


Letter from the Editors

Dear SciTECH readers,

This term at SciTECH, we aimed
to explore the current direction of science
and what that means for all of us. Recent
breakthroughs in biotechnology, artifi-
cial intelligence, and engineering provide
promising foundations for revolutionizing
healthcare, education, and our under-
standing of life itself, but they also spark
urgent ethical and moral concerns. The
rapidly changing landscape compels us to
examine not only the science itself, but the
deeply human dimensions of innovation
as well.

The technological, economic, and
innovative landscape of 2025 places us at
an incredibly pivotal moment. As the pace
of discovery accelerates, we are confront-
ed with profound questions: What are our
responsibilities to the technologies we
create? Where should we draw the line be-
tween what we can do and what we should
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do? And how do we ensure that innova-
tion serves humanity rather than the other
way around?

The articles in this issue highlight
some of the most transformative frontiers
of our time. You'll find explorations of
precision medicine and investigations into
how Al is accelerating scientific discovery
and genomics research, examinations of
innovative solutions ranging from soft ro-
botics to gene editing, and critical discus-
sions of challenges such as antimicrobial
resistance.

We hope these pieces inspire you
to think critically about the future we’re
building together and, maybe even more
importantly, the responsibilities that come
with it.

Happy reading!

Emma Wang 26
Managing Editor
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GENETIC TOOLS VS. EXTINCTION: A
SECOND CHANCE AT SURVIVAL

by SOPHIE LIU "29

Every hour, six species disap-
pear; every day, up to 150 species
vanish (Knight, 2012). Biodiversity
is decreasing at an unprecedented
rate worldwide. According to the
World Wildlife Fund, there is a 73%
decline in average monitored wild-
life populations between 1970 and
2020 (Fallah, 2024). Recent studies
have also revealed a trend of 48%
of all species declining towards ex-
tinction, with only 3% showing re-
covery signals (Queen’s University
Belfast, 2023).

As ecosystems teeter under this
pressure, a practical solution is ur-
gently needed. With the advance-
ments of genetic technologies,
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researchers use several methods
utilizing these tools to save endan-
gered species.

1. Environmental DNA (eDNA)
analysis

Environmental DNA (eDNA) is a
mixture of tissue, cells, subcellular
fragments, and extracellular DNA
released into the environment during
the lifetime and death of a species
(Holman et al., 2019). These genet-
ic materials are often found in soil,
sediments, water, or snow (Rees et
al., 2014). eDNA surveys refer to the
process of making millions of cop-
ies of the targeted genetic materials
through polymerase chain reaction
(PCR), then conducting DNA se-

quencing to identify the organism
(EDNA Survey | InPort, n.d.). This
approach would allow researchers
to effectively monitor the biodiversi-
ty of a particular region by survey-
ing the populations of both native
and invasive species (Environmen-
tal DNA, 2018).

One of the significant applica-
tions of eDNA analysis is the early
detection of non-indigenous spe-
cies (NIS), as this would enable
timely actions to mitigate the po-
tentially deleterious effects of NIS.
For example, Holman et al. (2019)
used eDNA metabarcoding of COl
(cytochrome ¢ oxidase subunit |)
and 18S (nuclear small subunit ri-
bosomal DNA) genes collected in
the UK marinas. They found 18 NIS
in the study region, including a re-
cently introduced Asian date mus-
sel. These findings provide valuable
guidance on further management
of NIS in that region and highlight
the effectiveness of eDNA analysis.

2. Genetic engineering

21 CRISPR

Clustered Regularly Interspaced
Short Palindromic Repeats (CRIS-
PR) is a gene editing technology in-
troduced in 2012. Engineered CRIS-
PR systems have two components:
a Cas enzyme and a guide RNA
(sgRNA). The components target
and cleave a specific locus with-
in the DNA sequence (Addgene:
CRISPR Guide, n.d.). Researchers
have proposed using CRISPR to
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rebuild the genetic diversity of en-
dangered species, thereby helping
to restore the ecosystem from the
brink of extinction. Several possi-
ble ways include rectifying genetic
flaws, introducing advantageous
alleles, and eliminating detrimental
mutations in threatened organisms
(Malik, 2024).

To be more specific, after iden-
tifying historical genetic variation in
an endangered species, gene edit-
ing technologies, such as CRISPR,
can be used to reintroduce the lost
genetic diversity into the selected
species. For instance, scientists
have used gene editing tools to
save the pink pigeon population in
the forests of Mauritius. They first
isolate and culture primordial germ
cells (PGCs), then introduce multi-
ple edits into the genome. These
genetically engineered PGCs are
later inserted back into the surro-
gate birds, with their innate PGCs
ablated. As a result, their offspring
of the pink pigeons will inherit the
engineered DNA sequences with
the desired edits that mimic their
ancestor’s genome. This approach
would significantly enhance their
chances of survival, underscoring
the benefits of utilizing gene editing
technologies such as CRISPR in
saving endangered species (Gene
Editing May Help Save Species
from Extinction, n.d.).

2.2 Gene drive

While CRISPR induces edits to
specific genes, gene drives, anoth-
er genetic tool, can ensure these
desired edits spread throughout
populations (Coffey, 2020). By ap-
plying this technology, scientists
caninsert gene-drive alleles into the
protective genes of an endangered

organism. As a result, the edited
“beneficial” genes are more like-
ly to be passed on to subsequent
generations, ensuring the long-
term survival of endangered spe-
cies (Roberts et al, n.d.). According
to Kosch (2025), gene drives offer
potential solutions for saving en-
dangered frogs by increasing their
resistance to devastating diseases
like chytridiomycosis, while gene
drives can also be used for the con-
servation of the genetics of threat-
ened plant populations by “driving
adaptive traits before the arrival of
the selective agent/threat” (Barrett
et al,, 2019).

