Cuugls duogpalsi N\
KAUST ACADEMY <.

KAU ST

ACADEMY
SPECIALIZATION

cccccccccccccccccccccc




TABLE OF
CONTENTS



01

02
03
04
05
06
07
08
09
10
1
12

STATISTICS

ABOUT US

OUR SPONSORS

TEAM MEMBERS

ARTIFCIAL INTELLIGENCE SPECIALIZATION STUDENTS INFO

ARTIFCIAL INTELLIGENCE PROGRAMS

BIOINFORMATICS SPECIALIZATION STUDENTS INFO

BIOINFORMATICS PROGRAM

CYBERSECURITY SPECIALIZATION STUDENTS INFO

CYBERSECURITY PROGRAM

ENERGY TRANSITION SPECIALIZATION STUDENTS INFO

ENERGY TRANSITION PROGRAM



KAUST ACADEMY 2025

KAUST ACADEMY 2025

SPECIALIZATIONS IN NUMBERS

297 45% 134

Talented university students
from 16 nationalities in 16
different training locations.

total female student different projects
percentage students worked on.

71 25

Artificial Intelligence Bioinformatics

15 23

Cybersecurity Energy Transition

DIFFERENT PROJECT MENTORS

DIFFERENT LOCAL AND INTERNATIONAL
UNIVERSITIES STUDENTS
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ABOUT US

The KAUST Academy specializations program represents a strategic response to Saudi Arabia’s
Vision 2030 objectives, specifically addressing the critical need to develop local talent in
emerging technologies that will drive the Kingdom's economic diversification. By offering
comprehensive training in artificial intelligence, bioinformatics, cybersecurity, and energy
transition, the program directly targets the four key pillars of Vision 2030's research and
development priorities: sustainable environment and essential needs, energy and industrial
leadership, health and wellness, and economies of the future. This initiative recognizes that Saudi
Arabia’s transformation from an oil-dependent economy to a knowledge-based one requires a
skilled workforce capable of competing in high-tech industries and research sectors.

The program’'s multi-stage structure creates a *”»'
natural bridge between undergraduate education in :
Saudi universities and advanced professional
competency in cutting-edge fields. Rather than
leaving recent graduates to navigate this transition
independently, KAUST Academy provides a
systematic pathway that begins with foundational
online coursework through Coursera, progresses
through intensive in-person training at universities
across the Kingdom, and culminates in international
summer programs at prestigious institutions like
Oxford, Cambridge, Duke, and University of Toronto.
This scaffolded approach ensures that students from KAUST Academy } '
diverse academic backgrounds can build upon their Specializations Program
undergraduate foundation while gaining practical, '
industry-relevant skills, with the program having
successfully trained over 16,000 students across
multiple specializations.

This booklet serves as a comprehensive showcase of
the remarkable achievements and outcomes that
KAUST Academy's 297 graduating students in 2025
have accomplished through their international
summer programs at world-renowned universities.
These graduates represent more than mere
statistics—they demonstrate the tangible impact of
Saudi students engaging with cutting-edge research
and advanced methodologies at institutions across
the globe. Their success validates the program's
effectiveness in not only bridging the gap between
traditional university education and specialized
knowledge required for Saudi Arabia’'s emerging
technology sectors, but also in positioning Saudi
graduates as competitive contributors to
international research and innovation networks.
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TEAM MEMBERS

A

[ SN

Sultan Albarakati

King Abdullah University of
Science and Technology
Doctor of Philosophy in Electrical

Engineering

Associate Vice President,
Saudi Talent Development

Naeemullah Khan

King Abdullah University of
Science and Technology

Doctor of Philosophy in Electrical
Engineering

Instruct. Assoc. Professor, Deputy
Director KAUST Academy

Oroba Al Nasr

Human Research

Promotions & Outreach
Specialist

Abdulaziz
Altelmissani

King Abdulaziz University

Medical Laboratory Sciences

Program Coordinator

Ahmed Alhawsawi

Western Kentucky University

Communication Studies and
Business Administration

Program Coordinator

A

Ali Habibullah

Computer Science

Research Engineer

Abdulrahim Alghamdi

Human Research

Master of Commerce, Logistics, Materials, and
Supply Chain Management

Asim Abdulfattah

Aeronautical Science, Flight

Program Administrator
Pre-University programs

Doa'a Aburayya

Computer Science

Research Enginner - Al

Emad Surour

Taibah University

Computer Science
information systems

Academy Programs
Administrator

Farhanaz Beg

National University of Singapore

Computer Science and Engineering

Admissions Lead

Fatma Karabulut
liter

Istanbul KU niversity

MBA

Program Administrator
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Mahmoud Ellouh Majed Alghamdi Mariam Mohamed Nazar
King Fahd University of quhmour O- AIAI'

Computer Engineering & Cybersecurity _— Chemistry/Molecular Synthesis Business and Finance MSc.
Digital Channels Specialist -

Program Administrator,

Research Enginner - Cybersecurity Pre-University programs

Academy Programs Manager

Saad Alhusainan Salman Alomari Tarek Shehata Venu Kas
Sultan Qaboos University, University of Indianapolis North Dakota State University
Sultanate of Oman

MBA Mathematics Doctor of Philosophy in
Mass and Communication Biochemistry

Program Coordinator Manager, Pre-University .
Development Programs Programs Accld_erplc Development
Specialist Specialist

Yazan Alshuaibi Yubin Huang
King Abdulaziz University Tianjin University
Computer Science Material Physics and Chemistry

Research Enginner - Al Program Administrator
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BIOINFORMATICS PROGRAM

&

Lama Khalid Albishri

Cambridge - KAUST- Bioinformatics
Summer Program

Atheer Abdullah
Alwuthaynani

King Abdulaziz University

University of Toronto - Summer
Internship - Bioinformatics

Khalid Mohammed
Alnashri

King Abdulaziz University

Cambridge - KAUST-
Bioinformatics Summer Program

¥

Afnan Abdullah
Abdulwahab

Jeddah International College

Cambridge - KAUST- Bioinformatics.
Summer Program

 §

Aljori Ahmed Alsheraimi

King Saud University

Cambridge - KAUST- Bioinformatics
Summer Program

Shougq Esam Kaaki

ing Abdulaziz University

Cambridge - KAUST- Bioinformatics
Summer Program

Mohammed Qadi

ing Abdulaziz University

University of Toronto - Summer
Internship - Bioinformatics

o,

Shaden Abdulaziz
Almohawwes

Qassim University

Cambridge - KAUST- Bioinformatics
Summer Program

da

Rahaf Hashim Kassar

Umm Al-Qura University

Cambridge - KAUST- Bioinformatics
Summer Program

e

Marwan Mualla Ali
Aljohani

King Abdulaziz University

Cambridge - KAUST- Bioinformatics
Summer Program

4.

