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IIUX PYKapUOT, Ha HAIll B3MJIS, SIBISETCS PEe3yIbTaTOM 3BOJIOLMOHHOTO «apaMmopdo3a» U MOsSBICHUS
COBEPILEHHO HOBOT'O MEXaHM3Ma IBOJIIOIMY MHOTOKJIETOYHBIX OPTaHU3MOB Ha OCHOBE KOMOMHATOPHO-
ro peryisaTopHoro kona. Pabora wactuuno nmogaepxkana rpanrom OIIIINe 14.604.21.0101.

Phillips, T. Regulation of transcription and gene expression in eukaryotes //Nature Education 2008,
Vol. 1, Ne 1, P. 199-200.
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“If our genes are so similar, what really makes a human different from E. coli? The answer lies
in the difference in [mechanisms of] gene regulation used.” (Phillips, 2008). In this presentation I will
discuss the evolutional advantages of high plasticity of gene regulatory networks that is characteristic
of multicellular eukaryotic organisms. At the same time these advantages comes with the price — ter-
rible diseases such as cancer. Non-reversible structural changes of the regulatory networks due to an
epigenetic “evolution” of genome regulatory regions provide the basis for realization of normal devel-
opment programs. On the other side they may cause transformations switching the normal state to a
disease state. We call such structural network changes as “walking pathways”. The analysis of this
phenomenon helps us to understand the mechanisms of molecular switches (e.g. between programs
of cell death and programs of cell survival) and to identify prospective drug targets of cancer. Such
structural plasticity of regulatory networks observed in genomes of higher eukaryotes, in my view, is
the result of an evolutional “aramorphose” towards emergence of completely new mechanism of evo-
lution of multi-cellular organisms on the basis of combinatorial regulatory code. The work is partially
supported by Russian Federal Targeted Program, grantNe 14.604.21.0101.
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ITouck reHoB, OTCYTCTBYIOIMX Y aMHUOT U IEMOHCTPUPYIOIIUX B SKCIIEPUMEHTE BO3PACTAIOILYIO
JKCIPECCHUIO MPU pereHepanuu y anaMmHui. [louck ucue3HyBIIMX U NPUOOPETEHHBIX F€HOB, HapYyIle-
HUM CUHTEHUM B APYTUX IpyNnax MO3BOHOYHBIX: NOTEPH Y NTHIL], MIEKONUTAIOMINX, YETBEPOHOTUX,
a Tak)Ke NpUoOpeTeHNEe Y YeTBEPOHOTUX, TO3BOHOYHBIX, U T.[.
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KuroueBble cjioBa: moTeps reHa, IpuoOpeTeHUE TeHa, HApylICHUE CHHTCHUHN, aMHHOTBI, PereHe-
parusi.