Overall, it is clear that genet-
ic tools hold enormous potential
in solving current environmental
issues in biodiversity. We should
further invest in the development,
ethical evaluation, and responsible
application of these technologies to
save endangered species and cre-
ate a sustainable living environment
for every organism on this planet.
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ADVANCEMENTS IN BIOMARKER
RESEARCH FOR EARLY DISEASE

by HA JIN SUNG ‘28

As technological advance-
ments give rise to new medical
imaging techniques and tools,
there has been a surge in the dis-
covery of methods for identifying
biomarkers, which are indicators
in the body that can signal the
presence of a disease or track a
biological response (USA FDA,
2017). Biomarkers are particular-
ly useful in predicting the onset
of life-threatening diseases, and
with advancements in biomarker
research, medical facilities can
help patients prevent disease
early.

Positron Emission Tomography

Fluorodeoxyglucose positron
emission tomography (FDG-PET)
is a nuclear imaging technique
that uses fluorodeoxyglucose
(FDG), a radioactive tracer, to
detect metabolic activity in the
body (Ashraf et al., 2023). A small
dose of FDG is injected into the
patient’s body, which is then im-
aged with a PET scanner.

FDG-PET is particularly useful
for detecting and predicting neu-
rodegenerative diseases such
as Alzheimer’s and Parkinson’s
disease. FDG-PET can act as a
biomarker of brain metabolism,
measuring glucose usage to de-

5 | Science

PREVENTION

tect early neuronal injury, synap-
tic activity loss, and a weakened
blood-brain barrier (Kandiah et
al.,, 2022). FDG-PET is especial-
ly effective in detecting cases of
Alzheimer’s, showing over 90%
accuracy in correctly diagnosing
the disease (Kandiah et al).

Along with FDG-PET, oth-
er PET scanners, such as amy-
loid-PET and tau-PET, can also
recognize biomarkers for Alzhei-
mer’s disease and similar neu-
rodegenerative disorders. These
two PET tools detect the abnor-
mal beta amyloid and tau pro-
teins, which are closely associ-
ated with cognitive decline and

neurodegeneration (Kandiah et
al). Measuring these biomarkers
can help diagnose or predict dis-
eases like Alzheimer’s early, so
that patients can get adequate
treatment as soon as possible.

MicroRNA

MicroRNAs (miRNAs) have be-
come increasingly promising as
biomarkers that can aid in the
early detection of cancer, one of
the leading causes of death in
the world. MiRNAs are small RNA
molecules that regulate genes
and protein activity and gene ex-
pression (Nazir et al., 2025).
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Coupled with machine learn-
ing algorithms, miRNAs can be
profiled for their expression in
tissues and therefore predict the
presence of certain cancers. For
example, in 2024, a study suc-
cessfully screened the expres-
sion profile of a MiRNA to cre-
ate an algorithm that diagnosed
early pancreatic cancer (Metcalf,
2024). Another study found that
analyzing the expression of three
uniqgue mMiRNAs accurately distin-
guished patients with non-small
cell lung cancer from healthy in-
dividuals (Metcalf, 2024).

Combining miRNA as a pow-
erful biomarker with modern ad-
vancements in computer science
is essential to detecting cancer
early and allowing patients to ob-
tain treatment.

Digital Biomarker Detection

As technology continues to
advance, more convenient, ev-
eryday tools for biomarker de-
tection have been developed.
For instance, wearable devices
such as smart contact lenses,
watches, or pacemakers can
serve as platforms that collect
biosamples from patients, which
can be used to detect biomark-
ers (Haghayegh et al., 2024). This
can be particularly useful for pa-
tients who suffer from noncom-
municable, or not transmissible,
chronic diseases, such as diabe-
tes, stroke, and cancers. (WHO,
2025). Digital biomarkers allow
healthcare providers to collect
health-related measurements
to develop preventive measures
and monitor how a disease de-
velops in severity (Smokovski et

SciTECH ¢ Vol 7 Issue 1

al., 2024).

In essence, all fields of bio-
marker research have made sig-
nificant advancements in recent
years. From the detection of neu-
rodegenerative disease to can-
cers to chronic conditions, many
novel biomarkers and technolo-
gies have shown immense po-
tential in predicting and diagnos-
ing diseases early. With these
tools, patients will be able to get
proper treatment earlier, drasti-
cally increasing the possibility of
a full recovery. o
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PRECISION MEDICINE

by ETHAN SUN ‘27

Have you ever wondered why
we need an omelet station? Why
the omelet out of all things? |
pondered this for a second and
realized it’s because although we
all want folded eggs, we all put
different things in them. In other
words, omelet stations allow for
customization. Just like how om-
elets can be personalized, med-
icine can be personalized, too.
Whereas traditional medicine
relies on average results from
large clinical trials, personalized,
or precision, medicine, factors a
person’s biological circumstanc-
es and genetics into a treatment,
which can result in greater treat-
ment efficacy and less severe
side effects (Personalized Medi-
cine, n.d.).

