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Hena u mbicau [1.K. bensieBa
B COBPEMEHHOM Mupe

2017 roxy mb oTMedaeM 100 et co THS poxk-
nenus Jmutpust Koncrantunosuua besnsiena,
BBIJIAFOIIETOCS OMO0JI0Ta M OpraHn3aTopa Hay-
KM, KOTOPBII BHEC BayKHEHIINI BKJIa L BO MHOTHE
paszensl COBPEMEHHONW HAayKH, IPEXIe BCETO B
9BOJIIOIIMOHHYI0 OMOJIOT MO U TEHETHKY TTOBE/ICHHSI.
OH chITpall PeHIaoulyio poib B BO3POKICHUN U
Pa3BUTUM TEHETHKH B HAIlleM OTEYECTBE, B BOC-
MUTAHUU HECKOJIBKHX MOKOJEHHI T'€HETUKOB, B
CO3aaHnn I/IHCTI/ITyTa IIUTOJIOTUHU U I'CHCTUKU B
HOBOCHOHPCKOM AKaZeMIopoake. DTOH CTOpOHE
nestensHocT JI.K. benseBa mocssiieHa cTaTbs
B.K. lIlymHOTO0, KOTOPOTO CBA3BIBAIOT C benseBbiM
MHOTHE TOIBl COBMECTHOH pabOTHI, KPEmKoil 1
BEPHOH ApyXObl. UnTarens y3HaeT 00 OCHOBHBIX
coowrtusx xu3nu JI.K. Bensena, o ero oTHOIIEHHAX
C JIIOBMH, TPYAHOH paboTe Ha MOCTY AUPEKTOPA
KPYIHEHIIEro FeHeTHYECKOr0 NHCTUTYTA.
OcTajabHbIe CTpaHUIbl HOMEpPaA CBA3aHbI C HAYY-
ueivu uHTepecaMu J.K. Bensesa. Cepust crareit
MOCBSIIIEHA Pe3yabTaTaM YHUKATbHOTO BOIIOLH-
OHHOTO 3KCHEPUMEHTA 10 TOMECTUKAIUU JIMCHILL,
nagatoro J[.K. benstesev 11 JI.H. TpyT Oonee 60 et
Ha3aJ U MPOJOJDKAIOIIErocs MoJ, PyKOBOJACTBOM
JLH. TpyT o ceronusmnero qust. OTKpbIBaeT pas-
nen cratbst JILH. TpyT u ee koner, B KOTOpo# Biep-
BBIC ITOZIPOOHO ONMCAHBI M 0OCY>K/ICHBI PE3yJIBTaThI
MapalIeNbHOrO SKCIIEPUMEHTA IO CENEKITUH JIUCHIT
B 00paTHOM HaNpaBJIEHUH — HA YCUJIEHHE arpec-
CUBHOTO MOBE/IEHHS JKUBOTHBIX B OTHOIIEHUU Ye-

OT PEOAKTOPA / FROM THE EDITOR

noBeka. CpaBHEHHE PE3yNbTATOB MapajlIeNbHBIX IKCIIEPH-
MEHTOB, MX CXOJICTBA M OTJIMYMH JJaeT OoraThlii MaTepral s
MOHUMaHHs d(PPEKTOB IBUKYIIETO U AeCTa0MIN3UPYIOIIETro
otbopa, a BepHee, ABWKYIICH 1 fecTabumm3npytomen GyHk-
i orbopa. OOpamaroT Ha ceOs BHUMAHUE BaYKHBIC Pa3THIHS
B IMHAMUKE OTBeTa Ha 0TOOpP. OTOOpP HA PYUYHOI THII TOBE-
JICHUS! SKCTIEPUMEHTAJIBHBIX JINCHIL TIPOIOIDKAET TIPUHOCHUTH
CBOU IIOZIbI M TOHBIHE, BBEIBO/IS IOBEIEHUE JKUBOTHBIX 1AJIEKO
3a Mpenenbl UCXOIHOTO CHEeKTpa M3MEHUHMBOCTU. B mpoTu-
BOIIOJIO’KHOM K€ HAIPABICHUU CEIEKIIHOHHOE IUIATO OBLIO
JIOCTUTHYTO OY€Hb PaHO, M JaIbHEHIINHI 0TOOp HE MPUBOANT
K 3aMETHBIM U3MEHEHHMSIM B NoBelieHnu. [Ipu aTomM 0OHapy-
JKMBACTCS OPA3UTENBHBIN MApaJlIENIN3M B KOPPETHPOBAHHBIX
OTBETax Ha OTOOP MPH CENEKIUH B PA3HBIX HAITPABICHHSX B
(uzHoNIOrMYecKuX 1 MOP(HOIOrHIECKIX N3MEHEHHSIX, Ha0MIO-
JTaeMBIX B 00EUX JIMHHUSAX.

Crarba C.C. T'oroneBoil ¢ cOTpyJHUKAMHU OMHCHIBAET IO-
pa3uTenbHbIC U3MEHEHUS B BOKAJIBHOM ITOBEJICHUN PYYHBIX
JUCHI] B CPAaBHEHUHU C arpeCCHUBHBIMU M KOHTPOJIbHBIMHU
HECEJIEKIINOHUPYEMBIMH JKUBOTHBIMU. OKa3bIBaeTCsl, IpU
OOILIEHUH C YEJIOBEKOM JIMCHILIBI UCTIONB3YIOT COBCEM MHOM Ha-
60p CUTHAIIOB, YEM BO BHYTPHUBHOBON KOMMYHHKAIMU. Turm
CHUTHAJIOB, K KOTOPBIM ITPHUOETalOT pydHbIC )KHBOTHBIE, BCTpE-
9aeTcs TOJIBKO Y HUX U TOJIBKO B JAHHOM KOHTEKCTE U HE Ha-
O1rO/1aeTCs Y arpeCcCUBHBIX M KOHTPOJIBHBIX ITPEICTABUTEIICH.

Emmie B camoM Hadase JOMECTUKAIMOHHOIO SKCIIEPUMEHTA,
Korzna B MOP(OJIOrud U (HU3UOIOTUN CEICKIIMOHUPYEMBIX
JKMBOTHBIX cTanu HaOmomatbes maMmeHenus, J[.K. Benses
pa3BepHYN MIHUPOKYIO MPOrpaMMy MO HCCIEIOBAHHMIO 3TUX
M3MEHEHUH, MEXaHU3MOB UX BO3SHUKHOBEHMSI, IPOSIBICHUS U
HacienoBaHus. O pe3ynbraTtax H3y4eHHUst HeHPOMEIHaTOPHBIX
CHCTEM, KOHTPOJIUPYIOIUX MOBEACHUE )KUBOTHBIX, PaccKa3a-
Ho B ctatbe H.K. [TonoBoii. D1u nccnenoBaHus MO3BOIMIN
MIPOJIUTH CBET HA MOJIEKYJISIPHO-TEHETHIECKNE MEXaHU3MBbI
MEepPECTPOMKHN MOBEIEHUS U (PU3HOIOTHH JKUBOTHBIX NPH
OJIOMAIlIHUBaHUU.

J.K. BensieB 04eHb JOPOXKAIT CBOI MHOTOJIETHEH APYKOOH
C BBIJAIOIIMMCS UCCIEA0BATENEM MOBENCHUS KUBOTHBIX
JI.B. KpymuHCcKUM, ¢ KOTOPBIM OHM 4YacTO BCTPEUAIHUCh U
0OMEHMBAIINCH UESIMHU. benseB ¢ OrpOMHBIM MHTEPECOM
CJIC/TMII 32 SKCIICPUMEHTAMH B 00JIaCTH TeHETHKH IIOBEICHNUS,
pOBOMBLIMMHUCS B 1aboparopuu Kpymmuckoro. [pencras-
JICHHBIC B KyPHAJIE [IBE CTaTbU YUCHUKOB M MOCIIEI0BaTENICH
KpymuHckoro mocpsieHs! pe3yabTaTaM CEJeKIUOHHBIX
SKCIIEPUMEHTOB, HAIPABJIEHHBIX HAa CO3/1aHHUE >KMBOTHBIX
MOZIETIEH JUTA MCCIIEA0BAHUS PACCYIOUHON NEATEIBHOCTH U
HEpPBHBIX 3200JICBAHUH YEIOBEKA.

YHUKaIbHBINA JOMeCTUKAIMOHHbIHN dkcniepuMenT J[ K. be-
nsesa u JL.LH. TpyT npuBiiek BHUMaHHE OTEUYECTBEHHBIX U
3apyOeKHBIX HCClleoBaTesnell kK caMmoMy (hpeHOMeHy joMe-
CTHKALIUH, K KOMIUIEKCY H3MEHEHUI!, KOTOPbIE BBI3BIBAET 3TOT
MIpoLecc, K TCHETHIECKUM U OHTOT€HETHUECKIM MEXaHU3MaM
n3MeHeHHnH. B 3ToM HOMepe MbI myOnnKyem cTaTbio A. Yui-
KHMHCa, B KOTOPOM paccMaTpUBaIOTCAd OCHOBHBIC TMITOTE3BI
0 MOJEKYJSIPHBIX U KJIETOYHBIX MEXaHH3MaX JIOMECTHKAIU-
OHHOTI'O CHHJIPOMa — KOMIIJIEKCA MapasIeNbHbIX H3MEHEHHH,
BO3HMKAIOIINX Y CAMBIX Pa3HbIX BUI0B ITO3BOHOYHBIX, BOBJIE-
KaeMbIX B MpolecC oJoMalIHuBaHus. MHTepecHbI pumep
napasiebHbIX U3MEHEHHUH B pa3Mepax Tena, MPOU30LIeIINX



32 HECKOJIBKO THICSY JIET B XO/I€ IOMECTHKAIIUU U TIOPO1000-
pa3oBaHus y KOIIEK U COOaK, B CPAaBHEHHH C N3MEHEHUSIMH,
JIOCTUTHYTBIMH 38 MMJUTHOHBI JIET SBOJIIOIIMH M BH000pa30-
BaHUS B CEMEHCTBAX KOLIAYbUX U CO6a‘-H:-l/IX, YUTaTCIIb HaﬁﬂeT
B cratse K. bunay u I1. Maptureca. B 0630pe /I. [Tommm 06-
CY’K/IaeTCsI pa3BUTHE COBPEMEHHBIX METOZIOB F€OMETPHUYECKOM
MOP(GOMETPUH U MPHIIOKESHUE ITHX METOIOB K BBISIBICHUIO
MyTeH ¥ CPEIOBBIX, TEHETHYECKNX M OHTOI€HETHUECKUX Me-
XaHU3MOB MOP(OIOTHYECKUX M3MEHEHHH, BO3ZHUKAIOMINX
B XOJI¢ ABOMIONUHU. MHTEepeCHYI0 MOMBITKY PEKOHCTPYKIIUU
HavaJbHBIX TATIOB YBOIOLUH XOPAOBBIX HA OCHOBE CpaBHe-
HUSI MOP(OJIOTH COBPEMEHHBIX )KUBOTHBIX IIPEIIPHHAMACT
B.M. Cy000THH B cTaThe, KOTOPYIO MBI ITyOJIMKYEM B pa3ieiie
JIUCKYCCUH AIIEKTPOHHOT0 npuioxkenus «Ilucema B BaBuios-
CKHI KypHaID».

Ha nporsixkeHun Bceidl cBOE HaydyHOU JESATEIIbHOCTU
JI.K. BernsieB nposiBiisl IPUCTAJIbHBIN HHTEPEC K B3aUMOACH-
CTBHSIM T€HOTHUIIA U CPE/Ibl B PA3BUTHHU M SBOJIOLUH KHUBOT-
HbIX. OCOOEHHO ero MHTepecoBa GoTonepuo] Kak hakTop,
KOTOPBIN MOYKHO HCIIOB30BATh VISl YIPABICHNST PA3BUTHEM
1 Pa3MHOXKEHHEM >XMBOTHBIX. M3ydeHneM BiausHUS (OTO-
neproja Ha MPOSIBICHUE U HACJeIOBAHUE OKPACOYHBIX Ba-
PHaHTOB, OOHAPYKEHHBIX y JIUCHII, B CAMOM HadJaje CBOEH
Hay4YHOH Kapbhepbl 3aHUMAJCS IO PYKOBOACTBOM beiseBa
A.O. PyBuHckuil. B cTarbe, HanmucaHHOM 11 9TOTO BBIITYCKa,
OH paccMaTpUBACT MOTyUCHHBIE UM TOT/IA PE3YNIBTAThI B CBETE
COBPEMEHHBIX MPEICTaBICHHUH O MOJIEKYIISIPHBIX MEXaHU3MaX,
KOHTPOJINPYIOIIUX YKCIIPECCHIO TEHOB.

OpnHa U3 caMbIX aKTyaJIbHBIX TIPOOIIEM COBPEMEHHOM O10-
JIOTHH — COXPAHEHHUE PEIKUX M MCUC3AIOIINX TTOPOJT SKHBOTHBIX
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1 PaCTCHMM, BOBJICUEHUE UX B CEJIEKLIMOHHBIN ITpoLecc. Eie
B Havane 1980-x romos /[.K. benseB pa3BepHy OIMPOKYIO
porpamMmy Mo cOopy u JeTalbHOMY aHAIN3Y TeHETHYECKUX
PECYPCOB IOMAITHUX )KUBOTHBIX U paCTeHHPI, BOBJICYHCHUIO HO-
BBIX BUZIOB B IIPOIIECC IOMECTHUKALUH. J{71s BBITOITHEHNS 3TOM
MIPOTpaMMBbI OBUIO CO31aHO ANTaHCKOE HKCIIEPUMEHTAIILHOE
x03s1i1cTBO. COBPEMEHHOE COCTOSTHHE ITOM ITPOOIIEMBI, TEOpEe-
THUYECKHUE MOAXO/BI K 0TOOPY COXPAHSIEMBIX TIOPOA U HOBBIE
TCHETHYECKNE M OMOTEXHOIOTHUECKUE METO/IbI COXPAHCHUS
reHooH10B 00cyxnarTcst B crathbe FO.A. CTONIMOBCKOTO U
N.A. 3axaposa-I'ezexyca.

JlBe mocieHue cTaThy IOOMIICHHOTO HOMEpa MOCBSIICHBI
MIPUPOJIE 1 IBOJIIOLIMH YeIoBEKa, PoOieMaM, KOTOpbIE OCTPO
nnrepecosanu J[.K. bensieBa B mocneqHue roapl €ro AKU3HU.
B 0630pe JI. [lyrarkuna kpaiiHe HHTEPECHO 3aTPOHYTa TeMa
9BOJIIOLIMU ankTpyn3ma. B ctarbe A.JI. Mapkens onucaHbl
CIIO’KHBIC B3aMMOJICHCTBHSI TEHETHUCCKUX M COI[UANIBHBIX
(hakTOpPOB HA pa3HBIX ATANAX T'€HO-KYJIBTYPHON KOIBOIIOLNHT
YeJI0BEeKa.

B tepMMHax KyJIbTypHOMH 3BOJIIOIIMM CAMO Pa3BUTHUE JIEN U
Mmbicnieit JI.K. bensieBa B nenax v MbICIISIX €r0 KOJUJIET, yY€HHU-
KOB U IIOCJIEZIOBATENIEH, B COBPEMEHHOI HayKe B 11€JI0M MO>KHO
paccMmaTpuBaTh Kak MOKa3aTellb BBICOKOH MPUCIIOCOOUTEb-
HOH IIEHHOCTH ero uaei. OHM MPOIUIN TPOBEPKY BPEMEHEM
u paxramu. OHM NPOJOJDKAIOT JKUTh U pa3BUBAThCs, 00OTra-
IasiCh BCE HOBBIMH HJEsIMU U TToaxonamu. Crnacubo emy 3a
Jienia ¥ MBICJIH, KOTOpbIE OH HaM OCTaBHIL

1I.M. Bopoouwn,
0-p OUOJ. HAYK, HAYUHBI PEOAKMOpP BbINYCKA

From the editor
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K 100-1eTnio BbIgaIOIIEerocsi reHeTMKa-3BOJIIIIMIOHNMICTA
akameMuka IMutprsa KOHCTaHTMHOBMYA besisieBa

B.K. IllymHbIi

DepiepanbHblii MCCNeaoBaTENbCKUI LeHTP UHCTUTYT yutonorum u reHeTnkn Cnbrpckoro otaeneHnsa Poccuinckol akaemmnm Hayk, HoBocnbupck, Poccus

CraTtba nocesAweHa 100-neTurto Co fHA poXaAeHUA BblaatoLlerocs 6ro-
nora-agonounoHncTa Amutpua KoHctaHTuHoBMYa bensaesa. imMeHHO
ero paboTbl MO MexaHM3MaM U3MEHYMBOCTY B NpoLiecce JOMeCTUKa-
LU >KUBOTHbIX MO3BONMSIN Ha MOPAAKMN YCKOPUTb 3TOT NpoLecc.

B 3HaumMTenbHOW YacTu cTaTby packpbiBaeTca nnyHocTb [.K. bensesa,
OH OXapaKTepu3oBaH Kak yUeHbll1, Yenosek 1 opraHusatop MHctutyTa
yutonorum n reHetnkn Cnbrpckoro otgenexHmsa AH CCCP. ABTop mMHo-
rve rogbl pabotan y [1.K. benseBa 3amecttenem anpeKktopa no Hayy-
HoW paboTe, a nocse yxofa Amutpura KOHCTaHTMHOBMYA U3 XKN3HU B
TeyeHwue 22 net Bo3rnasnan VIHCTUTYT UMTONOMAN 1 reHeTuKu. bro-
rpadus [.K. bensea HenpocTasn — CblH CBALLEHHMKA, bpaT «Bpara
Hapopa». OH npouuen Bcto Bennkyto OTeyecTBeHHYI0 BOVHY, rae v
chopmumpoBarncs ero 60MLOBCKUI xapaKkTep. PaccmoTpeHbl 6opbba

3a BOCCTAHOB/IEHWNE reHETUKN B CTPaHe, B3aVIMOOTHOLLEHNUA C yunTensa-
MU 1 YYEHVKaMu, ApYTre acreKTbl ero }usHu. Yepes BClo CTaTbio Npo-
XOAWT MAes rnobanbHOro 3HaYeHWs cTaTyca «yunTesib—yUYeHnK» Kak
OCHOBbI NPEEeMCTBEHHOCTU MOKOJIEHWNIA, YTO B HAy4YHOM coobLiecTe
MMeeT 0co60e 3HaueHne, 0CO6eHHO NpY GOPMUPOBAHMIN HaYUHBIX

To the centenary of the birth
of outstanding evolutionist
Dmitri Konstantinovich Belyaev

V.K. Shumny

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

This paper is a tribute to outstanding evolutionary bi-
ologist Dmitri Konstantinovich Belyaev in connection
with the forthcoming centenary of his birth. His work
on variation-related mechanisms in animal domes-
tication made this process much faster. Belyaev is at
length described as a person, as a scientist and as the
organizer of the Institute of Cytology and Genetics of

LUKO. the Siberian Branch of the USSR Academy of Sciences.

The author had for many years worked as Belyaev'’s
Deputy for Science, and, when Dmitri Konstantinovich
passed away, had for 22 years headed the Institute

of Cytology and Genetics. Belyaev’s life was not easy:
he was a priest’s son and an “enemy of the people™s
brother. He was in the battlefield all through the Great
Patriotic War and became a man of steel. His struggle
for the restoration of genetics in the country, his
commitment to setting up and maintaining relation-
ships between masters and followers and many more
other aspects of his life are considered. The global
importance of the “master - follower” paradigm as a
basis of the continuity of generations is underlined
and re-underlined, for this is a very special point in the
scientific community, especially when new schools of
science emerge.
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mutpuii Konctantunosuu bensieB — opranuzaTtop

HayKH, TEHETHK M CEJIEKIMOHEp, BbIIAIONIHICS Ono-

JIOT-3BOJIOIMOHHKCT, CACIABIINH OJJHO U3 KPYITHEHIINX
000061eHnit B Ononorun XX Beka. Ero pabots! 1o mexanus-
MaM M3MEHYHMBOCTHU B MIPOLIECCE IOMECTUKAIINH )KUBOTHBIX,
IJIe OCHOBHBIM BEKTOPOM OTOOpa OBIIM MOBEACHUYECKHUE
XapaKTePUCTUKH, MO3BOJMIN 3HAYUTEIBHO YCKOPUTH ITOT
MIPOLIECC, YTO YPE3BBIYANHO BaXKHO Kak Al (PyHAaMEHTab-
HBIX, TaK W JUISI TIPUKJIAJHBIX HcciienoBanui. VHTepecHas
napajuiens: Yapis3 JlapBuH, Npexiae yeM IPUCTYNUTh K
HancaHuio «IIpoucxoxaeHns BUOBY», NETANbHO H3YUHI
M3MEHYMBOCTH B ITPOIIECCEe JOMECTHKAIMH PAaCTCHUH U K-
BOTHBIX M MOCBSITHJI 3TOMY BOIIPOCY TEPBYIO ITIaBy CBOETO
3HAMEHMTOTO Tpyna. IMeHHO Ha 3TOM MaTepuae oH yoeaucs
B OIPOMHBIX pe3epBax BHYTPHUBHIOBOW M3MEHUYMBOCTH, J0-
CTaTouHO# JUIs 3P (PEKTUBHON CENEKINH ITPU UCKYCCTBEHHOM
oroope. Ecin HateMy npeKy Ha JOMECTHUKAIIUIO U BBEJICHUE
B KyJIbTYypY PacT€HUH M JKUBOTHBIX ITOHAJI00MIOCH Ooiee
necsatu Thicsy neT, To JI.K. bensdeB u ero yueHuna, 10KTop
6monornuecknx Hayk JI.H. TpyT, pemmm 3Ty 3amaqy Bcero
3a moncronerus (Tpyt, 2007).

Hayunsie 3acnyru J[.K. bensieBa Oosee neranbpHo paccMo-
TPEHBI B CTATHSIX, TPEACTABICHHBIX B 3TOM HOMEPE JKypHaJIa.
MHe ke XOTeJIOCh COCPEIOTOUNTHCS Ha JINYHOCTH AMUTpUS
KoncTraHnTHHOBHYA, TaK Kak B Te€UeHHE 15 J1eT s ObLI €ro 3a-
MectuteneM B MacTuTyTe nntonornu u renetuku (MLul") CO
AH CCCP, a nocie ero yxoaa u3 )Ku3Hu 22 rojia 3aHuMal moct
JIMPEKTOpa MHCTHUTYTA, T. €. BXOAWJ B Y3KUH KPYT OOILEHUS U
npuHATHS permenuii. Kpome toro, Ha npoTspkennn 20 net y
Hac ObIIN IOBEPHUTEIbHBIC U JIPYKECKHE OTHOILICHUS B CTATYCE
YUUTEJIb—Yy4EHHUK.

S1 uckpenne cuuraro Jmutpust KoHcraHTHHOBMYA CBOUM
IIaBHBIM YYUTEJEM Kak B J)KM3HH, Tak U B Hayke. [lo mepe
CBOHUX CHJI U BO3MOJKHOCTEI 51 BCer/ia cTapascs oMorarb eMmy
B pealn3aliy TeHETHKO-CEJIEKIINOHHBIX PEIICHUH, MPEex/Ie
BCETO y PacTeHUH, N CUUTAIO PE3YNBTAT 3TOH NESATEIbHOCTH
BecbMa P pexTuBHbIM. COTPYIHHUKAMHU MHCTHTYTa CaMmo-
CTOSITEBHO U B COAPYXKecTBe ¢ ceneknnonepamu BACXHIJT
co3/1aHO U paiioHupoBaHo Ooinee 40 copToB M THOPHUIOB
pacTeHUI U HECKONBKO MOPOIHBIX IPYIII KUBOTHBIX (OBEIl,
CBHMHEH U MyIIHbIX 3BEpei) — U1 aKaAeMHYIECKOI0 HHCTUTYTa
9TO XOPOIIUH MoKa3arelsb. biarogapst 5TuM pesyinbraraM Mbl
«OTOMBAJMCH» OT HANaJlOK JIBICEHKOBIIEB, TBEPAMBIINX O
MPAaKTUYECKON OECIIONE3HOCTH TeHETHKH.

HarpaBnienne reHeTHKH U CENEKIMH )KUBOTHBIX B MHCTUTY-
Te OBbUIO NOJI MPUCTANLHBIM BHUManueM J{mutpus Koncran-
THHOBUYA. KpoMe reHeTHKO-CEeNEeKIIMOHHOM YacTH, YCIIELIHO
pa3BHBasIach M MOJIEKYJISIpHAsI TEHETHKA, KOTOPYIO KypHpOBal
3aMECTUTENb IUPEKTOpa M0 Hay4yHOH paboTe akaJleMUK
PAH Pynomnsd Nocudorua Canranuk, B IUXHE JEBIHOCTHIC
smurpuposasmnii B CIIHA. VM Obutn co3nanbl 3¢ GeKTrB-
Hble npoTuBoBUpYycHBIe npemnaparsl (JJHKaza u PHKasza) u
MIPOTUBOBOCTIAJIUTENBHBI — IMMO31Ma3a, MOJIb3YIOMNHCS
cripocoM u cerozHs. Kak 3amecTurenu aupekTopa, Mbl 4eTKO
Ppa3aesuiIy CBOM IOJTHOMOUHSI, COXPaHHB J00pOKeTaTeIbHbIe
U JIPy’KECKHE OTHOIICHHUS.

Jvutpuii Koncrantunosnu bensieB onpenensur ooOuryio
CTpaTeruio pa3BUTHSI MHCTUTYTa U (POPMUPOBAJ IEHETHUKO-
9BOJIFOIIMOHHOE HAMPABICHUE, YTO BIIOCIIEACTBUU TTO3BOJINIIO
CJIeNaTh OTHO N3 KPYTHBIX 0000NICHUH B OMOJIOT MU 1 BBIBEIIO
388
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NIMul" B tuaepsl MUPOBOIO YPOBHSI 110 3BOJIOLMOHHOM I'€He-
tuke. PaboTel, mpoBoauBmrecs nox pykoBoactsom J[.K. be-
nsiea u JILH. TpyT, ocratorcest akTyasbHBIMH, BOCTPEOOBaHbI
MEKTyHAPOIHBIM OHOJIOTMYSCKUM COOOIIECCTBOM U BBICOKO
KOTHPYIOTCSI.

Buorpadus JImutpust KoncrantinHOBHYA OblTa HEMPOCTOH.
OH ponwicsi B KocTpoMckoii ryOepHUU B CEMbE CEITbCKOTO CBSI-
menanka. Crapumii Opat Huxoait, Bemmyckank MI'Y 19251,
ObUT OZTHMM W3 HanOoJiee TAJTAHTIMBBIX T'€HETHKOB IIKOJIBI
H.K. KonsrioBa—C.C. YerBepukoBa. IMuTpuii ObuT Miaiie
Huxonas noutn Ha 18 net. Korna mogormo Bpems nomy4ars
obpazoBanune, Hukomnaii 3a0pajt ero B CBOIO CEMBIO M OTIPEICITHIT
Ha yueOy B 3HaMEHHTY10 XBOCTOBCKYIO rnMHa3u10 (MockBa).

TTocnie orpezna Hukomas Koncrantnaosrnua B 1929 1. Ha
HOBOE MecTo paboThl B TamkeHt, a 3arem B ToOwmucn Jmurt-
puii iepedpaiicst k cBoei cectpe OJbre v MpOoI0KUI yueOy B
(abpraHO-3aBOJCKOH 1mIKOIe. YTOOBI TOMOYB CEMBE CECTPHI,
OH paHo MoIIeN padoTaTh Ha 3aBOjI. Kak ChbIHy CBSIIEHHOCITY-
xurens, myTb B MI'Y emy Obut 3akpbIT, 1 B 1934 1. [IMutpwmii
NOCTyIWI B MIBAHOBCKMI CEITbCKOXO351CTBEHHBI HHCTUTYT
Ha 300TEXHNYECKUIl (paKysibTeT, KOTOPHI OKOHYMII C OTIIH-
greM B 1938 . HeiHe MBaHOBCKAs cenbCKOXO3AHCTBEHHAsS
akamemust HocuT uMs akagemuka J[.K. bemnsiena.

B aBrycre 1937 r. Hukonait KoncrantnHoBud 0611 apecto-
BaH, 10 HOsIOpst 1937 I. OCyX/1€H MIOCTAHOBICHUEM KTPOHKU»
HKB/I u pacctpensia. PoqHbIM Ha IPOTSKEHNUH AOJITHX JIET Ha
3anpockl 1 ucbMa oreevany, uro H.K. benses ocyxnen na
18 stet 6e3 mpasa nepenucku. Tak JImurpuii KoHcTaHTHHOBHY
nmprobpen craTyc «bpara Bpara Hapoaay».

[To nmpurnamenuro cBoero yuntesst, mpogeccopa b.H. Ba-
cuHa Jmutpuii KoncTaHTHHOBHY Havall paboTaTh B OTAENE
3o0TexHUN LleHTpanpHOIT HAyIHO-HCCIIe0BaTeIhCKOM T1ab0-
paTopuu IyIIHOTO 3BepoBo/IcTBAa HapomHoro komuccapuara
BHeiHe# Toprosiu CCCP (MockBa) u IpoIiiel myTh OT J1abo-
paHTa 710 3aBeAyIONIEeTO JabopaTopuei (C mepepbIBOM B TOJIBI
Benmkoi#t OTeuecTBCHHO BOWHEI).

B derpane 1958 r. JI.K. bensieB npuHsu1 npurianicHue
nmupekTopa-oprannzatopa H.I1. JIyOuanna mepeiita Ha pa-
6oty B MactutyT nutonoruu u reaetuka CO AH CCCP, rne
OpraHU30BaJl ¥ BO3IIABHJI JIAOOPATOPUIO YaCTHOW I'€HETUKH
KUBOTHBIX (B 1963 T. mepenMeHOBaHa B 1a00OpaTOPHIO IBO-
JIOIMOHHON TeHETHKH JKUBOTHBIX). B Mae 1958 1. JIK (Tak B
nnctutyte HazbiBanu JI.K. bensieBa) mpuexan Ha HOBOE MECTO
pabotsr B HoBocubupck. B okTsiOpe 1958 r. ero HazHaunmm
3aMECTUTEIIEM TUPEKTOpa HHCTUTYTA.

[To cTpaHHOMY CTEUEHHIO OOCTOSATENBCTB, HA CBOE IIEPBOE
1 eIMHCTBEHHOE MECTO pabOoThI B paHTe CTapIIero JadopaHTa
HIul" CO AH CCCP 1 npuexan toxe B Mae 1958 . Briep-
Bbie yBujen JIK Bosie xunoro qoma 1o yi. JlepxxaBuHa, rie
OBLTO Hate O0IIeKHUTHE, @ B COCETHEM ITOIBE3/IE — KBapTHPa
H.I1. ly6ununa; eciu He ommoaroch, 3To Obuta oceHb 1958
Onu crostmm rpynmnoit — H.IT. lyounun, /1.K. Bensies, H.H. Co-
xoroB, b.H. CunopoB u B.B. XBocToBa — «BeiicMaHUCTHI-
MOPTaHUCTBI, BBIIAIONINECS TCHETHKH, INHOMBIIIIICHHHUKH,
APY3bs U KOJUICTHU — U aKTUBHO o6cy>1<;[am/1 IJIaHbI Pa3BUTHA
WHCTHUTYTA.

JInanoe 3nakoMcTBO ¢ JIK cocTosioch 3HaUMTENHHO MO3KE,
TaK KaK 5 BMECTE C COTPYJHUKAMH JIaDOpaTOpHu reTepos3nca
IIPUMEPHO TOJITO/Ia TPOBOANI B 3Kcnequuusx B Kazaxcrane.
MBpI BO3Bpamaiich B TOPOIOK MO3/IHEH 0CEHbIO, M TAKOIl pe-
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K 100-neTuio BblAaloLerocs reHeTnKa-3BooLMOHICTa

akagemuka Amutpua KoHctaHTHOBMYa benaesa

JKMM PaOOThI JUTHJICS TIOUTH JIECSTh JIET,
JI0 MOETO Ha3HAUEHHs 3aMECTHTENIEM
qupekropa no Hayke B 1970 r., xorma
Haie oOIIEeHHe CTaJIO MOYTH €XKEeIHEB-
HbIM. CunTaro, 4To UMEI0 OCHOBaHME
oxapakTepu3osaTh [IK kak uenoBeka.

OnpeniesieHHOo, OH ObLT CHIIBHOM JINY-
HOCTBIO, XOTSI HEKOTOPbIE CUUTAIIH €TO
JKECTKUM pykoBoauTeneMm. Cuia ero
JIMYHOCTHU KOBaJiach Ha ()POHTE U B Jia-
GopaTopusix MHCTHUTYTA, MPOSBIAIACH
B Iporiecce (pOpMUPOBAHUS U COXpa-
HEHHS FeHEeTUYECKOTO MHCTUTYTA B 3KC-
TPEMaJbHBIX YCIOBHSIX MPEOIOTICHUS
Pa3pyLIUTENBHBIX MOCIEACTBUN MepH-
0/1a JILICEHKOM3Ma B OMOJIOTHH B HAlllel
ctpare. COTpyAHUKH €My MOBEPUIN U
MPU3HAIU CBOUM JHJEPOM, KOTOPOMY
MOYHO MOTYUHATHCA U IOMOTaTh. X0uy
OTMETHUTHh OJHO M3 3aMeuaTeNbHBIX
cBoiicTB JIK: Kak pyKOBOOUTENIO, MY
MPUXOJUIOCH IPUHUMATh PEHICHUS
camMoMy U Opatb Ha ceOs BCIO TIOIHOTY
OTBETCTBEHHOCTH, HO OH YM€J CIyIIaTh
JIpyTUX, HE3aBUCUMO OT BO3pacTa u aji-
MHUHHCTPATHUBHOTO CTaTyca, — OT acIH-
paHTa M HAy4HOIO COTPYJHHKA J0 3a-
BEJIyIOLIEro J1adopaToprei Wim JUpeK-
Topa nHCTHTYTA. [IpHn o0Cy)KaeHnn Ka-
KOro-JIM00 JIeJ1a WITM BOTIpOca eMy ObLIO
HMHTEPECHO MHEHHUE KaXI0T0 U3 HUX.

Ocenpro 1959 1., mocie aBaHTIOpHU-
CTHUYECKOTO PELIEHNUs [TIABHOTI'O JIBICEH-
xoBua — H.C. Xpymésa, KoTOpHIii B Te-
YEHUE CYTOK BEJICJI CHSTD C 1OCTa JH-
pexropa U{ul" CO AH CCCP akanemu-
ka Hukomnas [TerpoBuya [lyOunnHa, ne-
pen npencenarenem CHOUPCKOTO OT/IE-
nenust Muxannom AnekceesndeM JlaB-
PEHTHEBBIM BCTal BOMPOC: KOTO Ha-
3HAUUTh JAUPEKTOPOM, YTOOBI TpoIiece
BocctaHoBleHus reaetuku B CCCP,
KOTOPBIN OHM 3aIlyCTHJIM COBMECTHO C
N.B. KypuaroBsIM, yCHEIIHO MPOAOIN-
xkuiicsi? MLA. JlaBpeHTbEB HE CMOT OT-
crositb H.I1. JlyOnHnHa Ha oCTy IMpeK-
topa U{ul" — B ciiyyae HEMOBUHOBEHUS
Xpy1I€B MPUTPO3UIT TOMEHSTH BCE PY-
KoBOAcTBO CHOMPCKOTro OTJENeHNs, HO
OTCTOSIJI CBOE TPABO HA3HAYUTH UCIION-
HSIOIIETO 00S3aHHOCTH IUPEKTOPA. ITO
TOXeE OBUIO HENPOCTBIM JIEJIOM, TaK KaK
y JIBICEHKOBIIEB OBUIN TUIAHBI BHEJPUTH
CBOErO AMPEKTOPa U TEM CaMbIM Ipe-
JIOTBPATUTh BOCCTAHOBJICHHE TEHETUKU
B CTpaHe.

B rakux ycnosusax M.A. JlaBpeHTbeB
U CIeN1al CBOM TPYAHBIN, HO YTUBUTEIb-
HO TOYHBIN BBIOOD — HA3HAYMII BPEMEH-
HO MICHIOJTHSTIOIINM OOSI3aHHOCTH JTUPEK-
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Dmitry K. Belyaev (in the center) and his deputies Vladimir K. Shumny (left) and Rudolf I. Salganik
(right).

Topa uactuTyTa 3aMectuterst H.I1. [lyomnanna o Hayke [[.K. bensiera. B aToit momk-
HOCTH OH ocTaBajics 10 pespaist 1965 r. (1), korna Ha OO1eM coopaHuu AKageMun
HayK ObII 130paH tupekTopom nHCTUTYTa. HazHauenue bensieBa 03Hauano, 4to Kype
Nlul" CO AH CCCP na pa3Butue renetuku Oyner coxpaner. M.A. JIaBpeHTbeB
[TOBEPHUJI B BOJIEBBIE KaUueCTBA YeJIOBEKa C TPYAHOM Cyb0OH, MPOLIE/IIEro BOHY,
B €T0 OOMIIOBCKHI XapaKkTep ¥ yMEHNE OTCTaNBaTh CBOIO TOUKY 3PEHHMS, B TAHHOM
cllyyae — BOCCTAaHOBJICHHE B ITpaBax KIIACCHUECKOM T€HETHKH Kak Hayku. [Tozxke
Mexay JlaBpeHTheBbIM U besisieBbIM YCTaHOBUIINCH JIOBEPUTEIBHBIE OTHOIICHHSL.

B camsbre TpynHoe s mHCTHTyTa BpeMs — ¢ 1959 mo 1964 . — JI.K. benses
TIPOSIBIJI BCE HEOOXOIMMBbIE KaueCcTBa JIJIepa: TyBCTBO OTBETCTBEHHOCTH 3a Cy/b0Y
TeHETHKHU, BHYTPEHHIOIO YOEXKIEHHOCTh B MPABOTE JIeNIa TPH BCEX CIIONKHOCTSIX
BHeIIHUX 00cTosTensCTB. Ho 710 1964 1. (cHarue H.C. Xpyméra ¢ mocTta pykoBo-
JIATEIIS TOCYIapCTBA) CUTYALHS JUIsl TeHETHKHU OCTAaBAJIACh CIIOKHON M TPEBOXKHOM —
0aJIoM BCe ellie MPOJI0KAIIU ITPABUTh JIBICEHKOBIIBI.

AxazeMropofjok cTpomics... IHCTUTYT IIUTONOTUH U TEHETUKH BXOIWI B THU-
TYJIBHBIN criucok n3 aecstu MHCTUTYToB CO AH. Ye ObUT rOTOB KOTJIOBaH U
KpacoBayiach TaOJIM4Ka ¢ HaAMUChIO «IHCTUTYT LIMTONOTMU M T€HETUKW», KaK
BIPYT OHA OBbIJIa M3bATA U 3aMEHEeHA Ha pyTyIo — « MHCTUTYT Katanm3ay. B 1961 .
J.K. BensieBy ynanoch BOCCTAaHOBHTBH CTPOUTEIILCTBO HHCTUTYTA — YK€ HA HOBOM
MeCTe, I7ie OH HaXOAMUTCS U 10 CeH 1eHb.

Hpyroii npumep: JIeHMHIrpaACKuii YHUBEPCUTET HA CBOEM COBETE IPUCYIUII
J.K. bensieBy crenens 1oKkTopa OMOIOTHUECKUX HayK, HO B BAKe BozHuKIIM 1p00-
JIEMBI C YTBEPIKICHHEM — KITIOUEBbIE MTO3UIINHU Ha OMOJIOTHYECKOW CEeKI[MN 3aHUMa-
JIM JTBICEHKOBIIBI. [T0o3Ke, Korza OHM yTpaTHiIN TOTAJIbHYIO BIACTh B CTPYKTypax
yIpaBJICHUs] HAyKOW M 00pa3oBaHUEM — HAayYHBIX MHCTUTYTAaX WM BBICIIUX Yy4eO-
HBIX 3aBenieHusX, [1.K. benses cran nonaydars opunmaibHoe IpU3HAHUE — HAyYHbIE
CTeTIeHH 1 3BaHus. BaxkHas nerans: B wieHsl-koppecnonneHTsl AH CCCP I K. be-
nsieB ObUT n30pan B 1964 1, Oyydn KaHI11aTOM OMOIOTHYECKUX HAYK, UTO ObIBaCT
KpaiiHe peJiKo (M3BECTHO BCETO HECKOJIBKO CIIy4aeB) U CBHJECTEILCTBYET O BEICOKOU
OLICHKE YJIEHaMH AKaJIeMUH €TI0 Hay4HBIX HCCIIEJOBAHN B 00/1aCTH KITaCCUYECKON
renetuku. B 1972 r. JI.K. benses 6b11 n30pan akagemukom AH CCCP, u Tonbko B
1973 . emy HpUCYKICHA YYCHAs CTEIICHb JOKTOpPAa OMOJIOTHYECKHX HayK. JloneHT
kagenpbl TeHETUKH MOCKOBCKOTO ITyITHO-MEXOBOTO MHCTUTyTa MUHHCTEpPCTBA
BHemrHer ToproBiu CCCP (1946-1948), opranuzarop n 3aBeyronmii kadeapamu
o61weii ononoruu (1962—1967) u uuronoruu u renetuku (1967-1985) pakysbrera
€CTeCTBEHHBIX Hayk HoBoCHOMpCKOTo rocyaapcTBeHHOTO yHIBEpcuTeTa, JI.K. be-
JIIeB TOJBKO B 1976 T. momydmin yueHoe 3BaHue mpodeccopa.
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To the centenary of the birth of outstanding
evolutionist Dmitri Konstantinovich Belyaev

Baxusmv B cyap6e 1.K. bensiea n maCTHTYTa OBLT TOT (DaKT,
YTO B HETO IMOBEPHJT M B3SUT €r0 10J cBoto 3amurty M.A. Jlas-
penTheB. C Takoi MotHOM noxaepkkoi JIK Hauan akTUBHO
KOMIIJICKTOBaTh MHCTUTYT U (DOPMHPOBATH €TO HAy4HBIC
HarpasieHns. OTpOMHYIO TIOMOIIb CO3/1aBa€MOMY MHOTO-
npoduibHOMY MHCTUTYTY LMTOJIOTMU U TEHETHKU OKa3allu
npy3bst ¥ enuHoMbieHHUKY K. bensiesa. [Ipexne Bcero
ciemyet Ha3BaTh bopuca JIkBoBHYa AcTaypoBa, KOTOPBIN OBLIT
npyrom Hukonast KoncrantiunoBnya bensiea u cras OiM3Kkum
npyrom u cosetunkoM Juist K. bonblyo nogaepxky, oco-
OEHHO Ha IePBBIX ITOPaX, OKa3bIBaIM MOCKBUYH AJIEKCaHIpa
AnekceeBna [Ipoxodbesa-benbrosckas, Hukonait Hukoia-
esna CokonoB, bopuc Huxomaesny CupopoB M MUHYaHUH
[etp ®omuu Poxunkuii. [To mpunmamenunto H.I1. younuna,
a3arem 1 JI.K. bensieBa Bo BHOBb OpraHN30BaHHOM HHCTUTYTE
coOpanach miesjia TeHETUKOB M IIUTOJIOTOB, YIIEJIEBIINX B
TOJIb TOHEHUH Ha KJIACCHYECKYIO TeHETHKY, KOTOPBIM 3/1€Ch, B
Cubupu, npencTosIo BOCCO31aTh U pa3BUTh (hyHAaMeHTallb-
HBIE ¥ TIPUKJIAIHBIC HAIIPABJICHUS T€HETHKO-CEJIEKIIHOHHBIX
uccinenoanuii: Ilerp KnumentseBuu lllkBapHukoB, Anek-
canap Hukomnaesny Jlytkos, FOnuii Skosnesuu Kepkuc, FiBan
Jmurpuesnd Pomanos, FOpuii [lerpoBry Muprora, Huxomaii
Anexcannposny [Tnoxunckwuii, 301 CodponbeHa Huxopo,
Banum bopucosuu Enken, [Imutpuit ®enoposuu lletpos,
Pauca JIsBoBHa bepr, IOpuit OckapoBud Paymen6ax, ["amm-
Ha AnnpeeBHa Crakan, Pauca I1aBnoBaa MaptsiHOBa, Bepa
Bennamunosna XBoctoBa, EBrenus IlaBnoBua Pamxa0man
(Toreitzens). UHCTUTYT TMOMOMHSIICS TaK)Ke CIICITHATNCTAMHA
HOBOTO, ITOCJIEBOCHHOTO MOKOJICHHUS Onosoros: Pymnonbd
Hocudosuu Canranuk, ['puropuii @egoposuu [Ipusaos,
Hunens bopucosna Xpucromobosa, s MiBanosna Kuknaz-
3e, KnaBnus Kyzpmunnuna Cunoposa, Anekcanap Hukuruy
Cunopos, ['anuna Muxaitnona Ponnuesckas, Huxonait Hu-
komaeBud Boponrios, Onbra MiBanoHa Maiictpenko, CeBuiib
Hbparnmorna Pamxadnm, Buten Hukonaesnd TrxoroB, Jleo-
nu1 Banosna Kopoukun, Bagum Anekcannposuy Pataep —u
BBITYCKHUKAMH BEAYIINX YHHUBEPCUTETOB cTpaHbl (MI'Y,
JIT'Y) 1 cenbCKOX03HCTBEHHBIX M METUIIMHCKIX HHCTHTYTOB.
C Hayana 1960-x ronoB B cocTaBe MHCTUTYTA, IO BOJIE CITyYas,
CTaJIH MOSIBIIATHCS (PU3HOIIOTH, IMEIOIIE 6a30BOE MEANIIMH-
ckoe oOpaszoBanme, — Muxawi [ puropseBud Komnmakos, JIroz-
muiia Hukonaesna MBanosa, FOpuii ['aBpunosuy Lemnapuyc,
Bnagumup EsrenbeBnuy Haymenko, Huna KoncrantuHoBHa
[Tonoga. Yxe B 1970-x ronax nosiBUIIMCH EPBbIE COBMECTHbBIE
paboThI (PU3HOJIOTOB C TEHETHKAMH, IIPEYKJIE BCETO 110 BOIIPO-
caM IOMEeCTUKaIuH y iucut]. OnHOBpeMeHHO (hopMHUpOBaIach
coOcTBeHHast 6a3a MOATOTOBKHU CIIEHHAINCTOB (TCHETHKOB,
LIUTOJIOTOB, MOJIEKYJIIPHBIX OMOJI0r0B, (hr3M0IO0roB) Ha OHO-
JIOTUYECKOM OTJEJICHNH (DaKy/nbTeTa eCTECTBEHHBIX HayK B
HoBocnbupckom rocyjapcTBEHHOM YHHBEPCHUTETE.

Jmutpuii KoncrantunoBud cmor cosaars B U ul' CO AH
CCCP armocdepy BBICOKOH TpeOOBATEITHFHOCTH U MOICPIKH-
BaTh YyBCTBO CONPHUYACTHOCTH KaXKJI0OTO M3 HAC K eIy BOC-
CTaHOBJICHUS U PA3BUTHUA F€HETHKH B cTpaHe. OH TIIaTeNbHO
MIPOYMBIBAJ U aHAJTU3HUPOBAJI HEKOTOPBIE, Ka3aJI10Ch Obl, He-
3HAYUTEINIFHBIC, IETAIN CBOETO MoBeeHuUs. Ero marpnornsm,
[IOHUMaHNE CBOEW MHUCCHHU CIIy’)KEHHs Hayke U OOILECTBY,
OTHOIIIEHHE K YEJTOBEKY, €ro 3a00TaM U HyKAaM 1 ObUIN TEMHU
U/ICOJIOTUYECKUMH CKPETIaMH, KOTOPBIX OH IPHJICPKNBAJICS
BCIO CBOIO )KM3Hb. XOTSI OH HE ObUI WIEHOM KOMITapPTHH, €T0,
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KaK MPEKTOpa, MpUIIaliald Ha ApTUHHBIE COOpaHusl, Iie
00Cy’KIaIuCh BayKHbIE [UI MHCTUTYTa BOIpockl. OH Bceraa
MPOCUJI YYACTHUKOB IIPOTrOJIOCOBATH 33 €r0 NPUCYTCTBHE HA
napTcoOpaHuy U TOJBKO MOCIE MOJOKHUTEILHOTO TOJI0COBa-
HUSI aKTUBHO B HEM y4acTBOBAJ, IOMOTas! IPABMIIBHO BBIPa-
3UTB PEIICHHE IO JIeJIaM HHCTUTYTA, 0COOCHHO B KPUTHUECKHE
Juist Hero nepuopl. Imutpuit KoHcTaHTHHOBHY OBUT SIPKUM
MPEeCTaBUTEIIEM HACTOSIIIECH HHTEIUINTCHIUH, B HEM YyBCTBO-
BaJIach 0c00ast TTIOPOAA, IPHUCYIIAsk BBIXOANAM M3 TyXOBHOTO
cocJI0BMsl, OJlarofaps KOTOPbIM B 3HAUYUTEIBHOW CTEICHH U
CO3/1aBaach pycckas KyJabTypa, HayKa, 00pa3oBaHHeE.

Y JIK 6b11a cBost, 0cobast cructeMa OOIIEHUS ¢ COTPY/IHH-
KamH. B 3TOM cMbIciie OH OBbLI JEeMOKpaTHueH U JOCTYIICH.
K Hemy 05110 JTeTKO MoMmacTh Ha IpHeM, YTOOBI 00CYINTh Ha-
YUYHBIE TIPOOJIEMBI; IO OPTBOIPOCAM OH OOBIYHO HAINpPaBIIsI
K cBouM 3amecTtutenasm. Mol ¢ PY. Canranukom pemranu
MHOTHE HayYHO-OPraHH3aLMOHHbBIE BOIPOCHI IO CBOMM Ha-
TIpaBJICHUSM, BKITI0Uasi prHaHCOBbIE. X035HCTBEHHBIMH JIeyIa-
MU 3aHHMAJICS 3aMECTHUTEIb 110 OOLIMM BOIIPOCaM — CHavaja
Ilerp AkumoBuu Jlpsiuyk, 3atem Bukrop MBanoBry MosnuH.
VYuenslii cexperaps Jlronmuna Ky3sMuununa Autunosa Bena
BCIO TJOKyMEHTAIHIo0 aupeknuu. Beicrpoennas JIK cuctema
PYKOBOZCTBA HHCTUTYTOM MHOTHE TOJIbI Pa00Tasa CIaXEeHHO
B CHJTy YETKOCTH OIIPEIEIICHUS] HAIIMX MOJTHOMOYUI U OTBET-
CTBEHHOCTH 32 IPUHIMAaEMbI€ PEIICHUS.

I'maBHoI 3amaueii st cedst JIK camran BpIpaboTKy cTpare-
THU Pa3BUTHUSI HHCTUTYTA, ONPEIEIICHUE €r0 HUIIU B MUPOBOM
reHEeTH4eCKOM cooOriecTBe. J{iist pereHust STHX M00aabHBIX
3a71a4 OH IPOBOJMII TOCTOSTHHYTO pad0Ty BHYTPH KOJUICKTHBA
MHCTUTYTA M 33 €ro Ipe/esiaMi U OTOMpall COTPYJHHUKOB C
HOBBIMH HJIEIMHU U MHTEJUICKTYaJIbHBIMH BO3MOXHOCTSIMH,
He OOSIIMXCSI MOPYIIUTD yCTOSIBIINECS AOTMBI. FIMEHHO 3Ta
«CENEeKIHs» U MO3BOJIMIIA EMY CO3/1aTh SKCIIEPUMEHTAIIBHYIO
MOJIENb JOMECTHKAIIUH, H3BECTHYIO CETOIHS BCEMY MUPOBOMY
HayqHOMY co001IecTBy. TakiM 00pa3om, HHIITIA HHCTHTYTA [UIS
(yHIaMEHTAIBHBIX HCCIICIOBAaHNI HAa MUPOBOM YpOBHE ObIIa
HaiizeHa, TPOYHO 3aKpervieHa u cBs3aHa ¢ umeHamu [1.K. be-
nsieBa 1 ero ommkaiimeit yaenunst JI.H. TpyT, mpomomkaromeid
9Ty paboty n cerogus. S, kak oxHokypcHuk JI.H. TpyT mo
MI'Y, 6ynyun yxe nupexropom ULul" (1985-2007), B mepy
CBOHMX BO3MOKHOCTEH ITOMOTaJI €i, 4TO OBIIIO OCOOEHHO He-
obxomumo B 1990-e roasl, Korna Bce BOKPYT PYIIMIOCH U
MIPUBATU3UPOBATIOCH U HA/10 OBLIO MPOCTO COXPAHUTH ITY pa-
00Ty M 3KCIIEPUMEHTAIBHYIO (pepMy JIUCHI 1 HOPOK. OO 3THX
MCCIIEJOBAaHUSAX MHOTO HAMKMCAaHO B HAIIMX U 3apyOeKHBIX
CMU, CHSITO HECKOJIBKO (PUIIBMOB, B TOM YKCJIC aHIJIMYaHAMH,
ATOHIAMU 1 1Ip. PabOTEI NMEHHO TAKOTO YPOBHS 1 BBI3BIBAIOT
MOIIIHBIN TTOIYJISIPU3ATOPCKUH AP deKT.

Jmutpuii KOHCTaHTHHOBHY YaCTO TIOCEIal COTPYIHUKOB
Ha pabounx MecTax, mpuIiaman Al O6ecexpl B KaOuHeT, a
MHOT/IA U IOMOM, OLIEHUBAs TAKMM 00pa3oM X CITIOCOOHOCTD
MIPEATIOKUTD YTO-TO HOBOE, & TAKXKE MEPCIIEKTUBBI MOAICPIKKU
1 Pa3BUTHS HOBOTO HAIPaBJICHHUs. J]a 1 COTpyAHUKH B JI000€
BpEMS MOTJIU IPUHTH Ha BCTPEUY ¢ HUM CO CBOUMHM 3200TaMH
1 BOIIPOCaMU — IPHEMHast IMPEKTOpa BCera Obliia 3aIllojIHeHa
MOCETUTEIISIMH.

J.K. BensieB ObLT OUeHB IENICTUIICH U OIICHUBAM COTPY/I-
HUKOB HE TOJBKO MO HAyYHBIM 3acCiIyraM, HO U 10 JIMYHBIM
kadecTBaM. [IoMHIO cityyail, Koraa OAMH U3 COTPYIHUKOB IIPU-
nien k Hemy 3a coBeToM 0 wieHcTse KIICC, na eme HamekHyiI,
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akapgemuka mutpua KoHcTtaHTuHOBMYa Bensaesa

410 ¥ emy, Imutpuio KoHcTaHTHHOBHYY, HE MelIao Obl CTaTh
WICHOM MapTHH, TaK KaK 3TO CIIOCOOCTBYET yCIEITHOMY Ka-
pbreprOMy pocty. 1K He cTax Bo3paxkaTb MPOTUB €TI0 ITAPTHIH-
HOTO CTaTyca, HO HaBCeraa NoTepsi K HeMy HHTepec. XOT4,
KOT/1a Ha MHCTUTYT OOPYIIMJIICS BaJl MAPTUHHBIX KOMHUCCHIA C
IeNbIO JINKBUIMPOBATh «odyar BeiicMaHW3Ma-MOpraHu3May,
JIK coGpai rpyniry MOJIOABIX HayYHBIX COTPYAHUKOB U ITOIIPO-
cuT Hac (s OBLT B MIX YHCTIC) CTATh WICHAMH APTHH, yCUIUTh
MapTUHHYIO OPraHU3aIMI0 HHCTUTYTa 1 OOJiee aKTUBHO 3alI1-
I1aTh Hally HAyKy T€HETHUKY. Mbl OTHECIHCh K 3TOH ITpochle
cepresHo, Berymimi B KIICC u BcTaimi Ha 3aIIUTy HHCTUTYTA.
ITepsbim Hac nopaepxan cexperaps naprkoma CO AH CCCP
koHTp-aamupan I.C. Murupenko, notom CoBeTckuii paiikoM
naptun 1 otaen Hayku ookoma KITCC. Ho rraBHBIM Hammm
3aIINTHUKOM ocTaBascsi Muxaun AnexceeBud JIaBpeHTbEB —
yied [{K KIICC, k MHEHHIO KOTOPOTO MPUCITYIINBAINUCE U B
BEPXHUX 3IIETOHAX BIACTH.

Hecxkonbko cios o tnunoi xu3Hu I K. bensea. bonbiryio
poiib B ero cynp0e coirpana ero cynpyra — Ceewiana Bioaau-
MupoBHa AprytuHckas. OHM TMO3HaKOMIUINCH, KOTJa OH
BEPHYJICS TTOCIIe BOIHBI B IHCTUTYT ITyIITHOTO 3BE€POBO/ICTBA,
I7ie MOJIO/1asi aCTIMPAHTKA 3aHUMANIach U3y4eHHUEM BOTIPOCOB
(hm3MoIOTUM TUTAaHU Y )KUBOTHBIX. JIMuTpuii KoHCTaHTHHO-
Bu4 1 CBeTiana BiiagumupoBHa cOeTMHNMIN CBOU CYbOBI Ha
HECKOJIBKO JIECSITHIICTHH. Y HUX ObljIa O4eHb IPOYHAS CEMbS,
B KOTOPOI1 napuiy TI000Bb U YBaXKeHHUE APyYT K mpyTy. Y K
Tpu chiHa: Caia — ot ero nepsoro Opaka, Kosnst 1 Muma — ot
6paka co Cpernanoii BnagumuposHoii. C.B. ApryTusckas
MHOTHE roJibl IIPopadoTalia CTapIIuM HayYHBIM COTPYIHUKOM
B 71a00paTopuy HYKJICHHOBBIX KHCIOT IO/ PYKOBOJICTBOM
P.M. Canranuxa. OHa HCKpEHHE NepeKuBaa, mojaepKuBaia
n momorana Jume (Tak ona 3Bama JIK) Bo Bpems ero nupek-
TOPCTBA, 0COOEHHO B TpyIHbIE st HHCTUTYTa 1959-1964 1.

Jmutpuit KoHCTaHTHHOBHY paHo yIuesn u3 )ku3HUu. OH CKOH-
gaics B 1985 1. B Bo3pacte 67 net. [y ceMbl ¥ HHCTHTYTA
9TO OBl TSDKENas yTpara.

Ilepen Banentunom AdanacheBuuem KomnTrorom BcTamd
BOIIPOC, KOTO Ha3HAYUTh JUPEKTOPOM OOJIBIIIOTO U JOBOIBHO
CJIOKHOTO MHCTUTYTA. He 3Haro nogpoOHOCTEH cortacoBaHus,
HO BbIOOD cy3uiics jio 3amectuteneii /I.K. bensesa no Hayke,
xotopsiMu 0siTH Pynoned Mocndosmu Canranuk u 5. [o-
ckomnbky J1.K. Bernsie emie Ha Bpemst cBoelt 00J1€3HM Ha3HAYHIT
MEHs U. 0. TupekTopa, To B.A. Kontior pemmn npoaiauts Mou
BPEMEHHBIE TTOJTHOMOYHS /10 BEIOOPOB, KOTOPBIE COCTOSUINCH
yepe3 roA. JTO pelIeHue nepepocio B 22 roja MOEro Iu-
pexropctBa. Mol ¢ Pynonbsdom MocudoBruem npuHsim 3Ty
CUTYaIMIO CIIOKOWHO M emie moutu 10 jer BMecTe Iuiono-
TBOPHO paboTainu, BIJIOTH 110 ero orbe3na B CIIA. Xopomme
OTHOIIICHUS MBI COXPaHUJIM HA MHOTHE TOABI.

Korna s npuHsu1 HHCTUTYT, Hayaslach nepecrporka. M mMbl
OIIATh — Halla HayKa BMECTE CO BCEM HAy4HBIM cOOOIIe-
CTBOM — I1OTIaJIN B TSHKEITYI0, MHOT/IA Ka3aBIIyOCst Oe3bICXOIHOM
cutyanuro. EcTecTBEeHHO, UTO B TaKOE BPEMs YaCTO BO3HUKAET
BOIIPOC: a KaK OBl pPelIaiy BO3HUKIINE ITPOOIEMBbl HAIlIK Y4H-
tens? Uro kacaetcs Jmutpus KoHcTaHTHHOBHYA, TO 51 yBEpEH,
YTO, UMEs1 OTPOMHBIH OIIBIT ITPEOOTEHHUS TPYIHOCTEH, IPO s
TOPHMIIO BOWHEI U pa3pyxy, OH HCIIOIb30BaI ObI BCE CBOH CHIIBI
1 aIMUHHUCTPAaTUBHBIE BO3MOYKHOCTH JUIS COXPAHEHUS] MHCTH-
TyTa, HAyYHBIX IIKOJI U YKPEIUIEHHs HayJYHOTO COOOIIEeCcTBa.
JIeBU30M HaIINX YYHUTENeH OBLTO — «TI00CKIATh» !
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B ciioxxHble epectpoeunsbie 1ojibl B CHOMPCKOM OT/IeTIeHUN
cthopMupoBaCS MOITHBIA TUPEKTOPCKUHA KOPIYC YyXKe U3
yuennkoB ocHoBarenelt CO AH. IMeHHO UX ycuausMu ObUTr
COXpaHEHbI HHCTUTYTHI, HAYyYHbIE IIKOJIBI U IIPUHIIUITBI HAY4-
HOM HPaBCTBEHHOCTH, IPEAAHHOCTH CTPaHE, IPEEMCTBEHHO-
CTH MOKOJICHUH B Hay4HOM coobmiecTse. U 51, Kak JUpeKTop
UHCTUTYTA, MPUHUMAas OTBETCTBEHHBIC PEIEHUs, MHOIJA
OTIPEACTSIONINE CyAbObI COTPYAHUKOB, BCETa MBITAJCS OT-
BETHTh Ha BOIIPOC, 0n00pui Obl J{mMurpuii KoncrantuHoBrY
Moe pereHue. M ecinu nocie BHyTpPEHHETO aHaIn3a MoJTyvall
TMIOJIOKUTENBHBIN OTBET, TO IMOSABIIAIACH YBEPEHHOCTH B CBOUX
JICUCTBHUAX U PEHIMMOCTh. JlyXOBHAsI CBS3b «YUHTEIIb—YyUe-
HUK» — INI00alIbHas YeJI0BeYECKasi IEHHOCTh, HYKAAI0IIasiCsI
B COXPAaHEHUH U MTOYUTAHNU.

Kuznennsrii nyts [I.K. bensena, ero orpoMHsIi BKaaJ B
pa3BUTHE TEHETUKU PACCMOTPEHBI C Pa3HbIX PAKypPCOB B KHUTE
«Amutpuit KoncrantnHoBuy bensieB: KHUTa BOCIOMUHAHUID,
KoTopasi Obuta u3nana B cepun «Hayka Cnbupm B mumax»
K 85-neruto yuenoro (2002). Cpenu aBTOpOB BOCIIOMHUHA-
HUH — €r0 yYEHHUKH, KOJUIETH, APY3bsi, B TOM YHCIIE 3apyOesk-
Hble. bonbiryro Onorpaduyeckyro maBy «/luma» Hammcana
C.B. ApryTuHnckas. 51 ObUT OTHUM U3 aBTOPOB U OTBETCTBCH-
HBIX PEAAaKTOPOB 3TOTO M3JaHus. B mociennue roasl ObUIO
OITyOJIMKOBAHO HECKOJIBKO PadoOT 00 MHCTHTYTE, O JIMHUTpUHN
KoHCTaHTHHOBHYE M €r0 HayYyHOM HACJEIUH, B YACTHOCTU
B HameM xypHane (Paruep, 2002; 3axapoB u ap., 2007,
2012; Tpyt, 2007; Tpyt u ap., 2007; lymusiii u ap., 2012).
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O06 oTbOpe JIMCHUL, Ha arpeCcCUBHOCTD
11 er0 KOppeapOBaHHbBIX ITOC/IEeJCTBUSIX

AH. TpyT, A.B. Xapaamosa, A.B. Baapumuposa, 10.3. Tep6ex @

DepepanbHblii NCCNeROBATENbCKUI LeHTP UHCTUTYT yutonorum u reHetnkn Cnbrpckoro otaeneHns Poccuinckol akagemmnm Hayk, HoBocnbupck, Poccus

PaccmoTpeHbl pesynbTaTbl AnntenbHoro (35-netHero) otéopa nmucn,
BEKTOPU30BaHHOIO Ha arpeccrMBHOE pearmpoBaHme Ha YenoBeka.
MpuBoOZATCA CpeaHMe OLEeHKN GeHOTUNMYECKOW SKCMpeccun arpec-
CUBHOCTM B pAfY BCEX NOKONEHMI oTbopa. InHamuKa 3TrX OLLeHOK Mo-
Ka3blBaeT, YTo GeHOTUNNYECKMIA OTBET Ha OTOOP Obln OUEBUAEH TONb-
KO nepsble 12 nokoneHui. Mocnepytownii 3tTan otéopa He NpuBen K
3aMeTHOMY POCTY CpefiHel OLeHKM arpeccuBHOCTU. [peacTaBneHbl
pe3ynbTaThl AUCNEPCUOHHOTO aHaNn3a MEXrPynnoBO M3MEHUMBOCTY
(M U3MEHUMBOCTY MEXAY NMOTOMKaMM PasHbIX MaTepeit) 1 BHYTpu-
rpynnoBo (cpeay MOTOMKOB OAHMX U TeX Xe cemelt). I3meHUnMBoCTb
BHYTPU cemeli CTabunbHo HU3KanA. BepoaTHee Bcero, ee ctabununsmnpy-
10T MaTEPUHCKME MpeHaTasibHble U PaHHWE NOCTHaTasIbHble BINAHUA.
Y70 e KacaeTca AUHAMUKK MeXIpyrnnoBow BaprabenbHOCTA B Npo-
Lecce oT60pa, To 06WWKIA TPEHA CBOAUTCA K TOMY, UTO €€ YPOBEHDb B
ceneKUMOoHVpyemMon Nonynauuy He NagaeT, HeCMOTPA Ha AIUTENbHbIN
cucTemaTyeckmin otbop. Kak cBUAETENbCTBYIOT CTaTUCTMUECKME NMOKa-
3aTeny GeHOTUNNYECKOTO CXOACTBA MOTOMKOB C POAUTENAMMU, afANTHB-
Hble B3aMOLENCTBUA HE MOTYT O6BACHUTD COXPaHAIOLLYIOCA U3MEH-
4ynBoCTb. OHAKO HE UCKJIIOYEHA POJb SNUCTAaTUYECKNX B3aUMOAEN-
CTBUIA. AKLIEHT [eNaeTca Ha KoppenrpoBaHHbIX NOCNeACTBUAX OTOOPa
Ha ycuieHne arpeccBHOCTU 1 Ha X COMOCTaBMIEHUN C MOCNeACTBUA-
MM OTOOpa B NPOTUBOMOIOKHOM HamnpasieHUM — Ha SNMUHALNIO
arpeccrBHbIX peakLuuii Ha YeNoBekKa, Uiy Ha NpupyyYaemocTb. Ha npu-
Mepe HEKOTOPbIX GDU3NONOrMUYECKUX U OTAENbHBIX MOPPONOTrNYECKNX
NPU3HAKOB JeMOHCTPUPYETCA NapaneNibHblii XapaKTep Koppenpo-
BaHHbIX V3MEHEHU Npu 0TOOpe NPOTUBOMONOXKHOIO HanpaBleHUs.
70T deHoMeH 06CyKAaeTca B acneKTe KlacCMyecKnx npeacTaBieHuin
0 pe3epBax CKPbITON reHeTUYECKO M3MEHUMBOCTA 1 PO 0TOOPa B
ee GeHOTMNNYECKON SKcnpeccum. K ero HTepnpeTaummn npuseKkatoT-
€A TaKXKe HeKOTOopble MONEKYIAPHO-TeHETNYECKME JaHHbIE, yKa3blBa-
IoLLMe Ha BO3MOXHYI0 OOLHOCTb FreHETUYECKOrO KOHTPONA OTAENbHbIX
napameTpoB arpeccun u NPUPYYaeMoCcTyi UM Ha BO3MOXHOCTb CyLLe-
CTBOBaHUA 0OLMX reHeTUYeCKX MULLIEHEI ANiA 0T6opa B TOM 1 ApY-
rom HanpaefieHuu.

KntoueBble cnoBa: IMcnLa; NOBEeAEHNE; arpecCMBHOCTb; MPUPYYAaEMOCTb;
0T6OpP; KOPPENMPOBaHHbIE U3MEHEHNS.
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On selection of foxes
for enhanced aggressiveness
and its correlated implications

L.N. Trut, A.V. Kharlamova, A.V. Vladimirova,
Yu.E. Herbeck ®

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

The results of a 35-year selection of foxes for aggres-
sive response to humans are reported. Averaged
estimates of the phenotypic manifestation of aggres-
siveness in all selection generations are presented.
The dynamics of these estimates shows that the
phenotypic response to the selection was obvious
only in the first 12 generations. Subsequent selection
did not alter the mean aggressiveness score. Analysis
of variance was performed for the intergroup vari-
ability (@among descendants of different mothers) and
intragroup variability (among the offspring within a
family). The intragroup variability was constantly low.
Most likely, the trait is stabilized by maternal prenatal
and early neonatal factors. The general tendency in the
dynamics of intergroup variability is that it does not
decrease over time during selection, no matter how
long the population has been under it. It follows from
the statistical indices of the phenotypic similarity be-
tween parents and offspring that additive interactions
are insufficient for the explanation of the persisting
variability. The contribution of epistatic interactions is
not ruled out, though. Emphasis is laid on the corre-
lated consequences of the selection for aggressiveness
and their coordination with the consequences of the
selection in the opposite direction, for elimination of
aggressive response to humans, or for tameness. The
parallelism of correlated changes in the selection in
contrasting directions is illustrated by the examples of
some physiological and morphological traits. The phe-
nomenon is discussed in the light of classical notions
of the resource of cryptic genetic variation and the role
of selection in its phenotypic manifestation. Its inter-
pretation also invokes molecular data pointing that
some genetic pathways may regulate parameters of
both aggression and tameness and that the selection
processes in both directions may have some genetic
targets in common.

Key words: fox; behavior; aggressiveness; tame, selec-
tion; correlated changes.



HPOKO HM3BCCTHO, YTO B I/IHCTI/ITyTe OUTOJIOTUU U

reretukd (ULul") B mepBbIe ke OBl €ro Hay4YHOU

nesitenbHOCTH (1959—1960) mo MHAIMATHBE AUPCK-
topa akagemuka J[.K. Bensiea Obuta opranusoBana padora
0 SKCTIEPUMEHTAILHOMY BOCIIPOM3BEACHHIO TpoIiecca 0/10-
MAITHUBAHHS KUBOTHBIX HA MYIITHOM OOBEKTE KIETOUYHOTO
passenenus — ynucuiie (Vulpes vulpes). CyiiectBo paboThI
CBOJIUTCS. K MHOT'OJICTHEMY HAlpaBICHHOMY OTOOpPY JIHCHI]
Ha SIIMMHHAIIUIO arPECCUBHO-TPYCITUBBIX PEAKIIH, POSIBIIsie-
MbIX Ha Y€JIOBCKA JUKHUM KUBOTHBIM, U 3aTCM — Ha TOJICPAHT-
HOE U JIaXKe JIpYKeNoOHOe OTHOIIeHHE K HeMy. [Ipenochutku
1 3(DGEKThI STUX UCCIESTOBAHUNA MHOTOKPATHO OCBEIIAJIKCH.
B pesynbrare oTO0pa ObUIH CO3MaHbI YHUKAIBHBIC, H3BECTHBIC
BO BCeM MHpe ofoMarrHeHHbIe tucutsl (benses, 1962, 1979;
Trut, 1999; TpyT u ap., 2004; Trut et al., 2009).

B 1970 r. Obu1 3a105)KeHbI IEPBbIE CKPELMBAHUS IJISl OT-
60pa B 00paTHOM HAIIPaBICHNH — Ha YCHJICHHUE arPECCUBHOTO
pearupoBaHus Ha YEIOBEKa. DTUM OTOOPOM TAKXKE CO3/IaHbI
YHUKAJIbHBIC JIMCUIIbI, C MAKCUMAJIbHO BBICOKOM arpeccuB-
HOCTBI0. X071 0TOOpa U ero KOppenupoBaHHbIE MOCTCACTBUSI
BIICPBBIC OMUCHIBAIOTCS B HACTOSIIECH CTAThE.

N3meHeHue nosepeHnA

B X0ofe 0T60pa Ha arpecCMBHOCTb

PopnonauansHuKy 17151 0TOOpA Ha arpecCUBHOCTD B arpecCuB-
Ho¥ cyOmomysiinu (30 camok U 15 caMI10B) OBIITH 3aBE3EHBI
Ha 9KCIIepUMeHTaNbHY10 3Bepodepmy ML ul" u3 38epocosxo-
30B «ITymxunckuit» —nox MockBoil, u «JlecHoi» —Ha Anrae.
IouTn Bce nuCHIbI IPOMBIIUIEHHBIX MOIMYISIINNA B TOT IEPHOT
arpeccUBHO pearupoBaly Ha YeJIoBEKa: TOIbKO okoio 10 %
OueHb cJ1ab0 MPOSBISLIN 3Ty peakiuto; okono 30 % umenu
PE3KO BhIpaKeHHYIO arpeccuio; 20 % MpOsBISUIN PeaKIuio
cTpaxa; y ocTainbHbIX 40 % MposBICHNS TapaMeTpoB CTpaxa
IIPU OJTHOM U TOM K€ TECTHPOBAaHUH YepeJOBAIUCH C IPO-
SBIICHHEM TapaMmeTpoB arpeccun (Belyaev, 1979).

[Tpu oTGope ocHOBaTeleH U B XO/1€ BCETO CEJICKIIOHHOTO
HKCIIEPUMEHTA HCII0JIb30BaJIach BU3yasibHasl OlICHKA B Oajiax
apaMeTPOB ArPECCUBHBIX PEAKLUH JMCHUL], TECTUPYEMBIX B
MX JOMaIlIHeH KieTke. B yclIoBusIX sKkcnepruMeHTaIbHON 3Be-
podepmer UlIul" CO PAH nucsita conepkarcs ¢ MaTepbio 10
BO3pacTa 1.5-2 mecsiia, 3aTeM 2—3 HeIen KUBYT COBMECTHO
BCEM IIOMETOM, HO OTJeJIbHO OoT Marepu. Ilocie sToro mx
paccakxuBaloT B MHIMBUAYaJbHbIC KJIETKU (pa3Mep KIETKU
90 x 90 cM), HAXOASIINECS B OTHOM U TOM XK€ IIeJe, T. €. BCe
JIMCHIIBI U3 arPECCUBHON CYOOMYIISIIN UMEITH «COCeeH» U3
TOM ke CyOnomy siyu. PydHBIX JIMCAT TaKKe pacca)knBalv
B OT/ICJIBHBIN II€M, MPETHA3HAYCHHBIN TOJIBKO UISI PYYHBIX
JKHUBOTHBIX.

Ha6J’IIOI[eHI/ISI 3a JXUBOTHBIMU OCYHICCTBIIAJIUCH B XOJ€
BCETO OHTOTCHE3a, HO OKOHYATEIbHAS OI[EHKA IIPOBOANIIACH B
BO3pacTe IoJI0BOM 3penocTH (6—7 MecsueB). [ TaBHBIMU KpH-
TCPUAMU CIIYKUIIU SKCIIPECCUA OTACIBbHBIX MOBEACHUYCCKUX
MIPU3HAKOB, (OPMHUPYIOMNX MATTEPH arpeccuu ((rIpKaHbe,
pBIYaHue, aTaka), 1 KPUTHYECKas TUCTAHIMS MEXAy dKC-
[IEPUMEHTATOPOM U JUCHULEH, IPU KOTOPOU 3TU MATTEPHBI
MPOSIBIIAIOTCS. ATPECCHBHOE TIOBEICHNE PAHKHUPOBAJIOCH OT
—0.5 1o —4 6annoB. JIucuIbl, MOTYYNBIINE CAMYIO HU3KYIO
oreHKy arpeccuBHocTH (—0.5 wiu —1 6aut), BeayT ceds crio-
KOMHO, KOTJ]a Y€JIOBEK CTOUT Y 3aKPBITOM KIIETKH, HO €CIU
YEJIOBEK OTKPBIBACT KJICTKY H IMPOTATHBACT PYKY B CTOPOHY

leHeTMKa noBeaeHUA

JIMCHUIIBL, TO JIUCHIIA OTXOUT K 3aJHEHN CTeHKe KJIETKH U CIIerka
perauT (puc. 1).

C yMeHbIIEHHEM KPUTHYECKOH TUCTaHIUH, IPU KOTOPOM
JIUCHIIA TIPOSBISET arpeccuio, a TakXKe C YCHJIEHHUEM JKC-
MPECCUN TapaMeTPOB arpecCUBHOCTH €€ OalulbHAasl OIEHKa
BO3pacTacT: —1.5 — Kor/ia SKCIIepUMEHTaTOp OTKPBIBACT KIIET-
Ky, JIUCHIA OCTAETCsl CIIOKOWHOM, HO IMOIBITKA MPUOIN3UTD
K HEH pyKy NMPOBOIMPYET arpeCCUBHYIO PEaKIHIO — JINCHIIA
PBIYUT, HO He aTakyeT; —2.0 — Koryia 9KCIIepUMEHTATOp CTOUT
OKOJIO OTKPBITOM KJIETKH U IBUTa€T 3aIUIIECHHYO [I€PUaTKON
PYKY I10 HAallpaBJIEHUIO K JIMCHUIIE, JIUCHIA PBIYHUT U MBITACTCS
YKYCHUTB; —2.5 — KOT/Ia 9KCIIEPUMEHTATOp CTOUT OKOJIO OT-
KPBITOM KJIETKH U JIBUTAET 3aIIMILEHHYIO IEPUaTKOi pyKy 110
HAITPaBJICHHIO K JINCHIIE, JINCHIIA CPa3y Ke HAUMHAET PhIYaTh
U TIBITACTCSl YKYCUTD; —3.0 — 9KCTIEPUMEHTATOP CTOUT OKOJIO
OTKPBITOW KJIETKH, JIMCHIIA OCKAJINBAET 3yObl, OrphI3aeTcs,
PBIYUT ¥ HAIAJIa€T Ha HKCIIEPUMEHTATOPA U JPYTHe 00bEKTHI
B T0JIE €€ 3PeHMsI, C OOHAKCHHBIMH 3y0amMH 1 (PUKCHPOBAH-
HBIMH, PACIIMPEHHBIMH 3payKaMK; —3.5 — SKCIIEPUMEHTATOP
CTOHUT OKOJIO 3aKpPBITON KJIETKH, JHCHIA OCKAINBAET 3yObl,
OTpBI3aETCS, PHIYUT U IBITACTCS aTaKOBATh SKCIIEPHIMEHTATOpa
U IpyrHe 0ObEKTHI B I10JIE €€ 3peHHs1, C 00HaKEHHBIMH 3y0aMu
1 PUKCUPOBAHHBIMH, PACIIHPEHHBIMA 3paukamu;, —4.0 — mu-
CHIIa OCKaJINBAET 3yObl, OTPHI3ACTCA W PBHIYUT KaK TOJIBKO
BUJIMT YEJIOBEKa, IPUOIIIDKAIONIErocs K KieTke (puc. 2). Bee
0TOOpaHHBIE TS CEJIEKIIOHHOTO 3KCIIEPHMEHTA JINCHIIBI Xa-
PaKTepH30BaINCHh MAKCUMAJIBHBIM OaJIJIOM arpecCHBHOCTH TI0
OTHOIIECHUIO K YEJIOBEKY U HE MPOSBIISIIA PEAKIIUIO TPYCOCTH.

[Tpu nosIBIEHNH OTPULIATENTLHOTO CTUMYJIA (B JAHHOM CITy-
yae 4eJIOBeKa) )KMBOTHOE BBIOMPAET O/IHY M3 JIBYX CTPATEruit
MOBEJICHHsI, KOTOPBIE MTO3BOJISIIOT N30€XKaTh €ro IeHCTBUS, —
BBITECHEHHE €T0 U3 CBOCH cperbl (arpeccus) win n3beranne
(ctpax) (van Kampen, 2015). B moBeneHnn oHUX U TEX Ke
JIMCHUI] B XOJIe OTHOTO M TOTO K€ TECTHPOBAHMS MAaTTEPHbI
arpecCcUBHOTO MOBEJICHHS HHOT/IA YEPETYIOTCS C MPOSIBICHIEM
Tpycoctu. [Tocie 3100HOT0 phIuaHus ¥ aTaku HEKOTOPBIE JIH-
CHILIBI TIPH NPUOJIMKEHUN PYKHU SKCIIEPUMEHTATOPa B IIEpUaTKe
TPYCIMBO OTOETAI B CTOPOHY, MHOT/A Ja)Ke 3a0MBAJINCH B
yron kietkn. HaOmonanics 1 Takue BereTaTuBHBIE KOMITO-
HEHTBI NIPOSIBIICHHSI TPYCOCTH, KaK ypHHALUs U aAedeKanus.
Kpurnueckast AuCTaHIMS MPOSBICHHUS 3TUX NATTEPHOB U UX
IKCTIPECCHSI TAKXKE CITYKHIA KPUTEPUAMH OAITIBHON OIIEHKH
TPYCOCTH, LIKaJla KOTOPOU B CEJIEKLIMOHUPYEMOW Ha arpec-
CHBHOCTB IO/ ISIUH BapbupoBaa oT 0 (TOJHOE OTCYTCTBHUE
MPOSIBIICHUS TPYCOCTH) 10 2 6ayutoB (IIPH OTKPBIBAHUH KC-
MEpPUMEHTATOPOM KJIETKH JIMCHLA ObICTPO oTOeraer u 3adu-
BAeTCs B JAJIbHUN yToNl KJIETKH, MHOTZIA 3Ta PEakIus co-
MPOBOXKAACTCS ypuHanueil u nedekanueii). B cBoe Bpems
Haomonenus JI.B. Kpymmuckoro (1960) 3a noseneHnuem
THOPHUIOB THISIIKUX JIA€K C OBUApPKaMM, a TaKkKe THbpu-
JIOB BOJIKOB C COOAaKaMM yKa3bIBaJM Ha TO, YTO YHUTApHBIC
peaxIy arpecCuu U TPYCOCTU T'€HETHYECKU HE3aBUCHMBI.
OpHako pu HOPMHUPOBAHUH B OHTOTE€HE3E IIET0CTHOTO 000-
POHHTEJIFHOTO TIOBEJICHUS MEK/Ty HUMHU PONUCXOIUT TECHOE
OTpHULIATETbHO-UHYKIIHOHHOE B3aUMOJICHCTBHE, B PE3yNbTaTe
KOTOPOTO yCHJIMBAETCsl OfiHA — OoJiee CHIIbHAs — PEaKIus U
ocnabnsiercst apyras — 6onee cnabas (Kpymmuckuid, 1960).
Cy1uiecTByeT MHEHHE, YTO Y HEKOTOPBIX KMBOTHBIX (HAIpH-
Mep, TPBI3yHOB) CHIIbHASI arPecCHsi MOXKET ObITh MHIYIIHPO-
BaHa CHIILHBIM cTpaxoM (Popova, 2006). [TockonbKy I1aBHBIM
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On selection of foxes for enhanced
aggressiveness and its correlated implications

Fig. 1. A fox with a low aggressiveness score.

Photo by I. Pivovarova.

CEJICKIIMOHHBIM KPUTEPHEM B XOJI€ OCYIIECTBISIEMOTO HAMH
oTOOpa CIyXXHiIa KCIPECCHsl MapaMeTpPOB arpecCHBHOCTH,
MBI Ha Pa3HBIX 3Tanax 0ToOpa y JIMCHIL Pa3HOTO 10J1a U BO3-
pacTa aHaJIM3UPOBAJIM UX B3aMMOOTHOIIEHHUE C IKCIIPECCHen
rnapameTpoB TpycocTH. Kak 1eMOHCTpUPYET paHIOBBIN KO-
a¢ppunment xkoppemsiunn Crupmena (Jlakun, 1980), mexmy
WHJIMBHYaJIbHBIMH OaJUIbHBIMH OLIEHKAMH arpecCHMBHOTO U
TPYCIMBOTO MOBEAEHHS JINCUI] JCHCTBUTEIHHO CYILIECTBYET
oTpHIaTebHasl CBS3b, T.€. Y MEHEE arpecCHBHBIX 0co0ei
OoJiee BBIPAKEHO TPYCIIMBOE IOBEACHUE, U HA00OPOT. ITO
MOKA3aHO OTAEIBHO KaK JJIsl B3POCIIBIX CaMIIOB M CAMOK, TaK
U IS UX TOTOMKOB (Ta0ur. 1).

WHBbIMU CIIOBaMU, MOKHO IPEAINOJIOKHUTh, YTO CHUIIbHAS
arpeccust y CENeKIIMOHNPYEMbIX JIMCHUII OblTa MHTyIUPOBaHA
HE TOJIBKO CHITBHOH 3KCTIpeccheit cTpaxa. Hao06opoT, cribHbIH
cTpax ocijaliisul B HEKOTOPOM CTENEeHU arpeccHio. JTo Mojl-
TBEPIKIAETCS U TEM, UTO, KAK OTMEUaJIOCh BBIIIE, HANOOBIINI
0aJur arpecCUBHOCTHU MOJTydalli )KHBOTHBIE, KOTOpBIE HE OT-
CTyNaJH B AaJbHUI YroJ KIETKH, KOTJa SKCIIEPUMEHTATOP
OTKpBIBAJI ABEPILY, a Cpa3y aKTUBHO IEMOHCTPHPOBAIIH arpec-
CHBHYIO peakiuio. Ecim skcrieppuMenTarop npoTsrusai 3a-
IIMIICHHYIO TIepYaTKod PyKy K )KHBOTHOMY, 3a0MBIIEMYCS
B YroJl, Takue XHBOTHBIE TOXKE MOIJIM JEMOHCTPHUPOBATH
arpeccuio (OCKaINBaTh MACTh U ITBITAThCS YKYCUTH IIEPUaTKy ),
HO CTEIEHb arpeccry y HUX OblIa 3HAYUTEIILHO HUKE.

B 1970-e roxpr1, xoraa 0611 HaYaT 0OTOOP HA ATPECCUBHOCTH,
90 % nmucHll TPOMBIIUIEHHBIX MOMYJISIHHA, U3 KOTOPBIX OT-
394
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Fig. 2. A fox with a very high aggressiveness score.
Photo by Vincent J. Musi.

Oupanrch OCHOBAaTENM, arPECCUBHO PearupoBaly Ha 4eso-
BeKa, CpetHui 6aiut arpeccuBHOCTH cocTanisin—0.96+0.004
(TpyT, 1981). be3ycinoBHO, SKCIIPECCHsI TOTO pearupoBaHUs
BapeupoBaina (Trut, 1999; Tpyt u ap., 2004; Trut et al., 2009).
JlucnepcHoOHHBIN aHaIN3 UepapXUuecKux KomIuiekcos (Jla-
kuH, 1980) 0011eii BapuaHChl 0aJIIIOB arpeCCUBHOCTH Y JTIUCHI]
HECEJIEKLNOHUPYEMOH MOMYIISALUY 3BEPOCOBX03a «JlecHOM»
MIOKa3aJI, YTO WHIUBH/yaJIbHbIC OTBETHI JINCHIL HA YEJIOBEKA,
KakK 1 IIPEeIosarajiock, 3aBUcsT oT MHOTUX (aktopos (Tpyr,
1981). I'enetndeckast aAIUTHBHAS BapHaHCa TIPH3HAKA «ar-
PECCHBHOCTE B 0aJUTFHOI OIIeHKe cocTaBiseT 35 % ot o0miei
¢denorunuyeckoit. Eme 13 % o0iero BapbupoBaHus OIpe-
JIENISETCST Cpeioi, oOImel i moMeTa, T.€. MaTepHHCKIMHA
sddexramu, u camblii Oonbioi Bkaa (52 %!) B penornnmde-
CKYIO U3MEHUMBOCTB BHOCST CIIy4aliHbIe CPe/IoBbIe (DaKTOPBI,
JIEUCTBYIOIIME HA JINCHUI] B yCIIOBUSIX KJIIETOYHOTO COZIEPKaHMUS
B Ka)K/bII JTAaHHBIA MOMEHT M MCHSIOLINE YPOBEHb OOIICH
BO30YJMMOCTH M (PU3UOJIOTUICCKHIA TTOPOT KOHKPETHOU pe-
axuwnu (TpyT, 1981).

B cenexkunonupyemoil Ha arpecCHBHOCTh CyOMOMYIISIIAN
cpeHHi 0ay1 arpecCUBHOCTH PACCUNUTHIBAJICS AJIS TOTOMKOB
Kaxaoro u3 46 moxoneHUH, poxaeHHbIX ¢ 1971 mo 2016 T
(tabn. 2), 3a uckmouenuem 2002-2005 rr. B atot nepuon
JUT MOJIEKYTIIPHO-TE€HETHUECKUX UCCIIEIOBAaHNH CO3/1aBaIICh
pacIIEIUISIOINECS TOMY/ISIINY ITyTeM CKPEIIMBaHUs arpec-
cuBHBIX Jicull ¢ pyunsiMu (Kukekova et al., 2008).

JlanHbie Ta01. 2 IEMOHCTPHUPYIOT, YTO CpeIHMI Oasut arpec-
CHBHOCTH PaBHOMEPHO BO3pacTaeT 10 12-ro mokoneHus. 3a
3TOT 3Tan orbopa oH yBemuuumics ¢ —1.30+0.09 Bo Bropom
noxojeHuu 10 —2.88+0.12 B F,. OnHako 4epes maThb 110-
CIIEIYIOIINX ITOKOJICHIH CPEIHUH 0T arpeCCHBHOCTH CHH-
3uJIcsl M ocTaBajcs B npeaenax ot —1.6+0.08 no —1.8+0.07.
VY noroMxoB nocneanux nstv noxonenuu (F, —F,.) sTor
nokasareib coctasistl —1.8+0.07. VIHpIMH c10BaMH, ITOCIIE
12-ro nmokoneHust GeHOTUNNIECKUH OTBET HA OTOOp, €CIH
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Table 1. Correlation between aggressiveness and cowardice scores in adult female and male foxes and in four-month whelps

Generation  Years Number  r; Pe<
under of females
selection

Number r,
of males

Number r,
of whelps

m m

Notes. r¢, riy, rp, Spearman's correlation coefficients for females, males, and whelps, respectively; P¢<, Py, <, Py, <, statistical significance levels for respective

correlation coefficients.

Table 2. Variation of mean fox aggressiveness scores with selection

Generation of selection Years of birth

Number of descendants

Mean aggressiveness score,
M£+m

CYIHTB O HEM I10 YPOBHIO CPETHETO Oasuia BCEro MOKOJIEHNS,
He Obu1 oueBHIeH. [IpoBeneHHBIN panee aHamu3 GpeHoTunnye-
CKOTI'0 CXO/ICTBA OTOMKOB ¢ oTiamu 1 MatepsiMu (TpyT, 1981)

BBISIBUJI IOCTOBEPHOE CXOJCTBO IOTOMKOB C OTLIaMHU TOJIBKO Ha
CaMOM HadaJIbHOM 3Tare otoopa (F,—F.). K 8-My mokonenuro
JIOCTOBEPHOTI'0 CXO/ICTBA C OTLAMH yiKE HE HaOJII01alI0Ch, TaK
JKe KaK M Ha BCEX MOCIEIyIONUX dTanax oroopa (tadm. 3).

KoaddummenT perpeccnn kK mMarepsiMm ObUT CyIIECTBEHHO
HIDKE, YeM K OTLaM. B I ToM IToKoJIeHNH HUKAaKoro (heHOTH-
MIMYECKOTO CXOJCTBA MEX/Ty TIOTOMKAMH 1 HX MaTepsiMH He Ha-
Omromaercs. Hesrb3st HCKIFOUNTB TOTO, UTO B IIpoLiecce 0Toopa
Ha arpecCUBHOCTb BO3PACTAIOT MATEPUHCKUE HETEHETHYECKUE
3¢ deKxTH Ha PEHOTUITHIECKYIO H3MEHUYNBOCTH TOTOMKOB, HO
OHH, BO3MOXHO, HIMEIOT ITPOTHBOIIOJIOKHOE HAlpaBIeHHUE C
QJIITUTUBHBIM T€HETHYECKUM BKJIQZIOM Marepeil, T.e. IMOHH-
JKAIOT arpeCCHBHOCTD M€HETHYECKU BBICOKOArpecCHBHBIX
MIOTOMKOB U TIOBBIIIAIOT €€ Y HU3KOArpeCCHUBHBIX TTOTOMKOB,
TaKUM 00pa30M HUBEJIHPYs (PEHOTHITHUECKOE CXOJICTBO JIeTeH
C MarepsiMy, 4TO OBLIO B CBOE BPEMsI OIIMCAHO B JINTEpAType
(TpyT, Boponun, 1976).

leHeTMKa noBeaeHUA

MarepuHCKUMH ITpEHATaIbHBIMU U PAHHUMH I10CTHATAJIb-
HBIMH 2 PEKTaMI, BO3MOXKHO, O0BSICHACTCS (DEHOTUITHICCKOE
CXOJICTBO MEXy CHOCAMHU — TOTOMKaMH, POXKICHHBIMHU OJTHOU
MaTephio B OJMH U TOT e Ce30H (Tadm. 4).

OueHuBasi NOITy4YEHHbIE paHee Pe3yJIbTaThl aHAJIN3a CTPYK-
TypbI (DEHOTHUITMYESCKOTO BAPHUPOBAHUS YPOBHS arPECCUBHO-
CTH B HECEJIEKLIMOHUPYEMO 10 MIOBEACHUIO IPOMBIILITIEHHON
nonymsimun (Tpyt, 1981), a Taxke aHaNIM3UPYsT U3MEHEHUS
YPOBHSI arpECCUBHOCTH B IIPOLIECCE BCEro 0TOOPA U, HAKOHEII,
(heHOTHITHYECKOEe CXOICTBO MEXK/Ty POACTBEHHBIMHU TIApaMH,
MOYKHO JIyMaTh, YTO KOHTPOJIb (DEHOTHUITHYCCKOTO BapbUPOBa-
HUSl YPOBHS arpeCCUBHOCTHU JIOBOJIbHO CIOXKHBINA. Ero rene-
TUYECKHUH aINTHBHBIN KOMITOHEHT B UCXOIHOU I 0TOOpa
TIOITYJISAIIAY OBLT HCUCPIIAH B TEUCHHE MTEPBHIX TOKOJIeHMA. Ho
KpOME a/ITUTUBHBIX TeHETUUECKUX B3aUMOJICHUCTBUI, CIeyeT
YUUTHIBATh APYTUe B3aUMOJCHCTBUS MEKIY T€HaMH, HallpH-
Mep, dnucTatuueckue. Tak, Mpu MOJIEKYISPHO-TEHETUYECKOM
aHaJIM3€e MaTTePHOB MOBEJACHUS JIMCULL BBISBIECHO TPU MaphbI
JIOKYCOB, HAXO[ISILIMXCS B SIIMCTaTUYECKUX B3aUMOJENCTBUSX,
B KOTOPBIX CaMOCTOSATENBHBIA 3(h(EKT 0JHOTO U3 JOKYCOB
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Table 3. Indices of phenotypic similarity between offspring and parents

Generation Years Offspring regression
under selection Number vs. mothers P < vs. fathers Pe<
of descendants

P <, Ps<, statistical significance levels for respective correlation coefficients.

Table 4. Indices of phenotypic similarity among siblings

Number of descendants

rs, correlations between siblings; P <, level of statistical significance for the correlation coefficient among siblings by Student’s t test.

