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daKkTopbl Ponb c¢hakTopoB
MyTauUNOHHbLIN [TpuBOAUT K U3MEHEHUIO reHohoHaa
npoecc nonynsuun.
[TpenaTcTByeT 0OMeHy reHeTU4eCcKou
N3onauus

nHdopMaLMen Mexay nonynaLunuamu.

HNpend reHoB

[TpuBOAUT K UBMEHEHUIO YaCTOT
anneneun B nonynsauum.

[TonynaunoHHble
BOJTHbI

[TpUBOOUT K NBMEHEHUIO YaCTOT
anneneun B nonynauuu.

CnocobcTByeT coxpaHeHuo ocoben

EcTecTBEeHHbIN 0T60p C redHotunamMmu, cooTBeTCTByHOLLNMHN

cpege obutaHus.

OnemeHTapHble haKTopbl 3BOMHOLUN.




MyTaunoHHbIN nNpoLecc

Xyro [le ®pus, HuaepnaHackuin 60TaHuK, 0guH U3
OCHoBaTenen yyeHusi 06 UISMEeHYNBOCTH 1
3BOOLNN.

MymauyuoHHbIl rpoyecc - OguUH N3 rnaBHbIX
chakTOpPOB 3BONOLINN.

MyTaLumu 6blnn oTKpbITbl B Hayane XX B.
ronnaHackum 6oTtaHnKom u reHeTukom e Opusom.
[(NaBHOW MPUYMHOW 3BONOLMN OH cYUTaNl UMEHHO

MyTaL{1N.

B TO Bpems 6blnn N3BECTHBI TONBKO KPYMHbIE
MyTaLuu, saTparueatolme doeHotun. NMoatomy [le
dpu3 nonaran, 4To BUAbl BO3HUKAIOT B pesynbTaTe
KPYMHbIX MyTaLuii cpasy, ckaukoobpasHo, 6es
eCTECTBEHHOro oTbOpA.

[NanbHeiilune nccnenoBaHns nokasanum, YTo MHorne
KpyrHble MyTauun BpeaHbl. [o3ToMy y4YeEHbIE
cyuTanu, YTo MyTaLuu He MOTYT CAYXUTb
MaTepuanom Ans 3BOJOLMUN.

Jinwb B 20-x rr. XX B. oTeyecTBeHHbIE y4yeHble C.C.
YetBepukor 1 V.M. LLimanbray3eH nokasanu ponb
MyTaLuui B 3BOSIIOLUN.




MyTauMOHHbLIN Npouecc

C.C. Yetepukos un .U. LLiImanbrayseH yctaHoBUN,
yTo Ntobasn NpupogHaa NonynaLna HacbllLeHa «Kak
ryoka» pasHoobpasHbIMU MyTaLUuaMU.

BOnNbLUNMHCTBO MyTaLWii pELLECCUBHBI, HAXOAATCA B
ETEPO3UrOTHOM COCTOSHUN N HE NPOABNAKOTCA
cheHoTUNMYECKN. IMEHHO 3TU MyTauun K cny>kaT
reHeTU4eCcKoi oCHoBOW aBonounn. NMpu ckpeLmBaHum
reTEPO3NroTHLIX OCOBEN 3T MyTaLMKn Y NOTOMKOB
MOryT NEPEXOANTb B FOMO3UIOTHOE COCTOAHUE U
NPOABNATLCA PEHOTUMUYECKMN.

OTOOp N3 NOKONEHNA B NMOKONEHNE COXPaHAET ocoben
C NonesHbIMu MyTaunamu. BpegHble (B gaHHbIX
KOHKPETHbIX YCNIOBUAX CPeabl) MyTaLun
HaKkannuBaroTcA B MOMNynauun B CKPbITOM BUAE,
cosfaBas pe3epB UZMEHYNBOCTU, OAHAKO OHU MOryT
OKas3aTbCA Nones3HbIMU U NOBbICUTb
YXN3HECNOCOOHOCTL OCODU NPU N3MEHEHNN YCNOBUI
XWN3HU. DTO NPUBOANUT K UBMEHEHUIO reHohoHaa
nonynauun.

