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JIBe B3auMOCBsI3aHHbIe YacTy KoHLenuuu KoHpaga YonauHrroHa — KOHUENUMSI KAaHAIM3MPOBAHHOCTH (ca-
nalization) 1 KOHLIETIIMS TEHETUYECKOI acCCUMWJISILIMK (aCCUMUMJISILIMY TeHOB, genetic assimilation) — cchopmy-
JUpoBaHHbIe B 40-€ TOAbI MPOIILJIOTO BeKa, MPOAO0JKaIOT MPUBJIeKaTh BHUMaHKWE UccenoBaTeneit. DTo oguH
W3 CaMBbIX BIEYATIISIOIINX IPUMEPOB TPAaHCAUCIIUTUIMHAPHOTO Pa3BUTUSI KOHIIETTIIVIA.

WuauBuayanbHOE pa3BUTHUE 0000 OpraHU3Ma MPOMCXOAUT B YCIOBUSIX MIOCTOSTHHBIX M HEYCTPAHUMBIX U3-
MeHeHUIi ()aKTOPOB BHEIIHEM Cpeabl 1 BHYTPEHHUX BO3MYILEHUI MOJIEKYJISIPHO-(GU3UOIOTMYECKUX MPOLIeC-
COB. YUUTHIBasI, YTO OPraHM3Mbl B MOITYJISILAU Pa3IAYalOTCI FTeHETUUECKHU, peaan3alusl TeHeTUIeCKOM Ipo-
rpaMMBblI I0JI>KHA ObITh IO3TOMY OTHOCUTEIBHO YCTOMYMBA K TEHETUYECKON M3MEHYUBOCTH.

[To YonauHITOHY MHAWBUIYAIbHOE Pa3BUTHE KAaHAJIU3UPOBAHO, T.€. IPOUCXOIUT BHYTPU HEKOTOPOIO KaHajla
YCJIOBUI, OTpaHUYMBAIONIETO U3MEHUYMBOCTD TPAaeKTOpUHN pa3BuTHs. OMHAKO CHIIBHBIE U3BMEHEHUS Cpeabl U
3HAYUTEJbHBIC BHYTPEHHUE BO3MYIIEHUSI CIIOCOOHBI “BbIOpachiBaTh” TPaeKTOPUU WHAUBUIYATbHOTO Pa3BU-
THS 3a IpeesIbl KaHasia. [1pr 3ToM MosSBIISTIIOTCS abeppaHTHBIC (heHOTHUITBI, HEKOTOPBIE M3 KOTOPBIX CITIOCOOHBI
y4acTBOBaTh B TociieayoliemM oroope. [Ipy coxpaHeHUM YCIOBUIA, CUCTEMAaTUYECKU TTPUBOISIINX K TAKOMY
CMEIIEHUIO WHAMBUAYAIBHOTO Pa3BUTHSI, OCOOEHHOCTH 3TUX (PEHOTUIIOB Yepe3 psll MOKOJECHUIT MOTYT 3a-
buKcrpoBaThCcsi OTOOPOM U reHeThdecKu. MHaue roBopsi, oT60p MPUBOIUT K TOSIBJICHUIO HanboJjiee reHeTH -
YeCKM TTOIXOMSIINX TP CIOXKUBIINXCS OOCTOSITEILCTBAX BApUAHTOB (DEHOTHUIIOB, ¥ KOTOPHIX TPAeKTOPUU
Pa3BUTUSI COOTBETCTBYIOIIUM 00pa3oM U3MeHeHbI. [TomyJisiliuy oOpraHu3MoOB C UBMEHEHHBIMU TPAEKTOPUSIMU
W OTJIMYAIOIIMMMCS TEHOTUTIAaMU MPOIOJIKAIOT CYIIECTBOBATh U B JaJIbHEMIIIEM, KOTIa IeiiCTBHE BO3MYIIIAl0-
11X (PaKTOPOB MpeKpalaeTcs. ATOT MEXaHU3M, TIPUBOISIINI K CUTYaLIUM “CXOIHbIe (heHOTUITBI, HO OTJINYA-
foIecs TeHOTUITBI”, YOIIWHTITOH Ha3bIBaJI aCCUMUJISILIME! TEHOB.

HenaBHue pe3ynabTaTbl M3 00JIACTM CUCTEMHOM 3BOJIIOIIMOHHON OGMOJOTUM TO3BOJIWIM MOIBECTH KOJWYe-
CTBEHHY!0 6a3y noj kjaccuueckue KoHuenimu Konpaga YonauHrroHa o6 ycToitYMBOCTY MHAMBUIYATbHOTO
pa3BUTHUS M TeHeTUYecKoi accuMmisiunu. [TosiBuIach BO3MOKHOCTh Pa3BUBATh 3Ty KOHUEMIIWIO Najibllle B
CBETE HOBBIX 9KCIIEPUMEHTAIBHBIX U TEOPETUUECKHUX Pe3yabTaToB. OCOOEHHBII MPOrpecc TOCTUTHYT B aHAIM -
3¢ MOJIEKYJISIPHBIX MEXaHU3MOB KaHAJIM3UPOBAaHHOCTU. OOCyXIeHue pe3yabTaToB 3TOM 00JaCTH CUCTEMHOI
OMOJIOTUM, TIOJYYEHHBIX CPEACTBAMU KOMITBIOTEPHOTO MOJEJIMPOBAHUS B CPAaBHEHUM C 3aKJIIOYEHUSIMU T10
9KCIEPMMEHTAIbHBIM TAHHBIM, U COCTABIISIET MPEeIMET JaHHOM CTaThHU.

Karoueswle cnrosa: KOHLETIIUM YOMIMHITOHA, KAHATU3UPOBAHHOCTD, (heHOTUITMYECKAs TUIAaCTUYHOCTh, TeHe-
TUYECKAasl aCCUMUJISILIVSI, MOAEIUPOBAaHNE TeHHBIX ceTeil
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1. BBEAEHHWE

Cucrema Bo33peHuii KoHpana YonauHITOHA, U3BECT-
HasI 10 CBOMM KJTFOUEBBIM MOJI0XKEHUSIM O KAHATIU3UPO-
BAaHHOCTH 3MOPHOHAJIBHOTO Pa3BUTUS M 00 aCCUMMJIS -
LM TEHOB B MUKPO3BOIIOLUM, ObLIa ChopMyJIMpOBaHa B
40—50-x romax mponnioro Beka. CaMm YOIIUHITOH UCXO-
VI, B 9acTHOCTU, n3 yueHus llImanbsray3era o ctadm-

JIN3UPYIOLLEM OTOOPE, UBJTOKEHHOTO B €ro MOHOrpaduu
Ha aHIIUICKOM, BbinylleHHO B @unanenbhun (IeH-
cwibBaHus) B 1949 r. [Nocnenytoliue necaTuieTus cam
YOonauHITOH U ApYyrye aBTOPbI C OJTU3KUMU BO33PECHUSI-
MU pa3BUBAJIM BTO Hampab/ieHHWE B DBOJIIOLIMOHHON
ouosornu [1—3], mepBble Xe MyOJMKallMU Ha 3Ty TEMY
MOXHO HaiTu eiie B KoH1le XIX Beka [4].



4 CITIUPOB u np.

Wneu xkaHaIM3MPOBAaHHOCTY 1 aCCUMMWJISIIIUY ObLIN
chopMynMpoBaHbl U3HAYAJbHO KaK OCTPOYMHBIE 3a-
KJIIOYEHUSI 13 HEOOJIBIIOr0 4ycia 3KCIEPUMEHTOB U
HabOmoneHuii. [locnenyoinme necaTUIeTUsI TEOPETU-
YEeCKOM M 3KCIIepUMEHTAJIbHONM pabOTHI ITO3BOJIMINA
pa3BUTh UX B OOILIEOMOIOTUYECCKIE YICHUSI U MPOIC-
MOHCTPUPOBAIM MX HNPUMEHUMOCTb B COBPEMEHHOM
3BOJIIOIIMOHHON Ouonoruu pas3Butus (T.H. “evo-de-
vo”). PesynbTaToM paboOThl HEIaBHUX HeCATUIETUI
CTaJId HE TOJIbKO JEeTaJIbHbIE MOJIEKYISIPHO-0MOIOT -
YeCKME MCCIeIOBaHMUs MEXaHU3MOB KaHaJIM3UpPOBa-
HUSI, HO TaKKe U IOJIEBhIE UCCIIeIOBAHNS MUKPO3BO-
JMIOIIMOHHBIX TIporieccoB [5—11]. He Bce aBTOpHI CO-
IJIaCHBI C KJIIOYEBBIMU BBIBOJAMU Y OIIUHITOHA U €TI0
mocJienoBaTesieil, 1 MO3TOMY 3Ta 00JIacTh TpeOyeT HO-
BBIX MccaegoBaHuii. Ho cam macmrab mcciemoBaHuit
BIIEYATJISIET U CBUAETEILCTBYET O HEMPEXOMSIIEM UH-
Tepece K MICXOOHBIM UAESIM O KaHAJIM3UPOBAHHOCTU U
TeHEeTUYECKOM aCCUMWJISILIN.

OTU WUaeU MOJYYUSIU CBOM, BO MHOTOM HEOXUIaH-
HBIC, MHTEPITPETAINN B 00IaCTIX MOJIEKYJISIPHOI O1O-
JIOTUM U CPAaBHUTEJIbHONM MOJICKYISIPHOU TeHETUKU B
paMKkax HampasiieHust evo-devo [5—7, 9—11] u B mmo-
clieHUe NeCATUIETHUSI ObUIM Pa3BUTHI U MOATBEPXKIe-
Hbl 3KCNEPUMEHTAILHO B HOBBIX MPUHIUITMATIBHBIX
acrieKTax.

B HacTosiee BpeMs1 uaeu YOIOOAUHITOHA BCe OOJIb-
IIIe aHAJM3UPYIOTCS METOIAaMM COBPEMEHHOI BHIYMC-
JIUTEIbHOU OMOJIOTUHU, TIPEUMYIIECTBEHHO CpeacTBa-
MU KOMIIBIOTEPHBIX MOJIEJICH 1, B YaCTHOCTU, MOIEJIsI -
MU 3BOJIOLIMM Te€HHBIX peryisaTopHbix cereit (I'PC)
[12—16]. B 3TOM HOBOM HampaBjieHUM HaOIIOOACTCS
CylIecTBeHHbIN mporpecc (cM. o63opsl [17, 18]). On-
HAaKO HOBBIE PE3YJIbTaThl KOMIIBIOTEPHBIX 3KCIEpU-
MEHTOB HYXIAIOTCS B 9KCIIEpUMEHTaIbHOI Bepudu-
Kauuu. 1 uMeHHO B 3TOI 00JIaCTU Ha CThIKE CUCTEM-
HOM M BBIYUCIUTENIBHOII OMOJIOTMU' TyOIMKYeTCS
OoJtbIIIe BCETO paboT, KOTOPBIM ITOCBSIIECH 3TOT 0030p.

CTOUT OTMETUTh, YTO KOMIBIOTEPHOE MOACIUPO-
BaHue 3BomoLuu I'PC MeTon010rn4eck OTHOCUTCS K
COBpEMEHHOI1 KuOepHeTuKe (T.H. computer science) u
B OTOM IUIaHEe UAeu YOIIMHITOHA BBIXOIST 3a paMKU
TeoOpuMu OHOJIOTUUECKON 3BOJIOLUU U paccMaTprBa-
IOTCSI TaKKe B 00JIaCTH KMOSPHETUKM B MaCIITAOHBIX
KOMITBIOTEPHBIX 3KcIiepuMenTax [17, 18].

Eiie omHO HOBOE TIPUIIOXKEHUE UAeH YOIINMHITO-
Ha — DODKCIIEpUMEHTAIbHAs DBOJIIOLNS OGMOMOJIEKYIT,
W3BECTHAsI KaK HallpaBJieHHasl 3BOJIIOLIMS WIU “3BO-
mouwus B mpooupke” [19, 20]. 3aech Toxe HabIOOaeT-
¢S mporpecc B 0000ILeHUN 3TUX uaei u popMupoBa-
HUM HOBBIX HAIlpaBJIEeHUIA Ha CThIKE CHUHTETUYECKOM
OMOJIOTUM ¥ OMOWHKEHEPUH.

Haxkonen, cdopmyaupoBaHHass YOIIMHITOHOM

nacda SMUICHETUYCCKOIO JI&HZLLL[&(I)TEI, ABJIAOIIAaACA,
I10-CyTH, BI/I3ya.TII/ISaHI/IeI7I KOHLECIIMNU KaHaJIU3Upo-

! ITon cucremHoit 6GUoIOTHEN TOHMMAIOT TUCLIMIUIMHY Ha CTHIKE
OMOJIOTMY U TEOPUU CJIOXHBIX cucTeM (cM. https://dic.academ-
ic.ru/dic.nsf/ruwiki/1358381).
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BaHHOCTH, oKa3ajia BJIUSIHUE Ha pa3paboOTKy MaTeMa-
TUYECKOUN TeopUHr KaTacTpod, 4TO HEOZHOKPATHO OT-
Meyvall ee aBTop, ppaHily3ckuii MmatreMaTuk Pene Tom
[21].

Takum 006pa3zoM, UCTOPHUS HAYKU AEMOHCTPUPYET,
KakK HaOJII0JeHU 32 BbUIYTUIEHUEM MTEHIIOB CTpayca 1
9MOpPUOTEHE30M MYIIEK MNpUBENIU K (HOPMYIUPOBKE
TaKUX KOHLEMNIMWA, 00JacTb MPUIOXKEHUS U Pa3BUTUS
KOTOPBIX YK€ aBHO BbIIILIA 32 TPAHULBI COOCTBEHHO
ouoyioruu. Ha Haiu B3rjsia, 66110 OBl BaXXHO M UHTE-
DPECHO OYEPTUTH 3TU OOJIACTH.

