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FROM CNA PROFILES TO

PROGNOSTIC PREDICTIONS: UTILIZING
HILBERT CURVE IMAGES FOR CANCER SUBTYPE
CLASSIFICATION AND SURVIVAL ANALYSIS

m YAHYA
ALHABBOUB
C )

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 VGGI6, for classification tasks. A logistic regression
model using patient cytoband data served as a control. YOLOv8
performed best in cancer subtype classification, surpassing VGGI16 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 . ing CNAS:
segments are duplicated or deleted. This study examines the potential of CNAs as biomarkers for Fxploring CNAw: Invesiuate ther ole o caly cancer diagnosis, reament, and. tumor
including subtype idenification. staging,

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 « Al Model Development: Develop Al models to distinguish between cancerous and normal
applied computer vision models, including YOLOVS and VGG16, for classification tasks. A logistic mutations.

regression model using patient cytoband data served as a control. YOLOVE performed best in cancer
sy casefation, spasing VGG16 o the comel ol athonghs e stage st
iekded poor sl acros across ll models. - Sarsival anilysis with DecpSurs showed Ructuting
index results, indicating issues with overfitting. Despite these challcnges the study successiully
explored the utility of CNAS in cancer research. Some sublypes w fied effectively. suggesting

1D to 2D Conversion: Transform CNA sequences into two-dimensional formats. for better
analysis, applying computer vision techniques like transfr 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
a

CNAs provide valuable insights into tumor characteristics. regression using patient cytoband data.
« Survival Analysis: Use CNAs in survival analysis through the DecpSurv framework.
Lethodology | |
Dataset il )

We utilized the Copy Number Alterations (CNA) dataset from the TCGA - PanCanAtlas Publications Cancer Subtvpes Task
collection [1]. This dataset was employed to generate CNA images and caleulate cytoband values for

each patient
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Modeling Table
Below is a table that summarizes the key details of cach model used:
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Classification tasks : - |
- precision e
* Recall. —
<P
e LN ]
Cindex * Performance Variation: F1-scores varied, with TGCT showing the highest and ESCA the lowest.

* Model Comparison: YOLOvSn-cls performed best, followed by the control model, then VGG16.
‘onclusion * Metric Consistency: Precision, recall, and Fl-scores were generally aligned.

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

2'.",:;",']“;%, " e poent Tumor Stage Task

* Limieddataset multiple tasks chall Overall Perf "
fation was not specific image features The classification results |

. m trained models may have been too complex for simple CNA images. for tumor stages are

Discussion and Future Work uniformly poor across all

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

Next Steps:

« Expand the dataset and develop CNA-specific models
« Include predictions for additional patient characteristics (age, gender).
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Model Stability: Although the loss function shows ideal convergence across epochs, the fluctuating
‘Cindex in both training and validation sets suggests issues with model overfiting or underfitting.
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DEVELOPMENT OF DEEP LEARNING
SOLUTIONS FOR 4D IMAGE SEGMENTATION
OF SPATIAL OMICS DATA

WALEED
ALSARHANI

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

I\ WAEL ALI
! SULAIS
. 4

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 Al 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 YOLOvV8 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.

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.

KAUST Academy academy.kaust.edu.sa
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GWAS OF CYSTIC FIBROSIS LUNG
DISEASE USING A VARIABLE NUMBER
OF TANDEM REPEATS CALLED FROM
LONG-READ SEQUENCING

iy SULIMAN ALI
’ ALRAQEBAH

Y

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.