What makes precision medi-
cine possible is the Human Ge-
nome Project, in which scien-
tists sequenced, or obtained
information on, the entire human
genome. Since the project con-
cluded in 2003, DNA sequencing
costs have been cut significantly,
allowing clinics to scan the pa-
tient’s entire genome to prevent,
diagnose, or treat health condi-
tions (The Human Genome Proj-
ect, n.d.).

Cancer is one of the diseases
that has benefited the most from
precision medicine. This is be-
cause two people with the same
cancer can have tumors driv-
en by different DNA mutations,
which causes them to react very
differently to the same drug (A
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Close-up Look at Mutated DNA
in Cancer Cells, n.d.). Precision
medicine provides two import-
ant tools for handling diseases
like cancer: genetic insights and
pharmacogenomics. Genetic in-
sights come from reading the
tumor’s DNA to find key muta-
tions that really make the cancer
grow. If the key driver mutation is
found, doctors can pick a drug to
target the mutation. The earliest
success story of how genetic in-
sights enabled by precision med-
icine can help treat cancer is with
HERZ2-positive breast cancer.
HER-2 is the name of a protein
encoded by DNA, and scientists
used genetic sequencing to find
that this protein is a receptor that
is overexpressed by tumors in

25-30% of breast cancers, mak-
ing the tumors more aggressive.
After learning about the HER-2
protein, scientists tested various
antibodies and found that surviv-
al rates improved when the tras-
tuzumab antibody was added
to chemotherapy (Slamon et al.,
2001). Similar breakthroughs fol-
lowed, such as drugs targeting
the BRAF VB600E mutation im-
proving survival for cancers like
BRAF-mutant melanoma, a type
of skin cancer (Chapman et al.,
2011). As such, precision medi-
cine can find effective treatments
through testing the tumor’s DNA,
finding mutations, and matching
the drug that will correctly target
the mutation.

On top of genetic insights,
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pharmacogenomics analyzes
the patient’s own genes to pre-
dict how they will respond to the
drug and the potential toxicity of
the drugs (Waarts et al., 2022). A
common class of chemotherapy
drugs in cancer is called fluoro-
pyrimidines, like 5-fluorouracil(-
Fluoropyrimidine - an Overview
| ScienceDirect Topics, n.d.).
However, people with certain
variants of the gene DPYD can’t
break down these drugs properly
and thus will face extremely toxic
side effects. Precision medicine
allows doctors to genotype can-
cer patients to check for DPYD
variants and reduce doses ac-
cordingly. In this case, pharma-
cogenomics informs the doctors
of the best dosage for the treat-
ment to avoid side effects while
maintaining effectiveness (Hertz
& Venook, 2025).

Powerful technologies under-
lie the advancement in precision
medicine. First, there is next-gen-
eration sequencing (NGS), which
is fast and affordable DNA read-
ing and can be conducted in
hospitals at a relatively affordable
cost (DNA Sequencing Costs,
n.d.). Then, there are companion
diagnostics, tests that help doc-
tors determine what drugs to use
for specific patients (“Compan-
ion Diagnostics”, 2023). Last-
ly, liquid biopsies allow doctors
to bypass tissue biopsies and
use blood to track cancer DNA
to match patients to therapies
(“FDA Approves Liquid Biopsy
NGS Companion Diagnostic Test
for Multiple Cancers and Bio-
markers,” 2024).

And of course, it’s an ongoing
process with many challenges,
but costs continue to fall while

SciTECH ¢ Vol 7 Issue 1

data, tools, and strategies con-
tinue to progress.

TL;DR (I guess scientists also
call this the abstract) Preci-
sion medicine makes care and
treatment for diseases that vary
greatly amongst individuals, such
as cancer, more precise and per-
sonal. By reading or sequencing
the DNA of tumors, we can gain
genetic insights, target specific
drugs to important mutations,
and check a patient’s genes to
avoid dangerous side effects
through pharmacogenomics.
Like Felix's omelets, precision
medicine can change lives and
tailor care to the individual. e
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FINGERNAIL-SIZED JELLYFISH: THE KEY TO
REGENERATIVE MEDICINE

by MIA LO 29

When we think of immortality, we
typically think of all-powerful gods
and goddesses—a state unattain-
able in the modern world. What we
don’t think of are jellyfish the size of
your pinky nail.

The Turritopsis dohrnii, or the ‘im-
mortal jellyfish’, is hypothetically able
to live forever.

A T. dohrnii’s life begins as a lar-
va. As they mature, they grow into
polyps that join colonies. The polyps
then turn into adult jellyfish. However,
through a process called transdiffer-
entiation, they are able to revert to
an earlier stage in their life and es-
sentially restart their life cycle. WWhen
injured or facing starvation, they can
alter their cells to return to their earli-
est recognized form—the polyp. This
process also makes it impossible
to estimate the age of a Turritopsis
dohrnii since it could have regenerat-
ed infinitely many times. Due to their
unique regenerative ability, and in
the absence of disease or predators,
this species is rendered immortal.

What makes this jellyfish so dif-
ferent from other species? When
compared to the Turritopsis rubra, a
species related to the T. dohrnii but
without its cyclical aging process,
scientists found that “compared to
its relative, it (the T. dohrmii) has dou-
ble the amount of genes that repair
and protect DNA”, writes Jason P.
Dinh for New Scientist. This was not
the only difference between these
two species’ genetics. The ‘immortal
jellyfish’ had more genes pertaining

9 | Science

to replication and had mutations that
protected telomeres, DNA sequenc-
es that typically shorten with age.
“The most interesting thing is that it
(the aging process of the T. dohrnii)
is not caused by a single molecular
pathway. . . It is a combination of
many of them,” shares Jan Karlsed-
er, a molecular biologist and director
of the Glenn Center for Biology and
Aging Research at the Salk Institute.