2. MCXOOHBIE MAEU YOOAOUMHITOHA

JIBe yactu yaeHUST Y ONAUHITOHA — KOHIEIIMS Ka-
HaJu3upoBaHHOCTU (canalization) MHAWBUAYAILHOTO
pPa3BUTUS U KOHLICTIIUS TeHETUYECKON acCCUMUIISILIUK
(genetic assimilation) Kaxk Ipoiiecca 3aKpeIIeHUs. MO-
IuUIIMPOBAaHHOIO IpU3HaKa — M3HayajlbHO B3au-
MOCBsI3aHBbl. YOJIIUHITOH 3aMeTWJI, YTO YPOBHU e-
HOTUNMWYECKMX BapHallii B IPUPOIHBIX ITOMYJISIINSIX
OOBIYHO HMKE I10 CPAaBHEHMIO C OXMIAEeMBIMU ITpU
HabJIIogaeMbIX YPOBHSIX T€HETMYECKUX BapualMii U
BapbUpPOBAaHUS YCIOBUM cpenbl. IHaYe ToBOps, XOTsS
OOJIBIIIMHCTBO BUIIOB, €CJIM HE BCE, XapaKTePU3YIOTCSI
3HAYUTEJIbHOU TEeHETUYECKOW BapuabeTbHOCTHIO,
HaIpuMep, UMEIOT pa3HbIe ajljIeJId OJHOTO IreHa, OT-
JIMYaIIecs: u3-3a OJHOHYKJIEOTUIHOTO MOJUMOpP-
dusma (single nucleotide polymorphism — SNP), u
IIPX 3TOM IOCTOSIHHO MOIBEPIarOTCs ASUCTBAIO MEHSIIO-
Mxcst (PaKTOPOB cpenbl, (PEHOTUITNMUECKOE pa3HOoOOpa-
3ue B MpejeliaXx Buaa CylleCTBEHHO HUXE TOTO, KOTO-
poe MOXHO OBLIO OBl OXUAATH MO 3TUM IIPUIMHAM.
W3 aToro ciaenyer BHIBOI, YTO MHAWBUIYAJIbHOE pa3-
BUTHE YCTOMYMBO K BHYTPEHHUM T€HETUYECKM BO3-
MYIIEHUSIM U BapbUPOBAHUIO (DAKTOPOB CpeIbl. DTOT
3¢ dexT TakKe Ha3bIBAIOT YCTOMYMBOCTHIO (“pobacT-
HOCTBIO” — robustness) MHAWBUIAYAJIbHOTO Pa3BUTUS
[1, 3, 22]. Mpess xkaHaIM3UPOBAHHOIO Pa3BUTUS IO-
MOJIHSJIacCh YOIOIMHITOHOM KOHIETIIMEH “TeHeTn4e-
CKOI acCCUMUJISILIUU”, B COOTBETCTBUU C KOTOPOIi Ha
TeHETUYSCKOM YPOBHE IIPOMCXOIMT CTaOMIM3aLUs
(GhEeHOTUNNYECKMX NU3MEHEHM I, BBI3BAHHBIX J1eHCTBU -
eM cpennbl [23].

Takum 06pa3oM, KOHILEMIIMS KaHATU3UPOBAaHHOTO
VHIVBUAYAJILHOIO PA3BUTUS UCXOIUT U3 HAOIIOASHUIA
0 HU3KOM (DEeHOTUITNIECKOI M3MEHIYNBOCTHU B TIOITYJISI -
LIMSIX, HECMOTpPSI Ha 3aMETHOE reHeTUYeCKOoe Pa3HO00-
pasue u BapbupoBaHue (GakTopoB cpenbl [2]. B ee oc-
HOBY YOIAWHITOH IIOJOXWJ Pe3yJbTaThbl 9KCIEPU-
MEHTaJbHBIX HaOJIOACHUIN 3a WHIAMBUIYAJIbHBIM
pa3BUTHEM OPraHU3MOB (B YACTHOCTH, Pa3BUTUE KPbI-
JIbEB Y OpO30dUIIbI), CEpbe3Hble TE€HETHMYSCKUE WIIN
cpenoBble (HamprMep, TEIJIOBOM III0K) BO3MYILEHMUS
00yCJIOBIMBAIM IIOSIBJICHHWE 1IeJIOTO CIIeKTpa abep-
paHTHBIX (DEHOTHUIIOB, HE HAOIIOZAeMBIX B HOpME.
Ha ocHoBe Hab0neHMA OBLIO CAETaHO HECKOJIBKO BbI-
BOJIOB, B YaCTHOCTH, O TOM, UYTO MHAWBUIYaJIbHOE pa3-
BUTHE OpraHm3Ma oO0JlamaeT “3armacoM ITPOYHOCTH,
Ne 1
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MHa4e TOBOPS, 3TOT MPOLECC B HOPME YCTONYMB —
KOT/Ia OPTAHU3M UCIILITHIBAET HE CUJIbHBIE, HO TTOBTO-
psIoLIMECd BO3MYLIAMOLINE BO3elicTBuUsA. B To Xe Bpe-
MSI METOIOM MCKYCCTBEHHOTO OTOOpa YOIIMHITOH
MokKasa, 4To (PeHOTUIUYECKAS MIACTUIHOCTh, U3HA-
YaJIbHO TIPOSIBJIAIONIASACS TOJNBKO MPU CUJIBHOM BO3-
NEeCTBUM, UMEET IO/ COO0I FEeHETUYECKYIO OCHOBY U
MOXET OBITh yCUJIEHA TEHETUYECKU U3MEHEHUEM IeHE-
TUYeCKOro ¢oHa’.

Ecau Obl mpoliecc MHAWUBUAYAILHOTO Pa3BUTHS HE
OB KaHAIM3MPOBaH, TO BapMabeIbHOCTh BHYTPEHHUX
(Bkioyass TeHEeTMYeCKHWe) M BHEIIHUX (DaKTOPOB
oOyciioBauBaa OBl LIeNbIi CIIeKTp (eHOTUIIoB. Takoit
CIIEKTP XapaKTepHU30BaJiCs ObI, BUIUMO, KOJIOKOJI000-
Ppa3HOI KpUBOI YaCTOTHOTO PaCIIpPENECIEHUS, C PEIKU-
MU deHoTUIAMU 110 KpasMm. McKycCTBEeHHBIA OTOOp
MO3BOJIST OBI TIPU 3TOM OTOMpPATh XeJlaeMbIe peaKre
(eHOTUTIBI U TIOJyYaTh HOBBIE, HEOOBIYHBIE (DOPMBI
IyTeM CKpeIIMBaHUS HOCUTENIell TaKux (peHOTHUIIOB.
Ecim mpenmnosoXuTh, 4TO aHAJOTUYHO MOXKET OBITh
OMMCaH U €CTeCTBEHHBII OTOOpP (Hammpumep, IpH pe3-
KOM M IOJITOBPEMEHHOM M3MEHEHUU CPEeIbl WX IIpU
KOJIOHM3alIM1 HOBOI TEPPUTOPMHU), TO AOKHA ObLIa
OBl HAOIIOHATHCS pa3HULIA (PeHOTUIIOB B pa3HBIX (ppar-
MeHTax nomyiasuuu. OgHaKo 3TO He HaOIomaeTcs,
MOCKOJBKY IIPOLIECC MHAWUBUAYAIBHOIO Pa3BUTUS CY-
IIECTBEHHO KaHAJU3WPOBaH U IIPU OTCYTCTBUU BKC-
TpeMaJIbHbIX BHEIITHNX BO3MYIIIEHU IIOUYTU BCE 0COOU
B IIOTOMCTBE BBITVISIISIT CXOMHO, HECMOTPSI Ha TeHEeTU-
YeCKYI0 BapuabebHOCTb.

W3 sroro cienyer, 4To (paKTUYECKU T€HHAsT opra-
HU3alMsI XKECTKO He IeTepMUHUpYET (eHOTUMN, a
OTpeeIsieT ero XapakKTepUCTUKKU B IpeaeaX HOPMBI
peakiy Ha BapbUpOBaHIe (aKTOPOB Cpelbl. DTO Ha-
3bIBAIOT (heHOTUIIMYECKON TNIACTUYHOCTBIO.

IIpu coxpaHeHUHU YCIOBU, MPUBOISIINX K CMEIIIe-
HUIO TPaeKTOpUii MHAVMBUAYAJILHOIO Pa3BUTUSI, OCO-
GEHHOCTU abeppaHTHBIX (DEHOTUIIOB M UX MOTOMCTBA
gepe3 psia MOKOJISHWI MOTYT 3a(pMKCHUPOBAThCS OTOO-
poM U TeHeTu4ecKu. MiHadye roBopst, OTOOp IpUBEIET K
MOSIBJICHUIO HauboJiee TeHETUYECKU MOAXOASIINX MPU
CIIOKMBIINXCS OOCTOSITEILCTBAX BapMaHTOB (PEHOTH -
OB, Y KOTOPBIX TPAEKTOPUU Pa3BUTHUSI COOTBETCTBYIO-
UM o6pa3zoM u3MeHeHBl. Co BpeMeHeM TeHeTude-
cKast BapuabesIbHOCTb YMEHBIIUTCS U KaHAJIU3UPO-
BaAaHHOCTb YCTAHOBUTCS B HOBBIX IpaHMlIax. B mrTore
noaaBJisiionee OOLITMHCTBO ITOTOMCTBA OyIeT CHOBa
(DEHOTUITMUECK CXOIOHO, XOTSI TEeHETWYEeCKH OymeT
YK€ OTJIMYaThCsI OT MCXOAHOM MOMYJISILAN. DTOT MeXa-
HU3M BcJieq 3a YONIMHITOHOM Ha3bIBAIOT aCCUMMJISI-
OHei TeHOB MJIM TeHETUYEeCKOM accuMusuei [8, 22,
24].

Wnes KaHaJIMBUPOBAHHOCTN HMHIAWBUAYAJIbHOTO
pasBuUTUA HEIIOCPEACTBCHHO CBfA3aHa C KOHLeNIUeH

2 Mox rexernyeckuM (HOHOM TTOHMMAETCS COBOKYITHOCTb [CHOB,
B3aMMOJECHCTBYIOIIMX C JAHHBIM T€HOM U OKa3bIBAIOILIMX BIIMSI-
HHME Ha peaju3aliio KOHTPOJMPYEMOTO MM TMpu3HaKa (CM.
https://dic.academic.ru/dic.nsf/medic2/11625).

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

YommuHrToHa 00 3rmreHeTnyeckoM anamadre. C ee
TTOMOIIBIO MOXXHO IMPOMJUTIOCTPUPOBATD UIECIO TEHETU -
yeckoil accuMmwisinyu. WMpes SImMreHeTudecKoro
JaHamadTa 3BOMIOLHUOHUPOBANA OT HAYaJbHBIX Ie-
kiapaiuii B 1940 r. He TobKO Oy1aronapst Y OnIMHITO-
HY, HO U MHOTHM JIpyTUM aBTopam [2, 25—28].

YOnauHITOH TIpemMIOXWJI TIPEeNCcTaBUTh pPa3BUTHE
(@MOpHOHA, 3UTOThI, SMOPUOHATBHONM KJIETKM) Kak
JIBVKEHUE IIapuKa BHU3 TT0 SITUTeHETUYECKOMY JIaH/I -
madTy — TeHEeTUMYEeCKU 3adaHHOI IMOBEPXHOCTU CO
CJIOXKHBIM peibeoM, MpUuUeM TaKoi, YTO BCeraa uMe-
eTcs MyTh CBEPXY, TJI€ U3HAYAIBHO HAXOAUTCS IIapUK,
BHM3, K “1Ie11” pa3BUTHUS — cM. puc. 1. Takux myTeii (1
COOTBETCTBEHHO MOTEHIIMATbHBIX TPAEKTOPUIT) MOXET
ObITb HECKOJIbKO, KaK W liejieid pa3BuTus. TunudHas
KapTUHAa COOBITUI BBITJSIAWUT TaK: IIApUK HauWMHAET
KaTUTbCS MO HAKJIOHHOW “I0JuHe”, OKpPYKEeHHOI
“xomMaMn” — CTeHKaMM DOJWHBI. B 3TOM ciygae pas-
BUTHE KaHAJIM3UPOBAHO pesibedoM. 3a CTeHKaMU-XOJI-
MaMU HaXoAuTcCs cocemaHss noauHa. [lapuk npu nBu-
JKEHUU TOJIBEPraeTcsl BO3MYIIEHUSIM U MTOTOMY MO-
KET WHOTraa OBbITh BBIOPOIIEH 3a Ipelnejbl CBoeit
JIOJIMHBI U Jajiee MPOIOJIKUTh KaTUThCS IO COCEeNHeMn
JIOJINHE C UHBIMU OCOOEHHOCTSIMU pelibeda.

JlaHHBIM HATJISIOHBIN IIOIXO0M, ITO3BOJISIET IIPOUIJLIIO-
CTPUPOBAaTh OCHOBHEIC MAEHU YOIIMHITOHA OTHOCH-
TEJIbHO HE TOJIbKO KaHaJIU3UPOBAHHOCTU DPa3BUTUS,
HO M TEHETUYECKON acCUMWISIUM IIpu3HakoB. Ha
puc. 1 cBepxy m3o0paxkeHa rmepedpocKa mapruKa CHITh-
HBIM HaIlpaBJICHHBIM UMITYJILCOM CPellbl U3 TOJUHBI X,
rae (popmupyercs Ipu3Hak X, B JOJIUHY y C IpHU3HA-
KoM Y. DTO MILTIOCTPUPYET MEXaHU3M ITPUOOPETEHUST
MpU3HaKa Mo 1eficTBUeM CUJIbHOTO U HATIPaBJIeHHOTO
BHelIHero ¢akTopa. Ilpeamnonaraercs, 4To reHETUYE-
cKasl aCCMMIJISIIIMS B IIpPOliecce 0TOOpa CBsI3aHa C Io-
cTerieHHol aecdopMmanmeit naHamadra Takum obpa-
30M, YTO IIApUK BCE Yallle MEHSIET TPACKTOPUIO M OKa-
3bIBACTCS B JOJIMUHE Y, T IBUTAeTCs 11O HallpaBJICHMUIO
K TIpu3HaKy Y, 1axe Koraa JIeiiCTBrMe BO3MYILAIOIIETO
dakTopa mpekpaiiaercs — puc. 1.

Ha npotszkeHun nocieaymoimx 1ecaTIeTU nien
YOonOuHITOHA pa3BUBAIMCh MHOTMMU aBTOPaMH IIO
LIEJIOMY CIIEKTPY HOBBIX HAITpaBJICHUIA.

