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MyTauli, Lo BUHMKAKOTbL MiA Yac penfikadli
[NHK

Brnnve 3MiH B MOCNIAOBHOCTI OCHOB Ha

eKCMpecito reHiB

[Is1aH: ) o
MyTauji, Lo BUKITMKaHI MODINTbHUMMW

[EHETNYHNMW EJIEMEHTAMU

MyTaLii BHaCiAOK MOMWUIOK peKOMOIHaLLii

XPOMOCOMHI My TaLyi







HopMarnbHa pennikauig — e ay»xe cknaaHum npouec. [eHom NoanHn ue
MarKe 6 MINbapaiB HyKNeoTUaiB, gKi BXOAATb A0 ckinaay 46 XPOMOCOM |
OTOuYeHi binkoBMM kKomnnekcamu. [ng pennikaui AHK noTtpibHa yyacTb
baraTbox OINKiB, | Taka BefmKa Kyrna CKnagoBux NMPU3BOAUTb A0 OKPEMMX
NMOMWJIOK MPW KOMIFOBAHHI NOCIAOBHOCTEN. HacTnHa TakMx MOMWUNOK He
YCYBAETbCA CUCTEMAMWU KOHTPOJKO Ta penapauii, I, MOXe cTatu
MPUYMHOK BUHWUKHEHHSA MY TaLLI.
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OcHOBHUM eTanoM nig vac pennikauli IHK € yTBOpeHHA HOBUX NaHLOriB
[IHK  KoMnniMeHTapHUM BUXIAHUM naHuroram. [lpueaHaHHA HyKneoTuaiB
3AIMCHIOETECA QpepMeHToM  [1HK-nonimepasa. BiH BUKOPUCTOBYE HaABHI
naHurorn AHK y akocTi Mmatpuui Ta yTBoproe napu Hykneotunais A-T ta I-L. Y
eykapiot OHK-nonimepasa moxe gogasatn He Oinbl 100 HykneoTtuais 3a
CeKkyHAy. AKLLO BOHM CTAPTYOTh 3 OAHOro HOKY Xpomocomu, gka Mictuts 100
MJTH M.H., TO Ti pennikauiga mae tpmBatn 1 MinbWoH cekyHa (NpubnnsHo 11
ai0). 3asBuyan, TpuBaniCtb S dasn KNITUHHOrO moaisly, Ae BiabyBaeTbCH
NOBHA penfikauiga reHoMy, 3ammMae Big 6 Ao 8 roauH. Lle tak, 60 KoxHa
XPOMOCOMa MICTUTb TUCAYI TOYOK MoYaTtKy pennikaui, To6To canTiB noyartky
cuHTedy [HHK. barato uux canTtiB akTMBYHOTbCA OAHOYACHO, MPOTe He BCI.
ICHye neBHWUM MOPAAOK, 3a HKUM CUHTE3YHTbCA PI3HI  AindaHkmn  OHK.
3aranbHOK TEHAEHLLE € Te, L0 reTepoXpPOMaTUHOBI AINAHKK PEMIKYHTLCH
MI3HILLE 3a HLLUI.




He 3Ba)xatouy Ha BMCOKY TOYHICTb MPOLECy penikauii nig 4yac moro
3INCHEHHA Yac Bi Yacy BMHMKAKOTb NOMUNKN. [TOMWUMKK, AKI BUHUKAKOTb
nig vac pennikauii MoOXXHa NoaiNnTM Ha ABa OCHOBHUX TUTA:

»HenpasuibHe BKIOYEHHA HYKNeoTny — Pentwatons

Silent: has no effect on the protein sequence

llllllllllllllllllllllll

>|_|pOCJ_”/IBaHHﬂ I_IO J-IaHI_Ill'OFy AGCGCGTACCCTACep AGCGTTACCTAC

Ser Val Pro Tyr Ser Val Pro Tyr
5 B 3} il
lelle]l T/All6] T « Lo Missense: results in an amino acid substitution
LT LA T T 1 - e ———E—————p | S——————————
[Cl||IC|/A| T |C|IA||G| T |C AGCGTACCCTACep AGCGTABACCTAC
3 1 5 | SR A U O st A SRS
Ser Val Pro Tyr Ser Val Thr Tyr
l’ 3 Nonsense: substitutes a stop codon for an amino acid
5: IIIIIIIIIIIIIIIIIIIIIIII
GET A@T 1 AGCGTACCCTACspAGCGTACCCTA®
mom onnomon Ser Val Pro Tyr Ser Val Pro Stop
c|[€][a] T [€][A][c] T [€
3 5
Frameshift Mutations
»L Insertions or deletions of nucleotides may result in a shift in the
- reading frame or insertion of a stop codon.
5’ == 3
clle] T/a el 1 __A AGCGE@EBCCCTACmpAGCGCCCTACTT
|2 % /'_\' 2 %[ 2 B m Ser Val Pro Tyr Ser Val Leu Leu




biNbLUICTE MOMUIOK BKJTHOYEHHS HYKINEeOoTUAIB HeramHo IAeHTUMIKYHTLECA AK
NOMUIIKKA Ta BUMPABAOTLCA OAHWM 3 ICHYKUMX MexaHIi3MIB. Hacamnepeq,
ronoBHi [JHK-nonimepasn matotb pefaryBanbHy (KOPeKTytody) Aiko: AKLLO
OCHOBA OCTaHHbLOrO HyKNeotTuay 49Ka [AOAAa€TbCA A0 JaHLoXKa YTBOPHE
HernpaBWibHY Mapy 3 OCHOBOK MAaTPUYHOro faHuoxka, to HHK-noniMepasa
Mae 3'-5'-eK30HyKNea3Hy akTUBHICTb Ta BUAANAE TaKUN HYKNEOTU.

ICHYHOTb | IHLUI CUCTEMM penapaLiii NMOMUIKOBO CTBOPEHKMX Map OCHOB. BoHWM
30aTHI  BUMPABUTUA  TMOMUJIKK, §KI HE Oynu BUMpPaBseHi peaakTopCbKOH
aKTUBHICTIO nosiimepasn. [1poTte, gaKWOo Taka MOMUIIKa BKITKOYEHHS He byae
BMMNpaBneHa A0 MOMEHTY 3Ha4HOI AOBXWHW YTBOPEHOro NaHLura, T0 BOHA
MOXe 3aULLUUTKChL Ta CTath MyTauiero. AKLWO Ud MoMUIIKa 3aiunnTbCd Ao
HACTYMHOro payHay pennikadii, TO nonoBMHA YTBOPeHUX naHuoris [HK
HACTYMHOrO payHAay noABOEHHSA OyayTb MICTUTU LIKO MYTaLLito.




