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Vyuziti genomickych foundation modell pro analyzu sekvenacnich dat v
hematologii
Leveraging Genomic Foundation Models for the Analysis of Sequencing Data in
Hematology.

Soucasny rozvoj umélé inteligence a uspéch velkych
jazykovych modeld (LLM) podnitil hledani analogickych
architektur pro oblast genomiky. Inspirovany principy
LLM, byly vyvinuty rozsahlé genomické foundation
modely (napt. EVO2 nebo Nucleotide Transformer), které
jsou trénovany na pangenomickych datech. Tyto modely
se uci vnimat DNA jako jazyk, coz umoznuje hlubsi
porozumeéni kontextu sekvenci a vztahli v ramci genomu.
Ukazuje se, Ze je lze efektivné vyuzit pro komplexni
genomické i genetické tilohy.

Cilem prace je analyza strukturnich charakteristik
genomickych foundation modelt a jejich konkrétni
adaptace pro detekci a klasifikaci onkogenetickych
genovych fuzi v klinické hematologii. Vyzkum se zaméfi
na komparaci architektur v predikci funkénich dopadi
téchto fuzi u malignit a na vyvoj algoritmli zvySujicich
citlivost zachytu vzacnych fliznich vzorci v datech
poskytnutych Ustavem hematologie a krevni transfuze.
Prace dale usiluje o kvantifikaci diagnostického piinosu
téchto modeltt oproti standardnim postupim a o
definovani metod pro interpretovatelnost jejich vystupd v
1ékarské praxi.

Prace pfinasi inovativni pohled na zpracovani vysoce
citivych dat pomoci nejmodernéjSich metod umélé
inteligence. Vystupy budou mit pfimy dopad na klinickou
praxi v oblasti hematologie, kde usnadni rozhodovaci
procesy lékait a prisp&ji k efektivnéjsi diagnostice pro
potifeby personalizované mediciny.

The current advancement of artificial intelligence and the
success of Large Language Models (LLMs) have stimulated
the search for analogous architectures in the field of
genomics. Inspired by LLM principles, large-scale genomic
foundation models (e.g., EVO2 or Nucleotide Transformer)
have been developed and trained on pangenomic data. These
models learn to perceive DNA as a language, enabling a
deeper understanding of sequence context and relationships
within the genome. It has been demonstrated that they can be
effectively utilized for complex genomic and genetic tasks.
The aim of the thesis is to analyze the structural
characteristics of genomic foundation models and their
adaptation for the detection and classification of oncogenic
gene fusions in clinical hematology. The research will focus
on comparing model architectures in predicting the functional
impacts of these fusions in malignancies and on developing
algorithms to enhance the sensitivity of detecting rare fusion
patterns in data provided by the Institute of Hematology and
Blood Transfusion. Furthermore, the work aims to quantify
the diagnostic benefit of these models compared to standard
pipelines and to define methods for the interpretability of
their outputs in medical practice.

The work provides an innovative perspective on processing
highly sensitive data wusing state-of-the-art artificial
intelligence methods. The outcomes will have a direct impact
on clinical practice in hematology, where they will facilitate
medical decision-making processes and contribute to more
efficient diagnostics for the needs of personalized medicine.
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