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Letter from the Director

Dear Harvard Summer Undergraduate Research Village Fellows,

Indeed, I am privileged to introduce the 14th volume of HSURV research abstracts from the collec-
tive programs of PRISE (Science and Engineering), BLISS (Social Sciences), PRIMO (Markets and
Organizations, co-hosted by Harvard Business School), SHARP (Humanities and Arts), and SURGH
(Global Health, co-hosted by the Harvard Global Health Institute). The 2019 cohort of 186 outstand-
ing undergraduate scholars have done exceptional work guided by Harvard faculty, postdocs, graduate
students, and other investigators across the Harvard universe, including affiliated teaching hospitals
and research enterprises across Boston and Cambridge. Combined with the energetic residential com-
munity that quickly evolved at Winthrop House, the Summer Undergraduate Research experience is
an enduring testimony to the compelling value of developing strong social and intellectual ties among
emerging young researchers across the full range, breadth, and diversity among scholarly interests and
pursuits in a rich, vibrant environment.

This collection of abstracts could not have been possible without the outstanding and indefatigable
effort of the group of Research Village editors whose mission it has been to collect, organize, and pub-
lish the works of all of the Fellows. Along with this summer’s Program Assistant Fellows, who have
helped with all of the fellow-initiated activities, I would like to thank this group especially for taking on
the particular challenge to record the research projects of the Research Village community this summer.

To the Summer Undergraduate Research Village Fellows of 2019, I wish you every success in your
further intellectual growth and academic trajectory and hope your research and fellowship experience
is a springboard that further serves your manifest curiosity and creativity. I cannot tell you how im-
pressed I have been by your spirit and energy (and stamina!) over these ten weeks, which have flown
by way too quickly. Your engagement, enthusiasm, and inclusiveness are inspiring, and I hope the
personal and collegial relationships you have cultivated during our time together continue to grow and
flourish long after your HSURV summer.

All best wishes,
Gregory A. Llacer
Director, Harvard College Office of Undergraduate Research and Fellowships (URAF)
Director, Harvard College Program for Research in Science and Engineering (PRISE)
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Letter from the Editors

Dear HSURV Community,

This summer has been an incredible and humbling experience for us all. Whether getting to learn
about the unique, inspiring characters that make up each summer program or working alongside pio-
neering researchers for the last ten weeks, every day brought something new and exciting. HSURV has
helped build a new, meaningful community all while pushing us to explore our academic interests as
undergraduate researchers.

While HSURV has been filled with adventures to amusement parks, beaches, chocolate shops, and
cities across New England, we all endured the heat and humidity of a summer in Cambridge to conduct
research. Spanning from neurons and neutrons to art history and gender equality, it has been incredible
to learn about the fascinating projects that can make a person light up with excitement. Wanting to
celebrate the research that came out of long hours writing, coding, or in a lab, we are proud to share
each person’s abstract in this book.

This summer has been incredible thanks to the hard work and dedication of many people. We would
like to say thank you to the faculty, mentors, and fellow students who have welcomed us into the world
of research. Thank you to the program assistants and HSURV staff who have strived to make each day
special for the fellows. Elizabeth Perten from URAF has played a large role in helping us make this
abstract book a reality. A huge thank you is in order for Greg Llacer, Chris Kabacinski, and the rest of
the URAF staff who have helped everything run so smoothly. And lastly, we would like to say thank
you to the fellows who made up the research community for making this summer so special.

Sincerely,
The 2019 Abstract Book Editorial Board
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Program Descriptions

The Program for Research in Science and Engineering (PRISE) seeks to build community and
stimulate creativity among Harvard undergraduate researchers in the life, physical/natural, engineering
and applied sciences. Selected fellows work on projects with Harvard-affiliated researchers and partic-
ipate in extremely rich evening programming that includes both social and academic activities within
a diverse, vibrant intellectual and social community.

Build Learning through Inquiry in the Social Sciences (BLISS) is designed to provide a formative
and substantive social science research experience and to promote community, creativity, and schol-
arship. A diverse cohort of BLISS Fellows works on pre-designated research projects led by Harvard
faculty, and lives in one of the Harvard College houses with the other fellows in the Summer Under-
graduate Research Village. In addition to conducting full time research, BLISS Fellows participate in
a rich variety of programming, including both social and academic activities.

The Program for Research in Markets and Organizations (PRIMO) aims to build community and
stimulate creativity among Harvard undergraduate researchers in business and related fields. Fellows
are placed with pre-designed faculty projects at Harvard Business School, working in research areas
which span diverse topics (finance, organizational behavior, marketing, etc.), disciplines (Psychology,
Economics, Sociology), as well as methods (quantitative or qualitative). As part of the residential com-
munity of researchers, students participate in enrichment activities such as faculty lectures, professional
development workshops, presentation opportunities, and social events.

The Summer Humanities and Arts Research Program (SHARP) strives to build community and
stimulate creative thought among a small cohort of Harvard undergraduate researchers in the humanities
and arts. Students work on pre-designed research projects with Harvard-affiliated faculty, researchers,
and senior library and museum staff. Fellows live together in one of the Harvard College houses and
participate in rich evening programming with social and academic activities.

The Summer Undergraduate Research in Global Health (SURGH) program endeavors to build
community and stimulate creativity among a small cohort of Harvard undergraduate researchers in
global health. SURGH fellows work on pre-designed research projects with Harvard-affiliated faculty
and researchers. Students live together in one of the Harvard College houses and participate in rich
evening programming including both social and academic activities.
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Applied Mathematics

Antibiotic Resistance
Phenotyping with Machine

Learning and Mycobacterium
tuberculosis Genome

Sequencing
Michael Chen
PRISE Fellow
Applied Mathematics, 2020

Harvard Medical School
Kohane Lab
Advisors: Andrew Beam, Maha Farrhat, Isaac Kohane

With the increasing use of antibiotics, multi-drug resis-
tance in tuberculosis remains a global health threat. Cur-
rent culture-based susceptibility testing is lengthy due to
the slow growth of Mycobacterium tuberculosis. Also,
molecular tests often rely on a few mutations to determine
antibiotic resistance, which limits test sensitivity. Ma-
chine learning methods have shown promise in providing
an accurate and quick new alternative. We sought to build
an updated machine learning tool to predict antibiotic re-
sistance. We collected a large dataset of Mycobacterium
tuberculosis whole genome sequences with a high propor-
tion of multidrug resistant strains. We then fit a variety
of neural network architectures to the genome sequenc-
ing data and assessed predictive performance of the algo-
rithms for four anti-tubercular drugs. We also analyzed the
relative importance of mutational position within genes of
interests and surrounding intergenic regions. Preliminary
testing has shown that predictive performance for the neu-
ral network models is comparable to baseline methods.
The relative importance analysis for mutational position
suggests an agreement with our current understanding of
the drug mechanisms for each of the four drugs. Further
testing is required to determine if more complex machine
learning algorithms trained on a large dataset can increase
predictive accuracy for antibiotic resistance in tuberculo-
sis.

The Origin of Celtic
Languages: Exploring British
History with Ancient DNA

Michael Isakov
PRISE Fellow
Mathematics and Statistics, 2022

Harvard Medical School
Reich Lab
Advisors: Nick Patterson, David Reich

The Indo-European language family contains most extant
European languages and encompasses more than 3.2 bil-
lion native speakers. While the arrival of Indo-European
into Eastern Europe around 2800 B.C.E. is well-known,
its differentiation after this point is less clear. A ma-
jor subfamily of Indo-European is Celtic, and by the Iron
Age (1000 B.C.E. – 0 C.E.), archaeological data and place
names indicate that languages in this group were spoken in
what is now modern-day Britain, France, Italy, and Spain.
Despite this wide distribution, there is no consensus about
when and where proto-Celtic originated or how it spread.
For instance, hypotheses about when proto-Celtic speak-
ers first arrived in Britain range from as early as 2300
B.C.E. to as late as 500 B.C.E. Using ancient DNA from
individuals living in Iron Age Britain, cis-Alpine Gaul,
and Iberia, we attempt to shed light on the genetic shifts
which define this period and how they may relate to the
spread of languages in this region. The data gleaned from
these samples represent millions of known variable posi-
tions in the human genome, and by comparing these vari-
ations across populations and time, it is possible to re-
construct viable patterns of migration and genetic inter-
change. Preliminary results suggest a previously unknown
migration into Britain during the Middle-Late Bronze Age
(about 1300 B.C.E. to 1000 B.C.E.), which may represent
the advent of proto-Celtic speakers on the island. The
genetic affinity of these migrants appears to align most
closely with Bronze Age Iberians, contrary to earlier hy-
potheses that Celtic originated in central Europe. Thus,
ancient DNA, together with linguistic and archaeological
evidence, illuminates the population dynamics which led
to the current distribution of languages in Europe.

12



Applied Mathematics

Efficient Guarantees in the
Multi-Unit Assignment
Problem: Theory and
Application to Course
Allocation at Harvard

Jimmy Lin
PRIMO Fellow
Mathematics, 2022

Mathematics Department
Advisors: Scott Duke Kominers, Shengwu Li

The multi-unit assignment problem involves allocating
bundles of objects to agents with heterogeneous prefer-
ences, such as assigning shifts to workers or players to
sports teams. We study mechanisms for allocating courses
to students, under which students receive a fixed number
of courses, and courses may have different capacities.

The only course allocation mechanisms that are both
strategy-proof and Pareto efficient are serial dictator-
ships, which are typically viewed as unfair. We thus seek
to modify our incentive and efficiency goals so that we
can design mechanisms with fairness in mind.

We introduce the notion of a student’s guarantee, which
corresponds to the best worst-case outcome the student
can achieve regardless of how other students act. A mech-
anism mildly dominates another mechanism if everyone’s
guarantee is never worse off; it strictly dominates if any-
one’s guarantee is also strictly improved. A mechanism
has efficient guarantees if no mechanism strictly dom-
inates it. In the case that all courses have one-seat ca-
pacities (i.e. all objects are unique), we show that ev-
ery picking order has efficient guarantees, and all neutral
mechanisms are mildly dominated by some picking order.
However, in the general case, even common picking or-
ders like the snake draft used at Harvard Business School
(HBS) may have inefficient guarantees. We show that
there always exist picking orders with efficient guaran-
tees, and we characterize them by developing an algo-
rithm for computationally determining them. These re-
sults suggest that HBS’s course allocation mechanism can
be improved. More generally, our framework of efficient
guarantees can help market organizers design fair and ef-
ficient mechanisms while helping agents strategize more
optimally.

Multi-Agent Sensor Coverage
and Exploration Algorithms
Victor Qin
PRISE Fellow
Electrical Engineering, 2021

School of Engineering and Applied Sciences
Li Lab
Advisor: Lina Li

Multi-agent algorithms and optimization play important
roles in the future of robotics, from the coordination of
autonomous cars collectively mitigating traffic, to robotic
search and monitor missions that investigate and collect
data. However, many algorithms, while great in theory,
are only validated for robustness when tested on physical
systems subject to true environmental noise. This sum-
mer, I developed a multi-agent robotics platform for the
Li lab to test and demonstrate reinforcement learning al-
gorithms, using Turtlebot3 robots and the ROS software
architecture. We are designing a zeroth-order sensor cov-
erage algorithm to maximize the observation of interest-
ing sources across large distances. In the future, we will
further pursue and demonstrate algorithms in autonomous
driving and sensor coverage.
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Applied Mathematics

Identification of Spatially
Associated Subpopulations by
a Cell-type Focused Hidden
Markov Random Field Model
Arpan Sarkar
PRISE Fellow
Molecular and Cellular Biology and Statistics, 2020

Dana Farber Cancer Institute
Yuan Lab
Advisors: Guo-Cheng Yuan, Qian Zhu

Multicellular organisms demonstrate organization at sev-
eral levels, including tissues, organs, and organ systems.
Cells in complex tissues are organized by distinct microen-
vironments and anatomical structures. The spatial organi-
zation and architecture of cells is considered to be impor-
tant for the specialized functions of individual cells and,
on a larger scale, tissues. The recent and rapid develop-
ment of novel spatial transcriptomic technologies that can
profile several hundreds to thousands of single-cell tran-
scriptomes in situ while accounting for cells’ spatial co-
ordinates provide an opportunity to study the interactions
between cells and their native microenvironment, specifi-
cally spatially organized structures in tissue. This project
aims to develop a cell-type-focused hidden Markov ran-
dom field (HMRF) model to detect the spatial organiza-
tion of cells in tissue. HMRF models are an example of
an undirected probabilistic graphical model, and they are
often used for pattern recognition. My approach will rely
upon modifying an existing HMRF method based of con-
tinuous gene expression data to run on discrete neighbor-
ing cell-type data. Given a user input of K distinct spatial
domains, the model will classify each cell as belonging
to one of the K domains based on the distributions of the
cell’s neighboring cell-types, where a cell’s neighbors are
determined by a Euclidean distance threshold. The project
aims to prove that a cell-type-based HMRF model can iso-
late distinct spatial domains that a gene expression-based
HMRF model may miss, and this model will be tested on
data generated from multiplexed smFISH from the adult
mouse visual cortex.

Expanding a Clinical Decision
Support Tool to Improve
Cancer Risk Estimates

Jozef Soja
PRISE Fellow
Applied Mathematics, 2021

Dana-Farber Cancer Institute
Bayes Mendel Lab
Advisor: Danielle Braun

ASK2ME is a decision support tool for clinicians that es-
timates an individual’s risk of relevant cancers over their
lifetime based on the results of genetic panel testing. The
models that support this tool do not currently use a pa-
tient’s race to inform their risk estimates. Since suscepti-
bility to cancer can vary significantly with race, we sought
to add this information to ASK2ME to better tailor risk es-
timates to individuals. This required the establishment of
a new database to hold race-specific data for both carriers
and non-carriers of deleterious genetic mutations, along
with a significant rewrite of the functions used to esti-
mate carrier risk. During this update, efforts were also
taken to streamline the code and to generalize functions
that were previously designed for specific combinations of
genes and cancers. These changes promote easier imple-
mentation of future updates and extensions. For example,
it will allow for the number of genes and cancers analyzed
by ASK2ME to grow more efficiently. Because the pub-
lications used to inform ASK2ME report risk in a variety
of ways, and often do so for specific populations, extra
care was taken to record and reduce assumptions when us-
ing published findings to inform our models. Efforts are
underway for determining the best way to extrapolate the
cumulative risk for carriers of one race to accurately model
carriers of another race, given the known relationship be-
tween non-carrier risk estimates for each. Further updates
to the database structure and models are ongoing, with the
end goal of producing a risk estimation tool for gene car-
riers that can be rapidly expanded and updated.
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Applied Mathematics

Improved Machine Learning
Algorithms for Animal Pose

Estimation
Thomas Biasi
PRISE Fellow
Computer Science, 2022

Rowland Institute, Faculty of Arts and Sciences
Mathis Lab
Advisors: Alex Mathis, Mackenzie Mathis

The field of human and animal pose estimation involves
using computer vision techniques to determine the loca-
tions of human and animal joints in images and videos.
The current state of the art algorithm for animal pose esti-
mation is DeepLabCut. With an ImageNet trained ResNet-
50 backbone, DeepLabCut is a deep convolutional neural
network that can be trained to estimate the pose of any
animal. Although DeepLabCut is generally effective, its
limitations reflect broader issues in the machine learning
and computer vision community: a lack of generalizability
and an inability to correct for image noise and occlusions.
With this in mind, I have explored different architectural
adjustments and additions to improve DeepLabCut. For
one, different methods for denoising data were tested as
potential options for correcting inaccurate animal poses
that DeepLabCut produces. Out of the various algorithms
applied, the denoising autoencoder was the most effective.
In general, a denoising autoencoder is a deep neural net-
work made up of multiple fully connected layers. In our
case, it was the best algorithm for correcting random noise
and for estimating the locations of occluded joints based
on the positions of other joints. In addition, other changes
to DeepLabCut’s backbone algorithm based on state of the
art machine learning techniques are currently being tested
to improve its generalizability. Not only does this work
improve upon a state-of-the-art animal pose estimation al-
gorithm, but it indicates the general importance of care-
ful network design for improved machine learning perfor-
mance.

Implementing a Differentially
Private Synthetic Data
Generation to PSI

Elbert Du
PRISE Fellow
Mathematics, 2022

School of Engineering and Applied Sciences
Privacy Tools Lab
Advisor: Salil Vadhan

The Privacy Tools lab developed the Private data Sharing
Interface (PSI) tool to allow people without Differential
Privacy expertise to privately share or use data. Differ-
ential Privacy is a mathematical guarantee for privacy
where when an algorithm satisfies the definition, the out-
put of the algorithm on any dataset is approximately the
same as what it would have been if we change one row
in the data. We have added a synthetic data generation
algorithm for high dimensional data to the functionalities
of this tool. This problem is known to be NP-hard, so
we used a modified version of McKenna et. al’s graphical
model approach as a heuristic. The algorithm is as follows:

We first determined which relationships between vari-
ables are important to capture. We allowed the user to
input part (or all) of the important relationships, and then
we privately learned the rest of the relationships using the
exponential mechanism with a new method. Then, for
each relationship, we privately computed the value of the
marginal query by constructing a DP histogram. Finally,
we converted this to a graphical model which we sampled
from to generate synthetic data.

By adding an implementation of this algorithm to an eas-
ily accessible interface for use by data scientists, it will
become much easier in the future, especially for social
scientists, to release the data used in their studies while
preserving the privacy of individuals in their data. Being
able to release synthetic data privately is especially impor-
tant for analysis such as Machine Learning which requires
input that looks like a row of the data.
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Computer Science

Immersive Sports Analytics
with Augmented and Virtual

Reality
Rachel Guo
PRISE Fellow
Computer Science, 2022

School of Engineering and Applied Sciences
Visual Computing Group
Advisors: Johanna Beyer, Hanspeter Pfister

Within the world of sports, coaches are often overwhelmed
by the abundance of performance analytics and are re-
quired to make sense of the data. Thanks to recent ad-
vancements in scalable augmented reality (AR) and virtual
reality (VR) technology, however, immersive analytics
has become an emerging field for data visualization within
immersive AR and VR environments. In this design study,
we leverage immersive analytics to help coaches better vi-
sualize player performance. To characterize the visualiza-
tion problems for different sports, we performed a require-
ment analysis in which we interviewed domain experts in
several sports teams, including Harvard’s baseball, soc-
cer, crew, and tennis teams. Collaborating with Harvard
Women’s Tennis, we piloted an immersive sports analyt-
ics application on the Microsoft mixed-reality HoloLens,
programming in C# on the Unity game engine. In this
application, AR is used to embed virtual data representa-
tions of player serve placements onto the real-world ten-
nis court, while VR immerses the coach in a virtual world
in which data is represented in 3D and scaled to the real
world. The coach, when wearing the HoloLens, can then
watch a tennis match with these virtual representations of
player statistics overlaid on the actual court in a spatially
reasonable manner, thus helping them to easily spot player
weaknesses and effectively direct players to improve, both
during games and during training. Upon further develop-
ment of this prototype, this augmented and virtual reality
coaching technology can potentially transform the ways in
which professional sports teams across the nation train and
improve athlete performance.

A Holistic Framework for
Measuring Similarity Across

Short Stories
Emily Jia
PRIMO Fellow
Mathematics and Computer Science, 2020

Harvard Business School
Laboratory for Innovation Science at Harvard
Advisors: Karim Lakhani, Shreyas Sekar

Recent advances in Natural Language Understanding
(NLU) have allowed computers to read a passage and draw
conclusions beyond the scope of the text, but these meth-
ods are limited to explanatory writing and only capture
literal meaning. Consequently, they are better suited for
snippets of reviews or wiki entries rather than fiction. In
this work, we design a measure of similarity across flash-
fiction, a type of length-restricted fiction that often relies
on implied information to deliver a story. We model a
flash-fiction story as a combination of its (i) genre, (ii)
themes, and (iii) information flow and train the model to
determine if texts are similar across any of these three
story elements. The model relies on pre-trained InferSent
sentence embeddings as base features that capture the se-
mantic meaning of the text. Then, it extracts meaningful
story-level representations through unsupervised methods
trained directly on the sentence embeddings and super-
vised methods that rely on spatial properties of the sen-
tence embedding. We also curate an annotated dataset of
themed stories and plan to evaluate the model’s similarity
predictions against labels provided by human readers. Pre-
liminary test results indicate that our methods outperform
the state-of-the-art. Our experiments demonstrate the lim-
itations of transferring NLU methods to fictional text and
the potential of extracting features specific to a literary de-
vice.
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Computer Science

Approximate Learning and
Planning Algorithms for

Predictive State
Representations with

Uncertainty
Yash Nair
PRISE Fellow
Mathematics and Computer Science, 2022

School of Engineering and Applied Sciences
Advisor: Finale Doshi-Velez

Predictive state representations (PSRs) allow an agent to
sufficiently describe the state of the world in partially ob-
servable Markovian domains. While much research has
focused both on learning algorithms for PSRs as well as
exact and approximate algorithms for planning with them,
we consider the setting in which prediction vectors possess
a degree of uncertainty. That is, given, instead of a single
initial prediction vector, a distribution over initial predic-
tion vectors, we propose parametric and non-parametric
learning and planning algorithms. In the parametric case,
we are able to naturally extend the Point-Based Value Iter-
ation (PBVI) algorithm of Pineau et al. (JAIR 2006) devel-
oped for partially observable Markov decision processes,
whereas in the non-parametric case, we estimate predic-
tion vector updates directly from a blind policy. Further-
more, we build off of work by Boots et al. (UAI 2013)
which focuses on embeddings of PSRs in reproducing ker-
nel Hilbert spaces to extend our work to continuous action
and observation spaces. Finally, we evaluate our model on
two tasks: first, a synthetic toy model, representing a sim-
plified version of the task of hypotension management, in
which an agent is given the dynamics of the system and
need only recover a near-optimal policy; and second, on
real data from electronic health records, in which the agent
must learn and develop an approximately optimal policy
with the goal of maintaining the patient’s heart rate at a
healthy level.

VolRen: A Lightweight
Web-Based Volumetric Data

Explorer
Zev Nicolai-Scanio
PRISE Fellow
Computer Science, 2022

School of Engineering and Applied Sciences
Visual Computing Group
Advisors: Johanna Beyer, Hanspeter Pfister

Image-based investigation of structures and connectivity
within the human brain is an important and rapidly grow-
ing field of study within neuroscience. The theoretical
underpinning is that by mapping the connectome — the
full schematic of the neurons in the brain and their con-
nections — biologists can gain insight into the function
and development of the brain, and medical practitioners
will be better able to model and treat given pathologies.
Thanks to an explosion in high throughput neural imag-
ing technologies such as electron microscopy and volume
reconstruction and segmentation algorithms, researchers
have been able to accumulate and process an increasing
amount of raw imaging data. This wealth of data, how-
ever, means there is a pressing need for techniques to
quickly preview, visualize, and analyze the resulting vol-
umetric datasets. To address this need we developed Vol-
Ren, a cross-platform web-based application that allows
users to easily explore their volumetric data in a browser
and avoids the need for performance computing or spe-
cialized desktop applications. We made use of the new
WebGL 2 API and adapted state-of-the-field volume ren-
dering techniques so that they could be implemented in
the supported subset of the OpenGl ES 3.0 specification.
We conducted a survey of current interface designs in the
literature and used this to inform our construction of Vol-
Ren intuitive and responsive user interface. Able to run
in modern browsers on all systems, VolRen allows users
to seamlessly upload their datasets and launch the inter-
active renderer. Researchers can then explore the result
in three dimensions, slice and clip the volume, and ex-
port views. Rendering and stylization of the volumes can
be customized using the intuitive transfer function editor
feature. For segmented volumes, users can also manage
selective display and clipping of individual features. This
combination of widespread support for the application, in-
tuitive usability, and powerful analytics features provides
neuroscientists with a platform to more effectively collab-
orate and explore their ever-growing datasets.
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with User-Level Networking
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As hardware costs decrease and computing abstractions
improve, more and more computational services have
moved to the cloud. Traditionally, cloud providers of-
fer resources in the form of stateful virtual machines that
house an entire Windows or Linux operating system. Typ-
ically, these virtual machines are slow to boot, costly to
replicate, and locked to a single datacenter, or even a sin-
gle machine. Recently, lots of cloud computing has moved
to a stateless, serverless paradigm. Serverless functions
have the advantage of being simple to program and quick
to spin up, but they lack persistent storage and fulfill lim-
ited use cases due to their stateless nature.

We are working on a partial implementation of a new
paradigm of stateful, and serverless computing called
Alto. We aim to provide a powerful runtime that allows for
snapshot and restore capabilities, live migration between
datacenters, and transparent replication and failure recov-
ery. To provide these guarantees, we ensure that Alto
virtual machines (VMs) keep a small memory footprint
and minimize their kernel state. This requires implement-
ing networking support in userland rather than the kernel.
User-level networking in virtual machines is promising
because migrating virtual machines becomes equivalent
to simply snapshotting and restoring their memory, and
ongoing network connections are uninterrupted. Simi-
larly, implementing our own user-level networking stack
allows us to buffer network output from VMs, ensuring
transparent replication and recovery of VMs in the case
of hardware failure. We have benchmarked several user-
level networking stacks on both throughput and latency,
and are now implementing snapshot and restore function-
ality.

Metrical Task Systems with
Online Machine Learned

Advice
Kevin Rao
PRISE Fellow
Computer Science, 2021

School of Engineering and Applied Sciences
Advisor: Michael Mitzenmacher

With the rapid development and improvement of machine
learning methods comes the natural problem of using these
tools to solve traditional problems. Machine learning al-
gorithms are designed to make accurate predictions of
the future based on existing data, while online algorithms
seek to complete their objectives with minimal cost and
no knowledge of the future. Lykouris and Vassilvitskii
propose augmenting online algorithms with a machine
learned oracle to improve their performance when com-
pared to full knowledge offline algorithms.

In this work we apply the idea of a machine learned oracle
to the online metrical task system problem, which was
put forth by Borodin, Linal, and Saks as a general model
for dynamic systems processing tasks in an online fash-
ion. We treat the oracle as a black box and only concern
ourselves with the worst case guarantees on the quality
of the predictions to show that low error oracles lead to
improved competitive ratios.

A task system is characterized by a set of processing
states S, tasks T , and a distance matrix d, where tasks
are requested at discrete time steps. Each task is a size
|S| array that gives its processing cost at each state, and
the distance matrix satisfies symmetry and the triangu-
lar inequality. The goal of the algorithm is to produce
a schedule that minimizes the total processing costs and
state transfer costs. We propose a randomized algorithm
that uses the information provided by the oracle that com-
pared to the optimal oblivious algorithm, performs better,
given a good oracle and within a constant factor, given a
bad oracle.
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Blockchains have rapidly increased in popularity in the
past decade, with implications for fields ranging from
global finance to healthcare, real estate, and more. The
most widely-used means of constructing blockchains in-
volves proof-of-work (PoW), a protocol which uses waste-
ful computation in order to achieve distributed consen-
sus. This protocol has led miners of the popular cryptocur-
rency Bitcoin to consume as much electricity as medium-
sized countries such as Austria and Colombia. It remains
an open question whether distributed consensus can be
reached without either a trusted third-party or proof-of-
work, and answering this question is important in un-
derstanding the future of blockchain technology. Proof-
of-stake (PoS) protocols, which seek to allow distributed
consensus without wasteful computation, are one possi-
ble approach. In this project, we analyze the incentive-
compatibility of proposed PoS protocols, especially the
Ethereum 2.0 proposal. For this, we develop a stylized
model of the consensus protocol as a Markov Decision
Process (MDP), and seek an approximate or exact opti-
mal strategy for a selfish miner. This builds on related
approaches that have been developed for studying PoW
mining (Sapirshtein et al., 2016). If successful, we will
learn whether or not the intended mining strategy for PoS
is an equilibrium.

Supervision Focused Latent
Dirichlet Allocation

Jason Ren
PRISE Fellow
Computer Science, 2020

School of Engineering and Applied Sciences
DTAK
Advisor: Finale Doshi-Velez

Topic models are statistical models effective at finding
low-dimensional topics that capture structure hidden in
high-dimensional data. In supervised contexts, existing
topic models struggle with discovering topics that are both
interpretable and discriminative. We introduce supervi-
sion focused latent Dirichlet allocation (sfLDA), a dual-
channel topic model that allows for focused, discrimina-
tive topics via vocabulary selection. We derive a connec-
tion between our model and the prediction-constrained ob-
jective for sLDA introduced by Hughes et al. (2018). In-
ference for sfLDA relies on variational methods common
for latent variable models. So far, we demonstrate effec-
tive prediction on text sentiment analysis and qualitatively
observe that sfLDA finds much more sentiment-focused
topics. We plan on applying our model to electronic health
record tasks and hope to do some more quantitative anal-
ysis of results.
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Reinforcement learning has recently been applied to dia-
log generation with promising results. Under a reinforce-
ment learning framework, a dialog system, like Alexa, in-
teracts with its users and learns to maximize a set of prede-
fined rewards. For example, a dialog system can learn to
hold more empathetic conversations through interaction if
it is rewarded for producing positive sentiment responses.
Reinforcement learning has traditionally been applied at
the word generation phase, meaning that systems get re-
warded for specific word choices. However, not all of
conversation happens at the word level. Engaging dialog
requires longer-term planning and higher-level decision-
making across multiple conversation turns. Therapy appli-
cations, for instance, require shifting a patient’s perspec-
tive, a task that requires reasoning over many responses.
In this study, we leverage this fact by applying hierarchical
reinforcement learning to dialog generation. We propose
a novel approach for rewarding dialog systems for making
better high-level decisions. We do this by treating hidden
representations deeper within the model as continuous ac-
tion spaces and propagating rewards through them. We hy-
pothesize that learning better deep representations before
the word generation phase will lead to effective conversa-
tion level control. We plan to carry out human evaluation
to test our models against strong baselines and quantify the
strengths and weaknesses of our proposed approach. We
expect that hierarchical reinforcement learning would re-
sult in similar improvements when applied to other natural
language generation tasks such as machine translation and
summarization.

A Software Platform for the
Automated Analysis of Animal

Behavior
Konrad Urban
PRISE Fellow
Computer Science, 2020

Molecular and Cellular Biology Department
Murthy Lab
Advisor: Venkatesh Murthy

As digital storage becomes cheaper, researchers are in-
creasingly able to record and store video of animal be-
havior in quantities too large to analyze manually. In the
past few years, researchers have largely solved a funda-
mental problem in automated behavioral analysis, auto-
matic tracking of animal body position, by training neu-
ral networks which can quickly localize animal body parts
in large amounts of video. To fully automate the analysis
of behavior, researchers must now develop techniques to
convert body position data into visualizations and statis-
tics which meaningfully quantify behavior. To aid be-
havior researchers, we develop a software application to
automate the process of constructing ethograms (time se-
ries data indicating the intervals during which a behav-
ior occurs) from animal body positions. Our application
offers researchers two avenues for analyzing behavior.
First, we implement a system to allow researchers to com-
pose higher-order behaviors from trees of basic, vectorized
mathematical operations over body positions (e.g. deriva-
tives, norms, and angles). Second, we develop a suite
of algorithms which can identify stereotyped behaviors in
mice (e.g. mouse body configuration, mouse social inter-
actions, and basic parenting behaviors). Our system addi-
tionally provides researchers the ability to review and edit
ethograms by dynamically rendering editable ethograms
alongside a video display. Further, the system can com-
pute and display basic visualizations showing ethograms
and behavior frequency from the user-constructed behav-
ior data. All data is stored in an SQLite database which
can be shared and loaded back into the system for further
analysis. Our system aims to provide researchers with a
toolbox which can efficiently produce accurate and stan-
dardized analyses of large quantities of animal behavior,
which can be leveraged to answer fundamental questions
in ethology, neuroscience and elsewhere.
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David Xiang
PRISE Fellow
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It is known that interaction with a third-party prover
greatly increases what can be proved. For example, in
the most general setting of interaction it is known that
all problems in PSPACE possess interactive proofs. One
can then restrict the model of interaction, such as limit-
ing the amount of communication or randomness used.
The class of problems possessing efficient statistical zero-
knowledge proofs (informally, ones that leak little infor-
mation to an outside observer), known as SZK, is partic-
ularly interesting because it is known to possess complete
problems. In particular, the Statistical Difference prob-
lem, which consists of determining whether two distribu-
tions C0, C1 satisfy SD(C0, C1) < α or SD(C0, C1) > β

is known to be complete for SZK when α < β2. We ex-
plore the computational complexity of the statistical dif-
ference problem in the remaining space of parameters, and
attempt to rule out black-box reductions in these cases to
SZK.

Design and Control of New
Soft Robotic Mechanisms

Poppy Boyd-Taylor
PRISE-Emmanuel Fellow
Physics and Materials Science, 2021

School of Engineering and Applied Sciences
Bertoldi Lab
Advisors: Antonio E. Forte, Benjamin Gorissen

In recent decades soft robotics has gained unexpected at-
tention among the scientific community worldwide. Soft
robots combine non-metallic materials with non-electrical
inputs, making them greatly resourceful where traditional
robots fail. They can be integrated with natural or bio-
logical systems and are employed in a growing number of
applications, spanning from industrial tasks to support du-
ties during natural disasters. It has been previously estab-
lished that elastic inflatables are effective actuators: not
only are they soft and light, but their non-linear pressure–
volume (p – V) characteristics allow multiple inflatables to
be actuated by a single input. By controlling dimensions,
ensuring viscous flow between inflatables and adding in-
flation constraints, intelligence is embedded in the hard-
ware, creating complex sequenced motions. I aim to cre-
ate a crawling robot using sequenced balloons with one in-
put. Constrained balloons connected rigidly in series and
sequenced asymmetrically exhibit longitudinal displace-
ment after each cycle due to the differential friction coef-
ficient between the latex and constraining material. This
mechanism is enhanced by connecting the balloons to an
auxetic origami structure known as the Yoshimura pattern,
a 2D tessellation of a degree-6 vertix with two perpendic-
ular planes of mirror symmetry. We expect that this pat-
tern, following geometric optimization, will amplify the
balloon crawling. This opens new avenues for soft robotic
design that is applicable over a wide range of scales and is
highly adaptable. Additionally, I plan to improve the ac-
tuator design by creating a kirigami balloon, comprising a
tough kirigami skin embedded in a silicone rubber layer.
The kirigami pattern can precisely control the p – V behav-
ior, with the aim to create a bistable structure. This pro-
vides an energy minimum that may correspond to a pres-
sure minimum, which will be tuned and harnessed to de-
sign the sequenced inflation. This could provide complex
and consistent performance for various soft applications.
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Elephants are large mammals found throughout sub-
Saharan Africa, South Asia, and Southeast Asia who rely
on sounds, often below the human hearing frequency
range, for communication over distances greater than 1.5
km. The normal air conduction pathway in most terrestrial
mammals is through the middle ear to the cochlea. An al-
ternate pathway is bone-conduction hearing, where sounds
reach the cochlea through skull vibrations. It has been pro-
posed that long-distance communication in elephants is fa-
cilitated not just through the air but also through ground
vibrations that travel through the feet, the body, and ul-
timately the inner ears. However, little is known about
the elephant’s hearing mechanisms.. Given the rarity of
obtaining cadaveric elephant temporal bones for experi-
mentation, one key objective is to create computational
models of the elephant inner and middle ear physiology
that can be studied and manipulated virtually. In this
project, a previously obtained microCT image stack of an
African elephant cadaveric temporal bone was segmented
in software (Simpleware, Synopsys) to create a 3D recon-
struction of the middle and inner ear structures, includ-
ing the tympanic membrane, ossicles and their suspensory
attachments, middle ear muscles, and cochlea. Creation
of the model has already revealed unique anatomical dif-
ferences compared to humans: division of the middle ear
cavity compartment into two by the tympanic membrane;
malleus-incus complex buried in soft tissue; and lack of
a clear tensor tympani muscle. These differences raise
questions as to what functions they may contribute to low
frequency hearing. The segmented anatomy will be used
to create a finite element model tested and refined with
ongoing 3D laser Doppler vibration measurements in the
lab. Ultimately, comparisons with human anatomy and
physiology may deepen our understanding of what factors
may lower the elephant’s low-frequency limit and hearing
threshold for air-conducted and bone-conducted sounds
below that of humans.