Takum obpasom, MyTaLMOHHbIA MPOoLect - UICTOYHUK
pesepBa HacneacTBEHHON N3MEHYMBOCTU NONYNALNN.

LimanbrayseH iBaH VBaHoBWUY, pOCCUNCKUIA
Buornor, TeOpeTUK 3BOSOLMOHHOTO YUYEHUS.
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YetBepukoB Cepreinn Cepreesud, poccuinckumn
FeHeTUK, OAUH U3 OCHOBOMOSOXHUKOB
3BOSIOLMOHHON 1 MOMYNALMOHHON FreHe TUKY.



U3onauuns

HakonneHnto HacnepcTBEHHbIX pasnninia

MeEXAY NonynaunamMmn crnocobCcTBYET N30NALUS.

M3onsayus - anemeHTapHbi hakTop 3BOMOLMN,
KOTOpbIA NPENATCTBYET CKPELLMBaHUIO OCcoBeN
13 pasHbIX MONyNAUNiA, a, cneaoBaTesibHO, U
OOMEHY reHeTUYeCcKon NHchopmaLmu.

B kaxxgon nonynauyun dnarogaps
€CTECTBEHHOMY OTOOPY HakannnBaroTCA
onpenesneHHbIe NMose3Hble MyTaLun.
[MocKonbKy ycnoBus, B KOTOpbIX obuTatoT
pasHble Nonynauuu, pasnuyatoTcs, OyayT
pasnunyaTbCca U MyTauun, COXpaHsemble
oTbopom. Yepes HECKONBbKO MOKONEHUHN,
W3oNMpoBaHHble MonynaLumn, obutaoLme B
pasHbIX ycnoBuax, OyayT pasnuyaTtbes rno pagy
MPU3HaKOB.

dakTopbl Ponk dhakTopor
MyTaunoHHbIN MpuBoOAUT K M3MEHEHUIO reHothoHaa
npouecc nonynauun.
MpenartcTeyeT 06MeHy reHeTu4eckomn
W3onsauus

Opeiid reHos

MonynsLuuoHHbIE
BOSMHb!

uHbopmaumen mexay nonynsuusimu.

MpuBOANT K M3MEHEHUIO YacTOoT
anneneun 8 NONynNALMK.

anBOﬂMT K UBMEHEeHWID YacToT

anneneun B NoNynaUvn.

EcTtecTBeHHbI 0TOOp

Cnocoberayer coxpaHeHuto ocoben
C reHoTUNaMu, COOTBETCTBYHOLLMMU
cpege obutaHus.

OnemeHTapHble hakTopbl 3BOMOLMN.




Buabl naonauun

PasnuyatoT gee hopmbl M30NALUN - R e
reorpachnyeckas (NPoCcTpaHCTBEHHASA) U
ononornyeckas. Feorpacdudeckas PazgeneHue nonynsauui
(ﬂpOCTpaHCTBeHHaH) reorpacbuqecmmw nperpagamu
Buonornyeckaa nsonauna Bo3HUKAET Mpu (pekamu, necamu, ropamu 1 T.4.).
noTepe BO3MOXHOCTEN CBODOAHOro OBuTaHe 0cobeit pasHbix
CKpelwnBaHna BClEACTBUE pPAAA Jkonoruyeckas nonynsAu1in O4HOTO BMAA B PasHbiX
B1ONOrNYECKUX NMPUYNH. B 3aBUCUMOCTH OT HUX, |SYSERES RIS
buonornyeckas nsonauus ObiBaeT: Cospesativie MonoBbIX KNeTok
duaunonoruyeckas B pa3Hble cpoku y ocoben
1) akonorunvyeckas; pasHbIX NONYNALNA.
2) MOpd)OﬂOI'I/NeCKaﬂ; MNoeeneHyeckas Pa3nuuusa 8 Bpa4Hom nosegeHuu.
3) HOBeAqueCKaﬂ; Mexatinieckas Paanuuus B CTPOEHUK OpraHoB
da3MHOXEHUA.
4) reHeTMYyeckasa U3onAaUus; P
D) MexaHuvyeckas U3ondauus.

Buabl nsonauyun.



