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of nested blocks. At the lowest level, the components of the blocks are biochemical reactions and differential or
algebraic equations describing changes in the corresponding physiological parameters.

2) for the main classes of antihypertensive drugs: direct inhibitors of renin (aliskiren), calcium channel
blockers (human skin), angiotensin Il receptor antagonists (losartan, azilsartan), angiotensin-converting enzyme
inhibitors (enalapril, perindopril, lysinopril) and thiazide-like diuretics, their points of impact on the constructed
model of the human cardiovascular system were determined and corresponding models of pharmacokinetics and
pharmacodynamics were constructed. To validate the resulting model, we used data from clinical studies found in
the literature. To do this, we generated a population of virtual patients with high blood pressure and modeled their
treatment with the above antihypertensive drugs. The decrease in pressure predicted by the model showed good
agreement with the clinical data.

3) model personalization - setting the model parameters for a given patient, we used data from clinical studies
- we collected and analyzed the medical records of patients with arterial hypertension. However this data can be
used to initialize only smallest part of model parameters. The remaining parameters divided them into two groups:
unknown personal parameters (fluctuation of the values of these parameters leads to a significant change in the
simulated values of systolic and diastolic pressure) and other parameters - their values are considered common
to all virtual patients. To solve the problem with unknown personal parameters, a multitude of virtual patients was
built, while the known parameters of these models correspond to the data of a given patient, and the unknown
ones can vary significantly. After that, the “treatment” of the created population is carried out, i.e. simulation of the
effects of the above antihypertensive drugs. In addition, each virtual patient responds to the “treatment” in his own
way, it will not be effective for everyone. This allows you to select groups of virtual patients with a similar reaction
to the drug and determine which parameters determine the division into these groups.

Work is supported by the grant of the RFBR 16-01-00779.
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FEHbI MbiLLW, MOTEPAHHLIE Y TPbI3YHOB U MPUMATOB C BbICOKOW
NMPOAOJIXUTENIbHOCTbBIO XXU3HU

Py6aHoB J1.U., LUunoeckuii ILA., CenuBepcTtoB A.B., 3BepkoB O.A., Jlio6eukuii B.A.

PenepanbHoe rocynapcTBEHHOE BIOXKETHOE YYPEXAEHNE HayK1 VIHCTUTYT Npobaem nepeaaqn MHpopMaLmm um.
A.A. XapkeBu4da POCCUVICKOV akaZemmm HayK
127051, r. MockBa, bonbLuovi KapeTHbivi nepeynok, 4.19 cTp. 1.

e-mail: lyubetsk@iitp.ru

Bbicokas (OTHOCMTeJ’IbHO Maccbl Tena) npoAOJIKUTENIbHOCTb XXU3HU OTAEJIbHbIX BUAOB IPbiI3yHOB U NpUMaTOB
MOXeT 6bITb CBsi3aHa C n0Tepe|7| OI'Ipep,eﬂéHHle reHoB, NPUCYTCTBYHOLWNX Y KOPOTKOXUBYLLNX BNOOB U3 TEX
XXe oTpAaAnoB. 370 cornacyetca C runoteson Bunbamca o nepepacnpegeneHmn d)VI3I/IOJ'IOFVI‘-IeCKVIX pecypcos
opraHusMa Mexgay camonojgepXaHuvem U pasMHOXeHUeM. Mbl BbIMNONHUN OT60p reHoB, notepa KOTOPbIX
ConyTCTBYET YBEJIMYEHUIO NPOLAOIDKNTENbHOCTU XXU3HN.

KntoueBble cnoBa: npoAo/IXXUTENBHOCTb XU3HW; LONFONETUE; CTAPEHUNE; FTEPOHTONOMS; MOTEPS FEHA; CUHTEHUS;
in silico aHanns

MN3BecTHyt0 runoTesy “less is more” MOXHO WMHTEPNpPETUPOBaTb KakK BaXXHOCTb MOWCKa reHoB, MoTeps
KOTOPbIX MPUBENA K 3aMeTHbIM MOJIOXUTENIbHbIM U3MEHEHWUAM B 3BOJIIOLIMM COOTBETCTBYHOLLEro Buga. Moteps
reHa MoHMMaeTCs 34ecCb KaK KOMOMHALMA CYLLECTBEHHbIX W3MEHEHU B ero HyKJeOTUAHOW CTPYKType U
reHOMHOM KOHTeKcTe. Crnieaysa HalleMy o6LeMy NpeanosIoKeHUI0 06 SBOTFOLMOHHOM Ba)KHOCTU MOTEPU FEHOB,
Mbl CTPEMWUJIUCb HAWTU reHbl, OTCYTCTBYIOLLME Y TPbI3YHOB U MPUMAaTOB C 60/1ee BbICOKOM MPOAO/IKUTENbHOCTbLIO
YKU3HU, YEM OXMAAETCS Ha OCHOBE MX Pa3MepOoB: roJfloro 3emsiekona, rajuienckoro crenbilla, 4aMapckoro
neckopos, 6e/10ro/I0Boro KanyuunHa, opaHryTaHra, 6eMoLEKoro xoxnaToro ru66oHa, 60H060, LUIMMMNAaH3e, caiMupy
M YenoBeka. Buabl, XuByLiMe B pasHbIX YC/IOBUSIX, pacCMaTpPUBaINCb COBMECTHO AN YMEHbLUEHUS] BJIUSHUS
cpeapbl Ha U3y4aeMoe siBfieHne. Takum 06pa3oM, 0T6UpannCh reHbl, MPUCYTCTBYOLLNE M HE3AaBUCUMO MOTEPSIHHbIE
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KaK MUHVMMYM B [iByX punoreHeTuyeckux rpynnax. Bce paccmotpeHHble 40 BUAOB nNpuHaganexart K HafoTpsay
Euarchontoglires. Monck noTepsiHHbIX FreHOB Npou3BoANUSCS in silico opurMHanbHbIM METOLOM, peasin3oBaHHbIM
B KOMMbOTEPHOM NporpamMme lossgainRSL. Mporpamma ABNAETCS KOHCONMbHBbIM MPUNTOXEHWEM, paboTaroLw MM Ha
nnatdopmax Windows 1 Linux u MoXeT ocyLLLeCcTBAATb NapannenbHble BbluncneHns B cpege MPIL.

