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Director’s Message

In its essence, BIG Summer is about providing undergraduate students with the opportunity to 
experience what it means to be a scientist.

Today’s most exciting advances in biomedical and life sciences happen at the intersection of biology, 
computation, and data sciences. BIG Summer gives students the opportunity to explore this 
interdisciplinary world through hands-on research, interactive skills development, and close 
mentorship from UCLA faculty and researchers. Along the way, students develop not only technical 
skills, but also the ability to ask meaningful questions, work through challenges, communicate their 
findings, and think like scientists.

BIG Summer is about more than research skills. It is an opportunity for students to discover where 
their interests and talents can take them. Through mentorship and professional development, 
students begin to identify their goals and learn how to take the next steps toward graduate school 
and careers in science.

The abstracts and posters in this booklet represent the culmination of eight weeks of curiosity, hard 
work, and discovery. Each project reflects a student’s contribution to the research community and 
the beginning of a journey that we hope will continue long beyond this summer.

Congratulations to the 2026 BIG Summer cohort on all that you have accomplished ! And a BIG 
Thank you to the mentors - the faculty, postdocs and graduate students - whose commitment and 
generosity make this program possible. Together they reflect the values of BIG Summer and UCLA as 
a whole.

Alexander Hoffmann
Director, Institute for Quantitative and Computational Biosciences
UCLA
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Student: Avani Athavale
Faculty Advisor: Chongyuan Luo 
Direct Mentor: Cuining Liu
Department: Human Genetics
https://luogenomics.github.io/

Avani 
Athavale

Pre-
Computational 
Biology - 
UCLA

Expected year 
of  graduation: 
June 2029

Understanding Cell-type Specific Changes in Alzheimer’s Disease 
Methylome 
AVANI ATHAVALE1, Cuining Liu2,4, Zofia Lok3, Nasser Elhajjaoui2, 
Rosa Nguyen2, Min Jen Tsai2, Zachary Von Behren2, Yi Zhang2, 
Daniel Lee5, Xiangdong William Yang5, Chongyuan Luo2

1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Department of Human Genetics, David Geffen School of 
Medicine, UCLA
3 Computational and Systems Biology, UCLA
4 Bioinformatics Interdepartmental Graduate Program, UCLA
5 Department of Psychiatry and Biobehavioral Sciences, David 
Geffen School of Medicine, UCLA
Alzheimer’s disease (AD) is a progressive neurodegenerative 
disease affecting millions of older adults. However, the 
relationship between cell-type specific DNA methylation and 
regulatory mechanisms implicated in AD is unclear. To better 
understand this, we used a knock-in mouse model that contains 
the familial human SAA mutations on the amyloid precursor 
protein (APP) and analyzed methylomic data generated by single 
nucleus methylcytosine and transcriptome sequencing (snmCT-
seq). We sought to understand cell-type specific Alzheimer’s 
signatures exhibited by cells in the entorhinal cortex, identifying 
differentially methylated regions (DMRs) that overlap with 
transcription factor binding motifs and gene bodies for each cell 
type. Our results implicate previously-found motifs, nominate new 
ones, and indicate cell-type specificity in the methylation profile of 
Alzheimer’s disease. In the future, by combining this analysis with 
the transcriptomic profiles of the sampled cells, we will better 
understand the epigenetics and gene expression landscape of 
Alzheimer’s disease. 
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Alzheimer’s disease (AD) is a progressive neurodegenerative disease affecting millions of older adults. However, the relationship between cell-type specific DNA methylation and regulatory mechanisms implicated 
in AD is unclear. To better understand this, we used a knock-in mouse model that contains the familial human SAA mutations on the amyloid precursor protein (APP) and analyzed methylomic data generated by 
single nucleus methylcytosine and transcriptome sequencing (snmCT-seq). We sought to understand cell-type specific Alzheimer’s signatures exhibited by cells in the entorhinal cortex, identifying differentially 
methylated regions (DMRs) that overlap with transcription factor binding motifs and gene bodies for each cell type. Our results implicate previously-found motifs, nominate new ones, and indicate cell-type 
specificity in the methylation profile of Alzheimer’s disease. In the future, by combining this analysis with the transcriptomic profiles of the sampled cells, we will better understand the epigenetics and gene 
expression landscape of Alzheimer’s disease. 

Abstract

Results

Hyper-DMRs Hypo-DMRs

Background         Methods
● Alzheimer’s disease (AD) affects the brain through 

accumulation of amyloid beta plaques and 
neurofibrillary tau tangles

● APPSAA knock-in mouse model introduces a 
combination of six mutations in the amyloid 
precursor protein of mice to humanize them 

● Entorhinal cortex is where AD pathophysiology 
begins, but specific cellular and molecular 
mechanisms are unclear

● Our goal is to understand how different cell types in 
entorhinal cortex exhibit epigenetic alterations in 
Alzheimer’s disease

2, 9, and 18 month old 
mice. APPSAA mutation 

introduced into 
experimental group. 

snmCT-seq reaction 
profiles methylome 
and transcriptome.

Methylomic Analysis

Transcriptomic Analysis

Multimodal Integration

Cell-type 
clustering,  

annotations, 
pseudobulking

Call differentially 
methylated regions 

(DMRs) using 
DSS

DMR 
Interpretation 
(TF Motifs, 

Genes) 

Future Steps
● Our findings indicate that different cell types exhibit unique characteristics in their 

methylome in Alzheimer’s disease
○ A lack of correlation between diagnosis based DMRs and nuclei count per cell type 

indicates that different cell types are presenting distinct signatures
● Differential methylation in binding sites of TFs relevant to neuronal 

activity/learning/memory suggests that methylation is a valuable insight into how 
Alzheimer’s affects these processes

Discussion
Acknowledgements: Thank you to 
collaborators from the Luo lab and Yang lab 
for guidance on the progress of this project. 
This work was supported by the National 
Institute on Aging of the National Institutes 
of Health under project U01AG076804. 
Thank you to the BIG Summer Program and 
the UCLA URC-Sciences Summer Program 
for supporting this work. 

1. UMAP clustering results in expected brain cell 
types based on canonical gene markers. 

Non-neuronal

Glutamatergic

Gabaergic

● Further validate and explore biological significance of TF motifs
● Investigate the overlap of DMRs with genes 
● Analyze age-based differentially methylated regions to understand signatures 

characteristic of normal aging process
● Integrate methylomic and transcriptomic data
● Integrate all age groups to understand how AD pathophysiology intersects with 

aging process

2. Each cell type yielded several 
hundred/thousand differentially methylated 
regions (DMRs) based on disease status

3. Motif analysis links transcription factor 
families to DMR regions. 

We identified 43 clusters using UMAP. In order to 
maintain balance in nuclei counts for future 
downstream analysis, some clusters were grouped 
together into “pseudobulks,” corresponding to 8 
cell types, as seen in future figures. 

We identified transcription factor binding motifs that overlap with de novo 
diagnosis-based DMRs, some of which are linked with neuronal 
development, memory, and synaptogenesis. 
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Student: Ishya Bahl
Faculty Advisor: Neil Harris
Direct Mentor: Azad Azargushasb
Department: Neurosurgery
https://neilharrislab.dgsom.ucla.edu/

Ishya Bahl

Computational 
and Systems 
Biology - 
UCLA

Expected year 
of  graduation: 
June 2027

Behavioral Signatures of Repeated Mild Traumatic Brain 
Injury: Classifying Injured and Sham Mice from Odor-Reversal 
Reward Learning
ISHYA BAHL1, BEN DEWEY1, Azad Azargushasb2, Sam Vander 
Dussen2, Neil G. Harris3

1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
² UCLA Brain Injury Research Center, Department of 
Neurosurgery, DGSOM, UCLA
³ Intellectual Development and Disabilities Research Center, 
UCLA
Repeat mild traumatic brain injury (rmTBI) is associated with 
executive deficits such as impaired inhibitory control and 
cognitive flexibility. However, the primary behavioral deficit is 
not fundamentally understood. This project determines 
whether a mouse is sham or injured using models trained on 
behavioral inputs during an odor reversal in a probabilistic 
go/no-go paradigm. 26 mice (13 injured, 13 sham), which 
previously reached a learned association, were monitored over 
seven reversal-learning days. Features across specific task 
periods, like lick rate, velocity, and accuracy, were used to train 
various classifiers with cross-validation. Using behavioral data 
alone, most models could not classify sham versus injured mice 
above 80% accuracy although some models demonstrated a 
high area under the curve. Analyzing corresponding functional 
ultrasound imaging (fUSi) data can help identify the 
compensatory mechanisms in the brain that allow the injured 
mice to perform nearly the same.
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Student: Zenya Bian
Faculty Advisor: Amander Clark
Direct Mentor: Mark Larsen
Department: Molecular, Cell, and Developmental 
Biology (MCDB)
https://clark.mcdb.ucla.edu/