OfHaK, 3MIHU MOXYTb BUHUKHYTW W 3aBAAKW TMOBISIbHUM MOCTYMOBUM 3MiHAM
NEedKMX OCHOB. HambinbLl pO3MNoBCHOAXEeHa 3MiHA OAHIEl OCHOBM Ha IHLUY €
Ne3aMIHYBaHHS LUMTO3UVHY, KU B Pe3yNbTaTi LbOro NepeTBOPrOETLCA Ha ypaLmIl.
B HacTtynHOMy payHAl penfikadii ypauui MoXe YyTBOPUTK napy 3 aAeHIHOM, I,
TakuMm 4mHom napa - nepetBoputbca Ha napy A-Y. [pote ICHye epMeHT,
AKMN PO3Ni3Hae ypauun T1a Buaange moro 3 HAHK, HWWM epMeHT MnoTim
BUAaNAEe Ae30KCipnboMmoHodocdar | BUHUKAE PO3PUB OAHOTO JTAHLIKOXKKA, AKNM
BUMPABMISE Of4HA 3 CUCTEM penapauil. Ane 3anuLLKn UUTO3MHY 4acTo DyBarOThb
METUNbOBAHUMM Ta NPUCYTHI B LOHK y Burngal S5-mMetmnuutosnHy. B ubomy
BMNaZKy MOro Ae3amMiHyBaHHA NPU3BOAUTL A0 YTBOPEHHA HE ypauuny, a TUMIHY. |
NPW HACTYMHIN pennikauli noniMepasa He Po3yMie, WO Uen TUMIH He Ha CBOEMY
MicLl | 4oByaye B OOUIPHIN NaHLOr HaBMPOTU HbOTO aeHiH. ToX, MU OTPUMYEMO
3aMiHy napu 5-metun-L-I Ha napy T-A.




[Tpocnn3aHHa pennikaLil BBa)XaeTbCAa OAHMM 3 OCHOBHUX MeEXaHI3MIB
BVHUKHEHHSA  MyTauin, O0CODMMBO Ha  BIAPI3Kax 3  TaHAEMHO
NOBTOPKOBaHUMK  nocnigoBHoctamn.  Lob  yasutm  cobi gk ue
BiZOYBAETLCA MW MOBWUHHI YCBIZOMUTH, LLIO MOSIEKYIN GKi PEMNPECYHOTHCH
He € MNAaCUMBHKMW — BOHW MOCTIMHO MNEepenniTaroTbCs, CKPYYYHTbCHA Ta
BIALLUTOBXYHOTbCA  BI, IHLUMX MaKpOMOSeKys. B pesynbrati Moxe
BIAOYTUCSA 4aCTKOBE BIOAIEHHA Big MaTPUYHOrO JaHLKOrY  KiflbKOX
OCTaHHIX [A0Ny4YeHUX HYKNeoTuaiB, 1, KOMM TakMM LWMATOYOK 3HOBY
YTBOPKE MapM 3 OCHOBaAMW MATPUUHOrO JaHutora, BIH MOXE TPOXU
3CYHYTUCb LWIOAO BIAHOLLEHHS BUXIAHOI AiNdHKW. Lle goBoni 4acTto
BUHWKAE Mpwv pensikaull KOPpOTKMUX TaHOAEMHKX MOBTOPIB.




MikpocaTtenitHi MoBTOPU BUABNAKOTL HaA3BMYAWHO BUCOKY 4acTOTy
MYTyBaHHA. Y JOANHU Ha OeaKUX  AOINdHKax  KiNbKICTb  MOBTOPIB
3MIHETBCA 31 WBKMAKICTIO  6ind 1% Ha reHepauito.  binbLu
PO3MOBCIOAXEHUM € BUMNALOK 30iNbLLUEHHSA KINIbKOCTI MOBTOPIB, HIX X
3MEHLLEHHS, NpoTe 0bKaBa BapiaHTU BUHNKAKOTL JOBOJII YaCTO.

B reHomi NOANMHU MICTUTBCA TUCHAYUI KOPOTKUX TaHAEMHKMX TMOBTOPIB |,
camMme Ue, MNOACHIOE BUCOKMM MOSNIIMOPQRI3M TakMX MOBTOPIB. BHacnigok
LibOro NoaiMopmI3My KOXHa NIoAMHA Mae YHIKanbHWUM Npodiib 3a LMK
MOBTOPAMMU, LLIO HAragye BiabUTKM NasnbLIB, Ta MOXe ByTU BUKOPUCTAHNM
Ana igeHtudikauii ocobu. Llen noniMopiam TakoX BUKOPUCTOBYHOTH
019 BUBYEHHS LLUNGXIB MirpaLil nonynawiv noaen.




OfgHa 3 POpM TaHAEMHWMX TMOBTOPIB MOXE BUABUTUCH MPUUUHOK MEBHUX TEHETUYHUX
3axBOpPrOBaHb JKOAMHW. [leaki reHn MICTATb MOCMIAOBHOCTI A€ OAWH | TOWM CaMUii KOAOH
bes3nepepBHO MOBTOPKETLCS KiflbKa pasiB. B Takmx Micusax OOCUTb NIErKO MOXeE BIiAOYTUCH
MNPOCNN3aHHA pennikaujil, Wo npu3sene A0 30ibLUEeHHS KiIbKOCTI NMOBTOPIB. Lle, B CBO
yepry, MOXe MPU3BECTN A0 YTBOPEHHSA aHOMalbHMX DISIKIB, SKi abo BTPATUIM CBOI (DYHKLII,
abo0 X MOXYTb AKMMOCH YNHOM BIIMHYTU Ha CYHKLLT IHLLKX OISIKIB.

[Tomunkn nig dac pennikayii OHK, ckopiwl 3a BCe, € MNPUYMHOK TOro, Lo 4acTtoTta
MYTYBaHHA B YOJIOBIYOMY OpraHi3mi BMLLLA, HIX Y XKIHOK. [ocnigXeHHA NpoBefeH! Ha MULLIX
BUSABWIW, LLIO YacToTa MyTaLiA B YOMOBIYMX ramMeTax y 5-6 pasiB BUMLLA, HDK B XIHOYMX.
[TOACHIETBCA LEe [AOCUTb TMPOCTO. 3Pl OOLUMTU A0 YTBOPEHHA 3UroTU  MPOXOAATb
NPUONN3HO 24 KNITUHHI NOAINK, a CnepMarto30ia 25-pivyHoro Yosioika npoxoauTs 6ing 300
noAainis. Bcl oounti oopmyoTbCa A0 HAPOOKEHHHA XIHKW, B TOW 4Yac 9K CrepmMarto30iam
BMPODOMIAOTECA DE3MNEPEPBHO MPOTATOM XKUTTS YOSOBIKA. YnMm cTapLumi BaTbko, TMM BULLLA
BIPOrIAHICTb HAKOMUYEHHA MNOMWIIOK Mig Yac pennikaui AHK.







Han4yacTiLmM KNacoM MOMUITIOK penfikaLil € 3amMiHa OAHIET Mapu HYKNeoTUAIB
(mapa oCHOB). AKLLO Taka 3MmiHa BiAOYBaAETLCA B KOAYHOUIN MOCNIAOBHOCTI BOHA
MOXeE MPU3BECTN (abo He MPU3BECTN) A0 3MIHM MOCNIAOBHOCTI aMIHOKUCIIOT Y
Oinky. OCKINIbKM TEHETUYHUW KOL € BUPOXAEHUM (DifbLUICTb aMIHOKUCIIOT
KOOYETLCA KiflbKOMa TpUMnetamu) 3amiHa OAHOro HyKNeotuay He 3aBXAu
NPWU3BOANTL A0 3MiHW aMIHOKUCIIOT Yy BiNKy. HaMeHLwnin BNnmB BiAirpae 3mMiHu
Y TPETbOMY HYKNEeOoTUAl KOAOHY. Taki 3MIHM MatTb Ha3BYy CUMHOHICIUYHI MyTaLll.
3MIHM OCHOB, L0 MNPU3BOAATL A0 3aMiHM aMIHOKUCIIOTM MakTb Ha3BYy
HECIHOHIMIYHMX ab0 MICEHC-MYTaLIin.

