Tema: «/lenenue knemku.
Mumo3s»

3agavu:
[TOBTOPUTHL CTPOEHUE XPOMOCOM, AaTb XapakTEPUCTUKY
MUTOTUYECKOMY LIMKNY



OpaaHu3auu,q ceHemu4eCcKoeo Mamepuarsia

XpomamuH — BHYTPEHHNE HYKneonpoTeunaHble
CTPYKTYpPbl 94pa, OKpaluMBarLLMECH HEKOTOPbLIMU
Kpacutensmu n otnmyarLimecd no oopme oT sapbiLLKa.
XpomaTunH MeeT BUA, MbIOOK, rpaHysn n HATEN. XMMNYECKUI
coctaB xpomatuHa: [JHK (30-45%), ructoHoBbIE Genku
(30-50%), HernctoHoBble 6ernkn (4-33%), T.0. XxpomMaTuH
ABIISETCA OE30KCUPUOOHYKNEOonpoTeNaHbIM KOMIMITEKCOM

(AHM).

B 3aBMCMMOCTM OT PYHKLNOHANLHOIMO COCTOSHUS
XpoOMaTUHa pasnumyatoT: 2emepoxpomMamuH N 3yXpomMaimuH.
QYXPOMaATUH — FEHETUYECKN aKTUBHbIE, FETEPOXPOMATUH —
EHETUYECKN HEAKTMBHbLIE Y4aCTKN XpOMaTUHA. QyXpoMaTuH
NpW CBETOBOWN MUKPOCKONUN HE pasnnymm, crnabo
OKpaluMBaEeTCs N npeacraBnaeT cobon
OEeKOHOEHCUpOoBaHHbIE (Aecnupann3oBaHHbIE,
pacKkpy4eHHble) y4acTKu XxpomMmaTtuHa. ['eTepoxpomMmaTuH nog
CBETOBbLIM MUKPOCKOMNOM MMEET BUL, MbIOOK UK rpaHyn,
MHTEHCUBHO OKpaLUMBaETCs N npeacraBnsaeT cobon
KOHOEHCUPOBaHHbLIE (CnMpanu3oBaHHbIE, YMNOTHEHHbIE)
y4dacTKn XpomatuHa. XpomamuH — ¢hopma cyujecmeosaHus
2eHemu4yecko20 Mamepuara 8 UHmepghasHbIx Kriemkax. Bo



OpaaHu3auu,q ceHemu4eCcKoeo Mamepuarsia

\i/\,'\//\,\//\,\//\'\//\'/\/( 2 HM, ABOIHas cnupans AHK

11 HM, HYKNEOCOMHas HUTb,
Kopoye B 7 pas

* 30 HM, HyKNeocomHas
nbpunna, kopoye B 70 pa3

U
3 300 Hm, xpomoHema, hubpunna,
cobpaHHasa B neTnu,
kopoye B 700 pa3
L
700 Hm, xpomaTtuga,
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Eg cnupanu3oBaHHasa
i
0868 XPOMOHEMa, YKOpoUeHe
[¥]

| pocturaer 104

1 — paBHoOMneyas (MeTaueHTpruyeckas)
XpOMOCOMa; 2 — HepaBHonnneyas
(cybmeTaueHTpuyeckas) Xxpomocoma; 3 — pe3ko
HepaBHoMnsievasa (akpoLeHTpuyeckas) XxpoMocoma,;
4 — ogHonsevasa (TenoueHTpudeckasi) XpoOMocoma;
5 — cnyTHU4YHaA XxpoMocoma; 6 — xpomatuabl; 7 —
ueHTpomepa; 8 — Tenomepsbl; 9 — cnyTHUKKY; 10 —
AOPbILKOBbIE OpraHu3aTopsbl; 11 — romonornyHble
XPOMOCOMBbI.

XpoMOCOMbI — opraHouabl a4pa,
npeacTaBnsowme cobon
KOHOEHCUPOBAHHbLIN XPOMaTUH U
NOSIBNSAOLWMECS B KINETKE BO BPEMS
MUTO3a UNu menosa. XmuMmn4eckum
COCTaB XPOMOCOM TaKOW Xe, KaK y
xpomaTtuHa: HK 0o 40%, 6enku oo
60%. OcHoBy xpomaTnapbl
COCTaBnHAEeT OHa HeENpepbIBHas
asyxuenoyeyHada mosnekyna AHK,
anvHa HK ogHon xpomaTtuasbl
MOXET JOCTUraTb HECKOMNbKUX
CaHTUMETPOB. [NOHATHO, YTO
MOJeKyria Takon AfMHbI HE MOXET
pacrnonaraTbCsl B KIeTKE B
BbITAHYTOM Buae, a NoaBepraeTcs
yKrnagke, npnobpetad
onpenenieHHy TpeXMepPHYH
CTPYKTYPY, U KOHghopmMmayuio.



