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Tounoe BBenenue IHK niu myrauuii B reHoM nmieHHIbI

Onucanne u3odpereHus
Hacrosimee n3oOpereHne OTHOCHTCA K OONACTH PENAKTHPOBAHUS T€HOMA U
HANpaBJIeHO Ha Crnoco0 OEeCIIOBHOrO BBEACHHS LEJIEBbIX TOYHBIX MOIU(UKAIMIA B

reHomMHy10 JIHK nimeHuisr.

Beenenune

ITirennna sABIsA€TCS OOHON U3 BAXKHEHIINX CEIbCKOXO3HCTBEHHBIX KYJBTYP BO
BceM mupe. B 2017 rogy MupoBoe nNpou3BOACTBO MIIEHULIBI COCTABUIIO 730 MUJIITMOHOB
TOHH, NPU NPOrHo3e npoussonactsa B 2019 rony Ha ypoBHe 766 MUJUIMOHOB TOHH, 4TO
IenaeT ee BTOpOoi 1o o0beMaM IMPOM3BOICTBA 36PHOBOH KYJIBTYPOH mocie KyKypy3sl. C
1960 roga MupOBOE MPON3BOICTBO MIIEHULBI U APYTUX 3€PHOBBIX KYJBTYP YBEJIUYUIOCH
BTPOE, M IIPU 5TOM OKHJAETCs, YTO JaHHAas udpa MPOJODKUT PacTh 10 cepenuHsl 21
Beka. MHUpOBOH CNIPOC HA MIIEHHULY PAaCTET M3-3a YBEIMYEHUs MUPOBOIO HACEJECHUs, a

TaKXK€ YHUKAJIbHBIX BA3KOYIPYTUX U air€3UBHBIX CBOHCTB OE€JIKOB IJIFOTEHA.

Jns  pganpHEMIIero yBeNMYEHHMs YPOXKAHHOCTH — MINEHHUIBI  HEOOXOJUMO
NPUMEHATb TAaKUE€ TEXHOJIOTHH, KaK PEJaKTUPOBAaHUE I€HOB, UX 3aME€Ha I'€HOB WU

o0beMHEeHNE C UCTIOIB30BaHNEM HEeaBHO pa3paboranHoi TexHojoruu CRISPR Cas.

OI[HaKO H3-3a IJIOUIHOCTHU TBepI[Oﬁ W NIICHUIbI MHFKOﬁ, T.C. TETPAILNIOUAHOCTHU
H, COOTBCTCTBCHHO, TCKCAIUNIOMAHOCTH, a TaKXE€ H3-3a OTCYTCTBHA Yy TMIICHUIbI
CKJIOHHOCTH K TpaHC(bOpMaLII/II/I U pereHepalu IMIPUMEHEHUE TaKHX TEXHOJIOTHH

3aTPYIHUTENBHO.

XoTsi B HECKOJNbKHMX NyOJMKAIMSIX W3 JaHHOW OOJaCTHM HAyKH M OIMUCAHO
BBEJCHUE HWHCEPLMOHHO-ICNCIIMOHHBIX MyTalludi B TE€HOM MIIEHULBbl NyTeM
WHIYIUPOBAHUS ABYXIenouedHbIX pa3pbiBos JJHK, Hu B oHOM myOIMKaLUK HE OITUCAHO
HaIMpaBJICHHOE TOYHOE BBEAEHNUE N'€HHbIX U3MEHEHUH UJIM HOBBIX MOCJIEI0BATEIbHOCTEN
JHK, coneprxamuyx, HanpuMep, HOBBIE T€HBI, PErYJSATOPHBIE 3JIEMEHTBI, KOHCTPYKTHI U
aHAJIOTU4YHbIe OOBEKThI ¢ wmcmonb3oBanueMm nonopHoi JIHK. Cmotpure, Hampumep,

Kumar et al. (2019) Molecular Biology Reports.

B Svitashev et al (2015) Plant Physiology 169 ctp. 931-945 onucaHo BBeneHHe

noHopHo#t JTIHK, umeromeit 5' u 3' cBsa3u ¢ ¢pparmenramu JTHK pasmepom npumepHo 1



T.I1.0., TOMOJIOTUYHBIMH LI€JIEBOH 00JI1acTH, C UCIIONb30BaHNEM HykJeas3bl Cas9 B reHOM
pacTeHUl KyKypy3bl, C 3asBJI€HHOW 3(PQPEKTUBHOCTHIO COOBITHII T'OMOJIOTUYHOU

pexoMmOuHaruu 110 4,1%.

B Li et al (2016) Nature Plants 2:16139 onucano BBenenue noHopHoi JIHK B
I'€HOM PACTEeHUH prca AJisl 3aMEHbI MJIH BCTABKH I'€Ha, OTIMYAIOLIEeeCs TEM, YTO JOHOPHAs
JHK umeer 5' u 3' cssu ¢ pparmenramu JIHK u3 23 ocHOBaHHi, rOMOJOTHYHBIX
1eieBoi obnactu, ¢ 3asiBieHHON 3¢ ¢ekTuBHOCTRIO 2,0% U, COOTBETCTBEHHO, 2,2%.
OnHako MpHU 3TOM OHH MMOJIAralOTCsl HA HEroMoJoru4Hoe coenuHenne kouos (NHEJ)
BMecTo romosioruuHoi pekomOunanmn (HR) mns BcraBkm ponopnoit JIHK, uyro
NPUBOIUT K BBICOKOMY IMIPOLIEHTY HEMPENCKAa3yeMbIX HWHCEPIIMOHHO-IENEIIMOHHbBIX

MyTalui BOJIM3M MeCTa BCTABKH.

Zhang et al. (2016) Nature Communications 7:12617, Zhang et al. (2017) Plant
Journal 91, 99714-724, Howells et al (2018) BMC Plant Biology 18:215 u Kumar et al
(2019) Molecular Biology reporter 46, ctp. 3557-3569 oNMCHIBAIOT MPUMEHEHHE
Hykieassl Cas9 wimm Cpfl B mimeHuue Ay ONTUMHU3ALMM T€HOMA, OJHAKO, BCE OHHU
ONHKCBHIBAIOT BBEIEHHE WHCEPLHOHHO-ACICLNOHHbIX MyTaUUHd MyTeM HHAYKLUN
IBYXLIETIOYEUHBIX pa3priBOB Oe3 noctaBku noHopHOoM JIHK, npu 5TOM AByX1enodeyHble
Pa3pbIBBl BIOCIIEACTBUM BOCCTAHABJIMBAIOTCS C IOMOIIBIO MOABEPIKEHHOIO OLIMOKaM
MeXaHH3Ma HETOMOJIOTUYHOTO COEIMHEHHsI KOHLIOB, & HE BBECHUS MOCIIEN0BATEIbHOCTH
u3 noropHoi /IHK B reHOM muieHuIp! myTeM roMOJIOTHYHON pekomOuHanmu. B Ran et
al (2018) Plant Biotechnology Journal 16, crp. 2088-2101 ommcaHo TO4YHOE
perakTHUpPOBaHKME T€HOMA MIIEHUIIbI yTeM HErOMOJOTHYHOIO COeANHEHHsI KOHIIOB MpU
paspbiBax asyxuenoyeunoil JJHK, WHIyIMPOBAaHHBIX MPU MOMOIIU IUHK-TAJIBLEBBIX
Hykieas. Kaxnas nonopnast JIHK Obuta mosydeHa co cnenu@uUYecKMMHU S'-THIIKUMH
koHmamu JIHK, droObr obnerunts Oe3ommbOouHoe suruposanue noHopHoit JJHK B
pa3peiB nByxuenodeunoit JIHK, co3gaHHBIM HUHK-NIATbLUEBBIMU HYyKJ€a3aMH. JTa
CTpaTerusi MO3BOJIMIA BBECTH MyTauuto S653N B reH CHHTa3bl aleTOTUAPOKCHKUCIOT
NyTeM LieJIeHaNpaBJIe€HHOW BCTaBKM HOBBIX  IOCJENOBATENbHOCTEM  CHHTa3bl
alleTOTUAPOKCUKHUCIOT B PAMKH CUYUTHIBAHUS C OSHAOTCHHBIM TI'€HOM CHHTAa3bl
aLeTOrMJIPOKCUKHUCIIOT, 4TO MIPUBEJIO K OyOIUpPOBAHUIO SHJIOT€HHBIX
NOCJIEIOBATENIbHOCTE. JTa CTpaTerusi TaKKe UCIONb30BaNaCh AJI 3aMEHbI SHJOT€HHON

NoCJEA0BATECIIBHOCTHU CUHTA3bl AICTOTUMAPOKCUKUCIIOT HOBBIMU MTOCJIEAOBATCIIBHOCTAMUA



CHUHTa3bl alETOTHIPOKCUKUCIIOT, HO He olecneunsia OecrpoOIeMHYIO 3aMeHy 3TOU

nocCJaea0BaTCIIbHOCTH.

Hamu omnucana OecrnpoOneMHasi 3aMeHa SHAOTEHHBIX IIOCHIEIO0BATENbHOCTEN

TOMOJIOTHYHOH peKOMOUHALIMEH B MIIEHHULIE.

B nanHOW o0nacTu HaykM CymecTByeT NOTpeOHOCTh B 3((GEeKTHBHOM U
Hane:)kHOM BBeneHuu noHopHo JIHK B 1meneBbie oOjmacTyi reHOMa IIIEHUIBI C

ucnojibzosanueM rtexuonoruu CRISPR.

IoapoOHoe onucanue u3odpereHust

IlepBBIii BapHaHT OCYLIECTBICHHUS H300PETEHHUs] BKIJIOYAET CIIOCOO TOYHOTO
BBEJICHUSI, TI0O MEHbINEH Mepe, ogHON MosekyJbl noHopHou JJHK B meneByro obnactb
reHOMa MIIEHULb], BKJIIOYAOIIHUH CIeAYIOLINe STaIbI:

a.  BBeIEHUWE B KJETKYy MIIEHULbl, MPEANOYTUTENbHO KIETKY IIIEHULIBI

HE3PENoro 3apOAblIiIa,

1. 10 MEHbIIEN Mepe, ONHON AOHOPHOU MoJexkynbsl JJHK u

ii.  mo meHbuIel mepe, ogaolt PHK-ynpasnsemoit nykneass niuun PHK-
YIPABJISIEMON HUKA3bI U

iii. 1o MeHbluel Mepe, ogHoN onnHouHON Harnpasisitoiei PHK (crPHK)
nunu tpakpPHK u xpPHK, u

b.  mHKYOMpOBaHHWE KJIETKH IMIIEHHLbI JIs1 BBEIEHUS YKA3aHHOM, 10 MEHbLISH

mepe, onHoit noHopHo# JIHK B ykazanHyo LieeByr0 001acTh reHOMa U

C.  BBIOOp KJIETKH MIIEHHIBI, COAEpKAaIleH MOCIeOBATENIbHOCTb MOJIEKYJIBI

nonopuoii JIHK B ykazaHHO# 11e51eBOl o0nacTy,

npudyem noHopHas JIHK ¢yHkuMOHaNBHO CBs3aHa €, MO MeHblued mepe, 30

OCHOBAHUSIMU Ha ee 5'- u/miu 3'-KOHIIe, KaXKI0e U3 KOTOPBIX, IO MEHBIIIEH Mepe,

Ha 80% UAEHTUYHO MOCJIEI0BATEILHOCTH B LIEJIEBON 00JIACTH.

Hounoprass JIHK ™moker ObiTh, Hampumep, (U3NUECKH BBEACHA B LIEJIEBYIO
00J1aCTh T€HOMA IMIIEHULIBI FITH MOKET CITYKUTh MaTPHULEH IS ITOIMMEPa3bl. ITO MOJKET
ObITh pekomOuHanTHas JJHK, conepskamas pekoMOWHAHTHBIE PEryJIATOPHBIE 3JIEMEHTBHI,
OPC wunm KOHCTPYKTBI 3KCHPECCHH, TETEPOJIOTHYHBIE IO OTHOIIEHHIO K T'€HOMY
NIIEeHUIbl WK 1eneBod obmactu. OHa MOXeT NO0aBNIATBCS B T'€HOM, TEM CaMbIM
YBEJIMYHNBasi €r0 Pa3Mep, WK MOXKET 3aMeLIaTh YacTbh LIeJIeBOH 00acTH MPHONIN3UTENBHO

TaKoM >xe niuHbl, kak 1 noHopHasa JIHK. OHa MoskeT conep:kath MOCIeI0BaTEIbHOCTD, B



BBICOKOH CTENeHH T'OMOJIOTUYHYI0 3ameHeHHou reHomHod [IHK nenesoit obmacrtw,
COIEPKAILYI0 TOJBKO OIHY MM HECKOJIBKO MyTalUd MO CPAaBHEHHUIO C 3aMEHEHHOU
renomHol JIHK, TeM caMbIM BHOCSI TOYHBIE T€HHbIE U3MEHEHUsI B TeHOM IIIEHULIBI.

Knerka mnimmeHWIpl MOXXET ObITh MOJyY€HAa W3 PACTeHHs MINEHHLbI MSTKOH
(Triticum aestivum), onHo3zepHsiHKH (T. monococcum), mmenunst TBepaoi (T. durum),
nojiobr (T. dicoccoides) mmu 00Oro0 APyroro BHAa MINEHHUIBI IJTO MOXKET OBITh
POACTBEHHAsI MIICHULA, THOPHUIHAS MIISHULA U MECTHBIH COPT.

WHkyOarusi kJeTku mmeHuubl st BBeaenus: noHopHoi JIHK B renom kietku
MIIEHUIBI MOXKET MPOMCXOINTh MPU JIFOOBIX YCIOBHUSIX, KOTOpPbIE OJArONMpPUATHBI IS
NOA/IEPKAHMSI JKU3HECTIOCOOHOCTH KJIETKH IMIIEHULBL. TeMrepatypa npenrnouTUTEIbHO
cocraBisier 20°C - 32°C, B 3aBUCHUMOCTH, Hampumep, OT wucnoisdyemoin PHK-
ynpasiaseMoil Hykseasbl. OtHocutrenpHo Cas9, TemmnepaTtypa NpPeANOYTUTENIHHO
cocraBimsier 18°C - 30°C, Oomee mnpenmouturenpbHo 20°C - 28°C, wHaumbonee
npennoututenbHo 22°C - 26°C. OtHocutenbHo Casl2a, Temmneparypa npeanouTUTEIbHO
cocraBimsier 22°C - 32°C, Oomee mnpenmoururensHo 24°C - 30°C, wHaumbonee
npennoututensHo 28°C - 30°C.

Krnetku mnpennouTHTensHO MHKYOUPYIOT B YCIIOBHSX 4depenoBaHus 16 4acoB
cBeTa U 8 4acOB TEMHOTBHI, NPEANOYTUTEIBHO B YCIOBHUIX CIa0Oro OocBelleHus, Oonee
NPEANOYTUTENBHO B TEMHOTE. Bpemst HHKyOaIuK B YKa3aHHBIX YCIOBUSAX COCTABIISAET OT
1 nus no 7 Hexenb, NPEANOYTUTENBHO OT S5 HeleNb 10 7 Heeb.

PHK-ynpasnsemMass Hykjea3a HampaBiseTCsl K LEJIEBOMYy CaliTy 1Of
BozaeiicTerem coequHeHHbIX KpPHK u TpakpPHK unu ogunouHoi Hanpassiroweit PHK
coOTBEeTCTBeHHO. lleneBoii caliT mpumbikaer K mocienoBarenbHocTH PAM, koTopas
siByisieTcs: cneruduaHol s ucnosp3yemoit PHK -ynipasisieMoli Hykieassl.

Ecnu nns BBenmeHust nsyxuenodedHoro paspeiBa Bmecto PHK-ynpasnsiemoit
HykJs1eas3bl ucnosb3yrores ase PHK-ynpasisemble HUKa3bl, TO, IO MEHBLIEH Mepe, 1Be
coenquHeHHble kpPHK wu TpakpPHK wnn, no MeHbliel Mepe, IBE€ OIWHOYHBIE
Hanpasisiromue PHK wny, no mensmeit mepe, ogna coeaunenHas kpPHK u tpakpPHK
U, MO MEHbLIEH Mepe, oAHa oAuHO4Has Hanpasisiromas PHK BBogsaTcs B kieTky
MIIEHULBI, NTPUYEM KakAash U3 HUX HaLEJIMBAeT COOTBETCTBYIOLIYIO HMKAa3y Ha CBOMU
LEJIEBOM CalT, MPUMBIKAIOIIUN K mocieaoBaTenbHOCTH PAM.

B onmHoM w3 BapuaHTOB oOcyuiecTBieHusi u3obperenmss ponopHas JIHK
(YHKLMOHATIBHO CBsA3aHA C, MO MeHbIneil mepe, 30 ocHOBaHUSAMH Ha ee S5'- w/minn 3'-

KOHLIE, KaXI0€ U3 KOTOpPBIX, @O MeHbuel wmepe, Ha 80% HAEHTUYHO



MOCJIEIOBATEIBHOCTH B LEJIeBOM obnactu, mnpeamodrurenbHo ponopHas JIHK
(YHKLMOHATIBHO CBsi3aHa C TAKOH IIOCJIENOBATENbHOCTBIO Ha ee 5'- w/mimm 3'-KOHIE.
IIpeanouTuTenbHO MOCIEN0BATENBHOCTD C, 10 MEHBLIEH MEPE, OHON CTOPOHBI TOHOPHON
JHK, npeanoututensHo ¢ 00enx cropoH aoHopHoi JIHK conep:kuT, mo MeHblieii mepe,
40, no menbuiei Mepe, 50, mo MeHbluel mepe, 60, Mo MeHblIel Mepe, 70, MO MeHbLIEH
mepe, 80, mo menpuedn mepe, 90 unu, no Mesbiuel Mepe, 100 ocHoBaHuil. bonee
MPEANOYTUTEBHO TOCIEN0BATEIbHOCTh C, IO MEHbIIEH Mepe, OIHOH CTOPOHBI
nonopHoit JIHK, mpennoururensho ¢ obeux cropoH moHopHoit JIHK conmepskut, mo
MeHblIel Mepe, 150, mo menbiueit mepe, 200, mo MeHbiuei Mmepe, 300, Mo MeHbIel Mepe,
350 unm, no menbiueit mepe, 400 ocHOBaHUI. DTH OCHOBAaHUsI, 10 MEHbIIEH Mepe, Ha
80%, mpenmodTUTENbHO, MO MeHbIner Mmepe, Ha 85%, mpenmoururenbHo Ha 90%,
npennoyTuTenbHo Ha 91%, 92%, 93% wnnu 94% uneHTHYHBI COOTBETCTBYIOIMUM S'- 1 3'-
00J1acTM NBYXIIEMIOYEUHOTO Pa3pblBa WM OMHOIETIOYEUHOTO Pa3pbiBa, BBEICHHOTO C
nomowbt0 PHK-ynpasnsemoli Hykneasel win PHK-ympasnsiemonn Hukasel. bonee
MPEANOYTHUTENBHO 3TH OCHOBaHUS, MO MeHbliel mepe, Ha 95%, 96%, 97%, 98%
UIEHTHYHBl Wi Ha 99% WIEeHTHYHBI COOTBETCTBYOIUM 5'- u  3'-o0nactsam
JBYXLEMNOYEYHOIO pa3pblBa UM OAHOLIENIOYEHYHOrO Pas3pbiBa, BBEIEHHOIO C MOMOIIBIO
PHK-ynpaBnsemoli Hykneasel wnu PHK-ynpasisemoit Hukassl. B HauGonee
MPEANOYTUTENBHOM BapuaHTe 3T OcHOBaHUs Ha 100% HUOEHTUYHBI COOTBETCTBYIOLIUM
5'- wm 3'-00nacTsM JBYXLEMOYEYHOrO paspbiBa MM OJHOLIETIOYEUHOTO pa3phiBa,
BBeZIeHHOrO ¢ nomouibto PHK-ynpasnsemoii Hykneass! unu PHK-ynpasnsemoit HUKa3bl.