Maha Alsuhaymi

Taibah Ul rsity

University of Toronto - Summer
Internship - Bioinformatics

d

Raghad Said Algarni

King Fahd University of
Petroleum and Minerals

Cambridge - KAUST- Bioinformatics
Summer Program

Abdullah Mohammed
R. Alahmadi

King Abdulaziz University

Cambridge - KAUST- Bioinformatics.
Summer Program

Ali Hani Alsaad

King Fahd University of
Petroleum and Minerals

University of Toronto - Summer
Internship - Bioinformatics

Mohammed Khaled
Shafeey

King Abdulaziz University

University of Toronto - Summer
Internship - Bioinformatics

Taif Bandr Alharbi

University of Jeddah

University of Toronto - Summer
Internship - Bioinformatics

Fatima Abduljabar
Alhelal

lal
Imam Abdulrahman bi
Faisal University

Cambridge - KAUST- Bioinformatics
Summer Program

Amijad Albawardi

King Saud bin Abdulaziz
University for Health Sciences

University of Toronto - Summer
Internship - Bioinformatics

%

Suhaib Amer Alghamdi

King Abdulaziz University

Cambridge - KAUST- Bioinformatics
Summer Program

bo

Lamis Saeed Alghamdi

King Abdulaziz University

Cambridge - KAUST-
Bioinformatics Summer Program

Fatima Essa Alzahrani

King Abdulaziz University

Cambridge - KAUST-
Bioinformatics Summer Program

.

Balgees Abbas
Mohmmed Yamani

Umm Al-Qura University

Cambridge - KAUST-
Bioinformatics Summer Program

Wateen Ali Alshawi

King Saud bin Abdulaziz
University for Health Sciences

Cambridge - KAUST- Bioinformatics
Summer Program

Saad Khalid A Aldawsari

University of Tabuk

Cambridge - KAUST- Bioinformatics,
Summer Program

Rahaf Ahmed Alsahafi

King Abdulaziz University

Cambridge - KAUST- Bioinformatics
Summer Program

Khulud Theyab Alharbi

University of Jeddah

Cambridge - KAUST- Bioinformatics
Summer Program

90
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BEYOND SWABS: A MORTALITY-ANCHORED
METHOD TO ESTIMATE TRUE COVID-19
INFECTIONS

This project estimates how many coronavirus disease 2019 (COVID-19) infections were
missed by relying on deaths rather than reported cases. | combine age-specific infec-
tion fatality risk (IFR) estimates from Ward et al. with each country’s age structure to
create age-standardized, era-specific IFRsWeekly case fatality rate (CFR) values are
computed from reported deaths and cases (no lag). | then infer a detection fraction (=
IFR + CFR) and implied infections (deaths + IFR) for the United Kingdom, Italy, South
Koreaq, and Saudi Arabia. Results show low detection early, but improving over time, with
clear uncertainty.

PROJECT MENTOR: N/A

PROJECT MEMBERS: Lamis Saeed Alghamdi
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CO-HOUSING ACCELERATES EXCHANGE OF
AGE-LINKED GUT MICROBIOTA WITH
SYNCHRONIZED GENUS-LEVEL RESPONSES

This project investigated the exchange of gut microbiota between young and aged
mice through co-housing. By analyzing microbial composition at the genus level, we
observed that specific taxa were transferred in both directions (young-to-aged and
aged-to-young), including beneficial bacteria and taxa with context-dependent
effects. These findings highlight how co-housing accelerates age-linked microbiota
exchange and may provide insights into microbiome-based strategies for improving
health across generations.

PROJECT MENTOR: Lajos Kalmar, Puspendu Sardar

PROJECT MEMBERS: Fatima Abduljabar Alhelal
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CORRELATION BETWEEN EMBRYO
DEVELOPMENT OF C. ELEGABS AND TIME
USING BULK AND SINGLE CELL RNA SEQ

Looking into two RNA-Seq datasets for the C. Elegans to find if there is a relationship

between the stages of embryo development found in the bulk dataset. And clusters of
cells categorized by time and anatomy found in the Single Cell dataset

PROJECT MENTOR: Hugo Tavares, Andries

PROJECT MEMBERS: Suhaib Amer Alghamdi, Khalid Mohammed Alnashri
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DIFFERENTIALLY ENRICHED NEURAL
BIOLOGICAL PROCESSES BETWEEN L1 AND
L4 IN CAENORHABDITIS ELEGANS

Variation in gene expression underpins variation in organismal traits and diversity.
Therefore, understanding how gene expression evolves will allow us to better under-
stand the mechanisms of evolutionary change. The strength and form of selection on
gene expression and its role in evolution is difficult to estimate, however, because of the
high dimensional and highly correlated nature of gene expression data. In this project
the SUDS scholar will estimate selection on gene expression traits and compare the

results from different methods that are commonly used to study selection on gene
expression.

PROJECT MENTOR: Thomas Krueger

PROJECT MEMBERS: Balgees Abbas Mohmmed Yamani
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DOES CROSS-BORDER TRANSMISSION
CONTRIBUTE TO THE DEVELOPMENT OF
DRUG RESISTANCE IN TUBERCULOSIS
(TB) IN SOUTHERN AFRICA?

This project investigated the transmission of drug-resistant tuberculosis between
Botswana and Namibia using whole-genome sequencing. By analyzing genomic data
from over 300 bacterial isolates, we identified clear evidence of cross-border trans-
mission events involving multidrug-resistant strains. The key biological finding is that
while drug resistance has emerged multiple times independently (polyphyletic), it is
also potentially spread through cross-border chains.

PROJECT MENTOR: Dr. Andries Van Tonder

PROJECT MEMBERS: Lama Khalid Albishri
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EPIGENETIC AGE ACCELERATION AS
A MARKER OF CYSTIC FIBROSIS SEVERITY

Investigate association of epigenetic age acceleration (epigenetic age - chronological
age) with cystic fibrosis severity including CFTR genotype, measures of pancreatic
function, age of chronic infection with Pseudomonas aeruginosa, age of diabetes
onset, sweat chloride levels and lung function.

