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Momusayus u yenu: B Xome MHOTOJETHETO SKCIIEPUMEHTA IO CEJICKIHOHHOMY
peoOpa3oBaHUI0 00OPOHHUTEIHHON PEAKIINH Ha YEIIOBEKA Y aMEPUKAaHCKAX HOPOK OBLITO
MOKa3aHo, 4YTO OTOOp OTKPHIBAET HOBBIE BO3MOXHOCTH JUIS HAcJeJCTBEHHON
M3MEHYHBOCTH B TOM € HAIlPaBJIIEHWH, B KOTOPOM JEHUCTBYeT caMm oToop. Takoi otbop
CIOCOOEH CO3/1aBaTh YBEIMYCHHE TEMIIOB M pa3Maxa HM3MEHYMBOCTH HE TOJBKO B
HaIpaBJIe€HUH CBOETO JEHCTBUs, HO U B Jpyrux HampasineHusx (benses, 1968, 1970,
1972,1974, 1979, 1981, 1983; benses, TpyT, 1964, 1982, 1983; Trut, 1999, 2007, 2008;
Trapezov, 1987, 2012). Llenp paboTsl — CpaBHEHHE TEMIIOB M pa3Maxa U3MEHYHBOCTH B
JBYX JIMHHUSAX HOPOK, CEJICKIMOHUPYEMBIX Ha PYYHOE M arpeCCUBHOE MTOBE/ICHHE.

Memoos u anecopummsi: 3a 26 TIOKONEHUH 0TOOpa B TOMYJIAIUN AMEPUKAHCKUX HOPOK
KJIeTOYHOro pasBeneHus renoruma Standard dark brown (+/+) 6butn co3manbl jBe
JIMHUH )KUBOTHBIX C PYYHBIM M arpECCHUBHBIM TTOBEJICHHEM 110 OTHOIICHHIO K YEJIOBEKY.
B xone ceneknnoHHOro nmpeoOpa3oBaHusl MOBEAEHHS PACCUNUTHIBATINCH: 1) cenexyuon-
Hull cO8ue — Pa3HOCTb MEXKAY CpEJHHMH 3HAaYCHUSIMH ITIpU3HAKa y TOTOMCTBa
OTOOpPAHHBIX POAUTENCH M B POJIUTEIHCKOM ITOKOJIEHHU B ILIEJIOM; 2) CeleKYUOHHbLI
oughghepernyuan — Pas’HOCTb MEXKAY CPECIHUMH 3HAUCHHUSMH TpPU3HAKa y oco0eH,
OTOMpaeMbIX B KaueCTBE POAUTENCH CIEAYIONIEro TOKOJICHHUS U B LSO MOIYJISINY;
3) seruuunvl peanuzosannot nacreoyemocmu h? — HaCKONBKO BEJMYMHA CEJEKIMO-
HUPYEMOro Mpu3Haka OOYCIIOBJICHA HACIIEJICTBEHHOCTBIO M HACKOJIBKO BIHMSHHEM
BHEIIHEH cpenpl; 4) koagguyuenmor ombopa — S (%); 5) nonyrayuonnsie kodphpu-
yuenmol unbpuounea no @arvkonepy — Fi ; 6) pakrunyeckue otBethl Ha oTOOp (R) Ha

MOKOJICHHE.

Pesynomamesi: B xone dKCHEpUMEHTa TIO CENEKIIMOHHOMY IPEo0pa30BaHUIO
000pOHUTENHHOI peaky OBUTH BBISIBJICHBI B3aMMOOTHOIIIEHHS MEX/y HalpaBICHHEM
oTOOpa W W3MEHYMBOCTBIO 10 TMoBeneHHIo. IIpexne Bcero, kak BUJHO Ha puc. 1,
(deHoTunuIeckas M3MEHYUBOCTh PH 0TOOPE Ha JOMECTUKALMOHHOE ITOBECHNE Ha J1Ba
MOpsiiKa BEJMYUH BBILIE, YeM B TPYIIeE, CEJICKIMOHUPYEMOW Ha arpeccuBHOE
noBejieHne. Pacdersl cpeHero mokaszareist pakTUIeCKOro OTBeTa Ha OTOOpP Ha OJHO
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MOKOJICHUE TIOKA3bIBAIOT HAWOONbIIMA 3PQPeKT 0TOOpa MO JOMECTHUIUPYESMBIM
JKUBOTHBIM. [IpydyeM 1O HUM HaOMOACTCS TOJOBOW JAUMOP(HU3M — HAMOOIBINUN
ad ekt oTbopa 3aduKcHpoBaH 1Mo camiiaMm. B 3KCTIPEeCCHBHOCTH PYYHOTO MOBEICHUS
(cammpl ocTOBepHO Oonee pydnble, yeM camku (p < 0.001). [Ipuyem BenmumHa
(hEHOTUITMYECKON BapUAHCHl CEJCKIIMOHUPYEMOTO MpH3HAKAa B JIOMECTHIIUPYEMOI
MOMYJISIIIMY Ha JIBa MOPSJIKA BEJIMYMH BBIIIIE, YeM B TIOMYJISAIIUN, CEICKIHOHUPYEMON Ha
arpeccuBHOCTh. CpemHmMA TOKa3zaTelb (PaKTHIECKOTO OTBEeTa Ha OTOOpP Ha OIHO
MOKOJICHUE 110 arpeCcCUBHBIM JKUBOTHBIM, KaK II0 cCaMmIlaM, TaKk M 10 CaMKaM,
MPAKTUYECKN OJTUHAKOBBIH.

