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Adverse drug effects (ADEs) are one of the leading causes of death in developed countries and the main reason
for drug recalls from the market [1, 2]. The ADEs associated with action on the cardiovascular system are the
most dangerous and widespread. Treatment of human diseases often requires the intake of several drugs, which
can lead to drug-drug interactions (DDIs) causing an increase in the frequency and severity of adverse effects [3].
Evaluation of ADEs, as well as the effect of DDIs on their manifestation, is a non-trivial task and requires numerous
experimental and clinical studies.

To solve this problem, we developed a computational approach to assess the cardiovascular effects of DDIs.
This approach is based on the analysis of FDA spontaneous reports (SRs) [4] to identify DDIs with subsequent
creation of structure-activity relationships (SARs) for pairs of drugs to predict five cardiovascular ADEs: myocardial
infarction, ischemic stroke, ventricular tachycardia, cardiac failure, and arterial hypertension.

At the first stage of our approach, we applied I1-regularized logistic regression to SRs for the identification of
pairs of drugs that interact with each other and cause ADEs more frequently than individual drugs (examples of
synergy and additivity, “actives” in SAR models) [5]. Using the same method we also identified pairs of drugs that
do not interact with each other (“inactives” in SAR models).

At the second step, five SAR models were created based on the obtained information. We used probability
estimates for 1553 human target calculated by PASS Targets software [6, 7] for each drug to create descriptors.
Sum and difference of estimates were used as descriptors for drug pairs. To create SAR models we used Random
Forest approach. Accuracy values were calculated based on 5-fold cross-validation procedure.

The obtained datasets include on average 3100 drug pairs with different active/inactive ratios. The average
area under the ROC curve of obtained SAR models was 0.84, and the average balanced accuracy was 0.76. The
predicted drug targets, which were taken as descriptors, can also be used to hypothesize the mechanisms of ADEs
of DDIs. The created five SAR models can find practical application in the clinic for the selection of the safest
combinations of drugs.

The study was supported by Russian Science Foundation grant 17-75-10168.
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NUHEWHBIA AJITOPUTM PEKOHCTPYKL,MU XPOMOCOMHbBIX CTPYKTYP
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MonyyeH NMHENHbI NO BpeMeHW paboTbl anropuTM NOCTPOEHMUs Hanbosliee SKOHOMHOMO Npeo6pa3oBaHNA O4HOM
XPOMOCOMHOW CTPYKTYpbl B APYryto. ANropuTM peluaeT aTy 3agady B 06LeM 61M0onornyeckn MoTMBUPOBAHHOM
cnyvae, KOTOpbI He paccMaTpuBasICA U3-3a ero BblYMCUTENIbHOM TPYAHOCTM, U MPOAOSIXKAET K/laccuyeckue
nccnefoBaHusA B aToi o6nacTu.

