
KAUST
ACADEMY



BIOINFORMATICS.

SECTION  2

academy.kaust.edu.sa



academy.kaust.edu.saKAUST Academy

FROM CNA PROFILES TO 

PROGNOSTIC PREDICTIONS: UTILIZING

HILBERT CURVE IMAGES FOR CANCER SUBTYPE 

CLASSIFICATION AND SURVIVAL ANALYSIS

��
Cancer results from DNA mutations, including Copy Number Alterations 

(CNAs) where large DNA segments are duplicated or deleted. This study 

examines the potential of CNAs as biomarkers for cancer subtype 

classification, tumor stage prediction, and survival analysis, using nearly 
10,000 samples across 25 cancer types.We employed Hilbert Curve 
visualizations of CNA profiles and applied computer vision models, 
including YOLOv8 and VGG16, for classification tasks. A logistic regression 
model using patient cytoband data served as a control. YOLOv8 
performed best in cancer subtype classification, surpassing VGG16 and 
the control model, although tumor stage classification yielded poor 
results across all models. 

Survival analysis with DeepSurv showed fluctuating C-index results, 
indicating issues with overfitting.Despite these challenges, the study 
successfully explored the utility of CNAs in cancer research. Some 

subtypes were classified effectively, suggesting CNAs provide valuable 
insights into tumor characteristics. Key limitations included dataset size 
and the mismatch between CNA image simplicity and model complexity. 

Future work will expand the dataset and develop models tailored to CNA 
image analysis, improving interpretability and performance.
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Cancer results from DNA mutations, including Copy Number Alterations (CNAs) where large DNA

segments are duplicated or deleted. This study examines the potential of CNAs as biomarkers for

cancer subtype classification, tumor stage prediction, and survival analysis, using nearly 10,000

samples across 25 cancer subtypes. We employed Hilbert Curve visualizations of CNA profiles and

applied computer vision models, including YOLOv8 and VGG16, for classification tasks. A logistic

regression model using patient cytoband data served as a control. YOLOv8 performed best in cancer

subtype classification, surpassing VGG16 and the control model, although tumor stage classification

yielded poor results across across all models. . Survival analysis with DeepSurv showed fluctuating

C-index results, indicating issues with overfitting. Despite these challenges, the study successfully

explored the utility of CNAs in cancer research. Some subtypes were classified effectively, suggesting

CNAs provide valuable insights into tumor characteristics.

Abstract

Methodology

Objectives

� Exploring CNAs: Investigate their role in early cancer diagnosis, treatment, and tumor

characterization, including subtype identification, staging, and resistance.

� AI Model Development: Develop AI models to distinguish between cancerous and normal

mutations.

� 1D to 2D Conversion: Transform CNA sequences into two-dimensional formats for better

analysis, applying computer vision techniques like transfer learning for enhanced interpretation.

� Model Comparison: Compare single-task vs. multi-task models in cancer classification tasks.

� CV vs. ML Models: Evaluate complex CV models against simpler ML models like logistic

regression using patient cytoband data.

� Survival Analysis: Use CNAs in survival analysis through the DeepSurv framework.

Results

Conclusion

Dataset

We utilized the Copy Number Alterations (CNA) dataset from the TCGA - PanCanAtlas Publications

collection [1]. This dataset was employed to generate CNA images and calculate cytoband values for

each patient.
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From CNA Profiles to Prognostic Predictions: Utilizing Hilbert 

Curve Images for Cancer Subtype Classification and Survival 

Analysis

Preprocessing

Modeling Table

Below is a table that summarizes the key details of each model used:

Model Task(s) Dataset Hyperparameters
Activation 

Function
Loss Function Other Notes

YOLOv8n-cls

Cancer 

subtype 

classification

CNA 

Images

Epochs=150, 

Imgsz=480, Lr=0.01, 

Batch=16, 

Optimizer=SGD

N/A N/A

Focuses on 

subtype 

classification

VGG16 

Multi-task

Cancer 

subtype & 

tumor stage 

classification

CNA 

Images

Lr=0.0001, 

Optimizer=Adam, 

Epochs=300, 

Imgsz=224, Batch=32

LeakyReLU, 

Softmax
CrossEntropyLoss

Multi-task model 

combining 

subtype and stage 

tasks

Logistic 

Regression

Cancer 

subtype 

classification 

(Control)

