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Three questions about genetic information

Where does copying begin?   Where do errors occur?   Does the altered RNA survive?

ORIFormer  ·  MutFormer  ·  NMDetective-AI 2



Learning biological properties from sequence

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-AI  3
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Where DNA copying begins

ORIFormer predicts replication initiation potential from DNA sequence

ORIFormer  |  supplied bioRxiv preprints (v1) 4
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A sequence model locates replication origins

The HBB locus makes the prediction visible along a stretch of DNA

ORIFormer  |  supplied bioRxiv preprints (v1) 5



Origin predictions generalise across assays

Independent assays and mouse origins support a conserved sequence signal

ORIFormer  |  supplied bioRxiv preprints (v1) 6



Learned motifs point to origin-associated proteins

A prominent ORIFormer motif matches binding preferences of ZNF770 protein

ORIFormer  |  supplied bioRxiv preprints (v1) 7

Mutation effects perturb origins



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 8
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MutFormer learns local mutation risk

Matched controls isolate information beyond 

the immediate three-letter context

MutFormer  |  supplied bioRxiv preprints (v1) 9



The surrounding DNA 
influences mutation risk

Different mutational 

processes recognise

different extended DNA

sequence contexts

ORIFormer  |  Fran Supek 10
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Expected recurrence helps identify selected hotspots

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

ORIFormer  |  Fran Supek 11



The fate of an altered RNA message

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

NMDetective-AI  |  Fran Supek 12
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NMDetective-AI predicts the degree of RNA decay

A pretrained RNA model adapts to quantitative measurements from human variants (mutations)

NMDetective-AI  |  Fran Supek 13



Systematic experiments test the predictions

Mutational scanning measures RNA abundance across engineered variants

NMDetective-AI  |  Fran Supek 14

mRNAs



A binary NMD rule resolves into a graded response

BRCA1 mutagenesis supports a quantitative transition in RNA degradation

NMDetective-AI  |  Fran Supek 15

S
tr

o
n

g
e

r 
d

e
g

ra
d
a

ti
o
n

 b
y
 N

M
D



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-AI  |  Fran Supek 16



Sequence models reveal different layers of genome function

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

NMDetective-AI  |  Fran Supek 17



The people behind the work

ORIFormer and MuSAS

Marcell Veiner, Marina Salvadores, Iván Galván-Femenía

https://doi.org/10.64898/2025.12.28.696672

MutFormer

Iván Galván-Femenía, Marcell Veiner, Daniel Naro

https://doi.org/10.64898/2026.07.07.736824

NMDetective-AI

Marcell Veiner, Ignasi Toledano, Guillermo Palou-Márquez, 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-AI  |  Fran Supek 18

https://doi.org/10.64898/2025.12.28.696672
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Get in touch! fran.supek@bric.ku.dk

https://www.genomedatalab.org/

X: @FranSupek @GenomeDataLab

Thank you! Questions?

mailto:fran.supek@irbbarcelona.org
https://agendas.irbbarcelona.org/
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SLAIF ҮSlovenska tovarna UI

Umetna inteligenca kot infrastrukturaza znanost , 

gospodarstvo in javni sektor

Brdo pri Kranju, 11. september2026

Rtqh0"Uc q"F gtqumk"ҭvgjpk pk"xqflc HE projekta SLAIF



KAJ SO TOVARNE UI?

24

Kratek odgovor: Tovarne UI (AI factories) so infrastruktura za UI

ÅX"420"uvqngvlw"uq"ft cxg"itcfkng"eguvg"kp"gngmvtk pc"qotg lc"

ÅV 21. stoletju morajo graditi tudi infrastrukturo za UI (ker zahtevata gradnja in 
rtknciclcplg"igpgtcvkxpkj"oqfgnqx"xkuqmqmq|oqinlkxg"tc wpcnpkmg?JRE+"

ÅVq"lg"xrtc cplg"vgjpqnq mg"uwxgtgpquvk"kp"inqdcnpg"mqpmwtgp pquvk

Slovenska tovarna UI (SLAIF)pco"dq"qoqiq knc."

