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PACTEHMA C VJIVUIIIEHHOM ITEPEBAPUBAEMOCTBIO U MAPKEPHBIMU
"AIUVIOTUITAMUA

OBJIACTbh TEXHUKH, K KOTOPOM OTHOCUTCSA U30EPETEHUE

Hacrosimee n3o0pereHne OTHOCUTCS K JIOKycaM KoJM4ecTBeHHbIX npu3HakoB (QTL) u k
MapKepaM, aCCOLMUPOBAHHBIM C HUMH, YYaCTBYIOIIUM W/WJIN aCCOLMHPOBAHHBIM C YIy4IIEHHON
NEepPeBapUBAEMOCTBIO PACTEHUM M YacTeld pacTeHMH, TakuxX Kak Kykypy3a. Hacrosiee
n300peTeHne TakKe OTHOCHTCA K HUCHOJb30BaHMI0 Takux QTL wuimm MapkepoB Ui Lieseit
UICHTU(PUKALMY W/WIN BBIOOPA, a TAKXKe [ TPAHCTEHHBIX WJIM HETPAHCTEHHBIX PaCcTeHHIL.

IMPEJITOCBIJIKY CO3JAHN A U30ObPETEHUA

Kykypy3a (Zea mays L.) sBnserca camoii Ba)XHOW OHOJIETHEH KOPMOBOH KyJBTYpOil B
mupe. ExerogHo cuiocyroT 0ojiee 3 MUJUTHOHOB T'eKTapOB KYKYpy3bl, IJIaBHBIM 00pa3oM B
CesepHoti EBpone. Bnaronapsi BBICOKOMY COAEp:KaHUIO SHEPruu U 3((PEKTUBHOCTH KOHBEPCUH
KOPMOB, KOPMOBAasi KyKypy3a sIBJISIETCS Ba)KHOM IMPOJOBOJIBCTBEHHOHN CEJIbCKOXO3SMCTBEHHOU
KyJbTypOH JJi1 MOJIOYHOIO M MSICHOTO CKOTAa U OKa3blBA€T 3HAYMTEIbHOE BIIMSHUE HA
IIPOU3BOJACTBO MOJIOKA U MsAca. XapaKTEPUCTUKU KOPMA, C TOYKHU 3PEHUs KaK pPaCTCHUs
KYKYPY3bl B LIEJIOM, TaK U CTEPHH, UMEIOT LIUPOKHUI CIEKTp reHeTrnueckoi Bapuarmu (I'efirep u
ap. 1992; bappoep u ap. 2003).

ITosTOoMy, yaydlleHHe TepeBAPUBAEMOCTU SIBJISETCS TJIABHOM IENIbI0  IPOrpaMMm
CeJIEKLIMM KOPMOBOM KyKYpy3bl. DHEprusi, MOCTyMawas ¢ KOPMOM B PAIMOH JKBAYHbIX HJIU
TPaBOSIAHBIX JKUBOTHBIX, CBs3aHA C YCBOSIEMOCTBIO U  II€PEBAPUBAEMOCTBIO  KOpMa.
ITepeBapuBaeMOCTh JFOOOTO KOMIIOHEHTa KOpMa (CyXOro BELIeCTBa, OPTraHUYECKOTO BEIIECTBA
WIA KJIETOYHOH CTEHKH) HM3MEpsieTCss B IMPOLIEHTHOM COAEPIKaHUU CUJIOCA, YCBOEGHHOTO B
NUIIEBAPUTEIBHOM TpakTe kuBOTHOTO (bappwep u nmp. 2003). Ha ofmyro nepeBapuBaeMoCThb
KOPMOBOW KYKYpPYy3bl OKa3bIBa€T BIIMSHHE JIETKONEpeBapHBaeMble (PpaKkLUU 3epHA U CTEPHH.
Komnosunust ctepHu U ee nepeBapuBaeMOCTb OTPAHUYMBAIOT KA4€CTBO KOPMOBOM KyKypYy3bl.
OCHOBHBIMU ~ (DpaKLUSIMU CTEPHU SIBISFOTCS TEMHLEJUTIOJNO3bL, LEJUII0JI03a W JINTHUHBL
CoBpemeHHble COpTa KOPMOBOH KyKypy3bl COYETAaIOT BBICOKYKO IPOJYKTUBHOCTH CYXOIO
BELIECTBA C BHICOKON MEpeBapuBaEMOCTbIO CTEPHH.

IIpoBenenne M3MepeHUI MEPEeBAPUBAEMOCTH Y JKHBOTHBIX, OCOOEHHO TPHU NMPOBEACHUHU
KPYITHOMACIITAaOHOH OLIEHKH 3apOABbIIIEBOH IJIa3Mbl B MPOTPaMMax CeNeKLWH PACTeHUH,
00XOANUTCS CIULIKOM J1oporo. Jlist mpoBeneHs] KOJIMYECTBEHHOTO aHAaln3a MepeBapruBaeMOCTH
KYKYPY3bl U APYTUX KOPMOBBIX KYJIBTYp ObUTM pa3palOoTaHbl OHMOJOrMYECKHE M XUMHUYECKHUE
meronsl (Ban Coect wu gp. 1963). HeilitpanbHo-nereprentHast  kierdatka (NDF),

npencTaBisifomas co0oil OCTaTOK MOCe YAAJSHUS PACTBOPUMOIO COAEPKHMOTO KJIETOK,
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SIBJISIETC  Ba)KHBIM ~ MHAMKATOPOM  KJIETOYHOM  CTE€HKM pacTeHMH U LIEJUIIOJIO3BL
ITepeBapuBaemocts NDF kopmoB B ycmoBusix in  vitro (IVNDFD) - 510 onenka
NePEeBapUBAEMOCTH KJIETOUHBIX CTEHOK, UCXOJs U3 MPEANOJIOKEHHs], YTO YacTh PACTUTENBHOTO
marepuaina, He cogepskamasics NDF, Opiia monHocThIO epeBapena (Memun u 1p. 2000). Kpome
TOro, COOOINAJOCh, YTO HCIOJB30BaHUE OmmkHeW wuH(ppakpacHoh crektpockonun (NIRS)
MO3BOJISIET TOYHO HU3MEPUTh IPU3HAKH IE€PEeBAPUBAEMOCTH Y MHOTMX KOPMOBBIX KYJIBTYD,
BKJIFOUast KyKypy3y (JIrob60epurrent u ap. 1997a, b; LHiummep u ap. 1990).

Jro06epmrent u ap. (1997a, b) Bmepsele omyOnukoBamu uHpopmammoo o QTL,
OTHOCSILIIUXCS] K arPOHOMUYECKUM M Ka4eCTBEHHBIM IIPU3HAKAM Yy KOPMOBOM KYKYpPY3bl, a TaKXKe
o QTL, oTHOcsmMXCA K MEPEeBapUBAEMOCTH LENOro pacteHus. Mcnonap3oBaHUE IOCTYIMHOU
FeHETUYECKON BapuallUU AJi NePeBapUBAEMOCTH CTEPHU MOCPEACTBOM MAapKEPHON CENEKLHH
(MAS) mnpencraBiseTcss MEpCHEKTUBHBIM CIOCOOOM YIYYIIEHHS IEPeBapUBAEMOCTH KOpMa.
IToMuMO reHeTH4YecKoil BapHaLM, NPUYUHON 3THX HM3MEHYMBBIX INPU3HAKOB MOTYT OBIThH
U3MEHEHMs TOA BJIMsAHUEM oOkpyxawomei cpenpl. QTL-aHanmu3sl NMPU3HAKOB Yy KOPMOBBIX
KYJbTYp B HYeThIPEX pPAa3JIMYHBbIX MOMYJALUSAX KyKypy3bl BBISBIUIM JHUIIb Heckosibko QTL,
JEMOHCTPUPYIOIHUX SMUCTATUYECKUE B3aUMOACWCTBHSI WM B3aUMOIEHCTBHUS C OKpYXKAaroLIeH
cpenoit (JIroGOeprurent u ap. 1998). beumn ompenenensr cemb QTL nns nepeBapuBaemoii
HelTpanbHO-aereprenTHol Kkietdatku (DNDF), mocpenctsom ucnonb30BaHUs NOMyJsiuui 242
RIL, mony4yennbix u3 kpocca F838 x F286, xoropble ObUIM OLIEHEHBI B SKCIIEPUMEHTAX IO
OLICHKE per s€ B INeCTH PAa3HbIX YCJIOBHSIX OKpPY)KAKOLIEH Cpeabl, W ObUTH OOHApYKEHbI IBa
ocHoBHbix QTL (bappeep u mp. 2010). beutn nposenensl nonosHutenbHbie QTL-aHaMH3bI,
MOCPENCTBOM MCNOJb30BaHNeEM noToMcTBa RIL, nosydeHHOro us kpocca MeKay CTapoi JIMHUEH
3yOOBUIHON KyKypy3bl U HOBOU nuHued lodent, u BriepBble ObUIM 3apPEerUCTPUPOBAHBI HOBBIE
QTL B nmapax ocHoBanmii 2.06 u 5.04 nnst ADL/NDF u DNDF (bappwep u ap. 2012).

[ToaToMy wENBIO HACTOSIIErO M300pPETeHHUs SIBISETCS] YCTPAHEHHUE, 10 MEHbLIeH Mepe,
OJIHOTO HENOCTaTKa MpeAIIecCTBYIOIIEero ypoBHA TexHUKU. CyliecTByeT IOCTOsTHHAs
NnoTPeOHOCTD B YIYYIIEHHH ITEPEBAPUBAEMOCTH KOPMOBBIX KYJBTYD, & TAKXKE B UACHTH(PHUKAITNN
pacTeHHil, B TOM YHCIIe OTHAENbHBIX HacTed PACTEeHMH WJIM HX IMPOU3BOJAHBIX, OOJaTarOIIUX
NOBBIIIEHHON TePEeBapUBAEMOCTBIO. B HaCTHOCTH, LIENBI0 HACTOSINEro M300pETeHUs SIBISIETCS
npeaioskeHne HOBbIX OCHOBHBIX QTL miisi mepeBaprBaeMOCTH M PUYMHHOTO T'eHa(OB), a TAKXKe
IpeJIOKEHNE MAapKEPOB, KOTOPbIE MO3BOJIAIOT 3KOHOMHO Hcnoibp3oBaTh 3TH QTL B pazsutuu u
CeJIEKLINM KYKYPY3bl.

KPATKOE U3JIOKEHUE CYIITHOCTU U30BPETEHUA

Hacrosimee wu3o0perenne ocHoBaHO Ha wuaeHTH(ukauuu ocHoBHoro QTL  mos

NepeBapruBaeMOCTH PACTeHHM, a Takke Ha uneHTudukauuu reda F35H, cuemnennoro ¢ QTL u
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otBercTBeHHOro 3a QTL pans mepeBapuBaeMOCTH pacTeHUI, W Ha OMUCAHUU YHHUKAJIbHOIO
MapKEepHOTIO rarjoTUIa AJis yIy4IleHHOH NepeBapuBaeMOCTH.

beimm  upeHTHOUIMPOBAHBI  MOJIEKYJSIPHBIE ~ MapKepbl,  aCCOLUMUPOBAHHbIE  C
NepeBapUBAEMOCTBI0 PACTEHMH, W OBUIM OINMHCAHbI MapKepHBbIE AJUIENH, ACCOLMHPOBAHHBIE C
yJIy4LIEHHON mnepeBapuBaeMocTblo. OJHMM M3 ONHCAHHBIX MApKEPHBIX ajiesiel sIBIsIeTCs
MyTHUpPOBaHHbIN reH F35H.

Hacrosimee wus3o0OpereHne, B YaCTHOCTH, OTHOCHTCA K CrHoco0am  ONpeneseHus
uneHTuuuuposanHoro amens QTL, acCOMMPOBAHHOTO C YIYYIIEHHON NMEpeBapUBaEMOCTBIO,
a TaKoKe K OMpPEIeNIeHHIO JII0OOro U3 OMMCAaHHBIX MapKepHBIX ajutenel. Hacrosimee nzoOperenue
TAK)K€ OTHOCUTCS K OINHMCAHHBIM MAapKEepHbIM aJuleNisiM U TOJMHYKJIEHMHOBBIM KHCJIOTaM,
NOAXOALINM JUIsl ONpeNeeHUs] MAapKepHbIX ajuleNiell, TakuX Kak IMpaiMepbl M 30HIBL, U K
cozepskamuM ux Habopam. Hacrosimee nzoOpeTeHne Tak:ke OTHOCHTCS K CIIOCO0aM yJIyqLIeHUs
NepPEeBAPUBAEMOCTH pPACTEHUlN, B YaCTHOCTH, IyTE€M €CTECTBEHHOIO WM MCKYCCTBEHHOIO
BBE/ICHHSI B PACTEHUS W/WIIM IyTe€M BBIOOpA PACTEHHI, COAEPIKALINX OMHCAHHBIE B HACTOSIIEM
JOKYMEHTE MapKepHbIe ajUleNy, TAKUM Kak, B YaCTHOCTH, MHAyLupoBaHue mytauuii F35H, B
NPEANOYTHTENIbHOM ~ BAapHaHTE OCYIIECTBJIEHUs] HACTOSIIEro H300peTeHus — MyTauui,
m3mersromux skcrnpeccrto F35SH wmm  ¢epmenratuBHyro aktuBHOCTh F35H, Hampumep,
YMEHBIIAKIINX WK 3IUMUHUpYOmUX 3Kkcnpeccuto F35H, wnu akrusnocte F35H, nnu nHbM
oOpa3om ymeHbmaroux skcnpeccuro F3S5H, wnmu aktuBHOCTh F35H, MM MOBBIIIAOIIMX
aktuBHOCTh F35H. Hacrosiimee m3zoOpereHue TakKe OTHOCUTCS K PACTEHHSM, OOJIQJAIOLINM
yJIYyYIIEHHON MepeBapruBaeMOCTbIO, a TaKKe€ K YacTsIM pacTeHHil, B YaCTHOCTH K CTEpHe,
00J1aar0IUM YIIyUIIEHHOH MepeBaprHBaeMOCTBIO.

Hacrosiiee n3o0perenne, B 4aCTHOCTH, BKITFOYAET JTIFOOOH WK JIFOOYI0 KOMOWHAIUIO U3,
[0 MEHbIIeH Mepe, OAHOTO U3 MPUBENEHHBIX HIKE MPOHYMEpPOBaHHBIX MyHKTOB [01] - [25] ¢
JrOOBIM PYTUM TYHKTOM W/HJTH BAPUAHTAMH OCYIIECTBIICHUST HACTOSIIIETO U300PETeHUS.

[01] Cnoco® wuneHTuduKauu pacTeHHs] WM YacTU pacTeHus, OOJaNaroIEero
YJIYUYIIEHHOH MepeBapruBaeMOCTbIO, WIIH BBIOOPA PACTEHUS WIJIM YaCTH PACTEHUs, 00Iaqaromero
yJIy4LIEHHOH NepeBapuBaeMOCTbIO, COAepKaIIUM

(1) HeoOs3aTENbHO, BBIEIEHHWE TE€HETUYECKOrO MaTepHhaja, B MPEANOYTHTEIBHOM
BApPUAHTE OCYINECTBJICHUS HACTOSIIEr0 HM300pPETeHHs] — TE€HETUYEeCKOro MaTepuaia, M3, IO
MeHbLIeN Mepe, OHOMN KJIETKU pacTeHUsl U YaCTH PacTEeHMUSI,

(i) a) ckpununr Ha mnpucyrcrBue amtens QTL, Ttakoro kak amrens QTL,
aCCOLIMMPOBAHHBIN C YIy4lLIEeHHONW NepeBapuBaeMOCTbIO, NMpHYeM yrnoMmsHyThii amiens QTL
COACPKUT HYKJIECOTUIAHYIO MOCJIENOBATENBHOCTE TI€HA, KOJUPYIOLIEro LHUTOoXpoM P450-

comepxamuii  ¢unaBoHoun  3°,5’-rugpokcmnasel  (F35H), wumerommii  myrammro, B



NPEANOYTUTEIbHOM BapUAHTE OCYILIECTBICHHS HACTOSINEro M300peTeHHs — MYTaLuio,
NpUBOAALIYI0 K m3MeHeHHoW skcnpeccmn mPHK rena w/mnmm Oenka F35H, wnu myranwmro,
npuBOAALIYI0 K monydeHuto Oenka F35H, obnapmarommero wu3mMeHEHHOW (pepMeHTATUBHOMN
AKTUBHOCTBIO TIPU TPAHCISIIMK, B 0OJie€ NPEANOYTUTENIbHOM BapHAHTE OCYILIECTBICHHS
HACTOSIIEro M300peTeHNss — MYyTaLUI0, MPHUBOSINYI0 K YMEHBIIEHHOW WM OTCYTCTBYIOLIEH
skcnpeccut mPHK rena w/mnu 6enxa F35H (Hanpumep, MyTanuro HOKZIAYH WM HOKAyT), WA
MYTalMio, MNPUBOAALIYID K TMOJy4YeHHIO HepyHkunoHanpHoro Oenka F35H (mampumep,
yceuenHoro Oenka F35H), mmm Genka F35H, obnanmarommero yMmMeHbLIEHHOH (epMEHTaTUBHOMN
AKTUBHOCTBIO MNpU  TpaHcasinuy, win Oenka F35H, oOnaparomero  moOBBIMIEHHON
(bepMeHTaTHBHON aKTUBHOCTBIO MPH TPAHCISILIUU, UITH

(i1) b) ckpunuHr Ha uM3MeHeHHyrw sKkcnpeccrio MPHK rena, kogupyrommero UTOXpoM
P450-conepsxamuit ¢pnasononn 3°,5 -rugpokcunassl (F35H), w/unm 6enxa F35H, wnu Ha Genok
F35H, oOnanmaromuii M3MEeHEHHON (DEPMEHTATUBHOW AKTUBHOCTBHIO, B MPEANOYTUTEILHOM
BapUAHTE OCYIIECTBJICHHSI HACTOSIIEr0 M300peTeHNs] — HA YMEHBIIEHHYIO WJIH OTCYTCTBYIOLIYIO
skcnpeccuro mPHK rena, xomupyromero uuroxpom P450-conepkamuit ¢aaBonoun 3°,5’-
ruapokcunassl (F35H), w/mmm Oenka F35H, wnm nHa HedyHkumonanbHeli Oenok F3S5H
(manpumep, yceuenHolid Oenok F35H), mnmm va Oenox F35H, obnapmaromuii ymMeHbIIEHHON
(epMeHTaTUBHON aKTUBHOCTBhIO, wiu Ha Oenok F35H, oOnaparomuii MOBBIIIEHHOM
(bepMEeHTaTUBHOI AKTUBHOCTBIO, HJIH

(i) ¢) CKpMHUHT Ha TPHCYTCTBUE MYTAllMH, MPUBOISAINEH K M3MEHEHHOW HKCIPECCUU
mPHK rena, xoaupyromero muroxpom P450-conmepskaimuii (imaBoHOun 3,5 -rUAPOKCUIIA3HI
(F35H), w/unu Genka F35H, wnm Myrtanuu, B NPEANOYTUTENILHOM BAaPHAHTE OCYLIECTBIICHHS
HACTOSIILEro M300peTeH sl — MyTaLWu, NMPUBOsIIel K nmonyueHnto Oenka F35H, oGnanaromero
U3MEHEHHOH (PepMEHTATUBHOI aKTUBHOCTBIO MPH TPAHCISLUH, B MPEINOYTUTEIHPHOM BAPHAHTE
OCYILIECTBJIEHHs] HACTOSIIEro N300pEeTEeHNs], MPUBOISIIEH K YMEHBIIEHHOW MM OTCYTCTBYIOLIEH
skcnpeccnn mPHK rena, xomupyromero nutoxpom P450-comepskamuit ¢maBoHoun 3°,57-
rugpokcunassl (F35H), w/mnmm Genka F35H (manmpumep, MyTanuu HOKAAyH WJIM HOKAyT), U
MYTallli, B TPEANOYTUTEIPHOM BAapUaHTE OCYIIECTBICHHS HACTOSINEr0 H300peTeHHs —
MYTalllM, TNPUBOMAIIEH K monydeHHo HedyHkunoHanpHoro Oenka F35H (Hampumep,
yceueHHoro Oenka F35H), nmm Genka F35H, oGnmamarommero ymMeHbIIEHHOHW (hepMEHTATHBHOM
AKTUBHOCTBIO MNpU  TpaHcasinuy, win Oenka F35H, oOnaparomero  MOBBIIIEHHOM
(bepMEeHTaTUBHOM aKTUBHOCTBIO TPU TPAHCISILIHM,

(ii1) HeoOs13aTeNPHO, BHIOOP PACTEHUS HIIM YacTH PACTEHHs, B KOTOPOM IPHCYTCTBYET
QTL wunm myraums, win B kKoTopoM u3MeHeHa skcrpeccuss mPHK F35H w/mnm Genxa, wmum

u3MeHeHa pepMeHTaTHBHAs aKTUBHOCTh F35H, B mpeAnovTUTENIbHOM BapHaHTE OCYIIECTBICHHUS
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HacTosmero uszoOperenuss — oskcnpeccuss MPHK F35H w/unmm Oenka yMeHbIIEHA WM
3NMMUHUPOBaHA, WM (pepMeHTaTUBHAsE akTUBHOCTh F35H ymeHbIeHa miu noBsIiI eHa.

[02] Cnoco6 mo mnynkty [01], B MpeamOYTUTENILHOM BapHaHTE OCYIIECTBJICHUS
HACTOSINEro M300pPETEeHUs, PU 3TOM, YIIOMSHYTOE DPAaCTeHHE IPENCTaBIsieT COOOW pacTeHue
KYKYPY3bl, CIIOCOO, conmepKaluii CKPUHUHT HA TPUCYTCTBHE MOJIEKYJSIPHOTO MAapKEPHOTO
annens ma61l134xxx w/mny, mo MeHbLIEH Mepe, OAHOTO MOJEKYJSIPHOIO MAapKEPHOTO ajliens,
pacIloNIOKEHHOTO HAa XPOMOCOMHOM HHTEpBajie Ha XpomMocoMme 9, (uaHKHPOBAHHON
MapkepHbiMu  ajuiesisMu ma61070s01 u ma30168s02, B mNpeAanoOdYTUTEIBHOM BapUaHTE
OCYILIECTBIIEHUs] HACTOSIIIEr0 M300peTeHuss — MapkepHbIMH ajuensMu maS0827s01 wu
mal6983s02, B Gonee nMpennoYTUTENBHOM BapUAHTE OCYLIECTBIEHHs HACTOSIIEro H300peTeHus
— mapkepHeiMu autenssMu mal7117s01 u ma61125s01, B npeanodTUTENILHOM BapHUaHTE
OCYLIECTBJIEHHs HACTOSIIIEro N300peTEeHNs], IPU 3TOM, [0 MEHbIIEeH Mepe, OUH MOJIEKY JISIPHBIN
MapKepHbII  ajieNb ONpEAeNsAeTcs MOJIMHYKIEMHOBONM KHCIOTOM, Hampumep, auielb-
crneun(UIecKoi MOJUHYKIEUHOBON KHCIOTOW (MOJIEKYJISIPHBIM MapKepOM), TOAXOMSIIEH st
ruOpuaM3alMu B KadecTBe MpPsSMOro ImpaiiMepa M OOpaTHOro mpaiiMepa Uil JIOKyca Ha
XPOMOCOMHOM  HMHTEpBaje,  KOTOPbI  COBMECTHO  CErPErupyercss ¢  YyJy4lIeHHOU
NEePEBAPUBAEMOCTBIO.

[03] Pactenue unu yacth pacteHusi, copepxaiee amuienb QTL, takoii kak amiens QTL,
aCCOLIMMPOBAHHBIN C YIYULIEHHONW NEepeBapuBaeMOCTbIO, NMpHUeM YroMsiHyThii amtens QTL
COACPKUT HYKJICOTUIAHYIO MOCJIENAOBATENbHOCTh TI€HAa, KOAUPYIOLEero nuToxpoMm P450-
comepxkamuii  ¢maBoroun  3’,5’-ruppokcunasbl  (F35H), umeromuit  Myranuio, B
NPEANOYTUTEIbHOM BapUaHTE OCYLIECTBJICHHS HACTOSINEro M300peTeHHs — MYyTaluio,
NPUBOAALIYI0 K m3MeHeHHoW skcnpeccnn mMPHK rena w/wnm Oenka F35H, wnu myranmro,
NpUBOAALIYI0 K modydeHuto Oenka F35H, obnanmaromero wu3MeHeHHOW (QepMeHTaTHBHON
AKTUBHOCTBIO TIPH TPAHCISIIMK, B OOJiee MPEANOYTUTENIbHOM BapHAHTE OCYLIECTBIICHHS
HACTOSIILEr0 HM300peTeHHsT — MYTALUI0, MPHUBOISINYI0 K YMEHBIIEHHOW WM OTCYTCTBYIOLIEH
skcnpeccnn mPHK rena w/mmm Oenka F35H, wmnm myTtauuro, NpUBOIAMIVIO K TOJYYEHHUIO
HedyHkmoHanpHoro Oenka F35H (Hampumep, ycedennoro Oenka F35H), wnmu Genkxa F35H,
00JIaaroIero yMeHbIIEHHOH (epMEHTATUBHONH AKTUBHOCTBIO IMPH TPAHCISLNM, WIH Oelka
F35H, obnanmaromero mMOBBIMEHHONW (hEPMEHTATUBHON AKTHBHOCTHIO TP TPAHCISLNU, WU
pacTeHue, WIW 4YacTb pACTEHMs, COAEpIKalllee HYKICOTHIHYHI IOCIEAOBATENbHOCTb IE€HA,
Koaupyromero nurtoxpom P450-conmepxamuit  ¢maBoroun 3,5 -ruppokcunassl  (F35H),
UMEIOIIUI  MYTallMI0, B MNPEANOYTUTEIbHOM BapUAHTE OCYLIECTBJIEHUsS  HACTOSIIErO
n300peTeHns] — MyTaLUIO, IPUBOISINYIO0 K M3MeHeHHOH skcnpeccun mPHK rena w/unm Oenka

F35H, wnmn myranuio, npuBoamyo K nonaydermro Oenka F35H, obmanmarormmero n3mMeHeHHOH
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(epMEeHTaTUBHON AKTUBHOCTBIO TPU TPAHCISIIUK, B OOJiee MPEONOYTUTENILHOM BapHaHTE
OCYILIECTBIIEHHUS] HACTOSLIETO H300PETEeHUs] — MyTAlHI0, NMPUBOMALIYIO K YMEHBIIEHHOW WU
orcyrcrByromeit sxcnpeccnn mPHK rena w/mnu Genka F35H, nnm myramnuro, npuBOIAIIyIO K
NoJIy4eHuI0 HepyHkunoHanpHoro 6enka F35H (manpumep, yceuenHoro Oenka F35H) nunu 6enka
F35H, oOnanaromero yMeHbIIEHHOW (DePMEHTATHBHON AKTHBHOCTBIO NPH TPAHCISALUH, WIIH
Oenka F35H, oOmaparomero moBbIIIEHHONW (PEPMEHTATUBHONW AKTUBHOCTBIO INPH TPAHCISLHM,
WIM pacTeHHe WM 4YacTb PACTeHMs, COAeprkalllee HYKJIEOTHAHYIO IMOCHIEIOBATEIbHOCTb I'eHa,
koaupyromero nuroxpom P450-conepxkamuit  ¢maBoHoun 3,5 -ruppokcunassl  (F35H),
obnanaroiee yMEeHbIIEHHOW WK OTCYTCTBYIOMeH skcrpeccueit mPHK rena w/unm 6enka F35H,
wii oOnajarouee yMEHbIIEHHOH (EepMEHTATUBHONW aKTUBHOCTBIO, B IPENNOYTHTEIHHOM
BApUaHTE OCYLIECTBJIEHHMs HACTOALIEro H300peTeHMs — ol0nagaroliee yMEHbIIEHHON
(epMEHTaTUBHON  aKTMBHOCTBIO WM  OONajarolnee  IOBBILIEHHONH  (epMeHTaTUBHOMN
AKTHBHOCTBIO, WJIM PACTEHHE, WM YaCTh PACTEHUs, CONepKaliee MOJIeKyy nHrepdepupyromei
PHK (RNAi), Ttakyro kak dsPHK, siPHK, shPHK wmmu miPHK, HanpaBneHnyo Ha
HYKJICOTHUAHYIO TOCJIENOBATENbHOCTb, Koaupyoinyo Oenok F35H, HauenuBaromyrocsi Ha Hee
WM THOPUAN3UPYIOLIYIOCS C HEeH, WM COAepIKallee IMOIUHYKICOTUAHYIO TOCE0BATENIbHOCTb,
KOJUPYIOIIYIO (M 3KCIPECCUPYIOIIYI0 WM CHOCOOHYIO SKCIpeccupoBaTh) Mosiekyny RNAI,
HANPABJICHHYD HA HYKICOTHUIHYIO MOCJIEA0BAaTeNIbHOCTh, Komupyromyw Oemok F35H,
HALIEJMBAIOINYIOCS HAa Hee WIM THOPUAMBHMPYIOLIYIOCS C Hell, WIM pacTeHue, WU 4YacTh
pacrenusi, conmepxkamiee PHK-cnenuduueckyro cucremy CRISPR/Cas, Takyr Kkak cucTema
CRISPR/Cas13a, HaIpPaBJIEHHYIO WIH HALeJINBAIOIYIOCS Ha HYKJIEOTUIHYIO
MOCJIEOBATEIbHOCTb, KOOUPYIOIIYIO HUTOXpoM P450-comepskamuii  ¢aasonoun 3°,57-

runpokcunasel  (F35H), wm Mo  MEHbUIEH  Mepe, OAHy  MOJUHYKJICOTUIHYIO

)
MOCJIEAOBATEIbHOCTD, KOAUPYIOMYIO (M SKCIPECCUPYIOIIYIO HIIA CIIOCOOHYIO SKCIIPECCUPOBATH)
ynomsinytyto PHK-cnennduaeckyro cucremy CRISPR/Cas.

[04] Pacrenue unu yacTh pacTeHus no nyHKTy [03], B MpennodTUTENbHOM BapHaHTE
OCYLIECTBJIEHHUs] HACTOSIIET0 HW300pPETEeHUs, MPH 3TOM, YIOMSHYTOE PAaCTEHHE IPENCTABIISET
co0oii pacTeHHe KyKypy3bl, COAepKalnee MapKepHbIi ajutesb mad1134xxx.

[05] Pacrenue unu yacth pacteHus no nyHkTy [03] unm [04], npu 3TOM, yHOMSIHYyTO€
pacTteHne conepkuT ynoMsiHyTeld amtenb QTL, ynmoMmsiHyTBIE MapKepHBIH ajuienb H/Hiu
VIIOMSIHYTYIO HYKJECOTHAHYIO TMOCJIEA0BATENbHOCTh TI€HA, KOAUpPYIOLIero LUToxXpoMm P450-
comepxamuii  ¢naBoHoun 3’,5’-rugpokcunasbl  (F35H), wumerommii Mytanuro B BHIAE
HUHTPOTPECCHUM.

[06] Pacrenne unu yacth pactenus no nyHKTy [03] wumm [04], mpu 3TOM, YIIOMSHYTOE

pacTeHue coaepKUT ynomsaHyThli ajutens QTL, ymoMsHyTbII MapKepHBIH aljieNb, YIOMSHYTYIO
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HYKJEOTUJIHYI0 MOCJIEI0BATEIbHOCTH T€Ha, Koaupyrouero nuroxpoMm P450-coaep:xkammii
¢maBonoun 3’,5’-runpoxcunaszel (F35H), nmeromuii Myranuro, ynoMsHyTyro MoJiekyiay RNAi
WIA  YIOOMSHYTYIO  TOJMHYKJICOTHAHYIO  TIOCJIENOBATENbHOCTb,  KOOUPYIOIIyI (M
SKCIIPECCUPYIOIIYIO WM CIOCOOHYIO 3KCIpeccupoBaTh) Mosiekysy RNAi, ymomsiytyro PHK-
cneuupuueckyro cucremy CRISPR/Cas w/mnm ynmomsiHyTYIO, 1O MEHbLIEH Mepe, OIHY
NOJIMHYKJIEOTHIHYIO ~ TTOCIIEI0OBATENIbHOCTD, KOOUPYIOIIYI0 (M 3KCIPECCUPYIOIIYIO WU
cnocobnyro skcnpeccupoBath) PHK-cneunguueckyro cucremy CRISPR/Cas B kadectse
TPaHCT'€HA WM B Ka4eCTBe (T€HHO-) OTPENAKTUPOBAHHOTO HH/IOTEHA.

[07] Cnoco0 ynyuineHHs TNepeBapUBAEMOCTH PACTEHUS WJIM YacTU pPaCTeHMS,
cofiep Kaluii BBeIEHNE WM HHTPOIPECCUPOBAHUE B F€HOM PACTEHUS HIIM YaCTU PACTEHUS

(a) HYKJIEOTHAHON TOCJIENOBATEIbHOCTH T€HAa, KOIUPYIOIIero muroxpom P450-
comepxkamuii  ¢masonoun  3’,5’-ruppokcmnasel  (F35H), umeromuit | myranuro, B
NPEANOYTHTENIbHOM BapUaHTE OCYLIECTBICHUS] HACTOSIIEro H300peTeHHs — MYyTaLuio,
NpUBOIAIIYI0 K n3MeHeHHOH skcrpeccun mPHK rena w/mmm Genka F35H, wimm myranmro,
NpUBOAALIYIO K modydeHuto Oenka F35H, obOnanmarommero wu3MeHeHHOW (epMeHTaTHBHOMN
AKTMBHOCTBIO TpPH TPAHCIALMK, B Oojee MNPEeANOYTHTENbHOM BapUAHTE OCYILIECTBICHUS
HACTOAIIEr0 M300peTeHHsT — MYTAaLWI0, MPUBOSINYI0 K YMEHBIIEHHOW WM OTCYTCTBYIOIIEH
skcnpeccurt mPHK rena w/unu Genka F35H (Hanpumep, MyTaluio HOKOAyH HIJIM HOKAyT), WA
MYTAlMIO0, MPUBOASALIYID K TMOJy4YeHHI0 HepyHKuuoHaipHOro Oenka F35H (manpumep,
yceuennoro Oenka F35H), mnm Genka F35H, oGnanarornero yMeHbLIEHHOH (hepMEHTATHBHOMN
AKTUBHOCTBIO MNpHU  TpaHcasuuy, win Oenka F35H, oOnamaromero  mMOBBIIIEHHOM
(bepMEHTaTUBHOM AKTUBHOCTBIO MPH TPAHCIISILIUHU, HITH

(b) ammens QTL, Ttakoro kak amiens QTL, accOUMUpPOBAaHHBIA C YIyYIIEHHOH
NePEeBapUBAEMOCTBIO, M COJAEpPIKAIEro  HYKJICOTHIHYK  IOCIENOBATEIbHOCTh  I€HA,
Koaupyromero nutoxpom P450-conmepxamuit - ¢naBoroun 3,5 -ruppokcunassl  (F35H),
UMEIOIMUHA  MyTaLUWI0, B MPEONOYTHTEIBHOM BapHAHTE OCYIIECTBJICHHS  HACTOSILIETO
n300peTeHNs] — MyTaLUIO, MIPUBOIAINYI0 K n3MeHeHHOH skcnpeccun mPHK rena w/mnm Oenka
F35H, wnn myranuio, npuBoAmyro K nonydermnro Oenka F35H, obmanmarormero n3mMeHeHHOH
(bepMEHTaTUBHON AKTUBHOCTBIO TPU TPAHCISIIMK, B OOJiee MPEONOYTUTENILHOM BapHaHTE
OCYILIECTBJIEHHUs] HACTOSLIETO W300pETEeHHs] — MYTAlHI0, MPUBOMSINYID K YMEHBIIEHHOW WU
orcyrcrByromeit sxkcnpeccnn mPHK rena w/mnn Genka F35H (Hanpumep, MyTauuio HOKIAyH
WIM HOKAyT), WU MYTAlHUI0, NMPUBOMSIINYI0 K MOJYYeHHIO HedyHKIHoHampHOro Oenka F35H
(Hanpumep, ycedenHoro Oenka F35H), wmu OGenka F35H, oOmamarommero ymeHbBIIEHHOM
(epMEeHTaTUBHOW AaKTUBHOCTBIO TMpH TpaHcusiuuu, win Oenka F35H, oOmamarommero

NOBBIIIEHHON (pepMEHTATUBHON aKTHBHOCTBIO MPH TPAHCIIALIUH.



[08] Cnoco0 ynydineHuss NepeBapUBAEMOCTH pACTEHUS WM YacTH PACTeHHS,
copgepxkamuii  u3meHeHue skcrnpeccun mMPHK  rena, xomupyromero nuroxpom P450-
conepxkamuii  ¢aasonoun 3,5 -rugpokcunasel (F35H), w/umum Genka F35H, wusmeHenue
(dbepMeHTaTUBHON akTUBHOCTH LIUTOXpoM P450-conepskamero ¢iaaBoHouaa 3°,5’-ruApOKCHIIAa3bI
(F35H), B mnpeanoyTUTENIbHOM BapUaHTEe OCYIIECTBJIICHUS HACTOSILEro U300peTeHus —
yYMEHbLICHHe, SIUMHHUHUpPOBaHME Wind uHruOuposanme skcrnpeccun mPHK  reHa,
Koaupyromero nutoxpom P450-conepskammii pnasononn 3’°,5’-ruppoxcunasel (F35H), w/unmn
O6enka F35H, ymenbuienne QepMeHTATHBHONW aKTUBHOCTH LUTOXpoM P450-conepskamero
¢naBonouna 3°,5’-ruppoxcunasel (F35H), unrubmposanme Oenxa F35H wunu mnoseimenue
(dbepMeHTaTUBHON akTUBHOCTH LIUTOXpoM P450-conep:kainero ¢iaaBoHouaa 3°,5’-ruApoKcHiIaspl
(F35H).

[09] Cniocob no myHkry [08], comepskarmii

(a) BBEJIEHUE B  HYKJICOTUAHYK)  IOCIENOBAaTEIbHOCTb  OHIOTEHHOIO  IEHa,
Koaupyrorero uutoxpom P450-conepskammuii pnasoroun 3°,5’ -ruapokcunasel (F35H), (B reHom
pacTeHusl WM 4YacTb PAaCTeHMs) MYTALUH, B MPEANOYTUTEIbHOM BapUAHTE OCYIIECTBJICHUS
HACTOSIIEr0 M300peTeHus] — MyTaluH, NMpuUBOnAIel K m3MeHeHHOH skcrnpeccurn mPHK rena
w/unu Oenka F3SH, wnu myrtamum, npuBopsmiei k moJsydenuro Oenka F35H, oOmamaromero
U3MEHEHHOH (hepMEHTATHBHOW aKTHBHOCTBIO NPU TPAHCIALMH, B Oojee NMpearnodTUTEIbHOM
BapHUAHTE OCYLIECTBIICHHS HACTOSIIIEr0 N300pEeTEeHHs] — MyTalllK, IPUBOSIIEH K YMEHbIIEHHON
i orcyterByrouiei skcnpeccr mPHK rena n/vnu 6enka F35H (Hanpumep, MmyTauuu HOKIayH
WIM HOKAyT), WIM MyTalliu, MPUBOASIIENH K MOJydeHHr0 HedyHkimoHampHOro Oenka F35H
(Hanpumep, ycedenHoro Oenka F35H), wnu OGenka F35H, oOnamarommero ymeHbIIEHHOM
(epMEeHTaTUBHON AaKTUBHOCTBIO TMpH TpaHcusiuuu, win Oenka F35H, oOmanmaromiero
MOBBIIIEHHON ()epMEHTATUBHON aKTUBHOCTBIO MPH TPAHCIISALIUH, WIH

(b) BBEJIEHUE B PACTEHUE WM 4acTh pacTeHust Mojiekyibl RNAI, Ttakoi kak dsPHK,
siPHK, shPHK wmu miPHK, HanpaBneHHOH Ha HYKJICOTHIHYK MOCIEIOBATEIBHOCTb,
koaupyromyr 6enok F35H, HauenuBaromyrocsi Ha Hee WM THOPUAMZHPYIOLIYIOCS C HEH, WIH
MOJIMHYKJIEOTUIHOHN MOCNIEA0BATEIPHOCTH, KOAUPYIOMEH (1M SKCIIPECCUPYIOIIEH HITH CITIOCOOHOM
SKCIpeccrupoBaTh) MoJiekylly RNAI, HampaBieHHYI Ha HYKJICOTHIHYIO MOCJIEIOBATEIbHOCTD,
xkoaupyromyto 6enok F35H, HanenuBaromyrocst Ha Hee WM THOPUAN3UPYIOIIYIOCS C HeH, M

(©) BBElIEHHE B pacTeHWe Win 4acth pacreHus PHK-crnenmdpudeckoil cuctembl
CRISPR/Cas, takoii kak cucrema CRISPR/Casl3a, HampaBieHHOW WMJIM HALICJIMBAIOIICHCS Ha
HYKJICOTHIHYIO TIOCJIEOBATEbHOCTh, Koaupyromyw Oeinok F35H, wiu, mo MeHblneil mepe,
OJTHOW TMOJIMHYKJIEOTHIHON TOCIIENOBATENbHOCTH, KOOUPYIOLEH (M 3KCIpecCUpYIomen HIn

crocoOHoM aKcmpeccupoBath) ynomsiHyTyto PHK -crierugudeckyro cucremy CRISPR/Cas, nim
8



(d) BBemeHwe B pacTeHHe WJIM YacTh PACTEHUS XUMHYECKOTO COENUHEHUS WU
aHTHUTEJIa, U3MEHSIOmEro (MM CIOCOOHOTO0 M3MEHsTh) (DEPMEHTATUBHYIO AKTUBHOCTH Oelka
F35H npu B3ammopelictBum ¢ ynomsiHyThIM Oenkom F35H, B mpeamoutuTensHOM BapuaHTe
OCYILIECTBIIEHHUS] HACTOSIIEro M300peTeHHsI — YMEHbLIAIMEro (Win CrnocoOHOrO YMEHBIIATh)
¢depmenTatuBHyr0 akTuBHOCTH Oenka F35H wnmm  wmermOupyromero (uam  crnocoOHOTO
UHTUONpoBaTh) (PEPMEHTATHBHYIO akTHUBHOCTh Oenka F35H, wmnm mnoBeimaromero (wim
CrOoCOOHOTO TOBBIMATH) (PepMEHTAaTUBHYIO akTHUBHOCTh Oenka F35H mpu B3aumopelictBum C
ynoMsiHyTeIM Oenkom F35H.

[10] Croco® mnponyuupoBaHUs PpacTeHUss WIM YacTH PACTEHHUs, OOJIajarolero
YJIYUIIEHHOH NepeBapuBaeMOCTbIO, COIEeP KA

(a) BBEJICHUE WM MHTPOTPECCUPOBAHHE B I€HOM pACTEHHs] HJIM YacTb PACTEHUs
HYKJICOTUHON TOCIIENIOBATENbHOCTH T€Ha, Koaupymouero wuutoxpom P450-conepskarnmii
¢bnasonoun 3’,5’-ruapokcunasel (F35H), nMeromuii Mytanuio, B MPEANOYTUTEILHOM BapHUaHTe
OCYIIECTBJIEHHsST HACTOSIIEro H300peTeHHuss — MyTalUio, MPHUBOMAIIYI0 K HM3MEHEHHOM
skcnpeccurt mPHK rena w/unm 6enka F35H, unu myTaumio, NpuBOASIIYIO K MOJY4YEeHUIO Oeka
F35H, oOnaparomero u3MeHeHHOH (PepMEHTATUBHON aKTHBHOCTBIO NPU TPAHCIALMHU, B Ooee
NPEANOYTHTENIbHOM BapUaHTe OCYLIECTBICHUS HACTOSIEr0 W300peTeHHsT — MYyTaLuio,
NPUBOMALIYIO K YMEHBIIEHHOW WM OTCyTcTBYyROmIeH skcrnpeccun mPHK rena w/mmm Oenka
F35H (Hanpumep, MyTaluiO HOKAAYH WM HOKAYT), WIM MYTALUIO, IPUBOISINYIO K MOJTyYEHHUEO
HedyHkiMoHanpHOro Oenka F35H (Hampumep, ycedennoro Oenka F35H), mnm Genka F35H,
00J1aaroImero yMeHbIICHHOH (epMEHTATUBHONW AKTUBHOCTBIO IPH TPAHCISLUM, WIH Oelka
F35H, obnanaroiero nmoBbIIeHHOW (hepPMEHTATUBHON aKTUBHOCTBIO MPHU TPAHCIISILIVN, WU

(b) BBEICHUE WM WUHTPOTPECCHPOBAHHE B T'€HOM PACTEHUs WM YacTh PACTCHUS
amnenst QTL, takoro xak amiens QTL, accouuupoBaHHBIN C yIy4II€HHON NepeBapuBaeMOCTbIO,
U COoIepXKallero HyKJIEOTHUAHYIO IMOCJIEeNOBATENbHOCTh I'€Ha, Koaupyroumero nuroxpom P450-
comepxamuii  ¢naBoHoun  3’°,5’-rugpokcwnasel  (F35H), wumerommii  myTtammio, B
NPEANOYTUTEIbHOM BapUAHTE OCYLIECTBIIEHHsS] HACTOSIIETO HW300pEeTeHHs — MYTaLuio,
NPUBOAALIYI0 K m3MeHeHHoW skcnpeccmn mMPHK rena w/wnm Oenka F35H, wnu myranmro,
NpUBOAALIYI0 K monydeHuto Oenka F35H, obnanmaromero wu3MeHeHHOHW (epMeHTaTHBHON
AKTUBHOCTBIO TPU TPAHCISIIMK, B 0OJiee NPEANOYTUTENIbHOM BapHUaHTE OCYIIECTBJICHHUS
HACTOSIIIEro HM300peTeHHsT — MYTALUI0, MPHUBOSINYI0 K YMEHBIIEHHOW WM OTCYTCTBYIOLIEH
skcnpeccnt mPHK rena w/mnu 6enkxa F35H (Hanmpumep, MyTanuio HOKOAyH HIIM HOKAyT), WIIH
MYTalMio, TNPUBOMALIYID K TMOJyYeHHI0O HepyHKunoHanpHoro Oenka F35H (mampumep,

yceueHHoro Oenka F35H), nnm OGenka F35H, oGnaparomero ymeHbLIeHHOH (epMEHTaTUBHOU



AKTUBHOCTBIO MpU  TpaHCasinuy, win Oenka F35H, oOnamaromero  MOBBIIIEHHOM
(bepMEeHTaTUBHOM AKTUBHOCTBIO MPU TPAHCIISILIAH.

() BBEJIEHUE B  HYKJICOTHUAHYKO IIOCIE€IOBaTEIbHOCTb  OSHIOTEHHOIO  IEHa,
KOAUPYIOIYIO uTOoXpoM P450-conepskammii ¢paasonoun 3,5 -runpokcunassl (F35H), (B reHom
pacTeHHs] WM YacTb PACTEHHs) MYTALUH, B MPEANOYTHTEIBHOM BAapUAHTE OCYIIECTBIICHUS
HACTOSINEro M300peTeHus] — MyTaluH, NMPUBOIAIIeHd K n3MeHeHHOH skcrnpeccun mPHK rena
w/wnn Oenka F35H, wnm myranun, npusopsmeil k moiyueHuro Oenka F35H, oGmamaromero
U3MEHEHHOH (PepMEeHTAaTHMBHOI aKTHBHOCTBIO NPU TPAHCIALHUH, B OOJiee MPENNnoOUYTHUTEIHHOM
BapUAHTE OCYLIECTBIIEHHS HACTOSIIIEr0 N300pETEHHsI — MyTallly, IPUBOAIIEH K YMEHbIIEHHON
i orcyrerByroutei sxcnpeccu mPHK rena n/nnu 6enka F35H (manpumep, Myranuu HOKIayH
WIN HOKAayT), WJIM MyTaluy, MPUBOASIIEH K mMojydeHHI0 HedyHkuumoHampHOro Oenka F35H
(mampumep, yceueHHoro Oenka F35H), wnu Oenka F35H, oOnanmaroimiero yMeHbLICHHOM
(bepMEHTATUBHOM AKTUBHOCTHIO TMpu TpaHciusiiuu, wiud Oenka F35H, o6napatomero
HOBBILIEHHON (PePMEHTATUBHOM aKTUBHOCTBIO TPH TPAHCISILIUY, UIIN

(d)  BBexmeHue B pacTeHHe WM 4acTh pacTeHus: mojiekysibl RNAI, Takoit kak dsPHK,
siPHK, shPHK wnu miPHK, HampaBieHHOH Ha HYKJICOTHOHYIO IOCIEIOBATEIbHOCTD,
koaupyromyro 6enok F35H, HauenuBaromyrocs Ha Hee WM TMOPUAM3UPYIOIIYIOCS ¢ HEH, WU
MOJIMHYKJIEOTHTHON MOCIENOBATEIbHOCTH, KOAUPYIOIIEH (M SKCIPECCHPYIOLIEl M CrIOCOOHOM
JKCIpeccHpoBaTh) MoJiekylly RNAI, HampaBieHHYI HAa HYKJICOTHIHYI MOCJEIOBATEIbHOCTD,
koaupyrommyto 6enok F35H, HauenuBaroyrocst Ha Hee HITH THOPUIU3UPYIOLIYIOCS C HEH, UITH

(e) BBElIEHHE B pacTeHWe Wiau 4acTh pacreHus PHK-crnenmgpuyeckoit cuctembl
CRISPR/Cas, takoii kak cucrema CRISPR/Casl3a, HampaBIeHHOW WM HALICJMBAIOIIEHCS Ha
HYKJIEOTHIHYIO TIOCJIEAOBATENbHOCTh, Koaupyromyw Oeinok F35H, wnu, mo MeHblneil mepe,
OJTHOW TMOJIMHYKJIEOTHIHOW TMOCJIEIOBATEIbHOCTH, KOAMPYIOLIEH (M SKCIPEeCCHUPYIOIMEH HIn
crocoOHoM aKcmpeccupoBath) ynomsinyTyto PHK -crienugudeckyro cucremy CRISPR/Cas, wiu

63 BBEJICHNE B PACTCHHWE WJIM 4YacThb PACTEHUS XHMHYECKOTO COCIUHEHHS HIIH
aHTHUTENa, M3MEHSoWEro (MM CrocOOHOTO M3MEHSTh) (PePMEHTATHBHYIO aKTUBHOCTH OeJKa
F35H npu B3aumopmeiictBun ¢ ynoMsHyTeiM F35H, B nOpeanodTUTENbHOM BapUaHTE
OCYLIECTBJIEHHUs] HACTOSIIEro M300pETeHHsI — YMEHbLIAIMEro (Min CrocoOHOrO YMEHBIIATh)
¢depmenTaTuBHYl0 akTUBHOCTH Oenka F35H wmm  wmermbupyromero (wmm  crnocoOHOro
UHrUONpoBaTh) (PEPMEHTATUBHYIO akKTHUBHOCTh Oenka F35H, wnm mossimaromero (wim
CrOCOOHOTO TOBBIMATE) (PePMEHTATUBHYIO aKTHUBHOCTh Oenka F35H mpu B3aumonelicTBum C
ynoMsiHyTeiM OenkoMm F35H; u

(g)  HeoOs3aTeNBHO, PEreHePUPOBAHUE PACTEHUS M3 YaCTU PACTEHHS IO JIOOOMY W3

MyHKTOB (a)-(e).
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[11] PacTeHune uiu 4acTh pacTeHHs], MPOAYLUPOBAHHOE CIIOCOOOM MO TyHKTY [10].

[12] IToromcTBO pactenus o Jirodomy u3 myHKTOB [03]-[06] vt [11].

[13] Criocob, pacTeHne WM 4acTh PaCTEHUS IO JFOOOMY W3 MPEAbIAYLINX IyHKTOB, MPU
STOM, YIIOMSIHYTO€ pacTeHHe MpencraBisier coboli pactenue kykypyswl, QTL pacmomnoxeH Ha
XpoMocoMe 9 W COIepKUT, W/uiu (IaHKHUPOBaH MapkKepHbIMH ajuiensMu ma61070s01 u
ma30168s02, B mpennouTUTENHHOM BapHAHTE OCYLIECTBIEHHsS HACTOSINErOo H300pEeTeHus —
mapkepHbIMU agienssmMu maS0827s01 m mal6983s02, B OGonee mMpenrnouTUTENLHOM BapHaHTE
OCYLIECTBIIEHHs] HACTOSIIEr0o M300peTeHuss — MapkepHbIMH amnensmMu mal7117s01 u
ma61125s01.

[14] Criocob, pacTeHne nim 4acThb pacTEHUs IO JIOOOMY U3 MPEAbIAYLINX ITyHKTOB, MPU
3TOM,

ma61134xxx npencraBiser coOOM MHCEPLMIO, MO0 MEHbLIEH Mepe, OJHOr0 HyKJICOTHIA
Mexay noyoskeHussMu 134254381 u 134254382 xpomocomsl 9, oTHOcsAwercs k nuauu PH207, B
NPEANOYTHTENIbHOM BapUAaHTE OCYINECTBJIEHMS HACTOSILEr0 HM300peTeHHss — MHCEpLHs,
npezacrasienHas B SEQ ID NO: 12; u/unu

ma61070s01 mnpencraBnsier coOoif  oxHOHyKiIeoTHAHbIH momumoppusm (SNP) B
nosoxeHuu 121588825 xpomocomsl 9, oTHOCcsmeics k tuaun PH207, npu 5TOM, yIOMSIHYTBIN
HyKJIeOTHA npencrasisier coboil A mimm T, B NpeamodTUTENTbHOM BapUaHTE OCYIIECTBIIEHUS
HACTOSIILEro M300peTeHus — OAHOHYKJIeOTHIHbINH mnojgumopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 13; w/vnu

ma30168s02 mnpencraBisier coOOW OMHOHYKJIEOTHAHBbI mnomumopdusm (SNP) B
nosoxeHun 139452428 xpomocomsl 9, otHocsmecs k tuauu PH207, npu 5TOM, yIOMSHYTBIN
HYKJICOTUA TpencTaBisier codoit A mwiu G, B NMPEANOYTUTEbHOM BapHAHTE OCYLIECTBIICHUS
HACTOSIIIEro M300peTeHus — OJHOHYKJICOTHAHBINH mnojuMopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 14; w/vnu

maS50827s01 mpencraBisier coOOW OMHOHYKJIEOTHAHBbIH mnomumopdusm (SNP) B
nosoxeHun 127454426 xpomocoMsl 9, otHocsmeics k tuanu PH207, npu 5TOM, yIOMSIHYTBIN
HYKJICOTUA TIpencTaBisieT coboit A mimu G, B NMPEANOYTUTEbHOM BapHAHTE OCYLIECTBIICHHS
HACTOSIIIEro M300peTeHus — OJHOHYKJICOTHAHBINH mnojuMopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 15; w/vnu

mal6983s02 mpencraBisier coOoOW  OMHOHYKIEOTHAHBIH momumopdusm (SNP) B
nosnoxeHun 137363784 xpomocoMsl 9, otHocsmencs k tuanu PH207, npu 3TOM, YyIOMSIHYTBIN
HYKJICOTHA TIpencTaBisieT coboit A mimu G, B NMPEANOYTUTENbHOM BapHAHTE OCYLIECTBIICHHS
HACTOSIIEro M300peTeHus — OAHOHYKJICOTHAHBIN mnonuMopdusm (SNP), mpencraBieHHbIH B

SEQ ID NO: 16; w/vnu
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mal7117s01 mnpencraBisier coOol OmHOHYKIEOTHAHBIN momumopdusm (SNP) B
nosoxeHnn 132038900 xpomocoMsl 9, oTtHOCcsmelcs k tuany PH207, npu 5TOM, yIOMSIHYTBIN
HYKJIEOTUA TpencTaBisieT coboil A mimu G, B NPEANOYTUTENbHOM BapHAHTE OCYLIECTBIICHHS
HACTOSIIEro M300peTeHus — OAHOHYKJICOTHAHBIN mnojuMopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 17; w/vnu

ma61125s01 mpencrasisier cobol  omHOHYKIeOTHUAHBINH momumopdusm  (SNP) B
nosoxeHun 135947973 xpomocomsl 9, otHocsmecs: k tuanu PH207, npu 5TOM, ynOMsSIHYTBIN
HYKJIEOTUA TpencTasiseT coOoil A minu G, B NPEANOYTUTENLHOM BAapUAHTE OCYIIECTBIICHUS
HACTOSIIIEro M300peTeHusi — OAHOHYKJICOTHAHBINH mnonuMopdusm (SNP), mpencraBieHHbIN B
SEQ ID NO: 18.

[15] Criocob, pacTeHne niM 4acTh pacTeHUs IO JIOOOMY W3 MPEAbIAYLINX ITyHKTOB, MPU
9TOM, HYKJIEOTHAHAs IIOCIEeNOBAaTEIbHOCTh HeMyTupoBaHHoro reHa F35H copepxur
NOCJIEA0BATEIbHOCTD, BEIOPAHHYIO U3 TPYIIIbI, COCTOSIIEH U3

(1) HYKJICOTUIHOH mocnenoBareabHOCTH, peactasieHHol B SEQ ID NO: 1, 4 wnu 7,

(i)  HykmeoTumHOUW mocienoBatenbHocTH, NMeromneit ¢/IHK, npencrasnennyio B SEQ
ID NO: 2, 5 unu 8;

(i)  HYKJIEOTHAHOH  MOCJIENOBATEIBLHOCTH, KOJUPYIOLIEH  aMHUHOKHUCJIOTHYIO
MOCJIEZI0BATEIbHOCTD, npeacTasieHHyo B SEQ ID NO: 3, 6 unu 9,

(iv)  HYKJIEOTHAHOH TOCJNENOBATENbHOCTH, HUMEKINEeH, Mo MeHbiueld wmepe, 60%
UAEHTUYHOCTD C MOCJIeN0BaTeIbHOCTRIO, ipenctasienHoi B SEQ ID NO: 1, 2,4, 5, 7 unu 8.

(V) HYKJIEOTHIHOHN MOCJIEA0BATEIbHOCTH, KOIUPYIOLIEH MOJUIMENTH I, UMEIOLIUH, 10
MeHbinel Mepe, 60% HAEHTUYHOCTh C MOCJIEeNOBaTEIbHOCTRIO, TpenctasieHHoi B SEQ ID NO:
3, 6 unu 9,

(vi)  HYKIEOTHAHOH TMOCHENOBATENbHOCTH, THOPUAM3HPYIOMIEHCS C  OOpaTHBIM
KOMIUIEMEHTOM HYKJIEOTHIHOW MOCJIEAOBATEIbHOCTH, KaK OmpeneseHo B myHkrax (i), (i) wmm
(ii1), B )KECTKUX YCJIOBHSX THOPUIU3ALIIN; U

(vil) HYKJIEOTHIHOHW TOCIENOBATEIPHOCTH, KOAMPYIOMEH OeNnoK, TOMy4YeHHbIH W3
AMHUHOKHCJIOTHOH MOCIeNOBATEIBHOCTH, KOAUPYEMOH HYKJICOTHIHOW MOCIEN0OBATEIBHOCTBIO U3
nyHKTOB (1)-(Vi) TyTeM 3aMelleHus, AeJeudd Wuian n00aBlIeHHs, MO MEHbIIEH Mepe, OIHOM
AMHUHOKHCJIOTBl ~ aMHUHOKHCJIOTHOH  TOCJENOBATENIbHOCTH,  KOAWPYEMOW  HYKJICOTUAHOHN
MOCJIEZIOBATEILHOCTBIO U3 MyHKTOB (1)-(Vi).

[16] Criocob, pacTeHne WM 4acThb PaCTeHHs 1O JFOOOMY M3 MPEABIAYINUX MYHKTOB, MIPU
5TOM, MyTalMs MPENCTaBIsieT COOOH MyTaLMIO CIOBUTAa PAMKH CUYHUTHIBAHMS MM HOHCEHC
MYTAIMIO, MPHUBOAUT K HM3MEHEHHOW 3KCIPECCHU HYKJICOTHIHOW MOCIENOBATENbHOCTH HIIH

U3MEHEHHON (DepMEHTAaTHMBHON aKTUBHOCTH KOAHMPYeMOro Oenka, B MPEINOUYTHTEIHHOM
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BApPHUAHTE OCYIIECTBJICHUS] HACTOSIIErO M300pETeHHs — K YMEHBIIEHHONW WM OTCYTCTBYIOIIEH
SKCIPECCHH HYKJIEOTHUAHON TOCIENOBATENbHOCTH, WM YMEHBIIEHHOW (pepMeHTaTUBHON
AaKTUBHOCTH KOAMpyeMoro OenKka, WM TOBBIIIEHHOW (DEPMEHTATUBHOW AaKTHBHOCTH
KOAUPYeMOro Oenlka, NMPUBOIUT K HM3MEHEHHOW IMOCIIENOBATENbHOCTH O€NKa, KOIUPYEeMOTO
HYKJICOTUHOHN TIOCIIEAOBATENIbHOCTBIO, WJIM MPEACTaBIsieT COOOH HMHCEPLMIO, HENEHI0 N
3aMelIeHne, MO MEHbIIeH Mepe, OJHOrO HYKJIEOTHIAa B KOAHMPYIOLIeH o0nacTw, B CHrHaie
CIUTaliCUHTa UJIU B PETYJIATOPHOM 3JIEMEHTE YIIOMSHYTOH HYKJIEOTUHO MOCNE0BATEIbHOCTH.

[17] Criocob, pacTeHne niM 4acThb PaCTEHUs IO JIOOOMY U3 MPEAbIAYLINX ITyHKTOB, MPU
3TOM, MyTauus TMpPEACTaBIsieT CcOOOM  MHCEPLUIO, B  IPEANOYTHTEIBHOM  BapUaHTE
OCYLIECTBJIEHUsS] HACTOALIEr0 H300pEeTeHHs] — B O5K30H, B IPEANOYTHTEIBPHOM BapUaHTE
OCYILIECTBIIEHHs] HACTOSIIEr0 M300peTeHNss — MHCEPLMIO B MEPBBIA 5K30H, IO MEHbIIEH Mepe,
OJTHOTO HYKJIEOTH/IA, B IPEANOYTHTEILHOM BAPUAHTE OCYLIECTBIICHUS HACTOSIIEr0 H300peTeH s
— HHCEePLUMI0 CO CIOBHUIOM pAaMKH CUUTHIBAHUS, B OOJjiee MNPEearnOYTUTEIbHOM BapHAHTE
OCYIIECTBJIEHHsI HACTOSINEr0 M300peTeHNst — MHCEPLUsl COCTOUT U3 187 HyKIICOTHUAOB I M3,
npuMepHo, 187 HyKJICOTHUIOB, W/MIM MHCEPLHsI HAXOAUTCSI MeKAy nojoxkeHussmu 97 u 98 rena
F35H, npencraBneHHoro HykieotuaHoi nocnenosarenbHOcThi0 B SEQ ID NO: 1. B ocobenno
NPEANOYTHTENIFHOM BapHUaHTe OCYLIECTBJIEHHsI HACTOSLIEro M300peTeHHs, MyTHPOBAHHBIN I'eH
F35H conepuT HyKJIEOTUIHYIO MOCIENOBATeNbHOCTD, npeactasieHHyo B SEQ ID NO: 11. B
AJIbTEPHATUBHOM BapHaHTE OCYLIECTBJIEHHUsS] HACTOSIIErO M300pETeHHsI, MyTaLUsl MPEICTaBIISIeT
co00li 3aMelIeHne, B MPEeANOYTHTEIbHOM BAPHAHTE OCYIIECTBIICHUS HACTOSIIEro H300peTeH s —
3aMelIeHne, M0 MeHbIIeH Mepe, OJHOW HYKJIEMHOBOH KHCJOTHI, MPUBOAsALIEe K OOMEHy, 1o
MeHbIIel Mepe, OJHON aMHUHOKHCJIOTBI, WJIM TMPUBOAALIEE K IMPEBPAILEHUI0 KOAUPYIOLIEro
AMUHOKHUCJIOTY KOJOHa B CTOI-KOAOH. B mpenmnouTuTenbHBIX BapHaHTAaX OCYIIECTBICHUS
HAacTOsIero  u3o0pereHus, MyTUpoBaHHBIH rTeH F35H  comepkuT  HYKICOTHIHYIO
MOCJIEZIOBATENIbHOCTh, KOAUPYIOLIYIO OJHY M3 AaMHHOKHCJIOTHBIX IOCJIEIOBAaTEIbHOCTEN,
BbIOpaHHBIX U3 rpymmbl, coctosmeid u3 SEQ ID NO: 20, 22, 24, 26, 28, 30, 32, 34, 36, 38 wiu
40. Takast HyKJIEOTHUIHASI MTOCJIEIOBATEIbHOCTh MOXKET ObITh BBIOpAaHA U3 TPYIIIBI, COCTOSIIEH 13
SEQ ID NO: 19, 21, 23, 25, 27, 29, 31, 33, 35, 37 unu 39.

[18] Criocob, pacTeHne WM 4acTh PaCTEHUS IO JFOOOMY U3 MPEAbIIYLINX IyHKTOB, MPU
5TOM, YIOMSIHYTasl 4aCTh PACTEHUS HE MPECTABISIET COOOH MaTepHal Uit Pa3MHOKEHHUSI.

[19] Criocob, pacTeHne WM 4acTh PaCTEHUS IO JFOOOMY U3 MPEAbINYLINX IyHKTOB, TPU
3TOM, YIOMSIHYTasl 4aCTh PACTEHUs HE MPEACTABISIET COOOH CTEPHIO.

[20] Criocob, pacTeHne WM 4acThb PACTEHUS IO JIOOOMY U3 MPEIbIAYIINX MYHKTOB, MPH
5TOM, YIOMSIHYTO€ pPAacT€HHE WM 4YacTh PACTEHUS MNPOUCXOAUT W3 KYKYpPYy3bl, COPro WU

CaxapHOIro TPOCTHHKA.
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[21] IonuHyKIENHOBAsT KUCIIOTA, TaKasl KakK ajuleb-Crielu(ruecKasi MOJNHYKICHHOBAs
KUCIOTa (MONEKYJSApHBIA Mapkep), cnenuduyeckn THOpUAM3YIOLIAsCS C J000H U3
nocienoBarenpHocTel, npenacrasiaeHHbix B SEQ ID NO: 10, 12, 13, 14, 15, 16, 17 unu 18, unu ¢
€€ KOMIUIEMEHTOM, UM OOpPaTHBIM KOMITJIEMEHTOM.

[22] Hcnonp3oBaHu€  NOJUHYKJIEMHOBOW  KHMCIOTbI 1O  IyHkTy [21] wmm
MOJIMHYKJIENHOBON KHCJIOTBI, TAKOH Kak ajulelb-crienu(uyeckas MOJHHYKJIEHHOBAs KHCIOTa
(MoneKkyNApHBINA Mapkep), Uid MACHTU(UKALMN PAaCTEHUS WM YacTU PacTeHHs, 00JalaroIero
yIYUIIEHHON TepeBapruBaeMOCTBIO, WJIM s BbIOOpAa pacTeHus, WIM YacTH pPaCTeHHS,
obyafaromero yiIydImeHHON TMepeBapuBaeMOCThiO, MO JioOomy u3 myHktoB [03]-[06], B
NPEANOYTUTENILHOM BapUaHTE OCYIIECTBIEHUsS HACTOSIIEr0o H300peTeHus — CrocoOOM IO
nyHkty [01] nnu [02], npu 3TOM, B NPEANOYTUTEIPHOM BAPUAHTE OCYILIECTBIEHHUS] HACTOSIIErO
n300peTeHus], MOJMHYKJICNHOBAsI KHCJIOTa MOAXOOWT AJS THOPHOM3ALMU B KAuecTBE IMPSMOrO
npaiiMepa U oOpaTHOTO MpaiMepa Uil JIOKyCa Ha XPOMOCOMHOM HHTEPBaJe, KOTOPBI COBMECTHO
CEerperupyercsi ¢ YJIy4IIEHHOW IepeBapuBaeMOCTBIO, IIPU 3TOM, XPOMOCOMHBIN HHTEpBaJ
HAaXOAMTCSI Ha XxpomMocomMe 9 wu ¢naHkupoBaH MapkepHbIMH amiensiMu ma61070s01 u
ma30168s02, B MpPEANOUYTHTENBHOM BapHAHTE OCYLIECTBJICHUsS] HACTOSINEr0 H300peTeHus: —
MapkepHbIMU ayutensiMu maS0827s01 u mal6983s02, B Gojee MpeAnOYTHTENHHOM BapHUAHTE
OCYLIECTBJIEHHs] HACTOSIIErO M300peTeHuss — MapkepHbIMH amiensmMu mal7117s01 wu
ma61125s01.

[23] Cnoco® mpoayuupoBaHus CHJIOCOBAHHOTO PACTUTENILHOIO MaTepuaja WM KopMma
IUTSL SKUBOTHBIX, 00JIQIAOIIErO YAYUIIEHHO!H MepeBapUBAEMOCTBIO, CONEPIKALIUI

(a) BBIpaLIMBAaHUE PACTEHUS M0 JIFOOOMY U3 MyHKTOB [03] - [06] wm [11],

(b) cbop pacTeHws UK €ro YacTH,

(¢) HeoOs13aTeNIbHO, U3MeNTbYeHHEe W/ WK ApOOJIeHEe PACTEHUS I €r0 YacTH, U

(d) cunocoBanme pacTeHust UM ero 4actu no nyHkTy (b) wiu (¢), Heobs3aTenpHo, myTeM
n00aBJIEHUsS] CTUMYJIATOPA, TAKOTO KaK OaKTepUaIbHBII HHOKYJISIHT, caXxap U (PePMEHT.

[24] CunocoBaHHBIN  paCTUTENBHBIM MaTepHal WM KOPM Ui KUBOTHBIX,
NPOAYLHUPOBAHHBIA CIOCOOOM MO MyHKTY [23].

[25] Cnoco® mpoaynupoBaHusi Ouorasa WM OHO3TAHOJA, CONEPIKALIUN CIEeIYIOLIre
STAarbl:

(a) mpemnoskeHue pacteHuss mo Jrodomy u3 nyHktoB [03]-[06] wmm [11], wium
CUJIOCOBAHHOIO PACTUTEIBHOIO MaTepuala 1o NyHKTy [24], u

(b) mpomyumpoBanue Oworasa wiu OWO3TAHONA W3 PACTEHUS WM CHIOCOBAHHOTO
PaCTUTENLHOIO MaTepHaa.

KPATKOE OIIMCAHUE ®UI'VP
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@urypa 1: DNDF (mepeBapuBaemasi HEHTpaJbHO-IAETEPreHTHAs KieTdarka)-3(pdexts
QTL na xpomocome 9 kykypy3el (Zea mays). Hnentuduxaums cumpHOoro QTL s
NepeBapuBaeMOCTH Ha XpoMocome 9. VYkasaHo mnpoueHtHoe coaepxkanue DNDF crephHu
KYKYPY3BL.

Qurypa 2: Ilonoxenusi mapkepHbix JiokycoB st QTL cumoca. Mapkepsr Obutu
oOHapy:KeHbl METOJIOM 3axBara nociienosarenbHocTel (SeqCapture) Ha ocHoBe AGPv02 1 WGS
(nomHOoreHOMHOE cekBeHupoBanue) muHuu QTL u cpaBHeHus ¢ stanonnoi muHueit PH207.

®urypa 3: Obnactb ToHKOTO reHeTndeckoro kapruposanust QTL cunoca, npoBeneHHOTO
MOCPENCTBOM MOJIEKYJIIPHBIX MAPKEPOB B PA3JIUYHBIX PEKOMOMHAHTHBIX T€HOTHUIIAX.

@urypa 4. BelpaBHUBaHNE HYKJIECOTUIHON MOCAEA0BATEIbHOCTH 3TaJOHHOrO rena F35H
1 MyTUPOBaHHOTO reHa F35H B cOOTBETCTBUU ¢ OHUM BapUAHTOM OCYLIECTBJICHHs] HACTOSILLETO
n300peTeHus.

Qurypa 5: @yHKUMOHANbHAsI  BaJUAALUA  IOCPEACTBOM  OKCIIEPUMEHTA 110
cexkBeHnpoBaHuo PHK. Crpenka nokasblBaeT, YTO MHCEpPLUS SKCIPECCHPOBAHA U BbI3bIBAET
CABUT PaMKU CUUTBHIBAHUS.

@urypa 6: BereraunonHblii omelT anst ObicTpod Bamupanuu MytantoB rena F35H:
PesynpTaTel nNEepeBapMBa€MOCTH MYTAaHTHBIX pACTEHHWH M pACTeHUNW [AMKOrO TUla JJis
unentuduuupoanHoro QTL. B cpeanem, myrant PH207m023a w aukuii TN MOKa3aiu
pasHuly, cocTapysroyo 7,3 enuaunsl DNDF.

ITOJAPOBHOE OITMCAHUE BAPMAHTOB OCYIIECTBJIEHWA N30BPETEHMA

ITepen ommcaHueM CHUCTEMBI M CIOCOOa HACTOSIIETO M300pETEeHUs], CIEAyeT MOHUMATH,
YTO HACTOsIIIEee M300peTeHHe He OTPAHUYHMBAETCS] OMHCAHHBIMU KOHKPETHBIMH CHUCTEMaMH M
croco0amMu WM KOMOMHAIMSIMH, TTOCKOJIBKY MOJIPa3yMeBAETCsl, YTO TAKUE CUCTEMBI, CIIOCOOBI U
KOMOMHAIIMM MOTYT BapbUPOBAThCS. Takke CleAyeT NOHMMAaTh, YTO HCIOJb3yeMas B
HACTOSIIEM JOKYMEHTE TEPMHHOJIOTHS HE SBJISIETCSl OTPAaHUYMBAIOLICH, IMOCKOJIbKY O0BEM
HACTOSIIEro M300peTeHnst OyAeT OrpaHuyueH TOJIBKO mpuiaraeMoit popmysioit n3oopeTeHus..