Cytoband 

values

Max_iter=800, 

Solver='liblinear�, 

Multi_class='ovr�, 

Class_weight='balanced'

N/A N/A

Control model 

using cytobands 

for comparison

DeepSurv
Survival 

analysis

Cytoband 

values

Optimizer=Adam, 

Lr=0.000001, 

Epochs=200, 

lr_decay_rate=0.001

SELU, Linear
NegativeLogLikel

ihood

Uses modified 

pre-existing code 

for survival 

analysis.[2]

Post-processing

Classification tasks : 

� Precision.

� Recall.

� F1-score. 

Survival analysis tasks: 

� C-index. Sample of a CNA image Sample of a CNA image

Cancer Subtypes Task

� Performance Variation: F1-scores varied, with TGCT showing the highest and ESCA the lowest.

� Model Comparison: YOLOv8n-cls performed best, followed by the control model, then VGG16.

� Metric Consistency: Precision, recall, and F1-scores were generally aligned.

Tumor Stage Task

Overall Performance:

The classification results 

for tumor stages are 

uniformly poor across all 

stages.

Model Stability: Although the loss function shows ideal convergence across epochs, the fluctuating 

C-index in both training and validation sets suggests issues with model overfitting or underfitting.

Survival Task

Primary Objective Explored the utility of CNAs in studying tumor characteristics, with some subtypes 

showing excellent performance, highlighting their potential in cancer research.

Challenges:

� Limited dataset (10,000 samples) made addressing multiple tasks challenging.

� Data augmentation was not feasible due to the reliance on specific image features.

� Pre-trained models may have been too complex for simple CNA images.

Discussion and Future Work

Research Foundation: The study provides a basis for further CNA exploration.

Next Steps:

� Expand the dataset and develop CNA-specific models.

� Include predictions for additional patient characteristics (age, gender).

The From CNA Profiles to Prognostic Predictions: Utilizing Hilbert 

Curve Images for Cancer Subtype Classification and Survival Analysis 

is supported by the Data Sciences Institute, University of Toronto. 
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DEVELOPMENT OF DEEP LEARNING

SOLUTIONS FOR 4D IMAGE SEGMENTATION

OF SPATIAL OMICS DATA

��
Understanding the intricate dynamics of chromosomal organization 
within multicellular systems is critical for advancements in medical and 
biological sciences. Our research focuses on the development and 
deployment of high-precision deep learning models for 4D image 
segmentation, aimed at unveiling genomic architecture over 
developmental periods in model organisms such as C. elegans. By 
integrating advanced convolutional neural networks (CNNs) and 
transformers, we significantly improve the accuracy and efficiency of 
segmentation tasks, particularly through the utilization of Micro-SAM.

In our study, we compare the performance of Micro-SAM with 
traditional segmentation methods and alternative deep learning 
models like Med-SAM. Preliminary results demonstrate substantial 
enhancements in 3D segmentation accuracy and computational 

efficiency with Micro-SAM, surpassing traditional techniques. These 
improvements facilitate a deeper understanding of cellular, nuclear, 
and chromosomal structures, providing valuable insights into their 
development.

Our findings underscore the impact of deep learning in precise data 
analysis, highlighting the importance of high-resolution datasets for 
accurate model performance. 
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YOLO-AR: A CT PROCESS 

ANALYTICS FRAMEWORK

��
Diagnostic medical imaging services require significant resources, 
including equipment, materials and labor. Proper coordination of 
these resources positively impacts the productivity of the radiology 
department, which, in turn, influences access to care, costs, and 
quality. Thus, the availability of near-real-time productivity 
measurements may improve department operations by providing 
insight into system bottlenecks. We propose a novel Operations 
Research (OR) framework for measuring the efficiency of a hospital's 
medical imaging department. Utilizing a mix of AI methods such as 
image segmentation and action recognition, we provide a 
state-of-the-art (SOTA) system for tracking the end-to-end process 
latency and patient inventory while preserving privacy. 

