Jlekyus 3

Pa3mmnosicenue na Kiemounom u

OPDCAHUIMEHHOM VDOBHE




OcHOBHbBIE CIIOCOOBI PA3MHOKEHUS

Pa3zMHoOkeHHe - YHUBEPCAILHOE CBOMCTBO
KWBOT0, 3aKJIFOYAOIIECECS B BOCITPOU3BEICHUN
ceOe moo0HBIX. B OCHOBE pa3sMHOKEHHUS JICKHUT
nepeaaya reHeTHIeCKOM HH(GOpMaILMU OT OJHOIO
MIOKOJICHUS KJIETOK MJIM OPraHu3MOB K JIPYTOMY.



CxeMa crioco00B pa3MHOKEHHUS KIETOK




Ki1eTOYHBIM M1 MUTOTHYECKUU MUK BI

Ki1eToOYHBbIN (KU3HEHHBIN) UKJ - 3TO IEPHUO] B
KU3HEACATEIIBHOCTH KIETKA OT MOMEHTA €€
MOSBJICHUS 10 THOEIN WM 00pa30BaHUs
TOYEPHUX KIIETOK.

MuToTHYECKMI IMKJ — 3TO IIEPUO]] B
KU3HEACITECIbHOCTH KIETKH OT MOMEHTA €€
00pa3oBaHUs U J0 pa3AcICHUS Ha JOYCPHUE
KJICTKH.



MUTOoTHYECKUU ITUKJI

» MUTOTHYECKUMN TUKII
BKJIIOUAET MHTEpdazy
MHTO3

= HuTtepdaza cocTout u3 Tpex
MIEPUOJIOB:
MPECUHTETUYECKOTO
(moctmurtotrudeckoro) G,
CUHTETUYECKOTO S 1
MOCTCUHTETUYECKOTO
(mpemutoTHYECKOT0) — (2.

LIUT OKMHER

Tenodaza

| AHatbaza Mertadasa |

e




CxeMa MUTOTUYECKOT'O ITUKJIA

ConeprxkaHne reHeTU4eCKO MH(OpMAIMU B KJIIETKE: B - HA0OP XpOMOCOM, Xp - YHCIIO
XpOMATHUJ B OJTHOM XpOMOCOME, ¢ - unciio mosuekyn JJHK.

OO0pazoBasIascs Mocie MUTO3a KJIETKa 2n2xp4c
COJICP KUT JUIIOUIHBIA HAOOP 2n2xp4c
XPOMOCOM M YIBOEHHOE YUCJIO
moJiekys JIHK, kaxmas xpomocoma G 2

UMeeT oaHy xpomatuny (2nlxp2c).

Takas KJIETKa BCTYIIAET B
npecunmemuydeckui nepuoo (G1)

urnmep@a3zvl, IPOAOIKUTEILHOCTD S I MuTO3
KOTOpPOTO KOJIEOIEeTCs OT ‘

HECKOJIbKHX 4aCOB 1O HECKOJIbKHUX >
MECSIIEB U Aaxe JIET. B 3ToT nepuos

KJIETKA BBIMIOJIHAET CBOU (PYyHKITUH, G 1
YBEJIMYMBACTCS B pa3Mepax, B HEH
UET CUHTE3 OEIKOB U
HYKJICOTH0B, HAKAILIMBACTCS
sHeprus B Buje ATO. 2n1xp2c




Ki1eTOYHBIM M1 MUTOTHYECKUU MUK BI

B cunmemuueckuu nepuoo (S) npoucxoaut pernkamnuys moiaekyn JJHK u
€€ Co/Iep>KaHKE B KJIIETKE yIBAUBAETCS, T. €. KaXK/1ash XpoMaTuia
JOCTpanBaeT ceOe MoJ00HYI0, U TeHETUYECKas MH(POpMaIys K KOHILY 3TOrO
nepuojia CTaHoBUTCS 2n2xp4c. OJHOBPEMEHHO B KJIETKE UAYT OOMEHHBIE
MPOILIECCHI, U OHA MPOJOJKAET BBIOIHATH CBOM (DYHKIUU. JJIMTETHHOCTD
3TOro nepuonaa 6-8 .

B nocmcunmemuueckuit nepuoo (G2) xjieTka rOTOBUTCS K MUTO3Y:
HaKaIlJIMBaeTCs SHEPTUsl, CHHTE3UPYIOTCS OEJIKH aXpOMaTHHOBOIO
BEpETEHA.