Mock Circulatory Loop
Development for Arterial

Physiological Flow Modelling
Sarita Damaraju
PRISE Fellow
Biomedical Engineering, 2020

MIT Institute for Medical Engineering and Science
Edelman Lab
Advisors: Elazer Edelman, Efrat Goffer

Advanced heart failure is characterized by weakening
heart muscle and the inability to sufficiently pump blood
through the body, and affects approximately 5 million peo-
ple in the United States. Mechanical circulatory support
(MCS) devices like Impella and ECMO (extracorporeal
membrane oxygenation) are mechanical devices that can
be positioned in the circulatory system to compensate for
inadequate pumping. However, the specific interactions
of these devices with the circulatory system are not well
defined, limiting the efficacy of these support systems. To
enable studying the interaction of an MCS with the body,
the cardiovascular system is often modelled by mock cir-
culatory loops using the Windkessel model, which models
blood flow as having resistance to flow and having com-
pliance to accommodate changing volume. Our loop also
aims to simulate physiologic conditions and waveforms
through a more anatomically correct aortic tree, rather
than solely through the conventional discrete resistance
and compliance components. The variable compliance
and resistance along the length of the model enables study-
ing realistic flow and pressure patterns along the vascula-
ture. Pressure data was recorded at the model left ventri-
cle, carotid, renal, and femoral arteries, and data was ana-
lyzed and plotted using MATLAB. To use this model to ac-
curately determine the effects of the MCS, data was com-
pared to physiologic flows and major discrepancies were
discovered and eliminated. To increase physiological ac-
curacy and reduce noise, modifications included changing
the input waveform, testing different aortic valves, and re-
ducing the distance between the pump and model left ven-
tricle. The model also had paravalvular leakage around
the aortic valve which required repositioning the valve and
designing 3D-printed casings to prevent movement dur-
ing flow or pressure changes. Ultimately, the Impella and
ECMO will be inserted into the model and the changes in
pressure and flow waveforms will be analyzed at different
points along the vasculature.
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Protein-based fluorescent biosensors are useful for imag-
ing biological systems. This is especially evident in neu-
roscience, where Ca2+ sensors and membrane voltage in-
dicators can be used to study the dynamics of the brain
in vivo. These fluorescent sensors must be developed
and optimised through successive rounds of mutagene-
sis and high-throughput screening. The main challenge
with optimising biosensors is that mutants must be se-
lected based on favourable dynamic properties (e.g. ki-
netics), rather than static ones (e.g. fluorescence inten-
sity). Most currently available cell sorting techniques,
such as fluorescence-activated cell sorting (FACS), only
sort by static properties. The Cohen lab has recently de-
veloped a photo-selection technique for directed evolu-
tion of biosensors. The cells expressing the mutant li-
brary are characterised by their dynamic properties. A
photoactivable or photoconvertible fluorescent protein is
co-expressed in these cells. The cells showing favourable
phenotypes are labelled through patterned illumination to
create a fluorescent marker for FACS. An inherent lim-
itation of this method is that the spectrum of the photo-
activable/convertible protein cannot overlap with that of
the biosensor of interest, thus leaving a limited optical
window for biosensors. To overcome this problem, I
am therefore developing a magnetism-based cell isola-
tion system. A micromirror device is used to pattern
light onto mammalian cells in the presence of a pho-
tocrosslinking reagent (biotin-nitrophenylazide, i.e. pho-
tobiotin). The illuminated cells are thus modified with
biotin. Streptavidin-coated magnetic beads are then se-
lectively attached to the biotin-coated cells, enabling sep-
aration using a magnet. Experiments are currently un-
derway to optimise the optical dose required for efficient
crosslinking. Once the method is perfected, it may facili-
tate the development of novel biosensors for a wide range
of applications.

Reactivity and Selectivity of
Diazirine-Containing

Photoaffinity Labeling Tags
Matthew Parsons
PRISE Fellow
Molecular and Cellular Biology, 2020

Chemistry and Chemical Biology Department
Woo Lab
Advisors: Alexander West, Christina Woo

In the last half-century, photoaffinity labeling (PAL) has
become an essential method of studying drug-protein in-
teractions and elucidating the molecular interactions tak-
ing place at drug binding sites. PAL involves the photo-
induced covalent linkage of a drug to its protein target, fol-
lowed by affinity purification and identification of not only
the protein but also its binding sites. The diazirine func-
tional group is a widely used photoaffinity label. Despite
the widespread use of diazirines in PAL, the reactivity of
diazirines in biological systems remains unclear. Physical
chemistry studies suggest that diazirines can form both a
diazo intermediate and a carbene, but this reactivity is un-
known in biological systems. Recent evidence from the
Woo Lab has shown that certain diazirines possess selec-
tivity to acidic amino acids via the unstable diazo interme-
diate. My project investigates the effects of electronics on
the stability of this diazo intermediate. By first synthesiz-
ing two diazirine-containing tags with unique electronics,
then carrying out small molecule interactome mapping by
photoaffinity labeling (SIM-PAL) experiments, the rela-
tive reactivity of the diazo intermediate of these two PAL
tags can be compared. It is expected that the diazirine tag
with stabilizing electron withdrawing groups at the alpha
position of the diazirine will reduce the amino acid bias of
the diazo form. The results of this research will reveal the
effects of changing tag electronics on reactivity and label-
ing, and will provide further evidence about the extent to
which the diazo form of the diazirine creates a reactive bias
towards acidic residues. This project contributes to under-
standing the reactive pathways of diazirines in biological
systems and will clarify the mechanistic ambiguities that
underlie PAL experiments involving diazirine-containing
tags. This clarification of the reactivity of diazirines will
accelerate drug discovery pipelines.

23



Engineering Sciences

Evaluation of Acoustic
Properties of Various

Tympanic Membrane Grafts
Marta Pawluczuk
SURGH Fellow
Biomedical Engineering, 2022

School of Engineering and Applied Sciences
Harvard Biodesign Lab
Advisor: Conor Walsh

The tympanic membrane (TM), or eardrum, is a crucial
structure for hearing. Being a thin structure, the TM can
rupture when exposed to trauma such as blasts or foreign
objects. If the perforation is too large, a surgical opera-
tion called a tympanoplasty is required to close the hole.
Worldwide, there are approximately 26 million people
with chronically perforated eardrums, most of whom live
in third-world countries with limited access to the skilled
surgeons and microscopes needed to perform this surgery.
Surgeons use either autologous graft materials harvested
from the body during surgery or non-autologous materi-
als. Unfortunately, these materials do not remodel into the
circular and radial architecture of the human TM. Thus,
despite successful perforation closures, many people lose
low or high-frequency hearing after. A new biodegrad-
able, 3D-printable graft material was designed to program
complex print patterns that can be remodeled into native
tissue resembling the print path. The objective of this re-
search was to study the in vitro acoustic properties of these
various grafts, including various print architectures of the
new, 3D-printable graft, to better understand how the TM
structure relates to its ability to conduct sound across fre-
quencies important for human hearing. For the acoustic
testing, we used two tests: Digital Opto-Electronic Holog-
raphy (DOEH) and Laser Doppler Vibrometry (LDV),
along with a custom 3D-printed holder to clamp the grafts
similar to how they would vibrate post-tympanoplasty. We
hypothesize that by mimicking the architecture of the na-
tive TM through 3D-printed TM grafts, we will observe
improved high-frequency sound-induced velocity, while
maintaining the low frequencies. We hope to improve
the audiometric outcomes for patients undergoing tym-
panoplasties. In the future, we hope that our easy-to-
manipulate, non-autologous graft material will make tym-
panoplasties accessible to resource-limited populations, so
that more people may regain efficient middle ear sound
conduction and therefore optimal hearing outcomes.

Use of Biofeedback to Analyze
Post-Stroke Gait Biomechanics

to Improve Device
Effectiveness

Fouzia Raza
PRISE Fellow
Biomedical Engineering, 2022

School of Engineering and Applied Sciences
Harvard Biodesign Lab
Advisor: Conor Walsh

Post-stroke gait is slow, asymmetric, and energetically
inefficient. Soft robotic exosuits have been previously
shown to improve paretic ankle function by delivering
mechanical dorsiflexion, or backward flexion, to assist in
ground clearance and mechanical plantarflexion, or the ex-
tension of the ankle, to enable better forward propulsion.
Trailing limb angle is an important determinant of propul-
sion in post-stroke gait. We hypothesize that a reduced
trailing limb angle is a less optimal position for push-off,
potentially limiting the ability of the individual to leverage
the plantarflexion assistance from the exosuit. Biofeed-
back has been previously implemented in various studies
to influence gait components including propulsion, sym-
metry, and kinematics. This study uses real-time, visual
biofeedback enabling systematic variation of the trailing
limb angle to analyze the importance of post-stroke gait
biomechanics on the human-exosuit system. Data col-
lected on the biomechanics of gait include joint kinetics
and kinematics obtained through motion capture, and mus-
cle activity measured by electromyography. Our study
also focuses on the generation of center of mass power dur-
ing step transitions, which has shown to be correlated with
increased walking speed, a measure that the exosuit seeks
to improve in clinical populations. Such data will help de-
termine the relationship between individual gait patterns
and device effectiveness as measured by the changes in
power delivered by the exosuit.
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Soft robotic exosuits offer wide-ranging capabilities to
aid and enhance human performance in industrial appli-
cations, military environments, and physical therapy post
injury or illness. The use of soft components and actu-
ators allows for safer and more compliant movement to
better interact with and support humans using the devices.
However, due to their soft nature, it is difficult to accu-
rately characterize the performance of these actuators over
a natural range of motion to allow for comparison between
different actuator designs. This project has developed a
statically poseable test rig with kinematic sensors to repli-
cate the multiple degrees of freedom in the movement of
the human shoulder over a range of motion similar to the
biological joint. When locked in place, this system allows
for quasi-static torque measurements around the joints to
characterize the performance of different actuator designs
for use in assistive exosuits. The shoulder test rig will be
skinned in a combination of foam and thermoplastic to rep-
resent the compliance of human tissue. On top of this layer
it will feature mounts for force sensitive mats to measure
the contact regions of the soft actuators. Additionally, we
are exploring the use of the test rig in a dynamic configura-
tion to aid in control systems development. This configu-
ration would allow for high levels of repetition of specific
movements to calibrate sensors and train controller mod-
els without requiring extensive test participant time. Ul-
timately, this test rig will allow for better optimization of
actuator design and would result in improved performance
and comfort of the soft exosuits.

Establishing a Disease Model
to Assess Immune-Mediated
Nephrotoxicity in Kidney

Organoids
Jenny Yao
PRISE Fellow
Chemistry and Physics, 2022

School of Engineering and Applied Sciences
Lewis Lab
Advisor: Katharina Kroll

Immunotherapy drugs have shown great promise in cancer
treatment by enlisting the patient’s own immune system
to target and attack cancerous cells. However, safety and
efficacy testing proves challenging in animal models, for
the human immune system cannot be fully recapitulated
for assessing the toxicity of drugs directed against human
antigens. Although new human models have emerged,
such as kidney organoids, boasting functionally mature
nephron structures, these technologies remain inadequate
for preclinical testing. The difficulty of producing and ac-
curately measuring robust, reproducible drug effects from
the organoid’s diverse cell populations have hampered the
biomimetic benefits of these models compared to tradi-
tional 2D assays. We seek to overcome these limitations
by developing a robust killing assay to examine immune-
mediated nephrotoxicity of a T-cell bispecific antibody-
based drug in our human kidney organoids. Towards this
aim, we have used a previously developed millifluidic chip
culture system to assess organoid viability in response to
varying lymphocyte ratios and drug doses, and quantifi-
cation techniques to evaluate input and output cell popu-
lations. Specifically, an image analysis method was de-
veloped to quantify the input organoid cells by measuring
organoid cross-sectional area as an indicator of total cell
count, while output live/dead organoid cells and activated
T-cells were measured using flow cytometry. Preliminary
normalization results have revealed significant variation in
input organoid counts and greater organoid proliferation in
perfusion over static culture, demonstrating the precision
of our new quantification methods. These findings have
since led to the development of more rigorous organoid
seeding protocols to normalize input cell population. This
quantification will also allow us to identify an optimal im-
mune effector to organoid target cell ratio with maximal
T-cell activation and off-target killing to facilitate viabil-
ity screening for a future dose-response curve. Ultimately,
we strive to establish this kidney organoid model as a ro-
bust drug testing platform for cancer immunotherapeutics.
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The human tympanic membrane (TM) is an conically-
shaped, thin layer of tissue in the middle ear that receives
sound vibrations from the outer ear and transmits them into
the inner ossicles. Diseases resulting from TM perfora-
tions, such as chronic otitis media, affect more than 10
million people yearly and can transform into fatal infec-
tions. Although some perforated TMs can self-heal, others
are unable to close themselves up. Even when distant from
the perforation, a large part of the structural layer is often
missing in these TMs. Through histological processing of
human TM specimens, we hope to improve anatomical un-
derstanding of the tympanic membrane’s self-healing ca-
pacity in future research and clinical projects. Currently,
TMs extracted from patients undergoing tympanoplasties
are clipped between two pieces of wax for structural sta-
bilization in preparation for processing. However, this
flattens the collected tympanic membrane, causing it to
show unrealistic anatomical results when analyzed. TM
tissue can also shear, creating difficulties with character-
izing fiber alignment. To address this, we designed a cus-
tom 3D-printed holder using stereolithography to mimic
the natural size and shape of the human TM, allotting extra
space for patient variations. A solid perimeter aligns the
TM in place, while a porous mesh interior allows chemi-
cals to seep into the TM during fixation and staining. After
histological processing, samples are embedded into paraf-
fin blocks and sliced into ribbons. Every tenth slide is
stained with hematoxylin and eosin (H&E). Hematoxylin
stains cell nuclei blue and eosin stains proteins pink, al-
lowing us to visualize fiber structure in specific tympanic
membrane layers. Future directions include optimizing
print material and design of the TM holder, as well as per-
forming full-graft analysis on the TM slides. By better
understanding how perforations of the human tympanic
membrane heal themselves, we can vastly improve hear-
ing loss and ear infection treatment.
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Identifying a New Drug Target
in Babesia

Renee Hua
SURGH Fellow
Chemical and Physical Biology, 2022

School of Public Health
Duraisingh Lab
Advisor: Caroline Keroack

Babesia are parasites that infect almost all animals and are
emerging as a disease in humans. Currently, the treatments
for babesiosis are not ideal; most patients receive a cock-
tail of anti-malarial drugs or, in severe cases, exchange
transfusion. The goal of this study was to locate a new
viable drug target across Babesia species. Previously, an
alkaline phosphatase (PhoD) was identified as a potential
target for novel inhibitor (MMV019266) derived from the
Medicines for Malaria Ventures Malaria Box. This protein
is predicted to be in the apicoplast, a unique organelle that
synthesizes isopentenyl diphosphate (IPP). Inhibition or
destruction of the apicoplast leads to parasite death; how-
ever ,this can be reversed using several fatty acids. To test
if PhoD was in the apicoplast, we completed a series of
drug assays using B. bovis and B. divergens, and P. fal-
ciparum and P. knowlesi as controls. Atovaquone was
used as the negative control, actinonin for Plasmodium
and fosmidomycin for Babesia were used as the positive
controls, and MMV019266 was the drug in question. With
each drug, IPP and geranylgeraniol were added as rescue
agents. With Plasmodium, there was evidence of a slight
rescue with the addition of IPP when the parasites were
treated with MMV019266. This suggested that PhoD is
located in the apicoplast. Thus, we endeavored to tag and
localize the PhoD protein using reverse genetics. We cocn-
structed a plasmid containing an ACP-GFP fusion protein
and PhoD-HA tagged protein. ACP is known to localize to
the apicoplast, allowing for us to make the organelle green,
allowing for co-localization with the HA tagged PhoD. If
our hypothesis proves to be correct, both tags should show
up in the same location. Future experiments would address
the function of PhoD.

Structural Determination of
Clade B Nramp Transporters
Femke Ahlers
PRISE-Emmanuel Fellow
Biochemistry, 2020

Molecular and Cellular Biology Department
Gaudet Lab
Advisor: Rachelle Gaudet

Many physiological cellular processes, such as energy
metabolism and oxygen transport, require metal ions. Nat-
ural resistance-associated macrophage proteins (Nramps)
are transmembrane transporters that facilitate movement
of divalent metal ions across cellular membranes using a
proton gradient. Nramps are found in all kingdoms of life
and transport various essential metals like iron and man-
ganese, whilst preventing toxic concentrations of these
metals from accumulating in the cell. Bacterial Nramps
have been divided into different clades (clade A, B and C)
based on their sequence similarity.

I investigated clade B Nramps, a less well-studied sub-
family whose amino acid sequence indicates an alterna-
tive proton pathway in comparison to the studies done
with bacterial Nramps from clade A and C. Moreover,
these Nramps have not been explored structurally or func-
tionally. I tested the expression of a subset of clade B
Nramps using western blotting to find potential candi-
dates for large-scale expression and purification. Clade
B Nramps from Bacteroides fragilis and Chlorobaculum
tepidum expressed best and I am currently optimizing their
purification protocol to obtain high protein yields. Such
purified protein can then be used for X-ray crystallogra-
phy to elucidate the structure of clade B Nramps, and for
in vitro functional assays to study their metal and proton
transport properties. I am also performing in-cell metal
uptake assays to determine the metal ion selectivity of
clade B Nramps. These results will help better understand
the alternative proton pathway used by clade B Nramps
and how these transporters selectively take up metals es-
sential for cellular physiology.
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Elucidating the Function of the
H3K27MMutation in DIPG

Proliferation
Sarah Araten
PRISE Fellow
Chemical and Physical Biology, 2020

Chemistry and Chemical Biology Department
Liau Lab
Advisors: Ally Freedy, Hui Si Kwok, Brian Liau

Diffuse Intrinsic Pontine Gliomas (DIPGs) are a subset
of pediatric high grade gliomas (pHGGs) that originate in
the brain stem. Approximately 300 children are diagnosed
with DIPGs every year, and 90% die within a year or two
of being diagnosed. From biopsies, it was discovered that
78% of DIPGs have a heterozygous mutation in the histone
3 tail, which results from an amino acid substitution of ly-
sine to methionine (H3K27M). The H3K27M mutant his-
tone is a marker specific to pHGGs and necessary for their
proliferation. Previous research has shown that the mu-
tant H3K27M histone tail globally inhibits EZH2, which
is responsible for the mono-, di-, and tri-methylation of
H3K27, facilitating transcriptional repression. Although
it is clear that the H3K27M mutant histone competes with
the wild type tail for binding in the catalytic pocket of
EZH2, thereby inhibiting EZH2 catalytic activity, it is not
known whether H3K27M-mediated oncogenesis in DIPG
cells is solely due to its interaction with EZH2. As such,
the goal of my research is to determine the necessity of
this interaction by identifying an EZH2 mutant protein re-
sistant to H3K27M-mediated inhibition. Using CRISPR-
Cas9 technology, I designed single guide RNAs (sgRNAs)
to target specific regions of the EZH2 catalytic site, and
I transfected EZH2 dependent malignant rhabdoid tumor
cells with the sgRNAs. After introducing the H3K27M
mutant histone into the cells, I expect that any cells that do
not die from frame-shift mutations caused by the sgRNAs
will instead have resistance mutations to the H3K27M mu-
tant histone. This resistant EZH2 protein could then be in-
troduced into DIPGs to determine if the cells are still able
to proliferate in the absence of the mutant histone tail in-
teraction with EZH2. DIPG dependence on the interaction
between EZH2 and the H3K27M mutant histone would
indicate that potential therapies for patients with DIPGs
could include small molecule drugs that target and reverse
this interaction.

Non-Coding Regulation of
Cardiac Remodeling

Bjarni Atlason
PRISE Fellow
Human Developmental and Regenerative Biology, 2022

Harvard Stem Cell Institute
Rosenzweig Lab
Advisors: James Sawalla Guseh, Anthony Rosenzweig

Heart failure is a chronic and progressive health condi-
tion that currently affects approximately 6 million Ameri-
cans and is expected to become significantly more preva-
lent in coming years. Consequently, much research has
been focused on heart failure in recent years. Particular
emphasis has been placed on elucidating how the condi-
tion arises and progresses, and much of this research has
been driven by the observation that an increase in heart
mass commonly precedes the chronic pathological condi-
tion. However, very little is known about possible means
to achieve regression of heart size, which might provide
the key to reversing the pathological development that
drives heart failure. Noncoding microRNAs (miR) are
highly conserved across species and have been shown to
play important roles in cardiac development. We hypoth-
esize that miRs also regulate the transcriptional mecha-
nisms that drive cardiac regression. To test this hypoth-
esis, deep RNA sequencing was performed to generate a
profile of the transcriptome of multiple vertebrate models
of cardiac regression. The results were used to curate a
list of candidate miRs associated with cardiac regression
and thus might have a regulatory role. We developed an in
vitro cell size assay to test the effects of candidate miRs on
cell size, morphology, and gene transcription. Assay effi-
cacy and reproducibility were then established by using it
to assess the effects of phenylephrine, a cardinal pharma-
cological agent known to induce cardiac hypertrophy in
cells and whole hearts. A consistent 21.5% ± 11.2% in-
crease in cell size was observed in phenylephrine-treated
cells compared to controls (p = 0.005, n = 2472). We will
then use agomiRs (synthetic miRNA activating agonists),
and antagomiRs (synthetic miRNA antagonists) of candi-
date miR to assess their in vitro effects on cardiomyocytes.
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The Effects of the R4
Regulatory Enhancer of the

Gdf5 Gene on the Development
of Osteoarthritis in Mice

Yemile Bazaldua Flores
PRISE Fellow
Human Evolutionary Biology, 2021

Human Evolutionary Biology Department
Capellini Lab
Advisor: Terence Capellini

Recent genetic studies have illuminated that the Gdf5 gene
is involved in the development of hindlimbs, their respec-
tive joints, and osteoarthritis,the degeneration of cartilage
in joints, most commonly in the knees. In vivo studies
in mice have elucidated the Gdf5 gene’s cis-regulatory
architecture and shown that downstream sequence is re-
quired for proper knee joint morphology. We found the
appearance of knee osteoarthritis in mice with an experi-
mentally genetic deletion of the R4 enhancer as the joint
regulatory element, including a loss of articular cartilage
glycosaminoglycans on all joint surfaces or severely dam-
aged joint surfaces in some individuals, and at P30 and 1
year, R4 loss led to significant changes in key morpholog-
ical features of the distal femur and proximal tibia. In this
study, we hoped to determine how a deletion of the bind-
ing site of this R4 enhancer affects the development of the
knee using mice models. Thus far, chondrocyte cells from
the articular cartilage in the knee have been collected. To-
tal RNA will be purified, and RNA sequencing will be per-
formed to determine the transcriptional levels of the genes.
In the next phase, the study will focus on comparing the
transcriptional differences between R4 deletion homozy-
gous, heterozygous, and wild type mice at 16.5 days of
gestation, newborn, 30 days old and one-year old. The
expectation is to figure out the corresponding transcrip-
tional changes of signaling pathways affected by R4 dele-
tion in our mouse model, which would determine how the
R4 enhancer plays as a risk factor in the development of
osteoarthritis in the knee joints. This finding would fur-
ther encourage research to understand the mechanism of
osteoarthritis and ways to prevent or cure this pervasive
disease.

Effects of Electrical Signaling
on Embryonic Patterning

Brendan Burney
PRISE Fellow
Neurobiology, 2020

Harvard Medical School
Hormoz Lab
Advisor: Christoph Budjan

Pattern formation is the process by which equivalent cells
in a developing tissue in an embryo take on complex forms
and functions. This process is genetically controlled and
involves each cell identifying its position along a chemical
signaling gradient. A cell’s identity is determined based
on its position, and these different identities give rise to
patterns.

One such patterning system, the paraxial mesoderm, is di-
vided into distinct segments (called somites), which later
give rise to the characteristic segmented body plan that
is common to all vertebrate organisms. It has been pro-
posed that a signaling gradient coupled with an oscillatory
gene regulatory network called segmentation clock under-
lies the process of segment formation. However, whether
other signaling mechanisms such as electrical signaling
may control this process is poorly understood.

Electrical signaling is typically associated with action
potentials: spikes in membrane voltage that return to
baseline. However, electrical signaling has recently been
shown to be associated with stable spatial patterns sim-
ilar to its chemical counterpart. Here, we investigate
whether spatial changes in membrane voltage can affect
segment formation. Using all-optical electrophysiology,
we attempt to measure membrane voltage across differ-
ent regions of a 3D differentiation system derived from
human iPS cells that recapitulate paraxial mesoderm de-
velopment and form morphologically distinct segments
in vitro. Mapping the membrane voltage will allow us to
make direct comparisons between observed morphologi-
cal patterns and spatial changes in resting potential.
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Dissecting the Mechanism of
Ionocyte Differentiation

Ana Castaner
PRISE Fellow
Human Developmental and Regenerative Biology, 2022

Harvard Stem Cell Institute
Massachusetts General Hospital
Rajagopal Lab
Advisors: Brian Lin, Jayaraj Rajagopal

Cystic fibrosis (CF) is a genetic disease caused by delete-
rious mutations in the cystic fibrosis transmembrane con-
ductance regulator (CFTR) gene, which disrupt its ion-
transport function. We and others recently discovered a
very rare cell - the ionocyte - present in both mice and hu-
mans that produces most of the CFTR in the airways and
lungs. However, the rarity of this cell type makes it hard
to study, as both the tissue itself and in vitro epithelial tis-
sue cultures produce few to no ionocytes. Since it is likely
that any achievable cure to CF would require the fixing
of CFTR in ionocytes, here, we aim to elucidate how to
culture higher numbers of ionocytes. Our approach fo-
cused on the use of a set of genes computationally iden-
tified as being at the center of ionocyte-specifying gene
regulatory networks. We conducted weighted gene co-
expression network analysis (WGCNA) to identify can-
didate genes using data from the large mouse sc-RNAseq
dataset we previously published. From this list, we chose
7 genes, including Foxi1, Ascl3, and Stap1 to clone into
doxycycline inducible vectors that we then packaged into
AAV2 serotyped virus. We infected mouse Foxi1-GFP+
basal cells separately with these viruses and co-cultured
each one mixed with wildtype basal cells in air-liquid in-
terface (ALI) culture. We induced expression of each of
the genes with doxycycline for either the initial 4 days or
all 14 days of culture. After 14 days, we collected ma-
ture samples and validated induction of each gene of in-
terest using qPCR. Finally, we assayed for any effect on
the number of ionocytes by each gene overexpression us-
ing the Foxi1-eGFP reporter.

Evolutionary Adaptation to an
Altered Cell Cycle Regulation
Linked to Genetic Instability
Yi Chen
PRISE Fellow
Chemical and Physical Biology, 2020

Molecular and Cellular Biology Department
Murray Lab
Advisors: Marco Fumasoni, Andrew Murray

Genetic instability, the heritable increase in the rate of ge-
netic mutation, is a key source of genetic variation that
drives tumor evolution. Defects in cell cycle regulation
machinery can cause genetic instability and are prevalent
in cancer, but the relationship between the two processes
and evolutionary fitness is unclear. Here, we explore this
relationship using experimental evolution on mutants with
cell cycle defects and is genetically unstable. This ap-
proach allows for unbiased detection of molecular pro-
cesses critical to determining genetic instability, fitness,
and the robustness of cell cycle regulation. Candidate
mutants were selected by constructing mutants with alter-
ations in key G1 regulators whose human equivalents are
commonly altered in cancer including whi5∆, sic1∆, and
overexpression of CLN3. The sic1∆ mutant, which lack
the S-phase cyclin inhibitor Sic1, was selected for experi-
mental evolution as it spends significantly less time in G1,
has a 10-fold higher gross chromosomal rearrangement
(GCR) rate, and has a fitness defect of 13% compared
to WT. Populations of sic1∆ cells that had been evolved
for 300 generations showed 6-9% fitness improvements
compared to the ancestor. Although most populations had
lower point mutation and GCR rates, some demonstrated
no change in genetic instability despite fitness improve-
ment. Surprisingly, the fraction of cells in G1 was sig-
nificantly decreased in all evolved populations compared
to both WT and the sic1∆ ancestors (p<0.05). Our pre-
liminary results suggest that restoring normal cell cycle
progression is not the preferred evolutionary route for im-
proving fitness and genetic instability in sic1∆ cells. Fur-
ther exploration of evolved strains is needed to determine
the molecular changes that alter genomic fidelity, cell cy-
cle regulation, and growth.
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The Effect of Early Life Stress
on Social Behavior of Female

Mice
Maria De Leon
PRISE Fellow
Molecular and Cellular Biology, 2020

Molecular and Cellular Biology Department
Hensch Lab
Advisor: Gervasio Batista

The brain is especially susceptible to environmental cues
during the developmental period, meaning Early Life
Stress (ELS) can affect adult social behavior. This phe-
nomenon has been replicated in multiple studies, including
mice-model studies, but limited research has been done
on female mice because their hormonal cycles complicate
analysis of behavior in adulthood. We conducted multi-
ple behavioral assays on female mice who have experi-
enced ELS via the fragmented care (FC) approach. The
FC approach calls for minimizing the amount of nesting
provided to the mother, which induces anxiety and pre-
vents the mother from properly caring for her new pups.
The first behavioral assay performed was the Tube Test,
which tests for dominance between an FC mouse and a
control care (CC) mouse that had normal parental care.
The second behavioral assay was a 3x3 Interaction As-
say, in which three FC mice and three CC mice were put
into an open field box. Interactions between the mice are
recorded and scored by a computer. The third assay was
a Sucrose Preference Test, which is used as an indicator
of anhedonia, or lack of incentive to seek pleasure, one
of the hallmark symptoms of depression. Because a bias
toward a sweetened drink is typical, no bias between the
sucrose solution and water suggests depressive behavior.
The assays suggest that female FC mice are submissive to
female CC mice and that FC mice have an aversion to in-
teractions compared to their CC counterparts. The Sucrose
Preference Test did not show a significant difference be-
tween FC mice and CC mice. Taken together, these results
indicate that FC mice exhibit behavioral disruption com-
pared to CC mice. The next steps of this project would be
to explore the underlying mechanisms of these behavioral
disruptions and connect them to adult human behavior.

Characterizing the Interaction
Between Fatty Acid-Binding
Proteins and Eicosanoid
Synthetic Complexes

Shelby Elder
PRISE Fellow
Chemical and Physical Biology, 2022

Massachusetts General Hospital, Nephrology Department
Soberman Lab
Advisor: Angela Bair Schmider

Arachidonic acid (AA) is metabolized to produce inflam-
matory lipid signaling molecules called eicosanoids, in-
cluding prostaglandins (PGs) and leukotrienes (LTs). PGE
synthesis requires cyclooxygenase (COX)-1 and -2, and
prostaglandin E synthases (PGES). 5-lipoxygenase (5-LO)
oxygenates AA to begin LT production and 5-LO activat-
ing protein (FLAP) is believed to be a scaffold protein
for LT synthetic complex formation. Preliminary FLIM-
FRET and microscopy data indicate that FLAP also in-
teracts with COX-1, COX-2, and mPGES-1. We hy-
pothesize that FLAP and eicosanoid synthetic enzymes
form complexes on the nuclear membrane that produce
prostaglandins and/or leukotrienes, dependent on the in-
flammatory stimuli, and that fatty acid-binding proteins
(FABPs) transport AA to these complexes. We aim to
characterize FABP interaction with FLAP and eicosanoid
synthetic enzymes using FLIM-FRET and analysis of
single-molecule localization data from stochastic optical
reconstruction microscopy (dSTORM). Control or LPS-
stimulated RAW264.7 cells were used for all experiments.
PGE2 production was measured by ELISA. FABP4 and -
5 relocation to nucleus was observed in stimulated cells
using epifluorescence microscopy, consistent with each
possessing an inducible nuclear localization signal. De-
creased FLIM-FRET donor lifetimes on the nuclear enve-
lope were observed for FABP4/FLAP and FABP5/FLAP
in stimulated cells versus control. FABP3, -4, and -5 were
imaged with FLAP using 2-color dSTORM and data were
analyzed using Clus-DoC, an algorithm to quantify clus-
ter properties and colocalization of molecules. Signifi-
cant increases in FABP5 clusters/µm2 and percentage of
FLAP colocalized with FABP5 were observed on the nu-
clear envelope, providing additional evidence for interac-
tion. dSTORM to characterize FABP/COX-2 colocaliza-
tion is being performed. FABP interaction with LT syn-
thetic enzymes will then be explored. Eicosanoid produc-
tion by leukocytes incites a range of inflammatory dis-
eases; demonstrating that FABP4 or -5 is directly involved
in eicosanoid production would strengthen their status as
therapeutic targets and contribute to understanding cellu-
lar lipid trafficking mechanics.
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The YAP Pathway Interprets
Hemodynamic Forces from

Blood Flow to Signal
Hematopoietic Stem Cell Fate

in Endothelium during
Embryogenesis

Maria Gonzalez Di Tillio
PRISE Fellow
Applied Mathematics, 2021

Boston Children’s Hospital
North Lab
Advisor: Wade Sugden

Hematopoietic stem cells (HSCs), formed from endothe-
lial cells in the ventral dorsal aorta (VDA) during develop-
ment, are responsible for generating all circulating blood
and immune cells into adulthood. Because HSCs are able
to maintain life-long production of each blood cell type,
they are sought-after for transplant therapy to treat hema-
tological diseases and cancer. Due to low success rate
and cell loss in donor HSC transplantation, a beneficial
treatment strategy would be to generate healthy HSCs in
vitro from a patient’s endothelium. Blood flow is one cen-
tral factor necessary to stimulate HSC formation during
development, but we have yet to characterize the path-
way in which hemodynamic force is translated into a ge-
netic signal that instructs blood vessel endothelium to be-
come HSCs. In this ongoing project, we are studying a
particular regulatory factor, YAP, that responds to me-
chanical signals and instructs cell fate-change genetic pro-
grams. We hypothesized that YAP is implicated in trans-
lating mechanical blood flow stimulus to genetic signals
promoting HSC formation. Our preliminary work—using
loss-of-function in vivo zebrafish lines, heat-shock over-
expression techniques, and morpholino silencing during
zebrafish embryogenesis—implies YAP activation as an
enhancer of HSC production, and piezo1 as an upstream
component of the YAP pathway. Yap loss-of-function
mutants exhibit decreased markers for HSC emergence
(runx1/cmyb) after blood flow initiates, while heat-shock
overexpression of yap enhances runx1/cmyb expression,
HSC production, and partially rescues hematopoietic po-
tential in silent heart (sih) zebrafish embryos lacking heart-
beat. Cyclic stretch–a hemodynamic force which pro-
motes HSC emergence–can sustain HSC signal even in the
absence of wall shear stress (WSS), but loses this capac-
ity in mutants for piezo1—-a stretch-specific cation chan-
nel known to promote YAP activity. Our current results
underscore the importance of the YAP axis in implement-
ing the hemodynamic force conditions of embryogenesis
in order to recapitulate HSC emergence in vitro.

Identifying Novel
Diazo-Containing Products

Through Biochemical
Characterization of CreM
Activity inMycobacterium

abscessus
Leena Hamad
PRISE Fellow
Molecular and Cellular Biology, 2021

Chemistry and Chemical Biology
Balskus Lab
Advisors: Emily Balskus, Grace Kenney

The diazo group is a highly reactive chemical group con-
sisting of two doubly-bonded nitrogen atoms at the termi-
nal position of an organic molecule. Diazo compounds
have been harnessed as DNA-damaging chemotherapy
drug candidates and powerful tools in synthetic chem-
istry, but their biosynthetic pathways are poorly under-
stood. The cre gene cluster encodes the pathway for
the diazo-containing cytotoxin cremeomycin in Strepto-
myces cremeus. Similar genes have been identified in
Mycobacterium abscessus, indicating the presence of a
putative diazo-containing natural product. M. abscessus
is a common multi-drug resistant pathogen that causes
lung, skin, and soft tissue infections. We are interested
in examining the role of CreM, an ATP-dependent diazo-
forming enzyme, and its unidentified diazo product on M.
abscessus viability. Preliminary experiments focused on
designing and optimizing a heterologous expression sys-
tem for M. abscessus CreM in Escherichia coli to max-
imize protein production. Ultraviolet-visible light (UV-
Vis) spectroscopy and mass spectrometry assays were de-
veloped to confirm diazotization of substrates of CreM ho-
mologs. These assays allowed us to compare enzymatic
activity while varying reaction conditions. Using the cre-
meomycin precursor 3,2,4-AHMBA as a substrate for M.
abscessus CreM, we saw non-enzymatic cremeomycin
formation under acidic and high-temperature conditions,
complicating initial assays. However, UV-Vis and liq-
uid chromatography-mass spectrometry assays developed
while troubleshooting provided necessary tools to moni-
tor diazo synthesis over the course of the reaction, yield-
ing valuable information on the mechanisms and kinetics
of catalyzed diazotization. Although the native M. absces-
sus CreM substrate has yet to be recovered in vivo, we se-
lected chemically synthesized substrate candidates based
on predicted upstream M. abscessus gene cluster products.
Engineering alternatively-tagged CreM analogs will gen-
erate enough functional protein to draw connections be-
tween CreM structure and enzymatic activity. Continued
analysis of the CreM product may guide further in vivo
studies on the pathogenicity of M. abscessus.
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Development of a Ring
Chromosome to Study
Oncogene Evolution in

Liposarcoma
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PRISE Fellow
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Boston Children’s Hospital
Gutierrez Lab
Advisors: Raja Ali, Kimberly Bodaar

Well-differentiated liposarcoma is the most common hu-
man sarcoma. These tumors are cytogenetically charac-
terized by a supernumerary ring-shaped chromosome that
contains genes from chromosome 12q. This ring struc-
ture contains many additional copies of oncogenes over-
expressed in liposarcoma, such as MDM2. It has previ-
ously been shown that ring chromosomes are unstable dur-
ing mitotic cell division, and it has been hypothesized that
the ring structure promotes evolution of oncogene ampli-
fication. To test this hypothesis, two ribonucleoproteins
(RNPs) were designed to induce double-stranded breaks
(DSBs) in chromosome 12, and a DNA repair plasmid
was added and repair the DNA in a ring structure con-
necting the chromosome between the two DSBs. The
RNPs and plasmid were transfected into HEK293T cells
using Lipofectamine CRISPRMAX reagent or Nucleofec-
tion, and these methods of transfection were compared in
efficiency. Thus far, only the 2 RNPs have been trans-
fected into the cells. Transfection attempts have been
made with both Lipofectamine CRISPRMAX and Nucle-
ofection with the Lonza 4D Core Unit. Nucleofection was
determined to be the more efficient method of transfec-
tion using a fluorescent protein reporter. Future experi-
ments will optimize efficiency of CRISPR/Cas9 induced
DNA double-strand breaks. Upon verification of effi-
cient double stranded cutting, the 2 RNPs and the repair
plasmid will be transfected simultaneously to yield a ring
chromosome derived from chromosome 12 in HEK293T
cells. These cells could then be used as a model to test
the hypothesis that the ring structure promotes evolution
of oncogenes in well-differentiated liposarcoma.

