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Tema 5
CTpoeHue u
(PYHKLIMOHUPOBAHUE KNETOK



=« [@HeTHKa — 3TO HayKa O
3aKOHOMEPHOCTSIX
HacneaCcTBEHHOCTU U
N3MEHYNBOCTU — ABYX
NPOTMBOMONOXHbIX 1 BMECTE
C TEM HEepa3pbIBHO
CBSI3aHHbIX Mexay cobou
NpoLECcCcoB, CBOMCTBEHHbIX
BCEMY XXMBOMY Ha 3eMNe.

= OCHOBOMOIO)XXHUKOM
reHeTuKn aBngetca [ perop
MeHpenb




« [eH— yyactok monekynbl HK,
onpeaensitoLnn HacneaoBaHme
TOro UM MHOIO MPU3HAKa,
onpenensieT CTpyKTypy oAHOro
6enka.

« [eHoTvn —_cyMma reHoB [IaHHOIo
OpraHvM3Ma, ero UHaAMBMayanbHas
reHeTuyeckass KOHCTPYKLMS,
KOTOPYO OH MOJTY4a€eT OT CBOMUX
poautenen. FeHoTun
OTHOCUTE/IbHO CTOEK Ha
NPOTSHXKEHNN BCEN XKN3HU
MHANBUAYYyMa.
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d eéHOM — CyMMa reHoB unn nonHoe konndecrtso AHK,
KKapaKTepHOe ANnsa KJIETOK OpraHM3Ma onpeaeneHHoro
@uaa.

TPeHOTHUNM — COBOKYMHOCTb BCEX BHELLUHUX W
VMBHYTPEHHUX NMPU3HAKOB OAHOro opraHu3Ma. B
ThpOTMBOMONIOXHOCTb FreHOTUNY MeHOTUN S1tboro
JbpraHm3aMa U3MeHSIETCA Ha MPOTSXKEHUU BCEN Ero
Kkn3HM (0T aMOBpUOHa A0 CcTapocTn, oTorpadun).

Q'eHOd)OH,q — COBOKYMHOCTb FEHOB, KOTOPbIE NMEIOTCH
Q ocobeln paHHONM monynsuMM, rpynnbl NONYASUMI UK
,
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[eHeTu4YecKuu Ko - 3To CUCTEMa 3arncu
nHgopmaLnn o nocieqoBatTe/ibHOCTU
pacrio/sio)xeHuss aMMHOKUC/IOT B besikax C
MMOMOLLbIO MoC/1E40BaTE/IbHOCTH
pacrionoxxeHus Hykneotugos B [JHK.



CBOMCTBaA reHeTMYECKOro Kkoaa

1. TpunneTHoCTb

KaXxaas aMMHOKMUCIIOTa KoAMpYeTCS
NnocneaoBaTeIbHOCTbIO U3 3-X
HYKNEeoTUAO0B.

TpunneTt nnn KoAoH -
nocneanoBaTeslbHOCTb U3 TPeX
HYK/1€e0TUAO0B, KOAMPYOLAsa O4HY
AMUHOKUCNOTY.



Ko He MoXkeT 6bITb
MOHOIJIETHbIM,
NOCKOJIbKY 4 (uncno
pPa3HbIX HYK/1€0TUAOB B
OHK) meHblie 20. Koa Heé
MOXKeT 6bITb AYNJZIeTHbIM
T.K. 16 (UuMcno couetaHum
M nepectaHOBOK U3 4-X
HYKJ/1eoTUAOB No 2)
MeHbllue 20. Koa moxker
6bITb TPUNNIETHLIM, T.K.
64 (UNC0 CoOYEeTaHMN U
nepecraHOBOK U3 4-X No
3) 6onblue 20.
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Bropan no3uuMa KoA0H3

PHODON sMNIMEOU Baied]




2. Bblp0O)XAEeHHOCTDb.

Bce aMMHOKMUC/IOTbI, 32 UCKJTIOUEHUEM
MEeTUOHMHa M TpunTodpaHa, KOAUPYHOTCH
6onee yeM OAHMM TPUIJIETOM:

2 AKno 1 rpunnety = 2

9 AKno 2 rpunnera = 18
1 AK 3 Tpynneta =3

5 AK no 4 Tpunnera = 20
3 AK no 6 TpunneroB = 18

Bcero 61 Tpunnert koaupyert 20
AMUWHOKMUCOT.



3. Haninune MeXXreHHbiX 3HAKOB NMpernuHaHus.

lenbl tPHK, rPHK, sPHK 6esikn He Koanpyior.

B KOHLe Ka)xaoro reHa, koaompyrouwiero
nosavnenTua, HaxoAuTCs, NO MeHbLUen Mepe, OAuH
M3 3-X TEpMUHUPYIOLLMX KOAOHOB, UJIN CTOnN-
curHanoB: UAA, UAG, UGA. OHu TEpMUHUPYIOT
TPaHCNALMUIO.

YCNOBHO K 3HaKaM nNpenMHaHUs OTHOCUTCS U
koaoH AUG - nepBbiX Nocne naepHou
nocnenoBaTesibHOCTU. OH BbiNONHAET PYHKLUMIO
3arsiaBHoOu 6ykBbl. B 3TOM NO3ULMKN OH KOAUPYeT
¢dopMmunMmeToHMH (Y NpOKapUoT).



5. KOMNaKTHOCTb, nnn

OTCYTCTBMUE

BHYTPUIr€HHbIX 3HAKOB

npernmHaHusl.

BHYTpPM reHa Kaxabiun
HYKJ1eoTUA BXOAUT B
COCTaB 3Ha4allero
KOAOHA.