ITocTerneHHo 3aTyXarT BCE CHHTETUYECKHE MPOIECChl, HEOOXOAUMBIE IS
PENPOAYKIIUY OPTraHOUI0B, MEHSETCS BA3KOCTh IIUTOILIa3Mbl U SIACPHO-
[UTOIUIA3MEHHOE COOTHOIIIEHUE, TPEKPAIIACTCS BHIIOJHEHUE KIIETKOM
ocHOBHBIX (yHKIMM. ConeprkaHue reHeTHYeCKO HH(POpPMaIIMU HE
U3MEHsIETCS (2n2xp4c).

Kilerka BcTynaer B MUTO3.



Mumo3

3TO OCHOBHOM CIIOCO0 PA3MHOKEHHSI COMATHYECKHX KJIETOK.

I maBHBIMU IIPUYXMHAMH Ha4dadJla MUTO3a ABJIAIOTCA:

U3MCHEHHE SIACPHO-IIMTOINIA3MEHHOTO COOTHOIICHHMS (B Pa3HBIX KJIETKaX OHO
nocturaet 1/69 - 1/89);

MOSIBJICHUE "MATOTCHETUYECKUX JTy4Yeu' - IENAIMMECcs KICTKH '3aCTaBIISIOT"
PacIoI0KECHHBIC PSAJIOM KJIETKHA BCTYIIaTh B MUTO3;

HaJIM4Ke "paHEeBBIX TOPMOHOB" - MOBPEKICHHBIE KIETKHU BBIJICIISIIOT OCOOBIE
BEIIIECTBA, BBI3BIBAOIINE MUTO3 HEMOBPEKACHHBIX KIETOK. Peryisiuus neneHus
KJIETOK OCYILIECTBIISIETCS OeIKAMU-UUKAUHAMU, U3MEHSIOINMUA
MPOIOIKUTETBLHOCTD (Pasnl G .



Mumo3

IIpouecc muto3sa -
HEIIPEPHIBHBIN

4 craguu:.
= Tmpodasa,
= MeTada3za,
= aHadaza
= Tenmodaza

LIMTOKMHES

Tenodaza

AHadaza Mertadaza

MuT o3



Mumo3

B cTraguu npoda3pl MPOUCXOAUT YBEIMUSHHE 00beMa s/ipa, CIIupaIn3alius
XPOMaTUHOBBIX HUTEH, PACXOXKICHHUE IIEHTPUOJICH K MOII0CaM KIIETKH U
dbopmupoBanue gepemena oenerusi. K koH1y npodassl hparMeHTUPYIOTCS
SAPBIIIKY U SACpHAs 000JI0YKa, XPOMOCOMBI BBIXOASAT B LIMTOILJIA3MY U
YCTPEMIISIOTCSA K LICHTPY KJIeTKU. B KoHIle mpoda3bl K LICHTpOMEpam
XPOMOCOM IIPUKPEIUISIOTCS HUTH BepeTeHa aencHus. CoaeprkaHue
T€HETUYECKOTO MaTepualia IIpu 3TOM He u3MeHseTcs (2n2xp4c).

Meradaza - camas kopotkas ¢a3a, Korma XpoMOCOMBI pacIiojararoTcs Ha
HKBATOPE KJIETKH. B 3TOM cTaguu JOCTUTAeTCa HAanOOIbIAs CIUpaTnu3alus
XpPOMOCOM U HX ynoOHee Bcero nzyuarb. CoaepkaHue TeHETHYECKOro
Marepuana OCTaeTCs MPEKHUM.




Mumos3

B craguu anadasbl NpOUCXOAUT NPOAOJIBbHOE pa3IesICHUE XpOMaTH/I B
oOJracTy nieHTpoMepbl. HuTu BepeTeHa AeaeHusl COKpaIaroTcs, U
XPOMaTUIbl (JIOUEpPHUE XPOMOCOMBI) PACXOASATCS K MOJIOCaM KJIIETKH.
ConepkaHHWE TEHETUUYECKOM MH(POpMALIMK CTAHOBUTCA 2n1xp2cy
KQJIOTO TIOJTEOCA.

B craguu Tenodasbl GpopMUpyIOTCA siApa JOUEPHUX KIETOK: XPOMOCOMBI
JIECIUPATIU3YIOTCS, CTPOATCA SIACPHBIC 000JI0UKH, B SIAPE MOSBIISIOTCSA
SAPBILIKH.