PROJECT MENTOR: Lisa Strug

PROJECT MEMBERS: Amijad Albawardi
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ESTIMATING SELECTION ON
GENE EXPRESSION

The research aims to gain a deeper understanding of the stages of nervous system
development in C. elegans through protein expression analysis and to elucidate the
differences between the first and fourth stages. Proteins were normalized, clustered,
and examined for differential expression. Gene Ontology enrichment revealed that
nervous system biological processes are highly enriched at L1, consistent with the early
waves of neurogenesis. These findings offer a proteomic viewpoint on C. elegans
nervous system development.

PROJECT MENTOR: Jacqueline Sztepanacz

PROJECT MEMBERS: Mohammed Khaled Shafeey
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ESTIMATING THE INCIDENCE AND SEVERITY
OF OVARIAN HYPERSTIMULATION SYNDROME
(OHSS) AFTER SOLITARY GONADOTROPIN-
RELEASING HORMONE AGONIST (GNRH-A)
TRIGGER

Assisted reproductive technology (ART) refers to any fertility treatment in which
oocytes (eggs) or embryos (fertilized eggs) are manipulated in a laboratory. The first
step of ART is controlled ovarian stimulation (COS), which involves daily injections that
stimulate the growth of multiple ovarian follicles. Eggs are then retrieved from these
follicles. Predicting a patient’s response to COS is challenging. Ovarian reserve markers
such as antral follicle count (AFC) and serum antimUllerian hormone (AMH) are good,
but not perfect, predictors of oocyte yield. For example, a patient with a high AFC or
AMH may have poor COS response, whereas a different patient with the same AFC or
AMH might have a robust COS response. Follicular Output RaTe (FORT) has been
proposed as a solution to this problem. The FORT score is calcuated by dividing the
preovulatory follicular count (follicles measuring 16-22 mm) by AFC and multiplying by
100. Previous studies have demonstrated an association between FORT and mature
oocyte yield; however, these data have been generated from young egg donors or
patients undergoing in vitro fertilization. The current project aims to investigate the
utility of FORT scores in women undergoing COS for urgent fertility preservation due
cancer or other medical indications.

PROJECT MENTOR: Pereira Nigel

PROJECT MEMBERS: Taif Bandr Alharbi

Estimating the Incidence
Syndrome (OHSS) After ;

@ Background

Patients assistod IART], # TART betwaen grops weee parormed,
secficaly in vitro fertilization (WF). routinely megurs an and varisbles mesting statistical significance wers further
ovulatory trigger, which is necessary for oocyte maturation. & analysed usng maching leaming modeds and receiver operating
belus of hisman charionic garsdetropin (hCGI hes been  characterisic (ROC) curves to assess Ieir association with
congicéred he gold standard for bigyering oocybe malurston in OHSS. Tha incidence of OHES was calodsted as
IVF. Howewer, thes Iriggee can incresse the risk of owarian = 4
hyperstimulation syndeome [OHSS), cre of e mosl fesred o o DW= e
complications of IVF, Gurmant svidance demonsirales supariorty
of GnRH-a triggara cver hCG triggers in raducing tha risks of  Sewerity wes dessfied acconfing Lo clinical symploms and
DHES; hownver, solitary GnfiH-a triggers do not spem (o |aborsdory findings. Additonaly keyword extractian and tarm
aliminate these risks entirely frequancy-inverse documant frequency (TF-IDF) vaclarizatian
wern appied fo transtam text data inio numarical features, anc
SHapley Additve exPlanations {SHAP) values were used i
Meniity the most influential prediciors. Data collection is.
currently ongoing, and upon completion, a machine leaming
model wil be develaped to predict OMES risk usrg the finalzed
datmzet

# Results

Aotal of 252 patients ware included - 200 hCG trigger and 52
GnRH-a wrigger. The cveral incidence of severe OHSS was 0.8% -
1n sach group.

* Estimate e Incidence and sevenity of OHSS sher GrRH.a e =
trigger in ART. r
= Mdantidy patient characieristics and avarian stimalation
ters thal Ao associated with OHES afier GaRH-a
trigger in ART.

@ Methodology

This retrospective cohort study was conducsed using clinical
data from Mount Sinai Fertility [(MSF). All palisnts wha
derwant anslated ART) [
wvitrn fertilization (WF). aocyle cryopreservation, o embrya
eryopressrvation betwesn January 1, 2020, and December 20,
2024, were assessed for incision. Ciaa cofected ncluded type
of stimalation protocol, medication used for controlled
‘ovarian slimulsion {COS). trigger type, blind trigger (yeaime),
number of days of gansdotropin admanistration. tatal dose of
follicle-stimusdating  harmana  [FSH, IU), and OHSS
classification (e OHES, mild, modorate, or severs)

Patirts were siralifed irka two groups based an the presence | @ Acknowledgment

or sheence of ovarian hyperstimulstion syndrome (OH3S)

tolowing & gonadotropin-relessing hormone stonist (GARH-)  Thank you to KAUST Academy for sporsoring ihis opportunity,

irigger. and to Dats Sciences Inatitube Univeraity of Toranto far thaie
support,

® Conclusion

In this pretminary analysis, OHSS ocoued acrss bolh GnRMa
ard hCG trigger groups. GaRW-a triggers demonsimied a
refatively higher proportion of mild GHSS cases, underscoring
that the risk is not completely efiminated with #ie aporcach.
These findings highlight the need for individuakized stimulation
pratocals and careful patient monitaring, regardiess of riggar
type. Complalion of dsta collection and subsequent machine
learning modelling wil sllow for 8 more comprehensive rish
prediction iramewark i cpsimize salely in ART cyclas.

BIOINFORMATICS PROGRAM



KAUST ACADEMY 2025 BIOINFORMATICS PROGRAM

GENE EXPRESSION DYNAMICS REVEAL
DEVELOPMENTAL PROCESSES

Embryogenesis in C. elegans is driven by stage-specific changes in gene expression
over time. This project aims to explore how transcriptional programs shift during devel-
opment using time-course bulk RNA-seq. Through differential expression testing and
clustering, we identified over 8,000 genes with dynamic expression patterns. Gene
Ontology analysis showed that each gene cluster is enriched in distinct biological
processes—such as cell division, differentiation, and tissue development—highlighting

how coordinated gene programs drive the embryo through successive developmental
stages.

