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ABSTRACTS

RAAGAGRAWAIC20: BIOLOGY

ra2816@columbia.edu
Faculty Mentor(s): Dr. Sarah Teichmann, Dr. Martin Hemberg, Wellcome Sanger Institute
Title: Differential Single Cell Development in Crohn's Disease

Abstract:

Single-Cell transcriptomics is a rapidly developing field in computational and developmental biology. It
allows researchers to look at gene expression in individual cells, and thus giving deeper insight into the
diversity of cell types and developmental pathways cells take. Our goal in this project is to utilize single
cell transcriptomics to better understand differential gene expression and cellular makeup of tissue
samples taken from Crohn's patients. Here, we explore tissue taken from several Crohn's patients
alongside controls - and identify marker genes for known cell types and developmental pathways.
Additionally, we annotate cell types in Crohn's tissues using existing literature — and identify putative
gene targets for further investigation. We also leverage pseudo-time analysis to discover potential
developmental pathway differentiation between control and Crohn's tissues - and find notable
differences. We hope this project will better elucidate how differential expression acts on individual cells
to produce disease states.

SOPHIAAHMEDC (2 1: SUSTAINABLBEVELOPMENT

sra2155@columbia.edu

Faculty Mentor(s): Mihir Desu, Strategen

Title: Valuation Assessment of Optimized Clean Energy Portfolios in Competition with Existing Coal
Generation Facilities

Abstract: Throughout the United States, falling costs for renewable energy generation have increased
economic pressures on coal-fired power plants. Despite such progress, there remains skepticism over the
economic effectiveness and technical capabilities (namely, capacity and reliability) for clean energy to
meet consumer demand at a reasonable cost, compared to coal. This study sheds light on this skepticism
with an economic and technical competitive analysis comparing current and projected coal fleets with
renewable alternatives in Colorado and Arizona. In particular, this study investigates solar, wind, and
storage optimization to develop three viable alternative resource portfolios in replacement of the current
coal fleet in each respective state. These three portfolios, in addition to different coal cases are run
through valuation analyses on a forty-year time horizon to model levelized costs, social cost, and
operational costs. Financing options such as securitization, legislative credit programs, as well as societal
benefits are also quantified and included in the valuation analyses.

The valuation analyses indicate promising results that wind, in Colorado, and solar, in Arizona, can
produce energy at a lower cost than coal over the next forty years. More specifically, replacing all ten
Colorado coal units examined with wind resources would reduce costs by $ $1.7 billion; and retiring all
11 units at the six coal facilities examined in Arizona and replacing them with a solar PV plus storage can
save customers upwards of $3.5 billion. Including the modeled societal benefits, these savings reach
upwards of $7 billion, demonstrating the inevitable progress to a clean energy transition.
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FAITHAJAYICCE21: ENVIRONMENTABIOLOGY

fya2000@columbia.edu
Faculty Mentor(s): Dustin Rubenstein, Columbia University
Title: Differential methylation in superb starlings due to environmental influences

Abstract: This project focuses on the superb starling, a type of bird native to East Africa. Blood samples
from multiple superb starlings were collected and analyzed, and each was found to be genetically altered
in different ways based on whether the bird was living in a rainy region or a dry one. In particular, these
differences are found in differentially methylated regions (DMRs) of the genes. These are regions of DNA
where chemical compounds called methyl groups are attached to the original gene. The addition of a
methyl group is like flipping a switch that turns the function of a gene on or off. This project asks the
question of which genes are turned on or off in response to a rainy or dry environment, and why. It also
investigates which networks of genes seem to be methylated together as a unit, which can give clues as
to the overall effect that the methylation has on the individual.

JAALAALSTONC (2 2: ECONOMICS ANMIATHEMATICS

ja3318@columbia.edu
Faculty Mentor(s): Francisco Rivera-Batiz, Columbia University
Title: Economic Analysis of the Puerto Rican Financial Crisis: Stressors and Strategies

Abstract: The research took the form of a literature review conducted to understand the nature of
strategic investment in Puerto Rico during the debt crisis, and the ways in which the strategic investment
of banks into failing municipal bonds can affect the quality of life among Puerto Ricans on the island. My
conclusion was mostly that banks are incentivized to invest in municipal bonds during financial crises
because the bonds can be bought for extremely low prices and sold for much higher, which communicates
to large returns on investment when failing economies experience upturn. What is interesting about
Puerto Rico though, is that, because the island’s economy is highly regulated by the United States, the
various municipal bonds that are sold are bonds that usually serve the public (primary example is the
pension fund), so once the economy begins to recover, the money does not go to Puerto Ricans, but to
primary shareholders of the debt, which are most often hedge funds and banks that employ aggressive
tactics to ensure that they are paid first. This cycle reinforces poverty in Puerto Rico and provides an
enriching view into the nature of poverty, not as a cycle in which money is not entering the system, but in
which those funds are not being allocated equivocally throughout the community.

Next steps include considering the ways in which history and racial demographics can affect this, and
potentially attempting to formulate an economic experiment that can predict which situations and events
will lead to firms employing predatory investment strategies during economic crisis. Additionally, | would
like to venture into the study of why various nations experience prolonged economic downturn, do not
"bottom-out” when others experience jobless recoveries to economic and financial crises.

DARWINARIASC(22: NEUROSCIENCE ABBHAVIOR

daa2170@columbia.edu

Faculty Mentor(s): Carmela Alcantara, Columbia University School of Social Work

Title: The Effects of Acculturation and Discrimination Stress on Charlson Comorbidity Index (CCl) Scores
Among Latino/as Living in The U.S.
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Abstract: There is ongoing research on the effects of stress on the immune system, in particular the effects
of stress on sleep, mental health, and cardiovascular health. Yet, the effects of stress are currently
understudied among racial/ethnic communities, particularly among Latino/as in the United States that
undergo different levels of acculturation and discrimination stress. Such stressors include stress from
social inequity, lack of English-language proficiency, low-income status, unemployment, citizenship status,
understanding one's rights, etc. It is known that the stress linked to an individual’s social position or
cultural identity (acculturation and discrimination stress) affects health among Latino/as living in the U.S.
in many different ways. Measuring the prevalence of disorders and disabilities through the Charlson
Comorbidity Index (CCl) among a healthy population of Latino/as, and measuring their perception of
stress from acculturation and discrimination through a variety of measures, we look at the effects of stress
on Charlson Comorbidity Index scores in Latino/as. The main goal is to determine a leading source of
health disparities between Latino/as and their non-Latino White counterparts, as well as the variation in
health among Latino/as living in the U.S. with different backgrounds.

DIOGENRARTILEE 2 2: COMPARATIVEITERATURE ANDNGUISTICS

dua2103@columbia.edu
Faculty Mentor(s): Edward Morales, Columbia University
Title: Maria Mo#iito: A Brief History of Blackness in the Dominican Republic

Abstract: “I'm not Black, I'm Dominican,” is an expression that has gained notoriety in discourse
surrounding the intersections of race, Latin American identity, and Dominican identity. The current
research project aims to provide light to various Black power movements that have been present on the
Spanish speaking side of Quisqueya, the island that shares Haiti and the Dominican Republic, by
demonstrating social and political movements that center Black Dominican identity. The research looks
at the development of Black identity and struggle from early slave uprisings, to the writings of Black
scholar Blas R. Jimenez, to the modern natural hair movement, which draws inspiration from communities
across the diaspora, to suggest that Blackness has not only been a driving point in the development of
the Dominican identity, but a central and pivotal one. The research also explores the legacy of blackness
and its manifestations in modern politics and grassroots social, political, and musical movements.