B koHTEeKCTE HacTOSIEero NOKyMeHTa, (JOpMbl €TUHCTBEHHOTO YHCIA «a», «an» u «they
OXBAaTbIBAIOT KaK €IMHCTBEHHOE, TAK U MHOKECTBEHHOE YHCJIO, €CJIM MHOE SIBHO HE CJEeNyeT U3
KOHTEKCTa.

B KkoHTekcTe HACTOALIEro JOKYMEHTa, TEPMUHBI «COJEP KA, «CONEPKUT» U
«COCTOSIIIUNA U3» SIBJISIIOTCSI CHHOHMMAaMM TEPMUHOB «BKJIIOUAIOLIUID, «BKIIOUYAET» WIH
«copeprKaInii B ce0e», «CONEPKUT B ce0e» M OXBATHIBAIOT WU SIBJIIFOTCS MHOTOBAPHUAHTHBIMH,
U HE HUCKJIFOYAIOT MCMOJIb30BaHUE OTIOJHUTENbHBIX, HEMEPEUUCIEHHBIX YJIEHOB, 3JIEMEHTOB WIH
sTanoB crnocoboB. CrenyeT NOHMMAaTh, YTO TEPMHHBI «COIEPIKALIUID, «CONEPKUT» U

«COCTOSAIINUN HU3», B KOHTEKCTE HACTOSALIErO NOKYMEHTA, COAEPKAT TEPMUHBI «COCTOSILIUMN U3,
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«COCTOUT» U «COCTOUT M3», & TaKXKe€ TEPMHUHBI «COCTOSIIUN MO CYLIECTBY H3», «COCTOUT IIO
CYLIECTBY» U KCOCTOUT IO CYIIECTBY 3.

Ilepeuncnenue Auana3soHOB YMCIOBBIX 3HAYEHHUI MO KOHEYHBIM TOYKAM BKJIIOYAET BCE
yycla W A0S, BKJIIOYEHHblE B COOTBETCTBYIOINME [AMANa3OHbl, a TakXe MepedHCIIECHHbIE
KOHEYHbIE TOUKH.

B koHTEkcTe HACTOAIIEr0 JNOKYMEHTA, TEPMHH (IIPUMEPHO» WIIH KIPUOIUZUTEIHHOY,
OTHOCSILIMICS K H3MepsSEeMOMYy 3HAU€HUIO, TaKOMYy Kak IapaMeTp, BeIUYMHA, BPEMEHHas
JUTUTENIBHOCTh U TOMY NTOA0OHOE, peayCMaTPUBAeT BKIIKOUeHHE Bapuaimii +/-20% uinn MeHee, B
NPEANOYTUTENIHOM BapUaHTE OCYIIECTBIEHUs HacTosero nodperenus — +/-10% wunu mMenee,
B OoJiee MPennoUTUTEIbHOM BapHaHTE OCYIIECTBJICHUS HACTOSIIEro u3odperenus — +/-5% wnmm
MeHee U B ele OoJiee MPeAroUTUTEIbHOM BapHaHTE OCYIIECTBIICHUS] HACTOSIIEr0 H300peTeHHs
— +/-1% wnnu MeHee OT YKa3aHHOTO 3HA4Y€HMs, B TOI Mepe, B KakOW Takue BapUalMM MOJXO AT
ISl HCTIOJIb30BAHMSI B PACKPBITOM M300peTeHnu. Crenyer NOHUMATh, YTO 3HAaY€HHEe, K KOTOPOMY
OTHOCHUTCSI OOCTOSITENIBCTBO KIIPUMEPHOY» TN IIPHOIU3UTEIBHO», CaMO TAKXKe ONpPeeSICHHbIM
00pa3oM U MPEeNMyIIEeCTBEHHO PACKPBITO.

XOTsl TEPMHUH IO MEHBIIEN Mepe, OUHY», TAKOW KaK, MO0 MEHbLIEH Mepe, OANH YJIeH U3
IPYNIIbI YJIEHOB, SICEH per se, MOCPEICTBOM JaJbHEWIIero MOSICHEHHs Ha INpuMepax Oyner
HOHSTHO, YTO 3TOT TEPMHH BKJIIOYAET, B YACTHOCTH, CCBUIKY Ha JIOOOW OIUH W3 YIIOMSIHYTBIX
YJIEHOB WJIM Ha JIFOObIE, 0 MEHbINEH Mepe, 1Ba U3 YIOMSHYTBIX YJIEHOB, TAKUE KaK, HAIPUMED,
arbbie >3, >4, >5, >6 wnu >7 W Tak najee W3 YIOMSIHYTBIX YIEHOB, M BIUIOTh JO BCEX
YIOMSIHYTBIX YJIEHOB.

Bce ccbuiky, nmpuBeneHHbIE B HACTOSIIIEM ONUCAHUH, BKIFOYEHbI B HACTOSIIUN JOKYMEHT
MOCPENCTBOM CCBUIKM B TIOJHOM oOObeMe. B wacTHOCTH, WIeH, COIep Kalluecss BO BCEX
OTIpeNIeNIeHHbIM 00pa30M MPHUBEICHHBIX CChUIKAX HACTOSINEr0 AOKYMEHTA, BKJIIOYEHBI B HETO
MOCPEACTBOM CCBLIKH.

Ecnn He naHo mHOe ompernesneHue, BCe TEPMUHBI, PACKPBIThIE B HACTOSLIEM TOKYMEHTE,
BKJIFOUAsl TEXHUYECKHE M Hay4yHble TEPMUHBI, HUMEIOT 3HAU€HUs, KOTOpble, Kak MPaBUIIO,
MOHATHBI CHEIHATUCTY CpeaHed KBaIM(pUKAMK B JaHHOW OOJACTH TEXHHUKH, K KOTOPOH
OTHOCHTCS HacTosiee n3oopererne. I1ocpencTBOM AOMOTHUTENBHBIX PA3bICHEHUH, BKIFOYCHBI
OTIpENIENICHNS] TEPMHUHOB JJIs1 TOTO, YTOOBI JIYUIIIe MOHSITh UACK HACTOSIIEr0 H300PETeHHUS.

CrannmapTHbele CIpaBOYHbIE H3/AHUS, H3JIAraromue OOLIHMe NPUHLMUIBI TEXHOJOTHH
pexomOunanTHOW JIHK, Brmouaror MonekynsapHoe KJIOHUpoBaHMe: HMHCTpyKius 1o
NPOBENEHUIO JTA00PaTOpHbIX padoT, 2-e m3a., T. 1-3, mox pen. Cambpyk u ap., Cold Spring
Harbor Laboratory Press, Konx Copunr Xap6op, Huro-Hopk, 1989; Tekyinue mpoTOKONbI B

MoOJIeKyJIsIpHO# Omonoruu, nox pen. OcyOens u ap., Greene Publishing m Wiley-Interscience,
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Huro-Hopx, 1992 (¢ mepuonmueckumu obHoBIeHmsamu) («Ocybens u ap. 19927); cepus
«Metonp! sH3uMOJorum» (Academic Press, Inc.); Manuc u np., [Iporokonst PCR: PykoBoacTso
no meronaM u npumeneHuto, Academic Press: Cau-/luero, 1990 rox; PCR 2: IlpakTudeckwii
noxxon (M. JLx. Makdepcon, B.J1. Xetimc u I'.P. Teiinop, nox pen. (1995); Xapnoy u Jleiin, nox
pen. (1988) Amnturena, MHCTpykuuss mo mnpoBeneHuro jabopatopHbix pabor, m Kynbrypa
xKHUBOTHBIX KieTok (P. 1. ®pewnu, nox pen. (1987). OOmue npuHLMIB MHUKPOOHOIOTHH
U3JIOJKeHbI, Hanpumep, B padore [Ipsuc, b.JI. u np., Microbiology, 3-e u3n., Harper & Row,
u3narenbeTBo, Punanenvdus, [lencunsBanus (1980).

B Hmwxecnenyromux BbIAEPKKAX pa3MYHBbIE AaCMEKTbl HACTOSIIEro H300peTeHus
onpeneneHbl Oonee noapoOHo. Kaxkablil acrekT, onpeneneHHbld TaKUM 00pa3oM, MOXKET OBbITh
oOBbeMHEeH C JIOOBIM JPYTUM acCHeKTOM HJIM acleKTaMH, €CIIU SIBHO He yKa3aHo oOpartHoe. B
YacTHOCTH, JHOOOM TpHU3HAK, YKAa3aHHbI KaKk MPEANOYTUTENbHBIH WM  HMEIOLIHi
NPENMYILIECTBO, MOXET OBbITh OObEAWHEH C JIOOBIM APYIMM IPHU3HAKOM WM IPU3HAKAMH,
yKa3aHHBIMU KaK IPEANOYTUTENbHbIE M UMEIOIINE IPEUMYIIECTBO.

Ccpika, npuBOAMMAs HAa TNMPOTSDKEHHUH BCErO JAHHOTO OINMHCAHUS HAa «OAWH BapHaHT
OCYIIECTBJIEHHST HACTOSIIIEr0 W300pETeHUs)» WM «BAPHAHT OCYLIECTBJICHHUS] HACTOSILIETO
M300peTeHus» O3HAYaeT, YTO OCOOBIN NMPHU3HAK, CTPYKTypa MJIM XapaKTepUCTHKA, ONHMCAHHbIE B
CBSI3U C OTHUM BAapHAHTOM OCYINECTBJICHHs HACTOSILIETr0 M300peTeHMs], BKIIOYEHA, 10 MEHbIIeH
Mepe, B OIMH BapHAHT OCYLIECTBIICHHs HacTosimero n3ooperenusi. Takum oOpa3oMm, BbIpaKeHUs
«B OIHOM BapUAHTE OCYLIECTBJCHHsS HACTOSIIEr0 U300pETeHUs» WM «B BapHAHTE
OCYLIECTBJIEHHs] HACTOSIIIEr0 H300pEeTeHus», TMPHUCYTCTBYIOIIME B PA3IMYHBIX MeECTax
HACTOSIILIEr0 ONHCAHUs, HEeOoOs3aTebHO BCE OTHOCSTCS K OJHOMY U TOMY JK€ BapUAaHTY
OCYLIECTBJIEHHs] HACTOSIIEr0 HM300pPETeHHUs, OJHAKO 3TO MOXET UMeThb MecTo. Kpome Toro,
0oCcOObIe TPU3HAKH, CTPYKTYPhl HJIM XapaKTEPUCTUKH MOTYT OBbITh OOBEOUHEHBI JIIOOBIM
MOJXOASALINM 00pa3oM, Kak 3T0O ObUIO Obl OYEBHIHO M3 HACTOSINEr0 M300pETEeHUs CIEHHAJIICTY
B JaHHOW 00JIACTH TEXHUKH, IO MEHbIIEH Mepe, B OTHOM BapUAHTE OCYIIECTBIIEHHS HACTOSLIETO
n3o0Operenusi. Kpome TOro, XOoTs HEKOTOpble BapHaHTBl OCYIIECTBJICHUS HACTOSIIETO
n300peTeHNs, ONMMCAHHBbIE B HACTOSIIEM JOKYMEHTE, BKIIFOYAIOT HEKOTOpPble, HO HE JPYrue
NPU3HAKH, BKJIOUYEHHBIE B JAPYrHE€ BAaPHAHTHI OCYILECTBJICHUS HACTOSIIEr0 H300pEeTeHHs,
NpEeArnojaraerTcs, 4Yro KOMOWHAIMM TPHU3HAKOB PA3JIMYHBIX BAPUAHTOB OCYIIECTBIICHHUS
HACTOSIIEro N300peTeHHs HAXOIATCS B Mpeenax 00beMa HaCTOSIIero H300peTeH s U 00pasyoT
pa3NUYHBIE BapUAHTBI €r0 OCYLIECTBIIEHHs, YTO ObLIO OBl MOHATHO CHEHAINCTaM B JAHHOU
obnactu TexHuku. Hampumep, B mpuiaraemoit gpopmyne n3odpereHus, o00i U3 3asBICHHBIX
BAPUAHTOB OCYIIECTBJICHUS HACTOSIIErO HM300pETeHHsT MOXKET ObITh HCIIOJBb30BaH B JIFOOOH

KOMOUHALIUU.
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B HmwkecnenyromemM nmoapoOHOM OMNMCAHWU HACTOSLIErO HM300pETeHUs MpHUBEIeHA
CCbUTKA Ha MpHJIaraeMble YePTEKH, KOTOPbIE COCTABJISIOT YaCTh HACTOSIIErO JOKYMEHTA, U B
KOTOPBIX [JIA HArjJggAHOCTU TIIOKAa3aHbl TOJIbKO KOHKPETHBIC BapUAHTBbI OCYIICCTBJICHUA
HACTOSIIEro HM300peTeHHs, MOCPEACTBOM KOTOPBIX HACTOsiiee H300peTeHHe MOXKeT OBITh
ocymectsieHo. Creayer NMOHMMAaTh, YTO MOTYT OBITh HCIIOJNB30BAaHbl M APYrHe€ BapHAHTHI
OCYILIECTBIIEHHS] HACTOALIETO N300PETEHMs], a CTPYKTYPHBIE MIIM JIOTUYECKHUE U3MEHEHUS] MOTYT
ObITb BHECEHBI, HE BBIXONIS 3a paMKu oObeMa HacTosimero wu3o0pereHus. Iloatomy
HIDKeCHenyrolee noapoOHOe OMUCaHNUE BAPUAHTOB OCYIIECTBJICHUS HACTOSIIEr0 M300peTeHUs
He CcJelyeT MOHMMAaTh B OrPAaHUYMBAIOIIEM CMbICIe, a O0OBEM HACTOSIIEero H300peTeHus
ompenenseTcs mpuiaraeMoit popmyson n3oopeTeHusl.

IIpennouTturenbHble NMyHKTHl (IIPU3HAKM) M BApUAHTHI OCYLIECTBIEHHUS HACTOSIIETO
n300peTeHus U3J0KeHbl Hibke. Kaxiplii U3 MyHKTOB ¥ BAPUAHTOB OCYILIECTBJICHUS] HACTOSIIErO
nu300peTeHus], ONMpeneNieHHbIX TakKuM 00pa3oM, MOKET ObITh OOBEOUHEH C JIOOBIM APYTHM
IYHKTOM H/MJIM BAPHAHTOM OCYLIECTBJICHUs] HACTOSILIEro M300pETeHHs], eCIU SIBHO HE YKa3aHO
oOpataoe. B wacTHOCTH, MOOOH MPU3HAK, YKA3aHHBIA KaK MPENNOYTUTENbHbI MM WMEFOLIHHA
NPENMYILIECTBO, MOXKET OBITh OObEAWHEH C JIOOBIM APYIMM IPHU3HAKOM WM IPU3HAKAMH,
YKa3aHHBIMH KaK MPEANOYTUTENIbHbIE M UMEIOIINE PEUMYIIECTBO.

B KOHTeKcTe HACTOSIIEro NOKyMEHTa, TEPMHH «KYKypPy3a» OTHOCUTCSI K PACTEHUIO BUAA
Zea mays, B MPEANOYTUTEIbHOM BapHaHTE OCYINECTBICHUS HACTOSINEro m3oOpeTeHus: — Zea
mays ssp mays.

B KOHTeKCTe HACTOSINEro JOKYMEHTa, TEPMHH «COPTrO» OTHOCHUTCS K PACTEHHIO poja
Sorghum u BrirO4aer 6e3 orpanudenusi Sorghum bicolor, Sorghum sudanense, Sorghum bicolor
x Sorghum sudanense, Sorghum x almum (Sorghum bicolor x Sorghum halepense), Sorghum
arundinaceum, Sorghum x drummondii, Sorghum halepense n/unu Sorghum propinquum.

B koOHTekcTe HACTOSIEr0 NOKYMEHTA, TEPMUH «CaxapHbI TPOCTHHUK» OTHOCHUTCS K
pactenuto Buna Saccharum officinarum.

TepMI/IH «PaCTCHHUE» BKIIHOYACT LEIbIE paCTCHUA, BKIIKOYas UX ITIOTOMKOB UJIK ITIOTOMCTBO.
TepMHH «4acTb pacTeHHs» BKJIOYAeT JIOOYIO 4acTh WM MPOM3BOAHOE PACTEHHMs, BKIIFOHYAsS
ONPCACIICHHBIC TKAaHW WK CTPYKTYPbl pPACTEHUS, PACTUTCIBbHBIC KIIETKU, paCTPITe.]'IbeIfI
MPOTOIJIACT, PACTUTENBHYIO KJIETKY WA KyJbTYpPy TKaHH, U3 KOTOPOH MOKHO PEreHepupoBaTh
paCTeHuA, KaJUIyCbhbl PACTCHHsA, CKOIUICHUA PACTUTCIIbHBIX KICTOK W PACTUTCIBHBIC KIICTKH,
HaxoasdAmuecss B MUHTAKTHOM COCTOAHUHN B PACTCHHAX WM YaCTAX paCTeHPIfI, TaKHUEC KaK CEMCHA,
3€pHA, NOYaTKHU, UBETKU, CEMANOIIN, JIUCTbA, CTe6.]'II/I, IMOYKH, KOPHHU, KOPHEBBIC KOHYUKU, CTEPHSA
u ToMy noaoOHoe. YacTu pacTeHuss MOTYT BKIIFOUaTh 0OpaboTaHHBIE YAaCTH PACTEHUS WIH €ro

MPOU3BOAHBIC, BKJIKOYUAA LBCTKU, MaACJid, SKCTPAKTBI U TaK HaJiceC. B ONPEACICHHBIX BapUaHTax
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OCYILIECTBIIEHHS] HACTOSIIIETO H300PETEHM s, YaCTh PACTEHHSI HITH €r0 MPOU3BOIHOE, YIIOMSIHYTOE
B HACTOSIIIEM JOKYMEHTE, MPEACTaBJIsIeT COOON CTEPHIO.

TepMuH «CTepHS», B KOHTEKCTE HACTOSIIErO JIOKYMEHTA, HCIOJb30BaH B CBOEM
O6I:;I"IHOM 3HAQYCHUH, U3BCCTHOM B I[aHHOfI O6.]'IaCTI/I TEXHHUKHU. HOCpeI[CTBOM JOIIOJIHUTCIIbHBIX
pa3”b$ICHeHI/II\/'I u 663 OTrpaHU4YCHUS, CTEPHA MOXKET COACPKATHb, COCTOATb HIIM COCTOATH IO
CYILECTBY U3 JIUCTbEB U CTEOJIEH MOJIEBBIX KYJIbTYp, TAKUX KaK KYKypy3a WJIH COPro, KOTOpbIe
OOBIYHO OCTaBJSIIOT B MOJe Mocie cOopa 3epHa, WM B BHAE CaxapHOro TpocTHHKA. CtepHs
MOJKET TaKK€ BKJIFOYATh NMOYATKH (HApUMep, CEpALIEBUHY YIIKa KyKypy3bl, Oe3 3epeH). CrepHs
MOKET TAKXKE HE COACPKATh IMOYATKH. CTepHH MOXKET TAKXKE€ BKIIKOYUATDH LICITYXY WA O6O.]'IOLIKI/I
(HarpuMep, JUCTOBUAHBIM HAPY)KHBIM TNOKPOB yIIKa KyKypy3bl). CTEpHS MOXKET Takke He
cozepskaTh menyxy win obosouku. CTepHs mojoOHa CONOME, 3TO OCTATOK, OCTABIUUICS MOCIe
cOopa 3epeH JIOOBIX 3JIAKOBBIX WJIM TPaBbl B COCTOSIHHM 3pEJOCTH Ha ceMeHa. Ee MOKHO
UCTIOJIb30BATh HEMOCPENCTBEHHO Ui BbIMaca CKOTA, HJIM €€ MOKHO BBICYIIUTh IS
UCTIOJIb30BaHus B KauecTBe (ypaxka. (Kykypy3Hyr0) CTEpHIO MOKHO MCIOJIb30BaH B Ka4eCTBE
KOpMa, 10O B KauecTBe IpydOro KOpMa MpH BbIMAce CKOTA, B U3MEJIbUEHHOM BHIE, KaK CHUJIOC,
IJIsT TIOCJIEAYIOLIErO HCIOJb30BAaHMA B KadecTBe (ypaxka, WIM e€e MOXHO coOuparh Ui
HETOCPEICTBEHHOTO (B HECHJIOCOBAHHOM BHJIE) MCIIOJIb30BaHUS B KauecTBe pypaxka. Kopmosyro
KYKYPY3y OOBIYHO CHJIOCYIOT B 00Jjiee MPOXJIaJHBIX PETHOHAX, HO €€ YpOyKai MOXKHO COOUpaTh
prrﬂblﬁ rog B TPOIUKAX W CKAPpMJIIMBATH >KHUBOTHBIM B Ka4€CTBEC 3CJICHOIO KOpMa. HpI/I
HCIOJIb30BAHUK B Ka4yeCTBE CHJIOCA, KaK IMPaBUJIO, PACTEHHE LEIUKOM (BMECTe C 3€pHOM H
CTepHEH) M3MENbYalOT Ha KYCKH, KOTOpBIE 3aTeM APOOST MEKIy BallkaMH BO BpeMmsi cOopa
yposxkasi. Kpome crebneii, TUCThEB, LIENYXH W MOYATKOB, OCTABLIMXCS B IOJIE, 3€pHA TAKKeE
MOTYT OCTaThCs mociie cOopa yposkas. DTH OCTABILIMECS 3epHA, HApPsAy C KYKYPY3HOH CTepHEH,
ClIy>KaT JOMOJIHUTECIbHBIM UCTOYHUKOM KOPMa IIPU BbINMACE CKOTA.

B ONPECACIICHHBIX BapUaHTaX OCYIIECCTBIICHUSA HACTOALIECTO I/I306peTeHI/I$I, HaCTb paCTCHUA
WIH €ro MPOM3BOJHOE COMAEPIKUT, COCTOMT MJIM COCTOUT MO CYIIECTBY U3, MO MEHbIICH Mepe,
OJHOTO, B NPEANOYTUTCIBHOM BAPHUAHTEC OCYILICCTBIICHUA HACTOSALICTO I/I306peTeHI/I$I — U3 BCEX
CTe6J’IeI>i, JIUCTBEB U IIOYATKOB. B ONIPCACIICHHBIX BapHaHTaX OCYIICCTBJICHUA HACTOAIICTO
U300peTeHus, 4YacTb pPaCTeHUs WJIH €ero MNPOU3BOAHOE TMPENCTaBisieT coOoW JHCThs. B
OTIpeNieIEHHBbIX BaAPHAHTAX OCYIIECTBIEHUsT HACTOSIIIETO U300PETEHNUS, YaCTh PACTEHHUS UJIH €70
NPOU3BOAHOE MpencTaBisieT coboit crebau. B ompeneneHHBIX BapHaHTaX OCYIIECTBICHUS
HACTOSIIEro H300peTeH s, YaCTh PACTEHHSI WJIM €roO MPOU3BOJHOE MPEACTABIISET COOOH MOYaTKH.
B ONPCACIICHHBIX BapUaHTaX OCYLICCTBJIICHHUA HACTOSALIECTO I/1306peTeHI/I$I, HaCTb PaCTCHUA WA
€ro MPOM3BOJHOE CONEPIKUT, COCTOUT UJIM COCTOUT MO CYIIECTBY U3, IO MEHbLIEH Mepe, OJHOTO,

B IIPEANOYTHTEIBHOM BapHAHTE OCYIIECTBJIEHHUS] HACTOSIIEro N300peTeH s — U3 BCeX cTelned u
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JUCThEB. B ompeneneHHbIX BapHaHTaX OCYINECTBICHUS HACTOSINEro H300pETeHHs, YacThb
pacTeHHsI I €ro TPOU3BOJAHOE COAEPIKUT, COCTOUT MIIM COCTOMT IO CYLIECTBY M3, IO MEHbIIEH
Mepe, OHOTO, B MPEANOYTUTEIbHOM BapUaHTE OCYIIECTBIEHHS HACTOSINErO M300pETeHHs — U3
Bcex cTeOneldl W moyaTkoB. B ompeneneHHBIX BapHaHTaX OCYINECTBJIEHUS HACTOSINEro
n300peTeHNs], 4acTb PAaCTEHHUs WM €ro IMPOU3BOAHOE COAEPIKUT, COCTOUT MM COCTOHUT IIO
CYIIECTBY W3, MO MEHbLIEH Mepe, OAHOrO, B NPEANOYTUTENbHOM BAapHAHTE OCYIIECTBIICHHUS
HACTOSIIIEro M300peTeHUs — W3 BCEX JIMCTbEB U IOYATKOB. B ONpeneNeHHbIX BapuUaHTax
OCYILIECTBIIEHHs] HACTOSIIIETO N300pETeHNs], YaCTh PACTEHHUS HIIM €r0 MPOU3BOIHOE HE SIBJISETCS
(pyHKIIMOHATBHBIM) MAaTEPHAJIOM Ui PA3MHOXKEHUs, TAaKUM KakK 3apOAbIIIeBas IUIa3Ma, CeMs
WM 32pOABIII PACTEHUs], WK APYrOi MaTepHal, U3 KOTOPOrO MOKHO PEreHepHUpPOBATh PACTEHHE.
B omnpeneneHHBIX BapHaHTax OCYIIECTBJIECHUS HACTOSLIETr0 M300pETEHUs], YacTh PACTEHUs HIIU
€ro NpOU3BOAHOE HE COAEPKUT ((PYHKIMOHAIBHBIX) MY)KCKMX U JKEHCKHX PENpPOAyKTHBHBIX
opraHoB. B ompeneneHHbIX BapuaHTaX OCYILIECTBJIEHHs HACTOSIIErO H300pETeHUs, YacThb
pacTeHus] WM €ro NPOU3BOMHOE SBISIETCS WM COAEPKUT MaTepuas Uil Pa3MHOXEHMs, HO
Marepuag sl pasMHOXKEHMs, KOTOPBIH HE MHCIOJb3YeTCs WJIM HE MOXET HCIOJIb30BaThCs
(Oospiie) mIst MOJy4YeHHs WM T€HEPUPOBAHUSI HOBBIX PACTEHUH, HANpUMep, MaTephai Ui
Pa3MHOKEHHs, KOTOPBIH ObT XUMHUYECKUM, MEXaHMYECKUM WM MHbIM 00pa3oM INpHBEAEH B
He(YHKIMOHAJIPHOE COCTOSIHME, HAlpUMep, MyTeM TEepMUYEeCKOH oOpaboTKH, KUCIOTHOH
00paboTKH, YIUIOTHEHUS, IPOOJICHUS, H3MEJIbYEHUs], CUJIOCOBAHUS U TaK Jajiee.

B KOHTEeKCTe HACTOSIIEro IOKYMEHTa, TEPMHH «IEPEBAPUBAEMOCTb» OTHOCUTCS K
NPOAYKTY M H3MepsieTCss B MPOLEHTHOM COJEP’KaHUHM MPOAYKTa (TaKOro, Kak pacTeHUe
KYKYPY3bl, COPrO MJHM CaXapHOTO TPOCTHHKA, WJIM 4YacThb PACTEHHs], WIH €ro MpPOHM3BOIHOE,
BKJIFOYAsi, HANpPUMEpP, CyXO€ BELIECTBO, OPraHHUYECKOE BEINECTBO HJIM KIETOYHYIO CTEHKY
NPOAYKTa), YCBOGHHOTO B MUINEBAPUTENIBHOM TpakTe >kuBOTHOro (bappeep u mp. 2003). [l
NPOBENEHUS] KOJMYECTBEHHOI'O aHa/M3a NEepeBapUBAEMOCTH KYKYPY3bl U APYTHX KOPMOBBIX
KyJnbTyp Obutn pa3paboTansl Ouonorudeckue u xumudeckue meronsl (Ban Coect u ap. 1963).
HefitpansHo-nereprentHast  kierdatka (NDF), mnpencrasmsromas cobol  OCTaTOK — mocie
yIAJEeHUsI PacTBOPUMOTO COJAEPKUMOrO KJIETOK, SIBJSIETCS BAXKHBIM HHIUKATOPOM KJIETOYHOU
CTeHKU pacTeHuss W UesutroJio3el. [lepeBapuBaemocts NDF kopMOB B yCOBHSX in Vitro
(IVNDFD) - 370 olLieHKa NepeBapuBaeMOCTH KJIETOYHBIX CTEHOK, MCXOJS M3 MPEANOJIOKEHUS,
YTO 4YacTh PACTHTEIBHOTO Marepuana, He conepxamas NDF, Obl1a MOJHOCTBIO TepeBapeHa
(Memmn u np. 2000). Kpome Toro, coo0Imanoce, 4To UCMOJIb30BaHUE OMMKHEH WH(PpPaKpPacHOM
cnekrpockonuu (NIRS) mo3Bossier TOYHO HU3MEPUTH MPU3HAKH TEPEBAPUBAEMOCTH Y MHOTHX
KOPMOBBIX KYJIBTYp, BKJIFOUast KyKypy3y (JIro60epmrent u np. 1997a, b, Lummep u ap. 1990). B

ONPECACIICHHBIX BaAPHUAHTAX OCYLICCTBJIICHUSA HACTOALIECTO I/1306peTeHI/I$I, JKUBOTHOC MPEACTABIIACT
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coboii  muexkomuTaroIee. B ompeneneHHBIX BapUAHTaX  OCYIIECTBJIEHUS  HACTOSIIEro
n300peTeHNs, JKHBOTHOE MPEACTABIIsIET COOO JKBAaUHOE JKUBOTHOE. B ompeneneHHbIX BapuaHTax
OCYILIECTBIIEHUS] HACTOSIIEr0 H300peTeHHs, >KUBOTHOE TPEACTABISIET COOOH TpPaBOSAHOE
JKUBOTHOE. B ompeneneHHpIX BapuaHTax OCYIIECTBIEHHs HACTOSILIETO M300PETEeHUs, JKUBOTHOE
NpeAcTaBysieT COOOH TPABOSIIHOE MIIEKOTIHTAIOIIEE.

VYnydiieHHas nepeBapuBaeMOCTb, YIIOMSHYTas B HACTOSILEM AOKYMEHTE, OTHOCUTCS K
MOBBILIEHHON NMEepPeBapUBAEMOCTH PACTEHHUs] WM YacTU PACTEHMs], WM K €ro IpPOU3BOAHOMY,
UMEIOIEMY XapaKTepHble OCOOEHHOCTH MO HACTOSILIEMY H300pETEHUI0, TaKHe Kak MyTalus,
mapkep, SNP unu QTL, kak onucaHo B APYroM MeCTe HaCTOSIIEro JOKYMEHTA, 110 CPABHEHMIO C
pacTeHHEM WJIN YacCTbH PACTEHHUs, WU C €r0 NMPOU3BOJHBIM, HE UMEIOIINM TaKUX XapaKTepPHbIX
ocobeHHOCcTell. B ompeneneHHbIX BapHaHTaX OCYIIECTBJIEHHS HACTOSIIEro H300peTeHus,
yJy4dll€HHas MU TOBBIMIEHHAs I€peBAPUBAEMOCTb OTHOCHUTCS K TIOBBIIIEHUIO CPEIHErO
3HaueHuss DNDF, o menblueit mepe, Ha 1%, Hanpumep, 1o MeHblIei Mmepe, Ha 2%, 1Mo MeHbIIel
Mmepe, Ha 3%, o meHbluel Mepe, Ha 4%, o MeHblIel Mepe, Ha 5%, Mo MeHblel mepe, Ha 6%,
no MeHbled Mepe, Ha 7%, Mo MeHblueill mepe, Ha 8%, MO MeHbluel mepe, Ha 9% wiu, O
MeHblielt Mepe, Ha 10%, B MNpennoOYTHTEIBHOM BapUaHTE OCYIIECTBJIECHUS HACTOSALIETO
n3o0pereHust — N0 MeHbled wMepe, Ha 2%, B Ooiee MPEANOUYTHTENILHOM BapHAHTE
OCYLIECTBJIEHHS] HACTOSLIETrO N300peTeHus — Mo MeHbInel Mepe, Ha 3%, HarnpuMep, 1Mo MEHbIIeH
Mmepe, Ha 4%.

TepmuH «JI0KyC» (JIOKYCBHI - MH.4.) O3Ha4aeT OMpPEAEICHHOE MECTO WIJIM MECTa, WU CalT
Ha XpoMocoMe, rae oOHapyskeH, Hanpumep, QTL, ren wiu reneTudeckuii Mapkep. B koHTekcTE
HACTOSILIEr0 JOKYMEHTa, TEPMHH «JIOKYC KOJHYECTBEHHbIX TMpPHU3HAKOB», wuiau «QTLy,
UCTIOJIB3YETCSI B CBOEM OOBIYHOM 3HAYEHWH, W3BECTHOM B JAHHOH OOJNACTH TEXHUKH.
ITocpencTBOM NONOJIHUTENBHBIX pazbsicHeHUd u Oe3 orpanndenus, QTL MokeT OTHOCHUTBCS K
obnactu JIHK, xoTopasi accoruupoBaHa ¢ quddepeHIHaIbHON SKCIPECCHe KOTUYeCTBEHHOTO
(beHOTUIIIUYECKOTO MPH3HAKA, TI0 MEHBLIEH Mepe, B OJHOM I'€HETHYECKOM (hOHE, HAIpHUMep, IO
MeHbIIel Mepe, B OgHOH mieMeHHon nonyssinun. O6macts QTL BKITFOUAET UM TECHO CLIETUIEHA
C T€HOM WJIM T'€HaMH, KOTOpbl€ OKa3blBaIOT BJIMSIHHE HAa pacCMaTpUBAEMbIil MpPU3HAK. «AJeNnb
QTL» moxer comep:kaTb MHOXKECTBO I'€HOB HMJIM JIPYTUX T'€HETHYECKHX (PaKTOPOB B Ipenenax
obnacTi (PyHKIIMOHAJIBHO CLEIUIEHHBIX M€HOB WJIM TPYIIBI CHEIJICHHs, TAKOW KaK TaruIOTHIL
Annens QTL moskeT 03HauaTh rarloTUN B Ipefenax yKa3aHHOTO OKHA, MPU 3TOM, YKa3aHHOE
OKHO TIPEACTaBjisieT co0Oi 00nacTh (PyHKIHMOHAIBHO CLEIJICHHBIX T'€HOB, KOTOPYK) MOJKHO
OTIPENIENNTh U OTCIEOUTH C MOMOIIBI0 Ha0Opa W3, MO MEHbIIEH Mepe, OAHOTO MOHOMOP(HOTO
u/wm nonmuMop@HOro Mapkepa. ['aruioTUIT MOKHO OMNPENENUTh MO YHHKAJIBHOMY OTIIEYATKY

ajesnel Ha KaxJOM Mapkepe B ykazaHHOM okHe. QTL moskeT koaupoBaTh, 10 MEHbLIEH Mepe,
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OJMH  ajjenb, KOTOpbIH  OKas3blBa€T BJIMSHHE HAa  OKCIPECCUBHOCTb  HENPEPHIBHO
pacnpeneneHHOTo (KOJMYeCTBEHHOTro0) (peHoTHIA. B OompeneneHHbIX BapuaHTaX OCYLIECTBICHUS
Hacrosimero usobOperenus, QTL, kak ommMcaHO B HACTOSIIEM JOKYMEHTE, MOXKET OBbITh
rOMO3HUIOTHBIM. B ompeneneHHbpIX BapraHTax OCYIIECTBJIEHUs HacTosimero n3odpererns, QTL,
KaK OTMCAHO B HACTOSIIEM TOKYMEHTE, MOXKET ObITh F€T€PO3UTOTHBIM.

B koHTEKCTE HACTOSIIEro NTOKYMEHTa, TEPMUH «aJUIENby WIH «aJJIeln» OTHOCUTCS K, IO
MeHbIIEH Mepe, OJHOW anbTepHATHBHOH (Qopme, TO ecTb, K APYrod HYKIEOTHUAHOH
MOCJIeI0BATEIbHOCTH, JIOKYCA.

B xoHTeKkcTe HACTOALIEr0 AOKYMEHTa, TEPMUH «MYTAHTHbBIE AJUIENN» WIA «MYTaLUs»
ajuieNiefl BKJIIOYAET aJuleld, MMELUe, MO MEHbIIEeH Mepe, OAHY MYTalMI0, TaKyH Kak
MHCEPIIVSI, AeJIeLUs], CTON-KOJIOH, 3aMeHa OCHOBaHUs (HarpuMep, TPaH3ULMs WIH TPAHCBEPCHS)
WIM MU3MEHEHHUE TPaHMIl CIUIACHHIa/CaiTOB CHTHaja CIUIAHCHHIra, KOTOPbIE MOTYT NPUBOJIUTH
WIN HE NMPUBOIUTH K MOSIBJCHUI0 M3MEHEHHbIX I'€HHBIX MpPOAYKTOB. Moaudukanum annenei
MOTYT BO3HUKATh B KOAMPYIOIINX WJIM HEKOAUPYIOIIUX OONacTsaX (Hampumep, B MPOMOTOPHBIX
00nacTaX, 3K30HaX, HHTPOHAX HJIM B TPAHULIAX CIUIAHCHHTA).

B KOHTEKCTE HACTOSALLEro JOKYMEHTA, TEPMUHBI «UHTPOTrPECCUsY,
«MHTPOTPECCUPOBAHHBIN» U KMHTPOrPECCUPOBAHUE» OTHOCATCS KAaK K €CTECTBEHHOMY, TaK U K
UCKYCCTBEHHOMY IpoLeccy, Ojaroaapst KOTOpOMY XpOMOCOMHBIE ()parMEeHThI UM T€HbI OHOTO
BUJA, PA3HOBUIHOCTU WJIM COpPTa MEPEMEIIAal0TCsl B T'€HOM JIPYroro BUAA, PA3HOBUAHOCTH WM
COpTa MyTeM CKPEIIMBAHUS STUX BHUAOB. JTOT MPOLIECC MOXKET ObITh HEOOS3aTENbHO 3aBepIIEH
0oOpaTHBIM CKpEIIMBAHUEM C PEKYPPEHTHBIM poauTeneM. Hampumep, HHTPOrpeccus JKenaeMoro
ajens B yKa3aHHOM JIOKYyCe MOXKeT ObITh MepefaHa, 1Mo MEHbIIeH Mepe, OJHOMY MOTOMCTBY
MOCPEACTBOM IOJIOBOTO CKPELIUBAHUS MEXy ABYMsI POIUTENSIMA OJHOTO U TOTO K€ BUJA, TAE,
0 MeHblIeld Mepe, ONWH W3 pPOAMUTENel HMeeT KelaeMblil amienb B CBOeM TIeHome. B
AJIbTEPHATHBHOM BAapUAHTE OCYIIECTBJICHUS HACTOSILNEro HM300peTeHHs, HAlpHMep, nepenava
aJJIeNisi MOXKET TMPOUCXOAUTH MyTeM PEKOMOHMHALMU MEXKAY IBYMsI JOHOPCKUMH T€HOMAaMH,
HanpuMep, B CIIMTOM MPOTOILIACTE, TJe, 10 MeHbIIEH Mepe, OIUH JOHOPCKUN MPOTOIIACT UMEET
B CBOEM T€HOME JKeJlaeMbli ayienb. JKenaeMblil ajuiesib MOKeT ObITh, HANPUMEp, OINpenesieH
MapKepoM, KOTOpbIN accounupoBaH ¢ ¢penorurnom, B QTL, Tpancrene wim Tomy nonoOHoMm. B
1000M cilydae, OTOMCTBO, COJEpIKallee KeJIaeMbli ajuleb, MOKET OBITh TIOBTOPHO OOpaTHO
CKpEIleHO ¢ JIMHUEH, MMEIINel >KelaeMblii TeHeTUYeCKHil ()OH, U BBIOPAHO IS KEJIaeMOTO
aynjens, 4ToObl TMOJYYHTb aJuieNb, 3a(UKCHPOBAHHBIA B BBIOPAHHOM T'E€HETHYECKOM (POHE.
TepmuH «(parMeHT HHTPOTPECCHN» WM «CETMEHT HWHTPOTPECCHW», W «OONacTh
UHTPOTPECCUI» OTHOCHUTCS K (PparMEeHTy XPOMOCOMBI (MIJIH K YaCTH XPOMOCOMBI, WJIH 00JIacTH),

KOTOPBII OBLI BBEEH B IPYyroe pacTeHHWe OJHOTO M TOrO K€ WM POACTBEHHOrO BHAA JHOO
22



UCKYCCTBEHHBIM, JIMOO €CTECTBEHHBIM IIyTE€M, HANpuUMep, IMyTeM CKPEIIUBaHHUs WU
TPATULIOHHBIMU METOAAMH CENIEKIIMH, TAKUMHU KaKk 0OpaTHOE CKPELINBaHUE, TO €CTh, (PParMeHT
UHTPOTPECCUH  SIBJSIETCSL  PE3YJIbTATOM  CIOCOOOB  CeleKuuy, OOO3HAYaeMbIX —IJIarojioM
CUHTPOTPECCUPOBATHY (Hampumep, obpatHoe ckpemruBanue). Creayer MOHUMATh, YTO TEPMHH
«(pparMeHT HMHTpPOrpeccCHHM» HHKOTAAa HE BKIIIOYAET ey XPOMOCOMY, a TOJBKO YacTh
XpoMOCOMBI. PparMeHT HHTPOTPECCUH MOKET OBITh OOJNBIIMM, HANpUMeEpP, OH MOXKET
COCTaBJIATD JJaXK€ TPU UYETBEPTU WJIU MOJIOBUHY XPOMOCOMBI, HO B MPEANOUYTUTEIHHOM BapUaHTe
OCYILIECTBIIEHHS] HACTOSIIEr0 M300peTeHuss — MeHee, Hampumep, npuMepHo, S0 MIH.ILO. WK
MEHEee, Hampumep, npumepHo, 30 MIIH.ILO. UIU MeHee, npuMepHO, 20 MIH.ILO. WK MEHEE,
MIPUMEPHO, 25 MIIH.IL.O. UJIM MEHee, MPUMEPHO, 10 MIIH.II.O. UM MeHee, IPUMEPHO, 9 MIIH.ILO.
WUJIM MEHEe, IPUMEPHO, 8 MIIH.I1.0. UM MEHEee, IPUMEPHO, 7 MJIH.IL.O. UM MEHBbLIE, IPUMEPHO, 6
MJH.IL.O. WJIH MeHee, MPUMEPHO, 5 MIH.ILO. WJIM MEHee, NPUMEpPHO, 4 MIIH.ILO. WU MEHee,
OPUMEpPHO, 3 MJIH.ILO. WM MEHee, NPUMEPHO, 2,5 MIH.ILO. WA 2 MIH.ILO. WIH MEHee,
npuMmepHo, 1 muH.10. (paBHo 1 000 000 map ocHOBaHMIl) MU MeHee, WiH, mpumepHo, 0,5
MiH.1.0. (paBHO 500 000 map ocHOBaHWil) WiM MeHee, Hampumep, npumepHo, 200 000
n.0.(paBHO 200 ThICSY Map OCHOBaHMI) WM MeHee, mpumepHo, 100 000 mo. (100 T.m.0.) wiu
menee, npuMepHo, 50 000 m.o. (50 T.m.0.) wm MeHee, npumepso, 25 000 m.o. (25 T.mo.) win
MeEHee.

Cunraercs, YTO reHeTUYECKUI 3JIEMEHT, JIOKyC, pparmeHT uHTporpeccun, QTL wnm rew,
WIA aJjieNib, TMPUAAIOIINA TPU3HAK (HAMpPUMep, YJIYYIIEHHYIO MePeBapHBAEMOCTDb), MOXKHO
KTIOJIYYUTh M3» WA MOXET OBITh «IIOJYYEH U3», HJIH MOXKHO «IIPOU3BECTH U3, WA MOXKET OBITh
«TPOM3BENEH U3», WIN IPUCYTCTBYIOIIUN B», WIH «OOHAPYKEHHBIN B» PACTEHHU WU YaCTH
pacTeHus1, Kak OMHCAHO B PYTOM MECTE HACTOSILIEro JOKYMEHTA, €CJIH €r0 MOKHO MEPEHECTH U3
pacTeHusi, B KOTOPOM OH INPHUCYTCTBYET, B APyroe pacTeHHue, B KOTOPOM OH HE€ MPUCYTCTBYET
(HarmpuMep, JIMHUSI WIN COPT), HUCIIONB3Yysl TPAAULIMOHHBIE METOJbI CEJIEKIIMH, HE MPUBOISIINE K
(PEHOTUIIIUECKOMY HM3MEHEHUIO DPELUIUEHTHOrO PAaCTeHHs], 3a HCKJIIOYEHHEM J00aBIICHHS
NPU3HAKA, IPUAAHHOTO F€HETUYECKUM 3JIEMEHTOM, JIOKycoM, (pparmenTom uaTporpeccun, QTL,
reHOM WM ajuieieM. TepMHHBI HCHOJB3YIOTCS B3aMMO3aMEHSEMO, H, TakKUM 00paszom,
TeHETHYECKUI 3JIeMeHT, JIOKYC, (pparmenT unTporpeccun, QTL, rer mnm annenp MOryT ObITh
nepeHeceHbl B JIFOOOH Ipyroil reHeTudeckuil (OoH, JIMIMEHHBIH 3TOro Mpu3Haka. Moryt ObITh
UCTIOJIb30BAHBI HE TOJIBKO PACTEHHsI, COIEpIKallie T'€HEeTHUYECKHIl 3JIEMEHT, JIOKYC, (parMeHT
unTporpeccun, QTL, reH i anjenp, HO TaK)kKe€ MOTOMCTBO/TIOTOMKH TaKUX PACTEHHH, KOTOPbIE
ObUTH BBIOPAHBI [UIl COXPAHEHUS] T€HETHYECKOTO 3JIEMEHTA, JIOKyCa, (pparMeHTa HHTPOTPECCHH,
QTL, rena unm ajmiess, KOTOpPbleé MOTYT OBbITh HCIIOJNB30BAaHbl U BKIFOYEHbI B HACTOSIIUHN

AOKYMEHT. CHeLII/IaJ'II/ICT B I[aHHOfI 00JIaCTH TEXHHKU CMOYKET OnpeaAcIuTb COACPNKUT JIHU
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pacrenne (wm renomuas JIHK, kieTka wim TKaHb pacTeHHUs) OAMH M TOT K€ T'€HETHYECKHI
3JIEMEHT, JIOKyC, pparmeHT untporpeccun, QTL, reH umm anienb, KOTOPbIA MOKHO MOJYYHTh U3
TaKOTO PAaCTEHHUsl C UCMOJb30BAHUEM, 10 MEHBLIEH Mepe, OAHOTO METOA, U3BECTHOIO B TaHHOU
00JacT! TEXHUKH, HarpuMmep, (PEHOTUIHUYECKOTO KOJIMYECTBEHHOIO aHAIN3a, T0JIHOTEHOMHOTO
CEKBEHUPOBAHUs, aHAJIN3a C MOMOLIBI0 MOJIEKYJISIPHOTO MapKepa, KapTUPOBAaHMs NPU3HAKOB,
«POCIIUCH» XPOMOCOMBI, TECTa HA AJUIEIM3M U TOMY MOJAOOHOrO, MM KOMOWHAIIMA METOMOB.
Cnenyer mnoHHMMATh, 4YTO MOryT OBITb BKIKOYEHbI M TPAHCI€HHbIE WJIH TI'€HHO-
OTPENAaKTUPOBAHHbBIEC PACTEHUSI.

B koHTeKcTe HACTOALIETr0 JOKYMEHTA, BCE TEPMUHBI «TpaHC(HOpPMALIUA) U «TPAHCTEHHAsS
MOIU(pUKALIS» HCIOJB3YIOTCS KaK CHUHOHHMMBI JUIsi OOO3HA4YeHMs MEPEeHOCa BBIACTICHHON U
KJIOHHPOBaHHOHN MOJIeKyJbl HykJIenHOoBOH kucnotel B JIHK, o6braH0 B xpomocomuyto JTHK mnu
I'€HOM, JPYroro OpraHu3Ma/BUa UM OJHOTO U TOTO K€ OPraHU3Ma/BUA, HO B MECTO, OTJIMYHOE
OT MecTa, B KOTOPOM MOJIEKyJia HyKJIEHHOBOW KHCJIOThI €CTECTBEHHBIM 00pa3oM pacroJioKeHa
Ha xpomocomuoi JIHK unu B renome.

3HavyeHNe TePMHUHA «BBEICHUEY», UCIIOJIb3YEMOro B HACTOSINEM H300pETeHNUH, BKIIOYaeT
CTaOMJIBHYIO WM TPAH3MEHTHYIO MHTETPALHI0 TIOCPEACTBOM TpPaHCHOPMALMK, BKIIFOYAS
Agrobacterium-onocpeioBaHHyl0 ~ TpaHCPOpMALMIO,  TPAHCHEKLHUIO,  MHUKPOUHBEKLHIO,
Ouonuctudeckyro 6oMOapaAMPOBKY, HHCEPLUIO C HCIOJIB30BAHHEM TEXHOJIOTHH PEAAKTUPOBAHUS
reHoB, Takoi kak cucrembl CRISPR (Hanpumep, CRISPR/Cas, B yactHoctu, CRISPR/Cas9 unu
CRISPR/Cpfl), CRISPR/CasX unu CRISPR/CasY), TALEN, nuHk-najbLeBble HyKJI€a3bl MU
MEraHyKJiea3bl, TOMOJIOTUYHAs pPEKOMOMHALMS HeoOsS3aTeNIbHO TIOCPEIACTBOM OIHOW W3
HIDKEYTIOMSIHYTBIX TEXHOJIOTUH pPEeNakTHUPOBAHUSI TEHOB, BKJIOYAs, B MPEANOYTUTEIHEHOM
BapHAHTE OCYIIECTBJIEHUS] HACTOSIIETO U300pETEHHsI, MATPUILy Ul pPerapaliy, MOIUPHUKALIHIO
SHIOTE€HHOIO I'€Ha ¢ UCIOJIb30BAHUEM CIIy4alHOIO U LEJIEHANPABICHHOIO MyTareHes3a, Takoro
kak TILLING, mu BbIIEYTTIOMSIHYTOH TEXHOJIOTHH PENAKTHPOBAHUS T€HOB U TOMY MOJIOOHOTO.

TepMuHBI «TPaHCTEHHBIE» HITH «T'€HETHUeCKH MoauduumpoBaHHble opranmmen (I'MO),
B KOHTEKCTE HACTOSAIIEr0 JOKYMEHTa, NPEACTABISIOT COOOH OpraHM3Mbl, T'€HETHYECKHI
Marepual KOTOpBIX ObUl HM3MEHEH C HCIOJb30BAHUEM METOAOB, OOBIMHO M3BECTHBIX Kak
«rexnonorus pexkomOuHantHol JIHK». Texnonorus pexomOunantoit JIHK Briogaer
cnocoOHoCTh 00BenuHATh MOsIeKysbl JJHK M3 pasHBIX HCTOYHHKOB B OJHY MOJIEKYJY €X VIVO
(marmpumep, B mpoOupke). DTa TEPMUHOJIOTHS, KaK MPABHJIO, HE OXBAThIBAET OPraHHU3MBI,
TeHETHYECKasi KOMIO3HLUS KOTOPhIX OblIa M3MEHEHAa MOCPENCTBOM OOBIYHOTO KpOCCOpHIOMHTa
WIA «MYTAL[HOHHOWY» CEJIEKLNH, MMOCKOJBKY 3TH CHOCOOBI MPEALIECTBYIOT OTKPBITHIO CIIOCOOOB
pexomOnHanTHOH JIHK. TepMuH «HETPaHCT€HHBIN», B KOHTEKCTE€ HACTOSIIEr0 IOKYMEHTA,

OTHOCUTCA K PACTCHUAM U MNMUIICBBIM IMPOAYKTaAM, MNOJYYCHHBIM U3 paCTeHI/IfI, KOTOPBIC HE
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SBJIIIOTCSL «TPAHCTEHHBIMU» WJIM «TEHETUYECKH MOIU(PHUIMPOBAHHBIMU OPraHU3MaMu», Kak
OTIPEZIENIEHO BbILIE.

TepMUH «TpaHCreH» WIIN «3K30T€H» OTHOCHUTCS K MOJIEKYJIe HyKJIEMHOBON KHCIOTHI MU
K TeHeTHYeCKOMYy JIOKyCy, cozepxamieMmy nocineposarenpHocTs JIHK, Takyro kak
PEKOMOMHAHTHBIN I'€H, KOTOPBII ObUT BBEIEH B T€HOM PAaCTEHUs TIOCPEACTBOM TpaHC(HOpPMALIHH,
Takol kak Agrobacterium-onocpenoBanHas TpaHcopmauus. Pacrenue, coneprkaliee TpaHCTeH,
CTa0MJIBHO MHTETPUPOBAHHBIN B €r0 N€HOM, HAa3bIBAETCSl KTPAHCT'€HHBIM pacTeHHEM». TepMuH
«3HJIOTE€H» OTHOCHUTCSI K MOJIEKyJle HYKJIEHMHOBOW KHCJIOTBI WM K T'€HETUYECKOMY JIOKYCY,
KOTOPBII €CTECTBEHHBIM 00Pa30M BCTPEYAETCs] B F'€HOME PAaCTeHMs. TepMHH «penakTUpOBaHUE
FeHOB» WM «PEJaKTUPOBAHHE T'€HOMa» OTHOCUTCS K N€HHON MHKeHepuu, npu xotopou THK
wii PHK BcraBmsiror, ymansdooT, MOIUGUIHMPYIOT WIM 3aMEHSIOT B T'€HOME OpraHu3Ma.
PenaktupoBaHue T€HOB MOXKET COAEpkKAaTh LENECHANPABJICHHBbII WM HeLeJeHaNpaBIeHHbIN
(cnyuaitablit) MyTarenes. LleneHanpaBieHHbIH MyTareHe3 MOJKET ObITh OCYIIECTBIICH, HAIPHMED,
C TOMOINBIO CKOHCTPYHMPOBAHHBIX HYKJ€a3, TAaKUX KaK MeEraHykjeasbl, LHUHK-NAJbLEBbIe
Hykieasbl (ZFN), a¢dexkropHbie Hykieasbl, nonodHbie aktuatopam TpaHckpumnuuu (TALEN),
U CHCTEMbl KJIaCTEPU30BAHHBIX PETYJSIPHBIX IMPOMEKYTOYHBIX KOPOTKHX MaJUHAPOMHBIX
noropoB (CRISPR/Cas). OTu Hykiea3bl CO3AOT CaWT-Crenu(pUYecCKUue IBYXIENOYeUHbIE
paspeiBbl (DSB) B kemaembIx MecTax reHoma. MHAyHIMpOBaHHBIE NBYXLEMOYEUHBbIE Pa3pPBIBBI
pernapupyrOTCss  MOCPEACTBOM  HErOMOJIOTUYHOro  coemuHeHusi koHuoB (NHEJ) wwm
romoJiornuHoi pekomOunanu (HR), minu romonorunuecku HampasneHHol pernapauuu (HDR),
YTO MPHUBOJHUT K LIEJCHAMPABICHHBIM MyTalUsAM WIH K MOAU(DHUKALMAM HYKIEHHOBONH KHCIIOTBL
Hcnonb3oBaHne CKOHCTPYHPOBAHHBIX HYyKJI€a3, HEOoOsI3aTebHO BMeECTE C MaTpulel aus
penapauun/peKOMOMHAIMOHHON MaTpHLEeH, OCOOEHHO MOIXOAUT ISl TeHEPUPOBAHUSI HOKAYTOB
WM HOKJIAYHOB I'e€HOB. B ompeneneHHbIX BapHaHTaX OCYIIECTBICHHUS HACTOSLIETO U300pEeTeHus,
pa3paboTaHbl CKOHCTPYMPOBAHHBIE HYKJI€A3bl, KOTOPbIE CHeUU(UISCKH UHAYLHUPYIOT MYTALHIO
B rede F35H, kak onucano B IpyroM MecTe HaCTOSIIEro JOKYMEHTa, HaIpUMep, [l FeHepalun
mytupoBanHoro rena F35H wnu nHokayra renma F35H. B omnpeneneHHbIX BapuaHTax
OCYILIECTBJIEHHS] HACTOSINEro H300peTeHHs], pa3padOTaHbl CKOHCTPYHUPOBAHHBIE HYKJIEa3bl, B
yactHocty, PHK-cnemmududaeckue cuctemer CRISPR/Cas, koTopbie crierupuiecky HaleJIeHbl Ha
mPHK F35H, mnanpumep, ana pacwemtenns mPHK F35H wu renepauum HOknayHa
rena/mPHK/6enka F35H. Cucremsl [OCTaBKM M 3KCHPECCHH CHUCTEM CKOHCTPYHPOBAHHBIX
HYKJI€a3 XOPOIIO N3BECTHBI B TAHHOH 0OJIACTH TEXHUKH.

B omnpeneneHHBIX BapuaHTaxX OCYIIECTBJICHUS HACTOSLIErO M300pETeHMs, HyKJea3a WM
LieJIeHANPaBJIeHHAs/CalT-cCien(UIeCKass/XOMUHT HyKJIea3a SIBJSIETCS, COAEPIKUT, COCTOHT IO

CylIecTBy WM coctoutr u3 (MonmuduuupoBanHoi) cuctembl win komruiekca CRISPR/Cas,
25



(MmomuduumpoBannoro)  Oenka  Cas, (MogMUUMPOBAHHOTO)  LMHKOBOIO  MAaJsbLa,
(MomupUUIMPOBaHHON) MUHK-TANBLEBON Hykieassl (ZFN), (momudunuposanHoro) sddexropa,
nonoOHoro ¢akropam tpanckpunimu (TALE), (MoxudunmposanHoii) 3¢ peKTopHON HyKIeassl,
nonoOHo# aktuBatopam TpaHckpunuuu (TALEN) unn (MoanumpoBaHHOM) Meranykieassl. B
OTpENENeHHbIX  BAapMaHTaX  OCYINECTBJIEHUS]  HACTOSINETO  M300pETeHus,  YIOMSHYyTas
(MomuduUMpOBaHHAs)  HyKJiea3a WIM  I[eJIeHaNpaBJIeHHAs/CalT-crieruguuecKas/XOMIHT
HYKJIea3a SIBJISIETCS, COAEPIKUT, COCTOUT IO CYLIECTBY WJIM COCTOUT W3 (MOIU(ULIMPOBAHHOMN)
PHK-nanpaBnsiemoii Hykneaspl. Cnenyer NOHHMMaTh, YTO B OIpPENENIEHHBIX BapUaHTax
OCYLIECTBIIEHHS HACTOSIIIEr0 N300peTeH s, HyKJIea3bl MOTYT ObITh KOJOH-ONTUMH3UPOBAHHBIMU
IUISL SKCIIPECCUU B PACTEHUSAX. B KOHTEKCTE HACTOSAIIEr0 AOKYMEHTA, TEPMHH «HALlEJTMBAHHUE)
BbIOPAHHOM MOCHENOBATENPHOCTH HYKJIEMHOBOM KHCJIOTHI O3Ha4yaeT, 4YTO HykJeasa WU
HYKJIEa3HbIl KOMIUIEKC NEeHCTBYeT creuu(uIecKuM IJIsi HYKJI€OTHAHOHM MOCIenO0BaTENbHOCTH
obpazom. Hampumep, B kontekcre cucrembl CRISPR/Cas, nampasnstomnas PHK criocobna k
ruOpuan3alu C BBIOPAHHOM IIOCNIENOBATENBHOCTBIO HYKJIEMHOBOW KHCIOTBL B KOHTEeKcTe
HACTOSIIETO JOKYMEHTA, TePMUH «THOPHAM3ALUSI» WM «THOPUAMZHUPYIOIIUICS» OTHOCHUTCS K
peakuuy, B KOTOPOW, MO MeHbIIeH Mepe, OJUH IMOJUHYKIEOTH I NPEBPAIlaeTCsl B KOMILIEKC,
KOTOpPBIH  CTAOMJIM3UpPYeTCsT MOCPEACTBOM  BOJOPOAHOW  CBSI3M  MEXKAY OCHOBAHUSIMU
HYKJIEOTUAHBIX OCTaTKOB. BojopoaHas CBs3b MOXXET OCYLIECTBISTbCS IOCPEACTBOM
CHIapuBaHMsI OCHOBaHHWH MO YOTCOHY-KpuKy, CBsi3bIBaHMs MO XYICTUHY WU JIIOOBIM APYTHM
cneun(UIecKUM JJIsl TTOCJIEA0BATEIbHOCTH 00pasoM. Komrmuieke MoXkeT comepikaTh JBE LISTH,
oOpasyromue AyIIeKCHYI0 CTPYKTYPY, TPH WK OoJiee Lemnei, 00pa3yromux MyJIbTHIIETTIOYeYHbIH
KOMIUIEKC, OJWHOYHYI) CaMOTHOPUIU3UPYIOIIYIOCS LeMb MM JIO0YH0 WX KOMOHWHALHMIO.
Peakuus ruOpuamzanmu MOXKeT MPEACTaBsTh co00il 3Tam B 0ojiee SKCTEHCUBHOM MpoLecce,
TakoM kak wHMOWanus PGR  wnam  pacmennieHwe  monmHykieoTHaa — (GEepMEHTOM.
[TocnenoBaTenbHOCTh, CMOCOOHAs K TUOPUAM3ALMH C JAHHOH TMOCJIENOBATEIBHOCTHIO,
HA3bIBAETCS] KKOMILIEMEHTOMY» TAHHOH MOCJIE0BATEIbLHOCTH.

PenaktupoBaHne TEHOB MOXKET BKJIOYATh TPAH3UEHTHYIO, WHAYLIHOEIBbHYIO WM
KOHCTUTYTHUBHYIO  SKCIIPECCHI0 KOMIIOHEHTOB HJIM CHCTEM pENAKTUPOBAHUS  T'€HOB.
PenaktupoBaHne TE€HOB MOXKET BKJIIOYaTh T€HOMHYIO WHTETPALMI MM 3IHCOMAIbHOE
NPUCYTCTBHE KOMITIOHEHTOB WJIM CHCTEM PEOAKTHPOBAHUS T'€HOB. KOMIIOHEHTHI WJIM CHUCTEMBI
PEIAKTHPOBAHMS T€HOB MOTYT OBITh MPEMJIOKEHBI HA BEKTOPAX, TAKUX KaK IUIA3MHIbI, KOTOPBIE
MO>KHO JIOCTaBJIATh COOTBETCTBYIOIIMMH CPEICTBAMH JOCTABKH, U3BECTHBIMH B JAHHOH 00JacTH
TEeXHUKU. [IpeanouTuTeIbHBIMI BEKTOPAMH SIBJISTFOTCS] SKCITPECCUOHHBIE BEKTOPBL

JUisl penakTHPOBAHHUS T€HOB MOTYT OBbITh NMPEIIOKEHbI PEKOMOWHAIIMOHHBIE MAaTPHLIbI

IUIE  OCYIIECTBJICHHMsSI TOMOJIOTWUYECKH HampaslieHHoW penapaunu (HDR). Hampumep,
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TEHETHUYECKUI 3JIEMEHT MOXET OBITh 3aMEHEH IMOCPEICTBOM PENAKTUPOBAHHS I'€Ha, B KOTOPOM
npemsioskeHa pekomOuHarmonHass mMarpuna. JIHK moxer ObITh paspe3aHa BbIE W/ HIDKE
NOCIIEIOBATEIBbHOCTH, KOTOpAasi AOJDKHA ObITh 3aMeHeHa. TakuM o0pa3oM, MOCIen0BaTENbHOCTD,
noanexauyro 3amese, BbipesaroT u3 JHK. 3arem, nocpenctsom HDR, BbIpe3anHyo
MOCJIEZIOBATENIbHOCTh 3aMEHSIIOT MaTpuledl. B ompeneneHHbIX BapuaHTax OCYLIECTBJIEHUS
Hacrosimero wu3oOperenus, amwiens QTL mo HacTosmeMmy H300peTEHHMIO, OIHCAHHBIA B
HACTOSIIEM JOKYMEHTE, MOXeT OBITb TMpeMIoKeH Ha/B  KadecTBe Matpuubl [lpu
KOHCTPYHPOBAHUH CHUCTEMBbI TaKUM OOpa30M, YTO JBYXLENOYEUYHbIE Pa3PbIBbI BBOISATCS BbIIIE
W/WIN HIKE COOTBETCTBYIOIIEH 00J1aCTH B T€HOME pacTeHwus1, He conepkameit amiens QTL, sty
00JacTh BBIPE3aOT, U OHA MOKET ObITh 3aMeHeHa Mmarpulel, comepxameil amnens QTL mo
HacTosemMy wu3obperennto. Takum oOpasoMm, BBeneHue B pacreHue ajueass QTL mo
HACTOSAIIEMY H300peTeHUI0 He 00s3aTeNbHO IOJDKHO BKJIIOYATh MHOXKECTBEHHOE 00paTHOe
CKpeIlMBaHWe, B YAaCTHOCTH, Yy PAaCTeHUs] CO CHenu(pUYIECKUM TEeHEeTUYeCKUM (HOHOM.
AnanornynbiM oOpa3oM, mytupoBanHbli F35H mo Hactosimemy u300peTeHUIO MOXKeT OBITh
NpeNIoKeH Ha/B KauecTBe Marpuipl. OnHAako OONBIIMM HpeuMyLIecTBOM OOJanaeT BapUaHT
OCYIIECTBJIEHHsI HACTOSIIEro M300peTeHus, B KoTopoM mytupoBaHHbld F35H no Hacrosmemy
M300peTeHNI0 MOXKET ObITh CreHepUpOBaH Oe3 MCIOJIb30BaHMS PEKOMOWHALMOHHONH MaTpHIBL,
HO HCKJIIOYUTENIBHO TMOCPEACTBOM JAEWHCTBHUSI OHAOHYKJI€as3bl, NPUBOJSINETO K pPas3pbIBY
neyxuenoueynoit JIHK, xotopseiii penapupyercs nocpenctsoM NHEJ, uto npuBogutr k
reHepUPOBAHUIO HHCEPLIMOHHO-EIEIUOHHON MyTaLlH.

B ompeneneHHbIX BapriaHTaxX OCYLIECTBICHHs HACTOSIIErO M300peTeHus, Moau(uKanus
WIA MyTalusi HYKJIEHHOBOH KHCJIOTBI OCYLIECTBJIIETCS TOCPEACTBOM (MOAM(HULIMPOBAHHOI)
cucrembl 3(pdexroproii Hykieaspl, mnomoOHOW akTuBaropam TpaHckpunimu (TALEN).
D dexropsl, mogodbusie akruatopam TpaHckpunuuu (TALE), MOryT OBITH CKOHCTPYHPOBAHBI
IUTSL CBSI3BIBAHUS TTPAKTHYECKH JIFO00M skenmaemoii nocienosarensbHoctu JJIHK. MmrocTpaTiBHbIe
CrocoObl penakTUPOBAaHMSI T€HOMa ¢ wucrnoyib3oBaHueM cuctemMbl TALEN MoOXHO HaiTH,
Hanpumep, B padote Uepmak T., Hotin 3.J1., Kpuctuan M., Bau JI., Wkan 1O., HImuar C. u np.
OddexTuBHOE KOHCTpyHUpoBaHMe u cOoOpka crnenuanbHO co3maHHbix TALEN wu  apyrux
KOHCTpyKIuii Ha ocHoBe 3¢¢extopo TAL nna nanenuBanus Ha JIHK. Nucleic Acids Res.
2011;39:e82; Uxan @., Konr JL, Jlogato C., Kocypu C., Uépu ' M., Apnotra I1. DddexrunHas
KOHCTPYKLIUSI CUKBEHC-crieungudeckux s¢dexropo TAL nmiast MORynmsimuy TPaHCKPHIILUU Y
maekonuraromux. Nat Biotechnol. 2011;29:149-153 u B Ilatentax CIITA NeNe: 8450471,
8,440,431 u 8,440,432, u Bce OHH OMpeNeIeHHBIM 00pPa30M BKJIFOUEHBI TOCPEACTBOM CCBLIKH.
ITocpencTBOM [IOTIONIHUTENBHBIX pa3bsCHEHU u 0Oe3 orpanndenus, TALE mnpuponHoro

npoucxoxaenus uian « TALE nukoro Tuna» mpencTaBisioT cOOOH CBSI3BIBAIOIIIE HYKJIEHHOBBIE
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KUCJIOTBI OEJIKH, CEeKpeTHpyeMble MHOTOYHCIEHHBIMHI BUAAMH npoTeodakrepuid. [Tomunentuast
TALE conep:kaTr CBSI3BIBAOLINN HYKJIEMHOBBIE KHCJIOTHI JOMEH, COCTOSAILIWN U3 TaHIEMHBIX
MOBTOPOB BBICOKOKOHCEPBATUBHBIX MOHOMEPHBIX MOJMUIENTUAOB, KOTOPbIE MPEUMYIIECTBEHHO
uMerT amuHy 33, 34 win 35 aMHUHOKUCIOT W OTJIMYAIOTCS APYr OT ApPyra, B OCHOBHOM,
MOJIOKEHUAMH aMHUHOKUCIOT 12 m 13. B mpenmyliecTBEHHBIX BapHaHTaxX OCYLIECTBIICHUS
HACTOSIIEro n300peTeHus, HykiienHoBo kuciotoi sisisiercs JIHK. B kxoHTekcTe Hacrosiero
IOKYMEHTa, TEPMHUH «IOJHIENTHAHbIE MOHOMepbl» wiu «MoHoMepbl TALE» Oynmer
UCTIOJIb30BATHCS 1JIsi 0003HAYEHHSI BBICOKOKOHCEPBATUBHBIX MOBTOPSIOLIMXCS TOJUIENITHIHBIX
MOCJIEIOBATEIbHOCTEH, HAXOASIIMXCS B Mpefesax CBA3bIBAIOIIETO HYKJIEHMHOBBIE KUCJIOTHI
TALE nomeHa, a TepMUH «Iapa BapuabeIbHbIX aMUHOKHCIIOTHBIX OCTAaTKOB» Mt «RVDy Oyzner
UCIIOJIb30BATHCS 111 0003HAUEHHs BBICOKOBApHAOEIbHBIX AMUHOKHCIIOT B MOJIOKeHUsX 12 u 13
NOJIMIIENTUAHBIX MOHOMEpOB. Kak mpeanoeHo B HACTOSILIeM HM300pETeHUH, aMUHOKHUCIOTHBIE
ocrarku RVD mpexacraBnensl ¢ wucrnonp3oBaHueM oxHoOykBeHHoro koxa IUPAC mns
amuHokucior. OOmee mnpencrasneHne monHomepa TALE, xortopsiit Bxomur B JIHK-
CBSI3BIBAIOIIMI IOMEH, BBINIAAUT cieayromum oopazom: X1-11-(X12X13)-X14-33 wmu 34, unn
35, rae HWKHUN MHIEKC YKA3bIBAeT HA MOJIOKEHHE aMUHOKHCIIOTHI, a X MPEACTaBIISIeT JIIOOYI0
amuHokucnoty. X12X13 ykaspiBatoT Ha RVD. B HEKOTOpBIX MOJMNENTUAHBIX MOHOMEpax,
BapuaOeNbHOW aMHMHOKHCIIOTHI B IOJIOKEHHMH 13 HEeT, MiIM OHa OTCYTCTBYET, W B TaKHX
nojMnenTuaAHbIXx MoHoMepax RVD coctout M3 oAMHOYHONW aMHUHOKUCIOTHL B Takux ciywasx
RVD wmosker ObITh anbTepHATUBHO MpeAcTaBieHa kak X*, rae X mpencrasiser X12, a (*)
yKkaspiBaeT Ha TO, 4yTo X13 orcyrcrByer. JIHK-cBA3BIBarOuil JOMEH COAEPKUT HECKOJBKO
noBTopoB MoHOMepoB TALE, u 310 MokeT ObITh mpencrasyieHo kak (X1-11-(X12X13)-X14-33

wii 34 wm 35)z, Toe, B TNPEUMYLIECTBEHHOM BapHAHTE OCYIIECTBJIEHHUS] HACTOSIIETO

>
n300peTeHusi, Z COCTaBJIAET, MO MeHbIned mepe, or 5 no 40. B apyrom mpenMyiiecTBEHHOM
BapHAHTE OCYIIECTBJICHUS HACTOSIIETO H300PETEHMsI, Z COCTABJISIET, IO MeHbINeH Mepe, oT 10 1o
26. Mounomeper TALE oOnamator ap@UHHOCTBIO CBSI3BIBAHUSI HYKJICOTHIOB, KOTOpas
omnpenenseTcs MO WAEHTUYHOCTU aMUHOKHCIOT B cBoux RVD. Hampumep, nonunentugHble
MoHOMepel ¢ RVD NI, B mnpeanodTurensHOM BapuUaHTE OCYLIECTBJIEHUS HACTOSIIErO
n300peTeHus], CBA3BIBAIOTCA C aAeHWHOM (A), moJjmmenTtuaHble MOHOMepbl ¢ RVD NG, B
NPEANOYTUTEIbHOM BapHaHTEe OCYIIECTBJICHUS] HACTOSIIEr0 H300pPETEHHUs, CBSI3BIBAOTCS C
tumuHOM (T), momunentunHeie mMoHOMepbl ¢ RVD HD, B mnpeamodTuTensHOM BapHaHTE
OCYILIECTBIIEHHs] HACTOALIETO N300peTeH s, CBA3bIBAIOTCA ¢ muTOo3uHOM (C), a monunenTuaHbe
MoHOMepel ¢ RVD NN, B mNpeanoyTuTenpHOM BapUaHTE OCYILIECTBIECHHUs HACTOSILErO

n300peTeHus], CBS3bIBAOTCS Kak ¢ aneHWHoM (A), Tak u ¢ ryanuHoM (G). B eme omaOM

BapHUAHTE OCYLIECTBIEHHS HACTOSIIETO N300pEeTeH s, MoUnenTuaHble MoHOMepsl ¢ RVD IG, B
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NPEANOYTUTENILHOM BapUaHTE OCYIIECTBJICHUS HACTOSIIErO H300pEeTeHHus, CBA3BIBAIOTCA C 1.
Takum 00pa3oM, KOJMYECTBO M TMOPSAOK IOBTOPOB MOJHIIETITHIAHBIX MOHOMEPOB B
CBA3BIBAIOIEM HYKJIEHWHOBble KHUCIOTbI gomeHe TALE, ompenesnstoT ILeleHanpaBleHHYO
cneun(pUIHOCTh €r0 HYKJIEHMHOBBIX KUCIOT. KpoMe Toro, B Ipyrux BapHaHTax OCYLIECTBIICHHS
Hacrosimero nu3oOpereHus, nonunentuaHbie MoHOMepbl ¢ RVD NS pacnosHaroT Bce uersipe
napel ocHoBaHMH W MoryT cBsisbiBaThesa ¢ A, T, G wmu C. Crpykrypa u ¢ynkuus TALE
OmMCaHbl HUXKeE, Hampumep, B paborax Mocky u np., Science 326:1501 (2009); box u np.,
Science 326:1509-1512 (2009); m Yxkan u ap., Nature Biotechnology 29:149-153 (2011),
KaX/1asi 13 KOTOPBIX BKJIIOUEHA B KAYECTBE CCHUIKH B IIOJTHOM OOBEME.