Zenya Bian

Molecular, Cell, 
and 
Developmental 
Biology - UCLA

Expected year 
of  graduation: 
June 2027

Effects of TGF-β/FGF/WNT Signaling on Human Germ Cell 
Specification
ZENYA BIAN1,2, Mark Larsen2-5, and Amander Clark2-5

1B.I.G. Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA.
2Department of Molecular, Cell and Developmental Biology, 
UCLA.
3Molecular Biology Institute, UCLA.
4Eli and Edythe Broad Center for Regenerative Medicine and 
Stem Cell Research, UCLA.
5Center for Reproductive Science, Health and Education, 
UCLA.
The germline is the only cell lineage capable of giving rise to 
egg and sperm cells, but mechanisms driving germline 
specification in the human embryo remain poorly understood 
due to technical and ethical limitations. Lineage specification 
of primordial germ cells (PGCs)—the precursor population to 
eggs and sperm—has been established to be reliant on 
multiple signaling pathways, including Transforming Growth 
Factor Beta (TGF-β), Fibroblast Growth Factor (FGF), and WNT 
signaling. However, the specific interactions between these 
signaling pathways and their downstream roles in PGC 
specification remain unresolved. Here, we leveraged a 
simplified in vitro PGC specification model to robustly specify 
PGCs and other early embryonic cell lineages. By perturbing 
the timing and concentration of growth factors, we have 
demonstrated through single-cell RNA sequencing that 
specific changes to TGF-β, FGF, and WNT signaling can bias 
specification towards PGCs, amnion, or mesoderm fates. 
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Student: Kiley Chen
Faculty Advisor: Maureen Su
Direct Mentor: Christian Bustillos
Department: Microbiology, Immunology, 
& Molecular Genetics (MIMG)
https://maureensulab.wixsite.com/maureensugroup

Kiley Chen

MIMG - UCLA

Expected year 
of  graduation: 
June 2027

Single-Cell Reanalysis of Immune Responses to 
Teplizumab in Type 1 Diabetes 
KILEY CHEN1, 2, Maureen Su2, 3

1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Department of Microbiology, Immunology, and 
Molecular Genetics, UCLA
3 Department of Pediatrics, UCLA
Teplizumab delays progression from stage 2 to stage 3 
type 1 diabetes. However, its long-term effects on 
immune cell populations remain incompletely 
understood. We reanalyzed peripheral blood 
mononuclear single-cell RNA-sequencing data from 14 
participants in the TrialNet TN10 study who received 
teplizumab or placebo. Samples were collected at 
baseline, 3 months, and 18 months and were 
integrated at each time point. Cluster identities were 
assigned by referencing cluster-specific genes with 
canonical markers. T cells were further subsetted and 
reintegrated for higher resolution characterization. 
Comparative analyses across treatment groups and 
time points are ongoing. This reanalysis aims to refine 
T-cell subtype identification and characterize immune 
states associated with the long-term response to 
teplizumab. 
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Dissecting the interactions and functions of alveolin subcomplexes in 
the Toxoplasma inner membrane complex
SAMUEL J CHOI1,2, Peter J. Bradley2,3

1 B.I.G. Summer Program, Institute for Quantitative and Computational 
Biosciences, UCLA
2 Department of Microbiology, Immunology, and Molecular Genetics, 
University of California, Los Angeles, CA 90095, USA
3 Molecular Biology Institute, University of California, Los Angeles, CA 
90095, USA
The inner membrane complex (IMC) in apicomplexan parasites is a 
conserved membrane-cytoskeletal system beneath the plasma 
membrane that modulates parasite replication and motility. In 
Toxoplasma gondii, the IMC includes fourteen intermediate filament-like 
proteins called alveolins which are characterized by a conserved alveolin 
domain and play roles in reinforcing the organelle and assisting in 
daughter cell assembly. Here we identify two alveolin subcomplexes: 
IMC7 and IMC12 form an interdependent complex exclusive to maternal 
parasites, while IMC3, IMC6, and IMC10 form a complex enriched in the 
daughter IMC. Utilizing CRISPR/Cas9 gene knockout and pairwise yeast-
two-hybrid (Y2H) assays, we demonstrate direct binding between IMC7 
and IMC12. Previous work indicated IMC3 and IMC6 interact via their 
alveolin domains; our Y2H analysis further reveals an interaction 
between IMC10 and both IMC3 and IMC6. AlphaFold 3 prediction 
suggests that the alveolins utilize beta sheets formed via the alveolin 
domain for interaction and filament formation. Surprisingly however, 
truncation studies of IMC10 show that the minimal functional region 
surprisingly lies outside the alveolin domain in the C-terminus of the 
protein, which includes a conserved valine-rich region that appears to 
be sufficient for tethering to the IMC and function. In addition, the 
alveolin domain of IMC10 alone cannot target properly to the IMC. 
These findings make IMC10 the first alveolin to function without its 
alveolin domain. While the IMC7-IMC12 complex supports the model of 
alveolin domain interactions and filament formation, evidence from 
IMC10’s C-terminal binding suggests the presence of uncharacterized 
protein features required for SPN localization and filament assembly. 

Student: Samuel Choi
Faculty Advisor: Peter Bradley
Direct Mentor: Jim Thach
Department: Microbiology, Immunology, 
& Molecular Genetics (MIMG)
https://bradleylab.dgsom.ucla.edu/

Samuel Choi

Microbiology, 
Immunology, 
& Molecular 
Genetics 
(MIMG) - UCLA

Expected year 
of  graduation: 
June 2027
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Pinpointing putative transcription factors that contribute to the 
regulatory logic behind β-glucan-induced innate immune memory
KARA CONNOLLY1, Tanya Ivanov2,3, Stefanie Brizuela2,3, Quen 
Cheng3

1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Molecular Biology Interdepartmental Graduate Program, UCLA
3 Department of Medicine, Division of Infectious Disease, UCLA
Macrophages, the sentinel immune cell, epigenetically encode 
memory of previous encounters through coordinated transcription 
factor (TF) activation, which reprograms the epigenome and 
dictates responses against secondary stimuli. β-glucan, a fungal 
derivative, has been shown to program enhanced responses to 
secondary stimuli in macrophages. However, the TFs regulating the 
β-Glucan-induced epigenomic state are unknown. To identify 
candidate TFs, we first found chromatin regions with altered 
accessibility post-β-glucan stimulation using existing Assay for 
Transposase-Accessible Chromatin using sequencing (ATAC-seq) 
data. We identified 1604 regions with significantly increased 
accessibility during β-glucan treatment, of which 1264 regions 
remain differentially accessible 6 days after treatment. We use TF 
motif analysis to find enriched TF motifs in these regions with 
sustained reprogramming in order to reveal the putative regulatory 
logic behind β-Glucan-induced memory. Our findings contribute to 
the greater understanding of the exact mechanism of epigenetic 
reprogramming induced by β-glucan treatment. 

Student: Kara Connolly
Faculty Advisor: Quen Cheng
Direct Mentor: Tanya Ivanov
Department: Medicine
https://chenglab.dgsom.ucla.edu/

Kara Connolly

Biochemistry - 
UCLA

Expected year 
of  graduation: 
June 2031
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Residual Diffusion for Annotation-Free Electrocardiogram 
Window Denoising
MAGGIE DE LEON³, Abhinav Garg¹, Meicheng Wang², Jeannine 
Yu⁴, Louis-S. Bouchard⁵
¹ Department of Computer Science, UCLA
² Department of Mathematics, UCLA
³ BIG Summer Program, Institute for Society and Genetics, 
UCLA
⁴ Department of Molecular, Cell, and Developmental Biology, 
UCLA
⁵ Departments of Chemistry and Biochemistry and 
Bioengineering; Jonsson Comprehensive Cancer Center; 
Molecular Biology Institute, UCLA
Electrocardiogram (ECG) denoising methods must suppress 
baseline wander and structured noise without distorting 
waveform morphology. However, classical ECG denoising 
methods, despite being fast, stable, and easy to deploy, cannot 
easily adapt to the diverse morphology and interference 
patterns across records. We present O2, a compact anchor-
conditioned residual diffusion denoiser for electrocardiogram 
windows. O2 learns a residual correction around an infinite 
impulse response (IIR) filter anchor rather than a full noisy-to-
clean transformation. The neural model uses no manual timing 
annotations, no QRS/P/T labels, no beat-boundary labels, and 
no record identity as inputs. Our results show that compact 
anchor-conditioned residual diffusion can improve 
electrocardiogram window denoising accuracy, harm rate, and 
tail behavior on the DeepFilter/DeScoD benchmark without 
requiring annotation-derived inference features.