B 1961r. Ceumyp
beH3ep n ®PpeHCcUC
Kpuk
3KCNepuMeHTasIbHO
AOKa3anu
TPUNNIETHOCTb KoA4a U
€ro KOMNaKToCTb.

GCU GCU GCU GCU CUG CUG CUG Aeneuus

Ala Ala Ala Ala Lleu lLeu Leu

G

I+ AeoitH ot

GCU GCU @g UGC UCU GCUGCU  mMyTanT

W . o ————— (], 2{)

Ala Ala Ser Cys Ser Ala Ala

i vl vl TpoitHoii
GCU GAC UGC AUG CUG CAU GCU MYTaHT

Ala Asp Cys Mect Leu His Ajla (3 mo #1)

G G G

GCU CUG CUC UGC UCU GCU GCU TroiiHoh

MYTaHT
Ala leu lLeu Cys Ser Ala Ala (3 no -1)




6. YHMBepCasibHOCTb.

[eHeTnyeckun Ko eauvH J1s Bcex
XXUBYLUNX Ha 3eM/1e CyLLECTB.

3TO ABNIAETCA CUWibHEULLUM
CBUAETEeNbCTBOM B NOJ1b3y €ANHCTBA
NMPOMUCXOXXAEHUSA U 3BOJTIOLIUMN.

B 1979r. beppen oTKpbl1 naeasbHbIN
KOl MUTOXOHAPUMN YesioBeKa.



OnpejenexHve: naeasibHbiIM Ha3bIBAETCS
reHeTYEeCKNU Kol, B KOTOPOM
BbIIOJTHAIETCS MPaBU1Io BbiPOXKAEHHOCTH
KBa3ugybseTHoro Kkoga: Ecnv B AByX
TpUrnJieTax coBnajaloT nepsbie ABa
HykeoTtuga, a TPeETbU HYK/1€OTUAbI
OTHOCSTCA K O4HOMY Knaccy (oba -
rypuHbl Ui oba - NIMPpUMUANHLI), TO 3TU
TPUIMJIETHI KOANPYIOT OQHY U TY XKe
aMUHOKUCJIOTY.



/3 3TOro npaBuia B YHMBEPCANIbHOM KOJI€ €CTb ABa UCK/IOYEHUS.
Ob6a OTK/IOHEHUS OT UAEA/IbHOMO KoAa B YHMBEPCAIbHOM

KaCaloTCA MNpuHLUUNnasibHbIX MOMEHTOB. Ha4ad/la N KOHLUA CUHTE3ad

6enka:
YHuBepcaJ
Konon bHbIN
KO/
UGA STOP
AUA Ile
CUA Leu
AGA Arg
AGG Arg

Ilo3Bonou becno3zBoHo Jlpox:xu

HbIC YHbIC

Trp

Met

Leu
STOP
STOP

MurtoxoHapuaJdbHbIe KOIbI

Trp
Met
Leu
Ser

Ser

Trp
Met
Thr
Arg
Arg

Pacrenus

STOP
Ile
Leu
Arg
Arg



McnaHCcKMMKM yyeHbIMM 06HapyeH
6ecnpeueaeHTHbIW, N0 UX C/ZI0OBaM, C/lyyai
CYLLLECTBOBaHMA Napasiie/ibHOro
MUTOXOHAPWUANIbHOIO FEHETUYECKOro Koaa B
npeaenax ogHoro TMna — YieHUCTOHOMUX..

CornacHo uMx AoaHHbIM Nno 74 BuaaMm
YJIEHUCTOHOIruX, y 24 Buaos KoaoH AGG
KOAMPYET IN3UH, a Y 34 — apruHuH. B Toxe
Bpems 6b1/10 BbisiB/IEHO, YTO 16 BMAOB
YJIEHUCTOHOIrMX 3TOT KOAOH BOOb6LYe He
MCNoJib3YyHOT. [10 3TOr0 MOMEHTA CYUTAJIOCh, YTO
MUTOXOHAPHUAJIbHbIA FeHOM, BHE 3aBUCMMOCTH OT
CBOMX 0CO6EeHHOCTEeN, A0/HKEH 6bITb €ANHbIM B
npegenax ogHoOro Tuna, u tem 6onee oaHoro
KJ1acca.

BbiBOAbl MCMAHCKMUX YYEHbIX BbIHYXXAaI0T
nepecMoTpeTb CTPYKTYPY (hu1oreHeTu4ecKoro
AepeBa YIEHUCTOHOrMX, U C 3BOJIIOLIMOHHOM
TOUKM 3peHus NPUHATDb
BO3MOXHOCTb MHOrOKPaTHbIX 1 06paTUMbIX
U3MEeHEeHUN reHeTUUYECKOro Koga MMTOXOHAPWVMN.
NMocnepgHee, ogHaKo, noApbiBaeT B yueHun Y.
[dapBvHa NpyHUMN He0o6paTUMOCTH 3BOJIIOLIUM.

~



NMHpopmMmaumoHHaa eMkoctb [1HK

Ha 3eMne »xuBer 6 MuINvapaoB 4esiOBeK.
HacneacreeHHas HopMauua O HUX 3aKJiloueHa
B 6x109 cnepmaTto3ouaax. lNo pa3HbIM OLleHKaM Y
yenoBeka ot 30 oo 50 TbICAY reHoB. Y BceX
nopen ~ 30x1013 redHoB wam 30x1016 nap
HYK/1e0OTUAOB, KOTOpble COCTaBNAIOT 1017
KoaoHOB. CpeaHAA KHM)XHAaA CTPpaHMLIA COAEPIXUT
25x102 3HakoB. AHK 6x109 cnepmMmarto3zoumaos
coaep>xut wuHdpopmMmauuio, paBHYHO no o06bemy
npuMepHo 4x1013 KHMXKHbIX CTpaHuL. ITU
CTpaHMLbI 3aHaM 6bl 06beM 6-u 34aHUM
HoBocmbupckoro rocyaapCTtBeHHOro
YHUBepcUuTeTa. 6x109 cnepMmatTo3ouvaoB
3aHMMAOT nNoJIOBMHY Hanepctka. Wx AOHK
3aHMMaeT MeHee YyeTBepTU HanepcTka.