PROJECT MENTOR: Hugo Tavares

PROJECT MEMBERS: Afnan Abdullah Abdulwahab
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GENE MAPPING OF PROTEINS ASSOCIATED
WITH RECESSIVE DYSTROPHIC
EPIDERMOLYSIS BULLOSA (RDEB) IN THE
CONTEXT OF CUTANEOUS SQUAMOUS
CELL CARCINOMA

Multi-omics approach integrating proteomics with single-cell gene expression

PROJECT MENTOR: N/A

PROJECT MEMBERS: Aljori Ahmed Alsheraimi
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DEEP LEARNING-BASED MULTI-ORGANELLE
SEGMENTATION IN HUMAN LIVER
ELECTRON MICROSCOPY IMAGES

Electron microscopy (EM) enables the high-resolution visualization of liver hepatocyte

organelles; however,

manual

segmentation

is time-consuming and

requires

specialized expertise. This project developed a deep learning pipeline using a 2D

nnU-Net for multi-organelle segmentation of mitochondria, nuclei,

endoplasmic

reticulum (ER), lipid droplets, and cell boundaries, based on manually annotated
datasets prepared with expert guidance. Evaluation across independent test images
revealed organelle-specific performance: lipid droplets achieved the highest accuracy
(Dice =~ 0.81), nuclei moderate (» 0.70), mitochondria variable (= 0.62), and the ER the
lowest (= 018), due to its structural complexity. These results demonstrate that limited
high-quality annotations can effectively train deep learning models, establishing a
scalable workflow for large-scale EM analysis and future 3D organelle modeling.

PROJECT MENTOR:

Gary Bader

PROJECT MEMBERS: Atheer Abdullah Alwuthaynani

Deep Learning-Based Multi-Organelle Segmentation
in Human Liver Electron Microscopy Images

Atheer Alwuthaynani', Cheng Xing? Gary D. Bader?
' SUDS Summer Scholar, Data Science Institute, University of Toronto
 Bader Lab, Department of Molecular Genetics, University of Toronto

Background
. ian of cell in electron mi oy (EM)
images is essential for understanding cellular structsne and function,
= Manual annotaticn is time-consuming and requires expert
knowladge,
= Existing open source datasets mainly focus on animal liver fissue,
limiting their use for human.

Figure 1. Riaw alectron microscopy (EM} imaga of human livar lissue showing compie:
cedufar struclures.

This project Iti-cl ian af fiva org in
humnan liver EM images using a 2D nnl-Net modedl, with performance
evaluated via Dice. lol), and F1 score metrics.

Methodology

@ @
Raw EM Images Manual Annotation (VAST)
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Figure 3, Ovarlgyad organelle masks wilh pixel-wiee coverage
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¢ Research
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Discussion
pearf: varied by org:

= Liped droplets and nucles showed the highest accuracy
due to thelr distinct shapes and well-defined boundaries,

= The endoplasmic reticulum (ER) had low recall despite
high precision, likely due to its complex, branched
marphology and low contrast in EM images.

. Mi dria and cell ies showed mod

results, affected by crowded cellular regions and unclear

edges between organelles and surrounding structures.

+ Thesa observations suggest a polential influence of
arganelie marphology and annatation quality on
segmentation accuracy:

Future work will include expanding annatated datasets and
using human-in-the-loop methods to enhance segmentation,
for difficuit Ik the ER.

Grownd Truh Al Pradieson

Groaing Tt Prucicion Gy Prudcion 1 Pracictios Ovirlay
-. b

Figure 4, Test Sat Ansults: Raprosentathes EM 5 grownd
Fulh, gracicions, and amor cwnriays from a 3-mage lnst sel

Figure §. Model prediction on unseen EM image
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" v |
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-
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f Figure 7. Performance heatmag of model melrics
Accumcy ac

Figure 6. Di
s organelles

Conclusion

This work shows that high-guality manual annotations from
a small dataset can effectively frain deep learning models
for EM organelle segmentation. The nnU-Net framewark
adapts well across organelle types, providing 8 promising
approach for automated cellular analysis

Acknowledgements
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HOW DOES GENE EXPRESSION IN DIFFERENT
BRAIN CELL TYPES RELATE TO PROXIMITY
TO AMYLOID PLAQUES IN ALZHEIMER'S
MOUSE MODEL?

Widespread deposition of extracellular amyloid-f (AB) plagues are the neuropatholog-
ic hallmarks of Alzheimer's disease . Studying different cells surrounding AB plagues
can reveal molecular pathways driving their reactive states and provide insights into
how histopathological hallmarks contribute to neurodegeneration. The aim of this
project is to understand the cells interactions and whether specific genes are different-
ly expressed near AP plaques.

PROJECT MENTOR: Lajos Kalmar

PROJECT MEMBERS: Rahaf Ahmed Alsahafi
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IAQ DATA ANALYSIS USING PHYSICS
BASED MACHINE LEARNING

People spend nearly 90% of their time indoors, where they are exposed to various
airborne contaminants. Indoor air quality (IAQ) has a substantial impact on human
health and comfort. However, understanding and analyzing IAQ in diverse indoor envi-
ronments remains challenging despite the well-established principles of mass transfer
and fluid dynamics and various low-cost sensing technologies. This is due to the
difficulty of collecting key information, such as contaminant generation rate, degree of
air mixing, airflow patterns between spaces, etc.This project aims to develop a method
for analyzing time series IAQ data using physics-informed machine learning (ML). The
method will incorporate mass balance equations, represented by ordinary differential
equations, as physical knowledge. A set of probabilistic ML models, regulated by
domain knowledge, will adess the imperfection of the mass balance equations and the
impact of missing key information. Probabilistic programming will serve as the overar-
ching framework to integrate all the model components. The student will work with
Jeffrey Siegel (CIVMIN, IAQ expert) and Seungjae Lee (CIVMIN, ML expert in building
science). Indoor air quality data collected from multiple homes and other indoor envi-
ronments will be used to test the developed method.