B ompeneneHHbIX BapriaHTaxX OCYLIECTBIEHMs HACTOSIIErO M300peTeHus, MoaAnpuKaus
WIA MyTalusl HYKJIEMHOBOH KHCJIOTBI OCYLIECTBIISIETCS MOCPEACTBOM (MOAM(ULMPOBAHHOI)
cucreMbl LuHK-anbieBoit (ZFN) nykieasel. B cucreme ZFN ucnonp3yroTcsi HCKyCCTBEHHBIE
pecTpuKLOHHbIE (hepMeHTBI, creHepupoBaHHble yTeM ciusiaus JIHK-cBsi3biBaromero nomeHa
rHKOBOrO najibua ¢ JJHK-pacmensitonM JOMEHOM, KOTOPbIH MOXET ObITh CKOHCTPYHUPOBAH
Il HalelNWBaHUs Ha kejaemble mnocienosarenbHocTH JIHK. HMmoctpatusable CcriocoObl
pelakTUPOBaHUSI T€HOMOB C HCIOJIb30BaHMEM cuCTeMbl ZFN MOKHO HalTH, Hamnpumep, B
ITarentax CIIIA NeNe: 6,534,261, 6,607,882, 6,746,838, 6,794,136, 6,824,978, 6,866,997,
6,933,113, 6,979,539, 7,013,219, 7,030,215, 7,220,719, 7,241,573, 7,241,574, 7,585,849,
7,595,376, 6,903,185 u 6,479,626, u BCe OHU ONpEAENIEHHBIM 00pPa30M BKJIFOYEHBI MMOCPEICTBOM
ccbutkd. ITOCpeACTBOM JIOTIOJHUTENBHBIX Pa3bsCHEHUH W 0e3 OrpaHUuYeHUs, TEXHOJOTHUS
UCKYCCTBEHHOTO IMHKOBOTO majbiia (ZF) Biroyaer MmaccuBbl Moaysier ZF i HalenuBaHusi Ha
HoBble JIHK-cBsizpiBaromue calitel B reHoMme. Kaxxaplii Moaysb nanbpua B MaccuBe ZF HaueneH
Ha Tpu ocHoBaHus JIHK. CneumanbHO CO3aHHBIM MacCHB OTHAEJBHBIX OMEHOB LMHKOBOTO
nasbia coduparot B 6enok ZF (ZFP). ZFP moryt conepxath GyHKUMOHAIBHBINA foMeH. [1epBbie
CHHTETUYECKHE LMHK-naybleBble Hykieasbl (ZFN) Obutn pa3paboTaHbl MyTeM CIHsHHA Oelka
ZF ¢ xaTaJIMTHYECKUM TIOMeHOM pectpukuuonHoro gepmenta tuna IIS Fokl. (Kum, FO.I'. u np.,
1994, XumepHasi pecTpuKLUMOHHAs >HIOHYKJea3a, Proc. Natl. Acad. Sci. CIIIA 91, 883—887;
Kum, FO.T'. u np., 1996, 'ubpunHbie pecTpUKIHOHHbBIE (PEPMEHTBI: CIUSHUS [IHHKOBBIX MAJIbLIEB
¢ nomeHoM pacmeruieHust Fok 1. Proc. Natl. Acad. Sci. CIIIA 93, 1156—1160). IloBbiueHHas
cneun(PUIHOCTh PACINEIUICHUs] MOXKET OBITh HOCTUTHYTA C MOHIKEHHOHN HelleJeHAINPaBIeHHOMN
AKTHUBHOCTBIO NMOCPEACTBOM MCIOJIb30BAHUS MAPHBIX rerepoauMepoB ZFN, kaxablii U3 KOTOPBIX
HalleJIeH Ha pa3Hble HyKJIEOTHAHbIE MOCIEI0BATENbHOCTH, pa3/ieleHHble KOPOTKUM CIIEHCEpOM.
(Hoiton, 0. u np., 2011, IloBeIIeHNE aKTUBHOCTH LIUHK-TMAJIBLEBON HYKJIE€a3bl C YIYULICHHON

obnuratHo# rereponumMepHoi apxutektypoi. Nat. Methods 8, 74—79). ZFP Taxxe MoryT OBITH
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CKOHCTPYHPOBAHBI KAaK AaKTUBATOPBI M PEMPECcCOPbl TPAHCKPHUILIMUU M HUCIONB3YIOTCS IS
HALEJTMBAHMS HA MHOTHE T'€Hbl Y CAMBIX Pa3HBIX OPraHHU3MOB.

B ompeneneHHbIX BapHaHTaxX OCYLIECTBICHHS HACTOSIIErO M300peTEHUs, MOANPUKALIHS
HYKJIEHHOBOM KHCJIOTBI OCYIIECTBISIETCS MOCPEACTBOM (MOAMMULIMPOBAHHON) MEraHyKJeassl,
KOTOpasi MPEACTaBIsieT COOOW 3HAOAE30KCHPHOOHYKIIEa3bl, XapaKTePU3YIOIUECS OOIbIINM
cailtom pacno3HaBaHusi (mocienosarenbHOCcTH aAByxuenoueunodr JIHK w3  12-40 map
OCHOBaHMM). MnmocTpaTuBHBINA CIIOCOO HCMOJIB30BAHUS METaHyKJiea3 MOXKHO OOHApy>KUThb B
nareHrax CIITA NeNe: 8,163,514; 8,133,697; 8,021,867; 8,119,361; 8,119,381; 8,124,369; u
8,129,134, xoTOopble ONpeAETIeHHBIM 00Pa30M BKIIOUEHBI TOCPEICTBOM CCBUIKH.

B ompeneneHHbIX BapraHTaxX OCYLIECTBIEHMs HACTOSIIErO M300peTeHus, MOANpUKALIHS
HYKJIEMHOBOM KHCJIOTHI OCYLIECTBIISETCS MOCPEACTBOM (MOIU(PUIIMPOBAHHOIO) KOMILIEKCA WUIIH
cucrembl CRISPR/Cas. Urto kacaercs obweii mHpopmanuu o cucremax CRISPR/Cas, ux
KOMITIOHEHTaX ¥ JOCTaBKE TAKUX KOMIIOHEHTOB, BKJIFOUasl CHOCOOBI, MaTepHaibl, CPEeACTBA
JOCTAaBKH, BEKTOPBI, YACTHUIIBI, a TAKXKe HH(POPMALMHK O UX MOJYYEHUH M HCIOJb30BAHUH, B TOM
yucie O KoimuuectBe M coctaBax, a Takke o CasOCRISPR/Cas-skcmpeccupyromux
sykapuorndeckux kierkax, Cas-9CRISPR/Cas-akcrpeccHpyromux 3yKapuoTax, TaKuX Kak y
MbInK, TO npuBeneHa ccbuika Ha: IlatenTer CIITA NeNe: 8,999,641, 8,993,233, 8,697,359,
8,771,945, 8,795,965, 8,865,406, 8,871,445, 8,889,356, 8,889,418, 8,895,308, 8,906,616,
8,932,814, 8,945,839, 8,993,233 u 8,999,641, [Tarentrusie nyonukauuu CHIA US 2014-0310830
(Peructpanmonnsiii  Homep 3asBku  CIIDA  14/105,031), US  2014-0287938 Al
(Peructpanmonnsiii  Homep  3asBku  CIOA  14/213,991), US  2014-0273234 Al
(Peructpanmonnsiii Homep 3asiBku CIIIA 14/293,674), US2014-0273232 Al (PeructpaiuoHHbIH
Homep 3asiBku CIIIA 14/290,575), US 2014-0273231 Al (PerucrpauuOHHbII HOMEp 3asiBKU
CIIA 14/259,420), US 2014-0256046 Al (Peructpaunonnsiii Homep 3asBku CIIIA 14/226,274),
US 2014-0248702 Al (Perucrpanmonssiii Homep 3asBku CIIIA 14/258,458), US 2014-0242700
Al (Peructpammonneiii nHomep 3asiBku CIIIA  14/222,930), US 2014-0242699 Al
(Peructpanmonnsiii  Homep  3asBku  CIIHA  14/183,512), US  2014-0242664 Al
(Peructpanmonnsiii  Homep  3asBku  CIIHA  14/104,990), US  2014-0234972 Al
(Perucrpanmonnsnii  Homep 3asBkm  CIIIA  14/183,471), US 2014-0227787 Al
(Peructpanmonnsiii  Homep  3asBku  CIIDA  14/256,912), US  2014-0189896 Al
(Peructpanmonnsiii  Homep  3asBku  CIIHA  14/105,035), US  2014-0186958 Al
(Peructpanmonnsiii  Homep  3asBku  CIIA  14/105,017), US  2014-0186919 Al
(Peructpanmonnsiii  Homep  3asBku  CIHA  14/104,977), US  2014-0186843 Al
(Perucrpanmonnsnii  Homep  3asBku  CIHA  14/104,900), US 2014-0179770 Al

(Peructpanmonnsnii  Homep 3asBku  CIDA  14/104,837), US 2014-0179006 Al
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(Peructpanmonnsiii Homep 3asBku CIIA 14/183,486), US 2014-0170753 (PerucrpanrioHHbIH
HoMmep 3asBku CIITA 14/183,429); US 2015-0184139 (Perucrpaunonssiii Homep 3asBku CLIA
14/324,960); 14/054,414 Esponetickue nareHTHble 3assBku EP 2 771 468 (EP13818570.7), EP 2
764 103 (EP13824232.6) u EP 2 784 162 (EP14170383.5); u IlarentHsie myOmukauuun PCT WO
2014/093661 (PCT/US2013/074743), WO 2014/093694 (PCT/US2013/074790), WO
2014/093595 (PCT/US2013/074611), WO 2014/093718 (PCT/US2013/074825), WO
2014/093709 (PCT/US2013/074812), WO 2014/093622 (PCT/US2013/074667), WO
2014/093635 (PCT/US2013/074691), WO 2014/093655 (PCT/US2013/074736), WO
2014/093712 (PCT/US2013/074819), WO 2014/093701 (PCT/US2013/074800), WO
2014/018423 (PCT/US2013/051418), WO 2014/204723 (PCT/US2014/041790), WO
2014/204724 (PCT/US2014/041800), WO 2014/204725 (PCT/US2014/041803), WO
2014/204726 (PCT/US2014/041804), WO 2014/204727 (PCT/US2014/041806), WO
2014/204728 (PCT/US2014/041808), WO 2014/204729 (PCT/US2014/041809), WO
2015/089351 (PCT/US2014/069897), WO 2015/089354 (PCT/US2014/069902), WO
2015/089364 (PCT/US2014/069925), WO 2015/089427 (PCT/US2014/070068), WO
2015/089462 (PCT/US2014/070127), WO 2015/089419 (PCT/US2014/070057), WO
2015/089465 (PCT/US2014/070135), WO 2015/089486 (PCT/US2014/070175),
PCT/US2015/051691, PCT/US2015/051830. Takke mpuBeneHa CCbLIKA Ha MpeIBAPHUTEIbHbIE
narentHble 3asBku CIIA 61/758,468; 61/802,174; 61/806,375; 61/814,263; 61/819,803 wu
61/828,130, nonanusie 30 sHBaps 2013 roma; 15 mapra 2013 roxpa; 28 mapra 2013 rona; 20
anpens 2013 roga; 6 mas 2013 roxa u 28 mas 2013 rona, coOOoTBETCTBEHHO. Takke mpuUBeneHa
CCBUIKA Ha MpeNBapHUTEIbHYI0 MaTeHTHYIo 3asBKy CIIA 61/836,123, nonannyro 17 uronst 2013
roga. JlomonHWUTENbHO TpPUBEAEHA CChIIKA Ha IpeaBapUTeNbHble naTeHTHble 3asBku CIIA
61/835,931, 61/835,936, 61/835,973, 61/836,080, 61/836,101 u 61/836,127, kaxkaast u3 KOTOPBIX
nojgaHa 17 uronsa 2013 ropa. IlpuBenena eme OHa CCbUIKAa Ha MPEABAPUTENbHBIE MATEHTHbIE
3asiBku CIIIA 61/862,468 1 61/862,355, nonanusie S aprycra 2013 rona; 61/871,301, noganHyo
28 aBrycra 2013 roga; 61/960,777, nogannyto 25 centsiopst 2013 roma u 61/961,980, nogannyro
28 oxts0pst 2013 roma. Taxxke mpuBenena cceuika Ha: PCT/US2014/62558, monmannyro 28
okTs10pst 2014 rona, u npenBapurenbHble naTeHTHbIE 3asBkU CIIIA, PerucrpannoHasle HOMepa:
61/915,148, 61/915,150, 61/915,153, 61/915,203, 61/915,251, 61/915,301, ©61/915,267,
61/915,260 u 61/915,397, kaxknas u3 KOTOphIX moxaHa 12 nmexabpst 2013 roma; 61/757,972 u
61/768,959, nonanusie 29 siueaps 2013 rona u 25 despans 2013 roxa; 62/010,888 u 62/010,879,
obe momansl 11 urons 2014 roma; 62/010,329, 62/010,439 u 62/010,441, kaxxngast U3 KOTOPBIX
nonana 10 uronst 2014 rona; 61/939,228 u 61/939,242, kaxkaasi U3 KOTOpbIX nmogaHa 12 ¢espas

2014 ronma; 61/980,012, nomanuyro 15 ampens 2014 rona; 62/038,358, nomanuyro 17 aBrycra
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2014 ropna; 62/055,484, 62/055,460 u 62/055,487, kaxxaast U3 KOTOPBIX MOJaHa 25 CEHTAOps
2014 rona; u 62/069,243, nonannyro 27 oktsiopst 2014 rona. [Ipusenena ccouika Ha 3asiBky PCT,
B KOTOpoi yka3aHbl, B uacTHOCTH, CoemuHennbie Illtatei, 3asBky Ne PCT/US14/41806,
noaannyro 10 urons 2014 ropa. IlpusBenena ccpuika Ha MPEABAPUTENBHYIO NMATEHTHYIO 3asBKY
CIOA 61/930,214, nomannyro 22 mrons 2014 ropma. IlpuBenena cceuika Ha 3asBKy PCT, B
KOTOpOH yka3aHbl, B yacTHOCTH, Coenunennble LlTarel, 3asasky Ne PCT/US14/41806, noganuyro
10 urons 2014 roma. Taxke ynommuaercs: 3aseka CIIIA 62/180,709, 17 wmrons 2015 rona,
SAIIMIITEHHBIE HAITPABJIAIOIIUE PHK (PGRNA); 3aseka CIIIA 62/091,455, nonanHas
12 nexadpst 2014 roma, SAIITUIITEHHBIE HAITPABJIAIOIIME PHK (PGRNA); 3asska CIITA
62/096,708, 24 nexabps 1214 roma, SAIIUIIIEHHBIE HAITPABJIAIOIIME PHK (PGRNA);
3asku CIHIA 62/091,462, 12 nexabpss 2014 roma, 62/096,324, 23 nexabpss 2014 rona,
62/180,681, 17 wurons 2015 roma u 62/237,496, 5 okrsa0ps 2015 roma, HEAKTHUBHBIE
HAIIPABJEAIOIMUE JJIA P®AKTOPOB TPAHCKPUIIIIMM CRISPR; 3asska CIIA
62/091,456, 12 nexabpst 2014 roga u 62/180,692, 17 mons 2015 roga, COITPOBOXIAEMbBIE
N ®YHKIMOHAJIM3UPOBAHHBIE HAITPABJIAIOIMUWE JJIAA CUCTEM CRISPR-CAS;
3asBka CHIA 62/091,461, 12 nmexabpst 2014 roma, JAOCTABKA, HMCIIOJIb3OBAHHUE U
TEPAITEBTUYECKOE ITPUMEHEHHME CUCTEM W KOMITO3ULIMI CRISPR-CAS JIJIA
PEJAKTHUPOBAHMA TEHOMA B OTHOIIEHNWHY 'EMOITOOTUYECKUX CTBOJIOBBIX
KJIETOK (HSC), 3asBka CIIIA 62/094,903, 19 nexabpsi 2014 roma, OBBEKTHUBHAA
UJIEHTU®UKALIMA JIBY XLIEITOYEYHBIX PASPHIBOB U TEHOMHA S [IEPECTPOMKA
IIOCPEJICTBOM  ITIOJJHOTEHOMHOI'O CEKBEHHWPOBAHUS  3AXBAUYEHHOM
HUHCEPLIMY; 3asska CIHA 62/096,761, 24 nexabpsi 2014 rona, PASPABOTKA CUCTEM,
CIIOCOBOB U OIITUMHU3UPOBAHHLBIX ®EPMEHTOB, W HAIIPABJIAIOIINX
KAPKACOB JIsA MAHUIIVJEALIMMA C ITIOCJIEAOBATEJIBHOCTBIO; 3aseka CIIA
62/098,059, 30 nexabps 2014 ronma, 62/181,641, 18 uronst 2015 roga u 62/181,667, 18 uronHs
2015 roma, CUCTEMA HALIEJIMBAHMA HA PHK; 3asska CILIA 62/096,656, 24 nexabps
2014 roma wum 62/181,151 or 17 wuwons 2015 roma, CRISPR, HMMEIOIIHUE WJIN
ACCOLMMPOBAHHLIE C AECTABUJIM3UPYIOIIMMU JAOMEHAMMU; 3asska CIIA
62/096,697, 24 nexabps 2014 roma, CRISPR, UMEIOIIIUE NI ACCOLIMMPOBAHHBIE C
AAV; 3asska CIIA 62/098,158, 30 pexabps 2014 roma, PA3PABOTAHHLIE
HALEJIMBAIOIMWME HWHCEPIIMOHHBIE CHUCTEMBI KOMIIJIIEKCA CRISPR; 3asBka
CIOA 62/151,052, 22 ampens 2015 roma, KJIETOYHOE HALIEJIMBAHUE JJIA
COCTABJIEHUA JOAHHBIX II0 BHEKJIETOYUHBIM 3K30COMAM; 3asska CIIHA
62/054,490, 24 centsiObps 2014 roma, JOCTABKA, MHCIIOJIbBOBAHHUE U

TEPAITEBTUYECKOE ITPUMEHEHHE CUCTEM U KOMIIO3ULIMIM CRISPR-CAS JIJIA
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HALIEJJMBAHUSI HA TIATOJIOTMU U 3ABOJIEBAHMA C WCIIOJIb30BAHHMEM
KOMITOHEHTOB JJOCTABKH YACTHULI; 3asska CIIIA 61/939,154, 12-F  EB-14,

CUCTEMBI, CIIOCOBBI UM  KOMIIO3ULIMM JJIA MAHUIIVJIAIIMA C
ITOCJIETOBATEJIbHOCTBIO ITOCPEJICTBOM OIITUMM3UPOBAHHBIX
®VHKITMOHAJILHBIX CUCTEM CRISPR-CAS; 3asBka CIIIA 62/055,484, 25 centsaops
2014 roma, CUCTEMBI, CIIOCOBBI M KOMIIO3MIIMU JJIA MAHUIIYJIALIMU C
ITOCJIETOBATEJIbHOCTBIO ITOCPEJICTBOM OITUMM3UPOBAHHBIX
®VHKITMOHAJILHBIX CUCTEM CRISPR-CAS; 3asska CIIIA 62/087,537, 4 nexabps 2014
roma, CHCTEMBI, CIIOCOBBI W KOMIIO3MIIMU JIJII MAHUIIYJIALIMHU C
ITOCJIETTOBATEJIbHOCTBIO ITOCPEJICTBOM OIITUMM3UPOBAHHBIX
®VHKITMOHAJBLHBIX CUCTEM CRISPR-CAS; 3asBka CIIIA 62/054,651, 24 cents6ps
2014 roma, JIOCTABKA, UCIIOJIb30BAHUE U TEPAITEBTUYECKOE ITPUMEHEHUE
CUCTEM U KOMIIO3ULIHI CRISPR-CAS JIJISI MOJEJIMPOBAHUSA KOHKYPEHILIMU
MHOXECTBEHHBIX MVYTALIMMA PAKA B VYCJIOBUAX IN VIVO; 3asska CIIIA
62/067,886, 23  okrsabps 2014 roma, JOCTABKA, WCIIOJIb3OBAHUE MU
TEPAIIEBTUYECKOE ITPUMEHEHHME CUCTEM W KOMITO3ULIMI CRISPR-CAS JIJI
MOJIEJTMPOBAHUS KOHKVYPEHIIMM MHOXECTBEHHBIX MVYTALIMI PAKA B
YCJIOBUSX IN VIVO; 3asisku CIIIA 62/054,675, 24 centsbps 14 rona u 62/181,002, 17 uronst
2015 roma, JIOCTABKA, UCIIOJIb30BAHUE U TEPAIIEBTUYECKOE ITPUMEHEHUE
CUCTEM U KOMIIO3UIIMM CRISPR-CAS B HEHWPOHAX/TKAHSX; 3asska CIIIA
62/054,528, 24  cemsiops 2014 roma, JIOCTABKA, MHCIIOJIb30OBAHUE U
TEPAIIEBTUYECKOE ITPUMEHEHHUE CUCTEM U KOMIIO3UIIUM CRISPR-CAS IIPHU
UMMYHHBIX 3ABOJIEBAHUAX WMJIM ITATOJIOIMAX; 3aseka CIIA 62/055,454, 25
centsabps 2014 roma, JJOCTABKA, HCIIOJIb30BAHUE W TEPAIIEBTUYECKOE
[TPUMEHEHUE CHUCTEM M KOMIIO3MIIU CRISPR-CAS JIJISI HALIEJIJMBAHHS HA
[TATOJOTMU U 3ABOJIEBAHMA C  HCIIOJIb30BAHHMEM  IIEITHJIOB,
[TPOHUKAIOINMX B KJIETKHU (CPP); 3asiska CIIIA 62/055,460, 25 centsiopst 2014 rona,
MHOI'O®YHKITUOHAJILHBIE KOMITJIEKCHI CRISPR /WU
OIITUMM3UPOBAHHEBIE, CLEIUVIEHHBIE C ®EPMEHTAMU ®YHKIIMOHAJLHBIE
KOMITJIEKCHI CRISPR; 3aseka CIIIA 62/087,475, 4 nexabps 2014 roma u 62/181,690, 18
monst 2015 roma, ®YHKIIMOHAJIbHBIM  CKPMHUHI  IIOCPEJICTBOM
OIITUMM3HUPOBAHHBIX ®YHKIITMOHAJILHBIX CUCTEM CRISPR-CAS; 3asska CIITA
62/055,487, 25 centsiopst 2014 rona, ®YHKIIMOHAJIBHBIM CKPUHHUHI TIOCPEJICTBOM
OINTUMM3HUPOBAHHBIX ®YHKIITMOHAJBLHBIX CUCTEM CRISPR-CAS; 3asska CIITA

62/087,546, 4 nexabps 2014 roma wu 62/181,687, 18 wmroms 2015 rona,
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MHOTI"O®YHKIIMOHAJIbHBIE KOMIIJIEKCBI CRISPR U/NnJIn
OIITUMU3HUPOBAHHLBIE, CHEIIVIEHHBIE C ®EPMEHTAMUW ®YHKIIMOHAJIbHBIE
KOMIDIEKCBI CRISPR; u 3asBka CIIA 62/098,285, 30 nexabps 2014 roma, CRISPR-
OITIOCPEJOBAHHOE MOJIEJIJMPOBAHUE B YCJIOBUAX IN VIVO B TEHETHYECKHIA
CKPUHHUHI' POCTA OIIVXOJIM U METACTA30OB. VYnomunatorcs 3assku CIIA
62/181,659, 18 wmrons 2015 roma u 62/207,318, 19 asrycra 2015 roma, PASPABOTKA U
OIITUMU3ALIMA CHUCTEM, CIIOCOBOB, ®EPMEHTOB U HAIIPABJIAIOMIMX
KAPKACOB OPTOJIOTOB CAS9 W BAPHUAHTOB JUIAI MAHUIIVJIALIMA @ C
TTOCJIEAOBATEJIbHOCTBIO. Ynomunarores 3asBku CIIIA 62/181,663, 18 urons 2015 rona
u 62/245,264, 22 oktsadps 2015 rona, HOBBIE ®EPMEHTHI 1 CUCTEMBI CRISPR, 3asBku
CIOA 62/181,675, 18 urons 2015 roma m meno mateHTHoro peecrpa 3a Ne 46783.01.2128,
nonanHoe 22 oxtsiops 2015 roma, HOBBIE ®EPMEHTHI 1 CUCTEMBI CRISPR, 3asBka
CIIOA 62/232,067, 24 centsiOpst 2015 roma, 3asBka CIIIA 62/205,733, 16 aBrycra 2015 rona,
sasieka CIIA 62/201,542, 5 aBrycra 2015 rona, 3asiBka CLIIA 62/193,507, 16 utomst 2015 roga u
sasiBka CHIA 62/181,739, 18 urons 2015 roma, xaxknmas u3 kotopbix o3arjasieHa «HOBBIE
OEPMEHTBI U CUCTEMBI CRISPRy, u 3asBka CHIA 62/245,270, 22 oktsi6pst 2015 rona,
HOBBIE ®EPMEHTBI M CHUCTEMbLI CRISPR. Vnomunatorcs takke 3asBku CIIIA
61/939,256 ot 12 ¢espans 2014 roga u WO 2015/089473 (PCT/US2014/070152) ot 12 nexabpst
2014 ropna, xaxnas u3 koropbix o3arnasieHa «PASPABOTKA CUCTEM, CIIOCOBOB U
OIITUMU3BHUPOBAHHBIX HATIPABJIAIOIUX KOMIIO3UIIUKM ITOCPEJICTBOM
HOBBIX APXUTEKTYP JId MAHUIIVIIALIMA C TIOCJIHEOOBATEJIBHOCTBIO».
Ynomunarorest Takxke PCT/US2015/045504, 15 asrycra 2015 ropa, 3asiBka CIIA 62/180,699,
17 wronst 2015 roma u 3asBka CIITA 62/038,358, 17 aBrycra 2014 roma, kaxxaas U3 KOTOPBIX
osarnasieHa «PEJJAKTUPOBAHUWE I'EHOMA C HCIIOJIb3OBAHUWEM HUKA3 CASO».
EBponeiickass marentHass 3asBka EP3009511. Takke mnpuBemeHa ccbUlka Ha paboTy
«MyJnbTHILIEKCHAasE T€HOMHAsi HHXKeHepusi ¢ ucnosib3oanueM cucteM CRISPR/Casy. Kowr, JI,
Psn, @ A, Kokc, I, Jlun, C., Bapperro, P, Xaoub, H., Crwii, ILJ[., By, X, IzsH, B,
Mappadpduan, JLA. u Uxan, ®@. Science, 15 denpanss;339(6121):819-23 (2013); PHK-
HaTPAaBJIIEMOE PENaKTHPOBAHHE OaKTEpUATbHBIX T€HOMOB C mcnoyib3oBanueM cucremM CRISPR-
Cas. II3sa B., bukapm [, Kokc [, Uwxan @., Mappadhdurn, JLA. Nat Biotechnol,
mapT;31(3):233-9 (2013); OpHO3TAarHOE TE€HEPUPOBAHHME MBIIIECH, HECYIIMX MYTalUHd BO
MHOecTBe TeHOB, ¢ nomoinbto CRISPR/Cas-onocpenoBanHoli reHOMHON nHKeHepun. Ban X,
Sdu X, Ilusammma K.C., Jdasmatu MM., Yenr AB., Wxan ®., Hemmm P. Cell, 9
mast;153(4):910-8 (2013); OnTudeckuii KOHTPOJIb 3a OSHIOTEHHOW TPAHCKPUMIMEH W

SIUT€HEeTUYECKUMH cOoCTOosiHUsAMU MutekonuTarouux. Konepmann C., bpurxam M 1., Tpesuno
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AE., Croni IL[., Xaitnenpaiix M., Kour JI, ITnarr P Ik, Cxorr .A., YUepu ' M., YWxan O.
Nature. 2013, 22 asrycta;5S00(7463):472-6. unentudukarop uudposoro odwvekra (doi):
10.1038/Nature12466. DnexrponHas nmyonukanus 23 asrycra 2013 roga; /[BoiiHoe HUKOBaHUE C
nomompio PHK-nHampasmsiemoro Cas9 CRISPR st moBeimeHHOW — crieniuduuHOCTH
penaktupoBanusi reaoma. Pan, @ A, Crof, ILJ1, Jlun, C.1O., I'yrerbepr, Ix.C., KonepmanH,
C., Tpesuno, A E., Cxotr, I A., UHOY3, A., Maroba, C., Yxan, }O. u Yxan @. Cell, 28 asrycra.
YHHUKAJIbHBIH HAECHTU(UKATOP, NMPUMEHSEMbIH H3aTENbCTBOM Ui MACHTU(DHUKALNM HAayYHBIX
padot (pii): S0092-8674(13)01015-5. (2013); Cneunduunocts Hauenmsanus Ha JIHK PHK-
HarnpasisieMbix HykJeasz Cas9. Croi, I1., Ckorr, [, Baitnmreitn, /Ix., Pan, @ A., Konepmans,
C., Arapsaina, B., JIn, }O., ®@aiin, 3., By, X, Illanem, O., Kpaguk, T./I:x., Mappadhdunn, JLA.,
bao, I'. u Wkan, @. Nat Biotechnol doi:10.1038/nbt.2647 (2013); I'eHoMHass HHXEHEPHs C
ucnonb3zoBanueM cuctembl CRISPR-Cas9. Psu, ®@.A., Crwoi, ILJ1, Paiit, /x., Arapsana, B,
Ckorr, I.A., Uxan, @., Nature Protocols, Hosi0pp;8(11):2281-308. (2013); ITonHOreHOMHBIH
ckpuHHHT HOKayToB CRISPR-Cas9 B knerkax uenoseka. Illamem O., Canmxkana, Hero-Mopk,
Xaprenunan, J., Ilu, X., Cxort, J.A., Mukkenscon, T., Xexn, ., D6ept, B.JL, Pyr, J.E.,
Hoeny, JIx.I'., Wkan, @. Science, 12 nexabps. (2013). [DnekTpoHHas myOauKalys A0 MeYaTu],
Kpucrannuyeckass crpykrypa cas9 B kommiekce ¢ Hanpasysowmed PHK u JIHK-mumensto.
Hucumacy, X., Pan, @ A, Croi, I1.J1., Konepmann, C., llexara, C.H1., [loxma, H., Mmuranmy, P,
Wxan, @., Hypeku, O. Cell 27 ¢espans. (2014). 156(5):935-49; [TomHOreHOMHOE CBSI3bIBAHUE
sHaonykieassl Cas9 cucrembl CRISPR B knerkax mnekonuraromux. By X., Ckorr 1. A.., Kpus
A JLx., Uny A.C., Croi, ILJ, Hamon J.b., Yenr A.B., Tpesuno A.E., Konepmann C., Uen C.,
Wennm P., Uxan, @., Ilapn ITLA. Nat Biotechnol. (2014) 20 anpens. doi: 10.1038/nbt.2889;
Hoxkun CRISPR-Cas9 mblmeli 1yisi penqakTHpOBaHUs I'€HOMa M MOJEIMpPOBaHus paka, Ilmart u
ap., Cell 159(2): 440-455 (2014) DOI: 10.1016/j.cell.2014.09.014; Pa3paboTka U NMprMeHEHUE
CRISPR-Cas9 mns renomuol unmxkenepuu, Croii u ap., Cell 157, 1262-1278 (5 urons 2014 rona)
(Croti 2014); T'enerndeckne SKpaHbl B KJIETKAaX 4YeJOBEKAa C WCIOJIb30BAHHEM CHCTEMBI
CRISPR/Cas9, Ban wu jgp., Science. 2014, 3 sauBaps; 343(6166): 80-84.
doi:10.1126/science.1246981; PanuonanbHass KOHCTPYKLHsSI BBICOKOAKTUBHBIX SgPHK ms
CRISPR-Cas9-onocpenoBanHol wHakThBanmu reHoB, Jloenu u gap., Nature Biotechnology
32(12):1262-7 (2014), onyonukosano onnaiiH 3 ceHTsi0pst 2014 roxma; doi:10.1038/nbt.3026, u
UccnenoBanne (yHKIMM TE€HOB B MO3re MIEKONHTAKOIINX B YCJIOBHSX 1IN VIVO C
ucnonb3oBanueM cucrembl CRISPR-Cas9, Csuu um np., Nature Biotechnology 33, 102-106
(2015), onybnmkoBano onmaitH 19 oktsadps 2014 roma; doi:10.1038/nbt.3055, Cpfl — 310
enuHcTtBeHHas PHK-nanpasnsemas suponykieasa cucrembl CRISPR-Cas kiacca 2, Llerme u

ap., Cell 163, 1-13 (2015); OTkpbiTHe M (QYHKUHMOHAIbHAS XapPaKTEPUCTHKA Pa3HOOOPA3HBIX
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cucreM CRISPR-Cas knacca 2, IlImakoB u np., Mol Cell 60(3): 385-397 (2015); C2c2 — 310
OJHOKOMIOHEHTHBIM, mnporpammupyemselii, PHK-nanpasnsemsblii, nHauenenneli Ha PHK,
s¢ppexrop CRISPR, AGynatie u np., Science (2016) onybnukosano onyaiiH 2 uroHs 2016 rona
doi: 10.1126/science.aaf5573. Kaxknast u3 3TUX myOnuKanuii, MaTeHTOB, MATEHTHBIX 1Ty OJIHKaIMH
U 3asBOK, a TAaK)K€ BCE JOKYMEHTBI, LUTHPYEMble B HUX WM B JEJONPOM3BOACTBE IO HUM
(«TOKYMEHTBI, LIUTUPYEMbIE B 3asBKE»), M BCE JOKYMEHTBI, LIUTHPYEMbIEC I MPUBOJUMBIE B
KAa4eCTBE CCBUIKM B JIOKYMEHTAX, LIUTHPYEMBIX B 3asBKE, BMECTE C JIOOBIMU HHCTPYKLUSIMH,
ONMCAHMSMHY, CHeNU(UKALUSAMHE MPOAYKTOB M MACHOPTAMH NMPOAYKTOB B OTHOLIEHWH JFOOBIX
NPOAYKTOB, VIIOMSHYTBIX B HHUX, WJIM B JIOOOM U3 TakuX NOKYMEHTOB, U BKJIIOYEHHBbIE B
HACTOSIIUN JTOKYMEHT B KaU€CTBE CCBIJIKH, CYMTAIOTCS BKIFOUEHHBIMU B HACTOSIIUIN TOKYMEHT B
Ka4eCTBE CCBhIJIKM U MOTYT MCIOJb30BAThCS AJIsl OCYLIECTBJIEHHUS HACTOSAIIEro u3ooperenus. Bee
JIOKYMEHTBI (HampuMep, 3TU TMaTeHThl, MATEHTHbIE MyOJIMKALUKN U 3asBKH, a TAKXKE JOKYMEHTHI,
LUTHPYEMblEe B 3asBKE) BKJIOUEHBbl B HACTOSIUI OKYMEHT B Ka4yeCTBE CCBUIKM B TOM e
CTEMNeHHU, KaK eCIi Obl KaXK/IbIil OT/AENbHBIN JTOKYMEHT ObLT ONpeAeIeHHBIM 00pa3oM U OTAEIBHO
yKa3aH, KaK BKJIIOUEHHbIN B KAY€CTBE CCHUIKH.

B omnpeneneHHbIX BapuaHTaX OCYIIECTBIIEHMS HACTOSLIErO M300pETeHMs, CUCTEMa WU
xommiekc CRISPR/Cas nmpencrassier coboii cucremy CRISPR/Cas knacca 2. B onpeneneHHbIX
BapUAHTaX OCYINECTBIICHHs HACTOSINEro M300peTeHMs, YHNOMSHyTas CHCTEMa MM KOMILIEKC
CRISPR/Cas siBasiercst cuctemoii uiau komiiekcom CRISPR/Cas tuna II, Tuma V unu tuna VI
Cucrema CRISPR/Cas He TpeOyeT reHepauuu CIHEHHAIBHO CO3JAHHBIX OEJNIKOB s
HAlleJIMBAHKUs Ha Crenuduyeckre MOCIeA0BaTeIbHOCTH, HO CKOopee oauHOouHbIN Oenmok Cas
MokeT ObiTh 3amporpammupoBan Hanpasisiomein PHK  (gPHK) s pacnosnaBanus
cneun(pUIecKOr HYKIEHMHOBOW KUCIIOTBI-MHLIEHH, APYTUMH CJIOBaMH, ¢epMmeHTHbIN Oenok Cas
MOJKET ObITh PEKPYTUPOBAH B MHTEPECYIOIIUN JIOKYC CIerU(pHUecKOil HYKJIEMHOBON KHUCIIOTHI-
MUIIEHU (KOTOpBIA MOkeT comep:karb win cocrosth u3 PHK w/mnmu JTHK) ¢ ucnonp3oBannem
YIOMSIHYTOM KOpOTKOM Hanpasssiromei PHK.

B uemnom, cucrema CRISPR/Cas wmum CRISPR, B KOHTEKCTE BBIIICYIOMSHYTHIX
JOKYMEHTOB, B COBOKYITHOCTH OTHOCHTCSI K TPAHCKPHUIITAM H APYTHM 3JIEMEHTAM, Y4aCTBYIOIUM
B JKcrpeccuu wiu HarpasisitomuM akTHBHOCTH CRISPR-accommmpoBannbix («Cas») reHOB,
BKJIFOYAsl MOCJENOBATENbHOCTH, Koxupyromue reH Cas u, mo MeHbLIed Mepe, OAHy U3
cnenyromux: tracr (Tpancaktusupyromy CRISPR) nocnenosarensHOCTh (Hanpumep, tracrPHK
Wi akTuBHYKO dactuyHyio tracrPHK), tracr-mate (HamapHMLy TpaHCAKTHBHPYIOILEH)
NOCIIEIOBATEIBHOCTh (OXBATHIBAIOLIYIO «IPSMOH MOBTOP» W YAaCTUYHBIM NPSMOH TOBTOP,
npoueccupoBanHbiii tractPHK, B koHTekcTe sHporeHHo cuctembl CRISPR), mHampasmsrornyro

MOCIIEIOBATEIBHOCTh (TAK)KE HA3bIBAEMYIO «CIIEHCEPOM» B KOHTEKCTE SHAOT€HHOW CHCTEMBI
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CRISPR) mm «PHK», B ToM cMbIciie, B KOTOPOM 3TOT TEPMHH HCIIOJB3YETCS] B HACTOSIIEM
nokymenrte (Hanpumep, PHK, cnyxamue nns Hanpasnenus Cas, takoro kak Cas9, Hampumep,
PHK CRISPR, u tam, rae 370 npuMeHuMo, TpaHcaktusupyromyto (tracr) PHK wnn oguHOUHYIO
Hanpassromyro PHK  (sgPHK) (xumepnyio PHK)), wim apyrue mnocienoBaTelbHOCTH H
tpanckpuntsl u3 nokyca CRISPR. B nenom, cucrema CRISPR xapakrtepusyercst aneMeHTamy,
KOTOpbIe CrocoOCTBYIOT oOpasoBanmio komruiekca CRISPR B caiite mocienoBaTtenbHOCTH-
MUIIEHH (TaKkke Ha3bIBAEMOM MpOTOCIIeHcepOM B KOHTeKcTe sHnorenHol cucremsl CRISPR). B
KOHTekcTe oOpaszoBanust komruiekca CRISPR, TepmMuH «mOcCnenoBaTebHOCTb-MUIIEHDY
OTHOCUTCSI K TOCJENOBATENbHOCTH, [UIsl KOTOPOHl CKOHCTPYMpPOBAaHA  HaIpaBJIsIIOINAst
NOCIEIOBATEIbHOCTh N1 KOMIUIEMEHTAPHOCTH, TP 3TOM  THOpUAM3ALUSA ~ MEXAY
MOCJIEIOBATEIbHOCTBIO-MHUIIEHBI0 W HANPaBJBIOLIEH IOCIEAOBATENBHOCTBIO CHOCOOCTBYET
obpasoBannto kommuiekca CRISPR. ITocnenoBaTenbHOCTb-MHUILIEHb MOXET COAEpKaTh JIOOOM
MOJIMHYKJIEOTUA, HanpuMep, nonunykiaeotuas! JHK nnu PHK.

B omnpeneneHHbIXx BapuaHTax OCYIIECTBJIEHMS Hactosmero wusoOperenus, gPHK
npezacrasysier codoit xumepHyro Hampasisitoinyro PHK min onuHounyro Hanpasssironryro PHK
(sgPHK). B ompeneneHHbIX BapuaHTax OCYLIECTBJIEHUs Hactosimero wuzoOperenusi, gPHK
COIEP’KUT HAIPABILSIIOLIYIO IOCJIENOBATENbHOCTh U tracr-mate IoCJIeqOBaTeIbHOCTh (WM
npsMOH MOBTOp). B ompeneneHHBIX BapmaHTax OCYIIECTBIEHUS HACTOSILNETO H300peTeHwHs,
gPHK conepkuT HampapJsIOIIYIO MOCIEAOBATENbHOCTD, tracr-mate MoCiIenoBaTeIbHOCTb (MU
NpPsSIMOI TIOBTOP) W tracr MOCJEAOBATENbHOCTh. B OmpeneneHHbIX BapHaHTaX OCYIIECTBIICHUS
HacTosero u3obperenus, cuctema win komiuiekc CRISPR/Cas, omucaHHble B HACTOSIIEM
JIOKYMEHTE, HEe COACPKUT W/WIM HEe 3aBUCUT OT NPUCYTCTBUS tracr TMOCJIEAOBATENIbHOCTH
(manmpumep, eciu 6esok Cas siBisiercst Cpfl).

B xoHTekcre Hacrosimero aokyMeHTa, TepMuH «crPHK» mnu «nanpasmsaromas PHK»,
unn «oauHovHas Hanpasisromas PHK», unnm «sgPHK», wnm «mo MeHblieil Mmepe, OnuH
KOMIIOHEHT HYKJIEMHOBOW KHCIOTh 3ddexToproro Oenka nokyca CRISPR/Cas, ecnu
NPUMEHUMO, COJAEPKUT JHOOYI0 TMOJMHYKICOTHAHYIO —IOCIENOBATENIbHOCTD, HMEIOLIYIO
JOCTATOUYHYIO KOMIIJIEMEHTAPHOCTD C MOCIEA0BATENbHOCTHIO HYKIEMHOBON KUCIOThI-MHUIIEHbIO,
U1l THOPUAM3ALHMN C TIOCTIEOBATEIBHOCTBIO HYKJIEHHOBOW KHUCIOTBI-MHUIIEHBIO U ISl IPSIMOTO
CHKBEHC-CIEM(PHUECKOrO CBSA3BIBAHMS KOMIUIEKCA, HALEJIEHHOTO Ha HYKJIEMHOBYIO KHCIIOTY, C
MOCJIEZIOBATENIbHOCTBIO  HYKJIEMHOBOM  KUCJIOTBI-MULIEHBIO. B HEKOTOphIX  BapHaHTax
OCYILIECTBIIEHHUs] HACTOSINEro M300peTeHUs], CTENeHb KOMIUIEMEHTAPHOCTH IMPHU ONTHMAJIBHOM
BbIDABHUBAHUM C HCIOJb30BAHUEM MOJIXOSINEr0 ajiropuTMa BbIPAaBHUBAHUSI COCTaBJISET,
npuMepHo, uim Oosee 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97,5%, 99%, umu Ooinee.

OntuManbHOE BBIPABHUBAHHE MOKET OBITh OINPENEeNIEHO C HCIOJNb30BAHUEM JHOOOTO
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MOAXOJALIEr0 ajJropuTMa Jjsl BbIPABHHUBaHUs I[OCJIENOBATENbHOCTEH, HEOrpPaHUYMBAIOIIMIM
MpUMeEp KOTOPOro BKIIOYAIOT anroputMm Cwmwurta-Yorepmana, anroput™m Huanmana-Bynina,
aNTOPUTMBI, OCHOBaHHbIE Ha INpeobpasoBanun bappoysa-Yunepa (Hanmpumep, BbIpaBHUBATENb
bappoy3za-Yunepa), nmporpammsl Ui MHOXXECTBEHHOTO BBIPABHUBAHUS IOCIENOBATEIBHOCTEH
ClustalW, ClustalX, BLAST, Novoalign (Novocraft Technologies; moctymuo mo azgpecy
www.novocraft.com), ELAND (Illumina, Can-uero, Kamudopuus), SOAP (moctymHO 1O
azpecy soap.genomics.org.cn), 1 Maq (moctynmHo mo aapecy maq.sourceforge.net). CiocoOHOCTB
HaTPAaBJSIIOLIEH TOCenoBaTeibHOCTH (B Tipenenax Hampasisiiomern PHK, HanenenHoit Ha
HYKJIEMHOBYIO KHCJIOTY) HAaIlpaBJsATh CHKBEHC-CIELU(UYECKOE CBSI3bIBAHME KOMILIEKCA,
HALIEJICHHOTO HA HYKJIEMHOBYIO KHCJOTY, K IIOCJIEAOBATEIbHOCTU HYKJIEMHOBON KHCIOTbI-
MUIIEHU MOXKET OBbITh OLIEHEHA C TIOMOLIBIO JIFOOOT0 MOAXOSINEro KOJIMYECTBEHHOTO aHAIN3A.
Hamnpasisrommast  mocnenoBaTeNbHOCTh U,  clenoBaTenbHO, Hampasisiomas PHK,
HalleJIeHHas: Ha HYKJIEMHOBYIO KHCJIOTY, MOTYT OBITh BBIOpAaHbI AJIsI HALEJIMBAHUS Ha JIOOVIO
MOCJIEAOBATEIbHOCTh HYKJIEMHOBOM KHUCJIOTBI-MHLIEHb. [loCienoBaTeNnbHOCTb-MHUIIEHD MOKET
npexncrasisth coboit JIHK. IlocnemoBarenbHOCTh-MHUIIEHb MOXKET MPEACTaBJIATh COOOH
F€HOMHYIO JHK. ITocnenoBaTenbHOCTb-MHUILIEHD MOKET IIPEICTABIIATD coboit
mutoxoHapuaneHyo JJHK. ITocnenoBaTenbHOCTb-MHIIEHh MOKET MPEACTABIATE COO0 JIFOOYIO
nocnenosarenpHocTh  PHK. B HEKkOTOpeIX BapuaHTax OCYLIECTBJIEHUS  HACTOSILIETO
n300peTeHus, OCIe0BATEIbHOCTE-MHUIIEHb MOXKET MPENCTABNIATh COOOH MOCIeOBATENBHOCTD,
Haxomsmyrocst B mpenenax wmodekynsl PHK, BeIOpaHHOW ©3 Tpymmel, COCTOsIIEH u3
unpopmaunonnoit PHK (mPHK), nmpenmecrsennnka mPHK (pre-mPHK), pu6ocomuoit PHK
(rPHK), tpancnoptHoii PHK (tPHK), mukpo-PHK (miPHK), manoii untepdepupyromeri PHK
(siPHK), manoii speproii PHK (snPHK), manoii simpeinkosoii PHK (snoPHK), apyxuenoueunoit
PHK (dsPHK), mexkommpyromeri PHK (ncPHK), mnmmunoi#t mexomupyromeit PHK (IncPHK) u
manoii umrorutasmarnyeckoii PHK (scPHK). B HEKOTOpBIX MpeanoyYTHTENbHBIX BapUaHTAX
OCYLIECTBJIEHHS HACTOSIIIEr0 H300pETeHH s, OCIEI0BATEIbHOCTh-MHIIEHb MOKET MPEICTABIATD
coOOl TOCIENOBATENIHOCTh, HAaXOMAINytocst B mpenenax Mousiekyiael PHK, BbiOpanHOW 13
rpynnsl, cocrosmedn u3 mPHK, pre-mPHK u rPHK. B HekoTOpbIX mNpeAnOYTHUTENBHBIX
BAPUAHTAX OCYLIECTBJIEHHs HACTOSIIEr0 H300pETeHHs, MOCIENOBATEIbHOCTb-MUIIEHD MOKET
NPEACTaBISITH COOOH TOCIIENOBATENIbHOCT, HAXOMSINYIOCA B mpenenax Mousekyiael PHK,
BbIOpaHHOW w3 rpymmel, coctosimedr n3 ncPHK u IncPHK. B HekoTtopeix Oonee
MPEANOYTUTENBHBIX BapHaHTax OCYILECTBIIEHUS HaCTOSILIEro n300peTeHus,
NOCIIEIOBATEIbHOCTh-MUIIEHb ~ MOJKET  NPEACTaBIATb  COOOH  MOCIEeNOBaTENbHOCTD,

HaxoasAMyoocs B npeaenax Mojaekyyasl mPHK nnn monexynel pre-mPHK.
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B ompeneneHHBpIX BapuaHTaX OCYIIECTBJIIEHHS Hacrosimero usodOperenus, gPHK
COIEPXKUT NETNI0 CcTebisl, B TPEANOYTUTENIbHOM BApUAHTE OCYILIECTBIEHHS HACTOSIIErO
n300peTeHns] — OOUHOYHYI0 MNeTimo crebnsi. B ompeneneHHBIX BapHaHTax OCYIIECTBIICHUS
HACTOSIIEro N300peTeHus], TOCIeNOBATENbHOCTD MPSIMOTO MOBTOpa 00pasyeT merimo credus, B
NPEANOYTUTENHOM BaPHAHTE OCYIIECTBJIEHHUS] HACTOSALIETO0 N300PETEHUs] — OAMHOYHYIO TETIIO
crebnsa. B ompeneneHHBIX BapHaHTaxX OCYIIECTBJICHUS HACTOSIIErO M300peTeHus, INHA
cnericepa Hanpasysromen PHK cocrasisier ot 15 no 35 HykimeotunosB. B omnpeneneHHbIX
BapHAaHTaX OCYLIECTBJICHHsI HACTOSIIEro M300peTeHus, IiuHa crelicepa Hampasisomeid PHK
COCTAaBJISIET, 110 MEHbLIEH Mepe, 15 HykneoTunoB. B onpeneneHHbIx BapuaHTax OCYLIECTBICHUS
HACTOSIIEro M300peTeHus, AJIMHa crielicepa cocTaBisieT OT 15 no 17 HykJIeOTHAOB, HampuMep,
15, 16 unu 17 nykneoruaos, ot 17 pno 20 nykneoruaos, Hanpumep, 17, 18, 19 wumm 20
HYKJI€OTUI0B, OT 20 10 24 HykneoTuaos, Hanpumep, 20, 21, 22, 23 unu 24 Hykieotuaa, ot 23
00 25 HykJIeoTUnoB, Hampumep, 23, 24 wiu 25 HykJIeoTuAoB, OT 24 10 27 HYKJIEOTUIOB,
Haripumep, 24, 25, 26 unu 27 Hykaeotuaos, ot 27 no 30 HykjaeoTunos, Hanpumep, 27, 28, 29
unn 30 Hykseotuaos, ot 30 go 35 Hykneorunos, Hampumep, 30, 31, 32, 33, 34 wmum 35
HYKJIEOTUAOB, WM 35 HYKJIEOTHIOB, Win Oosee. B KOHKpPETHBIX BapHaHTaX OCYIIECTBIIECHUS
Hacrosmero  m3oOperenusi, cucrema CRISPR/Cas  tpeOyer  Hammumst  tracrPHK.
IMocnenoBatenpHOCTh  «tractPHK»  wnmM  aHamOrW4HbIE TEPMUHBI  BKJIFOHAET  JIFOOYIO
MOJIMHYKJICOTHIHYIO — MOCJENOBATEIbHOCTh, KOTOpash oO0JNafgaeT KOMIUIEMEHTAPHOCTBIO C
nocnenoBareabHOCThIO CrPHK, nmocratouHoit anst rubpunusanuu. B HEKOTOPBIX BapHaHTaX
OCYLIECTBJIEHUs] ~ HACTOSIEro  HM300peTeHHs, CTEeNeHb  KOMIUIEMEHTAPHOCTH  MEXIy
nocnenosareabHOCTHIO tractPHK 1 mocnenosatensHocThi0 crPHK 1o anmuHe Gosiee KOpoTKOi 13
IBYX TIPU ONTHUMAJIbHOM BBIPAaBHHUBAHUU COCTABJSIET, MPUMEPHO, WK Oojee, nmpuMepHo, 25%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 97,5%, 99%, wnu Beiie. B HEKOTOPBIX BapHaHTaxX
OCYLIECTBJIEHHs] HACTOSILEro M300peTeHus, tracr moCIeOBATEIbHOCTh COCTABIISIET, IPUMEPHO,
wm Oonee, mpuMepHo, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50 umm
Oojee HYKJICOTHIOB B JUIMHY. B HEKOTOPBIX BapHaHTaX OCYLIECTBICHHUS HACTOSIIETO
n300peTeHus, tracr moCIen0BaTeIbHOCTD U nocienoBatenbHocTh gPHK coneprxarcs B mpenenax
OJTHOTO TPAHCKPHUNTA, TAKUM OOpa3oM, B pe3yjibTaTe THOPHIN3ALUN MEKAY HUMH OOpasyercs
TPAHCKPUINT, MMEIOIINNA BTOPUUYHYIO CTPYKTYpy, Takyl Kak Iunuipka. B ogHOM BapuaHTe
OCYLIECTBIIEHUs] ~ HACTOAIIEro  M300peTeHus,  TPAHCKPUNT  WJIM  TPaHCKpUOMpyemas
MOJIMHYKJIEOTU/AHAs TIOCJIE0BATEIbHOCTh HMEET, [0 MeHblleld Mepe, ABe IINUIbKU. B
NPEANOYTUTENBHBIX BAPUAHTAX OCYLIECTBIEHHS HACTOSIIEr0 M300PETEHHs], TPAHCKPUIT UMEET
AB€, TPY, 4YeTblpe WJIM MATh LINUJIeK. B JApyrom BapuaHTe OCYIIECTBIEHHUS HACTOSIILEro

U300peTeHNs, TPAHCKPHUNT UMeeT He OoJiee MITH MIMIIEK. B IMMUIedHON CTPYKType Y4acTOK
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MOCJIEI0BATEIbHOCTU 5’ KOHEUHOro «N» W BbIllEe NETJIM MOXKET COOTBETCTBOBAThH tracr-mate
MOCJIEZI0BATEIbHOCTH, a YUACTOK MOCIEI0BATENBHOCTH 3’ METIIH, CJI€A0BaTEIbHO, COOTBETCTBYET
tracr TOCHIeNOBaTENbHOCTU. B ImMuaedyHON CTPYKType YYacTOK HOCIEeNI0BaTEIbHOCTH 5’
KOHLIEBOrO «N», U HaxOAsIIMNCA Bbllle METIM, MOXET, B aJbTEpPHATUBHOM BapUaHTe
OCYILIECTBIIEHUs] HACTOSIIEro H300pETEHUs, COOTBETCTBOBAThH tracr MOCIIENOBATENbHOCTH, a
y4acTOK IIOCJEA0BATENbHOCTH 3’ TMETIN COOTBETCTBYET tracr-mate mocjaenoBaTenbHOCTH. B
aNbTEPHATUBHBIX BApUAHTAX OCYLIECTBJIEHHsS HACTOSINEro H300pETeHUs, Ml CUCTEMBI
CRISPR/Cas ne tpebyercs tracrPHK, 4To M3BeCTHO CrieUaINCTy B TAHHOW OOJIACTH TEXHUKH.

B omnpeneneHHbIX BapuaHTax OCYIIECTBJICHUS HACTOSIIEr0 H300pETEH s, HAIPaBIIAIOINast
PHK (cnocoOHast Hampasyisite Cas K JIOKYCY-MHIIEHH) MOKeT coaepxath (1) HampapJstOIIytO
MIOCIIEIOBATEIbHOCTh, CIHOCOOHYIO TMOPHAM30BATHCS C JIOKYCOM-MHMIIEHBIO, M (2) tracr-mate
NOCJIEIOBATEIbHOCTh MIIM TMOCJIENOBATEIBHOCTh MPSIMOrO MOBTOpa (B OopueHTaimu oT 5° 1o 3’
WY, B QJIbTEPHATHBHOM BapPHAHTE OCYLIECTBJICHUS] HACTOSAIIEr0 N300pETEeHNs], B OPUEHTALIMU OT
3’ mo 5°, B 3aBUCHMMOCTH OT Tumna Oenka Cas, 4TO M3BECTHO CIELHUAIUCTY B AAHHOU OONacTH
TEeXHHKH). B KOHKPETHBIX BapHaHTAaX OCYILIECTBJICHUS HACTOSINEro W300peTeHus, Oenok
CRISPR/Cas xapakTepusyercss TeM, 4TO OH MCHoJb3yeT Hampasisiromyo PHK, conepxkamryro
HAIpPaBJSIOIIYIO TTOCJIEA0BATEIbHOCTD, CIIOCOOHYI0 TMOPUAN30BATHCS C JIOKYCOM-MHUIIEHBIO U
MOCJIEIOBATEIBHOCTHIO MPSIMOTO TMOBTOpa, U emy He TpebOyercst tracrPHK. B koHKpeTHbIX
BapMAHTaX OCYIIECTBJCHUS HacTosimero wusobperenus, mnpu sToM, Oenok CRISPR/Cas
xXapaktepusyercss TeM, uto oH ucnojes3yer tracrPHK, a Hampasnsiromas mocienoBaTeabHOCTD,
tracr-mate MocCJaeA0BaTeNbHOCTh U tracr MoCieI0BaTeNbHOCTh MOTYT HaXOAUTHCS B OAMHOYHON
PHK, to ectb, B sgPHK (pacnonoskeHHble B OpUeHTAUH OT 5’ 10 3’ WiH, B aJIbTEPHATHBHOM
BapHAHTE OCYIIECTBJICHUS] HACTOSIIEr0 M300pETeHUs, PACIONOKEHHbIE B OPUEHTALUH OT 3’ 10
5%), mm tracr PHK wmoxer npencraensate cobori PHK, ommunyro ot PHK, conepskamuei
HaNpaBJAIOLIYI0O U tracr-mate MOCIeNOBaTeNbHOCTb. B 3THUX BapuaHTax OCYLIECTBJICHUS
HACTOSIIEro HM300peTeHus, tracr TOCIENOBAaTEIbHOCTh TUOPUAM3UPYETCsT ¢  tracr-mate
MOCJIe0BATEbHOCTHIO U HanpasisieT koMmiuieke CRISPR/Cas k mocnenoBaTeIbHOCTH-MUIICHH.

Kak npaBuio, B KOHTEKCTE 3HAOTCHHOW CHCTEMBI, HALEJEHHONW Ha HYKJICHHOBYIO
KUCJIOTY, OOpa3oBaHHE KOMIUIEKCA, HALEJIEHHOIO Ha HYKJIEWHOBYIO KHCIOTY (COAepsKaliero
Hanpasssirowmyo PHK, ruOpuan3npoBanHyio ¢ MOCIE0BATEIbHOCTHIO-MHUIIEHBIO U BXOISLIYIO B
COCTaB, MO MeHbIIeH Mmepe, ogHOro 3(ddekTopHOro OeNika, HALEJIEHHOTO HAa HYKJIEHHOBYIO
KUCJIOTY), IPUBOIUT K Moaudukauuu (Hampumep, K pacIleIUIeHUI0) OJHONW MM o0eHx Lernen
JIHK wnn PHK, Haxonsmmxcsi B penesax win psaoM (Hampumep, B ipenenax 1, 2, 3,4, 5, 6, 7,
8,9, 10, 20, 50 wm Gojee map OCHOBAHWI) C MOCIENOBATEIPHOCTHIO-MUIIIEHBIO. B KOHTEKCTE

HACTOSIIEr0  JOKYMEHTa, TEePMHUH  «IOCIENIOBATEIbHOCTH(M),  aCCOLMUPOBAHHAS  C
40



HHTEPCCYOILIUM JIOKYCOM-MULICHBIO» OTHOCHUTCA K MOCICAOBATCIBHOCTAM, HaxXOAAMINMCH
PSIIOM C TIOCTIENOBATEIbHOCTRIO-MHUIIEHBIO (HanpuMmep, B npeaenax 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

20, 50 wmu Ooyiee map OCHOBAaHHWH OT TOCIENOBATEILHOCTU-MUIICHH, TIIPH  OTOM,

>
MOCIIEIOBATEIbHOCTh-MHUIIIEHb COAEPIKUTCS] B HHTEPECYIOLIEM JIOKyce-MulieHn). CrienuanucTy B
TaHHOHN OONACTH TEXHMKH HM3BECTHBI CIEU(HUECKHE CAWThl pa3pes3a, NpenHa3HAueHHbIE IS
BbIOpaHHbIX cucteM CRISPR/Cas, mpuMeHHTENBHO K MOCIENOBATEIbHOCTH-MULIEHH, KOTOPAs,
KaKk 3TO U3BECTHO B JAaHHOW OONAaCTH TEXHUKH, MOXET HaXOAWUThCA B Ipenenax
MOCJIeI0BATEIbHOCTU-MUIIECHU WIH, B AJIbTEPHATUBHOM BAPUAHTE OCYLIECTBJICHUs HACTOSIIIETO
n300peTeHNs], B OpUeHTALNH 3’ WK 5’ TOCIeA0BATENIbHOCTH-MHULIEHH.

B HEKOTOPBIX BapUaHTax OCYLLIECTBJICHUS HaCTOSIILErO n300pereHus,
HeMOoaU(pUUMUpPOBaHHbIN 3((EeKTOPHBIN OeNOK, HAlleNEeHHbIH Ha HYKIEHHOBYIO KHUCIIOTY, MOKET
o0JajaTh AaKTUBHOCTBIO pACLIEIUIEHHs] HYKJIEHHOBON KHCJIOTBHL B HEKOTOpBIX BapuaHTax
OCYIIECTBJICHHsI HACTOSIIEr0 M300peTeHus], HyKJiea3a, KaKk OMHCAHO B HACTOALIEM JOKYMEHTE,
MOJKET HAIpaBJISATh pacllerUieHHe OJHOM min obenx uenel HykienHoBbIX kucnot (JJHK, PHK
WIN THOPUAOB, KOTOPbIE MOTYT OBITH OJHO- WM ABYXLEIOYEYHBIMH) B MECTE PACHOJIOKEHHS
UJIH PSIZIOM C TMOCJIEN0BATEbHOCTBIO-MUIIEHBIO, HAIIPUMED, B MpEaesax MOCIeA0BATENIbHOCTH-
MHUIIEHH W/WIM B TpefeNax KOMIUIEMEHTa IIOCJIEOBATENbHOCTH-MUIIEHH, WJIH B
MOCJIEAOBATEIBHOCTAX, ACCOLMUPOBAHHBIX C INMOCIENOBATEILHOCTBIO-MULIEHBIO. B HEKOTOpBIX
BapHaHTAaX OCYLIECTBJCHHs HAcTOsIEero m3odpereHus, 3pdexkropHbiii OeNok, HaleJeHHbIH Ha
HYKJICHHOBYIO KHCJIOTY, MOXKET HamlpaBJsITh pacuierieHne oaHoi uin obeux ueneit JJHK umm
PHK, naxopsuiuxcs B npenenax, npumMepHo, 1, 2,3, 4, 5,6, 7, 8, 9, 10, 15, 20, 25, 50, 100, 200,
500 unu Gosiee map OCHOBAaHMI OT MEPBOTO HIIH TOCEIHErO HYKJIEOTHUIA TTOCIEN0BATEIbHOCTH -
MUIIEHH. B HEKOTOPBIX BapHaHTaX OCYLIECTBJIEHHs] HACTOSLIEr0 M300pETEeHUs], paclleruieHue
MokeT ObITh TymbiM (Hampumep, st Cas9, takux kak SaCas9 umnmu SpCas9). B HeKoTOpbIX
BAPMAHTAX OCYINECTBJICHHS HACTOSINEro HM300pETeHHus, paclieruieHHe MOXeT ObITh
crynenyatbiM (Hampumep, ansi Cpfl), To ectb, ¢ reHepupoBaHHEM JIMIIKUX KOHLOB. B
HEKOTOPBIX BAPUAHTAX OCYLIECTBICHUS HACTOSIIEr0 N300PETEeHUs, PACIICIUICHUE MPEICTABIISET
cOOOM CTymeHYaThld paspe3 ¢ 5’ BBICTYMAKOIIMMH HYKJICOTHIAMH. B HEKOTOPBIX BapHaHTax
OCYILIECTBIIEHHsI HACTOSIILEr0 M300pETeHHs, pacCLIeIUICHHe MPEACTaBIsieT COOOH CTynmeHYaThIid
paspe3 ¢ 5’ BBICTYNAIOUIMMH HYKJIEOTUIAMU B KOJMYECTBE OT | 1O S5 HYKJIEOTHIOB, B
NPEANOYTUTEIbHOM BapUAaHTE OCYLIECTBICHHS HACTOsALero wu3o0pererns — 4 wim S
HYKJICOTHIOB. B HEKOTOpBIX BapHaHTax OCYIIECTBICHUS HACTOSINEro M300peTeHus, CalT
paciiernienust Haxoaurcs Boilie PAM. B HeKOTOpbIX BapHaHTax OCYLIECTBJIEHUs HACTOSLIErO
n300peTeHus, CalT paciierieHus Haxonmutcss Hmwke PAM. B HEKOTOpeIX BapuaHTax

OCYLIECTBJIEHUs] ~ Hacrosimero uszobpereHusi, s3(dexropHbii  Oenok, HaleJIeHHbIH Ha
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HYKJIEMHOBYIO ~ KHCJIOTY, KOTOpPbIi MOKET OBITh MyTHPOBaH IO OTHOWIEHHIO K
COOTBETCTBYIOLIEMY (EPMEHTY IUKOrO THIA TaKUM o00pa3oM, 4YTO MYTHUPOBAHHBIN
s¢dexTopHbIi OeoK, HALEJCHHbI HAa HYKJICHMHOBYIO KHCJIOTY, OyJeT JIMIIEeH CIOCOOHOCTU
pacmerisiTe oxHy win obe uenu JIHK wmnm PHK nonumHykieoTHaa-MHIIEHH, COAEPIKAIIEro
MOCJIEI0BATEIbHOCTb-MUILIEHb. B KauecTBe AOMOJHUTENBHOIO MIpUMepa, Mo MeHbIeH Mepe, ABa
katanuTrueckux nomena 6enka Cas (Hanpumep, RuvC I, RuvC II u RuvC III unn nomen HNH
Oenkxa Cas9) MoryTr ObITh MyTHPOBAaHBI Ui NMPOAYLHUPOBAHUS MyTHpOBaHHOTO Oenka Cas, 1o
CYLIECTBY, MOJHOCTBIO JULIEHHOrO akTUBHOCTH pacwierienus JJHK. B HexkoTopbIx BapuaHTax
OCYLIECTBIIEHUs] HACTOSIIEr0 H300pPETeHUs, MOXHO CUYUTaTh, 4YTO JPQPEeKTOpHBINH OenoK,
HALEJICHHbIII HAa HYKJIEHMHOBYK) KHCJIOTY, IO CYLIECTBY, IOJHOCTBIO JIMLIEH AaKTUBHOCTU
pacmerenus JIHK w/mnu PHK, korna akTHBHOCTH pacIlernyieHuss MyTHPOBAHHOTO (hepMeHTa
cocrasiisieT, npumepHo, He Oosee 25%, 10%, 5%, 1%, 0,1%, 0,01% unun MeHee aKTUBHOCTH
paciieruieHnst HyKJIEMHOBOH KUCIOThI HEMyTPUPOBAHHON (POPMBI (hepMEHTA; TPUMEPOM MOXKET
CIIy’)KMThb Clly4ail, KOTAa AaKTHUBHOCTb pACLICIUIEHUS HYKJIEMHOBOM KHCJIOTBI MyTHPOBAaHHOM
(OpMBI SABJISIETCSI HYJIEBOH WIM HE3HAYMTENBLHOH, IO CPABHEHHIO C HEMYTPUPOBAHHOM (HOPMOIL.
B koHTEKCTe HAacTOAIIEro NOKYMEHTa, TEPMUH «MOANUIHMPOBaHHBI» Cas OOBIYHO OTHOCHUTCS
Kk Oenky Cas, uMeromeMy, Mo MEHbLIeH Mepe, ONHY MOIU(PUKALMIO UM MYTAlHIO (BKJIIOUAs
TOYEYHbIC MYTAIMH, YCEUSHHs], HTHCEPLIUHU, ENELUH, XUMEPbI, OCJKH CIUSHUS U TaK Jajiee), 1Mo
cpaBHeHHIO ¢ Oenmkom Cas OUKOTO TUMA, U3 KOTOPOTO OH MOJy4eH. TepMHUH «IOJyueH»
O3HAYaeT, 4TO TMOJIyYeHHbIH (EePMEHT B 3HAYUTEIbHON CTENIEHH OCHOBAH, IO CMbICITY OOJIaJaHusI
BBICOKOH CTETEHBbI) TOMOJIOTHH TMOCIEeNOBATEeIbHOCTEH, Ha (DepMEHTe OUKOrO THIA, HO ObLI
MyTUpPOBaH (MOIU(GULIUPOBAH) KaKUM-THOO 0Opa3oM, M3BECTHBIM B JAaHHOH OOJIACTH TEXHUKH
WJIM ONHCAHHBIM B HACTOSLIEM JJOKYMEHTE.

B KOHKpETHOM BapHaHTE OCYLIECTBICHMs HACTOSINETO H300pETEeHHs, MyTUPOBAHHBIN
53¢ dexTopHBIi OeNOK, HAlEJNeHHbI Ha HYKJIEHHOBYIO KHCJIOTY, OCHOBAaHHBIH Ha CHCTEME
CRISPR, kak omucaHO BbIIIe, KOTOPBINA JIMIIEH CIOCOOHOCTH PACHICIUISITh OHY WJIH 00e Iernu
JHK nnu PHK nonunykiieoTHAa-MULIEHH, COAEPKALLErO MOCIEI0BATENIbHOCTb-MULIEHb, MOKET
OBITH CIIUT C APYTMMH HHCTPYMEHTAMH, TAKUMH KakK JPyrue HyKJeas3bl, HUKa3bl, PEKOMOWHA3HI,
TPaHCIO03a3bl, PeJaKTOPbl OCHOBAHUS WJIM MOJIEKYJISIPHbIE KOMILIEKCHI, KOTOpbIE€ BKIIOYAIOT 3TH
UHCTPYMEHTbl. TepMHH «pelakTOp OCHOBAaHMs», B KOHTEKCTE€ HACTOALIEr0 JOKYMEHTa,
OTHOCHTCS K O€JIKy WM ero parMeHTy, o0NagarieMy TOH Ke KaTaIUTUYeCKOH aKTHBHOCTBIO,
9TO U OEJIOK, M3 KOTOPOrO OH TMOJIyYeH, MpuueM, OeJIOK WM ero (parMeHT, cam mo cede, WiH
KOrZla OH TMpEeAJio)KeH B BHUAE MOJIEKYJSIPHOIO KOMIUIEKCA, HAa3bIBAEMOIO B HACTOSIIEM
JOKYMEHTE KOMIUIEKCOM PEAaKTUPOBAHMs OCHOBAHUS, 00NafaeT CnocOOHOCTHIO OTIOCPEIOBATh

LIEJICHANPABJICHHYI0 MOIU(HUKAIMIO OCHOBAHMSA, TO €CTh, MNpeoOpa3oBaTh HHTEpECYyrollee
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OCHOBaHME, YTO TNPUBOJUT K HMHTEPECYIOLIEH TouedyHoi Myrtaumu. B mnpennmoururenbHOM
BapUAHTE OCYIIECTBJICHUS HACTOSINEro H300peTeHUs, 1O MEHbBLIEH Mepe, OIWUH PEAaKTop
OCHOBAHMS, B KOHTEKCTE HACTOSILIET0 M300PETEHHsI, BPEMEHHO WJIM MOCTOSIHHO CLEIUIEH C, IO
MEHbIIeH Mepe, OnmHuM caiiT-cnenuduueckum 3PEGHEeKTopoM WM HEoOs3aTeTbHO C
KOMITIOHEHTOM, TI0 MEHbIIEH Mepe, OAHOro calT-cnenuduueckoro 3G¢GeKTOpHOro KOMILIEKCa
(manpumep, ¢ nomenom pacrnosHaBanusi JIHK cucremsr CRISPR, ¢ LHMHKOBBIM majibLieM WM
TAL-3¢pdexropamu). Cuernenne MokeT ObITh KOBAJISHTHBIM W/WUJIM HEKOBAJICHTHBIM.