OCHOBHbIE
3aKOHOMEpPHOCTH
M3MEHYUBOCTU U
HacneaoBaHUs NMpPU3HaKOB
3akoHbl .MeHpaens



[lepBble NOMbITKN 3KCNEPUMEHTASIbHOIO
pelwleHns npobnem, CBA3aHHbIX C Nepeaayen
NPU3HAKOB M3 MOKOJIEHUS B MOKOJIEHME,
npeanpuHnManuce yxxe B XVIII Beke. Y4yeHble,
cKpeLmBas Mexxay cobon ocobu n nonyyas
MOMECHOEe NOTOMCTBO, CTPEMUIIUCL Y3HATb, KakK
HacneaylTcsa poanTenbckme npusHakn. OaHako
HEBEPHbIN METOANYECKUN NMOAXOL —
OZIHOBPEMEHHOE Mn3y4yeHne 60nbLIOro
KOSIMYeCTBa NMpU3HaKoB — NpMBOAUI K
HEBO3MOXXHOCTU BbISIBUTb Kakue-nnbo
3aKOHOMEPHOCTM.



YecTb OTKPbITUS KOTMYECTBEHHbIX
3aKOHOMEPHOCTEN HaCNeA0BaHUS NPU3HAKOB
NPUHAANEXUT YELICKOMY 60TaHUKY-TI0bUTENIO
['peropy MeHpento. OH nokasars, YTo NMpU3HaKu
OpraHU3MoB onpeaensaTcsd ANCKPETHbIMY
HacneacTBeHHbIMKN PakTopaMn. OAHaKOo 3TH
pPaboTbl OCTABa/INCb NMPAKTUYECKU
Hen3BeCTHbIMKU noyTn 35 net - ¢ 1865 no 1900.
B 1900 roay 3akoHbl MeHaens 6binu
NepeoTKPbITbl HE3AaBMCUMO Cpa3y TPeEMS
yyeHbiMu - [. oe ®pu3om B 'onnaHaum, K.
KoppeHcoM B 'epMaHn 1 3.4epMakoM B
ABCTpUM.



CKpellMBaHMe ABYX OpraHM3MOB Ha3blBalOT rMbpuan3aLNen:
NMOTOMCTBO OT CKpeLLUnBaHus AByx ocoben ¢ pasnnyHon
HacneACTBEHHOCTbIO Ha3bIBaOT rMOPUAHBIM, @ OTAENbHYIO
ocobb rmbpuaomM

MoHOrMbpyAHbIM Ha3bIBalOT CKPELLMBAHME ABYX OPraHM3MOB,
OT/INYAIOLLMXCS ApYr OT Apyra no OAHOW Nape anbTepHAaTUBHbIX
(B3aMMOUCKJ/TIOHAIOLLNX) NPU3HAKOB

ZloMuHnpoBaHue - npeocbnagaHne y rmbpunaa rnpmsHaka OAHoro
U3 poauTenen

JomuHaHTHbIM npusHak (0T nat. dominantis —
rOCMoOACTBYIOLUNK) - MPU3HAK, NPOSBNSAOWMNCS Y rTbpuaa
NepBOro NOKOSIEHUS M NOAABASOWMA Pa3BUTUE APYroro
Npu3Haka

PeLjeccuBHbi Npu3Hak (OT NaT. recessus — OTCTYNJIEHNE,
yaaneHue) - NoaaBnsieMbl NMpU3HaK

[IOMWHAHTHbBIN MPU3HaK NMPUHATO 0603Ha4YaTb NPOMMCHOW
bykBoun, Hanpumep A. PeueccuBHbin - cTpo4yHom O a.



MEPBbI/ 3AKOH

[lepBbi 3aKOH MeHaens Ha3blBalOT 3aKOHOM
eamHoobpasns rmbpmnaoB NepBoro NOKosEHUS
NN 3aKOHOM IOMUHUPOBAHUSA. POpPMYNpPYETCH

OH creayowmm obpasoMm: rMPpU CKpeLunBaHUn
Z1ByX OpraHmu3MoB, OTHOCSILUNXCS K pa3HbIM
YUCTbIM JINHUSIM (,'qsyx FOMO3UIOTHbIX
OpraHu3MoB), OT/IN4aloLYMXCs APYr OT
Zpyra ro ogHou nape a/ibTepHaTUBHbIX
rpU3HaKoB, BCe rNepBoe MOKOJIEHNE
rngpn,qos (F1) okaxercs eauHoobpasHbIM
n byaer Hectu ripusHaK O4Horo 13

pOoANTESIEMN.



raankut  MOPLUHHUCTHIH

P (ponurenu)

FameTnl

riaaxvu




HenonHoe goMuHupoBaHmne. JOMUHAHTHBLIW FEH B
reTepo3nroTHOM COCTOSIHUM He Bceraa rnosIHOCTbIO
noAaBNsET peLeccmBHbIV reH. B psae cnyyaeB rnbpua
fi He Bocnpon3BOAUT MOSIHOCTbIO HU OAHOIo U3
POANTENBCKMUX MPU3HAKOB N NPU3HAK HOCUT
MPOMEXYTOYHbIN XapakTep ¢ 60/bLWLMM UM MEHBLUUM
YKIOHEHNEM K IOMUHAHTHOMY UIU PELIECCUBHOMY
COCTOSAHUMIO. HO BCe 0Cobn 3TOro nokoneHus
eanHoobpa3Hbl N0 AAHHOMY MpPU3HaKy. Tak, npwu
CKpeLmBaHMN HOYHOW KpacaBuLibl C KPacHOW
OKpackoW LiBeTKoB (AA) C paCTEHUEM, UMEIOLLUM
6enble uBeTkn (aa), B fi 0bpasyeTcsa npoMexyTo4Has
PO30Bas OKpacka uBeTtka (Aa). [1pu HenosiHOM
[OMUHUPOBaHMKN B NnoTomMcTBe rmbpuaos (Fi)
pacCLLEN/IEHNE MO reHoTUNY N eHoTUNy coBnaaaeT
(1:2:1).



