HACTABHO-HAYYHOM BERY

YHUBEP3UTETA Y BEOTPAJTY - XEMHJCKOT ®AKYJITETA 4 H2/2

IMpenqmert: M3BemTaj 0 OneHH HAYYHE 3aCHOBAHOCTH W ONPABJAHOCTH MPELJIOKEHE TEME 3a
u3pajgy JokTopcke mucepraunuje kaumugara Jasmuaa IMupuha, macrep dusukoxemudapa,
CTYIEHTA JOKTOPCKUX CTyJHja CTYAMjCKOr porpaMa xemuja, YHuBepsurera y beorpany -
XeMHJCKOT (pakyiTeTa, ¥ HcTpaxKuBada-npumnpasauka y Mucturyty 3a HykneapHe nHayke

,,Buaua®, MHCTHTYTA 0J1 HALMOHAJIHOT 3Hayaja 3a Pemybmmky CpOujy, YHuBep3urera y

Beorpany

Ha penosuoj cequuiu Hacragro-uayunor seha Yuusepsurera y beorpamy — Xemujckor
(axynrera, oapxanoj 1. 7. 2024, rogume, uzabpanu cMmo 3a wiaHose Kommcuje 3a
IMO/THOIIEHE H3BEINTAja O OLEHHU HAYyYHE 3aCHOBAHOCTH M ONPABIAHOCTH MPE/UIOKEHE TEME

3a u3pazy JokTopeke muceptauje kanaunara Jlasuaa Mupuha, nox nacnosom:

LKapakrepuzauuja JunujaomMa xymase miasme y ofadpaHuM KaHIepHUMa IPUMEHOM

MANIMHCKOT y4Yerba, MYJTHBAPUjaHTHE aHAIM3e U aHaIM3e odorahema nmogaraka“

Ha ocrHoBy mocTyrnHe JOKyMEHTauWje, a uMajyhm y BWIy paj KaHAMAATA, MOJHOCHMO

HactaBuo-nayunom Behy cienehu
HN3BEIITAJ

A. buorpagcxku nogany KaHauaaTa

Jasun [Tupuh je polien 30. janyapa 1996. rogune y 3pemanuny. OCHOBHY LIKOIY ,,Dypa
Jaxmwuh” y 3pemanuny 3aspurio je 2011, rogune xao Hocumar gumnome ,,Byk Credanosuh
Kapanyuh”. 3pemannHcKy rTMMHA3H]y, TPHPOAHO-MaTeMaTHUKN cMep, 3aBpiuuo je 2015. ropune

”

y 3pemanuny kao Hocwian guruiome ,,Byk Credanosuh Kapayuh” u yueHHk remeparnmje.
OcuHoBHe akajgeMcke cryadje ¢usnuke xemuje Ha @Dakynrery 3a (UIMUKY XEMH]y
Vuusepsutera y Beorpany ymucao je mkosicke 2015/2016. romune, a aunmomupao 2020.
roJIdHe ca mpocedHoM oueHoM 9,35 m 3aBpmHEM panom ,,OjpeluBame aHTHOKCHIATUBHOT
KarmauTera pramkckor dwaja” ca omeHoM [0, yuMe je crexao 3Bame JHINTOMHPAHH
(usukoxemuyap. Mactep axkamemcke cryauje dusmike xemuje Ha Dakynrery 3a (HIHIKY

xeMmujy Yuusepsutera y bBeorpany ymucao je mkosicke 2020/2021. roaune, a AUMIOMHPAO je

2021. rogure ca nmpocedrom oueroM 10,00 u 3aBprIHuM MacTep pajoM ,Mcnntusame pejgokc



KAPAKTEPUCTHKA EKCTPAKTa PTamkCcKor uaja (Safureja montanda) AHTETPHCAHOT Y JIMNO30Me” ca
omeHoM 10, uuMe je cTeKao 3Bame Mactep (usiroxeMmuap. JIOKToOpeKe akajeMcKe CTyAHje Ha
CTYRHJCKOM TIporpamy ,, Xemuja” Ha XeMHjCKOM (hakynTeTy Y HuBepsurera y beorpany yuucao
je mroncke 2022/2023. rommHe TON MEHTOPCTBOM BaHpenHOor npodecopa ap Pumuma
Anppuha. Tlonoxuo je cme ucnure mnpejBuljeHe nporpaMom JOKTOPCKHX CTyaMja ca
npoceunom omeHom 10,00, On 1. jamyapa 2022. romume je 3amocnes y JlaGoparopuju 3a
¢$usmuky xemujy HMuciutyTa 3a HykneapHe Hayke ,Bunua® y 3pamy HCTpaxnBad —
IPUNPABHKUK MO MeHTOpcTBOM Ap Pomamne Macuukoce. basu ce MpUMEHOM CTATHCTHKE, H
MANIMHCKOT Y4€kba Y JHITHIOMHIIH, & TAKOHE H eKCTPAKITH]OM JTHITHAA H3 OMOJIOIIKHX y30paKa,
TAHKOCJIOJHOM, TEYHOM M TACHOM XpoMarorpaujoM, Kao M MAcEHOM CIEKTPOMETPHjOM.
YaecTBOBAO j¢ HA Kypcy ,.bHoxemija y ciyxOH 31parika” oxpikanoM y beorpaay u Hosom
Cany toxom maja 2022, ropune, Unan je Buoxemujexor apymrtra Cpbuje, Cprickor yapyxeiba