More specifically, we explore YOLOv8 for image segmentation as 
well as ResNet18 for action recognition. As a part of this endevor, we 
have collected footage of simulated patient computer tomography 
(CT) scans for training. 

academy.kaust.edu.saKAUST Academy

Furthermore, the system has been deployed on a Nvidia Jetson Orin NX 
in a teaching hospital. Henceforth, We believe that our system can be 
applied to more hospitals in Greater Toronto Area

(GTA), generalized to more types of medical imaging procedures, as well 
as extended to produce more fine-grained analytics.
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GWAS OF CYSTIC FIBROSIS LUNG

DISEASE USING A VARIABLE NUMBER 

OF TANDEM REPEATS CALLED  FROM 

LONG-READ SEQUENCING 

��
Cystic fibrosis (CF) is a genetic disease affecting 70,000-100,000 
individuals worldwide.1 It is caused by variations in the CFTR gene, 
impacting multiple organs, particularly the lungs.

 A recent genome-wide association study (GWAS) identified possible 
genetic links to lung function in CF, including a region near the SLC9A3 

gene on chromosome 5.2. This region contains repetitive genetic 
sequences, and whether these repeats contribute to the observed 
genetic associations is unclear.2 This study aims to use HiFi technology 

from Pacific Biosciences (PacBio) to explore the association between 
repeat lengths genome-wide, particularly in the SLC9A3 region, and 
lung function in CF patients.

Subjects with CF were recruited into the Canadian Cystic Fibrosis Gene 

Modifier Study (CGMS). High-molecular-weight DNA was sequenced 
using PacBio whole-genome long-read HiFi sequencing (30X). The 
Tandem Repeat Genotyping Tool (TRGT)3 and its repeat catalog were 

used to genotype repeats. The subjects' ancestry was inferred, and 
significant PCs from PCA were included as covariates. 
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DATA SCIENCE TO OPTIMIZE

CARDIOVASCULAR DISEASE 

PREVENTION

��
Diabetes and obesity are significant risk factors for cardiovascular disease; 
however, recent advancements in medications, particularly 
Glucagon-Like Peptide-1 (GLP-1) agonists and similar drugs, have proven 
highly effective in protecting patients with these conditions from 
cardiovascular events. 

Our project focuses on investigating the impact of this class of 
medications on patients with obesity, diabetes, and other comorbidities 

using electronic health record data. 

We apply statistical methodologies, specifically Target Trial Emulation, to 
simulate randomized clinical trials and analyze real-world data.
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THE IMPACT OF CO-OCCURRING

CHRONIC PAIN AND DEPRESSION/ANXIETY

IN THE US FROM 2019 - 2021

��
Chronic pain often co-occurring with Anxiety/Depression (A/D) and vise versa. This study 
examines NHIS data from 2019-2021 to assess their prevalence and impact among US 
adults. We analyzed data from 93,047 adults who self-reported chronic pain and A/D.
Participants were grouped by their conditions. We found that 20.4 million US adult 

experienced both chronic pain and A/D, this group of people shows higher rates of social 
and functional limitations, poor health reporting, and hospital visits. In conclusion, chronic 
pain and A/D together are associated with greater health challenges, highlighting the need 
for integrated treatment strategies.
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THE SEARCH FOR NOVEL DNA

VIRUSES IN ALZHEIMER�S 

DISEASE BRAINS

��
This project explores the potential viral origins of Alzheimer's disease, 
focusing on discovering novel viruses within the Circoviridae family. 

By constructing a comprehensive database of a conserved protein 
sequence known as the Jelly Roll hallmark structure, the research aims to 
uncover new insights into how these viruses might contribute to 
Alzheimer's pathology using bioinformatics tools.
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QUANTIFYING THE 

EFFECT OF 

JOINT CALLING

��
Joint variant calling improves the accuracy of variant detection by 
analyzing genetic data across multiple samples simultaneously. It 
leverages population statistics and biological assumptions about 
inheritance to enhance variant detection accuracy. A previous 
experiment measured the benefits of joint calling and demonstrated 
that increasing the size of the cohort improves variant sensitivity, with 
benefits plateauing around 600 samples (Gauthier et al., 2016, ASHG).

