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Uncovering Mechanosensory Adaptations in the Sugar Glider Patagium 
Ares Alivisatos 

Advisor: Ricardo Mallarino 
 

Powered flight in vertebrates, such as that displayed by bats and birds, is supported by a specialized 

somatosensory system that is integrated with mechanosensory feathers or hairs on the wings. This 

system senses airflow, thereby allowing animals to efficiently control their movements during flight. 

Unpowered flight, or gliding, has been hypothesized as an intermediary form in the evolution of 

powered flight. However, whether gliding in mammals is similarly supported by mechanosensory 

specialization remains unknown. Recently, we discovered hair rows on the gliding membrane (patagium) 

of the marsupial sugar glider (Petaurus breviceps) that are reminiscent of organized somatosensory 

hairs in bats. Here, we investigate whether the sugar glider patagium bears signatures of 

mechanosensory specialization. We answer this question by first performing a differential expression 

analysis of sugar glider patagium skin compared to shoulder skin. Using RNA-seq and gene ontology, we 

identified several key upregulated patagium genes involved in the function and development of the 

mechanosensory hair-associated Merkel cell / LTMR complex, including Piezo2, Ntrk2, and Ntrk3. Next, 

we used a weighted gene correlation analysis (WGCNA) to begin to uncover a putative gene regulatory 

network controlling the expression of mechanosensory genes during patagium development. Together, 

these results reveal that the patagium bears signatures of mechanosensory specialization through 

redeployment of the same ancestral developmental programs used to produce analogous 

mechanosensory structures. 

 
An Epidemiological and Health Policy Analysis of COVID-19 in the United States 

Aman Andemichael 
Advisor: Lynn Enquist 

 

The COVID-19 pandemic has affected the entire world since November of 2019. The disease, and its 

virus, SARS-CoV-2, have forced economies to shut down, people to stay at home, and overload our 

health care system. Because of its novelty, much is still not known about the pathology and 

epidemiological trajectory of this disease. Thus, my senior thesis aims to analyze the existing literature 

of COVID-19 to address questions that still remain, with specific focus on the United States response to 

the pandemic. In particular, I plan to focus on accessing the national public health response, monitoring 

the vaccine administration progression, and addressing disparities in health outcomes. I plan to use a 

combination of theoretical and experimental approaches to determine the most critical factors in 

controlling the spread of this pandemic. Using information provided by COVID-19 tracking projects, I 

provide predictive models for US cases and death totals leading into the summer of 2021, theoretical 

models for how many US deaths could have been prevented, and policy guidelines to improve our 

current public health infrastructure. I conclude that in order to prepare for any future pandemics, there 

must be coordination on the federal, state, and local levels, with a top-down approach in leadership. In 

addition, there needs to be initiative to truly improve our public health infrastructure and promote 

health equity. Future research should study the long-term ramifications of COVID-19 in both the US and 

the world as a whole, along with creating policy to improve our public health system in an event of any 

future pandemics. 



The Therapeutic Potential of Muscle-Derived Stem Cells for the Treatment of Severe Sports-Related Muscle Injuries 

Annie Anezakis 
Advisor: S. Jane Flint 

 
Although muscle injuries are among the most common injuries sustained during sports activity, the current options 

for their treatment are insufficient in promoting the full structural and functional recovery of the muscle. To this 

end, the possible use of stem cell-mediated therapy to enhance the overall healing process of damaged muscle has 

gained increasing attention in sports medicine research. A recently discovered population of adult stem cells 

known as muscle-derived stem cells (MDSCs) are of particular interest for applications in regenerative medicine 

and tissue engineering. These novel stem cells, which are predecessors to satellite cells, are derived from the 

skeletal muscle and demonstrate a remarkable ability to undergo multilineage differentiation, long-term 

proliferation, and self-renewal. In this review, pre-clinical and early phase clinical trials that tested the regenerative 

capacity of MDSCs in several musculoskeletal conditions are assessed in order to provide an evaluation of the 

therapeutic potential of MDSCs for the treatment of severe sports-related muscle injuries. Evidence of the 

contribution of MDSCs to the muscle healing process is provided, particularly in their ability to promote myofiber 

regeneration, revascularisation, and reinnervation whilst simultaneously reducing fibrosis within the injured 

muscle. The overall findings of this review should encourage further research into the use of MDSCs for the 

development of new biologic treatments to enhance regeneration and repair following severe muscle injuries in 

sport. 

 

Investigating a Link Between CrvAB and Bacterial Pathogenesis Across Vibrio Species 
Moses Awofolaju 

Advisor: Zemer Gitai 
 

Bacteria have evolved distinct cell structures that confer advantages and dictate new functions. For example, the 

curved-rod shape of the pathogen, Vibrio cholerae, has been shown to promote its ability to cause the cholera 

disease. CrvA and CrvB are proteins that induce cell curvature within V. cholerae. These proteins are homologous, 

except for CrvB containing a unique CrvB-specific (CBS) domain. Each Crv protein contains a signal sequence, two 

coiled-coil domains, and a PEGA-like domain. Previous literature has confirmed that these Crv proteins are capable 

of inducing curvature in other non-curved bacterial species. However, previous work has not completely 

established a link between Crv protein-induced cell curvature and virulence in other bacterial species. In this 

paper, the established link between V. cholerae curvature and pathogenesis is investigated further by shifting 

focus towards the evolutionary conservation of CrvA and CrvB across clinically isolated pathogenic and non-

pathogenic Vibrio species. In addition, we also observed the sequence distribution of crucial determinants of 

cholera pathogenicity among those species. The differences in CrvA and CrvB amino acid sequences across Vibrio 

species were quantified using alignment-based and alignment-free sequence analysis methods. We were able to 

identify patterns supporting the role of Crv proteins in pathogenesis. This paper provides evidence supporting the 

hypothesis of Crv proteins being evolutionarily consistent markers of bacterial pathogenesis. 

 

How Do Coral Reefs Respond to Climate Change? Investigating the Role of Symbiodiniaceae Community 
Composition on Coral Performance Under Long-Term Exposure to Warming and Acidification 

Janaya Bruce 
Advisor: Jose Avalos (Princeton) and Robert Toonen (Hawaii Institute for Marine Biology) 

 

Coral reefs are one of the most biodiverse and ecologically important ecosystems on the planet, but 

they are increasingly threatened by ocean acidification and warming. Changes in environmental factors 

can cause the coral to expel their endosymbiotic community of single-celled dinoflagellates (family: 



Symbiodiniaceae), leaving them more vulnerable to disease and mortality. One proposed method 

through which coral can acclimatize to the fluctuations in ocean temperature is by shuffling their 

Symbiodiniaceae community compositions to increase the relative proportions of temperature-tolerant 

symbionts. However, the effects of ocean acidification on Symbiodiniaceae community compositions are 

still unknown. Here, I present data from a two-year mesocosm experiment investigating the effects of 

long-term exposure to ocean acidification and warming on Symbiodiniaceae community composition in 

eight common species of Hawaiian coral. Coral were collected from six geographically distinct locations 

around O’ahu and exposed to predicted end-of-century temperature and pH conditions for two years. 

Next Generation Sequencing (NGS) of the ribosomal internal transcribed spacer 2 (ITS2) region of the 

Symbiodiniaceae provided detailed insight into the distinct symbiont types and the changes in 

community composition resulting from environmental stressors. Our findings indicate that temperature 

is a more significant driver of changes to the Symbiodiniaceae community compositions than pH in 

Hawaiian corals. We additionally demonstrate that the changes in symbiont communities in response to 

experimental temperature and pCO2 conditions arise from the shuffling of current symbionts and the 

incorporation of novel symbionts from the environment, which has implications for future coral 

resilience against climate change. 

 

Toward Accurate and Precise Quantification of Protein Copy Number on a Genome-Wide Scale 
Donovan Cassidy-Nolan 
Advisor: Martin Wuhr 

 

Global measurements of protein copy number on a genome-wide scale can help answer fundamental 

questions in biology and medicine. Mass spectrometry (MS)-based proteomics is an effective tool for 

identifying thousands of proteins in biological samples. However, quantifying the absolute abundance of 

proteins in complex samples remains very challenging: typical measurements exhibit 2-fold median 

error. The key obstacle to accurate quantification is that a protein’s MS signal is weakly linked to its 

sample abundance. Nonetheless, protein MS signals can be converted to absolute abundance using a 

power-law. While the origins of this power-law are unclear, it emerges consistently with a well-validated 

protein standard. Despite these findings, many researchers still assume a linear relationship to infer 

protein abundance from MS signal. Through Monte Carlo simulations of the proteomics data generating 

process, I demonstrate why these measurements follow a power law. In order to improve current 

methods of protein quantification, I first designed experiments to quantitatively reconstruct the 

proteomics data generating process, from sample preparation to the observed MS signals. Hence, I show 

how a power law emerges directly from the data generating process. I leveraged these new insights to 

construct a Bayesian model of the data generation pipeline. Bayesian inference yields estimates of the 

most probable protein abundance, given the observed peptide signal distribution. With simulated data, 

my new Bayesian approach yields more accurate predictions of protein abundance, with confidence 

intervals for each protein. The insights and new model developed here hold promise to reduce the 2-

fold median error associated with quantification of absolute protein abundance. Further, Bayesian 

modeling offers a systematic way to capture the uncertainty in absolute protein measurements. Taken 

together, these insights and tools will enable the quantification of genome-wide protein copy numbers 

more precisely and accurately than ever before, shedding light on unanswered questions in basic 

systems biology.  