KAUST Academy academy.kaust.edu.sa
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DATA SCIENCE TO OPTIMIZE
CARDIOVASCULAR DISEASE
PREVENTION

# '\ SULAIMAN MOUSA
7' | ALALWANI

s

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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Health Effects of GLP-1
Receptor Agonists:
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Ciia -8 TARGET THIAL EMULATION
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THE IMPACT OF CO-OCCURRING
CHRONIC PAIN AND DEPRESSION/ANXIETY
IN THE US FROM 2019 - 2021

SHOUQ
@ ALSULAMI
(2

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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Figure3: Prevalence of Health outcome, Overnight Hospital Visits, and Functional
Limitations Among U.S. Adults by Chronic Pain and A/D Status, 2019-2021
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THE SEARCH FOR NOVEL DNA
VIRUSES IN ALZHEIMER’S
DISEASE BRAINS

RAKAN HADI

2 é RIFAN ALSALLUM
a1 o

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

- RAGHAD AHMED
\F ALKHAROUBY

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 HGO02 sample in each cohort. We performed joint
calling using the GenotypeGVCFs tool. The HGO02 sample was then
extracted from the joint VCF files and benchmarked using VCFeval.

KAUST Academy academy.kaust.edu.sa
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ALL OF US ANCESTRY
CONCORDANCE ACROSS TOOL

/i | OMAR OSAMA
ube'y | RAWAS

During my internship at the Broad Institute of MIT and Harvard, | 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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This project checked the reliability of
the 2 methods of inferring predicted
genetic ancestry

¢ !
Admixture Estimates Categorical Ancestry
Obtained using Rye tool, Prediction
which provides accurate Obtained using a Random
ancestry estimates by Forest model trained on
analyzing large genomic  |KG+HGDP data. The model
datasets, offering classified samples into 6
percentage-based ancestry  ancestry groups (AFR, EUR,
proportions for each sample MID, EAS, SAS, AMR)

0.4 *;

0.3
MiD

0.3
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Concordance
Evaluation Methods
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* Jaccard’s Index
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* ] Score
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INVESTIGATING THE ROLE OF

THE X-CHROMOSOME IN AUTOIMMUNE
DISEASES: A BIOINFORMATICS APPROACH
LEVERAGING SINGLE-CELL GENOMICS

') OLA AALI
i ALYAZIDI

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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'l'o maintain balance, women use a process called X =Y
chramasame inactivation (XCT), where ane X chromosame R fo_-;;f-
is randomly “switched of ™ in each cell, ey ™

% 2 X Chromosome

1 X Chromosome

are autoimmune
diseases more 1 x
|

| prevalent in women!
than in men?

Active X@- -~ 'H K --®nactive X

Is X-linked gene activity the key
to why autoimmune diseases are
more common in women?

In this study, we aim to investigate the role of the X chromosome in the development and progression of antoimmune diseases. We
will begin by analyzing gene expression differences between healthy and diseased samples, with a particular focus on X-linked genes.
Additionally, we will compare gene expression patterns across various autoimmune diseases to identify key discrepancies and
measure the rate of X chromosome inactivation (XCI) to assess its influence on disease outcomes,
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ENHANCING HARMFUL
COVARIATE SHIFT DETECTION
IN MEDICAL IMAGING

WITH LORA

>3 MOHAMMED
¥ ALJUDAIBI

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.

KAUST Academy academy.kaust.edu.sa
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EXPLORING THE IMPACT OF
ENVIRONMENTAL AND CLIMATE
EXPOSURES AND SOCIAL
DETERMINANTS OF HEALTH (SDOH)
ON MULTIPLE SCLEROSIS (MS)

= MOHAMMED ALI
-l AL-HUBAIL | ALSALMAN
\ A 'y

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
arole, 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.
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Exploring the Impact of Environmental and Climate Exposures and Social Determinants of Health
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MISTRAL: DYNAMIC DATA
ANALYSIS OF SECURITY THREATS
WITHIN BIOMEDICAL RESEARCH
ENVIRONMENTS

{ MANAR ABDULLAH
h\ | ZAIN ALDEEN

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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MISTRAL: Dynamic Data Analysis of
Security Threats within Biomedical
Research Environments

Manar Zain Aldeen, Manahil Tarig, Bob Zhang

Introduction

Ptrat Lrpvuraty, Madirm, el Srwtsn. Manabil Tarkg arct Bob Thasg - Duies Uspearaty, Dimrs, LIS