=« HenonHoe goMnHUpoBaHME
— LIMPOKO pacnpoCTpaHeH
Hoe aBneHune. OHOo
obHapy>XeHOo Npu U3yveHum
HacnenoBaHUA OKPacKu
LiIBETKA Y IbBUHOIO 3€Baq,
OKPacCKu LLIEPCTUN Y KPYMHOro
poraToro cKkota u oBel,
BUoXxMMmMYecKknx NpuU3HaKkoB
yesioBeka n T. A.
[IpoMeXXyTOUYHbIe NPU3HAKMN,
BO3HMKaOLLNEe BCNeacTene
HEernoJIHOro AOMMHNPOBAHNS,
Hepeako NpeacTaBnsioT
3CTETUYECKYIO UK
MaTepuanbHy LLEHHOCTb
ONSA YenoBekKa.




MIHOrAa MyTaumst MOXET BO3HMKATb B Pa3HbIX
y4yacTKax OAHOro reHa. TakmMm nyteMm obpasytoTcs
HECKO/bKO annenen 0AHOro reHa n COOTBETCTBEHHO
HECKOJ/IbKO BapUaHTOB OAHOIo Npu3Haka. 'eH A MOXeT
MyTUPOBaTb B COCTOsIHKE a), a”, a3, .... ada reH BB
[IPYroM JIoOKy-ce — B COCTOsIHue bi, vir, b3, b*, ..., bu
T. A.

TaK, Y KpOJSIMKOB CYLLIECTBYET CEPUSA MHOXECTBEHHbIX
annenen no oKpacke LWepcTu: CrnowHas (LWMHWWAMG),
rMMananckas (ropHocTaeBas), a Takxke arbouHU3M.
[MMananckme Kponuku Ha oHe obLuen benown
OKpacKu LLUEpPCTU UMEIOT YEPHbIE KOHUYMKU yLIEW, nan,
XBOCTa U MopAbl



= AnbbuHoChl (@) NOSIHOCTBIO TNLLEHDI
nUrMeHTa. YneHbl 04HON cepum
annenem MoryT HaxoanTbCS B Pa3HbIX
NOMUHAHTHO-PELIECCUBHbIX
OTHOLUEHUAX ApYr K Apyry. Tak, reH
CMJIOLLIHOM OKPACcKM AOMWHAHTEH MO
OTHOLLUEHUIO KO BCEM Y/IeHaM Cepun.
[[€H rmManamckon OKpacku
NOMUHAHTEH MO OTHOLWIEHUIO K FrEeHy
6enon oKpacku, HO peLecCUBEH MO
OTHOLLIEHMIO K FEHY LUMHLINNIOBOW
OKpacku. PasButue Bcex aTux Tpex
TUNOB OKPAcKn 06YC/I0B/IEHO TPeMS
Pa3HbIMU aneNaMu,
JTOKaNM30BaHHbIMW B OHOM N TOM Xe
NoKyce.




BTOPOW 3AKOH

BTopou 3akoH Meagens (popMynmpyeTcs cneayowmm
obpasoM: Mpu CKpelLynBaHun 4BYyX MOTOMKOB epBoro
MOKOJIEHNS] MeXAY cobou (ABYX reTepo3nUroTHbIX
ocobey) BO BTOPOM IMOKOJIEHUN HabslogaeTcs
paclyensieHue B ornpeges1eHHoM Y4C/10BOM
COOTHOLLEeHun: rno ¢eHoTurny 3:1, a No reHoTurny
1:2:1.

PaclyenneHue — 1o pacnpeneneHme AJOMUHAHTHbIX U
DELIECCUBHbIX NPU3HAKOB Cpean NOTOMCTBA B
onpeaeneHHoOM YMCAOBOM COOTHOLLEHUN,
PeLieccnBHbIV NpU3HAK Yy rubpraoB NEpPBOro
MOKOJIEHNS HE NCYE3AET, @ TOMIbKO NOAABNSETCS U
NPOSABNSETCSA BO BTOPOM rmMOpUAHOM MOKOSIEHUN,



Ned

Tametti K

S
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25% 50Y% | 25%
rOMO3nrOTHbI X T€IepO3UI OTHbIX FOMO3UIOTHbI X
JAOMUHAHTHBIX pPEUECCHBHbIX

-




TpeTun 3aKoH

TpeTtun 3akoH MeHaensa dopMynupyeTtcs
crnenyoLwmm obpasoM: rnpu CKpeLumBaHnm
/IBYX rOMO3UrOTHbIX OCObEM,
OT/INYaKOLUNXCS APYr OT Apyra rno AByM (u
6os1ee) napam asibTepHaTUBHbIX
MPU3HaKoB, reHbl U COOTBETCTBYOLUNE UM
rpU3HaKn Hac/1eyroTCad HE3aBUCUMO APYr
OT Apyra n KOMbMHUPYIOTCS BO BCEX
BO3MOXKHbIX COYETAHMUSIX.