 

 
Stressed Out of Their Minds: The Effects of Chronic Stress on the Hippocampal DNA Methylome in Mice 

Jaeyoon Cha 
Advisor: Daniel Notterman 

 

Chronic stress is a well-established risk factor for the development of neurodegenerative diseases. The 
hippocampus is uniquely susceptible, as evidenced by impaired adult neurogenesis in the dentate gyrus 
in individuals with high exposure to stress. While accumulating research suggests that repeated stress 
alters gene expression profiles in pathways for neural proliferation, the underlying mechanisms which 
drive these changes remain to be elucidated. As an environmentally-sensitive epigenetic modification 
that regulates gene expression without altering the genetic code, DNA methylation offers a logical lens 
to investigate the interplay between chronic stress and its biological manifestations on the 
hippocampus. I analyzed changes to the hippocampal methylome, relative to controls, of tissue derived 
from mice subjected to two models of stress: subcutaneous injection of the glucocorticoid stress 
hormone corticosterone (CORT) and forced chronic restraint stress (CRS). I found that CORT treatment is 
not associated with differential methylation and thus exogenous administration of stress hormone alone 
may not sufficiently mimic the chronic stress response in the hippocampus. Conversely, the 
hippocampus of animals under CRS displayed a significant decrease in methylation. This 
hypomethylation was observed both globally and in regulatory regions of genes implicated in multiple 
levels of gene regulation, pathways of neural proliferation, and Alzheimer’s disease. I additionally 
identified hypomethylation in a constellation of genes which contribute to autophagic cell death of 
neural progenitor cells. Together, my results present initial evidence that stress-associated changes to 
DNA methylation may fill the explanatory gap between chronic stress, reduced adult neurogenesis, and 
neurodegenerative disease. 
 

Investigating the Role of the Tetracycline Resistance Gene tetX in the Human Gut Microbiome 
Nisha Chandra 

Advisor: Mohamed Donia 
 

The widespread clinical and agricultural use of tetracycline antibiotics has led to the global rise of 

tetracycline resistance genes in bacteria. Recently, enzymatic inactivation of tetracycline has emerged as 

a novel and particularly powerful resistance mechanism. TetX, one such tetracycline-inactivating 

enzyme, acts as an oxygen-dependent destructase which degrades tetracycline. The tetX gene has been 

found to be present and expressed in the human gut microbiome, which may contribute to the spread 

of antibiotic resistance in clinical settings. However, the role of tetX in the gut environment is still 

unclear, given that the gut contains little to no oxygen. In order to address this paradox and evaluate 

whether intestinal TetX poses a threat to clinical antibiotic use, we examine the role of TetX in the 

human gut. Using a diverse metagenomic sequencing dataset, we first confirm the widespread 

prevalence and abundance of tetX in the human gut microbiome. We next show that tetX is found in a 

wide variety of bacterial taxa in the gut and is often found near mobile genetic elements, indicating that 

it may be easily genetically transferred between bacteria residing in the gut and pathogens passing 

through the gut. Finally, we report that the most common intestinal TetX variant is able to confer 

resistance to tetracycline in both aerobic and microaerophilic conditions. The ability to confer resistance 

in a microaerophilic environment could explain why the tetX gene is widely maintained in the human 

gut, as the gut may have microaerophilic areas containing bacteria that can use TetX to survive exposure 

to tetracycline. Because the TetX variants in the human gut microbiome are widely distributed, easily 



transferred, and active enzymes, we conclude that they will likely contribute to the global spread of 

tetracycline resistance among pathogens, which would be clinically devastating. By proactively 

characterizing the dissemination and function of antibiotic resistance genes found in the gut, we hope to 

minimize their future clinical impact. 

 
 

Let’s Get It Straight: scRNAseq Reveals Motile Ciliated Cell Types Involved in Adolescent Idiopathic Scoliosis 
Pathogenesis 
Ashley Chang  

Advisor: Rebecca Burdine 
 

Adolescent idiopathic scoliosis (AIS), a condition in which spinal curvatures appear spontaneously in the coronal 

plane, afflicts a significant population of growing adolescents worldwide. Despite this prevalence, it has been 

difficult to develop preventative and curative treatments because the underlying causes of these spinal deviations 

remain largely unclear. Human genetic studies have identified multiple AIS-associated genes, several of which have 

been implicated in the formation and function of motile cilia. Zebrafish mutants with defective motile cilia also 

have AIS-like phenotypes, suggesting that motile ciliated cells are critical for regulating spinal development. A 

promising theory has since emerged explaining that curves arise following dysfunction in the motile cilia of 

ependymal cells (ECs), glial cells that line the brain ventricles and spinal canal and use their motile cilia to direct 

cerebrospinal fluid (CSF) flow. This idea has been supported by the observations of irregular CSF trajectories in AIS 

patients and sparse EC motile cilia and abnormal CSF flow in adult zebrafish with motile cilia mutations. However, 

EC motile cilia function and associated CSF flow were not examined during critical juvenile stages when AIS 

typically appears, and the applicability of this model to human AIS remains unclear. This study therefore aimed to 

further explore the relationship between cilia motility and spinal straightness by using single-cell RNA sequencing 

to uncover the heterogeneity of cell types harboring motile cilia specifically during juvenile stages of typical 

scoliosis onset. Remarkably, no ECs were present in 21 dpf juvenile fish. Radial glia, which are precursors to 

neurons and glia, were instead revealed to be the primary cell type with motile cilia at this time point. Data from 

late larval fish at 15 dpf also showed the absence of ECs and the likely presence of motile cilia on glia progenitors 

and to a lesser extent on radial glia, further suggesting a role for radial glia motile cilia in juvenile spinal 

development. Several AIS-associated genes were also not expressed in radial glia, implying that there may be 

multiple mechanisms contributing to spine linearity outside of motile cilia function. Altogether, these findings 

indicate that EC motile cilia-driven CSF flow may not be as critical to spine linearity during typical AIS onset as 

previously thought. The mechanisms through which radial glia contribute to spinal development remain to be 

determined, pointing toward new avenues for AIS research that may eventually lead to novel therapeutic 

treatments for individuals afflicted with AIS. 

 

Developing ProVis, a proteomic visualization tool for rapid visualization and analysis of complex proteomic 
datasets, to study DNA sensing against viral infections 

Emily Cheng 
Advisor: Ileana Cristea  

The application of proteomic approaches to study viral infection has provided significant insights into 

the viral replication cycle, host antiviral and immune activity, and viral mechanisms to inhibit host 

defenses. Using mass spectrometry, protein expression levels and protein-protein interactions during 

viral infections can be readily uncovered. The coupling of this information with biochemical assays can 

further provide insights on viral infections across space and time. However, the output of most 

proteomic search algorithms are inherently complex datasets containing thousands of proteins that can 



be difficult for both novice and experienced users to understand. Furthermore, these proteomics 

datasets are often obtained from experiments carried out in various conditions (e.g., infection types) 

and organisms, and cross-comparisons and data analysis can be time-consuming. To address this need, I 

developed ProVis, a proteomic visualization tool that integrates temporal proteomics data collected 

from different experimental contexts. With ProVis, users are able to easily search for proteins of interest 

and rapidly visualize temporal alterations in protein abundances. I applied ProVis to analyze the 

proteomes of cells infected by the doublestranded DNA virus herpes simplex virus 1 (HSV-1). First, to 

demonstrate the utility of this tool, I replicated the results from a previous publication on the proteome 

alterations in cells during infection by various HSV-1 strains. Next, to provide additional insight into the 

cellular mechanisms in place to combat viral infections, I applied ProVis with a new dataset investigating 

a class of anti-viral proteins called DNA sensors, which can detect viral DNA to initiate an anti-viral 

response. Among these is the interferon-inducible protein IFIX, which has recently been characterized as 

a sensor of foreign DNA in the nucleus. Given the limited research on IFIX as a nuclear DNA sensor, I 

performed a preliminary examination v with ProVis of the temporal proteome alterations in IFIX-

deficient cells, and I uncovered several interferon-induced proteins that are downregulated in the 

absence of IFIX and thus warrant further study. Overall, this thesis describes a new computational tool 

to analyze proteomics datasets and generate hypotheses for further experimentation. 

 
 

Investigating the Function of LuxT: A Quorum-Sensing Transcription Factor in Vibrio species 
Maressa Cumbermack 

Advisor: Bonnie Bassler 
 

Bacteria coordinate population-wide gene expression using a cell-cell communication process called quorum-

sensing (QS). QS involves the production, release, and group-wide detection of small molecules called 

autoinducers. In the model marine bacterium Vibrio harveyi, the QS regulatory system relies on the production of 

five small regulatory RNAs (Qrr1-5) that are produced at low cell density when autoinducer concentrations are low. 

Recently, the Bassler group identified LuxT as a transcriptional repressor of qrr1, encoding one of the Qrr sRNAs. 