YASMEEMSALICQ20: ASTROPHYSICS

ysa2106@columbia.edu
Faculty Mentor(s): Chris Van Den Broeck, University of Amsterdam
Title: Resonant Modes in Exotic Compact Object Mergers

Abstract: Gravitational waves are caused by accelerating massive objects and have been detected by
LIGO. Quasi-normal modes are perturbations in the field that decay over time, and they can be excited
during the inspiral of exotic compact objects due to internal resonances. Resonantly excited quasi-normal
modes will result in a speeding up of the phasing of the gravitational waveform as energy is absorbed by
the resonance. This feature has been shown in binary neutron star mergers, and this work explores similar
resonant modes in exotic compact objects in the black hole mass range. We show that resonances with
resultant phase shifts or order unity or larger can produce detectable events using a background-
foreground approach for Bayesian model selection.

YASMINEAYMANC (@2 1: NEUROSCIENCE ABBHAVIORPHILOSOPHY
yra2102@columbia.edu
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Faculty Mentor(s): Richard Axel, Columbia University
Title: The Intergenerational Inheritance of Learned Fear Is Regulated by Neuromodulation and Stem Cell
Differentiation

Abstract: The precise mechanism behind epigenetic regulation in the olfactory epithelium is unknown
although morphological changes in response to fear conditioning have been observed. Namely, after a
chosen odor (acetophenone) is presented, an increase in the specific olfactory sensory neurons (OSNs) is
observed in the parental generation (FO) and their offspring (F1) following a 3 day fear conditioning
paradigm in which this odor is paired with a foot shock. It has been also shown that more receptors being
expressed in response to an odor that is predictive of a shock may make the mice more sensitive to said
odor. Here, we provide evidence towards the hypothesis that basal stem cells in the main olfactory
epithelium (MOE) receive instructions in the form of small non coding RNAs (sncRNAs) following an
environmental stimulus, and then differentiate into more receptors that sense that odor. We used an
M71GFP mouse line, where M71 is one of the ~50 receptors to acetophenone. We use BrdU- and PH3
labeling to quantify the number of proliferating M71 cells at a single cell resolution, and we use c-Fos to
identify neural activity in the olfactory epithelia, and brain. The ultimate goal of our research is to show
that an increase in M71 receptors represents newly differentiated cells and that the differentiation of stem
cells in the nose may be informed by neuromodulation from higher order brain regions, such as the ventral
tegmental area (VTA), basolateral amygdala (BLA) and locus coeruleus (LC).

JACKBECKERE (@ 1: OREATIVEVRITING PSYCHOLOGY

inb2145@columbia.edu
Faculty Mentor(s): Joscelyn Shawn Ganjhara Jurich, Columbia University
Title: "Like a White Gay": Examining the Role of Whiteness in White Queer Male Cultural Production

Abstract: This project addresses intersecting issues of race and queerness by critically examining
whiteness'’s role in the production of art and media created by white male artists in the queer community.
Blending together auto-ethnography, overviews of critical whiteness studies (with a particular focus on
the work of Sara Ahmed), and analyses of several works in pop culture (such as HBO's Looking, the Pulitzer
Prize-winning novel Less by Andrew Sean Greer, and memoiristic publications such as Isaac Oliver's
Intimacy Idiot and Joseph Osmundson’s Inside/Out), the project aims to assess how whiteness has
affected modern queer male art, and proposes that a nascent, self-critical understanding of whiteness in
the queer community is beginning to emerge with the intent, albeit with varying results, to dismantle
white supremacy. Additionally, the project includes a large portion of self-inquiry where the researcher—
a white queer male-presenting artist themself—questions what it means to be exploring such a topic from
their particular positionality, all in the hopes of de-naturalizing the place of the white inquisitor and the
role of whiteness in research as a whole. Supplementing the project is a brief inquiry into gay sex parties
in New York City, and how these may act as a form of artistic production that can be mined for various
insights around race, gender, and class within the queer community.

VIGGOBLOMQUISTC(®21: NEUROSCIENCE ABBHAVIOR

vb2446@columbia.edu
Faculty Mentor(s): Henry Colecraft, Columbia
Title: Synthetic tRNA Mediated Correction of a LQTS Nonsense Mutation in hERG.
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Abstract: The human ether-a-go-go related gene (hERG) codes for the pore-forming subunit of the
voltage dependent potassium ion channel in cardiac cells. Potassium channels are voltage gated protein
channels within the plasma membrane that allow potassium to move down the electrochemical gradient.
The channel’s central role is to initiate the repolarization of the cardiac action potential. Premature
termination codons (PTCs) in hERG result in a hereditary and potentially deadly disease called Long QT
Syndrome 2 (LQTS2). The purpose of this investigation was to test if novel codon-edited human tRNAs
would be able to recognize the PTC within the mRNA strand and add an amino acid to the growing
polypeptide chain, preventing premature termination and, thereby, rescuing hERG. We developed a high-
throughput flow cytometry approach to simultaneously assess the capacity of distinct codon-edited
human tRNAs to suppress a W1001X PTC in hERG and the efficiency of channel trafficking to the cell
surface. We found that individual codon-edited tRNAs successfully suppressed the premature W1001X
stop in hERG, albeit with different efficiencies, and that rescued hERG had no trafficking defects. We also
confirmed the suppression of the PTC resulted in a gain of function using the whole-cell parameter of the
patch clamp technique. Successful suppression of premature stops by using such tRNAs could lead to
major medical advances in gene therapy for not only LOTS2, but also for other diseases caused by PTCs.

MATTBOWEREL @0: CHEMISTRYCOMPUTERSCIENCE

mlb2251@columbia.edu
Faculty Mentor(s): Rafael Gomez-Bombarelli, MIT
Title: Predicting Scalar Coupling Constants for NMR through Graph Convolutional Neural Networks

Abstract: Nuclear Magnetic Resonance (NMR) is an extremely widely used method for analyzing the
structure and properties of molecules. The goal of this project was to use machine learning to predict the
scalar coupling constant between pairs of atoms in various small molecules, which in turn is useful for
understanding the NMR spectra of the molecules. Machine learning is a generic method for solving a
huge variety of problems, but only recently has it been applied to chemistry due to the challenge of using
a molecular graph as input to a neural network. The bulk of this project was an exploration of different
variants of deep neural network architectures that can be used for this problem, with a focus on the
relatively new field of graph convolutional neural networks (GCNNSs). This work was done in the Gomez-
Bombarelli lab in the DMSE department of MIT, and was submitted to the Kaggle competition “Predicting
Molecular Properties”.

LIAM BRODERICK(®21: ANTHROPOLOGYAZZSTUDIES

Ib3123@columbia.edu

Faculty Mentor(s): Chris Washburne, Columbia University

Title: Jazz in the Modern Global Landscape: A Comparative Ethnographic Study of the Jazz Scenes of
Barcelona and Amsterdam

Abstract: Distinctly American in origin, jazz embodies ideals of democracy and freedom with its dual
emphasis on collective improvisation and individual expression. The increased global connectivity of the
early to mid-20th century, however, introduced jazz into innumerable diverse cultures around the world.
This research examines and compares the vibrant jazz scenes of Amsterdam and Barcelona, and, as a
result, comments on the processes by which artistic phenomena are exchanged, transformed, and imbued
with culturally specific meaning. In order to examine the cultural specificities of the jazz in Amsterdam
and Barcelona, the project tackles the following five questions: i) what is the significance of jazz in each
musical culture (and how does this differ from the significance of jazz in American culture)?, ii) what are
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the similarities and differences in the jazz education of each city?, iii) what is inherently Spanish or Dutch
about the jazz being played in the cities of observation?, iv) what is the standard musical repertoire in
each scene?, and v) how does the history and lineage of jazz music differ in these two cities?