34 NpOTeOMHKY U CPICKOT XeMH|CKOT JAPYINTBA.

Bb. O0jaB/beHH HAYYHH PAAOBH U CRONIUTEHA

Hasug [Tupuh je xoaytop jepHor HaydHor pajga objasmenor y wacomucy ca SCI mmcre,
xateropuje M22, Takolje, kaHgupar je TPBH ayTOp CaoMuITEHma y 300pHHKY pajoBa ca
mehyHapossor ckyna mraMnanor y wedund (M33) u npBu ayTop caonmrera y 300pHHKY
PajI0Ba ¢a CKyI1a O HALMOHATHOT 3Havyaja [WramMnasor y nsgony (M64)
M22 — Paa y uctaknytom Mehynapoanom saconucy
Kolesnikova, 1. A.; Lalkovidova, M.; Severyukhin, Yu. S.; Golikova, K. N.; Utina, D.
M.; Pronskikh, E. V_; Despotovié, S. Z.; Gaevsky, V. N.; Piri¢, D.; Masnikosa, R.;

Budennaya, N. N. The Effects of Whole Body Gamma Irradiation on Mice, Age-Related
Behavioral, and Pathophysiological Changes. Cellular and Molecular Neurobiology
2023, 43 (7), 3723-3741. https://doi.org/10.1007/s10571-023-01381-1

M33 — CaommTemse ca Mchiynapoanor ckyna miraMaoaHo y MexocTu
Piri¢, D.; Masnikosa, R.; Assessment of different machine learning tools employed in
lipidomics. 2% International Conference on Chemo and Bioinformatics, Kragujevac,

2023, 330-333. https://doi.ub.kg.ac.rs/doi/zbornici/10-46793-icchi23-330p

M64 — Caonureme ¢a CKyHa HAIIMOHANHOT 3HAMAja HITAMIAHO Y U3BOY
Piri¢, D.; Vasié, V.; Cvetkovié, Z.; Masnikosa, R.; Comparing different protocols for
lipid extraction from samples of human plasma and serum, 60 Meeting of the Serbian
Chemical Society, June 8-9, 2024, Ni§, Serbia, Book of Abstracts, pp. 45, ISBN: 978-
86-7132-086-3.



B. O0pa3znoxeme Teme

el. Hayana obmact: XemHja

Vixa HayyHa 06nacT: AHANHTHYIKA XemHja, OHOMH(pOpMaTUKa
B2. [IpeameT HayYHOT HCTPAKUBAIHA

[penmMeT HWCTpakHBarha OBE MOKTOPCKE MHCEpPTallMje je aHaiu3a NMHUIHIOMA KPBHE IlIasMe
ocofa obonenmx ogn oxpeheHux ManurHUTETa, Kao # oOpaja JIMMUIOMHYKAX MOJaraxa
CTATHCTHUKUM METOZaMa, METOJAMA MyJITHBAPHUJAHTHE aHaNM3e H MAIUMHCKOTr y4ema. Kop
nauujenara o6oneNux off KAHIEPa Ce MOTY yOUHTH IPOMEHE IMTIHJIOMA, jep jé KaHlep yBeK y
crpesn ca TipoMeHama y merabonusmy smnuga. Crora 6M TO3HABAMC NHIHAOMA ¥ KPBHO]
[a3MH W CepyMy Omio ojf H3y3eTHE BOXHOCTH y pasyMeBamy pasroja oxpehennx
MAIHTHATETA. JIMMUOMHUKA, ocliarkajyhii ce Ha aHanuTHYKe TEXHUKE, IOMYT yATpa-epHKacHe
TeUHE XpoMaTorpaduje CIpETHyTe ¢a TaHAeM MAacCHOM CIIEKTPOMETpHjoM, omoryhasa
XEMUjCKy KapakTCpH3AWH]y JIMMWIOMA y jeAHoM GHONOIIKOM CHCTEMY Kao INTO jeé XyMaHa
mnasma. C IpyTe cTpae, JIMIHIOMHYKH TOJAIH TO/{BPTHYTH MyJITHBAPH]aHTHO] aHAITH3H MOTY
yKasaTd Ha HW3MeHe y JmMnmiaomy kof kaHuepa. Jozarso, oproBapajyhum Meromama
MAIIHHCKOT yJera Moryhe je kpenpaTty noy3sjane NpeHKTHBHE MOJENE, KOjU O CBPCTaBali
oborene u 3jpase ocobe y oprosapajyhe rpyre jeOHHO HA OCHOBY NPOQUNIA IHAHIHMX
MOJIeKyJia W3 TIa3sMe.

