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Three guestions about genetic information

Where does copying begin? Where do errors occur? Does the altered RNA survive?
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Learning biological properties from seguence

Input
DNA or RNA sequence, with task-relevant context

Learning signal
Measured replication origins, somatic mutations or mRNA abundance

Output
A biological prediction that we can interpret and test

ORIFormer - MutFormer - NMDetective-Al



Where DNA copying begins

ORIFormer predicts replication initiation potential from DNA sequence

ORIFormer | supplied bioRxiv preprints (v1)
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A sequence model locates replication origins

The HBB locus makes the prediction visible along a stretch of DNA
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Origin predictions generalise across assays

Independent assays and mouse origins support a conserved sequence signal
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Learned motifs point to origin-associated proteins

A prominent ORIFormer motif matches binding preferences of ZNF770 protein
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Why the same mutation can recur

High mutation risk

Some DNA sites acquire mutations unusually often

Selection in the tumour

Some mutations help the affected cell expand

Interpreting recurrence requires an estimate of local mutation risk

MutFormer | Fran Supek



MutFormer learns local mutation risk
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The surrounding DNA
Influences mutation risk

Different mutational
processes recognise
different extended DNA
sequence contexts

ORIFormer | Fran Supek
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Expected recurrence helps identify selected hotspots

Many recurrent sites fit the mutational baseline, while selected candidates stand out

1848 breast MSS samples
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The fate of an altered RNA message

Nonsense-mediated decay can remove RNA containing a premature stop mutation

Last exon

Regions where PTCs less
frequently trigger NMD

NMDetective-Al | Fran Supek
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NMDetective-Al predicts the degree of RNA decay

A pretrained RNA model adapts to quantitative measurements from human variants (mutations)
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Systematic experiments test the predictions

Mutational scanning measures RNA abundance across engineered variants

mRNAs
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A binary NMD rule resolves into a graded response

BRCA1 mutagenesis supports a quantitative transition in RNA degradation

NMDetective-Al predictions vs DMS observations in penultimate and last exon regions: BRCAl
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Quantitative RNA fate informs variant interpretation

Molecular consequence

Estimate how strongly a premature stop reduces its RNA

Cancer relevance

Consider RNA loss alongside the gene and altered protein

Research use

Prioritise variants and hypotheses for functional testing

NMDetective-Al | Fran Supek
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Sequence models reveal different layers of genome function

Replication potential , mutation risk and RNA fate each contain learnable sequence information

Sequence helps specify Extended sequence context RNA decay follows
replication origins helps explain mutation hotspots quantitative sequence rules

Premature stop
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ORIFormer MutFormer NMDetective-Al
Evidence: independent assays Evidence: observed versus Evidence: controlled
and protein-binding data expected mutation recurrence mutagenesis experiments
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The people behind the work

ORIFormer and MuSAS

Marcell Veiner, Marina Salvadores, Ivan Galvan-Femenia
https://doi.org/10.64898/2025.12.28.696672

MutFormer

lvan Galvan-Femenia, Marcell Veiner, Daniel Naro
https://doi.org/10.64898/2026.07.07.736824

NMDetective-Al

Marcell Veiner, Ignasi Toledano, Guillermo Palou-Marquez, Ben Lehner
https://doi.org/10.64898/2026.03.24.71400

Genome Data Science laboratory, BRIC / University of Copenhagen, and IRB Barcelona

ORIFormer - MutFormer - NMDetective-Al | Fran Supek
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Al development and deployment

Services for adapting, fine-tuning, integrating, scaling, and operationalis-
ing Al workflows and models for real use cases.

SLAIF sarvica catalogue

Al development and deployment

Adaptation of a Large Language  e<pn="r nonen
Model for Domain-Specific Ques-

tion Answering

Vertical Cross-domain ~ Availability Q32027 Type Pipeline
Target users: Industry, Large Emerprises, Scientific Institutions, Public inst-

SLAIF sarvica catalogue

tutions
Overview
This pipeline bl | of a large | model to answer domain-specific questions
accurately andeﬂiuenﬂy It is designed to support expert systems, knowledge bases, or FAQ systems in
fields. The I are a sufficient amount of domain-specific data and domain know-how.
The pipeline first helps users in data for g based on the domain data and

provides code and know-how for synthetically expanding the training data based on the provided domain
data. Next, it provides the know-how and code for fine-tuning the model with the created instruction-
tuning dataset. Finally, it provides code for efficient inference using the adapted model. The pipeline
leverages the Slovene LLM GaMS and similar open-source models, tools for generating domain-specific
question-answer pairs using NeMo Curator in combination with the GaMS-Instruct approach, LoRA or
QLoRA-based supervised fine-tuning using Hugging Face and NeMo, and vLLM for fast domain-specific
question answering inference.

