
their loved ones,” said Patrizia Cavazzoni,
M.D., director of the FDA’s Center for Drug
Evaluation and Research. “Currently available
therapies only treat symptoms of the disease."
Forty -four million people across the globe
have Alzheimer's. Every 66 seconds someone
in the US is diagnosed with Alzheimer's. The
global cost of Alzheimer's is over 6 billion
dollars.

NJ Academy of Science
What's Your Opinion?
As a result of the FDA’s Accelerated Approval Program, Biogen’s Aduhelm
(aducanumab), recently became the first new drug for Alzheimer’s in 18 years. This
approval was wrought with controversy from the scientific community. What is your
opinion on the approval of this drug and why?
Opinions (may be published in Fall Newsletter) should be less approximately 250
words or less and must include the writer's address and phone number (only the name
will be published). A piece of Art may be submitted electronically in a JPEG format.
Letters or art pieces should be exclusive to the NJAS "Newsletter." To send a Letter or
Art to the Editor: email letter/art to donleo54@gmail.com, must include email subject
as "Letter/Art to the NJAS Newsletter Editor."
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BOTANY
AQUATIC PLANT INVADERS OF NEW JERSEY: DNA BARCODING PROJECT ON
POTENTIALLY INVASIVE AQUATIC/SEMI-AQUATIC PLANTS COLLECTED FROM
NEW JERSEY FRESHWATER SOURCES
Ella Bao (student), Ava Miller (student), Tenafly High School, Tenafly NJ 07670
Species are nonindigenous if they exist in an area outside their origin(s), and invasive if they
endanger the native environment and species. New Jersey has a wide diversity of
aquatic/semi-aquatic plants, which are essential components of the native biodiversity. We
hypothesized that some of these species are nonindigenous, and aim to examine the presence
of invasive aquatic plants. Through identifying samples using their DNA sequences, comparing
them with other sequences, and identifying their origins, we aimed to examine the abundance
of invasive aquatic species and their potential threats on biodiversity. We retrieved samples from
two local freshwater sources, extracted DNA using the rapid DNA isolation method, and sent them
to a lab for PCR, gel electrophoresis, and sequencing. We then used BLAST on DNA Subway to
identify and analyze the six successfully sequenced samples. The resulting sequence alignment
displayed close resemblances between our samples’ sequences and those in the database. We
successfully identified 6 of our samples, half of which are of foreign origins, therefore classified as
non-indigenous. We concluded that at least one of the samples, Callitriche stagnalis, is invasive because
its growth pattern can hinder the movement of water and the growth of native plant species.
THE EFFECT OF POTASSIUM ON Brassica rapa GROWTH IN A NON-SOIL ENVIRONMENT
Janice Chao (student) High Technology High School, Lincroft NJ 07738
Potassium is a nutrient very commonly found in fertilizers due to its effectiveness in
promoting plant growth. Its efficiency can be traced back to its ability to stimulate the
relationship between plant roots and soil. Specifically, potassium allows previously
depleted roots to become replenished due to effective transportation and circulation of
nutrients from the soil to plant roots. The hypothesis being tested was whether there
would be a significant difference in growth between plants exposed to potassium and
those not in a non-soil environment. To test this, Brassica rapa were planted in rockwool
cubes. Twelve cubes were soaked in coconut water, and twelve cubes were soaked in
distilled water. The Brassica rapa were planted in each rockwool cube and were left to
grow under intense fluorescent light for one week. At the conclusion of the experimental
period, the plants’ biomass was recorded and compared to the original biomass of the
Brassica rapa seeds. A two-tailed, heteroscedastic t-test was used to analyze the data.
The p-value obtained from the t-test was greater than the alpha value of 0.05; therefore,
there was no significant difference in growth between the two groups, however the data
show that the distilled water group displayed more growth throughout the experimental period.
THE EFFECT OF DIFFERENT TYPES OF SOIL ON THE GROWTH OF HABANERO PEPPERS
John Clausing (Student), High Technology High School, Lincroft NJ 07738
This study looked to determine if there was a significant difference between the
masses of habaneros produced by plants that were grown in different types of soil so
that the most productive soil mixture could be found. The study was conducted with 18
plants: 3 groups of 6 grown in soil, 5 parts soil to 1 part ash, or 5 parts soil to 1 part
sand. Data was collected weekly in the form of the masses of individual habaneros
produced for a total of 6 weeks. The resulting data was then analyzed using an Anova
test and following T-Tests to determine where the significant differences lie. There were
two groups of findings for this experiment depending on if damaged and bitten
habaneros counted in the data set. If they did, then all populations of habaneros were
significantly different from one another. If they did not, then all the populations of
habaneros were not significantly different from one another. However, the quantities of
habaneros produced suggest that sand was the most productive as it produced the
most, followed by ash and then soil. The final conclusion that was drawn was that there
was not a significant difference with the individual masses of the habaneros, but that the
one with sand was the most productive. In the future, more experiments that relate to
the soil content of plants should be conducted. This way gardeners have data that they
can form their own conclusions on soil content based on the trends they identify.
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A NOVEL APPROACH TO DETECT ENDOTOXIN HARNESSING PAMPTRIGGERED IMMUNITY OF FRK1-LUC Arabidopsis thaliana
Aravind Krishnan (student), Hillsborough High School, Hillsborough, NJ 08844
Harvesting Limulus polyphemus (horseshoe crabs) to produce the Limulus amoebocyte
lysate endotoxin assay for medical devices, pharmaceuticals, and drinking water is
ravaging coastal ecosystems. This project develops a more sustainable and costeffective quantitative endotoxin assay. The PAMP-Triggered Immunity response of
Arabidopsis thaliana to pathogen-associated molecular patterns (PAMPs) was
harnessed for quantitative determination of endotoxin presence based on induction of
the FRK1 gene. Transgenic FRK1-LUC A. thaliana were used to express luciferase
(LUC) upon activation of FRK1 by exposure to gram-negative bacteria. Luciferase
enzyme control was first tested via plate reader, and luminescence produced by varying
enzyme quantities was recorded. Next, E. coli ranging from 6*10 5 to 10 3 CFU/mL were
infiltrated into the leaf apoplastic space of FRK1-LUC and wild-type plants.
Luminescence of infiltrated leaf discs was measured after adding luciferin substrate to
reconstitute functional luciferase. The results showed a direct relationship between
bacteria concentration and luminescence. The FRK1-LUC luminescence versus
endotoxin concentration results yielded a formula of y = 1518e 0.0196x (R 2 = 0.937). Data
suggest this assay achieves a sensitivity down to 18 endotoxin units/mL (p &lt; 0.001,
SEM = 1.76%). To determine specificity, the SeeSAR software was used to calculate
binding affinities of endotoxin (LPS) and flg22 with several receptors. Results indicate
high specificity in LORE-LPS binding, signifying the luminesce results were caused by
LPS concentration. This method’s sensitivity and specificity combined with its
elimination of environmental impacts and low cost make it a promising new bacterial
endotoxin assay for pharmaceutical and drinking water testing.
A STUDY INTO THE EFFECTS OF MAGNETISM ON PLANT GROWTH
Preston Meek (student), School: High Technology High School
This research experiment aimed to determine the effects of magnetism on plant
growth. The hypothesis that was tested was whether or not magnetism positively affects
the growth of pea plants. The independent variable for this experiment was the different
strengths of magnets used to affect the plants and the dependent variable was the
plants’ growth, measured through germination rates, height increase, and final biomass.
Three levels were created for this experiment: no magnet (the control group), weak
magnet, and strong magnet. Twelve pea seeds were planted for each level; two cups
for each level and six seeds per cup. The first group was influenced by no magnets, the
second group was influenced by 3.25 lb pull-force neodymium magnets, and the third
group was influenced by 18 lb pull-force neodymium magnets. These plants were
subjected to a 36-day growth period. During this growth period, the plants’ heights were
periodically measured. At the end of the growth period, the biomasses of the plants
were recorded. The experiment concluded that there was no significant difference in
plant growth when influenced by magnetism as opposed to not. However, the results
hinted towards faster germination and growth in the early stages of development. This
experiment will open the field of magnetically treating biological processes even more,
as in the future, it may be found to be an effective method to combat climate change
and other agricultural challenges.
L-Tryptophan As a Novel Alternative Biostimulant in Soybean Seedlings
Yuvna Musuku (student), High Technology High School, Lincroft NJ 07738
With the rise of extensive soil pollution, scientists now favor a non-toxic, organic plant
growth fertilizer in opposition to mainstream synthetic stimulant solutions. While this
solution sounds beneficial in theory, a biostimulant capable of replacing fertilizer longterm has yet to be made available to the general public. Fortunately, L-Tryptophan, an
amino acid traditionally used to stimulate proteins and brain chemicals in the human
body, may have the capability to serve as a new, notable biostimulant. Specifically, a
hypothesis regarding L-Tryptophan’s potential as a growth stimulant was formulated as
to whether there would be a significant difference in the biomass of the L-Tryptophan
treated plants and the untreated plant group. 24 soybean seeds were potted into
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12 8-inch containers in a room-temperature environment under a yellow light. 6 of the 12 pots
were treated with L-Tryptophan and water and the other 6 were treated with only water.
The untreated, water-grown plants served as the control group in the experiment. The
soybean plants grew under these conditions for 4 weeks before their change in
biomass (final-initial mass) was recorded. A two-tailed t-test was conducted on this data
set to gather if the original hypothesis was supported. The data collected determined
that the average change in biomass was greater in the presence of L-tryptophan;
however, a p-value greater than 0.05 determined that this number was not substantial
enough to account for a significant difference in plant growth between the two groups.
As such, it may be concluded that L-Tryptophan did not have a significant impact on
plant development.
Juliana Di Cosmo and Nicole Jorge (student)
Studies have shown systematic acquired resistance (SAR) in plants occurs after previous exposure to
chemicals or pathogens. The goal of this research was to investigate if an amino acid with a similar
molecular structure to that of beta-Aminobutyric-acid (BABA) could induce a systemic acquired
resistance. Bean seedlings were exposed to various concentrations of Glycine, an amino acid with a
similar structure to BABA. The absorption spectrum of the pigment of the seedlings was measured and
compared to that of seedlings not exposed to Glycine. Pigment absorption at 620 nm exhibited a
positive correlation between absorbance and Glycine concentration. This enhanced pigment absorption
indicated a possible SAR stimulated by the Glycine. These results suggest that a SAR may be stimulated
by different molecules with similar molecular structure, such as those found in the proteins of
pathogenic bacteria. To test this, Helianthus seedlings were exposed to Agrobacterium tumefaciens that
had been inactivated by ultraviolet radiation. These exposed seedlings were then inoculated with live
Agrobacterium tumefaciens and observed for the presence of Crown Gall disease compared to
seedlings not exposed to the inactivated Agrobacterium. Results of this experimentation are pending.
INHIBITORY EFFECTS OF FRUIT SEED EXTRACTS ON PATHOGENIC BACTERIA PREVALENT IN ORAL
DISEASE
Julietta Onofrietti (student) Toms River High School North
Dental Caries and Periodontitis are two of these most common oral diseases causing growing global
health issues in many countries around the world. Current therapeutic methods are focused on utilizing
natural antimicrobials because antibiotic therapy has reached its limits to bacterial resistance. Punica
granatum (pomegranate) seed extracts and Mangifera indica (mango) seed extracts from the fruit of
plants are rich in antioxidant polyphenols, like flavonoids and anthocyanidins, known to have antiinflammatory, anti-carcinogenic, anti-microbial and other biological properties to protect from oxidative
stress and certain diseases. Stretococcus mutans is an oral bacteria found to be the main causative
bacteria initiating dental caries. Fusobacterium nucleatum is a prevalent oral bacteria that increases
rapidly during the progression of periodontal disease to possibly cause tooth loss and gingival damage.
In this in vitro study, intentions were to determine if the fruit seed extracts of Punica granatum (PGSE)
and Mangifera indica (MISE) would inhibit the growth of S. mutans and F. nucleatum at different
concentrations individually and in mixtures determined by the minimum inhibitory concentration.
Mueller Hinton TSA with 5% sheep blood plates were inoculated with S. mutans and F. nucleatum, and
agar disk diffusion method was used to test positive and negative controls, and susceptibility of both
pathogens to .3%, .6%, and .9% PGSE concentrations and .4%, .8%, and 1.6% MISE concentrations, based
on minimal inhibitory concentration. Mixtures of both PGSE and MISE were prepared with a 50:50
concentration solution ratio from lowest to highest concentrations respectively. The synergistic effects
of the PGSE and MISE mixtures from both of the bacteria in every concentration displayed the largest
zones of inhibition circling all disks, varying from 23-33.1 mm, thus indicating the inhibitory effect of
PGSE and MISE mixtures at minimal concentrations can enhance antimicrobial efficacy against S. mutans
and F. nucleatum. If a defined amount of these two fruit seed extracts together inhibits the growth of S,
mutans and F.nucleatum, than further research could help define the amount of each natural fruit seed
extract that can be present in any therapeutic treatment or at home oral care product to lessen the
potential of these two pathogens to cause tooth decay, bone loss, and gingival damage. Integrating
these natural fruit seed extract treatments or products from plants into the dental field versus using
current chemical oral disease treatments could allow more effective antimicrobial control of oral
biofilms, therefore possibly decreasing dental caries and periodontitis rates and levels of escalation as
common oral diseases.
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CELL AND MOLECULAR BIOLOGY
EFFECTS OF RESVERATROL ON MYELINATION AND OXIDATIVE STRESS IN LEUKOENCEPHALOPATHY
Srijan Agarwal (student), Bergen County Academies, Hackensack NJ 07601
Leukoencephalopathy with Brainstem and Spinal Cord Involvement and Lactate Elevation,
or LBSL, is an unusual disease that causes a person to have issues with balancing, coordination,
and execution of fine motor skills. It affects the white matter of the central nervous system, and
there have only been about 100 documented cases in history. LBSL begins with an uncommon
mutation in the DARS2 gene, which results in a chain effect of abnormal activities that lead to a
myelin deficiency and oxidative stress. One key step of this pathway is that the mitochondria
cannot produce enough energy due to lacking the proper proteins necessary to do so, and this
shortage of energy is what leads to insufficient myelin production. The literature describes therapy
treatments that could help to mediate the severity of LBSL, but there is no cure or even a proper
treatment due to a lack of research. The goal is to find a treatment that could make up for the
demyelination, so it was found that a common supplement known as resveratrol could promote
remyelination by aiding the mitochondria in energy production. Resveratrol is also an anti-oxidant,
which would help to reduce the oxidative stress induced by LBSL. Two online data sets were analyzed
and overlapped in order to show that resveratrol is a good candidate for further research as a potential
treatment for LBSL. It is suggested that resveratrol may be an effective treatment for LBSL, and it
is low cost and readily available.
EVALUATING THE EFFECTS OF ANTIHISTAMINES IN PARKINSON’S DISEASE
Julie Alan (student), Bergen County Academies, Hackensack NJ 07601
In Parkinson’s Disease, the death of dopaminergic neurons in the brain leads to the degradation of
motor functions and various symptoms including tremors, stiffness, and difficulty walking. Within
these neurons, the aggregation of alpha-synuclein forms protein deposits called Lewy Bodies,
leading to the aforementioned neurodegeneration. The aggregation is facilitated by an impairment
of autophagy, the cellular process through which dysfunctional proteins are cleared. Though there
are treatment options to manage the symptoms of this disease, there is no known cure. Previous invitro studies have shown that Astemizole, a histamine H1-receptor antagonist, or antihistamine, can
induce the autophagy of the alpha-synuclein molecules. However, future studies are needed to
determine the exact mechanism of Astemizole in the autophagic pathway. Differentially expressed
genes in cells treated with Astemizole were analyzed to find pathways that may be significantly affected.
This analysis suggests that Astemizole may induce autophagy specifically through the mTOR and PI3KAKT pathways, and adds onto previous research that has indicated the significance of an antihistamine
such as Astemizole in Parkinson’s Disease. As a result, other histamine H1-receptor antagonists and
treatments that effect the autophagic pathway may have therapeutic potential in Parkinson’s Disease.
THE PURPOSE OF STEM CELLS IN PARKINSON’S DISEASE
Diya Bhatia (Student), Bergen County Academies, Hackensack, NJ
Parkinson’s disease affects more than 10 million people worldwide and is caused by a
deficiency of dopamine in the brain. However, existing drugs come with a multitude of
adverse effects, such as vomiting, nausea, and low blood pressure. The literature
describes STEM Cell therapy, a potential way to combat PD, but does not give insight
into the mechanism of action regarding which genes and pathways are associated with
the increase in dopamine levels. In this research, we examine the specific proteins and
pathways involved in the STEM Cell facilitated therapy, specifically the Netrin-1
pathway, and attempt to explain the mechanism of action. The Netrin-1 pathway has
been seen to be crucial in neuronal navigation in PD, and an absence causes the
characteristic symptoms of the disease. Dataset GSE99253 from the GEO database
uses iPSCs, a form of stem cell, as a form of cell-based therapy to treat Parkinson’s
disease, and suggests that STEM cells are applicable to treat PD patients. The
research was completed by inputting upregulated genes from this dataset into STRING
and creating a visualization of connections between genes and their pathways. By doing
this, I was able to see connections between SLIT1, SLIT2, and DCC using the Netrin-1
Pathway. This research clearly demonstrates a strong potential for STEM Cell therapy
in Parkinson’s Disease and allows us to view the reason for its success.
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THE EFFECT OF PATHOGENIC MUTATIONS IN ABCB1 AND CYP2C9 ON
WARFARIN EFFICACY.
Ethan Corriel (student), Tenafly High School, Tenafly NJ 07670
Warfarin is an anticoagulant drug that is used to prevent heart attacks, stroke, and other
conditions related to blood clotting. The purpose of my research is to identify how the
efficacy of warfarin is affected when ABCB1, a gene necessary for the transportation of
warfarin from the liver cell, and CYP2C9, a gene involved in the conversion of warfarin
to hydroxywarfarin, are mutated. The hypothesis was that a mutation of ABCB1 would
be malignant, while a mutation of CYP2C9 would be benign. The location of these
genes in the liver cell was identified using the PharmaGKB database. Using the
National Center for Biotechnology Information database to determine the effect of the
pathogenic mutation, I found that a mutation in ABCB1 led to colchicine resistance and
a mutation in CYP2C9 led to increased warfarin response. These results differ from the
hypothesis because both mutations were malignant. This experiment is crucial to future
studies because understanding the specific mutations that may occur in warfarin can
affect how a prescriber administers the drug.
MITIGATING COGNITIVE IMPAIRMENTS IN PARKINSON’S DISEASE: A NOVEL APPROACH
Myra Dhingra (student), Bergen County Academies, Hackensack NJ 07601
Parkinson’s Disease (PD), a neurodegenerative disorder, is caused by the death of
dopaminergic neurons in the substantia nigra. Caffeine exposure is suggested to
mitigate PD onset and progression by slowing the death of the dopaminergic neurons.
Isolating the caffeine induced gene expression and the associated pathways that target
the dopaminergic death in the substantia nigra of a PD patient is vital for slowing the
progression of the disease. Even though many genes have been identified to be related
to PD, no direct correlation between the caffeine trigger and the associated pathways
has been explained. The Sodium Channel Subunit Beta-1 (SCN1B) gene and the novel
voltage-gated sodium channel pathway triggered by it have not been adequately
researched. This research study concludes that caffeine exposure down-regulates the
SCN1B gene, triggering a voltage-gated sodium channel pathway, blocking the sodium
channel, hence reducing cognitive impairment. A GEO2R volcano plot analysis of
microarray datasets identified that a caffeine trigger down-regulated the differentially
expressed gene, SCN1B. Results from STRING interactions suggested that SCN1B is
identified to trigger 9 interactions. This research unleashes the potential to administer a
regimented caffeine dosage to both proactively prevent and reactively slow down the
progression of PD.
CURAXIN CBL0137: A TARGETED ANTICANCER TREATMENT USING DIVERSE MECHANISMS
Aashna Dureja (student), Bergen County Academies, Hackensack, NJ
Curaxin CBL0137 has been used in clinical trials as an antitumor treatment for various
cancers including glioblastoma and neuroblastoma. This treatment’s main mechanism
of action is using a chromatin remodeling complex called FACT. FACT activate tumor
suppressor p53 while down regulating NF-ĸB, which controls the cell cycle, without
inducing genotoxicity. Although scientists have explored FACT, CBL0137 could
potentially have unknown mechanisms of action that can be used to treat more
diseases and cancer. Little research has been done on CBL0137’s mechanisms of
action beyond FACT complex on a wide range of diseases. The MDM2-p53 pathway,
which is commonly used as a defense mechanism against cancer progression, was
explored further to see if CBL0137 should be used as a treatment for a variety of
invasive diseases. This research will examine the impacts of CBL0137 on the MDM2p53 pathway and how this induces apoptosis. This study identifies datasets treating
various cancers with CBL0137 obtained from GEO Datasets and used to determine
differentially expressed genes (DEGs). These DEGs were then analyzed through online
tools including Enrichr, GEO2R, STRING, GeneCards, KEGG PATHWAY database,
and BART to determine various pathways and protein-protein interactions these DEGS
are associated with. Exploring which genes are differentially expressed unrelated to
FACT can lead to a better understanding of CBL0137’s vast mechanisms of action,
including oscillation of p19ARF and DHX9 degradation. This new research can add
multiple potential diseases CBL0137 can treat and acquire a broader use for this curaxin.
31

NJAS | VOLUME 46.1

66th NJ Academy of Science Annual Meeting
Junior Academy Abstracts
LITHIUM AS AN INHIBITOR OF GSK-3β TO PREVENT ALZHEIMER’S DISEASE PROGRESSION
Mila Kaplan (student), Bergen County Academies, Hackensack NJ 07627
Alzheimer’s Disease (AD) causes an enormous burden on health care systems and the
5.5 million people in the U.S. it affects. GSK-3β is a serine-threonine kinase that directly
phosphorylates tau, which leads to increased tau aggregation and amyloid beta, the
major pathological factors associated with AD. In this experiment, LiCl was added to
neuroblastoma cells and the expression of amyloid beta 42, GSK-3beta, and p-Tau 231
was measured. Treatment with 1 mM LiCl significantly decreased the amount of amyloid
beta by 100% (p=6.7 x 10 -5 ), the expression of GSK-3beta by 60% (p=0.012), and the
expression of p-Tau 231 by 67% (p=0.0013). These data suggest that LiCl may be an
effective treatment for AD. To determine the demographic that would most benefit from
LiCl treatment, GSK-3beta expression levels were compared among AD disease states
and both sexes using data from a proteomic database. Patients with symptomatic AD
had a significant reduction in GSK-3beta expression levels compared to healthy controls
and asymptomatic AD (p=0.0000964, p=0.00142 respectively). These data suggest that
treating asymptomatic or healthy patients with LiCl may be more effective in preventing
disease progression. When grouped by sex, the statistical significance is only observed
for the female cohort, suggesting that women may benefit more from LiCl treatment.
A POSSIBLE EXPLANATION FOR WHY MORE WOMEN THAN MEN HAVE ALZHEIMER’S DISEASE
Sofia Kaplan (student), Stem Cell Research Lab, Bergen County Academies, Hackensack NJ 07601
Alzheimer’s Disease (AD) is a serious neurodegenerative disease that affects twice as
many women as men. One hypothesis for why women are at a higher risk for AD is that
estrogen may be toxic to the neuronal support cells called astrocytes. Estrogen may
lead to an increase in intracellular calcium in these cells, which may lead to cell death.
This investigation studied the effect of estrogen on intracellular calcium levels and cell
proliferation of astrocytes. This study indicates that 100 nM estrogen results in
increased intracellular calcium levels in astrocytes (p=0.0429), but does not inhibit
astrocyte proliferation (p&gt;0.05), which suggests that estrogen is not neurotoxic. A
second explanation for the increased prevalence of AD in women is that women with
symptomatic AD have higher levels of Casein Kinase 1 Delta (CK1δ), an enzyme
possibly responsible for AD. This study examined whether symptomatic patients with
AD have higher CK1δ protein levels in comparison to asymptomatic patients or healthy
controls for either sex. When raw data was analyzed, only females showed a significant
increase in CK1δ expression in symptomatic AD compared to control or asymptomatic
AD (adjusted p-value of 0.0387 for each group), suggesting a possible explanation for
why AD is more common in women. Additionally, females may respond more favorably
to CK1δ-inhibiting drugs, which are currently in clinical trials.
UNMASKING TUMOR HETEROGENEITY: SOX9 REGULATES EMT IN A NOVEL HIGH-PLASTICITY CELL STATE