2.1. Pazeumue udeil kanasu3upogaHHocmu
u accumunayuu 8 buonrouu

DKCIEPUMEHTHI ¢ UCKYCCTBEHHBIMU BO3MYIIICHMSI -
MU OCTAIOTCsI ITTaBHBIM IMOAXO0M K BBISIBJICHUIO MeXa-
HU3MOB YCTOMYMBOCTU Pa3BUTHUS. Y OJAMHITOH U3yYall
MIPOCThIC BHEIITHNE BO3IEeCTBUS, TAKME KAK TEIUIOBOIA
LIIOK, 3(Up UK pa3Hble KOHLIEHTPALIMU T€X MJIN MHBIX
coneit B cpene [23], mo3mHee ucciaegoBaTe/ M MpUMe-
HsIu 6oJiee CIIOXHEIE METOAbBI, IPUBOISIINE K MHIY-
LIIPOBAaHHBIM MYTaIlMsIM B KJIIOUEBBIX F'eHaX, OTBEYar0-
KX 3a Tpoliecc pa3Butus [6]. Hoeilme skcrepu-
MCHTAJIbHBIE  IIOAXOAbI  MO3BOJMJIM  PaCIIUPUTH
WUCCJIENOBAaHUS MO MCIIOJNb30BaHUSI TEHETUYECKU MO-
Ne 1
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Puc. 1. KaHanu3upoBaHHOCTb U FeHETHYEeCKasi aCCUMUJISALIMS B KOHLEIIIMU SMTUTeHeThUecKoro JaHamadra. (a) O6bYHOe pa3BU-
THe, KOT/a IIIapuK CKaThIBaeTCs MO qoJinHe X. [TokazaHa yacTh 3MMUIeHeTUYeCKOTro JaHamadTa ¢ OCHOBHOM JOJUHOM, Beaylieit K
MPU3HAKY B3pOCJIOro opraHu3Ma X M Ipyroit BeTBu (cJieBa), Bemylieid K Y (CTpeJIKM); CTPYKTYpbl pa3BUBaIOIIErocss SMOpHOHA He
rnonanyT Ha MyThb K Y, €CJIM TOJIbKO CUJIbHOE BHEIIHEE BO3MYIIIEHUE (IT0J1ast CTPeJiKa) He BHITOJKHET Pa3BUBAIOILYIOCSI CUCTEMY 3a
npeneabl OCHOBHOIM MOMWHBI X. (0—r) Pa3HbIe clieHapuM, B KOTOPBIX ITpHoOOpeTaeTcs Ipu3HaK Y, KOTOPHIN Jajiee MOXET OBITh
BKJIFOYEH B TEHOTHIT (ACCUMMJIMPOBaH reHeTndecku). (6) McxomHoe BHellIHee Bo3aMyIlieHUe (Kak Ha (a)) 3aMeHsIeTCS] MyTaHTHBIM
ajsesneM (TeMHasi CTpesiKa), KOTOPbIil osiBisieTcs citydaiiHo. (B) [lopor, 3amuinarommii Aukuii Tun X, MOHMXKaeTcs U3-3a u3me-
HEeHUsI TeHeTUYeCKOro (hoHa, U BEPOSITHOCTH MepeGPOCKHM IIaprKa B TOJIMHY, Beaylyio K Y, MmoBbiiaercs. (r) [eHOTUIT U TeHeTH-
YecKuii (hOH M3MEHSIIOTCS TaK, YTO MOPOT McYe3aeT, U IIapuK BCEeraa IonanaeT B JOJINHY Y.

Fig. 1. Canalization and genetic assimilation in the Waddington’s concept of epigenetic landscape. (a) Normal development, when
the ball rolls down the valley x. The diagram shows a part of the epigenetic landscape with a main valley leading to the adult organ-
ism’s trait X and another branch (left) leading to Y (arrows); structures of the developing embryo will not get on the trajectory to Y
unless a strong external perturbation (hollow arrow) kicks the developing system out of the main valley x. (b—d) Different scenarios,
in which the trait Y is acquired, being able to be then included in the genotype (i.e. genetically assimilated). (b) The initial external
perturbation (as in (a)) is replaced by a mutant allele (dark arrow) which appears by accident. (¢) The threshold protecting the wild
type X decreases due to a change in the genetic background, and the probability of the ball being thrown to the valley leading to Y
increases. (d) Genotype and genetic background change in such a way that the threshold disappears, and the ball invariably gets into
the valley y.

function) uiM NOJyYMBIIMMH HOBBIE (byHKIMM (gain-  YooauHITOHA.

of-function). PasnuuHble 103bI MaJIBIX UHTEPDEPUPY-

omux PHK (small interfering RNA miam siRNA)

TaKXe MCTIONb30BANTUCH JUISI MOMYJIALUM AKTUBHO- 3. 1. Ckpoimas eenemuueckas 6apuadeabHoOCmb

CTU KOHKPETHBIX T'e¢HOB (cM. [32] U CCBUIKM Tam).
Bce 3T0 Mo3BOMIO cO3MaTh CEPUI0 KOHTPOJUpYeE-
MBbIX TI0 CUJI€ BO3MYIIIEHUI U TeM CaMblM YBEJIUYUTH
pa3peuarouyo CnocoOHOCTh METOAOB MOUCKA W3-

MEHEHWIi B PEIYJISITOPHBIX TCHAX, 00CCHEYNBAOMINX  kpeTU3alMU  YOMIMHITOHOBCKUX wuaeil (cM. [29]).
MEXaHU3M YCTOMUYMBOCTM MHIMBUAYAJIBHOTO Pa3BU-

THs. BO BCex 9THX cilydyasix OTHOCUTEIIbHYIO YCTOMYM-  cRoux MUOHEPCKHX paboTax [2, 22, 23].

BOCTb OLI€HUBAJI KOJIMYECTBEHHO — KaK CTEIIEHb W3-
MeHeHMs crnenududeckux (“IMarHOCTAYECKUX)

MPMU3HAKOB IIOCJIC IMTPOBCACHNSA 3KCIIEPMMEHTaA C UC-

KYCCTBE€HHBIM BOSMYIICHUEM.

porpecc Kak B 00JIaCTU CUCTEMHBIX MCCIIeIOBaHUIA
SBOJIIOLIMUA T€HHBIX U KJIIETOUYHBIX PETYISITOPHBIX Ce-

BaAaHHOCTb pPa3BUTHUS. DTO MOXHO paccMaTpuBaTh
Kak JaJbHEeHIINA Iporpecc B pa3padoTKe KOHLELWA

CxkprITag reHeTndeckass BapmadeinpHocTh — CI'B
(cryptic genetic variation), BMecTe ¢ MOJIEKYISPHBIMU
MexaHu3MaMM ee 00ecITeunBaloIIMU, paccMaTpUBa-
eTCs B OMOJIOTMM Pa3BUTHUS TIPU OOCYKISHWUM M KOH-

HNmenno Yopmunrron omnucan mnposiBieHue CI'B B

CornacHo onpenenennio Maiizen n Tporrepa [30],
CKPBITOE TEHETUUYECKOE pa3HOOOpa3re — UMeIoIInecs

B IOIIYJIAOMMW TIC€HETUYCCKMEC BapuallliM, KOTOPLIC

00BIYHO He 3aMeTHBI B (peHoTHIIe. [1pM CMIIBHEIX BO3-

B mocnennue roabl HaGIIOIAETCs CYLIECTBEHHBIA  MyIlIEeHUsIX cUCTEMa MOXET MOTepsITh CBOIO YCTONYM-

Teﬁ, TaK 1 B 00JIaCTU CUCTEMHOI OMOJI0TUI pa3BUTHA, (I)GHOTI/I Ie.

HauyuHag ¢ bannsuna, IlIManbrayzeHa, YoIoImHITOHA,
a TaKxke MX COBPEMEHHUKOB U nocienoBateneii [ 1—4].

BUIYaJILHOTO Pa3BUTHUS MPEIIOXEHBI MEXaHU3MBI, KO-
TOpbIe, KAK CUMTAETCSI, 0OCCIEeYNBAIOT KAaHAJIM3UPO-

BOCTb, 1 TOrga 3(1)(1)CKTBI, CBA3aHHbBIE CO CKPBLITBIMHN
TCHCTUYCCKMMU BapualuvAaMM, MOIYT IIPOABUTLCA B

buonornyeckue cucTeMbl OpraHM3MoB BE€CbMa
YCTOI‘/JI‘-II/IBBI K MyTallMOHHBIM HApYIICHUAM, TCHETUYC-

CKOMl pEKOMOMHALIMMA ¥ BO3MYILIEHHUAM CpeIbl, TaKast

3. MOJIEKYJISPHASY BUOJOTIUS YCTOﬁqHBOCTb ITIO3BOJIACT HaKarlJimBaTb rcHETUYECKUEC

KAHAJIM3UPOBAHHOCTHU Baphallii B CKPBITOM cocTostHuu. CyuTaeTcd, 4TO
CI'B BHOCUT BKJ1a[ B BOJIIOLIMOHHBIN OTBET HA 3Me-

B coBpeMeHHOIT MOJIEKYISIPDHOM OMOJOTMM WHAM- HEHUSI YCJIOBUIM CpeAbl U ITOCICAYIOLIUII JOJITOBpE-
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YCTOMYMBOCTU TeHOMA. DTO BeIeT K TOMY, YTO CKPHI-
ThI€ 0 TOIO MyTallMU IIPOSIBIISIOTCS Ha YPOBHE (heHO-
TUIA, CJICAOBAaTEIbHO, CTAHOBITCS JOCTYIHBIMHU IS
neycTBus otoopa [14, 31].

B psime paGoT 3TOT apryMeHT HaXOOUT TTOAIEPKKY.
Oco6u TabagHoro 6paxkxanka Manduca sexta ¢ MyTaHT-
HBIM (DEHOTUIIOM YEPHOTO 1[BeTa (HOpMaJIbHbIE OCOOU
3eJIeHble) TeMOHCTPUPYIOT pa3Hble YPOBHU TeMmIlepa-
TYPHOI YyBCTBUTEJIbHOCTU: HEKOTOpPbIE OCOOU TIOCIIe
BO3MEeICTBUSI TETLIOBOTO IIIOKA CTAHOBSTCS 3€JIEHBIMU
[5]. ABTOpBI McCleOOBaHUSI IIPOU3BEIM CEJIEKIIIO
9TUX TUTIOB U YCIIEIITHO OCHOBAJIY IBE JIMHUU — OIHY C
BbIPAXXEHHOM TEMIIEpATyPHOU YyBCTBUTEJIBHOCTHIO,
Ipyrylo 6e3 Hee.

JIpyroit mpruMep — 3BOIIOLMS TJ1a3 MEeIIEePHBIX PhI-
00K MEKCHKAHCKUX TeTp Astyanax mexicanus [9]. Hus
HUX TPUITEPOM U3MEHEHUIA B Pa3BUTUN MOXET ObITh
NepeHoC phIO B cpeay neiepbl. B aTUX yCI0BUSIX PHIObI
UCITBITHIBAIOT (DU3UOJOTUYECKUIA CTpecC, BEAyIIMi K
HapymeHuio ¢dyHkuuu manepona Hsp90. Kak cuen-
cTBUE, MposiBisieTcs HakoruieHHas: CI'B: mosBistioTcst
0ocobu Kak ¢ MaJIeHbKMMM, TaK U C OOJIbIIMMU IJia3a-
Mu. OUeBUIIHO, B YCJIOBUSX MELIEPbl NTPEUMYIIIECTBO
MOJIy4aroT MeJIKOIIa3ble Win He3pssuue dopMbl. T1o-
CTETIEHHO B X0Jie 0TOOpa B HOBOI cpejie TeHETUYEeCKoe
pa3zHoOOOpa3re CHUXKAETCS, OCTAIOTCS TOJIBKO MEIKO-
rjia3ble (GOPMBI.

CnenoBarenpHo, CI'B, crmocoGcTByromme HaKOII-
JICHUIO UBMEHEHUII TeHOMa B Mpoliecce CTabUIN3Upy-
IOIIEero 0Toopa, Mpu pe3KOM U3MEHEHUU CPeIbl MOTYT
obecrieynBaTh U3MEHEHUS (DEHOTHTIA.

3.2. I'envt — “chenomunuueckue kondencamopnt”

B HepmaBHee BpeMsl ObLIM BBISIBJIEHBI OMOMOJIEKY-
JISIPHBIE MEXaHM3MbI, OTBETCTBEHHBIC 3a yIepKaHUE
reHeTUYEeCKOll BapuabeJbHOCTM MMEHHO B CKPBITOM
dopmMme, HapylIeHHE TAKMX MEXaHU3MOB MOXET 3Ty Ba-
p1adeTbHOCTD BEICBOOOXKIATH [32]. YonamHTTOHY yia-
JIOCh OMHOMY U3 TIepBbIX “BhicBOOOAUTHL” CI'B B 3KC-
nepuMeHTax. PaboThI B 3TOM HallpaBJIeHUU ITPUBEIIN K
GOpMHUPOBAHUIO TIOHATHS “(DEHOTUITMIECKOTO KOH-
neHcaropa” [6].

DdeHoTUNMUECKUIT KOHIEHCATOP — 3TO OMOIOTHYE-
CKMI TPUITEPHBIA MEeXaHU3M, CIIOCOOHBIN IIpU OIIpe-
JIeJIEHHBIX yclIoBUsix akTuBupoBaTh CI'B [6]. [ToHnsTue
MOSIBMJIOCH I10 aHAJIOTUH C DJIEKTPUYECCKUM KOHIEHCa-
TOPOM, KOTOPBIi HaKarjauBaeT, XpaHUT U OTIHAET 3a-
psn. HekoTophle Takrie KOHIEHCATOPHL — 3TO IPOTE-
Bl 1 PHK, KomupyeMble COOTBETCTBYIOIIMMM TeHa-
Mu. B HopMe OHM MOBBIIIAIOT YCTOWYUBOCTH
pa3BuUTHS, OJIOKHUPYSI pabOTy HEKOTOPBIX T€HOB, U I10-
3TOMY HUX IUCHYHKIUS MPUBOIUT K IIPOSIBICHUIO
CI'B.