Finding Lost JAK2 Driver
Cancer Mutation in First
Reported Cured Patient of

Polycythemia Vera
Anthony Henriquez
PRISE Fellow
Chemistry, 2020

Harvard Medical School
Hormoz Lab
Advisor: Sahand Hormoz

Polycythemia vera (PV) is a type of chronic blood cancer
that is caused by a mutation in the JAK2 gene in blood
cells. It is not well understood how the mutation allele
frequency impacts clinical outcome. Examining case stud-
ies, however, may lead to a greater understanding of this
relationship. In 2017, a 53-year old PV male became pre-
sumably the first recorded patient to lose the JAK2 muta-
tion — along with the disease’s symptoms — after three
years of treatment not including a bone marrow transplant.
We have identified the possibility that the patient in 2017
still had the mutation just like in 2014, but at an allelic
frequency below existing diagnostic detection limits. To
test this hypothesis, I am constructing a protocol for de-
tecting point-mutations with frequency as low as .09% by
optimizing the existing Duplex Sequencing (DS) method
to be compatible with this JAK2 mutation region. Stan-
dard clinical Sequencing methods’ sensitivity is limited
to about 5% by the formation of artificial mutations as a
result of sequencing preparation. These artificial muta-
tions become indistinguishable from actual mutations in
the blood cells of the patient. However, DS allows us to
identify these artificially created mutation, bypassing this
problem. DS relies on the ligation of sequencing adapters
harboring complementary double stranded unique molec-
ular identifiers (UMI) to the sample DNA of interest. This
allows mutations not occurring in both strands of DNA
with the same UMI to be discarded as non-real muta-
tions. I am also using targeted enrichment probes to se-
lectively isolate duplex adapter-ligated DNA fragments
containing sequences in the JAK2 region to maximize the
number of sequencing reads mapped on the mutation site.
Once the protocol’s sensitivity is tested on serially diluted
cell-extracted DNA with mutations of known frequency,
JAK2-Specific Duplex Sequencing will be run on the 2017
bone marrow sample of the patient to determine whether
the patient truly lost the mutation and whether he is truly
cured genetically. Uncovering the truth behind the pa-
tient’s apparent deep remission will shed light on a disease
affecting over 100,000 people in the United States.
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Massachusetts General Hospital
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Inflammatory bowel disease (IBD) is a chronic inflamma-
tory condition affecting the gastrointestinal tract, encom-
passing disorders such as ulcerative colitis and Crohn’s
disease. Although IBD etiology has both environmental
and genetic components, large genome-wide association
studies (GWAS) have highlighted the contribution of ge-
netics through the identification of multiple risk variants.
This project will focus on FAM55A and FAM55D, two
uncharacterized genes identified through GWAS as hav-
ing variants associated with ulcerative colitis. Through
sequencing analysis, FAM55A and FAM55D have been
determined to be members of the GDSL/SGNH esterase
superfamily and the PC-esterase family of proteins. Our
preliminary research into this topic has shown that both
enzymes are expressed exclusively in colonic goblet cells,
the cells generating the mucus that lines epithelial sur-
faces. Therefore, our aim in this phase of the project was
to generate knockout organoid cell lines in order to facil-
itate future functional studies. Using techniques includ-
ing molecular cloning, lentiviral production, and CRISPR-
mediated gene deletion, we engineered single, double,
and triple knockout organoids of the genes FAM55A and
FAM55D as well as the paralog FAM55B; the genotypes
were validated using amplicon sequencing and Western
blot. Further validation experiments using immunostain-
ing revealed endogenously lower levels of mucus secre-
tion in FAM55A-/- and FAM55D-/- organoids, further
suggesting a role of FAM55A and FAM55D in mediat-
ing mucosal immunity. Future studies will continue char-
acterizing the mechanistic implications of FAM55A and
FAM55D knockout in organoid-derived goblet cells and
mouse models and investigating the specific modifications
carried out by these enzymes, with the ultimate aim of es-
tablishing the relevance of FAM55A and FAM55D to in-
testinal homeostasis and immunity.

Developing a Universal
Off-Target Detection Method
for CRISPR Nucleases and

Base Editors
Hana Kiros
PRISE Fellow
Neuroscience, 2022

Massachusetts General Hospital
Joung Lab
Advisors: Keith Joung, Vikram Pattanayak

CRISPR RNA-guided nucleases and base editors have
gained widespread adoption as tools used to further ba-
sic science research, advance bioengineering, and to bet-
ter understand the function of various genetic elements.
The specificity of the editing these systems induce varies,
in part because guide RNA designed to bind to a specific,
on-target sequence can tolerate binding to sites differing
from this sequence by up to several base pairs, resulting
in the introduction of unintended mutations at off-target
sites. As this technology begins to be translated into poten-
tial therapeutic applications, it is particularly critical that
benchtop-accessible, highly specific, and highly sensitive
methods to detect the off-target effects of gene editing are
developed. Existing methods for off-target detection have
generally been experimentally laborious and required se-
quencing capabilities and levels of DNA input likely in-
accessible to most labs. This summer I have assisted in
the late-stage validation of a universal off-target detec-
tion method that aims to improve upon these shortcom-
ings. In anticipation of downstream clinical applications,
I am also working to expand the sensitivity of this method
to enable the enhanced characterization of genomic sites
of particular therapeutic relevance. As the first class of
CRISPR-based therapeutics enter clinical trials, the ur-
gency to widely adopt a highly reliable off-target detec-
tion method is underscored. A robust off-target detection
regimen, such as that my lab has developed, must accom-
pany the development and implementation of any human
therapeutic leveraging gene editing, in order to protect pa-
tients undergoing such treatments from experiencing unin-
tended, potentially detrimental effects stemming from the
introduction of off-target editing.
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Cancer immunotherapies have become a prominent treat-
ment method in the last decade through the use of an-
tibodies to prevent inhibitory receptors from binding to
their ligands. Human endogenous retrovirus-H long ter-
minal repeat-associating protein 2 (HHLA2) is a novel
B7 family member and ligand often expressed on can-
cer cells, and it has the ability to contribute to both T
cell stimulation and inhibition. By binding to transmem-
brane and immunoglobulin domain-containing protein 2
(TMIGD2), HHLA2 is able to stimulate T cells, but the
lab recently identified KIR-X as a potential inhibitory lig-
and for HHLA2. The goal of this project was to confirm
that KIR-X is an inhibitory ligand and to test a panel of
antibodies for their effect on HHLA2-mediated T cell ac-
tivation. We believe that blocking KIR-X will be valuable
for stimulating T cells in cancer, while blocking TMIGD2
has potential in deactivating T cells in autoimmune dis-
ease. My goal is to find an antibody that blocks KIR-
X-mediated inhibition while leaving TMIGD2 mediated
T cell activation alone. To measure T cell stimulation,
KIR-X and TMIGD2 were separately expressed on Jurkat
cells with an NFAT or IL2 luciferase reporter which lumi-
nesced when the T cell was active, and they were put in
wells with CHO cells expressing HHLA2. The biolumi-
nescence produced by the firefly luminescence reporter re-
flects NFAT or IL2 transcriptional activation. T cell stim-
ulation and inhibition mediated by the TCR and HHLA2
signal were measured. The antibodies were tested for the
capacity to affect the HHLA2-mediated effect on T cell
activation. My results show that the anti-KIR antibod-
ies 2D8, 2F11, 2H1, and 1G7 and the anti-HHLA2 anti-
bodies 4D1, 2C4, 6D10, and 6F10 successfully resulted
in T cell activation. The anti-HHLA2 antibodies 6F10
and 4D1 prevented TMIGD2-mediated T cell activation.
These assays showed that there was good correlation be-
tween physical blocking ability and effect on signaling of
T cell activation.

The Role of Microbial
Bioproducts in Modulating the
Response of Macrophages to
Gluten in Celiac Disease

Patients
Kayla Lentz
PRISE Fellow
Molecular and Cellular Biology, 2020

Harvard Medical School
Massachusetts General Hospital
Fasano Lab
Advisors: Alessio Fasano, Gloria Serena

Celiac Disease (CD) is an autoimmune enteropathy that
affects approximately 1% of the worldwide population.
In genetically predisposed individuals, small intestinal in-
flammation is triggered by gluten protein ingestion, which
can cause serious complications. Its rising incidence in
recent years suggests that additional environmental fac-
tors other than gluten may contribute to disease onset and
pathogenesis. Although the adaptive immune pathway
is well understood, the innate response is less explored.
Particularly, macrophages (MΦ) are thought to be impli-
cated yet remain understudied. Therefore, we sought to
investigate the MΦ response to pepsin-trypsin-digested
gliadin (PTG), a component of gluten, both alone and
with microbial-derived metabolites, which can influence
the phenotype and function of immune cells.

Monocytes isolated from whole-blood samples of CD and
non-CD patients were differentiated into mature MΦ be-
fore undergoing a 24-hour stimulation with PTG, lactate
or butyrate, or PTG and either metabolite in combination.
Pro- and anti-inflammatory cytokine mRNA expression
was determined via real-time reverse-transcription poly-
merase chain reaction. Supernatants from MΦ cultures
were collected and cytokine production was measured via
enzyme-linked immunosorbent assays (ELISAs). Prelim-
inary findings indicate that both butyrate and lactate lead
to a slight decrease in production of pro-inflammatory cy-
tokines such as TNF-α, IL-6, and IL-1β in PTG-stimulated
cells in both groups of patients. Many cytokine expres-
sion levels were not statistically different, however, and
therefore, ongoing experiments are assessing the effect of
metabolites in a dosage-dependent manner.

Given the diversity of intestinal microflora, future di-
rections could involve culturing cells with other microbial
bioproducts or multiple metabolites at once. Addition-
ally, flow cytometry will be used to determine pheno-
typic differentiation of MΦ. This research could provide
a more comprehensive understanding of the mechanistic
link between gluten and metabolite exposure in the innate
autoimmune response in CD patients.
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Traumatic brain injury (TBI) is a major cause of death, dis-
ability, and lifelong impairment in the United States. Peo-
ple with TBIs are at greater risk of developing Chronic
Traumatic Encephalopathy (CTE) and Alzheimer’s dis-
ease. A pathological hallmark of these diseases is the ac-
cumulation of tangles of phosphorylated tau proteins, par-
ticularly those of the cis conformation (cis p-tau). Cis
p-tau causes cell death and neurodegeneration by inter-
rupting mitochondrial transport and microtubule assem-
bly, known as cistauosis. A useful model for cis-p tau
accumulation is the trophoblast, or placental cell. In pre-
eclampsia, a serious complication affecting the placenta
during pregnancy, trophoblasts are impaired by protein
misfolding and aggregation, similar to the aggregation
seen in Alzheimer’s disease. Furthermore, prior research
shows that cis p-tau is induced in stressed trophoblasts.
To induce cis p-tau expression, trophoblasts were cultured
in high, medium, and low stress conditions: 0.5% oxygen
hypoxia without fetal bovine serum (FBS) cell growth sup-
plement; normoxia without FBS; and normoxia with FBS.
Cells were collected at 0-, 24-, and 48-hour timepoints for
comparative analysis. By using cis p-tau-specific antibod-
ies, relative amounts of cis p-tau expression were deter-
mined using immunostaining and western blotting. Image
processing software allowed for quantification of cis p-tau
expression. Results showed that high levels of cis p-tau are
induced when cells are exposed to hypoxia or serum star-
vation, compared to the very low levels of cis p-tau that
are induced in cells in desirable oxygen and serum condi-
tions. Time also positively correlated with increased stress
and cis p-tau. Given that pre-eclampsia prevents suffi-
cient blood flow to the uterus and placenta, the results in-
dicate that cis p-tau likely is involved in poor placentation
and harm done to babies and mothers suffering from pre-
eclampsia. This research shows that cis p-tau may play
a major role in the degenerative effects of both traumatic
brain injury and pre-eclampsia.

Role of the Wnt Gatekeeper
Sfrp4 in the Maintenance of
the Pool of Periosteal Stem

Cells/Progenitors
Ashlie Malone
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Molecular and Cellular Biology, 2021

School of Dental Medicine
Baron-Gori Lab
Advisors: Ruiying Chen, Francesca Gori

The periosteum, a thin cellular layer surrounding long
bones, which plays a critical role in cortical bone expan-
sion and homeostasis, has regenerative capabilities and re-
sponds to anabolic drugs. However, despite its clinical
significance, our basic understanding of periosteal cellular
characteristics, local or paracrine regulatory factors, is in-
complete. Thanks to powerful new sequencing technolo-
gies, a periosteal population of cells labeled by Cathepsin
K (Ctsk+), which include bona fide periosteal stem cells
(PSCs) and non-stem periosteal progenitor (PP1 and PP2)
cells, has been recently identified, providing a great oppor-
tunity for studying the regulation and significance of the
periosteum in skeletal phenotypes. Loss of function mu-
tations of SFRP4, a known inhibitor of the Wnt signaling
pathway, were identified in our previous studies as caus-
ing Pyle’s disease (OMIM-265900), a rare skeletal disease
characterized by skeletal deformities and bone fragility.
Using a knockout mouse model, we uncovered that Sfrp4
mediates cortical bone homeostasis primarily through re-
pression of non-canonical Wnt signaling. The purpose of
this project is to explore Sfrp4’s role in periosteal func-
tion. To this aim, we first assessed the colony-forming
unit potential of periosteal cells lacking Sfrp4 and found
that Sfrp4 deficiency decreased the colony formation abil-
ity of fibroblasts and osteoblasts and decreased their dif-
ferentiation into osteoblasts. Transcriptome analysis re-
vealed high Sfrp4 expression in PP1 and PP2 cells. FACS
analysis showed that SFRP4 deletion led to a marked de-
crease in the percent of PSCs and increase in the percent of
PP2 cells. A decreased percentage of more mature osteo-
chondral lineage cells was also observed. Together, this
suggests that Sfrp4 deletion promotes the differentiation
of PSCs into PP2 progenitors while preventing their pro-
gression from PP2 into more mature cells. Further anal-
ysis of the pathways that govern these cells may improve
our understanding of the role of the periosteum and have
applications to diseases affecting cortical bone.

37



Molecular and Cellular Biology

Development and Evaluation
of SHERLOCK-based
Diagnostic Panel for
Respiratory Viruses

Sreekar Mantena
PRISE Fellow
Stastistics and Molecular and Cellular Biology, 2022

Broad Institute
Sabeti Lab
Advisor: Cameron Myhrvold

Acute respiratory infections are correlated with significant
disease burden worldwide and are the leading cause of
death among children under five years of age in devel-
oping nations. Respiratory infections and influenza-like
illnesses are particularly difficult to diagnose, as many
pathogens present with very similar clinical manifesta-
tions. State-of-the-art commercial multiplexed PCR sys-
tems are able to detect dozens of viral targets simultane-
ously, but many of them have prohibitively expensive per-
sample costs and have difficulty differentiating between
closely related species. In the past year, CRISPR-Cas13
based nucleic acid detection platforms, such as SHER-
LOCK, have proven to be highly sensitive and specific.
SHERLOCK leverages Cas13’s collateral cleavage of a
fluorescent RNA reporter to detect the presence of a vi-
ral target in a patient sample. The goal of our project was
to develop a SHERLOCK-based panel to detect 18 res-
piratory viral targets. Genome sequences were obtained
from NCBI, and a bioinformatics pipeline was used to
identify conserved regions. Primers and CRISPR RNAs
were designed to ensure that the panel captured at least
95% of all known sequence diversity. Pooled PCR ampli-
fication was performed on 18 synthetic viral targets, fol-
lowed by SHERLOCK detection reactions. Optimization
of enzyme concentrations, PCR protocol, and primer de-
signs was performed to maximize fluorescent signal. Our
panel was able to detect the presence of 16 synthetic vi-
ral targets down to 1 copy/μL. Further work will involve
testing the panel on clinical samples and spatially multi-
plexing the Cas13 detection, enabling clinicians to per-
form high-throughput, low-cost, and highly-sensitive di-
agnosis of patients who present with respiratory illness.

CRISPR-Engineering of
Circulating Tumor Cells as a
Therapeutic Strategy for
Primary and Metastatic

Tumors
Nasser Marrakchi
PRISE Fellow
Molecular and Cellular Biology, 2022

Brigham and Women’s Hospital
Harvard Medical School
Center for Stem Cell Therapeutics and Imaging
Advisor: Khalid Shah

The search for new and innovative ways to treat cancer is
at the forefront of modern research and medicine, leading
to profound discoveries in cancer therapies. As a result of
emerging technologies including gene-editing tools, med-
ical imaging, and drug development, cancer cells, in and
of themselves, can be mobilized to target tumors and have
the potential to treat various types of cancers. Yet, often-
times, these cancer cells are invasively isolated from tu-
mors that are well established and the process to geneti-
cally engineer these cells can be time-consuming. Time
is very valuable to cancer patients considering how lethal
end-stage cancer is and so, the search for cancer thera-
pies that allow for early diagnosis and treatment is a ne-
cessity. Circulating tumor cells (CTCs) offer a potential
solution as CTCs can be detected in the early stages of
a patient’s cancer, which can allow for enough time to
use gene editing tools and to implement the therapy be-
fore a patient’s condition gets extremely fatal. This re-
search project seeks to isolate circulating tumor cells from
mouse models with established tumors expressing fluo-
rescent bioluminescent markers. CTCs will be isolated
and modified using CRISPR-Cas9 technology to knock
out cell surface receptors and ultimately engineered to ex-
press cell surface receptors targeted pro-apoptotic ligands
and a prodrug-activatable suicide system. These therapeu-
tic cancer cells will be tested for their efficacy in differ-
ent mouse tumor models. If successful, this project could
demonstrate the effectiveness of new cancer therapies that
employ genetic engineering of tumor cells derived from
cancer patients.
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Mycobacterium tuberculosis, the causative agent of tuber-
culosis (TB), remains to be one of the biggest threats to
global health, causing more than one million deaths annu-
ally. Despite being largely treatable, the current regime for
treating active TB requires multi-antibiotic treatment for
at least six months. This leads to low patient compliance
and therefore an increased risk of drug resistance develop-
ment. The characteristic lipid-rich cell wall of M. tubercu-
losis not only makes TB hard to treat but also hinders bio-
logical research on the bacterial physiology. Current tech-
niques that break through the cell wall, either chemically
or mechanically, would inevitably destroy the intracellu-
lar architecture, which is a major limitation for studying
the molecular basis of both mycobacteria physiology and
pathogenesis. Therefore, finding a method which perme-
abilizes the mycobacterial cell wall while preserving the
intracellular molecular integrity is greatly needed in order
to continue understanding the inner workings of mycobac-
teria. According to previous literature, an enzyme en-
coded by mycobacteria themselves, trehalose dimycolate
hydrolase (TDMH), could degrade the lipid-rich mycobac-
terial outer membrane in physiological conditions. The
purpose of this study is to explore and maximize the effec-
tiveness of the enzyme TDMH in killing Mycobacterium
smegmatis, a fast growing, non-pathogenic mycobacteria
species. First, a strain of E. coli will be genetically engi-
neered to produce and excrete TDMH. This will be done
by tagging TDMH with proteins normally excreted by E.
coli, such as OmpA. Secondly, the TDMH expressing E.
coli strain will be co-plated with M. smegmatis, anticipat-
ing a lack of mycobacteria growth where the TDMH is
secreted. Finally, through directed evolution and the co-
plating killing assay we aim to find TDMH mutants with
enhanced mycobacterial cell wall degrading activity. This
project could potentially provide an improved mycobacte-
rial cell wall permeabilizing agent which could facilitate
future development of research tools to understand the in-
tricate molecular biology of mycobacteria.

Investigating the Regulatory
Function of Human

Accelerated Regions in Autism
Patients
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Autism Spectrum Disorder (ASD) is a neurodevelopmen-
tal disorder that affects 1 in 59 people worldwide. There is
strong evidence for the role of coding mutations in ASD,
but the contribution of non-coding mutations is not well
understood. One particular type of non-coding regions of
interest is Human Accelerated Regions (HARs). HARs
are non-coding regions of the genome that have been kept
unchanged across many different species, but show an ac-
celerated rate of divergence specifically in humans. Im-
portantly, previous work has demonstrated that in con-
sanguineous populations, individuals diagnosed with ASD
were found to be enriched for biallelic mutations in HARs.
When tested functionally, HAR mutations found in af-
fected individuals exhibited a significant change in regula-
tory activity in brain tissue compared to healthy individu-
als. This study aims to use a new assay being developed in
the lab to more systematically assess which HARs possess
regulatory activity and which portions of the HARs are re-
sponsible for its function. The method captures DNA se-
quences of interest and then inserts them into a DNA bar-
coded reporter assay that allows us to test for regulatory
activity in thousands of sequences at the same time. Many
HARs are long, and one advantage of the technique is that
it is able to test in parallel regions 500 bp in length, which
is 4-5x more than current methods. Furthermore, we are
combining this high throughput reporter assay with muta-
genesis to gain a better understanding of which portions
of the HARs are responsible for regulating gene expres-
sion. Through this approach, we hope to systematically
test whether variants in HARs in ASD patients change reg-
ulatory activity, as well as gain insight on how this fits in
the broader context of the role of HARs in the development
and vulnerabilities of the human brain.

39



Molecular and Cellular Biology

Optimization of
Antibody-Dependent Cellular
Phagocytosis Assay on Murine
J774 Macrophage and HMC3

Cell Lines
Daphnee Piou
PRISE Fellow
Human Evolutionary Biology, 2022

The Ragon Institute
Alter Lab
Advisors: Vicky Roy

Cell lines are well established cell cultures that replicate
indefinitely if grown in proper environmental conditions.
These immortal cells are often used in place of primary
tissue given their cost effectiveness, ease of use, and their
ability to allow researchers to avoid possible ethical con-
cerns involved in working with animal and human tis-
sue. We attempt to take advantage of the various benefits
of cell lines by performing and optimizing the antibody-
dependent cellular phagocytosis assay (ADCP) to better
understand an in vitro model of the phagocytic immune re-
sponse. Using the murine J774 monocytic and the human
microglial clone 3 (HMC3) cell lines, we sought to un-
derstand and optimize their phagocytic response to Zika
virus (ZIKV) non structural protein 1 (NS1) and Ebola
virus (EBOV) glycoprotein (EBOV GP) specific mono-
clonal antibodies respectively. Bead based assays such as
ADCP require cells to recognize and attack an immune
complex made of antibodies bound to an antigen coupled
fluorescent latex bead, which are then used to calculate
a phagocytic score using flow cytometry. We found that
in the murine J774 macrophages, performing the assay in
cell medium RPMI 10 opposed to DMEM 10 substantially
improved the reproducibility of our assay. Interestingly,
flow cytometry analysis of the J774 cell line reveal two
independent monocyte populations. We hypothesize that
one of such populations represents activated cells that in-
teract with the ZIKV immune complex, whereas the other
population are the remaining inactivated cells. Further-
more, given that HMC3 cells are derived from the brain,
these cells are not primarily phagocytic in the way that
macrophages are. Future assays and adjustments must be
performed in order to optimize the HMC3 cell line for this
ADCP assay.
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The peptidoglycan cell wall, composed of glycan strands
connected with short peptides, is an essential feature of
most bacteria. It acts as an exoskeleton by protecting the
bacteria from internal osmotic pressure and maintaining
the cell shape. Because the cell wall is essential for bacte-
rial survival, its biogenesis is also an important target for
many antibiotics, such as penicillin. Therefore, a complete
understanding of how the cell wall is synthesized may re-
veal new ways of targeting its assembly for the develop-
ment of novel antibiotics, which are sorely needed due to
the increasing incidence of resistant infections. Two mul-
tiprotein complexes,the rod complex and divisome, are re-
quired to build the cell wall of rod-shaped bacteria. MreD
is a protein of unknown structure and function in the rod
complex and is conserved among all rod-shaped bacte-
ria and essential for E. coli survival. In this project, I
have been generating mutations in mreD and characteriz-
ing their effect on its function. The results are helping us
to understand the role of MreD in cell wall biogenesis by
the rod system and to identify portions of the protein that
are essential for its activity.
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Systemic Lupus Erythematosus (SLE), an autoimmune
disease impacting many key organs, has no cure. Many
researchers, having realized the importance of timely di-
agnosis in implementing interventions, have focused on
one key component of SLE, T cell dysfunction. SLE pa-
tients experience lower regulated cell death and cytotoxic-
ity. One explanation for this irregularity is low expression
of the SRSF1 gene, which is essential to T cell function.
Antibody stimulation of T cells, an in vitro model for SLE,
decreased SRSF1 protein levels, but did not change corre-
sponding mRNA levels. Thus, my preliminary research
quantified SRSF1-specific miRNAs, which downregulate
protein expression by binding to the SRSF1 mRNA’s 3’
untranslated region (3’UTR) in stimulated T cells. An ex-
tensive literature search using miRSystem, miRbase, and
TargetScan was done to analyze the role of miRNAs in the
diseased T cell state and to identify target miRNAs that
bind to the SRSF1 3’ UTR. Primers for these miRNAs
were designed and miRNA expression was measured in
stimulated T cells using RT-qPCR, which was confirmed
with a DNA agarose gel. Results suggest that miRNAs,
hsa-miR-200b and hsa-miR-10b, are highly expressed in
stimulated T cells. Using this data, future studies can
transfect cells with mimics of these two miRNAs and plas-
mids of the SRSF1 3’ UTR region to investigate how these
miRNAs contribute to the lack of correspondence between
SRSF1 mRNA and protein levels.
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Sarcopenia, the loss of muscle tissue as part of the aging
process, is a growing burden on the healthcare system. In
2000, the estimated direct healthcare cost of sarcopenia in
the United States was $18.5 billion. Therapies that could
lead to even a 10% reduction in the prevalence of sarcope-
nia would save the United States $1.1 billion/year. To dis-
cover novel treatments, foundational research into muscle
development, regeneration and function is necessary. One
exciting avenue of research is the role of the immune sys-
tem in regulating muscle regeneration. Foxp3+ CD4+ reg-
ulatory T cells (Tregs) are a heterogenous population of
lymphocytes critical for suppressing pathogenic immune
responses. Recent studies suggest Tregs may also be in-
volved in promoting muscle repair. However, despite ac-
cumulating evidence, the mechanisms by which Tregs ex-
ert this pro-regenerative effect remain elusive. One Treg-
produced candidate, Amphiregulin (Areg), partially reca-
pitulates the pro-regenerative effects of Tregs. We set out
to determine if Areg signaling changes the rate of mus-
cle satellite cell proliferation. Moreover, we sought to
determine if Areg treatment could attenuate the reduced
self-renewal and differentiation capacity of aged muscle
satellite cells. We isolated muscle satellite cells by fluo-
rescence activated cell sorting (FACS) as PI−, Calcein+,
Sca1−, CD45−, Mac1−, Ter119−, β1-integrin+, CXCR4+
cells. We used fluorescence imaging to detect nuclear
staining, EdU (5-ethynyl-2´-deoxyuridine) incorporation,
and MyHC expression to measure cell number, prolifera-
tion and differentiation, respectively. If our hypothesis is
correct and Areg can attenuate the age-associated reduc-
tion in muscle satellite cell self-renewal and differentiation
capacity, Areg could have therapeutic value as a treatment
for muscle wasting diseases such as sarcopenia.
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Intrahepatic cholangiocarcinoma (ICC) is an aggressive
cancer of the liver bile ducts, commonly exhibiting mu-
tations in the metabolic isocitrate dehydrogenase (IDH)
gene. Our group sought to identify new treatment strate-
gies against IDH-mutant ICCs by testing tumor-derived
cell lines for sensitivity toward a large set of drugs. These
studies identified the small molecule drug N1603 as be-
ing highly effective at selectively killing IDH-mutant ICC
cells. Though the cellular target of N1603 is unknown,
we found, using mass-spectrometry-based protein expres-
sion analysis, a very strong correlation between N1603
sensitivity and expression of Sult1a1, an enzyme known
to bioactivate certain drugs. We thus hypothesized that
Sult1a1 activates N1603 such that it becomes capable of
killing the cancer cells. To test this hypothesis, I deleted
the Sult1a1 gene from IDH-mutant ICCs using a CRISPR-
Cas9 genome editing construct packaged in a viral de-
livery system. I confirmed the deletion via immunoblot
and treated the Sult1a1-deleted IDH-mutant cell lines with
N1603 alongside unmodified control cells. Notably, I ob-
served that the Sult1a1-deleted IDH-mutant cell lines were
completely resistant toward N1603. In parallel, I designed
a Sult1a1 expression-promoting plasmid and introduced
it into IDH-wildtype ICCs that are normally insensitive
to N1603 and show low expression of Sult1a1. These
cells became hypersensitive toward N1603 compared to
unmodified control cell lines, further supporting our hy-
pothesis. Although the N1603 drug mechanism down-
stream of Sult1a1 activation, as well as the possible func-
tional significance of Sult1a1 in IDH-mutant ICCs, have
yet to be elucidated, all current evidence points to Sult1a1-
mediated activation as a prerequisite for N1603-induced
cell death. Collectively, our studies suggest the applica-
tion of a novel, highly specific chemotherapy for IDH-
mutant ICCs and other Sult1a1-rich cancers.

Targeting Radiation-induced
Secreted Factors for Improved
Responses to Radiotherapy
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Radiation therapy is a common form of breast cancer treat-
ment which uses high-energy particles or x-rays to damage
cancer cell DNA, thereby promoting cell death. Recent
studies suggest that while tumor cells undergo radiation-
induced DNA damage and cell death, simultaneous activa-
tion of regenerative processes may facilitate acquisition of
advanced tumor properties within surviving cells. Prelim-
inary in vitro experiments have indicated that radiation-
naive mouse mammary carcinoma cells, after being cul-
tured in media conditioned by irradiated cells, exhibit en-
hanced migratory properties and expression of stem cell
antigen 1 (Sca1). These results suggest that products se-
creted from irradiated tumor cells play an important role in
migratory and invasive behavior. The specific cytokines
and molecular pathways involved in producing this effect
have yet to be fully understood. This study aims to deter-
mine key products secreted by irradiated cells that promote
the observed induced phenotype, which serves to identify
potential adjuvant targets to enhance the efficacy of tumor
therapy. In the initial stages of investigation, we analyzed
the differential gene expression profiles of 16 irradiated
human breast cancer cell lines to identify genes that en-
coded secreted proteins that were commonly induced by
irradiation. Notable genes were screened for significant
changes in expression (|logFC| >1.0) and possible epige-
netic regulatory activity. SCUBE2 and CCL5 were identi-
fied as a prominent potential factors for further study. Sub-
sequent experiments include conducting qPCR on irradi-
ated human mammary tumor cells to confirm the induc-
tion of SCUBE2 and CCL5 and assessing the importance
of these gene products upon the radiation-induced migra-
tory phenotype. If significant induction is established, fur-
ther testing of gene inhibition in conjunction with radio-
therapy may provide promising approaches to improving
cancer treatment. By extension, these studies also explore
whether the secreted products induced by irradiation are
also produced under other contexts of DNA damage such
as genotoxic chemotherapies.
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Electric field-stimulated X-ray crystallography (EFX) is a
recently developed method to better understand allostery
in proteins. EFX deploys electric fields (EF) to induce
conformational changes within crystals mounted upon
capillaries and employs short X-ray pulses to create snap-
shots of resulting diffraction patterns. However, often
crystal damage occurs during the process of bringing elec-
trodes together to induce EF and in the gluing of crystals to
capillaries. This research aims to improve upon electrode
housing designs. Electrode housings must allow for pre-
cise positioning of electrodes, require limited setup, and
allow for maximum views of crystals. Using OnShape
software and a Formlabs-2 3D printer, the author is work-
ing on 1) updating the currently used top electrode design
to better meet these specifications and 2) helping design
another electrode housing approach known as the “pizza
saver model” to make electrode positioning more precise.
Designs were tested at the Advanced Photon Source syn-
chrotron and improved based on resulting performance. I
am concurrently attempting to introduce gel on capillary
tips to provider a gentler alternative to gluing crystals. I
have tested different methods of gel application, percent-
ages of polyacrylamide gel, and humidity to determine the
feasibility and optimization of smooth gel-layer polymer-
ization on this surface. Gel polymerization atop a capil-
lary was found to be possible. The ideal conditions for
this process were also determined: steps involve transfer-
ing .1 microliters of 15% polyacrylamide gel that has been
polymerizing for 15 minutes onto a capillary using a mi-
cropipette, and then using heat shrink tubing around the
capillary to secure gel placement. Future work will focus
on further improving 3D designs and test gel with crystals
mounted on top. These data can help reduce crystal and
data loss during EFX data collection.

Back to the Egg: Successful
Generation of hEGs from

hPGC-LCs
Johanna Staples-Ager
PRISE Fellow
Molecular and Cellular Biology, 2022

Harvard Medical School
Shioda Lab
Advisor: Toshi Shioda

Primordial germ cells (PGCs) are the group of cells within
embryos fated to become egg or sperm cells. As the
only cells that transfer genetic information between gen-
erations, they are crucial to studying the acquisition of
heritable traits. While PGCs have been used to generate
EGs, a germ cell-derived type of pluripotent stem cells, in
mice, it is both logistically and ethically difficult to obtain
human PGCs (hPGCs), and thus remains a controversial
question whether hPGCs can be used to generate human
embryonic germ cells (hEGs). We attempted to generate
EGs from the human PGC cell culture model (hPGC-LCs)
derived from human induced pluripotent stem cells (hiP-
SCs). The hPGC-LCs were generated from iPSCs over
the course of two weeks using defined hPGC-LC medium.
The batch was enriched for cells positive for the glycopro-
tein CD38, a hPGC-LC marker, using Fluorescence Ac-
tivated Cell Sorting. hEGs were generated from hPGC-
LCs, and their pluripotent status was established using im-
munohistochemical staining for the nuclear protein OCT4
and the membrane protein TRA-1-60. Further steps will
include determination of the transcriptional profiles of
hiPSCs, hPGC-LCs, and hEGs using RNA-sequencing.
mRNA expression of marker genes for germline status and
pluripotency will be compared between these cell types,
and attempts will be made to identify marker genes that
distinguish hEGs from hiPSCs.
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O-linked N-acetylglucosamine (O-GlcNAc) is a post-
translational modification attached to serines or threonines
by the enzyme O-GlcNAc transferase (OGT). O-GlcNAc
plays a critical role in cellular signaling and metabolism
and its dysregulation is implicated in a variety of dis-
eases such as diabetes, cancer, and neurodegenerative dis-
ease. OGT associates tightly with TET3 of the ten-eleven
translocation (TET) protein family, a DNA dioxygenase
involved in epigenetic regulation through passive DNA
demethylation. O-GlcNAcylation of TET3 by OGT could
mediate its dioxygenase activity, protein binding part-
ners, and cellular localization. Until recently, functional
effects of increased TET3 O-GlcNAcylation could only
be performed on a global level, rendering it difficult to
determine whether observed phenotypes are a direct re-
sult of O-GlcNAcylation of TET3 or from indirect path-
ways. The development of a proximity-directed nanobody
OGT system by our lab now allows for protein-specific
O-GlcNAcylation. To determine the functional roles of
TET3 O-GlcNAcylation, TET3 glycosites were identified
and mapped using the proximity-directed nanobody OGT
system and mass spectrometry. Validation of the gly-
cosites through site-directed mutagenesis will allow us to
probe changes in protein-protein and protein-glycan inter-
actions using protein immunoprecipitation, diazirine O-
GlcNAc crosslinking, and mass spectrometry. Due to
the role of TET3 in epigenetic modifications, changes in
TET3 protein binding partners mediated by O-GlcNAc
would suggest broader implications in transcriptional reg-
ulation of genes and the progression and etiology of dis-
ease.

Exploring the Mechanism of
MSP1 Substrate Detection in

the Peroxisome of
Saccharomyces cerevisiae,
Using Modified PEX15

Benjamin Velez
PRISE Fellow
Molecular and Cellular Biology, 2021

Molecular and Cellular Biology Department
Denic Lab
Advisor: Alex McQuown

The regulation of membrane protein biogenesis is essen-
tial for maintaining the identity and function of cell or-
ganelles. However, there is very little information about
the maintenance of membrane protein biogenesis in per-
oxisomes. Peroxisomes are essential for normal cellular
function as they oxidize fatty acids and degrade hydro-
gen peroxide. Msp1 is a conserved, integral membrane
AAA (ATPase Associated with various cellular Activities)
ATPase in Saccharomyces cerevisiae (a budding yeast
model organism) known to remove mistargeted and mis-
incorporated tail anchored (TA) membrane proteins from
both peroxisomal and outer mitochondrial membranes in
which it normally resides. However, it is not well under-
stood how Msp1 detects peroxisomal substrates. We have
set out to understand Msp1 substrate recognition by study-
ing its only known peroxisomal substrate, the TA protein
Pex15. Previous work from the Denic lab showed that
Pex15, which is present in excess of one of its binding
partners in the peroxisome membrane, is an Msp1 sub-
strate. In preliminary experiments, we have developed
Pex15-3L, a Pex15 transmembrane domain (TMD) mu-
tant, that is recognized by Msp1 as a peroxisomal substrate
even when expressed at its endogenous level. To define
the mechanism of this novel example of Msp1 substrate
recognition, I will test the role of a hydrophobic Pex15
sequence near the TMD that is known to be required for
Msp1-dependent removal of mistargeted Pex15 from mi-
tochondria. I will also test the hypothesis that Pex15-3L
TMD mutations prevent proper membrane insertion. Suc-
cessful completion of this project will provide new insight
into how Msp1 recognizes its substrates and provide a bet-
ter understanding of membrane protein quality control in
peroxisomes at large.