PaspaboTaHHbI METOA M €ro NporpaMMHas peanusasus No3BoIUIN NOSTY4UTb KOPOTKUIA CIIMCOK NOTEPAHHbIX
reHOB, MPeLNONOXUTENBHO CBSI3aHHbIX C BbICOKOW (OTHOCUTENIbHO Macchl Tefa) NPOLOSIKUTENBHOCTHIO XXU3HU Y
npepcTtaBuTeneit Euarchontoglires. HekoTopble 3 06Hapy>KEHHbIX FeHOB MbILLIW IEMOHCTPUPYHOT cneunduyeckyto
3KCMpeccuto B PenpofyKTUBHbIX TKaHAX, YTO corfiacyetcs ¢ runoTteson Bunbamca o nepepacnpegeneHun
dbursmonormyecknx pecypcoB Tena Mexzy camMonoffepXaHuemM W pa3MHOXeHueM. [loTepsi HeKoTopbixX
npeAckKasaHHbIX FeHOB BOMEPOHa3asibHbIX M OOOHATENbHbLIX PELEenTOpoB Yy YenoBeKa W ronoro 3emsekona
cornacyetcs ¢ ux cneundrUyecKUMmn aHaTOMMYECKUMM 0COB6eHHOCTAMU. Mbl Npegnonaraem, YTo 9BOJOLMOHHaSNA
noTepsi onpeAenéHHbIX reHoB ABMAETCA OAHUMM U3 BaXKHbIX (HakTopoB, OMpeaensatowmx NpPoJoIHKNTENIbHOCTb
XXVU3HU N CTapeHune, BKITtoYast HEOTEHMIO.

WccnepoBaHne BbIMOMHEHO Mpu GuHaHcoBon nopgaepxke POOU B pamkax HayyHoro npoekta N2 18-
29-13037. PacuyeTbl NPOBOAMIINCL Ha BbICOKOMPOU3BOAUTENIbHOW BbluMcAuTenbHon cucteme MBC-1001 B
Me>XBeOMCTBEHHOM CYMepKOMMbIOTEPHOM LieHTpe Poccuiickoit akagemum Hayk (MCL, PAH).
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MOUSE GENES LOST IN RODENT AND PRIMATE SPECIES WITH LONG
LIFESPAN

Rubanov L.1., Shilovsky G.A., Seliverstov A.V,, Zverkov O.A., Lyubetsky V.A.

Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Institute), Moscow,
Russia

Bolshoy Karetny per. 19, build. 1, Moscow 127057 Russia

e-mail: lyubetsk@iitp.ru

A long (relative to body weight) lifespan in individual rodent and primate species can be due to the loss of particular
genes that are present in short-lived species of the same orders. This agrees with the Williams' hypothesis
concerning the reallocation of physiological resources of an organism between self-maintenance and reproduction.
We have performed the screening for gene losses that can accompany increased lifespan.

Key words: lifespan; longevity; aging; gerontology; gene loss; synteny; in silico analysis

The well-known “less is more” hypothesis can be interpreted as the significance of screening for lost genes,
which nevertheless led to largely positive evolutionary events for the species. Gene losses are considered as a
combination of significant changes in its nucleotide structures as well as significant changes in the associated
synteny. Following our general hypothesis on the evolutionary significance of gene loss, we tried to identify lost
genes in the mole-rats and primates with a longer lifespan than could be expected from their body size: naked mole-
rat, Upper Galilee mountains blind mole rat, Damaraland mole rat, white-headed capuchin, orangutan, northern white-
cheeked gibbon, bonobo, chimpanzee, saimiri, and human. Species living under different conditions were analyzed
together to reduce the habitat impact on the phenomenon studied. Specifically, the genes independently present
and lost in at least two phylogenetic groups were selected. All 40 species considered here belong to the superorder
Euarchontoglires. Lost genes have been searched in silico using our method. The program lossgainRSL was
implemented as a command line utility for Windows/Linux. It can perform parallel computing in MPI environment.

The developed method and its software allowed us to identify a short list of presumably lost genes associated
with long, relatively to body weight, lifespan in Euarchontoglires. Some of the predicted lost genes in mouse
demonstrate specific expression in reproductive tissues, which agrees with the Williams’ hypothesis concerning
the reallocation of the body physiological resources between self-maintenance and reproduction. The loss of
some predicted vomeronasal and olfactory receptor genes in human and naked mole-rat conforms to their specific
anatomical features. We suggest that the loss of certain genes in evolution is one of the essential determinants of
lifespan and aging including neoteny.

The computations were carried out on MVS-10P at Joint Supercomputer Center of the Russian Academy of
Sciences (JSCC RAS). The reported study was funded by RFBR according to the research project No. 18-29-13037.
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