B onHOM M3 BapuUaHTOB OCYIIECTBIIEHUS M300peTeHwMs], MO MeHbliei mepe, 30
ocHoBaHu# 5'- w/mmm 3'-konua nonopHoi JIHK wa 100% uaeHTUYHBI COOTBETCTBYIOIUM
5'- u/vnm 3'-061aCcTSIM ABYXIEMOYEHHOT'O Pa3phiBa MIIU OAHOLIEIIOUEYHOT'O Pa3phiBa, €CIIH
nonopHas JIHK wnu ee nocnenosarenbHOCTh BCTpoeHbl B reHoMHYI0 JIHK. B ee onnom
BapHaHTe OCYIIECTBIICHUs M300peTeHus, Mo MeHblneil mepe, 40 umu 50 ocHoBaHwmiA 5'-
w/wnu 3'-konna gonopuoit JIHK, mno wenbmeii mepe, Ha 98% uaeHTUYHBI
COOTBETCTBYIOIMUM  5'-  w/wimm  3'-001acTsiM  OBYXILENOYEHYHOrO  pas3pbiBa WU
OHOLIENIOYEYHOr0 pa3pbiBa. B COOTBETCTBUH C €le OAHUM BAPUAHTOM OCYLLECTBJIEHUS
u3zobperenHus, Mo MeHbineil mepe, 60 wiu 70 ocHOBaHUM 5'- W/wnn 3'-KOHIIA TOHOPHOU
JTHK, no menbineii Mmepe, Ha 95% UAEHTUYHBI COOTBETCTBYIOLIUM 5'- 1/ 3'-001acTsam
JBYXLEMNOYEYHOIO pas3pbiBa WM OJHOLENOYEYHOrO paspbiBa. B mpennoyTurenbHOM
BapHaHTe OCYIIECTBJICHUs] M300peTeHus, o Menblneil mepe, 80 umm 90 ocHoBaHwMiA 5'-

w/mmm 3'-konna pounopuHoit JIHK, mno wenbmeit mepe, Ha 92% uaeHTUYHBI



COOTBeTCTBYrOIIUM  5'-  w/mwmm  3'-001acTsiM  OBYXLENOYEHYHOrO  pas3pbiBa WU
OITHOLIETIOYEYHOTO pa3pbiBa. B Oojiee MpennouTUTeIbHOM BapUAHTE OCYIIECTBIICHUS
n3o0pereHus, nmo MeHbliel Mepe, 80 umu 100 ocHoBaHmit 5'- w/unu 3'-KOHIA TOHOPHOMH
JHK, o menbiieii mepe, Ha 90% UAEHTUYHBI COOTBETCTBYIOLINM S5'- 1/1u 3'-001acTsam
IBYXLIETIOUYEUYHOTO  pas3pbiBa  WJIM  OJHOLICTIOYEHHOro  paspeiBa. B Oonee
NPEANOYTUTEIbHOM BapUaHTe OCYLIECTBIICHHs] M300peTeHus, nmo MeHbined mepe, 150
w 200 ocHoBauwmii 5'- w/unu 3'-koHua gonopuoit JIHK, mo mensbineii mepe, Ha 85%
UJIEHTUYHBI COOTBETCTBYIOLIUM 5'- u/uiu 3'-00/1acTsIM JBYXILIEIOYEYHOTO Pa3pbiBa WU
OITHOILIETIOYeYHOr0  pa3pbiBa. B  eme ©Oojee  NPEONOYTHUTENILBHOM  BapUaHTE
OCyIIeCTBJIeHHs H300peTeHus, o MeHblei mepe, 250, 300, 350 umm 400 ocHOBaHwMIA 5'-
w/wmu  3'-konna gonopuoit JIHK, mno wenbmeii mepe, Ha 80% uaeHTUYHBI
COOTBETCTBYIOIMUM  5'-  w/wimm  3'-001acTsiM  IBYXILENOYEHYHOrO pas3pbiBa  WIIH
OJTHOLIETIOYEUHOTO Pa3phIBa.

B oxHOM U3 BapHaHTOB OCYLIECTBIICHUS N300peTeHusT MoJieKyia noHopHoi JTHK
SIBJIIETCS.  ONTHOILIETIOYEYHOW, B APYrOM BapHaHTE OCYIIECTBICHUS H300peTeHHS
moniekysna poHopHo JIHK sABnsercs pByxuenodedHod. B OgHOM U3 BapuaHTOB
ocymectsieHus: Mosiekyyia nonopaoi JJHK umeer nnuny He 6onee 10 HykieoTUIOB, B
APyroM BapuaHTe JJIMHA coctaBisier He Oonee 20, 30, 40 wnu 50 nHykneorunos. B eme
OITHOM BapHaHTe OCYLIECTBIICHHUsI n300peTeHust MosekyJa nonopHoi JIHK nmeer nnuny
He Gonee 60, 70, 80, 90 unu 100 HykIeoTHIOB. B ele 0MHOM BapHaHTe OCYIIECTBICHHUS
u3o0perenust moniekya noHopuoit JIHK umeer nnuny ue 6onee 125, 150, 200, 300, 400
v 500 HykJ1eoTHIOB. B elle 0omHOM BapHUaHTe OCYIIECTBICHHS U300PETEHHUST MOJIEKY A
nounopuoii JIHK umeet niuny He 6osee 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400
wim 1500 HykneoTupoB. B eme ogHOM BapuaHTe OCYINECTBJICHUS H300pETEHHs
moJiekyna nornopHoi JIHK umeer mmuny He Gomnee 2000, 2500, 3000, 3500, 4000, 4500
nmu 5000 HyKJ1€0TUOB.

B cooTBeTCcTBHU C OTHUM U3 BAPUAHTOB OCYLIECTBIICHHUS N300PETEHUS] MOJIEKYJIa
nounopuoii JIHK nobGaensiercss k 1eneBoii o0nacTé reHoMa MIISHHWIBI U HEe 3aMeHsIeT
renomuyro JIHK. B eme ogHOM BapuaHTe OCYINECTBJICHHS H300pPETEHUsS MOJIEKyia
nonopuoii JIHK 3ameHsieT mocenoBaTeIbHOCTh B HEJIEBOM 00J1aCTH reéHOMA MIIEeHULIBI,
KOTOpasi KOpoye, TOro e pa3Mepa WK JJMHHEE, YeM MoJieKyaa noHopHon JIHK.

B cooTBeTcTBHM C OTHUM M3 BApUAHTOB OCYILIECTBIICHUS U300pETEHHs MOJIEKyJia
nonopuoit JIHK comepuT mocienoBaresibHOCTb, KOTOPOW HET B LeIeBOH o0jactu

reHoma mueHunbl. [Tyrem BBenenust takux mojiekyn JIHK B neneByro o0nacts reHoma



NIIEHUIBI K TeHOMY NIIeHUIbl nodaisiercss ponoinutenbHas JIHK, xoropas moxer
COZePIKaTh PETYJSATOpPHbIE O0JACTH, TakHe KakK IPOMOTOP, MHTPOH, HXAHCEP WU
TEPMUHATOP, OHA MOXKET COJIepKaTh TPAHCKpHOUpyemble odnactu, Takue kak OPC, nmm
MokeT koguposaTh Hekogupyromue PHK, Takue kak npexypcopst MukpoPHK, nnunHbie
Hekoaupyromue PHK u .., ninu oHM MOTYT copepskaTrh OJMH MM 00jiee KOHCTPYKTOB
sKcIpeccur. B ele onHOM BapHaHTe OCYIIECTBIEHHS M300pEeTEeHHsT MOJIEKYJ1a JOHOPHOM
JAHK comepXuT NOCIeNOBaTENbHOCTH, T'OMOJIOTHYHBIE II€JeBOH 00JacTH reHoma
MIIEHHIIBI, HO MPH 3TOM COAEPIKALIUE OHY HJIH HECKOJIBKO TOYHBIX MOAH(UKALINH I'eHa,
KOTOpPBIE OTIMYAIOTCS OT MOCIIEA0BATENBHOCTH AUKOTO TUIIA B LIeJIeBOH 00J1aCTH reHoMa
numenunpl. Takme wmonekynsl poHopHoW JIHK 3ameHsroT  cOOTBeTCTBYHOIIME
MOCJIEIOBATEIbHOCTH B TEHOME MUICHULIBI, TEM CAMbIM BHOCSI B TE€HOM MIIEHULIbI TOYHBIE

HU3MEHCHU I'€HOB.

Jlpyroli BapHaHT OCYLIECTBICHHS HM300PETEHUs BKIFOYAET CIIOCOO MOJy4EHHs
pacTeHusi TIIEeHHLBI, conepskamero noHopHyro JIHK B meneBoii obmactu reHoma,
BKJIFOYAIOLIUH CJIEIYOLINE 3TalbI:

a. BBEJCHHE B KIJIETKY MIIEHULbL, MPENNOUYTUTENbHO KJIETKY HE3penoro

3apOJbIIIA MIIEHULIBI,

1. 1o MeHblel Mepe, onHoil noHopHoi JTHK n

ii.  mo meHbuIel mepe, ogHoit PHK-ynpasnsemoit nykineass nnun PHK-
yIPaBIsi€eMON HUKA3bI U

iii. 1o MeHbIueil Mepe, ogHOM ognHOo4YHOI Hanpasisroweit PHK (crPHK)
nm TpakpPHK u xpPHK, n

b.  uHKYOMpOBaHHE KJIETKH MIIEHHLbI IJIs1 BBEISHHS YKA3aHHOW, IO MEHbILEH

mepe, ogHoi noropHoi JIHK B neneByto o0nactb reHOMa,

C. BBIOOP KJIETKH TIIEHHIBI, COIEpKaIlel MOCIeA0BATENbHOCTD MOJIEKYJIbI

nonoproii JIHK B ykazanHO# 1ienieBoli obnacry,

d.  pereHepupoBaHHE PACTECHUS MIIEHULBI U3 YKa3aHHOH BBIOPAHHON KIIETKH

MIIICHULIB,

npudem noHopHas JIHK ¢yHKIMOHANBHO CBs3aHa ¢, MO MeHblned wmepe, 30
OCHOBAHUSIMU Ha ee 5'- u/uiu 3'-KOHIIe, KaXKI0e U3 KOTOPBIX, IO MeHbIIel Mepe, Ha 80%
UJICHTUYHO MOCIIENOBATEIbHOCTH B IeneBo oOiactu. Jlonopuas JIHK moxer ObITb,
HarpuMmep, (U3NYECKH BBEACHA B LEJIEBYI0 O0OJACTb T'€HOMA ILIEHWULbI HJIH MOXKET

CIY>KUTh MaTpHLEH I MonuMmepasbl. JTo MoxeT ObiTh pexkomOuHanTHas JIHK,



cozeprkaliasi PeKOMOMHAHTHBIE perynsaTopHble 3neMeHTel, OPC wminm KOHCTPYKTBI
SKCIIPECCUM, TEeTEePOJIOTUYHBIE IO OTHOUIEHHIO K T€HOMY MUIEHWLbl WIM LEeJeBOH
obnactu. OHa MOXeT HOOABIATECS B F€HOM, TEM CaMbIM YBEJIUYHBAsI €r0 pa3Mep, HIn
MOXKET 3aMellaTh YacTh LIeJeBO 00nacTy MpHONM3UTEIbHO TAKOW K€ JJIMHBI, KaK U
noHopHast JIHK. Ona moxer copmepkaTh IMOCIENOBATEIbHOCTb, B BBICOKOH CTENEHU
rOMOJIOTHYHYI0 3aMeHeHHOo# reHomHolN JIHK meneBoii oOnactu, comeprKaiyo TOJIbKO
OHY WJIM HECKOJbKO MyTalMil MO CpaBHEHHIO C 3aMeHeHHOH reHomHoil [IHK, tem
CaMbIM BHOCSI TOUHbIE T'€HHbIE H3MEHEHUS B T€HOM IIIEHHULBI.

KneTka mimeHHIbI MOXKET OBITh TOJyY€HAa M3 PACTEHUS] NINEHHUIbl MSTKOM
(Triticum aestivum), ogHo3epustHkH (T. monococcum), mmenunsl TBepaou (T. durum),
nondel (T. dicoccoides) wmu mOOOro APYyroro BHIA MINEHUIBL JTO MOXET OBITh
POACTBEHHAsI MIICHUL[A, THOPHUIHAS MMIISHNULA I MECTHBIN COPT.

WNukybanusi kJieTKky MmeHuI sl 11t BBeaeHus: joHopHoit JIHK B reHom kietku
MIIEHUIBI MOXKET MPOUCXOAUTh MPU JIOOBIX YCIOBHUSX, KOTOpPbIE ONAaronmpusTHBI IS
NOJ/IEPKAHMS JKU3HECTIOCOOHOCTH KIIETKH IMIIEHULBL. TeMreparypa mpenrnouTUTEIbHO
cocraBisier 20°C - 32°C, B 3aBUCHUMOCTH, Hampumep, OT wucnoibsyemoii PHK-
ynpasiasieMoil Hykseasel. OtHocutenbHo Cas9, Temmepatypa NpeANOYTUTENBHO
cocraBimsier 18°C - 30°C, Oomee mnpenmoururenpbHo 20°C - 28°C, naubonee
npeanoytuTenbHo 22°C - 26°C. OtHocuTenbHO Casl2a, Temneparypa npeanouTUTEIbHO
cocraBnsier 22°C - 32°C, Oomee mnpeamourutensHo 24°C - 30°C, nHaubonee
npeanoututensHo 28°C - 30°C.

Knetky npennodrutessbHO MHKYOUPYIOT B YCJIOBUSX uepenoBaHusi 16 4HacoB
CBeTa U 8 4acOB TEMHOTBHI, MPEANOYTHTEIBHO B YCIOBHSX C1a0Oro OocBelieHus, Oonee
NPEANOYTUTENIBHO B TEMHOTE. Bpemst MHKyOauy B yKa3aHHBIX YCIOBHUSX COCTABIISIET OT
1 nusa no 7 Henenb, NPEANOYTUTENIBHO OT 5 HelleNb A0 7 HeelNb.

PHK-ynpasnsiemass HykJiea3a HanpasjsieTCsl K LEJNEBOMY CalTy IOA
Bo3aelncTereM coequHeHHbIX KpPHK u TpaxkpPHK nnu onnnounoit Hanpasisrowmei PHK
COOTBETCTBEHHO. lleneBoil callT mpumblkaeT K mocienoBarenbHocTH PAM, koTopas
siByisieTcs: cneruduaHo It ncnonpdyemoit PHK -yripaBisiemoli Hykieassl.

Ecnu nnsa BBeneHuss asyxuenodedHoro paspeisa Bmecto PHK-ynpasnsemoii
HyKJeas3bl ucnonb3yrores ase PHK-ynpasisemele HUKa3bl, TO, IO MEHBILIEH Mepe, BE
coequHeHHele kpPHK wu TpaxpPHK wnm, no weHblieln Mepe, ABE OIUHOYHBIE
Hanpasssiromue PHK iy, mo menbiueit mepe, ogHa coequnenHas kpPHK u tpakpPHK

U, N0 MEHbIIEW Mepe, OoaHa oauHO4YHas Hampasisiromas PHK Beopsrcs B kieTky



MUICHULBI, TPUYEM KaK[ash U3 HUX HALCIUBACT COOTBETCTBYIOLIYID HHMKA3y Ha CBOU
LIEJIEBOM CalT, MPUMBIKAIOIIUN K mociaeaoBaTenbHOCTU PAM.

B omHOM w3 BapuaHTOB ocyuiecTBieHus u3oOpereHuss poHopHas JIHK
(YHKLHMOHAJBHO CBs3aHA C, MO MeHbIneil mepe, 30 ocHOBaHUsIMHU Ha ee S'- w/uimu 3'-
KOHILIE, KaXJoe M3 KOTOpbIX, MO MeHblueli Mepe, Ha 80% HAEHTUYHO
NIOCJIEIOBATEIbBHOCTH B LIeNeBON obnactu, mnpennouTuteabHo noHopHas JIHK
(PYHKLMOHAJIBPHO CBsI3aHA C TAKOW MOCIIEAOBATENIbHOCTBIO Ha ee S'- w/mwiu 3'-KOHIIe.
IIpennouTuTenbHO MOCIENOBATENBHOCT C, IO MEHBbLIEH Mepe, OJHOW CTOPOHBI
nonopHoit JIHK, mpennoururensHo ¢ obenx cropoH moHopHoit JIHK conmepskut, mo
MeHbl1el Mepe, 40, mo MenbLIel mepe, S0, o MeHblei Mepe, 60, mo MeHnbLIel mepe, 70,
no MeHbuien mepe, 80, mo MeHnbliel Mepe, 90 wim, no MeHpluel mepe, 100 ocHOBaHUIA.
bonee npeanodTUTENBEHO MOCIENOBATEIBHOCTD C, 10 MEHBIIEH Mepe, OMHOW CTOPOHBI
noHopHoit JIHK, mpennmoururensHo ¢ obenx cropoH moHopHoit JIHK conmepskut, mo
MeHblIen Mepe, 150, mo menbiueit mepe, 200, mo MeHbiueit Mmepe, 300, mo MeHbIel Mepe,
350 unm, mo menbiueit mepe, 400 ocHOBaHUN. DTH OCHOBAaHMS, MO MEHBIIEH Mepe, Ha
80%, mpenmouTUTENbHO, MO MeHbIel Mmepe, Ha 85%, mpenmoururenbHo Ha 90%,
npeanoyTuTeNbHo Ha 91%, 92%, 93% unu 94% nneHTHUYHbI COOTBETCTBYIOIUM S'- 1 3'-
00MacTsIM IBYXLIENIOYEUHOTO pa3pbiBa WM OAHOLIETIOUEYHOrO Pa3pbliBa, BBEIEHHOTO C
nomowbro PHK-ynpasnsiemoli nykineasel win PHK-ympasnsiemonn Hukasel. bosee
MPEONOYTUTENIbHO 3TH OCHOBAHUS, MO MeHblLIell Mepe, Ha 95%, 96%, 97%, 98%
UIEHTUYHbl Win Ha 99% MAEHTHYHBI COOTBETCTByHOIIMM 5'- u  3'-o0mactsam
JBYXLIETIOYEYHOr'0 pa3pbiBa WJIK OAHOLIETIOYEYHOIO Pa3pblBa, BBEACHHOTO C MOMOILIBIO
PHK-ynpasnsiemori Hyknea3el win PHK-ympaBnsemoit Hukasel. B Hambonee
MPEINOYTUTENBHOM BapHaHTe 3TU ocHOBaHUA Ha 100% MAEHTUYHBI COOTBETCTBYIOIIHUM
5'- m 3'-ob;macTsM JBYXLENMOYEYHOrO pa3pbiBa MM OJHOLICTIOYEUHOTO pa3phiBa,
BBeZleHHOrO ¢ nomoubo PHK-ynpasnsemoli Hykneassl unu PHK-ynpasnsemMoil HUKa3bl.

