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1. Iucepraniiina po6oTa npucBsyeHa po3poobii epeKTuBHUX in silico MeToIiB Ta MiAX0AiB 0 OLIIHKY reHEeTUYHUX
edeKTiB BIJIMBY (aKTOPiB HABKOJIMIIHBOTO CEPEIOBUILA HA FT€eHEeTUYHUI anapat aioguHn. O6’eKT JOCTiIKEeHHS —
npolec peanizauii epekTuBHUX in silico Moesel IporHo3yBaHHs MyTareHHOCTi EfiMmca ¢pakTopiB HaBKOJMIIHBOTO
cepenosuiia. [IpegMeToM mOCTiIKeHHs € po3pobka epekTuBHUX in silico Ames /QSAR Mmogesneit, nokpaieHHs
TOYHOCTI SIKUX JOCSITa€ThCS Yepes: (POpMyBaHHS CTPYKTYPHHUX KJIACIB KCEHOOIOTHKIB; 3aCTOCYBaHHSI Pi3HUX THUIIIB 1-
D Ta 2-D MOJIeKyIsIpHUX AECKPUIITOPIB; 3MEHIIEeHHS] pO3MIPHOCTI BXiZHMX AaHUX. MeTOI0 OCTiIKeHHSs € po3pobKa,
onTHUMi3allis Ta anpoballis OpieHTOBAaHUX Ha OCHOBHI CTPYKTYPHi KJ1acu KCEHOOIOTUKIB in silico mogeneit
IIPOTrHO3YBaHHS MyTareHHoCTi EfiMca. Y BCTyIi HaBeleHO OOIPYHTYBaHHSI BUOOPY TEMU AMCEPTALiiHOTO
IOCIiIKeHHs, HaZaHa iHpopmaliist Ipo npeaMeT Ta 00'€KT AOCTiIKEHHs, METOIU JOCTIIKEHHS, a TAKOXK 3a3HA4YE€HO

HAyKOBY HOBU3HY IIpeACTaBIeH0]i poboTu. MicTsaThCs BimoMOCTi Ipo anpobaliiio Ta BIPOBAAKEHHS pe3yJIbTaTiB, a