Kaxk ormeuaror M»aiizen u Curain [32], cyiiecTByer,
o KpaiiHeil Mepe, TP OCHOBAaHHBIX Ha aHaJIU3e MY-
TalUii ITOAX0Ja K U3YUYEHUIO YCTOMYMBOCTH U KaHa-
JIU3UPOBAHHOCTH Pa3BUTHUS, C UCITOIb30BaHUEM (e-
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HOTHUITMYECKNX KOHAeHcaTopoB. [lepBhIit mogxom —
CKPUHUHT BCEro reHoMa Ha HaJIM4YKhe TeHEeTUYECKUX
HapyIlIeHUM, BIMUSIONIMX HAa pa3dpoc XapaKTepUCTUK
paccMaTpuBaeMoro nmpu3Haka. Takue paGoThI IIPOBE-
IIeHBI Ha OpOXKax Saccharomyces cerevisiae v Ha apa-
ounoncuce Arabidopsis thaliana [10] (cMm. Takxke [32] u
CCBIJIKM TaM).

Bropoit moaxon cocpemoTauMBaeT BHUMaHHME Ha
KOHKPETHOM MOJIEIbHOM CHUCTEME B MPOILECCe €€ dM-
OpPMOHAJILHOTO Pa3BUTHS IPU BO3ICICTBUM Pa3HOOO-
pa3HBIX BO3MYIIEHHUI. XOPOIINM MOJEIbHBIM O0OBEK-
TOM 0Ka3aJIoOCh 3MOPHOHAJIbHOE Pa3BUTUE BYJIbBBI Y
HeMmatox poxa Caenorhabditis. DMOpHoOTEeHE3 3TOTO Op-
raHa y HeMaTol B HOpPME XeCTKO AETepMUHUPOBAH
KOHKPETHBIM ITOPSIIKOM KJIETOUHBIX AeiaeHMii. Hapy-
meHue pa3BUTus BylIbBbl ¥ C. elegans n3-3a MyTaluii
WM PEe3KOro U3MEHEHMsI YCJIOBUI Cpedbl BBISBISIET
BapMaOeJIbHOCTb B MOJICKYJISIDHBIX MEXaHU3Max KJie-
TOYHBIX CUTHAJIBHBIX TyTeit® [33]. KommeHcaTopHBIE
B3aUMOJICICTBUS MEXKIY 9TUMU CUTHAJIbHBIMU MY TSIMU
obecrneunBaloT cTabuiabHOe pa3BuTue heHoTumna [33].

[Ipu TperbeM IOIXOAe pacCMaTPUBAIOTCS OIIpE.Ie-
JICHHBII BUJ BO3MYILIEHUI C XOPOIIO U3y4EeHHBIM (-
¢deKxTOM 1 pa3HOOOpa3HbBIC OMOJIOTMYECKIE CUCTEMEI,
KoTOophle eMy mnoaBepraiorcs. IIlupoko wm3BeCTHHIM
ImpuMep — OeJIOK TeIIOBOro Ioka, marepoH Hsp90,
BJIMSTIOIIIMI Ha MHOTHE Mpollecchl pa3BuTus [6]. Ham-
OoJjiee XOpOoIIO OH M3y4eH y mapo3odunsl (Drosophila
melanogaster). Auchyukiuus Hsp90 Beaetr K nposiBie-
HUIO CKPBITOTO TE€HETMYECKOro pa3HooOpa3ust st
Pa3IMYHBIX TPYMOII 3BOJIOLMOHHO MAJIEKMX OPraHU3-
MOB: IPOXCKE, MyX, TIO3BOHOYHBIX 1 HEKOTOPBIX pac-
TeHuii [9].

Taknm obOpa3oM, coBpeMeHHBIE MOJIEKYISIpHO-TE-
HETUYECKHE MCCIIeIOBaHUS IEMOHCTPUPYIOT, YTO Ka-
HaJIM3MPOBAaHHOCTh pean3yercs (pyHKIIMOHNPOBAHUEM
deHoTUIIMUEeCKX KOoHIeHcaTopoB. OHI nIeMIpUpyroT
TeHOTUINYECKUE BO3MYIIEHMS TTPYU HOPMaJIbHBIX YCJI0-
BUSIX, TEM CaMbIM cIocoOcTBys HakoruieHuio CI'B.
B caygagx, xorma HopMaiibHOe (YHKIIMOHHUPOBAHME
TaKOTO KOHJIeHcaTopa HapylIaeTcsl, HabJIrogaeTcsl yBe-
JmyeHne (GeHOTUIIMYECKOro pa3Hoo0pa3usl.

4. DEHOTUITUYECKAA INACTUYHOCTD
N TEHETUYECKAA ACCUMUIIALNA
B IMTPUPOJE

YOoOauHITOH MOKa3ajl, YTO MCKYCCTBEHHBII OTOOP
deHoTHUITa, KOTOPBIi MPOSBISIETCS UL Y HECKOJIb-
KHX 0CO0€ii IToclie HEreHeTUYECKMX BO3MYILIEHUIA, MO-
KET IMIPUBOINTH K TCHETUUECKOMY 3aKPEIUICHUIO TIPU-
3Haka [22]. [To3xke apyrue uccjaenoBaTeaIn HaOoaaIu
CcXOIHBIe 3 MEKTHI 111 Pa3IUYHBIX MPU3HAKOB, MPH-
YyeM y pa3HbIX BUIOB [5, 34, 35]. Takum obpa3om, uc-

3 CurnanbHeri MyTh B cllyyae KJIETOK pacCMaTpUBaeTCsl Kak I10-
CJIEIOBATEJIbHOCTh B3aUMOAEICTBYIOIIMX MOJIEKYJI, TOCpen-
CTBOM KOTOpBIX MH(MOPMALIMSI OT KJIETOYHOIO pelernrTopa nepe-
naeTcsl BHYTPU KJIETKU.
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KYCCTBEHHBIII OTOOp MOXET MpeBpaliaThb WCXOAHBIN
(beHOTHUIT yepe3 ero ajibTepHaTUBHbIE HECTaOUJIbHbIE
BapMaHTBl B HOBBIM cTaOwinbHbIN (peHoTun. Ilo pe-
3yJbTaTaM HaOJIONEHUI TPUPOIHBIX MOIMYISLIMA
MOXHO 3aKJIIOYUTh, YTO BO MHOTUX CJlydasiX TMOsiBJie-
HUe (GeHOTUIIa, OTJIMYAIOIIErocsl OT MPEeIKOBOI0, MO-
XKET CIOCOOCTBOBATh MOSIBICHUIO HOBBIX, T€HETHUYE-
CKM 3a(PUKCUPOBAHHBIX aJalITUBHBIX ITPHU3HAKOB [34].
Tak, cypoBbie cpeabl OOUTaHUSI YCUIUBAIOT (heHOTU-
MUYECKHE Pa3IUYus MEXIY Pa3IMYHbIMU JIMHUSIMU
TUIOJIOBBIX MYX, a YBEJIMYEHUE TeMIIepaTypbl MIPU OT-
CYTCTBUM 3aTE€HEHUSI TMIPUBOJIUT K YBEIUUESHUIO YaCTO-
Thl OTKJIOHEHUM OT HOPMbI MO MOP(OIOrMYeCKUM
npusHakaMm [34].

CBsI3b MEXAY YCTOMUYMBOCTBIO M INIACTUYHOCTBIO
MOXKeT OBITh OCOOEHHO BaxkHa IJIs 3Bojouuu [7, 35].
bonapmioe pazHooOpasue ¢peHOTUIIOB, 0Opa3yeMoe 3a
CUET IUIACTUYHOCTU, MOXKET yBEJIMUYMBATh BbDKMBAC-
MOCTbD HOIYJISIIIAY B HOBBIX, BpaXXICOHBIX IUISI HEE Cpe-
J1aX, 4TO MO3BOJISIET BHIMTPHIBATH BPEMSI M HaKarlu-
BaThb amanTuBHble MmyTauuu [4]. KpaTKoBpeMeHHBbIE
BO3MYIIEHUS, CHIXKAIOIINE YCTOMUYNMBOCTD, TAKXKE MO-
TYT AeJIaThb B HOpPME CTaOMIbHbIE (DEHOTUITHI TIACTUY -
HBIMH, YTO CO3JacT Marepuan IJjis OSHCTBUS ecTe-
CTBEHHOTO O0TOOpa. DTO MOXET IPUBOAUTH K IIPEUMY-
IIECTBY HOBOTO (PEeHOTUIIa, WJIM CIIOCOOCTBOBATH
pa3BUTHIO MeXaHU3Ma IIOCTEIIEHHOI'0 OTBEeTa — TaK Ha-
3BIBA€MOTO “T€HETUYECKOTIO IIPHUCIIOCOOJIEHUS”, B TOM
YHCJIC U B OTCYTCTBUE MCXOMHBIX BO3MYILICHU [5].

4. 1. Denomunuueckas nAaCMUYHOCMb 8 NONYAAUUIX!
HabaOeHUs U SKCnepumMeHmol

B nocnenHue necsatTuiaeTus BHIIOJIHEHO HEMAJIO pa-
OOT I10 TMOJIEBBIM UCCIEIOBAHUSIM U BKCIIEPUMEHTaM C
HOMYJISIASIMUA Pa3HBIX OPTAHM3MOB C 1IEJIbIO OXapaK-
TepHU30BaTh (DEHOTUITNYECKYIO INIACTUYHOCTh 1 KaHa-
JIM3UPOBAHHOCTH [36]. [11aCTUYHOCTH MOXKET CITOCO0-
CTBOBATb aJaIlTalliy Ha IIpUMepe pa3IMIHbIX (PeHOTH -
noB (cM. [13] u cchuiku Tam). B KauecTBe HEKOTOPBIX
MPUMEPOB MOXHO MPUBECTU BapHalliU MOBEPXHOCT-
HOTO CJIOSI KJIETOK Ka0p prib cemericTBa uyximn Cich-
lidae [11], xapakTepa okpacku paukoB Daphnia melan-
ica, pa3aMmepa rojoBbl 3Meii Notechis scutatus [37]. He-
CMOTPSI Ha MHOXKECTBO HOHOOHBIX IIPUMEPOB, POJb
¢eHoMeHa MJIaCTUIHOCTH B ME€XaHU3MaX agalTUBHOMN
9BOJIIOLIMU HE SIBJISETCsl obOlenpu3HaHHOU. [lo cux
IOp He M3BECTHO, IPEACTABIISIIOT JIM COOOI ITaHHBIE
HaOJIIOAECHU TIPUPOIHBIX ITOITYJISLNI WINA pe3ysibTa-
TOB UCKYCCTBEHHOT'O OTOOpa MPOCTO HETUMUYHBIE OT-
KJIOHEHUSI, WIN K€ OHM YKa3bIBalOT Ha OOIIME MeXa-
HM3MBI aIalITUBHOM »BomoLnn [35].

CriocoOHOCTh K YCKOPEHHON (HPeHOTUITNYECKOMN
amanTaluyy IIyTeM M3MEHEHUS IJIACTUIHOCTH MOXKET
UTpaTh BaXKHYIO POJIb B JOJITOBPEMEHHOI YCTOMUMBO-
cTu Buja. BHe3amnmHble U3MEHEHUSI Cpellbl YacTo IIPo-
HWCXOMST IIPY MHBA3USIX YYy:KEPOMTHBIX BUIOB, a TaKXKe
MpU KOJOHU3ALMSIX HOBBIX MECTOOOMTAHUIA.
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Ycnex KoJoHU3auii, a MMEHHO NPUPOTHBIX MHBA -
3UN WU NCKYCCTBEHHBIX I/IHTpOZLyKU,I/Iﬁ MOXET 3aBU-
CETh OT YPOBHS IUIAaCTUYHOCTHU, pean3yeMOil B IIPO-
liecce ajarnTaluyd K HOBBIM OMOTOIIaM 3a mpeaciaMu
CJIOKMBIIIETOCS apeaia Buaa [36]. BapuabeapbHOCTE re-
HETUYECKOM MJIACTUYHOCTH OOBIYHO HaOJIOHaeTCs B
npenenax NOMYISIUUA WM CPpeIu HEeCKOJIbKUX ITOITY-
Jsiuii Bupa. [Tpu aToM monyssiuuu, 3acessiiolue Ho-
BBI€ WJIM 9KCTpPeMajlbHbIe OMOTOIIbI, YacTO (HO HE BCe-
rma) JEMOHCTPUPYIOT IIOBBILIEHHYIO IIACTUYHOCTh
[11].

4.2. Accumunayus eeHo8 8 NONYAAUUSX:
HAOAH00eHUS U IKCNePUMEHMbL

Bce Gombliie ¢akToB CBUAECTEIBCTBYET O TOM, UTO
MPU3HAKU, MPOSIBJSIONIMECs MPU IeHCTBUM HEreHe-
TUYECKUX (CPEIOBBIX UM IKCIIEPUMEHTAIbHBIX) (haK-
TOPOB, BaxKHbI JISI SBOJIOLIMOHHBIX MHHOBaLUii. Bo-
MEePBbIX, TEOPETUUECKUE UCCIIeIOBAHUS TTOKA3bIBAIOT,
YTO ACCUMMUJISILIUS MOXKET MPOUCXOIUTh B Pa3IUUHBIX
ycaoBusix [13, 15, 38, 39]. Bo-BTOpbIX, 3KCIIEpUMEHTHI
B JIaOOPATOPHBIX YCIOBUSIX TAKXKe MOKA3bIBAIOT €€ BO3-
MOXKHOCTb [5, 6, 23]. B-TpeTbux, uccieqoBaHUs MPU-
POIHBIX TTONYJISILIMI CBUAETEIbCTBYIOT, YTO T€HETUYE-
cKasl aCCUMWJISILIMSI TTPU3HAKOB, BbI3BaHHASl HEreHe-
TUYECKUMU (paKTOpaMU, He SIBJISIETCSI peaKocThio [31,
40].

