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Abstract 

Modern oncology is currently undergoing a transformative shift from broad-spectrum treatments 

to personalized molecular interventions, yet a significant gap remains between rapid 

biotechnological advancement and public understanding. This research project, emerging from a 

hybridized undergraduate and postgraduate Biomedical and Industrial Genomics course at the 

University of Houston, explores a reproducible in silico workflow27,28 developed and put into 

practice by the University of Houston Sequencing Core under the guidance of Dr. Preethi 

Gunaratne for the development of personalized neoantigen vaccines. A case study utilizing real-

world de-identified patient data consisting of an MMP14/C1QBP gene fusion associated with 

aggressive Non-Hodgkin Lymphoma demonstrates how raw genomic split-reads can be 

transformed into a tailored therapeutic roadmap. At its core, this project was a catalyst for student-

led innovation, as researchers were granted full-autonomy to integrate their unique academic 
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backgrounds into the modeling of therapeutic interventions. This collaborative environment 

fostered creative discovery, yielding diverse intellectual contributions ranging from specialized 

radiological interventions and microfluidic monitoring to the development of sophisticated 

algorithmic optimization programs. By navigating the transition from genomic education to 

hypothetical clinical synthesis, the class successfully bridged the gap between theoretical 

knowledge and practical application. The findings indicate that while industrial scaling for generic 

off-the-shelf vaccines remains a long-term challenge due to high genomic diversity, the boutique 

patient-specific model is a viable next-generation feasibility. This work underscores the 

Translational Ideal: the inherent necessity of transparent scientific communication to demystify 

complex genomics, replace intellectual curiosity with data-driven understanding, and ensure that 

the next generation of life-saving medicine is both mathematically optimized and biologically 

sound. 

Introduction 

Clinical Context 

The landscape of modern oncology is shifting from broad-spectrum treatments to personalized 

molecular interventions, yet a significant gap remains between rapid biotechnological 

advancement and public understanding. While surgery, radiation, and traditional chemotherapy 

remain foundational, current guidelines emphasize combining these with immunotherapy and 

targeted treatments to overcome drug resistance and reduce systemic toxicity. It is the goal of the 

authors to demystify the process of creating targeted therapy proposals, demonstrating that these 

interventions are scientifically optimized, biologically grounded, and rigorously tested against real-

world benchmarks. This paper serves as a technical and educational case study in biomedical and 

industrial genomics, utilizing real-world de-identified oncological patient data to design a 
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hypothetical multi-tiered therapeutic strategy based on previous work envisioned and 

implemented by The University of Houston Sequencing Core (UHSeq) combined with student 

researcher innovations. 

Collaborative Framework 

This research emerged from a unique split-level Biomedical and Industrial Genomics course 

taught by Dr. Preethi Gunaratne that hybridized the learning experiences and output goals of 

student researchers at both the undergraduate and postgraduate level. The academic structure was 

designed to mirror a professional dry-laboratory environment. Each researcher was tasked with 

an in silico workflow to take a raw oncologic gene fusion extracted from RNA-sequencing data 

and, in a stepwise process, offer a hypothetical peptide pool for the de-identified patient to whom 

the gene fusion belonged. Researchers were then grouped according to cancer types and 

collaborative work culminated in a final presentation of individualized therapeutic models where 

each student researcher offered intellectual contributions to the modeling of therapeutic 

intervention for the overall cancer type. These groups were given carte blanche to use their own 

expertise and knowledge from other courses and internship experiences when creating the 

hypothetical therapeutic approach, resulting in discovery and innovation far beyond the scope of 

the class. Outside the technical results, the course aimed to familiarize student researchers with 

cutting edge clinical genomics techniques and necessary background information regarding the 

methods used during the workflow while fostering the environment for creativity. 

The Workflow: Project Overview 

The first part of this project follows a reproducible pipeline designed by UHSeq to turn a genetic 

anomaly into a molecular target. This workflow is broadly divided into four critical phases: 
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1. Genomic Identification: Detecting chromosomal translocations (split-reads) that create 

non-self, chimeric RNA transcripts found exclusively in tumor cells. 