TaKO>X ITPO BHECOK 3700yBaya B ONMy6JIiIKOBAHUX HAYKOBUX ITpalLX. Y epuomy po3fisi 6ys1o 3hiliCHEHO OTJIsiy,
JliTepaTypHUX IpKeped iHpopmaliii, 10 CTOCYIOThCS BILJIMBY KCEHOOIOTHKIB Ha CIIQIKOBUY anapat JII0IUHHY,
IIPOBEIEHO aHAJII3 KJIACUYHUX in vitro Ta in vivo MeTOiB OLIiIHKM € HOTOKCUYHOCTI, [1I0Ka3aHi ixHi nepesaru ta
0OME>XEHHSI, 0OIPYHTOBAHO HEOOXiIHICTh PO3POOKM aJIbTEPHATUBHUX OOUMCIIIOBAJIBHUX MiAXOMIB 4O OLiHKH
MYTareHHOCTi. Y Apyromy po3ziji npeAcTaBieHo MaTepiaay Ta METOOMU, 10 CTand PyHIAMEHTOM [J1sl 10Oy I0BU in
silico mogienei MporHo3yBaHHsI MyTareHHOCTi Ha ocHOBI TecTa Efimca. HaBeneHo iHpopmaliio mpo ocobanBOCTi
(opMyBaHHs 6a3u JaHUX XiMIYHUX CIOJIYK, 110 BUKOPMCTOBYBaJach IIPU MOJI€JII0BaHHI. [leTaJlbHO PO3IJISIHYTO
npouec no6ynosu QSAR-Mopenen, ki B IKOCTi IPeIUKTOPiB BUKOPUCTOBYBAIY OJHOBAMIPHI Ta JBOBUMIpHi
MOJIeKyJIsIpHi Jeckpuntopu. OcobsnBa yBara 6ya npupineHa kiaacudikaniii Ta pisHOBUZAM OJHOBUMIPHUX Ta
IBOBMMIPHUX JeCKpUNTOpiB. [IpoaHasnizoBaHO alrOpUTMU OOYMCIIIOBAJIPHOTO iHTEJIEKTY Ta OOIPYHTOBAHO ix BUOip
17151 100YH0BU OiHApHUX Ki1acuiKaTopiB. Y TpeTbOMY PO31ijli PO3IJISIHYTO MUTaHHS onTUMizalii Ames/QSAR
mogenei. [Ipugineno ysary ¢pOpMyBaHHIO [IEPEJIiKy PEJIEBAHTHUX IECKPUIITOPIB 3 yPaxyBaHHSIM OCHOBHUX
CTPYKTYPHHUX KJIaciB KCEHOOIOTHKIB XiMIYHOI IPUPOIH, SIKi MaIOTh CYTTEBUII BILJIUB HA [IPOTHO30BAHY 3MiHHY.
KJr040BMM €Tarnom Takoro mijxojy € po3paxyHOK METPHUK BiICTaHi MiXK XiMiYHUMHU CIIOJIyKaMU Ha OCHOBI BiZIOMTKIB
npoctopoBoi cTpyktypu (FCFP, RDKit Ta MACCS). 3actocyBaHHs anroputmy t-SNE no3Bosiniio BisyasnizyBaTu
OaraToBUMIpHI 4aHi Ha NJIOLIVHI, a TOPIBHSAHHS CTPYKTYPHUX GOPMYJI XIMIYHUX CIIOIYK MiHIMasIbHUMU BiICTaHSIMU
I03BOJIsIE ineHTUdiKyBaTH QYHKIIOHAIBHI Py abo MifCTPYKTYPH, 10 MOXYTb JIeXKaTH B OCHOBI IIPOSIBY
MYTareHHOCTi KCEHOOIOTHKIB. Y BUCHOBKAX MiBOASTHCS MiICYMKH, HAIAHO ONMC OCHOBHUX 337,24 HayKOBO-
IIPUKJIAJIHOTO XapaKTepy, 10 OyJiu BUpIilleHi B IpoLeci NpoBeJeHHs JociaxkeHHs. HaykoBa HOBU3HA qucepTalii:
Briepie po3po6JieHi Mozesi OLiHKu MyTareHHoCTi EfiMca Ha OCHOBI pi3HUX THUIIIB MOJIEKYJIIPHUX JI€CKPUIITOPIB
(PaDel, RDkit Ta Mordred), 10 opieHTOBaHi Ha OCHOBHI CTPYKTYPHi KJIaCH XiMiYHUX CIIOJIyK — IIOTE€HL[IHHUX
myTareHiB. [1oka3aHo, o in silico Ames/QSAR mogeni, siki 100yL0BaHi Ha OCHOBI Pi3HMX HAOOPIB peJIEBAHTHUX
IleCKPUIITOPIB, 3 ypaxyBaHHSM I107ily KCEHOOIOTUKIB Ha CTPYKTYPHI KJIaCH, JO3BOJISIIOTh 3MEHIIUTH KiIbKiCTb
XUOHOHEraTUBHUX Ta XMOHOIIO3UTUBHUX pe3yJbTaTiB Kiuacudikanii. Bnepie po3pobaeHi Ames/QSAR mopesi
IIPOTHO3YBAaHHS MYTAareHHOCTI Ha OCHOBI TPbOX Pi3HUX TUIIIB MOJIEKYJISIPHUX BifiouUTKiB cTpyKTypu (MACCS, RDKit Ta
FCFP), o opieHTOBaHi Ha OCHOBHI CTPYKTYPHI KJ1acu KCeHO0iOTUKiB. [loka3aHa e(peKTUBHICTb BUKOPUCTAHHS B
SIKOCTi IPEIUKTOPIB BiZIOUTKIB MOJIEKYJISIPHOI CTPYKTYPH KCEHOOIOTHKIB. TOUHICTb TaKUX Mozesieil BifilloBifae
CcepeHbOMY 3HAYEHHIO 3arajibHOI TOYHOCTI in vitro Tecty Eiimca. Briepiie oTpumaHi nepestiky peieBaHTHUX
MOJIEKYJISIDHUX JECKPUIITOPiB, BUKOPUCTAHHS SKUX B SIKOCTi IPEIUKTOPIB 1a€ 3MOTY HiIBULIUTYU TOYHICThb
pospobnenux QSAR mopesneii. Briepiie po3pobsieHnii migxif, 10 OLiHKYA e HeTUYHOI aKTUBHOCTI XiMiYHUX CITOJIYK
Ila€ MO>KJIMBICTb BUKOPMCTOBYBATH aJITOPUTM t-PO3II0JiJIeHOr0 BKJIaJIEeHHSI CTOXaCTUYHOI 67113bKOCTi (t-SNE) 1151
€(EeKTUBHOrO MOIYKY CTPYKTYPHUX MapKepPiB MyTareHHOCTi 3 ypaXyBaHHSIM PO3MOiy NOTEHIIMHUX
FeHOTOKCUYHUX CIIOJIYK Ha IT SITh CTPYKTYPHUX KJlaciB. [IpakTUYHe 3Ha4eHHSI pe3y/bTaTiB JUCepTaLifiHOTO
IOCJIiI)KeHHSI [10JIsIrae y CTBOPEHHI Be6-cepBicy GyHIaMeHTOM IIPOrHOCTUYHOI 3aTHOCTI SIKOTO € in silico mopei,
1110 peasli3oBaHi BifIIOBIIHO 10 PO3POO6JIEHO] Y MeXKaX POOOTHA METOIUKU. Pe3ysibTaTi pOOOTH BIIPOBAIKEHH] Y
HaBYaJIbHUI Npouec 17151 3100yBaviB IPyroro (MariCTepCbKoro) piBHsI BUIIOI OCBITH 32 CIELiaIbHICTIO

«biotrexHosorii Ta 6ioiHKEeHePis».