PROJECT MENTOR: Seungjae Lee

PROJECT MEMBERS: Mohammed Qadi
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IDENTIFYING DIFFERENTIALLY EXPRESSED
GENES SHARED BETWEEN PROGRESSIVE TYPES
OF MULTIPLE SCLEROSIS TO UNCOVER
DRIVERS OF DISEASE PROGRESSION

This project aims to identify differentially expressed genes shared between the
progressive forms of Multiple Sclerosis (MS); Primary Progressive MS (PPMS) and
Secondary Progressive MS (SPMS) to better understand the molecular mechanisms
driving disease progression. A bulk RNA-seq transcriptomic analysis was conducted
using publicly available brain tissue data (GEO accession: GSE290552). The data were
analyzed using DESeqg2, with pairwise comparisons between MS subtypes. Venn
diagrams were used to identify and visualize genes uniquely shared between the
progressive types. To further interpret the biological relevance of these findings, a
literature review was conducted to investigate the potential roles of the identified
genes in the context of Multiple Sclerosis.

PROJECT MENTOR: Hugo Tavares, Andries J. van Tonder

PROJECT MEMBERS: Saad Khalid A Aldawsari

Identifying Differentially Expressed Genes Shared Between Progressive Types of Multiple
Sclerosis to Uncover Drivers of Disease Progression

Saad Aldawsari, Hugo Tavares, Andries J. van Tonder.
Department of Genetics
University of Cambridge, Cambridge, United Kingdom.

Introduction ] °
Multiple Sclerosis (MS) is a chronic autoimmune, demyelinating, and . -
neurodegenerative disease with two main subtypes: I =
Relapsing-Remitting MS (RRMS): Characterized by episodes of attacks 1 pereied . =
and remissions. : » = it A
Progressive MS (SPMS & PPMS): Involves steady neurological decline, = - Hs e
greater disability, and is more charbenglng o treat. _:';' = L - 1o
Aim: to Investigate unique gene exp P in prog ive MS s = L - . - - I : -
to reveal potential drivers for and disease Figure 1. Principal Component Analysis (FCA on Figure 3. Gene Ontelogy (GO) Analysis of the genes
progression. normatized gane counts, where regularized log e A% L= =
transformation (riog) was applied,
@B’-—-s-«-w:.—n
Methodology
Diata acquisition 3 v = ..
mpeiaing post-mteen eai tdle Figure 4A. Venn Diagram showing the Shared Figure 4B, Venn Diagram showing the Shared
15, secondary progresstun : upregulated genes between MS types downregulated genes between M3 iypes
12 BT-eeraTusEnigs pipelins = Upregulated genes: Downregulated genss: tong i
i - SST, NPAS4, GPRI: WOPCP: RMNAs (IncRNAS); .
.= + Formacoordinated axis in  + Il reguiates ciliopanesis and cell nulamr 5" ’ .
Data preprocessing Inhibitory interneurons. ST (6], Although nat directiy studied + ANOTERI propiortholy of cHar ARy
pipaline, which included eyality contry reduces cortical aligodendrocyte pragenitar cells [opcn. s Ianie .S eI,
£ the hilminn Rferences garome. ';:";,:;"n‘“.?';‘ﬁ""*‘" NPASS i proper Wlﬂﬂz‘;'"ﬂ ﬂ“""‘-";“ opc IncRNAS are differentially expressed in
: MS, Thay play critical roles in narmal
b GPR3 reinforces inhibitory Reduced WDPCF expression may therefore
Quantificatian feedback, which might indirectly impair OPC function and ineiteat dérveingienenl, and (mmiins
Laatificaticn wes perfarmed, and gene-tevel counts yiere summartzed indicate an effort in stabilizing  maturation, patentially affecting requiation, so their dysregulation may
s . . circuits o This sligns with contribute to neurcdagenaration and
demyelingtion (1-4]. that chronic i Immune dystuncion (9), Howaver, their
= progd with prees rale in MS remains largely
= COLBAY: o5z, which may
=+ ltencodes collagen Vi a3 progression (B), @ et s
chain: have been found in
experimental studies fo - b — . — .
protect against age-related i e ke M
neurodegeneration (8. 0000 e T e s
Figure 2. & heatmap showing the top 100 B bt s
differentially expressed genes (DEGS). ‘L
Conclusions e
» The S5T-NPAS4-GPR3 axis may act as a pi i hani bil hibitory circuits during demyelination.
- WDPCP gulation may impair ciliog P ially OPC proliferation and maturation, which aligns
with evid, that chronic demyelination leads to prog ive OPC Ioss hlighting its p ial role in OPC
i and diffi iati
* A notable proportion of differentially expressed genes (37.5%) are IncRNAs, highlighting their ial role in the

progression of MS.
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INTEGRATIVE ANALYSIS OF GUT MICROBIOME
COMPOSITION AND DIVERSITY TO CHARACTERIZE
AGING-ASSOCIATED CHANGES IN MICE

This project aim to investigate how aging shapes the gut microbiome in mice. By com-
paring microbial communities across different life stages, we observed clear shifts in
both composition and functional potential. Predicted functional analyses further
revealed age-related patterns in metabolic pathways, highlighting how microbial

diversity and functions are linked to host health during aging.

PROJECT MENTOR: Lajos Kalmar

PROJECT MEMBERS: Rahaf Hashim Kassar

Integrative Analysis of Gut Microbiome Composition and Diversity to

Characterize Aging Associated Changes in Mice

1 Cuugls dunaalsl
[ L KAUST ACADEMY

Project monitors: Lajos Kal

Introduction

The gul mu.ruhlome p]u\: a rrmcal role in host health through its
wnd signaling p ulm«ys With aging.
often shifi, p 1y driving age-

mlcroheal dwclgll_-, and
related discuses.

Investigating these changes across the hfespan provides insight into how
apecific bacterial taxa influence host physiclogy and may help identify
microbial biomarkers or functional pathways linked to aging.

Conclusion

Aging was associated with clear shifts in both microbial composition and
lunctional potential. Younger mice were enriched with taxa such as
Akkermansin and  Lactobgeilfus, linked to carbohydrate utilization and
fermentation pathways, whereas older mice showed higher abundance of
Aliseipes and Bifidobaeteriun, associated with amine acid metabolism and
Fatty acid oxidation,

These tonal and i not only illustrate how the
microbiome adapts with ug: but also Inglullgl\l candidate Biomarkers and
potential intervention targets to support healthy aging.
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INVESTIGATING TRANSPORT,
MECHANOTRANSDUCTION, AND
ANGIOGENESIS PATHWAYS IN
SYNCYTIOTROPHOBLAST CELLS:
A LITERATURE-BASED NETWORK
ANALYSIS OF BIOMARKERS.