MuT03 3aKaHUUBACTCA YUMOKUHE30M - IETICHUEM IIUTOILIa3MbI
MaTEPUHCKOM KJIETKU. B KOHEUHOM UTOTe 00pa3yloTCs ABE I0UEPHUE
KJIETKH, KaXasl U3 KOTOPBIX UMEET 21 XPOMOCOM, OJIHY XpOMaTHy B
xpoMmocoMme u 2¢ Habopos JTHK.




EEDmEoEN

e FAAPO YEENUWIMEISTCA B pasMepax,

e XPOMOCOMBEI HE CNUPANKMI0BaHL! — NPEACTABNSHb! B BMAS XPO-
sMaTHUHa,

e K KOHUY MHTERDAZH! XPOMOCOML! COMPINUIVIOTCA, M NOITOMY
CTAHOBATCA EMAHB! XPOMOCOMMHBIZ HNUTH

NMPO®ATA

SR=-8g R

— 3aM . MCYE3IART AADBIWKO,
s et ! - i . MCUE3aeT AgepHan
bIWKD, .
- :ﬁ:cyrcrmr . ofonouxa,
anepHan ob6o- . BMAHBI CRMPDANU30-
noJyka; EaHHBIE XPOMOCOs-

* EMAHBI XPOMO- . HEIS HUTH,
COMHBIE HUTH. USHTPMONK pacxo-

AATCA K nNonocams

METAD®ASA

XPOMOCOMBI MAKCHMMANBHO CNUPANKM3I0OBsaMHel;
XPOMOCOMBE! PACNONAraNTCA & USHTPE JIKEITOPA KNETEM, B
OAHOM NNOCKOCTHM,
WUEHTRPMONK DOPMMPYIOT MUTOTHNECKOS BEPDETEHO,
HUTH BE2DETEHE ASNSHUA NPHUXPENNANTCS K
USEHTROMEPAM XPOMOCOM.

AHA®ASTA

LWAONKXER

UeHTPOMEDE! XPOMOCOM AENATCA,
HUTH BEPETEHA AeNeHNA PACcTAMMEANT
CECTPUMHCKME XPOMATHAR KaKA0M XPOMOCOME!
X NPOTHEONONOOKHLIAM NOMNIKCAM KNeTKH

TENOD®ASTA

XPOMOCOMBI NPETEPNSSIIOT ASCNUpanisaa-
UM, PACNNETANTCA;

KOHTYPLI XPOMOCOM TEPAIOT CE0K0 YETKOCTL,
MUTOTHHECKOS BEPETEHO PISPYWAsTCA,
BOCCTaAHasNMEaeTCR AQepHans 060NoNKa;
NOABNAKXTYCA AAPLIWKKM

LUMTOKMHES

e U3 PparMonNnacrTa sepereHa geneHms QopmMupyeT-
CA KNeTOuHaA CTeMKa, KOTOpas 4enuT Bce cogep-
WuaMoe

e WMTONNA3MbEI H3 NIBS PABHBIS YacTh,

e MUTOS 3aKaHIMEasTCA

LI L




OCHOBHOE 3HAUEHHUE MUTO3A

3aKJIFOYAETCS B MTOAACPKAHUU MTOCTOSHCTBA YHCJIa XPOMOCOM,
OOyCIIOBJIIEHHOM TOYHBIM PACHPEACITCHUEM T€HETUYECKON
MH(POPMAIIUHA MEXKIY TOUYCPHUMU KJIETKAMH.

Pa3HOBUIHOCTH MUTO3a: IHAOMHTO3, MOJUTEHUSA M MeH03.

[Ipr 3HAOMHUTO3€ TPOUCXOAUT YABOCHUE XPOMOCOM O€3 JAeIICHUS
A1pa, YTO IMIPUBOJIUT K 0OPA30BAHNIO MOJIUILUIOUIHBIX KIIETOK.

[Ipyu moJuTeHuN HAOMIOAAETCSI MHOTOKPATHOE YIBOCHHUE
XpOMaTK/l, HO OHU HE PacXOJATCs, U B pE3yJIbTaTe
00pazyroTcs noaumenuvie (MHOTOXpPOMATHIHBIC, THTAHTCKHUE)
XpOMOCOMbL, HAIIPUMEDP B CIIFOHHBIX JKEJIe3aX MyXH
APO30(UIIBI.



Jle1eHne KJIETKHU

Amumo3 - npsiMo€ JIeICHUE KICTOK U AOep,

HaXOIAIINUXCS B YCIOBUAX (DU3HUOJIOTHUYECKOMN U

penapaTuBHOMN pereHepanuy, 100 OIyX0JIeBbIX
KJICTOK.

