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JocniopxeHHs € dparMeHTOM HayKoBO-A0CNIAHOI
po60TN «DOPMYBaHHS Cy4aCHUX METOAIB XipypriyHOro
NiKyBaHHS i Npo®IiNakTnkKM yckiagHeHb 3aXBOPIOBaHb |
TpaBM OpraHiB rpyaHoi KNITKX i YePEBHOI MOPOXHUHN»
(Ne pepxpeecTtpauii 0110U002649).

BigHOoCHa HaCUYeHICTb FEHOMIB TUMW YU iHLWIVMW
MikpocaTeniTHAMM NOCAIAOBHOCTAMU € pPe3ynbTaToM
nii 6araTbox dakTopiB, cepen AKX OAHUM 3 OCHOBHUX
€ piBeHb cTabinbHocTi MikpocaTteniTHoi AHK, wo Bu-
3HA4Ya€ETbCA penikauinHMMn Ta penapauinHuMm npo-
uecamm, mytauinHuMmm nogiamu, mogndikauieo AHK,
OANHUYHUMUW HYKNEOTUAHMMU 3aMiHaMU, WO 3MIHIOIOTb
KOH®IpMaUiiHi TeHOeHUji, SKi B CyMi BU3HA4Yal0Tb KOM-
NMO3ULiMHI, CTPYKTYPHI Ta TepMoanHaMivyHi 0coBMBOCTi
rEHOMHMX MIKpOCaTEeNiTHUX NOCNiAOBHOCTEN [2].

ICHye Tpm KnacM4HMX TUNK  MIKPOCaTENITHUX
NOBTOPIB:

1. JlockoHanui, 6e3 BktoYeHb, Hanpuknag: (CA)n.

2. HepockoHanuin, 3 ogH1UM abo BiNbLLOIO KiNbKiCTIO
BK/OYeHb, Hanpuknaa{(CA)n-CCA-(CA)m}

3. CknapoBuit, 3 NpunernMmMmn NOBTOPaMM iHLLOT Mo-
cniposHocTi, Hanpuknaa {(CA)n(GT)m} [12].

YTBOpEHHS MiKpocaTenitTis Moxe BigdyBaTucs
nBoma wnsaxamu. OgHMM 3 pecypciB eBOIOLLT MPOCTUX
noBTOpIB y eykapioT € poly (A)-Tpekn [13].

Cepepn, wmikpocatenitTHux [OHK reHomiB ccaBuiB
poly(A)/(T) Tpekn niaBuULLYOTb BCi MiKpOCaTeniTHI No-
BTOPW 3a PO3MOBCIOOXEHHAM [4]. XapakTepHoto ans
HUX B FEHOMI eyKapioT € KnacTepisauia 3 peTpoTpaH-
CNo30HaMWU, WO He MalTb JOBIrMX KiHLLEBUX MOCIIO0B-
HocTen (LTRs). Poly (A)-Tpeku 3HaxoaaTbesl B 3’KiHLAX
Takux MobinbHUX enemMeHTiB[ 18].

[pyra noTeHuinHa MOXNBICTb YTBOPEHHSA MIKPO-
caTeniTHUX NOCNIAOBHOCTEN CKNagaeTbCsa 3 pensika-
LiHOrO NMOAOBXeHHss abo CKOPOYEHHS MPOTOMiKpoca-
TENITIB, AKi MOXYTb YTBOPIOBATMCS B FrEHOMI 3a paxyHOK
MyTaLiMHMX Noain. Taki MikpocaTenitm NoOBUHHI MaTu Mi-
HiManbHY KinbKicTb NOBTOPIB (3-5), Ansa Toro, wob 6yno
MOXJIMBUM 3MIHUTU iX JOBXUHY 32 PaxXyHOK YTBOPEHHS
neTenb NPy TpaHckpunuiji. Taki noaii B reHoMi eykapioT
MatoTb BUCOKUI piBEHb MMOBIPHOCTI. [pouec nopo-
BXEHHS MiKpocaTeniTiB KOHTPOJIIOETLCA penapaLinHoo

CUCTEMOI0. B Linomy KinbKicTb 4OBrMx MikpocaTeniTHUX
MOBTOPIB HEBENNKA | IX PO3MNOBCIOAXEHICTb LUMPOKO Ba-
pitoe. Jlnwe 12 % BCix MikpocaTeniTiB B reHOMi IIOAMHN,
Hanpuvknaza, MaoTb Binble 40 HykneoTuais[24].

KpimM uux ABOX LUNSAXIB YTBOPEHHSA MiKpOCATENITHUX
MOC/iAOBHOCTEN iICHYE LLLe MOXJIMBICTb TPaHchopMaLi
O[HI€EI MiKpOocaTeniTHOI MOCNIAOBHOCTI B CKNaA0BY, LLO
CKNagaeTbCs 3 ABOX NOCAIAOBHOCTEN 3 PiI3HUMMW MOBTO-
pioBaHMMN MoTuBamMu. Lie moxe BiobyTuncs 3a paxyHok
MyTaLii B OQHOMY 3 NMOBTOPIB i MOro TUpaxyBaHHS 3a
paxyHoK penikauiiHnx nomunok [7]. Mikpocatenitn
MOXYTb 3HaXOOUTUCb B FEHOMI CKPi3b, K B HEKOAYIO-
4yux [11], Tak i B KO4YOYMX MOCAILOBHOCTSX, BMIMBAKOYM
Ha TPaHCKPUMUiNHY aKTUBHICTb BUKIMKAOYM B3aEMO-
Aii Tuny 6inok-6inoK 3 yTaryBaHHAM TPaHCKPUMLAHNX
dakTopiB. 3HavyHa PppakLis MikpocaTeniTHUX NOCNIA0B-
HOCTEl € YaCTUHO MOBINbHUX enemeHTiB [28].