OpB&HU&’:)L{UFI ceHemu4eCcKoeo Mamepuarsia

11 HM, HYKNEOCOMHas HUTb,
Kopoye B 7 pas

* 30 HM, HyKNeocomHas
nbpunna, kopoye B 70 pa3

D 700 HM, XpomaTuaa,

4§ 5 cnupanu3oBaHHas

9P 3 XPOMOHEMa, YKOpOUeHe
pocturaet 104

1 — paBHoOMneyas (MeTaueHTpruyeckas)
XpOMOCOMa; 2 — HepaBHonnneyas
(cybmeTaueHTpuyeckas) Xxpomocoma; 3 — pe3ko
HepaBHoMnsievasa (akpoLeHTpuyeckas) XxpoMocoma,;
4 — ogHonsevasa (TenoueHTpudeckasi) XpoOMocoma;
5 — cnyTHU4YHaA XxpoMocoma; 6 — xpomatuabl; 7 —
ueHTpomepa; 8 — Tenomepsbl; 9 — cnyTHUKKY; 10 —
AOPbILKOBbIE OpraHu3aTopsbl; 11 — romonornyHble
XPOMOCOMBbI.

\i/\,'\//\,'\//\,\//\'\//\/'\j/ 2 HM, ABOIIHas cnupans AHK

U
S —
3 300 Hm, xpomoHema, hubpunna,
cobpaHHasa B neTnu,
kopoye B 700 pa3
L

BelgensioT cnegyrowme ypoBHu
npocTpaHcTBeHHOM yKknaaku OHK n
OHTIT:

HYKr1eoCcoMHbIU (Hakpy4YnBaHue
OHK Ha 6enkoBble rnobynbl —
Hykneocowmbl). Kaxgas rnobyna,
HyKfleocomMma COCTOUT U3 8 NTMCTOHOBbIX
benkosbix monekysn, QHK genaet
BOKpPYr Hykneocombl 1,75 obopoTa.

Hykneocomsl cnupanbHo
3aKkpy4mBaroTcs, obpasy4
HYKIIeoCOMHY0 coubpuriny.

HykneocomHas pubpunna
cobunpaeTcs B KpynHble CONMKEHHbIE
netnn, obpasyst XxpoMoHeMmy.

XpOMOHEMa 3aKpyyumBaeTcs B
cynepcnupanb, 0bpasysa xpomamuady.
Xpomocoma nepen aeneHneM KreTku
COCTOMT U3 ABYX XpomMaTua.



Op88HU3aL(UFI ceHemu4eCcKoeo Mamepuarsia

&'\//\,\/f\,’\//\'\//&\? 2 HM, ABoitHas cnupans AHK

000

11 HM, HYKNEOCOMHas HUTb,
Kopoye B 7 pas

30 HM, HyKneocomHas
nbpunna, kopoye B 70 pa3

300 Hm, xpomoHema, hubpunna,
cobpaHHasa B neTnu,
kopoye B 700 pa3

700 Hm, xpomaTtuga,
cnupanuaoBaHHas
XPOMOHeMa, YKopoyeHue
pocturaet 104

1 — paBHoOMneyas (MeTaueHTpruyeckas)
XpOMOCOMa; 2 — HepaBHonnneyas
(cybmeTaueHTpuyeckas) Xxpomocoma; 3 — pe3ko
HepaBHoMnsievasa (akpoLeHTpuyeckas) XxpoMocoma,;
4 — ogHonsevasa (TenoueHTpudeckasi) XpoOMocoma;
5 — cnyTHU4YHaA XxpoMocoma; 6 — xpomatuabl; 7 —
ueHTpomepa; 8 — Tenomepsbl; 9 — cnyTHUKKY; 10 —
AOPbILKOBbIE OpraHu3aTopsbl; 11 — romonornyHble
XPOMOCOMBbI.