DKCIIEepUMEHTHI ¢ HEJaBHO BO3HUKIICH, MaJloi
MOMyJisiiueid TOKa3bIBalOT, UTO CWJIbHBIII HCKYyC-
CTBEHHBIN OTOOP MOXKET CIIOCOOCTBOBATH OBICTPBHIM
nuaMeHeHusaM ¢peHoruna ([ 15] u ccpiku Tam). Yacto
TaKue W3MEHEHMsI JOCTUTralT 3HAYeHUIl HECKOJb-
KMX CTaHOAPTHBIX OTKJIOHEHMI OT, YCIOBHO TOBOpS,
“cpemHero” ¢peHOTHIA B TeUYCHNE HECKOJIBKNX OECST-
KOB TloKoJieHU# [41]. J1yst GONbIIMX MOMYISUMA, UC-
MBITHIBAIOIINX CTPEMUTEIIbHBIE MU3MEHEHUSI YCIOBUIA
Cpenbl B MECTE CBOEr0 OOMTaHMSsI, IIOCTOSIHHBIN CUJIb-
HbIl HalpaBJIeHHBI OTOOP MOXKET MPUBECTU K afar-
TallMM 3a cueT peakoi aienn. OqHaKo eCId COOTBET-
CTBYIOIIMI T€H B TOMO3UTOTHOM COCTOSIHUU ITPUBOIUT
K CWJIBHOMY CHIKEHUIO IIPUCITOCOOJIEHHOCTH, 3TO
MOXKET ITOMeIIaTh (PUKCcalluK aJUIe I B HOBBIX YCJIOBU -
sX, U OHa OymeT snuMuHHpoBaHa ([15] U cchUiKuM
TaMm). CTOUT TaKKe OTMETUTh, YTO OOJIbIINE MOITYJIS -
LUU TIPU PE3KOM M3MEHEHMHU YCIOBHI Cpedbl MOTYT
pacnanaThCsl Ha HECKOJIBKO, C pa3IMYHbIMU (DEHOTH -
MaMu ¥ reHoTunamu [42], mpuyem ajisi Kaxkaoii U3 Ho-
BBIX ITONYJISIIMI BepHBI YKa3aHHBIE 3aKOHOMEPHOCTH.
Hamnpumep, rpynnbsl opraHu3MoOB C TeHETUIECKU KOH-
TPOJIMPYEMOI TIPaBO- U JIEBOCTOPOHHEN CUMMETpPUEN
Teja, YaCTO Pa3BUBAIOTCS OT IIPEAKOBEIX IPYIIIL, Y KO-
TOPBIX HAIpaBJIeHUE CUMMETPUM IUIAaCTUYHO, T.€. Ie-
HeTUYeCKU He 3akperuicHo [40]. Dto B psime ciaydaeB
BBhIpaxKaeTcsl IJISI MHOXECTBA IIPU3HAKOB, HAIIpUMED,
CTOPOHBI, HA KOTOPOM pa3BUBAIOTCS IJ1a3a y IMJIOCKUX
pui6 (Pleuronectiformes), uiau cTopoHbI ¢ OoJjiee pas-
BUTOM TMEpeaHel KIIEIIHEN Y [OECATUHOIMX pPaKOB
(Thalassinidea) ([40] 1 cchUIKM TaM). DTO CBUACTEIIb-
Ne 1
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CTBYET, YTO Te€HETMYEeCKas acCUMWISINS BapuaHTa
acCUMMETPUM IIPU3HAKa M3HAYaJIbHO 3aBMCUT OT HEHA-
CJIEICTBEHHEBIX (paKTOPOB, IIOCKOJIbKY HE JeTepPMUHU-
pyetcs reHeTndeck. HabmoneHns 3aBUCMMOCTH e-
HOTMITMYECKUX U TEHOTUITMYECKMX BapHUallnii OT yCIo-
BUii cpeabl (COBMECTHO C aHAJIM30M T€HOTUITMYECKUX
BapualMii B mpeaesiax HOPMBI peaKInu) IT03BOJISIIOT
uccieaoBaTh peHOMeH KaHaJIu3UPOBAaHHOCTU U FeHe-
TUYECKOI aCCUMWJISILIUY B YCJIOBUSIX HETUITUYHBIX W3-
MEHEHUM Cpebl.

JleTaabHbIil aHAIU3 WU TeHEeTUYECKO acCuMU-
JISIIAYM TOKa3bIBaeT, UTO JJIs TAaKOBOI TpebyeTcs e-
HOTUIUYECKAs MIACTUYHOCTb — CIIOCOOHOCTb OJJHOTO
TFeHOTUIA JaBaTh pa3jnyHble (DEHOTUIHI MOA BO3eii-
ctBUeM (dakTopoB cpenrl [31, 43]. PazHooOpa3ue oTBe-
TOB Ha BHEIIHKE BO3MYIIIEHUS MOXET TaKXe paccMart-
puBatbes ¢ nmo3utinii CI'B, Kotopast crmocobHa mposiB-
JIITbCS B OTBET Ha CTPECCUpYIOIIME BO3MYIIEHUS
cpenpl. Ilpenmonaraercs, yro CI'B HakarmBaeTcs 3a
CcUeT HEUTpaJIbHOTO Apeiida u ocTaeTcsl B CKPbITOM CO-
CTOSIHUM 10 BO3MYIIAIOIIEro Bo3neicTeus [ 14].

Korga CI'B HakanuBaroTcsl, 3TO BbI3bIBACT YBEIU-
YyeHUe BapuaHTOB T'eHeTUYecKoro poHa, B paMKax Ko-
TOPOr0 MOTYT TIPOSIBJISITbCSI HOBbIE MyTalluu. Takum
o0pa3oM, MosIBJIcHWE HOBOU MyTalluu OyaeT 3aBUCETh
OT TeHeTUYeCKOro (hoHa: MOTYT ObITh BapHUaHThI (hOHa,
rae oHa OyJaeT UMeTh YaCTUYHBIN 3P deKT, OyaeT Io-
HOCTBIO MPOSIBIISITCS, WJIU TJI€ OHA BOBCE HE OYIET BbI-
3bIBaTh KakKoro-ianb6o agdgekra. Paznoobpa3ue Bapu-
aHTOB F€HETUYECKOro (poHa JaeT MomyJsluU Kak lie-
JIOMY JOCTYII K HOBBIM (peHOoTUTIaM [24]. DTOT 001Ut
aprymMeHT B MoJib3y BoBjieueHHOCTU CI'B B aBOJIOLIM -
OHHBIE MpOLIECChl ObUI OTpPaKeH B MaTeMaTU4YeCKUX
MOJIEJISIX TaK Ha3bIBa€MbIX HEUTpaJbHBIX T€HHBIX Ce-
Tefi B FTeHOTUIIMYECKOM MPOCTpaHCTBe (IMO31HEee Ha-
3BaHbIX TEHOTUTTMYECKUMMU CETSIMM), U HAXOAUT HEKO-
TOPYIO TOMACPXKKY B BKCIIEPUMEHTAJIbHBIX JaHHbBIX
([20], cm. 0630p [7]).

OMIIMpUYECKUE HCCIIENOBAHUS ITI0KA3bIBAIOT, YTO
IUIST 3BOJIIOLMOHHOI MCTOPUY MHBA3UBHBIX BUOOB Xa-
pakTepHbI HapylIeHUs cCpeabl oouTaHust (CM. 0030p
[8]). TakuM HapylIeHUSIM COOTBETCTBYIOT I€pPEeMEHBI
HampasjieHus: oToopa. B pamMkax 3BOMIOLIMOHHON Te-
HETUKH TIpEAIioaracTcs, 4To npodpuian GpIyKTynupylo-
LLIEr0 BO BpEMEHU 0TOOpa MOTYT IIPUBOJIUTH K BO3HUK-
HOBEHUIO TeHETUYECKUX apXUTEKTYp Tpex TUIIOB. Ec-
I W3MEHEHHUS cpelbl OOUTAaHUS CTPEMUTEIILHBI,
MPEUMYIIECTBO MMEIOT T'€HETUYECKUE apXUTEKTYpHI,
COOTBETCTBYIOIINE HECIIEUAIN3UPOBAHHOMY (DeHO-
TUITY, T.€. “TeHepanucThl”. Korma mameHeHMns BHEINI-
HUX YCJIOBUI IPOUCXOASAT YaCTO, IPEeUMYIeCTBa UME-
IOT OBICTPO 3BOMIOLIMOHMpYIoIIYe nonyiasnuu. Hako-
Hell, €CJIM TaKue M3MEHEHMs pelKyd — ONTUMU3ALIMs
MPUCIOCOOJIEHHOCTH ITIOITY/ISLIMU IIPOUCXOIUT B CTO-
pOHY “cHenuaJnCTOB” 3a CYET eIMHCTBEHHOTO “Ha-
nexHoro” ¢gpenoruna. bannyun [4], Cumncon [44], a
TakKe YOIIWHITOH [22] mpenrojaraiy, 4to hbeHOTH-
nuJecKasl IIaCTUYHOCTh MOXET OBITH BBITOAHA IIpU
MOSIBJICHUM HOBBIX YCIOBUIA.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

Hao6mromenust YooanmHTTOHA, YTO MCKYCCTBEHHBIN
0TOOP CITOCOOEH IMMPUBOAUTH K TEHETUUECKOM aCCUMU -
JISIOMKA  pedKuX (eHOTUIIOB, IIO3BOJISIIOT OXWUIATh
cxogHoro 3¢ @deKTa OT IeCTBUS €CTECTBEHHOIO OT0O-
pa. HaGnroneHust B mpupoae M 3KCIIEpUMEHTHI, KOTIa
CTpecCUpYIOLINe BO3IeCTBUS Ha MOITYJISILIAN IIPUBO-
IWIA K TeHETUIECKOM aCCUMIUISIINY, IIOATBEPKIAIOT
Takue oxxuaaHus. OIHaKO OliIeHKa 3HAYMMOCTHU TaKUX
MEXaHU3MOB B 3BOJIIOLIMM TpeOyeT NaJbHEHIINX HC-
CJIEIOBAaHUI.

5. KAHAJIMSUPOBAHHOCTDb
B UICKYCCTBEHHOM OTBLOPE
MAKPOMOJIEKVIJI

COOTHOIIIEHUST MEXAY TeHOTUIIOM U (heHOTUIIOM,
KOTOpBIE JIEXXaT B OCHOBE MHOT'MX pa30MpaeMBbIX B 3TOM
cTaTbe aCIEKTOB Pa3BUTHS KOHLENLMI YOI IMHITOHA,
MOTYT OBITh OTCJIEXKEHBI 1 IJISI COOTHOIIIEHUM CTPYKTY-
po1 1 dyukuuiit PHK n monmnnentumos.

5.1. “D@enomunuveckas’” naacmuuHocmo
u ycmouuusocmo kK mymavusm gopmot monexys PHK

IlepBbIM, KTO 0O0OpaTWJl BHMUMaHUE HAa MPUMEHU-
MOCTb KOHLIETTIUY KaHATU3UPOBAHHOCTU K 3BOJTIOLUU
PHK, 6611 Yontep @onTeitH [19]. U3BecTHO, UTO TIep-
BUYHAas cTpyKTypa Mojekyiasl PHK (mocinenoBarenb-
HOCTb OCHOBaHMIi) omnpenenseT B KOHEYHOM UTOre
BapuaHTHI ee TeoMeTpuu (KOHPOPMEPHI), T.€. BTOPUY-
HYI0O U TPETUYHYIO CTPYKTypbl. UMEeHHO IpocTpaH-
CTBEHHasl CTPYKTypa MOJIeKyJibl (ee hopMa U pacmoso-
JKeHUE aKTUBHBIX LIEHTPOB) OTBETCTBEHHA 32 ee (PyHK-
1 (cMm., Hamp., [45]). CooTBeTCTBEHHO, KaK yKa3all
DoHTEiH, ¢ SBOIOIIMOHHBIX ITO3UIIUN MOXHO MHTEP-
MPETUPOBATh IOCIEA0BATEILHOCTh OCHOBAaHMIA Kak
“reHOTUN”, KOTOPBII IIOABEpracTCs MyTalUsIM, a
¢dopMy MOJIeKYIIBI (OCHOBA ee (YHKIUIT) KakK ee (PeHO-
TUII, IOABEPXKEHHBIM BO3MYIIEHUSIM cpenbl. Kiroue-
BbIM JIJISI paccyxxneHuit @oHTeiiHa ObLIO TO HabI0Ie-
HME, YTO OTHIOAb He Bcskasi myTauusl gaHHout PHK
MPUBOAUT K U3BMEHEHUIO ee KOH(hOpMaIluu — BapuaH-
TOB KOH(POPMEPOB MOKET ObITh MEHBIIIE, YEM BO3MOXK-
HBIX TTOC/IeOoBaTeIbHOCTENM JaHHOM JIMHBI. OH ToKa-
3aJ1 YMCJIEHHBIMU 3KCIEPUMEHTAMMU, YTO TaK MOHUMAa-
eMoe cooTHolleHue “reHoturn—denorun” miss PHK
MO3BOJISIET UCCEA0BATh MOJIEKYJISIPHYIO 3BOJIOLMIO B
MOHATUSAX (PEHOTUTTMYECKOM TJIACTUYHOCTU, IIUCTA-
3a* M KaHAIM3MPOBAHHOCTH.

M3BecTHBIE B 3BOTIOLIMOHHON OMOJIOTMYW MOHSTUS
KaHaJIM3UPOBAHHOCTU K BO3MYIIEHUSM (DaKTOPOB
cpelbl U K TeHETUYECKMM BO3MYILIEHUSIM Ha YpPOBHE
PHK noHuMmaloTcs Tak: cpenoBasi KaHaJM3WPOBaH-
HOCTb — 3TO YCTOMYMBOCTb ()OPMBbI MOJIEKYJIBI K LIIyMY
¢dakTopoB cpenbl, a reHeTUYeckasi KaHaJu3WpOBaH-

4 DrucTds — TUIN B3aMMOIEHCTBHS TeHOB, MPU KOTOPOM aJlJIeIn
OJIHOTO reHa MOAABJISIIOT MPOSIBJICHUE ajllesieit IPYTUX reHOB.
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HOCTh — 3TO YCTOMYMUBOCTh (POPMBI MOJIEKYJIBI K MyTa-
LIMSIM TeHOTHIIA.

KimroueBoe 00001I€HME CBOUX MCCIEIOBaHUIA
DoHT3ITH chopMyTUPOBAJT KaK MPeACTaBICHUE O T1Ia-
CTOT€HHOII KOHIpY HTHOCTH (plastogenetic congru-
ence) [19]. DTo moHsTHE OTpaXkaeT KOppeJupoBaH-
HOCTb, COIPSIKEHHOCTh HU3KON (EHOTUIUYECKOI
IUIACTUYHOCTU 1 HU3KO rTeHeTHYeCKOM BaprabdeIbHO-
CcTU (HEYYBCTBUTEJILHOCTU K MyTalvsaMm). [ MoJieKy-
a6l PHK KaHanmu3upoBaHHOCTH K (haKTopaM Cpeabl —
9TO peyKINs IVIACTUIHOCTU IIOCPEICTBOM IIPpHOOpe-
TeHUS OOJIbIIEH YCTOMYMBOCTH, IIPUBOASIIAS K SINH-
CTBEHHOCTU (OPMbI MOJIEKYJIbl (UTO COOTBETCTBYET
r1yOOKOMY MUHUMYMY CBOOOIHOM sHepruun). Cpemo-
Basi KAHAJIM3MPOBAHHOCTH BJIEYET 3a COOOM reHeTu4e-
CKYI0 KaHAJIM3UPOBAaHHOCTh B BUJIE COKpallleHUs (de-
HOTUIIMYECKON HOBU3HBI, BO3MOXHOI ITOCPEICTBOM
MyTaLUi.