TToceban npeaMeT 0BE JOKTOPCKE Te3e je U yHanpehemwe anarku 3a (YHKIHOHANHY dHAIH3Y
oborahiema (enrn. finctional over-representation analysis or pathway analysis), KojoMm ce
yreplyjy cnenmpuune meTabomuuke MyTame H3MCIBEHE KOJi Tymopa, nonasehu on nmcre
W3MEHEHHK JIMTTHIHAX Bpera, OBo 6u ce pamwio kpo3 yHanpeheme nocrojehiux anropurama,
yrMe 61 ce OTKIIOHMIIH HEAOCTAlH JOCTYIHHX Bef anarku, Koje npeicTaBibajy yeko rpio y
ARATM3H THITHAOMUUKMX nojataka. OBakag npHcTyn OM JOHEO HOBA OHOXEMHJCKA CasHAba O
AOTIpHHOCY Ofpehennx JUMMHIHUX MONEKyna y METabONH4YKMM MpoUecHMa BC3aHUM 33
ofabpame Tymope. Ha Kpajy, y OKBHpY IUIAHHpaHE JOKTOpCKe Te3e je U (opmupame
IPeTpaXkiBe KBAHTHTATHBHE a3e MOJATaKa Koja CafpyKH CBe (JIO Caja) HACHTHHHUKOBAHE H
oipeliene JMIOEAHE BpPCTe Yy XYMaHO] ImasMu (MM cepyMy), koja Ou  omoryhwmina
CHCTEMATH3AlH]y JHIHAOMA ILIA3ME Y CBOJEBPCHM aTiac, Te OpKy H JIaKily Iperpary

TUNHAHHX BPCTA.



B3. [Ii/b HAYYHOT HCTPAKHBAILA

[{Msb MpEIIOKEHE JOKTOPCKE JIHCEPTALIjE je XeMHjCKa, XEMOMETpHjcKa 1 GHoH(OpMATHIKA

KApaKTepU3altja IMITAI0MA TUIa3Me, OMHOCHO cepyMa maiujeHata oboenx ol o1adpaHux

BPCTa KAPUMHOMA y OJIHOCY HA 3/(paBy momynaimjy. C THM y Be3H, METOJIC MyNTHBAPHjAHTHE

AHATM3€E M MAIHMHCKOTr YUEha, Kao | yHarpehene 0MoHGOpMATHIKE alaTKe 3a aHATIM3Y My Tamba

NTHIHAHOr MeTaboNH3Ma, JOTpUHENe O CTHUAKBY HOBHX OHOXEMH]CKHX CasHaiba O YJIO3H

crenupUIHMX AHMAAHAX MOJEKYIa y HCIIMTHBAIMM BPCTAMA KAHLEPA, KAO0 W PasBOjy

JMJATHOCTHYKHX H MPOTHOCTHYKHX MOJEIA.

Iloce6uy HUIBERH TUCEPTALH]E CY:

Upentndukannja nunuia, HHXOBHX Kilaca W HOJKIAca y TUIA3MH IAlHjeHTKHbA
obonennx opn audysuor B-xpyusohemujecxor smMdoma (DLBCL)  pasnuduto
3aCTYILUBEHUX Y OJHOCY HA 3/paBe KeHe M3 KOHTPOIHE TPYyre, T€ KPEeHparhe
KIaCH(PUKALMOHUX MOJIENA KOJH PA3ITHKYjy THITHAOM ITa3Me NatHjeHTKHba ca DLBCL
O/ KOHTPOJHOT JIHIMAOMA, WTO O TPeACTaB/halo OCHOBY 3a Oyayhum munumxu
"otucak" OBOT XeMaTOIOMIKOT MAAHIHHTETA,

Hsrpaama xinacuuKalioHHXx M MNPOTHOCTHYKMX MoOJTeNna 3a ozfalpaHe THIOBE
COJIMAHMX KaHIepa (HOp. AojKe, npocrare, mMaHkpeaca u OyOpera), nonasehu on
MUNHAZOMHYKAX HOJ4aTaka W3 OTBOPSHOT TNPHCTYNA, [PHMEHOM  PaslmUuydTHX
CTATHCTHUKHMX TEXHWKA, MYNTHBAPHjaHTHE aHanu3c U pavIMudTHX anropurama
MAHIHHCKOI' YUeiba, KOju O1 MOMOTIIH ja ¢e YTBPIH ITHIHAHY "0oTHCAK" OBHX KaHIEpa,
IITO j& npeayciion 3a 6yayhu paseoj munuannx OMoMapkepa.

OTkpuBame M CHHTe3a OHOXeMUJCKMX HHQOpMalHja O HPUPOAH U MOPEKTy HW3MEeHa
AUINIOMA TUIA3ME, KA0 IITO CY Ha NpHMED akTHBaLHja/pelpecHja CIelH(HIHHX
€H3MMA yYeCHUKA Y IIUMHAHOM MeTabolnn3My KOf 01abpaHux BPCTa KaHuepa. Y OBOM
cMHCITy 61 ce HpUMEHWIC aHanuse oborahema W aHanmms3a THMHIHEX MeTaboNHUKHX
HyTalha, y3 HCTPAKUBAE [I0/1aTaKa JOCTYIHHX Y IHTEPATYPH 0 H3MEBEHOM JTHIHIOMY
KOJ THX M CIMYHUX THIOBA MATUTHUTETA.

HWarpajima npeTpakuBe KBAHTUTATHBHE 0a3e 104aTaka IHIHAHKX MOJIEKYIIa M3 XyMate

rnasMe (M cepyma), koja OH IIpeicTaBIbalna OCHOBY 33 IMOHIHK ATJIac XyMaHe riasMe.