B xpomocome pasnunyatroT nepBUYHYHO
NepeTSKKY, nnedun, TerioMmepbl (KOHLEBLIE
y4yacTKu nneud, sawmiiatowme
XPOMOCOMbI OT crnunaHust). Hekotopsle
XPOMOCOMbI UMEKT BTOPUYHbIE
NepeTsKKN, OTAENSOWME YacTb
XPOMOCOMbI, Ha3blBAeMYO CIYyTHUKOM (Y
YyesioBeka nATb nap XpOMOCOM UMEIOT
BTOPUYHbIE NepeTsikkn). B obrnactu
BTOPUYHbIX NEPETAXKEK KOMNUN rEeHOB,
HecyLLUnX MHopMaLmio 0 CTPOEHUN
pPHK, noatomy a1 XxpoMocombl
Ha3bIBalOTCA S0pPbILIKOOBPa3syuwuMU.

[10 NOSIOXKEHUIO LLleHTpOMEpbI
XPOMOCOMbI OENAT Ha
MemaueHmpu4yeckue (pasHoririedue),
cybmemaueHmpu4eckue
(HepasHorneyue), akpoueHmpu4veckue
(pe3Ko HepagHoririeyue),
mesioueHmpuyeckue (oOHore4que) u
CryMmHUYHbIE.



OpaaHu3auu,q ceHemu4eCcKoeo Mamepuarsia

B npouecce npeobpaszoBaHus XxpomMaTnHa B
xpomocombl [HI1 obpasyeT He TonbKo cnvpanu un
EE?E ﬁﬁ %Eii cynepcnuparnu, HO eLle NeTnn u cynepneTnu.

o D% [ToaToMy npouecc opMMpPOBaAHNA XPOMOCOM,

Ei é%%% ﬁ ﬁ%g ﬁﬁ KOTOPbIM NpOUCXoanT B npodrasy M1uTo3sa nnim
npodgpasy 1 menosa, nyyile HasblBaTb He
Eif? A T cnupanusaumeit, a KoHoeHcayuel XpOMOCOM.
Eﬁ éﬁé éﬁéﬁ %% ﬁ Ei ComaTtunyeckne KIeTku cogepxat
17 18 - “ -
OurnIouOHsbIU, 080UHOU — 2n HADOP XPOMOCOM.
8%8% &5&5 %% %ﬁ% 0 . :
[TonoBble KNETKN — 2arsioudHbIlU, 0OUHapHbLIU — N.

XpomocoMmbl annronaHoro Habopa pasbuearoTcs Ha napbl, XPOMOCOMbI O4HOM
napbl MMEKT OANHAKOBOE CTPOEHUE, padMmepbl, HAOOp reHOB U Ha3blBaKTCH
20Morioau4HbIMU. Kapuomur — COB0KYNHOCMb XPOMOCOM, XapakmepHbIX Osis
guoa.

CKONbKO XPOMOCOM Ha PUCYHKE?

46

Ckonbko monekyn AHK Ha pucyHke?

92

KakoBa obwas anvHa monekyn OHK Ha pucyHke?

Okosio 2 m



JlenneHue KrinemokK

LeneHue krnemok. B HacToswee BpeMst U3BBECTHO HECKOSbKO cnocoboB
OerneHus KNeTku: ripsmoe buHapHoe derleHue, aMumaos, Mumao3s u Mmetoas.

BakTepuarnbHble KNneTku cogepkat TonbKo oaHy konbuesyto monekyny OHK,
NPUKPENEHHYIO K KNneToyHOn membpaHe. Nepen aeneHnem knetkm OHK
pennuuupyetca u obpasytoTcsa ase naeHTudHole monekynel QHK, kaxgasa us
KOTOPbIX TaKXe NpUKpensieHa K KrneTo4yHon membpaHe. [Npu geneHmmn KneTku
mMemOpaHa BpacTaeT mexay Asyms monekynamu [JHK Tak, 4yTo B KOHEYHOM UTOre B
KaXkaou Jo4YepHen KreTke okasbiBaeTca rno ogHown naeHtnyHon monekyne OHK.
Takoun npouecc nonyyuns HasBaHue rpsmMo20 buHapHo20 OerleHUs.

AHK

KneTtoyHas s
CTEHKa
LUrim

MecTo
kpennenna JHK




JlenneHue KrinemokK

AMUMO3 Unu npsamoe oerieHue, — 3TO AeNneHne
NHTepdasHoro aapa nytem nepetaxku. MNpu
aMnTO3€e BEPETEHO AeneHuns He obpasyeTtcs u
XPOMOCOMbI B CBETOBOM MUKPOCKOMe Hepasnnymmbl.