Student: Maggie De Leon
Faculty Advisor: Louis Bouchard
Department: Chemistry and Biochemistry
https://www.chemistry.ucla.edu/directory/bouchard-louis-s/

Maggie De 
Leon

MIMG - UCLA

Expected year 
of  graduation: 
June 2028
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Behavioral Signatures of Repeated Mild Traumatic Brain 
Injury: Classifying Injured and Sham Mice from Odor-Reversal 
Reward Learning
BEN DEWEY1, ISHYA BAHL1, Azad Azargushasb2, Sam Vander 
Dussen2, Neil G. Harris3

1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
² UCLA Brain Injury Research Center, Department of 
Neurosurgery, DGSOM, UCLA
³ Intellectual Development and Disabilities Research Center, 
UCLA
Repeat mild traumatic brain injury (rmTBI) is associated with 
executive deficits such as impaired inhibitory control and 
cognitive flexibility. However, the primary behavioral deficit is 
not fundamentally understood. This project determines 
whether a mouse is sham or injured using models trained on 
behavioral inputs during an odor reversal in a probabilistic 
go/no-go paradigm. 26 mice (13 injured, 13 sham), which 
previously reached a learned association, were monitored over 
seven reversal-learning days. Features across specific task 
periods, like lick rate, velocity, and accuracy, were used to train 
various classifiers with cross-validation. Using behavioral data 
alone, most models could not classify sham versus injured 
mice above 80% accuracy although some models 
demonstrated a high area under the curve. Analyzing 
corresponding functional ultrasound imaging (fUSi) data can 
help identify the compensatory mechanisms in the brain that 
allow the injured mice to perform nearly the same.

Student: Ben Dewey
Faculty Advisor: Neil Harris
Direct Mentor: Azad Azargughasb
Department: Neurosurgery
https://neilharrislab.dgsom.ucla.edu/

Ben Dewey

Computational 
and Systems 
Biology - 
UCLA

Expected year 
of  graduation: 
June 2028
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Deep-learning protein structure prediction using multi-
assay deep mutational scanning
ILINCA FLACAU1, Zachary Drake2, Steffen Lindert2 

1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Department of Chemistry and Biochemistry, UCLA
Recent advances in protein structure prediction achieve high 
accuracy but rely primarily on evolutionary sequence 
information. Deep mutational scanning (DMS) provides 
complementary experimental data by measuring how 
mutations affect protein function and structure. DMS-Fold 
showed that incorporating folding stability improves 
structure prediction, but it is unclear whether this approach 
generalizes to other types of DMS assays. We investigated 
whether DMS-Fold remains effective when applied to 
experimental protein fitness scores from the Human 
Domainome 1 library and simulated fitness scores generated 
with ESM1v and ProteinMPNN. We assessed model 
performance by comparing predicted structures to 
experimental structures using RMSD and TM-score metrics. 
DMS-Fold improved structure prediction accuracy over 
AlphaFold2 for 77% of proteins using experimental fitness 
data and 74% using simulated fitness data. These findings 
demonstrate that DMS-Fold successfully leverage fitness-
based measurements, expanding the applicability of DMS-
guided structure prediction and highlighting the potential of 
integrating diverse experimental data types into protein 
modeling.

Student: Ilinca Flacau
Faculty Advisor: Steffen Lindert
Direct Mentor: Zach Drake
Department: Chemistry and Biochemistry
https://lindertlab.chem.ucla.edu/

Ilinca Flacau

Computational 
Biology - 
UCLA

Expected year 
of  graduation: 
June 2027
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Building a dynamical systems model to predict cellular response 
to genetic perturbation
LIPIKA GOEL1, 2, Maxence Larour-Debonneuil3, JJ Schirle4, Aaron 
Meyer5

1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Computational and Systems Biology Interdepartmental 
Program, UCLA
3 Chemical & Biomolecular Engineering Department, Samueli 
School of Engineering, UCLA
4 Department of Computational Medicine, UCLA
5 Department of Bioengineering, Samueli School of Engineering, 
UCLA
A fundamental question in systems biology is how a cell 
responds dynamically to stimuli, warranting the development of 
virtual cell models that predict cellular state across contexts. In 
particular, modeling the genetic response to cell perturbation 
potentially provides insight into disease and therapeutic 
mechanisms. We adapt Cellbox, an interpretable machine 
learning model for perturbation biology, for the purpose of 
building a virtual cell. By inferring regulatory interactions 
between genes, the model predicts the change in individual 
genes’ expression resulting from a single-gene knockdown. We 
find that when inferring interactions between genes, the model 
matches or improves training loss over a baseline model with no 
gene interactions, highlighting its ability to learn biologically 
relevant interactions. However, model performance varies 
greatly when predicting the genetic response to unseen 
perturbations, indicating room for improvement in the 
generalizability of the interactions it learns.

Student: Lipika Goel
Faculty Advisor: Aaron Meyer
Direct Mentor: Joseph Schirle
Department: Bioengineering
https://asmlab.org/

Lipika Goel

Computational 
Biology - 
UCLA

Expected year 
of  graduation: 
June 2028
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Generative Design of Condensate-Forming IDR Sequences via 
Diffusion Modeling Layered with Oracle-Guided Finetuning 
JAIDEN HA¹,², Ihyun Jeon¹,², Mia Lesser², Bryan Zhang², Claire 
Hsieh²,³, Kalli Kappel²
1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Department of Chemistry and Biochemistry, UCLA
3 Bioinformatics Interdepartmental PhD Program, UCLA
Biomolecular condensates formed via liquid-liquid phase 
separation play critical roles in cellular organization, yet 
designing intrinsically disordered region (IDR) sequences with 
targeted condensate-forming properties remains challenging 
due to the poorly understood mapping between sequence and 
phase behavior. This project explores whether generative 
models can reliably construct IDR sequences with desired 
condensate formation and expression characteristics. Our 
approach uses a neural network fusion classifier, integrating 
Protein Language Model (PLM) embeddings with biophysical 
features, as a reward signal guiding two separate fine-tuning 
extensions of an Order-agnostic Autoregressive Diffusion 
Model (OADM): Relative Trajectory Balance (RTB) and Direct 
Reward bAcKpropagation with gumbEl Softmax trick (DRAKES). 
Candidates are filtered by expression intensity, disorder 
propensity via IUPred3, and ensemble-based predictive 
uncertainty to prioritize diverse, under-explored sequence 
space. This framework lays groundwork for computationally 
guided condensate design, with planned active learning cycles 
feeding validated candidates back into training data to refine 
the oracle models.

Student: Jaiden Ha
Faculty Advisor: Kalli Kappel
Department: Chemistry and Biochemistry
https://sites.google.com/view/kappellab/

Jaiden Ha

Statistics and 
Data Science - 
UCLA

Expected year 
of  graduation: 
June 2027
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- Generated sequences from all four design strategies occupy the 
same region of both feature space and embedding space as real 
high-scoring CondenSeq sequences (Fig. 4).

Conclusion

1. The primary intended use of these generated sequences is to 
feed top-scoring novel candidates into wet-lab experimentation 
to be iteratively added to the original training datasets and 
analyze the effects on existing prediction models. 

2. The immediate next step is to implement a reward signal 
representing novelty, either by optimizing for further distance 
from sequences in CondenSeq or by steering towards 
sequences the oracle model predicts on with higher uncertainty. 

3. Investigate the specific principal components where generated 
sequences still diverge from real Condenseq sequences, even 
within the high-scoring subset, to determine whether this 
reflects a real biological gap or a generation-model limitation."

Future Directions

Biomolecular condensates formed via liquid-liquid phase 
separaeon play criecal roles in cellular organizaeon, yet designing 
intrinsically disordered region (IDR) sequences with targeted 
condensate-forming properees remains challenging due to the 
poorly understood mapping between sequence and phase 
behavior. This project explores whether generaeve models can 
reliably construct IDR sequences with desired condensate 
formaeon and expression characterisecs. Our approach uses a 
neural network fusion classifier, integraeng Protein Language 
Model (PLM) embeddings with biophysical features, as a reward 
signal guiding two separate fine-tuning extensions of an Order-
agnos&c Autoregressive Diffusion Model (OADM): Rela&ve 
Trajectory Balance (RTB) and Direct Reward bAcKpropaga&on 
with gumbEl SoNmax trick (DRAKES). Candidates are filtered by 
expression intensity, disorder propensity via IUPred3, and 
ensemble-based prediceve uncertainty to priorieze diverse, under-
explored sequence space. This framework lays groundwork for 
computaeonally guided condensate design, with planned aceve 
learning cycles feeding validated candidates back into training data 
to refine the oracle models.