44



Molecular and Cellular Biology

Construction of Human
Anti-PD1/scIL-12 Fusion
Proteins for Use in Cancer

Immunotherapy
McKenzy Wall
PRISE Fellow
Molecular and Cellular Biology, 2022

Dana-Farber Cancer Institute
Marasco Lab
Advisors: Matthew Chang, Wayne A. Marasco

Cancer immunotherapy is a rapidly evolving field that uses
a patient’s immune system to attack tumor cells. Check-
point inhibitors are a form of immunotherapy that block
signaling between T cells and tumor cells by binding to
receptors. The most well-known checkpoint inhibitor is
PD-1, a molecule expressed on T cells that is critical for
modulation of autoimmunity. Activation of the PD-1 path-
way by its cognate ligand PD-L1 results in T cell suppres-
sion, giving PD-L1 expressing tumor cells the ability to
evade the immune system. Native IL-12 is a heterodimeric
cytokine that triggers the production of interferon gamma
(IFN-y) and other stimulatory cytokines through the Th1
response. IL-12 has also been engineered to be expressed
as a single chain fusion (scIL-12). We propose that by
combining an anti-PD-1 antibody with scIL-12, we will be
able to simultaneously inhibit T cell suppression and acti-
vate other elements of the immune system. In this work,
two antibody constructs were designed utilizing our anti-
PD-1 antibody with the scIL-12 fused to the C-terminus
of either the heavy chain or light chain. We have demon-
strated that the binding activity of both fusions to PD-1
are comparable to that of the FDA approved anti-PD-1
antibody pembrolizumab. To test biological activity, the
fusion proteins will be incubated with anti-renal cell car-
cinoma (RCC) chimeric antigen receptor (CAR) T cells,
allowing for in vitro analysis of the effects of PD-1 and
IL-12. We expect the anti-PD-1 scIL-12 fusions to reverse
and prevent exhaustion, induce T cell proliferation, in-
crease cytokine production, and result in enhanced killing
of RCC tumor cells. If this hypothesis proves correct,
these fusions have the potential to be used both as a stan-
dalone drug and for development in novel CAR T cell fac-
tory therapies.

Identifying a Human Colon
Cancer Cell Line with
YAP-mediated Growth

Suppression
Cliffton Wang
PRISE Fellow
Chemical and Physical Biology, 2021

Boston Children’s Hospital
Camargo Lab
Advisor: Priscilla Cheung

The Hippo pathway is a highly conserved signaling cas-
cade that controls cell proliferation and organ size. Acti-
vation of an upstream phosphorylation kinase cascade in
this pathway leads to the inhibition of the transcriptional
coactivators YAP and TAZ. Many studies have established
that inhibition of the Hippo pathway and consequent acti-
vation of YAP leads to increased cellular growth and sur-
vival in many organs, suggesting that YAP functions as an
oncogene in many tissues. However, in the colon, we have
shown that Hippo inhibition in organoid and mouse mod-
els of colorectal cancer leads to cellular growth suppres-
sion, indicating that YAP could act as a tumor suppressor.
The goal of my project is to identify a human colon cancer
cell line that has a YAP-induced growth suppressive phe-
notype as working with organoids and mice for mechanis-
tic studies is more difficult than with 2D cell lines. Indeed,
a recent study has shown that loss of LATS1/2 (large tu-
mor suppressors 1 and 2), upstream negative regulators of
YAP, in a mouse colon cancer cell line resulted in growth
inhibition. To identify a more relevant human counter-
part, we will activate YAP in a panel of human colon can-
cer cell lines using lentiviruses that will temporally knock
out LATS1/2 via CRISPR/Cas9 or overexpress YAP upon
doxycycline administration. We will then use prolifera-
tion assays to assess how YAP upregulation in these lines
affect their growth and identify a cell line with arrested
proliferation upon YAP activation. Using this line in fu-
ture studies, we will dissect the underlying mechanism of
YAP-mediated growth suppression and subsequently ap-
ply these findings to organoids and mice. Elucidating the
inner workings of this regulatory network holds tremen-
dous potential for uncovering novel therapeutic targets for
combating colorectal cancer.
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Transition metals such as iron, manganese, and zinc are
important cofactors in several cellular processes. The
natural resistance-associated macrophage protein (Nramp)
family of transporters exists across the tree of life; these
proteins typically transport divalent transition metals, such
as Mn2+ or Fe2+, into the cell. Structures of Nramp trans-
porters and alignment of 6683 Nramp-family proteins re-
vealed two conserved amino acid sequence motifs that
form the metal-binding site. However, 45.5% of Nramp
homologs contain different motifs in the metal-binding
site; it is not known how these variations in the metal-
binding site affects the Nramp selectivity for different
metal substrates. The Deinococcus radiodurans Nramp
(DraNramp) serves as our model bacterial Nramp ho-
molog. By mutating the DraNramp metal-binding site to
mimic the other binding site motif variants, I hypothesize
that DraNramp selectivity for its substrates may change.
To determine the metal substrate selectivity profile for
these DraNramp metal-binding site motif variants, I am
currently performing growth assays to compare the growth
rates of cells expressing DraNramp binding motif vari-
ants grown in the presence of biologically toxic levels of
a potential metal substrate. I am also performing in-cell
metal uptake assays to determine Co2+ and Fe2+ transport,
which can be determined by precipitating the metal with
(NH4)2S and measuring the darkness of the precipitate.
Future studies will assay for the metal selectivity profile
of full-length natural Nramp homologs containing anal-
ogous metal-binding motif variations. These results will
show how different Nramp metal-binding motif variations
impart different metal selectivity and contributes to under-
standing how nature selectively extracts both essential and
toxic metals from the environment.

Understanding Atomistic
Details of HemK-NTD

Co-Translational Folding
Xiadi Zhai
PRISE Fellow
Chemistry, 2022

Chemistry and Chemical Biology Department
Shakhnovich Lab
Advisors: Amir Bitran, Eugene Shakhnovich

Proteins are an integral part of life, and their structures
are indispensable to their ability to carry out functions.
Protein misfolding can have detrimental consequences, in-
cluding diseases such as Alzheimer’s, Parkinson’s, and
cystic fibrosis. While in vitro folding experiments typi-
cally investigate the refolding of a full polypeptide chain,
recent studies suggest that many proteins in vivo start fold-
ing as they are being synthesized on the ribosome, a mech-
anism known as cotranslational protein folding. However,
we have yet to develop a detailed atomistic understand-
ing of this process, and distinguish how it differs from in
vitro refolding. We addressed these gaps in knowledge
by studying the cotranslational folding of the N-terminal
HemK domain (HemK-NTD) through a combination of
atomistic Monte-Carlo simulations (including high tem-
perature unfolding and replica) and fluorescence reso-
nance energy transfer (FRET) experiments. These sim-
ulations showed that this protein is able to adopt a native-
like structure at intermediate lengths, with folding kinet-
ics comparable to those of the full length protein. This was
different from some larger proteins which are prone to mis-
fold in non-native kinetic traps, or energetically favored
misfolded states; in these cases, co-translational folding
appears to facilitate efficient folding. Although HemK-
NTD maintained its topology as its length increased, it did
undergo various structural rearrangements. These results
shed light on a crucial mechanism by which proteins attain
their functional structure in the cell, and which can result
in disease when unsuccessful.
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Neisseria gonorrhoeae, the Gram-negative bacterium that
causes gonorrhea, has acquired resistance to every an-
tibiotic class routinely used to treat it, including the cur-
rent first-line antibiotic ceftriaxone. Like other third-
generation cephalosporins, ceftriaxone inhibits the essen-
tial cell wall transpeptidase PBP2, resulting in bacterial
cell death. Most ceftriaxone resistance is attributable to
genetic variants of penA, the gene encoding PBP2. These
penA variants, known as ‘mosaic’ penA, are interspecies
mosaics in which part of the gene was acquired from com-
mensal Neisseria species. In recent years, highly resistant
strains lacking mosaic penA alleles have been identified,
such as the clinical isolate GCGS1029. To identify the
genetic basis of resistance in this isolate, we performed
selective transformations in which we allowed the labo-
ratory strain to recombine with and acquire variants from
GCGS1029 genomic DNA. We then selected for recombi-
nants that acquired resistance, as measured by an increased
concentration of ceftriaxone required to prevent bacterial
growth (the minimum inhibitory concentration; MIC). We
found that recombinants with increased MIC acquired a
single nucleotide change in the penA gene from the resis-
tant donor GCGS1029. This penA A501V mutation in-
creased the ceftriaxone MIC of the laboratory strain by 6-
fold (from 0.002 µg/mL to 0.012 µg/mL), suggesting that
it is a contributor to the increased ceftriaxone resistance
observed in GCGS1029. However, the penA A501V mu-
tation alone does not increase the MIC of the laboratory
strain to the MIC observed in GCGS1029 (1 µg/mL): other
genetic factors are clearly required for this level of resis-
tance. Identifying the genetic basis of ceftriaxone resis-
tance in strains without the canonical mosaic penA alleles
will aid in the development of diagnostics and may guide
novel therapeutic strategies.

Exploring the Potential of
NDUFAF2 in Parkinson’s

Disease Treatment
Alex-Maree Roberts
PRISE Fellow
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Brigham and Women’s Hospital
La Voie Lab
Advisors: Matthew LaVoie, Steven Lin, Anwesha Sanyal

Parkinson’s disease (PD) is a progressive neurodegener-
ative disorder affecting primarily the dopaminergic neu-
rons of substantia nigra in the brain. A number of motor
symptoms including muscle rigidity, tremors, and speech
impairment often accompany the death of these neurons.
Since PD takes both genetic and idiopathic forms, re-
searchers have examined both genetic and environmen-
tal factors common among PD patients to better under-
stand the disease and seek potential cures. Years ago, re-
searchers noted a connection between impairment of mi-
tochondrial complex I, and the symptoms and neuronal
degeneration patterns in PD. More recently, we learned
that the homozygous deletion of the NDUFAF2 gene leads
to such impairment. NDUFAF2 is a complex I associated
mitochondrial protein previously assumed to be an assem-
bly factor. In its absence, the cell experiences widespread
oxidative damage resembling that of neurodegeneration.
Furthermore, comparing the effect of an in vitro transcrip-
tion and translation-derived protein mix containing a ND-
UFAF2 and NDUFAF2 null mixture suggested that ND-
UFAF2 could increase complex I activity in human liver
mitochondria. This conclusion would be strengthened by
assays performed using pure recombinant NDUFAF2 pro-
tein. My project entails using bacterial cloning to find an
ideal combination of vector, bacteria, and induction con-
ditions to obtain recombinant NDUFAF2. A silent muta-
tion in NDUFAF2 will allow digestion with the restriction
enzymes BamH1 and Xho1, and therefore ligation into the
petsumo vector. We intend to use IPTG to induce the over-
expression of the resulting plasmid after its transformation
into E. Coli strain BL21.If this process is successful, we
will then investigate its mechanism of activity in the mi-
tochondria. If the protein is found to increase complex I
activity, we will have grounds to explore its potential for
treating or even preventing PD.
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Autism Spectrum Disorder (ASD), a neurodevelopmental
disorder characterized by impairment in social communi-
cation and restricted, repetitive behaviors, affects roughly
1:58 children in the US. At the population level, children
may be at higher risk for ASD if they fail an early screen
for autism, or at familial risk if they have an older sib-
ling with ASD (approximately 1:5 such infants develop
autism). The aim of this study is to compare the high-risk
screen group, the high familial risk group, and the low-
risk typically developing group (i.e. negative screen and
no familial risk) in order to identify neural and behavioral
markers that differentiate the high-risk groups when com-
pared to each other and to the low-risk group. In this on-
going longitudinal study, we collect electrophysiological
(i.e. EEG and ERP) and behavioral data (e.g. Autism Di-
agnostic Observation Schedule and Mullen Scales of Early
Learning) at 3-, 12-, 18-, 24-, and 36-months of age—by
which time clinical diagnoses will be determined, if any—
to identify the aforementioned markers. Preliminary re-
sults indicate that by 12 months, there are several endophe-
notypic measures, such as analyses of atypical lateraliza-
tion, that may serve as useful risk markers. We expect
that there will be potential in using these neural and be-
havioral risk markers to predict neurodevelopmental out-
comes, which could lead to earlier detection and interven-
tion of developmental delays or disorders.

The Role of Polydendrocytes
and CS6-CSPG Clusters in

Synaptic Plasticity
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Advisors: Sabina Berretta, Gabriele Chelini

Chondroitin sulfate proteoglycans (CSPGs) are macro-
molecules consisting of chondroitin sulfate (CS) chains,
which are composed of repeated pairs of glucuronic acid
and N-acetylgalactosamine, attached to core proteins. Sul-
fation at position 6 of CS elements (CS6) is thought to
positively modulate synaptogenesis. According to ex-
tensive single-cell RNA sequencing data, polydendro-
cytes are the only class of glial cells that express the en-
zyme CS6-sulfotransferase responsible for 6-sulfation on
CSPGs. Polydendrocytes are known to extend their pro-
cesses onto synaptic targets, contributing to their function.
CS6-CSPGs have been observed in the adult brain in the
form of dandelion-shaped CS6 clusters, whose biological
role is suspected to be involved dynamically in regulat-
ing synaptic plasticity. Preliminary data from the Berretta
group suggests that polydendrocytes may be associated
with CS6 clusters. Our study seeks to confirm the asso-
ciation between CS6 clusters and polydendrocytes, and
potentially identify their shared contribution to synaptic
plasticity. To test this hypothesis, a group of wild-type
adult male mice were anesthetized and stimulated on the
left facial whiskers. Two hours after stimulation, the mice
were sacrificed by transcardial perfusion, and their brains
were collected and sliced coronally. Using a combina-
tion of double immunofluorescence and quantitative mi-
croscopy, we quantified and classified polydendrocytes
and CS6 clusters in the barrel cortex in both hemispheres.
We observed that polydendrocyte processes are promi-
nently co-localized within CS6 clusters. Additionally, our
preliminary data showed that an increased total number
of polydendrocytes in the right hemisphere was associ-
ated with an increased number of clusters. These results
suggest that polydendrocytes may contribute to activity-
dependent clustered plasticity. Insights from this study
contribute new knowledge about the role of CSPGs in the
brain. Ultimately, since CS6 clusters have been shown
to be significantly reduced in the brains of people with
major psychoses, understanding the biological function of
such clusters will help investigate their implications in the
pathophysiology of these disorders.
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In computer science, “attention” is implemented as a set of
weights used in training deep neural networks to achieve
better performance. However, biological attention is a
selection mechanism that helps the brain to allocate re-
sources efficiently according to the task faced. This
process involves competition between different stimuli,
which is something absent from computer scientists’ inter-
pretation of “attention”. In visual search, attention is dic-
tated by bottom-up saliency of stimuli and top-down task-
oriented regulation from the brain, with detailed mecha-
nisms unknown. In this study, we aim to propose an atten-
tion mechanism in convolutional neural networks (CNN)
for visual search tasks, which has a moderate effect in
helping single class classification but provides significant
improvements when distractors are present. We trained
the Cifar-10 dataset on a simple CNN and extracted the
distributions of activations from the highest convolutional
layer as the network’s “memory”. We have tested var-
ious ways in which biological attention could be imple-
mented, ranging from adjusting activation themselves and
using fully connected layers to carry out classification, to
shifting class conditional probabilities and using a Naïve
Bayes classifier. Further representational similarity anal-
ysis (RSA) in CNN and collection of human reaction time
data of performing the same visual search task will en-
able us to measure how comparable the proposed attention
mechanism is compared to human attention. Ultimately,
we hope to endorse this proposed mechanism as a viable
explanation of how attention is implemented in our brain.

Investigating the Mechanisms
of Adult Hippocampal

Neurogenesis in the Pathology
of Alzheimer’s Disease
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Adult hippocampal neurogenesis (AHN) is the continued
generation of new neurons during adult life from neu-
ral progenitor cells (NPCs) in the dentate gyrus of the
hippocampus. These adult-born neurons are critical for
learning and memory, and evidence shows that AHN is
impaired prior to the onset of Alzheimer’s disease (AD)
pathology in AD mouse models and patients. Presenilin-
1 (PS1) is a core protein in γ-secretase, which is the fi-
nal enzyme complex that cleaves amyloid precursor pro-
tein (APP) to generate amyloid-β (Aβ), a molecular hall-
mark and hypothesized causative agent of AD. Recent re-
search has indicated that PS1 regulates AHN; this presents
a pharmaceutical conundrum, as AD drugs that act as PS1-
specific inhibitors will not be effective if PS1 is also crit-
ical for AHN. Furthermore, it is not known if the role of
PS1 in AHN is dependent on the larger γ-secretase com-
plex. In this project, we investigate whether neurogenesis
and gliogenesis of NPCs is altered by γ-secretase modu-
lators (GSMs) or γ-secretase inhibitors (GSIs) in an AD
mouse model (5xFAD mice). These 5xFAD mice harbor
five familial AD (FAD)-linked mutations, including APP
and PS1 transgenes, and experience impaired adult neuro-
genesis starting at two months old. 5xFAD and wild-type
(B6SJL) mice were injected orally with GSM (SGSM-
15606), GSI (DAPT), or with vehicle (PEG400) for 15
days. Then, the survival, proliferation, and neuronal/glial
differentiation of NPCs were measured with BrdU im-
munostaining. Our preliminary results suggest that, in a
small sample size, treatment with SGSM-15606 recovers
NPC proliferation in 5xFAD mice. Understanding the pro-
cesses that regulate AHN is important not only for consid-
ering the general mechanisms of neurodegenerative dis-
eases, but also for the future implementation of amyloid-
based therapeutics for AD.
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Cortical processing in the brain is mostly comprised of
two crucial, overarching classes of neurons. The gluta-
matergic excitatory neurons propagate action potentials
over their relatively long axons and make up the majority
of the neurons in the cortex. On the contrary, GABAer-
gic inhibitory neurons make up only 20% of the cortical
neurons but can profoundly attenuate the magnitude and
frequency of excitatory neuronal firing . The inability to
maintain a proper excitation to inhibition ratio, also known
as the E/I balance, in the cortex has shown implications
in various cognitive, neuropsychiatric, and neurodegener-
ative diseases. Connectomics, or the study of mapping
neuronal connections, has shown implications in deter-
mining the underlying causes of many neurological disor-
ders and diseases. For these illnesses of the nervous sys-
tem, not only is there a lack of effective therapeutics, but
also an absence of understanding the structural abnormal-
ity in the connections between neurons, or synapses, that
occur. Due to this lack of information, neurological dis-
eases have often been mischaracterized as mere abnormal-
ities of behavior, thought, or pain and more importantly,
inadequately treated. Using a proprietary volume annota-
tion and segmentation tool (VAST), reconstruction of sev-
eral inhibitory neurons has been conducted from a human
electron microscope dataset. In particular, the role self-
junctions onto the neuron itself will be investigated to elu-
cidate a more detailed mechanism of inhibitory neurons in
the cortex. Ultimately, obtaining a map of the different in-
hibitory neurons and its circuitry in the human cortex can
help change our approaches to treatment of neurological
diseases.

State-Dependent Olfactory
Modulation in Larval

Zebrafish
Terzah Hill
PRISE Fellow
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Molecular and Cellular Biology Department
Engert Lab
Advisors: Florian Engert, Hanna Zwaka

There are a multitude of sensory processes that help ac-
quire, process, and integrate sensory information in order
to guide behavior. Animals can modulate their readiness
to respond to these sensory cues to adapt to their chang-
ing environments and efficiently determine novel stim-
uli. Prior research on arousal in zebrafish larvae (Danio
rerio) demonstrated that serotonergic neurons in the dor-
sal raphe (DR) perform state-dependent modulation of
sensory responsiveness, specifically in the optomotor re-
sponse (OMR). Since arousal is believed to increase the
readiness to respond and stress the effectiveness of the
response, serotonergic neurons in the DR may be highly
interconnected with the HPI axis, homologous to the hu-
man hypothalamic-pituitary-adrenal (HPA) axis for corti-
sol release. While this state-dependent modulation was
present in the OMR, it remains unclear how other sen-
sory modalities are modulated during stress in larval ze-
brafish. Moreover, arousal and a low-stress state might
be two ways of describing the same experience, as inter-
actions between serotonin signaling and glucocorticoids
(cortisol) have been observed. Here we plan to show that
a stress experience, induced by strong tone, may induce a
state-dependent modulation of olfaction during a continu-
ous flow of odorant in head fixed zebrafish larvae. Since
increased locomotion during arousal increases odorant
availability at the olfactory epithelium in free-swimming
fish, we would expect results indicating a change in behav-
ioral and neuronal response to odorants after stress. These
findings would suggest that there is a reduction in sen-
sory gain or amplification processes for olfaction during
arousal or a low-stress state in order to maintain a normal
dynamic sensory range. Stress can be beneficial, but pro-
longed stress can be harmful. Therefore, understanding
the underlying neural circuitry of stress and its effects on
behavior and sensory modulation is an important field of
research.
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Divisions between social groups—including cultural,
racial, and political ones—very often produce intergroup
conflict and harm. In particular, spite toward the out-
group seems to drive decisions and policy preferences
that reduce resources for the out-group without accruing
any material benefit for a person’s in-group. However,
we still know relatively little about the neural mecha-
nisms underlying out-group spite and decisions that cause
intergroup harm in such settings. This project inves-
tigates behaviorally-revealed, latent preferences (as op-
posed to explicitly-stated preferences) for out-group harm
in a reinforcement-learning paradigm. The study asks
whether people differentially learn about the value of de-
cisions that cause out-group harm compared to decisions
with benign outcomes, and how these potential differences
are instantiated in the brain. We used functional mag-
netic resonance imaging (fMRI) to assess neural activity
while participants made a series of choices in a probabilis-
tic decision-making task. To extract participants’ latent
preferences, we used a reinforcement-learning model to
derive indices of participants’ reward prediction error and
choice valuations. These parameter estimates will be ap-
plied to the neuroimaging data to determine which brain
regions drive participants’ decisions to avoid or pursue
out-group harm. We predict that the ventrolateral pre-
frontal cortex will modulate reward-prediction errors asso-
ciated with rewards that do versus do-not-harm out-group
members, such that harm-averse participants will exhibit
reduced ventral striatal responses to rewards that harm the
out-group. Improving scientific understanding of the neu-
ral correlates of latent preferences for out-group harm will
help generate new avenues for research on the emergence,
escalation, and hopefully attenuation of intergroup con-
flict.

Understanding Molecular and
Cellular Differences in
Corticogenesis in ADHD

through Organoids
Risa Komatsu
PRISE Fellow
Neuroscience, 2021

McLean Hospital
Molecular Neurobiology Laboratory
Advisors: Kwang-Soo Kim, Yeahan Kim, Claudia Lopes

Attention deficit hyperactivity disorder (ADHD) is a het-
erogeneous neurodevelopmental disorder with a devastat-
ing impact on the quality of life of millions of children,
adolescents and adults. While ADHD is thought to be
highly heritable, its etiology is largely unknown but likely
to involve a combination of environmental factors and the
contribution of multiple genetic defects. To understand the
molecular underpinnings of ADHD, we hypothesize that
3D neuralized structures (organoids) derived from patient-
specific induced pluripotent stem cells (iPSCs) can be used
as a potential platform. In particular, the Prefrontal Cor-
tex (PFC) is emerging to be of central relevance to the
neural pathways of ADHD, as it connects extensively to
sensory and motor cortices, as well as to the basal gan-
glia and cerebellum. These areas are intricately intercon-
nected and modulated by a mesh of neurons that in ADHD
display heavy deficits in dopaminergic and noradrenergic
transmission. Thus, it is critical to understand the molec-
ular influences modulating the PFC’s function in order to
develop novel medications for patients afflicted with the
disorder. We have started to generate and characterize
iPSC-derived cortical organoids from ADHD patients and
healthy sibling controls to study the molecular and cellular
differences in corticogenesis between diseased and con-
trol brains. Particularly, we propose that the root cause
of the PFC’s smaller structure involves a limited progen-
itor pool and impaired radial migration. To achieve these
long-term goals, we have used our novel and non-viral
reprogramming method to generate high quality control
and ADHD-iPSC lines towards the optimization of in vitro
region-specific organoid generation and consequently fu-
sion organoid models. Our approach will facilitate ex-
amination of how disease risk is translated at the cellular
and tissue levels through comparative studies of processes
such as progenitor cell proliferation, migration and con-
nectivity during development.
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Parkinson’s disease (PD) is a neurodegenerative disorder
characterized by the loss of dopaminergic neurons in the
substantia nigra, a midbrain structure integral to move-
ment initiation. Research on PD, whose cause remains
elusive, has largely revolved around proteins and genetics,
and lipid storage has scarcely been examined. Based on
preliminary data that suggest lipid droplets, organelles that
sequester lipids, increase in PD dopaminergic neurons, we
searched for similar trends in microglia, immune cells of
the central nervous system. Eight healthy and eight PD
human substantia nigral sections were double stained im-
munohistochemically for CD45 — a protein coating the
microglial membrane — and with BODIPY — a fluores-
cent dye for lipids. Then the stained sections were im-
aged with confocal microscopy. The overlap of CD45 and
BODIPY signals in each microglia image was computed
to represent microglial lipid content. Microglia in the sub-
stantia nigra of PD patients had a 45.7 ± 29.4% increase
in lipid droplets compared to healthy subjects, resembling
the trend observed in dopaminergic neurons. This finding
suggests that the cause of PD may not be based on pro-
teins or neurons, challenging the long-standing protein-
centered theories on PD that have not yet led to a cure
despite multiple decades of research. Furthermore, this
analysis of the human brain has implications for compre-
hensive novel therapies targeting lipids and glial cells that
may outperform those available today.

Characterisation of
Chloroquine-Evoked

Scratching Behaviour in Mice
George Milner
PRISE-Emmanuel Fellow
Medicine, 2020

Boston Children’s Hospital
Woolf Lab
Advisors: Nivanthika Wimalasena, Alex Zhang

Itch is a frequently debilitating feature of conditions such
as atopic dermatitis and chronic kidney disease and a
side effect of drugs such as opioids. Whilst the fre-
quency of itching following administration of pruritic
(itch-inducing) and anti-pruritic agents has been studied in
detail, it is not clear whether the frequency of scratching
is best correlated with the damage to the skin or pruritus
(itchiness). Therefore, it was desirable to identify poten-
tial alternative metrics, starting with a proxy for scratch-
ing intensity. In this project, machine learning was used
to generate mouse hindpaw trajectories from high-speed
recordings taken of bouts of itching and these data were
analysed to distinguish between different intensities of
scratching. The antimalarial drug chloroquine phosphate
is a non-histaminergic pruritic agent, and it will be inves-
tigated whether intradermal 1mM chloroquine phosphate
solution injections into the nape of the neck in mice in-
duce significantly different intensities of itching compared
to 1μM or saline solutions. This project will lead to design
of an automated system to classify itching by intensity in
addition to frequency with the aim of generating more de-
tailed information on the pruritic or anti-pruritic properties
of different pharmaceutical agents in preclinical trials.
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Ciliary neurotrophic factor (CNTF) is observed to have
a neuroprotective, neuroregenerative and neuroinflamma-
tory effect on the brain. CNTF is thought to be a key tar-
get that could be manipulated to promote neuroregener-
ation in devastating diseases such as Multiple Sclerosis,
Alzheimer’s or Parkinson’s. In the mice eye, our exper-
iments have shown that lens injury preconditioning im-
proves axon regeneration and increases mRNA expres-
sion of CNTF. CNTF binds to CNTFR� leading to het-
erotrimer dimerization to initiate downstream effects in-
cluding JAK1/STAT3 activation. However, little is known
about the protein expression of CNTF and its receptor in
the retina and optic nerve in the context of lens injury pre-
conditioning. Prior studies have shown that direct CNTF
injection can’t induce axon regeneration; however, AAV2-
CNTF mediated injection shows extraordinary regenera-
tion. Our project aims to characterise the protein expres-
sion of CNTF and its receptor in different cells in the retina
of mice and to understand its effect on axon regeneration
in optic crush model. We are using immunohistochem-
istry techniques to bind fluorescently tagged antibodies
against CNTF and its receptor in the whole eye. We are
also staining its downstream effectors including phospho-
rylated STAT3 in wild type mice. We will perform staining
on the mice with and without optic nerve crush and with
and without preconditioning lens injury to compare their
effects. Once localised, these cells can be targeted in the
future and manipulated to determine how CNTF works in
the retina and give us an insight on whether CNTF is an
appropriate target for future treatment.

Postnatal Stress and Cognitive
Impairment in Mice

Anna Victoria Serbin
PRISE Fellow
Neuroscience, 2021

Molecular and Cellular Biology
Hensch Lab
Advisors: Takao Hensch, Yuichi Makino

Brain function is associated with critical periods of de-
velopment when external stressors during early postna-
tal days have a lasting impact on behavior. Stress ad-
ministered at early postnatal periods, such as P2-P9 (day
2 through 9), has been demonstrated to induce cognitive
impairment and alterations in behavior of mice. The ef-
fect of stress given at later postnatal periods, such as P9-
P16 (day 9 through 16), remains largely unexplored, al-
though a previous study indicated that stress given at this
period can cause depressive behavior later in life. The pur-
pose of this study is to determine the effects of P9-P16
stress in comparison to those of P2- P9 stress on attention-
related functions in adulthood. A fragmented maternal
care model of early life stress was utilized, and attention
was tested through a two-choice touchscreen visual atten-
tion task. Data acquired from maternal care pattern ob-
servations demonstrated that both P2-P9 and P9-P16 frag-
mented care (FC) models increased the number of inter-
rupted dam-pup interactions in comparison to control care.
The total duration of all interactions combined was simi-
lar, revealing less continuous maternal care under FC con-
ditions. In comparison to P2-P9 FC, P9-P16 FC resulted
in more continuous maternal care, implying that the po-
tential cognitive impairment as a result of P9-P16 FC may
be less severe. Exploring the P9-P16 period is expected to
determine whether the timing of early life stress in mice
impacts its effect on attention and behavior. This study
will also serve as a launchpad for examining modulation
of attention-related behavior though dopamine receptors,
which are known to be altered in mice after P2-P9 early
stress.
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How cells communicate in the brain at a chemical level re-
mains a major unanswered question in neuroscience. Crit-
ical to this communication are synapses, the junctions be-
tween neurons. Though synapses are currently grouped in
broad categories, such as neurotransmitter type, synapses
likely have underappreciated molecular diversity in their
mRNA and protein content. Despite the crucial role of
synapses in brain function and disease pathology, the
exact molecular makeup of individual synapses remains
unknown. Synapses can be isolated from the rest of
the neuron into membrane bound compartments, called
synaptosomes, that form from the pre- and post-synaptic
membranes. This study develops a new tool for high-
throughput profiling of single synaptosomes by extend-
ing the single cell RNA sequencing technology, Drop-Seq.
Synaptosomes were isolated from adult mice via dissec-
tion and homogenization. They were then spun in an ultra-
centrifuge to remove nuclei and cellular debris, and to sep-
arate synaptosomes from other material by density. Bulk
RNA isolation and quantification confirmed high quality
RNA was present. Immobilization on poly-lysine coated
coverslips and immunofluorescence with synaptic mark-
ers revealed synaptosomes containing both pre- and post-
synapse densities. Next, Drop-Seq was adapted for the
isolated synaptosomes. Using microfluidics, single synap-
tosomes and DNA-barcoded beads are co-encapsulated
into droplets. Synaptosomal mRNAs bind to the bead and
are then reverse-transcribed to cDNA, PCR amplified, and
sequenced: yielding the first RNA sequence library of sin-
gle synapse content. To identify what transcripts are en-
riched in synapses relative to nuclei, Drop-Seq was also
run on nuclei separated during the synaptosome isolation.
To simultaneously analyze RNA and proteins, Drop-Seq
was extended by conjugating DNA barcodes to antibod-
ies using cross-linking, for use in future Drop-Seq experi-
ments on synaptosomes. In parallel with synaptosomes,
extracellular vesicles isolated and RNA and protein se-
quenced with Drop-Seq as a way to extend our method of
sub-cellular profiling to another mechanism of cell com-
munication.

Molecular and Spatial
Profiling of the Single-Neuron

Transcriptome using
MERFISH Imaging

Andrew Wang
PRISE Fellow
Physics and Mathematics, 2022

Physics Department
Chemistry and Chemical Biology Department
Xiaowei Zhuang Lab
Advisors: Guiping Wang, Xiaowei Zhuang

Individual neurons communicate with each other through
their processes (axons and dendrites), forming complex
neural circuits that extend throughout our brains and ner-
vous systems. Changes in the gene expression profile and
in the mRNA spatial distribution within single neurons
can disrupt these circuits, affecting the establishment of
synapses, removing the neuron’s ability to identify and
separate its own processes, and causing long-term neuro-
logical disorders. In order to better understand the struc-
tural and functional diversity generated by single-neuron
genetic codes, we use an image-based transcriptome pro-
filing method developed in the Zhuang lab called mul-
tiplexed, error-robust fluorescence in situ hybridization
(MERFISH) to map numerous mRNA species inside of
single neurons and other brain cell types (astrocytes, oligo-
dendrocytes, etc) in a cultured neuron system. MERFISH
not only measures the absolute abundance of these tran-
scripts but also crucially preserves the spatial contexts of
RNAs in situ. By analyzing the differences in gene ex-
pression patterns in neighboring cells, distant neurons, and
process bundles, we hope to gain further insight into how
particular gene clusters affect the properties of single cells
and the interactions between multiple cells in the brain.
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Essential for survival and reproduction of species, parent-
ing behavior is comprised of stereotyped motor patterns.
The initiation of social behaviors, including parenting, is
thought to depend on the individual’s recognition of mul-
timodal cues that identifies conspecific age, sex, and so-
cial role. Given the specificity of social interactions in
many species and the rapid response to these sets of mul-
timodal signals, a better understanding of how these cues
are processed and the identification of pathways that initi-
ate the corresponding behavior represent an important area
of inquiry. Previous work in the Dulac Lab has charac-
terized specific cell types in the Medial Pre-Optic Area
(MPOA) as essential for the control of parenting in males
and females. However, the neural mechanism and path-
way which integrate and carry sensory information to the
MPOA are not well-known. This study aims to identify
the stimulus combinations which evoke most of the stereo-
typed motor sequences associated with parenting behav-
ior, and the sensory regions in the brain that encode the
cues necessary to initiate parenting behavior. We aim to
present an adult parenting female mouse with a combina-
tion of pup cues (olfactory, auditory and somatosensory)
and measure precisely the stereotyped parenting motor ac-
tions it evokes. To identify the stereotyped motor pat-
terns, we use machine learning based tools (DeepLabCut)
to identify body parts in video frames during parenting
behavior. Subsequently, we use unsupervised clustering
methods to identify stereotyped postures and motor ac-
tions during parenting behavior. To identify brain regions
encoding the pup stimuli, we use cFos activity as a marker
of neuronal activity. For this experiment we use TRAP2,
a mouse model with an inducible Cre-recombinase in Fos-
expressing neurons crossed with Ai9 mouse line which ex-
presses a Cre-dependent fluorophore, to label cells across
the brain active during parenting behavior. These findings
should provide deeper insight into multisensory pathways
governing parenting behavior in mice.

Characterizing the Repeated
Evolution of Forest-Adapted

Deer Mice Through an
Analysis of Museum Specimens
Kemi Ashing-Giwa
PRISE Fellow
Integrative Biology, 2022

Organismic and Evolutionary Biology Department
Hoekstra Lab
Advisor: Brock Wooldridge

The deer mouse, Peromyscus maniculatus, is the most
abundant small mammal in North America, and can be
found in a wide array of diverse habitats. Of particular
interest is the observation that some forest-dwelling pop-
ulations show a number of morphological and behavioral
differences that distinguish them from their nearby prairie-
dwelling counterparts. The Hoekstra lab has illustrated
that forest mice tend to possess longer tails, hindlegs, and
whiskers, and that these features appear to have evolved
independently in the populations studied. This project
seeks to determine whether these differences, thought to
be arboreal adaptations, are consistently observed in other
parts of the species’ range. There is only a limited un-
derstanding of the extent to which these adaptations are
widespread. Further, little is known about how each of
these putatively adaptive traits is associated with each
other, and how consistently they are observed in forest-
inhabiting mice. To investigate these questions and shed
light on the predictability of evolution over periods of
time, I have taken X-ray images and external measure-
ments of 220 specimens from across the range of P. man-
iculatus using existing resources from museum collec-
tions. This stage has involved developing a reliable imag-
ing method that will allow me to measure key traits from
specimens of varying and often poor preservation quality.
With this method now fine-tuned, I can use precise exter-
nal and internal measurements from these images to con-
duct statistical analyses that relate these characters back
to the habitat from which the mice came. The results of
this work will allow quantification of how these traits as-
sociate with each other and with key habitat variables. In
addition, the insights gleaned will help identify popula-
tions exhibiting classic forest-related adaptations, as well
as those that deviate from the norm. Exploring these ques-
tions will advance our understanding of how convergent
evolution operates across suites of traits and a variety of
timescales.
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It is difficult to study evolution over thousands of genera-
tions in organisms such as humans due to their long life-
cycles and the length of time between generations. How-
ever, in microorganisms like yeast and bacteria, it is eas-
ier to study evolution experimentally due to shorter life-
cycle times as well as easier and more efficient manipula-
bility of evolutionary conditions. The Desai Lab has been
evolving various lab and wild strains of yeast including
both haploid and diploid populations in different environ-
ments based on temperature and richness of nutrient me-
dia for over 10,000 generations. Our project focuses on
measuring the change in fitness of populations over gen-
erations through competitive fitness assays carried out for
eight generation time-points, measuring growth rates of
these evolved populations, measuring ploidy of the popu-
lations through Sytox staining, and whole-genome, whole-
population sequencing, as well as making easily accessible
freezer stocks of clones of populations for further studies.
I carried out the ploidy stains and studied the evolution
of ploidy. The impact of ploidy on adaptation has been
poorly understood; typically, evolution experiments have
evolved haploid and diploid populations separately rather
than simultaneously. In preliminary ploidy stains, we ob-
served deviations from the normal 1N (haploid) and 2N
(diploid) strains, where the strains from the 11000 gener-
ations seem to have ploidies between 1N and 2N, above
2N or even below 1N. We will combine these ploidy re-
sults with our sequencing data to discern whether this is
because of lost chromosomes, duplication of only a sub-
set of chromosomes, or other reasons.