Takoe gerneHne BCTpeYaeTCcd Y OOQHOKITETOYHbIX
opraHu3moB (Hanpumep, Tak genartca 6onblune
nonuniougHble agpa NHyY3opun), a Takke B
HEeKOTOPbIX BbICOKOCMELMaNnU3npoBaHHbIX C
ocnabneHHon n3nonorM4yeckon akTUBHOCTLIO,
aereHepupyroLwmnx, obpeyvyeHHbIX Ha rmbenb KneTkax
pacTeHUN N XXNBOTHbIX NMNMOO NpU pasfnNYHbIX
naToNorMyecknx npoLieccax.

Y XMBOTHbIX U YenoBeKa Takon TUM OeNeHNs XxapakTepeH ONA KNeToK NeYeHu,
XpAwen, porosuubl rnasa. [Npn ammtose YacTo HabngaeTca ToNbKO AerneHne
A4pa: B 3TOM cliydae MOryT BO3HUKHYTb ABYX- U MHOrosiaepHble KneTkn. Ecnu ke 3a
OerneHvem aapa crieqyert aeneHve umrtonnasmbl, TO pacnpenerneHme KnetoyYHbIX
KOMMOHEHTOB, Kak n IHK, ocywecTtBnaeTca npon3BorbHO.



XKU3HeHHbIU YUK Knemku. iHmepghasa

CornacHo KneTto4YHom Teopun, BO3HUKHOBEHWE HOBbLIX KINETOK NPONUCX0ANT
TONbKO NyTEM AeneHuns npeablaywen, MaTepuHCKON KneTku. ECTeCTBEHHO, UTO Y
nogaensoLWero 6oNbLLWMHCTBA KNETOK Nepeq AefleHUeEM NponcxoauT yaBoeHmne
reHeTu4yeckoro matepuana, 1. e. [1HK.

XKu3Hb Krnemku om MoMeHma ee rosierieHuUs 8 ripouyecce 0erieHUs
MamepUuHCKoU Kremku U 0o ee cobcmeeHHO020 OereHUs, 8Krro4asl 3mo OerieHue,
unu eubenu nosnyyurna HazeaHue Kremo4yHo20, Uru XXU3HEHHO20, UyuKna. B
TEYEeHNEe 3TOro LMKIa KrneTka pacTeT, BbINOMHAET CBOM PYHKLUMN B OpraHnu3me (3ToT

npouecc Ha3blBaeTcsa OughgepeHUUpPOoB8KOoU KINETKN), 3aTeM Unn genntcsa, obpasys
HOBbIE KNETKNU, nnn nornbaer.

|
Hepensumecs
KNeTkn

d
/

Gt

Tenodasa - Mpodasa

N
Anadasa Meradasa



XKU3HeHHbIU YUK Knemku. iHmepghasa

Y npocTtenwmnx n baktepuin geneHne KneTkn — OCHOBHOM crnocob
pa3mMHoOXeHusi. Ameba, Hanpumep, He nogBepraeTcs eCTECTBEHHON CMEPTU, U
BMECTO rmbenn oHa NpocTo AeNUTCA Ha ABe HOBble KNETKU. NMOHATHO, YTO KNeTKU
MHOIOKNETOYHOro opraHmM3amMa He MoryT AennTbca DECKOHEYHO, MHa4ve Bce
cywiecTBa, 1 nogu B TOM 4ncne, ctanu 6ol 6eccMepTHbIMU. DTOMo HE NPOUCXOAUT
notomy, 4to [JHK kneTkn conepxmnt ocobble «reHbl CMEPTUY, KOTOPbIE PaHO UM
NO30HO aKTUBMPYIOTCA. OTO NPUBOAUT K CUHTE3Y 0COObIX BENKOB, KOTOpble yOuBatoT
9Ty KNETKY: OHa CXXUMaeTCH, ee opraHonabl 1 MemMBpaHbl paspyLuatoTcs, HO TakuMm
obpasom, YToObI NX YaCTU MOXHO ObINTO UCMOSb30BaTb BTOPUYHO. Takas
«3aripo2paMmMupoBaHHas» KremoyHass CMepmb Ha3bl8aemcs arormo30M.

