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oOnacteir omHOM M TOM ke KpymHoit Monekynsl JJHK ¢ obpasoBanmem momekynsl JIHK menbiiero
pasmepa. OOparueiii mpaiimep R1 MokeT comepxare TepBBI (QparMeHT, KOMIUIEMEHTAPHBIHA
KOHIICBOM ITOCJIE0BATEILHOCTH 00JacTH A, M MOXET COJep)KaTb BTOpOH (parMeHt, CofepKalluii
MepeKPBIBAIOILYIOCS MOocIeaoBaTebHOCTh. [Ipsmoii mpaiimep F2 mMoxer conepikarh mepBblid pparMeHT,
KOMIUIEMEHTApHBIN ITOCIIEIOBATEIFHOCTH Hadaja oOmacTh B, mpudeM yKa3aHHBIA TPSMOHN IpaiiMep
COZIEPXHUT KOMIUIEMEHTApHYIO TIE€PEKPHIBAIONIYIOCS TIIOCIEIOBATENFHOCTh (HAIPUMEp, TaKoOW JKe
NepBBIN (parMeHT WM BTOPOH (h)parMeHT), KOTOpas KOMIUIEMEHTAapHA yKa3aHHOH IepeKphIBaoLIenCs
rocnepoBarenbHOCTH. [lepBriii pparmeHT F2 moxeT npeacTaBisaTs co00it Bech npaiimep. Momekyist JJTHK
MEHBIIETO pa3Mepa MOKHO HCTIONb30BaTh JUIS OTIPEeICHHUs ralioTUIIOB ooacTel. Kpome Toro, onrcansl
HabOpBbI, coziepKallne yKa3aHHbIe KOHKPETHBIE IPSMbIE U 00paTHbIE TpaiiMephl.
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ITPAVIMEPBI U CTIOCOBBI AHAJIU3A JIJ1s1 COEJITMHEHMSA OBJJACTEN
C UCIIOJIb30OBAHHMEM I10JIMMEPA3

YPpOBEHDb TEXHUKHU

VY 4enoBeka €CThb 1B KOMUHU KaX10i XPOMOCOMBI, [0 OJJHON OT Ka)J10Tr0 U3 POAUTEIICH.
IIpencraBneHne 0 KOMOWHALIMY BAPUAHTOB HA OJHOH U TOH K€ POAUTENBLCKOH XPOMOCOME, T.€.
raruIoTHIIe, MOKET ObITh BAKHBIM C KJIIMHHYECKOW TOYKH 3peHHs. B yacTHocTH, mHGOpMALHs O
rarjIoTUIe TOJie3HA JJisi HEMHBA3UBHOIO IMPEHATaJbHOrO aHajiM3a Ha IMpeaMeT MOHOTE€HHBIX
3aboneBannii U pacumdpoBku reHoMHOUM HacnenctBeHHoctu twioga (Hui et al. Clin Chem.
2017;63:513-524; Lo et al. Sci Transl Med. 2010;2:61ra91). OnHako COBpeMEHHBIE METOMbI
ONpeNeNieH!s] TaIUIOTHUIIOB  KOHKPETHOrO  MHAMBHIA MOTYT OBITh  JOPOTOCTOSIIIIHMH,
XapaKTepU30BaThCs HU3KOM TOUHOCTHIO M HU3KOH MPOITY CKHON CIIOCOOHOCTBIO.

Kparkoe onucanne n3o0peTeHust

[TI[P-aHanm3bl C UCMOJB30BAHUEM MOJIMMEPa3 C BBICOKOHW MPOMYCKHOH CIOCOOHOCTHIO
MOXXHO TIPUMEHSTh JJs1 COEAMHEHUs] YIaJleHHbIX obOnactel (Hampumep, pasaeseHHbIX
nocJieIoBaTeIbHOCTSIMU  pazMepoM oT 100 mo. mo 100 T.m.o.) omgHOW M TOH ke OONBIIOM
monekyssl JIHK B monexyny JHK menbmero pasmepa, Hampumep, ynpoluas ONPEAesICHHUs
raruloTHNa ABYX yKaszaHHbIX obnacted. [loimmepasbl ¢ BBICOKOH MPOIYCKHOH CIIOCOOHOCTBIO
MOTYT J0OaBJIATh JAOMOJHUTENbHBIH HYKJIEOTHJ TOJBKO K OAHOMY KOHLY KaXKAOH Lenu
nsyuenodeuHoit JIHK (nampumep, A Ha 3'-kOHIE). ITO MOXKET MPENATCTBOBATh 0OPa30BAHUIO
coenuHeHHbIXx Mosekys JIHK wmeHbimero pasmepa (Takke Ha3blBA€MbIX YUIMHEHHBIMU
aAMIUTMKOHAMU) UJIM CHIDKATh UX BBIXOJ.

JUnsi pemeHust 3TUX MpoOJieM MOKHO HCTIONb30BaTh KOHKPETHBIEC MPsIMble M OOpaTHBIE
npaiimeper. Hampumep, oOparthbii npafimep R1 MokeT conmepkaTh mnepBblii  (parMeHT,
KOMILIEMEHTAPHBIH KOHLIEBOH IMOCJIEIOBATEIbHOCTH 00JacTH A, U MOXET COAep>KaTh BTOPOH
(dbparMeHT, comepKaIui MEPEeKPHIBAIOLIYIOCS TOCIeN0BaTeNbHOCT. [IpsimMoit mpatimep F2
MOXET COJep’kaTh NEpBbIH (pparMeHT, KOMIUIEMEHTApPHBIH MOCIENOBATEIbHOCTH Hadaja
obmactm B, mpuueM yKa3aHHbBIH TPSAMON mMpaiiMep CONEPKUT KOMIUIEMEHTApPHYIO
NEePEKPBIBAOINYFOCS TIOCIENOBATENBHOCTD (HAPUMEp, TAKOH e MepBbli (ParMEHT UM BTOPOI
(dparmMeHT), KOTOpasi KOMILIEMEHTapHa YKa3aHHOH MepeKpbIBAIOIIEHCS TOCIEeIOBATENIbHOCTH.
ITepssbiit pparment F2 MoxxeT npencraBisTb cOOOH BECh MpaiMep.

Jlydinee mnoHUMaHWE MPUPOAbI U TPEUMYLIECTB BapUAHTOB peaIu3alUy JaHHOIO
H300peTeHNsT MOJXKHO TIIOJIYYHThb, CBEPSSCh CO CIEAYIOIIMM IOAPOOHBIM ONHMCAHHEM |

npuiara€MbIMU YEPTEIKAMU.



Tepmunel

B nHacrosimem nokymeHTe TepMHH «@paemenmy (Hampumep, ¢pparment JIHK) moxer
OTHOCUTBCSI K (PparMeHTy IOJUHYKJICOTUIHON WM MOJUIENTUAHON ITOCIEA0BATENIbHOCTH,
cofieprkaleMy 1o MeHbIel Mepe 3 mocienoBaTeNbHbIX HykJeotuaa. Hykneoruanbii pparmMeHT
MOXKET COXPaHSITh OMOJOTHYECKYI0 aKTHBHOCTb M/MJIM HEKOTOPBIE XapaKTEPHCTHKH MCXOIHOTO
nonunentuaa. HykneoTunHelil pparMeHT MOKeT OBbITh ABYLIETIOYEYHBIM HJIH OJHOLIETIOYEYHBIM,
METWJINPOBAHHBIM HWJIM HEMETHJIMPOBAHHBIM, WHTAKTHBIM WJIH COAEPKaThb OIHOLETOYEYHBIN
pa3pbIB, HAXOAWUTBHCS B KOMIUIEKCE HJIM HE B KOMIUIEKCE C JAPYTUMH MAaKpPOMOJIEKYJIAMH,
HAanpUMep, JIMIUAHBIMUA dacTuuamu, Oenkamu. @PparmeHT MoxeT ObITh TOJNyYeH U3
OTPENEIEHHOTO THIA TKAHH, HAIPUMEp, IUIOAA, OMYXOJIH, TPAHCIUIAHTHPOBAHHOTO OpraHa H T.JI.

Tepmun «ananu3z» 0ObIMHO OTHOCHTCSI K METOJUKE OIPEeNIEHHs] CBOWCTBA HYKJICMHOBON
KUCJIOTBl. AHanu3 (HampuMmep, MEepBBI aHaIN3 WJIM BTOPOH aHaimn3) OOBIMHO OTHOCHUTCS K
METOIMKE OINpENeNeHUs] KOJMYECTBA HYKJIEHHOBBIX KHCIOT B 0Opasle, T'€HOMHOM
NPUHAJIEKHOCTH HYKJIEMHOBBIX KHCIOT B oOpasine, HW3MEHEHHMIO KOJHYECTBAa KOIHI
HYKJIEMHOBBIX KHCIIOT B 00pasle, CTaTyCy METWJIMPOBAHHUs HYKJIEWHOBBIX KHUCJIOT B oOpasle,
pacrpeneneHnio pa3MepoB (PParMeHTOB HYKJIEMHOBBIX KHCIOT B 00pasie, MyTalHOHHOMY
CTAaTyCy HYKJIEMHOBBIX KHCIIOT B 00paslie WIN Xapakrepy pparMeHTanny HyKIEHHOBBIX KHUCIIOT
B oOpasue. JIroOoi aHanu3, M3BECTHBIH CHENMAIUCTY B JAHHOH OONACTH TEXHHKH, MOXKHO
NPUMEHTh i OOHApy’>KeHHsI JIHOOBIX CBOMCTB HYKJIEMHOBBIX KHCJIOT, YIOMSIHYTBIX B
HACTOALIEM JOKYMEHTe. AHalu3 MOXET TakXe OTHOCUTbCA K METOAMKE OOBeIMHEHHs
NPOAYKTOB aMIIM(pUKAIMU pa3nuuHbIX obnacreil monekysl JIHK ¢ oOpazoBanuem omgHO# min
bonee monekyn JIHK. CBoHCTBa HYKJIEHMHOBBIX KHCJIOT BKJIIOYAKOT. MOCJIEIOBATEIbHOCTD,
KOJINYECTBO, TEHOMHYIO MPUHAUICKHOCTh, KOJHMYECTBO KOIHUM, COCTOSTHUE METUJIMPOBAHUS IO
ONHOMY WU 0oOJiee HYKJICOTHIHBIM MOJIOKEHHSM, pa3Mep HYKJICHHOBOH KHCIIOTHI, MYyTalLHIO
HYKJIEMHOBOM KHCJIOTBI MO OJHOMY WM 0Ojee HYKJICOTUIAHBIM TOJOXKEHUSIM U XapakTep
(parMeHTanu HYKJIEHHOBOW KHCJOTHI (HAIPUMED, MOJIOKEHUE HYKJIEOTHAa(OB), MO KOTOPHIM
(parMeHTHpOBaHAa HYKJIEMHOBas KUCJIOTAa). TepPMHMH «aHaiu3» MOXHO HCIIOJIb30BAaTh
B3aHMO3aMEHSIEMO C TEPMHHOM «CIOCO0». AHATM3 MM CHOCO0 MOTYT XapaKTePH30BATHCS
KOHKPETHOH 4yBCTBUTEIBHOCTBIO W/WIIN CIIEU(PUIHOCTBIO, M MIX OTHOCHTEJBHYIO MOJIE3HOCTD B
KAQ4eCTBE  JUArHOCTUYECKOTO HHCTPYMEHTA MOXKHO  H3MEPUTh C  HCIOJIBb30BAaHUEM
cratuctudeckoro nokasarensi ROC-IIIK.

Tepmun «npoumenue nocnedoéamensHOCMUuy OTHOCUTCA K LETMOYKE HYKJICOTHIOB,
CEeKBEHHPOBAHHOW M3 JHOOOro (parmMeHTa WM BCEH MOJEKYJbl HYKJIEHHOBOH KHCIOTBL
Hanpumep, mpouTeHHe NOCIEAOBATENIPHOCTH MOXET IPENCTaBNIATbh CO0OH Bech (pparmMeHT

HYKJIEMHOBOW KHCJIOTBI, IPUCYTCTBYIOWUI B OnonornyeckoM odpasue. Hanpumep, npourenue



MOCJIEIOBATEIbBHOCTH  MOXKET TPEACTaBIATh COOONW KOPOTKYK IIETIOYKY HYKJIEOTHIOB
(marmpumep, 20-150 ocHOBaHMIl), CEKBEHHMPOBAHHYIO M3 ()parMeHTa HYKJIEHHOBOH KHCIIOTBHI,
KOPOTKYIO LIETIOYKY HYKJEOTHIOB Ha OJHOM WM O0eMx KOHIAX (pparMeHTa HyKIJIEHHOBOM
KUCJIOTBI, WJIM pPE3yJbTaT CEKBEHHUPOBAaHUs BCEro (parMeHTa HYKJIEMHOBOW KHCJIOTHI,
HPUCYTCTBYIOILIEro B OuojorudeckoMm obOpasue. IIpouteHus cnapeHHOH MOCIeNOBaTEIbHOCTH
MO’KHO BBIPOBHSITH Ha 3TAJOHHBII [€HOM, YTO MOXKET MO3BOJIHUTH MOJYYUTh JJIHHY (parMeHTa.
IIpoyreHne NOCIENOBATENLHOCTH MOKHO TOJYYUTh PAa3IMYHBIMH CIIOCOOAMHM, HAmpuMmep, ¢
UCTIOJIb30BAHHEM METOJIUK CEKBEHHPOBAHUS WJIM C HCIOJb30BAHHWEM 30HJOB, HANpUMep, B
MaTpHULaX TUOPUAM3ALMHU WM 30HAAX 3aXBaTa, WJIM METOOUK aMIUTU(HUKAIMH, HampuMep,
nonumepasHoi nemnHod peakuuu (ITLP), wnu nuHeiiHONW amruu@UKaMKu C HUCIONb30BAHHEM
€IMHCTBEHHOTO TpaiiMepa, WJIH HW30TEPMHUYECKONW aMIUIMUKALWMK, WX Ha OCHOBE
Oonodusnuecknx HU3MEpPEHU, Harpumep, MacC-CEKTPOMETPHH. [Ipourenue
NOCJIEIOBATEIbBHOCTH MOJKHO TIOJIYYUTh NYyTEM CEKBEHUPOBAHUS E€IMHUYHON MOJIEKYJIBL.
«Cexeenuposanue eOUHUYHON MONEKYIbl» OTHOCUTCS K CEKBEHHUPOBAHUIO EIHMHCTBEHHON
mojekyabl MarpuuHo JIHK nist  momyueHMst mnpoyTeHMs TOCIENOBATENbHOCTH — Oe3
HEOOXOIUMOCTH HMHTEPIIPETHPOBATh HH(POPMALMIO O TMOCIENOBATENIbHOCTH OCHOBAHMH U3
KJIOHANbHBIX Komui Mosekyael MatpuuyHoi JIHK. CexBeHupoBaHHE €IUHHYHON MOJIEKYJIBI
MOXET CEKBEHHPOBaTb BCIO MOJIEKyJy Wi Jumb ¢(parmentr wmonekyisl JIHK. MoskHo
CEeKBEHUPOBATh OOJbIIYIO YacTh MosiekyJibl JIHK, Hanpumep, Gonee 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% nnu 99%.

«Cmenens pasoenenus» (MIN OTHOCHTENbHAS BCTPEYAEMOCTb) COOTBETCTBYET Pa3HOCTH
WIN OTHOLIEHMIO, BKJIIOYAIOLIEMy JBa 3HA4YE€HMs, HalpuMep, [Ba KOJUYECTBA INPOYTEHUH,
CoAep KalIMX JIBa pa3u4HbiX ayiens. CTemeHb pasfeneHus MOXKeT MPEACTaBIATbh OO0
NPOCTYI0 Pa3HOCTh WM OTHOLIeHue. Hampumep, mpsiMoe OTHOIIEHHE X/y, a Takxke X/(X + y)
npeacrasisier coboil creneHb pazneneHus. CTENeHb pa3feNieHHsi MOXET BKJIIOYATh APYTHUe
k03 pHLMeHTDI, HaIpUMep, MHOXKHUTENIH. B KauecTBe Opyrux MpUMEpOB MOXKHO HCIIOJIb30BATh
pPa3HOCTh WJIM OTHOLIEHWe (YHKIWHA 3HAYEHWH, HAmpuMep, PasHOCTb WJIM OTHOLICHHE
HaTypaibHbIX JiorapudmoB (In) nByx 3HadeHwmii. CTemeHb pa3deNieHUsT MOMKET BKIFOYAThH
Pa3HOCTb W/WJIH OTHOLICHHE.

B HacrosilmeM [OKYMEHTE€ TEPMHH «KIdccughukayus» OTHOCHTCS K JIFOOOMY
quchy(d4uciaM) W JPyroMy CHMBOJY(CHMBOJAM), KOTOpbIE CBSI3aHBI C KOHKPETHBIM
cBolicTBOM obOpa3ua. Hampumep, cuMBoI «+» (MIIH CIIOBO «IOJIOXKHUTEIBHBIIY» ) MOXKET O3HAYATh,
yro oOpasen kjaccuuImpyercs Kak —COmepiKalIuil  AeNelrd WId  aMIUTH(UKALNH,
Knaccugukanuus MokeT ObITh ABOUYHOH (HAIIPUMeEp, MOJOKHUTEIBHON WM OTPHULIATENIbHON) HITH

XapaKTepU30BaThCs HECKOJBKUMM YPOBHSAMHU Kiaccudukanyuu (Hampumep, mkana ot 1 mo 10,



w ot 0 1o 1).

TepMuHel «nopozosoe 3mnauenue» WU «NOpoO» OTHOCATCA K 3apaHee OINpeneseHHbIM
4YuClIaM, HUCHONb3yeMbIM B mpouecce. Hampumep, pasmep HDOpPOroBOoro 3HA4Y€HUs] MOXKET
OTHOCUTBCSI K pPa3Mepy, IPHU MNPEBBIIEHUH KOTOPOro (pparMeHTel uckmouaroT. IToporosoe
3HAYEHUE MOKET SBJISITBCS 3HAYEHHUEM, BBIIIE WM HUXKE KOTOPOTO NMPUMEHSIIOT KOHKPETHYIO
KJTacCU(UKALMIO, HATIPUMEP, KJIACCU(PUKALNIO COCTOSHUS, HATIPUMEp, HAIUYHUE I OTCYTCTBHE
y cyObeKTa COCTOSIHUS, WJIU TSDKECTh COCTOsiHHS. [loporoBoe 3Ha4YeHHWE WM TOPOT MOXKET
NPEACTaBJISITh COOOH «ITAJIOHHOE 3HAYEHHE» WM TMPOU3BOAHOE OT HSTAJIOHHOTO 3HAYEHUS,
KOTOpOE BXOIUT B KOHKPETHYIO KJIACCU(UKALMIO HJIM MPOBOIUT TPAHUIY MEXKAY IBYMs HIIH
Oonee knaccupuKaMsAMU, HATPUMED, MTO3BOJIIET PA3IHMYaTh AJJISNH, COCTABIISIONINE TaIOTHIL.
Takoe 3TajlOHHOE 3HAYEHHE MOYKHO OIPENENUTh Pa3IMYHBIMU CIIOCOOAMHU, HAIIPUMED, BBIOPATH
MOCJI€ MOJIy4eHHs] U HAa OCHOBAHWM IOJyY€HHUs] BBIXOJAHOIO 3HAYEHHs AAHHBIX aHAIN3a, Kak
JOJDKEH NMPUHUMATh BO BHUMAHUE CIIELUAIICT B JaHHOH 00JacTh TeXHUKU. Hanmpumep, MOXHO
ONPENeNUTh MapaMeTpbl ANl ABYX pPAasHbIX TPy CyOBEKTOB C pPa3sHBIMH H3BECTHBIMH
KJIacCU(UKALIMSIMHE, & STAIOHHOE 3HAYEHHE MOYKHO BBIOPATh KaK THIMMYHOE (HAPUMEp, CPEIHEe)
3HAYeHWEe Il ONHOW KJacCHU(UKALMU WM Kak 3HAYeHUE, HaXOISIIEecss MEXAy AByMs
ki1acrepamMu  mapameTrpoB.  COOTBETCTBEHHO, JTAJOHHBIX  CYOBEKTOB C  HM3BECTHOM
KJIaccu(pUKaIeH rarIoTUIIOB MOKHO UCIIONIb30BATh AJIsl OTIPENeICHNs 3TAJIOHHBIX YPOBHEH IS
pa3snu4yeHusl pa3IMYHbIX TaljIoOTUIOB. B kadecTse ele OJHOro mpumMepa, 3TaJOHHOE 3HAYEHUE
MOXKHO OIpENeNUTh Ha OCHOBE CTATUCTUYECKOro MojenupoBaHus oOpasuos. JloOoi u3
YKa3aHHBIX TEPMHHOB MOJKHO HCIIOJIB30BAaTh B JIEOOOM YKa3aHHOM KOHTekcre. CrenuanucT B
JTaHHOH O0JIAaCTH TEXHHMKH JOJDKEH NMPHHUMATh BO BHUMAHHE, YTO MOXKHO BBIOpATh MOPOT IS
JIOCTIDKEHUS JKEeNIATeIbHOW Yy BCTBHTEIBHOCTH U CIIELIU(PHUUHOCTH.

Kpartkoe onucanue ueprexen

Ha ¢ur. 1A-1D nokazana cucrema IILP ¢ yeThipbMs mpaiiMepaMu, HCIOJIb3yeMast ISt
amMITUQUKaMK IBYX Pa3JIMYHbIX oOacTei-mumeHeit A u B.

Ha ¢ur. 2A-2C nokazana cucrema I[P ¢ Tpemsi mpailiMepamu, HCHONb3yeMasi IJist
amMITUUKaIMY IBYX Pa3JIMYHbIX obnacTei-mumeHeit A u B.

Ha ¢ur. 3A-3F npowmmoctpuposan criocod [P ¢ mepekpbIBaroIIIMUCS TpaliMepaMu C
UCTIOJIb30BAaHUEM COOTBETCTBYIOIIMX Te€HOMHBIX mojiokeHuit ¢ T u A B obmactasx A u B
COTJIACHO BapUAHTaM PeaM3aly HACTOSALIETO N300PETEHUS.

Ha ¢ur. 4A-4C npommmroctpuposat criocod TP ¢ nmepekpbIBar0 IUMUCS IpaiMepaMHu ¢
UCTIONIb30BaHNEM OOpaTHOTO mpaiiMepa ¢ JOOaBJIEHHBIM A COIJIACHO BapHAHTaM pean3alluu
HACTOSLIETO U300pETEeHNs.

Ha ¢ur. SA-5D npoumumoctpuposan criocod IILP ¢ nepexpsiBaromumMucs npaiimepamu ¢
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UCTIONIb30BaHHEM OOPAaTHOrO W MPSIMOTO MpaliMepoB ¢ AOOABIEHHBIM A COTJIACHO BapHaHTaM
peann3auy HacTOSIIIEr0 N300peTeHHUS.

Ha ¢ur. 6 mnpowumroctpupoBan mnpunuun crnocoda IIIP ¢ mnepexpoiBarommumucs
npaiiMepaMu M JIMTHPOBAHUEM aJalTepoOB, HCIHOJB3YIOLIErO MpaiMepel Uil CTUMYJISILUU
amruinukanuu ruOpuaHelx npoayktoB TP cormacHO BapHaHTaM peayu3alyd HACTOSIIEro
n300peTeHusL.

Ha ¢ur. 7A-7B mnoka3aH mnpumep MNPUMEHEHHs TMPaliMepOB Ui CTUMYJISILHU
amrundukanuu ruOpuaHbIX npoayktos IILP cormacHo BapuaHTam peanu3ald HAaCTOSIIETO
U300peTeHus.

Ha ¢ur. 8A-8B npowmmroctpuposan criocod TP ¢ mepekpblBaOIUMUCS TIpaliMepaMu
IUIsl CBsI3bIBaHUS Ooyiee ABYX oOsacted, 00ecneunBaroLnid CBsI3bIBAHNUE PYT C APYTOM JIMIIb
OTIpeNeNIEHHBIX 00J1aCTeH, COrIACHO BapUAHTAM PEaM3alMH HACTOSIIETO H300PETeHNUSI.

Ha ¢ur. 9A-9B npommmoctpuposan criocod TP ¢ mepekpblBalOIUMUCS TpaiiMepamu
IUIsl CBsI3bIBaHUs Ooniee ABYX oOjyacTel, 00ecreunBarOINi BO3MOXKHOCTD CBSI3BIBAHMS JIFOOBIX
o0nacTei APyT C APYTroM, COMIACHO BapUaHTaM PEaH3alMy HACTOSIIEro H300pETeHNS.

Ha ¢ur. 10A-10B noka3aHo, Kak MOXKHO NPUMEHATH IMpaiMepbl AJsl aMILTH(UKALIN
rubpuasbx nponykTos [ILP ¢ MHOXeCTBEHHBIMH 00JIACTSMH B COOTBETCTBUU C BapHAHTAMHU
peann3anuy HaCTOSIIIEr0 H300pETeHHUs.

Ha ¢ur. 11 nokasaHbl IIECTb TaIUIOTHUIIOB, COAEPKAIIMX Pa3IUYHblE KOMOWHAIMU
reHoTunos B 5k30Hax 1 u 3 NUDTIS.

Ha ¢ur. 12A u 12B noka3aHbl KpUBbIE IUIABJICHHSI, TO3BOJSIIOIINE PA3IHMYaTh 00pa3Lbl €
paznuunbiMu renotunamu NUDT'15 B oOnactsix sx30Ha 1 (A) u sx30Ha 3 (B).

Ha ¢ur. 13A-13F nokaszano mnpumenenue crocoda II[P ¢ mnepekphiBarOIIMMUCS
npaiiMepamu kK 3k30HaMm 1 u 3 rena NUDTI5 cornacHO BapuaHTaM peajii3allii HAaCTOSIIEro
U300peTeHMs.

Ha ¢ur. 14A-14C nokaszaHbl ueTblpe OOJACTH, MOAJIEKAIIHE TaIUIOTHIMPOBAHHIO,
paszeneHHble Ha HECKOJIBbKO TPy MO IB€ OOJIACTH B COOTBETCTBHH C BAPHAHTAMHU PEAIU3aALUN
HACTOSIIETO U300PETEHUSI.

Ha ¢ur. 15A-15C nokaszano oOpazoBaHre THOPUAHBIX NMPOAYKTOB U3 Tpex obiacTel, mo
OOHON O0JNaCTH M3 KaKAOH M3 TPEeX TPYIII, COTJIACHO BapHUAHTAM pEaH3alid HAaCTOSIIEro
H300peTeHMs.

Ha ¢ur. 16A-16B mnokasano oOpa3oBaHue THOPUIOHBIX NPONYKTOB Oe3 mobOaBieHUs
a/leHO3MHA B IpaiiMephl COTNIACHO BApUAHTaM PeajM3alii HaCTOSALIEr0 H300pETeHus.

Ha ¢ur. 17A-17B nokazano (A) paccrosiaue Mexnay pasianuabiva OHIT B monekyine

JHK u (B) xon¢urypauuu npaiimepos st OHII cornacHo BapuaHTaM peanns3aliuy HaCTOSIIIETO



N300peTeHMs.

@ur. 18 npexncraBisier coOoil Talmuily, B KOTOPOH NOKa3aHbI MOCIIEAOBATENbHOCTH
npaiiMepoB I aMIUTU(UKALIIH KaK10H 00JIaCTH COTJIACHO BapUaHTaM PeaM3allii HaCTOALIETO
n300peTeHus.

@ur. 19 npexacrasisier coOoil TadaMily, B KOTOPOH MOKa3aHbl (a3bl, ONpeaeeHHbIE
nocpeacrsom wnudposoit TP ¢ mnepekpbIBalOIIUMUCS TpaliMepaMi COTJIACHO BapUaHTaM
pea3auy HaCTOSIIErO H300PETeHMUSI.

@ur. 20 npexacraBisier coOoil TaONUIly, B KOTOPOH MOKAa3aHbI MOCIIEAOBATEIbLHOCTH
npaiimepos 11 OHII B cene HBB cornacHO BapHaHTaM peaii3alii HACTOSIIEro H300pETeHMS.

Ha ¢ur. 21A-21B npowutnocTpupoBaH aHaiu3 ($a3oBol COOPKH COTJIACHO BapHAHTaM
pean3ayy HacTOSIIIErO H300PETeHHUSI.

@ur. 22 npencrasisieT co0oi TabHIy, B KOTOPOH MOKa3aHbI FaTrIOTUIIBL, ONPEAeIEHHbIE
nocpencteoM IIIP ¢ mepexpbiBatomuMUCS 0OJACTAMU Ui CEMEHHBIX TPHUO COTJIACHO
BapUaHTaM PEATN3aLUN HACTOSLIETO H300PETeHUSI.

@ur. 23 npexncraeisieT co0Oi OJOK-cXeMy, Ha KOTOPOW MPOMJUTIOCTPUPOBAH CIIOCOO
coennHeHUs1 pasneneHHbIX oOxacteit mosekyn JIHK B Owmonormueckom obpasine cyObekra
COTJIACHO BapUAHTaM PeaM3ally HACTOALIETO H300PETeHUs.

Ha ¢ur. 24 npowutiocTpupoBaHa CUCTEMa M3MEPEHUsI COTJIACHO BApUAHTY peaU3aliu
HACTOSALIETr0 U300pEeTEeHNs.

Ha ¢ur. 25 npomemoHcTpupoBaHa OJiOK-CXxeMa MpUMepa KOMITBIOTEPHONW CHCTEMBI,
KOTOPYI0 MOXKHO HPUMEHSTh C CHCTEMaMM M CHOCOOAMHU COIJIACHO BAapHAHTAM peaIU3aluu
JaHHOTO U300pETEeHUsI.

ITonpobHoe onucanue n300peTeHus

CexBeHUpPOBaHHE MHOKECTBEHHBIX OTHAJEHHBIX oOyacteit mojekyasl JJTHK moxer ObITh
nojie3HbiM.  MIHTepec MOryT MpeACTaBisTh JIMIIb ONpeAeieHHble obnactu (Hampumep,
omHOHYKJeoTuaHb momumopdusm  [OHIT]) wmonekynasr JIHK. Hekoropele meTomuku
CEeKBEHHPOBAHUSI MOIYT OBITh OrpPaHUYEHbl MO JUIMHE (parMeHTa, KOTOPBIH MOXKHO
CEeKBEHHPOBATh 32 OAMH pa3. CeKBEeHMPOBAHHUE MPOMEKYTOUHBIX 0OJacTeil Mexay o0nacTsimu,
NPEACTABISIIOIUMHI WHTEPEC, MOXKET HalpacHO 3aHMMaTh OOOpPYIOBaHHWE W BPEMsl OIEpaTopa.
OObIuHBIE CITOCOOBI, CBSI3BIBAIOINNE ABE OTAENbHBbIE OOJACTU IJIsI CEKBEHHPOBAHUS IPYT C
ApyroM, compspkeHbl ¢ psimoMm npodinem. Konrpone umctorer monekyn JIHK, mopnmexarmmx
aMITUUKALN, MOXKET SIBJIATHCS CIIOKHOMN 3anaueil. Takue oObrMHBIE CIOCOOBI MOTYT 00JIaaTh
HU3KOH TOYHOCTBbIO. MeETOAuKM, ONHMCAHHbIE B HACTOSINEM JOKYMEHTE, IO3BOJIIOT
UCTIONIb30BaTh TOYHbIE U 3(P(PEKTHUBHBIE METOABI COCAMHEHUS IBYX WM Ooliee pa3[eleHHBIX

obnacreri monekynel JIHK npyr ¢ apyrom. 3areM mosydeHHble rubpungHbie Mosekyiel JIHK
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MO’KHO CEKBEHHUPOBATh W/MJIH TAIUIOTUIIHPOBATb.

Hekoropble BapuaHThl peaqu3aldd MOTYT OOECNeYnTh MOBBIMIEHHBIH BBIXOJ U
COOTBETCTBYIOLIYIO 3 (EKTUBHOCTD 3a CUET UCTIOIB30BAHUS MOJIMMEPA3 C BBICOKOH MPOIYCKHOM
CIIOCOOHOCTBIO, XapaKTEPU3YIOIINXCs CKJIOHHOCTBIO K JOOABIEHUIO ONPEAETICHHOTO HyKJIeOTH A
(Hanmpumep, A) B NOJOXKEHHE B JIMIIKOM KOHIIE. B OIHOM mpumepe Takash METOTUKA MOXKET
BKJIIOYATh KOHCTPYHPOBaHHE OOpPATHOro mpaiiMepa, KOTOPBIH rHOpuam3yercs B oOmactu ¢
KOMIUIEMEHTapHBIM HYKJIEOTHIOM (Hanmpumep, T) Ha KOHLE, 3a CUET HYero BO3MOXKHO
NpaBUIbHOE CBs3bIBAHUE IBYX oOjacteil. [lpyras cBsisbiBaeMasi 00JacTb MOXKET COIEpIKaTh
YKa3aHHBIN ONpENENeHHbIM HYKJIEOTHJ MOCIe MPsIMOrO IMpaliMepa, 3a CUET 4Yero CO3AaeTcs
COBITIQIANOMIAsT TEPEKPBIBAKOLIAsICS O0JAaCTh IJIsl CBSA3BIBAHHMS YKa3aHHBIX oOnacteil. B eme
OHOM TpHUMEpPEe CaMH TpaiiMepbl MOTYT BKJIOYATh MEPEKPIBAIOIIYIOCS 00JACTh ¢ YKa3aHHBIM
OIpeNeeHHbIMH HYKJICOTHAOM (M KOMIUIEMEHTAPHBIM HYKJIEOTHIOM Ui HEKOTOPBIX
npaiiMepoB B HEKOTOPBIX BapHUAHTAX PEAN3alliH), BCTABICHHYIO MEXAY ABYMS (pparMEeHTaMH.
CoOTBETCTBEHHO, MJIsi CBS3bIBAHUS PAa3[ENE€HHbIX O0JacTel MOXHO MPUMEHSTH MPsIMbIe
npaiimMepsl ¢ pparMeHTaMu, KOMIJIEMEHTapHBIMU (pparMeHTaM 0OpaTHBIX MPaiMepoB.

B kawsecTBe ApPYrux NpPUMEPOB C HCIHOJNB30BAHHEM WM 0€3 HCIONB30BAHMUSA TaKUX
BBICOKOTPOU3BOUTENbHBIX TONIMMEPa3, MPUBOAAIIMX K CMELICHUIO, B TPYMIbI APYT C APYTOM
MOXKHO CBSI3bIBATh pa3jMyHble KOMOWHAIMM oOjacTeil OJHOW W TOW K€ MOJEKyJbl. JTa
KOMOMHanus obnactei Morna Obl 00eCIIeYnTh TOUHOE U AEIIEBOe TaIUIOTHIIHPOBAHUE KPYITHBIX
I€HOMHBIX 00JIacTe, OXBAThIBAIOIINE HECKOJIBKO HccaenyeMbIx oonactei. IIpsimoit n oOpaTHsbIit
npaiiMepbl MOXXHO NMPHUMEHATh Ui amriuiudukanuu rubpugHoro npoaykra. [pyr ¢ apyrom
MOKHO CBSI3aTh TpU wWin Oojiee obnacredi. OnmHOBpeMeHHOe oObennHeHue, (hasupoBaHUE U
rarIOTUNUpOBaHue OoblIero uucia objacteli MOrjio Obl ObITh BBITOIHBIM, €CJIM OFHA WJIH
Oonee M3 yKa3aHHBIX OONACTEH SIBISIFOTCSI TOMO3UTOTHBIMHE, TIOCKOJIBKY TOMO3UTOTHBIE 00JIACTH
HE MO3BOJISIFOT MOJTy4aTh HHpopMaruo o raruorure. Kpome Toro, MOXKHO NpeiCcTaBUTh HAOOPBI,
BKJTIOYAIONINE TaKHWe CIHeHalibHO pa3padoTaHHble mpaiiMepbl. DTHX OCOOEHHOCTH MOIPOOHO
OIHCAHBI HIKE.

MeTtoauku onpeneIeHns TarIoTHIA

JlocTymeH psin CrocOOOB [JIsi ONpeNesieHUs] TaljIOTHUIIOB HHIWBHIA. JTH CIIOCOOBI B
LIeJIOM JIeJISITCSL Ha JIB€ KaTerOPUH: BBIUMCIHUTESbHBIA BBIBOJ M SKCIIEPUMEHTAJIbHBIN aHanu3. B
TO K€ BpEeMsl CYLIECTBYIOIIME CHOCOOBI OIpeneNeHHs] TalIOTHIIOB WHAMBHIAA HUMEIT CBOU
OTPAaHUYEHUs], BKJIIOYas OTHOCHTEJIBHO HHU3KYI0 TOYHOCTb, BBICOKYIO CTOMMOCTb, HH3KYIO
NPOMYCKHYI CIIOCOOHOCTb M HEBO3MOXKHOCTH aJPECHOrO aHaiu3a KOHKpPETHOH obmactu. B
HACTOSALIEH 3asBKE OMUCAHBI CIIOCOOBI, MO3BOJISIOIINE TOYHO ONMPEAENSATh TaIUIOTHITBI HHANBUA

IPY OTHOCUTENIBHO HU3KUX 3aTPaTax U ¢ BHICOKOH MPOMYCKHOHN CIIOCOOHOCTBIO.



A. Buruucnumensrnoie nooxooor

BerauciuTenbHble MOAXOABI YacTO HCIIONB3YIOTCS JUI  CTAaTHCTUYECKOTO aHAJIN3a
rafuIOTHIIOB YelIOBeKa Ha OCHOBE MH(POPMALMU O I'E€HOTHINAX COOTBETCTBYIOLIEH MOIMYJISALUH
(Browning et al., Nature Reviews Genetics, 2011;12:703-714). IlocpeacTBom aHain3a reHOTUIIA
y OOJBLIOrO KOJMYECTBA WHAMUBUIOB B MOMYJSILUM MOKHO OINpENeIUTh OOIIHME TaruIOTHIIbI
NonyJisiuy. ['eHOTHI TeCTHPYEeMOro HHANBUAA ONPEAENAI0T SKCIEPUMEHTAIBHO U CPAaBHUBAIOT
C M3BECTHBIMM TaIlJIOTHIIAMH TIOMYJISILUM, J1eNasi BbIBOX O HauOoyee BEpPOSTHBIX TrarjIOTHIIAX
UHIUBUA.

OnHaKoO TOYHOCTh TAaKWUX BBIYUCIHUTENBHBIX CIIOCOOOB 3aBHCUT OT OSTHHYECKOH
NPUHAJJIEKHOCTH U TPOHMCXOXKIEHUS TECTUPYEMOro HHIWBUAA. B pernoHax ¢ MIUPOKUM
STHUYECKHM COCTABOM CIOCOOBI BBIYUCIHTENBHOTO TAaIUIOTUITMPOBAHMS MOTYT HE 00eCIeunBaTh
IOCTaTOYHYI0 TOYHOCTh JUIA KIMHHYECKHX nejei. Kpome Toro, TOYHOCTH 3TOro moaxona
CHIDKAETCS TPU AaHAJIHM3€ TalyIOTUIIOB Ha OOJBIIOM PACCTOSHUU M B OONACTSIX € HHU3KUM
HepaBHOBECHEM IO creruieHno. Hampumep, B 065acTsax reHoMa, KOAUPYIOMINX JEHKOLUTAPHBIH
anturen  uenoseka (HLA), wacro mpoucxomutr  pekomOuHaums.  CrenoBaTenbHO,
BBIYMCIUTENbHBI aHANINM3 TalUIOTHIIA B 3THX OOJAacTAX C BBICOKOH peKkoMOHMHaLuei
XapaKTepU3yeTCss HU3KOH TOYHOCTBIO.

B. IKChnepumeHmanbHoill aHAIU3

B  kauectBe  anbTepHATHBBL,  TAIUIOTUIIBI ~ WHAWBHUAA  MOXKHO  ONpPENeNsAThb
SKCIIEPUMEHTANbHO. IIpUHIMI 3THUX 3KCHEPHUMEHTANbHBIX CHOCOOOB TalIOTUIIMPOBAHUS
OCHOBaH Ha FeHOTUIHPOBAHHUHU PA3IMYHbIX obnacTeit oqHol qimHHOI Monekyel JIHK. Ectb Tpu
o0muX mnoAxoda Uil JOCTYDKEHHs JTOH Lenu, BKIOYas () NepeKpecTHOe CBsI3bIBAHHE
CTPYKTYPHO MPOKCUMaNbHbIX obnactedt, (b) koMmapTMeHTamu3auuo u (C) CEKBEHHUPOBAHHUE C
JUTHHHBIMU MTPOYTEHUSIMH.

IlepexpecTHOE CBsI3bIBAaHUE

ITpu mepekpecTHOM CBSA3BIBAHHU UCTIONB3YIOT TOT (PAKT, 4TO XPOMOCOMA YKJIAABIBAECTCS B
TpexmepHyo (3-D) CTpykTypy, ¥ pa3judHble 4YacTH OJHOW W TOU Ke XPOMOCOMBI
XapaKTEPU3YIOTCS 3HAYUTEIBHO TIOBBILIEHHOH BEPOSATHOCTBIO cOmpkeHus. llocpencrsom
nepekpectHoro  cesi3piBanust  JIHK, HemocpencTBeHHO  CONMKEHHOM B TPEXMEPHOM
MPOCTPAHCTBE, MOXHO coeauHaTh yvacTtku JIHK, npoucxopsimume u3 ogHOM U TOM ke
XPOMOCOMBI, HO pa3zielieHHble HECKOJBKUMH ThICA4aMH map ocHoaHui. IlocienoBarenbHOCTH
3TUX  TUOPUAHBIX  MOJIEKYJ  MOXHO  HCHOJB30BaTh  IJIs1  (asupoBaHUS  ajuieseid
omHOHYKJIeoTUAHBIX nonumopdusmos (OHII). ITpumeps! 3TOro moaxona BKIKOYAIOT METOIUKY
Hi-C (Selvaraj et al. Nat. Biotechnol 2013;31:1111-8) u mogudunuposanunyo meroauky Hi-C
«Yukaro» (Putnam et al. Genome Res. 2016;26:342-50).



Komnaprtmenranusanus

ITomxon, OCHOBaHHBIM HA KOMIAPTMEHTAJIM3ALNUN, MOKET HCIIONb30BaTh MIPEUMYLIECTBA
aBTOMAaTU3MPOBAHHBIX TIUIATPOPM JUId KOMIapTMeHTanu3zauuu. IIpuHUOMD 3TOro momxozna
3aKJIIOYAETCs B pPas3leNieHud OTHeNbHbIX JUMHHBIX Mosekysn JIHK, mnonyueHHBIX OT
TECTUPYEMOro CyObeKTa, B Pa3JIMUHBbIX KOMIapTMeHTax. 3areM renorunupytot JAHK u3 ogaoro
KommapTMeHTa. [lockonbky nH(pOpManus o reHoTune nojy4eHa u3 ogHor monekysel JIHK, a He
U3 Tapbl POAMTENBCKUX XPOMOCOM, TMOJy4eHHas uHpopmauuss o0 auiesix NpencTaBiseT
rariotun. Pa3neneHue OTHenbHbIX JUIMHHBIX Mojiekysn JIHK B koMmmapTMeHTax MOXKHO
BRIMONIHATE Bpy4Hyro (Peters et al. Nature 2012;478:190-5) wminum ¢ HCHIOIB30BAHUEM
MHKPOXXHUIKOCTHBIX cucteM (Zheng et al. Nat. Biotechnol 2016:34:303-11).