LLLinbHICTE  po3noaineHHa MikpocaTesniTHUX Mo-
BTOPIB B €yKapioTHMX reHoMax LWMPOKO Bapitoe. Bigo-
MO TakOX, LLO Ha ayTOCOMax LUifbHICTb MikpocaTteri-
TiB 3HA4YHO BMLLUE, HiXX Ha X- XpOMOCOMi. Ane B camin
X-XpOMOCOMI BiAMIYAETLCS BUCOKA reTeporeHHiCTb no
LWiNIbHOCTI MiKpocarteniTiB B 1i pi3HMX perioHax. PiBeHb
nonimopdiamMy MikpocaTeniTHUX MOCAIAOBHOCTEN B
X-XpOMOCOMiI B MOPIBHSAHHI 3 ayTOCOMaMu Takox Haba-
raTo Hux4e. MeHLwa BapiabenbHIiCTb MikpocaTeniTiB Ha
X-XpPOMOCOMI MOSICHIOETLCA PiI3HULIEIO B YacCi AO3piBaH-
HS1 CTaTEBMX T2 COMATUYHUX KIiTUH [13].

LLlogo 6ionoriyHOro 3HayeHHs MikpocaTeniTHOI
JOHK 10 ii ponb Ha CbOrogHi He 30BCIM BUsiCHeHa. bes
CYMHIBY y4acTb MikpocaTenitTHMX NOCnigOBHOCTEN B
pekoMbGiHaLinHMX nogisx. «fapsyi» canTn pekombiHa-
it yacTo OyBalOTb IOKANI30BAHMMM B 00/1ACTAX MiHi- i
MiKpocaTeniTH1UX NoBTopiB. [ns MikpocaTeniTHMX Mno-
CNiJOBHOCTEN, B OCHOBHOMY /19 OiHYKNEOTUOHUX, NO-
Ka3aHa 30aTHICTb YTBOPKOBATM 3B’A3KM 3 PeKkoMbiHa-
LinHUMK Binkamun, TakuMmu, Hanpuknag, sk RecA, saknii
BiZLiIrpa€ UeHTpasibHy pofb B PEKOMOIHALIAHMX MOAisX.
B npucytHocTi ATP, cRecA ytBoptoe ogHoHuTKOBY JHK
abo npobin B Oynyekci, SKnin i € MicueM cnapioBaH-
HS MK FOMOJOriYHUMM nocnigoBHocTamMu. lMpu ges-
KUX ymMoOBax pAiHykneotugHi nostopu (AC/TG) 3paTHi
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yTBOpIOBaTU NiBOo3akpy4deHy cnipanbs OHK, ue cnpuse
YTBOPEHHIO Npo6iniB, 3 NOCNIAYHO PeKkoMOIHALLE.
Cepepn, XpOMOCOM 4acToTa K AOBIrnX, Tak i KOPOTKMX
MiKpocaTeniTHMUX KnacTepiB BUSIBASIE HaCTOTY KPOCOBE-
piB. A-6aratmm nocnigoBHOCTAM, MPUMUCYIOTbL BMIMB
Ha BMCOKWI PiBEHb CTPYKTYPHOI OpraHisauii XxpoMaTunHy
[3].

Monimopdiam mikpocaTenitis Moxe 6yt BusiBNe-
HUI X MOPMOSOTIYHNMN XapakTepucTukamu. PisHnus
B CTYMeHi noniMopdiamy Mixk pisHUMU MikpocaTenitTamu
MOXe 3anexartin B nepLuy 4epry Bif AOBXMHN caMOi Mi-
KpocaTeniTHOI MOCNIAOBHOCTI, Bif, KiIbKOCTi HYKNeoTu-
0iB B OAMHULI NOBTOPY i BifL rOMOreHHOCTI MikpocaTe-
niTHOi nocnigosHocTi [30].

BinbwicTe MikpocaTeniTHMX MyTauii noB’a3aHi 3
iHcepuiamMn abo ageneuismu Aeskux noBTopiB, LLO Bid-
OyBaloTbCs Nif Yac pennikauii. Take NopyLleHHs cTa-
GiNnbHOCTI MiKpOcaTeniTiB YacTille BCbOro BifaOyBaeTLCH
3aBAskM yTBOpEHHIO netenb Ha AHK nig vac pennikauii
(«slippage») [10].