da Slovenija ni zgolj uporabnica umetne inteligence,

vgoxg "cmvkxpc"uqwuvxctlcnmc"gxtqrumg"vgjpqnq mg"uwxgtgpquvk"

kp"inqdcnpg"mqpmwtgp pquvk



KAJ SO TOVARNE UI?
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Vqxctpg"WK"|pk wlglq"qxktg"|c"wxclcplg"WK"x"rtcmuq

ÅRqpwlclq" ktqm"kp"egnqxkv"pcdqt"uvqtkvgx"|c"kpfwuvtklq"kp"tc|kumqxcneg."mk"uq"rqvtgdpg"|c"
razvoj evropskih modelov (generativne) UI in njihovo uporabo 

Tovarne imajo dve glavni komponenti:

ÅUwrgttc wpcnpkm."qrvkok|ktcp"|c"WK

ÅStoritve in dejavnosti tovarne UI

Vqxctpg"WK"|ftw wlglq<

ÅTc wpumq"oq

ÅAlgoritme in delovne tokove

ÅPodatke in modele

ÅXg kpg."|pcplg"kp"vcngpvg



EVROPSKI EKOSISTEM TOVARN UI

26

ÅGwtqJRE"kp"ft cxg" ncpkeg"uqhkpcpektclq

postavitev tovarn UI *u"uwrgttc wpcnpkmk+"kp"

anten *wrqtcdnlclq"tc wpcnpkmg"vqxctp"WK+

ÅSkupaj 19 tovarn UI 

ÅSkupaj 13 anten

ÅA le 9 tovarn nabavlja in postavlja nove 
uwrgttc wpcnpkmg

ÅPgmcl"ft cx"koc"fgng g"x"vqxctpcj"WK."

mk"ug"x|rquvcxnlclq"x"ftwikj"ft cxcj

*prt0"Rqtvwicnumc"kp"Vwt klc"rtk"DUE"CKH+

ÅUnqxgpklc"dq"iquvknc"pqx"uwrgttc wpcnpkm."

koc"rc"vwfk"fgng "x"KV6NKC"*32"okq"GWT+



ZAKAJ IMA LAHKO SLOVENIJA TOVARNO UI?

27

grtcx"dq"kognc"Gxtqrc" vgxknpg"vqxctpg"WK."lkj"pg"dq"kognc"xucmc"ft cxc"GW0"Rqvtgdpc"lg"xk|klc0"Rtcx"
vcmq"rqnkvk pc"xqnlc"kp"hkpcp pc"rqfrqtc0"Kp"pgpc|cfplg<"|pcpuvxgpc"kp"vgjpk pc"rqfmqxcpquv"vgt"
nqxg mk"xktk

ÅUnqxgpklc"koc"oq pq"umwrpquv"pc"rqftq lw"WK

ÅUnqxgpklc"koc"oq pq"umwrpquv"pc"rqftq lw"xkuqmq|oqinlkxgic"tc wpcnpk vxc<

Xgic"lg"rtxk"fgnwlq k"ukuvgo"GwtqJRE

ÅUmwrpquvk"qfnk pq"uqfgnwlgvc"(kar ni samoumevno)

Rqvtgdgp"lg" kt k"rqingf"pc"kphtcuvtwmvwtq

ÅKphtcuvtwmvwtc"pk"ng"uvtqlpc"qrtgoc"*tc wpcnpkmk+

ÅPodatki so infrastruktura (Slovenija vodi CLARIN, jezikovni podatki)

ÅUI je infrastruktura (vsekakor za znanost, primer infrastrukturnega centra IJS)



SLAIF ҭSLOVENSKA TOVARNA UI
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Dva projekta, skupna vrednost 135 mio EUR, sofinancerki sta EK in RS (MVZI)