JInsi TMOBBIIIEHUSI PEHTA0ETBPHOCTH 3TOTO MOAXoaa IMHHY0 Monekysy JIHK BryTpm
OITHOTO KOMIAapTMeHTa (PparMeHTHPYIOT Ha Oonee Mejkue ¢parmMeHThl. Kaskmblii KOPOTKHIA
(parMeHT, MPOUCXOASIINI U3 OAMHAKOBBIX JIMHHBIX Mojekys JJHK, konmupyroT oqHIM U TeM
ke UHIeKcoM. 3areM kopotkue ¢parmeHTel JIHK #3 pasHBIX KOMIAPTMEHTOB MOXKHO
OOBEMHNUTD M CEKBEHHPOBATH C MCIIOJIb30BAHUEM MAaCCOBOIO MapaJUIEIbHOIO CEKBEHUPOBAHMSL.
@parMeHTBl C OAMHAKOBBIM HHAEKCOM MOXKHO HCIIONB30BaTh U IOCTPOEHHs TaruioTHUIA
(Amini et al. Nat. Genet 2014;46:1343-9). Ilpumepsl aBTOMATH3UPOBAHHBIX IJIAT(OPM,
MO3BOJISIIOIIUX MHIEKCUPOBATh ()parMeHTshl, BKmodaT cucteMy Chromium npoussonctsa 10x
genomics W pemeHus sl (pa3UpPOBAHHOTO CeKBeHHMpOoBaHMs mpomu3BoxacTsa Illumina, HO He
OrpaHUYNBAKOTCS] UMH.

OnHaKo CyLIEeCTBYIOLINE CIIOCOOBI TaINIOTUIIMPOBAHMS, OCHOBAHHBIE HA ATUX IOAXOAAX,
B OCHOBHOM IIpEeIHAa3HAYEHbl MJIsI TaIlUIOTHIMPOBAHUS OTHOCHTENBHO Oonbpinx obnacred
reHoma. Hcronp3oBaHHe 3THX CIMOCOOOB ISl TAIUIOTHIHMPOBAHHUS OTHOCHTEIBHO KOPOTKOM
obmact reHoma Tpedyer oOOralmieHusi COOTBETCTBYIOIIEH 00JacTH, HampuMep, MyTeM
rUOPUAM3ALMOHHOTO 3aXBaTa, YTO JENIAeT €r0 OTHOCUTENBHO JOPOTHM U TPYAOEMKHUM.

CexBeHUpPOBaHHE C JTMHHBIMU TPOYTCHUSIMHU

B eme onHom moaxoae uenyw AauHHY0 mosekyidy JHK MoxxHO HenmocpencTBeHHO
CEeKBEHHPOBATH ISl OTIPENENICHHUS €€ TOCIEA0BATENIbHOCTH. DTO MOYKHO BBIIOJIHUTH C IIOMOLIBIO
waTOpM CEKBEHHUPOBAHHS HOBOTO IOKOJIEHHs, HAIpPUMeEp, C HCIOJIb30BAHHEM TEXHOJOTHH
CEeKBEHUPOBAHUs E€IMHCTBEHHON MOJIEKyJbl B peasbHOM Bpemenu (ot Pacific Biosystems) u
TEeXHOJIOTUN HaHomopoBoro ceksenupoBanust (ot Oxford Nanopore Technologies), HO He
orpaHnunBasich UMH. OIHAKO 3TH CHUCTEMbI TakKe TPeOYIOT NMpenBapUTEIbHOrO OOOTaIleHHs
paccMaTpuBaeMbIX 00NacTel i CeKBEHHUPOBAHUS.

Komnaptmenranuszauus ¢ nomouisro I11IP

Monexynsr JIHK MoOxHO mnoaseprarb KOMIAPTMEHTAIU3ALMU B KAaIUAX 3MYJIbCHUU.
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Kaxkmast kamist smysiabcuu MoxeT BKIro4ath Mosiekysiol JIHK, comep:xkamue nee obOmactw,
KOTOpblE MOXKHO CBsI3aTh APYT C APYroM IocpencTtsoM amrummpukanuu. CBsi3bIBaHHE ABYX
obmacteii JApyr ¢ JpyroM MOXET TMOBBICUTb 3(P(PEKTUBHOCTb CEKBEHHUPOBAHUSA |
rarioTUNUpoBanus. [t amMrmmudukanuyu UCIONb3yIOT CHUCTEMBI C YETBIPbMs INpaiiMepamu U
TpeMmsl mpaliMepaMu.

C. Cucmema ¢ vemuipbms npaiimepamu

JIisl TarIoTUIIMPOBAaHUS KOHKPETHOH o0jacTu omucaH psia criocodoB Ha ocHose ITLIP.
Hanpumep, Wetmur ¢ coaBT. paspaboTanu crnocod cszbiBaromieii amyabcuonnoi [P (Wetmur
et al. Nucleic acid research 2005;33:2615-9). B arom cnocobe pasbdasnennbie marpunbl JTHK
pacnpenenstoT B KaIlljal SMYJIbCUU, KOTOPbIE AEHCTBYIOT KaK KOMIIAPTMEHTBL

Ha ¢ur. 1A-1D noxkazana cucrema [ILP ¢ yerbppMms npalimepamu, UCTIONb3yeMast IJIst
amMruTUKaINK IBYX pa3IMYHbIX oOjacreii-muinereid A u B. Ha ¢ur. 1A nokasansr odnactu A
u B xak nBe mumenwn, Tpedyromue (asuposanus. [Ipsmoii npatimep F1 u obpatHblil npaiimep
R1 npennasznavens! s ammumukanun obnactu A. Ipsimoii npaiimep F2 u oOpaTtHeii npaiimep
R2 npennasnauens! i ammmndukannn odnactu B. Toueunas nmuams 105 npencrasnsier coboi
MIPOMEKYTOYHYO 00JIacTh TeHOMa MKy 00acThio A u obsacteio B. JIBe obiactu MOryT OBITH
paszeneHbl HECKOJIbKUMH ThICSYaMHU Map OCHOBAHMH, 3Ta JIMHHS N300paskeHa He B MaciTade.

Ha ¢ur. 1B npsmoii npaiimep F2 u oOparthsiii npaiimep R1 9acTUYHO KOMIUIEMEHTaPHBI.
B stom mpumepe mexny F2 u R1 Haxonpsitcst 32 KOMIUIEMEHTApHBIX HyKJIeoTHnaa, npudeM 10
HYKJICOTU/IOB JUIs1 KaKAOro mpaiiMepa crnenu(pUUHbl MO OTHOIIEHHIO K COOTBETCTBYIOLIEH
obnactu. KommnemenrtapHasi obimactb o0o3Ha4YeHa Kak nepekpbiBaroiasicss odbmacts (OLR) 110.
Monekyny Ouoruna 115 mpucoenunmnu k 5'-koHuy F2 u R1, nampumep mns obecredeHus
BO3MO)KHOCTH yIaJIEHUS] HECBSI3AHHBIX IIeTel, KaK yKa3aHO HUXe.

Ha ¢ur. 1C 3'-xonusr mpoaykroB IIP-ammnudukanuu obgactu A u obmactu B
comgepkat OLR 110, Tak 4ro OHM KOMIUIEeMeHTapHb! Apyr Apyry. CrnemosarenpHO, 3'-KOHeL
NPOAYKTOB aMIUIM(UKAIUU OONacCTH A MOXKHO HCIOJIb30BaTh B KayecTBE IMpanMepa s
nponykToB amiumdukanmu odimacti B u HaoOopoT. DTO mpuBeneT K COCOMHEHUIO ABYX
aMrTngUIHUPOBaHHBIX obnacted. 3aTteM coepmHeHHbIe Henu JJHK MOXHO yAIMHHTH BIIPaBO B
BEpPXHEH Lenu U BJIEBO B HIDKHEH LeMH, TeM CaMblM CO3/1aBass OTHOCUTENBHO KOPOTKYIO
MOJIEKYJIy, BKJIFOUAIOIIYI0 OTAaJeHHbIe 00JacTu A u B.

CoOTBETCTBEHHO, Kak IMOKa3aHO Ha ¢ur. 1B, Mexny oOpaTHbIM mpaiiMepoM ISt
aMIUIMKOHAa A U NpsIMbIM IpaiiMepoM Assd amIuiukoHa B Haxonarcs 32 mepexkpbIBAIOLIUXCS
HYKJIEOTHA. JTO TMepeKpblBaHUE IMO3BOJIAET CBA3aTb JBa AaMIUIMKOHA. Ilpu Hu3KOH
koHUeHTpauuu marpuubl JIHK u mamnmuum mums omHod marpuubl JJHK B kakmon kame

SMyJIbCHH cBsizaHHbIE TpoayKThl [ILP npeacraBisroT coO0i ramioTun HHANBUAA.
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OnHako B 3TOH cHUCTEME CBSI3bIBAHHE JIBYX AMIUIMKOHOB SIBJISIETCSI HETIOJIHBIM (T.€. HE BCE
OHHU CBsI3aHbl), U NMPHUCYTCTBYIOT HECBSI3aHHBbIE MOJIeKysbl kaxknoi obmactu JIHK. Hampumep,
onHouenodeunble Mosekysbl JHK, nomyudenHeie B pesynprate yanuHeHus R1 wmm F2,
OXBATBIBAIOT TOJBKO 00NacTh A niM o0nactb B, COOTBETCTBEHHO. DTU HECBSA3aHHBIE MOJIEKYJIbI
JHK wMoryT BiuATP Ha MNOCHEAYIOIIMHA aHajau3 raruiotunupoBaHus. ClienoBaTeNbHO, 3TH
HecBsizaHHble Mosiekysipl JIHK HeoOxoauMo ynamuTh myTeM CBSI3bIBAaHUS OMOTHHHPOBAHHBIX
npaiiMepos 1u1st [TLP 1 GnokupoBaHust HeY IJTMHEHHO!N ogHouenodedHo JIHK.

Ha ¢wur. 1D necssizannble nponykThl [TLP comepskaT cBsi3aHHBIE ¢ OMOTHHOM HpaiMephbI
R1 u F2. Ix MOXHO yanutb 00pabOTKOM CTpenaBUINHOBBIMH IPaHyJIaMH.

D. Cucmema ¢ mpems npaitmepamu

B eme omHoM crnocobe, ommcanHom Tyson ¢ coaBT., obObemuHmiu cucremy I[ILIP-
amMIupuKaMu ¢ TpeMs npaldMepaMH TyTeM pa3felieHHs B KaIuX 3MYJbCUH IS
raryIOTUITMPOBAHUS CTPYKTYpHO cioskHol obnactu (Tyson et al. BMC Genomics 2012;13:693).
AHajormuHo crocoOy, ommcanHomy Wetmur ¢ coaBt., cucremy IIIP wHactpownm s
UCIIOJIb30BAHUsl B OMYJIbCUSIX C O4eHb HU3KOM KOHUeHTpauuein JIHK-muimenn, tak 4To kaxkaas
KaIuis SMYyJIbCUU Cconepskana ofHy JUMHHYI0 Monekyny JHK-mumenn. B ornuuune ot cnoco0a,
onucaHHoro Wetmur ¢ coasT., B criocode, pa3padboraHHoM Tyson ¢ COaBT., UCTIONB30BAIH BCETO
3 mpatimepa.

Ha ¢ur. 2A-2C nokazana cucrema III[P ¢ Tpems mpaliMmepamu, uCHoib3yemMast IJist
amMIIMQUKaLMY IBYX Pa3IMYHbIX oOnacTei-mumeHeit A u B.

Ha ¢ur. 2A mnpsmoii npaiimep F3 u oOparueii npaiimep R3 wucnonesyrorcs ms
amrTuduKau 001acTu A.

Ha ¢ur. 2B obparnbiii npaiimep R3 cocrout u3z nByx uacreid. 3'-koHer 205 comepkut
HYKJICOTH/IbI, KOMIUIEMEHTAPHbIE IOCJIENOBATEIbHOCTIM 00NacTh A, Tak YTO OH MOXKET
CITyKHUTh TIpaiiMepoM aisi amruinpukanuu odjactu A. 5'-koner 210 R3 kommnemenTtapen B'-
obmactu obnactu B.

Ha ¢ur. 2C mnocne IIP-ammmudukaumu obnactu A ¢ wucnonb3oBanuem F3 u R3
NPOAYKTHl aMmIunpuKanuu coxepkar 3'-koHen 215, komruiemeHTapHbI B'-00mactu. JtoT
aMITU(UIUPOBAHHBIA MPOAYKT MOXKET CIYXKUTh IpaiiMepoMm st amrummpukauuu obnactu B
BMecTe ¢ oOpaTHbIM mpaiimepom R4. B pesynbrate obmactn A m B MoxHO cBsi3aTh Ipyr ¢
apyrom. Kaxneiii cBszanHbii npoxnykt TP cocrout m3 obmactu A u obmactu B omHOM
mogiekysbl JIHK u mpencrasisier coOoli ramioTur.

Ha ocHoBe cmocoba, onmcanHoM Tyson ¢ coOaBT., B KadecTBE BTOPOrO payHza
amruduKanuy Ay oTOOpa CBS3aHHBIX MOJIEKYJI, HECYIIMX KOHKPETHBIN ajulelb B 00JacTu A,

ucnonb3oBanu ajenb-cnenuduyeckyto ITIP. OTOop CBs3aHHBIX MOJEKYJ MOXHO BBINOJHUTH
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NyTeM aMIUIM(UKALUN C UCTIONBb30BAHUEM MPSMOro NpaiMepa, Crenu(pUIHOro Mo OTHOIIEHHIO
K ONpefeNIeHHOMY aJUIeNio B 00nacTu A, u oOpaTHOro mpaiimepa B koHie obmactu B. Takum
oOpa3zom, aMIUIMUIUPYETCS TONBKO OJUH W3 TallJIOTUIIOB, NMPUYEM aMIUTM(UIIMPOBAHHBIN
TafulOTHII COOTBETCTBYET KOHKpETHOMY aiteno B obmactu A. OToOpaHHbBIE MOJIEKYJIBI
CEeKBEHHPOBAJM C MHCIOJb30BAaHUEM CekBeHHpoBaHUs 1o CoHrepy [uid ONpeAeseHus
HIOCJIEIOBATENILHOCTH B oOnactu B, uTto0b! obecneuntb BO3SMOXKHOCTD (pasupoBaHUs ajjenel B
obnactu A u obnactu B.

L. IIpobnemsi

B stux cnocodax Ha ocHoBe [1LIP UCHOIB3YIOT pydYHOE TOJNyUYEHHE KATETbHON MY JIbCHH
s pacripenenieHust IHHEbIX MoJiekysl JIHK-mMaTpuiibl B odueHb pa30aBiIeHHON KOHLEHTPALUU
N0 OTAENBHBIM KaIUIM. DMYJIbCHUI0 OOBIMHO OOpa3yrOT MyTeM BCTPSXHBAHUS CMECH Macia U
BOJHBIX PEeareHTOB, ucnoyibdyemoit st peakuuu [P, Ognako pacnpenenenue monekyn JJHK
IO OTAENBHBIM KAIUIIM C HCIOJIb30BAHHEM 3TOTO PYYHOIO Crocoda COMPSDKEHO C PSIIoM
npodiem.

Bo-niepBBIX, HENMB3s TOYHO KOHTPOJIHPOBATH 00BEM Kamenb. B pesyibraTe CylnecTByeT
OTHOCHUTEJIbHO BBICOKasi BEPOSITHOCTh TOro, 4rto 1Be uian Oomee monekynol JHK OynyT
pasMelleHbl B OAHOW KpymHOHM kamje. Takas cuTyauus NpUBEAET K HENPaBUIBHOMY
omnpeneneHuro (as3sl ajuenel B pas3HbIX Jokycax. bojuee Toro, addextusHocTh peakiun I[P B
pa3NMYHBIX Karusax OyneT HeoawHakoBa. B sTux mpeppinymux crocodax ¢ HCHOJIb30BAHHUEM
aHanmu3a Ha OCHOBe 3MyJbcHOHHOI I[P cBsi3aHHBIE NMPOAYKTHI 3aTeM aMIUTM(DHULHUPOBAIH C
UCTIONIb30BaHNeM aienb-cnennduueckor TP s ammmudukammu monexyn JAHK, Hecymux
OOWH M3 JIByX ajuleNiell B IEepBOM JIOKyce (Hampumep, B oOmactu A). 3aTeM BBINOJHSIH
cekBeHupoBaHue 1o CoHrepy ans onpeneneHus ajuielst BO BTOPOM JIOKyce (Hampumep, B
obnactu B), CBSI3aHHOM C KOHKPETHBIM AJUIEJIEM B TIEPBOM JIOKYCE.

Crioco0 Ha OCHOBE MLP ¢ MEPEKPHIBAIOIIUMUCS MpaiiMepaMu

B Hacrosimmedl 3asBK€ Ha TATEHT AaBTOPbl ONMCHIBAOT HAAEKHBIE CHOCOOBI
rafjIOTUNIHMPOBAHUS, KOTOpPble MOIYT HCIOJb30BaTh MHKPOXHUIKOCTHBIE CHCTEMBI s
CBSI3bIBAHUSI HECKOJIbKMX MULIEHeW Ha ogHol mosekyie [IHK, mpudem cBs3aHHBIE MOJEKYJIbI
CEeKBEHHPYIOT MyTEM MAaCCOBOTO MapajuIeIbHOTO CEKBEHHUPOBAHHSA. JTH CIOCOOBI MOTYT OBITH
0COOEHHO TMOJIE3Hbl ISl TAIUIOTUIHMPOBAHUS OONACTEH, BKIFOYAKOIINX BAaPHAHTBI, KOTOPBIC
HeJb3s1 TeHOTUITUPOBATh NMPOCTHIMU METOAMKAMHU JUCKPUMUHALIMY anjiesell, Halpumep, ajuiesb-
cneundugeckoit 1P mnm ¢ moMompio anenb-crnennpuaeckux (GiayopecrueHTHhIX 30HA0B. B
HEKOTOPBIX BApHAHTAX PEATU3aLMU MOYKHO HCIIOb30BaTh MUKPOKUAKOCTHYIO I poyto TTLIP-
CHCTEMY MJIsi CO3JAaHUS MENKOIUCIEPCHBIX Karlelb, Hampumep, OOJBIIMHCTBO M3 KOTOPBIX

comep:kat He Oomee oxHoil mnuHHON Monekynsl JIHK, oxBarbiBaroimiel paccMaTpuBaeMyro
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obnacte. IIP-amrumdpukanuo MOXKHO BBINOJHATH HAa JBYX WM 0OJee paccMaTpUBAEMbBIX
obmactsix opmHoi numHHOM Monekynsl JIHK ¢ wucnomp3oBanneM  BbICOK03((EKTUBHOM
NOJIMMEpasbl, HAIpUMep, nojauMepassl Taq u AByX HaOOPOB mpaiiMepoB, HO HE OrPAHMYUBASICH
eil. Mcnonp3oBaHue TakUX MOJMMEPa3 MOXKET 3HAYUTENIbHO yBEIUYUTh NPOU3BOJUTENBHOCTD 3a
CUET COKpALIEHHs] BPEMEHH IOJNyUeHHsI MPOAYKTOB aMIUTU(DUKALINH.

CylecTBylOT JOCTyHHbIE JJIsI NPUOOPETEHUs]  yCTPOMCTBA, KOTOpPBIE  MOTYT
aBTOMATHYECKH T'€HEPUPOBATh THICSUM Kamesb pa3MepoM IOpsiika HAHOJUTPA 3a KOPOTKOE
Bpemsi, Hampumep, BioRad QX200 Droplet Generator, Elveflow Droplet Generator Pack u
Micronit Microfluidic Droplet Generator, HO He orpaHuuuBasicb uMu. Kpome TOro, MOKHO
UCTIONIb30BaTh JAPYTHe CHOCOOBI CO3MaHMS OTACIBHBIX KOMIIAPTMEHTOB 1yl peakuuu [ILIP,
HanpuMep, MUKPOQIIFOUIHbIE CHCTEMbI, HO HE OTpaHMYHBasCb UMHU. [IpUMephl TakUX CHCTEM
BKIrOUaroT cucremy Fluidigm BioMark u cucremsl, npenocrasnsiembre Microfluidic Chipshop.

XOTsl HUCIOJNb30BAaHUE TAaKOW MOJUMepasbl yBeIUUHMBaeT 3((HEKTHUBHOCTD M MOXKET
o0ecreynTh ONHOPOIHOCTh Karelb, TaKHe IOJUMEPa3bl MOTYT CO34aBaTh MPOOJIEMBI H3-32
no0aBjieHHsT JOMOJHUTENBHOTO [A] K 3'-KOHIy YIUIMHEHHOHM MOC/IENOBAaTEIbHOCTH. Takoe
nobaBieHHe MOXKET TPUBECTU K BEPOATHOMY OTCYTCTBHIO kKomruieMeHTapHocTH OLR 110 u
koHIa 210. B BapmaHTax peanusaluy MPHUBEIEHO BO3MOXKHOE pEIIEHHE TaKOH MpoOJeMBbl C
COXpaHEHHEM BO3MO)KHOCTU MPUMEHEHHUS BBICOKO3((EKTUBHBIX MTOJINMEPA3.

F. Jlobasenenue A 6 oopammsiii npaiimep: nocieoosamenvnocmu 6 oonracmsax A u B -
cneyugpuyeckue nonoocenus 2enoma, cooepxcawyue A u T

Mo:xHO BBIOpaTh 00JIACTH AJISI CBA3BIBAHUS, JUII KOTOPBIX HAJTMYHE TOMOIHUTEIBHOTO A,
n00aBIIeMOro mojMMepa3aMyu Ha 3'-KOHIAX, SIBJSIETCSl MPEUMYINeCTBOM. MOXKHO BBbIOpaTh
obmacte ¢ T Ha S5'-KOHIlE AJIT KOMILJIEMEHTAPHOCTH IOMOJIHUTENbHOMY A, n00aBlisieMOMY
MOJIUMEPA3aAMH.

Ha ¢ur. 3A-3F npowmmtoctpuposan criocod [P ¢ nepekpbiBarouMucs npaimepamu ¢
HCIOJIb30BAHUEM COOTBETCTBYIOIIMX TE€HOMHBIX MmojoxkeHuil ¢ T u A cormacHoO BapuaHTam
pean3auy HacTOSIIIEr0 H300pETeHHUSI.

Ha ¢ur. 3A nokazana tonbko nenmb Yorcona amuHHON Monekynel JIHK. Ilpsimoit
npaiimep FS u obpatueiii nparimep RS ucnonb3yror mist amrmmudukanuu odmactu A. Tlpsimoid
npaiiMep F6 u obparubiii npaiimep RO ucnons3yrot ans amrndukanuu odbmactu B. O6macts A
CKOHCTPYHpOBaHa Tak, 4To Ha 3'-koHue 307 Haxomurca tumuH. OOnacte B cneumanbhO
CKOHCTPYHPOBAHA TaK, YTO HYKJICOTU], PACIIONIOKEHHBIN rocie (B 3'-HampasieHuu oT) 3' KOHIa
npaiimepa F6, npencrasisier codoit anenosun 308. Toueunas nuaus Mexay odnactsmu A u B
npexacrasisier coboit ¢parment anunHoW JIHK, mHampumep, pasmepom ot 100 mo 100 T.m.o.,

MPEICTABISIIOIHN COOO0M MPOMEKYTOUHYI0 00sacTh 305 Mexny obnactsimu A u B.
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Ha ¢ur. 3B na S5'-koHue obOparHoro mpaiimepa RS pasmemiaror IOMONHUTENBHYIO
nocienosarenbHocTh 310, komruiemeHtapHyro F6. Dta obmacte mpaiimepa Ha3bIBaeTCs
nepekpbiBaromeiics odnacteto (OLR). 3'-komen RS wucnonbsyror anst BeimosnHenust [ILP-
ammmudukanuu odrmactu A. AnenosuH 309 ormenser OLR 310 or mocnenoBarenbHOCTH
npaiimepa 312 nus obnmactu A. Anenosus 309 komruiemenTaper TuMuHy 307 B obnactu A.

Ha ¢ur. 3C nocne INIP-ammmndukanmm k 3'-KOHIY KaKIOH M3 YeThIpeX yIUIMHEHHBIX
ueneii (t.e. ueneit W, X, Y u Z) nonumepasa 100aBiiseT TOMOJHUTENbHbIE OCTATKH aJeHO3HHA
[A] (Hanpumep, 319 u 329). llenu X u Y - 370 ase uenu [T[P-aMminkoHOB o0nacTi A, a menu
W u Z - nse uenu ITI[P-ammukona obnactu B. JlonoaHUTEnbHBIN OCTaTOK aneHo3uHa 319 Ha
3'-koHe wnermu X MOMKET MOBBICHTh 3(PQPEKTUBHOCT U CHEUU(UIHOCTh TMOCIIEIYIOIIEro
oovenunenus: [IP-ammmukoHoB obOmactu A u obmactu B. bosnee Toro, OONBIIUHCTBO
CYLIECTBYIOIUX IOCTYMHBIX I MPUOOPETEHUs] MHUKPOKMAKOCTHBIX CHCTEM HCIIONB3YIOT
nojuMepasy,  AOOABISIIOIIYK0  MOMOJNHUTENbHbIA  [A] ¥k  3'-KOHIy  yIUIMHSEMOM
MOCJIEI0BATEILHOCTH.

C nmpyroit CTOpOHBI, TIOCKOJBKY B KaKIAOW aMIUMDUIHUPOBAHHON memu oOjacTu A
HAXOAWTCS JOTIOJIHUTENbHBIN OCTaTOK aJeHO3WHA, mpaiiMep F6 momkeH OBITh CHEIHATBHO
CKOHCTPYHPOBAH TakK, YTOOBI HYKJIEOTH], PACHOJIOKEHHBbIH mocne (B 3'-Hampasneruu or) 3'
KoHIa rnpaiimMepa F6, sBisncs aneHosnnom 308 Ha ¢ur. 3A u 3C. AHanorudHbIM 00pa3oMm, caiiT
cBsi3biBaHUSL RS st omkura B o0nmactu A noypkeH mpeactasisath coboit TumuH [T] (307, kxak
NPOMUIIOCTPUPOBAHO Ha dur. 3A).

Ha ¢ur. 3D nens X u nens Z omKUraroT apyr ¢ apyrom B oomactu OLR. Tumun [T] 307
Ha 5'-xoHue caiita omxkura RS B obnactu A cBsizbiBaercsi ¢ ageHo3uHoM [A] 329 Ha 3'-koHue
ueu Z. Tumun [T] 331, cosmansbiii agpenosuHoMm 308, mpunerarommm K 3'-koHIy FO,
CBsi3bIBaeTCsl ¢ aneHo3nMHOM [A] 319 Ha 3'-xoHue menu X. OTU nBa caiita cBsisbiBaHUS A-T
yaydmarT 3G PeKTHBHOCTh U CIEUU(UIHOCTDb CBSI3bIBAHUSA LETTH X 1 LenH Z.

Ha ¢ur. 3E nocne ucnonb3oBaHusi npaiiMepoB Henu X u Z MOXHO CBSI3aThb OPYT C
APYyTOM IMOCPEACTBOM YIJIMHEHHs] nojumepaszoi. T.e. MOXKHO HCHONB30BaTh MONUMEpA3y I
YAJMHEHUs] BEPXHEH Lenu BIpaBo (B 3'-HANpaBJICHWH), a HIDKHIOK IIeMb MOXXHO YIJMHHUTH
BJICBO (B 5'-HampaBJICHUN).

Ha ¢ur. 3F BHyTpH peakIMOHHBIX KOMIIAPTMEHTOB KOHIEeHTparmu RS u F6 moryT ObiTh
HIDKE, 4eM, Hampumep, KoHueHTpauuu FS5S m RO, Tak 4TO mocie CBA3BIBAHHUS MNPOUCXOAUT
amMITUpUKanys yAJIMHEHHOTO aMIUIMKOHA. IIprMepsl COOTHOIIEHHUS MEXAY 3THUMH TPYIIamMH
npaiimepos (RS u F6 o cpaBuenuto ¢ F5 u R6) Bximrouaror 1:100000, 1:50000, 1:10000, 1:5000,
1:1000, 1:500, 1:200, 1:150, 1:100, 1:80, 1:60, 1:40, 1:30, 1:20, 1:10 u 1.5, HO He

orpaHnyuBaroOTCs UMU. [IpuunHa Hammuus Oosiee HU3KKUX KoHLeHTpaunii RS u F6 3akmodaercs B
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HEOOXOMUMOCTH TapaHTHPOBAaTh HX HCUEprNaHue rmocie (GOpMUPOBAHHUS TOCTATOYHOIO
KomyecTBa Lened X u Z Bo uzbexaHne oOpa3oBaHMs Ype3MEpPHOro KoimyecTna Lerned Y u W.
Otnenbuble e Y u W He HecyT HHQOPMALMIO O TAIUIOTUINAX B OTHOIIEHHH obnactel A u B.
Kpowme Toro, nenu Y u W MOryT B3auMozieiicTBOBaTh MJIM 0OPa30BbIBATH F’HOPHUIHBIE IPOIYKTHI
c mponykramu ammupukanuu obimacth A u obnactm B u3 gpyroro kommapTMEHTa B
HOCJIEAYIOIIEM TIpoLecce. ITO MOXKET BIHMATh HA TOYHOCTB criocoda rarotunuposanus. bosee
BbICOKME KOHUeHTpauuu F5 u R6 mno3BomstoT 3TUM  1ByM mpaliMepamM  OCYLIECTBUThb
okoH4aTenbHyo [TIP-aMmngukanuio CBI3aHHBIX NOCIENOBATENbHOCTEH. B npyrux Bapuanrax
peanuzanmy Uil aMIUTMPUKALNKA yAJHHEHHBIX aMIUTHKOHOB MOXXKHO TPUMEHSTb OTIENbHYIO
nporeaypy ammumpuKanuud WM BooOme He aMIummuuupoBaTh WX, HANpUMEp, IpH
UCIIOJIb30BAHUN CEKBEHUPOBAaHMsI €AMHCTBEHHON MOJIEKYJIbl [JJIsl aHajau3a yAJUHEHHBIX
aAMIUIUKOHOB.

ITocne mony4eHUs] yAJIMHEHHBIX aMIJIMKOHOB MX MOKHO aHAJIM3UpPOBATh, HAIpUMeEp, C
MOMOIIBEO ajutenb-crieruduaeckoit [P mnu cekBeHUpOBaHHUSI.

Ha ¢ur. 3A obnacte A CKOHCTpyUpOBaHa Tak, 4yTo Ha 3'-koHIEe 307 HAXOMUTCS TUMUH, &
¢dbparmMeHT KOMIUIeMeHTapHOro mpaiimepa RS Bkmrowaer A 309 Ha xonme. Takoe crnenudpuaHoe
pacnionoxenue aneHo3wHa [A] 309 Moxker ObITH MONE3HO Uit OObeOUHEHHsT O0JacTH A o
obmnactu B. [{nsa INLP-ammndukanun odnactu B ¢ ucnons3osanuem F6 u R6 k 3'-koH1y nenu
Z noGaBunu nonoiHUTeNbHbIA aneHo3uH [A] 329 (¢ur. 3C). Ilocnenosarensrocts OLR 310
coBnanaer ¢ nocienosarenbHocThio OLR Ha nenu Z (¢ur. 3D). [na co3panus ruOpUIHBIX
NPOAYKTOB, COAepKaIiux obnacte A u obnacts B, HeoOXoanMa MoHash KOMIUIEMEHTAPHOCTh
nocyefoBaresibHOCTeH Ha 3'-koHnax uenu X u uenu Z (puc. 3D). BHenpenue apenosuna [A]
309 B RS HeoOxomumo ansi oOecriedeHHsi KOMILIEMEHTAPHOCTU JOTOJHUTEIbHOTO aaeHO3UHA
[A] 329, nobaBnenHoro k 3'-koHuy nenu Z, TumuHy [T] 307 B nenu X. AHaJIOrHYHBIM 00pa3oM,
noymMepasa 100aBsieT TOMOTHUTENbHBIN aneHo3uH [A] 319 k 3'-koHuy nenu X. AneHo3uH [A]
308 B memu W mpemHa3HayeH Il oOecredeHUss KOMIUIEMEHTApHOCTH aneHo3wHa [A] 319
tumuny [T] 331 B menu Z (¢ur. 3D). Takoe pacmonoxkeHne obecrieunBaeT Oojiee MOIHYIO
aMIUTUPUKALHMIO € TIOJYYEHUEM YIJIMHEHHBIX aMIUIMKOHOB, OXBAaTBIBAIOIIMX 00€ 00nacTH, ¢
OonbLrei 3 PeKTHBHOCTHIO.

G. Jlobasnenue A 6 obpammuutii npaiimep. necneyupuyecKkue ON0NCEHUS 6 2eHOME

Kak onucano Bbime Ha ¢ur. 3A, obnacte A CKOHCTPyHpOBaHa Tak, 4To Ha 3'-koHue 307
HAXOIUTCS TUMHH, a KOHEI| ()parMeHTa KOMILIeMeHTapHoro mpaiimMepa RS comepkut A 309.
OnHako B HEKOTOPBIX BapUAHTAX PEANU3aLUU KOMIJIEMEHTapHBIA (parMeHT npaiMepa MOKET
3aKaH4YMBATbCs HEMIOCPEACTBEHHO nepen A, U A MOKET SIBIATHCS JOTOJIHUTEIbHBIM OCHOBAaHUEM

(3 ¢parment) mexny xomrieMeHTapHbIM (pparmeHToM u OLR-¢pparmenTtom. Takum oOpasom,
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Ha KOHIle obyacTu A He 00s13aTeNbHO NOJDKEH HaxoauTbes T. BMecTo 3Toro nononHuTenbHbIA A
MOXeET BbI3BaTh fo0aBieHue T npu amrmrdukanun.

Ha ¢ur. 4A-4C npommmroctpuposan criocod I[P ¢ nepexpsIBaroIiuMucs npaiimepamu ¢
UCTIONIb30BAaHNEM OOpaTHOro mpaiimMepa ¢ J0OaBJIEHHBIM A COIJIACHO BapHaHTaM peasn3aluu
Hacrosiero n3ooperenus. Ha ¢ur. 4A nokaszana monekyia JJHK ¢ obnacteio A u obnacteio B.
Ha 3'-xonue ob6nactu A MOkeT He HaXoAuThCsl TUMUH [T], B oTiindme ot obnactu A Ha ¢ur. 3A.
CoOTBETCTBEHHO, B TOM aJbTEPHATUBHOM KOHCTPYKIMH Ha Gur. 4A caiiT omkura Ha 5'-KOHIE
R5 He 00s13aTeNbHO AODKEH NPeacTaBisaTh coOok TiumuH [T].

Ha ¢ur. 4B mnoka3an oOpatHblii npaiimep RS. JlomosnHurenpHb aneHo3uH [A] 409
MOYKHO TIOMECTUTD MEXKAY TMOCIEA0BATENIbHOCTHIO npaiimepa 403 st obmactu A u OLR 410.

Ha ¢ur. 4C nokaszanbl [Il[P-amrinkoHbl, 0Opa3oBaHHbIE  TpaliMepamH.
HononauTenbHbid [A] 409 moxer Bbi3biBaTh NosiBiaeHUE [T] 413 B ueru X nis CBSI3bIBAHUS C
[A] 415 Ha 3 'koHume mermm Z. [A] 415 npencraBnsier coOO#l JOMOJNHUTENbHBIN aleHO3MH,
nobaBeHHBIH MOTMMEPa3oi K 3'-KOHIY aMILUTMKOHA.

JlononHUTENbHBIH  aneHo3uH [A] B oOpaTHOM 1mpaiiMepe MOKET TIO3BOJIUTH
KOHCTpyupoBarh obnactu, Ha 3'-KOHLE HaxomuTcs JioOol Hyksieotua. OOmacTb MOXKHO
CKOHCTPYHpPOBaTh Ha OCHOBE (DaKTOpOB, Ha KOHLIE KOTOPBIX Haxoautcss He THUMUH [T].
Hanpumep, MOXHO CKOHCTpyHpOBaTb OOJNACTH ONPEAENICHHOW IJIMHBI WM  o0JjacTy,
oxBarbiBaroiue onpeneneHHsle OHIT 6e3 yuera Haauuus THMHUHA Ha KOHLIE 00JIacTH.

H. Jlobasnenue A 6 oopamnuiii npaiimep u npamoii npaiimep

B cuenapun, m3obpakeHHOM Ha ¢ur. 4A, obmacte B mo-npeskHeMy TOJDKHA COAEpIKaTh
A 404 mnocne obmactu OLR. B HekOTOpeIX BapHaHTax peaju3alMd MOXKHO J00aBUTH
JOTOJTHUTENIbHBIN A Kak K oOpaTHOMYy mpaiiMepy RS, Tak u k npsimomy mpaiimepy F6.

Ha ¢ur. 5A-5D npoumumoctpuposan criocod [P ¢ nmepekpbIBarO LIUMUCS IPaliMEPaMH C
UCTIOJIb30BAaHHEM OOPAaTHOTO U MPSIMOTO MPaiMepoB C NOOABIEHHBIM A COIJIACHO BapHaHTaM
peanH3auy HacTOSIIIEro n300peTerns. B 3Toll npyroil ambTepHATUBHOW KOHCTPYKIHMHU S'-KOHIIBI
kak RS, Tak 1 F6 MmoryT opMupoBaTh HCKYCCTBEHHYIO MOCIIEIOBATEIBHOCTb.

Ha ¢ur. 5B nBe ykazaHHbIE HCKYCCTBEHHbIE IOCJIEIOBATEIbHOCTH KOMILIEMEHTAPHBI
apyr  apyry. JonomautensHbii  ameHo3uH  [A] 509 MOXKHO TIOMECTHTb  MEXKIY
nocnenoBaTenbHOCcTsIMU npaiiMepa 503 u OLR 510, npuuem A mo-npekHeMy BXOAMT B COCTaB
HCKYCCTBEHHBIX ITOCNefoBaTeabHOCTeN, HO He B cocTaB OLR.

Ha ¢ur. 5C anenosun [A] 509 Ha RS npuBoaut k nosieienuto [T] 513 Ha nenu X mexxay
OLR u IIP-ammmkonom. Itot [T] 513 cBsazeiBaercs ¢ [A] 523 Ha 3'-koH1e nenu Z. ANeHO3UH
559 B F6 mpusoaur k nosienenuto [T] 563 mexay OLR u ILP-amnnaukonom B nenu Z. Jtot [T]

cBs3bpIBaeTcs ¢ [A] Ha 3'-koHue nenu X.
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B sTom mpumepe OLR oOpatHoro mpaiiMepa komruiementapaa OLR npsimoro npaiimepa,
NO3TOMY TpPeOOBaHUs K IOCIENOBATENbHOCTH OOJjlacTell OTCyTCTBYIOT, U pabora ¢ OLR wmper
MOJHOCTBIO B IIpaniMepax.

Ha ¢ur. 5D noxkaszano cesspiBanue nenu X u uenu Z B OLR. Kaxayro nenbs MOXHO
YAJHHUTE ¢ 00pa30BaHUEM JBYLIETIOUEHHOM MOJIEKYJIbI, COAeprKaliei ooe uenu odbnactu A u obe
uernu obnactu B.

L IIpaiimepsr Ona amnnughuxayuu 2ubpuonsix npooykmos I[P

Crnenuduynple mnpaiiMepsl MOKHO TNPHUMEHSATh ISl CTUMYJSILMK  aMIUTH(DUKALNAN
rubpuanbx npoayktos I[P, coneprkamux nBe o0iacTsMy, a He MPOXYKTOB aMILIH(HUKALINY,
BKJIFOYAIOLINX TOJBKO OfHy obmacte. Crempduunble mpaiiMepsl MOTYT aMIUTH(QHULIHPOBATH
rubpuanbie npoaykTel [TLP O6e3 amruimdukanmm oOnacTeil, KOTOpbIE CaMH €lle He ObLIH
aMITUUIUPOBAHBL. DTHU TpaiiMepbl MOKHO HCIOJNB30BAaTh B BBICOKMX KOHLEHTPALMSX I10
CPaBHEHHMIO C APYTUMH mpaiimMepamu ayisi oOpa30BaHUS OOJBIIOTO KOJWYECTBA THOPHIHBIX
npoaykros IILP.

ITpsimoit mpaiimep Ge3 oTaenpHON nepeKpbIBarolneiics: obmactu

Ha ¢ur. 6 mnpowwmoctpupoBan mnpuranmn crocoda [P ¢ mnepekpoiBarommmucs
npaiiMepamMl M JIUTHPOBAHMEM aJaNTepPOB, HCIHOJB3YIOIEro NpaiMepel I CTHMYJISLUAN
ammmudukanuu rubpunseix npoxykros [IIP. B peakunonHbI KOMIapTMEHT M0O0ABISIIOT
matpuny JIHK u mects npaiimepos: F1, R1, F2, R2, F3 u R3. IIpaiimeps! F1, R1, F2 u R2 moryT
ObITh aHasornunbl npaiimepam F5, RS, F6 u R6, coorsercTBenHo, Ha ¢ur. 3A-3F. O6nacts 1 u
obmacte 2 mpencTaBisIOT COOOM JBE MMHIIEHH, KOTOpPbIE SIBJSIFOTCS MHLICHBIO aHAJIM3a
¢asupoBanus ramiorunos. O6aacte 1 MokeT ObITh aHajOrHuHa obnactu A Ha ¢ur. 3, a 00nacTb
2 MoxeT ObITh aHaJIOrM4YHa obnactu B Ha ¢ur. 3.

Toueunass nuHMA NpencTaByiseT coOOH TeHOMHYH 00JacTe Mexay obnacteio 1 u
o0nacTeio 2. DTH 1BE 00JIACTH MOTYT OBITh Pa3AeieHbl HECKOJIBKIMHU THICSTYaMH T1ap OCHOBAHUIA,
JUTMHA TOYeYHOU JIMHUU n3o0pakeHa He B MaciuTabe. F1 u R1 npencrasisroT coboii npaiimMepsl
s amrundukanun obmactu 1. F2 u R2 npencrasnstor coOoii npaiiMepsl, MPUMEHsIEMbIe IS
ammndukanmu obmactu 2. S'-koHenm R1 comepskut mnepekpeiBaromyrocs obmacts (OLR),
KoMIuieMeHTapHyro F2. DTo mepekpbiBaHMe NO3BOJSIET CBSA3bIBaTh 001acTh 1 u obnacte 2 (kKak
nokasano Ha ¢ur. 3E u 3F).