We are conducting a literature-based network analysis to investigate key biomarkers involved
in mechanotransduction, transport, and angiogenesis in syncytiotrophoblast cells, with a
particular focus on the BeWo cell line. Studies published between 2015 and 2025 were reviewed
to compile a comprehensive list of relevant biomarkers. A pathway enrichment analysis is
currently being performed to identify shared biological pathways associated with the identi-
fied biomarkers and their genes. These results will be visualized through an enrichment map,
highlighting functional relationships across the three biological processes and enabling the
identification of cross-category pathway overlaps. All biomarkers are being integrated into a
protein-protein interaction (PPI) network. Mechanotransduction pathways are categorized into
differential pressure, shear stress, and tensile stress. Additional interactions between biomark-
ers related to angiogenesis and transport are also being analyzed. The complete network will
be visualized in a 2D graph, with key metrics such as degree, centrality, and clustering coeffi-
cient calculated to assess biomarker significance. This project provides a comprehensive,
up-to-date network-level summary of mechanotransduction, transport, and angiogenesis
biomarkers in syncytiotrophoblast cells and offers insights into the interconnectivity of findings
across recent studies.

PROJECT MENTOR: Hagar Labouta

PROJECT MEMBERS: Ali Hani Alsaad
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INVESTIGATING VARIABLE NUMBER
TANDEM REPEATS (VNTRS )
OVERLAPPING CODING REGIONS IN

THE GENOME

This project will identify Variable Number Tandem Repeats (VNTRs) that overlap
protein-coding regions of the genome, with a focus on a region of chromosome 5
linked to cystic fibrosis (CF) lung disease. Using the adotto repeat catalog (v0.0.2) and
the MANE release 1.0 (Matched Annotation from NCBI and EMBL-EBI) database, we
aim to find VNTRs that may disrupt splicing or protein sequences. The goal is to
discover VNTRs that could explain genetic signals seen in CF GWAS studies and
improve our understanding of variation in disease severity.

PROJECT MENTOR: Lisa Strug
PROJECT MEMBERS: Maha Alsuhaymi

Investigating Variable Number Tandem Repeats (VNTRs) Overlapping Coding

Regions in The Genome
Maha Alsuhaymi'?, Delnaz Roshandel?, Lisa Strug”

Background

iimbla Numiins Tarce i wih
matifs > g disease but it i

dus to sequencing limitaticns. Cyssic fibrosis (CF) = an autosomal mceasie
dignnse cniped by eyatic fbrosis tmnamembrens conductance ragulator
ACFTR) mutatiors, yet severity varkes amang patients with iduntics) CFTR
mutetion.  Genome-wide sssocistion swdies (GWAS| icentifed o

NP, suggesting WNTRS may bi e tue causst varants. VNTRS in coding
roglons can disupt gene function through splice site disnapti
o protedn structural changes (Fiure 1.
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Dbjactivas

© Ideraity VNTRs ovarapping coding regions, particulerdy exons and splice
sites.

* Evatuate VNTR potent=s 1o (amipt protein sequence (icugh frameshift
‘mutations or splicing alterations.

Methadalogy

Data Sources:

*WNTR annetstiana: adotio repnat catalog w0z
(i, et epltcorda TOATING,

* Gene annotations: MAME [Matched Annototian fram MCB| and EMBL-EBI)
Database reiease 1.0.

Analysis Workflow:

oy

VNTRs 1o genamec introns, exan-

Intron mumnu:uln;n_
* Matst Lrgth aenkyia 10 (eddict Iraeaift mucalicn potantial aod aplice st
dinruptian.

Reaults

Cur anatysis idernifiod 101,274 VNTRs. owarlapping gones, with the majority
located in non-coding regons (Tbie 1), Chromesomal gistribution rwabed
netabie warioticn. For exan-overlapaing WNTRs, cheomosome 18 showed the
highest numbar (=290}, whils chramoscms 13 had the fewest (=45) [Figue 25
Aczoss most cheomossmes, YNTRE with matif lengins not divisible by 3 were
mone eguent than hose with iipletdengih motds, suggesting o higher
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Conciusion

e

This stuy [Sentities 5 subssantial number ot VNTRS wiihin coding reglons of the
Eon0me, with 4,004 (2.2%) ovelapping aors ond 887 (0.4%) 8t esan-intron
uundaries from 218,881 totnl VTR gencme-wide, with notable snrichment on
specific  chromosomes  when  normalized for chmmosome  length (Le.,
ehromasomas 19, 17, and 18}. Thase findings domansirats that such varlants

h i tharaty

Future Work:

* Explore YNTHS within the CF lung disease GWAS loows o chramasame 5 1o
aseas paternial causality
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IS GENE EXPRESSION IN GLIAL CELL
ALTERED IN AUTISM SPECTRUM DISORDER

Its a single rna sequence from postpartum brain tissue, i uses R studio to analyze the
data of 95 thousands of cells total of autism and control

PROJECT MENTOR: Hugo and chandra

PROJECT MEMBERS: Wateen Ali Alshawi
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PRIORITIZATION OF TRANSCRIPTION
FACTORS IDENTIFIES BIOMARKERS
OF RADIORESISTANCE ACROSS MULTIPLE

CANCERS

Radioresistance is a major challenge in cancer therapy, reducing the effectiveness of
radiation treatment across diverse tumor types. To uncover key regulators of this
process, | analyzed proteomic data from radiation exposed cells and prioritized tran-
scription factors based on their significant target networks. Using statistical ranking
and functional enrichment, | identified potential biomarkers of radioresistance that

may guide personalized therapeutic strategies across multiple cancers.

PROJECT MENTOR: Hugo

PROJECT MEMBERS: Khulud Theyab Alharbi

Proteomic Analysis Identifies NDCB80 as a Potential Biomarker for

Radioresistance in Lung Cancer

Radiotherapy is a key cancer treatment, bul a 1-NDC80 as @ hub TF .II.Funcli_l:aI enrichment

major challenge is radioresistance. Calls have
complex protective mechanisms to survive DNA
darmage fram radiation, In this study, we
analyzed a global protecmics dataset from the
ABAT lung cancer cell line [1] to identity hut
trangcription factors (TFs) master regulators that
coordinate DNA repair and cell cycle
progression. The goal is to discover potential
biomarkers of radioresistance and therapeutic
targets,

+ Proteomics Analysis & TF Priceitization

T 121 Mk Prscnsaes

* Mass-spectrometry-based proteomics data

were processed, normalized, and

itlerential

exprassion analyzed using limma. (Fig.1)

STAGE 1

PROTEOMICS DATA PROCESSING &
DIFFERENTIAL EXPRESSION

1
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Figure 1: Two-stage study workflow highlighting
proteomics analysis and MDCED hub

identification,
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Figure 2: PP1 network of NDC0. NDCBD acts as &
central hub transcripton factor in the radiation
TESPONSE RROtE0MmE, INteracting with the DA
repair protein FANCD2 [2].