Size Scaling Effects on Ant
Mimicry Effectiveness in
Salticus scenicus and

Myrmyrachne formicaria
Frederick Horne
PRISE Fellow
Human Evolutionary Biology, 2022

Organismic and Evolutionary Biology Department
Shamble Lab
Advisors: Ava Chen, Paul Shamble

Protective mimicry, or predation avoidance by a palat-
able species through perceived similarity to an unpalat-
able model, is widely observed across the animal kingdom.
However, it is often unknown whether predators avoid a
specific unpalatable model or whether predators avoid all
creatures sufficiently similar to the unpalatable model—an
“archetype” of the model. Mimicry of ants by jumping spi-
ders holds particular relevance to this question. Different
ant species vary widely in shape and size, but only adults
leave the hive, so individuals of a single species show a
stable size and appearance to predators. Jumping spiders,
in contrast, grow by molting and are active throughout
their life cycle, so predators observe juveniles of the same
species that are smaller than adults and their presumed ant
models. As mimicry studies largely use adult mimics, it is
unclear whether ant mimicry scales down to smaller mim-
ics. In this study, I explored the potential effects of scaling
on mimicry. Previous studies have shown that the jumping
spider Phidippus audaxwill preferentially attack videos of
non-mimetic jumping spiders over those of ants or adult
Mymyrachne formicaria, an ant-mimicking jumping spi-
der. Another non-mimetic jumping spider, Salticus sceni-
cus, also preys upon jumping spiders and avoids ants, but
is smaller than P. audax and hunts prey on the scale of
juvenile M. formicaria. I exposed S. scenicus to scaled-
down videos of ants, non-mimetic jumping spiders, and
M. formicaria. As juvenile M. formicaria are evolved to
resemble ants larger than (and therefore different from) S.
scenicus’s presumed ant avoidance models, a S. scenicus
that avoids specific ants would likely attack a small M.
formicaria. If S. scenicus avoids scaled-down M. formi-
caria, however, this would suggest that S. scenicus avoids
all animals that resemble a generalized, archetypal ant rec-
ognized across size scales. I hypothesize that S. scenicus
will avoid small M. formicaria.
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Peromyscus, commonly known as deer mice, live in a va-
riety of ecological habitats across North America. Per-
omyscus maniculatus, the species used in this study, is the
most common species within the genus. Peromyscusmake
ideal subjects because the genus has around 50 closely re-
lated species in it that often exhibit heritable differences
in behavior. My study seeks an explanation for behav-
ioral distinctions among species. Thus far, we have begun
measuring and comparing the spectral and temporal fea-
tures of infant vocalizations from four subspecies: P. m.
bairdii, P. m. nubiterrae, P. m. gambelii, and P. m. ru-
bidus. Infant vocalizations of each subspecies have been
recorded starting on postnatal day three (P3) and ending
on P15 with recordings taking place every other day. Each
pup is isolated in a recording chamber for 10 minutes as
their sonic and ultrasonic vocalizations are recorded. The
features of these vocalizations will be analyzed to iden-
tify differences in vocal spectra among these subspecies.
We hypothesize that the type of habitat of a subspecies
is associated with how it vocalizes. If our hypothesis is
supported, then the successful completion of the proposed
project will demonstrate similarities in the vocalizations
between P. m. bairdii and P. m. gambelii which live in
fields and between P. m. nubiterrae and P. m. rubidus
which live in forests. This study may highlight the impact
of the environment on the evolution of behavior. Addi-
tionally, further investigation into why a behavior is more
suitable in a certain environment over another could shed
more light on behavioral divergence among species.

Software Analysis of
PeromyscusMice Infant

Vocalizations
Michael Scott
PRISE Fellow
Computer Science, 2020

Organismic and Evolutionary Biology Department
Hoekstra Lab
Advisors: Hopi Hoekstra, Nicholas Jourjine

Infant vocalizations serve a vital purpose in communicat-
ing survival needs between offspring and parent. Distress
cries from young elicit powerful, immediate responses
from parents in such a wide range of organisms that there
is likely a shared neurochemical pathway mediating infant
vocalization and parental response. Unlike vocal behavior
in adults, infant vocalization is an innate behavior whose
genetic basis is poorly understood. In this study we exam-
ine and quantify differences in infant vocalization in Per-
omyscus mice, a model organism for understanding natu-
ral genetic variation. Audio recordings of pup separation
cries are collected every other day from three to 15 days af-
ter birth, which are then examined using signal processing
software. Most software of this nature is geared towards
the analysis of laboratory mouse (Musmusculus) vocaliza-
tions and does not adequately handle Peromyscus-specific
features, such as a distinction between vocalizations in the
sonic and ultrasonic frequency ranges. We created an ap-
plication specifically for Peromyscus vocalization detec-
tion, analysis, and classification using machine learning
on large audio files in a high-throughput manner. Though
still in development, this audio pipeline has been used ex-
tensively on lab recordings and illustrates behavioral dif-
ferences between species and through development. Pre-
liminary results suggest that different Peromyscus species
have markedly different vocalization features in infancy,
particularly in the number of sonic vocalizations and the
tendency to emit vocalizations in bouts before periods of
silence. Further work will seek to discover genes involved
through quantitative trait locus (QTL) mapping as well as
parental response to vocalization through a videotaped be-
havioral assay. Given the ubiquity of infant distress vocal-
izations, insight into the genetic basis of the behavior may
uncover commonalities in vocal processing pathways as
well as the “meaning” behind infant vocalization types,
including those in humans.
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Cephalopods have an independently evolved, complex,
camera-type eye and the largest nervous system of any in-
vertebrate. Essential to building large, complex nervous
systems is the process of axon pathfinding, where bil-
lions of neurons extend axons toward their target cells and
form a precise network. While axon guidance molecules
and mechanisms of axon pathfinding have been stud-
ied in vertebrates and Drosophila, very little is known
about this process in cephalopods. During visual sys-
tem development, photoreceptors in the cephalopod eye
extend their axons to synapse on the outer nuclear layer
of the optic lobe, where visual processing occurs. My
goal is to better understand which guidance cues may
be important during this process. Using the squid Dory-
teuthis pealeii as an embryological model, I am character-
izing the spatiotemporal expression of 12 candidate genes
during visual system development. These genes have
been previously shown to play a role in axon pathfind-
ing in vertebrates and Drosophila and include members
of highly conserved families of axon guidance molecules:
Semaphorins, Netrin, DCC, Slit, ROBO, Eph, and Ephrin.
These proteins are the attractive and repulsive cues that
guide axons as they grow towards their target cells and
often work in pairs. The expression patterns of these
genes will give insight into the function of these genes in
cephalopods and the process by which retinal axons grow
and synapse onto the optic lobe in D. pealeii to form this
complex, camera-type eye.

Developmental Variation of the
Crocodylian Palate throughout
Ontogeny Using Geometric

Morphometrics
Luann Zerefa
PRISE Fellow
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Museum of Comparative Zoology
Pierce Lab
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The crocodylian skull has been the subject of extensive
study, particularly the evolution of modern morpholo-
gies and its variation across ecology and development.
Crocodylian skull anatomy has been shown to converge
among different ecomorphological groups but that the
early development of the skull is largely conserved. While
the cranium has received considerable attention recently,
the palate of crocodiles has received little. Unlike other
reptiles, crocodylians uniquely have a bony secondary
palate, which has evolved independently to the mam-
malian bony palate. The bony palate is functionally im-
portant as it partitions the nasal and mouth cavities. This
allows crocodiles to continue breathing while process-
ing food in the mouth. Here we analyzed the ecological
and developmental shape variation in the secondary bony
palate of 11 species of modern crocodiles from late stage
development into adulthood. These species fall into three
broad ecological categories–blunt (brevirostrine), mod-
erate (generalized), and slender-snouted (longirostrine).
Shape was quantified using 2D geometric morphometrics
(GMM), a method for mathematically quantifying varia-
tion in complex shapes. We placed 12 landmark and 12
semilandmark points on anatomically homologous loca-
tions on the palate and underside of the skull, and analyzed
these using Procrustes superimposition and principal com-
ponent analysis (PCA). The greatest axes of shape varia-
tion of the palate are the breadth and length of the snout
and elongation of the suborbital fenestra. Initial find-
ings indicate the presence of an embryonic region of mor-
phospace, and that adult palate morphologies differ sig-
nificantly among the three ecomorphs, each with unique
developmental trajectories. This pattern is similar to the
development of the cranium, which also shows an embry-
onic region; however, the shape of the palate has more
ecomorphological differentiation at the embryonic stage.
This suggests that palate shape may be less developmen-
tally constrained and driven more by niche specialization
than the cranium.
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Although Hispanics and Latinos make up almost 10% of
the population worldwide, they represent only 1.3% of the
DNA samples that have been analyzed as part of genome-
wide association studies. Because different variants may
be responsible for the same disease among different pop-
ulations, this disparity means that precision medicine will
be of less benefit to Hispanic and Latino individuals than
to Europeans. The Neuropsychiatric Genetics of Psy-
chosis in the Mexican Population (NeuroMex) Project
aims to correct this imbalance by collecting genetic data
from schizophrenia and bipolar patients, as well as healthy
controls, from individuals of Mexican descent. A total of
8,000 DNA samples and accompanying phenotypic infor-
mation will be collected across four sites in Mexico and
genotyped at the Broad Institute. Throughout this sum-
mer, the NeuroMex team at the Harvard T.H. Chan School
of Public Health and the Broad Institute has developed a
study manual in Spanish and English. Additionally, qual-
ity control has been carried out on incoming data. Collab-
oration with investigators in Mexico has been essential to
ensure adequate data collection and transfer samples from
Mexico to the United States. When results are obtained,
the study hopes to uncover genetic variants that are as-
sociated with psychosis in the Mexican population. By
improving our understanding of psychosis in Mexico, the
study hopes to add to the body of knowledge about psy-
chiatric genetics in Latin America and increase the appli-
cability of developing genomic medicine to Hispanics and
Latinos.

Letter and Object Orientation:
Using Reflections to

Understand Representational
Structures of Objects

Anne Crinnion
PRISE Fellow
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Psychology Department
Cognitive Neuropsychology Lab
Advisors: Alfonso Caramazza, Teresa Schubert

Orientation is an important aspect of object processing.
How a given object is oriented may affect how we inter-
act with it; the left or right position of a mug’s handle,
for example, influences the hand we might use to grasp
it, and an animal running towards us might mean we need
to run away. The aim of this work is to understand how
orientation is represented within an object’s overall repre-
sentational structure and to understand if different classes
of objects have different orientation representations. We
study three object categories: (1) objects with a canonical
upright orientation, like blenders, whose primary axis of
elongation lies along an external vertical axis (2) objects
without a canonical orientation, like combs, and (3) letters,
which have both a canonical upright position and also a
canonical left-right position. More specifically, we are in-
terested in whether orientation is represented relative to an
external frame or an object-centered frame. To understand
the axes in an object’s representational structure, we focus
on processing of two types of mirror reflections: (1) ob-
ject principal axis (OPA) reflections, or reflections across
the object’s principal (i.e., elongated) axis and (2) extrinsic
vertical axis (EVA) reflections, or reflections across a ver-
tical axis outside of the object’s axes (i.e. the coordinate
y-axis). Data from a ‘same-different’ task will be analyzed
that compares reaction times to judge differences between
EVA and OPA reflection. If data patterns suggest that OPA
reflections are harder to tell apart, then this would suggest
that objects are represented relative to an internal frame,
and if EVA reflections are harder to tell apart, then this
would suggest objects are represented relative to an exter-
nal frame. By comparing the results from our three classes
of objects, we will be able to understand how orientation
influences the representational structure of objects more
broadly.
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In our daily lives, we draw on our past experiences, or
episodic memories, to solve current problems. Previous
research shows that brief training in recollecting details of
past events helps people to generate relevant steps while
solving personal problems. On the other hand, popula-
tions with episodic memory deficits (e.g., older adults,
hippocampal lesion patients) produce fewer relevant steps
when solving everyday problems than controls. The cur-
rent project focuses on the metacognitive experience of re-
lying on episodic memory during problem solving, a topic
that remains relatively unexplored. In two experiments,
participants learned four expert tips for plausible, yet rare,
“worst case scenarios” (e.g., arrested overseas). Then par-
ticipants recalled steps for old problems (retrieve condi-
tion) and came up with their own steps for new ones (gen-
erate condition). Participants also rated how prepared they
felt for each scenario. In both experiments, participants
provided more relevant steps and felt more prepared in the
retrieve condition compared to the generate condition. A
third experiment is currently underway, where participants
initially learn irrelevant steps instead of useful tips. This
study tests whether we have identified a metacognitive il-
lusion, where feeling more prepared for a problem has no
rational basis, or whether individuals only feel more pre-
pared after learning high-quality information. Next, we
will adapt this paradigm to the scanner to assess underly-
ing neural correlates.

The Development and Neural
Indices of Facial Emotion

Processing in Early Childhood:
A Study in fNIRS

Gabriela Munoz
PRISE Fellow
Human Evolutionary Biology, 2021

Boston Children’s Hospital
Nelson Lab
Advisor: Charles Nelson

Elucidating the mechanisms underlying the recognition
and processing of emotional expression is an essential area
of research in developmental psychology. The Emotion
Project is a longitudinal study at Boston Children’s Hos-
pital that aims to investigate the nature and neural ar-
chitecture of emotion processing across the first 7 years
of life. Our project uses functional near-infrared spec-
troscopy (fNIRS) to measure brain activity in response
to passive viewing of female faces portraying happy, an-
gry, and fearful expressions of varying intensities, where
increased oxyhemoglobin (oxyHb) concentration and de-
creased deoxyhemoglobin (deoxyHb) concentration cor-
respond to increased local brain activity. For our study, in-
fants (at 5, 7, or 12 months of age, N=807) were recruited
and participated in follow-up sessions taking place at 3,
5, and 7 years of age. In order to analyze video record-
ings of NIRS sessions, we are using SuperCoder to de-
termine whether each block (face blocks as well as our
control condition— 4-second periods of moving geomet-
ric shapes) should be included in analyses. Coders, blind
to emotional condition, record when a child was oriented
to the screen; blocks in which the child observed the stim-
uli for more than 60 of the time that the stimuli were pre-
sented will be included. By employing fNIRS, we will be
able to illuminate regions of the infant and early childhood
brain associated with happy, angry, and fear facial pro-
cessing throughout the first several years of life. Further,
we plan to investigate whether individual differences (as
measured by assessing children’s temperament, cognitive
development, etc.) are associated with differential oxyHb
responses to faces. This work has implications for chil-
dren whose early development was impeded by limited ac-
cess to the normative range of emotion and children whose
basic emotion perception capacities have been impaired.
Further, we hope that our results will provide insight into
early precursors for the development of psychopathology.
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Advance planning scope refers to how far in advance one
plans out a sentence before speaking. While there is evi-
dence that adults have a flexible planning scope—that is,
they can switch between planning in advance and plan-
ning incrementally, before individual words—very little is
known about how far in advance children plan. Through
two different experiments, we investigate children’s plan-
ning scope and how it compares to that of adults. The first
experiment presented 25 5-year-olds with various pictures.
The 5-year-olds were asked to name the pictures (e.g. ap-
ple, dog, spaceship), and their speech onset times were
measured. The pictures and their names were varied on
codability (a measure of name agreement, or how many
possible names an object has) and frequency (a measure of
how often children hear and produce those names in every-
day life). In a parallel study run with adults, it was found
that words of low codability or low frequency resulted in
slower naming onset times, and we expect to see the same
results in children. The second experiment involves show-
ing 5-year-olds two objects (A and B) simultaneously. The
participants are asked to construct a sentence in the format
“the A is above the B.” The effects found in the first exper-
iment will be used in the second experiment to determine
how far in advance children plan. For example, if children
have slower naming onset times before a word with low
codability and low frequency, such as “spaceship,” then in
a sentence such as “the A is above the spaceship,” where
they pause will give insight into where they are planning
the word. If children show longer sentence onset times,
it implies that they are planning the word in advance (be-
fore articulation), whereas if they plan incrementally, we
should see no effect in sentence onset time.

The Impact of Birth Weight
and Asthma on Behavioral
Regulation in 14-Year-Old

Children
Simmi Ogunnowo
PRISE Fellow
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Harvard Medical School
Advisor: Jonathan S. Litt

Among one of the most chronic health conditions in child-
hood, asthma has been designated a public health concern
due to the increase in its prevalence among children and
its effects on patients’ quality of life. Of the perinatal fac-
tors associated with the risk of asthma, low birth weight
has been linked to the development of decreased respi-
ratory function, an increased risk of chronic respiratory
symptoms and the development of asthma during child-
hood. While previous studies have shown a correlation be-
tween asthma and the prevalence of behavioral problems
such as attention deficit hyperactivity disorder (ADHD)
among children born at term, little is known about the re-
lationship between the presence of asthma and behavioral
development among preterm infants. This study inves-
tigates the impact of birth weight and asthma diagnosis
on behavioral regulation utilizing the Behavioral Inhibi-
tion System and Behavioral Activation System (BIS-BAS)
Questionnaire as well as the Vineland Adaptive Behavior
Scales. We utilized data from a cohort of extremely low
birth weight (ELBW) infants from the Neonatal Intensive
Care Unit at Rainbow Babies and Children’s Hospital in
Cleveland, Ohio, and a matched control group of term-
born peers. We compared BIS-BAS and Vineland scores
between with birth weight group and by asthma diagnosis.
Additionally, we ran regression models on the BIS-BAS
domains (BAS- Drive, BAS- Fun Seeking and BAS- Re-
ward Responsiveness). Preliminary analysis suggests that
there is a significant association in the BIS-BAS domains
with both ELBW and asthma. Additionally, the analysis
showed that asthma may mediate the effects of ELBW on
BAS- Fun Seeking and BAS-Total scores. We plan on
conducting a deeper analysis of the meditative effects of
asthma on BIS-BAS domain scores. Future results may
have a broader implication in the underlying mechanisms
of psychological disorders in ELBW children with chronic
respiratory disease in terms of behavioral inhibition and
activation systems.
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Studies have shown that humans demonstrate the capac-
ity to recognize and discern faces as early as infancy. The
ability to identify faces is crucial to several components
of human interaction including but not limited to relation-
ship development, emotion perception, threat detection,
identity and demographic comprehension, and social in-
tent. Prosopagnosia—often referred to as face-blindness
disorder—is a neurological condition that affects one’s
ability to recognize familiar faces. This disorder ren-
ders individuals incapable of recollecting faces they have
seen before, resulting in a compensatory reliance on dis-
tinctive characteristics such as hair, glasses, clothing, or
voice to identify other people. Particular characteristics of
prosopagnosia can be observed in autism spectrum disor-
ders as well, which necessitates the unique study of a non-
ASD participant pool in avoidance of confounding vari-
ables. In this experimental component of a larger study,
we recruited 60 participants from 30 to 65 years old as an
age-matched control group for the clinical iteration. Par-
ticipants initially completed an eligibility-screening sur-
vey verifying their non-face-blindness followed by a series
of computer-based behavioral tasks testing facial recogni-
tion, object recognition, and memory. The data collected
will be used to provide a baseline metric to then pinpoint
the mechanisms underlying face-blindness, analyze the
discrepancies between normal recognizers with prosopag-
nosiacs, and potentially identify super-recognizers—those
with an above average ability to recognize faces. This
study was crucial to advancing our understanding of nor-
mal facial recognition and prosopagnosia by providing
data from appropriate age-matched participants, as past lit-
erature did not account for aging and cognitive ability in
selecting the control group.

An EEG Study Looking at
Top-Down Processing in

Adults
Paulina Piwowarczyk
BLISS Fellow
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Psychology Department
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In language comprehension, listeners can use information
in a top-down manner to make predictions about the struc-
tures, sounds, and meanings of the words they are about
to hear. This study asks what happens when those pre-
dictions are violated. We used EEG to record electrical
signals that occur in response to syntactic category viola-
tions (e.g. when you hear a determiner where a preposition
should be). We reasoned that stronger predictions about
upcoming words would lead to faster and/or stronger de-
tection of these violations. To test this, we manipulated
the environment in which the violation occurred (high pre-
dictability vs. low predictability). We also compared what
type of word was violated (i.e. determiners vs. prepo-
sitions) to see if word class influenced error detection.
This study used a naturalistic listening paradigm, in which
participants passively listened to sentences from a chil-
dren’s story with and without violations. In the EEG lit-
erature, error detection can be reflected in various neural
responses, known as ERP effects. We predicted that we
would see an early negative-going effect in the highly pre-
dictable environment, suggesting faster recognition of the
error. We also predicted a later positive-going response in
both conditions, reflecting an overall detection of the vi-
olation. Data collection is still ongoing, but at this time,
there seems to be equal detection of the error in both high
and low conditions. This error detection is not reflected
in an early negative-going response but rather an earlier
positive-going response (the P300 effect). The most novel
finding, so far, is that there seems to be a difference in de-
tecting violations that involve determiners being replaced
compared to prepositions being replaced. We will further
investigate this finding and determine what it can tell us
about the predictions we make in real time and how they
differ across word class.
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People often use their episodic memories—memories of
specific past experiences—to share stories and construct
opinions. People also imagine events about the future
frequently throughout their day. Future simulation and
episodic memory exhibit a strong connection, such that fu-
ture simulation works by recombining past episodic details
of different memories, which then allows people to predict
future experiences. This connection has been shown to af-
fect reality monitoring, the process of knowing whether
something was actually perceived or merely imagined. In
a previous study, Devitt and Schacter (2018) examined
whether positive or negative emotions in future thinking
play a role in reality monitoring by having participants
imagine a future scenario going well or poorly. Then
they read a story of what hypothetically happened and
were tested on their memory of valenced details in the
story. Participants were shown to have an optimism bias
for stories they imagined going well. They correctly rec-
ognized more true positive details, but also misidentified
more false positive details when compared to negative de-
tails. In the current study, we examined the neural under-
pinnings of this optimism bias by adding fMRI analysis
to the protocol of the aforementioned study. fMRI scans
measured participants’ brain activity by analyzing blood
oxygenation levels during the imagination phase and dur-
ing the subsequent recognition of story details phase. The
first step was to train a classifier program to distinguish
between positive and negative imaginations. Preliminary
results have shown that positive and negative simulations
can be identified based on activation in the ventromedial
prefrontal cortex and anterior cingulate, which is consis-
tent with previous research suggesting these areas play
a role in positive simulations. This experiment lays the
ground for future studies to examine patients suffering
from affective disorders, which could lead to treatments
targeting networks of brain regions found in this research.

Characterization of 16p11.2
Deletion and Duplication
iPSC-Derived Neurons
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The 16p11.2 chromosomal segment has been associated
with a number of neurodevelopmental disorders, notably
autism spectrum disorders (ASD). A deletion (16p11.2del)
or duplication (16p11.2dup) of this region is present in
approximately 1% of ASD cases. Disruptions to this re-
gion yield dose-dependent symptoms, with 16p11.2del pa-
tients exhibiting motor and language delays, intellectual
disability, attention-deficit hyperactivity disorder, perva-
sive developmental disorder, seizures, and macrocephaly.
Alternatively, microcephaly and schizophrenia have been
observed in 16p11.2dup patients. To understand the cel-
lular mechanisms underlying these variable phenotypes,
16p11.2del and 16p11.2dup-derived induced pluripotent
stem cells (iPSCs) were differentiated into neural progen-
itor cells (NPCs) and neurons for characterization. The
soma size, dendrite length, and neurite branches of these
neurons will be compared to controls via a Sholl Assay.
To confirm the integrity of these cell lines as experimen-
tal models, the downregulation or upregulation of seven
16p11.2 genes- TAOK2, MAZ, KCTD13, MAPK3, AL-
DOA, SPN, SEZ6L2- will be confirmed in 16p11.2del and
16p11.2dup iPSCs, neural progenitor cells (NPCs), and
neurons via RT-qPCR. Thus far, we have succeeded in val-
idating the neuronal induction protocol and will continue
with the differentiation of 16p11.2del/dup cell lines. Pre-
liminary observations suggest that 16p11.2del/dup iPSCs
and NPCs exhibit slower proliferation rates than controls.
Quantification with a proliferation assay will substantiate
these observations. The successful completion of the pro-
posed project may inform us about the role of neuron mor-
phology and proliferation in the macrocephaly and micro-
cephaly phenotypes that accompany the 16p11.2 deletion
and duplication, respectively.
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Many tissues and organs have reserves of stem cells that
can regenerate the tissue after injury. Satellite cells, or
stem cells specific to skeletal muscle, are activated from
their normally quiescent and non-dividing state to pro-
liferate and differentiate into new muscle fibers to re-
pair damage. However, the molecular regulators that pro-
mote activation from quiescence are not well character-
ized. Transcriptome profiling and protein analysis have
revealed high expression of the transcription factor Fos
in newly activated satellite cells. Fos expressing satel-
lite cells begin dividing and differentiating more quickly
than cells that do not express Fos, suggesting that Fos is
critical for cell cycle entry and efficient muscle regener-
ation. Since Fos deletions in satellite cells have already
been shown to cause short term delays in muscle repair,
as assessed seven days post injury (dpi), we focused on a
later time-point of fifty dpi to evaluate the long-term im-
pact of Fos deletion on muscle regenerative potential. We
used a Cre-loxP system to inactivate Fos in Pax7+ cells,
generating FoscKO mice, and injured the tibialis anterior
(TA) muscle of these animals with cardiotoxin (CTX) or
freezing. While TA muscle fibers from uninjured control
and FoscKO mice showed similar cross sectional areas,
regenerated TA muscle fibers at fifty dpi appeared smaller
in FoscKO mice when compared to age-matched controls.
These differences suggest a potential long-term deficiency
in muscle regeneration after deleting Fos in muscle satel-
lite cells. Future work to evaluate Pax7+ staining, which
specifically marks satellite cells in skeletal muscle, at fifty
days after CTX or Freeze injury will reveal how Fos af-
fects the return of satellite cells to quiescence after ac-
tivation. Understanding the role of Fos in muscle repair
will improve our understanding of myogenesis and satel-
lite cell function, which can be useful for developing bet-
ter regenerative therapies to enhance muscle regrowth and
recovery.
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Type 1 diabetes is an autoimmune disease caused by an
attack on the insulin producing beta cells in the pancreas.
Millions of type 1 diabetics currently have to inject them-
selves with timed insulin doses to control their blood glu-
cose. However, the development of stem cell derived beta
cells which can be transplanted into diabetics and restore
function has the potential to cure the disease. Currently
preventing an immune reaction against the transplanted
cells remains an obstacle to realising a regenerative cure
for diabetes. To solve this, researchers have used CRISPR
to knock out the beta-2-microglobulin (B2M) gene in hu-
man embryonic stem (hES) cells, which is required for the
expression of cell recognition HLA proteins. Simultane-
ously, CRISPR has been used to knock in non-classical
HLA molecules, and thus evade NK cell mediated lysis of
HLA deficient cells. A problem encountered with this ap-
proach has been that expression of the transgenes has been
silenced during the pancreatic differentiation protocol. We
are attempting to recover the expression of the silenced
transgenes by targeting a DNA demethylation domain to
the promoter driving expression of the transgenes. This in-
volved packaging lentiviral vectors expressing dead Cas9
fused to a DNA demethylation domain, followed by trans-
duction of the previously gene-modified hES and deliv-
ery of the promoter specific gRNA. The expression of the
transgenes will then be monitored during differentiation
using a luciferase reporter assay. The aim of the project
is to maintain the transgenes expression throughout the
differentiation. The gene edits used to generate hypoim-
munogenic beta cells for transplants could be transferred
to other tissue types derived from stem cells. These ‘uni-
versal cells’ would be transplantable into any patient —
representing a significant development in the field of re-
generative medicine.
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In the Western world alone, over 100 million patients per
year suffer from fibrosis — the thickening and scarring of
connective tissue — and its associated pain, discomfort,
disability, and increased treatment-related costs. While
humans and other mammals may exhibit fibrosis, regen-
erative organisms such as axolotls generally do not scar.
Axolotls are a species of salamander that can regener-
ate full limbs as well as portions of organs, such as the
brain and spinal cord, upon amputation or injury. As ver-
tebrates, they are appealing animals to study in the con-
text of advancing mammalian healing. While the major
reason why human surgeries fail is because of scar tis-
sue build-up, axolotls can undergo full amputations, more
than once, without the formation of a single scar. To study
how axolotls might antagonize fibrosis, we investigated
the gene thrombospondin-1 (tsp-1). In cultured human
dermal fibroblasts, we have evidence that TSP-1 inhibitors
promote fibrotic phenotypes; however, studies of tsp-1 in
regenerative organisms such as axolotls have been lim-
ited. We generated tsp-1 mutant axolotls using transcrip-
tion activator-like effector nucleases (TALENs). Upon
validation of their tsp-1 mutational status, forelimb ampu-
tations and subsequent blastema removals were performed
on these mutants to characterize their regenerative capac-
ities relative to wildtype axolotls. Preliminary results as
of four weeks post-blastema removal indicate that, while
tsp-1 mutants retain the ability to regenerate, their rate of
regeneration is significantly slower than their wild-type
counterparts. This data suggests that tsp-1 plays a role in
axolotl regeneration and possibly their capability to antag-
onize fibrosis. We also used discovery-based approaches
to generate a model for fibrosis in axolotls by treating an-
imals with bleomycin. The animals subject to these treat-
ments also exhibited regenerative delays and defects that
will be further characterized in the future. Continued in-
vestigation of healing in axolotls could lay the foundation
for the development of improved treatments for injury in
humans.
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The large-scale production of insulin-secreting pancreatic
β cells from human induced pluripotent stem cells (hiP-
SCs) has brought forth the potential of restoring glycemic
control in individuals with diabetes via cell replacement
therapy. Complications commonly associated with trans-
plantation, including allogeneic responses, as well as the
destruction of hiPSC-β cells as a result of autoreactive re-
sponses, remain fundamental challenges associated with
type I diabetes (T1D). This led our group to the develop-
ment of immune-modified hiPSC-β cell lines genetically
engineered to evade immune attack. Target genes were se-
lected using a mouse CRISPR-loss of function screening
strategy and three mutant cell lines were generated based
on T1D GWAS association using CRISPR-Cas9. Here we
report the effect of the genetic modifications on hiPSC-β
differentiation and methods of improving the function of
the hiPSC-β. Purified β cells were subject to multiplex
gene expression analysis to evaluate the relative expres-
sion of genes critical to the identity of the β cell. Upreg-
ulation in expression of genes involving β cell identity,
maturation, and exocytosis, in comparison to the WT, was
found in the Phx 1 KO line whereas the same genes were
downregulated in the Phx 2 KO. Notably, there was no dif-
ference in relative expression between the WT and Phx 3
KO. To improve the function of the β cells, we developed
media conditions that more closely emulate the in vivo en-
vironment of the β cell and quantified changes in insulin
secretion after glucose-stimulated insulin secretion assays
(GSIS). hiPSC-β cells exhibit increased insulin secretion
in response to methylsuccinate, a precursor of a key sub-
strate involved in the TCA cycle. This study presents ef-
forts towards the generation of functional, immunopro-
tected β cells for long-term transplantation therapy elim-
inating the need for immunosuppression or encapsulation
devices.
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Acute Myeloid Leukemia (AML) is a cancer of
hematopoietic cells with annual incidence of 21,000 in
the US, comprising up to 32% of all new leukemia cases.
Various transcription factors (TFs) play a key role in the
development and differentiation of hematopoietic stem
cells into mature progeny and the pathogenesis of AML.
Key TFs we have chosen to study are KMT2A, HOXA9,
TLX1, and STAT5A. Understanding how these proteins
interact with DNA and the binding sites of these DNA-
associated proteins helps us to better understand how
transcriptional dysregulation in hematopoietic cells leads
to AML. Chromatin immunoprecipitation-sequencing
(ChIP-seq) uses next generation sequencing analysis to
measure the binding sites of TFs at the genomic level.
However, many important TFs lack suitable antibodies to
perform ChIP-seq experiments. To overcome this limita-
tion, we have begun to undertake a CRISPR editing-based
approach (known as CRISPaint) to endogenously tag the
TFs with short epitope sequences for which ChIP-grade
antibodies have already been developed. This approach
will allow us to measure many new binding profiles for
various TFs in leukemia cell lines and provide new in-
sights into the transcriptional dysregulation in AML.
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Heart failure is a global pandemic with more than half a
million new diagnoses occurring in the United States ev-
ery year. Systolic heart failure is characterized by car-
diomyocyte death, often as a result of myocardial in-
farction. Only a small population (∼1%) of adult mam-
malian cardiomyocytes are capable of regeneration, lead-
ing to inadequate replacement with mature, functioning
cardiomyocytes. The composition of heart cell popula-
tions shifts from the majority of cardiomyocytes being
mononucleated and diploid to binucleated/multinucleated
and polyploid after birth. In this study, we aim to investi-
gate the regulation of multinucleation of cardiomyocytes
at the single-cell level. We are currently isolating car-
diomyocyte populations based on nucleation through man-
ual sorting and optimizing flow cytometry based meth-
ods. We plan to use single-cell RNA-seq and single-
cell ATAC-seq to define the transcriptional and epige-
netic landscapes of mononucleated, binucleated, and mult-
inucleated cardiomyocytes. We anticipate differences in
the upregulation and downregulation of gene expression
between mononucleated, binucleated, and multinucleated
cardiomyocytes that will provide insight into understand-
ing cardiomyocyte proliferation.
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Parkinson’s disease (PD) is a neurodegenerative disorder
characterized by the loss of dopaminergic (DA) neurons
from the substantia nigra of the midbrain. This loss of
DA neurons results in severe motor deficits, including
bradykinesia, resting tremor, and rigidity. The pathogen-
esis of PD and the associated degeneration of the DA neu-
rons remains largely unknown. There are genetic variants
such as GBA, LRRK2, and synuclein mutations, as well as
several environmental toxins, such as pesticides, associ-
ated with increased risk of PD, suggesting that a combina-
tion of genetic and environmental factors interact to cause
PD. To investigate gene-environment interactions relevant
in PD, we first differentiated PD-patient derived induced
pluripotent stem cells (iPSCs) into DA neurons using a
previously established differentiation protocol. The iP-
SCs were CRISPR-modified to express a red fluorescent
protein in DA neurons, allowing us to track and quantify
the neurons. We then treated these DA neurons with com-
pounds with known biological targets to model the effects
of environmental toxicants and used live imaging analy-
sis to assess and quantify the effects of these compounds
on neuronal survival. The results from this experiment
will elucidate whether these specific compounds have a
direct protective or deleterious effect on the survival of
DA neurons. Additionally, because we know the targets
of these compounds, this study may reveal specific bio-
logical pathways involved in the protection or degenera-
tion of DA neurons and thus help to identify potential new
targets for PD treatment. Next steps in the project will
involve investigation of downstream targets in these path-
ways to determine the precise mechanisms through which
the compounds affect the survival of DA neurons.

Sox9 Expression Following
Tendon Injury in the Mouse

Model
Ken Zou
PRISE Fellow
Human Developmental and Regenerative Biology, 2020

Center for Regenerative Medicine
Galloway Lab
Advisors: Heather Dingwall, Jenna Galloway, Mor Grinstein

Tendons play key roles as structural and functional in-
termediaries in the musculoskeletal system. However,
upon injury, mature tendon cells are replaced by struc-
turally and mechanically inferior scar tissue, resulting in
undesirable symptoms of tendinopathy. Much remains to
be elucidated regarding the molecular mechanisms reg-
ulating the activity and presence of endogenous tendon
cell populations under both homeostatic conditions and
during healing, but previous data has implicated poten-
tially key roles for the genes Sox9 and Axin2 in tendon
healing. In this study, we utilize RT-qPCR to analyze
expression of key tendon matrix and transcription fac-
tor genes and demonstrate that Sox9 is exclusively ex-
pressed in injured wild-type (WT) mice (textitMus mus-
culus) tendon, with early upregulated transcripts at 4 days
post-injury (DPI) and ending by 30DPI. To further ex-
plore the relationship between Sox9 and Axin2, we per-
formed immunohistochemistry (IHC) on tendon sections
taken from Axin2CreERt2; Rosa:LSLTdtom (abbreviated
Axin2-TdTom) reporter mice, and analyzed colocalization
of Tdtom and Sox9 expression. Preliminary results in-
dicate Tdtom cells co-express Sox9 after injury, as mea-
sured at 30DPI. Together, our findings suggest that Axin2-
lineage cells (Tdtom) turn on Sox9+ after injury and that
the Sox9+/Axin2-Tdtom+ co-expressing cells comprise a
subset of suspected proliferative tendon progenitor cells,
which are necessary for tendon healing. As both Sox9
and Axin2 are involved in Wnt signaling, future research
into these genetic relationships in the context of Sox9-
expressing tendon cell activity, particularly following ten-
don injuries, holds great potential for new insights into the
mechanisms regulating tendon healing, as well as possible
avenues for novel therapeutic approaches.
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A Flexible Low-Noise Compact
Optical Transport System for

Ultracold Molecular
Chemistry

Ilona Demler
PRISE Fellow
Physics, 2022

Chemistry Department
Ni Group
Advisors: Ming-Guang Hu, Kang-Kuen Ni

The Ni Group is using ultracold atoms and molecules
to explore the coldest chemical reactions in the world
(~500nK). One of the crucial steps in these experiments
is the transport of ultracold reagents from where they are
made in a cooling chamber to the final chemistry cham-
ber, which is about 30cm away. Both chambers have an
ultra-high vacuum (UHV) inside and are connected by a
tube.