Onno kiroueBoe oTnuue Ha ¢ur. 6 o cpasHeHuto ¢ ¢ur. 3A-3F u 4A-4C 3akmovaercs
B 100aBIIEHNH JOTIOJIHUTENbHON napel npaiimMepoB F3 u R3. Drta napa npaliMepoB UCTonb3yeTcs
st amrutagukauu rudpunHeix nponykros [P, comepxxamux kak o0nactsb 1, Tak u 00macTsb 2.
Bxurouenne stoii nape! npaiimepos (F3 u R3) ocobenno nonesHo s oObenuHeHus Oomnee uem

nByx obOnacred. Mcnomb3oBanue miisi oObenuHeHUss Oojiee ueM AByX oOjactel moxpoOHO
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orucaHo Hwke. [lockonbky S'-koHen 604 R1 xommnemenTtapes F2, npoaykrer [ILP obnactu 1 ¢
ucnonp3oBanneM F1 wu R1 wmoxkHO oObenunuth ¢ mnponykramu IIIP  obmactm 2.
ITocnenoBarensHOCTh S'-kK0HIOB F1 n R2 (608 u 612) ananoruyHa mnocienoBaTeNbHOCTH 3'-
koHIOB F3 u R3 (616 u 620), coorBercrBernno. Obnacte nepekpsiBanust F1 u F3 obo3znauena
kak obmactb amantepa cexkBeHupoBaHus | (SARI1), a obnacte mnepekpeiBanus R2 u R3
obo3HaueHa kak obnactb anantepa cexkBeHnpoBanus 2 (SAR2). B pesynbrare Brmoyenns SAR1
u SAR2 F3 u R3 MOXHO pUMeHATD 1151 aMIuTH(UKauy rTHOPUIHOIO MPOAYKTA, COAEPIKAIIEro
obnacte 1 1 obnacts 2.

YnnuneHHbli aMmrinkoH, oOpasoBanubiii F1, R1, F2 u R2, Moxker ObITh aHajoOruyeH
uernsiM Ha ¢ur. 3F. Onnako nmockonbky F1 Bkmroyaer SARI, a R2 Bkiouaer SAR2, nBe uenu
JHK, pacrnonoxeHHble Ha OJHOM KOHIE VUIMHEHHOTO aMIUTKoHa, coxepxkar SARI wu
MOCJIEIOBATEIbHOCTh, KoMIuieMeHTapayo SAR1. JIse uenu JJHK, pacnonokeHHble HA Apyrom
koHIe, conepxkaT SAR2 u nmocnenoBarenbHOCTh, koMIieMeHTapHy0 SAR2. 3atem npaiimepsl
F3 u R3 wmoryr ammuudunmpoBaTe 3TOT VIUIMHEHHbI aMrumikoH. Ilocie 3toro
aMIUIUQUIIMPOBAHHBIE YJIMHEHHBbIE AaMIUIMKOHBI conmep:kart cekuuu 624 F3 u 628 R3,
NpeAHA3HAYeHHbIE /U1 CEKBEHHUPOBAHMs, W KOMIUIEMEHTapHblE WM OOJACTH, Hampumep,
azanTepel, MPUCOCOUHEHHbIE K MPOTOYHOH sueiike. Takum obpaszom, aMrumuIupOBaHHbBIE
YAJIMHEHHBbIE aMIUTMKOHBI MOKHO JTOTIOJHUTENBHO aMIUTH(HULHUPOBAaTh C MOMOILIBIO MpaiMepoB
F3 u R3, xoropsle MOryT OBbITb MOJHOCTBIO KOMIUJIEMEHTApHbl HA4YaJbHOW MM KOHEYHOMN
NIOCJIEIOBATENBHOCTSM aMITTU(ULUPOBAHHBIX YITMHEHHBIX aMIUIUKOHOB.

JInst cHKeHus: BIAMAHUST HeruOpuaHbix npoxyktoB TP obmactu 1 m obmactu 2,
koHUeHTpauuu F3 u R3 MOxHO 3apaTh BbIlE, 4eM KOHLEHTpauuu Apyrux npaiimepos F1, F2,
R1 u R2. TTpumeps! oTHomeHust koHueHTpauuii F3 n/um R3 k mobomy omHomy wmimu Gosee u3
F1, F2, R1 u R2 BkirovaroT oTHowmeHus, Oonpmue win pasueie 5:1, 10:1, 20:1, 50:1, 75:1,
100:1, 200:1, 500:1, 1000:1, 2000:1, 5000:1, 10000:1, 20000:1, 50000:1 umu 100000:1, HO He
orpaHu4uBaroTcs UMHU. bonee Huskue koHueHtpauuun F1, R1, F2 u R2 ysennuusaroT
BEPOSITHOCTb WX HCYEPHAaHUs Mociae OOpa30BaHUS TUOPUAHBIX NPONYKTOB U OTCYTCTBHS
3HAYUTEIHHOTO KOJMUYECTBA HErMOPUAHBIX MPOAYKTOB. 5'-koHIB!I F3 1 R3 nmpenHazHaueHs! aus
oOyierueHnss CEKBEHHPOBAHUS TUOPUAHBIX NPONYKTOB. HernOpumHble NPOAYKTBI MOTYT
COEAMHATHCS C HETHOPHIHBIMH TPOAYKTAMH U3 APYTrOro KOMIIAPTMEHTa B MOCIENYHOIINX
MPOLIECCAaX aHAIN3a U BIUSATh HA TOYHOCTDb aHAJIN3a IalNIOTUIINPOBAHUS.

B BapmaHTax peannsanuu MOCIENOBATENLHOCTh AJANTEPOB IS IUIATPOPM MaCCOBOTO
NapaJyIeIbHOrO CEKBEHUPOBAHUS, HAIIPUMED, MOCIEAOBATEIBHOCTU a1alTePOB CEKBEHUPOBAHHUS
[llumina, moxHO pasmectuth Ha S'-koHue 624 F3 u 628 R3, obecneunBas ceKBEHMpPOBaHUE

FI/I6pI/I)_IHbIX MMPOAYKTOB. B HEKOTOPBIX BapuaHTax peajlnu3ainnuun MOKHO BKJIKOYUTD
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MOCJIEIOBATEIBHOCTD, WACHTU(ULUPYIOIYIO o0pasel, T.e. HHAEeKC o0pasia, Tak 4To oOpa3Lpl,
NOJIy4eHHBbIE M3 PAa3IMYHbIX OOpa3sLOB WM 3KCIEPUMEHTOB, MOXHO OOBEAMHATH IS
CEKBEHHUPOBAaHMs WM  Jpyroro mnociedymoolnero aHanusza. Ilocne  cexBeHMpPOBaHMs
CEKBEHHUPOBAHHbIE IPOYTEHUS MOXKHO COINOCTaBUTh C COOTBETCTBYIOLIMMH MCXOJHBIMU
o0pasnamMy Ha OCHOBE MOCJIEAOBATEIbHOCTEH HMHAEKCOB 00pasLoB. JTH MOCIENOBATEIBHOCTH
alanTepoB WM WHAEKCHI 00pas3loB SBISAOTCA mpumepamu ¢parmentoB F3 u R3, momeueHHbIX
KaK «MpeIHa3HauYeHHbIE ISl CEKBEHUPOBAHMs» Ha Qur. 0.

Ipsimoii mpaiiMep ¢ OTAENbHON NePEKPBIBAIOIIEHCS 00JIaCThIO

Ha ¢ur. 7A mnokasaH emie OJuH MPUMEpP HCIOJb30BAHMS MPAHMEPOB JJISI CTUMYJISILIHU
amruuukaryy TuOpuaHbIx npoaykTos TP, 5'-konust 704 u 708 kaxkmoro u3 R1 u F2 moxHO
CKOHCTPYHpOBaTb KaK HCKYCCTBEHHYIO IIOCJEIOBaTeNbHOCTb. JTH JBE€ MCKYCCTBEHHBIE
NIOCJIEIOBATEILHOCTH JIOJKHBI OBbITh KOMILIEMEHTapHbI APYT Apyry, aHajormdHo RS u F6 Ha
¢ur. 5. Kak u Ha dur. 6, moskHO 100aBuTh npaiimMeps! F3 1 R3 mist crumymsiuny amrutndukanmm
ruOpunsbix npoaykroB I[P, ITocnenosarensHocTh S'-koHIOB 712 1 716 F1 u R2 ananoruvna
nocienosatesnbHOCTH 3'-koHLOB 720 n 724 F3 u R3, coorBercTBeHH0. OOMacTh MepeKpbIBAaHHS
F1 u F3 o0o3nauena kak oOnacte ananrtepa cekBeHupoanusi 1 (SARI1), a obnacte
nepekpbiBanmst R2 n R3 o0o3Hauena kak obnacte ananrepa cekBeHnponanus 2 (SAR2). F3 u R3
MOXXHO TPUMEHATh Il aMIUIM(UKAIUN THOPHIHOTO MPOAYKTa, coiepramiero odnacte 1 u
obnacte 2. Jlna CHI>KeHMs BIMSHMA HernOpuaHblx npoxykros TP obmactu 1 m obnmactu 2
BHOCAT Oonee BbicOokue KoHIeHTpauuu F3 u R3 mo cpaBHeHMIO ¢ KOHLEHTpaUMsAMU APYTUX
npaiiMepos F1, F2, R1 u R2. Ilpumeps! otHomenus konuentpauuii F3 u R3 x F1, F2, R1 u R2
BKJIFOYAIOT OTHOLIeHHUs1, Oonbiure wim pasubie 5:1, 10:1, 20:1, 50:1, 75:1, 100:1, 200:1, 500:1,
1000:1, 2000:1, 5000:1, 10000:1, 20000:1, 50000:1 umu 100000:1, HO HE OrPaHUYUBAIOTCS] UMHU.
bonee nuskue koHuentpauuu F1, R1, F2 u R2 yBennuuBarOT BEpOATHOCTb UX HCUEPHAHUs
nocie oOpa3oBaHMsT THUOPUIHBIX TPOAYKTOB M OTCYTCTBHSI 3HAYHMTENbHOTO KOJHYECTBA
HETUOPHUIHBIX MPOIYKTOB.

Ha ¢ur. 7B nokaszan rubpunuseiii npoaykt IILP. I'nbpunueie npoaykret [ILP conepskat
nocienosatesnibHOCTh OLR Mexay aByMst 001aCcTIMU-MULICHSIMH.

Cesi3biBaHme OoJiee ueM IByX oOnacreit

B HekoTOpBIX BapHaHTax peaju3alid B YUIMHEHHOM aMIUIMKOHE MOXKHO CBSA3aTh APYT C
apyrom Oonee omHoii obnmactu. Cesi3piBanme Ooyiee 4yeM ONHON OOJACTH MOKET 00eCIedHTh
BO3MOYKHOCTh CEKBEHHPOBaHUsI OOJIBLIETO KOMUYeCTBa o0jacTel, yem ecnu Obl 3TH 00JacTH He
OBLIN CBsI3aHbI IPYr C ApyroM. S5'-koHel oOpaTHOro mpakmMepa IJisi MepBOM OOJIACTH MOXKHO
CKOHCTPYHPOBATh TaK, 4TOObI OH ObUI KOMIUIEMEHTApEeH (hparMeHTy MpsMOro mpaiMepa IJIs

obmacth, pacronokeHHON nanee (B HampasneHuun 3'). Ilabmon ans oOpaTHOro M mpsMoOro
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npaiiMepoB MOXKHO TPONOJDKATH U BOBJIEUEHHs OTOJHUTENBHBIX OOJNAcTel Iociie NepBOil
obnactu.

J. Hexomopuie obracmu cesazanvt Opye ¢ opyeom

Ha ¢ur. 8A-8B npoummoctpuposan criocod ITLP ¢ nepexpsiBaroliuMucs npaiimMepamu
IJIsl CBSI3bIBaHMsI Oosiee ABYX oOsacted, oOecreunBaroIiii CBsI3bIBAHIE APYT C JAPYrOM JIMIIb
OTpeneNieHHbIX 00JIacTel, COrJIaCHO BapUaHTaM peaiu3aliy HacTosero usooperenus. Ha dur.
8A u 8B OLR obpaTHoro npatiMepa ogHOM 001acTH crielu(pUIHO KOMIJIEMEHTApHA KOHILY eIle
onHout obnacru, aHanorudHo ¢ur. 4A-4C, rne OLR komrieMeHTapHa MOC/eN0BaTEIbHOCTH
cnenyromero mpsimMoro mpadiMepa. COOTBETCTBEHHO, IIPU  HCIOJb30BAHUU  PA3IHUYHBIX
BBILICONHCAHHBIX CTPATErHil MOXKHO CKOHCTpyHpoBaTh OLR mnst csizbiBaHMs Oojiee 4yeM JIByX
obyacreli APyT € APYTOM.

Ha ¢ur. 8A OLR Ha S5'-koHIEe OOpaTHBIX NpaiiMepOB KOMIUIEMEHTAPHBI MPSIMbBIM
npaiimepam crenyromei oonactu. Hanmpumep, nobasnennas OLR 804 B R1 xommiemeHTapHa
F2, noGasnennas OLR 808 B R2 xommementapua F3, u T.n. [lonydeHHBIN yIJIMHEHHBIN
AMIUTMKOH BKJIIOYaeT oOjactu 1-3 B yKa3aHHOM IMOPSAKE WIHM, BO3MOXKHO, YIUIMHEHHBIE
aAMILUTIKOHBI TOJIbKO oOnacteit 1 u 2 u Tonpko obnacreit 2 u 3. Mcrnonp3oBaHNe MOBBIIIEHHBIX
KOHLeHTpauui npaitmepos F1 u R3 no3sosser noay4uTh NOTHOCTBIO YJIMHEHHBIE aMITJIHKOHBI.
Jlnsa xpaliHuX npaiiMepoB MOXKHO UCIIOJIb30BATh TAKUE K€ KOHLEHTPALUH, KaK U JUIsl IOy YeHHs]
TOJIBKO ABYX obyactedl. C MOMOIIBIO 3TOM KOHCTPYKLUH MOKHO aMIUTU(HUIMPOBATH HECKOJIBKO
obnacreit onHoro ¢parmenra anuHHON JIHK u cBsAsate ux apyr c apyrom. dasy amienei B
PasIMUHBIX OOJIACTSIX MOXKHO OIPEAEIUTH C MOMOLIBI0 MOCIEAYIOIEro aHajiu3a, Halpumep,
MacCOBOI'0 NapajlIeIbHOrO CEKBEHUPOBAHMs, HO HE OTPAaHUYNBAsACH UM.

Ha ¢ur. 8B xak oOpaTHbIii, Tak U MPsIMOiT TpaiiMepsl BKJIIOYAIOT HOnoNMHUTENbHYI0 OLR
B JIOTIOJIHEHHE K mochenoBarenbHocTH mpaiimepa. IlocnemosatensHocts OLR mpencrasnser
coboii  crmeunpuvHOE  CHEHUATM3UPOBAHHOE  CBs3bIBAaHUE  OOJacTew, HampuMmep,
nocienosatesibHocTh OLR mexny R1 u F2 (812 u 816) ornmuaercst OT MocienoBaTeIbHOCTH
OLR wmexny R2 wu F3. IlonydeHHBIH YIIMHEHHBIH aMIUTMKOH BKJIIO4YaeT oOnactu 1-3 B
YKa3aHHOM TOPSIAIKE, aHAJOTWYHOM TMOKa3aHHOMY Ha (ur. 8A, OJHAKO MPHU 3TOM HCIOJIB3YIOT
cnoco0, nokasaHHblil Ha ¢ur. SA-5D. CoOTBETCTBEHHO, B 3TOH aJbTEPHATUBHONH KOHCTPYKIUH
OLR kOHCTPyHpYIOT Ha OOpaTHBIX mpaliMepax U mnpsMmbix mpaiimepax. OLR oOpartHoro
npaiiMepa npensinymei obmactu komruiementapHa OLR mpsimoro mpaiimepa cCienyromiei
obnacrtu.

K. Jio0vie obnacmu mo2ym coeounsamscs opye ¢ Opy2om

B Hexotopeix Bapmantax peanuszaunu oOmactd OLR moryt ObITh ONMHAKOBBIMH IS

Bcex o0Omacredi. Takum o00pa3oM, CBsA3bIBAaHME HE  O0S3aTENBHO  JOJDKHO  OBITH
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NOCJIEIOBATENIbHBIM, ITOCKOJIBKY BO3MOXKHA Jit0Oast momapHas KoMOWHanusi — oOjacreil.
CrnapeHHbIe yIUIMHEHHbIE aMIUIMKOHBI MOXKHO aHAJM3UPOBaTh (HapuMep, CEKBEHUPOBATD) IS
nojydeHus nHpopmarun o raruorunax. Hanpumep, napopmauus o cnapusanuu odnacreit 1 u 2
BMecTe ¢ uHbopManmed o cnapuBaHuu 2 U 3 (uaum 1 U 3) MOXET MO3BOJIUTH MOJIYYHTH
urpopmanmio o ramwtorunax st 1, 2 u 3. Takum obpasom, oOpa3oBaHHs map MOXeET ObITh
noctaTo4Ho. [Io CcyTH, 3TOT MOIXOA MO3BOJISIET MPOU3BOJIBHO CBS3BIBATH JIOOBIE IBE Maphbl
obnacreii.

Ha ¢ur.9A-9B npowmmmoctpuposan crnocod TP ¢ mepekpriBatomuMucs npaimMepamu
IUIsl CBsI3bIBaHUs Ooyiee AByX oOJyacTel, o0ecreunBarOIini BO3MOXKHOCTD CBSI3bIBAHHS JTFOOBIX
o0yacTeil APYyr ¢ APYroM, COTJIACHO BapHaHTaM peajH3allMyd HACTOSLIero n3odpereHus. B atom
apyrom Bapuante OLR, pacmonokeHHble Ha OOpaTHOM W MPsIMOM MpaiMepax, MOTYT OBITh
crangapTHeiMU. Ha ¢ur. 9A mokasana monekyina ¢ tpemst obnactsamu (obmactsamu 1, 2, 3) u
CBSI3aHHBIMH C HEH MPSIMbIM U OOPaTHBIM MpaiiMepamu.

Ha ¢ur. 9B nokazana noapoOnas mHdopmauus o npaiimepax. Hampumep, OLR 904,
pacmioyioxkeHHast Ha S'-koHIe oOparHoro mpaiimepa R1 mns obmactu 1, KoMIuieMeHTapHa
IpsSIMBIM TIpaiiMepaM, pacroOKEeHHbIM Ha 5'-KOHIIE MPsIMBIX Ipaiimepos muist obnacrel 2 u 3 (a
TaKXXe TPSIMBIM TpaliMepaM auist odsacreit 4, 5, 6 u T.11., Ipu ux Haguunu). Takum obpa3om, Bce
npaiimeps! comepxkat OLR. T.e. mo6Grie F- u R-npaiimeprr kommnemenTapHsl apyr apyry. I[pu
UCTIOJIb30BAHUM TAaKOW KOHCTPYKLMHU aienu B obmactu 1 MokHO (pasupoBarh C JHOOBIMU
apyrumu odsactsimu (obmactsmu 2, 3, 4 U T.71.). 3aTeM MOKHO OIpeneanTs a3y Bcex odmacteit.

B kadecTBe mpumepa MpPEANoNoKUM, U4TO cyiecTByroT Tpu obnactu ¢ OHIT A/T. Ecnu
U3BECTHO, 4TO A B oOsactu 1 cBsizaH ¢ A B 00jacTH 2, TO 3TH ABa A HaXOISATCS B OXHOM U TOM
ke ramiorurne. A ecnu A B obnmactu 1 cBs3aH ¢ A B 00jacTv 3, TO MOKHO OINpPENeUTh, YTO
rarjIoTUIT BCeX 00JlacTel npencrasisier codboii AAA.

L. Ipaiimepsr Ons amnauguxayuu 2udpuonvix npooykmos I[P ¢ Hecrkonvxumu
obracmamu

IIpsimble 1 OoOpaTHBIE MpaiMepsl, NMpeaHa3HAYEHHbIE Uil aMIUTH(QUKALNN THOPHIHBIX
MPOAYKTOB, MOJKHO HCIIOJIb30BaTh C HECKOJIBKUMH oOJacTsamu. [Ipsimbie n oOpaTHbIE paliMephI
MOYKHO KOHCTPYHPOBATh aHAJIOTUYHO MpaiiMepaM 1Jisl CBS3bIBAHUA ABYX obnacteil Ha dur. 6, 7A
u7B.

Ha ¢ur. 10A mokasaHo, Kak HCIIOJNIb30BaTh MpaliMepbl ISl aMILTUPUKALA THOPHIHBIX
nponykTos [I1P ¢ Heckonpkumu obnactsiMu. IIpyu NCTIONB30BAaHNM BBIIEONICAHHBIX CTPATETHI
MOXHO cKoHCTpyupoBath OLR muist cBsa3biBanus 3 munu Oonee obnacreit apyr ¢ apyrom. OLR Ha
5'-xoHI1Ie 00paTHBIX MpaiiMepOB KOMILUIEMEHTAPHBI IIPSMBIM IpaiiMepaM cienyromeii oonactu. C

IOMOIIBIO 3TOH KOHCTPYKIMH MOXKHO aMIUTMQULUPOBaTh HECKOJBKO O0NacTed OmHOro
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¢parmenTa mmmaHON JIHK W cBsi3aTh WX IPyr ¢ APYromM. ITOT CMOcOO aHAJIOTHYEH CIOCO0y,
ornucaHHoMmy Ha ¢ur. 8A-8B, 3a uckimoueHuem nobasneHus napsl npaiimepos (F4 u R4), 3'-
KOHLIbI KOTOPBIX COJEpKaT Ty K€ TMOCAeA0BaTeNbHOCTh, uTO0 H S'-koHen F1 u R3,
COOTBETCTBEHHO. DTy Mapy npaiMepoB MOOABISIOT ISl aMIUTM(UKALINH TOJTHOCTHEO THOPUIHBIX
NPOAYKTOB, BKIIOUAIOIIMX BCce O00OJacTH, mojiexamue oObeanHeHHo. IlpeamouturenbHON
aMIUTU(UKALUN TOJTHOCTBIO TMOPUAHOrO MPOAYKTa MOKHO IOCTHYb 334 CYET HMCHOJIb30BAHUS
Oosiee BbhicOKMX KOHIEeHTpauii F4 u R4 mo cpaBHeHUIO ¢ ApyrumMu mpariMepamu, Bkio4as F1,
F2, F3, R1, R2 u R3. C nomouisto F4 u R4 MoxHO amMmumuuuupoBaTh TONBKO MOJHOCTHEO
ruOpUAHbIE TPOAYKTHI, CBS3bIBAIOLINE BCe TpU oOnacTu. YaCTHYHO THOpHIHBIE MPOXYKTHI
CBSI3bIBAIOLINE TOJIBKO JIBe oOyacTu, win HeruOpuanele npoayktel TP moboit u3 Tpex
obyiacreli Henb3st aMTUUUIUPOBaTh ¢ moMoInblo F4 u R4. 3-3a Oosiee BBICOKMX KOHIICHTPALHIA
F4 n R4 konmuecTBO MOJHOCTBIO TMOPUAHBIX MPOXYKTOB MOXKET OBITH HAMHOTO BBIIIE, YE€M
KOJINYECTBO HETHOPUAHBIX TMPOAYKTOB M YaCTUYHO ruOpuaHbix mnponykroB I[ILP. ITpumepsr
otHomreHust koHueHTpauui F4 u R3 k F1, F2, R1 u R2 Bkiro4aroT oTHOWmEHUs, OObIIne Win
pasHele 5:1, 10:1, 20:1, 50:1, 75:1, 100:1, 200:1, 500:1, 1000:1, 2000:1, 5000:1, 10000:1,
20000:1, 50000:1 um 100000:1, HO HE OrpaHUYUBAKOTCS UMH.

Ha ¢ur. 10B mnpousmmoctpupoBana amrumpukanuss TruOpuaHbx npoxaykrtos 1P,
coiepKalmx Tpu obyactTu ¢ npsimbiMu npaiimepamu ¢ OLR B kauecTBe PparMeHTOB, OTAENBHBIX
OT ()parMeHTOB, KOMIUIEMEHTAPHBIX YKa3aHHBIM O0JIACTAM, B OTJIMYHE OT MPSIMbIX MPaiMepOB,
cogepkaux OLR, paBHO3HauHyr (parMeHTy, KOMIUIEMEHTApHOMY YKa3aHHOW 0OOIacTH.
O6benunenuie mpoayktos ITL[P ocyInecTBisieTCsl aHAJOrMYHO CXeMe, MOoKa3aHHOW Ha dur. 7A.
Ha ¢ur. 10B ucnonszoBanne F4 u R4 B Gonee BHICOKMX KOHLEHTpALMSIX 1O cpaBHeHHIO ¢ F1,
F2, F3, R1, R2 u R3 moxker o0Oratuth MOJHOCTBIO THOPHUIHBIE MPOAYKThI, AHAJOTHYHO
ucnonb3oBanuio F4 u R4 Ha ¢ur. 10A.

[TpuMep ramIOTUIUPOBAHUS C UCIIONb30BaHNEM reHa nudtlS

ABTOpBI M300pETEHUsT UCTOJIB30BAIN TAIUIOTHIIMPOBaHUE BapuaHToB reHa NUDTIS5 B
Ka4eCcTBe NMPUMepa ISl WILTFOCTPUPOBAHMS 3TOTO CIIOC00a rarjOTUITHPOBAHUS.

M. NUDTI5

I'en NUDTI5 xonmupyer ¢epMeHT HyAMKC-ruaponasy 15, merabonmsupyromuii 6-
MmepkanTonypuH (6-MP), THONypHHOBBIH mpemnapar, KOTOPBIA SIBJISETCS OCHOBHBIM
KOMITOHEHTOM TOAAEPKUBAIOLIETO JICYEHUs NPU JAETCKOM OCTPOM JIUM(OOIACTHOM JieHKo3e
(OJIJI). Pan BapuantoB rena NUDTI5 denoBeka SIBISIOTCS KPUTHUYECKUMH JETEPMUHAHTAMHU
HenepeHocuMocTH TromnypuHa (Moriyama et al., Nature Genetics, 2016;48:367-373). BapuanTtsl,
pacrionokeHHble B 5k30He | u sk30He 3 rena NUDT/5, MoryT npuBOAUTh K MOTepe PyHKIUU

HYIUKC-THUAPOJIA3bl 15 M K TSKEIOM UMMYHOCYIIPECCHMM IPU HA3HAYEHUU 3TUM IalUEHTaM
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HOpMaJIbHOH 10361 6-MP. KoMOWHAaIHs T€eHOTHITOB B 3THX BAPUAHTAX JAET PSII TAIIOTHIIOB.

Ha ¢ur. 11 mnokasaHbl IIeCTh TaIUIOTHIIOB, COAEpIKAILINe pa3IMyHble KOMOMHALIUH
reHoTunos B 5k30Hax 1 u 3 NUDTI1S.

JUis ManMeHToB ¢ HAJIM4YMeM I'eHeTUYECKHUX BapHaHTOB B 00OMX 5K30HAaX | W 3 Ba)kHO
ornpeneauts (azy BAPUAHTOB B 3TUX JIBYX JIOKYCax, MOCKOJBKY 3TO MOXKET BJIUSTh HA CKOPOCTh
MeTaboM3Ma HMMMYHOZIETIPECCAHTOB M, CJEJOBATEJbHO, HA ONTUMAJBHYIO A03Y, KOTOPYIO
crenyer naeaTh nauueHty. Hanpumep, npu OOHapykeHHMM TeTepO3UIOTHOIO BapHUaHTa
p.Vall8 Vall9insGlyVal B s3x30He 1 u rereposurorHoro Bapuanta p.Argl39Cys B 5k30He 3 5TH
7IBa BapUaHTa MOTYT HaXOIUThCS Ha OAHOM WIIM pa3HbIX xpomocoMax. Eciu sty aBa BapuaHTa
HAXOJSITCSI HA OTHOM XPOMOCOME, y MAlMeHTa UMEIOT MeCTO rariotunbl *1 u *2. [Tockonbky y
NalyeHTa eCTh HopMasibHast Konwst reHa NUDT'15, oH MOKeT poAyLupoBaTh (pyHKIIHOHAIBHYO
HyAaukc-ruzaponasy 15. Jlo3upoBKYy HMMyHOAENpPECCAaHTa CIEAyeT CKOPPEKTUPOBATH [0
YMEPEHHOU 103bl, KaK B CJIy4ae HAJINYUs TOJBKO OAHOTO BAPUAHTA.

C npyroil CTOpPOHBIL, €ClM yKa3aHHble ABa BapuaHTa HAaXOAATCA Ha JABYX pPa3HBIX
XpPOMOCOMaX, y MalMeHTa UMET MECTO TaruioTHmbl *3 u *6. B 3TOW CHUTyaluu MalWeHT He
MOXET MPOAYLUPOBaTh (yHKIHOHAIBHYIO HYAMKC-THApONa3y 15, U 103y MMMYyHOIENpeccaHTa
notpebyeTcsi 3aMEeTHO CHH3UTh. B Mera-aHanuze, BBIMOJHEHHOM Yin ¢ coaBT. (Yin et al.,
Oncotarget, 2017;8:13575-85), mamueHTam ¢ OXHOW WM ABYMs KONMSIMU ajuieNiell pucka
NUDT15 Ttpebosanack Ha 23% u 65% Oonee Hu3Kasi CpemHssl CyTOYHAs 1032 THUOMypPUHA IO
cpaBHeHUIO ¢ nauueHtamu ¢ NUDT'15 nukoro Tumna, COOTBETCTBEHHO.

Omnpenenenue ramnotunoB BapuaHtoB NUDTI5 sBisiercss CIOXKHOHM 3amadell Mo JBYM
npuduHaM. Bo-nepBbIX, pacCTOSIHUE MEXKAY CaliTaMU C BBICOKON YaCTOTON MyTalui B 3K30HE 1
¥ 3Kk30He 3 cocraBisieT mpubau3uTenbHo 8 T.1m.o. [Togxoas Ha ocHoBe TTL[P nanbHero newcTBuUs
OrpaHUYEHBI, TOCKOJIBKY 3P PEeKTUBHOCTh 1 Haae:KHOCTh [P cHIKaroTCs Mo Mepe yBeTUuYeHUs
pasMepa aMIUTMKOHA, YTO MPUBOIUT K OOPa30BaHHIO MCKYCCTBEHHBIX PEKOMOMHAHTOB. Jlpyras
CJIOJKHOCTB 3aKirodaercs B Tom, uto V18V 19insGV mnpexncrasisier coO0H BapuaHT TaHAEMHOTO
noBTOpa M3 6 mMap OCHOBAHMU. JTO MPHUBOAUT K HEBO3MOXKHOCTH HCIIOJIB30BAHHS CIIOCOOOB
(asupoBaHMs TAIUIOTHIIOB, OCHOBAHHBIX HAa IUCKPUMHUHALMK ajuiesiell mpaiMepaMu WiH
30HAamMu, Hamnpumep, MHokecTBeHHOU nyrutekcHod IIIIP (Regan et al, PLoS One,
2015;10:e0118270). TexHonoruu, TMO3BOJSIONINE TONy4YaTh WHPOPMALMID O JIOKYCax,
pa3HECEHHBIX Ha OOJBINOE pACCTOSIHME, C TIOMOINBI) CEKBEHHPOBAHHS C KOPOTKUMH
npouteHusMy, T.e. 10X Genomics, MM NPSMOrO CEKBEHHPOBAHMS OTHAEIBHON MOJIEKYJIbl Ha
OonpioOM TpOTsHKEHUH, T.e. PacBio, OTHOCHTENBPHO AOPOTM M XapaKTEPU3YIOTCS HHU3KOM
IPOU3BOAUTENBHOCTHIO. Clie10BATENbHO, JAHHBIN JIOKYC SIBJIAETCS XOPOIIMM KaHAUAATOM IS

ACMOHCTpaluU BO3MOKHOCTEH 3TOr0 HOBOr'O criocoda rarJIOTUMMUPOBAHUA.
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[TectbaecsT Tpu pedbernka ¢ OJIJI Obutn HAOpaHbI U3 OTHEICHHS] XUMUYECKON MaTOJIOTHH
u neauatpuu OonbHULEI npuHLa Yoanbckoro (PWH), T'onkonr. OTu maumeHTbl ObLIH
NMEepBOHAYAJIBHO  HAMNpaBJieHbl Ha reHotunuposaHue 71PMT 1nocne  BO3HUKHOBEHHS
MHEJIOCYIPECCUN BO BpeMs JieueHus1 TuonypuHoM. I'enorunuposanue NUDT'15 BpImonHsny s
BCEX MALIMEHTOB C MOMOLIBIO cekBeHupoBaHus 1o Canrepy. Ponureneit nnn 6alyurex/nenymex
4 MAUMEeHTOB, TeTePO3MIOTHBIX MO BapuaHtam kak V18V19insGV, tak um RI139C, Takke
TeHOTHUIMPOBAIU JUIsI OIpeNeSeHUs] HUCTHHHBIX TaIUIOTHIIOB COOTBETCTBYIOLINX ITallME€HTOB.
®a3y nBYX YKa3aHHBIX BapUaHTOB JJISl 3TUX IMALIUEHTOB OINpPENesUId C IMOMOIIBI0 CEeMEHHOro
anam3a. Kpome Ttoro, 506 300pOBBIX CYOBEKTOB TakXkKe NPOAHAIM3MPOBAIH HA MPEIMET
MOTEHLHAIbHBIX BAPUAHTOB B ABYX JIoKycax NUDTI5.

N. lenomunuposanue cena NUDTI5 nocpeOcmeom 6bICOKOMOYHO20 —aAHANUZA
KUHEMUKU NIAsIeHUs NPOOYKMO8 aMnaupurayuu

Ilepen HavanoM aHajgM3a TaIUIOTUITUPOBAHMUS AaBTOPBI HM300pPETEHUs OIpPENeNHIN
CyOBEKTOB, KOTOPBIE TOJKHBI OBITh F€TEPO3UTOTHBIMU IO OOOMM PAaCCMAaTPUBAEMBIM JIOKYCaM,
MIOCKOJIBKY JUJIsl BBIOOPA MOAXOAALIEH O3B! JIEUEHUS 3TUX CyOBEKTOB THOITYPHUHOM JIOJKEH OBITh
NOJIE3€H aHAJIW3 TrarIoTUnHpoBaHus. Pa3pabortamu n1Ba BapuaHTa BBICOKOTOYHOIO aHAJM3a
KUHETUKH TIUIaBJieHust npoaykroB ammummdukamun (HRM). Onun BapuanT aHammsa ObLI
crieunUYeH 10 OTHOLIEHHIO K CAaliTy ¢ BBICOKOH 4acTOTOM MyTanmii B 3k30He | rena NUDT15,
comepkamero BapwaHThl VI18V19insGV u VI8L B eme omHOM BapuaHTe aHaJIM3a
ammuduuuposanu (parment, oxsarbiBatoiuii BapuaHTel R139C u R139H B sk30He 3.
[TocnenoBaTebHOCTH MPAWMEPOB MEPEUUCIIEHBI B Ta0 MLE 1.

Tabmuma 1. Ipatimeps! 1l BBICOKOTOYHOTO aHAJIN3a KUHETHUKU IUIABJIEHHS MPOAYKTOB

ammuupukaru rena NUDT15

IIpaiimepbl IMocnenosarenbHOCTH (5'-3")

Jk30H 1, npsiMoii TATGACGGCCAGCGCAC

DKk30H 1, 0OpaTHbIi ACGCAACGCGGATGCT

JK30H 3, npsiMoi CCTCCCCTGGACCAGCTT

Jk30H 3, obpaTHbIi CCACCAGATGGTTCAGATCTTCT

Jns kaxnporo obpasua BemosHsn [P B nByx moBTopHOCTsX. Ilonydanm nBaanath
MUKPOJIUTPOB PEAKLIMOHHOW CMeCH, coaepskaiieil 10 MK mMacTtep-mMuKca AJisi BBICOKOTOYHOIO
aHamM3a KMHETUKU TulaBjieHus: nponaykroB ammmndukammu 2 *x LightCycler® 480, mpsimoii u
oOpaTHbIl mpaliMepbl B KOHeuHOW KoHHeHTpaunu 300 HMomb/n (aHamm3 3k30Ha 1) wimm 250
HMOJIB/1 (aHamu3 5k30Ha 3), MgCly B kOHEUHOH KOHUIEHTparuu 3,5 MMOJb/I (aHaIu3 5K30Ha 1)
i 2,5 mvons/n (aHanu3 3x30Ha 3) u 20 ar JIHK. [{ns ananu3sa sk30Ha 1 B peakIMOHHYIO CMECh
st [THP noGasmsumn 10% gumerwcynbhokcuaa st yaydIIeHns aMIuTH( KA.

[P Bemonusm ¢ ucnonb3oBanueM rpudopa LightCycler® 96. ITpodwns TP cocrosin

U3 npeaBapuTenpbHoro uHKyOupoBanus npu 95°C B TeueHue 10 MHHYT C mocienyromei
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nporpamMmMoil amrumpukanuu. s ananuza sk30Ha 1 nporpamma aMIuiMUKaLuy COCTOsIIA U3
50 nukios, BrodaBmux 95°C B reuenne 15 cexyHn, cHmkeHue co ckopoctoio 1,5°C/c no 59°C
B TeueHue 20 cekyHn u 72°C B teueHue 20 cekyHn. [ns aHanmusa sk30Ha 3 mporpamma
amrmnukanuu cocrosina u3 45 umkios, BkimovaBmux 95°C B Teuenue 10 cexynza, 59°C B
TedeHue 15 cexyHn co ckopoctbio cHuxkenus 2,2°C/c u 72°C B teuenue 15 cexynn. ITocne ITLP-
aMIUTM(UKALMY BBITOJIHAIN LMKJ IJIABJICHUS MO cieayromeMy nporokony: 95°C B Teuenue |
muHyThI, 40°C B TeueHne | MHUHYTHI, a 3aTeM HENpepbIBHAS peructpauus (yopecleHInd Mpu
HarpeBanun ot 60°C mo 90°C co ckopocteio 0,04°C/c. JlaHHBIE BBICOKOTOYHOTO aHaJH3a
KUHETUKH TUIABJIEHUS] MPOAYKTOB aMILIM(PUKALIMK aHAIU3UPOBAIH C TMOMOIIBIO MPOTrPAMMHOTO
npunokenus: LightCycler® 96. O6pasen aukoro tuna obpadaTeiBajan Ha KaXKIOM IUIAHIIETE B
Ka4eCTBe OTPULIATEILHOIO KOHTPOJISL.

Hns 73 cyowekroB, umeromux otHomenue k OJUJI (t.e. 63 maumentoB ¢ OJUJI u 10
YJICHOB CeMei) BBbISBISUIM MYTAlIMOHHBIA CTaTyCc B 3k30He | m 3k3oHe 3 reHa NUDTIS
cexBeHnpoBaHueM 1o Canrepy. lllecTHaanate U3 3TUX CyOBEKTOB HECIN MyTAalllH B 3K30HE 1,
BKJIIOUass 15 cyOBekTOB ¢ rerepo3uroTHeiM BapuaHToM V18V19insGV u 1 cyObekra ¢
BapuantoM V18l B orHomenmn »53k30Ha 3 48 CcyOBeKTOB OBUIM TOMO3UTOTHBIMH IIO
NOCJIEIOBATEILHOCTH AUKOro THMA, 21 cyObekT Obin rerepo3urorHbiMu mo R139C u gukomy
tuny, a 4 cyowvekra Obutn romo3urotHeiMH 1o R139C. ABTopel M300peTE€HHS BBIMOIHUIN
BBICOKOTOYHBIN aHAJIN3 KHHETUKH TUIABJICHUS TPONYKTOB aMIUIN(UKALUH JUIs 5K30Ha | 1 HK30HA
3 rera NUDT15 nnst Bcex cyOBbeKTOB.

Ha ¢ur. 12A u 12B noka3aHbl KpUBbIE IUIABJICHHSI, TO3BOJSIIOIINE PA3IHMYaTh 00pa3Lbl €
paznuuabiMu reHotunamu NUDT15 B obnactsx sk3oHa 1 (A) u sx3onHa 3 (B). Ha ¢ur. 12A
anamu3 HRM, cnemmduunplii mo oTHOmeHMrO K 3k30Hy | rema NUDTI5, mno3Bomun
middeperumpoBath rereposuroTrblil Bapuant V18V 19insGV u rereposurotHsiii BapuaHt V181
OT TIOCJIEOBATENIbHOCTEH JAMKOrO THUIMA HAa OCHOBAHMH (OPMbI HOPMHPOBAHHBIX ITHKOB
iasienus. Ha gur. 12B ananus HRM nozBonsin nuddepeHunpoBarb 1Ba FeHOTHITA B SK30HE 3
rena NUDTI5 (t.e. rereposurotHeiii mo RI139C wu romosurotHeii mo RI139C) ot
MOCJIENOBATENBHOCTEN TUKOrO TUIIA.

0. Ananusz eannomunos 2ena NUDTI15 na ocnose yughposoii kanenvnoit I[P ¢
NepPeKpuISalOUMUCS NpaliMepami

Jns onpenenenus ¢a3bl BapUAHTOB B IBYX JIoKycax NUDTI5 aBTOpsl M300peTeHUs
pazpaboranu crnocod TalJIOTUIUPOBAHMS C HCIOJIb30BaHHEM KamneiabHOH wnudposoi TP c
nepekpeiBaromumucs npaimepamu. JJHK ¢ BbICOKON MOJIEKYJISIPHOM MAacCOM, BBIAEICHHYIO W3
JEMKOLIUTAPHOTO CJIOsl, PacHpeAessaai MO KaIuliM HaHOJUTPOBOIO pa3Mepa ISl BBINOJIHEHMS

cesizbiBarowneit I[P ¢ ucnonb3oBanuem cucrembl kanenbHol 1udposoii I[P BioRad Droplet
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Digital PCR. Konnenrpauuto Marpunsl JIHK koHTpOIHpoBamy Tak, 4TOOBI 3aMOJHUTH TOJBKO
npubm3uTenbHo 10% kamenb, Tak 4to > 99% Kamenb NOJDKHBI COIEP’KaThb TOJIBKO OIHY
marpuny JIHK, oxBaTbIBaromyo 1Be paccMaTpuBaeMble 00JAaCTH, UM HE CONEPIKaTh MATPULIbI
JHK. TIIIP ¢ mnepekpblBAalOIIMMUCSA IpaiiMepaMH BBINOJHSUIM TakK, 4YTOOBI O00ECHeuuTh
aMIUT(UKALMIO IBYX 00JIacTel, HECYIUX YKa3aHHbIE BAPUAHTHI, C OJHOIN AJIMHHOW MOJIEKYJIBI
JIHK u cBsi3bIBaHUE UX APYT C APYTOM.

Ha ¢ur. 13A-13F mnokazano mnpumeHenue crocoba IIP ¢ mnepexphIBarOIIUMUCS
npaiiMepamu kK 3k30HaM 1 u 3 rena NUDTI5 cornmacHO BapuaHTaM peajii3allii HAaCTOSIIEro
u3o0perenus. @ur. 13A-13F 3epkanbHo oTtoOpaxkarot ¢ur. 3A-3F, XO0Ts MOKHO UCIIOJIB30BATh U
METOJIMKH, OITMCAHHBIE B IPYTHX crioco0ax, Harmpumep, Ha ¢ur. 4A-4C u SA-5D.