The goal of this research was to reproduce this experiment using 

modern genetic data, measure the benefits of joint calling, and identify 
the minimum sample size required to achieve optimal performance. 
Additionally, we explored how varying population structures within the 
cohort affect the accuracy of joint variant calling.

We analyzed genotypic changes by creating cohorts of increasing size 
from the 1000 Genomes dataset, ensuring the inclusion of the 

well-established HG002 sample in each cohort. We performed joint 
calling using the GenotypeGVCFs tool. The HG002 sample was then 

extracted from the joint VCF files and benchmarked using VCFeval.
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ALL OF US ANCESTRY 

CONCORDANCE ACROSS TOOL

��
During my internship at the Broad Institute of MIT and Harvard, I worked 
on evaluating the concordance between two ancestry prediction tools 
within the All of Us (AoU) dataset, which comprises over 410,000 
samples out of a projected 1 million. The project compared categorical 

ancestry predictions from a Random Forest model with admixture 

estimates generated by the Rye tool. The primary goal was to assess the 

reliability of these methods in accurately predicting ancestry, particularly 

for diverse and underrepresented populations. This analysis is crucial for 
accurately determining population-specific allele frequencies, which 
have significant implications for disease diagnosis and understanding 
genetic risk factors. By validating these methods, we aimed to improve 
the precision of genetic analyses in diverse populations.
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INVESTIGATING THE ROLE OF

THE X-CHROMOSOME IN AUTOIMMUNE 

DISEASES: A BIOINFORMATICS APPROACH 

LEVERAGING SINGLE-CELL GENOMICS

��
Autoimmune diseases predominantly affect women, suggesting a 

potential role for the X chromosome in disease susceptibility. This 
study investigates the involvement of the X chromosome in 
autoimmune diseases using single-cell RNA sequencing data. 

By analyzing gene expression patterns across immune cells from 
patients with Crohn’s disease and type 1 diabetes, we identified 
differentially expressed genes (DEGs) located on the X chromosome. 
Our findings reveal a notable proportion of DEGs associated with the X 
chromosome, underscoring its potential contribution to the 

pathogenesis of these conditions. 

This research provides new insights into the molecular mechanisms 
underlying autoimmune diseases and highlights the need for further 

exploration of X-linked genetic factors.
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ENHANCING HARMFUL 

COVARIATE SHIFT DETECTION 

IN MEDICAL IMAGING 

WITH LORA

��
Detecting harmful covariate shifts (HCS) is crucial for the safe deployment 
of machine learning models and to ensure their reliability, especially in 

high-risk domains like healthcare. HCS occurs when the data distribution 
in deployment differs from the training data, leading to degraded model 

performance. Existing methods, such as the Detectron, detect HCS with 

an ensemble of classifiers trained to agree on training data and disagree 
on a small sample of deployment data. However, this task becomes more 
challenging with medical imaging data as it would require significant 
compute and time. By integrating Low-Rank Adaptation (LoRA) into 
Detectron, we apply LoRA to the base model architecture, allowing each 

classifier in the ensemble to benefit from the reduced parameter count 
and improved efficiency. This significantly reduces the size of all of the 
classifiers in the ensemble of models, making detecting HCS on medical 
data more feasible and efficient. 

This method makes the detection of HCS in medical imaging using the 

Detectron more feasible, and also ensures the robustness of deployed 

models, providing a reliable mechanism to ensure and maintain model 
performance in healthcare applications.
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EXPLORING THE IMPACT OF

ENVIRONMENTAL AND CLIMATE

EXPOSURES AND SOCIAL

DETERMINANTS OF HEALTH (SDOH)

ON MULTIPLE SCLEROSIS (MS)

��
Multiple Sclerosis (MS) is a serious neurological disorder that affects millions of people 

around the world, but its causes are not fully understood. While genetics are known to play 

a role, there is growing evidence that social factors, environmental conditions, and climate 
stresses may also contribute to the prevalence of MS.