[[eorpadomnyeckas (npocTpaHCTBeHHaa) nsonaumnsa

P, r P TR i
. vé : 2 : '
| y . ’ ! . |
) ’ . 5
'd Bl "
.

o ﬂ‘. . \ ‘\ : J
_ .ﬂ.. - -2 % Mo3zaunyHbin apean cobons, cchopmupoBaBLUNICH
Pa30pBaHHOCTL apeana y rony6oii copoku. U3 CMMOLUHOro apeanaBt:1 gaesyanaTe uctpebneHns

LLInpoko pacnpocTpaHeHa 2eozgpaghuyeckas Unn npocmpaHcmeeHHas n3onauna, Koraa
nonynauMm ogHOro Buga pasgeneHbl pasfnyHbiMy eCTECTBEHHBIMU Mperpagamu, Hanpumep,
FOPHbIMW CUCTEMAMU, PEKaMu, NegHNKamun, nponnuesamu, CTenammu u gp. B HacToslwee Bpems
NPOCTPaHCTBEHHAA M30NALMA NONYyNALUA BO3pocha 3a CYET AEATENBHOCTU YENOBEKA -
NOABNEHNA KPYMNHbIX TOPOAOB, [,0POr, UCKYCCTBEHHbIX KaHaoB, MNNOTUH U UHBbIX COOPYXKEHUM,
orpaHuunBaroLmMx cBoboaHOE nepeaBmKeHne NONynaUnin MHOrMX XMBOTHbIX. [1pn 3TOM He
NPOUCXOJUT pacnpocTpaHEHNA BO3HUKLLNX MyTaLMid 3a npeaenbl nonynauun. Ho npoucxoant
yBEJINYEHNE pasnymin Mexay reHochoHaaMu pasnuyHbiX NonynaUnun, YTo, B KOHEYHOM CYETE,
NPUBOLUT K NOABNEHNIO HOBbIX BUAOB.

O6paszoBaHne pasnnyHbIX BUAOB [[ananarocckux BbIOPKOB, COXpaHeHNe aiLieknaayLmx u
CyMUaTbIX XXUBOTHbIX ABCTPanuu - pesynbTaT reorpachnyeckoit 3onaLum.



JKonornyeckasa nsonauus

3Konoauvyeckas U3onayus cBAsaHa ¢ pasinyHbiMu
9KONOrMYECKUMI YCNOBUAMI, B KOTOPbIX 0BUTaIOT
nonynsauun. Mpucnocobnenne K pasHbim
TEMMNepaTypam MPUBOAUT K NMOABAEHNIO BECEHHUX,
NETHUX N OCEHHUX BUA,OB pacTeHuid, rpubos 1
YUBOTHbIX, aKTUBHbIX UMEHHO B 3TU NEPUOAbI U
MO3TOMY He CKpELUMBAIOLIMUXCS APYr C APYrom.

B MonaaBuu y >XenToropaon NecHOn MbiLUu
obpasoBanucb NIECHbIE N CTEMHbIE MOMNYNALUHN.
Ocobu necHbix nonynauuin 6onee KpyrHble, OHK
NUTaKOTCA CEMEHaMKN APEBECHbLIX MOPOA, a 0cobu
CTEMHbIX MONYNALNIA - CEMEHAMW 3M1aKOB.

Ocobu necHbIx NonyNALWIA XXENTOropoi MbILLK
Gonee KpynHble, OHU MUTAKTCA CEMEHaMU
ApeBecHbIX NOpoA, a 0cobu cTenHbIX MOMynALMA
- CEMeHaMK 3M1aKoB.

B osepe CeBaH 0bUTalOT ABE NONYAALMN hOPENIN, HEPECT KOTOPbLIX MPOUCXOAUT B YCTbAX pasHbIX
PYYBLEB W FOPHbIX PEK, BNaaroLux B 3TO 03ePO, MO3ITOMY CBOBOAHOE CKPELUMBAHNE MEXDY HUMU
3aTPYAHEHO.

HekoTopble nococeBble pbibbl HEPECTATCA YEPES rOf, B YETHbIN rof, Ha HEPECT MPUXOAUT OfHa
NONyNALMSA, B HEYETHbBIN - Apyrad. 3To Takoke NPUBOANUT K PEMPOAYKTUBHOW U30NALIMN U MOXET
NOCNYMUTb HayanbHbIM 3Tarnom B1A006pa3oBaHus.