Ha ¢ur. 13A anamm3 Ha ocHoBe IIIIP ¢ mnepekphiBatOIUMUCS —TpaiiMepamH,
UCTIONIb3YEeMbIN JIJIsl raruioTunupoBanusi reHa NUDT'15, Bkirodaer nBe mapbl MpaiMepoB, OIHY
napy (F1 u R1) nnst ammmudukanum BapuanTHON o0nactu B 3k30He 1, a apyryro mapy (F2 u R2)
U1 aMILTUUKAMK BAPUAHTHOH 00JacTH B 3K30HE 3.

Ha ¢ur. 13B oOpartHeii mnpaiimep anst sk3oHa 1 (R1) comepur JIHHKEPHYIO
MOCJIEI0BATENIBHOCTD Ha 5'-KOHIIE, KOMIIJIEMEHTAPHYIO MOCJIEe0BATEIbHOCTH NPSIMOTO MpaiimMepa
st 5k30Ha 3 (F2).

Ha ¢ur. 13C B nHawanpHbix payHaax I[IIIP nBe obmactu aMrutuuIUpyrOTCsS IO
oraenbHOCTH. [IBe ITL[P BBIMONHSAIM OOHOBpEeMeHHO B oxHol kamute. Kak obcyxnanock panee,
nomumepaza Taq npoOaByisieT AOMONHHUTENbHbIE OCHOBaHUS afeHo3WHa [A] Ha 3'-KoHIe
yanuHeHHbIx nenen JTHK.

Ha ¢ur. 13D OLR, ckonctpyupoBanHas ans 5'-koHua R1, memaer 3'-xonen memum X
KOMIUIEMEHTapHbIM 3'-KOHIly Lenu Z.

Ha ¢ur. 13E nBe yka3zaHHble LIEMA MOXHO CBS3aTh IPYr C JAPYTrOM IOCPEICTBOM
yAJIMHEHUS C IOMOLIBIO MoNMepasel Taq uin Apyrux nojumepas.

Ha ¢wur. 13F BemonnsroT panpHeimyro [IHP-ammmukanuio CBA3aHHOTO MPOAYKTa C
ucronb3oBanueM mnpaiiMepoB F1 m R2, nmockonpky koHuentpauuun F1 m R2 npespimnaror
koHueHntpauuu R1 u F2. Pasmep rubpunnoro nponykra IILP nomken cocrasusars 190 m.o. B
cJlydae rariotuna, Hecymero mytauuo p.V18V19insGV, wiu 184 n.o. B mpoTUBHOM ciydae.

Tabmuua 2. Ilpafimeprr nns ramorunuposanuss rena NUDT15 nocpenctsom TP ¢

NEPEKPBIBAIOLIUMUCS NTpaiMepamMmu

[Tpatimepsl [locnenosarenpHoCTh (5'-3")

[psmoit mpatimep (F1) TATGACGGCCAGCGCAC

O6parssiii mpaiimvep (R1) CCAGGGGAGGTAGTTCTTCCCACGCAACGCGGATGCT
[psimoii mpatimep (F2) GGGAAGAACTACCTCCCCTGG

OGparssiii mpaiivep (R2) CCACCAGATGGTTCAGATCTTCT

Peakuuonnesie cmecu mua IILP-nmonydanu B 4eThIpex MNOBTOPHOCTIX ISl Ka)KOAOTO
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obpasua B odveme 20 MK, oHH cocTostiu u3 2,5 Hr matpuuHoit JJHK, 10 Mk cMecu it 30HAOB
2 x ddPCR Supermix for Probes (He conmepxkameit nYT®) (Bio-Rad), F1 u R2 B xoneuHoi
koHUeHTpauu 1 Mkmonws/n u R1 u F2 B koHeunoli koHmentpamuu 30 HMOJb/1. 3artem
peakuuoHHyr0 cMecb ans [P pasgenanu ¢ HUCHONb30BAaHMEM TIeHEpaTOpa Kameiab s
mu¢posoii TP QX100/QX200 (Bio-Rad). TemneparypHblii nmpoduib aHannu3a HpPenCcTaBIIsLl
coboii: nanmanuo npu 95°C B teuenne 10 muHyT, 3arem 45 1ukioB, BkarouaBmmx 94°C B
tedenue 30 cekyna u 61°C B TeueHne | MUHYTBI, U 3aKIFOYUTENbHOE UHKYOUpoBaHue npu 98°C
B TeueHue 10 MUHYT.

IMocne TP oObequHsIIM KamIkn U3 MOBTOPHBIX JYHOK JJISI OHOTO 00pasla U BBLACISUIN
npoayktbl ITL[P B COOTBETCTBHM C MPOTOKOJOM MPOM3BOAMUTENSI ¢ HEOONBINON MOMPaBKOW B
Buzie ucnonb3oBanust 40 mkn Oydepa TE mns xakmod nyHku BMecto 20 MKJI. DTa MOIMpaBKa
NpUBEA K JIydIeMy IpOoOJIEHHIO Karelb.

Jlns oboraineHus skenaTeNnbHbIX THOpUIHbIX mpoaykTos [P mmmHoi 184 mmu 190 m.o.
BbIZieIeHHble poayKThl [P nonosHuTenbHO ouMIanu ¢ ucnonb3oBanueM rpanys AMPure XP
Beads B cooTBeTcTBMM C MPOTOKOJOM MPOHM3BOIAUTENS IJIsl JBOWHOTO OTOOpa MO pa3Mepy Ha
ocHoBe rpanyn. OtHomenne rpanyab//JHK (T.e. OTHOmEHHWE COBOKYMHOrO o0OBeMa
no0aBJICHHBIX TPaHyJ K 00beMy HCXONHOro o0pasia) A MepBOrO U BTOPOro ordopa ¢
NOMOLIBI0 TpaHys coctaBisuio 0,8 u 1,6, COOTBETCTBEHHO. 3aTeM aHAJIM3UPOBAIU NPOQHIL
pa3Mepa ouuiieHHbIX THOpuAHbIX mpoaykroB III[P ¢ ucnonb3oBanuem D1000 SreenTape u
pearenToB Ha pudope 4200 TapeStation (Agilent Technologies).

P. Cexeenuposanue 2uopuonsix npooykmos I[P cena NUDT15

I'mGpunnele mpomyktsl [IIP  aHanm3upoBanu  MOCPEACTBOM  CEKBEHHPOBAHUS
CJIENYIOIEro MOKOJICHUS, XOTs MOXKHO HCIIOJIb30BaTh U IPYyTrHe METOAbl U3MEPEHHs], €ClId OHU
MOJXONAT ISl TOCJIeOBATEIbHOCTEN CBsI3aHHBIX oOnacTeil. MHnexcupoBaHHyr OUOIHOTEKY
KOHCTPYHUpPOBAIK il THOpUIHBIX mponykroB I[P u3 kaxmoro oOpasua ¢ HUCHOJIb30BAHUEM
HaOopa s moxrotoBku Oubmmorekn KAPA (Kapa Biosystems) B COOTBETCTBUH C
pekoMeHparusiMu  niponsBoguTens. Jlo 48 OuONMOTEK ¢ MHAEKCAMH MYJBTUIUIEKCHPOBAIH M
CEeKBEHHPOBAJM C HCIOJb30BaHHEM 1uiatopmbl cekBeHuposanus Illumina MiSeq (76 x 2
mukna).  Illectp  BO3MOXHBIX — IMOCHENOBAaTENbHOCTEH  ruOpuaHelix  mpoxnykrtos [P,
COOTBETCTBYIOIIMX  LIECTH  TalUIOTHNaM,  MCHOJb30BAIM B KadecTBe  JTAJIOHHBIX
NOCJIEIOBATENIbHOCTEH TSI  KApTUPOBAHMUS  JAHHBIX ~ CEKBEHMPOBAaHUS  (MPOYTEHHI
nocienosatesnbHocTel). [IpouTeHus: co CapeHHbBIMH KOHLIAMH BBIPABHUBAJIN HA 6 3TAJOHHBIX
MOCJIEIOBATEIBHOCTEH ¢ ucmojib3oBaHueM  nporpammbel  Bowtie 2 (http:/bowtie-
bio.sourceforge.net/bowtie2/). Jlndg pampHeHIIero aHajaM3a WCIOJb30BAM IPOUYTEHUS CO

CIIap€HHBIMHU KOHILIAMMU, oba KOHLIa KOTOPbIX COOTBETCTBCHHO BbIpaBHUBAJIIM HA 3TAJOHHYIO
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MOCJIEIOBATEILHOCTD 0€3 HECOBIAACHUH.

IIpoureHus, BBHIPOBHEHHBIE HA KaKAYIO IMOCJIEAOBATENBHOCTh TalIOTUIIOB B 00Opasile,
NOJCUUTBIBAIA C TOMOIIbI0 cueHapust Perl. 3arem paccunThiBaIM NPOLEHT NPOYTEHUN,
KapTUPOBAHHBIX C KKABIM raroTunoM (o0o3HaueHHblil kak Hap%) B oOpasie, nyTem neneHus
KOJIMYECTBA TPOYTEHHH, KapTUPOBAHHBIX € Ka)KAbIM TaIUIOTUIIOM, Ha O0Liee KOJUYeCTBO
NPOYTEHHH, KapTUPOBAHHBIX CO BCEMM raruioTunaMu. ABTOpbI nzoOperenus 3amanu Hap% <
10%, 40% —60% u > 90% B kauecTBe MOPOTOBbIX 3HAUEHUH ais npucyTcTBus 0, 1 u 2 komwid
rafuioTHIOB B 0Opasiie, COOTBETCTBEHHO. B Jpyrux BapuaHTax peaju3alid B KauecTBe
MIOPOTOBOTO 3HAYEHHSI AJIs1 MPUCYTCTBUS O raruioTUIIOB B 00pa3iie MOYKHO MCIIONIb30BATh APYTHE
MPOLIEHTHbIE 3HadyeHusi, Hampumep, 1%, 2%, 5%, 15%, 20%, HO HEe OrpaHMYMBAsICH HMH.
AHajiornuHbIM oOpas3om, mpumepsl 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%
MOKHO HCIOJb30BaTh B KAadyeCTBE IMOPOrOBbIX 3HA4YEHWI AJid MNPUCYTCTBUSA 1 ramiorumna.
AHajormuHbIM oOpazoMm, mpumepbl 75%, 80%, 85%, 92%, 94%, 98%, 99% MoOKkHO
HCIOJIb30BaTh B KAU€CTBE MMOPOTOBbIX 3HAYEHUH /Il IPUCYTCTBUS 2 rarlOTUIIOB.

KomOuHaimu rarioTuros (T.€. JUIIOTUIIOB) MOKHO OBbLIO ONPENEeNUTh MO pe3yJIbTaTaM
IeHOTUNHPOBaHUA C momombto aHanmuza HRM nns GonpmmeacTBA M3 73 CyOBEKTOB, 32
UCKIIFOUeHHEM 9 CyOBeKTOB, SIBJSIOLIMXCS ABOWHBIMU TE€TEPO3UTOTAMH [0 MYyTaLHsIM
V18V19insGV u R139C. IlocpencTBomM ceMeHHOro aHajiu3a BbIIBHJIM, YTO BOCEMb U3 3TUX 9
CyOBEKTOB MpEeACTaBJsLIN coOoi *1*2. Jlns HEemoCpeACTBEHHOIrO OMpEeAeNeHUs] TUIUIOTHIIOB
aBTOPbI HM300peTeHMs] BBIMOJNHUIM LUpoByro kKanenpHylo I[P ¢ mnepekpbiBarOIUMUC
npaiiMepamu ¢ OCJIENYOIUM CeKBEHHPOBAHHEM CIIEIYIOLIEero TOKOJIEHHS ISl BCeX CyOBEKTOB.
Crnenyst kpuTepusiM, OIHCAHHBIM BBIIIE, MOJCYUTAIN KOJMYECTBO KOMMH Kaxaoro us 6
NOTEHIMAJIBHBIX TaIUIOTUIIOB JUIsI BCeX CyObekToB. CBOAHBIE pPe3yJIbTaThl MPEICTABJICHBI B
tabmune 3. Aurotuns! reaa NUDT'15 Obutd IPaBUIIBHO BBISIBJICHBI Y BCEX CYOBEKTOB.

Tabnuna 3. lamotunsl rena NUDT15, onpeneneHHble ¢ TOMOIIBIO aHAJM3a HA OCHOBE
mudposoii kamenpHON ITLP ¢ mepekphIBAIOIIMMUCS TNpaiMepaMu y CyOBEKTOB, HUMEROIIUX

otuoruenne kK OJIJL

i Ko71-B0 06pastos Kormu ramonanoro resa NUDT 15

*] *2 *3 *4 *5 *6
*1*1 44 2 0 0 0 0 0
*1*2 9 1 1 0 0 0 0
*1*3 11 1 0 1 0 0 0
*1*6 4 1 0 0 0 0 1
*2*3 2 0 1 1 0 0 0
*3%3 2 0 0 2 0 0 0
*3*5 1 0 0 1 0 1 0
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0. lenomunuposanue u eaniomunupoeanue 2ena NUDTI5 y 506 300poevix
cyovexkmos

Hna  onenkn s3ddextuBHOCTM M npumeHumoctn cnocoba HMR u  crocoba
raruloTUNUpOBaHusl Ha ocHoBe wudposoit IILP ¢ mnepexpeiBaromMMUCS IpaiMepaMu IJis
anammza reHa NUDTIS aBropbl m300peTeHHs AONOJHUTENBHO NpOAaHAIM3HpoBaIu S00
3JI0POBBIX CYOBEKTOB.

Bnauane BoimmonHuau CKpuHUHT 506 cyObekToB Ha BapuaHtel NUDTIS ¢
UCTIOJIb30BAaHUEM JIByX aHainu30B Ha ocHoBe HMR. PesynbraTel mpencraBieHbl B Tabnuie 4.
HenocpencrBeHHO TO pe3ysibTaTaM T€HOTHUIHPOBAHUS OKA3aJOCh MOXKHO OIPENENIUTh HIECTh
Pa3JIMYHBIX TUIUIOTHIOB, BKJFOYast *1%*1, *1*3  *1*5 *1*6 *2*3 u *3*3. Kpome Toro, 22
oOpasua coxeprkaiu JABOHHBIE reTepo3uroTHeie Bapuantbl 1t V18V19insGV u R139C, a y
OJTHOTO CYOBEKTa FeHOTHITBI B 3K30HE | ObUTH HEeM3BECTHBL JIJIsl OmpeneneHus: IUTUIOTHIIOB 3THUX
23 obpasuoB wucrone3oBanu  mugposyro IILP ¢ mnepexpblBarOIIMMUCS TpaiiMepaMu  C
MOCJIEAYOLINM CEKBEHUPOBAHUEM.

YV Bcex 22 cyOBEKTOB-CIIOKHBIX T€TEPO3UrOT IO pPe3yJbTaTaM CEKBEHHPOBAHUS
onpenemwin gumiotun *1*2. CyObekT ¢ HEW3BECTHBIM TEHOTHIIOM B 3K30He 1 Obul
uneHTHgUUUpoBaH Kak Hecymuil Mytauun V18V19insGV u V18I Takum obpazom, QUILUIOTHIT
3TOro CyOBeKTa MPEeNCTaBsul COOOM *5%6, uTo sBNsIETCS] paHee HEM3BECTHBIM AHILIOTHIIOM.
UYactorel gumuotunoB NUDT5 B pgaHHOW rpymre Takxke NepeducieHbl B Tabmune 4. Otu
pe3yJbTaThl COMOCTABUMBI C PE3yJIbTATAMH, NOJYYEHHBIMU HAa OCHOBE (Pa3MPOBAHHBIX AAHHBIX
npoekra 1000 Genomes s Bocrounoit Asun (Moriyama et al. Nat Genet. 2016;48:367-373).

Tabmuna 4. Junnorunsl rena NUDT15 y KOHTPOJNBHBIX CyOBEKTOB, ONpENeIeHHbIE C

nomotbto HRM u umgpootii ITLP ¢ mepekphiBatOIUMUCS TTpaiiMepamu.

Hunnorur,
OIIPEEICHHBIN C
I'eHoTHI Hurnorur, N
I'enotum 3x30Ha 1 . momoripio rudposoit | Kom-Bo | Yacrora
0 HRM 9K30HA 3 MO0  |OOPECACICHHBIN C TILIP ¢ 06 DAOB| AMLIOTHIA
HRM  |nomompio HRM PastoB M
MEPEKPBIBAIOIIAMUCS
npaiimMepamu
JAT/0T AT/ AT *1*1 - 380 75.1%
OT/0T R139C/AT *1*3 - 62 12.3%
VI8I/AT HT/AT *1*5 - 12 2.4%
V18V19insGV/AT AT/ AT *1*6 - 22 4.3%
V18V19insGV/AT|R139C/R139C *2*3 - 5 1,0%
AT/ AT R139C/R139C *3*3 - 2 0,4%
V18V19insGV/AT| RI139C/AT - *1%2 22 4.3%
HewnssectHo AT/ AT - *5%6 1 0,2%

INannoTunupoBaHue ¢ aHATU30M (Ha30BOH COOPKH
anyoTunupoBaHWe MOXKET BKIIOYATh ONpeneseHHe ajieneil Oomee uyeM B JBYX

reTEepO3UTOTHBIX JIOKYCax M, CIIeAOBaTeNbHO, Oojee yeMm B nByx perumoHax ¢ OHIL B Takwmx
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ciydasix 3TU 00JacTu MOryT ObITh coOpaTh B THOpHIHBIE NMPOAYKTHI, COAEPIKALINE JIUIIb JIBE
WM TPU 00JacTu. 3aTeM MOKHO ONPEAETIHTD aIuIOTUIT IIyTEM aHAJIN3a MTOJyUYE€HHBIX MPOAYKTOB
U3 ABYX WIM Tpex oOmacteil. IIpoayKThl, cOCTaBI€HHBIE U3 HECKOJBKUX Pa3IMYHbIX O0JacTei,
MOXKHO CBSI3aTh JPYT C JAPYroM IOCPENCTBOM 00Imeii o0gacTu. DTOT aHANIN3 TalUIOTUITHPOBAHUS
C UCTIOJIb30BaHUEM O0IIMX OOsacTeil 1Jisl CBSI3bIBAHMS PA3IMYHBIX THOPUIHBIX MPOAYKTOB APYT C
APYroM NMOAPOOHO OMUCAH HUXKE.

R I pynnupoeka obracmeii

Ha ¢ur. 14A, 14B u 14C noka3aHbl 4eTbIpe 00JACTH, Pa3AeIeHHbIE HA HECKOJIBKO IPYIII
no nBe obnactu. Ha ¢ur. 14A B 3TOM THIIMYHOM IpUMepe MoKa3aHbl yeTbipe obmactu. OqHAKO
KOJINYECTBO 00JIacTell HE OrpaHUYEHO M MOXKET OBITh PaBHO JIOOOMY KOJMYECTBY OOJacTei,
nojuiexamux (pasupoBaHuio. Y KakIOW M3 YeThIpeX o0JIacTel €CTh COOTBETCTBYIOLIHE MPSMON
1 oOpaTHBII mpaiiMepsl, BO3MOXKHO, coneprKainue (pparMeHTsl npaiiMepa U MepeKphIBAIOIIHECS
(bparmMeHTHI.

Ha ¢ur. 14B mnokaszanel nBe rpymmbl objacteidl u koHpurypauus mpaiimepos. s
HATJITHOCTH YeThIpe 00JacTH paszenieHsl Ha aAse rpynnsl (rpynmny A u rpynmy B). Komndectso
IPYII 3aBUCUT OT KOJIMYECTBA OONACTe|, mojIekamux (pasupoBaHUIO UM FaTUIOTUITHPOBAHHUIO;
kpome Toro, 1iuHy JJHK MokHO onpenenuTs ¢ MOMOLIBIO MOCIEAYIOLIEro aHanu3a, HapuMep,
INyTEM MAacCOBOIO IMApaJJIEIbHOIO CEeKBeHHpoBaHMs. Hampumep, ¢ moMompro miatdopMsl
cexBeHHpoBaHus [llumina MOXXHO BBIOJHUTHG CEKBEHUPOBAHUE CIIAPEHHBIX KOHLOB 110 150 m.o.
Ha kaxaoM koHue. IIpu takoii cxeme ans moObix ruOpumHbeix monekyn JIHK Bbmmonssiercs
cekBeHUpBoaHue (parmenta oOmel pmmuoM 300 m.o. Mcxoas w3 TOro, 4To pasmep
aMIUT(UIIMPOBAHHOTO NMPOAYKTA KX 10 00sacTu cocTaBisier 75 M.0., a AJINHA CBSI3BIBAIOIIIX
obsacreri - 25 m.o., cekBeHupoBanue 300 1.0. MOXKET BBISIBUTH IMOCJIEIOBATEILHOCTh 10 3
obnacteit B rubpupHoil Mosekyse. Ilpu Takoil cxeme IJIsi TPYNIHPOBKU OONACTEH MOXKHO
UCTIONIBb30BaTh 10 Tpex rpynn. Ecmu HeoOxomumo ramnorunuposats 30 olmactei, TO Kakmas
rpyImmna Moxer coctosaTh u3 10 obnacreit. Kaxnas rpynma MoxeT ObITh COnepkaTh OJUHAKOBOE
WIM HEOJUHAKOBOE KONIM4YecTBO obOjacteil. Eciam mocienyromuii aHaiu3 MOXKET BBIIBUTH
NOCJIEIOBATENIbHOCTE  Oonee  mumHHBIX  Mosiekysn  JIHK, MoxHO wucnmonb3oBate Oolbliee
KOJIMYECTBO TPy

Ha ¢ur. 14B Takxe mokazaHa KOH(pHUryparysi npaiiMepoB Ha OCHOBE JBYX TPYIIL
IIpaiimepbl B KaXOOW Tpymme CcoAepKaT OJMHAKOBBIE TMEPeKpbIBAOIIHECS O00JacTH,
KOMIUIEMEHTapHbIE TEePEKPBIBAIOIIUMCS 00NacTsM Apyro rpymmel. B nmaHHOM ciyuae
nepekpbiBarommasicss oomacte 1 (OLR1), pacnonoskeHHass Ha 5'-KOHIAX OOpPATHBIX MpaiiMepOB
rpynmbl A, KOMIUIEMeHTapHa mnepekpoiBatomericss odmactu 2 (OLR2), pacnonoskenHoit Ha 5'-

KOHLIaX MpPsIMBIX MpaiiMepoB rpynmnbl B. Dta KOHCTPyKIMsA NpaiiMepoB aHAJOrM4YHa Crocoly,
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ornucanHoMmy Ha ¢ur. 7A Beime. FS u RS npencrasnsror cooit mapy mpaiiMepoB, KOTOpbIE
MOTYT CrHeuupuIeckd amIuiupUIpPOBaTh TMOPUAHbBIE NMPOAYKTHI, BKIOYAKONINE O00JAcTh U3
rpynmnel A u obnacte u3 rpynmnsl B. Konnenrpauun FS u RS mMoryT ObITh BhIlIE KOHLIEHTpALHUI
apyrux npaiimMepoB (oT F1 1o F4 u or R1 no R4). Ilpu 5Tux noBbieHHbIX KOHIEHTpauusax FS u
RS mocne ITP ¢ mepekpblBalOIMMUCS MpaliMepaMy KOHIEHTpPAlMd TMOPUAHBIX HPOAYKTOB
MOTYT OBITb HAMHOTO BBIIIE, YeM KOHLEHTPALUH HerHOpuaHbIX npoayKkTos [1LP.

Ha ¢ur. 14C nokazaHbl ruOpuAHbIE TPOAYKTHI, BKIKOYAIOIINE 00JaCTH U3 TPYIIbI A U
rpynmel B. TTocne TP ¢ nepekpbIBalOIUMUCS MpaiMepaMu JIFOOOH 4ieH rpynmbl A MOKET
ObITh OOBEIMHEH ¢ WieHOM rpymel B. B nanHOM npumepe ecTh Ba wieHa B rpymnme A (o0nactb
1 u obnacte 3) u aBa uneHa B rpymnme B (obnacte 2 u obnacte 4). Takum 00pa3oM, eCTh YeThIpe
TUMA THOPUIHBIX TPONYKTOB: obOnacte 1, oObenuHeHHass ¢ oOmacteio 2, obmacts 1,
oObenuHeHHass ¢ obOnacteio 4, obmacte 3, oObenmuHeHHas ¢ 00jacThi0 2, W 00jacTh 3,
oObenuHeHHas ¢ o0nacTeio 4. Mcnonb3ys 3Ty KOHQUTYPALIHIO, MOYKHO KOHTPOJIUPOBATH pa3Mep
rUOpUAHBIX MPOAYKTOB. B naHHOM mpumepe Bce rHOpHUIHBIC MPOAYKTHI COAEPIKAT TOJNBKO IBE
obmnactu. Hike npuBeneH npumep ¢ TpeMst 00J1acTIMH.

[IpenmymecTBo OOBEAMHEHUS MEHBIIMX TPYNI OONAacTel MO CPaBHEHHIO C METOIOM
NIOCJIEZIOBATENILHOTO CBSI3bIBAHMS, ONMUCaHHbIM Ha ¢ur. 10A wmm ¢ur. 10B, 3akmodaercss B
BO3MOXKHOCTH (pasupoBaHusi Oospimero konudecrBa obnactedl. Hampumep, matdopma mis
cekBeHupoBanus Illumina sBisiercs OOHOM W3 YAaCTO HCHOJB3YeMBIX IUIATPOPM  JUIS
OTIpeNIeNIEHUs] TOCJIEOBATENIbHOCTH OTHENbHBIX MoJiekyJ. KommuecTBo obnacreli, KOTOpbIe
MOKHO  (ha3upoBaTh C HKCIIOJNB30BAHHEM CHOCO0a TOCJIENOBATENBHOTO  OOBEIMHEHUS,
omucaHHoro Ha ¢ur. 10A wmm ¢ur. 10B, orpaHHueHO UIMHON PETUCTPUPYEMBIX
NocJieIoBaTeNIbHBIX MpouTeHuil. Hanpumep, ucnonb3yst CEeKBEHUPOBAHNE CIIAPEHHBIX KOHLIOB 10
300 HyKJIEOTHMAOB Ha KaXJAOM KOHIE, MOXXHO CEKBEHHPOBAaTb MOJEKYJbl IMHON A0 600
HyKeoTunoB. Ecnmu anmuHa kaxmoil obmactu, moziexkamned (asupoBaHuUio, coctasisier S50
HYKJIEOTH/IOB, TO C MOMOIINBIO CrIocoba MoCien0BaTeIbHOrO 0ObeANHEHHST MOXKHO (ha3upoBaTh
MakcuMyM 12 obriacreii.

OnHako mpHW HCHOJB30BAHMHU CIOCO0A TPYIMIUPOBKH, OMHUCAHHOTO B HACTOSIIEM
JIOKYMEHTE, TEOPETHUECKH He CYIIECTBYET MAKCHMAIBbHOIO OTPAaHUYEHHUS KOJIMUECTBa 00acTeH,
noiekamux — ¢gasuposanuto. B 3Tol  cxeme MHorosokycHyro I[P, mo3BOJSIOLIyIO
ONHOBPEMEHHO  aMIUIMpUIHUpPOBaTh  mejeBble  obOmactu  (oOmactw, MOJIeKALITIE
rarUIOTHIAPOBAHUIO ), MOKHO BBITOJHATE B OJJHOM KOMITAHTMEHTE. 3aTeM aMIUTN(QULINPOBAHHbIE
NPOAYKTBI 3THX 00sacTell 0ObEANHSIOT C OMOIIBIO CrIoco0a, OMMCAHHOTO B HACTOSLIEH 3asBKeE.
Omnmcanbl criocoOb! YBEIUYEHNsT KOJIMYECTBA MHOKECTBEHHBIX peakiuil B ogHoi peakunu (Wei

et al. Journal of Virological Methods 2008;151:132-139; Mo et al. Clin Chem Lab Med; 50:649-
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654). Hampumep, mpu HCIOJB30BAHUM YETHIPEX TPYMI, KaXKnas M3 KOTOPBIX BKiIoudaer 20
oOnacTeii, MOXXHO ¢asuposarh B 00wiei cinoxuaocT 80 obnacreit. Kaxxnbiii ruOpuaHbIN IPOTYKT
MOXeET cofepkaTh 4erbipe obmactu. Ecnu kaxnas obnacte coctouT u3 50 HYKJIEOTHIOB, TO
TUOpUAHBIN MPOAYKT JOJDKEH coaepxarh 200 HYKIEOTHIOB, YTO HAXOAMTCS B Ipenenax
BO3MOJKHOCTeH iatdopmbl cekBeHupoBanus [llumina.

larioTHnpoBaHHe MOXKET TAKXKe BKIFOYATh OMOMH()OPMATUYECKUH aHaN3, KOTOPBIH
ONpeAessieT NPUHAUICKHOCTh Pa3HbIX ajuleliell K ONHOMY M TOMY K€ TarulOTHIy Ha OCHOBE
xapaktepa  cnapuBaHus.  COOTBETCTBEHHO,  KOJIMYECTBO  OOJacTed,  MOJIekKAIuX
rarIOTUIIMPOBAHUIO, MOKET HE OrpaHM4uBaThes AauHou marpuuHoil JIHK, ucnonesyemoi s
[P ¢ mnepekprBatomuMucs mpaiimepamu. OOmyr o0nacTe Mexnay MAByMs Habopamu
rubpuaHbIX npoaykTos ITLP MOKHO MCIOMB30BATH I BMECTE TaIUIOTHIIOB JAPYTHX OOJacTeit
APYT C APYTOM B COCTaBe TMOPUAHBIX MPOAYKTOB. Hampumep, MOKHO ONPENeNuTh rarjOTHIThI
Tpex obnacreii (Hanpumep, OHIT 1, OHII 2 u OHII 3), ecnu onpenenens ¢paza OHIT 1 u OHIT 2
u ¢aza OHII 2 u OHII 3. 3ToT aHaNM3 MOKHO TMOBTOPHTD JJIsl TAINIOTUITUPOBAHUS HECKOJIBKUX
o0JiacTeil, KaK OIMHUCAHO HUIKE.

Ha ¢ur. 15A, 15B u 15C mnoka3zaHo QopmupoBaHue THOPUAHBIX TPOAYKTOB,
cofiep Kalix TPU OONACTH, MO OAHOW oOmacTh M3 Kaxnoi m3 tpex rpymm. Ha ¢ur. 15A
NPOMUTIOCTPUPOBAHO CiydaiiHOE paszaenieHHe oOyacTei Ha TpU TPYIIbl B Ka4eCTBE MpPUMEpA.
Bwmecte ¢ Tem, ans atoro crnocoba MOKHO MCHOJb30BaTh Oonee 3 rpymnm (Hanpumep, 4, 5, 6, 7
win Oonee). B MIOCTpaTHBHBIX LENsAX OONACTH IOCHENOBATEIbHO IPHUIMCAHBI K TPEM
rpynnaMm. IlocienoBarenbHOCTh NPUNUCHIBAHMS OOJIACTEil K IpymmaM MOXeT He BJIMATh Ha
pe3ysbTaTel. B HEKOTOPBIX BapuaHTaX peaju3aluyl NPUIHChIBAHIE 00JacTel K IPyInaM MOXKET
OBITh CKOpee CIyYaiHbIM, YE€M MOCJIEA0BATEIbHBIM.

Ha ¢ur. 15B mnoxkasana koudurypamust mnpaiimepoB Ha ocHoBe rpymmn. OLR,
pAacIoNoKeHHasl Ha 5'-KOHIE KaKA0ro oOpaTHOro mpaiiMepa B OXHOH IpyIine, KOMILIEMEHTapHa
OLR, pacnosnoxeHHOH Ha 5'-KOHIe Ka)KAO0ro MpsIMOro mpaiiMepa B cieayrollel rpymnmne. B stom
tunuHOM mipumepe OLR oOpatHbIX mpaiiMepoB rpymnmbel A komruieMeHTapHel OLR mpsiMbIx
npaiiMepoB rpymmbl B, mpuuem sti OLR mokaszanel ToueyHbiMu JuHUsIMH. OLR 00OpaTHBIX
npaiiMepos rpynmnel B kommnementapael OLR nipsimeix nmpaiimepos rpynnsl C, npuuem 3t OLR
MOKa3aHbl MyHKTUPHBIMU JIUHUSIMU.

ITapa BHemwHux mnpaiimepoB Fz u Rz mcmonmp3yercs nnst amrim@uKanydy TOJTHOCTHEO
rubpuaHbIX nponykTos. Fz comepxut OLR, coBnapatomyto ¢ 5'-koHuom F1 u F4, npuuem sta
OLR wu3zobpakeHa OBOMHBIMU CIUIOIIHBIMU JIMHUAMU. Rz conepskutr OLR, copmanmaromyro ¢ 5'-
koHoM R3 u R6, mpuuem sta OLR wu3o0paxkeHa IBOMHBIMH NYHKTUPHBIMH JIMHUSIMH.

Konnenrpaunu Fz wm Rz MOryT mnpesblIaTh KOHUEHTPALMU BCEX APYrUX IIPaliMepoB,
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UCTIONIb3YEMBIX ISl aMIUTH(UKALUN KOHKPETHBIX OONacTel, Ui CTHUMYJIALUN aMIUTA(UKaluu
rUOpUAHBIX MPOAYKTOB Tpex obnacrei. [Ipumeps! oTHOmEHNs koHUeHTparmii Fz n Rz k apyrum
npaiiMepaM BKJIFOYAIOT OTHOIIEHUs, Oonbluve win paBHbie S5:1, 10:1, 20:1, 50:1, 75:1, 100:1,
200:1, 500:1, 1000:1, 2000:1, 5000:1, 10000:1, 20000:1, 50000:1 uam 100000:1, HO HE
OTPaHUYUBAKOTCS UMU.

Ha ¢ur. 15C nokaszan ruGpuaneiii npoaykt [ILP. [Tpu Takoi cxeme Kakablil OJHOCTHIO
ruOPHUIHBIN MPOAYKT COAEPXKHUT TPU O0JNACTH: OAHY M3 TPYNIbI A, OAHY W3 rpynnsl B u oqHy u3
rpymmbl C.

S. III]P ¢ nepexpuvisarowumucs npaiimepamu ¢ UCHOIb306AHUEM NOTUMEPA3bI 0e3
oobasnenus A0eHo3Una Ha 3'-konye

B BapuanTtax peanusanmuu MO>XHO BbINONHATH I[P ¢ nmepekpbiBaromiuMucs npanmMepamu
C WCMOJB30BAHUEM IOJIIMEpa3bl, He NOOABISIOMIEH aJeHO3MH Ha 3'-KOHIE YUIMHSEMOH Lenu
JHK. Ha ¢ur. 16A moka3aHa KOHCTpyKUms mpaiimepos. [IpommmocTpiupoBanHas KOHCTPYKLHUS
aHAJIOTMYHA KOHCTPYKLHWH, omucaHHOH Ha ¢ur. 7A. OpHako mpadimep R1 Ha ¢ur. 16A
MOAU(PHUIHMPOBAH MyTEM yAaNeHHU (DIAHKHPYIOWETO aJeHO3MHA MEXKIY MOCIEN0BATEIbHOCTHIO
npaiimepa st ooacta 1 u OLR. AnanorndnasiM obpazom, npaiiMep F2 monuduumposan nytem
ynaneHus (IaHKUPYIOLIETo aJeHO3MHA MEXKY MOCIIeOBaTeIbHOCTBIO paiiMepa i obnactu 2
u OLR. Ilpaiimep F3 monuduimposan nmytem yaaneHus paaHkupyromero TuMuHa Mexxny SAR1
U TOCIEeNOBaTEIbHOCTBIO, pPACMOJOXKEHHOW Ha S5'-KOHIle, KOTOpas MpeAHa3HaueHa i
cexBeHnposanus. Ilpalimep R3 mMomuduuupoBan myTtem ynaneHus: (raHKUPYIOLIEr0 THUMHHA
mexxay SAR2 u nocnenoBaTenbHOCTBIO, PACTIONOKEHHON Ha 5'-KOHIle, KOTopasi MperHa3HaueHa
nnst cexkBeHupoBanus. Ha ¢ur. 16B nokaszan ruOpuanenii npoayxt TP, comeprkammii nBe
obnactu. CriocoOwb1, onucanneie Ha ¢ur. 14A-14C u pur. 15A-15C? MOKHO MPUMEHSITH C STOH
MoauduKanueld KOHCTPYKIUH MpaiiMepoB M HCIOJb30BAHUEM IOJIMMEpPas3bl 0e3 a00aBleHHs
JOTIOJTHUTEJIBHOTO aIeHO3nHA Ha 3'-koHue yanunsemon uenu JJHK.

T. Brusinue onunvt mesncoy obracmsmu

OO6nactu, pacrmoJOKEHHbIE HAa PA3JIMYHOM PACCTOSIHMM JIPYT OT JpPyTa, CBA3AJIH JAPYT C
apyroM. 3areM THOpHAHBIE OOJACTH MPOAHATU3UPOBAIN C LENBIO OINpPEAENUTh, KaK UINHA
BJIMSIET HA TOYHOCTb aHAJIN3a rarIoTHIIOB.

ITpumep kouduryparmm 10 OHIT

Ha ¢ur. 17A nokasanbl 3Ha4eHus niauHbl Mexxay pasnuaabiva OHIT B monexyne JTHK.
OTu pa3Hble 3HAYECHUS JITMHBI UCTIOJIb30BAJIN IS ONIPEENICHUs BIUSHUS JUTHHBI Ha crioco0 TILP
¢ nepekpoiBaroumucs npaimepamu. Llenpro kaxxnon I1LIP ¢ nepekpbiBarouMucs npanMepamu
Obuto oObenuHeHue AByX obnacred, ogHa W3 Kotopbix seisercs OHIIL, a apyras mosker

sBasTbest ogauM u3 OHIT2, OHII3, OHIT4, OHIIS, OHII6, OHII7, OHII8, OHII9 uau OHII10.
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Paccrostane mMexxay nByMsi 00JIaCTSMHU, MOMJIEKAITUMH O0BEIUHEHUIO, CocTaBysieT ot 2,5 no 100
T.IL.O.

Ha ¢ur. 17B noka3ans! kondurypauun npaitmepos 1yt OHIL JIse obnactu oO0venuHsmm
C UCTOJIB30BaHUEM criocoda, onmucanHoro Ha ¢ur. 7A u ¢ur. 7B. 5'-xoHen oOpaTHOro npariMepa
anst ammumdukannun OHITL (mpafimep R1) Brurouaer nepekpsiBaromytocst obnacts 1 (OLR1). 5'-
KOHLIBI ~ MpsIMBIX  mpaiimepoB s ammndukaumn ~ OHII2-  OHITI0  BkmouaroT
nepexpbiBaroiyrocsi obnactb 2 (OLR2). OLR1 u OLR2 kommiemenTapHsl apyr apyry. Ilpu
takoi cxeme npoayktbl [TI[P OHIT1 M0oxHO 00beIUHUTE ¢ KakapiM U3 mpoaykTos TP OHII2
- OHII10. OgHako BO3MOXHOCTH TpaBwibHOTO (asuposanust OHIIl u omnoro 3 OHII2 -
OHIT10 moskeT 3aBHUCETh OT HAJIM4Ms UHTaKTHOW AnuHHON Mmozekysnsl JIHK, oxBaTeiBaroreit
ykazanHele asa OHIIL, mnomnexamue ¢HasupoBaHUIO, B OJHOM KOMIIAPTMEHTE, KOTOPBIH,
HanpuMep, MOKET ObITh Karuieli npu nnugpoBoii kanenbHoit [TLP.

PesynbpTaTsl

ABTOpBI M300peTeHust oroOpanu OepeMEeHHYIO SKEHIIWHY B OTACNEHHH aKyIlepCcTBa U
rHHEeKoJoruu  OonpHHUNBI TpuHOAa Yajaeckoro (PWH), Tonkonr. Ilomyumnu obOpasubl
nepudepruveckoil KpoBu U cobpanu NeHKouuTapHbIA cioil marepu. Kpome Toro, mosmyduiu
oOpazer miona, B3sB 00pa3Lbl IJIALCHTHI MOCe poAoB. JIeHKOUUTapHBIN CJIOW MaTepy U TKAHb
IUTALIEHTHl TUIONA TeHOTUIUPOBATIM C HCMONb3oBaHHeM tiaTtdopmbl lllumina mis anamusa
mukpounnos (HumanOmni2.5). Orobpanu 10 OHII, pacnonokeHHBIX B I'€HaX 2emMo2noduHa
eamma 2 u eemoznobuna sncunon [ xpomocombl 11. PaccrosiHue 1o BTOPOro, TPETHETO,
YEeTBEPTOro, IATOrO, IIECTOro, CEAbMOro, BOcbMOro, aepsroro u aecsroro OHII or nepsoro
OHII cocrasnsier npumepHo 2,5, 5, 10, 20, 30, 40, 50, 75 u 100 T.m.o0., coorBerctBenno. OHIT
TOMO3UTOTHBI y IJIOJJa U TeTepO3UrOoTHBI y MaTepu. B 3ToM ciydae muion yHacienoBas JiBa
UJIEHTHYHBIX TAIUIOTHIIA, IO OJHOMY OT KaXKJIOTO POXMTENs. 3aTeéM Ha OCHOBE MH(pOPMALUHU O
raruioTHIe Tiona W MH(GOPMAIMH O TE€HOTUIIE MAaTepU MOXKHO OINpPENEeHUTh JBAa TarjIOTHUIA
mMarepu. JTa MHPOPMALMS O TaIUIOTHUIIE MATEPH MOXKET CJIYKUTh 30JIOTBIM CTaHAAPTOM IS
OmpeneNieHus TOYHOCTH crmocoba Ha ocHoBe mmpposoii [IP ¢ mnepekpbIBarOLUMECS
npanMepamu.

Ha ¢wur. 18 mokazaHbl NMOCIEIOBATENBHOCTH NMPAMEPOB Il aMIUTM(UKALUN KaKIOH
obiactu. B mepBom crondue mnokazanel uaentupuxaropsl 10 OHII. Bo BTOpoM cromnbie
ykazanbl koopauHatel OHIT Ha xpomocome 11. B Tperpem cronbue yka3aHO pacCTOSHUE OT
neporo OHII B Thicsuax map ocHoBaHuil. B uwerBeprom cronbue ykasan renorun OHIIL B
ISITOM  CTONIOLE TPUBEIEHA NOCIENOBATENbHOCTh NPAMOro mpaiiMepa. B mectom cronbie
NpHBEIeHa IMOCJIEAOBAaTEIbHOCTh OOpaTtHOro mpaiimepa. OOpartHeii npadimep mms OHIIL

cogepxxut OLR1 (Bbimenena >xenteiM u noguepkHyta). OLR1 xommnemenTapHa kaxnoit OLR2
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(BBIIENICHHOW 3€NeHBIM W TOAYEPKHYTOH) mpsMbIx mnpaiimepoB ans OHII2 — OHITIO.
OcHoBaHME «A», BBIIEIEHHOE KPACHBIM MOJYKUPHBIM IIPU(PTOM, TMPEACTABISIET COOOH
JOTNONHUTENbHOE OcHOBaHue Mexxay OLR u nocienoBaTenbHOCTBIO MpaliMepa.

