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Mymauisa — criiika 3MiHa '€HETUYHOTI0 MaTepiaay. JBUIIlE sTKe BUKAUKAE MyTallli Mae
Ha3By MyTalliiHOro mnpoliiecy. BoHU NpuBOaATh 10 BUHUKHEHHS HOBUX aA€Ael, 1110 hopMye
YMOBHU A PEHOTHUIIOBOTO PI3HOMAHITTS AIOAUHU.

Mymauis — 11e mpUpoaHe ABUIIIE IO 3aKpiiaeHO gobopom. Taka 3maTHICTE 0OyMOBAEHA
CTPYKTYPOIO T€HETUYHOIO0 MaTepiaAy Ta baraToeTarHiCTIO OCHOBHUX 0i0AOTIYHHUX ITPOIIECIB.
Hapa3si BueHi BBaxKaloTh, 1110 KOXKHA AIOUHA OTPUMYE Bifl CBOiX 0AaTBbKIB 2-3 HOBUX
MyTallii. PO3pi3HII0TE CNOHMAHHI Ta iHOYKOB8AHI MyTAallil.
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CnonmaHHi (NpupoOHi) mymauii BUHUKAIOTL 0€3 BCTAHOBAEHOTO [I0AATKOBOTO
BIIAUBY Ha OPraHi3M 30BHIIIHIX YUHHUKIB. IHOYyKoOeaHuUil mymazeHe3 BUHUKAE IIPHU
CIIPSIMOBAHOMY BIIAWBI 30BHIIIHIX ab00 BHYTPIIIHIX YHUHHUKIB. Taki YMHHUKH MAalOTh
Ha3BY — MYmazeHU.

MyTtarenHuti edpeKT OyaAb-9KOTO BIIAUBY BUBYAIOTh Ha OCHOBi €KCIIEpUMEHTAABHUX
JOOCAIIKEHbL Ha TBapuHax. lIpore oTpuMaHi TaKMM 4YHWHHOM pPE3yAbTATU HE 3aBXKIU 7
MOXKHAa IIOBHICTIO IEPEHOCUTU Ha AIOAVHY. -z
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Po3pi3HaroTe pi3uuHi, XimiuHi Ta 6i0102iuHI MyTareHHi
YUHHUKU (MymazeHu).

Chemicals Infectious Agents
\ _ Q
- , .\ :\\ ,/‘ ety
— i T
uv X-rays Carcinogens Processed foods Cosmetics & Viruses Bacteria

(from sunlight) ~ (medical uses) (e.g. cigarettes) & preservatives cleaning products (e.g. HPV) (e.g. Helicobacter) 2




o ¢pisuuHux mymazeHie BiAHOCITH: i0HI3yI0OUe raMMa BUIIPOMIHEHHSI, paalOaKTHUBHE,

Aa3epHe, yABTpadioA€TOBE Ta PEHTTEH BUIIPOMIHEHHSI, 3aHAATO BHCOKAa YU HH3BbKA
TEMIIEPATYPHU, MEXaHIYHUN BIIAUB, 1, HaBiTh, 3BYKOBI1 XBHAI.
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o ximiuHux mymazeHie HanrexXKaTb: CHABbHI OKHCHHKU Ta BiOJHOBHUKH,
HiTpaTH, IIECTUIIUAM, IIPOAYKTHU IepepobKm HadTH, TIOTIOHOBI BUPOOU, Oarato
Xap4yoBHUX MOOATKiB, AiKapCbKi 3acobM, oOpraHiyHi pO3YHMHHUKH. ETHAEeMiHOBI
CIIOAYKH Ta edipu MEeTHUACYAB(DOHOBHUX KHUCAOT MAaIOTh HaAMOIABIIUN MyTareHHUM
edpekT. 3MiHM CHAaAKOBUX CTPYKTYP TaKOXK MOXKYTh OYTHU BHKAMKAHI KUCAOTaMH,
CIIUPTaMH, COASIMHU, ITHUKAITYHUMH CIIOAYKaMM, BaXKHMH MeTaraMu. XiMidHI
MyTareH" MOXKYTh [IOPYLIyBaTH IIOAIA KAITHUH, a TAaKOX BUKAUKATH 3MiHY I'€HIB.
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BionoziuHumu mymazeHamu € nesdKi Bipycu Ta 0akTepii, IpoaAyKTH OOMiHY Ta
aHTUTEHU [edKHX OakTepifi Ta mapa3uTiB. MyTareHHi BAAQCTHBOCTI TaKOXX MalOTh
JEedKi BaKIIUHHU, CHPOBATKH Ta TOPMOHH.