PiBeHb 4aCTOTW TPAHCKPUMLIAHOIO NETNEeYyTBOPEH-
HS1 Bapitoe. 3aneXHiCTb MiX KiNIbKICTIO TakMx MyTauiii Ta
po3mipamun mikpocatenitHoi AHK mae npsamo npono-
PUiHNIA XapakTep, a AN YOTUPbOXHYKIEOTUAHUX MO-
BTOPIB — eKCNoHeHuianbHui [31].

IHTEHCMBHE NOAOBXaHHA MiKpOcaTeniTHUX Mno-
CNiJOBHOCTEN 3a paxyHOK perikauiiHMX MOMWUIOK
Ma€ Ha3By MiIKpOCaTeniTHOI ekcnaHcii. 3aaTHiCTb no-
BTOPIB A0 eKCMNaHCIii TaKkoX 3aseXnTb Big, AOBXUHU Mi-
KpocaTeniTHOi NocnigoBHOCTI. Hanpuknag, y noanHn
CUKBEHC-aHani3 0O3BOJSIMB BUSICHUTU, LLIO TakUM My-
TaUiMHVMM MOoAiAM NpuAATHI FOMOreHHi MikpocaTeniTHi
aneni 3 KinbKicTio NOBTOPIB pPiBHMM abo GinbunMM oan-
HaauaTn. CniBBIOHOLEHHS MK MyTaUiMHUMM NOAISMN,
WO Npu3BOAsTb A0 306iNblUEHHs MikpocaTeniTHUX no-
CNiOBHOCTEN 3a paxyHOK 0OOaBaHHSA MOBTOPY, CiB-
BIOHOCATBLCS 3 KiNbKICTIO MyTaLlii, WO NpU3BOAATb 00
3MEHLUEHHS KiNbKOCTi MOBTOPIB B MikpocaTenitax Jio-
oviHm gk 10:4 [5].

B peaknx mikpocaTeniTHMx noBTopax noOMuUIKn pe-
nnikawii nepeBaxHo noe’a3aHi 3 3’-kiHueMm: (GA)n i (CA)
N,y iHWmnx 3 5’-kiHuem — (CG)ni (CT)n [21], wo cBigunTh
npo BMNAMB HA NPOLEC BUHUKHEHHS PenikaTMBHUX MO-
MWIOK MOTMBY MOBTOPIOBAHMX NOCAIAOBHOCTEN. B Tpn-
HykneoTuaHux GC- 6aratuix noBTopax NPoKCUManbHWUIA
no BiOHOLUEHHIO 0 HanpsiMKy pennikadii 3’-KiHeLb Mae
NO3UTUBHUIA BIJIMB HA 4aCTOTy PENINKATUBHUX NOMU-
JIOK, TOMY L0 KOXHOrO payHAay periikauii Ha HboMy
YTBOPKETLCA Netns. He ouMBnsuynce Ha Te, WO netnsa
Ha 3’-KiHLi BUHMKAE Nif, 4ac KOXHOro pennikatmBHOro
TYPY, B 99 % U5 noMuka KOperyeTbCs CUCTEMOIO pena-
pauii. 3miHa OOBXWHN MikpocaTeniTHOI NOCNiAOBHOCTI
BinOyBaeTbcs ogHoro pady Ha 100 pennikauin. He ous-
JIIYMCb HA BUCOKMIA piBEHb MyTabenbHOCTI MikpocaTte-
niTHoi AHK, Ginblia YyacTvHa BUSBNEHUX B Hill MyTauii
noB’a3aHa 3 COMaTUYHUMM KriTnHamm [19].

Cepen TPUHYKNEOTUOHUX MOBTOPIB MaKCUMAsbHO
L BNAcTUBOCTI MatoTb NposiBM Takox GC-6aratumm no-
BTopamu, Takumm gk (CAG)n, (CTG)n, (GGC)ni (GCC)n.
XapakTtep i 3aKOHOMIPHOCTI PO3MOAINIEHHS B FEHOMI LINX
TPbOXHYKJIEOTUOHUX MiKpocaTenitTisB mMae 0cobamBuiA

iHTEepeC 3aBAdKU Tirl PO, 9Ky BOHU rpalTb B PO3BU-
TKY OHKOJIOTYHUX 3axBOPIOBaHb. Ha TenepiwHin yac
e Hahbinbll BMBYEHiI MiKpOocaTeniTHI MoCnigoBHOCTI.
BoHW BigHOCATBLCA 00 YMcna Hanbinbll NpeacTaBieHnx
B KOAYIOUMX PErioHax reHoMy noanHu [6].

3 PO3BUTKOM [ESAKMX MYXJIMHHUX 3axBOPIOBaHb
noB’si3aHa HecTabiNbHICTb TaKoX i AiHYKIEOTUOHUX Mi-
Kpocartenitis [23, 27]. PennikaTMBHi NOMWAKN B LiHY-
KNIeOTMIHMX NOBTOPax YacTiwe 6yBaloTb MNOB’A3aHUMMU
3 pgeneuisMmu, ki NPU3BOASTb A0 3CYBY PaMKU 34UTY-
BaHHA [15].

BrBYeHHS mexaHi3miB, L0 NPN3BOAATL 40 MyTaLlin-
HMX NOAIN B MiKpOcaTeNiTHUX NOCAIAOBHOCTSAX, NOKa3a-
1, WO B OCHOBI LIMX NOAjN, 9K B HOPMalbHUX, TaK i B pa-
KOBUX KNITUHAX NexaTb OAHI 1 Ti caMi MexaHiamu [25].