3MiHa HaBiTb OAHIEl aMIHOKUCNOTK Yy DINKY MOXe BIMIMHY T Ha NOro oyHKLHO.
OcobnnBo, AKLWO 3MiHA TOPKAETBCH KaTaliTUYHOro camty OepMeHTy abo
3MIHIOE MOro KOHMIrypauito. BapiaHT reHa, dkui B pes3ynbrati MyTauil ctae
HeieBMM Ma€e Ha3BY HYIbOBOI abo MOBYA3HOI anesi. [1poTuneXxH1M BapiaHTOM
BMMBY MyTaLlii MOXY Oy TK 3BMYaKHa, abo, HaBiTb, NiABMLLIEHA aKTUBHICTb.




HoHCeHC MyTauli BUHUKAKOTbL KOMW 3amMiHa OCHOBM MNPU3BOAUTL A0 3MIHM
KOAYHO4Oro TPUMMIETY Ha OAMH 3 TPpbox (Ang aaposoi [AHK) cton-kogoHiB, dkKi
3YMUHAKOTL CUHTE3 DINKy. Taki MyTauii MOXYTb BUHUKATK PIZHUMW LLINIAXaMW.
Hanpuknag, tpunnetr YAA moxe BUHUKHYTM 3 9 Hwmnx: LAA, TAA, AAA,
YTA, YUA, YYA, YAI, YAC, YAY. 3 uux KombiHaUiM AOBi € TaKO)X CTOr-
KOAOHaMW, a 7 KOAYHTb aMIHOKUCOTK (6 PI3HNX aMIHOKWCIIOT).

Konn myTtauig nepeTBoproe CTOM-KOAOH B KOAYHOUMA KOAOH, Taka MyTaLlig Mae
Ha3By aHTU-TEPMIHANbHOI. Y OinblocTi Monekyn MPHK 3a Hanpgamom
TpaHCcNdAUli  micna  HOPMalbHOIO  CTOM-KOAOHY  PO3TALLOBYKTLCA  HE
TPaHCIIEMI NOCNIAOBHOCTI AOBXMHOK Bif, KiSIbKOX A0 COTEHb HYKeoTuaiB. A
OTXKE CUHTE3 OINKy MOXe OyTn npoaoBXeHo A0 KiHud MPHK abo o
HACTYMHOrO CTOM-KOAOHY, | Le BUKINYE MOSBY MYTAHTHOI oopMK DINKy, dKa
Oyae maTy 3MIHEHY aKTUBHICTb, ab0 B3arasi BTpaTUTb CBOK QOYHKLIIHO.




[TOOAMHOKI 3aMiHM HYKNEOTUAIB MOXYT 4inaty Takox npoueciHr PHK. Hanbinbll cyTtresi
MOPYLLUEHHS BUHUKAKOTL KON 3MIHM TOPKAKTLCA Mapy HYKNEeOTUAIB Ha KIHUAX IHTPOHY: [T Ha 9'-
KiHUI Ta Al Ha 3'-kiHUi. B pesynbtaTi IHTPOH AoAaeThcd A0 3pinoi MPHK | Taki MyTauii Ha canTax
CrnianciHra 3asBuyan BUSBNAKOTLCA 9K HyNboBi aneni. Lle BiadyBaeTbCcd TOMY, IO OifbLUICTb
IHTPOHIB MICTUTb OAMH 4K BinblUe KOAOHIB, SKI MOXYTb MEPEeTBOPUTUCH Ha CTOM-KOAOHW | BOHU
PO3KMAAHI MO Hekoayroumx AingHkax AHK BunaakoBum YHOM.

[loMUNKn B pennikaLii MOXYTb BUKIIMKATK TaKOX BCTaBKM (iHcepLii) abo BuAaaneHHd (aenewis)
OAHiel un BinbLUe nap HyKNeotuaiB. AKLLO Taki 3MiHM BiAOYBaOTbCH B KOAYHYIN MOCNIAOBHOCTI,
BOHM 34aTHI BUKNMKATUMYyTaLA TUMY 3CYBY PaMKWU 34UTYBAHHSA, SKLLO KINbKICTb BUAANEHUX YK
OOLaHMX HYKEeOTUAIB He KpatHa TPbOM. bifbWICTb MyTauid 3CyBY pPaMKM  34UTYBAHHA
BUABNAIOTECA AK HYIbOBI anern.

AKLLO KINBbKICTb AOAAHWX YM BTPAUEHUX HYKMEOTUAIB KpaTHa TPbOM, TO Lie He Npu3BOAUTbL A0
3CYBY PaMKW 34MTYBAHHS, NPOTE aMiHOKMCIOTHA MOCNIAOBHICTb BIfKY 3MIHFOETHCS.







[TonbnnsHo 40% reHomy OOMHW — Le AMCNEeprroBaHi MOBTOPHOBAHI
NOCNIAOBHOCTI. binbWiCTb 3 HUX abo € MOOIbHUMW enemMeHTamMmn, ado
NOAIOHI A0 HUX. 3 HUX NPUbnmM3Ho 15% - Ue PETPOTPAHCMO30HM.
[lepeBaxkHa OiNbLUICTb AKX NpeAcTaBrieHa nuwe dgparmeHtaMmm BUXigHoi
NOCNIAOBHOCTI, ane KiflbKa TUCAY € NMOBHOLIHHUMW, i, 9K NpUnyckaroTb 6ing
50 3 HUX € akTMBHUMW. LI akTmBHI ognHuLi L1 KoaytoTh Kinbka oepMeHTIB,
AKl - 3OIMCHIOKTE  3BOPOTHIO  TpaHckpunuito  L1-PHK, ogHonaHuorosi
pospumBn [OHK Tta iHTerpauito 3BoOpoTHbOTPaHCcKpmnboBaHoi OHK (k[OHK) B
MICUAX PO3PpUBY. TakMM YMHOM, PETPOTPAHCMO3NLIA € TMOCTIMHUAM
NPOLECOM, SKUM MPWU3BOAUTL [0 30INbLUEHHS  KIFIbKOCTI  MOOINBHUX
NoCcNiJOBHOCTEN. [HTerpauig He € TMOBHICTH BUMAa[KOBOK, BOHA MOXe
3MIMCHIOBATNCH MO BaratbOM canTtaM SK B Mexax reHiB, Tak i mo3a HUMM.




ICHY€E TaKOX BIPOrIAHICTb BKITHOYEHHS | IHLLKMX nocnigoBHocTen IHK Ha 3'-
KiHUi enemMeHTa L1 B peTtpoTtpaHCcnboBaHMA Matepian, 060 curHamm
TepMiHaUil TpaHcKkpubuii L1 € crnabkumuy i 4acto TPAHCKPUOYETBCS | IHLLI
FEHN L0 PO3TaLLOBYHOTECH 3a AindHkoto L1. Lle 3abesneudye mexaHiam
TaCyBaHHA TreHiB, TOOTO Ayrnikauii | iHcepuii AOingHOK reHiB  abo
PErYNATOPHMX TMOCHIAOBHOCTEN, 4Kl MOXOAATb BI4 OAHOIMO TEeHy VY
doyHKLIOHYOYI  AINAHKA  HWOro. byno nigpaxoeaHo, Wo oaHa 3 600
MyTaLiv y NoanH1 0ByMOBIIEHA 3BOPOTHORK TPAHCKPUMLLEO.