 Figure 4: Circos plot of NOG80 targets and

disease phenctypes. NDCBO targets are linked
to lung cancer and other cell cycle disordars,
with FANCDZ highlighted as a key mediatar of
tumer progression and potential therapeutic

ter_g_et.

Figure 3: Functional enrichment af NDCE0

targeds. The targets are significantly iInvotved
in OMA replication, recombination, and
negative regulation of the mitetic cell cycle

Iil.Pathological Relevance IV.Clinical Relevance

HNDCAD

1 HR =147 (1.3 - 1.88)
logrank P = 2.40-00

50 100 150 00

Figura &: Kaplan-Meier analysis showing
high NDCA0 expression cormelates with
poorer overall survival in lung cancer,
supporting 13 role as a potental
prognostic biomarker [3].

Conelision & Future Direations

Finding: This study identified NDCBO as a central hub transoription factor in the
radiation-response protecme of A549 lung cancer cellg, strongly connectad o DNA

repair and cell cycle pathways [4].

Why it matters: Elevated NDCSD exprassion is linked to poor patient
survival and radioresistance, highlighting its value as a potential biomarker for treatment

response.

Future direction: Targeting NDCBD or its downstream effectors, such as FANCD2,
could weaken cancer cells repair capacity and enhance radiotherapy effectiveness in

hung cancer patients.

109



KAUST ACADEMY 2025

BIOINFORMATICS PROGRAM

PROTEOMIC INSIGHTS INTO PROTEIN
EXPRESSION DYNAMICS DURING C. ELEGANS
LARVAL DEVELOPMENT

This study investigates protein expression dynamics in Caenorhabditis elegans during
larval development, focusing on early (L1) and late (L4) stages. Proteomic analysis iden-
tified 244 proteins with significant expression changes out of 4,130 analyzed, revealing
distinct patterns of upregulation and downregulation. Bioinformatics analyses, includ-
ing clustering and protein interaction networks, highlighted stage-specific proteins:
ACN-1, which peaks at L4 and is linked to enzymatic activity and molting, and AIN-1,
which peaks at L1 and plays a key role in developmental timing and regulation. These
findings provide insights into the biological processes underlying larval growth and

differentiation.

PROJECT MENTOR: Dr. Hugo Tavares

PROJECT MEMBERS: Raghad Said Algarni
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PROTEOMIC INSIGHTS INTO PROTEIN EXPRESSION DYNAMICS DURING C. ELEGANS LARVAL DEVELOPMENT

What are the key biological processes associated with significant protein

expression changes during C. elegans larval development ?

Raghad Said Algarni

/ e S
INTRODUCTION I\ /\»Z‘_H_____. '_'I

~— e g— =

Caencrhabditis eleg {C. el Iz o small nemaotode with o
transparent body, commoniy used in research due to Its well-
characterized genome and short life cycle. It I ideal for studuing
development, genetics, and cell biology. This review examines protein
expression changes during the early (L1) and lote (L4) stages of
larval development of C elegans using prateomic dara,
Ajms:

+ Analyze protein expression changes from L1 1o L4 stages

« Identify proteins invelved in developmental regulation

» Link protein expression changes to key biological processes

METHODS

Proteomic data were onoluzed using RStudio 2025.05.1 with R

@ @ ®
Dotmimport&  Meiodata Handiing  Log2 & Medion- P
Mongulation & Store FSM dota Centerirg. =
reatxl ittt "
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Finally, the resulting expressed proteins were compared to
previously published data to validate and interpret the findings.

Cut of o total of 4130 proteins anclyzed, 244 showed significont expression changes between the L1 and L4
larval stages.

Protein expression changes were consistent across all replicates, revealing distinet patterns of upregulation ond
downregulation duning development,

P Euprmicn Bt b i

Vi Vila

K-means clustering of averaged replicate data identified six clusters:
+ Clusters 1, 2, and 3: Froteins with high expression at the L4 stege. primarily involved in late developmental processes.
= Clusters 4 and 5: Proteins with elevated expression ot L, essocinted with early functions.

BIOLOGICAL
RESULTS

ocn-1 Expression Pattern

Cluster 1: Expression starts low ot L, grodually increcses through
larval stages, peaking at L4,

Functional Implication: This pattern suggests an increasing functional
role for ACN-1, possibly linked to its enzumatic activity during the final
malt

Recent Findings: A 2024 study by Kumar et ol indicates that ACN-1
moy possess enzymatic activity, as ACE inhibtors can mimic some
acn-1 BMAI phenctypes. This suggests ACN-1s enzymatic function
becomes critical during the final maolt

CONCLUSION

* Thiz review provides valuable insights into stage-specific protein expression during C. elegans larval
development,

* Key proteins such as ACN-1 and AIN-1 exhibit distinct expression patterns, with ACN-1 playing a crucial role in
late developmental stoges and AIN-1 being essential for early developmental timing

* The proteomic and bioinformatic anclyses highlight the importance of protein regulation In developmental E'
processes, offering potential for future studies on developmental timing and molecular regulation,

From our dataset, we identified genes exhibiting significont phenotypes aoffecting organism
development, growth, larval progression, behavior, and cell physial

AlM-1 Expression Pottern

Cluster 5: Expression pecks at L1 ond grodually decrenses through lanval
stages, reaching the lowest leval ot L4,

Functional Implication: This pattern suggests that AIN-1 ploys a crucial
regulntory rote early in development, likely by facilitating miIRNA-medioted
control of gens on to set d pmental tming. ts reduced
expression of later stoges indicates that ts primany function occurs early
Supporting Evidence: Foundational work by Ding et ol (2005)
demanstrated that AIN-1 1s essential for heterochronic regulation, and loss
of AIN-1 disrupts lorval stoge transitions ond odult differentiation,
highlighting the Importance of Its early activity.
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PUBERTY-DRIVEN GENE EXPRESSION
SHIFTS IN AUTISM

This research explores how puberty influences gene expression in children with Autism
Spectrum Disorder (ASD), with a focus on the roles of steroid hormones and immune
pathways. Using RNA-seq expression data (GSE221645) from whole blood samples, the
study compares ASD children to their unaffected siblings both before and after puber-

ty.