EKx302eHHI Mmymaz2eHU — 1€ YUHHHUKH HaABKOAHWIIHBOTO CEPEOOBHUINA, IO
BUKAHUKAIOTh 3MIHH Yy CHAaAKOBUX CTPYKTypaxX. EK30reHHI YMHHHUKH IIPU3BOAATH 0
BUHUKHEHHS 1HAyYKOBaHUX MmyTallli. KoxkHa AoAMHa HOPOTArOM KUTTS IIiANanac I
BIIAUB TaKWUX YMHHUKIB, a TOMY iX MOCAIIKE€HHd Ta pPO3poOKa METOMiB 3aXHCTy Ta
npotumii € y @okyci iHTepeciB 0OaraThbox MiXKHAPOAHUX oOpraHizaliti: BcecBiTHS
opraHizailiss 36epexxeHHd 3mnopoB’a (BO3), MixkHapomHa KOMiICid IIO0 3axXHCTy BII
pamaiaiii, HaykoBuit KomiteT 1o aii aromHoi pagiaiii OOH Ta ixImi.
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[TpMYHHOI0 BUHUKHEHHS €HO02EeHHUX Mymauiil € OKPeEMi 0COOAMBOCTI OCOOHMHH
AFOOWHU, 1i QyHKIIOHyBaHHs. OmMHHM 3 €HAOT€HHHMX YHHHUKIB MyTallli € BIK
aronunau. llle 3maBHA BimoMo, 110 YUM CTapIlla MaTU TUM OiAbIlle PU3UK HAPOMIKEHHS
XBOPOi AUTHUHU YU AUTHHU 3 IIATOAOTISIMH. Pe3yAbTaTH MOOCAIAKEHBb IIOKAa3aAMW IO

KOJXXKHa O OUTHUHA HapomKeHa wmaTip’to BikoM 40 Ta crapiie Mae XPOMOCOMHY
IIaTOAOTIIO.

Y® npomeni MNpomucnosi Maniuug Papiayina Momunkn nig vac 3ananbsi
BHKMAN pennikayll npouecn
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Po3pi3H4I0Th TPU OCHOBHI TUIIU MYyTallili: 2eHHi, XPOMOCOMHI Ta 2EHOMHI.

I'enHi mymauii — 11e MOAEKYASIPHI MyTallii, IKi HE MOXXAHWBO ITO0AQYUTH Y CBITAOBUM
Mikpockor, 1e 3miHu JHK gki npusBoadTh MO0 MOSIBHM HOBUX aA€A€r IIOTO reHy. [Ipu
CIIaIKOBUX 3aXBOPIOBAHHAX MYyTallii MOXYyTb OyTHU 4Yepe3 3aMiHy, BTpaTy, IIOIABOEHHS
OAHOTO YU OEKIABKOX HYKA€OTHUAIB. [Ipu 11bOMy MOXKE€ 3MIHIOBATHUCH HE AHIIE CTPYKTypa
€K30HIiB, ane ¥ IIOpyIIyBaTUCh pPoOOTa PETryASITOPHOI MiASHKM abo Miclle BUpi3aHHS
1IHTPOHY. [HOAI 3MiHAa KOMOHIB MPU3BOAUTE A0 IIEPEMIACHO] IIOSIBU CTOII-KOJOHY.

Substitution

arona CTGG[AG

mutted CTGCGCGCGIGG




[eHHi MyTallii mo pizHOMY BigobpaxkaroTbcsd ¥ peHOTHUII. [lesdka iX yacTuHa He BIIAUBAE
Ha (PYHKIIIOHAABHY 3IaTHICTH OIAKIB i Taki MyTallii BiAHOCITH A0 HEUTPaAbHUX. 3 iHIIIOTO
OOKy oAMH i ToH caMHui I'eH 4YacTo Ma€ KiAbKa pPIi3HUX BapiaHTiB MyTallivi. [Hoxai, He
3BaXKA4YU Ha 3MiHY HYKAEOTHIHOI ITOCAIJOBHOCTI, aMiHOKHCAOTHUH CKAam OiAKy He
3MIHIOETHCH YEPE3 BUPOAKEHICTh FT€HETUYHOI'O KOMY.