JAHK ¢ BBICOKON MOJIEKYJISIPHOW MAacCOM BBIAEISUIA U3 JIEMKOLUTAPHOrO CJIOS MaTepH C
nomompto Habopa MagAttract HMW DNA Kit (Qiagen). JInsi KaKAaoro aHaniusa MOJyYasiu
peakuuonnyro cmech st [ILP B o6beme 20 MkJ, cocrosimyto u3 3,2 Hr marpunbl JJHK, 10 Mk
cmecu 2 x ddPCR Supermix for Probes (He conepskarmueit 1Y T®) (Bio-Rad), kaxmablii u3 mapsr
npaiMepoB ¢ BHYTPEHHUM aJanTepoOM B KOHEUHOH KOHIIEHTpaluu | MKMOJIb/J, OOpaTHBIMI
npaiiMep st OHIT 1 u npsamoit npatimep ana apyroro OHII B koHeuHol koHueHTpanuu 40
HMOJIB/N 1 mipsimoii ipaiimep anst OHIT 1 u oOpaTHslil npaiimep mist apyroro OHIT B koHe4HOIH
KOHLEHTparuu S0 HMOb/11. 3aTeM peakLMOHHYI0 cMech 1yt TP pasnensiu ¢ ucronbp30BaHuEM
reHeparopa kanenb st nugposoii ITIP QX100/QX200 (Bio-Rad). Ucnonp3oBanu cienyonmii
TeMriepatypHbiii npoduie aHanmuza: wHMNWanus npu 95°C B Teuenme 10 muHyT, 3ateM S0
LUKJIOB, cocTosiux u3 94°C B reuenue 45 cekyna, 59°C B Teuenue 1 MunyTsl 1 72°C B TeueHHe
3 MUHYT, U 3aKJIFOYHTEIbHOE HHKYyOUpoBanue rpu 98°C B TeueHue 10 MUHYT.

ITocne IIIP xamnu aucneprupoBaiu U Bbaensnu npoayktsl TP B coorBercTBUU C
MIPOTOKOJIOM TPOH3BOAMTENSI ¢ HEOOJBIION MOMPABKOW, 3aKJIIOYABIICHCS B UCMOJIb30BaHUU 00
Mka Oypepa TE mna kaxnmoi nyHku BMecto 20 MKJI. DTa NONMpaBKa NpHUBENA K JIydIIEeMy
OpOOJIEHUIO Karleb.

IIponyxtel IIIP nonosHuTENbHO OYMINANU C HUCHOJb30BaHUEM rpanHyil AMPure XP
Beads B coOTBeTCTBUH C POTOKOJIOM MPOU3BOIUTEJIS JUIS YAAJIEHUSI OCTATOYHBIX MPaiMepoB
APYTHX HEXeNaTeJIbHbIX KOpPOTKuX (parmeHtoB (pasmepom < 100 mo.). OrHoeHue
rpanyJiel/JJHK (T.e. oTHOIIeHHe 00beMa A00aBIEHHBIX IPaHyJ K 00beMy 00pasiia) COCTABIISIIO
0,9.

Jnst monyuyeHust OMONMMOTEKH IJIsi CEKBEHUPOBAHMS JIMTHPOBAIHM TMOCIENOBATENIbHOCTH
BHEIIHero ananrepa ¢ rubpuaabiMu npoayktamu TP ¢ momompro ITIHP. Tlpafimepsr ¢
BHEIIHUM  aJanTepoM BKJIOYAIM MpsMONM  mpaliMep C  MOCIEAO0BaTEIbHOCTBIO:  S'-
AATGATACGGCGACCACCGAGATCTACACATACGAGATCCGT-3' u oOpaTHbIii paiimep
¢ unpekcoMm c mnociaenosarenbHOCThIO: S'-CAAGCAGAAGACGGCATACGAGAT-unaexc-
GTGACTGGAGTTC-3". Ina kaxmoro odOpasiia MoNydaju peakiuoHHyr cmech mis [P B
ooveme 50 Mk, cocrosimyro w3 rudpuanbix npoaykrtos TP, 25 mxn cmecu KAPA HiFi
HotStart ReadyMix (Roche) u obomx mnpaiiMepoB ¢ BHEUIHHUMH aJanTepaMd B KOHEYHOH
koHueHTpauun 0,5 wmxmonw/n. TemmepatypHblii npoduins aHanmM3a MNPEICTABISAT COOOM:
uHunuauuro npu 98°C B TeueHue 45 cekyHn; 3atemM 10 nukioB, cocrosmux uz 98°C B TeueHue

15 cexynn, 60°C B Teuenue 30 cexyHn u 72°C B TedeHue 30 CEKyHA, U 3aKJIOUYUTENBHOE
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uHKyOunposanue npu 72°C B TeueHne 1 MUHYTHI.

Jlnst oboraleHust KejJaTeNbHbIX TOCenoBaTeIbHOCTeH Oubanorek mnmuuHor ot 200 mo
300 nm.o. BeimeneHHble npoaykTel I[P AOMOSHUTENBHO OUMINAIN C MCIOJIB30BAHUEM IPaHYJI
AMPure XP Beads B COOTBETCTBHH C MPOTOKOJIOM MPOU3BOAMUTENS ISl ABOMHOIO OTOOpA IO
pasmepy Ha ocHOBe rpanyJ. OtHommenue rpanyib//IHK (T.e. oTHOIIEHHE COBOKYIHOro oObema
no0aBleHHbIX TpaHyJ K 00BeMy HCXOOHOro oOpasua) Ui MepBOro M BTOPOro ordopa ¢
MOMOLIBIO TpaHyJ cocTaBisuio 0,6 u 1,4, COOTBETCTBEHHO. 3aTeM aHATU3UPOBAIU MPODUIH
pa3Mepa OuMIIeHHBIX OnbuoTek ¢ ucnonbp3oBanueMm D1000 SreenTape u peareHTOB Ha MPUOOpe
4200 TapeStation (Agilent Technologies).

bubnuorekn WHAEKCOB MYJBTHILIEKCHPOBAIM M CEKBEHUPOBAJIU C HCIIOJIb30BAHHEM
atdopmel cekBeHuposanus lllumina MiSeq (76 x 2 nukna). budmoreky PhiX Control v2
(Illumina) mobaBmstim anst kKoHTpons kadectBa. JlobaBnenne PhiX Takke MOrio yiaydinuTh
Ka4eCTBO CEKBEHUPOBAHMs, MOCKOJBKY OHO YBEIMYHBAJIO CIOXKHOCTh OMOJMOTEKH, OCOOEHHO
s OMONMMOTEK € HU3KUM Pa3sHOOOpa3ueéM W € BBICOKOH MOBTOPSIEMOCTBIO, HAIpUMeEp,
oubmioreku rubpunnoii JHK. Ilpumepst mpoueHntHOro copepxkanusi nodasneHHoir PhiX
BKJIFOUAOT 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70% u 80%, HO orpaHU4YuBaIOTCS UMH. B
OOHOM BapHaHTe peanuzauuu podasmwan 33% PhiX. ABTOpBI MONYYMIN IOJB30BATEIHCKHE
npaiiMepsl Uil CEKBEHUPOBAHMS, HCIOJb3yE€Mble Ui MPOYTEHUs 1 Ui IUKJIa aHaiu3a Ha
cucreme Illumina. 2/3 mnonp3oBarenbckux mnpaiiMepoB ais npouteHus 1 cmemamu ¢ 1/3
npaiivepoB Illumina nns npourenust 1. Ilomp3oBarenbckue mnpaiiMepsl Ayt npodreHus |
NIO3BOJISUIM  CEKBEHHPOBaTh ruOpuanble mnpoayktel [P, B TO Bpems kak npaimepbl st
npourenust 1 Illumina mosBomsn cexBenuposate OuOmmorekn PhiX. ITocnenoBarenbHOCTH
NOJIb30BATENICKOTO  MpaiiMepa  1yisi  mpouteHuss | mpexacraBmser  coboit  5'-
CATACGAGATCCGTAATCGGGAAGCTGAAG-3".

[TpoureHust mpu CEKBEHHMPOBAHWHU yKopauuBaiu ¢ momompio Cutadapt (Martin et al.
EMBnet. Journal. 2011;17:10-12) nnst ynaneHust MOCIENOBATENbHOCTEH ananTepoB H
nocnenosatenbHocTH OLR. TlocnenoBaTenbHOCTs XpoMOcOMBI 11 cTpounu A7st UCTIONb30BAHUS
B Ka4eCTBe dTaJIOHA. [l BbIpaBHUBAHUS MPOUYTEHUH CEKBEHUPOBAHUS HA 3TAJIOH HCIIOJIB30BAIN
nporpammHoe obecrieuenne BWA (Li et al. Bioinformatics. 2009;25:1754-1760). IIpourenus
CEeKBEHHPOBAHUS MPABIJIBHO KaPTHPOBAIM C TMOPUIHBIMHU IIOCIIEAOBATEIbHOCTSIMH, T.€. OJUH
¢dparmenT kaptuposanu ¢ odnactero OHII 1, a npyroii ¢pparMeHT - ¢ OTHON U3 AEBATU IPYTHX
obmnacreit OHIL.

3arem omnpenenuIn ABa TarjIoTHIIA MAaTepH, Kak ONMUCaHO Bbime. ['ammoTumnel, Hecyue
annens C u anmnens T B OHII 1, o6o3naunnu xax Hap I u Hap I, coorBercTeenno. [{ns Hap 1

ucronb3oBanu cueHapuii Python nns moncuera ¢parmMeHTOB ¢ pasauuHBIMU KOMOMHALMSMU
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OBYX ajuieliell m3 IByX obOsacteli, 0003HAYEHHBIX KaK KOHTUTH ajuieneidl. [yl Kaskmou mapel
obnacreri (OHII) coOpanu nBa mMepBbIX MOACYUTAHHBIX KOHTUTA aJUIeJedl M BBIYUCIIIIA UX
OTHOCHUTEJIbHBIE YaCTOTHI, KOTOPBIE B CyMMe cOcTaBisitoT 100 mpouentos. Iloporosoe 3naueHue
Y4aCTOTHI NEPBOrO KOHTHUIA AJJIeNs Il MAEHTU(UKALUY €ro KaK raruioTUNa yCTAHOBHIIM Kak >
60%. Ecnu yacToTa nepBoro KOHTHra ajuiens cocrasisiia < 60%, rarorun He onpenensics. B
APYTHX BapHaHTax peaju3alud MOXKHO HCIOJIb30BaTh APYTUE MOPOTOBbI€ IPOLIEHTHBIE
3HAYeHUs] JUIsI UIEHTH(HMKALMK MEePBOro KOHTHra ajuiefisi B KauecTBe TaruloTHNa B oOpasle,
Hanpumep, > 65%, 70%, 80%, 90%, HO He OrpaHUYMBASICH MUMH. AHAJOTHYHBIM O0pPa3oM
IIPOAHAIM3UPOBAJIN IPOUTEHUs cekBeHupoBanus aius Hap 1L

Ha ¢ur. 19 mnoxkasansl ¢asp, onpeneneHHble MetogoMm wuudposoir IIHP ¢
nepeKpbIBarOIIUMUCS Tpaiimepamu. B mepBom crondue nepeuncnenst mapel OHIT 1 ¢ gpyrum
OHIIL. Annenu 10 OHII ramioTunoB nepeducieHbl Mo nopsiaky. Bropoit u Tpetuit ctonOupbl
npenHasHadensl s Hap [ 8 OHIT 1. Bo BTOpOoM crondiie yka3aHa 4HacTOTa KOMOWHAIIMH
amneneti nyist OHIT 1 u gpyroro OHIT. B TpeThem cTos01e nmepeuncieHsl onpeneieHHbIe ajuieH
s Hap I Jlna xaknoro caiita ajijienst OH MOKET COAEP)KaTh 3HAYEHHE OCHOBAHUS (aJuielis),
IpoYyepk JAJid caiiTa, HE OXBAauY€HHOTO CHNApeHHbIMU MPOYTEHUSMHU, WIH KpecT A
HEOMpeeNeHHOro caifTa. UeTBepThiii U IATHIN cTonOub! npenHasHadeHs! 1yt Hap 118 OHIT 1. B
YEeTBEPTOM CTOJOLE yKazaHa yactoTa komOuHaimm amneneit as OHII 1 u npyroro OHIL B
MSITOM CTOJIOIE MepEeUrCIIeHbI onpeneneHnble amienu as Hap 11

Kak nokasano Ha ¢ur. 19, ciocod Ha ocHose IILIP ¢ nepexpriBarornuMucs npaimMepamu
(u3nuuecku MOKET MpaBHIIbHO (PasupoBaTh ABe 00JACTH, pa3feeHHbIe MPOMEKYTKOM 10 S50
T..0. (paccrosuue or OHII 8 nmo OHII 1) ma ocHoBe moporoBoii uwactorbl 60%. Ilpu
onpenenenuu Tobko Hap I ¢asuposanue Obuto ycnemnbiM a0 75 T.mo. (OHIT 1). TouHocTh
3TOro crocoda ompernensercs kadecTBoM u 1enoctHocThio JIHK. Cnocol, mo3Bosstomuii
BeiensaTh JIHK BhicOKOro kauectBa M OOJBIIETO pa3Mepa, MOXET MOBBICHTh TOYHOCTb H
YBEJIMYUTh PACCTOSIHHE, MOoJuIekainee (pasMpOBAHUIO C MOMOIIBIO 3TOrO crocoda Ha OCHOBE
I1II1P ¢ nepekpbIBAIOIIUMUCS ITpaiiMepamu.

U. Ilpumep eannomunuposanus ¢ UCHONL3OBAHUEM 2eHA  Oema-cyOveOunulysl
2eMO2N00UHA

ABTOpBI M300pETEHUs] UCIONb30BAIHM TAaIUIOTUITUPOBAHUE BAPHAHTOB TeHAa Oema-
cyoveounuysr 2emo2nobuna (HBB) B xadecTBe mpuMepa ISl WILTFOCTPUPOBAHHS STOTO CIiocoda
raluIOTUNAPOBaHUS uid  (a3supoBaHMs HeCcKoJbkux obnacteir. I'en HBB xomupyer f-
cyObenuHuLy TremornoOuHa. Mytaumu B reHe /HBB MOryT BbI3BIBATH [-TalacceMHIO -
ayTOCOMHO-pEIleCCUBHOE  3a00JIeBaHUe, XapakTepusyrolueecss Tspkenol aHemued. [lnsa

YHaCJICAOBAHUA HNAHHOTIO 3a00/1eBaHMS Y UHAUBUOA AOOJIKHBI OBITh ABE€ MyTalUuu OT oboux



38

pomuteneii. Lo ¢ coaBr. pa3zpaboTanu Moaxox K HEWHBA3MBHOMY BBISIBJICHHIO HACJICIOBAHMS
IUIOOM IBYX MyTanmii f-tamaccemun ot obomx poxuteneii (Lo et al. Sci Transl Med.
2010;2:61ra91). ABTOpBEl MONYYWIM TEHOTHUN OTHAa MW TramwioTun Martepu. Ilo nmaHHBIM
cekBeHupoanuss JIHK w3 mmasmMbl Marepu MOXKHO OOHApy>KUThb MYyTal[HIO  OTLA,
YHaCJlEAOBAHHYK IIOAOM. [l OLEHKM HaclenoBaHUs MyTalMi MaTepu IUIOAOM aBTOPbI
UCIIONIb30BAIM  aHAJIN3 OTHOCHUTENbHOH no3bl ramtotuna (RHDO) ¢ nenbsio  BbISIBICHUS
HACJIEOBAaHMs ILJIOIOM Trarjiotuna matepu, comepxxkamero myrtauuto. s RHDO-ananmza
TpeOyercst mHpopMaLusi O ramiotune marepu. Lo ¢ COaBT. MOJyYHJIM TalIOTUI MaTepu U3
oOpasla BOPCHHOK XOpPHOHAa B 3TOM KOHTPOJBHO-TIPOBEPOYHOM HCCienoBaHMU. [lo3ke OHU
ucnosnb3oBau miargpopmy 10X genomics st onpenenenus ¢asel ramoruna marepu (Hui et al.
Clin Chem. 2017;63:513-524). Otu cnocoObl raruIOTUITUPOBAHKS MOTYT OBITh CIIOXKHBIMH FUIH
IOPOrocTOsIIUMU. B HacToslleM HOKyMEHTE aBTOPbl H300pETEHHUs] MPOAEMOHCTPHUPOBAIN
NOTeHIHMAJbHbIE BapHaHTBl TNPUMEHEeHus crmocoba Ha ocHoBe wmudpposoit IIP ¢
NEPEeKPbIBAIOIIMMUCS  MpaiiMepaMud [l  HEUHBA3UBHOIO  IPEHATAJbHOIO  BbIABJICHMUS
MOHOT€HHBIX 3a00JeBaHu myTeM (ha3upOBaHUs FAIIOTUIIOB B reHe HBA.

Jlns mpoBepKM TOYHOCTU criocoba Ha ocHose wudposoi TP ¢ nmepexprBarormmMucs
nparviMepaMu HUCnoab30oBaiu reHoMHyro JIHK cemelHBIX TpHO, BKIKOYAKOUIMX OTLA, MaTb U
ioA. ABTOPBI M300peTeHUsT OTOOpaIH YeThlpe TPUO B OTACJIEHUU XUMUYECKOW MAaTOJIOTHU H
nenuatpuu OonpHULBI puHLA Yanbckoro (PWH), I'onkoHr. 3areM monyyanu JeHKOLUTAPHBIH
CJION OTHa, JIEHKOLUTAPHBIM CJIOH MaTepu M TKAHU IUIAeHTHI Iioga. Mcmome3ysi crmoco0,
npowsuroCcTpupoBaHHbli Ha ¢ur. 15A, 15B u 15C, paspaGoranu BapuaHTBl aHamu3a IS
¢asuposanus 20 OHIL. 20 OHII pa3znenunu Ha nBe rpynmnsl: rpynna A sxmouana OHIT 1, 4, 6,
8, 10, 11, 13, 15, 17 u 20; a rpynna B Bkmouana OHII 2, 3, 5, 7, 9, 12, 14, 16, 18 u 19. B
APYyTUX BapUaHTax pealu3aliyd MOXHO MPUMEHATb JPYrHe CXeMbl I'PYNIHPOBKH, HaIpUMeEp,
OHIT 1-10 B xauectse rpynnsl A u OHII 11-20 B xauectse rpynnel B, u OHII 1 B xauectse

rpynmsl A uw OHII 2-20 B kadectBe rpymmbl B, HO He OrpaHu4HMBasCb HUMHU.

>
ITocnenosarenpHOCTH BHYTPEHHUX npaiiMepos aHAJOTUYHBI npaiiMepam,
NPOMUTIOCTPUPOBaHbIM Ha ¢ur. 15B. 5'-koHer oOpaTHbIX mpaiimMepoB aist obmactu B rpynme A
KOMIUIEMEHTapeH 5'-KOHLy NMPsMBIX IpaliMepos B rpy1re B.

Ha ¢ur. 20 mokasanel mocnenosarenbHocTn mpaidiMepoB ainsi OHII B reme HBB. B
nepBoM ctosdie mokasan Homep oOmactu anst 20 OHII B reme HBB. Bo Bropom cronbue
nokazaH uneHtudukarop OHIL B tperbem cronbiie mokasaHa MOCIENOBATENBHOCTb MPSIMOTO
npaiimepa B HampasieHuu oT 5' k 3'. B derBeproM cronbiie mokazaHa MOCIENOBATENIbHOCTD

oOpatHoro mpaiimepa B HampasieHuud oT 5' k 3'. OOparssiii mpaiimep s kaxaoro OHIT B

rpynne A coxmepxxutr OLR1 (Beimenena >xenteiM u nomguepkHyTta). OLR1 kommiemeHTapHa
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OLR?2 (BblaeneHa 3€JE€HbIM U MOAYEPKHYTA) NMPsAMBIX mpaiimepos s kaxzporo OHIT B rpymme
B. OcHoBanme «A» BBIIENEHO KPAacCHBIM IONYKUPHBIM IIPU(TOM U TPEACTABISIET COOOU
JOTOJHUTEIbHOE ocHOBaHue Mexny OLR 1 nmocienoBarenbHOCTBIO MpaliMepa.

JAHK, BbIAENIEHHYIO U3 JIEUKOLUMTAPHOIO CJIOS OTLA, JIEWKOLUMTAPHOIO CJIOS MAaTEPU WU
IJIALIEHTHl [JIOJA, PACHpefessuid MO KalulAM JJs BBINONHEHUs cBssbBaromei IIHP ¢
HCIIOJIb30BaHNEM cucTeMbl KanenbHoil 1udposoii ITLP BioRad Droplet Digital PCR.

Jlns xakmoro obOpasua mojydaid peakiuoHHyto cMmech st TP B oObeme 20 Mk,
cocrosimmyto u3 3,2 mr marpunsl JJHK, 10 mxn cmecu 2 x ddPCR Supermix for Probes (me
cogepxkameit nYT®) (Bio-Rad), xaxnapiii u3 mapbl nmpaliMepoB ¢ BHYTPEHHHM aJanTepoOM B
KOHEYHOH KOHIIEHTpalUuu | MKMOJB/JI, KaXIblii oOpaTHbIi mpaiimMep B rpynme A U IpsMOH
npaiimep B rpynrne B B koHe4HOH KOHUeHTparuu 40 HMOJB/I M KaXKABIA NPsSMON mpaiimMep B
rpymnmne A u oOpaTHbI mpaiimep B rpynmne B B koHeuHOH koHumeHTpauuu 50 HMONB/. 3artem
peakuuoHHyro cmech st IIIIP pasgenanu ¢ Ucronb30BaHMEM TeHepaTopa Karmenb IS
mudposoii TP QX100/QX200 (Bio-Rad). HMcnonb3oBanm Crleayrolmuid TeMIepaTypHBIA
npoduib ananusa: naunuanus npu 95°C B Teuenue 10 MuHyT; 3aTeM S0 IIUKIIOB, COCTOSIINX W3
94°C B Teuenue 45 cexyHn, 59°C B teuenue 1 muHyTel U 72°C B TedeHHe 3 MUHYT, U
3axiounTenbHoe nHKyOuposanue npu 98°C B Teuenue 10 munyt. I'ubpunueie nponyxrs TP
BBIIEJSUIM U3 Kamelb U JIUTMPOBAIM C BHEUIHUMH ajanTepaMu AJii CEKBEHMPOBAHMS C
UCIOJIb30BAaHUEM IMPOTOKOJA, OMUCAHHOIO B HACTOsIEM NOKyMeHTe. IIpouHnexcupoBaHHbIE
OubnMMoTeKu MyJIBTUIIJIEKCUPOBAIN U CEKBEHUPOBAIM Ha miatdopme cekBeHuposanus [llumina
MiSeq. IIpoureHusi CeKBEHUPOBAHUS YKOPAYMBAJIW U BbIPAaBHMBAJIM Ha Xpomocomy 11. Jlns
coopku ramiorunos 20 OHIT ucnionb3oBanu cuenapuii Python.

Ha ¢ur. 21A u 21B npowutoctpupoBan aHanmu3 (a3oBoit cOopku. B sTom mpumepe
NPUHIHN aHanu3a (PasoBoil cCOOPKU MPOAEMOHCTPHUPOBaH MyTeM (asupoBanus dyereipex OHIL
Ha ¢ur. 21A nokasans! uersipe OHIT nnst pasupoBaHus, pasaeneHHbIe HA ABE TPYIIIbL TPyIa
A comepxxur OHIT 1 u 3 (ceppie TpeyrompHuku), a rpynnma B - OHII 2 u 4 (Genbie
TPEYTOJIbHUKH).

Ha ¢ur. 21B noka3aHo omnpeneneHue rarioTHIoB U3 ruOpuanabx npoaykros ITLP nByx
obnacteil. Ha ocHOBE MaHHBIX CEKBEHMPOBAHHUS MOXKHO CBSI3aTh JIFOOOH ayjienb W3 TPyl A
(cepble TPSMOYTOJNBHUKH) C JIOOBIM ajieneM u3 rpynnsl B (Genbie mpsimoyronpHuUKH). [lBa
(asupoBaHHBIX aJUIeNs] B THOPUIHOM MPOAYKTE MO3BOJSIOT BBISIBUTH YaCTh TAIJIOTUIIOB. 3aTeM
MOYKHO OIPEIENIUTh [1BA FAarUIOTUIIA C UCTIOIb30BAHNUEM BCeX (ha3UPOBAHHBIX aJlUIeNeit.

Hanpuwmep, B rudpunnom mnpoaykre TP, comepxkammem OHII 1 u OHII 4, moxHO
ornpenenuTp, uTo 00aacte X802 comepxut amnens A OHII 1, a obnacte X804 comepskut asenb

T OHIT 4. B rubpunnom npoaykte I1LP, cogepxamem OHIT 1 u OHIT 2, MOXHO onpenenuTb,
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yro obsacte X806 conepxkut aymutens A OHII 1, a obnacte X808 conepskut amens G OHIT 2.
OHII 1 omHOro M TOTO XK€ ayuiesst A 3ateM HCIoNb3YIOT st cBs3biBanuss OHII 2 (amnens G) u
OHIT 4 (anmnens T). AHAJIOTHYHBINA MTPOLIECC MOXKHO UCIIONIb30BaTh 1uist onpeaenenHust OHIT 3.

I'uOpuaHbIi NPOAYKT AJI OAHOTO TAIUIOTHIIA MOXKHO OTJIIMYUTh OT TMOPUIHOTO MPOAYKTa
IJIsL IPYTOro TaruloTHNa MO HecoBmajnaroiuM amiensm. Hampumep, obmacte X806 comepskut
amenb A OHII 1, a o6nacty X810 - ayens T OHIT 1. Kpome Toro, obiacte X808 conmepxut
amnenb G OHIT 2, a obmacte X812 - aminens A OHIT 2. B pesysibrare ONpenesnsitOT, 4TO
ruOpuaHbIi nponykt obmact X806 m obmactu X808 sBISIETCS TarIOTUIIOM, OTJIMYHBIM OT
rubpuaHOro npoaykra oobnactu X810 u obnactu X812.

Ha ¢ur. 22 nokazana tabauna ramioTUNOB, MOJYYEHHbIX criocoboM Ha ocHose ITLIP ¢
NePEKPBIBAIOIUMUCS TpaiiMepaMu Ut ceMeiHbIX Tpro. B mepBoM cronbie Tabmuisl moka3aHbl
UHAUBUJIBL, TaIUIOTHIBI KOTOpPbIX ompenenunu ¢ nomouipto TP ¢ nepexpriBaromumucs
npafimepamu. B TaOnume mokasaHbl 4YeThIpE CEMbHM W3 OTLA, MaTepu M IUioxa. Bo Bropom
crosi0e nmoka3zaHa MeTKa raruiotumna. B ocranpHbIX cTonbnax nokasansl ajmienu 20 OHIT.

lamymoTunbl  KaKOOTO HMHOWBUAA ONpeaeNsyii  crmocodbom Ha ocHoe [IIP ¢
NEePEKPHIBAIOIIUMUCS TpaiiMepamu. [ armoTHIEI, ONMpeneIeHHble 3TUM CIIOCOOOM, MOJIHOCTBIO
COBMAJaJM C TaIUIOTUIIAMH, OIpENEJeHHbIMH Ha OCHOBAaHUU T€HOTUIIOB CEMENHHOro TpHO,
COCTOSIIIEr0 W3 OTHA, Marepu U pebeHka. ComocTaBieHUE TaIUIOTHIIOB, ONPEAENICHHBIX C
MOMOILBIO aHaN3a IeHOTUIIOB, ¢ omperneneHueM ¢ nomowbio 1P ¢ mepexppiBaromUMUC
npaiiMepamy, TMOATBEPKAAET TOYHOCTh criocoba Ha ocHoe IIIIP ¢ mepexpbIBarOIUMUCS
npaiiMepamu. [ kakaoW ceMbU TaIulOTHI, BBIACJNEHHBIM CHUHUM LBETOM, IPEACTaBIISET
TaIuIOTHUII, NMEPEAaHHbIl peOeHKY OT OTLA, a TAIUIOTHII, BBIACIEHHBIN KPAaCHBIM, NPEACTABISET
TaruIoOTHIL, MEPEAaHHbIi peOeHKY OT Martepu. POnuTeNbCKU TaryIOTHI, MEPEJaHHbIH MOTOMKY,
Tak:ke 0003HAYEH 3BE30YKOI BO BTOPOM CTOJOIIE.

Crocod

@ur. 23 npexacraBisieT coOOH OJNIOK-CXeMy, WUTIOCTPUPYIOMIYIO CIOCO0 COENMHEHUs
pasmenenHbix obmacreii monekyn JIHK B Owmomormyeckom oOpasne cCyOBeKTa COrJlacHO
BapUAHTAM PEATM3aLUN HACTOSLIETO H300PETeHHSI.

B 6noke 2310 monekynsl JIHK u3 Ouonorndeckoro odpasna pa3aessstoT Ha MHOXKECTBO
KOMITAPTMEHTOB (HampuMep, Kamenb). PasneneHune MoxeT ObITh TaKuM, YTO KOMITAPTMEHTHI
00BIYHO BKJIIOHAIOT He Oomnee onmuoi Mosekysel JIHK. B HEKOTOPBIX KOMIAapTMEHTax MOKET
ObITe MeHee onHoi Mosekysbl JIHK. Hanpumep, KOMIapTMEHTbI MOTYT MPEACTABISATbH COOOM
kaniau. B kauecTse mpuMepoB MOXHO NMPUBECTH CYLIECTBYIOLINE YCTPONCTBA, AOCTYMHbIE IS
npUoOpeTeHHsi, KOTOPbIE MOTYT aBTOMAaTHYE€CKH M€HEPHPOBATh THICSYM KaIlelb HAHOJIUTPOBOTO

pa3Mmepa 3a kopoTkoe Bpewmsi, HanpuMmep, BioRad QX200 Droplet Generator, Elveflow Droplet
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Generator Pack um Micronit Microfluidic Droplet Generator, Ho He orpaHnuuBasice UMu. B
KOMITAPTMEHTBl MOJKHO IO0aBIIATh pPa3JMYHbIE peareHTbl (Hampumep, mnpaiimepsr). Jpyrue
KOMITAapTMEHTh! BKMouaroT npodbupky Eppendorf, nynky nmanmera pust TP wmm moOoit
Apyroi KOHTEUHEP.

B HaGope xoMnapTMeHTOB, conepkamux monekyay JAHK, kaxaplii KOMIapTMEHT MOKET
ColepKaTh OIpeneeHHble peareHThl. Hampumep, nepBblii KOMIAPTMEHT M3 MHOXKECTBA
KOMIIapTMEHTOB MOkeT conepskath: (1) mepByro monexkyny JHK, comepskamnyro obnacte A u
obnacte B, pazneneHHbIe MPOMEKYTOYHON OOJACTBIO, (2) mosmuMepasy, XapaKkTepU3YHOIIYIOCs
CKJIOHHOCTBIO K JOOABJIEHHIO OINPEeIEHHOTO HYKJIEOTHAA B MOJIOKEHUE B JIMITKOM KOHLE, (3)
oOpatHbili mpaiimep RI1, comepskammii mepBblii (PparMeHT, KOMIUIEMEHTAPHBIH KOHLIEBOM
NOCJIeIOBATEIbHOCTH  oOnacTu A, oOpaTHbIil mpaifimep, conepaiuii BTOPOH (parMeHT,
COIep KAl  MEePEeKPBIBAIOIIYIOCS —TOCIENOBATENbHOCTh, H (4) mpsimoii mpaiimep F2,
COIep KAl MepPBbIi (parMeHT, KOMILJIEMEHTAPHBIN MOC/IEA0BATEIPHOCTH Havajia odnactu B,
MPSIMON MpaiMep, COAEPIKALIUI KOMIUIEMEHTAPHY MNEPEKPBIBAIOLIYIOCS MOCIEA0BATEIBHOCTD,
KOMIUIEMEHTapHYI0 YKa3aHHOM MepeKpbIBaroleiics nocuenoBaTenbHOCTH. KoMnapTMeHT Takxke
MOXET coziepskaTh npsiMoit npaiimep F1 B Hauane oOmactu A u oOpartHslii npaiimep R2 B KoHIIE
obnactu B.

Ipaiimepbl rHOpUAN3YIOTCS ¢ 3'-KOHIIOM OJHOW LEMU IJIsl €€ yMJIMHEHHs 10 3'-KOHIa
apyro# nernu. [psimoii npatiMep rubpuansyercs ¢ ogHou u3 ueneii Kpuka i Yorcona Ha 3'-
KOHLIEe JJIsl ee yAJNUHEeHus 10 3'-koHua apyroi uenu. Ecnu npsiMoli mpalimep ruOpuausyercs ¢
nernvto Kpuka, oOpatHelii mpaiimep ruOpuamsyercss ¢ 3'-KOHIOM Iiend YOTCOHAa Ui ee
yanuHeHus: 1o 3'-xkonua uenu Kpuka. [locnenoBaTenbHOCTh Hauana 00NMAaCTH HAXOIUTCS Ha S'-
KOHLIe nenu YorcoHa. KoHIeBasi mocienoBaTebHOCTh 00JaCTH HAXOAMTCS Ha 3'-KOHLIE LeMd
YorcoHa. AHaIOru4HbIM 00pa3oM, €CIM NPSMO mpaiiMep rHOpHAN3YyeTCsl ¢ Lenbl0 YOTCOHA,
oOpaTHbIli TipaiiMep rudpuamsyercs ¢ 3'-koHUoOM nenu Kpuka mjst ee yamuHeHus 10 3'-KOHIA
neru Yorcona. ITocnenoBarenpHOCTh Hayasna 00jacTH HaxomuTcs Ha S'-koHue nernu Kpuka.
KonneBast nmocnenoBaTreabHOCTh 00J1aCTH HAXOAUTCs Ha 3'-koHIe nenu Kpuka.

B kauecTBe mpuMepOB, JUTHMHA POMEKYTOUYHON O0JIACTH MOKET OBITh MEHBIIE UITH PaBHA
100 T.m.o, Bkmtouast 2,5 T.m.o., 5 T.mo., 10 r.mo., 20 t.m.o,, 30 Tm.o., 40 T.m.o., 50 T.mo., 75
T.I1.0. WK JTFOOOMY THAna30Hy MEXIY STUMU BETUIMHAMH.

ITepBast monekyna JIHK moxer comepskath oOnacTH, mokasaHHble Ha ¢ur. 3A wim
apyrux aHajormuHelx ¢urypax. Ha ¢ur. 13A nmokasana obnacte A, mpencrasisiromas coboi
5k30H 1 rena NUDTI1S5, u o6nacte B, mpencrasisirornast codoii 5x30H 3 rena NUDT1S.

Kak 0OBsCHANOCH BBILIE, TMOJNIUMEPAa3a MOXKET XapaKTePH30BATHCS CKIOHHOCTBIO K

n00aBIEHNIO OIpPENENIeHHOro HykKJeoTHaa (Hampumep, A) B IOJOXKEHHE B JIUIIKOM KOHLE.
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Jlunkuii xoHen - 310 koHeu asyuenoudeunon JIHK, comepxkamneli mo meHbluel Mmepe OOuH
KpaiHUIl HYKJIEOTU, HE THOPUAN3OBAHHBIN C Ipyroil Lenblo. JINMKkrue KOHIBI TAK)KE HA3bIBAIOT
ceecaMu WM BbICTynamu. IlosokeHue B JIMIIKOM KOHLE - OTO IMOJOXKEHHE, KOTOpPOE He
rHOpUAN3YETCs ¢ APYTON LENbI0 M MOXKET COOTBETCTBOBATH MEPBOMY M3 TAKUX IOJIOKEHUH. A
319 umm 329 Ha ¢ur. 3C sBusiercst mpumepoM. Jlpyrue nmonumepasbl MOTYT XapaKTePH30BaThCs
CKJIOHHOCTBIO K TOOABJICHUIO IPYTHUX HYKJIEOTHIOB, KPOME A, U B BAPHAHTAX PEaTM3aLIUH TAKXKe
MOKHO MCIHOJIb30BaTh TAKHE MOJUMEPa3bl. B HEKOTOPBIX BapuaHTaxX pealu3alUH, BKIIOYas
OINHKCAaHHbIE HUXKE, MOJuMepa3a He 00s3aTebHO JOJDKHA XapaKTePH30BATHCS CKJIOHHOCTBIO K
n00aBIEHHUIO ONPEAETICHHOTO HYKJIEOTHA.

Hanpumep, o6partsblii mpatimep R1 MoskeT COOTBETCTBOBATH MpaiiMepaM, 0003HAYEHHBIM
kak RS Ha ¢ur. 3A, 4A u SA, unu obo3HaueHHbiM kak R1 Ha ¢ur. 8A, 9A u 13A. Hanpumep,
nepBbId (JparMeHT MOKET COOTBETCTBOBATH MOCJIENOBATEIbHOCTH TpaliMepa, Hanpumep, 403 Ha
¢ur. 4B.  Hanpumep, BTrOpoil  ¢QparmMeHT,  comepKamuii  MEePEKPbIBAIOILYIOC
NOCJIeI0BATENIbHOCTh, MOkeT cooTBeTcTBoBaTh OLR 310, 410, 510 u npyrum aHajioruyHbIM
(parmeHTam, ONMMCAHHBIM B HacTosALIeM HoKyMeHTe. OOpaTHeii mpaiimep R1 mMoskeT comepkarhb
ornpeneneHHbId Hykieotua (Hanpumep, A 409 wnu 509) mexay nepebIM GparMEeHTOM U BTOPBIM
¢parmenToM. B HEKOTOpHIX BapuMaHTax peanu3auuud oOpaTHbI mpadiMep R1 moxer He
COZepPKaTh yYKa3aHHBIN ONpPENeNeHHbIH HYKJICOTH A, €CIH B Coco0e MCHONB3YIOT MOJIUMEPasy,
He 100aBIIAOLIYIO OTOJHUTENbHBIN afneHo3uH k 3'-koHny nenu JJHK, koTopyro oHa yaiuHseT.

Hanpumep, npsimoii mpatimep F2 MoxeT cOOTBETCTBOBAThH IpaiiMepy, 0O03HAYEHHOMY
kak F6 Ha ¢ur. 3A, 4A u SA, unu obo3HauenHoMy kak F2 Ha ¢ur. 8A, 9A u 13A. Hanpumep,
nepBbIil pparMeHT MOKET COOTBETCTBOBATH ITOCIIEOBATEIHOCTH IpaiiMepa, Hanpumep, 553 Ha
¢ur. SB. Hampumep, KOMIUIEMEHTapHas MEPEKPBIBAIOIIASICS TOCIEAOBATEIbHOCTD MOXKET
NPEACTaBJISITh COOOM mepBbIi (pparMeHT (HarmpuMep, COOTBETCTBYIOIIMH Hadaiay obiactu B),
Hanpumep, F6 Ha ¢ur. 3A u 4A wmm F2 na ¢ur. 8A. CooTBeTCTBEHHO, MEpBbIH (PparMeHT
OpsIMOrO  mpaiiMepa  MOXET  COHAepXkKaTb  KOMIUIEMEHTAPHYI0  MEPEKPBIBAIOIIYHOCS
MOCJIEIOBATEIbHOCTb.

B kawectBe eme OAHOrO NpuUMepa, KOMIUIEMEHTapHas  MEPEKPBbIBAKOLIASCS
NOCJIEIOBATEIbHOCTD MOJKET COOTBETCTBOBATh BTOpOMY (hparMeHTy mpsiMoro mpaiimepa F2,
Hanpumep, OLR 550 na ¢ur. 5B u apyrum aHajormyHbeIM (parMeHTaMm, ONHCAHHBIM B
HacrosimeM aokyMeHTe. CoOOTBEeTCTBEHHO, HpsiMoi mpaiimep F2 moskeT coxmep:kaTb BTOpOM
(dparMeHT, comepKalIMi KOMIUIEMEHTAPHYI IE€PEKPBIBAOINYIOCS  IOCIEAOBATENbHOCTD.
IIpsimoit mpaiimep F2 moxxer comepskaTh ompeneNeHHbI HykineoTun (Hampumep, A) Mexay
nepBbIM (parMEHTOM M BTOPbIM (pparMeHTOM, HampuMep, Kak usoOpaxeHo Ha ¢ur. SB. B

HEKOTOPBIX BapHAaHTAX pealu3aluu NpssMOM mpaiimep F2 MoxeT He conmepkaTb YKa3aHHBIN
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OTIpeNeNIEHHbI HYKJIEOTHI, €CIH B CHOCOO€ HCIONB3YIOT IOJMMEpasy, He I00aBIAIOIIYIO
JONOJHUTENbHBIN afeHo3uH k uenu JAHK, kotopyro ona yanunser.

B Onoke 2320 nonumepasy u obpatHblil npaiimep R1 ncnone3yror mis aMmuinpukaimn
obmactTu A ¢ LENbl0 IMOJNyYeHHs NEPBOro HadOpa aMIIMKOHOB, COMAEPKAIIUX ONpEeAeTeHHBIH
Hykiaeorun (Hampumep, A 319 B umemm X) Ha mnepBoM 3'-KOHLE U COAEPIKAIIUX
KOMIUIEMEHTapHbIH ~ Hyksieotun (Hanmpumep, T 513 B memn X) Mexay ydacTKaMu
IIOCJIEIOBATENIbHOCTEH, COOTBETCTBYIOIIMMHU TIEPBOMY ()parMeHTy U BTOpPOMY (parMeHTy
oOpatHoro mpaiiMepa R1. VYka3aHHBII KOMIUIEMEHTAPHBI HYKJIEOTHA KOMIUIEMEHTAapeH
yKa3aHHOMY OIpeneJeHHOMY HykjieoTuny. OIWH W3 y4acTKOB IOCHEIOBATENIbHOCTH MOKET
SBJISITHCS (PPArMEHTOM KOMIUIEMEHTAPHON MEPEKPBIBAOIIEHCS TTOCIEA0BATEIbHOCTH, HAIIPUMED,
OLR Ha ¢ur. SC. B HEKOTOpBIX BapHAHTAX peATU3aLMH, €CJIU TOJUMepasa He J00aBisier
JOTOJHUTENIbHOE OCHOBaHME (Hampumep, ageHoswH) B uenb JIHK, koTopyro oHa yanmHSET,
JIOTIOJIHUTEJIbHbIE HYKJIEOTUABI, pacrnojokeHHble Ha 3'- u 5'-koHuax OLR, OTCyTCTBYIOT WM He
TpeOyroTCS.

KommnnemeHTapHblli HYKJIEOTHJ MOXET BXOAUTb WM HE BXOAUTb B COCTaB MEPBOMH
moznekyabl JIHK B monekyne JIHK, Hanpumep, kak usoOpaxkeno Ha ¢ur. 3A-3F (Bxoaut) u ¢ur.
4A-4C (e Bxomur). COOTBETCTBEHHO, KOMIUIEMEHTApHBbIH HYKJIEOTHZ B NepBOM Habope
AMIUTIKOHOB MOXET HaXOAUThCs B nepBoit Monekysie JIHK (Hanpumep, B KOHLIEBOM MOJIOKEHUH
JIUTIKOTO KOHIIA).