TFamernl P

Famerm F|




Kenrun 3eneHn

Enazenk L []aciiejoBaHNE OKPAcKHU U
(OpMBI CEMSIH y TOpoxa

K eatun rasan A-XeJnTas OKpacKa CeMsH

_AaBb

. . a-3€JICHasi OKpacKa CEMSH

XKentmi XKentmn Kenrwin

rnanxus fRaakumn rnankun B— prrﬂaﬂ (1)OpMa CeMHH

B-MOPIIAHUCTAs (popmMa CEMSH

Kenrwmn XKenten " Kearwmn
TNAnKH# MOPUIUHHNCTBIH rnaaxun MOPUWIMHKUCTHI K

Kentmu z 3eneHbi it 3eneHn it
TRaOKKHA x rRAOKUA riaakan

Kentmwu Kentmn 3enrenvin
rnaaxkun MOPDUIHHKCTHIN rAnanxuwn

Puc. 73. Hacneposanue okpack M GopMbl ceMaH y ropoxa:
A — XeJITasi OKpacka CEMAH, ¢ — 3eJICHas OKpacKa cemsH, B — xpyrimas ¢opma cemsH, b —
MOPHIMHHCTaA (POpMa CCMAN




FeTepo3nrora — opraHu3M, y KOTOporo Kakas-nmbo
reHHas napa npeacraBieHa AOMUHAHTHBIM U
peLleCCMBHbBIM FrEHaMU

foMo3MUrota — opraHum3M, y KOTOporo Kakas-nmbo
reHHasl napa npeacraBfieHaJOMUHAHTHLIMU NN
pPeLeCcCUBHbIMU reHaMu

PacluenneHue — pacnpeaeneHne JOMUHAHTHbIX U
PELIECCUBHbIX MPU3HAKOB Cpeay NOTOMCTBA B
ornpeaeneHHOM YMC/TOBOM COOTHOLLEHUM



MyTaunn

JTO BHe3arnHble, ecTeCTBEHHbIE UK
Bbl3BaHHblE€ UCKYCCTBEHHO Hacneayemblie
N3MeHeHns reHOTUNUYEecKoro MmaTepuana,
npuBoAsLLINE K U3MEHEHUIO TEX UTN NHBIX
NPU3HAKOB OpraHun3Mma.

MyTaHT — 3TO OpraHu3M, NosyYnBLLNM
HOBblE CBOMCTBA B pe3y/sibTaTe MyTaLuM.



CBOMCTBa MyTaLNU:

-BO3HMKAOT BHE3aMNHO, MyTUPOBAaTb MOXET
nobag yacTtb reHoTUNa

-MyTaLuKM Yalle 6bIBaloT peLECCUBHBIMU U peXe
— IOMUHAHTHbIMM

-MyTaLmn MOryT 6bITb BPEAHbIMMU,
HEUTPAJ/IbHbIMAU U MOJIE3HBIMU

-MyTaLMN NMepeaaroTcs U3 NOKOSIEHNS B
NOKOJIEHUNE

-MyTaLmn MOTryT nponcxoanTb rnoa BJINAHNEM
KdK BHELUHNX, TdK N BHYTPEHHUX BO3,£I,€VICTBVIM



-reHoMHble (aHeynaounams 1 nonunnouauns) — 3To USMeHeHne
4yncna XpoOMOCOM B reHoMe KNeTKU. AHeynionabl BO3HUKAKOT
KOrfla He pacxoasiTcs XpoMaTuabl OTAE/bHbIX XpPOMOCOM B
MUTO3€E UNN OTAENbHbIE FOMONIOrMYHbIE XPOMOCOMbI B MEWO3E.
B pe3ynbTate MOryT BO3HUKATb MOJIOBbIE KNETKU C JINLLUHUMMU
XpoMocoMamu -2n+1 (Tpncomuk), 2n-1 (MOHOCOMMUK), 2n-2
(HynMcomMuk) nnm 2n+n (MNOSIMCOMUK).

AHeynnouabl BCTPe4YatoTCs KaK Y paCTeHMUVI, YXUBOTHbIX U
yenoseka. ObblYHO OHM 061a4a0T HU3KOU XKN3HECNOCOOHOCTbIO
U NNOAOBUTOCTbIO. Y yenoBeka BeaeT K becnnoauio.

[lonnnionama — aTo KpaTHOe yBenn4veHne Habopa XpoMOCOM
(3n Tpunnouabl, 4n TeTpannonabl, 6n rekcarnsionasl). Yaiue
BCero o6pas3yoTcs Npyv HapyLeHUM pacxoXXaeHnst XpoOMOCOM K
NontocaM KIETKN NMpu MeNo3e n MUTo3e (BblICOKas U HU3Kas
TEMNepaTypa, X\M. B-Ba KONXULWH, BUHONACTUH, X/TOPOCHOPM,
3pup 1 T.4.). OKONO TPETM BUAOB PAaCTEHNN Ha HALLEWN MNIAHETE
— nonunaounabl, B YCNOBUAX BbICOKOropHoro Nammpa — 85%.
[louTn BCe KyNbTYpHbIE pacTeHns nonunnouabl. Y Hux bonee
KpYrHble LUBETKU U nnoAabl ¢ 60/bLWKUM KOTMYECTBOM
NUTaTeNbHbIX BELLIECTB.



= ~XPOMOCOMHbIE MyTauuu
BbIpa)kaloTCa B U3MEHEHUM
CTPYKTYpPbl XPOMOCOM.
[TpMepbl XPOMOCOMHBbIX
NnepecTpoeKk N3BECTHbI Y
MHOI'MX OpraHnU3MoB.