B HOpMI pekombiHaLuia e BUKIFOYHO TOYHMM mpouec. [1poTe HasBHICTb
NMOBTOPIB BIAKPMBAE MOXJIMBOCTI MOMWUIIKOBOrO MNMOEAHAHHA B CUHAMC, LLO
MOXe MPU3BECTN A0 HEPIBHOMIPHOIO KPOCUHrosepy. Y MOAMHU OAHUM 3
HaMBIAOMILLMX MPUKNAAIB € HEPIBHUN KPOCUHIOBEP MEHIB AJ19 YEPBOHOIO
Ta 3eJIEHOro KOMbOPOBOro 30pYy, K PO3TaLLOBaHI NOpAa Ha X-XPOMOCOMI.
BoHK eBOMtOLIOHYBAIM PA30M BIA CMISIbHOro Npatdypa i, A0CI, € HACTINbKN
noAibHMMK, WO iHOAI 34aTHI nmapyBaTUChb HernpaswuiibHO. B pesynbrari
YTBOPIOKTLCHA raMetu Mno3baBreHi OAHOro, YM HaBiTb, ODOX TEHIB | LUe
NPU3BOANTL A0 BUHUKHEHHA  MHOXWHHKX  TUMIB  4E€PBOHO-3€NEeHOI
KOSIbOPOBOI CNIMOTW.

[losgBa um BTpata dindHok NHK Moxe BigdyBaTtMCh | MNif YaC KUTTEBOTO
LMKy COMATUYHUX KNITUH, Ae nicna cuHtedy AHK we A0 MITO3y MOXYTb
BIAOYBATUCb CECTPUHCHKI XpoMaTuaHi obmiHm (CXO).










3MIHU B CTPYKTYPi XPOMOCOM, $Ki HACTIIbKXA 3HA4HI, O IX MOXHa
CnocTepirati y CBIT0BUM MIKPOCKOM MakTb HA3BY XPOMOCOMHMX MyTaLlin,
XPOMOCOMHUX NepebynoB abo XPOMOCOMHUX abepaLin.

[eHOMHI MyTaLll — Ue 3MIHa HOPMalbHOI KIJTIbKOCTI XPOCOMOM B KaploTuni
OopraHiamy neBHOro Buay. PO3PI3HANTL ABI BESUKI TPYNM TEHOMHUX
My TaLin: 3MiHa raojgHoCTi (Y1cna HabopiB XPOMOCOM, LLIO 3HAXOAATbCS B
40Pl KNITMHKM abo B a4pax KATMH OaraToKNITUHHOIO OpraHiamy) Ta
aHeyrnaoigi (3MiHK KapioTuny, Npu SKUX YMCIO XPOMOCOM Y KNITUHAX CTae
HEKpaTHUM ranfioigHoMy Habopy). Y CBOK Yepry nioigHICTb 3MIHKOETLCH B
HanPAMKY T 3MeHLLIEHHSA abo 30iMbLUEHHS. Y NepLUIoMy BUNaAKy nae MoBa
Npo rarioiagil, a'y apyromy — npo rnoJsirnaoigii.
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AHeynnoigiga BMHMKAE B pe3ysbrati NMOPYLLUEHHA cerperadii XpoMoCoM B
MITO3I abo Menosi. BpoaxeHa aHeynmoifid MOXe BUHUKHYTW, AKLIO B
aHaaai | Menosy romMosiorivyHi XpoOMOCOMK OAHIET abO AEKiNbKOX map He
PO3INAYTLCA. Y LibOMY BUMAAKY 0OMABI XPOMOCOMMU Mapy HanpabidTbCs
0O OAHOro | TOro X MOJNOCY KNITWUHW, | TOAI MEMo3 nNpu3BoAUTb A0
YTBOPEHHSA TaMeT, AKi MICTATb Ha OAHY abo Kifibka XPOMOCOM BinbLue abo
MeHLLUe, HDK Yy HopMi. Lle daBuuie Bigome nMig HA3BOK HEPO3XOAXEHHS
xpomocom. Konu rameta 3 BIACYTHbOI abo 3aMBOKO  XPOMOCOMOK)
3/IMBAETLCA 3 HOPMASIbHOK ransoigHOK ramMeTor, TO YTBOPHOETLCH 3UTr0Ta
3 HEMapHMUM YNCIIOM XPOMOCOM: 3aMICTb ABOX FOMOJIONB Y TaKi 3UroTi iX
MOXe Oy TV TpK abo TifbKM OONH.




Ooo6uaBa
romMorsioru
BigiuWwu oo
OLHOro nonkcy

OpgHa napa
roMONOTiYHUX
XPOMOCOM KapioTuny

MoHocomis Tpucowmia
3a ofiHicIo naporo 3a ofiHico napoto
roMoJsioriYHUX XpoMocom roMosoriYyHMX XpoMocom




XPOMOCOMHI abepalLlii (XpOMOCOMHI MyTalLlii, XpOMOCOMHI NepebyaoBn) —
MmN MyTauin, 4Ki  3MIHIOKTb  CTPYKTYPY XPOMOCOM. KnacugikyoTb
XPOMOCOMHI  abepauii Ha geneyi (BTpata CepeanHHOi  AiNAHKN
XPOMOCOMW), AeilueHc! (BTpaTa KIHLUEBOI AINTAHKN XPOMOCOMW), IHCEePLT
(BCTaBKM OparMeHTiB Yy XPOMOCOMY), IHBEPCI (3MiHA MOPAAKY TEeHIB
OINAHKM  XPOMOCOMW Ha 3BOPOTHWW), Ayrisiikaylii (MOBTOPEHHS AiNAHKM
XPOMOCOMMW), TpaHcioKaull (MepeHeceHHa OiNgHKM XPOMOCOMK Ha iHLLY),
bparmeHTayiic  (OPOBIEHHA  XPOMOCOMK), @  TaKOX  YTBOPEHHS
OAVNUEHTPUYHKX | KINbLEBUX XPOMOCOM. BigoMI TAKOX I30XPOMOCOMMU, SKI
CKJ1la[aroTbCs 3 IBOX OAHAKOBUX Mieyen.