KnioueBble crnoBa: XxpOMOCOMHasi CTPYKTYpa, XPOMOCOMHas NepecTporiKa, JIMHENHOW CIOXKHOCTY afiroOpuTM,
onTuMM3auus Ha rpadax
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[MonyyeH HOBbIV JIMHENHbBIN NO BPeMeHU paboTbl U UCMOSIb3YEMOW NMaMATU anropuTM peLleHnss AaBHO U
aKTMBHO M3y4YyaeMoi 3ajaun 6MOMHGDOPMATUKN — PEKOHCTPYKLMS 3BOJHOLMM XPOMOCOMHbIX CTPYKTYp. Cpeau
pPOAOHaYaNbHUKOB U BEAYLLMX YYEHDIX, KOTOPbIE MOCTaBUAN U U3ydanu 3agady, M.A. NeeaHep n D. Sankoff, [1-3] n
COTHS nocnegyowmx paboT. Mbl paccMoTpenu 3agady B NoJIHOM M 6UOSIOrMYECKM MOTUBMPOBAHHOWM NOCTaHOBKE,
B KOTOPOM OHa He paccmaTtpuBanacb. A UMEHHO, CTPYKTYpbl COCTOSIT U3 MPOM3BOJIbHOIO YMUCna SIMHENHbIX U
KONbLieBbIX XPOMOCOM, UMEIOT HEepaBHbIW MeHHbIN COCTaB, AonyckatoTcs Bce DCJ-onepaumm Hag CTPYKTypamu,
[4], n onepauun BCTaBKY, yaaneHUss ydacTka XpOMOCOMbI, KaX[0N onepaLumn npucBoeHa oLleHKa 4acToTbl eé
6MONIOrMYECKOI BCTPEYaeMOCTH, KOTopas HasbiBaeTCcs e€ LieHOW. [MonyYyeHHbI HaMX anropuTM, B YaCTHOCTH,
no fto6bIM XpPOMOCOMHbIM CTPYKTYpaM a U b, 3afjaHHbIM B BUe OPUEHTUPOBAaHHbIX rpadoB, CTPOUT NnocefoBa-
TENIbHOCTb onepauuii, npeobpasytoLLyto a B b, KoTopas UMeeT MUHMUMaJTbHYI0 CYMMapHYH CTOMMOCTb onepauui.
Ecnu DCJ-onepaumu MMeoT 0ANHaKOBYHO LIEHY C, a orepaLuny yaaneHus 1 BCTaBku — Nitobble LieHbl W, 1 W, Ans
KOTOPbIX W,2C, W,2C, TO CyMMapHas LieHa ornepaLuii B MoCcNneA0BaTe/lbHOCTH, MOJTy4eHHOW anropuTtMoMm, oTinya-
eTcs OT abCOJIFOTHO MMHMMarbHOW He 6oJ1ee, YeM Ha 2¢. Ecniv Bce XpOMOCOMbI KOJIbLiEBbIE, TO airOpuUTM BblAaéT
B TOYHOCTU MUHUMANbHYIO MNOCNEeA0BaTENbHOCTb OnepaLyn.

Pa6oTa nogaepxxaHa POOU (rpaHT N2 18-29-13037).
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LINEAR ALGORITHM FOR RECONSTRUCTION OF CHROMOSOME
STRUCTURES

Gorbunov K.Yu., Lyubetsky V.A.

Institute for Information Transmission Problems (Kharkevich Institute), RAS,
Bolshoy Karetny per. 19, build.1, Moscow 127051 Russia

e-mail: gorbunov@iitp.ru

We obtain a linear time algorithm for constructing a minimal-cost transformation of one chromosome structure
into another. The algorithm solves this problem in the general biologically motivated case, which has not been
previously considered because of its computational complexity, and continues classical studies in this area.

Key words: chromosome structure, chromosome rearrangement, linear complexity algorithm, optimization in graphs

We have obtained a new linear time and linear space algorithm for solving a long-standing and actively studied
problem in bioinformatics, reconstruction of evolution of chromosome structures. Among the founders and leading
scientists who have posed and investigated the problem we should mention P.A. Pevzner and D. Sankoff, [1-3],
and a hundred of subsequent works. We have studied the problem in its complete and biologically motivated
setting, which has not been considered before. Namely, structures consist of arbitrarily many linear and cyclic
chromosomes and have unequal gene content; admissible operations are all DCJ operations over structures,
[4], and insertions/deletions of chromosome fragments; each operation is assigned with a frequency estimate
of its biological occurrence, referred to as its cost. The obtained algorithm, in particular, given any chromosome
structures a and b represented as directed graphs, constructs a sequence of operations transforming a into b with
the minimum total cost of operations. If the DCJ operations have the same cost ¢ and insertions and deletions
have any costs w, and w, with w.>c and w,2c, then the total cost of operations in the sequence constructed by
the algorithm differs from the absolute minimum by at most 2c. If all chromosomes are cyclic, then the algorithm
outputs precisely the minimum sequence of operations.

The research is supported by the Russian Foundation for Basic Research (grant no. 18-29-13037).
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MALWMUHHOE OBYYEHUE B AHAJIU3E MUKPOBWUOTDI:
MEXWHAUBUAYANIbHAA BAPUABEJIbBHOCTb OTBETA HA U3MEHEHMUE
AUETDI

KnumeHko H.C., NMoneHko A.C., AnekceeB [.I., TaxT A.B.
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Bblna npoaHanusmpoBaHa MeXuHgmeuayanbHas BapMa6eJ’IbHOCTb N3MeHeHUA cocTaBa MMKpO6VIOTbI KULeYyHu-
Ka B OTBET Ha npueM npoaykKToB C I'IpO6I/IOTVIKaMM N C BbICOKUM coAepXXaHNEeM KNeT4yaTKun.