B onmHOM W3 BapHMaHTOB OCYINECTBJICHUS M300peTeHMs, MO MeHblued mepe, 30
ocHoBaHu# 5'- w/mmm 3'-konua nonopHoi /IHK ra 100% uaeHTHYHBI COOTBETCTBYIOIUM
5'- w/mnm 3'-001acTAM ABYXIIETIOUEYHOTO Pa3phiBa MIIH OJHOLIETIOYEUHOTO Pa3phIBa, €CIIH
nonopHas JIHK wnu ee nocnenosarenbHOCTh BCTpOeHbI B reHOMHY0 JIHK. B eme onnom
BapHAaHTe OCYIIECTBIICHUs M300peTeHus, mo MeHblneil mepe, 40 unmu 50 ocHoBaHwmiA 5'-
w/nm 3'-konna ponopuHoit JIHK, mno wenbmeii mepe, Ha 98% uaeHTUYHBI
COOTBETCTBYIOIIMM 5'- w/mmu  3'-005acTAM  ABYXLEMNOYEUHOrO  paspbiBa  HIIK

OOHOLCIIOYCYHOI'O pa3phbiBa. B coorBercTBUM C CIIC OAHUM BApHUAHTOM OCYIICCTBJICHUS
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u3zobperenHwus, Mo MeHbliei mepe, 60 wim 70 ocHOBaHUM 5'- w/wn 3'-KOHILIA TOHOPHOU
JHK, no menbineii mepe, Ha 95% UASHTUYHBI COOTBETCTBYIOLIUM 5'- 1/ 3'-001actsam
JABYXLEMNOYEYHOrO pas3pblBa WM OAHOLENOYEYHOrO paspeiBa. B mpenmnodyrurensHOM
BapUAHTE OCYILIECTBJIEHUsI n300peTeHus, o MeHbiueil Mepe, 80 minu 90 ocHoBaHmit 5'-
w/unu  3'-konua gonopuoit JIHK, mno wmenbuieir mepe, Ha 92% WIEHTHYHBI
COOTBETCTBYIOIIMM 5'- w/wmu  3'-005acTssM  ABYXLEMOYEUHOTO  pas3pbiBa  HIIK
OJTHOLIETIOYEYHOrO pa3pbiBa. B Oojiee MpeanouTUTEIHHOM BapUAHTE OCYIIECTBIIEHUS
u3o0peTeHwus, 1o Menbieit mepe, 80 wiu 100 ocHOBaHuU 5'- W/wnK 3'-KOHIA TOHOPHOM
JTHK, no menbineii mepe, Ha 90% UAEHTUYHBI COOTBETCTBYIOLIUM 5'- 1/ 3'-001acTsm
IOBYXIEMOYEHYHOTO  paspbiBa WM  OJHOLIETIOYEYHOro  paspeiBa. B Oornee
NPEANOYTUTENIbHOM BapUaHTE OCYLIECTBIICHHs] M300peTeHus, mo MeHbiued mepe, 150
w 200 ocHoBauwmii 5'- w/unm 3'-koHua gonopuoit JIHK, mo mensbme mepe, Ha 85%
UJICHTUYHBI COOTBETCTBYIOLIUM 5'- u/miu 3'-00/1acTsIM IBYXIEIOYEYHOTO Pa3phiBa WU
OITHOILIETIOYEYHOTrO  paspbiBa. B eme Oosee NOpPeANOYTHUTENLHOM  BapHaHTE
OCYIIeCTBJICHHs H300peTeHus1, o MeHblei mepe, 250, 300, 350 wmm 400 ocHOBaHwMIA 5'-
w/wmu 3'-konna ponopuHoit JIHK, mno wenbmeit mepe, Ha 80% uaeHTUYHBI
COOTBeTCTBYIOIIUM  5'-  w/wimm  3'-001acTsiM  OBYXLENOYEYHOrO  pas3pbiBa  WIIH
OHOLIENIOYEYHOI0 pa3phiBa.

B opHOM U3 BapHaHTOB OCYLIECTBIICHUs N300peTeHus1 MoJieKyia noHopHoi JTHK
SIBJISIETCST  OJHOLIETIOYEYHOW, B JPYroM BapHaHTe OCYIIECTBJICHUS H300peTeHUs
mouiekysia aoHopHoi JIHK sBasiercsa nByxuenoueuynoil. B cooTBercTBUM ¢ OgHUM U3
BapPHAHTOB OCYILIECTBJIEHUsT M300peTeHust Mojiekyna nonopuoi JIHK wmeer miuHy He
Oosee 10 HyKJIEOTHAOB, B APYyroM Bapuante - He Oonee 20, 30, 40 umu 50 HyKJIE€OTHAOB.
B eme ogHOM BapuaHTe OCYyIeCTBIICHMs U300peTeHus MoJiekya noHopHout JIHK umeer
muay He Oomee 60, 70, 80, 90 wim 100 HykneoTunoB. B eme omHOM BapuaHTe
ocyiecTBieHust u3o0perenust mojiekysa gonopuoii JIHK umeer nnuny He Gonee 125,
150, 200, 300, 400 unu 500 Hykneotunos. B eme onHOM BapuaHTe OCYLIECTBJICHUS
u3obperenus mojiekysa nonopuoii JIHK umeer nmuny we 6onee 600, 700, 800, 900, 1000,
1100, 1200, 1300, 1400 nnu 1500 HykneoTnaos. B eme oqHOM BapuaHTe OCy LIECTBIICHUS
u3zobperenust mosiekyia goHopuoit JIHK umeer qmny He 6onee 2000, 2500, 3000, 3500,
4000, 4500 nnu 5000 HYKIEOTHIOB.

B cooTBeTcTBHM C OTHUM M3 BApUAHTOB OCYILIECTBIICHUS U300pETEHHs MOJIEKyJia
nonopuoit JIHK nobGaensiercss k meneBoil 00JacTH reHOMa MINEHUIbI U HE 3aMeHsIeT

renomHyro JIHK. B eme ogHOM BapuaHTe OCYIIECTBICHHUS H300PETEHUS MOJIEKyJa
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nonopuoit JIHK 3amensieT mocaenoBaTeIbHOCTh B LEJIEBOIM 00J1aCTH reéHOMa MIIEeHHULbI,
KOTOpasi KOpoye, TOro e pa3Mepa WK JJMHHEE, 4eM MoJieKyia noHopHoun JIHK.

B cooTBeTcTBUU € OJTHUM K3 BAPUAHTOB OCYIIECTBJICHUS M300pETEHNs MOJIEKYJIa
noHopuori JIHK conmepxuT mocinenoBaTesbHOCTb, KOTOPOH HET B IeJIeBOi oOnacTu
reHoma nmenuiel. [Tyrem BBenenus takux monexya JJHK B neneByro obmacte reHoma
NIIEHUIBI K TeHOMY MIneHHnbl nodasisercs pononuutensHas [IHK, xoropas mosxer
COIepIKaTh PEryJISITOpHbIE O0JACTH, TakWe KakK MPOMOTOpP, MHTPOH, SHXAHCEP WU
TEPMUHATOP, OHA MOXET COAEPKaTh TPAHCKPHOUpyemble odnactu, Takue kak OPC, nmm
MoskeT koguposath Hekoaupyromue PHK, Takue kak npexypcopsl MukpoPHK, nnunHbIE
Hekonupyromue PHK u T.1mm., wiim oHE MOTYT copep:kaTh OAMH HIIH 00jiee KOHCTPYKTOB
JKCIpeccur. B emme o1HOM BapuaHTe OCYLIECTBICHHU H300PETEHHS MOJIEKYJIa TOHOPHOI
JHHK comep:kuT mMOCHenoBaTeNbHOCTH, T'OMOJIOTHYHBbIE LEJNEeBOH OO0NacTH TreHoMa
MIIEHHULBI, HO MPH 3TOM COAEPIKAIIUE OJHY HIIH HECKOJIBKO TOYHBIX MOAH(HUKALNN TeHa,
KOTOPBIE OTIMYAOTCS OT MOCIIE0BATEIBHOCTH JUKOTO THIIA B LIEJIEBOI 00J1acTH reHoMa
nuenunepl. Takme wmonekynel poHopHod JIHK  3amMeHsAOT  coOTBeTCTByHOIIME
MOCJIEIOBATEILHOCTH B TEHOME IMIIEHULIbI, TEM CAMBIM BHOCS] B T€HOM MIIEHULbI TOYHbIE

HU3MEHCHUA I'€CHOB.

B cootBercTBUM C ele OAHMM BapHAHTOM OCYILECTBJICHUS H300pETEHUs IJIs
TOYHOTO BBEJEHUS KOHKPETHOM IOCIENOBATENbHOCTH B M€HOM KJIETKH MIIEHHULbI WIH
croco0 MOJTy4YeHHs] PACTEHUsI MIIEHHLIbI, BKJIIOYAIOLINN TOCIEI0BATEIbHOCTb JOHOPHON
JHK mocne stama b. kjnerku mmeHWIbl HMHKYOMPYIOT Ha cpene, COpaepsKaulel
CEJIEKTUBHBIN areHT, TAK)Ke Ha3bIBAEMbIN CEJIEKTUBHBIM MapKEpPOM.

HeratuBHble CeJIeKTHBHBIE MapKepbl MPUAAIOT YCTOWYMBOCTb K OHMOLIMAHOMY
COEIMHEHUIO, TAKOMY Kak MHruouTop merabonmusma (Harpumep, 2-Ie30KCHIITI0K03a-6-
docdar, WO 98/45456), antubnoruxu (Hanpumep, kanamuius, G 418, 6neoMuIH wim
TUTPOMULIMH) WK repOonuuasl (Hanpumep, pocunorpumH nim rimdocar). OcodeHHO
NPEANOYTUTENbHBIMU HETaTUBHBIMU CEJIEKTUBHBIMU MapKepaMu SIBJSIFOTCS MapKepsbl,
KOTOpble MPUIAOT YCTOWYMBOCTh K repouumaaMm. HekoTopele M3 3THX MapKepoB,
NOMUMO KX (YHKIHH B Ka4eCTBE MapKepa, MOTYT HCIOJb30BATHCS NI TPUAAHUS
MOJIyYeHHOMY PaCTeHHIO CBOHCTBA YCTOWYMBOCTHU K repOunmaam. B kauecTse npumepoB

MOXHO OTMETUTD CIICAYOINE!
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- QocpunoTpunmHaneruntpaicpepaza  (PAT; Ttakke  Ha3zbBaeMas
yCcTOoHYMBOCTBIO K Omnanogocy; bar; de Block et al. (1987) EMBO J 6:2513-2518; EP 0
333 033; US 4,975,374)

- S-aHommupysunmukumar-3-pocdarcunraza (EPSPS; US 5,633,435) wm
red rudosar-okcunopenykrasel (US 5,463,175), npunaromuii yCTOWYMBOCTD K
rinudocary (N-pochonomernnranuuny) (Shah et al. (1986) Science 233: 478)

- ®epmenTsI, paznararomue riudocat (rmudo3ar-okCHaopenykTasa; gox),

- JlananoH, MHAKTUBUPYIOIIUH nerajorenassl (deh)

- AIIeTONaKTaTCUHTA3bl,  MHAKTHBHUPYIOIIHE  CYJb(OHUIMOYEBUHY U
UMHA30JIMHOH (HaIpuMep, MyTHpOBaHHbIe BapuaHTel ALS ¢, Hanpumep, mytanueit S4
w/vunu Hra)

- Hutpunassl, paspymaromue 6poMokcuHm (bxn)

- Kanamunms- uimn G418-rens! yeroitunoctu (NPTII, NPTI), koqupyromnue,
Hanpumep, HeomuumHpocorpanchepasy (Fraley et al. (1983) Proc Natl Acad Sci USA
80:4803), koTopas sKCIpeccupyeT (GepMeHT, MPUIAOIIUN YCTOMYNBOCTD K aHTHOMOTHUKY
KaHAMHUIIMHY ¥  POJACTBEHHbIM AaHTUOMOTHMKAM  HEOMULUHY, MapOMOMHULIMHY,
reHTamuLuHy u G418,

- 2-pe3okcuriiroko3o-6-pocdardocdaraza (rernsiii npoanykr DOGR1;, WO
98/45456; EP 0 807 836), mpunaroliast ycTOHUUBOCTD K 2-ne30kcurmokose (Randez-Gil
et al. (1995) Yeast 11:1233-1240)

- T'urpomumuudochorpanchepaza  (I'OT), KOTOpast CIOCOOCTBYET
ycroiunBocTy kK rurpomuniuny (Vanden Elzen et al. (1985) Plant Mol Biol. 5:299).

- Jurunpodonarpenykraza (Eichholtz et al. (1987) Somatic Cell and
Molecular Genetics 13, 67-76)

Cpenu Apyrux HEraTHBHBIX CEJEKTHBHBIX MapKepPHBIX I'€HOB OaKTepHaIbHOTO
MPOUCXOKICHHSI, KOTOpble MNPUAAIOT YCTOWYMBOCTb K aHTHOMOTHKAaM, reH aadA,
KOTOpPBIH  MpHUAAaeT  YCTOHYMBOCTD K  aHTUOMOTUKY  CIEKTUHOMHILIUHY,
reHTaMHLMHALETHITpaHCchepase, crpentomunapochorpanchepase (Co1),
AMHMHOTJIMKO3HU-3-aJeHUITpaHcdepase U NeTePMUHAHTE YCTOHYHUBOCTH K OJICOMULIUHY
(Svab et al. (1990) Plant Mol. Biol. 14:197; Jones et al. (1987) Mol. Gen. Genet. 210:86;
Hille et al. (1986) Plant Mol. Biol. 7:171 (1986);, Hayford et al. (1988) Plant Physiol.
86:1216).

HeraTuBHbIE CeNEKTHUBHBIE MapKepbl MOTYT [OIMOJHHUTENBHO TPHUIABATH

YCTOﬁqHBOCTb K TOKCHYECCKHM 3(1)(1)6KT21M, BbI3BAHHBIM TaKHMH D-aMI/IHOKI/ICJ'IOTaMI/I,
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kak, Harnpumep, D-amanmn u D-cepun (WO 03/060133; Erikson et al. (2004) Nat
Biotechnol. 22(4):455-8), manpumep, ren daol (EC: 1.4. 3.3: Homep noctyna B GenBank:
U60066) w3 npoxokern Rhodotorula gracilis (Rhodosporidium toruloides) u ren
kumeyHoit nanouku dsdA (D-cepunperunparasza (D-cepunneamunasa) [EC: 4.3. 1.18;
Homep noctyma B GenBank: JO1603). B 3aBucumoctn oT wucnompdyemoil D-
AMHUHOKHCJIOTHI MapKepbl OKCHAA3bl D-aMUHOKHCIIOT MOTYT UCIIOJIB30BATHCS B KAUECTBE
MapKepoOB JIBOMHOTO HA3HAYEHUS1, 00ECTIEYHBAIOINX HEFATUBHYIO CEJIEKIIHIO (HarpuMmep,
B cOoYeTaHuu, Hampumep, ¢ D-anmaHuHOM min D-CepuHOM) MU BCTPEUHYHO CEJIEKIIUIO
(Hanmpumep, B couetannu ¢ D-nelinmHoM win D-u3onednuHom).

B kauecTBe anpTepPHATUBBI, B CIIOCOOaX MO M300PETEHHIO MOXKHO MPUMEHSTH
TIOJIOXKUTEJIbHBIE CEJEKTHBHBIE MapKepbl. Takue TMOJIOKUTENbHbIE CEJEKTHBHBIE
MapKepbl MPHOAIOT TPAHCPOPMHUPOBAHHOMY PACTEHHIO IMPEHMYIIECTBO B POCTE IO
CPaBHEHHMIO C HeTpaHC(POpMHUpOBaHHBIM. Takne TeHbl, Kak U30MeHTeHIITpaHchepasza u3
Agrobacterium tumefaciens (uermouka: PO22; nHomep nocryna B GenBank: AB025109),
KaK KJI0ueBoil pepMeHT OMOCHHTE3a IUTOKMHUHA, MOTYT CIIOCOOCTBOBATh PereHepaliuu
TpaHC(OPMHUPOBAHHBIX pPACTEHMH (HampuMep, INyTeM CeJleKLUUH Ha Ccpene, He
comepkaiel LUTOKMHUHOB). OmucaHbl COOTBETCTBYIOLIME CHOCOOBI  CEJNEKIINU
(Ebinuma et al. (2000a) Proc Natl Acad Sci USA 94:2117-2121; Ebinuma et al. (2000b)
Cenexuus Oe3sMapkepHBIX TPAHCT'€HHBIX PACTEHUI C MCIIONIb30BAaHHEM OHKOTE€HOB (1pt,
rol A, B, C) Agrobacterium B kauecTBe CeNeKTUPYyeMbIX Mapkepos, B Molecular Biology
of Woody Plants. Kluwer Academic Publishers). JlonmonHuTenbHbIE TONOKUTEIbHBIE
CEJIEKTUBHBIE MAapKepbl, KOTOpbIE MPHAAIOT TPAHCPOPMHUPOBAHHOMY PACTEHUIO
NPEUMYINEeCTBO B POCTE IO CPABHEHUIO C HETPAaHC(HOPMUPOBAHHBIM, OMHCAHBIL,
Hanpumep, B EP-A 0 601 092. CenexkunoHHble MapKepbl CTUMYJISILIUA POCTA MOTYT
BKJIFOYATh (TIOMHMO TMpOYero) TIIOKYpOHHAAa3y (B COUETAHHWH, HAmpuMmep, C
IUTOKHHUHJTIOKYPOHHUIOM ), MAHHO30-0-pocharn3omepasy (B COYETaHHH ¢ MAHHO30M),
Y JA®-ranakro30-4-3numMepasy (B COUCTAHUH, HATIPUMEP, C FAJIAKTO30H ).

Mapkeppl KOHTPCENIEKLMH OCOOEHHO MOAXOAAT MJisi OTOOpa OpraHu3MOB C
3aJaHHBIMH YAAJEHHBIMH TTOCJIEAOBATEIBHOCTSIMHE, CONEPKAIUMHI YKa3aHHBII MapKep
(Koprek et al. (1999) Plant J 19(6): 719-726).Ilpumeprl MapKepOB KOHTPCEIECKIIHH
BKJIOUaroT TuMuanHKHA3k (TK), nurosunneamunasel (Gleave et al. (1999) Plant Mol
Biol. 40(2):223-35; Perera et al. (1993) Plant Mol. Biol. 23). (4): 793-799; Stougaard
(1993) Plant J 3:755-761), 6enxu uroxpoma P450 (Koprek et al. (1999) Plant J 19(6):
719-726), ranoankanaeranorenassl (Naested (1999) Plant J 18:571-576), nponykTel rena
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iaaH (Sundaresan et al. (1995) Gene Develop 9: 1797-1810), unto3unaesamunasy codA
(Schlaman and Hooykaas (1997) Plant J 11:1377-1385), unu npoxykTel reHa tms2
(Fedoroff and Smith (1993) Plant J 3:273-289).

Cornacno crocodam no uzobperennto PHK-ynpasnsemas nykneasa nwiu PHK-
ympasisieMasi HUKa3a MOTyT ObITh npencTasiensl moooii PHK-ynpasnsemoit Hykieasoit
WIM HUKa30H, MPeAnoOYTHTENbHO 3TO Hykiea3a Cas miam Hukaza Cas. Crneunamucram
U3BECTHO OoJbIIoe KoJuuecTBO HykJiea3 Cas wim Huka3 Cas, ONMUCAHHBIX B JTAHHOH
obnactu Hayku. Hampumep, Cas9, Casl2a, Casl2b, CasX, CasY, C2cl, C2c3, C2c2,
Cas12k u Tomy nogoOHbIe.