Through interviews with the leading jazz musicians and educators in Amsterdam and Barcelona,
participation in jam sessions at local venues, and participant observation, this project reaches conclusions
that engage the critical dialogue surrounding the definition of and globalization of jazz. In addition to the
aforementioned research, this project has an artistic component which is intended to serve as a creative
entry point into the reflective personal observations made throughout the period of research. The
researcher, Liam Broderick, has composed four new tunes--“Viento del Mar”, “Lights of Leiden”, “Pipa
Subterranea”, and “Together Alone”-- to reflect on the aforementioned work.

ALANBURNETWALVERDE (0: BENGLISH

ab4373@columbia.edu
Faculty Mentor(s): Florent Jakob, Columbia University
Title: tructuralism and Collective Consciousness: Representations of Philosophy in France (1966-1980)

Abstract: Within the study of intellectual history, it is often the case that analyses of philosophical
developments are limited to their effect within academic discourse. This is to be expected, as many of
the major debates and developments within contemporary Western philosophy have primarily reached
their audiences through journals and other scholarly publications. The intellectual generation that is
discussed in this paper—often grouped together under the label ‘(post)structuralists’ or ‘French
theorists'—was met with a similar marginalization since the days of their early publications. It was also a
generation of thinkers, however, whose work became most prominent in France during the 60s and 70s,
a time when the distribution and consumption of mass media was undergoing expansion and radical
transformation. Alan Burnett Valverde's project traces the history of these philosophies within the scope
of a broader dissemination, one that takes into account, for example, the growing prominence of
television and radio appearances by philosophical thinkers. It is a study of the multiple ways in which
thought assumes the form of a cultural commodity and influences its consumers. It is also a study of the
mutations that occur when complex ideas are adopted by a broad audience.

KELLYBUTLERC®20: BIOLOGYECONOMICS

keb2205@columbia.edu
Faculty Mentor(s): Ludmila Prokunina-Olsson, National Institutes of Health (NIH) National Cancer Institute
Title: Evaluating Viral Etiology of Bladder Cancer Through Analysis of FGFR3 Mutations

Abstract: A striking 65% of non-muscle-invasive bladder cancers (NIBCs) harbor an activating somatic
mutation in the FGFR3 gene, which encodes fibroblast growth factor receptor 3. The transformative
S249C (TCC Y TGC) point mutation is the most common FGFR3 mutation in NMIBC and represents 62%
of such mutations. S249C is the only recurrent FGFR3 mutation with an APOBEC-type motif and is
significantly more common in tumors with high expression of APOBEC3 cytosine deaminases. While
APOBECS3s are likely drivers of S249C mutation, the cause of aberrant APOBEC activity in NMIBC remains
unclear. To test a hypothesis that host immune responses to virus infection induce APOBEC3 expression
and thus cause the S249C mutation, primary bladder cells were infected with Sendai virus, and APOBEC3
expression was quantified using TagMan assays. Statistically significant induction of APOBEC3A, 3B, and
3G was detected in both HBLAK and BJEC cells, bolstering the biological plausibility that viral infection
causes the transformative S249C APOBEC signature mutation in healthy bladder tissue. Moreover,
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custom TagMan genotyping assays are being used to detect S249C and two control mutations in Sendai-
infected cells. Observing an enrichment of S249C compared to non-APOBEC-type FGFR3 mutations in
infected cells would implicate virus infection as a cause of NMIBC’s most common FGFR3 mutation.

TYLERCAMPBELIC(22: AFRICANAMERICANSTUDIESCREATIVERVRITING
tic2107@columbia.edu

Faculty Mentor(s): Josef Sorett, Columbia University

Title: Physical Discipline in Black American Families

Abstract: Physical Discipline or "Corporal Punishment" as it is commonly referred to, has been a widely
used method of reprimanding children for bad behaviors for centuries now. Over the last few decades
there has been widespread social push to end this once common method of parenting. Today in 2019,
there exists a multitude of research studies on the affects physical discipline has on child development
and its lack effectiveness in discipling children. Despite this new wealth of knowledge physical discipline
still remains prevalent across many different communities in the United States.

Campbell's research asks the question "Why does physical discipline persist at such a high rate in the
black community in America?" He focuses on how physical discipline is represented in media and popular
culture as means to understand how specifically in the black familial structure physical discipline functions
and the role it has on child development.

HEATHERISUNCHANGC (2 1: NEUROSCIENCE ABBHAVIOR

hhc2130@columbia.edu
Faculty Mentor(s): Thomas Clandinin, Stanford University
Title: The Role of Recurrent Computation in Drosophila Visual Motion Detection

Abstract: Despite successful recent applications of recurrent neural networks in machine learning, the
computational role of recurrent connectivity and how biological neural systems employ recurrence for
computation, is poorly understood. With the connectome of the Drosophila melanogaster visual system
highlighting an abundance of recurrent connectivity, we investigate how this recurrence affects visual
responses in the Tm3 neurons, two synapses downstream of photoreceptors and directly upstream of T4
neurons, the elementary motion detectors of the fly visual system. This project tests the hypothesis that
recurrence has a functional role in shaping the spatiotemporal responses of Tm3 neurons and in
maintaining its spatial and temporal dynamics in the motion processing circuit. We inactivated the
recurrent output of Tm3 neurons with tetanus toxin while imaging its calcium responses to impulse and
noise visual stimuli with a two-photon microscope. We found that the feedback connection from Tm3 to
L1 contributes to buffered responses to light of Tm3, ON selectivity of Tm3, and sharper spatial receptive
fields. The role of recurrent connectivity discovered through this project will inform not only those
investigating visual motion detection but also other neurobiologists seeking general computational role
of recurrence and the field of machine learning.

CAROLINEHENC (2 2: UNDECIDED

cc4043@columbia.edu

Faculty Mentor(s): Professor Kam Leong, Columbia University

Title: Targeted liposomal delivery of CRISPR/Cas9 against IL1RAP attenuates acute myeloid leukemia
stem cell growth
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Abstract: Acute myeloid leukemia is the leading cause of leukemic deaths in the United States and is
characterized by poor prognosis and a high relapse rate. In recent years, leukemic stem cells (LSCs) have
been found to be responsible for AML initiation and relapse, due to their innate chemoresistance and
self-renewal capacity. The targeting of the interleukin-1 receptor accessory protein (IL1RAP) in LSCs has
shown great therapeutic potential in AML treatment, yet previous methods to target IL1RAP have multiple
drawbacks when translated into clinical usage. Herein, liposome-encapsulated Cas9/sgRNA
ribonucleoproteins (lipo-RNPs) were utilized to target the IL1RAP gene in LSCs for AML treatment. To
further enhance lipo-RNP efficacy, lipo-RNPs were loaded onto mesenchymal stem cell membrane
(MSCM)-coated nanofibril (NF) scaffolds that mimic the bone marrow niche in which LSCs reside.
CRISPRMAX knockout of the ILIRAP gene reduced IL1RAP protein expression, which led to decreased
LSC colony-forming ability, confirming the fidelity of targeting IL1RAP in AML treatment. Further, addition
of CXCL12h cytokine enhanced chemoattraction of LSCs to the lipo-RNP MSCM-NF scaffold. Lastly, both
free and scaffolded lipo-RNPs induced efficient gene editing of IL1RAP in LSCs, with MSCM-NF
scaffolded lipo-RNPs yielding comparable gene cleavage to free lipo-RNP groups. Clearly, IL1RAP gene
editing using scaffolded lipo-RNP delivery of Cas9/sgRNA efficiently inhibits LSC ability, demonstrating
the potential of a biocompatible liposome-based system to deliver CRISPR/Cas? for more efficacious AML
therapy.