B MHOroumcineHHbIX nNyOMMKALMsIX MOKAa3aHO LEJNICHAINPABIEHHOE Ipeo0pa3oBaHue
ocHoBaHus, B mepByto ouepens uutuanHa (C) B tumuH (T), ¢ HCHOIB30BAaHMEM HUKA3bI
CRISPR/Cas9  wnm  HedyHKIMIOHAJBbHOM  HyKJI€a3bl,  CLEIJICHHOW C  JOMEHOM
IUTHIUHE3aMUHA3bl,  KAaTAIUTHYECKHUM  MOJUIenTuaoM,  pemaktupyromunM — mPHK
AnomunonporenHa B (APOBECI1), nampumep, ¢ APOBEC, mnonyueHHbIM M3 KpBICHL
HesamunupoBanne utozuHa (C) Kartanu3upyeTcss LUTUAMHAE3aMUHA3aMH U TPUBOIUT K
obpasosanuto ypaumia (U), kotopelii 00iagaeT CBONCTBAMH CIapUBAaHHsS OCHOBAHMN THMHHA
(T). BoMBPIIMHCTBO M3BECTHBIX LIUTHAMHAE3aMUHA3 OKa3biBaroT BiausHue Ha PHK, u m3BecTHO
HECKOJIbKO npuMepoB, korna npunumaercs /IHK, B kotopoii Tpebyercst ogHoLenodeuHas (Ss)
JHK. HccnenoBanusi komruiekca dCas9-/IHK-muiienb mokasbIBarOT, YTO, MO MEHbLIEH Mepe,
neBsiTh HykieoTunoB (nt) BeitecHeHHo# wuenu JIHK He cmapuBarorcs mpu 0oOpa3oBaHUH
komruiekca Cas9-nanpasmsitornas PHK-‘R-nerns’ JIHK (Ixxop u ap., Nat. Struct. Mol. Biol., 18,
529-536 (2011)). J[eiicrBurenbHo, B cTpykType kommuiekca Cas9 R-merns mnepseie 11
HYKJIEOTHJIOB IpoTocmelicepa Ha BbiTecHeHHON nenu JIHK HeynopsinodeHel, a 3TO TOBOPUT O
TOM, YTO UX JIBHJKEHHE HE CUJIbHO OrpaHudeHo. Takske ObUIO BBICKA3aHO MPEITIOIOKEHHE O TOM,
YTO MyTalWH, WHAYLHPOBaHHbIE HUKa30il Cas9, B LUTO3MHAX B HEMATPUYHOW LEMH MOTYT
BO3HUKATh U3-32 UX JOCTYITHOCTH JUIS KJIETOYHBIX (PEPMEHTOB IUTO3HHAe3aMUHa3bl. [0 Hamemy
MHEHUIO, TMOAMHOKecTBO »dtoro ymmuHeHuss ss/JIHK B R-metme worno Obl  CIOy:KUTh
s¢dextuBHbIM cyOcTpaToM st dCas9-npuBs3aHHON LUTUAWMHIE3AMHUHA3BI JIsI OCYIIECTBICHUS
HETNOCPEACTBEHHOT0, nporpammupyemoro npeodpazosanusi C B U B JIHK (cm. Bbitie, Komop u
ap.). Recently, T'oynenmu u np. ((2017). ITporpammupyemoe penaktupoBanue ocHoBanus A* T B
G+ C B renomuoit JIHK 6e3 pacmerienust JIHK. B xypnane Nature, 551(7681), 464.) onucansl
penakropsl ocHoBaHus aneHnHa (ABE), kotopeie omocpenyrot npeodpazosanue AT B G*C B
renomuoi JIHK.

JIro00#1 KOMIUIEKC PEeNakTHPOBAHUS OCHOBAHMS MO HACTOSIIIEMY H300PETEHHIO MOJKET,
TakUM 00pa3oM, conepkaTb, IO MEHbIIEH Mepe, OIHY LHTUAMHAEC3aMHHA3y WJIH ee

KaTaJIMTHYECKN aKTUBHBIN (parMeHT. [lo MeHbImell Mepe, OOUH KOMIUIEKC PEeNaKTUPOBAHHS
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OCHOBaHHUSI MOXET COJAep)KaTb LUTUAUHAE3aMHHA3y WUJIM €€ JOMEH B BHJE KaTalIUTHYECKU
aKTHUBHOTO (pparMeHTa B KQUeCTBE PEJAKTOPa OCHOBAHMSL.

B npyrom BapuaHTe OCYIIECTBIEHHUS HACTOSIIIEr0 H300peTeHHs, 0 MEHbINEH Mepe, OHA
nepBasi LeJIeHANpaBIeHHass MOAM(UKALNS OCHOBAaHHUS NpEACTaBisieT coOoi mpeoOpa3oBaHue
nroboro nykieoruna C, A, T umu G B moboit npyroit Hykieotun. Jlroboit u3 mHykiaeotunos C, A,
T nnmu G moxer ObITh OOMEHEH CalT-HAapPaBJIEHHBIM CIIOCOOOM, OMOCPENOBAHHBIM PEAAKTOPOM
OCHOBAHMs WM €r0 KaTaJIUTHYECKH AKTUBHBIM (pparMeHTOM, Ha APYro HykyieoTHn. Takum
oOpa3oM, 1Mo MeHbIIel Mepe, OAWH KOMIUIEKC PelIaKTUPOBAHUS OCHOBAHMS MOXET COAEPKaTh
mo00l penakTop OCHOBaHMS WIM JOMEH pENakTopa OCHOBAHHUS, MM €ro KaTaJIUTHYECKU
aKTUBHBIA (PparMeHT, KOTOPBI MOXKET IMpeoOpa30BbIBaTh MHTEPECYIOIUN HYKJIEOTH B JIFOOOM
APYroi HHTEPECYIOIUN HYKJIEOTH]I LieJIeHAPaBIEHHBIM CIIOCOOOM.

B ompenmeneHHBIX ~ BapMaHTaX  OCYLIECTBJIIGHUS]  HACTOSINErO  M300peTeHws,
nocienoBareiabHOCTh-MuUIIeHb isi cucteMbl CRISPR/Cas noskHa ObITh acconumupoBana ¢ PAM
(MoTHB, mpuMbIKarOIUA K nportocneiicepy) uian PFS (uankupyromas mocienoBaTeabHOCThb
nmporocnelicepa WM CalT), TO €CTb C KOPOTKOH IOCJIEeNOBATENIbHOCTBIO, PaClO3HABAEMOM
komiuiekcom CRISPR. TpebGoBanusi kK TOYHOCTH M JJIMHE MOCenoBaTeabHOCTe ansi PAM
pasnuyarTCs B 3aBUCHMMOCTH OT wucnoibdyemoro ¢epmenta CRISPR, Ho PAM o00buHO
NPEACTABISIIOT COOOH MOCTEeNOBATENIbHOCTH W3 2-5 map OCHOBAHWM, NPUMBIKAOLIIUE K
npoTocneicepy (TO ecTh, K MOCIEN0OBATeIbHOCTH-MUIICHH). [IprMepsl MmocienoBaTeIbHOCTeH
PAM npuBeneHsl B pa3nesie MpUMEpOB HIDKE, a CIELUAIHUCT B JAHHOH 00JIaCTH TEXHUKH CMOYKET
UICHTUQUIMPOBATh JPyrUe TOCIeNoBaTelbHOCTY PAM it UCMONB30BaHHUS C JaHHBIM
dbepmentom CRISPR. Kpome Toro, paspaborka nomena B3ammopeiicteus ¢ PAM (PI) moxker
MO3BOJIUTh TPOTPAMMHUPOBATh CreUU(PUIHOCT PAM, MOBBICUTH TOYHOCTb pPACIO3HABAHUS
caiiTa-MHUIIEHH U TOBBICHTh yHHBepcaslbHOCTh Cas, Takoro kak Cas9, minardopmbl reHOMHON
unkeHepun. benku Cas, Takue kak Oenku Cas9, Moryt ObITh pa3paboTaHbl ISl U3SMEHEHHS HX
PAM-crietmuduuHocTH, Hampumep, Kak omucaHo B pabore Kueiincruep B.IL. u  np.
Pazpadotannbie Hykieassl CRISPR-Cas9 ¢ msmenenHoit PAM-cnieruduanoctero. Nature. 2015,
23 mronst;523(7561):481-5. doi: 10.1038/nature14592. B HEKOTOPBIX BapHAHTAX OCYIIECTBIICHUS
HACTOSIIEro M300peTeHus, Crocod CONEPsKUT BO3MOKHOCTh cBsi3biBaHMs komruiekca CRISPR ¢
MOJINHYKJIEOTUAOM-MHIIEHbIO s OCYIE€CTBIIEHUS pacliierieHus YIOMSIHYTOTO
MOJIMHYKJICOTHIA-MHLIIEHH, MOJU(PULHPYS TEM CaMbIM TOJHUHYKICOTHA-MUIIECHb, TPU 3TOM,
kommuiekc CRISPR conepxxur ¢epment CRISPR, cBsi3aHHBII B KOMIUIEKC C HampaBJSFOIIEH
MOCIIEIOBATEIBHOCTBIO, THOPUIN3NPOBAHHON C TOCJIENOBATENbHOCTBIO-MUIIEHBIO B TIpEeax
YIOOMSIHYTOTO  TOJIMHYKJIEOTUJAa-MHUIIEHH, TpUd  3TOM, VIOMsIHyTas  HalpasJsAoLIas

IMMOCJIE0BATEJIbHOCTE CLIEIIJIEHA C tracr-mate MOCJIEA0OBATCIIBHOCTBIO, KOTOPAsA, B CBOKO OUEPEADb,
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rUOpUIN3UpPYeTCs ¢ tracr MOC/enoBaTeNbHOCThIO. CHenuanucT B JaHHOW OOJIACTH TEXHUKH
noiimMeT, uro apyrue oenku Cas MOTYT ObITh MOANDHUIIUPOBAHBI AHAJOTHYHBIM 00Pa30M.

benox Cas, ynoMsiHyTBIl B HAcCTOSIIEM AOKYMEHTe, Hampumep, 06e3 orpanndenus Cas9,
Cpfl (Casl2a), C2c1 (Casl2b), C2c2 (Casl3a), C2c3, Casl3b, MoxkeT MPOUCXOOUTH U3 JIFOOOTO
NOIXOJSIIIEr0 HCTOYHHMKA U, CJIEOBATENIbHO, MOXET BKJIIOYATh pAa3jMYHbIE OpPTOJIOTH,
NPOUCXONAINNE M3 MHOXKECTBa (MPOKAPUOTHYECKHX) OPraHU3MOB, YTO B TIOJHOW Mepe
JIOKYMEHTAJbHO MOATBEPXKIEHO B MaHHOW OOJAacCTH TEXHUKU. B ompeneseHHbIX BapuUaHTax
OCYIIECTBJIEHUs] ~ Hacrosimero  m3oOperenms, Oemok  Cas  mpexncraeyisier  coOoif
(MmomuduumpoBannsiii) Cas9, B MPEANOYTUTENHHOM BapHAaHTE OCYINECTBJIEHHs HACTOSIIErO
uzobperenust — (momuduuupoBannbiii) Staphylococcus aureus Cas9 (SaCas9) wm
(Momudunmposannbiii) Streptococcus pyogenes Cas9 (SpCas9). B ompeneneHHbIX BapHaHTax
OCYLIECTBJIEHHs ~ Hacrosimero  u3oOpereHus,  Oemoxk  Cas  mpeacraBnsier — coOoi
(Momuduuuposanneiii) Cpfl, B NpeamodTUTENbHOM BapUAHTE OCYIIECTBJIEHHS HACTOSIIErO
n3o0perenust — Acidaminococcus sp., Takoit kak Acidaminococcus sp. BV3L6 Cpfl (AsCpfl)
wiu Lachnospiraceae bacterium Cpfl, Takoii kak Lachnospiraceae bacterium MA2020 wiu
Lachnospiraceae bacterium MD2006 (LbCpfl). B onpeneneHHbIX BapHaHTaX OCYLIECTBICHUS
Hacrosero msoOperenus;, Oenok Cas mpexncrasiser coboi (MoxuduumposanHsiii) C2c2, B
NPEANOYTUTEIbHOM BapUaHTe OCYLIECTBIIEHHsI HacTosimero usobperenus — Leptotrichia wadei
C2c2 (LwC2c2) wmm Listeria newyorkensis FSL M6-0635 C2c¢2 (LbFSLC2c2). B
OTIPENIEICHHBIX BapUAHTAX OCYIIECTBJICHUS HACTOSIIEro m3oOpereHus, (MOAM(HLMPOBAHHBIN)
Oenok Cas mnpexacrasiasier coboii C2cl. B ompeneneHHbIX BapUaHTaX OCYIIECTBIICHUS
HacTosero u3odperenus, (MomuduiupoBanHbii) Oenok Cas mpencrasisser coboit C2¢3. B
OTIPENIEICHHBIX BapUAHTAX OCYIIECTBJICHUS HACTOSINEro n3o0pereHus, (MOAu(HUUPOBAHHBIN)
oenok Cas npencrasisier codoii Casl3b.

B onpeneneHHbIX BapHaHTaX OCYIIECTBJICHHUS HACTOSIIErO M300peTeHMUs, MOIUPHUKALHSI
HYKJIEMHOBOM KHCJIOTBI OCYIUIECTBJISIETCS CIy4aiiHbIM MyTareHe3oM. KIeTKku WIIu OpraHH3MbI
MOTYT TIOJBEPraThCs BO3ICUCTBHIO MYTAreHOB, TaKUX Kak Y®D-u3jydeHHe WM MyTareHHbIE
XUMUYECKHe BelecTBa (HampuMep, Takue Kak sTuiMerancyibponar (EMS)), a 3atem otOuparot
MYTAHTOB C JKeJJAeMbIMH XapakTepucTukamu. Hanpumep, MyTaHTOB MOKHO UAEHTH(ULPOBATH
¢ momombto TILLING (HauenuBanue Ha HWHAYLHPOBAHHBIE JIOKATBHBIE IOBPEKIEHHUS B
reHoMax). DTOT METOJ Co4eTaeT B cede MyTareHe3, TaKOi Kak MyTareHe3 C HMCIOJb30BaHHEM
XMMHYECKOTO MyTareHa, Takoro kak stuiMeraHcyibponat (EMS), u Meron CKpHHHUHra,
gyyBcTBUTENbHOTO K JIHK, KOTOpBIN naeHTHUIMPYET MyTaLUU C OMHIUM OCHOBAaHHUEM/TOYEUHbIE
mytanun B rene-mumeHn. Merox TILLING ocHoBaH Ha oOpasoBanun rerepoaymiekcos JJHK,

KOTOpbIe 00PA3YIOTCsI, KOTIa MHOKECTBO ayuienel ammmndunupyrot nocpenctsom PCR, a 3atem
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HArpeBalOT W MeEMIEHHO oxjaxknmaroT. Ilpum HecoBmamenuu nByx wnered JIHK obpasyercs
«ITy3BIPB», KOTOPBIN 3aT€M PACLIEIUISIETCS OJHOLIENOYEYHBIMU HYKJI€a3aMH. 3aTe€M MPOIYKTHI
pasnessitoT Mo pasMepy, Hampumep, mnocpenctsom BIXX. Cm. takke Makkamaiym u ap.
«CKpUHUHI, HaLEJEeHHbIH Ha UWHAyUMpOBaHHbIe MyTtauum»; Nat Biotechnol. 2000,
anpenp;18(4):455-7 u Makkamiym u np. «HamnenuBanwe Ha WHAYHHPOBAHHBIC JIOKAJIbHBIC
nospexxaennss B reHomax (TILLING) nns (yHKIMOHANBbHON T€HOMUKH pacTeHui», Plant
Physiol. 2000, utonp;123(2):439-42.

PHK-unTepdpepenius (PHKi) — 310 Onomornveckuii mpouecc, B KOTOPOM MOJIEKYJIbI
PHK uHruOHupyroT S5KCIPECCHI0 MM TPAHCIALMIO TE€HOB, HEUTPaNN3ys MOJEKYJbI-MUIIEHU
mPHK. /Ipa Tuna maneix Monekyn pubonykienHoBoi kuciotsl (PHK) — mukpo-PHK (miPHK)
u wmanas wuntepdpepupyromas PHK (siRNA) — sBmsrores nentpanpHbiMu  aiisi PHK-
unrepdpepenu. PHK saBsroTCA HEmocpencTBEHHBIMH MPOAYKTaMH reHoB, U 31U Manbie PHK
MOTYT CBSI3bIBATHCSI C IPYTUMH criennpruueckuMu Mosiekynamu napopmarponaoit PHK (mPHK)
U b0 MOBBILATH, JUOO MOHWKATH MX AKTUBHOCTh, HANPHMeEp, MPENOTBPAIlasl TPAHCIILUIO
mPHK B Genok. Ilyrb PHKi oOHapykeH y MHOIMX 3YKapHOT, BKJFOUasl >XMBOTHBIX, H
uannunpyercss ¢epmenrom J[laiicep (Dicer), KOTOpBIH pacLIemsieT MOJEKYJIbl JUIMHHBIX
asyxuenoueynbix PHK (dsPHK) Ha kopoTkue aByxuenoueunsie ¢pparmeHTsl SiRNA, cocrosimue
u3, mnpumepHo, 21 Hykneorupa (maneie wunHTepdepupyromue PHK). Kaxkmas siRNA
pasmateiBaercss Ha 1Be oxanHouenodeunole PHK (ssPHK), compoBoxparomyo mens u
Hampapsoy  1enb. CoOnpoBOXKIAaroINas Ienb JACrPAAupPyeT, a HampaBJsioas —Iemnb
Bkirouaercss B PHK-unnyumposannsiii — caiinencunr-komimieke (RISC). 3penbie miPHK
crpykrypHo cxoxu ¢ siPHK, mpoayuupoBanubiMu u3 sx3oreHHOil dsPHK, HO mpexne yem
JOCTUYb 3peNocTy, miPHK JOJIKHBI CHauaja MIOJIBEPTHYTHCSA oOmMpHOH
NOCTTpaHCKpunuoHHONH Monudukarmn. miPHK skcnipeccupyercst 3 ropaszno 6osee JIMHHOTO
PHK-koaupyromero reHa B BHIAE NEPBUYHOTO TPAHCKPUNTA, H3BeCTHOro kak pri-miPHK,
KOTOpast oOpabaTeiBaeTcs (B siipe KIETKH 10 70-HyKJICOTHIHOW CTPYKTYPBI «IETIsl Ha cTediey,
Ha3piBaeMoil pre-miPHK) MHKpONpOIEecCOpHBIM KOMIUIEKCOM. JTOT KOMIUIEKC COCTOMT U3
dbepmenta PHassl 111, HaseiBaemoro Jlpoma (Drosha), u dsPHK-cs3piBaromero 6enka DGCRS.
Yuactok dsPHK »stoii pre-miPHK cBsi3biBaercs u pacmeruisiercst depmentom [laiicep ans
nosydeHus 3penoit monekysnel miPHK, kotopast MoskeT ObITh HHTErpHUpoBaHa B KoMruieke RISC;
takuMm oOpasom, miPHK u siPHK umeroT onuHAKOBBbIM HUCXOASIIUN KJIETOYHBIH MEXaHH3M.
Koporkas mmumneka PHK wnn manas mmuneka PHK (shPHK/IInuneunslii BekTOp) — 3TO
uckyccrBeHHass Mousiekyna PHK ¢ kpyTeIM TOBOpPOTOM INMUIIBKH, KOTOpPAasi MOXKET OBITh
UCTIOJIb30BaHA  JUI  CAMJIGHCHMHra  SKCIIPecCHH  reHa-MumeHn  nocpencrsom  PHK-

uHTephepeHINn. Haubonee XOpOLIO W3y4YE€HHBIM pe3ynbTaTom SIBJISIETCS
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MOCTTPAHCKPUIILIUOHHBINA CAUJIEHCUHT T'€HOB, KOTOPBIA MPOUCXOAUT, KOT/Ia HAMPABJISAOLIAs LIeTb
CTHIapUBAETCs ¢ KOMIUIEMEHTAPHOH MOCIENOBATEIbHOCTBIO B MOJIeKyie nHpopmanuonnoit PHK
U UHIYUUPYeT paclieryieHne mocpencTtBoM Argonaute 2 (Ago2), KaTaIUTHYECKUM
komrionenToM RISC. B koHTekcte Hacrosimero pokymenra, Mosiekyna PHKi wmosxker
npencrasisite coboit siPHK, shPHK unnn miPHK. Cnenyer mormmate, uto monekyisl PHKi
MOTYT NMPUMEHATHCS KaK TAKOBbIE K/B PACTEHMU WM MOTYT KOJHUPOBATHCS COOTBETCTBYIOLTUMHU
BEKTOpPaMH, U3 KOTOpBIX sKcnpeccupyercst mojekyna PHKi. Cucrembl 1OCTaBKH M 3KCIPECCHU
mounexyn PHKi, Takue xak siPHK, shPHK nmm miPHK, xopomo u3BecTHsl B JaHHOHN oOnacTu
TEXHUKH.

B kxOHTEkCTE HACTOALIErO0 NOKYMEHTA, TEPMUH «TOMO3UIOTa» OTHOCHUTCS K OTHAEIbHOMN
KJIETKE WJIM PACTEHUIO, UMEIOIIEMY OJUHAKOBBIE AJUJIENIA B, [0 MEHbIIEH Mepe, OJHOM HUJIM BO
Bcex Jokycax. Korma sToT TepMHUH HCHOJB3YyeTCs MO OTHOIIEHHIO K CHelU(UIECKOMY JIOKYCY
WIM TEHy, 3TO O3HA4YaeT, 4TO, MO MEHbIIEH Mepe, 3TOT JIOKYC WIM T'€H MMeeT OJUHAKOBBIE
amnenu. B KOHTEKCTe HACTOSINEr0 JOKYMEHTa, TEPMUH «TOMO3WUIOTHBIN»  O3HA4aeT
F€HETUYECKOE COCTOSIHHE, KOTOpPOE CYLIECTBYET, KOIJa HUACHTHUYHBIC AJUIENM HAaXOIATCS B
COOTBETCTBYIOIUX JIOKyCaX Ha TOMOJIOTHYHBIX XpOMOCOMax. B KOHTEKCTe HacTOsIIEro
JOKYMEHTa, TEPMHH «T€TepO3UrOTa» OTHOCUTCA K OTHAENbHOM KJIETKE WM PACTEHUIO,
MMEIOIEMy pa3Hble ajjield B, 0 MEHbLIEH Mepe, OJHOM WM BO Bcex Jokycax. Korma stor
TEPMHH UCTIOJIB3YETCS MO OTHOIICHHUIO K CIIeHU(UIECKOMY JIOKYCY HIIH FeHY, 5TO 03HAYaeT, UTo,
[0 MEHBUIEH Mepe, STOT JIOKYC WJIHM I'€H HUMEET pasHble ajend. B KOHTEKCTe HacTOALIEro
NOKYMEHTA, TEPMUH «TE€TEPO3UTOTHBINY» O3HAYAET TE€HETUYECKOE COCTOSHUE, KOTOpOe
CYLLECTBYET, KOTJla pa3Hble AJIJIEJIN HAXOAATCSA B COOTBETCTBYIOIIMNX JIOKYCAaX HA TOMOJIOTHYHBIX
XpoMocoMax. B ompeneneHHbIX BapuaHTaX OCYIIECTBJIECHHUs Hactosuiero usodperenws, QTL
W/WiY, TIO MEHbIIEH Mepe, OOUH MapKep, OMHMCAHHBI B HACTOSIEM JOKYMEHTE, SIBJISETCS
TOMO3UIOTHBIM. B ompeneseHHbIX BapuaHTax OCyLIeCTBICHHs Hactosimero uzooperenus, QTL
W/WiY, TIO MEHbIIEH Mepe, OOUH MapKep, OMMCAHHBIH B HACTOSIIEM JOKYMEHTE, SBJISETCS
reTepO3UrOTHBIM. B oOmpeneneHHbIX BapHaHTaX OCYIIECTBJIEHHUS] HACTOALIET0 H300peTeHus,
amens QTL w/wnu, Mo MeHbIIeld Mepe, OOVMH MapKEpHBIH alijielib, ONMMCAHHBIA B HACTOSIIEM
JOKYMEHTE, sBJISIETCST TOMO3WUIOTHBIM. B omnpeneneHHBIX BapuUaHTax OCYILIECTBIICHHUS
Hacrosimero n3obperenus, amienbs QTL w/wm, mo MeHbIIel Mepe, OAWH MapKepHBIN ajuielnb,
OIMCAHHBIN B HACTOSILEM JTOKYMEHTE, SIBJISI€TCS FE€TEPO3UTOTHBIM.

«Mapkep» — 3TO CPEICTBO HAXOKIEHUS TIOJIOKEHUSI Ha TeHeTUYECKOW Min (Pr3udeckoi
KapTe, WIM JK€ CLEIUICHHH MeXIy MapKepaMHd U JIOKYCaMH TPH3HAKOB (JIOKycamH,
OKa3bIBAIOLIUMH BJIMSIHWE Ha Npu3Haku). llojokeHue, KOTOpoe ompenessieT MapKep, MOKET

OBITb H3BECTHO NMOCPECACTBOM OIPEACICHUA HOJ'II/IMOp(I)HbIX ajuleied M UX TeHETHYECKOIO
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KapTUPOBAaHUSI WJIM JK€ TOCPENCTBOM TMOPHAM3ALNHN, COIMOCTABJICHUS  COBMAACHUS
MOCIIEIOBATEIbHOCTEH WM aMIUM(UKALIIN TTOCIE0OBATEIbHOCTH, KOTOpas Obuia (PU3HUYECKH
KapTupoBaHa. Mapkep MoskeT npenctasisite coboit mapkep JIHK (ompenenser nomumopdusmsl
JHK), Oenok (ompemensieT BapualMid B KOOUPYEMOM TOJHIENTUAE) WM IPOCTO
HACJIeICTBEHHBIN (eHoTHN (TakoW Kak «BOCKOBOI» ¢enHorum). Mapkep JAHK moxer ObITh
pa3paboTaH Ha OCHOBE HYKJIEOTHIHOW IOCIENOBATEIbHOCTH T€HOMa WJIM Ha OCHOBE
SKCIPECCHPOBAHHBIX  HYKJIEOTHAHBIX  IIOCIENOBATENbHOCTEH  (Hampumep, Ha  OCHOBE
crunaiicuposannoit PHK mmn ¢/I[HK). B 3aBucumoctn ot TexHonoruu mMapkepos JIHK, mapkep
MOJKET COCTOSITh U3 KOMIUIEMEHTApHBIX MpaiMepoB, (DIAaHKUPYIOLUINX JIOKYC, W/HIH U3
KOMIUIEMEHTAPHBIX 30HAOB, KOTOPble TMOPUAM3YIOTCS C MOJMMOP(GHBIMU AJUIETSIMU B JIOKYCE.
TepmMuH «MapkepHbIN JIOKyC» O3Ha4daeT JIOKyC (IeH, MOCJIENOBATENbHOCTb WM HYKJIEOTHN),
KOTOpPBII ompexessieTcss MapkepoM. TepMUH «MapKep», WM «MOJEKYJISPHBI Mapkepy, HIu
«MapKEPHBIH JIOKYC» TaKKe MOMKHO HCIOJIb30BATh Ul OOO3HAYEHHS IMOCIENOBATEIbHOCTH
HYKJIEMHOBOM KHCJIOTBl MJIM AMUHOKHCJIOTHON IOCIIENOBATENbHOCTH, KOTOpas sIBJISETCS
AOCTATOYHO YHHMKAJIBHON JUIA XapaKTePUCTHKH KOHKPETHOro JIOKyca B reHome. JlroOoii
omnpenessieMblii TOTMMOP(HBIA NPU3HAK MOKET HCIIOJIB30BATHCS B Ka4eCTBE MapKepa, €Ciiu OH
Hacienyercss audQepeHnnanbHO M IEMOHCTPUPYET HEpaBHOBECHE IO  CLEIUICHHIO ¢
UHTEPECYIOINM (PEHOTUITNIECKUM TIPU3HAKOM.

Mapkepsl, Onpeaenstone reHeTHYeCKHe NOIMMOPPU3MbI MEXKIY YICHAMH MOMYJISILNH,
XOPOULIO M3BECTHBI B JIAHHOW 00JaCTH TEXHUKH. Mapkepbl MOTYT OBITh ONPEAENCHBbI MO THITY
nosuMopdu3mMa, KOTOPBIH OHH ONPENeNsloT, a TaKkKe [0 MAapKEePHOH TEXHOJIOTHH,
UCTIOJIb3YeMON JUIsl ompenesieHus: nojmumMopdusmMa. THUIbl MapKepoB BKIKOYAIOT, HO 3THM He
OTPaHUYMBAIOTCS, HANPUMEp, OMNpeleNieHue MOJUMOP(GH3MOB JUIMHBI  PECTPUKLIMOHHBIX
¢dparmeHToB (RFLP), orpeneneHue 30(hepMEHTHBIX MapKepoB, CIIy4aiiHO
amrmuinunuposannon  mommmopduori  JIHK  (RAPD), NOJIUMOP(PHU3MOB ~ JUTUHBI
amruinunpoBanubix  ¢parmentoB  (AFLP), onpeneneHune mnpoCTBIX — MOBTOPSIFOIIUXCS
nocnenosarenprocTed  (SSR),  ompeneneHne — aMIIMUIMPOBAHHBIX  BapHAOETBHBIX
MOCIIEIOBATEIBHOCTEH T€HOMA PACTEHUS, OINpPENeNIeHHEe CaMOIIOANESP KIBAIOIIEHCS PEIUTUKALUN
MOCJIEZIOBATEIPHOCTEH, WM OMpeeNieHne ONHOYKJIeOTHAHbIX mnonuMopdmmor (SNP). SNP
MOTyT OBITH OIpeneNeHbl, HanpuMep, nocpeactsom ceksennposanus JIHK, meTonos cukeeHc-
cneunpuyeckoil amrumdukaumu Ha ocHoBe PCR, ompeneneHust MOJHMHYKICOTHIHBIX
NOJMMOP(HU3MOB TIOCPENCTBOM ajuiesb-crienuduueckoit rudpunuszannu (ASH), nuHamMmueckoi
annenp-crienuduaeckoit rudpunuzanun (DASH), MonekynspHBIX MasdkoB, THOpHIU3AIMUA HA
MUKPOYHIIAX, KOJIMYECTBEHHBIX aHAIN30B OJIMTOHYKJIEOTUAHBIX Jnras, Pusn-sHAOHyKIeas, S'

SH/IOHYKJI€a3, YIUIMHEHHs NpaiiMepoB, OJHOLENIOYEYHOr0 KOH(GOPMAMOHHOTO NOJMMOphu3Ma
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(SSCP) mmu rens ¢ wucnonb3oBanueM rpanuenta Ttemnepatypbl (TGGE). Ilpeumymectso
cexBeHnpoBanus JJHK, Hanpumep, TEXHOJIOTUN MUPOCEKBEHUPOBAHHS, COCTOUT B TOM, YTO OHO
MO3BOJISIET OMNPEAENUTb CEepUr0 CLEIUIeHHbIX amiened SNP, CcOCTaBisIOIUX TalUIOTHIL
lannoTunel, Kak MpaBHIIO, SIBISIOTCS Oosiee MHGQOPMATHBHBIMH (ONPEneNstoT Ooyiee BBICOKHN
ypoBeHb nosmmMopduzma), o cpaBHeHHIO ¢ SNP.

TepmMuH «MapkepHBI ajulenb», B AJIbTEPHATHUBHOM BapHaHTE OCYIIECTBIICHHS
HACTOSIIIEro HU300pPETeHUsT — «ajuiesib MAPKEPHOTO JIOKYCa», MOXET OTHOCHTBCS K OJHOW M3
MHOJKECTBA  MOJUMOP(HBIX  HYKJIEOTUIHBIX  IOCIENOBATENPHOCTEH, OOHApYKEHHBIX B
MapKepHOM JIOKyce y momnysuuu. IIpumenutensHO k Mapkepy SNP, amnens oTHOcHTCA K
cneun(puIeckoMy HYKJICOTUIHOMY OCHOBAHHUIO, MPUCYTCTBYIOIIEMY B 3TOM Jiokyce SNP y sToro
OTJIENIBHOTO PACTEHMSL.

TepMHH «TOHKO€ KAapTHPOBAaHHME» OTHOCUTCS K CHOCO0aM, MOCPEACTBOM KOTOPBIX
nojoxxenne QTL moxker ObITh ompeneneHo Oojee TOYHO (JIOKAJM30BAHO) M IOCPENCTBOM
KOTOpBIX pasMep ¢parmeHra uHTporpeccuu, coxepxkamero QTL, ymensmaercs. Hanpumep,
MOryT ObITh UCTIOJIb30BaHbl [Toutn m3orennbie muanu it QTL (QTL-NIL), koTopble comepskat
pasIuuHble, NepeKphIBAOIINecs (parMeHThl (parMeHTa MHTPOIPECCHU B Tpenesiax APYroro
OJTHOPOJIHOTO M'€HETHYECKOro (JOoHa PEKyPPEHTHOTO POJUTENS. 3aTeM TaKHe JIMHUU MOTYT OBITh
UCIIOJIB30BAaHbl Ul KapTUpOBaHWs (parmenra, Ha koTtopoM pacnojoxeH QTL, w mms
UIeHTUPUKALIMY JTUHUM, UMeroIel OoJjiee KOPOTKUH ()parMEHT HHTPOTPECCUH, COIEP KAt
QTL.

Tepmun «BbIOOp ¢ momombo Mapkepa» (MAS) o3Hadaer mpouecc, MpH KOTOPOM
BBIOUPAIOT OTHENbHbIE PACTEHUS] HA OCHOBE MApPKEPHBIX ME€HOTHIOB. TePMHH «KOHTP-BBIOOP C
MOMOIIBI0 MapKepa» O3HAa4aeT NPOLECC, C TOMOLIBK) KOTOPOTO MAapKepHbIE TE€HOTHIIBI
UCTIOJIB3YIOTCS JUTI UACHTU(UKALIMHM PACTEHUH, KOTOpbIe He OyAyT BBIOPAHBI, YTO IMO3BOJIET
UCKJIFOYUTh UX M3 MPOrpaMMbl CENeKUMH WM mocaaku. [lpu BeIOOpe ¢ MOMOIIBIO Mapkepa
UCTIOJIB3YETCS MPUCYTCTBHE MOJIEKYJISIPHBIX MAapKEPOB, KOTOPbIE T€HETHYECKH CLEIUIEHBI C
OTIPENIENICHHbIM JIOKYCOM WJIH C ONpEAENeHHOH O00JacTbl0 XPOMOCOMBI (Hampumep, ¢
(parMeHTOM MHTPOTPECCHUH, TPAHCT'€HOM, NOJMMOP(HU3MOM, MyTalMed U Tak pajee), U
BbIOOpA PACTEHUH, Y KOTOPBHIX MPUCYTCTBYET CHELU(PHUECKHI JIOKYC Hiu 00aacTh ((pparMeHT
UHTPOTPECCUH, TPAHCTEH, MOJUMOP(HU3M, MyTallUsl U Tak jaajee). Hampumep, MOJEKYISIpHBINA
Mapkep, reHeruuecku cuerieHHsllt ¢ QTL nmepeBapuBaeMocTH, Kak ONpEeAeNeHO B HACTOSLLEM
JIOKYMEHTE, MOXKET OBITh UCIIOJIBb30BAH ISl OTIPENENICHUs 1/ BBIOOPA PACTEHHH, COAEPIKALIIX
QTL na xpomocome 9. Uem Onuke TeHETHUYECKOE CIEIUICHHE MOJIEKYJISIPHOTO Mapkepa ¢
JokycoMm (Hampumep, mpumepHo, 7 ¢cM, 6 ¢cM, 5 cM, 4 cM, 3 cM, 2 cM, 1 cM, 0,5 cM wnu

MeHee), TEM MCHEC BECPOATHO, UYTO MApKEp AUCCOLUHUPOBAH OT JIOKyCa TMOCPECACTBOM
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MEHOTHYECKON peKOMOMHALMN. AHAJOTUYHBIM 00pa3oM, ueM OJrke Ba Mapkepa CLETUIeHBI
apyr ¢ npyrom (Hanpumep, B npeaenax 7 ¢cM wm 5 cM, 4 cM, 3 cM, 2 cM, 1 cM unu mMeHee),
TEM MeHee BEPOSITHO, YTO /IBa Mapkepa OyAyT OTAENeHbI APYT OT Apyra (1 TeM OoJiee BEPOSITHO,
9TO OHH OyAyT COBMECTHO CerperupoBaTbCs Kak enuHoe 1enoe). TepmuH «LOD-6amm»
(morapupm (ocHoBanue 10) BEpPOSTHOCTH) OTHOCHTCS K CTAaTHCTHYECKOMY TECTy, YacTO
UCTIOJIb3YEMOMY JUIsl aHAM3a CLEMJICHUH B TOMYJIALUSAX JKUBOTHBIX M pacteHwid. LOD-0ann
CPAaBHUBAeT BEPOSITHOCTb IIOJIYYEHUs] TECTOBBIX MAaHHBIX, €CIIM JBa JIOKyca (JIOKyC
MOJIEKYJISIPHOTO MapKepa W/WJH JIOKYC (PEHOTHIMUYIECKOTO MPU3HAKA) AEHCTBUTEIBHO CLIETICHBI,
C BEPOATHOCTBHIO HAOMIOZEHNsI OMHAKOBBIX JAHHBIX M0 YMCTON ciydaiHocTH. [TonokuTenpHbie
LOD-6amnbl cBUIETENBCTBYIOT O MPUCYTCTBUU cueruieHusi, a LOD-0ann, nmpepsimarommii 3,0,
CUMTAeTCs JOoKa3aTenbCTBOM cueruieHus. LOD-06amn co 3HaueHneM +3  yka3blBaeT Ha
BepositTHOCTH 1000 k 1, uTo HabMOIaeMoe CLeTUIeHHe He TPOU3OIILIO CIYYaiHO.

TepMuH «MapKepHbIH TamIOTHI» OTHOCHUTCS K KOMOHMHAIMU ajjieliedl B MapKepHOM
JIOKyCe.

TepMuH «MapKepHbBI JIOKyC» O3HA4aeT MECTO pACIOJIOXKEHUs CrenudpuIeckoit
XPOMOCOMBI B TEHOME BHA, TJIe MOKET ObITh OOHapy»KeH cneuuduyeckuii Mapkep. MapkepHbIi
JOKYC MOXeT OBITb HCHOJIb30BaH AJSl OTCJIEKHUBAHUS IMPUCYTCTBUSL BTOPOTO CLETUIEHHOTO
JIOKyCa, HampuMep, JIOKyCa, KOTOPBIH OKa3blBAeT BIMSHUE HA SKCIPECCHUIO (HEHOTUIMUYECKOTO
npusHaka. Hanpumep, MapKepHbIii JJOKYC MOKET HCIIOJIb30BATHCS 11 MOHUTOPHHTA Cerperanun
ayjeneil B reHeTUYeCKU W (PU3NYECKHU CLIETITICHHOM JIOKYCe.

TepmMuH «MapkepHbIH 30HI» O3HAYaeT TOCJIENOBATENbHOCTb WM  MOJIEKYJY
HYKJIEHHOBOM KUCJIOTBI, KOTOPast MOJKET OBITh UCIIOJIb30BaHA TSl HASHTU(UKALIUH TIPUCYTCTBHUS
MapKepHOTO JIOKyCa, HampuMep, 30HAa HYKJIEWHOBOH KHCJIOTBI, KOMIUIEMEHTapHOIO
NOCIIEIOBATEIPHOCTH MaPKEPHOT'O JIOKYCa, MOCPEICTBOM I'MOPHUIN3AIH HYKJICHHOBOW KUCIIOTHI.
Mapxkepubie 30HABI, coaepxkamue 30 wim OoJjiee HENMPEePBIBHBIX HYKJIEOTHUIOB MAPKEPHOTO
JOKyca («BCSI WM YYacTOK» TIOCJIEAOBATENIBHOCTH MAapKEPHOro JIOKyCa), MOTYT OBITh
UCTIOJIb30BAHBl JJIs1 THOPHOW3ALMM HYKJICHMHOBOW KHCJIOTHL B anbTepHaTUBHOM BapHaHTE
OCYLIECTBJIEHHUs] HACTOSALIET0 W300pPETeHUs, B HEKOTOPBIX AacCleKTaX, MAapKepHbBI 30HA
OTHOCHTCSl K 30HAY JEOOOro THMA, KOTOPBIA CrMocobeH pa3nuyath (TO €CTh, T'€HOTHII)
KOHKPETHBIN aJulelb, KOTOPBII NPUCYTCTBYET B MAPKEPHOM JIOKYCE.

TepMuH «MOJEKYJISPHBI MapKep» MOKET UCIOJIb30BAThCS Ui  OOO3HAYEHHUS
T€HETHYECKOTO MapKepa UM ero KOAMPYEMOro MpoaykKTa (Hanmpumep, Oeika), UCTIOIb3yeMOro B
Ka4eCTBE MCXOJHOW TOYKH NMPH HACHTU(UKALMH CLeruieHHoro Jjiokyca. Mapkep JIHK mosker
OBITH TOJIy4eH U3 HyKJICOTHIHBIX MOCIENOBATEIBHOCTEH I'€HOMa HJIM W3 3KCIPECCHPOBAHHBIX

HYKJICOTUIHBIX MOCNenoBaTeNbHOCTEN (Hanpumep, u3 crutaiicuposansoit PHK nmn ¢/IHK u tak
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Janee) WM W3 KOAMPYEMOro TOJMIIENTHAA. OJTOT TEPMUH TaKXke OTHOCHTCA K
MOCIIEIOBATEIBHOCTSIM ~ HYKJIEMHOBBIX ~ KHCJIOT, KOMIUIEMEHTapHbIM WM  (DIAHKHPYIOLIIM
MapKepHbI€ IOCJIEe0BAaTENIbHOCTH, TAaKUM KaK HYKJIEHHOBBbIE KHUCJOTBI, MHCIIONb3yeMble B
Ka4eCTBE 30HAOB WJIM Tap MpaiiMepoB, CIOCOOHBIX AaMIUIU(UIMPOBATE MAPKEPHYIO
MOCJIENOBATEIbHOCTD. Tepmun «MOJIEKYJISIPHBIN MapKepHBbII 30HIY O3Ha4aer
MOCIIeIOBATEIbHOCTh WJIM  MOJIEKYJYy HYKJIEMHOBOW KHCIIOTBL, KOTOpas MOXET OBbITh
UCTOJb30BaHA JUISI WACHTU(PHUKALMM TPUCYTCTBHSI MAapKEPHOTO JIOKyCa, HampuMmep, 30HIA
HYKJIEMHOBOI KHUCJIOTBI, KOMIUIEMEHTAPHOTO MOCJEN0BAaTEIbHOCTH MapKepHOro Jjokyca. B
aNbTEPHATUBHOM BapHAaHTE OCYIIECTBJIEHUS HACTOSIIEr0 N300pETEeHNUs, B HEKOTOPBIX aCIEKTax,
MapKepHbIN 30HI OTHOCHUTCS K 30HAY JIOOOro TuIa, KOTOPBIH CriocoOeH pa3nuyarh (TO €CTb,
I'€HOTHIT) KOHKPETHBIN ajuiesib, KOTOPbII NMPUCYTCTBYET B MapKepHOM JioKyce. HykienHoBbIe
KUCJIOTBI «KOMIUIEMEHTApHbI», KOIZla OHHU crenuuuecKkd TUOpPHOM3YIOTCS B PacTBOPE,
HanmpuMep, B COOTBETCTBUM C MpaBWJIaMM CIAPUBAHUA OCHOBaHUM 1O YoTcoHy-Kpuky.
Hexkoropsle U3 MapkepoB, ONMCAaHHBIX B HACTOSILLEM JOKYMEHTE, TAK)KE€ OTHOCSTCS K MapKepam
ruOpuan3aly, KOTAa OHM PACIOJIOXKEHbl B OOJNACTH MHAENA, TAaKOW KaK HEeKOJUIMHeapHast
00acTh, ONMCAHHAS B HACTOSAIIEM JOKYMEHTE. DTO CBSA3aHO C TeM, YTO 00JaCTh MHCEPLUH, MO
OTIPENeNICHNIO, PEACTABIsIeT COOOH MOIMMOP(H3M IO OTHOLIEHUIO K PACTEHUIO 0€3 MHCEePLHH.
Takum oOpa3oMm, Mapkep HOJDKEH TOJIBKO YKa3bIBaTh, NPHCYTCTBYET JM HWJIM OTCYTCTBYET
obnacte wuHpena. J{na wuaeHTUPUKALMM TAKOrO Mapkepa THOpUAM3ALMU MOXKET ObITh
UCTIOJIb30BaHA JIF00Ast TOAXOSINAsT TEXHOJIOTHS ONPEAeNICHHsT MapKepa, HarpuMep, TEXHOJOTHSI
SNP ucnone3yercs B nmpumepax, MpUBEACHHBIX B HACTOALIEM JIOKYMEHTE.

«['eHeTnyeckne Mapkepbl» MPENCTABISIOT COOOH HYKJIEMHOBBIE KHCJIOTBI, KOTOpBIE
SIBJITIOTCS] TIOIMMOP(HBIMU B TIOMYJISILMY, U QJUIEITH KOTOPBIX MOKHO OIMpPENENUTh W BBIICIHTD
MOCPENCTBOM, IO MEHbIIEH Mepe, OJHOTO aHanuTuueckoro meroxaa, Hampumep, RFLP, AFLP,
mzodepmenta, SNP, SSR wu TOoMy mnomoOHOro. TepMuHBI «MOJIEKYJSIPHBIH Mapkep» U
«TEHEeTUYECKUM MapKep» HCIOJb3YIOTCS B HACTOSIEM [OKYMEHTE B3aMMO3aMeHseMO. JTOT
TEPMUH TakXe€ OTHOCHUTCS K IMOCJIENOBATEIbHOCTSM HYKJIEHMHOBBIX KHUCJIOT, KOMIUIEMEHTaPHBIM
TF€HOMHBIM TIOCIEIOBATEIbHOCTSIM, TaKUM KaK HYKJIEMHOBBIE KUCIOTBI, HCIIOJb3yeMble B
Ka4eCTBE 30HIOB. Mapkepbl, COOTBETCTBYIOIINE T'€HETUYECKUM TOJIUMOP(PU3MAM MEXIY
YJIEHAMH TOTYJISIUN MOTYT OBITh OINpeneNeHbl METOAAMH, XOPOLIO H3BECTHBIMH B JTAaHHOH
obmactu TexHukn. OHH  BKIIOYAIOT, HAmpuUMep, METOAbl CHKBEHC-CIELU(PIUECKON
amrmuindukanun Ha ocHoBe PCR, ompeneneHne monumMoppu3MOB JUTHHBI PECTPUKLIUOHHBIX
¢parmenroB  (RFLP), ompeneneHne  M30(EPMEHTHBIX  MapKepOB, omnpereneHue
MOJIMHYKJIEOTHIHBIX TOJMMOP(U3MOB TOCPEACTBOM aJlJIeNb-CrIeU(pUIEcCKOil rudpuan3anuu

(ASH), ompenenenne amMIUIM(UIMPOBAHHBIX BapHAOENbHBIX TOCIEIOBATEIPHOCTEH TI'€HOMA
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pacTeHHs], OMpeneleHHe CaMOTOANCPIKUBAIOLICHCS  PEIUIMKALUN  [OCIEN0BATENbHOCTEH,
OTpeneNeHne TPOCTBIX MOBTOpSIFOIIMXCA — mociepoBatenbHocTell  (SSR),  ompenenenue
OHOYKJICOTHIHBIX mnosuMopdmsmoB (SNP) wnm  onpenenenne moaMMOp(U3MOB  UTHHBI
amruindunpoBansbix (pparmenToB (AFLP). Takke M3BECTHBI XOPOLIO 3apEKOMEHIOBABIINE
ceOs1 MeToABl sl ONpeAeNieHnss MapKepoB dKcnpeccupyembix nocienosarenbHocTeil (EST) u
mapkepoB SSR, nonyueHHbIX u3 nocnenosarenbHocteil EST, u cnyuaitHo ammummdunupoBaHHOM
nosumopduoit JIHK (RAPD).

Tepmun «monumopdusm» oznadaer m3menunsocts B JIHK mexny, mo mensineii mepe,
aByMsi ocobsMu B mpenenax nonysnsuud. [lommmop¢usm, B NpPEeArnouYTHTEIBHOM BapHAaHTE
OCYLIECTBIIEHHS] HACTOSALIETO U300pETeHNs], HIMEET YaCTOTY, COCTABIIAOLIYIO, IO MEHBIIEH Mepe,
1 % B mnonymuuu. Ilone3Hblii nomuMoppu3M MOXKET BKIIOUATh OAHOHYKJICOTHIHBIN
nosmMopdusm  (SNP), mpoctyro moBTopsroiyrocsi  mocienoBarenbHocTh  (SSR)  wm
NOJMMOP(U3M HHCEPLIMI/AENENH, TaKkKe Ha3bIBAEMbIH B HACTOSILIEM JOKYMEHTE «HHAEIOMY.
TepMuH «MHAET» OTHOCUTCS K MHCEPLUH WIN AEJELUH, TPU 5TOM, OJHA JIMHUS MOXET OBITh
0003HaYeHa Kak UMeIoLIast BCTaBJIeHHbIH HykieoTun miu pparment JJHK orHOCHTENBHO BTOpO#
JIMHUY, WIH BTOPAs JMHHUS MOXKET ObITh 0003HaueHA KaK MMEIOINas yAaJeHHbIH HYKISOTH ] UIH
¢dparment IHK oTHOCHTENBHO NEPBOH JIMHUU.

Tepmun  «dusnueckoe pacCTOSIHUE»  MEXKIy JIOKycaMH  (HampuMep, Mexay
MOJIEKYJISIPHBIMU MapKepaMu W/ i Mexxay (EHOTUITUYECKUMHU MapKepaMu) Ha OJJHOW U TOM ke
XpOMOCOME O3Ha4aeT (hakTHUECKOe (PU3MUECKOe PACCTOSHUE, BBIPAXKEHHOE B OCHOBAHMSX HIIU
napax OCHOBaHMiH (1.0.), ThICAYaX OCHOBAHMH MJIM ThICSYaX TMap OCHOBAaHWH (T.M.0.) WM
MUWJIJTHOHAX OCHOBAHUH MJTH MHUJUTHOHAX Nap OCHOBAHUH (MJIH.ILO.).

«['eHeTndeckoe pacCcTOSIHUE» MEXKAY JIOKyCaMH (HArpUMep, MEXAy MOJIEKYJISIPHBIMH
MapKepaMH W/WIH Mexkay (PEHOTHITMYECKUMHU MapKepamMH) Ha OJHOW U TOH Ke XPOMOCOME
U3MEpPSIeTCs] 4aCTOTOH KPOCCHHroBepa WM 4acToToil pekomOmnanmii (RF) m ykaseiBaercsi B
caatumopranax (cM). Omumn cM coorBercTByeT uyactote pekomOmHaumu 1%. Ecmm
pekoMOMHaHTBI He 0OHapykeHbl, TO RF paBHa HyJIHO, a JIOKYCBI JINOO HAXOAATCS OYEHb OJIU3KO
APYT K Apyry ¢usndecku, OO OHM MAEHTHYHBL UeM manbline 1Ba JIOKyca HAXOOSTCS APYT OT
apyra, Tem Bbiie RF.

TepmuH «(pu3mueckas KapTa» T€HOMa O3HA4YAaeT KapTy, MOKA3bIBAIOLIYIO JIMHEHHBIN
NOPSOK UACHTH(PHIHUPYEMbIX OPHUEHTHPOB (BKJIOUAs T€HBbI, Mapkepsl U Tak panee) Ha JIHK
xpoMocoMbl. OfHAaKO, B OTIMYHE OT T€HETUYECKHX KapT, PACCTOSIHUS MEXAY OPHUEHTHPaMHU
SIBJITIOTCS] a0COJIFOTHBIMU (HAIpUMeEp, U3MEPSIIOTCS B TTapax OCHOBAHHUH MIIM B U30JIMPOBAHHBIX U
NEPEKPBIBAIOIINXCS  HEMPEPBIBHBIX TIE€HETUYECKUX (parMeHTax) M HE OCHOBaHbI Ha

TeHETUYECKON peKOMOMHALINY (KOTOPAst MOKET BapbHPOBATHCS Y PA3HBIX ITOMYJISILIHIA).
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Annenb «OTpHULATEIBHO» KOPPEIUPYET C MPU3HAKOM, KOIZla OH CLETIJIEH C HUM, U KOTJa
NPUCYTCTBUE QJUIENsl SIBJISIETCSl IIOKA3aTelleM TOTO, 4YTO JKeNaeMblii MpH3HAaK Wik ¢dopma
npusHaka He OyayT BCTpeuaTbCsl B PACTEHHUH, COJEpKAIleM »JTOT ajuieldb.  AJenb
«TOJIOKUTEIBHO» KOPPEIUPYET C MPU3HAKOM, KOIZla OH CLEIUIEH C HUM, U KOIZa NMPUCYTCTBUE
aNJens SIBJIAETCS MOKA3aTesJieM TOTO, YTO JKeJNaeMbld NpU3HaK win (popma mMpusHaka OynyT
BCTPEYATBCsl B PACTEHUH, COAEPKALLEM 3TOT AJIJIENb.

Cantumopran  («cMy») mpexacraBisier CcoOOH  €OUHUIYy HM3MEPEHUS  YaCTOThI
pexombunauuii. OquH ¢cM paBeH 1% BepOSTHOCTH TOTO, YTO MapKep B OJHOM T€HETHYECKOM
JoKyce Oymer OTAeneH OT MapKepa BO BTOPOM JIOKyC€ H3-3a KPOCCHHIOBEpa B OJHOM
MOKOJICHUH.

B koHTekcTe HACTOALIEro NOKYMEHTA, TEPMHUH «XPOMOCOMHBIM HWHTEPBAI» O3HAYAEeT
HenpepbIBHbIN JHMHENHbIM ydacTok reHomHoi JIHK, nHaxopsmuiics B pacTeHMM Ha OJHOM
xpoMocoMe. I'eHeTHueckue 3JE€MEHTBbl WM TeHbl, PACHOJIOKEHHbIE HA OAHOM XPOMOCOMHOM
UHTEpBaje, (PU3MUECKH CLEIUIeHbl. PasMep XpOMOCOMHOIO MHTEpBasa He SIBJSIETCS] KOHKPETHO
OTPaHUYEHHBbIM. B HEKOTOPBIX acMeKTax, FeHETHUECKHUE HIEMEHTDI, PACIOJNIOKEHHbIE B IIPEAenax
OJHOI0 XPOMOCOMHOIO HHTEpPBAJIa, T'€HETUYECKH CLEIUICHbI, KaK IPaBWIO, C PACCTOSHUEM
TeHEeTUYEeCKOW pekoMOMHALMK, HarpuMep, MeHee min paBHbIM 20 ¢cM wiyu, B ajJbTePHATHBHOM
BapHaHTE OCYIIECTBJICHUs HACTOSIIEro H300peTeHns: — MmeHee uin paBHbiM 10 cM. To ectb, nBa
F€HETUYECKUX 3JIEMEHTa B IMpeAeNax OAHOTO XPOMOCOMHOIO HHTEpBaja IOABEPraroTCs
pPEeKOMOHMHALIMY ¢ YaCcTOTOH, MeHee miu paBHo 20% wmu 10%.

TepMuH «TeCHO CLEIUICHHBIN», NPUMEHSAEMbI B HACTOSLIEH 3asBKE, O3HA4aeT, 4TO
peKOMOHMHALIMS MEXKIY ABYMSI CLEIUICHHBIMH JIOKYCAMH MPOUCXOIUT C 4YaCTOTOH, MEHee MU
paBHo#, mpumepHo, 10% (TO ecTb, OHHM pa3JeieHbl HAa Te€HETUYECKOW KapTe PacCTOSHUEM,
cocrapisitomeM He Oonee 10 cM). JIpyrumu ClioBaMU, TECHO CLEIJIEHHBbIE JIOKYChl COBMECTHO
CErperupyroTcs, Mo MeHblie mepe, B 90% ciydaeB. MapkepHbIe JIOKYChl OCOOEHHO TMOJIE3HBI B
OTHOIIEHNH OOBEKTa HACTOSILNEro H300peTeHHs, KOTAa OHH IEMOHCTPHPYIOT 3HAUUTENbHYIO
BEPOSITHOCTh COBMECTHOW cerperauuu (CHEIUIeHHs) ¢ JKeJlaeMbIM MpPH3HAKOM (Hampumep,
YCTOHYMBOCTh K CEPOH MATHHCTOCTH JIMCThEB). TECHO CIEIUIEHHbIE JIOKYChI, TakKue Kak
MAapKepHBbI JIOKYC MU BTOPOH JIOKYC, MOTYT JE€MOHCTPUPOBAaTH YaCTOTy MEKIOKYCHOU
pekoMOMHaumy, cocraBisiromyr0  10% WM MeHee, B MNPENNOYTHTEIBHOM BapHaHTE
OCYILIECTBIIEHHUs] HACTOSIIEro M300peTeHus — mpuMepHo, 9% wuiaum MeHee, B eme Oonee B
NPEANOYTUTENBHOM BapPUAHTE OCYIIECTBIICHUST HACTOSIIEro U300peTeHns: — mpuMepHo, 8% wmim
MeHee, B ele 0ojiee B MPEANOUTUTEIbHOM BAPHAHTE OCYLIECTBIEHHS HACTOSIIETO N300PETEHHS
— npuMepHo, 7% WM MeHee, B elle OoJjiee B MPENNOUYTUTEIbHOM BapHAHTE OCYIIECTBIICHUS

HACTOSIIEro M300peTeHus — MpuMepHo, 6% WM MeHee, B eme Ooyee B MPEONOYTHTEIHHOM
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BapHUaHTE OCYLIECTBIEHHS HACTOSIIETO N300peTeHNs — MpUMepHO, 5% uim MeHee, B elne Oonee
B IPENOYTHTEILHOM BApHAHTE OCYIIECTBJIEHUS] HACTOSIIEr0 H300peTeHHs — NpuMepHo, 4%
WM MeHee, B emle OoJjiee B MPEANOYTUTENIbHOM BapHAHTE OCYIIECTBJIEHHS HACTOSILIETO
n3o0pereHust — npumepHo, 3% WM MeHee, U B emle Oojiee B NMPEANOYTUTENIbHOM BapHAaHTE
OCYILIECTBIIEHUs] HACTOSIIEero u3o0pereHns — mnpumepHo, 2% wiu MeHee. B ocoOeHHO
NPEANOYTUTENBHBIX BAPHAHTAX OCYIIECTBJICHUS HACTOSIIEr0 M300pETEHUs, COOTBETCTBYIOIIHE
JIOKYCBhI JAEMOHCTPHUPYIOT PEKOMOWHAIIMIO C YaCTOTOM, COCTaBJSFOINEH, mpumepro, 1 % wim
MeHee, Hampumep, npumepHo, 0,75% wiu meHee, B 0OoJyiee MPENNOYTUTEIILHOM BapUAHTE
OCYILIECTBIIEHHUs] HACTOALIEro n3obpereHus — npumepHo, 0,5% wnu MeHee, uinm B eme Oosee
NPEANOYTUTEIBHOM BapUaHTE OCYLIECTBIEHHs HACTOSINEro u3odpereHus — npumepHo, 0,25%
unu MeHee. Takxke CUMTaeTCs, YTO ABA JIOKyCa, PACIOJIOKEHHBbIE HA OJHON XpOMOCOME, U Ha
TAKOM PpACCTOSTHUM, 4YTO PEKOMOHMHAIMS MEXAy OSTHUMH JBYMs JIOKYCAMU IPOUCXOIUT C
4acTOTOH, cocrapisitoiieii menee 10% (Hanpumep, nmpumepHo, 9 %, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1 %, 0,75%, 0,5%, 0,25% unu MeHee), KIPOKCUMAJIbHBD 110 OTHOLIEHHUIO IpYyT K Apyry. B
HEKOTOPBIX Cly4asX, J[ABa pa3sHbIX MapkKepa MOTYT HMETb OJUHAKOBBIE KOOPAMHATHI
TeHeTUYECKON KapTel. B 5TOM ciy4ae, ABa Mapkepa HACTOJBKO TECHO NPOKCHUMAJbHBI IO
OTHOLIEHHUIO APYr K APYTY, YTO PEKOMOMHAIMS TMPOUCXOAMT MEXKAY HUMH C TaKOH HHU3KOM
YaCTOTOM, YTO €€ HEBO3MOIKHO OIPEACIIUTb.

TepMuH «cremnieHue» OTHOCUTCS K TEHIEHLUH ajuieliell COBMECTHO CerperHpoBaThCs
Yaie, 4eM 5TO MOXKHO ObLIO Obl OXKHIATh BCIEICTBHE CIyYAHHOCTH, €CIIH UX TPAHCMUCCHS ObLiia
He3zaBucuMOH. Kak mpaBuiio, creryieHue OTHOCUTCS K aJljIeNisiM, HaXOASIIUMCS Ha OAHON U TOM
e XpoMocome. ['eHeTudeckass peKOMOWHALMS MPOUCXOIUT C MPENnojaraeMol CiydaiHOMN
4acTOTOM MO BCeMy TIeHOMy. |'eHeTudeckue KapThl CTPOSIT IyTEM M3MEPEHUS YacCTOTHI
pPEKOMOMHALIMY MKy MMapaMu MPU3HAKOB WJIM MapkepoB. UeMm TecHee MPU3HAKU HITH MapKepbl
HAXOIATCSL IPYr K OPYry Ha XPOMOCOME, TeM HI)KE€ YacTOoTa PEKOMOMHAIIMM W TE€M BbIIIE
CTereHb clerieHus. B HacTosimeM NOKyMeHTe NMpU3HAKU WM MapKepbl pacCMaTpPHUBAIOTCS Kak
CIICTUICHHBIE, €CJIH OHH, KaK MPaBUJIO, COBMECTHO CErPErHpYIOTCs. BeposiTHOCTh peKOMOMHALINT
1/100 Ha mOKOJIeHHE OMpENeNsIeTCs KaK PacCTOSIHHE TeHEeTUYeCKOW KapThl, cocraistomee 1,0
caatumoprad (1,0 cM). TepMuH «HEpaBHOBECHE MO CLEIUIEHUIO» OTHOCUTCS K HECIy4alHOM
Cerperamnuy reHeTHYeCKUX JIOKYCOB MJTH NMPHU3HAKOB (WJIH U TOTO, U apyroro). B mobom ciydae,
HEpaBHOBECHE MO CLEIUIEHHIO MOJPa3yMeBaeT, UYTO COOTBETCTBYIOLIME JIOKYChl HaXOJATCS B
npeaenax J0CTaTOYHOH (PH3NUECKOH MPOKCUMAIBHOCTH MO JUTHHE XPOMOCOMBI, OJarofapsi uemy
OHH COBMECTHO CETPErMpYIOTCS Hallle, YeM CO CIy4aifHOW 4acTOTOU (TO €CTh, ¢ Hecly4daitHOM
4acToTOH). Mapkeppl, KOTOpble IOKa3bIBAIOT HEPABHOBECHE IO CIEIUICHUIO, CYHUTAITCS

cuerieHHbIMHA. CLIETUIEHHBIE JIOKYCBI COBMECTHO cerperupyrorcsi bomnee uem B 50% ciydaes,
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Harpumep, OT, nmpumepno, 51 % mo, mpumepno, 100% cnyuaeB. [pyrumu cioBamu, nBa
MapKepa, KOTOPbIe COBMECTHO CETPErHpyIOTCs, UMEIOT YaCTOTY PEKOMOHMHALIMH, COCTABJISOLIYIO
menee 50% (1, Mo ompeneeHnto, OHHU Pa3esieHbl PACCTOSIHUEM, COCTaBJIsiroIeM Meree S0 cM, B
OJTHOW M TOM K€ TPyIIe CLerieHNs.) B KOHTeKcTe HaCcTOSsIEero JOKYMEHTa, CLEIUIEHHE MOKET
MIPUCYTCTBOBATh MEXAY ABYMsI MapKepaMu WJH, B albT€PHATUBHOM BapUaHTE OCYLIECTBJIEHUS
HACTOSIIEro U300pETEeHNs, MEXIY MapKePOM U JIOKYCOM, OKa3bIBAIOLINM BIHMAHUE Ha (PEHOTHIL
MapkepHblii JIOKyC MOKET OBbITh «acCOMHUpOBaH ©» (cueruieH c) npusHakoM. CreneHb
CHETJIEHUsT MapKepHOTO JIOKyca M JIOKYCa, OKAa3bIBAIOIIErO BIMSHHE Ha (DEHOTHUIHYECKHI
IIPU3HAK, U3MEPSETCs, HapuMep, KaK CTaTHCTUYECKas BEPOATHOCTb COBMECTHOM cerperanuu
3TOTO MOJIEKYJISIPHOTO Mapkepa ¢ peHotunom (Hanpumep, F-cratucruka nnu LOD-6amn).

B kOHTekcTe HACTOSIIEr0 AOKYMEHTA, TEPMHUH «UIAEHTHUYHOCTb MOCIEN0BATEIbHOCTI»
OTHOCHUTCSI K CTENEeHM HIEHTUYHOCTH JIIOOOM MaHHOM NOCIENOBATENbHOCTH HYKJIEHHOBOMN
KUCJIOTBl K MOCJIEAOBATEIbHOCTH HYKJIEHHOBON KHUCIOTBI-MHUIIEHU. [IpOLIeHT HAEHTUYHOCTHU
NOCJIEAOBATEIbHOCTU BBIUUCIIIETCS TyTEM ONPEENICHNs] KOJINYECTBAa COBMAAAIOIINX MTOTO0XKEHHUH
B BBIPOBHEHHBIX IIOCJIE€IOBATEIBHOCTAX HYKJIEMHOBBIX KHCJIOT, JEJIEHUs KOJUYECTBA
COBIAJIAIOIINX TOJIOKEHNH Ha 0o0liee KOJIWYEeCTBO BBIPOBHEHHBIX HYKJIEOTHUIOB U YMHOKEHUS
Ha 100. CoBmapgaromiee TMOJNOXKEHHE OTHOCUTCS K IIOJIOKEHHIO, B KOTOPOM HIEHTHYHBIE
HYKJIEOTUABl BCTPEYAIOTCS B OJHOM M TOM K€ [IOJIO)KEHUHM B  BBIPOBHEHHBIX
MOCJIEZIOBATEIIbHOCTAX HYKJIEUHOBBIX KHUCIOT. [IpOIEHT MOEHTHYHOCTHU TMOCJIENOBATEIbHOCTH
TAKXKe MOJKET OBbITh OmpeneneH s JEOOH aMHUHOKUCIOTHON MOCIenoBaTeNbHOCTU. Jliist
OTpefieNieHHsl  MPOLIEHTa  HMAEHTHYHOCTU  IOCIENOBATENbHOCTH,  MOCJIEeNI0BATENbHOCTD
HYKJIEHHOBOHM KHUCJIOTBI-MHUIIEHU HJIM aMHUHOKHCIIOTHYIO IOCJIENOBATeNIbHOCTh CPaBHUBAIOT C
UICHTU(PUIMPOBAHHON TMOCJIEAOBATENbHOCTBIO HYKJIEHWHOBOW KHCJIOTHI MJIM aAMHHOKHCJIOTHOM
MOCJIENOBATEIbHOCTBIO ¢ HWcrnojib3oBanueM  mporpammbl BLAST 2 Sequences
(ITocnenosatenpHocTH) (Bl2seq) w3 aBToHomHOM Bepcun BLASTZ, comepixameii BLASTN u
BLASTP. Oty aBroHOMHYyI0 Bepcuro BLASTZ moxxHo mpuoOpectn Ha BeO-caliTe KOMIAHUH
Fish & Richardson (World Wide Web mno ampecy fr.com/blast) wnm Ha BeO-caiite
HauwmonaneHoro ueHtpa OuoTexHojorudeckoi wHbpopmanuu mpasurenscTa CIITA (World
Wide Web mo anpecy ncbi.nlm.nih.gov). MHcTpykuuu, OOBSCHSIOMUE, KaK MOJIb30BATHCS
nporpammoii Bl2seq, moxkHO Haiitu B (aiine «readme», mpumaraemom k BLASTZ. Bl2seq
BBITIOJIHSIET CpPaBHEHME JBYX IOCJENOBATENIbHOCTEN C ucnosb3oBaHueM anroputMa BLASTN
unu BLASTP.

BLASTN ucnonb3yercst 1isl CpaBHEHHs! 11OCJIEI0BATENbHOCTEN HYKJIEUHOBBIX KUCJIOT, a
BLASTP wucnonb3yercst Afsi CpaBHEHHsl AMUHOKUCJIOTHBIX MociefoBarenabHocTel. Jlns

CpaBHCHUA OBYX HOCHGI{OBaTeHbHOCTefI HYKJIICUHOBBIX KHUCJIOT, NAapaMETpPbl YCTAHABJIIMBAKOTCA
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crenyromuM odpa3oM: -1 YCTaHABJIUBAETCS B (haiilyi, comep Kaliuii MepBYI0 MOCIEA0BATEIBHOCTh
HYKJIEMHOBOHM KHCJIOTBI, TOJUIeKaInyr0 cpaBHeHutro (Hampumep , Ci\seq 1 .txt), -
yCcTaHaBiIMBaeTCsl B (hailil, conmeprKamuil BTOPYIO MOCIIEAOBATENbHOCTh HYKJIEMHOBOW KHCIOTHI,
noanexkamyo cpasHeHuro (Hampumep , C:\seq2.txt); -p ycraHaBiamBaercss B blastn; -o
ycraHaBiuBaercss B ¢aiin ¢ moObiM skemaembiM umeHeMm (Hampumep, C:loutput.txt), -q
yCTAHABJIIMBAETCSl HAa - 1 ; - yCTAHaBIMBAETCs HAa 2; a U1 BCEX OCTAJIbHBIX ITapaMeTPOB
OCTAlOTCSl WX 3HAYEHHUs, YCTAHOBJIEHHblE MO yMosdaHuio. Crepyromas komaHzga Oyzaer
reHEepUpOBaTh BBIXOAHOW (aiin, comepikammii CpaBHEHHE MABYX IOCJIENOBATEIbHOCTEN:
C:\Bl2seq -1 c:i\seql .txt -j c:\seq2.txt -p blastn -o c:outputtxt -q - 1 -r 2. Ecmu
NIOCIIEIOBATEIbHOCTh-MHUIIEHb UMEET T'OMOJIOTHIO C JIFOOBIM YYacTKOM HIEHTH()ULHNPOBAHHOMN
NOCJIEIOBATEIbHOCTH, TO YKa3aHHBIM BBIXOAHOH (paiin Oyner mnpencraBisTh 3TH 00JacTH
rOMOJIOTHHM KaK BBIPOBHEHHbIE MOCHeNOBaTeIbHOCTU. Eciam mocnenoBaTenbHOCTb-MUIIEHb HE
UMEeT TOMOJIOTHIO C JIIOOBIM YYacTKOM HISHTU(DHLHUPOBAHHONW MOCJIEA0BATEIbHOCTH, TO
yKa3aHHBIN BBIXOAHOMW (aii He OyAeT NpeacTaBisiTh 3TH 0OJACTH TOMOJIOTMH KaK BEIDOBHEHHBIE
nocienoBareabHOCTH. [locne BrIpaBHUBAHUS, ONPENENAOT AMUHY IIyTeM IOJCcYeTa KOJUUeCTBa
MOCJIEIOBATEIbHBIX HYKJICOTHJOB M3 IOCIENOBATEIbHOCTH-MUIIEHH, MPEICTABIEHHON B
BBIPABHUBAHMU C TIOCJIEIOBATENIBHOCTBIO M3 HAEHTH(QUIIMPOBAHHON IOCIIENOBATENBHOCTH,
HauuHas ¢ JIOOOTO COBMANAIOLIETrO MOJIOKEHHUS M 3aKaHYMBAs JIFOOBIM JPYTHM COBIMAAIOIIUM
nosioxkeHreM. CoBMazgaroiiee MojiokeHHe — 3TO JIF00e MOJIOKEeHHE, B KOTOPOM HAEHTHYHBIN
HYKJICOTHJ MPENCTABJIEH KaK B MOCIEIOBATEIbHOCTU-MHUIIEHH, TaK U B UACHTU(PULIMPOBAHHON
NOCIEIOBATEIbHOCTH. [ 9MbI,  TPENCTaBJIEHHbIE B  TOCJIENOBATEIbHOCTU-MHUIIEHH, HE
YUUTBIBAIOTCS, TTOCKOJIBKY I3IIbI HE SIBJISIIOTCS HYKJIEOTHAAMHU. AHAJIOTUYHBIM OOpa3oM, I3IIBL,
NPEACTaBJICHHbIE B HACHTU(UIIMPOBAHHON MOCIEOBATEIBHOCTH, HE YUUTBIBAKOTCS, MOCKOJBKY
YVUUTBIBAOTCS  HYKJIEOTHAbI  MOCIENOBATEIbHOCTHU-MHUINEHH, a HE  HYKICOTHUABl W3
UICHTU(PUIMPOBAHHON MOCIEOBATENBHOCTU. [IPOLIEHT HAEHTHYHOCTH IO OTIPENEeIEHHON JIJTHHE
OTIPENENSIIOT MyTEM TOJCYETa KOJIUYECTBA COBIMANAIOIINX MOJIOKEHHUH 110 STOW JUTHHE U ACJICHUS
5TOr0 KOJIMYECTBA HA JJIMHY, a 3aT€M YMHOXEHHs Mojay4deHHOro 3HadeHus Ha 100. Hampumep,
ecmu (1) TMOCJIENOBATENIBHOCTh HYKJIEHMHOBOW KHCJIOTBI-MHIIEHH C OCHOBaHueM wu3 500
HYKJICOTHIOB CPABHUBAIOT C PACCMATPHBAEMON IMOCIENOBATEIBHOCTHIO HYKJIEMHOBOW KHCJIOTBHI,
(i) mporpamma Bl2seq mnpencraBiser 200 OCHOBaHMI M3 TOCIIENOBATENLHOCTH-MHUIIEHH,
BBIPOBHEHHOH C O0JACTBIO pacCMaTPUBAEMOW MOCIIEAOBATENBHOCTH, II€ TIEPBOE M IMOCIEIHEE
ocHOBaHMA 3TOH obmactu n3 200 ocHOBaHUil coBmanarT, U (iii) KOJIUYECTBO COBMAIEHHI IO
5TuM 200 BBIPOBHEHHBIM OCHOBaHMsIM paBHO 180, TO MOCIEAOBATENBHOCTH HYKIEHHOBOU
KHCJIOTBI-MUIIEHH ¢ OCHOBaHueM u3 500 nykyieotnnoB umeer anuHy 200, a MAEHTUYHOCTH

NOCIIeIOBATEIBHOCTH IO 3TOH [uinHe cocTasysieT 90% (To ectpb, 180 / 200 x 100 = 90). Cnenyer
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UMEeTb B BHIY, YTO KaXAas M3 pa3jnyHbIXx obOjacteli B mpeaenax OJUHOYHOM
NOCIIEIOBATEIBbHOCTH HYKJIEMHOBOW KHCIIOTBHI-MHUIIEHH, BHIPOBHEHHONW € MACHTHU(PHINPOBAHHON
NOCIIEIOBATEIBHOCTIO, MOXET MMETh CBOH COOCTBEHHBIN MpPOLEHT uaeHTuyHoCcTH. Cremyer
OTMETUTD, YTO 3HAYEHHUE MPOLEHTA UICHTUYHOCTH OKPYTJISIETCS 0 ONFsKalIneil necsiToi JOJH.
Hanpuwmep, 78,11, 78,12, 78,13 u 78,14 oxpyrmstoresa no 78,1, a 78,15, 78,16, 78,17, 78,18 u
78,19 okpyrnstorest no 78,2, Takke cienyeT OTMETUTh, YTO 3HAYEHHE JJIMHBI BCeraa Oyaer
L(EJIBIM YHCIIOM.