There is no one exact change
or mutation alone that created this
strange cycle,and if any one aspect
were different, the cycle would be
thrown off almost entirely. If we want
to harness what we can learn from
this phenomenon, even from one
specific adaptation or mutation, we
have to pay attention to the system
as a whole: “we cannot just focus on
one pathway. That will not be suffi-
cient. We need to look at many of
them and how they synergize,” Karl-

seder continued.

Although this genetic adaptation
does not directly transfer across spe-
cies, we are still able to analyze how
it works and “find better answers to
the many diseases associated with
aging that overwhelm us today,” says
Carlos Lopez-Otin, a biochemist and
molecular biologist at the University
of Oviedo. But as Lopez-Otin states
throughout his interview, there are
still so many unknowns. For exam-
ple, if an adult 7. dohmii reverts back
to the polyp stage, is it still consid-
ered the same individual? If this were
to be used for humans, imagine a
loved one receiving life saving care,
but at the cost of their memories and
identity. It sets up moral dilemmas:
is it truly a life saved if that life loses
its very meaning? It’s much simpler
to think of the cycle in terms of jel-
lyfish—creatures who lack a central
nervous system and other complex
organs, not to mention the individu-
ality and complexity of mankind.

Nevertheless, by understanding
the genetic functions of the T. dohrnii,
we are taken one step closer to sim-
plified regeneration for humans. We
are still far from understanding the
absolute aging process of the T.
dohrmii, but seeing the process laid
out opens brand new doors shining
light on the prospects of what this
unassuming jellyfish and its hypo-
thetical immortality could do for re-
generative medicine. ®
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THE SCIENCE BEHIND RED LIGHT THERAPY

by BRUCE VAN WINGERDEN ’28

From reducing facial wrinkles to
treating neurological diseases, red
light therapy is an emerging treat-
ment with a wide range of applica-
tions. Used both in clinics and at
home, it is easy to set up and is gen-
erally considered harmless. But what
exactly is red light therapy, and how
does it work?

Also known as photobio-
modulation, red light therapy involves
repeatedly exposing the skin to low
levels of red and near-infrared light
for periods typically ranging from ten
to thirty minutes. Even though the
light waves penetrate the skin one
to two millimeters, they don’t pro-
duce heat, making the treatment
safe (Cafasso, 2018). Clinical trials
have validated that in order for the
light to have any effect, it must be
absorbed. Targeted molecules that

_ i
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absorb the light are known as cyto-
chrome ¢ oxidase, which are found
in the mitochondria. This process in-
creases levels of adenosine triphos-
phate (ATP), reactive oxygen species
(ROS), and nitric oxide (NO), enhanc-
ing mitochondrial function and other
cellular pathways (David, 2022). The
treatment itself shows promise in im-
proving efficient skin repair and reju-
venation, cell growth, and may even
stimulate collagen production, which
is responsible for giving skin its struc-
ture, strength, and elasticity (Cleve-
land Clinic, 2023).

Red light therapy masks are com-
monly used to treat wrinkles, acne,
and other facial skin concerns Pa-
gan, 2019). People also use red light
therapy beds, panels, and wands, all
to manage skin concerns across the
body.

But this treatment extends
beyond dermatology. A specific form

of light therapy called near-infrared
(NIR) photobiomodulation has been
used for a variety of neurological and
psychological conditions, including
Parkinson’s disease, dementia, de-
pression, anxiety, pain, insomnia,
and traumatic brain injuries. Accord-
ing to one study, it has been shown
to be effective for treating these con-
ditions, along with peripheral nerve
injury, pain, and wounds (Yang et al.,
2020).

A 2021 research review
found that, across ten studies, red
light therapy beds appeared to ben-
efit people with dementia. In one
study, five people with dementia
who had regular light therapy on their
heads and through their noses for
twelve weeks had a better quality of
life. They had improved sleep qual-
ity, better memory, and less anger.
However, it is important to note that
these studies were small and lacked
control. Larger trials are required
before any of these benefits can be
confirmed (David, 2022).

Red light therapy has been
used since the 1990s, and its dis-
covery can be attributed to a Hun-
garian scientist named Endre Mester.
He was initially conducting an ex-
periment on rats, implanting tumor
cells beneath their skin and using a
ruby laser to see if it would destroy
the cells. To his surprise, it didn't.
The laser actually healed the skin
incisions made to implant the tumor
cells instead. His accidental discov-
ery paved the way for modern light
therapy, which continues to evolve in
the medical field today. ®
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Antimicrobial Resistance (AMR) and its
Threat to Global Health

by TAEYOUNG KIM 28

Picture a world where routine sur-
geries pose risks and small cuts can
spiral into a life-threatening infection.
This troubling event is not what one
would find in science fiction, but the
growing reality of antimicrobial resis-
tance.