0

8

Puc. 1

Peann3oBaHHas HaclIeIyeMOCTh, OIICHEHHAs KaKk OTHOIIeHUe caBura npu otoope (R) k
cenekiuonHoMy nuddepenimany (S), mokasajia, 4YTo 3a OTBET Ha IEPBbIC JBa
MOKOJIGHUS] «MUHYC»-0TOOpa OTBETCTBEHHBI OKOJIO 60 % agIuTHBHOTO pa3zHOOOpa3us,
«utoc»-0Tbopa — okoito 40 % (37 % mist camok u 38 % st camiioB). CyleCTBEHHBIN
CJIBUT, TOJIyUYEHHBIH B TCUCHHUE IEPBBIX JIBYX IMOKOJICHUI 0TOOpa Ha arpeCCUBHOCTD,
YKa3bIBaeT Ha TO, YTO YHUCJIO OCHOBHBIX I'€HOB, IETCPMUHHUPYIOIIUX MTOPOT arPeCCUBHBIX
peakiuii, MUHUMAITbHO, BO3MOXKHO, HEe 0oJiee IBYX-TPEX, U OHH ObICTPO (PUKCUPYIOTCS
Ha MEPBbIX dTanax oToopa.

OTOOp 1O OOOPOHUTENILHOM peakiMd Ha 4YeJOBeKa MNPUBOJIUT K IEPECTpOiKam
perynsiiuu - puznosniornueckux  pyHkrmid. JKUBOTHBIE W3 arpecCHMBHOW JIMHHUH
XapaKTepU30BAINCh 00Jee BBHICOKMM 0a3alibHBIM YPOBHEM KOPTH30J7a B CBIBOPOTKE
KPOBH IO CPaBHEHHIO C PYYHBIMH >XKHBOTHBIMH. B TO e BpeMs pydHBIE 0COOU
OTJIMYAJIUCh OT arpeCCHUBHBIX IIOBBIINICHHBIM COACPIKAHUEM DS03MHO(DHUIIOB, HO
CHIDKEHHBIM — HEUTpO(dHIIOB, Ooee KPyMHBIMU pa3MepaMu JTUM(OIMTOB U MEHBIITHM

898 BGRS/SB-2024



SAEPHO-KJIETOYHBIM COOTHOLICHUEM. Y PYYHBIX HOPOK OOHApYXKEH aMHUJIONUTHUSCKUH
npoduiIb aKTUBHOCTH MUILEBAPUTEIHHBIX (HepMEHTOB U OoJiee BHICOKOE COACp)KaHHE
BHTaMHHOB A 1 E B TICUeHH, TOT/1a KaK arpeCCUBHBIC 0COOH OTIIMIAIHCH 00JIee BRICOKOM
aKTUBHOCTHIO MPOTEOTUTHYECKUX U JHUITOIUTHIECKIX (PEpMEHTOB MHIIEBAPUTEIEHOTO
TpakTa. MOXKHO OMYCTUTh, YTO T€HHAsl KOMIIOHEHTa, KOHTPOJIMUPYIOLIAsi MOBEACHHUE,
3aTparvBaeT PETYISAIHII0 TAKUX PU3NOIOTHIECKUX (DYHKITHIA, KAK UMMYHHUTET, TEMOII0d3
Y aKTUBHOCTH IUINEBAPHUTEIHHBIX (DEPMEHTOB.