Seton Liu (student), Bergen County Academies, Hackensack NJ 07601
Epithelial-mesenchymal transition (EMT), a process by which epithelial cancer cells
acquire a mesenchymal phenotype, reportedly drives chemoresistance and metastasis
in lung cancer patients. Therapeutic targeting of EMT is challenging since its
mechanisms are poorly understood. A 2020 study applied single-cell RNA sequencing
(scRNA-seq) to an in vivo mouse lung adenocarcinoma model and identified a novel
High-Plasticity Cell State (HPCS). The HPCS were the only cells to undergo
chemotherapy-induced EMT following cisplatin treatment (cEMT) and metastasisassociated EMT in late-stage tumors (mEMT). However, the genes that regulate these
transitions are still unknown. The research reported here further analyzes the scRNAseq data to investigate which genes orchestrate cEMT and mEMT of the HPCS in vivo.
To model cEMT and mEMT, epithelial and mesenchymal HPCS cells were ordered in
single-cell trajectories across pseudotime. As hypothesized, SOX9 was differentially
expressed across pseudotime (q&lt;0.001) and was the first gene activated (McFadden&#39;s
R^2&gt;0.03) in both trajectories, suggesting SOX9 is a master regulator of EMT. This
finding has significant clinical applications and enables the development of EMTtargeting anticancer therapies. Future research will aim to apply this finding and develop HPCS
specific CRISPR-Cas9 vectors to selectively ablate SOX9 in the HPCS and suppress cEMT and mEMT.
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THE ROLE OF DIO3OS IN COLITIS ASSOCIATED COLORECTAL CANCER
Margaret O’Hara (student), Bergen County Academies, Hackensack NJ 07601
Inflammatory bowel disease (IBD) irritates the digestive tract and leads to an increased
risk of colorectal cancer (CRC). Although scientists have linked the association to
mucosal inflammatory mediators, oxidative stress, and intestinal microbiota, the
pathogenesis has not been elucidated on a genomic level. Recent studies have
highlighted the roles of lncRNA, gene regulating non-coding sequences, which interact
with microRNA to control gene expression. However, there are many lncRNAs involved
so most have not been studied in depth. This study aims to discover the role of
DIO3OS, an lncRNA, in the transition from IBD to CRC. This RNA was identified in a
ceDNA network and linked to miRNA, but has not been researched for its function in
CRC development. This in-silico study uses gene expression profiles of IBD, CRC, and
healthy controls to verify DIO3OS’s differential expression and identify KEGG pathways.
It was found that DIO3OS is involved in upregulating the lysine degradation pathway,
disrupting the intestinal microbiota. This supports the speculation that bacteria in the gut
are strong risk factors for the formation of CRC and provides potential targets for
treatment to prevent CRC’s formation. In addition, lncRNAs have the potential to be
used as biomarkers, and knowing what they indicate about the patient can inform doctor
response.
IMMUNOHISTOCHEMICAL ANALYSIS SUGGESTS A ROLE FOR TMEM131 IN THYMIC EPITHELIAL CELL
DIFFERENTIATION
Hannah Park (Student), Benjamin Tycko, Hackensack Meridian Health Center for
Discovery and Innovation, Nutley, NJ 07110
Down syndrome (DS) is the most common genetic disorder in humans. It is known that
trisomy of chromosome 21 causes DS, but how this chromosomal gain produces the
complex DS phenotype, including immune system defects, is not well understood.
Recently, altered DNA methylation, a biological process by which methyl groups are
added to the DNA molecule, of a specific group of genes, including Tmem131
(transmembrane protein 131), was shown in DS individuals. To investigate biological
roles of the Tmem131 gene, my mentor created knockout (KO) mice that lacked
expression of this gene and provided me with their thymic tissue samples. In this
project, I sought to examine potential differences in prenatal thymus development
between these KO mice and their normal (wildtype; WT) littermates. I performed
immunohistochemical (IHC) and immunofluorescent (IF) staining of thymic epithelial
cells of late-gestation embryos from these mice. Antibodies to cytokeratin 5 (CK5) and
cytokeratin 8 (CK8) were used to label medullary and cortical thymic epithelial cells
(mTECs and cTECs), respectively. I then performed quantitative analysis of the TEC
populations using ImageJ, CaseViewer, and MATLAB softwares. IHC analysis showed
that the KO thymus had a 2.4-fold relative increase in CK5+ cells (mTECs), compared
to WT, without a significant change in the number of CK8+ cells (cTECs). Overall, the
ratio of CK5+ to CK8+ cells was increased 2.5-fold in the KO thymus glands. Merged
images of CK5 and CK8 staining from two-color IF experiments confirmed the IHC
results. These abnormalities in TEC differentiation in Tmem131 KO mice suggest that
the Tmem131 gene is necessary for normal development of the thymus and that altered
methylation in this gene may contribute to the deficient immune system in DS individuals.
TARGETED KNOCKDOWN OF TNXB EXPRESSION INHIBITS GLIOBLASTOMA PROGRESSION BY
REGULATING PI3K/AKT PATHWAY
Sahasra Pokkunuri (student), Old Bridge High School, Old Bridge NJ 08857
Glioblastoma is aggressive brain cancer and the most lethal malignancy in the central
nervous system. A multidisciplinary approach is utilized in this study to identify potential
diagnostic, prognostic, and predictive biomarkers associated with GBM. Bioinformatic
analysis of microarray data from five Gene Expression Omnibus datasets and mRNA
expression profiles from The Cancer Genome Atlas identified 38 common differentially
expressed genes between GBM and normal tissues. After performing Gene Ontology,
protein-protein interactions, and survival meta-analysis on these DEGs, TNXB was
identified to be enriched significantly. To further investigate the role of TNXB expression (cont....)
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in GBM, a TNXB silenced stable cell line was cultured from the parent GBM cell line LN229 using lentiviral transduction of TNXB shRNAs. The suppression of TNXB
expression in the engineered and parental LN-229 cell lines was validated using an RTPCR. Using the LN-229 parental cell line as a control, the effects of silencing TNXB
expression in GBM cells were studied using the CCK-8, colony formation, scratch, and
Transwell assays. The results of these in vitro experiments demonstrated that the
knockdown of TNXB expression inhibited GBM cell proliferation, migration, and
invasion. Findings from this research suggest that TNXB can be used as a promising
therapeutic target for glioblastoma.
.
THE ROLE OF SECRETED INFLAMMATORY CYTOKINES (IL-6 AND IL-1β) IN
ALCOHOL ADDICTION
Harnoor Sachar (student), Bergen County Academies, Hackensack NJ 07452
In 2012, 5.1% of the burden of disease and injury worldwide was connected to
alcohol consumption, which is why there is reason to believe that it is not just receptor
inhibition that results in alcohol’s detriments, but rather there are additional ways that it
harms the body (specifically the brain). This study aimed to find which cytokines are
secreted in the liver as a result of alcohol addiction, and how the cytokines affect the
cellular microenvironment, potentially opening the door to many diseases. The
hypothesis was two-fold: (1) The IL-6 protein production (inflammation) will increase in
alcoholic liver cells (2) The IL-1β protein (immune response) production will decrease in
alcoholic liver cells. The research presented here found that when HepG2 cells were
treated with ethanol for 24 hours, cell proliferation decreased by ~120% in the 3% and
4% concentrations, and for 48 hours, cell proliferation decreased by ~110% in the 3%
and 4% concentrations. Then, ELISAs were conducted in order to test for IL-6 (*p&lt;0.05
in 3% and 4%) and IL-1β (*p&lt;0.05 in 3% and 4%) to reveal which particular cytokines
are secreted in alcohol-treated cells and at which concentrations they are statistically
significant. The ELISAs revealed that IL-6 protein expression increased at 3% and 4%
ethanol, while IL-1β protein expression decreased at 3% and 4% ethanol. The results
indicate that alcohol addiction is associated with increased inflammation, which can lead
to cell &amp; DNA damage, and decreased immune response, which leads to frequent
infection &amp; diseases.
EXPRESSIONAL CORRELATIONS BETWEEN SERPINA6 AND PANCREATIC
DUCTAL ADENOCARCINOMA-LINKED GENES
Maxwell Selver (student), Lisa Tibbetts, iResearch Institute, Glen Cove NY 11542
Pancreatic ductal adenocarcinoma (PDAC) is the most common form of pancreatic
cancer, with early diagnosis and treatment challenges. When genes KRAS, SMAD4, TP53, and
BRCA2 are mutated, they correlate with PDAC progression. Cellular stress, partly regulated by
gene SERPINA6, also correlates with PDAC progression. When SERPINA6 is highly expressed,
corticosteroid-binding globulin inhibits the effect of the stress hormone cortisol. It was
hypothesized that the expression of SERPINA6 would inversely correlate with the expression of
PDAC-linked genes. Healthy pancreatic expression control data sourced from GTEx; mutated
PDAC experimental expression data sourced from TGCA. Eight scatterplots with p, R, and R 2
values were produced via gene profiling database GEPIA2’s Correlation Analysis tool. KRAS
and TP53 were not statistically significant enough experimentally to draw a valid correlation
with SERPINA6. BRCA2 was not statistically significant enough on control ends to draw a valid
correlation with SERPINA6. SMAD4 was statistically significant on both ends and had a distinct
reduction of R-value despite a positive experimental trend. R 2 values indicated correlations
lacked regression plot linearity. Interestingly, there were reductions in R-value from every
control to experimental scatterplot. Future investigations may further investigate SMAD4 and
blood-cortisol concentrations against PDAC-linked gene expression data to aid in treatment
development.
.
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Effect of the SCN Gene Family on Reversing Replicative Senescence
Divyash Shah (student), Bergen County Academies, Hackensack NJ
07601
Cells go through the cell cycle again and again. At a certain point, human
telomeres get too short and enter replicative senescence.In the past, replicative
senescence has been associated with aging in the nervous system and thus
neurodegenerative diseases. Data has shown that the sodium voltage-gated channel
alpha subunit 9 (SCN9A) gene may play a role in helping human epithelial cells escape
Oncogene-induced senescence (OIS); however, no research has studied the role of
SCN9A in neuronal senescence. In order to understand the potential role of replicative
senescence in neurons better, this study studied gene expression to understand the
effects of neurons escaping senescence. Two datasets ,accessed from GEO,were
obtained and analyzed via GEO2R to identify core genes. Further,multiple computer
analysis tools were used to see how these core genes may be connected to how
SCN9A plays a role in neurons and their functions.The results from this study show how
SCN9A may play a significant role in RUNX3 signaling and vesicle movement, and thus
the loss of SCN9A could be a possible treatment for neurodegenerative diseases,
including Alzheimer’s and Multiple Sclerosis. Conclusions from this study hope to
encourage in vitro studies on how knocking out SCN9A affects glial cells from escaping
replicative senescence.
EXAMINING THE EFFECTS OF SMOKING ON THE WNT/β-CATENIN SIGNALING
PATHWAY OF DRIVER-GENE NEGATIVE LUNG ADENOCARCINOMA
Sai Charmitha Yelampalli (student), Bergen County Academies, Hackensack, NJ, 07601
Driver-gene negative lung adenocarcinoma (DGN-LUAD) is a cancer arising from the glandular
and secretory cells of the lungs that lacks EGFR, KRAS, BRAF, HER2, MET, ALK, RET, and
ROS1 mutations. Smoking is the root cause of most lung cancer, however, its effects have not
been studied in DGN-LUAD specifically. Previous studies done on DGN-LUAD have compared
the gender, age, differentiation level, tumor stage, and tumor size of collected samples, but none
have examined smoking as an influencing factor of the Wnt/β-catenin signaling pathway that is
aberrantly activated in DGN-LUAD. In this study, the effect of smoking on the Wnt/β-catenin
signaling pathway in DGN-LUAD patients was analyzed. Various bioinformatics tools were
used to reveal the different pathways associated with smoking in DGN-LUAD, and among these
were the p53 and Wnt/β-catenin pathways. The relationship between these pathways was
analyzed in the context of DGN-LUAD, revealing a proportional relationship contradictory to
previous studies, an indicator that the mechanisms of Wnt/β-catenin pathway operate distinctly
in DGN-LUAD compared to other cancers, and a novel finding in the research of this disease. In
the future, this research could be integral to understanding which compounds of cigarette smoke
affect the growth and development of tumors, and could identify potential therapeutic targets of
DGN-LUAD.
THE ROLE OF CERAMIDE IN INSULIN SENSITIVITY
Dana Yun (student), Bergen County Academies, Hackensack NJ 07601
Insulin resistance is a metabolic disease which causes high glucose levels in the blood
due to the inhibition of the insulin receptor and major proteins and kinases. The
common cause of insulin resistance is obesity, and insulin resistance is correlated with
Type 2 Diabetes. Although it is known that the role of lipid accumulation and
sphingolipid ceramide contributes to insulin resistance, the major molecular pathways
are not yet known. Ceramide is a lipid that is most well-known for its role in skin but was
also found that ceramide is a negative regulator of insulin signaling. Excess fatty acid,
caused by conditions like obesity and type 2 diabetes, stimulates the production and
accumulation of ceramide. There are differing effects from the different structures of
ceramide: dihydroceramide and ceramide. Ceramide contributes to insulin resistance while
dihydroceramide supposedly ameliorates the condition. In this research, specific
differentially expressed genes will be identified to see which genes play a role in the
insulin sensitivity, insulin resistance, and glucose uptake using datasets and online
tools. Overall, this research will focus on the effect of gene HAO2 and its effect on
insulin sensitivity to see the ceramides’ overall effect on insulin sensitivity and glucose
uptake.
.
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ROLES OF FOLATE IN THE INHIBITION OF DOPAMINERGIC NEURONAL DEATH
Jeslyn Zhang (student), Bergen County Academies, Hackensack NJ
Dopaminergic (DA) neuronal death is a key characteristic of Parkinson’s disease (PD)
pathology often resulting from alpha-synuclein aggregation and impaired mitochondrial
function. The roles of folate (vitamin B9) as a dietary methyl donor in DNA methylation,
cell growth, and amino acid metabolism suggest its potential in inhibiting neuronal
death. In the research reported here, folate was found to be a potential inhibitor of
intracellular alpha-synuclein aggregation in SH-SY5Y neuroblastoma cells. Folatetreated cells exposed to polyethylenimine (used to simulate PD pathogenesis) exhibited
a significant decrease in the production of reactive oxygen species and the aggregation
of alpha-synuclein, as well as a significant increase in proliferation, as compared to
control cells. In following in silico analysis, folate was found to both promote DNA
methylation and cell cycle progression and mitigate PD pathogenesis biomarkers. The
gene expression profiles GSE43166, GSE68719, GSE7621, and the methylation profile
GSE57360 were analyzed for the identification of key upstream regulators and
pathways enriched in PD and with folate supplementation. Through Gene Ontology and
Ingenuity Pathway analysis, folate supplementation was found to promote the
differential expression of genes facilitating methylation and cell cycle progression.
Additionally, an inverse relationship between folate and PD pathogenesis was found,
where folate supplementation decreased the activation of key PD contributors, including
TP53 and TGFB1. These data suggest that addressing folate deficiency could prevent
alpha-synuclein aggregation and ameliorate DA neurodegeneration and PD pathogenesis.

CHEMISTRY / BIOCHEMISTRY
DNA PHENOTYPING
Natalia T. Hernandez (student), Jose Marti Stem Academy Union City, N.J.
DNA Phenotyping is the process of predicting an organism’s physical appearance by
using collected DNA and creating a 3D picture of the victim or suspect. Considered a
biologic witness, it has been referred to as molecular photofitting. Among humans,
99.9% of our DNA is identical, and it’s that .1% that makes us unique that Forensic
Scientists use to create the 3D photo. Companies such as Parabon Nanolabs and
Identitas have offered their services to the U.S. and International law enforcements and
have been successful. Is DNA Phenotyping an accurate tool in crime scene
investigations? To test the hypothesis field research was conducted with the help of
Parabon Nanolabs. Over 130 cases were provided with a 97% accuracy among the
closing rates. DNA samples were compared to those of companies such as 23 and me,
Ancestry.com and Family DNA. Correlations were found among the reduction of crimes
to the amount of DNA database and an increase in exonerations. Though not a perfect
science, its success rates are fascinating and like all new methods there are ethical
issues. The results are only as good as the DNA collected and phenotyping has been a
fascinating approach to unlocking the many mysteries of DNA.
CHEMICAL KINETICS ANALYSIS OF SELF-IMMOLATIVE POLYMERS THROUGH LINEAR REGRESSION MODELS

Joshua Kwon (student), Bergen County Academies, Hackensack, NJ 07601
Self-immolative polymers (SIPs) are polymers that break down from head-to-tail once
exposed to a specific stimulus, such as light, a change in pH, or change in temperature.
The usage of SIPs provide many advantages in the manufacturing industry as they
have a reduced environmental impact and there is a lack of reverse engineering. However, issues with
SIPs include requiring stoichiometric amounts of a stimulus and having a lack of control over the
degradation of the polymer. With this, many research experiments have been conducted to find the most
optimal conditions and further understand the kinetics behind the decomposition of SIPs. Methods of
research used in analyzing and developing SIPs include photoelectron transfer (PET), analysis of
decapping steps, and the use of online simulations to predict the degradation patterns and trends. There
are two main steps/mechanisms in the total degradation of SIPs: the decapping step and degradation
step. By analyzing these mechanisms, the order of the degradation can be determined and predictions
can be made about the optimal conditions of SIPs. Furthemore, their properties can be analyzed to
further help with the understanding of the process of degradation which will lead to the determination of
the most optimal uses of SIPs.
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INVESTIGATE AND IMPROVE THE THERAPEUTIC WINDOW OF AN ORGANIC FUNGAL TREATMENT
Daniel Lin (student), High Technology High School, Lincroft NJ 07738
Fungi based microbial plant diseases are among the major causes of agricultural crop loss on a global
scale, which threatens the worldwide goal of producing sufficient food to feed the growing world
population. It is therefore imperative to control the damage caused by fungi and reduce crop loss.
However, agricultural fungi control has been a big challenge. Excessive application of synthetic
fungicide in agriculture poses a potential threat to both human health and the balance of the
ecosystem. Copper based organic fungicide has been effective in controlling a wide range of fungal
diseases on fruit trees and vegetables, although it often results in the damage of the plants due to its
narrow therapeutic window. Therefore, if the therapeutic window of copper fungicide can be
significantly broadened, it could provide an efficient fungal treatment that is safe for the environment
and can be widely used. The study discussed here investigated the impact of copper sulfate, when used
as a fungicide, on the growth of a fungal mycelium, mung bean sprout, and young celery. The results
indicate that the optimal concentrations of copper sulfate would be at least 30 g/L when used to treat
fungi and the timing of application during the stages of the plant growth is critical to maximize the
therapeutic window. The study also revealed a new observation of potential growth promotion for fungi
if copper fungicide dose is not concentrated enough. These results paved a way to further improve the
therapeutic window of copper fungicide through additional explorations such as formulation
optimization.
Kylie Lin (student)
Dishwasher detergents contain sodium hypochlorite, which is known to have broad
antimicrobial properties. As scientists are looking for new ways to improve upon the
development of antimicrobial treatment options in agriculture, a research question arose as to
whether dishwasher detergent ingredients, when used in combination with water, would
significantly increase or decrease Perilla frutescens var. crispa leaf area. The research
hypothesis tested in this study claimed that there would be a significant difference in the leaf area
of Perilla frutescens var. crispa plants when a solution of water and dishwasher detergent was
used to water the plants due to the increase in water retention by the sodium polyacrylate found
in both the Cascade and Finish dishwasher detergents. In this study three experimental groups
were created. In two groups plants were watered with a mixture containing different
concentrations of either Cascade or Finish dishwasher detergent and water; a third group was the
control group, to which only was water applied. After a month of application, the final leaf
areas were recorded and an ANOVA test was performed to determine whether the difference in
leaf areas was significant. It was found that there was no significant difference, in the leaf area of
plants grown in the different conditions. It was concluded that treating Perilla frutescens var.
crispa plants with dish detergent have no significant effect on their leaf size.
UTILIZING A NOVEL VIRAL VECTOR-BASED RNP RECONSTRUCTION METHOD TO CREATE PREDICTION
MODELS FOR FUTURE INFLUENZA OUTBREAKS
Mason Melito (student)
According to the Centers for Disease Control and Prevention (CDC), influenza causes 12,000 to upwards
of 61,000 fatalities and infects around fourteen percent of the United States population annually—very
little of this information is a result of laboratory-based surveillance. The purpose of this research is to
create software that will model and predict the spreads of future influenza virus outbreaks in a
population, as well as determine an individual’s susceptibility, using data obtained from laboratorybased surveillance. To complete this project, an influenza virus solution was developed from chemicals
and extensive online research to imitate a future influenza virus. Additional research was conducted to
develop the chemical methodologies needed to imitate an influenza virus’ effect on the human immune
system. Public opinion of influenza viruses was analyzed across different demographics by distributing
a created survey to gauge personal habits and opinions regarding influenza viruses. Prediction models
were created according to the results of the statistical analyses performed on the chemical procedures,
coupled with online research and survey results. By utilizing the results from the chemical procedures
and survey analysis, an influenza susceptibility analysis tool was created along with a collection of maps
that predict the yearly spread of a future influenza virus.
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Effects of Bioactive Compounds of Berry Seed Extract on Cariogenic and Periopathogenic Bacteria
Giovanna Onofrietti (student) Toms River High School North, Toms River, NJ 08755
In order to minimize waste generation and increase economic growth from natural resources, an
environmentally friendly solution to utilize fruit wastes as new raw materials by sustaining the fruit
seeds for therapeutic use to inhibit certain bacteria due to their bioactivity and chemical composition
would be ideal. Extracting bioactive compounds for applications of treatment against dental caries and
periodontal disease is a natural way to possibly limit the bacterial growth causing these prevalent oral
diseases because antibiotic therapy has reached its limits to bacterial resistance.Vaccinium
corymbosum seed extract (VCSE) and Rubus fruticosus seed extract (RFSE)are rich in phenolic
compounds, fatty acids, flavonoids, ellagitannins, anthocyanidins and anthocyanins, known to have antiinflammatory, anti-carcinogenic and antioxidant biological properties to protect against certain
diseases. Streptococcus mutans is an oral bacteria found to be the main causative bacteria initiating
dental caries while Fusobacterium nucleatum is a prevalent oral bacteria during the progression of
periodontal disease. In this in vitro study, intentions were to determine if berry seed extracts derived
from Vaccinium corymbosum seed and Rubus fruticosus would inhibit the growth of S. mutans and F.
nucleatum at different concentrations both individually and in mixtures determined by the minimum
inhibitory concentration. Mueller Hinton TSA with 5% sheep blood plates were inoculated with each
bacteria separately and the Kirby-Bauer agar disk diffusion method tested the susceptibility of positive
and negative controls and both pathogens based on the minimal inhibitory concentration to 0.5%, 1.0%,
and 2.0% VCSE concentrations and 0.4%, 0.8% and 1.6% RFSE concentrations. VCSE and RFSE mixtures
were prepared with a 50:50 concentration solution ratio from lowest to highest concentrations
respectively. The synergistic effects of the bacterial mixtures in all concentrations displayed the
greatest zones of inhibition, varying from 25.6-32.5mm indicating the inhibitory effect of the VCSE and
RFSE mixtures at minimal concentrations can enhance bacteriostatic and bactericidal efficacy against S.
mutans and F. nucleatum. If a defined amount of these berry seed extracts decreases the growth of
both bacteria than there is less potential these pathogens cause tooth, bone, and gingival damage. This
could suggest a potential ecological role for the fruit seeds bioactive compounds of Vaccinium
corymbosum seed and Rubus fruticosus to act as bacteriostatic and bactericidal agents with
possibilities of modulating pathogenicity of cariogenic and periopathogenic bacteria. Thus, not only
helping the environment with decreased fruit waste and increased use of bioactive compounds in the
berry seeds but more natural methods to help therapeutically treat common oral disease bacteria with
less chemicals for optimal patient care.
EVALUATION OF ALLICIN’S BINDING ENERGY FOR ANTIVIRAL EFFECTS ON
Sars-Co-V-2
Jisoo Park (student), Bergen County Academies
As cases of the SARS-Co-V-2, or the coronavirus, have been increasing, it is
crucial to secure pandemic supplements or medications with antiviral applications.
Garlic’s key component, allicin, had been previously shown to provide a myriad of
health benefits, stimulating a question of whether these molecules contain the
properties of aiding or subsiding the coronavirus. Using the LARMD and SwissADME
program, Allicin’s protein dynamics, pharmacokinetic properties, and expression
analysis were researched. The binding energy differences between different molecules
and bacteria, Sprint Protein, and the molecules’ dipole-dipole moments, or discovering
which parts of Allicin would best interact with other molecules, were especially focused
on. The PyRx virtual screening tool enabled screen libraries of compounds against
potential drug targets to be found and the iMods server demonstrated collective motions
of protein and nucleic acids. Although the programs and websites used are entirely
realistic and created from much previous results, all machines have flaws and the
circumstances in real life may fluctuate erratically, condemning the results of this
research to be somewhat limited. Nevertheless, these results will help in further
research on whether this specific compound will benefit the world’s fight against this
pandemic or any other similar viruses for most cases.
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COMPARING Cs2AgBiBr6, Cs2SbCuI6, AND KBaTeBiO6 FOR USE IN PHOTOVOLTAIC CELLS
Zoe Zachko (Student), Tenafly High School, Tenafly NJ 07670
Over the last decade, perovskite cells have improved in power conversion efficiency from around 14% to
23.7%[1]. Because of their potential to continually improve solar technology and the fact that they are more
cost effective than silicon-based technologies, finding perovskites suitable for photovoltaic applications is
paramount. Perovskite materials also have other properties which make them suitable for other
optoelectronic applications, such as superconductivity, band gap tunability, broad absorption spectra, and
good absorption coefficients. Although these materials are very suitable for photovoltaic applications, there
are still some problems with them being used in large-scale industrial applications. This is largely because
most perovskites being used in photovoltaic cells contain lead, which makes them highly unstable. In this
study, three double perovskites being researched for photovoltaic applications were compared based on
their structural properties, optical properties, and electronic properties to predict which one would work
best in photovoltaic applications. The double perovskites investigated were Cs 2 AgBiBr 6 , Cs 2 SbCuI 6 ,
and KBaTeBiO 6 . Structural, electronic, and optical properties were determined using past literature as well
as calculations through Material Square and Quantum Espresso, which are web-based materials simulation
platforms. Properties observed included bandgap, absorption coefficient, and dielectric function.