HauwmHaeTcs ¢ 00pa3oBaHMs MEPETIKKY apa, 3aTeM
[IUTOIIA3MBbl, M JAJIC€ OHM JICIATCS HA JBE YACTH.

YCTaHOBIIEHO, YTO U IIPHU AMUTO3€ MPOUCXOIUT
PAaBHOMEPHOE pacCpeAeIICHUE T€HETUYECKOTO
Marepuana MeXay JOUYEPHUMHU KIETKaMU.



Meiio3

3TO JCJICHUE COMATHYCCKUX KJICTOK MOJIOBBIX JKEJIC3, B
pe3yJIbTaTe KOTOPOro 00pa3yIOTCA HOI0BbIE KIEMKU -
eamemeol.

Menotudeckoe ejIEHUE MPOTEKAET B ABa 3Tara - Meno3-1 u
Meno3- 11.

4 (a3sr:
npodasa,
MeTadasa,
aHadaza
Tesodasza



Cxema Meno3sa

meuos -I.

1 - nenToTeHa;
2 - 3UTOTEHa;

3 - NaXUTeHa;
4 - ANNNOTEHA;
O - ANaAKNHES;
6- meTadrasa;
/- aHaasa;

8 - Tenodasa;
9- UHTEPKUHES;
meuo3s- Il:

10- meTadasa;
11 - aHaa3sa;
12 — Oo4epHUE KNEeTKU




HpO(]QaBa MCﬁOBa-I S craagui: JenroreHa,

3UTI0OTCHA, ITAXUTCHA, TUILJIOTCHA U JTHUAKHHE3.

Craausa renmomensl. XpoOMaTHHOBBIC HUTU CHUPAIN3YIOTCS,
YTONIIAIOTCS U YKOPAYUBAIOTCS, CTAHOBATCS PA3JIMYUMBbI MO]T
MHKPOCKONIOM. 3aMETHbI MHTCHCUBHO OKPAIIMBAFOIINECS
YYACTKH - XPOMOMEPDL, B KOTOPBIX XPOMATHUH CHUJIBHO
CIIUPAIN30BaH, U CJ1a00 OKpAIIMBAIOIINECS, B KOTOPHIX
XPOMAaTHH CJIa00 cupajin3oBaH. HUTEBHIHBIE TOMOJIOTHYHBIE
XPOMOCOMbBI HAUMHAIOT ABUKEHUE JIPYT K JAPYTY
LEHTPOMEPHBIMH ydacTKamu. ConepKaHnue FT€eHETUYECKOTO
Marepuana COCTaBIACT 2n2xp4c.

Craaus 3ucomensl. HaunHaeTcs KOHbIOTALMA - TIOIAPHOE
COCIMHEHUE TOMOJIOTUYHBIX XPOMOCOM. | OMOJIOTUYHbBIE
XPOMOCOMBI COITPUKACAIOTCS CHaYaJia B 00J1aCTH LIEHTPOMED, a
3aT€M 110 BCEH JUIMHE. X XpOMOMEpPHI TOYHO COBMIAIAFOT.
CoziepKaHUe TEHETUYECKOTO MaTepualia HE U3MEHSIETCS:
2n2xp4ec.



HpO(]QaBa MCﬁOBa-I S craagui: JenroreHa,

3UTI0OTCHA, ITAXUTCHA, TUILJIOTCHA U JTHUAKHHE3.

Craaus naxumenpl.  OMOJIOTUYHBIE XPOMOCOMBI TECHO
CONIPUKACAIOTCA MO BCEU JNIMHE, 00pa3ysl OUBaJICHTHI. busanrenm
- 3TO Mapa TOMOJIOTMYHBIX XPOMOCOM, KaXKasi U3 KOTOPBIX
COCTOHUT U3 ABYX XPOMAaTH/I, T. €. B OMBAJIICHTE COJICPKUTCS 4
XpoMaTuasl (OTCIOAa IPyroe Ha3BaHWE OMBAJICHTOB —
mempaovl). YUC10 OMBAJIEHTOB COOTBETCTBYET TallJIOUTHOMY
HaOopy xpoMocoM — In. K KoHITy 3TOro nepmuoga HaYMHAKOT
JAEWCTBOBATh CUJIbI OTTAJIKUBAHUS B 00JIaCTH LIEHTPOMED, U
CTAHOBUTCS 3aMETHBIM, UTO KaXKJiasi XpOMOCOMa COCTOUT U3 2
xpomarui. Konbrorupyromnye XpoMoCOMbl MOTYT OOMEHUBAThCS
y4aCTKaAMH XPOMaTHJ — IMPOUCXOIUT KPOCCHHIOBeEP.
CojaeprkaHre TeHeTUYECKOTo MaTepraia He M3MEHSIETCS, OJJHAKO
€ro MOKHO 3anucarh nHaye -1 nous4xp4c (In OuBaneHTOB,
KaKIbId OMBaJIEHT cOCTOUT U3 4 xpomarua 1 4 Habopos JIHK).