3axnouenue: VIaMeHeHNs, TPOUCXOAAIINE B pe3yibTaTe 0TOOpa MO 0OOPOHUTEIBHOM
peakMd Ha 4eJOBeKa, TPYOHO WHTEPNPETHPOBaTh C TMO3WIHNA MYyTallMOHHBIX
W3MEHEHU OTAENbHBIX TE€HOB, KOHTPOIHUPYIOMINX T€ WIH WHBIE TPU3HAKU. CII0)KHOCTD
WUHTEpIpeTanu GopMOOOpa30BaATEILHBIX IPOLIECCOB BO B3aMMOOTHOILICHUHN «UEIOBEK—
JKUBOTHOE» OTpakaeT M3MEHEHHsT B Ipolecce oTOoOpa pETYJSTOPHBIX TEHOB,
BOBJICKAEMBIX B PETYJSAIMI0 TEHETHYECKOW aKTUBHOCTH Ha pa3HBIX CTaIusAX
Moporeneza, a TMOTOMYy WrparOMUX OOJBIIYI0 POJIb B  JBOIIOIHMOHHBIX
npeoOpa3oBaHHsIX.

Qunancuposanue: Pabora nognepxana OI0PKETHBIM IPOeKTOM VHCTUTYTa IUTOIOTUH
u reretuku CO PAH Ne FWNR-2022-0023.
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Motivation and Aim: During a long-term experiment on the selective transformation of
the defensive reaction towards man in American minks, it was shown that selection
opens up new opportunities for hereditary variability in the same direction in which
selection itself acts. such selection is capable of creating an increase in the rate and scope
of variability not only in the direction of its action, but also in other directions [Belyaev,
1968, 1970, 1972, 1974, 1979, 1981, 1983; Belyaev, Trut, 1964, 1982, 1983; Trut, 1999,
2007, 2008; Trapezov, 1987, 2012]. The aim of the work is to compare the rate and scope
of variability in two lines of minks selected for tame and aggressive behavior.

Methods and Algorithms: Over 26 generations of selection in the American mink
population of cage breeding of the Standard dark brown (+/+) genotype, two lines of
animals with tame and aggressive behavior towards man were created. During the
selection transformation of behavior, the following were calculated: (1) selection shift —
the difference between the average values of a trait in the offspring of selected parents
and in the parent generation as a whole; (2) selection differential — the difference
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between the average values of a trait in individuals selected as parents of the next
generation and in the whole population; 3) the value of realized heritability — h?, to what
extent the value of the selected trait is due to heredity and to what extent to the influence
of the external environment; (3) the value of realized heritability — h?, to what extent the
value of the selected trait is due to heredity and to what extent to the influence of the
external environment; (4) selection coefficients — S (%); (5) population inbreeding
coefficients according to Falconer — Ft; (6) actual responses to selection (R) per
generation.

Results: During the experiment on the selective transformation of the defensive reaction,
the relationship between the direction of selection and variability in behavior was
identified. First of all, as can be seen in Figure 1, phenotypic variability during selection
for domestication behavior is two orders of magnitude higher than in the group selected
for aggressive behavior. Calculations of the average actual response to selection per
generation show the greatest effect of selection on domesticated animals. Moreover,
sexual dimorphism is observed in them — the greatest selection effect was recorded in
males. In the expressiveness of tame behavior (males are significantly more tame than
females (p < 0.001). Moreover, the value of the phenotypic variation of the selected trait
in the domesticated population is two orders of magnitude higher than in the population
selected for aggressiveness. The average actual response to selection for one The
generation of aggressive animals, both males and females, is almost the same.
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Fig. 1

Realized heritability, estimated as the ratio of the selection shift (R) to the selection
differential (S), showed that about 60 % of the additive diversity is responsible for the
response to the first two generations of “minus” selection, and about 40 % of “plus”
selection (37 % for females and 38 % for males). The significant shift obtained during
the first two generations of selection for aggressiveness indicates that the number of
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main genes that determine the threshold of aggressive reactions is minimal, perhaps no
more than two or three, and they are quickly fixed in the first stages of selection.
Selection for a defensive reaction to humans leads to changes in the regulation of
physiological functions. Animals from the aggressive line were characterized by higher
basal levels of cortisol in the blood serum compared to tame animals. At the same time,
tame individuals differed from aggressive ones by an increased content of eosinophils,
but a decreased content of neutrophils, larger lymphocyte sizes and a lower nuclear-cell
ratio. Tame minks showed an amylolytic profile of digestive enzyme activity and a
higher content of vitamins A and E in the liver, while aggressive individuals had a higher
activity of proteolytic and lipolytic enzymes of the digestive tract. It can be assumed that
the gene component that controls behavior affects the regulation of such physiological
functions as immunity, hematopoiesis and the activity of digestive enzymes.
Conclusion: Changes occurring as a result of selection for a defensive reaction towards
man are difficult to interpret from the standpoint of mutational changes in individual
genes that control certain traits. The complexity of interpreting the morphogenesis
processes in the “human—animal” relationship reflects changes in the process of selection
of regulatory genes involved in the regulation of genetic activity at different stages of
morphogenesis, and therefore playing a large role in evolutionary transformations.
Funding: The study is supported by Institute of Cytology and Genetics, SB RAS
No. FWNR-2022-0023.
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