3aBUCUT OT F€HETHUYECKOr0 COCTOAHUSA Apyroro. Hampumep,
JIOKYC Ha XpOMOCOME | JTUCHIIBI, C OHOM CTOPOHBI, BHISBICH
KaK CaMOCTOSITEJIHO BIIMSIOIINI Ha MTOBEACHUE KUBOTHOTO
BO BpEMsI TaKTWJIBHOTO KOHTaKTa M JU(PepeHINPYIOMNi
PYYHBIX 1 arp€CCHUBHBIX JIMCHUIIL, a C [[pyI‘Oﬁ — ABJIACTCA 4aCTbIO
SMUCTATUYECKOM Iapbl COBMECTHO C PACIIOIOKEHHBIM Ha 9TON
JKE€ XpOMOCOME APYTUM JIOKYCOM, TaK’e BOBIICUEHHBIM B
KOHTpPOJIb 000poHHTENbHOTO ToBeeHust (Nelson et al., 2017).
To, uT0 TeHeTHYEeCKast CTPYKTypa PYYHOTO U arpeCCHBHOTO
TMIOBE/ICHHS BKITIOYACT SMHUCTATHIECKIE B3aNMOICHCTBHS, yOe-
JIUTEJIBHO [T0OKa3aHO Ha APYTOW MOJEIIU DKCIIEPUMEHTaIbHON
JIOMECTHKAINN — TUKOH cepoit kpeice (Albert et al., 2009).
OnpeneneHHyo posib MOTYT UIPATh AMUTEHETUYECKUE BIIH-
SIHUSL, OJ1aroziapst KOTOPBIM ITPU OTCYTCTBUH CXOJICTBA MEKILY
pPOAMTEISIMU M TTIOTOMKaM1 HaOogaeTcst eHOTHITNIECKOe
CXOJICTBO Me1y cubcamu. Bee 310 BMecTe n MOXkeT orpe-
JIeNSITh TUHAMHUKY (DEHOTHITMYECKOH M3MEHYMBOCTH arpec-
CHBHOTO TIOBE/ICHUS B X07i€ 0TOOpa. JlFcTiepCHOHHBIN aHAITN3
0aJIOB arpecCUBHOCTH B CEJIEKIIMOHNPYEMOH CyOIOMy ST
TOKE YKa3blBA€T HA CJIOKHBIM XapakTep UX ACTEPMHUHALMHU.
Jucniepcus Mex Iy moMETaMH pa3HBIX MaTepei ObliTa HU3KOH
B HCXO/THOM TOKOJICHMH W B IMEPBBIX MOKOJICHHUSX OTOOpa.
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OTO yKa3pIBaJIO Ha OJHOPOJHBIN XapakTep arpecCHBHOTO
[IOBE/ICHUS IIOTOMKOB CElIeKUMOHMpYeMo# nomnyssiuuud. Ho
4epes MATh MOocjaenyromux nokonenui (B F¢) nucnepcus
Bo3pocia (tabm. 5). B nanpHeiimem ee nepuoanveckue us-
MCHEHUsI HaOJTFOIaICh Ha HEKOTOPBIX 3Tanax otoopa. OiHako
o0Imii TpeH ] AMHAMHUKH (PEHOTHITHIECKON BaprHaOeTbHOCTH
CBOJINTCS K COXPaHEHHIO HCXOTHOTO YPOBHS U3MEHUYNBOCTH
0a/JIOB arpecCUBHOCTH B mporiecce oroopa. B ominume ot
MEXTPYIIIOBOM AUCTIEPCUH, PACCUMTAHHOM 111 BCEX TIOTOM-
KOB Ka’K/I0TO TIOKOJICHHSI arpeCCHBHBIX JIMCHIL, BHYTPUTPYTI-
oBast tucriepcust (BHy TP IIOMETOB) ObL1a HU3KOW ¥ OTHOCH-
TeNBbHO cTaOmIbHONW. Ha 3T0 yKa3bIBaeT U peHOTHITNIECKAs
KOppeIsiiust 0aJlJIoB arpecCUBHOCTH MEXIy cubcamu (cM.
Tabia. 4). bonee neranpHas WHTEpPHpETALUs TPUBEJCHHBIX
JAHHBIX TpeOyeT ManbHEUIIero aHaidu3a (EHOTHITHYECKON
M3MEHYHMBOCTH B Ipoliecce oToopa.

HeO6XO[[I/IMO OTMETUTD, YTO U3JI0KCHHBIC PE3YJILTATHI I10-
JIy4eHBI B [IPOLIECCE MACCOBOT0 OTOOPA, KOTOPBII ITPOBOIUTCS
Ha ypOBHE BCEH MOMYJISIINY, IPU OLEHKE 0CO0EH TOIIBKO T10
q)eHOTI/Il'II/I'-{eCKOMy MIPU3HAKY, ABJIAIOMEMYCS CEJICKINOHHBIM
KputepueM, 6e3 yueta reHoruna (Jlobames, 1969). Tak wn
MHaye, B TpoIiecce Takoro 0Toopa co3naHa yHUKalIbHas MO-
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Table 5. Aggressiveness score variance in successive generations

Generation
under selection

Years Total @

Total whelps

2017

H. TpyT, A.B. Xapnamosa
B. 214

.
A.B. Bnagnmuposa, t0.3. lfepbek

Variance®

*The levels of variance are calculated by one-way ANOVA.

MyJANUS KpaiHe arpeCCUBHBIX JHMCHUL, Y KOTOPBIX arpeccust
MPEBOCXOAUT KPAIHIOIO CTETIEHb €€ BEIPa)KEHHsI Y OCHOBATE-
Jield, OTOOPaHHBIX U3 TPOMBIIIICHHBIX ITOITYJISILUH.

KoppenupoBaHHbie nocneacTeuns

0T60pa JINCNLY Ha arpecCMBHOCTb

IIpomecc ncropruyeckoil JOMECTHKAIINN KUBOTHBIX, Oec-
CIIOPHO, TIpHUBEN K TpaHchopManuu Beei ux Mopodhuzno-
noruyeckoit opranusaiuu (Kucnosckuii, 1965; Belyaev,
1969; Herre, Rohrs, 1973). MHorne u3MeHEHHsI JOMAITHUX
JKUBOTHBIX TOSBIUIMCH B Pe3yjbTare ICICHAPABICHHON
CCJICKIIMOHHOM paboThl uesoBeka. Ho Hapsay ¢ TaKOBBIMH,
MHOTHE BHJIbI JJOMAIIIHUX YKUBOTHBIX 00JIaIaf0T IIEJIBIM KOM-
TUIEKCOM TIPU3HAKOB, HE UMCIOIIHX TIPSMOTO OTHOIIICHHS K FIX
XO3ﬂﬂCTBeHHOMy UCIIOJIb30BAHUIO. 3TOT KOMIIJICKC HA3bIBAKOT
«oMecTuKanoHHbIM cuHIpomom» (Wilkins et al., 2014).
K mHanboree oueBUIHBIM (DEHOTHUITHYECCKIM ITPH3HAKAM 3TOTO
«CHHJIPOMa» OTHOCSAT TaKHE MPOCThIC MOP(OIOTHUCCKUE
MapKepbl, KaK HaJTMYHe ITeroCTeH WIN AeTUTMEHTHPOBAHHBIX
MISTCH Ha KOXKHO-MEXOBOM MTOKPOBE, BHCSIHE HITH TIOTYBUCS-
YK€ YIIU, CBEPHYTBII B KOJIBLIO WM IIOIYKOJIBLO XBOCT U T. [I.
Kpome mpocTeix MophoIormuecknx N3MEHEHUH, y TOMalll-
HUX JKABOTHBIX MTPOUCXOJIAT U Oolee cinokHbie. Cpen Tako-
BbIX cne)lyeT, npe)K)Je BCCIo, OTMCTUTHb UBMCHCHUA OTACIIBHBIX
KPaHUOJIOTHYECKUX TTapaMeTPOB, ONPEACIIIOMmMUX HopMy
JUIIEBOTO Yeperia — ero yKopodeHue u pacmupenue (Wayne,
1986; Clutton-Brock, 1997). Ho naubosee CyliecTBEHHBI
CIIO’)KHBIE (PH3HOIOTHYECKIE H3MEHEH . I3Mensercs Takas
KITFOUeBast JKU3HECHHAST QYHKITHS, KaK PEIPOYKTUBHBINA PHTM
(bensies, 1972). [NosiBiieHre KOMILIEKCA THX IPU3HAKOB OBLIO
MIPOIEMOHCTPUPOBAHO U y 00BEKTa HKCTIEPIMEHTAIBHOM J10-
MECTHKANnU — cepedpucto-uepHoii ucutsl (benses, TpyT,
1989; Trut, 1999; TpyT, 2007).

Bo3HUKHOBEHHE «JIOMECTHKAITIOHHOTO CHHIPOMa» Y MHO-
TUX JIOMAIIHUX JKHBOTHBIX U Y JIFCHII, CEICKIIMOHUPYEMBIX
Ha JIOMCCTUKAIIMIO, TPAAUIIMOHHO PACCMAaTPHUBAIOCHh KaK
CJIEZICTBHE OTHOTO M TOTO K€ HANPaBICHHS 0TOOPA IO COITH-
ANFHOMY TIOBEJICHUIO — Ha TOJIPAHTHOE U JaXKe APYKEIF00HOEe

leHeTMKa noBeaeHUA

oTHomIeHne K yenoBeky (Belyaev, 1979; Trut, 1988; Tpyt u
1p., 2004). OnHako BOMPEKH TAKOMY PACCMOTPEHHUIO TIPUPOIBI
«JIOMECTHKALMOHHOTO CHHAPOMa, €ro NPU3HAKKA BOSHUKAIIH
y JIMCHII ¥ IPH O0TOOpe B 0OpaTHOM HANpaBICHUN — HA YCH-
JICHUE JIUKOTO, arpeCCUBHOTO pearipoBaHMs Ha YEJIOBEKA.

[TponeMOHCTpUPYEM ITH CXOJHBIE KOPPEIUPOBAHHbIE I10-
CJIEZICTBHSI 0TOOPA B TOM U JPYTOM HAIIPaBIEHUHN Ha ITpUMeEpe
CJIC/TYIOLIMX KOPPEINPOBAHHBIX N3MEHEHHI PA3HOTO YPOBHS
CJIIOKHOCTH: yTpara CE30HHOTO PENpOAYKTUBHOTO pUTMa
(cnoxxHOE (hM3MOIOTHYECKOE H3MEHEHHE); MOp(oTIorHIecKre
(KpaHHOIOTHYECKHE) U3MEHEHNS; TIETOCTH WIN JICUTMEH-
TUPOBaHHBIE TSTHA (IPOCTOH MOP(OJIOTrHUECKUN MapKep
JIOMECTHKAIIHAH).

3meHeHne Ce30HHOW ANHAMUNKN
penpoayKTUBHOM GYHKLMN
MHOTOKpaTHO NOTYEPKUBAIIOCH, UTO O/THO U3 (PyHAaMEHTAIb-
HBIX (I)I/I3I/IOJ'IOFI/I‘-IGCKI/IX HOCJ'IeZlCTBI/Iﬁ JOMCCTUKAIIUU COCTOUT
B paIMKaJIbHON peopraHn3ayn (GyHKINH pa3MHOXKEHUS 11~
KHX )KUBOTHBIX — yTpaTe CTPOTOi CE30HHOCTH Pa3MHOXKEHHS 1
MPUOOPETEHUH CIIOCOOHOCTH IPUHOCUTH IOTOMCTBO B JIF000€
BpeMs Tof[a 1 Jatte, ueM o pas3 B roa. J[.K. benseBbmv Op11a
obocHOBaHa 0cobast posb 0TOOpa Ha Py4YHOE ITOBEJCHUE B
OCYIIIECTBICHUH IBOITIOIMOHHOMN peopraHu3aIiii CE30HHOTO
xapakTepa Bocnponssenerus (benses, 1962), 1.e. B n3meHe-
HHUH CTPOTO (PMKCHPOBAHHBIX CTAOMIM3HPYIOLUIMM OTOOPOM
IPaHUIl C€30HA PA3MHOKEHHUS.

Cremyer OTMETHTb, UTO NIABHBIM SKOJIOTMUYECKUM (DaKTOM,
OTIPEACISIONIMM TH TPAHHIBI Y MIEKOMHUTAIOMNX YMEPEH-
HbIX INHUPOT, ABJIACTCA NPOAOLKUTCIBHOCTE €CTCCTBECHHOT'O
CBETOBOTO JHs. Ee ce30HHbBIE N3MEHEHUSI CHTHAIU3UPYIOT 00
M3MEHEHHN KOMIUJIEKCA TeMITEPaTypHbIX U KOPMOBBIX yCIIO-
BI/Iﬁ, H606XOILI/IMI>IX JJIs1 BbIpalllMBaHUs ITIOTOMCTBA.

Ce30H criaprBaHus! JINCHIL KaK B IIPUPOJIE, TAK U B YCIOBHUAX
MPOMBIIIUICHHBIX (hepM HaYMHACTCS B TPEThEH JIeKaie STHBaps,
KOTJIa MPOIOJKUTENIBHOCTh €CTECTBEHHOT'O CBETOBOTO JHS B
CPeIHUX MHPOTAX YBETNUUBACTCS MOYTH Ha gac (¢ 7 4 09 muH
J0 7 1 58 mun). [IpuHIMIIMaIBHO BayKHO, 4TO Yepe3 15 mo-
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KoJIeHH 0oTOOpa Ha JoMecTukauuio (B 1976 r.) akrusanus
PETPOIYKTUBHOW CHCTEMBI M CITydaW TEPBBIX CIIApUBAHHUN
PYYHBIX JINCHI HAOTIONAINCH HA MECSI] paHbIIIE — B TPEThEH
JieKajie 1ekadpsi, Koraa npoJoJKUTEIbHOCTh CBETOBOTO JIHS
MUHHMaJbHa B TeueHne roaa (~7 4) (bemses, Tpyt, 1983).
Bcero 3a Bce Tob!I JUIMTENBHOTO 0TOOPA HA IPUPYIAEMOCTD
BHECE30HHBIC JICKA0OPHCKUE CIIAPUBAHUSI OBLIH 3aPETHCTPUPO-
BaHbI y 55 camok (1 2 %) n3 2482 penpoyKTUBHBIX JIMCHIIL.
He menee BakHO, 4TO IMOJIOBAasi aKTUBHOCTH Y HEKOTOPBIX
PYHHBIX JIMCHIL] PETHCTPUPOBAJIACH AaXKe B OCEHHUE MECSILIBI,
T.€. B YCIOBHUSX YKOPAUMBAIOMIETOCS, a HE YIITHHSIOMIETOCS
CBETOBOTO JIHS. DTH (DAaKTHI YKa3bIBAIOT HA TO, YTO ECTECTBEH-
HBIH (OTOIEPHO]] YTPAUYMBACT PETYIUPYIOLIEe BIMSHUE HA
CPOKH HACTYIUICHUS PEIPOIYKTUBHON aKTUBHOCTH y PYYHBIX
JIMCHUII, WIN JeCcTaOWIN3UpPyeT CO3MaHHYI0 CTAOMIN3UPYIO-
KM 0TOOPOM (POPMY ITOTO BIIHSHUSL.

Takue U3MEHEHNs] CE30HHON AMHAMUKH PENPOAYKTUBHOM
AKTUBHOCTH, IIPOU3OILIEANINE y JOMAIIHUX JKUBOTHBIX H
HaOJII0IaeMble y JIOMECTUIIMPYEMBbIX JINCHLI, TPAJAUIMOHHO
paccMaTpUBaUCh KaK CIEICTBHE TOPMOHAIBHBIX M3MEHE-
HUH y AuCHUIl TIpy 0TOOpE Ha CITOCOOHOCTH K IOMECTUKAIINHT
(benses, 1962; benses, Tpyt, 1983). Ho untpuryer T0, 4TO
y JIMCHII, CEICKIIMOHUPYEMBIX HE Ha SIMMHHAILNIO arpec-
CHUBHOT'O pearnpoBaHWsl Ha YEIOBEKa, a Ha €ro yCHJICHHE,
HavajM MPOMCXOAUTH Te ke M3MeHeHus. Kak yxe ormeua-
JI0Ch, IPHHINIHAIFHOE 3HAYCHNE NMEIOT (DaKTHl AKTHBAIHH
TI0JIOBOY CHCTEMBI M CTIAPUBAHHMS JINCHI] 3a IIPEJIeTIaMH CTPOTO
CTaOMIIM3MPOBAHHOTO CE30HA Pa3MHOXCEHUs. Y arpeccus-
HBIX Jucur] ociae 30 mokoneHuit otdbopa HaumHas ¢ 2000 1.
PETHCTPUPOBAINCH CITydan CIIapUBaHHU B JieKaOpe, Kak U y
py4HbIX. Beero Takue ciydan 3aperucTpupoBaHsl y 14 camok
(1 %) 3 1220.

WHTEpecHO 0TMETHUTD, 4TO O100HEIE OTHOHAIPABIICHHBIC
M3MEHEHHMS PETIPOIYKTHBHBIX XapaKTePUCTHK ObLTH OTMEYe-
HBI €Il B KITACCHUECKUX IKCIIEPUMEHTAxX Ha apo3oduie mpu
orbope mo moeeaeHuto (del Solar, 1966; Pyle, 1976; Wata-
nabe, Anderson, 1976). Tak, nmpu oTOOpe Ha MOJIOKHUTEIb-
HBIA U OTPHUIATENBHBIA TeoTakcuc D. melanogaster yxe B
10-M rokosIeHNH Y 00erX JTMHUH MyX OBLIIO 3aMEYEHO TTOBBI-
IIICHHUE [JIOIOBUTOCTH, XOTSI U B pa3Hoii cTenenu (Watanabe,
Anderson, 1976).

B acnexre U3110’KEHHBIX BBIIIE JAHHBIX N3MEHEHHS CE30H-
HOTO PUTMa Pa3MHOKEHHMSI Y AOMAIIHUX KMBOTHBIX TPYIAHO
MHTEPIPETHPOBATH KaK CICACTBHE 0TOOPA TOIBKO Ha PydHOE
nosezicHre. Bo3aMo)kHO, 0TOOp MO XapakTepy COIHAIBLHOTO
MOBEJICHHUS1, HE3aBCUMO OT TOTO, HAITPABJICH OH HA YCHJICHUE
TapamMeTpOB arpeCCUBHOCTH WM Ha UX OCTa0lieHNe, CXOAHBIM
00pa3oM JecTadrm3npyeT (GOTONEePHOANIECKYIO PETYISIIUI0
PEIPOAYKTUBHON (DYHKITUH.

V3MeHeHVA KpaHNONOrMyYecknx napameTpos

B popmupoBannu crienuguyeckoro Mopgosioruieckoro 00-
JIMKa )KUBOTHBIX 0CO00€ MECTO 3aHUMAIOT KPAHHOIOTHYECKUE
rapaMeTpsl, onpesersonme popmy depena. CornacHo Jmre-
parypubiM qanHbM (Wayne, 1986; Clutton-Brock, 1997; Evin
et al., 2015), »Tu mapaMeTpsl U3MEHSIOTCSA B TIPOIIECCEe IBO-
JIFOLIUH JIOMAITHUX KUBOTHBIX. Y MHOTHX M3 HUX B IIpOLecce
JIOMECTHKAI[MX POU30LIIO MEMOJIaTePaIbHOE PACIIUPEHUE
1 I0p30-BEHTPaIIbHOE YMEHBIICHHE Yepera, HHBIMU CIIOBaMH,
pacuIMpeHre 1 yKOpOUeHHeE JIMLEBOro yepena. Hanbornee sipko
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Fig. 3. Male fox cranial width measurements (M +m) in 1985 (g, b) and 2013
(¢, d).

(a) Bizygomatic width (absolute value), *** P<0.001 versus tame individuals;
(b) Relative cranial width (bizygomatic width to condylobasal length ratio),
*P<0.05 versus tame individuals; (c) Bizygomatic width (absolute value),
*P<0.05 versus unselected and aggressive individuals, *** P<0.001 versus
aggressive individuals; (d) Relative cranial width (bizygomatic width to
condylobasal length ratio), **P<0.01, *** P<0.001 versus aggressive
individuals.

9TO JIEMOHCTPUPYIOT COOAKH U CBHHBH, KOTOPBIX CUMTAIOT
BEPIINHOMN YBOMIOMOHHBIX N3MEHEHHUH NTPH IOMECTUKAIINH.

[TpoBeneHHbI HaMK CpaBHUTEIBHBIA aHAIN3 KPAHHOJIO-
TMYECKUX MapaMeTPOB Y PYyUYHBIX CaMIIOB 25-T0 MOKOJIEHHUS
otOopa, pokIeHHBIX B 1985 T., W TUCHI TPOMBITIIIICHHON
TIOMYJISIIIAY, CHIENNAIBHO HECEJICKIIMOHNPYEMOH 110 MOBe/Ie-
HUIO, ITOKa3aJl, YTO PYUYHBIC JIMCUIIbI ITPEBOCXOAAT HEPYIHBIX
(KOHTPOIBHBIX ) IO AOCOMOTHOH M OTHOCUTENBHOHN CKYIIOBOH
mupuHe (puc. 3), HO YCTYNaIOT UM 110 ITOKa3aTeIsiM OTHOCH-
TeJIBHOMW JUIMHBI TUIEBOTO Yeperna (puc. 4).

Crnenyer moauepKHyTh, YTO 3TH JAHHBIEC MOTYYCHBI Ha
PYYHBIX JIICHIAX 25-TO MOKOJEHHsI 0TOOpa (pOXKICHHBIC B
1985 r.). B xauecTBe KOHTPOJIS UCIOJIBb30BATIUCH JIMCUIIBI
[IPOMBILIEHHOH Nonyasiuuu. Takol ke aHaJIn3 KpaHHOJIOTH-
YEeCKHX ITapaMeTPOB JIMCHIL ObLI IPOBEJICH CITyCTs erie 28 1mo-
KOJICHHH OTOOpa Ha MPUPYYAEMOCTh, T.€. Y PYYHBIX JIHCHUIL
53-ro0 MOKONCHNS SKCIEPUMEHTATHHOMN TOMECTHKAIIIH, POXK-
nensbix B 2013 . K aToMy BpeMeHH Ha SKCIepUMEHTaIBHON
3Bepodepme Ullul" poausock yxe 43-¢ mokosieHue orbopa
Ha arpecCUBHOCTH. [[OTOMKHM 3TOTO MOKOJIEHHS TOXKE ObLTH
UCIIONIb30BaHbl B aHAJIN3€ KPAHUOJIOTHUECKUX MapaMeTpOB.
HeO)KI/IL[aHHI)IM OKa3aJloCh, YTO y arpC€CCHUBHBIX IMOTOMKOB
CKyJIOBasl IIMPUHA OKa3aJach JOCTOBEPHO OOINbIIE, YEM y
PYYHBIX U HECEJICKIIMOHNPOBAHHBIX (CM. puc. 3).
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Fig. 4. Male fox cranial length measurements (M £ m) in 1985 (a, b) and
2013 (c, d).

(a) Facial length (upper teeth-row length, including molars); (b) Relative facial
length (upper teeth-row length, including molars, to condylobasal length
ratio), *** P < 0.001 versus tame individuals; (c) Facial length (upper teeth-row
length, including molars); (d) Relative facial length (upper teeth-row length,
including molars, to condylobasal length ratio) measured.

Uro kacaercst OTHOCHUTEIBHON JJIMHBI JINIIEBOTO Yepena,
TEHJICHIHSI K €€ YKOPOUCHHUIO HAOIIOAAETCS Uy arpeCCHUBHBIX
mucurl (cM. puc. 4). IHBIMH clioBaMH, IPH OTOOpPE JIFCHIT Ha
arpeccHBHOCTH HAOIIOAAIOTCS CABHI'M KPAHHOJIOTHYECKUX
napaMeTpoB, OJHOHAIIPABJICHHLIC C TAKOBBIMU Y PYUYHBIX
JIMCHL] M IPYTHX JOMALIHUX XHBOTHBIX.

Bo3HMKHOBeHME NpocToro

Mopdonornyeckoro mapkepa otéopa

OnuH 13 HanOOIee OUYEBUIHBIX MTPOCTHIX MOP(OIOTHIECKIX
MAapKEpPOB JOMAIIHUX JKUBOTHBIX — NETOCTHU UJIU ACTIUTMCH-
THPOBAHHBIC MATHA Ha KOYKHO-MEXOBOM IMOKpoBe. 06 3ToM
MPHU3HAKE KaK CHCHU(DUICCKOM JOMECTHKAIIMOHHOM H3ME-
HEHUU MHUCAIU ellle KJIACCUKHU JIOMECTHKAIIMHI — POCCUIUCKUI
yuensiii A.J]. Kncriosckuii (1965) n Hemerkue uccienoBaTenn
W. Herre, M. Rohrs (1973). ITosiBienue 5Toro npu3HaKa MOX-
HO PacCMaTpyBaTh KaK IIPEABAPUTEILHYIO CTYIIEHb YBOIIOLIN-
OHHBIX U3MEHEHHH B YCIIOBHSX OIOMAITHUBAHMUS, 32 KOTOPOI
CIICAYIOT MHOTHE ApyTrHe (CHOTHITNICCKIE U3MeHEHUs. [{Iist
MOIYJIALIUHN JIUCHL], CETEKLIMOHUPYEMBIX HA IPUPYIAEMOCTD,
TaK YK€ KaK U JJIsl HEKOTOPBIX JPYTHX JOMAIIHUX KHUBOTHBIX,
0COOCHHO XapaKTEePHO ACTUTMEHTHPOBAHHOE MATHO, CIICIIH-
(hudecku TI0KaIM30BaHHOE Ha TOJI0OBE — «3Be310ukay (Belyaev,
1979; Trut, 1988; TpyT u 1p., 2004). Y pyIHBIX JUCHII OHO
BIICPBBIC BO3ZHHKIIO y TIOTOMKOB 10-T0 TIOKOJIEHUST 0TOOpa B
1969 1. u perynsipHO BO3HUKAJIO B TIOCIIEIYIOIINX TTOKOJISHUSIX
¢ gactoToit 102-1073, T.€. y HECKOIBKHX 0COOEH M3 KayKIOH
COTHH WJIH THICSYH TIOTOMKOB.

leHeTMKa noBeaeHUA

2017
21-4

JI.H. TpyT, A.B. Xapnamosa
A.B. Bnagumuposa, t0.3. lfepbek

Fig. 5. Aggressive (a) and tame (b) foxes with specific Star depigmenta-
tion.

Photo by (a) I. Pivovarova and (b) A. Vladimirova.

Hecmorpst Ha TO YTO AENUIMEHTUPOBAHHBIC IIATHA Y J0-
MalllHUX XUBOTHBIX TPAaJAULHOHHO PACCMaTPUBAIOTCS KaK
MIPU3HAK, WHAYIHPOBAHHBIM BEKTOPOM OTOOpa Ha pydHOE
MOBE/ICHHE, CIIeHU(HUYECKas IEroCTh — «3BE3/10YKa», XapakK-
TepHast Ul CENELMOHUPYEMBIX Ha JIOMECTUKAIMIO JIUCHIL,
de novo Bo3HUKAET ¢ Takol ke yactoroii (102—~10-3) mouru
B Ka)KJ,0M IIOKOJICHUH arpeCCUBHBIX Jincull. [IHbIMU ciioBaMu,
1 3TOT IPOCTON MOP(OIOTHISCKUI MapKep TOXKE TPYAHO pac-
CMaTpUBATh KaKk MapKep pydHOro noBeneHus (puc. 5).
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On selection of foxes for enhanced
aggressiveness and its correlated implications

K nHtepnpetaumnmn KoppenmpoBaHHbIX
nocneacTBuii oT6opa Ha arpeccMBHOCTb
[MapannensHblii Xapakrep (pEHOTUNMUYECKUX M3MEHEHHH y
JUCHI TIPH OTOOpE Ha NMPUPYYAEMOCTh M arpecCHUBHOCTh
UHTPUTYET B BhICHIEH cTeneHu. Ha 0CHOBE HEKOTOPBIX TEO-
PETUYECKUX PACCMOTPEHUH U HKCTIEPUMEHTAIBHBIX TAaHHBIX
JIABHO CJIOKHMJIOCH IPEICTaBICHHUE, YTO HapaiedbHbII
xapakrep MOp(opHU3NOIOTHIECKUX N3MECHEHHUH JIOMAITHUX
KUBOTHBIX SBIIACTCS PE3ylbTaTOM 0TOOpPa OAHOTO U TOTO e
HAaIpaBJIeHHsI — Ha COLMAIBHYIO a/IallTalluIo K YeJIOBEKY, HITH
JoMmectukanuio. Takol oTOOp AEHCTBYeT Ha pa3HbIX ATamax
JIOMECTHKAIINH B pa3HbIX (popMax — B (hopMe €CTECTBEHHOTO,
HCKYCCTBEHHOTO O€CCO3HATEIBHOTO U, HAKOHEI], HCKYCCTBEH-
HOTO0, CO3HATEIbHO HAIIPABJIEHHOTO Ha YCIEIHOCTb JOMECTH-
karun (Kucnosckuii, 1965).

Hamra pabota ¢ nmucuiaMy mocTaBuiia MpUHIAITAATBHBIA
BOIIPOC — O TIPHPOJIC TOMOJIOTHYHBIX (PEHOTUITNIECKUX H3-
MEHEHHUH Ipu 0TOOPE MPOTUBOIIOJIOKHOTO HAIIPABJICHHUS — HE
Ha JIOMECTHKALNIO, T. €. JITMMHUHAINIO arpPeCCUBHBIX PEaKknnit
JIMKOCTH, a Ha UX yCHUJICHHE.

besyciioBHO, O1HH U T€ K& ()CHOTUINUYECKHUE U3MECHEHUS
MOTYT OBITh BbI3BaHbI PA3HBIMH OHTOTCHETHIECKUMH, (pr3HO-
JIOTUYECKUMU M MOJIEKYJISIPHO-T€HETHIECKMMH MEXaHU3MaMH.
He BBI3BIBaCT COMHEHHS TAaKKE M TO, YTO BBICOKHE TEMIIBI
BO3HUKHOBEHHS ()EHOTUINYECKOI H3MEHIMBOCTH, OCOOEHHO
Ha CaMbIX PaHHMX ATalax UCTOPHUYECKONW M 0COOEHHO JKCTIe-
PUMEHTAJIBHOM TOMECTHUKAINH, HE MOTYT OBITh YIOBJICTBOPH-
TEITBHO OOBSICHEHBI TAKUMH TPAJULIMOHHBIMHA T€HETHIECKIMHU
MEXaHU3MaMH, KaKk TeHETHYECKUH Jpei() W TOMOIOTHYHbIE
MyTaIl rToMOJIOTHYHBIX reHOB (KucnoBckuii, 1965; benses,
1979; Tpyt u ap., 2004; Trut et al., 2012). BeposiTHee Bcero,
KaK Y Py4HBIX, TaK ¥ y arpeCCHBHBIX JINCHIL U3 SKCTICPUMEH-
TaIbHOIN MOMYNALMHA M3MEHYMBOCTH MOTJIA BO3HHMKATh 3
MIPE/ICYIIECTBYIONMIEH B MTPEAKOBBIX MOMYIAIMIX BapHUallu.
Orta BapHalyst Mora ObITh 00IIEH VISl POJOHAYATIBHUKOB 1
PY4HOI1, U arpecCUBHOM CyOMOMYNIAIMN U CYIIECTBOBATH Y
HHX B CKPBITOM OT (DEHOTHUIUYECKOTO MPOSIBICHHS COCTOSHHU.

Ho ecnm 310 TaK, TO 4TO )K€ IPUBOJMT K POSIBIICHHUIO B (e-
HOTHIIE TOMOJIOTHYHOI, CKPBITOW U3MEHYHMBOCTH Y PYYHBIX U
arpeCCUBHBIX JIMCUIT? YMECTHO 3/1€Ch BCIIOMHUTH OTMEUAEMbIE
MHOTHMH F'€HETHKO-3BOTIOIIMOHHBIE TIOCIIE/ICTBHS JIIOOOTO OT-
60pa. ITo kakomy ObI pU3HAKY HY IPOBOIMIICS OTOOP, OH HE
TOJIEKO M3MEHSIET 3HAYEHHMSI HTOTO IPU3HAKA, HO 1 HEM30€KHO
pa3pylIaeT FeHeTUUYECKUI TOMEOCTA3HC U KOPPENSALUOHHBIE
CHCTEMBI, PErYJINPYIOIINe U CTa0MIN3UPYIONIUE Pa3BUTHE
HOPMAJIEHOTO CTaHIAPTHOTO (PeHOTHUTIA. DTO MOXKET PUBECTH
K BCKPBITHIO Ha yPOBHE (PEHOTHIIA HEKOTOPBIX TeHETHYECKUX
pe3epBoB. B 3TOM cOCTONT OTHO U3 KJIACCHYECKUX TIOJIOKEHHH
Teopun crabmmmsupytomero oroopa [Imansrayszena (1968)
U TEOpUH TeHeTHdeckoro romeocrasuca Jlepuepa (Lerner,
1954). B 10 ke Bpems 1aBHO OTMEUYaIoCh, YTO, MOCKOIbKY
KaX/1asi MOIJISIINS UMEET COOCTBEHHYIO HBONIONNOHHYIO
UCTOPHIO, a 3HAYUT, ¥ YHUKAJIBHBIH TeHO(POHI, KOPPEIHPO-
BaHHBIE MTOCIEACTBUS JIFOOOTO 0TOOPA B HEKOTOPOH CTENIEHU
YHUKaJIbHBL. B TakoM citydae BO3HHKAeT BOIPOC, TIOYEMY pa3-
HOHAIpPAaBJICHHBIH CEIEKIMOHHBIA CABHUT B IOBEJICHYECKOM
(eHoTHIIe, KOTOPBIIA, HA/I0 {yMaTh, JieTepMUHHpYyeTCs A dexk-
TaMH pa3HbIX aJJIeTIeH, MOKET OBITh CBA3aH C YIUBHTEIBHO
CXOJTHBIM XapaKTepPOM KOPPEJINPOBAHHBIX (DEHOTUITHYECKUX
0TBETOB?
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Panee ObUIO 1MOKAa3aHO, YTO MPH OTOOPE HA PYYHOE MOBE-
JICHNE KaK Yy JHCHIL, TaK U y JPYroro o0beKTa SKCIEepUMEH-
TAIBHON JJOMECTHKALINH — KPBIC, TPOM30IILIO CYIIECTBEHHOE
CHIKeHue crpecc-peaktuBHocTd (Haymenko u np., 1971;
Heiramo u 1p., 1985; Ocpkuna u ap., 2008). tomy K. be-
J5ieB OTBOAWII OOJBIIOE 3HAUYCHHE B OOBSICHEHUH HM3MEHE-
HUU [IOBEJEHUS KaK IPU IKCIEPUMEHTAJIBHOHU, TaK U IIPU
nucroprdeckoit gomectukaruu. OnHako B 70-X MOKOICHISIX
0oTOOpa KpbIC HAa arpecCMBHOCTh Y HHUX MPOM30ILIO PE3KOE
CHIDKEHHUE CTPECC-PEaKTUBHOCTH, COIIOCTABUMOE C TAKOBBIM
Y PY4HBIX KPBIC, IPH COXPAHEHNUH UMH arPECCHBHON PeaKnu
Ha genoBeka ([Ipaconosa u ap., 2014; T'epbex u ap., 2016).
BeposiTHO, KOMIPOMHCCOM MEX]y HCKYCCTBEHHBIM OTOOPOM
Ha arpecculo K 4eI0BEKY U CTPECCUPYEMOCTbIO, C OTHOH CcTO-
POHBI, ¥ €CTECTBEHHBIM OTOOPOM Ha aJIallTAIMIO K YCIIOBUSM
COZIEpIKaHUs B KJIETKE M YaCTOMY KOHTAKTy C YEJIOBEKOM, C
JIPYTO#, cTajd OTOOP TONBKO Ha JIEMOHCTPAIMIO aTaku 0e3
noBeleHHoro crpecca (Koxkemsiknna u ap., 2016). Onnaxo
KOpPEINPOBAHHBIC UBMCHEHMS Y aIrpCCCUBHBIX JIMCULI €/1BA JIN
MOKHO CBSI3aTh CO CHIJKEHHEM CTpecca, TaK Kak KOPTHU30JI0-
BBII CTPECC-OTBET Y HUX ITO-TTPEKHEMY BBIIIE, UM Y PYIHBIX
U aXKe YeM y HeCeJIeKIIMOHUPOBAaHHbIX KUBOTHBIX (AHTOHOB
U JIp., HEOMyOJI. JaHHBIE).

['eneTnueckast CTpyKTypa COLMAIBHOTO TOBE/ICHNS )KUBOT-
HBIX, SIBJISIOIIETOCS IIABHOW MHILIEHBIO 0TOOpA B YCIIOBHSX
JIOMECTHKAINH, TOBOJIBHO CIOKHAst. BO3MOXXHO, HEOOMbIITY O
SICHOCTb MOTYT BHECTH HEKOTOpBIC AaHHBIC, KACAIOIIUECs
MOJIEKYJIAPHO-TEHETUYECKOIO YPOBHS PEryislUU MOBEIEH-
4ecKuX (EHOTHIOB. Tak, HACHTU(PHUIIMPOBAHO BOCEMb CTa-
THUCTHYECKH MOITBEPKICHHBIX JIOKYCOB, IETEPMUHHUPYIOLHX
TMOBEACHYCCKHUC pa3Iniusd MCKAY PYyYHBIMHA U arp€CCUBHBIMHA
mucuiamu. bonee TOro, HEKOTOpBIE M3 HUX, KAK OTMEYEHO
BBIIIIE, HAXOMATCs B nucrarndeckux mnapax (Nelson et al.,
2017).

B aT01i CBSI31M MHTEPECHO OTMETUTH, YTO HEKOTOPBIE MOBE-
JICHYECKHE MTapaMeTpBbl, CHeNU(PHIHO IPOSBIsIEMbIE (HapH-
Mep, IIPU TAKTUILHOM KOHTAKTE C SKCIICPUMEHTATOPOM ) JTHOO
TOJIBKO PYYHBIMH, JINOO TOJBKO arpeCCUBHBIMHU JINCHIIAMH,
KapTHPOBAHbI B OJHHUX M TEX )K€ PETHOHAX T€HOMA JIMCHIIBI
Ha niepsoii (VVU1) u nstroii (VVUS) xpomocomax (Nelson et
al., 2017). Mo)XHO TIPEATIONIOKHUTD, YTO ITH PETHOHBI BOBJIC-
KaIOTCs HE TOJIBKO B Pa3HbIC METa0O0INYECKHE Ty TH, BEyIINE
K (hopMUpOBaHUIO PA3HOIO MMOBEICHMS, HO U B OOIIUE My TH,
BeAymyre K (POPMHUPOBAHUIO OTHUX M TEX K€ MOpQoIorude-
CKUX (DEHOTHIIOB.
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BausiHue 3KCIIepUMEHTAaJIbHO JOMEeCTUKALIUN
cepebpucTto-uepHbIX aucull (Vulpes vulpes)

Ha BOKAJIbHOe€ II0OBeJeHIe
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CraTbAa 0606LaeT LMK NCCNeAoBaHNIN CTPYKTYPbl 3BYKOB 1 BOKaslb-
HOro noBefeHNA cepebpUCTo-YepHbIX JIMCULL, PA3NNYAIOLLUXCA MO
XapaKkTepy pearmpoBaHuA Ha yenoeka. [lokasaHo, uTo cenekuua

B TeueHMe 50 neT Ha py4yHOe NoBefeHne K YeNIoBeKY Npusena K 13-
6upaTenbHOMY MCMONIb30BaHMIO PyYHbIMM INCUL@MI MO OTHOLLEHNIO
K NlogAaM ABYX TUMOB 3BYKOB, KyAaxXTaHbA 1 LUYMHOrO AbixaHua. [Npn
3TOM CeneKLNOHNPOBaHHbIE Ha arpeccuio K Jlloaam ArpeccusHble n
He ceNeKLMOHMPOBaHHble KOHTPO/bHbIE NCHLibI, B CBOIO OYepeab,
136MpaTenbHO NCMOMb3YIOT MO OTHOLLEHNIO K JIIOAAM Takue 3ByKM, Kak
Kallenb 1 dblpKaHbe. Takum 06pa3om, BbiABMNEHbI TUMbI 3BYKOB, ABIA-
oLmeca BoKanbHbIMU MHAVKATOPamu ApYKento6HOro 1 arpeccuBHOro
nosefeHnA IMCUL, NO OTHOLLEHNIO K Yenoseky. OfHaKko fomecTrKa-
LMA He N3MeHAET BOKaJIbHOro NoBeAEeHUA NINCUL, MO OTHOLLEHNIO K
APYrM IncuLam, Bce TPY Fpynibl He pasfinyatloTca No BOKaIbHOMY
noBefieHNIo, afpecoBaHHOMY KoHcMneundukam. ViccneposaHa cBA3b
BOKaJSIbHOMO MOBEAEHNA CO CTENEHbIO TONEPAHTHOCTM MO OTHOLLEHMIO
K YennoBeKy Y rmépraoB NepBOro NOKONEHNA OT CKPELUMBAHUA MeXAY
PyuHbIMU 11 ArpeccmBHbBIMY INCULLAMUN U 6EKKPOCCOB Ha PyuHbIX 1
ArpeccuBHbIx nncutl. OueHeH 3$deKT nona NMcnL 1 CTeneHn Bo3aei-
CTBIA CO CTOPOHbI YenoBeKa Ha NapamMeTpbl BOKaSIbHOrO NOBEAEHN .
B pe3synbrate nccnepoBaHuii 6o 06Hapy»KeHbl yHUBepCasbHble ANA
MJIEKONUTAIOLLMX BOKaslbHble MHANKATOPbI CTeNeHN SMOLIMOHaNbHOIO
BO36Y»KAEHMA, He 3aBUCALLME OT 3HaKa SMoLuiA. BbiABNeHbl xapakTe-
PUCTUKIM BOKaNbHOIo NOBeAEHNA, CBA3aHHbIE CO 3HAKOM SMOLNIA —
NO3UTVBHBIM NN HeraTUBHbIM. Pa3paboTaH npocToi 1 3¢PeKTUBHBIN
METO/A OLieHKM YPOBHA ANCKOMOPTA KMBOTHOTO Ha OCHOBE «CINTbIX
3BYKOBY», KOTOPbIE YUMTbIBAIOT XapaKTePUCTUKN BCEX 3BYKOB, N3AaH-
HbIX XVBOTHbIM HE3aBUCKMO OT CTPYKTYPbI 3TVX 3BYKOB. [onyyeHHble
pe3ynbTaTbl CATyXKaT OCHOBOW AN1A AaNIbHENLWNX CPaBHUTESIbHbIX Nccne-
[OBaHNIN aKyCTUYeCKOW CTPYKTYPbl 1 BOKaNbHOro NOBeAeHNA ApYrux
npencTasuTenei poaa Vulpes n ppyrux 6nnskux pogos ncosbix (Canis,
Cuon, Lycaon).

KnioueBble cnosa: SKCNepnmMmeHTasibHaa goMeCTukauma nnMcuy; BoKasb-
HbI penepTtyap; KOMMYHUKaTUBHOE noBeAeHne; NO3UTUBHbIE U Hera-
TVBHbIE SMOLMN; B3aUMOLENCTBME YENTOBEK—KMBOTHOE; SMOLMIOHAb-
Hoe BO36y)K£I,eHVIe; aKycTnyeckune napameTpbl.
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Effects of experimental
domestication of silver foxes
(Vulpes vulpes) on vocal
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This paper systematizes and generalizes a research
cycle devoted to studying the acoustics and vocal
behaviour of silver foxes that differ in their tolerance
to humans. The research revealed that 50-year selec-
tion for tameness toward people resulted in selective
use by Tame foxes toward humans of two call types,
pant and cackle. At the same time, the selected for
aggression toward people Aggressive foxes and the
non-selected for behaviour Control foxes, selectively
use toward humans cough and snort. Thus, call types
representing vocal indicators of friendly and aggres-
sive behaviour of foxes toward humans have been
revealed by the research. Nevertheless, experimental
domestication did not change vocal behaviour of foxes
toward conspecifics; all three strains did not differ by
their vocal behaviour toward same-strain silver foxes.
Relationship has been investigated between vocal
behaviour and degree of tolerance toward people

for hybrids between Tame and Aggressive foxes and
for backcrosses to Tame and Aggressive foxes. Effect
was estimated between fox sex and the degree of
human impact on focal fox for variables of fox vocal
behaviour. The research revealed the universal for
mammals vocal indicators of emotional arousal that
are independent of the emotional valence. Character-
istics of vocal behaviour that are related with positive
and negative emotional valence have been revealed.
A simple and effective method for estimating animal
discomfort based on "joint calls” that takes into ac-
count the characteristics of all calls irrespective of their
acoustic structure has been revealed. The obtained
results provide a basis for further comparative studies
of the acoustic structure and vocal behaviour for other
taxa of the genus Vulpes and the related canid genera
(Canis, Cuon, Lycaon).

Key words: experimental domestication of silver fox;
vocal repertoire; communicative behaviour; emotional
valence; human-animal interaction; emotional arousal;
acoustic variation.



OMECTHKAIMsI KaK SBOJIOIMOHHBIA Mpolecc Bcerna

ObuTa B LIEHTPE BHUMAHUS T€HETHKA-3BOIIOINOHUCTA

J.K. Bensea. OH nonarai, 4T0 MHOTOIpaHHBIE MOP-
(hopH3H0IOTUIESCKIE TOCIICACTBUS JOMECTUKAIIUH BhI3BAHBI
TEM, YTO ITIABHOW MHIIEHBIO 0TOOpA Ha €ro MEepBbIX 3TaNax
0pUT0 TOBeneHue KUBOTHBIX (Belyaev, 1979; Trut, 1999).
C ero TOYKH 3peHwUsl, ISl IOHUMaHHSI 3TOTO 3BOJIFOIIMOHHOTO
mporiecca HeoOX0ANMO OBIITO BOCITPON3BECTH HCTOPHUECKUH
Ipolecce OIOMalTHUBaHMs B 3KkcriepuMenTe. [Toaromy B KoHIle
1950-x — Hagane 1960-x ronoB B MHCTUTyTE IIUTOIOTHH U
reaetuku (Mul") CO AH CCCP 6511 Hauat oT60p cepedpu-
cro-uepHbIX ucull (Vulpes vulpes), cTaBImmx K TOMy BpeMeHH
HOMYJSIPHBIM 00BEKTOM KJIETOUHOTO IYIIHOTO 3BEPOBOJICTBA,
Ha JIpY’KEJIIOOHOE TTOBE/ICHUE MO OTHOIICHMIO K YEIIOBEKY
(Belyaev, 1979; Trut, 1999). Bonbmas yacts depmepckux
JIMCHIL MTPOSIBJISIET HA YEJIOBEKA TPYCIMBO-000POHHUTENLHYIO
100 yMEpeHHO-aTPeCCUBHYIO peakimio. OHaKo yKe depes
IIECTH TOKOJICHUH KECTKOTO 0TOOpa HanOoJIee TOIMEPAHTHBIX
ocobeli nomectuiupyemMbie (Py4HbIe) THCHIBI CAaMH HAaYaIn
CTPEMHTBCSI K KOHTAKTY C JIFOAbMH U HPOSBIATH MO OTHO-
IICHUIO K HUM 3MOIMOHAJIBHO-TIOJIOKHUTEIIFHOE TTOBEJCHHUE
(Trut et al., 2009). Kpome toro, B Hayane 1970-x romoB mnox
pykxoBozactBoM J[.K. Bensesa Opim Hagat orOop nmcwIl B
MIPOTUBOIIOJIOKHOM HaIlpaBJICHUN — Ha YCHJICHHE arpeccuB-
HOCTH TI0 OTHOIIEHMIO K 4enoBeky (ArpeccusHble) (TpyT,
1981, 2007). Hammuame nBYX KOHTPACTHBIX TOMYIISAINH JTMCHIT
1 HeceneKronupyemoro Konrpors, a Takke BO3MOKHOCTb
MOJTy4eHHs] THOPUI0B Mex1y PydHbIME M ArpeccHBHBIMH
JMCUIIAMH Y TIPOBE/ICHUS BO3BPATHBIX CKPEIIMBAHUIT HA PO-
JUTEJILCKUE JIMHUY TTO3BOJISIOT BBITIOIHATH CPABHUTEIIBHBIC
uccienoBanus 3pdexkroB 0TOOpa MO MOBEACHUIO HA CaMbIC
pa3HbIe TIPU3HAKH.

JlomecTHKaIys — IpoLecc, BKIIOYAIOINA 0TOOp KHBOT-
HBIX Ha TOJIEPAHTHOE OTHOIICHHUE K JIIO/ISIM, XOTS Ha MEPBBIX
JTarax UCTOPUIECKONW TOMECTHKAIINU ATOT OTOOp M He OBLI
0CO3HaHHBIM. D(P(DEKT Takoro 0TOOpa MPOSBIAETCS HE TOIBKO
B M3MEHEHHMH CaMOTO [TOBE/ICHHsI, OH BJIeYET 3a CO00i1 Koppe-
JMPOBaHHBIC N3MEHEHHSI MHOTUX Mopdoorniaecknx (0Kpac
IEpPCTH, Pa3Mep M MPOMOPIHHU TeJla, MOIOKEHHE yIIeH U
XBOCTa) M (PU3UOJIIOTHUECKHUX (CABUT CE30HA PA3MHOMKEHUSI
Y JINHBKY, N3MEHEHHS B CUCTEME PETYISAINN CTpecca) Mpu-
3HaKoB *kMBOTHBIX (Belyaev, 1979; Trut, 1999; Tpyt, 2007;
Trut et al., 2009). XoTst 1oMaIlIHUE )KMBOTHbIE IPUHAIIIEKAT K
Pa3HBIM CHCTEMAaTHIECKNUM T'PyTIaM, H3MEHYNBOCTh MHOTHX
MPU3HAKOB y HUX HOCUT roMoJIornyeckuii xapaxrep (bernses,
1981, 1983; benses, TpyT, 1989). Bo3amoxHOCTh U3MEHEHUI
B BOKaJIbHOM TIOBEJCHUH MPHU JOMECTHKALNK 00CYykK/1a/1ach
Uit gomamHux cobak Canis familiaris (Cohen, Fox, 1976;
Pongracz et al., 2005, 2006; Molnar et al., 2006), Mopckux
cBuHOK Cavia aperea (Monticelli, Ades, 2011), momanramx
xomek Felis catus (Nicastro, Owren, 2003; Nicastro, 2004;
McComb et al., 2009). OgHuM U3 caMbIX SIPKUX IIPHUMEPOB
MU3MEHEHHS BOKAJILHOTO TIOBEJICHUS Y TOMECTUIINPOBAHHOTO
JKMBOTHOTO MOYKET CIIY’KHUTb THIIEPTPO(GHUPOBAHHOE HCIIONb-
30BaHMe Jiass gomanraumu cobakamu Canis familiaris 1o
cpaBHeHHUIO ¢ BomkoM Canis lupus (Yin, McCowan, 2004;
Yynkuna u ap., 2006; Lord et al., 2009).

XoTs BOKaJIU3aIMK JOMAIIHEeH COOaKH Pa3BHINCh U3 pe-
nepTyapa oOIIero ¢ BOJIKOM IpPE/Ka, IPOIecC HE3aBUCUMOM
9BOJIIOLUH COOAK M BOJIKOB MPOAOJDKAJICS 110 MEHBIIEH Mepe

leHeTMKa noBeaeHUA

15 toic. 51et (Tchernov, Valla, 1997; Sablin, Khlopachev, 2002),
M MX BOKaJIHM3allMK MOIVIM Pa3jinyaThCsl YK€ Ha HaualbHOM
aTane qoMecTrkanuu. [I0CKoIbKy TOMAITHUE JKUBOTHBIE U X
JUKUEC MPCAKU IMTPOIIN [lJ'll/ITeJ'IbH]:Jﬁ nepuona HEe3aBUCUMOM
IBOJIIOLUH, CPABHEHHE 3BYKOB JOMAIIHUX )KUBOTHBIX U HX
JIMKHX POJCTBEHHHKOB HE MOXKET JI0 KOHIIA MPOSICHUTH 3TOT
BoIpoc. MneanbHON MOIEIbIO ISl TAKOTO aHaJIM3a MOIYT
CIIY’)KUTh JOMECTUIIMPOBAHHbBIC M HEJOMECTHIIMPOBAHHBIE
0Cco0M BHYTpHU OJHOTO BH/a. B kauecTBe 00beKTa HCCIEI0-
BaHUA MOXKET BBICTYIIATh OKCIICPHUMCHTAJIbHAA IMOMYJIAUA
cepebpucTo-uepusIx Jucunl Vulpes vulpes Ulul" CO PAH,
Hoocubupck (benses, 1981; Tpyt, 1981, 2007; TpyT u np.,
2004; Trut et al., 2009).

Bo MHOTHX HCCIIEI0BaHHSX, IPOBOANMBIX Ha IKCIIEPHUMEH-
TaJbHBIX MOMYJSIIUSX JIUCHIL, ObLITH TTOKa3aHbl 3P (EKThI 0/10-
MaIllHUBaHUS HA pa3IMyHbIe acliekThl noseacHus (Plyusnina
etal., 1991; Trut, 1999; TpyT u np., 2004; Hare et al., 2005;
Kukekova et al., 2008a,b), mopdonornueckne nmpusHaKu
(benses, 1981, 1983; benses, Tpyt, 1989; Trut, 1999; Tpyr,
2000; TpyT u nip., 2004; Kharlamova et al., 2007; XapmamoBa
u ap., 2008), dusnonoruro perynaropusix cucreM (benses,
TpyT, 1989; Popova et al., 1991; Oskina, 1996; Tpyrt, 2000;
Trutetal., 2000; TpyT u ap., 2004; Gulevich et al., 2004), mo-
JIEKYJSIPHO-TEHETUYECKUE OTIINYHS MEXK/Ty (popMaMu JTHCHUI]
(Kukekova et al., 2004, 2006, 2007; Lindberg et al., 2007).

BoxkansHoe noBenenue Pyunbix, ArpeccuBHbix U KoH-
TPOJIBHBIX JIMCHUI[ TAKIKE HHTCHCUBHO HU3Y4aJOCh B TEUCHUE
psina set. bpulo MccienoBaHo CTPYKTYpHOE pazHooOpasue
3BYKOB JINCHI] Pa3HbIX CEJICKIIHOHUPYEMbIX JINHUH MTpH 00111e-
HUH ¢ yenoBekoM (Gogoleva et al., 2008), n3yueHsl pa3miyus
B BOKaAJIbHBIX p€aKUAX Ha 4Y€JIOBCKa Py'-IH])lX, Arpecanme
u Koutponsaeix mucur (Gogoleva et al., 2008, 2010a,c, 2011,
2013), olleHeHO BIIHMSHUE T0J1a JIUCHIL M CTETICHH BO3JCHCTBHUS
CO CTOPOHBI YE€JIOBEKa Ha ITapaMeTpPhbl BOKAJIBHOTO IIOBEICHUSI
(Gogoleva et al., 2013), comocTaBiieHB! XapaKTEPUCTHKH BO-
KaJILHOTO MOBE/ICHHS U CTETICHb TOJICPAHTHOCTH K YEJIOBEKY
y ruOpua0B Mexkay PydHbIMU 1 ATpecCHUBHBIMH JUCUIIAMU
(Gogoleva et al., 2009), uzydeHsl pa3nuyus B BOKaJIbHBIX
peakiusix Ha KoHcnenuduka y PydHbix, ArpecCUBHBIX U
Konrponbubix mucun (Gogoleva et al., 2010b). beuia onenena
TaKKe BO3MOKHOCTh HCTIOJIb30BaHHsI 3ByKOB B KAUECTBE MH/IH-
KaTopoB OJIArOMOyYHs CepeOPUCTO-UEPHBIX JIUCHI] HA 3BEPO-
(dhepmax (Gogoleva et al., 2010a,¢), uccae0BaHO BIUSHHUE 3HA-
Ka ¥ YPOBHSI SMOIIMOHAIILHOTO BO30Y>K/ICHHSI Ha 3BYKH PydHBIX
n ArpeccuBabix Jucurl (Gogoleva et al., 2010a) 1 BBISIBICHEI
MPU3HAKK BOKAJIBHOTO MOBEJCHHUS JIMCHUL, HAIPABICHHOTO
Ha BOBJICUCHHE YEJIOBEKa BO B3aMMOJCHCTBUE C KHUBOTHBIM
(Gogoleva et al., 2011). OmHako 3T MaHHBIC JO HACTO-
SIIIETO BPEMEHU HE ObUIA CUCTEMAaTH3HPOBAHBI M 000OIICHBI.

Ilenp Hamiel cTaThu — 000OIICHUE JTaHHBIX 10 BIUSHUIO
IKCIEPUMEHTALHOM JIOMECTHUKAIMH, & TaKkke oTOopa Ha
YCHJIGHHE arpeccHu, Ha CTPYKTYpPYy 3BYKOB M BOKaJbHOE
MOBEICHUE JIMCHII, PA3JINYAIONIMXCS 110 SMOIMOHAIBHOMY
OTHOIIIEHHIO K YEIIOBEKY.

MaTepman n metoabl

MecTo, CPOKH M IKCIIEPUMEHTAJIbHBIE KUBOTHbIE. COOp
Marepuaia ocymectnisics B nepuox ¢ 2005 mo 2008 . Ha
skcniepuMeHTanbHoi 3Bepodepme NIul” CO PAH (Hoso-
cnbupck). OObeKkTaMM HUCCIIeIOBaHUs OBITH ITOJIOBO3PEIBIC,

BaBuNOBCKNI XKYpHan reHeTUKN n cenekuyumn « 2017 - 21 < 4

403



Effects of experimental domestication of silver
foxes (Vulpes vulpes) on vocal behaviour

cozieprKalluecsl B HEBOJIE CAaMKH M CaMIlbl OOBIKHOBEHHOM
JMCUIBI, TIPUHAIICIKAIINE K IIECTH Pa3JIMYHBIM TPYIIIaM.
KonTtponbHast rpymma — ¢pepMepcKue JIMCHIIbI, He TI0/IBepraB-
[IMeCst 0TOOPY IO MOBEICHHUIO. PYyYHBIC TUCUIIBI — )KUBOTHBIC,
MOJTyYEHHBIE B PE3YIITATe CENEKINH Ha JPYKETI00HOe To-
BEJICHHUE 10 OTHOIICHUIO K YeJI0BEKy. B Halem nccienoBannu
MPUHUMAIH ydacTue Jucullbl 44—48 mokojaeHus ¢ Havanga
oTOOpa Ha TOMECTHKANINIO. ATPECCHBHBIC JIUCHIIBI — KHBOT-
HBIC, TIOJTyYCHHBIC B PE3YyNIbTaTe CEJCKINU Ha arpecCUBHOE
MOBEJICHNE TI0 OTHOLICHUIO K YeloBeKy. B uccienoBannu
MPUHAMAIH y9acThe JUCHIbl 34-38 MoKoJIeHHWs ¢ Havyaia
orbopa Ha yCWJICHHE arpeccuu. [ mOpuHbIe TUCHIBI — XKH1-
BOTHBIC, MOJYUYCHHBIC B IIEPBOM IMOKOJICHUU CKPCHIMBAHUSA
Py4HBIX 1 ArpeccUBHBIX JIUCHIL. P-0EKKpOCCHI — JKUBOTHBIE,
TIOJTyYCHHBIE B pe3yJIbTaTe CKpEIUBaHus [ MOPUTHBIX JIHCHI]
¢ PyunbiMu, A-OeKKpocchl — B pe3ysibTare CKpeIlnBaHUs
I'ubpuaHBIX McHI ¢ ATpecCUBHBIME. Bee JKUBOTHBIE cozep-
JKaJIICh B OIMHAKOBBIX KJICTOYHBIX YCIIOBHUSIX, CTAH/IAPTHBIX
JUIsl KOMMEPUYECKUX 3BEPOBOIUECKHIX XO3SHCTB.

JKcnepuMeHTANbHBIN An3aiiH. TecThl ¢ TUCUIIaMH TIPO-
BOJIMJIM BHE CE30HA PA3MHOXEHHSI M BOCITUTAHHSI MOJIOJTHSKA.
Kax7i0e )KHBOTHOE y4acTBOBAJIO B TECTAX TOJBKO OJMH pas.
Bcero B Tectax ygactBoBasio 411 camox u 60 cam1ioB, oT Ko-
TOpPBIX OBIJIO 3amucano u npoananmsuposaHo 100702 3Byka.

IIpy u3yueHuM BOKAIBHBIX PEAKLMM JIUCUL] HA YEJIOBEKA
3BYKH JKHBOTHBIX 3allUCHIBAIN B X WHIUBHIYaJIbHBIX TO-
MalIHHUX KJIEeTKaX B TPEX pa3In4HbIX TecTaxX. B S-MuHyTHOM
[TpoBouupytomemM TecTe BO3JeiCTBUE YeIoBeKa ObLIO He
JIO3MPOBAHO U MPOJOIKAIIOCH JI0 AOCTHKEHHS )KUBOTHBIMHU
nopora kpuuanus (Gogoleva et al., 2008, 2009, 2013). 3a-
IMCh 3BYKOB HaYMHAJIACh, KOI/IAa HAOIIOAATENb ITOJXOIUIT Ha
paccrosiaue 0.5—1 M 70 KIeTku (POKAITBHOTO KHUBOTHOTO H
MIPOJIOJIKAIACh B TeUeHNE 4—6 MIH, ITOKa HAOJII0AaTe b HAaX0-
JIICA Nepes K1eTkor. Eciu jncuia Moiryania Wi 3aMoJIKaa,
HaOJTIoaTeNb JOMOJIHUTEIFHO CTUMYINPOBAI €€ ABUKEHUEM
PYKH K KJIIETKE, OTKPBIBAHHEM JBEPIBI U MOTIAXXHBAHHEM.
B 10-munytHOM Tecte [TpnbnmxeHus—yaaneHus Bo3ieicr-
BHE CO CTOPOHBI YEJIOBEKA OBIIIO CTPOTO OANHAKOBBIM JJIsI BCEX
JIMCHII, CHaJaJIa HapacTasi, a motoM ociabdesas (Gogoleva et
al., 2010a,c, 2013). Tect [TpubmmxeHusI—yIaTCHUS COCTOST
U3 [ITH 2-MUHYTHBIX CTyTIEHEH ¥ HAaUMHAJICS B MOMEHT TIOJI-
X0Jla UccienoBarelns K KieTke (JOKaIbHOW JIMCHIBI HA pac-
crosaue 0.5 m. Ha 1-if ctynenu uccrnenoBarenb 0cTaBajcs
HETIOJBIKHBIM; Ha 2-I CTyIIEHH OH COBEPILIAJI IUTABHBIC IBU-
JKCHUSI TEJIOM M PYKOH U3 CTOPOHBI B CTOPOHY, OCTaBasiCh Ha
paccrosnuu 0.5 M; Ha 3-i1 CTyNeHH coKpalnai AUCTAHIIHIO,
JleTasi Iar BIEPEs, U COBEPIIIAN ABMKEHHS TEIIOM H PYKOIL BIle-
pel ¥ Ha3all, Kacasich NaJbIaMH JBEPLIbI KJICTKH; 4-5 CTYIIEHb
MOJIHOCTBIO COBMAIala co 2-i CTyNeHblo, a 5-51 Konuposasa
1-to ctymens. B 5-muayTHOM CTaTHYHOM TECTE BO3/IEHCTBHE
CO CTOPOHBI YeNIOBEKa OBUIO TOXKE OAMHAKOBBIM JUIS BCEX
JIMCHUI] U OCTaBaJIOCh HEM3MEHHBIM B TEUEHHE BCEH 3amucu
(Gogoleva et al., 2011, 2013). Bo BpeMs TecTa 3KCIIEpUMEH-
Tarop ctost1 B 0.5 M riepes KIIETKOH, BBITTOIHSS OTHOOOpa3HbIe
JIBUJKCHUSI PyKOW M3 CTOPOHBI B CTOpPOHY. BozzaeiicrBue co
CTOPOHBI YeJoBeKka ObuT0 HanbombmmM B [IpoBonmpyromem
TECTe, MPOMEXKYTOUHBIM — B TecTe [IpnomrmkeHusi—yaaaeHus
1 HanMEHBIIUM — B CTaTUYHOM TECTE.

1 n3ydeHust BOKaIbHbIX PEAKLUI JTUCUL TIPY B3aUMOAEH-
CTBHH C KOHCIEIU(PHUKAMH, )KUBOTHBIX CCAXKUBAIIN TIOMIAPHO
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B CIICIIMAJIbHBIX KCIICPUMEHTAIIbHBIX ycTaHOBKaX (Gogoleva
et al., 2010b). JIucumsr ccaxxnBaeMol Taphl BCETAa MPHHA-
JIeKaly K OIHOW | Toit e rpymme. [Iponenypy ccaxuBanus
[IPOBOJIMIIY HAa HEUTPAJIbHOU TEPPUTOPHUHU B KIIETKAX U3 TPEX
PAcIONOKEHHBIX B PsIJ OTCEKOB, MEXK/Ty KOTOPBIMH UMEINCH
neperopakuBaemMble mpoxoabl. Jlo Havdaia SKCrepuMeHTa
JIMCHLIBI IPOBOJMIIN B KPAWHHUX OTCEKAX IKCIIEPHUMEHTATBHBIX
KJIeTOK 12 9, 9TOOBI IPUBBIKHYTH K HOBOH 0OCTaHOBKE. 3aTeM
B TeUeHHE |5-MHUHYTHOTO SKCIIEPUMEHTA KUBOTHBIE MOTIIH
CBOOOJIHO TIEPEMEIAThCsI 10 BCEM OTCEKaM KJIETKH M KOH-
TaKTUPOBATH JPYT C APYTOM. 3aIHCh 3BYKOB M JBUTATEILHOTO
MIOBE/ICHUSI JINCHIL] TIPOBOJIMIIM B aBTOMaTHYECKOM PEXNME
Ha 3apaHee YCTaHOBJICHHYIO Ha IITaTUBAX alaparypy, 4To-
ObI 130ekKaTh BIMSHUS YEJIOBEKA Ha MOBEICHHUE KUBOTHBIX
(Gogolevaetal., 2010b). ITomy4uennsie aynno- 1 BUneohansl
00pabaTbIBaIx OTAENBHO € IOCIEAYIOIIUM COBMEILICHUEM.

3anuch M aHAJIU3 3BYKOB. /7151 3amucH 3BYKOB HCIIOJb-
30BaJM KacceTHbI Maruutodon Marantz PMD-222 (D&M
Professional, Kanagawa, Japan) ¢ KoHIeHCATOPHBIM MHKPO-
¢donom AKG-C1000S (AKG Acoustics, Vienna, Austria) u
mudposoit MaranTodon Marantz PMD-660, 3anuceiBarommii
IIpu yacToTe auckpern3anmu 48 kI 11 B cTepeopexume ¢ AByMs
KOH/ICHCATOPHBIMH MUKPO(OHAMH: MEHEE UyBCTBUTEIbHBIM
mukpodorom AKG-C1000S jurst perucTparuy rpoMKHX 3BY-
KOB U OoJiee uyBcTBUTENBHBIM Sennheiser K6-ME64 (Senn-
heiser Electronic, Wedemark, Germany) ans perucrpanuu
TUXHX 3BYKOB. Bce cuCTEMBI Ui 3alicH TOJHOCTBIO TMO-
KPBIBAJIM YaCTOTHBIN JIMaIa3oH 3ByKOB JucHll. OuudpoBKy
3BYKOB (C gacTtoToi auckpermzanuu 22.05 xI'11 u pa3perie-
HueM 16 OuT) 1 ciekTporpadMUecKuil aHaIU3 TPOBOIUIIHN B
nporpamme Avisoft SASLab Pro v. 4.3 (Avisoft Bioacoustics,
Berlin, Germany).

[To cekTporpamMMam 3ByKH KIacCH()UINPOBAIN Ha CTPYK-
TYPHBIE TUIIBI U OTMEYalIi IPUCYTCTBHE HEIMHEWHBIX (PeHO-
MEHOB W/HJIN apTUKYIAINOHHBIX 3pdexToB (Gogoleva et al.,
2008, 2009). [lns Bcex 3BYKOB M3MEPSUIN JTMTEIBHOCTD, a
TaKKe TUKOBYIO YaCTOTY (4aCTOTY MAKCUMAIILHOW aMILTHTY/IbI
B CIIEKTPE 3ByKa). J{J1s TOJI0COBBIX 3BYKOB JIOMOJIHUTEIBHO 13-
MepsUTH HauaJIbHY0, KOHSUHYIO M MAaKCUMAJIbHYO OCHOBHYO
qacToTy. 15l HErOJI0COBBIX 3BYKOB M3MEPSUTH HIDKHIOKO, CPe/i-
HIOI0 ¥ BEPXHIOIO KBAPTHJIM CYMMAapHOTO SHEPTETHIECKOTO
CIIEKTpa 3ByKa.

W3mepsiiiach Takoke JUIMTEIbHOCTh KaXKI0T0 TECTa M Kax-
JIOTO 3ByKa M PAacCUMUTHIBAINCH JBa MOKAa3aTelNsl BOKAJILHON
AKTUBHOCTH. YacTOTy CII€JIOBaHUS 3ByKOB PacCUMTHIBAIN
KaK YMCJI0 3ByKOB JJAHHOT'O THIIA, JISJICHHOE Ha [UIUTEIbHOCTh
Tecta (WM CTYNEHH TecTa) B MUHYTaxX. J[0om0 BOKaIbHOM
AKTMBHOCTH — KaK CyMMY JJIUTEILHOCTEH BCEX 3BYKOB, Jie-
JICHHYIO Ha JAJUTEIbHOCTh TeCcTa (WK CTyNEeHH TecTa). [lns
Ka)KII0H 13 UCCIIeyeMbIX TPYTII JINCHL] PACCUUTHIBAIIN BCTPE-
YaeMOCTb 3BYKOB Ka’K/IOTO THA (B IPOIIEHTAX ) OT YKCIIa BCEX
3BYKOB, M3[JaHHBIX )KUBOTHBIMU 3TOM T'PYIIIHI.

Jlnist OIleHKN BIUSIHUS 3HAKA M YPOBHS 3MOIMOHAIBHOTO
BO30YXJICHHUS Ha 3BYKH Ul KaxJoW cTymneHu tecra Ilpu-
O KEeHHSI— yaJIeHHS MBI [IOJITOTOBHUIIN CJIUTBIE 3BYKH ITyTEM
BBIPE3aHUS IOCTOPOHHMX LITYMOB M I1ay3 MEXIy BCEMU 3BY-
kamu 1aHHo# ctynenu (Gogoleva et al., 2010a,c). B cruteix
3ByKaX Mbl U3MEPSJIM IMHMKOBYIO YacTOTY, HHXKHIOIO, Cpell-
HIOIO 1 BEPXHIOIO KBAPTHJIM CYMMAapHOTO SHEPTE€THIECKOTO
CHEKTpA.
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yepHbIx nucuy (Vulpes vulpes) Ha BokanbHoOe noBefeHne

Crarncrtuyeckuii ananau3 BeinojHeH B makete STATIS-
TICA, v. 6.0 (StatSoft, Tulsa, OK, USA). Cpemane nprBeaeHs!
kak mean+ SD. Bce TecTs! OB ABYXCTOPOHHUMH, Pa3IHIHS
CUHTAJIN AOCTOBEPHBIMHU IpHu p < 0.05. 3HaueHus akycTHYe-
CKHX ITEPEMEHHBIX, PACTIPEIEIEHHS KOTOPBIX OTKJIOHSITHCE OT
HOpMastbHOTO (TecT KonmmoropoBa—CMupHOBa), OblH TpaHc-
(hopMHUPOBaHBI C ITOMOILIBIO KBJPATHOTO KOPHSI ISl BKIIIOYE-
HUS B TapaMETPUYECKHE TECThI. BiusiHne pakTopoB rpyIimsl,
TECTOBOH MPOIIETYPHI M M0JIa HA BOKAJILHOE TIOBEIICHHE JINCHL]
OLIGHUBAJIA C MOMOILBIO 00O0OILIECHHOI JIMHEHHON MOaeIn
(GLM), cmemannoit nuHeiHO#M Moaenu (GLMM, co ctyme-
HBIO TeCTa KaK (PUKCHPOBaHHBIM (h)aKTOPOM M KMBOTHBIM KaK
city4daitHbIM (pakTOpoM), MHOTO()AKTOPHOTO AUCIICPCHOHHOTO
anamm3a (MANOVA) 1 mucriepCHOHHOTO aHaI3a TIOBTOPHBIX
n3mepennii (repeated measures ANOVA), ¢ TOCT-XOK TeCTaMU
Troxkeit 1 Heromena—Keitica (Tukey and Newman—Keuls
post hoc tests). [IporieHTHBIE COOTHOIICHNSI CPAaBHUBAIH C
nomMouisto kputepus x> u tecta Oumiepa (Fisher exact test).

Pesynbtatbl

CTpyKTypHOe pa3Hoo6pasiie 3ByKOB NINCUL, B HEBONE
Jiist n3ydeHust CTPYKTYpPHOTO pa3sHOOOpa3us ObIIIM MCIIONb-
30BaHbl 3anuck 12964 3BykoB, MOIY4YEHHBIX OT 25 PyuHBbIX,
25 ArpeccuBHBIX U 25 KOHTPOJIBHBIX CAMOK JINCHIL B Pe3yib-
tate nposeneHus [Ipoonmpyromux TectoB (Gogoleva et al.,
2008).

3ByKH ObUTH MOpA3/IeIeHBI Ha JBA CTPYKTYPHBIX Ki1acca.
K r0710cOBBIM (TOHAIIBHBIM) MBI OTHOCHIIN 3BYKH C BUANMOMN
OCHOBHOMW YacTOTOW M ee rapMOHMKaMH; MHOT/JA 3ByKH CO-
JiepyKaiy HelMHelHble (PEHOMEHBI H/WIIH apTUKYJISIIIMOHHBIE
a¢¢exre. CTPyKTypa 3THX 3BYKOB CBUICTEIHCTBOBAIA O
MPOTYKIMHU C TOMOIIBIO FOJIOCOBBIX CBSA30K. K HEroaocoBsM
(IIMPOKOTIOIOCHBIM) OTHOCHIIM 3BYKH 0€3 BUANMON OCHOBHOMN
YaCTOTHI ¥ C IIMPOKOIIOJIOCHBIM JIUAITA30HOM, CBHICTEIBCTBY-
IOIINM O MEXaHHU3ME UX MTPOYKIMH 32 CYET TypOyJISHTHOCTH,
BO3HHKAIOIIECH MPU MPOXOKICHUN CTPYH BO3IyXa depes Cy-
JKCHUsI BOKAJILHOTO TpakTa. Bcero BhIIENICHO BOCEMb THIIOB
3BYKOB, N3/1aBa€MBbIX JIMCHIIAMH Ha YEJIOBEKA: IISITh TOJIOCOBBIX
(ckyseHnue, MblYaHKe, KyJJaxXTaHbe, pPbIYaHue 1 JIail) U TpH He-
TOJIOCOBBIX (IIYMHOE IBIXaHHE, Kalelb i (PeIpKaHbe) (puc. 1).

Ckyaenne. Camblie qiurensble (7114502 mc) 1 oTHOCH-
TEJBbHO BBICOKOYACTOTHBIC 3BYKH, H31aBaEMbIC Yepe3 OTKPhI-
TBII POT, YaCTO yCJIOKHEHHBIC HETMHEHHBIMU ()eHOMEHAMHU
W/WITH apTUKYISIHHOHHBIME 3 dexTamu. HauanpHast yactora
(0.53+£0.21 I'm) HeckonbKko BhIme koHewHo# (0.49+0.16),
MakcuMaibHast yactoTa (0.66+0.21) HECKOIBKO HIKE TTHKO-
Boit (0.85+0.53 kI'1r). HenuHeliHbIe ()eHOMEHBI CBUICTEIh-
CTBOBAJIM O CMEHE PEXHMOB B pPabOTE TOJIOCOBBIX CBSI30K
(Berry etal., 1996; Wilden et al., 1998; Bomomus u ap., 2005).
B ckyneHusix BcTpedannch CyOrapMOHUKH (JIOTIOTHUTENBHBIE
94acTOTHBIC 1MOJIOCHI B 1/2, 1/3 1 1/4 0CHOBHO#1 4acTOTHI), Je-
TEPMHHHUPOBAHHBIN Xa0C (PaBHOMEPHOE pacpeieICHUE aM-
TUTUTY/IBI 3BYKA 110 3ByKOBOMY JIHAIIa30HY) M YACTOTHBIE CKay-
KN (MOMEHTAJIbHBIC CABUTM OCHOBHOM YacTOTHI 3ByKa). Ap-
TUKYJISOUOHHBIE 3()()EKTHl CBUAETEIHCTBOBAIN O padbore
ApTHKY/ISITOPOB BOKAJIBHOTO TpakTa (Msirkoe HEOO, YeoCTH,
SI3BIK, TYOBI U JIP. ), PACTIOJIOKEHHBIX BBIIIE TOJIOCOBBIX CBSI30K
(Fitch, 2000; Riede et al., 2005). B ckyneHUsIX BCTpedaInch
BOJHA (MHOTOKPATHO MOBTOPSIOIIAsICS apkooOpasHasi MOJy-
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JISAIUSE OCHOBHOM YacTOTHI), pUTMHUKA (KOPOTKHE Pa3phIBHI B
OCHOBHOM 4acTOTE M FApPMOHHMKAX 3ByKa B BHIE ITMPOKOIO-
JIOCHBIX OBICTPO MOBTOPSIOMINXCS IYJIBCOB) W KIOKOTaHUS
(U-oOpa3Hast MOmyIIsLusi OCHOBHOM 4acTOTHI C PE3KHM CMe-
IICHHEM aKyCTHYECKOW SHEPTHH B 0071acTh 00Jee BBICOKHX
4yacToT B Hauasie kaxjoro U-oOpasznoro ¢parmenra). B mpe-
Jieflax OJIHOTO CKYJICHHsI MOIVIO BCTpedarbesi 0oJiee OJHOTro
HETMHEWHOTO (PeHOMEHA H/MITH apTUKYIIAIIOHHOTO Y QeKTa.

Mpbruanue. HuskoaMninuTyaHbele 3ByKH C XOPOILO BHIU-
MOI OCHOBHOH 4aCTOTOM U MaJI03aMETHbIMY I'aPMOHUKAMHU,
KOTOpBIE M3JAI0TCS Yepe3 HOC P 3aKPBITOM pre. Jmuresns-
HOCTh (347+324 Mc) M MakCHUMaibHasi OCHOBHAsI 4acTOTa
(0.36+£0.10 xI') BIBOE HMXKe, yeM B CKyjleHHsX. Hauamb-
Has gacrora (0.28+0.09 kI'11) He oTIMYaNack OT KOHEYHOH
(0.28+0.09), muxoBast gactoTa coctaBisiia 0.28+0.09 k[ u
Obl1a 3HAYUTEIBHO HIKE MAKCUMaJIbHOM.

Kynaxranbe. Kopotkue 3Byku (amureapHOCTB 61+ 10 Mc),
B OCHOBHOM C apKOOOpa3HOI MOAyJSIMeEH, H3alonecs
MOHOTOHHBIMH CEpPHUSIMH, C NEPUOJIOM OT Hayayia Mpeablry-
IIETOo 3ByKa 0 Hagana nocuenyromero 210+ 50 mc. [TukoBas
yactora (0.76+0.27 x['1) BIe MakcumanbHoi (0.49+0.05),
3HadeHust HayanbHOH (0.38+0.06) u KoOHE4YHOIl yacTOT
(0.39£0.08 xI'm) HE pa3nuyaroTCs.

Poruanme. [lnurensHblil (668 +428 Mc) HU3KOAMIUTUTY/-
HBII1 1 HU3KOYACTOTHBIH 3BYK C 00513aTEIIbHBIM ITPUCYTCTBHEM
MyJABCAIHA 9acTOTOW OT 22 1m0 35 mynbcoB B CeKyHAY (B
cpenHeM 22+ 3). YacTo pplYaHHIO MPE/IIECTBOBAIIO TOHAIIb-
HOE HadaJo (CKyJlIeHHe WK Mbl4aHue). Bce 3HaueHns 0CHOB-
HOH 4acTOTHI CaMbl€ HU3KHE CPEIU FOJI0COBBIX 3BYKOB: MaK-
cumanbHas — 0.23+£0.07 k['u, naganenas — 0.20+0.05, xo-
HeyHasd — 0.18+0.05. ITuxoBas wactora (0.19+0.06 xI'm)
Obl1a 3HAUMTENIFHO HIDKE MAKCUMAJIbHOM, KaK U B MbIYaHUH.

Jlaii. Kopotkwuii (106+16 MC) B3pBIBHOH BBICOKOAMILTH-
TYIHBIH 3BYyK C YETKOH apKooOpa3HOW MOAYJILUeld OCHOB-
HOM wactoTel. MakcumanbHast (1.12+0.12 kI'11) u nmukoBas
(1.31£0.40) gacToTa HAMBBICIIUE CPETU TOJIOCOBBIX 3BYKOB,
HayaspHas yacTtoTa (0.8640.06) 3HaUNTENBHO BBIIIIE KOHEU-
Hoi (0.53+0.08 xI'm).

Illymuoe abixanue. Hu3koaMmnuTyiHble KOPOTKHE BBIIO-
x# (4249 Mc), u3aBaeMble MOHOTOHHBIMU CEPUSMU WIIN Ye-
pemyrommecs ¢ KylaxTaHbeM u ckynenneM. LllymHoe apixanne
TI0 CTPYKTYpe OBLIO CXO/THO C KyAaXTaHbeM, HO HE COZIEPIKAIIO
roJIOCOBOH (TOHANBbHOM) KOMIOHEHTHI. Ilepuon or Hawana
OIIHOTO 3ByKa J0 Hayajia CJIEIYOIEr0 COCTABIISII B CPEAHEM
180+40 wmc. [TukoBas gactora (1.00£0.55 x['11) BEIIIE, YeM
B KyJaxTaHbe, U caMmasl BBICOKAsl CPEIU HEroJOCOBBIX 3BY-
KOB. HuxXHAS, cpenHss U BEPXHsS KBaPTWIH COCTAaBIIAIH
1.17+0.31, 2.62+0.60 u 4.57+0.72 x['11 COOTBETCTBEHHO.

Kameas. KopoTkuii, pe3kuii MHTEHCUBHBIH B3pPBIBHOM
3BYK (72+19 Mc), KOTOpBIH M37aBajCs depe3 OTKPBITHIN
pot. IIukoBast yacrora (0.85+0.61 xI'1I1) OTHOCHTENBHO BBI-
cokas. HwkHss, cpeaHas U BepXHsASA KBapTHIU COCTABIISIN
1.09+0.31, 2.39+0.54 1 4.64+0.86 xI'1{ COOTBETCTBEHHO.

®bipkanbe. HuskoaMInTyHble pe3Kre KOPOTKHE B3PbIB-
Hble BbIOXH (77430 Mmc), u3naBaembie uyepe3 Hoc. OObIu-
HO B3pPBIBHOE HA4yaso MEpPEXOJWIO B MPOJOJIKHUTEIbHBIHA
BBIJIOX, TOXOKHI Ha «00JaKo» IIUPOKOIIOJOCHOTO IHIyMa
Ha crekrporpamme. [lnkoBas yactora ObUla OYCHb HU3KOU
(0.22+£0.05 xI'm), Tak xe kak W HIKHAS (0.39+0.23) u
cpenusist (1.4240.70) KkBapTHIH, XOTSI BEPXHsISI KBapTHIIb
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Effects of experimental domestication of silver
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Fig. 1. Spectrograms of eight fox vocalization types: (a) whine, (b) moo, (c) bark, (d) growl, (e) pant, (f) cackle, (g) snort, and

(h) cough.
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Fig. 2. Proportions of tame, aggressive and unselected foxes that produced calls of each type in different test procedures:

(a) provoking test, males; (b) provoking test, females; (c) approach-retreat test, females; (d) static test, females; N, number of foxes of each strain.
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BrnmsHne 3KCnepuMeHTanbHOM JOMeCTMKaL MmN cepebpucto-
yepHbIx nucuy (Vulpes vulpes) Ha BokanbHoOe noBefeHne

(4.08+0.92 kI'11) HE OTNTMYANIACH OT IIIYMHOTO JIBIXaHUS U Kalll-
1. Pacnipe/ienieH e SHEPruH 10 YaCTOTHOMY JIMANa3oHy ObLIO
KITFOUEBBIM MTPH3HAKOM JUTSI pa3THUCHIS (DBIPKAHBS U KaIlUIs.

BokanbHble peakunn PyuHbix, ArpeccnBHbIX

1 KOHTPOJIbHBIX NIMCKL, Ha YenoBeKa

Jliist n3ydeHusi BOKaJIbHBIX Peakuii Ha YeJoBeKa ObLIM ¥C-
MOJIB30BaHBI 3anicH 52389 3ByKOB, MOMYyYEHHBIX OT 25 Pyd-
HBIX, 25 ArpeccuBHbIX, 25 KOHTpPOJIBHBIX CAMOK JHCHI U
20 Pyunsix, 20 ArpeccuBHbix, 20 KOHTpOIBHBIX caMIlOB
JIMCHIL B pe3yJbTare MpoBeieHns [IpoBonnpyommx TecToB;
21 PyunsIx, 16 ArpeccuBHBIX, 22 KOHTPOJIBHBIX CAMOK JIUCHIT
B pe3yJibTare npoBeeHus Tecto [Ipuonmkenus—ynaieHus;
15 Pyunsix, 15 ArpeccuBHbix, 14 KOHTpOIBHBIX CAMOK JIMCHIT
B pe3yabTare npoBeaeHnst Crarnunbix TectoB (Gogoleva et al.,
2013). Bo3neiicTBre O CTOPOHBI UeSIOBEKA ObLIO HAUOOIBIITNM
B [IpoBoumpyromeM Tecte, NpoOMeKyTOUHbIM — B Tecte [Ipu-
OmKeHUsI—yIaJIeHUs] 1 HAMMEHBIIUM — B CTaTHYHOM TecTe.

Hamu oOHapysxeHa cTporasi 3aKOHOMEPHOCTh MEXLy IPH-
HaJUIeKHOCTBIO JICHUII K TON HIIM WHOH TPyIITE U U3JaBaHHEM
VMU Pa3HBIX THIIOB 3BYKOB HA YeJIOBEKA. Y JIUCHI] BCEX TPEX
TPy BCTPEYATNCH CKyJIeHHE, MbIYaHUE U peluaHue (puc. 2).
Hwu ontna n3 ArpeccuBHBIX nian KOHTPONBHBIX JTHUCHIL HE W3-
JlaBaja Ky/llaXTaHUH M OIyMHOTO JIBIXaHHs Ha YEIOBEKa, HU
onHa u3 PyuHbIX He u3naBaia Kanwis u (eipkadbs. Jlai Obu1
OTMEUEH TOJBKO Y ATPECCHBHBIX JIUCHUIL (4 caMku 1 3 caMmIia).
Taknum 00pa3zom, HAOOP TUIIOB 3BYKOB, HCHOJIB3YEMBIX JIHCH-
[[aMH B T€CTax MpH B3aUMOAEHCTBUU C YEJIOBEKOM, 3aBUCEI
OT IPUHAJICKHOCTH JIMCHUIIBI K OTHOMN U3 TPEX UCCIIEAYEMBIX
TPYIII U HE 3aBUCEN OT €€ I0J1a U 0COOCHHOCTEH TeCTOBOM
nporeaypsl (cM. puc. 2).

Yacrora cie10BaHus 3ByKOB B TEUEHHE TECTA 3aBUCETIA KaK
OT pacCcMaTPHBAEMOM IpyImb (£, 55, =25.29, p <0.001), Tak
U OT TECTOBOH Ipouenypsl (£, 55, = 3.84, p < 0.05) u nona
aucun (F) 55, = 5.67, p <0.05). BHe 3aBUCHMOCTH OT TECTO-
BOM TPOIEYPHI U 110714, 9aCTOTa CIICAOBAHUS 3ByKOB BCET/Ia
Obuta HanOoJbLIel Yy PydHBIX JHCHI, POMEKYTOUHOH — y
ArpeccuBHBIX, 1 HaUMeHbIIeH — y KoHTponsHBIX (pHcC. 3, a).
Jlonst BOKaJIbHOM aKTUBHOCTH TAKXKe 3aBHCENA OT HCCIIEeNy-
eMoi rpymnsl (F, 54, =26.08, p <0.001), TecToBOM mIpoueay-
poI (I, 53, = 18.61, p < 0.001) 1 mona nucun (F| 55, = 14.36,
p < 0.001). BHe 3aBUCUMOCTH OT TECTOBOW HPOLEAYPHI U
I10J1a, JI0J1s1 BOKAJIbHOM aKTHUBHOCTH BCeEryia Obljia HanOoIbIIei
y ArpeccHUBHBIX JINCUL, IPOMEXYTOUHON — Y PyuHbIX, Hau-
MeHbIed — y KoHTpoibHbIX aucun (cM. puc. 3, 0).

BokasnbHble peakuumn ru6praos mexay PyyHbimu

1 ArpeccrBHbIMU NCMLLAMM Ha YenoBeKa

J1iist u3y4eHust BOKaJIbHBIX peakiiii THOpuI0B Mex 1y PydHbI-
MU U ATPECCUBHBIMU JIMCUIIAMH Ha YEJIOBEKa OBLIN HCTIOJNb-
30BaHbl 3anucu 25527 3ByKOB, NOMY4YEHHBIX OT 125 caMok
JIMCHIL U3 NISITH Tpyn: Py4yHbix, ArpeccuBHBIX, [ MOpHITHBIX,
A-6exkxpoccoB u P-Gexkpoccos (1o 25 Ha TpyHITy) B pe3yiib-
tate nposeaeHus [Iposonnpytomux tecroB (Gogoleva et
al., 2009).

Oo6napyxeHo, 9TO HaOOpPHI THUIOB 3BYKOB, M3/1aBa€MbIX
JIMCUIIAMH Ha YeJI0BEKa, pa3iinyalluch MEeX 1y Tpynnamu. Bo
BCEX IATH TPyIIax MPUCYTCTBOBAIM CKYJICHHS, MbIYaHUS U
poraanus. ObIpKaHbe U Kalleb BCTPEYaINCh B OCHOBHOM y
ArpeccuBHBIX 1 A-OEKKPOCCOB M OTCYTCTBOBANIN Y Py4HBIX
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the overall time of recording. Central dots indicate mean values, whiskers
indicate 0.95 confidence interval. Newman-Keuls post-hoc test: * p < 0.05,
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u P-GexkpoccoB, Toraa Kak KyqaxTaHbe U ITyMHOE JbIXaHHue
M3aBaJINCh PYYHBIME JINCHIIAMH U OTCYTCTBOBAJIN y ATpec-
CUBHBIX U A-OekkpoccoB. Tompko y [MOPUIHBIX JTHCHIT OT-
MCYCHBI BCC TUIILI 3BYKOB, KpOMC Jiasd.

MBI OLIEHWITH BIUSHHE TPYIIIHI HA BCTPEIaeMOCTh 3BYKOB
Pa3HBIX THITOB, CPABHHB YUCIIO JKUBOTHBIX B KaXKIOW 3 TISITH
TPYIII CO CPEIHUM 3HaU€HUEM (CyMMapHOE YHCIIO JIUCHUIL, JIJIs
KOTOPBIX OTMEYEH JaHHBIH THIT 3ByKa, ICICHHOE Ha YHCIIO
Tpy1In). ATPECCUBHBIC U Py4YHBIC THCHIIBI 0COOCHHO CHIIBHO
pa3IMYaINCh MO MCIOJb30BAHUIO 3BYKOB Pa3HBIX THIIOB.
Yucno ['mOpuAHBIX TUCHII, H3MAIOMINX JTI000M THIT 3ByKa, HE
OTIMYANIOCHh OT CpeIHEero 3HadeHus. [pymma A-OeKKpOCCcoB
HE OoTJin4aJiaCb OT AFpeCCI/lBHbIX JIMCHIL] 110 UCII0JIb30BAHHUIO
3BYKOB Pa3HBIX THIIOB, a YHCIO P-OEKKPOCCOB, M3IAIONINX
KyJaXTaHbe W IIYMHOE JBIXaHUE, HE MMEJO OCTOBEPHBIX
OTJIMYUH OT CpCAHEI0 3HAYCHUA.

HamubomnpImree KOIM9eCTBO JIMCHIL, H3IAIOMNX (QBIPKAHbE H
KaIlleJb, MPHHAIICKATO K ATpecCHBHEIM U A-OeKKpoccam
(puc. 4, a). Haubomnbliiee KOIUYESCTBO JIUCHUI, U3JAOIIIX
KyAaxTaHbe U ITyMHOE JbIXaHHe, IPHHAIEKAI0 K PydHbIM.
Bonpmast wacts [ mOpumoB 1 P-6ekKkpoccoB HE M3AaBaH ATH
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Effects of experimental domestication of silver
foxes (Vulpes vulpes) on vocal behaviour
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Fig. 4. Numbers and proportions of foxes producing calls of different types (a) toward humans and (b) toward conspecifics:

A, aggressive; A-b, A-backcrosses; H, hybrid; T-b, T-backcrosses; T, tame; U, unselected foxes.

YeThlpe THMa 3BYKOB (cM. puc. 4, a). Hu oxna nucuna ne
coueTasia (bIpKaHbE M Kallelb C KyIaXTaHbeM U IIyMHBIM
JIBIXaHWEM B HaOOpe 3BYKOB, N31aBaEMbIX HA YEIIOBEKA.

BokanbHble peakuunmn PyyHbix, ArpeccnBHbIX

1 KOHTPObHBIX IMCKL, Ha KOHcNeundrKa

J1ist n3ydeHus BOKJIBHBIX PEakInil Ha KOHCTIe(rKa ObUTH
ucnons3oBasl 3anuck 21310 3BykoB, nomy4yeHHbIX ot 120 ca-
MOK, pa3/eleHHbIX Ha 60 TECTOBBIX map, U3 KOTOphIx 20 map
npuHaanexanu Kk Pyunsiv, 20 — k ArpeccuBHbM 1 20 — K
KoHTponbHBIM JHCHIaM, B pe3ynbTaTe npoBeieHus 60 TecToB
MOTIAPHOTO CCaXMBaHUS JHCHI] BHyTpH rpymm (Gogoleva et
al., 2010b).

ITo Buneozanucu (6e3 3Byka) MOBEIEHUE TECTOBOW Maphbl
JIMICHIL PA3ZIEIIsIA Ha TPY THIIA: HEUTpaIbHOE, €Cin 00€ INCH-
161 HE TIPOSIBIISUTN HHTEpEca JIPYT K APYTy; aduinaTusHoe,
€CJIM OHU BeJU ce0st IPyKeTr00HO; U arOHUCTHYECKOE — XOTSI
OBl OTHA JIFICHIIA BeJa cedst arpecCUBHO. MBI He 00HAPYKIITH
Y JINCHIl HUKAaKUX HOBBIX THITOB 3BYKOB ITPH OOIIIEHUH C KOH-
crienu(uKaMu 1o CPaBHEHUIO C TEMH, KOTOPbIE OHH U3AI0T
IIPU B3aMMOZICHCTBHH C 4eTI0BEKOM. CeMb U3 BOCBMH THIIOB
3BYKOB, 32 HICKJTIOUCHHEM JIasi, BCTPEUAIUCH Y BCEX TPEX TPy
JIICHIL TTPU BCEX TpeX TUMax nosefeHus. Jlait b1 OTMEUEH
TOJBKO Y KOHTPONBHBIX JINCHUIT ITPU HEHTPaIbHOM MOBEICHHUH.

MBI OLIEHUITH BIIMSTHUE TPYTITBI HA BCTPEIaeMOCTh 3BYKOB
Pa3HBIX TUIIOB, CPABHUB YHCIIO Map JHUCHUI], U3JAIOIINX JaH-
HBII THII 3ByKa IIPU B3aWMOJEHCTBUM C KOHCTICIIU()UKOM, B
Ka)KJJOH U3 TpeX IPYTI CO CPEAHUM 3HAYCHUEM (CyMMapHoe
YHCIIO Map JICHLL, N3AAI0IINX JAHHbIH THII 3BYKa, JeJICHHOE Ha
4HCIIo rpymin). Bo Beex rpynmax 4mciio nap JUCHIL, H3IAI0IIIX
70001 U3 BOCKMH THITOB 3ByKOB, HE OTIINYAJIOCH OT CPETHETO
3HaueHus (Tect Pumiepa, p > 0.05 a5 Bcex cpaBHEHUI).

CymMMapHbIE 4acTOTHI CIIEZIOBAaHUS 3ByKOB BO BPEMsI aro-
HUCTHYECKOTO MOBEJICHUS IS BceX Tpex rpym (59.2, 48.8,
49.4 3B./MuH anst Pyunbix, ArpeccuBHBIX 1 KOHTPOJIBHBIX
JIUCHI] COOTBETCTBEHHO) OBLIM JOCTOBEPHO BHIIIE IO CPaB-
Hennio ¢ apdunmarusueM (36.6, 18.8, 20.8 3B./MUH 11
Pyunsbix, ArpeccuBHBIX 1 KOHTPOJIBHBIX COOTBETCTBEHHO) U
HerrpansabM (13.8, 9.3, 8.8 3B./MuH 11 Pyansix, Arpeccus-
HBIX 1 KOHTPOJIBEHBIX COOTBETCTBEHHO) TToBeeHHeM (p < 0.05
JUIS BCEX CpaBHEHHH, MOCT-XoK TecT Hriomena—Keiinca).
ITpu cpaBHEHNH Pa3HBIX TPYHIT TOJIBKO ISl PydHBIX JHcHIy
Obuta 0OHapy)keHa JI0CTOBEPHO OoJiee BBICOKasi CyMMapHast
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Y4acTOTa CJICAOBAHNUS 3BYKOB I10 CPABHEHHIO C ATPECCUBHBIMH
npu appunraTuBHOM noseneHnu (36.6 u 18.8 38./MuH coor-
BeTCTBEHHO, p < 0.05, mocT-xok Tect Hrromena—Keiinca).

B oTinune OT B3aMMOJCHCTBHUS ¢ YETIOBEKOM, IIPU BHYT-
PUBUIOOBBIX B3aHMO[leﬁCTBH§IX MbI HEC HallJIU pasmzmﬂﬁ B
UCIIOJIb30BAHUH KyHAaXTaHbs/IIYMHOTO IBIXaHUS M KaIis/
dbipkanbst Mexay KoHTponbHbIMH, PydHbIME 1 ATpeccuB-
HBbIMU JIMCHUILIAMU. Yuciao u IMPOUECHTHOE COOTHOIICHUE I1ap
JIMCHL, U3IAFOLINX 3TH TUIIBI 3BYKOB IIPH B3aHMOJCHCTBUH C
KOHCHenu(pUuKaMu, He pa3IHYaInCh MEXKIY TPEMs TPYIIIaMH
(tect ®uiepa, p > 0.05 a7 Bcex cpaBHEHUI) (M. puc. 4, 6).
N3 60 nporectupoBanHbix nap 44 napsr (73.3 %) uznaBanu
KaK KyJlaXTaHbe/IIyMHOE JIbIXaHUE, TaK U Kallelb/(bIpKaHbe;
7 nap (11.7 %) n3naBanu KyaxraHbe/IIyMHOE JIbIXaHUE, HO
He Kamens/¢sipkanse; 8 map (13.3 %) nzgaBanu Karemns/
(BIpKaHbe, HO HE KyIaxTaHbe/IIYMHOE JbIXaHUE; H TOJIBKO
onHa napa (1.7 %) He u3naBana 3TU TUIIBI 3BYKOB.