The ultracold atoms and molecules are trapped in the focus
of a laser beam, a mechanism called an optical dipole trap
(ODT) or optical tweezer. We can move the focus of the
ODT to transport reagents. In order to get accurate results,
it is important that there is minimal heating and number
loss throughout this process. Thus, the transport system
needs to be low-noise (no jittering of its position), flexible
(easily controlled moving trajectory), and compact (not
occupying too much space).

The current setup involves a translation stage system to
physically move the particles. However, this takes up sig-
nificant space and has high building costs. It also has poor
efficiency due to the vibration of the translation stage and
changes in the focal powers of the lenses caused by the
heat generated by the laser beams. My work this sum-
mer entailed the design and assembly of a temperature-
correcting atomic dipole trap transport system. The opti-
cal set-up involves a focus tunable lens whose focal power
can be controlled based on the current that is sent into it.
As a result, monitoring both the current and temperature
on the surface of the tunable lens and implementing it into
an active temperature correction routine allows for stabi-
lized control of the atom number and reduced wave-front
error and beam aberrations. This set-up is also more ro-
bust, since it occupies less space and depends solely on
the current being supplied to the tunable lens.

Probing Field Emission
Electron Tunneling in
Metal-Molecule-Metal

Junctions
Julia Dokko
PRISE Fellow
Chemistry, 2020

Chemistry and Chemical Biology Department
Whitesides Group
Advisor: Jeff Rawson

The dimensions of electronic components are continu-
ously shrinking such that these structures can now be on
a scale of a few nanometers using individual molecules.
At this scale, the motions of electrons are defined by the
laws of quantum mechanics which involve electron tun-
neling, an effect that occurs when electrons are able to
move through an energy barrier that they are not nor-
mally able to overcome. The motion of electrons through
these molecules, when sufficiently understood, can allow
for individual molecules to serve as electronic devices for
data processing applications. Model systems composed
of a self-assembled monolayer (SAM) of molecules were
grown atop a gold electrode and a top contact of eutec-
tic gallium indium alloy allowing for electrons to flow
between the metal-molecule-metal junctions for conduc-
tance measurements to understand these electron tunnel-
ing mechanisms. We hypothesize that the potential at
which the electron transitions from direct to field-emission
tunneling is a result of the alignment between molecu-
lar orbital energies and the metal Fermi level. Measuring
the critical points in conductance of SAM-forming com-
pounds of varying sizes and polarities reveals the relation-
ship between the structure of molecules and the transition
energy between molecular energy levels which can be used
to create individual molecules capable of data processing.
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Kinetic Analysis of Catalyzed
C-H Bond Amination

Gerard Porter
PRISE Fellow
Chemistry, 2022

Chemistry and Chemical Biology Department
Betley Group
Advisors: Theodore Betley, Yuyang Dong

Direct amination of inert C–H bonds in the absence
of external oxidants and directing groups remains a
highly desirable organic transformation due to the ubiq-
uity of nitrogen-containing functionalities in common syn-
thetic precursors, natural products, and pharmaceuticals.
Herein, we report a trimeric iron complex that upon ex-
posure to azide containing substrates, will catalyze in-
tramolecular nitrene C–H insertion, forming pyrrolidine
as the final product. In order to study the reaction mecha-
nism, kinetics experiments were carried out using nuclear
magnetic resonance (NMR) spectroscopy. Resting state
of the catalyst is the trimer itself determined by NMR
features observed during catalysis. A small, primary in-
termolecular kinetic isotope effect (KIE = 1.62) suggests
the H-atom abstraction (HAA) step is the rate determin-
ing step (RDS) as well as a non-linear or asymmetric tran-
sition state. The reaction rate has first order dependence
in both the catalyst and substrate concentrations, suggest-
ing substrate binding before the HAA step. Activation pa-
rameters (ΔH≠, ΔS≠) of substrates with a range of C–H
bond Bond Dissociation Energies (BDEs) are measured
using Eyring analysis. Similar large, negative ΔS≠ ( − 24
cal/mol·K) were observed in every case, implying a highly
ordered transition state for the rate determining HAA. En-
thalpic barrier (ΔH≠) shows shallow response to substrate
C–H bond BDEs, potentially indicating an asymmetrically
early transition state where C–H bond cleavage has not yet
taken place.

Reaction Kinetics of
Interactions Between

Butenedial and Ammonium
Gregory Valtierra
PRISE Fellow
Chemistry, 2021

Chemistry and Chemical Biology Department
Keutsch Lab
Advisors: Jack Hensley, Frank Keutsch

This project seeks to determine the factors affecting the
kinetics of the reaction between butenedial and ammo-
nium in the droplet and in the bulk to further understand
its function as an atmospheric sink for butenedial. Addi-
tional studies of the products of this reaction are underway.
This project involved synthesizing and purifying butene-
dial from acetic acid and 2,5-dimethoxy2,5-dihydrofuran,
which resulted in a dark yellow oil with a nuclear mag-
netic resonance (NMR) spectrum distinguishable from the
starting materials. The progress of the reaction between
2,5-dimethoxy2,5-dihydrofuran and acetic acid was mon-
itored regularly by quantitative NMR (qNMR). Quanti-
tative NMR refers to the use of NMR to determined the
concentrations of chemical species in solution. The fol-
lowing reaction between butenedial and ammonium used
ammonium sulfate to deliver ammonium ions. Using 1M
diethylmalonic acid as an internal standard, the concen-
trations of butenedial, ammonium, and expected product
2-pyrrolidinone were measured over time to find the re-
action rates. As the rate constant of glyoxal and am-
monium depended more on pH than counter ion, exam-
ining reactions of ammonium with butenedial will focus
on the salt ammonium sulfate and use sulfuric acid solu-
tions to vary the pH of ammonium sulfate solutions be-
tween 1-5 pH. Further improvement and development of
this project involves identifying the product of the reaction
as 2-pyrrolidinone. At the time of this publication, this
project was still in the process of determining ideal meth-
ods to accurately measure the reaction between butene-
dial and ammonium. Initial findings showed that the re-
action between butenedial and ammonium can be mea-
sured with a qNMR assay. Studying the kinetics between
butenedial and ammonium provides insight into reactions
between ammonium and unsaturated dicarbonyls at atmo-
spheric conditions and the atmospheric sink that ammo-
nium provides to these compounds.
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Design and Optimization of
Harvard Ozone and Harvard
Water Vapor Instruments

Daniela Villafuerte
PRISE Fellow
Electrical Engineering, 2021

School of Engineering and Applied Sciences
Anderson Research Group
Advisor: Jessica B. Smith

Though much progress has been made over the past few
decades in understanding the processes that control strato-
spheric ozone concentrations and in regulating the an-
thropogenic compounds responsible for the destruction
of stratospheric ozone, the impacts of climate change on
ozone column concentrations and its recovery are not well
understood. Ozone is crucial for absorbing ultraviolet ra-
diation before it reaches the Earth’s surface. In humans,
this radiation can lead to a range of adverse health ef-
fects including skin cancer. Therefore, understanding the
causes of ozone depletion is a major concern. Through
the Dynamics and Chemistry of the Summer Stratosphere
(DCOTSS) mission, the Anderson Group, along with other
research groups around the nation, plans to collect in situ
measurements of chemical species with a high-altitude
NASA aircraft to understand the impact of deep convec-
tive storm systems on the composition of the lower strato-
sphere. We are developing two of the twelve instruments
that will be deployed in the March 2020 mission: Harvard
Ozone (HOZ) and Harvard Water Vapor (HWV). HOZ
measures ambient ozone concentrations through the ab-
sorption of 254 nm radiation by air that is fed into the in-
strument. The HOZ instrument is being developed from
the ground up. We are specifically working on design-
ing the mounting set up and optical configuration for the
254 nm radiation source. We are also analyzing collected
data to determine the optimal photodiode detector and test-
ing a new system for data acquisition and control. HWV
measures water vapor mixing ratio in situ through two dif-
ferent mechanisms: diode laser direct absorption (HHH)
and Lyman-α photo-fragment fluorescence (LyA). For the
HWV instrument, we are working on optimizing its per-
formance through calibrations of the HHH instrument as
well as through thorough diagnosis and analysis of the flu-
orescent lamps use in the LyA instrument.

Metal-Organic Phase-Change
Materials for Thermal Energy
Storage and Management

Selena Zhang
PRISE Fellow
Chemistry and Environmental Science and Engineering, 2022

Chemistry and Chemical Biology Department
Mason Lab
Advisors: Jarad Mason, Jinyoung Seo

Although over 90% of global energy production and con-
sumption generates heat, the development of materials for
thermal energy storage has received little attention. Phase-
change materials (PCMs) offer the ability to store heat
in the energy of phase transitions, facilitating heat stor-
age and transfer with minimal temperature change and
no external energy input. Previous research has focused
on solid-liquid PCMs, which carry challenges including
leakage and phase separation, making them less practi-
cal when working with solid-state devices and electron-
ics. Here, we investigate the design, synthesis, and anal-
ysis of solid-solid PCMs (ssPCMs), specifically organic-
inorganic layered perovskites. These materials have di-
valent metal cations and halides that form 2D inorganic
layers of corner-sharing [MX4]2- octahedra, and bilay-
ers of organic cations (R-NH3

+) that are incorporated be-
tween the sheets to create the crystalline structure (R-
NH3)2MX4. Because the chains are constrained, the ma-
terial itself remains solid even when the chains “melt,”
allowing for reversible solid-solid order-disorder transi-
tions. We designed new perovskites with various func-
tional groups to manipulate the thermodynamics and ki-
netics of these transitions. Synthesis began with simple
alkylamines: octylamine, nonylamine, and decylamine.
These ligands were then modified with hydroxyl addition
or oxygen substitution to observe how additional inter and
intra-chain interactions affect transition behavior. Con-
sistent with previous literature, longer chains exhibited
higher enthalpies and transition temperatures. Preliminary
results also indicated that greater inter-chain H-bonding
increased transition temperature, enthalpy, and entropy,
while increasing intra-chain flexibility appeared to lower
transition temperature through entropic effects. Ongoing
experiments attempt to investigate the effects of modified
chain lengths and the incorporation of both alcohol and
ether functional groups on one ligand. Future research
on ligand modifications will further connect structural and
chemical features with their impact on the thermodynamic
and kinetic properties of phase transitions, enabling im-
proved tunability of ssPCMs and guiding the design of bet-
ter thermal management technologies.
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An Efficient Point-Counting
Algorithm for Trinomial
Superelliptic Curves

Matthew Hase-Liu
PRISE Fellow
Mathematics, 2021

Mathematics Department
Harris Group
Advisor: Joseph Harris

Our paper is about the following question: given a fixed
prime p and polynomial f(x, y), how many pairs (x, y) are
there such that f(x, y) is a multiple of p? The difficulty
and importance of computing the number of solutions to
polynomial equations is well-known to mathematicians.
For instance, Andrew Wiles awed mathematicians and
sparked the public imagination when he proved Fermat’s
Last Theorem. Wiles settled this centuries-old conjecture
by showing that the equation an + bn = cn for n > 2, has
no positive integral solutions. These ideas are prevalent
in numerous subfields of mathematics, and also have im-
portant practical applications to other fields of science and
engineering. Elliptic curve cryptography requires equa-
tions of the form y2 = x3 +ax+b with special prescribed
numbers of points. Moreover, much of computer security
rests on our ability to find such equations with appropri-
ate numbers of solutions; such polynomials can be used
to make Goppa codes, which are among the best known
error-correcting codes.

A polynomial equation in x and y defines a curve in the
plane; solutions to such an equation are called points,
which lie on the curve. In general, there are no simple
methods to find the number of points. For special fami-
lies of curves, however, we can do better. In particular,
we employ the Hasse-Weil bounds in conjunction with
efficient computation of the Hasse-Witt matrix modulo
a prime to develop what we believe is the fastest known
algorithm for computing the number of points on a trino-
mial superelliptic curve — a curve defined by the equation
ya = mxb + nxc. Our algorithm is also quite practical.
For instance, while a brute-force algorithm that computes
the number of solutions to the equation y4 = x11 + x8

modulo 10133 takes over six hours to run, our program
computes the number of solutions to the same equation
modulo 564819669946735512444543556507 in only 66.2
ms.

Finding Euler Characteristics
of Hilbert Schemes using
Colored Young Diagrams

Amal Mattoo
PRISE Fellow
Mathematics, 2021

Mathematics Department
Harris Group
Advisor: Joseph Harris

The Hilbert schemes of the singular space and of the orb-
ifold are two structures that contain geometric data about
group actions on a polynomial ring. Our goal is to under-
stand this geometry by finding the Euler Characteristics of
these spaces. The problem is equivalent to counting Young
diagrams that are based on the group action. For the sin-
gular case, we count all zero generated Young diagrams
that contain a certain number of 0 colored squares, and we
prove a theorem greatly reducing the problem, sometimes
into already solved cases. For the Hilbert scheme of the
orbifold, we count all Young diagrams with a given color-
ing, and we develop a procedure to obtain the desired gen-
erating function, as well as closed form generating func-
tions for special cases. We also explore the method of ver-
tex operator algebras.
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Riemann-Roch Theorem
through Sheaf Cohomology
with Applications to Elliptic

Curves
Rafail Tsiamis
PRISE Fellow
Mathematics, 2022

Mathematics Department
Harris Group
Advisor: Joseph Harris

One of the most general ideas in higher mathematics is that
the structure of abstract objects can be gleaned from func-
tions defined on their subsets. This process can be gener-
alized by defining sheaves, abstract objects endowed with
properties similar to more concrete functions. The study
of sheaves has become ubiquitous in modern algebraic ge-
ometry in particular because it provides an elegant frame-
work for defining geometric objects and their properties.
A beautiful central result of this field is the Riemann-Roch
theorem, which lies at the intersection of algebraic geome-
try, differential geometry, and complex analysis. The ear-
lier study of the subject that relied on analytic properties
of manifolds does not generalize naturally to more dimen-
sions and more general fields than the complex numbers;
instead, this paper introduces the language of line bundles
and sheaf cohomology with an emphasis on Serre duality.
Based on these constructions, we will obtain a more gen-
eral argument that applies to the setting of general fields.
This step is necessary to employ the theorem in our study
of elliptic curves and demonstrate that their abstract prop-
erties are equivalent to more concrete ones because we are
often interested in more general, finite fields. Finally, we
will generalize this method to demonstrate how abstract
curves may be embedded into projective space of appro-
priate dimension by following a similar process.

The Okounkov-Vershik
Approach to the

Representation Theory of the
Symmetric Group

Matthew Tyler
PRISE Fellow
Mathematics and Chemistry and Physics, 2022

Mathematics Department
Tripathy Labs
Advisor: Arnav Tripathy

In this paper, I will present a description of the Okounkov-
Vershik approach to the representation theory of the sym-
metric groups. In order to create a more natural description
of the irreducible representations of the symmetric groups,
we will use the properties of a Gelfand-Tsetlin algebra and
a Gelfand-Tsetlin basis to decompose the irreducible rep-
resentations of the nth symmetric group into a direct sum
of one dimensional trivial representations. We can use the
property that the Young basis (or Gelfand-Tsetlin basis)
is an eigenbasis for the Gelfand-Tsetlin algebra. These
eigenvalues allow us to define the spectrum, composed
of the weights of each basis vector of every irreducible
representation for a particular n, allowing us to define an
equivalence relation by identifying vectors from the same
representation. We get the action of the symmetric group
on these spaces from the natural action of the Coxeter gen-
erators on these weights, as this set of weights is in bijec-
tion with the basis for the irreducible representations. We
then can show that this spectrum is in bijection with the
content vectors of Young Tableau with a similar equiva-
lence relation, this one given by identifying Tableau with
the same shape. This relation allows us to more easily cal-
culate quantities associated with these representations, es-
pecially the dimensions of the irreducible representations
and character relations.
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Galois Groups of Plane Curves
Raluca Vlad
PRISE Fellow
Mathematics and Computer Science, 2022

Mathematics Department
Harris Group
Advisor: Joseph Harris

Given a polynomial with coefficients in a field K, we want
to know if it is solvable by radicals, that is if its solutions
can be expressed using only operations of addition, sub-
traction, multiplication, division, and extraction of roots of
elements of K. Galois Theory assigns to each such polyno-
mial a group — the Galois group; then the initial polyno-
mial is solvable by radicals if and only if its Galois group
is a solvable group, which is a property that is usually eas-
ier to study. Algebraic geometry is a branch of mathe-
matics that studies the geometric properties of the zeros
of polynomials. Our goal is to use Galois Theory to bet-
ter understand the geometric properties of plane curves, a
central object in algebraic geometry. Looking at a smooth
complex plane curve C determined by the degree d ho-
mogeneous polynomial f, we are interested in finding its
flexes — the points on the curve at which the tangent lines
have an intersection multiplicity strictly greater than 2. It
can be shown (using the Hessian determinant for example)
that the number of these flexes, counting multiplicities, is
3d(d-2). A much more interesting problem is, however,
determining if the coordinates of these flexes can be ex-
pressed in the coefficients of f. We approach this problem
by looking at the field of rational functions in the coeffi-
cients of f and adjoining the coordinates of the flexes. The
Galois group of this obtained field extension is solvable
when it is possible to use the coordinates of f to express
the flexes. However, this Galois group turns out to be the
symmetric group, which is not solvable, implying that a
general explicit solution for the coordinates of the flexes
does not exist.

Representations of the
Symmetric Group via
Combinatorial Species

Fan Zhou
PRISE Fellow
Mathematics, 2021

Mathematics Department
Tripathy Lab
Advisor: Arnav Tripathy

The representation theory of the symmetric group has been
very well-studied in the past century or so; in particular,
the irreducible representations are completely known and
classically described by the theory of Young symmetrizers
and Young tableaux. We attempt to give yet another char-
acterization of the irreducibles using the theory of combi-
natorial species.
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Coulomb Drag in a Carbon
Nanotube-Graphene Interface
Richard Allen
PRISE Fellow
Physics and Mathematics, 2022

Physics Department
Kim Lab
Advisor: Philip Kim, Laurel Anderson

When two electrically conductive low-dimensional mate-
rials are separated by a dielectric layer, scattering occurs
between charge carriers in the two materials. This phe-
nomenon, known as Coulomb drag, has been known as a
probe of electron-electron interactions for years, but recent
advances in the nanofabrication of graphene-boron nitride
heterostructures have unlocked new regimes of drag stud-
ies. The Dirac cone band structure of graphene facilitates a
continuous tuning of carrier density between electrons and
holes, and the position of the graphene Fermi energy al-
lows investigation of drag in the Fermi liquid domain. We
are studying Coulomb drag in a carbon nanotube-graphene
interface, which differs from previous work due to the
system’s reduced dimensionality and variation in bandgap
with nanotube type. Study begins with assembly of the
nanodevices. Graphene and boron nitride are mechani-
cally exfoliated on a silicon dioxide substrate and char-
acterized via atomic force microscopy. Flakes are then
assembled into Van der Waals heterostructures, and a car-
bon nanotube grown by chemical vapor deposition is inte-
grated into the stack. The heterostructure is shaped into a
Hall bar via reactive ion etching, and electrical contacts are
established through electron-beam lithography and ther-
mal evaporation. Measurements thus far have evidenced
some unexpected results. These include the inaccuracy of
a momentum drag description at the graphene charge neu-
trality point and a linear rather than quadratic dependence
on temperature. Future work will investigate these effects
further through the construction of devices with dual gate
dependence, varying geometries, and greater variety of
carbon nanotube bandgaps.

Development of
Superconducting Materials

Radu Andrei
PRISE Fellow
Physics and Mathematics, 2022

Physics Department
Hoffman Lab
Advisors: Jennifer Hoffman

Although high-temperature superconductors have been
studied for over 30 years, their mechanisms remain poorly
understood. More recently, flat band quantum systems
have presented a path to better understanding the electron-
electron interactions characteristic of high-temperature
cuprate superconductors. However, flat band quantum
materials are difficult, expensive, and timely to fabricate.
An attractive classical analogue is provided by metamate-
rials, which are designed to exhibit unique properties due
to their composite structure rather than the nature of their
individual components. Specifically, phononic metamate-
rials can be produced relatively quickly and inexpensively,
and their mechanisms are reasonably well-understood. By
measuring both the amplitude and the phase shift of sound
waves in the metamaterial, its behavior can be accurately
visualized in both real and reciprocal spaces, which is
not currently possible for quantum materials. Here, we
present the design for a phononic metamaterial capable of
realizing a gapped flat band. We have fabricated the meta-
material macroscopically and confirmed its ability to slow
down and ultimately localize sound. Our results provide
a clear pathway to fabricating an electronic material capa-
ble of localizing electrons via gapped flat bands, and have
potential applications in furthering our understanding of
quantum materials, specifically Mott Insulators.
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Unsupervised Learning
Topological Phases in an
XY-Z2 Gauge Model

Maya Burhanpurkar
PRISE Fellow
Physics and Computer Science, 2021

Physics Department
Sachdev Group
Advisors: Subir Sachdev, Mathias Scheurer

An understanding of the mechanisms behind phase transi-
tions is important to the study of condensed matter physics.
Phase transitions can often be characterized within the
Landau framework, in which a local order parameter will
indicate that a symmetry in the Hamiltonian is broken and
the system enters a new phase, making such phase tran-
sitions straightforward to identify. Exotic materials of re-
cent interest, such as superconductors, do not obey this de-
scription. Their phases can instead be understood in terms
of the presence or absence of topological defects. The
success of supervised machine learning methods at con-
structing the phase diagrams for such systems has been
demonstrated; however, these approaches require man-
ual feature-engineering. The recent success of applying
an unsupervised diffusion map to the 2D XY model and
the Ising gauge theory shows the promise of unsupervised
methods for learning topological phases. The goal of this
project is to use this technique to learn the phase diagram
of a 3D XY model coupled to an Ising gauge field. Inte-
grating out the Ising degrees of freedom generates an ef-
fective theory that may be efficiently simulated. The dif-
fusion map will be applied to samples generated from the
effective model via Monte Carlo simulations, after which
a local clustering algorithm will be applied to the result-
ing reduced feature space to finally classify the phases. If
successful, this approach will represent another avenue for
probing exotic systems with unknown phases that may one
day lead to new and useful materials.

Stable Phase Coherent Narrow
Linewidth Two-Laser System

for Rydberg Molecule
Excitation

Camilo Castellanos-Sanchez
PRISE Fellow
Physics, 2020

Chemistry and Chemical Biology Department
Ni Group
Advisor: Kang-Kuen Ni

Chemical reactions depend probabilistically on the en-
ergy, orientation, type, and quantity of reactants interact-
ing. Typically, scientists have studied chemical reactions
on the macroscopic scale by grossly altering the charac-
teristics of the reactants involved. Advances in ultracold
molecules have provided the ability to study chemical re-
actions at ultracold temperatures ( 1µK), which decreases
thermal averaging effects thereby revealing the effects of
quantum mechanics on chemical reactions. The next step
in developing these ultracold chemistry techniques is to in-
crease our experimental control over the spatial orientation
of the specific molecules we are investigating. We aim to
achieve this through the creation of KRb-Rb* polyatomic
Rydberg molecules which, due to their unique electronic
structure and exceptionally large dipole moments, can be
easily oriented and aligned in the lab frame using small,
easily controllable electric fields. I have worked onDur-
ing the summer, I have worked on my project is to creat-
ing the narrow linewidth, frequency stabilized, phase co-
herent two laser system necessary to generate KRb-Rb*
Rydberg molecules. Rydberg molecules can only be cre-
ated through the absorption of photons of specific wave-
length. Therefore, keeping our lasers at the correct wave-
length is of the utmost technical importance. More specif-
ically, I will use an electromagnetically induced trans-
parency (EIT) locking scheme in a Rb vapor cell to phase
lock a 1014.6 nm laser to a stabilized 420 nm laser. Using
this system, we hope to first observe the formation of KRb-
Rb* polyatomic Rydberg molecules, measure their dipole
moments, and then attempt to control their orientation.
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On the Universal Relaxation
Bound for Higher Dimensional
Charged Black Holes and the
Weak Gravity Conjecture

Dan Stefan Eniceicu
PRISE Fellow
Physics and Mathematics, 2020

Physics Department
The High Energy Theory Group
Advisor: Matthew Reece

The Weak Gravity Conjecture (WGC) roughly states that
in any self-consistent theory of nature, gravity must be
weaker than all other forces. In particular, for a U(1)
gauge theory (a theory describing electromagnetism) cou-
pled to gravity, the WGC implies the existence of a par-
ticle whose mass is smaller than its charge in natural
units. A recent line of reasoning which aims to prove
the WGC suggests and requires a connection between the
Bekenstein–Hawking temperature of a black hole and the
imaginary part of its fundamental quasinormal mode fre-
quency, Im(ω0) ≤ πTBH . It has been verified that this
bound is satisfied for a near-extremal Reissner–Nordström
black hole – a charged black hole whose electromagnetic
charge is almost equal to its mass in natural units – as well
as for a Kerr (rotating, uncharged) black hole in D = 3+1
spacetime dimensions. In our research, we investigated
this connection for higher dimensional extremal and non-
extremal Reissner–Nordström black holes as well as dila-
ton black holes. We found that for higher dimensional
near-extremal Reissner–Nordström black holes, the bound
can be proved analytically as in the D = 3+1 case, and we
used a generalized version of the Bender–Wu technique to
investigate the bound numerically in the general case.

Interface Superconductivity
Between Underdoped and
Overdoped La2−xSrxCuO4

Wenjie Gong
PRISE Fellow
Physics and Mathematics, 2022

Physics Department
Hoffman Lab
Advisors: Jason Hoffman, Jennifer Hoffman, Larissa Little

A superconductor is a material that, when cooled below a
critical temperature Tc, drops to zero electrical resistance
and expels magnetic flux. The lossless flow of current and
the high, stable magnetic fields permitted by superconduc-
tor technology have led to advances in fields ranging from
power transmission to medical imaging. However, the low
Tc of superconductors—often below 20 K—has limited
their commercial applicability. Previous work has demon-
strated high-Tc superconductivity at interfaces between
non-superconducting materials, such as between under-
doped and overdoped La2−xSrxCuO4. Here, we exam-
ine the interface superconductivity between underdoped
and overdoped La2−xSrxCuO4. We prepare heterostruc-
tures of La2−xSrxCuO4 with layer-by-layer growth using
molecular beam epitaxy (MBE). We use x-ray diffraction
(XRD) and atomic force microscopy (AFM) to assess the
quality of the samples ex-situ. We then perform resis-
tance measurements on the samples to observe the super-
conducting transition and determine whether the interface
superconductivity between underdoped and overdoped
La2−xSrxCuO4 occurs at significantly enhanced Tc. To
investigate the possible mechanisms that give rise to su-
perconductivity at the interface between underdoped and
overdoped La2−xSrxCuO4, we use scanning tunneling
microscopy/scanning tunneling spectroscopy (STM/STS)
to assess the local topographic and electronic properties
of the heterostructures. We also employ cross-sectional
transmission electron microscopy (TEM) to characterize
the structural properties of the interface and electron en-
ergy loss spectroscopy (EELS) to probe the Cu oxidation
state throughout the sample. Analyzing and understanding
the presence of high-Tc interface superconductivity in the
La2−xSrxCuO4 family can serve to ease the restrictions
placed superconductor technology by Tc.
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Though there have been numerous advancements in the
generation of renewable energy, the sources for renew-
able energy tend to be non-persistent, necessitating the use
of an energy storage device. Li-ion batteries have been
the standard with respect to mobile energy storage; how-
ever, the demand for energy is growing, and Li-ion bat-
teries have been optimized to the degree that further im-
provements are difficult. Beyond-Li-ion batteries, such as
lithium metal batteries and solid-state batteries, are thus
important to the future of mobile energy storage. Li metal
batteries are attractive due to Li metal’s high specific ca-
pacity (3860 mAh/g) and low voltage with respect to the
standard hydrogen electrode (-3.04 V). However, the ap-
plication of Li metal batteries has been impeded by safety
issues when using flammable liquid electrolyte, as well as
a tendency to form Li dendrites that short-circuit the cell.
We developed a method to coat any non-conductive sub-
strate with copper and showed that this method can be used
to create porous current collectors that minimize dendrite
formation in lithium metal batteries. In particular, we in-
vestigated the relationship between Li metal morphology
and cycling performance in our 3D copper cells. Solid-
state batteries are considered to be the future generation of
batteries due to the nonflammability of solid electrolytes
and their potential to suppress lithium dendrite growth for
the application of lithium metal anodes. However, some
fundamental problems related to the Li metal battery re-
main unsolved due to a lack of sophisticated characteri-
zation techniques. We established an in situ test setup to
measure changes in internal pressure of solid-state battery
using a pressure sensor and off the shelf electrical com-
ponents to better understand the mechanical conditions of
the various battery components during cycling. The above
studies will enable a better understanding of advanced,
beyond-Li-ion batteries for their future applications.

Probing Dark Matter
Substructures via Strong
Gravitational Lensing

Lucia Gordon
PRISE Fellow
Physics and Mathematics, 2022

Physics Department
Dvorkin Group
Advisors: Cora Dvorkin, Ana Díaz Rivero

In the Lambda-CDM standard model of cosmology, dark
matter accounts for 27% of the mass-energy density in the
universe. Nonetheless, the particle nature of dark mat-
ter remains mostly unknown. While dark matter does
not interact via electromagnetism, it does interact gravi-
tationally, so it can be detected using gravitational lens-
ing. I am focused on strong galaxy-galaxy lensing, which
is the lensing of the light from a background galaxy by the
gravity of a foreground galaxy, producing multiple images
and/or Einstein rings. According to current theories, dark
matter forms halos around galaxies, and smaller clumps of
dark matter within the halo form subhalos. When a sub-
halo appears to be close to the Einstein ring, its gravity
is able to produce flux ratio anomalies and time-delays,
which we can then detect using telescopes, allowing us
to infer the presence of a subhalo. The subhalos detected
so far are in the mass range of 107 − 1012Msun, which is
sufficiently small that predictions of various proposed the-
ories of the particle nature of dark matter deviate from one
another, allowing us to gain insight into how dark matter
behaves. One of the challenges with this method is the un-
certainty in the mass measurement of the subhalos, and to
this end I have compiled a list of all the possible sources of
uncertainty mentioned in the literature to better understand
the limitations we face. Another challenge in constraining
the properties of dark matter is the relatively small num-
ber of lensing systems that have been analyzed in search
of subhalos. So far, I have identified lensing systems in
21 images from the BELLS survey and prepared over 380
pictures of strong gravitational lensing systems from the
SLACS survey for future analysis, which will hopefully
shed light on the many questions surrounding dark matter.
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The ability to generate ultracold gases of atoms or
molecules provides unique opportunities to study quan-
tum phenomena, ranging from simulating complex quan-
tum systems to processing quantum information. In order
to create and study such ultracold ensembles, the atoms or
molecules must first undergo cooling and trapping stages.
Two established experimental methods, the cryogenic
buffer gas beam (CBGB) and the magneto-optical trap
(MOT), are used in the Doyle lab. My project has been
focusing on combining the two methods to develop a novel
hybrid approach to cool and trap potassium atoms with a
fast duty cycle. The project will improve the speed of
the experiment by up to three orders of magnitude which
would be of critical importance for future experiments.
Moreover, we will focus on maximizing the density of the
trapped atoms which would provide a novel mechanism
for loading more sophisticated molecular traps.

We follow a multi-step method to laser cool the potas-
sium atoms. Potassium (K) is initially produced by laser
ablation of a solid metal target in the presence of cold
helium gas at high density. This helium gas reduces the
temperature of the K atoms to about one Kelvin. The cold
atoms are then extracted into an atomic beam, and are
cooled down even further using laser slowing techniques.
The atoms are then trapped in a MOT which includes coils
of wire producing a magnetic field. By carefully designing
and positioning magnetic field and lasers, we are able to
control the K atoms such that they are always pushed back
towards the origin of the magnetic field. This provides
an effective trapping force. A similar trick can be played
by the laser light to ensure cooling. The MOT thereby
provides simultaneous cooling and trapping forces.

Controlling Branched Flow in
Random Scattering Media

Howard Timlin
PRISE Fellow
Physics, 2022

Physics Department
Heller Group
Advisor: Eric Heller

Branched flow is a wave phenomenon wherein intricate,
stable branching patterns emerge from waves propagating
over weak random scattering potentials. Branched flow
exists in many disparate physical systems and on length
scales ranging from nanometers to hundreds of kilome-
ters. It has been shown that with sufficient manipulation of
an incoming wavefront, wave propagation over a random
potential can be restricted to just a single branch. This re-
sults in a stable path along which wave packets can be con-
sistently transmitted through complicated random media.
While previous researchers have used transmission data to
comb through the Hilbert space for eigenstates characteris-
tic of single-branch transmission, researchers at the Heller
Group are working to reformulate this fine control in terms
of complex phase and the evolution of the wavefront’s
manifold in phase space. They have employed the split
operator method powered by a parallelized version of the
fast fourier transform algorithm to quickly and accurately
simulate wave evolution, and are working to recreate and
refine methods for branch control. Due to the prevalence
of the branched flow phenomenon, precise control of wave
propagation in random media will have wide-spread impli-
cations in the fields of solid state physics, oceanography,
and quantum transport.
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Vega is one of the brightest stars in the sky, making it
one of the most well studied. However, one question that
has gone unanswered is whether or not this star hosts a
planet. Previous attempts to answer this question through
direct imaging surveys have ruled out objects as small as
6 Jupiter masses at wide separations, but objects orbiting
closer to Vega are beyond the sensitivity of these observa-
tions. Radial velocities, however, may reveal the gravita-
tional influence of a planet on the star, providing greater
sensitivity to objects on close-in orbits. We have gathered
spectra of Vega over the last decade using the Tillinghast
Reflector Echelle Spectrograph from which we derive ra-
dial velocities and search for planets. In our analysis, we
are unable to find sufficient evidence of a planet around
Vega. However, by calculating the upper limits to the sen-
sitivity of our data, we place new constraints on a possible
object. We rule out planets as small as 2 Jupiter masses at
.5 AU, and while our sensitivity falls off at wide separa-
tions, we still exclude companions more massive than 30
Jupiter masses at 6 AU. Combining our data with earlier
studies, we extend this limit to 30 Jupiter masses for all
separations around the star. We also find evidence of stel-
lar activity in our data, and through further analysis, expect
to document star spots on the surface of Vega. Relatively
little is known about the formation of star spots on hot stars
like Vega; the time spanned by our data provides a good
opportunity to observe the evolution of these features and
understand the mechanisms behind them.

Quasiparticle Interference in
the Fractional Quantum Hall

Regime of Graphene
Bobae Johnson
PRISE Fellow
Mathematics and Physics, 2021

Physics Department
Kim Group
Advisor: Philip Kim

Traditional quantum mechanics classifies all elementary
particles as fermions or bosons, which have exchange
statistics of +1 or -1 or, equivalently, phase shifts of inte-
ger multiples of pi in the many-body wavefunction upon
exchanging a pair of particles. In the fractional quan-
tum hall regime (FQHE) where strong magnetic fields are
applied to two dimensional systems of strongly interact-
ing electrons, more general types of particles with quan-
tum exchange statistics, called anyons, are expected to be
found as quasiparticles. Anyon exchange statistics have
more diverse phase shifts corresponding to the fractional
resistivities of FQHE. Anyons are classified as abelian
(commutative under exchange) and non-abelian (non-
commutative under exchange). Non-abelian anyons also
have non-degenerate ground states with significant energy
gaps between those and the excited states, creating a dis-
continuous phase jump during particle exchanges as the
wavefunction becomes a distinct combination of eigen-
states. Previously, there have been attempts to measure
exchange statistics for some abelian anyons in Gallium
Arsenide, though results remain inconclusive. Graphene,
a single atomic sheet of graphite, can provide more stable
quasiparticles during exchanges owing to its large energy
gaps in FQHE phases.

In this experiment, we investigate the exchange statis-
tics of particles in the fractional quantum Hall regime
of graphene. We created graphene heterostructures—
vertical stacks of graphite, hexagonal boron nitride, and
graphene—that maximize electron mobility and allow us
to adjust the electron density using graphite gates. Cur-
rently, we are fabricating Fabry-Pérot interferometers to
measure the phase shift interference.