2. Molecular Intervention: Utilizing CRISPR-Cas9 to target the 3' UTR of the fusion 

transcript, ensuring the oncogenic protein is expressed at levels sufficient for immune 

recognition. 

3. Peptide Optimization: Processing the fusion protein to identify a core neopeptide pool 

based on Human Leukocyte Antigen6 (HLA) coverage and thermodynamic stability. 

4. Clinical Integration: Benchmarking results against Patient-Derived Xenograft (PDX) 

mouse models to predict treatment efficacy and determine the best drug-vaccine 

combinations for the de-identified patient. 

This workflow was done on an individual basis with each student researcher assigned a 

split-read based on de-identified patient-specific oncogenic tissue that was lysed, sequenced, and 

analyzed by UHSeq. From this single bit of data, all other processes were carried out on open 

access platforms, meaning if anyone had access to a split-read, they could perform this workflow 

(provided they had the understanding of genomics required to carry it forward).  

The Translational Ideal 

The ultimate aim of this communication article is two-fold: to demystify and destigmatize the idea 

that cutting-edge techniques and analytics can only be performed following extensive postgraduate 

experience and training and to emphasize that collaborative, multidisciplinary scientific 

approaches to some of the greatest contemporary scientific problems can yield novel outcomes—

even when proposed at the undergraduate level. By providing a transparent, data-driven 
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explanation of mRNA-based therapies, we demonstrate that these interventions are not 

experimental gambles, but mathematically-optimized and biologically grounded tools. 

Author’s Note/Academic Disclaimer: while the workflow imagined and implemented by UHSeq uses de-identified 

patient data and industrial-grade software at the forefront of cancer research, the results reported herein are in silico 

models designed to test the feasibility of rapid, personalized vaccine design and not meant to represent true clinical proposals. 

Student inventions are proprietary and patient data has been depersonalized. For ease of communication and unless 

otherwise noted, this paper will exemplify the MMP14/C1QBP gene fusion and its related cancer—Activated B-Cell-

like Diffuse Large B-Cell Lymphoma (BCL-ABC), an aggressive and metastatic non-Hodgkin lymphoma—as this 

was the split read assigned to the primary author. 

Methods 

Split Read 

AAGGATGGCAAATTCGTCTTCTTCAAAG___GAGACAAGCATTGGGTGTTTGATGAGGC
GTCCCTGGAACCTGGCTACCCCAAGCACATTAAGGAGCTGGGCCGAGGGCTGCCTACC
GACAAGATTGATGCTGCTCTCTTCTGGATGCCCAATGGAAAGACCTACTTCTTCCGTGG
AAACAA___GTACTACCGTTTCAACGAAGAGCTCAGGGCAGTGGATAGCGAGTACCCCA
AGAACATCAAAGTCTGGGAAGGGATCCCTGAGTCTCCCAGAGGGTCATTCATGGGCAG
CGATGAAG|GAGACAAAGCTTTTGTTGATTTCCTGAGTGATGAAATTAAGGAGGAAAG
AAAAATTCAGAAGCAT 
Figure 2.1—The initial split read data given. Emboldened region shows the fusion point of two otherwise unassociated genes. 

Split-reads: Identification of structural variations where a single read of patient-specific DNA maps to different 
locations, marking breakpoints.  