KinbkiCTb TOYKOBMX MyTaLi NiATBEPAXKYETLCHA B Mi-
KpocartenitTHin JHK Ha ogHOMY piBHIi, HE3aNexHo Big, ii
XapakTepucTuk. Ane B cammx MikpocaTenitax € 30HU,
[e Taki MyTauii BUHMKalOTb YacTiwe. ICHye Tpu mexa-
Hi3MW, WO NPOAYKYIOTb B LMX NOCAIAOBHOCTAX MyTaLlii:
iHCepuida, aeneuis, 3amiHa i NOpPyLLUEHHS NOBTOPIOBAHO-
ro motmey [17].

Monimop®iam MikpocaTenitie MoXxe BU3HAYaTUCb
ix nokanisaujieto Ta OpieHTauielo B reHoMi. K Bxe 6yno
BiMIYEHO paHille, € CYTTEBA Pi3HULA B 4aCTOTi 3Ha-
MOEHHS MiKpocaTeniTiB 3 Pi3HMMWU MOBTOPHUMMU MO-
TMBaMM B KOAYKUMX Ta HE KOAYHUMX MOCNILOBHOCTAX
reHomy. [Npu upbomy noaiMopdiam TaHAEMHUX MOBTOPIB
B reHax 3ycTpiyaeTbcs HabaraTo yacTille, HiX B LinomMy
no reHomy. Monimop®iam Npnban3Ho 8% LKMx NOKYCiB
B CEPEeAMHI KOAYIUYMX PErioHiB, NPM3BOAUTb A0 3CYBY
pamMKu 34MTYBaHHS. 3HaYHa YacTUHA TPaHCKPUOOBaHUX
NOC/igOBHOCTEN, WO MatoTb Taki NoNiMOP@HiI NOBTOPN,
nos’sa3aHa 3 GeHOTUNIYHUMUY NPOoSBaMu, a TaKOX 3 J10-
Kycamu, L0 BiOMNOBIAAIOTb 32 MPOSABAEHHSA FTEHETUYHUX
3axBOPIOBaHb. AHani3 PO3MNOoAiNeHHS MiKpocaTeniTHMX
MOCNIAOBHOCTEN CBIAYUTL NPO Te, WO iX OpieHTauia no
BiQHOLLUEHHIO 00 KOOYKUYNX PEriOHIB € BUCOKO KOHCEpP-
BaTUBHOIO [22].

Ha nonimopdisam mikpocaTenitis BNANBAIOTbL iX TEp-
MOLMHAaMIYHI XapakTepucTuku. BTOpumHHaA CTpyKTypa
OHK po3rnagaeTbCa CbOrogHi K nMpuymMHa ekcnaHcii
MikpocaTeniTHux nocnigoBHocten. Cama BTOPUHHA
cTpykTypa AHK € noxigHoo TepMOoAnHaMIYHUX Xapak-
TEPUCTUK ii NOCNiA0BHOCTI [8].

Lesakrumum pobotamu, 6yno nokasaHo, WO CTPYKTypa
i BnacTtuBocTi noboi nocniposHocTi AHK, 3anexatb He
TiNIbKM Bifl, KOMMAIMEHTAPHUX B3AEMOAiN NOCAIAOBHOCTI
HYK€0TUOHUX OCHOB, afe i B 3Ha4YHIN Mipi Big, BBAEMO-
Aii 3 6anxKHIMM NapamMm CyCiaHiX OCHOB. 3arasibHi 3MiHM
eHeprii B AHK-gynnekcax 3anexaTtb Big ABOX TuUMiB
B3AEMO/IA OCHOB HYKJIEIHOBUX KUCNOT: KOMjaHapHUX
B3aEMOAjii abo B3aEMOi B OAHil NAOLWMHI (BOOHEBI
3B’A3KM) | KYNKOBUX B3aEMOAi abo B3aemMoiin B napa-
NENbHUX NAOLMHAX (€NeKTPOCTaTUYHI, BaHAEPBAbCO-
Bi Ta KOHdIpMaLiriHi B3aemogii). Llein npnHumn Hassa-
HUN MOOENIIIO «HANBNMX4YMX cyciaiB». 3HAYHA KiNbKiCTb
[OHOPIB | aKLenTopiB BOAHEBOrO 3B’A3Ky aTOMiB OCHOB
Ta pnubO3M [OMyCcKae BenNuKy KiNbkKiCTb KOH@Irypawin
nap OCHOB, WO B3aEMOLiOTb AeKilbkoMa BOLHEBU-
MK 3B’aA3kamun. [pu UbOMY MakCumasnbHa KifbKiCTb
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KOHIrypauin ong Bcix MoxmBux nap ocHos (A,G,C,T)
cknagae 216 [16].

EHeprii yTBOPEHHS KOXHOIO 3 MOXUBUX Aioynniek-
ciB ©6ynu BUSIBNEHI eMMiPUYHO 3 BUKOPUCTAHHSAM Me-
ToaiB abcopOUiiHOI KanopuMeTpii i cnekTpogpoTome-
TPU4HUX MeTOLjB [26].