EARTH SCIENCE, GEOLOGY, OR METEOROLOGY
A NOVEL ANALYSIS OF DEEP LEARNING MODELS FOR INFRASTRUCTURE DAMAGE
ASSESSMENT AND HUMANITARIAN DISASTER RELIEF
Thomas Chen (student), Academy for Mathematics, Science, and Engineering, Rockaway NJ
Natural disasters ravage the world&#39;s cities, valleys, and shores on a monthly basis. Having
precise and efficient mechanisms for assessing infrastructure damage is essential to channel
resources and minimize the loss of life. Using a dataset that includes labeled pre- and postdisaster satellite imagery, we train multiple convolutional neural networks to assess building
damage on a per-building basis. In order to investigate how to best classify building damage, we
present a highly interpretable deep-learning methodology that seeks to explicitly convey the
most useful information required to train an accurate classification model. We also delve into
which loss functions best optimize these models. Our findings include that ordinal-cross entropy
loss is the most optimal loss function to use and that including the type of disaster that caused
the damage in combination with a pre- and post-disaster image best predicts the level of
damage caused. The highest accuracy percentage on the testing set that we achieve is 74.6%;
the non-optimal nature of this is largely attributed to the limited discernibility between the major
and minor damage categories. We also make progress in the realm of qualitative
representations of which parts of the images that the model is using to predict damage levels,
through gradient class-activation maps. Our research seeks to computationally contribute to
aiding in this ongoing and growing humanitarian crisis, heightened by climate change.
UTILIZING WIDE AREA AUGMENTATION SYSTEM (WAAS) CAPABLE GLOBAL POSITIONING SYSTEMS (GPSS) TO TRACK
AND CREATE A NOVEL PREDICTION MODEL FOR GEOMAGNETIC STORMS IN THE IONOSPHERE
Emily Jones (student) MATES

A geomagnetic storm is a major disturbance of Earth&#39;s magnetosphere that occurs
when there is an efficient energy exchange from the solar wind into the space
environment surrounding Earth. These storms occur because of variations in solar wind
that produce major changes in the currents, plasmas, and fields in Earth’s
magnetosphere. Geomagnetic storm activity, along with the rest of the aforementioned
error possibilities, can severely affect GPS signals, but some of this error can be
lessened using the Wide Area Augmentation System (WAAS). The objective of this
research is to track and create a novel prediction model for geomagnetic storms by
utilizing a Global Positioning System Receiver with WAAS capability. To complete this
project, data was collected at three different sites, Berkeley, Red Bank, and Bay Head,
for 90 days throughout three different seasons. During testing, readings would be taken
with and without the WAAS capability turned on, and the error could be calculated.
Additionally, space and atmospheric weather conditions were recorded for comparison
purposes in statistical analysis. Utilizing ANOVAs and Regression statistics, a correlation was determined
between geomagnetic storms and Planetary K-Index values, which was then used to create the prediction
model. Additionally, a survey was conducted to display the significance of this research and public opinion
of geomagnetic storm research in general.
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ECOLOGY
RECONSTRUCTING A PHYLOGENETIC TREE OF TICK SPECIES FOUND ON PETS
Harrison Banks (Student), Rhea Raghu (Student), Tenafly High School, Tenafly, NJ
Approximately 1% to 50% of ticks carry diseases, and 300,000 cases of tick bites
are annually reported in the US. New Jersey holds one of the highest rates of Lyme
disease caused by tick bites. It is crucial to understand the biodiversity of ticks across
New Jersey and New York since each tick carries an array of pathogens, such as
viruses, and toxins. To better inform the public, we visualized the tick biodiversity and
associated diseases through a phylogenetic tree. We collected 13 ticks from veterinary
clinics and documented the sample’s location and its image, while numerically labelling
each tick. DNA Extraction, Polymerase Chain Reaction (PCR), Gel Electrophoresis, and
DNA Sequencing of our samples were performed by a scientist at Cold Spring Harbor
Laboratories. We used DNA Subway software to analyze and trim DNA for quality
control, BLAST software to identify the species and create a phylogenetic tree, and the
CDC “Diseases Transmitted by Ticks” Database to identify the tick’s related diseases.
By investigating the biodiversity of local ticks, we contextualized the pathogenic range in
New Jersey and New York. We observed that 100% of our samples were the species
Ixodes Scapularis, representing its high prevalence in our region.
An Investigation Into The Indigenous And Invasive Species Of Bergen County
Ethan Chia (student), Jonathan Levy (student), Science Research, Tenafly
High School, Tenafly, NJ 07670
Bergen County, New Jersey, is inhabited by countless insect species. With the
county’s diverse yearly weather, numerous invasive and indigenous species call it
home. Thus, the goal of this study was to collect insects from two nature centers in
Tenafly and Englewood, Bergen County, NJ, and classify them as invasive or
indigenous through DNA barcoding analysis. After collecting insect samples, we
extracted their DNA and sent it for PCR and electrophoresis at DNALC labs. Next, the
DNA was sent for sequencing to a commercial laboratory. Upon receiving the
sequenced DNA, we used bioinformatics analysis, DNA Subway and BLAST, to match
our sequences to insect species. With 7 of our 11 collected insect species successfully
sequenced, their identities revealed 2 out of the 7 to be invasive, the Lathrobium
laevipenne and Dicranota sp, and 5 indigenous, the Camponotus pennsylvanicus,
Aphaenogaster rudis, Pyrrharctia isabella, Lasius claviger, and Prenolepis imparis. Our
invasive species both originated in Europe, and likely arrived in Bergen County via
inadvertent human transport. We theorize that through the import of Magnolia flowers
and wooden objects, the food of the Lathrobium laevipenne and Dicranota sp.
respectably, they arrived to make an impact on the flora of Bergen County.
BREAKTHROUGHS IN HONEYBEE HEALTH:
CONTINUOUS-RELEASE MIST DIFFUSION OF THYMOL-BASED ESSENTIAL OILS
Kaitlyn Culbert (student), Toms River High School North, Toms River, NJ 08755
Honeybee (Apis mellifera) pollination is responsible for approximately 80% of all
cultivated crops. Unfortunately, the latest reports suggest losses of 30-50% of all bee
colonies in the US. The greatest single contributor to the decline of bee health is the
Varroa destructor mite. Synthetic chemicals are currently used to control Varroa, but the
mites are developing resistance. Essential oils (EOs) may be a viable alternative. EOs
are cheaper, environmentally-friendly, and pose fewer health risks to bees and consumers.
Furthermore, Varroa have not developed resistance to EOs. EOs’ shortcoming is the limitation of
exposure. Humidity and temperature affect the rate of evaporation and the mites’ exposure to EOs. This
study evaluated the “continuous-release” mist diffusion of thymol-based EOs against Varroa.
Continuous-release mist diffusion stabilized humidity and temperature effects. Miticide efficacy with
continuous-release mist diffusion was as follows: thyme&gt;oregano&gt;
rosemary&gt;spearmint&gt;control (vegetable glycerin). Exposure of EOs to honeybee larvae/pupae was
found to be comparable to the control. Presently, all commercially available thymol-centered systems
are gel-based and only work via direct contact with the mite. “Continuous-release” mist diffusion may
permit the disbursement of EOs throughout the entire hive, including the brood cell, where natural
miticides currently do not reach and where Varroa reproduction occurs.
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ASSESSING THE RECENT IMPACTS OF COVID-19 ON U.S. CARBON EMISSIONS
Yi-Hsien Eu (Student), Holmdel High School, Holmdel, New Jersey 07733
The COVID-19 pandemic has impacted all aspects of daily life, from
transportation to economic decline, as well as loss to human life. This decline in
economic activity, specifically gross domestic product (GDP), resulting from changes of
behavior and transportation is utilized in this study to determine the overall carbon (CO2)
emissions and to compare to statistics from the Environmental Protection Agency (EPA)
and Carbon Monitor prior to the pandemic in the United States of America. Given these
different circumstances this year, it is an opportune time to better understand the
pandemic’s impact on CO2 emissions that may inform policymakers of sustainable ways
to continue the decrease in CO2 emissions considering that the sudden drop at the start
of quarantine is not enough to sidetrack the path to increased temperatures by 2050,
plus the dramatic changes in daily life is not sustainable in the long run for the economy
and welfare of society. Additionally, only a few studies have been conducted on the
decrease of CO2 emissions in correlation to COVID-19 in the United States; thus, this
study overcomes the obstacle of the two to three years delay of emission data
publication. Not only does this allow greater understanding on the reduction and
influence future mitigation measures, it also provides constraints for future modeling
studies. From this research, the following was concluded: (1) There was a 12.5% reduction of CO2 emissions
in 2020 overall (2) There was a 2.5% error between total emissions calculated using GDP change rate and
actual total emissions (3) Using GDP change rate is a reliable way to get real-time CO2 emissions
NEW JERSEY TREES AND INVASIVE SPECIES: DNA BARCODING OF TREE SAMPLES COLLECTED AROUND
TENAFLY AND DEMAREST
Hannah Joung (student), Rebecca Beaver (student), Tenafly High School, Tenafly NJ
Native tree species are integral parts of ecosystems, as they provide resources
for local wildlife. However, when invasive species enter these ecosystems, they heavily
degrade the quality of life for other plants and animals in the area and crowd out native
species. This study examined native and invasive tree species in local ecosystems in
Bergen County, as New Jersey is known to have up to fifty-five invasive species. A total
of thirty tree leaf samples were collected from the Tenafly Nature Center, Davis
Johnson Gardens, and the Demarest Nature Center; ten samples from each location.
The DNA from these samples were isolated, underwent Polymerase Chain Reaction,
sent to the lab for sequencing, and finally identified using the DNA Subway Blue Line.
Twenty-six samples were identified using the BLAST database, and phylogenetic trees
were used to determine similarities between the identified species. Over four out of
eighteen total identified species were invasive. Many of these invasive species possess allelopathic
properties, meaning that they release chemicals inhibiting the growth of nearby species. In addition, the
dense shade produced by Acer platanoides, one of the identified invasive tree species, displaces native
trees. These characteristics reveal how invasive species suppress the growth of native species.
WHAT IS THE OPTIMAL BUILD FOR GREENHOUSES?
Christopher Li (student), Holmdel High School, Holmdel NJ 07733
In an effort to yield an optimal build to maximize the crop productivity with
sustainable resources, we have studied multiple greenhouses. First we’ve found that
solar energy powered greenhouses yielded the greatest net income with the most
environment-friendly resources among solar, geothermal, and natural gas. To further
improve solar greenhouse efficiency, we’ve then evaluated phase change materials’
effects on heat exchange. Phase change material (PCM) essentially absorbs solar
energy and gradually releases it again to help regulate heat exchange within
greenhouses. We’ve found that increasing percent PCM results in an increase in solar
efficiency within greenhouses. In addition, we have found that the orientation of the
greenhouse on different latitudes had some impact on greenhouse efficiency. Higher
latitude locations correspond with higher degrees of movement needed from the true
south to achieve optimal orientation for the greenhouse. Finally, we examined the
effects of fertilizer on various aspects of crops. Using more vermicompost from pig
manure can help increase germination rate, height, number of leaves, and dry weight.
From about 30% to 60% vermicompost, germination rate, height, number of leaves, and
dry weight seem to peak. In future studies, we will examine the impact of different
colored lights and temperature on crop productivity inside greenhouses.
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Harshni Patel (student), Jose Marti STEM Academy
It is well known that environmental pollution can present adverse effects on living organisms.
Public water systems are affected by contaminants through industrial waste and the proliferation
of microorganisms. Poor sanitation and contaminated drinking water arising from human activity
and natural phenomena can create serious problems for human health. Heavy metals and organic
substances are known to generate neurotoxic effects in humans and animals. Toxic substances
affect neurological development in growing children’s central and peripheral nervous systems.
For years, New Jersey has been the home to a high density of factories, refineries, and
industries. These companies have been dumping different pollutants in water, soil, and air.
Households have been extensively using weed killers, fertilizers, and pesticides to have luscious
lawns. All these chemicals have penetrated the water system. The Autism Spectrum Disorder
(ASD) -a disorder related to brain development- can be due to genetic disorders or environmental
factors. This study intends to investigate if there is a relationship between water pollution by
environmental toxicants “an environmental factor” and Autism Spectrum Disorder particularly
focusing on the relationship between counties in NJ with high ASD and the local drinking water
system. The collected data shows that currently, one in every 45 children in the state of NJ is
being diagnosed with ASD. Ultimately, the goal of this investigation is to increase awareness and
attention to toxic contaminants in drinking water to improve the development and health of
children in New Jersey. The focus of this study is placed on analyzing the water quality data and
ASD data to demonstrate the urgency of having clean water and an environment to save lives
from the fast-growing ASD rate.
Let’s Use Aquaponics to Save Our Planet!
Kendall Paucar (student), School: Jose Marti STEM Academy
Aquaponics, the ability to grow plants without soil but with fishes and water
being able to be able to grow any kinds of fresh foods. This research project looked at
using fish excrement as a possible source of nutrients for sustained plant growth in an
aquaponic environment. The project is being conducted with the goal of helping those
who are in need of fresh food due to the impact of Global Warming, creating a soil
erosion problem in countries where people are living in poor conditions.
The system consisted of three tanks, water, rock wool and PVC piping and
goldfish were used along with lettuce seeds. The data was collected over a 7 day period
and showed that substantial growth occurred with the fish present. Further studies will
focus on using different types of fish, designing solar panels for it with materials in easy
access and on plants and also on the longer sustained periods of time for the fish within
the system. To also test out which fishes make certain fresh foods to grow faster and
healthier without applying any nutrients.
EXPLORING THE FEEDING HABITS OF NESTING BARN OWLS IN ORDER TO OPTIMIZE PEST
MANAGEMENT IN CALIFORNIA VINEYARDS
Emily Phillips (student), Animal Science Department, UC Davis, Davis CAAndrew Volynsky
(student)
Barn owls are used as the “Biological Control'' component of Integrated Pest Management (IPM)
programs, especially in the Western United States, to reduce use of pesticides. These pesticides lead to
health risks, as well as environmental and economic losses. Understanding the diet choices of nesting
barn owls in California Vineyards will help to optimize natural biological pest management and more
accurately use pesticides and rodenticides only when necessary to lessen its negative effects through
biomagnification on natural predators. To do this, raspberry pi cameras were set up across 6 different
nest boxes by my mentor, after which I analyzed more than 2,000 videos from 3 of those nest boxes for
activity, banding, and prey choice. The video data collected was compared to pellet analysis data
collected previously by my mentor in order to more accurately classify prey choice, and a prey
preference by sex was looked for. The accurate knowledge of prey choice and nesting owl habits helps
minimize potential rodenticide/chemical damage to an important natural biological control of pests in
California Vineyards. A more thorough understanding of exact diet could reduce the need for other
chemical pest controls and help more precisely target pests when necessary.
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Alternative Method of Desalination using Halophytic Plants
Ashly Rivas(student), Junior, Jose Marti STEM Academy, Union City, NJ 07087
Water scarcity is an issue that plagues third-world countries that are unable to
access clean water. A solution to the dilemma is through desalination- the extraction of
salt from ocean water using different machinery; however, it is not the only option as
research proves halophytes can perform the same function. Halophytes are a species of
plant that has adapted to live in saltwater environments. With this in mind, the purpose
was to find a Halophyte species’ success in desalinating ocean water. This experiment
was conducted using aquarium tanks filled with ocean water and halophyte plugs from a
nearby town. The data was analyzed and transformed into a model that could be
replicated and applied to any country with limited water resources. Two questions were
kept in mind throughout the research: Can Halophytes extract the salt from ocean water
and result in clean greywater? Can a plot of land in a third-world country be filled with
halophytes’ rows and desalinate the water to benefit humans? Halophytes are
undoubtedly capable of desalination, as the data indicate a considerable decrease in
salinity without machinery usage. Future experiments will test the ability of
osmoprotectant plants in removing various metals from contaminated water and soil.
HUMAN POPULATION AND ENTEROCOCCUS IN THE BARNEGAT BAY, JERSEY SHORE
Jennifer Salto (student), Jose Marti STEM Academy, Union City, NJ 07087
Bacteria growth in our environment can disrupt human and animal health. Bacteria such
as Enterococci are found in human intestines, vertebrates, plants, and insects. Due to
large rates of population growth more and more harmful bacteria are making their way
into places where humans and animals come in contact with them. The purpose of this
research was to examine the occurrence of Enterococcus concentrations in Barganent
Bay. The research was conducted using the US Census data and Enterococcus data
from the “New Jersey Department Environmental Program''. The higher and lower
concentrations of Enterococcus were charted. Through this research, the authors
thought that the amount of Enterococcus concentration increased along with human
population density. Data analysis showed that the year-round population is not a good
predictor of Enterococcus pollution. Yet, the total Enterococcus counts from every year
frequently result in unsafe days for swimming at specific towns and beaches. For future
study, examining different Enterococcus locations from different Barganent Bay
Townships along with other forms of bacteria track and bacterial growth in the New
Jersey watershed leading visitors and creatures exposed in a safer zone.
STUDY OF SILKWORM BEHAVIOR AND LIFE CYCLE UNDER EXPOSURE OF HIGH FREQUENCY
ELECTROMAGNETIC RADIATION OF 5G NETWORKS
Isabel Shi (student), Bergen County Academies, Hackensack NJ 07601
With the arrival of 5G communication networks, there exists growing concerns of potential adverse effects
of the high frequency radiation on human health. Elucidating those effects on the quick and sensitive model
of silkworms may help to advance the knowledge in this field. In this work, it was hypothesized that
silkworms exposed to such radiation will experience changes in growth rate, silk cocoon spinning, or mating.
It was also hypothesized that death and developmental abnormalities will increase as
radiofrequency increases. An experiment was designed to test two groups of ten
silkworms at 2.5 GHz and 15 GHz respectively, while a separate control group of
silkworms experienced only ambient radiation. Results showed an increase in the
number of deaths in larval silkworms as the frequencies were increased, with relative
risk of 2 and 3 for the 2.5 and 15 GHz groups, respectively. The percentage of moths that emerged from
cocoons out of the original ten silkworms in the control group, 2.5 GHz, and 15 GHz experimental groups
were 90%, 50% and 50%, respectively. Moreover, eggs from the control group were nearly entirely fertilized
and unhatched (99.84% purple). In contrast, the 2.5 GHz group had an average of 87.46% fertilized eggs
along with the greatest average percentage of unfertilized eggs (12.35% brown/yellow) both with p-values ≤
0.05. The 15 GHz group had an average of 75.83% fertilized eggs and the greatest average percentage of
hatched eggs (20.97% white), both with p-values ≤ 0.01. However, average mass, length, and diameter for
both larval silkworms and silk cocoons were not significantly different between groups. These experimental
outcomes shed light on the potential effects of 5G network radiation on biological systems.
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AUTONOMOUS DEVICE FOR WATER SYSTEM SURVEYING AND WATER QUALITY MONITORING
Zack (Zehang) Sun (student), Tenafly High School, Tenafly, NJ
Water resource is an essential element to survival and well-being no matter where you are. In the US, we have efficient
departments dedicated to solving the problem of surveying and monitoring water systems and evaluating their quality
with survey teams consisting of trained professionals and expensive equipment. However, this is not the case in many
other countries, the establishment and maintenance of such a department is simply too great. Therefore, I introduce a
cheaper, easier, and more accessible solution. I developed an autonomous water surveying drone that can actively
survey and monitor a small to medium sized water system. My device is built from affordable materials and basic 3D
printing parts, enabling it to be produced and assembled easily and inexpensively. The drone ship can be directly
controlled via a radio transmitter, or it can be easily programmed to execute unsupervised missions based on
coordinates from online maps such as Google Map. The device will carry various sensors which will collect important
data on its course and store them on board. Later, these data will be fed into my program written in Matlab, in order to
visualize the results. These intuitive results then can be reviewed by human experts. This entire process, from setting up
the vehicle, to data collection, is made extremely automated and simple. Anyone with no past experience can build this
vehicle and operate it efficiently.
COMPARISON OF THE PHYCOREMEDIATION CAPABILITIES OF Chlorella
autotrophica AND Spirulina species FOR HEAVY METALS AND BIOSORPTION OF
NITROGEN AND PHOSPHORUS AT VARYING HALINE LEVELS
Lakshmi Yannam (student), Marine Academy of Technology and Environmental Science (M.A.T.E.S)
Green algae and cyanobacteria have become a subject of interest as they can combat
the growing level of pollution found in waterways. Heavy metals contaminate the water
through industrial wastes and consumer wastes, such as plastic leaching (Sharma 2020).
Bioremediation utilizes microorganisms to detoxify contaminants in soil or water and can
be conducted effectively by algae (Gouma 2014). In this study, a copper nitrate solution
of 20.0 mg/L was tested. The cultures were tested in three different haline solutions: 2
ppt, 8 ppt, and 20 ppt, simulating oligohaline, mesohaline, and polyhaline conditions. The
chlorophyll-a levels, copper concentration, and biosorption of nitrogen and phosphorus
were measured. It was concluded that the green algae, Chlorella autotrophica, was more
effective in removing copper ions from the water in oligohaline and mesohaline
environments while Spirulina species was more efficient in polyhaline environments. Both
C. autotrophica and S. species had approximately the same chlorophyll-a levels
throughout each trial and no significant difference in nitrogen and phosphorus uptake
when plant tissue testing was conducted. There was significantly more algal growth in the
oligohaline and polyhaline environments compared to the mesohaline environments
overall. Ultimately, C. autotrophica is a significantly better agent for bioremediation of
heavy metals at low and mid saline levels while S. species is more efficient at high saline
levels.