This study aims to explore these connections by analyzing data from Duke University 
patients living in North Carolina. We will identify associations between social determinants 
of health (SDoH), environmental factors, and climate variables with the prevalence of MS. 
This research will provide, for the first time, a detailed picture of how these factors might 
influence MS in this region, offering insights that could lead to better interventions and 
outcomes for patients.

academy.kaust.edu.saKAUST Academy



��
BioInfomatics

KAUST Academy academy.kaust.edu.sa

CLASS 2024



academy.kaust.edu.saKAUST Academy

MISTRAL: DYNAMIC DATA 

ANALYSIS OF SECURITY THREATS

WITHIN BIOMEDICAL RESEARCH 

ENVIRONMENTS

��
MISTRAL (Massive Internal System Traffic Research Analysis and Logging) 
is a project funded by NSF and Cisco, aimed at enhancing network 

monitoring and data collection to protect sensitive patient data in 
biomedical research environments. 

This study establishes a baseline for normal network traffic and enriches 
datasets with synthetic malicious data to develop automated detection 
methods for cyber threats. We created two machine learning models that 

achieved over 96% precision in detecting malicious traffic, particularly 
port scanning attacks. Our methodologies include traffic visualizations 
that assist users in monitoring potential threats. The research underscores 

the importance of safeguarding patient data and ensuring operational 

security within biomedical research, leveraging advanced techniques in 
machine learning and data analysis.
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EVALUATING LONG-READ

BREAKEND CALLS

��
Structural Variants (SVs) are variations (like insertions, deletions, inversions, duplications) of 
length ≥50 base pairs that are found when comparing a sample genome to a reference 
genome. SVs contribute significantly to human genetic diversity and disease, and they are 
one of the main goals of long-read sequencing projects. The ongoing All of Us Long Reads 
project is sequencing ~1000 PacBio CCS samples at 8x coverage. Each sample is analyzed 
with multiple state-of-the-art SV callers, which, in addition to standard SV calls, emit also a 
few breakend (BND) calls per sample. BND calls are often discarded because they are 

believed to be unreliable, but they are potentially useful for representing complex SVs. This 
work aims at building a machine learning classifier that distinguishes between true and 
false BNDs by leveraging BND-specific features. We also focus on interpreting the complex 
variants represented by some true BND calls. We show that true BND calls can be 
successfully separated from false BND calls (AUC = 0.9). Moreover, we show that, although 
variant callers are incapable of fully capturing complex variants with BNDs, some of the 
BND calls they emit are informative.
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DU 

MONITORING SPARTINA ALTERNIFLORA

USING SELF-SUPERVISED LEARNING

��

academy.kaust.edu.saKAUST Academy

The invasive marsh grass Spartina alterniflora poses a significant threat to coastal 
ecosystems. This project aimed to develop a robust monitoring system using 
self-supervised learning techniques applied to satellite imagery data. We explored two 
methods, SimCLR and DINO, to effectively detect and track the spread of Spartina 
alterniflora in coastal regions. The key challenges included data sparsity and the lack of 
annotated datasets, which were addressed through the use of data augmentation and 

alternative data sources. Our findings demonstrate the potential of self-supervised learning 
in enhancing the accuracy and generalization of Spartina alterniflora detection, paving the 
way for improved environmental monitoring and conservation efforts.
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GANLA: GPU ACCELERATED 

NETWORK LAYOUT ALGORITHM

��
Network layout algorithms are used to visualize networks in a human 
friendly manner and are pivotal for data exploration. Currently, the 
Kamada-Kawai algorithm is commonly used for network visualization. 
However, Kamada-Kawai does not scale to large networks, such as those 
derived from human functional genomics data. 

We have developed a fast, scalable version of Kamada-Kawai which takes 
advantage of graphics processing unit (GPU) hardware acceleration, called 
GPU Accelerated Network Layout Algorithm (GANLA). GANLA computes 

the layout positions for all nodes in the network in parallel, whereas 

Kamada-Kawai computes these positions sequentially. Moreover, GANLA 
utilizes a mini-batch technique which enables the scalable layout of 
networks with many nodes, with a fixed memory footprint. In conclusion, 
GANLA scales to larger networks and should be faster than Kamada-Kawai 
algorithm, enabling the exploitation of larger and more complex biological 

networks relevant to human functional genomics.
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EVALUATION OF TRANSCRIPT-GUIDED CELL

SEGMENTATION ON GBM-DERIVED

SINGLE MOLECULE SPATIAL 

RANSCRIPTOMICS DATA

 