Final stage of apoptosis

Apoptotic cell



MKU3HEHHbIU YUK Knemku. MIHmepagpasla
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Mumomuyeckuu yuks BKOYaET B cebsl NoaroToBKY KMETKM K MPOLECCY AeNeHus
n camo genenuve. B XXu3HeHHbIU YUK BXOOAT ANWHHbIE NN KOPOTKUE nepuoabl
nokosi G, Koraa Krnetka BbINOMHSET CBOU (PyHKLUMK B opraHu3me. ocne kaxzoro u3
Taknx NepmnoaoB KneTka QOMmKHa NepenTn nMbo K MUTOTUYECKOMY LIMKRY, NMBO K
anonTtoay.

MHmepgbasa. [NogrotoBka KNeTkU K geneHuto nonyyvunna HassaHue uHmepagassl.
OHa cocTouT 13 Tpex nepuopos. [pecuHmemudeckuu nepuod (G,) — Hambonee
npoaormkuTenbHas YacTb MHTEpPdaskbl, Nnepmog pocTa.

OH MOXET NpoaoMmKaTbCs Y pasnuUYHbIX BUOOB KNETOK OT 2—3 Y 0 HECKOSTbKMNX
CYTOK. QTOT Nepuog crieqyet cpasy Xe 3a npewecTByOWNM OefIeHNEM, BO BpeMS
HEero KreTka pacTeT, Hakannmeaga 3Hepruo 1 BelecTsa 44 nocrnenyoulero
yasoeHuna AHK. Habop xpomocom u [JHK 2n2c, rae n — KONUYeCcTBO XPOMOCOM, C
— konunyectso OHK.



MKU3HEHHbIU YUK Knemku. MIHmepagpasla
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Y BOMbLUMHCTBA KNETOK MHOTOKIETOMHOTO OpraHu3mMa knetku G, Bkntodaet G,
rnepuod, Koraa BblpocLlas KreTka UM HaxoauTcs B COCTOSAHMN MOKOS, U
andpdoepeHunpyeTcs, npeBpaLlaeTcd, Hanpumep, B KIETKY NeYeHn n
YHKUMOHMNPYET KaK KIleTKa nevyeHun, a 3ateMm oTMUpPaeT.

CuHmemud4eckut nepuod (S), KOTopbIK 00bIMHO AnNnTca 6—10 4, BKMNIOYaET B
cebs ynosoeHue OHK, 6enkoB, HeobxoaMmbIx ANna OPMUPOBaAHNSA XPOMOCOM, a
Takke ysenunyeHue konndyectesa PHK. K KOHLY aToro nepnoga kaxagast Xpomocoma
yXXe COCTOMUT U3 ABYX NaeHTnYHbIX monekyn AHK, asyx xpomaTtuna, coeauHeHHbIX
Opyr ¢ apyrom B obnacTtu ueHTpoMepsbl. B aTOT e nepuon yaBanearoTcd
ueHTpuonu. B koHue S-rnepuoda Habop xpomocom u [HK 2n4c.



XKU3HeHHbIU YUK Knemku. iHmepghasa

Go

G, [locmcuHmemud4eckul rnepuoo
(G,) HacTynaeT nocne yaBOeHus
xpomocom. OH gnntca 2—>5 y; 3a
9TO BPeMSA HakannmBaeTCs dHeprus
019 NPeAcTosLero Mmtosa u

Mpodasa CUHTE3NpYyroTCs 6ernku

MUKPOTPYBOYEK, KOTOPLIE

BMoCneacTemmn obpasytoT BEPETEHO

nernenvs. Tenepb Knetka Moxet

npucTynartb K MuTo3y. Habop

xpomocom u [JHK ocmaemcs 2n4c.

Hepenawwmecs
KNeTKn

g
G1

Tenodasa

Anadasa Meradasa




[loosedem umoau:

1—

paBHonneyas (MetaueHTpu4eckas)

XpPOMOCOMa;

2 _

HepaBsHonne4yas

(cybmeTaueHTpuyeckas) XpoMoCoMa;

//\'\//\,'\//\,'\//\"\//\'\:/ 2 HM, ABoWHas cnupans OHK 3 -
- pe3ko HepaBHOMNeYas

1 (aKpoueHTpunyeckast) XpOMOCOMa;

4 —

2 ofHonsevas (TenoueHTpruyeckas)

XpPOMOCOMa;

3 S

CNyTHUYHAA XpOMOCOMa,;

6 —

XpomaTtuabl;

4 7_

LeHTpoMepa;

8 —

Tenomepsl;

9—

CAYTHUKN;

10 —

AAPbILLKOBbIE OpraHN3aTopbl;

11 -

FOMOSIOrMYHbIE XPOMOCOMBI.