Kpome Toro, ommcaHbl CriocoOBlI BBIIBJICHHsS HOBBIX BHIOB HyKJeasbl Cas H
Huka3pl Cas (US9790490), koropble MO3BOJSIOT CIELUANUCTaM B JaHHOW 00JacTh
JIOTIOJIHUTEJIBHO BBIAENATH 10 CHUX MOP He U3BEeCTHBIEe BUAbI HykJeasbl Cas u Hukaszbl Cas.

B npennouTuTenbHOM BapHaHTe OCYIIECTBIEHHS H300peTeHus Hykiea3a Cas uiu
Hukasza Cas nmpencrasisier codoii Hykieasy Cas9 mnu Casl2a, nnm ke Hukasy Cas9 wim
Casl2a, nwnu pexomOunanTHbI Oenok dCas9 wmu dCasl2a, cnuTelii 10 HUKa3HOH
AKTUBHOCTH, TaKOU Kak, Hanpumep, HuKkasza Fokl (US9200266).

B coorBercTBMM ¢ emme OIHHUM BapUaHTOM OCYINECTBJIEHHUS CIIOCOOOB
n300peTeHNsl B YKa3aHHYIO KJIETKY, KOAUPYEMYIO MOJIEKYJION HYyKJIEHMHOBOW KHCIIOTHI,
BBOJAT, MO MEHBILIEH Mepe, OJHY W3, IO MEHbIIEH Mepe, OAHON HYyKJIeas3bl, WJIH, MO
MEHbLIEH Mepe, OAHOW HMKa3bl, WiW, MO MeHblield mepe, oaHou crPHK, wunu, no
menbiie mepe, ogHoi kpPHK u tpakpPHK. YkaszaHHas Mosexkyjia HyKJIE€HHOBOH
KUCJIOTBI MOKeT ObITh TipeacTaBiieHa Mojiekynoit PHK mmu nuneitHoi monexynoit JIHK,
KOTOpasi KOAUPYET COOTBETCTBYIOLIYIO Hykieasy, Hukaszy, crPHK, kpPHK w/umm
TpakpPHK, mpeanodTutensHO MOJEKyJia HYKJIEHHOBOH KHCIIOTHI NMPEACTABIAET COOOM
IIa3MHUy, COIEPIKAILYI0 KacCeTy SKCIPECCUH, KOAUPYIOLIYIO YKa3aHHYIO, 110 MEHbIIeH
Mepe, OJIHY HYyKJiea3y/Huka3y WjH, o Menbined mepe, ogny crPHK wim, mo MeHbIuei
mepe, oany kpPHK u TpakpPHK.

B mpennodruTenbHOM BapHaHTE OCYINECTBIICHHS H300pETEHHs, MO MEHbLIeH
Mepe, OJHA HyKJea3a WM, II0 MeHblIell Mepe, OJHA HHUKa3a IpeICTaBJIeHa
MOCJIEIOBATENbHOCTBIO, KOTOpasi ONTUMM3UpOBaHAa JJsl 3KCIPECCUM IIIEHULBI.
OnTtuMuzanysi TOCIENOBATENbHOCTH TPENCTABIsAET COOOHW TEXHOJIOTHIO, KOTOpas
W3BECTHA CIIELIMAINCTaM B aHHOH obsacTtu. CyIiecTBYIOT KOMIBIOTEPHBIE IPOTrPAMMBI,
KOTOpBIE amanTUpPYIT JroOyro 3aganHyro  wmojekyny JHK wmm  PHK

NpeaAnOYTUTCIIBHOMY HCIIOJB30BAHHUIO KOJOHOB B OpPraHu3MeE, B KOTOPOM JOJIKCH
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SKCIIPECCUPOBATHCS COOTBETCTBYIOIINH Oenok. HekoTopbie mporpaMMel TOMOITHUTENBHO
JOTNYCKAIOT MyTalLUI0 KPUNTUYECKUX CTOPOH CIUIAMCHUHIA, YMEHbLIEHNUE CBOPAYNBAHUS
PHK u Tomy nono6xoe.

PHK-ynpasnsemas nykneaza win PHK-ynpasnsemass Hukaza U, IO MeHbIIEH
mepe, onHa crPHK win, mo menbmeit mepe, ogna kpPHK u tpakpPHK moryt ObITh
BBEIEHbl B KJIETKY IIIEHUIBI C HCIOJB30BAHUEM JHOOOT0 MeETO/a, H3BECTHOIO
CHELUANUCTY B JAHHOW oOmacT. MOryT MNPUMEHSTHCS TaKue CIOCOOBI, Kak
TpaHchopmanusi ¢ moMmoInbo Agrobacterium, TpaHcdekuus ¢ ucnonb3oBanueM [101,
JIMIOTIPOTENHOB HJIM APYTHX IOJUMENTHAOB, 3JEKTPONIOpALHs WK OaIMCTUYeCKUe
METOJIbI, TaKue Kak OomOapaupoBka yactTuuamu. IIpeanoyrurenbHo, MO MEHbIIEH Mepe,
onna PHK-ynpasnsemas Hykneasa unu PHK-ynpasisemas Hukasa u, o MeHbLIeH Mepe,
onHa crPHK wunm, no menbinei mepe, onna kpPHK u tpakpPHK BBOASATCS B yKa3aHHYIO
KJIeTKy B Buae pudbonykieonporensa (PHIT), coOpaHHOro BHE yKa3aHHOM KIIETKH.

B nmpenmodtuTenbHOM BapHaHTE OCYINECTBJICHHS CIOCOOOB H300peTeHus
komOuHammtoo nmoHopuo JIHK wu  kpPHK/rpakpPHK wmmum  crPHK  BeiOmpator
npeaBapuTeNbHO s 3¢ ¢deKTUBHOro BBeAeHUs1 Mojekyisl noHopHoi JIHK B neneyro
obnacte. B mpeanoyruTenbHOM BapHaHTE OCYLIECTBIEHUS CIIOCOOOB M300pETeHHs, MO
MeHblIeN Mepe, onHy aoHopHyr JIHK u, no meneien mepe, onny PHK-ynpasnsemyro
nykineasy wiu PHK-ynpasnsemyro Hukasy, a Takike, [0 MEHbIIEH Mepe, OIHY
omunouHyro Hampasomyro PHK (crPHK) wmnn tpakpPHK u kpPHK BBOmAT B
YKa3aHHYK)  KJIETKYy C  HCHOJb30BaHHMEM OOMOApAMPOBKHM  YACTHLIAMH  HJIH
ornocpenoBaHHOro arpodakrepusivu BeeaeHus JJHK.

IIpennoururensHo, no MeHbluel mepe, ogna PHK-ynpasnsiemas Hykneasa uiy,

no MeHbluel mepe, oqHa PHK-ynpasnsiemas Huka3za COAEPKUT CUTHAJI BHYTPUSIACPHON

JIOKQJTU3ALIMH.
OITPE/IEJIEHUS
Cokpamenusi: GFP — 3enensiii ¢nyopecuentHoiii Oenok, GUS — Oera-

rIoKypoHuaasa, BAP — 6-0ensunamunonypus, 2,4-D — 2 4-nuxnopeHOKCHyKCyCHas
kucjora, MS - cpena Mypacure u Ckyra, NAA - 1-HadranmunykcycHast kucinora, MES,
2-(N-mopdonuHOosTaHCYIB(OKHCTOTa, IAA MHAONykcycHas kucnota;, Kan: cynedar
kaHamunuHa, GA3 - rub6epennosas kucnora;, Timentin™: Tuxkapuunmun gunaTpuii /

KJIaBYJIAHAT Kajusl, MKJI. MUKpOIUTP.
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OueBugHO, 4YTO HacToslee U300pETeHHE HEe OrpaHHYeHO KOHKPETHOI
METOZoJIOTHel Wil mpoTokojaMu. Takke HeOOXOOUMO MOHUMATh, YTO TEPMHHOJIOTHS
N300peTEeHNsI UCIIONB3YETCs TOJNBKO AJISl OMUCAHMSI YACTHBIX NPUMEPOB OCYINECTBIICHUS
M300peTeHust U He OrpaHU4MBaeT 00beM HacTosero n3ooperenns. O0beM HaCTOAIIETO
M300peTeHus OrpaHUYeH JIMIIb MyHKTaMu GopMyJisl nzodperenus. Cienyer OTMETHUTb,
YTO MCHOJIb3yEeMbI€ B HACTOALIEM JOKYMEHTE U B IPUIIOKEHHON (hopMyIie N300peTeHust
(opMBI  €IMHCTBEHHOTO 4YHCJA MOAPA3yMEBAIOT MHOXKECTBEHHOE YHCIIO, €CJIU
KOHTEKCTOM He NOoJpa3yMeBaeTcs MHoe. Tak, Hampumep, «BEKTOP» MOKET O3HaydaThb
OnuH WK Oojiee BEKTOPOB, a TAKXKE WX SKBUBAJIEHTBHI, M3BECTHBIC CIICLIUAHCTAM.
Tepmur  «npuUOTU3UTENHPHO» B HACTOSILIEM JIOKYMEHTE O3HA4YaeT  «OKOJIOY,
OpUEHTHPOBOYHO»,  «IpUOMMKEHHO» Wi «B  obmactm». Korma  tepmuH
«TPUOIM3UTETBHO» UCITIONB3YETCS B OTHOIIEHHH YHCIOBOTO JHANA30HA, TPAHHLIBI TOTO
AVana3OHa pPacIIMPEHbl BBbINIE M HIXKE YKa3aHHBIX YMCIOBBIX 3HaueHUi. B wnenowm,
TEPMUH IPUOJU3UTEIHHO» B HACTOSINEM JOKYMEHTE O3HAYaeT BAPHALIUIO YKA3aHHOTO
YHCIIOBOTO 3HaueHust Ha 20 MPOLEHTOB (B CTOPOHY YBEJIMYEHHUs] MM YMEHBIIEHUs]),
npeanouTuTeNbHO Ha 10 mpoLeHToB (B CTOPOHY YBEIHUEHHs WM yMeHbIneHws ). [lpu
UCTIOJIb30BAHHUH IO TEKCTY HACTOSIIIETO JOKYMEHTA TEPMUH «HJINY) 03HAUAET 000 u3
YKa3aHHOTO MepeuHs», a Takke J0OyH KOMOMHAIMIO 3JIEMEHTOB 3TOrO CIIHUCKA.
TepMuHBI «comepkaTe» U «COAEPKALUNY», «BKIOYAThY), «BKIFOYAIOLIUI) a TAKXKE UX
rpaMMaTHYECKUE BAPHAHTBI PU UCTIOIb30BAHUH B HACTOSIIIEM OIMCAHUU U B (hopMmyIie
M300peTeHnst YKa3bIBAIOT HA INPHCYTCTBHE OMHOTO WM HECKOJbKHUX 3asBJIEHHBIX
CBOWCTB, LEJbIX YHUCEJ], KOMIIOHEHTOB MJIM 3TaloB, IIPU 3TOM MCMONb30BAHUE TAKHUX
TEPMUHOB O3HA4YaeT, YTO JOINOJHUTEIbHO TAKXK€ MOIYT IMPUCYTCTBOBATh OAHO WJIU
HECKOJIbKO JPYTUX CBOMCTB, LIENBIX YHCEJ, HTANoOB, KOMIOHEHTOB WM UX rpynn. Bo
u30ekaHne HEOIPENeIEHHOCTH, HEKOTOpPble TEPMHHBI B HACTOSIIEM OIHUCAHHUU

HCIOJIB3YOTCA B CIICAYHOIUX 3HAUCHUAX

AnTunapasnnenpHeiii: TepMuH «aHTUNapaesbHbI» B HACTOSIIEM JOKYMEHTE
OTHOCHTCS K ABYM HYKJIEOTHHBIM MOCJIEI0BATEIbHOCTSM, COEIMHEHHBIM ITOCPEACTBOM
BOAOPOAHBIX CBS3€H MEXAYy KOMIUIEMEHTAPHBIMHU OCTaTKaMM OCHOBAaHHMHA C
dochomurpupHbIME CBSI3SIMH, UAYIINMH B HarpaBieHud 5'-3' B OMHON HYKJICOTUIHOU
NOCNIEIOBATEIbHOCTY U B HampaBjaeHun 3'-5' B Apyrodl  HyKJIEOTHUIHOH

noCJaea0BaTCIIbHOCTH.
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AHTHuCMBICTOBONH: TEepMUH «aHTHUCMBICIOBOI» OTHOCUTCS K HYKJIEOTHIHOM
MOCJIEIOBATEIbHOCTH, KOTOPasi WHBEPTUPOBAHA OTHOCUTENIBHO CBOEW HOPMAaJbHOU
OpPUEHTALMM [JIs1 TPAHCKPUILMM WM (PYHKUUU U B CBA3H C OTUM 3KCIPECCHPYET
tpanckpunt PHK, xommnementapHsblii no otHomeHuo k mojaekyiae MPHK nenesoro
reHa, SKCIPECCUPYEeMOH B KJIETKe-XO3sIMHE (Harpumep, OHa MOKeT rHOpUAN30BaThCS C
mounekysioit MPHK nieneBoro rena unu ogHouenodeunoi renomuoit JIHK nocpencrsom
CrapuBaHMsl OCHOBaHWI YorcoHa-Kpuka), mnu KoTopass KOMIUIEMEHTapHa IIEeJIeBON
monekyne JIHK, takoi kak, Hanpumep, renomnas [JIHK, npucyrcryromas B kieTke-

XO3sHHE.

Koaupyromast obnacts: [Ipu MCIONB30BaHUM 1O TEKCTY HACTOSIIETO JOKYMEHTA
TEPMUH «KOAMPYIOLIasi 00JaCTh» MPUMEHUTENBHO K CTPYKTYPHOMY T€HY OTHOCHTCS K
HYKJIEOTUJHBIM TMOCIENOBATENBHOCTAM, KOTOPblE KOAMPYKOT AMHHOKHCIOTHI B
pacTylieM MOJunenTuae B pesyJsbrare TpaHcassuuu monekyiasl MPHK. Koaupyromas
00J1acTh OrpaHUYEHa y SYKAPUOTOB C 5'-CTOPOHBI TPUILIETOM HYKJI€OTHHOB «ATGY,
KOTOPBIM KOAMPYET MHULIMUPYIOLUIUH METHOHUH, a C 3'-CTOPOHBI OJHUM U3 Tpex
TPUILUIETOB, KOTOphle ompenenstoT cron-komonbel (T.e. TAA, TAG, TGA). Kpome
COZIEPIKALINX MHTPOHBI, TEHOMHBIE (POPMBI T€HAa MOTYT BKJIOYATh MOCIEOBATEIbHOCTH,
pacmosOXKEeHHbIE KaK Ha 5'-, Tak U Ha 3'-KOHIIe NOCIIeI0BaTeIbHOCTEH, MPUCYTCTBYOLINX
B TpaHckpunte PHK. OTu nocnenoBaTenbHOCTH Ha3bIBAIOTCA «(PIAHKUPYIOIIUMI
IIOCJIEIOBATENIbHOCTSMH HJIH 00NacTAMU (Takue (GuaHKHPYIOLINE MMOCIe0BATEIbHOCTH
pacronoxeHsl Ha S5'- uiau 3'-KOHIIE OT HETPAHCIHUPYEMBIX IOCIEeNOBATEIbHOCTEH,
npucyrcTByromnx B TpaHckpunte MPHK). 5'-pnankupyromas obngactb MOKeT
cozlepKaTh PEryJATOPHBIE MMOCIEN0BATEIBHOCTH, TAKHE KaK MIPOMOTOPHI U 3HXAHCEPHI,
KOTOpbIE KOHTPOJHPYIOT TPAHCKPHIILUIO T'€HAa WM BIHSIOT Ha Hee. 3'-puaHkupyromas
00JIaCTh MOKET COAEPIKATh MOCJIEAOBATEIbHOCTH, KOTOPhIE YIPABISIFOT TEPMUHALMEH

TPAHCKPUIIIHH, TOCTTPAHCKPUTIHUOHHBIM PACIICIVICHUEM U MTOJIUAACHUTTUPOBAHUEM.

KomnnemenrapHsbiii: TepMUH «KOMIUIEMEHTAPHBIN» WIH «KOMILUIEMEHTAPHOCTDY
OTHOCUTCSI K JIBYM HYKJEOTUIHBIM [OCJIEAOBATEIbHOCTSAM, KOTOpbIE COJEpKaT
aHTUTApAJUIENIbHbIE HYKJIEOTHIHbIE IOCIIEIOBATENbHOCTH, CHOCOOHBIE CITAPHBATHCS
apyT ¢ Apyrom (1o mpaBUjiaM CIIapUBAHUsI OCHOBAHUIN) NP 0Opa30BaHUH BOIOPOIHBIX
CBSI3ed MeXJy KOMILJIEMEHTApHbIMM OCTaTKaAMM OCHOBAHUN B aHTUIAPAJIIEIBHBIX

HYKJIEOTUIHBIX TMOcjenoBarenpbHocTsIX. Hampumep, nocnegosarensHocTh S'-AGT-3'



18

KOMIUIeMeHTapHa nocnenosareiabHocTH 5'-ACT-3'. KommuieMeHTapHOCTh MOXKET ObITh
«YaCTUYHONY WM «MOJHOW». «HacTUYHAS» KOMILIEMEHTAPHOCTb — 3TO KOTAa OAHO WU
HECKOJIbKO OCHOBaHHUM HYKJIEMHOBOM KHMCJIOTBI HE COBIAJAIOT B COOTBETCTBUU C
npaBuiamMu  cnapuBaHuss ocHoBaHuUM. «[lonHas» KOMIUIEMEHTApHOCTb  MEXAY
MOJIEKYJIaMU HYKJIEMHOBOM KUCJIOThI — 3TO KOT'JIa BCE OCHOBAHUSI HYKJIEMHOBOM KUCJIOTHI
pacnoyiararoTCsl OTHOCUTENBHO JPYTUX OCHOBAHUNH B COOTBETCTBUM C IPaBUJIAMU
crapuBaHuss ~ OCHOBaHuUM. CTeneHb  KOMIUIEMEHTAPHOCTH  LIETIOYEK  MOJIEKYJI
HYKJIEMHOBBIX KHCJIOT HMMEET 3HAYUTEIbHOE BIUSHUE Ha 3(PQPEKTUBHOCTh U CHUIY
THOPUIN3ALNHY [IETIOYEK MOJIEKYJT HYKJIEMHOBBIX KUCJIOT. [Ipy HCTOIh30BAHUH IO TEKCTY
HACTOSALIETO IOKYMEHTAa TEPMUH «KOMITJIEMEHTapHAas! HyKJICOTHAHAS MOCIEI0OBATENbHOCTDY
OTHOCUTCS K HYKJICOTHIHOW MOCJIENOBATEIbHOCTH, KOTOpasi AEMOHCTPUPYET MOJHYIO

KOMIUIEMEHTapHOCTD IPYroi HYKJIEOTHUAHOHN MOCIe10BATENbHOCTH.

monekyja npoHopHod JIHK: Ilpu wucnonp30BaHUM IO TEKCTY HACTOSILIETO
NOKYMEHTa TepMHUHBI «MoJiekysa noHopHou JIHK», «penapaunonnas monekyna JIHK»
w «matpudHas mojekyna JIHK», koTopele NpUMEHSIOTCS B HEM B3aUMO3aMEHSIEMO,
o3HayaroT Monekysny JIHK, nmeromyro mocnenoBaTeabHOCTb, KOTOpasi IOJDKHA OBITh
BBeeHA B reHoM kietkd. K Helt Ha 5'- w/mmm 3'-KOHIlE MOTYT NPUMBIKATH
MOCJIEI0OBATEIbHOCTSIMY, TOMOJIOTUYHBIE WM HACHTUYHBIE IOCIENOBATEIBHOCTSAM B
neneBoil obmactm  reHoMa  ykasaHHOH  kietku. OHa  MOXeT — coumepKaTrh
HIOCJIEIOBATEILHOCTH, KOTOPbIE OOBIMHO HE BCTPEYAIOTCS B COOTBETCTBYIOLIEH KIIETKE,
takue kak OPC, nexonupyrouue PHK unu perynsaropHble 3€MeHTBI, KOTOPbBIE TOJKHBI
BBOJIUTBCS B LIEJIEBYIO 00JIACTh, WK JK€ OHA MOJKET COAEP KaTh MOCJIEeOBATEIbHOCTH,
TOMOJIOTHYHBIE 1IeJIEBOM 00JIaCTH, 32 HCKIIFOUEHUEM, 110 MEHbINEH Mepe, OIHON My TallHH,
penaktupoBanus reHa: IlocnenoBareapbHOCTh qOHOPHOH Monekynbl JJHK MoskeT ObITh
nobaBieHa K T€HOMY MJIM MOXKET 3aMEHHUTb IOCIEeNOBATEIbHOCTh B T'€HOME, JUIMHA

KOTOPOM paBHa AJIMHE NocienoBaTeapbHocTu noHopHoi JTHK.