AKLLO NepebynoBa 3MIHKOE CTPYKTYPY OAHIET XPOMOCOMM, TO Taky MyTaLito
Ha3MBaKTb BHYTPILLIHLOXPOMOCOMHOK  (IHBEPCIl, aeneuii, aeilleHci,
Oynnikauii,  KinbLEeBI  XPOMOCOMW),  SKLIO X  [ABOX  PI3HUX, TO
MIXXXPOMOCOMHOK (aynnikauii, TpaHcnokauii, ANLUEHTPUYHI XPOMOCOMN).
XPOMOCOMHI  NepebygoBM MiApO3ainatoTh TaKOX Ha 3banaHcoBaHi |
He3banaHcoBaHi. 3banaHcoBaHi rnepebynosyn  (IHBEPCI, PELMUMPOKHI
TpaHCoKaLi) He npu3BoAATb OO0 BTpatk abo A04aBaHHA TEHETUYHOro
MaTepiany npy OpMyBaHHI, TOMY IX HOCII, 9K MpaBwWio, OEeHOTUMNOBO
HOpManbHI. HeabasaHcoBaH nepebyaoBy (oeneuii i gynnikawii ) 3MIHHTb
[030BI CMiBBIAHOLLUEHHSA TEHIB, |, 9K MpaBwumo, X HOCIMCTBO MOBY3aHe 3
KIIHIYHUMW BIAXUNIEHHAMW BiZL HOPMMU.
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OCHOBHOK MepPeayMoBOK AN BUHUKHEHHSA XPOMOCOMHUX NepebynoB € MOLLUKOAXKEHHS
OHK 'y Burngal  OBOHUTKOBMX  PO3PMBIB 3 MOAANbLUOK  MOMWIIKOKD — penapadl:
HernpaBUiIbHUM  BIAHOBIIEHHAM PO3PWBIB MPW  penapawii  LWIgXoM HEroMosiornyHowm
pekoMbiHauii abo  MOMWIIKOBUM  BMOOPOM  MaparnoriyHoi  3aMiCTb  FOMOJSIOrNYHOI
nocnigosHocti OHK npu penapauii nig 4ac romMonorn4Hoi pexkombiHaLji. [1BOHUTKOBI
pospmen [HK BWHMKaAOTL B KIITUHI CMOHTAHHO abo Mg A€ PISHUX MyTareHHUX
doakTopiB:  PI3NYHMX  (IOHI3ytOHE BUMPOMIHIOBAHHS), XIMIYHKX (XIMiOTepanid, BB
BITbHUX paauKaniB eHAoreHHoro noxomxeHHs Ha IHK) abo bionoriyHnx (TpaHCno30Hw,
Bipycu). [BoHuTKOBI po3puen [OHK BuHMKAOTL 3anporpamMoBaHO Mg 4ac npodpasn |
Meno3y, a TakoX Mnpu Ao3piBaHHI T- 1 B- nimdounTiB nig vac crneunivyHoi comaTuyHoI
V(D)J-pekombiHaLii (MexaHi3M COMaTU4YHOI peKomObiHaLi, WO BiADYBAETbCA Ha PaAHHIX
eTanax AuepeHLuItoBaHHA  NIMQOLUMTIB | MNPU3BOAUTE A0 OPMYBaAHHA aHTUTEH-
PO3Mi3HaBaNbHUX AINAHOK IMYHOrNOBYMiHIB i T-KNITMHHOrO peuentopa). [MopyLUeHHS |
MOMUIIKN MPOLIeCY BIAHOBIEHHA ABOHUTKOBKMX pPO3pwBIB OHK npr3BoadaTe A0 MNOSBU
XPOMOCOMHUX Nepebynos.




TpaHcnokauia (Big nat. trans — 4epes i locus — micue, nNepeHeceHHs) —
TN XPOMOCOMHMUX MyTaLin, MNpn 9KMX BIAOYBAETLCH MEPEHECEHHS
OINAHKM XPOMOCOMM Ha HEroOMOJIorivHy XpoMocoMy. OKpeMo BUAINATb
TaKi PI3HOBUAN TPAHCIOKALIN:

»HEPEUNPOKHI BHYTPILLIHBO- | MIXXXPOMOCOMHI TpaHC/IOKaLii, npw
AKMX BIAOYBAETbCA MEPEHECEeHHA 4YacCTUHM XPOMOCOMWU B IHLLE
MNONIOXEHHS B MeXaxX AaHOl XPOMOCOMM abo Ha IHLLY XPOMOCOMY
BIAMOBIAHO );

» PELMMPOKHI TPaHCIOKaLli, NPW AKX BIAOYBAETHCH B3AEMHMUIN OOMIH
AINAHKaMM MIXK XPOMOCOMaMMU;

»POOEPTCOHIBCHKI TPAHCI0KaLi, ab0 LIEHTPUYHI 3MINTTS, NPU AKKX
BiOYBAETLCH 3MNUTTH aKPOLIEHTPUYHUX XPOMOCOM 3 MOBHOK abo
4aCTKOBOK BTPATOK MaTepiany KOPOTKUX MeYen.
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PeunnpokHi TpaHcnokalii € 36anaHCoBaHOK XPOMOCOMHOI MepebyaoBoro, Mpu ix
dopmyBaHHI He BiADYBaeTbCA BTPATU TEHETUYHOrO Marepiany. BoHn € ogHieto 3
HAVMNOLLIMPEHILLMX XPOMOCOMHMX aHOoMani. HOCIi peunnpoKHUX TpaHCoKaLun,
AK MPaBuIo, PEHOTUMOBO HOPMaSbHI, MPY LbOMY MakOTb MiABULLEHY MMOBIPHICTb
be3nnigasa, 3SHWXKeHO! MePTUNbHOCTI, CMOHTAHHUX BUKWAHIB | HAPOOXEHHS
HaLLaaKIB I3 BPOAXEHUMW CMnagkoBUMK 3aXBOPHOBAHHAMM, OCKINbKM MOSOBMHA
raMeT Y HWX FeHEeTUYHO Hes3banaHCoBaHa 4Yepe3 HEPIBHOMIPHICTb PO3XOAXEHHS
nepebygoBaHMX XPOMOCOM B MENO3I.

PoBepTCOHIBCbKI  TpaHCMoKauii € OAHWM 3 Haubinbll MOLUMPEHUX  TUMIB
BPOXEHMX XPOMOCOMHUX aHOManin y MoAnHU. 3a AEFKUMU OaHUMK, TX YacToTa
ctaHoBuTL 1:1000 HOBOHAPOMXKEHMX. IX HOCI (DEHOTUMOBO HOPMAarnbHi, OOHAK Y
HUX ICHYE PU3UK BUKWUAOHIB | HAPOAXKEHHA AiTEN 3 HE30aNaHCOBAHUM KapioTUMOM,
KW CYTTEBO BapIOE 3aNIEXHO BiJ XPOMOCOM, 3any4YeHux 40 3/I1TT4, a TakoX Bif
cTaTl HOCI4.
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PobepTCOHIBCBKI TpaHCNoKaL|i, MOXJIMBO, € MPUYNHOK BIAMIHHOCTEN MK YMCIOM XPOMOCOM
y ONM3bKOCTOPIAHEHNX BuAaiB. [loBedeHo, WO ABa mieyda 2-i XPOMOCOMU  JIHOAMHW
BignosigatoTe 12 1 13 xpoMocoMam LummMnaHae. Moxnmeo, 2-a xpomocoma yTBOopwusacyd B
pe3yrbTaTi PO6ePTCOHOBCKOI TPAHCIOKALIT ABOX XPOMOCOM MaBMonoAibHMX NPeaKiB NHOANHN.
TaknM Xe UYMHOM TMOLACHIOTb TOW (PaKT, WO PI3HI BUAM APO30dinn makTb Big 3 40 6
XPOMOCOM.

TpaHcroKkauil, TakoX 4K | IHLWI XPOMOCOMHI nepebynoBs, MOXYTb CYrNpPOBOAXYBaTH
BUOOYTBOPEHHSA. OKpIM TOr0 BOHW BUKIIMKAKTb 3HMXEHHSA (DEPTUSIbHOCTI, OHKOJSOMYHI Ta
BPOKEHI CMaKOBI 3aXBOPIOBAHHS.