The primary project began with the identification of a unique chromosomal translocation wherein 

a portion of one gene fused with another to create a chimeric RNA transcript—a non-self target 

found exclusively in tumor cells. These gene fusions still transcribe mRNA, provided they encode 

an open reading frame (ORF). This anomalous junction can be exploited through genomic 

intervention to function as a molecular beacon for the immune system, signaling that the tumor 

cells to which they (or their resultant protein translations) belong should be sought out as invasive 

and biologically harmful. From here, the original gene fusion partners must be identified.  
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Blat 

The entire split read was entered into BLAT9 and the two sequences with the highest identities 

that were aligned at “Start” and “End” were determined to be the best models for gene fusion 

partners. The 5’ partner was found to be MMP14 (exons 1-9) of Chromosome 14. The model 

NM_004995.4 was the best fit for the purpose as it contained the most exons to be used for 

building the fusion model. The 3’ partner was found to be C1QBP (exons 2-6) on Chromosome 

17. The NM_001212.4 model was used. After the gene partners were determined, the combined 

fusion gene MMP14/C1QBP was stitched together, confirming the breakpoint given in the split-

read. 

CRISPR 

Student researchers were tasked with designing CRISPR-Guide RNAs (gRNAs) to block 

microRNA(miRNA)-mediated downregulation of the fusion transcript. The 3’ partner of the 

fusion sequence was entered into TargetScan20 as it contained the 3’ untranslated region (UTR) 

(the site at which miRNA can bind and turn off a translated mRNA sequence from being 

transcribed). TargetScan returned an 8-base pair target seed region in position 78-85 of the 3’ 

UTR. 

 
Figure 2.3—Seed region (white highlight) for miRNA interaction found in the 3’ Untranslated Region of the second fusion partner. 
Position, specific miRNA interaction and antisense pairing are given. 
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3’-UTR of C1QBP where seed is found: 

5’AGCAGACAGATGCTGAAAGCCATAGTTTCATGGCAGGCTTTGGCCAGTGAACA

AATCCTACTCTGAAGCTAGACATGTGCTTTG*AAATGATTATCATCCTAATATCAT

GGGGGAAAAAATACCAAATTTAAATTATATGTTTTGTGTTCTCATTTATTATCATT

TTTTTCTGTACAAATCTATTATTTCTAGATTTTTGTATAACATGATAGACATAAAAT

TGGTTTATCTCCTCCAA-3’ 

To inhibit the ability of a miRNA to downregulate this transcription, this binding seed 

region must be cleaved in the DNA. This seed can be a cleavage attack site for a CRISPR-Cas 

complex but requires a guide RNA and the appropriate CRISPR-associated (Cas) protein to 

function as described. To design this functional complex, the seed region was found in the 3’ UTR 

of the C1QBP DNA by searching for the DNA equivalent region (substituting Ts for Us: 

UGCUUUGAàTGCTTTGA). The protospacer adjacent motif (PAM) was determined by 

interpretation of Cas rules. Cas9 will cut between the 3rd and 4th nucleotides 5’ to the PAM site 

if the motif sequence reads “NGG” where N is any nucleotide and G is Guanine. While Cas9 

typically utilizes NGG, non-canonical PAMs are increasingly recognized in specialized industrial 

genomics contexts. Therefore, this PAM site was proposed to be TGA (underlined) for this in 

silico design and the Cas used was a Cas9. The CRISPR cleavage site is given by the 

asteriskàTGCTTTG*A. The guide RNA (gRNA) attachment site is highlighted on the DNA. This 

sequence needed to be retranscribed into RNA to build the gRNA à 

GCUAGACAUGUGCUUUGAAA.  

This strategy established a "killswitch-killswitch" against normal non-coding RNA 

function using CRISPR-Cas9 to target the 3' UTR seed region of hsa-miR-330-3p, effectively 
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disrupting the oncogenic transcript's ability to be prematurely downregulated by microRNA 

binding. By keeping the chimeric mRNA active for translation, the CRISPR-Cas cleavage ensures 

that the oncogenic cell produces an abundance of the fusion protein to be marked for 

immunological intervention. By isolating and identifying the fusion region, researchers continued 

to the ultimate clinical goal of this project—development of a personalized neoantigen vaccine 

using small neopeptides mimicking the protein fusion region. 