B4. MeToge HCTPAKUBALA

Tokom W3pane IpeftokeHe gokrTopcke aucepranpje Omhe kopumliene merone XemHjcke

aHanuile, CTATHCTHYKE H 6HOHCb0pMaTPI‘IKe METOSE U MCTOJIC MAITHHCKOT YUCH:E,



e Meroze XeMHjCKe aHAA3C

Y npBoM ey HCTPaKMRamsa NpUMeHHhe ce METONE EKCTPaKLM|E JIMMHIA W3 XyMaHe
mIasMe nalujenTkuma obonenux o4 DLBCL u xoutponke rpyne, MeToom no Matyash-y,
a pobujeny eKcTpakTH he ce aHAIHSHUPATH NPHUMEHOM YITpa-eHKacHe TEHHE
xpomatorpaduje cuperHyre ca XHOpWJIHUM MACCHHM  CIIEKTPOMETPOM, JOJAATHO
OTIPEMIBEHHM HHCTPYMEHTOM KOji MepH JoHCKY nokperupoct (UHPLC-TIMS-TOF-MS).
Pesyntar OBe aHANM3E je NUIMAOMUYKH CKYI NOJATaka ¢4 KOHIEHTPALHjaMa ITHIHIHHX

Bpcra (tunujHe Baprjade).

o CTATHCTHMKE METOJIC U MeToe MyITHBAPUjAHTHE AHATH3E M MAIHHCKOT YUeHha

Y npyrom ety HCTpaxHuBara 61 e IIMIMHIOMHYKH CKYTIOBH ITOJIaTaKa 32 0/ja0paHe THITOBe
CONMEHMX KaHuepa (JIojKe, 1pocTate, mankpeaca u OyOpera), npeyseTd M3 u3Bopa ca
OTBOPEHUM MPHCTYIIOM, Hajueirhe oy JIMHEHIOM CC BY 4.0

(https://www creativecommons.org/licenses/by/4.0), xoja  jo3soseasa  kopuuhicwe

110/12TaKa Y3 YCIIOB Ja ce UTHPa U3BOP, Ka0 U eKCTIePHMEHTAIHH CKyn Togataka o DLBCL
W3 [PBOT Aela, AaHATM3HPAIIN TPUMEHOM:

Ocnogrux  cmamuycmuyKyx  mexpikd 38 eKCIUIOPATHBHY aHann3y U BHByC}IHBaHij

nojaTaxa, TpancopMalHjy IMIEAHEX BapHjabiu H yKnamarka Jiedexara y CTpyKTypn
nojlaTaKa, TE MapaMeTPHjCKHX, HEIapaMEeTPHjCKMX H UEepMYyTAHHOHHX TECTOBAa 32
yTBpHHBAIHE CTATHCTHYUKE 3HAYA]HOCTH.

Memoda myamusapujanmne ananusze y WHibY NPErio3HaBamka obpasand y JHITHAOMIIKHM

CKYTIOBHMA MOJIATAKA, T¢ W3TPAIIHE KITACHDHKAIMONIX MOJIENa 32 Pa3iMKOBATLE THIHI0MA
na3Me B cepyMa namujenaTa o0onennx of oapehennx Tymopa o/f KOHTPOIHOT THITHIOMA,
NONyT: AHANWM3E NABHMX KOMIOHCHTH (eHrn. principal component analysis, PCA),
CTOXACTHYKOT YMETambha {~HUCTPHOYyHpaHHX cyceaa (eHrn. -distributed stochastic neighbor
embedding, t-SNE), nuuepHe IMCKPUMUHAHTHE aHaNmse (eHri. linear discriminant
analysis, LDA), HUCKpUMWHAHTHE AHAIM3E METOOM HajMamuX Ksampata (enri. partial
least squares linear discriminant analysis, PLS-DA), JuCKPUMWHAHTHE aHAJIH3€ METOLOM
NpojeKNHja Ha NATEHTHE CTPYKTYpe (eHri. orthogonal partial least squares discriminant
analysis, OPLS-DA) n ci.

Memoda mawmnckoz _yyerba ca TUIREM pa3sBoja TIPEMKTHBHHMX MOJENA BHCOKHX

nepopMaHCH TIOTIYT: pErpecHoHnx IyMa (esril. random forest), METOJ|d HOTHOPHHX
BEKTOpA (CGHTN. support vector machines), MeTO/|a EKCTPEMHOT TDa/IMJEHTHOr T0jadarha

(euriL. extreme gradient boosting) ¥ HeypOHCKe MPEXe (HIIP. BUIIECTOjHHM NEPUENTPOHHM,



enri. multiple layer perceptron, MLP).

¢ BuondopMaTHuie MeTO/1e

V tpehem peny uctpaxupama he ce KOPHCTHTH arausa obozalietba W AHAAU3E NYMATLA:
npumeHom OUIUEPOBOT H XHIEPTEOMETPHJCKOT TECTa MPUMEHEHHX Ha OCHOBHE H
M3BEICHE NIMIHAHE Bapujabne, rjie cy nocneame HobHjeHe KOMOWHAIMjaMa OCHOBHHX
JUMEOHEX BApHjabiy HOMyT: 4) HPHIaJHOCTH ofroBapajyhuM (Hom)KiracamMa nHOnAa, 0)
cagpkaja 3acuhenux, B) HeszaculleHHX ® nonuHE3acuheHHUX MACHHX KHCENTHHA Y
doconunuanMa, T) HA OCHOBY YKYHHOT Opoja YIJbEHHKOBHMX aTtoMa Kao W Opoja
JIBOCTPYKHX Be3a y MacHEM Kucennnama Qoconnnuna. Takofhe ou ce Tecrupaie dpojue
Be6 anartke 3a amanusy oGorahema, ka0 u HajHOBHjH Markov modeling framework 3a
MOZEJIOBAHE MPOMEHa JIMITH/IHON METa00NH3Ma KOJ| KAHIEPA.