[1na no3HayeHHs TpaHCoKaLin BUKOPUCTOBYOTL MiXXHApPOAHY CUCTEMY 3 LIMTOrEHETUYHOI
HOMeHKNaTypu moanHun (The International System for Human Cytogenetic Nomenclature —
ISCN). 3anunc t (A; B) (p1; g2) 03Ha4ae TpaHCIoKauuMo Mix Xpomocomammn A | B. IHghopmaLlis
Nno Apyre Ayxkax AaeTbCd A0AaTKOBO A4 NoKani3aLlii TOHOK po3puBYy BCepennHi XpOMOCOMM
A | B BignosigHo. JliTepa p o3Havae KOPOTKE rMyieye XpoMOCOMU, fitepa q — AOBre nieve,
Lndopu micng p 1 g BIAHOCATLCA A0 HyMepaLlii XpoMOCoMHUX 6eHAaiB. [ng pobepTCOHOBCKOI
TPAHCOKAaLMN BUKOPUCTOBYETLCA CKOPOYEHHs der abo rob, Hanpuknag, der (rob) (13; 14
(910;g10).




IlHBepcieto (Bi4 nat. inversio — nepeBepTaHHd, MepecTaBiEHHSA)
Ha3MBalTb XPOMOCOMHY MnepebynoBy, nMpu Ak BiAOYBAETLCH MOBOPOT
AINgHKK Xpomocomn Ha 180°. [HBepcii BIAHOCATLCA A0 3banaHCOBaHUX
BHY TPILLIHEOXPOMOCOMHWX nepedynos.

PO3pi3HA0Th nmapaueHTon4dHy (IHBEPTOBAHUN doparMeHT NIEXUTb NO OAMH
OiK BI4 UEHTPOMEPW) | MepuUeHTonYHy (LEHTpOMEpa 3HAaXOAUTLCSH
BCEPEeANHI IHBEPTOBAHOIro doparMeHTa) iIHBepCir.

IHBepCinHa neTns
/7

HopmanbHa
XpoMaTunaa

IHBepTOBaHa
'l XpoMaTtuaa




[Tpy NpoxodXXeHHI Merno3dy B npodoasi | MiXK roMONorvyHMMM XPOMOCOMaMU
BiAOYBAETLCHA  CMHAMNCUC, TICNA  4YOro  MOXIMBUA  KPOCUHTOBED |
pekoMbiHaLia MK HUMW. [eTepOo3nroTHICTb 3a IHBEPCIED YCKITaOHKE
MOLLUYK TOMOJIOTNYHMX TMOCHIAOBHOCTEN NMig Yac CUMHAMNCUCy XPOMOCOM.
KOpOTKI retepo3unroTHi IHBEPCIi 3yMOBIIHOKOTL TPYAHOLL NMpPW CUHAMCI, ane
BOHW J0MNat0TbCA B MPOLECI Tak 3BAHOI CMHANTUYHOI MigroHku. Y pesynerari
OCTaHHbLOI Ha MiICLI IHBEepCIi OOPMYETLCA HErOMOJIONYHUA  CUHANCHC
(retepocuHarnicuc), akMn  Brokye  pekombiHaui. [octatHbO  OOBri
reTepo3nroTHI IHBepCIi 34aTHI YTBOPHOBATU MOBHOLIHHWA TOMOJSIOMNYHM
CUHANcuUc 3a paxyHoK qpOpMyBaHHA IHBEPCIMHOI netsi, 1, OTXe, B MeXax
IHBEPTOBAHOI AINAHKN MOXE BiAOYTUCH KPOCUHIOBEDP.
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AKLLO Yy reTepo3unrotn 3a nepULEHTPUYHOK IHBEPCIEKD NPKU Menoai BiadbyBaeTbCH
KPOCUMHIOBEP Y MeXax IHBepPTOBAHOIO AINAHKM, TO dPOPMYIOTLCA aHOMaSlbHI
PEKOMOIHAHATHI  XPOMOCOMM 3  Ayruiikauieto | geneuiero  (amB. Huxude). Y
retTepo3nrotm 3a MapaueHTPUYHOK  IHBEPCIEKD  KPOCUHIOBEP B Mexax
IHBEPTOBAHOIO AINAHKN NPU3BOANTL A0 JPOPMYBaHHA ANLIEHTPUYHOI XPOMOCOMMN |
aLEeHTPUYHOro  doparmeHty. B 000ox BMMagkax rametu, ¢ki - MICTUTUMYTb
PEKOMDIHAHTHI  XPOMOCOMU  BUSABNATLCA TEHETUYHO He3banaHCOBaHUMMU, |
MMOBIPHICTb DOPMYBaHHSA XNTTE3JATHUX HALLlAAKIB 3 TAKMX FAMET € HU3bKOH.

TakuM 4YMHOM, TeTepO3UroTHICTL 3a IHBEPCIE NPU3BOANTL A0 MPUrHIYEHHS
pekoMbOIHaLii B MexaX iHBepCii 3a paxyHOK [ABOX OCHOBHWX MEXaHi3MIB. 4epes
OnoKkyBaHHA peKkoMOiHaLii y pa3i retepoCUMHAnCUCcy | 3a PaxyHOK HU3bKOI
MMOBIPHOCTI BUHUKHEHHS PEKOMOIHAHTHUX MPOAYKTIB cepen HalllaaKiB BHACIAOK
reHEeTNYHOI HeE3DaNaHCOBAHOCTI raMerT.




[Tp TOMO3UTOTHUX HBEPCIAX, AKLLO BOHW He MNOBY3aHI 3 NeTarbHUM
eEeKTOM, KPOCWHIOBEP MPOTIKAE HOpMarsbHO. [lpuymMHa  LbOro
OYeBUIHA, OCKIIbKM Taki FOMOJSIONYHI XPOMOCOMU B Mpodpasi Menoasy
MOXYTb BifTbHO KOH'OTYBaTV | OOMIHIOBATUCH IAEHTUYHUMW AINAHKAMM.

[lpoTe cnig Matn Ha yBasi, L0 He BCHAKe MPUrHIYeHHA KPOCWHIOBEpPY
MOXe OyTW CrpUYMHEHE Aiet0 IHBEPCI. ICHYOTb Taki reHHi MyTaLli, SKi
MOXYTb NepeLUKoaXxXaTh HopMaribHOMY CUHANCKUCy XPOMOCOM Y Npodoasi
MeWno3y (acuHarnTnyHi reHu), 9K Le BCTAaHOBMEHO ANA KYKYPYA3W, XNUTa,
0aBOBHWKY, AYPMaHy, AUMEHID, a TaKOX Y AP030diNn.




[11na BUHVMKHEHHS IHBEPCIT HEODXIAHOK YMOBOK € noLukoaxeHHsa OHK y surnaa,
IBOHUTKOBOIO PO3pPMBY 3 HACTYMHOK TMOMUIIKOKD penapalil. Penapauid
IBOHUTKOBOrO  po3puy [HK mMoxe npoxoautn  OBOMa  Crnocobamu:
HEroMOoJIorYyHUM 3'€QHaHHAM PO3PUBIB | FTOMOJIOMNYHOK pekoMmbuHalieto. [lpwu
penapadii LLIgxoM HEeroMosioriyHnx 3eiHaHb MOXYTb MOMWIIKOBO MOEAHATUCSH
[Ba BHYTPILLHbOXPOMOCOMHMX PO3PMBM 3 PO3BOPOTOM AIIAHKA MDK HUAMW Ha
180°. Tlpn romMonoriyHin  pekombiHaLil MOXe BIAOYTUCS HEBIPHUK  BUOIP
nocnigosHocTi [HK, Ha OCHOBI 4KkOi BiAOYyBaeTbCA penapaLisd MOLUKOAXEHOI
[HK. 3amicTb romMomnoriyHoi MocnigoBHOCTI BiAOYBAETLCA MOMWUIIKOBUA BUDIP
napasnoriyHol NOCNIAOBHOCTI LIET XX XPOMOCOMM.