Ilpy ninacToreHHONW KOHTPYIHTHOCTU TE€HETHUYE-
cKasl KaHaJIM3MPOBAaHHOCTb 0OecIieurnBaeT OTOOp B Ha-
paBJeHUU OOIbIICH KaHAIU3UPOBAHHOCTHU K (paKTo-
pam cpelnbl Kak MoboYHbIi mpoaykT. CxogHast runoTe-
3a OblIa BbeIIBUHYTA ['toHTepoM BarHepoM u coaBT.
[38] Ha ocHOBaHMM aHajiM3a MOAEJECH ITOITYJISIIOH-
HOIT TeHeTUKHW. A UMEHHO: JaBJIeHNe OoTOOpa, IIPUBO-
Jsiiiee K peayKIuu IJIacTUYHOCTU, MOXET ObITh 00Yy-
CJIOBJICHO CHIDKeHMeM BbDKHMBaeMocTH (fitness cost)
OpPTaHM3MOB C OoJibIIeit (PeHOTUITMYECCKOM IIACTAY-
HOCTBIO.

5.2. IInacmuunocms u pobacmuocms 045 pubo3UMO8

B nocinennue romel 1abopatopust AHapea Barnepa
[20, 46] BeITTOTHMIIA CepUi0 pabOT IO SKCIIEpUMEH-
TaJIbHOMY aHAJIU3y S3BOJIOLMHA pUbo3uMoB’. Obmas
METOMOJIOTUSI 3TUX SKCIEPUMEHTOB TaKOBa: ITOMYJIsI-
LU MOJIEKYJl puOO3MMOB MOABEPTarOTCsl HAIlpaBJIeH-
HOM 3BOJIIOLMU (MYTUPOBAHUIO C ITOCIIEIYIOIIVM HC-
KYCCTBEHHBIM OTOOpPOM), MpPU 3TOM OTCJIEXKUBAIOTCS
pa3HOOOpa3ue KOHKPETHBIX MOocea0oBaTeIbHOCTE! B
MOITYJISINUM, YPOBEHb, a TakKxke crnelmduka ux dep-
MEHTAaTUBHOI aKTUBHOCTMU.

J17151 CBOMX 3KCIIEpUMEHTOB aBTOPHI BBIOPAIN XOPO-
1110 U3YYEHHBII puO0O3UM U3 OaKTepUaTbHOI MOJIEKY-
JBI-IpeaiiecTBeHHUKa TpaHcropTHoii PHK mis nzo-
JernrHa. DTOT pUOO3MM KaTaJM3WpyeT CIUIAMCHUHT
WHTPOHOB rpymiIibl 1. OH O4eHb YCTOMYUB U COXpaHSIeT
aKTUBHOCTH B IIIMPOKOM IHMAIla30HE IapaMeTPOB Cpe-
IBI. ABTOPHI paCCUYNTHIBAIN, UYTO TaKOI prOO3NM CITO-
co0OeH HaKaIJIuBaTh MyTalluM 6€3 ITOTepUu KaTaTuThYe-
CKOIl aKTMBHOCTU (T.e. B paMKax IpeICTaBJICHUII O
CI'B — cM. BoIIIIE).

Jng wpakomimenuss CI'B monynsiumsts pnGo3nMMOB
MoJBeprajiach MyTareHe3y, rmocjie KOTOporo Ipomn3Bo-
IUJICS OTOOP MOJIEKYJI, COXPAHUBIINX UCXOOHYIO aK-
TUBHOCTb. XOTSI HAKOIUIEHHbIE MyTallUM OCUCTBU-

5 Pu6o3um — 310 mosekyina PHK, obnanalomasi KaTaauTU4eCKUM
JNICUCTBUEM.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

TeJIbHO OCTAJIMCh CKPBITHIMU U HE CKa3bIBAIMCh HA Ka-
TAIUTUYECKON aKTMBHOCTM, aBTOPbI MPEATOJIOXKUIIN,
yto CI'B B 3TOM ciiyyae MOTJIU Obl BJIMSTb HA CKOPOCTU
MCKYCCTBEHHOTO O0TOOpa. Jlasmee oTOop ITpON3BOINIICS
Ha KaTaIUTUYECKYIO aKTUBHOCTbh C XUMHWYECKU MOJIU-
¢duLMpoOBaHHBIM CyOCcTpaTOM 3TOro pubdosuma [20].

DBOJIIOLIIMOHHBIE 3KCIIEPUMEHTHI “B IpoOUpKe”
MOKa3aJIv, YTO Y MOITYJISILil puOO3MMOB C IIpeaBapy-
TeapHO HakoruieHHBIMU CI'B Mmogndukannm KaTaam-
TUYECKOM aKTUBHOCTHU ObLIM 0oJiee BEpOSITHBI, HEXKE -
mm y nonyisiiuu 6e3 CI'B, T.e., yCJI0BHO roBopsi, OHUI
MOTJIH OBbICTpee “HAXOINTh” peIlleHNE IBOJIOIIMOHHOMN
3agauyu. bojiee TOoro, 3KCrepUMEHTHI MOKa3zajiu, 4TO
BapMaHThI IIOCJIEIOBATEIbHOCTEM, IIPUTOIHBIX I U3-
MEHEHMsI KaTaJUTUYECKOM aKTUBHOCTH, HMMEJIUCH B
OoustblIMX KoaudecTBax B mnomyisuusx ¢ CI'B. Takum
o0pazoM, posib CI'B B aganTanyy K HOBEIM YCJIOBUSIM
ObLIa ITOKa3aHa Ha YPOBHE MOJIEKYJISIPHOI 3BOIIOLIUMA
[20, 46].

IMocnenyrolye sKCOepuMEHThl TakKXKe I10Kas3aliu,
YTO C TTOMOIIIbIO HampasieHHoTro otbopa PHK mMoxxHO
JIOOUTBHCS MOBHIIICHUSI YYBCTBUTEIBHOCTU OTOMpae-
MBIX MOJIEKYJT KaK K MyTallMsIM, TaK U K BO3MYILIEHUSIM
¢dakTOpOB cpeabl (YTO OIPEAESIIOT KaK COCTOSTHUE Jie-
KaHaJM3upoBaHHOCTH) [20, 46].

6. UJEN YOOAMHITOHA
N MOAEJIMPOBAHHUE 5BOJIIOLINHA
I'EHHbBIX CETEN

B coBpeMeHHOIT cCTeMHOI OMOJIOTMN MaTeMaTH-
YyeCKHe MOJECJIM CO3Ial0TCS Ha OCHOBE SMITMPUYECKUX
IaHHBIX. Jlajiee pe3yIbTaThl MOAEIMPOBaHMS Bepudu-
LPYIOTCSI HOBBIMM HAOMIONEHUSIMU U 9KCIIEpUMEHTA -
MU, JAIOIIMMU HOBBIM 3aiell IS pa3sBUTUSL MoJesei
(cM. 0030psl [17, 47, 48]).

MoXHO cKa3aTh, YTO CTEP>KHEBBIMU IS TaHHOM
00JIaCTH SIBIISTIOTCSI UMEHHO Pa0bOThI 110 UCCIIETOBAHUIO
aBOMIOLNN SMOproHaNbHEIX ' PC 1 X MOIEKYISIPHBIX
KOMITOHEeHT. Takue paboThl OMOJIHSIOTCS UCCaea0Ba-
HUSIMM M3 CMEXHBIX o0JIacTeil (Halpumep, UCCIeno-
BaHMUS METAa0OJIMYECKHMX ceTeil U nX KoMrnoHeHT). He-
JIaBHUE pe3yJIbTaThl B JAHHOM OOJIACTH MO3BOJIWIN
MOABECTH KOJIMYECTBEHHYIO 0a3y IToHd KJIacCHMYeCKUe
koHuenuuu Konpana YonauHrroHa oo yCTOYMBOCTH
WHIVMBUIYAJILHOIO Pa3BUTUSI U ACCUMWISIIMY HEKOTO-
pBIX MyTallMOHHBIX M3MeHeHuli. boiiee Toro, mosBu-
JlJach BO3MOXKHOCTb pa3BUBaTh 3Ty KOHLIEIMIIWIO AaJlb-
1lIe B CBETE€ HOBBIX pe3yabTaToB [18].

6. 1. Kanaauzupoeannocmo 6 Mooeasx 36040uuu

ITonnmanme ¢GeHoMeHa KaHAJIM3WPOBAHHOCTH
pa3BUTHUS 3HAYUTEIILHO MPOABUHYIOCH BIIEpE] B ITO-
clieTHre Toabl OJlaromapsi pa3BUTHUIO BOJIIOLIMOHHOTO
MopaeaupoBaHus (063op [17, 18]). Psa pa3sauyHbIX BbI-
YUCJIMTEJBbHBIX MTOAXOA0B IMOABOIMII K HJiee O KaHa-
JIU3UPOBAHHOCTU, BHISBIISISI pa3]IMYHBIE AaCIICKTHI
MOJEIMPYEMBbIX DBOJIOIIMOHHBIX MEXaHU3MOB. Mo-
Ne 1
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JleJTMpOBaHUE TMPOIIECCOB, MPUBOAIIINX K (heHOMEHY
KaHaJIM3MPOBAHHOCTU U YCTOMYMBOCTU, — OJIHA U3 10~
MUWHUPYIOIIUX TEM B 00J1aCTU CUCTEMHOU OMOJIOTUH.

HccnenoBaHusIM KOHLIELMI YOIIMHITOHA B paM-
Kax 3TOTo HaIlpaBJIeHUs ObLIO MOCBSIIEHO HEMAJIO pa-
60T. COBpeMeHHBIE TEOPETUUYECKUE MCCIeIOBAaHUS B
3TOiT 00JIACTU PE30HHO HAYaTh paCCMaTPUBATh ¢ paboT
Annpea Baraepa, HaunmHasI ¢ ero MepBBIX MyOTMKAaIIIiA
[49]. B manbHeiieM moaxon ObLI1 pa3BuT BarHepom
1 COAaBT., a TAaKXXKe APYTMMU UCCIea0BaTeIsSIMHU (B 4acT-
HocTtu [12, 13, 20, 24, 29]).

KoHkpetusupys ugen YOOIOAUHITOHA U OJIU3KHUX K
HeMy aBTOpOB, Baraep ucmnosb3yeT TEpMUH “3IIUTEHE-
THYeckoi cradbmiabHOCcTH” [49]. OH TpaKTyeT ee Kak
BaXKHYIO COCTaBJISIIOLIYIO YOIIUHITOHOBCKOM KaHAJIM -
3UPOBAHHOCTU Pa3BUTUS HA MeTahOPUUECKOM DITUTE-
HeTudeckoM JlaHawmadTe. Ilog Hell oH MOHUMAET Ta-
KyI0 OpraHM3aluio 3MUIeHETUYSCKNX B3aMMOOTHO-
MeHNA B MHAMBUAYAJIbHOM pa3BUTUHU (a2 MMEHHO,
ocobenHocteit opranusanuu I'PC), kortopas crmo-
coOHa criaaxuBaTh MJIU KOMIIEHCUPOBATh T€HHBIE
MmyTauuu. OpgHaKO, MOCKOJbKY 3IUTIeHETUYeCKast
CTaOMJILHOCTB, 3aBUCsIast oT ocooeHHocreii I'PC, ca-
Ma TIpeIoIIpeNeIsacTCs TEHETUIECKM, TO €CTECTBEHHO
OXUIATh, YTO U OHA MOABEpKeHa aeiicTBuIO oTOopa. B
KOMIBIOTEPHBIX 3KcnepuMmeHTax Barnep [49] moka-
3aJ1, YTO JUTUTSJILHBIN CTAOMIN3UPYIOIINI OTOOP TIpU-
BOJUT K CHVDKEHUIO JOJIM MyTallMii, BEI3BIBAIOIIUX CE-
pbe3HBIC HAPYIICHUS ITAaTTEPHOB T€HHOM 3KCIIPECCUM.
XoTs IIpu MOACIMPOBAaHUU IIPUXOIUTCS abCTparupo-
BaThCs OT psiia AeTajeil, BRIBOI O TOM, YTO CTAOMIN3U-
pyomuii oTO0p MPUBOIUT K SMUTCHETUYECKON CTa-
OMJIBHOCTHU, BBHITJISIAUT BEChbMa MPaBIONOA00OHBIM.