ErTHANGCHEN CQ21: BIOCHEMISTRYSTATISTICS

eec2173@columbia.edu
Faculty Mentor(s): Samuel Sternberg, Columbia University
Title: Mechanistic factors of RNA-guided DNA integration in bacteria

Abstract: Transposons are mobile genetic elements that can move from one genomic location to another.
Transposons are important because they have been found in virtually every genome that has been
sequenced and their movement causes ongoing genomic rearrangement in prokaryotes. Tn7 is a
transposon found in the genome of native E. coli. Recently, type-I-F CRISPR-Cas systems have been found
inside Tn7-like transposons. Based on these findings, our lab recently discovered a new programmable,
RNA-guided transposase. The system, called INTEGRATE, leverages the CRISPR-Cas effector complex
Cascade to direct accompanying transposases to integrate a DNA cargo downstream of a genomic target
site complementary to a guide RNA, and allows for higher efficiency genomic engineering applications
without the need for double strand breaks. However, many of the parameters that govern its action and
the limitations of this tool are unknown. Hence, my project seeks to elucidate the mechanistic factors
behind observed off-target long-range DNA integration. We showed that RNA-guided DNA integration
into a particular T7 RNAP site was possible for solid media cultures of bacteria. We then designed an
array of CRISPR spacers at varying distances from the T7 RNAP site and prepared samples of solid and
liquid cultures for next-generation sequencing, which will tell us more about the mechanism and
parameters that govern this long-range integration.

YIBINGCHENSEAS2: COMPUTERSCIENCE

yc3578@columbia.edu
Faculty Mentor(s): Shih-Fu Chang and Svebor Karaman, Columbia University
Title: NYCHA Twitter Analysis

Abstract: Yibing Chen worked on collecting and analyzing tweets related to New York City Housing
Authority (NYCHA). This project is in place to help the team better understand what challenges NYCHA
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residents encounter and empower residents' individual voices. The analysis primarily focuses on applying
topic modeling on the text of the tweets, using the Latent Dirichlet Model, a probabilistic natural
language processing model, to categorize tweets to reflect major topics.

In interpreting the data, noise words such as "NYCHA", "New York", "NYC" etc. are excluded to improve
the relevance of the results. Moreover, each word of the tweets is tagged as different parts of speech,
and the model excludes prepositions, articles, and conjunctions to increase the interpretability of the
topics. Lastly, this project is in collaboration with Professor Desmond Patton's team at the School of
Social Work.

JOSHUACHOEC(20: BIOLOGY

joshua.choe@columbia.edu

Faculty Mentor(s): Carol Prives, Columbia University

Title: Hyperstability of a LFS-derived Dimer-forming p53 Mutant Elicits a Distinct Metabolic Phenotype
and Altered Chemotherapeutic Sensitivity

Abstract: The tetramerization domain (TD) of tumor suppressor p53 facilitates its oligomerization, which
is essential for efficient DNA binding, protein-protein interactions, and transactivation of downstream
targets. Li-Fraumeni Syndrome (LFS) patients suffer from frequent occurrence of certain cancers at early
ages. A subset of LFS mutations is found in the TD and may prevent p53 tetramer formation. Dimer-
forming mutations in particular remain poorly characterized, especially in the context of metabolic
alteration and chemotherapeutic sensitivity. Here, we utilized CRISPR/Cas? to generate U20S clones
endogenously expressing either wild-type (WT) p53, null p53, or a LFS dimer forming mutation (A347D)
that were either heterozygous (WT/A347D) or homozygous (A347D/A347D). Strikingly, A347D mutant
p53 cells exhibit a distinct glycolytic phenotype marked by enhanced glucose influx and antioxidant
generation. Despite elevated antioxidant pools, A347D mutant cells display hyperstability due to
impaired transcriptional activity, increased basal ROS and morphologically aberrant mitochondria,
thereby inducing selective vulnerability to DDR inducers. Therefore, dimer-forming mutant p53 may exert
a GOF activity to induce mitochondrial stress, eliciting an upregulation of glycolysis as a survival adaption.
These results implicate metabolic reprogramming in overcoming mutant p53-imposed stress during
carcinogenesis and suggest a targetable vulnerability in p53 TD-mutant cancers.

STEPHANIEHOIC(20: EAST ASIANLANGUAGES ANBULTURESPOLITICASCIENCE

sc4129@columbia.edu

Faculty Mentor(s): Jungwon Kim, Columbia Unviersity

Title: Intertwining the "Traditional" and the "Foreign": The Evolution of Divorce Rights in Modern South
Korea

Abstract: In what ways do foreign states influence the structure and values instilled within the legal
institutions of another state? In exploring this question, this research conducts a case study on the
evolution of the legal system in South Korea, specifically as it pertains to the rights of women. South
Korea had been under continuous foreign occupation throughout its period of "modernization" in the
20th century -- first under Japanese colonial rule (1910-1945), and immediately followed by the United
States Army Military Government in Korea (USAMGIK) in the post-WWII era (1945-1948). As such, this
study examines the ways in which South Korea's traditional systems and values, Japanese colonial policies,
and USAMGIK policies have intertwined with one another to create South Korea's modern constitution
and legal codes. More specifically, this study focuses on the evolution of divorce laws as a proxy for
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assessing the development of women's rights, as a woman’s place within marriage was considered to be
the cornerstone of an ordered society within traditional Neo-Confucian thought, and thereby was the
principal indicator of a woman'’s place within the traditional Korean society. This study has collected and
analyzed divorce-related decisions issued by the highest court in South Korea -- the Choson High Court
(1910-1945) and the Supreme Court (1945-present) -- to assess how the application of divorce laws in
South Korean courts have evolved over time. Through in-depth analyses of the rationales provided in
these decisions, this study shows how such decisions display an increasing resemblance to the U.S. courts’
characteristic emphasis on constitutional rights, with the traditional emphasis on a woman's role within a
family increasingly giving way for the protection of her individual right as an independent human being.

BRENDONHOYC (2 2: BIOCHEMISTRY

bc2826@columbia.edu
Faculty Mentor(s): Filippo Mancia, Columbia University Medical Center
Title: 2B or not 2B: Structural Determination of the Spingosine-1-phosphate exporter MFSD2B

Abstract: Sphingosine-1-phosphate (S1P) is a sphingolipid metabolite with a wide range of biological
roles, including the regulation of cell growth, apoptosis, vasculature integrity, and immune cell trafficking.
In 2017, Major Facilitator Superfamily transporter 2B (MFSD2B) was found to be the major exporter of
S1P from red blood cells and platelets into bloodstream plasma. Despite this recent discovery, further
investigation is required to understand the biochemical intricacies and structural mechanisms that
MFSD2B employs to export vitally important S1P. The ultimate goal of this research is to obtain a high-
resolution structure of MFSD2B through the use of single particle cryo-electron microscopy. All research
involving such structural determination begins with overexpression of the target protein. In this study,
baculovirus expression systems were used for overexpression of the MFSD2B protein. Various constructs
of MFSD2B were cloned and transformed into recombinant bacmid DNA with sequences optimized for
transduction of either Spodoptera frugiperda (SF9) insect cells, or human embryonic kidney (HEK) 293S
GnTi- cells. Preliminary small-scale expression tests compared the expression of MFSD2B from Bos Taurus
(BT) to Homo Sapien (HS). The expression conditions with the most promising gel filtration profiles were
scaled up for reconstitution of the target protein into nanodiscs, a phospholipid bilayer that provides a
native-like environment for the MFSD2B, ideal for structural determination. The initial conditions reported
here underpin the overexpression of MFSD2B and are essential preliminary findings required for its
structural characterization. This structure will ultimately provide a better understanding of the mechanism
by which MFSD2B exports S1P into the bloodstream.