Abstract

Building on CondenSeq, a high-throughput dataset of 14,622 
experimentally characterized intrinsically disordered region (IDR) 
sequences, this project develops a generative pipeline, pairing an 
order-agnostic diffusion model with oracle-guided fine-tuning to 
design condensate-forming IDR sequences computationally.

Introduction

Materials

Mutual information and Spearman correlation ranked all 105 
features (Fig. 1); charge properties (isoelectric point, NCPR, charge 
ratio) ranked highest, matching CondenSeq's charge-driven 
condensate finding. 

An intermediate-fusion network (Fig. 2) combines feature and 
embedding branches via cross-attention to classify condensate 
formation, trained on CondenSeq's binary label; SeqVec achieved 
0.877 accuracy. 

Methodology

Results

1 BIG Summer Program, Insetute for Quanetaeve and Computaeonal Biosciences, 2 Department of Chemistry and Biochemistry,  
3 Bioinformaecs Interdepartmental PhD Program, University of California Los Angeles

Figure 1: Univariate feature importance to target, represented by mutual information, clustered 
in feature categories.

Figure 2: Feature and embedding branches are fused via cross-attention to predict condensate 
formation probability.

An 8-model Conformalized Quantile Regression (CQR) ensemble 
predicts calibrated lower-bound intensity, prioritizing specificity 
over point-estimate regression to filter candidates unlikely to 
express well in cells (recall 69.4%, specificity 88.1%).  

An order-agnostic diffusion model (OADM), trained via masked-
token prediction on 14,622 sequences, generates the baseline 
distribution guided methods build from. At each step, a random 
subset of positions is masked and the model minimizes the loss 
function (shown below) to recover the true residue from context; 
at generation time, this fill-in-the-blank process repeats, revealing 
one position at a time until the sequence is complete. 

Three steering strategies compared (Fig. 3): Monte Carlo Best-of-N 
(oversample, select by score); relative trajectory balance (RTB) 
fine-tunes OADM toward a distribution-anchored, reward-
reshaped target), and Direct Reward bAcKpropagation with 
gumbEl Softmax (DRAKES) backpropagates with differentiable 
discrete sampling, relying on a proxy of the oracle and KL-
regularization. 

Figure 4: Sequences with experimental or predicted condensate-formation scores above 0.3 
were projected via PCA in both feature space and embedding space for the high-scoring 
subsets (assigned an oracle score > 0.3)

Figure 3: Violin plots of the oracle-predicted condensate-formation probabilities for the OADM 
set and both fine-tuning model sets, with individual sequence scores overlaid as points.

Figure 5: Marginal distribution plots of the principal components explaining more than 5% of 
variance in the embedding space of the high-scoring subset. 

Figure 6: Density 
histograms of 
oracle score, split 
by novelty status 
(nearest-neighbor 
distance from 
CondenSeq in 
feature-space PCA 
above a threshold 
defined by the 95th 
percentile of the 
distances in 
between 
CondenSeq points), 
for each design 
model's unfiltered 
candidate set. 

- RTB meaningfully optimizes for condensate formation, with the 
density of sequences within the generated set predicted to form 
condensates being significantly higher than that of OADM 
(57.6% vs. 44.3%, a 1.30x increase). The distribution of DRAKES 
sequences does not improve meaningfully in that regard (Fig. 3). 

- RTB is also shown to generate novel sequences that are 
predicted to be likely to form condensates by the oracle at a 
much higher rate than that of base OADM and DRAKES (Fig. 7)

Figure 7: Percentage of feature-space-novel sequences (nearest-neighbor distance to 
CondenSeq above the 95th-percentile threshold) with oracle score exceeding 0.3, shown per 
design model excluding Monte Carlo Best-of-N.

The 14,622 CondenSeq IDR sequences are represented in two ways: 
a 105-feature space and a SeqVec embedding space. 
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Viral infection shapes bacterial communities from the 
human gut to the open ocean. Viruses can lyse cells after 
infection or persist chronically. Here, we test whether 
bacterial growth proxies scale with viral lifestyle across 
environments by integrating metagenomic assembly of 
previously published libraries, MAG reconstruction, viral 
contig lifestyle classification, and growth rate inference 
using Peak-to-Trough (PTT) and Codon Usage Bias (CUB) 
methods. These growth proxies use the ratio of origin-
adjacent reads to non-adjacent reads (PTT) or of tRNA 
genes to the codons that require them in the MAG (CUB) 
as measures of proliferation. Viral lifestyle is predicted 
through hallmark genes and genomic signatures. We have 
implemented this pipeline on a preliminary human gut 
sample set and are extending it to soil and marine 
datasets. This framework will enable comparison of 
bacterial proliferation and bacteriophage lifestyle across 
diverse environments and address bacterial growth as a 
driver of viral outcomes.
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Benchmarking Bayesian Inference of Short-Term Synaptic 
Plasticity: Protocol-Dependent Parameter Recovery in the 
Tsodyks-Markram Model
TIANPEI HE1, Dean Buonomano2 
1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Department of Neurology, David Geffen School of Medicine 
The Tsodyks-Markram model is widely used to quantify 
short-term synaptic plasticity (STP), describing how synaptic 
resources deplete and recover. Its parameters are routinely 
fit to electrophysiology recordings, yet which parameters can 
be recovered—and under which protocols—remains 
uncharacterized. Using synthetic traces generated from 
known parameters, we benchmark parameter recovery, 
comparing residual-based fitting to a Bayesian method that 
infers parameters from the probabilistic structure of synaptic 
responses, including transmission failures. Recovery is 
protocol-dependent: the facilitation time constant is 
unidentifiable without a recovery interval, and pooling 
diverse intervals is most reliable. The Bayesian method helps 
most for single-protocol data, avoiding the boundary failures 
of residual fits, recovering release-site number and quantal 
size, and providing a self-calibrating uncertainty estimate. 
Applied to the Allen Institute Synaptic Physiology dataset, it 
shows fast, consistent depression that is uncorrelated with 
initial synaptic strength—suggesting the two are governed by 
separable, rather than shared, release parameters. 
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Two NFκB-controlled cytokines show remarkably little 
correlation with NFκB activity 
JASMINE HERRERA1, Xiaolu Guo2, Francisco Lopes3, 
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Tumor necrosis factor (TNF) and interferon-beta (IFNβ) are 
critical cytokines produced by macrophages, key 
coordinators of inflammation and antiviral defense in the 
innate immune response. While TNF and IFNβ are known 
to be regulated by NFκB, it remains unknown to what 
extent NFκB activity is predictive of cytokine expression. To 
address this question, we developed an integrated 
NFκB/MAPK/IRF model, validated it against experimental 
data, and simulated cytokine production by heterogeneous 
macrophages. We found that NFκB was partially correlated 
with early steps of LPS-responsive TNF expression, but 
MAPK exhibited a higher correlation with secreted TNF.  
For IFNβ expression, NFκB was even less predictive, as IRF3 
appeared to be the primary determinant.  Nevertheless, 
TNF and IFNβ showed some level of correlation. This work 
identifies regulators of TNF and IFNβ secretion 
heterogeneity, revealing regulatory principles underlying 
seemingly noisy cytokine production.
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While breast cancer screening is widely adopted, lung cancer screening 
using low-dose CT remains underutilized nationally despite its proven 
mortality benefit. The REACH (Refer Everyone Advocate for Community 
Health) program at UCLA enrolls a diverse cohort through a mobile app 
capturing demographics, cancer fatalism, consideration of future 
consequences (CFC), lung and breast cancer knowledge, and longitudinal 
follow-up over three years, to understand barriers to lung and breast 
screening participation. We investigated whether baseline fatalism and CFC 
predict Year 1 survey retention. Analyses were restricted to participants 
enrolled at least 365 days, reflecting true non-completion rather than 
insufficient elapsed time. Separate multivariable logistic regression models 
tested the association between baseline fatalism, and separately CFC, with 
Year 1 completion, adjusting for age, smoking status, and family lung 
cancer history. Baseline survey completion was strong (67-76%), but only 
approximately 20% of eligible participants completed Year 1 follow-up, and 
neither baseline fatalism (odds ratio [OR] 1.03, 95% confidence interval [CI] 
0.92-1.15) nor CFC (OR 0.98, 95% CI 0.94-1.03) independently predicted 
retention. Completion instead followed an all-or-nothing pattern: 
participants who returned for Year 1 completed nearly all applicable 
surveys, suggesting a single engagement event drives retention rather than 
survey-specific burden or fatigue. An exploratory logistic regression testing 
a fatalism-by-lung cancer knowledge interaction suggests knowledge may 
moderate fatalism's effect on retention. These findings suggest attrition in 
REACH may be driven more by structural or logistical barriers than by 
psychosocial traits alone, motivating outreach strategies focused on access 
and engagement via participant reminders rather than psychosocial 
education.
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A protein language model's condensate predictions 
reveal a biophysical blind spot
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1 BIG Summer Program, Institute for Quantitative and 
Computational Biosciences, UCLA
2 Department of Chemistry and Biochemistry, UCLA
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Protein language models (pLMs) predict biomolecular 
condensate formation from sequence, but we know little 
about which sequences they get wrong. We asked whether 
a finetuned ESM-2 classifier's errors are spread across 
sequence space or concentrated in a specific biophysical 
region. We mapped 1,168 held-out predictions onto 106 
biophysical features and enumerated feature-bin 
conjunctions, ranking each by its accuracy deficit. Two 
three-feature regions dropped to 31% and 37% accuracy 
against 85% globally. Both were recall collapses with intact 
specificity: 94 false negatives against 6 false positives. Both 
held modestly charged, moderately disordered sequences 
with no significant hydrophobic/aromatic or 
arginine/aromatic patterning, mostly because they were 
depleted in these sticker residues. About 75% phase 
separated anyway, at a mean predicted probability of 0.24. 
The model treats a muted sticker signature as evidence 
against phase separation. Both regions are biophysically 
defined and small enough to test directly by synthesis.
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A protein language model’s condensate
predictions reveal a biophysical blind spot