MHorue aBTOpBI B 3TOI 00JIaCTM paccMaTpUBaIOT
CTAOMJIM3UPYIOLIU OTOOP KaK OJHY U3 CAMbIX 3HAUU -
MBIX 3BOJIOLIMOHHBIX cui (Hampumep, [24, 38, 50]).
Ero Bxitam B mpoiecc KaHaIM3MPOBaHUS (IIPUBOISI-
Myt K PEHOTUIIMYECKON YCTOMUYMBOCTHU) OBLI ITOKa-
3aH MMpU MOJESJIMPOBAHUM Ha pa3HbIX YPOBHSIX (0co0MU,
nonysiuuu). Tak, T'aBpuien u XactuHre [50] mMone-
JIMPOBaJIM CUTYallMIO, KOIJa TeHOTUIbl MPOU3BOIST
(EeHOTUIIBI C pa3IrUYaloNIeiicss YyBCTBUTEIBHOCTBIO K
BHYTPEHHHMM BO3MYIIEHUSIM IIPOLECCOB MHIANBUIY -
aJIbHOTO pa3BUTHUA (TaK Ha3bIBaeMblil “IIIyM pa3BHU-
TUS”), U oKa3ajiu, 4To TOoJ A CTBUEM CTaOUIN3HU--
pymwlero oréopa KaHaJlW3WPOBAaHHOCTh Pa3BUTUS
yculuBaercsi. MonaeaupoBaHrue Ha TMOIYJISIIUOHHO-
BUJIOBOM ypOBHe B pabote Bartnepa u coaBT. [38] mmoka-
3aJI0, YTO KaHAIU3MPOBAHHOCTh, pacCMaTpuBaeMas B
3TOM cJlydyae KaK HeUyBCTBUTEIbHOCTD 11O OTHOIIICHUIO
K BapbMpPOBaHUIO (PAaKTOPOB CPEbl, YBEIUUNBACTCS C
pOCTOM CUJIbl cTabuau3upymwllero oroopa. OmHako
HEUYYBCTBUTEJILHOCTh II0 OTHOIICHUIO K (pakTopam
“mryma” m3-3a MyTallMOHHOTO IIpoliecca YBEJIMIMBa-
€TCsI JIMIITb OTPaHUYEHHO.
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6.2. KaHa/lLl3Llp06aHHOCI’)’lb u ceHemuveckas
accumuniyusi 6 Mooensnx

B xome x1accu4eckoro s3KcnepuMeHTa Y OOInHITO-
Ha 1953 r. IMYUHKU MYXU-IPO30(UIbI TTOABEPrajucCh
TEIUIOBOMY IIIOKY, B TOM YHCJIe 0COOM, IIPEACTABIISIIO-
mue (peHOKOMMM MyTallud, IIpY KOTOPOI HET IOoIIe-
PEYHBIX XXWJIOK Ha KpbUIbsX. ITociie otOopa maHHOTrO
¢deHoTUITa B YCJIIOBUSIX IIIOKA Jajiee OH BOCIIPOM3BO-
IWJICS Y B OTCYTCTBUE Bo3MyIeHUs. [1penronaraaocs,
YTO MOSIBJACHUWE AaHHBIX (DEHOTUIIOB OIpPEIeIsIeTCs
BKJIaAOM MHOXeCTBa reHoB. OKa3ayoch, 4TO OTOOp B
YCIOBHMSIX TEIUIOBOTO IIIOKA YBEIMYMBAET YaCTOTY
ajyiesieit, onpenessIolnX OTCYyTCTBUE XUIOK, Mpe-
onoJieBasi 6apbep M 00ycIoBIMBas (PeHOTUTT O€3 KU~
JIOK TaKXXe 1 B OTCYTCTBHME IIOKa. B IOIIbITKE aib-
TepHAaTUBHOro oObsicHeHUs1 PenkoHep um MakKeii
MPEANOI0XKWUIN, YTO TEIJIOBOM IIOK ITOHMKAET IOPOT
9SKCIPECCUU 3TUX TeHOB (IoporoBasi Mojenb [41]), ko-
Topasl MpearnoJjaraeT, YTo €CJii OTOOp aCCUMUJIMPYIO-
mero ¢geHoTuna 0e3 XXUJIOK OyaeT ocaadJieH, TeHEeTH -
YeCKOIl aCCUMWJISILIAM He TIPOU30IIeT.

HxxoanHa Meiizen B 2004 1. [39] onybnukoBaia pe-
3YJIbTaThl KOMITBIOTEPHBIX 9KCITIEPUMEHTOB ¢ MOIU MU -
LIMpOBaHHOI Mojenblo BarHepa, BoINMOTHEHHBIE C 1ie-
JIBIO VICCIIEIOBAaTh BO3MOXKHBIC MEXaHU3MBI, TTOBJIHSIB-
mue Ha pe3yiabTaThl YomauHrroHa. Ee pabota
MPOAEMOHCTPpUpPOBaa, YTO 3((HEKT reHETUYECKOM ac-
cuMwIIIUy (B JaHHOM ciydae, KoTrma IprobOpeTrae-
MBIii TIpU3HAK TePsIeT 3aBUCUMOCTD OT “BKIIIOYAIOIIIE-
ro” neificTBUS Cpeabl U CTAHOBUTCS HACIEIYEMbIM ) MO-
KEeT TIpOSIBIIAAThCST WM 0e3 meicTBUsA oTbopa 1o
paccMarpuBaeMoMy TNpu3HaKy. Takoil pe3ysabTrar co-
OTBETCTBYET KOHLENUUU YONIUHITOHA, HO HE COOT-
BETCTBYeT 00bsicHeHUusIM ManikoHepa u MakKes [41].

AcrmHo3a-CoTo U coaBT. [13], ncnoab3ys Kiaccu-
YyecKyro Moneiab Baraepa, mokazanu, 94To (peHOTHIIN-
yeckasl TUIACTUYHOCTh Ha YPOBHE 3MOPHUOHAJIBHBIX
I'PC cnocoGHa 0OyCIOBIMBATH IIOSIBJIEHME HOBBIX
MaTTEPHOB T€HHOI AaKTMBHOCTU, HAIOIIMX CEJIEKTUB-
HbIe TTpeuMylecTBa. [ €eHOTUMBI B TAHHOU BEPCUU MO-
el pacCMAaTPUBAIOTCS KaK ITOPOXKIAIOIINE TIPOCThIE
sMmoproHanbHble ' PC. OCHOBHOIT BBIBOH, aBTOPOB —
T€HOTUIIbI, CITOCOOHBIE C HEKOTOPOIl BEPOSITHOCTHIO
oOycioBiIuBaTh Oojiee OJIaroNpUsSTHBEIE B TaHHBIX
YCI0BUSX (DeHOTUITBI, TPU HAKOTJICHUY MyTaLIMii OKa-
3bIBAIOTCSI CITOCOOHBIMU OBICTpEe MOPOXKIATh HOBBIC
TEHOTHIIBI, IJIsI KOTOPBIX Oojiee GIaronpusITHLINA (de-
HOTWUI CTAHOBUTCS TEHETUYECKH OOYCIOBICHHBIM
[13].

Hanee OcnmHo3a-CoTo 1 COaBT. U3ydyald B3aUMO-
OTHOIIEHUSI MEXIY YCTOMUMBOCTbHIO (peHOTHMA MO OT-
HOIIIEHUIO K MyTallUIM M MOTEHIIMAJIbHOU COCOOHO-
CThIO TIOMYJISILIMU TTPOU3BOANUTL HOBBIN (peHOTUITHYE-
ckuit BapmaHT [13]. OHM moKa3anu, 4TO WHIWBUIBI,
XapaKTepU3YIOIINeECs YCTOMUMBOCTbIO (heHOTUIIA B OT-
BET Ha HEereHeTUYeCcKHe BO3MYIeHUs, 3pdeKkTuBHEe
obecrneuynBaloT (EHOTUITMUYECKYIO BapruabelbHOCTD
MTOTOMKOB, TOTIIa KaK MyTalli1 Takoro 3¢ dexra He 1a-
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12 CITIUPOB u np.

IOT. ABTODBI I€/1aI0T BbIBO/I, YTO HET€HETUYECKIUE BO3-
MYILIEHHMSI CIIOCOOHBI Yallle MHUIMUPOBAaTh MHHOBA-
U1 B ClIydyae MYTallMOHHOM YCTOMYMBOCTU 3MOpPUO-
HaiapHBIX [PC.

6.3. Ckpvimas eenemuueckas 8apuadesbHOCMb
6 Modensx

WMBacaku u coaBT. [14] MeTOIOM YKMCIEHHBIX 3BO-
JIIOLMOHHBIX 3KCIIEPUMMEHTOB HA MOMYJISIIUSIX MOJIE-
neit 'PC anamm3upoBanm, Kak MyTalui U (GaKTOpPHI
cpensbl BusioT Ha yposeHb CI'B. Paznbie 'PC B Mmope-
JIM pacCMaTPUBAJIMCh KaK OTIAEIbHEIE 0COOU, IIpUIeM
nonynguuu ['PC sBosronimoHnpoBaay npu pa3iand-
HBIX YCIOBUSIX CTaOMIIM3UpYIolero oroopa. B ranHHoM
cllyyae MNpUCHOCOOJIEHHOCTh OCOOM KOJIMYECTBEHHO
oleHMBazach 1o 6auzoctu noseaeHus I'PC k atanoH-
HOMY, TIPY HU3KOU MPUCTIOCOOIEHHOCTH IIaHCHI DJTU -
MMHAIIMU OCOOM ObULIM Bbille. I1o OKOHYaHUM TecTa
OLIEHMBAJach MX TeHeTuYeckKas 1 (eHoTUunmmdecKas
BapuabeIbHOCTb.

AsTopsl mokasanu, ytro CI'B crmocobna Hakamam-
BaThCsl U TIPUBOJIUTD K (PEHOTUITNYECKOMY pa3HOOOpa-
3110 B ITOMYJISILIMSIX, BHOCSI CBOI BKJIA]I B X 9BOIIOLINIO
[14]. DTOT pe3ynbTaT COOTBETCTBYET IMUPOKO OOCYXK-
naeMbIM ruriore3am o poau CI'B B nosiBIeHUM HOBBIX
MpU3HAKOB [29—32].

6.4. Ilhnacmuunocms u accumMutayus 6 Mooensx

O‘ICBI/I}IHO, 4YTO MacCIITaAOHbIE MHTPOAYKIIMU, pPCUH-
TPOAYKLIMU H MacIlITaOHbIE TI0JIEBBIE HCCJIECIOBaHUS
O4YE€Hb PECYPCOCMKMU. HOSTOMY NCITOJIb30BAHUE KOM-
IIBIOTCPHbIX MOJIEJIEU U3MEHUYUBOCTHU HOHYJ'ISILH/Iﬁ I10-
MOTaCT BBIABJIATD KIIIOUEBbIC MOMEHTBI ITPOLIECCOB 13-
MCHYMBOCTH, 4TOOBI 3aTEM IOpUIEJIbHO UX MCCIICOO0-
BaThb B ITOJICBBIX YCIIOBUAX.

YuciieHHbIE 3BOJIIOLIMOHHBIE 3KCIEPUMEHTHI
Jlennme [15, 43] uMenu LeabI0 OLEHUTh CBSI3b MEXIY
IUHAMUKON (PEHOTUNHUIECCKON IUIACTUIHOCTU U
reHeTuyeckou accumuisnuein. PaccmaTpuBanach
BO3pacTamplnasl IUIaCTUYHOCTb, KOIZJa BO3MOXKHBI
9BOJIIOLIMOHHBIE TIPe00Pa30BaHUsI B YCIOBUSIX BO3MY-
IIeHUI TapaMeTpoB cpedbl. [lanee miracTHYHOCTh CHU -
Xajach 11 (puKcaluy U IoaaepXKaHUsI HOBOTO ONTH-
myma. B akcriepuMeHTe y IIepBOTo IMTOKOJIEHUS B HOBOM
cpele MpUCHOCOOJIEHHOCTh Pe3KO Majgajia, a TUIUY-
HBII (peHOTU UMeEJT TEHASHIINIO OBICTPO U3MEHSTHCS,
4TOOBI JIy4Ille COOTBETCTBOBAaTh HOBOMY ONTHUMYMY.
IMocnenytomast agantauus MONYJISIHUUA TPOUCXOAMIIA
B nBe (a3pl. Pa3za OBICTPOI PBOJIIOLUU ITOCPEACTBOM
BBIpOCIIeil (PEHOTUITMUECKON TUIACTUYHOCTHU II03BO-
Jisu1a eHOTUITY OBICTPO MPUOIU3UTHCS K HOBOMY OIT-
TUMyMy. Bo BTopoii ha3e HOBBII (DeHOTHUII ITOABEPTall-
cs1 6osiee MeIJIEHHOMY IIPOLIECCY TeHeTUUECKOM accu-
MWISILIUU, C YMEHBIIIEHUEM TUTIAaCTUYHOCTH. I1pu 3TOM
MIPOUCXOAWJI OTOOP MHOAXOMSINMX T'€HHBIX MYyTallWid,
(dhopMUpPYIOIIMX TPAaHUIIBLI HOBOTO “KaHana”.
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JIsHIme maeT cBOe ompelesieHre TeHEeTUUEeCKOM ac-
CUMMWJIAINN — OBTO YMCHBIICHUEC (I)CHOTMHMQCCKOﬁ
IUIACTUYHOCTU M 3aMeIleHUe 3TOI INIAaCTUYHOCTHU OT-
GOpPOM reHEeTUUECKUX MyTalliii B UBMEHSIOIIEecs cpe-
ne. ITpu aToM mogxoasiunii peHOTUII, TIepBOHAYAJILHO
MPEOOCTAaBJICHHBIM IJIACTUYHOCTBIO, 3aKpeIlIsIeTCs
OTGOPOM UISI CYIIECTBOBAHUS B YCJIOBUSIX U3MEHUB-
mIeiicst cpenbl. DTO MepBOHAYaIbHOE PE3KOe yBeInYe-
HUE IIJIACTUYHOCTU B MOJIE/IM U €€ CHUKEHHE BO BTO-
poit (haze SBOJIOLIMOHHBIX U3MEHEHU BechMa MIPUH-
HUnuanbHbl. [103TOMY BO3HUKAET BOIIPOC O TIPOBEPKE
TaKUX BBIBOJOB B pPeaJIbHBIX DKCIIEPUMEHTAX C pealb-
HBIMU NOMYJISAIUAMU. IMerolmnecs 3KCnepuMeHTaIb-
HbIe TaHHBIC (KaK 3TO IT0o3aHee oTMevan 1 cam JIsHae)
JIEMOHCTPUPYIOT 00Jiee CIOXHYIO KapTHUHY (CM. 0030p
[43 u ccpuikm TaMm]).