VY mocnemmeM Jiefly UCTPaXKHBAKA KOPHCTHRE ce pasnuuuTe TEXHHKE NPHKYIUharha,
OpraHu3anyje W ynpaBibamha MojanuMa (peflalijcKor CHCTEMa 3a yhpasibame Oazama
nojgaraka MySQL, nporpamckux jesuka PHP w Javascript, xao v HTML) ca nuibeM
(opMHIpaka MHTEPHE NpeTpaxuBe Gase JIIHMHAA Y MALMHCKHA YHTIBHBOM (popMmary, Koja
CcaJiKH YKYTIHOCT JIMITHJIHHX BPCTa, KOje ¢y A0 Cafla NETEKTOBAHE H/MIM KBAHTH(HKOBAHE
y XyMaHoj ruasMu (M cepyMmy), Ha CBEM HHBOHMA CTPYKTYpHE rpanylIapHOCTH, rpaliene
CBHM HOMEHKNATYPHHM CHCTeMuMa IpuxBalleHHMM y JIHIHZOMHYKO] 3dje/IHULM, Y3
oprosapajyhe cemanTuuke u OnonndopMarHike ugeHTH(HKaTOpe, Koju 6¥ BOAHIM Ka
nocrojehuM GazaMa (IPETEKHO MEIIOBHTO MeTaboiIHuKo-nunmuoMuakum). Takohe he
OHUTH H3BeAcHA OuOIHOMerpujcka anamusa o0jaBJEHMX DPajoBa Ha TEMY [pOMeHe
JAMHAOMA y OJAbpaHuM KaHinepuMma, a AyOHHCKA aHajM3a TEKCTYyANHUX HOJATaka M3
HayuHe JnuTepaType he NOCHyKHTH 33 Kpeupame knowledge-maps 0 onabpaHuM

KaHIepHMa, y3 oAroBapajyhy susyemusanujy (Hup. odnak peun, euri. word cloud).

V npenoxenoj JoKTopekoj Tesu Guhie koprmheny crienehu mporpamMu ¥ coTBEPCKH anaTH:

e R nporpamcxu jesux u iwerosu nakets (https//www.r-project.org, hitps//www.bioconductor.org) xao

rnapiy codTBEp 38 CTATHCTHKY, IHHEAPHO MOAENOBALES H Kao noMoliHH co(TBEp 3a TEXHHKE MANTHHCKOT
yuema; u ykipydusahe npiameny criefiehnx makera: 3a yHUBApHjAHTHY CTATHCTHRY ‘car’, ‘onewaylests’,
‘exactRankTests’, ‘coin’, ‘pernt’, xopenanuje: ‘Hmisc’, ‘ggeorrplot’; 3a nunecapre mojene: ‘facioextrd’,
‘ropls’; 3a METOAC MAIUHHCKOT yuersa: ‘party’, ‘randomForest’, ‘el071’; 3a susyemsaunjy: ‘ggplot?’,
‘gridExtra’, ‘ggpubr’, ‘igraph’, ‘rgl’; sa Manumynanujy cmikama: ‘magick’, ‘imager’; 2a
pubmIoMeTpHjCKy aHanu3y: ‘bibliometrix’;

e python nporpamckn jesmx (hitps//www.python.org) u maxetn w3 Anaconda OKpyKema 33 HAyKy O

[O/IAIMMA 3aCHOBAHH 1A OBOM mporpaMckom jesuxy (hitps:/www.anaconda.com) KOjH YKILYIY)Y




sehmity najueihie kopulicnnx python GUGNMOTEKA 38 CTATHCTHKY, INHEAPHO MOJIETOBALE H MAIIHHCKO
yaeme, kao wro ¢y: ‘seikit-learn’, *Keras’, ‘Matplotlib’, *pandas’, ‘NumPy’, * PyTorelr’; ose OUONHOTEKE
Gu Gune xopuuiheme ka0 NOMONHK CO(TBEP 3a CTATHCTHKY, NHHEAPHO MOACROBAILC M Kad TIABIH
co(TREp 32 TEXHHKE MANTHHCKOT YHCHha;

e cnobomgun codreep JASP (https:/www.jasp-stats.org) u jamovi {https://www.jamovi.org) 34

CTATHCTHUKY aHan#3y H MallHHCKO YHECERE,

® xomepumjamem  crarucrudkm  coditeep:  SPSS https://www,ibm.com/spss), GraphPad

(htips://www.graphpad.com) u SIMCA (https://www.sartorius.com/en/products/process-analytical-

technology/data-analytics-software/mvda-software/simca);

e  VOSviewer (hitps://www.vosviewer.com) 3a pylapere TEKCTYalHHX TMOAaTaka W o ILHXOBY

BH3YETHIAH]Y.