HAENACHUC®20: ARTHISTORYOULTURAIANTHROPOLOGY

hc2840@columbia.edu
Faculty Mentor(s): Jonathan Reynolds, Barnard College
Title: Lee Bul's Recent Works: How To Survive History in Modern Korea

Abstract: Lee Bul made her debut in the late 1980s as one of the first post-ideological generation of
Korean artists. She earned international recognition for challenging the position prescribed to female
bodies in public spaces through monstrous, excessive, and amorphic forms in suspended sculptures
Monster and Cyborg series and performance Do You Think | Am a Puppy?. Recently, Lee has transitioned
to themes of ideology and history, exploring the fallibility of utopias in her installation series Mon Gran
Récit (2005-), architectural models that collage various utopian visions from the past. She often
incorporates symbolic references to traumatic events in Korean history such as the Sewol Ferry Incident
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in Scale of Tongue (2017-18) and the murder of student protestor Park Chong-Chul under President Park’s
dictatorship during the 70's in Heaven and Earth (2007).

How does one visualize the unspeakable of trauma? And what role does cultural difference play in
structuring this process? This research will highlight Lee Bul's move away from singular bodies towards
architectural installations where memory is produced and activated as a strategy to endure, rather than
resolve, the gap between individual and historical trauma. Shifting focus to an irreducible sense of lack as
the drive behind producing art, both implicit in the psychoanalytical structure of trauma and reinforced
by the postcolonial experience of marginality, will answer insufficiencies of characterizing East Asian artists
as representation of their immediate cultural backgrounds. Specifically, much of the preexisting literature
summarize Lee Bul's recent works as statements of a “stunningly pessimistic belief in progress”(Wayward
Tangents: Lee Bul”, Artasiapacific, Nov/Dec 2007). To close the reading here, however, only explores this
fallibility in the Abstract and retrospective, precluding viewers from two important elements that | hope
to highlight: first, the particular form through which it is experienced real-time in the presence of Lee's
work, including compulsive repetition, heavy references to Western philosophy and literature, and silence;
and second, the ongoing process where Lee actively negotiates hr identity against double demands to
stabilizing her position within either perceived “Korean-ness” or the universalizing gestures of
cyberfeminism.

DONIANCHYONAC (2 1: BIOCHEMISTRY

dic2108@columbia.edu
Faculty Mentor(s): Sang Geon Kim, Seoul National University
Title: Gh 12 regulatesNrf2-IncRNA andmiRNA-122 expression

Abstract: G protein signaling is an important mechanism by which cells interact with their environment.
After a ligand attaches to the receptor, a protein cascade activates some response in the cell, often fine
tuning the regulation of the cell’s activity. One such activity is regulating the cell’s metabolism. When cells
are in a low energy environment, they signal to break down their stored lipids and other large compounds
to create energy and building blocks for other necessary biomolecules. Gal12 signaling has been
implicated as critical to this process. Ga12 knock-out mice accumulated fat even during fasting, and their
liver cells exhibited nonfunctioning lipid metabolism. A novel long noncoding RNA, named Nrf2-IncRNA,
as well as a well studied micro-RNA called miR-122 has also been implicated in this regulatory mechanism
in mitochondria. CGS-21680, an adenosine G protein receptor agonist, has been shown to upregulate
different proteins, USP22 and SIRT1, also involved in regulating mitochondrial respiration. Treatment with
the agonist showed upregulation of miR-122 and Nrf2-IncRNA, thus supporting a connection between G
protein signaling and metabolism regulation.

MAKENABINKERCOSENC(21: HISTORY

mjb2290@columbia.edu
Faculty Mentor(s): Dana March, Columbia University
Title: Resisting Resistance: Policy Challenges and Triumphs in the Regulation of Antibiotics in Farming

Abstract: Despite concerns regarding antibiotic resistance, by the mid-twentieth century American food
producers had become reliant on the use of antibiotic growth promoters (AGP) in farming. Given that
AGP usage substantially cheapened food production costs and consumer prices, many farmers were
pressured into using them in order to remain competitive in the United States. However, as antibiotic
resistance threatens to make treatments for infectious diseases ineffective, there have been continuous

17



2019 Columbia University Undergraduate Research Symposium

attempts to restrict and substitute AGPs ever since their tentative commercial approval and release. By
analyzing two case studies of policy efforts in the United States and the United Kingdom, this paper aims
to understand (i) the context that has allowed and encouraged the development and introduction of AGPs
in each country and (ii) what challenges persist for American policymakers striving to regulate antibiotic
use in farming. Research suggests that such regulations require stronger economic backing in order to
attain their approval and implementation. Perhaps it is up to the consumer to use their dollar as their
“vote” to support food suppliers that offer products free from harmful chemicals such as AGPs. Moving
forward, it would be critical to understand how to effectively educate consumers about food options
available to them and how they relate to their health and wellbeing.

AOMENGQUI CCE20: BIOCHEMISTRYSERMANLUTERATURE

ac4118@columbia.edu
Faculty Mentor(s): Karl Gegenfurtner, Justus-Liebig-Universitat Giel3en
Title: The effect of prediction and value on anticipatory eye movements

Abstract: Inherent processing delays during the initiation of foveation cause the eyes to lag behind a
moving target. To overcome this delay, anticipatory smooth pursuit eye movements can occur for
predictable target movements. The strength of this bottom-up prediction is biased by the probability of
target appearance in a certain location. In addition, eye movements can also be affected by top-down
factors, like a reward associated with a specific movement. We investigated the interaction between
prediction and value through a series of visual paradigms. After an initial step, a target moved
continuously into one of two directions. Importantly the target was blanked for 400 ms after the step,
allowing us to measure the anticipatory response without any retinal information. In the first experiment,
we manipulated prediction, as the motion-direction expectancy reflected the likelihood the target would
follow one of two paths. To assess the role of reward, participants were given immediate visual feedback
and points which were later converted to monetary reward. In associative reward trials, reward was
independent of eye direction; in gaze-contingent reward trials, participants were rewarded depending
on their eye direction during the occluded period. Our results suggested that prediction could strongly
bias eye direction. Additionally, subjects learned the association of direction with value over many trials,
despite a lack of direct reward. When we manipulated prediction and reward in the same trials,
congruency between prediction and value further strengthened the eye-direction bias. Interestingly, in
the incongruent case, value dominated over the initial bias induced by prediction alone.

TiANYIDAI SEAR0: B ECTRICANGINEERING

td2593@columbia.edu
Faculty Mentor(s): Gil Zussman, Columbia University
Title: 28 GHz Channel Measurements in the COSMOS Testbed Deployment Area

Abstract: Next generation wireless and mobile networks will utilize the widely available spectrum at
millimeter- wave (mmWave) frequencies to achieve significantly increased data rates. However, since
mmWave radio signals experience high path loss, the operation of mmWave networks will require
accurate channel models designed for specific deployment sites. In this poster, extensive 28 GHz channel
measurements are reported in the deployment area of the city-scale PAWR COSMOS testbed in West
Harlem in New York City. These include over 24 million power measurements collected from over 1,500
links on 13 sidewalks at three different sites and in different settings during March—June, 2019. The three
different sites include a fourth-floor balcony at a four-way intersection, a bridge overcrossing a two-way
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avenue, and a fourth-floor balcony facing an open-space park within a deep valley. These three sites
emulate different deployment scenarios of mmWave base stations in a dense urban environment.

From the measurement results, the 28 GHz channel path gain values and their fitted lines are obtained.
Also, the effective azimuth beamforming gain is acquired, which represents the amount of environmental
scattering experienced by the wireless signal. The results show that the measured path gains fall within
the 3GPP channel model for urban canyon environments, but their values vary significantly between
different measurement sites.