Expected outcome

A step-by-step guide for domain-specific guestion-answering training, along with scripts for data gener-
ation, moded training, and inference.

Requirements Specific limitations

Requires several NVIDIA GPUs.

Service output Licensing

Pipeline for guestion answering adaptation, in- MIT
cluding data generation scripts, model training
scripts, and inference code.

Al development and deployment

Adaptation of a Large Language "=t niton
Model for Domain-Specific Sum-
marization

Vertical Cross-domain ~ Availability Q32027 Type Pipeline

Target users: Indusiry, Large Enterprises, Scientific Institutions, Public Insti-
Tuions

Overview

This pipeline enables the adaptation of a large language mode! (LLM) fo generate high-quality, domain-
spedﬁcsummarieshﬂechmcalolsuenﬂicmm reporis, research papers, or industry-specific
content. |t is ds 1to the and rel of summaries within a specific domain. The
pipeline first helps users in ing data for {OCR of PDF documents) and converting
it into a training dataset. Next, it provides the know-how and code for fine-tuning the model with the
created dataset. Finally, it provides code for efficient inference ushg ﬂ1e adapted model. The pipeline
leverages the Slovens LLM GaMS (for Sl and other open VLMs (e.g.,
Gemma), open-source OCR libraries such as Marl(erol =small open-source VILMs such as Manonets,
supervised fine-tuning or preference tuning using GRPO with LoRA or QLoRA-based fine-tuning, and
vLLM for efficient, low-latency inference of domain-specific summarization tasks.

Expected outcome

A step-by-step guide for domain-specific summarization adaptation, along with scripts for data prepara-
tion, model fraining, and inference.

Requirements Specific limitations

Requires several NVIDIA GPUs.

Service output Licensing

Pipeline for summarization adaptation, includ- MIT
ing data preparation scripts, model training
=cripts, and inference code.
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Large language models and domain-specific Al for the
Slovenian agricultural sector

Course provider:

Jozef Stefan Institute (JSI)
Instructors:

Marko Debeljak (JSI) and colleagues

Content: The event aims to provide agricultural stakeholders with a clear, realistic, and application-
oriented understanding of large language models (LLMs) and their potential role in Slovenian

will be to the rationale for focusing on high-quality, domain-
specific dm and benchmarks rather than individual model versions, and to the role of the national Al
infrastructure (SLAIF) in supporting domain- and language-specific Al solutions. A key objective is to
foster informed ions, trust, and eal of future users by openly addressing both
the capabilities and limitations of current Al technologies in regulated and practice-oriented
agricultural contexts.

The event presents current activities related to the development and application of large language
models within the Slovenian agricultural domain in the context of SLAIF. It introduces the
fundamentals of LLMs in an nocesslhle manner, with a focus on their applicability, risks, and

in will be with a proposed taxonomy of Slovenian
agriculture, Includlng key sectors and subdomalns, along with example benchmark tasks designed to
evaluate model p: in benchmark results will be demonstrated to
illustrate how exlstmg models perform on selected agricultural use cases. The event further provides

a forum for validati about users, use cases, and sectoral coverage, and
a web application for the collection of high-quality question-answer pairs and

other expert inputs to support model adaptation and evaluation.

After the event, partici| will of domain-specific data, benchmarks, and

expert valid; for the ble devel of Al solutions in agriculture. They will have a

realistic understanding of what current Iarge language models can and eannot do in the Slovenian

agricultural context, and how national Al i supports their F will be

able to critically assess proposed use cases and benchmarks from a practitioner's perspective and
will be equipped to contribute expert knowledge, feedback, aod shuctuved data inputs for the

and ion of Al tools for
No technical p isites are required. The event is intended for practitioners and
experts with domain in agri prior i with Al technologies is not required.