HpO(]QaBa MCﬁOBa-I S craagui: JenroreHa,

3UTI0OTCHA, ITAXUTCHA, TUILJIOTCHA U JTHUAKHHE3.

Ha cTtaguu ouniomenvl KOHBIOTUPYIOIIUE TOMOJIOTHYHbIC
XPOMOCOMBI MPOJIOKAIOT ASUCTBOBATh CUIIbI OTTAJIKMBAHUS, B
pe3yJIbTaTe Yero XpoMaTHh/ibl HAUMHAIOT PACXOAUTHCS, OCTABAsICh
COCMHEHHBIMU B YYaCTKaX NEPEKPECTOB — XUAZM.
PacxoskaeHne XpoMaTul YBEINUYMBACTCS, a XMa3Mbl IOCTEIIEHHO
cMeIaroTcs K ux koHaM. CoaepkaHue reHETUIECKOro
Marepualia octaercs npexxHuM (1nous4xp4c).

Ha cragum ouakunesa 3aBeplIacTCs CIUpaIn3amnus 1 YKOPOUCHUE
XpPOMOCOM (OHHM OKPAIIMBAIOTCS paBHOMEPHO). brBaIeHTHI,
COCIMHEHHEBIE TOJIHBKO CBOMMHU KOHIIAMH, 000COOJIAIOTCS U
pacIrojiararoTcs o rnepudepuu sapa.



HpO(]QaBa MCﬁOBa-I S craagui: JenroreHa,

3UTI0OTCHA, ITAXUTCHA, TUILJIOTCHA U JTHUAKHHE3.

B Teuenue npodasbl IECHTPUOIHN PACXOAATCA K
I0JI0CaM KJIETKH, a B KOHIIE Mpoda3bl
(parMeHTUPYIOTCS SAPHIIIKO U SIACpHAs
000JI0YKa.

[IpOKOHBIOTUPOBABIIINE XPOMOCOMBI BBIXOJIST B
[IUTOILIA3MY W ABUKYTCS K 9KBATOPY KJIETKHU. K
LEHTPOMEPAM XPOMOCOM IMPHUKPEIUISIOTCI HUTH
aXpOMaTHHOBOTO BepeTeHa. ComeprKaHue
T€HETHYECKOro Marepuana — 1nous4xp4c.



Meiuio3s

Il aenexue
| peneHie -

npodasal np npotasall MeTacdasall

Bo epemA Npodask! | IPOUCXDAUT NoNapHoe cBnivkeHme MCYE3HOBEHUE ALEPHON  BLICTPAMBAHME XPOMOCOM E
OMONOTMYHBIX XPOMOCOM, MX CMHANcKE (0BpazyioTcA BUBaNeHTL!), B 0BONOUKM, AADLIWKA 0BNAacTH JKBATODA

X0 KOTOPOrD OHW 0BMEHMBAIOTCA DPArMEHTAMM, MCYESHOBEHUE

ANEPHOM 0BON0OYKK W AAPLIWKS
aHadhaszal Tenodasall

MeTachasal

BWEANeHTEI BbICT]&aHBaIOTCH Ha JKkBaToOpe PacxoxaeHWe CeCTRMHCKMK DOpMUPOBAHKE YeThIpeX A4ep

KNETKM, K HUM NPUCORAMHARTCA BepeTeHo  *POMATHA K NONKCAM KNETKW  A0YEeRHWX KNeTok, ofpazoeaHue
ﬂAepHOﬁ 0BoN0YKK, AAPEIWKS,

Aecnipanuzauna xpoMocom

AeNeHWA

Tenodasal KOHeYHbII1 NPOAYKT

3 515

Paspeie BUBANEHTOE W Jlee QOYEpPHHE KNEeTKM ¢ TeTpaaa A04epHUX KNeTok ¢
PACXOXKAEeHWe roMOonorM4HbBIX Hafopom Xpomocom n rannouAaHbIM HaBOpOoM XPOMOCOM
¥POMOCOM K NONIOCAM KNETKM