[HI1i MyTallii BUKAUKAIOTh CUHTE3 AedeKTHOro 0iAKy, SKUM He 3MaTHUH BUKOHYBaTU
CBoi0 (PyHKIIil0, 3MiHIOIOTHh KiABKiCTh BinmnoBigHux MPHK Ta 0iaky, dpopmyBaHHS HOBOTO
0iAKYy 3 IHIIIMMH, YaCTO IATOT€HHUMHU BAACTUBOCTSIMU.

[eHHi MyTallii 110 BUHUKAIOTh Y AIOAWHH HEPBHUHHO PEECTPYIOTHCA A0BOAL pimko (1 x
10°-1019), 60 y raiTuHax PYHKIIIOHYE CHCTEMAa penapaillii 3a J0IIoMOorol dpepMeHTATUBHOI

CHUCTEMMU.




XpomMocomHi mymauit — CTPYKTYPHI 3MiHU
OKPEMHUX XPOMOCOM. XPOMOCOMHI MyTallii Chromosomal Mutations
TOPKAIOThCA Bl OECATH OO0 COTHI XPOMOCOM. 5 Y i N 7 Y
[Ipu npoMy MOIKe BIiAOYTHCH 30iABIIIEHHS abo |
3MEHIIIEHHS KIABKOCTI CIIaJKOBOI'O MaTepiaay. '- : £°F "3 [ [
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NHK 3a3Bu4yaili BasKKO BiIOMBaAEThLCA Ha CTAaAHI
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XpomocoM. B pesyaprari BUHUKAIOTH HOBI 3 l
rpynu 34denAeHHd. [loxibHi MyTallii MOXYyTb HeE | |
BUKAUKATU MaTOAOTIYHUX 3MiH QeHoTHy, i |
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Po3pi3HSAIOTE OEKIABKA BaplaHTIB XPOMOCOMHHUX MyTalllli, aA€ HaW4yacCTIIIUMU E€:
Odeneyii (BTpaTa YacTUHU OmHiel XxpoMmocoMmu), iHeepcii (moBopoT Ha 180 Oymb-gKOi
JIATHKH XPOMOCOM), MpAaHCAoKkayii (IepeHoC 4YacTHUHH XPOMOCOMHM, dYacTillle Ha
HETOMOAOTIYHY XPOMOCOMHU), Oynnirxauyist (IIOOABOECHHS YU IIOMHOXKEHHS YaCTHHHU

XPOMOCOMH).

Chromosomal NUMERICAL CHROMOSOMAL INSTABILITY : STRUCTURAL CHROMOSOMAL INSTABILITY
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I'enepamueHni mymauyii 11e 3MiHM CIIaAKOBOTO MaTepiaAy y CTaTe€BUX KAITHHAaX, SKi
BilOyBaloThCd y IIepiogM OBOI€He3y Ta cloepmaTtoreHedy mnpu penaikaiii JHK Ta
PO3XOIKEHHI XPOMOCOM IIifl 9Yac mmpoliecy meio3y. B 1iboMy BHUIIAAKY YTBOPIOIOTHECS OLHA

YU [E€KIAbKA aHOMAaABHHX TaMeT. B mmomgaapllioMy MOXKAWBE YCIIAAKyBaHHS 1€l MyTallli y
HH3I1l IIOKOAIHD.

Comamuuni mymauii 11e 3MiHU CIIaJKOBOI0 MaTepiaAy Yy COMaTUYHUX KaiTuHax. Taka
MyTallld [IepeaaeThbCd TIABKU HalllaKaM MyTaHTHOI KAITUHU LIASIXOM MiTOo3y. B pesyabrarti
y OpPraHisMi AIOAWHU BUHUKAIOTh KAITHHHI HOIYASIll 3 PI3HUM TI€HOMOM. JKIIO MyTallis
BimOyBaeThCs Ha paHHIX eTanax [aIpoOA€HHS 3UTOTU TO (QPOPMYETHCH MO3AIUUIM.
Mo3ainusm 1€ JOBOAl PO3MOBCIOIXKEHE SIBUIIIE.
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[Ipu mocaimzkeHHI MyTallii y mapo3odiam BHUSIBAEHO, III0 XPOMOCOMHI abepairii
CYIIPOBO/IXKYIOThCSI MOOCHUTHh UYITKUM BIIAUBOM Ha Oyab-sKi O3HaKuU opradHiamy. Yacto
BiIOyBa€eThCs 3MiHA, sTKa ¥ TOMO3UTOTHOMY CTaHi BU3HA4Ya€ HEXKUTTE3MATHICTb OpraHi3My
Ha PaHHIX eTarax Moro po3BUTKY: 1HBEPCII, TPaHCAOKAIIll 1 IPaKTUYHO BCl HecTadi. Aae 1y
reTePO3UroTHOMY  CTaHi  XPOMOCOMHi  abepallii  iHOAI  BUKAUKAIOTh  3HUIKEHHS
KUTTE3MATHOCTI Ta IMAOMIOoYOoCTi. € BCi mHmificTaBHM BBaXKaTH II0AI0OHI XapaKTepUCTUKH,
II0B'd3aHi 3 XpOMOCOMHHUMH abepalliiMu, pe3yAbTaToM e(PeKTy [OAOKEHHS.