= Y yenoseka 3abonieBaHue C
CUHAPOMOM «KOLLAYbero
Kpuka» ((PeHUNKeETOHYpus),
COMNPOBOXAAETCSH YMCTBEHHOW
OTCTa/I0CTbi0, 0ObIYHO CMEpPTb
HaCTynaeT B paHHEM
BO3pacTe). - e

Puc. 12.8
b0/1bHOM C PEHHUNIKETOHYDHEN.
Cnabas nurMeHTauns KOXm, BON0C,

pagyxHon o0010YKH rnas,
YMEpEeHHaNA CTENEeHb ONIMroPpeHnH




[ @HHble MK TOYKOBbIE MyTaLUU — pe3ynbTaT
U3MEHEHUS HYKNEOTUAHOW NOCNeaoBaTeNbHOCTU
Monekynbl 1HK B onpeaeneHHoOM y4dacTke
XPOMOCOM®bI.

[TpnMep - CepnoBMAHO-KIETOYHas aHeMUS -
3abonieBaHue reHeTnyeckoe. pnynHa - 3aMeHa
BCEro 0HOro HyK/1ieoTuaa B reHe, KOAUpPYOLLEM
B3-uenb reMornobumHa.

[leTn - peueccnBHble rOMO3UroThbl MO TaKOMY
annento He A0XXMBAIOT A0 ABYX NeT. Y
retepo3uroT 85% HopManbHbIX U 15%
NeMeKTHbIX 3pUTPOLIUTOB.

[JOMWHAHTHbIE rOMO3UIrOTbl HONET Manapuen,
reTepo3nroTbl - He boneltor.



HopManbHble 1 CeEpNOBUAHbIE 3PUTPOLUTDI



JAnuHa BONHEI

- Ramo: OPOTKKME BONHbI
MyTareHHble akTopbl — 370 | AUTDMA
(baKTOpbl, Bbi3blBatoOLLME IE
MyTaLMW. H"aﬂa"
dusnyeckne MytareHbl — | T ——
S e o, [| e
paavaumsi u YO nanyueHne. NI
OT0 b6osiee KOpoTKMe u o I]
obnagatowme 6onbluen p
3SHEpPrmuemn BOJHbI, YEM e

-UOHU3UDYIOLLINE N3NYYHEHUS KX H
Fanma-ny4qm
-Y® usnyyexuve

HKOCMMHECKMG ny4M

duoneT 380




XUMMYyeckmne MyTareHbl — 3TO OpraHNYyeckme u
HeopraHM4eckne KUCoThl, LLIeNoYn, NepeKkncy,
Co/n MeTannoB, popmanbaerna, GeHosnbl,
aKpWIoBble KpacuTtenu.

XMUYecKne MyTareHbl AENCTBYIOT KaK a
PENNLUUPYIOLLYHOCS, TaK U Ha MOKOKOLLIFOKOCS]
[HK, HapyLliatoT MeNos.

B nocneaHue aecatuneTms MmytareHHbin adpdekT
HabtoaaeTcsl Yy HEKOTOPbIX NIeKAPCTBEHHbIX
coeanHeHnn (KOHTpaLEenTMBbI), COEANHEHNH,
BXOASILLNX K KOCMEeTU4YecKmne cpeaictea U B
KOHCepBaHTbl NPOAYKTOB NUTAHWSI.






[leneHmne KNeTok u MexaHn3Mbl Nepenayn
HacneacTBEHHOU MHMOPMaLUN: MUTO3 N E€ro
a3bl; Meno3 n ero dasbl; bronoruyeckoe
3Ha4YeHWe MUTO3a N MENOD3a

Pa3sMHOXXeHMe OpraHm3mMoB — 3TO
BOCrpoun3BeaeHme cebe nogobHbIX.
XapaKTepHas 4yepTa XXMBbIX OpraHU3MOB.
[1py 3TOM BCE KNETKN Aendrca. Y
MHOIOKJ/IETOYHbIX efieHne obecreymBaeT
POCT, pereHepauuio, 3aMeHy
OTCNY>XXUBLUNX KNETOK.



KneToyHoe aeneHue y NnpokapuoT

« [lpokapuoTbl coaepxaT
oaHy monekyny AHK.

« [lepen neneHnem oHa
pennmuupyeTcs
(yoBanBaeTcs).

=« Koraa knetka aenuntcs,
KfieTo4yHass MeMbpaHa
BpaCTaeT Mexay 3TUMU
asyma monekynamum AHK,
AenuTca umTtonnasma




KneToyHoe aeneHue y aykapuoT

JyKapuoTuyeckmue KNeTku coaep)xat MHOro
XpOMOCOM. [1o3TOMYy Bonee cNnoXHbIM NMyTeM
NpoNCXoauT KNEeToYHoe AeneHue. 3TOoT npoLecc
Ha3bIBaeTCA MUTO30M.

MWTO3 — OCHOBHOM CNOCO6 AeneHus
COMaTUYECKNX 3YKapUoTUYECKMX KNeTok. Mmntosy
npeaLwecTByeT yaBOEHNE XPOMOCOM.
YBOMBLLASACS XpOMOCOMa COCTOUT U3 ABYX
OMHaKOBbIX MOMIOBUHOK (XpoMaTua),
COeNHEHHbIX LIeHTPOMEPOU. YABOEHUNE
XPOMOCOM MponCXoauT B MHTepdase. Mexay
yABOEHNEM XPOMOCOM W1 Ha4asioM MUTO3a
NPOXOANT HEKOTOpPOE BpeMs




= XPOMOCOMbI KJIETKM YenoBeKa
HenocpeaCcTBEHHO nepen AeneHneM aapa
(yBennyeHune B 950 pa3). XopoLlo 3aMEeTHO,
YTO Mapbl XpOMOCOM BCE eLle CBA3aHbl
Mexay cobomn LieHTpoMepaMm
: B i B




CTpoeHue MeTada3HOM XpOMOCOMbI

LeHTrpomepa

Monexkyna [IHK

lBe xpomMarnabl

Puc. 2. CrpoeHue meradasHoOM XpoOMOCOMbDI.