B Onoke 2330 monmumepasy u npsimoii mpaiimep F2 ucrnonb3yroT ans amrutugukanuu
obnactu B ¢ menbio mosydeHuss BTOPOro HaOOpa aMIUIMKOHOB, COAEPIKAIIUX OIpPeAesICHHbIH
Hykieotun (Hampumep, A 329 B nemu Z Ha ¢ur. 3C) Ha BropoM 3'-KOHLIE U COAEpIKAIIUX
KOMILIEMEHTapHbIi HykjaeoTHn (Hampumep, T 563 B uenu Z) Ha NPOTUBOMOJIOKHOM KOHIIE
MIEPEKPBIBAIOIIENCS MMOCIENOBATEIbHOCTH. B HEKOTOPBIX BapHaHTAX peajih3allii BTOPOW HabOp
aMIUTUKOHOB MOXKET HE COJIEPKaTh YKa3aHHbIN ONpeneNeHHbIH HYyKIeOTH U KOMILIEMEHTapHbIH
HYKJICOTHI.

B 6noke 2340 nonuMepasy MCHONB3YIOT IS yAJTMHEHHs TIEPBOro Habopa aMIUIMKOHOB ¢
L[EJTBI0 BKITFOUeHUus1 obyactu B 1 BTOporo Habopa aMITJIHKOHOB € IeJTbI0 BKITFOYEHUs o0acTtu A.
Takum o00pa3oM, MOXKHO TOJYyYaTh YIUIMHEHHBIE AaMIUIMKOHBI, coaep:kamipe odOjmactb A o
obmacte B m He comeprkamme npomexyTouHoil obmacru. Ilpsimoit mpaiimep F1 u obOpartHblii
npaiimep R2 MOKHO HCTIONIB30BATH JJIs1 aMIUTM(UKALIH YIJTHHEHHBIX aMIUTUKOHOB.

VYanuHeHue MOKHO BBINOJHATh B TOM XK€ KOMIAPTMEHTE WJIM B PaMKax OTAEIbHOTrO
aHanu3a. [Ipu BBIMOJIHEHUU B TOM K€ KOMIIAPTMEHTE, KaK OMMCAHO Bbllle, KOHIeHTpauuu F1 u
R2 moryT mpesbimare koHueHtpauuu F2 u R1, Tak 4TO B KOHEYHOM HTOre OOJIBIIMHCTBO

MNPOAYKTOB JOJI’KHBI ABJIATHCA Y AJIMHCHHBIMU aMILTUKOHAMU.
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B Gnoke 2350 ynnMHEHHBIE aMIUTMKOHBI aHAIM3UPYIOT AJIST ONPENENICHNs] TaruIOTHIIOB.
Jins aHanu3a yIUIMHEHHBIX aMIUTMKOHOB MOXKHO BBITOJNHATH JIFOOO€ KOJMYECTBO MOAXOSAIINX
aHanu3oB. Hampumep, MOKHO BBINOJHUTb CEKBEHHPOBAaHUE, HANPUMEP, C HCIOIb30BAHUEM
cucreM cekBeHnposanus Illumina (manpumep, HiSeq2500, NextSeq 550 u MiSeq), cekBenaropa
Pacific Biosystems u cucremsl cekBeHupoBanusi lon Proton, HO He orpaHu4MBasich 3TUM. B
KauecTBe elle OJHOr0 MpHUMepa MOXKHO BBINOJHUTH ajuienb-crnenuduyeckyro TP s
oOHapy keHHs 10 MEHbIIEeH Mepe OJHOTO ajulesst B 00JacTd A U 1O MEHbIIEH Mepe elle OHOrO
annenst B obnmactu B. He3aBUCHMO OT KOHKPETHOH METOAMKH, MOXXHO OOHApYKUTh TEpBbIH
anenb B o0nactd A, a BTOPOW ajutedb B o0nacTu B, 4To 0O3Hauaer, 4TO yKa3aHHbIE TMEPBBII
aJuieNb U BTOPOH ajuiesib OTHOCATCS K OJHOMY U TOMY K€ TaruIOTHUITY.

Annenp (Hampumep, TEPBBIA ajieNb B 00NacTH A WM BTOPOW ajuienb B objactu B)
MOXXHO OOHApy)XHTh IMyTeM H3MEpPEHHs KOJIMYeCTBA aJUIeNii B COOTBETCTBYIOLIEH OONacTH.
KonnuecTBo MOXKET MpencTaBisaTh COOOH KOHIEHTPALIMIO, TIPOLICHT, OJE0 WIIM CYET. YKa3aHHOe
KOJINYECTBO MOJKHO CPAaBHHUTH C IMOPOTOBBIM 3HaueHHeM. Eciii yka3aHHOE KOJIH4YecTBO OoJblie
MOPOTOBOTO  3HAYEHHs, aJUIelb MOXHO ONPENeNUTh KaK TOANeKamuid  0OHapY KEHHIO.
IToporoBoe 3HaueHHe MOXKET MPencTaBisiTh coboit 50%, 60%, 70%, 80%, 90%, 95% wumm
5KBUBAJICHTHBIE TOJIH.

B HEexOoTOpBIX BapHaHTax pealu3aluy yAJIMHEHHbIC aMIUIMKOHbI MOXKHO aHAJIU3UPOBATH
IUI OTIPENIEIeHNs] HANIWYMsl aMIUTM(pUKALUN UM JeNelud. Y UIMHEHHbIE aMIUTMKOHBI MOXKHO
CEeKBEHUPOBAThb I IOJY4YEHUs IPOYTCHUH CEKBEHUPOBaHUs. lIpouTeHuss CEeKBEHHPOBaHUs
MOXKHO BBIPOBHSTH Ha 3TAJIOHHBIM NeHOM. AMIUIM(pUKALUM U AEJeLUH MOXKHO BBIABIATH I10
HECOBIAJACHUIO ITPOYTEHUs] CEKBEHUPOBAHUS U 3TAJIOHHOIO F€HOMA.

B HexOTOpBIX BapHaHTaX peanu3aluy K npsiMmomy npaiimepy F2 u oOpaTtHOMy mpaiimepy
R1 MoxxHO n00aBUTH MOJIEKYJly, YTO TMO3BOJIIET 3aXBATUTh W YJNAJIUTh HECBSI3AHHBIE
(Hey IIMHEHHBIE) AMIUTUKOHBI

V. lIpaiimepsr Ona amnnughuxayuu 2u6pUOHBIX HPOOYKMOB

Criocob MOskeT BKIIIOYATh MPUMEHEeHHe IpsiMoro npaiimepa Fz u oOpatHoro mpaiimepa
Rz nns ammumdukanum ruOpugHeix nponykTos. [IpuMeps! npsimoro npaiimepa Fz u obpaTHoro
npaiimepa Rz Bxirouarot F3 u R3 Ha ¢ur. 6, R4 u F4 Ha ur. 10A, wm Fz unn Rz Ha dur. 15B).
IIpsimoit mpaiimep F1 mosker comep:kaTh BTOpOH ()parMeHT, KOTOPBIA HE SIBISIETCS MEPBBIM
¢parmenTom. IlepBbIii KOMIIAPTMEHT MOXKET AOIMOJHUTEIBHO COAEpIKaTh MpsiMOil mpaiimep Fz,
cofiep Kaliii mepBeIii (pparMeHT, MOEHTUYHBIH BTOpOMY (parMeHTy mnpsMoro mpaiimepa F1.
IIpsimoit mpaiimep Fz Taxxxe moxer comep:kars Bropoil ¢pparment. [Ipsmoii npaiimep Fz mosker
cofiep kaTh KOMIUIEMEHTapHbIi Hyksieotun. OOpaTHblil npaiimep R2 Moxer cozmepkaTbh BTOPOIt

(bparmMeHT, KOTOpPbII He sBJIsAeTCs NMepBbIM (parmMeHTOM. [IepBrlii KOMIAPTMEHT TAK)KE MOXKET



45

JOTNOJIHUTENIBHO ~ conepkaTh oOpaTHbId mpaiimep Rz, comepskammii mepBblii  (parMeHT,
UJIEHTHYHBIA BTOpOMY (pparmMenty oOpartHoro mpaiimepa R2. OOpatHeiii mpaiimep Rz mosxer
comepskath BTOpoi ¢parmeHt. OOpaTHbIi mpaiimep Rz Moxker comepikaTh KOMILIEMEHTApPHBIH
HYKJIEOTHI.

I'uGpunHble MPOAyKTHI, OOpa3OBaHHBIE C HCIONB30BaHUEM mpsiMoro mpaiimepa F1 u
obparHoro npatimepa R2, MoxxHO aMmmnduImpoBaTh ¢ HCHIOJIB30BAHUEM IPSIMOro npaiimepa Fz
u oOpatHoro mpaiiMepa Rz. YanuHeHHblE aMIUTUKOHBI, OOpa30BaHHBIE C HUCIOJIb30BAHUEM
npsimoro npaiimepa F1 u obpatHoro mpaiimepa R2, MOryT SIBIATHCS MEPBBIMH Y UTHHEHHBIMU
amrutnkoHamu. [lepBbie yTMHEHHbIE AMILTHKOHBI MOTYT COEPKATh BTOPOH (PparMeHT MpPsSIMOTO
npaiivepa F1 u Bropoii ¢parmeHnt obOparHoro mnpaiimepa R2. Cmoco0 MokeT BKIHOYATH
aMIUTU(HUKALMIO TIEPBbIX YIJIMHEHHBIX aMIUTMKOHOB C HMCIIOJBb30BAHUEM TOJHMEPA3bl MPSIMOTO
npaiimepa Fz u obparHoro mpatimepa Rz ays mosy4eHus: BTOPBIX YIJIMHEHHBIX aMIUTHKOHOB.
Kaskmpiii BTOpOW YIUTMHEHHBIH AMIUIMKOH MOXET CONIep:KaTb BTOPOUM (hparMeHT MPsSIMOTO
npaiimepa Fz u BTopoii pparment obparnoro npaiimepa Rz.

B BapuanTax peanmzani ¢ HCTHOJB30BAaHUEM MpsiMoro mpaiimepa Fz u obpatHOTrO
npafimepa Rz nna ammumdukanuyu ruHOpUAHBIX NPOAYKTOB MOJUMEpa3a MOXKET He
XapaKTepU30BaThCsl CKJIOHHOCTBIO JTOOABIATH ONpeneNeHHblH HyKIeoTHI. COOTBETCTBEHHO,
yKa3zaHHbIe TNpsiMOii u oOpatHbiil mpaiimepbl (Fz u Rz) moryr He comepkaTb HYKIJIEOTHI,
KOMIUIEMEHTapHbIN yKa3aHHOMY OIpEAENIEHHOMY HYKJIEOTHAY, B KOHLE NEepPEeKpbIBAIOILENHCS
MOCJIEI0BATEIbHOCTH.

W. Obveounenue mpex obnacmeil

B HEKOTOPBIX BApHAHTAX PEATH3aLNU MOJKHO HCIOIb30BaTh CIIOCOOBI OOBEIMHEHUS TPeX
obsacreti mepsoit mojnekysbl JIHK. Hanpumep, Tpu 006macté MOKHO OOBEIMHUTD, KaK MOKA3aHO
Ha ¢ur. 8A, 8B, 10A mwm 10B. Ha stux ¢urypax obnactu obo3HaueHs! Kak obmactb 1, obnacts
2 u obnacTh 3, OIHAKO OMHCAHBI BAPUAHTHI PEAU3aLMH, KOTOPbIE OTHOCSTCS K O0MacTsM A,
obmnactu B u obnactu C. Ob6o3nayeHne odnacTeil YuCaoM Wi OyKBOW HE BIMSIET HA YKa3aHHbIE
crocoOpl. O0nacTl MOTYT TNPEACTaBIATH CO0OH obmacte A (Hampumep, OOO3HAYEHHYIO Kak
obiacte 1 Ha HekoTOpbIX (hurypax), obnmacte B (Hampumep, o003HA4YeHHYIO Kak 00JacTh 2 Ha
HEKOTOphIX ¢urypax) u odnacte C (Hampumep, 0OO3HAYEHHYIO KaK O0NacTh 3 Ha HEKOTOPBIX
¢urypax). IlpomexxkyTouHass obOnactb Mexay obOmacTeio A u o0nacTeio B MoOkeT sBISATHCS
nepBoi MpoMexxyTodHol obnactero. Obmacte C MoxeT ObITh OTHENeHa OoT obnactu B BTOpOI
NPOMEXYTOUHOU obOnacTero. IlepekpriBaromascs MOCIeOBATENbHOCTh BTOPOro (pparMeHTa
oOpatHoro mpatiMepa R1 MOXeT sSBISTBCS MEPBON MEPEKPBIBAIOLIEHCS MTOCIEI0BATEIBHOCTHIO.
KomnnemeHnrapHass NepekpbIBarOINascs IOCIENOBATEIbHOCTL MPsIMOro mpaiimepa F2 moxker

SABJIATHCS NIEPBOH KOMIUIEMEHTAPHOHN NEePEeKPhIBAIOIIEHCS MOCIEA0BATENbHOCTBIO.
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ITepBbIit KOMIIAPTMEHT TAaK)Ke MOXKET COAepkaTh 0OpaTHBIN npaiiMep R2, comepskarmmii
nepBbli parMeHT, KOMIUIEMEHTAPHBIM KOHIEBOU MmocienoarebHocTH objactu B. OOpaTHbIit
npaiimep R2 Mosker comep:kaTh BTOPOH (parMeHT, COAEp KALINA BTOPYIO MEPEKPHIBAIOLIYIOCS
MOCJIEN0BATEbHOCTb. IIepBbIli KOMIAPTMEHT TaKXEe MOXKET COAEp:KaTh MpsAMOU mnpanmep F3,
CoZep KalHii MEePBbIH (parMeHT, KOMIUIEMEHTAPHbBIN MOCIeA0BaTeIbHOCTH Havana obnactu C.
Ilpsimoii mpalimep F3 Moxer copepxkaTb BTOPYH) KOMIUIEMEHTAPHYIO MEPEKPBIBAIOLIYHOCS
MOCJIEA0BATEbHOCTD, KOMILIEMEHTAPY IO yKa3aHHOM BTOPOI1 MePEKPbIBAIOLLENCST
MOCJIEIOBATEIbHOCTH. BTOpast KOMIUIeMEHTapHash MepeKpbIBAIOIAsICsl TOCIEeN0BATENIbHOCTD
MOKET HaXOOUThCS B MEpBOM (parMeHnrte mpsimoro npaiimepa F3 wmmu Bo BTOpoM (pparmenTte
npsiMoro npaiimepa F3.

Crioco6 mosket BKIOUaTh aMrundukanuto odxactu C ¢ HCIOTB30BAHUEM TOJIHMEPas3bl U
npsiMoro mpaiimepa F3 s monydeHuss TpeTrbero Habopa aMIUIMKOHOB, COJEpIKal[uX
oTpeseNieHHbI HyKJIEOTH ] HA TPETheM 3'-KOHLIE U COep KallUX KOMIUIEMEHTAPHbBIN HYKJIEOTUA
Ha MPOTUBOIOJOKHOM KOHILIE YKa3aHHON BTOpPOH IepeKpbIBaIOILENCs MOCIeI0BaTENbHOCTH.
Ammundukanust odnactu By monmyueHHs BTOpOro HaOopa amIUTMKOHOB MOJKET BKIIOYATh
UCTIOIb30BaHue 0OpaTHOTO mpatimepa R2.

Crioco® MOXeT MOMOJHHUTENBbHO BKIIOYATH YJUIMHEHHE Tpex HaOOpOB aMIUIMKOHOB C
UCTIOJIb30BAaHUEM TOJIMMepasbl. [lepBrie yAIMHEHHbIE aMIUTMKOHBI (cozmepskamue o0nacte A u
obnacte B) MoxHO ymnmuHUTH ¢ nenbio BmoueHus obmactu C. Tperwit HabOp aMIUIMKOHOB
MOXKHO YJUIMHUTB C LIeJIbI0 BKJIFOYEeHHs oOjactu A u obnactu B. B pesynbrare ynnmuHeHUs
MOKHO TIOJIyYUTh BTOpbBIE yAJIMHEHHbIE aMIUIMKOHBI, copepskamue obmacte A, obmacte B u
obnacte C u He coneprKaliye MepBYI0 MPOMEXYTOUHYIO 00JaCTh U BTOPYIO HMPOMEXKYTOUHYIO
00macThb.

VY nnrHeHue nepBhIX yAJMHEHHBIX aMIUTMKOHOB C LeNIbI0 BKIIFOUeHUs1 oonactu C MOKeT
BKJIFOYATh THOPUAM3AIMIO CO BTOPOH TMEPEKPHIBAIOINEHCS  MOCIENOBATENIBHOCTBIO 10
HANpaBJICHUIO K dYeTBepTOMy 3'-KOHIY (B KOHLIEBOH mocienosarenbHocTH obmactu C).
Y nnuHeHne TpeThero Habopa aMIUTMKOHOB C LIENBIO0 BKJIFOUEHUs obnactu A u obnactu B mosker
BKJIFOYaTh THOPUIU3ALIUIO co BTOPOi1 KOMIJIEMEHTAPHOU MEePEKPBIBAOLIEHUCS
NOCJIEIOBATENILHOCTBIO TI0 HAIPABIEHHUIO KO BTOPOMY 3'-KOHIY (B MOCIIENOBATENbHOCTH HaYala
obnactu B).

B BapuaHTax peanm3zanuu, rae MPOHCXONUT OOBEAMHEHHME Tpex Wik Ooyee obiacTei,
NOJIMMEpa3a MOXKET HE XapaKTepU30BaTbCs CKIOHHOCTBIO K JOOABIEHHIO OMNPEAEICHHOTO
HyKJIeOTH/1a. AHAJOTMYHBIM 00pa3oM, oOpaTHble mpaiiMepbl MOTYT COAEpPXKaThb YKa3aHHBIH
OTIpeAeNIeHHbIH HYKJIEOTH B KOHLE YKa3aHHOW MEpEeKpbIBAIOLIEICS MOCIeN0BATENbHOCTH, a

InpsiMble NpalMepbl MOTYT HE COAEP)KAaTb HYKIEOTUH, KOMIUIEMEHTAPHBIM YKa3aHHOMY
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ONpENeNIEHHOMY  HYKJIEOTHAY, B  KOHIE€  KOMIUIEMEHTAPHOH  MepeKpbIBarOINeiCs
MIOCJIEI0BATEILHOCTH.
X Obveounenue obracmeii U3 pasHvix 2pynn

Croco® Takke MOXeT BKIKOYaTh oOpasoBaHume rudpuanHbix mnpoaykros IIIP, He
cozeprKaImx Bce o0nacTu B OAHOM rudpuaHoM npoaykre. Hanpumep, MOXXHO 0OBbeIUHUTD TPU
obnacTy, OHAKO yKa3aHHbIE 00JACTH MOKHO OOBEINHUTD B 1BA TMOPUIHBIX MPOAYKTA, KAXKIbIH
U3 KOTOPBIX COmep:kUT nBe obnactu (Hampumep, Ha ¢ur. 14). Hanpumep, mepBas MoJiekyia
JTHK moskeT conmepskath obnacte D (Hanpumep, obnacte 4 Ha dur. 14). O6nacte D MoxeT ObITh
otaeneHa ot obnactu A (Hanpumep, obnactu 1 Ha ¢ur. 14) BTopoil mpoMeKy TOYHOH 00NACThIO.
IlepBblli KOMOAPTMEHT MOKET AOIMOJHUTENBHO COAEp:KaTh npsmon npaiimep F4, copepskamuii
nepBblii (parMeHT, KOMIUIEMEHTApHBIA IOCIENOBATeIbHOCTH Hadanma obmactu D. Ilpsmoii
npatimep F4 wMoxxer comepxarb BTOpoH (parMeHT, copepiKalMii KOMILJIEMEHTapHYIO
MEPEKPBIBAIOLIYIOCS NOCIEI0BATEIbHOCTD, KOTOPAsl TAKXKE HAXOIUTCA B MPAMOM IpaiiMepe F2.
[TepBblii KOMITAPTMEHT TaKXKe MOXKET COepskaTh 0OpaTHBIN npaiiMep R4, comepskammii mepsoIit
(bparMeHT, KOMIJIEMEHTAPHBIN KOHIEBOH MOCIeN0BaTeIbHOCTH o0acTtu D.

Crnioco0 moskeTr BKIIIOHaTh aMIuinukanuio obnacta D ¢ ncrnonb3oBaHreM noJuMepassl U
npsiMmoro miparimepa F4 ¢ nenpto monmyueHHs TpeTbero Habopa aMIUTMKOHOB. Tperuit Habop
AMIUTUKOHOB MOXXET COIEpKaTh ONPENEICHHbIH HyKJIEOTHI Ha TpPeTbeM 3'-KOHIe U
KOMIUIEMEHTapHBbIM  HYKJIEOTHJ  HAa  IPOTUBONOJOXHOM  KOHIE  IEpeKphIBAOLIeHCs
nocienosatesnibHOCTH. C  UCMONB30BAaHUEM MOJMMEPa3bl MOXHO YAJIMHUTH TEPBBIA HaOOp
AMIUIMKOHOB C ILenbi0 BKMoueHuss obmactu D. C ucnosib3oBaHMEM NONIHMMeEpasbl MOKHO
YIUIMHUTb TpeTuil HabOp aMIUIMKOHOB C LIENbIO BKIOYEHHs oOjactd A. MOXXHO NHOJy4YUTb
BTOpbIE YIJIMHEHHBIE aMIUTMKOHBI, cofepkamue odaacte A u odnacte D. Bropbie yaninHeHHbIE
AMIUTUKOHBI MOTYT HE COIEp)KaTh BTOPYI MPOMEXKYTOUHYHO oOnacTh. IlepBbie yanHEHHbIE
AMILTUKOHBI MPECTABISIIOT COOOH YUTMHEHHbIE AMILUTMKOHBI, COZlepIKaIiue o0nacTb A U 00JacThb
B (manpumep, obnacts 2 Ha dur. 14).

B HeKkoTOpbIX BapuaHTaxX peasu3alui CrocoObl MOTYT BKIIFOYATh CBSI3BIBAHHE OOJIACTEi
U3 TpeX pa3IMYHBIX rpymn, Hampumep, Ha ¢ur. 15A. O6nactu 06o3HaueHbI OYKBaMH, HO MOTYT
umeTh. B npumepe ces3biBanus 4 oOnacteit o0nacTe A sBisieTcsl 00JIACThIO U3 MEPBOI IPYTIIIBI
(marpumep, obnacts 1 Ha ¢ur. 15A). Obnacte B (Hampumep, obnacte 2 Ha WIIIOCTPALNN) U
obmnacte D (Hampumep, o0nacTe 5 Ha WILTFOCTPAIMU) SIBISIOTCST OOJIACTSAMU M3 BTOPOM IPYTIIIBL
Ob6nacte C (Hampumep, obnacTh 3 Ha WLTFOCTPALMH) SIBJISIETCS OONACTBIO U3 TPEThEH IPYTIIIbL
Ob6nacte A (obnacte 1) MoXkHO coenuHuth ¢ obnacteio B (obmacteio 2) mnm ¢ obmacteio D
(obmactero 5). Obnacte B (obmacte 2) wimu obnacte D (0o0nacte 5) MOXKHO COCOUHHUTH C

obnacteto C (obmacteio 3). KomriemeHTapHas mocienoBaTelbHOCTh B MpsiMOM mpaiimepe F2
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MOJKET SIBJSITbCS TEPBO KOMILJIEMEHTAPHOW TMEPEeKPBIBAIOIIEHCS TOCIEN0BATENIbHOCTBIO.
ITepexpriBaroasicss MOCIENOBATENBHOCTh B 0OpaTHOM mpaiiMepe R1 MoxeT sBiATbCS mepBoOi
NepPEeKPBIBAIOIIEICS MOCIeOBATEIbHOCTBIO. [IepBblii  KOMIAPTMEHT MOJKET OTOJHHUTEBHO
comep:katb oOparHbIil mpaiimep R2, comepskamuii mepBblii (parMeHT, KOMIUIEMEHTAPHBIH
KOHLIEBOH mocnenoBatenbHocTH obsmactu B (oOmactu 2). OOpartHeii mpaiimep R2 moxer
cozepKaTh BTOPOH (PparMeHT, COAep KAIUN BTOPYIO MEPEKPhIBAIOIYIOCS TTOCIEI0BATENIbHOCTD.
ITepBoIii KOMIAPTMEHT TaKKe MOKET COAEpskaTh 0OpaTHbBIN mpaiimMep R4, conepskaiuii nepBbiii
(dbparMeHT, KOMIUIEMEHTAPHBI KOHLIEBOM IMocienoBareibHocTH objactu D (obmactu 5).
OOparnbiii  mpaiimep R4 Moker conmepkaTb BTOpPOH (PparMEHT, COAEpPIXKALIUl BTOPYIO
MIePEKPBIBAIOIIYIOCS TOCIEI0BATEIbHOCTb. [IepBblii KOMMAPTMEHT MOXKET OMOJHUTEBHO
comep:kate mpsMoi mpaiimep F3, comepikamuii mepBblii  pparMeHT, KOMIUIEMEHTAPHBIH
nocnenoBatebHOCTH Havana odmactu C (obmactu 3) mepsoii monekyibl JIHK. O6macte C
(obmacte 3) moxker ObIThb oTAeneHa or obmactu B (oOmacte 2) Tperbel mpoMeKyTOYHOM
obnacteto. IlepBas mpomexyTo4Hasi 00JacTh HJIM BTOpask MPOMEXKYTOUHAas O0JACTh MOXKET
coxepkate obnmacts C (obmacte 3). Ipsamoii npaiimep F3 moxkeT conepskaTh BTOPOi (parMeHr,
COZIepIKALHii BTOPYIO KOMILIEMEHTAPHYIO MEPEKPbIBAIOLIYIOCS MOCTIEI0BATEIbHOCTb.

Ammundukanust odnmactu B (obmacte 2) MOXKET BKIIOYATh NPHMEHEHHE OOpaTHOro
npaiimepa R2. Ammmmdukamus obmactu D (obmacts 5) MOXeT BKJIIOUaTh NPUMEHEHHE
obparnoro mpaiimepa R4. Criocod MOXeT MOMOJHUTENBbHO BKJIIOYATh aMIUTU(UKALUIO 00JacTH
C (obnactu 3) ¢ ucnonabp30BaHMEM NOJMMEpas3bl U mpsAMoro mnpaiimepa F3 ¢ nenbro nomyueHus
yeTBepTOro Habopa aMIuIMKOHOB. Croco0 MOKET TOMOIHUTEIBHO BKIFOUATh Y/UIMHEHNE BTOPBIX
YJUIMHEHHBIX aMIUIMKOHOB C HCIOJIb30BAHUEM IOJMMEPasbl C LeNbl0 BKIoueHus odmactu C
(obmactu 3) ¢ oOpa3oBaHMEM TPEThUX YIJIMHEHHBIX AMILJIMKOHOB, COIEpKalIMX 00jacTh A
(obnacte 1), obmacte D (obnacte 5) u obnacts C (obnacte 3). Criocod MOKeT Takke BKJIKYATh
yIUIMHEHHE TIePBBIX YIJIMHEHHBIX AMIUIMKOHOB C HCIOJNb30BAHUEM TOJUMEPA3bl C LIEJbIO
BrsroueHus1 obiactu C (obmactu 3) ¢ oOpa3oBaHHWEM HYETBEPTHIX YJUIMHEHHBIX AMILTHKOHOB,
conepskammx oonacte A (obmacts 1), obmacts B (obmacts 2) 1 obacts C (obnacts 3).

B HEeKOTOpBIX BapHaHTaX peaju3alii MOKHO COSIUHHUTD JBE 00JIaCTH, BHIOUpAsi EPBYIO
00JacTh W3 MEpBOW IPYMIBI U BTOPYIO OONACTh U3 BTOPOH IpyIIbl, HanmpuMmep, Ha ¢ur. 14A.
Hampumep, mepasi rpyrmma MOKeT comep:xkarbh oonacte A (T.e. obnacte | Ha WIIFOCTpanuu) U
obmacte C (T.e. obOnacTsh 3 Ha WwUIFOCTpanuu). Bropas rpymnma Moxer coaepkarb oonacts B (T.e.
obnactp 2 Ha mumroctpauun) u obmacts D (1.e. oOnacte 4 Ha wumoctpanun). Kak pasbsicHsIOCH
BbIIIE, MOKHO O0BenuHUTH oOjactb A (obmacte 1) m oOnacte B (obmacte 2), U MOXKHO
00benuHUTL 00acTh A (0bmacthb 1) u obmacts D (oOnacts 4). Kpome Toro, MoxHO OObEAHMHUTD

obmacte C (obmacts 3) u obnacts B (obnacth 2), n MoxxHO 00BenuHuTh 001acTh C (005acTsh 3) u
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obmacte D (obnmacte 4). IlepBblii KOMIAPTMEHT MOXKET Conepkarb OOpaTHBIA mpaiimep R3,
CoIep KAl TIepBbIi ()parMeHT, KOMIUIEMEHTapHbBIH KOHLIEBOH IMOCJIEIOBATEIbHOCTH O0JIACTH
C (obnactu 3) mepsoii monekysel JJHK. O6nacte C (obnmacte 3) MoxkeT ObITh OTAENeHa OT
obnactu B (obmacte 2) Tperbeil mpomexxyTouHoi oOiacteio. OOmacte C (0bmacth 3) Moxer
ObITh OTHENEeHa OT obsactu D (obnmacth 4) 4yeTBepTOil mpoMexKyTouHOM obnactbio. OOpaTHbBIN
npafimep R3 MokeT copmepkaTh BTOpOHl (pparMeHT, comepsKaliuii MepPeKPbIBAIOIIYIOCS
NIOCJIEIOBATEIbHOCTD, KOTOPAsi SBJISIETCS] TAKOM JKe TIePEKPhIBAIOINEHCS MTOCIe0BATENbHOCTHIO B
obpatHoM mpaiimepe R1.

Crnoco6 moxker Brimouarh amrmdukanuto obnactu C (obmactu 3) ¢ UCHOIB30BAHUEM
NoJIUMEPa3bl U 00paTHOTO mpaiiMepa R3 ¢ menpro monydeHus: 4eTBepToro Habopa aMILTHKOHOB,
conmepiKallnx OINPENENICHHbIM HYKJICOTHI Ha YeTBEPTOM 3'-KOHLIE U KOMIUIEMEHTAPHBIN
HYKJICOTH/I Ha TPOTHUBOIOJIOKHOM KOHIE MepeKpbIBaroleiicss mocnenoBareabHOCTH. Criocod
TAKXK€ MOXKET BKJIOYATh YJUIMHEHHE YeTBEPTOro Hadopa AaMIUIMKOHOB C HCIIOJb30BAHUEM
NOJIMMEPAa3hl C LENb0 BKIIIOUeHHst 0071acTh B (0bnacth 2), a Taxke BTOporo Habopa aMIIHKOHOB
¢ uenpio BKIrOueHus: obmactu C (obnactu 3), TeM caMbIM TONydass TPETbH Y UIMHEHHBIE
aMIUTUKOHBI, conepskamue obnacts C (obmacts 3) u obnacte B (00nacte 2) u He comepkamme
TPEThEIO MPOMEXKYTOUHYIO 00jacTb. Croco® MOXKeT IONOJHUTENbHO BKJIKOYATh YIJIMHEHUE
YEeTBEPTOro HAOOpa aMIJIMKOHOB C MCIIOJIb30BAHUEM ITOJIMMEPA3bI C LIEbIO BKIFOUEHHUS 00JaCTH
D (obnacts 4), a Takke TpeTbero Hadopa aMITJIMKOHOB ¢ LeNblo BKirodeHus oonactu C (o0mactu
3), TeM caMbIM TOJIy4asi TPEThbHU yAJIMHEHHbIE aMIUIMKOHBI, cofepskaiiue oonacts C (obmacts 3)
u obnactb D (obnacte 4) 1 He comepIKaliue YeTBEPTYIO MPOMEKYTOYHYHO O0JIaCTb.

B BapmaHTax peanusaiyi, rie UCIONb3YI0T pa3InyHble KOMOMHAIIMY 110 MEHbIIEH Mepe
IByX oOyacTeli B OOHOM KOMIIAPTMEHTE, TMOJIMMepa3a MOXET He XapaKTepH30BaTHCS
CKJIOHHOCTBIO K JOOABJICHUIO OmpeneseHHOro Hykyieotuaa. COOTBETCTBEHHO, OOpaTHbIE
npanMepbl MOTYT COAEpKaTb YKa3aHHBIM ONPEAENCHHbIH HYKJIEOTHJ B KOHIE YKa3aHHOHN
NEPEKPHIBAIOINEHCST TTOCIEAOBATEIbHOCTH, a TMpsIMble MpaiMepbl MOTYT HE COIEpKaTh
HYKJICOTH/I, KOMIUIEMEHTAPHBI YKAa3aHHOMY OINpPENeJIeHHOMY HYKJIEOTHAY, B KOHIE
KOMILIEMEHTapHOW MepeKpbIBaroLIeiicss mocnenoBaTeabHOCTH. [IpsiMol 1 oOpaTHBINA mpaiimepsl
Fz u Rz wMoryr He coaepXaTb VyKa3aHHBI ONPEAEICHHBbIM HYKJIEOTHA B KOHLE
NEePEKPBIBAOINEHCS TOCIEAOBATENIbHOCTH.

Anamm3 (a3oBoii cOOpKHM, HampuMep, OMHMCAaHHBIN Ha ¢ur. 21B, MOXKHO BBITIOJNHSATH HA
NePBbIX YUIMHEHHBIX AMIUIMKOHAX M BTOPBIX YUIMHEHHBIX aMIUIMKOHaX. [lepBbid ajienb
MOXHO OOHapy»kHTh B obnactu A (Hampumep, oonact 1 Ha ¢ur. 21B) B nepBbIX yIJIHMHEHHBIX
amIinKoHax. Bropoit amnens MoxxHO 0OHapyskuTh B obnactu B (Hanpumep, obnactu 2 Ha ¢wur.

21B) B mepBbIX YAJIMHEHHBIX amIuiukoHax. IlepBblii anjenp Takke MOXXHO OOHApYy>KUTh B
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oOmacT A BO BTOpBIX YJ/UIMHEHHBIX aMIUTUKOHAX. TpeTwil amienb MOXKHO OOHapyXHTb B
obnactu D (mampumep, B obnactu 4 Ha ¢ur. 21B) BO BTOPBIX YIUIMHEHHBIX aMIUIMKOHaX. B
pe3yabpraTe OOHApY’KeHHs IMEepBOro ajiens B obmactu A 00OMX YAJMHEHHBIX aMIUIMKOHOB
MOXKHO OOHApY>KUTh NEPBbIH ajutesb B 00gacTu A, BTOpoii ajuiensb B o0nactu B u Tpetuii annens
B obnacti D B 0THOM 1 TOM 3Ke rarjoTHIIe.

B HEKOTOpBIX BapuaHTaxX peajH3aLuM TEepBbII ajulelb MOXET He OOHapyKHUBAaThCS B
obmactn A BO BTOPBIX Y/UIMHEHHBIX aMIUIMKOHAaX. Bmecto sToro B obmactm A BO BTOpPBIX
YAJMHEHHBIX aMIUTHKOHAX MOKHO OOHApY’KUTh YETBEPTBbIH ajuienb. B 3THX ciydasx MOXKHO
OTPENeNIUTh, YTO TPETUH ajuienb B o0nacTu D He MpHHAIIEKUT K TOMY K€ TarjIOTHITY, YTO H
NepBBIi ajiensb B obmactu A.

BpleynomMstHy TBIH ~ TIPOLIECC  MOXKHO — TOBTOPHTb  JUIT  KQXKJIOTO W3 MHOMKECTBA
KOMITAPTMEHTOB C IIEJIbI0 OTPENETICHNs raluiOTUIIA B KAXKIOM M3 KOMIIAPTMEHTOB, CONEPIKaINuX
mounekysy JIHK.

Habops1

BapuaHThl peanu3anuu MOTYT BKJIKOYATh HAOOPBI U COEOUHEHHs pa3lesieHHbBIX
obnacreri monexkyn JIHK B Ouomormueckom obpasue cyOwbekta. Habop Moxker comepikarb
NOJIMMEPA3y, XapaKTEPHU3YIOLIYIOCs CKIIOHHOCTBIO K JOOABJIEHUIO ONPENETICHHOrO HYKJICOTH A B
NOJIOXKEHNE B JIMIIKOM KOHLIE. B HEKOTOPBIX BapHaHTaxX peajn3alud NOJHMepa3a MOXET He
XapaKTepU30BaThCsl CKJIOHHOCTBIO K TOOABJIEHUIO ONPENEICHHOr0 HYKJIEOTHA B MOJOXEHUE B
JMIKOM KOHIle. BapuanTbl peanu3alyl BKJIOYAOT HAOOpbl AJs NPUMEHEHHs IPsIMOTO
npaiiMepa Fz u obparnoro npaiimepa Rz nns ammmndukanmn ruOpuaHeIX TpOAYKTOB, HAOOPHI
st oObenuHEHWsT Tpex win Oosee oOmacrell u HaOOpbl Ui OOBEIUHEHUS PA3IHMYHBIX
KOMOWHALMI MO MEHbLIEH Mepe IBYX 00JacTeil B OTHOM M TOM K€ KOMIAPTMEHTE, aHAJIOTHYHO
criocobaM, OMUCAHHBIM BBILIIE.

HabGop Taxke moker Bkio4aTh oOparHbii mpaiimep R1, comepskammii mepBbIid
(parMeHT, KOMIUIEMEHTapHbII KOHIIEBOH MOCIENOBATEIBHOCTH O0JNACTH A TEPBOH MOJIEKYJIbI
JHK. OoOparnbiii mpadimep R1  Moker comepkarb BTOpPOH (parMeHT, COnaepsKaIiui
MEPEKPBIBAIOIIYIOCS  MOCJIENOBATENbHOCTh.  YKa3aHHBIM  ONPENENEHHbIH  HYKJIEOTUH, K
n00aBIEHUIO KOTOPOTO MOJIMMEPa3a XapakTePU3yeTCsl CKIIOHHOCTBIO, MOYKET HAXOIUTHCS MEXKITY
nepBbIM (PPArMEHTOM U BTOPBIM (pparmMeHTOM.

Habop MokeT DOMOSHUTENBHO COmepKaTh MpsMON mpaiimep F2, comeprkamuii mepBbIid
(parMeHT, KOMIUIEMEHTapHbII MOCIEAOBATENIbHOCTH Hadaja obnacT B mepBod MOJEKyJbI
JHK. O6xacte B moxer ObITh OoTAeNneHa oT o0jgacTé A mpoMexkyTOdHOH oOnactero. IIpsimoit
npariMep F2 moxker comepkaTh KOMIUIEMEHTAPHYIO MEPEKPBIBAKOIIYIOCS MOCIEA0BATEIBHOCTD,

KOMIUIEMEHTApHYIO YKa3aHHOH MepeKpbIBaroleiics Mocaea0BaTeIbHOCTH 00paTHOro mpaiimepa
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R1. KomnnemenTtapHasi nepeKpbIBaOIIAsiCs OCIEN0BATEILHOCTD MOXKET HAXOAUTLCS BO BTOPOM
¢dparmenTe npsimMoro npaiimepa F2, npuuem yka3aHHbIN BTOpOH (parMeHT He SBIISETCS MEPBBIM
¢parmeHTOM. B HEKOTOpBIX BapuUaHTax peajM3alyy NepBblil PpparMeHT mpsimoro mpaiimepa F2
MO>KET COAEPIKATH KOMIUIEMEHTAPHY IO MEPEKPBIBAOLIYIOCS MTOCIEN0BATEIbHOCTD.

Habop moxer Taxke comep:kath npsimoii mpaiimep F1, comepskamuii nepseiii (pparMeHr,
KOMILIEMEHTApHBIM TOCJIEN0BAaTeIbHOCTH Haudana obnmactu A. Ilpsimoii mpaiimep F1 mosker
CoZIepIKaTh BTOPOU (hparMeHT, He SIBJISIOIIUNICS MEPBBIM (hParMEeHTOM.

Habop MoskeT nomoNHUTEIbHO CoAepkaTh 00paTHbIN npaiimep R2, comepskarimii nepBbIii
(pparMeHT, KOMITJIEMEHTapHBIN KOHIIEBOH MOCIen0BaTeIbHOCTH o01actu B. OOpatHbIii npaiimep
R moskeT conepskaTth BTOpOil (pparMeHT, He SBJISIOLIMNACS EPBbIM (PPArMEHTOM.

Habop mosxer conmepkatrb mpsimoii mpaiimep Fz u oOpatsblii mpaiimep Rz, xoropeie
MOYKHO HUCTIOJIb30BATh AJISl aMIUTH(UKALUKA THOPUIHBIX ponykToB. [Ipsimoit mpaiimep Fz moxer
colep:kaTh TEPBBIH (PparMeHT, WACHTUYHBbIA BTOPOMY (parMeHTy mnpsimoro mpaiimepa F1.
OOparnblii mpatimep Rz Moker copmepkaTb NepBbI (parMEeHT, HWAEHTHYHBIA BTOPOMY
¢bparmenTy obpatHoro mpaiimepa R2. Ilpsimoii mpaiimep Fz MokeT comep:kaTh HYKIJICOTHI,
KOMILUIEMEHTapHBIH YKa3aHHOMY omnpezneneHHOMy Hykieoruny. OOparsslii npaiimep Rz moxer
cozepaKaTh HyKJIEOTU, KOMIUIEMEHTAPHBIA YKa3aHHOMY OIPENEIEHHOMY HYKJIEOTUAY.

Otromenune npsimoro mpaiiMepa Fz k npsmomy npaiimepy F1 wnu mobGomy npaiimepy,
Kpome oOpartHOoro mpaiimepa Rz, moxer cocrapiarh mo MeHbwiedl mepe 5:1. B HekoTopbix
BapUaHTaX peaju3alyy YKa3aHHOE COOTHOLIEHUE MOXKET COCTaBIATh MO MeHblierd mepe 10:1,
20:1, 50:1, 75:1, 100:1, 200:1, 500:1, 1000:1, 2000:1, 5000:1, 10000:1, 20000:1, 50000:1 umu
100000:1. OtHomenue oOpartHOro mpaiimepa Rz k obOpatHomy mnpaiimepy R2 mmm moGomy
npaliMepy, KpoMme npsiMoro rnpaiimepa Fz, MmoxkeT coctasisaTh no Menbliei mepe 5:1, 10:1, 20:1,
50:1, 75:1, 100:1, 200:1, 500:1, 1000:1, 2000:1, 5000:1, 10000:1, 20000:1, 50000:1 wnm
100000:1.

Kaxnprit u3 npsimoro npaiimepa Fz u obpatHoro npaiimepa Rz moxker conep:kath BTOpOi
¢bparmeHT. Bropoii ¢parmMeHT MOkeT ObITh NpeaHAa3HAYEeH NIl CeKBeHHpOBaHHs. Hampumep,
BTOPOH (PparMEHT MOXKET SIBIATHCS MHAEKCOM o0paslia MM IOCHIE0BATEIbHOCTBIO amanTepa
111 KOHKPETHOH TIaT(OpMbI CEKBEHUPOBAHHSI.