The possibility that LuxT regulates genes in addition to qrr1 has not been investigated. This thesis aims to further 

the understanding of the role of LuxT through primary literature research regarding QS and LuxT and analysis of 

transcriptomic studies. RNA-Sequencing data revealed that LuxT regulates 264 genes in V. harveyi, including genes 

necessary for type III secretion, type VI secretion, siderophore production, and production of the aerolysin pore-

forming toxin, all of which are known virulence factors in Vibrio bacteria. These results demonstrate that LuxT is a 

global regulator in V. harveyi and the findings highlight the interconnected relationship between QS and virulence. 

Because LuxT is conserved among Vibrios, it is predicted that LuxT regulates the same behaviors in other species, 

including in the human pathogens Vibrio cholerae, Vibrio parahaemolyticus, and Vibrio vulnificus. Thus, this study 

is particularly relevant to public health initiatives that aim to develop novel therapies for combating bacterial 

diseases and address the antibiotic resistance crisis. 

 

 

 

 



Internet Derived Health Information About Pre-Exposure Prophylaxis (PrEP) for Human Immunodeficiency Virus 
(HIV) Prevention in Adolescents: A Qualitative Analysis of HIV Prevention Health Information Found Online 

Kaja Darien 
Advisor: Lynn Enquist 

 

Adolescents and young adults comprise a large number of new HIV diagnoses, suggesting that HIV 

prevention methods should also aim to include this population to reduce the number of new diagnoses. 

Adolescents and young adults are also large consumers of technology and likely turn to internet 

resources for health topics they may not feel comfortable discussing with their medical providers. It is 

important that the information produced from these searches is educational and accurate so that 

informed health decisions can be made. The objectives of this study were to determine whether reliable 

and accurate information can be found using web search engines and virtual assistants as well as to 

assess the readability of the resulting information for intended audiences. Google web search engine 

and Google Assistant produced PrEP information of higher quality than the other search engines and 

virtual assistants used. However, the internet derived information about PrEP for HIV prevention using 

web search engines and virtual assistants is only partially accurate and generally fails to provide useful 

information to potential users. Additionally, the resulting information generally was presented in 

language at an eighth-grade reading level. A large list of questions was narrowed down to 23 and posed 

to the following search engines: Ask.com, Bing, Google, and Yahoo and the following virtual assistants: 

Amazon Alexa, Microsoft Cortana, Google Assistant, and Apple Siri. The first five results from search 

engines and virtual assistant web references as well as virtual assistant transcripts were recorded and 

coded using a six-tier scale to assess the quality of information produced. The results were also entered 

in an online web-tool that determined the information readability using the Flesch-Kincaid Grade Level 

Scale. Future HIV prevention methods should focus on the ease of accessing information in addition to 

offering information in a way that is more comprehensible for adolescents and young adults as well as 

other populations. 

 

Racial Disparities in America: A Case Study of the American Healthcare System 
Millicent Darko 

Advisor: Daniel Notterman 
 

Previous research has established that Black Americans disproportionately suffer from a variety of 
health conditions. Many of these racial health disparities, such as those seen in asthma morbidity and 
mortality rates, have biological, environmental, and socioeconomic antecedents. Therefore, I conducted 
a candidate gene study that focused on asthma in order to explore the biological contributions to the 
health disparity, the results of which were inconclusive. In order to examine the other determinants of 
broader health disparities, I conducted a literature review of the socioeconomic factors that influence 
experiences in healthcare. I determined that specific factors including access to healthcare, patient-
physician interactions, and patient satisfaction are characteristics of patient experience. Given the 
ongoing COVID-19 pandemic, I applied my findings to the experience of Black Americans and the 
ongoing coronavirus vaccination effort by surveying 1,070 Black Americans about their experiences with 
the U.S. healthcare system. The results showed that healthcare access and utilization are strong 
predictors of the intent to receive the vaccine (p<.05). Therefore, measures should be taken to increase 
healthcare access to medically underserved populations. Proposed solutions include increasing the 



patient-to-physician ratio in these areas, expanding the use of telehealth services, and allocating more 
funds and updated medical equipment to community health centers. 
 
 

Shared Epigenetic Etiology Underlying Autism Spectrum Disorder and Schizophrenia 
Kailey Dubinsky 

Advisor: S. Jane Flint 
 

Schizophrenia and autism spectrum disorder (ASD) are two common neurodevelopmental disorders that 
are associated with severe disability and reduced quality of life. Research has demonstrated a number of 
parallels in both the symptomology and pathology of ASD and schizophrenia, including cognitive and 
social deficits, delusions, immune irregularities, and decreased brain volume. Moreover, while a 
multitude of studies have examined the genetic underpinnings of both disorders, mutations alone 
cannot account for the complexity of disease pathology nor the extensive similarities observed between 
both disorders. To this end, this thesis aims to elucidate the similarities in epigenetic abnormalities 
which characterize ASD and schizophrenia. First, I make the case that abnormal histone acetylation and 
methylation patterns contribute to both pathologies, focusing in particular on the role of H3K4 
methylation. Then, I characterize the DNA methylome landscapes in ASD and schizophrenia, building the 
argument that aberrant epigenetic modifications are a large contributor to immune system dysfunction 
and disruption of GABAergic pathways. In addition, I suggest a specific epigenetic mechanism by which 
abnormal RELN expression may be linked to maternal immune activation. Finally, I discuss the general 
contribution of non-coding RNAs to schizophrenic and ASD pathology, arguing for improved 
presentation of data within the existing literature and pointing out gaps in our current understanding. 
The compilation and analysis of existing research– as accomplished by this thesis– represents a 
necessary first step in generating a holistic understanding of the shared epigenetic etiologies in ASD and 
schizophrenia. 
 
 

UNCOVERING THE MULTIFACETED FUNCTIONS OF SIRTUIN 2 IN HUMAN HEALTH AND DISEASE 
Julia Edgar 

Advisor: Ileana Cristea 
 

SIRT2 is a cytoplasmic NAD+-deacetylase that regulates a diverse range of substrates and cellular processes 

through post-translational modifications. The extensive enzymatic functions of SIRT2 leads it to have important 

implications for human disease, including in cancer, neurodegenerative disease, and metabolic disorders. Recent 

work has found that SIRT2 also plays a role during viral infection, as inhibition of SIRT2 deacetylase activity was 

shown to suppress hepatitis B virus (HBV) replication. However, SIRT2 has not been studied in the context of other 

viral infections. Our group has previously demonstrated that throughout human cytomegalovirus (HCMV) 

infection, the viral and host proteomes are dynamically acetylated in order to regulate both host defense 

responses and viral replication. These findings suggest that SIRT2 deacetylation activity may contribute to HCMV 

replication. In chapter one, I review the substrates and enzymatic functions of SIRT2, highlighting its deacetylase, 

lipoamidase, deacylase, debenzoylation, and de-4-oxnononanoylation activities. Additionally, I summarize the 

significance of SIRT2 and its potential as a therapeutic target to treat two prominent human health concerns: 

neurological disorders and infectious disease. In chapter 2, I investigate how the inhibition of SIRT2 deacetylase 

activity impacts HCMV infection using the specific SIRT2 inhibitor, AGK2. Using molecular virology techniques and 

quantitative proteomics, I establish that inhibition of SIRT2 is antiviral and can effectively attenuate HCMV 

replication. Additionally, I discover that SIRT2 localizes to the cytoplasm throughout HCMV infection. By 

investigating temporal protein abundance changes and SIRT2 protein interactions, I provide insights into the 



underlying mechanisms of the antiviral activity of SIRT2 inhibition during HCMV infection. Altogether, this study 

identifies the antiviral properties of the SIRT2 deacetylase inhibitor, AGK2, and its potential as a therapeutic 

avenue for treating HCMV infection. 

 

Investigating the Conservation of BamA in Gram-Negative Bacteria 
Eden Efrem  

Advisor: Thomas Silhavy 
 

Gram-negative bacteria, such as Escherichia coli, have a strong outer membrane (OM) permeability barrier which 

prevents antibiotics from reaching intracellular targets. This barrier contributes to the lack of antibiotics that target 

Gram-negative bacteria. However, a new approach to develop drugs against this class of microbes is to target 

BamA, a surface-exposed protein and an essential part of the BAM complex, which bypasses the need to penetrate 

the OM. Previous experimental work has identified functionally important parts of BamA such as β1 strand, β16 

strand, extracellular loop 6 (eL6), and amino acids E470, A499, A496, F494, G655, G771, and E373. This thesis 

aimed to analyze the conservation of these important segments of BamA in 42 species of proteobacteria, a major 

phylum of Gram-negative bacteria, by using a multiple sequence alignment. Additionally, this study investigated 

the evolutionary pressure on BamA in clinical isolates and environmental isolates of E. coli and Salmonella. The 

results show that some proteobacteria species and classes have different BamA sequences in comparison to that 

of E. coli. Finally, BamA is shown to be highly conserved in clinical and environmental isolates and did not mutate 

due to evolutionary pressure. Further understanding of BamA function and conservation can offer effective new 

targets for the development of novel antibiotics against Gram-negative bacteria. 