Target audience: Agricultural advisers and extenslon services; Farmers and agricultural practitioners;
Agn -food stakeholders and industry hers and working on Al for
Public-sector and policy makers

Language: Slovenian; English Format: Lectures; Hands-on sessions
Tentative date: Autumn 2026 Duration: 6h
Venue: IS! Ljubljana/Murska Sobota No. of ECTS credits: N/A
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Zeleni prehod

A Kmetijstvo, podnebje, okolje, energija, pametna proizvodnja. " €

A Multimodalni temeljni modeli za daljinsko zaznavanije relevantniza kmetijstvo in okolje
Zdravje in biotehnologija

A Diagnostika, razvoj zdravil, prehrana, personaliziranamedicina

A Temeljni modeli za relevantne senzorske podatke (npr. nosljive naprave)
Digitalnaf t wA d c

A Jezikovnetehnologije (veliki jezikovnimodelizau n g x g p ¥~ k p g

A GenerativhaUl zamedijski sektor, javnhoupravo,k | gqdt cAgxcpl g
Ul zaznanost

A Vedeo A k x,gnanosti o materiaih, okoljske znanosti

A Interdisciplinarne raziskave



ZELENI PREHOD
Fqnqg rabetalgz satelitskih posnetkov

Na IJSazvijamanetodezapolnadzorovanp ¢ | x t Shtelitskihblik
ASatel|tskposnetkprogramé:opernlcus spdugAipk

vendajeq | p ¢ paylgtkownaloin njihovgpridobivanjge drago
A Oznakeabetalsonaravnx g q eipjck gt e(np§ Goring Land Cover)

SLAIF + Copernicus Data Space = acQueon ™ UNLABELED —> LABELING
Tc wpqg &DzelotokrkVellkemq n lsatdiitpkiposnetkov
Qo q i weelikat c | nstoritguziakimetijstvan okolje

Podnebje in okolje

Rgf pgdpg"urtgogodg"rgx]|tg clag"fxki™" aj:
A Do leta 2100, +30 cm to +1 m (IPCC) ‘
A Pri +1 m, deli Pirana bi lahko bili poplavljeni dvakrat dnevno

HIDRA (razvita na Univerzi v Ljubjj&il in ARSO) uporablja umetno inteligenco z™f -
pcragxgfagxcplg”"xk1kpg"oqtumg"incfkpg"--




ZDRAVJE IN BIOTEHNOLOGIJA
Prilagajanje VIM zat g 1 g xmalpdl izgnutricionistike

: Naloge
o FoodyLLM A Semafordraveprehranezdravgzeleng, zmerno
(oral p,omejiw N k Xtcfpd gc

#* Data-driven Food and Nutrition

A Ocenjevanjesebnosthranil(sol,sladkoro ¢ 1~ . q"deg+
Pristop Wi n ¢ 1 modelapldmg@3 zastnimipodatki

o B ‘ Izid Wi n cmbdefdé&lajovelikobolje(spodaj
performancerinapovedovanusebnosthrani)

Standardize Food Names Access Nutrient Values Traffic Light Classification

Links different food descriptions Analyzes recipe descriptions Rates foods as healthy (green),
to slandardized semantic and ingredients to calculate moderate (oranga), of lmit
models and onfologies calories, vilamins, minerals,  consum| ption {red) based an
{e.g., "tomato," "red lomata," and ather nutrients nufritional contant
“cherry tomate” — unified automatically
inod ontology classifications) 000
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GaM§ slovenskpgenerativnjezikovnmodel
A GaM$ Generative Model for Sloviegenerativinodel zas n g x g p Generatwmmndeleams_ “|

. za sloveniéino
A Zasnovamazapolnjevanjerzelj kijinr w 1" globlalgimodeljkjerjeu n q x  Generative Model
A Odprtokodeim razvitv okviruprojektaPoVeIM@UL CJIVT, UL FRI, INZ, ZRC SAZU)
APc’ t valjx gostapnesot ¢ | wvedikogtigodelood 1B dox gkot27Bparametrov

A Velikijezikovnmodelprilagojerslovenskemijezikuin kulturi
Specializirani VIMzar g f t delekomunikaci

IJSskupap TelekomornslovenijesodelujeprirazvojievropskegaelikegaezikovnegaodelgLLM),
prilagojenegpotrebantelekomunikacijskedustrije My | gqpopoapx mn lswnp &g gp 1 kpq

htcpeldchhh&pd]| kimrag nk pig k p g

Mn | pvimerikporabe
A Prilagoditedomen(globokaazumevanjelekomunikacijskegaanja

A Analiz&licev(samodejnpovzemanj@nalizasentimentd ¢ n q nunastkliza)
A Zasebnostnaprednanonimizacijm psevdonimizacijaporabnikgv