KntoueBble cnoBa: kueyHas MVIKpO6VIOTa, MallnHHOEe O6yl-IeHVIe, MoAynAauna coctaBa MMKpO6VIOTbI

MuKpo61OoTa KMLLEYHMKA YeNIOBEKA UTPAET BAXHYHO PO/ib B NMOAAEPXKAHUM MHOTMX QYHKLUNUIA OpraHn3ama ye-
noseka. CMelLeHne ee TaKCOHOMUYECKOTO M (PYHKLMOHANbHOI0 COCTaBa, OLLEeHEHHOE C MOMOLLbI0 MEeTareHOMHbIX
TEXHOOMMI, acCoOLMMPOBAHO C pPAAOM 3a60NEBaHNIA, B TOM YKCIle C BOCMaANUTeSIbHbIMU 3a60/1€BaHUSIMUN KULLIEY-
HUKa, MeTaboIMYECKUMM U CEPAEYHO-COCYANCTbIMY 3aboneBaHUsIMU. Moaynauusa coctaBa KULWEYHOro cooobLue-
CTBa C MOMOLLbIO U3BMEHEHUSI ANETbI, MprYeMa NpebUoTUKOB U MPOBMOTMKOB — MHOTM0O06ELLLatoLWMUI MOAX0 K NpPo-
(vnakTrKe, AUArHOCTUKE U Tepanuu 3aboseBaHuin. M3BeCTHO, YTO MBMEHEHMS COCTaBa MUKPOBMOTLI B OTBET Ha
OZHY M TY )Xe UHTEPBEHLIMIO LUMPOKO BapbUPYHOT MeXay NtogbMU. B ;aHHOM uccnefoBaHMm 6b1nn CONOCTaBEHDI
N3MeHeHUA Kne4yHoro MetareHomMa BOJIOHTEpPOB Npu AByX AneTU4eCKnUX BMellaTesibCTBax: NoBbllLeHUN nNpnemMa
NPOAYKTOB, 60raTbiX NULLEBLIMU BOJIOKHaMW, U YNoTpebrieHne KMCIOMOJIOYHOMO NpoAyKTa C MPOBUOTUYECKUMU
6akTepusiMmu. B o6enx Koroptax CTeneHb OTBETA COCTaBa MUKPOBMOTbI Ha MHTEPBEHLMIO CYLLECTBEHHO BapbW-
poBasna Mexay fo6poBosbLamMu. MUKpo6roTa MHAMBMAOB C 6OJbluUei CTerneHbo oTBeTa (PecroHAepoB, aHrl.
responders) xapakTepusoBasniacb MOBbILEHHOW MPeACTaBNEHHOCTbIO KULIEYHbIX GaKTepuii-reHepanucToB U3
pofa Bacteroides 1 cHUXXeHHoW NpeacTaBfeHHOCTb 6aKTepuit-cneymanncToB ns otgena Firmicutes. bbin noctpo-
€H MaLUVHHbIN KnaccudukaTop, MO3BONAILLMIA C fLOBOJIbHO BbICOKOM TOYHOCTbBIO ONPeAenaTb peakuuto cocTaBa
MUKPOGMOTbI UHAMBMAA HA MHTEPBEHLMIO UCXOAS M3 U3HaJanbHoro coctasa (anroputm Random Forest, AUC >
0.7). HakonneHue 1 Banugauusa 6asbl 3HaHUIA N0 OTBETY MUKPOBMOTbI Ha LUMPOKUIA CMIEKTP ANETUYECKUX UHTEpP-
BEHLMIN NO3BONNT chopMUpOBaTb CONMUAHbIN 6a3nc Ans NoBbileHUs 3PhEKTUBHOCTU NEPCOHANIM3NPOBAHHbIX
pekoMeHZaL i Mo aueTe n 06pasy KU3HU.
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