In 1928, Alexander Fleming'’s acci-
dental discovery of penicilin changed
medicine. Bacterial infections that
once kiled milions became treat-
able for the first time, becoming
the life-saving antibody for treating
Gram-positive pathogen-caused dis-
eases (Aslam et al., 2024). Penicilin
revolutionized modern medicine. An-
tibiotics have since been deemed as
one of the greatest discoveries of the
20th century, having saved milions
of lives from infectious diseases. But
now its effectiveness is under serious
threat. Over the years, microbes have
developed resistance to many drugs
due to the selection pressure caused
by antibiotics’ abuse (Salam et al,
2023). Humans misuse antibiotics by
taking antibiotics for viral infections,
such as the common cold or flu, while
animals and livestock overuse antibi-
otics, accelerating resistance. As a
result, certain microorganisms, such
as bacteria, no longer respond to an-
timicrobial treatments designed to Kkill
them.

The impact of AMR is staggering.
In 2019, antimicrobial resistance was
associated with 4.95 milion deaths
and directly responsible for 1.27 mil-
lion global deaths (World Health Or-

ganization, 2023). In fact, antimicrobi-
al-resistant infection has been ranked
third as the leading cause of death
worldwide, following cardiovascular
diseases and neonatal conditions.
Therapeutic options for antimicrobi-
al infection are increasingly limited,
resulting in prolonged illness, great-
er risk of complications, and higher
mortality rates. AMR also contrib-
utes to financial strain. According to
World Bank projections, antimicrobial
resistance may result in $1 trillion in
increased healthcare expenses by
2050 and approximately $3.4 trillion
in annual GDP losses by 2030 (World
Health Organization, 2023).

While the numbers highlight the
enormous economic and healthcare
costs AMR imposes, they also mask
differences. The mortality rate from
AMR has leveled off at about 1.2
milion annually, Dr. Christopher Mur-
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ray writes (Stewart, 2024). This data,
however, overshadows the decline
in AMR deaths under the age of 15
and the rising deaths among people
over 50. Despite vaccine coverage
and greater access to treatment of
common illnesses, which account for
decreasing infections in the younger
populations, the elderly are subjected
to greater resistant infection rates. In
the future, Murray notes that with the
aging of populations, AMR deaths will
grow in the coming years (Stewart,
2024).

Beyond mortality and economics,
AMR, apart from adding to the chal-
lenges of disease management, also
impacts the patient. It has been doc-
umented to compromise the human
immune system and increase vulner-
ability after complicated medical pro-
cedures such as cancer chemother-
apy, dialysis, and joint replacements.
In 2016, a woman from Nevada died
from a bacterial infection caused by
Klebsiella pneumoniae. This bacteri-
um was resistant to all 26 antibiotics
available in the United States (Cohen,
2017). This case serves as a warning
of what a “post-antibiotic world” could
look like, where common infections
become untreatable and routine med-
ical procedures carry greater risks.

Antimicrobial  resistance  affects
communities worldwide and is an
ecological phenomenon due to its
rapid global spread and horizontal
transfer across species. Antimicrobial
resistance is an important reminder
that progress in medicine also comes
with resistance. ®
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HOW Al IS REVOLUTIONIZING

by JAMIE LEE 27

What if a computer could
cure cancer? Surprisingly, or not,
this question could be answered in
the near future. With the rise of ar-
tificial intelligence (Al), humans are
closer than ever to automating faster
and more efficient medical process-
es.

Genomics is a field within molec-
ular biology that studies the entire
set of an organism’s genes, or the
genome. Researching genomics in-
volves zooming out to understand
how these genes interact with each
other to influence health and traits.
This holistic approach makes ge-
nomics crucial to our understanding
of the human body and diseases,
and also has applications in improv-
ing agricultural engineering for plants
and animals (NHS). However, ge-
nomics isn’'t without its challenges:
datasets are vast and complex, with
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around 3 billion letters per human
genome. That’s where Al comes in.

One of the key aspects of ge-
nomics is detecting gene variants
in DNA. These variants are essen-
tial because they help researchers
identify genetic mutations, which
can cause diseases, including can-
cers. The strength of Al lies in its
ability to analyze data efficiently. Re-
searchers are now incorporating Al
into gene detection in large datasets,
as machine learning models can sift
through entire genome sequences
and differentiate between harmful
and benign variants. Specifically,
these algorithms have been used for
cancer diagnosis to classify tumors
and provide treatments tailored to
patients (Dara, 2025). In a recent
study, Mingyun Bae et al. used a
novel computational model to iden-
tify cancer with 95% specificity and
91% to 98% sensitivity across two
training sets, showing how Al can be
used for on-screen cancer detection
(O’Connor, 2025).

This tailored treatment is an ex-
ample of personalized medicine,
targeting specific individual needs
instead of applying a one-size-fits-all
treatment. Personalized treatment
has many advantages: it improves
treatment efficacy and reduces the
side effects of standard medicine.
Al has again shown promise for
personalized treatment and drug
discovery. It can identify biomark-
ers, signals for disease, and the
targets, molecules that drugs can
act on. Also, to address the issue
of long and exhaustive clinical trials,

researchers have implemented Al to
optimize trial design and recruitment
using past studies and patient data.
For instance, a recent technology
developed by Unlearn.Al can create
virtual replicas of trial participants for
the control group, increasing partic-
ipation in the experimental group,
thereby improving efficiency (Zhang,
2025). Many companies have taken
similar approaches to advance clini-
cal trial optimization.

Still, the bold term “Al” often
comes with ethical dilemmas and
considerations. One significant is-
Sue involves data privacy concerns.
In an age when many are concerned
about their iPhones watching them,
or Instagram reels tracking behav-
ior, trusting a computer to store and
analyze our biological data can feel
daunting. With genomic data be-
ing a highly personal and sensitive
topic, robust ethical guidelines and
data protection are needed for full-
scale integration of Al. Another key
problem is bias. All machine learning
models are trained on data, but if the
data is skewed in any direction, then
outcomes can be inequitable (Dara,
2025). Genomics is a high-risk field
as human lives are on the line.