MHUTOTHYECCKHE XPOMOCOMBI

“wx

Tolomeres — A ;
Checmatad

M.ruph.n -
chiiomosoime

MurorTHueckas
TUIACTHHKA MuroTHueckas Xxpomocoma

COCTOHMT M3 JBYVX XPOMATH/




MuTo3 (0T rpey. mitos - HUTb), KAPUOKMHES, HENPAMOE
NEeNeHne KNeTkn, Hambonee pacnpocTpaHEHHbIM CNocob
BOCI'IpOVI3B€£l,€HVIFI (peI'IpOLI,YKLl,VIVIS) KNEeTokK, obecneunsatoLLmim
TOX/JECTBEHHOE pacrnpeaeneHne reHeTMYeCcKoro MaTepumana
MeXAy [OYEPHUMU KNIETKAMU U NPEEMCTBEHHOCTb XPOMOCOM B
DAY KNETOYHbIX MOKOSIEHUMN.

buonornyeckoe 3Ha4yeHne MMTO3a onpeaengeTcd cCouyeTaHUEM
B HEM YABOEHUA XPOMOCOM NMYTEM NPOAOJIbHOIO pacLleneHns
X U paBHOMEPHOro pacnpeaeneHus Mexay o4YepHUMun
KneTkaMu.

Hauany muto3a npeawecTByeT NEPUO/ NOArOTOBKY,
BKJTIOYAIOLLNMA HAKOMIEHNE SHEPTUN, CUHTE3
ne3okcprboHykienHoson kucnoTsl (AHK) n penpoaykuuio
LIEHTPUOEN.

MICTOYHMKOM 3HEprumu cnyat boraTble SHepruen, unm Tak
Ha3blBaeMbl€ MAaKpO3Prnyeckne coeamuHeHS.

MUTO3 He CONPOBOXAAETCH YCUIEHNEM [bIXaHUs, T. K.
OKUCUTESNbHbIE NPOLECCHI MPOUCXOAAT B MHTEpPda3e
(HanosHeHne "3HepreTU4ecKoro pesepsyapa’).
[lepnogmnyeckoe HanosiHeEHUE 1 ONyCToLLeHne
SHepreTU4eckoro pesepsyapa - OCHOBa SHEpPreTMkn MMTo3a



« B npodase nponcxoanT KOHAEHCALUNS XPOMOCOM NPOUCXOANT
KOHAEHCALMSA XPOMOCOM, KNETOYHbLIA LIEHTD MPOUCXOAUT
KOHAEHCALMS XPOMOCOM, KNETOYHbIN LEHTP AENTCA U
NPOAYKTbl €ro AefeHnst pacxoasaTcs K noacaMm gapa
NPOUCXOANT KOHAEHCALMA XPOMOCOM, K/TETOYHbIW LEHTP
OEeNNTCA N NPOAYKTbl ero AefeHnst pacxoasTcs K nosocam
aapa, paspylliaeTcs saepHas 06ono4ka, obpasyercs BepereHo
nes1eHus.

= B MeTadase xpoMOCOMbI pacrnosiaratoTcs Ha «3KBaTope» (Ha
PaBHOM pPacCTOSHUWN OT «MOAOCOB» SApa) B OAHOW MSIOCKOCTH,
06pa3ys Tak Ha3blBaeMyto MeTadasHyo MIacTuHKY. BaxHo
OTMETUTb, YTO OHWN OCTAIOTCS B TAKOM MOSIOXXEHUN B TEYEHME
NOBOJbHO AnnTENbHOro BpeMeHn. O6bIYHO B CBSI3U C 3TUM
MeTadasa — Hanbonee ynobHoe BpeMs ANns NoAcyeTa
XPOMOCOMHbIX YUCET.

= B aHadaze xpoMocoMbl aensatcsa (coeanHeHne B palioHe
LIEHTPOMEpbI Pa3pyLUAETCs) U pacxXoaAaTCcs K MOocaM AeSIeHns.

= B Tenodase nponcxoanTt paspyLleHne BeEpeETEHa AENEHNS U
0bpa3oBaHue sinepHon 060104KN BOKDPYI A0YEepHUX saep.




Muto3. [—III — npo®a3za;
IV — MeTadaza;

V—VI — aHada3za;
VII—VIII — Tenodasa.




NHTepdasa (G,) [Tpodhasa MeTadasa

4 Centrosomes ¢ Spindle poles Kinetochore

Sister «
chromatids

AHaasa Tenogaza  WMHTepgasa (G,)




s

TR




Meno3 (OT rpey. meiosis - yMeHbLUEHME), peaYKLIMOHHOE
neneHne, AeneHns co3peBaHuns, cnocob aeneHns KNeTok, B
pe3ysibTaTe KOTOPOro nNponcxoauT yMeHblleHue (peaykums)
yucia XpOMOCOM B [1Ba pa3a U OfIHa AUNIonaHas KeTka
(coaep>kallast ABa Habopa XpoOMOCOM) rocsie ABYyX 6bICTPO
cneayowmnx apyr 3a ApyromM aeneHun gaeT Hadano 4
ranaouaHbIM (coaepXxalluMm no ogHOMY Habopy XpOMOCOM).
BoccTaHoBeHne AUnNIoMAHOro Yncia XpoMoCoM NpPoUCXoauT B
pe3yfnbTaTe onaoaoTBOpeHus. M. - 0bs3aTenibHOe 3BEHO
NOMOBOro Npouecca u ycnosue (opMmUpoBaHUs NOMOBbIX
KneTok (ramer).