ORF Finder 

Student researchers were tasked with extracting the open reading frame and building a general 

neopeptide pool. For this fusion to be a viable target for peptide vaccine therapy, it must be able 

to be translated—there must be an open reading frame created by the fusion without any 

premature stop codons created by the merging of the gene transcript. The nucleotide sequence of 

the fusion gene was inserted into the NCBI Open Reading Frame Finder15 to determine its open 

reading frame, then compared against the wild type-peptides given in RefSeq1,14 from both fusion 

partners to confirm the fusion sequence. The ORF of the fusion gene was compared against the 

coding sequence (CDS) of the two wild type contributors to determine peptide sequence and if 

there were any other mutations contributing to the hybrid translation by running through BLASTp 

and comparing alignments. After comparison of alignments, the 677 amino acid neopeptide was 

stitched together at the 5’ partner translation to 3’ partner translation fusion point.  

MSPAPRPPRCLLLPLLTLGTALASLGSAQSSSFSPEAWLQQYGYLPPGDLRTHTQRSPQSLSAA
IAAMQKFYGLQVTGKADADTMKAMRRPRCGVPDKFGAEIKANVRRKRYAIQGLKWQHN
EITFCIQNYTPKVGEYATYEAIRKAFRVWESATPLRFREVPYAYIREGHEKQADIMIFFAEGF
HGDSTPFDGEGGFLAHAYFPGPNIGGDTHFDSAEPWTVRNEDLNGNDIFLVAVHELGHA
LGLEHSSDPSAIMAPFYQWMDTENFVLPDDDRRGIQQLYGGESGFPTKMPPQPRTTSRPSV
PDKPKNPTYGPNICDGNFDTVAMLRGEMFVFKERWFWRVRNNQVMDGYPMPIGQFWRG
LPASINTAYERKDGKFVFFKGDKHWVFDEASLEPGYPKHIKELGRGLPTDKIDAALFWMP
NGKTYFFRGNKYYRFNEELRAVDSEYPKNIKVWEGIPESPRGSFMGSDE 
--
GDKAFVDFLSDEIKEERKIQKHKTLPKMSGGWELELNGTEAKLVRKVAGEKITVTFNINN
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SIPPTFDGEEEPSQGQKVEEQEPELTSTPNFVVEVIKNDDGKKALVLDCHYPEDEVGQED
EAESDIFSIREVSFQSTGESEWKDTNYTLNTDSLDWALYDHLMDFLADRGVDNTFADELV
ELSTALEHQEYITFLEDLKSFVKSQ 
Figure 2.4—677aa neoepitope fusion peptide. For ease of determination, translation from 5’ partner is 
listed above, 3’ partner is listed below. In reality, the gene fusion partners translate seamlessly creating a 
viable protein that exists nowhere in the body except the tumor environment. Emboldened amino acids 
show the 20-peptide sequence used to build the neoantigen pool. 

 

9mers, 10mers, 11mers 

The 20-peptide sequence used to build the peptide pool was determined to be 

PRGSFMGSDE|GDKAFVDFLS. Eleven-amino-acid-long polymers (11mers) were built by 

ensuring that at least one peptide on either side of the fusion contributed to a neopeptide—

ensuring that no wild type peptides would be perturbed by the autoimmune response—after which 

9mers and 10mers were built from the 11mer pool, an optimal size for MHC-I binding. 

9-11mers: 
9mers 10mers 11mers 
GSFMGSDE|G 
SFMGSDE|GD 
FMGSDE|GDK 
MGSDE|GDKA 
GSDE|GDKAF 
SDE|GDKAFV 
DE|GDKAFVD 
E|GDKAFVDF 
 

RGSFMGSDE|G 
GSFMGSDE|GD 
SFMGSDE|GDK 
FMGSDE|GDKA 
MGSDE|GDKAF 
GSDE|GDKAFV 
SDE|GDKAFVD 
DE|GDKAFVDF 
E|GDKAFVDFL 
 

PRGSFMGSDE|G 
RGSFMGSDE|GD 
GSFMGSDE|GDK 
SFMGSDE|GDKA 
FMGSDE|GDKAF 
MGSDE|GDKAFV 
GSDE|GDKAFVD 
SDE|GDKAFVDF 
DE|GDKAFVDFL 
E|GDKAFVDFLS 
 

Figure 2.5—neopeptide pool created around the junction (|) of the peptides, shown here with at least one amino acid on either side of the fusion to 
maintain non-wild type determination. 