9k BXe 6yno ckas3aHo BULLE, BTOPUHHI CTPYKTypW
TUNY NeTenb B MiKpocaTeniTHMX NOCNILOBHOCTAX, BU-
FBJIEHI X TepMOAMHAMIYHUMMK XapaKTepUCTUKaMU,
MOXYTb iHILIIOBATN SIBMLLLE €eKCMaHCii MikpocaTeniTH1UX
noBTopiB. MNMokasaHo, Lo, YMM cTabinbHiWi Taki neTni,
TUM HUXYE PU3UK YTBOPEHHS HOBUX MIKPOCATENITHUX
MOBTOpPIB. Hanpwuknan, nOCRILOBHOCTI TpuAayniekcis
CAG/CTG i GAC/GTC matoTb piBHY KiflbKiCTb BOAHEBUX
3B’A3KiB, afie PO3PISHADTLCS CMUII0I0 KYNMKOBUX B3AaEMO-
nin. LUboro € noctatHbo, Wob 3poduTy nepLlunii 3 H1UX
OinbLL Bpa3nvBUM A5l eKcriaHcii MikpocaTeniTHUX no-
BTOPIB. CTabinbHICTb NeTNi 30iNbLIYETLCS B HANPSIMKY:
GTC<CAG<GACKCTG, HaBmakm 4actoTta YTBOPEH-
HSl HOBMX MOBTOPIB 3MEHLUYETLCHA B TOMY X HaNpsiMKy:
GTC>CAG>GAC>CTG [12].

Po3paxyHkn TepMOgMHAMIYHNX XapakTEPUCTUK MO-
BTOPIOBAHNX MOCMiILOBHOCTEN O03BOMNAMN TakOX pPO3-
pobBUTY PO MOAENBHUX CUCTEM, OLLIHIOIYUMX 30aTHICTb
MiKpOCaTeNiTHUX MOCAIAOBHOCTEN BrMBATUM Ha MO-
andikauii AHK, dopmyoum pisHi BTOPUHHI CTPYKTYPK,
MOB’dAA3aHi 3 SBULLEM €eKCMaHCii MikpocaTeniTHMX no-
BTOPIB, @ TAaKOX 3 acouialielo MikpocaTeniTH1MX Noci-
LOBHOCTEN 3 MPOTEiH-NOB’A3YI0UYMMU | PEryNSTOPHUMM
cantamu [2, 20].

Y 3B’A3KY 3 UMM, KPOKOM Briepen B enireHeTU4HmX
DOCNIOXKEHHSAX, 6yB dakT BUSABNEHHSA 30i6HOCTI TaH-
LEMHUMX MOBTOPIB BMnAMBaTM Ha moaudikauii OHK i

NPOBOKYBATN MEPETBOPEHHSA HEAKTUBHUX CTAHIB reHiB
[29].

€ 1 iHWi ¢pakTopu, WO BNANBAIOTL HA NMoAiMopPdi3m
MiKpOcaTeniTHUX NOCNigOBHOCTEN. B 4onoBiynx reHe-
paTMBHUX KAITMHAax YacToTa MyTaLih B MikpocaTeniT-
HUX MOCNIOOBHOCTSAX BABIYI BULLE, HXX B XIHOYMX pe-
NPOAYKTUBHUX KNITMHAX, WO, MMOBIPHO, NMOSICHIOETLCS
PISHULEIO B KiNIbKOCTi KNITUHHMX NOAINIB NPU A03PiBAHHI
KIHOYMX | HOJOBIYMX PENPOAYKTUBHUX KNITUH. Lle Bax-
JIMBUIA eTan Ha sikomy BiaOyBaeTbCsA MyTaLiiiiHe 3MiHeH-
HS1 B MiKpOCaTeniTHi nocnigoBHOCTI [9].

Ha piBeHb mMyTauin MikpocaTeniTHUX NOCniAOBHOC-
Tel KpiM cTaTi BNMBAE i BiK, MiXK TUM, 3 BiKOM KiJlbKiCTb
MyTauii B MikpocaTeniTHUX noBTopax 30iNblUyeTbCs
[8].

Tunu mapkepis, WO OTpUMYIOTb B pe3ynbTaTti PCR,
noaineHi Ha ABi rpynu Ha 6asi amsaiiHy npanmepis:
nepuwa rpyna Bigoma sik STSs (sequence-tagged sites)
3 nparimMmepamMu, CKOHCTPYMOBaHUMW 3 BiJOMUX MO-
cnigmoBHOCTEN, i apyra — wo 6a3yeTbCsl HA A0BINIbHUX
nparimepax. Mpanmepun pna STS-nigxony OTpUMY-
I0Tb i3 KapPTUPOBAHUX MaNOKOMNIMHUX MOCAILOBHOCTEN

(i3 MNOP®d-knoHiB). STS - ue KOPOTKi, YHiKanbHi
nocnigoBHocTi, amnnidikoBaHi wnaxom PCR ansa
ineHTndikauii  BigOMWX perioHiB  Ha XPOMOCOMI.