ÅUwrgttc wpcnpkm."qrvkok|ktcp"|c"WK."345054"okq"GWT

ÅSofinanciran iz programa Digital Europe

ÅKonzorcij projekta sestavljajo 

ÅTovarna UI, storitve in dejavnosti, 11.68 mio EUR

ÅSofinanciran iz programa Horizon Europe

ÅKonzorcij projekta sestavljajo



SLAIF ҭUWRGTTC WPCNPKM
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Kombinacija CPU in GPU enot |c"rqfrqtq"vcmq"mncuk pgow"mqv"WK-tc wpcplw

ÅCPU (cca 10 petaFLOPS)

ÅGPU (cca 30 ҭ1. faza +70 ҭ2. faza = 100 petaFLOPS)

Dve fazi nabave |c"|ciqvqxkvgx"fcnl gic"qdfqdlc"fgnqxcplc

ÅUwrgttc wpcnpkm"|cipcp"fq"mqpec"ngvc"4249

ÅUwrgttc wpcnpkm"pcfitclgp"x"ngvw"424;

ÅX"rtkogtlcxk"u"uwrgttc wpcnpkmqo"XGIC<"5×xg "oq k"ERW"kp"54×xg "oq k"IRW

Vtgpwvpq"ug"pc"uwrgttc wpcnpkmw"NGQPCTFQ"x"Dqnqipk"vtgpktclq<

ÅXgnkmk"lg|kmqxpk"oqfgn"|c"unqxgp kpq"ҮGaMS (kolegi z UL FRI)

ÅPrvi vizualno-lg|kmqxpk"oqfgn"|c"unqxgp kpq"ҮSViLa (kolegi z IJS)

ÅVcm pg"pcnqig"dq"rqfrktcn"pqxk"uwrgttc wpcnpkm"qrvkok|ktcp"|c"WK



SLAIF ҭCILJNE SKUPINE UPORABNIKOV
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Tc|nk pg"umwrkpg"wrqtcdpkmqx

ÅRaziskovalna sfera (univerze, instituti)

ÅGospodarstvo/ industrija

ÅZagonska podjetja

ÅMala in srednja podjetja 

ÅVelika podjetja 

ÅJavni sektor

ÅZdravstvo

ÅFt cxpc"wrtcxc

ÅJavna podjetja, javni zavodi in agencije

Tc|nk pg"uvqrplg"WK-pripravljenosti



SLAIF ҭSTORITVE IN DEJAVNOSTI
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Fquvqr"fq"tc wpumkj"kp"rqfcvmqxpkj"
zmogljivosti

Urnq pk"fgnqvqmk"|c"w gplg"kp"
prilagajanje modelov

ÅVeliki jezikovni modeli 

ÅVeliki govorni modeli

ÅVizualno-jezikovni modeli

ÅXg oqfcnpk"oqfgnk

Domensko-prilagojeni delotoki (in 
oqfgnk+"|c"tc|nk pg"xgtvkmcng

ÅZeleni prehod

ÅZdravje in botehnologija

ÅFkikvcnpc"ftw dc

ÅUI za znanost

K|qdtc gxcplg"kp"rtkfqdkxcplg"xg kp"WK



SLAIF ҭSTORITVE
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Ve "vrst storitev

ÅPodpora uporabnikom

ÅInfrastruktura in podatki

ÅRazvoj in uvajanje UI

ÅProdukti UI



SLAIF ҭSTORITVE
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SLAIF ҭK\QDTC GXCPLG"KP"WURQUCDNLCPLG
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Tc|nk pg"xtuvg"k|qdtc gxcpl

ÅDelavnice

ÅWebinarji

ÅK|qdtc gxcplc"|"okmtq-certifikati

Tc|nk pg"vgocvkmg"k|qdtc gxcpl

ÅUI metode

ÅXkuqmq|oqinlkxq"tc wpcnpk vxq

ÅRqftq lc"wrqtcdg"WK

Tc|nk pg"eknlpg"umwrkpg



SLAIF: VERTIKALNE STORITVE 
\C"WRQTCDQ"WK"PC"TC\NK PKJ"RQFTQ LKJ

Zeleni prehod

Å Kmetijstvo, podnebje, okolje, energija, pametna proizvodnja."ҿ

ÅMultimodalni temeljni modeli za daljinsko zaznavanje, relevantni za kmetijstvo in okolje