 

 

Viability of the Peptide Pool 

UHSeq then provided student researchers with the patient’s Optitype19 (patient-specific HLA 

typing) file and a NetMHCPan23 (bioinformatics tool used to predict binding between peptides 

and Major Histocompatibility Complex molecules) file and tasked with determining the best 

peptide pool for their patient. The Optitype for the MMP14/C1QBP patient: 



 334 

 A*02:01, A*68:01       B*44:02, B*35:01          C*05:01, C*04:01 

Human Leukocyte Antigen Nomenclature: Gene Locus (A*) Antigen Group (02:) specific protein type (01) 

After finding the associated Human Leukocyte Antigens (HLAs)—proteins found on the 

surface of most nucleated cells that act as identification tags, allowing the immune system to 

distinguish between healthy self-cells and foreign invaders—in the NetMHCPan file, any peptides 

that bound fewer than 3 HLAs or had an eluted ligand percentile (EL) rank higher than 32.7, were 

considered low priority peptides and were initially discarded from the proposed neopeptide 

vaccine pool. However, some anomalies needed to be considered. The question of how best to 

weigh the coverage (number of HLAs bound by a single peptide) against the ability to bind at the 

surface of the cell (EL rank) arose. An early assumption to average the binding ability across all 

peptides while giving the highest priority to the most coverage proved not to be fruitful. 
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Figure 2.6—The twenty best peptides for the patient, determined solely by EL Rank. Only 4 of the 24 peptides had EL rank above 32.7 
across the board, showing no binding. These are blacked out and correspond with data given as “No Binding” by the Peptide Pipeline. Note 
A*68:01 only has coverage by 3 neopeptides, none of which cover ≥3 HLAs 

 

Optimizing the Neopeptide Pool 

Student researchers were tasked with creating a vaccine for their patient using the 20 “best” 

neopeptides. “Best” was to be determined by further research including de-identified patient 

specific data linked to Patient Derived Xenograft (PDX) mouse models which included data about 

previous treatment and therapeutic exposures, the tumor extraction site, and how the mouse 

models reacted to specific chemo interventions as well as any immunotherapy that had been 

assayed. Further Human Protein Atlas10 research into the fusion gene partners in relation to their 

biological function and clinical relevance in relation to assigned cancer type and other cancers 

enabled students to build hypotheses on the potential impact of the resultant fusion protein. 

Student researchers were further grouped by cancer types and instructed to contribute to a 

presentation detailing these cancer specifics, the individual projects, and the final, most lofty goal 

of developing a therapeutic regimen for these patients including, if at all possible, the development 

of a multivalent generic cancer immune-booster. Thus ended the established workflow provided 

by UHSeq, but what followed revealed the ingenuity of the students and the true novelty of this 

class. 

Student Researcher Innovations 

Student groups were granted autonomy to utilize their unique expertise and knowledge acquired 

through other classes and internships leading to discoveries and innovations that extended far 

beyond the standard curriculum. This collaborative environment encouraged creativity within the 

class, where researchers brought their diverse academic backgrounds to solve the problem of 
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personalized therapy. These contributions generally trended toward the answering of four central 

questions regarding optimization, safety, patient outcome, and communication: 

How best to optimize the neopeptide pool? 

The core of the therapeutic challenge involved determining the most effective method for 

prioritizing neopeptide ranking, specifically weighing binding affinity (EL Rank) against the 

breadth of HLA coverage. A simple average was seen to be ineffective as discussed in section 2.6, 

so several students used their own intuition to propose different prioritizations; however, two 

students rose to the challenge by developing two distinct algorithmic approaches. 