TepmuH «BbIIENEHHAS MOCIEI0BATEIbHOCTh HYKJIEUHOBON KHUCIOTBI) WJIN «BBLIEIEHHAs
JIHK» oTHOCHUTCSI K TMOCJIENOBATEeNIbHOCTH HYKJIEMHOBOW KHCJIOTBI, KOTOpash OoJiblie He
HAXOIUTCS B €CTeCTBEHHOH cpene, W3 KOTOpOH oOHa Obula BbIAETCHA, HAmpUMep,
NIOCJIEIOBATEIbHOCTh HYKJIEMHOBOM KHCJIOTHI B OaKTEPHAIBbHOM KIIETKE-XO35MHE WIH B SEPHOM,
WIM TUJIACTUAHOM TreHoMme pacTeHus. [Ipu ynomuHaHuM B HacTOALIEM AOKYMEHTE TepMHHA
«IOCJIENOBATEIBbHOCTDY, MOAPA3yMEBAETCsl, YTO UMEETCs B BHUJY MOJIEKYJA, UMELIAas TaKylo
NOCJIEAOBATEIbHOCTb, HAIpUMEpP MOJIEKyJa HYKJIEHMHOBON KUCIOTHL «KieTka-xo3sun» Win
«peKOMOWHAHTHAS KJIETKA-XO3SIMH», WM «TPaHCOPMHUPOBAHHASI KJIETKA» — 3TO TEPMUHBI,
OTHOCSIIIMECS K HOBOW OTHENbHON KieTke (WM OpraHu3My), BO3HMKAIOIIEH B pe3yjbTare
BBE/ICHUS B YIIOMSHYTYIO KJIETKY, [10 MEHbLIEH Mepe, OJHON MOJIEKYJIbl HyKJIE€MHOBON KUCJIOTHL.
KrneTka-x03siH, B MPEANOYTHTENIbHOM BapHaHTE OCYIIECTBJICHUS HACTOSIIEr0 H300peTeHMs,
SIBJIIETCSI  PACTUTENIbHOW KJIETKOW WM OakTepuajbHON KieTkoi. KieTka-xo3siMH MOKeT
comepaTb  HYKJIEHHOBYIO  KHCIOTY B  BHAE  JKCTPAXPOMOCOMHO  (3MHCOMAJIBHO)
PEIUTMLUPYIOLIENCS MOJIEKYJIbI, WM OHA COAEPKUT HYKJIEHMHOBYIO KUCJIOTY, HHTETPUPOBAHHYIO
B SJIEPHBIN WIM IJACTUAHBIA I'€HOM KJIETKU-XO35MHA, WU B BUJE BBEACHHOW XPOMOCOMBI,
HaIlpuMep MUHU-XPOMOCOMBI.

Korna npuBoauTcst cCbUIKa Ha TOCIIENOBATENBHOCTD HYKJIEHHOBOW KHCIIOTHI (HAIIpUMeD,
JHK wm renmomHodi JIHK), wuMmeomyw «3HAYUTENbHYK) CTENEHb WAEHTHYHOCTH
MOCJIEIOBATEIBHOCTHY K OSTAJOHHOM NOCIEAOBATENBHOCTH, WJIHM HMEIOLIYH) HICHTHUYHOCTH
MOCJIEIOBATEIbHOCTH, COCTABJISIFOLIYIO, TIO MeHbIeH mepe, 60%, HampuMmep, 1Mo MEHbIIEH Mepe,
70%, 75%, 80%, 85%, 90%, 95%, 98% wumu 99% HIEHTUYHOCTH TOCIENOBATEILHOCTH
HYKJIEMHOBOHN KHUCJIOTHI K 3TaJOHHOU MOCJIEN0BATENbHOCTH, B OJJHOM BapHaHTe OCYLIECTBJIEHUS
HACTOSIIIEro H300pEeTEeHUs, YIMOMSHYTass HYKJICOTHAHAS TMOCIEeNOBATEIbHOCTh CUUTAETCS B
3HAYUTEJIbHON CTENEeHU WAEHTUYHOW NaHHOW HYKJIEOTHUOHOW MOCJIENOBATENIBHOCTH U MOMKET
ObITh MIEHTH(PULUPOBAHA C HCIOJIB30BAHMEM JKECTKUX YCIOBHH rubpumusamuu. B npyrom
BApUAHTE OCYIIECTBJICHUS HACTOSINErO HW300PETEHHs, MOCIEeNOBATEeIbHOCTh HYKJIEHHOBOH
KHCJIOTBl COAEPKUT, IO MEHbIIEH Mepe, OJHYy MyTalHI, IO CPaBHEHUIO C JaHHOHN

HYKJICOTHIHON  TOCJIEIOBATEIBHOCTRIO, OJHAKO MOXKEeT ObITh HIASHTHU(QHUIMpPOBaHA C
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UCTIOJIb30BAHUEM KECTKHUX YCJIOBUH rubpunnsanun. «KecTkue ycaoBus rTHOpUAN3aLUNY) MOTYT
OBITH HCIIOJIb30BAHbl IJIs1 UAEHTH(PHUKALNN HYKJICOTHOHBIX IOCIEIOBATEIBHOCTEH, KOTOPHIE B
3HAUUTEIbHO CTENEHU WIEHTHYHBl JaHHON HYKJIEOTHAHOHN mocnenosarenbHocTU. JKecTkue
YCJIOBHSI 3aBUCST OT MOCJIEAOBATENBHOCTH M OYAYyT Pa3fiMuaThCsl B Pa3HbIX OOCTOSTENBCTBAX.
Kak npaBuio, xecTkue yCIoBHs BBIOMPAIOT C YIETOM TEMIIepaTyphl, KOTOpasi, IPUMEpPHO, Ha 5°
C Hmxe ToUYkH TepMuyeckoro riasneHus (Tm) mis crenudruecKux mocieaoBaTeIbHOCTENH pH
onpeneneHHo noHHOH cuie u pH. Tm — 310 Temmnepartypa (npu onpeneneHHO HOHHOH cue U
pH), npu xotopoit 50% moCHEnOBATENPHOCTU-MUIIEHH THOPUAMZYIOTCS C HAEATIBHO
coBrmagaromuM 30HAOM. Kak mnpaBuio, BBIOMpPAOTCS JKECTKHE YCIOBHs, IPH KOTOPBIX
KOHLIGHTpaLuus colu cocrasisieT, npuMmepHo, 0,02 momspa mpu pH 7 u temmneparype, mo
menbineit Mepe, 60° C. CHmwkeHHe KOHLEHTPALMU COJH W/HWJIN TOBBILIEHUE TEMIEepPaTyphl
noBbImaeT skecTkocTh. JKectkue ycnoBusi masi rubpuamzaumu PHK-/THK (Hoszepu-6moThl ¢
UCTIOJIb30BAHUEM 30H[a, COCTOsIero u3, Hanpumep, 100 HYKJICOTUIOB) MPEACTABISIFOT COOOM,
HanpuMep, TaKue yCJIOBUsl, KOTOPBIE BKJKYAIOT, 10 MEHbLIEH Mepe, OAHy NpoMbiBKy B 0,2 X
SSC npu 63° C B Teuenue 20 MHHYT WM SKBHUBaJeHTHbIe ycioBus. JKecTkue ycioBus s
rubpunmzau  JIHK-/THK (Cay3epH-On0TBI ¢ HMCHOJB30BAaHMEM 30HAA, COCTOSIIErO M3,
Harpumep, 100 HYKJIEOTHAOB) MPEACTABISIFOT COOOM, HAMpHMEp, TaKUe YCJIOBHUS, KOTOPBIE
BKJIFOYAIOT, MO MEHbLIeH Mepe, oaHy mpoMbIBKY (00bryHO 2) B 0,2 X SSC npu Temneparype, 1o
meHbineli mepe, 50° C, oObruHO, mpumepno, 55° C B TeueHue 20 MUH WJIHM 5KBHUBAJICHTHbIC
ycnoBusi. Cm. takske ComOpyk u ap. (1989) u Combpyk u Paccen (2001). Ilpumepamu kpaiiHe
JKECTKHMX YCJIOBHH TMOPHIM3ALUH SBJSIFOTCS] YCJIOBHS, TIPH KOTOPBIX THOPUAM3AIMN TIOABEPTatOTCS
MPEUMYILECTBEHHO TOJIKO T€ MOJIEKYJIbl HYKJIEMHOBOM KHCJIOTBI, KOTOPbIE UMEIOT, IO MeHbIIEeH
Mmepe, 90% wnn, mo MeHbinel Mepe, 95% uaeHTHYHOCTD nocienoBarenbHocTed. Takumu kpaiine
JKECTKMMHU YCIOBHSIMH THOpPHIU3ALUH SIBIBIIOTCS, HanpuMep: rudpuamnzanus B 4 X SSC mpu 65°
C ¢ nocnenyromumu MHOrokpatHeiMu npombiBkamu B 0,1 X SSC mpu 65° C B TedeHue,
npubnusuTenbHo, 1 yaca. Mcnosb3yeMblii B HACTOSIIEM JTOKYMEHTE TEPMUH «KpailHe JKECTKHe
YCIJIOBHS THOPUAM3ALNIY TaKKe MOXET 03Ha4aTh: ruOpuamsauuto npu 68° C B 0,25 M docdara
Harpusi, pH 7,2, 7% SDS, 1 MM EDTA u 1% BSA B Teuenue 16 yacoB ¢ mocnemyroimei
nsykpatHoi npombeiBkoi 2 X SSC u 0,1% SDS mpu 68° C. B npennoutuTenbHOM BapuaHTe
OCYILIECTBJIEHHS] HACTOSIIErO M300peTeHHs], THOPUAN3ALHUS MPOUCXOANUT B KECTKHX YCIOBHSIX.
MeHee KeCTKUMH YCIOBUSMHU T'MOPUIN3ALUN SBISIFOTCS, Hanpumep: ruopuamnzauus B 4 X SSC
npu 37° C ¢ mocieayromuMu MHOTOKpaTHbIMU mNpombiBkaMu B 1 X SSC npu koMHaTHOM
TeMIieparype.

B konTekcre Hactosimero nokymenta, F35H (kom ¢depmenta ExPASy, EC 1.14.13.88)

OTHOCUTCSI K TeHy i Oenky ¢uaBoHouna 3,5 -runpokcuinasel. F35H Takke u3BeCTeH Kak
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F3’5’H, F3’,5’H, uwmroxpom P450-conmepxkammii ¢naBoHoun 3,5 -TUAPOKCUIIA3BI, MU
daasanon, HAJI®H kucnopon-okcunopeaykraza. F35H karanu3upyer CIeOyIOIIYI PEaKIHIO:
¢mnaBanon + 2 HAJI®H + 2 O(2) <=> 3’,5’-nurunpokcudnasandon + 2 HAJI®(+) + 2 H(2)O.

B ongHOM acnmekre, Hacrosimee HM300peTeHHE OTHOCUTCS K Cnocoly HAEHTU(UKALUH
pacTeHHsT WM YacTH PACTEHHUs, OONa[aroInero VyIy4IIeHHOH IepeBapuBaeMOCTbIO, B
NPEANOYTUTEIbHOM BapUaHTE OCYIIECTBJICHUS HACTOALIEr0 H300peTeHUs — YIyYIIeHHOH
NepeBapUBAEMOCTBI0 CTEPHHU, WM BBIOOpAa pPACTEHHs] WJIM YacTH pacTEHHs, O0JalaroInero
YIYUYIIEHHON  IepeBapuBaeMOCTbIO, B  NPEANOYTUTENPHOM BAapUAHTE  OCYIIECTBJICHUS
HACTOSIIEr0 M300peTeHus] — YJIYYLIEHHOH NepeBapuBAEMOCTBIO CTEPHH, COAEpIKALIEMY
CKpUHUHT Ha npucyrcteue ajuenst QTL (Hanmpumep, B réeHETUYECKOM MaTepualie, BbIICIEHHOM
U3 PacTeHMs WM YaCTU PACTEHUs), aCCOLMUPOBAHHOTO C YJIYUYLIEHHOH MepeBapuBaeMOCTbIO, B
NPEANOYTHTENILHOM BapUaHTe OCYIIECTBJIEHHsS HACTOSLIErO H300pEeTeHHs — C YJIy4IIEeHHOMH
NepeBapUBAEMOCTBIO CTEPHH, NpHUeM, yrnoMmsHyTeld amienb QTL conmepKuT HyKJI€OTHIHYIO
NOCJIEA0BATEIbHOCTD T'€Ha, KOAUpYyroIero uutoxpom P450-conep:kamuit ¢nasonounn 3°,5’-
ruapokcuiassl (F35H), nmeromumii MmyTtammzo.

B onmHOM BapumaHTe OCYINECTBIICHHMS, HACTOsIIEe H300pETeHHEe OTHOCUTCS K CHOCOOy
uneHTU(UKAIUKM  pacTeHWs WM 4YacTH  pacTeHus,  OONajarmomero  yiay4mIeHHOW
NepeBapUBAEMOCTbIO, B  IPEANOYTUTEIbHOM  BapUaHTE  OCYLIECTBJIEHHsS]  HACTOSLIETO
n300peTeHus] — YJIYULIEHHON MepeBapruBaeMOCTbIO CTEPHHU, WJIM BBIOOpA PACTEHHs WA YacTH
pacTeHusi, OOJNaQAOIEro YIYYLIEHHON NepeBapuBAEMOCTBIO, B MPEANOYTUTEILHOM BapUaHTE
OCYLIECTBJIEHHs] HACTOSALIET0 W300peTeHHs — VJYYLIEHHOHW TIepeBapuBaeMOCThIO CTEpPHH,
COIep KaleMy BbIIEJICHHE T'€HETHUECKOTO MarepHaja W3, MO MEHbIIeH Mepe, OIHOW KJIETKH
pacTeHusl WJIM YacTH PAaCTEHHs, W CKPUHUHTA B YIOMSHYTOM T€HETUYECKOM MaTrepuaje Ha
npucyrctBue amtens QTL, acconumpoBaHHOro ¢ yYIIYYIIEHHOW TNepeBapUBAEMOCTBIO, B
NPEANOYTUTEIbHOM BAapUAHTE OCYINECTBJICHUS HACTOSIIIEr0 H300peTeHus — C YJIy4IIeHHOH
NePEeBAPUBAEMOCTBIO CTEPHH, NMpHUUYEM, YNOMSHYThIH amienb QTL conmep’KuUT HYKICOTHUIHYIO
MOCJIEZOBATEIPHOCTh Te€Ha, KOomupyromero nuroxpom P450-comep:kamuii ¢uaBoHomn 3°,5°-
rugpokcunassl (F35H), nmeromuit Mmytaruro.

B opHOM BapmaHTe OCYINECTBJICHHS, HACTOsIIEe H300pETEeHHE OTHOCUTCS K CHocoly
UICHTU(QUKAIIMA ~ PacTeHUs  MJM  YaCTH  PACTeHHUs,  OONajaromero  yiay4ImeHHOH
NepeBapUBAEMOCTBIO, B  NPEANOYTHTEIHHOM  BapHAHTE  OCYLIECTBIEHHS  HACTOSIIETO
n300peTeHns] — YJIYULIEHHON MepeBapuBacMOCTBIO CTEPHHU, WM BBIOOpA PACTEHHS WIIM YaCTH
pacTeHust, OONaAOIIero YIyYLIeHHOH MepeBapruBaeMOCTBIO, B MPEANOYTHTEIHPHOM BapUaHTE
OCYILIECTBIIEHHUs] HACTOSALIETO HW300pEeTEeHHs] — VIYYLIEHHOH IepeBapuBaEeMOCTBIO CTEpPHHU,

cozeprKamemMy CKpUHUHT Ha npucyTtcrre ajuiens QTL (Hanmpumep, B TeHETHUECKOM MaTepuae,
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BBIIEJICHHOM U3 PpACTeHHS WJIM 4YacTH PACTeHHs), ACCOLMHUPOBAHHOTO C YIIYULICHHON
NepEeBapUBAEMOCTbIO, B  IPEANOUYTUTENILHOM  BAapUaHTE  OCYLIECTBJIEHUS  HACTOSLIEro
n300peTeHNs — C YJIYUIIEHHOH epeBapUBAEMOCTHIO CTEPHH, MTPHYEM, YITOMSIHYTHIH ajutens QTL
COAEPKUT HYKJIECOTUAHYIO MOCJIENOBATENBHOCTE TI€Ha, Koaupyrowmero nuroxpom P450-
comepxamuii  pumasonoun 3°,5’-ruppokcunasel (F35H), wumeromuit myrtanuro, u BbIOOpa
pacTeHUsl WU YaCTH PacTeHUsl, B KOTOPOM NpuUcyTcTByeT amienb QTL.

B onmHOM BapuaHTe OCYINECTBJICHUS, HACTOsLIee M300pETeHHE OTHOCHUTCS K CIOCOOY
UCHTUQUKAIIMM ~ PAacTeHWss  WJIM  YacTH  pacTeHHus,  OONajaromero  yiay4leHHOH
NepEeBAPUBAEMOCTbIO, B  MPEANOYTUTENIbHOM  BAapUAHTE  OCYINECTBJIEHHUS  HACTOSLIETO
n300peTeHNs] — YJIYULIEHHON NepeBapuBaeMOCThIO CTEPHHU, WM BBIOOpA PACTEHMs WM YacCTH
pacTeHus1, OONafaIoIero YyIy4lIeHHOH NepeBapuBaeMOCTBIO, B IPEANOYTUTEILHOM BapUaHTE
OCYLIECTBJIEHHUs] HACTOALIETr0 W300pEeTEeHUs — YIYYLIEHHONH IepeBapuBaeMOCTbIO CTEpPHHU,
CoZeprKallleMy BbIJEJIEHUe INeHEeTHMYECKOr0 MaTepuaja U3, MO MEHbLIEH Mepe, OJHOW KIETKH
pacTeHHUs MM YacTH pPACTEHUs, CKPUHUHIA B YIOMSHYTOM T'€HETHMYECKOM MaTepuaje Ha
npucyrcrBue amtenst QTL, acconuupoBaHHOro ¢ yIy4IIEHHOM IepeBapUBaeMOCTBbIO, B
NPEANOYTHTEILHOM BapHUaHTe OCYIIECTBJIEHHsS HACTOSINEro M300peTeHHs — C YJIy4IIeHHOH
NepeBapUBAEMOCTBIO CTEPHH, NpHUYeM, ynoMmsiHyTeld amienb QTL conmepKUT HyKJI€OTHIHYIO
MOCJIEIOBATEIbHOCTh T'€HA, KOAMpPYyHoIIero muroxpoM P450-conmepskamuii daaBonoun 3°,57-
rugpokcunassl (F35H), umerommii myrauuio, U BbIOOpa pacTeHUs] WM YaCTH PACTEHUs, B
KOTOpOM npucyTcTByeT amiens QTL.

B ongHOM acnekte, Hactosimee M300peTeHHE OTHOCUTCS K Crocoly HMASHTU(UKALUH
pacTeHHsT WM YacTH pACTeHHUs, OONa[arolmero VyIJy4YIIeHHOH IepeBapruBacMOCTBIO, B
NPEANOYTUTEIbHOM BAapUAHTE OCYIIECTBJICHUS HACTOSALIEr0 HW300peTeHus: — YIyYIIeHHOM
NepeBaprBAEMOCTBIO CTEpHH, WJIM BBIOOpA pacTeHHMs WIM YaCTH PACTEHHs], OOJANaroINero
yJIyYIIEHHON  IepeBapuBaeMOCTbIO, B  IPEANOYTUTEIBPHOM BapHaHTE  OCYIIECTBJICHMUS
HACTOAIIETO M300peTeHHsi — YIy4LIEHHOW NepeBapuBAaEeMOCTBIO CTEPHH, COJEepXKAILIEMY
CKpHHUHT Ha npucyrcTeue ajuenst QTL (Hanmpumep, B réHETUYECKOM MaTepualie, BhIICICHHOM
U3 pacTeHMs WM YaCTH PACTEHMs), COJAEp:KAIlero HYKJICOTHAHYIO IMOCIENOBATENbHOCTh I'eHA,
Koaupyrommero nurtoxpom P450-conmepxamuit - ¢maBoroun  3°,5’-ruppokcmnassl  (F35H),
HMMEIOLIUI MyTaLHIO.

B omHOM BapmaHTe OCYIIECTBIICHHUS, HACTOsIIee M300pETeHHE OTHOCHTCS K CIOCOOy
UICHTUQUKAIIMM ~ PAacTeHWss  WJIM  YacTH  pACTEeHHUs,  OONajaromero  yiay4IeHHOH
NepPeBapUBAEMOCTbIO, B  MPEANOYTUTENIbHOM  BapUaHTE  OCYLIECTBJIEHHS  HACTOSLIEro
n300peTeHNs] — YJIYULIEHHON MepeBapuBaeMOCTHIO CTEPHHU, HUIM BBIOOpA PACTEHHS WIIM YaCTH

pacTeHusi, oOJaaroIIero yJAy4YlIeHHOH MepeBapuBaeMOCThIO, B MPEAMOYTHTEIFHOM BapUAHTE
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OCYILIECTBIIEHHUS] HACTOSALIETO HW300pEeTeHHs] — VIYYLIEHHOH IepeBapuBaEeMOCTBIO CTEpPHHU,
CoZep KaIeMy BbIIEIEHHE T'€HETHYECKOTO MaTepHaja M3, IO MEHbIIeH Mepe, OIHOW KIIETKH
pacTeHWs] MM YacTH PACTeHHs, U CKPUHHHIa B YIOMSHYTOM TI'€HETHYECKOM MaTepuaie Ha
npucyrcteue amnens QTL, copepxaiiero HyKJIEOTUIHYIO IOCIEAOBATEIbHOCTb I€Ha,
Koaupyrommero nuroxpom P450-conmepxamuit - ¢maBoHoun 3,5 -ruppokcunassl  (F35H),
HMMEHOLIUI MyTaLHIO.

B ongHOM acnmekre, Hacrosimee HM300peTeHHE OTHOCUTCS K Crocoly HAEHTU(UKALUH
pacTeHHsT WM YacTH PACTEeHHUs, OONafaroInero yIydIIeHHOH IepeBapuBaeMOCTbIO, B
NPEANOYTUTEIbHOM BapUaHTE OCYIIECTBJICHUS HACTOALIEr0 H300peTeHHus — YIYYIIEeHHOH
NepeBapUBAEMOCTBIO CTEPHHU, WM BBIOOpAa pPACTEHHMs] WJIM YacTH pAacTEHHs, O0JaNaroInero
YIYUIIEHHON  IepeBapHBaeMOCTbIO, B  NPEANOYTHUTENPHOM BAapUAHTE  OCYIIECTBJICHUS
HACTOSIILEr0 MW300peTeHus] — YJIYYLIEHHOH IepeBapuBAaEMOCTBIO CTEPHH, COZIEp KalleMy
CKpUHUHT Ha npucyrctue ayutens QTL (Hanpumep, B reHETUYECKOM MaTepualle, BbIICIECHHOM
U3 PacTeHUs] WJIM YaCTHU PACTEHHUs), COAEPIKAINEro HYKJICOTUIHYIO MOCIIENOBATEIbHOCTb I'eHa,
Koaupyromiero nuroxpom P450-conmeprxamuit - ¢naBoHoun 3,5 -ruppokcuiassl  (F35H),
UMEIOIINHA MyTalyio, U BbIOOpAa pacTeHHs WM YacTH PACTEHUs, B KOTOPOM IPHCYTCTBYET
asens QTL.

B onmHOM BapuwaHTe OCYINECTBIICHHS, HACTOsIIee M300pETeHHE OTHOCHTCS K Crocoly
UICHTU(QUKALIMM ~ PACTeHWss  WJIM  YacTH  pACTeHHUs,  OONajalolmero  yJay4IeHHOH
NepeBapUBAEMOCTBIO, B  NPEANOYTHTEIBHOM  BapHaHTE  OCYLIECTBJIEHHUS  HACTOSINEro
n300peTeHus] — YJIyULIEHHON MepeBapuBaeMOCTBIO CTEPHHU, HJIM BBIOOpA PACTEHHS WJIM YaCTH
pacTeHusi, OOJQIAOIIEro YIYYLIEHHONH NepeBapuBAaEMOCTBIO, B MPEANOYTUTEILHOM BapUAaHTE
OCYLIECTBJIEHHUs] HACTOSALIETO W300pEeTeHHs] — YIYYLIEHHOH TIepeBapuBaEMOCTBIO CTEpPHH,
CoIep KaleMy BbIIEJICHHE T'€HETUUECKOTO MarepHaja W3, MO MEHbIIeH Mepe, OJHOW KJIETKH
pacTeHHsl WJIM YacTH pPACTEHHs, CKPHHHMHIA B YIOMSHYTOM T€HETHYECKOM MaTepualie Ha
npucyrcteue amnens QTL, copepxaiiero HyKIEOTUIHYIO IOCIEAOBATEIbHOCTb TI€Ha,
Koaupyrommero nurtoxpom P450-conmepxkamuit - ¢naBoroun 3,5 -ruppokcmnassl  (F35H),
UMEOIUH MyTaLUIO, ¥ BBIOOPA PACTEHHS WIIM YaCTH PACTEHUS, B KOTOPOH MPUCYTCTBYET aJlielb
QTL.

B onpeneneHHbIX BapuaHTAaX OCYIIECTBIEHHsI HACTOSINETO HW300pETEHHs, pPacTeHHE
npencTaBisier codoil kykypy3sy, u amiens QTL pacrmonoskeH Ha XpOMOCOMe 9 W CONEPIKHT,
w/wnn QraHKupoBaH (MOJEKYISPHBIMH) MapkepHbIMH ayensmMu ma61070s01 u ma30168s02, B
NPEANOYTUTEIbHOM BapUAHTE OCYIIECTBJICHHS HACTOSIIErO H300peTeHHs — MAapKEPHBIMH
annenssmu maS0827s01 m mal6983s02, B Oonee MPERNOUTUTENPHOM BapUaHTE OCYIIECTBICHUS

HACTOSIIEro n300peTeHnst — MapkepHbiMu ajuteiisiMu mal7117s01 u ma61125s01.
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B onpeneneHHbIX BapuaHTAaX OCYIIECTBIEHHsI HACTOSINETO HW300pETEHHs, pPacTeHHE
npencrasisier codolt kykypysy, u amiens QTL pacnoyiokeH Ha XpoMocomMe 9 W CONEpIKHT
(MonexysIpHbIN) MapKepHbIi ajutesb mad1134xxx.

B onpeneneHHbIX BapuaHTAaX OCYIIECTBIEHHsSI HACTOSINETO H300pETEHHs, pPacTeHHE
npencrasisier coboit kykypy3y, u amienb QTL pacrosiokeH Ha XPOMOCOMHOM HHTEpBAJie,
cofep KameM u/uim (praHKUPOBAaHHOM (MOJIEKYJIIPHBIMU) MapKepHbIMH ajensiMu ma61070s01
u ma30168s02, B mpeAnoOYTUTENILHOM BapHaHTE OCYIIECTBJICHUS HACTOSINEro M300peTeHHs —
MapkepHbIMU aiensaMu maS0827s01 m mal6983s02, B Oojee mMpennmouTUTENPHOM BapHaHTE
OCYLIECTBIIEHUs] HACTOSIIEr0 M300peTeHuss — MapkepHbIMH amnensmMu mal7117s01 u
ma61125s01.

B onpeneneHHbIX BapuaHTaX OCYIIECTBJIEHUS HACTOSINErO H300pETEHMs], pPacTeHHE
npezacrasisier coOoil kykypy3y, u amtenb QTL pacnosioskeH Ha XpOMOCOMHOM HHTEpBAJe,
cozeprkaleM MapKepHblil aiiens ma61134xxx, w/uiy, o MeHbLIeH Mepe, OJHMH MOJIEKYJISIPHBINA
MapKepHbIl ajieNb pAacHoOJIOKEH Ha XPOMOCOMHOM HHTEpBaje Ha XpOMOCOMe 9,
(maHKUpOBaHHOW MapkepHbIMH ayenssMid ma61070s01 u ma30168s02, B mpennouTHTEIHHOM
BapUaHTEe OCYIIECTBJICHHUS] HACTOSIIEro M300peTeHHs — MapKepHbIMH amiernsiMu maS0827s01 u
mal6983s02, B Oosee MpennOYTUTEIBHOM BAPHAHTE OCYIIECTBIICHUS! HACTOSIIErO M300peTeHMsI
— wmapkepHbiMu aenssMu mal7117s01 u ma61125s01, B npeanodTUTENLHOM BapHUaHTE
OCYLIECTBJIEHHs] HACTOSIIIEr0 N300pEeTeHUs], IPU 3TOM, MO MEHbLICH Mepe, OUH MOJIEKYJISIPHBIHI
MapKepHbII  ajuleNlb  OMNpPENeNseTcsl MNOJHMHYKJIEUHOBOW KUCJIOTOW, HampuMmep, ajulelib-
crieu(pUIeCcKOl TOJUHYKJIEMHOBONH KHCJIOTONW (MOJIEKYJISIPHBIM MapKepOM), MOAXOMSIIeN st
rubpuaM3aliMi B Ka4deCTBE NPSIMOrO mpaiiMepa W OOpaTHOro mpaidiMepa sl JIOKyca Ha
XPOMOCOMHOM  HMHTEpBajie,  KOTOPbIi  COBMECTHO  CErperupyercss ¢  yJIy4lIeHHOU
NePEeBapUBAEMOCTHIO.

B ongHOM acnekte, Hacrosiiee HM300peTeHHE OTHOCUTCS K crocoly HaeHTH(UKALUU
pacTeHWs: WM YacTH PACTeHHUs, OONaJaroIero VyIJy4YIIeHHOH IepeBapruBacMOCThIO, B
NPEANOYTUTEIbHOM BAapUAHTE OCYIIECTBJICHUS HACTOSALIEr0 H300pEeTeHUs — YIYYIIeHHOM
NepEeBapUBAEMOCTBI0 CTEPHHU, WM BBIOOpPAa PAaCTEHHWs] WJIM YaCTH PACTeHMs, OONaaroIero
yJIy4IIEHHON  IepeBapuBaeMOCTbIO, B  MPEANOYTUTEIbHOM BapHaHTE  OCYIIECTBJICHMUS
HACTOSIIEro MW300peTeHHs] — YIYYLIEHHOH NepeBapuBAEMOCTBIO CTEPHH, COAEpIKaLIeMy
CKPMHUHT (HampuMep, B TE€HETHYECKOM MaTepHajie, BBIOCIEHHOM W3 PACTEHHs WM YacTH
pacTeHHs) Ha NPUCYTCTBHE MYTalMd B HYKJIEOTHOHOW TMOCJIENOBATENbHOCTH TI€HA,
Koaupyroero uutoxpom P450-coneprkamuii pnasonounn 3°,5’-runpokcunassl (F35H), n/unu Ha
MPUCYTCTBUE MYTallMM, NPUBOAsALIEN kK m3MeHeHHOH skcrpeccun mPHK rena, kogupyromero

uroxpom P450-coneprkamuii ¢pnaBoroun 3°,5  -runpokcunasnl (F35H), n/unu Genka F35H, mmun
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MYTallli, B NPEATNOYTUTEIPHOM BapUaHTE OCYIIECTBICHHUS HACTOSINEr0 H300peTeHHs —
MyTalM, NpuUBOAAled K mnodydeHuro Oenka F35H, oOmaparomero  w3MeHEHHOH
(epMEHTaTUBHON AaKTHUBHOCTBIO TP TPAHCIALWH, B TMPEANOYTUTENIbHOM  BapUaHTE
OCYLIECTBIIEHUs] ~ HACTOSIIIEro H300peTeHust — TPUBOAALIEH K  YMEHBIIEHHOW  Win
orcyrcTByromen okcnpeccun mMPHK rena, xogupyromero unutoxpom P450-conepsxamuii
¢naBonoun 3°,5 -runpokcunassl (F35H), n/unm 6enka F35H (Hanpumep, MyTaunu HOKAAYH WIH
HOKayT), WM MyTallud, B TNPEATNOYTUTEIPHOM BAapUAHTE OCYINECTBJIEHUS HACTOALIETO
n300peTeHnsl — MyTaluy, TPUBOAIIEH K MOJydeHuro HedyHkiuoHansHOro Oenka F35H wmmm
Oenka F35H, obnanaromero yMeHbIIEHHONH (pepMEHTATUBHONW aKTUBHOCTBIO NMPHU TPAHCISILINY,
win Oenka F35H, oOnanaromero mOBBIIIEHHONH (EpMEHTATUBHONW AKTUBHOCTBIO IIpU
TPaHCISALUN.

B onmHOM BapuaHTe OCYINECTBIICHHMS, HACTOsIIee M300pETeHHE OTHOCHTCS K CIocoly
uaeHTU(QUKALIMM ~ PAaCcTeHWss  WJIM  YacTH  pAacTeHHus,  OONajaroumero  yJay4imeHHOH
NePEeBAPUBAEMOCTBIO, B  MPEANOYTUTE]ILBHOM  BAPUAHTE  OCYLIECTBJIEHUS  HACTOSILErO
N300peTeHust — yJIy4LIeHHOH NepeBaprBaeMOCTBIO CTEPHH, UM BbIOOpAa PACTEHUS] WM YacTH
pacTeHus, oOJamaoWero yJy4yIleHHOH NepeBapuBaeMOCTbIO, B IPEANOYTUTENIEHOM BapHaHTE
OCYIIECTBJIEHHUsT HACTOSALIEr0 H300peTeHHss — YIYUYLIEHHOW IepeBapUBAEMOCTBIO CTEpPHH,
cojiepKallleMy BbIIEJIeHHe I'eHEeTUYECKOro MaTepuaja U3, IO MeHbllel Mepe, OJHOW KJIETKU
pacTeHUss WM 4YacTU PACTeHHUs, U CKPUHUHra B YIIOMSHYTOM T€HETHUYECKOM MaTepuaje Ha
MPUCYTCTBHE MYTALUU B HYKJICOTUAHOW MOCIENOBATENbHOCTH I'€Ha, KOIUPYIOIIEr0 LIUTOXPOM
P450-conepxammii guaonoun 3,5 -runpokcunasbl (F35H), unm Ha mpuUCyTCTBHE MyTalWH,
npuBOsAIlell K u3MeHeHHOW »skcnpeccun mPHK rena, koaupyromero nuroxpom P450-
comepxawmuii ¢aasoHoun 3°,5’-ruppokcuinasel (F35H), w/wmm Genka F3S5H, wnm myranuw, B
NPEANOYTUTEIbHOM BapUAaHTE OCYLIECTBICHHUS HACTOSAILIEr0 HW300peTeHHs — MYyTAallWH,
npuBosALIedl k mnonydeHuto Oenka F35H, obOnmanmaromero w3MeHeHHOH (epMEeHTaTHBHOM
AKTUBHOCTBIO NPU TPAHCJSILUM, B MPEANOYTUTEIHLHOM BapHaHTE OCYIIECTBIEHHUsS] HACTOSLIEro
n300peTeHnsl — MPUBOASIIEH K YMEHbIIEHHOW Wi oTCyTcTByromer skcnpeccun mPHK reHa,
KOAUpYIOIIero nutoxpom P450-comepskammii pnasononn 3°,5’-ruppokcunasel (F35H), w/unmum
6enka F35H (Hanpumep, MyTauuu HOKIOAyH FUIM HOKAyT), MJIM MYTAlMH, B MPEINOYTHTEIBHOM
BApPHUAHTE OCYIIECTBJICHUS HACTOSIIIET0 M300pPETeHUs — MyTallUH, MPHUBOISIIEH K TOIYyYEHHIO
HepyHkmoHanpHOTO  Oenka  F35H wim  OGenka F35H, oOnaparomero MOHWKEHHOH
(epMEeHTaTUBHON AaKTUBHOCTBIO TMpH TpaHcusiuuu, win Oenka F35H, oOnanmarommero
NOBBIIIEHHON (pepMEHTATUBHON aKTUBHOCTBIO MPH TPAHCIIALIUH.

B ongHOM acnmekte, Hacrosimee HM300peTeHHE OTHOCUTCS K cnocoly HAEHTU(UKALUH

pacTeHuss WM YacTU pacTeHWs, OOJaJalolero YIydlleHHOW I1epeBapuBaeMOCTBIO, B
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NPEANOYTUTENIbHOM BAapUAHTE OCYIIECTBJICHUS HACTOSALIEr0 H300pEeTeHus — YIyYIIeHHOH
NePEeBapPUBAEMOCTBI0 CTEPHHU, WM BBIOOpA PACTEHHs] WJIM YacTH PaCTEHHs, O0JanaroIiero
YIYUYIIEHHON MepeBapHBaeMOCTbIO, B  MPEANOYTUTENIPHOM BAapUAHTE  OCYIIECTBICHHUS
HACTOSIIEr0 MW300peTeHHs] — YIYYLIEHHOH NepeBapUBAEMOCTBIO CTEPHH, COAEpIKaLIeMy
CKPUHUHT (HampuMep, B TE€HETHYECKOM MaTepHaje, BBIACIEHHOM W3 PACTEHHs WM YacTH
pacTeHHs) Ha NPUCYTCTBHE MYTallMd B HYKJIECOTHOHOW TMOCJIEJOBATENbHOCTH TE€HA,
Koaupyroero uutoxpom P450-coneprxamuii pnasonounn 3°,5’-runpokcunasel (F35H), n/unu Ha
MPUCYTCTBUE MYTalMK, NPUBOAsLIEN K m3MeHeHHOH skcrpeccun mPHK rena, xogupyromero
uroxpom P450-coneprkamuii pnaBonoun 3’,5’-runpokcunasnl (F35H), n/unm 6enka F35H, nnu
MyTalll¥, B NPEANOYTUTEIBPHOM BAapUaHTE OCYIIECTBJIEHHs HACTOSINEr0 H300peTeHus —
MyTally, npuBojdAlled k noayueHuro Oenka F35H, oOnaparomero  M3MeHEHHOMH
(epMEHTaTUBHON AaKTHUBHOCTBIO TIPU  TPAHCISALMM, B  IPEANOYTUTEIBHOM  BapHaHTE
OCYIIECTBJIEHHsS ~ HACTOSIIIEro M300peTeHHs — TPUBOMSIIEH K  YMEHBbIIEHHOH WM
orcyrcrByromeii skcnpeccun mPHK rena, xoaupyromero wnuroxpom P450-conepxkaimii
¢nasononn 3’°,5 -runpokcunassl (F35H), n/umm 6enka F35H (Hanpumep, MyTauuu HOKAAyH WIN
HOKayT), WJIM MYTalMd, B IMPEANOYTUTE]IbHOM BAapHAHTE OCYIIECTBJIEHHUS HACTOSIIETO
n300peTeHnst — MyTaluy, NPUBOAALIECH K MOJy4eHUI0 HedyHKIHoHambHOTO Oenka F35H nnm
Oenka F35H, obnanaromero yMeHbIIEHHOH (epMEHTATUBHOW aKTUBHOCTBHIO MPHU TPAHCIISILIHY,
win Oenka F35H, oOnaparomiero TmOBBILIEHHOH (EPMEHTATUBHONW AKTHUBHOCTBIO —TIPHU
TPAHCJSILMM, ¥ BbIOOpPA PACTEHUS] MJIM YaCTH PACTEHUS, B KOTOPOM IMPHCYTCTBYET MyTalMs B
ynomsinytom F35H.

B onmHOM BapmaHTe OCYINECTBIIEHHUS, HACTOsIIee M300pETeHHE OTHOCHTCS K CIOcoOy
UICHTU(QUKALIMM ~ PACTeHWss  WJIM  YaCTH  pACTEeHHUs,  OONajaromero  yJay4IIeHHOH
NepeBapUBAEMOCTBIO, B  NPEANOYTHTEIBHOM  BapHAHTE  OCYLIECTBJIEHHS  HACTOSINEro
n300peTeHns] — YJIYULIEHHON MepeBapruBaeMOCTBIO CTEPHHU, HJIM BBIOOpA PACTEHHS WIIM YaCTH
pacTeHusi, OOJNQIAOIIEro YIYYLIEHHOH NepeBapuBAEMOCTBIO, B MPEANOYTHTEIILHOM BapUAaHTE
OCYLIECTBIIEHHUsS] HACTOSLIETO W300pETeHHs] — YIYYLIEHHOH IepeBapuBaEMOCTBIO CTEPHH,
COZep KaIeMy BbIIEJICHHE T'€HETHUECKOTO MaTepHaja W3, MO MEHbIIeH Mepe, OIHOW KIIETKH
pacTeHHs] MJIM YacTH PACTeHHs, U CKPUHHHIa B YIOMSHYTOM TI'€HETHYECKOM MaTepuajie Ha
NPUCYTCTBUE MYTAIMU B HYKJIEOTUAHON MOCIENOBATEIPHOCTH T'€HA, KOAUPYIOIEro MUTOXPOM
P450-conepxammii puaonoun 3,5 -runpokcunasbl (F35H), unm Ha mpucyTCTBHE MyTaluy,
NpUBOIAIIEeN K u3MeHeHHoW »skcnpeccun mPHK rena, koaupyromero nuroxpom P450-
comepxamuii ¢rasoHoun 3°,5’-ruppokcunasel (F35H), w/umm Genka F3S5H, wnm myranuw, B
NPEANOYTUTEIbHOM BapUAHTE OCYLIECTBIEHHS HACTOSIIEr0 H300peTeHHss — MYTAallWH,

npuBozALIedl k mnonydeHuto Oenka F35H, obmanmaromero w3MeHeHHOH (epMEeHTaTHBHOM
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AKTUBHOCTBIO TPU TPAHCISIIMH, B NMPENNOYTHTEILHOM BAPHAHTE OCYIIECTBJICHUS HACTOSIIETO
n300peTeHnsl — NMPUBOASAIIEH K YMEHbIIEHHOW Wi oTcyTcTByromed skcnpeccun mPHK reHa,
KOAMpYyoIero nutoxpom P450-comepkammii pnasononn 3’°,5’-ruppoxcunasel (F35H), w/unmm
6enka F35H (Hanpumep, MyTauuu HOKOAyH HUIM HOKAYT), WJIM MYTAalMH, B MPEINOYTHTEIBHOM
BapHUAHTE OCYIIECTBJICHUS HACTOSIIET0 M300pPETeHHs — MyTalLUH, NMPHUBOISIIEH K MOJYUYEHHIO
HepyHkuonampHOoro Oenka F35H wmm  Oenka F35H, oOnanmaromero  yMeHbBIIEHHOM
(epMeHTaTUBHONH AaKTUBHOCTBIO TMpH TpaHcusiuuu, win Oenka F35H, oOmamaromero
NOBBIEHHON (DEPMEHTATHBHOM aKTUBHOCTBIO IPU TPAHCISIMM, M BBIOOPA PaCTEHUs WM YacTU
pacTeHusi, B KOTOPOM MPUCYTCTBYET MyTauusl B ynomsiHyroM F35H.

B onHoM acnmekrte, Hacrosimee HM300peTeHHE OTHOCUTCS K cnocoly HAeHTU(UKALUH
pacTeHHsT WM YacTH pACTeHus, OONafaroInero yIydlleHHOH IepeBapuBaeMOCTbIO, B
NPEANOYTHTENILHOM BapUaHTe OCYIIECTBJICHHsS HACTOSILNEro HW300peTeHus — yJy4IleHHON
NepeBapHBAEMOCTBIO CTEPHH, WJIM BbIOOpA pacTeHHs WM YaCTH PACTEHHs], OOJaJaroInero
yIYUIIEHHON  IepeBapuBaeMOCTbIO, B  NPEANOYTUTENBPHOM BAapUAHTE  OCYIIECTBJICHUS
HACTOSAIIETO M300peTeHHst — YJIYYLIEHHOW NepeBapHBAEMOCTBIO CTEPHH, COJepiKalleMy
(Hampumep, B MaTepuae, BbIICJIEHHOM M3 PACTE€HMs WM YaCTH pacTeHus) aHanu3 (Oenka n/mnn
mPHK) ypoBHsI skcmpeccuy reHa, KOAMPYHOIero nutoxpom P450-comepskammii ¢paBOHOUA
3°,5’-ruppokcunasel (F35H), w/mnu ckpuHuHra Ha u3MeHeHHyK skcrpeccuto mPHK rena,
KOAUpYyoIero uutoxpom P450-comepskammii haasononn 3’°,5’-ruapokcunasel (F35H), w/unu
6enxa F35H, unu Ha 6enok F35H, obnanarommii n3aMeHeHHOH (epMEHTATUBHON aKTHBHOCTBIO, B
NPEANOYTUTEBHOM BapUAHTE OCYIIECTBJICHUS HACTOSIIEro M300peTeHHs] — Ha YMEHBLUICHHYIO
unu orcyterByromyro skcnpeccuro mPHK rena, konupyromero nutoxpom P450-conepskamumii
¢dnaBonoun 3’,5’-runpokcunassl (F35H), w/wnu 6enka F35H, unn Ha HeyHKIIMOHANIBHBIH OEI0K
F35H, nmu Genox F35H, oGnamarommii yMeHbIIEHHOW (EepMEHTATUBHOW AaKTHBHOCTBIO, HIIU
6enok F35H, obnamaromuii yMEeHbIIEHHOH (PePMEHTATUBHOW AKTUBHOCTBIO.

B opHOM BapmaHTe OCYINECTBJICHHUS, HACTOsIIEe H300pEeTeHHEe OTHOCUTCS K Crocoly
UICHTU(QUKAIIMM ~ PAacTeHWss  WJIM  YaCTH  pACTEeHHUs,  OONajaromero  yiIy4IIeHHOH
NEepeBapUBAEMOCTBIO, B  NPEANOYTHUTEIHHOM  BapHAHTE  OCYLIECTBIEHHS  HACTOSIIETO
n300peTeHns] — YJIYULICHHON MepeBapuBaeMOCTBIO CTEPHH, WM BBIOOpA PACTEHUsS] MM YacTH
pacTeHus1, Oo0JNaIAOIIero YIyYLIEHHOH MepeBapuBAaEMOCTBIO, B MPEANOYTUTEILHOM BapUAaHTE
OCYLIECTBIIEHUsS] HACTOSALIETO HW300pEeTeHHs] — VIYYLIEHHOH IepeBapuBaeMOCTBIO CTEpPHH,
cozep KaleMy BbIICTICHHE MaTepuaia M3, MO MEHbLIEH Mepe, ONHOW KJIETKH PAcTeHHs WU
yactu pacteHus, u aHamu3 (Oemka w/wim mPHK) ypoBHs skcmpeccud TreHa, KOAMPYIOIIETO
muroxpoMm P450-comepkammii  ¢aaBononn 3’5 -ruppokcunasel  (F35H) B ymomsiHyTOM

Mmarepuaie, W/WIM CKPUHUHra Ha H3MeHeHHyr skcrpeccuro mPHK rena, koampyromero
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uroxpoM P450-coneprkamuii pnaBoroun 3°,5 -runpokcunasnl (F35H), n/unm 6enka F35H,
Ha Oenok F35H, oOnamarommii u3MeHEeHHOW  (epMEHTATHBHON  aKTUBHOCTBIO, B
NPEANOYTUTENPHOM BapUAHTE OCYIIECTBICHUS HACTOSIIEro M300pEeTEeHHs] — Ha YMEHBLICHHYIO
unn orcyrerByromyro skcnpeccuro mPHK rena, koampyromero nurtoxpom P450-conepsxammnii
¢naBonoun 3’,5’-runpokcunassl (F35H), w/nnu 6enka F35H, nnn Ha HeyHKIMOHANBHBIN OET0K
F35H, nmu Genox F35H, oGnamarommii yMeHbIIEHHOW (pepMEHTATUBHOW AKTHBHOCTBIO, HIIU
6enox F35H, obGnamarommii yMeHbIIEHHOW ()EPMEHTATUBHOW AKTUBHOCTBIO B YIOMSHYTOM
Marepuane.

B onHOM BapmaHTe OCYIIECTBJICHHs, HACTOsiIlee H300peTeHHEe OTHOCUTCS K CHocoOy
UCHTUQUKALIMM ~ PacTeHWss  WJIM  YacTH  pacTeHus,  oONajarolero  yiay4leHHOH
NepeBapUBAEMOCTBIO, B  NPEANOYTHUTEIBHOM  BapHaHTE  OCYLIECTBJIEHHS  HACTOSILIETO
N300peTeHus1 — yJIy4LIEHHOH NepeBaprBaeMOCTBIO CTEPHH, HJIM BbIOOpAa PACTEHUsS] WM 4YacTH
pacTeHus, oOJamaoWero yJay4IleHHOH MepeBapuBaeMOCTbIO, B MPEANOYTUTEIEHOM BapHaHTE
OCYIIECTBJIEHHsT HACTOSALIEro H300peTeHHss — YIYYILIEHHOW IepeBapUBaeMOCTbIO CTEpPHHU,
cozepkaieMy (Hampumep, B MaTepualie, BBIJEJICHHOM H3 PACTeHMs WM YaCTH PACTEHHS)
aHamu3 (Oenka w/umn mPHK) ypoBHS skcmpeccuu TreHa, KOOUpyomero muroxpom P450-
conepxawmuii pnasoroun 3’,5’-ruapokcunasel (F35H), w/munu BbIOOpa pacTeHUs: MM HYacCTH
pacrenust, B koropom mPHK F35H w/unu sxcnpeccust O6enka, uiu (epMeHTaTHBHAS aKTUBHOCTD
F35H u3meHeHa, B MPEeANOYTHTEIPHOM BapUaHTE OCYIIECTBJICHUS HACTOSILEr0 M300pEeTEeHHs —
YMEHbLICHA WU 3JIMMUHHMPOBaHA, WM (pepMeHTaTHBHas akTUBHOCTb F35H ymenbmieHa wiu
TIOBBIIICHA.

B onHOM BapuaHTe OCYIIECTBJICHHUS, HACTOsilIee M300pEeTeHHEe OTHOCUTCA K CIOCO0y
UICHTU(QUKALIMM ~ PACTeHWss  WJIM  YaCTH  pACTEeHHUs,  OONajaromero  yJay4IIeHHOH
NEepeBapUBAEMOCTBIO, B  NPEANOYTHUTEIHHOM  BapHAHTE  OCYLIECTBIEHHS  HACTOSIIETO
n300peTeHns] — YJIYULIEHHON MepeBapruBaeMOCTBIO CTEPHHU, HJIM BBIOOpA PACTEHHS WIIM YaCTH
pacTeHusi, o0JQIAOIIero YIYYLIEHHOH NepeBapUBaeMOCTBIO, B MPEANOYTUTEILHOM BapUAHTE
OCYLIECTBJIEHHUs] HACTOSALIETO W300pEeTeHHs] — VIYYLIEHHOH IepeBapuBaEMOCTBIO CTEpPHH,
cozep KaleMy BbIICTICHHE MaTepuaia M3, MO MEHbLIEH Mepe, OJHOW KJIETKH PACTEHUsS WIIH
yactu pacteHus, aHanu3 (Oenka w/wiu mPHK) ypoBHS 3KCHpecCHu TeHa, KOIUPYIOLIETrO
muroxpoMm P450-comepkammii  ¢aaBoHonn 3,5 -ruppokcunasel  (F35H) B ymomsiHyTOM
Marepuaie, W/WIM CKPUHUHra Ha H3MeHeHHyr skcrpeccuro mPHK rena, koampyrorero
uroxpom P450-coneprkamuii pnaBoroun 3’,5 -runpokcunasnl (F35H), n/unu 6enka F35H, wmun
Ha Oenok F35H, oOnamarommii uW3MeHEeHHOW  (EepMEHTATHBHON  aKTUBHOCTBIO, B
NPEANOYTUTENIEHOM BapUAHTE OCYIIECTBJICHUS HACTOSIIEro M300peTeHHs] — Ha YMEHbLICHHYIO

unu orcyreTByromyro skcnpeccuro mPHK rena, kopupyromero nutoxpom P450-conepsxammii
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¢maBonoun 3’,5 -runpokcunassl (F35H), w/mnn 6enka F35H, nnn Ha HepyHKIIMOHANBHBIN O€T0K
F35H, wmu Genox F35H, obnanmaromuii MOHWKEHHOW (DePMEHTATUBHONH AaKTHBHOCTBIO, WU
6enox F35H, obOnanmarommii NMOHMKEHHOH (PEPMEHTATUBHONH AaKTHBHOCTBIO B YIOMSHYTOM
MaTepuaje, W BBIOOpa pacTeHWss WM dYactu pacteHus, B kotopom mPHK F35H w/umm
sKcrpeccust Oenka, uiu epMeHTaTHBHAsE akTHBHOCTh F35H m3MeHeHa, B MpennouTHTEIbHOM
BapUaHTE OCYLIECTBIIEHHs HACTOSIIEro M300peTeHUs] — YMEHbIIEHA WM 3JUMHHHPOBAHA, WU
dbepmenTaTuBHas akTHBHOCTh F35H yMeHbIeHa WK MOBBIIIEHA.

B omnpeneneHHBIX BapuaHTax OCYIIECTBJICHUS HACTOSIIErO M300pPETEHUs, €ClIU YPOBEHb
skcnpeccnn (Oenka w/mnmu mPHK) F35H, B uwactHoctn, F35H nukoro Tuma wid HaTUBHOTO
F35H, n3meHeH, TO pacTeHue WK 4acTb PACTEHHs] UMEET YJIYUYLIEHHYI0 NepeBapuBaeMocTb. B
OTpENENeHHbIX BapHaHTaxX OCYINECTBJICHUS HACTOALIEr0 H300peTeHMs, €ClIU YpPOBEHb
skcripeccun (Oenka w/mnu mPHK) F35H, B uwactHoctn, F35H nukoro Tuma wid HaTUBHOTO
F35H, n3MeHeH, O CPaBHEHMIO C 3TAJOHHBIM YPOBHEM JKCIPECCUU, TO PACTEHUE WU 4YacTb
pacTeHHs HMeeT YyIy4dlIeHHYH) [epeBapuBaeMOCTb. B OnpeneneHHbIX  BapUaHTax
OCYLIECTBJIEHHUs] HACTOSIIEr0 M300peTeHHs, eCiu ypoBeHb dkcmpeccun (Oenka w/mnu mPHK)
F35H, B uwactHoctu, F35H puxoro tuna wnu HatuBHOoro F35H, u3MeHeH, mo CpaBHEHHUIO ¢
5TaJIOHHBIM YPOBHEM 3KCIPECCUU B 3TAJOHHOM PACTEHUU M YaCTH PACTEHHUs, TO PACTEHUE WU
4acTb pACTEHUs HMEET VIIYyYIIeHHYI0 I[€peBapuBAaeMOCTb. B oOmnpeneneHHbIX BapUaHTax
OCYLIECTBJIEHHUsS] HACTOSILIEr0 HM300pETeHMs], STAJOHHBIM pPAaCTEeHHEM (MM YacTbIO PACTEHUsI)
SIBJIIETCSI MHOpenHas TuHus Kykypy3bl PH207, kak onucano B pabore «IIpoekT cOOpKH 3JUTHO i
uHOpenHoit gnuauM PH207 paer mnpexactaBieHHe O TEHOMHOM M TPAHCKPUIITOMHOM
pasHoOOpasuu Kykypy3b», Xupm u ap., Plant Cell. 2016, nosiOpb; 28(11): 2700-2714.
OnybnukoBano oniaiiH 2016 1 HosOps. doi: 10.1105/tpc.16.00353, unu pacTeHHe KyKypys3bl,
copepxartee aenab QTL, conepkammii HyKJICEOTUAHYIO TOCIEI0BATEIbHOCTh JUKOTO TUTIA UJTH
HATHBHYIO (HEMYTHPOBAHHYI0) HYKJIEOTUIAHYIO TOCJIENOBATENbHOCTh T'€HA, KOAHMPYIOIIEro
muroxpoMm  P450-comepskammii  guaBonoun  3’,5’-ruppokcmnasel - (F35H)  (Hampumep,
nosydeHHelii u3 PH207), B mpeanouTUTENbHOM BapHaHTE OCYIIECTBJICHUS HACTOSIIEro
n300peTeHNs] — 3TAJIOHHOE pacTeHue (WM 4YacThb PAacTeHHsl) MOJYyYeHO M3 IMOYTH H30TE€HHOH
JUHUMU.

B koHTekcTe HacTosIero nOKyMeHTa, m3MeHeHHble (Oenka w/mmm mPHK) yposHH
SKCIIPECCUM OTHOCSITCS K MOBBIILIEHHBIM WJIM MOHWKEHHBIM YPOBHSAM 3KCIIPECCUU, TPUMEPHO, 110
MeHbuleil Mepe, Ha 10%, B MpeANOYTUTENIBHOM BapUAHTE OCYLIECTBJIEHHS HACTOSILEro
u3o0pereHust — mo Mesbliedd wmepe, Ha 30%, B Oojee MPEONOYTHTENHHOM BapHaHTE

OCYILIECTBIIEHHs] HACTOAIIEr0 H300peTeHHs — MO MeHblied mepe, Ha 50%, Hampumep, mO
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MeHbIeit mepe, Ha 20%, 40%, 60%, 80% wu Oonee, HarpuMep, O MeHblIel Mepe, Ha 85%, 1o
MeHbIei mepe, Ha 90%, o MeHbIel Mepe, Ha 95% wu Oonee.

B KOHKpeTHBIX BapHaHTaX OCYLIECTBJIEHHs HACTOSIIErO W300pETEHUs, €CU YPOBEHb
skcnpeccnn (Oenka w/mmu mPHK) F35H, B wactHoctn, F35H mukoro Twma wid HaTUBHOTO
F35H, ymenbmeH, wnm skcrpeccust (IO CYLIECTBY) OTCYTCTBYET WJIHM 3JIUMHUHUPOBAHA, TO
pacTeHHe WM 4YacThb PACTEHUs HMeEeT YIY4lLIeHHYK IepeBapuBaeMoOCTb. B omnpeneneHHBIX
BapHaHTaX OCYIIECTBJICHUS] HACTOSIIEr0 N300pETEHMs, €CJIU YPOBEHb SKcrpeccuu (Oenka u/mim
mPHK) F35H, B uactHocty, F35H pukoro tmma wim HatuBHoro F35H, ymenbiunen, wim
sKcmpeccusi (MO CYIIeCTBY) OTCYTCTBYET HIIM 3JIMMUHHPOBAHA, MO CPABHEHUIO C 3TAJOHHBIM
YPOBHEM  DOKCIPECCHM, TO PACTEHHE WJIM YacTb pPACTEHUS HUMeEEeT  YJIYYLIEHHYIO
nepeBapuBaeMoCTb. B omnpeneneHHbIX BapuaHTaX OCYLIECTBIIEHHs HACTOSINEro H300peTeHus,
ecnu yposenb skcnpeccun (Oenka w/mnu mPHK) F35H, B wactHocTy, F35H nukoro tuma umu
HatuBHoro F35H, ymenbmeHn, wnm oskcrpeccus (MO CYIIECTBY) OTCYTCTBYET WM
3JMMHHHUPOBAHA, 110 CPABHEHUIO C 3TAJOHHBIM YPOBHEM 5KCIIPECCUU B 3TAIOHHOM PAaCTEHUU WU
4aCTH PacTeHMs], TO PACTEHUE WJIM YaCThb PACTEHUS UMEET YJIYy4YIIECHHYH NepeBapuBaeMocTb. B
OTIPENeNICHHBIX BapUAHTAX OCYIIECTBJICHUS] HACTOSIIEro M300pETeHMs, STAJIOHHBIM PacTeHHEM
(VUM YacThIO pacTeHUs1) sIBNIsieTCsl MHOpenHas uHusl Kykypy3bl PH207, kak onucano B pabote
«I[Ipoekt cOopku snutHOW uHOpenHou nuHuu PH207 maer mpencraBiieHHE O T€HOMHOM U
TPAHCKPUITOMHOM pa3HOOOpasuu KyKypy3b», Xupwm u ap., Plant Cell. 2016, wosi6ps; 28(11):
2700-2714. OnybmukoBaHo onnaitH 2016 1 HosiOpsi. doi: 10.1105/tpc.16.00353, wnu pactenue
KyKypy3bl, conepxainee amienb QTL, comepkamuii HyKIEOTHAHYIO IOCIENOBATENbHOCTD
IVKOTO THIA WM HATHBHYK (HEMYTHPOBAHHYIO) HYKJICOTHIHYIO IOCJIEAOBATENILHOCTh T'€HA,
Koaupyrommero uutoxpom P450-conmepxkamuii  puasonoun  3°,5’-ruppoxcmnasel  (F35H)
(mampumep, mnomayueHHsli w3 PH207), B mnpeamodTUTENIbHOM BapHaHTE OCYLIECTBIICHHS
HACTOSIIIEro M300peTeHHsT — STAJIOHHOE pacTeHue (WM YacThb PACTEHUS) MOJYYEHO U3 TOYTH
W30TM€HHOM JIMHUM.

B KOHTeKkcTe HacTosImero NOKyMeHTa, yMeHblueHHble (Oenka w/mmun mPHK) yposHH
SKCIIPECCUM OTHOCSITCSl K YPOBHSIM 3KCIPECCUH, NOHWKEHHBIM, IIPUMEPHO, 10 MEHbLIEH Mepe,
Ha 10%, B MpPEONOYTUTENILHOM BapUAHTE OCYILIECTBJIEHUS HACTOSINETO H300peTeHHs — IO
MeHbInel Mepe, Ha 30%, B OoJjiee MPEANOYTUTEIHHOM BapHAHTE OCYINECTBJICHUS] HACTOSAIIETO
n300peTeHus — Mo MeHblnel mepe, Ha 50%, Hanpumep, 1o MeHbInel mepe, Ha 20%, 40%, 60%,
80% wnm Oonee, Hampumep, Mo MeHbined Mepe, Ha 85%, mo MmeHbinei Mmepe, Ha 90%, MO
MeHbIelr wmepe, Ha 95% wnmm Oonee. Dkcmpeccus (MO CYIIECTBY) OTCYTCTBYET WU
SJUMHUHHUPOBAHA, €CJIHM YPOBHU 3KCIPECCHU yMEHbIIEHbI, MO MeHblleil mepe, Ha 80%, B
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Ha 90%, B OoJiee PEANOUTUTEIPHOM BapUAHTE OCYIIECTBJICHUSI HACTOSALIETO H300pETeHNsT — TI0
MeHbllell Mepe, Ha 95%. B omnpeneneHHbIX BapuaHTaX OCYILIECTBJIEHMsI HACTOSLIETO
nu300peTeHusi, sKcrpeccust (MO CYIIEeCTBY) OTCYTCTBYET, €CJIH HEBO3MOXHO OINPENeNUTh OeNIoK
u/vmn mPHK, B wactHOCTH, 6€JIOK IMKOTO THIA WK HATUBHBINA Oenok, w/win mPHK, Hanpumep,
CTaHIAPTHBIMH METOAMHU OIpENeNieHNs], BKJIOYas, Hampumep, (komuuectBeHHy) PCR,
HO3epH-0110T, BecTepH-010T, ELISA 1 npyrue.

B ongHOM acnmekre, Hacrosimee HM300peTeHHE OTHOCUTCS K Crocoly HAEHTU(UKALUH
pacTeHHsT WM YacTH PACTEeHHUs, OONafaroInero yIydIIeHHOH IepeBapuBaeMOCTbIO, B
NPEANOYTUTEIbHOM BapUaHTE OCYIIECTBJICHUS HACTOALIEr0 H300peTeHus — YIy4IIEeHHOMH
NepeBapUBAEMOCTBIO CTEPHHU, WM BBIOOpAa pPACTEHHMs] WJIM YacTH pAacTEHHs, O0JaNaroInero
yJIy4YIIEHHON  IepeBapuBa€MOCTbIO, B  NPEANOYTUTEIBHOM  BapUaHTE  OCYIIECTBICHUS
HACTOSIILEr0 MW300peTeHus] — YJIYYLIEHHOH IepeBapuBAaEMOCTBIO CTEPHH, COZIEp KalleMy
CKPUHUHI (HampuMep, B TE€HETUYECKOM MaTepuase, BBIAENEHHOM M3 PACTEHHs] WIM YacTH
pacTeHus) Ha MPUCYTCTBHUE, MO MEHbIIEH Mepe, OMHOTO (MOJIEKYJISIPHOTO) MapKEepPHOTo aliels,
aCCOLIMMPOBAHHOTO  C  VYJIY4YLIEHHOW  MepeBapuBa€MOCTBIO,  NPUYEM  YIOMSIHYTBIN
(MONeKyJISpHBII) MapKepHBIN ajuleNb MPENCTABIsIET cOO0M MOJIEKYJISIPHBIH MapKepHBIH aJuiesb
ma61134xxx, wW/wiaM, TO MEHbLIeH Mepe, OJHOrO MOJIEKYJIIPHOTO MAapKEPHOTO aJlIes,
pPacmoJIOXKEHHOTO Ha XPOMOCOMHOM HHTEpBaje Ha Xpomocome 9, (uaHKMPOBAHHOM
MapkepHbiMu  ajutensMu ma61070s01 u ma30168s02, B mnpeanoOYTUTENBPHOM BapUaHTE
OCYLIECTBJIEHUs] HACTOSIIIErO HM300peTeHuss — MapkepHbIMH amensmMu maS0827s01 wu
mal6983s02, B Gosee MpennoYTHTENBHOM BapUAHTE OCYLIECTBIIEHHS HACTOSIIErO M300peTeHUs
— mapkepHeiMu atensasMu mal7117s01 u ma61125s01, B nmpeanodTUTENLHOM BapHUaHTE
OCYLIECTBJIEHHs] HACTOSIIIEr0 N300pEeTeHUs], IPU 3TOM, MO0 MEHbLICH Mepe, OUH MOJIEKYJISIPHBIH
MapKepHBbI  ajuleNb  ONpPENeNsercsl MNOJHMHYKJIEUHOBOW KUCIOTOW, HanpuMmep, ajelb-
crienu(pUIeCcKOl TOJUHYKJIEHHOBONW KHUCJIOTOW (MOJIEKYJISIPHBIM MapKepPOM ), MOIXOISIIeH ist
ruOpuaM3aliMi B Ka4deCcTBE NPSMOro mpaiiMepa W OOpaTHOro mpaliMepa sl JIOKyca Ha
XPOMOCOMHOM  HMHTEpBajie,  KOTOPbIi  COBMECTHO  CErperupyercss ¢  yJIy4lIeHHOU
NePEeBapUBAEMOCTHIO.

B opHOM BapmaHTe OCYINECTBJICHHUS, HACTOsIIEe H300pETEeHHE OTHOCUTCS K CHocoly
UICHTU(QUKAIIMM ~ PAacTeHWss WM  YaCcTH  pACTEHHUs,  OONajarolmero  yiay4IIeHHOH
NepeBapUBa€MOCTbIO, B  IPEANOYTUTENIbHOM  BapUaHTE  OCYLIECTBJIEHHS  HACTOSLIEro
n300peTeHns] — YIIYULIEHHON MepeBapuBaeMOCTBIO CTEPHH, WJIM BBIOOpA PACTEHUsS] MM YacTH
pacTeHus], OOJNaAOIIero YIYYLIEHHOH NepeBapuBaeMOCTBIO, B MPEANOYTUTEILHOM BapUAaHTE
OCYLIECTBIIEHHUs] HACTOSALIETO HW300pETEeHHs] — VIYYLIEHHOH IepeBapuBaEMOCTBIO CTEpPHH,

COJZIEpIKAIEMY BBIJIEJICHUE T€HETHMYECKOr0 MaTepHuajia U3, IO MEHbIIEH Mepe, OAHOW KIIETKU
69



pacTeHuss WM 4YaCTU PACTeHWs, U CKPUHUHIA B YINOMSIHYTOM TIE€HETUYECKOM MaTepuaje Ha
NPUCYTCTBHE, MO MeHbIIEH Mepe, OOHOro (MOJIEKYJSIPHOTO) MAapKEepHOTO  auleds,
aCCOLMUPOBAHHOIO  C  YJY4YIIEHHOH  ME€PEBAPUBAEMOCTBI),  NPHUYEM  YIOMSHYTBIN
(MOJIEKyJIApPHBINA) MapKEPHBIN aJieNb MPEACTABIsIET COO0OH MOJIEKYJSIPHBIM MapKepHBIN ayjienb
ma61134xxx, w/wiM, 1O MeHbIIeH Mepe, OTHOTO MOJIEKYJSIPHOTO MAapKEpHOTO aJulels,
pacIloNIOKEHHOTO HAa XPOMOCOMHOM HHTEpBaje Ha XpomMocoMme 9, (QuaHKHPOBAaHHON
MapkepHbiMu  ajutesnsMu ma61070s01 u ma30168s02, B mHpeanoOYTUTEIBHOM BapUAHTE
OCYLIECTBIIEHHs] HACTOSIIEr0 M300peTeHuss — MapkepHbIMH amnensimMu maS0827s01 u
mal6983s02, B Gonee nMpennoYTUTENBHOM BapUAHTE OCYLIECTBICHHS HACTOSIIEro H300peTeHus
— mapkepHeiMu autenssMu mal7117s01 u ma61125s01, B npeanodTUTENLHOM BapHUaHTE
OCYLIECTBJIEHHs] HACTOSIIEro N300peTeHus], IPU 3TOM, MO0 MEHbLIEH Mepe, OUH MOJIEKYJISIPHBIH
MapKepHbI  ajulesib  ONPENeNsAeTCsl IMOJMHYKJIEUHOBOM  KUCJIOTOW, HamlpuMmep, ajulelib-
crieu(pUIecKON MOJMHYKIEUMHOBONH KHCIOTOM (MOJIEKYJISIPHBIM MapKepoM), MOAXOMAIIEH uis
ruOpuaM3alMu B KayecTBe MNpsSMOro ImpaiiMepa M OOpaTHOro mpaiiMepa Uil JIOKyca Ha
XPOMOCOMHOM  HMHTEpBaJle,  KOTOPbI  COBMECTHO  CErPErupyercs ¢ yJIy4lIeHHOU
NepEeBapUBaEMOCTBIO.

B onmHOM BapumaHTe OCYINECTBIICHHMS, HACTOsIIee M300pETeHHE OTHOCHTCS K Crocoly
uneHTUUKAIUKN  PacTeHWs WM  YacTH  pacTeHuWs, oOnajaroIieMy  yJIy4IIEeHHOMH
NEepPeBAPUBAEMOCTBIO, B  NPEANOYTUTEIBHOM  BAapUAHTE  OCYILNECTBJIEHUS  HACTOSIIETO
n300peTeHus] — YJIyULIeHHON MepeBapuBaeMOCTBIO CTEPHHU, WM BBIOOpA PACTEHHS WJIM YaCTH
pacTeHusi, OOJNQIAOIEero YIYYLIEHHON MepeBapuBAaEMOCTBIO, B MPEANOYTUTEILHOM BapUAHTE
OCYLIECTBJIEHHUsS] HACTOSALIETO W300pEeTeHHs] — YJIYYLIEHHOH TIepeBapuBaeMOCThIO CTEpPHH,
cozepKaleMy CKpUHUHT (HarpuMep, B T€HETHUECKOM MaTepHualie, BBIICJICHHOM U3 PAaCTEHHS
WIA YaCTH pACTEHUs) HAa TMPHCYTCTBHE, IO MEHbIIEeH Mepe, OOHOro (MOJIEKYJSIPHOTO)
MapKEepHOIO aJjens, acCOLUMPOBAHHOIO C YJYYIIEHHOW NEepEeBapUBAEMOCTBIO, IPUYEM
YOOMSIHYTBIH  (MOJIEKYJISIPHBINM) MapKepHBbIN aJjulelib TPEACTaBisieT COOOH MOJIEKYJISIpHBIN
MapkepHbIi ajuieah ma6l134xxx, wW/uaw, TO MeHbIIEH Mepe, OJIHOTO0 MOJIEKYJISIPHOTO
MAapKEepHOIO ajulelis, pPacHOJIOKEHHOIO HAa XPOMOCOMHOM HHTEpPBale€ Ha XpoOMocome 9,
(baaHKupoBaHHON MapkepHbiMU ajtessiMud ma61070s01 u ma30168s02, B mpeanouTUTENILHOM
BapHAHTE OCYIIECTBJICHUSI HACTOSINEro M300peTeHrst — MapKepHbIMU ayiensiMu maS0827s01 u
mal6983s02, B Gonee nMpennoYTUTENBHOM BapUAHTE OCYLIECTBICHHS HACTOSINEro N300 peTeHHS
— wmapkepHeiMu autenssMu mal7117s01 u ma61125s01, B nmpeanodTUTENBHOM BapHUaHTE
OCYILIECTBIIEHHs] HACTOSIIIEro N300pEeTEeHNs], IPH 3TOM, N0 MEHbIIEH Mepe, OIUH MOJIEKYJISIPHBIHI
MAapKEpHBbI  ajuleslb  ONpPENeNsieTcsl MOJHMHYKJIEUHOBOW KUCJIOTOW, Hamnpumep, ajulellb-
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rubpuaM3aliii B Ka4deCcTBE NPSMOro mpaiiMepa W OOpaTHOro mpaliMepa sl JIOKyca Ha
XPOMOCOMHOM  HHTEpBajle,  KOTOPbIi  COBMECTHO  CErperupyercss ¢  yJIy4lleHHOU
NepeBapUBAEMOCTBIO, U BbIOOpA PACTEHHS WJIM YaCTH PACTEHHs, B KOTOPOM IMPUCYTCTBYET, IO
MeHbIIeH Mepe, OUH (MOJIEKYJIAPHBIN) MapKePHBIN aJljIelb.