HWHI ICHyEe TpW OCHOBHKWX MiAXOAM ANA BUABMIEHHA IHBEPCIM: 3a AOMOMOrow
KINaCUYHOro reHeTUYHOro aHaniay, UMTonoriYHmx AoCniaXeHb | Ha OCHOBI JaHWMX
CEeKBEHYBaHHSA MOBHOro reHoMy. HanbinbLu NOLLMPEHUM € LIMTONOTYHUIA NigxXiA,.




[ynnikauia (Big nart. duplicatio — NOABOEHHS) — PIBHOBWUA, XPOMOCOMHKX abepaLin, rnpu
AKi MEBHN CEMMEHT XPOMOCOMMU BULBIIAETLCA NOABOEHUM. [ynnikaLii aBNa0Tb COO0H
knac nepebynos, WO ob'egHye AK BHYTPILLHLO-, TaK i MPDKXPOMOCOMHI nepebyaoBu.
30KpeMa BUAINATb TakKi pPi3HOBMAM AyNSiKaLin:

1. TaHaemHa — Ue BWHWUKHEHHA [04AaTKOBOI KOMIi AINAHKM XPOMOCOMMU, SKa
PO3TALLOBYETLCA OApPa3y 3a OPWriHaNbHUM CErMEeHTOM, Lo OyB MOABOEHUM
(puc. 20). Konii, 9Ki BUHUKX B OAHIA XPOMOCOMI MOXYTb PO3TaLLOBYBaATUCH Y
BUTNAAI NPAMUX ab0 IHBEPTOBAHMX TAHAEMHWMX MOBTOPIB;

2. [lepewmilyeHa — Uue NOABOEHHA AINAHKN MEBHOI XPOMOCOMMW, MPWU FKOMY HOBA
KOMig MOXe PO3TaLLOBYBATNCb B HOBOMY MICL AaHOI XPOMOCOMM abo Ha iHLLIN
FOMOJIONYHIN  XpomocoMi. OkKpiM  TOro, AynnikoBaHa [AiNgHKa Moxe 0OyTu
floKanizoBaHa B HEFOMOJSIOTIYHIA XPOMOCOMI, TOOTO B IHLLIA rpyMi 34EMNNEHHS;

3. BinbHa — Ue NOABOEHHHA AINAHKM XPOMOCOMU, MPW HKIM HOBA KOrMid MOXe
YTBOPUTN OKPEMY Masly XPOMOCOMY 3i CBOIMU BIlaCHMMKU TeNnoMepamm |
LLEHTPOMEPOID;

4.  Amnnicpikadii — Bunaaku baratopasoByx MOBTOPEHb AiNAHKN XPOMOCOMM.
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TaHgeMHI gynnikaull 3'9BnaroTbCd B CTATEBUX KAITUHAX Mpy Menosi B
pe3ynbTaTi HEPIBHOIO KPOCWMHIOBEPY MPW LbOMY APYr roMosor Hece
neneuito abo B COMATUYHUX  KJITWMHAX BHACNIOOK  HeanesbHOI
rOMOJIOTYHOI peKoMDbIHaLT NpY penapadii ABOHUTKOBMX po3pueis AHK. Y
NPOLIECI KPOCUMHIOBEPY B reTepo3uroTi npu KOoH'torawli XpoMoCoOMM 3
TaHAEMHOK AynnikaLuier | HopManbHOK XPOMOCOMOL, AK | Mpu Aeneur,
dopMyeTLCA KOMMeHcaLiviHa netris.

[ynnikaul cnyrytb AXepenom A0AATKOBUX AINAHOK TeHEeTUYHOro
Martepiany, yHKUig gKMX Moxe OyTn 3MiHEHA B pea3ynbTati MyTaLin i
NoAanbLIoro BIiAOOPY. 3a pPaxyHOK TaHAEMHWX Aynnikauiv BiAHOCHO
KOPOTKMUX  HYKNEeOTUAHWX  MOCSIAOBHOCTEM  MOXE
NOJOBXEHHS TEHIB.

BIiAOyBaTMCH




[eneuid (Big nat. deletio — HecTaya, 3HULLEHHHA) — Le XPOMOCOMHI
nepebynoBn, npu dkuMx BiAOYBaeTbCs BTpaTa  AINAHKM  XPOMOCOMM.
[eneuia moxe OyTn HaCMIAKOM PO3PUBY XPOMOCOMU abo Pe3yrbTaToM
HEepPIBHOIrO KPOCUHIoBepy. Takox, AeneLil MOXYTb BUHUKATU B pe3yrbrarTi
«MPOCNN3AaHHA» MNpPW  persikauii, 9KWOo B MOCHIAOBHOCTI MICTUTLCS
barato KOpPOTKMX MOBTOPIB. OKpiM TOro, «MNPOCIIN3AaHHSA»  MOXE
BiAOYBATNCA | B HEPEMIIKOBAHIN XPOMOCOMI, Ha AKi YTBOPHOKTLCA METSi
BAOBX KOPOTKMX MOBTOPIB, a PEPMEHTK penapalii MOXyTb BUOANATY
obuasi abo oaHy 3 HuX. Lle TakoX npu3BOAUTbL A0 PISHOMAHITHMX
MY TaLINHUX HACNIAKIB.




3a MOJSIOXKEHHSAM BTPAYEHOI AINSHKN XPOMOCOMU KiaCcUIKYOTb AeneL
Ha BHYTPILLHI (IHTepKanapHi) | KIHLEBI (TEpMIHANbHI):

1.

[HTepKasisapHI — BIACYTHIA BHYTPILLUHIA CErMeHT XPOMOMOMW, Tpu
LIbOMY BTpaTa He 3a4inae TefioMepu;

lepmiHasibHI — BIACYTHIN TENOMEPHUIN CEerMeHT | npunerna 4o HbOro
OINaHKa. |ICTUHHICTL TakMX MyTauid Yy CBITNI  YHIKANbHOI  doyHKLLI
TEeNIOMep MoCTaBfeHa nig CYMHIB. 30Kpema, U A0CI HEe $CHO, 4u
OINCHO  TepMiHanbHI  HecTadl, 3adiKCOBaHI Yy OpraHiamiB I3
CMagKoBMMW CUHOPOMaMK, YTBOPWINCA B pes3ynbtaTi  OAHOro

DO3PUBY.
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AKLLO nicng YTBOPEHHA AeneLil xpomocoMa 3beperna LEHTPOMEPY, BOHa
aHaor4yHO HLLMM XPOMOCOMaM PEnIKyeTLCA | NepeaaeTbCcd Mg Yac MITo3y
JOYIPHIM KIITUHAM, a AINgHKKM 0e3 LUeHTPOMEPU, SK MpaBuniio,BTPAYaOThCA.
[lpy KOH'tOrauil roMoSioriYHMX XPOMOCOM Mid 4Yac Menoly Yy HopMalbHOI
XPOMOCOMW Ha MicLi, BIANOBIAHOI [IHTEPKANAPHOI Aeneull  AedEeKTHOI
XPOMOCOMMW, YTBOPKOETLCA KOMIEeHCcaLiviHa netris.