Alongside different measurement sites, three other potential impacts of the measurement environments
and setup are also studied: (i) the season in which the measurements are conducted, (i) the height of the
measurement equipment, and (i) swapped transmitter and receiver locations. Based on the results, the
effects on the mmWave channel can be evaluated. It is found that for link distances up to 250m, these
other impacts have minimal effects on the mmWave channel.

In addition, the link signal-to-noise ratio (SNR) values that can be supported on each measured sidewalk
and the corresponding theoretically achievable data rates, are analyzed. It is shown that with typical 28
GHz transmitter and receiver power levels and gains, 15 dB link SNR can be achieved up to around 200m
link distance, even on streets without line-of-sight between the transmitter and the receiver.

In conclusion, the measurement results of this study can inform the deployment of the IBM 28 GHz phased
array antenna modules in the COSMOS testbed, and can provide a benchmark for other deployment
efforts in dense urban areas. Moreover, the results demonstrate the viability of mmWave networks and
can open the door to further research at the higher layers of the network.

More details about the measurement equipment, data and results from our work, done in collaboration
with researchers at Nokia Bell Labs, Universidad Técnica Federico Santa Maria, and Columbia University,
can be found in the workshop paper “28GHz channel measurements in the COSMOS testbed deployment
area,” by T. Chen, M. Kohli, T. Dai, A. D. Estigarribia, D. Chizhik, J. Du, R. Feick, R. Valenzuela, and G.
Zussman, to appear in Proc. ACM MobiCom’19 Workshop on Millimeter-Wave Networks and Sensing
Systems (mmNets), Oct. 2019. The paper is available in: http://wimnet.ee.columbia.edu/wp-
content/uploads/2019/08/mmNets2019_COSMOS_28GHz.pdf

MARIYADELYAKOVE @2 1: MATHEMATIGSCOMPUTERSCIENCE

mgd2140@columbia.edu
Faculty Mentor(s): Gail Kaiser, Columbia University
Title: Discovering Metamorphic Properties in Three Routines

Abstract: Software testing is a crucial part of software development which ensures that a certain product
has correct functionality, good quality and has no security vulnerabilities. Programs without a “true” test
oracle are applications for which we cannot determine beforehand what the correct output result should
be for any given input and respectively, traditional test cases cannot be utilized to find potential bugs in
such programs. Metamorphic testing is an advanced technique that is used to test such applications that
are sometimes called “non-testable” and metamorphic properties lie at the heart of the technique.

A metamorphic property defines a transformation t which can be applied to the input x of a program f,
so that we can predict the output of f(t(x)) if we are given the output of f(x). For example, consider a
program that computes the sine function - f(x) = sin(x) — and the transformation function t(x) = i - x. Then,
if we know the output f(x) = sin(x), we can predict the output f(t(x)) = (1 - x) = sin(m - x) = sin(x) = f(x)
without actually running the program for the transformed input. By comparing the expected output and
the actually derived output, we can potentially discover bugs in the implementation of programs.

In this project, three routines — Knapsack, TriTyp, and a sorting routine — are tested to discover the
metamorphic properties they have. For the purpose, 10 transformation programs — multiplicative,
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additive, shuffling and others — were developed to transform the original input the routines take. Once
the original input is transformed, there are 8 checkers (identity checker, multiplication checker, and
others) that compare the original output of a routine with the newly derived output to discover
metamorphic relations in the given programs. Overall, 16 metamorphic properties were found in the
project.

LALIDEVADAL C20: MATHEMATIGEOMPUTERSCIENCE

lalita.devadas@columbia.edu
Faculty Mentor(s): Mike Rosulek, Oregon State University
Title: Secure Montgomery multiplication for modular exponentiation using garbled circuits

Abstract: Current state-of-the-art arithmetic circuit garbling allows for ciphertext-free modular addition
and the multiplication of private inputs modulo a prime p with only 2(p — 1) ciphertexts. Using these
advantages, they constructed a circuit to handle the squaring and multiplication of inputs modulo a large
N in a residue number system. They then expanded on the existing techniques for arithmetic modulo p
to develop methods to handle arithmetic in a positional, base-p number system. Finally, they evaluated
the ciphertext cost of both of these methods to compare their performance for squaring in various large
moduli.

BviLYDIASC@2: BIOLOGY

esd2135@columbia.edu
Faculty Mentor(s): Samuel Sternberg, Columbia University
Title: Assessing the impact of target immunity on site specific transposition in the INTEGRATE system

Abstract: Gene editing has revolutionized how scientists interact with nature, specifically improving the
research and treatment of cancer, optimization of crops, and elimination of traits from entire species. A
novel gene editing tool, INTEGRATE, combines machinery from CRISPR-Cas systems and transposable
elements to site-specifically insert donor DNA into the genome. Mechanistic inferences about this system
can be made based on its homology to the well-studied Tn7 transposon. Tn7 characteristically shows
“target immunity,” an occurrence where the presence of one copy of the transposon inhibits additional
integration events in the surrounding region, rendering that target site “immune”. Using molecular
cloning, protein expression, and transposition assays, targeting genomic and plasmid loci alike, we sought
to discern whether INTEGRATE similarly displays target immunity, if so, evaluate the strength of that
immunity. Understanding the degree of target immunity present in INTEGRATE is crucial to knowing the
natural limitations of the tool, and informs future studies.

VANESSDIPPONC(21: CHEMISRY

vnd2105@columbia.edu

Faculty Mentor(s): Tomislav Rovis, Columbia University

Title: Directed Evolution of an Artificial Metalloenzyme to Accelerate Rh(lll) Catalysis

Abstract: Directed evolution, pioneered by Frances Arnold, is a method that can be used to engineer a
native protein to achieve “new-to-nature” reactivity. In directed evolution, the gene coding for the
protein of interest is mutated using random mutagenesis or site saturation mutagenesis to generate a
library of random mutants. Reactive mutants are found through a process of either selection or screening;
once an active mutant is found, iterative cycles can be performed until the desired reactivity is achieved.
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In an artificial metalloenzymes (ArMs), any transition-metal catalyst can be embedded into a protein
scaffold; this bestows ArMs with the ultimate variability and versatility. One of the most reliable methods
of generating an ArM is by taking advantage of biotin’s extremely high affinity for streptavidin (KD = 10-
14 M). Previously, | have been involved in the development of an in-vitro monomeric-streptavidin Rh(lll)
ArM to permit the asymmetric synthesis of h,j -unsaturated-1 -lactams via a tandem C-H activation and
[4+2] annulation reaction. However, this semester we aim to dramatically improve the reactivity of this
transformation via directed evolution, wish to catalyze a reaction of high synthetic utility with no known
equivalent in nature or in the flask, and improve biocompatibility and scalability by enabling in vivo
catalysis.

ANASTASIOMITRIENKAC 2 1: COMPUTERCIENCE

ad3473@columbia.edu
Faculty Mentor(s): John Cunningham, Columbia University
Title: Investigating the structure of Abstraction in neural networks with population-level hypothesis testing

Abstract: Research in statistical neuroscience focuses on finding structure in large-scale neural recordings.
Theoretical models of brain computation are designed to reflect this neural population structure. A
methodological bottleneck is generating of surrogate neural data for population-level hypothesis testing.
Methods from Elsayed et al. were used to investigate if primary features give rise to geometrical
Abstraction (the brain’s representation of Abstract variables to enable conceptual generalization) in neural
networks classifying both magnitude and parity of MNIST digits. Such methods include the tensor
maximum entropy (TME), which samples surrogate datasets from a probability distribution that maximizes
Shannon entropy with the average primary features of the data. Testing across primary features of the
neural readout using surrogate sampling methods suggests that the surrogate datasets do not have the
same higher-order structure as the neural network responses. As a result, further research in the project
can investigate which non-linear metrics, such as pairwise distances, give rise to Abstracted neural
representations.