Jsyxuenouyeunass PHK: Monekyna «asyxuenoueynoir PHK» wnu monexyna
«auPHK» conepxur cmpicinoBoit PHK-¢pparMeHT HYKJICOTHIHON MOCIen0oBaTeIbHOCTH
u anTucMbicnoBoii PHK-dparmMenT HykieoTuaHON mocienoBaTenbHOCTH, KOTOpbIe 00a
cozmepKaT HYKJIEOTUIHBbIE MOCIENOBATENIbHOCTH, KOMIUIEMEHTAPHBIE IO OTHOLIEHHUIO
OPyr K JPYry, YTO MO3BOJSIET CMBICJIOBBIM M AHTHCMBICIOBBIM (parmentam PHK

BCTYIATh B apy U 00pa30oBBIBATH JIBYXLeNoYeuHy0 Mojekyiy PHK.
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9H}.‘[OF€HHI)II>11 ((3HI[OF6HH21$I» HYKJICOTUAHAsA MOCJICAOBATCIbHOCTD O3HAYACT
HYKJICOTUIHYIO noCaCeaA0BaTCIbHOCTD, KOTOpas NPpUCYTCTBYET B IrCHOMC

HeTpaHC(HOPMUPOBAHHON KJIETKH PACTCHHSI.

IToBbIIEHHAs SKCIIPECCHUs: TEPMUHBI «IIOBBILIATH» U «yCUJINBATL» B OTHOLIEHUH
SKCIPECCUM MOJIEKYJIbl HYKJIEHMHOBOH KHCIOTbI B KJIETKE PACTEHUS B HACTOSIIEM
NOKYMEHTE SIBJISIIOTCS B3aMMO3AaMEHSI€MbIMU U O3HAYalOT, UYTO YPOBEHb JKCIPECCUU
MOJIEKYJIbl HYKJIEMHOBOW KHUCJIOTHI B PACTEHMH, YACTU PACTEHUS WUJIU KJIETKE PacTEHUs
NIOCJIe IPUMEHEHHS CIIoco0a MO HACTOSAIIEMY M300PETEeHHIO CTAHOBUTCS BBILIE, YEM €0
SKCIpPECCHst B PACTEHUHU, YaCTH PACTEHUs WUJIU KJIETKE PACTEHUs 1O MPUMEHEHHUs 3TOr0
crioco0a MITH 1O CPABHEHUIO € 3TAJIOHHBIM PACTEHUEM, B KOTOPOM OTCYTCTBYET MOJIEKYJIa
PEKOMOMHAHTHOH HYKJIEMHOBOH KHCJIOTHI MO HacTosimeMy u3oOpereHuro. Hampumep,
5TAJIOHHOE PACTEHUE COAEP>KUT TOT K€ KOHCTPYKT, B KOTOPOM OTCYTCTBYET TOJBKO
coorBercTByroluii NEENA. ITpu ucnonp3oBaHuu MO TEKCTY HACTOSAIIErO JOKYMEHTa
TEPMUHbBI (YCHJIGHHBIN» WU (IOBBIIIEHHBIN» SBIAIOTCS CHHOHMMAaMH U O3HA4arOT
Ooyee BBICOKYIO, TPEANOYTUTENPHO 3HAYUTEIBHO 00Jee BBICOKYIO JKCIIPECCHIO
MOJIEKYJIbl HYKJIEMHOBOH KHCJIOTBIL, KOTOpas HOJDKHAa ObITh 3KcmpeccupoBaHa. llpu
UCIIOJIb30BAHUU MO TEKCTY HACTOSILIErO NOKYMEHTAa «YCHUJICHHUE» WIIA «IIOBBILICHUE
ypoBHA areHTa, Takoro kak oenok, MPHK wnu PHK, o3Hauaer, 4To ypoBEHb MOBBIIIEH
10 CPABHEHUIO IO CYILLECTBY C CYIIECTBEHHO UACHTUYHBIM PACTEHUEM, YaCThI) PACTEHUS
WIN KJIETKE PACTEeHMs], BBIPALEHHOMH 10 CYLIECTBY B UACHTUYHBIX YCIOBMSIX, B KOTOPOH
OTCYTCTBYET MOJIEKyJa pPEKOMOWHAHTHOW HYKJIEMHOBOW KHCJOTBI MO HACTOSLIEMY
U300pETeHHI0,  HampuMmep, B  KOTOpoi  oTcyTcTByeT  Monekyjga NEENA,
PEeKOMOMHAHTHBIN KOHCTPYKT WJIM PEKOMOWHAHTHBI BEKTOp IO HACTOSILIEMY
u3o0perenmo. I[Ipu HMCMOMB30BAaHMM MO TEKCTY HACTOSINErO0 JOKYMEHTa TEPMHUH
«YCHUJIEHHE» WJIH IOBBIIIEHNUE» B OTHOLIEHUU YPOBHS areHTa, TAKOro Kak, HalpuMmep,
npePHK, MPHK, pPHK, TPHK, MaxPHK, msaPHK, skcnpeccupyemoro neneBbiM reHom
W/WITH KOAUPYEMBIM UM OEJKOBBIM MPOAYKTOM, O3HAYAET, YTO YPOBEHb YBEINIHBACTCS
Ha 50% wnu Gonee, Hanpumep, Ha 100% wmu Oosee, mpenmourureapbHo Ha 200% wmu
Oosee, Ooyiee MpennmoOYTUTENHHO B 5 pa3 win Oojiee, eme Ooiee MpearnodTuTebHO B 10
pa3 umm 6osee, Haubonee npennouTuTeabHO B 20 pas wium Oonee, Hanpumep, B S0 pas no
CPaBHEHUI0 C KJIETKOM WM OpraHU3MOM, B KOTOPOM OTCYTCTBYET MOJIEKYyJa
PEeKOMOWHAHTHOW HYKJIEHHOBOW KHUCJIOTBI 10 wu300peTeHuto. lloBbimeHune wim

YBCIIMUCHUEC MOKET OIPCACTATHCA CHOCO6aMI/I, KOTOPBIC H3BECTHHI CICHAJIHUCTAM.
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Taxkum 00pa3oM, NOBBIIEHHE UM YBEINYEHHE KOJINYECTBA HYKJICMHOBON KHUCIIOTHI WIIN
OenKa MOJKET OIpPENeNAThCs, HapUMep, IMyTeM NMMYHOJIOTHYeCKON AeTeKUUu Oernka.
bonee Toro, nist u3mepenus koauuectsa onpenenaeHHoro Oenka mwiu PHK B pacrennn
WIH KJIETKE PAcTeHHsT MOTYT HCIOJb30BaThCS TAKUE METOMbL, KakK OENKOBBIM aHAJM3,
¢moopecuenTHel aHanu3, HosepH-rubpuausauus, aHauu3 € 3alUTOW OT AEHCTBUS
Hykjeas3, oOpartHas TpaHckpunuusi (kojuuectBenHass OT-TIILP), meron HW®DPA
(MMMYHO(EpMEHTHBIH aHAINU3), BECTEPH-ONOTTUHT, pamuoummyHoanains (PUA) win
Apyrue MMMYHOQHAJIU3bI, & TAKXKe KJIETOYHBIH aHAJIN3 C aKTUBALUeH (uyopecueHnnun
(FACS). B 3aBUCHMOCTH OT THIIAa UCKYCCTBEHHOT'O OEJIKOBOTO MPOAYKTA TAKIKE MOXKET
OBITH OmpesieNieHa ero aKTUBHOCTh WM BIIMSHUE HA (DEHOTHUI OpraHU3Ma HMJIH KJIETKH.
CriocoObl  ompeneneHusi KOJMUECTBa OeNka WM3BECTHbI CHenuajgucTtaM. MOXHO
YIOMSIHYTh CJIEIYIOIIHe TPpUMepbl: MUKpobuypeToBbiil MmeTon (Goa J (1953) Scand J Clin
Lab Invest 5:218-222), meron ®@omuna-HYokansrey (Lowry OH et al. (1951) J Biol Chem
193:265-275) unmun m3meperne adcopbunun CBB G-250 (Bradford MM (1976) Analyt
Biochem 72:248-254). B kauecTBe ONHOTrO W3 MPUMEPOB KOJHUECTBEHHOTO pacyera
AKTUBHOCTH O€llka B MPUBEAECHHBIX HIDKE MPUMEPax ONUCAHO ONpeesieHHe aKTUBHOCTH

JroIUQ epassl.

Okcnpeccusi:  «IKCHPECCHsH» OTHOCUTCS K OHMOCHHTE3y IIpOAYKTa TI€Ha, B
YaCTHOCTH K TPAHCKPUIILUHM W/WIN TPAHCIALUN HYKJICOTUIHOHN IOCIEN0OBATEIbHOCTH,
HanpuMep, 3HIOT€HHOrO IeHa WM TeTepoJIOTHYHOro reHa, B kierke. Hampumep, B
Clly4yae CTPYKTYPHOIO IeHa SKCIIPECCHs BKJIIOUAET TPAHCKPUIILIUIO CTPYKTYPHOTO I'eHa B
MPHK u, npu HeoOxonumocTH, nocienyrouryto Tpancmiunio MPHK B onun umn Gonee
NOJIMMENTHIOB. B Jpyrux ciydasix SKCIPEecCHUsi MOXKET OTHOCHUTBhCS TOJIBKO K

tpanckpunuuu JIHK, xonupyromeit monexyiny PHK.

OKCIPECCUOHHBIH ~ KOHCTPYKT:  «DKCIPECCHOHHBIA  KOHCTPYKT»  TpPHU
UCTIOJIb30BAHUH MO TEKCTY HACTOSILEro JOKYMEHTa O3Ha4yaeT NOCIIeNOBATENbHOCTD
JJHK,  cnocoOHyr0  HampaBlsiTb  OKCIPECCHI0O  KOHKPETHOH  HYKJICOTHUIHOU
NOCJIEIOBATEIbBHOCTH B COOTBETCTBYIOILIEH YacCTH PACTEHUS WM KJIETKH PACTECHUS,
cozeprKaliei mpoMoTop, QYHKIIMOHAIBHBIA B YKa3aHHOHN YaCTH MIIH KJIETKE PACTEHUS, B
KOTOpYI0O OHa Oyner BBeneHa, (YHKIMOHAIBHO CBSI3aHHBI C HWHTEpeCyromel
HYKJICOTHHOW  MOCTENOBATENbHOCTBIO,  KOTOpas, B  HEKOTOPBIX  CIy4asX,

(I)YHKI_II/IOHaJ'IbHO CBA3aHa ¢ CUTHAJIaMU TCPpMHUHALIUU. Ecau Tpe6yeTc;[ TPpaHCIALMA, OHA
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TaKXKe OOBIYHO BKIKOYAET IOCIENOBATENbHOCTH, HEOOXOAUMBIE Ui TPABUJIbHON
TPAHCISIIMK  HYKJIEOTHIHOW mocnenoBatenbHocTH. Koaupyromas o0gacte MOXeT
KOOAUPOBATH npenc:Taanﬂome/i HUHTEPEC 66.]'[01(, HO IIPU 3TOM TAKIKE MOXKET KOAUPOBATH
npeacTasisomyo uHTepec (QynkuuonansHyto PHK, nanpumep, PHKa, muPHK,
MsikPHK, msaPHK, mukpoPHK, ta-mMuPHK wau nmoOyro Opyryr0 HEKOAUPYIOIIYEO
perymaropayro PHK B CMBICIOBOM  HMIM  QHTHCMBICJIOBOM  HalpaBICHHUM.
OKCHPECCHOHHBI  KOHCTPYKT,  COAEpXKALIUH  HHTEPECYIOL[YI0  HYKJIEOTHIHYIO
MoCJaea0BaTCIIbHOCT, MOXKET OBITh XUMEPHBIM, YTO O3HAYA€CT, YTO OAUH HUJIN fouee ero
KOMITOHEHTOB SABJIAOTCA T€TCPOJIOTMIHbIMU MO OTHOEHUIO K OTHOMY MJIM HECKOJIbKUM
OPYTUM €ro KOMITOHEHTaM. OKCIPECCHOHHBIH KOHCTPYKT TakKKe MOXKET OBbITh
€CTECTBEHHbIM, HO TIOJYYEHHbIM B pEKOMOMHAHTHOH (opMe, TOAXOASALIEH s
reTeposioruyHoil skcrnpeccu. OnHAKO, Kak MPaBUIIO, 3KCIPECCUOHHBIH KOHCTPYKT
ABJIAACTCA re€TCPOJIOTNIHBIM 10 OTHOILICHUIO K XO035H1HY, T.C. KOHKpPETHAasA
nocnenosatenbHOCTh JIHK 3KCIIpecCMOHHOrO KOHCTPYKTa B €CTECTBEHHOM BHJE HE
BCTPECUACTCA B KIICTKE-XO3AUMHE U JOJIKHA OBITD BBCACHA B KJICTKY-XO3sUH WU MPEAKY
KJIETKH-X03MHA  TOCPEACTBOM  TPAHC(HOPMALIMOHHOTO  COOBITHA.  DKCIIpeccusi
HYKJIEOTUJJTHOM  TOCJEIOBATENIbHOCTU B  3KCIPECCUOHHOM  KOHCTPYKTE  MOJKET
HaxXOAUTbCA IIOA KOHTPOJEM KOHCTUTYTHBHOTO MPOMOTOpAa WJIWM HWHAYLHHUPYEMOTO
IIPOMOTOPA, KOTOPBIA HHULMUPYET TPAHCKPUIILIUIO TOJBKO TOI/1d, KOT1a KJIETKAa-XO035UH
NOZIBEPIKeHA BO3AEHCTBUIO KaKOro-MOO KOHKPETHOT'O BHEIIHEro cTumyia. B ciydae ¢
pacTeHHueM IMPOMOTOP TAKXKE MOKET ObITb CIEeLU(PUIHBIM Il KOHKPETHON TKaHU WJIH

opraHa, ujiv CTaauu pa3BUTHA.

Uysxeponubiit. TepMHH «4y>KEpONHBII» OTHOCHUTCA K JIFOOOH MOJeKyse
HYKJICHHOBOW KHCJIOTHI (HapuMep, K TeHHOMU MOCJIEA0BATEIbHOCTH ), KOTOpasi BBEJICHA B
T€HOM KJIETKH MyTeM OJKCIEPUMEHTAIbHBIX MOAU(UKAIMNA, M MOXET BKIOYAThb
MPUPOAHBIE MOCIENOBATEIBHOCTH, IPU YCIOBUU, YTO BBEIEHHAs MOCIEAOBATENIbHOCTD
COIEPIKUT HEKOTOPYK Moaupukanuioo (HAIpUMep, TOYECYHYI0 MYyTAaLHI0, HaJTHMYHe
CENIEKTUPYEMOr0 MAapKEepPHOrO I'eHa W T.J.) U IO3TOMY OTIMYAETCS OT MPHUPOIHON

MOoCJICAOBATECIIbHOCTH.

@DyHKIMOHANbHAS ~ CBSA3b.  TepMHMHBI  «DYHKLMOHAJbHAS  CBA3bY WU
«(YHKIIMOHAIBHO  CBS3aHHBII»  O3HAYAIOT, HanpuMep, NOCJIEOBATENBHOE

PACIONIOXKEHNE PEryJIITOPHOrO 3JIeMEHTa (Hampumep, MPOMOTOpa) € HYKJICOTHUIHOU
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MIOCJIEIOBATENIbHOCTBIO,  KOTOpasi  OKCIPECCUPyeTcs, M, MpU  HEOOXOAUMOCTH,

)
JOTOJHUTEIBHBIX PETYJSITOPHBIX 3JIEMEHTOB (TAaKUX KaK, HAIpUMep, TEPMHHATOP WU
NEENA) takum 06pa3zom, 4TOOBI KaXK/IbIi U3 PETyJIATOPHBIX 3JIEMEHTOB MOT BBIIIOJIHSTh
COOTBETCTBYIOIIYIO  (YHKIMIO, JUIi  SKCIPECCHH, MOIU(PHUKALUU  HKCIPECCHH,
CTUMYJILUK SKCIPECCUN WM BIUSIHHUS HHBIM OOpa3soM Ha JKCIPECCHI0 YKa3aHHOW
HYKJIGOTUJHOM TIOCTIeNOBaTENIbHOCTH. BbIpakeHue «omepaTHUBHAs CBS3b» MU
«OTEepPaTUBHO CBA3AHHBINY SBJSIETCS] CHHOHUMUYHBIM. B pesyibrare 3TOro0, 3Kcnpeccus
MOeT OBITh 3aBUCHUMOH OT PACMOJIOKEHHs HYKJIEOTHIHBIX IMOCJIEI0BATEIbHOCTEH O
OTHOIIEHUK K CMBICIIOBON uik aHTHCMbICIOBON PHK. Jns sToro He o0s3aTeabHO
TpeOyeTcst mpsiMasi CBsI3b B XUMUYECKOM cMbIcie. Kpome Toro, Bo3eficTBre Ha IeNIeBYIO
MOCJIEIOBATENIBHOCT MOTYT OKa3blBaTh IOCIEAOBATENbHOCTU JJIi T€HETHYECKOIo
peryiupoBaHus, Takue Kak, HalpuMep, SHXAaHCEpPHble IOCIEeN0BAaTEIbHOCTH, U3
MOJIOKEHUH,  KOTOpbIE  HAaxomATcs  ganblue OoT  apyrux  Monekyn  JIHK.
IIpennouturenbHbIMU  SIBISIOTCSL  PACIONIOXKEHMs, IPU KOTOPBIX HYKJIEOTHAHAs
NOCJIEIOBATENIbHOCTD, TOAJIEKAINAs PEKOMOMHAHTHONW 3KCIPECCHUH, PACIOIOKEHA
NO3aM TOCJIEN0BATEIbHOCTH, BBICTYNAIOLIEH B KauecTBE MPOMOTOpA, TaK 4YTO JBE
MOCJIEIOBATEIbHOCTH  KOBAJIEHTHO CBsi3aHbl Apyr ¢ JpyroMm. PaccrosHue wmexay
MOCJIEIOBATENIBHOCTBIO NTPOMOTOPA U TMOCJEA0BATEIbHOCTBIO HYKJIEHNHOBOM KHCIOTHI,
MOJUIeKAIe PeKOMOMHAHTHON SKCIPECCHH, MPEANOYTUTEIBHO cocTaBisier MeHee 200
nap OCHOBaHMH, O0COOEHHO mpennoutuTeabHo MeHee 100 map ocHoBaHMid, Hamboiee
NPEANOYTUTENIbHO MeHee 50 map OCHOBaHUI. B mpeanoyTUTeNbHOM BapuUaHTe
OCYLIECTBJICHHsI TPAHCKPUOUpYEeMasi HyKJICOTHIHASI MTOCJIEA0BATEIbHOCTD PACTIOIOKEHA
3a MPOMOTOPOM TaKHUM OOpa3oM, YTO HAYAJNO TPAHCKPHUILHMH HIESHTHYHO LIEJICBOMY
Havany xumepHoii PHK mo n3o0perenuto. @yHKIMOHANBHAS CBSI3b U SKCIIPECCHOHHBIN
KOHCTPYKT MOTYT OBbITb CO3/IaHBI C HCIIOJIb30BAHUEM OOBIYHBIX METOJIOB PEKOMOMHALINI
Y KJIOHUPOBAHUSI B COOTBETCTBUHU C OMHCAHKUEM B JiuTeparype (Hanpumep, B Maniatis T,
Fritsch EF and Sambrook J (1989) Molecular Cloning: JlaGopatopHOe pyKOBOICTBO, 2-
oe U3n., Cold Spring Harbor Laboratory, Cold Spring Harbor (NY); Silhavy et al. (1984)
Experiments with Gene Fusions, Cold Spring Harbor Laboratory, Cold Spring Harbor
(NY); Ausubel et al. (1987) Current Protocols in Molecular Biology, Greene Publishing
Assoc. and Wiley Interscience; Gelvin et al. (M3x) (1990) Plant Molecular Biology
Manual; Kluwer Academic Publisher, Dordrecht, Hunepnanner). Tem He MeHee, MexIy
IBYMSI TIOCJIEOBATENBHOCTSAMHU TAaK)KE€ MOTYT OBITh PACIIOJIOKEHBI JOMOJIHUTENbHBIE