Ul V OKOLJSKIH ZNANOSTIH

A Spremljanje stanja okolja (env. monitoring) z daljinskim zaznavanjem

AUvtqglpg"w gpl g
AQegpc"xkd1kpg"kp"iquvagvg"iqgl|faqgx
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Ul'V ZNANOSTI O MATERIALIH

AMateriali so izjemnega pomena za industrijéd Podatki

ASo ozko grlo zelenega prehoda AParametrslntezematerlalov

AFgng clg"| ogi nl kx qu v (sestavatemperaiga: gopdelavy
trajnostnost industrijskih izdelkov A Kvantndastnosti

A Shranjevanje/pretvorba energije; ARezultatsimulacij
Proizvodnja/mobilnost; Elektronika/

senzorj AZgradbamaterialov(slike)

AWr qt cdc " WK" ncj mq" dk ALastrbo%tlra\aIerlaIO\I/ c |
pc tvgxcplc"pgxkj"ocv ”I@dTh‘pﬁe%bd”CFBtC

AUsmerjanje eksperimentov in simulacij AMc v ¢ naktivnbst p ¢

AUc o q x hoatork AMagnenbelastnosti
AAntikorozivndastnosti

1T7c¢c" e k mg



Ul'V ZNANOSTI O MATERIALIH

Pristop PrimerizlJ ¢ tvgxcpl g"rc

AMgodkpcekl c"uvt gl pdPmenngeioglhin gpiimizaciey »  k o |
lc"pc tvgxcpl g"pgxkij ARceqynk.c'nvgtxr gV gp. "
Izolacijski material

) . AProizvodnja v velikem obse{jpogosto
AwWrgtcdc"uvtqgl pgic"w giphckiirahega difadnbgs Stdkih 9
modela, ki napoveduje lastnosti materialov Za . L
. > asfnoslt<| za optlmlzaauo.
rctcogvtgx"pc tvgxcplclukpyv g
gostota, poroznost

] ANovi materiali, sintetizirani na podlagi

AWr gt cdc"pcw gpgi c" oqfmed6govyton tabothion S 8
optimizacijskim pristopom za iskanjenovega A gngpg" ncuvp o 4B
pc tvc"ocvgtkcnc."mk"fqugic" Ngngr.--

materialov .-
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SLAIF: Slovenska tovarna umetne inteligence je prejela financiranje Skupnega podjetja za evropsko visokozmogljivo
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the grant agreement no. 101254461. The project is funded by the Ministry of Higher Education, Science and Innovation of
Republic of Slovenia and by Horizon Europe Programme of the European Union.
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A Neposredno uporablien v mnogih znanostih

A Procesiranje vizualne informacije

Materiali Astrofizika Medicina Opazovanje Zemljg
dr.




Napovedovanj@balnihpoplav
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5 NHzOnetgdHIDRA

A Globokimodel zanapovedovanjalinamikemorjav sodelovanjiz ARSO

(dOCddr a I lj B p\ ﬁ;g' fgigfgr_:]\aronment,&gency
Atmosferskespremenlj|vke(ECMWF):

Napovedd A @érjgiza 72h

X3 h g

At NB INEDOVY I i |y & gedndlidnkratK A i NIB @sddnapoved

[1] ¢ dz&éitiEh Kristan] A GHEDRA 1.0: dedparningbased ensemble sea level forecasting in the northern Adri@gmsci Model Dev., 2021

[2] Rus Fettich Kristan] A GHEDRA2: deefearning ensemble storm surge forecasting in the presence of sefctiescase of Northern AdriatiGeosci Model Dev., 2023
[B]Rusa A K I y[2 X0K&Eshh, HIDRA3: a robust delearning model for multpoint ensemble sea level forecastir@eosci Model Dev., 2025

[4] Rus] A &K8shih, HIDRR: deeplearning model for dense sea level forecasting using sparse altimetry and tide gaugéetasaj Model Dev., 2026
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[HRus et al. HIDRAS: a robust ddeprning model for multpoint ensemble sea level forecasting, GMD 202



HIDRAO Brenesenav prakso
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[1] . [2] Rus,Fettich Kristan,,[ 7& BHEORA2Geosci Model Dev., 2023
EOMWEF (European Centre for MediwRange Weather Foreca¥ts (3] Rusa A K I y[2 J00K@EM, HIDRAGe0sc Model Dov., 2025




HIDRAD!! ¢ gostanapoved

[ Rus[ A GK8skah, HIDRE: deeplearning model for
dense sea level forecasting using sparse altimetry and tide
gauge data, GMD 2026