 

A Commercialization Pathway for RAPID 1.0 – A Novel Diagnostic Platform 
Niko Fotopoulos 

Advisor: Jeffry Stock 
 

The COVID-19 pandemic has revealed infrastructure issues already present in diagnostic testing. Diagnostics 

remain costly and largely inaccessible to large segments of the American public. Increased innovation in this 

industry is a must to provide a new age of at-home, low-cost diagnostic technology options. The de la Fuente Lab 

at the University of Pennsylvania has created a low-cost and highly accurate diagnostic platform using novel 

electrochemical detection methodologies. This thesis provides a commercialization plan for Professor de la 

Fuente’s breakthrough approach to diagnostic testing. I detail a path to market for the technology’s first target for 

COVID-19 and a plan to extend this technology to other diseases. This begins with a strategy for a series of 

scientific validation studies that are required for FDA approval for the SARS-CoV-2 diagnostic. Further regulatory 

strategy is offered to adapt the platform to bacterial STDs, the first diagnostics to be created from this platform 

technology after the pandemic, along with a business plan to reach these markets both domestically and 

internationally. A development plan is clearly outlined to provide the estimated costs for each milestone of 

development, along with strategic partnerships to most quickly bring this device to market. 

 

 

 

 

 



Fracking in the Fragile Families Cohort: DNA Methylation, Telomere Length, and Health 
Hannah Freid 

Advisor: Daniel Notterman 
 

Hydraulic fracturing (fracking) is a method for oil and natural gas drilling from rock, which has become 

common in the U.S. This process involves potentially dangerous chemical contamination and pollution, 

among other possible disruptions. Limited research has shown negative health consequences for those 

residing near a fracking well site, though potential long-term risks and cellular-level impacts are not 

well-known. Using data from the Fragile Families and Child Wellbeing Study, I explored the effects of 

living near a fracking well on health, DNA methylation, and telomere length. I find fracking exposure to 

be associated with visiting a physician for illness and reporting respiratory symptoms. I demonstrate 

that these health associations are observed in individuals living up to 10 km from a fracking site. I 

observe wide-ranging alterations in DNA methylation after fracking exposure, finding multiple 

differentially methylated sites and regions associated with living near a fracking well. These differentially 

methylated sites are associated with a variety of biological pathways and processes, many of which are 

involved in cancer and development. While I do not find methylation age to be associated with fracking 

exposure, those reporting respiratory issues and residing near a fracking well have increased epigenetic 

aging. Telomere length was not found to be significantly associated with fracking exposure, though a 

moderate trend was observed, warranting further research. I find that genetically-moderated 

differences in xenobiotic detoxification are a risk factor for health effects associated with fracking 

exposure. The results of this work suggest that living near a fracking site is not only associated with 

adverse health outcomes but also with epigenetic alterations. Further research must be done to explore 

these associations and better determine safer fracking site setback distance rules. 

 

Dual Perspectives of Innate Immunity: Investigation of Interferon Signaling Requirements & Characterization of 
Antagonism by RNA Viral Proteases 

Emma Guare 
Advisor: Alexander Ploss 

 

Humans and viruses have long engaged in an evolutionary arms race. As cells detect viruses and produce 

interferons (IFNs) to stop them, many viruses utilize their virally encoded proteases to impair IFN production, 

among various other strategies. The aims of this thesis were twofold. First, the way in which multiple type I or III 

IFN subtypes elicit different signaling outcomes via their respective receptors is poorly understood. We 

investigated the requirement for tyrosine kinase 2 (TYK2) in type I and III IFN signaling by testing the ability of IFN 

subtypes to signal in CRISPR/Cas9-mediated TYK2 knockout cells. We found that TYK2 was dispensable for type III 

IFN signaling but was differentially required across type I IFN subtypes. To investigate mechanisms by which IFN 

signaling occurs in the absence of TYK2, we built chimeric IFN receptors capable of homodimerizing. We observed 

that homodimers of IFNAR2 (type I) or IFNLR1 (type III) phosphorylated STAT1 to different levels. Our results 

suggest that utilization of TYK2 and differences within the receptor subunits themselves may contribute to 

differential type I and III IFN signaling. The second part of this thesis aimed to characterize how the hepatitis E virus 

(HEV) open reading frame 1 (ORF1) protein harboring a putative protease domain antagonizes the innate immune 

system by comparing it to the known antagonizing abilities of proteases of several other RNA viruses. To do so, 

three pathways of IFN induction were stimulated in the presence of HEV ORF1 or other RNA viral proteases, and 

the expression of IFNs and IFN-stimulated genes was measured by RT-qPCR. We found that HEV ORF1 exhibited 

broad innate immune antagonism and the virally encoded proteases of West Nile virus, dengue virus, and hepatitis 



C virus demonstrated both expected and novel methods of antagonizing the innate immune system. This work not 

only contributes to a more complete understanding of HEV biology, but the study of innate immunology and its 

applications to virology also provide new avenues for potential broad-acting therapeutics against existing and 

emerging viruses. 

 
Characterizing Epiblast and Primitive Endoderm Cell Sorting in Pre- Implantation Embryos via Live Imaging 

Rohan Gupta 
Advisor: Eszter Posfai 

In the preimplantation mouse embryo, the inner cell mass (ICM) stochastically differentiates into 

Epiblast (EPI) and Primitive Endoderm (PE) cells which in turn will develop into cells that build the body 

of the embryo and the yolk sac, respectively. These two cell types then sort themselves into two distinct 

compartments prior to implantation, which is essential for correct development. While it is known that 

the sorting process occurs between the E3.5 and E4.5 stages, very little is known about the mechanisms 

of EPI and PE cell sorting. This lack of knowledge is in part due to limited tools available to visualize it. 

For my senior thesis research, I wish to use fluorescent reporter embryos in conjunction with live 

imaging using light sheet microscopy to answer key questions behind EPI/PE sorting, such as: how is 

sorting initiated? Does a threshold number of EPI or PE cells need to be differentiated for sorting to 

start? Is a specific threshold of nuclear marker expression needed for sorting to occur? Do PE cells closer 

to the lumen sort earlier than PE cells farther away? Do both EPI and PE cells sort or do PE cells sort to 

form the layer around the lumen? Do cells move in a continuous beeline to their final positions? 

Characterizing the start and dynamics of EPI and PE cell sorting will be a crucial foundation for 

understanding the mechanisms which regulate this important process. 

 
 

Automated Analysis of Embryonic Hair Follicle Phenotypes 
Gabriela Hayward-Lara 

Advisor: Danelle Devenport 
 

Planar Cell Polarity (PCP) regulates alignment and long-range coordination of cellular structures and collective cell 

behaviors in diverse processes during development and in disease conditions. One such process is the polarization 

and alignment of hair follicles on the mammalian skin; this system provides an excellent model to study PCP 

coordination as there are thousands of hair follicles distributed across the skin, providing an accessible and easily 

visualizable readout of PCP function. In many PCP mutants, hair follicle phenotypes change over the course of 

development and early postnatal stages, occasionally even correcting to a near-wildtype phenotype. Thus, 

following hair follicle phenotypes over the time course of development is essential to understanding the subtleties 

of disruptions to the PCP pathway. While some tools exist to automate analysis of postnatal hair follicle 

orientations, no such a tool currently exists for embryonic skins. In addition, no currently available tool is able to 

assign a 360° vector of polarization to hair follicles at any stage; rather, current analysis relies on a 180° axis of 

alignment or manual measurements. Here I present a new tool, ARTICHOC (Automated Recognition of Two 

Immunostains to Compute Hair follicle Orientation and Coordination), an automated tool that assigns a 360° angle 

to hair follicles in the embryonic skin. ARTICHOC analyzes stitched images covering the full skin of an embryo and 

generates intuitive plots to easily differentiate hair follicle phenotypes with full spatial resolution. Using ARTICHOC, 

I analyze the embryonic phenotype and genetic interactions of a novel mutation affecting global coordination of 

hair follicle alignment and provide support for the hypothesis that this mutation represents a hypomorphic allele 

of a core PCP pathway component. 



 

Type 1 diabetes mellitus (T1DM):  A Review 
Nardeen Khella 

Advisor: Elizabeth Gavis 
 

Type 1 diabetes mellitus (T1DM), also known as insulin-dependent diabetes, is a metabolic disease marked by 

increased blood glucose, hyperglycemia, following the destruction of insulin-supplying pancreatic β-cells within the 

islets of Langerhans.  T1DM etiology is not fully resolved, however it is clear that a combination of genetic and 

environmental factors trigger T-cell mediated β-cell-targeted autoimmunity and contribute to disease progression.  

T1DM constitutes about 5%–10% of all cases of diabetes and is the most common form of diabetes among children 

and young adolescents.  The global trend of increasing prevalence highlights the need for improving our 

understanding of T1DM.  The majority of T1DM patients are diagnosed during the symptomatic stage of disease 

when 80% to 90% of β-cell mass has been destroyed, making intervention or reversal of disease extremely 

challenging.  Hence, there is a growing need for prognostic biomarkers that would allow for early detection of 

disease before or during pre-symptomatic stages.  Although lifelong exogenous insulin therapy can be effective in 

regulating glucose homeostasis to reduce the effect of hyperglycemia on organ and metabolic functions, there is 

no effective disease-modifying cure available for T1DM.   Therefore, efforts for early prevention and intervention 

in disease progression are crucial to improving disease outcomes.  This review examines T1DM on molecular, 

cellular, organismic, and population scales with special emphasis on diagnostic and prognostic markers. 