MoekynspHble MEXaHWU3MBI, PETYIHPYIOIINE pEereHepauio KOHEYHOCTEW y TPYyNN aHaMHUN
(3eMHOBO/IHBIE U PBIOBI), XOPOIIO U3ydeHbl. [IpUUMHBI MOHMKEHUSI PEreHEePaTUBHBIX CIOCOOHOCTEN
y aMHHOT (ITHUIBI, PENITHIINY, MJIEKOIUTAIONINE) IO CUX TOp HE SICHBI. MOXXHO Tymarh, 4TO MOHU-
KEHHasi pereHepaTuBHasi CIOCOOHOCTh AMHHOT — pPE3YJbTaT PEOpraHu3aluu FeHHON peryisTopHOM
CETH, KOTOpasi COCTOUT NMPUMEPHO M3 OJHUX U TeX )K€ TEHOB Y BCEX MO3BOHOYHBIX. MBI MPEAIONo-
KHWIM, YTO UMeeTcs elé oJlHa MPUYMHA — UCUE3HOBEHUE UJIU CYLIECTBEHHOE HapyllIeHHEe CUHTEHHUH
TCHOB B XOJI€ DBOJIIOIMH MO3BOHOYHBIX. MBI MPOBENH MHUPOKOMACIITAOHBIA IMMOUCK TaKMX T'€HOB Ha
OCHOBE OPUTHHAJBHOTO aJIroOpUTMa U ero 3(pPpeKTUBHONU CyNEepKOMIBIOTEPHON peain3aluu U UJIeH-
TuuIIpoBaTn HEOOIBITYIO TPYIITy TEHOB Y COBPEMEHHBIX aHAMHHI, KOTOPhIE OTCYTCTBYIOT y aM-
HUOT. 3aTeM Mbl SKCIIEPUMEHTAJIbHO YCTAaHOBUIIM, YTO SKCIPECCHs, N0 KpallHel Mepe, HEKOTOPBIX U3
ATUX T€HOB aKTHBUPYETCS HA PAHHUX CTAJUSAX pPEreHepanuy MOJIEIbHOTO 00BEKTa — aMIyTHPOBAH-
HOTO XBOCTa T0JIOBACTHUKA LIMOPLEBON JATYMKUH. MOXHO OXXMJaTh, UTO JajdbHEHIINI aHaIu3 3TUX
TCHOB TO3BOJINT YTOYHUTH MPUYMHBI MOHWKEHHOW pereHepaTuBHOW CIIOCOOHOCTH aMHHOT U, B TOM
yycie, 4enoBeka. Ham aaroputm npezickasan MOTEpH WM HapyIHIEHUS CUHTEHUHU CIIEIYIONINX Tre-
HoB amHuoT: ENSXETG00000016048 (foxol), ENSXETG00000031627, ENSXETG00000033120,
ENSXETG00000033543 (unentuduxatopsl TeHOB Xenopus tropicalis B 6a3e nanHbix Ensembl).
Amnanorununo, reH ENSXETG00000023966 (sfrpx) moTepsiH y OTUL U MJIEKOIUTAIONINX, HO COXpa-
Huics y uepenaxu Pelodiscus sinensis; rer ENSXETG00000025525 (pnhd) moTtepsH y MiaekonuTaro-
IIMX, HO COXPAHWICS y NITHI] U PENITHIINHN, U T.JI.

Pab6ora mogaepxana PODU (rpant 13-04-40196-H).
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Searching for genes lacking in amniotes and experimentally shown to be higher expressed during
regeneration in amphibians and fishes. searching for gene losses, gains, and syntenic rearrangements
in other groups of vertebrates: losses in birds, mammals, tetrapods, as well as gene gains in tetrapods,
vertebrates, etc.

Keywords: gene loss, gene gain, syntenic rearrangements, amniotes, regeneration.

While molecular mechanisms that regulate regeneration of the body appendages in anamniote
groups (amphibians and fishes) are fairly well understood, the reasons of the reduced regenerative
capacities in amniotes (birds, reptiles and mammals) are still not clear. It is believed that this reduced
capacity is a result of a restructuring of the regulatory gene network, which is comprised of approxi-
mately the same set of genes in all vertebrates. We suggest that one more reason can be the loss or
essential reshuffling of key genes involved in regeneration in the course of vertebrate evolution.
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We performed a systematic search of such genes by using an original algorithm and its effective
supercomputer realization, and identified a moderate set of genes in anamniotes that are missing in eX-
tant amniotes. We experimentally demonstrated that at least some of them are expressed at early stages
in the model system of the Xenopus laevis tadpole tail regeneration. It is expected that further analyses
of these genes might shed light on the causes of reduced regenerative abilities in amniotes, including
humans. In particular, our algorithm predicted the loss or syntenic rearrangement of the following genes
in amniotes: ENSXETG00000016048 (foxol), ENSXETG00000031627, ENSXETG00000033120,
ENSXETG00000033543 (the Xenopus tropicalis genes accessions in Ensembl). Analogously, the
gene ENSXETG00000023966 (sfrpx) is lost in birds and mammals but is still present in the tur-
tle Pelodiscus sinensis; the gene ENSXETG00000025525 (pnhd) is lost in mammals but is retained
in birds and reptiles.