ENGINEERING
DEVELOPING A NOVEL SEIZURE DETECTION BRACELET TO ELECTRONICALLY SENSE VIBRATIONS AND MOVEMENT
SEVERITY
Victoria Farley and Miranda Lynch (students), MATES, Manahawkin NJ
The purpose of this experiment was to develop a novel seizure detection bracelet that
electronically sensed vibrations and used a buzzer to indicate the detection of
movement, and therefore, the occurrence of a seizure. In the United States, 2.4 million
people are affected by epilepsy each year. While uncommon, it is possible to die from
resulting head injuries that may be obtained during an epileptic episode. Many of these
episodes may happen silently, meaning that there is no outside awareness that the
person is having a seizure. On the market, there are few bracelets that can detect and
alert seizures. Developed from a breadboard, an Arduino Uno, a shake sensor, and a
buzzer, this hardware made a loud buzzing noise to get the attention of others for help.
This experiment is significant because, when developed into a bracelet and distributed,
it could help people who are seizure prone, educate the public on seizure indicators,
and save the lives of those struggling with epilepsy.
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HR.Goldberg (student), Holmdel High School
The purpose of this study is to alleviate the language barrier between the deaf community
and non-deaf people. My project is a big first step in solving this issue because eventually every
sentence and phrase can be programmed into the arduino, or another computer I will be using in
the future to expand on this. Initially, the plan was to 3D print the hand to allow for a more
professional look, and also complex movement. After the school closed down due to Covid-19,
unable to 3D print my project, I began brainstorming ways to construct it myself. The hand was
made by cutting out a hand out of cardboard, gluing straws to the hand to be able to run wire
through it, cutting out five rectangular boxes at the base of the hand to fit the ardunos, attaching
string to the arduinos and running them through the straws, then tying the string at the tips of the
fingers to keep them in place. That’s the physical design of the hand. Subsequently, I attached the
servos to an Arduino computer, then programmed it to be able to sign letters A-F, and two
additional symbols. Finally, I attached two buttons onto the breadboard, along with a display, and
programmed the Arduino to display which letters I am able to select on the screen to sign, and
choose a button to either select a letter, or go on to the next letter. Upon completion, tests were
ran to determine how well the hand performed in being able to communicate which letter was
selected to someone who spoke sign language, and it was a huge success. There was no
uncertainty in determining which letter was selected. I will continue to expand on this project in
college, 3D printing two hands and continuously expanding the vocabulary until it is up to par
with American Sign Language, and is able to fulfill its purpose in a real world setting.
UTILIZATION OF MICROTURBINE SYSTEMS IN HARVESTING URBAN WIND CANYON ENERGY
JOSEPH PALADINO (STUDENT), COLONIA HIGH SCHOOL
As time goes on and climate change becomes a more prevalent societal issue, modes of
clean energy harvesting are being developed. In urban areas, there is an untapped source of
energy. Urban Wind Canyons. Urban buildings are exposed to Urban Wind Canyon effects that
accelerate and funnel winds between structures. When winds in urban areas hit buildings, they
are forced downwards, increasing wind speeds at bases of buildings. This research aims to
assess the feasibility of systems of micro-wind-turbines attached to existing structures to
harness energy of Urban Wind Canyon effects. Venturi, Channelization, and Circulation effects
were tested utilizing model buildings and microturbines and measuring wind speed and energy
production. Functions derived from the data were applied to pre-existing wind turbine data
from the literature. At wind speeds of 8 mph, turbines exposed to the Venturi effect,
Channelization and Circulation effects could produce 7.10 MW, 6.46 MW and 6.52 MW per year,
respectively. At 9 mph, energy production was 7.94 MW, 6.68 MW and 6.73 MW per year,
respectively. At 10 mph, energy production was 8.88 MW, 6.89 MW, and 6.94 MW per year,
respectively. This data shows that significant energy can be produced by the proposed system.
For reference, one block in Midtown Manhattan uses 17.6 MW per year. The system exposed to
consistent speeds can produce nearly half of that per effect. When exposed to multiple effects
at once, the energy output can top 17.6 MW.
The Effect of Foam and Gel on Vibration Absorption through Bearing Ball
Anastasia Samets (student), High Technology High School, Lincroft NJ 07738
The study was conducted to progress drones as a viable method of delivery by aiding companies
in reducing material costs. Drones may be a step towards a safer form of delivery since they reduce
unnecessary contact and exposure with others during the Covid-19 pandemic. In order to reduce
material costs, foam and gel, which are both materials that compose the polymer sorbothane, were
tested to see whether they yielded significantly different absorption rates compared to one another.
The absorption rates in this experiment were defined as the average displacements of a bearing ball for
each material during its three recorded trials. Each material was tested by creating individual petri dishes,
composed of the chosen material, with printer paper that had marked measurements on it, in centimeters.
Then, a bearing ball was placed on top of the paper, in the center. Each dish was then agitated by a
vortexer. The trials were recorded using an iphone placed upon a tripod in order to later accurately
measure displacement values through the use of ImageJ. After completing the three trials of each material,
average displacement values were calculated. The standard deviation of each material was
calculated and used, along with the displacement values, to create a bar graph. Through the conduction of a
t-test, a significant difference between the two materials in average bearing ball displacement values was
observed. The study supports that the gel material was the better absorbing material since it showed a
much lower average displacement value than the foam material when observed on the bar graph.
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A NOVEL VERTICAL GROUND REACTION FORCE BASED DETECTION SYSTEM
FOR PARKINSON'S DISEASE
Sidharth Srivastava (student), High Technology High School, Lincroft NJ 07738
Parkinson’s Disease (PD) is a debilitating neurological disease that primarily affects
older patients. PD is characterized by dementia, tremors, and gait issues. PD is the
fastest growing neurological disease in the United States, affecting over 60,000 new
people per year here. In addition, PD has increased in prevalence across the
developing world, where access to medical professionals and equipment is limited.
Current PD diagnosis techniques involve tests conducted in medical facilities. While
early diagnosis in the developed world is common, the developing world lacks precise
methods for PD diagnosis. In this study, a novel system for PD detection is proposed
using the collection and classification of vertical ground reaction force (VGRF) data
collected during gait. VGRF signals can be used to characterize gait parameters in
patients. Two Arduino microcontroller circuits were created in this study to obtain force
data from each foot at four different locations. A desktop application was created to
collect and display the data. An LSTM neural network was trained on an existing
dataset to classify these signals between healthy and affected patients. Overall, this
study demonstrates the promise of using VGRF as a diagnostic tool for PD.
Kathy Zhang (student), Tenafly High School, Tenafly, NJ
Heavy metal soil contamination in soil is one of the most common and harmful global pollution,
bringing significant damage to the environment. Early preventions of such pollution through soil
testing are extremely important. However, common solutions to conduct soil testing are pricey
and labour intensive, while mobile monitoring, as the most efficient solution, is limited in the
complexity of soil quality values that can be measured. Soil moisture and soil pH are two
properties that can be reliably measured with a mobile robot, and in addition, they correlate with
soil concentrations of certain metals such as Nickel and Chromium. Using these relationships, I
designed and built an autonomous walking quadropod(quadrupled) robot that measures simple
soil properties and analyzes the effect of such properties on the soil’s likeliness to attract
concentrations of different metals with a unique design. The prototype is controlled by an
Arduino Mega board, and programmed through Arduino IDE. The moisture and pH values are
measured from the tested field that I set up, and resulting graphs are generated and displayed
in a 3D format. This novel design allows the robot to give useful predictions of metal compound
concentrations in soil.

HEALTH AND MEDICINE
The Correlation of Cannabis Use and Acute Pancreatitis
Madeline Ai (student), Holmdel High School
Cannabis is the most frequently consumed illicit drug in the world, with higher prevalence under the age of
35 years. Cannabis was first reported as a possible cause of acute pancreatitis (AP) in 2004. I hope to dive
deeper into the possible effects of this abuse past the unseen consequences. First I had my failed
recognition of a correlation between cannabis induced inpatient stays and singular state death rates. This
was delved deeper when I come upon the possibility of acute pancreatitis defined by preceding use of
cannabis. The role of marijuana has not been clearly defined yet because of the rare cases it has occurred.
To find out if there was a correlation, I looked at the National Inpatient Sample from 2002 to 2012 to find
trends in acute pancreatitis (AP). Then I looked at cannabis use trends taken from the National Drug Statistic
Database from 2002 to 2012. As a control, I also looked at the trends of chronic pancreatitis (CP) paired with
AP to differentiate from possible occurrences from preceding cannabis use. My results indicate that the
correlations between acute pancreatitis (AP) without CP and AP with CP are the same because of their R^2
value and slope. Conclusions indicate that there no significant deviance from AP without CP along cannabis
use, so therefore it is very likely that it is not a prominent factor in AP. The null hypothesis of my original
hypothesis is accepted and there is no direct correlation between the overuse of marajiuana and death, as
well as there being no direct correlation between the use of marajiuana and AP.
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USING CELL PHONE STATISTICS TO TRACK AND HELP LOWER MORTALITY: RATES FROM NATURAL
DISASTERS AND EPIDEMICS
Mary Briamonte (student), Holmdel High School
Preparedness, response, and recovery to natural disasters and epidemics is extremely
dependent on accurate and timely data. Mobile phones provide useful information in real time. It
is important to take advantage of mobile phones as a resource to collect data during emergencies.
Mobile phone network data can be developed in a multitude of ways. This research shows how
much of a significant difference data from mobile phones can make during critical situations.
Compared to the January 17, 1995 earthquake in Kobe, Japan, the earthquake on April 16, 2016
in Kumamoto-shi, Japan (about 420 miles from Kobe), where phones were employed for human
mobility analysis, had 6,364 less deaths. During Hurricane Maria, where mobile phones were
used for disaster-related displacement tracking, 11,541 less people died compared to Hurricane
Mitch in 1998. The mortality rate of ebola in Africa dropped 49% from 1976 to 2016, because
mobile phones were used to track travel patterns. The mortality of malaria in Kenya dropped by
and average of 34% between 1990 and 2017, due to the fact that mobile phones were used to
track and predict where the disease was going to spread. The number of one year olds vaccinated
for polio in Pakistan increased by 38% between 2010 and 2015, because mobile phones were
used to identify areas that polio immunization teams missed. This study proves conclusively, that
the use of the cell phone is incredibly useful in mitigating a weather related or health related
disaster, by taking similar disasters in two time zones, and comparing the results from these two
time zones.
Isabel Dubov (student), Tenafly High School
With the COVID-19 pandemic impacting the lives of individuals across the globe, many
scientists believe that a sense of normalcy will not arise until the production of a successful
vaccine is implemented. Though the process of creating vaccines varies in complexity amongst
different viruses, understanding the process by which they are made and that there is much more
than what a syringe encloses, is important. Influenza, a common viral infection attacking the
lungs, nose, and throat, circulates the atmosphere in various seasons and strains. A key task
placed upon scientists is deciding which strains to include in a vaccine and why to include them
based on factors including their annual presence and molecular commonalities. In this project,
BLAST, an online sequence alignment database, was used for amino acid sequence comparison
within influenza’s key surface proteins, hemagglutinin and neuraminidase. With this information,
similarities were observed and decisions upon which of the most common strains in a season
were to be included were made as well as if sequentially similar strains could create an effective
vaccine. The way strains have evolved over time was also examined. With coronavirus’s
improbable exit, identifying effective strains to include in a vaccine is essential.
Comparison Study of Non-Traditional Therapies in the Treatment of Osteoarthritis
Ashela Fernando (Student), Jose Marti STEM Academy, Union City, New Jersey
Across the United States, over three million cases of osteoarthritis are reported each
year. The most commonly prescribed form of treatment are non-steroidal
anti-inflammatory drugs (NSAIDS) which are known to carry an extensive amount of
long term risks. Studies have shown the benefits of natural remedies such as curcumin
and yoga. Through an analysis of data sets, this research project aims to determine
which of the two natural remedies is most effective in treating the osteoarthritis pain and
act as a safer alternative to NSAIDs. This paper assumes that yoga will be more
successful in treating pain, stiffness, and physical functioning. Both studies conducted a
pre and post test recording WOMAC scores. In regards to pain (p < .00001) curcumin
was determined to be most effective. As for treating stiffness, yoga had a more
significant decrease in pre and posttest scores (p < .00001). While in the case of
physical functioning, neither curcumin or yoga was reported as more effective. Given the
results, it is clear that yoga and curcumin separately show high promises of treating
osteoarthritis. Curcumin has more potential to treat pain, while yoga is a better option for
stiffness.
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USING CELL PHONE STATISTICS TO TRACK AND HELP LOWER MORTALITY: RATES FROM NATURAL
DISASTERS AND ECOMPARING THE EFFICACY OF DIETARY FIBERS vs A SAP FROM ACACIA TREE: GUM
ARABIC
Rebeca Fernando (Student), Jose Martí STEM Academy
Over 1.2 billion people suffer from constipation and in the US alone $725 million are
spent on laxatives per year. The most generally used treatments are stool softeners,
osmotic, and stimulant laxatives, which are known to have side effects. However, there
are natural ways for treating constipation such as using fibers like Psyllium Husk and
Guar Gum, which have been known to be very effective, with few side effects. Gum
Arabic, a hardened sap from the Acacia tree, found in Sudan, is a popular treatment for
an upset stomach. In this study, the laxative property of Gum Arabic was tested against
Psyllium Husk and Guar Gum. The experiment was performed by soaking the fibers in
corn oil for fifteen minutes. In the end, the amount of unabsorbed oil was recorded.
One-way ANOVA test was used to find the difference between the amount of oil
unabsorbed for each sample tested. The results showed that Psyllium Husk had a
significantly lower amount of oil remaining than both Guar Gum and Gum Arabic
(p<0.001). The average amount of oil remaining for Gum Arabic was less than that of
Guar Gum, suggesting that Gum Arabic is effective as a natural laxative.
SKIN CANCER DIAGNOSIS IN DIVERSE SKIN TONES USING AN IMAGE-BASED TOOL
Nadia Ghetie (student), Bergen County Academies, Hackensack NJ 07601
Clinical detection of skin cancers is typically achieved by a physician’s visual inspection
of the patient’s skin, based on a set of criteria which includes such things as the shape of the
lesion border. Computer algorithms have been developed to aid in this visual diagnosis.
However, these programs, such as Canny Edge Detection, are deficient when used on darker
skin tones because the data on which they are based is from patients with primarily light skin
tones. To solve this problem, a tool has been developed to identify the borders of skin lesions,
with adjustable parameters that can be based on skin tone. Coded in Python and using the
International Skin Imaging Collaboration Dataset, a pipeline to modify images so that Canny
Edge Detection would be more accurate was created. The resulting tool can evaluate dark skin
tones separately from light skin tones and show the physician exactly where the border of the
lesion is, regardless of skin tone. Skin cancer detection will hopefully be improved above
existing clinical rates for all patients, particularly those with darker skin tones whose health
outcomes have traditionally been adversely impacted by their lack of inclusion in existing
diagnostic techniques.
BETALAINS AS A NOVEL TREATMENT FOR ALZHEIMER’S DISEASE
Zerlina Huang (student), Institution: Bergen County Academies
Alzheimer’s Disease (AD), the most common form of dementia, causes the brain to
progressively deteriorate, destroying memory and cognitive ability. Previous research
has focused mainly on the amyloid cascade hypothesis which suggests that
aggregation of amyloid-beta(Aβ) proteins forms Aβ plaques, leading to
neurodegeneration. Efforts to reduce or prevent the plaque buildup have not led to any
effective treatment, rendering the disease irreversible. In this research, treatment of AD
through an alternate mechanism was explored by analyzing the effects of various
betalains, a natural pigment and known antioxidant. The microarray dataset
(GSE134614) from the GEO database, which contained transcriptome of Caenorbhiditis
elegans treated with three different betalains (indoline carboxylic-acid(COOH)
betacyanin, phenylalanine betaxanthin, indicaxanthin), was evaluated in order to identify
differential gene expression in the treated C. elegans. This was compared to the
transcriptome of post-mortem Homo sapiens brain with Alzheimer’s (GSE122063) to
reveal any overlap of transcription modulation. Indoline COOH betacyanin suggested
most benefit, showing enrichment (adjusted p &lt;0.05, LogFC &gt;1 or &lt;-1) in biological
processes involving synaptic transmission and cell communication, both dysregulated in
AD. The novel direction of this research is expected to potentially provide additional
information on an alternative treatment methods for AD.
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Concussions in Ice Hockey: How Gender Makes a Difference in Concussion Rates
Kristine Hyun (student), Holmdel High School
This study aims to figure out how gender may correlate with the concussion rates of
male and female ice hockey players. Concussions are some of the most common
injuries in the sport of ice hockey, regardless of whether or not body checking is allowed
in a certain game or situation. Learning and knowing who is affected by concussions
and what kinds of populations are affected the most is important so that more
awareness can be spread when it comes to concussion prevention. The study included
male and female ice hockey players from 14 to 19 years old, in youth boys’ and girls’
clubs and high school ice hockey teams. These participants were surveyed in order to
record how many concussions each player has experienced and if checking was
allowed at the time of concussion. These players were also asked to list where on the
head they feel that they are mostly impacted and if they feel more or less prepared to
brace for an impact when body checking is legal compared to when body checking is
illegal. At a glance, females had 28 total concussions, while males had a total of 3
concussions. There were three t-tests conducted to analyze the data retrieved from this
survey. The p-values for a test comparing the number of total concussions in females
and the total concussions in males came out to 5.0623E-05 and 0.000101246,
indicating a strong significance between gender and concussions. I went on to see why
females had such significantly more concussions: I conducted a t-test between
concussed females and their preparedness rating when it came to checking versus
non-checking leagues. The p-values came out to be 0.00315036 and 0.000630073,
indicating strong significance between being prepared and sustaining a concussion. I
concluded that female ice hockey players sustain more concussions, and this is so due
to the fact that most females are not prepared to brace themselves for a body-check
due to checking being illegal, leaving them more susceptible to injury.
TARGETING ASTROCYTIC GABA FOR DOPAMINERGIC NEURON REACTIVATION IN PARKINSON’S DISEASE
Cynthia Jacob (student), Bergen County Academies, Hackensack NJ

Parkinson’s Disease (PD) is a neurodegenerative disorder that affects 60,000
Americans annually. PD involves the progressive degeneration of dopaminergic
neurons in the substantia nigra, followed by the development of motor dysfunctions.
Recent studies have suggested that dopaminergic neurons exhibit a non-functional
phenotype before complete degeneration, induced by the increased presence of
astrocytic gamma-aminobutyric acid (GABA) in the extra synaptic space. This study
aims to elucidate the role of astrocytic GABA in PD and introduce the relevance of
astrocytes in GABA-ergic tonic inhibition, distinguished by decreased neuronal
excitability and DOPA decarboxylase expression. Publicly available datasets,
GSE19534 and GSE11574, obtained from GEO were analyzed via GEO2R, Enrichr,
BART, and STRING to identify GABA-ergic molecular alterations in Parkinsonian
models. It was observed that the GABA receptors, GABRG2 (neuronal) and GABRB1
(astrocytic), were upregulated in Parkinsonian models. This is suggestive of the
excessive presence of GABA in the extra synaptic space causing GABA receptor
transcription in neurons. Data also suggests increased GABA-ergic signaling in the glial
microenvironment, potentially mediating neuronal depression through Ca2+ oscillations
and astrocytic GABA transporter reversal. Findings from this study explore the role of
GABA in PD and identify targets among Parkinsonian glial cells that could combat
GABA-ergic tonic inhibition.