Hy Cao’s Peptide Pipeline (v5.1) is a Python-based engine designed to prioritize the 

dynamic biological constraints of a single patient. Its primary innovation lies in the integration of 

the Pepsickle library, which models proteasomal cleavage to ensure that the selected neopeptides 

are naturally produced in vivo and avoids "self" mimicry that could be seen as wild type and 

ultimately be ignored by the immune system. The pipeline utilizes differential evolution and 

stochastic optimization to navigate a complex reward and penalty system. This logic favors 

peptides with maximal HLA coverage while penalizing those with poor thermodynamic stability 

or high EL Ranks. Furthermore, the pipeline employs automated "knee detection" to 

mathematically identify ideal cutoff points for core and support pools, ensuring the final selection 

is grounded in mathematical optimization rather than arbitrary thresholds. 

In contrast, Jacob McLemore engineered Möbi, a MATLAB-based workflow that 

approaches the selection problem through Topological Data Analysis (TDA) and population-level 

clustering. While the Peptide Pipeline focuses on the specific molecular viability of the peptide, 

Möbi focuses on the high-dimensional patient-level binding behavior within a broader feature 

space. The program converts patient-specific HLA binding profiles into feature vectors, creating 
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a matrix that represents the binding landscape of an entire population. By examining the distance 

and connectivity structure between these vectors—a process known as persistent homology—

Möbi divides patients into subgroups based on shared biological traits. Within these topological 

subgroups, the program applies a linear multi-objective greedy optimization to select candidate 

peptide pools that provide the most efficient coverage for potential multivalent vaccines. 

The "duel" between these programs provided the project with a comprehensive toolkit 

that balanced biological fidelity with topological efficiency. For our purposes, Cao’s proposed 

pipeline became the most specialized algorithm for "boutique," patient-specific precision by 

ensuring each peptide is produced and bound efficiently within the host. Conversely, Mclemore’s 

Möbi provides a roadmap for the industrial scaling of neoantigen vaccines by identifying shared 

immunological landscapes across diverse patient groups. 

How to ensure patient safety? 

Safety was addressed through a combination of biochemical modeling and genomic surveillance. 

The Peptide Pipeline integrated Pepsickle24 modeling to generate cleavage scores, ensuring 

neopeptides are naturally produced in vivo without mimicking "self" sequences that could trigger 

autoimmunity. Complementing this, one graduate student developed a rigorous validation 

protocol using the DAVID25 functional annotation tool to map signaling pathways and the 

COSMID26 platform to identify potential CRISPR gRNA off-target effects across the human 

genome. 

How to improve patient outcomes? 

Researchers within the primary author’s group (Non-Hodgkin Lymphoma) looked toward a 

holistic "trivalent" strategy to improve clinical success, combining the personalized vaccine with 

standard-of-care chemotherapy and radiological intervention to target solid tumor metastases. 
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Sophia Richardson proposed the integration of microfluidic capture systems as a liquid biopsy tool 

to isolate cancerous B-cells (CD19/CD20), allowing for non-invasive, continuous monitoring of 

recurrence. Additionally, in other research groups, metabolic interventions such as a ketogenic diet 

were suggested to exploit the Warburg effect chokepoint, effectively starving metastatic cells that 

rely on aerobic glycolysis for energy.  

How best to communicate the findings? 

While the individual presentations highlighted diverse areas of interest, the most significant 

innovation in communication came from the pedagogical requirement to engage in cross-

disciplinary defense. Student researchers were not merely presenting results; they were tasked with 

answering critical inquiries from peers regarding their specific methodologies. This interrogative 

approach forced researchers to move beyond their specialized silos to ensure their findings were 

accessible to the entire cohort. 

This academic structure transformed the class from a collection of individuals into a 

unified think tank. Because not all participants entered the course with the same prerequisite 

knowledge in NGS or bioinformatics, the high level of research acted as a forced catalyst for 

democratization. Researchers became science communicators by necessity, drafting explanations 

and answering peer questions that synthesized the raw data and therapeutic logic. Consequently, 

this paper represents the project’s shift from a laboratory workflow to a collaborative social 

educational framework, proving that the complexity of industrial genomics can be managed 

through intentional, competent, peer-led education under the guidance of researchers that paved 

the way through novel innovations in the field. 