B opHOM BapmaHTe OCYINIECTBJICHHS, HACTOsIIEee H300pEeTEeHHE OTHOCUTCS K CHocoOy
UCHTUQUKALIMM ~ PacTeHWss WA  YacTH  pAacTeHHus,  OONafaromero  yiay4IeHHON
NepPEeBApUBAEMOCTbIO, B  MPEANOYTUTENIbHOM  BApUAHTE  OCYLIECTBJIEHUS  HACTOSLIETO
n300peTeHNs] — YJIYULIEHHON MepeBapuBaeMOCTBIO CTEPHHU, WJIM BBIOOpA PACTEHHs WM YaCTH
pacTeHus1, OONafaOIero YIy4LIeHHONH NepeBapuBAaEeMOCTBIO, B IMPEANOYTUTEILHOM BapUaHTE
OCYLIECTBIIEHHUsS] HACTOALIET0 W300pEeTEeHHs] — VYIYYLIEHHOH IepeBapuBaeMOCTBIO CTEpPHH,
CoZleprKallleMy BbIJEJIEHHE IeHEeTHMYeCKOr0 MaTepuaja W3, MO MEHbLIEH Mepe, OJHOW KIETKH
pacTeHHUs WM YacTH pPACTEHHUs, CKPUHUHIA B YINOMSHYTOM T'€HETHMYECKOM MaTepuaje Ha
NPUCYTCTBUE, IO MeHbLIEH Mepe, OJHOro (MOJIEKYJSIPHOTO) MAapKepHOrO  auleds,
aCCOLIMMPOBAHHOTO  C  VJIY4YLIEHHOW  IMEepeBapuBa€MOCTBIO,  NPUYEM  YHOMSIHYTBIN
(MONeKyJISIpHBII) MapKepHBIN ajuleNb MPENCTABIsIET COO0H MOJIEKYJISIPHBIH MapKepHBIH ajuiesb
ma61134xxx, wW/miam, TO MEHbIIeH Mepe, OJHOTO MOJIEKYJISIPHOTO MAapKEPHOTO aJuIes,
pPacmoJIOXKEHHOTO Ha XPOMOCOMHOM HHTEpBaje Ha XpoMocoMme 9, (aHKMpOBaHHON
MapkepHbiMu  ajutensmMu ma61070s01 u ma30168s02, B mnpeanoYTUTENBHOM BapUaHTE
OCYLIECTBJIEHHUs] HACTOSIIErO M300peTeHuss — MapkepHbIMH amiensimMu maS0827s01 wu
mal6983s02, B Gosee MpennoYTHUTEIBHOM BapUAHTE OCYLIECTBICHHS HACTOSILIEro N30 OpeTeHHsI
— mapkepHeiMu atensasMu mal7117s01 u ma61125s01, B nmpeanodTUTENLHOM BapHUaHTE
OCYLIECTBJIEHHS] HACTOSIIEr0 N300pEeTEeHUs], IPH 3TOM, N0 MEHBIIEH Mepe, OUH MOJIEKYJISIPHBIH
MapKepHBbI  ajuleNlb  OMNpPENeNsercsl MNOJMHYKJIEUHOBOW KUCJIOTOH, HampuMmep, ajulellb-
crienu(pUIeCcKOl TOJUHYKJIEHHOBOW KUCJIOTOUW (MOJIEKYJSIPHBIM MapKepOM), TOAXOMSIIeN st
rubpuaM3aliMid B Ka4deCcTBE NPSMOro mpaiiMepa W OOpaTHOro mpadiMepa sl JIOKyca Ha
XPOMOCOMHOM  HHTEpBajie,  KOTOPbIi  COBMECTHO  CErperupyercss ¢  yJIy4lIeHHOU
NepeBapUBAEMOCTBIO, U BbIOOpA PACTEHHS HJIM YaCTH PACTEHHs, B KOTOPOM MPUCYTCTBYET, IO
MeHbIIeH Mepe, OUH (MOJIEKYJIIPHBIN ) MapKEPHBIN aJlJIelb.

B ongHOM acnekre, Hacrosimee HM300peTeHHE OTHOCUTCS K Cnocoly HAeHTU(UKALUH
pacTeHHs: WM YacTH PACTeHHUs, OONaJaroIero VIJIy4YIIeHHOH IepeBapruBacMOCTbIO, B
NPEANOYTUTEIbHOM BAapUAHTE OCYIIECTBICHHUS HACTOSIIEro H300peTeHus — YIYYIIeHHOU
NePEeBapUBAEMOCTBI0 CTEPHHU, WM BBIOOpA PACTEHHs] WJIM YacTH PAacTEHHs, OOJamaroInero
yJIy4LIEHHON  IepeBapuBaeMOCTbIO, B  MPEANOYTUTEIbHOM  BapHaHTE  OCYILLECTBJIECHMUS
HACTOSIIIEro M300peTeHHs] — YIYYLICHHOH TNepeBapuBAaEMOCTBIO CTEPHHU, COAEpIKaleMy

CKPUHUHT (Haan/IMep, B TCHCTUYCCKOM MaTcpHali€, BBIACICHHOM HW3 PACTCHHUA HJIM YaCTU
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pacTeHusl) Ha NPUCYTCTBHE MOJIEKYJIIPHOTO MapKepHOro amiens ma6ll134xxx, w/mim, mo
MEHBIIEH Mepe, OJHOIO0 MOJIEKYJSIPHOIO MAapKEepHOIrO ajulesis, pPacHOJIOXKEHHOIO Ha
XPOMOCOMHOM HHTEpBaJle Ha XpoMmMocoMe 9, (IaHKHMPOBAHHON MAapKEPHBIMH aJUICIISIMU
ma61070s01 u ma30168s02, B mpeANOYTUTENBHOM BapUAHTE OCYLUECTBJIEHUS HACTOSILIErO
n3o0pereHust — MapkepHbiMH atemsiMu - maS0827s01  m mal6983s02, B  Oonee
NPEANOYTUTENIbHOM BapUaHTE OCYLIECTBIEHHsS HACTOSIIEr0 H300peTeHHs —  MapKepHbIMU
amnenssMu mal7117s01 u ma61125s01, B mpeanoyYTUTENBHOM BapUaHTE OCYLIECTBIICHUS
HACTOSIIEro M300pETEeHus, MpU 5TOM, IO MEHbIIEH Mepe, OJWH MOJIEKYJSIPHBIH MapKepHBIH
ajyienb  ONpPEAENsieTCs IMOCPEACTBOM  MOJIMHYKJIEUHOBOM  KHUCJIOTBL, HAampuUMep, aJlleib-
cneun(puIeckoi MOJUHYKIEHHOBONH KHUCIOTHI (MOJIEKYJIAPHBIM MapKepOM), TOAXOAsAIeH uis
rubpuansaliui B Ka4deCcTBE NPsMOro rmpaiiMepa W OOpaTHOro mpaliMepa aisi JIOKyca Ha
XpOMOCOMHOM  HHTEpBaje,  KOTOPbIH  COBMECTHO  CETrpPEerupyercs ¢ YJIy4lLIeHHOHN
NepPEeBapUBAEMOCTBIO.

B onmHOM BapuaHTe OCYINECTBIICHMS, HACTOsIIEe M300pETeHHe OTHOCHTCS K CIOCOOy
UIeHTU(UKAIUN  pacTeHWs WM YacTH  pacTeHus,  OONajaromero  yiay4LIIeHHOW
NEePEBAPUBAEMOCTBIO, B  NPEANOYTUTEIBLHOM  BapUaHTE  OCYIUECTBJIEHHUS  HACTOSILLErO
n300peTeHust — yJIy4LIeHHOH NepeBaprBaeMOCTBIO CTEPHH, MIIM BBIOOpA PACTEHMS WMIIM YacCTH
pacTeHus, oOJamaoWero yJy4IleHHOH MepeBapuBaeMOCTbIO, B IPEANOYTUTENIbHOM BapHAHTE
OCYLIECTBJIEHHUsS] HACTOSALIET0 W300peTeHus — VJYYLIEHHOHW IepeBapuBaeMOCThIO CTEpPHH,
COZepIKALIEMY BBIACIICHUE T'€HETHUYECKOr0 MaTepuaia U3, MO MEHbLIEH Mepe, OJHOU KIIETKH
pacTeHuss WJIM 4YaCTU PAcTeHHs, U CKPUHUHIA B YIOMSIHYTOM TIE€HETUYECKOM MaTepuaje Ha
MPUCYTCTBHE MOJIEKYJSIPHOIO MapkepHoro amiens ma6l134xxx, w/wiM, 1Mo MeHbIIeH Mepe,
OZIHOTO MOJIEKYJISIPHOTO MApPKEPHOIO aJJIeNsl, PACIOJIOKEHHOIO HA XpPOMOCOMHOM HHTEpPBAJe Ha
xpoMocoMe 9, GiaHKUpOBaHHOW MapkepHbiMU autensiMa ma61070s01 u ma30168s02, B
NPEANOYTUTEIbHOM BAapUAHTE OCYIIECTBJICHUS HACTOSINErO H300peTeHHs — MAapKEPHBIMH
amnenssmu maS0827s01 m mal6983s02, B Ooyiee MPEANMOUTUTENILHOM BapUAHTE OCYIIECTBIICHHS
HACTOSIIEro wu300peTeHuss —  MapkepHbimMu ajutesisiMa mal7117s01 u ma61125s01, B
NPEANOYTUTEIbHOM BapUaHTE OCYIIECTBJIEHUS HACTOSIIErO HM300pETeHHs, NMPU STOM, IIO
MEHBIIEH Mepe, OJWH MOJEKYJSAPHBI MAapKEepHBIN ajlieslb ONPEAeNsieTCsl MOJIUHYKIEHHOBOU
KUCJIOTOH, HampuMep, aJlieNb-CIeHU(pUIeCKON MOIHHYKIEHHOBONH KHUCIOTOH (MOJIEKYJISPHBIM
MapKepOM),TOIXOSIIe Uisl THOPUAM3ALMN B KadeCcTBE MPsSMOrO TmpaiiMepa W 0OpaTHOTrO
mpariMepa Il JIOKyCa Ha XPOMOCOMHOM HHTEPBAJE, KOTOPBIM COBMECTHO CETrPErupyercst ¢
VJIYUYLIEHHON NePEBAPUBAEMOCTBIO.

B onHOM BapmaHTe OCYIIECTBJICHHS, HACTOsIIEe M300pETEHHE OTHOCHTCS K CIIOCO0Y
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NEepPEeBAPUBAEMOCTBIO, B  NPEANOYTUTEIBHOM  BAapPUAHTE  OCYILNECTBJIIEHUS  HACTOSLLErO
n300peTeHNs] — YJIYULIEHHON MepeBapuBaeMOCTHIO CTEPHHU, WJIM BBIOOpA PACTEHHS WIJIM YaCTH
pacTeHus1, OONaaOIIero YIy4LIeHHONH MepeBapuBAEMOCTBIO, B IMPEANOYTUTEILHOM BapUaHTe
OCYILIECTBIIEHHUS] HACTOSALIETO W300pETEeHUs] — YIYYLIEHHOH IepeBapuBaeMOCTBIO CTEpPHH,
cofiepKaleMy CKpUHUHT (HarpuMep, B T€HETHUECKOM MaTepHualie, BBIICJICHHOM W3 PAaCTEHHS
WJIM 9aCTH PaCTEHUs) Ha MPUCYTCTBHE MOJIEKYJSIPHOTO MapKepHoro aiens madl134xxx, n/uny,
[0 MEHBbLIEH Mepe, OJHOIO MOJIEKYJSIPHOTO MAapKEepHOIO ajulelis, pacCIOJIOKEHHOIO Ha
XPOMOCOMHOM HHTEpBaJie Ha XpomMocoMe 9, (IaHKHMPOBAHHOM MapKEPHBIMH aJUIEIIMU
ma61070s01 u ma30168s02, B mpeAnmOYTUTENBHOM BapHAHTE OCYILIECTBJIEHUs HACTOSILLIErO
n3o0pereHust — MapkepHelMH autemsiMu - maS0827s01  m mal6983s02, B  Oosee
NPEANOYTUTENIbHOM BapUAaHTE OCYLIECTBJIEHHsS HACTOALIEr0 M300peTeHHus —  MapKepHbIMU
amenssMu mal7117s01 u ma61125s01, B mpeanoyYTUTENbHOM BapUaHTE OCYLIECTBIICHUS
HACTOSAIIEro M300pETeHus, MpU 3TOM, MO MEHBbIIEH Mepe, OJUH MOJEKYJSIPHBIH MapKepHBIH
aJieNb  ONpEeAeNsieTcs MOJHHYKIEWHOBOH —KHCIOTOW, Hampumep, ajuleNib-CIenu(pIIecKoi
NOJIMHYKJIEMHOBOH KHCJIOTOH (MOJEKYJSIPHBIM MapKepOM), TOAXOMAIEH A THOpUIN3alii B
Ka4yecTBe MPSIMOTo TpaiiMepa M 0OpaTHOro mpaiiMepa Ul JIOKyCa Ha XPOMOCOMHOM HHTEpBAJIe,
KOTOPBI COBMECTHO CETrperupyercs C yJIy4LIEHHOHW NepeBapHBaeMOCTBIO, U BBIOOpA pacTeHHs
WIN YaCTH PAcTE€HHs, B KOTOPOM IPHCYTCTBYET, IO MEHbLIEH Mepe, OAWH (MOJIEKYISIPHbIH)
MapKEpHBII ajienb.

B onHOM BapuaHTe OCYINECTBJICHHUS, HACTOsLIee W300pPETeHHEe OTHOCUTCS K CIOCOOy
UICHTU(QUKALIMM ~ PAacCTeHWss  WJIM  YacTH  pACTEeHHUs,  OONajarolmero  yJay4IeHHON
NEepPEeBAPUBAEMOCTBIO, B  NPEANOYTUTEIBHOM  BAapUAHTE  OCYINECTBJICHUS  HACTOSILETO
n300peTeHns] — YJIYULIEHHON MepeBapuBaeMOCTBIO CTEPHHM, HJIM BBIOOpPA PACTEHUS WM YacTH
pacTeHusi, OOJNQIAOIIEro YIYYLIEHHON MepeBapuBAEMOCTBIO, B MPEANOYTHTEILHOM BapUAaHTE
OCYLIECTBJIEHHUs] HACTOSALIETO W300peTeHHs] — VIYYLIEHHOH IepeBapuBaeMOCThIO CTEpPHHU,
COZEp KaLIEMy BBIACIICEHUE T'€HETHMYECKOr0 MaTepuaia U3, IO MEHbIIEH Mepe, OJHON KIETKH
pacTeHuss WIM 4YacTH pPACTeHHUs, CKPUHMHIA B YIOMSHYTOM TI€HETHYECKOM MaTepuaie Ha
MPUCYTCTBHE MOJIEKYJSIPHOrO MapkepHoro amiens ma6l134xxx, w/wiM, 1o MeHbIIel Mepe,
OZIHOTO MOJIEKYJISIPHOTO MApPKEPHOIO aJljIelsi, PACIOJOKEHHOIO HA XpPOMOCOMHOM HHTEpPBAJe Ha
xpoMocoMe 9, ¢IaHKUPOBaHHOW MapkepHbIMU autenssiMu ma61070s01 u ma30168s02, B
NPEANOYTUTEIbHOM BapUAHTE OCYIIECTBJICHUS HACTOSINErO H300peTeHHs — MAapKEPHBIMH
annenssmu maS0827s01 n mal6983s02, B Ooyee MPEANOUTUTENPHOM BapUAHTE OCYIIECTBICHHS
Hacrosmero u3oOpereHus: —  MapkepHbIMH ajuiemsiMd mal7117s01 u ma61125s01, B
NPEANOYTUTENIbHOM BapUaHTE OCYIIECTBJICHUS HACTOSIIErO H300pETeHHs, NpPU STOM, IIO

MEHBIIEH Mepe, OAWH MOJIEKYJAPHBIA MAapKEepHBIN ajljieslb ONPEAENseTCsl MOJIUHYKIEHHOBOU
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KUCJIOTOH, HamNpuMep, aJlieNb-Creln(pUIeCKON MOIHHYKIEHHOBOH KHUCIOTOH (MOJIEKYJISAPHBIM
MapKepOM),lTIOIXOSIIed Uisl THOPUAM3aIMN B KadecTBE MPsSMOro ImpaiiMepa W 0OpaTHOTro
npaiiMepa Uil JIOKyCa Ha XPOMOCOMHOM MHTEPBaJle, KOTOPBI COBMECTHO CETrperupyercs ¢
YJIYUYIIEHHON MepeBaprBaeMOCTbIO, M BbIOOpA PAaCTEHUs] WM YacTU PACTEHHUS, B KOTOPOM
NPUCYTCTBYET, 110 MEHbIIEH Mepe, OUH (MOJIEKYJISIPHBIN) MapKEPHbIH aJuIeb.

Crnenyer moHuMaTh, 4TO B Croco0ax, ONMHUCAHHBIX BBILIE, KOTJA MPHUCYTCTBYET ajeb
QTL wumm (MONEKYJSIpHBIM) MapKepHbI aijenb, TO pPAaCTeHHE WM 4YacTb pPACTEHHS
UACHTUQUIHUPYIOT KaK OOJIaaroliee yIydlIeHHOHN mepeBapuBaeMOCTBIO.

Crniocobb1 ckpunuHra Ha npucyrcrsue autenst QTL mnm (MonekynsipHOro) MapKepHOTro
anjens, Kak ONMCAHO B HACTOSIIEM OKYMEHTE, W3BECTHBI B JTAHHOHN oOnacTu TexHuku. bes
OTPaHUYEHUs, CKPUHUHI MOXKET OXBAaTbIBaTh WM COAEP)KATb CEKBEHHUPOBAHME, METOABI Ha
OCHOBe rulpuamzauuu (Takue Kak (AMHaAMUYecKas)) ajuleNb-crenuduyeckas rUOpUAM3aLus,
MOJIEKYJIsIpHbIe Masiuku, SNP-mukpouunsi), MeToabl Ha OCHOBe (epmeHTOB (Takue kak PCR,
KASP (KonkypentHas amtenp-cnienuduueckass PCR), RFLP, ALFP, RAPD, ®mn-
SHIOHYKJIEa3a, YAJINHEHNE npaiimepa, 5’-HykJeasa, KOJIMYE€CTBEHHBIN aHaIu3
OJIMTOHYKJIEOTHIHBIX JIMTa3), METOAbI MOCT-aMIUTM(UKALMM HAa OCHOBE (PU3NUECKHX CBOHCTB
JHK (Takme Kak, OJHOLIETIOYEYHBbIH KOH()OPMALMOHHBIM  NOAMMOPGU3M, Te€lb C
UCTIOJb30BAHUEM  TPAJMEHTa  TEMIIEPATypbl,  IEHATYPUPYIOIIAsh  BBICOKOA(PPEKTUBHAS
JKUJIKOCTHAsE ~ XpoMaTorpadusi,  BbICOKOpa3pellarouiee IUIABJIIEHHEe BCEro  aMIUIMKOHA,
UCIIOJIb30BaHUe OeNkoB, cBsi3biBaroIux HecoBmnamaromue JIHK, SNPlex, kojandecTBEHHBII
aHAJIU3 paclIerIEHUs] HECOOTBETCTBUs (DepMEHTOB (HyKJIea3bl Surveyor)) U Tak Jaajee.

B omHOM acmekTte, HacTosilee U300pEeTEHHE OTHOCHUTCS K COCO0y, TAKOMY Kak Criocod
TeHEPHUPOBAHUS/IPONYLIUPOBAHUST PACTEHUs] WJIM YaCTHU PACTEHUSs, OOJAaqaroIero yiIy4IleHHO’
NEepeBapUBAEMOCTBIO, B  NPEANOYTHUTEIHHOM  BapHAHTE  OCYLIECTBIEHHS  HACTOSIIETO
u300peTeHus1 —  VIYYIIEHHOW  MepeBaprBaeMOCTbI0  CTE€PHHM, W/WIKM  YIIYYIIEHUS
NepeBapUBAEMOCTH PACTEHHMs] WM YacTH pACTEHHs, B MPEANOYTUTEIIbHOM BapHaHTE
OCYLIECTBJIEHHUsS] HACTOSIIEr0 H300pETeHHs] — TIePeBApUBAEMOCTH CTEPHH, COAEpIKaLIeMy
BBEJCHUE WJIM HHTPOTPECCUPOBAHHE B T'€HOM PACTEHHs] WM 4YacTH pacreHust auiens QTL,
ACCOLMMPOBAHHOTO C YJIYYLICHHOH INEPEeBapHUBAEMOCTBIO, U COAEPIKAINEro HYKJICOTHAHYIO
NOCIIEIOBATEIbHOCTh T'€HA, KOAMpPYIOIIero muroxpoM P450-conmepskamuii ¢maBononn 3°,57-
THIPOKCHIIA3bI, UMEFOIINH MYTALHIO.

B onmHoM acmekte, HacTosimee M300peTeHHEe OTHOCUTCS K CIOCO0y, TAKOMY Kak Croco0
T'€HEPHUPOBAHUS/IPOAYLUPOBAHUS PACTEHHUs] WIIM YacTHU PACTEHHs, OOJANArOINEero yIIy4IlIeHHOH
NepeBapUBAEMOCTBIO, B  NPEANOYTHUTEIHHOM  BapHAHTE  OCYLIECTBIEHHsS  HACTOSIIETO

u300peTeHns1 —  VIYYIIEHHOW  MepeBapHBaeMOCTBIO  CTEPHH, W/WIM  YIYYIIEHHS
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NepeBapUBa€MOCTH PAaCTE€HUs WJIM YacTU pacTeHHs, B MPEANOYTUTEIbHOM BapUaHTe
OCYILIECTBIIEHUs] HACTOSIIEr0 H300pETeHHsT — TePeBApUBAEMOCTH CTEPHH, COAEpIKaLIeMy
BBEJIEHUE WJIM HHTPOTPECCUpPOBaHHE B I'€HOM pacTeHUs WM 4acTu pacteHus ajens QTL,
COAEpKALIEr0 HYKJICOTUAHYIO MOCIENOBATENBHOCT Te€HA, KOoaupyrowero unuroxpom P450-
conepskamuii graBoHou 3°,5’ -THAPOKCHIIA3bI, UMEIOLITUH MYTaIUIO.

B ompeneneHHBIX BapuaHTaX OCYIIECTBJIEHUS HACTOSINEr0o H300PETEHHs, MYyTarlHs
npuBOAUT K m3MeHeHHoM skcnipeccur mPHK rena w/nnm Genka F35H, wnu myTanmst, npuBoauT
Kk nonyueHnto Oenxa F35H, obnanmaromero m3mMeHeHHOW (pepMEHTATHBHON aKTHBHOCTBIO MPHU
TpaHCISIIMHY, B O0Jiee MPEANOYTUTENBHOM BapUaHTe OCYIIECTBJICHUS HACTOSIIErO H300peTeHus,
MyTalusl NPUBOJUT K YMEHBIIEHHON WU OTCyTCTBYrOwEeH skcnpeccun mPHK ynomsinyToro
reHa u/nmu Oenka F35H, k HOKayTy WM HOKIAyHY YIOMSIHYTOI'O I'€Ha, HJIM MYTalHsi IPUBOIUT
K nojyueHuro HedyHkiuonaiapHoro Oenxa F35H (manpumep, yceuennoro Oenka F35H), mnm
Oenka F35H, oOnaparoimero yMeHbIIEHHOH (hDepMEHTATHBHOW aKTHMBHOCTBIO NPHU TPAHCISALIUH,
win Oenka F35H, oOnanmaromero mnoBBIIEHHOW ()ePMEHTATHBHOW AaKTHBHOCTBIO IPU
TPAHCJISILUH.

B ompeneneHHBIX BapuaHTax OCYILIECTBJIEHHsS OOOMX BBIMIEYIIOMSIHYTBHIX ACIEKTOB IO
HACTOSAIEeMY H300pETEeHHIO, OTHOCAINMXCS K Croco0y TeHepHpOBaHUs/TIPOAYLIUPOBAHHS
pPAaCTeHUs] WIM 4YacTH PACTEHUs], W/WMIM YJIy4IIEHUs NepeBapHBAEMOCTH PACTEHHs WM YacTH
pacTeHus, B TPENNOYTHTEIbHOM BapHAHTE OCYLIECTBJIEHHsS] HACTOSINErO H300peTeHHUs —
nepeBapuBaeMoctu crephu, awienb QTL pacmonokeH Ha xpomMocome 9 W COOEpPKHUT H/HIN
(baankupoBaH MapkepHbiMu ajuieisiMd ma61070s01 u ma30168s02, B MpeAnoOYTHTELHOM
BapHAHTE OCYIIECTBJICHUSI HACTOSINEro M300peTeHus: — MapkepHbIMU ayensiMu maS0827s01 u
mal6983s02, B Gosee nMpennoYTUTENBHOM BapUAHTE OCYLIECTBICHHS HACTOSIIEro N300peTeHus
— MapkepHbiMU ajieasiMu mal7117s01 u ma61125s01.

B ompeneneHHpIX BapHaHTaX OCYIIECTBJIEHHs] HacTosmero msodperenus, amiens QTL
PACIIONIOKEH Ha XpOMOCOME 9 M CONEPKUT (MOJIEKYJISIPHBIN) MapKepHbIi aenb madl134xxx.

B ompeneneHHbIX BapHaHTaX OCYIIECTBJIEHHs] HacTosmero msobperenus, amiens QTL
pacroyio)keH Ha XPOMOCOMHOM  HWHTEpBaJle, colepkameM Wuin  (IaHKUPOBAHHOM
(MonexynsipHbiME) MapkepHbIMU aiiessiMu ma61070s01 u ma30168s02, B mpeanouTUTETBHOM
BapHAHTE OCYIIECTBJICHUSI HACTOSINEro M300peTeHrst — MapKepHbIMU ayiensiMia maS0827s01 u
mal6983s02, B Gonee nmpennoYTUTENBHOM BapUAHTE OCYLIECTBICHHS HACTOSIIEro H300peTeHus
— MapkepHbiMU ajieasiMu mal7117s01 u ma61125s01.

B ompeneneHHbIX BapHaHTaX OCYIIECTBIIEHHUs] HacTosmero m3odperenus, amiens QTL
pPacnoyio’K€H Ha XPOMOCOMHOM HHTEpBaje, COAepXKalleM MapKepHbll amnens madll34xxx,

W/WIM, TO MEHbIIEH Mepe, OAWH MOJEKYJSIPHBIH MAapKEpHbI ajulellb pPAacHoJiOKEeH Ha
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XPOMOCOMHOM HHTEpBaJle Ha XpoMocoMme 9, (IaHKUPOBAHHOH MAapKEPHBIMH aJJICISIMU
ma61070s01 u ma30168s02, B mpeANOYTUTENBHOM BapUAHTE OCYLUECTBJIEHUS HACTOSILIErO
n3o0pereHust — MapkepHeIMH autemsiMu - maS0827s01  m mal6983s02, B  Oonee
NPEANOYTUTEIbHOM BapUAaHTE OCYLIECTBIEHHsS HACTOALIET0 HM300peTeHHs —  MapKepHBIMU
amnenssMu mal7117s01 m ma61125s01, B mpeanoyYTUTENBHOM BapUaHTE OCYLIECTBIICHHUS
HACTOSIIEro M300pPETEeHus, MpU 5TOM, IO MEHbIIEH Mepe, OJWH MOJIEKYJSIPHBIH MapKepHBbIH
anjenb ONpEneNsercs MOJUHYKIEWHOBOW KHCIOTOH, HampuMep, ajuleNb-CreupIIecKon
NOJIMHYKJIENHOBON KHCJIOTONH (MOJIEKYJISIPHBIM MapKepoM), MOAXOAAIeH Uil ruOpuau3alvy B
KauecTBe NPsIMOTo IpaiiMepa W OOpaTHOro mpariMepa AJsl JJOKyCa Ha XPOMOCOMHOM HHTEpBAJe,
KOTOPBIN COBMECTHO CEIPETUPYETCS C YIYUIIEHHON NePEeBaAPUBAEMOCTBIO.

B onHoM acmekrte, HacTosimee U300peTEeHHEe OTHOCUTCS K CIOCO0y, TaKOMy Kak Criocod
r'eHepUPOBAHUS/TIPOAYLIUPOBAHHS PACTEHHSI MJIM YaCTH PACTEHUs], OOJaNalomero yiy4dneHHONH
NEepPEeBapUBAEMOCTBIO, B  NPEANOYTUTEILHOM  BapHaHTE  OCYILNECTBJICHHUS  HACTOSILErO
u300peTeHus —  yJy4YIIEHHOH  MNepeBaphUBaeMOCTBIO  CTEpHH,  W/WIM  YIyYLICHUS
NEepPeBapuBa€MOCTH PACTEHMs] WM 4YacTU paCcTeHUs, B MPEANOYTUTEIILHOM BapHUaHTE
OCYIIECTBJIEHHST HACTOSILEr0 W300peTeHusi — NepeBapUBAEMOCTH CTEPHH, COAEpIKaLeMy
BBEJICHUE B TE€HOM pacTeHus wiu 4actu pacteHus amwtens QTL, accoumupoBaHHOrO cC
YJIYUIIEHHOH MepeBaprBaeMOCTBIO, M COAEPIKAIIero MapKepHbIH ajuienb ma6 1 134xxx, u/uinm, mno
MEHbIIEH Mepe, OJUH MOJIEKYJIIPHBII MapKepHBIN ajulesb, PaCOJIOKEHHBIN HA XPOMOCOMHOM
UHTEpBajie Ha XpoMmocoMme 9, QuaHKUpOBaHHOH MapkepHbIMU amiensiMd ma61070s01 wu
ma30168s02, B MpennouTUTENHPHOM BapHAHTE OCYLIECTBIIEHHS HACTOSIIEr0 H300peTeHHs —
MapkepHbIMU ajuiensiMu maS0827s01 m mal6983s02, B Oojee MpenmnouTUTETPHOM BapHaHTE
OCYLIECTBJIEHUs] HACTOSIIIEro u300peTeHust —  MapkepHbiMH auteasimu mal7117s01 u
ma61125s01, B mpeAnouTUTETPHOM BapHAHTE OCYIIECTBIEHHS HACTOSINEro M300peTeHHs], MpH
5TOM, MO MEHbLIEH Mepe, OIUH MOJICKYJISIPHBII MapKEepHbIA alljieb  ONpPENessaeTcs
MOJIMHYKJIEMHOBOW KHCJIOTOH, HAPUMEp, aJljIeNb-CIIeHU(pUIECKON MOIMHYKJIEHHOBOH KUCIOTON
(MOJIEKYJIAPHBIM MapKepOM), TOAXOAAIIEH Uil THOPUIN3aLUK B KayeCTBE NPsIMOTO MpaiiMepa U
oOpartHoro npaiiMepa 1ist JJOKyca Ha XpOMOCOMHOM HHTEPBaJe, KOTOPBIH COBMECTHO CETPerupyercs
C YAY4ILIEHHOMN MePeBapUBaEMOCTBIO.

B onmHoM acmekte, HacTosimee M300peTeHHEe OTHOCUTCS K CIOCO0y, TAKOMY Kak Croco0
T€HEPHUPOBAHUS/IPOAYLIUPOBAHUS PACTEHUs] WIIM YaCTHU PACTEHUs, OOJaqaroIero yiy4IieHHON
NepPeBAPUBAEMOCTBIO, B  NPEANOYTUTEIBHOM  BAapUAHTE  OCYILNECTBJIICHUS  HACTOSLLErO
u300peTeHns1 —  VIYYIIEHHOW  MepeBapHBaeMOCTBIO  CTEPHH,  W/WIH  YIyYIIEHHS
NEepPeBAPUBAEMOCTH PACTEHMs] WIM 4YacTU pacTeHus, B NPEANOYTUTEIBHOM BapHUAHTE

OCYLICCTBJICHUA HACTOALIECTO I/1306peTeHI/I$I — HNEpeBaApUBACMOCTH CTCPHH, COACPIKAILEMY
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BBEJIEHHE B IN€HOM pacTeHus wiM 4actu pacteHus amnens QTL, comep:kaiero mMapKepHBIH
annens madl134xxx, W/wiu, MO MEHbIIEH Mepe, OAWH MOJEKYJISIPHBI MapKepHBIH alielb,
PAacIoNOKEHHBIH Ha XPOMOCOMHOM HHTEpBaJle Ha XpoMocoMe 9, (piaHKMPOBAHHONH MapKEPHBIMH
aenssMu ma61070s01 u ma30168s02, B mHpeAnoOYTUTENBHOM BapUaHTE OCYLIECTBIICHUS
HACTOsIIEro n3o0pereHus — MapkepHbIMU amiensmMu maS0827s01 m mal6983s02, B OGonee
NPEANOYTUTENIbHOM BapUaHTE OCYLIECTBIEHHsS HACTOALIEr0 HM300peTeHHs —  MapKepHbIMU
amenssMu mal7117s01 u ma61125s01, B mpeanodYTUTENBHOM BapUaHTE OCYLIECTBIICHUS
HACTOSIIEro M300pETEeHus, MpU 5TOM, IO MEHbIIEH Mepe, OJWH MOJIEKYJSIPHBIH MapKepHBIH
anjenb ONpeneNnsercs MOJUHYKIEWHOBOW KHCIOTOH, HampumMep, ajuleNb-CreupuiecKon
NOJIMHYKJIENHOBON KHCJIOTON (MOJIEKYJSIPHBIM MapKepoM), MOAXOAsInei s rudpuauszaiyy B
KauecTBe NPsIMOro IpaiiMepa W oOpaTHOro mpariMepa AJsl JJOKyCa Ha XPOMOCOMHOM HHTEpBAJe,
KOTOPBII COBMECTHO CETPETUPYETCsl C YIyULIEHHON epeBapuBaeMOCTBIO.

B onHom acmekre, HacTosiee M300peTeHne OTHOCUTCS K Crocoly, TaKOMy Kak Crocod
reHepUPOBAHUS/TIPOAYLUPOBAHMS PACTEHHS] MJIM YaCTH PACTEHUs], OOJaNalomero yiIy4dneHHONH
NePEeBAPUBAEMOCTBIO, B  MPEANOYTUTEIbBHOM  BAPUAHTE  OCYLIECTBJIEHUS  HACTOSLIETO
u300peTeHust —  yJNY4YIIEHHOH  NepeBapuBaeMOCTBIO  CTEpHH,  W/WIM  YIyYLICHUS
NEePEeBAPUBAEMOCTH PACTEHUsT MWIM 4YaCTH pACTeHMs, B MPEANOYTUTEIbHOM BapUaHTE
OCYIIECTBJIEHHUS] HACTOSIEr0 W300peTeHus — NepeBapHBAEMOCTH CTEPHH, COAEpIKaleMy
BBEJIEHUE WJIM HWHTPOTPECCHPOBAHHE B IN€HOM pACTEHHUs] WM YaCTU PACTEHMsI HYKJIEOTHIHOU
MOCJIEOBATEIbHOCTH T€Ha, KOAMPYHIero uutoxpom P450-comepskammii ¢aBonoun 3°,5°-
rugpokcuiassbl (F35H), umeromuit Mytaruo.

B onmHOM acmekrte, HacTosiee M300pETEeHHEe OTHOCUTCS K CIOCo0y, TaAKOMY Kak CIoco0
TeHEPHUPOBAHUS/IPONYLIUPOBAHUST PACTEHUs] WJIM YaCTHU PACTEHUSs, OOJAaqaroIero yiIy4IleHHO’
NepeBapuBa€MOCTbIO, B  MPEANOYTUTENIbHOM  BapUaHTE  OCYLIECTBIEHUS  HACTOSIIEro
u300peTeHus1 —  YIYYIIEHHOW  MepeBapHBaeMOCTBIO  CTEPHH,  W/WIM  YIyYIIEHHS
NepeBapuBaeMOCTH PAaCTE€HUs WIM YacTU pacTeHUs, B IPEANOYTUTEIbHOM BapUaHTe
OCYLIECTBJIEHHUsS] HACTOSIILIEr0 H300pETeHHsT — TepPeBapUBAEMOCTH CTEPHH, COJIEpIKaIleMy
BBEJlEHHE B TI€HOM pAacTe€HUs MWJIM YacTH paCTeHUs, B YACTHOCTH, B HYKJIECOTHAHYIO
MOCJIeIOBATENbHOCT  3HAOIEHHOIO T€Ha, KOAMpyromero umuroxpoM P450-conepsxamuii
¢maBoHOMA 37,5’ -rUAPOKCUIIA3BI, MyTALIUH.

B onmHOM acmekTte, HacTosiee U300pETEHHEe OTHOCUTCS K CIOCO0y, TAKOMY Kak Crocod
T€HEePHUPOBAHUS/IPOAYLIUPOBAHUS PACTEHHUs] WIIM YacTHU PACTEHHs, OOJamaroIero yiIy4IleHHOH’
NepeBapUBAEMOCTbIO, B  MPEANOYTUTENIbHOM  BapUaHTE  OCYLIECTBJIEHHS  HACTOSLIEro
u300peTeHns1 —  VIYYIIEHHOW  MepeBapHBaeMOCTBIO  CTEPHH,  W/WIH  YIyYLIEHHS

NnepeBapuBacMoOCT pPaCTCHUA WKW 4YaCTU PACTCHUA, B MNPCANOUTUTCIBHOM BAapHAHTEC
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OCYILIECTBIIEHUs] HACTOSIIEr0 H300pETeHHsT — TePeBapUBAEMOCTH CTEPHH, COAEpIKaLIeMy
W3MEHEHUEe SHIOTCHHOIO T'eHa, KOAMPYIOIEro reH mutoxpom P450-conepskamero ¢uaBoHOMIA
3°,5’-rugpoKcunasbl, B IPEANOYTUTENIbHOM  BapUaHTE  OCYLIECTBIEHMsS  HACTOSALIEro
n300peTeHNs], OCYIIEeCTBICHNE HOKAyTa SHJOT€HHOTO TeHa, KOAMPYIOLIEero reH nutoxpom P450-
conepskamero ¢uiaBoHonnaa 3’,5’ -ruIPOKCHIIA3HL.

B onmHoM acmiekte, HacTosimee M300peTeHHe OTHOCUTCS K CIOCO0y, TAKOMY Kak Croco0
r€HEPUPOBAHNUS/IPOAYLIUPOBAHNS PACTEHUSI WJIM YaCTHU PACTEHUs, 0OJaNaroIlero yiIydlIeHHON
NepEeBApUBAEMOCTbIO, B  MPEANOYTUTENIbBHOM  BApUAHTE  OCYLIECTBJIEHUS  HACTOSLIErO
n300peTeHns  —  YIYYIIEHHOM  IepeBapHBaeMOCTBIO  CTEPHH,  W/WIM  YIy4LIEHHS
NepPEeBApUBAEMOCTH PAaCTE€HUs WIM YaCTU pACTeHUs, B MPEANOYTUTENbHOM BapUaHTE
OCYLIECTBJIEHUsS] HACTOSIIEr0 H300peTeHHsT — TNepPeBapUBAEMOCTH CTEPHHU, COAepIKaleMy
u3meHenue oskcrpeccun mPHK rena, xonupyroomero ren wuuroxpoMm P450-copepskarero
¢naBononna  3’,5’-ruppokcunasel  (F35H), w/unm  komupyemoro  Oenka F35H, B
NPEANOYTHTENIbHOM BAapUAaHTE OCYLIECTBJICHUS] HACTOSINEro H300peTeHHs, OCYIIECTBIICHHUE
HoknayHa okcnpeccun mPHK rena, xoaupyromero ren unuroxpoM P450-copepskaiero
¢nasononna 3°,5’-rugpokcunassl (F35H), n/unm xogupyemoro 6enxa F35H.

B onHOM acmekTe, Hacrosiiee M300peTeHNe OTHOCUTCS K CIOCOOy, TAKOMY Kak Criocod
reHepUPOBAHUS/TIPOAYLIUPOBAHHS PACTEHHS] MJIM YaCTH PACTEHUs], OOJaJalomero yiIy4dneHHONH
NepeBapuBaeMOCTbIO, B  MPENNOUYTUTENIbHOM  BapUaHTE  OCYIIECTBJIEHHS  HACTOSIIEro
u300peTeHus —  YIYYIIEHHOW  MEepeBapHBaeMOCTBIO  CTEPHH,  W/WIH  YJIyYLIEHHS
NepeBapuBaeMOCTH pPAaCTE€HUS WM YaCTU pACTeHUs, B IMPEANOYTUTEIbHOM BapUaHTe
OCYLIECTBJIEHHUsS] HACTOSIIEr0 H300pETeHUsT — TEePeBApUBAEMOCTH CTEPHH, COAEpIKaLIeMy
usmeHenne skcnpeccun mPHK rena, komupyromero uroxpom P450-conepskamuii hiaBoHOHT
3’,5’-ruppokcunasel, w/miam Oenka F35H, wim u3meHeHne (epMeHTATUBHOH aKTUBHOCTH
uroxpom P450-conepskammero ¢uaBoHouaa 5,3’ -rugpokcunassl (F35H), B mpennodtuTensHOM
BapHUAHTE OCYIIECTBJICHUS] HACTOSLIETO N300pETEeHUs], SIMMUHUPOBAHNE WM YMEHbLICHHUE, HITH
uHruouposanne skcrnpeccun MPHK rena, komupyromero mmroxpom P450-comepskarmmii
¢nmaBonoun 3°,5’-ruapokcuinasel, win O6enka F35H, ymeHpinenne GepMeHTaTHBHON aKTUBHOCTH
uroxpoM P450-comepskammero ¢nasononna 5°,3’-runpokcunassl (F35H), wnu nHrnOuposanue
6enka F35H, unm mosblmeHue (pepMEHTaTUBHONW aKTHBHOCTH LHUTOXpoM P450-comepskarero
¢nmaBoHouna 5°,3’-runpoxcunaszel (F35H).

B onpeneneHHbIX BapuaHTax OCYIIECTBJICHHUS, HACTOsALIee H300pETEHHE OTHOCHTCS K
criocoQy, TAKOMY Kak Crocod reHepupoBaHUs/TPOAYLHUPOBAHIS PACTEHUS HJIH YaCTH PACTEHHUS,
oOyajmaromero  yiay4ileHHOW  MepeBapuBaeMOCTBIO, B  NPEANOYTHTEILHOM  BapUaHTE

OCYILIECTBIIEHHs] HACTOSIIETO N300pETeHUs] — yIy4IIEHHON NepeBapuBaEMOCTBIO CTEPHH, W/IIIN
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yJIy4lIeHUs NepeBapuBaeMOCTH PACTEHUsl WM YacTH PAaCTEHUs, B IPEANOYTUTEIbHOM BapHaHTe
OCYILIECTBIIEHHS] HACTOSALIETO H300PETEHNs — NEPEBAPUBAEMOCTH CTEPHH, COZIEPIKALIEMY

A BBEJIEHHE B HYKJICOTUAHYIO MOCJENOBATENIbHOCTh HSHAOIEHHOIO I'€Ha pPacTeHUus
WIA YaCcTH pACTEHHUs, Koaupymouero mutoxpom P450-conep:kammii  ¢aaBoHoun 3°,57-
THIPOKCHIIA3bI, MyTallUH WM JPYrOro reHeTUYEeCKOTO COOBITHS, MPUBOJSAINETO K U3MEHEHHOM
skcnpeccut mPHK rena w/mnu 6enka F35H, unm myrauuu, npuBonsinell K NOJy4YeHUIO Oenka
F35H, obnapatomero n3MeHeHHOH ()ePMEHTATHBHON aKTUBHOCTBIO NPH TPAHCISALUH, B Oosee
NPEANOYTUTEIbHOM BapHAaHTE OCYIIECTBIEHHUS HACTOALIEr0 M300peTeHHus — MYyTallWH,
MPUBOASAIIEN K YMEHBLIEHHOM WM OTCYTCTBYrOINeW skcnpeccun mPHK ynomsiHyroro rena
u/unu 6enka F35H, x HOkayTy WM HOKAAayHY YIIOMSIHYTOTO T€Ha, UM MyTallWH, IPUBOJSLIEH K
nosydeHuto HepyHkuuoHanpHoro Oenka F35H (manpumep, ycedennoro Oenka F35H), umm
6enka F35H, oOnanaromero yMeHbIIEHHONH (pepMEHTATUBHONW aKTUBHOCTBIO IPU TPAHCIALMH,
win Oenka F35H, oOnanmaromero mnoOBBIIEHHOW ()ePMEHTATHBHOW AaKTHBHOCTBIO IIPH
TPAHCIALNU; WIH

B. BBEJICHUE B N'€HOM PACTEHUs WM 4aCTU pacTeHus nepBoi asyxuenodeynon [JHK
u BTopoil aByxuenoueynon JHK, npu 3T7oM, HykI€0TUIHBIE NOCIEA0BATEIPHOCTH KOJAUP YIOLINX
uerneii nepeoii u Bropoii JIHK siBnsitoTCs1 0OpaTHBIMH KOMIUIEMEHTAMU APYT APYyTra, B pe3yJibTaTe
yero Tpanckpunt nepsoii JIHK u Tpanckpunt Bropoi IHK cnocoOHbl ruOpuan3upoBaThCs C
obpazoBanuem apyxuenouyeunoit PHK, nmpu stom, xoxupyromas uens nepsoi uimm sropoii JJTHK
COZICPIKUT:

a. Mo MeHblIel Mepe, 19 craeayromux apyr 3a APyroM HYKJIEOTHUIOB HYKJICOTHAHON
nocienoBarenbHocTH, TpencrasienHoin B SEQ ID NO: 2, 5 wunu 8, umm HyKJI€OTUOHOM
MOCJIEZIOBATEIbHOCTH, UMEIOIIeH, Mo MeHbIlel Mepe, 60% HIEHTUYHOCTb, B MPEANOYTUTEIEHOM
BapHAHTE OCYIIECTBJIEHUS] HACTOSILIEr0 HM300peTeHus: — mo MeHblied mepe, 70% wmm, 1o
meHbineli Mepe, 80%, B Ooyiee MPEANOYTUTENILHOM BAapUAHTE OCYIIECTBICHUS HACTOSILIETO
u3o0peTeHus: — no MeHbinel mepe, 90%, mo MeHble mepe, 92%, o menbieil Mepe, 94%, o
MeHbIel Mepe, 95%, nmo meHbiueit mepe, 96%, mo mensbluet mepe, 97%, MO MeHbIIEH Mepe,
98% wunu, mo MenblIel Mepe, 99% HUIEHTUYHOCTH ¢ TOCIEIOBATEIbHOCTBIO, MPEACTABJICHHON B
SEQ ID NO: 2, 5 nnn 8; unu

b. HYKJIEOTH/IHYIO MOCIEI0BaTEIbHOCTh, KOTOpPas KOMIUIEMEHTapHa, MO MeHbIlel
Mepe, 19 ciexyromum Apyr 3a ApyroM HYKJIEOTHIAM HYKJIEOTHUAHON IOCJEN0BaTEIbHOCTH,
npencrasierHot B8 SEQ ID NO: 2, 5 wnmm 8, uiu HyKJICOTHIHOW TMOCJIENOBATEbHOCTH,
uMmerouieii, mno MeHbueil Mepe, 60% WAEHTUYHOCTb, B MPEANOYTUTEIHHOM BapUaHTe
OCYINECTBJICHUS] HACTOSIIErO M300peTeHust — Mo MeHblneil Mmepe, 70% Wiy, 1Mo MeHbIIEH Mepe,

80%, B OoJiee MPEANOYTHTEHHOM BapHAHTE OCYIIECTBJICHUS HACTOSIIETO M300pETeHHs — IO
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MeHbine mepe, 90%, nmo meHbiueit mepe, 92%, no MeHbluel mepe, 94%, Mo MeHbIIEH Mepe,
95%, mo menbiuei mepe, 96%, no meHbliel mepe, 97%, mo menbiueit mepe, 98% wunu, mo
MeHblIeH Mepe, 99% HAEHTUYHOCTD C MOCIeNOBaTEIbHOCTRIO, pencTasieHHo B SEQ ID NO:
2, 5 unu §; unu

C. nasyxuenoueynyro PHK, npu 3Tom, oaHa Lienb COOTBETCTBYET:

a. 1o MeHbIlel Mepe, 19 cneayromum Apyr 3a ApYroM HyKJIE€OTHIaM HYKJIEOTHAHON
nocienoBarenpbHocTy, mnpeacrasieHHod B SEQ ID NO: 2, 5 wnu 8, uinm HyKJI€OTUIHOMU
MOCJIE0BATEIbHOCTH, UMEIOLIEH, 0 MeHbllel Mepe, 60% HIEHTUYHOCTb, B IPEANOYTUTEIEHOM
BAapUAHTE OCYIIECTBJIEHUS] HACTOAIIErOo H300peTeHus — Mo MeHblied Mmepe, 70% wnnm, 1o
meHbneii Mepe, 80%, B Ooyiee NMPEANOYTUTENIBPHOM BapHaHTE OCYLIECTBJIEHHS HACTOSIIErO
n3o0pereHus — o MeHbIneil Mepe, 90%, no MeHbineil Mepe, 92%, no menblel mepe, 94%, o
MeHbIeil Mepe, 95%, mo MeHbiiel mepe, 96%, nmo menblieit mepe, 97%, MO MeHbLIEH Mepe,
98% wnn, o MeHbIuel Mepe, 99% HUAEHTHYHOCTH C MOCIENOBATEIbHOCTBIO, MIPEICTABICHHON B
SEQ ID NO: 2, 5 unu 8, npu 5tom, T 3amenen Ha U; uin

b. HYKJIEOTHHON NOCJIE€I0BAaTENbHOCTH, KOTOpPAas KOMIUIEMEHTApHA, MO MEHbIIEH
Mmepe, 19 caenyromum Apyr 3a ApyroM HYyKJIEOTHAAM HYKJIECOTHIHOH MOCIeI0BATENbHOCTH,
npenctasienHod B SEQ ID NO: 2, 5 wunmm 8, uiam HyKJICOTUAHOW MOCIEAOBATEIbHOCTH,
uMeroliei, mo MeHbieil mepe, 60% WAEHTUYHOCTb, B MPEANOYTUTEIHLHOM BapUaHTE
OCYLIECTBJIEHHs] HACTOSILIEr0 N300peTeHus: — no MeHblued mepe, 70% wim, O MEHbLISH Mepe,
80%, B OoJiee MPEONOYTHTEILHOM BapHAHTE OCYIIECTBJCHHsS HACTOSINEro M300peTeHus — 1o
MeHbine mepe, 90%, mo MmeHbluet mepe, 92%, no Menbluel mepe, 94%, Mo MeHbIIEH Mepe,
95%, mo menbinel mepe, 96%, no meHbled mepe, 97%, mo Mmenbluei mepe, 98% wuam, MO
MeHbInel Mepe, 99% MAEHTUYHOCTD C MOCJeN0BaTeIbHOCTRIO, ipencrasieHHo B SEQ ID NO:
2, 5 wnum 8, nipu 3ToMm, T 3ameneH Ha U; win

D. BBEJCHUE B pacTeHHe win 4acTb pacteHus PHK-cneumdudeckoit cucremsl
CRISPR/Cas, takoii kak cucrema CRISPR/Casl3a, HampaBlieHHOW WM HALCJMBAIOIIEHCS Ha
HYKJICOTHUHYIO MOCJIEA0BATENBHOCTD, Konupyromyo Oenok F35H, wim B reHOM pacteHus wiu
4acTb pAacTeHUs, MO MeHblIeH Mepe, OJHON MNOJUHYKIEOTHIHON IOCIeN0BaTeIbHOCTH,
KOAUpYIOIIeH (M SKCIPEeCCUPYIOLEer MM CrocoOHOHM 3KcmpecchupoBarh) ynomsHyTyro PHK-
cnenuduaeckyro cucremy CRISPR/Cas; win

E. BBEJIEHUE B pacTE€HUE WM YacTb PACTEeHHs] XMMHYECKOrO COEAUHEHMs WU
AHTHUTEJNIa, M3MEHSIOEro (MM CrIoCOOHOTO M3MEHSATh) (DePMEHTATUBHYIO AKTHBHOCTb Oelika
F35H npu B3ammopeiicTBum ¢ ynomsiHyThIM Oenkom F35H, B mpeamoutuTensHOM BapuaHTe
OCYILIECTBJIEHHUs] HACTOSIIEro M300peTeHHs] — YMEHbIIAIero (WM CrnocoOHOTrO YMEHBIIATh)

¢depmenTatuBHYr0 akTuBHOCTH Oenka F35H wnmm  wmerubupyromero (wim  crnocoOHOTo
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UHTUONpoBaTh) (PEPMEHTATUBHYIO akKTHUBHOCTh Oenka F35H, wnm mnossimaromero (wim
CroCOOHOTO TOBBIMATE) (PePMEHTATUBHYIO akTHBHOCTH Oenka F35H mpu B3aumopelictBum C
ynoMsinyTeIM Oenkom F35H.

B onpeneneHHbIX BapuaHTax OCYIIECTBJICHHUS, HACTOsALIee H300pETeHHE OTHOCHTCSA K
cnocoQy, TAKOMY Kak Crocod reHepupoBaHUs/TIPOAYLUPOBAHKS PACTEHNS MJIM YaCTH PACTEHHUS,
oOyajaromero  yiay4IleHHOW  MepeBapuBa€MOCTBIO, B  MPEANOYTUTENILHOM  BapHAHTE
OCYILIECTBIIEHHS] HACTOSLIETO U300pETeHNsI — yIy4IIEeHHON NepeBapuBaeMOCTBIO CTEPHH, W/HIN
yJIy4lIEHUs] TIepeBaApUBAEMOCTH, B MPEANOYTUTEILHOM BAPUAHTE OCYLIECTBIIEHUS HACTOSLIETO
n300peTeHNs] — NepeBapUBAEMOCTH CTEPHH, PACTEHUs] WM YacTU PACTEHUs, COAep KalleMy
pereHepanyio pacTeHUs] U3 YaCTH PACTEHUs BBILICYIIOMSHYTBHIX MOAM(DULINPOBAHHBIX PACTEHUN
WUJIU U3 4aCTeH PaCTEeHUs.

B oxgnoM acriekre, HacTosilee H300peTeHNEe OTHOCUTCS K PACTEHUIO WJIM YaCTH PaCTEHUs,
cogepxamemy amens QTL, accoumupoBaHHBI € yIy4IIEHHOH MEepeBapUBa€MOCTBHIO, B
NPEANOYTHTENILHOM BapUaHTe OCYIIECTBJICHHsS] HACTOSINEr0 H300peTeHUs] — YJIy4IIeHHOH
NepeBapUBAEMOCTBIO CTEPHH, Npu4YeM ynoMsHyThiil amtenb QTL comepkUT HyKJI€OTHUAHYIO
MOCJIEIOBATEIBHOCTh T'€HAa, KOAMpYyroIiero muroxpoM P450-conmepskamuii daaBonounn 3°,57-
ruapokcuiasbl (F35H), umeromuii Mytaruo.

B onHOM acriexTe, HacTosiIee H300peTeHNe OTHOCUTCS K PACTEHHIO MJI YacTH PaCTEHHS,
comepxkamemy amienb QTL, comepskamuii HYKJIEOTHIHYEO TMOCJIENOBATENIbHOCTh T'€Ha,
Koaupyromero nurtoxpom P450-conmepxamuit - ¢naBoHoun 3,5 -ruppokcuiassl  (F35H),
HMMEHOLIUI MyTaLHIO.

B ompeneneHHBIX BapuaHTaX OCYIIECTBJICHHS HACTOSIIErO W300pETEHUs, MyTallHsl
NpUBOAUT K u3MeHeHMo skcnpeccun mPHK ynomsiHyroro rena wuimm Oenka F35H, wm
MyTal¥si TPUBOAMNT K mojydeHuto Oenka F35H, obmanmaromero m3mMeHeHHOW (pepMeHTaTHBHON
AKTUBHOCTBK) MpHU TpaHcasiuuu. HM3menennyro skcnpeccuro F35H MOXHO oOCylmecTBUTS,
UCTIOJIBb3YS, HAIIPUMED, JIF0OBIe CIIOCOOBI MyTareHe3a, ONMMCAHHBIC B HACTOSIIEM JOKYMEHTE.

B ompeneneHHBIX BapuaHTaX OCYINECTBJICHUS HACTOSINEr0 HW300PETEHHs, MYyTarlHsl
NPUBOAUT K YMEHBIIEHHON Wi OTCyTCTBYROImEH skcnpeccun mPHK ynomsiHyToro rena w/mmm
Oenka F35H, k HOKayTy WM HOKZAyHY VIOMSIHYTOTO T€HA, WIA MyTalUus TNPHBOANT K
NOJIy4eHUI0 HepyHKunoHaimpHoro oenka F35H (Hanpumep, yceuenHoro Oenka F35H) wnu 6enka
F35H, obnanaroriero yMEHBIIEHHOW WJIM TOBBIIEHHOW (PEPMEHTATUBHONH AKTUBHOCTBIO TPHU
tpancsiunu. Hoknays nimm HokayT F35H MOXHO OCyInecTBUTh, MCIOJNB3Ys, HAIPUMED, JHOObIe
CHOCOOBI MyTareHe3a, OMUCAHHBIE B HACTOSIIEM JOKYMEHTE.

B ompeneneHHBIX BapuMaHTaxX OCYIIECTBJIEHHs HacTosmero msobperenus, amiens QTL

pacroyio)keH Ha XpomMocoMe 9 u  comepkuT, W/uiau (QIaHKUPOBaH (MOJIEKYJISIPHBIMU)
81



MapkepHbiMu  ajutensMu ma61070s01 u ma30168s02, B mnpeanodTUTENBHOM BapUAHTE
OCYILIECTBIIEHUs] HACTOSIIIErO M300peTeHnss — MapkepHbIMH amiensmMu maS0827s01 wu
mal6983s02, B Gonee nmpennoYTUTENBHOM BapUAHTE OCYILIECTBICHHS HACTOSINEro N300peTeHus
— MapkepHbiMHU ajeasiMu mal7117s01 u ma61125s01.

B ompeneneHHbIX BapmaHTaX OCYIIECTBJIEHHs HacTosmero m3obperenus, amaens QTL
pacIioNio’keH Ha XpOMOCOME 9 M CONEpKUT MapKepHbId amiens ma6ll34xxx, w/mmu, mo
MEHBIIEH Mepe, OJUH MOJIEKYJIIPHBI MapKEpHBIM ajuleib, PACIOJIOKEHHBIM HA XPOMOCOMHOM
UHTEpBaJe Ha XpoMocoMe 9, (QuaHKUPOBAHHONH MapkepHbIMU amnensiMu ma61070s01 wu
ma30168s02, B mpennouTUTENHHOM BapHAHTE OCYLIECTBIEHHsS HACTOSINEro H300peTeHus —
MapkepHbIMU aienssMu maS0827s01 m mal6983s02, B Oojee mpennouTUTENPHOM BapHaHTE
OCYLIECTBJIEHUs] HACTOSIIIEro Hu300peTeHust —  MapkepHbIMH auteasiMu mal7117s01 u
ma61125s01, B MpeAnoYTHTEILHOM BapUaHTE OCYIIECTBJIEHHs HACTOSIIEr0 HM300pEeTeHHs, MpH
5TOM, MO MeEHblIEeH Mepe, OJIWH MOJICKYJSPHbIA MAapKepHbIM ajulefib  ONpeneNseTcs
NOJIMHYKJIEMHOBOI KUCJIOTOH, HapuMep, ajuleNb-Creu(pUIecKoil MONINHYKIEHNHOBOM KUCIOTOM
(MOJIEKYJISIPHBIM MapKepOoM),IOAXOSIIel 11t THOPUIM3AMM B Ka4ecTBe MPSIMOTo TmpaiimMepa u
o0paTHOTO mpaiiMepa Juis JJOKyca Ha XpOMOCOMHOM MHTEpPBaJIe, KOTOPBII COBMECTHO CErperupyercst
C yJIy4LIE€HHOM NepeBapuBaACMOCTBIO.

B ompeneneHHpIX BapuaHTaX OCYINECTBJIEHHUs] HacTosmero usodperenws, amienbs QTL
pacroyio’keH Ha XPOMOCOMHOM  HWHTEpBaJie, colepkameM Wuin  (IaHKUPOBAHHOM
(MonexynspHbiME) MapkepHbIMU ayiessivu ma61070s01 u ma30168s02, B mpearnoUuTUTEILHOM
BapHUaHTE OCYIIECTBJICHUS HACTOSIIEro M300peTeHns — MapKepHbIMU ayuteisimu maS0827s01 u
mal6983s02, B Gosee nMpennoYTUTEIHHOM BapUAHTE OCYLIECTBICHHS HACTOSIIEro H300peTeHus
— MapkepHbiMU ajieasiMu mal7117s01 u ma61125s01.

B ompeneneHHpIX BapHaHTaX OCYIIECTBJIEHHs] HAacTosmero msodperenus, amiens QTL
pacnoyio’keH Ha XPOMOCOMHOM HHTEpBaje, COAep:KalleM MapKepHbld amienbs mabl134xxx,
W/WIM, 1O MEHbIIeH Mepe, OJWH MOJEKYJISIpHBIH MAapKEpHbI ajulellb pPAaCHoJIOKEeH Ha
XPOMOCOMHOM HHTEpBaJie Ha XpoMocoMe 9, (IaHKHMPOBAHHOW MAapKEPHBIMH aJUIEISIMU
ma61070s01 u ma30168s02, B mpeAnOYTUTENBHOM BapUAHTE OCYLUECTBJIEHUS HACTOSILIErO
n3o0pereHusi — MapkepHbIMH autesivu - maS0827s01  m mal6983s02, B  Oosee
NPEANOYTUTEIbHOM BapUAaHTE OCYLIECTBIEHHS HACTOALIET0 HM300peTeHHs —  MapKePHBIMU
amnenssMu mal7117s01 u ma61125s01, B mpeanodYTUTENBHOM BapUaHTE OCYLIECTBIICHHUS
HACTOSIIIEro M300pETEeHus, MPU 5TOM, MO MEHbIIEH Mepe, OAWH MOJIEKYJSIPHBI MapKepHbBIH
aNJenb ONPEneNsercss MOJUHYKICHHOBOW KHCIOTOH, HampuMep, aJuleNb-Creu(pIIecKon

MOJIMHYKJIENHOBOH KHCJIOTON (MOJEKYJISIPHBIM MapKepoM), MOAXOMAIIEH Uil rMOpHaM3aliy B
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KauecTBe NPSIMOTO MpaiiMepa W oOpaTHOro mpaiiMepa At JIOKyCa Ha XPOMOCOMHOM HHTEPBAJIE,
KOTOPBIN COBMECTHO CEIPETUPYETCS C YIYULIEHHON NePEeBaApPUBAEMOCTBIO.

B oxnHOM acriekre, HacTosIee N300peTeHNE OTHOCHTCS K PACTEHUIO WJIM YaCTH PACTEHUS,
coAepKalleMy HYKJICOTHIHYIO IMOCIEAOBATENbHOCTh T'€HA, KOAMpYroLero uuroxpom P450-
conepxamuii pmasononn 3,5 -runpokcunassl (F35H), umeromuii Myranuro.

B onnOoM acnekre, HacTosiee M300pETEHNE OTHOCUTCS K PACTEHUIO U YaCTH PACTEHUs,
colepkalieMy MapKepHbIii atenb ma6l134xxx w/unam, MO MeHbIIeH Mepe, OIUH
MOJIEKYJIIPHBIA MAapKEpHbIA aJjlesib, PACIOJIOKEHHBII Ha XPOMOCOMHOM MHTEpBAal€ Ha
xpoMocoMe 9, ¢aHKupoBaHHON MapkepHbiMH ajutesivu ma61070s01 u ma30168s02, B
NPEANOYTUTEIbHOM BapUaHTE OCYIIECTBJIEHUS HACTOSINErO H300peTeHHss — MAapKePHBIMU
annensimu maS0827s01 n mal6983s02, B Oosee MPeANnOUTUTENBHOM BapUaHTE OCYIIECTBIICHUS
HacTosimero u3o0pereHuss — MapkepHbiMuH amtensMu mal7117s01 u ma61125s01, B
NPEANOYTHTENILHOM BapUaHTe OCYINECTBJECHUS HACTOSIIEro M300peTeHHs, NPH OSTOM, IO
MEHbLIEH Mepe, OAUH MOJIEKYJSIPHBIM MapKEepHBbIM aljieNlb ONPEAEAeTCs MOJIMHYKJIEHHOBON
KUCJIOTOMW, HATpUMep, aJjieNib-Clelu(pUIeCKOl MOTMHYKIEHHOBON KUCIOTOH (MOJIEKYJISIPHBIM
MapKepoM), HOIXOASAINeH Ui TMOpHAM3alMM B KadecTBE MPSIMOrO IpaiiMepa U OOpaTHOroO
npaiiMepa Uid JIOKyCa Ha XPOMOCOMHOM HHTEpBaje, KOTOPBI COBMECTHO CETPErupyercst ¢
YJIy4LIEHHOHN NEePeBapUBAEMOCTBIO.

B oxHOM acriekTe, HacTosIIee N300PETEeHNEe OTHOCUTCS] K PACTEHHIO UJIH YaCTH PACTEHUS,
coepKalemMy

A reH, Koaupyromwuii  nutoxpom  P450-comepkammii  ¢maBonomn  37,5°-
rugpokcwnassl  (F35H), wumeromuii MyTtauuio WM Apyroe TIeHETHYecKoe COObITHE, B
NPEANOYTUTEIbHOM BapUAHTE OCYLIECTBIEHHUS HACTOSIEr0 H300pETEeHHs] — MYTALUI0 MU
Apyroe reHeTH4YecKoe COObITHE, MPHUBOIsIIee K M3MeHeHHOH skcnpeccun mPHK rena w/wm
Oenka F35H, wunmu mytanuio, mpUBOAAIIYI0 K monyudeHuro Oenka F35H, obGnamaromiero
U3MEHEHHOH (PepMEHTATHBHON aKTUBHOCTBIO TMPU TPAHCISIUK, B OOJiee IMpEANOYTHTEIEHOM
BapHUAHTE OCYIIECTBJICHUsI HACTOSIIEr0 M300PETeHUsI — MyTALUIO, TIPUBOISAINYIO K HOKAYTY HJIH
HOKJAayHY YIOMSIHYTOIO T€HAa, WM WMEIOLIUIl YMEHBIIEHHYI0 WM 3JIMMHHHPOBAHHYIO
skcnpeccro mPHK w/mnmm OGenka renma F35H, wnm myraumro, Wiam Opyroe reHETUYECKOe
coOpITHE, TPUBOAALIEE K TMOJyYeHHIO HepyHKIHOHampHOrO Oenka F35H (mHampumep,
yceueHHoro Oenka F35H), mnm Genka F35H, obnanmarommero yMmMeHbLIEHHOH (hepMEHTATHBHOMN
AKTUBHOCTBIO MpU  TpaHcasinuy, win Oenka F35H, oOnaparomero  MOBBIIIEHHOM
(bepMeHTaTUBHOI aKTUBHOCTBIO TIPU TPAHCISILIVN, WIIN

B. (cTabupHO MHTErpUPOBaHHYI0) nepByro ayxuenodeunyro JHK u (crabunbpHO

UHTETPUPOBAHHYI0) BTOpyr  aByxuenodeuHyroo JIHK, mpu  3TOM, HYKJICOTHAHBIE
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NOCIIEIOBATEIbHOCTH KOAMUPYIOIIMX Leneid mnepsod u Bropoit JIHK sBisrorcss oOpaTHbIMU
KOMIUIEMEHTaMH JApYyr Jpyra, B pe3yiaprare uero TpaHckpunt nepsoit JIHK u Tpanckpunr
BTopoii JIHK criocobnbl ruOpunmsuposarses ¢ obpasoBanueM asyxuenodedHoil PHK, mpu stom,
Koaupyrowmas uens nepsoit wim sropor JAHK conepxut:

a. 0 MeHbllel Mepe, 19 cnenyromux Apyr 3a APyromM HyKJIE€OTHAOB HYKJIEOTHIHOU
nocienoBarenpbHocTy, mpeacrasieHHod B SEQ ID NO: 2, 5 wnu 8, unm HyKJI€OTUIHOU
MOCJIEI0BATEIbHOCTH, UMEIOLIEH, 0 MeHbllel Mepe, 60% HIEHTUYHOCTb, B IPEANOYTUTEIBHOM
BapUaHTE OCYIIECTBJIEHUS] HACTOAIIErOo H300peTeHus — Mo MeHblied Mmepe, 70% wnm, 1o
meHbineli Mepe, 80%, B Oosiee NMPEONOYTUTENIPHOM BapHaHTE OCYLIECTBJIEHHS] HACTOSIIETO
nu3o0peTeHus: — no MeHbinel mepe, 90%, mo MeHblue mepe, 92%, no menbwel Mepe, 94%, no
MeHblel Mepe, 95%, no MmeHbleil mepe, 96%, no MeHbluel Mmepe, 97%, Mo MeHbIIEeH Mepe,
98% wunu, no MeHblIel Mepe, 99% HUIEHTUYHOCTD € MOCIEN0BATENbHOCTBIO, MTPEICTABICHHON B
SEQ ID NO: 2, 5 unu 8; unu

b. HYKJIEOTUJIHYIO TOCJIEI0BATENbHOCTb, KOTOpas KOMILJIEMEHTApPHA, MO MEHbLIeH
Mepe, 19 caeayromum Apyr 3a ApyroM HYKJIEOTHAAM HYKJICOTHIHON MOCJIEI0BATENbHOCTH,
npenctasienHod B SEQ ID NO: 2, 5 wnm 8, wnm HyKJI€OTUAHOM MOCIENOBATENbHOCTH,
uMmeroliei, mo MeHbieil mepe, 60% WOEHTUYHOCTb, B MPEANOYTUTEIHHOM BapUaHTE
OCYLIECTBJIEHHsI HACTOSIIEr0 n300peTeHus: — no MeHbineil mepe, 70% wiu, Mo MeHbLIeH Mepe,
80%, B OoJjiee MPEANOYTUTEIHHOM BapHAHTE OCYIIECTBJIEHUS HACTOSIIEr0 M300pEeTeHHsl — IO
MeHbine mepe, 90%, mo MmeHblue mepe, 92%, no Menblnel mepe, 94%, Mo MeHbIIEH Mepe,
95%, mo menbinei mepe, 96%, no meHblned mepe, 97%, mo MmenHbluein mepe, 98% wuam, MO
MeHbIIel Mepe, 99% HAEHTUYHOCTh C MOCJIeN0BaTeIbHOCTRIO, pencTasieHHoi B SEQ ID NO:
2, 5 unu 8; nnm

C. neyxuenouedHyro PHK, nmpu 3ToM, oaHa 11enb COOTBETCTBYET:

a. Mo MeHbIIel Mepe, 19 crenyrommum APy 3a IPYyroM HyKJIEOTHAAM HYKJICOTUIHOMN
nocienoBarenbHocTH, mpencrasienHoin B SEQ ID NO: 2, 5 wunu 8, umm HyKJI€OTUOHOM
MOCJIEZIOBATEIbHOCTH, UMEIOIIeH, o0 MeHbluell Mepe, 60% HUIEHTUYHOCTD, B IPEANOUYTUTEIBHOM
BApUAHTE OCYINECTBJIEHUS] HACTOAIIEro H300peTeHust — mo MeHblied mepe, 70% wim, 1o
meHbineli Mepe, 80%, B Ooyiee MPEONOYTUTENILHOM BAapUAHTE OCYIIECTBICHUS HACTOSILIETO
u3o0peTeHus: — nmo MeHbinel mepe, 90%, mo MeHblnel mepe, 92%, Mo MeHsblel mepe, 94%, 1o
MeHbIIel mepe, 95%, mo MmeHbluei mepe, 96%, no Menbluel mepe, 97%, Mo MeHbIIEH Mepe,
98% wmnu, mo MeHblIel Mepe, 99% HAEHTUYHOCTH ¢ MOCIE0BATEIbHOCTBIO, MPEACTABICHHON B
SEQ ID NO: 2, 5 unu 8, npu 3tom, T 3amenen Ha U; win

b. HYKJICOTHIHOW TMOCJIEIOBATEIbHOCTH, KOTOpPasi KOMIUIEMEHTapHAa, MO MEHbLIeH

Mepe, 19 cienyromum Apyr 3a ApyroM HYKJIEOTHaM HYKJIEOTHIHOHN MOCIeN0BaTENbHOCTH,
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npencrasienHot B8 SEQ ID NO: 2, 5 wnmm 8, uiu HyKJICOTHIHOW TMOCJIENOBATENbHOCTH,
uMmerouieii, no MeHbuel Mepe, 600% HAEHTUYHOCTb, B NPEANOYTUTEIBHOM BapUaHTE
OCYIECTBJICHUS] HACTOSIIETO M300peTeHus — Mo MeHblneil mepe, 70% WM, o MEHbIIEH Mepe,
80%, B OoJjiee MPEONOYTHTENILHOM BapHAHTE OCYIIECTBJIECHUS HACTOSILIEro M300peTeHus — 1O
MeHblne mepe, 90%, nmo menbiueit mepe, 92%, no MeHbluel mepe, 94%, Mo MeHblIEH Mepe,
95%, mo menbiueir mepe, 96%, no meHbliel mepe, 97%, nmo menblueit mepe, 98% wum, mo
MeHblIel Mepe, 99% HAEHTUYHOCTD C MOCJIEeN0BaTENbHOCTRIO, pencTasieHHo B SEQ ID NO:
2, 5w 8, ipu 3ToMm, T 3ameneH Ha U; win

D. PHK-cnemmpuueckyro  cucremy  CRISPR/Cas, Takyro kak  cucrema
CRISPR/Cas13a, HaIpPaBJIEHHYIO 15005 HaLEJIUBAIOIYOCS Ha HYKJIEOTUIHYIO
MOCJIEIOBATEIbHOCTh, Konupyromyro Oenok F35H, wnmm, no MeHbmedr wMepe, OnHY
NOJIMHYKJIEOTHIHYIO  TTOCJIEIOBATENbHOCTD, KOJUPYIOIIYI0 (M 3KCIPECCUPYIOIIYIO WU
crocoOHy0 3KcTpeccupoBath) ynomMsinyTyro PHK-crnietuduueckyro cucremy CRISPR/Cas; unu

E. XMUMHUYECKOE COCJUHEHUE WM AaHTHTEeNO, W3MeHsomee (WM CrHocoOHoe
U3MEHsTh) (PEPMEHTATHBHYIO aKTMBHOCTh Oenka F35H mpu B3aMMOAEWCTBUU C YIOMSHYTHIM
6enkom F35H, B mpenamodTuTesbHOM BapHaHTE OCYLIECTBJICHUS] HACTOSIIEr0 HM300peTeHHs —
yMeHblLIa1mee (MM crnocoOHOe yMeHbLIaTh) (PepPMEHTAaTHBHYIO aKTUBHOCTb Oenka F35H, wiu
uHrubupyromee (v crnocodbnoe wunruOuposarb) Oenok F35H mnpu B3aumoneiictBuu C
ynoMsinyTeiM F35H, wam mnoBbimaromee (epMEHTATHBHYIO AaKTHBHOCTh (MJIM CHOCOOHOE
noBbIiaTh) 6enka F35H npu B3anmonelictBuu ¢ ynoMsiHyTeiM Oekom F35H.