Research was funded by the Russian Foundation for Basic Research (grants 13-04-40196-H).
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B mpotouHoii cpene dBomOLUs TPOGUUESCKH CBSI3aHHBIX MOMYNSLUUN OJHOKICTOUHBIX MPUBOIHUT
K pa3sHbIM PC3YyJIbTaTaM B Pa3HbIX pa3JicjiaX CpCabl B 3aBUCUMOCTH OT HAJIUYUSA UJIKN OTCYTCTBUSA XCMO-
Takcuca. B cirydae oTCyTCTBHSI XeMOTakcuca OMOpa3HooOpasue B cucTeMe (KOIMYEeCTBO MOIYIISIHi)
PE3KO COKpaIIaeTcs.

KawoueBblie c10Ba: HBOJIIONHS, KOIBOJIIOIUS, KOMIBIOTEPHOE MOJEIUPOBAHUE, FTOPH30HTAIbHBIH
MEePEHOC, IKOJIOTUYECKUE COO0IIeCTBa, TPOPUUIECKUE CBA3U

[ToHBIE COOOIIECTBO — COBOKYITHOCTH IMOMYISIIIUNA OJHOKJIETOYHBIX, TPO(pUUIECKUE B3aUMOJCH-
CTBHSI KOTOPBIX MPEACTABIAIOT U3 ce0sl MOJHOCBA3HBIM rpad. bbuio mpoBeneHo HcciaeAoBaHUE MO-
Jiee IBOJIONHMKM TAaKOTO COOOIIECTBAa B MPOCTPAHCTBEHHO-PACIPEACIEHHON cpefe C MPOTOKOM H
nuddysueii. M3nauanbHo cooOIIECTBO MPEACTABISIET COO0H CUMOMOTHYECKOE KOJBLIO U3 TPEX MOIy-
Jsiuuii. Bo BpeMsi MoJenMpoBaHus ¢ ONPEAEIEHHON BEPOSATHOCTHIO IPOUCXOAAT MPOLECCH TOPU30OH-
TaJIbHOTO NIEPeHOCca TeHOB (COOTBETCTBEHHO — YCTAHOBIIEHHE HOBBIX TPOPUUECKUX CBsSI3€il) U MOTEPU
reHeTuyeckoro marepuana. [losBIsINCh HOBBIE KJIETKH C HOBHIMM I'€HOMaMHU, KOTOpPbIEC JaBajlu Ha-
4aj0 HOBBIM MOMYIALUAM (UK BRIMUpPaiH). CYUTANOCH, YTO OAHOKIETOUHBIC JKUBYT B «OJJHOMEPHOI
TpyOe», T.e.Habope U3 SUeeK, B KAXKIOH U3 KOTOPHIX BCE COACPKMUMOE PABHOMEPHO IMEPEMEITNBACTCS,
STYEHKHU yrmopsaodeHbl U oT 1-i k 10-i sdeiike TeyeT CKBO3HOW MPOTOK C HECMEIU(PUISCKUM | CIICIT-
npuaeckumu cybcTparamu, KOTOpble BbIpadarsiBaloT momynsiun. [lokazaHo, 4To 60e3 xeMoTakcuca
B pecypcHOOOraThIX(0IM3KUX K IPUTOKY) SUeHKaX MPEUMYIIECTBO MOIY4YalOT HOMYSLHUY ¢ OoJiee moJi-
HBIMHM T€HOMaMHU, a B PECYpCHOOETHBIX—C MEHEE MOJHBIMU. {711 CKBO3ZHOTO MPOTOKA C XEMOTAKCHCOM
MOKAa3aHO, YTO BO BCEX MHOTIOUYHUCIEHHBIX YKCIEPUMEHTAX CMEHBI JOMUHAHT HE MPOUCXOAUT.B 3aBu-
CUMOCTH OT JIOKaJIW3allii BEHKUBAIOT pa3Hbie CyOJOMUHAHTHBIC Tony sinun. [1o cpaBHEHUIO CO CITy-
yaeM 0e3 xemMoTakcuca 6uopazHooOpasue B cucTeMe (KOJUYECTBO MOMYISALMI) pe3KO COKpaIlaeTcs.
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