��
Glioblastoma (GBM) is a heterogeneous and aggressive brain tumor characterized by a 
variety of genomic mutations and aberrant gene expression patterns. This molecular 
heterogeneity significantly influences tumor development and progression. However, 
tumor progression is also a result of cells forming communities due to their spatial 

relationships, which gives rise to functional and behavioral attributes to promote survival 
and resistance. Thus, understanding spatial properties is critical to developing targeted 
therapies and improving patient outcomes.
Accurate single-cell segmentation is vital to measure the spatial distribution of GBM gene 
expression and tumor cell organization with their surrounding microenvironment and at 
multiple spatial scales. To address this, we are implementing, testing, and evaluating 
different segmentation methods to determine the best performing algorithms. This project 

will compare two different segmentation methods with original Xenium segmentation 
masks- Baysor and Proseg. This comparison involves integrating segmentation masks with 
images, annotating randomly selected regions, and evaluating their accuracy and 
suitability.

The expected outcome of this project is a comprehensive evaluation of segmentation 
tools, resulting in improved methods for analyzing spatial gene expression data in GBM. By 
advancing our understanding of tumor architecture, this study offers an opportunity to 
improve the prognosis and treatment outcomes of patients with GBM. 
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ENHANCING NAMED ENTITY 

NORMALIZATION IN BIOFACTOID 

USING NLP TECHNIQUES

��
Our project focuses on enhancing the accuracy of named entity 

normalization (NEN) in the Biofactoid web tool, which is used to curate 
biological interactions from scientific articles. By leveraging natural 
language processing (NLP) techniques, we aim to reduce common errors, 
such as orthologue mismatches (gene name is the same in multiple 

species), improving the reliability of bioentity data. 

This enhancement will contribute to more accurate mapping of cellular 

processes, aiding in disease research and therapeutic development.
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UNDERSTANDING 

MISTAKES IN VARIANT 

CALLING

��
Variant calling errors, including false positives and negatives, present 
challenges in genomic analyses. This study employs Explainable Boosting 

Machines (EBMs) to uncover the factors contributing to these errors. 

We developed a flexible pipeline capable of ranking the weakest genomic 
regions across multiple sequencing technologies, providing valuable 
insights for improving accuracy in future genomic studies. 

The pipeline’s adaptability allows it to work with various technologies and 
datasets, making it a powerful tool for investigating and mitigating variant 
calling errors in diverse genomic contexts.
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DISTRIBUTED 

DATALOADER FOR SPATIAL

TRANSCRIPTOMICS

��
Spatial biology explores the organization and interaction of 
biomolecules like RNA, DNA, and proteins within tissues to gain 

insights into cancer, neuroscience, and disease. Spatial 

Transcriptomics, a key aspect of this field, focuses on how gene 
expression varies across tissue regions, aiding in Disease Mapping. This 
project aims to develop a Spatial Transcriptomics Dataloader to 
enhance model training scalability within a distributed ecosystem by 

generating mini-batches from tissue pucks using various sampling 
strategies. Conducted in a cell biology AI lab contributing to the 

Cellarium ML core library, the project involved utilizing distributed 
systems and single-cell analysis libraries, and implementing the 
dataloader under expert guidance. Key features include pre-computed 
KNN computations, chunk-based partitioning with exclusive data 
assignment, and sampling strategies like random and KNN 

subsampling to capture different length scales. The Dataloader 

supports multi-node and multi-GPU distributed model training and 
includes batch tracking for workflow monitoring.
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AI FOR EXAMINING COMMERCIAL

DETERMINANTS OF HEALTH IN ONLINE 

GAMING AND GAMBLING

��
Online gambling, driven by technical innovation and accessibility, 
poses significant challenges in regulation and public health. 

In Ontario, gambling participation has surged, with $63 billion in online 
bets last year, raising concerns about gambling-related harms. 
Researchers have explored machine-learning methods to identify 
problematic gambling, but challenges like limited user data and 

insufficient focus on social aspects persist. 

Our project addresses these gaps by using publicly available data to 
develop an interactive tool that highlights the social dynamics of 
online gambling. 