HaniHdopmaTtumeHiwmin abo nonimopdHuin STS-mapkep
3’aBNSETbCS TOAj, KONu aMnnidikyeTbes ginbHnua JHK,
O BMILLYE MOCNIAOBHOCTI MiKpocaTeniTHMX NOBTOPIB.
Takmin mapkep, 6a3yeTbcs Ha STS, i No3Ha4YeHU sk
simpl-sequence length polymorphism (SSLP) a6o
sequence-tagged microsatellit site (STMS). KoxHni
STMS-mapkep peTekTye ycnagkoBaHi no Menpenio
KOOOMIHaHTHI aneni B OAMHNYHOMY JIOKYCi B reHoMi [1].
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BUCOKA IHOOPMATUBHICTb MOJIEKYNT9PHO-BIOJIONYHUX MAPKEPIB

XapueHko O. B.

Pe3iome. Hacu4yeHiCTb reHOMiB MikpocaTeniTHAMU NOCNIAOBHOCTAMW € pe3ynbTaTtoM Aii dakTopiB, AKi BU-
3HavaTb iX KOMMO3ULiMHI, CTPYKTYPHI Ta TepMoaMHamiyHi ocobnmnBocTi. MikpocaTenitv MoXyTb 3HaXOOAUTUCH B
rEHOMI CKpIi3b, Ik B HEKOAYKOUMX, TaK i B KOAYOHYMX MOCAIAOBHOCTSX, BMIMBAOYM HA TPAHCKPUMLIAHY aKTUBHICTb.
Monimopdiam MikpocaTeniTisB Moxe 6yTn BUSIBNEHWNI iX MOPGDOIOTIYHMMN XapakTepucTukaMun. IHTEHCBHE Noo-
BXaHHS MiKpocaTeniTHMX NOCNIAOBHOCTEN 32 PaxyHOK penikauiiHuX NOMUIIOK Ma€e Ha3BY MIKpPOCAaTENITHOI ekec-
naHcii. 3A4aTHICTb NOBTOPIB 40 EKCNAHCIi 3aNeXNTb Bif, AOBXMHN MiIKPpOCaTENITHOI NOCNIA0BHOCTI. CniBBigHOLLEHHS
MK MyTaUiHUMW NOAISMMU, L0 NPU3BOAATL A0 30iMbLUEHHS MIKPOCATENITHUX NOCAIAOBHOCTEN 3a paxyHOK Aona-
BaHHS MOBTOPY, CMIBBIAHOCATLCSA 3 KiNIbKICTIO MyTaL,ii, WO NPU3BOASTb A0 3MEHLUEHHS KiflbKOCTi MOBTOPIB B MiKPO-
cartenitax moanHun gk 10:4. MonimopdiamM MikpocaTeniTie MoXe BM3HAYaTUCh iX NIOKasi3auielo Ta OpieHTaLliEl0 B
reHomi. BropuHHa ctpykTypa OHK po3rnagaetbcs CbOorogHi sk npuymMHa eKCcnaHcii MikpocateniTHMx NocnigoBHOC-
Teinn. Cama BTOpMHHA cTpykTypa AHK € noxigHo0 TepMoanHaMibYHMX XapakTepUCTUK ii NOCNiLAOBHOCTI.

Po3paxyHkn TepMOOMHAMIYHMX XapaKTEPUCTUK NMOBTOPIOBAHMX MOCIA0BHOCTEN A03BONUAN PO3POOUTU pa,
MOJLENbHUX CUCTEM, OLHIOYMX 3OATHICTb MiKpOCaTeniTHMUX MOCNIAOBHOCTEN BraMBaTyM Ha moaudikauii AHK,
dopMytouM pi3Hi BTOPUHHI CTPYKTYpPU, MOB’A3aHi 3 HECTabIiNbHICTIO MiKpocaTeniTiB.

IcHye aBi rpynu Mmapkepis, WO oTpuMytoTk B pe3ynbTtaTi PCR: nepuwa —Bigoma sk STSs (sequence-tagged sites)
3 nparimepamu, CKOHCTPYMOBaHNMM 3 BiOMMX MOCNIOOBHOCTEN, i Apyra — Wo 6a3yeTbCs Ha AOBINbHMX NpanmMe-
pax. HailiHdopmaTtmBHiwmin abo nonimopdHnin STS-mMapkep 3’SBASETHCS TOAi, KONM amMnnidikyeTbCsa AiNbHMLS
OHK, wo BMmilye nocnigoBHOCTI MikpocaTeniTHUX NOBTOpPIB. Takunin mapkep, 6adyeTbcs Ha STS, | No3HaYeHn aK
simpl-sequence length polymorphism (SSLP) a6o sequence-tagged microsatellit site (STMS). KoxHnit STMS-
Mapkep AeTekTye ycnagkosaHi no MeHaento KogoMiHaHTHI aneni B OGUHUYHOMY NTOKYCi B TEHOMI.

Knio4yoBi cnoBa: mikpocaTteniTHi NocnigoBHOCTI, MikpocaTeniTHi ekcrnaHcii, noMunkM pennikauii, Hectabinb-
HiCTb MikpocaTeniTie, Mmapkepu Ha ocHoBi PCR.
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BbICOKAAA UHOOPMATUBHOCTb MOJIEKYJIAPHO-BUOJIOTMYECKUX MAPKEPOB

XapueHko A. B.