Ultimately, Al is reaching far
into the depths of genomics. What
was impossible ten years ago is now
at the fingertips of scientists who
harness novel technologies. As so-
ciety looks towards a better future
for modern medicine, humans must
guide artificial intelligence into rede-
fining barriers to genomics. ®
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USING RETRIEVAL-AUGMENTED GENERATION TO IMPROVING FACTUAL

ACCURACY FOR MEDICAL LARGE LANGUAGE MODELS

by EASON NI 27

Pre-trained Large Language Mod-
els (LLMs) have demonstrated in-
credible abilites of learning in-depth
knowledge from training data with-
out accessing any external memory.
GPT-4 achieved an accuracy of ap-
proximately 80% in the US Medical
Licensing Exam (Step 1, 2, and 3).
Developments like Chain-of-Thought
(CoT) prompting have attempted to
elicit reasoning in LLMs and have im-
proved their ability to handle complex
tasks by breaking them down into
multiple steps. CoT prompting has
been shown to improve LLMs at bio-
medical tasks. However, these meth-
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ods are prone to “hallucinations,”
where LLMs may incorrectly recall or
make up facts, make it hard to up-
date or extend the model’'s informa-
tion, and don’t provide transparency
on generated responses. Accuracy
and recency are vital in the biomed-
ical field, where new advances and
findings emerge rapidly. PubMed, an
online database for biomedical liter-
ature, for example, increases by ap-
proximately 5,000 articles every day.
Retrieval-Augmented  Generation
(RAG) has emerged as a promising
solution by adding a retriever that gets
relevant information from a corpus,
then combining the information with
the question before having the mod-

el compose an answer. This pipeline
mitigates the previous problems by
grounding LLM answers in concrete
and verifiable sources. Additionally,
this allows updates in domain-spe-
cific information in the external cor-
pus and the tracking of accessed
knowledge to increase transparency.
Since its proposal, this methodology
has evolved from Naive RAG to Ad-
vanced RAG, then to Modular RAG
frameworks.

The RAG pipeline has been quick-
ly implemented in biomedicine for its
abilities to provide more accuracy
and transparency. To improve perfor-
mance on medical domain specific
tasks, many RAG pipelines have
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been developed with different re-
trievers and corpora and include dif-
ferent strategies.

MedRAG is a novel RAG framework
designed to enhance diagnosis
accuracy of LLMs. MedRAG uses
Knowledge Graph (KG)-elicited rea-
soning with four tiers to capture the
comprehensive differences essen-
tial for diagnostics. MedRAG also
can retrieve data from Electronic
Health Records (EHRs). Combining
the retrieved data with an LLM, this
allows MedRAG to provide precise
and personalized diagnoses and
proactively ask follow-up questions
to clarify ambiguous patient informa-
tion.

BiomedRAG is another nov-
el RAG framework designed to en-
hance LLMs in biomedical Natural
Language Processing (NLP) tasks
by reducing hallucinations. Biome-
dRAG accomplishes this by em-
ploying a learnable tailored chunk
scoring mechanism. BiomedRAG
was benchmarked across four bio-
medical NLP tasks: triple extraction;
relation extraction; text classifica-
tion; and link prediction against oth-
er State-of-the-Art (SOTA) models,
where the BiomedRAG framework
produced superior results across the
board. In triple extraction, Biome-
dRAG achieved micro-F1 scores of
81.42 on GIT and 88.83 on Chem-
Prot. BiomedRAG improved the
original MedLLaMA 13B and LLa-
MA2 13B by 34.67% and 22.43%
respectively in Triple-F1 on GIT.

Despite  these advance-
ments, challenges still remain. As the
well-known saying goes, “garbage
in, garbage out.” This is no excep-
tion for the RAG paradigm. By de-
sign, RAG systems rely on the cor-
pus or corpora to act as the ground
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truth in response generation. There-
fore, the output quality is only going
to get as good as the input context,
meaning that the curation of corpora
is a cardinal part of the fine tuning.
How LLMs handle context is anoth-
er limit, as it would be great if you
could give the LLM as much con-
text as it needs, and have it pick the
necessary snippets. However, LLMs
suffer decreased performance in ac-
curacy when given larger contexts,
and especially have trouble recalling
content in the middle of contexts,
which is known as the “lost-in-the-
middle” phenomenon.

While RAG has proven to
be a promising solution to enhance
LLMSs in biomedicine, medicine, and
healthcare by integrating real-time
non-parametric memory retrieval to
provide contextually relevant and
up-to-date responses, its imple-
mentation raises several ethical con-
cerns. These concerns are similar or
stem from existing issues with LLMs
that remain largely unresolved. RAG
tries to address the main problem of
transparency and hallucinations, but
it does not eliminate all fundamental
LLM challenges and even introduc-
es new ones. One of the greatest
concerns regards privacy and data
security. LLM conversations are of-
ten stored, and it is the same with
RAG enhanced LLM conversations.
This raises issues regarding po-
tential privacy breaches and data
usage. Including sensitive patient
data as context for LLMs introduc-
es greater cybersecurity risks. The
additional concern of transparen-
cy and explainability exists because
even when augmented by RAG
pipelines, LLM generations are still a
black box, making them have some
degree of unpredictability.
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THE RISE OF Al DATA CENTERS

by NEIL ALEJANDRO 27

Artificial Intelligence, or Al, has
become an everyday tool for peo-
ple across the globe. From its
broader uses, such as developing
small businesses, assisting doctors
in the healthcare industry, and en-
hancing productivity in workplaces,
to smaller uses, such as voice as-
sistants, social media, and on your
phone, Al has become prevalent in
everyone’s lives. But at the heart
of Al lies a critical piece that allows
for this incredible technological cre-
ation to function: Al data centers.