COMPARRISON OF BINDING SITE OF REMDESIVIR AND ITS METABOLITES
WITH NSP12-NSP7-NSP8, AND NSP3 OF SARS COV2 AND ALTERNATIVE
POTENTIAL DRRUGS FOR COVID-19 TREATMENT
Lindsey S Jung (student), Tamara M Gund, and Mahesh Narayan, Tenafly High School
The U.S.A. Food and Drug administration approved Remdesivir to treat emergencies in
suspected or laboratory-confirmed COVID-19 patients. The crystal structure of
Remdesivir’s metabolite (Monophosphate of GS-441524), NSP12-NSP8-NSP7 and
NSP3 of COVID-19, and ADP-ribose are released. This study compares their binding
sites and suggests the crystal structure of NSP3 of COVID-19 as an alternative binding
site of kinase domain to treat COVID-19. I virtually screened 682 FDA-approved
compounds, and the top 10 compounds were selected by analysis of docking scores, (cont...)
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(G-score, D-score, and Chemscore) and visual analysis using a structure-based docking approach of NSP3 of
COVID-19. All immunization approaches are based on the SARS-CoV-2 spike protein. A recent study reported
that the D614G mutation in the SARS-CoV-2 spike protein reduces S1 shedding and increases infectivity of
COVID-19. Therefore, if there is a severe change in the spike protein of a modified Coronavirus, all
developed vaccines can lose their efficacy, necessitating the need for an alternative treatment method. The
top 10 compounds (FDA-approved) in this study are selected based on NSP 3 binding site, and therefore are
a potential viable treatment because they will show potential activity for all mutations in the SARS-CoV-2
spike protein.
SELD: A STACKED ENSEMBLE APPROACH TO NON-INVASIVE SKIN LESION DIAGNOSIS
SangHoon Jung (student), Bergen County Academies, Hackensack NJ
Skin cancer is one of the most common cancers in the world; melanoma alone claims more than seven lives
every hour. Early detection of skin cancer is crucial in its treatment, as the estimated five-year survival rate
for patients whose melanoma is detected early is ~99%, but once the cancer has metastasized, the five-year
survival rate plummets to below 25%. Additionally, the current gold standard has a high false-negative rate
where 30% of melanomas are incorrectly diagnosed in the first medical visit. The goal of this project was to
develop a non-invasive pre-screening skin lesion diagnosis pipeline. First, using transfer learning, a baseline
model is developed and trained to classify a sample as cancerous or benign. Then, the cancerous samples
are fed into an ensemble of models that uses a voting procedure to classify the samples among different
types of skin lesions: Actinic keratoses and intraepithelial carcinoma, Bowen&#39;s disease, basal cell
carcinoma, benign keratosis-like lesions, dermatofibroma, melanoma, melanocytic nevi, and vascular
lesions. The ensemble of models includes several different architectures, taking advantage of differential
global and local feature extraction. This Stacked Ensemble Lesion Diagnosis (SELD) model is trained on the
HAM10000 dataset utilizing data augmentation, allowing for training on smaller datasets. SELD aims to
accurately diagnose skin cancers through a non-invasive approach and contribute to the current state of
medical diagnosis to ultimately improve patient health outcomes.
MAXIMIZING FAVORABLE HEALTH OUTCOMES THROUGH UNIVERSAL HEALTHCARE: A MULTINATIONAL
ANALYSIS
Dylan Keating (student), Holmdel High School, Holmdel NJ 07733
In America, there has been a debate on whether guaranteeing universal healthcare can
better deliver favorable health outcomes than the existing system. The study’s purpose is to
determine whether income or universal access to comprehensive healthcare is a greater
determinant of a nation’s health outcomes. It was hypothesized that both income and universal
healthcare have influence on these outcomes, though the presence of universal healthcare is more
influential. To gather the data, 20 nations worldwide were selected, and for each, there were 22
quantitative categories relating to health outcomes and availability of comprehensive healthcare.
For analysis, the most relevant of these categories were divided into subcategories, based on the
two main variables: income, and the presence of universal healthcare. The mean, standard
deviation, and t-test value would be calculated for each category. A case study on Libby,
Montana, the only US municipality with a universal healthcare system, was also completed, and
Libby’s health data was compared to the state of Montana. The results, generally, did not align
with the hypothesis; both income and the presence of universal healthcare influenced these
outcomes, though income was the larger determinant. Implications for this research include:
further study towards why income is a greater determinant, how to ensure comprehensive
universal healthcare regardless of income, and how to develop a universal healthcare system that
maximizes positive health outcomes, quality, and efficiency.
Michael Kravets (student), Holmdel High School
This study aims to figure out the relationship between the rate of hospital visits for stroke and heart attack
cases as a measurement of overall health and the rate of unemployment and state of economy. The
exploration of this study aims to link the high levels of stress which causes stroke, hypertension, and heart
attacks to be associated with high jobless levels and weak economy. Hospitals can use this information in
the future to expect the number of patients they will have based on the state of the economy by analyzing
the current U-6 and U-3 unemployment trends. As the volatility in the American economy has increased in
the last decade, directly triggering unemployment fluctuations, these predictions and indicators are crucial
for medical providers. Studying and compiling data from 2005-2015 by calculating the hybridized U-3-U-6
and comparing it with the percent rate of heart attack and stroke, the findings show that there is a positive
correlation between unemployment and the cardiac health of Americans.
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GENES AFFECTED BY HDAC INHIBITION VIA SULFORAPHANE IN GLIOBLASTOMA
Harika Koduru (student) Bergen County Academies, Hackensack NJ 07601
Glioblastoma Multiforme (GBM) is the most common malignant brain tumor in adults.
Despite the multitude of treatments available, patient prognosis is still poor. Histone
Deacetylase (HDAC) inhibition has recently become a potential therapeutic mechanism
to treat GBM tumors. Studies have explored the option of using Panobinostat, an HDAC
inhibitor, as a therapeutic agent for treating GBM tumors, however, due to the drug’s
adverse effects, a natural adjuvant is preferred to decrease those adverse side effects.
Sulforaphane, an isothiocyanate derived from cruciferous vegetables such as kale or
broccoli, is known to act on the epigenetic regulation of gene expression by inhibiting
HDACs, although it is not known what genes are affected by HDAC inhibition via
sulforaphane in GBM tumors. This study aimed to examine the role genes affected by
HDAC inhibition play in GBM. Two datasets, glioblastoma cells treated with
Panobinostat and prostate cancer cells treated with sulforaphane, were analyzed and
used to find the key genes. Results indicated that HDAC inhibition in glioblastoma via
sulforaphane downregulated genes that play a role in cell proliferation and the TGF-B
signaling pathway.
THE CORRELATION BETWEEN WEAKENED EYE HEALTH AND THE RISE OF VIRTUAL
SCHOOLING AND SCREEN TIME AMONG ADOLESCENT STUDENTS
Maya Lapinski (student), Holmdel High School, Holmdel NJ 07733
The purpose of this study was to determine if there is any correlation between the new
wave of virtual learning and increased screen time with weakened eye health of high
school students. In order to accomplish this aim, a survey was created and virtually sent
out to all of the students attending Holmdel High School, asking them various questions
associated with their ocular experiences over the course of the recent school year. From
the 133 responses received and the statistical analysis-- t-tests and chi-squared tests-done on this data, there is substantial evidence that virtual schooling has resulted in an
overall negative impact on student ocular wellness and the prevalence of multiple eyerelated symptoms of Computer Vision Syndrome and Eye Strain. The outcome of this
project shows the potential in a future study that focuses on how to better promote the
implementation of habits that support good eye health among adolescent students, as
well as methods that alleviate the stresses of a technologically abundant curriculum.
AUTOMATED 3D SEGMENTATION AND DETECTION OF PULMONARY NODULES IN
CT SCANS USING DEEP LEARNING CONVOLUTIONAL NEURAL NETWORKS
Chaeyoung Lee (Student), Blaine Rister, Department of Biomedical Informatics, Stanford
University
Lung cancer is the leading cause of cancer mortality for both men and women worldwide.
It is reported that early detection, by computed tomography (CT) screening, can decrease
lung cancer mortality by 14-20 percent among high-risk populations. However, manual
detection of nodules in CT images by radiologists is a very time-consuming and error
prone process. Many diagnosis errors may be reduced with a second reader, but
employing a second reader will be time- and cost- intensive. To address these problems,
we developed a computer-aided detection (CAD) system that can automate nodule
segmentation and detection by using convolutional neural networks (CNN). Our model
uses a U-Net architecture to segment pulmonary nodules and a 3D CNN classification
model to reduce false positives. The segmentation model alone achieved a sensitivity
score of 0.71, but produced 7.76 false positives per scan (FPPS) with a detection
accuracy of 0.18. After applying the false positive reduction model, the sensitivity score
slightly dropped to 0.61, but the number of false positives significantly dropped to 1.54
FPPS from 7.76 FPPS and the accuracy increased to 0.75. Despite the slight drop in
sensitivity, our CAD model still performs better or as good as a human radiologist who has
an average sensitivity score of 0.49 and produces 0.6-2.1 FPPS. Based on the calculated
sensitivity score and detection accuracy, the model shows potential to effectively aid
radiologists in detection and diagnosis by reducing reading times or acting as a second
reader.
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Melatonin, a Novel Treatment to Inhibit Metastasis in Breast Cancer
Racheal (Eun Ji) Lee, Biology Research Department, Bergen County Academies, Hackensack NJ
Melatonin, a hormone secreted by the pineal gland in humans, is found recently to be able to
be used as cancer treatment in addition to chemotherapy and radiation. The hormone is able to
produce anti-metastatic properties in cancer due to its antioxidant effects. However, more
research will be needed to find the effects of melatonin in breast cancer metastasis and in EMT
pathways. Studies have shown that the regulation of the EMT pathway can potentially prevent
the invasion of ER- positive breast cancer. It was found that melatonin has the ability to inhibit
Twist/Twist1 expression, a transcription regulator that controls tumor invasiveness, through the
down-regulation of the EMT pathway. Twist up-regulation in breast cancer cells was found to
have up-regulated levels of protein kinase A. PKA (protein kinase A) is a key regulator for Twist
expression and helps promote cancer cell invasion through the phosphorylation of the protein.
PKA, on the other hand, was found to be down-regulated in the breast cancer cells treated with
melatonin. When melatonin is introduced into the cancer cell, it causes the inhibition of adenyl
cyclase, leading to the down-regulation of PKA. Therefore, melatonin is shown to be a potential
cancer treatment to inhibit the metastasis of ER-positive breast cancer.
Exploring the Enriched Genes and Pathways in Asymptomatic Alzheimer’s Disease
Rohit Mantena (student), School: Bergen County Academies
Alzheimer’s Disease (AD), one of the most prevalent health problems, is
characterized by the buildup of neuritic plaques and neurofibrillary tangles in the brain,
which can only be diagnosed through post-mortem analysis. Recently, a new
classification of AD has been suggested and designated as Asymptomatic Alzheimer’s
Disease (AsymAD). In post-mortem analysis of AsymAD patients’ brain neuritic plaques
and neurofibrillary tangles are present in the same quantity; however, these patients
impressively do not exhibit the cognitive decline that is common in AD patients. This
research aims to identify the pathways and genes enriched in the entorhinal cortices of
AsymAD patients versus the more traditional AD patients using the GEO dataset
GSE118553. To do this, Differentially Expressed Genes (DEGs), Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways, and protein-protein
interaction (PPI) networks were analyzed. Upon analysis, it was determined that the
synaptic vesicle cycle was one of the most enriched pathways in the upregulated DEGs
of AsymAD patients, which indicates that the expression of symptoms in AD originate
from lessened synaptic function. For down-regulated DEGs in AsymAD patients, the
TGF-beta signaling pathway was enriched, in which several SMADs were
downregulated. Overall, this research identifies several key genes and cellular
processes to potentially suppress symptoms in AD patients.
TARGETING ATP6V1D AS A NOVEL TREATMENT APPROACH TO COVID-19 AND BREAST CANCER
Mehwish Mirza (student), Biology Research Department, Bergen County Academies, Hackensack NJ
07601
Having caused more than 130 million cases worldwide, COVID-19 is a viral infection caused by the SARSCoV-2 virus. Breast cancer is also a prominent medical concern, with nearly 11.7% of all new (global) cancer
diagnoses in 2020 being that of female breast cancer. In this project, it was shown that targeting ATP6V1D
gene expression is a viable treatment approach to COVID-19 and breast cancer.
Past research has demonstrated significant decreases in lysosomal pH in SARS-CoV-2 and breast cancer
cells. V-ATPase regulates lysosomal pH, thereby posing as a good target for COVID-19 and breast cancer
treatment options. Using various in-silico methods, it was shown that ATP6V1D expression is upregulated
upon disease onset. ATP6V1D encodes for the d1 subunit of the V-ATPase protein channel, increasing
intralysosomal proton uptake and decreasing lysosomal pH.
The molecule 1,2-dithiole-3-thione (D3T) has been shown to decrease ATP6V1D gene expression, thereby
increasing/stabilizing intracellular pH through the lysosome pathway. Given that lysosomal acidification
increases breast cancer metastasis and viral replication, this would suggest that 1,2-dithiole-3-thione
implementation - as well as any other means of targeting ATP6V1D expression - is a good candidate for
treating COVID-19 and breast cancer.
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THE RELATIONSHIP OF IL5 AND IL5RA TO THE ATOPIC TRIAD
Marissa Mitelberg (student), Bergen County Academies, Hackensack, NJ 07601
Atopic dermatitis (AD) is correlated with the development of severe asthma and
allergic rhinitis, identifying these three diseases as the “atopic triad”. Although this
relationship is established, there is no common treatment accepted for each ailment.
Furthermore, the majority of research focuses on developing treatments for each
individual illness, rather than a collective remedy for the entire triad. However, a known
factor contributing to health complications associated with each of the three diseases is
excessive inflammation caused by IL5/IL5RA activated eosinophils. In this research
project, this phenomenon was used for the development of a novel application of a
single treatment across the “atopic triad”. Currently, anti-IL5 and anti-IL5RA biological
drugs are prescribed only as a treatment for severe asthma. Using an online dataset
from the gene expression omnibus (GEO), IL5RA was confirmed to be upregulated in
pediatric patients with AD. Additionally, EnrichR identified that the differentially
expressed genes of the AD patients corresponded to genes of the IL5/IL5RA pathway
and eosinophilic inflammation. The application of anti-IL5RA drugs, such as
Benralizumab, may therefore be effective at treating the entire “atopic triad” and
perhaps act as a prophylactic treatment for the development of eosinophilic allergic
rhinitis and asthma from AD.
ANTIMICROBIAL EFFECTS OF RIBOFLAVIN, NIACIN, AND ASCORBIC ACID COUPLED WITH AMPICILLIN ON
STAPHYLOCOCCUS EPIDERMIDIS
Danielle Murat (student), Marine Academy of Technology and Environmental Science
Antibiotics, one of mankind’s most important discoveries, have allowed the human population to
survive severe bacterial infections for years. However, as organisms develop immunity to
medication, the effective prevention and control of many severe infections become extremely
difficult, if not impossible; complete bacterial resistance to antibiotics would be catastrophic. In
this research, Staphylococcus epidermidis, an antibiotic-resistant superbug, will be utilized to test
the antimicrobial effects of Riboflavin (Vitamin B2), Niacin (Vitamin B3), and Ascorbic Acid
(Vitamin C) coupled with Ampicillin. To start, Staphylococcus epidermidis in nutrient broth was
uniformly distributed onto nutrient agar petri dishes via glass beads, completely covering the
entire dish. Paper discs were coated in ampicillin and a corresponding vitamin treatment then
placed onto the agar. After incubation, the disc zone diameter was measured to classify the
bacteria as resistant or susceptible. In general, the greater the disc zone diameter, the more
sensitive the bacteria responded to the treatment. Based on the data, there was a statistical
difference among the zone diameters of the three different treatment solutions. Also, a
correlation was determined between type of treatment and zone diameter. Overall, the vitamin C
treatment resulted in 50% susceptible bacteria, the vitamin B2 treatment resulted in 70%
susceptible bacteria, and the vitamin B3 treatment resulted in 0% susceptible bacteria. For future
applications, a dual treatment of vitamin C and B2 could be employed to combat the looming
threat antibiotic resistance.
Being Active in Quarantine
Sofia Nicolas and Jose Marti (student), STEM Academy, Union City, New Jersey
The Covid-19 quarantine has affected the health and the everyday lives of many young people. This
research study looked at whether quarantine has affected the health of students ages 9-16 by focusing on
their daily activity. Students between the ages of 9 and 16 were asked to complete a google survey in order
to analyze whether quarantine has affected the health and activeness of these students. Analysis was done
on the survey results and the research found age and gender does not affect the outcome but there were
many differences between the students who responded to the survey. More than half of those who
responded to the survey answered that quarantine has affected how active they were, and they have been
sleeping more now during quarantine than before quarantine. As a result, students have been sleeping
more and moving less, which is harmful to their overall health as they age. Essentially, the data
demonstrates that quarantine has affected minors ages 9 to 16 and it can make a great impact towards
their future. Future research will examine the exercise levels based on gender and compare children to
adults.
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NOVEL APPLICATION OF ERK INHIBITORS: SLOWING DOWN THE PROGRESSION OF PERIODONTITIS
Dodie Park (student), Bergen County Academies
A common, serious gum infection called periodontitis causes severe damage to the soft
tissue and destroys the bone that supports the teeth causing loosen of the teeth and
gingival recession. Although non-surgical treatments like scaling and root planing exist
for early stages of periodontitis, there are no effective non-surgical treatments to slow
down the progression of periodontitis in later stages. Interestingly, one of the molecules
involved in gum tissue breakdown in periodontitis is matrix metalloproteinase-3 (MMP3), known to be overexpressed in diseased gums as well as in vitro models of the
disease. In a previous study, ERK inhibitors significantly reduced MMP-3 in vitro. In the
study reported here, the MAPK/ERK pathway in periodontitis was studied to determine
the mechanistic relationship between ERK and MMP3. A periodontitis tissue gene
expression profile was extracted from the Gene Expression Omnibus (GEO) database
and inputted into STRING-DB, gene set enrichment analysis (GSEA), and AutoDock.
The MAPK/ERK pathway was found to be enriched in patients with periodontitis.
Potential ERK inhibitors which may demonstrate efficacy in periodontal treatment
include SCH772984, Ulixertinib, and Ravoxertinib. SCH772984 had the lowest binding
energy and can be potentially repurposed as a treatment for periodontitis . By
repurposing ERK inhibitors for periodontitis, the progression of periodontitis can be
slowed down, offering a non-surgical treatment.
ASCORBIC ACID: A NOVEL, NON-INVASIVE, SCHWANN CELL TARGETING
APPROACH TO PERIPHERAL NERVOUS SYSTEM DEGENERATIVE DISEASE
Kannammai Pichappan (student), Bergen County Academies, Hackensack NJ 07601
Peripheral nervous system (PNS) degenerative diseases are characterized by nerve
impulse conduction anomalies and neurodegeneration. Demyelination, a degenerative
process that erodes away the myelin sheath which protects neurons, is often the
underlying cause. Myelin production is orchestrated by the Schwann Cell (SC), which
wraps itself around the nerve axon and produces the myelin. However, current PNS
degenerative disease treatment focuses on the neuron, not the SC, and attempts to
suppress the immune system. Additionally, PNS degenerative disease drugs have
severe adverse effects. This research aimed to treat demyelination in PNS degenerative
diseases by targeting SCs non-invasively. Interestingly, studies have shown that
patients with demyelinating diseases have decreased levels of ascorbic acid in their
blood serum. Therefore, this research examined the relationship between exogenous
ascorbic acid application and SC health and ability to myelinate neuronal axons in PNS
degenerative disease. Employing a SC-neuronal cell demyelination co-culture model, it
was found that ascorbic acid application increases myelin by 210% (p&lt;0.001) as a
treatment and 222% (p&lt;0.001) as a preventative. Gene set enrichment and ontology
analysis revealed ascorbic acid application rendered upregulated genes involved in SC
extracellular matrix (ECM) support and SC-neuron signaling, which are critical to
successful myelination. Differentially expressed gene (DEG) analysis revealed a 1.71
fold change in myelin expression after exogenous ascorbic acid application compared to
the control. Furthermore, a regression model was developed from in vitro data which
predicts the likelihood of developing a PNS degenerative disease with an adjusted R² of
0.945 based on potential early-onset biomarkers from the SC which can be measured
non-invasively, potentially allowing for early diagnosis, prevention, and treatment. Data
suggests ascorbic acid as a potential adjunct treatment in PNS degenerative diseases,
and reveals its mechanisms, in addition to rendering a novel, non-invasive, diagnosis,
prevention, and treatment approach, of targeting SCs versus neurons.
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THE PLANCKIAN DISTRIBUTION EQUATION AS A NOVEL METHOD TO PREDICT THE EFFICACY OF
BREAST CANCER PHARMACOTHERAPY
Shreshth Rajan (student), Manalapan High School, Englishtown NJ 07726
Chemotherapy-related deaths, the result of treatment with faulty medications, account
for nearly 10% of all breast cancer deaths (Rashbass, 2016). In order to develop a
predictive model for breast cancer therapy, the following study analyzed the mRNA data
of 4,704 genes derived from 20 breast cancer patients before and after doxorubicin
treatment for 16 weeks (Perou et al., 2000). The genomic data of each patient was first
stratified into 9 groups based on mRNA expression in response to the tumor and to the
doxorubicin treatment. The study then employed the novel Planckian Distribution
Equation (PDE) to model the stratified samples by transforming each mechanism into a
single long-tailed histogram fitted by the PDE. Our PDE model is based on 3
parameters - A, B, and C - of which 2 were extracted from each model to generate the
plots seen in figure 5. The study observed an increase in post-treatment mRNA levels
for longer surviving patients in 6 of the 9 mechanisms. Further analysis displayed how
the drug treatment uniquely altered each mechanism based on the length of patient
survival. These results indicate that the PDE-based procedures described herein may
provide a novel tool for discovering potential anti-breast cancer pharmaceuticals.
.
THE EFFECT OF RED, BLUE, AND WHITE LIGHT ON Dugesia tigrine REGENERATION
Advait Sepuri (Student), High Technology High School, 765 Newman Springs Road, Lincroft, NJ
07738
The purpose of this study was to investigate the regeneration of brown planaria
when they have been exposed to red (longer wavelength), blue (shorter wavelength), or
white (control) light, which are all wavelengths on the visible light spectrum. It was
predicted that there would be a significant difference in the percent change in length of
planaria after a ten day regeneration period. The independent variable was the color of
the light with the dependent variable being the percent change in length Individual
planarians were cut in half at the beginning of the experiment, measured, and each half
was placed in a labeled culture dish. The planarians were separated using wooden shelf
compartments. White light was converted into red or blue light using different colored
cellophane wrap for the red light and blue light data groups. After data collection, red
light had the highest percent change in length while white light had the lowest percent
change in length. The results of the experiment were further analyzed using an ANOVA
test and were then interpreted. The results were not shown to be statistically significant,
meaning that there was no significant difference in the regeneration of the brown
planaria when exposed to red, blue, and white light. Since the data were not statistically
significant, individual t-tests were not necessary. Based on this information, it was
concluded that there is no significant difference in planarian regeneration when exposed
to shorter or longer wavelengths of light on the visible light spectrum
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USING PROPORTION OF PEOPLE WITH ANNUAL EYE EXAMS TO PREDICT
GEOGRAPHIC AND RACIAL DISPARITY OF SEVERE VISION LOSS OR BLINDNESS IN THE UNITED STATES
William Shullich (student), Holmdel High School
According to the Centers for Disease Control and Prevention(CDC), 93 million people
are at a very high risk of developing severe vision loss(SVL) or blindness in America.
This research evaluated the effectiveness and efficacy that annual eye examinations
have at the prevention of severe vision loss or blindness.
All data was taken directly from the CDC’s Vision and Eye Health Surveillance
System (VEHSS)
Data measured the proportion of people that had annual eye examinations and
later developed SVL/blindness compared to people that did not have annual eye
examinations and developed SVL/blindness.
Compared people based on ethnicity(White, Hispanic, African American, Native
American, Asian) as well as geographically(Northeast, Southeast, Midwest,
Southwest, West)
Conclusively, the study determined:
1) Effectiveness of annual eye examinations varied widely among different
ethnicities and geographic regions.
2) For ethnicities White, Hispanic, African American, Asian, and Native American
p-values of 0.02587, 0.26112, 0.48980, 0.03651, 0.22557 and geographic
regions Northeast, Southeast, Midwest, Southwest, West the p-values were
0.00821, 0.15878, 0.27718, 0.04870, 0.52195 respectively.
3) The notable differences in p-values highlight significant differences in the quality
of eye examinations among more disadvantaged communities and regions, most
notably with African and Native American ethnicities as well as the geographic
regions Midwest and West.
Future studies into studying the effectiveness of eye examinations at preventing specific
eye conditions or diseases can and should be explored. Furthermore, data from
particular eye examination sites should be compared to possibly pinpoint the reason for
varying effectiveness.

●
●
●

SMOKING: THE FIRST FIVE DAYS
Anita Totaj (student), Bergen County Academies, Hackensack, NJ, 07601
Tobacco and its addictive alkaloid, nicotine, lead to the increased risk of heart and
respiratory diseases through its damaging effects on cellular processes. Interestingly,
nicotine has also been reported to possess antioxidant potential, however, its
mechanisms of influence are contradictory. In this research, the time-dependent
influence of nicotine was explored to elucidate the contradictory effects of the molecule
and to develop an understanding of how the brain reacts to nicotine at 24, 72, and 120
hours of continuous exposure. A public dataset (GSE59895) taken from the GEO
database with 600 profiled toxicants in the brain of eight rats, was analyzed and the
differentially expressed genes with nicotine exposure were revealed based on an
adjusted p-value &lt;0.05 for statistical significance and a fold change value &gt;2 or &lt;2 for
biological relevance. In this study, the up-regulation of carbonic anhydrase III after 72
hours of nicotine exposure was investigated along with its associated antioxidant
capabilities. Nicotine&#39;s antioxidant activity is explained and a deeper understanding of
the timeline of nicotine&#39;s deleterious exposure is made clear. With this research there
will be a better understanding of the contradictory nature of nicotine, elucidating the
time-dependent nature of its protective and deleterious response.
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REDUCING OXIDATIVE STRESS IN MACULAR DEGENERATION
Neha Vazarkar (student), Bergen County Academies, Hackensack NJ
Age-related Macular degeneration (AMD) is the most common cause of vision loss in
the United States, affecting over 10 million Americans. AMD impacts the retina, with an
accumulation of unresolved oxidative stress as a by-product of metabolic processes.
Diabetic complications such as Diabetic Nephropathy have been shown to have a
strong association with AMD, with an odd’s ratio of 3.00. While the connection between
diabetes and AMD has been explored in previous research studies, little research has
been done on the impact of the AGE-RAGE signaling pathway, a common thread in
diabetic complications, in AMD. The AGE-RAGE pathway in diabetes has been shown
to lead to an increase in oxidative stress and inflammation as a result of the production
of advanced glycation end products (AGEs), and is irreversible. The production of AGEs
results in a positive feedback loop which exacerbates their negative impact on cells.
This research will examine the effect of the AGE-RAGE pathway in AMD on oxidative
stress and the impact of the antioxidant Fisetin in reducing this oxidative stress. This
study will identify common Differentially Expressed Genes (DEGs) in Fisetin-treated and
AMD datasets. These DEGs will then be used to understand the enrichment of
pathways and protein-protein interactions using online tools. The findings of the study
suggest the connection between the AGE-RAGE signaling pathway and AMD, as well
as the efficacy of Fisetin in mitigating the effects of this connection. This research
suggests that Fisetin has potential to be considered for an adjuvant therapy for AMD.
THE EFFECT OF E LIQUID COMPONENTS ON THE GROWTH OF BACTERIA
Shakthi Venkatesan (student), Colonia High School, Colonia NJ 07067
The effect of the components in e cigarette vaping solutions on bacterial growth
in lung tissues is poorly studied. The goal of this research was to explore the role e
liquid components might have on bacterial growth. E. coli cultures were exposed to
propylene glycol, glycerin, and vitamin e. No zones of inhibition were noted in the dishes
exposed to these components; however, glycerin exhibited a mean zone of inhibition of
9.9 mm. These results suggest that glycerin impedes the growth of E. coli. An antibiotic
synergy experiment was performed to test the treatments&#39; ability to affect antibiotics. E
coli exposed antibiotic disks containing Tetracycline, Chloramphenicol, and Ampicillin
were treated with these components. There was no significant difference in the zones of
inhibition in antibiotic disks treated with the components, except glycerin treated
Ampicillin disks with zones of inhibition significantly larger than the control (p &lt; 0.05).
These results indicate that the e-liquid components studied do not enhance bacterial
growth nor do they inhibit the effect of the tested antibiotics. This suggests that lung
infections observed in e cigarette users may not have resulted from e liquid components
affecting bacterial growth.
DENDRITIC DEGENERATION IN PYRAMIDAL NEURONS OF THE HIPPOCAMPUS IN NEONATAL MICE WITH
HYDROCEPHALUS
Bill Zhang (student), Neuroscience and Cell Biology Department, Robert Wood Johnson Medical School