BnusAHne 3HaKa 1 Cunbl SMOLIMIOHANbHOIO BO30YKAeHNA

Ha 3BYKIN PyuHbIx, ArpeccuBHbix 1 KOHTpPONbHbIX nncuy,
Jnist u3ydeHust BIUSHUS 3HaKa 1 CHITBI SMOIIMOHAIBHOTO BO3-
Oy>/ieHHs Ha 3ByKH PydHBIX, ATpecCHUBHBIX 1 KOHTPOIBHBIX
Jucull ObUTH WCIOJIB30BaHbI 3anucu 21523 3ByKkoB, moiy-
YeHHBIX 0T 25 PyunbIX, 25 ArpeccuBHbIX 1 25 KOHTpOIBHBIX
CaMOK JINCHIL B pe3yJbTare npoBeeHns TectoB [Tpubmmxe-
Husi—ynanenus (Gogoleva et al., 2010a,c).

PyuHbIe NUCHIIBI, C OJHON CTOPOHBI, U ATPECCHUBHEIC H
KoHTpobHBIC TUCHIIBL, € IPYTOH, IEMOHCTPHUPOBAIIH Pa3In-
HJaromuecss JMHaAMUKU BCTPEIaCMOCTH pa3HbIX TUIIOB 3BYKOB
B TeueHne Tecta (puc. 5). Y ArpeccuBHBIX 1 KOHTPOIBHBIX
JIMICHI] TIPOTIOPIIMY 3BYKOB Pa3HbBIX THUIOB JIOCTOBEPHO Pa3-
JINYAJIACh MEXAY BCEMHU CTYIEHSAMH TeCTa, a y PydHbIX
JIUCHUIl — MEXIy BCEMHU CTYIEHAMH, Kpome 4 u 5 (y2-Tecr,
p <0.01 nnst Bcex cpaBHEHUH) (CM. pHc. 5). Y ArpeccHBHBIX
n KOHTpOﬂbeIX JIMCHUIL MOKa3aTeJib Kallld YBEJIWMYUBAJICA
IIPU YBEIMUYEHNH BO3CHCTBHS CO CTOPOHBI YEIOBEKA 1 CHHU-
JKaJICsI C eTo oclabJIeHUEM, TOT/Ia KaK MOKa3aTesu (PbIpKaHbs
M MBIYaHUSI UMEJIH OOpaTHYO TEHACHIHUIO (CM. pHC. 5, 0, 6).
YV PyuHbIX JIMCHL ITPU YBEJTMUEHUH BO3AEHCTBUS CO CTOPOHBI
YeJOBeKa YBEJIMUYHMBAJICS MOKA3aTelb HIYMHOTO JBIXaHUS U
CHIDKAJICS — KyJaXTaHUH U CKYJICHU# (CM. puc. 5, a).

JrcnepcroHHBIM aHANU3 BBISIBUJI JOCTOBEPHOE BIIMS-
HHUE CTYNEHH TeCTa Ha YacTOTy CJIEJJOBaHMUS 3BYKOB y Pyu-

Behavioral genetics



BrnmsHne 3KCnepuMeHTanbHOM JOMeCTMKaL MmN cepebpucto-
yepHbIx nucuy (Vulpes vulpes) Ha BokanbHoOe noBefeHne
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Fig. 6. Vocal behavior of foxes from the three populations at the five successive steps of the approach-retreat test: (a) call rate, calls per minute;
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Central dots indicate mean values, whiskers indicate 0.95 confidence interval. Tukey post-hoc test, comparison of unselected and aggressive foxes: * p < 0.05,
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HEIX (F, 96 = 9.20, p < 0.001), ArpeccuBHBIX (F, 4c = 30.73,
p <0.001) u KonTposnbHbIx (£ o = 30.55, p < 0.001) nucun
(puc. 6, a@). Bce Tpu rpynmsl AEMOHCTPUPOBAIH KaK CXOIHBIE
3HAUCHMS aCTOTHI CIIEIOBAHUS 3BYKOB, TAK U CXO/IHBIE TPEH-
JIbI UX U3MEHEHUH OT CTYIEHU K CTYIIEHH TeCTa C MUHUMAaJb-
HBIMH 3HAYEHUSIMU Ha 1-# 1 5-1 CTyneHsIX 1 MaKCUMaJIbHBIMU
Ha 3-if crynenu (cM. puc. 6, @). CpaBHEHHE MEXTy TPyIIIaMA
HE BBIABHIIO JOCTOBEPHBIX pasiuduii (£, ,, = 1.62, p=0.21).
XapaKkrep U3MEHEHUs J10JIM BOKAJIbHOM aKTUBHOCTU COB-
MaJiaJl ¢ TAKOBBIM CyMMAapHOW 4acCTOTHI CII€AOBAHUS 3BYKOB,
BO3pacTasi MeXy CTYHEHsIMHU | 1 3 ¥ CHIKasICh MEXK/1y CTyIe-
HsiMK 3 1 5 (cM. puc. 6, 0). JlucriepcHOHHBIN aHATU3 TOBTOP-
HBIX M3MEPEHNH BBISIBUI JIOCTOBEPHOE BIIMSIHUE CTYTICHH Te-
CTa Ha JOJII0 BOKAIEHON aKTUBHOCTH Y PyuHBIX (£, oo = 7.65,
p <0.001), ArpeccuBHbIX (F, 4, = 10.12, p < 0.001) u Kon-
TPONBHEIX (Fy o= 6.49, p <0.001) mucun. CpaBHEHUE MEXKTY
rpynnamMu IoKasaao JOCTOBEpHbIE pasmuuus (£, ., = 8.68,
p<0.001): 3HAYeHU 70N BOKAJIBHOM aKTHBHOCTH Y PyuHBIX
1 KOHTpOIBHBIX THCHI] OBLTH TOCTOBEPHO HIDKE, 9eM Y ATpec-
CHUBHBIX U HE Pa3INYaINCh MEXKIY CO00H (cM. puc. 6, 0).

leHeTMKa noBeaeHUA

JIu1st KaxK10¥ CTYTIEH! T€CTa MBI IIOATOTOBUIIN CIIUTHIE 3ByKH
IIyTEM BBIPE3aHUS IOCTOPOHHUX LIIYMOB U BCEX MAy3 MEKIY
BCEMH 3BYKaMHU JAHHOW CTYIIEHH: MO ISTh CIUTHIX 3BYKOB
JUISL KaKJOM McHLbl. [IuciepCHOHHBIN aHAN3 MOBTOPHBIX
U3MEPEHUI! U1 CIIUTHIX 3BYKOB BBISIBHII JOCTOBEPHOE BIIHSI-
HHUE CTYIEeHM TeCTa Ha MHKOBYIO YacTOTy Yy ATpecCHBHBIX
(Fygp = 6.96, p < 0.001) 1 KonTponbneIx (F, o = 8.26,
p <0.001) nucun, Ho HE y Pyunsix (F, 4, = 1.42, p = 0.23).
YV ArpeccuBHbIX 1 KOHTPONBHBIX JUCHIl 3HAYEHUS BO3pac-
Tanu MEXAY CTyNeHsIMU | ¥ 3 U CHIDKAJIUCh MEXIY CTyIe-
HAMH 3 1 5, Tor/a Kak y Py4HBIX OHM OBUIH BBICOKHMH YiKe
Ha - CTyHneHM M MOCTENEHHO CHIKAIUCH K 5- CTyNmeHH.
3HaueHUs HIDKHEH, CpeqHel W BEepXHEW KBapTHIIECH CIH-
TBIX 3BYKOB y TPEX I'PyNI MEHSIMCh aHAJIOTHYHO MUKOBOU
4acToTe.

Taxkum 00pa3om, 3HAK SMOIMN OTpa’kayics B UCIONb3ye-
MBIX THIaX KPUKOB: Py4HbIe TMCHIIBI M3/1aBaIN Ky[JaXTaHbE
U IIyMHOE JbIXaHue, Torna kak ArpeccuBHble 1 KoHTpob-
HBIE — KaIels ¥ ppIpKaHbe. Bricokoe 1 HI3Koe BO30YKICHHE
y JIUCHIL OTPAXKAJIOCh HE B aKyCTUYECKOM CTPYKTypE 3BYKOB,
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a B 4aCTOTE CJIeI0OBAHUS 3BYKOB U B COOTHOIIIEHUH BPEMEHU
BOKAJIM3UPOBAHUS, IPUUIEM OJHOHANpPABIECHHO y PydHBIX,
ArpeccuBHBIX 1 KOHTPOJIBHBIX JIMCHIL.

O6cyxpeHue

B pesynbrare uccienoBanuil OblT I€TaTBHO OIUCAH periep-
Tyap 3BYKOB, KOTOpbIE M3J/IaI0T Ha YeJIOBEKA OOBIKHOBEHHBIE
nvcHib! B HeBoute. [Toka3aHo, YTo JOMECTHKALMS HE U3MEHSET
BOKAJIGHOTO TTOBEJICHUSI JIMCHUIL IO OTHOIICHHIO K KOHCIICTIH-
(uuHBIM 0c00siM. OIHAKO 10 OTHOLICHHIO K YEJOBEKY BO-
KaJIbHOE MOBe/IeHNe PyUHBIX JHMCHUIl CHIIBHO OTJINYAIOCHh OT
MOBe/IeHNsT ATpecCUBHBIX 1 KOHTPOJIBHBIX M HE 3aBHCEIIO OT
T10JIa JINCHIL U CTETIeHU BO3/ICHCTBHUS CO CTOPOHBI YeJIOBEKA.
Ha ocHOBaHMM THIIOB KPHMKOB, HCIIOJIB3yEMbIX JTHCHLIAMH
Pa3HBIX IPYIII MO OTHOLICHHUIO K YEJIOBEKY, OBIITH BBISIBICHBI
BOKaJIbHBIE WHJMKATOPBI JPYXKEITIOOHOTO U arpecCHUBHOTO
noBezieHnst. OOHapyKEHbI YHUBEPCAIBHBIE /TSI MIEKOTHTa-
IOMIMX BOKAJbHBIC WHANKATOPBI CTENEHN 3MOLMOHAIBEHOTO
BO30YIK/ICHUS, HE 3aBUCSINNE OT 3HAKA IMOIMIA. BhIsBICHBI
XapaKTePUCTUKN BOKAJIBHOTO MOBEJCHUS, CBSI3aHHBIE CO
3HAKOM SMOINH, TO3UTHBHBIM MM HEraTUBHBIM. Pa3zpaboran
npocToit 1 A (HEeKTUBHBIN METOJT OLIEHKH YPOBHS TUCKOM]Op-
Ta )KUBOTHOTO HA OCHOBE «CIIMTBIX 3ByKOB», KOTOPbIE yUHUTHI-
BAIOT XapPAKTEPUCTUKU BCEX 3BYKOB, M3AHHBIX KMBOTHBIM
HE3aBHCUMO OT CTPYKTYPbI ATUX 3BYKOB.

ImaBHast 0COOEHHOCTH MCTONB30BAHHONW HAMH KJIacCH-
(KA THITOB 3BYKOB JIMCHI[ COCTOSJIA B NPHUBIICUCHUH
COBPEMEHHBIX ITOJIXOJI0B JIJIsl O CAHHSI 3ByKOB, OCHOBAHHBIX
Ha KOHIETIINH MEXaHN3MOB 3BYKOIPOIYKIIH, HETMHEHHBIX
BokabHBIX perHomeHoB (Wilden et al., 1998; Fitch et al.,
2002; BonoauH u z1p., 2005) 1 apTUKYISIIUOHHBIX 3()(EKTOB
(Shipley et al., 1991; Beckers et al., 2004; Riede et al., 2005).
V nucun cKyJeHHs 4acTo CofiepKaT HeJMHEeHHbIE (DeHOMEHBI
1 apTUKYJSIIMOHHBIE 3P (EKTHI, CHIILHO MEHSIOIINE 3ByYaHUE
3TOTO TUNA 3ByKa. B MpemecTByOmMNX MCCIEIOBAHUAX
(Cohen, Fox, 1976; Tembrock, 1976; Newton-Fisher et al.,
1993) kaxplii BapuaHT paccMaTpPUBAJICS KaK OTACIbHBINA TUIT
3BYKa, OIHAKO COBPEMEHHBIE TIOIXObI ITO3BOJIMIIN HaM 00b-
€/IMHUTB BCE MHOTOUYHCIICHHBIC BAPUAHTHI CKYJICHUS B €/THBIN
Tl 3ByKa. CKyJIeHHs BCTPEUAINCh Y BCeX 0€3 UCKITIOUeHUS
TPy JINCHLI, BKIIFodasi THOpuIoB 1 6exkpoccos (Gogoleva
etal., 2008, 2009). bruia oOHapyskeHa 10CTOBEpHAast OTpHIIA-
TeJIbHAS KOPPEIAIUSI MEXKTy OaJJIbHON OICHKOM MMOBECHUS
0CO0W TT0 OTHOIIICHHIO K YETIOBEKY U IPOTIOPIIHEH CKYIICHHH,
coieprKaliX HeJTMHEHHbIE ()eHOMEHBI MITH apTHKYIISIIHOHHBIC
addextsl (Gogoleva et al., 2009).

JetanpHOE CpaBHEHHE TPEAIOKEHHOW HAMU KIacCH(pH-
KaIlM{ 3BYKOB JICHUI] C OIMCAHUSAMH PAa3HBIX THIIOB 3BYKOB
oObikHOBeHHOM Jtcuilbl (Cohen, Fox, 1976; Tembrock, 1976;
MosguaHn, OpoBa, 1990; Newton-Fisher et al., 1993), amepu-
KaHcKoro kopcaka Vulpes velox (Darden, Dabelsteen, 2006)
u niecua Alopex lagopus (CadpoHoB u nip., 1979; OBcsiHuKOB
u ap., 1988), canenaHHBIX HA 06a3e WCCIIETOBAaHUN KakK B MPH-
poze, Tak M B HEBOJIE, TI0KA3aJI0, YTO BBIACICHHBIC HAMHU
BOCEMb THIIOB 3ByKOB OBUIM PaHEE OTMEUYEHBI Y 3TUX BUJIOB
TMICOBBIX. JINCHIIBI B HEBOJIE HUKOT/IA HE M3/JaBAJIU HA YEJIOBEKA
CepHAIIbHBIN JIall, KOTOPBIH SBIIETCS HanOoJIee 3aMETHOH BO-
KaJIM3alyen JIMCUI] M TIeclia B IPUPOJIE, OJHAKO JIJIs OLIEHKH
OHOIOTIYECKOTO CMBICIIA 3TUX PA3TIHYIN HEOOXOIMMO ITPOBE-
JICHUE JIOTIOJTHUTEIbHBIX UCCIICIOBAHNH JIMCHIL Pa3HBIX TPy
410
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TAK)KE B PEIPOYKTUBHBIN IIEPUOJL U BO BPEMsI BbIPAILIUBAHUS
JI€TEHBIIIEH.

Bo Bcex TeCTOBBIX MpoIieIypax, BHE 3aBHCUMOCTH OT T10JIa
JINCHUL, /IBA TUIIA BOKaJ’IH?,aIlHﬁ — KyJaXTaHbC U IIYMHOC JbI-
XaHWe — N3IaBaJId HA YeTOBEKa TOJIBKO PydIHbIE TUCHITBI, U HA
onra KoHTponsHas mim ArpeccrBHas, YTO MO3BOJISCT CUNTAT
9TH THITHI 3BYKOB BOKAJIbHBIMU HHMKATOPAMH JIPYKETFOOHOTO
OTHOIICHHSA K YenoBeKy. HarmpoTus, GprIpKaHbe U Kalens u3-
JTaBaJIA HA YeJIOBEKa TOINbKO KOHTpOIBHBIC M ATpECCHBHEIC
JIMCHIIbI, U HU OJTHA Py‘{Haﬂ CHe[lOBaTeJ'IbHO, OTH TUIIBI 3ByKOB
MOYKHO CYUTaTh BOKAJTbHBIMHU HHIUKATOPAMH arPECCUBHOCTH.
Harmm pe3ynpraThl moka3aim, 4To py OOIIEHUH ¢ YeTOBEKOM
KOHTpOHbele u AFpeCCI/lBHbIe JIMCHUIIBI UCIIOJIB30BAJIU OJHU
U Te ke HabOPHI 3BYKOB, TOTJa Kak PydHBIE — COBEpIIEHHO
npyrue. OTOop Ha arpecCUBHOCTH HE MOBIHIT HA BOKATFHOE
TMOBCJACHUE JIMCHUILl, TaK KaK HE€ TOJIBKO HE JJIMMUHUPOBAJ,
a, Ha000POT, YCHIJIMII HETAaTHBHOE SMOIMOHATIHHOE OTHOIIIE-
HUE K JTIOISIM. B IPOTHBOITOI0KHOCTH 3TOMY 0TOOp PydHBIX
JIUCHI] Ha AMOIMOHAIIbHO-TIOJIOKUTEIbHOE OTHOIIEHUE K
JONIM OKa3all OueHb CIJIBHOE BIHUSHHE HAa HAOOp 3BYKOB,
aJpECOBAHHBIX YeJ0BeKy. CXOACTBO HCIIOIB3yEMBIX THIIOB
KPUKOB U [I0Ka3aTeJiei BOKaJIbHOW aKTUBHOCTU JIMCUL BHYTPU
Ka)I0¥ M3 TPEX UCCIIETyEeMBIX IPYIII MIPH PAa3HBIX TECTOBBIX
MpoIeypax MOATBEPKAACT TCHETHICCKYI0 OCHOBY HX BO-
KaJIBHOT'O IIOBECACHUS.

MBs1 00HaApY KUK, YTO CEIEKIIMOHNPOBAHHEIE 10 TTOBE/Ie-
HUFO PydHbIe 1 ATpecCHBHBIC JIMCHIIBI TPATHIIN Ha BOKATBHYIO
aKTHBHOCTH Oouiblie BpeMeHH, yeM KoHTposbHbIe. D10 1101
TBepkaaet rumoresy k. Kosna u M. ®@okca (Cohen, Fox,
1976), uTo B mporecce JOMECTHKAIIMH TOMAIIHEH coOaKu
OBUI CHSIT OJIOK «Ha MOJIYAIMBOCTBY, KOTOPBIH IIPUCYTCTBYET
Y IUKHUX TICOBBIX JJISl TOTO, YTOOBI HE IIPUBIICKATH XUIITHUKOB
W HE OTITyTUBATh NOTCHIIMAIBHYIO J00bIdy. [Ipyras rumoresa,
npeanoxennas H. Hukactpo u M. Oypenom (Nicastro, Ow-
ren, 2003), mpezmonaraeT, 9To BO3pacTaHUe OTH BOKAIBHON
AKTHBHOCTH B IPOIECCE IOMECTHKAIIMH — 3TO PE3yiabTar
HESIBHOTO 0TOOpA, OCYIIECTBIIIEMOIO YEJI0BEKOM, KOTOPBIN
MPOSIBIISLT OOIBIITYIO0 3a00Ty O Oojiee aKTUBHO BOKATU3UPY-
FOIIHX KHBOTHBIX.

WHTepecHo, 4To Jaii ObUT caMoil PeKON BOKaIH3aIUeH 1
OTMEYEH TOJIBKO Y ATPECCHBHBIX JINCHIL. B oTimiane ot cobak,
KOTOPBIC OOIIAIOTCS C JTFOIBMHU C TIOMOIIBIO JIasi ¥ CKYJICHUN
(Yin, 2002; Yin, McCowan, 2004; Uynkuna u ap., 2006;
Pongracz et al., 2006; Bomogus u ap., 2007), moMecTUIpo-
BaHHbIC JINCHIIBI TSI OOIICHHS C YeTIOBEKOM IPEATOYUTAIOT
JIpyrye TUIbl BOKaJIM3alMi — KyJaXTaHbe U IIYMHOE JIbIXa-
aue. CaegoBaTeabHO, caMa 110 cede TOMECTHUKAIINS TICOBBIX
HE MPHUBOIUT K YBEIUYCHUIO HCITOIH30BAaHUS Jiasi, U BEIOOD
THUIIOB 3BYKOB ITpU O6LL[€HI/II/I C YCJIOBEKOM JUKTYCTCA HE TOJIb-
Ko 3 deKTaMn TOMECTHKAINH, HO U BHIOBBIMH OCOOCHHO-
CTSIMH.

I'mOpuap! Mexxny PydHbiME 1 ArpecCHBHBIMU JIMCHLIAMU
M37aBaJi Ha YEeJIOBEKa 3BYKH, CBA3aHHBIC MO0 C IPYKEITI0-
OmeM, OO C arpecCHUBHOCTHIO. B psiay rpymm « Arpeccus-
Hble — A-Oekkpoccbl — [ nbpuanbie — P-Oexkpoccsl — PyuHbiey
TUTIBI 3BYKOB, CBSI3aHHBIC C arpPEeCCHBHOCTHIO, MTOCTEIICHHO
3aMeIIAINCh Ha CBSI3aHHEIC C ApYKenrooueM. [ mOpuIHbIe u-
CHILIbI ObUTH €JMHCTBEHHOM I'PYIIIIOi, B KOTOPOH BCTPEUAIINCH
BCE MHIMKATOPHBIC THUIHI 3BYKOB. BOKaTbHBIC MHIMKATOPHI
CIYKHIIN TUCKPETHBIMU (DEHOTHITMYCCKUMHU MPU3HAKAMH,
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BrnmsHne 3KCnepuMeHTanbHOM JOMeCTMKaL MmN cepebpucto-
yepHbIx nucuy (Vulpes vulpes) Ha BokanbHoOe noBefeHne

MOCKOJIBKY HE OBLIO HU OJIHOH JIMCHIIBI, KOTOpPasi OHOBpE-
MEHHO M371aBajia Obl Ha YENIOBEKa 3BYKH, CBSI3aHHBIC KaK C
JIPYXKeT001eM, Tak B C arpeCCUBHOCTHIO.

BokansHoe noBeeHre Ha yenoBeka y P-6eKKpoccoB CHlib-
HEE OTIINYAIOCh OT TAKOBOTO y PyuHBIX nHcHI, deM y A-Oek-
KPOCCOB OT ATPECCHBHBIX JHCHIL. ITO MOIJIO OBITH CBSI3aHO
C Pa3JIMYHBIM BIMSHUEM CEJEKIMH Ha JpYyXKeatoOue u Ha
arpecCHMBHOCTh Ha YPOBHH KOpTH30ida y jucuil. OTOOp Ha
JpyKeTro0re PUBEN K CHI)KCHHIO 0a3aJIbHOTO YPOBHSI KOP-
TH30J1a Yy PydHbIX Jucun o cpaBHeHnIo ¢ KOHTpOJIbHBIMU B
4 paza (Trut, 1999; TpyT u ap., 2004; Ocpkuna u ap., 2008).
HampoTuB, cenekuunst Ha CHHKEHHE YPOBHSI CTpaxa M arpec-
CHBHOCTb HE BJIMsIA HAa HJOKPHHHYIO CUCTEMY, U Oa3aiib-
HBIIl ypOBEHb KOPTH30J1a B KPOBU OCTAETCSI OJJMHAKOBBIM y
ArpeccuBnbix 1 Kornrponsubix mmncun (Gulevich et al., 2004;
OcbkuHa u ap., 2008).

B ornnune oT BOKaJbHOTO TOBEJCHUS 10 OTHOIIEHHIO K
YeNI0BEKy, IPU B3aUMOJCHCTBIM ¢ KoHcrenudukamu Kon-
TpoJsibHbIE, PyuHble 1 ArpecCUBHBIE JINCHUIIBI JIEMOHCTPHU-
poBasii OOJBIIE CXOJCTBA, HEXKEIIN PAa3JINUUi, U B BOKAJIH-
3aIUsX, COMYTCTBYIONIMX Ka)X/IOMy THITy TTOBE/IICHUS, W B
COOTHOIICHHUSIX MEXK/Ty TPEMsl TUIIAMU ITOBe/IeHusl. BokasibHbIe
WH/IKATOPBI APYKEIFO0HS, OTCYTCTBYIOIIHE Y ATPECCHBHBIX
JIMCHUI] TIO OTHOMICHHUIO K YEJIOBEKY, OCTAIOTCS HE3aTPOHY-
TBIMH 110 OTHOILIEHHIO K KOHCHeUM(pHKaM, HECMOTpsI Ha Ha-
MIPaBJICHHBIA OTOOP Ha arpeCCHBHOCTH. JTO XK€ BEPHO IS
BOKaJIbHBIX MH/ANKaTOPOB arpecCUBHOCTH Y Py4HBIX nmucuIl.
[TonyueHHbIe pe3ysbTaThl CBUACTEIBCTBYIOT, YTO PO KIHSI
BOKAJIHBIX MHJIUKATOPOB JAPYKETIOOUS U arpecCUBHOCTH
3aBUCHT OT OTHOIICHHS JINCHIIBI K YEJIOBEKY — IIO3UTHBHOTO
WU HETraTUBHOTO, T. €. SBJISIETCS] BIOPHYHON 1O OTHOLICHHIO K
HACJIEJCTBCHHON TEHACHIINH JINCHI] PearupoBaTh MO3UTHBHO
WJIN HETaTHBHO Ha TPHOJIMKCHNE YeTIOBeKa.

Paznuumust Mexay rpynnamu JIMCHIl B UCHOJIb30BaHUHU
KyAaXTaHbs/IIYMHOTO TBIXaHUS M Kaluis/(ObIpKaHbs 10 OT-
HOUICHHUIO K YEJOBEKY M KOHCIEHU(HUKAM MOATBEPKIAIOT,
YTO JINCHLIBI, HE3ABUCUMO OT UX MPHHAJUIC)KHOCTH K KAKOH-TO
TpyIIe, HE pacCMaTpPHUBAIOT YEJIOBEKA KaK KOHCTIEHHpuKa.
B nmpucyrcTBum yenoBeka Pydnbie TUCHITB M31AI0T OOIIbIIE
adGUIMaTUBHBIX BOKaJIHM3alMi, IIOTOMY 4TO IIPOLECC AO0-
MECTHKAIUH, BEPOSITHO, MPHUBEI K aCCOIMHUPOBAHHOMY C
a(uInaTHBHBEIMI BOKAIN3aLUSIMHI BHY TPEHHEMY COCTOSIHHIO
B IIPHCYTCTBHH YeJIOBEKa. ATPECCUBHBIE JINCUIIBI IEMOHCTPH-
PYIOT TIOBBIIIEHHYTO IPEIPACTIONOKEHHOCTh K HETaTUBHOMY
BHYTPEHHEMY COCTOSTHHIO B TIPHCYTCTBHHU YEJIOBEKa H, ClIe-
JIOBaTeJIbHO, M3[AI0T OOJIBIIE arpeCCHUBHBIX BOKAJIU3AIMH.
Hamu nannsle contacyrores ¢ runoresoit K. Jlopaa ¢ coas-
topamu (Lord et al., 2009), 4ro yactora U3aBanHus J1as y J10-
MalIHUX CO0aK BO3pOCIIa, TOCKOIBbKY JOMECTHKALIUS ITPHUBEIia
K YBEIMUYEHUIO KOJIIMUECTBA CUTYAINH, B KOTOPBIX BHYTPEH-
Hee COCTOSIHUE )KHBOTHOTO acCOLMMPOBAHO C POy IUPOBa-
HUEM Jiasl.

[Tpn n3MeHeHnn JUCTaHINK MEX Ty )KUBOTHBIM U YEJI0OBE-
KOM 4YacTOTa CJICJJOBaHMsI KPUKOB U JIOJISI BOKAIBHON aKTHB-
HOCTH MEHSUTUCH CXOIHBIM 00pa3oM y Py4HbIX, ArpeCCUBHBIX
u KonTpomnbHeix mucun. TakuM oO6pa3om, 3TH 1Ba aKycTH4e-
CKHUX TapaMeTpa OTPaXkaJH CTEHECHb SMOIHOHAIBHOTO BO3-
Oy’KIeHNs He3aBUCUMO OT 3HaKa SMOLUH (IIOJI0KUTEIBHOTO
WJIN OTPHUIATENBHOTO) U MOTYT PacCMaTpHUBaThCs KaK yHU-
BEpCaJIbHbIC MHIUKATOPBI HMOIMOHAIBEHOTO BO30YXKICHUS
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cepeOpHCTO-YepHBIX JIMCHLL. B TO ke Bpemsi TMHaMKKa 3Ha-
YEeHUIl 9aCTOThl MAKCUMAJIbHOW aMIUTUTY/ABI CIUTBIX 3BYKOB
W TUHAMHKA TIPOIOPLIUHA Pa3IMYHBIX THIIOB 3BYKOB CHIIBHO
pa3nuyaIuch MeKAy IPYyNIIaMU JIMCHIL, YTO O3BOJIAET MPea-
TIOJIOKHTH UX CBSI3b CO 3HAKOM 3MOLIUH.

CanThle 3ByKH, 00BETUHSAIOMINE BCE 3BYKH, M3JaHHBIC (hO-
KaJIbHOM JIMCULIEH B IIpeJIeNIax JAHHOM CTyIIEHH TeCTa, II03BO-
JIWJIM HaM MIPUHSTH B PacyeT aKyCTHUECKHIE XapaKTePUCTUKU
BCEX 3BYKOB HE3aBUCHMO OT UX CTPYKTYPbI, TOHAJIbHON WK
IIMPOKOIIOJIOCHOM. AKYCTHUECKHE XapaKTEPUCTHKH CIUTHIX
3BYKOB JIyHIlle OTPakKajl U3MEHEHUsI SMOIOHAIBHOTO BO3-
Oy X/ICHHSI JINCHII, Y€M XapaKTEPUCTHKU OT/ICJIBHBIX THIIOB
3BYKOB, TaK KaK IO3BOJISIIM YUUTHIBATh U3MEHEHUS MIPOTIOP-
Ui 3ByKOB pasHbIX THIIOB (Gogoleva et al., 2010a,c; Zay-
tseva et al., 2017). [TockonbKy pa3Hble THITBI 3ByKOB CHIIBHO
OTIMYAJIUCH APYT OT JpyTa MO SHEPreTHUYEeCKUM XapaKTepH-
CTHKaM, CIUTBIE 3BYKH OTPa)<alll TEHACHIHIO KHUBOTHOTO
HCIIOJIb30BaTh 3BYKH ¢ OoJiee BHICOKUMH 3HAUCHHUSMH SHEp-
reTHYECKUX MapaMeTpoB MpHU YCHUICHHH BO3ICHCTBUSA CO
CTOPOHHI yenoBeka. HamprmMep, n3gaBats OonbIe Karmwied u
MEeHbIIE (BIPKAaHHH.

J107151 BOKQJIBHOM aKTUBHOCTHU, CYMMUPYIOLIAS JUIUTEIbHO-
CTH BCEX 3BYKOB, M3JJaHHBIX B MIPEJICIaX ONPEICICHHOM CTy-
MICHN TECTa, MO3BOJIMIIA OLIEHUTh BPEMs, KOTOPOE )KUBOTHOE
TPaTWIIO Ha BOKAJIBHYIO aKTUBHOCTh. JTOT MapaMeTp MOXKET
MIPE/ICTABISITh UHTETPATBHYIO XapaKTEPUCTUKY M3MEHEHUH
HECKOJIKNX BPEMEHHBIX ITAPAMETPOB (ITUTEIILHOCTH 3BYKOB,
JUIUTEJIBHOCTD T1ay3 MEXJy MOCIEA0BaTeIbHBIMU 3BYKaMH,
4acTOTa CIICIOBAHUS 3BYKOB), COITy TCTBYFOIIMX U3MEHEHUSIM
SMOIMOHAIBHOTO BO30Y)KICHUS, CBSI3aHHOIO C COCTOSTHHEM
JuckoMdopra. Yactora ciiejoBaHs 3BYKOB U JI0JIs1 BOKAJIbHON
AKTHUBHOCTH CBSI3aHBI CO CTETEHBIO 3MOLMOHAIBHOTO BO3-
Oy »XIeHUsI 1 INCKOM(OPTA y MHOTUX BH/IOB MJICKOITUTAIOIINX
(Bonoaun u ap., 2009; Briefer, 2012). MbI npeanoaoxuiy,
YTO 3TH BOKAJIbHBIE TAPAMETPHI MOTYT IIPEACTABIATH COO0H
YHHUBEpCaJIbHBIE /Ul BCEX MIJICKONMHUTAIOMINX M JUIS 3BYKOB
0001 CTPYKTYpBI MHIUKATOPB! CTENEHH SMOIHOHAIBHOTO
BO30YXKICHUS.

Xapakrep U3MEHEHUH 3HaYeHUI MUKOBOW 4acTOTHI CIIU-
TBIX 3BYKOB pazianyaycs Mexay PydHbIMU 1 ATpecCUBHBIMU
JTUCUIIAMHU. OTH Pa3Nnuyuus SBISAIOTCA CKOpee MHAMKATOPOM
3HAKa SMOIMH, HEKEIH YPOBHS SMOIMOHAIBHOTO BO30YX-
JICHUSI, 1 MOT'YT OBITh CBSI3aHBI C UCIIOJIb30BaHNEM PydHbIMU
U ATpEcCHBHBIMH JINCUIIAMHU PA3HBIX THIIOB 3BYKOB IIPH
B3aUMOJICHCTBHH C YENIOBEKOM. TaK, ITyMHOE JIbIXaHHUE H KY-
JlaXTaHbe N3/IaBAIINCh UCKIIIOUUTEIbHO PydHbIMY THCHLIAMY,
a MbIYaHHME, KalleNnb U (bIpKaHbe — UCKITIOUNTENFHO Arpec-
cuBHbIMU. lIIlymMHOE NpIXaHne, KynaxTaHbe U Kalleidb UMEIOT
BBICOKHE YaCTOTHI MaKCUMaJlbHON aMIUIMTY/bI, TOTAA Kak
YaCTOThl MAaKCUMAJIbHOM aMIUTUTY/IbI MBIYAHUS U (DBIPKAHBS
ropaso 6onee Huskue (Gogoleva et al., 2008). CienoBarens-
HO, IPOIIEHTHOE COOTHOILIEHNE MEKAY STUMHU TUIIAMH 3BYKOB
BJIMSUIO HAa 9AaCTOTY MAaKCHUMaJIbHON aMITIUTY/IbI CIIUTHIX 3BY-
koB. TakuM 00pa3oM, POTIOPIIMHU Pa3INYHBIX THIIOB 3ByKOB
ObUTH HarboJIee HA/IS)KHBIMU aKYCTHYECKUMHU MHAMKATOPAMH
3HaKa SMOIMH Y JIHCHUII.
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JoMecTUKaIMsI I MO3T: COPOK JIET CITYCTSI

H.K. ITormoBa

DepiepanbHblii NCCNeRoBaTENbCKUI LeHTP UHCTUTYT yutonorum u reHetnkn Cnbrpckoro otaeneHns Poccuinckol akagemmnmn Hayk, HoBocnbupck, Poccus

[lomecTrKauma ANKNX XNBOTHbIX — KpaeyrofbHbIN KaMeHb LinBuIM3a-
uuu. Npesa [1.K. bensesa 06 ocHoBe JoMecTUKaLmn Kak 6eccosHartesb-
HOM OTOOpE YeIoBEKOM KaMEeHHOIo Beka HearpeCcCcrBHbIX XKUBOTHbIX
6bls1a NOATBEPKAEHA MHOTONETHUMU YHUKANbHbIMU paboTamu MHCTU-
TyTa LMTONOMMMN U FeHETUKN MO AOMECTUKALMMN CepebprCTO-YepPHbIX
NNCWL, KPbIC-MACIOKOB 1 aMepUKaHCKMX HOpoK. O630p NocBsALLeH ponu
MefMaTopOoB MO3ra B MexaHu3max goMectrkaunu. lNonyyeHHble B Ha-
LUNX NCCNeAoBaHUAX AaHHbIe CBMAETENbCTBYIOT 06 Y4acTUM CepoTo-
HVWHOBOW CUCTEMbI MO3ra B MepPecTPOoriKe NOBEeAEHMWA NPU cenexkuum
>KNBOTHBIX Ha HN3KYIO arpeccBHOCTb. YCTAaHOBNEHO, YTO JOMeCTMKa-
LA, NpeBpaLlaLlasn arpeccrBHOE AVKOE XNBOTHOE B Hearpeccus-
HOe 1 ApyKentobHOoe, CONPOBOXKAAETCA Y MUBOTHBIX Pa3HbIX BUAOB
(cepebpuncTo-yepHbIX NNCUL, KPbIC-MACIOKOB U HOPOK) U3MEHEHWEM
OCHOBHBIX MOJNEKY/IAAPHbIX 3NIEMEHTOB, onpeaenaowmx GyHKLMoHanb-
HYI0 aKTUBHOCTb CEPOTOHMHOBOW CUCTEMbI. ATpeCcCrBHbIe 1 Hearpec-
CVIBHbIE »KNBOTHbIE Pa3/INyaloTCA MO YPOBHIO CEPOTOHNHA B MO3Te,

Mo akKTUBHOCTU OCHOBHbIX GEPMEHTOB MeTabon1M3Ma CePOTOHMHA 1
MO 3KCMpPeccnn CePOTOHMHOBBIX peLenTopoB. AKTUBHOCTb KaTanu-
3UpYyHoLLEl CUHTE3 CEPOTOHUHA B MO3re TPUNTOPaHrMapoKCHasbl-2

Y HearpecCcuBHbIX XXMBOTHbIX MOBbILIEHA, aKTMBHOCTb depMeHTa fe-
rpagauum MoHoaMMHOKCMAasbl A — MOHWXKeHa. [lomecTUlMpoBaHHble
KPbICbl OT/INYAIOTCA OT arpecCrBHbIX 1 MO SKCNPEeCCM CEPOTOHUHOBBIX
5-HT1A-peuenTtopos: yposeHb MPHK 5-HT1A-peuentopa, NIOTHOCTb
peLenTopoB B CTPYKTYpPax Mo3ra 1 ¢GyHKLUMOHabHasA aKTUBHOCTb

Y H/X BbllUe, YeM Y arpeccrBHbIX. Bce 3To cBMAaeTenbCTBYeT O Cylye-
CTBEHHOW PO HepoMe[mnaTopa Mo3ra CEPOTOHMHA B SBOIOLIMOH-
HOM MpoLecce AOMeCTUKALUN XKUBOTHbIX. Ocoboe BHMMaHVe B 0630pe
ob6palleHo Ha posib MeANATOPOB MO3ra B KOPPENATUBHON N3MEHYM-
BOCTU Mpu cenekumu no nosegeHuto. NpeacraBneH KOMMNIEKC gokasa-
TENbCTB Hallel rMnoTe3bl, COrNMacHO KOTOPOW OAHUM U3 MeXaHN3MOB
BO3HMKHOBEHMA BaXKHENLLMX KOPPENATUBHbIX MPU3HAKOB Npu oMe-
CTUKaLMW — M3MeHeHU B OCHOBHOW cMCTeMe cTpecca (rmnoTtanamo-
rmnodrsapHo-HaANoOYEYHUKOBO) 1 perynatopa penpoayKuum (runo-
Tanamo-runopr3apHoO-NnoNoBoN) — ABAAETCA BOBNEYEHVe B CeneKkLm-
OHHbI NPOLIeCC CEPOTOHNHOBOW CUCTEMbI MO3ra, KoTopas, HapAaay

¢ dyHKUMen perynatopa arpeccBHOro NoBefEHWsA, KOHTPONMpyeT
SHIOOKPUHHbIE Xene3bl.

KntoueBble crioBa: JOMECTUKALMA; arPECCMBHOCTb; MeAMATOPbl MO3ra;
CEPOTOHUH; KOPPENATMBHAA U3MEHUMNBOCTD, CTPECC, r’MnodrsapHo-
nonosas cucTema.
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The domestication and the brain:
forty years after

N.K. Popova

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

The domestication of animals was crucial for the civi-
lization evolutionary experiment. The main character-
istic of domesticated animal is tame behavior towards
man. D.K. Belyaev suggested that the domestication
was carried out by man of the Stone Age as unintend-
ed selection of nonaggressive animals. This hypoth-
esis was confirmed at the Institute of Cytology and
Genetics, Novosibirsk, by unique long-lasting selection
of silver foxes, Norway rats and American minks for
nonaggressive behavior towards man. The review con-
centrates on the role of the brain neurotransmitters in
the mechanism of animal domestication. Specifically,
it describes the effect of selective breeding for nonag-
gressive behavior on the brain neurotransmitter sero-
tonin (5-HT) system. Our data showed that produced
by domestication the conversion of wild, aggressive
animal to non-aggressive towards man is associated
with changes in the expression of key molecular mem-
bers determining the brain 5-HT system functioning.
Significant difference between aggressive and nonag-
gressive animals in the 5-HT metabolism, in the expres-
sion of principle metabolic enzymes and 5-HT recep-
tors was shown in different species of mammals (silver
foxes, Norway rats and American minks). Higher con-
centration of 5-HT and its metabolite, 5-hydroxyin-
doleacetic acid, increased activity of the principle
enzyme in 5-HT synthesis (tryptophan hydroxylase-2)
and decreased activity of the principle enzyme in 5-HT
degradation (monoamine oxidase A) was shown in
the midbrain of domesticated silver foxes and rats. The
expression of the 5-HTA receptor gene, the density and
functional activity of 5-HTA receptors in nonaggressive
rats were increased. The review provides converging
lines of evidence for our hypothesis that the changes
in the brain 5-HT contributes to a mechanism underly-
ing correlative patterns of domestication, i.e. changes
in the pivotal for stress response and for the reproduc-
tion pituitary-adrenal and pituitary-gonadal systems.

Key words: domestication; aggressiveness; neurotrans-
mitters; serotonin; correlative traits; stress-response;
pituitary-gonadal system.



OMECTHKAIMS TUKUX XHMBOTHBIX — OJIHO M3 BeJMYaii-

MIUX UCTOPUYECKUX COOBITHI, MPEIONpeIeNUBIINX

pa3BHUTHE COBPEMEHHOH IUBMIN3annu. KiroueBbiM
[IPU3HAKOM JIOMECTHLIMPOBAHHBIX )KUBOTHBIX SIBJISIETCSI OTCYT-
CTBHE arpecCUH MO OTHOIIECHHIO K YeTI0BeKy. M iest akaiemMuka
J1.K. BensieBa 00 0cHOBE IOMECTHKAIMHN KaK ITPOUCXOUBIIEM
erie B NIyOOKO# JPeBHOCTH Oecco3HATEIbHOM OTOOpE Ye-
JIOBEKOM HearpecCHBHBIX XKMBOTHBIX (Belyaev, 1979) Opina
OnecTsie MOATBEPKIEHA MHOTOJCTHUMH YHUKaJIbHBIMH
paboramMu MHCTHUTYTa LUTOJIOT U M TEHETUKH 110 IOMECTHKA-
1un cepedpucTo-uepHsIx ucu (Trut, 1999), kpeic-maciokoB
(Nikulina et al., 1986; Plyusnina, Oskina, 1997) u amepukan-
ckux Hopok (Tpamesos, 2007, 2008).

Hecomuennoii 3aciyroit J[.K. bensieBa siBnsiercst mocie-
JIOBaTeJIbHOE PA3BUTHE TPEJCTABICHUN O POJIM TTOBEIACHUS
U CTpecca B JOMECTHKALMU JAMKHUX )KUBOTHBIX. MM Oblau
WHHULIUUPOBAHBI UCCIIEOBAHUS HEUPO(DUZNOTIOTUIECKUX U
TOPMOHAITLHBIX MEXaHU3MOB, KOTOPBIE 1 OTIPE/ICIISIOT 0COOCH-
HOCTH IOBE/ICHHs U (PU3MOJIOTUUECKUX CBOMCTB )KUBOTHBIX,
CEJIEKIIMOHNPYEMBIX Ha HU3KYIO arpECCHBHOCTb T10 OTHOIIIE-
HUIO K YEJIOBEKY.

[TpuHIMTIHATEHBIE IIPOTPAMMHBIE MOJIOKEHHS O POJIU «pe-
TYJISITOPOBY TIOBEACHHS B JOMECTHUKALINH KUBOTHBIX C(HOPMY-
muposansbl JI K. bensteBsim B Hauane 1960-x rogos. [lepas
CTaThsl, B KOTOPO HaME4YEeHbl OCHOBHBIC HJEU €r0 TEOPUHU
JIOMECTHKALIUH 1 YTTIOMSHYTBI PETYIISTOPBI, ObliIa ITOCBSIIICHA
poOieMaM KOppesTHBHOW N3MEHUYHNBOCTH 1 OITyOJTMKOBaHA
B «3Bectusix Cubupckoro ornenenus AH CCCP» B 1962 1.
(bensie, 1962). B 310 e Bpems OH, CChIIasCh Ha PabOTHI
WL.II. TTaBnoBa, mucai: «...CTajuo sICHO, YTO CBOMCTBAa OCHOB-
HBIX HEPBHBIX IPOLECCOB UTPAIOT BEChbMa CYIIECTBEHHYIO
POJB B 3BONTIOLIMOHHON Cyp0€ 0cOo0eH U ABISAIOTCS TOITOMY
TEM MaTepuaioM, Ha OCHOBE KOTOPOTO AEHCTBYET €CTECTBEH-
HbI 0TOOp» (Benses, Tpyt, 1964). PazpabarsiBas npodiemy
KOPPEISITUBHON M3MEHYNBOCTH, belsieB BhICKa3al MBICIB O
TOM, YTO CYIIHOCTb JIOMECTHKAIIM{ XKMBOTHBIX KPOETCS B
HACJIEJICTBEHHO 3aKPEIIieMOM M3MEHEHHH PEryJISITOPHBIX
CHCTEM — TOPMOHAJIBHOM M IeHTpanbHON HepBHOH. OpueH-
taims J[.K. benseBa Ha u3yuenne HeHpo(U3MOIOrHIECKUX
W HEHPOIHJOKPUHHBIX MEXaHHU3MOB JIOMECTHKAIMK Oblia
TUTOIOTBOPHOM ¥ B T€ TO/IBI, O€3yCIIOBHO, HOBOH.

B cBoux nepseix craresax J.K. benses nucan o melipory-
MOpPAJIbHOM PEryJIAIUKN U MO3re BOOOIIE, 0e3 YIIOMUHAHUS O
MeraTopax Mo3ra. DTo HEyAUBUTENBHO, TAK KaK CaMo CyIIie-
CTBOBAHHE B MO3T€ MEMATOPHBIX CUCTEM OBLIO YCTAHOBIICHO
JUIIB K KOHILYy 1950-X roioB, U UX pojb B PEryJsIiy MOBe-
JeHAsS U (GU3NONMOTHYECKUX (PYHKIMI BO MHOTOM eIie Oblia
HesicHa. Ho mocTanoBKka npo0ieMsl 1 OpHEHTAIHSI HCCIIE0-
BaTesiel Ha BBIABICHHUE TE€X MPOIIECCOB, KOTOPHIE PEATU3YIOT
JelicTBre 0TOOpa MO MOBEIEHHIO, HA WHTETPAIUIO TEOPUH
HCKYCCTBEHHOTO 0TOOpPA C COBPEMEHHBIMH IPEACTaBICHUAMH
0 QyHKLMSX MO3ra CBUJIETEIILCTBYET O HAyYHOH HHTYHLIUH 1
mupore B3nnoB K. bensesa.

CepOTOHUH 1 foMecTUKauuA

Hammvm nccnenoBanusamu (ITomosa u ap., 1975; Popova
et al., 1976, 1997; Popova, 1999) BriepBbie noKa3aHo, YTO
JTOMECTHKAIIUS KUBOTHBIX COIPOBOXKIACTCS MEPECTPOUKON
HEHPOMEINAaTOPHBIX CHCTEM MO3Ta. 3HAUYNTEIbHBIE H3Me-
HEHHS MeTa0oN3Ma U PeleHIny JohaMIHA U BaKHEHIIIETO

leHeTMKa noBeaeHUA

peryJasTopa arpecCUuBHOCTH — CEPOTOHUHA, ObLIH OOHApy-
JKEHBI y JKUBOTHBIX, CEJIEKIMOHNPOBAHHBIX HA OTCYTCTBUE
arpecCUBHOCTH 10 OTHOLICHUIO K YesioBeKy. Ocoboe BHUMa-
HHE TPUBJICKAIOT U3MEHEHNUS B CEPOTOHMHOBOM (CepoToHep-
THYECKOH ) CHCTEME MO3Ta. DTO 00YCIOBICHO PSAIOM IIPUYHH.
Bo-niepBbIX, ceporonnH (S-ruppokcurpuntamus, 5S-HT) —
9BOJIFOLIMOHHO OYEHb IPEBHUI MeIUaTOP. MHOIOUUCIICHHBIE
JTAaHHBIE CBUJICTENBCTBYIOT O €T0 YYaCTHH B PETYIISIIIUH arpec-
CHBHOTO TTOBEJICHUS He TONbKO MiekonuTaromux ([Tomosa n
ap., 1978; Valzelli et al., 1981; Molina et al., 1987; Miczek
et al., 1989; Popova, 2006), HO 1 )KMBOTHBIX IPYTHX KJac-
coB — rtunl (Sperry et al., 2003), peid (Adams et al., 1996),
pakoo6pa3zubix (Huber, 2005). Bo-BTOpBIX, KIMHUYECCKHE
JTaHHbIEC TTOKa3bIBAIOT ACCOIMALIMI0 UMITYJIbCUBHOM arpec-
CHUBHOCTH YeJIOBEKa M CYHINIA, KOTOPBIH paccMaTpHUBaIOT
Kak MPOSIBIICHUE arpecCcuy, HAIPaBJICHHOW Ha camMoro ceost
(Pedder, 1992), c HenocTaTouHO# (GyHKIIMOHATHHON aKTHBHO-
CTBIO CEpPOTOHMHOBOH cructemsl Mo3ra (Linnoila et al., 1983;
Linnoila, Virkkunen, 1992; Arango et al., 2003). B-tpetbux,
PaHHsIA SKCIIPECcCs B IPEHATAILHOM IIEPHOIE U BBIPAKEHHOE
BIIMSTHAE Ha MOP(OTEeHE3 MO3Ta OITPEACIIAIOT CyIECTBEHHYTO
poJib cepororrHa B pa3suTuu Mosra (Chubakov et al., 1986;
Whitaker-Azmitia et al., 1996; Gaspar et al., 2003). 1 na-
KOHEIl, CEpOTOHHH — HanboJiee HKCIIAHCUBHBIA MEAHATOP
MO3ra, y4acTBYIOIHH B PEryJISILIUU HE TOJILKO TIOBEJICHUS, HO
U pAna (pU3NOIOTHYECKUX CHUCTEM, BKIFOUYAs BaXKHEHITYIO —
HeliposHaoKpruHHYI0 cuctemMy (Naumenko, 1973; Haymenko,
[Tomoga, 1975).

@DyHKIMOHAIBHAS aKTHBHOCTh CEPOTOHHHOBOM CHCTEMBbI
3aBUCHT OT HHTCHCUBHOCTH CHHTE3a U pa3pylICHHs CepOTO-
HHHa, 00parHoro 3axBara (reuptake) u 1eroHUpPOBaHMs BbIIE-
JIMBIIETOCS B CHHAIITUYECKYIO IIIeJIb CEPOTOHNHA, TNIOTHOCTH
cepoToHNHOBBIX 5-HT-penentopos. D10 onpenenseT Kpyr oc-
HOBHBIX MUILICHEH B TEHETHYECKOW PEryJIsILiiU CEPOTOHNHOM
MOBE/ICHNS] — T€HbI 1 ()ePMEHTHI, KOHTPOJIUPYIOIINE CHHTE3
U paspylieHne ceporoHnHa B Mosre, S-HT-tpancnoprep u
5-HT-peuentopsl.

CuHTe3npyeTcsi CepOTOHHH MO3Ta M3 MOCTYyTaromei ¢
MUIIeH He3aMEHUMOH aMHHOKUCIIOTHI TpunTodan. Karanmsn-
PYIOT ero cuHTe3 iBa (hepMeHTa — TPUNITO(GAHTHIPOKCHIIa3a U
JiekapOOKCHIIa3a apOMaTHIECKUX aMHHOKHUCIIOT. JlekapOoKCH-
J1a3a He SIBJISIETCS CENIEKTHBHBIM ISl CEPOTOHHHA (PepPMEHTOM.
CKOpOCTh €ro CHHTE3a B MO3T'e ONpe/iessieT crenuduaHast s
CepOTOHMHA TPHUNTO(GAaHTHAPOKCHIa3a-2 (Ha mepudepun —
TpunTodaHruapokcuiasa-1). CHHTE3UpOBaHHBINH CEPOTOHUH
JICIIOHUPYETCS B HEpoHaX. B 0TBET Ha HEPBHBIN UMITYJIbC OH
BBIJIEIISIETCS] B CHHANITUYECKYIO IIETb M JICHCTBYET Ha Cepo-
ToHHHOBBIE 5-HT-pernentopsl, mocie 4ero HHaKTHBHPYETCS
00OpaTHBIM 3aXBaTOM B T€ € HEWPOHBI. DTOT 3aMeuaresIbHbIH
npouece, npoucxoasmui ¢ yuacrueM S-HT-tpancnoprepa,
TMI03BOJISIET MHOTOKPATHO MCIIOJIB30BaTh OJTHY M TY K€ MOJICKY-
a1y ceporoHrHa. OCHOBHOH (hepMEHT Aerpasialiii CepOTOHH-
Ha — MoHOaMuHOKcH1a3a A (MAO A), 0CHOBHOW KOHEYHBIH
€ro MeTaboJHT — 5-THIPOKCUUH/IOITYKCYCHAst KHCIIOTA.

Oxono 40 sier Ha3aJ HaMK ObLIO BIIEPBbIE YCTaHOBJICHO,
YTO JOMECTHKAIUS CBS3aHA C N3MEHEHHEM B MO3Te MeTa0o-
m3Ma ceporonnna. O6napyxeno (ITonosa u ap., 1975), uto
YPOBEHb CEPOTOHNHA U €0 OCHOBHOTO METa00JINTa, S-THPO-
KCHHH/IOIYKCYCHOM KHCIIOTBI, B Psifie CTPYKTYp MO3Ta JoMe-
CTHILMPOBAHHBIX CEPEOPUCTO-UEPHBIX JIMCHUI] CYIICCTBEHHO
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BBIIIC, YEM Y aIrp€CCUBHBIX )KUBOTHBIX. Ilanee 6])1.]'[0 BbISAICHC-
HO, YTO MOBBIIICHHBIN YPOBEHb CEPOTOHMHA B MO3T€ JIUCHII,
MIPOSIBIISIBIINX JPY/KEITIOOHYIO PEaKIIUIO Ha YEITOBEKa, CBA3aH
C U3MEHEHHEM IKCIIPECCHH OCHOBHBIX (DEPMEHTOB ero Merta-
60sM3Ma — MOBBINIEHNEM aKTUBHOCTH KJIIOUEBOTO (hepMEHTa
CHHTE3a CEpOTOHMHA TPUNTO(GAHT HAPOKCHIA3bI-2 1 IOHHKE-
HHEM aKTUBHOCTH OCHOBHOTO (DepMEHTa ero karaboyim3mMa —
MAO A (Popova et al., 1991b, 1997). Ilo3nHee cxomHbIe
M3MEHEHHS ObUTN OOHAPY)KEHBI U y CEJICKIMOHNPYEMbIX Ha
HH3KYIO arpeCCUBHOCTB KPBIC-TIACIOKOB. YPOBEHb CEPOTOHHHA
B CPEJHEM MO3T€ U THIIOTAIaMyCe, yPOBEHb €T0 METa00INTa
B THIIOTAJIAMyC€ M aKTHBHOCTH TPUNTO(MAHTHAPOKCUIIA3HI
HearpeccHBHBIX KpbiC ObUIM NOBbINIEHB! (Hukymuna u np.,
1985a; Popova et al., 1991a). Hago otMeTuTs, 9TO pazmmdauns
B yPOBHE CEPOTOHMHA B CTPYKTYypax MO3ra JOMECTHUIIMPOBAH-
HBIX U arPECCUBHBIX KPBIC BBISBIISIIOTCS HE BCeT/a, Oosee uyB-
CTBUTEIBHBIN OKA3aTeNb — yPOBEHb OCHOBHOT'O MeTa00InTa
CEpOTOHUHA 5-THAPOKCUHMH/IOIYKCYCHON KHcIoTh! (Haymenko
u 1ip., 1987). OtueTnuBblie pa3auyus MPOSBISIOTCS B Peak-
UM CEPOTOHMHOBOM CUCTEMBI Ha HYMOLMOHAJIBHBIN CTpECC:
BBI3BIBAEMOE CTPECCOM CHM)XEHUE YPOBHSI CEPOTOHHMHA B
rumnoTajiaMyce u B CpCIHEM MO3T€ aIrp€CCUBHBIX KPbIC 6])1.]10
TOpaso 3HaYUTEIbHEE, YEM y JTOMECTUIHPYEMBIX ([[pirano
u 1p., 1985).

VYuacTue cepoTOHMHAa MO3ra B PErylisiliui arpecCMBHOTO
MIOBE/ICHNS U B MEXaHW3Max JIOMECTHUKAINU OBIJIO TTOKa3aHO
1 Ha TPEThEM BH/IE KMBOTHBIX — aMepHKaHCKo# Hopke (Hu-
KyJuHa u 11p., 198506, 1993; Boiitenko u np., 1992; Ocamuyk,
Boifrenxo, 1992). AKTHBHOCTS (pepMEHTOB JeTpaTaIliy Cepo-
ToHnHa— MAO A u MAO B — B cTBOIIE MO3ra HEArpECCUBHBIX
HOPOK OKa3aJlach [IOHW>KEHHOU. BBeieHue npeecTBeHHuKa
CEPOTOHHHA, MOBBIMIAIOIIETO COAEPKAHNE ITOTO MEANATOPA
B MO3T€, CHIDKAJIO arpeCCUBHOCTH HOPOK.

[MonudyHKIMOHAIBHOCTB BE3/IECYIIIEro CEpOTOHHHA CBsI3a-
Ha ¢ HEOOBIYHO BHICOKHAM MTOITUMOP(PHU3MOM €TO PEIeTITOPOB.
CynepceMeicTBO KIOHUPOBAaHHBIX U CEKBEHHPOBAHHBIX
5-HT-peuentopoB coctout u3 15 noxaTuros, o0pasyrommx
7 ceMeiicTB. DTa KaccupHUKaNys OCHOBaHA HA TPEX OCHOB-
HBIX XapaKTEePUCTHUKAaX PELENTOPOB: CTPYKType (TepBUYHAs
M0CJIEJOBATEIbHOCTh AMHHOKHCIIOT), XapakTepe Iepenadu
CUTHajJa M peaknuu Ha (papMakoJOTHUECKHE Mpemaparsl.
B nocnennue roapl Hamle BHUMaHWE HANPABICHO TIIABHBIM
obpazom Ha uzydenue ponu 5S-HT 1 A-penentopa.

5-HT1A-penenitop 3aaIMaeT 0c000€ MECTO B OOIIMPHOM
cemeiicte 5-HT-penentopos. OH sIBISIETCS OCHOBHBIM ayTO-
PEryIsiTOPOM aKTUBHOCTH CEPOTOHMHOBOM CHUCTEMBI MO3ra
(Pineyro, Blier, 1999), ygacTtByeT B peryasmuu ypOBHS
TPEBOXXHOCTH U JICHPECCHH, JICHCTBYSI KaK aHKCHOJIHUTUK U
antuaenpeccant (Nutt, Glue, 1991; Lucki et al., 1994), u mo-
HIDKAET arOHNCTUYECKYIO U COINANIBHYIO AKTHBHOCTB KPBIC U
meimieit (Bell, Hobson, 1994; Olivier et al., 1995).

Bruto mokazano (Popova et al., 2005), uro momecTuiu-
POBaHHBIE KPBICHI 3HAYMTEIFHO OTIMYAIOTCS OT arpecCHB-
HbIX 110 dkcnpeccun 5-HT1A-penenropos: ypoens MPHK
5-HT1A-peuenTopa, INIOTHOCTh PELIENTOPOB B CTPYKTypax
Mo3ra ¥ (DyHKIMOHAIbHAsl aKTUBHOCTh y HHUX BBIIIE, YEM Y
arpecCUBHBIX KPBIC.

HOJ’Iy‘leHHI)Ie JaHHbIE€ CBUJACTCIILCTBYIOT O TOM, YTO 0-
MECTHKAIMSI, MTPEBPAIIAONIas arpeCCUBHOE JTUKOE >KUBOT-
HOE B COBEPIICHHO HEArpeccHBHOE M JPYXKeI0OHOE MO
416
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OTHOIIEHUIO K YEJIOBEKY, COMPOBOKAAECTCS PaTUKATIHHBIM
HU3MEHEHUEM BCEX OCHOBHBIX DIIEMEHTOB, OMPEAEISIONINX
(DYHKIMOHAJIBHYIO aKTHBHOCTH CEPOTOHWHOBOH CHCTEMBI.
[IpuHIUMIIMANBHO BaXHO, YTO M3MEHEHUS CEPOTOHHMHOBOM
CHCTEMbI MO3Tra OOHAPYKEHBI NPH JOMECTHKALUK Pa3HbIX,
JIOCTATOYHO JAJEKUX BUIOB MJICKOMMTAIOMINX — cepedpH-
CTO-YEPHBIX JIUCHUII, KPBIC-MIACIOKOB M HOPOK. DTO TOBOPUT
0 CYLIECTBEHHOW POJIM HEMpoMeauaTopa Mo3ra CEpOTOHUHA
B 2BOJIOI[MOHHOM IPOLECCE TOMECTHKAIMK >KMBOTHBIX U
XOPOULIO COOTBETCTBYET CIOXKUBLIEMYCSI IIPEACTABICHUIO O
CEpOTOHHMHE KaK O (haKTOpe, TOHWKAIOIIEM arpeCCUBHOCTD
OOJIBIIMHCTBA BU/IOB KMBOTHBIX.

CGPOTOHVIH n KoppenAaTuBHaA N3MeH4YNBOCTb
CenexIyst ’)KHBOTHBIX HEPEJIKO COTTPOBOK/IACTCS TTOSBICHHEM
KOPPCIATUBHLIX IMPU3HAKOB, T.€. IMPU3HAKOB, 110 KOTOPLIM
cesiekiust He Benack. OcCOOEHHO MHOTOYMCIIEHHBI M 9acTO
HEO)KU/IAaHHBI KOPPEJSITUBHBIC MTPU3HAKH MPU CEJIEKINH T10
nosenenuto (bemnses, 1962; Belyaev, 1969). Muoroo6pa3zHble
Mop¢oToTHIeCcKre M (PU3HOIOTHIESCKIE N3MEHEHHUS, XapaK-
TEpHBbIC I JTOMECTHIHPOBAHHBIX JKUBOTHBIX, JETAIBHO
oncansl JL.H. Tpyt (Trut, 1999).

Hecmotpst Ha TO 9TO TpobIEMa KOPPENATHBHON H3MEHUH-
BOCTH €O BpeMeH JlapBrHa BBI3bIBACT IPUCTAIBHBIN HHTEPEC,
MCXAaHU3MBI ITOABJICHUS MHOFOOGpaSHLIX KOPPECJIATHBHBIX
MIPU3HAKOB BCE €I1I€ BO MHOTOM HesicHBL. [lopasurensHo To,
YTO MPH CENEKIHMH 110 JIOMECTHKAIIMOHHOMY THITY OBEJICHUS
MHOT'H€ U3 HUX aHAJIOTUYHBI Y Pa3HBIX BUI0B KHUBOTHBIX (Trut,
1999). Ota 3arajiouHOE CBOWCTBO CEJICKIIMH 10 TIOBEIEHUIO,
HECOMHEHHO, CBUJICTEIbCTBYET O CXO/IHBIX MEXaHNU3Max Kop-
peHXTHBHOﬁ U3MCHYHBOCTH.

Jloka3zarenbCcTBa CyIEeCTBEHHBIX C/IBUTOB, TPONCXOSIINX
B IIPOIIECCE JIOMECTHUKAIMU B OJHOH M3 OCHOBHBIX CHCTEM
cTpecca — THIoTallaMO-TUIIO()U3apHO-HAAOYSYHUKOBOU —
U B (DyHKIIMOHAIBHON aKTUBHOCTHU TOHAJ, OBUTH MOITyYEHbI
Gonee 40 et TOMy Ha3za/ HMCCIIETOBAHUSAME J1a00OpATOPUH
npod. E.B. Haymenko (Haymenxko u np., 1971, 1974; Tpyt
u ap., 1972). YcTaHoBIE€HO, UYTO ¥ AOMECTHIIHPYEMBIX Ce-
peOpUCTO-YEPHBIX JIMCUI] YPOBEHb B KPOBH TOPMOHOB KOPBI
HaJIIOYEYHUKOB BO BCE CE30HBI T0Jla, KpOME IepHoja pas-
MHOKCHUS, HUXKE, YeM y HECEIEKIIHOHNPYEMBIX tucHil. Pas-
JIMYHA ¥ PEaKTHBHOCTD [IEHTPAIBbHBIX MEXaHU3MOB PETYIISIIN
FI/IHOTaHaMO-FI/IHO(l)I/BapHO—HaI[HO'-Ie‘-IHPIKOBOﬁ CUCTCMBI, UTO
MPOSIBIISIETCS. B Pa3HOM pEaKkUUU HA ICUXUYECKUN CTpecc
(Tpyt u mp., 1972).

[osiBiieHne CXOAHBIX Pa3Ivuuil ObLIO OOHAPYKEHO U B
XOJI€ CETICKIINH Ha JIOMECTUKAIIMOHHBII THIT TOBEICHUS IPY-
roro Buaa — kpsic (Naumenko et al., 1989). Kpbicbl-nactoku,
CEJIEKI[MOHUPYEMbIE Ha OTCYTCTBHE arpecCHUBHON pPEaKLUH
Ha Yel0BeKa, OTIIMYAINCh OT BBICOKOATPECCHUBHBIX KPBIC
HE TOJBKO KPOTKUM M JaXKe JPYKECTBEHHBIM ITOBEJCHUEM
MO0 OTHOIICHUIO K YCJIOBCEKY, HO U IMOHMXCHHBIM YPOBHEM
KOPTUKOCTEPOHA B KPOBU U NOHWKEHHOW peaKLUel runora-
JIaMO-TUTO(HU3aPHO-HAATOYEIHIKOBOW CHCTEMBI Ha IMOIIHO-
HaJIBHBIHM CTPECC U Ha LICHTPAJIbHOE BBE/ICHHE (B JaTePaIbHBINA
XKeTyo4deKk Mo3ra) ceporonuHa ([pirano u ap., 1985).

Cenekuyst Ha JIOMECTUKAIIMOHHBIN THIT TIOBEJICHUS 3HAYH-
TEJIbHO M3MEHSIET YHJIOKPHHHYIO PETyJISLHUIO MOJIOBOM CHUC-
TEMBI U PENPOSYKTHBHOCTD KHBOTHBIX. Y «PYUYHBIX» cepe-
OpucTo-4epHBIX JIMCHIL: 1) n3MeHeHa (OToIepHoIIeCcKast
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[lomecTnKauma 1 MO3r: COPOK JIeT CnycTa

peryisinusi SHAOKPUHHON (YHKIMH SUYHUKOB: Pa3MHOXKa-
I0TCSl OHM B TOT )K€ C€30H, HO PaHbIIIE, YEM JINCHIIBI JUKOTO
THUITa TIOBE/ICHUS; 2) TIOTEHIMAIbHAs TUIOJJOBUTOCTh BBIIIIE,
YEM Yy arp€CCHMBHbBIX, HO BBIIIEC U 3M6pI/lOHaﬂbHaﬂ CMEPTHOCTbD,
3) y caMIIOB CE30HHOE yracaHue SHAOKPUHHON (YHKITHH Ce-
MEHHHKOB HaunHaeTcs panbie (Ocagayk u ap., 1978; Ocan-
ayk, TpyT, 1989; Ocaguyk, 2006).

Kak yxe ObUIO OTMEYEHO, CEPOTOHHMH CUUTACTCA OJHUM
13 HanOoJiee SKCIAaHCHBHBIX HelWpoMeanaropoB mosra. OH
peryJupyeT He TOJbKO MOBEJICHUE U AIMOIMOHAIBHOCTh, HO
U Takne (pusnonorndeckue QPyHKIMH, KaK TepPMOPETyIsIIus,
COH, 3UMHSIS CIISTYKa 3UMOCIISIINX, CyTOYHBIC PUTMBI, TTHIIIE-
BO€ MOBeAcHNUE. BaxHelel ero poibo SBIIEeTCsS y4acTUue
B PETYIALUH TUIOTAIaMO-THIO(U3apHO-HAATIOYEIHIKOBOH
u TunoTanamo-runoduzapro-nonosoit cucrem (Haymenko,
[Tonoga, 1975).

3HaueHNE CEPOTOHMHA MO3Ta B PETYISINU THUIIOTAIaMO-
runodu3apHo-HaIIOYEIHNKOBON CHCTEMBbI TI0Ka3aHO JTaBHO
(Naumenko, 1973) u He BbI3bIBaeT comHeHus (Jorgensen,
2007). CepOTOHHH CUMTAECTCS MEIMATOPOM, TECHO CBS3aH-
HBIM ¢ peakiyell Ha crpecc (stress-related neurotransmitter)
(Yamaguchi et al., 2016). HakoruieHbl MHOTOYHCIICHHBIC JTaH-
HBIE, CBU/ICTEIIBCTBYIONIHE ¥ 00 yIaCTHH CEPOTOHHHA MO3Ta B
PETYISIINY ITOJIOBBIX TOPMOHOB U B TTIOJIOBOM MOTHBALIMH CaM-
o (Haymenko u nip., 1983; Popova, Amstislavskaya, 2002).

INonndyHKINOHANBHOCT CEPOTOHMHA, €T0 MPU3HAHHAS
POJIb OCHOBHOTO IIEHTPAIIEHOTO PETYIISATOPA arpeCcCUBHOCTH
1 BBIABJICHHBIC HAlIMMHKW UCCICAOBAHUSAMU 3HAYUTCIIbHBLIC
M3MCHEHHS B CEPOTOHMHOBOM CHCTEME MO3ra y pa3HbIX BHU-
JIOB JIOMECTHIIMPYEMBIX >KHBOTHBIX JAJ HaM OCHOBaHHUE
MPEAIOJIOKUTh, UTO NPUUYMHON MOSBICHUS psiia KOppess-
TUBHBIX MPU3HAKOB SIBISICTCS] U3MEHEHUE 3TON MEIHATOPHOMN
cucteMbl. K TakuM KOppeNsTHBHBIM IIPU3HAKAM OTHOCSITCS U
Ba)KHEHIINE — U3MEHEHUE TOPMOHAJIBHOM PEry/IsUU TUII0-
(hr3apHO-TIONIOBOI CHCTEMBI, I3MECHEHUE (PYHKITHOHAIEHON
AKTHBHOCTH THITO(H3apHO-HAIIOYCYHUKON CHCTEMBI U CBS-
3aHHOE C ATUM IOHWKeHue peakuuu Ha crpecc ([lonosa u
np., 1980) (pucyHOK).

Ota runoresa oOBSICHSACT JIBE 3ara/lo4Hble 0COOCHHOCTH
CEJISKIIMH 110 TIOBEJICHUIO — YaCTOe BOZHUKHOBEHUE KOpPeJsi-
THUBHBIX IIPU3HAKOB U MOSIBICHNUE CXOIHBIX KOPPEISATHBHBIX
MIPU3HAKOB NPH JIOMECTHKALMU PA3HBIX BUIOB )KMBOTHBIX
(benses, 1962; Belyaev, 1969; Trut, 1999). Ona e Hamos-
HSIET KOHKPETHBIM COJECP)KaHMEM HCIIOIb30BABIIEECs paHee
00BsICHEHHE — TUICHOTPONHOE JieiicTBUE TeHa. Menuaropbl
MO3Ta — OCHOBHBIC PCTYJIATOPLI MOBCACHUA, U Ka)KI[I:Iﬂ BHU]
MIOBE/ICHNs] KOHTPOJINPYETCsl «aHcamOnem» HelpoMennaro-
POB, B KOTOPOM €CTh OJJMH HJIM OTPAaHHMYCHHOE YHCIIO «BE-
JYIIMX coucToBy. CeNeKIus 1o MOBEISHHUIO 110 CBOCH CyTH
SBJISIETCSI CEJIEKIMEN Ha ONPEAETICHHYI0 (yHKINOHAIBHYIO
AKTUBHOCTH OCHOBHOW M3 KOHTPOJHMPYIOMINX JIAHHBIA BHI
MOBEACHUA MCANATOPHBIX CUCTEM. Bce ME€Auaropbl MO3ra B
TOM MM MHOM CTETICHH TOJN(YHKINOHAIBHBI, U U3MECHEHNE
MeTaboJIM3Ma WM PELEIIUI MENaTopa He TOJIBKO BEJeT K
HN3MCHCHUIO MMOBEACHUS, HO U BJIMACT HA PETYIALUIO APYTUX
KOHTPOJIMPYEMBIX 3TUM MEANATOPOM (PU3HOJIOTHUECKHX CHU-
cTeM. DTO 1 ONpE/EeNsieT YacTOe MOSBICHUE KOPPEIIITHBHBIX
MPU3HAKOB MPH CEJIEKLUH 10 TIOBEJCHUIO.

CxofHBIE KOPPENATHBHBIE NPU3HAKU MIPU TIOMECTUKAIINU
Pa3HBIX BUJIOB )KUBOTHBIX OOYCIIOBIIEHBI CXO/ICTBOM HEHpO-
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Brain serotonin (5-HT) and correlative traits in domestication:

(a) Polyfunctionality of the brain serotonergic system; (b) The effect of
selection for domesticated behavior on the brain serotonergic system,
serotonin-dependent aggressive behavior, and the serotonin-dependent
hypothalamus-pituitary-adrenal (stress response) and hypothalamus-
pituitary—gonadal systems.

MEIMaTOPHBIX MEXaHU3MOB, PETYIHUPYIOIINX arPECCUBHOCTD.
CepoTOHUH PETYIUPYET HE TOIBKO arpeCCUBHOE TTOBEJICHUE
BCEX M3YUYEHHBIX MIIEKONIUTAIOIINX, HO U, KaK yXKe YITOMUHa-
JIOCh, TIOBE/ICHUE KUBOTHBIX APYTHX KIACCOB.

Pazymeercs, n3smenenueM (yHKINOHATHHON aKTHBHOCTH
CEPOTOHMHOBOM CHCTEMBI HEBO3MOXXHO OOBSICHUTH BEChH
CIIEKTP KOPPEIATUBHBIX MPU3HAKOB, BOZHUKAIOIUX NPHU
JIOMECTHUKAINN KUBOTHBIX. CEPOTOHUH — 3TO KIIOUEBOM
menuarop (key player) B MexaHn3max arpecCMBHOCTH, HO,
HECOMHEHHO, HE €JUHCTBEHHBIM. DTO CIMIIKOM CJIOXKHBIM
9KCHEPUMEHT NPHUPOJBI, B KOTOPOM YYaCTBYIOT U JPyTHE
MeJIMaTOPBI, TIPEXk/Ie Bcero AodaMuH u HopaapeHanuH (/b
raiio u ap., 1985; Ieirano, 1986; Huxynuna, 1990). Tak, mo-
Ka3aHo, YTO B CTPYKTypax MO3Ta KpPbIC, CENEKIIHOHUPYEMBIX
Ha JIOMECTHKAIMOHHOE IOBE/ICHUE, N3MECHEHA aKTUBHOCTD
TUPO3UHTHJIPOKCHIIa3bl — pepMeHTa cuHTe3a nodaMuHa U
HOpaZpeHanuHa. EcTb ocHOBaHMS mpefronarars, 4To B U3-
MEHEHUH CTPECCOPHOM PEaKTHBHOCTH JJOMECTHUIIUPYEMBIX
KPBIC HapsAay ¢ CEpOTOHHMHOBOW CHCTEMOH CYyIECTBEHHYIO
pOJIb UTPaeT HOpapeHeprudecKkas cucremMa Mo3ra (Jlpiraio,
1986; Haymenko u ap., 1987; Jlpirano u ap., 1988).
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Henasuo namu o6HapysxeHo (Ilchibaeva et al., 2015, 2016),
YTO HEAarpeCCHBHBIE KPBICHI OTIMYAIOTCSI OT BBICOKOATrpec-
CHBHBIX U II0 9KCIIPECCHH HEHPOTpopHIecKuX (HaKTopoB —
BDNF (brain derived neurotrophic factor) u GDNF (glial cell
derived neurotrophic factor). Heiporpodudaeckne GpaxTopsl,
HE SIBJISISICH MEIMaTOPaMH, UTPAIOT BaKHEHUIIYIO POJIb, PETy-
JIUPYs POCT U pa3BUTHE HEUPOHOB U CUHANITUYECKUX CBS3EH
MO3r'a, U HapaBHE C CEPOTOHUHOBOM CUCTEMOM NPEACTABIISIOT
BaXHeHMe (GpakTopbl HEWPOITACTHIHOCTH.

B oprannzme Bce coeIMHEHO MHOTOOOPa3HBIMHU CBSI3SIMH, U
J10 [TOJTHOT'O ITIOHMMAaHMs1 BCEH 9TOH CIIOKHEHNILIEH TepeCTPONKI
MO3Ta IIe JAIEKO, XOTS YKE TO, YTO CTaJI0 U3BECTHO, TOBOPHT O
DIyOOoYalInX pa3Inuusix MO3ra arpecCMBHOTO U HEarpeCcCcHB-
Horo ¢genorumna. Kpome mpobieMbl JOMECTUKAINH, 3TH JTaH-
HBIE OTHOCATCS K €I1Ie OJJHOH podJIeMe — MEXaHN3MaM I'eHeTH-
YeCKO! MPEeIPACIIONOKEHHOCTH K arpeCCUBHOMY TIOBE/ICHUIO,
KOTOpasi, K COKaJICHHUIO, CTAHOBHUTCS Bce 00JIee aKTyaIbHOM.

B oTHOImIEHNN CEPOTOHMHOBOM CHUCTEMBI ITOKAa OCTAIOTCS
OTKPBITBIMU MHOTHE BONIpockl. Cpean HUX BOMPOC, MyTallus
KaKOTO I'eHa SIBJISIETCS] TIEPBUYHOM, a KaKMX — MPOUCXOUT B
pe3yJbTare MOoCJIeI0BaBIINX 1aNTHBHBIX N3MEHEHHH MO3Ta.
[TpoGriema OCIIOXKHSETCS TEM, YTO M3MEHEHHE DKCIIPECCUH
71000T0 U3 KIIIOUYEBBIX TEHOB, KOHTPOIUPYIOIINX CEPOTOHH-
HOBYIO CHCTEMY, HapylIaeT ee ()YHKIIMOHUPOBAHUE U MOXKET
MOBJIMSITH Ha arpecCUBHOCTD. Tak, OoJiee arpecCUBHBI MBIILIH
¢ HokayToM MAO A (Cases et al., 1995; Popova et al., 2001)
U MYXKYMHBI — HOCUTEIH OJHOIOKycHOM MyTanuun MAO A
(Brunner, 1995). HokayT rena, KOHTpOJIMPYIOLIETO TPAHCIIOP-
Tep CepOTOHMHA, TIOHIKACT arpecCUBHOCTH MbIeit (Holmes
etal.,2002). Bausier Ha arpecCHBHOCTH M I3MEHEHHE AKCIIpEC-
CUM T'eHa TPUNTO(PAHTHIPOKCHIIA3bI-2, KOHTPOIHUPYIOIIETO
cunTe3 cepoToHnHa. [Tokazano, uto C1473G nommmophusm
reHa TPUNTO(aHTHIPOKCHIIA3BI-2 BINSET HE TOJIBKO Ha CKO-
POCTh CHHTE3a CEPOTOHMHA, HO U Ha arPECCUBHOCTH MBIIIEH
(Zhang et al., 2004; Kulikov et al., 2005). Tpynuo npex-
CTaBHUTb, YTO OJHOBPEMEHHO BO3HUKIHM MYTalllH BO BCEX
KJIIOUEBBIX T€HAaX CEPOTOHMHOBOMN cucTeMbl. Ckopee Bcero,
MIEPBOHAYAILHO 3TO OblJIa MyTaIHsl KAKOTO-TO OHOTO U3 HUX,
a3areM, B IIPOIIECCE CENICKIINU HA OTCYTCTBUE arPECCUBHOCTH
10 OTHOLLEHUIO K YEJIOBEKY, IIPOU30LILIA IIEPECTPOUKA BCEH
CEpOTOHMHOBOM CHCTEMBI MO3Ta JIOMECTUIIMPOBAHHOTO K-
BOTHOTO0. DTO CTAJIO TAK)KE IPUUNHON MOSBICHNS HEKOTOPBIX
KOPPENSTUBHBIX IIPU3HAKOB.

Bpewms Bce paccrasisier no cBouM Mmectam. Ilpencrasie-
uus JI.K. benseBa mpusiexim HeWpO(HU3NOIOTOB U HEHpO-
OHAOKPUHOJIOTOB U NPHUBEJIN K MOABJICHUIO B I/IHCTI/ITyTe
ruronioruu u reaetukd CO AH HOBOrO HampasieHHUS — QH-
3MOJIOTMYECKOI TeHETHKH, CTaBIICH PEIIIECTBEHHIKOM CO-
BPEMEHHOM HEHPOreHOMUKHU. M Terepp yKe MO)KHO YBEPEHHO
MIPUMEHUTD OTIPEJEIICHNE «BIIEPBBIEY» K IKCIIEPUMEHTAIBHO
MOATBEP KICHHBIM B OpPUTHHAIBHBIX HccienoBanusax WLul"
CO AH (PAH) unesim JI.K. bensieBa o posiv nmoBeieHus1, €ro
PETYISITOPOB U CTPecca B 3BOJIOIMOHHOM IIPOIIECCE JJOME-
CTHKAIMY XMBOTHBIX. BriepBbIe ObLIO OOHAPYKEHO BIIMSIHUC
CeJIeKI[MM Ha HearpecCHUBHOE TOBEJCHHE Ha THIIOTalaMo-
runopu3apHO-HAMIOYETHUKOBYIO U TOJIOBYIO HEHPOIHIIO-
KPUHHBIC CHCTEMBbI. BriepBbie OBIJIO BBISIBICHO y4acTHE B
MeXaHH3Max JOMECTHKAI[Md MeIUaTOpPOB MO3ra, Mpexje
BCETO CEPOTOHNHA, U C(hOPMYINPOBAHO MIPEICTABIECHHE O €T0
pOJIM B BO3HUKHOBEHHHU KOPPEIATUBHBIX PU3HAKOB. BKiaz
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Jmutpust Koncrantunosuya bessieBa B 000CHOBaHUE 9BO-
JIIOLMOHHOM CBSI3M JTOMECTUKAIMK M TIOBEACHUS KUBOTHBIX
U B pa3BUTHE HampaslieHus, koTopoe Bouuio B XXI Bek nofx
Ha3BaHHEM HEHPOI€HOMHKH U CYNTACTCSI OJJHUM U3 Harbosiee
AKTyaJIbHBIX Y NMEPCIIEKTUBHBIX HAIIPABICHUI COBPEMEHHOMN
TEHETUKU, HECOMHEHEH.
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Animal cognition (reasoning) in the light

of genetic ideas

LL Poletaeva®, O.V. Perepelkina, Z.A. Zorina

Lomonosov Moscow State University, Department of Biology, Moscow, Russia

The historical overview is presented of genetic experiments

in L.V. Krushinsky’s laboratory in Moscow State University.

L.V. Krushinsky stated the three-component concept of animal
behavior. He claimed that animal behavior has not only innate
species specific behavior and the learning ability, but should
be supplemented by another mental category, reasoning the
ability for elementary logic operarions. Being rather lonesome
at the beginning, Krushinsky got the spiritual support from
D.K. Belyaev and B.L. Astaurov. The attempt to study the gene-
tic bases of reasoning ability was performed in Krushinsky's lab
using the trait “extrapolation problem solving’, which meant
the ability of an unexperienced naive animal to find the food
bait when it moved aside and disappeared from (not“in”) the
view. The selection for high scores of this trait in the hybrid rat
population (Norway rat x laboratory strain cross) was started.
Initially the hybrid rats solved this problem in the statistically
significant proportions, while the animals from further selec-
tion generations demonstrated the dramatic increase of anxi-
ety (in spite of extensive handling of these animals), which
made further experiments impossible. Much later another
selection experiment started in which mice of a genetically
heterogeneous population were selected for high scores of
extrapolation problem and concomitantly for the lack-of-
anxiety signs during the testing procedure. This selection for
a cognitive trait produced some positive results, although the
direct response to selection was very weak. The data obtained
show the intricate connection between the mouse ability to
solve the problem and the processes of anxiety, which in turn
looks as non-uniform by its nature and mechanisms. The data
from experiments performed in classical genetics should be
combined with the new knowledge concerning the role of
single genes determining animal behavior.

Key words: animal behavior; cognitive tests; selection; anxiety;
rats; mice.
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MocKoBCKMIN FOCYAapCTBEHHDIN yHUBEPCUTET
M. M.B. llomoHocoBa, 6ronorunyecknii pakynbret, Mocksa, Poccus

B cTaTbe KpaTKo onvcaHa UCTOPUA reHeTUYeCKUX NCCeno-
BaHWi B nabopaTtopuu, cosgaHHom J1.B. KpywmHckum B MIY.
J1.B. KpyLWMHCKMIA BbIABUHYI KOHLIEMNLNIO, COMTAacHO KOTOPOM
noBefeHMNe XXNBOTHOIO CKNafbIBAeTCA 3 TPEX KOMMOHEHTOB.
OH yTBep»KAan, 4To OHO GOPMUPYETCA Ha OCHOBE BPOXIEH-
HbIX BUocneunduuecknx peakumin, cnocobHoCTn K 0byyeHuio
1 3/1IEMEHTAPHON PacCyAoYHOW JeATENbHOCTY (T.€. CNOCO6-
HOCTM K 3/1eMeHTapHbIM NI0rMyeckum onepauuam). lepsoHa-
yanbHo vaen KpyLmMHCKOro He BCTPETUNN NMOAAEPKKM, XOTA
OHW Hawnv noHnmaHve y [1.K. bensesa n b.J1. Actayposa.

B nabopatopuu J1.B. KpywwimHckoro 6bina caenaHa nonbiTka
reHeTUYeCcKoro NcciefoBaHNA Npr3HaKa «CnoCoOObHOCTb K IKC-
TpanonAyum». 3Ty CNoCOGHOCTb OGHAPYKMBAET He UMeloLLee
aHaNIorMYHOro OMbITa XXMBOTHOE, KOFAa OHO HaXoAMT NPUMaH-
Ky, KOTOpas, ABWUrancb, ncyesna 13 nosns 3peHus. Ha ocHose
rmépuaHom NonynAuMmM Kpbic (Mactok X fabopaTopHasa Kpbica)
6bIN HauaT OTOOP Ha BbICOKME MOKa3aTesn 3Toro npu3sHaka. Pe-
LeHVie 3TO 3afiaum B UCXOAHON rmbpugHoii nonynaumm 6oino
CTaTUCTNYECKM AOCTOBEPHbIM, OOHAKO KPbIChl MOCHEAYOLMX
NMOKOJIEHUNIA ceneKkummn cTany obHapy»K1BaTb HaCTONbKO BbICO-
KU ypOBEHb TPEBOXHOCTU (HECMOTPA Ha MHTEHCUBHOE NPU-
pyyeHue), UTO SKCNEPUMEHT NPOAOIKUTL He yaanoch. MNo3a-
Hee Ha OCHOBE reHeTNYeCKN reTeporeHHoN NonyALUN MbliLLei
6bIN HauaT APYron cenekUMOoHHbIN SKCcneprmeHT. Cenekuuto
NPOBOAWIV OLHOBPEMEHHO Ha [iBa Npr3HaKa: BbICOKME MoKa-
3aTeNn pelleHna 3aaun Ha SKCTPanonALMIo U NPOTMB NPOAB-
NeHNI TPEBOXKHOCTY B 3TOM TecTe. B Lilenom oTBeT Ha oTb6op
6bI11 CNabbiM — B HayasbHbIX MOKONIEHUAX CENEKLUM MbILLN
a1on nuHum (SKC) pewwanu 3agavy HECKOJIbKO Nyylle, Yyem
KOHTPOJIbHbIE HECENIEKTUPOBAHHbIE XKUBOTHbIE, HO B 6Gonee
MO3AHWX MOKONEHUAX KapTUHa CTana HecTabunbHol. Mony-
YeHHble NPV 3TOM JaHHble CBUAETENbCTBYIOT, UTO CyLlecTByeT
TecHas CBA3b MeXay CMOCOGHOCTbIO MbILLV K PELLEHMIO KOTHY-
TUBHOTO TeCTa 1 npoueccamu, onpeaensaoWwyMN TPEBOXKHOCTD,
KoTopas, B CBOIO ouepefb, NpeAcTaBNAETCA HEOLHOPOAHON No
CBOEN Nprpofe 1 MexaHn3mam. PesynbraTbl SKCNEPUMEHTOB,
NPOBOAMMbIX Ha OCHOBE MOAXOA0B K/TACCUYECKO FreHeTUKM,

B HacToALlee BpeMs MOXHO CONOCTaBAATb C AaHHBIMU MO POSIN
OTAe/NbHbIX FEHOB, Y4YaCTBYIOLWMX B GOPMUPOBAHNMN U GYHKLNN
CJIOHbIX HEPBHbIX CEeTeN.

KntoueBble cnosa: nosegeHne XMBOTHbIX; KOTHUTVBHbIE TECTbI;
cenexkumna; TpeBOXHOCTb; KPbICbl; MbILLN.



uzzy borders, as modern neurobiologists tend to con-

sider as cognitive such behavioral traits as classical
and instrumental conditioning, exploration and even habitu-
ation (Reznikova, 2007). According to some views, animal
cognition is the capacity to use the learned skills in the new
environments (Reznikova, 2007), and this assumption is based
on numeral examples in the animal world. Although it should
be mentioned, that animal cognition involves not only those
traits, which requires brain plasticity (i.e., learning ability),
but also the ability to solve the logic problems of different
structure (Poletaeva, Zorina, 2014). These phenomena could
be approximately subdivided into two groups, one of them be-
ing the “basic” cognitive abilities (including elementary logic
tasks, spatial memory and orientation) and second category
which includes abilities of a much more complicated nature
(the concept formation, numerical competence, analogical
reasoning, etc.). Molecular genetic techniques now permit
researchers to change the level of expression in many genetic
elements, including those which code for the important brain
enzymes and regulatory elements. This makes it possible to
elucidate (at least partly) their role in the signaling pathways,
which are involved in the plasticity phenomena and in the
cognitive processes of more complicated nature.

In the middle of 1950s, the first L.V. Krushinsky paper, in
which extrapolation “reflexes” were described, was published,
not in biological journal, but in “Problems in Cybernetics” ed-
ited by mathematician Alexey A. Liapunov. In the early 1960s,
the scientific contacts of D.K. Belyaev and L.V. Krushinsky
started, which gradually transformed into the real friendship
and partnership.

The notion of “extrapolation ability” was developed by
L.V. Krushinsky several years later. After pioneer works of
E. Tolman in early 1930s (Tolman, 1932) the experiments of
Krushinsky’s lab were one of the first attempts to overcome
the domineering of pseudo-Pavlovian point of view, accord-
ing to which animal and human cognition starts and ends in
the domain of conditioned reflexes of different complexity.

Krushinsky’s concept of animal reasoning ability implied
the subject’s capacity to apprehend (grasp) the empirical
(physical) laws which function in the environment and which
determine the connections of objects and events (Krushinsky,
1990).

Initially, although B.L. Astaurov and D.K. Belyaev shared
Krushinsky’s views on animal reasoniong, these ideas were
not accepted by the majority of behavior physiologists: it took
10-15 years before these ideas gained attention. During this
period a large experimental data base on reasoning ability in
many vertebrate species was collected by Krushinsky and
his colleagues, and outlined in Krushinsky’s first monograph
“The development of animal behavior: Normal and abnormal
aspects” (and the English version of this book was issued in
USA almost immediately).

Krushinsky and his team evaluated animal reasoning ability
basing on animals’ performance in specially designed labora-
tory tests. The extrapolation test was the “simplest” among
these tests (Krushinsky, 1990). This test evaluated an animal’s
ability to extrapolate the direction of a food stimulus move-
ment after it disappears from animal’s view behind the opaque
screen (moving to the left or to the right from the vertical gap
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in the screen, which just seconds ago permitted to feed from
the food cup). The successful solution of extrapolation test
was evaluated in animals which had no previous experiment
in solving the analogous tasks, thus the scores of its first pre-
sentation were considered to be the most informative index
of this ability. The solution of this test had been analyzed in
dozens of vertebrate species, rodents (rats and mice of differ-
ent groups) being among them (Krushinsky, 1990). At the end
of 1960’s, N.V. Timofeev-Ressovsky visited to Krushinsky’s
lab and was impressed by the body of evidence concerning
elementary logic task solution (extrapolation problem) by ani-
mals in many different species. He asserted that the important
development of this field lied in behavior genetics direction.
This coincided with the ideas and plans of Krushinsky himself,
and the tests of extrapolation ability in several inbred strains
started. Interstrain differences were examined, though differ-
ences in mice olfaction were detected, and mouse experiments
were stopped, as (when olfaction control was used) the overall
proportion of correct task solutions was not different from the
chance level (lab albino rats proved to be unable to solve the
extrapolation task as well — their scores of correct solutions
was not different from the 50 % chance level). Several months
later a student, L.M. Dyakova (Kouznetzova), began experi-
ments with wild gray rats (these animals were really difficult
to handle) and their hybrids with laboratory rats (Krushinsky
et al., 1975). This experimental work was difficult to imple-
ment, as the progeny of wild x domesticated rats needed to
be raised in a manner that they did not fear humans (i. e., that
they were tame), otherwise it was not possible to address
whether they could solve the extrapolation problem. But the
results were convincing. These hybrid rats (and their wild
parents as well, although the samples were smaller as wild
rats were too difficult to handle) demonstrated a statistically
significant prevalence of correct choices proportion, and some
of these rats were able to solve even the complicated task ver-
sion (when the obstacle was introduced for the detour way
of an animal). The scheme of rat extrapolation is presented
at Fig. 1.

Comparative work on the extrapolation task solution was
also undertaken in wild red foxes and farm foxes in Novosi-
birsk. As the fur farms in United States and Europe (including
Russia) already existed for about seventy years, it became evi-
dent that behavioral differences in farm foxes (in comparison
to wild forms) might exist and M.N. Sotskaya, a postgraduate
zoology student, began work exploring this possibility. The
subjects of her initial experiments were wild red foxes, either
from zoo (raised in cages), or foxes which were bred from the
cub age in children summer camps (where extensive handling
and environmental enrichment had been provided). All foxes
were able to solve not only the “ordinary” extrapolation test,
but also the a version where the subject, in order to follow the
invisible trajectory of food, was forced to move partly in the
direction, opposite to food movement direction. M.N. Sots-
kaya next travelled to Novosibirsk and spent several weeks in
extrapolation experiments with several dozen caged foxes (of
different coat color genotypes). The results obtained were very
convincing. All cage animals (including tame and nontame
subjects of the important D.K. Belyaev and L.N. Trut selection
experiment) were able to solve the extrapolation task at the
nonrandom level, the proportion of correct choices in the farm
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fox group was significantly lower than
that of red foxes, and there were no in-
dications that the farm foxes could solve
the complicated version of the task.

The work in foxes and rats revealed
important differences in the ability to
solve the extrapolation problem. The
wild forms were superior to domesti-
cated ones. It was not possible to proce-
ed with fox experiments, but work on
rats continued. The individuals with
the highest extrapolation scores were
mated and the similar selection was
performed among their progeny and
the progeny of the next generation. The
results were disappointing. Although
rats from F2—F4 generation were able to
solve the task in variable degrees, their
behavior during these tests was largely
affected by the elevated anxiety. This
was the case in spite of the fact that
these rats (derived from wild Rattus
norvegicus) were handled extensively.
They were not afraid of human hands
and routine manipulations, including
their habituation to the test chamber
and the possibility to drink milk from
the central opening (from which the
food bait moved away disappearing in
the left or right directions during the
experimental procedure per se). But they
showed the overt fear reaction as soon
as the experiment started (the first task
presentation), which made any further
experiment impossible (Krushinsky et
al., 1975). This selection experiment
was stopped.

As it was demonstrated in further
years, only few genetic groups of mice
were able to find the position of invis-
ibly displaced food reward at statisti-
cally significant non-random level. The
extrapolation ability in mice with the
Rb (8, 17) 1 Iem (Robertsonian chro-
mosomal fusion of chromosomes 8
and 17) was analyzed in more detail.
The extrapolation ability in mice was
tested using a device somewhat modi-
fied from that for other animals (Fig. 2).
This modification permitted to minimize
animal handling, leaving an animal in
the box between task presentations. It
was confirmed that most of inbred mice
from several strains (i.e., CBA, DBA/2,
C57Br, A/He, BALB/c, 101/HY and
their hybrids as well) were not able to
solve this task. At the same time mice
with fusion of chromosomes 8 and 17
(Rb (8, 17) 1 Iem) were able to solve the
task regardless of the type of genetic
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Fig. 1. Rat extrapolation test design (schematic view).