e Be6 anat MetaboAnalyst (https://www.metaboanalyst.ca) 3a ananusy JHITHIOMA, aHAIH3Y oborahicma u

AHAITH3Y MyTdiba,

e Gase orsopemor  npuctyma:  LIPID  MAPS (https://www.lipidmaps.org),  SwissLipid

(https:/fwww.swisslipids.org), ChEBI {https://www.ebi.ac.uk/chebi), PubChem
(https://www.pubchem.ncbi.nim.nih.gov), HMBD (hitps://www.hmdb.ca), ChemSpider

{https://www.chemspider.com);

® BubnuHoTexe GHOXCMHjCKHX peakIlja M meTabomuuKHX nyrama (knowledge hasey. KEGG pathway

database (https://www.genome. jp/kegg), Rhea (https:/rwww.rhea-db.org), Reactome

(https://reactome.org), Wiki pathways (https:/www.wikipathways.org)

e Bel anati; 3a aHANK3Y JTHITHAOMHHKHX [TOfaTaKa! LipidSig (http://www.chenglab.cmu.edu.tw/lipidsig);

3a asamusy nyrama: LIPEA (hiips://www.hyperlipea.org), BioPan {https:/lipidmaps.org/biopan); 3a

AHATTHIY oborahema LION/web {http://www lipidontology.comy), Lipid Mini-On
(hitps://github.com/PNNL-Comp-Mass-Spec/LipidMiniOn), ChemRICH (https://chemrich,idslmg).

BS5. AKTYeHOCT nNpodiieMaTuie

[lpoMeHe y AUOHAOMY fIasMe (WIH CEpyma) ¢e IO IpaBuny youarajy Koj MNaljjeHara
0GOTENUX O KAHIEPa, jep je KaHUep YBEK y CTPE3H Ca NPOMEHaMa y MeTabOoH3My JIHINIA.
Crora je NMo3HABAmbE JANWAOMA HE CAMO ¥ TYMOPCKOM TKUBY, Bell 1 y MJIA3MU MK CCPYMY
obonenux, 0 BEIHKOT 3HAYaja 3a pasyMmcBaibe OMOJIOTH|e TyMOpa, H HOCH NMOTCHIH]aN 3a
pasBOj JIMjArHOCTHYKWX M TPOTHOCTHYKHX JIRIIMJIHHX onomapkepa [1]. JInmagomeka,
ocnamajyfil ce HA aHATMTHYKE METONE TOMYyT YATpaepHKacHE TeuHe xpomatorpaduje
CHPETHYTE €A TAHAEM MAcCHOM  CIIEKTPOMETPHjOM, oMoryhiaBa KBamMTaTUBHY H
KBAHTHTATHBHY aHANH3y (KapaKTepusalujy) JTHIHIOMA Y jeNHOM GYMONOILKOM CHCTEMY Kao
BITO je XyMaHa ruiasma win cepyM. OyHKUROHATHA TAITHIOMUKE HAC H KOPAK 1albe tpanehn
yBuJl y OHOXEMHjCKE yIIOTE CBHX JETCKTOBAHMX JIMIMIHMX BPCTA Yy onpehenom cucremy,

FHXOBE HHTEPAKIH]E Ca APYTHM GHOMOJIEKYIIMMA U HHTEIPALH]Y ¥ MeTabONIMIKE ¥ CUTHANIHE



nyTame [2]. AyTOMAaTH3aUMjOM TPOIECA EKCTPAaKUyje JHNuja W CAPE3ameM TedHe
xpoMmatorpaduje ynrpa Bucokux neppopmancu (UHPLC) ca BHCOKO OCETIEHBUM XUOPHIAHHIM
MACECHIM CIIEKTPOMETPHMA, Y3 KOMEPIHMjalHy HOCTYIHOCT CTOTHHA yNTpa-npedumficHux
JIMIMAHAX HHTEPHUX CTAHAApHA, MHITHIOMHMKA je CBe MPHCYTHHjA Y UsyuaBamy KaHimepa. Y
OBAKBAM HMCTPKHBATEMA ce Hajuenific KOPHCTM Xymama mmasma (WM cepyMm), 300T HweHe
JOCTYITHOCTH, JIAKIIC eKCTPaKIUje JTHmIaa (Y OJIHOCY Ha TKHBA)  Behe KEMHJCKE CTAOHIHOCTH
JTHNKJE U3 [HIA3ME.