Results and Discussion 

Challenges Faced 
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The transition from in silico design to a hypothetical clinical roadmap revealed several critical 

hurdles that required a blend of algorithmic precision and human intuition. 

Biological Context and Algorithmic Limitations 

In the specific case of the MMP14/C1QBP fusion, researchers encountered significant coverage 

issues. Specifically, the orphan allele HLA A*68:01 initially lacked representation in the automated 

peptide pools. This required manual human intervention to override algorithmic thresholds and 

ensure the patient had “zero-blind-spot” immune coverage for their Optitype HLAs. By widening 

the scope of the Peptide Pipeline to Common HLAs outside of the patient specific Optitype, the 

Core Pool of peptides for the vaccination could be adjusted, along with an HLA A*68:01-specific 

peptide inclusion in each of the support pools. 

Cancer Specificity 

Because ABC-BCL is a hematologic cancer that is metastatic nearly by definition, the strategy had 

to account for systemic mobility and the high risk of relapse associated with current standards of 

care. To address this, the therapeutic strategy moved beyond simple tumor reduction to focus on 

the biological anomaly created by the MMP14/C1QBP fusion. Since MMP14 acts as a membrane-

bound proteolytic enzyme that degrades the extracellular matrix to facilitate cellular escape3,8,14, 

and C1QBP simultaneously reprograms energy metabolism via the Warburg effect to sustain 

growth in hypoxic environments1,7, the intervention had to be equally multi-faceted. The resulting 

trivalent approach combined a personalized neoantigen vaccine in combination with monitoring 

by microfluidic device—designed to provide long-term immunological surveillance against these 

specific fusion-positive cells—with standard-of-care R-CHOP12,13 chemotherapy and localized 

radiological intervention. This integrated defense acknowledges that while chemotherapy may 

yield an initial -100% T/C ratio in PDX models, the high 40% rate of relapsed or refractory disease 
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necessitates a highly specific, systemic safety net to target mobile, chemo-resistant cells before they 

can establish new metastatic masses. 

Building a multivalent vaccine for this cancer family remains a significant challenge 

because the gene fusions analyzed were exceptionally diverse, with each exhibiting a vastly 

different profile of the Hallmarks of Cancer.4,5 Because the non-self targets are so heterogeneous, 

a multivalent pool would require the exact same fusion point across multiple patients, as well as a 

standardized HLA coverage that accounts for individual genomic contraindications. 

Consequently, the ideal of an off-the-shelf generic vaccine is currently secondary to the more 

immediate success of the boutique, patient-specific model. This reality underscores the necessity 

of the in silico workflow to determine if a shared therapeutic target even exists before attempting 

to scale to an industrial level. 

Cross-disciplinary divide: A working example 

Perhaps the most pervasive challenge was intellectual opacity—the tendency for high-level 

research to become inaccessible to those with different foundational backgrounds. This was 

exemplified by student researcher Ryan Nurdel, who initially struggled with the complexities of 

bioinformatics and NGS. However, Nurdel's experience ultimately served as the catalyst for one 

of the project’s most significant innovations. As a graduate student with experience in radiation 

oncology research using Linear Accelerator (Linac) applications, Nurdel’s enthusiasm swelledthe 

moment he realized his specific field of study was essential to the patient's survival. By putting 

aside academic pride and engaging in peer-to-peer communication—tutored by the primary 

author—Nurdel was able to bridge his specialized knowledge into the group’s final model; the 

integration of which completely transformed the group's proposal into a robust trivalent approach. 
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Because one patient presented with a solid metastatic retroperitoneal tumor, he proposed 

targeted radiation therapy as a primary candidate for eliminating these localized malignancies. He 

specifically advocated for the use of the Linac system to address the high tumor grade and 

metastatic capability inherent in the MMP14/C1QBP fusion. Furthermore, Nurdel’s plan included 

involved field radiation for cancerous lymph nodes, providing a critical physical intervention to 

complement the hypothetical conferred immunity of the neopeptide vaccine. This contribution 

ultimately proved that the "Translational Ideal" is a systematic necessity. True scientific progress 

only occurs when researchers demystify their individual expertise to build a holistic, 

multidisciplinary defense. 