B kxakoii cTeneHn 3BOJIIOLMOHHAS UCTOPUS (heHO-
TUIWYECKON MJIaCTUYHOCTU MOXET BIMUSTH Ha CKO-
POCTB aganTaluy K HOBBIM YCIIOBUSIM cpelibl? SBiseT-
Csl JIM TaKasl IUIACTUYHOCTDH YCIOBUEM IUISI T€HETHUYE-
CKOM aCCUMWISILIMM, WU K€ W3MEHECHUS YCJIOBUIA
cpenbl BBI3BIBAIOT €€, YBEJIMYUBAsI BEPOSITHOCTh TeHE-
Tnyeckux nsMmeHennii? 2Koanna @epcr [16], ucnonb-
3ysl MoJieJib BarHepa, rmorbitTajgach OTBETUTh HA 3TU BO-
npockl. OHa, IIOCTOSIHHO BapbUPYsl IapaMeTPHI CPEbI,
CpaBHMBAJIA ITOITYJISLIMIO, IIPOXOISINYI0 0TOOp Ha (e-
HOTMUITMYECKYIO IUIACTUYHOCTD, C IOIyJsleil B KOH-
CTaHTHBIX YCIOBUSX. BbIIO MOKa3aHO, YTO 3BOJIIOLM -
OHHAasl MIpeapICTOpHs (PEeHOTUNMNIECKOM IUIACTUIHO-
CTU MOXET COKpalllaTb BpeMs MPOSIBIIEHUS TeX WU
WHBIX (DEHOTUIIOB B Pe3yJIbTaTe HOBBIX MyTallUii U pe-
KoMOuHanuii. MHaye roBops, IOITyJIsIus, OTOMpaB-
masicsl Ha GeHOTUITMYECKYIO TIIAaCTUIHOCTD, OBICTpEe
amanTUpyeTCs B HOBOII cpele, U yeM OoJjiee XKEeCTKUM
OBUI TakKoil OTOOp, TeM OBICTpee HIET adamTallusl.
BepostHo, peHOTHMIIMUECKAS TIIACTUYHOCTH MTIPaAET
pPOJIb KPaTKOCPOUYHOM aJbTepPHATUBBI U MOXET 00JIer-
YaTh alalTalliio 1 SBOJIOLNIO TeHOTUIIa B HaJIbHEM -
meM. Kak ormegaer @épcr [16], mpoliecc agantanuu
MOIYJSLIMU K HOBOI cpelle MpeanojaraeT B KOHeu-
HOM MTOT€ MPOIECCHl TeHETUYECKOM aCCUMWMJIISIIINU
1o YOOOUHTTOHY.

TakuMm 06pa3oM, COrJIacCHO COBpEMEHHBIM CHUCTEM-
HBIM MCCJICIOBAHUSIM, KOTAa pe3yJIbTaThl KOMITbIOTEP-
HOTO MOACIUPOBAHUSI BEPUPUILINPYIOTCS MOCIECAYIO-
IIUMU DKCHEePUMEHTAMH, TeHETUUEeCKash aCCUMMUJISI-
LUs JOJKHA CYILISCTBEHHO 3aBUCETh OT TaKMUX
dakTopoB, Kak (eHOTUIIMYeCcKass IUIACTUYHOCTD,
CI'B, a Takke KaHaJIM3UPOBAHHOCTH IT0 Y OJIMHTTOHY.

7. PACIHUMPUTEJIbHBIE TOJIKOBAHUWA
NIEN YOOOWUHITOHA

Bo3spacraroiiuii uHTepec K KOHLEHLUSAM YOI IUHT -
TOHA B MOCJEIHUE NECATWICTUS HAllleJl CBOE BbIpaKe-
HME U B IIOIIBITKAX PACIIMPUTEIbHBIX TOJKOBAHUUN 1
00O00OLIEHU uaell KaHalIu3alUud U aCCUMIISILIUU.
31ech YMECTHO YIIOMSIHYTH padoThl EBbl S10160HKM (B
coaBTOpCTBE ¢ MapuroH JIaM0), Iae KOHIISIIIMs acCH-
Ne 1

TOM 57 2021



KOHIEIMUIWU KAHAJIMU3UPOBAHHOCTU U TEHETUYECKOM ACCUMUJIALIUU 13

MWJISLIMYA PACIPOCTPAHSIETCS HA MEXaHU3MBbI SITUTCHE -
TUYECKOTO HACJIEIOBAHUSI B BOJIIOLIMU, B YACTHOCTH,
Ha Tepefadyy “HereHeTWYeCKOM HaCJIeACTBEHHOCTH”
Ha ypOBHE IIOBEJACHUSI B 3BOJIOLUMN KWUBOTHBIX (13-
BecTHasg MoHorpadusa [51]). Tpyabl S6noHKM TIpu-
BJIEKJIM BHUMAaHME 3BOJIIOLIMOHUCTOB, XOTSI U OLIEHU-
BaroTcsd HeomHo3HauyHo [52]. Cama f06moHKa Bcerma
yIesijla BHUMaHUe KOHLEMUUSIM YOMIUHITOHA (CM.,
Hamnpumep, HeAaBHIOIO cTaThio [53]).

B 3T0i1 CBSI3M MHTEPECHO OTMETUTH, YTO MMEHHO
YonnuHITOH npeanoxXuil B 1942 r. TepMUHBI SITUTEHO-
TUII U STIUTeHETUKa, KOTOPHbIe OH UCTIOIb30BaJl B Kave-
CTBE KOHIENTyaJIbHOII MOJIEIM B3aMMOOCHCTBUS Te-
HOB CO CBOMM OKpYXEHHUEM Npu (OPMUPOBAHUU (De-
HoTuma [54]. B Hacrosiiiee BpeMsl SMHUIEHETHKA
MIpUBJIEKAeT Bce OOJIbIlIee BHUMAaHME, YMCIIO0 ITyOIMKa-
LU 10 3TOI TEeMaTUKE pacTeT CTPEMUTEIBHO (CM., Ha-
npuMep, HemaBHUE 0030pkI [55, 56]). OTMeTnM 31€Ch
Ke, YTO uiesl SMUTCHETUKHU B ITOCJIeIHEeEe BpeMsl aKTUB-
HO pa3BUBAeTCS B 00JIACTM MEIUIIMHCKOI OMOJIOrUM
(HampuMep, [57] 1 CCHIIKM TaM).

Eme ogHuM U3 HalpaBjieHUM, TIe UCIIOJb3YIOTCS
uneu YOIAWHITOHA, SIBISIETCS UCCIedOBaHUE TOMEO-
pe3a’ u yCTOMYMBOCTA FOMEOCTa3a B ITPOLIECCE OHTOTE-
He3a (cM., Harmpumep, [58]). deTanbHOe pacCMOTpPEHUE
3TON OOIIMPHON 00JaCTU OMOJIOTUN PA3BUTUS BBIXO-
JIUT 32 paMKU Halllero od3opa.

8. UAEN YOOAAWUHITOHA
3A ITPEAEJIAMU BHUOJIOTUN

Kak yxe roBopuJioch BhIllle, YOOOAUHITOH, Pa3BU-
Basi UJIEI0 KaHAJM3MPOBAHHOCTH, BBEJ ITOHITUE DITN-
TeHeTMYeCKOTO JaHamadTa, MetadopmIecKr oToopa-
JKAIOIIEro KaHAIU3UPOBAaHHOE Pa3BUTUE OPraHU3Ma U
BJIMSHME Ha pa3BUTHE BHYTPEHHUX U BHEIITHUX BO3MY-
meHuit — cMm. puc. 1 [2, 25—28, 59]. 'mnsbept oneHMI
€€ KaK OJIHO U3 CPEICTB MHTErpallui FeHETUKU, dM-
OGPUOJIOTUY U TeopUuu 3Bomonuu [26]. Busyanusanust
SIIMTeHEeTUYEeCKOro JaHamacdgTa, KaKk CIoco0 MILUIIO-
CTpallMd HE TOJIbKO Ka4YeCTBEHHBIX, HO M KOJHUYEe-
CTBEHHBIX ITaHHBIX, MCIIOJIL3YeTCS U B COBPEMEHHBIX
pabotax (Hampumep, [28]).

Ha coszmanme m pa3Butue YOOOIWMHITOHOM WAEH
SIUTeHETUYECKOTO JaHaIadTa Kak MOAeI UHIAUBU-
IyaJIbHOTO pa3BUTUSI MOBIMSJIA TEOpPUST AUHAMUYE-
CKHX CHCTE€M, MCTOKM KOTOPOM CBSI3aHBI C MMEHEM
A. Tlyankape. IToaToMy MOXHO CKa3aTh, YTO SIIMTCHE-
TUYECKMI JJaHmmadT — MeTapopa IMHAMUYECKOM CH-
cteMbl (cM. [27]). DTo BIMssHUE OCOOEHHO 3aMETHO B
MO3THUX NyonuKauusax YoaanuHrroHa. Tak, K Havyaly
70-X TOIOB MPOILIOro CTOJETUSI YOMIMHITOH MUCAJI,
4TO (heHOTHUII MOXKHO IIPEACTABUTH B BUIE BETBSIIEICS

or OMeOope3 — CYIIIECTBOBAHME OIpPEAeIEHHBIX OHTOTEHETHUECKUX
MyTei, MPUBOASIINX K BOSHUKHOBEHUIO CTAaHAAPTHBIX (PeHOTH -
OB HE3aBHUCHMO OT BHEIIHEH cpelbl U FeHETUYSCKUX BO3meii-
ctBuit (cMm. https://dic.academic.ru/dic.nsf/genetics/1768/).
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CHUCTEMBI TPaeKTOPUIA, paCIIpOCTPAHSIOIINXCS B (Da3o-
BOM IIPOCTPAHCTBE BAOJIbL BpeMEHHOI ocu [25].

Barmsagpr  YogmuHrTOHa OJM3KM COBPEMEHHBIM
MPEACTaBICHUSIM O Pa3BUTUM HEJIWMHEWHBIX TUHAMM-
yeckux cucteM [59]. [IpuMeHeHre KOHLIENLAI HeIn-
HEeMHOM OWHAMUKU IJIsI IIOHMMaHUs (DYHKIIMOHUPO-
BaHMSI T€HHBIX CETeil 1aeT BO3MOXHOCTb YCTAHOBUTD
cootBeTcTBUE Mexkay ' PC 1 anmureHeTUYECKUM JIaHI -
madToM YommumHrroHa. IlocmegHuii MOXHO IIpen-
CTaBUTh KaK TpocTpaHcTBO ais peanmsanuu ['PC,
YTO OOBSICHSIET MHOXKECTBEHHOCTb U TeTEPOTeHHOCTh
KJIETOUHBIX (PEHOTUIIOB, OIIpEeIeIsIeMbIX OMHUM Te-
HOTUIIOM.

KoHuermus snureHeTMYeCKOro JaHamadra cIio-
cobcTBOBasa pa3paboTKe (PpaHIly3CKIM MaTeMaTUKOM
Pene TomoM Teopuu katactpod [21, 60]. Kak ormeyan
cam Towm [60], pa3paboTKe ero TeOpUU COCOOCTBOBA-
JIO YT€HNE PYKOBOJACTB 110 SMOPUOJIOTUH, B YACTHOCTH,
KHUT YOAIWHITOHA, IMPEeICTaBIeHUsI KOTOPOro O TakK
Ha3bIBAEMBIX “Kpeonax’” U “3MUTeHETUYECKOM JIAaHI-
madTe” XOpOoIo YKITaAbIBAIOTCS B a0CTPaKTHYIO KOH-
CTPYKIIMIO €T0 TEOpUU. DTO, O€3yCIOBHO, BIIEYATIISIIO-
W cTydaii BIUSTHUS OMOJTOTUYECKUX UAEH Ha pa3pa-
OOTKY Takoii OOIleil MareMaTHU4YECKOM TeOopHMHU, Kak
Teopus KatacTpod.

OTMETHM TakKXe, YTO Pa3BUTHE KOMIIBIOTEPHOIO
MOJIEJIMPOBAHUSI B CBSI3U C pa3paboTKaMU KOHLICITIMIA
YoaauHITOHa MPUBOIUT K pe3yiabTaTaM, MHTEPECHBIM
He TOJIBKO 610JI0raM, HO U TIEPCIIEKTUBHBLIM B 00JTaCTU
3BOJIIOLIMOHHON pOOOTOTEXHUKH [61].

Takum o6pa3oM, 3a IPOoILIEeAIIe IOYTH BOCEMb Je-
cartnnetnit KoHuenuun KoHpana YommuHrroHna pas-
BUBAJIUCh KaK BFJ'ly6b, TakK U BIINPb, OKa3bIBas BJIUA-
HUE HE TOJIbKO Ha pa3sBUTUE SBOJIOLIMOHHOI OMOI0-
FMM, HO M Ha KUOEPHETUKY, HEKOTOpbIC paslelibl
KOMITBIOTEPHBIX HAYK U MaTEMaTUKU.

BJIIATOOJAPHOCTHU

Pa6oTa mo noapasaenam 4 u 5 npoBoauIach B paMKax
rocymapctBeHHoro 3agaHuss MAHO Poccuum (mpoekr
Ne 01201351572). UccnenoBaHue 1o OCTAILHBIM pa3aeiiam
BBIMOJIHEHO 3a cyeT rpaHTa Poccuiickoro HaydHoro oHma
(rmpoekT Ne 17-18-01536).
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CONCEPTS OF CANALIZATION AND GENETIC ASSIMILATION
IN DEVELOPMENTAL BIOLOGY:
CURRENT APPROACHES AND STUDIES

A. V. Spirov*#, V. F. Levchenko***, and M. A. Sabirov*#*#

¢ Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences, St. Petersburg, Russia
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The two related parts of the Conrad Waddington’s proposal, the concepts of canalization and genetic assimila-
tion, formalized yet in the 1940s continue to arouse great interest among professionals, representing one of the
most impressive examples of the transdisciplinary development of ideas.

Individual development of any organism proceeds in the context of permanent and unavoidable changes in the
factors of the external environment and internal perturbations of molecular and physiological processes. Consid-
ering that in any population organisms differ genetically, the implementation of the genetic program must there-
fore be relatively resistant to genetic variability.

According to Waddington, individual development is canalized, i.e. occurs within a certain canal of environmen-
tal conditions that limits the variability in the developmental trajectory. However, strong environmental changes
and considerable internal perturbations are able to “throw” some trajectories outside the walls of this canal. As a
result, aberrant phenotypes may emerge, with some of them being able to get involved in subsequent selection. If
the conditions that systematically lead to such an aberrant development persist, the features of these phenotypes
can be fixed genetically by selection after a few generations. In other words, selection leads to the emergence of
phenotype variants, most genetically suitable to the current circumstances, in which developmental trajectories
are altered appropriately. Populations of organisms with altered trajectories and different genotypes continue to
exist even when the impact of perturbing factors ceases. Waddington called the mechanism underlying the “same
phenotype but different genotypes” evolutionary scenario genetic assimilation.

Recent outcomes of evolutionary systems biology have provided a quantitative basis for Waddington’s classical
concepts on the robustness of individual development and genetic assimilation. It has become possible to further
develop these concepts in the light of new experimental results and theoretical ideas. Particular progress has been
achieved in analyzing the molecular machinery of canalization. This paper aims to discuss the results obtained
in this area of systems biology by computer modeling in comparison with experimental data.

Keywords: Waddington’s concepts, canalization, genetic assimilation, phenotypic plasticity, modeling of gene
networks
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