CaBpemend ITHOBIOMHYKA TOK omoryhiapa ojpehuBame o IPEKO XUJBAy PAIHIHTHX
JIMIHAHAX MOJIEKYIIa, 2 BECOKOM CTPYKTYPHOM PE30NYIlHjOM, Ca TMMUTHMA KBAHTH(UKAH]e
Ha aTOMOJIAPHOM HHUBOY, ITO oMoryhaBa apajHsy Jio cajia Mano MCTPaXEHHX JIHMHa [2].
OBaKap aHAJHTHYKH TOK MPOW3BOIH BENMKY KOJMHHHY nofaTaxa (enri. big data). Tnrmuna
,MaTpHI@” NoAATaka Caj[PIKH KOHLUEHTPAIE]€ HEKOINMKO CTOTHHA (MM BHIIE) THTTHHIX BPCTA
V3MEPeHHX Y JECETHHAMA WM CTOTMHama y3opaka. OOpaja, aHamusa HHTEPIPETalnja
OBAKBHX T0JATAKA NPEBASHIIA3E OKBHPE KIACHUHE CTATHCTHUKE ananmse [3], Te ce Mopajy
KOPUCTHTH Jpyre TexHyuke oOpaje nojaraka, Ha IIPHMEP MYITHBADHjAaHTHA aHaNM3a H
MATIHHCKO yderme. JomaTau npobieM cTBapajy ¥ BPEOHOCTH KOje HENOCTajy y Mojaiuma,
HENMUHEapHOCT, HENapaMerapeKka AMCTpHOYHmja NPOMEHIBHBHX, XETEPOCKERACTHIHOCT,
MynTakonuEeaproct u cn. [4]. Takobe, y cTyamjama ca Masiy OpojeM ysopaka y OiHOCY Ha
6pOj U3MEPEHHX NapaMETapa, 1eCTo JIONasn JI0 IpenpHilarojasamba Mojiena (eHriL. overfitting)
[ITO NPE/ICTABbA BENHMKH NpobieM, HAPOYWTO 33 MyNTHBAPHjaHTHE aHANM3E Koje Cy ¥
HAjIIHpPO] yNoTpeOn y JUIHAOMHAIH. YNPKOC TOME, OrpoMHa BehiHa ayTopa JIMIHAOMAKUX
nyGIMKAIHjA j& 33/[0B0JbHA KOMOWHAIIHjOM KITACHYHE CTATHCTHIKE ananmze, PCA | (O)PLS-
DA. Ca apyre cTpaHe, NPUMCEHA HEITHHEAPHHUX METOMA, K&0 LWITO CY HIYMEe, METO/@ TIOTIOPHHX
BCKTOPA M JPYIMX TCXHHMKA MAITHHCKOT y4€tha, PENarHBHO OTIOPHMX Ha OJCTymama y
CTPYKTYpPH HOAaTaKa, fAaje 6osbe mpemukTuBHe Mojene [5]. Ocum tap CTYJIHja KOje KOpUCTe
Ny6iby aHANH3y JTMIHAOMHYKIX PE3yJitara JOOHjeHUX AHAIM30M KaHIIePa, sBehuua ce ocnama
Ha KBANMM/KBAHTH ananmse jumumoma [2]. FAIR IpuHIHIE yIpaBibarkd IOAUNMA (SHIIL
findability — worylinoct Hanmaxema, accessibility — IOCTYTMHOCT, interoperability —
xoMmaTuOmIHOCT, reusability — moryhHocT mnonosHe ymotpebe) jajy AOAATHY BPEIHOCT
ucTpaxBaby. OBako payelim Moryhe je KOPHUCTHTH JIMTCPATypPHO JOCTYIHE CKYMOBS
JAMATOMHYKHX TIOJATAKA ¥ IUIBY U3BIAYCHHA AOAATHHX OHOXCMHCKHX casnatba [6].

Takofe, paseoj GyHKUMOHATHE JIMITHOMAKE 380CTaje 33 Pa3BOjeM AHANTHTHIKAX IaT(hOPMH,
npe cBera yeien Hemocraraxa oxropapajyhux OuonndopMaTHUKMX anata. Horenuujanta

pemesa cy nodossiane 1 Hose Beb anarie 3a ayOoKy aHaIK3Y JIMIHAOMHIKAX HOATaKa, KA0