Measuring fundamental, defining characteristics of un-
familiar quasiparticles is significant for the advancement
of condensed matter physics and for its applications to
topological quantum computation.
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General Relativity is the theory describing gravitation. It
does so via the Einstein field equation which expresses
how matter and energy influence the curvature of space-
time — which is none other than the gravitational field
itself — and vice versa. Mathematically we can generally
view space-time as a 4-dimensional connected manifold M
with a smooth Lorentzian metric, which intuitively means
that it might exhibit curvature globally but it has to look
flat locally, and that we have a notion, via the metric ten-
sor, of how to compute space-time ”distances” between
points in M. Furthermore M must be time-oriented, which
means that at each point, we want to have a well-defined
notion of the direction of time. Then the mathematical for-
malism of General Relativity will be differential geome-
try and topology, which can quantitatively express con-
cepts such as curvature and relate them to the evolution
of a physical system. In particular, solutions to the field
equation for some physical systems are metrics that can
exhibit singularities, which are roughly points of infinite
curvature and are usually hidden behind an event horizon,
i.e. a hyper-surface that causally separates a region around
the singularity from the rest of space-time. This means that
no causal signal (including light) can escape from the re-
gion given by the event horizon and its interior, thus its
name, ”black hole.” Here I investigated the causal prop-
erties of these objects, which are reflected, for example,
in the behavior of bodies on geodesics (straight lines in
curved space) infalling towards the black hole. Addition-
ally, a good way of studying the causal structure of black
holes is through their conformal diagrams, which are com-
pactifications of the space-time region of interest that nev-
ertheless preserve causal relations between its points. Un-
fortunately the construction of such diagrams can be math-
ematically arduous.

Prospects for CNO Neutrino
Detection in NEXT Detector
Emily Murdock
PRISE Fellow
Physics, 2022

Physics Department
Guenette Lab
Advisor: Roxanne Guenette

Carbon-Nitrogen-Oxygen (CNO) neutrinos are generated
within the solar core as a byproduct of the CNO cycle,
one of the two fusion reactions that produce helium in
the Sun. Whilst all other components of the solar neu-
trino spectrum have been measured experimentally, the
CNO neutrino flux has not, primarily because they are
low energy neutrinos, and current solar models predict that
their flux is also relatively low. A precise measurement of
the CNO neutrino flux is crucial for addressing the solar
metallicity problem, which is that two distinct theoretical
models for the metallic composition of the solar core cur-
rently exist. Though its primary purpose is to detect neu-
trinoless double beta decay, the NEXT neutrino detector
(a high-pressure gaseous xenon time-projection chamber)
may also be able to measure the CNO neutrino flux. The
aim of this investigation is therefore to determine whether
or not this is possible. To calculate the expected number of
CNO neutrino events in NEXT, theoretical data for CNO
neutrino flux from the standard solar model was used in
conjunction with calculations regarding the neutrino sur-
vival probabilities, their cross sections and the number of
targets in the detector. Including the entire energy spec-
trum of the CNO neutrinos and excluding backgrounds
from within the detector and from other solar neutrinos,
approximately 16 CNO neutrino events would be expected
per year for a NEXT detector at the 1-ton scale. Simi-
lar calculations were carried out for the other components
of the solar neutrino spectrum, and with these included, it
seems that a measurement of the CNO neutrino flux will
not be possible with the 1-ton NEXT detector, however
additional analysis is underway using the simulation soft-
ware GEANT-4. Further investigation is required to de-
termine the required scale of a future model of NEXT that
could successfully make this measurement.
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Understanding the physical origin of Jupiter’s magnetic
field provides important physical constraints on the in-
ternal structure of Jupiter, which offers insights into the
evolution and formation of gas giants and the solar sys-
tem. This work has important implications for assess-
ing the habitability of exoplanets, and our own planet, in
terms of magnetic shielding from solar radiation. How-
ever, Jupiter’s magnetic field is complicated by the fact
that it consists of both an internal field generated within
the planet by the dynamo (flow of liquid metallic hydro-
gen), and an external field generated by electrical currents
surrounding Jupiter. The NASA Juno Mission, in a 53-day
polar orbit about Jupiter since 2016 is currently providing
high resolution measurements of Jupiter’s magnetic field.
In addition to confirming the dipolar nature of the inter-
nal field (though revealing large non-dipolar fields in the
northern hemisphere), this data has revealed the presence
of an external field of previously unknown origin. In this
study, we use new data from Juno to investigate the cause
and location of this anomalous external field signal. An
inversion of the full vector magnetic field was conducted
to determine the location of this anomalous signal. The
external component of the magnetic field was compared
to the known electrical current systems in Jupiter’s mag-
netosphere, such as the magnetodisc (a region of charged
particles and plasma near the magnetic equatorial plane),
using numerical modeling. Preliminary analysis suggests
that this approach can be combined with other methods to
constrain the physical parameters of the magnetodisc, and
identify electrical current systems in planetary magneto-
spheres which were previously unexplained by theoretical
models.

Micro-Lens Fabrication for
Nitrogen Vacancy Center

Study
Kelechi Ukah
PRISE Fellow
Physics and Mathematics, 2021

Center for Nanoscale Systems
Yacoby Group
Advisor: Melissa Franklin

Nitrogen vacancy (NV) centers in diamond are exploited
for their nanoscale magnetic spins that align with an ex-
ternal magnetic field to produce a measurable optical re-
sponse via magnetic spin resonance. Given the nanometer
scales of these NV centers and the corresponding obser-
vations, it is difficult to acquire high resolution and low
noise measurements. The fabrication of efficient micro-
lenses can increase photon count from NV centers, lead-
ing to magnetization measurements that are quicker, more
precise, and more easily reproduced. In this study, vari-
ous chemical and physical methods of nanostructure fab-
rication was explored to optimize the functionality of di-
amond lenses as optical waveguides for resonant fluores-
cent responses from NV centers. Traditional photolithog-
raphy and etching tools were used to create diamond pil-
lars from computer-aided designs before using thermal re-
flow techniques to melt them into hemispherical surfaces
that functioned as lenses. After characterizing root mean
squre roughness of the lens surfaces, the structures can
be used in other research dealing with small scale optics,
with potential commercial applications in high-resolution
metrology, biological imaging, and quantum information
science.
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Research in the Mundy Group focuses on designing and
fabricating oxide thin films and probing these novel ma-
terials for exotic properties, which include superconduc-
tivity and topological insulator states. Electrical trans-
port measurements are arguably the most useful phe-
nomenological characterization of such films for poten-
tial electronics application, so it is important that these
measurements are efficient, accurate, and precise. Pre-
viously, samples were measured in a liquid helium de-
war and dipstick setup, attached by four probe tips to a
copper stage for quick resistance versus temperature feed-
back. Such setups, however, generally introduce substan-
tial measurement noise from sources such as mechanical
vibrations, temperature instabilities, and probe-to-sample
contact noise. I will discuss the functional improvements
I have made to the dipstick setup. These include an up-
graded sample stage with improved mechanical stability,
thermal contact, and electrical shielding, all under a new
modular design to accommodate future functionalities. I
will also discuss systematic experiments to identify the
best method to minimize contact resistance between the
probe tips and the sample, a long-standing challenge in
oxide thin film measurements. The current solution in-
volves the thermal evaporation of gold contacts which is
time-consuming and expensive. To develop an alternative
method that minimizes noise, I tested a number of silver
paints under various controlled conditions and showed that
the combination of ozone cleaning and EMS #12686-15
silver paint produces the least noisy data, comparable to
gold, across multiple different samples with varying elec-
tronic behavior. Given these results, we will likely replace
gold-contact deposition with the aforedescribed method,
enabling us to make electrical measurements efficiently
without loss of precision.
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Advisors: Matthew Battles, Jeffrey Schnapp

Fall 2019 marks the semicentennial of the establishment
of the African and African American Studies department
at Harvard College. In the fifty years since, the depart-
ment’s curriculum, its methodologies, even its name, have
changed in response to shifting socio-cultural forces, aca-
demic perspectives, and student interests. As the cul-
mination of my research, I aim to construct an interac-
tive, multimedia data visualization which will communi-
cate side by side the process of curricular change at insti-
tutions of higher learning and the often abstract, complex
forces which drive it. By tracking the emergence of cer-
tain terms, methodologies, and courses in the African and
African American studies department using quantitative
data, longitudinal shifts and patterns unfold. To compre-
hend the reasons for this evolution and begin to answer
questions about what has informed Harvard’s curriculum
over time, preserved archival media were drawn upon, in-
cluding newspaper articles, photos, books, course cata-
logues, statements, reports, and publications from before,
during, and after the formation of the department. The
existing conversation surrounding African and African
American studies will be further enriched by soliciting
the first-person testimony of alumni and faculty who con-
tributed to this transformational time in Harvard’s history.
In using curricular evolution as a lens through which to
view decades of struggle for equity, voice, and access,
the visualization will present the curriculum as more than
merely pedagogical and contribute to an understanding of
the factors which drive curricular change. From African
American studies in particular, given its interdisciplinary
leanings and initial experimental nature, we stand to gain
knowledge about how emergent fields form, evolve, and
manifest in the curriculum at large. Taking these factors
into account, my visualization will reflect upon Harvard’s
curriculum not as an incidental list of courses, but as a so-
cial phenomenon which responds to and reflects broader
forces, values, and movements.

When Phoebe Met Phibba:
The Imprint of Classical

Antiquity on Black Culture in
America

Serena Shah
SHARP Fellow
Classics and African and African American Studies, 2021

Classics Department
African and African American Studies Department
Advisors: Henry Louis Gates Jr., Paul Komsii, Michele Valerie
Ronnick

This study originated with the pinpointing of a contempo-
rary onomastic phenomenon that highlights the relation-
ship between present-day black America and the ancient
Roman world. Using the remarkably high frequency of
classical first names (e.g. Julius, Marcus, Virgil, Evander,
Lucretia, Octavia, Festus, Darius) among current African
American populations as a point of inspiration, its goal
is to trace the affinities of contemporary black culture to
the world of ancient Rome. My research this summer, in
particular, focuses on the use of classical slave names in
the antebellum South. By concentrating on the records
for the single plantation of South Carolina slaveowner
James Henry Hammond, the case study attempts to craft
a composite picture of what classical slave-naming prac-
tices might have looked like in the early nineteenth cen-
tury Southern United States, and what the use of classical
names would have meant for both master and slave. The
cultural distortions that resulted from these unbalanced in-
teractions form just one aspect of the broader project’s fo-
cus, however, which encompasses the wider implications
of classical antiquity on African American culture over the
last three hundred years. I attempt to approach the disci-
pline of black classicism from a historical-anthropological
rather than literary lens, examining the ways in which clas-
sical culture has been passively received before being ac-
tively wielded by black figures throughout American his-
tory.
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Roman sarcophagi often depict an Amazonomachy, or
battle between Greeks and Amazons. These sarcophagi
typically feature type-cast characters based on Greek pro-
totypes and may feature one of several Amazon myths.
However, despite extensive scholarship on Amazono-
machies, the Harvard Art Museums’ “Sarcophagus Sec-
tions with Men Fighting Amazons,” which date to ap-
proximately 230 AD, have not been definitively linked
to a specific myth. In order to better understand the de-
velopment of the Amazonomachy genre and identify the
myth represented on the Harvard sarcophagus, I surveyed
secondary scholarship, consulted curatorial files, and eval-
uated pieces in other museums. The layout and arrange-
ment of figures on Harvard’s sarcophagus suggests that it
was partially modeled on the fifth century BC shield of
Athena Parthenos, which was created by the Greek sculp-
tor Phidias. This lost artwork depicted the hero Theseus
defending Athens from Amazons and was a symbol of
Athenian prosperity during the Classical Period. The Har-
vard sarcophagus likely represents a later Roman adap-
tation of this politically charged myth, which reveals the
ways in which Romans constructed political identities,
integrated regional symbols, and interacted with broader
economic systems through funerary art. This research also
implies that further studies of sarcophagi may be useful to
reconstructions of the Parthenon shield.

This information will be presented in both an interac-
tive, half hour gallery talk and a larger tour that explores
different historical perceptions of glory. Additionally,
researchers are drafting a report for the 2019 Student Mu-
seum Conference that will discuss current issues in muse-
ums and serve as a resource for participating institutions.

Academic and Public
Programming at the Harvard

Art Museums
May Wang
SHARP Fellow
Comparative Literature, 2020

Harvard Art Museums
Advisors: David Odo, Jennifer Thum

The Harvard Art Museums is comprised of three con-
stituent museums (the Fogg, Busch-Reisinger, and Arthur
M. Sackler) that together exhibit works from the ancient
world to the present and from the Americas, Europe,
North Africa, the Mediterranean, and Asia. The Student
Guide Program at the Museums offers tours that highlight
themes across the three collections through the unique lens
of an undergraduate. This tour, titled “The World from
Within,” unites research from Harvard’s libraries and mu-
seum archives and highlights implicit and explicit depic-
tions of self and character. Thomas Eakins’ Miss Alice
Kurtz (1903) portrait provides an unusually candid and
anatomically detailed likeness of a young society woman
at the turn of the century, as interpreted by an American
artist trained in Europe and hospitals. The idealized land-
scape Awaiting Snow in Winter (1547), a Chinese hanging
scroll executed by one of the Four Masters of Ming Dy-
nasty painting, Wen Zhengming, alludes to the rich Chi-
nese literati tradition that esteemed intellectual purity es-
pecially amidst political strife. Gustav Klimt’s exuber-
ant landscape Pear Tree (1903) evokes his role in mod-
ernizing Viennese art at the turn of the century as influ-
enced by emergent theories of psychoanalysis and post-
Impressionist art. The tours are just one facet of the Mu-
seums’ Division of Academic and Public Programming,
whose annual Undergraduate Student Museum Confer-
ence provides a platform for student voices especially in
campus museums, often at the vanguard of museum plan-
ning. Students from fifteen universities converged to ex-
change experiences as students challenging the traditions
of museum exhibitions, programming, and outreach at
campus museums across the country.This summer’s work
will result in a report synthesizes the discussions about
museum politics, identity, and representation from during
that conference, as framed by the keynote speech of Fazal
Sheikh, a photographer who has worked closely with dis-
placed and marginalized communities around the world.
The report will serve as a reference and guide to future
museum development for participating staff and students.
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Michelangelo Merisi da Caravaggio, commonly under-
stood to be the preeminent Baroque painter, is the sub-
ject of extensive art historical scholarship. His major
works consist largely of Counter-Reformation commis-
sions, Catholic scenes imbued with intense drama and
striking chiaroscuro. However, despite the apparently di-
dactic nature of these works, close reading of Caravag-
gio’s oeuvre reveals the pervasive presence of dissimula-
tion and doubt. Many works—including The Calling of
Saint Matthew, The Martyrdom of Saint Matthew, The In-
credulity of Saint Thomas, The Beheading of Saint John
the Baptist, the Capitoline John the Baptist, The Conver-
sion on the Way to Damascus, The Entombment of Christ,
both Supper at Emmaus paintings, and the Uffizi Sacrifice
of Isaac—exhibit the themes of dissimulation and doubt
both formally and thematically. These works frequently
feature unorthodox portrayals of significant Catholic fig-
ures, near-heretical compositions, and deceptively obscure
light sources. While many scholars have historically been
content to accept facile interpretations of these elements—
assuming rays of light to reliably represent divine illumi-
nation, for example, rather than asking where they come
from and why Caravaggio chose not to make their sources
easily legible—Caravaggio’s oeuvre is far from straight-
forward or purely devotional. Beyond failing to reflect
fully the religious zeal of the Counter-Reformation, he of-
ten subverts its objectives.

Implementing a Flexible
Auction Model

Manuel Abecasis
PRIMO Fellow
Economics, 2021

Harvard Business School
Advisor: Alexander MacKay

In this project, we implement a flexible auction model
with weak data requirements in R. The model describes
first-price auctions in which the lowest bidder wins. This
framework is applicable to a wide variety of settings, and
is particularly relevant to public procurement auctions. In
this model, there is a distribution of private values, repre-
senting different cost realizations for each bidder, as well
as a distribution of unobserved heterogeneity. The latter
corresponds to factors the econometrician does not ob-
serve — these are assumed to be common to all bidders
within one auction, and distributed across all observed
auctions. The distributions of private values and unob-
served heterogeneity are identified with only the winning
bid and number of bids for each observed auction. The
R package recovers estimates for both distributions given
only the winning bid, number of bids, and (optional) user-
specified controls. It does so through maximum likeli-
hood estimation. The model specification imposes a flex-
ible functional form on the distribution of private values
(Weibull), and provides the user with a choice of func-
tional forms for the distribution of unobserved heterogene-
ity (Weibull, Gamma, and log normal). The package also
includes a data-generating function that outputs values for
winning bids, number of bids, and (optionally) controls
given user-specified distribution parameters for cost and
unobserved heterogeneity. The goal of the package is to
allow the user to recover estimates for these distributions
in a simple and efficient way. At the end of the summer,
we plan to apply this tool to auction datasets.
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The Vietnam War (November 1955-April 1975) is com-
monly referred to as the “first television war,” owing to the
large-scale news coverage of the conflict by United States
media outlets after substantial deaths by US troops in the
spring of 1965. US involvement in the war coincided with
a period of dramatic decline in domestic trust in public
institutions: while in 1964, 77 percent of Americans pro-
fessed to “trust[ing] the government in Washington most
or all of the time” the number had fallen to 34 percent fol-
lowing the war in 1976 (Pew Research Center). This pat-
tern has persisted over time, with fewer than 50 percent of
polled Americans responding that they trust the govern-
ment in preceding years. This paper explores the relation-
ship between the Vietnam war and decline in trust in gov-
ernment. It does so by examining whether and how local
newspaper coverage concerning the Vietnam War influ-
enced individuals’ attitudes towards the government, in-
cluding but not limited to spending on social welfare pro-
grams and redistribution. In order to quantify local senti-
ment, we apply Natural Language Processing (NLP) meth-
ods on Vietnam War editorials by 817 local newspapers to
create a granular measure of the sentiment of their cov-
erage. In order to address endogeneity concerns about lo-
cal political attitudes driving media coverage slant, we use
an instrumental variables strategy that relies on each local
newspaper’s ownership structure. We instrument news-
paper sentiment by whether the conglomerate owning the
newspaper has regulated holdings, such as television and
radio stations. This strategy takes advantage of variation
in the level of regulation of television and radio relative to
that of newspapers, as the former were considerably more
regulated than the latter. Since newspapers with regulated
holdings require government approval for actions related
to the management of all of their regulated holdings, we
have reason to believe that local papers’ coverage of the
war might be more supportive of government actions. We
investigate the immediate impacts of news coverage as
well as the persistence of effects in following decades.

How Strategy Affects Returns
in Private Equity Firms

Daniel Bodea
PRIMO Fellow
Computer Science and Statistics, 2021

Harvard Business School
Advisor: Paul Gompers

Private equity firms have long since been black boxes,
incorporating secretive investment and thought practices,
while maintaining spectacular returns. Those interested
in studying venture capital firms have a similar dearth
of information, while these venture firms post similarly
exceptional results. Building off of Professor Gompers’
private equity and venture capital surveys, I am working
to identify interesting relationships between firm strategy
and firm performance. I worked on gathering all per-
formance data on those firms that responded to the sur-
vey through looking thorough the Pitchbook and Preqin
databases. Then, marrying this private equity performance
data with the initial survey responses of the firms, I will
perform cluster and factor analysis to identify whether dif-
ferent groups achieve superior performance. Through in-
vestigating these groups, we can identify whether one of
three possible firm type specializations identified by Pro-
fessor Gompers (governance, operations, financial) does
in fact alter performance. We hope to build on previous
literature about beliefs on horse-jockey relationships in en-
trepreneurship and specialization and importance of man-
agement teams.
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A seller has multiple units of a good to sell to a group of
bidders, and the sale takes place over multiple rounds in
an auction. The good is costly to produce, and the bidders
have a pure common value. Signals of that value are drawn
from a commonly known prior distribution. The seller is
unaware in regards to the bidders’ profit beliefs and the
signals received by the bidder, and evaluates each auction
mechanism according to the lowest expected profit across
all equilibria and prior information structures consistent
with the signal profile distribution.

Within these generalized parameters, we note that tra-
ditional common value auctions suffer from bid shading,
where agents are incentivized to under-report truthful val-
ues such that transfer payments of winning bidders de-
crease, thereby avoiding a ’winner’s curse’. We then ex-
amine three common value auctions in a simplified multi-
unit model: a standard Vickrey-Clarke-Groves Auction, a
Uniform Price Auction, and the Discriminatory Auction,
as well as a reserve price mechanism on the VCG auction.
We find that the Nash equilibria of the VCG auction with
reserve prices and the discriminator auction are strict im-
provements in regards to seller revenue when compared
to standard UP or VCG auctions. We finally report use-
ful properties of multi-round auctions by incorporating
received signals into bidders’ prior distributions.

Improving the Value of Health
Care Delivery

Mariah Dimalaluan
PRIMO Fellow
Biomedical Engineering, 2021

Harvard Business School
Advisors: Robert S. Kaplan, Mahek Shah

In the United States today, the health care industry
amounts to 18% of the GDP, with costs increasing by
about 3.9% yearly. Currently, the cost measurement stan-
dard is the fee-for-service approach, where costs and prof-
its are based on the volume of procedures rather than the
achieved outcomes. With the goal of increasing value and
reducing costs for the patients, Professor Michael Porter
and Professor Robert S. Kaplan sought to redefine health-
care through the application of the Value-Based Health
Care (VBHC) System, a patient-focused system with an
emphasis on fulfilling patient needs. Today’s cost mea-
surement methods, however, do not accurately measure
the costs of each step of the care process, which deters
health workers from understanding the inefficiencies in
the current health system. As an alternative, Professor
Kaplan created the Time-Driven Activity-Based Costing
(TDABC) method, which allows a more accurate cost
measurement of the care cycle.

In this case study, we implemented the VBHC and TD-
ABC to Boston Children’s Hospital’s Cystic Fibrosis (CF)
Center. Today, there are more than 30,000 individuals
with CF in the United States alone. Due to the many
treatment options available, the life expectancy of these
individuals continues to rise and the lifetime cost to rise
with it. Because of a greater need for an accurate cost
measurement of CF, we created process maps that out-
lined the care process of CF patients, acquired the price
of resources, collaborated with the health staff to ensure
accuracy of the data, and applied the TDABC method to
quantify the total expenses of a CF patient’s care cycle.
Thus, through this process, we aim to redesign CF care
and optimize the CF treatment plan to maximize patient
outcomes while reducing costs.
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Collegiate student athletes are required to physically ded-
icate themselves to the sport they were recruited to play
while also maintaining high grade point averages within
rigorous academic programs. The experience of being a
student athlete is believed to teach students important life
skills and values through playing a sport, including lead-
ership, discipline, teamwork and time management. This
study looks at the impact of student athlete programs in
instilling these values within students and the transferabil-
ity of these skills into the professional sector. By lever-
aging the alumni databases of several secondary schools,
we are able to collect data on the profile of student ath-
letes including their name, sport, graduation year, major,
and whether or not the received honors degrees. Using
LinkedIn, we are able to uncover which professional field
an athlete went into and their level of seniority in that field.
Although this project is still in its early research stages, we
intend to look at whether being a student athlete has any
effect on a student’s choice of major and/or the student’s
career attainment levels compared to the rest of their grad-
uating class. The findings of this study will provide insight
into the value-added of being a student athlete and high-
light an environment where important professional skills
can be learned through a unique team setting.

Investigating a Welfarist Role
for Non-Welfarist Rules

Hannah Ellery
PRIMO Fellow
Applied Mathematics, 2021

Harvard Business School
Advisor: Matthew Weinzierl

Economists rely on utilitarian welfare functions, which
translate information about the world into welfare judg-
ments, to analyze the benefits of public policy proposals.
Making beneficial economic policy, however, can be dif-
ficult in an ever-changing world with limited access to in-
formation. To address this issue, we reconceptualize the
calculation of welfare in economic policy decisions. This
new model acknowledges that policymakers have limited
information and seeks to use non-welfarist considerations,
including norms and values, to provide information about
the state of the world in order to fill these knowledge gaps.
We first look to law to construct an analogy for this calcu-
lation. We review the wide literature on the philosophy
of the use of precedent and the purpose of law. We also
consider a model of legal precedent in which preceding
cases serve as carriers of information that provide judges
with more information about the world, which results in
better decision making than natural reasoning alone. In
this model, natural reasoning mirrors welfare calculation
on pure and possibly limited facts, while precedent stands
in for the norms and values introduced into the calcula-
tion of welfare. Next, aggregating a wide variety of stud-
ies from across time and continents, we turn to sociology
to consider how the norms used in our welfare calcula-
tions may be created or changed. This will enable us to
isolate norms and values that may carry important infor-
mation about the world and thus allow us to improve the
process of economic policymaking.
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Violence

Jacqueline Feffer
PRIMO Fellow
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Harvard Business School
Advisors: Alison Wood Brooks, Francesca Gino, Leslie John,
David Levari, Michael Norton, Ting Zhang

In a 1997 study, Fetherstonhaugh, Slovic, Johnson, and
Friedrich found that participants rated lifesaving interven-
tions as less valuable as the number of lives at risk in-
creased. This phenomenon of psychophysical numbing il-
lustrates the lack of sensitivity to violence and death that
humans feel, especially due to its normalization by the
media. In this research, I analyze possible ways to treat
the desensitization, thus causing people to empathize more
with victims of violence. In a literature review, I investi-
gate various techniques that can be applied to enhancing
empathy, such as symmetric conditioning, aversive ther-
apy, meditation and implicit bias training. Furthermore,
in order to determine which methods have the most im-
pact on sensitization, it may be necessary to study how the
brain is affected when the various techniques are applied.
Future research will involve designing preliminary mTurk
surveys to test these techniques, followed by more thor-
ough lab experiments as well. This work shows promise
for increasing empathy and interconnectedness amongst
people.

Understanding Inequality to
Address Inequity

Akari Furukawa
PRIMO Fellow
Philosophy, 2020

Harvard Business School
Advisor: Ethan Rouen

Income inequality has been increasing at a rapid rate over
the past few decades in the US. This growing gap between
the “haves” and “have-nots” has captured the attention of
regulators, business leaders, and the public. This shift has
been made evident by the recent requirement that publicly
traded firms disclose the “CEO Pay Ratio.” In the 1950s,
the average ratio between the CEO and a median employee
was about 20:1. In 2018, that ratio rose to about 172:1
for public companies. Though the ratio gives insight into
various issues of inequality, like the fact that CEO’s com-
pensation has risen at a faster rate than that of the average
employee, it does little to address why inequality is a con-
cern. There is ample evidence that many factors unrelated
to individual ability and effort - such as race, gender, and
power - influence compensation. This leads to the sugges-
tion that when people rail against income inequality, what
actually enrages them is income inequity, or that pay be-
tween groups is unfair and detached from the economics of
compensation. Using the workplace as the unit of analysis,
this research focuses on understanding how to differenti-
ate inequality from inequity and how to mitigate the latter.
We examine inequity from economic, political, and philo-
sophical perspectives, and we discuss its possible causes,
the challenges of identifying and measuring inequity, and
the potential impact of addressing inequity.
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Business Models, and Activist

Investing
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According to the Harvard Business Review, investors in
today’s digital age tend to prefer firms with fewer physi-
cal assets. In the restaurant industry, firms make important
strategic decisions regarding their mix of company-owned
and franchised units, with heavily franchised firms own-
ing fewer physical assets. In particular, activist investors
appear to favor heavily franchised models, as they believe
that this improves return on capital. I investigate the valid-
ity of this belief and examine the correlation between fran-
chising and firm outcomes by analyzing annual industry-
specific metrics and valuation multiples of publicly traded
restaurants from 2010 to 2018.

Reverse Termination Fees in
Merger and Acquisition

Agreements
Clara Li
PRIMO Fellow
Computer Science, 2022

Harvard Business School
Advisor: Guhan Subramanian

Reverse Termination Fees (RTFs) are commonly used in
merger and acquisition agreements to provide compensa-
tion for the target company if the acquirer reneges on the
deal. There is a common assumption in academic and
practitioner literature that the sizes of RTFs triggered by
a failure to obtain antitrust approval are correlated with
antitrust risk. We demonstrate that contract theory instead
predicts that antitrust RTFs should be correlated with the
costs of non-consummation for the target. To test this pre-
diction, we examined 91 merger and acquisition agree-
ments from the FactSet MergerMetrics database for deals
announced between June 1, 2017 and June 1, 2019. We
then coded all deals for antitrust risk, as measured by the
issuance of a second request from the Department of Jus-
tice or Federal Trade Commission, common triggers of the
RTF, as well as the structure of the fee. We found that the
most common triggers were “Merger not Consummated
by End Date,” “Breach of Warranties or Covenants,” and
“Adverse Changes in Board Recommendation” on the part
of the acquirer. The most common deal structure involved
providing specific performance and other legal remedies
to the target in addition to the fee. We also found no
evidence that the issuance of a second request correlates
with the size of the RTF as hypothesized. This paper con-
tributes to the overall academic literature surrounding Re-
verse Termination Fees by providing an updated descrip-
tion of the most common usages and triggers, as well as
rejecting the notion that the size of RTFs should be corre-
lated with antitrust risk as is commonly misinterpreted in
the field today.
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During the 1960s and 1970s, the percent of Americans that
trusted their public institutions steadily declined from a
previously high average of about 70 percent to a low aver-
age of about 30 percent. This trust never fully recovered,
indicating a lasting impact of this time period on US cit-
izens. This paper studies the impact of pro-war and anti-
war media coverage of the Vietnam War on Americans’
trust in their public institutions. The analysis uses publica-
tion data from the Inter-university Consortium for Political
and Social Research’s United States Newspaper Panel and
editorial content data from newspaperarchive.com. An in-
strumental variable strategy involving the regulation of na-
tional conglomerate holdings is used to isolate the effect of
the war’s media coverage on citizens’ trust. The success-
ful completion of this project might link the sentiment of a
city’s local newspaper to the shift in the local citizens’ trust
in public institutions. This study may also find similarities
between the sentiments of papers owned by the same na-
tional news conglomerates. This may imply that national
news conglomerates in the 60s and 70s had influence over
the opinions of everyday Americans through the editorial
section of their newspapers.

Using Synthetic Face Creation
and Resume Audit to Discover
Appearance Based Migration

Frictions
Ethan Medlin
PRIMO Fellow
Economics, 2021

Harvard Business School
Advisors: Prithwiraj Choudhury, Tarun Khanna

This project studies whether individual characteristics
might prevent individuals from seeking employment in
distant regions. Previous research has established the pres-
ence of informational, occupational, social, and physical
barriers to migration. We attempt to discern frictions to
migration based on individual characteristics and are de-
signing a resume audit study to examine the effects of ap-
plying to jobs originating in different regions.
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In democratic governments, people turn to the election
polls to support the party or candidate whose promised
outcomes and policies best align with their interests and
who they believe can best deliver change. An individ-
ual’s or their party’s ability to stay in power depends to
some extent on their ability to deliver on the promises they
made during their campaign, regardless of how limited
their ability to implement change is. In this project, we
study the social and economic impact of electing a chal-
lenger instead of the incumbent. In other words, we want
to measure the extent to which the identity of an elected
official affects outcomes. To measure the impact of elect-
ing the challenger, we compile data on candidates and dif-
ferent social and economic indicators, like child mortality
rate. Using data from Varieties of Democracy, the Inter-
Parliamentary Union, and other academic sources, we col-
lect data on election results, political parties and coalitions
for elections in the past 200 years from all over the world.
After identifying the head of state and the head of gov-
ernment, we use the information on regimes from differ-
ent databases to determine if and to which extent elected
officials are responsible for policy decisions. By assum-
ing that the results of extremely close races are essentially
random, a regression discontinuity design can measure the
impact of electing the challenger. Finding evidence that
the identity of the winner does not influence outcomes
would suggest that it does not matter who you elect into
power, along the lines of the sentiment that “it is all the
same when it comes to politics.” This result would dis-
courage people from believing candidates that base their
campaigns solely on promises of change.

Analyzing the Flow of
Financial Patenting and

Innovation
Mahlon Reihman
PRIMO Fellow
Economics, 2021

Harvard Business School
Lerner Lab
Advisors: Josh Lerner, Nick Short

Despite the breadth of literature on the growth and effects
of manufacturing innovation, there is a paucity of research
on the flow of financial innovation. The growing influence
of technology in everyday life has led to an acceleration in
both the rate and number of financial patents. To further
investigate this trend, we employed a sophisticated ma-
chine learning approach to carefully select FinTech patents
using keywords and US patent classes. After developing
a comprehensive list of FinTech patents from 2000-2017,
we were able to study the subjects of patent filings, the
number of patent applications by year, and the nature of
these patents following judicial decisions. The prelimi-
nary results suggest a sharp increase in the sheer number
of financial patent filings throughout the past two decades.
These findings may provide insight into what kinds of or-
ganizations are filing for patents as well as help contribute
to the relatively new field of financial innovation.Despite
the breadth of literature on the growth and effects of man-
ufacturing innovation, there is a paucity of research on the
flow of financial innovation. The growing influence of
technology in everyday life has led to an acceleration in
both the rate and number of financial patents. To further
investigate this trend, we employed a sophisticated ma-
chine learning approach to carefully select FinTech patents
using keywords and US patent classes. After developing
a comprehensive list of FinTech patents from 2000-2017,
we were able to study the subjects of patent filings, the
number of patent applications by year, and the nature of
these patents following judicial decisions. The prelimi-
nary results suggest a sharp increase in the sheer number
of financial patent filings throughout the past two decades.
These findings may provide insight into what kinds of or-
ganizations are filing for patents as well as help contribute
to the relatively new field of financial innovation.
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In sports economics, a large body of research focuses on
the effect of uncertainty about game outcomes on con-
sumer demand. The notion that the uncertainty of a game’s
outcome has a positive effect on demand for a sporting
event was first identified by Simon Rottenberg (1956),
and his hypothesis has been extremely influential in the
literature on the design of competitively balanced profes-
sional sports leagues. This study examines the validity
of this uncertainty of outcome hypothesis (UOH) using
data from two teams in the Australian Football League
(AFL). Specifically, using panel home attendance data
from season ticket holders, or members, of both clubs,
we apply an instrumental variables regression model to
study the effects of outcome uncertainty on member atten-
dance, controlling for various individual and game char-
acteristics. Because of bookmakers’ high incentives to
forecast outcomes of matches games as precisely as the
available information permits, we derive our ex-ante mea-
sure of outcome uncertainty by averaging the reported bet-
ting odds taken from 12 different bookmakers. By run-
ning regression models for a member’s decision to at-
tend a certain match, we test the UOH by determining
whether consumers react differently to high and low un-
certainty matches using betting odds as a proxy for mem-
bers’ expectations about a game’s outcome. Our prelim-
inary results suggest the presence of heterogeneous treat-
ment effects depending on different member characteris-
tics, showing that some consumers react differently to ex-
pected uncertainty than others. These findings may sug-
gest more accurate ways for professional sports franchises
to anticipate consumer demand, which can have broad im-
plications as leagues decide how to design more balanced
contests and maximize revenues from the consumption of
live sport.

Behavioral Economics and
Decision Making

Joshua Yee
PRIMO Fellow
Applied Mathematics, 2022

Harvard Business School
Advisors: Alison Wood Brooks, Francesca Gino, Leslie John,
David Levari, Michael Norton, Ting Zhang

Sometimes, we do things that are so basic, there does not
seem to be an explanation. Whether it be in relationships,
at work, or at school, there are some habits and manner-
isms that simply cannot be explained because they seem
so intuitive. Our research looks at how people make deci-
sions. We explored how people make decisions in day to
day life, including how they choose to shop for their fam-
ily, discuss finances, donate to charities, and even interpret
apologies. One of the more interesting projects our lab is
working on examines how people seek advice: would they
rather receive advice from someone with experience or ex-
pertise? We used a combination of online and in-person
surveys to collect data and analyzed the transcriptions of
conversations and audio recordings. So far, we have found
that though people generally prefer some combination of
the two, people normally seek advice from experienced
people as they view their advice as more unique.
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Be the Change! Harvard
Square and its Setting

Jonathan Yuan
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The closing and transfer of stores have created massive
alterations to the appearance and business makeup of Har-
vard Square within the past decade, an issue representative
of fast-paced development occurring around the globe.
The aim of this research project was to understand the var-
ious dynamics and causes of this development and its im-
plications on the local economy and lifestyle of those in-
volved. Methods included categorizing current businesses
and vacancies by attributes like type of business and GIS
mapping that information, as well as interviewing govern-
ment officials, business owners, and residents about de-
velopment taking place in the area. Walking tours were
also designed to celebrate the historical value of Harvard
Square. Through analyzing archival records and inter-
views, It was found that the main causes of current de-
velopment are the purchasing of land by wealthy prop-
erty owners, rising leases, and pressures from the rise
of online shopping. Approximately 10 of storefronts in
the Square are vacant and the current business makeup
is 68 local, a number expected to decrease as local busi-
nesses are targeted by rising property values. Property
ownership is mainly controlled by six entities, including
Harvard University itself, creating uncertainty due to the
unchecked ability of these groups to determine the future
of the Square through their leases and plans for construc-
tion. Though it may be difficult to compete financially
with these wealthy owners, it is important to conduct dis-
cussions with them to reconcile their ideas of success with
community concerns. Future work will be performed to
test whether rezoning processes or administrative guide-
lines can be created to ensure that the Square does not com-
pletely leave behind its rich cultural and commercial his-
tory. If an equilibrium is struck, Harvard Square can pro-
vide an example to areas of the world struggling with gen-
trification of the successes that are possible when both eco-
nomic and cultural complexity are working side by side.