The opaque solid screen has the vertical gap in the middle, via this gap the rat begins to drink milk. The
food cup starts to move to the left or to the right. The correct solution for animal (7) is to move leftwards,
while the approach to the other side of the screen (2) is the incorrect solution. Animal can follow the
direction of movement via gap only for several centimeters, as the valve (3) prevent to see the full trajec-
tory of the food stimulus.

71N\

Fig. 2. Extrapolation (a) and “puzzle-box” (b) designs for mouse experiments.

a - the murine version of extrapolation box allows investigators to not handle animal during six test
presentations, minimizing interference which could induce the anxiety in the test subjects. The front
wall of the experimental box is solid and non-transparent with a small opening at the center of its base.
A hungry and thirsty mouse starts to drink milk from the small food cup placed behind the central
opening, this food cup is moved in one of two directions. Another cup is for odor and noise control.

1 - the central opening for the start of experiment; 2 - side openings to which animal can approach
(according its’choice, i.e. correct or incorrect) after the food disappears from the central opening;

3 - the direction of food cup movement.

b -"puzzle box” test. The device is a variant of light-dark box, when light and dark compartments are
connected via small underpass. This underpass could be hidden by wooden shavings which cover it up
to the floor surface level, or blocked by the light plastic-carton “plug” which an animal can displace either
moving it aside or taking it by teeth.

background, as several groups with this Rb of different origin were analyzed (Po-
letacva et al., 1993; Leitinger et al., 1994).

There were three selection experiments for large and small relative brain weight,
described in more detail elsewhere (Poletaeva et al., 1993; Poletaeva, Zorina, 2014),
in which two mouse strains were created respectively (with more or less similar
outcome in all three attempts). In these experiments the interstrain behavior dif-
ferences were the following. The Large brain (LB) mice were more able to solve
the extrapolation task, they also learned instrumental skill more efficiently while
they were less anxious in EPM (elevated plus maze) and less prone to depression
in comparison to Small brain (SB) strain.

The next step was the attempt to create a “smart” mouse strain via selection in-
volving mating individuals who demonstrated high scores of correct extrapolation
task solutions (EX strain) and comparing these individuals to mice of non-selected
heterogeneous population, labeled CoEX (Perepelkina et al., 2011, 2014, 2015).
The selection criterion was rather strict — the parents of the next generation should
needed to demonstrate not only high extrapolation scores, but also the lack of anxiety
signs when an animal was placed in the extrapolation test environment (Poletaeva,
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Animal cognition (reasoning)
in the light of genetic ideas
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Fig. 3. Neophobia (neophagophobia) test indices in EX (grey columns)
and CoEX (black columns) male mice.

a - number of approaches to the food cup with small cubicles of cheese
were, and b - the time (sec) spent by eating cheese.

¥, ** *%* _significantly different from the respective values for CoEX mice,
p <0.05,0.01, 0.01, respectively (t-test).

Zorina, 2014). This was done to insure that animals do not
display a “refusal” to solve the task (the not-approach the
central opening for 180 s), or display no “null” responses,
which means that animal drinks milk from the central cup, but
do not approach any side opening for 120 s. Mice from first
selection generations (generations F4-F9) solved extrapola-
tion task in statistically significant proportion of cases (Fisher
¢ test), while control mice performance varied. At the same
time, EX mice were less anxious in the elevated plus maze test
(thus the selection for fearless mice was successful). However,
starting from F10 onwards the stable EX prevalence above
the chance level was no longer stable.

In these generations, CoEX mice demonstrated variable
levels of correct task solutions, as well as variable levels of
fear-anxiety indices (not always significantly different from
those of EX mice). It looked as if the selection experiment
had failed to obtain the expected differences in terms of the
cognitive trait that was selected for.

It is possible that the initial selection success was inhibited
by some unidentified factor, which prevented the improvement
of'the trait, preventing changes in the “cognitive” status of the
selected EX strain using only the extrapolation task. As such,
another cognitive task was used — the “puzzle-box” (or bur-
rowing) test (see Fig. 2). In this test, the mouse is placed into
a brightly lit compartment of a box with two compartments
which have an “underpass” in the partition between these parts
(Ben Abdallah et al., 2011). The animal can escape the brightly
lit part using this underpass into the dark compartment of the
same box. The underpass could be unimpeded, or blocked
either by wood shavings or a plug (made from cardboard and
plastic), which could be removed by the animal. The task
performance was evaluated by the mean latency of the escape
reaction and by the proportion of mice, which were able to
solve the most difficult stages of this test — the two tests when
the underpass was blocked by a plug. The performance of EX
mice in this test was significantly better than that of CoEX)
up to the present F17 generation (Perepelkina et al., 2014,
2015).

Successful solution of this test is based on the animal’s abil-
ity to understand the rule of “object permanence” (i. e., objects
which have been in a certain place and still exist after being
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made invisible). This ability was classified as “cognitive” ac-
cording to Piaget concepts (Zucca et al., 2007). The lack of
selection success in the extrapolation scores in our experiment
could mean that the trait “correct solution the extrapolation
task” is rather complicated. The correct solution of extrapola-
tion task requires an optimal constellation of various cognitive
functions, thus respective genetic elements could not be easily
selected for the “positive variants”. The analysis of variability
of animal behavior in this task shows that in order to solve this
task correctly the animal should reveal: (i) the relatively low
anxiety level (fearlessness) in the relatively new environment
of the test; (ii) the ability to remember (for seconds or dozens
of seconds) the direction of movement of disappeared food;
(iii) the ability to perform the quick approach to the respective
place (to the new position of the food cup), which requires
a simple logical (cognitive) operation. The subject has also
be able to “resist” the innate behavior pattern to alternate the
direction of search (Senechal et al., 2007) (in our experiments
the direction of food movement changed according to quasi-
random order and sometimes the food moved in the same
direction, but not more than twice in succession).

Our data on EX and CoEX mice demonstrated that EX mice
are significantly more tolerant to the novel environment in
comparison to control CoEX animals. EX mice performance
in the neophagophobia (or hyponeophagia) test, in which the
consumption of the new food in the new, not frightening en-
vironment was estimated, was higher than in controls (Fig. 3)
(Golibrodo et al., 2014). The Fig. 3 illustrates that EX mice
from selection generations F9—F11 (thus including generations
in which no selection success in the trait in question had been
noted) were significantly superior over CoEX mice in number
of approaches to the new food (a) and time, spent eating the
new food (b). This means that reaction to novelty in EX mice
was not inhibited (by fear). Similar differences were obtained
for the further selection generations (data not presented).

According to technique used the reported extrapolation
experiments were performed at a relatively rapid pace, which
allowed animal to perform several identical tasks in close
succession. As such, our analysis of extrapolation capacity in
these animals concerns only the short time intervals/namely
seconds or dozens of seconds (instead of dozens of minutes
or hours). This means that the processes of short-term and
recent memory could be involved, and these phenomena
could be an important variable in the mouse brain capacity
to perform adequately. Thus the respective analysis should
take into consideration the variety of processes involved in
memory trace fixation.

The success of extrapolation task solution is based on two
main indices — the first one is the percentage of correct choices
in a given group of animals at the first task presentation.
This index is especially important as in these cases animals
faced this problem for the first time (i.e., have no analogous
experience), and so previous learning could not influence
the solution. This index could be significantly different or
not from the 50 % chance level. The cumulative data on six
successive extrapolation trials are also an important index of
ability to solve the problem as no instrumental learning for
such correct solution occurred during this short series (and
even during the series which included up to 30 task presenta-
tions, unpublished data). In general the ability to solve this
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task (as reasoning ability index by L.V. Krushinsky) which
was tested experimentally (and had been revealed in many
species), emerged in situations in which neither instinctive
endowments nor previous training could help an animal to
solve it. This may especially be true for the cases, when the
need to solve such task emerges accidentally and the general
pattern of the problem is not similar to previous experience of
the animal. According to A.R. Luria’s definition (2003) these
are cases, when a subject has no “ready-made” reaction to
respond, and the reaction should follow quickly.

Summarizing this text we should mention that our experi-
mental attempt to select mouse strain with increased ability
to solve the “cognitive”, elementary logic task is the unique
one, judging by the state of published materials. There were
successful genetic experiments when high and low learners of
different tasks were successfully bred (Tryon and Roman lines
being the best known among them) (Driscoll, Battig, 1982;
Innis, 1992), but no data were reported on selection for high
and low performance success in radial maze or/and Morris
water maze paradigms. It is obvious that it was not by chance.
At the same time numerous QTL data concerning spatial
learning and memory and other cognitive traits are available
(e.g., De Bundel et al., 2011).These experiments, most often
performed in mice, have found performance success changes
after gene expression manipulations (knockouts, knock-ins,
etc.) suggesting that expression in these genes is important
in spatial learning ability (Mohammed, 2000; Josselyn et al.,
2001; Scott et al., 2002; Silva, 2003; Champtiaux, Changeux,
2004; McQuade et al., 2004; Powell, 2006; Ren et al., 2007,
Duffy et al., 2010; O’Connor et al., 2010; De Bundel et al.,
2011; Fujino et al., 2011) and some other traits as well (Braida
et al., 2002; Dziewczapolski et al., 2009; to cite but few).

This bulk of evidences also suggests that numerous signal-
ing pathways, acting in the interconnected brain structures
(hippocampus, prefrontal cortex, striatum), are involved in
“cognitive” traits phenotypes. These general genetic tech-
niques (QTL, GWAS, etc.) have also been used to study the
genetics of cognitive traits of different complexities (Owen
et al., 1997; Shapiro, 2001; Milhaud et al., 2002; Nadler et
al., 2006; Knowles et al., 2014; to cite but few). Other new
approaches, including network concept (Dong, Horvath, 2007,
Mizumori, Tryon, 2015) and optogenetics techniques (Kos et
al., 2013; Allen et al., 2015) can be used to better understand
these issues. Although it is also important to note that artificial
selection as an alternative approach could also bring positive
knowledge as animals of lines with low and high scores of
definite behavioral trait are usually much better adapted than
animals with artificially induced deficit or excess of certain
gene product. The real perspective in genetic research in
the field of genetics of cognitive abilities would lie in the
comprehensive combination of classical and new methods
of analysis.
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I'eHeTMUYeCKas JMHNS KpbIC KPYIINMHCKOro—MOJIOOKMHOM
KaK VHIIKaJIbHAs 3KCIIepUMeHTa/IbHasI MO e/lb
CYIOPO’KHBIX COCTOSTHU

.. ToaeraeBa®, 3.A. Kocteina, H.M. Cypuna, V1.b. ®eporoBa, 3.A. 3opuHa

MOCKOBCKMIA rOCyAapCTBEHHbI yHMBepcuTeT UM. M.B. llomoHocoBa, 6uonoruyeckuin dakynbteT, Mocksa, Poccua

WccnenoBaHme reHeTMYeCKX MEXaHM3MOB, JeXKallX B OCHOBE HOpP-
ManbHbIX U NAaTONIOrMYECKMX MPU3HAKOB NOBEAEHUS XKMNBOTHbIX, BaXKHO
He TONIbKO ANst 06LLEro NOHUMAHUA PaboTbl LLEHTPaNbHOW HEPBHOW
cuctembl (LLHC) no3BoHOUHBIX, HO 11 ANA 6narononyunsa yenoseka,

B YaCTHOCTM B 6opbbe ¢ 3aboneBaHMAMN Mo3ra. HakonneHne 3HaHWi
0 GyHKLMAX reHoB, aKkcnpeccupytowmxca B LLHC n cBAzaHHbIX co cne-
undryeckumm GyHKLMAMN MO3ra, KOTOpble CerofHaA onpenenaTca
ycrnexamm MoneKynapHOM FreHeTVKI, He AeNlaeT MeHee akTyasbHbIM
nccnepoBaHue GeHOTUNNYECKOTO NPOABIIEHNA reHEeTUYECKN AeTep-
MUHUPOBaHHbIX NMPU3HaKOB, B 0COOEHHOCTIN NAaTONOrMYeCKnX. M-
nencma Kak ogHo 13 3abonesaHunin LUHC 3aHnMaeT BaxkHOe MecTo B
TaKkux paboTtax. HecMoTpA Ha 60nbluOe KONMYEeCTBO HOBbIX MPOTUBO-
CY[OPOXHbIX CPeLCTB, 3HaUUTENIbHasA [0S CJlyYaeB 3To 6onesHn
no-npexHemy He NoAfaETCA feyeHuto. B ¢BA3n ¢ 3TUM nccnenoBaHne
MeXaHV3MOB 3MUENTOreHe3a Ha MoAeNsX BOCTPEOOBAHO, MOCKONbKY
MOET CMOCOOCTBOBATb BbISABEHMIO TEX 0COOEHHOCTEN Pa3BUTUA NO-
BbILLIEHHOWN CYOPOXKHOW rOTOBHOCTY, KOTOPbIE MNOKa OCTaloTCA Mano
n3yyeHHbIMU. OJHMM 13 YETKMX, HO HEMPOCTbIX AN1A FeHETUYECKOro
NCCnefoBaHUA NPU3HAKOB ABNAETCA ayAnoreHHas anunencua (cygo-
porv B OTBET Ha CUNbHBI 3BYK), KOTOpaA paccmMaTpriBaeTca B 3TOM
cTaTbe. BaxkHoe CBOMCTBO ayAMoreHHou anunencum Kak mogenu —
BO3MOXHOCTb aHaJIM3a MHTEHCKBHbIX TOHUYECKNX CYAOPOT B YCIIOBUAX
XPOHNYECKOro SKCNepuMeHTa (T.€. C MOBTOPHOW NPOBOKaLen 3Toro
COCTOSAHUA Y OJHOFO M TOFO e »KMBOTHOTO, YTO HEBO3MOXHO B CJlyyae
bapMaKonormyeckmnx Unm «3NeKTPOoLLOKOBbIX» cyfopor). B ctatbe fa-
eTcA KpaTKaa XapaKTepucTrka MHo6pefHoM MMHUN KpbiC KpyLIMHCKO-
ro—MonogKnHon, NnepBom 13 INHUN, CENEKTUPOBAHHbIX Ha 3TOT NPU-
3HaK. XapaKTepHbI «pUCYHOK» CYAOPOXKHOIO NpunaakKa, Hanbonee
YyacToe NpoAB/EHNE €ro y rpbl3yHOB, MOCTUKTaNIbHble aHOMaJIbHble
COCTOAHUA (B YaCTHOCTU, KaTanencusa) u pag apyrnx natonornyeckmx
NPU3HaKOB enatoT 3TOT GeHOMEH Ba)KHbIM He TOJIbKO Kak MoJenb
NaToNoruu, HO 1 Kak ABMeHne 06ebnoNornyeckom 3HauMMOCTH.
BnuaHve reHeTnyeckoro ¢poHa (NPoaeMOHCTPMPOBAHHOE AN1A ClyYaeB
KOMOPOMAHOCTUN 3TUX CYAOPOT C fenpeccrein N TPEBOXHOCTbIO) MOXET
OKasaTbcA pelawmnm GakTopom B onpeaeneHny MexaHn3moB Apy-
rux aHomanuii LIHC. Pa3BuTure ayanoreHHbIX Cynopor Kak ¢usmonoru-
yeckoro ¢peHOMeHa, CONPOoBOXKAAIOLLErO Apyrie naTonornyeckune co-
CTOAHMA, 6bINO TakXKe NpegmeTom nccnegoaHuin konner [1.K. benaesa
B VIHCTUTYTE LUTONOIUN N FeHETUKN.

KntoueBble crioBa: reHeTKa NOBEAEHNA; ayANOreHHasn nunencus;
KpbICbl NMHMW KpyLuMHCKOro—-MonogKuHoim.

The Krushinsky—Molodkina
genetic rat strain as a unique
experimental model of seizure
states

LL Poletaeva®), Z.A. Kostyna, N.M. Surina,
1.B. Fedotova, Z.A. Zorina

Lomonosov Moscow State University, Department of Biology,
Moscow, Russia

The study of genetic mechanisms, which underlie
normal and abnormal behavioral traits, are important
not only for fundamental knowledge of CNS function,
but also for human well-being, as well as in the aspect
of treatment of brain diseases. Accumulation of know-
ledge concerning the functions of genes, which are
expressed in the CNS and are involved in the specific
brain functions determined now by the success of
molecular genetics, but it could not overshadow the
importance of phenotype expression investigation

of genetically determined traits, especially pathologi-
cal ones. Epilepsy, as one of CNS diseases, occupies

an important place in the row of these studies. In
spite of numerous anticonvulsant drugs a significant
proportion of epilepsy cases are still resistant to drug
treatments. It means that the study of various aspects
of epileptogenesis using animal models should be
welcomed as it will help to elucidate those aspects of
increased seizure proneness that are now out of scope
of research attention. The distinct trait of this domain,
which is not easy to analyze genetically, is audiogenic
epilepsy (the seizure attack in response to loud sound).
The important feature of audiogenic epilepsy is that
the intense tonic seizures could be induced and ana-
lyzed repeatedly which makes it possible to induce the
seizures repeatedly in the course of chronical experi-
ments with the same animal, which is not possible in
the cases of pharmacologically or electrically induced
seizures. The Krushinsky—Molodkina (KM) inbred rat
strain, which was the first among strains selected

for audiogenic epilepsy, is briefly characterized. The
specific seizure pattern, the rodent proneness for au-
diogenic epilepsy, as well as abnormal postictal states
(catalepsy, in particular) illustrate the importance of
this phenomenon not only as a model of certain brain
pathology, but also as a matter of general biological
importance. The importance of genetic background
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KAK LUTUPOBATDb 3TY CTATbIO:

factor (demonstrated in the case of study of comor-
bidity (audiogenic epilepsy, anxiety and depression))
could be crucial in the studies of other CNS anomalies.
The audiogenic seizures as a physiological phenom-
enon which often accompanies several brain patholo-
gies had been in the scope of research interests for
D.K. Belyaev and his colleagues in his Institute.

Key words: behavior genetics; audiogenic epilepsy;
Krushinsky—Molodkina rat strain.
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LIE/IIee TOKOJICHUE HAINX yUHuTeNeil MpaKTUIeCKN He

3aCTaso 3pbl TEHETHYECKH MOAN(HUINPOBAHHBIX KH-

BOTHBIX. WX MPEeACTaBJICHUSA O TCHCTUYCCKUX OCHOBAxX
MOBe/IeHNsT ¥ (PU3UOJIOTHUECKUX MPU3HAKOB UMeNH (yHaa-
MEHTOM KJIACCHYECKYIO TeHETHKY, KOTopast OblIa «He3bI0Ne-
MBIM CBOJIOM IIpaBUD» HACJI€AOBaHUS IIPU3HAKOB U OCTACTCA
TakoBOM M ceroaHs. K 3Tomy nokosieHuio mpUHAIeKal U
J.K. Bensies, nccnenoBanus KOTOPOro UM MapajliesIbHO C
pa3ButHeM pabot JI.B. Kpymmnckoro.

JI.B. KpymuHCKHUI — HaTypaaucT, KHHOJOT, (hHU3HOJIOT,
TOYHee HeHPOOHOIIOT MMPOKOTO podwIIs, B KoHIE 1930-X IT.
uccie0Ball noBeeHne (000pOHUTENbHBIE PEaKIK) colaxK,
paboTtast B TUTOMHHKAX CIIy>keOHOTO cobakoBozcTBa. [locme
OKOHYaHMsI acupaHTypbl B 1938 1. OH 3amuMThi KaHIUAaT-
cKylo Juccepranuio Ha temy «[IposiBieHne u BbIpakeHue
00OpOHHTENBHBIX peaknnuil y cobax». Ero HabmomeHms 3a
(hopmMHpOBaHHEM MTOBEICHHS COOaK-THOPH/IOB O3BOJIMIIH EMY
chopMyIHpoOBaTh OOMICOMOIIOTUYCCKYIO KOHIICIIIIHIO POJIU
o0meit Bo3OymumocTr [THC kak MOTynmsaTOpa SKCTIpeccuy Ha-
CJICICTBEHHO JICTEPMUHUPOBAHHBIX TPU3HAKOB. | ITyOOKMI HH-
Tepec K 3TOU IpoOIIeMe JIeKall U B OCHOBE €ro TOCIIeIyoIIel
AKCTIEPIMEHTAIBEHOW PabOTHI ¢ AUKUMHU M JTaOOpaTOPHBIMU
kpbicamu. [Tomyyennsie nannsle npusenu JI.B. Kpymmuuckoro
u ero yueHukoB JI.A. ®@necca u JI.LH. MonoakuHy K co31aHUIO
ITyTeM CeJEKINU U3 ayTOpeaHoii muHnu Buctap HOBO, mep-
BOW B MHpE, JINHUH KPBIC, IPEIPACTIONOKCHHBIX K Pa3BUTHIO
SMUICNTUPOPMHBIX CYJOPOXKHBIX NPHUIAJKOB B OTBET Ha
CHIIBHBIN 3BYK. DTOT ()EHOMEH M3BECTEH KAK «ayANOTeHHAs»
snmnerncus (AD). BnocieacTBun TMHUS TTOTyYHiIa HA3BaHUE
«muanst Kpymunckoro—Monoakunoit (KM)», B HacTosIee
BpEMSI MTOJIJIEPKUBAETCS] B UHOPEHOM COCTOSTHHU.

B nanpHelimem, HO 3HAYUTENBHO MO3Ke, YeM JuHus KM,
OBUIN CENEKTHPOBAHBI U JIPyTHe JIMHUU KpbIc ¢ AD. DT0 1BE
muann GEPR (Genetic Epilepsy Prone Rats), BoiBeieHHBIE B
CIIA u3 muaun Sprague-Dowley (Consroe et al., 1979; Reigel
al., 1986; Faingold, 1999), a raxxe nunust WAR, cenektupo-
BaHHasg B bpasmnun (Garcia-Cairasco, 2002) u3 momyssinun
Bucrap (xax auaus KM). V3BecTHBI Takke JTUHUHA MBITICH
(Skradski et al., 1998) u xomsikoB (Barrera-Bailon et al., 2013),
nposBrstormx AD. CrieyeT OTMETHTD, 9TO TaHHYIO TeHETH-
4yecKyro Moziestb (JuHusA Kpbic KM), HeoOTHOKpaTHO HCTIONB30-
BaJIU JIJIs1 onucanusi 3 (HEKTOB LIEJIOr0 Psijia IPOTHBOCYI0POXK-
HBIX (papmakoiormyeckux areHToB (PemoroBa u ap., 1996;
PaeBckuii u 1p., 1998; Cemuoxuna u np., 2006).
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CynOpO)KHble COCTOAHNA YesioBeKa
[Tpumepno 70 % Bcex ciydaeB AMUIICTICUH YEIOBEKa HE CBsI3a-
HO HU C TPaBMOH MJIM OIyXOJIbEO MO3Ia, HU C POIOBOM TPaBMOM
U T.T1. DTO TaK Ha3bIBaeMasi Hauonarnieckas smuiencus. Ee
reHeTHYeCKasi OCHOBa JHOO mpocTas (MOHOTEHHas), JTHOO
CJIOXKHAsL. B ITposIBIIeHNN TATOIOTMH TIPH ITOJIMTEHHOM Xapak-
Tepe HacJeOBaHUS MOTYT UTPaTh POJb BHEIIHUE YCIIOBHSI.
CHy‘IaI/I SIUJICTICUU C MOHO- U IMOJIMTCHHBIM OITPCACIICHUEM —
9TO HEKMIT KOHTHHYYM OT CITy4aeB 3a00JIeBaHMs, MaJlo 3aBUCH-
MOT0 OT CPE/IOBBIX YCIIOBHI (MOHOTEHHBIE) JI0 CIIy4aeB, KOT/ia
Oonesnp onpenensercs MmHorumu renamu (Ferraro, Buono,
2006), Ka)Kaplif ©3 KOTOPBIX UMEeT HeOOMbIIoi AP dekT, 1 mx
MIPOSIBIICHNE MOXKET CHIIBHO 3aBHCEThH OT CPEJIOBBIX YCIIOBHH.
NMenHo B Takux ClIy4dasx CJICay€eT rOBOPUTH O BBICOKOI npea-
PacHoIOKEHHOCTH K Pa3BUTHIO STMICTITHYECKUX TIPHITAIKOB
WU O BBICOKOM CYZIOpOKHOU TOTOBHOCTH. VI3BECTHO, 4TO 3HA-
gutenbHast 101 (10 30 %) ciydaeB SMUIIeTCHT He TIOIaeTCs
MEIMKaMEHTO3HOMY JIEUEHHUIO. DTO TIO3BOJISIET PEIIONIOXKNUTB,
YTO B OCHOBE TAKUX HApYIICHWH, KaKk U NPHU MOCTTPaBMaTH-
YECKOM SMUIICTICHH, MOXKET OBITh aHOMaJIbHAsI BO3OYAMMOCTh
MOHHBIX KaHaJoB. Takue OTKIOHEHUs IOJY4WIN Ha3BaHHUE
«kananonarum» (Mulley et al., 2003; Bernard et al., 2004;
Errington et al., 2005; Heron al., 2007; Becker et al., 2008).
AHOoMannu BO30yANMOCTH HOHHBIX KaHAJIOB aHAITM3UPYIOTCS
1 Ha TEHETUYECKUX MOJEIISIX DITUIICTICHH, OIHAKO MCIIOB30-
BaHUE HEHPOXMMHUUECKUX METOIOB [T0KA3aJI0 CYILIECTBOBAHUE
TaKke OOJBIIOTO YKCIa OTKIOHEHUH B (DYHKIIMH psijia HEHpo-
meuaropHbix cucteM (Iloneraesa u nip., 2013). Xapakrep ux
CBA3HM C KaHAJIONIATUAMU OCTACTCA IMTOKAa HEU3YUCHHBIM.
CymopoXHBIE COCTOSHHSI YeJIOBEKa CBSA3aHBI, TAKHAM 00-
pas3oMm, U ¢ aHOMaJIMsIMH MEMOpaH HEHPOHOB, U C JIPYTUMH,
MPEAIIOIOKUTECIIBHO, «CETCBBIMM) HAPYHICHUAMU, KOTOPBIC
ONPEACIISIOTCS B3aUMOAECHCTBUSAMU I'PYIIIT HEUPOHOB. B 5TOM
TUTAaHE MOJICIIM JTOH ITaTOJIOTHH Ha >KUBOTHBIX BayKHBI JIJIS
MOHUMaHHs MEXaHW3MOB SIHJICIITOIeHe3a Ha «CUCTEMHOM)
ypoBHe. VccienoBanne reHeTHUeCKUX OCHOB MOJOOHBIX
HapyLICHNH B JIMHUSAX T'PBI3YHOB ¢ AD TpencTaBisieT Kak
TEOPETUYECKUM, TAK U IPAKTUUECKUN UHTEpEC.

KapTnHa aygnoreHHOro cygopo»Horo npunagka

1 CONYTCTBYOLWMNX GEHOMEHOB Y KpbIC nHUM KM
Hwmxe KpaTKoO IEPEYNCICHBI OCHOBHBIE MAaTOJIOTUYECCKUE
IMMPU3HAKHU, KOTOPBIC XapaKTCPHBI JJI KPBIC 3TON JTUHHUU (CM.
0030p Poletaeva et al., 2015).

Behavioral genetics
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leHeTnyeckan NMHUA Kpbic KpywnHckoro-MonogKkmnHom
KaK yHMKaNbHasA 3KCNepuUMeHTasnbHas MoLesb CyLOPOXKHbIX COCTOAHNI

1. aTeHCHBHBIE KJIOHMKO-TOHUYECKUE CYIOpPOTH, pa3BHBa-
forrecst uepes3 5—7 ¢ mocie BKIIOUEHHS 3ByKa. DTHM Cy-
JI0poraMm MpeAlIecTByeT «(}aza ObICTPOro» Min «KJIOHHYE-
ckoro» Oera. Ha coBpemenHom arare y kpbic KM ata ¢asza
pa3BUBaeTCs cpasy MOCJIe MHTEHCUBHONW aKyCTHYECKON
«cTapmi-peakum» (depe3 1-3 ¢ mocie BKIIOYECHUS 3ByKa).
3a Hell cleqyIoT KIOHUYECKUE CyA0pOrH — PUTMHYECKHE
CYZOPOKHBIE COKPAILICHNUSI MBIIIIII BCETO TENA B TIOJIOKEHUH
JKMBOTHOTO Ha >KUBOTE. 3aKIIOYMTEIbHAS, TOHUYECKAs,
(ha3za — HAMPSHKEHHBIN CIa3M BCEX MBIIIIL TEJIa U KOHEY-
HOCTEH — pa3BUBAeTCs MOCIE MaJeHHUs KUBOTHOTO Ha
60K. IHTEeHCHUBHOCTH 3MMIENTH(HOPMHOTO TIPHUIAAKA PU
AD onenuBaetcs B ycnoBHbIX Oamiax (CeMuoxuHa u ap.,
2006).

2. NuTencuBHas (110 BEIPAKEHHOCTH U JTMTEIBHOCTH) KO-
CTUKTAJIbHaA» KaTaJICIICHUsA (BOCKOBaﬂ FI/I6KOCTI) MBIIIL]
Bcero Tena) (Penorosa u np., 2008). Cnexyer OTMETHUTB,
YTO MOCTUKTAJbHAS KaTalleTICHs OIHMCaHa TaKkKe y KPBIC
WAR (mpo¢. N. Garcia-Cairasco, TH4HOE COOOIICHUE) U
He Habmronaack y kpeic GEPR (mpod. C. Faingold, mranoe
coobmmenne). Kppicsl muann KM okasannuchk J0CTOBEpHO
OoJiee CHIIBHO MO/IBEP)KEHHBIMH Pa3BUTHIO PE(IIEKTOPHOH,
«IIUITKOBOI, KaTaJIETICUH TI0 CPABHEHUIO C KUBOTHBIMHU
npyrux renorunos (Cypuna u ap., 2010).

3. IlosiBIeHMEe MUOKIIOHMYECKUX CYJJOPOT B pe3yJbrare JUIu-
TenpHOH (12—18 mHel) exeaHeBHOM SKCTIO3UINHT KPBIC ACH-
ctBHIO 3ByKa (Denoropa, Cemmoxuna, 2002; CemuoxuHa u
1p., 2006). B oiuume 0T THIWYHBIX CyA0pOT pu AD, ouar
KOTOPBIX PACIIONIOKEH B CTBOJIC MO3Td, MHOKIOHUYIECKHE
CYZIOpPOTH UMEIOT MepeTHEMO3TOBYIO JTOKAIU3AINIO — B UX
Pa3BUTHH yYacTBYIOT ¥ HOBasi KOpa, U CTPYKTYPbI JINMOU-
YECKOM CHCTEMBI MO3Ta. DTOT (DEHOMEH ITOTY9HII Ha3BaHHE
«aynuoreHHbI kuHUAHT» (Galvis-Alonso et al., 2004;
Vinogradova, 2015) o aHajioruu ¢ siBJI€HUEM 10A00HOK
«packagkm» (kindling), KOTOpEI HAOMIOMAIOT TIPH CHUCTE-
MaTHYECKOM IIPUMEHEHUH PUTMHUYECKOTO OIIIOPOTOBOTO
AIIEKTPUUECKOr0 Pa3ApayKeHUs! TUIIIIOKaMIIa WM MHHJA-
JIMHBI WK TIPU PETYISIPHOM BBEICHUH MOATIOPOTOBBIX 7103
cynopoxubix arenros (Turner al., 1977; Coffey al., 1996).

4. HapynieHust MO3roBOro KpoBOOOpaIIEHUs TOCIIE JUTUTEIb-
HOM (15 MWH) SKCHO3HUIINHU KUBOTHOTO JIEHCTBHIO 3ByKa.
JI.B. KpymmHckuit 1 ero coTpyaHUKH pa3padoTaiy cre-
UAJIBHYI0 CXEMY I10JIa4l 3BYKOBOTO pPaz[pa)KeHUs IS
TaKWX SKCIIepUMeHTOB (cM. 0630p [Tomeraesa u ap., 2013).
ITo sTomy mpotokosry kopotkue (10 ¢) mepuoap! nmogadn
3ByKa nepemeskarorcsi 10-cekyHIHBIMU May3aMH, a CUia
3ByKa B ATHUX KOPOTKMX HWHTepBanax uepemyercs (120
mwm 60 nb). B Teuenne 3toro 15-MUHYTHOTO 3BYKOBOTO
BO3JICUCTBHS MOYTH Y BceX Kpbic juHuu KM oOHapyxu-
BAIOTCS HAPYIICHUS IBKEHUH (TTape3bl KOHEUHOCTEH, BbI-
paskarolrecs: B HapyIICHNX TOXOKH )KUBOTHOTO). YacTb
JKUBOTHBIX MPH 3TOM Morudaet. «CoCyaucTyo» MpUpOLy
STHUX HAPYIICHUH IBMKEHUN TOATBEPIKIATI0 OOHAPY KEHHE
CyOmypalIbHBIX M BHYTPHIKEITYJOUYKOBBIX KPOBOU3IIUSHHAN
(BrnacoB u ap., 1991).

JlaHHBII IaTOJIOrMYECKUI CHHAPOM 0Ka3aJ10Ch BO3MOYKHBIM
MOJYJIMPOBATh IyTeM H3MEHEHHS COCTaBa JbIXaTeIbHOMN
razoBoit cmecu (KpymmHckuit u ap., 1980), a Takxe HHAYK-
et runokenu (Kommenes u np., 1984, 1987; ®anrokosa n
Ip., 2013).
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AynvioreHHas snunencus (KpaTkui 063op)
AyoreHHast SIHIIETICUSI — 3TO YaCTHBIN citydyaid peduiekTop-
HOM SMUJICTICHUH, COCTOSIHUS, KOTOPOE OOHAPYKUBACTCS KaK
y xuBoTHEIX (Ross, Coleman, 2000; Italiano et al., 2016),
Tak u y yenoseka (Dewhurst et al., 2015). Pednexropnas
SMUJICTICUA — Pa3BUTUC IMTPUTIAJIKOB — B OTBET Ha 3pUTCIIbHY IO
cTUMYIISHIO oncana y Kyp (Guy et al., 1992); B oTBeT Ha Tak-
THJIBHYIO M BECTHOYISIPHYIO CTHMYIISIIIHIO — Y MOHTOJIbCKHX
necuaHok (Cox, Lomax, 1976). Pednexropnas snunencus,
CXOJIHasl C IPHUIAAKAMH YEJIOBEKA, MHIYLIUPOBAHHBIMH MEIThb-
KaloIIMM CBETOM, OIIMCaHa y maBuaHoB Papio papio (Naquet
et al., 1995).

OnunenTtrdopMHBIE CYIOPOKHBIC IPUTIAIKA, TAKIM 00pa-
30M, MOYKHO BBI3BATb ITyTEM SKCITO3UIINH KUBOTHBIX JICHCTBHIO
CHIILHOTO 3ByKa. DTOT (heHOMEH ObLIT MOapOoOHO MTpoaHau-
3UpOBaH paHee B OONBIIOM, IPAKTHYECKH HCUEPIIBIBAIONIEM,
0030pe (Ross, Coleman, 2000).

C nomo1plo psizia GU3UOIOTHUECKUX METO/IOB MOKa3aHOo,
YTO CYIOPOXKHBIH AHICTITH(OPMHBIN IPUTIAIOK Y MBITIEH 1
KpBIC, Pa3BUBAIOIINIICS B OTBET Ha BKIIFOYEHHUE CHIILHOTO 3BY-
Ka, CBSI3aH C aKTUBALIMEe HEMPOHHBIX CTPYKTYP CTBOJIA MO3Ta.
DNeKTpOPU3NOTOTHIECKUE «3HAKMY» SIHICITHPOPMHON
AKTHBHOCTH OOHAPYXKMBAIOTCS ITPH 9TOM B IIPOJIOITOBATOM U
CpeIHEeM MOo3Te, TOT/Ia KaK B HOBOH Kope 3MuIenTH(GOpMHON
axtuBHOCTH HeT (CemuoxuHa u 1p., 2006). [Toznaee 310 66110
TIO/ITBEPK/JICHO B pabOTax, BHIIOJIHEHHBIX M Ha MBIIIaX, U Ha
nmuausx kpeic GEPR (Genetic Epilepsy Prone Rats) u WAR
(Wistar Audiogenic Rats) (Ross, Coleman, 2000). Dxctupma-
IS TBUTATEIILHOM 00IacTH Kopbl He nipenoTepariaet AD (Ce-
MHUOXHHA U Jp., 2006), a 3JIeKTpUIecKOe pa3apakeHne 3aJHIX
OyrpoB 4ETBEPOXOJIMHUSI M MEJHATIBHBIX KOJICHUATBIX TEI €€
nposouupyet (Precc u ap., 1970). Y kpeic KM pazapakenue
}IBI/IFaTeHLHOﬁ 30HBI KOPBI BbI3BIBAJIO JIMIIb CYAOPOrd OTACIb-
HBIX MBIIII KOHEYHOCTEH, a PACcIIPOCTPAHSIOIIASCS ETIPECCHs
(Leao) B HOBOI Kope U cTpHaTyMe He OJIOKMpoBasia y HUX Cy-
noporu, xapaktepusie st AD (Cemuoxuna, 1969). CxonHbie
JTaHHBIE TI0 0COOEHHOCTSIM y4JacTHs CTPYKTYp CTBOJIA MO3Ta
B reHe3e AD ObutM NoiTydeHbl U Ha kpbicax auHui GEPR u
WAR (Faingold, 1999; Faingold, Randall, 1999; Deransart et
al., 2001; Garcia-Cairasco, 2002; Doretto et al., 2003; u ap.),
n Ha Mpimax (Ross, Coleman, 2000). Onpenenenne ypoBHs
IKCIIPECCHH PAHHET0 TeHa C-fos TaKiKe MOKa3alo BEIYIIYIO
poxb ctBoia B reHe3e AD (Eells et al., 2004).

Tonmueckue cynoporu y Kpbic ¢ AD COXpaHsUINCH TTOCIIe
XUPYPru4ecKoro CEYeHHs CTBOJIA MO3Ta BbIIIE YPOBHS pac-
nmoJokeHus yerTBepoxonmmusi (Browning et al., 1999). B To
JKe BpEMsI MOKa3aHo, YTO «3alyCK» MEXaHH3Ma Pa3BUTHS
ayJIMOTEHHOT'0 CYIIOPOKHOTO MPHIIAJIKa TIPOUCXOJHT C y4a-
ctuem HrxHero aByxonmus (Cools et al., 1984; Faingold,
1999; Garcia-Cairasco, 2002). ITo muenuro K. daiinronma
(muann GEPR), nepapxuyeckoe BOBIeUEeHHE HEHPOHHOU
ceTH B ()OPMHPOBAHUE AyAMOTEHHOTO CYIOPOXHOTO IpH-
CTyIla HAuYMHAETCs ¢ BO30YXKJIEHHUS HWKHETO JBYXOJIMHS,
IOCJIC Y€ro CJICAYET aKTUBallUAd FJ'Iy6I/IHHBIX OTACJIOB BEPX-
HETO JBYXOJIMUSI, 3aTe€M PETHKYISAPHOHW (popManuy MOcTa 1
OKOJIOBOJIOTIPOBO/IHOTO ceporo BemiecTsa (Faingold, Randall,
1999; Garcia-Cairasco, 2002; Raisinghani, Faingold, 2005).
IToka3zaHo Takke, YTO HEUPOHBI PETUKYJISIPHON U JlaTepalib-
HOH yacTeil 4epHoi cyOCcTaHIIMK TPOCTIUPYIOTCSI B BEPXHUE U
HUKHUEC XOJIMUKH, TPUYEM MOAYIAINA AKTUBHOCTH BEPXHETO
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The Krushinsky—Molodkina genetic rat strain
as a unique experimental model of seizure states

JIBYXOJIMHSI CO CTOPOHBI YEPHOM CYyOCTaHIIMK IIPOUCXOHUT C
ydacTueM HeocTpuaryma. ¥ kpbic KM meToaoM mpuxus-
HEHHOTO MHUKpPOJHaN3a BBISIBICHB OCOOCHHOCTH OpraHH-
3anuu JJAeprudeckoit cucremsl ctpuaryma (COpokuH U ap.,
2004) B moaTBepxkacHNe ydacTus JJAeprudeckoil CHCTEMBI
CTBOJIA B T€HEpaINH MPUIIAKOB AD, TIOKa3aHHOTO paHee Ha
napyrux muHusx ¢ AD (Ross, Coleman, 2000). Otu dakTs
CBHUJIETEILCTBYIOT O TOM, YTO aHOMAaJINKM MeMOpaH HeWpo-
HOB (M KaHayiomnatuu B 4acTHOCTH) (cM. N’Gouemo et al.,
2009a, b), 110 BCeit BUTUMOCTH, UMEIOT Pa3HYO TOOTrpaduio,
T.€. NPOSABJICHUE aHOMAJINKU HEHPOHOB ONPENEIIEHHON HEM-
POXUMHYECKON CENU(PUIHOCTH MOXKET OBITh IIPHYPOYEHO K
Pa3HBIM MO3IOBBIM CTPYKTYpaM. MO>KHO TaKKe OTMETHTb, 4TO
AQHTarOHKCT DTy TaMaTepruuecKoi CUCTeMBbI (OI0KaTOp KaHaa
NMDA-penentopa), MK-801 (mu3oumimnuH), He MOJaBISCT
AKTUBHOCTU HEHPOHOB HU B OJIHOM U3 3BCHbEB HEHPOHHOU
ceTr reHepanui AD, HO 3PPEKTUBHO OIOKHPYET STH CyA0PO-
ru (Faingold, 1999, 2004).

Helipoxumuueckue uccienoBaHus, IPOBEACHHBIE Ha KPbl-
cax ¢ AD, I03BOJIMIIN BBISIBUTH MHOTOYHCIICHHBIE TPU3HAKH,
10 KOTOPBIM 3TH )KUBOTHBIE OTIIMYAIOTCS OT TPy HOPMaJlb-
Horo koHTpoJs (Ross, Coleman, 2000; Faingold, 2004). 3o
B IIEPBYIO OYepeab OCOOCHHOCTH, KOTOPBIE CYIIECTBYIOT
M3HaYaJIbHO, T.€. B (poHE, Oe3 ACHCTBUS 3ByKa M Pa3BUTHS
cynopor (Cemuoxuna u ap., 2006). K Takum 0coOCHHOCTIM
OTHOCSITCS OTKJIOHEHHS B (JOHOBBIX YPOBHSAX KaT€X0JIaMUHOB,
a Taxoke rmytamara 1 TAMK B cTpykrypax ctBosa (XKynuh,
[Tneckauena, 1991; Kocauesa u np., 1998; PaeBckuii u ap.,
1998; Akbar et al., 1998; Faingold, 2002; Cemmnoxuna u sp.,
2006). boutn U3MEeHEHB! YPOBHH M JPYTMX aMHHOKHCIOT —
HEHPOTPAHCMHUTTEPOB, PUYEM 3THU M3MEHEHUS, BUANMO,
HMEIOT «00IIEMO3Tr0BO» XapaKTep, HOCKOJIBKY BBISBIISIFOTCS
HE TOJIBKO B CTPYKTypax CTBOJIA, HO ¥ B HOBOH Kope. Y KpbIC
KM onucansl ocodbennoctu cAMP- u Ca(2+)/calmodulin-
3asucuMoro ¢dochopmmuposanus (Yechikhov et al., 2001),
a TaKKe OTKJIOHEHHS 0OMEHA B MUTOXOHJPHSIX HE TOJBKO B
MoO3re, HO U Ha nepudepun — B Tkanu redenu (Venedictova
et al., 2017). MeTogom IpMXU3HEHHOTO MUKPOIHAIIN3A T10-
Ka3aHo, 4TO TPH BBEJICHNH Oi0karopoB DA-penentopos Ha-
pacraHue ypoBHsI BHEKJIETOYHOTO JI0opaMHHa B CTpUATyMe y
kpsic muEIA KM niporcxoaut nocToBepHO Ooiee MEIICHHO,
4yeM y kpbic Bucrap (Copokus u ap., 2004), moka3aHsl Takxe
0COOEHHOCTH CBSI3bIBAHUS CrIELU(PHUIECKUX JIUraHoB D2 u
NMDA penenrropamu kiietok crpuaryma (dupcrosa u ap.,
2013). ¥V kpsic nuann KM oxasanack Oosee BBICOKasl, 4eM
y Bucrap, akruBnocts ERK1/2 knHa3 B HUrpocTpuarHOH
CUCTEME, BO3MOKHO, SIBIISIFOINAACS OZHUM U3 (PaKTOpOB,
OITPEIETISIOINX ITOBBIIICHHYIO CyTOPOXHYIO TOTOBHOCTB 3THX
*KUBOTHBIX ([lopodeesa u np., 2015).

B menom rene3 cymopor mpu AD MPOUCXOTUT, IO BCEH
BUANMOCTH, M3-32 cHIDKeHus: ¢pyHkinmn [AMKepruueckoit
CUCTEMbI M TOBBIIICHHUSI AKTUBHOCTH IVTyTaMaTepruueckoi
cucrembl. Kak 3Tu (heHOMEHBI CBSI3aHBI C CYyIIECTBOBAaHUEM
AQHOMaJINM MOHHBIX KaHAJOB IPH CKIOHHOCTH K T€HE3y Cy-
JIOPOT, OCTaeTCs MoKa He uccienoBaHHbIM. ClienyeT Takxke
YIOMSHYTH 0 00J1ee BBICOKOI1 0011Ie#i CyTOpOKHON TOTOBHOCTH
kpbic KM. ¥V HuxX 00HapyXeHO JI0CTOBEpHOE Mpeobdiaganne
CYIOPO’KHBIX IPHIIAJIKOB B OTBET Ha OJJHOKPATHOE BBEJCHHUE
MOZITTOPOTOBBIX (T. €. 3aBEOMO «HE BBI3BIBAIOIINX CYIOPOI»)
103 nentuienterpasona (Fedotova et al., 2016).
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YkazaHHbIe 0COOEHHOCTH HEHPOTPAHCMUTTEPHBIX CUCTEM
KHMBOTHBIX, TTOJBEPKEHHBIX AD, NIMEIOT MECTO B NpEAeiax
CTPYKTYp CTBOJIa MO3Ta, OTBEYAIOLINX KaK 32 MOTOPHKY, TaK
1 3a OBICTPYIO PEAKIHIO )KUBOTHOTO Ha HEOXKHAHHBIE aKy-
CTHYECKHUE WIIH BU3yaTbHBIC CTUMYITBI (4eTBepoxonmue). OT-
MeTHM, 4T0 AD Kak HeHpoOHomorndecKuii peHoMeH Hanboee
XapakTepHa JJIsi IPhI3YHOB, YTO MOXKET OBbITh CBSI3aHO CO
CTPYKTYypHO-(ODYHKIIMOHATBHEIME ocobenHocTsaMu ux [THC.
[TonoOHBIE 0COOCHHOCTH JTOJKHBI CITOCOOCTBOBATH OBICTPOI
1 3¢ GEeKTUBHON amanTaiuu 0coOel STUX BHIOB K JKU3HU
B YCIIOBHUSIX MOCTOSTHHOM HAacTOPOXKEHHOCTH M TOTOBHOCTH
«BBIIATH» OBICTPYIO PEAKIIMIO HA HEOXKHUIAHHO CHUITLHBIN 3BYK,
KaK IpaBuIIo, CHTHAIM3UPYIOIIHii 00 onacHocTu. PazBenenue
TPBI3YHOB B HEBOJIE, HEM30EIKHO COMTPOBOXKIABIIIEECs HHOPH-
JIMHIOM W TIEPEBOJIOM B TOMO3HTOTHOE COCTOSIHHE MHOTHX
I'€HOB, B YaCTHOCTH OTBEYAIOIINX 32 TAKOE OBEJICHNE, MOTJIO
croco0CTBOBATH (OPMUPOBAHHUIO (PEHOTHIIA, OTIIMIUTEITEHON
YepTOH KOTOPOTO SIBIISIETCS] PEAKIIUs Ha 3BYK B BUJIE CHavdasa
(hasel ObicTpOro Oera, a 3aTeM U CyIopor. AHaJIM3 3TOrO BO-
poca — OJJHA U3 «TOUEK POCTa» B MCCIIEIOBAHUN JKCIIECPHU-
MEHTAJIEHOTO STHJICITOTCHE3a.

I'enetnueckoe uccienoBanre AD Kpbic Hanbojee Moj-
pobHO mpoBeneHO MMEHHO Ha TUHUU KM, X0Ta maHHBIE
no muanssM GEPR u WAR toxe cymectBytor (PomanoBa
u np., 1976; Ribak et al., 1988; Faingold, 2002; Doretto et
al., 2003). Ogaaxo CIenHaNTbHOTO BHUMAHUS 3TOMY BOIIPO-
Cy HccIeoBaTeNid He yaemsumi. B nenom, B ommune ot AD
MBIILEH, XapaKTEPU3YIOLIECHCS OJJUTOTCHHBIM HACIEJOBAHUEM
(Skradski et al., 1998), y KpbIC 3TO TOIUTEHHBIH MTPU3HAK C BBI-
SIBJICHHBIM 3 (peKTOM reHoB-Moau(pruKaTopoB, mpuaem Ooiee
MOPOOHBIN aHAJIU3 TTOCIIETHETO JI0 CHX MOP HE MTPOBOJIMIICS
(®enotoBa u ap., 2005). IIpu cpaBHEHNH H3BECTHBIX CETOHS
JTAaHHBIX 10 (PCHOTUITMYIECKOMY TPOSIBIICHUIO ¥ TeHETHIECKOI
ocHOBEe AD KpBIC, MOXHO OTMETUThH J[BA OOCTOSATEIHCTBA.
ITepBO€e — OCTATOUHO BBICOKAsI KYHH()OPMHOCTBY MPOsIBIIC-
HUA AD y KpbIC, ONyYeHHBIX U3 nomymsiuid Bucrap (KM
n WAR) u Crparr—/loynmu (GEPR). Oto kacaercst cxoicrsa
CTa i MpUIaKka, GapMaKoIOrHdecKON 1yBCTBUTEIBHOCTH,
XapakTepa HeHpOXUMUYECKNX aHOMAJINH, a TaK)Ke MO3TOBOM
JIOKaJIM3aluy mpunaaka AD U ayJHMOTeHHBIX MHUOKJIOHHYE-
ckux cygopor. CoBnazeHue TeM 0ojee 3HaMeHaTeIbHO, YTO
JTaHHBIC TI0 IeJIOMY sy ocoOeHHocTel kpbic JmHun KM
(nosy4enHble npuMepHo 3a 20 JieT 10 nosiBieHus HHdopma-
uH 1o amepukanckuM JuHusSM GEPR) Obumi He M3BeCTHBI
aMEepHKaHCKUM aBTopaM. Bropoe oOcTosiTenbeTBO — 3HAYN-
TEJILHO OOJIee BBICOKas CY/IOPOXKHAsE TOTOBHOCTB Kpbic KM k
Pa3BUTHIO ayTHOT€HHBIX CYZJOPOT MO CPABHEHHUIO C KAPTUHOH
AD y muauit GEPR 1 WAR, a Taxoke uX MoBBIIIICHHAS 00IIIast
CYIOPO’KHAsl TOTOBHOCTh — PEAKLIUs Ha IOJIIOPOTOBYIO JI03Y
KoHByAbcaHTa kKopasona (Fedotova et al., 2016). ®aza 6picTpo-
ro 6era u TOHU4YECKHE CyJJOPOTH Pa3BUBAIOTCS Y KPBIC IMHUT
KM crpemuTenbHO («IOJHBI MPUIa 0K 00HAPYKUBAETCS K
7—8 ¢ moce BKITIOUCHHS 3ByKa), 4eTo He onmncano Huy WAR,
a1 y GEPR (X0Ts mospoOHBIX IMyONIHMKaIuii 0 mapamerpax
npunaakoB AD y KPbIC ITUX JIMHUH HE 0OHAPYKEHO, KaK HET
U JAaHHBIX 00 U3MEHEHUSX B OBICTPOTE Pa3BUTHUSI CYJOPOT T10
XOJy CEJICKIIUH JIMHUH).

B Hacrosiiee Bpemsi B 1aboparopuu pU3MOIOTUU U TeHe-
TUKHU TIoBeneHns (Omonorndecknit paxynsrer MI'Y) cozna-
HBI ITyTEM CEJICKIIMH JIBE HOBBIC JINHUH KPBIC, UCCIICIOBAHUE
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leHeTnyeckan NMHUA Kpbic KpywnHckoro-MonogKkmnHom
KaK yHMKaNbHasA 3KCNepuUMeHTasnbHas MoLesb CyLOPOXKHbIX COCTOAHNI

KOTOPBIX B COYE€TAHUU C JaHHBIMHU 110 KM — OJIHA M3 TOYCK
pocra uccnenoanusi AD B HameM KoyuiekTuBe. McxomHon
TOMYJISIIAEH JUTS CO3JaHuUs] 3TUX JINHUN OBLUTH KPBICHI-THOPH-
abl F2 (KM x Bucrap). Jlnst 9T0ro ckpeuyBaHus BbIOpasin
KpeIic Buctap, He o0HapyxuBaBmX AD MPH TPOEKPaTHOU
(c MHTEPBAJIOM B HECKOJIBKO JHEH ) 9KCMOZUIMN UX ICHCTBHUIO
3ByKa. B najibHeeM IpoBeieHbl BO3BPATHBIE CKPELIMBAHUS
rubpunoB F2 na pomurensckyto a0 KM (Dexotosa u ap.,
2005) ¢ mocneayronmm 0TO0pOM Ha BEICOKYIO HHTEHCHBHOCTh
AD u Ha ee orcyrcTBHe. Takum 00pa3oM, OAHY M3 JIMHUH
(yrHIS «0») CENeKTUPOBAN HAa OTCYTCTBHE CYJOPOT B OTBET
Ha 3BYK (KpUTEpHil — IMosTHOe oTCyTCTBHE AD IIpH TpOEKpar-
HOMW 3BYKOBOH 3Kcro3unuu). Bropyto nuuuio (IUHUS «4»)
CEJIEKTUPOBAJIN Ha BBICOKHE ToKa3arernn AD («4» — ycioB-
HBII Oaimn cygopor AD, COOTBETCTBYIOIINH e¢ HanOOIIbIIeH
MHTEHCUBHOCTH). X0 CENEKLUH 3TUX JINHUI U €€ Pe3yIbTaThl
OTIMCaHBI OT/ACTBHO (ToapoOHee cM. DenoToBa u p., 2012).
OTMeTnM, 0IHaKO, 9TO Ha ypoBHE 30-TO TIOKOJICHUSI CEJICKIINT
9THUX JUHUH y Kpblc TuHUU «0» He momydyeHo 100 % oTcyT-
CTBHS CYJJOPOT B OTBET Ha 3BYK, YTO MOKHO PACCMaTpPUBAThH
KaK KOCBEHHOE MO/ITBEP)KICHUE BHICKA3aHHOTO BBIIIE TIpeI-
IMOJIOXKEHHUS O Ba)KHOCTH MHTEHCHUBHOM PpC€aKkuu Ha 3BYK B
6uonorun rpe3yHoB. K HacTosImeMy BpeMeHHU TOI00HBIX
9KCIIEPUMEHTOB C JIPYTUMH JIMHUSIMH KpPbIC, TPEIPACIIONo-
JKEHHBIMU K AD, HE POBOAMIIOCH.

C BOTIPOCOM TeHETHIECKOH OCHOBBI AD 1 «KOMOPOHIHBIX)
9TOMY INIPHU3HAKY IATOJIOTHYECKUX MPU3HAKOB CBS3aHBI He-
JaBHO MNOJYYCHHBIC JTaHHBIC MO PCAKIHUU KPbIC YCTHIPEX I'C-
HoTH1OB (KM, «4», «0» 1 Bucrap) Ha XpOHHYECKOe BBEICHHE
MHrHONTOpa 0OPATHOTO 3aXBaTa MOHOAMHUHOB ()TyOKCETHHA
(Sarkisova et al., 2017). Hcrnonb3oBaHue B 3TUX IKCIEPH-
MeHTax muHul «0» 1 «4» Hapsaxy ¢ KM u Buctap mo3Bommio
MoKa3ark, 4To Hanu4ue y Kpoic AD (KM u «4») u ee orcyT-
ctBue («0» u Bucrap) He CBA3aHO C pa3IMYUSIMU B IPOSB-
JICHUH TPEBOKHOCTH U CKIIOHHOCTH K PA3BUTHIO TMOJOOHBIX
JIeTIpeccuy CocTOsiHMI. BBenenue antunenpeccanra ¢uyo-
KCETHHA MPAKTHYECKH HE M3MEHUWIIO «PHCYHKA» Pa3IM4ui,
00HAPYKEHHBIX y KPBIC 3TUX T€HOTHUIIOB 0 HHBEKIUH. DTH
JTAaHHBIC CBUJICTEIBCTBYIOT O B)KHOCTH POJIM TeHETHYECKOTO
(hoHa, Ha KOTOPOM IKCIIPECCUPYETCS MATO(PU3NOTOTUIECKHUI
MIpHU3HAK B 0011eH peHoTnnmaeckon kapruae. OTMETHM, 9TO
ecJiu OBl B MICCIIEIOBAaHUH MCIIOIB30BAIIH TOJIBKO KPBIC JIMHUH
KM u Bucrap, To ObLI0 OBI ITOJIyYCHO YKa3aHHUE Ha CYIICCTBO-
BaHHNE «KOMOPOUITHOCTH» AD, TPEBOKHOCTH U CKIIOHHOCTH
K JICTIpecCHH. DTH JaHHbIE CIyKaT MPUMEPOM TOTO, YTO B
HeMpOOMOIOTNUECKUX UCCIIEIOBAaHMUSX, B 0COOCHHOCTH TIPH
aHaJIM3e CIOKHBIX IPH3HAKOB C MOJIMTCHHBIM OTPEIEIEHHIEM,
HEOoOXO0IMMO YUHTBIBATh M 00IINE TeHETHYEeCKEe 0COOEHHO-
CTH, TAaKHMEC KaK CXOACTBO UJIHU pa3/iniusa B rCHETUICCKOM (I)OHC
JIVHUH, Pa3JINYaroNIIXCs 10 KAKOMY-TTH00 KOHKPETHOMY TIPH-
3HaKy (B Hamem npumepe — AD). DTo 0cOOCHHO BaKHO JISt
Clly4yaeB, KOI/ia TaKoW NPU3HAK MOJICIMPYET MaToJIOTHUECKOe
cocrosuue [{THC genoBeka. Takum 06pa3oM, HCTIONB30BaHHE
tpuaasl A (KM, «0» 1 «4») 1ocTarouHO MEepCreKTHB-
HO B (hapMaKoJOrM4eCKUX HCCIEJOBAHMSX, HAIPUMEp TPH
MPEKIMHUYECKON anpoOanny HOBBIX MPOTHBOCYIOPOKHBIX
areHToB. JlanHas mpodema (ITOMCK HOBBIX aHTHUAIIMIICIITHYC-
CKHX CPEIICTB) TeM 0OoJice aKTyajbHa, 4TO y OOJIBIION YacTu
OOJNIBHBIX AMMIICTICHEH IPUITAIKN HE MOJJIAI0TCSl KOPPEKIIUH
COBpPEMEHHBIMU (PapMaKOJIOTHUECKUMH BO3ICHCTBUSAMH.
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Hcnonbp3oBaHne yka3aHHbBIX TPEX JIMHUM J1a€T BO3MOXKHOCTh
OoIee MOTHOTO aHANM3a AyTHOTEHHOM MUJIETICHU Kak Ono-
JIOTHYECKOTO (peHOMEeHa (aHAIIN3 POJIU CITyXOBOW CHCTEMBI B
PEaKIMy IPhI3yHOB Ha OIACHOCTH), M B YaCTHOCTH HCCIIEJ0Ba-
HUS POJIN TOMECTHUKAIIMOHHBIX H3MEHCHUN B YCUIICHUH dTHX
MpHU3HAKOB. V3yueHne TpHaIbl STHX JIMHUH MOXKET MPOJTHUTH
CBET Ha MPHUPOAY aHOMaJUi, CBOMCTBEHHBIX KpbicaM KM
(Hampumep, HapyIIeHUH MO3TOBOTO KpoBooOparieHus). B Ha-
CTOSIIIIEE BPEMsI TOCTATOYHO IPOOIEMaTHYHO UCCIICIOBATh ATH
ocobeHHOCTH AD MEeTolaMi COBPEMEHHOW MOJIEKYIISIPHOM
TEHETHKH 1 UMEIOINMHUCS B Jaboparopun cpeactBamu. Emie
OJTVH W3 IIEPCIICKTUBHBIX ITOJXOI0B B M3y4eHUU AD — OIIeHKa
ornaneHHbIX 3 (eKToB HeOHATAIBHBIX Bo3iecTBuil Ha [THC,
B 4aCTHOCTH Ha AD y kpsic 1uHHU KM. 310 MOTYT OBITH 1
(hapmakonorndeckue, u pusmdeckue areHtsl ([lomeraea u
np., 2012; denorosa u ap., 2017). OTnanseHHble TOCIEICTBUS
B BHJIC€ N3MEHEHHUS KAPTHHBI CYIOPOT N MOIYJISIINA HX
WHTCHCUBHOCTH MOTYT OBITh YKa3aHHUEM Ha CYIICCTBOBAHHE
ONUICHETUYCCKUX MEXAaHU3MOB PEryIsalun BO36y)11/lMOCTI/l
IIHC, xoTopsle MOTYT y4acTBOBaTh B 3THX mporeccax (Po-
letacva et al., 2014).

B T0 %€ BpeMs B MOJEIIAX ayINOT€HHOM 3MUIIEIICUH, KOTO-
PpBIe BaYKHBI 1711 HOHUMAHUS OOIIMX MPOIIECCOB AIHIICTITOTE-
HE3a, MaJIO UCTIONB3YIOTCSI COBPEMEHHBIC METOIBI, B YaCTHO-
ctu onrrorenetnyeckue (Bentley et al., 2013; Paz, Huguenard,
2015). OnToreneTyecKue UCCIEIOBAHUS yXKE TAIOT TOCTa-
TOYHO Ba)KHBIC ¥ MH(POPMATHBHEIC PE3YJIBTATHI IIPU HCIIOTh-
30BaHUM APYTrUx Mo,uenei& OITWJICTICUHU, B YACTHOCTH I'CHCTH-
YECKOI MOJIeNH «MaJbIX mpumaakoB tuHun Wag/Rji (Wagner
et al., 2015), monenu status epilepticus (Sukhotinsky et al.,
2013). ITono6ubie uccnenoanus (Walker et al., 2013; Zhao et
al., 2015) cHOBa MOAHUMAIOT BayKHBIH BOTIPOC O POITH 00IIeH
Bo30ymuMoctr [[HC B rerese maroJormuecKuX COCTOSHHIM,
a BO3MOXXHOCTH, KOTOPBIE MOXKET JIaTh UCIIOJIb30BAaHHE OIITO-
TEHETHYECKOTO ITOIXO0/A B ICYCHUH CYOPOT (HE 0053aTeNbHO
«OMATCTITHYCCKOTO» MPOUCXOKICHHUS ), 3aCTABISIIOT CHOBA
HaIOMHUTh O BaKHOCTH OOLIEOMOIIOTHYECKOTO MOJIX0Aa K
9TO# Ipobieme. MOXKHO rmoJlaraTh, YT0 UMEHHO KOMOMHATINS
Pa3HBIX ITOJIXO/IOB B UCIIOIb30BAHUH TAKOW MOJICIN CYIOPOXK-
HBIX COCTOSTHMH, Kak AD (1 auHus kpsic KM kak omHa u3
Hambosee BICOKOI(P(PEKTUBHBIX BApHAHTOB MOJICTICH TOHH-
YECKHUX CYIOpOT), HauboJiee MepCreKTUBHA TS TATbHEHIITNX
uccienoBaHuil. OIHAKO TaKKe MOIXO/IbI, 110 BCEH BUANMOCTH,
HEIOCTATOYHBI JJIS BBISIBICHHUS COOCTBEHHO T€HETHYECKHX
OCHOB COCTOSTHHSI ITOBBITIICHHON CYZJOPO’KHOM TOTOBHOCTH.

Bo3Bpamasice K yrnomsiHyTOM B Hadajie CTaTbU MBICIU O
TOM, YTO OOIIHEe 3aKOHOMEPHOCTH 3KCIIPECCHH B (DEHOTHIIE
CJIIO)KHBIX MPU3HAKOB, KAKUMH SIBIISTIOTCS TPU3HAKH TIOBE-
JACHUA, HEC BCCraa AOCTYIHBI «IPAMOMY» I'€HETUYCCKOMY
WCCIIEIOBAHMIO. B Taknx CilydasX TEHETHYECCKOMY ITOIXOIY
JIOJDKHBI MPE/IICCTBOBATh TIIATEIBHBIA (PH3HOIIOTHICCKHIA
aHaJIM3 U YUEeT BIUSIHUS TAaKUX (MOXET OBbITh, U «XMHHOPHBIX))
(hakTOpOB, KaK 0COOEHHOCTH TEHETHYECKOTO (DOHA JTMHHH.
OTH TPYIHOCTH, €CTCCTBCHHO, OMPEACISIOTCS CIOXKHBIMU
B3aUMOJICHCTBUAMU MEXKIY CTPYKTypaMM MO3ra, KOTOpPbIE
CIIOKMIIACH B PE3yJbTaTe pealu3alliil TeHETHUECKN JeTep-
MUHHPOBAHHON MPOTPaMMBI €TO PA3BUTHS, MEXKIY Pa3HBIMA
10 XUMU3MY U pa3Maxy HOPMbI PEaKLIM1 HEHPOTPAHCMUTTEP-
HBIMH CHCTEMaMH (JTake B TIPEIeNIax OHOTO OT/IeNa MO3Ta),
BO3MOXKHOCTBIO DTIUTCHETUYCCKON PETYISIUN MPU3HAKOB
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The Krushinsky—Molodkina genetic rat strain
as a unique experimental model of seizure states

NoBe/IeHus (B HAILIeM Cllydae — ayJuoreHHoi snmitericun) (Po-
letaeva et al., 2014).

O4YepTUTh «IPOTPaMMY» HATbHEHITUX HCCICIOBAHUN
snuienTtorenesa y kpoic auHuu KM npencrasnsercs 3agadei
W HEJETKOH, M He o4eHb OmaromapHoil. Pasymeercs, oOmmuit
porpecc B MPUMEHEHUH COBPEMEHHBIX METO/IOB aHaJu3a,
B TOM YHCJIC U ONTOTCHETUYCCKHX, MOXKET CIIOCOOCTBOBAThH
OTBICKAaHHUIO «IEPBONPHUNH» AD TPHI3YHOB, B YaCTHOCTH B
BBISIBIICHHH YYaCTKOB MO3Ta, HanOoJiee BaXKHBIX JIJIS TeHe3a
npumnaakoB A3 (T.e. TeX CTPYKTYp, KOTOPbIE MOKHO CUHUTATh
KITIOueBBIMH) (cM., Hanpumep, Comtoc u f1p., 2016). Becema
MEPCHEeKTUBHBI UccenoBaHus cBsi3u AD Kkpbic TuHuM KM ¢
0o0mUMH (HPU3NOIOTUICCKUMU OCOOCHHOCTSMHU MOBEACHUS
9THX JKABOTHBIX, a Takke OoJyiee MOIPOOHBIN aHAIN3 OTJa-
JICHHBIX TTOCJICJCTBUI HEOHATAIBHBIX BO3ICHCTBUH, OOHA-
PYKMBAIOLINX MOAYISITOpHOE BiausHUE Ha AD. /laHHbIe 00
Y9acTH{ TEHOTHIIA B (YOPMHUPOBAHIH MTOBHIIICHHOHN CYTOPOXK-
HOM roToBHOCTH KpbIc TMHUKM KM noka3bIBatoT, 4To HeHpore-
HETHKA — OJ{HA U3 HAauOOJIee CIOKHBIX BETBEH COBPEMEHHOM
HelpoOnoIoTHH.

B 10 k€ Bpems B U3yUEHUU 3TUX BOIPOCOB 3a MOCIEIHUE
JIECATUIIETHSI IOCTUTHYT CTOJIb 3HAYUTENbHBIN Mporpecc, a
MEePCIIEKTUBB MCCICIOBAHUI MPEACTABISIIOTCS HACTOIBKO
WHTEPECHBIMH, YTO HAIITN YIUTENSI OBLITH ObI HE TOIBKO H3YM-
JICHbl HOBOM KapTHHOW MO3ra B CBETE POJIM I€HOTHIA, HO,
BO3MO)KHO, YBHJIEIN OBl B TAKOM Pa3BUTHH HAIINX 3HAHUN
M CBOM BKJIAJI.
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Revisiting two hypotheses on the “domestication
syndrome” in light of genomic data
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Domesticated mammals of many different species share a set of
physical and physiological traits that are not displayed by any of their
wild progenitors. This suite of traits, now termed the “domestication
syndrome” (DS), has been a puzzle since Charles Darwin discovered it.
Two general explanations of its basis have been proposed, which in
principle, could also apply to other vertebrates, such as fish and birds,
whose domesticated varieties show some of its elements. The two
ideas are termed here, respectively, the thyroid hormone hypothesis
or the THH, and the neural crest cell hypothesis, the NCCH. The two
ideas make distinctly different genetic predictions. Here, the current
relevant evidence from genomics is evaluated and it is concluded that
the NCCH has more support. Nevertheless, one set of observations,
from chickens, suggest a potentially important role of altered thyroid
metabolism in domestication. In addition, recent studies indicate the
possibility of additional genetic factors in domestication, affecting
tameness and sociality, that may go beyond either hypothesis. The
tasks that lie ahead to fully ascertain the genetic bases of the “domes-
tication syndrome” and the behaviors that characterize mammalian
domestication are discussed briefly.
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«CUHIPOM OIOMAIIIHMBAHUS»
B CBeTe 'eHOMHbIX JJaHHBbIX

A.C. Yuakuuc

NHCTUTYT TeopeTnyeckoii brionorumn bepnmHckoro
yHuBepcuTteTa um. flymbonbaTa, bepnuH, lepmanna

[lomecTLMpOoBaHHblE MIEKONUTaoLME Pa3HbIX BULOB
MMeIoT 06w HAbop GU3NUYECKUX 1 GU3NOSTOTNYECKIX
NPU3HAKOB, KOTOPbIX He ObIIO Y NX AVNKMX NPESKOB.
COBOKYMHOCTb 3TUX NMPM3HAKOB, Ha3biBaemas «CUHAPO-
MOM OZJOMaLLH1BaHUA», OCTAETCA 3arafjKol CoO BpeMeH
Yapnb3a [JapBuHa, OTKpbIBLLETO 3TOT PpeHOMeH. B Ha-
cToALLee BPeMa CyLLeCTBYIOT fiBe obLyme rmnoTesb,
06BACHSAIOLLME 3TO ABIEHME, KOTOPbIE OTYACTLN NpU-
MEHWUMbI 1 K APYrIM NO3BOHOYHbIM, Hanpumep pbibam
1 nTmyam. OfHy 13 3TUX r’MNOTe3 Mbl Ha3blBaem runoTe-
301 TpeounaHbix ropmoHoB (THH), a apyryto - runo-
Te30W Knetok HepeHoro rpe6Hs (NCCH). Kaxkpas n3
rmnoTes NPMBOAMUT K COBEPLLEHHO Pa3HbIM BbIBOAAM
Ha ypoBHe reHeTrKn. OCHOBbIBasACb Ha aHan13e no-
CcnefHNX JaHHbIX TEHOMHbIX UCCIeOBaHNIA, UMEeIoLLMX
OTHOLLEHUE K 06CYyKAaeMOMy BOMPOCY, Mbl MPULLAN K
BbIBOZY, UTO 601ee 060CHOBaHHON BbIMAAMUT rMnoTesa
NCCH. Tem He meHee pAg HabnoAeHWI, CAeNaHHbIX Ha
Kypax, yKa3blBaeT Ha MOTEHLManbHO BaXHYI0 POJb 13-
MEHEHHOro MeTabonm3ma TMPEoVAHbIX FOPMOHOB LA
npotecca ogomallHBaHuA. Kpome Toro, HegaBHue
NCCNefoBaHUA YKa3biBaloT Ha BO3MOXXHOCTb CYLLECTBO-
BaHMVA JONONHUTENbHbIX GaKkTOPOB OAOMALIHMBAHNA,
OKa3blBaloLMX BAVAHME Ha NPYPYYaeMOCTb 1 coumanb-
HOCTb U He yUMTbIBaeMbIX HU OLHOW 13 paccmaTpuBa-
embix runotes. KpaTko o6cyxatoTcs 3ajauu, Hanpas-
NEHHblE Ha BbIAB/IEHVE FeHETNYECKNX OCHOB «CUHAPO-
Ma OZIOMaLLHUBaHWA» U OCOBEHHOCTE MOBEAEHNS,
cneuneuUUHbIX AN NpoLecca oAoMalLHUBaHUA MI1eKo-
NUTAIOLLKIX.

KntoyeBble COBa: OAOMALLHNBAHNE XKNBOTHbIX; <CVH-
[OPOM OfOMaLLHVBaHKAY; Yapnb3 lapBuH; CpaBHU-
TeNbHaA FEHOMUKA; HEOTEHUS; KITETKN HEPBHOIO
rpebHs; MeTabonn3mM TMPeOongHbIX TOPMOHOB.



arious mammalian species, was crucial for the develop-
ment of human civilizations (Diamond, 1999; Larson et
al., 2014; Francis, 2015). Involving more than 20 mammalian
species, and a few bird and fish species, animal domestica-
tion commenced in different places on different continents
at different times but took place primarily during the past
11-10,000 years, following the rise of agriculture (see Larson
etal., 2014, Fig. 1). (The dog is one species, however, whose
initial domestication took place considerably earlier, and per-
haps twice, independently, probably more than 15,000 years
ago (Frantz et al., 2016).)

Given the historical importance of the domestication of
mammals, it is of great interest to understand both its historical
roots and its biological basis. Although there are many specific
questions about the histories of the different domestication
events, the places and approximate dates for many species are
increasingly well known (Larson et al., 2014; Francis, 2015).
The biology underlying domestication, however, presents a
major puzzle. Although the domestication of each species must
have involved direct or indirect selection for docility (lack
of fear) and tameness (ability to be handled by humans), the
domesticated breeds of the different mammalian species all
share a distinctive suite of physical and physiological traits,
not seen in their wild progenitors. The suite of traits is neither
universal amongst species nor amongst all breeds of a given
species (Sanchez-Villagra et al., 2016). Nevertheless, it is
sufficiently generic to be seen as a signature feature of mam-
malian domestication. The relationship of these traits to the
initial selected traits of docility and tameness, however, is not
readily apparent. The particular secondary morphological and
physiological traits that mark the domesticated state include:
floppy ears, smaller jaws, smaller teeth, pigmentation changes
in the coats (toward white and brown spots), reductions in
adrenocortical hormone titers, increased frequency of estrus
cycles, reduction in brain size, and alterations in concentration
of several brain neurotransmitters. (For a comprehensive tally
of which domestication-specific traits appear in the different
mammalian species that have been domesticated, see Figure 1
of Sanchez-Villagra et al., 2016.)

This condition has been dubbed the “domestication syn-
drome”, abbreviated here as the DS. The term itself appears
to have been first used in connection with a parallel set of
observed commonalities amongst domesticated plants (Ham-
mer, 1984) but was later applied to animals (Larson et al.,
2014; Wilkins et al., 2014). (Some authors, however, prefer
the term “domesticated phenotype” to avoid the implication
of illness associated with the word “syndrome”, e. g. (Leach,
2003).) That these traits are a product of domestication itself
rather than a condition that developed independently and
subsequently in each line is shown by their rapid appearance
during the experimental domestication of foxes, rats and mink,
which involved selection only for increased docility (Belyaev,
1974; reviewed in Trut, 1999). This shows that the genetic
factors underlying tameness are linked in some way with the
physical and physiological traits of the DS.

e domestication of animals and, in particular, that of
| v

Darwin’s discovery of the DS
The search for an explanation of the DS began with the man
who discovered the phenomenon (although he did not name
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it): Charles Darwin. He had been trying to develop a theory
of the nature of heredity since at least the early 1850s and in
1868 published his monumental work on heredity, Variation
of Animals and Plants under Domestication (Darwin, 1868).
Darwin was writing decades before there was an experimental
science of genetics, or even any kind of theoretical framework
for understanding biological inheritance, and he had to rely
on the work of animal and plant breeders for the data he col-
lected. In the course of compiling all the information for his
monumental work on heredity, he noticed that domesticated
breeds, regardless of species, tended to share a common set of
visible traits, most of those listed above. (The physiological
traits of the DS were discovered much later, however.)

There are two particularly puzzling aspects of the condition.
First is the variety of the different traits of the DS, which share
little immediate obvious connection with each other. Second is
the fact that the initial selection in each instance of domestica-
tion was almost certainly for tameness, permitting humans to
get close to the animals involved. (This pertains even to the
evolution of dogs from wolves, where there may not have been
deliberate taming by humans but a self-selection of individual
animals who neither attacked nor fled from people around
human settlements.) The other traits were apparently dragged
along as consequences of the initial selection, through poorly
understood connections. This phenomenon, in which selection
for one trait brings in train one or more additional, unexpected
traits, Darwin termed “unconscious selection” though perhaps
“unintended co-selection” might be more apt.

Darwin’s own explanation of the phenomenon was neither
totally self-consistent nor complete. He wanted to ascribe these
changes to the gentler “conditions of living” provided by the
anthropogenic environment but he also realized that in many
cases, the characteristics were or had become heredity, hence
not solely a function of the anthropogenic environment. Fur-
thermore, he could not explain why the particular traits seen,
and not others, were the ones that appeared in association with
the domesticated state. It is, of course, not puzzling that he
himself could not answer the question in the 19t century, even
approximately, given the general ignorance of Mendel’s work,
which would eventually provide the foundations of modern
genetics. What is perhaps more surprising in retrospect is that
20™ century genetics also failed to solve the problem. Some
heroic and important large efforts were made, however, and
a significant start was made with the work of the pioneering
Soviet geneticist Dmitry Belyaev and his colleagues from the
early 1960s onwards (Belyaev, 1974, 1979; reviewed in Trut
et al., 2009), but the answer remained stubbornly elusive.

Today, in principle, comparative genomics should be able
to provide the solution via comparisons of the genomes of
domesticated animals with those of their respective wild
progenitors. This work so far, however, has not yet produced
a clear answer. There are two difficulties that impede a solu-
tion. One is that, often, a reference “wild” progenitor strain is
not always known or still extant; there are ways around this,
however (as discussed below). A second difficulty is that often
a wealth of genetic differences is found in each comparison
between domesticated breeds and their putative ancestral
stock. The challenge is to isolate those that were crucial to
the initial domestication from all those that may have arisen
subsequently during domestication. In effect, there are many
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“domestication genes”, the majority probably being those
that accrued well after the first events and amplified by the
selective breeding that later ensued. Some, perhaps many, of
those genetic changes might have involved genetic drift after
various bottle-necks in breeding while numerous others would
be consequences of selection for particular breed-specific
characters. Still others may reflect the fact that domestication
may mobilize transposable elements whose movements create
more genetic changes (Glazko et al., 2014).

Altogether, the problem of identifying the genes involved in
the initial events of domestication is not so much the equivalent
of finding a single needle (a putative causative “domestication
gene”) in a haystack (the genome) as finding what is probably
a set of specific needles (the initially selected domestication
genes that trigger the DS) within one relatively small haystack
(the total set of “domestication genes”) that itself'is dispersed
throughout a much larger haystack (the genome). A further
complication is that, from what is known today, nothing de-
mands that the initiating domestication genes were always the
same. In effect, there need not be a universal set of such genes;
the genomic findings, reviewed below, confirm this. “Do-
mestication” thus may consist of a set of conditions, or even
be a continuum of states, underlain by a variety of different
genetic changes (Vigne, 2011; Sanchez-Villagro et al., 2016).

Two hypotheses

To aid the process of identifying the relevant initial domes-
tication genetic changes, however, it would help to have a
hypothesis about the DS. In principle, that organizing idea
could help focus the search. The hypothesis should be one
that links genes and development since all the traits of the
DS are initiated by events taking place during embryonic and
fetal development. Indeed, two such ideas have been offered.
The first focuses on thyroid hormones and the possibility
of timing shifts in development (so called “heterochronic”
changes) due to altered concentrations of these hormones in
early development. Though not named by its proposer, I will
call it the “thyroid hormone hypothesis” or THH. The second
posits a crucial role of alterations in neural crest cell develop-
ment in the early embryo in generating the phenotypic changes
seen in the DS. It will be labeled here “the neural crest cell
hypothesis” or NCCH.

The THH was proposed by Susan Crockford (Crockford,
2002). Its basic premise is that the DS is a reflection of “neo-
teny”, a genetic shift leading to an extended juvenile develop-
mental phase before sexual maturity is achieved. Neotenous
features associated with domestication include floppy ears,
smaller jaws, and certain behavioral traits signifying prolonged
juvenility. Other features, however, such as the pigmentation
changes and more frequent estrus cycles do not readily fit this
description. Furthermore, it has been questioned how general
even behavioral neoteny is in domestication, though it cer-
tainly exists in dogs (Price, 1999). If tameness itself, however,
is seen as a neotenous trait — and younger animals are often
less frightened and more readily handled than adults — then
domestication as a whole might be seen as a form of neoteny.

Since thyroid hormones play key roles in regulating the rates
of growth and maturation in animals, the hypothesis assigns
a major role to the thyroid hormones. In this interpretation,
domestication involved selection for genetic changes that

DBONIOLMOHHasA reHeTnkKa

2017
214

A.C. YnnkuHc

regulate thyroid hormone concentrations or sensitivity to those
hormones, triiodothyronine (T3) and its precursor tetraiodo-
thyronine (T4). These hormones have long been known to
affect postnatal and juvenile development but are now known
to be produced during embryonic and fetal development as
well. Since in postnatal development, their concentrations tend
to be higher in juvenile stages than later, the genetic changes
involved in the initial stages of domestication and the develop-
ment of the DS would presumably have involved, under the
assumption of neoteny in domestication, longer-lasting high
thyroid hormone levels in post-natal development. There is
some support for such correlations: bonobos, Pan paniscus, a
putatively neotenous and “self-domesticated” species of chim-
panzee (Hare et al., 2012) has significantly extended periods
of thyroid hormone production compared to the related non-
neotenous species, Pan troglodytes (Behringer et al., 2013).

Given the central role of altered thyroid metabolism in this
hypothesis, the idea predicts that genetic changes in thyroid
hormone concentrations, or sensitivities to them, underlie
the DS. In principle, single gene changes or a very small
number of genetic changes should be capable of producing
such. Thus, though this is not stated in Crockford (2002),
the genetic prediction of the THH is that domesticated lines
should show one or a small number of changes in genes
involved in thyroid hormone metabolism, which are not seen
in the presumed progenitor wild strains. (Conceivably, the
mutations could affect the development of the thyroid gland
but that seems less likely since such mutations would be
more likely to have strongly deleterious effects.) The THH,
of course, does not exclude the possibility that domesticated
animals will have many other, additional genetic differences
from their wild forebears but posits that the number of genes
needed to initiate domestication is small, even in the limiting
case, single gene mutations.

The other hypothesis, the neural crest cell hypothesis or
NCCH takes a different starting point: the fact that most of
the affected features in the DS are linked through a shared
cell type in their development, namely the neural crest cells
of the early embryo. Wilkins et al. (2014) proposed that all
the “phenes” (single phenotypic traits) of the DS might be ex-
plained by relatively small deficits of neural crest cells in their
final locations — relative to the progenitor wild breeds — after
these cells have migrated in early embryonic development
from the dorsal side of the neural tube. In this view, selection
for docility and tameness — presumably the initial step in do-
mestication — entails selection for those properties produced as
a consequence of mild neural crest cell deficiencies in develop-
ment. They further suggested that docility in the early stages
of domestication specifically reflected smaller adrenal glands
(which derive in part from neural crest cells) producing lower
concentrations of adrenocorticotropic hormones, leading to
delayed and/or reduced “fight-or-flight” responses (Wilkins et
al., 2014). (Domesticated rats and foxes, in fact, have smaller
adrenal glands than their wild counterparts and produce lower
concentrations of adrenocorticotropic hormones.) This is not
the only conceivable pathway toward docility and tameness
but it is reasonable and consistent with the evidence.

In contrast to the THH, the NCCH posits genetic com-
plexity, indeed a polygenic basis for the DS. Although many
genes are known that affect and are required for neural crest
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cell formation, migration or correct cellular differentiation
of the cells that form from them, there are no known single-
gene mutations in any species in this set of genes that create
the DS, although a number of single gene mutations in this
group of genes generate some features of the DS, especially
pigmentation changes and mild alterations in craniofacial
features (Wilkins et al., 2014). While severe loss-of-function
mutations in these genes tend to produce lethality or neu-
rocristopathies, mild loss-of-function mutations should, in
principle, be viable. In this explanation, the DS is a product
of the additive (or perhaps synergistic) effects of partial loss-
of-function mutations in several, perhaps many, neural crest
cell genes in each domesticated line of animals. Hence, the
prediction of the NCCH for genomic data is that the genomes
of domesticated animal lines will show a number of variant
neural crest cell genes that are not seen in the ancestral or
surrogate progenitor wild-strain genomes.

When alternative hypotheses are proposed, it is often the
case that both capture some aspect of reality. In this particular
case, it is worth noting that while the study of thyroid hor-
mone effects has been most extensively characterized in fetal
development, thyroid hormones are also produced, though at
low levels, in embryos and have long been suspected to have
developmental effects in that stage. This has recently been con-
firmed in a study showing that inhibition of thyroid hormone
receptor action, either by drug inhibition or knock-down of
expression, strongly reduces neural crest cell migration (Bron-
chain et al., 2016). Thus, it might be possible to link the two
hypotheses by postulating that the “domestication syndrome”
reflects minor neural crest cell deficits as a consequence of
mild decreases of thyroid hormone during embryonic develop-
ment or partial loss-of-function mutations in the receptor(s).
This suggestion, however, conflicts with the idea that the
neotenous characteristics associated with domestication are
most readily explained by increased duration and signaling
of thyroid hormones (see above). Nevertheless, the connec-
tion between thyroid hormones and neural crest cells should
be remembered in considering the possible developmental
foundations of domestication.

Comparative genomic analysis:
evaluating the two hypotheses
In principle, as noted, comparative genomic analysis should
be able to test the two ideas since they make such different
genetic predictions. To do these comparisons requires an
appropriate reference genome, namely that of the putative
wild stock from which the domesticate strain had been bred.
Nevertheless, even if such an ancestral stock is unknown or
presumed extinct, the situation is not hopeless if genomes
can be recovered from preserved bones of the presumed an-
cestral type. Below, some of the more relevant and extensive
studies, grouped by species, are reviewed. In the discussion,
the term “neural crest genes” will refer to those genes active
and required in early neural crest cell development or those
activated distinctively in cell lineages derived from neural
crest cells. In what follows, many interesting genomic facts
will be omitted, to keep the focus on those genetic differences
that bear specifically on the two hypotheses.

Horses. The first extensive horse genomics study involved
the comparison of genomes from six present-day domesticated
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breeds with Przewalski’s horse (a wild line of horses that is
not the precursor of domesticated species but may be closely
related to that stock) and those from two horse fossils from
the late Pleistocene, approximately 43,000 and 16,000 years
before present (BP), dates that well precede horse domestica-
tion (estimated at 5,500 years from the oldest agreed fossils
of domesticated horses) (Schubert et al., 2014). Using several
tests to detect which genes and genomic regions had undergone
selection in the domesticated horse genomes, the authors con-
centrated on 125 target genes detected by these tests, which
had already been implicated as contributing to physical or
physiological features of domesticated horses. This set of
genes largely excludes the key early developmental genes
that are the focus of both the THH and the NCCH. Neverthe-
less, two neural crest cell genes, the K/7 and MCIR genes,
known to be expressed in pigment-generating tissues derived
from neural crest cell genes, were found to show evidence of
having undergone selection. Such selection, however, could
well reflect later events in domestication, not those involved
in generating the DS.

More informative comparisons, with respect to early events
in horse domestication, were presented in a recent paper by
Librado et al. (2017). They sequenced and analyzed the ge-
nomes of 14 horse skeletons from three locations in northern
Asia, dating to between 4.1 and 2.3 thousand years ago.
Using a new analytical method, LSD (Levels of exclusively
Shared Differences), they detected evidence of selection for
a variety of genes early in horse domestication. In particular,
the analysis picked out a number of genes involved in neural
system development, probably associated with cognitive and
behavioral differences in domestication. Of special interest
here, however, they also detected three neural crest cell genes,
TCOF1, KITL, and FGFRI. These genes play roles in such
properties as neural crest cell morphology, ear shape, cranial
mesenchyme, and development of the mid-brain nucleus, the
substantia nigra (the latter containing neural crest cell-derived
dopaminergic neurons). The authors state, “Our findings thus
support the neural crest hypothesis of animal domestication”.
No genes involved in thyroid metabolism were indicated as
having been detected.

Cats. The principal cat genomic analysis to date used two
living wild-cat species (one from Europe, one from the Middle
East) as reference wild species against six domestic breeds
(from different lineages and regions) and screened all protein-
coding genes for signs of selection (specifically, a higher
dn/ds ratio in the codons of genomes of the domesticated ones)
after identifying regions of the genome in the domesticated
species that looked genetically differentiated from those in the
wild species. The authors found 13 genes that appear to be
strong candidates for domestication genes by genetic criteria
used to detect selection (Montague et al., 2014). None of these
genes apparently has any known role in thyroid hormone
metabolism. On the other hand, one genomic region that
had high Fst, when pooled domesticated cat genomes were
compared with those of wild cats, included the 7SHR gene,
the gene encoding the thyroid stimulating hormone receptor.
This finding does not prove that this gene itself was selected,
nor, if it was, that it was selected at an early stage in domes-
tication but this observation is consistent with the predictions
of the THH.
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More strikingly, however, five of the 13 strong candidate
genes can be considered neural crest cell genes: they are ex-
pressed in neural crest cells and are necessary for full neural
crest cell function, almost certainly in cell migration. The
first two are protocadherin genes, PCDHAI and PCDHB4,
implicated in both neural crest cell migration and several
brain functions involving synapse formation. Three others are
ARID3B, DCC, and PLEKHH 1, which are also required for
neural crest cell migration. The last, PLEKHH, also interacts
with MYC, a transcriptional regulator within neural crest cells.
In addition, this study also identified KT as a domestication
gene, specifically as the gene responsible for the “gloving”
phenotype (white paws) in the Birman breed of domestic cats.
As mentioned above, KI/T has long been known as a neural
crest cell gene involved with melanocyte pigmentation and has
also been implicated as a domestication gene in both horses
(as noted above) and pigs (Rubin et al., 2012). Altogether,
these findings support the NCCH. As the authors say, “The
genetic signals from this analysis fall in line with the predic-
tions of the domestication syndrome hypothesis (50), which
posits that the morphological and physiological traits modi-
fied by mammalian domestication are explained by direct and
indirect consequences of mild neural crest cell deficits during
embryonic development” (Montague et al., 2014).

Rabbits. An extensive comparative rabbit genome analy-
sis compared the genomes of wild rabbits from 14 different
locations in France and on the Iberian peninsula with six dif-
ferent domestic species (Carneiro et al., 2014). The analysis
identified SNPs in all parts of the genome — not just coding
regions — that were enriched in the domesticated species. This
approach allows identification of putative regulatory control
regions in addition to any changes that might be found in
coding regions. Rabbit domestication has a much shorter
history relative to cat and horse domestication, perhaps only
1,400 years, hence one might expect a comparatively weak
selection signal. Despite that, a large number of differences be-
tween the wild and domesticated animals were found. Intrigu-
ingly, there was an approximately 30-fold greater number of
SNPs associated with conserved non-coding elements (CNEs),
these being putative regulatory regions, than with coding
regions. Amongst the several protein-coding gene SNPs identi-
fied as associated with domestication, however, were found
two well-characterized neural crest cell genes, SOX2 and
PAX2.No SNPs in genes involved in thyroid metabolism were
reported.

Significantly, no sites were found to have gone to fixation
in any of the domesticated breeds, either in CNEs or in exonic
coding regions. The implication is that domestication in the
rabbit has involved different combinations of genes operat-
ing in a quasi-additive polygenic fashion. This, indeed, is the
authors’ principal conclusion from their work (Carneiro et al.,
2014) and is in line with perceptions from earlier work on do-
mestication in both plants and animals that suggests that there
are no single gene mutations that create the domesticated state
(Larson et al., 2014). The further implication is that there can
be multiple genetic routes toward domestication, even within
the same species. This is also a feature of the NCCH though
that hypothesis stresses specifically the number and variety
of different neural crest cell genes that might be involved,
with different sets possibly involved in different domesticated
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mammalian lines. Not least, the fact that Belyaev’s experi-
mental domestication of silver foxes, rats and mink, required
multiple successive generations, with selection for ever-tamer
animals and the gradual onset of phenes of the DS is a strong
argument for the polygenic basis of domestication.

Dogs. Two extensive comparative dog genomic studies,
looking for genetic signs associated with domestication are
of note. The first, by Axelsson et al. (2013), searched the dog
genome for “candidate domestication regions”, CDRs, those
genomic segments likely to have been targets for selection.
The comparisons were of genomes derived from 12 wolves
from diverse geographical regions, and 60 dogs from 14 mod-
ern breeds. Altogether, the authors found 36 CDRs. The em-
phasis in analyzing these CDRs was on searching for genes
known to be involved in features modified in domestication,
hence neural system development and aspects of metabolism.
Nineteen CDRs were found to be enriched in genes involved
in neural development. A further 11 genes were identified as
important in this respect from a search of the literature. One
of these was CRYM, a T3-binding protein important in brain
function (see their Table S9), a finding consistent with the
THH. No neural crest genes were specifically identified as
such in this study but the candidate gene approach, focusing
on genes known to be involved in neural development and
metabolism, would have militated against finding affected
genes that are primarily involved in early development. By
using modern dog breeds, many of the identified differences
probably reflect genetic changes in the past 200-300 years,
the period in which these breeds were created, not the earliest
stages of dog domestication.

A more recent investigation, however, has focused on try-
ing to identify genes involved in those early stages of dog
domestication (Pendleton et al., 2017). It involved genomic
comparisons between wolves and village dogs found from
around the world. Village dogs, unlike modern dog breeds,
are more likely to be closer genetically to the earliest stages
of dog domestication than modern breeds are. Any significant
differences with respect to wolf genomes would be candi-
dates for domestication-related changes. This study, based
on the genomes of 10 wolves and 43 village dogs, identified
37 CDRs, containing 172 genes in total. As with the findings
of Axelsson et al. (2013), these included various genes affect-
ing metabolism but also genes that had not been picked up
in that earlier study. Amongst the latter were many affecting
various developmental aspects, such as bone development, and
within the set of developmental genes were a large number
of neural crest cell genes. (For the full breakdown accord-
ing to functional category of the genes associated with the
CDRs, see their Table 2.) The neural crest-cell related genes
included a number involved specifically in Wnt-, BMP- and
FGF-signalling pathways. All were found in regions associ-
ated with selective sweeps and the inference is that many were
themselves selected as part of the domestication process. (The
list is given in Table, here.) The paucity of coding changes
found in this study in the entire set of 172 genes in the CDRs
suggests further that the changes selected were regulatory, not
changes in coding sequences. Though not providing definitive
proof, the results supply strong confirmation of the NCCH.
In contrast, no genetic differences involving genes of thyroid
metabolism were found in this study.
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Genomic signatures of domestication relevant to the THH and NCCH
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Animal type  Study Genes identified supporting

THH .................... N CCH ...........

Horses ............... s chuberteta|2014_ ......................... K /TMC]R
libradoetal, 2017 - TCOF1, KITL, FGFRI

Cats .................... M ontague eta|2014 .......... T 5HR ......................................

‘Rabbits Cameiroetal, 2014 - SOX2,PAX2.

Dogs .................. A Xe|550neta|2013CRYM ................. R

Current status of the two hypotheses,

in light of the genomics data

The collective results of these genomic studies do not solve
the genetic basis of the “domestication syndrome” but they
are informative. The genetic differences showing signatures
of domestication with respect to the THH and the NCCH
are summarized in the Table. Two genetic differences in the
combined data set are consistent with the THH but if the THH
was truly the general explanation of domestication, one would
predict a much stronger signal of thyroid hormone involve-
ment to have been detected. In contrast, the genomic work
provides much supports for the NCCH, as can be seen even
with a glance at the Table.

Can one therefore, at this point, regard the THH as hav-
ing effectively been ruled out? The answer is “no”. After all,
the majority of studies would probably have missed single
nucleotide changes (SNPs) that might have affected regulatory
changes in thyroid metabolism in domesticates. Indeed, the
only analysis so far that has systematically looked for SNPs
throughout the genome associated with domestication, that of
Carneiro et al. (2014) on domesticated rabbits, found that such
regions had been far more frequently selected in the course
of domestication than mutations in coding sequences. This is
also an inference from the Pendleton et al. (2017) analysis of
dog genomes, with its findings of multiple CDRs in the dog
genome but few protein-coding changes. The importance of
identifying regulatory genetic differences applies of course
to the neural crest cell genes as well as those of thyroid me-
tabolism. Because systematically identifying which genes are
transcriptionally controlled by distant conserved non-coding
elements, CNEgs, is difficult, the road ahead may be a long one.
In effect, the comparative genomic investigation of domes-
tication and of the DS may still be at a relatively early stage.