Al data centers are specialized
facilities designed to support the
high computational demands of
Al systems, playing a crucial role
in advancing and operating their
applications. Al data centers are
built to handle the unique require-
ments of Al workloads, which in-
volve massive amounts of data
processing, storage, and compu-
tational power'. Unlike traditional
data centers, which support gener-
al IT functions, Al data centers use
high-performance technology in
order to improve machine learning
model training, deep learning, and
inference tasks, making it possible
to run sophisticated Al algorithms
efficientlys. Al data centers also
work to maintain these applica-
tions by managing energy, cooling
systems, and high-bandwidth net-
working, allowing for the operation
of Al in services such as autono-
mous vehicles, medical diagnoses,
and natural language processing
tools such as ChatGPT2 Al mod-
els require plenty of computational
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resources, particularly during the
training phase. For example, train-
ing a large-scale natural language
model may involve processing bil-
lions of parameters over weeks or
months. These centers provide the
scalability needed to accommo-
date the growing adoption of Al in
industries like healthcare, finance,
and education.

Former president Biden recently
issued an executive order aimed at
regulating and fostering the devel-
opment of Al technologies*. This di-
rective highlights the role of Al data
centers in the nation’s Al strategy,
emphasizing the need for secure,
energy-efficient, and sustainable fa-
cilities. The executive order seeks to
balance the rapid growth of Al with
concerns about energy consump-
tion, security, and equitable access,
stressing the importance of guide-
lines to ensure that Al data centers
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are resilient against cyber threats
and operate in an environmentally
friendly manner. As data centers
consume significant amounts  of
energy, the administration’s focus
on sustainability includes incentives
for using renewable energy sources
and improving energy efficiency.
As Al becomes more common
and used, the importance of Al
data centers becomes increasing-
ly emphasized and necessary. The
rise of Al data centers signals a piv-
otal shift in how technological in-
frastructure is designed and imple-
mented, showing advancements in
science and engineering, while also
paying attention to energy sustain-
ability, security, and efficiency. Al
continues to evolve, and the devel-
opment of robust, sustainable, and
secure data centers will remain a
cornerstone of progress. e
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SOFT ROBOTS PERFORMING
GASTROINTESTINAL PROCEDURES

by LIAM MORRIS 28

In the world of healthcare, we have
seen significant improvements in re-
cent years, particularly due to new
technologies that have enhanced the
efficiency and affordability of med-
ical procedures. One of the biggest
advancements in this field is the de-
velopment of soft robots. Soft robots
are flexible, formable machines that
are proven to be more efficient than
humans at performing certain every-
day procedures, specifically in the
gastrointestinal (Gl) field.

In most cases, smaller in-
cisions typically lead to quicker re-
covery times and a less painful and
prolonged experience for the patient.
This is where soft robots thrive (Soft
Robotics, 2023). According to an
article posted by Queen Mary Uni-
versity of London, these robots can
“deform, bend, shrink, and change
stiffness,” making them much more
efficient for delicate and complex
inner cavities of the human body
(Low-Friction Soft, 2024). Unlike past
designs, soft robots can reach plac-
es that were once thought of as in-
accessible, opening the door to new
possible treatments.

I've personally experienced the
painful and frustrating limitations
of the current devices used in our
healthcare system. Back in 2019, |
had surgery to remove my appendix
after being diagnosed with appen-
dicitis following a week of horrible
stomach aches. After getting to the
hospital, my surgery was delayed
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because | was not considered a top
priority compared to other patients.
During this delay, my appendix burst.
This was by far the most painful ex-
perience of my life and led to a very
elongated recovery. For the next 10
days, | had to take strong antibiot-
ics, which severely weakened my
immune system, and even today, |
am more susceptible to illness than
| was in my childhood. | couldn’t go
to school, keep food down, or even
function like a normal human being.
If the hospital had had access to
these devices during the time of my
surgery, it would have made my re-
covery significantly shorter and more
comfortable for a 9-year-old me,
which is why these advancements
matter so much.

As technologies like soft robots
continue to advance, surgeries will
not only become more efficient, but
healthcare as a whole will become
more affordable. Imagine replacing a
highly paid surgeon with a robot that
can perform the same procedure in
half the time and at a fraction of the
cost. Is that even a question? Or are
we prioritizing the salary of healthcare
providers over the patients who can’t
afford these treatments? These are
the ethical and economic issues that
we face in the modern medical world.
In the near future, with the help of the
advancements of technologies, there
is hope that healthcare can become
more accessible and cost-efficient in
the long term. e
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THE FUTURE OF MEDICINE: DNA
NANOROBOTS

by ZAHABIYA KHOKHA 27

Imagine tiny robots made from
DNA that can work inside your body
to treat diseases. These “nanoro-
bots” might soon change medicine
by delivering treatments straight to
specific cells with incredible accura-
cy. Researchers at the Wyss Institute
for Biologically Inspired Engineering
at Harvard University have created
a DNA-based robot that can search
for certain types of cells and deliver
instructions to them. One potential
use for this is instructing cancer cells
to self-destruct. Dr. George Church at
the Wyss Institute wrote in an article
about DNA-based robots, “Research-
ers at the Wyss Institute ... have de-
veloped a robotic device made from
DNA that could potentially seek out
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specific cell targets within a complex
mixture of cell types and deliver im-
portant molecular instructions,” the
institute explained (Tolikas, 2012).