PROJECT MENTOR: Dr. Hugo Tavares

PROJECT MEMBERS: Fatima Essa Alzahrani
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SINGLE-CELL ANALYSIS OF HUMAN GLIOMA

AND IMMUNE CELLS IDENTIFIES S100A6 AS A
NOVEL IMMUNOTHERAPY TARGET

Looking through S100 genes family for an immune therapy target to Glioblastoma

PROJECT MENTOR: Dr. Hugo Tavares

PROJECT MEMBERS: Abdullah Mohammed R. Alahmadi
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SINGLE-CELL ANALYSIS OF HUMAN GLIOMA AND IMMUNE CELLS IDENTIFIES
S100A6 AS A NOVEL IMMUNOTHERAPY TARGET

ABDULLAH MOHAMMED ALAHMADI
HUGD TAVWARES + CHANDRA CHILAMAKURI
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STAGE-SPECIFIC PROTEOMIC SIGNATURES
AND GRADUAL EXPRESSION
WAVES IN C. ELEGANS DEVELOPMENT

This project involved a comprehensive bioinformatic re-analysis of a public proteomics
dataset to characterize protein expression dynamics across C. elegans larval stages
(L1-L4). Key findings include the identification of stage-specific protein markers, with L1
enriched for metabolic processes and L4 for reproductive functions, and the discovery
of gradual temporal expression trends. The study provides a high-resolution proteomic
map and a reproducible workflow for investigating developmental biology. Under-
standing these protein expression patterns in C. elegans provides a model for studying
similar processes in humans, offering potential insights into diseases like cancer where
disrupted protein expression plays a critical role.

PROJECT MENTOR: Dr. Hugo Tavares - Dr. Thomas Krueger Dr Andries van Tonder

PROJECT MEMBERS: Marwan Mualla Ali Aljohani

5 °.:" Jl:&'m Stage-Specific Proteomic Signatures and Gradual Expression w

Waves in C. elegans Development vty
Marwan Mualla Aljohani ; o
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INTRODUCTION RESULTS

Caenarhobditis efegons iz a key model organsm for ——
stuclying aniral dewslcpmant, Aftar hatching, it passes

through four larval stages (L1-L4) before becoming an Protecme Changes
adutt. Whi gena exprassion in th * Protein expression changes scals with
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Gradual Expressian Trends
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* Visuallze global expression trends curing
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PREPROCESS o

Larval developenent shows strongest molecudar

specallzation inits imtial (L1} and final (La] stages (Fig 61 |
The L1 proteeme s enriched far metabelic processes while |
L tors Fig. 7,80 |

120131 display minimal unique prosein
uepression, sugestng ransiticnal bictogical states.
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+ Earty stage [LLJ: dominated by metabolism and growth
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+ Protein changes: accur gradually over time, with stage-
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* Human relevance: stage-specific protein signatues may
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and ather diseases
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THERAPEUTIC TARGETS IN OVARIAN
CANCER: PROLIFERATIVE (C1) VS
DIFFERENTIATED (C4) SUBTYPES

This project explored proteomic differences between the proliferative (C1) and differen-
tiated (C4) subtypes of high-grade serous ovarian carcinoma using CPTAC datasets. By
applying PCA, heatmaps, and differential expression analysis with limma, we identified
subtype-specific proteins and pathways. Enrichment analysis revealed that C1tumors
are enriched in ribosomal and DNA replication proteins, while C4 tumors show detoxifi-
cation and immune-related processes. Finally, drug—target mapping highlighted poten-
tial therapeutic opportunities, suggesting that C1 and C4 may require different treat-
ment strategies. This work emphasizes the importance of proteomics in guiding
personalized therapy for ovarian cancer

PROJECT MENTOR: Dr. Lajos Kalma

PROJECT MEMBERS: Shaden Abdulaziz Aimohawwes
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UNVEILING ALTERNATIVE SPLICING
ISOFORMS AS CANDIDATE BIOMARKERS
FOR THE DIAGNOSIS OF MAJOR
DEPRESSIVE DISORDER

This project investigated alternative splicing isoforms as candidate biomarkers for
Major Depressive Disorder (MDD). Peripheral blood RNA from MDD patients and
controls was analyzed using the nf-core/rnasplice pipeline, with splicing events quan-
tified by rMATS v210. Isoforms were first filtered based on false discovery rate (FDR)
and percent spliced-in (PSI), using read counts only as a minimum threshold to ensure
reliability. Differential analysis revealed that skipped exons were the most abundant
significant events, while retained introns were enriched in DNA repair-related
genes.Since no single isoform fully separated cases from controls, a LASSO-regular-
ized logistic regression model (gimnet) was applied to identify a diagnostic multi-iso-
form panel. Enrichment of glmnet-selected features highlighted pathways involved in
apoptosis, telomere maintenance, synaptic development and plasticity, cell cycle
regulation, and neuronal survival, all processes previously implicated in MDD patho-
physiology.The purpose of this trial is to establish whether splicing-derived isoform
panels can serve as objective biomarkers for MDD diagnosis, to be used alongside the
DSM-IV framework after confirmation in clinical trials. By improving diagnostic accu-
racy, this approach also aims to address the likelihood that depression represents a
spectrum of molecular subtypes, an idea supported by contradictory findings in the
literature on disease mechanisms.

PROJECT MENTOR: Hugo Tavares, Andries van Tonder
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ive splicing receptors, jon-channel
kinetics, and stress sugnalhg Whole-blood  RMA-ceq was
processed with nf-core/masplice and rMATS to quantify event-
level PSI. Ta limit small-sample overfitting, an elastic-net classifier
trained on a stringently curated major depressive disorder (MDD)
cohart [GSE190528, n=B) was validated on an independent dataset
{GSE251778, n=169), A sparse panel of exon-skipping and splice-
site events emerged, and genes harboring these events were
enriched for innate-immune sensing and type-l interfercn
pathways, supporting immune-finked isoform biomarkers.
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