Hydrocephalus is a neurological condition in which an abnormal buildup of cerebrospinal fluid (CSF) occurs
within the open spaces or ventricles of the brain. Typical symptoms of hydrocephalus include enlarged
ventricles and increased intracranial pressure. These structural alterations are correlated with problems
such as memory loss, loss of other cognitive functions, and impaired motor coordination. Disruption in
dendritic spine morphology accompanies several neurological disorders, several of which involve similar or
the same deficits. This study aims to evaluate the impact of hydrocephalus on dendritic arborization of the
hippocampal pyramidal neurons of neonatal Par3 fl/fl:Nestin-Cre hydrocephalic mice. Fixed brain tissue
blocks were silver-impregnated using Golgi staining in order to determine dendritic morphology. Apical
dendritic lengths and spine densities were calculated using ImageJ analysis software. Data were analyzed
using a Two-Sample t-Test assuming equal variance with a significance level of 0.05. Compared to agematched controls, there was a statistically significant reduction in mean spine density (129.65±5.66
spines/100μm vs. 100.65±3.89 spines/100μm) and mean dendritic length (51.55±6.30μm vs. 32.04±2.58μm)
in hydrocephalic mice. These findings corroborate our understanding of the changes in dendritic
morphology of the pyramidal neurons of infant hydrocephalic mice. This knowledge can be used in the
development of future therapeutic strategies that will target specific neural mechanisms responsible for the
neurobehavioral deficits observed in neonatal hydrocephalus.
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INCIDENCE OF COLON AND RECTUM CANCER BASED ON FOODS
Micki Zheng (student), Jose Marti STEM Academy, Union City, NJ
In the last decade colorectal cancer has significantly altered the lives of people around the
world, from the exponential increase in cases to the uncertainty of survival after late detection of
the tumors; the key to avoid this dilemma. Through the selection of starch based food staples
commonly consumed around the globe which are known to trigger or prevent colon cancer the
project highlights the colorectal deaths in countries dependent on these foods. The purpose of
this research is to determine the correlation between food staples and death rate due to Colon
Cancer. Research focused on using datasets from 1990 through 2017 listing deaths in countries
in each continent of which their diet is based. Experimentation is based on datasets, from 1990
through 2017 listing deaths in countries in each continent to investigate the correlation between
rate of death and the country that uses these staples. The data revealed potato consumption,
highest in North America, had the highest death rate. Throughout the decades all countries'
cancer cases increased exponentially indicating despite advances in medicine there are other
conditions shaping the quality of life. In the future work, the investigation of other stable foods
in countries continues.
INHIBITING THE WARBURG EFFECT: THERAPEUTIC POTENTIAL IN AUTISM
Katherine Zhou (student), Bergen County Academies, Hackensack NJ 07601
Autism spectrum disorder (ASD) is one of the most common neurodevelopmental
disorders that hinder one’s interactions, communications, and cognitive and motor
development. Alternative therapies for ASD, such as curcumin, have been investigated
with some success; however, the mechanisms in which this molecule works in ASD is
currently unknown mainly because of the complexity of the molecular pathways and
activities associated with ASD, which are relatively elusive at the moment. This study
aimed to identify the mechanism exploited by such proposed treatments for ASD,
specifically curcumin, by revealing and comparing the genes that were significantly
perturbed by curcumin curcumin perturbed significantly and the genes that were
biologically relevant in ASD patients. This was done by using various online
bioinformatics tools to analyze and compare a dataset revealing the genes affected in
curcumin treated cells and a dataset in patients that had ASD. The common
differentially expressed genes and significantly affected pathways were revealed.
Interestingly, pathways such as those associated with the Warburg Effect, a
phenomenon where cells perform more glycolysis than oxidative phosphorylation, were
exposed. The analysis from online tools suggested that inhibiting the Warburg Effect is
a potential mechanism for focus for ASD patients. By revealing the targets and
mechanisms for ASD treatments, future therapeutics for ASD can be discovered.
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MATH OR COMPUTATIONAL
A VISUAL SIMULATION OF PREDICTIVE SATELLITE MOTION
Vanessa Bellotti (student), Holmdel High School, Holmdel, NJ
The notion of performed work in physics as it pertains particularly to satellites in orbit is
not easily assimilated by those seeking to immerse themselves in the subject. This
study is meant to bridge that gap by providing an interactive visual simulation that
represents the process by which a satellite may transition between orbits of different
altitudes. Furthermore, an additional tool has been included within the simulation to
permit users to verify calculations, such as the velocity and acceleration of the satellite
once in orbit. Thus, users witness not only the mutual impact of gravity between objects,
but also the universal gravitational constant upon which these calculations are heavily
reliant. By incorporating the 3D framework inherent in Unity, a popular gaming engine, as well
as the object-oriented programming language of C# to script desired behaviors of
objects and to perform backend mathematical computations, this simulation was
designed and developed. In this paper, the architecture of the program will be explored,
including the creation of user interactivity, as well as the frontend development of the
simulation’s scene performed through the use of Unity’s Inspector. Given that the
simulation itself compiled successfully and runs smoothly along its current
implementation, possible applications of the simulation such as usage in a classroom
setting will be considered in addition to theoretical extensions to the project as a whole.
Results of the simulation can be seen in these videos:
https://drive.google.com/file/d/15L9KkUorDktmEZ-INmEqn4yrElQNfvF9/view?usp=sharing
https://drive.google.com/file/d/17wWNjYNLyp6bM9Ca2CLJ5-wvqNN3qk83/view?usp=sharing
https://drive.google.com/file/d/1pnJivx115bC3KDeHNvMxEMHYKxRR3t9T/view?usp=sharing
https://drive.google.com/file/d/1-9_UON8RuilEgqMWAP4rjFwUtZJpgpLr/view?usp=sharing
PREDICTING THE APPLE STOCK USING TECHNICAL AND FUNDAMENTAL DATA
Amanda Guan (student), High Technology High School, Lincroft NJ
Stock markets are at the heart of market economies, and stock market prediction is a
hot topic in research. The two main types of data used for prediction are technical and
fundamental data. This paper explores company-specific prediction through predicting
the direction of the Apple stock. Three neural networks that use different input data are
compared. The technical model uses technical data, the company model uses both
technical and numerical fundamental data, and the text model also uses both in addition
to textual news data. Several metrics, including ones useful for preventing bias due to
imbalanced data, were used to compare the models. All models had better performance
predicting upward directions than downward directions due to the greater occurrences
of that class, although the difference was smaller in the technical model, which was the
least biased. Despite this, the company model had the best overall performance, with a
Matthews correlation coefficient (MCC) of 0.1146 compared to 0.0445 for the technical
model and 0.0665 for the text model. This suggests that, out of the three inputs tested,
a combination of technical and numerical fundamental data is likely the most useful for
predicting stocks. More research is needed to optimize the models for the imbalanced
data and more thoroughly compare the types of data used.
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WATER METER NUMBER RECOGNITION USING MULTILAYER CONVOLUTIONAL NEURAL NETWORK
Rick Hsu (Student), Holmdel High School, Holmdel 07733
Water Meters are used to calculate water consumption. The meter measures the
volume of water used by the facility and displays it. To find the amount of numbers
used, a human will have to read the number and record it. However, this is both time
consuming and prone to human error. This study aims to build a multilayer
Convolutional Neural Network (CNN) to recognize multi-digit numbers in real-world
water meter images. For the dataset, five thousand water meter images were collected
to build three water meter image datasets: a single digit dataset from cropped five-digit
water meter images, a five-digit dataset from cropped water meter images and an
original water meter image dataset. The research found that the CNN model is trained
on the single digit dataset and achieved with 98% accuracy. Additionally, the CNN
model is trained on the five- digit dataset and achieved with ~85% accuracy. The CNN
model is also trained on the water meter image dataset and achieved with ~45%
accuracy. The project uses the TensorFlow library in Python. This learning model and
method can be applied to other forms of number recognition. The data can be used to
help with models that use non-five digit number strings or flexible number strings.
ORPHADRGL: A NOVEL GRAPH DEEP LEARNING-BASED DRUG REPOSITIONING APPROACH FOR
ORPHAN DISEASES
Remington Kim (student), Bergen County Academies, Hackensack NJ 07601
More than 95% of the approximately 7000 orphan, or rare, diseases in the world do not
have effective treatments, and due to their rarity, there is little incentive to develop novel
treatments for them. Thus, drug repositioning, or finding new uses for existing drugs,
has become a viable option as it is faster and more economical than traditional de novo
drug discovery. To this end, OrphaDRGL was created: a novel computational orphan
disease drug repositioning approach utilizing graph deep learning. OrphaDRGL uses
open-source disease phenotype, drug side effect, drug chemical structure, and drugindication data to form a heterogenous network with drug and medical condition nodes.
Edges were created using the Tanimoto coefficient of drug side effects and chemical
structures, Resnik phenotypic similarity of medical conditions and their phenotypes, and
existing drug-indication pairs. Morgan fingerprint bit vectors were assigned as explicit
node features for drug nodes. A link concealing algorithm was then applied to emulate
orphan disease conditions, and a graph convolutional neural network-based link
prediction framework was trained on the network. After 10-fold cross-validation,
OrphaDRGL achieved an average AUC-ROC score of 0.953. In addition, OrphaDRGL
was able to identify both literature-supported and previously unreported drug
repositioning candidates for three different orphan diseases. OrphaDRGL is the first of
its kind in the scientific literature, and its promising performance helps address the
pressing issue of in silico identification of potential drug repositioning candidates for
orphan diseases.
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Ayan Lateef (student), Holmdel High School
The purpose of this project was to use economic indicators as a factor for a predictive
model to estimate future pollution for China. Data was acquired from 35 randomly selected
developed countries from the years 1990-2018 for a multitude of factors of economic
development including their Human Development Index (HDI), Gross Domestic Product per
Capita (GDP/C), Manufacturing Output (in Billions USD), Income per Capita (PCI), Population,
growth rate of population (%), etc. The dataset was compiled in excel. The predictive model was
created by implementing statistical techniques in R studio to create a multiple linear regression
model and Bayesian model. A multiple linear regression models the relationship between two or
more explanatory variables and a response variable by fitting a linear equation to observed data,
while Bayesian analysis helps in determining posterior probabilities based on prior probabilities
and new information. The two models were compared to see which was more accurate, and the
more accurate model (Bayesian model) was used to predict future CO2 emissions for China. The
independent variables that were observed to be most relevant were HDI, GDP/C, Manufacturing
Output, and growth rate. The dependent variable used to measure pollution was carbon emissions
in metric tons per capita (Mg/C). The study was able to, with the data provided, create a
predictive model that forecasted the level of CO2 emissions in metric tons per capita for China
given its economic factors. 34.67% of the variability can be explained by the model. The model
was utilized to accurately predict that China would reach 7.697 CO2 emissions in Mg/C in 2018
and 8.286 CO2 emissions in Mg/C in 2019. The actual values being 7.95 and 8.12 for 2018 and
2019 respectively, the Bayesian model was considered a success. For 2020, the COVID-19
pandemic caused non normal conditions, so the model was not able to be used.
CLASSIFICATION OF SKIN LESIONS USING CONVOLUTIONAL NEURAL NETWORK: FINDING THE OPTIMAL
EPOCH, HIDDEN LAYERS, AND HIDDEN UNITS
Erik Lee (student), Drew University
A convolutional neural network (CNN) was used to classify images of skin lesions into seven different
categories: Bowen's Disease, Basal Cell Carcinoma, Benign Keratosis-Like Lesion, Dermatofibroma,
Melanocytic Nevi, Vascular Lesion, and Melanoma. The data for 10,000 skin lesion images was downloaded
from HMNIST10000. We experimented with different parameters in the deep neural network, exploring
different architectures, such as the number of hidden units and the number of layers, as well as the epochs.
The deep neural network implemented in TensorFlow achieved the average accuracy of 37.8% on the test
dataset, which is significantly higher than the chance level of 14.3%. It was found that one hidden layer with
1000 hidden units at 15 epochs produced the highest performance than other simulation parameters.
IDENTIFYING ALZHEIMER’S DISEASE RISK NETWORK USING DEEP LEARNING
Elliot Park (student), Tenafly High School, Tenafly NJ 07670
Alzheimer’s disease is a neurodegenerative disease that is pathologically characterized
by extracellular plaques of β-amyloid peptides (Aβ) and intracellular neurofibrillary
tangles of phosphorylated tau protein (p-tau). The presence of these toxic proteins has
been linked to increased neuronal activity, or neuronal hyperexcitability, in Alzheimer’s
disease patients. Therefore, hemoglobin levels in blood plasma data provide useful
information on the oxygen-consumption levels in the brain in order to quantify the
activity of neurons. The goal of this project is to use deep neural networks to determine
patterns in the development of Alzheimer’s disease pathologies - β-amyloid plaques and
neurofibrillary tangles - in humans. By establishing this trend, the deep neural network
will be able to predict whether a healthy patient will follow the trend and develop
Alzheimer’s disease. Publicly available datasets from Alzheimer’s Disease
Neuroimaging Initiative (ADNI) were used to determine the relationships between
oxygen-consumption levels and neuronal hyperexcitability among cognitively normal
older adults and patients with Mild Cognitive Impairment and Alzheimer’s disease. With
the data downloaded from the ADNI website, a deep neural network was created and
tested using the program TensorFlow through the programming language of Python.
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ON THE SMALLEST (n-1)-GON CONTAINING A CONVEX n-GON
Grace Park (student), Palisades Park Jr./Sr. High School, Palisades Park NJ 07650
We study the following geometric optimization problem: given a convex disk K of area 1
and a positive integer n greater than or equal to 3, what can be said about the n-sided
convex polygon of a minimum area that contains K in its interior?
It is known that every unit area convex disk is contained in a triangle of an area at most
2 and this result is optimal as a parallelogram requires an enclosing triangle of at least
twice its area. For polygonal enclosures with four or more sides, no exact results are
known. For n=4, Chakerian proved that every unit area convex disk is contained in a
quadrilateral of an area no greater than sqrt(2). On the other hand, Kuperberg noted
that every quadrilateral containing a unit area pentagon must have an area at least
3/sqrt(5) and conjectured that this is the worst-case scenario.
We prove that every unit area convex pentagon is contained in a convex quadrilateral of
an area no greater than 3/sqrt(5), thus providing a partial confirmation of Kuperberg&#39;s
conjecture. We also show that every unit area convex hexagon is contained in a convex
pentagon of an area no greater than 7/6. Both results are tight as the case of the regular
pentagon and hexagon shows.
WCE-BASED CLASSIFICATION OF CROHN’S DISEASE LESIONS USING DEEP LEARNING
Omkar Pathak (student), Bergen County Academies, Hackensack NJ 07601
Crohn’s disease (CD) is an inflammatory bowel disease characterized by its chronic
inflammatory effects on the entire digestive tract, most commonly the small intestine.
Imaging modalities used to inspect the small bowel usually require gastroenterologists
to review up to 50,000 images, taking considerable time for a crucial early diagnosis.
This task can be done more efficiently by a deep learning model, yet these models
require large amounts of labeled medical data, which can be difficult to find. To
circumvent this problem, researchers have utilized a recent development in machine
learning, the generative adversarial network (GAN), which can produce realistic images
to synthetically augment a small starting dataset. In this study, we train a convolutional
neural network model based on the VGG16 architecture to detect and classify between
pathologic and nonpathologic images of CD lesions. We utilize the Crohn-IPI dataset,
consisting of 3484 WCE images of 63 different CD patients from Nantes University
Hospital. Moreover, we employ StyleGAN2 to generate synthetic 768 synthetic images.
After data augmentation, the neural network model achieved a training accuracy of
96.20%, validation accuracy of 89.50%, and testing accuracy of 88.09%, demonstrating
that deep learning models may serve as robust tools to assist gastroenterologists in
diagnosing CD.
BLEPNet: IN-SILICO B-CELL EPITOPE PREDICTION USING DEEP LEARNING
Mihir Rao (student), Chatham High School, Chatham, New Jersey
Epidemiological efforts heavily depend on the production speed and efficacy of
vaccines. At a molecular level, pathogens present antigen molecules that interact with
B-lymphocyte antibodies at specific regions of the antigen molecule known as epitopes.
B-cell epitopes are immunostimulants and computationally predicting them can serve as
an in-silico alternative to the time and resource-consuming in-vitro epitope-mapping
efforts. In this work, quantitative analysis of a custom dataset reveals previously
unreported physical characteristics of the antigenic microenvironment that can be used
to optimize current in-vitro methods. Furthermore, an ensemble prediction pipeline
containing natural language processing techniques and statistical insights about
epitopes is used to make highly accurate predictions. The developed system called
BLEPNet (B-lymphocyte Epitope Prediction Network) is found to significantly outperform
existing methods in the literature, and it provides a 100% cost reduction and is at least
40,000 times faster than current gold-standard in-vitro approaches. The novel system is
used to predict highly immunogenic regions of SARS-CoV-2 antigens, which are
combined in a computationally generated multi-epitope vaccine subunit molecule that is
structurally validated through Ramachandran plot analysis. This work’s approach can be
applied to studies in closely related areas of research involving T-cell epitopes and
cancer immunotherapies.
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Haroon Shaikh (student),Holmdel Highschool
Studies have been conducted measuring the effectiveness of interventions and other
public health measures. Using the coding language Python, a Susceptible, Infected, and
Recovered (SIR) model can be created to model how a disease can spread through a community.
Using the data on how effective measures were in mitigating disease and by creating a dynamic
SIR model, the effectiveness of mitigation efforts can be modeled. In this experiment, effects of
initial vaccinations, lockdowns, vaccinations during outbreak, and transmission reducing
mitigation efforts were experimented. The results of the SIR models strongly support that an
upscale of interventions can have a significant impact on public health. The models show that in
certain instances, an upscale of initial vaccination efforts can cause up to a 99 percent reduction
of infection in simulations where no vaccinations were initially given.Modeling displayed how
lockdowns can reduce total infections by more than 70 percent and prevent an overwhelming of
health care systems. An early and aggressive vaccination program can curtail infections by close
to 90 percent. Lastly, models emphasize the importance of reducing how long people can infect
others. With aggressive early testing and quarantining, 99 percent of cases can be prevented. By
simply reducing the transmission period from 4 days to 3 days, models showed close to a 50
percent decrease in transmission in small numbers of population. This data can be used to guide
individuals as well as the public on how important public health is and what people's
responsibilities are. This data can be used to shape how our society combats pandemics and
disease outbreaks. Future studies can build off this model by adding more compartments as well
as more data.
AUTONOMOUS DEVICE FOR WATER SYSTEM SURVEYING AND WATER QUALITY MONITORING
Gordon Sun (student), Tenafly High School
This project aimed to demonstrate a method of mathematical algorithms to forecast Covid-19 cases in the
50 US states. By using the recorded data from the Covid Tracking Project, future cases were predicted for
each state in the US. Python 3.8 was used to calculate the predicted values for this project. The 300 or less
of the past non-zero valued data points of each recorded case in each US state were taken as the
dataframe. The data was cleaned, and then split into training data and testing data according to which
proportion would yield the best correlation coefficient to the test data. Polynomial regression was
performed on the training data to find the degree with the best polynomial fit to the test data in order to
predict the future cases for each state, and then the predicted regression plot alongside the training and
testing data was modeled accordingly. Finally, the population data of each state was inputted to calculate
the predicted infection probability per state. With this information, it was discovered that most states had
an epidemic curve that began with the 150th data point and ending shy of the 300th data point. Another
discovery is that the majority of states are falling in cases, with 35 states having a predicted decrease in
Covid-19 cases and only 15 states with a predicted increase. Finally, it was found that despite having a low
case count, many states on the low end of the population have the highest probability for infection.
Seehanah Tang (student), Holmdel High School
The daunting task of automatic music genre classification has experienced large increases
in popularity in recent years due to the rapid development of the digital entertainment industry.
The increase of musical databases available on the Internet, in addition to its easy access, has led
to great demand for music information retrieval (MIR) applications, particularly that of
automatic analysis of music databases. One of the tasks of MIR is the Automatic Music Genre
Classification (AMGC) problem, achieved through identifying some characteristics such as
rhythm, harmonic content, and instrumentation. Many MIR tasks depend on the extraction of
low-level acoustic features, such as spectral, timbral, harmonic, etc, but there is no consensus on
which features are the most relevant for a given MIR task. Using Julia, Optimal Classification Trees (OCTs)
were generated to classify the 10 genres of music. Eight out of the ten models had accuracies greater than
85%, suggesting that we can indeed build accurate and interpretable machine learning models for music
genre classification. Additionally, OCTs offer an advantage to previous methods in that it is more
interpretable and easier to understand and that it is less of a black box model. It also selects the most
relevant variables for each genre, which offers implications on the features that distinguish one music
genre from another. These results motivate further research with machine learning applied to
MIR tasks. Possible future work can include training models over a wider range of datasets and
MIR tasks. Music genre classification using machine learning is essential to the growing digital
entertainment industry. Being able to automatically and accurately classify and provide tags
based on genre to the music in a user’s library would be extremely advantageous in helping
streaming services — Spotify and iTunes to name a few.
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A NEURAL NETWORK BASED ALGORITHM TO CLASSIFY THE EMOTIONS OF SONG LYRICS
Alex Tian (Student), Holmdel High School
This study aims to figure out whether or not a neural network based algorithm can accurately classify the
mood of song lyrics to a significant degree. The purpose of this study is to develop an effective algorithm to
classify moods of song lyrics that is both fast, easy to set up, not very hardware intensive, and accurate by
utilizing a simple neural network and a simple weighted sum algorithm. Using the ISEAR dataset and
Stanford University’s GloVe word vectors, an Artificial Neural Network was created using the Python 3
programming language, along with the Tensorflow and Keras libraries, utilizing an embedding layer and
hidden layers. This neural network was then integrated into an algorithm, where the neural network outputs
were weighted with the number of words in its input. Using a few of the thousands of song lyrics listed on
genius.com, a random sample of song lyrics was compiled and fed into the algorithm after being broken
down. Using a sample of 98 songs, the neural network had an accuracy of 29.59% on the sample. Comparing
the proportion to a random chance algorithm (1/7 or 14.29%), there was enough evidence to reject the null
hypothesis and support the claim that the proposed algorithm is more effective than a random chance
model, although not by very much.
BLOCKCHAIN ORIENTED SOFTWARE FOR VOTING SYSTEMS
Dylan Weiss (student), Tenafly High School, Tenafly NJ 07670
In order to support national security in a modern democratic country, the security of the election polling
system has a major role. It includes high level security, immutable features of votes, background check of
candidates, identification and authentication of a voter, detection of fraud voters and prevention of
malicious software (Malware) or cyber-attacks on online voting systems. Also, it minimizes effort, time, and
cost of an election process. Therefore, an enormous need to model, design, and implement a trusted,
transparent, and secure voting system that is based on blockchain technology, called BCT-Voting. Blockchain
technology works for an untrusted eco-system or users in a decentralized environment. Additionally,
blockchain provides privacy of traceable and verifiable features of a voting process such that fraud activities
may be detected and prevented. Smart contracts based on blockchain technology were created that solved
four major problems of the electoral process -nomination of candidates, secure voters Identity, vote
tampering, and counting of votes and winner announcements. The smart contracts were implemented in
Solidity (an object-oriented programming language) and deployed on an Ethereum platform (a blockchain
technology framework). Moreover, a web based graphical user interface (GUI) provided to users in order to
access proposed features of smart contracts.