The nanobots were created us-
ing DNA origami, a method that folds
strands of DNA into detailed shapes.
The robot looks like a barrel that can
open and close. It stays shut with
DNA “latches” designed to recognize
specific proteins on the surface of cer-
tain cells, like cancer cells. When the
latches find their target, they change
shape, and the barrel opens to release
its contents, which could be unique
molecules carrying instructions to tell
the cell what to do (Li et al., 2018). The
researchers took inspiration from how
the human immune system’s white
blood cells constantly move through
the bloodstream, looking for dangers

(ike infections), attaching to them,
and sending signals to destroy them.
These nanorobots work similarly but
at a much smaller scale. Dr. Church
explained, “We can finally integrate
sensing and logical computing func-
tions via complex, yet predictable,
nanostructures — some of the first
hybrids of structural DNA, antibodies,
aptamers, and metal atomic clusters
— aimed at useful, precise targeting
of human cancers and T-cells” (To-
likas, 2012).

The programmable DNA nanoro-
bots are modeled on white blood cells,
however, there are key differences be-
tween the two. DNA nanotechnology
refers to the engineering of a synthetic
structure using DNA molecules at the
nanoscale, while white blood cells are
much larger living cells with complex
biological functions.

Dr. Donald Ingber, head of the Wyss
Institute, recognized it as a big step
forward in the biomedical engineering
community. “This work represents a
major breakthrough in the field of na-
nobiotechnology as it demonstrates
the ability to leverage recent advances
in the field of DNA origami pioneered
by researchers around the world ... to
meet a real-world challenge, namely
kiling cancer cells with high speci-
ficity” (Tolikas, 2012). While the safe-
ty and efficacy of these nanorobots
are stil being improved, they could
change how we treat diseases in the
future. Nanorobots could make it pos-
sible to treat or even prevent diseas-
es that are currently difficult to handle
(Church, nd). e
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NUCLEAR POWER'AS THE
FUTURE €)F ENERGY/BEHIND
L AFGROWTH

by IRENE TSENG ‘27

The rapid advancement of Artifi-
cial Intelligence is triggering an ex-
plosive demand for energy. Due to
the extensive amount of computa-
tional power required to run Al mod-
els, searches with Al use more than
10 times the energy of traditional
search engines. According to the
International Energy Agency, energy
consumption from data centers is
predicted to double by 2030 (Zewe,
2025). Nuclear energy is the only re-
newable source powerful enough to
meet the energy demands of data
centers.

Nuclear energy is generated
through a process called nuclear
fission, which commonly uses urani-
um-235 as fuel. In this process, pro-
tons and neutrons are held together
by a strong nuclear force, the most
powerful of the four fundamental
forces of nature. When a neutron
strikes the nucleus of a uranium-235
atom, it causes the nucleus to split
into smaller nuclei, releasing a large
amount of heat energy in the pro-
cess. The heat is used to boil water,
producing high-pressure steam that
spins a turbine in a generator. This
is the process that converts heat
energy into electrical energy that is
used to power data centers.

Unlike fossil fuels, such as coal
and natural gas, nuclear energy
produces large amounts of energy
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without emitting carbon dioxide.
Additionally, while most renewable
sources, such as solar, wind, and
geothermal energy, rely on environ-
mental conditions, nuclear energy
does not. Thus, it is the most sus-
tainable and reliable energy source.
Although nuclear energy offers sig-
nificant benefits, many people are
hesitant to support it due to safety
concerns. Past accidents have re-
leased large amounts of radioactive
materials, which can negatively af-
fect human health and contaminate
the surrounding environment. How-
ever, when comparing the number
of fatalities relative to the amount of
energy produced, nuclear energy
outperforms wind, hydropower, and
biomass, which are all renewable
sources. Nuclear disasters can also
be prevented through the develop-
ment of safety protocols and cool-
ing technologies.

In September 2024, Microsoft
became the first tech giant to invest
in nuclear energy specifically for Al.
Microsoft signed a 20-year power
purchase agreement with Constel-
lation Energy to reopen the Three
Mile Island nuclear plant in Pennsyl-
vania. Shortly after, Google and Am-
azon made individual investments in
smaller, safer versions of traditional
nuclear reactors known as small
modular reactors (SMRs). Many
companies, concerned about nega-
tive public perception, prefer SMRs.

Although SMRs produce less than
a third of the energy of conventional
plants, smaller reactors require sim-
pler safety systems and less com-
plex shut down procedures. SMRs
also have faster deployment times,
lower upfront costs, and flexible
siting. These characteristics make
SMRs favorable for efficiently meet-
ing the energy demands of data
centers, especially as digital infra-
structures continue to expand.

As Al continues to evolve and
consume unprecedented amounts
of energy, nuclear power pres-
ents a viable and environmentally
friendly solution to meet electricity
demands. Several companies are
reopening power plants and devel-
oping novel fission technologies.
By embracing nuclear energy, tech
giants can power the growth of Al
while also paving the way for a more
sustainable and resilient future. o
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