B HekoTOphIX BapHaHTaxX peanu3auud HaOOp MOXET JOMOJHHUTENbHO COAEPIKATh
oOpatHblli mpaiimep R2, comepkammii mepBblii parMeHT, KOMILIEMEHTApHBIA KOHIEBOH
nocienosatesnbHocTH oOactu B. O6parsblii npaiimep R2 mMoxker comepkath BTOpOil pparMeHT,
COIepIKaLIMi BTOPYIO MEPEKPBIBAIOLIYIOCS —IOCHeNoBaTeabHOCTh. Habop Takke Moker
comep:kate mnpsAMoM mpaiimep F3, comepkamuii mepBblii  (pparMeHT, KOMIUIEMEHTAapHBIN

nocnenoBateibHOCTH Havana obsactu C mepsoii mosekynsl JIHK. O6nacte C moxker ObITh
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otmeneHa or obmactu B Bropoil mpomexyTtouHoii obmactero. Ilpsimoit mpaiimep F3 mosker
comepkaTb  BTOPYK) ~ KOMIUIEMEHTApHYIO  MEPEKPBIBAKOIIYKOCS  IOCJIENO0BATEIbHOCTD,
KOMIUIEMEHTApHYI0 YKa3aHHOH BTOPON MEpeKpbIBAIOIIEICS IOCIEeN0BATENbHOCTH OOPaTHOTO
npariMepa R2. Brtopas mnepekpblBalOIIasACs IMOCAEAOBATEIBHOCTE MOXKET HE  SBJIATHCA
HepeKpBIBAIOIIEICS MOCIeN0BATEIbHOCTEIO B 00paTHOM npatimepe R1. B HeKOTOpbIX BapuaHTax
peanusaluMyd  BTOpas  MEPEKPBIBAIOINASCS  IMOCJIEAOBATENIIBHOCTb  MOXKET  SIBJISITHCS
NEPEKPBIBAIOIIENCS MTOCIEN0BATEIbHOCTBIO B 00paTHOM mpaiimepe R1.

B HeKkoTOpBIX BapHaHTax peann3anui Habop MOXKET conmepkaTh 0OpaTHBIN mpaiimMep R3.
OOparnbiii mpafimep R3 Mosker conmep»karh NepBblii (PparMeHT, KOMILIEMEHTAPHbIA KOHLIEBOM
nocienosatesnbHocTH obactu C. OOpaTHbIii npaiimep R3 Moxer conepkaTh BTOPOH (parMeHT,
He sBJsTIoLIMiics nepbiM pparmentom. B odnactu C obparHsiii npaiimep Rz moskeT conepkathb
NepBbIi (parMeHT, HAEHTUYHBIN BTOpOMY (pparMeHTy oOpatHoro mpatimepa R3.

IlepexpbiBaroluecss NOCIEAOBATEIPHOCTH B INpaliMepax MOIYT COCTOSITb IO MEHbIIEH
mepe u3 12 ocHoBanumii, Bkirouass 12-15, 15-20, 20-25 unu Gonee 25 ocHoBaHMUil. DparMeHTHI
npaiiMepoB, KOMIUIEMEHTAPHBIE MMOCIEN0BATEIbHOCTH O0JAaCTH, MOTYT COCTOSITh IO MEHbLIEH
Mmepe u3 12 ocHoBaHuH, BKJIOYast 12-15, 15-20, 20-25 uu Oonee 25 oCHOBaHUIA.

@parMeHTHl MpPaiMeEpPOB, KOMIUIEMEHTAPHBIE ITOCIEA0BATEIbHOCTH OOJNACTH, MOTYT
HaxoAuTbCcsd Ha 3'-KkOoHLEe Tmpaiimepa. PparMeHTbl NpaliiMepoOB, KOTOpbIE  SIBISAIOTCS
MEPEKPBIBAIOLIUMUCS  TOCIEAOBATENBHOCTAMU MW  KOMIUIEMEHTAPHBI  [1EPEKPBIBAIOILUMCS
NOCJIEIOBATENBHOCTSIM, MOTYT HaxOAWUTbCA Ha S5'-koHLe mnpaiimepa. IIpsmoii mpalimep Fz u
oOpatHblii nipaiiMep Rz mMoryT comepskath (pparMeHTbI, UIEHTUYHbIE TpsiMoMy mpaiimepy F1, a
oOparHblii npaiimep R2 Moker HaxomuThCs Ha 3'-KOHLE mpsiMoro mpaidimepa Fz m obparHoro
npaiimepa Rz.

HabGop moxet conepskath neppyto mojekyny JJHK. HabGop MoxkeT comepskaTh peareHThI
115t [TLP, MUKPOKUIKOCTHON KapTPUIK AJIsl CO3AaHUsl OTAENIbHBIX KoMmapTMeHTOB st [1HP u
npaiMepsl IS peakuii 00 beAUHEHMS.

ITpumepsl cuctem

Ha ¢ur. 24 npowumoctpupoBaHa cucrema wusMmepenus 2400 COTNIaCHO BapHAHTY
peanu3zaumu  Hactosimero usobperenus. [lokasanHas cucreMa BKIIO4YaeT obOpaszern 2405,
Hanpumep, monekyel JIHK Ge3 knetok, B gepxkarene odpasna 2410, roe obpaszer 2405 moxer
KOHTAaKTUPOBaTh ¢ cucTeMoll aHanmm3a 2408 s ToNydeHUs] CHUrHaima (PU3HYECKOU
xapakrepuctuku 2415. Ilpumepom nepxkarenst oOpasma MOXKET ObITh NPOTOYHAS KIOBETA,
KOTOpasi CONEPXKUT 30HABI WK TpalMepbl [UId aHalIu3a, WM NMPOoOHMpKa, uepe3 KOTOPYIo
OBIDKETCST Karuid (C Karuied, comepskaiuedl cucreMmy aHanusa). PU3MUECKYI0 XapaKTepPHCTUKY

2415 (HarpuMep, UHTEHCUBHOCTD (JTyOpPEeCLIEHIINH, HANPSKEHNE WM TOK) 0OpasLia ONpenensoT
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¢ nomowpro nerekropa 2420. Jlerektop 2420 MOXKET BBINOJHATH MU3MEPEHUs] C MHTEPBAJIAMU
(HampuMep, MEPUOJUIECKUMHU HHTEPBAJIAMH ), TIOJTy4ast 3HAYEHUs] JAHHBIX, KOTOPbIE COCTABJISIOT
CUTHaJ JaHHbIX. B OJHOM BapwaHTe pealu3alud aHaJIoro-uupoBoii mpeodpazoBaTeNb
HECKOJIbKO pa3 rpeodpa3yeT aHaJoroBbIi CUTHAM OT AeTekTopa B tudposyo Gopmy. [depxarens
obpasua 2410 u pmerektop 2420 moryT (opmMHupOBaTH YCTPOICTBO aHaiM3a, HAmpHUMep,
YCTPOMCTBO CEKBEHHUPOBAHUs, KOTOPOE BBINOJHAET CEKBEHUPOBAHUE COIVIACHO BapUaHTaM
peanu3alyy, OMUCAHHBIM B HAcTosieM HoKyMeHTe. CurHai gaHHbIX 2425 oTnpasisieTcss u3
nerekropa 2420 k norudeckoit cucreme 2430. CurHan naHHbIX 2425 MOXET XPaHUTHCS B
JIOKaNbHOW namaATH 2435, BHewmHel naMatu 2440 uiy 3aOMUHAKOLIEM YCTPOHCTBE 2445,

Jlornyeckas cuctema 2430 MOXKET MPEACTABIIATh COOOH MM COEPIKaTh KOMITBIOTEPHYEO
cucremy, ASIC, mukpomnpoueccop u T.4. OHa Takke MOXKET COAEPIKaTh WM OBITh COSTUHEHA C
aucrieeM (HampuMep, MOHUTOPOM, CBETOAMONHBIM TUCILIEEM M T.J.) M YCTPOWCTBOM BBOAA
NOJIb30BaTENs (HAPUMED, MBIIIBIO, KJIABHATYPOH, KHONKaMH | T.A.). Jlornueckas cucrema 2430
U JIpyrue KOMIIOHEHTbl MOTYT BXOAMTb B COCTaB aBTOHOMHON WJIM TOJAKJIIOUYEHHOM K CeTH
KOMITBIOTEPHON CHCTEMBI, WIH OBITh HENMOCPEACTBEHHO NPUCOCAMHEHbI K WM BCTPOEHBI B
YCTPOUMCTBO (HAmMpUMeEp, YCTPOWCTBO CEKBEHHUPOBAHUS), KOTOPOE BKIIOHYAET neTekTop 2420
w/wnu  nepxkarenp oOpasua 2410, Jlormueckass cucrema 2430 Takke MOXKET COAEPXKAThH
porpaMMHOe oOecrieueHne, KOTOPOe BBIMONHsIETCS B mpoueccope 2450. Jlorudeckasi cucrema
2430 MOXKeT comepkKaTh MAIIMHOYUTAEMbI HOCUTENb, XPAHALIMN HHCTPYKLUHU 1JIs1 YIIPABICHUS
cucremoii 2400 B memsix peanu3alud JHOOOTO W3 CIOCOOOB, OMHUCAHHBIX B HACTOSIIEM
nokymente. Hampumep, noruueckas cucrema 2430 MOXeT MOAaBaTb KOMAHIbI B CUCTEMY,
KOTOpasi BKJIKOYaeT aepykarenb obOpasua 2410, Tak YTO BBIMOJHSETCS CEKBEHHUPOBAHHE MWJIH
apyrue (¢usndeckue onepauud. Takue (QusMyYeckue Onepaluyd MOTYT BBINOJHITHCS B
OTIpeNeIEHHOM TOpPSIIKe, HApUMep, ¢ JOOABJICHUEM U YIAJIIEHHEM PEareHTOB B ONPENeICHHOM
nopsinke. Takue (¢u3ndeckue Omeparru MOXKET BBINOJHATh POOOTOTEXHUYECKAs CHCTEMA,
HanpuMep, BKI0Yas pOOOTU3UPOBAHHYIO PYKY, KOTOPYIO MOKHO HCIIOJIB30BATh IS TTOJTyYEHHSI
o0pasua U BBINOJHEHHUS aHAJIH3A.

JroOasi M3 YNOMSHYTHIX B HACTOSILIEM JOKYMEHTE KOMIIBIOTEPHBIX CHCTEM MOXKET
UCTIONIb30BaTh JIEOOOE TMOAXOZsINee KOJNUYECTBO MNoAcucTeM. IIpuMepsl TakMX MOACHCTEM
nokaszanbl Ha Qur. 25 B kommbroTepHO cucteMe 2510. B HEKOTOPBIX BapHaHTaxX pean3aluu
KOMIIBIOTEPHAsl CHUCTEMa BKJIIOYAET OJHO KOMIIBIOTEPHOE YCTPOMHCTBO, MpHYEM MOJCHUCTEMBI
MOTYT OBITH KOMIIOHEHTAMH KOMITBIOTEPHOTO yCTpOWcTBa. B apyrux BapmaHTax peanu3anuu
KOMIIBIOTEPHAsl CUCTEMA MOXKET COJAEP>KaTh MHOKECTBO KOMITBIOTEPHBIX YCTPOMNCTB, KaXI0€ U3
KOTOPBIX SIBJIAETCS TOACUCTEMOM M COAEPKUT BHYTPEHHHE KOMIIOHEHThl. KommbroTepHas

CUCTEMA MOXET BKIIFOYATh HACTOJIbHBIC U MOPTATUBHBIC KOMIIBIOTEPHI, MIIAHIICTHI, MOOHJIbHBIE
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TeneOHbI U Apyrue MOOMIIbHBIE YCTPOHCTBA.

ITopcucremsl, oka3aHHbie Ha (Ur. 25, COEANHEHBI CHCTEMHOM mHHON 2575, TToka3zaHbI
JOTOJHUTENIbHBIE MTOACUCTEMBL, HapuUMep, NpuHTep 2574, knasuatypa 2578, 3anoMuHArOLIEe
ycTpoiictBo(a) 2579, monuTop 2576 (Hampumep, dKpaH AUCIUIES, HAMPUMEP, CBETOIUOMHBIN
aucIUieil), cCoenMHeHHbIH ¢ amantepoMm aucruiest 2582, u T.a. Ilepudepuiinpie yctpoiicTa u
ycrporictBa BBoga/Beiona (BBOJ/BbIBO/I), coenuHenHblie ¢ KoHTpouiepoM 71 BBOOa/BhIBONA,
MOKHO TOAKJIIOYaTh K KOMITBIOTEPHOW CHCTEME C IOMOIMIBIO JIFOOOro KOJHYECTBA CPEICTB,
WU3BECTHBIX B JAHHOW OOJIaCTM TEXHWKH, Harpumep, noprta Beoaa/BeiBoga (BBOJ/BBIBO/)
2577 (manpumep, USB, FireWire®). Hanpumep, mopr BBOma/sbiBoma 2577 WM BHELIHHA
unrepdeiic 2581 (mampumep, Ethernet, Wi-Fi u T.1.) MOKHO MCHIOIB30BATh IS MOJKITIOYEHUS
KOMIBIOTEpHOH crcteMbl 2510 k riobanbHOM cetw, Hanpumep, UHTepHET, yCTpOWCTBY BBOJA -
MBI, WIN CKaHEPY. MEXKOMIIOHEHTHOE COEITMHEHUE Yepe3 CUCTEMHYIO IIUHY 2575 mo3BosieT
LEHTPaJbHOMY Tiporeccopy 2573 oOMEHUBATbCS HaHHBIMU C KaXJOH TMOICHUCTEMOU W
KOHTPOJIUPOBATh BBINOJIHEHUE MHOXECTBA WMHCTPYKLMH M3 CHCTEMHOM mnamstu 2572 wunu
3aMIOMUHAIONIETO yCTpoicTBa(CTB) 2579 (Hampumep, HECHEMHOTO HCKA, HAMPUMED, JKECTKOTO
OUCKA, WIM ONTHYECKOro JAHCKAa), a Takke oOMeH WHpOpMauueld Mexay MOACHCTEMaMu.
CucremHass mamaATh 2572 w/wnm 3anmoMHUHAaKOIee yCTporcTBO(a) 2579 MOXKET NpPEeAcTaBiIATbH
co0oif MammMHOYHTaeMblii HOcHTeNb. Elne omHOI momcucTeMoil SIBNISIETCSl YCTPOHCTBO cOopa
naHHbIX 2585, Hampumep, kamepa, MUKpOQOH, akcenepomerp U T.I. JIroOble U3 yHIOMSHYTHIX B
HACTOSIIEM JAOKYMEHTE JIaHHBIX MOTYT BBIBOAMTBCA M3 OAHOIO KOMIIOHEHTa B Jpyroi
KOMIIOHEHT U MOTYT BBIBOJUTBCS MOJIb30BATENIO.

KoMneroTepHas cuctema MOXKET COAepkKaTb MHOKECTBO OMHAKOBBIX KOMIIOHEHTOB WU
NOJICHCTEM, HANpHUMep, CBSI3aHHBIX APYT C JPYroM C MOMOLIbIO BHeUIHero uHrepderica 2581,
BHYTPEHHEr0o MHTepdeiica Min Yepe3 CheMHbIE 3aIOMHHAIOLINE YCTPOWCTBA, KOTOPBIE MOXKHO
MOJKJIFOYaTh U MEPEHOCUTh OT OAHOIO0 KOMIIOHEHTa K APYyroMy KOMIOHEHTY. B HekoTopbIx
BapMaHTaX pealu3alil KOMIBIOTEPHbIE CHUCTEMbl, MOJICUCTEMBl WM YCTPONHCTBA MOTYT
OOMEHHMBATBCSl MAHHBIMH IO CEeTH. B Takux cCiydasx OJUH KOMIIBIOTED MOXKET CUYHTATHCS
KJIMEHTOM, a APYTrOM KOMIIBIOTEP - CEPBEPOM, MPHUYEM KaXKABIH U3 HUX MOXKET OBITh YacThIO
ONHOM M TOH XK€ KOMIIBIOTEPHOW CHCTeMbl. Kakablil KIMEHT U CepBep MOIYT COAEpPKaTh
MHO>KE€CTBO CHCTEM, MOACUCTEM HIJIM KOMIIOHEHTOB.

ACHEeKTBl BapUAaHTOB pPEAN3aLMN MOXKHO PEaiM30BaTh B (pOpPME JIOTUKU YTIPABJIECHUS C
UCTIOJIb30BAHUEM aIMapaTHBIX CXeM (HalpuMep, CHEeHaTn3UpOBAHHON HHTErPAJIbHOW CXEMBI
WIM TPOrpaMMUPYEMON MAaTPULBl JIOTHUECKUX JJEMEHTOB) W/WIM C UCIOJIb30BAHUEM
KOMITBIOTEPHOT'O MPOrPAMMHOI0 O0ECIIEUEHNs C, B LIEJIOM, POrPAMMHUPYEMBIM MIPOLIECCOPOM B

MOZYJIbHOM WJIM WHTETPUPOBAHHOM BHuAE. B KOHTekcTe HacTosero u300peTeHus Mpoueccop
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MO>KET BKJIIOUaTb OJHOSIAEPHBIM IMPOLECCOP, MHOIOSNEPHBIM MPOLIECCOP HAa OAHOM
MHTETPUPOBAHHOM KPHUCTAJUIE, MJIM MHOXECTBO IPOLIECCOPHBIX OJIOKOB HAa OIHOW TME4YaTHOM
IlaTe WIK B CETH, a TAKXKe CIelHaIn3upoBaHHOEe oOopynosaHue. Ha ocHoBe m3oOpereHus u
uzel, NMpeNCTABIEHHbIX B HACTOALIEM AOKYMEHTE, CIEIHaliCT B JaHHOH O0JAacTH TEXHHUKH
JOJDKEH Y3HaTh O APYTHX MyTSIX W/WJIM Crocobax peann3alii BAPHAHTOB PeaM3alii JaHHOTO
N300peTeHust ¢ UCTOJIb30BAHUEM AIAPATHBIX CPEACTB U KOMOMHALIMM ANMapaTHBIX CPEACTB U
NPOTrPaMMHOTO OOECTICYeHHsI U MPUHUMATh UX BO BHIMAaHUE.

JIro00if U3 MPOrpaMMHBIX KOMITOHEHTOB WM (PYHKLMH, OMHMCAHHBIX B JAHHOW 3asBKE,
MO>KHO PeaiM30BaTh B BUIE IPOrPAMMHOIO KOAA, KOTOPBIN AOJIKEH BBIIOJIHATHCS MPOLIECCOPOM
C MCIIOJIb30BAaHUEM JIFOOOT0 MOAXOASALIETO SI3bIKa MPOrpaMMHUPOBaHus, Hanpumep, Java, C, C++,
C#, Objective-C, Swift wiu CKpUNTOBOrO S3bIKA MPOTPAMMHUPOBAHHs, Hampumep, Perl umm
Python, ¢ wucnonp3oBaHWeM, HampUMep, CTAHAAPTHBIX WIH OOBEKTHO-OPHEHTHPOBAHHBIX
criocoOoB. [IporpaMmMHBINA KOJ MOXKET XPaHUTHCS B BUE CEPUH MHCTPYKUMH HIIM KOMaHA Ha
MAIIMHOYMTAEMOM  HOCHUTENe Ui  XpaHeHuss  w/wnmm  mepemadd.  llogxopsmmii
SHEPrOHE3aBUCHUMBIN MALIMHOYHUTAEMBI HOCHUTENb MOKET BKIJIIOYATh ONEPATUBHYI) MaMSTh
(O3Y), nocrosiHHOE 3amomuHaromee ycrpoiictBo (II3Y), MarHuTHBIH HOCUTENb, HampUMeEp,
JKECTKUH JAUCK WJIM TUOKWH JUCK, WIH ONTHYECKUI HOCUTENb, HanmpuMmep, kommakT-auck (CD)
wim DVD (um¢poBoit yHuBepcanpHbIH nuCK), wian auck Blu-ray, ¢mm-namsarte u T.aL
MamuyHOYHTaeMBIi HOCUTEIh MOXKET OBITh JIFOOOH KOMOHMHAIMEeH TakuX yCTPOMCTB XpaHEHUs
WUJIY TIepeaavu.

Taxue nporpamMmel Takke MOXKHO KOAUPOBAaTb U MEpenaBaTbh C HCIOJIB30BAHUEM
HECYLIMX CUTHAJIOB, aJalTHPOBAHHBIX MJIS MEPEAadyd 4depe3 IMPOBOAHbIC, ONTUYECKUE W/WIIN
OecnpoBOHBIE CETH, COOTBETCTBYIOIIUX MHOXKECTBY NPOTOKOJIOB, BKirodas HMureprer. Ilo
CYILLECTBY, MAIIMHOYUTAEMbI HOCHUTENIb MOKHO CO3/1aTh C WUCIIOJIb30BAHUEM CUTHANIA JAHHBIX,
3aKOAMPOBAHHOIO €  IOMOILIBIO  TaKWX  MporpaMM. MalIMHOYUTAEMBIH  HOCHUTED,
3aKOAUPOBAHHBIA MPOrPAMMHBIM KOJIOM, MOKHO YIAaKOBaTh C COBMECTUMBIM yCTPOWCTBOM HJIU
NPEACTAaBUTh OTIENBHO OT APYTUX YCTPOHCTB (Hampumep, MyTeM 3arpy3ku uepe3 MHTepHeT).
JIroOo#1 Takoil MAIIMHOYNUTAEMbI HOCHTEIb MOXKET TIOCTABISITCS C WJIM B COCTaBe
KOMITBIOTEPHOTO  TMPOAYKTa (HampuMmep, JKECTKOrO JAHMCKA, KOMIIAKT-AMCKAa WIJIM  BCEH
KOMITBIOTEPHOM CHCTEMOH), a TAKXKE C MJIM B COCTABE PA3JIMYHBIX KOMITBIOTEPHBIX NMPOAYKTOB B
npenenax CUCTeMbl Wi ceTH. KoMmbroTepHas cucTemMa MOXET COAEpPKaTb MOHUTOp, NMPUHTEP
WIA JPYTOW MONXOISINMNA AUCIUICH Ui MPeJOCTaBICHHS MOJB30BATENIO JIFOOBIX PE3yJIbTATOB,
YIIOMSIHYTBIX B HACTOSILIIEM TOKYMEHTE.

JIro00ii U3 ONMUCAHHBIX B HACTOSIIEM JHOKYMEHTE CIIOCOOOB MOXKET OBITh MOJHOCTBIO HIIU

YaCTUYHO BBIMOJHEH KOMITBIOTEPHOW CHUCTEMOM, copepskaiiell oguH i Oosiee MpoLeccopos,
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KOTOpbIE MOKHO CKOH(HUTYPHPOBATH ISl BBIMOJIHEHHS [TO3TANHBIX AeicTBUi. Takum oOpaszom, B
BapUAHTAaX  peaju3ali  MOTYT  ObITb  TNPEAJIONKEHBl  KOMIBIOTEPHBIE  CHUCTEMBI,
CKOH(UTYPUPOBAHHBIE [JI1 BBIMIOJIHEHUS] STAmoB JEOOOr0 U3 CrnocoOOB, OIMMCAHHBIX B
HACTOSAILIEM JIOKYMEHTE, BO3MOXKHO, C PpAa3JUYHbIMH KOMIIOHEHTAMH, BBIIOJHSIIOLUMHU
COOTBETCTBYIOLIUH 3TaIl MJIM COOTBETCTBYIOIIYIO IPYIIy 3TAnoB. XOTs 3Tambl NPEICTaBIeHbl B
IPOHYMEPOBAHHOM BHJE, 3Talbl ONUCAHHBIX B HACTOAIIEM AOKYMEHTE CHOCOOOB MOXKHO
BBITIOJIHSITH B OAHO U TO K€ BPEMsi, B pa3HOe BpeMs, WM B Ipyrom mopsinke. Kpome toro,
SJIEMEHTBl 3THX 3TallOB MOXKHO HCIOJIb30BaTh C JJEMEHTAMHM JPYTHX 3TaloB M3 JAPYTHX
cnocoboB. Kpome Toro, stan MokeT OBbITh MOJHOCTBIO WJIM YaCTUYHO HeoOs3aTenbHbIM. Kpome
TOTO, JIFOOOH M3 3TANOB JIOOOTO U3 CIOCOOOB MOKHO BBIMOHSTH ¢ MIOMOIIBIO MOAYJIEH, OJIOKOB,
CXEM HJTH JPYTUX CPEIACTB CUCTEMBI JUIS BBIMOJIHEHHUS STUX 3TAIIOB.

KoHKkpeTHbIE neTaii KOHKPETHBIX BApUAHTOB pEAN3aldd MOKHO KOMOWHHPOBATH
TOOBIM TIOAXOASIIUM CIOCOOOM 0€3 OTCTYIUIeHHs OT CYIIHOCTH W o0beMa BapHUaHTOB
peanm3anuMy HacTosimero u3o0pereHus. B To ke BpeMs Apyrue BapUaHTBl peaNnu3alun
M300peTeHNss MOTYT YKa3blBaThb HAa KOHKPETHBIE BApUAHTBl pEaNN3aldH, OTHOCSIIHECT K
Ka)XXJIOMY OTZEJIbHOMY aCIeKTy, UM K KOHKPETHBIM KOMOMHALIMSAM 3THUX OTHAENbHBIX ACMIEKTOB.

IIpuBeneHHOEe BBIIIE ONMUCAHWE TUNMYHBIX BAPUAHTOB pEATM3ALUU HACTOSINETrO
M300peTeHnss TMpPEACTaBIeHO B ILeNiX WUIocTpauuun U onucanusa. OHO He sBIseTcA
MCUEPIIBIBAIOIINM U HE MPEAyCMaTPUBAET OTPaHUYEHHs HACTOALIEr0 M300PETEHHs ONHCAHHOM
TOYHOW (OpMON, U B CBET€ M3JIOKEHHOTO BBIIIE BO3MOXHBI €r0 MHOTOYHCIIEHHBIE
MoAU(UKALIMY 1 BAPUAHTBL

Vka3zaHue CyIIECTBUTEIbHBIX B €IMHCTBEHHOM U MHOXKECTBEHHOM YHCJIE CIY>KUT JJIs
0003HAYEHHST KOAHOTO MJTH OOJIBIIErO KOJUYECTBAY», €CIIH MPOTHBOMOJIOKHOE HE YKA3aHO SIBHBIM
obpazom. Ilpu UCHONB30BAHUU «WIW» HUMEETCS BBUAY «BKJIIOYAKOIEE WIH», a He
HCKITFOYAOIIee WIN», €CJIM TPOTUBOMNOJIOKHOE HE yKa3aHO sIBHBIM oOpa3oM. Cchuika Ha
«TIEPBBI» KOMIIOHEHT He 00s3aTeNbHO TpebyeT MpenocTaBiIeHUs BTOPOro KOMIOHEHTa. boree
TOTO, CCBUIKA HA «IEPBBIN» WU «BTOPON» KOMIIOHEHT HE OrPaHUYMBAET YIOMSHYTBIN
KOMITOHEHT KOHKPETHBIM MECTOIIOJIOKEHUEM, €CIH 3TO He yKaszaHo siBHbIM obOpasom. Ilox
TEPMHUHOM «OCHOBAHHBIN Ha» UMEETCS BBUAY «OCHOBAHHBIN 110 MEHBIIEH Mepe YaCTUIHO Hay.

Bce maTeHThI, 3as1BKM Ha MATEHTHI, MyOJUKALMH W OMUCAHUS, YIIOMSHYThIE B HACTOSIIEM
IOKYMEHTE, TOJHOCTBIO BKJIIOUEHBl B HACTOSIIMHA JOKYMEHT IOCPEACTBOM CCHUIKU JUI BCEX

ueneil. Hu oguH U3 HUX HEe pacCMaTPUBAETCA B KQUECTBE MPEAUIECTBYOLIErO YPOBHS TEXHUKH.
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DOOPMVIJIA N30BPETEHHA

1. Crocob coemuHeHusi pasmeneHHbIX obOsacteit mosekyn JHK B Ouonorudeckom
oOpasie cyObeKTa, BKIIIOYAKO LITHI:

pacnipenenenne MHoxkectBa Monekys JIHK n3 Guonoruueckoro o0pasma BO MHOKECTBO
KOMIIAPTMEHTOB, IPUYEM NEPBbIIi KOMIAPTMEHT U3 MHOKECTBA KOMIIAPTMEHTOB BKJIIOUYAET:

nepeyro mosiekyny JHK, conmepxkamyro obmacte A u obnacte B, pasnmeneHHbie
MPOMEKYTOYHOM 00JIaCThIO,

NOJIMMEPA3y, XapPaKTEPU3YIOIIYIOCS CKJIOHHOCTBEO K JOOABJICHUIO OMpPEIeSICHHOTO
HYKJIEOTH/Ia B MTOJIOKEHUE B JINTIKOM KOHIIE,

oOpatHbIii nipaiiMep R1, comepskammii mepBeiii (hparMeHT, KOMIJIEMEHTAPHBIA KOHLIEBOH
NIOCJIEIOBATEILHOCTH O0JIACTH A, IpHYeM yKa3aHHbIA 0OpaTHBIN npaiimep R1 comepskut BTOpOH
(parmMeHT, conepskamnil MePeKPhIBAIOINYIOCS MOCIENOBATEIBHOCTD, U

npsiMoii  mpaiimep F2, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTAPHBIN
NIOCJIEIOBATENILHOCTH Havaja obnactu B, mpuuem ykazaHHbIN npsMmoii npaiimep F2 comepxut
KOMILUIEMEHTAPHYIO MEPEKPBIBAINYOCA MOCIENOBATENbHOCTD, KOMIIJIEMEHTAPHYIO YKA3aHHOU
MEPEKPBIBAIOLIEICS TOCIEI0BATEIbHOCTH,

amruuKanuo o0nacTi A C HCIOJNIb30BAaHUEM MOINMEpPasbl U oOpaTtHOro mparimepa R1
C LEJBbI0 TOJYyYEHHUs MepBOro Habopa aMIUIMKOHOB, COAEPIKALINX YKa3aHHbBIN ONpeneseHHbIH
HYKJIEOTHT Ha TNepBOM 3'-KOHILIE M COJEPKALIUX KOMIUIEMEHTAPHBbIN HYKJIEOTHUI MEXIY
y4acTKaMH IIOCJIE€OBATENbHOCTEH, COOTBETCTBYIOIIUMHU IE€PBOMY (ParMEHTYy U BTOPOMY
¢parmenty obOpaTHoro mpaiimMepa R1, mpuuyeMm yKa3aHHBI KOMIUIEMEHTAPHBIA HYKJICOTU]
KOMIUIEMEHTapEH YKa3aHHOMY ONPEAEIEHHOMY HYKJICOTHUIY,

amrndukanmo odactu B ¢ ncnonp3oBaHueM mosuMepasbl U NpsiMoro npaiimepa F2 ¢
LEJIBIO TOJIyYEHUs] BTOPOro Ha0Opa aMIUTMKOHOB, COAEPIKALIUX YKA3aHHBIA OMpeaeeHHbIN
HYKJIEOTHI Ha BTOPOM 3'-KOHIIE U COAep KAL[UX KOMIUIEMEHTApHBIM HYKJIEOTHA Ha
IIPOTUBOIOJIOKHOM KOHIIE MTePEKPhIBAOILEINCS OCIeI0BATENbHOCTH, U

YAJIMHEHHE C HCIOJb30BAHHUEM IIOJIHMMEpPA3bl MEPBOr0 HA0OpPa aAMIUIMKOHOB C IIEJIBIO
BKJIFOUEHHs o0actu B, a Taxke BTOporo Hadopa aMIUIMKOHOB € LIEJIbIO BKIIFOUEHHUS 001acTH A,
YTO MO3BOJISIET MOJYYHTh YAJTMHEHHbIE aMIUITMKOHBI, conepskamue odnacte A 1 o0nacte B u He
cozieprKalye MPOMEKYTOUYHYIO 00J1acTh.

2. Cnocob mo n. 1, oTiMYarImuiicss TeM, 9TO KOMITJIEMEHTapHBIA HYKJIEOTHUA B TIEPBOM
Habope aMIUTMKOHOB HAXOAWTCS B repBoit mosiekyiie JIHK.

3. Crmoco® mo m. 1, ormnmmyaromuiicss TeM, 4TOo OOpaTHBIM mpakimep R1 conmepkut

2

yKa3aHHbBIN ONpeAeNeHHbIN HYKIEOTH I MEXy NMEePBbIM ()parMEHTOM U BTOPBIM (PParMeHTOM.

4. Croco® mo m. 1, OTIMYArOIIMICS TeM, YTO KOMIIAPTMEHTHI INPENCTAaBISAIOT COOOH
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KaIlju.

5. Crioco0 mo 1. 1, JONOJHUTENBHO BKJIFOYAK) MM

npumeHeHue npsmMoro mpaiimepa F1 u obpartHoro mpatimepa R2 s ammmduxanmn
YAJIMHEHHBIX aMILINKOHOB.

6. Crioco6 no 1. 1, JONOJHUTENBHO BKJIFOYAKO LN

oOHapyskeHHe mepBoro ajiens B objacth A u BTOporo amiens B obmactu B, uto
NIO3BOJIsIET OOHAPYKUTh MPHUHAMJIEKHOCTb MEPBOrO aJjieNii U BTOPOTO ajuiesisi OMHOMY U TOMY
K€ TaruIoTHUILY.

7. Crioco0 1o 1. 6, OTJIMYAOLIUICS TeM, 4TO OOHAPY KEHUE IEPBOro ajuiesis B odjactu A
BKJIIOYAET:

U3MepEeHNe KOJIMYECTBA IEPBOTO aJUIeNisl B O0JacTH A,

CpaBHEHHE YKa3aHHOIO KOJUYECTBa C [IOPOrOBbIM 3HAUEHHEM.

8. Crmocod mo m. 1, oTiHYArOIIMIACS TeM, 4TO OMOJNIOTMYecKuil oOpaser pa30aBisIFOT
TaKUM 00pa3oMm, 4TO B CPETHEM B KOMIIAPTMEHTE HAXOIAHUTCS TOJIBKO oniHa Mosekysa JIHK.

9. Crtocob mo 1. 1, JOMOJHHUTENBHO BKJIFOYAK) MM

MIOBTOPHOE BBIMIOJIHEHHE CIIOCO0a Ui APYTUX KOMITAPTMEHTOB C IIEJIBIO OINPENeIeHuUs
rarjoruna apyrux monekys JJHK B npyrux koMmnapTMeHTax.

10. Crioco0 mo 1. 1, OTIMYArOIIUNHCS TEM, YTO:

NEepPBbINl KOMIAPTMEHT JOMOJHUTEIBHO COAEPIKUT:

npssmoii  mpadimep F1, copepxammii  nepBelii  pparMeHT, KOMIUIEMEHTapHbBIN
NIOCJIEIOBATEIbHOCTH Havajia 00acT A, U colep Kaluii BTOpol (pparMeHr,

oOparHblii npatimep R2, conep:kamuii nepsbiii pparMeHT, KOMIUIEMEHTapHBIN KOHLIEBOH
NOCJIeIOBATEIbHOCTH obnactu B, u conepskamuii BTopoii ¢pparment,

npsiMoii mparimep Fz, copmepskammii mepBblii  parMeHT, HIACHTUYHBIA BTOPOMY
¢dparmenTy npsimoro npaiimepa F1, u comepskarumii BTopoli pparMeHT, u

oOpatHbili mpalimep Rz, conmepkamuii mnepBbIii (pparMEeHT, WACHTHUYHBIH BTOPOMY
¢dparmenTy obparHoro npaiimepa R2, u conepskamuii BTOpor GpparMeHT,

Y ITMHEHHBIE AMILJTMKOHBI MTPECTABIISIOT COOOH MepBbIe YIMHEHHbIE AMIUTUKOHBI, 1

Kbl TEepPBbI yIJIUHEHHBI AaMIUTMKOH COAEPKHUT BTOpOH (parMeHT mpsiMOoro
npaiivepa F1 u Bropoii ¢pparment oOpaTHoro npatimepa R2,

CTIOCO0 OTIOIHUTENBHO BKIIFOYAET:

aMITN(UKAIMIO TEPBBIX YUIMHEHHBIX AMIUIMKOHOB C HCIIOJIb30BAaHHEM IOJHMEPA3Hl,
npsiMoro npaiimepa Fz u oOpatHoro mpaiimepa Rz ¢ 1enbio mosiydeHus: BTOPBIX YIJTHHEHHBIX
AMIUTUKOHOB, TPHYEM Ka)KIbli BTOPOH YJUIMHEHHBIH aMIUIMKOH CONEPKUT BTOPOH (pparmMeHT

npsiMoro mnpatimepa Fz u Bropoii ¢pparmenT obpatHoro npaiimepa Rz.



59

11. Cnoco6 mo 1. 10, OTIUYarOIIUIACS TEM, YTO:

npsiMOM mpaiiMep Fz cOomep:KUT KOMIUIEMEHTapHBIM HYKJIEOTHU[, NMPUYEM YKa3aHHBIN
KOMIUIEMEHTapHbIN HyKJIEOTH ] KOMILIEMEHTAPEH YKa3aHHOMY ONpeAEIeHHOMY HYKJIEOTUNY, U

oOpaTHbIii paiiMep Rz conmep kUt KOMIIeMEHTApHbBIN HYKIEOTH]I.

12. Cioco6 mo 1. 1, OTIIMYAIOLIUICS TEM, YTO:

NEPEKPbIBAOINASICS NOCJIeI0BATENBbHOCTD MPEACTABIISAET coboii NEPBYIO
NEePEKPbIBAIOIIYIOCS ITOCIEN0BATENbHOCTD,

KOMILUIEMEHTapHasl TMEPEeKPhIBAIOIIASCS —TOCIEOBATENIbHOCTh MPEACTABIsIET  COOOH
MEPBYI0 KOMIUJIEMEHTAPHYIO [TEPEKPBIBAIOLIYIOCS ITOCIE0BATENIbHOCTD,

MIPOMEKYTOYHAs 00JIACThb MPENCTaBIIsieT COOOH MEePBYIO MPOMEKYTOUHYEO 00J1acTh,

Y IJTMHEHHBIE AMILTUKOHBI MTPECTABISIOT COOO0H MepBble yAIMHEHHbIE aMIUIUKOHBL, 1

NEepPBbIH KOMIAPTMEHT JOMOIHUTENBHO COACPAKUT:

oOpaTHbIi mpaiiMep R2, comepskamuii meppbiii parMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOH
nocjenoBatesibHoCTH obnactu B, oOpartHblii mpaiimep R2, conmepskamuii BTOpoH (parMeHT,
COZEPIKAIIMI BTOPYHO MEPEKPBIBAIOIIYIOCA MOCIEA0BATENIBHOCTD, W MNpsAMON mnpaiimep F3,
cofiepKaliii epBbld (pparMeHT, KOMIIEMEHTAPHBIN MOCIeNoBaTeIbHOCTH Havdana obmactu C
nepsoit monekynel JIHK, obnacte C, otmenenHyro or obmact B BTOpoil mpomexyTOUHOI
oOnacTsro, psiMoii mpaiimep F3, comeprxamuii BTOPYI0 KOMIUIEMEHTAPHYIO MEPEKPIBAIOLIYIOCS
MOCJIEAOBATEILHOCTD, KOMILJIEMEHTAPHY IO BTOPOH yKa3aHHOHU NEPEKPBIBAIOLIEICS
MOCJIEI0BATEIbHOCTH, U

amrungukanus odnactu B ¢ enpro nosydeHust BTOporo Habopa aMIUIMKOHOB BKJIFOYAET
npuMeHeHue obpatHoro npaiimepa R2,

COCO0 OTIOIHUTEPHO BKJIFOYAET:

ammndukanmo odnactu C ¢ UCIOIB30BAHMEM MOJUMEPasbl U MpsiMoro mpaiimepa F3 ¢
LEeJIbI0 TIOJIyYeHHsI TPEThero Habopa aMIUIMKOHOB, COAEPIKALINX YKAa3aHHBIA ONpeneseHHbIH
HYKJIEOTH Ha TpeTbeM 3'-KOHLE U COAep KallluX KOMIUIEMEHTApHBbIM HyKJIEOTHI Ha
IIPOTUBOIOJIOKHOM KOHILIE BTOPOH MepeKpbIBAIOLIECsl TOCIe0BaTeIbHOCTH,

yAJIMHEHHE C TOMOLIBIO IOJUMEPa3bl:

NEePBBIX YATMHEHHBIX aMIJIMKOHOB C LEJIbI0 BKIIFOUeHus obnactu C, u

TpeThero Habopa aMILTUKOHOB ¢ LENbI0 BKITFOUeHHsI obyacti A u obnactu B,

YTO MO3BOJISIET IMOJIYYNUTh BTOPBIC YIJIMHEHHBIE AMIUIMKOHBI, COAEpKalIne OONacTh A,
obmacte B m obnmacte C m He copepkaliye IMEpBYIO MPOMEKYTOUHYIO OONAcCTb U BTOPYIO
POMEXXYTOYHYIO 00JIaCTh.

13. Crocob mo m. 12, ornuuaromuiicss TeM, 4To npsimoii mpaiimep F3 comepskur BTOpOI

(dparmMeHT, conepskauii BTOPYI KOMITJIEMEHTAPHYIO ME€PEKPBIBAIOLIYIOCS MOCIEI0BATEIbHOCTD.
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14. Cniocob mo . 12, oTnuyaromuiics TeM, 4To nepBblil pparmMeHT npsimoro npaiimepa F3
COJZIEP>KUT BTOPYIO KOMIJIEMEHTAPHYIO MEPEKPBIBAIOILYIOCS MOCIEA0BATEIbHOCTD.

15. Crioco6 mo m. 12, OTIUYarOIIHIACS TEM, UTO!

yAJMHEHHE TEPBBbIX YAJIWHEHHbIX AMIUIMKOHOB A BKJO4YeHUs obOnactu C BkiO4aer
ruOpUIN3ALMI0 CO BTOPOH IEPEeKPhIBAIOLICHCS IOCIEOBATEIbHOCTBIO MO HAIMPABICHUIO K
4eTBEPTOMY 3'-KOHILY.

16. Crioco6 mo 1. 12, OTIMYarOIHICs TEM, UTO!

yIJIMHEHHE TPEThEro Habopa aMILJIMKOHOB C LENbI0 BKJIIOUEHUs: obyacTu A u obnactu B
BKJTFOYAET TUOPUIU3ALIUIO co BTOPOi1 KOMILJIEMEHTAaPHOMU MEePEKPbIBAKOLLEHUCS
MOCJIEIOBATEIBHOCTBIO IO HAIMIPABJIEHUIO KO BTOPOMY 3'-KOHILLY.

17. Crioco® mo 1. 1, OTIHYArOIIMINACS TeM, YTO MepBbIH (PparMeHT npsimoro npaiimepa F2
COJZIEP>KUT KOMILIEMEHTAPHYIO NEPEKPbIBAIOIIYIOCS [TOCIEA0BATEIbHOCTb.

