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The Universal Puzzle of Epistasis

Everywhere in biology, in viral evolution, protein structure, or human disease, the effect of
a genetic mutation depends on its genetic background — a phenomenon called epistasis.
Yet our descriptions remain fragmented across fields. A unified, mathematically rigorous
language is required.

A Mathematical Framework & A New Computational
Tool

When we treat phenotype as a function over a genotype space, epistasis becomes a de-
parture from linearity — a natural fit for analysis via Fourier transforms on Boolean
hypercubes, linear codes, and finite groups. Within this framework, we have developed
a novel computational tool for the rapid detection and interpretation of higher-order
epistasis, extending well beyond simple pairwise interactions from a graph to a hyper-
graph.

From Structure to Prediction: Where Can This Be
Applied?

This approach decodes the hidden rulebook of genetics. The applications are cross-
disciplinary:

e In Biology & Medicine: Uncovering combinatorial drug targets, predicting pathogen
immune escape, decoding complex disease risk, and accelerating protein engineering.

e In AT & Machine Learning: Providing a biological analogue for understanding
non-linear feature interactions. It offers a principled way to model the high-order
constraints that current self-attention mechanisms in Large Language Models fail
to capture, potentially informing new architectures.

e In Fundamental Science: A concrete formalism to explore ideas like Vavilov’s
law of parallel variation. It directly links molecular constraints, exposed by re-
combination, to the origin of new species through the classical lens of Dobzhansky-
Muller incompatibilities.

This talk connects abstract mathematical principles to concrete genetics, demonstrating
how a new tool for epistasis can bridge biology, mathematics, and computer science.
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Oobmiebuosorndeckasi IIpodaeMa SMUCTA3A

[ToBcrory B Omosiornu, B 9BOJIIOIUNA BUPYCOB, CTPYKType OesIKa MU CJIOXKHBIX 3a00/1€Ba-
HUAX YeioBeKa, 3P@PEeKT MyTaluil 3aBUCAT OT T'€HETUIECKOTO KOHTEKCTa. JTO siBJICHUE
Ha3bIBaeTCA 2nucmas. [loHnManme n onmrcaHne 3MUCTa3a OCTAOTCs (PparMeHTAPHBIMUA 1
3a49aCTyI0 3aMKHYTBI B paMKaX OT/EJ/JIbHbIX JUCIUWIIJIAH. Tpe6yeTC${ e,Z[HHbeI A3BIK, OCHO-
BaHHBINI Ha CTpPOI'oM MaTEMaTHUYICCKOM allllapaTe.

MaremaTudeckasi OCHOBA Y HOBBIIT BBIYNCJINTEIbHBINA MH-
CTPYMEHT

PaccmarpuBas denornn Kak GyHKIINIO HA TPOCTPAHCTBE NeHOTHUIIOB, MBI OITPE/IeTIIeM SII1-
cTa3 Kak HeJmHeiHocThb. OH eCTeCTBEHHO ONMMCHIBAETCH anmnapaToM mpeobpaszopanuit Oy-
pbe Jyist OysieBa Kyba, JIMHEWHBIX KOJIOB M KOHEYHBLIX I'pylil. B paMkax 3Toro mojxosa
MBI pa3padoTajd HOBBI BBIYUCIUTEIBHBIN UHCTPYMEHT JIjIs OBICTPOro OOHApyKEHUs
MHTEPIPETAINN IMMUCTAa3a BBICOKUX IMOPSAAKOB. Harn 1mojxoj mo3BossgeTr nepeiTu ot
IPOCTHIX MAPHBIX B3anMo/eicTeuil (rpada) K 6osiee ajleKBaTHON CTPYKTYpe rumeprpada.

OT cTpyKTYyphbI K OpeAcKa3aHuAM: 00JIaCTU NpPuUMeHeH!sI

Haurm moxos1 mo3BosigeT pacimdpoBaTh CKPLITHIE TpaBujia reHeTuku. [Ipumenenns mex-
JVCIAILINHAPHBL:

o Ilpunoxxennsi B 6uossornm m MeJUINHE: BbIsABJICHNE KOMOMHATOPHBIX MUIIIEHEH
JUIS JIEKAPCTB, MPOIHO3UPOBAHNE YXO/Ia TATOT€HOB OT UMMYHHOI'O OTBETA, BBISBJIE-
HUE MMOJIUTeHHBIX 3a00JIeBAHNI, PAIMOHAILHBIN T3ailH OeTKOB.

¢ B mckyccTBeHHOM WHTEJJIEKTE M MANIMHHOM OOYyYE€HUU: MO/IE/Ib HeJnHel-
HBIX B3aUMOJIEHCTBUI TPU3HAKOB, JAIONIAsl CIIOCOO OIMUCHIBATH BBICOKOYPOBHEBbLIE
aCCOITUAINHN, HEJOCTYIHbIE JIJIsi MEXaHU3Ma BHUMAHUS B SI3BIKOBBIX MOJIEJIAX, UTO
COBJIAET OCHOBY JIJISI HOBBIX apXUTEKTYD.

e B dbynnamenTanbHOll Hayke: kKak (hopMaJsbHBIN allllapar, Aol KoJimde-
CTBEHHOE M3MEpPEeHNe 3aKOHY IOMOJIOTUYECKUX Ps/I0B HacjieqoBauus Ba-
BuIOoBa. OH Takke HAIPSIMYIO CBA3BIBACT MOJIEKY/ISPHBIE OIPAHUYEHUsI, KOTOPbIE
MPOABJISIOTCSA B IIPOTIECCe PEKOMOMHAIINHN, ¢ BUJI000Pa30BaHNEM Yepe3 IPU3My HECOB-
mectuMocTeii /lobp>kanckoro—MioJiiepa.

MpbI coequnseM abCTPaAKTHYIO ajiredpPy M NeHETHKY, MOKa3biBas, KaK HOBBI MHCTPYMEHT
JUT M3YYEHUsl SMUCTa3a MOXKET CTaTh MOCTOM MerK/ly OMOJIorneil, MaTeMaTHKON U KOM-
IIBIOTEPHBIMUA HayKaMHU.