Apart from taking into account possible oversights in the
analyses, however, there is a finding that supports the idea of
altered thyroid hormone metabolism in domestication. It has
been shown that a mutation in the 7SHR genes in chickens
can alter photoperiod response, with reduced seasonality of
reproduction, and more frequent egg production (Karlsson
et al., 2015, 2016). The mutation is fixed in the domestic
breed, the White Leghorn chicken, and not found (at least in
high frequency) in the ancestral strain, Red Jungle Fowl. In
effect, this mutation establishes one important feature of the
domesticated state, increased reproduction not tied to seasons.
Intriguingly, it is also tightly associated with lower aggres-
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siveness, hence greater tameness, the defining feature of the
domesticated state.

These findings, though involving just one gene in one bird
species, may, of course, have relevance to the larger phenom-
enon of animal domestication. It will be fascinating to see if
similar but engineered mutations in the 7SHR have similar
effects in mammals. One analysis on the genetic basis of al-
tered seasonality in rabbits picked out a number of candidate
genes but 7SHR was not one of them (Carneiro et al., 2015).
Nevertheless, if subsequent tests in mammals should indicate
a link between TSHR and domestication, then it would be of
interest to see how this, in turn, might connect with the grow-
ing body of evidence that supports the NCCH.

Taking stock and looking ahead

This is a good time to take stock of our understanding of ani-
mal domestication, in general, and the DS, in particular, and
then to assess what now needs to be done. In thinking about the
domestication of animals, it would be hard to overestimate the
importance of the work of Dmitry Belyaev and his colleagues.
That work has been the crucial foundation of modern think-
ing about animal domestication and much of the subsequent
research on it. One can identify several key elements that
have made it so. First, they established that it is possible to
experimentally recapitulate the process of domestication and
to do so in a relatively short number of generations. Second,
they showed that simply selecting for tameness brings in train
other well-known features of domestication, in effect that the
DS is an intrinsic feature of the process, not an accidental by-
product or later-developing concomitant. Third, Belyaev and
company provided the first strong evidence that many genes
must be involved, thus that the domesticated state truly has
a polygenic basis. Fourth — although this aspect has not been
explored in this article — they presented some good arguments
and some initial evidence (in particular that concerning the
Star mutation in foxes) that epigenetic changes may provide
the initial steps in changes associated with domestication (re-
viewed in Trut et al., 2009). (This idea can be related, in turn,
to Darwin’s emphasis on the importance of the “conditions of
living” in generating the domesticated state.) To the extent that
epigenetic changes is part of the process, then something like
the “Baldwin effect” or Waddington’s “genetic assimilation”
must also have subsequently kicked in, replacing epimuta-
tions with true mutations, since so much of the domestication
genotype is based on hereditable mutations (Wilkins, 2011).
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Settling the role of epimutations in domestication is surely
one of the main challenges ahead.

This article has focused on the genetic sources of the DS
itself and has examined recent genomic evidence bearing
on two principal hypotheses, the THH and the NCCH. The
tentative conclusion is that the NCCH has stronger support.
Nevertheless, the recent work on the 7SHR mutation in domes-
ticated chickens, which affects both reproductive cycles and
behavior, keeps alive the possibility that changes in thyroid
metabolism have played an important part in the domestication
of animals. It will be important to see if similar observations
can be recapitulated experimentally in mammals. Furthermore,
and most generally, it must be remembered that the compara-
tive genomics work, despite its breadth and depth, is still at an
early stage. The roles of cis-regulatory mutations, particularly,
in CNE sequences has only begun to be examined; most of
the comparative genomics work so far has concentrated
on coding sequences, while both hypotheses about the DS
implicitly place a strong emphasis on regulatory mutations.
Hence, much yet remains to be learned about the genetics of
domestication. It is to be hoped that definitive analysis of the
genomes of domesticated foxes vs those of their farm-bred
non-domesticated cousins will help illuminate the matter, since
fox domestication was achieved rapidly and without deliberate
selection for anything but tameness; this should reduce the
number of potentially confounding genetic changes that have
occurred in the long history of well-established domesticates.
In addition, now that many neural crest cell genes have been
provisionally connected to domestication, it will be of inter-
est to see which of these genes is associated with particular
phenes of the DS.

Apart from the desirability of new findings, there is also
need for integration of a growing body of observations on
the genetics of behavior, particularly of tameness and social
interactions, with the existing ideas and findings about the
DS. A crucial beginning in the genetic analysis of tameness
was made in a large study carried out by Albert et al. (2009).
They crossed the tame and aggressive lines of rats that had
been selected and developed by Belyaev and his colleagues
and did a QTL analysis to determine loci affecting tameness.
They found two QTLs that significantly and directly affected
tameness which were part of an epistatic network of five loci.
One of the QTLs affected adrenal weight and would be a good
candidate for containing a neural crest cell gene. More broadly,
the work confirms the polygenic basis of tameness itself.

Whatever the neural crest cell gene inputs to the foundations
of tameness, one would like to know the specific features of
the CNS, and their immediate genetic sources, that convey
tameness and more broadly sociality. For example, a recently
published study reports that in selection over five generations
for lack of fear in Red Jungle Fowl, the ancestor of the do-
mestic chicken, there was concomitant selection for altered
growth and reproductive properties (Belteky et al., 2016).
Whether these connections reflect linkage of other genes to
those directly selected or to pleiotropic effects is not yet clear.

Beyond tameness, there may be connections between genes
involved in domestication and other aspects of sociality. A high
proportion of genes that have been identified as risk factors
in schizophrenia are associated with neural crest genes and
the domestication syndrome (Benitez-Burraco et al., 2017).
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A number of these genes are involved in language-use spe-
cifically, an aspect of sociality that is uniquely human. The
possibility that these specific traits are connected to deeper
roots in animal sociality certainly merits further investigation.
In addition, several genes in dogs that are associated specifi-
cally with dog-human social interactions have been implicated
in humans as risk factors in neurological diseases affecting
social interactions (autism and schizophrenia) (Persson et
al., 2016). Ultimately, these sorts of investigations may lead
to new insights on a matter that is receiving more and more
attention, the question of whether humans can be regarded as
a “self-domesticated” species (Briine, 2007; Francis, 2015;
Theofanopolou et al., 2017).

Such matters, of course, go well beyond the phenomenon of
the “domestication syndrome” as it has been defined but it is
an intriguing thought that probing the genetic roots of animal
domestication may help illuminate the underlying biology of
features of human existence that we have long thought unique
to our species.
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Cats and dogs cross the line: domestic breeds follow
Rensch’s rule, their wild relatives do not
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The domestication syndrome already recognized by Darwin
shows that domesticated species acquire a number of novel
morphological, physiological and behavioral characteristics not
present in their wild ancestors. Because body size and sexual size
dimorphism (SSD) are essential characteristics of species that
affect most aspects of their life histories, we studied the effects of
domestication on body size and SSD in domestic dogs and cats
in comparison with their wild relatives: the Canidae and Felidae,
respectively, and also analyzed the occurrence of Rensch’s rule 1752, ApreHTuHa

within both domestic species. We studied maximum body mass ? [la6opaTopyA KOMMIEKCHBIX UCCNIe0BaHMI 61OpasHO06pa3us
and maximum height at withers of 64 and 89 domestic dog breeds ~ ©TAena 6ronornm GeaepanbHoro yHusepcuteta Cepxunn,
respectively, and maximum body mass of 37 domestic cat breeds npocr. Mapsma" Porpok, XKapaun Posa Snsu, Can-Kpuctosar,
as well as body mass data for 36 wild Canidae and 36 wild Felidae 49100-000, pasunua

from our previous studies. Our results have shown that domes-

tic dogs maintain a level and range of body mass which largely
exceeds that of the Canidae as a whole while maintaining a similar
degree and range of SSD. On the contrary, domestic cats show a
much reduced body mass range within the limits of their ancestor
species while showing comparable levels of SSD as shown by the
Felidae. Regarding Rensch’s rule, both Reduced Major Axis and
Ordinary Least Squares regressions showed that both domestic
species present a scaling of male and female body sizes consistent
with Rensch’s rule while their wild relatives do not. We discuss
these findings in the light of present knowledge about the domes-
tication of Canis familiaris and Felis catus.
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CrHIOPOM JOMECTVKALUN, OOHAPYKeHHDBI Yapnb3om
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npaswna PeHwa gna o6ovx fomalHuX BULOB. B aHanu3
6blIIV BK/OYEHbI JaHHbIE MO MaKCMMasibHOW BbiCOTe B
xoJike 'y 89 nopop cobak 1 MakCMManbHOM Macce Tena y
64 nopop cobak 1 37 nopop Koluek. Kpome Toro, ncnosnb-
30BaHbl faHHble MO Macce Tena 36 ANKKX BUOOB cobaubunx
1 36 BUOB KOLIAYbUX, MOJTyYeHHble B Xofie 6osiee paHHUX
nccnefoBaHuii. PesynbTaTbl NOKasasny, YTo 3Ha4YeHUA Mac-
Cbl TENa U NX ANanasoH y AOMaLUHMX COOaK 3HauUMTeNbHO
NPEeBbILIAIT 3TN NOoKasaTenun y npeacTaBuTenein ceMencTaa
Canidae B Lienom, B To BpeMs Kak COOTBETCTBYIOLLME MOKa-
3atenu MNAPT y H1X CX0XK. Y AOMALLIHMX KOLLEeK Anana3oH
3HaYeHWI Maccbl Tena yKnaabiBaeTcA B fnana3oH 3Have-
HUI, XapaKTepHbIX AN UX BUAOB-NpeawecTBEHHNKOB, HO
NPY 3TOM CYLLLECTBEHHO CYXKeH, TOrfa Kak 3HaueHus cooT-
BeTCTBYlOWMX NokasaTenen MAPT cpaBHUMbI. Perpeccuy,
nosnyyeHHble KaK CTaHZAPTHbIM METOLOM r1aBHbIX Ocel
(RMA), Tak 1 meTogom HanmeHbLUnX KBagpaTos (OLS),
nokasanu, YTo y AOMaLLUHMX BUOB pa3mMepbl Tefla CaMoK

1 CaML0B NOAUYNHATCA NpaBuy PeHLwa, a y Ux JUKNX co-
poguuen — HeT. [laHHble pe3ynbTaTbl 06CYK4AOTCA B CBETE
CyLLeCTBYIOLMUX 3HAHWI 0 AoMeCcTUKaummn Buaos Canis
familiaris v Felis catus.

Kniouesble cnoa: Canis familiaris; Felis catus; Canidae;
Felidae; pomecTrikauus; nonosoi gumopdusm no pasmepy
Tena; CTaHAAPTHBIN METOZ MMABHbIX OCEN, perpeccus;
pasmep Tena.



either as pets or as human nourishment that most

people tend to think they have always been with us
(Glutton-Brock, 2012). However, domestication of a variety
of species has been an evolutionary event, including many
evolutionary processes, of the utmost importance for Homo
sapiens and the Biosphere as a whole and started no more than
30—-40,000 years ago with the initial commensal relationship
between early humans and wolves, the ancestors of the first
domesticated species: the dog (Glutton-Brock, 2012; Larson,
Fuller, 2014; Zeder, 2015). Several definitions of domestica-
tion have been produced along the years (see Bidau, 2009;
Zeder, 2015) and for our purposes we will use one of the most
recent, that of Zeder (2015): “Domestication is a sustained
multigenerational, mutualistic relationship in which one
organism assumes a significant degree of influence over the
reproduction and care of another organism in order to secure a
more predictable supply of a resource of interest, and through
which the partner organism gains advantage over individuals
that remain outside this relationship, thereby benefitting and
often increasing the fitness of both the domesticator and the
target domesticate”.

For Charles Darwin the process of domestication and the
study of domestic breeds was essential for the formulation
of his evolutionary theory especially through the analogy
between natural and artificial selection, and the idea of un-
conscious selection (Darwin, 1859, 1868, 1871; see Bidau,
2009 for a discussion of these topics). Darwin was also the
first to note and discuss the existence of a “domestication
syndrome”: a series of common morphological characteristics
(e. g. floppy ears, shortened and curly tails, smaller brain size,
disproportionate dwarfism, piebald coats, etc.) not present in
the wild ancestors, appeared repeatedly in almost all domes-
ticated mammals (Bidau, 2009; Larson, Fuller, 2014; Wilkins
et al., 2014; Sanchez-Villagra et al., 2016). The ubiquity of
these changes in many disparate species led early authors to
think there was a single process involved in domestication
which was a consequence of direct human action. The first
evidences that this was probably not so simple came from a
long-term evolutionary experiment initiated in 1959 by the
Russian geneticist Dmitry Konstantinovich Belyaev in silver
foxes (Vulpes vulpes) (Belyaev, 1979; Belyaev, Trut, 1982;
Trut, 1999; Trut et al., 2007; Bidau, 2009). Belyaev repro-
duced the domestication syndrome in his farm foxes in a few
generations by just selecting for tameness (no direct selec-
tion for any morphological traits) (Trut, 1999; Bidau, 2009).
Today, it is recognized that the domestication process can
follow several different pathways (Zeder, 2012, 2015; Larson,
Fuller, 2014).

As mentioned above, one of the traits involved in the
domestication syndrome is wide variability in body size of
domesticated breeds with respect to their wild ancestors. Body
size is of the utmost importance in animal evolution because
it is related to almost all life history characteristics and in
turn is affected by most environmental factors (Peters, 1983;
Calder, 1984; Schmidt-Nielsen, 1984). Intimately linked to
animal body size variation is the phenomenon termed sexual
size dimorphism or the different sizes of males and females
of the same species (Darwin, 1871; Fairbairn, 1997, 2007,
2013; Fairbairn et al., 2007). The study of the proximate
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and ultimate causes of SSD, a pervasive phenomenon in the
animal kingdom, is of fundamental evolutionary importance
because disentangling its causal mechanisms could lead to a
better understanding of the workings of evolutionary forces.
Sexual selection has usually been invoked as the main cause
behind SSD (Darwin, 1871; Andersson, 1994; Isaac, 2005) an
idea rejected by the co-discoverer of natural selection, Alfred
Russel Wallace (Wallace, 1889). However, it is true that cases
of SSD could be explained by natural selection for example
through sexual segregation or fecundity selection in females
(Isaac, 2005; Ruckstuhl, Neuhaus, 2005).

Associated to the problem of SSD is that of Rensch’s rule.
Evolutionary biologist Bernhard Rensch proposed in 1950 a
hypothesis that in taxa where males are consistently larger than
females (as in most mammals) SSD increases with increas-
ing body size when comparing related species. Later Rensch
(1960) proposed that when females are the larger sex (as in
most invertebrates and some vertebrates including some mam-
mals) SSD should decrease with increasing body size. This
pattern was later called Rensch’s rule (Abouheif, Fairbairn,
1997; Bidau, Marti, 2008b). Evidence for Rensch’s rule at the
interspecific level in different animal taxa is contradictory, and
the mechanisms involved when it does occur are less under-
stood than those explaining SSD (see Discussion). However,
a number of cases including mammalian species are known
where the rule operates intraspecifically (e.g. Bidau, Marti,
2008a; Martinez, Bidau, 2016).

Our aim was to analyze the levels and variation of body
size and SSD at the intraspecific level in different breeds of
two emblematic domesticated species: the dog, Canis famil-
iaris and the cat, Felis catus and to compare them with their
wild relatives using body mass and linear measurements. The
study of body size and SSD evolution through domestication
in dogs and cats is highly relevant for four important reasons:
(i) our previous comparative studies have demonstrated that
canids and felids do not follow Rensch’s rule at the cross-
species level and that the two families greatly differ from
each other in their levels of SSD in relation with their dif-
ferent reproductive strategies and social systems. Felids are
polygynic and show high levels of male-male competition to
access females, thus sexual selection favours large male size
and increased SSD while canids are essentially monogamous,
sexual male-male contests are rare and sexual selection does
not favor exaggerated body size of males, hence lower SSD
(Martinez et al., 2014; Bidau, Martinez, 2016); (ii) because in
domestic breeds size and SSD are not only a consequence of
natural or sexual selection in their wild ancestors but also of
self-domestication, artificial and unconscious selection along
their domestication pathways, changes in both traits could be
expected since body size (thus, SSD) is extremely sensible
to an enormous set of ecological and evolutionary factors.
Changes in SSD could also be reflected in the presence or
absence of Rensch’s rule; (iii) it has been shown for dog and
cat breeds that body size is negatively associated with life-
history traits such as longevity (Galis et al., 2007; Greer et
al., 2007; O’Neill et al., 2015) and, in cats SSD is correlated
with retroviral infections and age at maturity (Pontier et al.,
1998); and (iv) both domestic species include many breeds
with large variation in body size and the data are easily
accessible.

Evolutionary genetics
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Materials and methods

We collected measurements of male and female maximum
body mass (BM) for 64 dog breeds and 37 cat breeds from
data compiled in Bell et al. (2012) (Appendices 1, 2)!. Data
of BM of 36 wild Canidae and 36 wild Felidae were obtained
from the published literature including our own previous
work (Martinez et al., 2014; Bidau, Martinez, 2016). Body
mass is the most widely collected body size estimator in
Carnivora and the most used in studies of ecogeographic and
evolutionary rules (e.g. Martinez et al., 2014; Meiri et al.,
2014; Bidau, Martinez, 2016; Torres-Romero, Olalla-Tarraga,
2016). Because data on BM are widely available, comparisons
between domesticated and wild species are facilitated. As an
additional body size estimator in the dog we used maximum
height at withers (HW) of 89 domestic breeds (Bell et al.,
2012) (Appendix 1). Contrary to BM, HW is not a common
or standard measurement for domestic cat breeds or wild
canid and felid species. Generally, larger individuals tend to
be described earlier than smaller ones (Collen et al., 2004).
This is the reason behind the adoption by us of maximum BM
and HW to perform all our analyses because measurements
of a central trend such as the mean or the median will tend
to decrease as new populations and individuals are sampled.
For the statistical analyses both measurements, BM and HW
were transformed to decimal logarithms. As an estimator of
SSD for both body size measurements we used the ratio male
size/female size (Fairbairn, 1997).

To test for the applicability of Rensch’s rule to the domes-
tic breeds we used two methodological approaches. First,
we performed regressions between log,,(Male Size) and
log,,(Female Size) (Abouheif, Fairbairn, 1997; Fairbairn,
1997). Because there is error in the size estimator used as
predictor (independent) variable (female size in our analyses)
the use of Model I regressions (e.g. OLS, Ordinary Least
Squares) is not recommended. Thus, following Fairbairn
(1997) we performed Model II regressions of the Reduced
Major Axis type (RMA) to estimate the intercept (a) and the
slope (b) of the relationship between male and female body
sizes, as well as the coefficient of determination (r2). When the
relationship conforms to Rensch’s rule, we expect the RMA
regression slope to be significantly larger than 1.0. Slopes that
are significantly lower than 1.0 signal Rensch’s rule inver-
sion. Slopes not different from 1.0 indicate sexual isometry
(Fairbairn, 1997). Also, an isometric relationship is indicated
when the intercept of the regression function is not different
from 0 (Ranta et al., 1994). To test the null hypotheses that
bRMA = 1.0 and aRMA = 0 we calculated 95 % confidence
intervals for each parameter. As an additional confirmatory
analysis of the RMA regression results, we estimated the rela-
tionship between SSD and log, ,(Male Body size) using OLS
regressions. We used male body size as the response variable
because males showed higher variability than females in our
samples (see results). For both approaches (log, (Male Size)~
log,,(Female Size) and log, ,(Male Size)~SSD) we estimated
the model’s fit through 72 and the statistical significance
through permutation analysis (1000 interactions).

Finally, to assess the effects of domestication on the evo-
lution of BM and SSD we performed #-tests between the

T Appendices 1, 2 are available in the online version of the paper:
http://www.bionet.nsc.ru/vogis/download/pict-2017-21/appx7.pdf
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domestic breeds and their wild relatives. All analyses were
performed in the R 3.2.2, platform with the help of the Imodel2
package (Legendre, 2015).

Results

Variation of body size and SSD

in domestic dogs and cats

Maximum Body Mass of dogs (BM) in the analyzed breeds
varied between 3.63 and 77.18 kg in males (x = 32.74 kg;
CV = 56.8) and 3.63-59.02 kg in females (x = 27.55 kg;
CV =53.3) (Appendix 1). Our results indicate that domestic
dogs show a higher mean BM and also a wider BM range than
the 36 studied members of the canid family (Fig. 1). When only
the extant wild species of canids were considered, mean body
mass ranged between 7.6 and 45 kg in males (x = 17.2 kg;
CV = 71.5) and 6.6 and 30.1 kg in females (x = 14.2 kg;
CV =62.0). SSD of domestic dog breeds varied between 1.0
(Shih Tzu, Poodle Toy, Poodle Miniature, Dandy Dinmont
Terrier and Bearded Collie breeds) and 1.46 (Airedale Ter-
rier), with a mean SSD of 1.19 (Fig. 1; Appendix 1). Besides
the five non-dimorphic (SSD = 1.0) breeds, the rest (92 %)
showed clear male-biased SSD (>1.0) (Appendix 1). On
the other hand, the domestication process seems not to have
produced a significant level of variation of SSD in dogs with
respect to their wild relatives since their comparison gives a
non-significant result (p =0.397) (Fig. 2). Mean SSD for Canis
species ranged between 0.95 and 1.45 (x = 1.18), almost the
same as in domestic dogs.

Maximum Height at Withers of dogs (HW) varied between
24.75 and 81.0 cm in males (x = 59.0 cm; CV = 21.95) and
26.5-76.0 cm (x = 56.0 cm; CV = 21.70) in females (Appen-
dix 1). SSD varied between 0.91 and 1.13 (x = 1.06) (Ap-
pendix 1). Four breeds exhibited moderate female-biased
SSD (<1.0) for HW (Beauceron, Cane Corso, Shih Tzu, and
Tibetan Mastiff); seven breeds were monomorphic (SSD = 1.0)
(Akita, Cardigan Welsh Corgi, Cavalier King Charles Spaniel,
Lakeland Terrier, Pembroke Welsh Corgi, Plott Hound, and
Miniature Poodle) and the rest (88 %) showed male-biased
SSD (b > 1.0) (Appendix 1).
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Fig. 1. A comparison of mean
maximum male body mass, its
range and standard deviation in
wild Canidae and domestic dogs.

Fig. 2. A comparison of Sexual
Size Dimorphism (SSD), its range
and standard deviation in wild
Canidae and domestic dogs.
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Fig. 3. A comparison of mean
maximum male body mass, its
range and standard deviation in
wild Felidae and domestic cats.

Felidae  Cats

Felidae

Cats

Fig. 4. A comparison of Sexual
Size Dimorphism (SSD), its range
and standard deviation in wild
Felidae and domestic cats.

Maximum body mass of male cats varied between 3.63
and 9.98 kg (x = 5.8 kg; CV = 27.58), and 2.72-6.81 kg
(x=4.28 kg; CV=25.1) in females (Appendix 2). Domestica-
tion seems to have produced a sharp decline in BM of domestic
cats which also show a narrow range for this trait as compared
with its wild relatives (p < 0.001) (Fig. 3). Extant Felis spe-
cies show a body mass range of 1.86 to 9.0 kg (x = 4.76 kg;
CV =49.8), and 1.2-6.5 kg (x = 3.48 kg; CV = 48.6) in
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females. In contrast, SSD for BM of cats varied widely
between 0.80 and 1.70 (x = 1.35) with a clear bias towards
males (SSD > 1.0) (Appendix 2). Only two breeds, American
Shorthair and Kurilian Bobtail displayed female-biased SSD
(<1.0). Domestic cat SSD did not show a significant difference
in relation to the SSD displayed by wild felids (p = 0.319)
(Fig. 4). In extant species and subspecies of Felis, SSD ranged
between 1.22 and 1.55 (x = 1.37) and Felis silvestris lybica,
the modern wild descendants of the domestic cat ancestor,
SSD = 1.24.

Assessment of Rensch’s rule

We explored the occurrence of Rensch’s rule in domestic dogs
and cats using two complementary approaches: (i) the rela-
tionship between log , (male size) versus log, (female size)
using Model II RMA regression and (ii) the relationship of
logloglo (male size) versus SSD using OLS regressions. In dogs,
the scaling of SSD for BM and HW with body size showed
that SSD increases significantly with body size indicating
the operation of Rensch’s rule (Table; Fig. 5, a, b). This was
confirmed by the significant positive slopes of OLS regressions
(Table; Fig. 5, d, e). In the case of cat breeds, they also show
an SSD trend (for BM) which is consistent with Rensch’s rule.
In this latter case although the RMA slope (b = 1.06) falls
within the limits of the 95 % confidence interval, it does so
very asymmetrically (closer to the lower limit), and the OLS
regression shows a highly significant increase of SSD with
male BM (Table; Fig. 5, ¢, f).
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Fig. 5. a-c. Reduced Major Axis (RMA) regressions between: g, log;y(Maximum male body mass) vs. log;o(Maximum female body mass) of 64 dog
breeds; b, log;o(Maximum male height at withers) vs. log;o(Maximum female height at withers) of 89 dog breeds; ¢, log,o(Maximum male body mass)
vs. log;o(Maximum female body mass) of 37 cat breeds. d-f. Ordinary Least Squares (OLS) regressions between: d, log;,(Maximum male body mass)
vs. 10g;4(SSD for Maximum body mass) (64 dog breeds); e, log;(Maximum male height at withers) vs. log;,(SSD for Maximum height at withers)

(89 dog breeds); f, log;o(Maximum male body mass) vs. log;(SSD for Maximum body mass) (37 cat breeds).

In all cases, the 95 % confidence limits accompany the regression line. In a, b, and c the line corresponding to b = 1 is shown.
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A summary of RMA and OLS regressions performed to assess the occurrence of Rensch’s rule in domestic dog and cat breeds
Domesticated Variable Model Regression a 95 % Cl b 95% Cl r p
group type
Dog Maximum  Male_mass ~Female_mass RMA -0.017 -0.06_0.02 1.06 1.03_1.09 098 <0.001
By Mlass .
Male_mass~SSD_mass OLS -0.41 -1.19.037 157 090224 026 <0.001
Height at Male_height~Female_height RMA -0.033 -0.09_0.03 1.03 1.00_1.07 097 <0.001
WIHREES T oo L
Male_height ~SSD_height OLS 0.96 0.38_1.55 0.75 0.19_1.31 0.08 0.009
Cat Maximum  Male_mass ~Female_mass RMA 0.09 -0.08_0.24 1.06 0.82_134 067 <0.001
By Mass " e e At PR AR R AR AR AR R AR AR R
Male_mass~SSD_mass OLS 0.36 0.10_0.62 028 0.09.046 0.20 0.004

RMA, Reduced Major Axis regression; OLS, Ordinary Least Squares regression; a, Regression intercept; b, Regression slope; Cl, 95 % Confidence interval;

r2, Coefficient of determination; p, Statistical significance.

Discussion

Our results have shown that two emblematic domesticated spe-
cies, the dog and the cat follow a sexual dimorphism trend in
size that conforms to the empirical pattern known as Rensch’s
rule which is not present at the interspecific level in their respec-
tive families (Martinez et al., 2014; Bidau, Martinez, 2016).
We have also demonstrated that in dogs, body size variation
and SSD between breeds vary more than in the Canidae as a
whole, while cats show a much lower size variation than that
of the Felidae but SSD variation between breeds is compa-
rable to that of the whole family. Why and how domestica-
tion produced these results? Ever since Darwin, sexual size
dimorphism (SSD) became a fascinating biological problem
that has engaged researchers in a large number of studies and
a lot of controversy (Reiss, 1989; Andersson, 1994; Fairbairn
et al., 2007; Fairbairn, 2013). SSD has been aptly called a
biological enigma (Fairbairn, 2007) because despite its ubiq-
uity in the animal kingdom, its causes and consequences are
so difficult to disentangle that most hypotheses regarding the
origin of SSD tend to be unsatisfactory (Reiss, 1989). Sexual
selection, sexual segregation, fecundity selection, and other
factors may be involved and their outcome is a certain statisti-
cal difference in size (body mass, length, height, etc.) between
the sexes either male-biased as in most mammals and birds,
or female-biased as in many invertebrates (Fairbairn, 2013).
SSD is not a species trait comparable to body size which can
be measured in kilograms or milligrams or in units of length:
it is an unitless statistical parameter that varies according to
the measurement used to estimate size (e.g. body mass and
length in canids; Bidau, Martinez, 2016). Measurements of
SSD using two different proxies for body size (e. g. mass and
length) may or may not be not statistically correlated (e. g.
correlation in felids, lack of correlation in canids; Martinez
et al., 2014; Martinez, Bidau, 2016). It is not surprising that,
differently from body size, SSD frequently does not show
phylogenetic signal. Most explanations of SSD are probably
incomplete since sexual and natural selection in their diverse
modes can be jointly operating in complex ways. In this sense,
an integrative theory that accounts for SSD taking all these
caveats into consideration is that of Blanckenhorn (2005): the
differential equilibrium model which proposes that SSD of a
species is a result of opposing selective forces that equilibrate
differently in both sexes.

DBONIOLMOHHasA reHeTnkKa

Allied to this SSD enigma sensu Fairbairn (2007) is that of
the so called Rensch’s rule. The idea that SSD should increase
with body size when males are larger than females, while
decreasing in the opposite situation is so controversial that
Rensch’s rule (so named by Abouheif and Fairbairn, 1997)
can hardly be considered a rule at all because of its numer-
ous exceptions and inversions. Rensch’s rule has been tested
at the cross-species level within orders, families and genera
of the most diverse animals in phylogenetically controlled
and non-controlled comparative analyses. The results are so
diverse that Rensch’s rule can hardly be considered a general
phenomenon. Moreover, since the possible causes of SSD
are so different, it is difficult to envisage a single mechanism
explaining Rensch’s rule even when it is empirically verified.
For example, some authors have proposed sexual selection as
the basis of Rensch’s rule. Sexual selection can effectively
explain cases of SSD, even extreme ones. In pinnipeds, there
is a whole range of SSDs (male mass/female mass) from
practically 1.0 (or <1.0 when males are slightly smaller than
females) in monogamous species (e. g. Phoca and Monachus
species; Lindenfors et al., 2002) to species where males are
several times heavier than females in extremely polygynous
mating systems (e.g. Mirounga, Zalophus, Arctocephalus
and Odobenus; Lindenfors et al., 2002), but Rensch’s rule
does not occur in pinnipeds: body size of males and females
maintain an isometric scaling throughout the whole size range
of the taxonomic group independently of mating system and
the degree of SSD (Weckerly, 1998; Lindenfors et al., 2007).
Some models apply only to a restricted group of animals: for
example, metabolic scaling has been suggested as a cause
for Rensch’s rule in large mammalian herbivores (bovids,
cervids and macropodids) and is based in that female group
size increases with increasing body size and males must grow
large enough through sexual selection to control these groups
(Sibly et al., 2012). Most species of birds with female-biased
SSD follow a trend that is the inverse to Rensch’s rule: SSD
increases with body size, or do not show a trend at all (Tubaro,
Bertelli, 2003; Székely et al., 2007; Webb, Freckleton, 2007)
despite claims that sexual selection is the ultimate cause of
Rensch’s rule in birds (Dale et al., 2007). The same can be
said about other animal groups, vertebrate or invertebrate,
where Rensch’s rule has been tested at varying taxonomic
levels (orthopteroid insects, Bidau et al., 2016; spider crabs,
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Simpson et al., 2016; anurans, Liao et al., 2013; reptiles, Cox
et al., 2007; most mammals at the ordinal level, Lindenfors
et al., 2007; Primates, Smith et al., 2002). Furthermore, the
taxonomic level at which Rensch’s rule has been analyzed
is certainly variable, a problem shared by the study of other
evolutionary or ecological rules. In Rensch’s (1950) original
paper, he implied that the pattern appeared when comparing
closely related species (same genus or very phylogenetically
close ones). He mostly used pairs of species of birds and
mammals and eventually, several species (6) of Carabus
beetles without performing thorough statistical analyses. In
some groups with female-biased SSD such as the hemipteran
family Gerridae (water-striders) Rensch’s rule was verified
in phylogenetically controlled studies at the familial and
generic levels (Andersen, 1994; Abouheif, Fairbairn, 1997)
and interestingly, the rule also applies within single spe-
cies (e.g. Aquarius remigis) when different populations are
analyzed (Fairbairn, 2005). Most other studies centered on
whole tribes, subfamilies, families, orders and even classes of
animals. There is no single explanation for the occurrence or
absence of Rensch’s rule at these different taxonomic levels,
and as said by Reiss (1986) in a pioneering theoretical paper,
no satisfactory explanation for Rensch’s rule is available
(see for example the highly speculative hypotheses in Dale
et al., 2007).

SSD tends to have low or no phylogenetic signal (Martinez
etal., 2014; Stevens, Platt, 2015; Bidau, Martinez, 2016; Mar-
tinez, Bidau, 2016), and as said above there is no convincing
mechanism to explain Rensch’s rule or its frequent inversion.
The possible reason is that so many mechanisms are involved
in the production of SSD that a single trend in scaling of SSD
with body size does not exist. In fact, other more constant eco-
geographic/evolutionary rules —which are in principle, empiri-
cal patterns — such as Bergmann’s rule may also be explained
in terms of very different ecological factors (Bidau, 2014). It
is however noteworthy that very clear cases of Rensch’s pat-
tern have been uncovered within species of wide geographic
distribution suggesting a relationship between ecogeographic
body size variation and the degree of SSD (Blanckenhorn et
al., 2006; Bidau, Marti, 2008a; Martinez, Bidau, 2014; Wu et
al., 2014; Werner et al., 2016).

SSD of domesticated animals has received some attention
(e.g. Lark etal., 2006; Sutter et al., 2008; Polak, Frynta, 2010;
Remés, Székely, 2010; Frynta et al., 2012) because it is well
known that the process of domestication is usually accompa-
nied by a “domestication syndrome”. One of the “symptoms”
of this syndrome is a generalized decrease in body size. It
is thus reasonable to speculate that SSD would suffer from
the joint action of new selective pressures arising from com-
mensalism, autodomestication, and later and progressively,
artificial and unconscious selection, and that domesticates
would differ from their wild relatives in this respect.

Body size and sexual size dimorphism

of domestic dogs and cats

The dog is the first species that was domesticated (probably
autodomesticated in the beginning, much earlier than the start
of conscious breeding by humans). It is generally accepted on
the basis of archaeological and genetic findings that the tim-
ing of dog domestication dates from 15,000-16,000 BP (Late
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Upper Palaeolitic) in East Asia (Larson et al., 2012; Perri,
2016). However, a recent molecular study (Skoglund et al.,
2015) used genome sequencing of a 35,000 year old Siberian
wolf'to suggest that the ancestors of dogs were separated from
present-day gray wolves before the Last Glacial Maximum.
Also, Thalmann et al. (2013) analyzed mtDNA of prehistoric
canids and modern dogs and wolves suggesting a European
origin of domestication between 18,800 and 32,100 years ago
started by prehistoric hunter-gatherers. However, since little
is known about variation of palaeolitic gray wolf populations,
these claims must be cautiously considered (Perri, 2016). As
we have shown here, modern dogs show an impressive body
size variation which largely exceeds that of the whole canid
family. It is true that modern gray wolf populations may vary
considerably in body size (see examples in Bidau, Martinez,
2016) although the range of variation is but a fraction of that
of Canis familiaris. However, this difference has probably
not been always so. Domestication of dogs has been a long
process that probably included long periods of commensalism
and autodomestication in different geographic areas and much
more recently, the action of artificial selection accompanied
by unconscious selection (Clutton-Brock, 2012). After all,
most modern dog breeds were developed in the past 150 years
deriving from a relatively homogeneous gene pool produced
after several millennia of the admixture of different dog lin-
eages as a result of human migration (Larson et al., 2012).
Thus, most of the body size variation we observe today from
Chihuahuas to Great Danes has been the consequence of
conscious directed selection.

With respect to SSD of dogs, the story seems different. Mod-
ern breeds show a range of SSDs for body mass (1.00—1.46;
X =1.17) which is comparable to what is found within the dif-
ferent species of canids (x = 1.15) with most species varying
between 1.00 (the raccoon dog, Nyctereutes procyonoides)
and 1.53 (the Bengal fox, Vulpes bengalensis) although a
few species show slight female biased SSD, although dogs
are more variable than all canids (CV dogs = 11.0; CV ca-
nids = 8.6). Different populations of modern gray wolves, the
closest relatives of dogs, show some variation in body mass
SSD (1.10-1.20) (Bidau, Martinez, 2016). The relatively low
degree of SSD in canids as compared to other carnivores, has
been attributed at the essentially monogamous mating system,
reduced competition between males, and male involvement in
the care of young of all wild species (Asa, Valdespino, 1998;
Bidau, Martinez, 2016). Thus, sexual selection has probably
played a lesser role in the development of canid SSD than in
other carnivores (e. g. felids; see below). What about domestic
dog SSD? The species has retained a potential to maintain
the characteristic range of SSD of its family but what is the
cause of such pronounced variation? Domestic dogs are not
monogamous but promiscuous and lack paternal care of the
young, although females tend to discriminate between familiar
and unfamiliar males probably reflecting the monogamous
mating system of their ancestors (Daniels, 1983; Lord et al.,
2013). Although we do not know when this change of mating
system started during the long process of domestication prob-
ably as an adaptation to the interaction with humans, it is not
unreasonable that sexual selection may have played a major
role in shaping SSD of the domestic dog, later further altered
by human action during the creation of modern breeds but
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that could be operating today in feral and urban free-ranging
dogs, although not in established breeds.

Today there is little doubt that all cats, both purebred and
free-roaming, were domesticated from Felis silvestris lybica,
one of five subspecies of this wild felid that inhabits North Af-
rica and the Near East as shown by mtDNA and microsatellite
DNA studies (Serpell, 2014). Archaeological and behavioral
evidence also point to this subspecies (Serpell, 2014). Do-
mestication probably started in the Fertile Crescent (western
Asia) (Driscoll et al., 2007). The timing of domestication is
uncertain but less so than that of dogs: 10,000 YBP Neolithic
Levantine inhabitants were already taming wildcats (Vigne
et al., 2004), an initial step towards domestication which
significantly coincides with the presumed time of separation
of the domestic cat lineage from F. silvestris lybica (Driscoll
et al., 2007). The earliest known cat remains were found in
Egypt dating from ca. 6,000 years ago (Serpell, 2014) while
Hu et al. (2014) have reported the presence of cats dating
between 5560-5280 YBP from an agricultural village in
Shaanxi, China. Nevertheless, modern cat breeds representing
full domestication are no more than 200 years old (Serpell,
2014). Contrary to the dog with its enormous range of body
sizes, cats have maintained a relatively modest range of sizes
that is very close to its ancestral species and subspecies (see
data in Martinez et al., 2014) while the Felidae display an
enormous range of body masses from 2-3 kg (e. g. the sand
cat, Felis margarita) to 250 kg in males of Panthera tigris
altaica, the Amur tiger (Martinez et al., 2014). This indicates
a much lower genetic potential for variability of body size in
the wild ancestor.

Regarding SSD of Felis catus, despite its relatively small
size range it displays a range of SSDs (x = 1.36; CV = 13.2;
see Results) very similar to that of the whole family (x = 1.44;
CV = 15.4; Martinez et al., 2014). Unlike canids, felid spe-
cies are not monogamous but polygynous with no paternal
investment and in such conditions sexual selection may play
an important role in determining high levels of male-biased
SSD. Free-ranging cats are polygynic and compete for fe-
males which perhaps choose their mates, with mating suc-
cess strongly correlated with dominance (Liberg et al., 2000;
Hart B., Hart L., 2014). Thus it is expected that domestic cats
have been affected by sexual selection and the wide range of
SSDs shown by modern breeds as described in this paper, is a
derivative of their mating system, further affected by artificial
selection. It would be desirable to have more body size data
on free-roaming and feral populations of Felis catus in order
to corroborate the previous assumptions.

Rensch’s rule in domestic dogs and cats

Studies of Rensch’s rule in domestic animals have been per-
formed at different taxonomic levels and with variable out-
comes and interpretations. Polak, Frynta (2009, 2010) studied
SSD and Rensch’s rule in domestic breeds of goats, sheep,
and cattle, and their wild relatives. Domestic breeds followed
Rensch’s rule at the intraspecific level but their wild relatives
did not just as in dogs and cats studied in this paper (canids
and felids showed phylogenetically controlled bRMA = 1.06
and bRMA = 1.03 respectively, both not statistically different
from 1.0; Martinez et al., 2014; Bidau, Martinez, 2016). An
identical situation occurs for the genera Canis and Felis which
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show bRMA = 1.09 and bRMA = 0.97 respectively in both
cases not significantly different from 1.0 (Bidau, Martinez,
unpublished data). However, these results must be cautiously
interpreted due to the small number of species involved in
the calculations. However, in cattle, when the size proxy was
shoulder height, the Rensch’s pattern disappeared. It must
be remembered that in our sample of dog breeds, both body
mass and height at withers showed Rensch’s rule. Conversely,
a study of domestic chicken breeds and their wild relatives
revealed that the domestic breeds scaled isometrically for body
size while the wild species showed Rensch’s rule (Remes,
Székely, 2010).

Previous studies of dog breeds also showed disparate re-
sults. Sutter et al. (2008) studied 27 body measurements of
109 dog breeds and determined that male/female proportions
were maintained in small and large breeds thus Rensch’s rule
cannot occur. However, Frynta et al. (2012) using shoulder
height of 74 breeds obtained a significant positive allometric
relationship between male and female size consistent with
Rensch’s rule. The occurrence of Rensch’s rule in domestic
dogs was confirmed by us using body mass as well as height at
withers and there is little doubt that the trend exists. Cats were
not previously studied in this respect and they also exhibit the
Rensch’s pattern while their wild relatives do not.

Thus, if we consider domestic mammals (goat, sheep,
cattle, dogs and cats) a certain pattern emerges: despite the
variations in size produced by domestication domestic mam-
mals tend to maintain comparable levels of SSD as their wild
relatives, but they follow Rensch’s rule intraspecifically while
the wild species do not in cross-species comparisons. Since
patterns consistent with Rensch’s rule have been found at
the intraspecific level in several wild species-both vertebrate
and invertebrate (see above), and fails to appear in many
interspecific studies, we believe that the pattern in question
is mainly a within-species phenomenon. No studies of intra-
specific SSD variation have been performed in canids with
the exception of dogs, but in Felidae we have found that seven
different tiger subspecies obey Rensch’s rule (bRMA = 1.56;
95 % CI=1.20-1.93; 72 = 0.93) (Martinez et al., 2014).

However, wild species and their domesticated derivatives
obviously undergo very different selective pressures. In the
wild, sexual selection has been probably very relevant in shap-
ing SSD of felids but not of canids where natural selection
(e. g. via sexual segregation) may have played a major role. In
domesticates on the contrary, although these same forces could
have been important in the first stages of domestication, once
artificial (and unconscious) selection entered the scenario,
selective pressures radically changed. But why Rensch’s rule
in domestic species? Originating in already size-dimorphic
wild species, selection for large size, for example in males,
would produce a correlative increase in female body size un-
til natural selection puts a limit by selecting for an optimum
body size of females which have a higher cost than males in
reproductive terms (especially in polygynous cats without
parental investment) (see Lande, 1980; Lark et al., 20006).
Selection for small size would tend to equalize both sexes
because among other factors, females would not have to pay
the cost of carrying large sons.

Nevertheless, Rensch’s rule remains as much an enigma
as sexual size dimorphism and more studies are needed at the
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intraspecific level in wild and domesticated species in order
to unveil the mechanism or mechanisms behind this elusive
phenomenon.
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Geometric morphometrics is widely used to study underlying
causal factors in phenotypic evolution and to reconstruct evo-
lutionary history of phenotypes. However, non-linearities in the
phenotypic landscape may exist such that analytical solutions de-
rived from comparison of phenotypes in morphospace may have
complex or contradictory relationships in the space of the underly-
ing factors. Ancestral reconstruction of horn morphology based on
two mammalian ungulates illustrates how biologically improbable
results can arise from the mathematical properties of geometric
morphometric morphospaces. Raup’s shell coiling equations are
used to illustrate the potential for contradictory conclusions to be
drawn from ancestral reconstructions in parameter spaces (such as
measurements of levels of gene expression or allele frequencies)
versus shape spaces (such as morphospaces based on phenotypic
analysis). These examples are generalizable to many real morpho-
metric studies, suggesting that care should be taken when draw-
ing conclusions about genetic, developmental, or environmental
processes based on morphometric analyses. Dense sampling of
shape space and the use of fully multivariate and, perhaps, non-
linear methods can help forestall potential problems.
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MopdomeTpus 1 3BOTIOLNA:
rpobiieMa repecedyeHns: KpyThbIX
deHOoTUNMYECKUX JIaHAIIa(PTOB
[IPSIMBIMU ITYTSIMU

TLA. IToaan

OTaeneHns Hayk o 3emsie 1 atmochepe, GONOrMN 1 aHTPOMONOrUK,
NHanaHcknin yHneepcuteT, bnymnHrtoH, Minamana, 47405 CLUA

[ins n3yyeHna ocHoBononarawwmnx GpakTopos GeHoTUNK-
YeCcKow 3BOMNIOLMM 1 ANA PEKOHCTPYKLMU SBOSOLNOHHON
NCTOPUN GEHOTUMOB LUMPOKO MPUMEHSAIOTCA METOAbI reo-
MeTpuryeckon mopdpometpun. OfHako GeHoTUNnYecKme
naHgwadTbl MOryT 6bITb HEMMHENHBIMU HACTOMNbKO, YTO
AHaNMTUYECKINE PeLLEHNA, NMOyYeHHbIE MyTeM CPaBHEHNA
¢deHoTNoB B MOpdONpPOCTPaHCTBe, OByayT MMETb CII0X-
Hble UK AaXke NPOTUBOPEUMNBLIE B3aIMOOTHOLIEHNA B
NpocTpaHCcTBe pakTOPOB, ONpedensoWwmnx 3Tn GeHoTUNbI.
WnntocTpauveit Toro, Kak Ha OCHOBaHUMN MaTeEMATUYECKUX
CBOWCTB reOMeTpryecKnx MopdonpoCcTpaHCTB NosyYatoT-
CAl COBEPLUEHHO HEBEPOATHbIE C TOUKU 3peHna Gronorum
pe3ynbTaThl, CNYKUT PEKOHCTPYKLMA POAOCSIOBHON MOpP-
donorvm poros KonbITHbIX MiekonuTatowmx. Ha mogenn
Payna, onucblBatoLen cnmpanbHOCTb PAKOBUH, MOKa3aHo,
YTO pe3ynbTaThl PEKOHCTPYKLMM NPefKoBbIX GopM B Napa-
MEeTPUYECKMX NPOCTPAHCTBAX (TaKMX KaK YPOBHM 3KCMpec-
CU TeHOB WM YacTOTbl BCTPEYaeMOCTH annenem) moryTt
BOWTU B NPOTMBOpPEYME C pe3ynbTaTaMu PEKOHCTPYKLNN

B MPOCTPaHCTBax GOPM (Taknx Kak GeHoTUnmYecKmne
MopdonpocTpaHcTaa). MpriBeeHHble NpUMepbl B MOSHON
Mepe OTHOCATCS K MOPHOMETPUYECKUM NCCe0BaHNAM
HbIHE CYLLECTBYIOLLMX XKUBbIX OObEKTOB, @ 3HaUUT, GopmMy-
NUPYA BbIBOAbI O FEHETUYECKNX, OHTOTEHETUYECKIX UK
3KOMOrMYeCcKnx NpoLeccax Ha OCHOBaHUN AaHHbIX MOp¢O-
METPUYECKOrO aHan13a, Hago cobnoaaTbh ONpeaeneHHyo
OCTOPOXKHOCTb. MNOTHOE NOKPbITUE MPOCTPAHCTBA GOPM 1
MCMNOMb30BaHMEe NOTHOCTbIO MHOFOMEPHbIX 1, BO3MOXHO,
HeSIMHeNHbIX MEeTOA0B MOTYT MOMOYb NPefOTBPaTUTb MO-
TeHUMasbHble Npobiembl.

KntoueBble cnoBa: reomeTpryeckas MopdomMeTpus; pako-
BUHbI MOJIIOCKOB; 3BONIOLUA GEHOTMMNOB; CPaBHUTENbHbBIE
MeToAbl GUNOrEeHETHKM; NMOSTYMETKM.



a remarkable phenotypic transformation. By selecting
foxes for “tame” dog-like behavior, dog-like phenotypes
emerged: piebald color patterns, drooping ears, and curled
wagging tails (Belyaev, 1979; Belyaev et al., 1984). The ex-
istence of parallel traits in the two species are what Vavilov
(1922) called “homologous series” in variation, shared genetic
components in otherwise different genetic backgrounds. The
linked transformations in these traits is an example of plei-
otropy (Trut et al., 2013), the effect of one or a few genes on
several disparate traits, and this particular set of connections
extends so deeply in mammal phylogeny that parallel changes
observed in other domestic species have been referred to as
the “domestication syndrome” (Wilkins et al., 2014; Sanchez-
Villagra et al., 2016). Pleiotropy and homologous series, along
with other kinds of genetic and developmental factors, provide
the biological underpinnings for what is sometimes called
the phenotypic landscape, which describes the complex and
frequently non-linear relationship between phenotypes and
their underlying biological and environmental factors. The
complexity of these underlying links have important implica-
tions for morphometrics because they may channel biological
change along paths that are not the shortest or most direct
from a purely morphometric perspective (Arnold et al., 2001;
Klingenberg, Leamy, 2001; Hansen, 2006, 2008; Polly, 2008).
This paper explores the tension between geometric mor-
phometric and biological models of phenotypic transforma-
tions. Morphometrics provide the analytical apparatus for
measuring, ordinating, and comparing phenotypes — especially
phenotypic shape — but its mechanics are purely mathemati-
cal. Evolution, development, and genetics are the processes
by which one phenotype is transformed into another, and
their mechanics are biological. When mathematical and
biological paths between phenotypes differ, the phenotypic
transformations predicted by morphometrics may contradict
those predicted from biological processes. I first review the
mathematical properties of geometric morphometric spaces
to show how paths through them are defined. Then I review
the concept of the phenotypic landscape and how a linear
transformation in underlying genetic or developmental factors
can produce a highly non-linear change in phenotypes (or vice
versa). Then, using two hypothetical examples, I show how
tracing paths through geometric morphometric morphospace —
paths of the sort associated with ancestral shape reconstruction
or other evolutionary modeling exercises — can produce results
contradictory to the underlying biology of the change. The pos-
sibility of such contradictions has implications for how we use
geometric morphometrics to study phylogeny or underlying
genetic and developmental factors, so the paper ends with a
discussion of practices that will help avoid misinterpretations.

Belyaev’s experiment with fox domestication exposed

Geometric morphometrics and morphospaces
Arguably the central concept of geometric morphometrics is
the morphospace, a multivariate hypervolume in which each
point represents distinct configuration of landmarks and which
is scaled so that distances between objects equal the distances
between their original shapes (Bookstein, 1991; Rohlf, 1993;
Mitteroecker, Hutteger, 2009).

Fig. 1 illustrates the mathematical properties of a typical
morphospace. To produce such a space, three dimensional
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landmarks are applied to the object being analysed (six shells
in this case). The landmarks are then registered to a common
coordinate system using Procrustes superimposition, which
rotates, translates, and rescales the points to minimize the
sum of squared distances between the shapes (Rohlf, Slice,
1990). Principal component axes (PCs) are extracted using
singular value decomposition of the covariance matrix of the
superimposed coordinates (Dryden, Mardia, 1998). The PC
axes, which are the eigenvectors of the covariance matrix,
form the orthogonal axes of the multivariate morphospace.
Each dimension of the space has an axis that represents a
linear combination of landmark coordinates that covary with
one another as the axis is traced from its negative to positive
end. There is one axis for each degree of freedom in the data
set, which is 2k—4 for two dimensional landmarks or 3k—7
for three dimensional landmarks, where k is the number of
landmarks (Dryden, Mardia, 1998; Zelditch et al., 2004).

Each point in the morphospace corresponds to a unique
configuration of landmarks (a unique shape). The addresses
of objects on the axes are known as scores, which are simply
the Cartesian coordinates of the position of a point along the
several PCs. The scores on PC 1 for Dalmanella are illus-
trated in Fig. 1. Each axis of the space represents a spectrum
of shapes that are described by a single linear combination
of the landmark coordinates. The shape variation associated
with the first two PC axes are illustrated with a series of shape
models. These models were constructed along a line in which
the score on all PCs except the one of interest are zero (scores
of each shape model are reported underneath it). A position
that is not precisely on the axis has a shape that corresponds
to the additive combination of models on all of the PCs. For
example, Dalmanella, which has scores 0.42 on PC 1 and
0.20 on PC 2 has a shape that is sum of the relevant shape
models on PCs 1 and 2. The distance between two objects in
the morphospace can be calculated as the Euclidean distance
between their scores, as shown in Fig. 1.

Presuming that the morphospace was constructed from a
covariance matrix as described above, that distance is identical
to the so-called Procrustes distance, which is the summed dis-
tance between corresponding landmarks in the superimposed
shapes. Thus, the scores completely describe the shape of each
object and can be substituted for the Procrustes coordinates
in subsequent statistical analyses (Dryden, Mardia, 1998).
Because the scores on each axis are uncorrelated with scores
on other axes and because the number of dimensions is equal
to the degrees of freedom in the data set, the scores are more
appropriate for many statistical analyses than the original Pro-
crustes coordinates (Rohlf, 1993). The PC scores are therefore
frequently referred to as shape variables.

Geometric morphometric morphospaces have two proper-
ties that are important for this discussion. First, and arguably
most important, is that a vector in morphospace represents
the shortest geometric transformation between one shape and
another (Klingenberg, Leamy, 2001; Klingenberg, Monteiro,
2005). Second, any mathematical operation involving vectors
or non-linear trajectories of change can be performed in the
morphospace and converted into their corresponding shapes.
Consequently, biologically interesting analyses such as pre-
dicting the effects of a selection vector on shape (Klingenberg,
Leamy, 2001; Myers et al., 2006; Klingenberg et al., 2010;
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Fig. 1. The mathematics of a geometric morphometric morphospace. This morphospace was
created with a principal components ordination of six shells, the three-dimensional landmarks of
which were first Procrustes superimposed. See text for details.

Martinez-Abadias et al., 2011), comparing ontogenetic trajectories (Zelditch et al.,
1992; Vidarsdottir et al., 2002; Mitteroecker et al., 2005; Klingenberg, 2016), re-
constructing an ancestral shape based on the topology of a phylogenetic tree (Rohlf,
2002; Klingenberg, Gidaszewski, 2010; Gémez-Robles et al., 2013; Mounier, Lahr,
2016), or simulating phenotypic evolution using a Brownian motion or Ornstein-
Uhlenbeck model (Polly, 2004; Clavel et al., 2015; Polly et al., 2016) can, in prin-
ciple, be accomplished effectively in a geometric morphometric morphospace by
extrapolating vector paths or other more complex transects through it.

However, the fact that the shortest mathematical distance between two shapes
is not necessarily the biologically simplest way to transform one phenotype into
another has potentially profound consequences for how realistic the results of these
operations will be (Bookstein, 2016).

Phenotypic landscapes and morphometrics

Phenotypic landscapes are representations of the genotype-phenotype map that de-
scribe transformations between phenotypes based on their relationship with underly-
ing genetic, developmental, and environmental factors (Nijhout, 2002, 2007, 2008;
Rice, 2002, 2004; Wolf, 2002). Phenotypic landscapes are not adaptive landscapes,
although the two have clear relationships to one another. An adaptive landscape
describes fitness as a function of underlying genetic factors or phenotypic traits
(Fig. 2, a, b) (Wright, 1932; Simpson, 1944; Lande, 1976; Arnold et al., 2001). One
could also imagine developmental or environmental factors on the axes, but the key
identifying feature of an adaptive landscape is the height of the surface represents
fitness. In contrast, the height of a phenotypic landscape’s surface represents a trait’s
value as a function of the underlying factors that influence it (Fig. 2, ¢). Phenotypic
landscapes provide the maps between the underlying factors and complex, multi-
trait phenotypes, providing a conceptual bridge between morphometrics and the
biological factors that produce phenotypic transformations (Polly, 2008).

A frequent goal of morphometric analysis is to deduce underlying biologi-
cal factors or to test hypotheses about the effects of such factors on phenotypic
change, whether they be genetic, developmental, or evolutionary (Bookstein, 1991;
Klingenberg, 2002; Adams et al., 2004, 2013; Zelditch et al., 2004; Polly, Motz,
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2017). For such studies the phenotypic
landscape matters. If the relationship
with the underlying factors is simple
and linear, then a straight path in the
phenotypic landscape would produce
a straight path in morphospace and
vice versa (Fig. 2, ¢). Even if a path is
curved in one, it will be correspondingly
curved in the other. This relationship is
ideal for inferring underlying factors
from morphometric analysis. But if the
relationship between phenotypic traits
and their underlying factors is complex
and non-linear, then a straight path in
a phenotypic landscape may produce a
curved, convoluted, or broken path in
the associated multivariate morphospace
(Fig. 2, d). Inferring underlying fac-
tors from morphometric data would be
challenging if the phenotypic landscape
is complex. Furthermore, modeling
phenotypic change in the two spaces
could produce contradictory results, as
discussed below.

Paths that go astray

in morphospace:

two hypothetical examples

The potential for paths through mor-
phospace to defy biological principles
is illustrated here with two examples of
ancestral shape reconstruction.

In geometric morphometrics, the stan-
dard method for analyzing phylogenetic
patterns of shape evolution is to project
a phylogenetic tree into morphospace.
Using the phylogenetic generalized
least squares (PGLS) method (Martins,
Hansen, 1997) or one of its equivalents
and a Brownian motion model of evo-
lution, the node shapes are the mean of
the tip shapes weighted their branch dis-
tances from the node and the branches
themselves form straight line between
ancestor and descendant (Rohlf, 2002;
Klingenberg, Gidaszewski, 2010). The
branches form straight lines because,
under Brownian motion, the expected
outcome of random evolutionary change
in a single lineage is equal to the start-
ing trait value and the variance of the
outcomes increases linearly with time
(Felsenstein, 1973, 1988) (but see dis-
cussion of high dimensional random
walks below). When applied to the prob-
lem of reconstructing node values and
branch paths, this statistical expectation
means that the most likely path between
ancestor and descendant values is the
shortest straight line between them.

Evolutionary genetics
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Fig. 2. Comparison of adaptive and phenotypic landscapes.

a, An adaptive landscape showing the relationship between two genetic factors and fitness. The white line traces a direct path to
maximum fitness. b, An adaptive landscape showing relationship between two phenotypic traits and fitness. The white line traces a
direct path to maximum fitness. ¢, A simple phenotypic landscape in which one phenotypic trait is linearly controlled by two genetic
factors and a second trait is linearly controlled by a genetic and environmental factor. A linear path through these two landscapes
produces a linear path in the associated morphospace. d, A complex, bivariate phenotypic landscape in which one phenotypic trait has
a non-linear underlying relationship with two genetic factors and a second phenotypic trait has an underlying relationship with genetic
and environmental factors. Straight paths across the two phenotypic trait landscapes produce a highly curved path in morphospace.

Antilocaprid horns

In the first example, an ancestral horn configuration is esti-
mated from the profiles of two pronghorns (Fig. 3). Hexobe-
lomeryx is an extinct antilocaprid from the Pliocene of North
America that had a thick three-pointed horn just above the
orbit. “Nasomeryx” is a fictional but biologically plausible
animal with a forked horn at the tip of its snout, reminiscent
of the nasal horn of the Miocene protoceratid Synthetoceras.
The profile shapes of these animals, which are identical except
for the horns, have been represented by outline curves com-
posed of semilandmarks (landmarks that are spaced along a
curve or surface rather than placed individually at homologous
points). Semilandmark methods (Bookstein, 1997; MacLeod,
1999; Gunz et al., 2005; Gunz, Mitteroecker, 2013) are fre-
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quently used to capture the topology of complex edges or
surfaces, especially when surface features like the number of
horns differ between taxa (Klingenberg, 2008; Polly, 2008;
Gunz, Mitteroecker, 2013). Ancestral node reconstruction on
this simple two-branch tree yields the unlikely hypothetical
profile at the bottom, “Yeahrightomeryx”. This animal, in-
stead of having a single multipronged horn, has a large cone-
shaped horn in the parietal region and a two-pronged horn
at mid-snout.

This reconstruction is biologically improbable because of
the cone-shape of the parietal horn, the splitting of a single
horn into two, and the sliding of horns between one position
and the other down the length of the forehead. One would not
expect a broad cap-shaped horn structure, or a horn with a
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Hexobelomeryx | | "Nasomeryx"

Ancestor reconstruction: "Yeahrightomeryx”

Fig. 3. Ancestral shape reconstruction based on the profile outline of
the Pliocene-aged North American antilocaprid Hexobelomeryx with
three horns above the eyes and a fictional but plausible antilocaprid
“Nasomeryx” with two horns on the snout. Ancestral reconstruction of
the profile produces the biologically implausible “Yeahrightomeryx” with
a broad cone-shaped horn on the back of the head and two horns in an
intermediate position high on the snout. (Hexobelomeryx reconstruction
by Barbara Webb, used with permission of the Florida Paleontological
Society, Inc.).

single base and multiple tips to split at the base into two horns,
or the change in horn position from forehead to nose to occur
by incremental movement from one location to the other.

Mathematically, however, the “Yeahrightomeryx” recon-
struction is completely predictable. In transforming a head
with three points into one with two, the shortest mathematical
path is simply to sink one of the horns into the domed parietal
area of the skull and to slide the other two points halfway from
one position to the other.

Admittedly this example is contrived. One can rightfully
argue that representing a profile as a simple outline is prob-
lematic, that other methods of semilandmark placement would
make a difference (such as sliding semilandmarks ala Gunz
et al., 2005), or that one should not use semilandmarks at all
and, instead, replace them with ordinary landmarks on clearly
homologous locations.

Regardless of these niceties, the principles illustrated in
this example hold for all morphometric studies. The points in
morphospace occupied by real objects represent real biological
shapes, but the moment that one interpolates into the empty
morphospace between objects the transformation is governed
by mathematical rules rather than biological ones. While this
fact is not problematic for many applications, attention should
be paid to whether lines in a mathematical morphospace map
cleanly onto the paths of biological processes if one’s ques-
tion is about the relationship between phenotypic shape and
the biological factors that govern it. Biologically implausible
branch paths will be most likely when structures shift posi-
tions (heterotopy; Zelditch, Fink, 1996) or are gained and lost
completely, like the horns in this example.

A phenotypic landscape for shell coiling
In the second example, the consequences of non-linearities in

the phenotypic landscape for ancestor reconstruction is illus-
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trated with a sample of shells generated using Raup’s (1961,
1966) shell coiling equations. The basic structure of mollusc
and brachiopod shells is the logarithmic spiral that results
from growth of the animal, which secretes ever-enlarging
increments of shell as it gets bigger. The form of the spiral
can be modified with three parameters — W, T, and D — to
describe almost the full range of shell shapes found in nature.
Each shell form is generated by rotating a starting shape that
represents the outline of the aperture around a coiling axis.
W is the rate of whorl expansion with each complete revolu-
tion around the axis and ranges from [ to infinity, 7 is the rate
of translation of the starting shape along the coiling axis and
can be any real number, and D is the proportional distance
of the starting shape from the coiling axis, ranging from 0
to 1. The differences in scaling mean that these parameters
define an affine trait space, which presents known com-
plexities for estimating trajectories (Mitteroecker, Hutteger,
2009). In cylindrical coordinates, the surface of the shell is
described by

o= rOWe/z",
Yo=Yo We/zn + rcT( W6/2n _ 1)’

where 0 is the angle around the coiling axis, 7 is the distance
from the axis, y is the position along the axis, and 7, and y,
are the starting values of » and y on the corresponding point
on the generating shape (Raup, 1966).

While the shell coiling parameters and generating equations
are purely mathematical, they are analogous to developmental
genes and the processes that translate gene expression into
phenotypes. The logarithmic form of the generating equations
and the variation in scaling of the generating parameters create
a non-linear relationship between generating parameters and
shell shape like the ones illustrated in Fig. 2, d.

Ancestor reconstructions performed in parameter space
are markedly different from those performed in geometric
morphometric morphospace. Shell shapes were generated
that intentionally resemble six taxa, four living (Nautilus,
Poromya, Glyphepithema, and Sthenorytis) and two extinct
(Dalmanella and Ilymatogyra). They are shown along with
the parameters used to generate them and the phylogeny of
these taxa in Fig. 4, a (the same shells were used to construct
the morphospace of Fig. 1).

PGLS was first used to reconstruct ancestral values for
the generating parameters. These reconstructions are shown
in two ways, first in parameter space (Fig. 4, b) and then in
morphospace based on the corresponding outputs of the coiling
equations (Fig. 4, ¢). The nodes are all intermediate between
the tip taxa in parameter space, as is expected from a Brown-
ian motion model of evolution, but almost all the nodes fall
outside the range of tip shapes when the corresponding shell
shapes are projected into the morphospace. This reconstruc-
tion, which implies parallel acquisition of the tight coiling of
the gastropods and cephalopod on the left side of the mor-
phospace, would be appropriate if evolution has occurred by
Brownian change in the underlying parameters.

PGLS was then used to reconstruct ancestral node values
directly from the shell shapes (Fig. 4, d). These reconstruc-
tions all fall within the range of the tip shapes and there is
very little parallelism implied by the branch trajectories. The
shapes of these reconstructed ancestors are markedly differ-
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Fig. 4. Ancestral reconstruction of six Raupian shells.

a, Phylogeny of the six shells, their generating parameters, and PGLS ancestral reconstructions. b, PGLS ancestral reconstruction in

parameter space. ¢, Projection of the tree into geometric
parameters. d, Ancestral reconstruction based directly on
shape and from generating parameters.

ent from those reconstructed directly from the parameters
(Fig. 4, e), but would be appropriate if Brownian motion
evolution has occurred in the phenotypes rather than their
underlying parameters. This means that the modes of evolu-
tion reconstructed from parameter space and morphospace are
expected to be different (e.g., Brownian motion in one and
directional in the other).
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morphometric morphospace based ancestral reconstruction of generating
shell shape. e, Comparison of the ancestral shapes reconstructed from shell

Discussion

Real world examples. Hypothetical examples were used
to illustrate the potential conflict between mathematically
optimized and biologically optimized paths in order to have
complete control of the relationship between phenotype and
underlying parameters, but there are many real-world ex-
amples in which a similar conflict is likely to exist.
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For example, mammalian molar tooth phenotypes are gen-
erated by cascades of developmental signalling that activates
and inhibits cell growth within the developing tooth, growth
which changes the spatial relationships between signalling
centers and receptors (Jernvall, 1995; Jernvall, Thesleft, 2000).
Up- or downregulation of individual signalling molecules in
the cascade can produce non-linear changes in seemingly
unrelated parts of the phenotype, such as the number of cusps,
the presence of lophs, and the number of teeth (Jernvall et al.,
2000; Kangas et al., 2004). In fact, incremental changes in the
level of expression of activator and inhibitor molecules can
produce not only non-linear trajectories in morphospace, but
large jumps from one part of morphospace to another as cusps
are gained and lost (Salazar-Ciudad, Jernvall, 2004; Harjun-
maa et al., 2014). The phenotypic landscape of teeth would
create non-linear maps between trajectories in morphospace
and the space of the underlying molecular parameters much
like in the shell example (Polly, 2008, 2015). Indeed, the real
developmental processes involved in shell coiling probably
operate much like the signalling cascades that control cell
proliferation and secretion in teeth and thus produce phenom-
ena like the ones illustrated in the Raup shell coiling example
above (Rice, 1998; Marin et al., 2012).

Non-intermediate phenotypes in hybrid animals that result
from overdominance effects are another example. If the genet-
ics of phenotypic traits were purely additive, then the pheno-
type of a hybrid would lie on a line between the parent phe-
notypes in morphospace. However, the observed phenotypes
of hybrids often lie away from a simple transect, as they do
in the mandible shape of both mice (Klingenberg et al., 2001)
and common shrews (Polly et al., 2013). This phenomenon has
been linked to differences between the additive and dominance
effects of quantitative trait loci (QTLs) on mandible shape
(Klingenberg et al., 2001), which create a non-linear genotype-
phenotype map analogous to the ones described above. Like
with tooth morphology, the consequence is that the pattern of
change in the underlying parameters, especially if it were to
be categorized as corresponding to one mode of evolution or
another, would be different from the pattern in morphspace.

Non-linear trajectories in morphospace are expected in
some cases. As described above, the mathematical ordering
of morphospace is based on minimizing Procrustes distances
and ordinating shapes with PCA. The former defines the scal-
ing between axes that determines what is straight and what is
not in the multivariate morphospace and the later defines the
coordinate system and, thus, the perspective from which we
see trajectories in low dimensional plots like Fig. 1. The former
contributes to why linear patterns in underlying parameters
may correspond to non-linear trajectories in morphospace (or
vice versa), the latter affects our ability to recover the mor-
phospace trajectory. If a phenotypic trajectory is non-linear or
if it is not perfectly aligned with the PC axes, its appearance
in just one or two dimensions may be misleading. It may also
be difficult or impossible to capture with univariate methods,
such as performing a regression or ANOVA on just one PC.

A gradational series of highly multivariate shapes can arti-
ficially create the appearance of a strongly non-linear trajec-
tory in low dimensional projection (i.e., a two-dimensional
PC plot). A gradational series plotted on the first two axes of
PC space will usually form a curve or horseshoe because the
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first PC axis, which describes the axis of greatest variance,
tends to separate the first and last members of the series
because they are the most different in shape and therefore
account for the greatest amount of variation in the data set.
Similarly, the second PC separates the middle of the series
from its two ends, because that contrast accounts for the great-
est amount of shape difference not already described by the
first PC. Successive PCs separate successive subdivisions of
the series. Bookstein (2012) described this phenomenon in
detail for random walk time series and presented statistical
expectations for the amount of curvature observed on the first
few principle components of morphospace. Examples of real-
world gradients in shape that are subject to this phenomenon
are ontogenetic series of hominid skulls (Mitteroecker et al.,
2005) or anterior-posterior series of vertebrae (Head, Polly,
2015). Phylogenetic trees are examples of branched time
series, therefore PC ordinations of species are also subject to
the same artefactual effects even though the curvature may
be much less noticeable (Polly et al., 2013).

Curved or irregular trajectories can also be caused by the
non-linearities of the phenotypic landscape. Raup’s shell coil-
ing equations introduce such non-linearities. Linear change in
W produces a broadly curvilinear path in shape space (Polly,
Motz, 2017). Changes in parameters controlling the generat-
ing shape can produce sigmoid or even complex stair-stepped
trajectories in shape space depending on how they interact
with the ranks of semilandmarks used to represent the shape
(Polly, Motz, 2017).

Recommendations

Consider the possibility of non-linear relationships. Be-
cause of the phenomena described in this paper, care should
be taken in making inferences about the factors underlying
shape based on analyses conducted in morphospace. In ideal
situations the phenotypic landscape is understood so that pat-
terns in morphospace can be translated into expected patterns
in the underlying factors (Rice, 2002; Polly, 2008; Bookstein,
2016). However, the phenotypic landscape is seldom known
for the complex multivariate phenotypes that are analysed
with geometric morphometrics. Caution should therefore
be exercised about making inferences about underlying
developmental, genetic, or environmental factors from the
morphometric analysis of phenotypes alone.

This caution should extend to interpretation of evolutionary
patterns. For example, evolutionary model fitting may find
that patterns of evolution in morphospace are best explained
by Brownian motion, but that would not necessarily imply
that evolution in the parameters of the underlying develop-
mental and genetic factors are random. Conversely, a random
pattern of change in the underlying factors could produce a
non-random pattern of evolution in the phenotypes, as in the
example with the snail coiling presented above.

Always use fully multivariate analytical methods. Even
though PCs are aligned with major axes of variation and the
scores of the sample being analysed are uncorrelated from one
PC to another, the underlying factors of interest may not be
aligned with the PCs. The alignment of the PCs is completely
sample dependent — adding or subtracting an additional taxon
or enlarging a sample to increase statistical power will reorient
the PC axes, but it will not change the underlying relationship
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between phenotypic shape and its causal factors (see example
based on shell coiling in Polly, Motz, 2017). This means
that fully multivariate statistical techniques like multivariate
MANOVA or multivariate regression must be used to evalu-
ate the relationship between shape and putative causal factors
like environmental differences, locomotor function, or gene
expression patterns (Polly et al., 2013; Goolsby, 2015; Uyeda
et al., 2015; Bookstein, 2016; Polly, Motz, 2017). Despite
widespread practice to the contrary, univariate tests should
never be performed on individual PCs, regardless of whether
they are statistical tests for differences between groups or
fitting evolutionary models.

Avoid linear extrapolations over large shape distances.
The potential problems illustrated above will be exacerbated
when trajectories are extended over long distances in morpho-
space. Densely sampled series will be more likely to trace the
paths created by non-linear phenotypic landscapes than will
sparse samples, thus minimizing the amount of extrapolation
that is necessary to reconstruct ancestral shapes or to predict
evolutionary outcomes. For phylogenetic problems, consider
including fossil taxa to minimize the evolutionary time be-
tween nodes and tips. Fossil members of a clade will have
shorter branch lengths than its living members and thus help-
fully constrain node and branch reconstructions toward the bi-
ologically plausible (Polly, 2001; Finarelli, Flynn, 2006; Slater
etal.,2012; Gomez-Robles et al., 2013; Slater, Harmon, 2013).

Conclusion
When Belyaev started his experiment with fox domestication
he knew very little about the genotype-phenotype map.
Selection for tameness produced phenotypic changes similar
to those found in domestic dogs, thus demonstrating that
pleiotropy between these traits exists in canids and thus may
explain the parallel acquisition of similar features in a range
of domestic species that are rare in their wild relatives. The
foxes are an example of how trajectories in phenotypic space
may differ from their associated trajectories in genetic space.
The potential for the mathematics of morphometric spaces
to produce shape trajectories that are biologically counterin-
tuitive is very real. The two hypothetical examples described
above illustrate two of the main ways in which this can
happen: (1) the trajectory may intersect with shapes that are
biologically unlikely or even impossible; and (2) the patterns
of change in morphospace may have a complex, non-linear re-
lationship with change in underlying genetic, developmental,
or environmental factors. While reconstructions of phyloge-
netic nodes and branches were emphasized here, many other
operations that are commonly employed in morphometrics
produce trajectories that are subject to the same issues. Es-
timating selection vectors, evolutionary response vectors, or
ontogenetic trajectories are examples mentioned above. Even
calculating a mean shape involves a mathematical extrapola-
tion to a new point in morphospace. In principle, all of these
operations could produce counterintuitive or contradictory
results as readily as the phylogenetic examples shown here.
Care should therefore be taken in making inferences about
causal factors or evolutionary processes, especially if the phe-
notypes being analysed are very different, when the underlying
phenotypic landscape is unknown. Potential problems can be
minimized with dense sampling, which may involve adding
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fossil taxa, with fully multivariate statistical methods that are
able to fit models with trajectories that cross morphospace
axes, and by considering non-linear model fitting when ap-
propriate. The strongest inferences will be those framed as
hypotheses based on based a priori evidence that tested for
consistency with shape variation rather than inductive iden-
tification of causal factors from the shape patterns along. For
example, rather than conjecturing that the sequence of shapes
along PC 1 in Fig. 1 represents the phenotypic effect a hitherto
unrecognized developmental regulatory gene (or whatever),
one is on safer grounds predicting the effects on shape of a
known regulatory gene and testing how well it explains the
observed variation in shape. Most importantly, it should be
recognized that trajectory shapes in morphospace may be quite
different in the space of the underlying factors. For example,
the mode of evolution reconstructed in morphospace (e.g.,
Brownian motion) may be different in the associated factor
space (e. g., directional), which means that inferring whether
evolutionary patterns are random may depend on which space
is being analysed.

But these cautions are not intended to discourage the use
of geometric morphometrics to study evolution. Evolutionary
modelling, phylogenetic reconstruction, and statistical testing
of factors that may affect evolution of the phenotype can be
accomplished productively with morphometrics, as many
studies demonstrate. Furthermore, the principle of parsimony
dictates that theoretically informed predictions derived from
morphospace, such as ancestral shape reconstructions, should
be preferred in the absence of evidence to the contrary (e.g.,
Polly, 2001; Finarelli, Flynn, 2006; Gomez-Robles et al.,
2013). Furthermore, fitness is determined by the phenotype,
not its underlying factors. Therefore one might expect pheno-
typic trajectories to incrementally follow paths of selection,
whereas trajectories in the underlying factor space may be
the ones that trace complex, non-linear paths in response to
selection on the phenotype. Some studies of phylogenetic
changes in phenotypic evolution in the context of selection
for functional performance have recovered predictable change
in geometric morphometric morphospace (Polly et al., 2016).
One might therefore expect drift and selection processes to
differ in the trajectories they trace: drift, which is a process
that involves random sampling of the underlying genetic
pool, might produce linear transformations in the underlying
factors with non-linear responses in the phenotypes, but selec-
tion, which is systematic sampling of phenotypic variation,
might produce the opposite in situations where the phenotypic
landscape is non-linear.
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I'eHBI 1 CBET: MHOTO JIeT CIIYVCTHA

A.O. PyBuHCKMI

YHueepcuteT HoBoln AHrnum, Apmnasiin, Hobi FOxHbIN Yanbc, ABCTpanua

CraTba HanrcaHa K 100-netuio co aHa poxaeHua [.K. bensesa n 3a-
TparmBaeT ero paboTbl, MOCBALLEHHbIe BINAHUIO GOTONneprnognyecknx
YCNIOBUIN Ha Pa3MHOXeHVEe 1 SMOPUOHaNbHOEe pa3BUTME MIIEKOMNNTa-
towux. B kauecTBe oiHOM U3 Mofenel B 3TUX UCCNef0oBaHUsAX Obina nuc-
nonb30BaHa rpysvHckas 6enas mytaums y ancn (W). B KOHTPOMbHbIX
YCNOBUAX CNOCOBHOCTb FOMO3MIOT MO 3TON MyTaL MK YCMELWHO NPoNTH
VIMMNMaHTaLMIo0 Pe3KO CHUKEHA. DKCNeprMeHTanbHoe yaJIHeHne CBe-
TOBOTO AHA A1 GepeMeHHbIX camok 13 We/wx WC/w ckpelymsaHuii
BefleT K 3HauMTeNbHOMY BO3PacTaHWUIO YaCTOTbl MyTaHTHbIX FOMO3UIOT
B MOTOMCTBe. B cTaTbe npeanprHATa NOMbITKa aHann3a pe3ynbraTtos
3TON paboTbl B CBETE COBPEMEHHbBIX AaHHbIX. [Py3UHCKas 6enaa myTa-
Lus, BEPOATHO, 0OYCNIOBNMNBAET CHIXKEHMe dKcnpeccum reHa KIT. Pac-
CMOTpPEHME MOMEKYNAPHBIX 1 KNETOYHbIX B3aMMOLENCTBUI C yYacTnem
6enka KIT, ero nuranga KITLG 1 nx BAMsHUA Ha pa3BuTre 61acTouncT
yKa3blBaeT Ha BO3MOXKHOCTb 3aMefneHHoro passutua We/We 6nacto-
LMCT 1, KaK CriefiCTBMe, Ono3AaHune K Hayany umnnaHtaymm. smene-
Hue GpoToneproANYECKINX YCIOBUIA MOXKET Yepes CTUMYNPOBaHNe
pa3Butua WC/WC romo3nroTHbIx 611acToLmCT, 3aMmeaneHre pocTa Tpo-
dobnacTta y 3penbix 61aCTOLMCT, NOBbILLEHNE FOTOBHOCTY SHAOMETPYUA
1 BEPOATHYIO 3aZlePXKKY Hauasa MMNIaHTaLmm co3gaBaTb 6onee 6na-
ronpuATHble 06CTOATeNbCTBA ANA YCMeLwWHoM umnnaHTauun We/We
6nacToyuncT.

KntoueBble cnosa: myTtauus; reH KIT; KIT nurang; umnnaHtaums;
dotonepuog; Vulpes vulpes.

Genes and light: many years later

A.O. Ruvinsky

University of New England, Armidale, New South Wales,
Australia

This paper commemotates centenary anniversary of
Professor D.K. Belyaev and discusses his studies of
photoperiodic changes on mammalian reproduction
and embryonic development in the realm of modern
data. Georgian white mutation (W°) in silver-black
foxes was used as a model for such investigations.
Ability of WS/W® homozygotes in standard photope-
riodic conditions to go successfully through the im-
plantation process is sharply reduced. Experimental
elongation of daily light period for pregnant females
from W/wx WC/w crosses led to a very significant
increase of WS/W¢® homozygotes in the progeny. Geor-
gian white mutation likely causes a low expression of
KIT gene. Presented here considerations of KIT protein
and its ligand KITLG molecular and cellular interactions
suggest a possibility for slow development of WS/W¢
blastocysts; hence many such blastocysts might be
late and miss an opportunity for successful implan-
tation. The discussed experimental photoperiodic
change might influence a number of processes includ-
ing developmental acceleration of WS/W® blastocysts,
slow down trophopblast outgrowth of almost mature
blastocysts, promotion of endometrial readiness and
possible delay of the implantation start. All these pro-
cesses could create more supportive conditions for
successful implantation of WS/W® blastocysts.

Key words: mutation, gene KIT; KIT ligand; implantation;
photoperiod; Vulpes vulpes.
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a TpeTh BeKa, Mpouleaune nocie cmeptu Amurpus

KoncrantnnoBnya bernsesa, ero nen momyduiv 3HaUH-

TEJILHOE PacipoCTPaHEHUE U INPOKOE MEKTYHAPOJHOE
npusHanue. Cerogus, korga ormevaercst 100-nerue co aHS
POXKIIEHHS 3TOTO TAJAHTIMBOTO YYSHOTO M 3aMeYaTeIbHOTO
4eloBeKa, jkenanue paccMotpers padotsl K. Bensesa ¢
MO3UIMHY COBPEMEHHBIX 3HAHUN 0COOEHHO MOHITHO. IMEHHO
TaKOTO PO/ia aHAJIW3 MPENICTABICH B JaHHOH CTaThe, KOTO-
PYI0 s ¢ ITyOOKUM ITOYTEHNEM 1 OJ1aroapHOCTHIO MTOCBSIIAI0
€ro rnamsiTu.

Her comHeHwuii, 4TO IIaBHBIM HAyYHBIM OCTHKCHHEM
J.K. BensieBa crano ¢popMysupoBaHue MPUHIUIIOB, KOTOPBIE
PACKpBIBAIOT CYTh IPOLIECCOB, MPOUCXOIAIINX B XOAE JOME-
CTHKAIIMH KUBOTHBIX. JTO HAIpaBIIEHUE TPOAHAIN3UPOBAHO
B CTaThsIX MCCIIEIOBATEINEH, KOTOPBIE aKTHBHO IPOIOIDKAIN 1
Pa3BUBAIN KOMILIEKC JOMECTHKALMOHHBIX paboT, B IEPBYIO
ouepenp JL.H. Tpyt. OnHako Kpome 3TUX OJIEeCTAIINX HcCe-
JTIOBaHUI CYIIECTBOBAIHN ¥ JPYTHE HAIPABICHUS, KOTOPHIM
Jmutpuiit KoHCTaHTHHOBHUY yJens BHUMaHHUE Ha MPOTH-
JKeHUN MHOTHUX JeT. Cpean HUX clenyeT OTMETHUTh PaOoTHI
M0 M3YYCHUIO BIHSHUS (HOTOMECPHOTUICCKUX (HAaKTOPOB Ha
AMOpPUOHAIIBHOE Pa3BUTHE MIICKOIIUTAIONMX. MHe mocyacr-
nuBuioch crarh actiupanroMm JI.K. bensesa, xorna onuH u3
TaKHUX MMPOCKTOB TOJBKO HAYMHAJICS.

Peub nzer 00 ucciieoBaHUHU TPEX MyTallUi y cepeOpucTo-
YepHBIX JIFCHUI] U BIUSHUN Moaudukanuii poromeprona Ha
9MOpHOHAIBHYIO0 CMEpPTHOCTB. B 31011 padore kpome JI.K. be-
nsieBa yuactBoBaia JI.H. TpyT, a Tak:ke HECKOJIBKO COTPYIHHU-
koB Cubupckoro otaenennst AH CCCP, KOTOpBIM st HCKpEHHE
npusHaTeneH. [lepBeie pe3yibTaThl OBLTH OITyONUKOBAaHBI B
1973 1. B )xypHaie «I eHeTHKa», a UTOroBasi CTaThs MOSBUIACH
B JKypHaJie aMepUKaHCKOHW reHeTHIeckoi acconnarnmu “The
Journal of Heredity” B 1975 . Hackonbko MHE N3BECTHO, 3TO
ObLTa nepBasi MyOJIMKAIKs COBETCKUX ICHETHKOB B JKypHAJIe
¢ xoHna 1930-x romoB. CIycTst HECKOIBKO JIET MOAPOOHOE
OITHCAHKE TOTO NCCIIEA0BAHMS OBIIO BKIIIOUCHO B N3BECTHBIH
yueOnuk “Animal Genetics” (F.B. Hutt and B.A. Rusmusen.
J. Willey & Sons, 1982. Second Edition. P. 242-245).

U3yueHune myTaumin oKkpackm mexa y nmcuy,.
Pa6otbi [1.K. BenaeBa c cotpygHukamm (1969-1975)
1 pe3ynbTaTbl HeJABHUX NCCNe[0BaHUN

[Tpenmerom Hamield paboThl ObUIM TPU JOMUHAHTHBIE MyTa-
IIMH, BBI3BIBAIOIIIE H3MEHEHHE OKPACKH MeXa y CepeOpHCTO-
4yepHbIX Jucull (puc. 1). [lnaruroBas n 6eoMopaas MyTaluu
MMEIOT BeChMa [T0X0XKHE XapaKTEPUCTUKH, BKITto4ast (DeHOTH-
IMYECKOe CXOACTBO M MMOCTHMILIAHTALOHHYIO JIETaIbHOCTD
TOMO3HTOT. Y KOMIIayH/10B, HECYIIIMX 002 MyTaHTHBIX aJIJIeIs,
KOMILIEMEHTAlLUsl He HaOio/1anach, ¥ OHM TaKXe T'MOIH B
X0/ie YMOpPHOHATBHOTO pa3BUTHI. Ha ocHOBe 0OHapyXeH-
HbIX (DaKTOB OBUIO C/ACNAHO 3aKIIOYCHUE 00 aJUICNBHOCTH
stux mytanuit (bensies u np., 1973a; Belyaev et al., 1975).
I'py3unckas Oenast MyTanusi (EHOTUIIMYECKH OTINYACTCS
OT JIByX APYTHX, ¥ MHOTHE FOMO3UTOTHI THOHYT 10 WIIH BO
BpEMs MMILIAHTAllUU. KOMHayHﬂbI, HECylue OAWH aJlJIC]ib
TPY3UHCKO# 010, a APYTOoif — 6eIOMOPHOi HITH TIIIATHHOBON
MyTAalHi, POXKIATNCE, HO OTIHYAIHCH HU3KOH ITOCTHATAIBHOM
JKM3HECNOCOOHOCTBIO (pHc. 2). Tonbko HEKOTOPBIM M3 HHUX
YAQJIOCH I0KUTH 10 PENIPOLYKTHBHOTO Bo3pacTa. B ananmmsu-
PYIOLIEM CKpPELIMBAaHUHM TaKUX KOMIIAyHIOB OTCYTCTBOBAIH

leHeTMKa XKMBOTHbIX

MOTOMKH JIUKOTO (DEHOTHIIA ¥ HAOJII0AaI0Ch COOTHOIICHHUE
JIBYX MyTaHTHBIX KJIacCOB, HE oTamdaromeecs ot 1:1. Cre-
JIOBaTeIbHO, TPy3UHCKasl Oenast MyTanusl U IUIaTHHOBAs U
OeomMopaas MyTallUl PACIONIOKEHBI OJM3KO APYT OT Ipyra
Ha OJJHOI XpOMOCOME.

MonekysipHOE KapTHPOBAHHE TI03BOJIHIIO YCTAHOBHTb, UTO
Ipy3uHCKas Oenasi MyTalusl paciiojoyKeHa Ha XpoMocome 2,
B paifone, conepxameM ren KIT (Kukekova et al., 2016).
Heckonpko paHbie ObIIIO 0OHAPYXKEHO, YTO IIATHHOBAS
MyTallMsl BbI3BaHa 3aMEHOM HyKieoTHsa B 17 9K30HE reHa
KIT n mpuBOANT K TOSIBICHUIO YKOPOYEHHOTO OenKa, OT-
BETCTBEHHOTO 3a (peHOTHITHUECKUE S3P(PEKTH ITOH MyTaluH
(Johnson et al., 2015, puc. 3). [InatunoBas u GeoMopaast
MyTaIuy OpUTH 0003HaueHBI B HCXOAHOM padote (Belyaev et
al., 1975) kak W” u W, yka3biBast Ha BEPOSATHYIO TOMOJIOTHIO
C paHee ONMCaHHbIM Y Mbliei reHoM W. Tenepsb, korga red W
naenTudunrpoBat kak K/7 caadana y meimeit (Chabot et al.,
1988), a 3arem M y Apyrux BHJIOB, COINIACHO TPEOOBaHUSIM
F€HETUYECKOW HOMEHKJIATYPbl 3TH MYTALIMH Y JIUCHULL CIIEAYET
o6o3nauars kak KITP n KIT". I'py3unckas Geas MyTarus
U3HAYAILHO OblLTa 0003HauYeHa Kak WO, BecbMa BeposTHO,
YTO OHA TOXKE SIBIIsieTCst MyTaluel rena K17, v ecin 9To OyieT
9KCTIEPUMEHTAIILHO YCTaHOBIIEHO, TO €€ CIeyeT 0003HAINTh
kak KITC.

KpaTKaa xapakTtepuctuka reHa KIT
n Kogupyemoro um 6enka KIT

I'en KIT necer unpopmaluio o Oenke, MprHayIexKaliem ce-
MEWUCTBY TUPO3MH NPOTEMHKUHA3HBIX PELIEITOPOB, KOTOPHIE
Y4YacTBYIOT B IE€peiaue CUTHAIOB BHYTPh HEKOTOPBIX THUIIOB
kietok. Yepes KIT 6emok (KIT proto-oncogene receptor
tyrosine kinase) 0CyIIecTBISETCS CTUMYIIALINS POCTA, PA3MHO-
JKCHUSI, )KN3HECTIOCOOHOCTH U MUTPALUH PEIPOSYKTHBHBIX
KJIETOK, CTBOJIOBBIX 3MOPHOHAJIBHBIX KIETOK KPOBH, MacTO-
IIUTOB, MHTEPCTUINATHHBIX KIETOK KHUIIeUHUKa (interstitial
Cajal cells — ICC) u menanonutoB (Bernstein et al., 1990;
Reith et al., 1990; Sanders, Ward, 2006; da Silva et al., 2014).
HmenHo 3TO pa3Ho0Opa3ue KIETOYHBIX THUIOB, B KOTOPBIX
akcnpeccupyercst KIT, coznaer mieiorponnsie 3h(eKTsl,
CTOJIb XapaKTepHbIe JJIsi 00CYKJAaeMbIX 3[1eCh MyTalui y
JIFCHI] M MHOTUX JPYyTHX BUI0B Miekonuratomux. KIT 6erxok
0OBIYHO CBS3aH C KIICTOYHON MeMOpPaHO TakiM 00pa3oM, 4To
MPOTSDKEHHBIA CEIMEHT PacIiOiOKEeH BHE KIICTKH, & THPO3UH
MPOTEHMHKNHA3HBINA IOMEH — BHYTPH KJICTKH.

Baxneiinmii nponece, npusosinuii KIT B pyHkIronas-
HOE COCTOSIHHE, — 9TO CBSI3bIBAHHUE JIBYX P5I/I0M PAaCIOJIOKEH-
ueIx KIT momekyn ¢ neyms monexynamu KIT muranma (KL,
KITLG) — 6ernka, Takke Ha3bIBAEMOTO CTBOJIOBBIM KIIETOYHBIM
(axropom (stem cell factor — SCF). KITLG cymecrByer He
TOJBKO B (hOpMe, CBSI3AHHOM C KIIETOYHOW MEeMOpaHoii, HO U
Kak pacTBopuMbIi 6entok (Huang etal., 1992; Luetal., 1992),
YTO SIBJISIETCSl PE3YJIBTATOM AJIbTEPHATHBHOTO CILIAiCHHTa.
OKcnepuMeHTaIbHO yeTaHoBieHo, uTo KITLG cBs3piBaeTcs
¢ KIT monexkynamMu B 00iacTH MepBbIX Tpex [g-mogoOHBIX
CErMEHTOB 3KCTPaKJIETOUHOro JAoMeHa (puc. 3), 3amyckas
nporecc numepusamun (Lemmon et al.,, 1997), B kotopom
CYIIECTBEHHYIO POJIb UTpaeT YeTBEPTHIH Ig-momoOHbIi cer-
MmeHT (Blechman et al., 1995). Pe3ynbratom Takoro cBsi3bi-
BaHUS OKasbIBaeTcs KOHTAkT AByX Moiyekyn KITLG/KIT u
(opmupoBanue GpyHKIHOHAIBHOTO nuMepa. HapymieHnus B
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Fig. 1. Phenotypes of foxes and embryos with mutations in the W gene (presumably the KIT gene):

(a) platinum mutation ((WP/w); (b) white-faced (W/w); (c) Georgian white (WS/w); (d) embryos from W/w x W/w crosses, 30™ day

of pregnancy, two dead embryos can be seen (Belyaev et al., 1975).

Fig. 2. Foxes with compound genotypes: Georgian white and white-
faced mutations WS/W (left); Georgian white and platinum mutations,
WG/WP (right), (Belyaev et al., 1975).

CTpoeHUH U perymsnuu KI7T TeHa M COOTBETCTBYIOIIETo OelTka
MOT'YT NPpUBOAUTH K CYHICCTBCHHBIM OTKJIOHCHUSAM B pas-
MHOXKEHUH U )KU3HECTIOCOOHOCTH HEKOTOPBIX THITOB KIIETOK,
a B OTIPEIICIICHHBIX CUTYAIHIX — K KaHIIEPOTEHE3Y, TI0ITOMY
KIT (c-KIT) nonanaet B kareroputo onkoreHoB (Yarden et al.,
1987; Yuzawa et al., 2007).

JlJiss MHOTHX BHIOB MJICKOIUTAIOIIAX YCTAHOBIICHO, YTO
mytanuu K/T BenyT K pasHOOOpa3HbIM (opMam Jenur-
MeHTauuu. Myrtanuu reda K17 4acto BIHSIOT HE TOJIBKO Ha
(heHOTHTI, HO U Ha KHU3HECIIOCOOHOCTh TOMO3UTOT. Y CO0aK,

464 VavilovJournal of Genetics and Breeding - 2017 - 21 - 4

OJIM3KOTro K JINCHLIAM BHA, TIepBasi MyTauus rena K/7T Oblia
oOHapy»keHa coBceM HegaBHO. OHa pacoNokeHa BO BTOPOM
9K30HE M TPUBOJUT K TOSBJICHUIO CHJIBHO YKOPOYCHHOH H,
BeposiTHO, He(yHKIMOoHANbHOU (hopmbl KIT Genka, Benyieit
K SMOproHaIpHOM rrdeny romosurot (Wong et al., 2013). I'en
KITy cobak kapTupoBaH Ha XxpomMocoMme 13 B paiione, romoso-
TMYHOM COOTBETCTBYIOILEMY YUaCTKy XPOMOCOMBI 2 Y JINCHII.

DeHOTHII, OYCHD TTOXOKHUNA Ha TPY3UHCKYIO OEIyI0 MyTa-
U0, onucad y Kpoiukos mopoasl Checkered Giant ¢ Tak
Ha3bIBAEMOW aHIIMHCKOW MATHUCTOCTBIO (puUc. 4). DTOT THI
ISITHUCTOCTH TOE AEMOHCTPUPYET HEMOIHYIO JOMHHAT-
HOCTb, HU3KYIO KHM3HECIIOCOOHOCTh TOMO3HIOT B PaHHEM
MOCTHATAJILHOM TIEpUOJE, CBA3aHHYIO C pellylHPOBAHHOMN
skcnpeccueit KI7 8 ICC xumeynnka (puc. 5), 9To 3aTpyaHsieT
MIEPUCTANIBTUKY H, KaK CJIC/ICTBHE, BE/ICT K Pa3BUTHIO METaKO-
noHa (Fontanesi et al., 2014). XoTs TBep/10 yCTaHOBIJICHO, YTO
n3MeHeHne reHa KI7y KpoJIMKOB OTBETCTBEHHO 3a (popMuUpo-
BaHHUE XapaKTEepPHOTo (PeHOTHITA, MOJICKYJISIPHAS TPUPOAA TOH
MyTAallMH [T0Ka Heu3BecTHA. Bee 1o cux nop oOHapyKeHHbIE
SNP (single nucleotide polymorphism), 3a uckIoueHneM
OJTHOTO, SIBIISIOTCS CHHOHMMHYECKUMH 3aMEHaMH, a €IHH-
CTBEHHAasi HECHHOHMMHUYECKas 3aMeHa B 4 9K30HE IIPe/ICTaB-
JSIETCsl aBTOpaM HCCIIEI0BAaHNS MaJOBEPOSITHON B KadeCTBE
kay3anpHoi MyTamu (Fontanesi et al., 2014). Takum o6pazom,
0CTaeTcsl HEBBISICHEHHBIM, KAaKO€ MMEHHO CTPYKTYpHOE WITH
(DyHKIIMOHATbHOE N3MEHEHHE BEJET K (DOPMHUPOBAHUIO TIAT-
HHUCTOCTH Y Kposnka. JIorajku o CyIecTBOBaHUH MyTalnuu
B 5'-perymsitopHoii 30ue reHa KI/Ty Checkered Giant moryt
0Ka3aThCsl TOJIE3HBIMH JUIsl TOHUMAaHHS I'PY3MHCKON Oenoi
MYTalllH y JIHCHUII.