 

ANALYZING HIV-1 CURE STRATEGIES AND RESERVOIR QUANTIFICATION METHODS 
David Kim 

Advisor: S. Jane Flint 
 

Although antiretroviral therapy (ART) can effectively prevent HIV-1 replication in infected hosts, the 
maintenance of a stable reservoir of proviral DNA, localized mostly to resting CD4+ T cells, prevents 
complete eradication of the virus. As a result, numerous researchers have attempted to design an 
effective and safe cure strategy to either eradicate the HIV-1 reservoir (a “sterilizing” cure) or achieve 
virologic control in the absence of ART (a “functional” cure). Two of the most prominent strategies that 
have emerged are the “shock and kill” and “block and lock” strategies, which aim to achieve a sterilizing 
and functional cure, respectively. Regardless of the approach, achieving a viable cure strategy will 
require a consensus on how best to identify and quantify the composition and size of the viral reservoir, 
a consensus which has not yet been reached. In this thesis, I first present an overview of the diverse 
composition and behaviors of HIV-1 reservoirs, as CD4+ T cells only represent a portion of the total 
reservoir. This then informs my analysis of the utility, relevance, and implications of numerous HIV-1 
assays as they relate to the aforementioned cure strategies. Subsequently, I assess the efficacy of 
established and developing “shock and kill” and “block and lock” cure approaches, with the goal of 
determining the most plausible and reasonable next steps for HIV1 cure research. I propose a more 
comprehensive, multi-faceted, and standardized approach to reservoir quantification, which I claim is 
essential to accurately measuring the efficacy of HIV-1 cure strategies in clinical studies. I also find that 
the “block and lock” strategy is a more feasible approach to an HIV-1 cure compared to the “shock and 
kill” strategy, though the current data demonstrate a need for further refinement of the approach. 
Taken together, my thesis further emphasizes the need for a more thorough understanding of HIV-1 
reservoir dynamics and for more effective assays in order to achieve a cure. 

 
 
 



 
Noncoding RNA in Bacterial Endosymbionts 

Janie Kim 
Advisor: Mohamed Donia 

 

The intracellular lifestyle of bacterial endosymbionts begets unusual challenges in genetic regulation as 

a result of genome reduction and decreased protein-coding capacity. In this context, a metabolically 

economical and nimble alternative to protein-based regulation is noncoding-RNA-based regulation. An 

intriguing case of RNA-based regulation lies in the obligate bacterial endosymbiont of Bryopsis sp. algae, 

Candidatus Endobryopsis kahalalidefaciens (cEK), which synthesizes defensive kahalalide toxins for its 

host. Despite its reduced genome, the endosymbiont encodes twenty nonribosomal peptide synthetases 

(NRPSs) that each produce a different kahalalide. The work presented herein aimed to elucidate the 

regulatory role of the unusually large 5’ UTRs upstream of the NRPS pathways and the molecular 

mechanism by which they act. I uncovered shared sequence-level similarities that divide these twenty 

~500 nt noncoding regions (NCRs) into two clades, one of which is enriched in AAA trinucleotides and is 

highly transcribed with the cognate NRPS, and identified that the NCRs adopt multiple conformations in 

vitro that are predicted to be complex in silico. With NCR-lacZ reporter constructs expressed 

heterologously in E. coli, I found that the majority of the NCRs exert repressor-like activity that may be 

modulated by a ligand, and then identified mutations that relieve wild-type repression. Finally, I 

examined the broader cEK noncoding transcriptome and identified additional predicted ncRNAs that 

may be implicated in symbiosis, laying the groundwork for experimental tests of functional significance. 

Altogether, this thesis broadens the scope of large, unusual regulatory RNAs to even the reduced 

genomes of endosymbionts and sheds light on the roles of ncRNAs in interactions between symbiotic 

partners. 

 

BEAM IMAGE-SHIFT ACCELERATED DATA ACQUISITION FOR SINGLE-PARTICLE ELECTRON CRYO-MICROSCOPY 
WITH SPHERICAL ABERRATION CORRECTION 

Minyoung Kim 
Advisor: Nieng Yan 

 
The throughput of electron cryo-microscopy (cryo-EM) can be improved by collecting data using beam-image shift 
instead of the traditional stage-shift method. Despite successful implementation of beam-image shift on various 
cryo-EM instruments, it remains unknown how beam-image shift affects the quality of data collected on spherical 
aberration (Cs)-corrected cryo-EM instruments. To investigate this, a cryo-EM dataset for Thermoplasma 
acidophilum 20S (T20S) proteasome was collected on a 300 kV Cs-corrected transmission electron microscope 
(TEM) using beam-image shift. Analyzing the dataset in two different image-processing software, RELION and 
CryoSPARC demonstrated that there are minimal differences between the resolutions of T20S structures 
generated from datasets collected using with and without beam-image shift. In addition, findings of this study 
demonstrated that data collected using with and without beam-image shift can be combined and processed 
together to correct for image abberations. 
 
 
 
 
 
 



A Novel Computational Method for the Identification and Functional Analysis of Clinically Relevant Alternative 
Splicing Events in Cancer Genomic Data 

Jasper Lee 
Advisor: Yibin Kang 

 
Alternative splicing – the process by which different exons in immature mRNA transcripts are excised and 

combined together to form a diverse range of final mRNAs – has been implicated in many different cancers, 

including breast cancer. Splice isoforms of various genes have been shown to contribute to more aggressive cancer 

phenotypes, and studying these variants in order to gain insights into potential novel targets of cancer therapy is 

an ongoing field of research. In this thesis, I describe a novel computational method designed to detect alternative 

exons based on full gene expression normalized individual exon expression using RNAseq data from TCGA patient 

samples. Furthermore, normalized exon expression between different molecular subtypes of breast cancer is 

compared to identify clinically relevant instances of alternative splicing in breast cancer. To validate our method, I 

also describe our analysis of the gene BIRC5, which exhibits splice isoforms that have been well documented. I not 

only demonstrate that our method successfully identified BIRC5 splicing events in the raw data, but also show that 

we can glean functional insights from our analysis. Following the successful validation of our method using BIRC5, I 

also introduce our analysis of the genes TCAIM and GCNT2, which were identified as candidate genes by our 

method. I demonstrate that our method has uncovered interesting, previously undescribed putative functional 

roles for these genes, which may lead to the identification of novel druggable targets in the fight against cancer. 

 

 

Characterization and Optimization of Primary Dengue Viral Infection in a Humanized Mouse Model 
Vrinda Madan 

Advisor: Alexander Ploss 
 

Dengue virus (DENV), a potentially life-threatening disease affecting millions each year, remains a major global 

health threat. The scarcity of animal models mimicking human symptoms of DENV infection has slowed our 

understanding of disease pathogenesis and development of anti-viral therapies. Here, we investigate the use of 

previously established humanized HIS-NFA2/hFLT3LG mice to model immune responses following DENV infection. 

We first generated a diverse library of 20 infectious clones based on patient-derived viral strains—serving as an 

important tool for both this study and subsequent characterizations. Using two of these low-passage DENV clinical 

isolates, we demonstrate that HIS-NFA2/hFLT3LG mice can support viral replication. Additionally, these humanized 

mice display key clinical symptoms of DENV, including viremia and thrombocytopenia. We further characterized 

DENV-infected HIS-NFA2/hFLT3LG mice on the basis of their cellular and humoral immunity, finding that DENV-

specific responses were activated similar to those seen in patients. In summary, we demonstrate that HIS-

NFA2/hFLT3LG mice are susceptible to infection with clinical DENV clinical isolates, mount virus-specific adaptive 

immune response, and mimic key disease manifestations. Although additional refinements to the model are 

required, we anticipate that our HIS-NFA2/hFLT3LG system will be widely useful to mechanistically study DENV 

pathogenesis and for assessing the efficacy of anti-DENV therapeutics. 

 

 

 

 



A Vicious Cycle: Elucidating the Molecular Pathogenesis of Type 2 Diabetes Mellitus in People Living With HIV 
Taking Anti-Retroviral Therapy 

Martin Mejia 
Advisor: Jean Schwarzbauer 

 

The human immunodeficiency virus (HIV) has gone from being a mortal disease to becoming a 

manageable chronic disease mostly due to progress in anti-retroviral therapy (ART); however, metabolic 

complications such as type 2 diabetes mellitus (T2DM) have been implicated at a higher rate than the 

general HIV-seronegative population. The pathogenesis of T2DM is still not well-known and there exists 

lack of communication between different sources which I seek to integrate in this thesis. It is known that 

T2DM is characterized by insulin resistance which can be propagated by enhanced low-grade chronic 

inflammation, oxidative stress and lipolysis. HIV infection mainly affects CD4+ T cells which become 

depleted during acute HIV infection and develop systemic chronic immune activation due to the release 

and circulation of inflammatory cytokines like IL-6, TNF-α and IL-1β. Additionally, HIV and ART influence 

microbial translocation, low-grade chronic inflammation, oxidative stress and insulin resistance which 

overlap and influence each other. Inflammation and ROS in muscle, liver and adipose tissue induce 

increased lipolysis, reduced lipogenesis, reduced glucose uptake and mitochondrial dysfunction which 

are exacerbated by HIV and ART. Furthermore, accumulating free fatty acids and lipid intermediates 

result in increased inflammatory cytokines, ROS, mitochondrial dysfunction, and insulin resistance 

pointing at a vicious cycle between chronic inflammation, oxidative stress and lipid dysfunction that 

progresses into T2DM. In this thesis I review current literature on HIV-associated metabolic dysfunctions 

leading to T2DM and synthesize how these mechanisms cross-talk focusing on overlap between 

inflammatory, lipolytic and oxidative pathways. 

