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NEPINHWH

To UNXAVIOTIKA LOVTEAQ €XOUV XpnOLOTIOINBEL e peydAn emtuyia otnv meplypadn Twy
BloAoylkwv cuotnuatwyv. H akpifeld toug, wotdoo, efaptdtal MEPLOCOTEPO ATO TIG
YVWOELG TWV ELOLKWYV OXETIKA HE TN Sopn Twv altlokwv oaAAnAemdpdoewv PeETAEL TwV
OUVIOTWOWV €VOG CUCTAUATOC apd arod tnv adBovia Twv Melpapatikwy Sedopévwy.
Tavutdxpova, apketol aAyoplOpoL ou Umopouv va PABouV TIG aLTLaKEG SOUEC €K VEOU
Qo TAPATNPENTIKA Kal TElpapatikd dedopéva avantiooovtal Tig teAeutaieg dekaetieg.
Mapd TNV EAKUCTLKN TIPOCOXI TIOU CUYKEVTIPWVOUV, N €papuoyr Toug otnv eKUAOnon
BLOAOYIKWV CUCTNUATWY E(VOAL OXETIKA AVETTIAPKNAC.

ITn mapouoa epyacia HEAETAUE CUCTNUOTIKA TNV emibpaon Twv MopoBLAcEWV TwV
QULTLOKWY UTIOBECEWY OTOUG OAYOPLOOUC HABnonG BaoKWY SOUWY XPNOLULOTIOLWVTOG
HUNXOVLOTIKA LOVTEAQ KAl ETUAEYOVTAC WC UTIO UEAETN CUOTAUATA ONUATOSOTIKA SikTua
npwteivwy. Emeldn to 61o diktuo attiakwv aAANAemdpaocswyv pmopsl va neplypadel pe
TN XPNOoN OPKETWY UNXAVIOTIKWY LOVTEAWV HEAETAUE SLAPOPEC TOMOAOYIEC CUCTNUATWY
kat Stadopetikol¢ ouvbuacpoUg ot TipodlaypadeC Twv  HOVIEAWV. AKOUQ,
urmoAoyiloupe TNV avaAutiki AUon KABe HOVIEAOU OE KATAOTOON LOOPPOTIOG KOl
avtutapaBarlouvpe tn AUon e TIC BepeAlwOELG OPXEG TNG OQUTLAKNC avakaAuyng.



ATOSELKVUOULE LABNUOTLKA TIG CUVONKEG KATW A0 TLG OTIOLEG €valg AAYOPLOOG QLTLAKNAG
eKpAatnong Ba avakaAUPeL eyyunuéva tn Sour EVOg GUOTHLOTOG TTOU TTEPLYpAdETAL ATIO
€VOL UNXOVLOTIKO MOVTEAO. ITIG TIEPUTTWOELG Tou Sev kaBiotatal duvath n avaAuTiki
AUOn, XPNOLIOTIOLOUUE TIPOCOUOLWOELS. Asgixvoupe OTL, UTO oOuvOnKeG oTabepnq
kataotaong, n &oun twv oAAnAemdpdoccwv mou €xel umoAoylotel amno Sedopéva
HUNXOVIOTIKWY HOVTEAWVY, €lval, YEVIKA, QCUVETH UE TNV QVOUEVOMEVN altlakn dopr.
JUVETWG, OIOKAAUTITOULE OTL LOVO UTIO aUOTNPECG OUVONKEG lval Suvatr) n avakaAuvyn
NG ALTLakn g Sopng, XpNOoLLoTIoLWVTaG Evayv alyoplBuo attlakng avakaluyng Baoc{opevo
O€ TIEPLOPLOUOUG.
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“Causal discovery limitations in learning molecular interaction networks:
An empirical study using linear mechanistic models”

ABSTRACT

Mechanistic models have been traditionally successful in describing biological systems.
Their accuracy, however, depends more on expert knowledge about the structure of
causal interactions between system components than the abundance of experimental
data. At the same time, several algorithms that can learn causal structures de novo from
observational and experimental data have been developed over the past decades.
Despite the attracted attention, their applicability in learning biological systems has been
relatively poor.

In this work we systematically study the effect of violations of causal assumptions to basic
structure learning algorithms using mechanistic models of protein signaling networks as
testbed biological systems. Because the same network of causal interactions can be
described using several mechanistic models we study several combinations of system
topologies and model specifications. We calculate the analytical solution of each model
at steady-state and juxtapose the solution with the fundamental causal discovery
principles. We prove mathematically the conditions under which a causal learning
algorithm is guaranteed to discover the structure of the system that a mechanistic model



describes. Whenever there is no tractable analytic solution, a simulated one is employed.
We show that the structure of interactions estimated using data from mechanistic models
under steady-state conditions is, in general, inconsistent with the expected causal
structure. Accordingly, we reveal that only under very specific conditions is the discovery
of the structure guaranteed using a constrained-based causal discovery algorithm.