IHYUN JEON1,2, Jaiden Ha1,2, Bryan Zhang2, Mia Lesser2, Claire Hsieh2,3, Kalli Kappel2
1 B.I.G. Summer Program, Institute for Quantitative and Computational Biosciences, UCLA  ·  2 Department of Chemistry and Biochemistry, UCLA  ·  3 Bioinformatics Interdepartmental PhD Program, UCLA

Introduction

Biomolecular condensates are membraneless compartments that form when intrinsically
disordered regions (IDRs) undergo liquid–liquid phase separation4,5. Which sequences do
this, and why, is still an open question.

Protein language models (pLMs) learn sequence patterns from millions of proteins and can
be finetuned to predict phase separation straight from sequence. Our finetuned ESM-2
classifier3 is right 85% of the time on held-out IDRs.

One accuracy number says nothing about which sequences a model gets wrong, and a
predictor is only useful if you know where not to trust it14. We asked whether the errors
scatter across sequence space or concentrate in a specific, biophysically meaningful region.

Approach

Data. 3,895 IDR sequences: 3,687 from the CondenSeq library1 and 208 experimentally
verified IDRs2, with condensate phenotype scored by GFP/SNAP imaging. ESM-2 finetuned
as a 3-seed ensemble; 2,727 train, 584 validation, 584 test.

Search. Each of 106 biophysical features9–12 was binned, and every two-, three- and four-
feature combination of bins was enumerated over the 1,168 held-out sequences and scored
by how far its accuracy falls below the global rate.

With 343,000 three-feature candidates, the worst will look bad by chance. A region therefore
counts only if it fails independently on validation and on test, and survives Benjamini–
Hochberg FDR at 10%. We carry two forward. Region B clears every guard. Region A fails on
both splits by the same margin but holds 28 test sequences against our floor of 30, so it is
reported as a named region, not as a search hit.

Errors spread through the whole feature space

Figure 1. All 1,168 held-out sequences projected onto the first two principal components of the biophysical feature space. The 179
mispredicted sequences spread through the cloud rather than pooling anywhere, and a classifier trained on these two coordinates alone
separates errors from correct calls at AUC 0.52, essentially chance. The structure is real, but it lies outside the directions of greatest
variance, so we searched feature combinations instead.

One feature at a time only goes so far

Figure 2. Held-out accuracy of each of the 394 single-feature bins, grouped by the kind of biophysical property measured. Every
category straddles the global rate and no category is broadly worse than any other. Only 12 of 394 bins survive replication on validation
and test plus FDR control (outlined diamonds), and the worst of them still sits at 0.63 over 191 sequences. Figure 3 pairs two of these
axes and reaches 0.46 over 94.

Two features together open a hole

Figure 3. Held-out accuracy across the plane of net charge per residue and hydrophobic moment. Neither feature alone is remarkable,
reaching 0.74 and 0.75 in their worst bins. The cell at NCPR +0.01 to +0.05, mildly cationic, and hydrophobic moment 0.22 to 0.26
collapses to 0.46 over 94 held-out sequences, while its immediate neighbours run 0.73 to 0.88. Region A's two-feature parent is outlined
in red.

A third feature and recall collapses
Adding a third axis to the weak two-feature holes above narrows each one into a region where recall all but disappears,
0.32 over 68 held-out sequences for A and 0.37 over 83 for B.

Region A mildly cationic, NCPR +0.01 to +0.05  ·  hydrophobic moment 0.22 to 0.26  ·  ILMV vs FWY unclustered, z −2 to 0

Region B disorder-promoting 0.70 to 0.775  ·  basic, pI 8 to 10  ·  R,K vs FWY unclustered, z −2 to 0

That third axis says the same thing in both. The drivers are present but evenly dispersed, not clustered.
Held-out performance, pooled validation and test.

  n accuracy recall specificity

all held-out 1,168 0.85 0.72 0.94

region A 68 0.32 0.15 0.88

region B 83 0.37 0.18 0.87

Inside both regions the model predicts a mean probability of 0.24, while about 75% of those sequences phase
separate.

Figure 4. In both regions recall collapses while specificity holds: the model still rejects non-condensates but almost stops finding real
ones. Pooled there are 93 missed condensates against 5 false alarms, so this is not a class-balance artifact.

These sequences really do form condensates

Figure 5. CondenSeq microscopy rules out an imaging or labelling artifact13. Panels are live HeLa nuclei: an NLS on the library makes
the outlined object the nucleus, not the whole cell1. Labels here are cleaner than the library average (nucleolar 0.013 against 0.056), so
nucleolar mis-scoring runs the wrong way. Region sequences do reach high-contrast puncta less often (5.8% against 14.2% of cells, p
≈ 0.03 weighting sequences equally; 90 held-out sequences against 90 matched controls), but the median cell looks the same in both
sets.