NMoCJCAOBATCIIBHOCTH, KOTOPBIC, HAIIPHUMED, I[efICTBYIOT B Kade€CTBE JIMHKEpPa CO
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cneunpUIeCKUMU CalTaMH pAaCINEIUICHUs] IJIsi PECTPUKLUOHHBIX (PEpMEHTOB WIH B
Ka4eCTBe CHUTHAJbHOIO ImenTuaa. BcTaBka MOCIENOBATENBHOCTEH TaKKe MOXKET
NPUBOIUTE K OJKCIpeccuu OenkoB ciusHuA. I[IpennodTurenbHO, SKCIPECCHOHHAsS
KOHCTPYKT, COCTOSIIIUI W3 CBSI3U PEryJsATOPHON OONAcTH, HarpuMmep, MPOMOTOpa U
SKCIPECCUPYEMON HYKJIEOTUJHOW NOCIENOBATENIbHOCTH, MOXKET NPUCYTCTBOBaTb B
¢dopme, MHTErpHUPOBAHHON C BEKTOPOM, MM MOXKET ObITb BBEIEH B F€HOM DPACTEHHS,

HarpuMep, MyTeM TpaHcHopmanuu.

I'en: TepMuH «reH» OTHOCHTCS K 00acTH, PYHKIIHOHAIBHO MPUCOSINHEHHOHN K
COOTBETCTBYIOLIMM PETYJISITOPHBIM MOCIEIOBATEIBHOCTSM, CIIOCOOHBIM KaKHM-JTHOO
00pa3zoM peryJarpoBaTh SKCIPECCUI0 T€HHOTO MPOAYKTA (HApUMeEp, MOJIUNENTHAA WIN
dyuknuonanpHo PHK). I'eH BKiIFOYaeT HETpaHCIUpPYEMbIE PEryJISTOPHbIE OOJNACTH
JIHK (Hampumep, MpOMOTOPBI, 3HXAHCEPBL, PEIPECCOPHI U T.J1.), KOTOPbIE PACTIONOKEHBI
nepen (IPOTUB X0/1a TPAHCKPUIILIMN) MITH TOCJIe (TI0 X0y TPAHCKPHITLIUH ) KOAUPYIOIIEH
oOmactero (oTKpbITasi pamka cuutbiBanus, OPC), a Takke, rae MNPUMEHUMO,
NPOMEXYTOYHBIE  IOCIENOBATEIBHOCTH (T.€. HWHTPOHBI) MEXIAY OTAENbHBIMU
KOAHMPYIOIUMHU O0acTsMU (T.€. 5K30HbI). [Ipu UCIOIB30BAHUH MO TEKCTY HACTOSIIIETO
TIOKyMEHTa TEPMHUH «CTPYKTYPHBII reH» o3HaudaeT nocienosarenbHocTh JJHK, xotopas
tpanckpudupyercs B MPHK, koropas 3arem TpaHcaupyercss B IOCIENOBATEIbHOCTD

AMUHOKHUCJIOT, XapPaKTCPHYIO IJIA OIIPEACTICHHOI'O IMOJUIICTITUAA.

«PenakTupoBaHue reHa» MPHU UCMOJIb30BAHNUN B HACTOALLEM JOKYMEHTE O3Ha4aeT
BBEJICHHE KOHKPETHOW MyTallMM B OIpPENENeHHYIO IMO3ULHI0 B TIeHOME KJIETKHU.
PenaktupoBaHue reHa MOXKET TNPOU3BOAUTHCSA IYTEM TOYHOIO pPENAKTUPOBAHUS C
UCTIOJIb30BaHHEM OoJyiee TMPOABUHYTHIX TEXHOJIOTHH, HANpUMEp, C NPUMEHEHUEM
cucrembl CRISPR-Cas u nmonopnoii JIHK wnu cucrembr CRISPR-Cas, cBs3anHOl ¢

MyTareHHOH aKTHBHOCTBIO, TakOH Kak neamuHaza (WO15133554, WO17070632).

I'enom u renomuas JIHK: Tepmunsel «renHom» unu «reHomuas JIHK» otHocsaTcs
K HacJIelyeMOl TreHeTHYeCKoi nH()OpMAaLK OpraHu3Ma-X03siMHA. Y Ka3aHHAst TeHOMHasI
JHK Brmrouaer JIHK simpa (Ttakske HazpiBaemyro xpomocomuoit JIHK), a takke JIHK
wiacTuy (HampuMep, XJIOPOIUIACTOB) M IPYIUX KIIETOYHBIX OpraHei (Hampumep,
muToxoHnpuii). IlpenmoyrurenbHO, TEPMUHBI «TreHOM» WM «reHomHas JIHK»

otHOcATCs k xpomocomuon JIHK sapa.
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I'ereponornunelii. TepMUH «TreTEPONIOTMYHBIN» IO OTHOLIEHUIO K MOJIEKYJe
HykinenHoBou kucyaotel win JHK oTHOCHUTCA K MOJekysae HyKJIE€HHOBOM KHUCIOTHI,
KOTOpasi (PYHKLHMOHAJIBHO CBs3aHA CO BTOPOW MOJIEKYJIOW HYKJIEHMHOBOW KHCJIOTHI,
HanpuMep, ¢ MPOMOTOPOM, C KOTOpOH OHAa (YHKIIMOHAJIBHO HE CBsi3aHa B MPHUPOJE,
HanpuMep, B TeHOME PACTEHMsI JUKOIO TUIA, UM C KOTOPOIH OHA ONEPAaTUBHO CBsI3aHA B
IPUPOJE, HO B PYrOM MECTE WM B APYTrOH MO3ULMH, HAIPUMEP, B TEHOME PAaCTeHUs
JUKOTO THUIIA.

IIpennodTuTensHO, TEPMUH TE€TEPOJIOTHYHBIN» MO OTHOIIEHHIO K MOJEKYJIe
HykynenHoBod kucnotrsl unu JIHK, nampumep, NEENA, orHocuTCs K MoOIekyle
HYKJICHHOBOW KHCJIOTBI, KOTOpas (PyHKIMOHAJIBHO CBSI3aHA WJIHM IOCIE MAaHUMYJISILUN
Oynmer (YHKIMOHAJIBHO CBs3aHA CO BTOPOH MOJIEKYJIOW HYKJIEWHOBOH KHCIIOTBHI,
HanpuMep, ¢ IPOMOTOPOM, € KOTOPbIM OHA (DYHKIIMOHAJIBHO HE CBsI3aHA B IIPUPOJIE.

I'eteponornyHas SKCIPECCHOHHAsi KOHCTPYKLHsA, COAEp>Kallas MOJIEKYJTy
HYKJIEMHOBOW KUCJIOTHI U OAHY WJIK HECKOJIBKO CBSI3AHHBIX C HEH PETyJIATOPHBIX MOJIEKYJI
HYKJIEHHOBOH KHCJIOTHI (HAIpUMep, MPOMOTOP MITH CUTHAJ TEPMUHALIUY TPAHCKPHITLIIH),
HampuMep, TPEeACTaBiIsAieT CoO0OW KOHCTPYKLIMIO, TIOJNYYEHHYI0 B pe3yJbTaTe
SKCIIEPUMEHTAJbHBIX ~MOAU(UKAIMHA, TpPU KOTOPBIX a) VyKa3aHHas MOJIEKyJia
HYKJIEMHOBOH KHCJIOTBI, WJIM b) yKa3aHHas pEryJaTOpHAas MOJIEKyJia HYKJIEHHOBOH
KUCJIOTHI WJIM C) 00€ 3TH MOCJIENOBATEbHOCTH IO MI. a) U b) HE pacroyoXeHbI B
NPUPOINHOI (HATMBHOW) TEHETHYECKOH Ccpele WM MOABEPIVINCh MOTU(PHKALIUH,
IPUMEPOM TaKOH MOAM(UKAIMU SBISIETCS 3aMeHa, HoOaBieHNe, yaaleHne, HHBEPCUs
WM BCTAaBKa OJIHOTO WJIM HECKOJBKMX HYKJICOTHUIHBIX OCTaTKOB. Ilon «ecrecTBeHHOMN
TE€HETUYECKOW Cpenoi» MOHUMAIOT €CTECTBEHHBIH XPOMOCOMHBIN JIOKYC B UCXOJHOM
OpraHU3Me WJIM BHYTPH OPTraHU3MAa-X03sIMHA WJIM HAXOKJIEHHE B TEHOMHOM OHOIHOTEKe.
B cmydae reHomHOW ~— OuONMOTEKH,  €CTECTBEHHas  T€HETHYECKas  cpena
MOCJIEIOBATEIBHOCTH ~ MOJIEKYJIbI ~ HYKJIEMHOBOM  KUCJIOTBI  MPEANOYTUTEIBHO
COXpaHsieTcsl, 110 MeHbllel Mepe, yacTudHO. Cpenja MpUMBIKAeT K MOC/IEA0BaTeIbHOCTU
HYKJIEMHOBOM KHCJIOTBI C, MO MEHbIIEH Mepe, OJHOW CTOPOHBI W HMEET
MOCJIEAOBATENbHOCTh JJIMHOM, MO MeHbliend mepe, 50 m. 0., NPeanoyYTUTENBbHO, MO
menbLIel Mepe, S00 1. 0., 0COOEHHO MPEANOYTHTENBHO, 1O MeHbInel Mepe, 1 000 . 0. u
HanboJjiee TPEANOUTUTENbHO, Mo MeHbmedl wmepe, 5 000 mn.  o. Ilpupomnas
SKCIIPECCHOHHAsT KOHCTPYKLIMS — HANpHUMEpP, NPUPOAHAs KOMOWHAIMS IMPOMOTOpa C
COOTBETCTBYIOLIMM I'€HOM — CTAHOBUTCSI TPAHCT€HHON 3KCIPECCUOHHON KOHCTPYKLIMEH,

KOTZ[a OHA M3MEHSIETCSI C TIOMOIIBIO HE MIPUPOIHBIX, CHHTETHYECKUX (KUCKYCCTBEHHBIX))
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METO/IOB, TAKUX Kak, HalpHMep, MyTareHHas oOpaboTka. DTH METOAbl OINUCAHBI B
mureparype (US 5,565,350; WO 00/15815). Hanpumep, Monekyjia HyKJIEHHOBOH
KUCJIOTBI, KOJUPYIOIIas 0enok, pyHKIHOHATIBHO CBsI3aHHAsl C IPOMOTOPOM, KOTOpasi He
SBJIAETCS HATUBHBIM TPOMOTOPOM 3TOM MOJIEKYJIbl, CUHUTAETCs T'e€T€POJOTHYHON IO
OTHOWIEHHIO K mnpomotopy. IlpeanoururenpHo, rereponsoruynas JAHK He sBnsercs
SHAOTEHHOM MO OTHOLIEHHIO K KJIETKE, B KOTOPYIO OHA BBEJEHA, UM HE CBA3aHa C HEH
€CTECTBEHHbIM O00pa3oM, HO ObLIa MOJy4YeHa W3 APYrod KJIETKHM WK TOJyYeHa
cuHtetnyeckuM nytem. Iereposornunas JIHK Takke BKJIHOYAeT SHIOTCHHYIO
nocienosarenbHocTh  JIHK, koTOpas comepkKMT HEKOTOPYK) MOAM(HKALMI, HE
BCTPEYAIOLIYIOCS B IPUPOIE, MHOKECTBEHHBIE KO SHAOT€HHOM M10C/Ie0BaTeIbHOCTU
JHK  wumu  mocneposarenpHOocTh  JIHK,  dusuuecku CBsi3aHHYHO ¢ JIpyrow
nocaeaosaTeabHOCTHIO JIHK, kOoTOpas B npupoae ¢ Heil He cBsizaHa. Kak npaBuiio, HO He
Bcerna, rereponornmyras JIHK kommpyer PHK wnm Oenku, KoTOpble OOBIMHO HeE

NPOAYLUPYIOTCS KJIETKOH, B KOTOPOIl OHAa SKCIPECCUPYETCS.

IIpomoTOp € nNOBBILIEHHOW BJKcmpeccuen: lIpu HMCHONB30BAHUM MO TEKCTY
HACTOSIIETO JOKYMEHTA «IIPOMOTOP C MOBBIIEHHOH SKCIPECCHeiD» 03Ha4aeT MPOMOTOP,
BBI3BIBAIOIIUN JKCIIPECCUI0 B PACTEHUU WM €ro YacTH, OTJIMYAIOLIUICA TeM, YTO
HakoryieHne uiau ckopoctb cuHte3a PHK umm crabunbHocts PHK, mosmyuennoi w3
MOJIEKYJIbl HYKJIEMHOBOM KMCJIOTBI IOJ| KOHTPOJIEM COOTBETCTBYIOLIETO MPOMOTOPA,
BBILIE, MPEANOYTUTENLHO 3HAYUTENbHO BBILNIE, 4YeM OKCIPECCHs, BbI3BaHHAsS
npomoropoM, He coxmepxkamuM NEENA mno wusobperenuto. IIpemnoururensHo,
xonudecTBo PHK w/unmu ckopocts cuateza PHK u/unu crabunpHocts PHK yBennunBaroT
Ha 50% wnu Gonee, Hanpumep, Ha 100% wunu Oosee, mpennoutuTebHo Ha 200% wmu
Oosee, Ooyiee MPENNMOYTUTENHHO B 5 pa3 wiu Oojiee, eme OoJiee MpeanovTuTeIbHO B 10
pa3 unm 6osee, Hauboee npennoutureabHO B 20 pas wiu 6onee, Hanpumep, B S0 pas no

CpaBHEHHUIO ¢ IpoMoTopoM, He conepskamum NEENA no n3o0petenuro.

I'ubpunmzanyst: TepMuH «rHOpUIN3ALIUSTY COTIIACHO ONPEAETICHHUIO B HACTOSLIEM
JOKYMEHTE OTHOCHUTCS K IIpOLEecCy, IpU KOTOPOM B 3HAYUTENBbHON CTeNeHU
KOMILUIEMEHTapHbIE HYKJIEOTHIHBIE TOCIENOBATENIbHOCTH THOPUAMZHPYIOTCS IPyT C
apyrom. IIponecc rudpuansanny MOKET MOJHOCTBIO MIPOUCXOIUTH B PacTBOpE, T.€. 00e
KOMIUIEMEHTapHbIE HYKJIEHHOBBIE KUCJIOTHI HaxoAsATcss B pacTeope. Taxke mpouecc

MOXET MNPOXOAUTH C Yy4ACTHUEM OI[HOfI U3 KOMIUIEMCHTAPHBIX HYKJICMHOBBIX KHUCJIOT,



26

UMMOOUITM3UPOBAHHBIX B MAaTPHULIE, TAKOW KaK MArHUTHBIE IPAHYJIbI, TPAHYJIbI ce(papo3bl
w000l apyroit cmonbl. [lpouecc ruOpuamsanyiy, KpoMe TOTO, MOXET OBbITh
OCyIIECTBJIEH C  OAHOH W3  KOMIUIEMEHTapHbIX  HYKJIEHHOBBIX  KHCJIOT,
UMMOOWJIN30BAaHHON B TBEPAOH IMOJIOKKE, TAaKOW KaKk HHUTPOLEJUIFOJIO3a WU
HEWIOHOBast MeMOpaHa, Wi UMMOOHMIM30BAaHHOM, HaNIpuMep, myTeM (oToIuTOrpadum,
HarpuMep, Ha KPEMHHICOIEp KAl CTeKIITHHON MOIOKKe (MOCIeTHIE H3BECTHBI KaK
HYKJICHHOBOKHCJIOTHBIE MATPHIIBI U MHUKPOMATPHLIBI MJTH KaK HYKJIEMHOBOKHCIOTHBIE
qunbl). [ TOro 4YroObl OCYIIECTBUTH BO3MOMKHYIO THOPUAU3ALUID, MOJEKYJIbI
HYKJICHHOBOW KHCJIOTBI OOBIYHO TE€PMHUYECKH WJIM XUMHUYECKU JIEHATYPUPYIOT, YTOOBI
NePEeBECTH ABOWHYIO LIETIb B JBE €IUHUYHBbIC LEMH /WM YAAJIUTh IIMUJIbKI» N
ApPyTue BTOPUYHBIC CTPYKTYPBI U3 SAUHIYHBIX HEMHBIX HYKJIECHHOBBIX KHCIIOT.

TepMuH <«KECTKOCTb» OTHOCUTCSI K YCJIOBUSIM, B KOTOpPBIX IIPOTEKaeT
rubpuamzanns. K TakuM yCIIOBHSIM OTHOCATCS TeMIepaTypa, KOHLEHTPALUs COJIH,
WOHHAsi cuja win coctaB Oydepa rubpuamzaumu. OOBIMHO BBIOMPAIOT CIENYIOIINE
yCIOBHSA € HU3KOM xKecTkocTho: 30°C Hike Touku rasnenns (Tm) mis onpeneneHHoONH
MOCJIEOBATEIbHOCTH MPHU ONpeneNeHHod HoHHOM cuie u pH. VYcenosusa cpennen
skecTkocTu — 20°C Huke Tm, Boicokoit sxectkocTH — 10°C Hinke Tm. XKectkue ycnosus
rubpuan3anuyd  OOBIYHO  WCHOJB3YKOT  JUISL  BBbIIENEHUS  THOPUAN3UPYIOIINX
NOCJIEIOBATENBHOCTE M, KOTOPbIE UMEIOT BBICOKYIO CTETIEHb UACHTUYHOCTHU C LIE€JIEBBIMU
HYKJICOTUJHBIMH TIOCJEOBAaTENbHOCTSIMU. TeM He MeHee, aMHUHOKHUCIOTBI MOIYT
OTKJIOHSITbCSl B MOCJIEAOBATEILHOCTH U BCE €Ile KOAMPOBATh B 3HAUUTENBHON CTENEHU
NOAOOHBIN MOJNUIENTH BCIEACTBUE BBIPOXKISHHOCTH I'eHETHYecKoro koxa. ITostomy
IUISl OTIPENEeNIEHUs] TAaKMX MOJIEKYJ] aMHHOKHCJIOT HMHOTZIa MOTYT ObITh HEOOXOIHUMBI
YCJIOBUSI CPEHEN JKECTKOCTH.