HAREEMZAIN SEA0, WITOLDDZIEKANSEAS0O: MECHANICAENGINEERING

h.zain@columbia.edu; wd2305@columbia.edu
Faculty Mentor(s): Adrian Brugger, Columbia University
Title: Automating a 3-Axis Mill with a Variable Frequency Drive System

Abstract: Carleton Laboratory is a Civil Engineering Lab used by staff, students, and professors for
undergraduate labs, graduate research, and commercial projects and testing. Subtractive Manufacturing
is the process of constructing 3D objects by removing material. The 1964 Bridgeport 3-axis Mill is a Belt-
Driven Mill that requires the user to manually switch belt drives to change RPM. A VFD System can be
introduced to automate the spindle RPM. Modern Occupational Safety and Health Administration (OSHA)
compliant safety features were added to the design. A belt-driven system is both inefficient as a
machining tool as well as dangerous and tedious for the operator to change in the middle of a machining
project. An automated spindle increases the user’s efficiency, allows more users to operate the machine
due to easier training, and is much safer than reaching into the belt drive housing to switch gear ratios.

ABIGAILEDWARDEGS21: HUMANRIGHTS

ate2117@columbia.edu
Faculty Mentor(s): Napakadol Kittisenee, Center for Khmer Studies
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Title: Interactions Between Memorialization and Reconciliation: a Case-Study of Choeung Ek

Abstract: This research seeks to situate memorialization efforts in ongoing processes of reconciliation in
post-conflict Cambodia. Using the case-study of Choeung Ek, this work builds off of and updates existing
literature on politicized memorialization in Cambodia. Based on this framework and field research, this
research argues that processes of memorialization in the People’s Republic of Kampuchea (PRK) created
two distinct operating levels of actors: (1) the institutional level of the government and memorial curators
and (2) the personal level of the everyday Cambodian and their lived experience. These operating levels
are separated according to four main thematic cleavages surrounding the objectives of memorialization:
(1) a "will to remember” vs. “a duty not to forget” (Renan, 1882), (2) site privileging, (3) the question of
site transformation and dealing with remains, (4) and misaligned notions of reconciliation. The effects of
these cleavages on reconciliation and the role of memorials in society are trifold: memorials such as
Choeung Ek today are places of a limited truth, constructed memory, and struggle to fulfill their roles as
educational conduits. A third operating level can be added to complexify this relationship: the
international actor. Next, this paper outlines and evaluates recent changes that have been made the
Choeung Ek site/memorial since JC Royal bought rights of operation and development in 2005. Finally,
the paper concludes with prescriptive suggestions as to how the memorial site of Choeung Ek might be
improved.

JAKEFRSHERC (2 2: ECONMICS- POLITICASCIENCE

jcf2187@columbia.edu
Faculty Mentor(s): Rebecca Kobrin, Columbia University
Title: Capturing America's Hearts and Minds: Andrew Carnegie’s International Mind Alcoves

Abstract: After the utter destruction of the First World War, philanthropists across the world began to
pour resources toward preventing such global chaos from recurring. The Carnegie Endowment for
International Peace, coined America’s first think tank, made global cooperation and wide-scale
internationalism its main priority. One of its flagship programs, the International Mind Alcoves, which
consisted of a syllabus of about 100 books focused on cultures from around the world and important
works in international affairs were donated to public libraries across the rural United States and around
the globe. The Alcoves came at no cost to libraries and, in some cases, became a library’s most prized
collection. During the interwar era, the Alcoves reached a large portion of rural readers and worked to
change attitudes in favor of global friendship and understanding over conflict. Nonprofits have always
played a prominent role in shaping American life. But historians disagree as to what the impact of such
philanthropy really is on the structure of our government and society. While some claim that nonprofits
have and can continue to make necessary and positive change, others argue that the charitable
contributions of these organizations have ultimately only masked and normalized growing inequity. The
International Mind Alcoves demonstrate that nonprofits have the capability to make change, but in many
cases, they are unable to create sweeping structural reforms that can fundamentally challenge the
inequality that exists in the status quo.

JPRIYAMAKAMC Q) H MICHOLASANEKD {28 DEANFOSKETG S24: NEUROSCIENCE

sm4597@columbia.edu, neg2132@columbia.edu, dmf2189@columbia.edu

Faculty Mentor(s): Lisa Rosen-Metsch and Rachel Shelton, Columbia University

Title: Student Perspectives: Investigating the Dissemination and Implementation of Opioid Education and
Naloxone Training at Columbia University
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Abstract: College campuses are an important, yet understudied context for opioid education and
Naloxone training. This pilot study investigates the acceptability, feasibility, and initial adoption and
implementation of an evidence-based opioid education and Naloxone training program at Columbia
University. After an environmental scan among research and community experts, focus groups were
conducted among staff, leadership, and priority student groups, with the goal of identifying barriers and
facilitators to the implementation of opioid education and Naloxone training. Based on the information
obtained from the groups, a comprehensive curriculum was piloted for students and staff.

Cited barriers to adoption and implementation included opioid-related stigma, low self-efficacy once
trained, and decentralized campus communication, while facilitators included low cost and ease of
training. Currently, over 200 students and staff have been trained, with close to 95% choosing to take a
kit at the end of the session. Groups trained so far include, but are not limited to, orientation leaders,
resident advisors, and BWOG. Trainings are scheduled to occur with SVR volunteers, GS Students, and
Alpha Chi Omega. Campus clubs have also displayed an interest in participating, including American
Medical Students Association, and Peer Health Exchange. Findings suggest there is strong interest and
demand for opioid education and naloxone training at Columbia, and this pilot study has broader
implications for applications to other universities. With over 100 people dying every day from an opioid
overdose--and increasing numbers of non-opioid users fatally overdose from drugs secretly laced with
fentanyl--the need for thorough substance abuse education and naloxone dissemination in schools and
universities is dire and necessary.

LILYFRIEDLANIKEC (2 2: SUSTAINABLBEVELOPMENTPUBLICHEALTH

Ihf2116@columbia.edu
Faculty Mentor(s): Ursula Staudinger, Columbia University
Title: Age Plasticity Research as a Possible Solution for China's Demographic Crisis

Abstract: Lily Friedland is a sophomore and Laidlaw scholar in Columbia College. This past summer, Lily
began her research into the environmental and cultural factors affecting how well elders age in rural and
urban communities in China. Lily studied under Professor Ursula Staudinger of the Mailman School of
Public Health, a specialist in aging research. Next summer, Lily is planning on traveling to China to conduct
elder time use surveys and interviews in rural and urban settings in order to observe how well elder
communities currently function as a part of their larger community. Lily’s longterm goal is to use her
gained knowledge of age plasticity (how well an individual ages) and her observations in China next
summer to create culturally sensitive suggestions for China’s current demographic crisis as a result of their
one-child policy and underdeveloped elder health care system.

MicAHGAY CQ20: MATHEMATICS

mcg2194@columbia.edu
Faculty Mentor(s): Travis Schedler, Imperial College London
Title: Regular Holonomic D-Modules

Abstract: The Beilinson-Bernstein correspondence is one of the foundational theorems in geometric
representation theory. It tells us that D-modules over the flag variety of a reductive group correspond to
modules over the universal enveloping algebra U(g) of the corresponding Lie algebra g. Requiring D-
modules to be regular and holonomic further allows us to realise them as perverse sheaves through the
Riemann-Hilbert correspondence. In this project, we attempt to characterise the locus of regular
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singularities for irreducible sl2-representations in terms of the representation theory of U(sl2), and also to
generalise the notion of regular singularities to more general symplectic resolutions.