[loosedem umoau:

XpomMaTuH:

BHympeHHue HyKrneorpomeuoHble cmpyKmypbl s0pa, oKpawusarouuecs
HEeKOMopbIMU KpacumesrsMmu U omrudarouuecs rno cpopme om s0pbIllKa.
XpomamuH umeem 8u0 arbIboK, epaHyn u Humed.

QYXPOMAaTUH, reTepoOXpoMaTuH:

[eHemuyYyecKu akmueHble y4acmku XpoMamuHa, 2emepoxpoMamuH —
2eHemu4YecKU HeakmueHble y4acmkul.

[OMONOrnyHble XpOMOCOMBbI:

XpomocoMbl, umeruiue o0UHaKoeoe cmpoeHue, paamepbl U Habop 2eHo8
Ha3bl8aromcsi 20M0oJ1I02UYHbIMU.

Kapuotun:

CO0B0OKYrnHoOCMb XpOMOCOM, XapakmepHbix 015 suoa.

OCHOBHbIE TUMbI OENEHNS KNETOK:

[psimoe buHapHoe derieHuUe, amumos, Mumo3 u Metos.

[Mpsamoe buHapHoe aeneHue:

LeneHue rnipokapuom, ripu KomopoM ripoucxooum pennukauus JHK u
obpasoeaHue kriemo4yHou o0b0osro4YKu, pa3oernsouwel Krnemku.

YKM3HEHHbIN UMK KITETKMU:

XKUu3Hb Knemku om MoMeHmMa ee rnosierieHuUsi 8 ripouecce oerieHUss MamepuHcKou
Kriemku u 0o ee cobcmeeHHo20 OerieHUs, 8Krirodas amo oerneHue, unu aubernu
ronyyusia HazeaHue Kriemo4yHo20, Unu XXU3HEHHO20, UUKIa.



[loosedem umoau:

UTo Takoe anontos?

«3arpoepaMmuposaHHas» Kremo4yHass cMepme.

Ha kakne nepuogbl oenutcs nutepdasa?

[NpecuHmemuyeckud nepuod (G.), cuHmemu4eckuu nepuod (S),
rnocmecuHmemuyeckuu nepuod (G,).

Habop xpomocom n [1HK B pasHble nepunoabl MHTeEpdasbl?

G 1-nepuo<3 — 2n2c; 8 KOHUe S-nepuoda — 2n4c, Gz-nepuod — 2n4c.

HTo npoucxoaut B G -nepron?

Knemka unu Haxo0umcs 8 COCMOSIHUU MOKOS, unu dugbghepeHuupyemcs u
8bINOSIHSem oripedenieHHble OyHKUUU.



Mumos3

Mumo3 — 3TO NpoLEecc HENPSIMOro AeneHns COMaTUYeCKNX KNeTOK 3yKapuoT, B
pes3ynbTaTe KOTOPOro HacneacTBEHHbI MaTepuan cHavana yaBanBaeTcs, a 3aTem
paBHOMEPHO pacnpeaensdeTca mexay agoYepHumu knetkamum. OH siBnsieTcst
OCHOBHbIM CMOCOOOM AENEeHUs1 KINETOK 3yKapuoT.

[MpooosmKUTENBLHOCTL MUTO3a Y XKMBOTHbLIX KneTok coctaBnset 30—60 MuH, a 'y
pacTuTenbHbiX — 2—3 4. MUTO3 BKNOYaeT B cebs ABa npolecca — Aernenne aapa
(KapuoKuHe3) n geneHne yutonnasmsl (YUMOKUHES).

WHTepdasa [Mpodaza MeTadasa AHadasza Tenodasa

KneTouHble BepeTeHo PaspyweHnne MeTadhasHasn O6pa3soBaHne ObpasoBaHve

LeHTpbI Aenenns AnepHon nnacTuHka nepeTsKKU _Aapsblluka
SR

\ . 060M04KM 4 /

XpomaTtuH

,‘ f '
[AApbILLKO OBonoyka XpOMOCOMbI, cocTosALmMe Houeptve O6pasosaHue

BepeTteHo nenenus g
aapa 13 ABYX XpOMaTuA, P A XPOMOCOMBbI AAEpHon 060noYKK




Mumos

®a3bl MnTo3a. MnTO3 NogpasaensoT Ha YeTblipe nocriegoBartesibHbie oasbl:
npodpasy, metadpasy, aHadasy 1 Ternodaasy.