Tm — 3T0 Temneparypa (npu onpeneneHHOH HOHHOH cuie u pH), mpu KoTOpoit
50% ueneBoil MOCIENOBATEIPHOCTH TUOPUIU3UPYET C MONOOpPAaHHBIM 30HAOM. Tm
3aBHCHUT OT COCTOSIHUSI PaCTBOPA, COCTaBa OCHOBAHMIA M JUIMHBI 30HAa. Hanpumep, Oonee
IUTHHHBIE TIOCIIEOBATENbHOCTH THOPHIN3UPYIOT TIpU OoJiee BRICOKHA Temneparypax. C
HauOOJNbIIell  CKOPOCTBIO  THOpHIM3aLUsl  NPOMCXOAUT  TNPH  TEMIEpaType
npubmusutensHo 16°C - 32°C Hwke Tm. Hanmuune OnHOBaNEHTHBIX KaTHOHOB B
pacTBOpe rHOpPUIN3ALNT YMEHBIIAET 3JIEKTPOCTATHIECKOE OTTATIKUBAHIE MEXKAY ABYMS
LIETIOYKaMd aMHHOKHCJIOT, TE€M CaMbIM CIIOCOOCTBYsI THOPHAHOMY OOpa30BaHUIO,
nauabld 3Qdext Habmomaercs npu KoHHeHTpauwsx HaTpus 1o 0,4 M (mpu Oonee

BBICOKHUX KOHIICHTPALUSX M MOXHO npeHeOpeun). @opMaMua yMEHbIIAET TEMITEPaTypy
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raieHus: asoiHbIx crimpanen [HK-JIHK u JJHK-PHK wa 0,6 - 0,7°C Ha kaxnblit
npoueHt ¢opmamuaa, a npobasneHue 50% Qopmamuma MO3BOJSIET OCYIIECTBUTH
ruOpunuzaumto npu 30 - 45°C, xors ckopocTh rubpuamzanuu OyaeT HIDKe.
HecootBercTBusl map OCHOBAaHUI CHIDKAIOT CKOPOCTh THOPHIM3ALMHN U TEPMAJIbHYIO
CTa0MJIBHOCTD ABOWHBIX criupainieil. B cpennem u s Oonbiinx 30H10B, Tm CHHKAaeTCs
Ha npuOmm3uTensHo 1°C Ha % HECOOTBETCTBHSI OCHOBAHMA. Tm MOXKHO pacCUUTaTh IO
crenyromuM GopmyiaM, B 3aBUCIMOCTH OT TUIA THOpUa;

Iubpunst IHK-IHK (Meinkoth and Wahl, Anal. Biochem., 138: 267-284, 1984):

Tm= 81.5°C + 16.6xlog[Nat+]a + 0.41x%[G/Cb] — 500x[Lc]-1 — 0.61x%
dbopmamun

JTHK-PHK wnun PHK-PHK rubpunst:

Tm=79.8 + 18.5 (log10[Na+]a) + 0.58 (%G/Cb) + 11.8 (%G/Cb)2 - 820/Lc

onuro-/IHK unn omuro-PHKd ruGpunst:

Jna <20 HyKJI€OTUAOB: Tm= 2 (In)

s 20-35 mykneornnos: Tm= 22 + 1.46 (In)

a 0O I IPYTroro OJHO3APSITHOTO KATHOHA, HO TOJIbKO B auamnaszone 0,01-0,4 M.

b Tonbko nist % GC B puanazone 30% — 75%.

¢ L = nnuHa ABOMHBIX CriUpasiel B apax OCHOBAHUM.

d omuro, omuronykieotun; In, = spdexkruBHas nnauHa npaiimepa = 2x(Ne
G/C)y+(Ne A/T).

Hecnennduyeckoe CBsI3bIBAHME MOXKET KOHTPOJMPOBATHCS € ITOMOIIBIO
U3BECTHBIX TEXHOJIOTHMH, HANpuUMep, TaKuX Kak OJIOKMpOBaHHE MeMOpaHbl MyTeM
pacTBOpOB ¢ comepskaHueM Oenka, nobasneHue rereposniormunbix PHK, THK u SDS
(momeuuncynbdara Hatpusi) B Oydep rudpunuzaunu, odpaborka pudonykieasou. Jlis
HEPOJCTBEHHBIX 30HJOB MOXET OCYIIECTBIISATHCS CePHsi THOPUIN3ALII MTyTEM CUIIBHOTO
NOHM)KEHUs] TeMmreparypbl ruOpumusanmu (Hanpumep, ¢ 68°C pmo 42°C) wnm
YMEHBIICHUs1 KOHLeHTpauuu ¢opmamuna (Hampumep, ¢ 50% no 0%). Cneumamucty
W3BECTHBI PA3JINYHBIE TAPAMETPBL, KOTOPBIE MOTYT U3MEHSTHCS BO BpeMsl THOPUAN3ALNN
¥ KOTOPBIE TIOMOTYT COXPAHUTD HJIH H3MEHUTD YCJIOBHSI JKECTKOCTH.

[Tomumo ycnoBuii rUOpUAM3ALMM, CHENU(PUIHOCTH THOPHIN3ALNH 3aBUCHUT
Takke OT (YHKIMM TPOMBIBKM mocie rudpuamsanuu. UroObl yOpate ¢oH mocie
HecieruuHOW TUOpHaM3anuy, 00paslbl MPOMBIBAIOT B Pa30aBJICHHBIX COJISTHBIX
pactBopax. Pemaromue (akTopbl NPOMBIBKM BKJIKOYAOT HOHHYECKYIO CHIIY U

TEMIEPATypy IMOCIEAHEr0 pacTBopa: 4eM Oojiee HU3Kas KOHLEHTpPALMS CONU U Oojee
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BBICOKAsI TEMIIEPATYPa, TEM BBILIE )KECTKOCTb YCIOBUI MPOMBIBKU. IIpoMbIBKa OOBIYHO
NPOBOAUTCS TP YCIOBUAX TOH XK€ KECTKOCTH, YTO U YCIOBUS rHOPUAN3ALINY, JTHOO IPU
ycnoBusax Oosee HU3koHM skectkoctd. [lonoxkurenpHas ruOpuamszanus AaeT CUTHAI,
KOTOPBIH, IO MEHbLIEH Mepe, B iBa pa3a MpeBocxoauT (poH. OOBIYHO COOTBETCTBYIOIINE
JKECTKHE YCJIOBUS ISl aHAIN3a TMOPUIN3ALMN HYKJIEHMHOBBIX KHUCJIOT WM MPOLIEAYP IO
OIIPEAEICHUIO aMIUTM(UKAIIUK T€HOB TaKHe e, KaK W3JIOKeHb! Bble. MoryT ObITh
TaKk)Ke BbIOpaHbI 0Oojiee WJIM MEHee JKECTKHE YCJIOBHsA. XOpOIIEeMY CHEeLHAHCTY
W3BECTHBI PA3JIMYHbIC MapaMeTPbl, KOTOPbIE MOKHO M3MEHUTh BO BPEMsI POMBIBKU U
KOTOpBIE MOMOTYT COXPAHUTh UM U3MEHUTD YCIOBUS HATIPSKEHHOCTH.

Hanpumep, ycrnoBusi BBICOKOU kecTKOCTH rudpuamsanmu 1 rudpunos JIHK,
nnuHOH Oonee S0 HykJIeOTHIOB, BKIFO4arOT rudpuausawro npu 65°C B 1 x SSC wmu npu
42°C B 1x SSC u 50% ¢opmamuna, 3atem npomeiska npu 65°C B 0,3x SSC. Ycnosus
rubpuanzannu cpenHeit skectkoctu st rubpunos JIHK nmHol Gonee SO HYKJI€OTHAOB,
BKJIFOUAOT ruOpuam3anmio rpu temneparype 50° C B 4x SSC wnu nipu 40° C B 6 x SSC
u 50% c¢opmammna, 3arem npomseiBky mpu 50° C B 2x SSC. lnmHa rubpuna — 31O
npeanonaraeMasl  JUIMHa ~— rUOpHaM3upyeMod  HykienHoBoii  kucnotel.  Korma
HYKJIEMHOBBIE KHCJIOTHI W3BECTHOH IOCIENOBATEIbHOCTH THMOPUAMZHPYIOTCS, UIMHA
rubpuaa ompenenseTcss MyTeM BbIPAaBHUBAHHS IOCIIENOBATEIbHOCTEH U ONpeneeHus
KOHCEPBATUBHBIX 00JIaCTeH, ONMMCAaHNE KOTOPBIX MPUBOAMUTCS B HACTOSALIEM JOKYMEHTE.
1 x SSC - 0,15 M NaCl, 15 MM nurpar TpUHATpHs, PacTBOPbI MOPUIM3ALMU H
IPOMBIBKH MOTYT TaK>Ke BKJIIO4aTh 5 X pactBop Jenxapnara, 0,5 - 1,0 % SDS, 100 mxr/min
nenarypupoBanHoi pparmentupoBannoii JIHK-nocurens, 0,5% nupodocdar HaTpus.
Eine onun nmpumMep yCIOBU BBICOKOH JKeCTKOCTH — rubpuausanus npu 65°C B pacTBope
0,1x SSC, conepkatem 0,1 SDS u, B HeKoTOpBIX ciydasx, Sx pactsopa [lenxapara, 100
MKI/MJT AeHaTypupoBaHHOMH, (parmeHtupoBanHoi JIHK u3 momnok sococéBbrx, 0,5%
nupodocdara Hatpus, ¢ mocneayrommen npomsiBkoii mpu 65°C B 0,3x SSC.

Jlnst ompeneneHusi YPOBHS JKECTKOCTH YCJIOBUH, MOXKHO OOpaTuThCs K pabore
Sambrook et al. (2001) Molecular Cloning: nabopaTopHoe pykOBOACTBO, 3-be U3naHue,
Cold Spring Harbor Laboratory Press, CSH, New York wmm k Current Protocols in
Molecular Biology, John Wiley & Sons, N.Y. (1989 u exxeronHbie JONOJTHEHNUS).

((HI[GHTI/I“IHOCTI)»I ((HI[GHTI/ILIHOCTI:;» B OTHOLICHWU CPABHCHUSA ABYX WA Ooiee

MOIJICKYJT HY KJIEMHOBOI KHUCJIOTHI HUJIN AMHUHOKHCJIOTBI O3HA4acT, qTo
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NOCJIEIOBATEIbHOCTH YKA3aHHBIX MOJIEKYJ MMEIOT OINpPENENIeHHYI CTeTNeHb CXOACTBA
NOCJIEIOBATENILHOCTEH, MTPUYEM TOCIIEIOBATEIbHOCTH YACTUYHO UASHTUYHBL

Bapuantel  (QepMEHTOB  MOXXKHO  ONpENeNuTb IO  HAEHTHUYHOCTH  UX
NIOCJIEIOBATENILHOCTEH IO CPABHEHUIO C UCXOAHBIM (pepmeHTOM. CTeneHb HASHTUYHOCTH
IIOCJIEIOBATENIbHOCTEH  OOBIYHO  YKa3blBA€TCS  KAaK  «IPOLEHT  HMACHTHYHOCTU
IIOCJIEIOBATEIbHOCTHY) I KIIPOLEHT WAEHTHYHOCTWY». [l onpeneneHus NpoLeHTa
UIEHTHYHOCTH JBYX AaMHMHOKHCJIOTHBIX IIOCJIEZOBATEIbHOCTEHl Ha TEepPBOM 3JTare
NPOM3BOJUTCS MMOMAPHOE BBIPABHUBAHHME STUX JIBYX IMOCIENOBATEIBHOCTEH, MPH 3TOM
IBE TOCJIEIOBATEIPHOCTH BBIPABHUBAIOTCS MO MX TMOJHOHM JUIMHE (TO €CTh MOMapHOe
rino0aibHOE BeIpaBHUBAHKE). BhIpaBHUBaHIE OCYIIECTBISIETCS C TOMOIIBIO IPOTPAMMBI,
peammyromeit anroput™M Humnmmana-Bywma (J. Mol. Biol. (1979) 48, ctp. 443-453),
npeanoututenbHo ¢ nomompio nporpammel «NEEDLE» (The European Molecular
Biology Open Software Suite (EMBOSS)) ¢ mapamerpamu mporpamMmsbI 0 yMOJTIAHUIO
(wrrpad Ha BHeceHme mmna = 10,0, mTpad 3a mpomommkenue mna = 0,5 u marpuna
EBLOSUMS62). Jlnst uemeli  HacTosmero H300peTeHHs]  MPEANOYTHTEIbHBIM
BBIPABHUBAHUEM SIBJSIETCS] TAKOE BBIPABHUBAHUE, IPU KOTOPOM MOJKET OBITh OTIpeneneHa
HanOOJbINas UIEHTHYHOCTD ITOC/IEA0BATENbHOCTEH.

B crnenyromem mpumepe A WUIIOCTPALMU TPUBOASATCS IBE HYKJICOTHIHBIX
NOCJIEIOBATEIbHOCTH, HO TE€ JK€ BBIUMCIEHUS NPUMEHHMMBI U K OEJIKOBBIM
NOCJIEIOBATEILHOCTSIM:

Seq A: AAGATACTG nnuna: 9 ocHOBaHUI

Seq B: GATCTGA nnuHa: 7 OCHOBaHMIA

Takum 0Opazom, OoJiee KOpOTKast MOCIEOBATEIbHOCTD — 3TO MOCIEAOBATEIBHOCTE B.
[TonapHoe rnobanbHOE BhIpABHUBAHUE O0EUX MOCIENOBATEILHOCTEH MO MOJHOM

AJIMHE JAC€T CIICAYIOLICE:

Seq A: AAGATACTG-

RRE
Seq B: --GAT-CTGA

CumBon «I» B BbIpaBHUBAHHH YKA3bIBAET HA WIASCHTHYHBbIE OCTATKH (OCHOBAaHUS
st JIHK v aMuHOKUCTOTHI 1uist OenikoB). Kom4ecTBO MIEHTUYHBIX OCTATKOB — 0.
CuMBOI «-» B BIpaBHUBAHUU YKa3bIBAET Ha I311bl. KOMWYECTBO M3MOB, BHOCUMBIX

IpU BBIPABHUBAHUU B NOCJeNOBaTeNbHOCTb B, cocrasBnsger 1. KomuuectBo ramos,
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BHOCUMBIX NPHU BBIPABHUBAHMM B IIOIPAHMYHBIA padOH IMOCJIEN0OBaTENbHOCTU B,
COCTaBJISIET 2, @ B IOIPAaHUYHBIN palioH nmocieaoBaTeabHOCTH A — 1.
Jnna y4JacTka BbIPABHUBAHMUS, MOKa3bIBAIOIAsT BbIPABHEHHBIE

MOCJIEIOBATENIBHOCTHU MO BCEH UX ANUHE, cocTasisaeT 10.

ITony4eHne ydacTka IMOMAPHOTO BBIPABHUBAHMS, KOTOPBIH IMOKa3bIBaeT Ooee
KOPOTKYIO TIOCJIEOBATEIbHOCTD 110 BCEH €ro JUIMHE B COOTBETCTBUHU C M300pETEHHEM,

CJICOOBATCIIbHO, MMPUBOAUT K:

Seq A: GATACTG-

T
Seq B: GAT-CTGA

HOJ’Iy‘{eHI/Ie y4dacTKa TIONAPHOTO  BbIpaBHUBAHUS, KOTOprfI IMOKa3bIBaA€T
noCJaea0BaTCIbHOCTD A mo Bcel ero JJIMHE B COOTBETCTBUU C I/1306peTeHI/IeM,

CJICOAOBATCIIbHO, MPUBOAUT K:

Seq A: AAGATACTG

T
Seq B: --GAT-CTG

HonyquI/Ie ydaCcTKa IIONapHOTO BbIpaBHUBAHUA, I(OTOprI71 IMMOKa3bIBACT
TOCJIEIOBATENIbHOCT B 1O Bcell ero AJMHE B COOTBETCTBUU C I/1306pe’TeHI/IeM,

CJIENOBATEIbHO, IPUBOAUT K

Seq A: GATACTG-

T
Seq B: GAT-CTGA

JlnuHa BBIPABHMBAHUS, MOKa3bIBAIOIIast Ooyiee KOPOTKYIO MOCIEAOBATENIbHOCTD
1O BCeH ee AnMHe, paBHA 8 (IPUCYTCTBYET OAMH IS, KOTOPbIA YYUTHIBAETCS B JUINHE
BBIPABHHUBAHUS O0Jiee KOPOTKOH MMOCIEN0BATEIbHOCTH).

CoOOTBETCTBEHHO, AJIMHA BbIPABHUBAHUS, [TOKA3bIBAIOLIAS MOCJIEN0BATENBHOCTD
A 1o Bceil ero mmHe, Oyner paBHa 9 (YTO O3HAYAET, YTO MOCIENOBATEIBHOCTHIO 110

M300PETEHHIO ABIISIETCS MOCIIEOBATENBHOCTD A).
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CoOTBETCTBEHHO, AJIMHA BBIPABHUBAHUS, TIOKA3bIBAIOILIAS [TOCIIEIOBATEIBHOCTH B
1o Bceil ero anuHe, OyaeT paBHA 8 (YTO O3HAYAET, YTO IOCJIEAOBATEIBHOCTBIO MO
N300pETEHHIO ABIISETCS MOCIIE0BATENbHOCTD B).

ITocne BbIpaBHUBaHMS JBYX IIOCJENOBATEIbHOCTEH HAa BTOPOM JTame U3
NOJIy4€HHOTO BBIPABHUBAHUS OIpENeNsAeTCsl 3HAUe€HUe NMPOLEHTa MUAEHTHYHOCTH. Jlyis
1esiell HaCTOSILEro ONMUCAHUS NMPOLEHT UAEHTUYHOCTH PACCUUTBIBAETCS IO ClEAYIOIIei
dopmyie = (MOIeHTUYHBIE OCTATKU/IIMHA 00JACTH BBIPABHUBAHUS, KOTOPAst MOKA3bIBAET
COOTBETCTBYIOIIYIO MOCJENOBATEIbHOCTh JAHHOIO H300pEeTeHHsl MO BCeH ee IJInHe)
*100. Takum o00Opa3omM, B COOTBETCTBUHM C OTHM BapHAHTOM OCYIIECTBIICHUS
UIEHTHYHOCTh  TOCJIEIOBATEJIPHOCTH TPH  CPABHEHWU JBYX aAMHHOKHCIIOTHBIX
NIOCJIEIOBATEIbHOCTEH BBIYUCIISIETCS Ty TEM JeJIEHUS] KOJIMYECTBA UICHTUYHBIX OCTATKOB
Ha JUIMHY OOJNaCTH BBIPABHMBAHMUS, KOTOpas IOKa3bIBAET COOTBETCTBYIOIIVIO
IIOCJIEIOBATENIbHOCTh TAHHOTO M300peTeHnss 1o Bcel ee amuee. s momydeHus
NPOLEHTa HAEHTUYHOCTU 3TO 3HadeHue ymHoxaerca Ha 100. CormacHo mnpumepy,
NPUBEACHHOMY BBILIE, TPOLEHT HAEHTHIHOCTh COCTABIISIET: JIsl IOCIENOBATENbHOCTH A,
ABJISIFOIIENCS]  TTOCJIEOBATENIbHOCTRIO 1O m300perenuto  (6/9) *100 = 66,7%;
NIOCJIEIOBATENILHOCTH B, sIBIIsifOIIeiicss mocnenoBaTebHOCThIO 10 n300pereHuto (6/8)

*100 = 75%.