C D
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XpoMocoMa 3 feneLiero KomneHcauivHa neTns



lHOAI PO3pPMBK BIAOYBAOTLCA OAHOYACHO B ODOX Mfiedax XPOMOCOMMW.
ObunaBa auUeHTPUYHI KiHLI eNliMIHYHOTLCH, a BIAKPWUTI KiHL LEeHTPUYHOIo
dbparmeHTa MOXyTb 3€4HATUCA 3 YTBOPEHHAM KI/IbL{EBOI XPOMOCOMMU.
OpraHiamu, retepo3nroTHi 3a AeneuigaMmu, € reMisuroTHUMK (TOBTo MakoThb
TINbKWM OOHY O03Yy reHiB) 3a BTPAYeHUMM FIOKyCcaM, TOMY BCI PELECUBHI
eHN BIAMNOBIAHWX JIOKYCIB  IHTAKTHOrO (OpuUriHanbHOro) romMoJsiora
NPOABNAOTHCA EHOTUMOBO.

[TpoTsKHI Aeneuii 3a3BMYail fietanbHi B TOMO3UTOTHOMY CTaHi. [pioHi
aerneuii, 9K nNpaBuio, He BUKIIMKAKOTb CEPMO3HKMX MOpYyLUEeHb TEHHOO
banaHcy i MOXyTb 30epiratucsd B remiaurotHomMy ctaHi. [JocuTb 4acTo
Aernevii cynpoBOAXYTbCHA 3HMKEHHAM XUTTE3AATHOCTI Ta MMOAHYUOCTI
HeCyunx ix OCOBUH. [HoAI eHOTUNOoBUK edeKT APIOHKX Aeneuin IMiTye
reHHY MyTaLjto.
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[Tpy  MPOXO4XeHH Menoly B npoasl |  MDPK  roMONoriyHMMm
XPOMOCOMaMM  BiADYBaeTbCA  CUMHAMCUC, MNICNd  YOro  MOXJIMBUM
KPOCWHIOBEP | pPeKOMOIHALIA MiXX HUAMW, [eTEPO3UTOTHICTb 3a IHBEPCIEHD
YCKNAAHIOE MOLLUYK FOMOJSOrYHMX MOCIAOBHOCTEW Mif Yac CUHANcucy
XPOMOCOM. KOpOTKI reTepOo3nroTHI IHBEPCIT 3yMOBJIOKOTL TPYAHOLL Mpw
CWHanci, ane BOHW [0fatTbCA B MPOLECI Tak 3BaHOI CUMHANTMYHOI
MigroHky. Y pes3ynbtati OCTaHHbOI Ha MiCLl IHBEPCIi (POPMYETLCH
HEroMosioriyHu|  cuHaricuc  (retepocuHaricuc), a9k BroKye
pekombiHauito.  [locTaTHbO  [OBM  TETEPO3UrOTHI  IHBEpCil  34aTHi
YTBOPKOBATN  MOBHOLIHHWMA  TOMOJSIONYHWKA  CUHAMNCKUC 3a  pPaxXyHOK
doopMyBaHHA IHBEPCIMHOI NeTs, i, OTXe, B MexXax IHBepPTOBAHOI AINTAHKN
MOXe BIADYTUCb KPOCUHIOBEP.




[Ton  JOCNIAXEHHI MyTauin Yy APO30MININ  BUABNEHO, LIO XPOMOCOMHI abepallii
CYMPOBOAXYIOTbCA [OCUTb YITKMM BMJMBOM Ha Oydb-AKi O3HAKW OpraHiamy. Yacto
BiAOYBAETbCA 3MiHA, SKa Yy TOMO3UIOTHOMY CTaHi BM3HAYaE HEXUTTE3OATHICTb
OpraHi3aMy Ha PaHHIX etanax Moro PO3BUTKY: IHBEPCI, TPAHCIOKALLi I MPaKTUYHO BCI
HecTadi. Ane 1y reTepo3mroTHOMY CTaHi XPOMOCOMHI abepalii iHoA4I BUKIMKAKOTb
3HMXKEHHS XKUTTE3LATHOCTI Ta NnoatodocTti. € BCl MiACTaBM  BBa)katu  MOAIOHI
XapPaKTEPUCTUKK, MOB'A3aHI 3 XPOMOCOMHUMMK abepauiamu, pes3ynstatoM edekTy
MOJSTOXKEHHS.

binbLUiCTe HecTad Ta gynnikauii y Apo30®iny BiAPISHATLCA YITKUM CheumnmivHnM
JOMIHAHTHUM MPOABOM, AKNK MO3HAYAETLCHA HA 3MiHI TUX UM IHLLUKX O3HaK. [1pn LboMy
XapaKTePHUA NMNEenoTPONHNK NMPOoAB TakMX MyTaLin. Tak, AedKi HecTadl BMpaXakTbCH
He TINbKM Y 3MiHI LLUETUHOK, a 1 Yy 3MiHI PO3MIPIB TiNna, NMOBEPXHI | PO3MIPIB o4en, BynoBK
Kpwn, nnoardocTi. O4eBUaHO, | L EHOTUMOBI NPOSABN XPOMOCOMHUX abepauint LiifIKoM
MOXHa BBa)Xath pes3ynsratoM eqpeKTy MoSOXEHHS.




TakmM 4YMHOM, [OaHHI TEHEeTWUKM Ta LUTOreHeTUKM cBigdaTb Mpo Te, L0 XPOMOCOMM
NPeaCTaBNATb COOOH MEBHUM YMHOM OPraHi30BaHi FEHHI KOMMMEKCK, Y Mexax SKuX i
3AINCHIETLCS PODOTA reHiB. [opyLLEHHS B opraHi3aLlii X KOMMIEKCIB MNPY XPOMOCOMHKX
nepebyaoBax 4acTo MNPU3BOALATL A0 3MIH B eKCNpecii reHiB. Lle yacTto crnoctepiraetbcsd y
aposodinn  npu  nepebymoBax, dKi - 3adinatTb  OJHOYACHO  EYXPOMATUHOBI  Ta
reTepoXpoMaTMHOBI  OiNIFAHKNA, ane MoAibHI 3MiHM CYMNPOBOAXYKTLCA | abepaluiamu, ki
3a4iNakoTb TINIbKM eyXPOMaTUHOBI OINAHKN.

MyTauji, 3Ha4yHa 4YacTuHa AKKUX NPEeACcTaBfisge CODOK XPOMOCOMHI nMepebygoBu, MabyTb,
MOXYTb MOTPAMNATY Mif KOHTPOSb MPUPOAHOrO BiAOOPY HaBITb Y reTepO3UrOTHOMY CTaHI
came BHACIA0oK eEKTY MOJIOXEHHSA — HE3BUYAWMHOIO MPOSBY reHIB, HANDAMXKYE OTOYEHHS
AKX 3MIHUIIOCH.

TakuM 4YrHOM, Ha A0AATOK A0 TIET pori, Ky XPOMOCOMHI nepebynoBu BiAirpatoTs Y NPOLECI
eBOJItOLLi reHOMIB, 3abe3neuyyoun 3baradyeHHs reHeTUYHOro mMartepiany, CTBOPEHHS HOBUX
reHIiB, 3MiHa Yy PO3MOAiNI reHiB Y MeXax XPOMOCOMM i MiXX XPOMOCOMaMu, BOHW Y Baratbox
BMMAaAKax XapaKkTepmnaytoTbCa e 1 CrneundivHO 3MIHOK TUX UM IHLLMX O3HAK OpraHiamy B
HaCiOOK edDeKTY MONOXKEHHS.
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