 
Branched Microtubule Nucleation and the Fireworks of Life 

Fairuz Nawar 
Advisor: Sabine Petry 

 

The spindles needed for the segregation of Chromosomes are made by several nucleation nucleation pathways. 

One of the most novel Microtubule nucleation pathway is branching Microtubule nucleation, which forms 

Microtubules from the surface of pre-existing spindles. This branching Microtubule formation is spatially and 

temporarily regulated tightly by the cells via several factors like TPX2 and Augmin. This review discusses the 

contribution of the branching effectors. 

 

Using Transposon Mutagenesis to Systematically Uncover Novel Antibiotic Drug Targets in Burkholderia 
thailandensis 

Wabathi Ngecu 
Advisor: Mohammad Seyedsayamdost 

 

The rise of antibiotic resistance coupled with the decline in the development of new antimicrobials makes the task 

of finding novel antibiotic targets ever more important. The Seyedsayamdost Lab previously discovered that 

subinhibitory doses of trimethoprim (TMP), a known antibiotic, form a synthetic lethal combination with a deletion 

mutant of folE2, a folate biosynthetic gene in the β-proteobacterium Burkholderia thailandensis, which serves as a 

model for the human pathogen Burkholderia pseudomallei. Using systematic transposon mutagenesis screens, an 



additional 41 genes have been identified that show the synthetic lethal phenotype with low-dose TMP. Among these 

genes is the cobalamin dependent methionine synthase MetH and 4 genes involved in cobalamin biosynthesis. This 

process has not been exploited in bacteria as an antimicrobial target, and a known inhibitor of MetH does show 

slight dose dependent inhibition of WT B. thailandensis. Furthermore, supplementation of cobalamin to transposon 

mutants identified as part of cobalamin biosynthesis shows a mild rescue effect in the presence of TMP, suggesting 

cobalamin is important for survival in low-dose TMP. This study provides a new high throughput method to uncover 

novel antibacterial drug targets using transposon mutagenesis and low doses of clinically utilized antibiotics. 

 

Design and application of synthetic gene circuits for measuring intracellular signaling states 
Linda Nie 

Advisor: Jared Toettcher 
 

The recent development of live-cell biosensors has revealed a previously unappreciated world of complex signaling 

dynamics, both in cultured cells and intact animals. However, these live-cell biosensors are inefficient for large-

scale experiments or for in vivo tissues that are inaccessible to live microscopy. To address this problem, the 

Toettcher Lab recently developed a synthetic gene circuit to detect Erk signaling pulses, called the ‘Recorder of Erk 

Activity Dynamics’ (READer). My thesis aims to refine and extend the concept of synthetic dynamics-sensitive 

circuits. First, we model a fully- synthetic version of the READer circuit that does not rely on natural Erk-responsive 

promoters or transcription factors, and show that it similarly detects pulsatile inputs. Then, we explore additional 

signal processing functions encoded by the underlying topology of the READer circuit, the type 3 incoherent 

feedforward loop (FFL), by screening for its ability to perform Boolean function when provided with combinations 

of inputs. We also similarly investigate Boolean function in other FFL topologies. Finally, we show that 

combinations of the type 3 incoherent FFL can be linked together to produce a synthetic circuit that detects the 

phase shift between two pulsatile input signals, such as the out of phase oscillations of Wnt and Notch in the 

somite clock. Overall, by altering and adding connections in a simple synthetic gene circuit, my thesis produces 

three synthetic circuits that detect different types of intracellular signaling states. Development of synthetic 

circuits not only provides insight into how information is encoded in nature, but also allows us to generate new 

experimental and biological tools. 

 

DNA, Disparities, and Delays in Care: An Investigation of Genetic and Social Contributors to Adverse Outcome in 
Pediatric Acute Lymphoblastic Leukemia 

Kalyn Nix 
Advisor: Daniel Notterman 

 

Although pediatric Acute Lymphoblastic Leukemia (ALL) survival has increased over the past 70 years, 
event free survival (EFS) can vary significantly based on genetic variables such as molecular subtype, and 
social variables such as race. While some studies have attempted to explain the EFS racial disparity in 
ALL by investigating social determinants of health such as socioeconomic status (SES), insurance, and 
compliance, others have incorrectly credited genetic racial differences. To this end, I discussed the 
terminological confusion in the literature around race-related variables as well as the historical 
precedents and modern social variables that may influence racial disparities in ALL. Further the Fragile 
Families Child Wellbeing study was used to investigate the credibility of claims regarding differential 
disease susceptibility by ancestry, revealing no significant associations between disease loci and 
ancestry. Next, the Pediatric Health Information System database was utilized to investigate the 
relationship between race and severity of illness when children are diagnosed with primary and/or 



relapsed ALL and revealed a significant association between severity of illness with race and age. To my 
knowledge this is the first documentation of this aspect of disparity in pediatric ALL. Lastly, the 
Therapeutically Applicable Research to Generate Effective Treatment database was used to investigate 
the prognostic significance of age, white blood cell count, race, and copy number variants (CNV) in event 
free survival. Seven new and significant CNV regions were identified solely in patients with adverse 
outcome, of which, deletions on chromosome 14 significantly overlapped T-cell receptor 7 and 
improved EFS. Together these findings contribute to our understanding of factors that influence event 
free survival in ALL and will hopefully lead to improved outcomes for all patients. 
 
 

The Pathophysiology of Preeclampsia: An Analysis of Genetic, Biological, and Social Factors 
Sophia Peifer 

Advisor: Coleen Murphy 
 

Maternal mortality rates in the United States continue to be among the highest in the world, and top among 

developed countries. Preeclampsia (PE) complicates around 2 to 8% of all pregnancies, but the pathophysiology of 

the condition is not yet well understood. Various biological processes are implicated in preeclampsia including 

epigenetic age acceleration, the immune system, abnormal placentation, thrombosis, and the renin-angiotensin 

system. Preeclampsia has a high comorbidity with preterm birth, intrauterine growth restriction (IUGR), and stroke 

later in life, and the underlying mechanisms which link these conditions are yet to be elucidated. In this study, I 

used publicly available GWAS datasets on preeclampsia, preterm birth, early preterm birth, maternal effects on 

birth weight, and stroke to investigate significant SNPs and their potential pleiotropic effects. Suggestive SNPs from 

these datasets were then analyzed for functional association with genes. Furthermore, I conducted a differential 

expression analysis using RNA sequencing data from patients with preeclampsia and healthy controls and found 

differential expression of 23 genes. Pathway analysis of these genes revealed that circulatory system development, 

blood vessel morphogenesis, the Wnt/β-Catenin pathway, and the JAK-STAT pathway are involved in preeclampsia 

pathophysiology. Specifically, EYA1, MEOX2, PTPN11, COL8A1, GSK3B, TCF7L2, SH2B3, LEPR, and ADAM12 genes 

were implicated in the differential expression and pathway analyses. The identification of genes related to 

preeclampsia provides insight into its physiology and could aid the development of future therapeutics or genetic 

risk screenings. ADAM12, a potential biomarker for genetic screenings of stroke and preeclampsia risk, HIF-1α 

inhibitors, JAK-STAT inhibitors, and resveratrol supplements should be further investigated as therapeutics since 

they are associated with the identified pathways. 

 

Investigating the Interaction of  PqsE and RhlR in Pseudomonas aeruginosa 
Dorian Pousont 

Advisor: Bonnie Bassler 
 

Pseudomonas aeruginosa is an opportunistic pathogen, responsible for causing multi-drug resistant infections in 

immunocompromised patients. P. aeruginosa pathogenicity is largely controlled through quorum sensing (QS), the 

process of bacterial cell-cell communication mediated by the release and detection of small molecule signals, 

called autoinducers. One major branch of QS in P. aeruginosa, the rhl branch, controls the release of several 

virulence factors. Interestingly, a protein, PqsE, that is annotated to be part of a separate QS system, has been 

implicated in activation of the rhl system. Preliminary work in the Bassler group has shown that PqsE makes a 

direct protein-protein interaction with the QS receptor of the rhl system, RhlR, in vitro. This study attempts to 

prove the hypothesis that PqsE and RhlR engage in a protein-protein interaction and that they regulate similar 

genes, potentially as a result of this interaction. Isolation and sequencing of RNA from ∆pqsE and rhl pathway 

mutant P. aeruginosa strains revealed a number of genes regulated by PqsE, RhlR, and RhlI, the rhl system auto-



inducer synthase. Importantly, many genes were regulated by both PqsE and RhlR as predicted, suggesting a link 

between PqsE and the rhl system. Further, immunoprecipitation and mass spectrometry provided evidence that 

PqsE engages in a direct protein-protein interaction with RhlR. Data from the immunoprecipitation experiments 

also showed that PqsE is potentially involved in a number of other systems in P. aeruginosa such as the production 

of autoinducers, the regulation of drug efflux pumps and membrane porins, and the production of acetyl-CoA. 