MISTRAL (Massive Intemal System Traffic
Research Analysis and Logging)., funded by
NSF and Cisco, enhances Duke University's
network monitoring and data collection. The

Machine Learning Models

Traffic Visualisations

N i S e g o g

Logistic Regression: Our logistic regn
model focuses on detecting port scanning
actvity. The model was trained using features
Eke Packet-Octet Ratio, Packet-Reverse
Packet Ratio, connection counts, and unique
destination ports for each IP over 24-hour
penods. See results in Fig. 2.

project aims to protect sensitve patient data,
mciuding genome and exome sequences, from
cyber threats, ensuring research integrity and
operational security in biomedical research.

Objective

1. Establish a basefine of nomal network traffic.
2. Enrich datasets with synthatic maficious data o
from port scanning wsing a Red Team.

3. Develop automated
4. Protect sensitve patient data by creating
machine leaming modsts that detect breaches
and ensure data integrity. preventing
unauthorized access ikl o

Methodology Qfgﬁm’imﬁ i

detection methods for

Neural Network:- Our neural network model
moniters data flow to predict port scanning
actvity. It was trained on flow counts, fow
count ratios, flow duration. and destination

———

Fig 1: MISTRAL pipeline Srchischure

‘We followed the systematic step by step method
outfined below to achieve our objectives.

Evaluation of Models

Some other models  explored
Random Forest, VM. and Isolation Forest.
However. dus to Emited synthetic attack data,

aralyss our lab's irafc included

Using Splrk Ciou Piatfom to ]
I MR

Using Python (Numy + Pandas) o

g a2 gk

[ EE IR
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Traffic pattern warations on June 15, 2024,
show key features—fow count, octet count, and
PCR—crucial for detecting abnormalites. Data
from midnight to 10:12 AM highlight deiations
from Bollinger Bands, which should alert users.
Significant spikes were cross-checked with
alamming IP addresses identified by machine
fzaming models for enhanced network security.

In two machine

sfep 1 we primarily focused on two Our
b | ETmESAMERENSMEE | Neural Network model, tested on traffic data
{over 60,000 entries) from July 17th, 2024,
where no attacks occurred, achieved TO%
e e accuracy with 21% faise alamms. See Fig. 4
and extabishing rends for model loss and results.
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| creme 2L Moos 1o cassity ca
| using our standard and altack dats
Step 3 L -

| compar aerenttechniques ang T —
evaiuate modeis in Figd:

S matr (righ)

KAUST Academy

we P

leaming medels to detect maficious trafic,
particularly port scanning attacks. Both models
achieved ower D% precision in  anomaly
detection. Traffie visualizations assist users in
monitoring potential attacks. This research is
vital for protecting sensitwe patent data and
ensuring securty and privacy in biomedical
research envirenments.
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EVALUATING LONG-READ
BREAKEND CALLS

KUMAIL MOAYED
ALAWA

Structural Variants (SVs) are variations (like insertions, deletions, inversions, duplications) of
length 250 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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MONITORING SPARTINA ALTERNIFLORA
USING SELF-SUPERVISED LEARNING

OTHMANE
@ ECHCHABI
MEIXIANG
0 :
C

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.

ADVAIT BHASKAR
PANDIT

BAYAN HAMEED
ALHARBI
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GANLA: GPU ACCELERATED
NETWORK LAYOUT ALGORITHM

»
2ea HASSAN
— 3 -

ALSAYHAH
T

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 (CANLA). GANLA computes
the layout positions for all nodes in the network in parallel, whereas
Kamada-Kawai computes these positions sequentially. Moreover, CGANLA
utilizes a mini-batch technique which enables the scalable layout of
networks with many nodes, with a fixed memory footprint. In conclusion,
GCANLA 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

i

: FATEMAH IBRAHIM
? ALSOLAIMAN

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

£ -\ FAISAL MELFY

. M. ALKULAIB

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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Results
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UNDERSTANDING
MISTAKES IN VARIANT
CALLING

.