This tool will identify key factors, create novel visualizations, and 
enhance data collection, providing insights to support public health 
strategies and responsible gambling practices
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MAKING CLIMATE HAZARD 

RISK DATA USEFUL FOR NORTH 

CAROLINA COMMUNITIES

��
Creswell, a small, predominantly Black, and underserved community in 
North Carolina, has been identified by the National Risk Index as highly 
vulnerable to natural hazards and climate change. Located near the 
coast at a low elevation with a river running underneath, Creswell 
faces significant flood risks, leading to rising insurance costs and 
diminishing market availability. 

This project aims to develop a pilot model using the HEC-RAS system 
to simulate various flood scenarios and estimate potential building 
damages. Our findings indicate that nearly half of the town is at high 
risk of severe flooding, with potential damages costs ranging from 12% 
to 33% of residents' annual income. 

These results underscore the need for targeted flood mitigation 
strategies to protect Creswell’s vulnerable infrastructure.
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FURTHER DEVELOPING DUKE�S

WEARABLE INFECTION DETECTION

PLATFORM

��
This project is an exciting opportunity to bridge the gap between 

technology and healthcare, with the potential to make a significant 
impact on people's lives. By harnessing the power of wearable devices, 
we aim to create a system that not only captures and processes health 

data in real-time but also translates this data into actionable insights.The 
integration of machine learning will enable us to detect early signs of 

health changes, potentially catching infections or other conditions before 

they escalate into more serious issues. Our work goes beyond just data 

collection it's about making this information accessible and meaningful to 
users. By focusing on UI/UX development, we ensure that the platform is 
intuitive, user-friendly, and capable of delivering critical health 
information in a way that is easy to understand and act upon.

Ultimately, this project has the potential to empower users with timely 

health information, improving their well-being and possibly preventing 
severe health outcomes. It’s a step toward a future where wearable 
technology plays a crucial role in proactive healthcare, offering users a 
better quality of life through early detection and intervention.
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MULTI-OMICS DATA ANALYSIS &

VISUALIZATION TO INVESTIGATE THE 

MOLECULAR PROFILE OF BREAST CANCER 

CELLS IN AN ORGAN-ON-A-CHIP MODEL

��
The emergence of high-throughput multi-omics technologies facilitate 
the comprehensive analysis of different data, such as genomes, 
transcriptomes, proteomes, and metabolomes. Multi-omics data, 
however, require powerful analytical pipelines to generate meaningful 
biological insights. Here, we propose a novel integrated omics 
data(proteomics and transcriptomics) analysis pipeline that applies Gene 

Ontology (GO) enrichment, pathway enrichment, and Protein-Protein 
Interaction (PPI) network analyses to determine the mechanisms and 

pathways most involved in a breast cancer. 

Overall, this omics data analysis pipeline provides a robust methodology 
for interpreting large-scale biological data, facilitating the discovery of 
pathways, biomarkers, and drug targets in a disease environment. We 
apply this pipeline for breast cancer, but this methodology can be used 

for a variety of diseases.
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THUNDERPACK 

FOR EHR INGESTION

��
This project explores an alternative method for Electronic Health 
Record (EHR) ingestion using ThunderPack, 

as compared to the current approach employed by the JEDI pipeline 
at the Broad Institute. 

The results were promising: ThunderPack significantly reduced size on 
disk for the ingested dataset as well as ingestion time. 

Furthermore, improved read speed metrics were measured for text 
and tabular data, the two primary modalities that JEDI works with.
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A TEXTUAL ANALYSIS 

OF AGRICULTURAL 

RESEARCH

��
Understanding trends in research topics, funding, and citations over 
time offers valuable insights for researchers. This study focuses on 
identifying trends in research topics and funding in agricultural and 

applied economics research projects. 

We analyze a corpus of research papers published in Applied 
Economics Perspectives and Policy (AEPP) and the American Journal 
of Agricultural Economics (AJAE), two journals with significant impact 
in the field of agricultural and applied economics. 

We aim to provide insights into research priorities within the last two 
decades. 
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Understanding trends in research topics, funding, and citations over time 
offers valuable insights for researchers. This study focuses on identifying 
trends in research topics and funding in agricultural and applied 
economics research projects. We analyze a corpus of research papers 
published in Applied Economics Perspectives and Policy (AEPP) and the 
American Journal of Agricultural Economics (AJAE), two journals with 
significant impact in the field of agricultural and applied economics. We 
aim to provide insights into research priorities within the last two decades. 