Zdravje in biotehnologija

Å Diagnostika, razvoj zdravil, prehrana, personalizirana medicina

Å Temeljni modeli za relevantne senzorske podatke (npr. nosljive naprave)

Digitalna ftw dc

Å Jezikovne tehnologije (veliki jezikovni modeli za unqxgp kpq)

ÅGenerativna UI za medijski sektor, javno upravo, k|qdtc gxcplg 

UI za znanost

Å Vede o kxgo, znanosti o materiaih, okoljske znanosti

Å Interdisciplinarne raziskave



ZELENI PREHOD: 
Fqnq cplg rabe tal  iz satelitskih  posnetkov

Na IJS razvijamo metode za polnadzorovano tc|xt cplg satelitskih slik
ÅSatelitski posnetki programa Copernicus so qdug pk, 
    vendar je q|pc gpkj podatkov malo in njihovo pridobivanje je drago
ÅOznake rabe tal so naravno xg q|pc pe in jkgtctjk pe (npr. Corine Land Cover)

SLAIF + Copernicus Data Space = 
Tc wpumc oq & Delotoki + Velike mqnk kpg satelitskih posnetkov
Qoqiq c veliko tc|nk pkj storitev za kmetijstvo in okolje

Podnebje in okolje  

Rqfpgdpg"urtgogodg"rqx|tq clq"fxki"oqtumg"incfkpg"kp"dqnl"gmuvtgopg"xtgogpumg"rqlcxg
ÅDo leta 2100, +30 cm to +1 m (IPCC) 
ÅPri +1 m, deli Pirana bi lahko bili poplavljeni dvakrat dnevno

HIDRA (razvita na Univerzi v Ljubljani ҭ FRI in ARSO) uporablja umetno inteligenco za 
pcrqxgfqxcplg"xk kpg"oqtumg"incfkpg"kp"vxgicplc"qdcnpkj"rqrncx0"



ZDRAVJE IN BIOTEHNOLOGIJA: 
Prilagajanje  VJM za tg gxcplg nalog iz nutricionistike

Naloge:
ÅSemafor zdrave prehrane: zdrava (zeleno),zmerno 

(oran pq), omeji w kxcplg (tfg c)
ÅOcenjevanje vsebnosti hranil (sol, sladkor, oc qdg."ҿ+

Pristop: Winc gxcplg modela Llama3 z lastnimi podatki

Izid: Winc gpk modeli delajo veliko bolje (spodaj 
performance pri napovedovanju vsebnosti hranil)



FKIKVCNPC"FTW DC: VJM za unqxgp kpq
GaMS ҭ slovenski generativni jezikovni model

ÅGaMS = Generative Model for Slovene ҭ generativni model za unqxgp kpq 

ÅZasnovan za zapolnjevanje vrzeli, ki jih rw clq globalni modeli, kjer je unqxgp kpc premalo zastopana 

ÅOdprtokoden in razvit v okviru projekta PoVeJMo (UL CJVT, UL FRI, INZ, ZRC SAZU) 

ÅPc tvqxcpg ali g dostopne so tc|nk pg velikosti modelov (od 1B do xg kot 27B parametrov) 

ÅVeliki jezikovni model, prilagojen slovenskemu jeziku in kulturi

Specializirani  VJM za rqftq lg telekomunikacij
IJS skupaj s Telekomom Slovenije sodeluje pri razvoju evropskega velikega jezikovnega modela (LLM), 
prilagojenega potrebam telekomunikacijske industrije: Vg lg|k pa podpora, xmnlw pq s unqxgp kpq,                                                                              
htcpeq kpq, kvcnklcp kpq, pk|q|go kpq in rqnl kpq.