Pe3iome. HacbILLEHHOCTb FreHOMOB MUKPOCATEUIUTHLBIMW NOCNEeA0BATENIbHOCTSAMU ABASIOTCHA PEe3y/bTaToOM
nenctensa GakTopoB, KOTOPbIE ONPenensoT MX KOMMO3ULMOHHbIE, CTPYKTYPHbIE N TEPMOANHAMUYECKME OCO-
6eHHOoCTU. MuKpocaTenInTbl MOTyT HaxXoOMTbCS B FrEHOME Be3fe, Kak B HEKOOVPYIOWMX, Tak U B KOOUPYHOLLIMX
nocnenoBaTesibHOCTAX, BAUSAS Ha TPAHCKPUMLMOHHYIO aKTUBHOCTb. [MonMmMopdu3M MUKpOCaTesiuToB MOXeET
BbISIBIATECA UX MOP@ONOrnyeckMmm xapakrepuctunkamm. NHTeHCUBHOE YAJIMHHEHWE MUKPOCATEINTHBIX MO-
ClleloBaTENbHOCTEN 3a CYET PErMKaLMOHHbIX OLUMOOK HA3bIBAETCH MUKPOCATEIUTHBIMU 3KcnaHcusmun. Cno-
COBHOCTb MOBTOPOB K 3KCMAHCUN 3aBMCUT OT AJIMHBI MUKPOCATENIMTHOM nocnenoBatenbHOCTU. COOTHOLLEHNE
MexXxay MyTaumOHHbIM BIIMAHMEM, KOTOPOE BEAET K YBEIMYEHUIO MUKPOCATESNIMTHBLIX NOC/eaoBaTe/lbHOCTEN 3a
CYET NpubaBneHnss NOBTOPa, COOTHOCUTCS C KOJIMYECTBOM MyTaLlMiA, KOTOPbIE NMPUBOASAT K YMEHLLEHWIO KONMYe-
CTBa MOBTOPOB B MUKpocaTennuTax yenoseka kak 10:4. NMonmmopdunam MnkpocaTeniMtoB MOXET ONpPeaensTbCs
VX noKanusauuen n opueHtauuen B reHome. BropuyHaga ctpyktypa JHK paccmaTtpmBaeTcs cerogHsa kak npuymHa
3KCMaHCUN MUKPOCATENNIUTHBIX nocnenosartenbHocTel. Cama BTOpuyHas cTpyktypa OHK asnaeTcsa nponssoa-
HOM TepPMOAVHAMMYECKMX XapaKTEPUCTUK e€ NocnenoBaTenbHOCTU. PacyéTbl TEpMOANHAMUNYECKUX XapaKTepPUc-
TUK NMOBTOPSIOLMXCSA NOCNenoBaTeNbHOCTENM No3BoNMAN pa3paboTatb psh MOAENbHBIX CUCTEM, OLLEHMBAIOLLMX
CNOCOBOHOCTb MMKPOCATENNUTHBIX MOCNef0BaTeNlbHOCTEN BAMATE HAa mMoaudukaumm OHK, dopmunpys pasHble
BTOPWYHbIE CTPYKTYpPbI, CBA3aHHbIE C HECTAOUIBHOCTLIO MUKPOCATENINTOB.

CyllecTByeT ABe rpynnbl MapkepoB, KOTOpble nony4yaloT B pedynstate PCR: nepBas — n3BecTHa kak STSs
(sequence-tagged sites) ¢ npanmMmepamu, CKOHCTPYMPOBAHHBLIMU M3 U3BECTHbLIX MOCNEA0BATENLHOCTEN, U APY-
ras — Kotopas 6a3upyeTca Ha cBOOOAHbIX npaimepax. Hanbonee MHGOPMATUBHBIN UAK NOAMMOPOHbIA STS-
MapKep MosBMSeTcsa Torga, korga amnanduumpyetca ydactok JHK, KoTopbii cogepXuT nocnenoBaTesibHOCTU
MUKpPOCaTENIMTHLIX MOBTOPOB. Takol Mapkep, 6a3upyetcsa Ha STS, 1 oTMedeH kak simpl-sequence length poly-
morphism (SSLP) nnu sequence-tagged microsatellit site (STMS). Kaxabihi STMS-mMapkep OeTekTMpyeT yHacne-
[0BaHHble N0 MeHaento KOAOMUHaHTHbIE anenu B eANHUYHOM JIOKYCE B FeHOME.

KnioueBble cnoBa: MMKpPOCATENNIUTHbIE MOCNEA0BATENLHOCTU, MUKPOCATENIUTHbLIE SKCMAHCUM, OLINOKK pe-
navkaumm, HectabunbHOCTb MUKPOCATENIUTOB, Mapkepbl Ha ocHoBe PCR.

UDC 616 - 006.6 :577. 2

High Informativeness of Molecular-Biological Markers

Kharchenko A. V.

Abstract. Relative saturation of genomes with any mictosatellite sequences is the result of influence of many
factors, which all in all determine composite, structural and thermodynamic features of genomic mictosatellite
sequences.