MICROBIOLOGY
INVESTIGATING PROLIFERATION OF S. EPIDERMIDIS IN VARYING HAND MICROENVIRONMENTS POSTSANITATION, Kathleen Antonakakis (student), Holmdel High School, Holmdel NJ 07733
Even before the pandemic, hand sanitizer was a popular alternative to hand soap.
However, people might be unaware of the effects sanitation might have on the skin
microbiome, which divides into three different types of microenvironments: dry, moist,
and sebaceous. One’s hand contains all three types on the hypothenar palm, interdigital
web space, and dorsal side, respectively. A known commensal bacteria that defends
against opportunistic pathogens and boosts host immunity is Staphylococcus
epidermidis. The purpose of this project was to measure the proliferation of S.
epidermidis post-sanitation in the different hand microenvironments, predicting initially
that results would show variance. Samples were collected from the hand
microenvironments of thirty participants pre-sanitation and post-sanitation with
transferral into Mannitol Salt Agar plates for isolation. The data collected was converted
to log reduction values to perform a one-sample t-test of one-tailed conditions, resulting
in a 0.041948 p-value. This indicates a rejection of the null hypothesis in the forward
direction because of the bacteria’s strong presence post-sanitation in the hypothenar
palm. The dry hand microenvironment would technically not be ideal for bacterial
growth, but this was contrary to what was observed. An explanation would include S.
epidermidis resorting to biofilm formation for survival, which is fueled further by ethanol.
This tends to cause infections to the host. This experiment highlights the danger of
excessive sanitation causing the uprise of a strain of S. epidermidis with a more
pathogenic nature. This demonstrates the need to complete further research regarding
this bacteria and other similar organisms.
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EFFECTS OF RECOMBINANT SARS-COV-2 S PROTEIN ON CELL PROLIFERATION AND APOPTOSIS
INDUCTION
Katherine Fang (student), High Technology High School, Lincroft, NJ 07738
The current pandemic of novel severe acute respiratory syndrome coronavirus (SARSCoV-2) poses a severe global public health threat. Studying the molecular mechanisms
of SARS-CoV-2 is critical to finding effective therapeutic strategies to battle this deadly
disease. Previous studies have reported that SARS-CoV-encoded accessory proteins
cleaved by cysteine protease played a role in inducing apoptosis, one of several types
of programmed cell death. Clinically, gene expression levels of selected caspases were
increased in in vitro SARS-CoV-2 infection models. Single cell RNA-Seq data of blood
from COVID-19 patients showed distinct caspase expression in T-cells, neutrophils, and
dendritic cells. Presently, the exact mechanisms of programmed cell death upon SARSCoV-2 infection remain to be elucidated. This study first examines the impact of the
SARS-CoV-2 spike protein on proliferation of lung/gut/brain cell lines using MTT assays.
Next, LDH and caspase assays are used to investigate whether the S-protein can
induce necrosis and/or apoptosis. T-tests and fold-change analyses are used to analyze
the data. The experiments show insignificant necrosis for gut and brain cells, but
significant elevated spike protein-induced apoptosis activities are present with caspase9 and caapase-3. Caspase-3 experiments also show that caspase-3 inhibitors,
curcumin and luteolin, display abilities to suppress caspase-3 apoptosis. These
discoveries of apoptosis induction and inhibition may assist in the development of
therapeutic strategies to treat COVID-19.
Using a Microbial Fuel Cell To Create Electricity From Waste
Sammy Goldberg (student), Holmdel High School
I started off by using one of the most abundant organic compounds in the world - mud - which is known for
its microbe rich properties. By using mud, as a fuel source I am able to have a control in the experiment. I
will also try other organic fuel sources and determine if I am able to create a more efficient fuel cell. I
attached an LED light and a capacitor to a hexboard which is connected to my anode and cathode. Once the
LED light starts blinking, a non negligible amount of power has been created. I then attached a digital
multimeter to the fuel cell to take accurate voltage measurements. I measured the voltage across a 47 ohm
resistor and used a derivative of ohm's law so I can calculate power. I achieved 3 weeks of continuous
electrical output peaking at 8.5 uW with my mud powered fuel cell. At first, the microbes in the mud
multiplied rapidly as the fuel power output was quickly increasing. After peaking at 8.5 uW on days 11 and
12, it appears that the bacteria in my fuel cell started dying, as the power output is decreasing steadily each
day. So far, I have achieved almost 3 weeks of continuous electrical power output, and the microbes have
not fully died out yet as I still have yielded 0.34 uW of power on Day 19. After experimentation with my mudpowered fuel cell, it was time to test out my organic waste fuel cell. For my next microbial fuel cell, I decided
to use waste byproducts created in certain industries as well as collective domestic organic garbage
products in my next fuel cell. This microbial fuel cell consisted of beer, banana peels, and orange peels. I
blended these items together to create a microbe-rich sludge. With this model, I want to promote the idea
for universal waste-to-energy plants as a replacement for landfills, as well as the environmentally
detrimental fossil fuel burning plants. By advocating for universal waste-to-energy plants, this could directly
help reduce climate change, cut back on pollution, as well as reduce the need for permanent landfills. With
this model of the microbial fuel cell, the power increased rapidly at first, increasing by 18 times its initial
power output in the first week. This shows rapid multiplication of the microbes inside the beer-banana
sludge medium. After peaking at 6.90 uW on days 11 and 12, it appears that the bacteria in my fuel cell
started dying, as the power output decreased steadily each day. I achieved over 3 weeks of continuous
electrical output with this fuel cell. However, the peak power output in this fuel cell was 1.6 uW lower than
the peak power output of the mud-powered fuel cell.
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DESIGNING IMMUNOGENIC EPITOPES FROM SARS-COV-2 NON-STRUCTURAL PROTEINS AS A
DIAGNOSTIC FOR ASSESSING VACCINE EFFICACY AND PROTECTION
Rayan Jawa (student), Holmdel High School, Holmdel, NJ 07733
During the pandemic, companies like Johnson and Johnson and Moderna have created
traditional forms of vaccines as well as mRNA vaccines. Additionally, various diagnostic
tests have emerged to detect antibodies signalling protection from the virus. Peptidebased vaccines and diagnostics are faster and more effective therapeutics because
they target antigen-presenting cells (APC), removing the need for processing, and can
be quickly designed bioinformatically and synthesized. Using T-cell binding prediction
tools from the NIH-funded Immune Epitope Database, peptide epitopes were identified
that are about 12 amino acids long and can elicit an immune response from T-cells
based on their binding affinity with the APC’s major histocompatibility complex. In
addition, while vaccines like Moderna and Pfizer’s target the spike protein, this project
examines the efficacy of epitopes from non-structural proteins for use in detection of
vaccine efficacy. Identified epitopes were tested in vitro for efficacy as an immune
robustness diagnostic using a multiplex assay with peripheral blood mononuclear cells
cultured from the blood of various donors associated with different immune profiles..
The epitopes were shown to be ideal candidates for diagnostic use as they produced
variable yet robust cytokine responses in multiple donors, allowing the discernment of
different immune profiles to coronavirus based on type and magnitude of vaccination
and infection history.
CO-CULTURING Saccharomyces cerevisiae AND Kluyveromyces marxianus TO
BIOREMEDIATE COPPER FROM WATER
Rishi Kumar(student), Bergen County Academies, Hackensack NJ, 07601
Acceptable water quality is a serious problem across the globe. Many harmful pollutants
are found in drinking and wastewater which are hazardous to people’s health. Copper is
one such dangerous pollutant. Saccharomyces cerevisiae and Kluyveromyces
marxianus are two yeast known to absorb and bioremediate copper independently. This
study investigated whether the novel idea of co-culturing the two during the remediation
process would increase bioremediation ability. In the research reported here, in vitro coculturing of Saccharomyces cerevisiae and Kluyveromyces marxianus increased the
amount of copper bioremediated as compared to each yeast individually in a synergistic
fashion (p &lt; 0.035). Using publicly available data sets of yeast grown in excess copper
conditions, differential gene expression was utilized in an effort to reveal the mechanism
of action of the synergy. CUP1-1 and CTR1 were significantly involved in remediation
suggesting the bioremediation mechanism of action. Machine learning simulations were
conducted to predict the reproducibility of results. The practicality and the beneficial
effects of scaling up this bioremediation were also investigated, as was the applicability
of this treatment for other heavy metals. This novel study suggests the potential for
significant, powerful, and applicable water purification by co-culturing strategies
involving microorganisms.
.
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Erythritol and Aloe Vera Gel Effects on Oral Bacteria in Early Childhood Caries
Vivianna Onofrietti (student), Toms River High School North
Early Childhood Caries (ECC) has been called the most common childhood oral disease that affects poor
children and minority children globally with dental caries younger than 72 months of age. This is
partially due to the strains of fluoride resistant bacteria that have been found and the rise of chemicals
in our bodies over the past decade. ECC etiologic factors include the presence of cariogenic and fungal
causing microorganisms in the oral cavity combined with consistent consumption of refined
carbohydrates and poor oral hygiene causing dental caries. Specific sweet foods displaying
anticariogenic properties such as the sugar alcohol erythritol can possibly help as a natural plant
ingredient by lessening the severity of ECC if used in therapeutic treatments and products in
combination with an antiseptic agent aloe vera gel that acts against the fungal portion of ECC. Aloe Vera
Plant Gel (AVPG) contains six antiseptic agents with inhibitory action on fungi, bacteria and viruses. In
addition, AVPG displays anti-inflammatory, antiviral and antifungal properties with a bland taste and
smell geared for children. Erythritol belongs to the family of sugar alcohols but is metabolized by
humans differently compared to other sugar alcohols. Erythritol can reduce dental plaque weight and
reduce dental plaque acids, therefore, may be effective against dental caries causing bacteria.
Streptococcus mutans has been found to be the main causative bacteria initiating dental caries in the
biofilm on teeth. Candida albicans is a fungus found to cause the most common opportunistic infection
of the oral cavity, oral candidiasis, which has a positive association to children’s dental caries. This in
vitro study was to determine if these testing agents’ biochemical composition would inhibit the
incidences of ECC by decreasing C. albicans and S. mutans with varying concentration solutions based
off of minimum inhibitory concentration (MIC), tested both individually and in mixtures, using positive
and negative controls as a guide. Mueller Hinton TSA with 5% sheep blood and chocolate agar plates
were inoculated with C. albicans and S. mutans. The agar disk diffusion method was followed to test
susceptibility of both ECC prevalent pathogens to 6.25%, 13.00%, and 26.00% AVPG and 5.00%, 10.00%,
20.00% Erythritol individually, and in mixtures of AVPG and Erythritol prepared with 50/50
concentration solution ratio from high to low concentrations respectively and incubated for 24 hours at
37 degrees Celsius. All mixtures had an increased zone of inhibition for both pathogens for all
concentrations greater than each agent individually, varying from 25.5- 32.7 mm, demonstrating
synergistic effects. This classified the pathogens as susceptible to AVPG and Erythritol
mixtures, associated with a high likelihood of therapeutic success. If therapeutic agents can be created
with AVPG and Erythritol combined due to the biochemical composition of the MIC of the antimicrobials,
then chemical methods are minimized, allowing greater control of oral pathogens to decrease the
number of children with early tooth decay and tooth loss. This research study demonstrated that the
inhibitory effects of the AVPG and Erythritol mixture at less than the individual MIC, can enhance the
antifungal and antimicrobial efficacy of C.albicans and S. mutans ECC prevalent pathogens respectively,
but needs further research as to the safest concentrations orally while remaining effective.
MICROBIOME OF LOCAL AQUATIC SOIL SAMPLES
Brenda Vargas (student), Toms River High School South
The Earth Microbiome Project is a collaborative effort to characterize the microbial life
on Earth. Soil samples are collected in various locations and extracted to retrieve the
collective DNA in the samples. The DNA sequences will reveal numerous microbes in
each location, and these microbes can be analyzed to differentiate the diversity in the
locations. In this research, terrestrial and aquatic soil samples were collected from
Kettle Creek Beach, Cattus Island, Browns Woods Beach, Money Island, and at the
Toms River Poseidon Academy. During the collecting, metadata like the water type,
weather, and soil type was recorded. The samples were sent out to Cold Spring Harbor
Laboratory, where the samples were sequenced. The DNA of the samples was
extracted using the Qiagen DNeasy PowerSoil Kit. 16S rDNA PCR amplification
reactions were also conducted to receive high-quality samples. The identifiable DNA
sequences were visible and analyzed on DNA Subway. DNA Subway provided data that
was presented in multiple line graphs, scatter graphs, and bar graphs. The data
classified microbes such as monganella, chelonobacter, eubacterium dolichum,
carnobacterium, actinobacteria, bordetella, clostridiales, etc. All the samples had a high
microbial population, although each sample had a different population percentage for
the same microbes.
.
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PHYSICS
RESERVOIR COMPUTING APPROACH TO THE DATA-DRIVEN DISCOVERY OF
PARTIAL DIFFERENTIAL EQUATIONS
Oreoluwa Alao (student), High Technology High School and MIT
Interpretable machine learning methods have played a vital role in the discovery of partial differential
equations (PDEs) for physical systems that are difficult to study analytically. Yet, due to high computational
costs and exploding or vanishing gradients, traditional machine learning architectures are limited in their
ability to model chaotic dynamical behavior. Recent studies have shown that a reservoir computing
architecture, known as an echo state network (ESN) out-performs other machine learning architectures
when modeling nonlinear chaotic dynamics, accurately predicting chaotic behaviors to eight Lyapunov
times. In this research, we adapt this reservoir computing architecture for data-driven PDE discovery. Using
the Lorenz system as a benchmark, we demonstrate the ability for dynamical system parameters to be
extracted from the readout layer of an ESN via an Isomap of the network weights. We investigate ways this
method can be upscaled to analyze dynamical systems of higher-dimensional chaos, such as the KuramotoSivashinsky equations. A full implementation of the proposed ESN architecture has the potential to improve
the robustness of data-driven PDE discovery in chaotic spatiotemporal systems.
SEARCHING FOR EXOPLANETS IN KEPLER DATA WITH A CONVOLUTIONAL
NEURAL NETWORK AND GPU FAST-FOLDING
David Chang (student), High Technology High School, Lincroft, NJ, 07738
Department of Astronomy, University of Florida, Gainesville, FL
The NASA Kepler mission is humanity’s most extensive survey of sun-like stars in the Milky Way for
exoplanets. Even today, Kepler’s dataset is at the forefront of discovery; methods for vetting new
exoplanets are rapidly being improved with the introduction of cutting-edge technology. This research
project’s engineering objective is to implement deep learning and GPU fast-folding techniques to produce
the fastest, most accurate, and most sensitive exoplanet detections to date. A convolutional neural network
was trained on artificial transit data, and software was developed to efficiently analyze Kepler lightcurves.
This methodology successfully identified a previously undiscovered exoplanet candidate of 1.7 Earth radii
at period 7.6628 days in the lightcurve of KIC 2860656. After thorough data analysis, including an
independent verification with the Box Least Squares method and transit curve fitting, candidacy was
confirmed and relevant parameters (such as radius, period, and duration) were derived. In the future, this
innovative technique will be applied to all ~100,000 Kepler lightcurves and those from other space missions
(TESS). It is a framework for the discovery of new exoplanets that will one day illuminate the Kepler
mission’s greatest aspiration– calculating the occurrence rate of Earth-like planets through Milky Way.
Variational Autoencoders for Jet Simulation
Kosei Dohi (student), Tenafly High School, Tenafly NJ 07670
As particle accelerators become more sophisticated, the data produced by them
will grow exponentially. Consequently, simulation algorithms used to analyze the
data produced by particle accelerators need to be significantly more efficient.
This research addresses this issue by introducing a new machine learning
architecture that can simulate jet images, which are 2D radiation patterns
produced in particle collisions. The machine learning architecture took the
variational autoencoder (VAE) deep learning model as the base model and a
pre-trained Convolutional Neural Network (CNN) as an additional algorithm to
calculate the loss function. Other features were also implemented, such as
conditional probability, binary cross-entropy loss, and convolutional layers. The
model was then coded in Keras, a deep learning library, and was trained with
850,000 jets images. With the procedure mentioned, my algorithm was able to
replicate the low-dimensional features produced in particle accelerators, such as
pixel intensity, mass, N-subjettiness, and transverse momentum, demonstrating
its effectiveness in simulating realistic data. In addition to this, the model is
shown to be 712 times faster than current Monte Carlo simulations used in
particle accelerators and six times faster than current machine learning
algorithms being implemented, highlighting its power for fast simulation.
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THE EFFECT OF GUITAR PEDALS MODELING THE TS-808 ON THE MIDRANGE OF A GUITAR SIGNAL
Andrew Gerchak (student), High Technology High School, 765 Newman Springs Road, Lincroft, NJ
07738
Overdrive pedals affect the tone of a guitar’s output signal, specifically in the midrange frequencies. This
paper attempts to study the difference in midrange found in a guitar signal when a TS-808 style pedal is
used in the signal chain. To do this, a looper records an open E-chord and repeats it. The looper pedal runs
the signal through 3 separate overdrives: the BOSS SD-1, the Ibanez TS-808, and the BOSS BD-2. The Vernier
Microphone and LabQuest Mini record the frequencies, and send the data to the Vernier Logger Pro
software. These sound waves are converted into FFT graph form, where 3 key frequencies are analyzed
using an independent weighted ANOVA test. These frequencies are 507.81 Hz, 605.47 Hz, and 722.66 Hz.
The results show that there is no significant difference in the relative amplitudes of the frequency 507.81 Hz
in the signal depending on the pedal used, no significant difference in the relative amplitudes of the
frequency 605.47 Hz in the signal depending on the pedal used, and no significant difference in the relative
amplitudes of the frequency 722.66 Hz in the signal depending on the pedal used.
THE STUDY OF THE EFFECT OF TOPSPIN ON THE TRAJECTORY OF NEW TENNIS BALLS
Jue Gong (student), High Technology High School, Lincroft NJ 07738
A defining, yet complicated aspect of tennis is the spin. It was evident that spin greatly alters trajectory after
impact, but spin had also been identified to affect aerodynamics in flight. In fact, the Magnus Effect states
that spinning causes an unbalance of pressure around the ball, generating a net lift force. This phenomenon
can possibly influence all tennis players—from professionals known for their tactical shots, to beginners
that have trouble adjusting to the flight of spinning balls. Most previous studies had only analyzed a
spinning ball’s aerodynamic coefficients in wind-tunnels, and a direct relationship between spin and tennisplay is generally a qualitative observation. Therefore, this paper sought to quantify the effect of increasing
spin rates on the trajectory displacements in real tennis-play. In the experiment, 100 shots were launched
with a ball machine and filmed overhead at an indoor tennis court for spin rates of 0, 450, 950, and 1400
rpm. The locations of the first bounces were identified via frame-by-frame video analysis. The trajectory
displacements were calculated based on reference points and lengths using image-processing softwares.
After data analyses, statistical analyses revealed that increasing the spin rates did significantly decrease
displacement. Therefore, the results can be applied in tactical shots or in teaching beginners to understand
ball placements. Ultimately, this study verified the significance of the Magnus Effect in real-life tennis,
suggesting the possibility of additional investigations in engineering.
THE IMPACT ABSORBTION CAPABILITIES OF VARIOUS PLAYGROUND SURFACES
Aliya Grinberg (student), High Technology High School
Falls on playgrounds lead to many minor and sometimes fatal injuries. The surface
material found at the playground is a deciding factor in the seriousness of an injury. A
shock-absorbing material helps to limit the impact force experienced during the fall.
Different materials are found at different playgrounds so this study aims to test the
absorption capability of the most common materials. It was hypothesized that there
would be at least one significant difference in the highest impact forces from a material
when compared to that of artificial grass. To test this, a force plate was covered by a 3
cm layer of a material. In one level of the study, a person jumped from a step stool onto
the material. In another level, a dumbbell was dropped from a constant height. During
each drop, LogerLite recorded the live readings from the calibrated force plate. From
each of the 15 trials, the highest impact force was recorded. An ANOVA test was used
to determine if there was a significant difference in the data. A statistical difference was
found between the impacts so 3 individual t-tests were performed for each level. The
materials were each compared to artificial grass, the control. It was found that foam and
rubber mulch had a significant difference when compared with artificial grass in the
jumping level. The drop level showed a significant difference between artificial grass
and rubber mulch/wood chips. When compared with artificial grass, rubber mulch
performed significantly better in both levels of the experiment. It also had the lowest
mean impact forces. Using materials such as rubber mulch on playgrounds has a
significant te effect on forces from a fall. This same method of testing and analysis could
be applied to test materials in other high-risk areas where injuries due to falls are
common like gyms or senior homes. The materials found in these locations are vital to
their safety.
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THE EFFECT OF NONCONDUCTIVE SLEEVE ON MUON INTERACTION RATE
Jake Rice (student), Toms River High School South, Toms River NJ 08753
Cosmic rays are highly-energized subatomic particles that travel through space from
celestial objects, most presumably stars or supernovae, that travel at a speed near that
of light Cosmic rays interact with Earth’s atmosphere constantly. When this occurs, the
particles collide with nitrogen and oxygen atoms in the atmosphere and split into smaller
elementary particles, most of them being muons. Muons are particles with a negative
charge similar to an electron, but about 200 times the mass of one. These particles hit
the surface of Earth at a rate of 1 muon per meter squared per minute. Muons,
although having no effect on life, can interfere with electronics’ wiring and systems, for
example, computers. Computers are controlled by binary code, which consists of 1s
and 0s (1 being “on” and 0 being “off”) in a particular order, giving the computer exact
instructions on how to run. Muons can, when interacting with the computer, clip a 1 to a
0 or vise Versa, ruining the computer. A nonconductive sleeve that would encase a
computer’s memory can lessen the impact of muons by preventing a portion of them
from passing through via conduction. To test this, a cosmic ray detector will be
constructed. A cosmic ray detector receives a signal when an energized particle
collides with it and a counter will show how many of the particles have gone through.
Using a detector, the best material will be determined. The weakness of this
experiment is the thinness of the sleeves.

PSYCHOLOGY/ANIMAL BEHAVIOUR
THE EFFECTS OF FIREARMS ON OVERALL HOMICIDE RATES IN RECENT YEARS
Phyllis Cheng (student), Holmdel High School, Holmdel NJ 07733
In the time interval of 2000-present, the U.S. has shown a great amount of fluctuation in
the total homicide rates recorded. At the same time, firearms have consistently been the most
used weapon in these recorded cases, having shown a significant number difference from other
weapon categories. This study focuses on determining a correlation between changes in general
homicide rates and changes in specific firearm-related homicide rates. In order to accurately
prove and determine the existence of this correlation, data regarding general homicide counts,
firearm homicide counts, firearm possession denial and acceptance rates, and firearm request
rates are analyzed. Comparisons between the topics and the years within the topics show whether
or not they truly have an impact on the total homicide rates. Additional reasons that may explain
the reasons for these fluctuations in the time period are also observed and taken into account. A
notable increase was identified in the time interval 2015-2016, and in comparing it across total
homicide numbers, specific firearm homicide numbers, and relative percent changes, it has
shown a consistent similar pattern in favor of the hypothesis. This, among other data, proves the
importance of firearm homicide cases when viewing general homicide rates.
THE EFFECTS OF DIFFERENT FOREIGN LANGUAGES ON NATIVE ENGLISH VOCABULARY ABILITY
Kevin Guan (student), Aimee Babbin, High Technology High School, Lincroft NJ 07738
Past research has established that foreign language learning improves native vocabulary ability, but the
effects of different foreign languages have not been comparatively analyzed. The study reported in this
paper investigated whether different foreign language courses have varying effects on native English
vocabulary knowledge. The hypothesis under study was that Latin students have stronger English
vocabulary skills than French and Spanish students. Two vocabulary tests designed to measure English
receptive and productive vocabulary knowledge were developed for the present research. The tests were
administered to 50 high school students enrolled in third level French, Latin, or Spanish foreign language
courses, with 15 to 18 students from each language course. The results showed that Latin students
significantly outperformed Spanish and French students on the receptive vocabulary test, while differences
in performance on the productive vocabulary test were nonsignificant between the three language groups.
The study concluded that learning Latin has a greater influence on native English receptive vocabulary
ability than learning French or Spanish, and that the three languages influence productive vocabulary ability
to similar extents. The findings support claims that Latin is a better language than Spanish or French for the
purposes of increasing English vocabulary knowledge.
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IMPACT OF RELIGIOUS LAW INTEGRATED INTO STATE POLICY ON WOMEN’S
WORKING OPPORTUNITIES: A COMPARISON OF THE MIDDLE EAST AND
WESTERNIZED COUNTRIES
Julia Hood (student), Holmdel High School
The absence of church state separation can have a greatly obstructive effect on
Women’s working opportunities, particularly in the Middle East. Comparing the impact of
Middle Eastern state religion on women in the workforce to that of westernized, secular
countries can emphasize the issue and allow for a solution. The aim of this study is not
only to examine the qualitative correlation between religious law integrated into state
policy to female working opportunity in various countries, but to calculate the statistical
significance in female workforce participation and female job diversity between
countries with an Islamic state religion, no state religion, and other state religions. World
statistics of women in the workforce were gathered from several Middle Eastern
countries, along with secular North American and European countries. This data was
compared using a Kruskal-Wallis H test to determine if there was any difference in the
number of women in specific jobs or the overall workforce in several countries with
contrasting levels of separation of church and state. The results showed a strong
correlation with having a religious state and low female workforce participation, but not
much correlation in terms of difference in the types of jobs performed. This study
provides an explanation for the lack of working women in the Middle East through the
comparison of secular state to religious state. It also exposes a potential to find a
balance of religion and government to provide the best opportunity possible for working
women.
Tiffany Hu (student), Holmdel High School
Eyewitness testimony is one of the most convincing pieces of evidence used in criminal
trials; in fact, police reports show that eyewitness testimony is the main source of evidence in
20% of trials. However, eyewitnesses can be mistaken, and in fact, often are. Since the 1990s,
70% of cases in which innocent people are found guilty but exonerated by DNA evidence are
due to eyewitness misidentification. This study aims to test how effective certain deceptive
tactics, such as priming and wording bias, can affect short-term and long-term memory of an
incident. In this experiment, 120 volunteers were gathered and randomly assigned into two
experimental groups, one testing the effects of wording bias (60 participants) and another testing
the effects of priming (60 participants). To test wording bias, volunteers were tasked to watch a
video of a car crash, and were asked to estimate the speed of the white car. Further, the
volunteers were also separated into two groups (30 participants), and given the same video, with
a different question. The question asked, “How fast was the white car going before the cars
“smashed/bumped” into each other?” One form contained the word “smashed” and one
contained the word “bumped.” This was done in order to test whether these different words had
any effect on the participants’ recollection of the crash. To test the priming effect, participants were shown a
demonstration of how to answer the question. They were shown a video of another car crash, with the focal
car going at relatively same speeds than the white car in the experimental video. After the example video,
the next slide showed an example answer, saying, “ the red car was going faster, at 115 mph,” to one group,
and “the red car was going slower, at 25 mph.” Afterwards, the participants were shown the experimental
video and asked to estimate the speed of the red car. Exactly one week after this experiment, a follow up
question was asked to every participant (regardless of experimental group), asking “did you see broken
glass at the crash site?” to test whether the bias had a long-term effect on memory. After each group had
completed the experiments and the data were collected, a one-tailed t-test for difference of means was
done for each experimental group (priming and wording bias). The p-value of the significance test for the
wording bias group was p = 0.00035, which is smaller than the significance value of α = 0.05, so there is
sufficient evidence to reject the null hypothesis. In addition, the amount of “yes” and “no” answers
between the two experimental groups was statistically significant (63% of “yes” answers in the
“smashed” group compared to only 27% in the “bumped” group). This result showed that
wording bias had a significant effect on both the participants’ short-term and long-term memory.
The groups had an average difference of 10.63 mph in their speed estimates. However, in the
second experimental group, the p-value was slightly higher than the significance value of α =
0.05 (p = 0.0507), meaning there was not enough convincing evidence to reject the null (cont...)
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hypothesis, and the difference was not statistically significant. Likewise, in the long-term study,
the amount of “yes” and “no” answers to whether they had seen broken glass at the site was not
statistically significant (57% of “yes” answers in the “faster” group, and 47% of “yes” answers in
the “slower” group). Thus, the priming effect had little impact on the participants’ short-term and
long-term memory of the crash. In conclusion, the wording bias and use of misleading and
extreme words, such as “smashed” or “bumped,” can have a significant effect on a person’s
recollection of an incident, while priming has a much smaller effect. This study demonstrates
how unreliable memory can be; two groups of people watching the same video guessed
extremely different speeds based on the wording of a question. Many future studies could be
performed on the effect of deceptive tactics on long and short-term memory, especially
pertaining to eyewitness testimony and interrogation tactics.
Brandon Liau (student), Holmdel High School
Trauma, an emotional response to a disturbing event, has been shown to cause
modifications in behavior, cognition and physiological functions in mammals. In recent
decades, researchers and psychologists have theorized that the effects of traumatic
stress can be transmitted through generations even when the descendants of trauma
victims are not exposed to any traumatic stressors. This study reviews research and
evidence surrounding the transgenerational transmission of trauma and the possible
role of epigenetics in this transmission. Three broad categories of evidence are studied
to determine the inheritance and influences of genetically transmitted trauma. The first
category involves the behavioral alterations and adaptations that can be observed in the
offspring of trauma victims. Included are changes in risk-behaviors, communication
skills, and resilience patterns. It was determined that while survivors may suffer from an
inability to work over certain difficulties such as somatic symptoms and communication
anxieties, their ability to take on resilience patterns such as cultural rituals and personal
narratives outweighed their disabilities in most cases. The second category involves
hormone deviations and epigenetic changes in the germline currently known to be
associated with traumatic stress. This includes imbalances in cortisol levels and
alterations of the NR3C1 gene in teenage children. It was found that offspring with both
parental PTSD and lifetime PTSD had the lowest cortisol levels of all studies.
Additionally, participants that suffered from depression, but not emotional abuse had the
highest cortisol levels, whereas participants with both depression and emotional abuse
generally had low cortisol levels. The final category involves animal models, a distinctly
objective method that enables for clear interpretations of transmissible effects. Isolating
the role of epigenetic mechanisms in multi‐generational studies in mammals allows for a
more cogent understanding of trauma transmission. By intentionally inducing trauma in
mice, several studies found that behavioral anomalies observed were accompanied by
alterations in corticosterone and oxytocin in male and female offspring. Many also noted
that the mice expressed increases in pro-depressive behavior and decreases in social
recognition.