Mnlw pk primeri uporabe: 
ÅPrilagoditev domeni (globoko razumevanje telekomunikacijskega znanja)
ÅAnaliza klicev (samodejno povzemanje, analiza sentimenta, fqnq cplg nujnosti klica)
ÅZasebnost (napredna anonimizacija in psevdonimizacija uporabnikov)



UI V OKOLJSKIH ZNANOSTIH
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ÅSpremljanje stanja okolja (env. monitoring) z daljinskim zaznavanjem

ÅUvtqlpq"w gplg"k|"mqodkpceklg"4F"*ucvgnkvumkj+"kp"5F"*NKFCT+"rqupgvmqx

ÅQegpc"xk kpg"kp"iquvqvg"iq|fqx"*vwfk"dkqocug+

ÅQegpc"rq ctpg"qitq gpquvk"pctcxpgic"qmqnlc

ÅQegpc"w kpmqx"rqfpgdpkj"urtgogod"*prt0"urtgogplgpkj"x|qtegx"rcfcxkp+"kp"

pc tvqxcplg"wuvtg|pkj"wmtgrqx



UI V ZNANOSTI O MATERIALIH
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ÅMateriali so izjemnega pomena za industrijo

ÅSo ozko grlo zelenega prehoda 

ÅFqnq clq"|oqinlkxquv."uvtq mg"kp"
trajnostnost industrijskih izdelkov

ÅShranjevanje/pretvorba energije; 
Proizvodnja/mobilnost; Elektronika/ 
senzorji

ÅWrqtcdc"WK"ncjmq"dkuvxgpq"umtcl c"ekmgn"
pc tvqxcplc"pqxkj"ocvgtkcnqx

ÅUsmerjanje eksperimentov in simulacij

ÅUcoqxq|g klaboratoriji

ÅPodatki

ÅParametri sinteze materialov 
(sestava, temperatura, cu obdelave)

ÅKvantne lastnosti

ÅRezultati simulacij

ÅZgradba materialov (slike)

ÅLastnosti materialov

ÅGngmvtk pc prevodnost

ÅMcvcnkvk pc aktivnost

ÅMagnetne lastnosti

ÅAnti-korozivne lastnosti



UI V ZNANOSTI O MATERIALIH

41

Pristop

ÅMqodkpceklc"uvtqlpgic"w gplc"kp"qrvkok|ceklg"
|c"pc tvqxcplg"pqxkj"ocvgtkcnqx

ÅWrqtcdc"uvtqlpgic"w gplc"|c"k|itcfplq"
modela, ki napoveduje lastnosti materialov iz 
rctcogvtqx"pc tvqxcplc1ukpvg|g0

ÅWrqtcdc"pcw gpgic"oqfgnc"x"mqodkpceklk"|"
optimizacijskim pristopom za iskanje novega 
pc tvc"ocvgtkcnc."mk"fqugic" gngpg"ncuvpquvk"
materialov

Primer iz IJS: Pc tvqxcplg"rgplgpkj"uvgmgn"u"
kombninacijoSU in optimizacije

ÅRqegpk."vtrg gp."pguvtwrgpk."qiplgxctpk"kp"
izolacijski material

ÅProizvodnja v velikem obsegu Үpogosto 
iz recikliranega odpadnega stekla

ÅLastnosti za optimizacijo: 

   gostota, poroznost

ÅNovi materiali, sintetizirani na podlagi 
predlogov UI, so v laboratoriju pokazali 
gngpg"ncuvpquvk



Jxcnc"|c"wfgng dq#

© 2026 by SLAIF, licensed under CC BY-SA 4.0
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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. 



Naslednja predstavitev:

HIDRA ð Model globokega  uľenjaza napovedovanje  obalnih  poplav

prof. dr. Danijel Skoľaj,

Univerza v Ljubljani, Fakulteta za raľunalniģtvo in informatiko



HIDRA ς model globokega ǳőŜƴƧŀ 
za napovedovanje obalnih poplav

5ŀƴƛƧŜƭ {ƪƻőŀƧ

(Matej Kristan)

Univerza v Ljubljani
Fakulteta za ǊŀőǳƴŀƭƴƛǑǘǾƻ in informatiko

Evolucija.AI , 11. 9. 2026



wŀőǳƴŀƭƴƛǑƪƛ ǾƛŘ Ȋŀ Ȋƴŀƴƻǎǘ

ÅNeposredno uporabljen v mnogih znanostih

ÅProcesiranje vizualne informacije

Materiali Astrofizika Medicina Opazovanje Zemlje

idr.