BiapiTicTe HecTad Ta AyMHaAiKalii y Apo30diAM BiAPI3HSIOTBCH YITKHM CHELUPIYHUM
JOMIHAQHTHHUM IIPOSIBOM, SIKHM IIO3HAYAETHCSI HA 3MiHI THX YU 1HIIUX O3HaK. [Ipu npomy
XapaKTEePHUN MNAECHOTPOIIHUM IIPOSB TaKUX MyTalliv. Tak, gedki HecTadl BUPasKarOThCSd HE
TIABKU y 3MiHi IIIETUHOK, a ¥ y 3MiHi po3MipiB Tiaa, ITOBEPXHi i po3MipiB ouel, OyI0BU KPHA,
raoarogocTi. OueBUAHO, i 1Ii PEHOTUIIOBI IMPOSIBH XPOMOCOMHHX abepalliii IIiAKOM MOXKHa
BBaKaTH PE3YABTATOM €(PEKTY IMOAOKEHHS.




TakuM 4YMHOM, HaHHI F'€HETUKH Ta LUTOI€HETHUKU CBIOAYaTh IIPO TE€, IO XPOMOCOMHU
IIPEACTaBASIIOTh COOOI0 TIEBHUM YHMHOM OpPraHi3oBaHi I'€HHI KOMIIAEKCH, V¥ MeXXax SIKHX 1
3MINCHIOETBCS poboTa reHiB. IlopymieHHd B opra”izallii IIUX KOMIIAEKCIB IIPpU
XPOMOCOMHUX IepebysoBax YacTo MNPHU3BOAATH OO0 3MiH B €KcHpecii reHiB. Lle wacto
CIiocTepiraeTbca y Apo3odiau IHIpu IHepedymgoBax, gKI 3adilaloTb OAHOYACHO
eyXpPOMaTHHOBI Ta TeTEPOXPOMATHHOBI MIAGHKH, aA€ MOMiIOHI 3MIHU CYHIPOBOMIXKYIOTHCA 1
abepalliaMH, SIKi 3a4illaloTh TIABKH €YyXPOMATUHOBI MiASHKH.

XPOMOCOMHI abepaulil




MyTaiiii, 3HayHa dYacTHUHa SKUX IIpPeAcTaBAsd€ Cco00I0 XPOMOCOMHiI TIiepebymoBH,
MabyTh, MOXKYTb IIOTPAIIAITH il KOHTPOAL IIPUPOAHOTO BiAOOPY HaBITH Y
FETEPO3UTOTHOMY CTaHI caMe BHACAIAOK €(EKTy IMOAOKEHHS — HE3BHUYAMHOIO IIPOSIBY
reHiB, HAHOAMIKYE OTOYEHHS AKUX 3MIiHHAOCH.

Takum 4YMHOM, Ha AOAATOK MO0 Ti€l poAi, IKy XPOMOCOMHI mepedymoBU BiAIirpaioTh ¥
IIPOIIECI €BOAIOIIli TIeHOMiB, 3abe3rneduyrodym 30aradyeHHs TIE€HETHYHOT'o MaTepiaay,
CTBOPEHHS HOBHUX TI€HIB, 3MIHaA Yy pPO3MIOAIAl T€HIB y MeXax XPOMOCOMH 1 MixX
XpoMOCOMaMH, BOHHU y OaraTboxX BHUIIQAKaX XapaKTEPHU3YIOTbCS IIIe ¥ creludidyHOoIo
3MIHOIO TUX YH IHIIIHUX O03HAK OPraHi3My B HACAITOK ePEKTY ITOAOKEHHS.

BHYTPIiLLHLOXPOMOCOMHI
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