Mictosatellites may be formed in two ways. One of the resources of evolution of simple repeats in eukaryotes is
poly (A)-tracks. The latter are located at the 3’ends of such mobile elements.

The second potential possibility of formation of mictosatellite sequences consists in replicative extension or
shortening of protomicrosatellites, which can be formed in the genome due to mutative events. Such mictosatellites
must have minimal number of repeats (3-5) to change its length due to formation of bulges during the transcription.
Generally, the number of long mictosatellite repeats is not big. Only 12 % of all mictosatellites in human genome, for
example, have more than 40 nucleotides.

But there is a possibility of transformation of single mictosatellite repeat into composite one, consisting of two
sequences with different replicable motives. This may occur due to mutations in one of the repeats and its duplica-
tion due to replication errors. Mictosatellites can be presented in the genome everywhere, both in noncoding and
coding sequences, affecting transcriptional activity.

Polymorphism of mictosatellites can be identified by their morphological characteristics. The difference in the
degree of polymorphism between various mictosatellites may depend first on the length of mictosatellite sequence
itself.

The majority of mictosatellite mutations are associated with insertions or deletions of specific repeats, emerging
during replication. Such disorder of stability of mictosatellites more often occurs due to formation of bulges on DNA
during replication (“slippage”).

Intensive extension of mictosatellite sequences due to replication errors is called mictosatellite expansion. The
ability of repeats to expansion depends on the length of mictosatellite sequence. The relations between mutative
events, leading to expansion of mictosatellite sequences due to addition of a repeat, correlates with number of
mutations, which lead to reduction of repeats in human mictosatellites as 10:4.

In some of mictosatellite repeats the replication errors are mostly associated with 3’-end: (GA)n and (CA)n, and
in another ones with 5’-end — (CG)n and (CT)n. In trinucleotide GC-multiple repeats the proximal 3’-end, relative to
the direction of replication, has positive impact on the frequency of replicative error. Despite the fact that a bulge at
the 3’-end originates during each replicative tour, this error 99 % is corrected by the system of reparation. Change
in length of mictosatellite sequence is occurred once per 100 replications.
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Among trinucleotide repeats these properties are ultimately presented by GC-multiple repeats, too, such as
(CAG)n, (CTG)n, (GGC)n and (GCC)n. The pattern and regularities of distribution of these trinucleotide microsatel-
lites in the genome is of special interest due to the role they play in the development of oncologic diseases. Cur-
rently, they are the most examined mictosatellite sequences. They are assigned to the number of most expressed
in the coding regions of human genome.

Likewise, instability of dinucleotide mictosatellites is connected with development of certain oncologic disease.
Replicative errors in dinucleotide repeats are more often related to deletions, which lead to reading frame shifting.

Study of the mechanisms, which lead to mutative events in mictosatellite sequences, showed that these events,
both in normal and malignant cells, are based on the same mechanisms.

Number of point mutations is confirmed in the mictosatellite DNA at one level, regardless of its characteris-
tics. But in mictosatellites themselves, there are zones where such mutations emerge more often. There are three
mechanisms, producing mutations in these sequences: insertion, deletion, replacement and disorder of replicable
motive.

Polymorphism of mictosatellites can be identified by their localization and orientation in genome. The secondary
structure of DNA is currently viewed as the cause of expansion of mictosatellite sequences. The secondary struc-
ture of DNA itself is the derivative of thermodynamic characteristics of its sequence.

The secondary bulge-type structures in mictosatellite sequences, identified by their thermodynamic character-
istics, can initiate the phenomenon of expansion of mictosatellite repeats. The more stable these bulges, the lower
is the risk of formation of new mictosatellite repeats. CAG/CTG and GAC/GTC- triduplex sequences have equal
number of hydrogen couplings, but are distinguished by the strength of dense relationships. This is enough to make
the first of them more vulnerable for expansion of mictosatellite repeats. Stability of bulge increases in the follow-
ing direction: GTC < CAG<GAC< CTG, on the contrary, the frequency of formation of new repeats decreases in the
similar direction: GTC >CAG >GAC >CTG.

Calculations of thermodynamic characteristics of replicable sequences allow developing number of model sys-
tems, evaluating the ability of mictosatellite sequences to influence the DNA modifications, forming various sec-
ondary structures, related to phenomenon of expansion of mictosatellite repeats.

Types of markers, obtained as a result of PCR, are divided into two groups on the basis of primers’ design: the
first group is known as STSs (sequence-tagged sites) with primers, constructed from known sequences, and the
second one is based on the random primers. The most informative or polymorphic STS-marker emerges during
amplification of DNA-area, containing sequences of mictosatellite repeats. This marker is based on STS, and is
marked as simple-sequence length polymorphism (SSLP) or sequence-tagged microsatellite site (STMS). Each
STMS-marker detects inherited Mendelian codominant alleles in single locus in genome.

Keywords: mictosatellite sequences, mictosatellite expansions, replication errors, mictosatellite instability,
PCR-based markers.

PeueH3eHT — npo¢. LjebpxxunrHcbknii O. I.
Crartra Hagiwna 10. 05. 2014 p.

16 BicHuk npo6nem Gionoriii Meguunun — 2014 — Bun. 3, Tom 3 (112)