Conclusions, caveats and acknowledgements

Conclusions and future directions Caveats carried forward Methods in brief
106 biophysical features spanning amino-acid and residue-class composition, charge and electrostatics, hydrophobicity, disorder
propensity, sticker–spacer architecture, polymer physics, phase-separation energetics and NARDINI sequence patterning z-scores9. On
those axes a negative value means more evenly mixed than a random scramble and ±2 marks significance; they are not localCIDER κ values.
Bins are fixed absolute cutoffs, five per feature, chosen on the training split alone and never on held-out data; a bin below the occupancy
floor is fused with its neighbour, which deletes that one cutoff and leaves the others in place. NCPR is cut at ±0.01 and ±0.05, so its five bins
survive intact and the mildly cationic sequences sit in a bin of their own. A cell enters the search only with 30 or more sequences in each
held-out split. Accuracy deficits are scored as binomial z against the global held-out rate of 0.847.
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Clinical biopsies reveal macrophages with distinct histories of 
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Macrophages are highly plastic innate immune cells that respond 
to environmental cues and regulate tissue homeostasis and 
inflammation. Macrophage activation is traditionally described 
using the M0/M1/M2 framework, which classifies cells by 
cytokine exposure. In vivo, cytokine stimulation can occur 
before, during, or after monocyte-to-macrophage differentiation. 
Consequently, the same cytokine may induce distinct 
transcriptional programs depending on maturation state, which 
current methods don’t reveal. Here, we generated maturation- 
and cytokine-specific RNAseq signatures from monocytes and 
macrophages exposed to IFNγ or IL4 during MCSF differentiation. 
We developed a hierarchical scoring framework that classifies 
cells by maturation stage before assigning cytokine-polarized 
states, enabling context-aware annotation of macrophages in 
single-cell datasets from patient biopsies. Assigned cell states 
retained defining transcriptional signatures, and trajectory 
analyses recapitulated expected differentiation pathways. Our 
framework demonstrates that in vitro datasets can be leveraged 
to infer both current programming state and prior history of 
macrophages in clinical samples.
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NT-proBNP, a biomarker released in response to cardiac wall 
stress, supports CHF diagnosis alongside other techniques. 
However, it is rarely ordered in hospitalized patients (0.96% of 
admissions in dataset). We tested whether routine labs can 
identify documented CHF (ICD-9/10) using MIMIC-IV data 
(123,626 unique patients; 14,388 [11.6%] with CHF). Panel 
selected empirically from all biomarker combinations by cross-
validated AUC-to-sample-size tradeoff. XGBoost achieved AUC 
0.769 (95% CI 0.765–0.772; sensitivity 0.78, specificity 0.62), 
modestly outperforming logistic regression (AUC 0.762; 
difference 0.006, 95% CI 0.004–0.009). SHAP identified 
creatinine as second largest contributor to model output (next 
to age). Predicted probabilities were poorly calibrated to true 
CHF prevalence. Restricting to patients without documented 
renal disease reduced CHF prevalence to 4.7% (cohort 
composition change) and AUC to 0.712. External validation 
beyond this single-center cohort is needed.
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The tumor microenvironment consists of a complex web of 
cell-cell interactions that impact tumor progression and 
clinical outcomes. While these interactions are unique to 
each cancer type and may serve as promising therapeutic 
targets, the clinical significance of individual cell-cell 
communication networks remains unclear. To address this, 
we developed SKyNet, a clinically informed framework 
integrating matched transcriptomic and clinical data from 
the Cancer Genome Atlas to identify ligand-receptor 
interactions significantly associated with patient survival. 
Here, we analyze publicly available tumor and adjacent 
tissue from lung adenocarcinoma patients using 10x Visium 
spatial transcriptomics to evaluate spatial colocalization 
between predicted ligand-receptor interactions. Using 
Jaccard similarity, we quantified ligand-receptor 
colocalization in both tumor and adjacent tissue and 
identified three distinct categories of interactions, suggesting 
that differential mechanisms of interaction between these 
categories may drive tumor progression. Our spatial 
transcriptomic analysis provides a validation step to refine in 
silico ligand-receptor communication networks. 
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Glioblastoma (GBM) is a highly aggressive primary brain 
tumor characterized by extensive intratumoral 
heterogeneity. Autologous tumor lysate-pulsed dendritic 
cell (ATL-DC) vaccination has been shown to improve 
survival in some patients, with a subset achieving long-
term survival of over 10 years without recurrence. 
However, the immune mechanisms underlying the distinct 
outcomes of long-term responders (LTRs) and short-term 
responders (STRs) remain poorly understood. We analyzed 
pre-therapy 10x Genomics Visium spatial transcriptomics 
data with from GBM tumors to characterize the spatial 
organization of the tumor immune microenvironment. 
Distinct immune cell populations were enriched in either 
the tumor microenvironment of LTRs or STRs, suggesting 
differences in cellular composition that may influence 
therapeutic response and survival outcomes. These 
findings provide insights into the spatial immune landscape 
of GBM and may guide future optimization of ATL-DC 
vaccination and the development of more effective 
immunotherapeutic strategies.
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Methods such as pseudotime have been used to examine trajectories 
of cell development in single-cell data. However, pseudotime cannot 
map the clonal origin of individual cells, which is important for 
understanding variable starting populations. While there are wet lab 
methods to track the division of cells, they are expensive. This raises 
the question of whether lineage tracing can use natural variants to 
track the pathway of cells along their respective trajectories. This 
project compares lineage tracing methods against pseudotime to 
examine clonal variation, using fibroblast reprogramming into 
induced pluripotent stem cells. We investigated packages used for 
lineage tracing in single-cell data using natural mitochondrial variants 
and developed new CNV-calling methods and applied them to 
fibroblast reprogramming. Our pipeline demonstrates how lineage 
tracing can be applied to single-cell data to uncover clonal 
relationships underlying cell fate decisions, offering a generalizable 
framework for studying individual variability in reprogramming 
systems.
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Modeling 1D Blood Flow Through Branching Vascular 
Networks to Describe Growth and Drug Delivery in Both 
Healthy Tissue and Tumors 
ANNIE LINLEY¹⸍²⸍⁴, Kai Akamatsu², Van M. Savage²⸍³
1 BIG Summer Program, Institute for Quantitative and 
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Evolutionary Biology, UCLA
3 Santa Fe Institute
4 Departments of Physics and Mathematics, UVA
Medical imaging reveals that tumor vasculature differs 
substantially from that of healthy tissue: tumor vessels are 
less hierarchical, more tortuous, and less evenly distributed. 
Tumor vasculature is thus difficult to mathematically model, 
since it likely cannot be faithfully approximated by a self-
similar straight-vessel bifurcating tree in the same way as 
whole-organism vasculature. My project makes progress on 
the goal of modeling tumor vasculature by combining one-
dimensional Navier-Stokes fluid flow equations with power 
loss minimization techniques to create a more physically 
accurate fluid flow description of a healthy mammalian 
vascular system. I created an algorithm informed by this 
framework which, given the geometric and elastic 
parameters of the relevant vessels from either simulated or 
empirical networks, can describe the fluid flow 
comprehensively. This algorithm could be used to confirm 
the characteristics and volume of blood flow into and out of 
a tumor, potentially informing growth predictions, drug 
delivery, and treatment options.
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Designing antisense oligonucleotides for favoring specific 
RNA switch conformations
LIVIA LIU1, Feng Guo2
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Antisense oligonucleotides are short, synthetic DNA 
molecules that bind to target mRNA and allow for the 
modification of this mRNA through various means. RNA 
switches are RNA based regulatory mechanisms that adopt 
two alternative conformations with different effects on 
gene regulation. This project extends upon the work of 
Goodarzi et al, which only analyzed the effects of antisense 
oligonucleotides on the conformations on one RNA switch, 
the RORC RNA switch. Using the RNA sequence data for 
the other RNA switches that were discovered, we used 
ShapeRNA to visualize secondary structures for 10 RNA 
switches and attempted to design ASOs that would favor 
certain conformations of these RNA switches. We are also 
developing a computer based program to automate the 
generation of potential ASOs for RNA switches based on 
secondary structure, which can help contribute to future 
studies focusing on ASOs and targeting specific RNA 
switches, in terms of convenience.

Student: Livia Liu
Faculty Advisor: Feng Guo
Department: Biological Chemistry
https://guolab.mbi.ucla.edu/