BEATRIXGEAGHANBREINERC (2 2: HISTORYPOLITICASCIENCE

bcg2129@columbia.edu

Faculty Mentor(s): Jack L. Snyder, Columbia University and George A. Lopez, Notre Dame

Title: The Economic Strangulation of a Nation: Anti-Humanitarian Effects of Unilateral Sanctions On
Venezuela

Abstract: As a Laidlaw Scholar, Beatrix Geaghan-Breiner studied the humanitarian effects of sanctions in
Venezuela. Specifically, she researched the ways in which the economic blockade imposed by the United
States is restricting Venezuelan civilians’ access to healthcare, food, water, sanitation, and general
wellness. To set the foundation for her project, she began by researching historical examples of sanctions
such as the United Nations sanctions on Iraq during the 1990s. Reviewing previous scholarly work allowed
her to focus on the causal chains between economic sanctions and humanitarian effects such as mortality
rates, water accessibility, and healthcare.

After studying the far-reaching effects of sanctions in other countries, Beatrix delved into recent data on
Venezuela's humanitarian situation. Because national statistics are sparse, she focused on data from
humanitarian organizations within and outside of Venezuela. Beatrix analyzed statistics on health such as
medicine scarcity, epidemics, and water sanitation, and economic data regarding imports and exports.
She discovered that shipments and transactions for medicine and food have been blocked from entering
the country due to US sanctions. Additionally, the conditions of healthcare facilities in Venezuela are
worsening each consecutive year of sanctions. The American economic blockade is essentially strangling
the Venezuelan economy by isolating it from the international trade market. As a result, it is increasingly
difficult for the Venezuelan government to provide the basic social services that its civilians need.
Ultimately, Beatrix's project contributes to mounting evidence that economic sanctions have a staggering
human cost, risking the lives of innocent civilians and destroying state infrastructure.

BRYANNAGEIGERSEAR1: COMPUTERCIENCE

bg2603@columbia.edu
Faculty Mentor(s): Katherine Reuther, Columbia University
Title: Shoulder Biomechanics

Abstract: Scapular dyskinesis is an abnormal position and motion of the scapula and is associated with
many shoulder injuries including but not limited to rotator cuff tears. Due to its prevalence in shoulder
injuries, the global objective of the research is to develop strategies to improve clinical outcomes
following shoulder injury and following surgical and non-surgical treatments for shoulder injury. In
previous clinical studies, the methods used to identify scapular dyskinesis required expensive equipment
not easily accessible in a clinical setting. Therefore, the goal of the study was to develop a cost-effective
and quantitative method to test for scapular dyskinesis in a clinical setting. To map out the surface of the
human body into a topographic map, the Moiré phenomenon, which uses interference of images very
similar in design, was used. Our objective was to optimize and then validate the method being used to
test for scapular dyskinesis through data collection and analysis.

DAHLIAGHOSHAISEAR1: APPLIEDPHYSICS
dahlia.ghoshal@columbia.edu
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Faculty Mentor(s): Alexander Gaeta, Columbia University
Title: Dispersion-managed passive similariton fiber laser

Abstract: Optics researchers are investigating lasers that can be used to produce stable “frequency
combs” - in which the color spectrum has evenly spaced teeth, like a hair comb. In this work, we present
a ytterbium-doped mode-locked fiber laser that can be stabilized to generate an optical frequency comb.
The laser is “mode-locked”, so the oscillating electromagnetic fields of all the colors maximize
simultaneously, thus creating high energy, ultrashort pulses. To achieve mode-locking and short pulse
generation in the cavity, we implement saturable absorption and dispersion management. Saturable
absorption is critical for pulse formation and, in this laser, we use nonlinear polarization with a series of
waveplates. Dispersion management is critical for both high power and broadband pulse formation, and
a pair of diffraction gratings is used for managing the overall dispersion of the cavity. The laser successfully
outputs infrared pulses with a duration < 100 femtoseconds (107-13 seconds) every 18 nanoseconds.
Near-future work includes using a nonlinear medium to achieve coherent supercontinuum generation,
which is critical for full-stabilization of the laser, and electro-optic and optomechanical elements in the
cavity to allow for frequency stabilization of the mode-locked laser. Frequency comb technology can be
used for wide range of applications, including bridging the optical and microwave domains in high-
precision optical clocks and calibrating astronomical spectrographs for exoplanet searching.

DIMITRIGODURC(®20: PSYCHOLOGY

dag2204@columbia.edu

Faculty Mentor(s): Dr. Ashutosh Agarwal, University of Miami

Title: Optimization of Culture Conditions for Recapitulating Patient-Specific Neuromuscular Junction
Diseases on a Dish

Abstract: Charcot-Marie-Tooth (CMT) is a disease that leads to peripheral neuropathies in 1 out of 2,500
people, and results from a mutation in any of 70 affiliated genes. Using neurospheres derived from
induced pluripotent stem cells of CMT patients and mouse skeletal muscle cells (C2C12), Agarwal lab has
devised an in vitro model of neuromuscular junctions using a gelatin-laminin hydrogel platform. These
models are designed to further the understanding of axonal dysfunction in CMT patients. C2C12
myoblasts differentiate into multinucleated myotubes and twitch when cultured. The twitching has been
attributed to the supplements in the Dulbecco’s Modified Eagle Medium/Nutrient Mixture F-12
(DMEM/F12) maturation media and introduces variability in the neuromuscular junction model. By
redesigning the media composition, we can eliminate the twitching and make it specific to stimulation
through neuronal firing; leading to a more faithful recapitulation of neuromuscular junction activity.
DMEM/F12 maturation media was supplemented with dorsomorphine, a differentiation promoter,
retinoic acid, SAG, and three neurotropic factors. To test the affects of the media on the C2C12 culture,
50 gelatin-laminin hydrogels were created to run 10 experimental groups of 5 samples. Each group
contained media without each supplement respectively, DMEM/F12 with no supplements, negative
control differentiation media, and positive control DMEM/F12 with all supplements. 100,000 cells were
seeded on each of the 50 hydrogels, and the cells were cultured for 14 days, being fed on days 3, 6, 9,
and 12 post-seeding. Cell morphology and twitching characteristics were studied under a microscope
and recorded.

The maturation media project and overarching CMT study will continue beyond the term, as all samples
expressed a degree of twitching by later observation. Preliminary observations indicate that wells fed with
media without GDNF neurotropic factor expressed the least amount of twitching, with early myotube
development but no perceivable twitching on days 3 and 6, and increased twitching activity on days 9
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and 12. Concern arose when sample wells fed with differentiation media, our negative control with no
anticipated twitching, began to express twitching on day 6, which increased thereafter. Because of
confounding results with the negative control, this experiment will be repeated to standardize the results,
and validate the quality and function of engineered CMT neuromuscular junctions.

DEVYANGOELC(22: ECONOMICSPOLITICASCIENCE

devyani.goel@columbia.edu
Faculty Mentor(s): Larisa Heiphetz, Columbia University
Title: Moral and Conventional Knowledge

Abstract: Essentialism is the idea that all objects and individuals have an inherent, underlying “essence”
that is crucial to their existence as it is. To “essentialize” a quality in a human being is to imagine that

feature of their personality as being immutable and often hereditary. There exists a substantive body of
previous research suggesting that young children tend to “essentialize” certain qualities in themselves

BENJAMINGOLDSTEIKL®20: HISTORY

Faculty Mentor(s): ,

Abstract
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