2. This dissertation is devoted to the development of effective in silico methods and approaches for assessing the
genetic effects of environmental factors on the human genome. The focus of the study is the implementation of
effective in silico models for predicting the Ames mutagenicity of environmental factors. The subject of the study
is the development of effective in silico Ames/QSAR models, the accuracy of which is improved through: the
formation of structural classes of xenobiotics; the application of various types of 1-D and 2-D molecular
descriptors; and the reduction of the dimensionality of the input data. The aim of the study is to develop, optimize,
and validate in silico models for predicting Ames mutagenicity focused on the main structural classes of
xenobiotics. The introduction provides a rationale for the choice of the dissertation topic, information on the
subject and object of the study, research methods, and highlights the scientific novelty of the work. It includes
details on the validation and implementation of the results, as well as the author’s contributions to published
scientific works. The first chapter reviews the literature on the effects of xenobiotics on the human genetic



apparatus, analyzes classical in vitro and in vivo methods for assessing genotoxicity, highlights their advantages
and limitations, and justifies the need to develop alternative computational approaches for assessing mutagenicity.
The second chapter presents the materials and methods that served as the foundation for developing in silico
models for predicting mutagenicity based on the Ames test. Information is provided on the specifics of compiling
the database of chemical compounds used in the modeling. The process of constructing QSAR models, which used
one-dimensional and two-dimensional molecular descriptors as predictors, is examined in detail. Particular
attention was paid to the classification and types of one-dimensional and two-dimensional descriptors. Artificial
intelligence algorithms are analyzed, and their selection for building binary classifiers is justified. The third chapter
addresses the optimization of Ames/QSAR models. Attention was paid to the formation of a list of relevant
descriptors, taking into account the main structural classes of chemical xenobiotics that have a significant
influence on the predicted variable. A key step in this approach is the calculation of distance metrics between
chemical compounds based on spatial structure fingerprints (FCFP, RDKit, and MACCS). The application of the t-
SNE algorithm made it possible to visualize multidimensional data on a plane, and comparing the structural
formulas of chemical compounds based on minimum distances allows for the identification of functional groups or
substructures that may underlie the mutagenic effects of xenobiotics. The conclusions summarize the findings and
describe the main scientific and applied problems that were solved during the course of the research. Scientific
novelty of the dissertation: For the first time, Ames mutagenicity prediction models have been developed based on
different types of molecular descriptors (PaDel, RDkit, and Mordred), which are oriented toward the main
structural classes of chemical compounds—potential mutagens. It has been shown that in silico Ames/QSAR
models, built on the basis of different sets of relevant descriptors and taking into account the division of
xenobiotics into structural classes, allow for a reduction in the number of false-negative and false-positive
classification results. For the first time, Ames/QSAR models for predicting mutagenicity have been developed
based on three different types of molecular structural fingerprints (MACCS, RDkit, and FCFP), which are oriented
toward the main structural classes of xenobiotics. The effectiveness of using molecular structure fingerprints of
xenobiotics as predictors has been demonstrated. The accuracy of these models corresponds to the average
accuracy of the in vitro Ames test. For the first time, lists of relevant molecular descriptors have been obtained;
their use as predictors allows for improving the accuracy of the developed QSAR models. The newly developed
approach to assessing the genetic activity of chemical compounds enables the use of the t-distributed stochastic
nearest neighbor (t-SNE) algorithm for the effective search for structural markers of mutagenicity, taking into
account the distribution of potential genotoxic compounds into five structural classes. The practical significance
of the dissertation research results lies in the creation of a web service whose predictive capability is based on in
silico models implemented in accordance with the methodology developed within the scope of this work. In
addition, the results of the work have been incorporated into the educational curriculum for students pursuing a
second (master’s) level of higher education in the specialty “Biotechnology and Bioengineering.”
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noJliTexXHiyHMi iHCTUTYT iMeHi Irops Cikopcekoro”
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Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aki04Hi BimoMocTi
Bsacue IIpisBume Im'st [To-6aTbKOBI Tankin Onexcannp IOpiiosiy

TOJIOBH pajgu



Biacue IIpizBume Im's [10-6aTbKOBI Tankin Onexcannp KOpitiosuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignosigasnpHuii 3a Hi,ILI‘OTOBKy Kucngx Cepriit Bomogumuposuy
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