Mopdonornyeckasa naonaumnd

[AnnHHble Tpy6uaTble LUBETKN KPacHOro Kneeepa crnocobHbl
ONbINATb TOMBKO LUMENH.

Mopcborioauyeckas u3onsayus Bo3HUKaeT NMpu MyTaunsax, Bbl3biBatoLWnX 3MeHeHne hopmbl
LIBETKOB W UCKIOYaOLLMX OMbISIEHNE BETPOM UK ONpeaeneHHbIMU rpyrnnamn HacekombiX. Y
rnapasuToB pacTeHU BO3HUKAKOT MyTaLun, NO3BOMAOLWMNE UM pa3BUBaTbCA Ha KOPHAX, cTeBNAX,
nnopax pacteHnin (mopdhonornyeckas crieyuanmsauyns). Y XMBOTHbIX B pesynbTaTe MyTaLluii
MOryT UBMEHATLCA pasMepbl U hopMbl KOMNYNATUBHLIX OPraHoB, U30NUPYIOLWNE UX OT APYrnx
ocobei.




[MoBeneH4Yeckada nsonauus

[TosedeHYeckue u3onsayuu - CIOXHbIe
MEXaHN3Mbl B MOBEAEHUN XNBOTHbIX,
NPEnATCTBYIOLWME CKpeLnBaHUo ocoben,
YXUBYLLUX Ha OAHOIN TeppuTOopUN. BO3HMKAIOT Y
; YXUBOTHBIX MPU U3MEHEHUN pUTyana

| yXa)XMBaHuUA 3a camMKou, BpayHbIX MeCHSAX,
» BblAeNAeMbIX 3anaxax unun BegeHns 6payHblix
NOEANHKOB, OrpaHuYnBaKroLWnX X crnapuBaHue ¢
npeacTaBUTENAMMN APYrnX NOMYMALMUA.

TokoBaHue rryxapen.



[[eHeTUYecKasa nsonsauus

['eHemuJeckas u3onayus NPoABNAETCA npu
nepecTporikax reHoTUMNOB - U3MEHEHUW Yncna
nnn hopmMbl XpOMOCOM Yy BIN3KUX BULOB, YTO
YMEHbLUAEeT BO3MOXHOCT 0Bpa3oBaHus
MOSTHOLEHHOrO NOTOMCTBA MeXay HUMU. B Tex
crnyvasx, Korga BCe e poxgaeTcs rmbpugHoe
NMOTOMCTBO, OHO YacTO OKa3blBaeTcA
BecnnogHbIM U3-3a HapYLLEHNA MeN03a, B
CBSA3MN C PasnuMyuamMu B CTPOEHUN N Yucne
XPOMOCOM.

Ocen

mbpupa, kobbinuupbl U ocna - Myn - 6ecnnoagx.



MexaHun4yeckas nsongauus

MHorune Bugbl obnapatoT pasnuyuamm B
CTPOEHUN MONIOBbLIX OPraHoB, YTO ABMAETCA
AOMONHUTENBHOWN NPEerpaaoun K cKpeLnBaHuto.
Y pacTeHuin HabnogaeTca HECMOCODOHOCTb
NblNbLUbl O4HNX BUAOB NpopacTaTh Ha pblibLlax
NECTUKOB ApYrnX BUAOB, a ECN
OnnoA0TBOPEHNE U MPOU3OLLIIO - TO
HabnopgaeTca rubenb anroT yKe no
rEHETUYECKUM MPUYNHaAM.

NTak, pasnuyHblie chopMbl U30MALMKN C OAHOM
CTOPOHbI CO34al0T NMPEANOCHINKNA K
pPacxXoXaeHWIo Nonynayui u nocneayoLwemy
BUA,000pa3oBaHuio, a ¢ Apyrov CTOPOHbI -
CrNoCcOBCTBYIOT COXPAHEHUIO FTEHETUYECKOW

CT bl BUAA.
PYKTYP A Hecnoco6HoCTb NbinbLbl 0AHOTO BUAA NpopacTaTbh
Ha pbinbLax NecTUKOB APYriX BUAOB LIBETOB
NPENATCTBYET UX CKPELUMBAHMIO.