B ompeneneHHbIX BapHaHTaX OCYIIECTBJIEHHsS] HACTOSILEr0 M300pETEHHs], pacTeHHe He
SIBJISIETCS. HOBBIM COPTOM PacTEeHUS.

B onmHOM acmekTe, HacTtosiiee H300pETEHHE OTHOCHTCS K CIOCOOY MOJIYYEHHS WIIH
reHepUpPOBaHUs, WM MPOAYLIUPOBAHUS PACTEHUs WIM YacTH PACTEHUs, TAKOrO KaK pacTeHHe
KYKypy3bl WJIH COPro, WM CaxapHbI TPOCTHHUK, WJIM YacCTH PACTEHMs], B MPEANOYTHUTEIHLHOM
BApUAHTE OCYLIECTBJIEHHS HACTOSIIEro H300pPETeHUs] — pACTeHUS KyKypy3bl MM YacTH
pacTeHwus1, conepxamemMy (a) MpemIokeHne MepBoro pactenus, nMerormero amwiens QTL, Takoi
kak amnenb QTL, accouuupoBaHHBIN € yIydllI€HHOW MepeBapUBAEMOCTBIO, KaK OIHCAHO B
APYroM MECT€ HACTOSIIEro JOKYMEHTA, HeOOsS3aTeNbHO, MPH 3TOM, yIOMsHYThIH ajens QTL
pacrojio’)keH Ha XPOMOCOMHOM MHTEpBaje, B MPEANOUYTUTEIbHOM BapHaHTE OCYLIECTBJIEHUS
HacTosmero u3o0pereHUss — Ha XpoMocoMe 9, coxepxamedl W (QraHKUPOBAaHHON
(MonexynsipHbiME) MapkepHbIMU ayiesiMu ma61070s01 u ma30168s02, B mpeAnoUYTUTEIEHOM
BapHUAHTE OCYIIECTBJICHUSI HACTOSINEro M300peTeHrst — MapKepHbIMU aytensiMu maS0827s01 u
mal6983s02, B Gonee MpennoYTUTENLHOM BapUAHTE OCYLIECTBICHHS HACTOSINEro H300peTeHus

— MapkepHbIMH ajutesiMu mal7117s01 u ma61125s01, (b) ckpemuBaHue yIOMSHYTOrO IEPBOTO
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pacTeHusi CO BTOPbIM pacTeHHEM, TaKMM KaK BTOPO€ pacTeHue, He HUMeEIollee YIOMSIHYTOro
amnenst QTL, (c) BeiOOp moTOMCTBa pacTeHWid, MMerouero ynomsHyTeld amtens QTL, u
HeoOs13aTenbHO (d) cOOp yIOMSIHYTOH 9acTH pacTeHUsI OT YIIOMSHYTOIO IOTOMCTBA.

B ompeneneHHbIX BapuaHTaX OCYIIECTBJIEHHs! HacTosmero m3obperenus, amiens QTL
COIEPKHUT, IO MEHbIIEH Mepe, OJUH MapKepHBbIA aJUleNb 1O HACTOSIIEMY H300pETEeHHI0, Kak
OIMCAHO B IPYITOM MECTE€ HACTOSIIEro JOKYMEHTA.

B ompeneneHHbIX BapuaHTaX OCYIIECTBJIEHHs HacToslero m3oodperenus, amaens QTL
COAEPKUT MyTUPOBaHHbIN reH F35H, kak OnmucaHo B ApyromM MeCTe HaCTOSALIErO JOKYMEHTA.

B onmHOM acmekTe, HacTosiiee H300peTEeHHE OTHOCUTCS K CIOCOOY IOJIydeHMs WU
TeHepUPOBAHUs, WIM NMPOAYLHUPOBAHMS PACTEHMs] WJIM YaCTU PACTEHUs, TAKOTO KaK pacTeHUe
KYKypy3bl WJIM COPro, WM CaxapHbI TPOCTHHUK, WJIM 4YacCTH PACTEHMs], B MPEANOYTUTEIBHOM
BAapUAHTE OCYILIECTBJIEHHsSI HACTOSIEr0 H300peTeHHss — PpacTeHUsl KyKypy3bl MM YacTu
pacTeHus, coiep:kaiieMy (a) NMpenioXeHue MepBOro PacTeHUs, UMEIOINEro (MOJEKYIspHBIN)
MapKepHbIH ajjenb, TakoW Kak (MOJIEKYJISIPHBIM) MapKepHbIH ajuieNb, aCCOLMMPOBAHHBIN C
yJIy4LIEHHON NEepeBapuBAE€MOCTBIO, KaK ONMCAHO B JPYrOM MECT€ HACTOSLIEro AOKYMEHTa,
Heo0s3aTeNbHO, TP 3TOM, YIOMSHYTBIH (MOJIEKYJISIPHBIH) MapKepHBIH ajliesib PacroyioXKeH Ha
XPOMOCOMHOM HHTEpBaje, B MPEANOYTUTEIbHOM BAapPHAHTE OCYIIECTBIEHHUS HACTOSLIETO
u3o0pereHusi — Ha Xpomocome 9, coxepkamiedi U (QIAHKUPOBAHHON (MOJIEKYJISIPHBIMU)
MapkepHbiMu  ajutensMu ma61070s01 u ma30168s02, B mnpeanoOYTUTENBPHOM BapUaHTE
OCYLIECTBJIEHUs] HACTOSIIIErO HM300peTeHuss — MapkepHbIMH amensmMu maS0827s01 wu
mal6983s02, B Gosee nMpennoYTUTEIHHOM BapUAHTE OCYLIECTBICHHS HACTOSIIEro N300peTeHus
— MapkepHbiMH ajutesiMu mal7117s01 u ma61125s01; (b) ckpemmBanue ynoMsiHyTOTO TIEPBOTO
pacTeHusi CO BTOPbIM pacTeHHEM, TaKUM KaK BTOPO€ pacTeHue, He HUMeEIollee YIOMSIHYTOro
(MONIEKyNIIPHOTO) MapKepHOro ajielnisi, (C) BbBIOOP TOTOMCTBA PACTEHUMN, HUMEIOIIEro
YIOMSIHYTBIH (MOJIEKYJIIPHBINA) MapKepHbIH ajuienb, u, Heobs3arenbHo (d) cOOp yHOMSHYTOM
4aCTU PacTeHUsl OT YIIOMSIHyTOI'O MOTOMCTBA.

B onmHOM acmekTe, HacTtosiiee H300pETEHHE OTHOCHTCS K CIIOCOOY MOJIYYEHHS WIIH
reHepUpPOBaHUs, WIM MPOAYLUPOBAHMs PACTEHMsI WJIM YacTHU PAacTEHUs, TAKOTO Kak pacTeHue
KYKYPYy3bl WJIHM COPro, WM CaxapHbli TPOCTHUK, WMJHM YaCcTH PAaCTEHUs, coiep:kamemy (a)
MPEeIOKEHNE IEPBOrO PACTEHMs, UMEIOIEr0 MyTUpOBaHHbIN reH F35H, unu nepeoro pacrenus,
B koTopoM skcnpeccuss mPHK w/nnu 6enka rena F35H n3meneHa, kak OMHUCAaHO B APYTrOM MeECTe
HAaCTOSILIEro JOKYMEHTa, B MPEANOYTUTENLHOM BapHaHTE OCYLIECTBJIEHUS HACTOSLIEro
n300peTeHNs — yMeHbIIeHa WiH (IO CYIIECTBY) SMMMHHUPOBAHA, WIIA OTCYTCTBYET, KaK OMHCAHO
B JIPYrOM MeCT€ HACTOSIIEro MAOKYMEHTAa, HeoOsS3aTeNbHO, TPU 3TOM, VIIOMSHYTBIHA

MyTUpOBaHHBIM reH F35H pacnonokeH Ha XpOMOCOMHOM HHTEpBaje, B INPEANOYTUTEIBHOM
86



BapUAaHTE OCYIIECTBJICHHUS HACTOSINEro M300peTeHHs — Ha XpoMocoMe 9, copepkamed u
(bmaHKUpOBaHHOW (MOJIEKYJSIPHBIMH) MapkepHbIMH ayutelsiMa ma61070s01 u ma30168s02, B
NPEANOYTUTEIbHOM BapUAHTE OCYIIECTBJICHUS HACTOSINErO H300peTeHHss — MAapKEPHBIMH
annenssmu maS0827s01 n mal6983s02, B Oosee MPEANOUTUTENIBHOM BapUAHTE OCYIECTBIICHHS
HACTOSIIIEro u3o0pereHus: — MapkepHbIMH autensmMu mal7117s01 u ma61125s01, (b)
CKpeIlUBaHHE YMOMSHYTOTO IEPBOrO PAcCTeHMs] CO BTOPBIM pAcTEeHHEM, TaKUM Kak BTOpOE
pacTeHne, He HMeINee yNoMsSHyToro MyrupoBaHHoro reHa F35H, (c¢) BeiOop moromcTBa
pacTeHHi, MMEIOIero ynoMsiHyThIli MyTupoBaHHbI reH F35H, u neoOs3arenbHo (d) cOop
YIOMSIHYyTOM 4acCTH PaCTeHUsl OT YIIOMSIHYTOIO IOTOMCTBA.

B onpeneneHHbIX BapmaHTax OCYLIECTBIEHMs HacTosiuero usodperenus, amienab QTL,
MapKkepHbIi aniens w/wnu mytaius F35H B mepBoM pacTeHUH MPUCYTCTBYET B FOMO3UTOTHOM
COCTOSIHMU. B ompeneneHHbIX BapHUaHTax OCYLIECTBJICHUsS] HACTOSINEr0 M300pEeTeHUs, ajuieNlb
QTL, wmapkepubiii amnens w/wuim wmytamuss F35H B mepBOoM pacTeHUM NpPUCYTCTBYET B
reTepO3UrOTHOM COCTOSIHMM. B onpeneneHHbIX BapHaHTaX OCYIIECTBJIEHUS HACTOSLIETO
n3oOperenus, amtens QTL, mapkepnbiii amens w/unu myrauus F35H Bo BTOpoMm pacreHunu
IPUCYTCTBYET B TE€TEPO3UTOTHOM COCTOSIHMM. B OIpeneneHHbIX BapuaHTax OCYLIECTBJICHUS
Hacrosero usooperenus, amiens QTL, mapkepHsiii aymtens w/wn myrauus F35H Bo Bropom
PACTEeHUU HE IPUCYTCTBYET.

B ompeneneHHbIX BapHaHTaxX OCYLIECTBJCHHMsS HACTOSINErO H300peTeHus, BbIOPAHO
NOTOMCTBO, y KoToporo amtenb QTL, wmapkepHblii amnens w/wim mytupoBanHbii F3S5H
IPUCYTCTBYET B TOMO3UTOTHOM COCTOSIHMM. B oOmpeneneHHbIX BapuaHTaX OCYLIECTBJICHUS
HACTOSIIIEr0 M300peTeH ], BHIOPAHO MOTOMCTBO, Y kKoToporo amienb QTL, MapkepHbIi aienb
u/vnu MmytupoBaHHbIi F35H npucyTcTByeT B reTepO3UroTHOM COCTOSTHHH.

B omnpeneneHHbIX BapuaHTAaX OCYIIECTBIEHHsI HACTOSINETO W300pETeHHs, pPacTeHUE
NpEeACTaBIsieT COOOH KyKypy3y, WIIM YaCTh PACTEHUS] TPOUCXOIUT U3 KYKYPY3bl.

B omnpeneneHHbIX BapuaHTAaX OCYIIECTBIEHHs HACTOSINETO W300pETeHHs, pPacTeHHE
NpeACTaBisieT COOOH COPro, WK YacTh PACTEHHUS IPOUCXOAUT U3 COPro.

B omnpeneneHHbIX BapuaHTAaX OCYIIECTBIEHHsS HACTOSIIETO H300PETEHHs, PACTEHHE
npeacTasisier coOOH caxapHbI TPOCTHHK, WJIM YaCThb PACTEHUS MPOUCXOIUT U3 CaXapHOTO
TPOCTHHKA.

B ompeneneHHBIX BapHaHTax OCYLIECTBICHHsS HACTOSALIETO M300pPETEHUs], CIIOCOOBI
MOJIy4EeHUs] PACTEHUIN WJIM YacTed PAaCTEHUM, KaK OMHCAHO B HACTOSIIEM JOKYMEHTE, COrJIaCHO
HACTOSIIEMY H300PETEHHIO, TaKHe KaK CIIOCOOBI MONYyYeHHsI PACTEHHH HMIIM 4YacTeld PacTEeHUH,
o0JamarIuX yIyUIIeHHONH NepeBapuBAEMOCTBIO, BKIIOUAIOT WJIM COZEPKAT TPAHCTEHe3 H/HIN

pEeNaKTHPOBAaHHE T'EHOB, W/WIM pPENAKTUPOBAHME OCHOBAHUM, HANpHMEP, BKIOYAOINE
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CRISPR/Cas, TALEN, ZFN, meranykieasbl, (HHIYLUPOBAHHBIN) MyTareHe3, KOTOPBI MOKET
WIA HE MOXeT ObIThb cly4aliHbIM MyTtareHe3oMm, TakuM kak TILLING. B omnpeneneHHbIX
BAPUAHTAX OCYIIECTBJICHUS HACTOSAIIEr0 H300pETeHHs], CHOCOOBI TONYYeHHs PACTEeHUH WU
yacTell pacTeHUH, KaKk OMHMCAHO B HACTOSIIEM JIOKYMEHTE, COTJIACHO HACTOSIIEMY H300PETEHHIO,
TaKye KakK CIOoCOOBI IMOJIYYEHUs] PACTEHUH WJIM YacTed pacTeHHiH, OoONaaroIuX YIy4IIeHHON
NepeBapUBaEMOCTBIO, BKIIKOYAIOT WK conepkar npumenenne PHKi, xotopas MoxeTr wiu He
MOXKET OCYLIECTBJIATHCS, COAEP)KAaTb HIJIM BKJIIOUAThb INpPUMEHEHHe TpaHCreHoB. Hampuwmep,
NPUMEHEHHE HEeTPAHCT€HOB MOJKET BKJIIOYaTh HaHeceHHe komnoHeHTOB PHKi, Takux kak
nsyxuernodeunble siPHK, Ha pacTeHust mim moBepxXHOCTH PACTEHMI, HAIIPUMEpP, B BHIE CIpes.
CrabunbHas HHTErpaLus B F€HOM PacTeHUs He TpeOyeTcs.

B ompeneneHHbIX BapMaHTax OCYLIECTBIEHHMsS HACTOSALIET0 M300pETEHUs, CIIOCOObI
MOJIyYeHHUs] PACTEHUIN WJIM 4acTe pacTeHMi, KaK OMHMCAHO B HACTOSIIEM JOKYMEHTE, COIJIaCHO
HACTOSAIIEMY M300pPETEeHHIO, TaKue Kak CIOCOOBI MOJIYYeHUs] PACTEHUI WM 4acTed pacTeHHH,
o0NafaroIuX yIy4LIeHHOW MepeBapuBaeMOCThIO, HE BKIIFOUAIOT WJIM HE COIEpIKaT TPAaHCTEHEs,
peoakTHpOBaHHUE I€HOB, PEJAKTUPOBAHNE OCHOBAHUI W/UITN MyTareHes.

B ompeneneHHbIX BapHaHTaX OCYLIECTBJICHUs HACTOSINEro H300peTeHHs, CHoCOObI
MOJIyYEHHUs] PACTEHUHN WJIM 4acTe pacTeHMH, KaK ONMHUCAHO B HACTOALIEM JOKYMEHTE, COTJacHO
HACTOSIIEMY H300PETEHHIO, TaKHe KaK CIIOCOOBI MOJyYeHHsI PACTEHH HIJIM 4YacTel pPacTEeHUH,
o0JamaoIuX yJIyULIIEeHHOH NepeBapuBAEMOCTBIO, BKJIIOYAIOT, COAEPIKAT WM COCTOST W3
CeJIEKIIMM U BBIOOPA.

B ompeneneHHbIX BapHaHTax OCYILIECTBICHHsS HACTOSLIET0 H300pETEHHs, CHOCOOBI
MOJIy4E€HUs] PACTEHUI WJIM YacTeld pacTEeHUM, KaK OMHCAHO B HACTOSINEM IOKYMEHTE, COTJIACHO
HACTOSIIEMY H300PETEHHIO, TaKHe KaK CIIOCOOBI MOJyYeHHsI PACTEHHH HJIM 4YacTel pPacTEeHUH,
o0JamaoIuX yIyYIIeHHOH MepeBapruBaeMOCTbIO, HE BKJIFOYAIOT, HE COIAEPKAT WM HE COCTOSIT
U3 CeJIeKIIUU 1 BBIOOPA.

B oxnOM acriekTe, HacTosmee N300peTeHNe OTHOCHTCS K PACTEHHIO WJIH YaCTH PACTEHUS,
MOJIY4eHHOW WJIM TOJIy4aeMoil croco0amMHu MO HACTOSIIEMY H300pPETeHHI0, KaK OIHCAHO B
HACTOSIIIIEM JIOKYMEHTE, TAKMMHU KaK CIOCOOBI MOJIyYeHUs] PACTEHMH WM 4YacTed PacTeHHH,
o0JamarImuX yay4dIeHHOH nepeBapuBaeMOCTHIO.

B omnpeneneHHBIX BapuaHTaX OCYINECTBJIEHHUS HACTOsero m3oOpereHusi, ren F35H
JUKOTO THUIIA WJIK HeMyTHpOBaHHbIN red F35H copepxut

(1) HYKJIEOTH/IHYIO  MOCJIEI0BaTEIbHOCTh, COJAEPIKALIYI0  IOCJIEA0BATENbHOCTb,
npencrasnennyio B SEQ ID NO: 1, 4 umm 7,

()  HYKIEOTHAHYIO TMoOcCienoBaTenbHOCTh, uUMeromyr c/JIHK, wmm xommpyromyro

MOCJIEeI0BATENbHOCTD, npeacTasiieHHy0 B SEQ ID NO: 2, 5 unu §;
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(1ii)  HYKJICOTHIHYIO TMOCIENOBATENIbHOCTh, KOJUPYIOIIYH) MOJHUMENTH], HMEIOIUN
AMUHOKHCJIOTHYIO TIOCNIEIOBATENBHOCTD, npeacTaBieHHy0 B SEQ ID NO: 3, 6 unu 9;

(iv)  HYKIEOTHAHYIO TIOCJIENOBATENbHOCTh, HMEIOINYI, IO MeHbleil mepe, 60%
UAEHTUYHOCTh C TMOCJIEN0BaTENbHOCThIO, npeactasieHHo B SEQ ID NO: 1, 2, 4, 5, 7 wnu §;
Harpumep, no MeHplei mepe, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%, 96%, 97%,
98%, 99% uu OOJNBLIYIO0 UAEHTUIHOCTD MMOCIEIOBATEIbHOCTEH, B IPEANIOYTHTEILHOM BapUaHTe
OCYIIECTBJICHUS] HACTOSIIIEro M300peTeHus, IO MeHblmed Mepe, 85% UIOEHTHYHOCTH
NOCIIeIOBATEIbHOCTEH, B OoOJiee NMPEANOYTUTENIbHOM BapUaHTE OCYLIECTBICHUS HACTOSIIETO
n3o0peTeHus, o MeHbliel mepe, 90% HIEHTUYHOCTD MOCIEAOBATEIPHOCTEH UITH, TI0O MEHBIIEH
Mepe, 95% UIEeHTUYHOCTD MOCJEeI0BATENbHOCTEN;

(v) HYKJIEOTUJIHYIO MOCJIEOBATEIbHOCTb, KOAUPYIOIIYIO MOJUIENTH, UMEIOLIUH, 1O
MeHblIel Mepe, 60% UAEHTUYHOCTD C MOCIEN0BATENbHOCTBIO, NpeacTasneHHol B SEQ ID NO:
3, 6 unu 9; HampuMep, o MeHblIeil Mepe, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%,
96%, 97%, 98%, 99% wnu OOJBLUIYHO HMOSGHTUYHOCTh TMOCJIENOBATENbHOCTEH, B
NPEANOYTUTEIbHOM BapHaHTE OCYIIECTBJIEHUS] HACTOSIIEr0 M300pPETeHus, MO0 MEHbIIel Mepe,
85% WAEHTUYHOCTb TMOCIENOBATEJIbHOCTEH, B 0Ojiee MPEANOYTHUTEPHOM  BapHUaHTE
OCYLIECTBJIEHHUs] HACTOSIEro u300peTeHus, o MeHbwedl wmepe, 90% HMISHTUYHOCTH
MOCJIeZIOBATEIbHOCTEHN WK, TIO MeHbIIel Mepe, 95% UAeHTUYHOCTD NOCIeI0BATENbHOCTEH;

(vi)  HYKJICOTHIHYIO TMOCJIE€NOBATEIbHOCTh, THOPUAMZHPYIOIIYIOCS C OOpaTHBIM
KOMIUIEMEHTOM HYKJICOTHIHOW MOCJIEA0BATEIbHOCTH, KaK OmpeneseHo B myHkrax (i), (i) wmm
(ii1), B )K€CTKUX YCJIOBHSAX THOPUIU3ALIUI; U

(vil) HYKICOTHIHYIO TMOCJIENOBATEIbHOCTb, KOIUPYIOLIYIO O€NOK, TMOJy4YeHHBIH U3
AMUHOKHCJIOTHOM TOCJIEIOBATEIbHOCTH, KOAUPYEMON HYKJICOTHIHON MOCEIOBATENBHOCTHIO TI0
nr0O0My U3 yHKTOB (1)-(Vi) yTeM 3aMelleHus, el 1/ i 100aBjIeH s, 0 MEeHbIIEH Mepe,
OJHON aMUHOKHUCJIOTBHI.

B omnpeneneHHbIX BapuaHTaX OCYIIECTBJIEHHUS HACTOsIero wu3oOpereHusi, ren F35H
JUKOTO THUIIA WK HeMyTUpoBaHHblA reH F35H conepsxur

(1) HYKJIEOTHHYIO  TOCIENI0BaTEIbHOCTh, COJAEPIKALIYI0  IOCJIEIOBATENbHOCTD,
npencrasiernyio B SEQ ID NO: 1, 4 wm 7,

()  HYKIEOTHAHYIO mocienoBaTenbHOCTh, uUMeromyr c¢/JAHK, wmm xomupyromyro
MOCJIEeIOBATENbHOCTD, npenacTtasieHHy0 B SEQ ID NO: 2, 5 unu 8,

(1)  HYKJICOTHIHYIO TMOCJIENOBATEIbHOCTh, KOJUPYIOIIYH) TOJUMENTH, HMEIOIUN
AMUHOKHCJIOTHYIO TIOCJIEOBATEbHOCTD, NpeacTasieHHyo B SEQ ID NO: 3, 6 wm 9;

B omnpeneneHHBIX BapuaHTaX OCYIIECTBJICHHUS HACTOsero m3oOpereHusi, ren F35H

JUKOTO THUIA WJIM HEMYTHpOBaHHbIN reH F35H copepxut
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(1) HYKJICOTHUIHYIO TIOCJIENOBATENbHOCTh, HMEIOINYI, M0 MeHbleil mepe, 60%
UAEHTUYHOCTh C TMOCJIEeN0BaTENbHOCThIO, npeactasieHHor B SEQ ID NO: 1, 2, 4, 5, 7 wnu §;
Harpumep, no Meblei mepe, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%, 96%, 97%,
98%, 99% uin OOJNBIIYIO0 UAEHTUYHOCTD MMOCIEAOBATEIbHOCTEH, B IPEANOYTHTEIbHOM BapUaHTe
OCYIIECTBJICHUS] HACTOSIIIEro M300peTeHus, IO MeHbmed Mepe, 85% HIOEHTHYHOCTH
NOCIIeIOBAaTEIbHOCTEH, B OoJiee NMPEANOYTUTENIbHOM BAapUAHTE OCYIIECTBICHUS HACTOSIIETO
n300peTeHus, Mo MeHblIe Mepe, 90% MASHTUIHOCTD MOCIEAOBATEIHOCTEH MM, IO MEHbIIEH
Mepe, 95% UIEeHTUYHOCTh MOCIEI0BATEIbHOCTEN; WK

(1)  HYKJIEOTHUAHYIO MOCIENOBATEIbHOCTh, KOAUPYIOIIYIO MOJUIENTH], UMEIOLIHH, 110
MeHbuIel Mepe, 60% UAEHTUYHOCTD C MOCIEN0BATENbHOCTBIO, npeacTasieHHol B SEQ ID NO:
3, 6 wu 9; Hanpumep, o MeHble Mepe, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%,
96%, 97%, 98%, 99% wmm OONBIIYIO HAEHTUYHOCTb TOCJIENOBATENIbHOCTEH, B
NPEANOYTUTEIbHOM BapHAHTE OCYILECTBJIEHUS] HACTOSIIEr0 M300pPETeHUs, MO0 MEHbIIelH Mepe,
85% WAEHTUYHOCTb TMOCIENOBATEIbHOCTEH, B OOJiee TMPEANOYTHTEHPHOM  BapHUaHTE
OCYLIECTBJIEHHs] HACTOSILEro Uu300peTeHus, 1o MeHbwedr wmepe, 90% HMISHTUYHOCTH
MOCJIeZIOBATEIbHOCTEH MK, TIO MeHbIIeH Mepe, 95% UAeHTUYHOCTD NOCIeI0BATEIbHOCTEH.

B onpeneneHHbIX BapuaHTaxX OCYIIECTBJIEHUS HacTosero uzobperenusi, reH F35H
JUKOTO THUIA UJIK HeMyTUpOBaHHbIN red F35H copepxut

(1) HYKJICOTHUHYIO TIOCJIENOBATEIbHOCTh, HMEIOINYI0, MO MeHblei mepe, 60%
UAEHTUYHOCTD C MOCIeA0BaTeNIbHOCTBIO, npeAcTaBiaeHHor B SEQ ID NO: 2, 5 wnu 8; Hanpumep,
o MeHbliei mepe, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%, 96%, 97%, 98%, 99%
wi  OONBIIYI0 HMOEHTUYHOCTh TOCJIENOBATEILHOCTEH, B MPEANOYTHTEIHPHOM BapUaHTE
OCYINECTBJICHUS] HACTOSIIIEr0o M300peTeHus, MO MeHbled Mepe, 85% UOEHTHYHOCTH
NOCJIeIOBATEIBHOCTEH, B OoJiee NPEANOYTUTEIbHOM BAapUAHTE OCYIIECTBIEHHS HACTOSIIEro
u300peTeHus, Mo MeHblne Mepe, 90% HIEHTUYHOCTh MOCIEAOBATEIPHOCTEN UITH, TI0 MEHBIIIEH
Mepe, 95% UIEHTUIHOCTh MOCIEeNI0BATEIbHOCTEHN;, I

()  HYKJIEOTHAHYIO MOCIENOBATEIBbHOCTh, KOAUPYIOIIYIO MOJUMENTH]], UIMEIOLIHH, 10
MeHbinel Mepe, 60% HUAEHTUYHOCTD C MOCAEA0BATENbHOCTRIO, TipenctasieHHo B SEQ ID NO:
3, 6 wu 9; Hanpumep, Mo MeHbIel Mepe, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%,
96%, 97%, 98%, 99% Wi OONBIIYIO HMAEHTUYHOCTb TOCJIEIOBATEIbHOCTEH, B
MPEINOYTUTEIFHOM BapHaHTE OCYIIECTBJICHHUS] HACTOSIIEro M300peTeHHs, MO0 MEHbIIeH mepe,
85% WHEHTUYHOCTh TMOCJENOBAaTebHOCTEH, B 0OOJiee NPEONOYTUTENIbHOM  BapUaHTe
OCYIIECTBJICHUS] HACTOSIIIEro u300peTeHus, MO MeHbmed Mepe, 90% UIEHTHYHOCTH

MOCJIeIOBATENbHOCTEN WIIH, TI0 MEHbIIEH Mepe, 95% MIEeHTUYHOCTh MOCIEA0BATEIbHOCTEN.

90



B omnpeneneHHBIX BapuaHTaX OCYIIECTBIIEHHUS HACTOsero m3oOpereHus, ren F35H
JUKOTO THUIIA WJIK HEeMyTUpOBaHHbIN red F35H copepxut

(1) HYKJICOTHJIHYKO  TOCJIEIOBATENbHOCTh, COJEPXKAIIYK  IOCJIEIOBATEIbHOCTD,
npencrasneHHyto B SEQ ID NO: 1, 4 wnu 7,

(1)  HYKIEOTHAHYIO mocienoBaTenbHOCTh, uMeromy c/IHK, umm kommpyromyro
MOCJIEeIOBATENbHOCTD, npeacTasieHHy0 B SEQ ID NO: 2, 5 unu 8§;

(1)  HYKJIEOTHIHYIO MOCJIENOBATENIbHOCTh, KOJUPYIOINYIO IOJHUIESNTH, HMEIOIUN
AMUHOKHCJIOTHYIO MOCJIEI0BATEbHOCTD, NpeacTasieHHyo B SEQ ID NO: 3, 6 wu 9;

(iv)  HYKIEOTHAHYIO TOCJIENOBAaTENbHOCTh, WMEIOINYI0, IO MeHbleil mepe, 60%
UAEHTUYHOCTb C TMOCJEN0BATENbHOCTBIO, npencTtasieHHo B SEQ ID NO: 1, 2, 4, 5, 7 unu 8,
unu SEQ ID NO: 2, 5 unu 8; Hanpumep, no meHblieit mepe, 65%, 70%, 75%, 80%, 85%, 90%,
92%, 94%, 95%, 96%, 97%, 98%, 99% wuu CONBIIYIO UAEHTUYHOCTh MOCIEOBATEIbHOCTEH, B
NPEANOYTUTEIbHOM BapHAHTE OCYILECTBJIEHUS] HACTOSIIEr0 M300pPETeHUs, MO0 MEHbIIelH Mepe,
85% WAEHTUYHOCTb TMOCHENOBATEJIbHOCTEH, B 0Ojiee TMPEANOYTHTEPHOM  BapHUaHTE
OCYLIECTBJIEHHUs] HACTOSIIEr0 HW300peTeHws, Mo MeHblieir wmepe, 90% WAEHTHYHOCTH
MOCJIeZIOBATEIbHOCTEH WK, TIO MeHbIIeH Mepe, 95% UAeHTUYHOCTD NOCIeI0BATEIbHOCTEH;

(V) HYKJIEOTUJIHYIO MOCJIEN0BATEIbHOCTb, KOAUPYIOMIYIO MOJUINENTH, UMEIOLINM, 1O
MeHbIeil Mepe, 60% HASHTUYHOCTD C TOCIEeN0BaTeNIbHOCTRIO, npeacTasieHHol B SEQ ID NO:
3, 6 wu 9; HanpuMmep, MO MeHbIel Mepe, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%,
96%, 97%, 98%, 99% wiu OONBIIYKO HAEHTUYHOCTb TOCJIEIOBATEIbHOCTEH, B
MPEINOYTUTEIPHOM BapHaHTE OCYIIECTBJICHHUS HACTOSIIEr0 M300peTeHUs, 10 MEHBIIEeH Mepe,
85% WIEHTUYHOCTh TMOCJIENOBATENILHOCTEHW, B 0OJiee MPENNOYTUTEIHHOM  BapUAHTE
OCYINECTBJICHUS] HACTOSIIIEro W300peTeHus, MO MeHbmed Mepe, 90% UOSHTHYHOCTH
MOCJIeIOBATEIbHOCTEN WIIH, TI0 MEeHbIIEeH Mepe, 95% MIeHTUYHOCTh MOCIEA0BATEIbHOCTEN;

B omnpeneneHHbIX BapuaHTaX OCYIIECTBJIEHHS HACTOsero uzoOpereHus, red F35H
JUKOTO THUIIA WK HeMyTHpOBaHHbIN red F35H copepxut

(1) HYKJICOTHIHYIO TIOCJIENOBATEIbHOCTh, THOPUAM3UPYIOMIYIOCS ¢  OOpaTHBIM
KOMIUIEMEHTOM HYKJIEOTUAHOW mociienoBaTeabHOCTH, npenacrasieHHo B SEQ ID NO: 1, 4 unnm
7, umu B SEQ ID NO: 2, 5, wu 8, B 5KeCTKHUX YCIOBUSIX THOPUAM3AIIH.

B omnpeneneHHBIX BapuaHTaX OCYIIECTBJICHHUS HACTOsero m3oOpereHusi, ren F35H
JUKOTO THUIIA WJIK HeMyTHpOBaHHbIN red F35H copepxut

(1) HYKJICOTUAHYIO TOCIENOBATEIbHOCTh, KOOUPYIOINYI0 O€JOK, TOJYyYEHHBIH W3
MOJIMMENTHAA, KOAUPYEMOTO HYKJIEOTUIHON MOCIEA0BATEIbHOCTHRIO, peacTasieHHon B SEQ ID
NO: 1, 4 wiu 7, wnu 8 SEQ ID NO: 2, 5 um 8, nyTem 3aMelieHus, IeIeluy /Ui J00aBIeHuUs,

10 MEHBLIEN Mepe, OAHOW AMHUHOKHUCIIOTBL.
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Crnenpanucty B 1aHHOW 0OacTu TEXHUKH OyzaeT sicHO, 4To mpoaykT reHa F35H nukoro
THUTIA WIN TIPOAYKT HeMyTHpoBaHHOTO reHa F35H sBnsieTcs QyHKIMOHANBHBIM MPOAYKTOM I'€Ha,
oOnamaromuM (GpepMEeHTAaTUBHONH aKTHBHOCTBIO, KaK OMpPENENIEHO B JPYrOM MECTE HACTOSIIETO
nokymenrta. Crienuanucty B JaHHOH OOJACTH TEXHMKH TaKke OyAeT sICHO, YTO BapHUaHTHI
MOCJIeI0BATENbHOCTEN, Onucanuble Bbie A F35H nukoro tuma, He BKIIIOYAIOT CABUI PaAMKH
CUUTBIBAHUS U HOHCEHC-MYTAaLlUH.

B konTekcTe HacrosAwmero aokymeHrta, MytuposaHHbli F35H wnu myramms B F35H
MOJKET COAEPKaTh WIJIM MOXKET OTHOCHTBCS K odomy tuny myrauuu F35H. B onpeneneHHbIx
BAapPUAHTAaX OCYIIECTBJICHUS HACTOSIIEr0 M300pETEeHUs, MyTalusl HU3MEHsET 3KCIPEecCHro Oenka
F35H mukoro tuna wiu HatuHoro Oenmka F35H w/umm mPHK. B ompeneneHHbIX BapuaHTax
OCYLIECTBJIEHUs] HACTOSILIEr0 HM300peTeHMs, MYTalus YMEHbIIAET WM SJIMMHUHUPYET
skcnpeccrto 6enka F35H (nukoro tuma unu HatusHoro) w/wmm mPHK, kak onmcano B npyrom
MeCTe HACTOSILIEro JOKyMeHTa. MyTaluu MOTYT OKa3bIBaTh BJIMSIHME HA TPAHCKPHIILUIO W/WIN
TpaHCIALUIO. MyTauuu MOTYT HPOMCXOAUTb B OJK30HAX WM HMHTpOHAX. MyTtauum MOryT
MIPOUCXOJUTh B PETYJSTOPHBIX 3JIEMEHTAX, TAKUX KaK IIPOMOTOPBI, 3HXAHCEPbI, TEPMHUHATOPEI,
UHCYJSATOPl M Tak  jgajgee. Myrauum  MOIyT  NPOUCXOAMTh B KOJAUPYHOLIUX
MOCJIEAOBATEIBHOCTAX. MyTauuu MOTYyT IPOUCXOAUTD B CAaliTaxX CUTHAJA CIUIACUHIA, TAKUX KaK
CaiThl TOHOpA CIUIAHCHHIAa WM aKLENTopa CIutaiciHra. MyTaluu MOTYT NPEACTaBJIsITh COOOi
MYTaIlH CIBUra PAMKH CUHUTBIBAHUS. MyTalUK MOTYT MPENCTABJIATh COOOH HOHCEHC-MyTAllHH.
MyTanuu MOTYT MPEnCTaBNIsATh COOOW MHCEPLUIO I JAEJCLHIO, IO MEHbIIeH Mepe, OJHOro
HYKJIEOTHAa. MyTaluu MOTYT MPENCTABIISATh COOOH HEKOHCEPBATUBHBIE MyTaLUH (TIPH KOTOPBIX,
N0 MEHbIIEH Mepe, OJHA aMMHOKHCJIOTa JUKOrO THMNA 3aME€HEeHa, IO MEHbIIeH Mepe, OAHOU
AMHUHOKUCJIOTOH HE JAMKOro Tuma). MyTauuu MOTYT OKa3blBaTh BIIMSHUE WJIH HW3MEHSTh
¢yukuunto Oenka F35H, nanpumep, pepMeHTATHBHYIO aKTUBHOCTb. MyTallui MOTYT YMEHbIIATh
wii (10 CyIIECTBY) 3JUMHHHPOBaTh (pyHKImo Oenka F35H, nHampumep, (epMeHTaTHBHYIO
AKTUBHOCTb. YMEHBIICHHAs! (PYHKIMS, Takass KaK YMEHbLICHHAs (DepPMEHTaTUBHAs aKTUBHOCTD,
MOXXET OTHOCHUTBCS K YMEHBIIEHHMIO, INpPUMEpPHO, IO MeHbiied Mepe, Ha 10%, B
NPEANOYTUTEIbHOM BapHAHTE OCYIIECTBJICHUS] HACTOSIIEr0 M300peTeHNs — M0 MEHbLIEH Mepe,
Ha 30%, B OoJiee MPEANOUTHTEIHPHOM BapUAHTE OCYIIECTBJICHUSI HACTOSIIETO H300PETeHUsT — TI0
MeHbIe mepe, Ha 50%, Hanpumep, o meHbined mepe, Ha 20%, 40%, 60%, 80% wiu Oonee,
HanpumMep, o MeHblel Mepe, Ha 85%, no MeHblIel Mepe, Ha 90%, o MeHbIel Mepe, Ha 95%
wim Oonee. (Ilo cymecTBy) »nIMMUHUpOBaHHas (QYHKLUMS, Takas Kak (IO CYIIECTBY)
SNMMUHUPOBaHHAs (PEPMEHTaTHBHAs AKTHMBHOCTb, MOJXET OTHOCHUTBCS K YMEHBIIEHHIO, IO
MeHbuleil Mepe, Ha 80%, B MpeANOYTUTEIBHOM BapUAHTE OCYLIECTBJIEHHUS HACTOSILEro

u3o0pereHust — mo MeHbliedd wmepe, Ha 90%, B Ooyiee NPEANOYTUTENILHOM BapHAHTE
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OCYILIECTBIIEHHUs] HACTOSLIET0 M300peTeHHs — MO MeHblIed Mmepe, Ha 95%. Myrtauuu Moryt
NPEACTaBIATh COOOM AOMHHAHTHBIE OTPULIATENbHBIE MyTallMH. B ompeneneHHBIX BapHaHTaX
OCYILIECTBIIEHHs] HACTOSIIIETO M300PETEeHNs, MyTallil OLIEHUBAKOTCS OTHOCHTENbHO HMHOPEIHOMN
nuHuU Kykypy3sl PH207, kak onpeneneHo B APyroM MeCTe HACTOSLIEro JOKYMEHTA.

B onpeneneHHbIX BapuaHTaxX OCYLIECTBJICHUS HACTOALIEro u3o0perenus, myranusi F35H
npeacTaBisier coOOH MHCEPILHIO, MO0 MEHbLIEH Mepe, OAHOTO HYKJIEOTHIAa B KOIUPYIOIIYIO
NOCIIEIOBATEIbHOCTh. B OnpeneneHHbIX BApHAHTaxX OCYLIECTBIIEHHUS] HACTOALIETO N300pEeTeHHs,
mytauus F35H mnpencrasmsier coOoil HOHCEHC-MyTaumioo. B ompeneneHHbIX BapHaHTax
OCYLIECTBIIEHUs] Hacrosimero wusooOpereHus, wmyrtauus F35H mnpuBogur k U3MEHEHHOMH
skcnpeccun reHa F35H. B onpeneneHHelx BapuaHTax OCYLIECTBJIEHUs HACTOSALIErO
n3o0perenus, myrauus F35H npusBogur k Hokayty reHa F35H wmu nHoxmayny mPHK w/mnum
6enka F35H. B onpeneneHHbIX BapUaHTaX OCYIIECTBJICHHS HACTOSILEr0 M300pEeTeHH s, MyTaLus
OPUBOAUT K CABUTY paMKU CUMTBIBAHUS Koaupymrouen nocneaosarenbHoctu F35H. B
OTIPENeNICHHbIX BapUAaHTaX OCYLIECTBJICHUS] HACTOSIIEro HM300peTeHHs, MyTalus MPUBOIUT K
U3MEHEHHO mocyenoBareabHOCTH Oeska, koaupyemoii reaom F35H.

B omnpeneneHHbIX BapuaHTax OCYIIECTBIIEHHs HACTOsIIEro u3ooperenus, myrauus F35H
IpeACTaBIsieT COOOH MHCEPLMIO, B MPEANOYTHTENIFHOM BapUaHTE OCYIIECTBIICHUS HACTOSIIErO
n300peTeHust — B 3K30H, B TPENNOYTUTEIBHOM BApUAHTE OCYLIECTBJIEHHS HACTOSIIErO
u300peTeHns] — WHCEePLUIO B TEPBBbIH 3K30H, MO MEHbINEH Mepe, OJHOTO HYKJIEOTHIA, B
NPEANOYTUTEIBHOM BapUaHTE OCYIIECTBJICHUS HACTOSINEro M300pEeTeHUs] — MHCEPLUIO CABHUra
pPaMKH CUUTBIBAHUS. B onpeneneHHbIX BapHaHTaX OCYIIECTBJICHHs HACTOSINErO M300pEeTeHus,
UHCcepuusl BKIOYaeT 187 HykneoTunoB uiu, npuMepHoO, 187 HykieoTuaos. B onpeneneHHbIX
BApPMAHTAX OCYLIECTBJEHHsS HACTOSILIEr0 HM300pETEeHUs, WHCEPLUMS HAXOIUTCS MEXKAY
nosnoxeHussMu 97 u 98 rena F35H, nmpeactaBieHHOro HyKJI€OTUIHON MOCIEAOBATENBHOCTBIO,
npeacrasiaenHoii B SEQ ID NO: 1. Cneunanuct B JaHHOH OOJIACTH TEXHUKU MOKET OMPEIeSTUTh
COOTBETCTBYIOLIlEE NOJIOKEHUE B roMoJiorax unu oprosiorax F35H. B onpenenennbix Bapuanrax
OCYLIECTBIIEHHS] HACTOSIIETO N300PETeHUs1, HHCEPLHS CONEPIKUT M COCTOUT U3 HYKJICOTUAHON
nocnefosarenbHocTy, npencrtasieHHo B SEQ ID NO: 10. B HexkoTOprIx BapHaHTax
OCYLIECTBIIEHHs HACTOALIETO N300peTeHus], MyTupoBaHHbIi reH F35H conep kUt HyKIICOTHAHYIO
NoCNe0BaTeNbHOCTh, npeactasieHHyr0o B SEQ ID NO: 11. B anpTepHaTHBHOM BapuaHTe
OCYILIECTBIIEHHUs] HACTOSALIET0 H300pETEeHUs, MyTalusl TNPEACTaBiIsAeT COOOH 3aMelleHue, B
NPEANOYTUTENbHOM BapUAHTE OCYLIECTBJIEHHsS] HACTOSINEro HM300pEeTeHHs — 3aMelleHHe, 0
MEHBIIIeH Mepe, OAHOW HYKJIEMHOBOH KHCJIOTBI, MPUBOAsIIEe K OOMEHy, N0 MEHbIIeH Mepe,
OJHOW AMMHOKMCJIOTBL, WM MNPUBOAALIEE K NPEBPAILCHUI) KOAUPYIOLIEr0 aMHHOKHCIOTY

KOaOHa B CTOII-KOJOH. B MNPEANIOUTUTEIIbHBIX BapHaHTaX OCYLICCTBIICHUA HACTOALICTO
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n300pereHusi, MyTUpoBaHHBIH TeH F35H comepXUT HYKICOTHOHYIO TOCIENOBATEIBHOCTD,
KOJUPYIOIIYIO OJHY W3 aMUHOKHCJIOTHBIX IOCIENOBATEIbHOCTEH, BBIOPAHHBIX W3 TPYIIIHI,
cocrosment u3 SEQ ID NO: 20, 22, 24, 26, 28, 30, 32, 34, 36, 38 unu 40. Takast HyKJI€OTHIHAS
MOCJIEAOBATEIFHOCTh MOXKET ObITh BhIOpaHa u3 rpymmsl, coctosimei u3 SEQ ID NO: 19, 21, 23,
25, 27, 29, 31, 33, 35, 37 umu 39. bonee nmoapoOHyo HHYOPMAIHMIO O MOCIEAOBATEIPHOCTH
MO>KHO Haitu B Tabnune 3.

Oxcnpeccuss mPHK n/unn 6enxa F35H Mosker ObITh yMeHbIIEHA WM 3JIMMHHHUPOBAHA
IOCPENCTBOM MyTaluu camoro reHa F35H (Bxmouass KOmupyromiuii, HEKOTUPYIOIIUH U
perynsaTopHslii 31eMeHT). CriocoObl BBEIEHUT MyTaLlMil ONUCAHbI B APYTOM MECTE HACTOSINEro
JIOKyMeHTa. B anbpTepHaTHUBHOM BapHaHTE OCYINECTBJIEHUS HACTOALIEr0 M300peTeHus,
skcnpeccust mPHK w/mnu Genka F35H Moker ObITh yMeHbIIEHAa WM 3JIMMHUHHUPOBAHA
NOCPENCTBOM (B YAaCTHOCTH) BMEIIATENBLCTBA B TPAHCKPUIILMIO W/UJIM TPAHCISALUIO, HapUMeEp,
IUIS1 IOHVDKEHHST WUTH SJIMMUHUPOBAHMS TpaHCKpunmu win tpaHcsiuu mPHK w/unu Genka. B
aNbTEPHATUBHOM BapHWaHTE OCYINECTBJIEHHS Hacrosiimero usobOperenus, skcmpeccuss mPHK
w/mmn 6enka F35H mosker ObITh yMeHbIIEHA WIN 3JIMMUHHPOBAHA MOCPEACTBOM (B YAaCTHOCTH)
BMemarenbctBa B crabunpHocTh MPHK  w/mnmm  Genka, Hanpumep, Ui YMEHbLICHUS
crabunprocTy MPHK w/mmn Genka. Hanpumep, mPHK (cTtabmnbHOCTB) MOXKET OBITh yMEHbIIEHA
nocpenctBom PHKi, kak ommcaHo B apyrom mecte Hactosuiero nokymenra. Takxke miPHK
MOJKHO HCIOJIb30BaTh 1uisi okazaHusi BiusiHus Ha MPHK (crabunbHocTh). B ompeneneHHbIx
BAPMAHTAX OCYIIECTBJCHUS HACTOSALIEr0 HW300peTeHHs, yMeHbIneHHast skcrpeccusi F35H,
KOTOpasi JOCTHIraeTcsi MocpencTBoM ymeHblieHus crabmibHoctd MPHK wnm Oenka, Takske
OXBAaTBbIBAETCS TEPMUHOM  «MyTupoBaHHbI» F35H. B omnpepeneHHbIX — BapuaHTax
OCYLIECTBJIEHHs] HACTOSIIIEro u300peTeHus, yMeHblneHHas skcnpeccuss F35H, kotopas
JIOCTUTAETCsI TIOCPEACTBOM yMeHbleHust cradmipHocT MPHK mimm Genka, He OXBaThIBaeTCs
TEPMHUHOM «MYTUpPOBaHHbII» F35H.

B omnpeneneHHbIX ~ BapHaHTaX ~ OCYINECTBJICHHS  HACTOSLIErO  M300peTeHHs,
(MOJNIeKyJIsAApHBIE)  MapKepHbIE  aJJIeNd, KOTOpPble  aCCOIMHMPOBAHBI  C  YJIYYLICHHOH
NepPEeBapHUBAEMOCTbIO, KaK OIMCAHO B HACTOSINEM JOKYMEHTE, OMNPEAeNsIoTCs CIeAyHOLIUM
obpazom:

ma61134xxx mpencrasiseT coOOM MHCEPLUHMIO, IO MEHbLIEH Mepe, OJHOTO HYKIEOTHAA
Mexny nojioskenusamu 134254381 u 134254382 xpomocomsl 9, otHOcseics k auaun PH207, B
NPEANOYTUTEIbHOM BapHAaHTE OCYIIECTBJICHHS HACTOSIIEro H300pETeHHsT — WHCEPLHIO,
npencrasiennyio B SEQ ID NO: 12; u/unmn

ma61070s01 mpencraBisier coboli  omHOHYKJIEOTHAHBINH mnomumopdmm  (SNP) B

nosoxeHnn 121588825 xpomocoMsl 9, oTtHocsmelcs k tuanu PH207, npu 5TOM, yIOMSIHYTBIN
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HYKJIEOTU TpeacTaBisier coboil A muinm T, B NpeanouYTHTEIHbHOM BapHAHTE OCYILIECTBIICHHS
HACTOSIIEro M300peTeHus — OAHOHYKJICOTHAHBIN mnojuMopdusm (SNP), mpencraBineHHbIH B
SEQ ID NO: 13; w/vnu

ma30168s02 mpencraBisier cobol  oxHOHYKJIEOTHAHBIN mnomumopdmsm  (SNP) B
nosoxeHun 139452428 xpomocomsl 9, otHocsmencs k tuanu PH207, npu 5TOM, yOMSIHYTBIN
HYKJIEOTUA TpenacTaBisgeT coOoil A wiu G, B NPEANOYTUTENHOM BAapUAHTE OCYIIECTBIICHUS
HACTOSIIEro M300peTeHus — OAHOHYKJIEeOTHAHBINH mnojuMopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 14; w/vnu

maS50827s01 mpencraBisier coOol  oxHOHYKIEeOTHAHBIN nomumopdusm (SNP) B
nosoxeHun 127454426 xpomocoMsl 9, otHocselicss k tuauu PH207, npu 3T70M, yIOMSAHYTBIN
HYKJIEOTUA TpenacTaBiseT coboit A unu G, B NPEANOUTUTENPHOM BapHaHTE OCYLIECTBIICHHS
HACTOSIEro M300peTeHus: — OAHOHYKJICOTHAHBINH mnojauMopdusMm (SNP), mpencraBineHHbIN B
SEQ ID NO: 15; w/unu

mal6983s02 mnpencraBisier coOoil  onHOHyKieoTHAHbIH mnomumopdusm (SNP) B
nonokeHuu 137363784 xpomocoMsl 9, oTHocselcs k tuHud PH207, npu 3TOM, yIOMSIHYTBIN
HYKJICOTHUZ Tpencrasisier cobol A mmu G, B NPEeanOYTUTENbHOM BapHAHTE OCYIIECTBIICHUS
HACTOSAIIEr0 M300peTeHust — ONHOHyKJIeoTuaHbIH nonmumopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 16; u/umu

mal7117s01 mnpexncrasiasier coboli  oxHOHYKJIEeOTHAHBINH mnomumopdmsm  (SNP) B
nosoxeHun 132038900 xpomocomsl 9, oTHocsmecs k tuauu PH207, npu 5TOM, yIOMSIHYTBIN
HYKJICOTU TpencTaBisieT coboit A mimu G, B NMPENNnoOuYTUTEIbHOM BapHaHTE OCYIIECTBJICHUS
HACTOSIIIEro M300peTeHus — OMHOHYKJIeOTHAHBIN mnojuMopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 17; w/vnu

ma61125s01 mpencrasisier coboli  omHOHYKJIEOTHAHBIH mnomumopdmsm  (SNP) B
nosnoxeHun 135947973 xpomocomsl 9, otHocsmeics k tuauu PH207, npu 5TOM, ynOMsIHY ThIH
HYKJIEOTH TpencTaBisier coboit A miu G, B NMPENNOYTUTEbHOM BapHAHTE OCYLIECTBIICHHS
HACTOSIIIEro M300peTeHus — OJHOHYKJICOTHAHBIN mnojuMopdusm (SNP), mpencraBieHHbIH B
SEQ ID NO: 18;

B TPEANOYTUTEIIbHOM BapUAHTE OCYINECTBJICHUS HACTOSIIETO M300PETEeHUs, MPU 3TOM,
PH207 otHocutcst k mHOpenHOW nuHUU Zea mays, Kak ommcaHo B pabore «IIpoekt cOopku
snutHOW mHOpenHoW ymuamu PH207 nmaer mpenctaBieHHe O T€HOMHOM W TPAHCKPHUIITOMHOM
pasHoOOpasuu Kykypy3b», Xupm u ap., Plant Cell. 2016, nosiOpw; 28(11): 2700-2714.
Ony6nukosano onnaita 2016 1 vHosiOps. doi: 10.1105/tpc.16.00353.

B onpeneneHHBIX BapuHaHTax OCYIIECTBJICHUS HACTOSINErO H300pETEHHs, WHCEPLHS,

ACCOLIMMPOBAHHAS ¢ MapKEePHBIM ajutesieM mad 1 134xxx, npencrasisieT cOOO HHCEPIUIO CABUTA
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pPaMKH CUHMTBHIBAHMA. B OmnpeneneHHbIX BapUaHTAaX OCYINECTBJICHUS HACTOSIIErO H300peTeHHs,
UHCEPILIVsI, ACCOLMUPOBAHHAS C MapKepHbIM ajeneM madl134xxx, mpencrasiser coOoi
MHCEpLIUI0 HYKJIEOTHUAHON TNochenoBaTenbHOCTH, mnpeactasieHHod SEQ ID NO: 10. B
OTIPENIENICHHBIX BapHUAHTaX OCYLIECTBIIEHHUS HACTOSIIEro H300pEeTeHUs, MapKepHBbIH ajuieib
ma61134xxx CONEPKUT MIIM COCTOUT U3 (HENPEPBHIBHOI) HYKIICEOTHIHON MOCIIENOBATEIbHOCTH,
npencrasieHHoi B SEQ ID NO: 12.

B ompeneneHHbIX BapHaHTaxX OCYLIECTBIEHMs HACTOSINErO H300pETEHHs, MapKepHBIH
annenp ma61070s01  comepXUT WMAM  COCTOUT W3  (HENPEpHIBHOH)  HYKJIECOTUIHOMN
MOCJeI0BaTeNbHOCTH, npeacTasiaeHHo B SEQ ID NO: 13.

B ompeneneHHbIX BapHaHTax OCYLIECTBIEHMs HACTOSINEr0 H300pETEHHs, MapKepHbIH
annenp ma30168s02  comepKUT WMIAM  COCTOUT M3  (HENPEephIBHONH)  HYKJIEOTUIHOMN
nocJjenoBaTenpbHoCTH, npeactasieHHo B SEQ ID NO: 14.

B omnpeneneHHbIX BapHaHTaxX OCYLIECTBJICHHUS HACTOSILNErO0 H300pETeHHUs, MapKepHBIH
annenp maS0827s01  comep>KUT WMAM  COCTOMT M3  (HENpPEepbIBHOM)  HYKJICOTUIHOMN
nocyiefoBareabHoCTH, npeacrasieHHol B SEQ ID NO: 15.

B omnpeneneHHbIX BapHaHTaxX OCYLIECTBJIEHHUsS] HACTOSIIETO H300pETEeHUs, MapKepHBIN
amnens mal6983s02  comep>KUT WM COCTOMT W3  (HEMPEpbIBHOW)  HYKJICOTUIHOMN
nocyiefioBarenbHOCTH, npeacrasaeHHol B SEQ ID NO: 16.

B ompeneneHHbIX BapHaHTaX OCYLIECTBJCHMs HACTOSIIErO W300pETEeHHs, MapKepHbIH
amnens  mal7117s01  comep>XUT WA COCTOMT W3  (HENPEPHIBHOW)  HYKJICOTUIHOM
nocJjenoBaTenbHOCTH, npeactasiaeHHon B SEQ ID NO: 17.

B ompeneneHHbIX BapHaHTaX OCYLIECTBJCHHS HACTOSINErO W300pETEeHHs, MapKepHBIH
amnens  61125s01  comepskut  wiaM cocTOMT W3 (HENPEPBIBHOW)  HYKJIEOTHUAHOH
nocyenoBarenbHOCTH, npeactasiaeHHo B SEQ ID NO: 18.

B onHOM acnekre, HacTosiee H300peTeHNEe OTHOCUTCS K UCTIOJIB30BAHHUIO, 10 MEHBINEH
Mepe, OOHOrO (MOJIEKYJIIPHOTO) MapKepa, ONUCAHHOTO B HACTOSIIEM JOKYMEHTE, IS
UICHTU(QUKAIIMM ~ PAacTeHWss  WJIM  YaCTH  pACTEeHHUs,  OONajaromero  yiIy4IIeHHOH
nepeBapuBaeMOCThIO. B 0THOM acriekTe, HacTosiIee n300peTeHNne OTHOCUTCS K UCTIOIB30BAHUIO,
10 MEHbIIEH Mepe, OMHOTO (MOJIEKYJSIPHOTO) MapKepa, OMHCAHHOTO B HACTOSILEM JTOKYMEHTE,
KOTOPBI CIIOCOOEH OMpenesiTh, IO MEHbIIEH Mepe, OJIUH TUArHOCTUYECKUI MapKepPHBIN ajlieib
I WOSHTHU(UKALWK  PacTEeHHWsl WJIM YacTH pacTeHus, OO0JajaroIero  yIy4IleHHOH
nepeBapuBaeMOCThIO. B OIHOM acrekTe, HacTosIIee U300PETEeHNE OTHOCUTCS K OTIPENENEeHHIO,
10 MEHbIIEH Mepe, OMHOrO (MOJIEKYJSIPHOTO) MapKepa, OMHCAHHOTO B HACTOSIIEM JTOKYMEHTE,
s UOSHTU(UKALMU  PacTeHWs WM YacTH  PacTeHHs, OONajaromero yiay4IIeHHON

NepeBapUBAEMOCTBIO.
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MapkepHble ajIend 1O HACTOSIIEMY H300pETEHUI0, OIMCAHHbIE B HACTOSIIEM
JIOKYMEHTE, MOTYT MPEACTABIATh COOOH TUArHOCTUYECKHE MapKEpPHBIE aJUIEJIH, KOTOPbIE MOTYT
OBITH HCIIOJIb30BaHbl JJIs1 MASHTU(UKALUK WIM BBIOOpPa pACTEHUH MM YacTell pacTeHUH,
oOjamaroImux  yJAy4YIIEHHOW  IepeBapHBa€MOCTBIO, B  MPEONOYTHTEIBHOM  BapHaHTE
OCYILIECTBIIEHHs] HACTOSALIETO N300pETEHNs — YIyUIIEHHOH TepeBapuBaeMOCTBIO CTEPHH.

B omHOM acmekrte, Hacrosimee H300peTeHME OTHOCUTCS K  (BBIIEJIEHHOMN)
MIOJIMHYKJIGMHOBOU KUCJIOTE, CONEpIKaIIei (MOJIEKYJISIPHBIN) MapKEPHBIN ajliejb [0 HACTOSIIIIEMY
M300pETEHNI0, WM KOMIUIEMEHT, WJIM OOpaTHBIH KOMIUIEMEHT (MOJEKYJSIPHOIO) MapKEPHOTO
anjenss TO HacTosmeMmMy H300peTeHHI0. B  ompeneneHHbIX BapuaHTaX OCYIIECTBJICHUS,
HaCTosIIee N300pETeHe OTHOCUTCST K MOJIMHYKJIEMHOBOM KHCJIOTE, COAep Kaliel, o MeHbIIen
Mepe, 10 HempepbIBHBIX HYKJIEOTHOB, B MPEANOYTUTEIbHOM BapHAHTE OCYLIECTBICHUS
HACTOSIILEro M300peTeHus — N0 MeHblIed Mepe, 15 HenpepbpIBHBIX HYKJIEOTHIOB WM, IO
MeHbIIell Mepe, 20 HENpephIBHBIX HYKJIEOTHAOB (MOJIEKYJSIPHOTO) MapKepHOro ajulelisi IO
HACTOSAIIEMY H300pETeHUI0, WM KOMIUIEMEHT, WIH OOPaTHbIH KOMIUIEMEHT (MOJIEKYJISIPHOTO)
MapKepHOro ajuieNisi MO HacTosmeMy u300pereHHo. B ompeneneHHBIX — BapHaHTax
OCYIIECTBJICHHs, HACTOsIlee HN300pEeTeHHe OTHOCUTCS K IOJIMHYKJIEHHOBOH  KHCIIOTE,
cojepskaier, Mo MeHblied mepe, 10 HeNpepbIBHBIX HYKJIEOTHAOB, B MPEANOYTUTEIBHOM
BapHAHTE OCYINECTBJICHUS HACTOSIEro M300peTeHHss — MO MeHbLIed Mepe, 15 HempepbIBHBIX
HYKJIGOTH/IOB WJM, MO MeHblIeil Mepe, 20 HeNpepbIBHBIX HYKJIEOTUAOB, IMPEICTaBICHHBIX B
arodom u3 SEQ ID NO: 10, 12, 13, 14, 15, 16, 17 wiu 18, win KOMIUIEMEHT, UJIA OOpATHBIN
KOMITJIEMEHT, TpeacTaBiieHHblid B modom u3 SEQ ID NO: 10, 12, 13, 14, 15, 16, 17 unu 18. B
OTIPENIEICHHBIX BApUAHTAX OCYIIECTBJICHUS HACTOSINEro W300pETeHHs], MOJHUHYKJICHHOBAS
KHCJIOTa crnocoOHa pa3nuyarth (MOJIEKYJSIPHBIF) MAapKEPHbI ajielib [0  HACTOSIIEMY
u300pETEeHNI0 W HEMOJIEKYJSIPHBIH ~ MapKepHbIA  ajuleib, HAMpHMeEp, CIeHu(pUUIECKH
rHOpUIN30BaThCS ¢ (MOJIEKYJISIPHBIM) MapKEepPHBIM aJUIeJieM 10 HacTosleMy uzobperenuro. B
OTIPENIEICHHBIX BApUAHTAX OCYIIECTBJICHUS HACTOSINEro W300pETEeHHs], MOJHHYKJICHHOBAS
KHCJIOTa CnocoOHa TUOPUINU3UPOBATBC C YHUKAJIBHBIM (DParMEHTOM HYKJIEOTHAA MU
y4acTKOM, npeacraBieHHbM B Jr00oM u3 SEQ ID NO: 10, 12, 13, 14, 15, 16, 17 unu 18, umu ¢
KOMITJIEMEHTOM, HJIH OOpaTHBIM KOMILJIEMEHTOM, MpeacTaBiieHHbM B JiroOoM u3 SEQ ID NO: 10,
12, 13, 14, 15, 16, 17 nnu 18. Cneayer noOHUMAaTh, YTO YHUKAJIBHBIN YYaCTOK WM (pparMeHT, B
NPEANOYTUTEHOM BapHUaHTe OCYIIECTBIICHUS] HACTOSIIETO H300PETeHUs, OTHOCUTCS K YUACTKY
wii  ¢parmenty, coxepxameMmy SNP wiIM COOTBETCTBYIOLIME MapKepHbIE aJJIeNH IO
HacToseMy wu300peTeHni0 (Takue Kak MapkepHbie amienun ma61070s01, ma30168s02,
maS50827s01, mal6983s02, mal7117s01 mnm ma61125s01), mnu Kk y4acTKy Wi (pparMeHty,

cogepxamemMy S5’ wuiaum 3’ COEOUHEHHWE BCTaBKU MAapKEpHOIO ajulelsl IO HACTOsIEMY
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n300pETEeHNI0, WM K YYacTKy WM (ppaKumu, COAeprKalleiicss B mpeaesax BCTABKH MapKEPHOTO
anjens MO HACTOSIIEMY H300peTeHM0 (Takoro Kak MapkepHbId amens mab6ll34xxx). B
OTIPENIEICHHBIX BAPUAHTAX OCYIIECTBJICHUS HACTOSINEro HW300PETEeHHs], MOJHHYKJICHHOBAS
KHCJIOTa WIN €€ KOMIUIEMEHT, WJIM OOpaTHbIN KOMIUIEMEHT He THOpUAN3ZHpYETCs (110 CYIIEeCTBY)
wii He cBs3biBaercs ¢ (reHomuoi) JIHK, mpoucxomsmeit 3 nHOpEnHON THMHUU KYKYpPY3bI
PH207. B omnpeneneHHbIX BapHaHTaX OCYIIECTBJICHUS  HACTOSIIET0  H300pETeHHS,
MOCIIEIOBATEIbHOCTh TOJMHYKIEUMHOBOW KHCJIOTHI HJIM €€ KOMIUIEMEHT, WM OOpaTHBIH
KOMIUIEMEHT He BCTPEYAeTCsl WM He IPUCYTCTBYET B MHOpeHOM TuHUM KyKypy3sl PH207.

B onHOM acnekte, Hacrosiee M300peTeHHE OTHOCUTCS K IMOJMHYKJIEWHOBOW KHCIOTE,
CrocoOHON crnerm@uyecku rHOpUAN30BaThCA C (MOJIEKYJSIPHBIM) MapKepHBIM ajulesieM 10
HACTOSIIIEMY N300PETEHUIO, WM C €r0 KOMIUIEMEHTOM, MJIM OOpaTHBIM KOMILIEMEHTOM.

B ompeneneHHbIX BapuaHTaX OCYIIECTBJICHHs, HACTOsIIee HM300pEeTeHHe OTHOCHUTCA K
MOJIMHYKJIEMHOBOW ~ KUCJIOTe,  creluduueckd  rudpuausupyromeiics ¢ moboil  u3
nocyiefoBarenbHocTel, npeacrasneHHbIx B SEQ ID NO: 10, 12, 13, 14, 15, 16, 17 unu 18, unu ¢
ee KOMIUIEMEHTOM, HJIH OOpPaTHBIM KOMILIEMEHTOM.

B ompemeneHHBIX =~ BapMaHTaX  OCYLIECTBJIIGHUS  HACTOSINErO  M300peTeHws,
MOJIMHYKJIEWMHOBAsT KHUCJIOTA TPEACTaBiIsieT coOoi mpaikiMep. B ompeneneHHbIX BapHaHTaX
OCYIIECTBJIEHHs HACTOSAIIEr0 M300peTeHUs, MOJMHYKIEHHOBAs KHUCIOTa NPENCTABIsIeT COOOH
30HA.

B  omnpeneneHHbIX — BapHaHTaX ~ OCYINECTBJICHMsS  HACTOSILIEr0  W300peTeHHs,
MIOJIMHYKJIGMHOBAsT KUCJIOTAa MPENCTABJISAET COOON aluleb-Crelu(pUUECKY0 MOJTUHYKIEHHOBYIO
KHUCJIOTY, TAaKYIO KaK ajlleNib-Creu(pUIeCcKuii mpaitMep Uiu 30H1.

B omnpenmeneHHbIX  BapHaHTaX ~ OCYINECTBJICHHS  HACTOSALIErO  M300peTeHHS,
MOJIMHYKJIEMHOBAsA KUCJIOTA COAEPIKUT, MO MEHbLIEH Mepe, 15 HykineoTuaos, Hanpumep, 16, 17,
18, 19, 20, 21, 22, 23, 24, unu 25 HYKJICOTHAOB, HANpUMep, 1o MeHbiueil mepe, 30, 35, 40, 45
unu 50 HyKJIEOTHAOB, HanpuMep, o menbiueit mepe, 100, 200, 300 unu 500 HyKIEOTUAOB.

Cnenyer moHumarb, 4YTO «cneuupuyeckas THOpUAM3ALMS»  O3HAYAET, YTO
NOJIMHYKJIGUHOBAsT KHUCJIOTa TUOpUAM3HPYEeTCs C (MOJEKYJSPHBIM) MAapKEPHBIM aJuiesieM
(HarpuMep, B JKECTKUX YCIOBHUSIX THOPHIN3ALNH, KaK OMPENEICHO B APYTOM MECTE HACTOSIIIETO
NOKyMeHTa), HO (1O CyIecTBY) He TUOPHOU3UPYETCS C TOJUHYKJIEHHOBOW KHCJIOTOW, HE
coneprKaleil MapKepHbIH aJuieNb, WM (10 CYLIECTBY) HE MOKET ObITh UCTIONb30BAaHA B KAUECTBE
npaiimepa PCR. Hanpumep, B MOIXOASAIIEM CHUTHIBAIOIIEM YCTPOMCTBE CUTHAJ THOPUAN3ALINY C
MapkepHbIM ajuienieM nin PCR-ammmndukanys MapKkepHOTo ajjiessi, 0 MEeHbIIeH Mep, B 5 pas,

B NPCANIOYTUTECIIBHOM BapUAHTE OCYLICCTBIICHUSA HACTOALIETO I/1306peTeHI/I$[ — IO MEHbIIeH MED,
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B 10 pa3, cunbHee mnu OOINbIIE, Ye€M CUTHAJ TMOPUAM3ALNN C HEMAPKEPHBIM aJJIeNIeM WU C
000 Apyroit moCaenoBaTEIbHOCTHIO.

B oxnOM acnekre, HacTosIee N300peTeHNE OTHOCUTCS K HAOOpy, COneprKaIeMy TaKHe
NOJIMHYKJIEWHOBBIE KHCJIOTBI, KakK, HalpuMep, MNpaiMepsl (comeprkameMy NpsMble ¢/ T
oOparHble TmpaiiMepbl) w/uiau 30HABL. Halop Takke MOXKET coaepkKaTb HHCTPYKLUHU IO
HCTIOJIb30BAHUIO.

Cnenyer moHuMMaTh, YTO B BapHaHTaxX OCYLIECTBJICHHS HACTOSIIETr0 H300peTeHus,
OTHOCSILITUXCS] K HA0OPY MPSIMBIX M OOpaTHBIX MPaliMeEPOB, MOXKET MOTPEOOBATHCS, YTOOBI TOJIBKO
OIlMH 13 000oux mpalimMepoB (MpsAMO uitk 0OpaTHbIH) ObUT CIOCOOEH pa3InvaTh (MOJIEKYISPHBI)
MapKepHbIN aJlleNb MO HACTOSIIEMY M300PETEHHIO M HEMapKEepHBIH ajlieNb U, CIEN0BATENbHO,
MO>KET OBITh YHHKaJIbHBIM. [[pyroii mpaiiMep MOKET UM HE MOXKET ObITh CIIOCOOEH pa3nyarh
(MONeKyJISIpHBIIT) MapKEePHBIH aJuieNb M0 HACTOSIIEMY N300PETeHUIO U HEMaPKEPHbIH ajuieNb U,
CJIEIOBATENIbHO, MOXKET OBITh YHHKAJIBHBIM.

B npyrom acnekre, Hactosiiee M300peTeHHE OTHOCHUTCS K Croco0y NMpOAyLUPOBAHHS
CHJIOCOBAHHOTO PACTHTENBHOIO MaTepHuaja WIM KOpMa JUIs JKMBOTHBIX, 0O0Jajaroiiero
yJIy4IIEHHOH MepeBapruBaeMOCTbIO, COZEpIKalleMy (a) BbIpallliBaHUE PACTEHHUS 110 HACTOSIEMY
nzo0perenuto, (b) cObop pacrenus winm ero vacred, (C) HeoOA3aTENBHO HM3MENbYEHUE /WK
apobnenue pacteHuss u (d) cuIOCOBaHME pacTeHMs, HEOOS3aTENbHO MyTeM HO0aBJIEHUS
CTHMYJISITOpPA, TAKOTO Kak OaKkTepHajbHBI HMHOKYJSHT, caxap u ¢epmeHT. Kpome Toro,
Hacrosiee N300peTeHne OTHOCHTCSI K CHUIOCOBAHHOMY PAaCTUTENIbHOMY MaTepHANy WA KOPMY
IS JKAUBOTHBIX, TIPOAYLIUPOBAHHOMY YITOMSIHYTBIM CIIOCOOOM.