Livia Liu

Computational 
Biology - UCLA

Expected year 
of  graduation: 
June 2027

23





Characterizing Bidirectional Transcription and its Link to 
Neuroinflammation in Parkinson’s Disease
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Parkinson’s Disease (PD) is a neurodegenerative disease 
with motor and cognitive symptoms marked by Lewy 
Bodies (LB) that trigger neuroinflammation and eventually 
lead to dopaminergic cell death. Previous studies have 
shown that intra-molecular double-stranded RNA (dsRNA) 
play a role in cancer, autoimmune, and neurodegenerative 
diseases. However, the contribution of intermolecular 
dsRNA from bidirectional transcription is 
undercharacterized. In this study, we characterized 
bidirectional transcript configuration and expression from 
PD-affecting brain regions in patient and control samples 
to investigate immune-related functions. Our results 
suggest bidirectional transcripts that overlap transposable 
elements are enriched for innate immune-related genes 
and could serve as a potential source of dsRNA that 
contribute to neuroinflammation in PD. These findings 
could uncover a novel pathway linking the role of non-
coding regions sourcing dsRNA with innate immunity and 
major PD pathogenesis.
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Genome-Wide Characterization of Ligand-Specific 
Transcriptional Responses to BMP2, BMP10, and 
BMP2+GDF5 in C2C12 Myoblasts 
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BMP2, BMP10, and BMP2+GDF5 have been reported to 
elicit distinct phenotypic outcomes in C2C12 myoblasts, 
but the genome-wide transcriptional changes underlying 
these differences remain uncharacterized, such as the 
specific genes and timepoints at which they arise. We 
treated C2C12 myoblasts with BMP2, BMP10, or 
BMP2+GDF5 (combined), alongside untreated controls, 
over a one-, two-, and three-day time course and 
performed transcriptome-wide RNA sequencing on all 12 
samples. Differential expression analysis is currently being 
done to identify genes that respond similarly across ligands 
versus those that are specific to the BMP ligands we 
focused on, with attention to osteogenic and myogenic 
markers. Defining these shared and ligand-specific 
transcriptional markers will help provide a foundation for 
future studies into how distinct BMP ligands generate 
specificity in downstream signaling and cell fate outcomes. 
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Quantitative PET-CT Radiomics Characterization of Tumor 
Metabolism and Vascular Architecture in Non-Small Cell Lung 
Cancer
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Non-small cell lung cancer (NSCLC) is characterized by 
abnormalities in tumor metabolism and vascular structure that 
contribute to differences in tumor phenotype, progression, and 
clinical outcomes. We investigated whether quantitative PET-CT-
derived biomarkers could differentiate the two most common 
NSCLC histological subtypes–adenocarcinoma and squamous cell 
carcinoma–and classify clinical stage. We developed a 
multimodal computational pipeline that extracted metabolic, 
volumetric, and vascular branching and scaling features from co-
registered PET-CT images and integrated them into supervised 
machine learning models. Machine learning analyses 
demonstrated that quantitative PET-CT biomarkers more 
accurately classified clinical stage than histological subtype. 
Histological classification relied primarily on metabolic intensity 
features, whereas clinical stage classification benefited from 
integrating structural vascular metrics with volumetric metabolic 
features, improving cross-validated model performance. These 
findings demonstrate that complementary metabolic and 
vascular biomarkers capture distinct aspects of NSCLC biology 
and support multimodal PET-CT analysis as a source of robust, 
non-invasive biomarkers for precision oncology.
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Interpretable Sparse Autoencoder Features for TBI 
Prognosis from Multimodal MRI
EMMA MALIAR¹, Jeffrey Chiang²
1 BIG Summer Program, QCBio, University of California, Los 
Angeles
2 Department of Computational Medicine, University of 
California, Los Angeles
Traumatic brain injury (TBI) is the leading cause of death 
and disability in people under 40. Current prognostic 
standards like CRASH rely solely on clinical variables 
(Glasgow Coma Scale and pupillary reactivity), often 
reporting high false-positive rates for unfavorable 
prognoses, increasing the risk for premature withdrawal of 
life-sustaining therapy. Multimodal MRI captures detailed 
information about hemorrhaging, microstructural damage, 
and diffuse axonal injury that clinical variables miss 
entirely. Prior work has shown that foundation models can 
extract features from T1, T2, SWI, and ADC MRI and 
classify six-month functional outcomes. However, a key gap 
for clinical adoption remains: it is unclear which brain 
regions drive model predictions. Therefore this project 
aims to yield interpretable, spatially localized features by 
applying sparse autoencoder methods to foundation 
model embeddings of multimodal TBI MRI data. 
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Under Pressure: Mapping the Remodeled Temporal Structure in 
Beige Adipose Reveals Diverging Responses to Nutritional Timing 
Restrictions
ROBERT MATHEWS1, Dylan Sarver2,3,4, Aldons J Lusis2,3,4
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Nutritional timing is a potent regulator of circadian metabolism, 
yet how it reorganizes temporal transcription in adipose tissue 
remains poorly understood. Previous work demonstrated that 
restricting food access between two active-phase feeding bouts 
induces white adipose tissue beiging; increasing sympathetic 
signaling, mitochondrial biogenesis, and UCP1 expression. We 
sought to define how daily transcriptional programs are 
remodeled during this transition. Using circadian RNA 
sequencing from white adipose collected under ad-libitum and 
twice-a-night feeding, we developed an analytical pipeline which 
captures complex temporal expression patterns beyond 
conventional sinusoidal rhythm detection. We characterized 
temporally organized mitochondrial-associated transcripts, 
transcription factors, and secreted signaling molecules; 
clustering genes with shared expression dynamics and 
identifying coordinated pathways. This systems-level approach 
reveals remodeling of transcriptional networks accompanying 
adipose beiging, increasing our understanding of how nutritional 
timing reshapes rhythmic adipose physiology. This strategy offers 
a generalizable platform for extracting biologically meaningful 
temporal programs from time-series transcriptomic datasets.
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Systematic Transcriptional Profiling Reveals Stimulus-Specific 
Programs in Human Macrophage Training
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Macrophages are innate immune cells that adapt to different 
tissue contexts by a process termed innate immune training, 
thereby affecting their subsequent immune responses. 
Although some macrophage states have been extensively 
studied, comparative transcriptional profiling across a broad 
panel of training stimuli has not been systematically 
performed. Here, we used bulk RNA-seq to profile primary 
human macrophages from seven donors exposed to eleven 
immunological stimuli to characterize stimulus-specific 
transcriptional programs. Following quality control, TMM 
normalization, and filtering, principal component analysis 
identified stimulus type as the primary source of 
transcriptional variation, with interferon-type stimuli (IFNγ, 
IFNβ, PolyIC) separating from other conditions along PC1. 
Relative to naive macrophages, IFNγ and IFNβ induced the 
largest numbers of differentially expressed genes. Clustering 
revealed distinct, stimulus-specific expression patterns, and 
Gene Ontology analysis identified the biological processes 
underlying these stimulus-specific differences. This dataset 
provides a transcriptional resource for understanding human 
macrophage training across diverse immune stimuli. 

Student: Sahel Munshi
Faculty Advisor: Alexander Hoffmann
Direct Mentor: Vyas Koduvayur
Department: Microbiology, Immunology, and 
Molecular Genetics (MIMG)
https://www.signalingsystems.ucla.edu/alexander-hoffmann/

Sahel Munshi

High School 
Student

29





Genetic determinants of circulating metabolites associated 
with cardiometabolic diseases
LOIS PAK1, Rajat Gupta1, James R. Hilser1, Zeneng Wang2, 
Joseph A. DiDonato2, Jaana A. Hartiala1, Aldons J. Lusis1, 
Stanley L. Hazen2, Hooman Allayee
1 Department of Medicine, David Geffen School of Medicine of 
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Coronary artery disease (CAD), myocardial infarction (MI), and 
type 2 diabetes (T2D), account for significant morbidity and 
mortality. Each has a multifactorial etiology largely influenced 
by heritable factors in the context of environmental factors. 
Despite this recognition, the hundreds of susceptibility loci 
identified for CAD, MI, and T2D collectively explain only a 
fraction of their heritabilities. Previous studies have also 
identified several metabolites associated with cardiometabolic 
diseases, including indolepropionate (IPA) and 
phenylacetylglutamine (PAG), which are derived from gut 
bacteria-mediated metabolism of dietary tryptophan and 
phenylalanine, respectively. For example, higher and lower 
levels of IPA and PAG are associated with decreased and 
increased risk of T2D and CAD/MI, respectively. However, the 
mechanisms underlying these associations are not understood. 
Here, we performed a large-scale, multi-cohort genome-wide 
association study (GWAS) meta-analysis to identify novel loci 
associated with levels of each metabolite, followed by 
functional validation of positional candidate genes in mouse 
models.
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Capturing hematopoietic development using trajectory analysis of 
immunophenotypic data.
JAIME PELAYO1, 2, Alexander Hoffmann1, 3, 4, 5, Jennifer Chia3, 4, 5, 6
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Hematopoietic development has been modeled as either discrete, 
continuous, or as a continuum containing specific stable 
intermediate states. Although cell immunophenotyping is the gold 
standard for identifying distinct hematopoietic populations, 
conventional approaches poorly capture continuous development. 
Advances in high-dimensional immunophenotyping now allow us 
to test whether surface-protein data can resolve this continuum. 
Here, we calculate Euclidean distances between cell clusters to 
identify optimal marker sets for resolving populations, then use 
pseudotime trajectory analysis to order hematopoietic cells along 
the differentiation continuum. We quantify monocyte progenitor 
cell stability using silhouette analysis to ask whether discrete stable 
states exist within the developmental continuum. We found that 
immunophenotypic data can capture hematopoietic trajectories at 
a continuous resolution without full-transcriptome measurements. 
Further, pseudotime resolution depends more on marker 
specificity to cell types than on the total number of parameters. 
Understanding hematopoiesis as a discretized continuum may 
improve detection of abnormal developmental states in disease. 
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Age and Weight Associated Changes in the Canine Oral 
Microbiome
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Periodontal disease (PD) is one of the most common oral 
health concerns in dogs, associated with shifts in the 
microbiome community and an increase in disease-
correlated species. PD often goes untreated until it has 
progressed significantly and symptoms are visible. Age and 
weight are known to contribute to the risk of periodontal 
disease, however, large-scale characterizations of how these 
host factors relate to the canine oral microbiome remain 
limited. We ask if and how the canine oral microbiome 
changes with age and weight, and if there are health 
implications. Buccal swabs from 1,125 dogs were whole 
genome shotgun sequenced, enabling taxonomic profiling 
using MetaPhlAn. Findings showed an age-associated 
restructuring in the oral microbiome with a progression 
towards anaerobic, disease-associated taxa. As weight 
increased, disease-related taxa decreased and commensal 
taxa increased, but associations were weaker compared to 
age. This work could improve early detection and diagnosis 
of periodontal disease. 
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Concentrations in Murine Liver
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Determining absolute protein abundance is more time and 
resource intensive than relative quantification, but crucial for 
accurate pharmacokinetic modeling. We reasoned that relative-to-
absolute scaling factors could be calculated if both measurements 
were present for circadian proteins, which could be applied to all 
relatively quantified proteins. Utilizing RStudio, we identified high-
confidence peptides via ambiguous and phosphorylated peptide 
exclusion and reproducibility and mass spectrometry (MS) quality 
metrics. Scaling factors were calculated in a timepoint-specific 
manner using both relatively and absolutely quantified peptides 
and validated against matching circadian protein concentrations 
quantified in independent experiments. The same scaling factors 
were applied to the remaining relatively quantified proteins. This 
scalable pipeline enables researchers to estimate absolute protein 
abundance from relative measurements paired with minimal 
absolute data. We hope additional scaling factor quantification 
across a broad range of peptides and MS instrumentation will 
enable improved pharmacokinetic modeling of optimal drug timing 
and dosage for chronotherapeutic interventions.
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Regulatory T Cells and the Old Friends Hypothesis: Investigating 
the Effects of Urbanization on Immune Regulation 
NADIA TSAI1 , S. Madigan Durham2