Moving Forward 

It must be reiterated that all results and proposals reported herein were based on new, biologically 

unvalidated fusions used for the purpose of familiarizing student researchers with NGS and 

current methods and techniques in practice at UHSeq and therefore only presented hypothetically. 

As dictated by a ranking member of UHSeq, this approach would not be appropriate for a methods 

paper. For instance: while comparing Cao and Mclemore’s programs, we have have left the actual 

computational methods and mathematical mechanics largely unexplained. Stronger validation for 

the Peptide Pipeline could be obtained by demonstrating its performance using published datasets 

with experimentally validated neoantigens. However, the primary intention of this paper is to 

communicate the educational success and novelty of approach for a split-level biomedical and 

industrial genomics course, which leaves these future methods open to validation. 

The impact of this course has extended into professional and institutional roles. Several 

researchers have since joined UHSeq, and the architects of the Peptide Pipeline and Möbi are 

currently collaborating on a new utility program for the Core. Olive Rogers has transitioned into 
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the Head of Extraction for UHSeq, balancing this role with managing all undergraduate 

researchers in the lab and some business administration. She provided the context for how the 

split-reads were designed for each of the student researchers. 

Looking ahead, there is a strong desire to expand these findings into broader educational 

outreach, potentially through a specialized glossary or communication curriculum to continue 

demystifying genomic breakthroughs for a curious public. 

Conclusion 

Ultimately, this project confirms the feasibility of a "boutique" approach to precision medicine, 

demonstrating that an actionable, experimental workflow can transform a single split-read into a 

tailored therapeutic roadmap. By navigating the transition from genomic discovery to algorithmic 

optimization, we have furthered the idea that personalized vaccine design is not an abstract future 

goal but a present in silico hypothesis as can be seen in the workflow27,28 established by the 

researchers in UHSeq. While transitioning this individualized service to an industrial off-the-shelf 

generic model presents significant hurdles (including the need for exhaustive patient sequencing 

to avoid "self" contraindications) the methodology established by UHSeq and presented here by 

the undergraduate authors provides a clear path forward for addressing rare and aggressive cancer-

related gene fusions. 

The success of this research was inseparably linked to the hybrid academic structure of the 

course, which highlighted a critical need for enhanced scientific communication. The intellectual 

exchange between researchers, such as the collaborative development of the trivalent approach 

and the peer-to-peer tutoring that resolved foundational knowledge gaps, proved that the 

translational ideal is an inherent necessity for progress. As we move beyond the laboratory, it is 

incumbent upon the scientific community to clarify these processes for the public. By 
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democratizing our methods, students were empowered to build confidence in seeking to be on 

the cutting-edge of the latest scientific breakthroughs in genomic research. 

These outcomes were only possible due to the unique academic environment fostered by 

Dr. Gunaratne, and the work done by the researchers at UHSeq. Her trust in the students’ 

capabilities and her patience throughout the complex in silico workflow provided the necessary 

safety net for innovation to flourish. By giving the students complete discretion to integrate their 

outside lab expertise, she transformed a standard classroom exercise into a high-level research 

endeavor where even undergraduate contributions to established laboratory protocol could yield 

novel, publishable outcomes. This course demonstrated that with the acceptance of a unique 

approach to multi-disciplinary innovation and student engagement supported by mentors who 

believe in the power of collaborative discovery, the next generation of clinical researchers will be 

capable of performing established protocols while building upon their own resourcefulness for 

innovating the future of life-saving medicine. 
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