[lpoghasza. B agpe nponcxoant cnnpanusauua QHK; B MMKpOCKON XOpOLUO
BUOHbI TYrO CKPYYEHHbIE XPOMOCOMbI. 3aMETHO, YTO Kaxgass XpoMocoma
COCTOMUT U3 ABYX XpomMaTug, obbeAnHEHHbIX B 0b6racTn ueHTpomepbl. Habop
xpomocom u [JHK 2n4c. Agpblwku ncyesaroT, napbl LEHTPUONEN pacXogaTcd K
nositocam Knetku. OTxogswme OT HUX MUKPOTPYOOUKN Ha4YMHaOT 06pa3oBLIBaTb
gepemeHo OerlieHUs. fApepHas obonoyka paspyLuaeTcs.

WNHTepdasa [Mpodaza MeTadcbasa AHadasa Tenodasa

PaspyweHune MetadasHas O6pasoBaHue O6pasoBaHue
AAEpHON nnacTuHka nepeTsxKu AApbILLKA
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[oyepHue ObpasoBaHue

AAPLILKO OBonouka XpoMOCoMbl, cocTosALLme
1 Hi neH .
BepeteHo penenus XPOMOCOMbI SAEPHON 0BONOYKM

aapa N3 ABYX Xpomatug




Mumos

Memachaza. XpoMOCOMbI pacrnonaratoTcs Takum obpasom, 4TO UX
LEeHTPOMEPbLI HAX0AsTCs B NSIOCKOCTU 3KkBaTopa KneTkn. ObpasyeTtcs Tak
Ha3blBaeMasa memachasHas rsacmuHKa, COCTosLWAaa N3 XpomMocom. Hutu
BepeTeHa AerneHns OoT LEHTPOCOM NPUKPENSIAIOTCA K LLEHTPOMEPE KaXKa0W
XpomMmocoMmsbl. Habop xpomocom u [JHK 2n4c.

AHacpasa. Kaxxgasa xpomocoma npooribHO paclensisieTcs Ha aBe
NOEHTUYHbIE XpOMaTuabl, KOTOPblE PACXOOAATCA K NPOTUBOMOSIOXHbLIM MOH0CaM
KNneTkn. Takum obpasom, 3a cHET NOEHTUYHOCTM OOYEPHMX XpoMaTua Y ABYX
NOSIFOCOB KIETKM OKa3bliBAEeTCA OAUHAKOBLIN FrEHETUYECKNUW MaTepuar: Takon xe,
Kakown OblIf B KNeTKe Ao Hadana muto3sa. Habop xpomocom u [JHK 4n4c.

WNHTepdasa [Mpodaza MeTadcbasa AHadasa Tenodasa

KneToyHble BepeTeHo PaspyweHune MeTadhasHasn Obpa3soBaHne Obpa3soBaHve
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AAPLILKO OBonouka XpoMOCoMbl, cocTosALLme
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Mumos3

Ternogasa. Jo4epHMUE XPOMOCOMbI
OecnupanunayroTcs Y rNoMnCoB KIEeTKN 1
CTaAHOBATCSA OOCTYMHbIMU AN
TpaHcKpunumn. PopMmnpyroTCa SaepHble
obonoukn 1 aapbliwkn. H1THM BepeteHa
aeneHunst pacnagatotcs. Habop xpomocom
u [HK e OouepHux Kriemkax 2nZ2c.

Ha aToM KapuOKnHe3 3akaH4MBaeTCH,
N Ha4YNHaeTCcs UMTokmMHes. [pn aTom y
XMBOTHBIX KINETOK B 9KBaTOpMaribHOM
MNNOCKOCTN BO3HUKAET nepetskka. OHa
yrnybnserca oo tex nop, noka He
NpoucxoanT pasfeneHust AByX OYepHUX
KNneTok. PacTuTenbHble KNETKN HEe MOryT
OEennUTbCAa Taknm obpasom, Tak Kak UMetoT
XKECTKYH KINETOYHYIO CTEHKY. B HMX
obpasyeTca BHYTPUKIIETOUHAS
neperopogka.
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Mumos