Urbanization has been associated with a rising incidence of 
autoimmune and chronic inflammatory diseases, prompting 
interest in how environmental change influences immune 
regulation. The Old Friends Hypothesis proposes that reduced 
exposure to evolutionarily familiar microorganisms disrupts 
immunoregulatory mechanisms, particularly those mediated by 
regulatory T (Treg) cells. While previous work has established the 
evolutionary basis of this hypothesis and characterized the 
molecular pathways governing Treg development and function, few 
studies have integrated these perspectives across human 
populations experiencing different degrees of urbanization. We 
investigated whether transcriptomic patterns of Treg-associated 
genes in Orang Asli communities in Malaysia, which represent a 
gradient of traditional and urbanized lifestyles, are consistent with 
immunoregulatory changes predicted by the Old Friends 
Hypothesis. Candidate genes involved in Treg identity, suppressive 
function, and immune regulation were identified through a 
literature review and selected for future RNA-seq analyses, 
including differential gene expression testing, principal component 
analysis, hierarchical clustering, and pathway enrichment. This 
work will establish a framework for examining how environmental 
modernization may influence immune homeostasis and inform 
future studies integrating environmental exposures with 
immunological mechanisms underlying autoimmune and chronic 
inflammatory disease. 
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Conserved phosphorylation sites influence alphavirus replication 
and suggest host kinase regulation of viral fitness 
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Alphaviruses are enveloped, single-stranded, positive-sense RNA 
viruses primarily transmitted by mosquitoes. They represent an 
increasing global health concern, yet no approved antiviral 
treatments are currently available. Although phosphorylation is a 
well-established regulator of viral protein function across different 
virus families, whether and how phosphorylation regulates alphavirus 
replication remains poorly understood. Using phosphoproteomics of 
SINV-infected HEK293T cells across three independent experiments, 
we identified 49 reproducibly detected phosphorylation sites that 
correspond to conserved residues across 11 major human-infecting 
alphaviruses. Each site was mutated to make either phosphomimetic 
or phosphodead variants, and infectious particle production was 
assayed by plaque assays to determine sites important for viral 
fitness. We next leveraged Kinase Library motif prediction scores to 
investigate whether host kinase activity may underlie these events. 
We observed that sites with higher predicted kinase motif scores 
were more frequently associated with replication defects upon 
mutation. This may indicate that phosphorylation of viral proteins by 
host kinases is an important regulator of the alphavirus life cycle.
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Amide Proton Transfer (APT) MRI in Revealing Cellularity 
Shifts in Traumatic Brain Injury
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Standard neuroimaging captures structural traumatic brain 
injury (TBI) damage, but fails to detect cellularity changes 
in the subacute to chronic phase. Therefore, this study 
aims to determine whether Amide Proton Transfer (APT) 
MRI can complement structural imaging by revealing 
biological mechanisms across TBI progression. APT MRI 
was integrated alongside diffusion-weighted imaging, 
restricted diffusion imaging (RDI), and Jacobian 
determinants in a controlled cortical impact rat model at 
days 3 (subacute) and 30 (chronic), utilizing principal 
component analysis and voxel-wise analysis. Analysis 
revealed that subacute lesions spanned a continuous 
spectrum of heterogeneity, whereas chronic injuries 
clustered into two phenotypes. Furthermore, early APT 
value elevation is aligned with RDI and edema, whereas 
chronic APT value decreases correlate with atrophy. The 
findings reveal the meaning of APT changes in the context 
of TBI, as it shows neuroinflammation and altered 
cellularity; therefore, it is shown to be an additional non-
invasive tool for tracking injury progression. 
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Multiscale iEEG Biomarkers and Patient-Specific Digital Brain 
Twins for Alzheimer’s Disease Risk and Neuromodulation
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High-frequency oscillations (HFOs), interictal epileptiform 
discharges (IEDs), and low-frequency dynamics provide 
complementary signatures of network dysfunction relevant to 
epilepsy and Alzheimer’s disease (AD). We are developing a 
multiscale human iEEG framework integrating automated 
biomarker detection, AD-risk evaluation, and patient-specific 
digital brain modeling. Using CRCNS recordings, expert-
annotated IED data, and UCLA clinical iEEG, we developed 
frequency-informed HFO detection with contextual calibration 
and are integrating HFO/fast-ripple, IED, and low-frequency 
features into individualized electrophysiological profiles. Our 
HFO classifier achieved 0.876 recall and 0.839 precision, while 
temporal event localization remained a major limitation. These 
biomarkers are now being incorporated into patient-specific 
neural-mass models to construct virtual brain twins that 
reproduce individual network dynamics and support in-silico 
optimization of neuromodulation targets, timing, and 
stimulation parameters before clinical validation. 
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Loss of the Y Chromosome Reshapes Senescence-
Associated Transcriptional Programs in Mouse 
Macrophages
JESSIE XU1, Utkarsh Tripathi1, Anthony J. Covarrubias1
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Mosaic loss of the Y chromosome (LOY) is a common age-
associated chromosomal alteration in men linked to age-
related disease, yet its effects on macrophage senescence 
remain unclear. We asked whether LOY alters macrophage 
transcriptional responses to senescence. Bone marrow-
derived macrophages from XY and XO mice were exposed 
to 10 Gy irradiation and analyzed 10 days later by bulk 
RNA-seq (n=3/group), followed by DESeq2, genotype-by-
senescence interaction, and gene-set enrichment analyses. 
Senescence dominated transcriptional variation (PC1, 
85.4%), while genotype separated samples along PC2 
(5.8%). Senescence altered 3,102 genes in XY and 4,010 in 
XO macrophages (padj<0.05, |log2FC|>0.5). Interaction 
analysis identified 959 genes with significant genotype-by-
senescence interactions and revealed stronger suppression 
of ribosomal, DNA-replication, cell-cycle, and oxidative-
phosphorylation programs in XO macrophages, with 
differential lipid/steroid and lysosomal remodeling. These 
findings suggest that Y-chromosome status shapes 
macrophage senescence programs relevant to aging.

Student: Jessie Xu
Faculty Advisor: Anthony Covarrubias
Direct Mentor: Utkarsh Tripathi
Department: Microbiology, Immunology, and 
Molecular Genetics (MIMG)
https://www.covarrubiaslab.com/

Jessie Xu

Molecular, Cell 
and 
Developmental 
Biology - UCLA

Expected year 
of  graduation: 
June 2027

38





Cross-Context Multiomics Network Analysis Identifies Risk 
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Colorectal cancer (CRC) involves diverse genetic and epigenetic 
risks, but whether they converge or diverge on regulatory networks 
remains unclear. We aim to use an multiomics informed network 
framework to identify regulatory pathways, networks, and driver 
genes of CRC. We used the Mergeomics method to integrate 
genome-wide association studies (GWAS; common variants), whole 
exome studies (WES; rare variants), and epigenome-wide 
association studies (EWAS) datasets with pathway, gene 
coexpression and gene regulatory networks across non-CRC colon, 
normal adjacent tissues (NAT), and tumors. We found that CRC-
associated genetic and epigenetic signals converged on stage-
specific programs, with non-CRC and NAT tissues informed 
immune, epithelial, stromal–vascular, cytoskeletal, and vesicle-
trafficking pathways whereas tumors mainly informed cell cycle 
and metabolic reprogramming. We identified network drivers, 
many of which were known CRC somatic-mutation genes, linking 
susceptibility networks to tumor-acquired genomic disruption. 
Together, the results provide mechanistic insights into the 
interconnected networks driving CRC progression.
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