Objectives
Figure 1: Flowchart of topic identification and data analysis

● Analyze a dataset of agricultural economics research papers to identify 
trends in research topics and funding patterns over time

● Use natural language processing techniques for topic extraction

● Perform time series analysis on the extract topics to identify longitudinal 
trends in research topics and funding 
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● 4,102 XML files representing 4,102 publications from the American 

Journal of Agricultural Economics (AJAE) and Applied Economic 

Perspectives and Policy (AEPP) spanning from February 2003 to June 
2024

● 3,417 records of year-by-year citation counts for each document, 
identified by DOI, as extracted from the Web of Science

● After filtering non-research articles (book reviews, listings) and aligning 
filtered publication corpus with citation records based on DOI, the reduced 
dataset consists of 3,049 XML files

Published articles

Data extraction & cleaning
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e.g.: Publish Date: ‘.//wiley:coverDate’ 
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● Figure 7 shows the total number of papers 
per year and the proportion of papers per 
year with reported funding

● We hypothesized that there is a structural 
break in the percentage of papers reported 
receiving research funding around the year 
2020, potentially due to the impact of the 
COVID-19 pandemic 

● The Chow test of structural stability reveals 
a structural break in the proportion of papers 
with reported funding (p<.001), with a 
breakpoint around 2020

● There are similarities in topic themes and trends of topics extracted with both topic 
models, such as an increase in papers on “Household and Development Economics” and 
their related topics over the past two decades and a noticeable growth of COVID-19 
related topics in 2020

● Example COVID-19 related topics include “Health Surveys, Demographics, and 
COVID-19 Impact” and “Pandemic Resilience and Supply Chains”

● We identify no coherent themes in topics with decreasing frequency over time

Funding

Figure 2: Number of papers attributed to LDA topics

Topic 2: Obesity and Dietary Patterns 

Figure 4: BERTopic topic hierarchical grouping

Figure 6: Longitudinal prevalence of topics grouped by increasing and decreasing trends

Figure 7: Trends in yearly papers published and funding proportion

Topic 45: Pandemic Resilience and Supply Chains

Figure 5: BERTopic word cloudsFigure 3: LDA topic word clouds
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Topic 3: Livestock Management and Animal HealthTopic 8: Health Surveys, Demographics, and COVID-19 Impact
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EXPLORING NOVEL MACHINE LEARNING

TECHNIQUES FOR BRAIN COMPUTER

INTERFACE (BCI) APPLICATIONS

��
This study explores the effectiveness of transfer learning and 
domain adaptation in brain-computer interfaces (BCI). Individuals 
suffering from severe neuromuscular disorders, such as 
amyotrophic lateral sclerosis (ALS), rely on BCI technologies to 

communicate. We compared the performance of machine learning 

models trained with ALS-specific data versus non-ALS data, 
focusing on character accuracy and estimated stopping time. By 

employing EEGNet and Stepwise Linear Discriminant Analysis 

(SWLDA), we determined the benefit of employing non-ALS data 
for pre-training and fine-tuning machine learning models. Our 
findings suggest potential improvements in accuracy for individuals 
with ALS through the use of non-ALS data.
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REFINING & EVALUATING 

THE USABILITY OF A MATERNAL 

EQUITY DASHBOARD 

��
In 2022 in the United States (US), 817 maternal deaths were recorded, 
with a disproportionate impact on racial/ethnic minority groups, as the 
maternal mortality rate among Black women was 2.6 times higher 
compared to non-Hispanic white women. Integrating equity 
dashboards within individual hospitals to identify and monitor racial 
variations in maternal health outcomes is one actionable step in 
addressing the issue.  

This study aims to refine and evaluate  the usability of a previously 
developed maternal health equity dashboard. 

Method To develop the equity dashboard, we utilized incident reports 
and delivery dataset of a US-based academic health system from 2019 
and 2020. Patient demographics were linked and disaggregated by 

race/ethnicity. 

Measures were selected based on area with previously identified 
disparities in maternal health outcomes, areas of concern identified 
through hospital level data analysis.
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