18. Crocob mo m. 1, oTnuuaromuiicst TeM, 4to npsMoi npaiimep F2 conmepxut BTOpOH
(dparmMeHT, conepskamuil KOMIZIEMEHTAPHYIO MEPEKPBIBAIOLIYIOCS MOCIEIOBATENbHOCTb.

19. Cnoco6 mo m. 18, ornuuarommiics TeMm, 4Tto npsMoi mpaiimep F2 comepskut
yKa3aHHBIN ONpPEeAeNeHHbIN HYyKIEOTH ] MY MEePBbIM ()parMEHTOM U BTOPBIM (PParMeHTOM.

20. Cnioco6 mo 1. 18, OTIUYaroIUiCs TEM, YTO:

MIPOMEKYTOYHAs1 00JIACTh MPEACTaBisieT COO0H MePBYIO MPOMEKYTOUHYIO 00JIacTh,

Y AJTMHEHHbBIE AMITJIMKOHBI MTPECTABISIOT COOO0 MepBble yAIMHEHHbIE AMIUTUKOHBI, U

NEepPBbIN KOMIAPTMEHT JOMOIHUTEIBHO COAEPIKUT:

npssmoit  mpaiimep F4, comepkamuii  mepBblii  ()parMeHT, KOMILIEMEHTapHBIN
NOCJIeIOBATEIbHOCTH Havana obnactu D nepsoit monekynbl [IHK, obnacte D, oTnenenHyro ot
obmactTi A BTOpOH TPOMEXKYTOYHOH 0OJacThio, mpsiMoi mpaiimep F4, comepskammii BTOpOIt
(bparMeHT, conepskamuil KOMIZIEMEHTAPHYIO MEPEKPBIBAIOLIYIOCS TIOCIEA0BATEILHOCTD,

COCO0 TOTIOJIHUTENBHO BKIIFOYAET:

ammndukanmo odnactu D ¢ ucrnonb30BaHNEM MOJIMMEPas3bl U MPSIMOTO npaiimepa F4 ¢
LEJIbI0 TIOJIYYeHHsI TPEThero HabOopa aMIUIMKOHOB, COAEPIKALINX YKAa3aHHBIM ONpeneseHHbIH
HYKJIEOTH Ha TpeTbeM 3'-KOHLE U COAep KallluX KOMIUIEMEHTApHbI HyKJIEOTH] Ha
MIPOTUBOIOJIOKHOM KOHIIE NePEKPBIBAIOIIENCS OCIeN0BATENbHOCTH, U

YIJIMHEHHE C HCIOJb30BAHHUEM IIOJIMMEpPA3bl IMEPBOr0 HaOOpa AMIUIMKOHOB C IIEJNIBIO
BKJIFOUeHUs1 oOnactu D, u Tperbero Habopa aMIUTMKOHOB C LIEJTBIO BKITOYEHHs] 00JIacTH A, 4TO
MO3BOJISIET MOJYYUTh BTOPBIE YAJTHMHEHHbIE aMIUIMKOHBI, copepskamue odnacte A u obnacte D u
HE CoZeprKalie BTOPYIO IMPOMEKYTOUHYIO 00JIacThb.

21. Cnoco6 mo 1. 20, OTIUYArOIITUICS TEM, YTO:

nepan‘i KOMIIAPTMCHT AONOJHUTECIBbHO COOACPKUT:!
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oOpatHbIii npaiiMep R3, comepskamuii mepsblil (hparMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOH
nocnenoBatenbHOcTH obnactu C nepoii mosekysel JIHK, obnacte C, otnenenHyo ot odnactu
B Ttpertpeit mpomexxyTouHoii obmacteto, obnacte C, ornmeneHHyro or obmactu D uerBepToit
POMEXYTOUHOW obOnacTbio, oOpaTHbI mnpadimep R3, copepxammii BTOpoH (parmeHT,
COZIep Kl NMepeKPhIBAIOLIYIOCS TOCIEI0BATENbHOCTD,

CIIocO0 OTIONHUTENBHO BKIIIOYAET:

ammdukanmo odnactu C ¢ HCIONB30BaHUEM MOUMEpPasbl U 0OpaTHOro mpaiimepa R3
C LIEJIBIO MOJIYYEHHsI Y€TBEPTOro HabOpa aMIUIMKOHOB, CONEPIKAINX YKA3aHHBIH ONpPeaeIeHHbIH
HYKJICOTH/I HA YETBEPTOM 3'-KOHILE H COIEpKAIqUX KOMIUIEMEHTAPHBIH HYKJIEOTHI Ha
NPOTHUBOIOJIOKHOM KOHIIE MTEPEKPBIBAIOLIEHCS MOCIEI0BATEIBHOCTH,

YIJIMHEHHE C UCIIOJIb30BAHUEM IOJIMMEPA3bl YETBEPTOrO Ha0Opa aMIUTMKOHOB C LEJIBIO
BKJIFOUEHUs oOactu B, a Takke BTOporo Habopa aMIUIMKOHOB C LIeNIbI0 BKJIFOYeHUs1 obnactu C,
YTO MO3BOJISIET MOJYYHUTh TPETHU YIUIMHEHHBIE aMILUTHKOHBI, copepikatnre oonacts C u odnacte
B u He coneprkamue TpeThio MPOMEKYTOUHYIO 00J1acTh, U

YIJIMHEHHE C UCIIOJIb30BAHUEM IOJIMMEPAa3bl YETBEPTOrO Ha0Opa aMIUTMKOHOB C IENIBI0
BKJIFOUEHUs obnactu D, a Takke TpeTbero Habopa aMIUIMKOHOB € LeNbi0 BKitoueHus odnactu C,
YTO TIO3BOJIIET MOJYYHTh YETBEPTHIE YAJIMHEHHbIE AMIUIMKOHBI, copepskamue odmacte C u
obiacte D u He comeprkalye 4eTBEPTYIO MPOMEKYTOYHYIO 00JIaCTh.

22. Crioco6 mo . 20, TOMOJHUTEIBHO BKJIOYAFOIIHM:

o0OHapy>keHHe NePBOTro ajuiesisi B 00NacTH A B MEPBBIX YAJUHEHHBIX AMIUTMKOHAX,

oOHapy keHHe BTOpOro ajutess B 00nactu B B mepBbIX yIIIMHEHHBIX AMILUTUKOHAX,

o0Hapy keHHe TIepBOro ajuiesst B 001acTH A BO BTOPBIX YJIMHEHHBIX aMILUTMKOHAX, U

oOHapy KeHHe TPeThero ajuiess B 00nacti D BO BTOPBIX yAJIMHEHHBIX aMILTHKOHAX,

YTO MO3BOJISIET OOHAPYKUTh MPHHAMJIEKHOCTh MEPBOTO ajjienss B 0o0jactu A, BTOPOTro
anens B obsmactu B u Tperbero ayutenst B o0gactu D onHOMY ¥ TOMY K€ TaruIOTHITY.

23. Crioco6 no m. 20, OTIIMYAIOIIUICS TEM, UTO:

KOMIUIEMEHTapHasl TEePEeKPhIBAIOIIASACS IOCIEAOBATENIbHOCT TPEACTaBIsieT CcoOoH
NEPBYI0 KOMIUIEMEHTAPHYIO NMEPEKPBIBAIOIIYIOCS TTIOCIEA0BATENIbHOCTD,

NePEKPBIBAFOINASCS MOCJIEIOBATENbHOCTD NPEACTaBIISIET coboit MIEPBYIO
NEePEKPBIBAOINYFOCS TTOCIEN0BATEIbHOCTD,

NEePBbI KOMITAPTMEHT JOTIOJIHUTEIbHO COIEPIKHT:

oOpatHbIii mpaiiMep R2, comepskamuii nmepsbiii parMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOH
nocienosatesibHOCTH obnactu B, oOpartHbli mpaiimep R2, comepskamuii BTOpoH (parMeHT,
COZIep KAl BTOPYIO MEPEKPBIBAIOLIYIOCS TIOCIE0BATENbHOCTD,

oOpaTHbIii npaiiMep R4, comepskamunii nepsblii (hparMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOMH
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nocienosaresibHoCcTH obnactu D, obOpatsbiii mpaiiMep R4, conmepskamuii BTOpoi (parmeHT,
COJIep KAl BTOPYIO MEPEKPbIBAOLIYIOCS MTOCIE0BATENBHOCTD, U

npsmMoii  mpaiimep F3, comepxammii  nmepBelii  pparMeHT, KOMIUIEMEHTapHBIN
nocyienoBaTeibHOCTH Hadana obmactu C nepsoit monekyiel JIHK, obnacte C, oTneneHHyr0 OT
obnactu B Tperbeli mpomexkyTOuHOH oOsacTero, mpsiMoil mpaiimep F3, comepskamuii BTopoi
(dparmenT, coneprKami BTOPYIO KOMIZIEMEHTAPHYIO MEPEKPhIBAIOIIYIOCS MOCIEI0BATEIbHOCTD,

amruinukanvsi oonactu B Bkirouaer npumMeHeHne oOpaTHoro mpaiimepa R2, u

ammndukanus odiactu D BkitoyaeT npumeHeHue oopaTHoro npaiimepa R4,

CIOCO0 TOTIOIHUTENBHO BKJIFOYAET:

ammndukanmuo odnactu C ¢ UCIOIB30BAHNEM MOJIUMEPA3bl U NMpsiMoro npaiimepa F3 ¢
LIEJTBEO TIOJTY YeHHUST Y€TBEPTOro Habopa aMILTMKOHOB,

yAJMHEHHE BTOPBIX YJJIMHEHHBIX aMIUIMKOHOB C IIOMOILNBIO IOJMMEpasbl C LENbIo
BKJIOUeHUs1 obmacti C, 9YTO TO3BONAET TOJIYYUTh TPETbH YAJIUHEHHbIE aMIUIUKOHBI,
conepskamue obnmacte A, odbmacte D u obnacts C, u

yAJUHEHHE TEpBbIX YIJIMHEHHBIX AMIUIMKOHOB C IOMOINBIO MOJUMEPa3bl C ILENbIO
BKJIFOUeHUs1 obmactm C, YTO MO3BONIET IMOJNYYUTh YETBEPTHIE YIJIMHEHHbIE AMIUIUKOHBI,
conepkammue obnmacte A, odbmacte B u obnacts C.

24. Cnocob coemuHeHHs: pa3feneHHbIXx oOmacred mosekyn JHK B Ouonormdeckom
oOpasie cyObeKTa, BKIIFOUAIOLIHI:

pacnipenenenue MHoxkectBa Monekys JIHK u3 Guonoruueckoro o0pasma BO MHOKECTBO
KOMIIAPTMEHTOB, IPUYEM NEPBbIIi KOMIAPTMEHT U3 MHOXKECTBA KOMIIAPTMEHTOB COJIEPKHUT:

nepeyro mosiekyny JHK, conmepxkamyro obmacte A u obnacte B, pasnmeneHHbie
POMEXKYTOYHON 00JIACThIO,

NOJIMMeEpasy,

oOpatHbIii paiiMep R1, comepskamumii meppbiii parMeHT, KOMIUIEMEHTAPHBINA KOHIIEBOH
NOCJIeIOBATEIbHOCTU obnactu A, oOpatsblii mpaiiMep R1, conmepskamuii BTOpoi (parmesT,
COJIEp>KaINi NMePeKPhIBAIOLIYIOCS OCIE0BATENIbHOCTD,

npsiMoii  mpaiimep F2, comepxammii  mepBblii  parMeHT, KOMIUIEMEHTaPHBIN
NOCJIEIOBATENILHOCTH Havaja obnactu B, mpuuem ykasaHHbIN npsmoii npaiimep F2 comepkut
KOMIUIEMEHTapHYIO MepPEeKPBIBAIOLIYIOCS IMOCIE0BATENbHOCTb, KOMIJIEMEHTAPHYIO YKa3aHHOM
NepeKphIBAIOIIENCs TOCIEA0BATEIbHOCTH,;

npsiMoii  mpaiimep F1, comepxammii  mepBelii  parMeHT, KOMIUIEMEHTAPHBIN
NIOCJIEIOBATENILHOCTH Havdajia 00JacTu A, U Cofep Kaliii BTOpoii ()parMeHr,

oOpaTHbIii npaiiMep R2, comepskamunii nepssliii (hparMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOMH

NOCJIeIOBATENILHOCTH obnacTu B, u conepskamuii BTopoit pparmeHT,
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npsiMoii mpatimep Fz, copmepkammii mepBblii  pparMeHT, WIOEHTUYHBIH BTOPOMY
¢dparmenTy npsimoro npaiimepa F1, u conepskammii BTopoli pparMeHT, u

oOpatHbIli mpalimep Rz, conmepkamuii mnepBbIii (parMEeHT, HAEHTHUYHBIH BTOPOMY
¢dparmenTy oOparHoro npaiimepa R2, u conepskaruii BTopoii pparMeHr,

amrunpuKanuo o6JacTH A ¢ HCIOJIB30BAaHUEM MOJMMepasbl 1 oOpaTHoro mpaiimepa R1
C LIEJIBIO TTOJIyYEeHHUS IePBOro Habopa aMILTHKOHOB,

amruinpukanuo odnactyd B ¢ ucnosp3oBaHHEM MMONMMEPa3bl U MPsIMOTO mpaiimepa F2 ¢
LEJIBIO TIOJTYYEeHHUSI BTOPOro Habopa aMIUIUKOHOB;

YAJIMHEHHE C WCTIOJb30BAHUEM IOJMMEPA3bl MEPBOrO HA0Opa AMIUIMKOHOB C IEJIBIO
BKJIFOUEHUs o0actu B, a Taxke BTOporo Hadbopa aMIUTMKOHOB € LIEJIBbIO BKJIFOUEHUsT 00IacTH A,
YTO MO3BOJIIET MOJYYUTh MEPBbIE YIJIMHEHHBIE aMILUTUKOHBI, Coepskamue 00aacte A U 001acTh
B u He comepikamme NPOMEXKYTOUHYIO OONAcTb, NMPHYEM KaXKIblH TNEPBBIA yATHHEHHbIA
aAMIUTHKOH COAEPIKUT BTOPOH (pparmeHT mpsimoro mpatimepa F1 u Bropoli ¢parmeHT obpaTtHOTO
npaiimepa R2; n

aMIUTU(HUKAIMIO TIEPBBIX YUIMHEHHBIX AMIUTMKOHOB C HCIIOJIb30BAaHHEM MOJHMEPAas3bl,
npsimMoro npaiimepa Fz u obGparHoro npaiimepa Rz ¢ menbio mojyueHust BTOPBIX YIJTHHEHHBIX
AMIUTUKOHOB, TPHYEM Ka)KIbli BTOPOH YJUIMHEHHBIH aMIUIMKOH CONEPKUT BTOPOH (pparmMeHT
npsiMoro npatiMepa Fz u Bropoii ¢pparmenT obparHoro npaiimepa Rz.

25. Cnocob mo 1. 24, oTauyaroImuics TeM, 4To npsMoii npaiimep F2 conepixut BTOpoOi
(dparmeHT, conepskaui KOMIIJIEMEHTAPHYIO MEPEKPBIBAIOLIYIOCS MOCIEN0BATENBHOCTb.

26. Crioco0 mo 1. 24, OTIMYAIOIIUICS TeM, YTO MEPBbIi (parMeHT npsiMoro npaiimepa F2
COZIEPKUT KOMIUIEMEHTAPHYI0 MEPEKPBIBAIOIIYIOCS OCIEA0BATEIbHOCTD.

27. Cnocob coemuHeHHUs pas3feneHHbIXx ooOnacrei mojekyn JJHK B Ouonorudeckom
o0pa3siie cyObeKTa, BKIIFOYArO LML

pacnipenenenne MHoxkectBa Moyiekys JJHK u3 Guonormueckoro oOpasma BO MHOKECTBO
KOMIIaPTMEHTOB, [TPUYEM NePBbI KOMIAPTMEHT U3 MHOXKECTBA KOMIIAPTMEHTOB COZIEPKUT:

neppyto monekyny JIHK, comepxkamyro obnacte A u obnacte B, pa3neneHHbie mepBoi
POMEXKYTOYHOH 00JIaCThIO,

NOJIUMEPA3Y,

oOpatHbIii paiiMep R1, comepskamuii mepsbiii parMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOH
NOCJIeIOBATENIbHOCTU obnactu A, obOparsblii mpadimep R1, comepskamuii BTOpoi (parmesT,
CozepKallui MEePBYIO MEPEKPBIBAIOILYOCS TOCIEA0BATENBHOCTD,

npsiMoii  mpaiimep F2, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTapHBIN
NIOCJIEIOBATEIbHOCTH Havyana oOmactu B, mnpsamoli mnpaiimep F2, comepkamuii mepByro

KOMILUIEMEHTAPHYIO TMEPEKPBIBAIOLIYIOCA MOCIEN0BATEIbHOCTb, KOMIJIEMEHTAPHYIO YKa3aHHOU
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NepBOH MepeKphIBAIOIIENCs OCIEA0BATENbHOCTH,

oOpaTHbIii npaiiMep R2, comepskamuii nmepsblii (hparMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOH
nocjenoBaTesibHOCTH obnactu B, oOpartnbii mpaiimep R2, comepskamuii BTOpol (parMeHr,
COJIep KAl BTOPYIO MEPEKPBIBAIOLIYOCS NTOCNE0BATENbHOCTD, U

npsimMoit  mpaiimep F3, comepkammii mepBblii  ()parMeHT, KOMILIEMEHTapHBIN
nocjenoBatebHoCcTH Havana oonactu C nepsoit monekynsl JJHK, obnacts C, oTaeneHHyO OT
obiactu B BTOpO# mpomMekyTO4HOH 00nacThio, mpsiMoii mpatiMep F3, comep:kamuii BTOPYIO
KOMIUIEMEHTapHYIO MEePEKPBIBAIOIIYIOCS IMOCJIE0BATEIbHOCTb, KOMIUIEMEHTAPHYIO YKa3aHHOM
BTOPOM MepeKphIBAIOLIEHCS MTOCIe0BATEIbHOCTH;

amrTuuKamoo o0NacTi A C MCIOJIb30BAHUEM TOJIMMEpPasbl U obpaTHoro mpaiimepa R1
C LIEJIBIO MOJTyUEHHsI IEPBOr0 HA0Opa aMIUTUKOHOB;

ammuinpukanuo obymactu B ¢ menbro mosdydeHHWs: BTOPOro Habopa aMIUIMKOHOB C
UCTIOJIb30BaHHEM MOJIMMeEpaskl, mpsimoro npaiimepa F2 u obparnoro npaiimepa R2;

ammmndukanuo odnactu C ¢ NCNOIB30BAHNEM MOJIUMEPA3bl U MpsiMoro npaiimepa F3 ¢
LIEJTBIO TIOJTYYEHHUS TPEThEro Hadopa aMIUTUKOHOB;

yAJIMHEHHE C TOMOLIBIO TIOJUMEPA3b:

nepBoro Habopa aMIIMKOHOB, conepskamux obmacts B u obnacts C,

TpeTbero HaOopa aMIUIMKOHOB C IIeNIbI0 BKJIOUEHHUs oOjactu A m obmactu B, uto
MO3BOJISIET MOJYYHTh YJTMHEHHbIE aMIUTMKOHBI, cofepskaiine obmacte A, oOnacte B u obnacts
C u He copeprkalye NEPBYIO MPOMEKYTOUHYIO 00JIACTh U BTOPYIO IMIPOMEKYTOUHYIO 00JIacTb.

28. Cnocob coemuHeHusi pasnesneHHbix obOnacredi monekyn JIHK B Ouonorndeckom
oOpasie cyObekTa, BKIFOYArO NN

pacnipenenenne MHoxkectBa MoJyiekys JJHK u3 OGuosormueckoro odpasia BO MHOKECTBO
KOMIIaPTMEHTOB, [TPUYEM NEePBbIH KOMIAPTMEHT U3 MHOXKECTBA KOMITAPTMEHTOB CONIEPIKUT:

neppyto monekyny JIHK, comepxkamyro obnacte A u obnacte B, pa3neneHHbie mepBoi
NPOMEXKYTOYHOH 00JIaCThIO,

OJMMepasy,

oOpatHbIii mpaiiMep R1, comepskamuii nepeeiii pparMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOH
NOCJIeIOBATENIbHOCTH obnactu A, obOpatsblii mpaiiMep R1, comepskamuii BTOpoi (pparmexT,
COJIEp>KaLMN NEePEeKPbIBAIOLIYIOCS OCIE0BATENIbHOCTD,

npsiMoii  mpaiimep F2, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTAPHBIN
NIOCJIEIOBATENILHOCTH Hauana odnactu B, mpsimoit npaiimep F2, coneprxamuii BTOpoii ¢pparMeHr,
coJiep Kl KOMIIJIEMEHTAPHY O NEePEeKPbIBAOLIYIOCS MOCJIEI0BATENBHOCTD,
KOMIUIEMEHTapHY0 YKa3aHHOH NMepeKpbIBAIOLIEHCS OCIeI0BaTENbHOCTH, U

npsmMoii  mpaiimep F4, comepxamuii  nepBblii  (parMeHT, KOMIUIEMEHTaPHBIN
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NoCJIenoBaTeNIbHOCTH Havana obnactu D nepoit monekynel JIHK, obnacte D, oTnenenHyoo ot
obmactTi A BTOpOH MpPOMEXYTOUHOH 00NacThio, mpsiMol mpaiimep R4, comepskamumii BTOpoi
(dparmeHT, conepskamuii KOMIJIEMEHTAPHYIO MEPEKPBIBAIOIIYIOCS OCIEA0BATENBHOCTD,

amruQuKanuo o0nacTi A ¢ UCIONb30BaHNUEM MOJUMepas3bl U oOpaTHoro mpaiimepa R1
C LIEJIBIO TTOJIYYEeHHUS IePBOro Habopa aMILTUKOHOB,;

amrunpukanuo obsactu B ¢ ucnonp3oBaHeM MomMMepassl U MpsiMoro npaiimepa F2 ¢
LIEJIbIO MTOJIy YE€HHsI BTOPOro Habopa aMILUTUKOHOB;

ammndukanmo odnactu D ¢ ucrnonb30BaHUEM MOIMMEPas3bl M IpsMoro npaiivepa F4 ¢
LEJIBIO TIOJTYYEeHUS TPEThero Hadopa aMIUTUKOHOB;

YIJIMHEHHE C HCIOJb30BAHUEM IOJIMMEPA3bl MEPBOrO HA0OpPa aAMIUIMKOHOB C IEJIBIO
BKJIFOUEHUS 00acTu B, a Taxke BTOpOro Habopa aMIUTMKOHOB C LIEJBIO BKJIFOUEHUs] 00IacTH A,
YTO TIO3BOJIIET MOJYYUTh MEPBBIE YIIMHEHHBIE aMILUTUKOHBI, copepskamue odaacte A u 001acTpb
B u He coneprkamue nepByro MPOMEKYTOUHYIO 00J1acThb; U

YIJIMHEHHE C WCIOJb30BAHHUEM IOJIMMEpPA3bl MEPBOr0 HaOOpa AMIUIMKOHOB C ILEJNIBIO
BKJTFOUeHHs1 obnactu D, u Tperbero Habopa aMILUTHKOHOB ¢ LIEJTBIO BKJTFOYSHHSI 00JIaCTH A, 4TO
MO3BOJISIET MOJIYYUTh BTOPBIE YAJMHEHHBIE aMIUIMKOHBI, copepskamue odnacte A u obnacte D u
HE CoeprKalie BTOPYIO MPOMEKYTOUHYIO 00JIacThb.

29. Cnocob mo 1. 28, AOMOTHUTENBHO BKITFOYAFOIITHI:

o0OHapy>keHHe NePBOTro ajuieNs B 00IacTH A B IIEPBBIX yYAJINHEHHBIX AMIJIMKOHAX,

o0OHapy>keHHe BTOPOro ajuiesisi B 00JacTu B B epBBIX yAIMHEHHBIX aMITJIMKOHAX,

oOHapy keHHe TepBOro ajuiessi B 001acTH A BO BTOPBIX YJITMHEHHBIX aMIUTMKOHAX, U

oOHapy KeHHe TPEThEro ajuiessi B 001acTu D BO BTOPBIX YIUIMHEHHBIX aMILUIMKOHAX,

YTO MO3BOJISIET OOHAPYKUTh MPHHAMJIEKHOCTh MEPBOTO ajjenss B o0jactu A, BTOPOro
anens B obmactu B u Tperbero ayutesst B o0aactu D onHOMY ¥ TOMY K€ TaruiOTHITY.

30. Crioco0 mo 1. 28, OTJIHYArOIIHICS TEM, UTO!

KOMILUIEMEHTapHasl TEPEeKPhIBAIOIIASACS —IOCJIEIOBATENIbHOCT TPEACTaBIsieT CcoOOH
MEPBYIO KOMIIJIEMEHTAPHYIO NEPEKPBIBAIOLIYIOCS MOCIEA0BATENBHOCTD,

NEePEKPBIBAKOLIASICS MOCJIEIOBATEIbHOCTD MIPEACTABIIAECT coboit NEPBYIO
MEPEKPBIBAKOLIYIOCS TOCIEI0BATEIbHOCTD,

NEePBbI KOMIAPTMEHT JOMOJHUTEIBHO COAEPIKHUT:

oOpaTHbIii mpaiiMep R2, comepskamuii mepsbiii parMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOH
nocienosatesibHocTH obnactu B, oOpartsbli mpatimep R2, conmepskamuii BTOpoH (parMeHT,
cozepaKallui BTOPYH NEPEKPBIBAKIIYIOCS MOCIEN0BATEIbHOCTD,

oOpaTHbIii npaiiMep R4, comepskammii nepselil (hparMeHT, KOMIIJIEMEHTAPHBINH KOHIIEBOH

nocienosaresnibHocTH obnactu D, obOparsbiii mpaiimep R2, comepskamuii BTOpoi (parmesT,
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COJIep KAl BTOPYIO MEPEKPbIBAIOLIYIOCS MTOCIEI0BATENBHOCTD, U

npsiMoii  mpaiimep F3, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTapHBIN
nocyenoBaTebHOCTH Hadana obmactu C nepsoit monekyiel JIHK, obnacte C, otneneHHyro OT
obnactu B Tperpeil mpomexyTouHOH oOnacThro, mpsimoi mpaiimep F3, comepskaimii BTOpoit
¢dparMenT, conepramii BTOPYIO KOMILIEMEHTAPHYIO NEPEKPbIBAIOIYIOCS MOCIEI0BATEIbHOCTb,

amrungukanus obnactu B Bkiowaer npuMenenue odparHoro npaiimepa R2, u

amruinukanys oobnactu D BKJIFOYaeT mpuMeHeHue o0paTHOro npaiimepa R4,

COCO0 OTIOIHUTEBHO BKIIFOYAET:

ammndukanmo odnactu C ¢ UCIOIB30BAHKEM MOJIUMEPa3bl U NMpsiMOro npaiimepa F3 ¢
LIEJIBEO TIOJTYYEeHHUS YeTBEPTOro Habopa aMITMKOHOB,

yAJMHEHHE BTOPBIX YJJIMHEHHBIX aMIUIMKOHOB C IIOMOILNBIO TOJMMEpasbl C ILIEJNbI0
BKJIOUeHUs1 obmacti C, 9YTO TO3BONAET TOJYYHTh TPETbH YAJIUHEHHbIE aMIUIUKOHBI,
conepskamue obnmacte A, odbmacte D u obnacts C, u

yAJMHEHHE TEpBbIX YIJIMHEHHBIX AMIUIMKOHOB C TMOMOINBIO TOJMMEpasbl C LENbo
BKJIFOUeHUs1 obmactu C, YTO MO3BOJIET IMOJNYYUTh YETBEPTHIE YIJIMHEHHbIE AMIUIUKOHBI,
conepkamue obnmacte A, odbmacte B u obnacts C.

31. Habop nmnsi coenmHeHus pa3aeneHHbIx oOmacteit mosekyn JJHK B Omonorudeckom
oOpasie cyObeKTa, ComepsKarlmii;

NOJIMMEPA3y, XapaKTePU3YIOIIYIOCS CKJIOHHOCTBIO K JOOABJIEHUIO OIpPENeNeHHOTO
HYKJIEOTH/IA B IIOJIO’KEHUE B JINIIKOM KOHIIE,

oOparnblii npatimep R1, conepkamuii nepsblii pparMeHT, KOMIUIEMEHTapHBIN KOHLIEBOH
nocnefoBatesibHOCTH  obiacth A mepsoit  monekyiasl  JIHK, oOparsbii mpaiimep Rl,
COJZIEp KM BTOPOI (PparMeHT, CONEp KaLINil MePEKPHIBAIOIIYOCS TOCIEN0BATEILHOCTD, U

npsiMoii  mpaiimep F2, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTAPHBIN
NOCJIeIOBATEIbHOCTH Havana obnactu B nepsoit monekynel JIHK, obnacts B, ornenennyro ot
o0nacTu A MpOMEKYTOYHOM 00acThiO, psiMoOii mpaiimep F2, comeprkaiinii KOMILIEMEHTapHYO
NEPEeKPBIBAIOIIYIOCS MOCIEI0BATENIbHOCTh, KOMIUIEMEHTAPHYIO YKA3aHHOH NepeKphIBaroIencs
MOCJIEI0BATEIBHOCTH.

32. Habop no m. 31, ommyaromuiicst TeM, 4to npsMoi npaiimep F2 conmepxut BTOpOH
(dparmMeHT, conepskamuil KOMIZIEMEHTAPHYIO MEPEKPBIBAIOLIYIOCS MOCIEIOBATENBHOCTb.

33. HaGop no . 31, oTauyaromuiics TeM, YTO MepBhIi (pparMeHT npsiMoro nparimepa F2
COJIEP>KUT KOMIUIEMEHTAPHYI0 NEPEKPbIBAIOIIYIOCS MTOCIE0BATEIbHOCTb.

34. Habop mo n. 31, ommvaromuiics teM, 4to mpsMoii mpaiimep R1 comepkut
yKa3aHHbBIN OnpeaeNeHHble HYKJICOTH ] MKy NMePBbIM (parMEeHTOM U BTOPHIM (PparMeHTOM.

35. HabGop mo . 31, 1ONONMHUTENBHO COMEP KA
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npsiMoii  mpaiimep F1, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTAPHBIN
NIOCJIEIOBATENILHOCTH Havdasa obnactu A, u

oOpaTHbIii npaiiMep R2, comepskamuii nepsblil (parMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOMH
HOCJIeI0BATEeIbHOCTU oOnactu B.

36. HaGop o 1. 35, OTIMYaIOLINICS TeM, YTO:

npsmoit  mpatimep F1 comepkur BTOpOH (parMeHT, HE SBISIOIIUICS HEPBBIM
(bparmMeHTOM, U

oOpatHbIii mpaiiMep R2 comepkuT BTOPOH (parMEeHT, He SBISIOMIMICS TEPBBIM
(dparmeHTOM;

Ha0Op TOTIOTHUTENBHO COIEPIKHT:

npsiMoii miparimep Fz, copmepskammii mepBblii  parMeHT, WAECHTUYHBIA BTOPOMY
¢dparmenty npsimoro npaiimepa F1, u

oOpatHbli mpalimep Rz, conmepkamuii mnepBbIii (pparMEeHT, WACHTHYHBIH BTOPOMY
¢dparmenTy odparHoro npatimepa R2.

37. Habop 1o 1. 36, OTIHYArOIIUICS TeM, YTO:

npsiMol  mpanimMep Fz  comepKuUT HYKJIEOTHJ, KOMIUIEMEHTAPHBIA YKAa3aHHOMY
ONPENEICHHOMY HYKJIEOTHY, U

oOpatHbIli mpaliMep Rz comepkuT HyKJIEOTHA, KOMIUIEMEHTAPHBI YKa3aHHOMY
ONPENEICHHOMY HYKJIEOTHUIY.

38. Habop 1o 1. 36, OTIMYArOIIUICs TeM, UTO:

OTHOILIEHUE NpsIMOro mpaiiMepa Fz k mpsimoMy mpaiimepy F1 cocraBiseT mo meHbluen
mepe 5:1, u

oTHoweHne oOpartHoro mpaiimepa Rz k oOparHomy mpaiimepy R2 cocrasnsier mo
MeHblel mepe S:1.

39. Habop 1o 1. 31, OTIMYarOIIUICs TeM, UTO:

NEePEKPBIBAKOLIASCS MOCJIEIOBATEIbHOCTD MIPEACTABISAET coboi NEPBYIO
MEPEKPBIBAKOLIYIOCS MTOCIEI0BATEIbHOCTD,

KOMILUIEMEHTapHasl TEPEeKPhIBAIOIIASACS IIOCIEAOBATENIbHOCT TPEACTaBIsAieT CcoOOH
MEPBYI0 KOMIJIEMEHTAPHYIO NEPEKPBIBAIOLIYIOCS NOCIEA0BATENbHOCTD, U

MIPOMEKYTOYHAs 00JIACTh MPENCTABIISIET COOOH MEPBYIO MPOMEKYTOUHYIO 00JIaCTh,

HaOOp TOTIOTHUTENBHO COIEPIKHT:

oOpatHbIii npaiiMep R2, comepskammii nmepselil (PparMeHT, KOMIIJIEMEHTAPHBIA KOHLIEBOH
nocienosatesibHOCTH obnactu B, oOpartHbli mpaiimep R2, comepskamuii BTOpoH (parMeHT,
CoZepKaIlUi BTOPYHO NEPEKPBIBAOLIYIOCS MTOCIEI0BATEIbHOCTD, U

npsmMoii  mpadimep F3, comepxamuii  nepBblii  parMeHT, KOMIUIEMEHTapHBIN
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nocyienoBaTeIbHOCTH Hadana obnactu C mepsoit monekyiel JIHK, obnacte C, oTneneHHyO OT
obmactu B BTOpOI mpomexyTouHOH oOnacTero, mpsiMoil mpaiimep F3, conmepskamuii BTOpYIO
KOMIUIEMEHTapHYI0 MEePEKPBIBAIOLIYIOCS OCIEA0BATEIbHOCTb, KOMIJIEMEHTAPHYIO YKa3aHHOM
BTOPOI NEPEKPBIBAIOLIENCS MOCTIEI0BATENbHOCTH.

40. HaGop mno mn. 39, oOTIMUamOIIMiics TeM, YTO TMepBas MePeKpbIBAIOLIASCS
NOCJIEIOBATENBHOCTD HE SIBJISIETCS] BTOPOH MEPEKPBIBAOLIECICS MOCIE0BATENIBHOCTBIO.

41. Habop mns coemuHeHus pa3aeneHHbIXx oOjacredt mojyekyn JIHK B Ouonmorndyeckom
o0pasiie cyObekTa, ComepsKalImii;

NOJIUMEPA3Y,

oOpatHbIii nipaiiMep R1, comepskamuii mepsblii hparMeHT, KOMIUIEMEHTAPHBINA KOHIIEBOH
nocienoBaresibHocTH  obmactu A mepBodi  mosekynel  JIHK, oOparsbii mpaiimep R,
cofiep KalIHii BTOPOH (parMeHT, COAEP KA ePEKPBIBAIOINYIOCS ITOCIEN0BATEIbHOCTD;

npsiMoii  mpaiimep F2, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTAPHBIN
NOCJIEIOBATENILHOCTH Havana obnactu B nepsoit monekyner JIHK, obnacts B, ornenennyio ot
o0nacTi A MpOMEKYTOYHOH 00JacThiO, PsMOM mpaiimMep F2, comeprkainii KOMIUIEMEHTaPHYO
NEPEKPBIBAIOIIYIOCS MOCJIEI0BATENbHOCTh, KOMIUIEMEHTAPHYIO YKA3aHHOH NepeKpbIBaroIlencs
MOCJIEIOBATEIbHOCTH,

npssMoii  mpaiimep F1, comepxamuii  mepBblii  (parMeHT, KOMIUIEMEHTapHBIN
NIOCJIEIOBATEILHOCTH Havaia 00JacT A, U CoAep Kalyii BTOpoii ()parMeHr,

oOpaTHbIii npaiiMep R2, comepskamuii nepsbiii (hparMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOMH
HOCJIeIOBATENIbHOCTH oOnactu B, u coneprkainmii BTOpoii pparMeHTr,

npsimoii  mpatimep Fz, conmepxammii mepBblii  (parMeHT, WAEHTUYHBIH BTOPOMY
¢dparmenty npsimoro npaiimepa F1, u comepskarumii BTopoii pparMeHT, u

oOpatHbili mpadimep Rz, conmepkamumii mnepBbIii (pParMEeHT, WACHTHYHBIH BTOPOMY
¢dparmenTy obparHoro npaiimepa R2, u conepskamuii BTOpoi parMeHt.

42. Habop mns coemuHeHws pasfeneHHbix oOnactedt mojekyn JJHK B OGuonorndeckom
oOpasiie cyObeKTa, ComepsKalImii;

NOJIUMEPA3Y,

oOpatHbIii npaiiMep R1, comepskamuii mepsbiii parMeHT, KOMIUIEMEHTAPHBINA KOHIIEBOH
nocjenosaresibHOCTH  obmactu A mepBod  monekynel  JIHK, oOparsbii mpaiimep R,
cozepKaIuu BTOPOM ¢dparmenr, conepKal Ui MIEPBYIO NEPEKPBIBAO LY FOCSL
MOCJIEIOBATEIbHOCTD;

npsiMoii  mpaiimep F2, comepkamuii  mepBblii  (pparMeHT, KOMIUIEMEHTAapHBIN
NOCJIeIOBAaTENIbHOCTH Havyana obnactu B nepsoit monexyner JIHK, obnacts B, ornenennyio ot

obmactt A mpOMeXyTOYHOW oOjacTeto, mnpsiMod mpaiimep F2, conmepxkamuii nepByro
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KOMIUIEMEHTapHYI0 MEePEeKPhIBAIOLIYIOCS IOCIEA0BATEIbHOCTh, KOMIIJIEMEHTAPHYIO YKa3aHHOM
NepBOI MepeKphIBAIOIIENCs TOCIEA0BATEIbHOCTH,;

oOpaTHbIii npaiiMep R2, comepskamuii nepsblil (parMeHT, KOMIUIEMEHTAPHBIN KOHIIEBOMH
nocjenoBarTesibHoCTH obnactu B, oOpartsbli mpaiimep R2, comepskamuii BTOpoH (parmeHt,
COJep KAl BTOPYIO MEPEKPBIBAIOLIYIOCS OCNE0BATENBHOCTD, U

npssmoit  mpaiimep F3, comepkammii mepBblii  ()parMeHT, KOMIUIEMEHTapHBIN
nocyienoBaTeIbHOCTH Hadana obnactu C nepsoit monekysl JIHK, obnacte C, oTaeneHHyO OT
obmacti B BTOpOIl mpomekyTOYHOH oOnacThro, mpsiMoii mpaiimep F3, conmepskamuii BTOPYIO
KOMIUIEMEHTapHYIO MEePEKPBIBAIOINYIOCS IOCIEN0BATEIbHOCTb, KOMIUIEMEHTAPHYIO YKa3aHHOM
BTOPOI NMepeKphIBAOLIEHCS MOCIe0BATENIbHOCTH.

43. Habop mns coemuHeHwus pasfeneHHbix oOmactedt mojekyn JJHK B Guonorndeckom
oOpasiie cyObeKTa, Coep KalImii;

MOJIUMEPa3sy;

oOpatHbIii mpaiiMep R1, comepskammii mepBelii (hparMeHT, KOMIJIEMEHTAPHBIA KOHLIEBOH
nocjenoBaresibHOCTH  obmactu A mepBod  monekynel  JIHK, oOparsbii mpaiimep R,
cofiep KalIii BTOPOH (parMeHT, CONep KAl MePeKPhIBAOINYIOCS MTOCIEN0BATEIbHOCTD;

npsiMoii  mpaiimep F2, comepxammii  mepBelii  pparMeHT, KOMIUIEMEHTaPHBIN
MOCJIeIOBAaTEIbHOCTH Hadana obnactu B mepsoit monekynel JIHK, obnacte B, ornenennyro ot
oOnacTi A mpOMEKyTOYHOM 00nacTho, mpsAMoil npaiimep F2, cogepkaiinii KOMIJIEMEHTapHYO
NEePEKPBIBAIOINYIOCSA MOCIEI0BATENIBHOCTh, KOMIUIEMEHTAPHYIO YKA3aHHOM NepeKpbIBAIOIIENHCS
NOCJIEI0BATENBHOCTH, U

npssmMoii  mpaiimep F4, comepkammii  mepBblii  ()parMeHT, KOMILIEMEHTapHBIN
nocJieIoBaTeIbHOCTH Havana objgactu D mepsoit monekyibl JIHK, obnacte D, orneneHHyr0 OT
obmacti A BTOpPOW NPOMEKYTOYHOH oOnacTeio, mpsMoil mnpaiimep R4, comepskammii

KOMILUIEMEHTaPHYIO NEPEKPBIBAIOLIYIOCS OCIEI0BATEIbHOCTb.
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2300

Pacnpegenenune monekyn [HK us obpasLa no MHOXeCTBY
KOMMapTMEHTOB, MpUYeM NepBRIil KOMNAPTMEHT COASPXUT NEPBYIO
2240 AN monekyny JIHK, coaepxallyto obnacts A U obnacTs B, pazgeneHHule
NPOMEXYTOYHOW 00NacTkIo

|

4

AMnnucukayms obnactn A ¢ MCNoNbL3cBaHNEM MONUMEPA3H U
obpaTHore npaiiMepa R1 ¢ Lenbk NonyYeHusl NepBbIX aMNIIMKOHOB,
2320 ~ cofepKalLiux onpefieneHHbIA HYKNeoTus B NEPBOM 3'-KOHLE U

cofiepXalLUX KOMMNEeMEHTapHLIA HYKNeoTUa MEXAY yiacTKaMu
nocnes oBaTENLHOCTH, COOTBETCTBYIOLMMU NEpBOMY hparMeHTy 1
BTOpOMY cbparmeHTy obpartHoro npaimepa R1

Y

AMnnudukaLmn obnactu B ¢ UCNONbL30BaHWEM NoNUMepasbl U
NpAMoro npaiiMepa F2 ¢ Lienbko Nosy4eHUs1 BTOPBIX aMMMUKOHOB,
CoAiepXKaLuMx onpefieneHHbId HYKNeoTu BO BTOPOM 3'-KOHLE U
2330 1 conepxalmx KOMNNeMEHTAPHLIA HYKNEOTU/ Ha NPOTUBOMONOXHOM

KOHLIe NepeKpbIBalLLIEHCs NOCNe0BaTeNbLHOCTHY

Y

YANUHEHWE ¢ UCMONB3OBaHWEM NONUMeEpPaskl
% ATY nepeore Haﬁopa aMNNUKOHOB C €Nkl BKNKHeHUA
2340 obnacTtn B, a Taike BTOpOro Haﬁopa dMMNMNUKOHCB C -
Lenk BKNHYEeHUA obnactun A

l

AHanus YANMUHEHHBIX aMIUTMKOHOR 411A
onpegeneHnua ranfotuna
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