CnoXxHbIM MPOLIECC, TaK KaK BK/IOYAET [1Ba NOC/IEA0BaTENbHbIX
nenexnunsl. FnaBHoe B MeNo3e TO, YTO XPOMOCOMb yp,BaMBa+OTc;|
TONbKO OAMH pa3, Toraa Kak KNeTka AeNUTCs ABaXabl,
pesysibTaTe Yero NponcxoanT peayKLms Y1ca XpOMOCOM "
OVNIOVAHbIV Ha6op NpeBpaLLAETCS B ranonaHbIn.

OcobeHHOCTb MENO3a COCTOUT B TOM, YTO MPU KJIETOYHOM
NENEHNN SKBATOPUaAsbHYIO MIACTMHKY 06pa3ytoT napbl
FOMOTOrMYHbIX XPOMOCOM, @ HE YABOEHHbIE NHAMBUAYANbHbIE
XPOMOCOMbI, KaK rMpu MuUTO3€. MapHble XpOMOCOMbI, Ka)kaast u3
KOTOPbIX OCTaslaCb OAMHAPHOU, pacxoasTcs K
NPOTUBOMOJIOXKHBIM MOJIIOCAM KINETKK, KNETKA AESIUTCS, U B
pe3vy/bTaTe A0YEDHUE KNETKM NMOSVYAOT MOSIOBUHHBIA, MO
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AMWUTO3 - OTHOCUTENbHO PEAKUM U MaNIOU3YyYEHHbIN
cnocob aenenunst kKnetkn. OnncaH oH ANng CTaperowmx 1
MaTONOrMYECKN U3MEHEHHBIX KETOK.

[lpn amMnUTO3e MHTEpda3Hoe AP0 AENUTCH NMyTeEM
NepeTsKKn, paBHOMEPHOE pacnpeaeneHmne
HacneaCcTBEHHOro MaTtepuana He obecneynBaeTcs.
Hepeako sapo aenutca 6e3 nocneayolero pa3aeneHms
LIMTOMIa3Mbl M 06pa3yoTCsa ABYXbAAEPHbIE KNETKM.
Knetka, npetepnesLUas aMUTO3, B Aa/IbHENLLNM HE
cnocobHa BCTynaTb B HOPMasbHbIM MUTOTUYECKMN LMK,
[T03TOMY aMUTO3 BCTPEYAETCH, KaK NpPaBuo, B KIIETKaXx
N TKaHSX, obpeyeHHbIX Ha rmbenb, HanpuMep, B KIETKax
3apoAblLLEBbLIX 060/104EK MNEKONMUTAIOLLNX, B KNETKAX
onyxoneu






[lapTeHoreHes

= [MapTeHoreHe3s — 4eBCTBEHHOE
pPa3MHOXeHWe, oHa 13 GopM
NOJSIOBOr0 Pa3MHOXEHUS
OpraHM3MoB, Mpu KOTOPOW
YXEHCKME MOJI0Bble KIETKM
(anuekneTkn) passuBatoTcs 6e3
On/1040TBOPEHMUS.

= [MapTeHoreHe3s — NoJioBoEe
PA3MHOXXEHNEe — BO3HUK B
npowecce 3B0J1OLUUN OpraHU3MOB
Y pa3aenbHoMnosbiX gopM.

« XapakTtepeH Aans n4yen n aadHuK




Pa3nnymnsa B CTpOEHUN KNETOK
NPOKapUOT, PACTEHUN U KUBOTHbIX

IIpoxapuorsl (1at. "npo" - nepen u rpey. "kapuoH" - S7Ap0) - 3TO
APEBHEUIIINE OPraHU3MBbl, HE UMEIOIIHe 0(POPMICHHOTO Sapa.
HacneacrBennas nHpopMaIus y HUX IEPEAacTCs Yepe3 MOJICKYTy
JIHK, xoTopas oOpa3zyeT HyKJI€OTHI.

B muroruiazmMe npoKapuoTUYECKON KIIETKU HET MHOTUX OPraHOUJIOB,
KOTOPBIE UMEIOTCS Y 9YKAPUOTUYECKOM KIETKH (HET MUTOXOHIPHH,
9HJI0ILJIa3MaTUYECKOM CETH, KOMILIEKCA [ OJIbJKM U T.1.; (PYHKIHIO
3TUX OPraHOB BBIMNOJIHSIOT OrPaHUYCHHBIC MEMOpaHaMH II0JIOCTH). B
IPOKAPUOTUYECKOM KIIETKE UMEIOTCS pUOOCOMBI.

BONBIIMHCTBO ITPOKAPUOT UMEET pasmep 1-5 mkMm. PazMHOKat0TCs
OHHU IyTEM JICJCHHUS 0€3 BRIPAXKEHHOIO II0JIOBOIO IIpoIecca.
[IpokaproThl OOBIYHO BBIJICIISIOT B HAAIAPCTBO. K HUM OTHOCAT
OaKTEpUH U CHUHE - 3€JCHbIC BOJOPOCIHU (IMaHEH, UITH
[IHaHOOAKTEPHH ).



CTpoeHue npoKapruoTUYECKOU

BHELUHANA
obonoyka

KNeTo4Has
CTeHKa

nnasamarumyeckas
membpaHa




CxeMa CTPOEHUS PaCTUTENbHON KNETKU

(mBe memOpanl)

CpenMHHan MIACTHHKA

© Kaerousnste CTeHKR

COCENRNX KNeTOK .
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CxeMa CTPOEHMUS XUBOTHOU KNETKU

Mornouiesne MK CeKpeLHs
¥ OCHOBRHHA MHKPOBOPCHHOK

Ceofonunie pubocomsi,
PaccenMHble B LHMTOILIAIME

JIne uesrpuon,
PACTIOTOKENHLIE MO NPAMBIM
YrNIOM APYT K APYCY
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