B onHOM acnekTe, Hacrosimee H300pETeHHE OTHOCUTCS K CHOCOOY MpPORyLMPOBAHUS
Ouorasa wian OMOATAHOJA, COAEPIKAIEMY CIEAYIOIUEe dTambl: (a) MpenIoKeHHe PACTEHUS UJIH
yacTell pacTeHUs M0 HACTOALIEMY U300PETEHHIO HIIH CHJIOCOBAHHOTO PACTHTEIBHOTO MaTepuaa
o HacTosiemMy u3obdperenuro u (b) mpoayuupoBaHHe Ouvorasa WM OHO3TAHOJA M3 PACTEHHS
WJIA CUJIOCOBAHHOTO PACTHTEJILHOTO MaTepHaa.

ACTeKTBl M BapUaHTBl  OCYIIECTBIIEHHMsSI  HACTOSIIEro  HM300pPETeHUsT  TaKKe
MOJTBEPKIAIOTCS CISAYIOLUMHI HEOTPAHUYHBAIOLIIMH IPUMEPAMHU.

IMPUMEPBI

IMPUMEP 1

OxkcnepumenT ¢ QTL mo mepeBapuMOCTH CTEpHH ObLT MPOBEAECH HA JIBYX IMOMYJISALIUSIX
DH (mBoiinHo#i rammoun). B obeux mnomymaumsax, QTL c¢ cumpHBIM 3ddexkrom Obin
UICHTU(QHUIMPOBAH B OHOM M TOM K€ XPOMOCOMHOM TOJIOXKEHUH Ha Xxpomocome 9 (Purypa 1).
IIpencraBnsiercs, uyro obmacte QTL He comepskuT HH OJHOTO U3  HW3BECTHBIX

OXapaKTePU30BAHHBIX F€HOB MeTa0O0IN3Ma JINTHUHA.
99



AHanu3 Ha OCHOBE MapKEepOB C HCMOJIb30BaHHMEM TeHOTUnupoBaHus SNP BbICOKOM
IJIOTHOCTU TIocpencTBoM SNP-umnma He BBISBUJ MOJTUMOP(OHU3MOB MEXAY JIUHUEH, coaepKameit
nosoxkurenpHblil amens QTL, u apyrumMu KoMMepuecku JOCTYHNHbIMM JUHUsAMH. Hcnonb3ys
3TOT 3¢ QeKT, ObLT MPOBEIEH KCIIEPUMEHT IO 3aXBaTy MOCIEN0BATEIBHOCTH C UCIIOJIB30BAHUEM
nunuy, Hecyed QTL, n kouTpoapHO# uHuK. [T0CKOIBKY B TO BpeMsl €IUHCTBEHHON T'€HOMHOMN
STAJIOHHOM MOCenoBaTeabHOCThI0 Oblta AGPV02, 30HIBI ISl 3axBaTa IOCIENOBATEIbHOCTEH
ObuTH pa3paboTaHbl HA OCHOBE 3TOrO 3TAJNIOHA. AHAJIN3 JAHHBIX OKA3aJICS OUEHb CIIOKHBIM HM3-32
BBICOKOHM MOBTOPSIEMOCTH O0JIACTH M YaCTUYHO HHU3KOTO YPOBHS CXOJCTBA MEXIY OONACTBIO B
B73 (AGPv02) u amtenem QTL. B pesynbprate 3TOro skcrnepumeHTa Obul paspaboTaH OIUH
mapkep, ma60405s01, nokaspiBaromuii momuMoOppu3M Mexay AByMs JUHUAMHU B obmactu QTL.

Jnsa nanpHeimedl WAEHTU(UKALMK, B TPEANOUYTHTEIBHOM BapHaHTE OCYIIECTBIIECHUS
HACTOSIIEro n300peTeHus — NoJuMOpQHBIX MapkepoB, ObuI0 MpoBeaeHo WGS (mosHOreHOMHOE
cekBeHHpOBaHue) onHOM HuM, Hecymeil QTL. BoiOupanu kapkachl, OXBaThIBAOIINE MHUIIEHb,
Y CPaBHHMBAJIM HMX C 3TaJOHHBIM reHoMoM PH207 («IIpoekt cOOpku 3MUTHONH MHOpERHOW JIMHUN
PH207 naer mpexactaBieHME€ O T'€HOMHOM U TPAHCKPHUITOMHOM pPa3sHOOOpasHU KYKYpy3bD»,
Xupu u gp., Plant Cell. 2016, nosiOpp;, 28(11): 2700-2714. OnybaukoBano onjaitH 2016 1
Hos10psi. doi: 10.1105/tpc.16.00353). MokHO HAEHTU(PHULUUPOBATH eme TPH MNOJMMOP(HBIX
mapkepa (ma61126d01, ma61134xxx u ma61125s01, cm. @urypy 2). HUx cnenuduueckue
amenu QTL yHUKabHBI, U UX HEJb3s ONpeaenuTh HU B ogHoN uHud KWS, ncnonszyemoit st
CEJIEKLIUH CUJIOCHOU KYKYPY3bL.

Tonkoe kaptupoBanre QTL cy3uso obnacte cHavyana 10 16,7 MIIH.I1.0., & HA OCJIEAHEM
sTane — 10, npuMepHo, 719 1.m.o. Ha stanonHon uHun PH207 (cm. @urypy 3 u Tabnuuy 1). Ha
durype 3 mnokasaHbl JBa CeMeiCcTBa PEKOMOHMHAHTOB, moJyiydeHHbIx u3 JuHuu QTL (B),
ckpemenHoli ¢ nunuel, He Hecymed QTL (A). YkasanHoe 3nauenne DNDF mnpencrassier
coboii cpenHee 3HadeHue it Bcex wieHOB cemerictBa ¢ QTL wmu 6e3 QTL, cOOTBETCTBEHHO.
Mapkep, KOTOpBIH JIydllleé BCEr0 aCCOLUHPOBAH C (PEHOTHIIOM B TOCJIEAHUX PEKOMOMHAHTAX,
npencrasisier codoit mad1134xxx. On mpexncraeiser coboii mHCepuO u3 187 1m.o. B reHe,
KoAupyromeM nutoxpoMm P450-conepxkammii (iaaBoHoun 3,5 -rUApPOKCHIA3bl (HA3bIBAEMBIH
F35H, cm. @urypy 4). Ota uHCEpUMSs BBI3BIBACT YAJMHEHHE N-KOHIA Oejka M pPaHHUH CTON-
KOJZIOH, TPUBOASIIUN, BeposTHO, K HokayTy reHa. CootsercrBytoumuii reH AGPv02
SKCIIPECCUPYeTCs B IUCThAX U credse. OH cTouT B Havane Merabonu3ma (uaBoHOUa, 3a0upast

pecypchl U3 MeTabOJTNYeCKOTrO MyTH JINTHUHA.
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Tabmuua 1: Crincok mapkepos st QTL cunoca wnm reHa, Kak TaKOBOTO.

Mapkep XpOM | TEHETHYEeCKas Kapra obbranas muaust PH207
[monosxenne B cM| [momnosxenue B 1.0. |
ma61070s01 9 121588825
maS0827s01 9 127454426
mal7117s01 9 132038900
ma60405s01 9 55,054 133444836
ma61134xxx 9 55,98 134254381
ma61125s01 9 56,224 135947973
mal6983s02 9 137363784
ma30168s02 9 139452428

B npemenax obGnactu, Brmowaromeii 133,4-135,9 mnH.1o., XpoMOCOMBI 9 B JIMHHU
PH207 Bce ocTanbHble TMIOTETUYECKUE TIEHbI, IOJY4YEHHbIE M3 BHYTPEHHEH MapKepHOMN
anHotauu PH207, Obutn mpoBepens! Ha monumop¢usm mexay auHuedn QTL u PH207. U3
6onee uem 100 reHOB, TOJIBKO OMUCAHHBIN MOKa3al MOIUMOp(U3M. 79 reHOB ObUIN UIEHTUYHBL
OcranpHble ObUTH B OCHOBHOM MOBTOPSIFOIIMMCS WJIM TOJIBKO YAaCTHYHO TNPECTABICHHBIMH B
coopke QTL-nuHuM.

Kanumnsapusriit mapkep ma61134xxx mor Obl ObITh MpeoOpa3oBaH B Mapy AOMHUHAHTHBIX
mapkepoB KASP u B xonomunauTHbIN Mapkep KASP, Bce Tpu nocTynHbI 151 HCNIOJIB30BAHUS B
YCTaHOBJIEHHOM TOPSIKE.

Haubonee BaxHbIil tuarnoctuyeckuii Mmapkep ma61134xxx HampaBieH HA WHCEPLHIO B
NpUYKHHBINA reH. MHcepius npucyrcrsyer B reHotune, Hecyuiem QTL cunoca, U OTCyTCTBYET B
stanonHoi nuHuu PH207. B PH207 cnenyromas nocnenoBaTeabHOCTb HE IPUCYTCTBYET B I€HE
(SEQ ID NO: 10):

CTTCTGCCCAGAAGCGGGCCCAGACATTTGAGATTGGGTATTCAAAAATTCA
AAAGATTAAAGAATTTAGTGTTCTAACGCTATTTTATGCAATACATTATTGACAAAT
TAGTGTTCTAACACTATAGATCACCAAAAACATGGGTATTCAATGAATACCCATGAA
ACCCCCCTGGGCCCGCCCATG

Crnenuamuct B JaHHOH OONACTH TEXHMKH MOXET CKOHCTPYHPOBATh MapKepbl IUis
U3BECTHBIX MapKEPHBIX CHCTEM, KOTOPbIE MO3BOJISIOT ONPEENATh MPUCYTCTBUE WU OTCYTCTBUE
MHCEPLIUU.

Kpowme Toro, crierinanuct B TaHHOH OOJIACTH TEXHUKH TAKXKE MOXKET HAHTH MapKepbl IS

U3BECTHBIX MAapPKEPHBIX CHCTEM, KOTOpbIe MOIXOMAT IJisl MajibHelmero anamusa obmactu QTL
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CHjIOCa, a TaKkKe Mapkepbl, OOJajaromue IHATHOCTUYECKOW LIEHHOCTBIO, OCHOBAHHBIE,
HampuMep, Ha OAHOHYKJIEOTUAHBIX nomumopdusmax (SNP) wmmm HMupmensx (cM. mpumepsl B
Tabmuue 2).

Tabmuna 2: MapkepHbie ajutenu B tuaun QTL

Mapxkep Annens muaun QTL
ma61070s01 | T (conmepxkamuiicst B SEQ ID NO: 13)
maS50827s01 | A (conepxkamutics B SEQ ID NO: 15)
mal7117s01 | A (conepxkamuticss B SEQ ID NO: 17)

ma61134xxx | cttctgeccagaagegggeccagacatttgagattgggtattcaaaaattcaaaagattaa
agaatttagtgttctaacgctattttatgcaatacattattgacaaattagtgttctaacactata
gatcaccaaaaacatgggtattcaatgaatacccatgaaaccccecctgggeecgeecatg
(SEQ ID NO: 10, (comepsxamutics 8 SEQ ID NO: 12)
ma61125s01 | G (conmepsxkamruiics B8 SEQ ID NO: 18)

mal6983s02 | G (conepsxkamtuiicss B SEQ ID NO: 16)

ma30168s02 | G (conmepxkamutics B SEQ ID NO: 14)

B 3axmouenue, Hacrosimee H300peTEHHE OMMCHIBACT HICHTU(DHUKALNI MapKepHOIO
rarjoTuna, OxBaThiBaroImero 3,8 MiH.m.o. Juauu PH207 (cm. @urypy 2), ¥ COIEPKUT OMUCAHUE
resoruna juHun QTL B obnactu-mumenu: HaGop mapkepoB, MaeHTH(PHULUMPOBAHHBIX B XOJI€
kaptupoBanusi (cM. Tabmumbt 1 u  2), Moxker ObITh WCIOJB30BAH JJIsi HHTETrPaIUH
nosoxurenbHoro QTL B mroO0# peneBaHTHBIN reHeTndeckuii (oH. Hanbonee BaXKHBIM SIBIISIETC ST
IMAarHOCTUYECKUH MapKep Ui MHCEePLHH, KOTOpas MPencTaBisieT coOoi (PyHKIHMOHAIbHYIO
myTaruo. OIHAKO HCIOJB30BAHHWE MApKEPOB BHE I'eHa BO (DIAHKHPYIOLIEH OONACTH, TECHO
CLETJICHHOH C T€HOM, TAKXKe€ MOXET OBbITh MCIIOJB30BAHO IJISI UACHTU(UKAIIMHA T€HOTUTIA JINHUH
QTL. YHukanbHbIA TramioTHn MapkepoB (cM. @urypy 2) MOXKET HCIOJb30BAThCA JUIS
Pa3INYHOrO NMPUMEHEHHUs! ¢ UCMOJIb30BAHNEM MAapKEPOB, TO €CTh, AJII HHTPOIPECCUM MTPU3HAKOB
MOCPENCTBOM OOpPAaTHOTO CKPELIMBAHUS FJIM TNPSIMOH CEJIEKIMH, a TakXe JJII MOHUTOPHHIA
NPUCYTCTBUSI YHUKAJIBHOTO ramiotuna cuioca. Kpome toro, pa3paboTaHHble MapKepbl MOTYT
OBITH MCTIOJIb30BAHbBI JJIS1 YBEIMYSHHSI T€HETUYECKON BapHUALlUK B 3TOM XPOMOCOMHON 00J1acTH U
coxpaHeHns >(QexTHBHOrO ajuiensi cuioca. Jlanee ommcbIBaeTcs HASHTH(UKALUS TeHa IS
MUIIEHU: 3HaHUE O TeHe U OOHAPY)KeHHOH MHCepunH ((PYHKIIMOHATIBHON MyTalluN) MOXET OBITh
UCTIOJI30BAHO JUIsI YBEJIMYEHUS] T€HETUYECKON BapHallM B 3TOM JIOKYCE JIMOO MOCPEACTBOM
TILLING, 1100 mOCpencTBOM peNakTUPOBAHHS T€HOMa, JHOO MOCPEACTBOM TI'€HETHYECKOM

Moau(uKauy TSt TaTbHEeHIIero ycmieHus s¢gdexra.
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ITPUMEP 2

Jns QyHKIMOHATBHON BaNMOALMM MPOBOIST aHANW3bl MO cekBeHupoBaHmoo PHK Ha
mucroBoM Mmarepuane nsyx JuHMA QTL, necymmx wmyrtupoBansbii F35H B 3yOumke wu
kpemHeBoM (one. JIunus SF279 Ge3 myruposannoro F35H cmyxur koHTposem. Pesynbrars
MOKa3bIBAET, YTO WHCEPLHs SKCIPECCHPOBAHA M BHI3bIBAET CIBUT paMKU CuuThIBaHUs (Purypa
5).

Kpome Toro, Obutn uaeHTH(UIIMPOBAHBI W CIIPOrHO3UPOBAHBI HECKOJBKO MYTAHTOB
TILLING nnst HatuBHoro reHa F35H B nonynsinuu ¢ EMS TILLING jguann PH207 (Tabnuoa
3). Hdna Bamupmaumu Obimm ucnonb3oBaHbl Ba MytaHTa TILLING (P434L (HasbiBaembIit
PH207m023a) n W426stop (na3siBaembiii PH207m023b)).

Tabnuua 3: UnentudunupoBansble 1 cporHo3uposanHbie (*) myrantel TILLING

reH ID MyTaLust g/IHK Oenok
(unenTudukary
MOHHBIN
HOMED)
MyTaHTa
F35H-MYTUPOBAHHBIM | PH207m023a | P434L | SEQ ID NO: 19 | SEQ ID NO: 20
F35H-MYTHPOBAHHbLIM | PH207m023b W426stop | SEQ ID NO: 21 | SEQ ID NO: 22

F35H-MYTUPOBAHHBIM | PH207m023¢ | R252W | SEQ ID NO: 23 | SEQ ID NO: 24
F35H-MYTUPOBAHHBIM | PH207m023d | R405H | SEQ ID NO: 25 | SEQ ID NO: 26
F35H-MYTUPOBAHHBIM | PH207m023e | P407L | SEQ ID NO: 27 | SEQ ID NO: 28
F35H-MYTUPOBAHHBIM | PH207m023f | E427K | SEQ ID NO: 29 | SEQ ID NO: 30
F35H-MYTUPOBAHHBIM | PH207m023g | G450R | SEQ ID NO: 31 | SEQ ID NO: 32
F35H-MYTUPOBAHHBIM |PH207m023h*| P429S | SEQ ID NO: 33 | SEQ ID NO: 34
F35H-MYTUPOBAHHBIM |PH207m023i* | P429L | SEQ ID NO: 35 | SEQ ID NO: 36
F35H-MYTUPOBAHHBIA |PH207m023j* | R436C | SEQ ID NO: 37 | SEQ ID NO: 38
F35H-MYTHPOBAHHBIM |PH207m023k*| Q44stop | SEQ ID NO: 39 | SEQ ID NO: 40

VYke B XOme TMpPEOBAPUTENIbHOTO  HCCIEAOBAaHHMS  OBUIO  YCTAaHOBIEHO,  YTO
uneHTuuuupoBanHbiii 3¢gdexr QTL MoxHO OBICTPO MOABEPrHYTH CKPUHHUHTY B TEIUTMYHBIX
yCIOBHSIX. B miepBOM MOKONIEHNH, U3 CEMSH OT HOBBIX HAEHTH(HULIMpOBaHHBIX MyTaHTOB F35H
BBIPACTHJIN PACTEHMSI, BHIOPAIM CAMOOIIBUISIOLINECS U TOMO3UTOTHBIE PACTEHHS TUKOTO THIIA, U
FOMO3UTOTHBIE PaCTEHUsA-MYyTaHThl. KaXxaplii TOMO3UIOTHBIA KJIACC MPEACTABJSET OJUH KJIacc.

Knacesl omnmyarorcss pasnuuHOd  (ukcanmeid ¢QoHOBbIX MyTtanmid. M3 3THX BBIOpaHHBIX
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TOMO3UTOTHBIX CEeMsiH OBbUIM BBIPAIEHbl pacTeHHs it (PEHOTUIIHPOBAHUSI BO BTOPOM
nokoJyieHnu. Takum 0Opa3oM, MOKHO MPOBECTH UCCIIENOBAHNE W (PEHOTHITUPOBAHHUE PA3INIHBIX
KJlaccoB MyTaHTOB. Bee kimaccsl uccnenosanu Ha PDNDF (Tabnuma 4), u paccunranu cpenHee
3HAYEHHUE ISl KJIACCOB AMKOTO THMA U MYTAaHTOB. J{JIsi TpymIibl TUKOTO TUMA, CPEAHEE 3HAUCHUE
COCTaBUJIO 56,7, a 71 TPYIIIbI MyTAHTOB — 03,7, UTO 3HAYMTEJIBHO BBILIE.

Tabnuua 4: BereramoHHBIN OMBIT U1t ObICTPOit Banaanuu MyTtanToB aist reHa F35H

reH MyTaHT, 1D MOBTOPSIEMOCTb | BapUAHTHI PDNDF
F35H- PH207m023a 1 20 63,7
MYTUPOBAHHbBIN
F35H-JMKOI'O TUITA PH207m023a 1 20 56,4
F35H- PH207m023b 4 2 64,1
MYTUPOBAHHbBIN
F35H-IMKOI'O TUITA PH207m023b 2 1 62,9

MyTaHTHBIE JUHUM TOKA3aJId T€ K€ WM JaXe YJydlleHHble 3(PQPEeKThl B OTHOLICHUN
nepeBapuBaeMOCTH. TakuMm o0pa3oM, HOBble wuAeHTH(UUupoBaHHBle Mytamuun B F35H
NPEACTABISIIOT COOOM BapHAHTHI ajuleNieil, KOTOpble B 3HAYMTENBHOH CTENEHH YIy4INArT

nepeBapuBaeMocTb. B uactaoctr, myranT PH207m023a nokasan cuibHblil 3 dekt (Purypa 6).
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OOPMVJIA U30bPETEHHA

I. Croco® wuneHTHUKALMK pacTeHWs WM YacTH PACTEHHs, OONafaroero
yJIy4LIEHHOH NepeBapuBaeMOCTBIO, COAEepKAIIUN

a) ckpuHuHT Ha npucyrcreue aens QTL, Takoro kak amiens QTL, accorumpoBaHHbIH
C YJy4lLIeHHOW TIepeBapuBaeMOCTbIO, IpU BTOM, ynoMmsiHyTeli amtens QTL comepskut
HYKJEOTUJIHYI0 MOCJIENOBATEIbHOCTh TI€HA, KOAUPYHOWEero wutroxpom P450-copepskammii
¢naBonoun 3°,5’-ruapoxcunasel (F35H), umeromuii MyTtanuoo, NpeArnoYTUTENBHO, MYTALHIO,
npUBOAALIYI0 K m3MeHeHHoW skcnpeccun mPHK rena w/mmm Oenka F35H, wnu myranuto,
npuBoAIyr0 K mnoiydeHuto Oenka F35H, obnamaromero u3MeHEHHOW (epMEHTaTUBHOM
AKTUBHOCTBIO IIPU TPAHCIALUH, WU

b) ckpuHuHr Ha u3MeHeHHy 3kcnpeccrto mPHK rena, kopupyromero uutoxpom P450-
conepxatuii pnasonoun 3’,5’-rugpokcunasel (F35H), w/umu 6enka F35H, wnu Ha 6enox F35H,
oOnafaroInii N3MEHEHHON (PePMEHTATUBHOI aKTHBHOCTBIO, UITH

C) CKPHHUHT Ha MPUCYTCTBUE MyTALWH, IPUBOASAIIEH K U3MeHeHHO! skcnpeccun mPHK
reHa, KOAMPYyHoLero uutoxpom P450-conmeprkammii ¢iaaBoHoun 3’,5 -ruppokcunasel (F35H),
w/wnn Genka F35H, wiu mMyTtauuu, mpeanoYTHTENbHO, MYTALUH, MPUBOISIIEH K MOJYYSHUIO

6enka F35H, obnanaromero n3MeHeHHOH ()epMEHTATUBHOW aKTUBHOCTBIO TIPU TPAHCIISILIUU.

2. Crnoco0 mo nyHkTy 1, OTIMYAKOIIMICA TEeM, YTO YIOMSHYTOE pacTeHUE
npeAcTaBisieT cOOOW pacTeHHe KyKypysbl, Croco0, conmepikaliuii CKPUHHHT HA TPUCYTCTBUE
MOJIEKYJSIPHOTO MapkepHOro amienss ma6l134xxx w/wim, 1O MEHbLIeH Mepe, OIHOTO
MOJIEKYJIIPHOTO MAapKEpPHOrO ajljieNisl, PACHOJIO)KEHHOIO Ha XPOMOCOMHOM MHTEpBale Ha
xpoMocoMe 9, (QumaHkupoBaHHONH MapkepHbiMU atenssMu ma61070s01 u ma30168s02,
NPEANOYTUTENIBHO,  MapkepHbIMH  amiensmMu  maS0827s01 wu mal6983s02,  Goinee

MPEANOYTUTENBHO, MapKkepHbIMU ajuiessiMu mal7117s01 u ma61125s01.

3. PacTenue u yacTph pacTeHus, coaepKauiee

a) amnenp QTL, Takoit kak amnens QTL, accOUMUPOBAHHBIA C YIYYIIEHHOM
NepeBapUBaeMOCTbIO, TpPU 3TOM, YyHnoMmsHyThil atenb QTL comepXuT HyKIEOTUAHYIO
MOCIIEIOBATEIBbHOCTh T'€HA, KOAMpPYIOIIero muroxpoM P450-conmepskamuii ¢masononn 3°,57-
rugpokcmnassl (F35H), uMerommii MyTanuroo, NPennouTHUTENbHO, MYTALUI0, MPUBOIALIVIO K
u3MeHeHHOH skcripeccun mPHK renma w/wnmm Oenka F35H, mnm myrtanumro, mpUBOASIOYIO K
nonyuyeHuto Oenka F35H, obnmapmaromero nm3MeHeHHOH (EepPMEHTAaTHMBHON AKTUBHOCTBIO IIPH

TPAaHCIALUHU, UITU



b) HYKIEOTHIHYIO TMOCJIENOBATEIbHOCTh TI€Ha, KOIUPYIOIEero IuToxpom P450-
conepxamuii ¢paBoHoua 3’,5’-rugpokcunassl (F35H), nMerommii MyTanuro, npeanouTUTENbHO,
MYTalLUI0, TPUBOASINYI0 K uW3MeHeHHOU skcrnpeccun mPHK renma w/mnm Oenka F35H, wm
MYTalMio, TMPUBOMAIY0 K modydeHuro Oenka F35H, oOnamaromero M3MeHEHHOM
(bepMeHTaTUBHOI aKTUBHOCTBIO TPU TPAHCISILIMN, HIIN

C) HYKJICOTHIHYIO TIOCIENIOBATEIbHOCTh T'€HA, KOAUPYIOLEro wuutoxpom P450-
comepxamuii paasononn 3’,5’-rugpokcunasbl (F35H), umerommii M3MEHEHHYIO 3KCIPECCUIO
mPHK rena w/mnmu Oenka F35H, wnm oOnaparommii u3MeHeHHOH (epMeHTATUBHOMN
AKTUBHOCTBIO; WIH

d) wmonekyny PHKi, HampaBieHHyI0 Ha HYKJICOTHIHYK IOCJIEAOBATEIbHOCTD,
koxupyromyto 6enok F35H, nanenuarouiyrocss Ha Hee WIIM THOPUAMZHPYIOLIYIOCS C HEH, Wiu
cofiepKallee IOJUHYKJIEOTHIHYI IOCIENOBAaTENbHOCTh, Kkoaupyromyo wmoaekyiny PHK,
HAMpaBJICHHY) HAa HYKICOTHIHYIO MOCJIEA0BATeNIbHOCTb, Komaupyromyw Oemok F35H,
HALIEIMBAIOINYIOCS HA HEe WM THOPUAMZHUPYIOLIYIOCS C Hel; Win

e) PHK-cneunduueckyro cucremy CRISPR/Cas, HanpaBiieHHYIO M HALEIUBAOIIYIOCS
HAa HYKJICOTHIHYK IMOCIEAOBATENBHOCTh, KOAMPYIOLWYI LuUTOXpoM P450-conepskamumii
¢nasononn 3’°,5-ruppokcunasel (F35H), nnm, mo MeHblneil Mepe, OAHY HOJHHYKJIEOTHIHYIO
NOCJIeIOBATEIBbHOCTh,  KOmupyoomyw  ynomsHytyio  PHK-cnemmduueckyro  cucremy

CRISPR/Cas.

4. Pacrenne wunum 4acTh pacTeHUss MO MYyHKTY 3, OTJIMYAIOLIEECS TEM, YTO
YIIOMSIHYTOE pacTeHHe IPEeACTaBlsieT coOOH pacTeHHe KyKypy3bl, COAepiKalee MapKepHBIH

atesib ma61134xxx.

5. Pacrenne mnm 4acTh pacTeHMst MO MYyHKTY 3 Wi 4, OTIMYArOLIEeCs TEM, 4TO
YIOMSIHYyTO€ pacTeHUEe COIEPKUT ynoMmsiHyTeli aens QTL, ynomsiHyTsle MapkepHbIe ajuies,
VIIOMSIHYTYIO HYKJIECOTHAHYIO TMOCIE€I0BATEIbHOCTh TI€HA, KOAUPYIOLIEero LUTOXpoMm P450-
comepxamuii  ¢naBoHoun 3,5 -ruppokcmnassl (F35H), umeromuii MyTauuio, yHOMSHYTYEO
mouiexyry PHKiI win ynmomsiHyTYIO MONHMHYKJIEOTHIHYIO IMOCIEN0BATENBHOCTD, KOIUPYIOLIYIO
monekyny PHKi, ynomsayryro PHK-cneumduueckyro cucremy CRISPR/Cas w/unm
YIOMSIHYTYIO, IO MEHbIIEH Mepe, OJHYy MOJUHYKJICOTHIHYK IOCIEA0BATENbHOCTD,
kogupyromyo PHK-cneunduueckyro cuctemy CRISPR/Cas B kadecTBe TpaHCreHa WIH B

KadecTBe (F€HHO-) OTPENAaKTHPOBAHHOTO SHAOTEHA.



6. Crioco® ynydineHusi NepeBapUBAEMOCTH PACTEHUS] WM YacTH PACTEHHs,
coziep Kaluii BBEEHHE WM HHTPOIPECCUPOBAHNE B T€HOM PACTEHUS HIIH YaCTU PACTEHHUS

(a) HYKJIEOTHIHOW TIOCIENOBATENIbHOCTH T€Ha, KOIHPYIOIIero muroxpoMm P450-
conepskamuii ¢paasonoun 3,5 -ruapokcuiasel (F35H), umerommii MyTanuro, mpeanouTUTENBHO,
MYTaIHo, TMPUBOIAIIYI0 K m3MeHeHHOH skcrnpeccun mPHK rena w/mmm Genkxa F3S5H, unm
MYTalMioo, TMPUBOMAIMYI0 K monydeHuro Oenka F35H, oOmaparommero u3MeHeHHOH
(bepMEeHTaTUBHON aKTUBHOCTBIO NP TPAHCISILIAY, HITH

(b) amnens QTL, rtakoro kak amiens QTL, accoummpoBaHHBIA C YIyYIIEHHOHN
NepeBapUBAEMOCTBIO, M COJAEpJKAallero  HYKJICOTHIHYKO  IOCIEeNOBATENbHOCTh  I€HA,
koaupyrommero nuroxpom P450-conmepxamuit - ¢naBonoun 3’°,5’-ruppokcunassl  (F35H),
UMEIOIUN MyTalUIO, MPEANOYTUTENbHO, MyTALUIO, TPUBOIAIIYI0O K M3MEHEHHOHW HKCIPECCHU
mPHK rena wwumm Genxa F35H, wnu myraumio, npuBopsmyro K mnonydenuro Oenka F35H,
o0nafaroIero N3MEHeHHOH (PePMEHTATUBHOMN aKTHBHOCTBIO TP TPAHCIISLIMH, WIH

YIOMSIHYTBIN CIOCOO COIMEePIKUT

c) usmeHenue skcnpeccun mPHK rena, xomupyromero muroxpom P450-comepskammii
¢nasononn 3°,5 -rugpokcunassl (F35H), w/mnm Genka F35H, m3menenue (epMeHTATHBHOM

akTHBHOCTH LuTOXpoM P450-conepskammero ¢aasonounna 3’,5’-runpokcunassl (F35H).

7. Crioco0 mo nyHKTy 6 (¢), coaepkauii

(a) BBEIEHHE B  HYKJICOTUAHYK  IIOCIEIOBAaTEIbHOCTb OSHIOIEHHOIO  IeHa,
Koaupyromero nurtoxpom P450-conmepxamuit - ¢naBonHoun 3,5 -ruppokcuiassl  (F35H),
MYyTaluy, OPEANOYTUTENbHO, MyTalluy, NpUBOAsel Kk u3sMeHeHHoN skcnpeccun mPHK rena
w/win Oenka F35H, wnu myrtanum, npusopsmed xk nonyderuto Oenka F35H, obmanmarormero
U3MEHEHHOH (pepMEeHTaTHBHOM aKTUBHOCTBIO TIPU TPAHCIISILINH, W

(b) BBEJICHUE B PACTEHHE WJIM 4acTh pacTteHust mosiekyiasl PHKi, HanpasneHHON Ha
HYKJICOTHIHYIO TIOCJIEAOBATENbHOCTh, Koaupyromy Oenok F35H, HaumenmuBaromiyrocs Ha Hee
WA THOPUIU3UPYIOIIYIOCS ¢ HEH, I MOJIMHYKJICOTHAHOM MOCIEN0BATEIbHOCTH, KOAUPYIOLIEeH
mouexysry PHKi, HanpaBieHHY0 Ha HyKJIEOTHIHYIO IMOCIEA0BATENbHOCTD, KOJUPYIOLYIO0 O€IoK
F35H, HauenuBaromyrocss Ha Hee WU THOPUAN3UPYIOIIYIOCS ¢ HeH, Wiu

(©) BBEllEHUE B pacTeHWe Wiau 4acth pacreHus PHK-crnenmgpudeckoil cuctemsl
CRISPR/Cas, HampaBieHHOH WM HALENUBAIOIICHCS Ha HYKJICOTHAHYIO IOCIENOBATENbHOCTD,
kogupyromytro Oenok  F35H, wnmu, mno MeHblmel Mepe, OMHOH TMOJUHYKICOTUIHOM
MOCJIEAOBATEILHOCTH, xonupyroomed  ynomsHyTyro  PHK-cnenmduueckyro CUCTEMY

CRISPR/Cas, unu



(d) BBemeHwe B pacTeHHe WJIM YacTh PACTEHUS XUMHYECKOTO COENUHEHUS WU
aHTHTENA, U3MEHSIOEro (epMEeHTaTHBHYIO akTUBHOCTH Oenka F3S5H mpu B3ammoneiictBum c

ynoMmsiHyTeIM F35H.

8. Croco® mnpoayuupoBaHMsT PpACTEHUS HIIM YacTH PACTeHMs, OOJAJaroLero
yJIy4LIEHHOH NepeBapuBaeMOCTBIO, COAEepKAIIUN

(a) BBEJIEHUE WM HHTPOTPECCUPOBAHHE B T€HOM PpACTEHMs] WJIM 4YacTU PaCTEHUs
HYKJI€OTUTHOM TMOCJIEAOBATEIbHOCTH TI€Ha, KoAupyrouero uuroxpom P450-coaep:xkammmit
¢naBonoun 3°,5’-ruapoxcunasel (F35H), umeromuii MyTanuoo, NpeanoYTUTENBHO, MYyTALUIO,
NpUBOAALIYI0 K m3MeHeHHoW skcnpeccun mPHK rena w/mmm Oenka F35H, wnu myranwro,
NpUBOAALIYI0 K mnonydeHuto Oenka F35H, obnanmaromero usmeHeHHOW (epMeHTaTUBHOMN
AKTUBHOCTBIO IIPU TPAHCIIALUH, WU

(b) BBEJICHUE WJIM HHTPOIPECCUPOBAHHE B T€HOM pACTEHHUs] WM 4YacTU PACTEHUs
annenst QTL, takoro kak amnens QTL, accounnupoBaHHBIHN C yIyUlLIEHHON NepeBapUBAEMOCTBIO,
U COAEpIKAIIero HyKJIEOTHIHYIO MOCIENOBATEeNbHOCTh I'€HA, KOAMPYIOLIEro HUTOXpoMm P450-
conepxawuii ¢pnaBoHoun 3’,5’-ruapokcunassl (F35H), nMerommii MyTaruio, IpearnouYTUTENbHO,
MYTaLUI0, NPUBOAALIYI0O K M3MeHeHHOH skcnpeccun mPHK renma w/mmm Oenka F3S5H, wnm
MYTalMio, MNPUBOISINYI0 K mojdydeHuro Oenka F35H, oOnanmaromero  M3MeHEHHOM
(bepMEHTATUBHOM AKTUBHOCTBIO MPH TPAHCIISILIMHU, HITH

(c) BBEJEHHE B HYKJICOTHUAHYKO IIOCIENOBAaTEIbHOCTh JHJIONEHHOIO  IeHa,
Koaupyromero nurtoxpom P450-conmepxamuit - ¢naBonHoun 3,5 -ruppokcuiassl  (F35H),
MYyTaluy, NPEANOYTUTENIbHO, MyTalluy, NPUBOAsIIEeN K u3MeHeHHoN skcnpeccun mPHK rena
w/win Oenka F35H, wnu myrtanum, npusopsmed xk nonyderuto Oenka F35H, obmanmarormero
U3MEHEHHOH (pepMEeHTaTUBHON aKTUBHOCTBIO NIPU TPAHCIISILIUH, WU

(d)  BBenmenme B pacTeHHe WM 4acTh pacTteHus: Mosiekyibsl PHKi, HanpaBneHHON Ha
HYKJIEOTHIHYIO TIOCJIEIOBATEbHOCTb, KOAUpyolyr Oenok F35H, HauenuBaromyrocs Ha Hee
WA THOPUIU3UPYIOIIYIOCS ¢ HEH, WM MOJIMHYKJICOTUAHOHN MOCIe0BATENbHOCTH, KOAUPYIOIEH
mouexysry PHKi, HanpaBieHHY0 Ha HyKJIEOTHIHYIO IMOCIEA0BATENbHOCTD, KOJUPYIOLYIO0 O€IoK
F35H, HauenuBaromyrocs Ha Hee, WIH THOPUAN3UPYIOIIYIOCS ¢ Hel, iu

(e) BBEllEHUE B pacTeHWe Wiau 4acth pacreHus PHK-crnenmgpudeckoil cuctemsl
CRISPR/Cas, HampaBieHHOH WM HALENMBAIOIIEHCS HAa HYKJIEOTUAHYIO IMOCIIEAOBATENbHOCTD,

kogupyromytro Oenok  F35H, wnmu, mno MeHblmel Mepe, OMHOH TMOJUHYKICOTUIHOM

2

MOCJIEAOBATEILHOCTH, xonupyroomed  ynomsiHytyto  PHK-cnenmduueckyro CUCTEMY

CRISPR/Cas, unu



(® BBEJIEHHE B pacTE€HUE WM YacTb pACTeHHs] XUMHYECKOrO COEAVHEHMs WU
aHTHTENA, U3MEHSIOEro (epMEeHTaTHBHYIO akTUBHOCTH Oenka F3S5H mpu B3ammoneiictBum c
ynomsinyTeiM F35H; u

(g)  HeoOs3aTeNbHO, pereHepUpPOBAHHME PACTEHUS] W3 YaCTU PACTEHUs M0 JIFOOOMY U3

MyHKTOB (a)-(e).

9. PacTenne nnm 4acTh pacTeHus, MOJYyYEHHOE CIIOCOOOM IO MYHKTY 8.

10.  Cnoco0, pacTeHHe WM 4acTh PAcTeHUs IO JIOOOMY W3 MPEIbIAYIIUX MYHKTOB,
OTJIMYAIOLIeecs] TEM, YTO YIOMSIHYTO€ pacTe€HHe MPENCTaBIsieT cOO0H pacTeHue KyKypys3bl, Ipu
stoM, QTL pacnonoxxen Ha xpomocome 9 U comepkuT, Wuinu (QIAaHKUPOBAH MapKEePHBIMU
amnenamu ma61070s01 u ma30168s02, npeanodyrurenbHO, MapkepHbIMU ajuiensiMu maS0827s01

1 mal6983s02, Oonee mpeAnoYTUTENBHO, MapKepHbIMH ajtesivu mal7117s01 u ma61125s01.

11.  Cnocob, pacTeHHe MM YacThb PACTeHMs IO JIOOOMY M3 HPENbIAYIINUX IYHKTOB,
OTJINYAIOIIEECs TEM, UTO

ma61134xxx mpeacrasiser cOOOH MHCEPLHIO, 0 MEHbIIEH Mepe, OJAHOrO HYKJIEOTHIA
Mexay nojoxxkeHusmu 134254381 u 134254382 xpomocomsl 9, oTHOcsAwmeces k auaun PH207,
MPEaNOYTUTENBHO, HHCEPIHIO, npeactasieHHyo B SEQ ID NO: 12; u/unu

ma61070s01 mpexncraBiasier coOol  omHOHYKJIEOTHIHBIH mnonumopdmsm  (SNP) B
nosoxeHun 121588825 xpomocomsl 9, oTHocsmeics k tuauu PH207, npu 5TOM, yIOMSIHYTBIN
HYKJICOTUA TpeAcTaBisieT coboii A wim T, mNpennoyTHTENbHO, OIHOHYKJIEOTHIHBIH
nosumopdusm (SNP), npencrasiennsiii B SEQ ID NO: 13; w/unu

ma30168s02 mpexncraBisier cobol  omHOHYKJIEOTHAHBIH mnomumopdmsm  (SNP) B
nosoxeHnun 139452428 xpomocomsl 9, otHocsmecs k tuanu PH207, npu 5TOM, yIOMSHYTBIN
HYKJIEOTHUA TpexactaBisier coboii A wim G, MNPennouTUTENbHO, OIHOHYKJIEOTHIHBIH
nosmmopdusm (SNP), npencrasnennsiii B SEQ ID NO: 14; w/unu

maS50827s01 mpexncraBisier cobol  omHOHYKJIEOTHAHBIH mnomumopdmm  (SNP) B
nosoxeHun 127454426 xpomocoMsl 9, otHocsmeics k tuanu PH207, npu 5TOM, yIOMSIHYTBIN
HYKJIEOTHUA TpexactaBisier coboii A wimm G, NPennouTUTENIbHO, OJHOHYKJIEOTHIHBIN
nosumopdusm (SNP), npencrasnennssiii B SEQ ID NO: 15; u/unu

mal6983s02 mpencraBisier cobol  omHOHYKJIEOTHAHBIH mnomumopdmm  (SNP) B
nosoxeHun 137363784 xpomocoMsl 9, otHocsmelcs k tuanu PH207, npu 5TOM, yIOMSIHYTBIN
HYKJIEOTHUA TpexactaBiusier coboii A wmm G, NPennouTUTENbHO, OJHOHYKJIEOTHIHBINA

nosmmMopdusm (SNP), npencrasnennsiii B SEQ ID NO: 16; u/unu



mal7117s01 mnpencraBisier coOol OmHOHYKIEOTHAHBIN momumopdusm (SNP) B
nosoxeHnn 132038900 xpomocoMsl 9, oTtHOCcsmelcs k tuany PH207, npu 5TOM, yIOMSIHYTBIN
HYKJIEOTUA mpexactaBimsier coboit A wimm G, MNOpennovTUTENbHO, OJHOHYKJICOTHIHBIN
nosmmMopdusm (SNP), npencrasnennsiii B SEQ ID NO: 17; u/unu

ma61125s01 mpencraBisier cobol  omHOHYKIEOTHUAHBIH moyumopdusm (SNP) B
nosoxeHun 135947973 xpomocomsl 9, otHocsencs k tuanu PH207, npu 5TOM, yOMsIHYTBIN
HYKJIEOTUA TpexactaBiusier coboii A wmm G, NPeAnodTUTENHHO, OJHOHYKJICOTHIHBIN

nosmmMopdusm (SNP), npencrasnennsiii B SEQ ID NO: 18.

12, Cnoco0, pacTeHHe WM 4acTh PAacTEeHUs MO JIOOOMY M3 MPEIbIAYIIUX MYHKTOB,
OTJIMYAIOIIEECs TEM, YTO HYKJIEOTHAHAs IOCIEAOBATENbHOCTh HemyTupoBaHHOro F35H
COJZIEPKUT MOCIIEOBATEIBHOCTD, BBIOPAHHYIO U3 TPYIIIBI, COCTOSIIEH U3:

(1) HYKJICOTHIHOW  TOCJENOBATENbHOCTH,  COAEp Kallell  MOCIeA0BaTENbHOCTD,
npezacrasieHHyo B SEQ ID NO: 1, 4 unmu 7,

(i)  HykmeoTumHOUW mocienoBatenbHocTH, NMeromneit ¢/IHK, npencrasnennyio B SEQ
ID NO: 2, 5 unu 8;

(i)  HYKJIEOTHAHOH  MOCJIENOBATEIBLHOCTH, KOJUPYIOLIEH  aMHUHOKHUCJIOTHYIO
HOCJIEA0BATEIbHOCTD, UMEIOIIYI0 aMUHOKHCIOTHYIO MOCIEAOBATEIbHOCTD, NMPEICTABICHHYIO B
SEQ ID NO: 3, 6 nn 9,

(iv)  HYKIEOTHAHOH TOCJIENOBATENbHOCTH, HUMEKINeH, Mo MeHbiueld wmepe, 60%
UAEHTUYHOCTD C MOCJIEeN0BATENbHOCTHIO, TipenctasierHoi B SEQ ID NO: 1, 2, 4, 5, 7 unu §;

(V) HYKJIEOTHIHOM MOCJIEA0BATEIbHOCTH, KOIUPYIOLIEH MOJUMENTH I, UMEIOLIUH, 10
MeHbinel Mepe, 60% HAEHTUYHOCTh C MOCJIEeNOBATEIbHOCTRIO, pencTasieHHo B SEQ ID NO:
3, 6 unu 9,

(vi)  HYKIEOTHAHOH TMOCHENOBATENbHOCTH, THOPUAMZHpPYIOLIEHCS C  OOpaTHBIM
KOMIUIEMEHTOM HYKJIEOTHIHOW TMOCJIEAOBATEIbHOCTH, KaK OmpenesieHo B myHkTax (i), (i) wmm
(ii1), B )KECTKUX YCIOBHSX THOPUIU3ALINN, U

(vil) HYKJIEOTHIHOHW TOCIENOBATEIBbHOCTH, KOAMPYIOMEH OeloK, TOJy4YeHHbIH U3
AMHHOKHCJIOTHOH TOCIIEOBATENBHOCTH, KOAUPYEMOH HYKJICOTHIHOM MOCIEA0BATENBHOCTBIO O
nyHkTaM (1)-(vi) myTeM 3aMeIleHus], OeNelu W/uin Ao0aBJIeHUs], 10 MEHbIIeH Mepe, OJHOM

AMHWHOKUCJIOTHI.

13. Criocob, pacTeHHe MM 4acTh PAcTEHHs MO JIFOOOMY U3 MPEAbIAYLINX MYyHKTOB,
OTJIMHAIOIIEeCs TEM, YTO MYyTalsl MpPEACTaBiseT cOOOM MyTalMI0 CO CIOBUTOM paMKH

CUUTBIBAHHA HWJIM HOHCCHC-MyTAllMO, KOTOpas MNOpPUBOAUT K M3MEHEHHOMN SKCIIPECCUU
6



HYKJICOTHIHOH TIOCJENOBATEIbHOCTH WM U3MEHEHHOH (epMEHTaTUBHOW AaKTUBHOCTH
MOJIMTMIENTHAA, TPUBOIUT K UW3MEHEHHOW TIOCIENOBATEIbHOCTH  Oelika, KOAHPYeMOH
HYKJICOTUHOHN TOCIIEOBATENIbHOCTBIO, WJIM MPEACTaBIsieT COO0H HHCEPLMIO, IENEHI0 N
3aMelIeHne, MO MEHbIIeH Mepe, OJHOTO HYKJIEOTHIA B KOAHMPYIOLIeH oOnacTw, B CHrHaie

CIUTaliCUHTa UJIU B PETYJIATOPHOM 3JIEMEHTE.

14. [IpuMeHeHne MONMHYKIEMHOBOW KHUCIIOTHI, CrielU(pUIecKr ruOpHInu3npyroIencs
¢ mo0oii U3 mocnenosarenbHOCTEH, npencrasiaeHHsix B SEQ ID NO: 10, 12, 13, 14, 15, 16, 17
win 18, uinm ¢ ee KOMIUIEMEHTOM, WM OOPaTHBIM KOMIUIEMEHTOM, WIIH aJUIeNb-ClIeUpIIECKON
MOJINHYKJIENHOBON KUCJIOTHI JUTsI UASHTU(UKALIMN PACTEHHSI I YaCTH PACTEHHsI, 00Iaaroero
YIYUIIEHHON IepeBaprBaeMOCTbIO, MM JJIi BBIOOpa pacTEeHHs WIM YacTH pPaCTeHMS,
oOnajaroIiero  yJaydLIeHHOW IepeBapuBaeMOCTbIO, IO JO0OMYy W3  NYHKTOB  3-5,

NPEANOYTUTENBHO, B CIOCO0E Mo MyHKTY | miu 2.

15. Cnocob nmpoaynupoBaHus CHIIOCOBAHHOTO PACTHTENIBHOTO MaTepHasa WiIH KOpMa
IUIS1 SKMBOTHBIX, OOJQAAOLIEr0 YIYUIIEHHOM MepeBapUBAEMOCTBIO, COAEPIKALIIHI

(a) BBIpAIIMBaHKUE PACTEHUSI O JIFOOOMY M3 IMYyHKTOB 3-5 1 9,

(b) cOop pacTeHus: wiu ero 4acTu, u

(b) cunocoBanue pacTeHuUs WK ero 4acTu u3 nyHkTa (b).
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NO:
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MO:
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SEQ ID NO:

SEQ
SEQ

SEQ

SEQ
SEQ
SEQ
SEQ
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SEQ

ID

ID

ID

ID

ID

ID

ID

ID

in

D

ID

ID

IDp

ID

ID

ID

ID

ID

ID

ID

1D

ID

NG:

NO:

MO«

HO:

NO:

WO

MO

NO:

NO:

NO:

NO:

NO:

NO:

NO:

JiO

HO:

NO:

WO

NG:

GO

O«

1

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

1 ATGCAGCTCGCGGUGTTGTGCACCGACCCCGTGGTGCTGTGCAGCGCCTT

RN R R R RN N R R R
1 ATGCAGCTCGCGGCGTTGTGCACCGACCCCGTGGTGCTGTGCAGCGCCTT

51 CCTCTGCCTCCTCCTCCACGTGGCTCTCCGCTCGCTGCTGCACCCT -~
R R R R R RN RN RN R AR RN

51 CCTCTGCCTCCTCCTCCACGTGGCTCTCCGCTCGCTGCTGCACCCTC/SN

98 _____________________________________________________________

NN C T GCCCAGAAGCGGGCCCAGACATTTGAGATTGGGTATTCA

DI B o o o . . . . . . 7 2 £ e . .

CTATTTTATGCAATACA

OB = e CTTCTGCCGCCTCTTC

R R R RN

251 Elose el OO E T TCTGCCGCCTCTTC

114 CTCCGGGCGCCGCGGGCAGCTCCCGCCGGGGCCACCGGGCCTGCCGATCC

CEERTETER Rttt bbb e b e re bbb
301 CTCCGGGCGLCCGCEGGCAGCTCCCGCCGGGGCCACCHEGGCCTGCCGATCC

164 TCGGCGCGCTGCCACTCGTGGGCCCAGCCCCGCACGCCGGCCTGGCCGLG

PEEETERRIEER IR e e bbbt e e e
351 TCGGCGCGCTGCCACTCETGGGCCCAGCCCCGCACGCCEECCTEGLCGLG

214 CTGGCGCGCAAGTACGGTCCCATCATGTACCTGAAGATGGGCACGGCCGE

PEEETETEREE R bbb e r bbb bbb b e
401 CTGGCGCGCARGTACGGTCCCATCATGTACCTGAAGATGGGCACGECCES

264 COTGGTGGETGGCGETCETCCCCGCGCGCGEECECEEACGTTCCTCAAGGCGT

PERRTEREIER R bbb bbb i i
451 CGTGGTGGTGEGLGTCGTCCCCGCGCGLGGCGCGGACCTTCCTCARGGCGT

314 TGGACGCGCGGTACGCCAACCGGCCGGCCGTGGCGAGCGCCGCGGACATC

R R AN R R R R R RN
501 TGGACGCGCGGTACGCCAACCGGCCGGCCGTGGCGAGCGCCGCGGACATC

364 ACGTACGGGCGGCAGRACATGGTGTTCGCGGACTACGGGCCCAAGTGGAA

PERTTERE Rt e b e e e
551 ACGTACGGGCGGCAGAACATGGTGTTCGCGGACTACGGGCCCARGTGGAR

464 CGGACTGGGCGTGCGTGCGGCGCGGCGAGGCCGGECCACGTGCTGCGCGGET

PEREDEPER R bbb bbb b r e e b
651 CGGACTGGGCGTGCGTGUGGECGUGGCEAGGCCEGCCACGTGCTGCELGET

514 GTGGCGGAGGCGGCCGCGGCCGGCAGGCCCGTCGTCGTGCCGGAGCTGCT

R RN R R R R R R RN RN RN R RN
701 GTGGCGGAGGCGGcCGCGGCCGGCAGGCCCGTCGTCGT@CCGGAGCTGCT

504 CGIGTGCGCCCTCGCCAACATCOTCGGGCAGATCACAGTGAGCAAGCGELEG

RN R R N R RN R R R R R R R RN R R
751 CGTGTGCGCCCTCGCCARCATCGTCGGGCAGATCACAGTGAGCARGCGEE

614 TGTTCGACGCGCAGGGGGACGACTCGRACAGGTGAGGATGGGAGGTCCAT

PERETERR IR bbb bbb b re e re e
801l TGTTCGACGCGCAGGGGGACGACTCGAACAGGTGAGGATGGGAGGTCCAT

Our. 4
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SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

ID

ID

ID

ID

ID

D

Ib

D

ID

ID

D

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

)

ID

ID

D

ID

ID

ID

ID

ID

ID

ID

NO:

WO

MO

HO:

NO:

MO

NO:

MO

NG

MO

NOC:

NG

NO:

HO:

HO:

NO:

NO:

NG

Mo

MO

HO:

JUEN

MO

NO:

MO

HO:

NO:

NO:

NO:

NO:

NC:

HO:

HO:

HG:

1

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

664

714

801

764

951

814

1001

864

1051

914

1101

964

1151

1014

1201

1064

1251

1114

1301

1164

1351

1401

1264

1314

1501
1364

1551

1414

1601

1464

1651

GAAATCCTACCAGCTGTGAGCATGCATAAAAGTTCATTTGGARAAGARAAG

RN R R R R R AR R R R R R R RN
GAAATCCTACCAGCTGTGAGCATGCATARAAGTTCATTTGGARAGAARAG

AACATATTTTTCTTACAAATTTATGCTTACTGTTTCTTTAAGTTTCGATA

PEELTLRRRE IR i i e it er e i i i g
AACATATTTTTCTTACAARATTTATGCTTACTGTTTCTTTAAGTTTCGATA

AAGTTTGTARARRAAATTTAGGCTAGTTTGARACTCCATTTAGGATTTICT

R R R R R R RN R R R AR R R R AR R RN
AARGTTTGTAAARAARATTTAGGCTAGTTTGAAACTCCATTTAGGATTTCT

ATTTTCCAAAGAAARATARACGAATTTCTCTTGAAARARTGAAAATTCTT

R R RN R R R R R R R R AR R R RN
ATTTTCCARAGAAARATARACGAATTTCTCTTGARARARTGARARTTCTT

TAGAAAAATAGGTTCTCAAACTAGCCCTCAATAAAARCTTAATGCGATCGT

R R R N R R RN ER AR R RN R R
TAGAARAATAGGTTCTCAAACTAGCCCTCAATAARACTTAATGCGATCGT

TTTCTCTGACTCTCATTCATCTTTCTCTGGTTATCTAATTGGGTCCTTGA

R RN AR R R R R R R AR R R R R R R R R R
TTTCTCTGACTCTCATTCATCTTTCTCTGGTTATCTAATTGGGTCCTTGA

GAGATGAGTTTACCTGCTTGTCCTTTATTATTGCAARGACAACATATCTG

PEERTREER LR e i bbb el
GAGATGAGTTTACCTGCTTGTCCTTTATTATTGCARAGACAACATATCTG

ATGCACATGGAACATTGGTGCACATGGTGCACATATGARATCATCACCAC

PERRIPEREECRL R et b bbb e e el
ATGCACATGGAACATTGGTGCACATGGTGCACATATGAARTCATCACCAC

TCATTTTAAATCTAACGTCTATAGTTGTTTGATATATTTTATTAAGGACA

R R R R AR R R R R RN AR RN
TCATTTTARATCTAACGTCTATAGTTGTTTGATATATTTTATTAAGGACA

CCCTCCAACGTGGTGGTGTGTAGTGGTGGAAGGTGTTATTTGTAAATTGA

PERERREERTI R b bbb e e bbb
CCCTCCRAACGTGGTGGTGTGTAGTGGTGGAAGGTGTTATTTGTAAATTGA

ATAATCRAACTAGAGACGTTAGATCTARAATGAGTGGTGATGAT T TAATAT

PEETRREREEI bRt bbb bbbt re et b
ATARTCARCTAGAGACGTTAGATCTAARATGAGTGGTGATGATTTAATAT

GTGCACCATGTGCACCAGTCTTCTATGTGCACCAGATATGTCCTCTATTG

RN R R R RN AR R R R R R R
GTGCACCATGTGCACCAGTCTTCTATGTGCACCAGATATGTCCTCTATTG

CAAATGCTAGACGGAACACCAGCTAGCACTAGCAGACTGTTTATGTGGAA

PEREIRER R R e b bbb bbb ree bl
CAAATGCTAGACGGAACACCAGCTAGCACTAGCAGACTGTTTATGTGGAA

AGARAARARCTTARARAGATCAGCTAGGAAGCTGCTGTCATCTGTACGTAT

PERITRERELI IR PR b e bbb b r e r e b i
AGARAARACTTAAAAAGATCAGCTAGGAAGCTGCTGTCATCTGTACGTAT

ATATGGTGAAGACTGARCARTCTGCATGACAAGCAAAACTTAGCTTARARA

SRR R R R R R RN AR R RN R RN
ATATGGTGAAGACTGAACARTCTGCATGACAAGCARRACTTAGCTTAARA

GCGARAAGAGCGATGGAAACGGCCGCTCGATARATAATTAATGAGAGTCT

R R R R R R RN R R R A R R AR R N R R R
GCGAARRGAGCGATGGAAACGGCCGCTCGATARATARTTARTGAGAGTCT

TGGGATTTTTCATGCATGGAARARAACAAAGCTGGCATTTTTCATCTAAT

R RN R R AR R R R AR AR R R R RN
TGGGATTTTTCATGCATGGAARRRAARACAAAGCTGGCATTTTTCATCTAAT

®ur. 4 (NMponoCKeHHE)
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SEQ
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D

D
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ID

ID
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ID

ID
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ID

ID

ID

ID

ID

ID

ID

ID

ID

1D

ID

ID

ID

ID

ID

ID

ID

ID

ID

)y ID

MO

HO:

MO

NO:

HO:

WO

MO

NO:

NO:

HO:

MOz

NO:

NO =

NOs

NO:

NO:

NO:
HO:

MO:

NC:

NO:

NO:

HO:

NO:

HO:

MNO:

N0

NO:

HO:

MO

HO:

HO:

HO:

1

11

11

11

11

11

11

11

11

11

11

11

11

11

11

1514

1701

1564

1751

1614

1801

1664

1851

1814

2001

1864

2051

1914

2101
1964

2151

2014

2201

2064

2114

2301

2164

2264

2451

2314

2501

ATAATATATAACGCTGATATCATATTGCGTGCAGATACAAGGACATGATC

R R R R AR N R R R RN R R R R
ATARTATATAACGCTGATATCATATTGCGTGCAGATACAAGGACATGATC

GTGTCGCTGUTGACCGGCACGGGCATGTTCAACATCAGCGACTTCGETGCC

SRR R R R R RN R R RN R R R
GCTGTCGCTGCTGACCGGCACGGGCATGTTCAACATCAGCGACTTCGTGCC

GGCGCTGGCGCGTCTGGACCTGCAGGGCGTGCAGGCGAAGCTGLGECGLG

PEEETEEEP R e e b e e b b b g
GGCGCTGGCGCETCTEGCACCTGCAGGGCETGCAGGCGARAGCTGCGGCELG

TCCACCGCCAGTTCCGACGGCCTCATCACCAAGCTGCTGGCCGAGCACGCC

SRR RN R R R AR R R AR R AR R N R RN
TCCACCGCCAGTTCGACGGCCTCATCACCAAGCTGCTGGCCGAGCACGTC

GCGACGGCCGCGGACCGLGCGCGCCAGGGCCGCCCGGACTTCGTCGACTS
R R R AR R R R AR R R NN R R RN
GCGACGGCCGCGGACCGCGCECGCCAGGGCCGCCCGGACTTCGTCGALCCE

GCTCCGCGCCACGATGGACGCCGGCGCCGCCGCCGACGACGAGAGCGGEG

R R R R R R R R R R AR RN
GCTCCGCGCCACGATGGACGCCGGCGCCGCCGCCGACGACGAGAGCGGLE

AGACCATCACCGAGGTCAACATCAAGGGCCTCATCTTCGTAAGCTCCCTG

RN RN R R R R RN RN R AR R
AGACCATCACCGAGGTCAACATCAAGGGCCTCATCTTCGTAAGCTCCCTG

CTTTTTCCTCGCCCCCAACCATGCATCATCATATGCACTTATATTTTACA

R R RN NN R R AR R R R R AR RN AR R R
CTTTTTCCTCGCCCCCAACCATGCATCATCATATGCACTTATATTTTACA

CTTGCTCGGTTTTCCTTTAGTAACTAACTAATCCGTCGCAGCTGCGATAC

SRR RN R R R R R R R AR RN R R
CTTGCTCGGTTTTCCTTTAGTAACTAACTAATCCGTCGCAGCTGCGATAC

ACGTAGCACTAGTACTACAGCGATGGGTCATCGGTAACTGAATCTAAGGT

R R R R R R RN RN R R AR R RS
ACGTAGCACTAGTACTACAGCGATGGGTCATCGGTAACTGARTCTAAGGT

GCAATAGAGTGCACGGCCGCGGGATCATGGCETGACATGGGAGCTAAGCT

PEEPEEEET R bbb e e b e e b et
GCAATAGAGTGCACGGCCGCGGGATCATGGCGTGACATGGGAGCTARGCT

ARGCCAGTGGCCACCTAARCGAAGGCACTGACCGAAAGCTCAGTGGCGTGT

RN R RN R R R R R AR AR AR RN R
RAGCCAGTGGCCACCTARCGAAGGCACTGACCGARAGCTCAGTGGCGTGT

TAGGTGGAGATAGTGGATCGAGTTGTTGGARAGACAATATCAARRCCACT

PURREIREEEEI IR E R R R bbb et bbbl
TAGGTGGAGATAGTGGATCGAGTTGTTGGAARGACAATATCARARCCACT

CTCCARTTGATGATGTGTAGGGCCTGCAGTGTTTTGRATCCACCTTGTTT

R R R R R R R R R R
CTCCAATTGATGATGTGTAGGGCCTGCAGTGTTTTGAATCCACCTTGTTT

GGTCGAACACATTACTAGAGTGAAATATGGTTCCAATGTTAATTGATAGC

SRR R R R R RN R R R R R R
GGTCGAACACATTACTAGAGTGARATATGGTTCCAATGTTAATTGATAGC

GCGARAGGGTCTCTAGCGTAATGGTTARACCTTCCGAGTAGCACATCCAG

R R R R RN R RN R RN R R
GCGAAAGGGTCTCTAGCGTARTGGTTARACCTTCCGAGTAGCACATCCAG

GTTGGGTTCGATCCTCTCGAGGGCGAATTTTCAAGCTTTGTTARAAARAT

AR R R R R R R R R AR RN R R R R R
GTTGGGTTCGATCCTCTICGAGGGCGAATTTTCAAGCTT TGTTARAARRAT

@ur. 4 (mpoao/sKeHHe)
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SEQ

[ &)
Lei
L

1D

ID

1D

ID

ID

ID

b

ID

ID

ID

ID

ID

ID

ID

ID

In

ID

ID
D

ID

ID

ID

ID

ID

ID

ID

D

ID

iD

1D

ID

ID

ID

D

NO:

MO

RO:

NO:

NO:

HO:

NO:

NO;

NO:

NO:

WO

NO:

NO:

NO:
NO:

HO:

NO:

HO:

MO

NO:

NG:

HO:

HO:

NG

No:

NG

HO:

NG:

NG :

1

11

11

11

11

11

11

11

11

11

11

11

11

11

11

2551

2414

2601

2464

2514

2701

2564

2751

2614

2801

2664

2851

2714

2901

2764

2951
2814

3001

2864

3051

2914

3101

2964

3151
3014

3201

3064

3251

3114

3301

3164

3351

TATCTCGTTGTGCCCCGTCCGCTCTCAGGAATCGATATTCTACACGACAL

R RN R R RN R RN R R R R
TATCTCGTTGTGCCCCGTCCGCTCTCAGGRATCGATATTCTACACGACAL

CCTCCGACTAGTGACAGTTGATTGACTCGTTAGTGATGAGARGCCATGCT

PETDRERLEI IR TR e e b i et e r i
CCTCCGACTAGTGACAGTTGATTGACTCCTTAGTGATGAGRAGCCATGCT

AMRPAAAGTGGAGACGTAGATATGATAGAGGTTCCCTTTCCTAAGCAAACG

PERTREITERI IR PR b b P e e bbb e e it il
ARAARBGTGGAGACGTAGATATGATAGAGGTTCCCTTTCCTAAGCARACG

TGAATGCTATGAAAATTATGCAGTTTARARAAARCTTTAAAGATARACAG

RN R AN R AR R RN R R R AR R AR R
TGAATGCTATGARAATTATGCAGT TTARAARAAACT TTARAGATAAACAG

GAATTCTCTTTTTTGGAACAAARCAATACGAATGCACCTCCAAATATCTITA

SRR RN RN R R R AR RN AR R R R AR
GAATTCTCTTTTTTGGAACAAACAATACGAATGCACCTCCARATATCTTA

TCGAGTCGACTTTTATGGAATTATTGTTTTTGTTATTTCTAAGATGGGAG

R RN R NN R R RN R R R R R RN RN
TCGAGTCGACTTTTATGGAATTATTGTTTTTGTTATTTCTAAGATGGGAG

CCCARAATCACATACAARATTATTCAGTGAATGCCTCGGTGTTTTTTTATT

RN RN RN R R AR R AR R RN RN
CCCRARATCACATACAAATTATTCAGTGAATGCCTCGGTGTTTTTTTATT

AGTTAAGGGCTCTCATTTTTTTCAAGGGATTTTTATTTTTTTCCARRAGA

R RN R RN AR R AR RN R R R RN
AGTTAAGGGCTCTCATTTTTTTCAAGGGATTT TTATTTTTTTCCARARGA

AAATARACTAATCCTICTTTAGAAAAATGGARATCTATTGGAGARATGAGS

R RN NN R AR R RN R R AR RN R
AAATAAACTAATCCTCTTTAGAAAAATGGARATCTATTGGAGAAATGAGG

TTCCTAARCTAGCTCTAACAGTGAGTCAGTTAATCAGGAGARGATATTAG

R R R R R AN R R R
TTCCTAAACTAGCTCTAACAGTGAGTCAGTTAATCAGGAGAAGATATTAG

ACTCCTGTATAGTGTGCAGCARCCACATCCGATTCTGACGTTTTAGCTTA

R R RN N RN R R AR RN RN R RN
ACTCCTGTATAGTGTGCAGCAACCACATCCGATTCTGACGTTTTAGCTTA

ATGTTCCGCTATGTAGACGTCGGGCATAGGGAATGCATTGCTACCAGAACA

PEERERTERERI IR R bR e et bbb et b i i
ATGTTCGCTATGTAGACGTCGGGCATAGGGAATGCATTGCTACCAGRACA

CGAATGACAGCTATGCAAGTCTCTAGAACGTTGGAGTAGTTAACARALCGT

PERIREITED IR b PR e e e e e bbb it
CGAATGACAGCTATGCAAGTCTCTAGAACGTTGGAGTAGTTARCARACGT

GATAGATGTAACCTCTGGATCATGGTATGATGTCATTTCCTAGACTAGAA

R R R R R R R AR R RN R R RN R R
GATAGATGTAACCTCTGGATCATGGTATGATGTCATTTCCTAGACTAGAA

GAATTGGTAGTCAAATCGAGCAAAGTCCCGRAAGCACACTGGGCTTTCGA
SRR R R AR R R R R R R R R R R
GARTTGGTAGTCAAATCGAGCAAAGTCCCGAAAGCACACTGGGCTTTCGA

CACAGTGATACCAAAGATGCTGAARAGAACTGAGGCACGATAARCTGTTC

R R NN R R AR AR R R RN
CRCAGTGATACCARAGATGCTGAARAGARCTGAGGCACGATARACTGTTC

GGTGTTGGTGTAAACGACCARAGATGCTGAAAATAACTGATCGTCACCAT

B R R RN R R RN R R R R NN
GGTGTTGGTGTAAACGACCAARGATGCTGAARATAACTGATCGTCACCAT

Pur. 4 (mpoxo/LKkeHHe)
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ID

ID
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Ip

NO:

NO:

HNO:

HG:

NO:

HO:

MO

NO:

O

MO

NG

MO

NO:

NO:

NGO

MO«

NO:

NO:

MO:

HO:

MO:

NO:

HO:

NO:

NO:

HO:

NO:

NO:

NG:

NO:

NO:

HO:

NO:

NO:

1

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

3451
3314
3501
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3551
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3701
3564

3751

3901
3764
3951
3814

4001
3864

4051
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4151

4014

CCGTGARATCTAACTTTCGACACACTGTTACCAAATCCTTCGTCARAATTA

R R RN RN R R R RN AR R R R RN R R
CCGTGAATCTAACTTTCGACACACTGTTACCAAATCCTTCGTCARARTTA

CAGGAARTARTTAAGGCGCTTAGACGATGATAAACCATTTTTTGTCACTAA

R R R R R RN R AR R AR R RN RN R R
CAGGAATAATTAAGGCGCTTAGACGATGATARACCATTTTTTGTCACTAA

TTAACCACACTGTTCTTTGCTTGACCGTGACAAARRAARARCTTTTTTGCTG

R R R R AR R R R R N AR R RN
TTAACCACACTGTTCTTTGCTTGACCGTGACAARARARAACTTTTTTGTG

AAGCAGTGTTGCCGTAARCCACAACCATCATGAACTCACTTGCCTTGTCA

R RN R R R RN R R AR R R R RN RN R R R R
AAGCAGTGTTGCCGTAAACCACAACCATCATGAACTCACTTGCCTTGTCA

TATGTACTTGTACCATCGAACGCCGCGCGCTAAGACAATGCACCACCCTT

AR N N R AR R R AR R R R AR RN
TATGTACTTGTACCATCGARACGCCGCGCGCTAAGACAATGCACCACCCTT

CAAGTCTTAGCTCACTGATACCGCTAATTAAGTTAGATAATGTCGATTAC

SRR R R R R R R R R RN AN R R RN
CAAGTCTTAGCTCACTGATACCGCTAATTAAGTTAGATAATGTCGATTAL

TAGTTGTCTTACTTCGAACTATTTCTTTTCGGCAAACTGAAGTARAGACA

PEETTEREE IR bbbt er e et
TAGTTGTCTTACTTCGAACTATTTCTTTTCGGCARACTGARGTAARGACA

ACGTTITGTTCCGCAGGACATGTTCACGGCGGGTACGGACACGTCGTCGA

R R R R R R RN AR R R R RN
ACGTTTTGTTCCGCAGGACATGTTCACGGCGGGTACGGACACGTCGTCGA

TCATCGTGGAGTGGGCGATGGCGGAGATGCTCAAGAACCCGACCGTCATG

PEEETEREIEET R e e e b bbb et bbb
TCATCGTGGAGTGGGCGATGGCGGAGATGCTCARGAACCCGACCGTCATG

GCGCGCGCGCAGGAGGAGCTGGACCGLCGCEGETGEGECLGEGEGCCGGECGECCT

RN N A R R R AR R R RN
GCGCGCGCGCAGGAGGAGCTGGACCGCGCGGETGGGCCGEGGCCGGCGCLT

GGAGGAGTCGGACCTGCCCGGCCTCCCCTACCTGCAGGCGGTGTGCAAGG

RN R R N RN R R R R R R
GGAGGAGTCGGACCTGCCCGGCCTCCCCTACCTGCAGGCGGTGTGCAAGE

AGGCCATGCGGCTGCACCCGTCCACGCCGCTCAGCCTCCCGCACTTCTCC

PVERTERDI P PR e b e b e e e bbb et
AGGCCATGCGGCTGCACCCETCCACGCCGCTCAGCCTCCCGCACTTCTCC

TTGGACGCCTGCGACGACGTCGACGGCTACCGCGTCCCGGCCARCACCCG

PLERELRER R e e it bbb bbb n et
TTGGACGCCTGCGACGACGTCGACGGCTACCGCGTCCCGGCCARCACCCG

CCTGCTCGTCAACGTCTGGGCCATCGGCCGGGACCCGGAGGCCTGGGAGA

R R R R RN R R RN RN
CCTGCTCGTCARCGTCTGGGCCATCGGCCGGGACCCGGAGGCCTGGGAGA

GGCCCCTCGACTTCCGCCCCGAGCGCTTCCTGCCCGGGEGCGGCEGCGGEAG

RN R RN R R AR R R R AR R R RN
GGCCCCTCGACTTCCGCCCCGAGCGCTTCCTGCCCGGGEGCGEGLGCGGAL

AAGGTCGACCCCCTGGGGAACTGCTTCGAGCTCATCCCGTTCGGCGCLGG

R R R R R R R RN R R R R A R AR R R
AAGGTCGACCCCCTGGGGAACTGCTTCGAGCTCATCCCGTTCGGCGTCEG

CCGGAGGATCTGCGCGGGGRAAGCTGGCGGGCATGGTGTTCGTGCAGTACT

SRR R R N R R RN AR R R R R R R RN
CCGGAGGATCTGCGCGGEGAAGCTEGCGGGCATGGTGTTCGTGCAGTACT

@ur. 4 (mpoao/CKeHnE)
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HO:
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NO:
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4164

4351

TCCTGGGCACGCTGCTGCACGCGTTCGACTGGCGCCTGCCTGACGGCGAG

PERETERDRRRE PP E P e b bbb e
TCCTGGGCACGCTGCTGCACGCGTTCGACTGGCGCCTGCCTGACGGCGAG

GAGAAGCTGGACATGAGCGAGACGTTCGGCCTCGCGUTGCCCAAGGCALGT

R R R R AR AR R A RN R AR R
GAGAAGCTGGACATGAGCGAGACGTTCGGCCTCGCGCTGCCCAAGGCAGT

GCCGCTCCGCGCCGTCGCCACGCCACGGCTCGTGCCGGAAGCCTATGCCT

R R RN R R R R AR R RN R
GCCGCTCCGCECCGTCGCCACGCCACGGECTCGTGCCGGRAGCCTATGCCT

@ur. 4 (mpoaoLKeHHe)
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