Together, the results presented herein provide evidence of the PqsE-RhlR interaction and suggest that it may be a 

major driver of virulence and a much-needed potential drug target for treating P. aeruginosa infections. 

 

General and Distinct Functions of Sec1/Munc18-like Protein Families 
Nanako Shirai 

Advisor: Frederick Hughson 

All eukaryotes require Sec1/Munc18-like (SM) proteins for SNARE-mediated membrane fusion. SM 

proteins are divided into four families that function in different trafficking pathways — Sec1/Munc18, 

Vps33, Vps45, and Sly1. While their general function is to stimulate membrane fusion, they also have 

distinct, family-specific functions. Critical to the general function of SM proteins are an anti-parallel pair 

of helices, called the helical hairpin. Superposition of two crystal structures of SM protein Vps33 bound 

to its SNAREs suggests that this helical hairpin templates the R- and Qa-SNAREs in a half-assembled 

SNARE complex. This mechanistic model, or ‘template model,’ could explain how SM proteins stimulate 

membrane fusion. It is unclear, however, (1) if the template model is conserved in all four families, and 

(2) if the helical hairpin also mediates family-specific functions. Here, I created sequence banks and 

analyzed residue conservation in each SM protein family. I show that the template model appears to be 

a conserved mechanism for the general function of SM proteins; in all four families, the SM protein 

residues that would bind the SNAREs in the template model were more significantly conserved than 

other solvent-exposed SM protein residues. The helical hairpin also appears to facilitate family-specific 

functions, since several residues on the surface of the helical hairpin were conserved family-specifically. 

Taken together, these results suggest that the helical hairpin facilitates both general and distinct 

functions of SM proteins. Future investigations of the helical hairpin will need to uncouple these general 

and distinct functions. 

 
 

PROBING ALDH1A3 MECHANISMS OF ACTION IN BREAST AND SARCOMA CANCERS 
Hannah Slabodkin 
Advisor: Yibin Kang 

 

High aldehyde dehydrogenase (ALDH) activity emerged as a reliable marker for identifying aggressive, 

stem-like cancer cells with the advent of the ALDEFLUORTM assay. Its broad application has revealed 

that one ALDH isozyme—ALDH1A3—is the chief contributor to ALDEFLUORTM activity across a range of 

cancer types. ALDH1A3 has further proven to be a functional driver of tumorigenesis, drug resistance, 

and metastasis, yet its mechanism of action remains poorly understood. Available literature is divided 

between two conflicting theories. One suggests that the primary function of ALDH1A3 activity is to 

modulate retinoic acid (RA) signaling in tumors, catalyzing the conversion of retinaldehyde to retinoic 

acid, while the other speculates that the enzyme mainly acts to detoxify reactive oxygen species and 

cytotoxic aldehyde products generated by lipid peroxidation. Here, using patient data available through 

The Cancer Genome Atlas project, we compare gene expression profiles to investigate the relevance of 



both theories in breast and sarcoma cancers, as well as the possibility of an alternative mechanism of 

action. Our analysis revealed a strong correlation between ALDH1A3 expression and RA signaling in 

sarcomas, albeit in a subtype-specific manner. Meanwhile, its expression poorly correlated with RA 

signaling in breast cancers. Instead, ALDH1A3 was most strongly associated with ROS scavenging 

pathways in breast tumors. This relationship was further evidenced by differential gene expression 

analysis. Taken together, our results indicate that ALDH1A3 likely has divergent functions between 

breast and sarcoma cancers. Furthermore, this study both adds to our current knowledge of ALDH1A3 

activity in cancer and provides a foundation for future investigations. 

 

Investigating the Role of Genotypic Structural Variants on Hyper-Social Behavioral Phenotypes in Canine Model 
Organisms 

Andreea Stoica 
Advisor: Bridgett vonHoldt 

 

The presence of structural variants in the WBS region of canine chromosome 6 has been associated with 

hyper-social behavioral phenotypes in canines. This region has an adjacent orthologous region in the 

human genome which is implicated in Williams–Beuren Syndrome, a neurocognitive condition also 

prominently characterized by hyper-sociability. While the correlation of structural variants at four key 

loci in the WBS region and hyper-social behavioral phenotypes has been established, the molecular 

mechanisms and biological pathways underlying this association have remained largely unclear. Given 

the molecular, medical, and evolutionary implications of this region, this project investigates how the 

presence of structural variants at the target loci affects gene expression and exon splicing patterns in 

order to better understand the regulatory mechanisms driving this phenotypic difference. Differential 

expression of two reverse transcriptase domain-containing proteins was found in association with an 

insertion at the GTF2I Cfa6.66 locus, suggesting potential regulation via changes in downstream 

transposon integration. Under-expression of a snoRNA transcript was found in association with an 

insertion at the WBSCR17 Cfa6.7 loci, implying altered downstream alternative splicing patterns and 

potential changes in rRNA methylation. Over-expression of a mtRNA transcript was associated with a 

deletion at the POM121 Cfa6.83 locus, suggesting potential regulatory interactions between the nuclear 

and mitochondrial genome. No evidence for alternative splicing at the target loci was found. 

 

Pipeline for Design of CRISPR Prime Editing Guide RNAs 
Katie Tam 

Advisor: Britt Adamson 
 

Prime editing (PE) is a recent development in CRISPR/Cas gene editing technology that enables the 

“writing” of precise edits into the genome. Although recently developed, PE has already been used to 

successfully edit genes in rice plants, mouse embryos, and induced pluripotent stem cells, as well as 

human cell lines. PE has significant advantages over exiting gene editing technologies, including 

increased editing precision and decreased frequency of unintended byproducts when making individual 

edits. The potential for PE as a genome-wide screening platform, however, has not yet been explored. 

As a first step towards a large-scale PE screen, I present a computational pipeline for designing prime 



editing guide RNAs (pegRNAs) targeting across the human genome. Using this pipeline, I constructed a 

pegRNA library targeting a subset of essential genes with an approach I call PE-STOP. A final iteration of 

this library, PE-STOP v2.1, contains 1,861 pegRNAs targeting 282 essential genes, allowing for 

interrogation of features impacting PE such as edit position, type of substitution edit, and placement of 

edit relative to the length of the gene. In all, the library will serve as a foundation for experiments 

benchmarking the performance of PE as a screening platform, establish crucial guidelines for improving 

PE efficacy, and contribute to the understanding of a powerful new tool for gene perturbation. 

 
Examining Low-Barrier Buprenorphine Treatment during COVID-19 for Individuals Experiencing Housing 

Insecurity and Homelessness 
Jonathan Wang 

Advisor: Elizabeth Gavis 
 

People experiencing homelessness and housing insecurity are disproportionately affected by the current opioid 

crisis, but there is little research that focuses on obstacles to continuity of care for members of these communities 

receiving medication-assisted treatment. While the COVID-19 pandemic has added to the risk environment 

experienced by these individuals, it has also ushered in a wave of regulatory changes aimed at improving access to 

care during the pandemic. Given the recency of these changes, their impact has not yet been assessed. In an effort 

to fill in these gaps, this study analyzes retrospective data from a prominent harm reduction agency serving a 

Philadelphia community with a high prevalence of opioid use disorder and homelessness. I find that housing 

insecurity and homelessness are significantly associated with lower retention in treatment, lower medication 

adherence, and higher logistical barriers to care. I also demonstrate that access to remote telemedicine during the 

pandemic was extremely limited in this community, but that retention still significantly improved during the 

COVID-19 era, both for people who did and did not access telemedicine remotely. These findings indicate that 

regulatory changes during the pandemic were beneficial to participants in medication-assisted treatment, and I 

argue that they should remain in place after the resolution of COVID-19. Finally, I suggest that further supports are 

necessary for people in medication-assisted treatment who experience homelessness, especially as technology is 

incorporated into addiction management. 

 

Investigating a Mechanism for Cereblon as the Primary Mediator of Thalidomide-induced Teratogenicity through 
Ciona Intestinalis 
Yezekiel Williams 

Advisor: Michael Levine 
 

Thalidomide, notoriously prescribed as a treatment for morning sickness, has been discovered to be 

effective at treating a range of various illnesses and immune conditions. However, shortly after its 

development, it was revealed to produce limb deformities in infants when administered during 

pregnancy. Notwithstanding this discovery, understanding the mechanism behind these defects could 

facilitate the production of beneficial immunomodulatory treatments without causing embryopathy. 