~z=8 EYAD ABDULLAH
3 ALQAYSI
.(r

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

4 2 EBTISAM SALEH
# 5 ALSHEHRI

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 Al 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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Al FOR EXAMINING COMMERCIAL
DETERMINANTS OF HEALTH IN ONLINE
GAMING AND GAMBLING

/S EBTIHAL HANI

. ABDALLAH ALMASHAMA

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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Methodology

Marketing Environment
(Evaluate marketing strategies within Canada and globally)

Marketing Images

900+ Images

Obtained from prominent
gambling websites.
Images sourced from
5 countries with
established markets

56% 44%
US, UK, Canadian
AU, GE Context

LlaVA Model

Prompt Engineering

Conducted to
enhance the accuracy

identification and
classification.

Marketing Strategies

65 Features

Broken into
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Visual Characteristics,
Visual Elements,
Marketing Messaging,
Responsible
Messaging, and
Target Audience.

of feature

Socialization and Economic Stress
(Investigate online gambling social groups & identify trends in economic stress)
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Social Media
Comment Data

33,000+ Youtube
40,000+ Reddit

from popular online
gambling platforms.

Llama3 Model and Visualizations
Analysis
6 Social Features Canada-Wide Survey
(AGRI Project, 2018)
with demographic
and financial stress
data from 10,000
respondents

Online Gambling
Platforms, Types of
Bets, Gambling
Outcomes, User
Sentiments, Practices
or Incidents.
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MAKING CLIMATE HAZARD
RISK DATA USEFUL FOR NORTH
CAROLINA COMMUNITIES

ALJOUHRA
' “ ALHARGAN

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

=

PN\ ALIAZI WALEED
%‘A ALOMAIRI

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 Ul/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

1. AisHA soLIMAN
- ALSOMIRY

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

=% ABDULRAHMAN
? .\: j) MOHMMED ALHOMAYANY

&)
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

, ABDULRAHMAN
ABDULLAH ALALWAN

w
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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A Textual Analysis of Agricultural Research

Abdalrahman Alalwan, Darsh Mandera, Haozhou Zhang

Project Manager: Poojitha Balamurugan

Faculty Leads: Drs. Norbert Wilson, Leslie Collins, Boyla Mainsah

Introduction

Underdlanding trends in research topics, funding, and citations over time
offers valuable insights for researchers. This dudy focuses on identiying
topics and funding in agricultural and applied
economics research projects. We analyze a corpus of research papers
published in Appled Economics Perspectives and Policy (AEPP) and the.
merican Journa of Agricultural Economics (AJAE). two journals with
significant impact in the field of agricultural and applied economics. We
P the
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+ There s considtency in themes and longitudinal trends of topics
extracted by both topic models across the journals of high
significance in agricultural and applied economics research

+ The impact of the 2020 COVID-19 pandemic was reflected in
changes in patterns in published research topics and funding
reporting in agricultural and applied economics

+ Alimitation is the need for independent topic label assignment by
external subject matter experts

+ Future work wil analyze relationships between topics, funding, and
citations
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EXPLORING NOVEL MACHINE LEARNING
TECHNIQUES FOR BRAIN COMPUTER
INTERFACE (BCI) APPLICATIONS

ABDULLAH
3 ABDULRHMAN ALUMAR

This study explores the effectiveness of transfer learning and
domain adaptation in brain-computer interfaces (BCl). 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

ABDULAZIZ
ALTELMISSANI

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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This section includes 8 measures: delivery method, delivery procedure, cesarean delivery type, cesarean delivery indication, induction method and induction indication.
*The dotted blue line indicates the overall average value across the dataset
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This measure refers to whether patients whe previously had a Cesarean Delivery underwent attempted labor.
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Figure.3: Current dashboard iteration with additional features
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