Animal genetics
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Fig. 3. KIT mRNA. Exon boundaries and the corresponding protein are indicated.

The KIT protein has an extracellular segment (exons 1 to 9), which includes five Ig-like repeats; a transmembrane segment TM (exon 10); and an intracellular
domain with two kinase components, K1 and K2 (exons 11-14 and 16-20, respectively). The vertebrate KIT genes are conservative. The platinum mutation in
foxes involves a replacement of the first nucleotide in exon 17. It causes abnormal splicing and produces a truncated protein (Johnson et al., 2015). Ig1-3 bind
to a KIT ligand (KITLG or SCF) with high affinity and trigger dimerization, in which Ig4 plays a significant role.

Fig. 4. Rabbit with English spotting heterozygous for a mutation
presumably affecting the regulatory zone of the KIT gene (Fontanesi et
al, 2014).

A significant phenotypic similarity to the Georgian white mutation in foxes is
apparent.

KIT n gpyrue 6enku

B npouecce ooreHesa n mMmnaaHTaunm

B pamkax nanHoM paboThI HAC B IEPBYIO OUEPEIb UHTEPECYET
nHpOpMaIus, Kacaromascs GyHKun resa K/7 B pa3BUBaro-
IIMXCSl OOIMTAX, OJIACTOIMCTAX M BO BPEMs MMILIAHTAIINH.
KITLG/KIT B3aumoneiicTBust U 3G(GEKThI TOBOJBHO MOJ-
poOHO M3y4eHHI B ooreHese u (oyummkynorenese (Hutt et al.,
2006). B nmpomniecce pocTa ooruTa GpyHKIIMOHUPYET MEXaHU3M
orpunarensHoit o6parnoit cBs3u. Kpome KITLG u KIT stot
MEXaHM3M BKJIIOUAET M0 KpaiHEeH Mepe elle OJUH KOMIIO-
HeHT — BMP15 (bone morphogenetic protein 15). BMP15
aktuBupyeT npou3BonctBo KITLG, KOTOpbIH CTUMYIUPYET
tdopmuposarne KIT/KITLG, HHTHOMPYIOMIETO B CBOIO OYe-
pens BMP15 (puc. 6) (Otsuka, Shimasaki, 2002; Hutt et
al., 2006). [TockoibKy CHI'HAJIBI PACTIPOCTPAHSIFOTCS MEKIY
rpaHyIE3HBIMU KJIETKAMH U OOIL[UTOM, UIMEET CMBICII TOBOPHTh
0 CYILECTBOBaHUH IAPAKPUHHOTO B3anMoyieiicTBus. Pesysbra-
TOM €T0 SIBJIIFOTCSI POCT OOLUTA, PA3MHOXKEHUE IPAHYJIEZHBIX

leHeTMKa XKNBOTHbIX

1.0 -

08

06

Relative expression

02

0 |
En/En

en/en

Fig. 5. Relative expression of the KIT gene in the proximal colon
in rabbits with English spotting.

En/En homozygotes are characterized by reduced viability due to
development of megacolon, similar to the anomaly observed in foxes
homozygous for the Georgian white mutation (Fontanesi et al., 2014).

KJIETOK M, KaK CJI/ICTBHE, AKTUBALUS INOO MHIMONPOBAHUE
MHOXeCTBa Ipyrux QyHKImi. Heckoibko TOMOMHNTETBHBIX
MOJIEKYJISIPHBIX (DAKTOPOB MOTYT y4acTBOBaTh B CIIOXKHBIX
PETYISATOPHBIX KOHTYPaX ¢ 00paTHOM CBA3BIO, BIUSIOIINX Ha
nepenady curraioB uepe3 KITLG/KIT. Cpean nux GDF9
(growth differentiation factor 9), ciocoOHbII HHTHOWPOBATH
sxcpeccuto KITLG (Tuck et al., 2015).

OONUTHI, JOCTUTIINE JOCTATOYHOTO pa3Mepa, y OOIIbIINH-
CTBA BUJIOB MJICKOITUTAIONINX BO30OHOBJISIIOT [IEPBOE MEHOTH-
yeckoe aenenne (MI) B oTBeT Ha BRIOPOC TIOTEHHU3HPYIOIIETO
ropmona (LH) u x MomenTy oByssituu gocturatotr MIL ITapa-
kpunHas akTuBHOCTh KITLG, mpon3BoauMOoro B rpaHyI€3HbIX
kietkax, 1 KIT B oomuTax comeiicTByeT BO300OHOBICHUIO
MEHOTHYECKOTO MPOLECCA U BBIIEIEHHIO IEPBOTO MOJISIPHOTO
Tenbla B peoBysaTopHbIX oonutax (Ye et al., 2009). He tak
oOcTouT aeno y u3ydeHHbIX BUa0B Canidae, HampumMep co-
0aK, JINCHIL ¥ TIeCIIOB. Y HUX IPOIECCHI CO3PEBAHMS OOINTA
uayT meanensee, 1 MI npoucxoaut nocie oBysnuu (Leung,
Adashi, 2004). ¥ cobak kK MOMEHTY OBYJISIIIH OOIIUTHI OKa-
3BIBAIOTCSl B HE3PEJIOM COCTOSIHMM, U BBIAEICHHE IEPBOTO
MOJISIPHOTO TeJIbIla 3aBEePIaeTCs HE PAHbIIE YeM Yepes JBa-
Tpu 11 mocite oBymsaiun (Rijnberk, Kooistra, 2010; England,
2012). Crenyer y4nThIBaTh TUHAMUKY 3kcnpeccun KITLG
465
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Genes and light: many years later

Fig. 6. The KITLG/KIT/BMP15 negative feedback loop.

Oocyte-produced BMP15 activates KITLG synthesis in granulosa cells. This
protein, being a KIT ligand, acts through oocyte membrane-bound KIT
as a factor inhibiting BMP15 synthesis (Hutt et al., 2006).

u KIT, koTopasi MOXKET OKa3blBaTh CUJIBHOE U MEHSIOLIEECS
BIIMSTHHE HA PA3HBIX CTaMSX (OITHKYIIOTEHE3a U B ITOCIIE Y-
rommx npoueccax passutus (Hutt et al., 2006). KITLG Taxke
OKa3BIBAeT BO3/CICTBIE Ha co3peBanne ooruTa uepe3 NPPC
(natriuretic peptide precursor C), a OOIIUT peryaupyeT CHHTE3
KITLG MPHK B knetkax kymymtoca (de Lima et al., 2016).
Y mucun (Vulpes vulpes) Bo BpeMsi OBYJISIIIH OOLIUTHI €1Ie
NpeObIBaloT B Npodase MmepBoro MEHOTHUECKOTO JETICHUS —
MI (Pearson, Enders, 1943). Co3peBanue 00IUTA, BKIIFOYAS
npoxokaeHne M1, y mucun 3aBepraeTcs B mpenenax 24—48 4
rociie oByIsiuK. Ha 910 yKaspiBaeT BEICOKHI ypOBEHB yCIIEII-
HBIX OIIOJJOTBOPEHUH, €CITU CKPELMBAHMUS OCYIIECTBIISFOTCSI
WMEHHO B 3ToM BpeMeHHOM mHTepBane (Farstad, 1998).
Jlpyrast o0cOOeHHOCTb cO0aK M, BEPOSTHO, JINCHI] COCTOUT B
HEOJHOBPEMEHHON OBYJISIIIMHM CO3PEBAIONINX SHUIEKICTOK.
B pesymnprare mpomuecc oByISINN 3aHUMAET OT 24 1o 96 4
(Linde Forsberg, Reynaud, 2012). 310 MoxeT 03Ha4aTh, 4TO
HEKOTOPBIC OOIUTLI OTIJIOAOTBOPAIOTCA U HAYUHAKOT PAa3BUTHC
Ha JJBOE-TPOE CYTOK paHblle Apyrux. Bpems, HeoOxoxumoe
JUTSL TIPOXOXK/ICHHS THIIEBOJIOB, IEPEIBIKEHUS B/IOTIb POTOB
MaTKH ¥ (QOPMUPOBAHUSI OJIACTOIIKCT, @ TAKXKE IS TOATOTOBKU
K IMIUTAaHTAILUH, COCTABIIACT Y JIUCHUI] TPUMEpHO 14—15 nHei.
[TpakTryecky HUYEro He N3BECTHO 00 M3MEHYMBOCTH PAHHHUX
ASMOPHOHOB Y JINCHI] HETTOCPEACTBEHHO NEPE/l UMILIAHTALIUCH.
W3BectHO oHAaK0, uTo KI/T (PyHKIIMOHUPYET B XOIE EpH-
UMIUTaHTaoHHOTO reproza. C momorsio siPHK, ciocoOHoi
BBIKIII04aTh K/ T, ObLIIO YCTaHOBIIEHO, YTO TAKOE BO3ACHCTBUE
3HAYMUTEIBHO 3aMeUIseT paHHee SMOPHOHAIBEHOEe Pa3BUTHE
OT JBYXKJICTOYHOM cTasuu 10 mo3aHux omacrormet (Lim et
al., 2010). Haubonee Bepositho, uro KITLG/KIT oka3eiBaeT
BIIMSIHHE Ha PAa3MHOXKEHHE OPE/IeICHHBIX KIIETOK Pa3BUBAIO-
mmieiicst OacTonucTel. Bo3MOXHO, ITIaBHOW MUIIIEHBIO B 3TOM
cIly4ae SIBJISIFOTCSI THTaHTCKHE KIIETKH Tpodobiiacta, KOTopble
B IIPOLIECCE MMIUIAHTALIMY PACIIONATAI0TCsI HEIIOCPECTBEHHO
B 30HE KOHTaKTa ’MOPHOHA C SHIOMETPHEM MaTK1 U yIacTBY-
10T B popMHUpOBaHKH IIaleHThI. [loBepxHOCTH TpOdobdIacTa
pesko yBenmuuBaetcs npu nodasnenun KITLG B cpeny s
KyJbTHBHpOBaHUs dMOpuoHoB (puc. 7), taxke KITLG B
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Fig. 7. The putative effect of KITLG and its receptor KIT on the success of
blastocyst implantation in mice.

The trophoblast surface area depends on KITLG concentration (0-100 ng/mL)
in the incubation media and seems to be important for implantation. Anti-c-
KIT antibody (ACK2), 10 pg/mL (Mitsunari et al., 1999).

eJIoM HHTeHCHuImpyeT pazsutue Omactorucet (Taniguchi
et al., 2004) u cHMXKaeT ACHCTBHE HETATHBHBIX (haKTOPOB
(Gtabowski, 2005). KITLG, Tak »xe kak u KIT PHK, o6Ha-
PY>KEHBI B MAacCTOLUTAX SHAOMETPHs. DKCIEPHUMEHTAIbHbIE
(hakThl moayepkuBaroT runoresy o tom, uro KITLG, mpo-
W3BOAMMBIN KIIETKAMH HIOMETPUS ¥ MMILUIAHTUPYIOLIETOCs
sMOproHa, MoxeT, aktuBupys KIT, oka3siBaTh mapakpuHHOE
W/WIM Ay TOKPHHHOE BO3/ACHCTBHE HAa MMILIAHTALUIO OJaro-
Japsi CTUMYJIMPOBaHUIO pocTta Tpodobiacra (Arceci et al.,
1992; Kauma et al., 1996; Mitsunari et al., 1999).

Cymectennoe Biusinue KITLG Ha MI0A0BUTOCTb, a Clie-
JIOBAaTeIIbHO, U YCIEIIHOCTh IPOTEKaHMS MMILIAHTAIMHU ObLIO
HEJIaBHO NPOIEMOHCTPHUPOBAHO y MOJIOYHBIX KO3 HOPOJBI
I'yanp-)Konr. Oka3anock, 4TO HEKHH ramioTum, chopMHupo-
BaHHBII U3 Tpex TecHO cueruieHHbIXx SNP B 3'-UTR paiione
KITLG, noBBIIAET IUIOZOBUTOCTL CaMOK HocHuTeseh ¢ 1.7
10 2.0, T.e. mpumepnHo Ha 15 % (An et al., 2016). ABropsl
noJyiararot, yto 3Tu SNPs pacrnosioxeHbl B 30HeE, SIBISIOIIEH-
cst mumiensio st AByX MUKpoPHK (chi-miR-204-5p u chi-
miR-211). MuxpoPHK, kak M3BecTHO, MOIYIUPYIOT ITOCT-
TPAHCKPUIIIMOHHYIO aKTUBHOCTh M OKa3bIBAIOT BIMSHHUE HA
pa3HooOpa3HbIe OHOIOTHYECKUE MTPOIIECCHI.

BaxHOCTH MacTOIIMTOB B X07I€ MMIUIAHTAIMK OblIa yoOe-
JIUTEJIBHO IIPOAEMOHCTPUPOBAHA UX NIEPECAJKOM OT MBIIIEH
nmkoro renoruna Kk Kit"-sh/Kit"-sh romosuroram, Kotopnie
JIepUIUTHBI ITO MAaCTOLIUTAM U TIOIOBUTOCTB KOTOPBIX CyIIle-
CTBEHHO CHIKeHa. [ociie mepecasiky MaCTOIIUTOB OT IOHOpa
C IMKUM T€HOTHIIOM B ITOJIOCTh MAaTKN MYTaHTHBIX TOMO3UTOT
TUTOIOBUTOCTh MOCIEAHUX MPHOIN3MUIACh K HOPMaJIbHOM
(Woidacki et al., 2013). Kit""*s" myrauus npeacrapiser codoi
WHBEPCHIO B 5'-perynsaTopHoii oomactu reHa Kif (Nagle et al.,
1995). [IpencrasisieTcst BEpOATHBIM, UTO 3Ta HHBEPCHSI PE3KO
cumwkaeT aktuBHOCTh KITLG/KIT komruiekca, 0COOCHHO y
TOMO3HTOTHBIX CAMOK, COKpAIIas UX TI0A0BUTOCTE Ha 50 %
OT HOPMAIIBHO#. Y romo3urot 1o Kif"-$" Mytanmu konuectso
KIT monekyn Huxe HE0OX0IMMOTO BCIIEICTBUE HAPYIIIEHHON
PETyISIINY MyTaHTHOTO T€Ha, ¥ TO3TOMY ITPOIIECC UMITIaHTa-
MM IPOTEKAET MEHEe yCIenTHo. TeM He MeHee TPaHCIIIaHTH-
POBAHHBIE B HAOMETPHIT roM0o3uroTHBIX Kit" 5"/ Kit"-s" camox
HEMYTaHTHBIE MACTOIIUTHI HOPMAJIM30BAIH ITPOTEKaHNE UM-
TUTAHTAllMK 1 BOCCTAHABIIMBAIIN CTAaHAAPTHYIO IUIOOBUTOCTS,
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4TO KpaifHe MaJIoBEPOsITHO Oe3 MPOM3BOJICTBA JJOCTATOUHOTO
xommuectBa KIT (Woidacki et al., 2013). Dtu sxcniepumen-
TBI HAIJISTHO TIOKA3aJIM OJIHY M3 BO3MOXKHOCTEH KOPPEKIINU
nedunmra cuatesa KIT.

Kak roBopmiioch BbIIIE, IUIATHHOBAS MYTAIUS Y JHCHI
MPUBOANT K MOSBICHHUIO yKopoueHHOH ¢opmbl KIT, u mo-
ATOMY JIUMEPBI Y TOMO3HIOTHBIX SMOPHUOHOB TOXKE YKOpOUe-
HbL. DTO 00CTOATENBCTBO He Meraer romosuroram WE/Wwr
YCIICIITHO ITPE0/I0IIeBaTh NMITIAHTAIIMOHHEIH Oapbep (Belyaev
etal., 1975). Tem He MeHee Bce Takie FrOMO3UTOTHBIE SMOpH-
ousl (WF/WPwu W/W) norn6aror 1nocjie UMILIAHTAIUH, HO JI0
30-ro mHA SMOpuoHampHOTO passutus, korga KITLG/KIT
CUTHAJIbHAs TPAHCAYKIMS OKa3bIBACTCS HEOOXOAMMOM st
obecrieueHnst HeKMX )KU3HEHHO BayKHBIX MOP(OTEHETHUECKHX
MIPOLIECCOB.

VYuyactBys B iepegade cursanos BHyTpb kinerku, KIT B3au-
MOJIEHCTBYET CO MHOTMIMHU MOJIEKYJISIPHBIMH IPOIIECCAMH B 3a-
BHCHMOCTH OT THIIA KJIETOK 1 PETYISTOPHBIX O0CTOSTEIBCTB.
Taxkoli MUPOKUN Auana3oH B3aUMOLEHCTBUN BO3MOXKEH
Onaromapsi HATMYUIO MHOTOYHCICHHBIX (DYHKIIMOHAIBHBIX
caiitoB B kuHazHoM jpomene (http://www.genome.jp/dbget-
bin/www_bget?hsa:3815). Cpenu nux nsa ¢akropa — FGF
(fibroblast growth factor) u LIF (leukemia inhibitory factor),
okaspIBaromux BiustHEe Ha akTuBHOCTH KITLG/KIT, 3aciy-
JKMBAFOT CIIELMAJIBHOTO YIIOMUHaHHs1. Heo0Xo1MMo oTMeTHTh,
4yTO pe3Kuil nuk aktuBHoctu LIF mpuxonurtes MMEHHO Ha
nmmtantanuio (Elvin et al., 1999). AxTuBaius curHaisHON
Tpancaykimu yepe3 GDF9 n BMP15 B koHeuHOM cueTe no3u-
THBHO BIIUSIET Ha ITPe- ¥ MOCTUMIUIAHTAI[IOHHOE PA3BUTHE IM-
OpHOHOB, KaK OBLIO YCTAHOBJICHO MPH JJOOABICHUN 3THX PO-
CTOBBIX (DPAKTOPOB B CPEy JUIsl KYJITHBUPOBAHNS SMOPHUOHOB,
7€ Mporcxoanio no3pesanue oorutoB (Gilchrist et al., 2008).

OMOpHOHAIBHBIC ¥ MAaTEPUHCKHE CHT'HAJIBI UTPAIOT BaXK-
HYIO POJIb B IPe00pa3oBaHUK SHIAOMETPHS IIPH TTOJTOTOBKE
U B npoliecce uMInIanTanuu. Cpeny CUrHajIoB, HCXOASIINX
oT SMOpHoHa, ocodoe 3HaueHne nMetoT hCG (roHa 0TpONNH
xopuona) u IL1B (unrepneiikun 1B), rne hCG monynupyer
PELENTUBHOCTD KJIETOK CTPOMBI M SIHUTENUS SHIOMETPHUS K
IL 1P Bo Bpemst uMIuTaHTamu 1 anruoreHesa (Bourdiec et al.,
2012). IL1P sBisieTcst OAHUM W3 PAHHUX U CYLIECTBEHHBIX
CUTHAJIOB, UCXOJSIINX OT OIACTOIMCTHI U CONCHCTBYIOMINX
ee COOCTBEHHO! MMIUTAHTAILIUH | ITOCIIEYIOIEMY Pa3BUTHIO
(Bourdiec et al., 2013). B konTekcTe 3T0M cTaThU PUOOpETa-
0T 3HaueHue creayromue (aktel. M3BectHo, uto KIT mmeer
KpPHUTHUYECKOE 3HaYeHHUE B U ((HepeHINPOBKE, pa3MHOXKEHNH,
Y BBIJICJICHUH IUTOKUHUHOB MacToruTamMu. Kpome Toro oOHa-
pyxeHo, uto KIT city>KuT peryastopom perenropa MHTepie-
kuHa (IL-1RI) B MactonmTax (Drube et al., 2012), Tak ke xax
KITLG/KIT BiusieT Ha poCcT MacTOIIMTOB CTUMYJIMPOBAHHBIX
IL1a (Kameyoshi et al., 2000). He uckitodeHo, 9To AOMOI-
HUTEJIHbHOE M3YyYCHHE YIOMSIHYTBHIX T€HOB U CBSI3aHHBIX C
HUMH KJIETOYHBIX NPOLIECCOB MOXKET OKa3aThCs MOJE3HBIM
JUISl TIOHUMaHHsI pacCMaTPUBAEMBIX B 3TOH cTaTrbe (DYHKIH-
OHAJIBHBIX OTKJIIOHEHHH, BHI3BIBAEMBIX MYTAIHSIMH Y JIUCHI.

Ecnu cBsI3p 1U1IaTUHOBOM OKPACKU Y JIMCULL C 3aMEHOU HY-
Kneotuaa B reHe K/7 He BBI3bIBACT COMHEHH, TO OTHOCHTEIIb-
HO TPY3UHCKOH OeJIoi OKpacK! M3BECTHO JIMIIb TO, YTO Kay-
3aJbHasl MyTalus pacnojoxeHa B paiioHe reHa K/7. Bnionne
BO3MO’KHO, UTO OHA JIECTBUTENILHO BbI3BaHa MyTalei KI7.
B 1nosp3y 3TOT0 CBUICTENBCTBYET HE TOIBKO XapaKTEPHBIH JIs
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HEKOTOpbIX KT MyTariuii peHOTHII, HO 1 0COOCHHOCTH MTOCT-
HaTajapbHON cMmepTHOCTH TomosurotT (bemses u ap., 19736).
OnHaKo OKOHYATEIBHBIN BHIBOJ MOXKET OBITh CJIETIaH TOJIBKO
[10CJIE ONPEACICHUS MOJIEKYJIIPHOM IPUPO/bI STON MY TALIUU.
Henmasuuit mpumep ¢ White Spotting y MpImmei mokasai, 9To
NePUUMILIAHTAIlMOHHAsS JIETAIBHOCTh TOMO3HUIOT, KOTOPYIO
M3HA4ajIbHO CBA3BIBAIM C MyTalMel reHa Kit, B 1eCTBUTEIIb-
HOCTH 0Ka3aJ1ach Pe3yIbTaTOM H3MEHEHHUS B PACTIOIOKEHHOM
psnom rere Exocl (Mizuno et al., 2015). [To stoii mpuumae
HMEET CMBICI PACCMOTPETh OMirKaiiiee okpyskenue K17, ecnu
Kay3aJbHasi MyTallys B 9TOM T'€HE, BKJIIOUas €T0 PETYISITOPHBIE
obnacty, He OyzeT oOHapy KeHa.

BnuaHue poTonepuopmnyecknx mogndukaumni
Ha 3MOpPUOHaNbHYI0 XN3HECNOCOOHOCTb FOMO-
M reTepo3unroT No rpy3nHCKOI 6enoin myTauum
Myrtauuu rena KI7T'y pa3HblX BUJOB JEMOHCTPUPYIOT LIUPO-
Koe pa3HooOpa3ue PeHOTUIIOB Y TOMO- H T€TEPO3HUIOT, BKITFO-
Yasi SMOPHOHAIBHYIO CMEPTHOCTb /10 UMILIAHTAIUH, [TOCIIe
WMIUTAaHTAIIMU ¥ B IOCTHATAIBHBIN TIEPUOJ, TaK Jke KaK pas-
JUYHYIO CTENeHb Ku3HecnocoOHocTh. I'py3uHckas Oenmast
MyTalusl BBI3BIBACT JIOTIOJHUTEIILHBIA HHTEPEC B CBSI3H C TEM,
4yTO 0Omagaer nByMms (hazaMu JETaJbHOCTH: B JOWMILIAHTA-
IIMOHHBIA ¥ MOCTHATANBHBIN neprof. [IepBast n3 HUX MOXKET
OBITH MPEOJIONICHA C MOMOUIBIO YIJIMHEHUS] CBETOBOTO JIHS,
TIOSTOMY €€ CIEyeT ONPEaeTUTh KaK yCIOBHYIO JIETaTbHOCTD
WA CHIKEHHYIO sku3HecnocoOHocTh (bemsies u ap., 19736).
B ornmiune ot rpy3uHCKoii 6es10i MyTanmu, nameHenue horo-
MIEPUOIMYECKUX YCIOBUIA HE OKa3ajl0 HUKAKOTO BIMSHHSA HA
JKM3HECTIOCOOHOCTH TOMO3HTOT 110 OEIIOMOPI0H M TIaTHHOBOM
MYTAaIHsIM.

3a MHOTHE TOIBI C MOMEHTa OOHAPYKEHHS TPY3HHCKOM
OeJoi MyTaIy 1 10 Hadasna padot besieBa ¢ COTpyTHUKaMH
B 1969 1. B M3BECTHBIX HaM CKPEUIUBAHUSAX FE€TEPO3UTOT CO-
OTHOIIICHNE IOTOMKOB C MyTaHTHBIM U AUKUM (DEHOTHIIOM HE
omryanock ot 2 : 1. Myrtantusie romo3urotsl WO/W6 panee
He OBUTH ONHUCAHBI, U TIPE/IIIONIOKEHHE O UX IMOPUOHAIIBHOM
CMEPTHOCTH MPEACTABILIIOCH HanOoree BepoaTHRIM. Heoxm-
JTAaHHOE TIOSIBJIEHNE PEIKNX OCJBIX IIEHKOB B CKPEIIMBAHMIX
TeTepPO3UTOT NPU 3HAYUTEIHLHOM PACHIMPEHUN SKCIIEPUMEH-
TOB, a TaKkKe THOENb BCEX TaKMX IICHKOB B IEPBBIC HENENN
M MECSIIbI TTOCNIe POKACHUSI IOCTABIIIN JOTIOJHUTEIbHbIE
BOIpOCHl. TONBKO OfIHA TPEIOIIOKHUTEIILHO TOMO3UIOTHAS
WG/WG Genast caMKka JOCTUIVIA PEIPOAYKTUBHOTO BO3pacTa
(puc. 8). Bee ee 11 mOTOMKOB OT aHATTHM3UPYOMIETO CKPETITH-
BaHMs OKA3aJIUCh T€TEPO3UTOTAMHU.

[TocrenoBaBimee sMOPHOIIOTHIECKOE FICCIECJOBAaHUE yCTa-
HOBHJIO, YTO B OOBIYHBIX YCIIOBHSIX MHOTHE TOMO3UTOTHI
WOY/WG ne npeononesany UMILUIAHTAMOHHBIN Gapbep, U
JIUIITH HEKOTOPOE KOIMYECTBO OKA3aJI0Ch CITOCOOHBIM ITPOITH
SMOpHOHATBHOE pa3BUTHE MOMHOCTHIO (bemsieB u ap., 19730).
Hcxons U3 paHee OOHapY)KEHHOTO TO3UTHUBHOTO BIIMSHUS
CBETOBOTO (aKTOpa HA JOWMIUIAHTAIMOHHYIO CMEPTHOCTH
y muekonutaromux (benser u map., 1963), Obu10 M3y4YeHO
BJIMSTHUE Y/UIMHEHHOTO CBETOBOTO JIHSI Ha AMOPHOHAJIBHYIO
JKU3HECTIOCOOHOCTh TeTepO- M TOMO3HUTOT IO TPY3HHCKON
Oenoit myranuu. OTa padoTa Mmokasana, 4YTo YIJIHMHEHHE
CBETOBOTO JIHS /Ui OEpEMEHHBIX IeTePO3UTOTHBIX CAMOK
JIOCTOBEPHO TOBBIMIAET KOJIUIECTBO TOMO3HIoT WYI/WY,
YCIENIHO MPOXOAIINX HMILTAHTAIMIO M TIOCIIEYIOIIHE STAIIbI
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Genes and light: many years later

FHVNAAA,

Fig. 8. Female homozygous for the Georgian white mutation, W¢/W6
(Belyaev et al,, 1975).

sMOproHansHOTO paszsuths. [lapamiensHo ¢ Bo3pacTaHHEM
gactotel WY/WY ymensinaercs gons WSy (puc. 9, a), uto
OBLIIO MHTEPIIPETHPOBAHO KaK KOHKYPEHIIHS SMOPHOHOB C
pasubiMu renotunamu (Belyaev et al., 1975). Bersicaunocs
TaKXKe, YTO MOBBIILIEHNE TJIOJIOBUTOCTH CaMOK, CUIIBHO KOp-
penupyromei ¢ KOMMYeCTBOM JKENTHIX Teln (corpora lutea),
TOXE BEET K POCTY YHCIIA POXKJICHHBIX MYTaHTHBIX TOMO3H-
TOT ¥ YMEHBIICHHUIO KOJIMYECTBA FeTePO3UroT (CM. pHc. 9, ).
Taknum 00pa3oM, yAIMHEHNE CBETOBOTO JIHS M ITOBBINICHHAS
TUTOZIOBUTOCTH CAMOK IIPUBOJISIT K OZINHAKOBOMY PE3YJIBTATY.
B kauecTBe BEpOSITHOTO OOBSCHEHHUS 3TOTO HHTPHUTYIOLIETO
(heHOMEHa paccMaTpUBANIOCh N3MEHEHHE TOPMOHAIBHOTO
OaraHca U IOBBIIICHUE YPOBHS porecTepona. M3BecTHo, 4To
TOTOBHOCTb 3HAOMETPHUA K UMIUIAHTALIUU MOXKET 6]:ITI) uc-
KyCCTBEHHO MOJYJIMPOBaHa BBEICHHEM 3CTPAIN0IIa U TIpore-
cTepoHa, 0e3 mpounx Bo3neicTBril. CTENeHb CHHXPOHU3AIHN
MEXIy SMOPHOHOM M SHIOMETPHEM OITPEACIISIET BEPOSTHOCTh
YCIIENTHON MMIUIAaHTAUU U MOXET OBITh CTHUMYJIMPOBaHA
CBOEBpEMEHHOH nojayeii nporecrepona (Paulson, 2011).

Cnycrst nosroe Bpemst ociie padot [1.K. bensiesa ¢ corpy-
HHUKaMH HOSIBUJINCD UCCIIEI0BaHNUS, IPHOTKPHIBAIOIIIE HOBBIE
ACTIEKTHI BIMSHMS TOPMOHOB Ha MMIUTaHTanuio. Harmpumep,
skcrpeccust reHa NDRG4 (N-myc down-regulated gene 4,
tumor suppressor), BIUSIONIETO Ha aHTHOTEHE3, THHAMIIHO
PETYIMPYETCsI SCTPOTCHaMH U IIPOT€CTEPOHOM, CYIIIECTBEHHO
BO3pacTas B XO4€ MMILIAHTAllUH. B mecrax HUMIIJIaHTalluHu
skcrpeccust NDRG4 3HAYUTENBHO BBIIIE, 9eM Ha MTPOMEKY-
TOYHBIX yYacTKaX. DCTPOTeHbl HHAYHHUPYIOT SKCIPECCUIO
NDRG4, 910 MOXET BECTH K 3aJepxkKKe uMrianrauuu (Yang
et al., 2016). B 3TOM MOXXHO YCMOTpPETh MEXaHU3M (HOpPMH-
pOBaHMsI HEKOETo OallaHca MHTEPECOB MEXK1y SMOPHOHOM U
Marepblo, KOTOPBIN NPENITCTBYET Ype3MepHOI MHBa3uu Oa-
CTOLMCTHI U MTOAABIIAET CIUIIKOM HHTEHCUBHYIO HMMYHHYO
3aIINTY SHIOMETPHSL.

LnpkagHble puTtmbl

n poToneprognyeckne N3MeHeHuns

DBosronys OOJIBLUIMHCTBA BUOB IIPOXOANIIA B YCIOBHUSIX pe-
TYJISIPHOM CMEHBI THEBHOH M HOUHOH (ha3. ClreIcTBHEM TaKuX
BO3/ICHCTBHH cTano (OPMHUPOBAHUE CIONKHON IUPKATHOH
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Fig. 9. (a) Variations of the frequencies of homozygotes (WG/W¢) and
heterozygotes (WS/w) for the Georgian white mutation in W&/w x W&/w
crosses depending on daylight length. (b) Similar frequency variations
with litter size. Dashed lines indicate the Mendelian predictions for both
genotypes (Belyaev et al., 1975).

CHCTEMBI, COCTOSIIEH Y MIIEKOIIUTAIONINX U3 IIEHTPAIBEHOTO
peryisiTopa, Haxo/sIIerocss B CYNMpaxua3MaTHIECKOM spe
(CX51) runoranamyca, U JIOKQJIbHBIX OCHUIJUIATOPOB/Y4acoB,
PAcIONOKEHHBIX BO MHOTUX KJIETKax Tela W 00IaJarolux
3HAYUTENIFHON aBTOHOMHOCTEI0. CX I MOCTOSHHO alanTHpy-
€TCs1 K Ce30HHO MEeHsIomeMycs (OToIepruoIy (COOTHOILIEHHIO
CBETJIOTO U TEMHOTO BPEMEHHU CYTOK) U CHHXPOHHU3HPYET IIe-
pudepruecKkre Yackl, HCMONIb3YsI MHOTOUYHCIICHHBIE CTUMYITBI.

[Toncrpoiika puT™Ma penpoyKTUBHOM aKTHBHOCTH Y CAMOK
MJICKOTTUTAIONUX K MEHSIOMIMMCS YCIOBUSM 3aBHCHT OT
MHOTHX (PaKTOPOB, 1BA N3 KOTOPBIX UMEIOT 0CO00E 3HAYCHUE:
CYILIECTBOBaHHE 3CTPOTEHHONW CUCTEMBI C OTPHIATEIbHOMN
00paTHO! CBSA3BIO, CONMPSDIKEHHON C CO3PEBAHUEM OOITUTOB
U TOCHEAYIOIUMH CTaJAUsIMHU PENpPOLYKTUBHOTO MpOLEcCca;
(DYHKIIMOHMPOBAHUE IEHTPAIBHBIX IMPKAJHBIX YacOB, yKa-
3BIBAIOMINX Ha BpeMs CYTOK ((poTomeprosn), KoTopble OKa3bl-
BAIOT BIIMSIHUE HA TTepU(epruuecKue IIMPKaIHbIC Yachl, JIOKa-
JIN30BaHHBIE B PA3HBIX KOMIIOHEHTAX PEHPOTYKTUBHON CHUC-
Tembl. Cpein TaKUX KOMIIOHEHT CJIEyeT OTMETUTh TaK Ha-
3bIBaE€Mble KHCCIIENTHHHbBIE HEWPOHBI, CTIOCOOHBIE MHTETPHU-
POBaTh CTUMYJISITOPHBIE ACTPAANOTIOBBIC CUTHAJIBI U CyTOYHBIE
Ba3ONpECCHHEpTrUIecKre curHaisl (Simonneaux, Bahougne,
2015). Iomyyennsle 3a MocieHee AeCATHIICTHE PE3YIIbTaThI
YKa3bIBalOT Ha pa3HOO0pasue M BaXKHOCTh (DYyHKIMH reHa
KISSI (metastasis-suppressor KiSS-1), koTopslit BMecTe co
cBOoMM pernentopoM K/SS/R akTUBHO y4acTBYeT BO MHOTHX

Animal genetics
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[eHbl 1 cBeT: MHOTO NneT cnycTA

mpoIeccax TUIoTaIaMo-runodu3apHo-ronagHon ocu. He-
CKOJIBKO KHCCIIEITHHOB, KOMUPYEMBIX TeHOM KISS1, — pe3yib-
TaT aJbTEPHATHBHOTO CIUIAWCHHTA, aIbTEPHATHBHON TpaHC-
KPHUILUH U STIMTeHETHYeCKUX Moandukanuii. [Ipencrasnenue
0 TOM, KaK (hOpMHPYETCS MHOTOOOpa3re KICCIENTHHOB U KaK
OHH 00€CTIEUNBAIOT TOHKYIO ITOJICTPOMKY MHOTHX ITPOLIECCOB,
CBSI3aHHBIX C Pa3BUTHEM U (PyHKIIMOHHUPOBAHUEM PENPOIYK-
TUBHOW CHCTEMBI, BOSHHKAET B HacTosIee BpeMs (Semaan,
Kauffman, 2013; Castellano et al., 2014). BepositHast pons
KISS1/KISS1R B sMOpHOHaIbHOM Pa3BUTHU M MMILIAHTA-
IIMM B 3aBUCHMOCTH OT (hOTOIEpHOANIECKUX YCIOBUI pac-
CMOTpEHa JlaJee.

B3aumopeiicTBue LIUPKaJHbIX YACOB C CE30HHO MEHSIOLIU-
MHCs (HOTONEPUOTUUECKIMH YCIOBUSMH HEOOXOIUMO IS
HEeTIpepBIBHO naymieH gpusnonornaeckoit aganrannu (de Paula
et al., 2008). BiusiHure cpeoBbIX CUTHAIOB, TAKHUX KaK CBET,
Ha TEHHYIO 9KCIIPECCHIO OMOCPEAyeTCsl uepe3 0a30oBbIe Kile-
TOYHBIC [IUPKaTHBIC OCIMIUISTOPHI, KOTOPBIE C HEKOTOPBIMHU
MOANGDUKALUSIMA HIMPOKO HMCIOJIB3YIOTCS Y 3YKapHOT. JTH
OCIMJUIATOPHI MOCHIIAIOT (ha30ByI0 MH(MOPMAIINIO IS KOH-
TpPOJISt HAJT SKCIIPEcCHel Tak Ha3biBaeMbIX clock-3aBHCHMBIX
TFeHOB W PUTMUYECKHUX IpoueccoB. Ocummisiiuuu GopMu-
pyroTcst 6arofapsi HATMYUIO MO3UTUBHBIX U HETAaTHBHBIX
9JIEMEHTOB, CO3AAIOIINX CIOXKHYIO CHCTEMY C 0OpaTHOH
cBa3bio (puc. 10). 3HaYUTENBHOE KOTMYECTBO T€HOB MIIEKO-
MUTAIONINX BOBJICUEHO B IUPKa/THbBIC OCLMIUISIINH, U TI0O3TOMY
pe3Kre N3MEHEHHs (POTONIEPHOMIECKHUX YCIOBUH OKa3bIBa-
10T BJIMSIHME Ha IMHaMHUKY MHOTHX npoueccoB. Harpumep,
TIpH MICCICIOBAaHUM TIPOoduIIs 3Kcrpeccuu y 12252 reHoB B
KJIETKaX SHIOMETPHs OEPEMEHHBIX KPBIC OBLIO OOHAPYKEHO
7235 reHoB CO 3HAYUTENBbHBIMU (Pa30BBIMH OCLMIIISLIUSIMU, B
TOM YHCIIE BBISIBICHO || F€éHOB, HEMOCPECTBEHHO CBA3aHHBIX
C UMIUTAHTaIMeH, 1 24 TeHa, BIUSIOMNX Ha (JopMHUpOBaHUE
TUIAIEHTHI, OCUMJIISIINS aKTUBHOCTH KOTOPBIX KOHTPOJIHUPY-
eTCsl IOKaJIBHBIM IupKagHaeiM putMoM (Tasaki et al., 2013).

Knerounsle nupkaiHble 9achl OCHOBBIBAIOTCS HA JIBYX aB-
TOHOMHBIX TPAHCKPUIIIMOHHO-TPAHCIISIIIMOHHBIX CUCTEMAX C
00paTHOM CBA3BI0, KOTOPBIC 3aJaf0T PUTMHUYECKHIE KOJICOaHUs
9KCIIPECHU MHOTHX T'€HOB, Onu3kue K 24 4. OnHa U3 HUX — C
OTPHIIATEIILHON 00PAaTHOM CBSI3bI0 — BKJIFOUACT TAK Ha3bIBA-
emblie «nepuom»-rensl (PERI, PER2, PER3) u KpUITOXPOM-
rensl (CRY1, CRY?2). I'ereponnmepsl, popmupyemsie n3 PER
u CRY Oenkos, Biustor Ha CLOCK/BMALT rereponumepsl,
nomaBisis coocTBeHHyT0 Tpanckpunnuio. PER u CRY 6enku
(hochopmIpyIOTCSl ¢ MOMOIIBIO0 Ka3eMHKUHA3B! SMICHIIOH
(CKl1g, CSNK-I-Epsilon), uto BeaeT K X Jerpajaliuy u crap-
Ty HOBOTO IIMKJIA. J[pyrasi cUCTeMa € IOJIOKUTENBbHOM CBSI3bIO
zamyckaercsi CLOCK/BMALI rereponnmepoM, KOTOPBIi
MHHULUHUPYET TPAHCKPUIILINIO T€HOB-MHUIICHEH, COIEPIKALINX
E-box 1uc-perynsTopHble SHXaHCEPHBIE OCIIE0BATEILHOCTH
(de Paula et al., 2008; Valenzuela et al., 2015).

[upkagHblie yackl cpeau mnpodero peryaupyotr MAPK
(MHTOTEH-aKTHBUPOBAHHAS IPOTENHKHHA3a) — CUTHAJIBHBIH
Iy Tb, SIBISTIOIINICS OTHUM U3 (DyH/ITaMEHTAIBHBIX Y 3yKapHOT.
Ora perymsuus 3aKI049aeTcs B KOOPIUHUPOBAaHHOM KOHTPOIIE
Ha/Jl TPYTIION T€HOB, TaK YTO MUK UX AKTUBHOCTH HACTYTIAET B
MO/IXOJISIIIIEE BPEMsI CYTOK M TEM CaMbIM 00€CTIEUUBAET POCT
u BebkuBaHue (de Paula et al., 2008). CurHajibHbIH MyTh
PI3K (pocharmmummao3nTia-3-KiHHA3a) IPEACTABISIET COO0M
JIpyTOil Ba’KHBI CUTHAJBHBIN IyTh, KOTOPBIM y4acTBYET B
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In the absence of strong external signals, the circadian oscillator generates
gene activity oscillations with a period close to 24 hours. Positive elements
of this regulatory system (CLOCK, BMAL1, etc.) activate the transcription of
negative elements (PER1-3, CRY1-2, etc.) The growth of negative element
concentrations leads to suppression of positive elements. Phosphorylation
and degradation of negative elements start the next cycle. Light and other
factors influence the circadian rhythm, thereby affecting many genes and
physiological processes (de Paula et al., 2008).

MOJYJISAILUH IUPKaIHBIX PUTMOB, B3aumoaeicTys c BMALL
and CLOCK (Jeong et al., 2014). CymectBenno, uto MAPK
n PI3K/Akt HenocpencTBeHHO CBS3aHBI C CUTHAJIAMH, TTOCTY-
naropmu yepe3d KITLG/KIT BHyTpb KIETOK, 1 OKa3bIBAIOT
BO3/ICHCTBHE HA AHTHAIIONTO3HBIC T€HBI U TEHBI, BIUIOIINE
Ha nposmdepanuio (KEGG Pathway Database, http:/www.
genome.jp/kegg/pathway.html?sess=2764b8338258d6286
de91bbebe6faf46). Oba 3THX CHTHAIBHBIX YTH aKTHBHO
YYacTBYIOT B MPOTCKAHWU MMIUTAHTAIINA U (OPMUPOBAHHU
wianeHTsl (Jeong et al., 2014; Furmento et al., 2016).
W3BectHO, uTO nobGaBnenue pactBopumoii hopmsr KITLG
B CpeAy TS KyJIBTHBHPOBAHUS SMOPHUOHOB yITydIiaeT (popmu-
poBanue Onacrouct. Boikimouenue K/7 reHa, HaIlpoTUB, TIPH-
BOJWT K 3HAYUTEITHHOMY CHIDKEHHIO CKOPOCTH (POPMHUPOBAHHUS
07aCTOIMCT W, CJICOBATENBHO, 3a/Iep)KKe SMOPHOHAIBEHOTO
pa3BuTHs. OTH (pakThl ykaszpiBaeT Ha BaxxHOCTh KITLG/KIT
CHUTHAJBHOTO TyTH, 3aIeHCTBYyTOIIEro ¢ momorsio MAPK n
PI3K/Akt crienudprraeckue KICTOYHBIC SN, YTO BIHASCT HA
JpobieHue OiacToMepoB, ponudepaiuo Tpododiacra u
BHYTpeHHEH KieTouHoi maccrl (Lim et al., 2010).
COBOKYITHOCTb HKCIICPUMEHTAIIBHBIX TAaHHBIX CBUJICTEIb-
CTBYET O CHMHXPOHHU3AIMH JKCIIPECCHU CHEUU(PUUHBIX JUIS
SMYHAKOB T€HOB K THIIOTAIaMO-TUIO(HU3apHBIM CHTHAJIAM,
a Takke 00 MX PeryaupyeMoCTH TOHaJIOTPONMHAMHU. YcTa-
HOBJICHA CBSI3b MEXK/y BOBHUKHOBEHHEM LIMPKaIHOTO pUTMa
B SMYHUKE M aKTHBHOCTHIO PELIENITOPA JIIOTEHHU3UPYIOIETO
TOPMOHA, KaK ¥ BO3MOXHas! ()Y HKIIMOHAJIbHAS 3aBHCUMOCTB C
MponyKIMen anaporeHa u nporecrepona (Gris et al., 2012).
IIporecrepon, a HE 3CTPaIUON, CHHXPOHH3UPYET ITUPKaIHBIC
OCHMJUIALINU B KJIETKAX CTPOMBI SHAOMETPHS, HCIIONIB3YS
TPAHCKPUIIMOHHBIE U TPAHCISIMOHHBIE MEXaHU3MbI 00-
paTHOI CBSI3M ¢ JOKaNbHOW mupKagHoil cucremoii (Hirata
et al., 2009). [0TOBHOCTH HIOMETpPHUS K UMILTAHTAIIUU
Tak)Ke 3aBUCUT OT OajlaHca dCTPOTEHOB M IPOreCTepPOHa.
IIpu hopmupoBaHUm 3TOTO HaTaHCa AKTUBHO UCTIONB3YIOTCS
MEXaHU3MBl OOPaTHOM CBSI3W, M OH €/IBa JIH JOCTIDKUM 0e3
BaBuNOBCKMNI XKYpHan reHeTUKN 1 cenekuyumn « 2017 - 21« 4
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Genes and light: many years later
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Fig. 11. The autocrine and paracrine effects of melatonin synthesized
in trophoblast cells.

MT1 and MT2 are melatonin receptors, capable of transducing a signal inside
trophoblast cells. VEGF is the gene for vascular endothelial growth factor;
NAT, for N-acetyltransferase; and HIOMT, for hydroxyindole-O-methyltransfer-
ase (Valenzuella et al., 2015).

psiia ”HTHOUTOPOB M MX PELIENTOPOB, TAKUX, HAIPUMED, KaKk
ErbB (Kim et al., 2010). Briomae oxxnmaemo (hyHKIIMOHH-
pOBaHUE BCEU 3TOW CIIOKHOU PEryasiTOPHOM CUCTEMBI OKa-
3BIBAETCS UYBCTBUTENILHBIM K PE3KUM (OTONEPUOANIECKUM
n3MeHeHnsIM. CpaBHEHHE KOHTPOJILHOW IPYTIITB OEpEeMEHHBIX
oserl (12 1 cBer: 12 4 TeMHOTA) C SKCIIEPUMEHTAIBHOMN (24 94
MOCTOSIHHBIN CBET) MOKAa3allo, YTO Y IKCIIEPHUMEHTAIIbHBIX
KHMBOTHBIX YPOBHH (DOJUTHKYIIOCTUMYIHPYIOIIETO TOPMOHA
3CTPaANOIIA BO3PACTAIOT, @ YPOBEHb IIPOT€CTEPOHA CHIKACTCS
KaK B MaT€pUHCKOW CHCTEME LIUPKYISIHIH, TaK U y dSMOpu-
oHa. Bo3pacranue ypoBHS JTIOTEMHU3UPYIOMETO TOPMOHA
00OHapy’KEHO TOJIBKO B 9MOproHabHOM upKyisiinu (Gao et
al., 2016). BecbMa BeposITHO, 4TO 00JIC€ MATKHE U3MCHCHUS
(hoTomepuona, ucronb3oBaHHbIe B pabote (bemser u mp.,
19736), ToXXEe MOIIIN TIPUBECTH K CABUTAaM B YPOBHE MHOTHX
TOPMOHOB M OEJIKOB, Y4acTBYIOUIMX B 00CYK/IaeMbIX 3/1€Ch
npoueccax. Jlomyckars CyliecTBOBaHHE POCTHIX TMHEHHBIX
3aBUCHMOCTEH B peakiuy Ha (OTONECPHOJMUECKIE N3MEHE-
HUSI, TIO-BUANMOMY, HE ITPUXOANUTCSL.

HdpyraMm BaxHEHIINM (PaKTOPOM, CHHXPOHU3HPYIOIINM
~24-4acoBble NUPKaJHBIE PUTMBI C (POTONEPHOANIECKUMHU
M3MEHEHHSIMH Y MJICKOIIMTAIOIIUX, SBISIETCS AU (U3apHBI
TOPMOH MEJATOHHH, C TIOMOIIbIO KOTOPOTO MH(pOpMANUs U3
CyIpaxnua3MaTH4ecKoro siipa MepeaacTcss MHOTOUNCICHHBIM
TKaHsM 1 opranam. [Tomumo snuduza, MeTaTOHUH CHHTE3H-
pyeTcst B pa3HbIX KJIETKAX M TKAHSX, BKJIIOYAs IUIALCHTY U
omacroumctsl (Valenzuela et al., 2015). Cesi3piBasics ¢ perer-
TOpaMHM Ha OBEPXHOCTH KJIETOK TpodoOiacTa, srupu3apHbIi
MENaTOHUH IMEpPEelaeT CUTHAJI BHYTPh OJIACTOLMCTHI U JACH-
CTBYET Ha €€ IINPKIHYIO CHCTEMY, KOHTPOJINPYS 3KCIIPECCHIO
clock-renoB: CLOCK, BMALI, PERI-3, CRYI-2, a Tak:ke Ha
MIPOMU3BOJICTBO JIOKAJILHOTO MEJIATOHMHA, OKa3bIBAIOIIETO KaK
AyTOKPUHHBIN (Ha OJIACTOLMCTY), TAK U ITAPAKPUHHBIN S (eKT
Ha KJIETKH MaTKu ¥ (pOpMHPYIOIIEHCs TUIAleHThI, YTO BIIHS-
©T Ha MMIUTIAHTAIMIO U TOCIEAYIoHe mporeccs (puc. 11).
Bonee neranpHOE HMCciieoBaHKE 1TOKA3aJI0, YTO MEJIATOHUH
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Fig. 12. A model of KISST gene regulation and its possible influence
on implantation.

Kisspeptin stimulates the hypothalamic-pituitary-gonadal axis (HPG)

mainly in light hours by acting through its receptor KISSTR. Expression of

the KISST gene in the arcuate nucleus of hypothalamus is downregulated

by sex hormones and melatonin (directly via KISS1 neurons and through

sex hormones). A sufficient energy reserve and the belonging to a certain
age or sex group are assumed but omitted. One of specific features of this
regulatory system is the ability to slow down trophoblast growth in advanced
blastocysts and accelerate endometrium remodeling immediately prior to
implantation (Bilban et al., 2004; Revel et al., 2006; Saadeldin et al., 2012;
Zhang et al., 2014).

WHAYIHPYET 3Kkcnpeccuto Perl n Per2, HEOOXOAMMBIX IS
nepeHactporiku CX 51 4acoB B 3aBUCUMOCTH OT ITUPKAJTHOTO
Bpemenu (CT). Dot addexr 1ocToBepHO 0OHAPYKUBAETCS
mpu CT 10 (cyOBeKTHBHBIN 3aKaT/CyMEpKH), HO OTCYTCTBYET
npu CT 6 (cyonextuBHbIi nosaens) (Kandalepas et al., 2016).
CIOXHOCTh CHCTEMBI ()OTONEPUOAHUYECKON PEryssaluu y
MUIICKOTTMTAIOIIUX TOPa3UTENbHA.

DK30TeHHBIN MEIIATOHWH YBEIIMYMBACT CKOPOCTh JICTICHHUS
KJIETOK, COKpala€T BpEM pa3BUTHUA U BbIXO/ NOJTHOLICHHBIX
6macroumct (Berlinguer et al., 2009). Bausane 1okansHOTO
MEJIaTOHWHA Ha 3apOIBIIII, HAYHHAS C IByXKICTOYHOH CTaIUN
1 KOHYas OJIACTOLMCTOM, TOTOBOM K MMILIAHTAI[UH, 3aBUCUT
OT ero KoHueHTpanuu. Huskue xonnentpamun (10-° M)
YCKOPSIFOT Pa3BUTHE U CIIOCOOCTBYIOT CHIDKCHUIO CMEPTHOCTH
3M6pI/lOHOB Ha MPOTSHKECHUU JOUMILTAHTAIUOHHOTO Iepruoaa.
Bonee BRICOKME KOHIEHTpanuu Menaronnna (103 M) me
OKa3bIBalOT moJokuTenbHoro BiusHus (Tian et al., 2010).
Bymy4uu MOIIHBIM aHTHOKCHUIAHTOM, MEJIATOHHMH CIIOCOOCTBY-
€T UMIUTAHTALIUH, YTOJIIEHHUIO SHIOMETPHSI U MOBBIICHHUIO
TUTOTHOCTH JKEINE3 B CTEHKE MaTKH. [IOMIMO 3TOT0 METaTOHUH
3HAYUTCJIbHO CHUXACT YPOBCHL 3CTpaJinojia, HC BJIUAA HaA
YPOBEHb MPOTeCTepPOHa, U AKTHBHPYET HKCIPECCHIO I'€HOB,
UMEIOMIUX KPUTHYCCKOE 3HAUYCHUE B MPOIECCe MMILIAHTA-
i, Bkitodas HBEGF (heparin binding EGF like growth
factor) u ero penienirop ErbB1. Cpenyt MHOTHX APYTHX T€HOB,
MOJIBEP’)KCHHBIX NEHCTBUIO MEIATOHWHA, CIEAYeT yKa3aTh
Ha PRA (progesterone receptor A), p53 (protein 53) u LIF
(leukaemia inhibitory factor). OGmiuii BEIBOA COCTOUT B TOM,
9TO MeJaToHWH u ero MT2 pernentop BIUSIOT HA paHHEE
smOpuoHansHOe passutue (He et al., 2015). B cBere Hakor-
JICHHBIX SKCHEPHUMEHTAJIbHBIX JaHHBIX MMOJKUTEIbHAS KOP-
PEIAIUS MEXKIY KOTUIESCTBOM Pa3BUBAIOIIUXCS YMOPHOHOB

Animal genetics
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Fig. 13. The synteny group of genes, which exists at least starting from the ancestor of bony fish.

This group includes three clustered genes encoding growth factors (tyrosine kinase receptors) Pdgfra, Kit, Kdr; Srd5a3 for steroid 5 alpha-
reductase 3; Tmem165 for transmembrane protein 165; Clock for the clock circadian regulator; Pdc/2 for phosducin-like protein 2; Nmu for
neuromedin U peptide with a wide range of functions; and Exoc1 for exocyst complex component 1. The distance between Kit and Clock
in the house mouse and other vertebrates is about 1 MB. The genetic nomenclature used here is correct for Mus musculus (Mizuno et al.,

2015).

¥ YPOBHEM LIUPKYJINPYIOLIETO MEIaTOHNHA TOBOPUT O CBSI3U
ME>KIy MacCOl IUIaleHTHl U ypoBHeM MenatonnHa (Tamura
et al., 2008). [IpexamnonoxkeHue 0 KPUTUIECKU BAKHON POIIH
IIUPKATHON CHCTEMBI I MENTATOHWHA B (PU3HOJIOT MU ILIAIICHTHI
aKTHBHO OOCY)KHaeTcs, HO TpeOyeT MOMOIHUTEIBHBIX AaH-
HBIX. BecbMa BeposITHO, YTO MEJIATOHUH WHIIyLIUPYET TaKue
AHTHOKCUAAHTHI, KaK KaTaja3a M CyNepOKCHUAINCMYTa3a,
MPE0TBpalas HEraTUBHBIC MOCIEICTBHS OKCHAATHBHOTO
crpecca (Valenzuela et al., 2015).

Biustane ¢oTonepnoandeckux yCIOBHIH MOCPEACTBOM
MeNIaTOHMHA Ha KUCCIENTHHBI U (YHKIMOHUPOBAHUE BCEH
PENPOAYKTUBHOIN CHCTEMBbI MOJIYYMIO AOCTATOYHOE KOJIH-
gecTBO nokazatenbeTB (Revel et al., 2006). DTu menTumast
MMEIOT MIMPOKHH CIIEKTP ACHCTBHS HA CO3PEBAHKE OOIIUTOB;
HKCHPECCUIO MATEPUHCKUX T€HOB, BKJIIOUAs yXKE YIOMSHYThIH
BMP15; remn popMupoBaHHs OJACTOINCT U MX TOTOBHOCTD
K MMIUTAHTALUH; a TAKXKe JCHUAYyan3aluio YHI0OMETPHS
MarKu. BBISACHUIIOCH, YTO KHUCCHENTHH, CIIOCOOCTBYs arior-
TO3Y, 3aMeIsIeT pa3pacTaHue Tpodobdiacta y O1acTOINUCT,
rotoBeIX K uMitiantanuu (Bilban et al., 2004; Saadeldin et
al., 2012). ITapamtensro KISS1/KISS1R xomIuiekc akTHBHO
y4acTBYET B ACHHIyaIN3allluy SHIOMETPHS MaTKU B IIPOIIEC-
ce MmoAaroToBkM K umrmiantanuu (Zhang et al., 2014). Beiio
obHapyxkeHo, uto nuTokuHuH LIF, cronbs HeoOXoaumblii B
JICHb UMITTAHTALUH, CJ1a00 3KCIPECCUPYETCSI Y MBIIIEH C BBI-
KItoueHHBIM KISS1(—/—), nenasi AMIDTaHTAIHEO TIPAKTHYCCKU
HeBO3MOKHOMU. Jlo6aBnenne sk3orennoro LIF mo3BomsieT
«CHACTW) UMIUIAHTAIMIO Y TAKUX KHUBOTHBIX U IEMOHCTPHUPY-
eT KputHdeckyto poiss He Tonbko LIF, no u KISS1 (Calder et
al., 2014). Takum 0Opa3om, oiHa U3 Pa3HOOOPa3HBIX (QYHKIUIH
KISS1, Bo3amoxHO, 3aKITI09a€TCs B TOHKOM TOACTPOiiKe MOp-
(hoyHKIIMOHAIBHBIX COCTOSTHII OJTaCTOIMCTHI M SHIOMETPHS,
MOBBIIIAS BEPOSITHOCTD YCIENTHOW UMITIaHTanuu (puc. 12).

CeromHs CIIO)KHO OJHO3HAYHO MHTEPIPETHPOBATH (aKT
pacnionoxkenust KIT 1 61IM3KHX K HEMY IT0 TPOHCXOXKICHUIO
u Qyakuuu renos (PDGFRA v KDR) B O1HOW CHHTEHHOM
rpynre ¢ CLOCK, ieHTpabHBIM TeHOM IIUPKaJHON CHCTe-
MBI (puc. 13) (Mizuno et al., 2015). TecHoe cuerieHne 3TUX
T'€HOB ITPOCIISKUBACTCS KAK MUHMMYM Ha4HMHasl C KOCTUCTBIX
pBIO, T.e. Ha mpoTsukeHnu O6onee 400 muH jet. C yderom
orocpezoBaHHbIX (Hampumep, yepe3 MAPK curnanbblit
nyTh) pyHKIMOHAIBHBIX cBsizelt mexny KIT u CLOCK, Tak
K€ KaK ¥ ¢ HEKOTOPBIMH JIPyTHMHU T€HAMHU, BXOJSIIIIUMU B 3TOT
CHHTEHHBIH OJIOK, TOMyIIEHUE O HECITyYalfHOCTH HX COBMECT-
HOM JIOKaJIM3aIM1 ¥ KOHCEPBALUK ATOH I'PYIITbI TEHOB MOXKET
0Ka3aThCsl HE JINIIEHHBIM OCHOBaHUN. OTHAKO 10Ka3aTeNbCTBA
TAKOTO TPEJIIOJIOKEHHS TOKA OTCYTCTBYIOT.

leHeTMKa XKMBOTHbIX

MNouemy gononHUTeNnbHOE OCBeLleHne

BNUAET Ha XKN3HeCcrnocobHOCTb 3M6pI/IOHOB

B CKpewnBaHNAX reTeposnroT

no rpysuHcKoun 6enoi mytauun?

@DakThl, U3JI0)KEHHBIE B JAHHOW CTaTbe, NPENOCTABISIOT

BO3MOXKHOCTH JUISI TOMCKA IOTEHIMAJIbHBIX OTBETOB Ha

MOCTaBICHHBIN Bonpoc. OJJHAKO TOIBKO SKCIIEPUMEHTHI MO-

I'YT TOATBEPIUTH JIMOO ONMPOBEPrHYTh 00CYXIAaeMbIe 3/ECh

npearnoioxkeHus. [Ipexkae Bcero ciemayer KOHCTaTHPOBATh,

YTO MOJIEKYJSIpHAsl MPUPO/A IPy3UHCKOW Oesloif MyTannuu

HYX/IaeTcs B JajbHENIIeM nccnenoBannu. Hu onxa 3 o6Ha-

pyxeHHbIX Ha ceroans 3ameH B kK IHK rena KTy rpy3uHcKux

OeJbIX JIMCHUIL, TIO-BUANMOMY, HE MOXKET NMPUBECTHU K CyIIle-

CTBEHHBIM M3MeHEeHUsIM cTpyKTypbl Oenka (Kukekova, 2016,

ycT. coobmr.). CreoBaTenbHO, BO3MOKHBI Ba O0BSICHEHHS.

1. Uckomast myTanus 3arparuBaet He cTpykTypy KIT Genka, a
peryrsiio reHa. B aToM ciryuae Haziexx1a Ha OOHapy»KeHHe
TaKOW MYTaIliH, BOZMOKHO, CBSI3aHA C PETYIATOPHOMN 00-
nacteio rera K/7. TpyaHOCTB TaKOTO pojia HOMCKa HE HYXK-
JacTCA B IOACHCHUU.

2. I'py3uHckas Oemast MyTanus psiMo He CBsi3aHa ¢ TeHoM K17,
a BBI3BaHA HEKMMHU U3MEHEHUSIMH B OJIM3KO PacIIOIOKeH-
HBIX F€HaX, OCKOJIbKY 3Ta MyTalusl KAPTUPOBaHA B pailoHe
rena KIT (Kukekova et al., 2016). ITpumep ¢ rerom EXOC|,
paccMOTpeHHBIN paHee, MOTEHIMAIBHO JAEMOHCTPUPYET
TaKyr Bo3MOxHOCTH (Mizuno et al., 2015).

[lepBas Bepcus mpencTaBiIseTcs Oojiee BEPOSTHOMU, ITO-
CKOJIBKY B €€ I10JIb3y KOCBEHHO CBUIETENILCTBYIOT HECKOJIBKO
(haxToB. OHM OOHAPYKUBAIOTCS IPU CPABHEHUH I'PY3HHCKON
0eToit MyTaIy ¢ aHIIUHCKOM MSATHUCTON MyTamue y Kpo-
mkoB nopoabsl Checkered Giant (Fontanesi et al., 2014), a
TAaKXXe IPU CPaBHEHHUU IPYTUX BHUIOB MIICKOIUTAIOIIUX CO
CXOJTHBIMU MyTalUsIMU. Bo-TIepBBIX, 3TO OUEBHIHOE 1TO00ME
(enorunos (cM. puc. 1, 6 u puc. 4). Bo-BropsIx, 310 Yoeau-
TEJIbHOE JJOKA3aTeIbCTBO MYTAIHOHHOTO M3MCHECHMS, CBS-
3arHOTO ¢ TeHoM KIT, y Checkered Giant, mpuBOASIIEeTo K
peskomy cHkenuio skcnpeccun KIT (em. puc. 5). B-tperbux,
9TO COBIMAJICHHE CPOKOB OCTHATAIBHOI CMEPTHOCTH TOMO3H-
TOTHBIX KPOIHKOB (En/En) ¥ TOMO3HTOTHEIX Jrcuit (W /W E),
BBI3BIBAEMOE PE3KO CHI)KCHHOW TEPHUCTAIBTUKON B TEPHO
epexoaa OT MUuTaHuA MOJIOKOM K TBep)IOf/’I MMUIIE U BEAYIICC
K CHHAPOMY MerakojioHa. [To3toMy nccienoBaHme SKCpecun
rena KIT 8 ICC kumieunvika y WO/ WS MoxkeT okasarbes mo-
JIC3HBIM B CJIy4ae 3HAYUTEIIbHBIX TPYIHOCTEH B OOHAPYKEHUH
PETYISTOPHOI MyTalHH.

Takum 00pa3zom, TOCTyNHBIC B HacTosIee BpeMst (hakThl
HE MPOTHUBOpPECYAT IMPEAIIOIOKCHNIO, BBICKA3aHHOMY B HC-
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Genes and light: many years later

XOJIHOM cTarhe 00 aJUIeNbHOCTH TUIATUHOBOM M TPy3HHCKOM

6emoit myrarwii (bemnsteB u ap., 1973a). [lornmast, 9T0 TOTBKO

9KCMEPUMEHTAIBHBIH OTBET MOXET OBITh BOCHPHHST Kak

OKOHYATEJbHBIN, B JAILHEHIINX PACCYKICHUSIX MbI TEM He

MeHee Oy/1eM UCXOANTD U3 TIPEATION0KEHHS O HATMYUHN PEry-

JSTOPHOM MyTanuu B reHe K/7'y JIUCHI] TPY3UHCKOW Oeroit

okpackd. B HacTositiee BpeMsi MO’KHO TOJIBKO J0Ta/IbIBaThCS,

Kak JIEHCTBYET IpearoiaraeMasl peryisTopHas MyTarusl.

CpaBHHUTEIBHBIN aHAIN3 SIBISCTCS JIYYIIUM M3 TOTO, 4TO

JIOCTYITHO BHE JKCIIEPUMEHTAJILHOrO noaxona. Mcexons u3

CHIXKEHHOM 3ckcnpeccuu KIT y KpOJUKOB, TOMO3UIOTHBIX

M0 aHMIIMHCKON MATHUCTONH MYTallM{, MOKHO JIOIYCTHUTH

HeuTo nopobHoe y WY9/WG smGpuonos. B TakoM ciyuae He

UCKITI04eHO, 4To 11o4tH 100 % rmocTHaranpHas CMEPTHOCTB TO-

mosurot WY/WC oGycoBieHa HA3KAM YPOBHEM SKCIIPECCUU

KIT B ICC kumieqHuka y IEHKOB B IIEpBbIe HEJIENIN JKHU3HU.
CymecTByIOT 1Ba HanboIee HHTPUTYIOIINX BOIPOCa, BBI-

TEKAIOIINX U3 00CYKIaeMbIX 37iech paboT bernsiea ¢ cotpyn-

HUKaMHU.

1. KakoBa mpudnHa TOTO, YTO BEPOATHOCTH YCHEIITHONW MM-
miantanuu WC/WS 6nactonuct HU3Ka?

2. KakuM 00pa3oM MCKyCCTBEHHOE YJJIMHEHHE CBETOBOTO
JHS 3HAYNTEIHHO MOBBIMIAET YCHENTHOCTh UMIUIAHTAIINN
6nacrouuct W/Wa6?

IIpesx e Bcero HEOOXOMUMO CHOBA BEPHYTHCS K 00CY XK 1e-
HUIO TUHAMHKHU ¥ BDEMEHHBIX PaMOK COOBITHIH, TIPE/IIIECTBY-
IOMIMX UMITDIaHTanuy y aucui. Kak yxe oTMeueHo, y JICHI]
(Vulpes vulpes) BO BpeMsi OBYJISILIMU OOLUTHI PEOBIBAIOT B
npodasze nmeporo merornaeckoro aenenus (Pearson, Enders,
1943). CozpeBanne oouunTa, BKIO4as npoxoxaeane MI, y
JIMCHI] 3aBepIIaeTcs B npeaenax 24—48 4 nociue OBYISIHA.
Ha 310 yKa3bIBaeT BEICOKHI yPOBEHb YCIIEIIHBIX OMIOI0TBO-
PEHUI, €CIIN CKPEIMBAHMS OCYIIECTBISIOTCS MIMEHHO B 3TOM
BpemenHoM unTepBaiie (Farstad, 1998). [Ipyrast ocobeHHOCTh
co0ak M, BEpOSITHO, JINCHUI], COCTOUT B HEOJHOBPEMEHHOM
OBYJISIIMU CO3PEBAIOIINX SHIEKIETOK. B pesynbrare mpo-
necc oByJsinuM 3aHumaetr ot 24 no 96 u (Linde Forsberg,
Reynaud, 2012). DTo 03Ha4YaeT, 9TO HEKOTOPHIE OOIUTHI
OTIIOJIOTBOPSIOTCS W HAaYWHAIOT PAa3BUTHE PaHbIIE JTPYTHX.
Bpewmst, HeoOx0uMOe JIJIsI IIPOXOXKICHHS STUTICBOIOB, COCTAB-
nset 4-6 gHel, 1 SMOPUOHBI TTOTIAAAOT B TTOJIOCTH MAaTKU HA
craauu 4—16 6iaactomepoB. 3a mocnenyromue 9—10 mHel no
Havajia MMILIaHTALUK IPOXOJIST HadaJIbHbIE CTaJMH IMOPHO-
HaJIbHOTO pa3BUTHS, BKII0Uast (popMHupoBaHUE OIACTOLUCT U
UX pacnpeseneHne Baoib poros matku (Valtonen, Jalkanen,
1993). M3BecTHO, YTO aKTHBAIMs SMOPHOHAIBHOTO FEHOMA
Y MHOTHX KPYITHBIX MJICKOTIUTAIONINX HAUMHAETCS HE paHee
craanu 4 6mactomepoB. Takum 00pa3oM, BO3SMOKHOCTB CEJIEK-
TUBHOTO BO3JICUCTBHSI JIOTIOJHUTEIHHOTO OCBEILEHHUS Orpa-
HUYEHA WHTEPBAJIOM OT CTaaAnU 4—8 GIacTOMEpOB /10 Havaa
umiianTanuu. Tot Gakt, 9o W9/ caMKu Moy dand 10moi-
HUTEJILHOE OCBEIIEHHE OoJIee JTUTENIbHOE BPeMsl, HAaYHHAsI C
JTHS IEPBOTO MTOKPBITHS U J10 poskaeHust noToMcTBa (bemses u
Ip., 197306), He BIUsieT Ha TPOAOIDKUTEIBHOCTH BPEMEHHOTO
HHTEpBaa, B TeYEHHE KOTOPOTO JAOMOIHUTEIFHOE OCBEICHHE
MOIJIO OKa3aTh BO3JIEHCTBHE.

[TpenarnonxokumM, 94TO B KOHTPOJBHBIX YCIOBHUIX Ha JOUM-
[UTAHTAIIMOHHON CTauu pasBuTue romozurotr Wo/W¢ npo-
UCXOOUT MEAJICHHEE APYTUX TCHONMUIOB M MPUYNUHA TAKOTO
OTCTaBaHMsI COCTOUT B HepoctarouHor npoayuun KIT. Kak

472 VavilovJournal of Genetics and Breeding - 2017 - 21 - 4

A.O. Ruvinsky

TOBOPUJIOCH BBIIIE, BBIKIOUEHUE K/T 3HaYUTEIBHO 3aMell-
JSIET pa3BUTHE SMOPHOHOB HA JOWMIUIAHTAIIMOHHOM 3Tare
(Lim et al., 2010). AxkruBrocts KITLG/KIT Tpancrykunu
B TUT@HTCKUX KJIeTKax Tpododiacra, HO-BUIUMOMY, BeCbMa
Ba)KHA IS YCHEUTHOW MMIUIAHTAIMN. YBEIWYEHHUE TTOBEPX-
HoctH Tpodobmacta mpu nodasnenun KITLG (cm. puc. 7),
BEPOSITHO, TIOBBIIIALT YCIIEeX UMILTaHTaIMU. [loMrMO KiieTok
tpoodmacta, KITLG/KIT xommiekc 0coOCHHO aKTHBEH B
MacrommTax dHaomerpus (Arceci et al., 1992; Kauma et al.,
1996; Mitsunari et al., 1999) u HEeKOTOPBIX IPYrux THIAX
kiIeTok. Ecmm WY/WC GnacTomuCTEl AEHCTBUTENBHO pas-
BUBAIOTCSI MEJJICHHEe JIpyrux BeyencTBrue Hepocrarka KIT,
TO MOXKHO OTBETUTb Ha IEPBBIH M3 MMOCTABICHHBIX BbIIIE
BOIIPOCOB CIICAYIOIINM 00pa30oM: TaKHe OIACTOIMCTHI YaCcTO
OTa3/IbIBAIOT K Havdally MMIUIaHTanuu. Ecnum aToT crienapuit
OJM30K K TOMY, YTO PEAIBbHO MPOUCXOANUT B CKPEIMBAHHIX
WS/wx WS/w, To NOSBISETCS TIOHUMAHKUE BO3MOKHBIX TPH-
YUH PE3KOU HEXBATKH MIOTOMKOB C TeHOTHIIOM WO/ O,

Tenepb paccMOTPUM BTOPOIA BOITPOC: KAKUM 00pa3oM M3-
MEHEHHE (POTONEPHOJUIECKHUX YCIOBUI MOXKET CEIEKTHBHO
MOBJIMSATH HA BEPOSITHOCTh MMIUIAHTAIMU OJIACTOIHCT C
pa3ubiMu reHotunamu? [10CKoIbKy aKTHBHBIM y4aCTHHKOM
UMITIAHTAINH SBIISIOTCS HE TOJIBKO OTaCTOIMCTHI, HO M 3H-
JIOMETPHI MaTK!, MOJKHO ITPEATIOIOKHUTE pa3Hble CLICHAPHU:
CEJIEKTHBHOE YCKOPEHUE PAa3BUTHsI OJIACTOLMCT, U3MEHEHHUE
MOATOTOBKH SHJOMETPHS K UMIUIAHTALMH U €€ BO3MOXKHAs
3a/1epyKKa, MO (UKaIist aKTHBHOCTH I'€HOB, HETIOCPE/ICTBEH-
HO CBSI3aHHBIX C HA4YaJOM MMILIAHTALUH, WM KOMOWHALMS
3THX TPOLECCOB. | OTOBHOCTh SHAOMETPHS K UMITIAHTALUT
3aBUCHT OT OaslaHca 3CTpOoreHoB u nporecrepona (Paulson,
2011), KOTOpPBIH MOXKET OBITH U3MEHEH (DOTONEPUOAUUECKUMH
Moandukanusamu. Harmpumep, pe3koe yBennieHne CBETOBOTO
JIHS TIOBBIIIIAET YPOBEHBb ICTPAANOIA M CHUXKAET yPOBEHb
UpKynupytomiero nporecrepona (Gao et al., 2016), Tax xe
KaK 9KCIIEPUMEHTAIbHOE M3MEHEHNE (HOTONEPHOANIECKUX
YCIIOBUI Yy CaMOK JIMCHI] BIMSICT Ha YPOBEHb ACTPAHoNa 1
nporectepona (Ocanuyk, Tpyt, 1988). 3HaunTeNnbHBIN pOCT
YPOBHS TIPOTECTEPOHA, OCOOEHHO B TEUEHHE TEPBBIX JIBYX-
Tpex HeJeslb 0epeMEHHOCTH, TUTTYEH /ISt IMCHUIL B OOBIYHBIX
(oronepronnueckux yciosusix (Hartley et al., 1994). Heno-
CTaTOYHBIN yPOBEHB IPOTeCTEPOHA MOXKET 3aMEITUTh ITOATO-
TOBKY SH/IOMETPHSI K IMIUIAHTAINH, TEM CaMbIM yBEJITNIHBast
BEPOSATHOCTL MMILIaHTamu W /WY Gnacrouuct. Bo3moxkHbIe
HapymeHus B paboTe MUPKaIHBIX YaCOB, 0COOCHHO B TIEPBBIC
10—15 nHe#t c MOMEHTa NEpeBOIa CaMOK Ha UICKYCCTBEHHO Y/I-
JIMHEHHBII CBETOBOI1 IEHb, TOXKE MOT'YT UMETh TIOCIIE/ICTBHSI.
M3BecTHO, YTO IUPKaJHBIE YaChl UTPAIOT BAXKHYIO POJIb B
Pa3HBIX acleKTax pa3MHOXKEHHSI CaMOK, BKJIIOYast IMILTaHTa-
nuto. Hampumep, aenenust rena BMALI B cTepouIOTeHHBIX
KJIETKaX BEJET K HAPYIICHHUIO PAOOTHI IIUPKAIHON CHCTEMBI,
TaK ke KaK K N'3MEHEHHSIM ITPOTyKIIUH IPOTeCTepOHa 1 B UTOTE
K HeBo3MOkHOCTH uMITTanTaruu (Liu et al., 2014).

Kak orMedeHo paHee B 3TOM CTaThe, MEIAaTOHUH OKa3bIBAET
Pa3HOIIAaHOBOE BIMSHHUE HAa SMOpHOHAIbHOE pazBuTHe. [1o-
CKOJIBKY JIOMIOJIHUTEIBHOE OCBELICHHE OCPEeMEHHBIX CaMOK
BIIMSIET Ha IPOLYKIHUIO AMTU(PHU3APHOTO U, BO3MOXKHO, TOKaJIb-
HOTO MEJIaTOHWHA, TaKHe MapaMeTphl, KaK TeMIT Pa3BHTHUS
0JaCTOIMCT ¥ TOTOBHOCTH YHJOMETPHUS K MMIUIAHTAIUH, Be-
POSITHO, TIpeTepneBaroT n3MeHeHns1. CyIecTBeHHO, YTO d(]-
(heKT MenaTOHMHA 3aBUCHT OT €r0 KOHIIEHTPAINHN: HU3KHE KOH-

Animal genetics


file:///D:/%d0%92%d0%9e%d0%93%d0%98%d0%a1/2017-4/ 
file:///D:/%d0%92%d0%9e%d0%93%d0%98%d0%a1/2017-4/ 

[eHbl 1 cBeT: MHOTO NneT cnycTA

[EHTPAIIAH CTIOCOOCTBYIOT CHIDKCHHIO TOUMILTAHTAIIHOHHON
CMEpTHOCTH 3MOPHOHOB 1 ycKopsitoT ux passutre (Tian et al.,
2010). [ToMrMoO 3TOTO MENATOHUH CHIKAET YPOBEHB ACTpa-
JTNOJTa, He BIHSS Ha YpoBeHb nporecTepona (He et al., 2015).

W3menenne GoToneproanyeckux yCcaoBUi ¢ HEN30eXKHO-
CTBIO BO3JICICTBYET HA IMHAMHKY MPOIYKIINU U IIUPKYIISITHN
MEIIaTOHWHA, YTO, BEPOSTHO, BIUSICT HA MOJATOTOBKY DHIIO-
METpHs K UMIUIAaHTAUH. MeaTOHUH YaCTHYHO IOAABIISET
runoraiamo-runoduzapHo-roraanyo (I'TT) ock y caMok, 4to
CpPEIH MTPOUYETO BEIPAYKACTCS B CHIDKCHUN YPOBHS 3CTPAIIHOIA
B IJIa3M€ | MOJIaBJICHUH 3¢TporenHoro penentopa (Chuffa et
al.,2011). CpaBHeHHE THHAMHUKY KOHIICHTpAIMiA MEeJTaTOHWHA
B ITa3M€ y CaMOK, MPEOBIBAIOMINX B €CTECTBEHHOM (HOTO-
MEepUOJic U B YCIOBUSIX MCKYCCTBEHHO YAJIMHEHHOTO ITHS,
MOKa3ajio 6osiee HHTEHCHBHOE BO3pacTaHUE U O0siee BRICOKHE
KOHIICHTPAIINH MeJIaTOHIHA B dKcriepuMenTe (Gomez-Brunet
etal., 2008). lHbIMU ciT0OBaMU, COKpAILIEHHE TEMHOT'O BPEMEHH
CYTOK ITPH KICKYCCTBEHHOM Y/IJTMHEHUH JTHS KOMIICHCUPYETCS
3a c4eT OBICTPOTO BO3pACTAHUS KOHIICHTPAIINU MEIIATOHHHA
JI0 Oosee BBICOKMX 3HaueHHMH. M XOTs TOUHOE 3HAHHE MO-
JICKYJSIPHBIX, KJIETOUHBIX U (DU3HUOJIOTHUECKUX MPOLIECCOB,
3aITyCKaeMBIX MCKYCCTBCHHBIM H3MEHEHHEeM (poTomepuona,
W WX BIUSHUS Ha SMOPHOHBI C Pa3HBIMU I'€HOTHIIAMH TTOKa
HETOCTYITHO, (DaKT TAKOTO BIMSHUS ObLIT OOHAPYKEH B 00CYK-
nmaeMoii padote (Belyaev et al., 1975). Beuo yctaHOBIICHO, UTO
BEPOSTHOCTS UMILTanTanuu WG/WG Gnactonuct Bo3pacraer
110 Mepe YIUIMHEHUSI CBETOBOTO AHA. B CBSA3M ¢ ATHM BO3HH-
KaeT BOIPOC: II0YEMY POCT IOJIU romo3urotr WY/WY, mpe-
OJI0JIEBIIMX MMILJIAHTAIIMOHHBIH Oapbep, CONPOBOXKAACTCS
CHWKEHHEM JIOJHU TeTepo3uroT WS (em. puc. 9, a). MoxHO
MIPOCTO OTBETUTH HA ATOT BOIIPOC: COBOKYITHOCTH BCEX YaCTOT
paBHa 1, 1 BO3pacTaHue OTHOH KOMITOHEHTBI JIOJDKHO ITOBJICYb
3a co0oii cHKeHue Ipyrux. OQHAKO OTCYTCTBHE N3MEHEHU
B 9acTOTE OJIACTOINCT C AUKUM T€HOTHUIIOM W/W NIENIAeT TaKoe
00BsICHEHNE HEJJOCTATOUYHBIM.

Paccyixast Ha ATy TeMY, MOXHO HPEIIOIOKHUTh, 4TO (ak-
TOp, CIOCOOCTBYIOMINI HMITIAHTAIIIH TOMO3HUTOT, HE OKa3bI-
BAaeT TOYHO TAKOTO )K€ BIIMSHUS Ha FE€TEPO3UTOTHL. DTOTO MO-
JKeT OBITh TOCTATOYHO JJISI BOSHUKHOBEHHS KOHKYPEHTHOTO
MIPEUMYIIECTBAa Y TOMO3UTOT; TOTNA KaK W/w OJIACTOIMCTHL,
He nMmeronre 1e(eKToB, XapaKkTepHbIX sl IBYX JAPYTUX Te-
HOTHITHYECKUX KIJIACCOB, OKa3bIBAIOTCS MHAU(DEpEHTHBIMU
K (oTomepruoANIeCKOMY BIUSHUIO. PerymstopHas cucreMa
¢ oOpaTHOM CBs3bI0, KOHTpOsIMpyomas 1npo3soacTso KIT,
KITLG u gpyrux 6e1xoB 1 00HapyKeHHAas B Pa3BHUBAOIIIXCS
00IUTax (CM. pUC. 6), WK HEYTO MOAOOHOE €if, BO3MOXKHO,
orepupyeT U B OiacronucTax. B 3Toil cucremMe mpu 3HAYM-
tenpHOM nedurure KIT, koTopoe, BeposSTHO, UMEET MECTO Y
WS/WG, axrusupyromee Brusaue BMP15 Ha skcmpeccuro
KITLG MOXeT CylIeCTBEHHO yCHINThCS. B TakoM ciydae
KITLG HauHeT Mpou3BOIUTHCS B OOJIBIIIEM KOJIMYECTBE, YTO
WHTCHCUPUIHPYET eT0 ayTOKPUHHOE W TTapaKpUHHOE BITHSI-
HHeE, CIIOcOOCTBYs pocTy Tpodobiiacta, yCKOPEHHIO Co3peBa-
Hust WO/WC GnacTonucT M yCHICHUIO JIOKATLHON PEaKIuy
sunomerpus (Hutt et al., 2006). DxciepuMeHTaNbHBIE (DaKTHI
nojyiep kuBaroT runotesy o Tom, yto KITLG, npousBoaumebIit
KJIETKaMU SHIOMETPHUS M HUMIUIAHTHPYIOLIETOCS AMOPHOHA,
OKa3bIBACT MapaKpUHHOE W/WIN ayTOKPUHHOE BO3ICHCTBHE
Ha MMIUTAHTAIUIO, CTUMYJIHPYs pa3pactanue Tpodooba-
cra (Arceci et al., 1992; Kauma et al., 1996; Mitsunari et
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al., 1999). V rereposurotHsix Gmacrouuct WYw umeercs
HOpPMAaJIbHBINA ajutens TeHa KIT, u X0 cOoOBITHH, KOTOPBIH
MOXET UMETh MECTO y roMo3urotr WO/WG, npencrasnsercs
JUI HUX MEHee BeposATHbIM. O1HaKo CyMMapHas IpOIyKIHs
KIT, cyns o ¢peHOTHITY TeTepO3UTOT, y HUX CHIDKEHA, U 3TO
00CTOATENLCTBO MOXKET BIHMATH Ha TeMm pasButus WO/ w
671aCTOLMCT U UX B3aMMOJICIICTBHE C IHIOMETPHUEM. YPOBEHb
KITLG mpu 16-yacoBoM THE JTOCTOBEPHO BBIIIE, U€M MpPHU
8-uacoBoMm (Photoperiodism: 1415854 at: Kitl), uto cooTBeT-
CTBYET yCJIOBHSIM 00CYKIa€MOT0 SKCIIEPUMEHTA C JINCHIIAMH.
Ecnm 3T0 co3maeT npenMyIecTBa it TOMO3HUTOT, TO MOXKHO
MIPEATOIOKUTD, YTO YCHJICHUS! TIOATOTOBKH SHIAOMETPUS U
[PEUMYLIECTBEHHOTO YCKOpeHus passutus WO/WC Gnacro-
IUCT NIPU yAJMHEHUH CBETOBON (ha3bl CyTOK OKA3bIBACTCS
JIOCTaTOYHO JUTSl YCHEITHOW MMIUIAHTAIH ¥ KOHKYPEHIINH C
reteposuroramu WO/ w,

B Takylo JIOTHKY yKJIaAbIBAalOTCS JaHHBIE O BIMSHUHU
KISS1/KISS1R cucremsl. KuccrenTnH MOXeET OKa3bIBaTh
TopMo3siui dpdekT Ha pambHEHInH pocT Tpodobiacta
y MOYTH TOTOBBIX K MMIUIAHTAILMH ONACTOLUCT M yCHIICHHE
MO/ITOTOBKH 3HIOMETPHS MaTKH K UMIUIaHTanuu. boree Toro,
KHCCHEHPOHBI, U CJIEIOBATEIbHO KHCCIENTHH, (DYHKIIMOHHU-
PYIOT B 3aBHCHMOCTH OT (POTOMEPHUOANICCKUX YCIOBHUIL (CM.
puc. 12). BioiHe BO3MOXHO, YTO pe3KOe YJIMHEHHE CBETO-
BOTO TIEPHMOZA ISl CAMOK M3 CKperquBanuii Wo/wx WS/w
BEJIET, C OTHOW CTOPOHBL, K 3aMEIICHHUIO (PMHATIFHOMN CTauu
Pa3BHUTHS OJIACTONMCT U HAKOTIICHUIO OJIACTOIMCT Pa3HBIX I'e-
HOTHUIIOB MICPEa CaMbIM HaYaJIOM UMIJIAaHTAIlUH, a C IlpyI‘Oﬁ —K
JENUAYaTU3aliy U TTOBBIIIEHUIO TOTOBHOCTH SHIOMETPHSI.
He cnenmyer Takxke yrmyckarh U3 BHIY BO3MOXXHOCTb JJOTIOJN-
HUTeIbHOro ycuieHnus npousBoactsa KITLG myTaHTHBIMU
TOMO3HUTOTAMH B YCJIOBHSX HCKYCCTBEHHO YUTMHEHHOTO JHS,
YTO CTUMYJHpYeT pa3Butue Onacronuct. Bkmanx NDRG4, ko-
TOPBIH OMOCPETIOBAHHO TOBEPIKEH (HOTOMEPUOIMICCKOM MO-
JuuKanuy, B TOATOTOBKY M POTEKAaHNE MMIUTAHTAIINH TOKE
MOXXET UMETh OTHOIICHHE K PAacCMaTpHBAEMOMY SIBJICHHIO.
VmnnanTanms cConpoBoKaeTCst N3MEHEHHEM TOpMOHATBHOTO
MPOGUIIL U CTUMYIALNEH SCTPOTEH-3aBUCUMON IKCIIPECCHU
reHa NDRG4, npeuMyIIecTBeHHO HaOmoatomeicst Heno-
CPEZCTBEHHO B 30HE KOHTAKTa OIAaCTOIUCTHI U SHIOMETPHUS.
WNutencuBHas sxcupeccuss NDRG4 akTHBUPYET OCIUIY-
aju3alMio, TOTa Kak nojasieHue skcnpeccun NDRG4 B
KJIIETKax CTPOMBI SHAOMETPUA BCACT K NPCKPAIICHUIO ACTIU-
nyamm3anud. AxtuBanusi NDRG4 MOXET CONMpPOBOXKIATHCS
3ameuieHreM nmroiantanuu (Yang et al., 2016). C ygerom
BCEX YMOMSHYTBIX (DaKTOB 3aMeJJIeHHOE passutue WO/WC
SMOPHOHOB OKa3bIBAETCSI CKOMIIEHCHPOBAHO, U TPYJHOCTH,
C KOTOPBIMH CTAJKHBAIOTCS TaKne SMOPHOHBI IPU UMIIIAH-
Talluu B CTaHAAPTHBIX q)OTOHepI/IOL[I/ILIeCKI/IX YCJIOBUSAX, IIPEC-
OZI0JICBAIOTCS IIPU YUIMHEHHH CBETOBOTO TIEPUOAA.

B aTo0ii cTarse OblTa MpeANPUHSTA MOIBITKA 00OCYANTH BO-
npockl, noctaBiennslie B padorax I.K. bensesa ¢ corpynnu-
KaMH, KaCaroIuecs TPEX MyTalnil ¥ MPUYNH UX JIETATbHOCTH
B TOMO3UTOTHOM COCTOSTHHH, A TAKXKE BIMSIHUS (DOTOIIEPHOHN-
YEeCKHUX M3MEHEHHH Ha SMOPHOHAJIBHYIO )KU3HECTIOCOOHOCTD
MYTaHTHBIX TOMO3HUTOT. COBpEMEHHbIEC JAHHBIC MTO3BOJISIOT
OYEPTUTH KPYT T€HOB U MPOIECCOB, BO3MOXKHO, BHOCAIINX
CBOI BKJIaJ] B paccMaTprBaeMble siBeHus1. OJJHaKo aBTOP SICHO
CO3HAET, YTO BepH(PHKAINSI 00CYKTaeMBIX 3716Ch BO3MOKHO-
CTel I0CTUTAETCS TOJIBKO SKCIIEPUMEHTAIBHBIM TTyTeM. [lo-
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TMOJTHUTEJIbHBIC BApUAHTBI O6”I)CH6HHI7[, XOTA OHU HEU3BCCTHHI
B HACTOsIIIEE BPEMsI, MOTYT MOSIBUTHCSI CO BPEMEHEM U elle
pa3 MpPOAEMOHCTPHPOBATh UCKIIOUUTEIBHYIO CIIOKHOCTh
OHMOJIOTUYECKHX TPOLIECCOB.

BbiBOAbI

1. IIpennonaraemoe 3aMeIJICHHOE Pa3BUTHE OJIACTOIUCT,
TOMO3UTOTHBIX TI0 TPY3MHCKOH Gestoi myTarmu (W /W C),
0-BHIMMOMY, BbI3BaHHOE JiehekToM peryisiiuu rena KIT,
BO3MO)KHO, OTBETCTBEHHO 32 OIO3/[aHUE TAKKX OJIACTOLIMCT
K HaJaJTy IMIUIaHTAII] K 3HAYNTETBHYIO HexBaTky WO/W G
MMOTOMKOB B CTaH/IAPTHBIX (POTOMEPHOMIESCKUX YCITOBHSIX.

2. YIJIMHEHHE CBETOBOTO JHS Ui OCPEMEHHBIX CaMOK U3
WS/wx WG/w ckpelMBanmii, IPUBOMIAIIEE K PE3KOMY BO3-
pacraunuo 10U W/WY B HoTOMCTBE, MOXKET ObITH CBA3aHO
CO CJICAYIOIIMMHU (PaKTOPaAMHU:

— yposenb KITLG npu ATHHHOM CBETOBOM JIHE CYIIECT-
BEHHO TPEBBIIIACT TAKOBOM P KOPOTKOM CBETOBOM JTHE,
M 9TO 00CTOSITEIILCTBO, BO3MOXKHO, CITIOCOOCTBYET CElleK-
THBHOMY YCKOPEHUIO pa3BuThs WG/W G GnacTomucr;

— YAJIMHEHUE CBETOBOTO JIHSI CHIDKAET TOIaBIISIOIICE JICH-
cTBUE MenaTtoHuHa Ha KISS] v MOXeT criocoOCTBOBATh
BO3PACTaHHUIO YPOBHS KUCCIIENITHHA, YTO, C OJJHOH CTO-
POHBI, BEJIET K 3aMe/UICHUIO (PMHAIILHOM CTaJuu pocTa
TpohobIIacTa M HAKOTICHHIO OJIACTOIMCT Pa3HbIX TCHO-
THUIIOB Tepe]] Ha4alloM UMILIAHTAlUH, a C APYTroi CTo-
POHBI — K JICIUAyaTH3al[UH U MOBBINICHUIO TOTOBHOCTH
SHJIOMETPHS;

— KpOME TOTO, YIUIMHEHUE CBETOBOT'O JIHSI, BO3MOYKHO, WH-
TEHCH(DUIIUPYET ICTPOreH-3aBUCUMYFO IKCIIPECCHUIO F'eHa
NDRG4 v BbI3BIBAET 3aJIepXKKy Hadaja UMIUIAHTALUH,
4TO CYIIECTBEHHO IS YCIIEMIHOTO passuTHs WO/WG
OJIaCTOIIHCT.