Napovedovanje obalnih poplav

ÅGlobalno segrevanje ǇƻǾȊǊƻőŀ dvig gladine 

oceanov in ǾŜőƧƻ vremenskospremenljivost

ÅDo konca 2100: 30cm ς 1m dvig gladine

ÅSlovenija @1m: Piran pod vodo 2x na dan

ÅObalne poplave ōƻŘƻ ǾǎŜ ǇƻƎƻǎǘŜƧǑŜ

ÅNujnost napovedovanja ǾŜő dni v prihodnost

ÅbŀǇƻǾŜŘƻǾŀƴƧŜ ǾƛǑƛƴŜ ƳƻǊǎƪŜ ƎƭŀŘƛƴŜ

Piran, December 2008, photo: Janez Polajnar, ARSOhttps://coastal.climatecentral.org/

Venice

North Adriatic

Red: land loss
@ 1m SSH increase



5ǊǳȌƛƴŀ metod HIDRA

ÅGloboki model za napovedovanje dinamike morja v sodelovanju z ARSO   
(doc. ddr. aŀǘƧŀȌ [ƛőŜǊ)

ÅtǊŜƪŀǑŀ NEMO v ƴŀǘŀƴőƴƻǎǘƛ in pol miljonkrat ƘƛǘǊŜƧǑŀ (16 ms za napoved)
[1] ¿ǳǎǘΣ Fettich, Kristan, [ƛőŜǊ, HIDRA 1.0: deep-learning-based ensemble sea level forecasting in the northern Adriatic, Geosci. Model Dev., 2021
[2] Rus, Fettich, Kristan, [ƛőŜǊ, HIDRA2: deep-learning ensemble storm surge forecasting in the presence of seiches ς the case of Northern Adriatic, Geosci. Model Dev., 2023 
[3] Rus, aƛƘŀƴƻǾƛŏ, [ƛőŜǊ, Kristan, HIDRA3: a robust deep-learning model for multi-point ensemble sea level forecasting, Geosci. Model Dev., 2025
[4] Rus, [ƛőŜǊ, Kristan, HIDRA-D: deep-learning model for dense sea level forecasting using sparse altimetry and tide gauge data, Geosci. Model Dev., 2026

Atmosferske spremenljivke (ECMWF):

Pretekle meritve postaj + plima

Napoved ǾƛǑƛƴ morja za 72h

0 72 t

ϑ‘ȟ„ ȡ  

Χ



HIDRA3 [1]

[1]Rus et al. HIDRA3: a robust deep-learning model for multi-point ensemble sea level forecasting, GMD 2025

●

●

●

Mareografske
postaje



HIDRA ȌŜ prenesena v prakso

ÅHIDRA2 integrirana  v ǇǊƻƎƴƻǎǘƛőƴƛ paket 

ECMWF[1] (Destination Earth digital twin)

ÅHIDRA3[3] v operativni uporabi:

ÅV Sloveniji (ARSO), Estonija (4 ǘƻőƪŜ), Danska (>50 ǘƻőƪ)

ÅHIDRA3[3] trenutno javno testirana:

https://bit.ly/hidra-forecast

[1]ECMWF (European Centre for Medium-Range Weather Forecasts)

Denmark archipelago

Baltic sea

[2] Rus, Fettich, Kristan, [ƛőŜǊ, HIDRA2, Geosci. Model Dev., 2023 
[3] Rus, aƛƘŀƴƻǾƛŏ, [ƛőŜǊ, Kristan, HIDRA3, Geosci. Model Dev., 2025
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