Investigating how thalidomide induces limb deformity, as studied in a member of the closest relative 

species to early vertebrates, Ciona intestinalis, may also deepen our understanding of vertebrate limb 

development. The primary target of thalidomide, CRBN, recruits zinc finger transcription factors and 

other proteins for degradation. Single cell RNA sequencing in Ciona progenitor cells produced an array 

of genes involved in several components of muscle and heart development or function (cytoskeletal 

regulation, the ECM, cell signaling, E3 ligase activity) that were upregulated upon Crbn overexpression. 



Binding motifs for previously identified regulators of Ciona heart and tail muscle identity were 

investigated in the regulatory sequences of the genes affected by Crbn overexpression. This study 

concludes that Myc, Otx, Snail, Twist, Usf, and/or Zeb, which are likely targeted by Crbn for proteasomal 

degradation, may repress Mnx1, Ets2, and/or MyoD, the putative activating transcription factors, 

leading to the transcription of myogenic genes. The putative repressors in the presented model are not 

determined to be direct substrates of Crbn activity by this study and their degradation and downstream 

regulatory effects in progenitor cells require further experimental confirmation. 

 
 
 

Using multicanonical Monte Carlo simulations to investigate the effect of polymer sequence on interfacial 
surface tension in a phase-separated system 

Conor Wilson 
Advisor: Ned Wingreen 

 

MLOs, droplets of proteins and/or nucleic acids which form by liquid-liquid phase separation (LLPS), 
have been the subject of substantial interest since their discovery. Given their inherent ability to 
respond dynamically to the needs of the cell, considerable work has gone into investigating the factors 
which regulate and promote their assembly and disassembly. Surface tension is a fundamental physical 
property of all phase-separated liquids, and its magnitude has ramifications for their characteristics; 
study of surface tension may therefore yield mechanistic insights into the behavior of MLOs. Of 
particular interest is the effect of protein sequence on surface tension in phase-separated systems. The 
last few years have been a ‘golden age’ for investigation of the relationship between polymer sequence 
and phase separation, although the bulk of this research focuses on nonspecific intermolecular 
interactions, including electrostatics and 𝜋-stacking. Moreover, little attention has been paid to the 
specific role of sequence, if any, in determining surface tension. This may be explained by the absence of 
any straightforward method of measuring interfacial surface tension in vitro. However, in silico 
simulations of phase separation have been successfully used to extrapolate surface tension in model 
systems for more than three decades. We propose a novel computational technique to measure the 
variance of surface tension with polymer sequence using histogram reweighting of on-lattice 
multicanonical Monte Carlo simulations with finite-size scaling. We represent sequence variation using a 
coarse-grained model of multi-domain polymers containing two motifs capable of both nonspecific 
intermolecular and specific, saturating intramolecular interactions, and extrapolate surface tension 
values from successive simulations of their phase separation at decreasing temperature. We find that 
surface tension and polymer sequence are related, and that polymers with larger domain sizes have 
lower surface tension values and phase separate more readily. We posit that this may be due to their 
limited conformational entropy and inability to readily self-bond. Our findings suggest that sequence 
relevance to surface tension and phase separation extends beyond nonspecific interactions, such as 
electrostatics and 𝜋-stacking, to include the readiness of polymers to specifically self-bond. This is an 
encouraging result, but further investigation using other simulation techniques or, where possible, in 
vitro approaches, is warranted. 
 
 
 
 
 



Developmental Genes Regulated by Optogenetic Signals in Drosophila and Analysis of Developmental Disorders 
in the United States 

Andrew Wu 
Advisor: Stanislav Shvartsman 

 

MAPK (ERK) signaling is a conserved developmental pathway that is initiated upon a ligand binding to a 

receptor tyrosine kinase, which results in a cascade of protein interactions that culminates in changes in 

gene expression. Ectopic ERK activity has been implicated in diseases such as cancer and developmental 

disorders. However, much remains unknown regarding ERK signaling dynamics and how different levels 

of activation lead to normal or abnormal outcomes. Optogenetics provide an effective approach to 

understanding those dynamics by allowing perturbation of signaling pathways using specific 

wavelengths of light. We combined photoswitchable MEK, psMEKE203K, paired with a different 

Capicua-dependent MS2 reporter systems in Drosophila embryos to observe the transcriptional 

responses of ERK signaling. psMEKE203K causes high lethality in activating light and low lethality under 

inactivating light. Live monitoring of transcription and quantitative measurements show multiple 

transcriptional bursts under continuous ERK-activation and rapid response of Cic in establishing 

repression once ERK was inactivated. These findings demonstrate that psMEKE203K is an effective tool 

for precise control of the ERK pathway and that the response to ERK signaling is almost immediate. 

Future research can study the precise mechanism that allows this rapid response and apply this tool to 

other developmental pathways along with the broader workings of developmental disorders. 

 

Hide and (Single-Cell RNA)-Seq: Leveraging Gene Expression Profiles to Characterize Ras/Erk Heterogeneity in 
Epidermal Populations 

Catherine Yu 
Advisor: Jared Toettcher 

 

The mammalian epidermis has been a fundamental model system for observing dynamic Erk signaling pulses and 

testing their contributions to tissue function and repair. However, no established protocols are yet available for 

monitoring the consequences of Erk dynamics on downstream gene expression in the epidermis. As a result, it is 

still unknown whether Erk signaling pulses are functionally “read out” into pulses of downstream gene expression. 

This thesis explores the hypothesis that if stochastic Erk pulses indeed drive gene expression, correlated signatures 

of Erk-responsive immediate early gene (IEG) expression should be present in publicly available single-cell RNA 

sequencing (scRNA-seq) datasets from the mammalian epidermis. I present methods for defining clusters of co-

expressing IEGs across spatial subpopulations within the epidermis in a quantifiable manner, identifying this subset 

of IEGs as a future point of research regarding shared biological function and relevance. Our research contributes 

to the toolbox of methods available for studying single-cell expression profiles and paves the way for the more 

commonplace use of leveraging scRNA-seq data to generate a clearer understanding of the expression atlas of IEGs 

within developing and adult tissues. 

 

 

 

 



Illuminating the Role of ERK Signaling in Early Zebrafish Embryonic Development Using Optogenetics 
Jena Yun 

Advisor: Rebecca Burdine 
 

RASopathies are a family of developmental disorders caused by germline mutations in the Ras/MAPK 

pathway. The MAPK or ERK signaling cascade is a key signaling pathway in animal development, involved 

in cell proliferation, differentiation, and migration. Mutations in this pathway, such as those associated 

with RASopathies, cause phenotypes such as craniofacial dysmorphology, cardiac defects, and 

arteriovenous malformations. In model organisms like zebrafish, some of the developmental 

phenotypes caused by hyperactivation of ERK signaling mimic abnormalities seen in RASopathy patients, 

such as enlarged hearts in zebrafish compared to hypertrophic cardiomyopathy in human patients. This 

study focuses on the effects of diseased ERK signaling on the early developmental stages of the zebrafish 

embryo, when the first key cell fate decisions are being made. We provided ectopic ERK signals 

optogenetically and assayed the transcriptional responses of the embryo at multiple levels. 

Optogenetically activated embryos expressed upregulation of dorsal genes and downregulation of 

ventral genes. Furthermore, domains of cells expressing dorsal fate markers were expanded, while 

domains of ventral fate marker cells were reduced. In addition, we identified the presence of a new cell 

state found only in optogenetically activated embryos, that expresses genes involved in vascular system 

development. These findings indicate that ectopic ERK signaling causes a re-patterning of the dorsal-

ventral axis, suggesting a re-patterning of the LPM, in addition to the early emergence of an arterial-

venous specification event normally expected much later in development. This 7 offers insight into 

enlarged hearts or arteriovenous malformations as RASopathy phenotypes. 

 

Evaluating the Predictiveness of Polygenic Scores in the Fragile Families and Child Wellbeing Study Using a Multi-
Ancestral Genotyping Array 

Alexander Zhu 
Advisor: Daniel Notterman 

 

Polygenic scores (PGSs), individual-level predictions for acquiring a trait or disease, are poised to advance 

biomedical outcomes via precision medicine. However, a major challenge surrounding this biomarker is that PGSs 

have much greater predictive accuracy for European populations than for other ancestries. With improved multi-

ancestral genotyping arrays such as Illumina’s Multi-Ethnic Genotyping Array (MEGA), it is necessary to reassess 

PGS predictiveness across different ancestries. To examine the potential magnitude of performance increase 

across African and Hispanic cohorts from Illumina’s PsychChip to MEGA, this study constructed and analyzed PGSs 

using genotypic and phenotypic data from the Fragile Families and Child Wellbeing Study cohort and summary 

statistics from previous genome-wide association studies (GWASs). I find no discrepancies in the predictive 

accuracies of PGSs of European children and those of non-European children when using PsychChip genotype data. 

I also identify a significant difference in PGS performance between Hispanic and African individuals, with the 

former having more predictive scores. Furthermore, I find that when using MEGA genotype data, predictive 

accuracies of PGSs are not improved for European, African, or Hispanic cohorts, even when ancestry-relevant SNPs 

are included in PGS construction. These findings provide a critical step towards understanding the predictive 

performance of PGSs from multi-ancestral genotyping arrays and GWASs and may have significant implications for 

the study of PGSs and their consequences in precision medicine and healthcare as a whole. 