3. IToutu 100 % paHHsAsA HOCTHATaIbHAs CMEPTHOCTH TOMO3H-
TOT O TPY3HHCKOM O€10# MyTallny, BIIOJIHE BEPOSTHO, BbI-
3BaHa HU3KOU KoHUeHTpauuei KIT B unTepcTLIMaIbHBIX
KeTkax kuineunuka (interstitial Cajal cells — ICC) u, kak
CIIEZICTBUE, 3HAUYNTEIHFHO OCTa0IEHHOH MePUCTANBTHKOM,
YTO JIEJIaeT MEPEXO/] OT MUTAHUSI MOJIOKOM K TBEP/IOH MHUIIe
HCEBO3MOXHBIM.
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[Tpo6GieMa coxpaHeHUsI TeHO(MOHI0OB
IOMECTUILIIPOBAHHBIX JKMBOTHbBIX

I0.A. Croamosckuit @, M.A. 3axapos-Tesexyc

NHCTUTYT 0bLwein reHeTukn um. H.U. BaBunosa Poccuiickon akagemmm Hayk, Mocksa, Poccus

PaccmoTpeHbl NpUHLKMMBI 1 METOAbI COXPaHeHNUA reHoOHA0B NOpoS,
LOMALLHUX XMNBOTHbIX. B MMpe nop yrpo3oi ncue3HOBEHWs HaXOANUTCA
17 % nopof. AprymeHTamu B Nosib3y COXPaHeHUA IOKaNbHbIX NOPoS,
ABnAoTCA: 1) SKOHOMUYECKMe GpaKTopbl, TaKMe Kak M3meHeHusa Tpebo-
BaHWUI K KaueCTBY NULLEBbIX MPOAYKTOB, U3MEHEHUA TMTMEHNYECKUX U
KNMMaTUYECKUX YCI0BUIA (HOBble BUAbI GONEe3HEN, BaKLMHbI, U3MeHe-
HWA BHeLWHeN cpefbl), HeO6XOAMMOCTb COXPaHUTb Pe3epB AfiA ycnelLu-
HOW cenekummn, BO3MOXHOCTb MCMOJIb30BaTb MECTHbIE MOPOLbl B TPYA-
HbIX SKOJTIOMMYECKHMX YCIIOBUAX; 2) Hay4Hble GaKTopbl, B YaCTHOCTU BO3-
MOXHOCTb M3yYeHWs reHOPOHa MECTHbIX MOPOA A PEKOHCTPYKLUN
3BONIOLMMN AOMECTULIMPOBAHHOTO BMAA (M3yYeHne NoKanbHbIX MOPOA
MOKET BCKPbITb MEXaHM13Mbl NPOLIECCOB 3BOSIOLMM, OHTOreHe3a, nose-
[EeHUA, eCTECTBEHHOTO U NCKYCCTBEHHOTO 0TO0Pa); 3) KynbTypPHO-MUCTO-
puyeckne GpakTopbl, CBA3aHHbIE C TEM, YTO abOPUreHHble Nopoabl Ciy-
KaT XKUBbIMM NaMATHYKaMU TPAANLNOHHON KyNbTYpbl HACeNeHNA.
Pa3BeaeHvie MOPoAbl BO3MOXKHO TONbKO MPW COXPaHEHNM ee BHYTPU-
1N MEXMOPOLHOIO reHeTNYeCKoro pa3Hoobpasns, KOTOPOe MOXHO Bbl-
ABUTb C MOMOLLbIO Pa3fINYHBIX MONEKYIAPHO-TEHETUYECKMX METOA0B.
MpuBeaeHbl NpUMepbl NCMOJIb30BAHMNA HOBbIX FeHETUYECKNX TEXHOMO-
T4 MPU COXPaHeHMM NTIOKabHbIX NOPOZ ABYX AOMECTULMPOBAHHbIX
BuAoB: oBel (Ovis dries) n KpynHoOro poratoro ckoTta (Bos taurus). C no-
Moubto ISSR-prHrepnpuHTrHra (Inter Simple Sequence Repeats) nony-
YeHbl JaHHble, KOTOPble MO3BONIWIY ONpPefennTb KOIGOULMEHT reHe-
TUYECKON OPUMMHANBbHOCTY, MPOAHaNN3UPOBATb NONYNALVOHHYHO
CTPYKTYpY, ONpeAenuTb CXOACTBA U Pa3nnyua, NpoBecTv naeHTudu-
KaLuio 1 OLEHKY KOHCONMAMPOBAHHOCTH, YNCTOMOPOAHOCTUN U reHea-
NOrMYeCKMX CBA3el reHOPOHA0B NOPOA (BHYTPUMOPOAHBIX Fpynm).
Cpenu nopof 0fAHOO BAA UN BHYTPU OGHON NOPOAbI MOXKHO Bblae-
NATb APEBHME NN Hanbonee OTAANMBLIKECA OT «NPOTOreHopoHaa»
rpynnbl >KUBOTHbIX 1, COOTBETCTBEHHO, MCMOJIb30BaTh 3T AaHHble

B CENEKLMOHHON CTpaTernm, HanpaBneHHON Ha CoXpaHeHre popm
YKUBOTHBIX, NPUBIVKEHHBIX K NpeakoBon dopme. MprumeHeHne pas-
nnyHbIX [JHK-MapKepoB, MeTo0B reHOMHOW 1 TeHHOW ceneKkLmm B
NPUPOLOOXPAHHON 1 YaCTHOW reHeTrKe JOMECTULMPOBAHHbIX BUAOB
npefocTaBnAeT BO3MOXHOCTb NOMYYUTb AAHHbIE O FEHETUYECKOM
noteHuuane (LeHHOCTW, OPUrMHANBbHOCTI) NMOPOADI, YTO BaXKHO AJ1A
Hay4yHOro 060CHOBaHNA ee COXPaHEHMA.

KntoueBble cnoBa: reHoOHS; NOPoAa; MHOpeaHas aenpeccus; spdek-
TUBHAA YMCNEHHOCTb; FeHeTNYeCKoe pasHoobpasue; [HK-aHanus;
OBLibl; KPYMHbIV POraTblil CKOT.
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The problem of conservation
of gene pools of domesticated
animals

Yu.A. Stolpovskiy@, LA. Zakharov-Gezekhus

Vavilov Institute of General Genetics RAS, Moscow, Russia

In the paper the principles and methods of gene pools
preservation of domestic animals breeds are explored.
Currently 17 % of world species are under threat of
extinction. The arguments in favor of preserving local
breeds are: 1) economic factors, such as moderation

of quality requirements for food products, moderation
of hygienic and climatic conditions (new types of dis-
eases, vaccines, changes in the external environment),
necessity to keep a reserve for successful breeding, op-
portunity to use local breeds in harsh environmental
conditions; 2) scientific factors, in particular, possibility
of studying the gene pool of local breeds in order to
reconstruct the evolution of domesticated species
(exploring local breeds can reveal the mechanisms of
the evolutionary processes, ontogeny, behavior pat-
terns, natural and artificial selection); 3) cultural and
historical factors related to the fact that native breeds
represent living monuments of traditional culture of
the population. Breeding is only possible while main-
taining its inter- and interbreed genetic diversity, which
can be identified through using various molecular ge-
netic techniques. The examples of using new genetic
technologies while preserving local breeds of two
domesticated species are provided: sheep (Ovis aries)
and cattle (Bos taurus). Using ISSR-fingerprinting (Inter
Simple Sequence Repeats) some data were obtained,
allowing us to determine the coefficient of genetic
originality, to analyze population structure, to uncover
similarities and differences, to identify and evaluate
consolidation, breed purity and genealogical relation-
ships of gene pools in a number of species (inbreed-
ing). Within breeds of the same species or within one
species it is possible to spot the ancient or the most es-
tranged from the “protogene pool” groups of animals
and, thus, to use these data in the breeding strategy
aimed at the preservation of animal forms close to the
ancestral form. Using various DNA markers, methods
of genomic and genetic breeding in nature conserva-
tion and genetic selection of domesticated species
provides an opportunity to obtain data on the genetic
potential (value, originality) of the breed, which is
important for scientific justification of its preservation.

Key words: gene pool; breed; inbreeding depression;
effective population size; genetic diversity; DNA analy-
sis; sheep; cattle.



epa3yMHasi JIesITeJIbHOCTh YeJIOBEeKa IPHUBEa K TOMY,
YTO BO3HHUKIIA yTpo3a YHUUTOXKeHUs O6mocdepsr. [1o
MojIcYeTaM CHENNAUCTOB, B CPEIHEM KaX/IbIi JICHb
ncyesaeT 50 BUJIOB pa3HbIX OPraHU3MOB, @ KK/IYI0 HE/ICII0 —
MIPUMEPHO JIBE TIOPOJIBI OJJOMAITHEHHBIX )KUBOTHBIX. C 2005
110 2014 r. 107151 TOPOJT AKUBOTHBIX, HAXOSIIUXCS IO YTPO30H
HCUe3HOBEHHs, yBenuumiack ¢ 15 10 17 %. Eme 58 % nopon
KJIacCH(UIIMPOBAHbI KaK MOPO/BI C HEOIPEIEIICHHBIM CTATY-
COM, TIOCKOJTBKY aKTyaJIbHbIX IAHHBIX O HUX HE MPEJICTABICHO
(PAO, 2015). BoI3BaHHBIN aHTPOMOTEHHBIM BO3/1EHCTBHEM
TEMII BEIMUPAHHUs TIPEBBIIIAET BCE U3BECTHBIEC U3 MAJIEOHTO-
JIOTHMYECKOH JICTONHCH ciIy4au (AnTyxoB # 1p., 1996; FAO,
2007; ®AO, 2009).

UYUto06B! Kak-TO MPEAOTBPATUTH NCUE3HOBEHNE BUIOB U CO-
XPaHUTh BO3MOYKHOCTB MX BOCCTaHOBJICHHUS B Oy/Iy1IieM, Kornia
JUTSE 9TOTO OyIyT Oosiee OIaronpUsITHBIC YCIOBHS, CTAJIH BbI-
JIBUTAThCS TIPOEKTHI CO3aHNS XPAHWINIL CEMSH PACTEHUH,
COMAaTHYECKHX M TOJIOBBIX KJICTOK PAa3IMYHBIX )KUBOTHBIX U
pactenuii (Benpunues, Port, 1991; FAO, 2000, 2007; Anek-
cansH, 2002). Ceromus reHHble 0aHKH (PEUMYIIIECTBEHHO
pactenuii) nmetorcs B 140 ctpanax Mupa, Hanbosee H3BeCTeH
MEXIyHapOIHbIH apkTHYeckuii rendank Ha Llnundeprene.
Ecnu renernueckne pecypcsl pacTeHUN OTHOCUTENIBHO JIETKO
COXpaHSIOTCS B TeHOAHKaX, TO 3a/1a4a COXpaHEeHUs OMOJIO0TH-
YeCKOro pa3Ho00pa3us ’KMBOTHOT'O MUPa 3HAYUTEIBHO OoJee
CJIOXKHAS.

Ocobas mpobieMa — cOXpaHEHHE TOPOJ] CEIIbCKOX03SH-
CTBCHHBIX BHIO0B. K O)lHOﬁ U3 3araaokxk HOHyJ'I)IIJ,MOHHOﬁ )44
001meif reHeTHKN OTHOCHUTCS TO, YTO KOJTMYECTBO OCHOBHBIX
JIOMECTHIIMPOBAHHBIX BHJIOB )KUBOTHBIX U PACTCHHUH HE yBe-
JIMYUJIIOCH 3a BpEMsI CYHICCTBOBAHU arpapﬂoﬁ OUBUJIIN3AalIUU.
To ecTb OCHOBOI COBPEMEHHOM arpapHON LIMBUIIM3ALINY SIBJISI-
I0TCSI BUJIBI, KOTOPBIE OBIIH JJOMECTHIIMPOBaHBI 1 2—8 ThIC. JIeT
Hazal. HecMmoTpst Ha HelpepbIBHBIE MONBITKY BBECTU B J0-
MECTUKAINIO JIOTIOTHNUTEIbHBIE BU/IbI, YBEIHUUTh UX Orpa-
HUUYCHHOE KOJIMYECTBO He ynaercs. Cpean pacTeHUH BKIIAI B
CEJIbCKOE XO3SICTBO BHOCAT B OCHOBHOM, KaK U 12 ThIC. JIEeT
Has3a/, Ba BUa — IIIIEHNUIA ¥ PUC, CPEAN KUBOTHBIX — [IECTh
OCHOBHBIX BHJIOB: KPYIHBIH POTaThIi CKOT, Kypbl, CBHHBH,
KO3blI, OBIIBL, Jiomanu (Diamond, 2002).

ObenHeHme reHO(OHI0B JOMECTHIIMPOBAHHBIX BUIOB MIPU
MCYE3HOBEHUH TIOPOJ M COPTOB COIIOCTABUMO C JIeTrpajiaiu-
eil oYB, 3aMEHUTh KOTOpbIe OymeT HedeM. C 3TOW MO3UIMU
OYeBHIHA HEOOXOIMMOCTh COXPaHEHHS TeHO(POHIOB JOMe-
CTHIPOBAHHBIX BU/IOB KaK OCHOBBI arpapHON [IMBIIIN3AIINH.
W ecnu 3aa4a nornoaHeHUst TeHO(POHIOB KYJIBTYPHBIX pac-
TEHUH OIM3KOPOACTBEHHBIMH TUKUMH BHJAMH B IIEHTPAX
MIPOUCXOKACHNS TEOPETUIECKH BO3MOYKHA, XOTS ObI Ha OCHOBE
KOJIICKIIMH, Ha4as10 cOopa KOTOPHIX OBLIO MOJI0KEHO KCIIC TH-
musivu H.M. BaBuiosa, To o0orarieHne BUI0BBIX TeHO(OHIOB
CEJIBCKOXO3SICTBEHHBIX BHJIOB KUBOTHBIX JAUKUMH OJIN3KO-
POZICTBEHHBIMHU (POPMaMU IPAKTUYECKU UCKITFOYEHO, TPEIK/Ie
BCETO M3-32 MCUE3HOBEHUSI OOJIBIIMHCTBA JUKHUX MPEIKOBBIX
BUIOB. VIMEHHO 3THM 0OCTOSITENILCTBOM OOBSICHACTCS BO3-
pocuiuii BO BCeM MHUpPE MHTepec K reHo(oH1aM MECTHBIX
(abOpHUTeHHBIX ) TTOPOJT] YKUBOTHBIX, TOCKOJIBKY HCUE3HOBEHIE
MIOPOJIBI CBHJIETENILCTBYET 00 00esHeHnH reHodoHIa coot-
BETCTBYIOILIETO BH/IA.

B Hacrosimee BpeMsi BO BCEM MHpPE BeIeTCs aKTHBHAsI pa-
00Ta 110 KaTaJoTu3alnH, H3yYCHUIO i COEPEKEHUIO MECTHBIX
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nopoa. Haubosee nonHast uudopmalus coopana B 6azax 1aH-
ueIx DAD-IS (http://dad.fao.org) m DAGRIS (http://dagris.ilri.
cgiar.org/) ¥ B TaKk Ha3bIBAEMOM MHUPOBOM JINCTE OXKHIAHUS
(Word Watch List) (FAO, 2000).

W3 obmmero uncna 8774 mopox, mpuHaIekamux K 38 BU-
JIaM JIOMECTUIINPOBAHHBIX )KMBOTHBIX, HICHTH(OUIIMPOBAHHBIX
B MH(GOPMALMOHHOW CHUCTEME TI0 PA3HOOOPA3UI0 JOMAITHIX
#uBOTHBIX PAQO, 7718 Opox ABIAIOTCS JTOKATEHBIME (TTPE-
CTaBIICHBI TOJIBKO B OHOU cTpaHe), a 1 056 mopox oTHOCATCS
K TpaHcrpannyHbM (PAO, 2015).

Hesarensrocts PAO B 067aCTH COXpAHEHUS MTOPOI CEITb-
CKOXO035ICTBEHHBIX >KMBOTHBIX aKTHUBH3UpoBajach B 1988 .,
Korja OB CO371aH IEPBbI KOMITBIOTEPHBII OaHK JaHHBIX
10 TEHETUYECKUM PECYpPCaM KUBOTHBIX, PACHIONIOKECHHBIH B
lannoBepe (OPI) (EAAP/FAO, 1991). Umerro ®AO npu
OOH B3s1710 Ha ceOs1 PyHKIIUH [T0 KOOPAUHAIIUH I TSIBHOCTH
M0 COXPAHEHMIO M KOHCEPBAIMU TOPOIAHOTO PazHOOOpa3us
B mupe. B 1992 r. MexyHapoaHONH MPOJOBOIBCTBEHHON U
CEJILCKOXO3SIICTBEHHON OpraHu3alieil pruHsTa ri1odanbHast
IIporpaMma Mo YIPaBJICHUIO TEHETHYECKUMHU pECypcaMu
*KuBOTHBIX (GAGRMP). B nee BxomsT mpoektsl RARE
(UccnenoBanne reHETUYECKUX PECYPCOB JKMBOTHBIX), TJIe
BIIEPBBIE [TI00ATBHO HCIOIB3YIOTCS PE3YJIbTAThl H3YydCHHS
mapkepoB JIHK-muxpocaremmtos; MoDAD (ITognepxka
TeHETUYECKOTO Pa3HO00Pa3usl )KUBOTHBIX ), OCHOBHOM 11EJIBIO
KOTOpOro ObUIO co3faHne 0a3bl JAHHBIX AJIS yTPaBICHHS
O1ropa3zHooOpa3reM Kak BHYTPH OTJCIBHOM CTPaHbl, TaK U B
Mupe B 1enom, u ap. PAO usznaet nenslii psaa J0KyMEHTOB
M KHHT, B yacTHOoCTH OroruteTtenb Animal Genetic Resources
Information, mocsimeHHsIN reHeTHUeckuM pecypeam (http:/
www.fao.org/docrep/013/q7420t/q7420t00.pdf).

Bo MHOTHX cTpaHaXx CyIIECTBYIOT M aKTUBHO PabOTAaIoT pa3-
JIMYHbIC HAalMOHAIBHBIE TOCYIapCTBEHHbIEC WIIN OOIIECTBEH-
HbI€ OpraHU3allNH, 3aHsThIE COXpPAaHEHHEM peIKuX ropox. 13
OpraHn3anuii rocyJapcTBEHHOTO yPOBHS HANOO0JIEe H3BECTHBI
EBponeiickuil pernoHaIbHbBI KOOPIAUHAUOHHBIA LIEHTP,
KOTOPBIN BOIIONIAET B XU3Hb cTpareruio PAO no reseTu-
4ecKUM pecypcam )KuBOTHBIX (http://www.rfp-europe.org/, Ha
JTaHHBI MOMEHT TIpeZiceAaTeNbCTBYOMIast cTpaHa — [ penust),
a TaKKe eBPOIEUCKUE CTPYKTYpPBI, CBS3aHHBIE C IPOEKTOM
M0 COXpPAHEHHWIO OMOPa3sHOO0Opa3ns TOMAITHUX KUBOTHBIX
GlobalDiv — AgriGenRes (http://www.globaldiv.eu). Cpenu
HEroCyJapCTBEHHBIX CTPYKTYP 10 COXPAHEHHUIO MECTHBIX
JIOMAIITHUX 1TOpoJ M copToB pactenuii B EC mpeacraBieHs:
SAVE Foundation (Safeguard for Agricultural Varieties in
Europe, http://www.save-foundation.net), mox pykoBoacTBOM
storo ponna cymectByer cetb ELBARN (European Livestock
Breeds Ark and Rescue Net), koTopas cienuani3upyercst Ha
COXPaHCHUH in Siti TCHETUYCCKUX PeCypcoB KUBOTHBIX (http://
www.elbarn.net), B ITanmm coxpaHeHHEeM PeIKUX MOPOT 3a-
HuMaeTcs accormanus Associazione R.A.R.E. (Razze Autoc-
tonea Rischiodi Estinzione, http://www.associazionerare.it),
B Mcnannm — Euskal Abereak (http://www.euskalabereak), B
I'epmanyn — GEH (http://www.g-e-h.de/index.htm), B CIIIA —
Livestock Conservancy (http://www.albc-usa.org/), B Poc-
cun — Co103 KHMBOTHOBOAOB, LIEHTp MO coXpaHEHHIO arpo-
pecypcoB npu ¢onzae «Kymsrypsl Mmupa» ['enprxa boposuka.

Crnemyer OTMETUTh, 4TO B ObiBIIeM CoBeTckom Coro3e o
nauimaTuBe akagemuka J[.K. Bensea B 1980-x romax Ha
teppuropuu [oproro Anrast (LLlebanunckuii paiion, c. Yepra)
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Mpobnema coxpaHeHUs reHoGpoHAOB
LOMECTVLMPOBAHHbIX XUBOTHbIX

OBLIO OPraHM30BAHO HKCIIEPUMEHTAIIBHOE XO3SIMCTBO, TIE
TUTAHUPOBAJIOCH COOPATh KOJUIEKITHIO PEAKUX TIOPOJT KHUBOT-
HBIX U IEPCIICKTUBHBIX IS JOMECTUKAITUH U THOPU 3NN
npeacraButeneit mukux BuaoB. Mnes Imutpus KoncrantuHo-
BHYA 10 CO3JJaHUIO LEHTPA aKKIMMATU3aLNHU, JOMECTUKALIUU
U THOPUAM3AINH M COXPAHCHUIO TCHETHYCCKUX PECYPCOB
JKUBOTHBIX U PAaCTEHMH in Situ HAMHOIO OllepeAusa CBOE
Bpems. Ha mannbiif MomeHT B Poccniickoit denepannu 6no-
JIOTHYECKOTO TOJIMTOHA TAKOTO MacIITa0a 1o UCCIICIOBAHUIO
1 COXPaHCHUIO arpoOnopa3HO00pa3usl HET.

TeopeTnueckmne oCHOBbI
COXpaHeHnA ncyesarwwmnx nopon
TeopeTHueckre 0CHOBBI COXPAHEHHUS HCUE3AIOIINX TTOPOJ €IS
HEIOCTAaTOYHO pa3padoTasbl. [Ipu ux o0CyXKIeHUU B OOJH-
IIIMHCTBEC cnyqaeB HpI/IXOZlI/ITCH CChbLJIATBCA Ha peKOMeHI[aL[I/II/I,
KOTOpPBIE OBLTN CAeNaHbl CIIEIHAINCTaMH, 3aHUMAIOIITITMHCS
MpoOIEeMO¥i CrTaceHUS PEAKHIX M MCUC3AIOINX TUKAX BUIOB.
Heo0xoaumocTh coXpaHeHHs TeHETHYCCKON H3MEHUHUBOCTH
JIOKAJTFHBIX TTOPO1 00CY’KIaIack MHOTHMH yaeHbIMH (V1BaHOB,
1924; Cepedposckuii, 1928; Jlobames, 1954; Maijala, 1970;
I'mem6oukwuii, Konsuosckas, 1972; Kpacora u np., 1983;
Simon, 1984; Benses, 1987; Bodo, 1989; Sambraus, 1990;
Mouceesa u np., 1992, 2006; OpHcT u 1p., 1994; Imasko u
Ip., 1996; Tisdell, 2003; Epoxun A., Epoxun C., 2004; Map-
3aHoB, 2007; [TaponsH, [Tpoxopenko, 2008; ITaponsH, 2016; u
Iip.). Ha 0cHOBaHWY BHINICTICPEYNCIICHHBIX, 4 TAKXKE IPYTHX,
B TOM YHCJI€ HAILIUX, pa0OT apryMEHTHI B [10J1b3Y COXPaHEHUS
JIOKaJBHBIX TTOPOJT OAPA3ACTAIOTCS Ha TP KaTETOPHH.

1. DKOHOMIKO-61ONOrnyYecKkre aprymeHTbl

1.1. TpeboBaHHS K CENBCKOXO3IHCTBEHHBIM KHBOTHBIM H3-
MEHYMBBI U HENPEICKa3yeMbl. JDTO KacaeTcs IPEKIC
BCEI'0 IPOAYKTOB JKUBOTHOBOJCTBA (I/ISMeHeHl/Ie BKYCOB,
3HAHUH O MOJIE3HOCTH IHIIHU; HOBBIC BHIBI IPOAYKTOB,
OZIeX/IbI, B3aUMOJICHCTBHE LICH HA MPOAYKTHI; MOJa H
T.11.), ©3MEHEHUH B YIIPaBJIeHUU (HOBbIE METO/IbI, MeXa-
HU3aIWs ) B 00eCTIeYeHUH KUBOTHOBOACTBA (PeryIISIIH
300T'HTHEHUYECKHX ITapaMeTPOB, HOBBIE BH/IbI KOPMOB),
W3MEHEHUM TMI'MeHUYECKUX U KIIMMaTHYECKUX yCJ'IOBI/lﬁ
(HOBBIE BU/IBI OOJI€3HEH, BAKIIMHBI, N3MEHEHHS BHEILIHEH
cpensl). [ToaToMy mpakTHYecKH J1t00ast JOKaJIbHas T110-
poza—3TO pe3epB HACIIEICTBEHHBIX Ka9eCTB, HCII0JIb30-
BaHHUE KOTOPBIX MIOKA He IPEACTaBIIeTCS HEOOXOUMBIM,
HO MOXKET TTOHAJ0OUTHCS B OY/IyIIICM.

1.2. CoxpaHeHHE MECTHBIX MOPOJ B Kaue€CTBE PE3EPBHBIX
TIONYJISLMHA HEOOXOANMO VIS IIPEOA0ICHHS BOSMOYKHBIX
CEJIEKIIMOHHBIX IMMHUTOB. Takue npru3Haku a0OpUTeHHBIX
opoAd, Kak aJallTUBHOCTb K MECTHBIM BHCIIHUM YCJIO-
BHUSIM, BBICOKOE Ka4eCTBO IPOAYKLIUH, OTCYTCTBHE 3a-
TPYAHEHHH NP POJAX, KpeTKasi KOHCTUTYIINS, BBICOKast
IJIOAOBUTOCTH U 60.]'1])111351 MMPOAOJIKUTEIIbHOCTD )KU3HU,
MOTYT HaWTH NPUMEHEHHE IIPH CO3MaHUU >KUBOTHBIX,
CIIOCOOHBIX MPHUCIOCOOUTHCSI K HOBBIM OMOTEXHOJIOTH-
aM. Uem JOJIBHIC MOMYJIAINA )KUBOTHBIX MMOABEPracTcCA
IKCTPEMAIBHOMY CPEIOBOMY BO3JEHCTBHUIO, TEM BBILIE
BEPOSTHOCTH SBOJIONWH aJallTHBHBIX MMpH3HAKOB. He-
O6XOZ[I/IMO NMOAYCPKHYTH, YTO A0 CUX ITOP, HECMOTPA Ha
W3BECTHOE TITy0OKOE pa3pyIIeHHE arpapHbIX JTaHmad-
TOB, OCTAETCSI HEJJOCTAaTOYHO OLICHEHHOH JanamadTo-
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o0pasyrolasi pojib pa3HbIX HOPOJ] CEIbCKOXO3IHCTBEH-
HBIX BU/I0B MJICKOTMTAIOIIHX.

1.3. MecTHbIe OPOIbI JKUBOTHBIX MOTYT OBITH MCTIOITE30BaHbI
B CKPEIIMBAHMSIX C LIEIIbIO CO3/IaHUsI HOBBIX (hOPM, JIydIIie
TIPUCTIOCOONICHHBIX K 9KCTPEMATbHBIM YCIOBHUSIM CPE/IBI.

1.4. B ompezneneHHBIX KO- U arpoOCHCTEMax BBITOJHO pas-
BCJACHHUEC B YUCTOTC YK€ aJallTUPOBAHHOTO K JaHHBIM
YCIOBHSM TeHeTHUeckoro marepuana. FAO mpuBomuT
JIOCTaTOYHO IPHUMEPOB, KOT/Ia COXpPaHEHHE MECTHBIX IO~
poxn cranoBuTCcs BeirogHbiM fesioMm (FAO, 2007-2010).
Hanpumep, mpuOBUTE OT COXpaHEHUS M yCTOHYHNBOTO
WCIIONIb30BAaHMSI CBUHEN MOPOJIbI OOKC KeKeH B MeKcnke
cocraBuia 490 teic. nomn. CHIA B rox (Drucker, An-
derson, 2004).

1.5. Bo3MoxHa mpsiMasi HHTPOAYKIHS JIOKAJIBHBIX TIOPOJ B
30HBI, [I€ SKOHOMUYCCKHU HCBBLII'OJAHO PA3BEACHUE BbI-
COKOIPOIYKTHBHBIX MOPO/I.

1.6. DxoHOMHYECKOE 3HaYeHUE HH()OPMAIIMOHHBIX TEXHOJIO-
Uil B MPUIIO)KEHNU K MECTHBIM ITOPOJ1aM MOKHO OLICHUTH
10 pacTyIIAM MaciTabam 00beMa PhIHKA TEHETHIECKUX
PECypCOB CEIBbCKOXO3SHICTBEHHBIX KUBOTHBIX. MH(OP-
MalMOHHbIe 0a3bl, KAaK U OMOJIOTUYECKHE KOJICKIMH
(6aHKM), CTAHOBSITCS KIFOUYSBBIMH IIPH TTOAECPIKKE arpo-
6ropasHo0Opasus.

2. HayuHble aprymeHTbl

2.1. UccrenoBanus B 00IaCTH TEHETHKH, (PU3UOTIOTHH, OHO-
XUMHUHU, UIMMYHOJIOTHH, MOP(OJIOTUU U T.J. TPeOyIOT
COXpaHEHHUS W MOAJepKaHUs OOJBIEro pasHOOOpasus
cpeau )KUBOTHBIX. [IpH 5TOM BasKHO COXPaHHUTBH HE TOJIHKO
YHUKaJIbHBIE TeHBI (AJUIENHN ), HO U TeHHbIE KOMOMHALIHH.

2.2. V3ydeHne JIOKaIbHBIX MOPOJ MOXKET BCKPBITh MEXaHU3-
MBI TIPOIIECCOB 3BOJIIOIINHU, OHTOTCHE3a, TOBE/ICHHUS, €C-
TECTBEHHOT'O M MCKYCCTBEHHOTro otdopa. CpaBHHUTEIb-
HBIE MICCIIENIOBAHUSI TTOJHBIX TEHOMOB WJIM OTAEIBHBIX
yuactkoB JJTHK noxanpHbIX MOpOJ ¢ APEBHUM MPOUC-
XOKJICHHEM MOT'YT BHECTH CBOM BKJIa/1 B PEKOHCTPYKIIUIO
HCTOPUH pacCeNeHNs YeoBeka 1o 3emiie u hopMHupoBa-
HUSI TTOTTYJISAIMH, TIPECTABIISIONINX PA3HbIC STHUIECKNE
IPYIIIBL, KyJIBTYPHBIX U TEXHOJIOTHUECKUX MHHOBAIINH,
B TOM YHCJIE MOSBICHUS M PACTIPOCTPAHEHUSI )KUBOTHO-
BOJICTBA B MHpE.

3. KynbTypHO-ncTopuyeckiie aprymeHTbl

3.1. MecTHbIe TIOPOABI CIIPABEIUINBO PACCMATPUBAIOTCS KaK
OJIEMECHTBI KYJIBTYPHOI'O HACJICAUA, ICHHBIC TaMATHUKN
TIPUPOJBI U KyAbTYPbl. OHH MOTYT OBITH NCTIONB30BaHbI
KaK MCCIICI0BATEIILCKIIT M yUeOHBIH MaTeprall B HCTOPUH
1 3THOTrpaduu.

3.2. IIpakTH4aecKy BO BCEX PETHOHAX MAPA MECTHBIE ITOPOIBI
WCIIONB3YIOTCS MTPH MTPOBEICHUH CIIOPTUBHBIX, pa3BIIe-
KaTCJIbHbIX U UHbIX 06L[IeCTBeHHI>IX MepOHpHﬂTHﬂ, Ha-
TIpUMEp BO BpeMs OpauHbBIX U PEITUTHO3HBIX [IEPEMOHHH,
1 KaK 3JIEMEHTHI JI0CyTa.

[Ipu coxpaHeHUH Kak BUJOB, TaK U IOPOJ TPYAHO (TIpeke
BCETO 110 3KOHOMUYECKHMM IPUYNHAM) MOJJIEPKHUBATH BbI-
COKYIO0 YHCJICHHOCTb TOMYJSIINU. MaJple e YUCICHHOCTH
BCAYT 11O MEHbIIIEeH MEPE K TPEM OIIACHBIM ITOCJICACTBUAM!
CHIDKEHHE aJIeTBHOTO pa3HOO0pa3ys, yTpara ImoIuMophr3Ma
MOMYJISIIMY B pe3yJbTaTe TeHeTHIECKOTO0 Apeda; nHOpeaHast
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JIeTIpeccusi, CHIKAIOIIAs )KU3HECIIOCOOHOCTh U B MEPCIIEK-
THUBE MOTYIIasi IPUBECTH K BBIMHPAHMIO MOIMYIIALUH; BO3-
pacTaHne yrpo3bl BRIMUPAHHS B CHIIy BHEITHHUX CITyYaiHBIX
MIPUYHH: SMU300TUH, CTUXUHHBIX O€CTBU, HEMPaBUIBHBIX
a/IMUHUCTPATUBHBIX peleHnil. Bo Bcex ciydasx mpuxoauTest
MCKaTh PasyMHBIH KOMITPOMHCC MEK/Iy BO3MOXKHOH 3KOHO-
MHUYECKON MOJIb301 COXpaHEeHHUs MOMYALNH (B, TOPOJIBI)
U 3aTpaTaMH Ha TOAJepKaHWEe ee HEOOXOANMOW JHCIIeH-
HOCTH.

[Tpu oOcyxaeHnn Bompoca o0 JOCTaTOYHON YHCIEHHOCTH
MIPUHSTO PA3IMYaTh OOIIYIO YUCICHHOCTH oMy (V) u ee
3(pEKTUBHYIO YUCIEHHOCTE (V, ) T. €. 00beM TOH €€ 9acTu, KO-
TOpasi nepeaeT reHoGoH/1 clieytomemMy rnokoienuto (Ppan-
ke, 1983; AntyxoB u np., 2004). Ecnu nefictBurensHas
YHCIEHHOCTh MOMYJSIIKUU NN, a AUCIIEpPCHs YHCia TIOTOMKOB
Ha Ka)KIYI0 PasMHOXKAIOLLyIocs apy 62, To N, =4N/(2+62).
B GonpummHCTBE cyyaes N, OKa3bIBA€TCS MEHbLIE N.

Hapsiny ¢ npyrumu napamerpamu, 3pQeKTUBHAS YUCIICH-
HOCTBb 3aBUCUT U OT COOTHOIICHH pa3MHOXKAOIINXCA CaMIIOB
u camok. Ecim N, — umMcno camMuoB, NaloIIUX raMeThbl Ais
CIIEIYIOIIETO MOKOJIEHUS, & Ny — COOTBETCTBYIOLIEE YHCIIO
camok, 1o 1/N, =1/4N, +1/4N, u N, = 4N, N,/N, +N,. O1-
CIOZIa Pa3MHOKAIOMIASICS TIOMYIISAIHS, B KOTOPOH 90 aKTHBHBIX
caMoK ¥ Juib 10 aKTHBHBIX caMIIOB, UMeET YPPEKTHBHYIO
yuciieHHocTs He 100, a Bcero nuib 36 (Opanxnun, 1983).

OrpaHuyueHNE YUCIEHHOCTH IOIYIISIUNA BEIET K MOTepe
TEHETHYECKOTO Pa3HOOOPa3Nsl, BEIPKAIOLIEHCS, B YACTHOCTH,
B moTtepe aeneil. MoaenbHble pacyeTsl (ANTYXOB H Jp.,
2004) mokasaim, 9To B MOMyJAIHsIx pazmepoM B 500 ocobeit
Ha ripoTsbkeHnu 200—800 nmoxoneHuii yTpaulMBaeTcs C BEICOKOM
BEPOSTHOCTHIO OJIHA U3 KAXKJOU Mapbl ajuiesield (MICXOIHOE CO-
CTOSIHUE — TTOMTUMOP(U3M I10 JBYM AJJIEIISIM IIPU X PaBHOH
4acToTe).

[TombITKH COXPaHUTB TIOPOAY B MaJIOM YHCIIe 0coOel (Ha-
npumep, 10), BeposiTHEe BCETo, OKaXyTCs Oe3yCIeITHBIMHI.
Pa3nenenne nomysnsnmy Ha HECKOJIBKO CyOnommyssimii (T. e. co-
JACPpKaHUEC OPOAbl HE B OTHOM, a4 B HCCKOJIBKUX FeHO(i)OHHHI)IX
XO3HCTBAaxX WM (hepMax) He TOJIBKO CHU3HUT BEPOSTHOCTH €€
MIOTEPH OT CIyYaiHbIX MPUYNH, HO ¥ 00ECIIEUNT COXpaHEHHUE
BHYTPUIIONYJISIIMOHHOTO FE€HETHYECKOT0 pasHoo0pasusi.

B pabote (Dragunescu, 1975) ompeneneHsl KOHKPETHBIC
MaKCUMaJIbHbIC BEJIMYHMHBI Ul TEHO(OHIHBIX MOMYJISAINH,
KOTOpbIE, 110 MHEHHIO aBTOpa, o0ecreyaT COXpaHEHUE B
PaBHOBECHH OCHOBHOTO HA0Opa T€HOB U MX aJuleJieil B OKO-
nernsx. s kyp — 50 metyxoB u 250 Kyp (MaHMHKTHYECKAs
nontyisitmst ), uist KPC — 10 6b1xoB 1 50—-60 kopoB (11aHOBbIE
CKpeIUBaHus), [ cBUHEH — 25 xpsaxoB u 100 cBHHOMATOK
(TuTaHOBBIC CKpEUIMBaHWS), Ul oBell — 12—-25 GapaHOB U
100-250 oBuemMaTok (TUIaHOBBIE CKPEINMBAHMA). AHAIU3,
IIPOBEACHHBIN B TEOpEeTHIEeCKOM oTaene VIHCTUTyTa IUTOI0-
run 1 reHetnkn CO PAH (nmun. coobm. 3.A. T'mH30ypra),
MOKa3bIBaeT HECKOJIBbKO nHbIEe (bl 1u1st KPC — 10—15 ObikoB
u 100 xopoB, uto cormacyetcs ¢ ranaeMHu (Brem et al., 1984),
IIPU TOM BIIOJIHE JOIyCTUMA cTereHb nHOpuauHra 1 % Ha
MIOKOJICHHE.

B nacrosiuee Bpems B [IpaBunax uist ynpaBiieHUsT Majlbl-
MU TomyysnusiMu B ctaryce pucka (Guidelines for manage-
ment of small populations at risk) anst coxpanenus in vitro
peKoMeHIyeTCst cOOp CEMEHH ISl 3aMOPAXKMBAHUS TI0 Kpaii-
Heli Mepe oT 25 caMII0B Ha TOPOJLy ¥ HCTIOJIb30BaHUE CEMEHHI
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OT 3TUX CaMIIOB Ha ellie 25 caMKax Ha IIOpoJLy JUis TIOJIyYEeHUsI
3aMopokeHHBIX 3MOproHoB (FAO, 1998).

CreztyeT OTMETHTB OJTHO B)KHOE OOCTOSATEBCTBO: TIPH pa3-
JISTICHUU MOMYJSIMK Ha CyONomysinuy, 0OMEHUBAIOLIHECS
€IMHUIHBIMHU 0COOSMH, yCTOHUNBOCTH CHCTEMBI CYIIIECTBEH-
HO TOBBIIIAETCSI, U TIOTEPH AJJIeIIel B TE K€ CPOKH, YTO U B
cilyyae He MO/IPa3/IeJICHHOM MOIYIISLUH, HE TIPOUCXO/IHT.

BeposiTHOCT BEIKMBAHUS HEOOIBIIHX TOIYIISLUHN B H30-
JSIUM ObTa TIpeicKa3aHa Ha OCHOBE MATEMaTHIECKON MOIEIH
(Senner, 1980). Pe3toMupyst pe3yibTarhl 3T0M paboThl, MOKHO
MIPUITH K CIIEAYIOLIEMY: yracaHU€ MOMYIISINT TECHO CBA3aHO
C N3MEHEHHEM IUIOJJOBUTOCTH caMOK. JKH3HecrocoOHOCTh 1
TUIOZIOBUTOCTH YMEHBILIAIOTCS [IPU MHOpUANHTE, HecOaTaHCu-
POBaHHBIE CKPEIIUBAHUS YMEHBIIAIOT 3P (heKTUBHBIN pazmep
TIOTTYJISALIUY, W, HAKOHEL], BEPOSITHOCTh BBDKUBAHHUS MPSIMO
MPOTIOPIMOHAIbHA COXPAHEHHIO YHUCIICHHOCTH.

CenekunoHephbl 3aMETWIIN, YTO IUIOJIOBUTOCTh B MAJIbIX
MOMYJISIUSAX HAYMHAET Najarh, Koraa kodddumuent naopu-
nuura gocturaet 0.5 wim 0.6. OTciona creayeT Mmoje3Hoe
SMITUPUUECKOE TPaBUIIO0. VICTIONb3ysl BhILICYKa3aHHBIC YHCIIa
KaK yCJIOBHBIC TIOPOTOBBIC 3HAUCHMS, MBI MOKEM OILICHUTD
YHCIJIO NOKOJIICHUH, 110 HCTEYEHUH KOTOPBIX JUIS TPYIIII C pas-
JHYHBIM N, CYIIECTBEHHO YBEJIHYUTCSA PUCK BBIMUPAHHS OT
reHeTrmyecKux npuauH. [Ipumasas f 3Hagenue 0.6 (wmum 0.5) B
dopmyne Af=1—(1-1/2N,)? u perasi 510 ypaBHEHHUE JUIS HC-
J1a TIOKOJIEHHH £, MBI TIOJTyYHM, YTO B IEPBOM TPHOIIKECHUT
t=15N . IpyruMu clI0BaMHM, 0KMAAEMOE YHCIIO IIOKOJIEHUH [0
0/IX0/Ia K TIOPOTY BEIMUPaHHs TPUMEPHO B 1.5 pa3a Oombiie
s dexTrBHON yrcaerHocTr nomyisnuu (Cymeit, 1983).

Ceromnst pa3paboTaHbl TpeOOBAHUSI M CXEMBI I'€HETHYE-
CKOTO yIpPaBJIeHUsl, KOTOPbIE MOT'YT OBITh IPUMEHEHBI B IO~
MyJANASAX C OTPAaHWICHHON TeHeaJorndecKkoil mHdopmanmei
(Oldenbroek, 1999; Raoul et al., 2004; FAO, 2016). J{nst Toro
4TOOBI COXPAHUTh TEHO(OH]T BUJIA )KUBOTHBIX, Pa3padOTaHO
mpaBuio «50/500», koTopoe mpeaycMaTpuBaeT, 9To IS Kpa-
TKOBPEMEHHOTO COXPAHEHHSI T'€HETHYECKOH M3MEHYHNBOCTH
MOMYJISILMS JIOJDKHA UMETh He MeHee 50 pa3MHOXKaIomIuXCst
ocobeit, a 9TOOBI 00ECTIEIHT €€ CYIIECTBOBAHNE HA UTUTEITh-
HOE BpeMs, HeoOxoauMo uMeTh He MeHee 500 ocobei, 9To
COOTBETCTBYET OOILEeH YHCIEHHOCTH TOMYJISIUHU B 1-3 ThIC.
ocobeti (ITaponsn, [Tpoxopenko, 2008; ITaponsH, 2016).

HoBble reHeTUYECKME TEXHOIOMNN
npun coxpaHeHn ncyesarwmx nopoa
B teuenne nocnequero gecaTuiaeTus B cepe reHeTHIECKUX
UCCJIEI0BAHUI IOMECTUIIMPOBAHHBIX BUJIOB JKUBOTHBIX (DyH-
JTAMEHTAJIBHO M3MEHMIICS TTOJXO/ K OLEHKE TeHETHYECKOTO
MOTEHIIMAIIA )KHBOTHBIX, UX TIPOLyKTHBHOCTH, ’KU3HECTIOCO0-
HOCTH, 300pPOBbA. HpaKTI/I‘ieCKI/I BO BCEX BEAYIIHUX 3KOHO-
MHKaX M HayYHBIX T€HETHUKO-CEJICKI[MOHHBIX IIKOJIaX MHpa
copMHpOBaIOCh HOBOE HANpPAaBICHUE, TAK Ha3bIBacMast
TeHOMHasl CeJIeKLHs. 3a MOCIIEAHUE FO/IbI 110 3TOH TeMe OIy0-
nuKoBaH oOmmpHBIN Marepuan (Meuwissen et al., 2001,
2016; Opucr, 3unoBbeBa, 2008; Cmaparnos, 2013; KOqun u
np., 2015; u gp.).

bruta peanuzoBaHa uaes MapKepHbIX I'€HOB-CUTHAJEH,
chopmynupoBaHHas B repBoii rmoiosuHe XX B. Ecnn n3na-
YaJIbHO MOIJIM HCIIOJIb30BaThCs I€CATKH (HE O0Jiee COTHHU) Te-
HETHYECKUX (MIMMYHOTEHETHIECKIX, OMOXUMIUECKUX) Map-
KEpOB, TO IIPH MOSIBIICHUH TEHOMHOH CEJIECKIINH — COTHH THICST
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MmapkepoB. [Ipu 3TOM Ha/10 OTOBOPUTHCS, UTO HCIIOJIb3YEMBbIE
SNP iy 0JHOHYKIJICOTHIHBIE 3aMEHBI — 3TO HYKJICOTHIIHbIE
MapKepbl ¢ HeM3BeCTHOH (hyHKImeil. MupoBO# TpeH — mepe-
X071 OT cyniecTByronmx SNP-4HIIOB Ha YMIIBI, BKITIOYAIOIINE
kay3anpHble SNP, 4TO IpUBENET K TOYHOCTH M YIPOIIECHHUIO
METOJIOB TeHOMHOM ceJIeKInH. [ eHOMHast ceJIeKIus B HaIICH
CTpaHe I0Ka He TOJIy4Yria JI0JDKHOTo pa3BuTus. OIHAKO He
CTOUT 3a0BIBaTh U O TEHHOM CEIEKIINHU, BBISIBICHUHM M HC-
TMIOJTb30BaHUH TeHOB POAYKTHBHOCTH, IMMYHHUTETA, XKHU3HE-
CIIOCOOHOCTH, aJalITUBHOCTH U T.II.

C Hareil TOuKu 3peHns, UMEHHO C TIOMOIIBIO MOJICKYIISIpP-
HO-TEHETHYECKUX METO/IOB HCCIIEJOBaHNS TeHO(OHJOB MOXK-
HO OyJIeT IOJy4UTh HaydyHOe 0OOCHOBAHUE ISl COXPAHEHUSI
TOW WJIM MHOH MOPOBI, TAK KAaK IMOSBUTCS BO3MOXKHOCTh
OTIPEACIINTh €€ TeHETHIECKNE IIEHHOCTh U roTeHnual. [1pu
MOJIHOTEHOMHOM CEKBEHHPOBAHNH NPE/ICTABUTEIICH pa3iiny-
HBIX IOPOJ] HanboJIee MHTEPECHO CPABHUTH TPAHCTPAHUYHBIC
(KoMMepuecKye) U perHoHaIbHbIe (A00pUTeHHBIE) TOPOJIBI C
JIPEBHEUIIINM ITPOUCXOKICHUEM.

Wudopmarus, momydaemast B pe3yibrare CEKBEHUPOBaHUS
1eJI0T0 TeHoMa 1 o0beuHsieMast ¢ SNP rexHonmorusmy, cyne-
CTBEHHO YCKOPSIET NOUCK FeHOB, AU HepeHIUPYIOINX T'eHO-
(hOHIBI TOMECTUIIMPOBAHHBIX U OMM3KOPOICTBECHHBIX TUKUX
Bu10B (CymumoBa, 2004). Takue paznnyunst NOITyYHIN Ha3Ba-
HHE «POCIIUCH JIoMecTuKanuu» — signature of domestication.
KaprupoBaHue I1aBHBIX TE€HOB KOJIMUECTBEHHBIX IPU3HAKOB
(quantitative trait loci — QTL) amst uneHTHPHUKAIINN YIaCTKOB
XPOMOCOM, BIIUSIFOLIMX Ha IIPU3HAKK-MHIIEHH JEHCTBUS THX
TEHOB, JUIS BBISIBIICHUS IPUCYTCTBHSI TEHOB-KaHANUATOB, JIO-
KaJIN30BAaHHBIX B 3TUX pailoHaX, M MCCIIE0BAHMS PUCYHKA UX
AKCIIPECCHH U X (PYHKIIMH Y Pa3HBIX BUIOB — BCE 3TO BMECTE
B34TOE JJACT BO3MOKHOCTh HJICHTU(HUIHNPOBATH KIIOUEBbIC
TCHBI W BCKPBIBATh KOMIIJIEKCHOCTH (PU3MOJIOTHYECKOH pe-
TYISIOUM TIPU3HAKOB — MHUMICHEH MCKYCCTBEHHOTO 0TOOpa
(FAO, 2007).

YuuThIBas OTCYTCTBHUE AL OOJBIIMHCTBA ITOPOJT HAEKHBIX
(enorunmueckux u QTL-nanHbIX, HanbosIee OBICTPOM U PEH-
TabeTHHOH OIIEHKOH TeHETHYECKOTO Pa3HOOOpa3us SABISACTCS
TeHOTHNUpPOBaHue noauMopdHbIx yyactkoB JJHK oxHoBpe-
MEHHO 110 MHOT'MM JIOKycaM. Takoil 1oaxoz oKa3plBaeTcs 1o-
JIE3HBIM IIPH HCCIIEIOBAHUSIX MPOUCXOKICHHUSI JOMECTHIIPO-
BaHHBIX BUIOB, MX ITOCIIEYIOIIEH MUTPALIMH, TAK *Ke KaK U JIIs
MOTy4eHUs] ”H(OPMAIMH 110 SBOIIOLUOHHBIM B3aUMOCBSI3SIM
MEKIy UX pa3UuHBIMU TPYNIIaMH1, U yCTAaHOBJICHHUS Treorpa-
(ugecknx obnacTel CKpeUMBaHUN MEXy MOIYJISIHIMHU,
MMEIOLIMMH Pa3HOE I'eHETHUECKOe TPOUCXmKIeHue. Jpyrast
Ba)XKHAsl POJIb MOJIEKYISIPHO-TEHETHYECKOTO MapKUPOBAHUS
3aKJII0YAeTCs B TOM, YTO MMEHHO TAKOHW ITOJXOJI TTO3BOJISIET
paccuuThIBaTh BeNMuMHy d(pdeKTuBHOM uncaennoctu (N,)
MOMYJISIUHN Y CEIbCKOXO3SHCTBEHHBIX BHJIOB KHBOTHBIX.
TpaauuuOHHbIEC TTOXO/BI K MOIYYCHNIO HA/IC)KHBIX OIICHOK
N, 1nist ceneKIMOHUPYEMBIX MOIYISIUI OCHOBBLIBAIOTCS Ha
POMOCITOBHBIX WX Ha mepenucd. OJHAKO 9acTO HEOOXO M-
MBbIC JaHHBIE 00 M3MEHUYMBOCTH PEMPOAYKTHBHOTO ycIexa
Y MHTEpBaJla MEXK/y [MOKOJIEHHSMH OTCYTCTBYIOT, 0COOCHHO
JUIl MECTHBIX 1TOpoJl. [T03TOMY pUMEHEHNE TTOTUIIOKYCHOTO
TCHOTHITNPOBAHUS MOXKET YIIPOCTHUTH TAKYIO OICHKY.

[puBeeM nprMepbl UCITOIb30BAHMS JAHHBIX, TIOJYYEHHBIX
c nomomisio ISSR-unrepnpurTHHTa (Inter Simple Sequence
Repeats), mpu ucciaenoBaHUN TeHETHIECKON CTPYKTYPBI 10-
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yJsiuid mopos osetl (Ovis aries) M KPYITHOTO POraTtoro CKoTa
(Bos taurus).

AHan3 MeKMHUKPOCATEUTUTHOTO MOIUMOpdr3Ma TyBUH-
ckux oBerl u3 18 xo3siictB Pecriyomimku ThiBa mo3Bosmi orpe-
JIETINTH TeHEAIOTMIECKHUE CBSI3H U ITAPaMETPhbI TeHETHUECKOTO
pa3Ho00pa3us BHYTPH MOIYJISLIUH 1 TTOPOABI B 1IeJIoM. brutn
TAKKe BBISIBIICHBI TeHO(OHTHbIE X035 CTBa, B KOTOPBIX CONEP-
JKaTcs OBIIBL, HanOoIee OIM3KIe K HCXOAHOMY a00pHT€HHOMY
tuiry (CtonmoBckuii u ap., 2010a).

Jast uzyyeHust cnetnpuuHOCTH U OPUTHHAIBHOCTH F'€HO-
(hoHITa POMAaHOBCKOW MOPOMBI OBEIl MCIIONB30BAJICS KO3(]-
¢unment renernyeckoi opuruHansHOCTH (IToTokMHa, Anek-
cannposa, 2008). Ilo ero 3HaYeHUsIM HCCIeyeMble 0COOH
OBUTH pa3IeIeHbl Ha MATH KJIACCOB B 3aBUCHMOCTH OT YaCTOTHI
BcTpeuaemoctu ISSR-¢pparmenra. B renodonme pomaHos-
CKUX OBell ObUIM BBIZIEJICHBI HanOOJIee OPUTHHAIBHBIC HITH
penkue, a Takke THIHYIHbIe reHoTHIs (Hectepyk u ap., 2016)
(puc. 1).

Hcnonp3oBaHue MyJIBTUIOKYCHOTO MEKMHKPOCATEIITUT-
Horo aHaym3a (ISSR-PCR) coBMecTHO ¢ METOIOM K-Kiac-
TEpU3aINK MOIMYJSIIAOHHBIX CTPYKTYp (mporpamma Struc-
ture v.2.2) cTajgo OCHOBOW psJa TECTOB MOJEKYISIPHO-Te-
HETHYIECKOW 3KCIEPTU3bl M MCCIEA0BaHMs reHodoHma no-
MECTUIIMPOBAHHBIX BUIOB KUBOTHBIX. BBIIM MOKa3aHbI BO3-
MOXKHOCTH aHaJIM3a MO/ ISILIUOHHON CTPYKTYPBbI JIOMECTHUIIN-
POBaHHBIX BUIOB, CXOZICTBA M Pa3IN4IUsl TeHO()OHIOB TTOPOL
(BHYTPHITOPOTHBIX TPYIIIT), UX HACHTH(UKALIUIY 1 HATIISTHOH
OILIGHKH KOHCOJIMJIMPOBAHHOCTH, YHCTOIOPOJHOCTH M Te-
Heanornaeckux cps3eit (Crommosekwii u 1p., 20100). Tak, B
MCCIIEI0OBAaHNH TeHO(OH1a POMAaHOBCKHUX OBEII ISITH BEAYIITHX
reHO(OHIHBIX XO3SUCTB MOJyYeHHbIC 3HAYCHUS (DYHKIUH
npasgonogoous L(K) (—6219.83) co craHmapTHBIM OTKIIO-
HenueM sdL(K) = 8.82 u mapamerpa nensra K (90.72) (Evan-
no et al., 2005) cBHIETENLCTBYIOT O TOM, YTO HauboJjee or-
THUMAJbHBIM YHCJIOM KJIaCTEPOB B JIAHHOW TPYIIIE OBEIL B-
msiercst K = 2 (puc. 2). 10T hakT mo3BoIMI NPEIIONI0KHUTE
y4acTHe JBYX MCXOIHBIX MPAPOAMTENbCKUX TOMYNSIUI B
(hopMHIpOBaHNHT TIOPOIEI (OOIIEH NCCIIETOBAHHON BBIOOPKH)
1 OLICHWUTH X BKJIAJ B (hOPMUPOBAHNE TCHO(OH 12 POMAHOB-
ckux osenl (Hecrepyxk u ap., 2016).

JlaHHBIE O MOMYNALMOHHBIX YacTOTaX (PParMeHTOB aM-
wmdukarun [P ncnone3zoBanm it ananmmsa QuiroreHnu
19 mopoxa xkpymHoro poraroro ckota. CoriacHO MPHUHIIUITY
MOMYISIIMOHHBIX CUCTEM, c(hOPMYIHPOBAHHOMY B padboTax
IO.I1. Antyxosa u O.I. PerukoBa, reHeTHUECKOE Pa3HO00-
pasue COBPEMEHHBIX MOMYJSLUUA COOTBETCTBYET HEKOTOPOM
MPEIKOBOM «IPAITOIYIALUI», TeHO(OHI KOTOPOH MOYKHO yC-
JIOBHO Ha3Barh MpoToreHohoH10M (ANTyX0B, PRruKos, 1970;
Perukos, 1973; AntyxoB u ap., 2004). Torna xe 11 peKoH-
CTPYKIMH TPOTOreHO(OH A OBIIO MPEATOKEHO HCIOIB30BATh
YCpEIHEHUE YacTOT FEHOB 110 BCEM U3yUeHHBIM COBPEMEHHBIM
nonyssisiM. C MOMOIIIBIO 3TOTO METOJIa CPEJIN TIOPOJT OTHOTO
BU/Ia WJIM BHYTPH OJHON ITOPOBI MOJKHO BBIIEIISITH APEBHUE
WM HanOoJiee OTNAIMBIIUECS OT IPOTOTCHO(POHIA TPYIIITHI
JKUBOTHBIX U MCIIOJIb30BaTh 3TH JaHHBIE B CEJICKIMOHHOMN
CTpaTeruy, HalpaBJICHHON Ha cCOXpaHeHHe (pOpM )KUBOTHBIX,
MpUONMKEHHBIX K MpeakoBoi ¢popme (CTONMOBCKUHA U 1p.,
2013) (puc. 3).

JlaHHbIE, MOTydaeMble NIPH MOJIEKYIIPHO-TEHETHIECKOM
aHaJIM3€, MOTYT CITY>KUTb YeTKUMH KPUTEPUSIMH IS OTIpe/ie-
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Fig. 1. The proportions of representatives of classes | through V in the structure of the Romanov sheep populations studied in Tyva (Nesteruk et al.,

2016).

Fig. 2. Clustering of Romanov sheep populations on the basis of
population-statistical processing of ISSR fingerprinting data with the
STRUCTURE program v.2.3.4.

Farms: 1, Avangard; 2, Zemledelets; 3, Zarech'e; 4, Druzhba; 5, Krasnyy
Perekop (our results).

JICHWS CIIEAYIOMNX (PyHAaMEHTAIBHBIX [TApaMETPOB (CBOMCTB)
CEJIEKLIMOHHBIX JOCTH)KEHUH B 00JIACTH KMBOTHOBOJICTBA:
MOPOHOM PUHAUIEKHOCTH, OTIMYUMOCTH U CTAOUIBHOCTH
MOPO/BI, UTO KpaifHe BaXKHO IPU PErHCTPALUU HOBBIX TOPOJ,
YHCTOIIOPOHOM PA3BEACHUN MM COXPAHEHHUHU MOPOJBI Kak
pe3epBa ONpeAeICHHbBIX HACIEICTBEHHBIX Ka4eCTB.

MpuopuTteTbl n Kputepun

npw coOXpaHeHun Noposa

O4YeBHIHO, YTO COXPAHEHUE OOIBIIOTO YMCIIA UCUC3AROIIIX
MOPOJ — 3aJia4a JOPOroCTOosIIas U TPEOyroIas CUCTEMAaTH-
YECKOTO MPOBEACHHUS 00bEMHOM HayYHO-HCCIE0BATEIHCKOM
paboteL. [To3TOMY ITEpBEIM 3TAIOM JTOJKHA OBITH pa3paboTKa
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CHCTEMbI T€HEeTHYECKOr0O MOHUTOPHHTA, KOTOPast O3BOJIHIIA
OBl OCYIIIECTBUTH KAaTaJIOTH3aLUI0 TEHETUUECKUX PECYPCOB,
CO3/IaHME Y aHAJTI3 KOMITBIOTEPHBIX OaHKOB IaHHBIX. IMEHHO
Ha 3TOI OCHOBE BO3MOXKHO NPHHSTHE HAYYHO U SKOHOMHYIECKH
000CHOBaHHBIX PELICHHI O TOM, YTO, B KaKkoii (hopme, o0beme
U B KaKOI OCIEA0BATEILHOCTH HEOOXOJUMO COXPAHSTb.

[ToMumo moanep)aHusi PeIKUX MOPOA B TeHO(GOHIHBIX
XO3SICTBAaX M KOJJIEKIIMOHHBIX (pepMax, ClelyeT yKa3aTh U
Ha Jpyrue BO3MOXHOCTH COXpaHeHMsl UX reHodoHnos. Ha-
IIpUMeEp, yUPESKACHHE 30H TPAJAUIIMOHHOTO arpapHOTo X035~
CTBOBAHUS C COOTBETCTBYIOIIIEH SKOHOMHYECKON KOMIIEHCa-
IIMel, KOTopast IpeJoTBpaTiiia Obl BHEAPEHUE 3/1€Ch HOBBIX
MIOPOJT )KHUBOTHBIX (M, BEPOSITHO, COPTOB pactennit). Coxpa-
HEHHUE TPAJAUIHMOHHOTO YKJIa1a CeIbCKOI0 X03IHCTBA MOYKHO
Ob1T0 OBI COUETATh C TPOU3BOACTBOM IKOJIOTHUECKH YHCTON
(oprannveckoil) MPOAYKIMN U TPOABHKEHUEM KaueCTBEH-
HBIX IIPOJIyKTOB HA PHIHOK. BOJIBIIMHCTBO JIOKAJIBHBIX TIOPO]
UIPalOT OCHOBHYIO POJIb B COLMAIBHOMN U KyJIBTYPHOM KU3HU
CEITbCKOTO HACEIICHUS], BKJIIOUAst PENMTHO3HbIC U [IMBHUIIH3AIIN-
OHHBIE TPaULIUH, (POIBKIOP, FTACTPOHOMHIO, CIELIUAT3HPO-
BaHHBIE TIPOAYKTHI U peMeciieHHoe Tpon3BozcTBO (Gandini,
Villa, 2003). BeposiTHO, BO3MOXKHOCTH UTSI CO3TaHUS TAaKUX
30H OCTAJIMCh TOJIBKO B OTAEJIBbHBIX IPEUMYILECTBEHHO ITPE/I-
TOPHBIX ¥ TOPHBIX palioHax Poccuiickoit Denepannn, Hanpu-
Mep B YiaranckoM paiioHe PecnyOnuku Anraii, B Tyse, by-
PATHH, KaBKa3CKHUX pecIyOanKax u T. 1.

[IpencTaBieHHbIH BhIIIE 0030 IUTEPATYPHI 110 MOIYIISIIH-
OHHO-TEHETHYECKHM OCHOBAaM COXPaHEHHUSI T€HETHYCCKUX
PeCypcoB )KUBOTHBIX TIO3BOJISIET CJIEIIATh CIISYIOIHE BHIBOJIBI
OTHOCHTEITHHO ITPUHIIUIIOB, IPHOPUTETOB, KPUTEPHEB IS CO-
XpaHeHHs Topoz (arpoOHopasZHO00Pa3HSt MITH KYIIBTYPHOTO»
O6ropa3HooOpasus).

[IpuHIUIIBI COXpaHeHHS arpOOHMOPa3HO0Opa3Us OCHOBAHBI
Ha COXPAaHEHWHU ICHHBIX (PEHOTHUMMYECKUX M TCHOTHITHYC-
CKUX XapaKTePHCTUK MOPOAbI (CTan). YnpasieHue JIo0oi
COXPAHSAEMOM MOIYINSAINH KUBOTHBIX JOJKHO NTPOHCXOANTH
C WCIIOJIb30BAHUEM METOJIOB, BEAYIIMX K YMEHBIICHHUIO /10
MHUHHAMYMa [IOTE€PH TUIOZI0OBUTOCTH U JKU3HECTIOCOOHOCTH.

[oBbImenHast MPUCIIOCOONIEHHOCTD, KaK IPaBHUII0, acco-
IIUAPYETCSI ¢ TeTEPO3UTOTHOCTHIO. [IpH 10CTaTOUHO JKEeCTKOM
UCKYCCTBEHHOM OTOOpe OOHapy»KEHbI HEeCIly4daiHbIe CBSI3U
MEKAY MYIBTHIIOKYCHOW MHANBHUYalbHON I'€TePO3UTOTHO-
CTBIO ¥ 3HAYCHUSIMHU aJJalITHBHBIX KOJINYECTBEHHBIX IPH3HA-
KOB. D(PPEKTUBHOCTH 0TOOPA MPU HENTPEPHIBHOM CEEKIIUH B
3aMKHYTBIX CTaJJax IIOCTENEHHO CHUKAETCS U B IaJIbHEHUIIIEM
MOKET HCUE3HYTh COBCeM. UTOObI n30eKaTh STOro HeraTHBHO-
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Fig. 3. Polygons constructed from ISSR-fingerprinting data on 19 cattle breeds (Stolpovskiy et al., 2013).

TO TIPOLECCa, COXPAHSIEMYIO MOIYIISIIUIO IIPHHATO PA3ACIATh
Ha HECKOJIBKO CYONMHUi (CyOmomysisiiuii) U B najabHEHIIIEM
HCIOJIB30BaTh ONPeEICTICHHYIO cucTeMy mogbopa. Korna cy6-
TIOITYJISIIIMY OTHOBPEMEHHO UCTIBITHIBAIOT BO3/ICHCTBHA Jpeii-

leHeTMKa XKNBOTHbIX

(ha ¥ MUTpaM¥U TEHOB, CYIIECTBEHHO MOBBIIIACTCS yCTOWYH-
BOCTB MOPOJIbI (BHJIA) B 11€JI0M, YBEIMYHBACTCSI BEPOSITHOCTD
COXPaHEHUS BHY TPHIIOMYIIAIIHOHHOTO TeHETHYECKOTO Pa3HoO-
00pasusi M, YTO HEMAJIOBAXXHO, 3HAYNTEIBHO YMEHBIIACTCS
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CTeTeHb MHOPHUIUHTA — OOJIbIIIE, YeM ITPU OOBIYHOM POTAIIU-
OHHOM CKPEIIMBAHUU B OJJHOM CBOOOIHOM MOMYIISAIHH.

AHanu3 TeHeTHYeCKOW CTPYKTYPbI BHYTPH MOPOJIbI 0a3u-
pyeTcsi Ha ONPE/ICIICHUH M OIICHKE OCHOBHBIX MapamMeTpoB
IEHETHYECKOTO MOHUTOPHHTA, TAKUX KAK YaCTOTA TEHOTHITOB
U aJuiesiei B MCCIIeIOBAHHBIX JIOKYCAX ISl KAXK/IOU TTOMYIISIIIAK
i nopo/ibl. CpaBHUTENBHBIH aHATN3 TOPOJT OOBIYHO BKITIO-
YaeT MOJCYET FeHETHYECKUX JUCTAHIUN MEXIy MOPOAaMHU
Ha OCHOBE JIAHHBIX 110 4aCTOTE aJuieliell Habopa reHoOB, 3aTeM
MIPOBOIUTCS UCCIIE0BAHUE B3aMMOOTHOIIICHUIN 1 TeHEeTHYe-
CKOTO OTJINYHS. YPOBEHB (DUIIOTEHETUIECKOTO Pa3InYHS HITH
Mepa 3BOJIIOIIMOHHOTO PACCTOSIHUSI MEXAY TIOPOJaMH OIpe-
JIEISICTCST YUCIIOM OOIIMX U aIbTEPHATUBHBIX TEHETHUCCKHUX
npusHakoB. Hampumep, mopoja, KoTopasi XapakTepusyeTcst
OOJIBIIMM IBOJIFOL[MOHHBIM PACCTOSIHUEM OT JPYTHX MOPO/,
HeceT B ceOe U OOJBIIOe pa3jindyue MO TeHETHISCKUM IPH-
3HAKaM U TEM CaMbIM TIPECTABIISIET HECOMHEHHBIA HHTEPEC
JUISL COXPAHEHHUSL.

JlanHble, MOMYYEHHbIC MPH U3YUYSCHUH MOJICKYJISIPHON H3-
MEHYUBOCTH, MO3BOJISIIOT OUCHUTH d(DPEKTUBHBIN pasMep
TMOMYJISALHH JUIsl OTAENBHOM NOPOJIbI (4TO 0COOEHHO aKTYallbHO
JUTSL MCYE3AIOIIEeH MOPOJIbl), @ TAKIKE CKOPOCTh M3MEHEHUS
Pa3IMYHbIX XapaKTEPUCTHK reHO(MOH 1A IO/ TaBJICHHUEM arpo-
IKOJIOTMYECKUX U aHTPONOreHHBIX (akTopoB. Vcronb3ys
nonumophu3M, HarpuMmep, 1o MukpocaremTasiM JJHK, or-
PEIEISIOT MPOMOPIIUK CMEIIUBAHUS Y TIOPO/BI. DTOT Tapa-
METp OTPaXKaeT B MUCCICAYeMOM IMOMYNSIHA T€HETHIECKU
BKJI&J1 IBYX ¥ 00JI€€ POUTENHCKHIX UITH HCXOTHBIX OIS,
C mOMOIIIbIO KITACTEPHOTO aHAIH3a OMPEIEIISIFOT KOHCOMN 1a-
LIHFO TTOPO/IbI, OTHOCUTENBHYIO CTENEHb €€ YUCTONOPOIHOCTH
(Negrini et al., 2007).

TToaBOAsT UTOT PACCMOTPEHHUIO HEKOTOPHIX MPHHIUIIOB U
BO3MOYKHOCTEH IPH COXpaHEHHHU TOPOHOTO pa3Hoo0pasusi,
CJIE/TyeT OTMETHUTD, YTO TeHETHYECKas OIIEHKA TIOPOHBIX pe-
CYpPCOB, COXpaHEHHE UX KaK 3JIEMEHTa 00I1ero 61opa3Hooo-
pasusi IIaHeThl KpaliHe BaYKHBI ISl HBIHEITHETo U Oy/1y1iero
MOTEHIMAaNa CeNbCKOro Xo3stiicTBa Poccnu. [Toka HepeanbHO
OLICHUTH (C TEHETHYECKOM TOUKHU 3PEHMUS ) BCE CYIIIECTBYIOIINE
MOPO/Ibl BCEX BHJIOB JOMAIIHHUX XHUBOTHbIX. OjIHAKO, HC-
MOJTB3Ysl TIPUHIUITBI U METOJIbI COXPAHEHHST «KYJIBTYPHOTO
O0ropa3HooOpasus, odIIee MPEACTABICHUE O TCHETHYCCKOU
M3MEHYHMBOCTH B K&XK/IOM BUJIE U O pa3Mepe OTHOCUTEILHOTO
BKJIaJ[a KQX/0H MOPOJIbI BOZMOXKHO TOIYYHTh, O KpaitHei
Mepe MPHOIUZUTENBHYIO OLICHKY.

Ha nepBoM MecTe Juist COXpaHEeHUs! 10IKHBI ObITh IIOPOJIbI,
KOTOPBIM TPO3UT OMACHOCTh BhIMUpaHus. Jlaxe ecnu yHU-
KaJIbHOCTh 3TUX TIOPOJ] B IANbHEHUIIIEM HE MOJTYYUT YETKOTO
300TEXHHUUYECKOTO M MOJIEKYIISIPHO-T'€HETHUECKOTO ITO/ITBEPIK-
JICHUS1, HEOOXOUMO TIPEIPHHSATH JACHCTBUS TI0 UX OXPaHe.
B03MOKHO, TIPH 9TOM COXPAHSATCS HEKOTOPbIE MOPOJIbI, HE
SIBJISIFOLIMECS] YHUKAIBbHBIME, HO 9TO JIMIIb MaJias ruiara 3a
TapaHTHIO OT MOJHOM MOTEPH MOPOJ, HAXOASAIIUXCS B OMac-
HOCTH UCYC3HOBCHUSI.

[Ipu coxpaHeHHHU TIOPOJbI B KAY€CTBE MOTEHIUAILHOTO
Marepuana Jyis IOCIeIyOIIero UCIIOIb30BAHNS B CEJICKIINU
OYCHB BaXKHO cOepeyb BeCh e¢ TeHO(OH/ I, TOCKOIBKY B 00T~
IIMHCTBE Cily4yaeB (Ha JAHHOM JTale pa3BUTHsI HAyKH) HAM
HEHM3BECTHO, KAKUMHU UMEHHO TeHAMH MM UX COYCTAHHSIMHU
OTIPENIENISIOTCST XO3SMCTBEHHO BaXKHbIE CBOMCTBA MOPOJIBI.
B cBsi3u ¢ 3TM HanboJIee aKTyalbHbIM CTAHOBHUTCS BOIIPOC,
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YTO MBI XOTUM COEpeub IIPpH COXPAHEHHH JIOKAJIBHBIX OPO/I.
Ha mepBblii B3MIs111, Ka’KeTCs JOCTATOUHBIM COXPAHEHHE «PY-
Gamrex» — cienuduaeckoit MOp(OIOTrnH, XapaKTepU3yIOIIei
OTJIEJIbHBIE IOPOIbI, U B HEKOTOPBIX CIIy4asix — 0COOCHHOCTEH
MOBE/ICHNsI )KUBOTHBIX. OIHAKO Ja’ke B 3TOM CIIydae OKa3bl-
BaeTCst HEOOXOIMMBIM MOICPKUBATH TOTUMOP(H3M BHYTPH
MIOPOJIBI, TIPEIK/IE BCETO JJIsl TOTO, YTOOBI 00ECIIEUUTD €€ KU3-
HECTIOCOOHOCTh, KOTOPAs SIBIISIETCS YCIOBUEM CTAaOMIIBHOCTH
pu pasMHOXKeHHHU. [lopona ommgaercst onpeaeseHHBIMU
CTaTUCTUYECKUMU TIapaMeTpaMu, CBS3aHHBIMU C SKCTEpbe-
POM, TPONYKTUBHOCTBIO, CHENN(DUICCKIMH COYETAHUSIMHU
(EHOTHITNYECKUX M TEHOTHIWYECKUX IOKa3aresel, cBoii-
CTBaMH aJIalITUBHOCTH U KHU3HECIOCOOHOCTH.

Borpoc 0 ToM, 4TO MOKET SIBJIATHCS SIEMEHTAPHON EAMHU-
Le TSI IPOTPaMM I10 COXPAHEHHIO FTeHO(OHIOB, IOCTATOUHO
JIaBHO paCCMAaTPUBAETCs B IOIY/ISALMOHHON reHeruke. Tpaau-
IIMOHHO MPE/ITONAratoT, YTO TAKO! CIMHHUIIEH MOXKET OBITh aJl-
JIeTIb — OTIPE/ICNICHHBIH BAPHAHT COCTOSTHMUS y9acTKa FeHOMHOM
JIHK, Bo Bcex renax, KOTOpbIX HacuuThIBaeTcs okoso 25000
(1. e. B pyrrmmonansHBIX paifonax JTHK), mensronmx pa3su-
THE )KUBOTHBIX ¥ NX IPOYKTHBHOCTb. 3a/1a4a, KOTOPasi MOXKET
OBITH ONpe/IeieHa TPOrPaMMOii 110 COXPaHEHUIO, 3aKIIFOUACTCSI
B MOAJCP )KaHUN Pa3HOOOpasus ajsesnaeh, MMEIOIUXCs B Ha-
cTosiiiee BpeMs y BHJia (TTIOPOJIBI), a TAKXKE B MOIACPKAHUT
HOPMAJILHOTO HAKOIJIEHHS M MOTEHLUAIBHOTO COXPaHEHUS
BHOBb BO3HHKAIOIINX MYTaHTHBIX aJuleNIeil — ICTOYHHUKA O~
CTOSIHHOH 3BOJIIOIINH )KUBOTHBIX M HX YCOBEPILICHCTBOBAHUSI.
B 10 ke BpeMsi 0ueBH/IHO, YTO TIPU3HAKHU PO KTUBHOCTH M-
BOTHBIX B OOJIBIIMHCTBE CITy4aeB JOJIKHBI PACCMaTPHUBATHCS
KaK pe3ynbTar B3anMOICHCTBIS aJulelield pa3HbIX reHoB. boree
TOTO, MPOLECC PA3BUTHUS TCHETUUYECKUX PECYPCOB BKIIIOUAET
CO3/IaHUE HOBBIX aJUIEJIbHBIX KOMOMHAIIHIA, KOTOPBIE TTOJIeP-
JKMBAIOT OIIPEICIICHHBIN JKeNIaTeJIbHBII YPOBEHD NPU3HAKOB
MPOJYKTHBHOCTH JKMBOTHBIX M uX axanrtaiuu (FAO, 2007).
C BBIIICYKAa3aHHOW TOUKH 3pCHUA, CAMHHIICH COXPAHEHUS
MOKET OBITh Cama II0pPOJ1a, COOTBETCTBYIOIIAS KIIACCHIECKOMY
OMPENEIICHUI0, — TPYIIIA KUBOTHBIX, 00bEANHEHHAS OOIIMM
MIPOMCXOXKICHUEM, YCIOBUAMH (POPMHUPOBAHUS, B KOTOPOH
eMHOo00pa3ue Mo KOMILIEKCY MOP(hO(OU3NOIIOTHYECKHX ITPH-
3HAKOB (COOTBETCTBHUE CTAHIAPTY MOPO/IBI) MO AEPKUBACTCS
HCKYCCTBEHHBIM OTOOPOM.

B nacrosimee Bpems 112 cTpaH 3asBUIM, YTO OHH YXKe
MOATOTOBIJIM WJIM TUIAHUPYIOT TOJrOTOBUTH HAllMOHAJIBHbBIE
CTpaTeruy M IUIaHbI AeHCTBUI B 00IACTH T€HETHUECKUX pe-
cypcos xxuBoTHbIX (http://www.fao.org/publications/e-book-
collection/en/). OgHUM M3 CYIIECTBEHHBIX IPEMIATCTBUH B
Pa3BUTHN OTEUECTBEHHOTO KMBOTHOBOJCTBA SBISIETCS OT-
CYTCTBHE COBPEMEHHOW TOKTPUHBI 110 COXPAHEHHIO COO-
CTBEHHBIX PECYpPCOB, TECHO YBSI3aHHOM C JOKTPHUHOH IIPO-
JTOBOJLCTBEHHOW 0€30MacHOCTH TOCYIapCTBa, KYIBTYPOH,
TPaAMIMOHHBIM XHBOTHOBOACTBOM U OMOOPTraHUYECKUM
CEJILCKUM X03HUCTBOM. OTCYTCTBYeT OOILIeNnpHU3HaHHAs Ha-
YUHBIM COOOIIECTBOM CTpaTerusi yIpaBleHUs, a TaKkKe Ha-
JISKHBIE METObI 00bEKTHBHON XapaKTEPUCTHUKH IIOTCHIIHAIIA
JIOMECTUIIMPOBAHHBIX BUJIOB, MOPOJl 1 UMEIOLIUXCST KPOCC-
OpeTHBIX JKUBOTHBIX.

CroxuBIascs: B pOCCHHCKOM KHBOTHOBOJICTBE CUTYaIUsI
TpeOyeT pa3BUTHS METOIOB IO OMPEICICHUIO MPUOPUTET-
HOCTH JUISl Pa3BEICHUS U COXPAaHEHUs MOPOJ, HAJIEKHOH
UACHTH(UKAIINY TEHETHIECKUX OCOOCHHOCTEH OTAEIBHBIX

Animal genetics


http://www.fao.org/publications/e-book-collection/en/
http://www.fao.org/publications/e-book-collection/en/

Mpobnema coxpaHeHUs reHoGpoHAOB
LOMECTVLMPOBAHHbIX XUBOTHbIX

TPYIII )KUBOTHBIX, TPABUII (3aKOHA) IO COXPAHEHUIO, UCIIOTb-
30BaHUIO U YIPABICHUIO «T€HO(MOHIHBIMI» TIOPOAAMH.
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Ever since Darwin published On The Origin of Species in 1859,

the evolution of altruism has been a perennial paradox for
evolutionary biologists. In this review, | will discuss three

evolutionary paths to altruism — genetic relatedness, reciproc-

ity, and group selection - and examine very recent work that

uses social network modeling to help us better understand the

evolution of altruism.
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never had the pleasure of meeting Dmitri Belyaev, but I feel

like I know him. For the last 6 years, my colleague Lyud-

mila Trut and I have been writing a book on the silver fox
domestication experiment. As I did the research for this book,
I'learned so much about Dmitri Belyaev from Lyudmila, Pavel
Borodin, Anatoly Ruvinsky, Misha Belyaev, Nikolai Belyaev
and the dozens of people I interviewed during my visits to
the Institute of Cytology and Genetics. The more I discovered
about him, the more I realized Dmitri Belyaev was not only
a brilliant, visionary scientist, and an inspirational leader,
he was a kind, gentle, caring man that touched the lives of
so many. He was an altruist. And so, in his honor, it seemed
appropriate for me to write an article about the evolution of
altruism in this special issue.

Within evolutionary biology, altruism is defined as helping
others at a cost to self. Dmitri Belyaev was not only an altru-
ist, he expected, in fact demanded, that others be altruistic as
well. This is evident in the last interview he did before his
death in 1985. In that interview, published in an article entitled
“I believe in the goodness of human nature”, Dmitri noted that
“In the future we should take great care of human psychology;
a lot depends on a social climate, on how people treat each
other, and on how a community as a whole will carry out its
upbringing and humanitarian functions...” We must foster
altruism, he believed, especially in children, among whom
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Belyaev tells the interviewer “we should recognize their pre-
dispositions and support the early goodness in them”. When
he was asked “What would you like to wish for mankind in
the 21st century?” Belyaev answered, “Be kind and socially
responsible, strive for mutual agreement with all people, live
in peace” (Belyaev, 1986).

Ever since Charles Darwin published On the Origin of
Species (1859) evolutionary biologists have been puzzled
about the evolution of altruistic behaviors in humans and non-
humans. The problem is this: if natural selection favors traits
that make organisms better suited to outcompete others in
their population — by, for example, favoring superior foragers,
fighters, and so on — how could altruism, where individuals
help others at a cost to themselves, evolve? Darwin himself
was quite worried about this question. In letters to his friends
he wrote that his attempt to try and understand how natural
selection might favor these sorts of behaviors was driving
him “half mad” (Darwin letter to Hooker, February 23, 1858)
and in The Origin, Darwin noted that altruism among social
insects was “one special difficulty, which at first appeared to
me to be insuperable, and actually fatal to the whole theory”
(Darwin, 1859).

Darwin’s work on domesticated species, especially cattle,
eventually led him to develop one hypothesis for the evolution
of altruism: that natural selection might favor such behavior
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when it was directed toward related individuals. He came
to think that the “problem” of how natural selection favors
altruism “...disappear[s] when it is remembered that selection
may be applied fo the family, as well as the individual and
may thus gain the desired end” (Darwin, 1859). As we will
see in a moment, Darwin’s ideas were eventually formalized
by W.D. Hamilton in his famous inclusive fitness models
(Hamilton, 1963, 1964), but before we do this, it is important
to note that many fine scientists contributed to the work on
altruism between the time of Darwin and Hamilton. Perhaps
the most important of these was Petr Kropotkin, whose articles
and books on what he called “mutual aid” were the first to
seriously explore how altruism could evolve among unrelated
individuals (Kropotkin, 1902).

Three paths to the evolution of altruism

In this paper, I will review some of the leading modern hy-
potheses for the evolution of altruistic behaviors. I begin by
outlining three evolutionary paths to altruism and then exam-
ine recent attempts to use social network analyses to better
understand the evolution of this type of behavior.

Inclusive fitness theory

In the hope that it may provide a useful sum-
mary we therefore hazard the following gen-
eralized unrigourous statement of the main
principle that has emerged from the model.
The social behavior of a species evolves in such
a way that in each distinct behavior-evoking
situation the individual will seem to value his
neighbors’ fitness against his own according to
the coefficients of relationship appropriate to
that situation.

W.D. Hamilton. 1964

A little over a century after The Origin was published,
W.D. Hamilton developed inclusive fitness theory (also known
as kin selection theory), which mathematically formalized the
idea that genetic relatedness can foster the evolution of altru-
ism (Hamilton, 1963, 1964). Hamilton’s model predicts that
altruism is favored by natural selection when:

A
Xr-b>c.
0

In this equation, which has become known as Hamilton’s
Rule, b is the benefits others receive from the act of an altru-
ist, ¢ is the cost paid by the altruist, 7 is a measure of genetic
relatedness, and 4 is a count of the individuals affected by the
behavior of the altruist. Any factors that increase the variables
on the left-hand side of this equation make altruism more likely
to evolve; conversely any conditions that increase the value of
the right-hand side of the equation make altruism less likely
to evolve. As such, a number of general predictions emerge
from this equation: 1) increasing the genetic relatedness be-
tween altruist and recipient favors the evolution of altruism;
ii) increasing the benefit the recipient(s) receives favors the
evolution of altruism; iii) increasing the number of genetic
relatives (A4) helped by an act of altruism favors the evolution
of altruism; and i1v) increasing the cost of an act of altruism
decreases the probability that altruism will evolve.

Hamilton’s Rule has generated hundreds of studies of altru-
ism, and in general, the predictions outlined above have been
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supported (Dugatkin, 2006; Abbot et al., 2010). There are a
number of different kinds of studies that can be used to test
Hamilton’s Rule. For example, many studies have looked to
see whether high levels of genetic relatedness are associated
with increased altruism (prediction (i) from above, (Abbot et
al., 2010)). Another way to test the inclusive fitness models
is through phylogenetic analysis. Such an analysis was un-
dertaken on altruism in the hymenopteran social insects (e. g.
bees, ants, and wasps).

Hymenopterans have an unusual genetic system called
haplodiploidy, in which all males are haploid and all females
are diploid. This creates very high levels of genetic relatedness
among sisters. Full sisters in diploid species have an r of 0.5,
but full sisters in hymenopterans have an 7 of 0.75. With an » of
0.75 between sisters, one would expect high levels of altruism
among hymenopteran females and indeed it is the highly related
female workers in many species that go to suicidal lengths to
defend a hive full of their sisters.

The hypothesis that high genetic relatedness is important to
the evolution of altruism in social at insects can also be tested
using phylogenetic analyses. Genetic relatedness is highest in
social insect groups when queens have a single mate; when
they are monandrous. If queens have multiple mates (if they
are polyandrous), the average genetic relatedness in groups
decreases. This leads to a prediction — eusociality should often
be associated with a monogamous mating system. William
Hughes and his colleagues tested this idea using already pub-
lished data that suggested that eusociality has independently
evolved five times in bees, three times in wasps, and once in
ants (Hughes et al., 2008; Ratnieks, Helantera, 2009).

When we look at modern eusocial hymenopteran lineages
we see both monandry and polyandry. But Hughes and his
colleagues hypothesized that in order for eusociality to have
been favored by natural selection in the evolutionary past of
these groups, their evolutionary histories should show mo-
nandry as the ancestral mating system (Hughes et al., 2008).
A phylogenetic analysis of these modern lineages indicates
that, as predicted by inclusive fitness theory, monandry was
the ancestral state in a// eusocial lineages examined.

Reciprocity and the evolution of altruism

A second path to the evolution of altruism is via reciprocity.
The basic idea in reciprocity-based models is that, under cer-
tain conditions, altruism can be favored by natural selection
if individuals exchange acts of goodness: that is, in principle,
the cost of being a altruist at time 7 can be compensated if the
altruist is helped at some time, 7+ 1, in the future by those it
helped in the past.

One mathematical tool used to model the evolution of a
reciprocal altruism is the prisoner’s dilemma game. Individu-
als in a prisoner’s dilemma game who use the tit-for-tat (TFT)
strategy do very well, especially when they interact often and
for long periods of time (Axelrod, Hamilton, 1981; Axelrod,
1984). TFT is a strategy that instructs players to begin their
interactions with others by being altruistic, and then to copy
what the other individual does. TFT has three attributes that
make it a successful strategy: (a) “niceness” —a TFT player
is never the first to stop being altruistic; (b) “retaliation” — an
individual playing TFT immediately stops being altruistic
when his or her partner stops being altruistic; and (c) “forgiv-
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ing” — TFT instructs individuals to do what their partner did
on the last move, and, so TFT has a memory window only one
move back in time. Any act that occurred before one move
back in time does not influence the behavior of the individual
using the TFT strategy.

A textbook case of altruism via reciprocity is that of blood-
sharing behavior in vampire bats (Desmodus rotundus). In this
species, individuals can starve to death if they do not obtain a
new blood meal every few days. Females in a nest of vampire
bats sometimes regurgitate blood meals to other bats that have
failed to obtain food in the recent past. Wilkinson examined
whether reciprocity was an important factor in explaining the
sharing of blood meals (Wilkinson, 1984, 1985, 1990, 1992).
What he found was that data suggested vampire bats were re-
ciprocal altruists — they remembered who helped them when
they were starving and were more likely to give blood to
those individuals.

Group selection
A third path to the evolution of altruism is group selection
(Wilson, 1975, 1980, 2016; Sober, Wilson, 1998). In group
selection models, a group is defined as all individuals that af-
fect one another’s fitness. In group selection models, natural
selection operates on two different levels: within groups and
between groups. Within-group selection acts against altruists,
because altruists, by definition, pay a cost that others do not.
Selfish types — those who are not altruists — are favored by
within-group selection, because they receive the benefits that
altruists provide, but they do not pay the costs. Natural selec-
tion between groups favors altruists because groups with more
altruists are more productive than groups with fewer altruists.
For such group-level benefits to be manifest, groups must
differ in the frequency of altruists, and groups must be able
to export the increased productivity associated with altruism.
One of the strongest cases to date of group-selected altru-
ism comes from Steve Rissing’s work on the ant, Acromyrmex
versicolor (Rissing et al., 1989). In 4. versicolor species, nests
are founded by multiple, unrelated queens. The starting nests
are underground, and individuals in such nests are protected
from most of the predators in their desert environment. Al-
truism occurs in the feeding behaviors of queens during the
early stages of colony foundation. A single queen from the
numerous queens in a nest takes on the role of forager. She
alone brings back materials for the nest’s fungus garden; the
food source for the colony. Foraging behavior is a dangerous
activity, in terms of both predators and parasites that queens
encounter when they leave their underground nest to forage.
Once a queen becomes a forager, she remains in that role.
Only she pays the costs for getting the materials for the fun-
gus colony’s fungus garden, but all queens at her nest share
equally in the food produced by the fungus garden. Foraging
queens are then altruists; within groups, they benefit others
at a cost to self. How then does altruism evolve? The answer
is via between-group selection. At a later stage in colony
development, “brood raiding” behavior takes place. Brood
raiding occurs when workers from one nest capture ants from
nearby colonies and raise those captured individuals within
their own nests (Wheeler, Rissing, 1975; Ryti, Case, 1984).
The probability that a nest survives a period of brood-raiding
is positively correlated with the numbers of workers produced
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in that nest. And the number of workers produced in the nest
is itself positively correlated with how productive a foraging
queen is. That is, although within-group selection acts against
altruistic queen foragers, between-group selection favors al-
truism because it increases the nest’s probability of surviving
the period of brood raiding (Rissing et al., 1989; Seger, 1989;
Cahan, Julian, 1999; Pollock et al., 2004).

Social network approaches
to the evolution of altruism
I close this paper by discussing some of the most recent work
done on the evolution of altruism. In this work, evolutionary
and behavioral ecologists have begun using social network
analysis (SNA) to examine altruistic behavior (Dugatkin,
Hasenjager, 2015; Hasenjager, Dugatkin, 2015). SNA pro-
vides a conceptual framework and a set of mathematical tools
to examine the relationship between individual behavior,
population structure, and population-level processes (Croft
et al., 2008). A social network is often visually depicted as a
collection of nodes representing individuals in a population.
Behavioral interactions between members of a social network
are shown by an edge connecting their two nodes together.
Nodes are sometimes assigned traits of the individuals they
represent, and edges may be weighted to indicate the relative
frequency or intensity of a relationship (e. g., how often two
individuals cooperated with each other).

Measures of actual social networks can be compared to
simulated social networks to identify significant departures
from null expectations, which may suggest important aspects
of population social structure that need further investiga-
tions (Croft et al., 2008). In addition, a social network is
the substrate upon which population-level processes such as
information flow are manifest, and so an in-depth knowledge
of a population’s social network allows us to better predict
these processes and can better our understanding of how social
organization influences individual behavior (Croft et al., 2006;
Kurvers et al., 2014).

Ohtsuki et al. (2006) found that altruism in a social network
can persist if b/c>k, where b is the benefit of an act of altru-
ism, ¢ is the cost of the altruistic act, and & is the number of
social partners an individual interacts with (more technically,
the average degree of the network). This implies that natural
selection will favor altruism when individuals have a relatively
small number of others with whom they interact.

If altruists can identify other altruists and preferentially
interact with them, then altruism can persist even in social
networks where they interact with many individuals. Much
work suggests that animals have some influence over their
network connections, we so might expect to observe such
assortative patterns (altruists interacting with other altruists)
in the wild, and studies on natural populations of guppies
(Poecilia reticulata) have indeed found these patterns (Croft
et al., 2006).

Policing behavior, where individuals search out and punish
those who are not altruists, can be studied using SNAs (Rat-
nieks, Visscher, 1989; Flack et al., 2006). Flack et al. (2006)
used SNA to examine policing in male pig-tailed macaques
(Macaca nemestrina). Flack first measured social networks
for grooming, play and proximity in macaque groups. Next,
he removed three high-ranking males who were known to
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engage in altruistic behavior by breaking up fights between
other group members. When these policing males were absent,
aggressive behaviors became more common, and altruism
decreased. With the policing individuals gone, other group
members played with and groomed fewer partners. They
also found that another SNA measure called “reach” — the
number of friends of the friends of an individual — decreased.
What’s more, the cohesion of the entire society weakened; the
population divided into smaller, more homogeneous groups
that rarely interacted with those outside their groups. All in
all, these structural changes to the social network suggest
when policing individuals are removed, altruism decreases
and animals adjusted their social networks by maintaining a
smaller and less diverse network of connections (Ohtsuki et
al., 2006; Santos et al., 2006a, b).

I will end with a study that I think would have made Dmitri
Belyaev happy: SNA analysis has been used to study interspe-
cific cooperation between humans and dolphins.

For seven years, David Lusseau tracked 64 bottlenose dol-
phins (Tursiops truncatus) in southern New Zealand. After
observing more than 1,000 groups that contained subsets of
these 64 animals, he used SNA analysis to determine that all
these dolphins were part of one large social network. But what
Lusseau could not figure out was what benefits the dolphins
received by being part of a single large network. What sort
of information, if any, was being transferred among members
of this social network?

To answer this question Lusseau had to switch the dolphin
population he was working with. He began collaborating with
Paulo C. Simdes-Lopes of the Federal University of Santa
Catarina in Brazil, where they studied bottlenose dolphins in
Brazil. Earlier, Simdes-Lopes had discovered that these dol-
phins were involved in an amazing interspecific relationship
with the local fishermen that fish in their bay.

For the last 200 years or so, fishermen in the Laguna region
of Brazil have been casting long nets into the water to catch
schools of mullets (Mugil platanus). In recent years the fish-
ermen have been receiving help from some of the bottlenose
dolphins, who actively herd the mullets towards the nets of
the fishermen. The dolphins can see the mullet better than the
fishermen, and they slap the water with their heads or tails
to tell the fishermen the time and place to cast their nets. As
a result, both the fishermen and the dolphins catch more fish
than they would without this interspecific cooperation (Lus-
seau, 2003; Lusseau, Newman, 2004; Lusseau et al., 2006;
Daura-Jorge et al., 2012).

Lusseau and Simdes-Lopes used SNA to better understand
what was happening in this remarkable population of dolphins.
Their analysis found that the dolphins in this population
subdivided into three subgroups, and individuals spent most
of their time in their subgroup, facilitating information trans-
mission among group members. Subgroup 1 had 15 dolphins,
and every single dolphin in this subgroup cooperated with
the fishermen to help them catch fish. SNA analysis found
that this subgroup was highly interconnected, and dolphins
in subgroup 1 benefited most (in terms of food acquisition)
from their relationship with the fishermen. None of the twelve
dolphins in subgroup 2 cooperated with the fishermen and
social relationships in this subgroup were weaker than those
seen for individuals in subgroup 1.
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Subgroup 3 had eight dolphins; seven of the animals did
not cooperate with the fishermen — but one dolphin, labeled
“Dolphin 20” — did cooperate with the fishermen. And interest-
ingly, it was Dolphin 20 that spent the most time interacting
with dolphins in the other two subgroups. Dolphin 20 acted
as a sort of liaison among the subgroups. Whether this facili-
tates more of the dolphins in subgroup 3 to cooperate with
the fishermen remains to been seen over time.
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O nipupone uenoBeka (Bcoier 3a .K. bessgseBbIM)

A.A. Mapkeab

DepiepanbHblii NCCNeRoBaTENbCKUI LeHTP UHCTUTYT ymutonorum u reHetrnkn Cnbrpckoro otaeneHnsa Poccuinckol akagemmnm Hayk, HoBocnbupck, Poccus
HoBocrbrpcKmii HaLoHabHbI NCCe[oBaTeNbCKINIA FOCYAAPCTBEHHbIN YHUBepcuTeT, HoBOCM6MpCK, Poccna

CraTbA MHCNMpupoBaHa paboTtamu [1.K. bensiea, B KOTOpbix 06CyKaa-
NNCb BOMPOCHI MPUPOAbI YenoBeka, 1 noceawwaeTca 100-neTuio co fHA
poxgaeHus [1.K. bensea. B 0630pe NpuBoAATCS OCHOBHbIE NpefCcTaB-
NeHnA 1 Teopuu, packpblBatoLyme npupoay Yenoseka. Miccnepytorca
nyTv 3BOJTIOL N FrEHOMa 1 KyNbTypPbl Ha MPOTAXXEHUN aHTPOMNOreHe3a.
MokasaHbl B3rNAAbl BEAYLMX YYEHbIX MPOLLSIOro Y COBPEMEHHOCTH

Ha 3aKOHOMEPHOCTM reHOM-KYJIbTYPHOW KoaBosoLmn. KaxyLueeca
NPOTMBOPEYME MEXAY <FeHETUKaMU» U «COLMONOraMm» CHUMaeTCA
6naropaps paspaboTke KOHLEMNLMY KOSBOMIOLUY FEHOMA U KYNbTYpPbl.
DBOJIOLMA FEHOB W KYNbTYpbl — €lMHbIN, @ He pa3AesbHbl npoLecc.