1 cuuTesa nHdopMaLmja To6HjeHIX noje uHa M anatuMa. CTapTHa ro3HLKja Ou Ouia T3B.
ananusa oboraliema (eurm. enrichment analysis u over-represenatation analysis) [7], xoja
MPENCTaR/ha AHAMM3Y KOMOHMHALMja OCHOBHMX JIMITHOHMX BapHjadiH, KQje [Mpare myT
MeTaBOIMYKIX peakija, GHOCHHTEE U PAsIPajibe JIOjeMHAYHIX Knaca JIHIHa. Jefan ox
HAJOHUTHA]UX acriexara GYHKIHOHATHE IMIMHTOMHKE j& IETCKIH]ja MEeTa00HIKUX W CHTHAHHX
nyTesa morofjenuM ofpeleHoM BpeTom Kanmepa M yTphHBake MPUPOJIC H3MEHE HA HhIMa. To
omoryhyje (yHxupOHaIHa aHanmm3a oboralicka WM aHANM3A IlyTama (enrn. functional
enrichment analysis unv pathway analysis) [8]. Mehytum, coreepcke anarke HAMCILEHE OBOM
sajatky (unp. LIPEA u BioPAN) cy naiteko o)t Meannux, a Hajseha MaHa nu je mITO ce U3JIa3Hu
Pe3yNTATH PAsiiuKyjy Y 3ABHCHOCTH O JTHTHIHWX BapHjadin ojabpaHux 3a yHOC U uzbopa
GuBAHOTEKE BHOXEMH]CKIX peakuuja u merabosmmikux rytama (Hup. KEGG w Rhea). Ha
ananu3y oborahem,a yTHUe joHI H AMHAMIUKH ONCEr KOHIENTPAIlHja ITHITHAA, KOjH CC [IPOTEKE
IPEKO UeTHPY pela BenuunHe. YToTpeda HEKOH3HCTCHTHE HOMCHKIIATYPE JIKITAAA taxkobe je
BEJIMKM IpofieM 33 aHANHM3y JMOMJHMX MyTaka YNPKOC TOME IITO je LIPID MAPS
TIPENOPYYHO JeIHHCTBEHH CTAHJAP/HIH CUCTEM 33 03HAUABAMLE THIIAJIHHX CTPYKTYpa [9]. Onaj
XMjEpPAPXHjCKH CHCTEM NPATH HHMBO CTPYKTYPHE IPaHyJapHOCTH JIHIHIA KOjH 3aBICH OR
PE3OIMTUBHE MONY MPHMEHEHE MACEHO-CIIEKTPOMETPH]CKES maargopme. CIMYHO KAQ U KOJI
codreepa 3a amanmse oborafiema, yecto ce poraha ja Be0 anmarka He [IPEMO3HAJE MMEHa
TI0j€JIMHUX YHCTHX JIMITHA, YIIPKOC CTAH/IAPAHOM HKMEHY, Jep MHOTH JIUIU/IH HE mocToje y 6asu
nojaTaKa ca KojoM je nara Be6 anarka cupernyta. C Apyre CTpaHe, CBaKM JTHITHIHA MOJICKYI,
KOMILIETHO ofpeljeHe CTPYKTYpe, UMa CBOj je/IMHCTBEHH GHOMH(DOPMATHIKH nacHTHOHKATOD
(emrut. InChI key), anu To He Hala3u NPAKTHIHY NPUMEHY Y coTREpPCKUM aaTKaMma, jep
NUMALOMHKA JOII YREK HE MOMKE HAEHTH()HKOBATH JIMITHIHE MONEKY/e HA HAjBULIEM HHUBOY
cTpyKTypHe pesonmyumje. C ipyre crpane, THIJHE BPCTE MAeHTH(UKOBaHE y cTynmjaMa
HEMAjy jesMHCTBeH HACHTH(DUKATOP jep IPEACTABIbA]Y CMEIle HO3HITMOHHX W CTEPCOn3OMepa
[10]. OBu npobrmeMu Ou ce MOTTIH PELIMTH PABIECILEM HOBE 0ase JUIIHJHUX CTPYKTYypa ca
jEMHCTBEHUM MACHTH(HKATOPHMA 33 CBE JIMIHIHE BPCTE HA CBHM HHBOHMA CTPYKTYpHE

pe3oylHje, koja OM KaCHMjE MOTITA Jia TIOCIYIKH KA0 OCHOBA 33 NPABILELLC JIHITHAHOT aTaca.

B6. OUEeKHBAHM PE3YATATH HCTPAKHBAA

Quekyje ce jla MpeATokeHa JOKTOPCKaA TE3a OCTBAPH CBE 3a/IaTe HMUIHEBE, A CE HACHTUDHKY]Y
JHIHAHE BPCTE PasimuuuTo 3acryibere y DLBCL, na ce Ha OCHOBY ITMITHIOMHIKHX CKYHOBA
MO/IATAKA M3TPaje KIACH(HUKAIHOHH H IIPEARKTHBHI MOJIEIH, KOjK fie MMaTH BICOKY Ta4HOCT,

TNPEHHU3HOCT, OCETJBUBOCT M CHEUA(PUYHOCT y PAa3NHUKOBAILY JIHINAOMA mnasmMe/cepyma



fajeraTa oboyenux o ofabpaHix THIMOBA KAHLEpa O JIHIMIOMA KOHTPOIHHX y30paka.
IlocebHO ce ouekyje A2 HEIHHEapHE METOAC MAIIMHCKOT Yucha oMoryhe ycrrenisuje
IPEIUKTHBHE MOJENE Ca BHUCOKHM CTENEHOM TAYHOCTH knacH(UKan{je KaHUEPCKHX H
KOHTPOJIHKX y3opaka. Jame, OueKyje ce xa ce anau3ama odorafieha i METAOONIMTKHX TTyTamba
YTBpJIE H3MEHE y GUOXEMH]CKHM TIPOLECHMA KOJ| HCITATHRAHMX KAHIEPa. Taxohe ce odekyje
1a GuGnuoMeTpujcka aHann3a u knowledge-map ananmsa myOIIHKOBAHMX PaI0BA U3 ofadpaHmXx
KaHHEepa TOMOFHE CHCTEMAaTHIALMjH OOHMMHE JMTEpaType O JUIMHIOMUIM KOA KaHLepa H
caryejasaiby HOBHX WpaBalia Kperawma y TOj obnactm. Ha Kpajy, Odekyje ce ja HOBA
MperTpaXkuBa KBAHTHTATHBHA 0asa JMIKIA U3 XyMaHe MIasMe uahe csoje mecto mehy Beb
anarkama u Oyje wHKopriopucasa y Hajsehy numupmy Oasy mojaraka — LIPID MAPS

(https://www.lipidmaps.org).
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I". 3akspyuak

KomucHja oremyje fa je IpeUIoKena TeMa HAYTHO 3aCHOBaHA ¥ aKTyellHa, Kao W Jia he
OUEKHBAHHU PE3yIITaTH TIPEICTABILATH HATIPEIAK U 3HAYA]aH IONPHHOC Y 061acTH xeMuje.
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