72

NJAS | VOLUME 46.1

66th NJ Academy of Science Annual Meeting
Junior Academy Abstracts
THE CORRELATION BETWEEN THE RACIAL MAJORITY OF NEIGHBORHOODS IN
URBAN AREAS AND ACCESS TO GROCERY STORES
Kirti Magam (Student), Holmdel High School, Holmdel, NJ 07733
The purpose of this project is to study the correlation between the racial
majorities of neighborhoods in urban areas and access to grocery stores. Twelve
neighborhoods were randomly selected in two cities: five had a white majority, five had
a black majority, and two had no racial majority. The percentage of white individuals in
the neighborhood, total population and the area of the neighborhood in miles 2 were
recorded. Then grocery stores in the neighborhoods were counted through Google
Maps. Two factors were taken into account: the number of grocery stores/area of the
neighborhood in miles 2 and the number of grocery stores/every 100,000 people in the
neighborhood. The correlation between the percentage of the white population was
compared to these two variables separately. The r-values for three of the four graphs
are greater than the critical value of .576 testing for significance. The null hypothesis
can be rejected on the premise of the correlation of the percentage of the white
population to the grocery stores/area. Since the second graph has r= .444 which is less
than the critical value, the null hypothesis is accepted for the correlation between the percentage of the
white population and the grocery stores/every 100,000 people. There only seems to be a significant
relationship between the racial majority of a neighborhood and its area in square miles.
THE EFFECTS OF COVID-19 ON MENTAL HEALTH:WHAT VARIABLES PUT
PEOPLE MORE AT RISK FOR LOW PSYCHOLOGICAL WELL BEING
Amanda Menza (Student), Holmdel High School, Holmdel NJ 07733
This study aims to analyze the statistical correlation between the COVID-19 pandemic and mental health.
study focuses on the mental health of the general adult population in the USA and briefly compares these
findings to the adult population in several other countries including the U.K, Sweden, Norway, New Zealand,
Netherlands, France, Canada, Australia, and China. Factors analyzed include age, gender, race, income, level
of education, job status and geographic location; these were correlated to determine which one leads to
greater susceptibility to a poorer psychological well- being during this pandemic. A large number of reliable
papers and databases were utilized in order to come to a conclusion. The surveys conducted by these
researchers used variations of the 2 item Patient Health Questionnaire (PHQ-2 ) and the 2 item
Generalized Anxiety Disorder (GAD-2) questionnaire, two screening tests that allow professionals to
diagnose depressive and anxiety disorder. After reliable statistics were collected, multiple chi squared tests
were performed to test the significance level of the difference in percentages of each sub category for every
group. Age and job status were found to be important factors: these resulted in a statistically significant
difference between the proportion of each subdivision group found to be at risk for anxiety or depressive
disorder. The p value for age was 0.00002848 or less, depending on the study, and the p value for job
status was 0.00003298, both showing reliable significance. In the future, it would be interesting to not only
discover if there is one specific category in each variable that is more susceptible, for example those with
ages 18-29, but to also combine the different variables to analyze what the significance is for, let’s say,
hispanic people ages 18-29 who recently lost their job. In this setting, the study would be working to find out
if there is a significance in the different levels of psychological well being when categories are intertwined to
find the optimal combination for having the lowest or highest risk.
INNATE AND LEARNED MIGRATION METHODS OF Z.l. gambelii
Harrison Phillips (student), Tenafly High Schol, Tenafly NJ, 07670
The Gambel’s white-crowned sparrow (Z.l. gambelii) takes a solitary migration route from Northern Canada
and Alaska to Southern California and Mexico. This project proposes a new analytical method of data
collected in a previous experiment done by Kasper Thorup and his research team at the University of
California, Davis. This new method limits the number of position points used to create the migration route
maps to the initial and final coordinate points. The data is easier to interpret and creates more coherent
migration route maps which better align with the known migration patterns of adult and juvenile birds. To
test the validity of my method, four chi-square tests were performed. The results of the statistical analysis
showed that the new method produced maps that were better aligned with the known migration routes.
These results also validate the existing theory of solitary bird migration in which adults use both innate
orientation and learned navigation methods to migrate whereas juveniles use only innate orientation
methods.
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THE INFLUENCE OF EXTERNAL VARIABLES AND ADJUSTABLE LIFE
OUTLOOKS ON LIFE SATISFACTION IN THE AGING PERSON
Zach Rabkin (Student), Holmdel High school
In this study, the effects of memory and time perception on happiness as one ages are
assessed aiming to identify the reason behind aging's negative connotation. Also, to
highlight its benefits and help the aging person adapt. To assess aging participants
happiness levels a survey surrounding living situation, life outlook, and memory was
completed by 73 participants indicating their age and living situation. All respondents
were over 55 and gathered through Care One assisted living, respondents in Orange
County California, Temple Shalom, and the local library. Meaningful relationships and
hobbies correlated most with happiness and participants noted enhanced appreciation
for the little things in life through short responses. The most unhappy people were
absorbed by regret from the past(careers etc.). The Mann Whitney U Test ranked and
compared scores among different samples(assisted living vs. temple etc.). One analysis
indicated assisted living home residents to be happiest. The second indicated those
who saw benefits in aging had the happiest life outlook. The data suggests that we
choose how enjoyable life becomes and a shift in what aspects of life stand as
important/ meaningful. Despite internal variables(health), the aging process can be a
positive experience when external factors like life outlook and living situation are
controlled.
THE EFFECT OF NURSING HOME NEGLECT PRECAUTIONARY MEASURES ON HOW THE ELDERLY VIEW
POTENTIAL NURSING HOME SELECTIONS
Ryan Schager (student), Marine Academy of Technology and Environmental Science
Nursing home neglect is a branch of elder abuse that has been shown to incite great trauma and higher
risks of suicide. In the United States, over 750,000 cases of nursing home neglect are reported each year.
However, elders frequently select a nursing home based on common underlying factors, without knowledge
of the dangers of neglect. In this study, 836 elderly participants ages 55 to 85 were surveyed regarding the
importance they would place on certain factors in the nursing home selection process. To begin the survey,
participants were asked to rate their level of previous knowledge on the topic of nursing home neglect,
along with their age and gender. Following, individuals rated the importance of neglect precautionary
measures and commonly prioritized factors. At the conclusion of a completed survey, participants were
given an informational pamphlet with facts and statistics to encourage an informed nursing home decision.
Survey response results demonstrated that individuals with no applicable amounts of previous knowledge
placed the lowest average importance on neglect precautionary measures, while individuals with strong
amounts of previous knowledge placed the highest average ratings of importance on neglect precautionary
measures. This research is essential in analyzing the importance individuals place on different factors in the
nursing home selection process, and providing individuals with the proper resources to encourage an
informed, educated decision in the event of selecting a nursing home for oneself or a loved one.
Effects Of Sleep Deprivation On Students In Advanced Placement Courses
By: Sumaiya Tasnim (student), Jose Marti Stem Academy
Sleep deprivation is often referred to as a state caused by poor sleep patterns. These
inadequate sleep patterns may occur when an individual does not get the recommended hours of
sleep per day or does not have a good quality sleep. Many high school students experience sleep
deprivation due to their challenging classes and extracurricular activities. The recommended
sleep time for high school students is 8 - 10 hours every night. However, this recommendation is
not being met by many high school students. AP courses are one of the most challenging and
time-consuming courses a student can take due to the rigorous amount of work and stress. Not
only are high school students already sleep-deprived, to begin with, but by taking AP courses,
the amount of sleep they get per night has significantly decreased. Lack of sleep can make
students develop stress, anxiety, and depression over time. Students who partake in the AP
Program can often feel pressured to sacrifice their sleep to complete assignments and maintain a
satisfactory grade in that class. Students tend to also focus on extracurricular activities and
leadership roles. Thus, students taking AP courses tend to be more prone to have higher levels of
depression, stress, and anxiety.
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Evelyn Toscarelli (student), Holmdel High School
Most NJ high schools require students to take four years of English classes. For each year of high school
they can take English 1, 2, 3, and 4 in that respective order, and each level of English also offers an honors
level. In most high schools, students then have the option to take AP Language and Composition their junior
year, and AP Literature and Composition in their senior year. The aim of this study was to determine if the
sequence of high school English courses has any correlation with success on the SAT English section. 2698
pieces of anonymized data were collected and organized by gender, junior English course and final grade,
and maximum English SAT score. From the p values, from the ANOVA calculation, the following conclusions
were reached:
1. The more advanced English class taken during junior year resulted in a higher SAT English section score.
2. A higher final grade in any English class resulted in a higher SAT English section score.
3. A higher percentage of girls than boys took the SAT and thus met the CCR benchmark score.
This project could be used in the future to help schools determine if their English department is efficient in
helping students achieve excellence on the SAT and their success in higher education. It could also be
applied to help predict the scores that students will receive on other standardized tests such as the ACT.
Daniel Wang (student), Holmdel High School
Despite the various advancement in lesbian, gay, bisexual, transgender, and queer (LGBTQ) rights, studies
on the effects that sex education has on LGBTQ individuals and their families are practically non-existent.
Thus, the purpose of this research is to fill this gap. Through a case study survey in a high school in New
Jersey, USA, this study hopes to analyze personal experiences LGBTQ individuals and heterosexual
individuals have on sex education. Additionally, this study discusses the potential implications of various
additions to the school curriculum such as NJ DOE’s C.18A:35-4.35 which includes teaching of the history of
LGBTQ individuals. Ultimately, the quantitative data was analyzed using a two-sample t-test. The study
discovered that all of the participants’ experiences with sex education were poor and the discussion of
LGBTQ individuals in the classroom was nearly absent. This research concluded that sex education needs a
large overhaul to properly teach students of gender minorities and diminish potential stigmas that may
occur as a result of a lack of proper sex education. Furthermore, more research is needed to explore how
school curriculum inclusions can be integrated rather than cursory additions.
THE IMPACT OF RACE AND INCOME ON COVID-19 INFECTION RATES IN NEW YORK, NEW YORK
Alan Wu (student), Lauren Lepore, Holmdel High School, Holmdel NJ 07733
COVID-19 has made the years 2020 and 2021 unprecedented in modern history, with
widespread quarantines and shutdowns of economies the whole world over. The distribution of
health resources to different communities in America has been a point of debate, where experts
argue over who and where most require public health aid. One particular focus of that debate is
the place of minorities and low-income individuals. This study seeks to determine whether race,
income, or other socioeconomic factors are the deciding factor in who suffers most from
COVID-19 in New York City. Data was compiled from largely public sources. Data for demographics of ZIP
codes in the New York City area were collected from the data publishers who subscribe to US Census
Bureau’s American Community Survey (ACS) and ZIP Code Tabulation Area (ZCTA) data. COVID infections,
deaths, and tests data were gathered from the New York City municipal government, and those statistics
for each ZIP code area were matched with census data of race and income to link the demographics of
those infected. Data were visualized using Microsoft Excel into scatter charts, with R 2 ratings calculated
from those charts. Comparisons between low-income vs. higher income neighborhoods as well as minorities
vs. whites of similar income were conducted. On a similar income level, the study could not find statistically
significant evidence for an exclusive correlation between race and COVID-19’s impact with respect to
infection, death, and test rates, for all racial groups with significant populations in New York City studied
(White, Black, Hispanic, and Asian). However, a clear discrepancy in COVID-19’s impact based on
income existed. As one may expect, the higher one’s income was, the lower one’s chance of
getting infected with COVID-19 was. According to the data, COVID cases decrease noticeably
for communities with greater than $85,000 average household annual incomes.
The scope of this study was limited to only the five boroughs of New York City. This
study is not reflective of the entire nation’s or entire world’s situation of race and COVID-19
infection rates. This study provides some insight into the case of New York and indicates that
perhaps race is not the exclusive driving factor for COVID impacts, as some perceptions may
suggest. Broader geographic and demographic studies across the country in both metropolitan
and rural areas may be needed to gain more definite understanding.
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HOW DID EVERYONE ELSE DO?”: THE EFFECT OF A PERCEIVED SUCCESS
RATE ON ONES SELF-EFFICACY
Eric Xu (student), High Technology High School, Lincroft NJ 07738
Social modeling, or the process of learning through the observation of others, has
profound effects on an individual&#39;s behaviors, thoughts, and performance. Therefore,
social modeling has received much attention over the past decade, with seminal studies
by Bandura examining its effect on self-efficacy, or one&#39;s belief in their own success.
Past social modeling research has been done directly through face-to-face
observations, but what about nowadays? That is, with rapid globalization and an everincreasing dependence on digital mediums for information, are the documented effects
of social modeling even still relevant? In this study, a novel online experimental
procedure was proposed, in which participants were invited to take an online challenge
after only viewing a success rate. The 10-minute experiment was designed so that
participants could provide important data on self-efficacy factors, such as confidence,
enjoyment, and perceived difficulty without their performance being interfered with
during the experiment. The results demonstrated that different success rates did
significantly impact perceived difficulty. Several other factors had p-values close to the
alpha-value of 0.05, suggesting that looking at a success rate can impact all areas of
self-efficacy. The findings of this study show how easily digital information can influence
us and has major implications for how we perceive digital media in general. There is
huge potential for further examination in this modern form of social modeling.
COLLEGE APPLICATIONS: HOW SOCIOECONOMIC STATUS INFLUENCES THE
NUMBER OF COLLEGES HIGH SCHOOL SENIORS APPLY TO
Hudson Yan (student), Holmdel High School
The goal of this study was to determine if there was a correlation between the number
of colleges high school seniors apply to and their socioeconomic status, taking into
account their average family income and perceived socioeconomic status. The data for
this experiment was collected from a survey sent to all seniors from the student’s local
high school. The survey was anonymous and asked students questions about their
college application process. Two chi-square tests were conducted with this collected
data. One test compared the number of colleges applied to with average family income
and the other compared the number of colleges applied to with perceived
socioeconomic status. The p-values for the two tests were 0.484987129 and
0.067022483, respectively, in which the α value was 0.05. Based on these results, there
is no significant association between the categories. It was concluded that a student’s
socioeconomic status did not influence the number of colleges they applied to.
THE CORRELATION BETWEEN LIFESTYLE BEHAVIORS AND THE SEVERITY OF
MENTAL HEALTH ILLNESSES
Kate Yashmanov (student), Holmdel High School, Holmdel, NJ 07733
The purpose of this study was to determine if there is a relationship between lifestyle
behaviors and the prevalence of mental health issues in high school students. Nine
lifestyle markers tested vegetarianism, nutrition, sleep, social behavior, habituality,
exercise, and the amount of time spent sitting. Mental health markers surveyed
symptoms of depression-related, anxiety-related, or Attention-deficit/Hyperactivityrelated disorders. A convenience sample of high school students took the survey. Their
responses were converted to numerical data. Data for each relationship between a
lifestyle factor and a mental illness was analyzed, resulting in twenty-one different
correlations. Pivot tables, bar graphs, and multiple regression analyses were created for
each relationship. Among all tested mental health issues, the nutrition marker was
statistically significant, meaning that a healthier diet correlated to fewer mental health
symptoms. The frequency of other lifestyle markers varied amongst illnesses. Markers
for vegetarianism, amount of sleep, and amount of social activity showed significance in
some mental illnesses and none for others. The null hypothesis is rejected due to the
combined collaboration of the results of the statistical analysis, as well as the p-value of
0.026 for the summed general regression analysis. Future research from this study
could delve deeper into the impact of gender, age, and grade on these results. It would
be beneficial to test the impact of COVID-19 on the lifestyle and mental health of participants.
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STUDYING THE IMPACT OF VIRTUAL LEARNING ON STUDENT ENGAGEMENT
AND ACADEMIC PERFORMANCE THROUGH AN ANALYSIS OF CHANGE IN
THEIR PHYSICAL ENVIRONMENT
Megan Yu (student), HAR for Humanities, Holmdel High School, Holmdel NJ 07733
It is believed that physical environment has a significant effect on perceptions of student
engagement and academic performance. This study aims to consider to what extent
students believe these factors affect their studies, and how new learning
environments/conditions (virtual/in-person) as a result of the Covid-19 pandemic affect
engagement and performance (PSAT results). To gather responses, a convenience
sample was taken from 220 students of a NJ high school, who took part in an
anonymous survey with questions about the students’ physical environment, and how
their PSAT score changed from 10th to 11th grade. PSAT data was analyzed using a
Kolmogorov-Smirnov test, an unpaired two-tailed test, and compared to school
averages by mean and was found to be normal but not statistically significant. The
virtual vs. in-person data for factors like noise level, lighting, etc., were condensed into
means, with an overall average of ~4 (0-to-9 scale) in impact on both performance and
engagement. Since this study found that the physical change in environment with virtual
learning was perceived to be only slightly impactful on engagement and performance, a
belief solidified by comparison of the PSAT data, perhaps consideration of virtual
learning in future school plans would be advantageous. Nonetheless, more research is
necessary to make informed decisions for the future.
TOPICAL REVIEWS
FEDERALISM AND THE UNITED STATES CONSTITUON IN THE MODERN ERA
Gianna Sottile (student) Holmdel High School, Holmdel, NJ 07733
The purpose of this project is to create an informed public, one that wants
to have a say in how they are governed. The past five years have been that of a
widespread cultural reform; which provoked the idea of a study to examine the
prevalence of the Constitution and Federalism within the modern American
Diaspora. The purpose of this study is to gage the want for widespread social
change amongst a community with a strong diversity of thought, and whether or
not our current government system accommodates those needs.
The data for this project was taken from a New Jersey High school,
consisting of an age group of 12-18 year olds, as well as faculty members aged
anywhere from their mid 20’s to mid 50’s. Questions ranged from opinions of
abortion and 2nd amendment rights, the need for a rewrite of the Bill of Rights to
weather or not our participants were proud to be Americans.
The data was analyzed using the Chi-Square test, to ensure that the
results were statistically accurate. Once the data was analyzed, there was a clear
positive correlation between the idea of an altered U.S. Constitution, and a
strong, Federal Government. If the study concludes as planned, results will be
sent to the New Jersey state legislature for the purposes of examination within
government.
THE EFFECT COVID-19 HAS ON HEALTHCARE, TECHNOLOGY, AND CONSUMER
STAPLES OF THE STOCK MARKE
Carley Zhou (student), Holmdel High School, Holmdel, NJ 07733
The purpose of this study is to analyze the stock market sector ETFs (exchange traded
funds) that invest in a specific stock industry such as healthcare, technology, and
consumer staples stocks with the number of COVID-19 cases. These industries were
compared to the COVID-19 cases and will show how it responds to the growth and
decline of these cases. Correspondingly, as the number of COVID-19 cases increases,
industry ETFs will decline. Sector ETFs also show a significant drop in March 2020
which was the start of the pandemic. The data also showed that the sector ETFs had
quite an increase after the pandemic strikes which suggests stocks rising despite a big
disruption in the economy. Further studies would be to explore how the vaccine will
have an effect on both COVID-19 cases and stock market sectors as well as studying if
the COVID-19 wave has an effect on the stock market performance.
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CHEMISTRY/BIOCHEMISTRY
ROLE OF IP3R PROTEIN IN FERTILIZATION: MEDIATING CALCIUM OSCILLATION IN FERTILIZED OOCYTE
Sudeep Khadka (Student), Dr. Agnes Berki, Dr. Darryl Aucoin
School of Natural Sciences, Caldwell University, Caldwell, NJ
Fertilization involves fusion of a male and a female gamete to form a zygote during sexual reproduction. In many
cases the fusion of two or more male gametes with the same female gamete have been also observed
(polyspermy). Polyspermy disrupts formation of the cleavage groove in zygote which leads to its death and
eventually to miscarriage. Calcium oscillation during fertilization is an important factor that protects the zygote
from polyspermy. We proposed a computational study to evaluate the components of the calcium oscillation
pathway in the hope of lengthening the oscillation duration, which in turn can protect the zygote from polyspermy.
In our study we evaluated the binding affinity of a calcium ion membrane protein (IP3R), isolated form Rattus
norvegicus, to its substrate (inositol-1,4,5-triphosphate, IP3) using in-silico methods to lengthen the Calcium
oscillation. The structural docking scores and relative energy of the ligand-protein binding were recorded. Upon
molecular docking, amino acid residues: SER490, LEU 495, PHE499, VAL498, SER500, LYS501, PRO502, and ARG504
were observed to be involved in the active binding site. Every amino acid residue except ARG504 showed favorable
interactions defined by H-bonds or Van der Walls interaction. Upon substitution of ARG504 to LYS in the active site,
and addition of methyl alcohol to position 3C of IP3 substrate, more favorable H-bonds were observed with
increased docking scores and relative energy. Increased docking scores suggest enhanced binding affinity and
heightened protective effect of the calcium oscillation. Given the role of calcium oscillation during fertilization, the
study of IP3R, calcium ion channel protein, will help us in better understanding of fertilization in mammals and
potential fertility treatments against polyspermy.

HEALTH OR MEDICINE
GALECTIN-3 IN URINE OF CANCER PATIENTS: STAGE AND TISSUE
SPECIFICITY
Kiruthika Balasubramanian · Raghavendra Vasudevamurthy ·
Sathisha Upparahalli Venkateshaiah · Anil Thomas · A. Vishweshwara ·
Shylaja Mallaiah Dharmesh
Purpose:
Galectin-3 (Gal-3) plays important roles in cell proliferation, adhesion, differentiation,
angiogenesis and apoptosis in normal and pathologic tissues. Accumulated
evidences reveal that Gal-3 is closely involved in tumor cell transformation,
migration, invasion and metastasis. In the current study we examined the possibility
of urinary galectin-3 levels to stage cancer disease and to follow up therapy.
Experimental design:
Urine was collected from all types of cancer patients at different stages including
patients undergoing radio/chemotherapy. Galectin-3 level was determined by antigalectin-3 based ELISA and agglutination assays. Immunoblotting and purification on
lactosyl affinity column further confirmed the presence of galectin-3.
Results:
Cancer samples exhibited stage dependent expression of galectin-3 approx. ranging
from 1.0 to 3.3, 4.4 to 5.4, 5.4 to 24.7, 13.1 to 31.9, 13.9 to 32.9 ng/mg C (creatinine)
for stage I–V, respectively, at P ~&lt;0.05 level.Galectin-3 levels were decreased by
approx. three folds after 5th day of therapy.
Conclusions:
Sample collection being simple and non-invasive, urinary galectin-3 may be used as
a potential diagnostic tool for monitoring or follow up of the stage of cancer disease.
Keywords:
Galectin-3 · Hemagglutination · Creatinine · Metastasis · Radio/chemotherapy ·
Urine.
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“The Genetics Behind Juvenile Huntington’s Disease and Reflections of a Case study Regarding a Child
with JHD”
Connor Baucom (student), Saul Diaz (student), Laura Mackey Lorentzen, Ph.D., Kristie Reilly, Ph.D.,
and Elizabeth Manheim, Ph.D. Kean University, School of Natural Sciences, Union NJ 07083
Huntington’s disease (HD) is an autosomal dominant neurodegenerative disease caused by excessive
trinucleotide repeats (>35) of CAG in the HTT gene on chromosome 4. While HD is typically expressed later
in life between age 35-50, early onset (≤20 year) is classified as Juvenile Huntington’s disease (JHD). The
purpose of this research was to evaluate what is currently understood about JHD’s molecular genetics and
provide insight, though a case study, into the reality of the life of a child with JHD. August (Auggie) began
showing symptoms at age four and was later diagnosed with JHD at age seven, with 88 CAG repeats. Auggie
started exhibiting a trigger thumb at age four, and within three years his gait began to change and currently
requires a wheelchair. He experiences seizures, behavioral changes and speech deficits as degeneration
continues. Auggie’s mother Nakiah became aware of HD when his father was diagnosed at age 41 and
sought to confirm her concerns that Auggie had JHD. Through a team of clinicians and a healthy lifestyle,
Nakiah strives to provide Auggie with the highest quality of life possible. This talk will review the genetics
and the case study of young Auggies life with JHD.
The effects of Different Species of Oregano Oil on E.Coli, Staphylococcus Aureus, Trichophyton
rubrum, and Candida albicans.
Nicole Montero, Caldwell University, Caldwell, NJ 07006
Oregano is a well known herb used for centuries. It also contains high levels of Carvacrol and Thymol, both
of which have been shown to possess antimicrobial properties indicating that this oil can inhibit the growth
of both gram-positive and gram-negative bacteria as well as fungi. Interestingly, there are over 61 species of
oregano across six different botanical families. This research project investigated the antifungal and
antibacterial properties of various oregano species on E. coli, Staphylococcus aureus, Candida albicans and
Trichophyton rubrum. The oregano oil was used at different concentrations in order to determine their
effectiveness. The oil produced a dose dependent inhibition. At low doses of oregano oil (5 µL) a small
diameter of inhibition was observed for both E. coli and Staphylococcus aureus. At higher dosages (20 µL) of
oregano oil the inhibition zone was two times larger for both the bacteria and fungi. The study is still under
way to evaluate the effect of higher doses on these organisms and compare the effect of various oregano
oils. The current results indicate that oregano oil is an effective antibacterial and antifungal agent.

MATH OR COMPUTATIONAL
CONVOLUTIONAL NEURAL NETWORK BASED EEG EMOTION CLASSIFICATION WITH FORWARD
SELECTION WRAPPER TECHNIQUE FOR CHANNEL SELECTION
Kushal R. Bhandari (Student), Dr. Jon G. Sigurjonsson, Caldwell University, Caldwell NJ 07006
In this paper, a machine learning approach is developed to recognize emotion based on the valence/arousal
model using electroencephalography (EEG) signals with forward selection wrapper technique for channel
selection. The channel selection technique selects 29, 27, 25, 23, 21, 19, and 17 channels from 32 channel
dataset for time domain features on each arousal and valence label separately. The training and crossvalidation datasets are pre-processed from a public emotion dataset for emotion classification. The machine
learning model trains on each of the selected EEG channels from time domain features as input parameters
and cross-validation dataset is used to analyze the model. A two-layer convolutional neural network is used
to train the input parameters on each emotional state- arousal and valence. The highest cross-validation
accuracy of the model in both valence and arousal dimensions converges from all 32 channels scenario to
91.49 % and 93.59 %, respectively, in the time domain. However, the cross-validation accuracy of the model
with 29 channels selected from the channel selection technique performs similarly well with 91.36% and
93.46% on valence and arousal dimensions, respectively. The results obtained confirm the forward selection
wrapper technique as a reliable channel selection method for EEG based emotion classification using
Convolutional Neural Network model.
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PSYCHOLOGY/ANIMAL BEHAVIOUR
THE ROLE OF ATTENTION AND WORKING MEMORY IN THE EFFECTS OF LOSS AVERSION
Sumaiya Muhammad (student), Dr. Naseem Choudhury, Department of Psychology, Ramapo College
of New Jersey, Mahwah NJ 07430
The notion of loss aversion maintains that people’s preference towards avoiding losses is asymmetric to
achieving equivalent gains in a situation involving losses andgains. Previous studies have shown that loss
aversion enhances cognitive performance. This experiment was conducted to investigate the role of
attention and working memory as moderators of the effect of loss aversion on decision making and
cognitive performance. A total of 100 participants divided into loss/gain groups were presented with stimuli
in an oddball paradigm, and asked to respond to the target, “X”, by pressing the space-bar on their
keyboards while ignoring the standard “O”. Cognitive performance, attention, and working memory were
measured by analyzing their reaction time, accuracy, and consistency throughout the task.
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