B cBoeM pa3BuTUM YenoBek MOANPULIMPYET N PEKOHCTPYMPYET CBOIO
COLMOKYNbTYpPHYIo cpeny. HoBasA cpefa co3naeT HOBble BEKTOPbI 0TOO-
pa 1 dopmMmpyeT HoBble NYTY 1 HaNpPaB/IeHNA FeHeTNYECKOW 3BOJTIO-
uun. bnarogapa pasBMTUIO KYNbTYpPbl U3MEHANACh TaKXKe reHeTnyeckan
feTepMUHaLMA KOTHUTUBHBIX NPOLIECCOB YesioBeka. ApK1M npumepom
KO3BOMOLMYM KY/bTYPbl M FeHOMA ABMIAETCA CaMO pa3BUTUE YenloBeye-
CKOW peuun, rofiocoBoro 1 MUMUYECKOTo annapaTtos obLleHus. YBenu-
yMBatoLleeca 3HayeHne cnocoboB coLmanbHOro obLeHna B Nonyna-
LAX YenoBeKa CrnocobcTBOBaN0O COXPAHEHNIO FEHETUYECKNX 0COOeH-
HoCTell, obneryaroLyx Takoe obuieHne. Ha paHHKX 3Tanax 3BonoLMm
Yyenoseka NPOM30LLIN pacluMpeHne U peopraHn3aLma y4acTKoB KOpbI
MO3ra, OTBeUaloLMX 3a pa3suTre peun. NpeactaBneHnsa o KO3BONO-
LW KyNbTYPbl Y TeHOMAa NPUCYTCTBYIOT TaKXKe B TEOPUN KOHCTPYKLIUN
JKONOrMYecKnx HuLW. MogyepKmBaeTca, YTo SBONIOLNA KyNbTypbl, KOTO-
pas MHOrMMK paccMaTpmBaeTca Kak Hagbuonornyeckunii GeHomeH, no
BCEM MapamMeTpam aHanornyHa 4apBUHOBCKOMY NPOLECCy, B pe3yJsib-
TaTe KOTOPOro MyTeM cenekummn 1 nepegayv B pagy nokosneHumn pop-
MUpyeTcA afanTuBHasa AnA AaHHOMO CoobLIecTBa COLMOKYbTYPHasA
cpepa. Mo cyTn, peub naet 06 SMUreHeTYeCKoM HacneoBaHUM B 3BO-
nouUn KynbTypbl 1 Mopanu. B 063ope nogpobHo nsnaratotca B3rnagpl
1 TeopeTnyecKmne NoCTPOEeHNA reHeTNKOB, COLIMOSIONOB, COLManbHbIX
NCYXONOroB, aHTPOMOJIOroB, HGUXEBMOPUCTOB M STONOFOB NPU 06bAC-
HeHUn peHoMeHa YennoBeyeCcKon 3BoNLUN. PaccmaTpurBaloTca HeKo-
Topble NPOTUBOpPEeUnsA, 00yCIOBNIEHHbIE Pa3HbIMK TEMMamy SBOMOLMN
KynbTypbl 1 reHoMa. [okasaHo, uTo benseBcKan TPaKTOBKa 6rocoLm-
anbHON NPUPOAbI YeNIoBEKa HaXOAUT NOATBEPXKAEHNE B COBPEMEHHbIX
NccnefoBaHNAX FeHETNKOB, COLIMOSIONOB 1 MCUXONIOrOB.

KntoueBble croBa: YenoBeK; aHTPOMOreHes; 3BOMIOLMA; FeHOM;
Ky/bTypa.
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On the human nature (following
in the steps of Belyaev)

A.L. Markel

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
Novosibirsk State University, Novosibirsk, Russia

This article was inspired by some works of Belyaev in
which he discussed the biosocial human nature, and

is dedicated to the 100 year anniversary of Belyaev’
birth. The main views and theories of the human nature
and the main paths of genome and culture evolution
during anthropogenesis are overviewed. The views of
the leading past and present world-wide scientists on
the basic principles of the genome-culture interactions
are discussed. The seeming contradictions between
“geneticists” and “sociologists” are resolved due to the
development of the concept of co-evolution of the ge-
nome and culture. The evolution of genes and culture
is a whole, but not separate processes. During their
evolution, humans modify and reconstruct their socio-
cultural environment. The new environment creates
new selection vectors and forms new ways and direc-
tions for genetic evolution. In response to the culture
development, the genetic determination of human
cognitive processes also changed. A good example of
the co-evolution of culture and the genome is the de-
velopment of human speech, the voice and mimic ap-
paratus of communication. The vital importance of the
new possibilities for social communication in human
populations disposes to the fixation of genetic features
that facilitate such communication. At the early stages
of human evolution, the areas of the cerebral cortex
that were responsible for the development of speech
expanded and reorganized. The point of genome-cul-
ture co-evolution is well illustrated by niche construc-
tion theory. It is emphasized that the evolution of
culture, which is widely regarded as a non-biological
phenomenon, is quite similar in all its respects to the
Darwinian process, as a result of which a sociocultural
environment that is adaptive for a given community is
formed through selection and transmission in a series
of generations. In fact, we are talking about epigenetic
inheritance in the evolution of culture and morality.
The review details the views and theoretical concepts
of geneticists, sociologists, social psychologists, anthro-
pologists, behaviorists and ethologists in explaining
the phenomenon of human evolution. Some contradic-
tions caused by different rates of evolution of culture
and genome are considered. In conclusion, it is shown
that Belyaev's interpretation of the biosocial nature

of humans finds confirmation in modern studies by
geneticists, sociologists and psychologists.

Key words: humans; anthropogenesis; evolution;
genome; culture.



BIOpaB ATy TeMY, sl OT/IaBaj cede OTYET B TOM, YTO, BO-

LIEPBbIX, B PAMKAX JKyPHAJIBHOW CTaTbU HEBO3MOXKHO

Jla’ke MPOCTO 3aTPOHYTh, 5 y’KEe HE TOBOPIO — pa3odparh
JIOCKOHAJIbHO, BCE aCIEKThI 3TOH I'paHIMO03HON MPOOIEMBI,
0003HAYEHHOH KaK «IPHpOJia YelaoBeKka». Bo-BropbIX, s Bee-
TaK{ PUCKHYJ B3SITCS 3a TaKyl0 CTaTbi0 HMEHHO «BCIEI 3a
J.K. bensieBbIM», KOTOpOTO TIpobieMa desioBeka 0COOEHHO
3aHUMaJa B rocjenanee aecsatmierue ero xxuzuu. J. K. bensen
OITyOJIMKOBAI HECKOJIBKO CTaTel, B KOTOPBIX €My MPUXOAHU-
JIOCHh TOJEMHU3UPOBATh C aBTOPAMHM, MOHUMAIOIIUMH O]
CYIIHOCTBIO YEJIOBEKa JIMIIb €ro COLHUAIbHYI0O HPHPOILY
(commmonienTpuueckas konuennus) (bemses, 1976, 1981a, 6,
1982). J1.K. BemnsieB moCcTOSHHO TOTYEPKIBAT HEOOXOMMOCTh
W3yYCHUS] UMECHHO OMOCOIMAILHOM MPUPOJBI YeIOBEKa, U
3TOMY COBETY f TOTIBITAIOCh MTOCTIE0BATh B JAHHOM 0030pe.
Ho mpexe MHE X0Tenoch ObI OTMETUTH HEKOTOPYIO CEMaH-
THYECKYI0 0COOCHHOCTh yIMOTPEOIsIeMbIX CJIOB. B pycckoii,
ocobeHHo (rnocodckoit, TuTeparype 0OBIYHO HCIIONB3YeTCS
MIOHATHE «CYIIHOCTh desioBekay (Bcriomunaercs b. IMacrep-
Hak: «Bo BceM MHE XO4eTcsl JOUTH 10 CaMOM CYTH...»), B TO
BpeMSI KaK B aHIJIMHCKOM JINTEPAType — «IIPUPOJIA YETOBEKA»
(human nature). MHe Ka)eTcsl, 4TO 3TO HE CIIy4aiiHO U OTpa-
JKaeT MUPOBO33PEHYECKOE BOCIIPHSITHE POOJIEMbI: OHSITHE
«TPpHUpOJA YEeTOBEKay MHUpPE U OIrrKe K OMOCOIHATbHON KOH-
LEMIUH, B TO BPEMs KaK 3a CJIOBAMH «CYIHOCTb YEJIOBEKa»
(essence of man —Tak y K. Mapkca) Ha repBblii [J1aH BEIXOAUT
COLIMAJIBHOCTD YEJIOBEKA («(COBOKYIHOCTH OOIIECTBEHHBIX
OTHOIIICHHI).

Hrak, k1o xe mMbl? U kakoBa Hama npupona? CornacHo
Omonornyeckoi KiacCU(pUKANN, COBPEMEHHBI YETOBEK
npuHaUIeKHUT K oTpsiny [Ipumaros (Primates), cemelcTBy
T'omunug (Hominidae), pony Yenosek (Homo) u Buny Ye-
JIOBEK pasyMHBIN (Homo sapiens sapiens). ClienoBaTenbHO,
YeJIOBeK NMPUHAJICKUT LapCTBY KUBOTHBIX. be3ycioBHO,
YeJIOBEK — )KMBOTHOE, HO... JKUBOTHOE — HE YeJIOBEK. DTa
JIBOMCTBEHHOCTb IPUPOBI YEIOBEKA ITOCTOSHHO SIBISIETCS
KaMHEM IIPETKHOBEHNS («KaMeHb MPETKHOBEHHS U CKaJa co0-
Ja3Ha... ¥ newd, u cetb» — Mc. 8:14) mis Tex, KTo nblTaeTcs
«10UTH 10 caMoii cyTu». [1o3TOMy 3a4acTyro HWILTIOCTPaToOpbl
padoT 0 YeTOBEKE PUCYIOT €ro B IBOWHOM O0JIMYbE (PUCYHOK).
CoriacHo ctapoMy, HO HE MMEIOIEMY CpOKa JaBHOCTH pe-
nenty @eonocwus [ puropsesuda Jlodpxanckoro (Dobzhansky,
1973), pazoOparbcst B mpobiieMe MOXKHO, TOIBKO paccMaTpu-
Basi ee «B cBete Bosrormny (“Nothing in biology makes sense
except in the light of evolution™). K coxanenuro, npeacras-
JICHHE O TOM, C Yero K€ HauyaJIoCh BOCXOXJICHHE YEJIOBEKa
10 SBOJIIOIIMOHHONW JIECTHHIIE, KaKoBa €€ IepBasi CTyIEHb,
ocraercs 0e3 onpeeneHHoro oTeeTa. [locne mpodreHus se-
CSITKOB BEChMa IIPOTHBOPEUMBBIX paOOT, MOCBSIICHHBIX 3TOMY
BOIIPOCY, [UIsi MEHsI HanboJsiee OJIM3KUM CTajlo YTBEPIKICHUE
0 TOM, YTO IVIaBHBIM HHHUIIMATIBHBIM MOMEHTOM OBLIN BCE JKE
M3MEHEHHS] MO3TOBOH JIeATeIbHOCTH. Helb3s He yUnThIBATh,
YTO BEC MO3I'a YeJIOBEKa B POLIECCE IBOJIIOIMN YBEIMUHICS
B TpH pa3a. KoneuHo, peus uaeT He 00 OMHON MyTaIlnH, X
OBUIO HECKOJIBKO. DTH MYTAIMH, CKOPEE BCETO, BO3HUKAIIH
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In the distant future | see open fields for far more im-
portant researches. Psychology will be based on a new
foundation, that of the necessary acquirement of each

mental power and capacity by gradation. Light will be
thrown on the origin of man and his history.
Ch. Darwin. 1859

MOCIIEA0BATENBHO M 3aKpeIuIsiiInch otoopom. [Tpnuem mox-
HO AyMaTh, YTO Kax/as MpeaIIecTBYIONast MyTalus Moriia
YCIIINBATh BEPOATHOCTH 3aKPEIIEHHS MOCIIEIYIOIIHX, TAK KaK
Mpe/IIIeCTBYONIAsl, BN Ha TIOBEACHHE YeJIOBEKa, CO3/IaBalia
OIPE/ICICHHYI0 HOBYIO CPE/y, CIOCOOCTBYIOIIYIO COXpaHe-
HHIO BHOBb BO3HMKAIOIUX MyTaluil, KOTOpbIE NEHCTBYIOT B
TOM K€ HAIPABJICHUH, YTO ¥ MPEABIIYIINE, YCHUINBAs UX CO-
BMECTHOE ITOJIOKUTEIILHOE BIMSHIE Ha ITPUCTIOCOOICHHOCTb.
3nech BIOpy OBUTO OBI TOTOBOPUTH O KyMYIATHBHOM KYJIBTYP-
HOI1 9BOJTIOIINH, HO 3TO Oy/IET C/IeNIaHO HIKE 110 TeKCTY CTaThU.
Bo3HukHOBEHME «MO3TOBBIX» MyTallUi B IPOLIECCE AaHTPO-
moreHesa omnucano B pabore Exarepunst [lommapn (Pollard,
2009), ygacTBOBaBIIeH B MCCICJOBAHUAX MEKIYHAPOIHOH
TPYIIBI 0 CEKBEHUPOBAHUIO TeHOMa IuMMnan3e (Pan tro-
glodytes). B pe3ynmbrare cTano siCHO, HACKOJIIBKO YeJIOBEK U
MIAMITaH3¢ OJIM3KH TeHETHYECKH — CXOJICTBO JIOCTUTACT T10Y-
™ 99 %. V3 3 MiIpn OCHOBaHM, COCTABIISIIONIMX F€HOM Ye-
JIOBEKa, Pa3iIuyusl, BOHUKIINE 332 6 MIH JIET pa3feiIbHON
9BOJIIOIUH, OBLIHM HAM IEHBI JIMIIE JUIS 15 MIH OCHOBAaHHUM, YTO
cocrasysietr He Oonee 1 % ot obuiero yucna. [Ipuyem Hano
MOHUMATh, YTO OOJBIIMHCTBO U3 3TUX |5 MIIH 3aMEH MOXET
HE UMETh OTHOMICHHS K COOCTBEHHO aHTpomnoreHesy. Tem He
MeHee KaKHe-TO U3 HUX BCE )K€ MOTJIM BHECTH 3HAYUTEIIbHBIN
BKJI4/1 B TIPOIIECC «OUETIOBEUMBAHMS) U CEIIAIN HAC HE TOJIBKO
JIOIBMH, HO U «pasyMHBIMI». MIX-TO M MpeAcTosuIo HaiTH
rpynne uccaenosarencil. [Ipu 3ToMm oHU uCXoaWIU U3 MIpe-
TMIOJIOKEHUS], YTO YCKOPEHHOE HAKOIJICHNE My TaIli B KAKOH-
7100 OJTHOI YaCTH TeHOMa M0 CPABHEHUIO C IPYTHMHU MOXKET
yKa3bIBaTh Ha TO, YTO ATOT YYAaCTOK MOMAaJI IOJ IeiicTBHE 0-
3UTHUBHOH cenekiun. B ntore 6611 00HapyxeH yyactok JTHK,
BKJIIOYaromuii 118 ocHOBaHMiA, B KOTOPOM KOJIMUYECTBO 3aMEH
OBLIO SIBHO OOJIbIIIE, YEM B JIPYTUX palilOHaX CPAaBHUBAEMBIX I'e-
HOMOB YeJIOBEKa M ITUMITaH3€e. DTOT y4acTOK ObLT 0003HAYECH
kak HAR1 (human accelerated region 1). Beuio BeisicHeHO, 9TO
HAR1 BKJIIOUEH B COCTaB I'eHa, KOTOPHIN SKCIIPECCUPYETCS B
HeWpOHaX TOJIOBHOTO MO3Tra. BajkHO, UTO y JKMBOTHBIX IPYTHX
BUJIOB, B OTIIMYHE OT YEJIOBEKA, 3TOT PaliOH TeHOMa OYeHb KOH-
cepBaTUBEH. Tak, y KypuIlbl U IIUMIIaH3€, PA30IIEAIINXCS OT
€IMHOT0 BOJOIMOHHOr0 ¢TBoJa 300 MIH JieT Ha3ad, Ha 118
ocHoBaHuii paiiona HAR1 npuxonurcst Bcero ase 3aMeHbl, B
TO BpeMs KaK ITPU CPaBHEHUH YeJIOBeKa C ITMMITIaH3€e HallIeHO
18 3amen. Takass KOHCEPBATUBHOCTH, C OJHON CTOPOHHI, a C
JIPYTOMH, BEICOKAsl 4acTOTa 3aMEH B IPOIecce aHTPOIIOreHe3a
CBUJICTEIILCTBYIOT O BA)KHOM (DYHKIIMOHAJIBHOM 3HAYE€HUH
aroro yyactka JIHK B 3Bomronuu yenoseka. BersicHuocs,
YTO OT (yHKUMHU TeHa, BKiodaromero ¢pparment HARI,
3aBUCHUT (POPMUPOBAHKE KOPBI TOJIOBHOTO MO3ra. Y Jrofed
MYTalll{ 3TOT0 palOHA MPHUBOIAT K CEPhE3HBIM MATOIOTHU-
SIM, MHOT/IA C JIeTaJdbHBIM HcXozoM. [Tpu aToM oTmedaerces,
4TO penbed) M3BUIMH KOPhI MO3ra Kak Obl CIVIAKHBACTCS
(“smooth brain”). I'en, mapxupoBanuslii Joxkycom HARI,
KozupyeT He 6enok, a Hexoaupytomyto PHK, koropas yda-
CTBYET B PEryJsiini (PYHKIUH JAPYTUX CTPYKTYPHBIX T€HOB.
[Ho3gree Hapsany c¢ mokycom HARI ObUIH BBIABICHBI H
npyrue paitonst JIHK (6onee 200), y KoTopbIX B mpolecce
BaBuNOBCKMNI XKYpHan reHeTUKN 1 cenekuyumn « 2017 - 21« 4
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AQHTPOIOreHe3a HAKOMHMIIOCh 3HAYUTEIILHO OOJIBbIIE 3aMEH, YEM 3TOT0 MOXKHO OBIIIO
OKUJATh IPU UX CIy4YalHOM IOSIBIICHMU B IIPOLECCE HEUTPAIbHOU JBOJIFOLMU.
YacTp 3THX TEHOB KOANPYIOT OenKkw, npyrue — Tonbko PHK, a HekoTopsie BoBce HE
TPaHCKPUOUPYIOTCS, HO, CKOPEE BCETO, YYAaCTBYIOT B PETYISINN (QYHKIMN PSIOM
PacIONIOKEHHBIX TEHOB. 3HAMEHATEIBHO, YTO 00JIee MTOJOBUHBI MapKHPOBAHHBIX
3TUMH TTOTUMOPGHBIMUA pailOHAMH T'€HOB YYacTBYIOT B AETEPMHUHALNHU Pa3BUTHS
1 (pyHKIIUH TOJIOBHOTO MO3Ta.

Wrak, Ha niepBbIe IO3ULUU BBIXOAUT T'OJI0OBHOU MO3I. Ilo-BuaMMOMY, € 3TOro-T0
BCE M Ha4aJI0Ch. KOHEYHO, BayKHYIO POJIb CBITPAIH U APYTHE MyTallAH, TOBIIHMSBIIIE
Ha (OPMHUPOBAHNE PSMOXOKACHHS, IEPECTPOHKY CKeJleTa Ta3a ¥ HIKHUX KOHEU-
HOCTEH, aHATOMHUH KUCTEW PYK, KOH(DUTYPALIMU MBILIL, CBS30K ¥ KOCTEH TOJI0COBOTO
ammapara u T.J., HO uX (UKcalus B Tporiecce 0TOopa CBs3aHa MPEXkK/IE BCETO C
KOYBOJIOLMEN F€HOMA U HAPOXKJAFOLIUXCSL JIEMEHTOB KyJIBTYPbI, B TOM YHCIIE PEUU.
Ho 00 aTom noapoOHee HIKe.

Camas 3arajouHasi HICTOPHS — POXKACHUE YEJIOBEUECKOil pedn. SIcHO, 4TO BO3-
HUKHOBEHHE PEYH CBS3aHO C MO3TOBBIMH MYTAIMSIMH U (PaKTHUECKH PEUb SBIISCTCS
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¢byHkumeir Mmosra. BecemupHo m3Bect-
HBIM uHTBUCT Hoam XOMCKHH, KOTO-
pBIil MHOTO TIHCaJl 00 3TOM UYy/IECHOM
SIBIICHUU — YEJIOBEUYECKOM peun — U TIIa-
TEJIBHO MCCIEA0BAI Ipolecc (Gopmu-
pOBaHUS pedn y 1eTel, UMeN CMETI0CTh
3a8BUTh, YTO Y UEJIOBEKAa B MO3T€ €CTh
CIIEIMATBHBIA peueBOi opraH («Mo-
JIYJTb»), KOTOPBIH JTOCTAJICS HaM T10 Ha-
CJEICTBY OT HAIINX JAJIEKUX MPEIKOB,
skuBmnx He Menee 100 ToIc. JIeT Ha3ag
(Chomsky, 1965, 1980). Y Hux ysxe Obu1
3TOT pEYEBOM LIEHTP U peub BHaualle
poAMIIach B UX MO3Ty. AHaTOMHUYECKUH
pedeBoil anmapar 4eynoBeka (TOpTaHb,
IJI0TKA, SA3bIK U T.[I.) BTOPUYEH IO OT-
HOIIEHUIO K peur. Jla M3BUHUT MeHs
YUTATENb, HO 51 XOUYy YIOMSHYTb YiKe
JTaBHO 3alaBIIMe MHE B JyIIy CJIOBa
n3 ctuxorBopenust O. ManzenpIrama:
«BBITE MOXET, IpeXkIe I'y0 yoKe posuIcs
IIETIOT. ..» DTOT IIEHOT MOT' pPOOUTHCA B
MO3TY, ¥ OH 3aCTaBHUJI TYOBI IIEBENUTHCSL.
Pa3Butue n peanusanus pedu ronoco-
BBIM aIIapaTtoM yesioBeKa POUCXOIUIN
10 MEpE KOOPANHUPOBAHHOTO BOITIOLH-
OHHOTO Tpouecca. Takke MPOUCXOTUT
Uy JIeTeH, y KOTOPBIX PEUEeBOil anmapar
(bopMupyeTcs U COBEPIIEHCTBYETCS TI0
Mepe pa3BUTUs UX peud. [Iprnuem BHava-
e peOeHOK OBJIaieBaeT POHETHUECKOM
CTOPOHOM peuH, a 3aTeM I'paMMaTHKOMN 1
cunarakcucoM (Chomsky, 1980; I'myxos,
Kosmnkos, 2007). B HacTos1iee Bpemst
UAEHTH(UINPOBAHBI OCHOBHBIE MO3TO-
BBbIE LIEHTPHI PEUU YeJIOBEKa. JTO JBE
30HBI KOpbl — bpoka n Bepuuke. 30Ha
bpoka — pedeaBurarenbHbIii LEHTP, pac-
TIOJIO’KCHHBIH B HIPKHEH YacTH JIOOHBIX
W3BWJIMH, OTBEUAET 3a BOCIPOHU3BE/IE-
Hue peun. [Ipn mopaxeHUH MOTOPHOTO
LIEHTpa peuH pa3BUBAETCS MOTOpHAas
adasusi, B 3TOM Cilydae 4esOBeK IOHH-
MAaeT pedb, HO CaM FTOBOPUTH HE MOXKET.
CeHcopHblil LieHTp BepHuke pacnomno-
’KEeH B BUCOYHOM 30HE KOpbl. OH CBSA3aH
C BOCIIPHUATHEM YCTHOW pedun. 3ajaada
9TOro LIEHTPA — PACHO3HABaHUE U XPa-
HEHHE YCTHOW peuH, Kak COOCTBEHHOU,
Tak U uykoi. [Ipu ero nopakeHuu Bo3-
HUKaeT CCHCOpHas adasns — JFOAHN Tie-
pecTarT BOCIPHHUMAThL YCTHYIO peYb
U TIPU 5TOM CTPAJaeT NMPOU3HOLIEHHE,
TaKk KaKk HapyllaeTcs BOCHPUSATHE U
coOCTBeHHOU peur. YeIOBeK MOXKET Io-
BOPUTH, U3JIaTaTh YCTHO CBOM MBICIIH,
HO HE ITOHMMAET UyXXOH Peu’ U, XOTS
CIIyX COXpaHeH, He y3HaeT cioB. Ctpa-
JTaeT TPaMMaTHYECKHAN CTpoil (arpam-
MaTu3M). DTH HapyIICHUS CBUACTEIb-
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O npupope uenoBeka
(scnep 3a [.K. benseBbim)

CTBYIOT O BO3MOXXKHOM Pa300LICHNN (YHKIIMOHAJIBHOW CH-

CTEMBI PEYM Ha Pa3HbIC €€ COCTABISIONINE, YTO TOBOPHUT O

JIICKPETHOM yCTPOHCTBE PEUEBOTO MOJTYJISl MO3Ta U €T0 CBsI3eH

C BOCHIPOU3BOAAIINM PEUCBLIM allllapaToOM.

C mosiBleHnEM f3bIKa U PA3BUTHEM HEIMOCPEICTBEHHO
CBSI3aHHBIX C SI3bIKOM MEHTAJIBHBIX CIIOCOOHOCTEH YeoBeKa —
MMPpEAMCTHBIM U a6CTpaKTHbIM MBIIIJICHUEM — YCJIOBCUCCTBO
BCTYTIAET B 310Xy CTPEMHUTEIBEHO HAOMPAIOIIEH TEMIIbI KyJlb-
TYPHOM 3BOJIIOIIMN WJIM, IPABMIIBHEE CKa3aTh, KO3BOJIIOINU
KyJIbTypbl U FeHoMa. 1oz KyJIbTypol cielyeT IOHUMAaTh BECh
KOMIUIEKC MaTEPHAIIBHBIX 1 JlyXOBHBIX LIECHHOCTEH, CO3IaHHBIX
YeJI0BEYECTBOM B MPOIUIOM M CO3/aBa€MBIX B HACTOSIIEE
Bpemsi. O4eBUAHO, KyJIbTypa CTajla OJHUM M3 BaXKHEHIIMX
(hakTOpOB 3BONIOINH YenoBeka. COOTHOMICHHE KyIBTYypHOU
Y TCHETHYECKOHN SBOJIOLNH B ONIPE/ICIICHHUN ITyTEH Pa3BUTHUS
YeJI0OBEYeCTBa JI0 CUX IIOp SIBJISETCS B HAyKe CBOCOOPA3HBIM
«PHUCTATUILEM» MEX/y CTOPOHHHKAMH PEIIAIONIETO BKIaAa
TEHOB W/WJIH KYJBTYpBI B TOT ITyTh, KOTOPBIA MBI IPOILIN OT
TOYKH PACXOXKIACHUA H. sapiens C ApyruMu roMMHuaamMu.
Kazanocs 651, HauboIee cOATaHCHPOBAHHYIO TO3HIIHIO B
3TOM BOIIPOCE 3aHMMAIOT 3BOJIIOIMOHHBIE TIcuxoioru Jlema
Kocemupec u Jxon Tyou (Cosmides, Tooby, 2013).

Bor kpaTkoe HM30Ke€HHE MX B3MIAL0B. MO3r yenoBeka
MpeCTaBIseT cO00H KOMILIEKC MH(OPMAIIMOHHO-BBIUNC-
JIMTEJILHBIX MAIMH, KOTOpblE CPOPMHUPOBAIUCH B Ipoliecce
€CTECTBEHHOTO OTOOpa /sl peIIeHHs MPoOIeM, CBI3aHHBIX
C ajamnTanyel HalnX ITPEIKOB, 3aHUMABIINXCS OXOTOH U
coOMpaTenbCTBOM. IHCTHHKT — 9TO MPOIYKT paboThI Crielna-
JTU3UPOBAHHONW HEPBHOM ceTH (MOIYI), KOTOpas UMEETCs B
MO3T€e BCEX MPE/ICTaBUTENICH JAHHOTO BUAA, M PE3YIIbTaT 9BO-
mronnu Buja. ChopMuUpoBaBIIMECs B pe3yJbTare 3BOJIOINN
HEPBHBIE CETH U UX COBOKYITHBIC (DYHKIINH OMPEEISIOT TaK
Ha3bIBACMYIO «IIPHPOAY uenoBeka». OCHOBHBIC TPUHIIUITHI
3B0J'IIOHI/IOHHOI‘/II TNCUXOJIOTUHN CBOIATCA K IATH IMOCTYJIaTaM:
1. Mo3r — xuBasg cucrteMa, KoTopas (pyHKIHOHHPYET KaK

KOMIIBbIOTEP. MO3T yCTPOEH TaK, YT00BI OH MOT yTIPABIIATh

HalllMM ITOBEJEHUEM B U3MEHSIOIIEHCS cpeie.

2. HepBHBbIe ceTn yenoBeka ObITH C(hOPMHUPOBAHBI B TIPOIICC-
Ce €CTECTBEHHOT0 0TOOpa, HANPaBICHHOTO Ha pEIICHHE
Pa3IMYHBIX TPOOIEM IPUCIIOCOOTCHHUS HAIMX PEIKOB K
cpezie UX UCTOPHUYECKOTO Pa3BUTHSL.

3. Hamre co3nanue siBisieTcs JIMIIb BEPIIMHOM aticoepra. bob-
HIMHCTBO TPOLECCOB, COBEPIIAIOLINXCS B MO3Tre, CKPBITO
OT CO3HaHMs. B pesynbrare Mbl MOKEM OIMINOATHCS, CUM-
Tast, YTO HEPBHBIE CETH, OTBEYAIOIINE 32 HAIlle TIOBEJCHUE,
YCTPOEHBI IPOILIE, YeM B JISUCTBUTENBHOCTH. MHOTHE PO0-
JIEMBI, KOTOPBIE, KaK HaM Ka)KETCsl, PEIIaloTCs JOBOIBHO
MIPOCTO, Ha CaMOM Jiejie TPEOYIOT JUIsl CBOETO PELICHUS
CJIO)KHO YCTPOEHHOM HEPBHOM CETH.

4. Pa3HbIe HEPBHBIE CETH IPUCIIOCOOICHBI IS PEIIICHUS pa3-
JMYHBIX 3aJ1a4.

5. B Haueii MOJIepHU3MPOBAHHOM YepENHON KOPOOKE TOKOUT-
Csl MO3T YeNIOBEKa KAMEHHOT'O BeKa.

Wrak, ¢ Touku 3penus JI. Koecmunec u [Ix. Tyou (Cosmides,
Tooby, 2013), reHeTHuecKku Hanl MO3r C(OPMUPOBAJICS BO
BpPEMEHA KAMEHHOTO BEKa, CIIEI0BATEIBHO, B ITOCIIEAYIOIEM
Pa3BUTHH OBLIT MCIOJB30BaH TEHETHUYECKUI MOTECHIIHAI,
KOTOPBII Mbl IIOJYYWIM OT HAIUUX IIPEIKOB, U peanu3anus
3TOTO MOTEHINAJIA 3aBHUCENA OT Pa3BUTHUS KyJIbTYpPbl. 3HAYNUT
JIM 3TO, YTO HAIITy SBOJIOLHUIO YCIOBHO MOXHO Pa3eiINTh Ha

leHeTuKa yenoBeka

2017
214

AJ1. Mapkenb

JIBa ATara — FeHETHUECKYIO U KyJIbTYpPHYIO? DBOIOLIMOHHBIE
TICHXOJIOTY BEChMa 3JIETAHTHO YXOJST OT OTBETa (IPUBOXKY C
COKpAIIECHUAMH): «DBOJIIOIMOHHAS TICHXOJIOTHSI HE TIO3HIIHO-
HHUpYeT ce0s1 Ha KaKOM-JTH00 CEKTOpe MIOCKOCTH, B KOTOPOH
packaumBaeTCs MaATHHK “TeHOTHII—cpena’ (nature—nurture)y.
MBI CKIIOHHBI OTBEpPraTh OOBIYHYIO TUXOTOMHIO: MHCTHHK-
TUBHOE—Pa3yMHOE, BPOXKAEHHOE—IIPUOOpETeHHOE, OHOIIO-
THSA—KyTbTypa. D(h(PEeKT, KOTOPBI MOXKET OKa3bIBaTh Cpeaa
Ha OpraHu3M, 3aBHCUT OT MHOXKECTBA JIeTaJIeH, COITPOBOXK-
JAaBIINX 5BOJIFOIITUIO KOTHUTUBHBIX CHOCO6HOCTGI>II YCJIOBCKA.
B 3B0IIIOLIMOHHOM [ICUXOJIOT U PEAIbHbII HAYYHbII pe3ysbTar
BO3HUKACT MPH OIMCAHUH BOJIFOLIUH U TIOBEICHUS OpPraHU3Ma
B OIpeJIeJIEHHO cperie, a He B pe3yJbTaTe MPOTHBONOCTAaBIIe-
HUS 110 TUIY «OHOJIOTHSI—KYJIBTYPay WM JPYroro poja mMo-
JIOOHBIX COTIOCTABIEHUH. MHOTHE HCCIIeIOBATENN, HAXOAACh
B ITapaaurme nature—nurture, nbITalOTCs OTBETUTH HAa BOIIPOC:
4yeM B OOJbINeil CTeTeHn onpesenseTcs: (GeHOTHIT — TeHaMU
i cpenoid. Crienuanict no OMOIOTUN Pa3BUTHS TOHUMAET,
YTO 3TOT BOIIPOC HE UMeeT cMbIcia. Kaxas xapakrepucTu-
Ka (peHOTHIIA SIBISIETCS] MIPOLYKTOM COBMECTHOTO JI€HCTBUS
TEHOTHIIA U CPEJIb, M CIIPAIINBaTh, YTO OoJiee BaXKHO, — 3TO
BCE PaBHO, YTO BBISICHSATH, KaKasi CTOPOHa OoJiee 3HauuMa JJ1s
MPSIMOYTOJIbHUKA — BEICOTA MIIM OCHOBaHHE. [ eHbI IpejocTaB-
JISIFOT BO3MOXKHOCTB CpEJIe OKa3bIBATH TO MIIM MHOE BIIUSTHHE
Ha pa3BUBAMOIIUICS opraHu3M. J[Jist TOro 4To0bl HAYYUTHCS
4yeMy-HHOYy/Ib, HAIl MO3T JOJIKEH UMETh HEKYI0 CTPYKTYpY,
CIOCOOHYI0 00yUaThCs: TPU (PyHTa OBCSIHON Kalllk HEeJTb3s1 Ha-
YUUTbh 4eMy-JI100, HO TpH (yHTa MO3Ta — MOXKHO.

Hpyras rpymniia ucciaenoBareiei, XoTs U He OTPULIAET BO3-
MO>KHOCTH Pa3BUTHSI KOTHUTHBHBIX CIIOCOOHOCTEH UemoBeKa
B pe3yJbTaTe TeHEeTHUECKOI CeJIeKIINH, TEM HE MEHEE CUMTACT,
YTO 9TOTO IAJIEKO HE T0CTATOYHO AJIst 00BSICHEHHSI OTPOMHOTO
TEXHOJIOTHYECKOTO ¥ COLMAIBLHOTO Mporpecca — OT JIyKa U
CTpen 10 UHTepHeTa. Takoro poja mporpecc J0CTUTajCs 3a
cueT conuanbHoro odyueHus. HoBele yemoBeueckue kade-
CTBa TOSIBIJINCH HE BCJIECJICTBHE NCHETHUECKON CEJEKINH,
a Onarojiapsi pa3BUBAIOLICHCS KYJIbTYpe, KOTopas Moaudu-
IIUPYETCsl, CETIEKTUBHO COBEPIICHCTBYETCS, COXPAHSIETCS U
AKKyMYJIUPYETCsI ITyTEM IIEJIEHANPaBICHHOTO COLNAIBLHOTO
o0yuenus (Boyd et al., 2011). K npumepy, BoT kareropudeckoe
3asBieHne JoHnarana Mapkca: «BONIOLNS YEN0BEKA — OTO
HeOuonoruaeckas oo (“Human evolution is not bio-
logical”) (Marks, 2012).

OnHaKo KaxyIeecs MPOTUBOPEUNE MEXKTY «TCHETHKAMIDY
U «COLMOJIOTaMM» CHUMaETCs Oyaromapst pa3paboTke KOH-
HCHIKUN KO3BOJIIOIIUN I'CHOMA U KYJIBTYPBI. BBOJ'IIOIJ,I/IH T'CHOB
1 KyJBTYpPBI — 3TO €IMHBIN, & HE Pa3/ieabHbIN ITpoLEece, U Ha
caMoM JIeJie TTPOMCXOANT KO3BOJIOIMA. B cBOeM pa3BuTHH
4eJI0BeK MOAN(DUINPOBAI U PEKOHCTPYHUPOBAI CBOIO COLIHO-
KyeTypHYyIo cpeny (Richerson et al., 2010). Hosas cpena co3-
JlaBajia HOBBIE BEKTOPHI 0TOOpa 1 (pOPMHUPOBaJIA HOBBIE ITYyTH
renetrueckoit sBosroiuu (Laland et al., 2010). Hampuwmep,
pa3BUTHE 3EMJIICAENNS 1 )KUBOTHOBOJCTBA CTAJIO TIEPETIOMHOM
TOYKOW B TPACKTOPUHM TCHETUYECKOW HBOJIONNHU YEIOBEKa
(Feldman, Laland, 1996). HoBas co3aHHasi 4eJIOBEKOM cpejia
MH]IyLIIpOBajia 0TOOp Ha FTEHETUYECKYIO yCTOWYNBOCTh K HO-
BBIM 300HO3aM M K HH(EKIUSIM, CBI3aHHBIM C YBEIHUCHUEM
YHCJICHHOCTH YeIOBeUeCKUX nomymsnuii. Takxke Gopmupo-
BaJIaCh TEHETUYECKas MIPUCIIOCOOIEHHOCTh K HOBOM JTHETE,
YBEIMYEHHOMY KOJIMYECTBY XKHPa, CaXxapoB, Kpaxmala 1 COJIN
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On the human nature
(following in the steps of Belyaev)

B MUILE, YHOTPEOICHUIO MOJIOYHBIX MPOAYKTOB U T.A. Tak,
MPOU3OILIN yBEIWYCHHE KOMUH reHa ammuinassl (AMYI) u
(buKcaIyst HEKOTOPBIX 3aMEH B €T0 CTPYKTYPE, YTO TIOMOTAJIO
repeBapuBaTh 3HAYUTEIILHOE KOJIMUeCcTBO kKpaxmaia. [1omo0-
HBIE U3MEHEHUS C(POPMHUPOBAINCH U ¢ TeHOM JakTassl (LCT),
KOTOPBIH HEOOXOAMM ISl YTHIIM3AalMH MOJIOYHOTO caxapa,
JIAKTO3bI, COACPKAICTOCA B MOJIOKC JOMAIIHUX JKUBOTHBIX.
OTH U3MEHEHUsI B HAaNOOJBIIEH CTETIeHN 3aTPOHYIIH Hacee-
nue EBponsl n AQpukn, KOTOpoe 3aHIMaeTCst CKOTOBOJICTBOM
Ha MPOTsHKEHUHU 00Jiee 6 ThIC. JIET, HO He A3HH, IJI¢ B OCHOBHOM
coxpaHmIach npenkoBas Bepcus rena LC7, 3a HCKITIOYCHHEM
HEKOTOPBIX PErMOHOB, YTO CBSI3BIBAIOT C 0COOCHHOCTSIMH MH-
rpaloHHbIX TOTOKOB HaceneHus (ITumunenko u np., 2016).

Cxopee Bcero, Omaromapsi KyIbType H3MEHSUIaCh TaKKe
TeHETHYECKas IETePMHUHAINSI KOTHAUTHBHBIX MPOILECCOB Ye-
JI0BeKa. XOTs 3TOMY HET IPSIMbIX JOKA3aTeJIbCTB, HO TPYAHO
ceOe TMPenCcTaBUTh, YTOOBI PAANKAIbHBIE H3MEHEHUS KYIlb-
TYpHOH Cpezbl B IEpUOJ CTAHOBIICHUS LIMBHUIIN3ALUU HE
MOTJIH CITY)KUTh (JAKTOPOM O0TOOpa TeHETUYCCKUX BAPHAHTOB
KOTHUTHBHBIX CIIOCOOHOCTEH 4YeTIOBEKa, aieKBAaTHBIX HOBOM
MHTEJJICKTYaJIHOH cpejie.

SIpkuM npUMepOM KO3BOJIIOLUU KyJIbTYPbl U T€HOMA SIB-
JSIETCSl CaMO Pa3BUTHE YEIOBEYECKONW pedr, TOJI0COBOTO U
MHUMHYECKOTO anrapara. YBeIn4nBaronieecs 3HadeHue Cro-
CO0OB COLMAIBLHOTO OOIEHHMS B MOMYJISILUSIX YeJIOBEKa CIO-
CcOOCTBOBAJIO COXPAHEHHUIO TEHETHYECKUX O0COOCHHOCTEH,
obneryaronyx takoe odmenue. Ha paHHnX 3Tarax sBOIIOINN
YeJI0BeKa IMPOM30IIIO PACIIMPEHHE YYaCTKOB KOPbI MO3Ta, OT-
BEYAIOIINX 32 pa3BUTHE peur. OTHOBPEMEHHO YBEIMINBAIOCH
YHCIIO MBI ¥ HEPBOB, MHHEPBUPYIOIINX ABHKESHHS MBIIII]
TIOJIOCTH PTa, SI3bIKA M TOPTaHU, YTO HEOOX0AUMO /111 hopMu-
poBaHUs WwieHopa3nenbHoi peun (Jurmain et al., 1997). Y co-
BPEMEHHOTO YeJIOBEKA FOPTaHb PACHIOJIOKEHA CPABHUTEIHHO
HH3KO, BCJICACTBHUC UCT'O INIOTKA MOXKCT BBIIIOJIHATH q)yHKI_lI/IIO
pe30HaTOpa, YTO 3HAUUTEIBHO 00OoTralaeT 3ByKOBOH perep-
tyap (Relethford, 2007). IlepBbIM TOMUHHIOM, Y KOTOPOTO
TMIOJIOXKEHUE TOPTAaHU ObUIO OJIM3KUM K TOMY, YTO UMEETCS y
COBpPEMEHHOTO uenoBeka, Obi1 Homo heidelbergensis, ®uB-
it 800100 Thic. net Hazaz. [IpousHoOIIEHKE Ke CONTaCHBIX
3BYKOB BO3MOXKHO IIPY HAJIMYUU YKOPOUEHHOMU II0JIOCTH PTa,
B TO BpeMs Kak y OMmKalIIMX K HaM IPUMAaToB OHA OblIa
3HAYNTENBHO JiMHHEe. [1o3nIus noaba3sl9HON KOCTH, K
KOTOPOU MPUKPEIUISIIOTCS MBILILBI A3bIKa, Y COBPEMEHHOIO
YeIoBeKa C(OPMUPOBAIACH TAKIM 00pa3oM, YTOOBI 0OecTIeun-
BaTh SI3bIKY BOBMO)KHOCTBH COBEPINATh TOHKO PETYINpPyeMbIe
JBUKEHUSI.

JpyrumM MHANKATOPOM TOTO, YTO AaHATOMHSI TOMUHH]] 9BO-
JIFOIMOHMPOBAJIA JUTS 00JIeTYEHHS pede00pa3oBaHusl, SBIISCT-
Csl pacIIUPEHNE YEePEITHOTO OTBEPCTHSI, KOTOPOE IO3BOJINIIO
MOABSI3BIYHOMY HEPBY JOCTHTaTh MBIIIII S3bIKA. Y HEaHep-
TJIBIIEB U YEJIOBEKA 3TO OTBEPCTHE 3HAYUTEIBHO IIHPE, UEM Y
paHHKX TOMHHH] 1 IpyruX npuMaroB (Dunbar, 2005). [{st 06-
JIeTYeHNs] KOMMYHHKAIIH Y 4eTI0BEeKa IOy IHIA 3HAYUTEIb-
HOE Pa3BUTHE JINIIEBAsi MUMHYECKasi MyCKyJIaTypa 1 JIULEBOI
HEPB. Syt MBIl TPUCYTCTBYIOT Y BCEX TO3BOHOYHLIX, TEM
HE MEHee, 3a UCKIIIOUCHNEM MIICKOIINTAONINX, OHH CITyXKaT
TOJIBKO JUISl OCYIIECTBICHUS (DYHKIMH JBIXaHWUS W MUTaHUS
(Burrows, 2008). Y MileKONHUTAIOMIKX JTUIEBasi MyCKyIaTypa
MIPUBOJIUT B JIBIKCHUE KOXKY, 00€CIIednBasi MUMHKY, UTO CITy-
JKUT JUISL TIEpeiadyn TakuX, HalpUMep, SMOLUI, Kak CTpax,
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YIUBICHHUE, OPE3IIIMBOCTD, THEB | T. 1. OIHAKO Y OOJIBIINH-
CTBa MJICKOITUTAIOIINX JIUIIEBAsI MyCKYJIaTypa IpECTaBIeHa
JIMIIb HEOOJIBIINM KOJINYECTBOM IMMPOKUX TUIOCKHUX MBIIIIII,
B TO BPEMsI KaK y MPUMATOB — OOJIBILIUM YHCIIOM HEOOIBIINX
MBIIILL, TPUCOCANHEHHBIX K PA3JINYHBIM YIaCTKaM KOKH, UTO
obecrneynBaeT 3HAYUTEIBHOE PA3HOOOpPa3Ne MUMHYECKHUX
CUTHAJIOB. A y uelloBeKa UMeeTCst HauboJiee CII0KHasl CUCTe-
Ma YIpaBJICHHs] MBIIIIAMH JIMLA U BCETO apTUKYJISIIIMOHHOTO
anrapara.

Takum 00pa3oM, 4eTIOBEK OCHAIIECH T0BOJIBHO U30ILPEHHON
1 CIIOKHOH CHCTEMOM CO3MaHUs M BOCUPUATHS Tu(QepeH-
[IUPOBAHHBIX 3PUTEIBHBIX M 3BYKOBBIX CHT'HAJOB — PEUBIO
U MUMHKOHM, KOTOpBIE MPAKTHYECKH OTCYTCTBYIOT Y JPYTHX
MIPUMATOB, OTPAHUYMBAIOIINXCS UCTIOIB30BAaHUEM MPOCTBIX
3BYKOB U JKECTOB. BCe 3TO CITy’KUT MPEeKpacHON MILTIOCTpau-
€l TeCHOTO B3aMMOICHCTBYSI T€HOB U KYJIBTYPbI COL[HAIBHOTO
o01meHus B porecce ux 3postonuu. [1pu 3Tom nmeer MecTo
KODBOJIIOIMS KYJIBTYPBI M TEHOMA, KOT/Ia TeHETHYECKHE MyTa-
LIUH1 MOTYT CHIOCOOCTBOBATH IOSIBJICHUIO HOBBIX KYJIBTYPHBIX
0COOCHHOCTEH, 3aKpeTIIeMbIX 0TOOPOM Ha TPHUCIIOCOOICH-
HOCTb, 1 Pa3BUTHIO HOBBIX SKoJIorH4Yecknx Huml. HoBas Kyib-
TypHasl cpejia yCHJINBAeT JeiicTBrue 0TOOpa B MONb3Y 3TUX U
MO00HBIX UM «KYJIBTYPHBIX» MyTAINi 1 JIa€T HAIIPaBJICHUE
00111eMy BEKTOPY BOJIIOLIMOHHOTO PA3BUTHS B CTOPOHY J1AJTb-
Heifiero GopMUPOBaHUS COIMOKYIBTYPHOI OpraHu3aluu.

IIpencTaBneHust 0 KOABOIIOIUN KYJIBTYpBl M TEHOMA TIPH-
CYTCTBYIOT TaKXX€ B TEOPHU KOHCTPYKLHUH KOJIOTHYECKHUX
num (Kareiva et al., 2007). CyTb 9T0#1 TeOpuu 3aKiro4aeTcst
B TOM, YTO OMOJIOTHYECKHI BHJ MPHOOpETaeT CrIoCOOHOCTh
M3MCEHSTH ECTECTBEHHYIO CPEly CBOETO OOMTAHMUS M TEM ca-
MBIM CT@HOBHUTBHCSI B HEKOTOPOH CTEIIEHH TBOPLIOM 3BOJIIO-
IIUM CBOEH COOCTBEHHOMH M CBSI3aHHBIX C HUM JIPYTHX BHJIOB
(Kendal et al., 2011), 4To sBISETCS MPEKPACHBIM ITPUMEPOM
TFEHETUYECKOU U KYJIBTYPHOU KOJBOJIIOLIMHY, IIOKA3BIBAIOLLEH,
KaK KyJIbTYpHBIE U TE€HETHYECKHE IPOIECCH B3aMMOJICH-
CTBYIOT B Xoje 3Bomorun genoBeka (Ehrlich, 2000; Richer-
son, Boyd, 2005; Laland et al., 2010; Richerson et al., 2010;
Thara, 2011; Rendell et al., 2011). Pa3gen 3BONOITMOHHOK
9KOJIOTHH PACCMaTPHUBAET BOIIPOCHI, CBSI3aHHBIC C BINSHUEM
CEJIEKIIMM Ha CIIOCOOHOCTh OPraHU3MOB M3MEHSTH Cpely M
CO3/1aBaTh NCKYCCTBEHHbIE 00BEKTHI. OIHAKO MasI0 BHUMAHUS
yAeIsieTcst 00paTHOM CBsI3H, T. €. TOMY, KaK KOHCTPYKIIHST HUIITH
MOXKET BJIMSTH Ha SBOJIOLUOHHBIN IPOLIECC, B TOM YHCIIE Ha
CEJIEKIIHIO JIOKYCOB, JIa’Ke HEITOCPEIACTBCHHO HE CBSI3aHHBIX
C KOHCTpyKLHUel »Kkonorndeckod Hummu. ITpumepom Takoit
00paTHOM CBSI3M SIBIISICTCS BIMSIHAE KOHCTPYHUPOBAHUSI HUILI,
MIO3BOJISIFOIINX KOHTPOJIMPOBATH TEMIIEPATypy OKpYKaroIei
YeJIoBeKa CPEeZbl, — CO3JaHMe JKWIIMIL, OIEXK/bI, 00yBU U
T.JI. DTO YMEHBILUIIO CEJICKIIMOHHOE JIaBIICHHE Ha CUCTEMBI,
PETyIUpyIOMue TeMIEpaTypy Tela MPU Pe3KHUX IMepernangax
TEMIIEPaTypbl CPEAbl, YTO MO3BOJIHMIIO YEJIOBEKY 3HAUYUTEIb-
HO PacUIMPHUTh TEPPUTOPUIO CBOETO OOMTaHMsI, MPaKTHYe-
CKH HE 00peMeHsIsI CBOM MOP(POPU3NOTOTHUSCKUE CHCTEMBI
TEMIIepaTypHOH peryssiiuu, ¥ Jajxo BO3MOKHOCThH Harpa-
BUTh DHEPrHI0 Ha JocTikeHue uHbIx neneit (Laland et al.,
2007).

BaXHBIM UTOTOM Pa3BUTHSI TCOPUH «CTPOUTEITHCTBA HUIID)
CTaJI0 TIOHMMaHUE TOTO, YTO IPHOOPETEHHBIC B PE3yJIbTarTe
KyJIbTYPHOTO Pa3BUTHS XapaKTEPUCTHUKH YEJIOBEKA MOTYT
UTPaTh B HBOJTIOIINH BAXKHYIO POJIb, U3MEHSISI CPE/Ly, B KOTOPOH
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O npupope uenoBeka
(scnep 3a [.K. benseBbim)

3Ta dBOJIOLUS poucxoauT. DopmanbHOE MOIEIUPOBAHUE
9THUX MPOIECCOB MOKA3aJI0, YTO CTPOUTEIHCTBO HUIII M CBSI-
3aHHOE C HUM U3MCHEHUE KYJIBTYPHOH CPEIbI MOTYT CHIIBHO
MOIM(HULIUPOBATH TEHETHYECKY IO KOHCTUTYIIMIO CAMHUX CTPO-
uTenei 3a cueT GOpPMHUPOBAHISI HOBBIX HAIPaBICHUH CETeK-
IIUOHHOTO IPOIECcca, MPOUCXOSAIIEIO BO BHOBh CO3IaHHOMN
cpene (Laland et al., 2001, 2010; Rendell et al., 2011).

B Hactosimiee BpeMsi HE OCTaeTCss COMHEHUH B TOM, 4TO
COIIPOBOXKIAIOMICE PA3BUTUE KYIBTYPBI CTPOUTEIHCTBO HO-
BbIX HHUIID» OKa3aJI0 3HAYUTCJIIbHOC BJIMAHUE Ha ITYTU 61/10-
nmorndeckor sBommoruu denoeka (Laland et al., 2010). 3a
nocnenaue 50 ThIC. JIeT YeTI0BEYECTBO PACTIPOCTPAHMIOCH U3
AdpyKH IO BceMy 3eMHOMY LIapy, MEePEIKHII0 JISTHUKOBBINA
TIEPUO]T, 3SHAYUTEIEHOE YBEINICHNE YHCICHHOCTH U TUIOTHO-
CTH CBOUX ITOMYJISAIIH, OMOMAITHUIO COTHH BUIOB PACTCHHUI
u kuBOTHBIX (Stringer, Andrews, 2005). Kaxxnoe u3 atux
COOBITHIA, B CBOIO OYEpElb, 3HAYUTEIHHO M3MEHSIIO CHITY U
HAIPABJIICHHOCTH CEJICKIIMOHHOTO MPOIIECCa, YTO IPUBOIAHIIO
K TCHETUYCCKUM U3MCHCHUAM B YCJIOBCUCCKUX IMOIMYJIAIUAX
(Laland et al., 2010). 1 Bce 3TH COOBITHS HHUITAMPOBAT CaM
YEIIOBEK CO CBOMM T'€HOMOM U CBOCH KYIBTYpOH.

EcTb eme oqHO CBOMCTBO, Upe3BhIUAHO Pa3BUTOE y 4Ye-
JIOBEKA M CHITPABIIEE PEHIAIONIYI0 POJh B €r0 KyJIbTypHOU
SBOIIIOIHH, — €r0 colMabHOCTh. Maiiki Tomaceo, coau-
pexrop MuctutyTa anrpononoruu Makca I nanka B Jleinuure
(Tomasello, 2014a, b), Tax >xe kak [letep Puaepcon u Pobept
Botin (Richerson, Boyd, 2005), cunraer, 9to conuaibHOE
noBejicHue (OPMHUPYETCSI HE TOJIBKO IMOJ[ BIUSHUEM CPEIIbI
WIHA CONMAIBHOTO OOydYeHHS. Y YeIOBeKa MMEETCS «IIOITy-
YEHHBIN MO HACIIEACTBY MO3TOBOM CyOCTpar», KOTOPBIA H
JiesiaeT counanbHoe o0ydeHne BO3MOXKHBIM. [1o MHeHUIO
M. Tomacemno, BpoKJEHHasi MO3roBasi CTPYKTypa, AeTep-
MUHUPYIOMIasi TOBBIIIICHHOE CTPEMIICHHE K COIHAIEHOMY
OOIIICHHUIO, 00eCIeUYnBACT BOBMOKHOCTh 3(h(HEKTHBHOTO CO-
[IHATEHOTO OOYyYEHHs YelOBeKa YK€ B CAMOM PaHHEM BO3-
pacre. IIpu aTOM CBOMICTBEHHOE YETIOBEKY TECHOC OOIICHHE
MEXy POIUTESIMU U I€TbMH (JIUIIO B JIMI0, KaK 3TO XapaK-
TEPHO IS JTIOZIEH) TTO3BONSET peOeHKY TOYHO UMHTHPOBATh
JBUKCHUS M 3BYKH POIUTENICH, YTO BBEI3BIBACT OOOIONHBIC
ITOJIOXKUTECIIbHBIC DMOILIMOHAJIBHBIC U (1)I/I3I/l‘ieCKI/le peaKkun
(TIOOXXUTETBHOE TTOIKPETIIICHHE — COCTOSTHAE B3aUMHOM pa-
nmoctr). Tak, OT poguTesei ACTIM MepeaaroTCs Pa3IuIHbIC
3JIEMCHTHBI KYJIBTYPBI, B TOM YHUCJIE U A3bIK. HeKOTOpI)IC aBTO-
PBI TOBOPAT O CBOWCTBEHHOM YEJIOBEKY UPE3BBIYAIfHO BBIpa-
JKCHHOM COI[MAIBHOM WHCTHHKTE, YTO B COBOKYITHOCTHU C
MPeoOIaaOIUMK B COIHANIBHBIX OTHOIICHUSX SMIIATHCH,
ANBTPYU3MOM, SI3BIKOM M KOOTIEPATHBHOCTHIO OBLIO BaYKHBIM
(haxTopom sBomtorr Homo sapiens. YHUKaIbHBIC YCIIOBE-
YECKHE q)OpMI)I COIIMAJIBHOCTH ITIOMOT'arOT ITOHATH UCTOKHU €TI0
HEOOBIKHOBEHHO Pa3BUTHIX MBICITUTEIBHBIX CTIOCOOHOCTEN 1
Mopaut. JIFoIH — UCKITFOYHTEIIEHO KOOTIEPAaTHBHEIC CO3MaHUS
I10 CPaBHEHUIO C IPYT'UMH MJICKOIIMTAOIINMM, BKIIKOUasA KPyII-
HBIX 00e3bsH. Cpein HaceKOMBIX ITOJI00HAs UCKITIOUUTETbHAS
KOOTICPAaTUBHOCTh MMEETCS Y M4ed M MypaBbeB. OIHAKO y
I4eNl ¥ MypaBbeB Takasl YJAbTPACOIMaIbHOCTh OCHOBAaHA Ha
crenn(UIECKIX TeHETUIECKUX CBS3SAX 0CO0eH B KOJIOHUH U
Ha KHH-CEJICKITNH. YIIBTPACcOIUAIFHOCTD YeJIOBCKA, HATIPOTHB,
OCHOBAaHa Ha CIieliMaJIbHBIX IICUXOJIOTUYCCKUX MEXaHU3Max —
paccymouyHOM W MOTHBAIlMOHHOM ToBeneHnu. Kcraru, cama
STHMOJIOTHS CJIOBA «CO3HAHUE), YTO 3HAYUT COBMECTHOC 3HA-

leHeTuKa yenoBeka

2017
214

AJ1. Mapkenb

HHe (consciousness — B aHIII. 5I3., conscientia — Ha JaTbIHK),
TOBOPUT O PEIIAIOIIEM BKJIAJE COLMATIBHOIO OOLICHUS B
(hopMupoBaHUe CO3HAHNUS YEIOBEKA.

V aereil 10 CpaBHEHUIO C LIUMIIAH3€ YPE3BbIYAHO Pa3BUTHI
COIIO-KOTHUTHBHBIE CIIOCOOHOCTH — KOMMYHHKATHBHOCTb,
MMHTAIHS, CKIOHHOCTD K HAY9IEHHUIO M COIIMAJIbHBIM KOHTaK-
tam (Dean et al., 2012). ABTOpBI CUMTAIOT, YTO YETIOBEK 00J1a-
JlaeT MHOTHIMH COIIMAJIbHBIMU «MEXaHU3MaMH», KOTOPBIX HET
y Ommkalmmx nmpuMaroB. [ MIIOTE3a «KOJIEKTHBHOTO KyJlb-
TYPHOTO pasyMa» IOCTYJIUPYET, YTO OH SIBJISETCS [NIABHBIM Me-
XaHU3MOM BUAOCTIETIN(UIECKOTO OOIIECTBEHHOTO CO3HAHUS,
Pa3BUTHE KOTOPOTO Y YeJIOBEKa HAYNHACTCS B PAHHEM JICTCTBE,
W 3aTeM Y4acTBYET B IpOLeccax 0OMeHa 3HAHMUSIMH MEXKIy
rpyInaMu ¥ MHAMBUAYYMaMH. DTa TUIOTE3a MPOBEPEHA C
MOMOIIIBIO O0aTaper KOTHUTHBHBIX TECTOB, BHIIOJIHEHHBIX Ha
B3pOCJIbIX IMUMITAH3€ U OpaHr'yTaHax U Ha ACTAX B BO3pACTC
JIBYX C IOJIOBUHOM JIET JI0 TOTO, KaK NX HadaJii 00y4Jars a30yke
M YTEHHMIO. B IoATBEep K IeHNE TMIIOTE3bI KOJUICKTUBHOTO KYJTb-
TYPHOI'O pa3yMa U B POTUBOBEC MHEHHUIO O TOM, YTO JIFOAU
BOOOIIIE TPOCTO KYMHEE», aBTOPHI OOHAPYKUJIH, UTO JCTH U
MMMITaH3¢e 00J1a/1at0T TOYTH OIMHAKOBBIMU KOTHUTHBHBIMH
CIOCOOHOCTSIMH NP B3aUMOJICHCTBHH C (PU3NUECKUM MUPOM,
OIIHAKO JICTH OKa3aJiCh HAJCICHHBIMH 3HAYUTEIBHO Oolee
M30IIPEHHBIMH MHCTPYMEHTAMHU OOILICHHS B COLMAIBHOMN
Cpejie 1o CpaBHEHHUIO ¢ 00e3bsiHamMu 00oux BuoB (Herrmann
etal.,2007; Lecuwen et al., 2014). JleTr CKIIOHHBI KOTHPOBAThH
pasnuuHble neicTBhs 0e3 kakoro-nubo moompenus (Lyons
et al., 2007; Nielsen, Tomaselli, 2010; Flynn, Smith, 2012).
OTa BpOXJECHHAS COLMAIBHOCTD ABIsiETCA (PyHIaMEHTOM,
00eCTIeunBAIOIINM KYMYIISITHBHYIO KYJIBTYPHYIO BOJIIOLHIO
yesoBedectna (Dean et al., 2014). DiamoT ApOHCOH MUIIET,
YTO Ha3bIBAaTh UEJIOBEKA «COLMAIBHBIM KHBOTHBIM» — IIpa-
BUJILHO, HO HE COBCeM. bosee TouHbIM ObII0 ObI HA3BaTh YeIo-
BCKa «KOOIEPATUBHBIM WJIN YJIIBTPACOLUAJIbHBIM )KUBOTHBIM»
(Aronson, 1980). Takum 06pa3oM, pa3BUTHE COITHATEHOCTH
YeJIOBeKa JAaeT HaM eIl OMH IIPUMEP TECHOTO IBOJIIOIIMOH-
HOTO B3aMMO}1€l71CTBId)I TC€HOB U KYJIbTYPbI — BPOXACHHOI'O
MO3TOBOTO CyOCTpara COIMaIbHOCTH U COITHATIFHOTO 00yde-
HUSI Kak KyleTypHOTo (peHOMeHa. [Ipruem aBTop obOparmaer
BHMMAaHHE Ha TO, YTO COLHAIbHOE 00yUEeHHUE Y YETIOBEKA PE3KO
OTJIMYAETCS OT TAKOBOTO Y IPYTUX KUBOTHBIX U 00€3bsH — y
YeJloBeKa COIMaIbHOE O0ydYeHHE, CKOpee, HOCHT XapakTep
HaCTaBHUYCCTBA, Y€ro HCT Y )KUBOTHBIX.

CoumnanbHOCTB pokaeT Mopaib. KoHeuHO, MOpaib nmeeT
CBOMCTBO M3MEHSTHCS B 3aBUCHMOCTH OT M3MEHEHUH COLH-
aJbHOW OpraHu3aluy (MHTEPECHO YUTaTh O CIIOKOWHOM OT-
HOIIICHWN K WHCTHUTYTy paOCTBa Kak 0 caMo coboii pasyme-
fomemcst y [Timarona mim ApucTorernst), Ho 6a30Bble MOpaJIbHBIC
XapaKTepUCTUKH, ITO-BUAUMOMY, TAK)KE 3a)MKCUPOBAHBI Ha
TeHEeTHYeCKOM ypoBHe. HelipoOnonornieckne ncciaeoBaHus
TMIO3BOJIMJIM YCTAHOBHUTH HAJIMUKE TeHETHYECKOM OCHOBBI pas-
BUTUA MOPAJIBHOI'O ITOBEACHUA. I'eneTnueckas JACTCPMUHAUA
Pa3BUTHSI MOPAJIN 1 MOPAJIILHOTO TTOBEAEHHSI CBS3BIBACTCS C
BO3HMKHOBEHHEM y NPUMATOB pona Homo crienuduaeckoit
OpraHM3aluy Takux o0pa30BaHUIl TOJIOBHOTO MO3Tra, Kak
npedponTanbHas U opOUTOGPOHTATBHAS KOpa U TEPEIHsT
BucouHas u3BmwinHa (Moll et al., 2005). Y genoseka 3t 00-
pas3oBaHusi, Mpex/ie BCero npedpoHTalibHask Kopa, MOTyduIn
ocobennoe pazsutue (Schultz et al.,, 1997; Allman et al.,
2002). V mone#t ¢ 09aroBbIMH MOPAYKEHUSIMH 3THX 00s1acTeit

BaBuNOBCKMNI XKYpHan reHeTUKN 1 cenekuyumn « 2017 - 21« 4

497



On the human nature
(following in the steps of Belyaev)

MO3ra MOYXHO HaOJII0/1aTh MPOSIBIICHHS PA3JIMYHOIO TUITA aHTH-
COIIMATIBHOTO MOBEICHHUS, BKIIIOUas, HAIPUMeEP, OTCYTCTBUE
TaKUX NEePEeKUBAHMIN, KaK CMYIIICHUE, TyBCTBO TOPAOCTH HITH
coxanienus (Beer et al., 2003; Camille, 2004). [Toka3aHo,
YTO MMEETCs] TeHETHUECKas MPEAPACIIONOKEHHOCTh K TPO-
SIBJICHUSIM QHTHUCOIMAIBHOTO (AHTUMOPAIEHOTO) OBE/ICHHS,
KOTOpbIC MOXKHO HaOmonare y 3—4 % myxuuH. B rpymme
MY>K41H, COBEPIIHUBIINX YTOJIOBHBIE TPECTYIIICHHS, TIPOLICHT
Jroziel ¢ aHTUCONMAIbHBIMU OCOOCHHOCTSIMH TTOBE/ICHHS 3Ha-
quTenbHO BhIe: oT 33 10 80 % (1Mo 1aHHBIM UCCIIEIOBAHUH,
npoBeneHHbx B CIIA) (Mednick et al., 1977). Boobmie o
TaKUX KaTeropusx, Kak MOpajb, HDaBCTBEHHOCTh, aMOPaJIb-
HOCTb H T.J., HAITUCAHBI TOPbl HAYYHBIX, Xy/JI0XKECTBEHHBIX
U PEJINTUO3HBIX TPAKTATOB, U 51 HE UyBCTBYIO HU MajenIeit
BO3MOXXHOCTH TIPUBOJUTH OOLIMPHBIC PACCYXJICHHUS Ha 3TH
TEMBI HE TOJBKO B CHIIYy HEJIOCTATOYHOCTH MECTa, HO U 110
MPUYNHE CBOCH HEKOMITIETEHTHOCTH. YTO KacaeTcsi OHoio-
THYECKHX MCTOKOB MOpAJIH, JIy4Ille BCETO C MOEH CTOPOHBI
OBUTO OBl PEKOMEH IOBATh [IPOYTEHHE XOTSI ObI JIBYX MMPEKPACHO
HarmcanHbIX KHUT: Robert Wright “The Moral Animal” (N. Y.
Vintage Books, 1995. 466 p.) u ®panc e Baans «McToxu Mo-
panu. B nouckax yenoBeueckoro y mpumaron» (M.: AnbnnHa
HOH-¢uKIH, 2014. 376 c.).

Haxoner, xorenock Obl 00paTUTh BHIMaHUE Ha €IIE OTHO
YAUBUTEIBHOE CONPSKEHUE 3BOJIFOLIUI TE€HETUUECKOM U KYJlb-
TYpPHOI. DBOIOLUS KyJIBTYpPbI, KOTOpast MHOTMH paccMaTpH-
BAaeTCs KaK HaI0MOJIOTHYEeCKHi (DeHOMEH, 110 BCEM IapameT-
paM aHaJorM4Ha JapBHHOBCKOMY IIPOLIECCY, B PE3yJbTare
KOTOPOTO ITyTE€M CEJIEKIUHU W HepeJadn B PsAy ITOKOJICHUH
(hopmupyeTcs aJanTUBHBIN [UTs1 JTAHHOTO COOOIIECTBA BAPUAHT
kyabsTypbl (Mesoudi et al., 2006). Eciiu pa3Hbie nposiBICHUS
KyJIBTYpB! (MJI€H, TEXHOJIOTHH U T.]I.) XapaKTepU3yIOTCs Ba-
PpHadETbHOCTBIO M MEK/Ty HUMH IIPOUCXOIUT COPEBHOBAHNE
(struggle for life), nanpumep, no ux 3PPEKTUBHOCTH HIIH
JPYTHM KauecTBaM, €CJIM OHU 0e3 0COObIX HCKaKEHHH MOTYT
TIepeIaBaThCs U3 MOKOJICHNUS B TOKOJICHHUE, T. €. HACTICOBATHCS
C IOMOIIBIO PA3HBIX MEXaHU3MOB — SI3bIKOBBIX HHCTPYKIIHH,
MOZIPAYKAHUS, COIMAIBHOTO OOYYEHUS U T.[I., TOTIa MOXHO
TOBOPHUTB O TOM, YTO KYJIBTypa IBOJIIOLIMOHUPYET 10 JlapBHHY.
DJIeMEHTBI KYJIBTYPbI PEIPOAYLIUPYIOTCS ITyTEM Iepeaad OT
OIHUX JIFOZCH APYTUM KaK BHYTPH OIHOTO TTOKOJIEHUS («To-
PHU30HTAJIBHBIN IEPEHOCY), TaK U CIETYIOIINM MTOKOJICHHSIM.
OHHM TO/IBEPraloTCsl U3MEHEHUSIM («MyTalusiM») U 0TOOpY,
KaK E€CTECTBEHHOMY, TaK M MCKyCCTBEHHOMY. B pesynbrare
JIOJDKHA MOBBIIIATHCS IPUCTIOCOOIEHHOCTh HOCHTENECH KYJTb-
Typs! (Parsons, 1964; Cavalli-Sforza, Feldman, 1981). Ora
HETEHETHUECKast 3BOMIOLMS 00ECTIEUNBACT OBICTPYIO KYIBTYP-
HYIO aJarTannio K HOBBIM yCIIOBHUSM, HAKOTUICHUE 3HAHUH,
pa3BUTHE HOBBIX TEXHOJOTWH M COIMAIBbHBIX MHCTHTYTOB.
IIpu 3TOM TaK ke, KaKk U B TEHETHUECKOM IBOJIFOIIMH, MOYKET
HUMETh MECTO 3aKpEIJICHUE JIEMEHTOB KYJIBTYpBl HE TOJIBKO
B PE3yJIbTaTe CENEKIMH, HO ¥ BCIIGACTBHE CIIy4ailHOCTH (aHa-
yorus ¢ reHeTHuecknM nperiom) (Cavalli-Sforza, Feldman,
1981; Boyd, Richerson, 1985). Takoe monnmanue pa3BuTHs
KYJIBTYPbI TPOTUBOIIONIOKHO IPEACTABICHHSIM O HEN30€KHOM
JMHEIHOM mporpecce, Grmarofapss KOTOPOMY YeIIOBEUECTBO
PaBHOMEPHO JIBMKETCSI OT SIIOXH JMKOCTH U BAPBAPCTBA K M-
BuiIM30BaHHOMY cocrosinuto (White, 1959). B yenoBeueckom
o01IecTBe MMeeTCs 3HAYUTETIHHOE pa3Ho00pas3we 2JIeMEHTOB
KyJIBTYpBI, HAIPUMEP TAaKNX, KaK 3HAHWS, BEPOBAHMUS, MaTe-
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puasbHbIe aTpUOYTHI KyJIBTYPHOM XHM3HHU U, KOHEYHO, 6800
SI3bIKOB, HA KOTOPBIX PA3TOBAPHUBAIOT JIIOIU B Pa3HBIX CTPAHAX
(Ethnologue..., 2000). OTo pazHooOpazue co3gaet 6azy ais
CEJISKIIMU U 3aKPETUICHUs] OTOOPaHHBIX KYJIBTYpPHBIX [IEHHO-
CTEH B KU3HU MOCIENYIOIUX NokoneHuil. Tak, Hampumep,
MIPOMCXO/IUT PA3BUTHE SI3bIKa (CO31aHKE U ITUMHUHAIINS CIIOB
u BeipakeHuit) (Baddeley, 1990), a apxeosorn orMeyaror 1o
Mepe MPOJBMKEHUS OT JPEBHUX PACKOTIOK K O0Jiee MO3AHUM
cmeny oxHux apredakroB npyrumu (O’Brien et al., 2001).
«HacnencTBeHHbIe» KyJIbTYPHbIC U3MEHEHUS PA3INYHBIX HC-
KyCCTBEHHBIX YCTPOMCTB M MPHUCIIOCOOIICHNH, & TAK)KE CHCTEM
COIMAJIFHBIX OTHOIICHHH, B TOM YHCJIE CIIOCOOOB BOCIUTAHUS
n o0yueHHs JIeTel, OTMEUEHbl B MHOTOYHCIICHHBIX PadoTax
(Bandura, 1977; Cavalli-Sforza et al., 1982; Hewlett, Cavalli-
Sforza, 1986; Whiten et al., 1996). Pasnu4nbIe mpenMeTs
KyJBTYpPbl MOTYT JIMMHHUPOBATHCS, CTAHOBUTBCS «UCKO-
MaeMBIMI», KaK, HAIPUMEp, U3EIHs U3 KOCTH B TacMaHuu
(Diamond, 1978). J11s 211eMEHTOB KyJIBTYpBI, TaK 5K Kak JJIs
IeHETUYECKUX MPHU3HAKOB, XapaKTepHO Hajmuue reorpadu-
YEeCKOM M3MEHIUBOCTH. MOXKHO HaOIIONaTh «KOHBEPTEHTHYIO
IBOJTIOIMIO» KyJIbTYyp. OiHaKo Tak xe, kak JlapBuH, pa3pa-
00TaBLIMH TEOPUIO OMOJIOTUYECKOM IBOJIOLUH ITyTEM eCTe-
CTBEHHOTO 0TOOPA, HE MMEJT IIPEJICTABICHUS O MAaTePUAITBHBIX
HOCHTEIISIX HACJICJICTBEHHOW Iepeiadyn MPU3HAKOB, COBpeE-
MEHHBIE MCCIIE/IOBATEIN MMEIOT BEChbMa NPOTHBOPEUHBHIC
MIPE/ICTABICHUS O EANHHUIIAX U MEXaHW3MaxX KyJIbTypHOTO Ha-
cienoBanus. [IpencraBienne o KynbType Kak CBOS0Opa3HOM
Croco0e AIHUIeHETHYECKOro HaclleI0BaHHs ObUIO Pa3BUTO B
pabote Pruapma Jloxunsa (Dawkins, 1976), koTopsrii BBen B
00MXO0JT TEPMHUH «MEM)» JIIsl 0003HAYEHHSI HEKOCH JTHCKPET-
HOW eJIMHUIBI MH()OPMALIMK, KOTOpasi HACIEAYETCs MyTeM
KyJbTypHOI iepenaun. [loguepkuBaercst HaNUINE CUIBHBIX
B3aMMOJIEHCTBUI MEX 1y IBOJIIOLUEN KyIbTYpHON U FEHETH-
YeCKOW Kak Ha YpOBHE CO3/1aHMsl 0A3UCHBIX MaTepHaIbHBIX
MIPU3HAKOB, TaK M IPH (POPMUPOBAHUHU TTOBEICHUS, B CBSI3U
C Pa3BUTHEM TAKHX COIHAIBHBIX (DYHKIMH, KaK 3MIarus,
CTBIJ, YyBCTBO BUHBI, MCTUTEJILHOCTH, OJIarOapHOCTH, pe-
JUTHO3HOCTHU U T. 1. (Zajonc, 1980, 1984; Thara, 2011). [lanee,
KyJIBTypa, TaK K€ KaK M TeHBI, MOXET CITy>KHTb JUIsl yCTaHOB-
JICHUSI CTETICHN POJICTBA Pa3HbIX MOMYISLMN U TOCTPOCHUS
IBOJIONMOHHEIX AepeBbeB (Mace, Pagel, 1994).

O1HO 13 BO3paXKEHUH POTUB MPOBEICHHS aHAJIOTHH MEXTY
KyJIbTYPHOM U TeHETUYECKOM 3BOJIIOLIUEH 3aKIII0UYAETCS B TOM,
YTO TEHBI SABJIAIOTCS SIKOOBI YETKUMH ANCKPETHBIMU €ANHH-
[IaMH, U3 KOTOPBIX Ka)KJasi OTBEYACT 3a OJMH OTIPE/CICHHBIN
MIPU3HAK, YeTO He CKaXelllb 00 2JIeMeHTax KylnbTypbl. OHAKO
Ha CaMoOM JIeJIe 9TO He Tak. To, YTO MBI 3HAEM B HACTOSILEE
BpeMsi 00 aJIbTEpHaTUBHOM CIUIAficHHTe (Ha/10 TIOJUYEPKHYTh,
YTO OH 0COOCHHO XapaKTePEeH Il HEHPOTCHOB), PEIAKTHPO-
Bannn PHK, renmernueckoM MMIPUHTHHTE, MOAN(DUKAIISIX
0EJIKOBBIX TIPOAYKTOB, PA3MBIBAET YETKOCTH (DOPMYITHPOBKH
«OJIVH I'eH — oiuH epMeHT. C ApYyroi CTOPOHBI, HEKOTOPbIE
KyJIBTYPHBIE «MEMBI» MOTYT «HACJIEA0BATHCSA» BIIOJIHE He-
3aBUCHMO U OTHOCHTEIIEHO HEM3MEHHO, HAlpUMep peueBbie
000pOTHI, OIIPe/IeIIEHHbIE TEXHOJIOTUH (IPUTOTOBIICHUE ChIpa
WIN BUHA) U T.J. Termepb BCTAaeT BOMPOC, KAK BO3HUKAIOT
KyJIBTypHBIC BAPHALIMH 1 HET JI aHAJIOTHH C TeHETHICCKUMHU
myrtanusmu (Mesoudi, 2011). Ecnu u ectb, TO Janeko He
nonHasi. VI3BeCTHO, YTO TeHETUYECKHE MyTallll BO3HUKAIOT
CITy4aifHBIM 00pa30M M X BO3ZHHUKHOBEHHE HE 00YCIIOBICHO
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O npupope uenoBeka
(scnep 3a [.K. benseBbim)

UX BOBMOXKHBIMHU d(p(heKTamu, KOTOpbIE OHU MOTYT OKa3bIBaTh
Ha pa3BUTHE OpraHu3Ma. YTo kacaeTcs MyTaluil KyJIbTypbl,
TO JIOIYCKAeTCsl, YTO OHH MOTYT OBITh HECIydYalHBIMH U
HaIpaBJICHHBIMH Ha JOCTHXKCHUE OMPENEICHHOr0 dPQeKTa.
C apyroii CTOPOHBI, CIIy4aifHOCTh BO3HUKHOBEHHS KYJBTyp-
HBIX HOBAIUH SIBIISICTCS, TIO-BUANMOMY, HEIPEMEHHBIM CITyT-
HUKOM KYJIETYPHOU 3BOJIFOLIMM U [IOYTH BCErja — TBOPUECKON
JIESITEIbHOCTH. 3a4acTyl0 HOBBIM OTKPBITHAM COIMYTCTBYET
COCTOSIHHE, KOTOPOE IPUHSTO HA3bIBATh 03apEHHEM. DTOMY
MIPEALIECTBYET MBICTICHHBIN (4aCTO HEOCO3HABAEMBIiT) Macco-
BBIH ITepe6op BCEBO3MOKHBIX aCCOIMAIINHN, B PE3YyIIbTaTe YeTo
CJTy4aifHO MOXeT OBITh HalIeH BUPTYaJIbHBIN 00pa3 1eHCTBHU-
TEJILHBIX CBS3EH MEXY U3y4aeMbIMH [IPUPOAHBIMH (hakTaMu
1 coOpITisiMu. CiTy4aifHO BO3HHKIIAs yMO3PHUTENIbHAs CXEMA,
0OBSICHAIONIAsI paHEe HETIOHSITHBIEC PeabHbIE COOBITHS, CTa-
HOBHUTCS OTKpbITHEM. Ho TOr1a MOXKHO NpeICTaBUTh BO3MOXK-
HOCTbh BO3HUKHOBEHHS ICTAIBHBIX MyTalniiy». BeposiTHo, B
WCTOPHHU KYJIBTYPBl MOXXHO HAaHTH MHOXKECTBO OIIMOOYHBIX
«OTKPBITHIY, 0COOEHHO B cepe MIICOIIOTHH, KOTOPbIE CIO-
COOHBI HAHECTH 3HAYUTENFHBIN YIIepO COMyMYy.

Henp3st He yrOMSHYTbH U emie 00 OIHON OTpHIATEIbHON
CTOPOHE IPAHAMO3HOTO IO CPABHEHUIO C IPYTMMH JKUBOTHBI-
MU TPOrpecca MEHTAIbHBIX ¥ KOTHUTUBHBIX CIIOCOOHOCTEH
yenoBeka. K coxarnenuto, mo0oii ycriex, TeM 0ojee CTolb
3HAYUTEIIbHBIN, HE MPUXOAUT O3 moTepsh. Jleno B ToM, uTo
9BOJIIOIMS KYJBTYPBI HAET 3HAYUTEIBHO OBICTPEE, YEM 3BOITO-
st renoma. Harra pa3Burast TMBUIIM3anus, COBEPIIMBIIASICS
3a 10—15 ThIC. €T, IO CYTH, BBIpBaa YeJI0BEKAa U3 TOM CPe/ibl,
K KOTOPOH €ro TeHOM paHee MpucrocadiuBajcs Ha MpoTs-
JKCHUHM MMJUTHOHOB JIET. DTO NMPHUBEJIO K BOZHUKHOBEHHIO 11e-
JIOTO psijia paccoriacoBaHuil. Bo3HUK OOJBIION CIMCOK TakK
Ha3bIBAEMBIX OOJIC3HEH IUBUIIM3AIINH, HATPUMED O’KUPECHNE,
JaderT, THIepToHws, icuxnaeckue oonesnn (Mapkens, 2015).
KoneuHo, 61arogapsi pa3BUTHIO KYJIBTYPbI, HAyKH U TEXHOJIO-
Uit OONBIINX PE3yIBTAaTOB JOCTHIVIA COBPEMEHHASI MEIUIINHA,
KOTOpasi BITAETCSI, U MHOT/Ia BEChMa YCIICIIHO, N30aBISAThCS
ot Oone3neit nuBuan3auu. Ho, K coxaneHuio, eCTh eIie u
Jpyrue «00JIe3HN INBIIN3ANI, KOTOPIE HEBO3MOXKHO H3-
JICYUTH C MOMOIIBIO MEIUIMHBI, 3TO COIMAIbHBIC OONE3HU:
BOWHBI, COIIMAIbHOE HEPABEHCTBO U Pa300ILEHHE, pach3M,
kceHo(oOus, peTUTHO3HEIHA SKcTpeMu3M. MHoTIa nerTatoTes
OOBMHHTH B 3THX COLMAJBHBIX OOJIE3HSIX OMOIOTHYECKYIO
MIPUPOTY YEJIOBEKA: TAKHE, MOJI, MBI arPECCUBHBIE OT IPUPO/IBI
1 OTCIOJIa BOMHBI U Bee ipyrue HarnacTu. Ho 1aBHO U3BECTHO,
YTO 3TO HE TAK, COBPEMEHHAsl HayKa OTBEPraeT TaKylo BO3-
MoxkHOCTh (Mapkens, 2016). Boiina — 3To He 60psda Yesno-
BEKa ¢ 4eII0BEKOM, HO Ooprba rocymapcTsa ¢ TOCYIapCTBOM
(Rousseau, 2003). OGmecTBo, yemoBedeckast KyiIbTypa U
HayKa JOJKHBI HAlTH JIEKapCTBO HE TOJIBKO OT TEJIECHBIX U
JYIIEBHBIX, HO ¥ OT COLMANIBHBIX Oone3Hel. [ToModb aTOMYy
HCIIEJICHHIO, CIIOCOOCTBOBATH PACI[BETY BCEMHUPHOTO UeIIOBE-
YecTBa — OJ[HA U3 INIABHEHINX 3a]1a4 OMOJIOTHUECKOM HayKH,
o maeHuio J1.K. bensera.

Acknowledgments
This work was supported by State Budgeted Project 0324-
2016-0020.

Conflict of interest
The author declares no conflict of interest.

leHeTuKa yenoBeka

2017
214

AJ1. Mapkenb

References

Allman J., Hakeem A., Watson K. Two phylogenetic specializations in
the human brain. Neuroscientist. 2002;8:335-346.

Aronson E. The Social Animal. N. Y.: Palgrave Macmillan, 1980.

Baddeley A.D. Human Memory. Boston: Allyn and Bacon, 1990.

Bandura A. Social Learning Theory. Englewood Cliffs. N. J.: Prentice-
Hall, 1977.

Beer J.S., Heerey E.A., Keltner D., Skabini D., Knight R.T. The regula-
tory function of selfconscious emotion: insights from patients with
orbitofrontal damage. J. Pers. Soc. Psychol. 2003;65:594-604.

Belyaev D.K. Problems in human biology: genetic reality and need for
sociobiological synthesis. Priroda = Nature (Moscow). 1976;6:26-
30. (in Russian)

Belyaev D.K. Modern science and the problems of human research. Vo-
prosy filosofii = Problems of Philosophy. 1981a;3:3-16. (in Russian)

Belyaev D.K. Some factors in hominids evolution. Voprosy filosofii =
Problems of Philosophy. 1981b;8:69-77. (in Russian)

Belyaev D.K. Main wealth of the mankind. Nauka i religiya = Science
and Religion. 1982;1:2-6. (in Russian)

Boyd R., Richerson P.J. Culture and the Evolutionary Process. Chicago:
University of Chicago Press, 1985.

Boyd R., Richerson P.J., Henrich J. The cultural niche: Why social
learning is essential for human adaptation. Proc. Natl. Acad. Sci.
2011;108:10918-10925.

Burrows A.M. The facial expression musculature in primates and its
evolutionary significance. BioEssays. 2008;30:212-225.

Camille N. The involvement of the orbitofrontal cortex in the experi-
ence of regret. Science. 2004;304:1167-1170.

Cavalli-Sforza L.L., Feldman M.W. Cultural transmission and evolu-
tion. Princeton University Press, 1981.

Cavalli-Sforza L.L., Feldman M.W., Chen K.H., Dornbusch S.M. Theo-
ry and observation in cultural transmission. Science. 1982;218:19-27.

Chomsky N. Aspects of the Theory of Syntax. Cambridge, Massachu-
setts: Massachusetts Institute of Technology Press, 1965.

Chomsky N. Rules and representations. Behav. Brain Sci. 1980;3(1):1-15.

Cosmides L., Tooby J. Evolutionary psychology: new perspectives on
cognition and motivation. Annu. Rev. Psychol. 2013;64:201-229.

Darwin Ch. On the Origin of Species by Means of Natural Selection, or
the Preservation of Favoured Races in the Struggle for Life. London:
John Murray, Albemarle street, 1859;424.

Dawkins R. The Selfish Gene. Oxford UK: Oxford University Press,
1976.

Dean L.G., Kendal R.L., Schapiro S.J., Thierry B., Laland K.N. Iden-
tification of the social and cognitive processes underlying human
cumulative culture. Science. 2012;335:1114-1118.

Dean L.G., Vale G.L., Laland K.N., Flynn E., Kendal R.L. Human cu-
mulative culture: a comparative perspective. Biol. Rev. 2014;89:
284-301.

Diamond J. The Tasmanians: The longest isolation, the simplest tech-
nology. Nature. 1978;273:185-186.

Dobzhansky T. Nothing in biology makes sense except in the light of
evolution. The American Biology Teacher. 1973;35(3):125-129.

Dunbar R.M. The Human Story. N. Y.: Faber & Faber, 2005.

Ehrlich P.R. Human natures: genes, cultures, and the human prospect.
Washington, DC: Island Press, 2000.

Ethnologue: Languages of the World. Ed. B.F. Grimes. Dallas, Texas: SIL
International, 2000. Online version: http://www.ethnologue.com/14.

Feldman M.W., Laland K.N. Gene-culture coevolutionary theory.
Trends Ecol. Evol. 1996;11(11):453-457.

Flynn E., Smith K. Investigating the mechanisms of cultural acquisi-
tion: How pervasive is adults’ overimitation? Soc. Psychol. 2012;
43:185-195.

Glukhov V., Kovshikov V. Psikholingvistika. Teoriya rechevoy deyatel-
nosti [Psycholinguistics. Theory of Speech Activity]. Moscow: AST
Publ., 2007;318. (in Russian)

Herrmann E., Call J., Hernandez-Lloreda M.V., Hare B., Tomasello M.
Humans have evolved specialized skills of social cognition: The cul-
tural intelligence hypothesis. Science. 2007;317:1360-1366.

BaBuNOBCKMNI XKYpHan reHeTUKN 1 cenekuyumn « 2017 - 21« 4

499


http://www.ethnologue.com/14

On the human nature
(following in the steps of Belyaev)

Hewlett B.S., Cavalli-Sforza L.L. Cultural transmission among Aka
pygmies. American. Anthropologist. 1986;88:922-934.

Ihara Y. Evolution of culture-dependent discriminate sociality: a gene-
culture coevolutionary model. Phil. Trans. R. Soc. B.2011;366:889-900.

Jurmain R., Nelson H., Kilgore L., Travathan W. Introduction to Physi-
calAnthropology. Cincinatti: Wadsworth Publishing Company, 1997.

Kareiva P., Watts S., McDonald R., Boucher T. Domesticated nature:
shaping landscapes and ecosystems for human welfare. Science.
2007;316:1866-1869.

Kendal J., Tehrani J.J., Odling-Smee J. Human niche construction in
interdisciplinary focus. Phil. Trans. R. Soc. B. 2011;366:785-792.
Laland K.N., Kendal J.R., Brown G.R. The niche construction perspec-
tive: implications for evolution and human behaviour. J. Evol. Psy-

chol. 2007;5:51-66.

Laland K.N., Odling-Smee F.J., Feldman M.W. Cultural niche con-
struction and human evolution. J. Evol. Biol. 2001;14:22-33.

Laland K.N., Odling-Smee F.J., Myles S. How culture shaped the hu-
man genome: bringing genetics and the human sciences together.
Nat. Rev. Genet. 2010;11:137-148.

Leeuwen E.J.C. van, Call J., Haun D.B.M. Human children rely more
on social information than chimpanzees do. Biol. Lett. 2014;10:
20140487.

Lyons D.E., Young A.G., Keil F.C. The hidden structure of overimita-
tion. Proc. Natl. Acad. Sci. 2007;104:19751-19756.

Mace R., Pagel M. The comparative method in anthropology. Curr. An-
thropol. 1994;35:549-564.

Markel A.L. Evolutionary and genetic roots of hypertensive disease.
Genetika = Genetics. (Moscow). 2015;51(6):644-657. (in Russian)

Markel A.L. Biosocial base of aggressiveness and aggressive behavior.
Zhurnal vysshey nervnoy deyatelnosti im. I.P. Pavlova = I.P. Pavlov
Journal of Higher Nervous Activity. 2016; 66(6):1-12. (in Russian)

Marks J. The biological myth of human evolution. Contemporary So-
cial Science: J. Acad. Soc. Sci. 2012;7(2):139-157.

Mednick S.A., Kirkegaard-Sorenson L., Hutchings B., Knop J., Rosen-
berg R., Schulsinger F. An example of bio-social interaction research:
the interplay of socio-environmental and individual factors in the
etiology of criminal behavior. Biosocial Bases of Criminal Behavior.
Eds. S.A. Mednick, K.O. Christiansen. N. Y.: Gardner Press, 1977.

Mesoudi A. Cultural Evolution. Chicago, IL: Univ. Chicago Press, 2011.

Mesoudi A., Whiten A., Laland K.N. Towards a unified science of cul-
tural evolution. Behav. Brain Sci. 2006;29(4):329-347.

Moll J., Zahn R., di Oliveira-Souza R., Krueger F., Grafman J. The
neural basis of human moral cognition. Nat. Neurosci. 2005;6:
799-809.

500 VavilovJournal of Genetics and Breeding - 2017 - 21 -4

A.L. Markel

Nielsen M., Tomaselli K. Imitation in Kalahari Bushman children and the
origins of human cultural cognition. Psychol. Sci. 2010;21:729-736.

O’Brien M.J., Darwent J., Lyman R.L. Cladistics is useful for recon-
structing archaeological phylogenies: Palacoindian points from the
southeastern United States. J. Archaeol. Sci. 2001;28:1115-1136.

Parsons T. Evolutionary universals in society. Am. Soc. Rev. 1964;29:
339-357.

Pilipenko 1.V., Pristyazhnyuk M.S., Kobzev V.F., Voevoda M.I., Pili-
penko A.S. Polymorphism of LCT gene regulatory region in Turkic-
speaking populations of the Altay-Sayan region (southern Siberia).
Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Journal of Genet-
ics and Breeding. 2016;20(6):887-893. DOI 10.18699/VJ16.209. (in
Russian)

Pollard K.S. What makes us Human? Comparison of the genome of
humans and chimpanzees are revealing those rare stretches of DNA
that are ours alone. Scientific American. 2009;300(5):32-37.

Relethford J.H. The human species: an introduction to biological an-
thropology. N. Y.: McGraw-Hill, 2007.

Rendell L., Fogarty L., Laland K.N. Runaway cultural niche construc-
tion. Phil. Trans. R. Soc. B. 2011;366:823-835.

Richerson P.J., Boyd R. Not by Genes Alone: How Culture Transformed
Human Evolution. Chicago: University of Chicago Press, 2005.

Richerson P.J., Boyd R., Henrich J. Colloquium paper: gene-culture
coevolution in the age of genomics. Proc. Natl. Acad. Sci. USA.
2010;107:8985-8992.

Rousseau J.-J. On the Social Contract. Mineola, N. Y.: Dover Publica-
tions, Inc, 2003.

Schultz W., Dayan P., Montague P.R. A Neural substrate of prediction
and reward. Science. 1997;275:1593-1599.

Stringer C., Andrews P. The Complete World of Human Evolution.
London: Thames & Hudson, 2005.

Tomasello M. Natural History of Human Thinking. Harvard University
Press, 2014a.

Tomasello M. The ultra-social animal. Eur. J. Soc. Psychol. 2014b;44:
187-194.

White L.A. The Evolution of Culture: The Development of Civilization
to the Fall of Rome. N. Y.: McGraw-Hill, 1959.

Whiten A., Custance D.M., Gomez J.C., Teixidor P., Bard K.A. Imi-
tative learning of artificial fruit processing in children (Homo sa-
piens) and chimpanzees (Pan troglodytes). J. Comp. Psychol. 1996;
10:3-14.

Zajonc R.B. Feeling and thinking: preferences need no inferences. Am.
Psychol. 1980;35:151-175.

Zajonc R.B. On the primacy of affect. Am. Psychol. 1984;39:117-123.

Human genetics



Mprem cTaten yepes 3neKTPOHHYIO pefakuumio Ha canTe http://vavilov.elpub.ru/index.php/jour
MpenBapuUTeNnbHO HYXKHO 3aPErMCTPUPOBATLCA Kak aBTOPY, 3aTEM B MPABOM BEPXHEM Yy CTPAHULbI
Bbl6paTh «OTNPaBnTb PyKONUCb». Moc/e 3aBepLIEHUS 3arpy3Kmn MaTepUanos 06s3aTesibHO BbIGpaTb
onumio «OTNPaBUTL NCbMO», B STOM CJlyyae peAakLms aBTOMaTMUecky byaet yBeaomsieHa

0 MOoJTyUYEHNN HOBOW PYKOMMUCK.

«BaBWTOBCKII XKypHas reHeTuKn 1 cenekumm»/“Vavilov Journal of Genetics and Breeding”
£0 2011 r. BbIxoaun nop HazeaHvem «/IHGopMaLMoHHbIN BecTHMK BOTUC»/
“The Herald of Vavilov Society for Geneticists and Breeding Scientists”.

PervcrpaumorHoe ceupetenbctso M N OC77-45870 BbigaHo OefepanbHol ciy60i1 no Haa3opy
B cdepe cBA3M, MHPOPMALIMOHHbIX TEXHOMOIMI N MaCCOBbIX KOMMYHUKauwmii 20 nions 2011 r.

«BaBUNOBCKMI XXypHan reHeTUKK 1 cenekuum» BkntoueH BAK MuHobpHayku Poccun B MNepeyerb
peLieH3pyeMbIX HayUYHbIX U3[aHUIA, B KOTOPbIX AOMKHbI ObITb OMy6/IMKOBaHbl OCHOBHbIE PE3ybTaThl
AMCCepTaLmii Ha COMCKaHME YYEHOW CTENEHN KaHAMAATa HayK, Ha CONCKaHVE YYEHOW CTEMEHN
[OKTOpa HayK, POCCMINCKMI MHAEKC HayYHOTO LuTpoBaHusa, BUHUTW, 6a3bl gaHHbIx Ebsco, DOAJ,
Urlich’s Periodicals Directory, Google Scholar, Russian Science Citation Index Ha nnatdpopme

Web of Science.

OTKpbITbIN AOCTYN K MOMHbIM TEKCTaM:

Ha cainte MLnl CO PAH - bionet.nsc.ru/vogis/

nnatdopme Elpub - vavilov.elpub.ru/index.php/jour

nnatdopme HayuHom anekTpoHHoM 6rnbnuoteku — elibrary.ru/title_about.asp?id=32440

MopnucKy Ha «BaBNNOBCKMI XXypHan FreHETUKN 1 CENEKLUM» MOXHO 0pOPMUTD B JIOO6OM NMOUTOBOM
oTaeneHun Poccun. ingekc nsganna 42153 no katanory «[pecca Poccum».

lMpwv nepeneyaTke MaTepUanoB cCbifika Ha XypHan obsa3aTtenbHa.

DX e-mail: vavilov_journal@bionet.nsc.ru

MpocnekTt Akagemuka JlaBpeHTbeBa, 10, HoBocnbupck, 630090.

CeKkpeTapb Mo opraHu3auoHHbIM Bonpocam C.B. 3y6oBa. Ten.: (383)3634977.

M3paHne nogrotoBneHo nHpopmalmoHHo-n3gatenbckum otgenom Lml CO PAH. Ten.: (383)3634963*5218.
HauanbHuk otaena: T.O. Yankosa. Pegaktopsi: B.[l. AxmeToBa, U.10. AHydpueBa. [lusaiiH: A.B. Xapkesuu.
KomnbloTepHas rpaduka v BepcTka: T.6. KoHsaxuHa, O.H. CaBBaTeeBa.

OtneyvataHo B Tunorpadum Oryr «/spatenscteo CO PAH», Mopckoii npocnekT, 2, HoBocnbupck, 630090.