buornozau4yeckoe 3Ha4yeHUe Mumoa3a
3aKIto4aEeTcs B BOCNPON3BOACTBE KIETOK C
KONTMYECTBEHHO M KAYECTBEHHO ONHAKOBOW
reHeTn4eckon nHpopmaumen. 3To
obecneymBaeTcs TeEM, YTO Mpu pennmkauum
OHK BO3HMKaOT ABa oAMHaAKOBbIX Habopa
XPOMOCOM, KOTOpbIE B NpoLecce MnTosa
paBHOMEPHO pacnpenensaTcs No JOYEPHUM
krnetkam. MmnTo3 Heobxoanm Ana HoOpMasribHOro
PasBUTUSA N POCTa MHOIOKIMETOYHOIO
opraHnama. OH e NexnT B 0CHOBE NPoLECCOB
3a)KUBIIEHMA NOBPEXAEHUN N 6ECNONOoro
Pa3MHOXEHUS.

[MpoOoMKNTENBHOCTE MUTO3a B KNETKax
PasfnnYHbIX BUOOB XUBbIX CYLLECTB
pasnuyaeTcs O4eHb cUnbHO. Hanpumep,
KINEeTKM 3apobllla nnogoBoOn MYLLKK
apo30dunbl AenATCs 3a 6 MUH, a KINETKU
aHaocnepma ceMmeHu ropoxa — 3a 180 MuH!



Hepenawwuecs
KNeTkn

G1

Tenodasa Mpodasa

Anadasa Meradasa

Cxema xierouHoro nukia. Beaen 3a mutosom (M) KineTku BeTynalot B hady MHTEp-
dasbl, ¢ KOTOPHIH HAYMHAETCS HOBBIM LIMKI. KIeTKM MOIyT HaXOIMThCS B COCTOS-
Huu nokost (G0) unu Bcrynath B a3y G1, nepexons 3arem B S-a3sy, koraa npouc-
xonut perumikauus JJHK xpomocoM, a 3atem HactynaeT daza G2 ¥ HOBBIN MHUTO3.

MuHyTH

JnutenbHocThb a3 KIETOYHOro LIMKIIA B KYJbTYpe KJIETOK YesoBeka. B 3aBucumo-
CTH OT TUIIA KJIETOK M YCJIOBHI MX pOCTa JUTUTENBHOCTD (Pa3 pa3inyHa.
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[loosedem umoau:

B npodrasy npomcxoaaT npoueccesi:
[MponcxoanT cnvpanusauma XPOMOCOM.
LleHTpuonu pacxogarcs K nostocam KneTku u
dopmupyetca BepeTeHo aeneHuns. HaunHaet
pacTBoOpATLCA sgepHas obonouka. (2n4c).

B meTadasy nponcxogaT npouecch:
XpOMOCOMbI BbICTPanBatoTCs B NIIOCKOCTU
aKBaTopa. HnTu BepeTeHa nNpukpennarTcs K
LeHTpoOMEpPaMm XpOMOCOM. (2n4c)

B aHapasy npomncxogart npouecchi:

[enaTtcsa ueHTpomMepbl XpoMocoM. Hutn
BEpPETEHa pacTacKnBatloT 3a LEHTPOMEPHI
OOYepPHME XPOMOCOMbI K MOSIK0CaM KNEeTKMU.
(4n4c).

B Tenodasy nponcxogaT npouecch:
XpomocoMmbl aecnupanmaytoTca; obpasyeTcs
saepHast obonoyka; y pacteHun goopmMmupyeTca
KIeToYHas CTEHKa MeXay O0YEPHMMU
KIeTKaMu, y XUBOTHbIX — NepeTsKKa, KoTopas
yrnyonaerca u 4ennuT MaTePUHCKYHO KIEeTKY.



[loosedem umoau:

Buonornyeckoe 3Ha4YeHMe MUTO3a:

buonozau4yeckoe 3HadeHUe Mumo3a 3aKJiro4Haemcsi 8 80CrpPoU38o00CMee KIemokK ¢
Kosiu4ecmeeHHO U Ka4ecmeeHHO 00UHaKoe8oU 2eHemu4ecKkou UHgopmauued.
Mumo3 Heobxodum Orisi HopmaribHO20 pa3eumusi U pocma MHO20K/1eMO4YHO20
opaaHu3ma. OH e 51exum 8 0OCHOBE MPoUECCO8 3a)KUBMEHUS MnoepexxoeHuu u
6ecriono2o pa3mMHOXEHUS.