[pend reHoB

N3meHeHne YacToT annenen B nonynaunax MOXKET MPOUCXOANTb HE TOMbKO MOoA BAUAHUEM
€CTeCTBEHHOro otbopa, HO U HE3aBUCUMO OT HEro. YacToTa annenn MoXXeT U3MEHUTLCH
chyvyailHbiM oBpasom. Tak, npexxaeBpemeHHas rubenb ocobu - eguHCTBEHHON obnagaTenbHULb
Kakon-nmbo annenu NnpuBeneT K UICHEZHOBEHUIO 3TOW annenn B Nonynauun. 3To ABMEHNE
NnoJnyuynno HasBaHue apendpa reHoB unu agpchekra Coroanna PanTa, Ha3BaHHOIO MO UMEHN
aMepUKaHCKOro reHeTnKa, KOTopbll packpblil €ro pofib B 3BOJOLMMN.

Lpeligh 2eHO6 - haKTop, KOTOPbIA NPUBOANT K Cy4YalHOMY U3MEHEHUIO YacTOT afienen B
nonynaunax He3aBNUCUMO OT ECTECTBEHHOro otbopa. [pend reHoB UrpaeT CYLECTBEHHYIO POJb B
HeboNbLNX N30NNPOBaHHbLIX NonynAuMax. B HeGonbLLon nonynaunnm oH MOXET MPUBECTU K €€
rmbéenn nnu npouseTtaHuto. OBbIYHO Apend reHoB CHUXKAET reHeETUYeCKoe pasHoobpasne
nonynauun B pesynbTaTe yTpaTbl PEAKUX annenen, HO OH MOXET Takoke YBENUYNTb UBMEHYNBOCTb
B npeaenax Buga B Uenom. B HeGonbLnx n3onnpoBaHHbIX NonynaLmMax MoryT BO3HUKaTb
HETUMUYHbIE ANA OCHOBHOW MOMYNALMK MPU3HAKN, KOTOPbIE B CllyYae N3MEHEHUA CPEdbl MOMYT
[JaTb CENEKTUBHOE MPENMYLLECTBO.
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I'pachK 3aBUCUMOCTMN YUCNEHHOCTN Benkn oT YPOXaA CEMAH €.




EcTecTBeHHbIN OoTOOP

SnemMeHTapHOe 3BOJIIOLNOHHOE ABMEHNE - N3MEHEHUE reHohoHA,a NOMNyNALMM - MPOUCXOAUT MNOA,
BIIMAHUEM 3NEMEHTaPHbIX chakTopoB aBontoLuMn. OaHaKo gpeind reHos, U3onALNa 1
MYTaLWOHHbIN MPOLIECC HE OMPEAENAIOT HanpaBEHHOCTI NMpoLecca 3BOJIIOLUNN, TO eCTb
BbKBaHUA 0Cobel ¢ onpeaeneHHbiM, COOTBETCTBYIOLWUM cpefe obuTaHnA reHOTUMOM.

EAMHCTBEHHBIM HanpaBnALWUM hakToOpoM 3BOJIIOLMN ABNAETCA ecmecmeeHHbIl ombop.



BiBoabI

» JONeMeHTapHOE 3BOJIIOLNOHHOE ABMEHUE - UBMEHEHNE reHOohoHAa MOMyNALUKN NPOUCXOANT
noa, BIUAHUEM 3NEMEHTaPHbIX hakTOpPOB 3BONIOLUN.

» OnemeHTapHble dhaKTopbl 3BOOLMA. MyTaLMOHHbIN NpoLecc, n3onaunsa, apend reHoB,
MonynALUNOHHbIE BOJHbI, ECTECTBEHHBLIN OTOOP.

» TonbKoO ecTeECTBEHHbIN OTOOP ABNAETCA HanpaBnAOLWMM hakTOpoOM 3BONOLNUN,
obecneynBasn Bb>KMBaHUE O0COBEN C reHoTUNaMn, COOTBETCTBYIOLWNMN cpeae obuTaHns.