Formalizing Land Titles in
Cities of Developing Countries
Siye Zhu
PRISE Fellow
Mathematics and Physics, 2022

Economics Department
Advisors: Edward Glaeser, Scott Kominers

Urbanization is widely regarded as a stimulus to social de-
velopment. Cities provide a platform for trade, enhanced
connectivity, and the exchange of ideas. In developing
countries, however, the economic efficiency of cities is of-
ten crippled by the ambiguity of property rights. Informal
land titles reduce the owners’ incentives for investment
in the asset and hinder the proper execution of financial
transactions such as exchanges of ownership and mort-
gages on the property, which have become increasingly
important with the integration of developing countries into
the global economy.

Our research seeks a new system for allocating land ti-
tles. Specifically, we propose a multi-stage mechanism
that incentivizes residents to truthfully declare their prop-
erty ownership and that of their neighbors. We establish
the necessary conditions such as the existence of truth
tellers and the constraints on the size of coalitions in or-
der to guarantee a unique, desired Nash equilibrium of
truthful reporting by all residents. Our results can provide
urban planners in developing countries with key insights
in future policy making, allowing them to formalize land
titles for the citizens at minimal social costs.
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Class and race powerfully motivate policy preferences,
and growing income inequality within racial minority
groups complicates the interaction of these two variables,
potentially bringing racial and economic interests into
conflict. Professor Jennifer Hochschild’s class-in-group
project navigates the relationship between class and race
through a multi-city survey and four case studies, each
on a salient issue in one major American metropolitan
area. These are policing and stop-and-frisk in New York;
housing, urban redevelopment, and gentrification in At-
lanta; school choice in Los Angeles; and pension funds in
Chicago. Each city presents a different angle on class-in-
race interaction. New York offers the strongest race story,
and Atlanta presents a clearer race-class conflict, whereas
in Los Angeles and Chicago, the race and class contours
lie below the surface.

In Chicago, decades of promised retirement pensions
and benefits for public sector workers have left a fund-
ing crisis for politicians to solve (especially after the 2008
recession) that does not fall neatly along socioeconomic
or racial lines. While Chicagoans rarely think the pen-
sion crisis has a race or class element, my analysis of
interviews with community, political, and industry lead-
ers revealed that the various potential funding solutions
offered to solve the pension crisis implicate class and race
more than the pensions themselves. For example, pro-
posals that recommend taxing corporations, the financial
sector, and the wealthy place the burden primarily on
wealthy whites. Alternatively, raising revenue through
flat fees, such as a garbage tax that charges the rich and
impoverished equally ignores socioeconomic disparity,
disadvantaging poor residents. Similarly, limiting spend-
ing on services such as policing and school funding to
poor, often predominantly African American or Latinx
neighborhoods, shields wealthy whites from the impact of
the pension crisis while saddling poor communities and
people of color with its repercussions.

The Private Interests of Public
Officials: Financial Fraud and
Legislator Voting Behavior in

the US Congress
Michael Chen
PRISE Fellow
Applied Mathematics, 2022

Harvard Business School
Advisor: Trung Nguyen

The role of legislators’ private interests in the public
sphere, and the effects of such private interests on vot-
ing behavior raise important questions with significant and
far-reaching implications. For example, past research has
studied the effect of congressional actions in the years
leading up to the 2008 financial crisis, with a particular
focus on those decisions that deregulated financial mar-
kets - a deregulation that had significant consequences
for the US economy. Continuing in this vein, we theo-
rize that both personal experience with fraudulent stock
holdings, as well as the presence of fraudulent constituent
firms in one’s congressional district/state, make legisla-
tors more likely to vote in favor of regulatory bills. We
tested these expectations by examining congressional ac-
tions and voting behavior in the years between 1995 and
2019, focusing on bills pertaining to financial fraud and
regulation. We measured personal experience with stock
holdings through legislators’ publicly disclosed personal
financial assets via the Center for Responsive Politics. We
determined the constituent firms engaging in fraudulent
activities and the firms’ respective congressional district
locations via publicly available Accounting and Auditing
Enforcement Releases (AAER) fraud data and company
information available via Wharton Research Data Services
(WRDS). Finally, we tracked legislator voting behavior
on fraud-related bills via publicly available roll call in-
formation in government databases. In our analysis, we
controlled for legislators’ party and ideology, as well as
total assets for each legislator, to obtain a relationship be-
tween our independent variables (personal asset holdings
and fraudulent constituent firms) and our dependent vari-
ables (voting behavior).
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Recent studies show that regions of Africa with more pre-
colonial centralization exhibit a contemporary advantage
in the allocation of public goods. To explain this phe-
nomenon, we tested a model in which electoral incum-
bents direct more transfers to jurisdictions where tribal
leaders have a historic advantage in mobilizing voters. We
focused on elections in 35 Sub-Saharan African countries
from 1993 to the present. Using pre-colonial centraliza-
tion measures for tribes in Murdock’s Ethnographic Atlas,
we determined the historic degree of centralization in our
regions of study. Support for a given election’s incum-
bent was measured using the fraction of votes for the in-
cumbent and overall voter turnout, and ethnic affiliation
with a candidate was primarly determined by geographic
proximity. Other relevant measures, such as prevalence
of corruption and vote-buying, were also obtained from
the Afrobarometer data. Our primary dependent variable,
public goods provision, was proxied by nighttime satel-
lite imagery, which indicated the degree of rural electri-
fication. Though data from 2014 onwards is still under
analysis, preliminary regression results provide support
for the incumbent transfer theory; these findings with-
stand robustness checks. For example, the model pre-
dicts that the association between pre-colonial centraliza-
tion and public goods provision is stronger in areas with
democratic elections—where the votes of co-ethnics and
non-co-ethnics of the incumbent both must be garnered—
than in areas with autocratic elections—where only co-
ethnic votes are needed to win. These findings have signif-
icance in directing future investigation on the role of local
leaders in African economic development.

Mind, Will, and Science
Patrick Magee
SHARP Fellow
Philosophy and Physics, 2021

Philosophy Department
Advisor: Cheryl Chen

It is rather unsurprising that philosophical questions
often end up encroaching on the domain of science.
Both subjects seek to describe reality at the most
fundamental level, and both—though philosophy most
conspicuously—require certain results of the other in or-
der to justify its own conclusions. Nowhere is this truth
more conspicuous than in philosophy of mind and the
question of free will. The link between philosophy of mind
and neuroscience is so tight that some have proposed re-
ducing the former to “neurophilosophy,” while the ques-
tion of free will is considered by many to be contingent
on the truth of determinism—a concept whose truth can
only be gauged scientifically. In a series of essays, I will
argue that each of these notions, though highly plausi-
ble, is ultimately false. Using arguments from Wittgen-
stein, Kripke, Aquinas, and others, I hope to establish that
certain scientifically-motivated conclusions in each dis-
cipline are steeped in metaphysics, presupposing axioms
that are implausible from both a philosophical and scien-
tific standpoint. While neuroscience seems to reduce the
mind to the brain, such an approach fails to account for
the existence of objective meaning, posing a largely hid-
den threat to scientific reductionism. Similarly, though de-
terminism seems prima facie incompatible with free will,
this alleged incompatibility rests on dubious metaphysical
claims, both mistaking the nature of the will and reading
in an unnecessary account of causality. When the proper
metaphysical stance is taken, such questions are revealed
to be nearly independent of scientific results, a conclusion
in stark contrast to our initial intuitions. To establish this,
I will first analyze the relevant definitions of the mind and
the will. I will then offer several arguments against the
traditional accounts, arguing that they read an unnecessary
metaphysics into scientific results. Finally, I will offer a
positive account, outlining my own approach to the mind
and the will and the relation of each to modern science.
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Philosophical Study of the
Phenomenon of Faith in the

Visual Novel Umineko
Allen Lai
PRISE Fellow
Chemistry and Physics, 2020

Philosophy Department
Advisor: Jimmy Doyle

Umineko no Naku Koro ni (When the Seagulls Cry) is a 2-
million-word Japanese fantasy visual novel that presents a
framework for thinking about truth, metaethics and episte-
mology. It is an undiscussed work in academia because of
its unique genre, language, and material, despite its liter-
ary and philosophical content. The purpose of the research
was to extract and analyze issues of philosophical interest
that arise from a close reading of the Umineko game text.
Existing philosophical literature was studied on the nature
of truth, the relation of belief to the will, the epistemic
status of testimony, and philosophy of science, including
the philosophy of Frege, Anscombe, Anselm, Augustine,
Aquinas, van Inwagen, Feser, Healey, and Moran.

A series of essays will be produced that examines the
phenomenon of faith in the motto proposed by Augustine
and Anselm, “Believe that you may understand,” as well
as further essays discussing the relation of belief to the will
and philosophy of science and teleological explanations
of occurrences. Among other current findings, I defend
the statement ”Believe that you may understand” based
on a relational understanding of testimony that necessi-
tates belief in another for proper transmission of epistemic
justification for knowledge. Furthermore, following the
formal philosophical material developed in these essays,
Umineko will be interpreted as a literary theodicy that in-
corporates many of the philosophical positions discussed.
The results of this research may have implications for un-
derstanding the role of faith in knowledge, making sense
of conflict that some perceive between faith and reason,
as well as implications in the interpretation of science.

Executive Summary: Gender
Bias in Women’s Cases in El

Salvador
Akosua Adubofour
BLISS Fellow
History and Science, 2021

Sociology Department
Advisor: Jocelyn Viterna

Since the late 1990s, women in El Salvador have been in-
creasingly prosecuted for the “aggravated homicide” of
their newborns. These women testified that their babies
died either due to an obstetrical emergency or another birth
complication. Yet, at every stage of the judicial process,
the state aggressively pursued the mother’s prosecution in-
stead of pursuing the truth, beginning at the moment of the
arrest and culminating in the moment of sentencing. We
identified 71 of these cases and found overwhelming evi-
dence of gender bias and discrimination present through-
out the entirety of the legal proceedings. After examining
these women’s cases, gender bias was evident from the po-
lice, hospital personnel, judges, forensic specialists, pros-
ecutors. In addition, there were several instances of pro-
fessional incompetence from medical specialists and fail-
ures of the legal system to provide due process in these
cases. This executive summary seeks to use the data on
these women in order to shed light onto the injustices of
this legal system, and to promote the careful and just ap-
plication of the law in future investigations surrounding
obstetrical emergencies that women experience. More so,
it is the hope that by raising awareness of bias in the legal
system, women and other disadvantaged groups will be
able to benefit from justice and protection under the law.
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Diversity and Discrimination
in the Digital Age

Shivani Aggarwal
PRIMO Fellow
Integrative Biology, 2021

Harvard Business School
Advisors: Alexandra Feldberg, Tami Kim

As both customers and employees become increasingly
diverse, organizations must be vigilant about opportu-
nities for discrimination. Failing to do so has costly
consequences — many companies have recently faced
public censure for incidents of race-based discrimination
in customer interaction. This is further complicated by
a growing reliance upon digital customer-employee and
employee-employee interactions. Helping behaviors are a
kind of organizational citizenship behavior that employees
can direct towards customers, fellow employees, or the or-
ganization as a whole. We posit that the voluntary, discre-
tionary nature of helping behaviors creates distinct path-
ways to discrimination as compared to competency-based
decision-making behavior (e.g., hiring). Through field
studies and surveys, we analyzed potential mechanisms
for race-based discrimination in the domain of helping be-
haviors. We found evidence that across both customer-
employee and employee-employee contexts, differentials
in helping behavior can be linked to the recipient’s per-
ceived foreignness. Usually not part of an employee’s
formal role requirements, the positive organizational ef-
fects of helping behaviors can range from improved cus-
tomer perceptions of service to increased coworker cohe-
sion. Understanding when discrimination is likely to occur
and who is affected can therefore translate into organiza-
tional strategies for reducing discrimination and promot-
ing positive helping behaviors.

Independent Analysis of
Systematic Gender

Discrimination in the El
Salvador Judicial Process

against Women Accused of the
Aggravated Homicide of their

Newborns
Fernanda Baron
BLISS Fellow
Sociology, 2020

Sociology Department
Advisor: Jocelyn Viterna

I investigated the presence of gender bias in El Salvador
during in the arrest, prosecution, and sentencing of women
convicted of abortion in El Salvador, which the law treats
as aggravated homicide. I also examined the social dis-
course surrounding reproductive health, family planning,
and abortion. I coded two sources of data: (1) court docu-
ments from 36 cases of women charged with abortion and
(2) 43 focus group interviews with El Salvadoran citizens.
Using El Salvador as a case study, I clarified the process
by which ideas of motherhood frame reproductive rights
discourse and the restriction and criminalization of abor-
tion. Ultimately, these findings suggest that after the crim-
inalization of abortion in 1998, women, most of whom
are low-income, of color, and reside in rural regions of
El Salvador, have been punished for miscarriages. I hope
that following the publication of these findings, the El
Salvadoran government takes steps to address gender dis-
crimination in its criminal justice system, where women
have served years in prison for having experienced obstet-
rical emergencies out of their control.
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Power, Politeness, and
Profitability: Predicting
Company Success and

Financial Violations from
CEOs’ Politeness in Earnings

Calls
Daniel Blumenthal
PRIMO Fellow
Psychology, 2021

Harvard Business School
Advisors: Nicole Abi-Esber, Ting Zhang

At the end of each quarter of the fiscal year, most pub-
licly traded companies conduct earnings calls, in which
CEOs discuss their company’s finances with stock ana-
lysts. These calls provide a crucial inside look at how the
company is performing for investors and analysts. While
previous research has explored the relationship between
the number of positive and negative words in these calls
and stock returns, a gap in the literature exists in terms of
analyzing other types of language in more depth. Using
natural language processing (NLP) techniques, this anal-
ysis explores whether companies whose CEOs use more
polite language are more profitable, less risky, and com-
mit fewer financial violations. The current study examines
2000 earnings calls from nearly 500 companies to rate the
politeness of the executives and stock analysts on the call.
Proxies of politeness, such as gratitude and asking ques-
tions, are gathered for each call, and outcome measures
including CEO compensation, stock returns, and financial
violations are considered. Analysts are shown to be much
more polite than executives, expressing significantly more
gratitude and using many fewer negations. By employing
NLP to demonstrate politeness and applying it in a new
financial context, this research furthers the theory in orga-
nizational behavior. In the future, analysts and corporate
accountability agencies may be able to use these results to
predict companies’ investment prospects as well as their
potential to commit financial violations.

Going Back to
Back-to-the-Land: A
Humorous Study of

Communal Living in the Late
Counterculture

Lauren Fadiman
SHARP Fellow
Folklore and Mythology and Studies of Women, Gender, and Sex-
uality, 2021

Studies of Women, Gender, and Sexuality
Advisor: Michael Bronski

In an era of climate change, population expansion, rapid
globalization, and—at the intersection of these trends—
changing notions of community, the back-to-the-land
movement and experiments in communality that took
place during the 1960s and 1970s could be regarded by
contemporary thinkers as critical early forays into alterna-
tive modes of living. However, this communal aspect of
the 20th-century counterculture is generally treated with a
certain amount of humorous disregard, such that what was,
in fact, a period of groundbreaking experimentation is of-
ten treated instead as a vapid product of youthful idealism.
This project—the construction of several sitcom episodes
about a fictional commune in Northern California in 1967,
based on the trajectory of a number of historical inten-
tional communities around the country—constitutes an ap-
plied investigation into whether the humor with which the
back-to-the-land movement is treated can be reappropri-
ated as a venue for intellectual engagement as opposed
to dismissal. While the immediate goal of the sitcom—
as with any piece of comedy writing—is to elicit laugh-
ter from those who engage with it, the work more broadly
seeks to explore humor as a lens for historical analysis and
critique, as a mode of expression that can be used to nego-
tiate a balance between purposeful commentary and satis-
fying entertainment. The sitcom seeks to play with various
stereotypes and suppositions, subverting misconceptions
and clichés about the back-to-the-land movement without
shying away from critique of the movement itself. What
emerges, ideally, is a work of intellectually engaging com-
edy that challenges both the inadequacies and vanities of
the counterculture, but also the narrative complacency of
its readers/viewers.
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Executives and the Civil Rights
Movement: How the Early
Life Experiences of CEOs
Affect Firm Diversity

Joshua Hall
PRIMO Fellow
Economics, 2021

Harvard Business School
Advisor: LT Zhang

Diversity along racial and gender lines within organiza-
tions has been recognized by scholars as beneficial to the
creation of new ideas and to innovation. Even so, many
companies are struggling to create and sustain diverse
work environments. We currently know very little about
how the pre-career experiences of leaders in different areas
affect the diversity of the teams they hire. In this study, we
seek to expose the effect of the civil rights movement on
the propensity for political and business leaders to have
a diverse team. We do this by comparing the diversity
of organizations in the south and similar organizations in
the north before, during, and after the civil rights move-
ment. The key difference between these environments is
the proximity to explicit and outward acts of racism. We
build on status theory and stigma management to better
understand why leaders with apparent pro-diversity back-
grounds, evidenced by their involvement in the civil rights
movement, hire minorities at a higher rate than those lead-
ers that don’t publicly speak out about their involvement
in such movements. We also build on the mechanisms by
which the past experience of organizational leaders can
trickle down to affect the hiring decisions of more junior
employees by expanding on executive influence theory.
Our theories and findings will highlight the importance ex-
ecutive boards should put on looking into the personal his-
tories of the individuals they are selecting from to become
a CEO if their desired outcome is not only an operationally
efficient company but, a diverse one as well.

The Reemergence of
Independent Bookstores and
Radical Innovation Adoption
in Senior Executive Teams

Hulya Kosematoglu
PRIMO Fellow
Economics, 2020

Harvard Business School
Advisors: John Palmer, Ryan Raffaelli, Yusaku Takeda, Akshaya
Varghese

Following the entrance of Amazon.com in 1995, brick-
and-mortar independent bookstores saw a significant de-
cline in their numbers, plummeting 43 percent in the
United States between 1995 and 2000. However, since
2009, independent bookstores have experienced a resur-
gence in their popularity. Between 2009 and 2017, the
American Booksellers Association reported a 41 percent
growth in the number of independent booksellers, from
1,651 stores to 2,320. This study explores how indepen-
dent actors in a mature industry (i.e., an industry that has
surpassed its early emergence and growth phases) collec-
tively respond to a technological discontinuity—a break-
through innovation that not only advances the technol-
ogy that characterizes the industry but also generates new
markets. To explore this idea, this project utilizes data
from over 200 ethnographic interviews; focus groups with
bookstore owners, publishers, and authors; in-depth field
observations of bookstore activities and industry confer-
ences; and over 1,000 newspaper and trade publications
articles mentioning independent bookselling in some fash-
ion. The study finds that independent bookstores have
managed to survive and even thrive in spite of Amazon
and other online retailers based on three dimensions: com-
munity, curation, and convening. They connect with the
local community through movements like localism; curate
inventory that allows them to provide a more personal and
specialized customer experience; and promote their stores
as intellectual centers for convening customers with like-
minded interests. In my role, I am conducting literature re-
views, designing data categorization frameworks, and de-
veloping processes for data management and data coding.
I am also supplementing the study’s existing qualitative
research with quantitative analysis, including market re-
search on the retail industry. I am comparing net and oper-
ating income, as well as EBITDA, across the supply chain
for independent and large bookstores from 1995 to 2018.
In addition, I am conducting a comparison analysis of in-
dependent and chain hardware stores. Together, my work
explores how incumbent actors in a mature industry—and
throughout a supply chain—respond to radical innovation
challenges.
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Complicating the Experience
of Women in Engineering:
How the Intersection of

Gender with Race/Ethnicity,
Social Class, and Pre-College

Experiences Influence
Women’s Experiences and
Integration in Engineering

Gabrielle Langkilde
BLISS Fellow
Studies of Women, Gender, and Sexuality and Statistics, 2021

Harvard Inequality in America Initiative
Advisors: Anthony Johnson, Paige Sweet

Drawing on 10 in-depth interviews with a demograph-
ically diverse sample of woman-identifying engineering
undergraduates at an elite university, I focused on their
gendered experiences in the engineering school and the
strategies they adopt to successfully integrate themselves
into the engineering community. Given the multiple social
group memberships to which students belong, I examined
the ways in which gender intersects with race/ethnicity,
social class, and pre-college experiences to uniquely in-
fluence each respondent’s experience as a woman in engi-
neering and how these diverse experiences shaped the ex-
tent to which they successfully integrated themselves into
the school of engineering. I measure “successful integra-
tion” into the school of engineering by the level and con-
tent of their engagement with majority-male faculty and
peer friendship and study networks, as well as their in-
volvement in engineering-based extracurricular activities
on and off campus[MOU1] . Drawing on scholarship on
intersectionality, cultural reproduction in education, and
higher education, the findings will extend previous re-
search on the experiences of women in male-dominated
fields. More specifically, the findings of this research
will expand on our understanding of the heterogeneity of
women’s experiences in engineering.

The Effects of Periodic
Coordination Meetings on
Innovation Outcomes

Kiyeon Lee
PRIMO Fellow
Psychology, 2021

Harvard Business School
Advisor: Andy Wu

In designing effective meetings in organizations, there is a
trade-off between each member specializing in their tasks
and closely integrating their work with others. To pro-
mote collaboration, iterative coordination involves reg-
ularly scheduled stand-up meetings to discuss progress
towards larger company-wide goals. Collaborating with
people in different departments may focus everyone’s ef-
forts on serving the company’s mission and thus better ad-
dress the needs of their customers. However, these fre-
quent meetings may take valuable time and attention away
from each team member’s ability to focus on their spe-
cialized area, thereby limiting their novel contributions
to an initiative. Indeed, a field experiment conducted at
a Hackathon found that teams that experienced regular
check-in meetings produced applications that better met
market needs but were less advanced than those of teams
that did not experience such meetings. To further sup-
port and expand on these findings, we are conducting a
laboratory experiment to examine the effects of check-in
meetings on how well teams of three people collaborate
and brainstorm innovative product ideas. We hypothesize
that stand-up meetings will increase the usefulness yet de-
crease the novelty of product ideas that teams brainstorm.
This research may help organizations design meetings that
better address their innovation goals of novelty and useful-
ness.
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Assessing the Role of Diversity
and Networking on the Impact

of HIV Advocacy in
Massachusetts

William Nesmith
SURGH Fellow
Molecular and Cellular Biology, 2020

Global Health and Health Policy Department
Advisors: Alyvia Norris, Carrie Richgels

As antiretroviral treatments and treatment availability con-
sistently improve, more tools and resources become avail-
able to prevent, treat and maintain HIV. As a result, the
number of people living with HIV (PLWH) is steadily
increasing. Despite the steadily increasing number of
PLWH, the public interest in HIV has remained stagnant
and public policy surrounding the treatment of PLWH has
remained unaccommodating. Persisting stigma and dis-
crimination surrounding HIV status make it difficult for
PLWH to not become an immediately tokenized excep-
tion.

In response to the absence of change surrounding so-
ciety’s treatment of HIV, the Getting to Zero Coalition
(GtZ) of Massachusetts formed to re-energize and trans-
form the HIV agenda in Massachusetts, and to further
support the 90-90-90 goals outlined by UNAIDs. As a
part of its mission, GtZ looks to shift the HIV agenda in
Massachusetts by revolutionizing the existing network of
HIV advocates and building a more diverse, intergenera-
tional network of individuals both living with and without
HIV. To push that networking goal, GtZ launched the
Activist Academy Fellowship. The fellowship looks to
educate community leaders across Massachusetts in advo-
cacy, community mobilization, and community education
via assigning them to one of six projects pre-selected by
GtZ that actively deal with current HIV-related bills in the
Massachusetts legislature.

By implementing the Activist Academy Fellowship, and
capitalizing on a cohort of individuals diverse by race,
gender, sexual orientation, age and HIV status, we pre-
dict that we will more positively influence public concern
around HIV, and subsequently, positively engage the pub-
lic on ongoing contemporary issues in HIV. Overall, we
hope that the Academy will improve the HIV advocacy
network in Massachusetts, and further empower the goals
of the GtZ coalition.

Implicit Gender Stereotyping
in Judgments of Fame: 30

Years Later
Moshe Poliak
BLISS Fellow
Psychology, 2022

Psychology Department
Banaji Lab
Advisor: Mahzarin Banaji

In 1995, Banaji and Greenwald (B&G) showed implicit
male-favoring gender-fame stereotyping by revealing a
bias in implicit memory using signal-detection analysis.
Over the past thirty years, social change has brought many
more women into public life, including the categories used
by B&G, such as music, art, politics, and sports. This re-
search poses a simple question to which the answer is un-
known: Has sufficient social change occurred since the
years 1990-1993 (when B&G’s data were collected) that
women and men will equally be assigned the quality of
fame given equal familiarity in memory? In Experiment 1,
participants are first familiarized with a list of non-famous
names. Between 24 and 48 hours later, the participants
are shown a new list of names that contains some of the
previously seen names as well as new famous and non-
famous names that have not been presented before and
asked to make a simple judgment: Is this person famous or
not famous? B&G showed that the statistical component
called the criterion (β) to measure the cognitive threshold
for judging fame was set higher for female names than
it was for male names. If gender parity in the world has
reached new levels, this experiment should show lower or
no gender bias. If on the other hand, the same level of
false fame bias is obtained today as by G&B, we would
conclude that progress on gender parity has not been suf-
ficient to have translated into individual decisions about
granting the quality of fame equally to equally undeserv-
ing men and women. We view this approach as a way to
measure change in society as it is reflected in the implicit
biases that individual minds carry without awareness.
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Course Development in Poetry
in America

Elizabeth Propst
SHARP Fellow
English, 2022

English Department
Advisors: Elisa New, Leah Reis-Dennis

The American public education system currently operates
under a significant teacher shortage. This shortage is a par-
ticular impediment for schools in rural areas and schools
with large concentrations of low-income students, which
have greater difficulty attracting and retaining highly ed-
ucated teachers. As a result, accessible online education
is an essential tool for both students and teachers, particu-
larly in more specialized subjects that teachers may not be
qualified to teach without supplementation from outside
sources.

Poetry in America’s Fall 2019 course “Poetry in Amer-
ica: The City from Whitman to Hip Hop” will be pi-
loted to over 500 high schoolers in predominantly Title
I schools. The course provides a comprehensive intro-
duction to poetic analysis through the lens of American
urbanism, and spans works from Walt Whitman’s “Song
of Myself” to the music of Nas and Kendrick Lamar. It
integrates classroom-based activities, online readings, and
video lectures to support a wide range of learning styles;
the course also includes teacher-specific materials to fa-
cilitate instructors’ positions as resources for students.

The goal of “The City” is to provide an engaging, flex-
ible, and accessible space for both students and teachers
to encounter the poetic discipline, which can seem need-
lessly complex and impractical to those unfamiliar with it.
Opening the door for low-resourced institutions to over-
come those barriers is an essential step forward for the
American educational system.

Just Posturing: An
Exploration of Nonverbal

Displays and Gender Affinity
Zachary Steigerwald Schnall
PRIMO Fellow
Sociology, 2021

Psychology Department
Advisor: Nicole Noll

Particular body postures, like manspreading, are associ-
ated with specific genders. Existing studies provide sup-
port for the notion that an agent adopting such postures
can influence how an onlooker perceives their gender.
Less studied is whether such postures affect gender per-
ceptions of the agent themselves. This research asks how
adopted body postures influence self-perceptions of gen-
der, as well as gender frames used to parse and inter-
act with the surrounding environment. Using a between-
participants experimental design, undergraduate partici-
pants are instructed to adopt either a masculine or fem-
inine body posture. A series of questions evaluate par-
ticipants’ gender primes, their mapping of gender onto
gender-neutral figures, and their consequent affinity to-
ward same- and differently-gendered figures. Findings
will have implications for purposive posturing as an adap-
tive strategy to undermine entrenched gender role ideol-
ogy and gender relations.
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The Science of Conversations
Julia Shea
BLISS Fellow
Psychology, 2020

Psychology Department
Gilbert Lab
Advisors: Daniel Gilbert, Adam Mastroianni

Although conversations are an integral part of everyday
life, the elements that make for an enjoyable conversa-
tion and a strong first impression have not been explored
adequately in social psychology. Recent research on the
enjoyment of conversations has suggested that when two
people have a conversation, a liking gap emerges. On av-
erage, people believe that they liked their conversation
partner more than their partner liked them, and that they
enjoyed the conversation more than their partner did. The
gaps persist in three-person conversations, and on aver-
age, people also mistakenly believe that they were the least
liked person in the conversation. Using the questionnaire
data collected from all participants after hundreds of two-
and three-person conversations, we now pivot to see what
else we can learn about conversations. How does the deep-
ness and the humor of the conversation affect how much
people enjoy a conversation? How much does a partici-
pant’s rating of their own and others’ authenticity affect
how much they enjoyed the conversation, and how much
they believe their conversation partners enjoyed the con-
versation? We ask these questions of both dyadic and tri-
adic conversations to understand whether the factors that
contribute to an enjoyable conversation and strong first
impression differ when talking to one person and when
talking to two. The ultimate goal of this research is to gain
insight into factors that contribute to people’s satisfaction
with social interactions.

Strategic Ignorance: What
Lies Behind This Moral

Quirk?
Eric Wilson
PRIMO Fellow
Psychology, 2021

Psychology Department
Gilbert Lab
Advisor: Bethany Burum

Strategic ignorance is the act of avoiding information with
motivated reasoning. The classic paradigm of strategic ig-
norance involves participants choosing not to reveal how
other players will be affected by their choice in order
to justify picking the option that gives themselves more
money. One school of thought regarding why this happens
is that participants want to avoid dissonance that might
arise in decision-making. Another view, one which be-
lieve to be more accurate, is that participants avoid reveal-
ing how other players will be affected in order to preserve
their reputations as “fair” people. To answer the question
as to which explanation prevails, we added a manipulation
to the paradigm. We added a scenario in which participants
would make a decision that only affected themselves: they
would decide whether or not to complete a “fun” or “bor-
ing” task in exchange for a random and unknown monetary
value, again having the opportunity to reveal the values be-
forehand. The first view (that people ignore information
primarily to avoid dissonance) would predict that partici-
pants would forego the information in this scenario as of-
ten as in the condition similar to the original study (where
the money goes to the other player) because it would still
create dissonance if one revealed that they had to com-
plete the “boring” task to receive more money. Our expla-
nation, however, would predict the opposite: participants
would reveal the information much more in the scenario
that affects only them because their reputation would not
be affected by seeing the monetary values. Initial find-
ings indicate that our prediction is correct: strategic ig-
norance arises primarily when the hidden payoffs affect
another person, and not when they affect the participants
themselves. This and similar research can help us better
understand how different moral quirks — such as strate-
gic ignorance — arise in situations of decision-making in
the real world.
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The Effects of Age on the
Content-Specific Relationship

Between Episodic
Remembering and Episodic

Imagining
Amanda Yang
BLISS Fellow
Psychology, 2022

Psychology Department
Schacter Memory Lab
Advisors: Daniel Schacter, Preston Thakral

Several studies indicate that our ability to recollect past
events (i.e., episodic memory) and our ability to imagine
novel future events (i.e., episodic simulation) overlap with
respect to their cognitive and neural processes. Specif-
ically, according to the constructive episodic simulation
hypothesis (Schacter & Addis, 2007a, 2007b), episodic
memory allows access to episodic details (e.g., who, what,
when, where information) and the recombination of those
details into novel future events. A recent study conducted
by Thakral et al. (2018) demonstrated that the content of
specific episodic memories (e.g., people and locations) is
sampled when imagining future episodes. The purpose of
the current study is to extend the findings of Thakral et
al. (2018) by determining whether such a content-specific
relationship across episodic memory and simulation is ob-
served in older adults. Specifically, the current study seeks
to examine whether the decline in episodic memory and
simulation ability observed in older adults is due, in part, to
a reduction in content-specific access from memory. Both
younger adults and older adults are being recruited to par-
ticipate in this study. Participants initially recall episodic
memories that each contain two episodic details, a per-
sonally familiar location and person. Participants subse-
quently imagine novel future events, comprising recom-
bined details taken from different memories. For each
remembered and imagined episode, participants rate the
vividness of each detail in the event. Preliminary findings
in younger adults indicate that the vividness of the remem-
bered detail co-varies with the vividness of the simulated
detail. However, preliminary findings in older adults show
that they have a weaker relationship between the vivid-
ness of specific details across memories and simulations.
These findings suggest that the decline in episodic pro-
cessing observed in older adults reflects, in part, a lack of
access to specific detail information during episodic mem-
ory and simulation.

Long 19th Amendment
Suffrage Portal Database

Ciara Hervás
SHARP Fellow
History and Literature and Studies of Women, Gender, and Sex-
uality, 2021

Schlesinger Library
Advisor: Rachel Guberman

Professor Durba Mitra’s class, “Solidarity: Transnational
Women’s Rights from Suffrage to NGOs,” takes an in-
tersectional approach to the study of women’s and sex-
ual rights, beginning in the late nineteenth century and
working up to the present day. I am working with Pro-
fessor Mitra to develop the syllabus for the class, which
will be completed by the end of the summer. I am re-
searching archival materials at the Schlesinger Library and
determining which ones will be helpful for the course, as
well as searching for secondary source material through-
out the Harvard library system. The course will utilize
primary source materials from collections such as the Chi-
nese American Women’s Oral History Archive, the papers
of the Boston Women’s Health Book Collective, the pa-
pers of Charlotte Bunch, the papers of Pauli Murray, the
Feminist Ephemera collection, and the papers of Catharine
MacKinnon. Secondary source materials include, but are
not limited to, bibliographies on Black women’s transna-
tionalism, United States-based women of color organi-
zations working on issues related to war, women’s and
sexual rights in the context of indigenous histories in the
United States, and suffrage for women of color inside the
United States and transnational suffrage organizations out-
side the US The course aims to explore the diverse in-
ternational connections between individual feminists and
women’s and LGBTQ rights organizations, and the ways
that trends in the United States influenced rights around
the globe. Studying these relationships and the interac-
tions, scholarship, and events that they produced gives
us a more accurate historical record of the feminist and
LGBTQ movements as a whole, and broadens our under-
standing of the ways that these movements created lasting
cultural change in the United States and abroad.
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Studies of Women, Gender, and Sexuality

Solidarity: Transnational
Women’s Rights from Suffrage

to NGOs
Anna Kate Cannon
SHARP Fellow
History and Literature, 2021

Studies of Women, Gender, and Sexuality
Advisor: Durba Mitra

Professor Durba Mitra’s class, “Solidarity: Transnational
Women’s Rights from Suffrage to NGOs,” takes an in-
tersectional approach to the study of women’s and sex-
ual rights, beginning in the late nineteenth century and
working up to the present day. I am working with Pro-
fessor Mitra to develop the syllabus for the class, which
will be completed by the end of the summer. I am re-
searching archival materials at the Schlesinger Library and
determining which ones will be helpful for the course, as
well as searching for secondary source material through-
out the Harvard library system. The course will utilize
primary source materials from collections such as the Chi-
nese American Women’s Oral History Archive, the papers
of the Boston Women’s Health Book Collective, the pa-
pers of Charlotte Bunch, the papers of Pauli Murray, the
Feminist Ephemera collection, and the papers of Catharine
MacKinnon. Secondary source materials include, but are
not limited to, bibliographies on Black women’s transna-
tionalism, United States-based women of color organi-
zations working on issues related to war, women’s and
sexual rights in the context of indigenous histories in the
United States, and suffrage for women of color inside the
United States and transnational suffrage organizations out-
side the US The course aims to explore the diverse in-
ternational connections between individual feminists and
women’s and LGBTQ rights organizations, and the ways
that trends in the United States influenced rights around
the globe. Studying these relationships and the interac-
tions, scholarship, and events that they produced gives
us a more accurate historical record of the feminist and
LGBTQ movements as a whole, and broadens our under-
standing of the ways that these movements created lasting
cultural change in the United States and abroad.

Do Self-Defense Laws Protect
or HarmWomen?: Race, Class

and Gender in the Legal
System and its Effects on
Female Incarceration

Chihiro Ishikawa
BLISS Fellow
Sociology, 2021

Studies of Women, Gender, and Sexuality
Advisor: Caroline Light

Historical and anecdotal evidence suggest that women
who use guns and other forms of self-defense against their
largest statistical threat—their own male partners/exes—
are more likely than men to be held criminally liable. We
want to determine how many women incarcerated for vi-
olent offenses were actually trying to defend themselves.
By qualitatively analyzing two databases, we observe why
and how race, class, and gender intersect and affect the le-
gal system. By investigating qualitative data from 426 fe-
male perpetrated homicide cases, where suspect and vic-
tim were strangers, collected by the NVDRS (National Vi-
olent Death Reporting System), a national database, we
have discovered that approximately less than 5 qualify as
legitimate self-defense cases. This suggests that female
gun use is primarily offensive rather than defensive, dis-
proving the message expressed by gun-supporters that the
”good woman with a gun” is the optimal solution to gen-
der and sexual violence. We further investigate whether
the law protects the few cases that involve self-defensive
claims made by women. By collecting and coding le-
gal documentations of female perpetrated homicide cases
with the TCJC (Texas Criminal Justice Coalition) in Texas,
a state with one of the top ten highest female incarcera-
tion rates and a strong Stand Your Ground law, we aim to
identify self-defense cases and determine which result in
the defendant’s incarceration and which in acquittal. We
expect results to show that women are more likely to be
charged than men and pose the question of whether all
threats, including home intrusions or burglary must always
demand a lethal response. By shedding light onto the mul-
tidimensional intersectionality of violence, our research
aims to create a legal and publicly accessible database of
cases that speaks more to disadvantaged women in the le-
gal system.
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