WHCepUMOHHO-NEeMOHHAS  MyTalMs — OTO TepMHUH, O0O3HAYAIOLINH
CJIy4aliHyl0 BCTABKY WJIU J€JELIUI0 OCHOBAHUI B T€HOME OPraHU3Ma, KOTOPbIE CBA3aHbI
¢ pemapauuen paspbiBa aAByxuenodeuHoi JIHK ¢ nomouipi0o HEroMosiorudHoro
coenuHeHUs1 KOHLOB. OH OTHOCHTCA K HEOONBIIMM TE€HETHYECKUM BapHALIUsIM,
uMeromuM 1iauHy ot 1 mo 10 000 map ocHoBaHuii. Ilpu MCnoOnb30BaHUM MO TEKCTY
HACTOSIETr0 JOKYMEHTAa TEPMUH OTHOCHUTCS K CIy4alHOW BCTaBKE WU YAAJICHHUIO
OCHOBAaHUH B LIEJIEBOM CalTe HJIM B HEMOCPEACTBEHHOW ONM30CTH (HampuMep, MeHee
1000 m.o., 900 m.o., 800 m.o., 700 m.o., 600 m.o., 500 n.o., 400 m.o., 300 n.o., 250 .o,
200 0., 150 m.o., 100 m.o.,, 50 n.0., 40 m.o., 30 m.o., 25 n.0., 20 m.o., 15 m.o., 10 m.o. unu

5 m.0. 10 WK Tocie) OT LeJIEBOro CaiTa.

TepMuH «BBEAEHHE» U T.1I. B OTHOLIEHUH BBEeHUs MOsieKyibl noHopHoU JJHK B
1ieJieBoi caiiT-muineHs neiaeBoii JIHK o3Havaer jqr000e BBemeHKE MOCIEN0BATETBHOCTH
mosekyisl poHopHoit JIHK B neneByro oOnactb, Hampumep, myTeM (U3NIECKOTO

BCTpanBaHusl MoJieKy bl toHOpHOM JIHK nnm ee yactu B LieneByro o0nacTh WK BBEIEHNUE
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MOCJIEIOBATEIBHOCTH MOJIeKyJIbl JoHOpHOH JIHK mm ee actu B 1eneByr0 o0jacTh, U

nipu 3ToM aoHopHas JAHK ncnonb3yercs B kauecTBe MaTPULIbL AJIs1 TOJIMMEPA3bI.

Wntpon: ortHocurcs k yudactkam JIHK (BCTaBOYHBIM MOCIENOBATEIBHOCTSIM)
BHYTPH I'€Ha, KOTOpPbIE HE KOAUPYIOT 4acTh OeNka, MPOU3BOJMMOrO I'€HOM, U KOTOPBIH
crmaiicupytorest u3  MPHK, TtpanckpuOupyemoil w3 resa [0 TOro, Kak OHa
JKCTopTUpyeTcs: U3 siapa kieTku. IlocnenoBarenbHOCTb HMHTPOHA OTHOCUTCS K
HYKJICOTHIHOM  TOCJIEOBATeIbHOCTH  HMHTPOHAa. Takum  o0Opa3oM, HHTPOHBI
NPenCTaBsSIIOT  co0olf  Te  yvacTku  mocnenosarenpHocTed  JIHK,  koTopbie
TPAHCKPUOUPYIOTCS BMECTE C KOOUPYIOLIEH TMOCIENOBATEHOCTRIO (3K30HAMH), HO
ynasrorest ipu odpasosanuu 3penoid MPHK. MIHTpOHBI MOTYT pacroyiaraTbCsi BHYTPH
(axTHUECKOH KOOUPYIOIEH 00nacTi Wi B 5'- WK 3'-HETPaHCIMPYEMBIX JIUAEpax Mpe-
MPHK (necmnaticupoBannast MPHK). MUHTpOHBI B MepBUYHOM TPAHCKPHUIITE BBIPE3AIOTCS,
a KOAWpYIOLIME TOCJIEeN0BaTeIbHOCTH OJHOBPEMEHHO U TOYHO JIMTUPYIOTCS C
obpazoBanunem 3penoii MPHK. CTbIku HHTPOHOB M 5K30HOB OOPA3YIOT CAlT CIIAMCHHTA.
ITocnenoBarenpHOCTh MHTPOHA HaunHaercs ¢ GU u 3akanunBaercs AG. Kpome toro, B
pacteHmsIx Opw1o omucaHo aBa nmpumepa HHTPOHOB AU-AC: yeTbpHanUATBIE UHTPOH
reHa RecA-nopgobnoro Genka u cenpmoil uHTpoH reHa G5 u3 Arabidopsis thaliana
npeacTasisitoT codoi uHTpoHbl AT-AC. B npe-MPHK, conepskamux UHTPOHBI, UMEETCs
TPU KOPOTKUX MOCJIEI0BATENIbHOCTH, KOTOPbIE, IOMUMO APYTUX MOCIEA0BATENbHOCTEMH,
UMEIOT  BaXKHellllee 3HAa4YeHWe Ui TOYHOrO  CIUIAMiCMHra MHTPOHA.  OJTH
NOCJIEIOBATEIbHOCTH MPEACTABIISIFO COOON 5'-caliT crutaiicuHra, 3'-caliT crutaiicuHra u
touky BeTBjeHus. Cruailicuar MPHK mnpencraBnsier coOol ynajeHHe BCTAaBOUHBIX
NIOCJIEIOBATENIbHOCTEH (MHTPOHOB), MPHUCYTCTBYIOIIUX B TEPBUYHBIX TPAHCKPUIITAX
MPHK, a Tak:xe oObeqWHEHHe WU JIMTHPOBAHUE TOCIENOBATEIBHOCTEN 3K30HOB. DTO
TaK)X€ H3BECTHO KaK LUC-CIUIAHCHHT, MPU KOTOPOM IMPOMCXOAUT COEIUHEHHUE IBYX
5K30HOB ofHOM M Toi ke PHK ¢ ymaneHneM BCTaBOUHOM MOCIEAOBATEIBHOCTH
(uHTpOHa). PYHKIMOHAIBHBIE 3JIEMEHTHl MHTPOHA BKJIOYAIOT MOCIENOBATEIBHOCTH,
KOTOpPbIE  PACTO3HAIOTCSA W CBSI3BIBAIOTCS €O crnenuduueckumMu  OeKOBBIMU
KOMITOHEHTaMH  CIUTAHCOCOMBI  (HampuMmep, KOHCEHCYCHBbIE IIOCIIENOBATENbHOCTH
CTUlaficMHra Ha KOHIIaX MHTPOHOB). B3anmMopnelicTBre (yHKIMOHAIBHBIX 3JIEMEHTOB CO
CIIAiCOCOMOM  MPUBOAMT K YAAJEHUIO MHTPOHHOH IOCIENOBATENbHOCTH U3
MIPEXKIEBPEMEHHOU MPHK u IIOBTOPHOMY COEAUHEHUIO 5K30HHBIX

MOCJIEI0OBATEILHOCTE. HHTpOHbI HUMCIOT TPHU KOPOTKHUE MOCJICAOBATCIIBHOCTHU, KOTOPBIC
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HGO6XOI[I/IMI>I, X0Td WM HEAOCTATOYHBLI, AJI1 TOYHOIO cTijlaiicuHTa HWHTpPOHA. C4y7!
MOCJIEIOBATEIbHOCTU MPENCTABJICHBI 5'-CAiTOM CIUTaiiCHHTa, 3'-CaliTOM CIUIaiiCHHIa U
TOYKOM BETBJICHUSI. HOCJ’IG)IOBaTeJ'IbHOCTb TOYKH BETBJICHUA UMECECT BAXKHOC 3HAUCHUEC NJIA
CIUTalicMHra W BbIOOpa caiita crulaficmHra y pacteHuil. IlocnenoBaTesbHOCTb TOUKU
BETBJICHUS] OOBIYHO pacroyiockeHa Ha ydactke 10-60 HykmeoTumoB paHee 3'-caiita

CIUIAMiCHUHTA.

U30reHHblii: OpraHu3Mbl (HampUMep, pACTEHUs), KOTOpble TIe€HETHYECKH
UAEHTUYHBI, 34 HCKJIIOUYEHHEM TOr0, 4YTO OHM MOTYT OTJIMYATbCA HAJIUYUEM WIH

OTCYTCTBHEM IeTepOoJIOrnyHO nocaenosarensHoctu JIHK.

Brinenennsiit: Ilpyu ncnonb3oBaHuu MO TEKCTY HACTOSILETO JOKYMEHTA TEPMUH
«BBIICTICHHBII» 03HAYAET, YTO MaTepuai ObUT U3BAT UEIOBEKOM W3 CBOEH HCXOIHOU
€CTECTBEHHOMN CPENbl U CYLIECTBYET OTACIBHO OT HEE, U, CIENOBATENBHO, HE SIBJIETCS
NPUPOAHBIM NMPOAYKTOM. BeIneneH bl MaTepra nin MoJIeKyJia (HarpuMep, MOJIEKyJia
JHK wmm ¢epMeHT) MOryT CyIIecTBOBATh B OYHMINEHHOH (opMe WM MOXeT
CYLECTBOBATh B HEMPUPOAHON CpEeAe, HAmpuMep, B TPAHCTEHHOM KIIETKE-XO35IMHE.
Hanpumep, npupOaHbIi NONUHYKJICOTUA WIN MOJUNENTUN, TPUCYTCTBYIOLIUE B XKUBOM
pacTeHuu, He SIBJIAIOTCS BBINACJICHHBIMHU, a BbIJEJICHHBIMU SIBJISIFOTCA TOT K€ CAMBIH
MOJIMHYKJICOTU WIH MOJUIENTU, OTAEIEHHbIE OT HEKOTOPBIX MJIM BCEX MATEPUAIOB,
HaXOIALIUXCsl BMECTE C HUMHU B NPUPOAHON cucTeMe. Takue NMONMHYKJIEOTUAbI MOTYT
OBbITb YaCTHIO BEKTOPA, W/HJIM TaKHe MOJMHYKICOTHIB! WINM TOJIUIENTHIBI MOTYT OBbITh
YaCThI0 KOMIIO3ULIMY, U SIBJISIIOTCS BbIACJIIEHHBIMH, €CJIM TAKON BEKTOP UM KOMITO3ULIMS
HE SBJSIIOTCS YaCThIO HCXOJHOIO OKPYKEHMsI TakOH Mouiekyhbl. IlpeanodturensHo,
TEPMUH «BBIEIECHHBIN», KOTAA OH UCIOJb3YETCSl B OTHOLIEHUH MOJIEKYJIbl HyKJIEHHOBOMN
KHCJIOTBl, HANpPUMEp, «BBIAECJICHHAs IOCJIEN0BATEIbHOCTh HYKJIEHHOBOH KHUCIOTBLY,
OTHOCHUTCSI K ITOCIIEIOBATEIbHOCTH HYKJIEMHOBOH KUCIIOTBI, KOTOPast HACHTU(UIIUPOBAHA
U OTAENIEHAa, MO MEHbIIEH Mepe, OT OAHOW NOCTOPOHHEN MOJIEKYJIbl HYKJIEHHOBOMU
KHCJIOTBl, C KOTOpPOHl OHa OOBIMHO CBA3aHAa B NpUpofe. BrimeneHHas Mojekyna
HYKJIEMHOBOM KHUCJIOTBI — 3TO MOJIEKYJIa HYKJIEHMHOBOM KHCJIOTBI, IPUCYTCTBYIOLIAS B
TaKo# (hopMe MM B TAKOH OKpYIKaroIlel cpene, KOTOpPbIE OTJINYAITCS OT (POPMBI HIIH OT
OKPY>KarOIEN CPelbl, B KOTOPOU 3Ta MOJIEKYJa BCTpedaercst B npupoxae. Hamporus,
HEBBIACJICHHbIE MOJIEKYJIbI HYKJIEMHOBBIX KHCJIOT TPEACTABIAIOT COOONW MOJIEKYJIbI

HyKJenHOBbIX KuCaOT, Takue kak JIHK u PHK, xotopele HaxoasTcss B TOM ke



34

OKpY>X€HHH, B KOTOpPOM OHHU CylLIecTBYIOT B mnpupoge. Hampumep, onpeneneHHas
nocienosarenbHocTh JJHK (Hanmpumep, reH) HAXOIUTCS HA XPOMOCOME KIIETKH-XO35IHA
B HEMOCPECTBEHHOI ONNM30CTH OT coceqHUX reHos; nocienosarenbHoctu PHK, Takue
KaK ompeneneHHas nocienosarenbHocT MPHK, komupyromast onpeneneHHbli Oelok,
OOHapyXUBAIOTCS B KJIETKE B BHAe cMecH ¢ MHOecTBoM npyrux MPHK, xoropeie
KOJUPYIOT MHOXecTBO OenkoB. Tem He MeHee, BbleNeHHAs HYKJICOTHUAHAS
MOCJIEIOBATEIbHOCTD, COAepiKaas, Harpumep, nocienoarenbHocTh SEQ ID NO: 1
BKJIFOYAET, HAIPUMeEP, TaKhe MOCIeI0BATeIbHOCTH HYKJIEHHOBON KHCJIOTBI B KJIETKaXx,
koTopsie 00braHO comepikar SEQ ID NO:1, koTopble HAXOASTCS B TAKOM IMOJIOKEHUH B
XPOMOCOME WJIM BHE XPOMOCOMBI, KOTOPOE€ OTJMYaeTcss OT TaKOro IOJIOKEHUS B
NPUPOAHBIX  KJETKaX WJIM HMHBIM  00pa3oM  (DJIAHKUPOBAHbI  HYKJICOTHIHON
MOCJIEIOBATENIbHOCTBIO,  KOTOpasi ~ OTJM4YaeTcs OT NpUpofHOHW.  Boinenennas
HYKJIEOTH/IHAs MTOCJIE0BATEIbHOCTh MOXKET MPUCYTCTBOBATh B OHOLIENIOYEYHOM WU B
ABYXLeNno4ueuHoM Bujie. Eciu BbieneHHas HyKJIEOTHIHAS TOCIeI0BATENbHOCTD JOJIKHA
UCTIONIb30BAThCA Ul JKCHIpeccuu Oefka, 3Ta HYKJIEOTHAHAs IOCIIENOBATENbHOCTD
NOJDKHA, TI0 MEHBINEH Mepe, YacTh CMBICIOBON WM KOAUPYOIEH nenu (T.e. Takas
HYKJICOTHJIHasl ~ MOCJEJOBAaTENIbHOCTb  MOXET  ObITh  OfgHOoLemnodewyHoi). B
anbTEPHATUBHOM BapHaHTE€ OHA MOXET COAepXkKaTb KaK CMBICIOBYIO, TaKk H
AHTHUCMBICJIOBYIO LieNb (T.€. MOCIEeI0BATeIbHOCTh HYKJIEHHOBOI KHCIOTBI MOXKET OBITH

IBYXLEMOYEHTHOH ).

MuHMMaIBHBII MPOMOTOP: 3JIEMEHTBI IIPOMOTOpa, 0coOeHHO 3neMeHT TATA,
KOTOPBIE SIBJISIFOTCSI HEAKTHBHBIMH WJIH UMEIOT 3HAYUTEJIbHO CHIDKEHHYIO TIPOMOTOPHYEO
AKTUBHOCTh B OTCYTCTBHE MPEAIIECTBYIOLIEH aKTUBAIIMU. B MPUCYTCTBUU MOAXOASIIETrO
TPAHCKPHUILIMOHHOTO (PaKTOpa MHUHUMAIbHBIE (PYHKIHU MPOMOTOpPA OOECIIEYHBAIOT

BO3MOKHOCTb TPAHCKPUIILIUH.

Hexomupyromuii: TepMuH «HEKOAUPYIOIUMI» OTHOCUTCA K  MOJEKYJaM
HYKJICHHOBBIX KHCJIOT, KOTOPbIE HE KOIUPYIOT 4aCTh HJTH BECh HKCIPECCHPYEMBbIi OeJIOK.
Hexonupyroomue mNOCIeNOBAaTENbHOCTH BKJIKOYAKT, MOMHMO IMPOYEro, HHTPOHBI,
SHXAHCEpBl, MPOMOTOpPHBIE oOOmacTH, 3'-HeTpaHciaupyemble obmactu u  5'-

HETPAHCIUPYeMble 0OJIaCTH.
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HyxnenHosass KHCJIOTa, YCHJIMBAIOLIAs SKCIPECCHUI0 HYKJIEMHOBON KHCIOTBI
(NEENA): TepMuH «HYKJIEHHOBAsI KUCJIOTA, YCUIUBAIOLIAS SKCIIPECCHIO HYKJIEMHOBOH
KUCJIOTBD) OTHOCHTCS K TTOCJI€IOBATENIbHOCTH W/ UM MOJIEKYJIE HYKJIEMHOBON KHUCIIOTBI
OIpeAeIeHHOH MOCIeI0BATeIbHOCTH, 00JIaaomell BHyTPEHHUM CBOMCTBOM YCHIIUBATD
SKCIPECCHI0 HYKJIEMHOBOM KHUCJIOTBI MOJA KOHTPOJEM MPOMOTOpPa, K KOTOPOMY
¢yukumonanpbHo — mpuBszana NEENA. B omimume  OT  IPOMOTOpPHBIX
nocienosarenbHocTel, NEENA cama mno cebe He crnocoOHa CTUMYyJIHPOBATH
sKcrpeccuro.  YUToObl  BBIMONHATH (PYHKIHIO YCHJIEHHS] 3KCIPECCHH  MOJIEKYJIBI
HYKJIEMHOBOW KUCIOTHI, PpyHKIHOHANBHO cBsizaHHON ¢ NEENA, cama NEENA nosmkHa
ObITh (PYHKIIMOHAJNIBHO TPUBS3aHA K TNPOMOTOPY. B oOTiMuYMe OT SHXaHCEPHBIX
MOCJIEIOBATEIbHOCTEHM, M3BECTHBIX CIlenMaiucTaM B AaHHOW obmactn, NEENA
IEWCTBYET B IMC-, & HE B TPAHC-TIO3ULNH, U JIs1 SKCIIPECCHHU JTOJKHA OBITh PACTIONIOKEHA

ONMU3KO K CaliTy Havasa TPAHCKPHUITLIUH HYKJIEMHOBOH KHCIIOTBL

HyxkyienHoOBbIE KHCJIOTHI U HYKJIEOTUABl: TepMHUHBI «HYKJIEHMHOBBIE KHUCJIOTHD H
CHYKJICOTUIBDY OTHOCSTCS K MPHUPOAHBIM, CHHTETHYECKUM WU HCKYCCTBEHHBIM
HYKJIEMHOBBIM KHUCJIOTAM WJIM HYKJeoTUaaM. TepMUHBI «HYKJIEHMHOBBIE KHUCJIOTBI» H
HYKJICOTUIBD» BKIIIOYAIOT JI€30KCHPUOOHYKICOTHUABl WIN PUOOHYKJICOTHIbI WU
aHAJIOTU JIIOOOTO HYKJIEOTHAAa W WX TOJUMEpPbl WM THOPUABI B OJHO- WU
IBYXLENOYEUHOH, CMBICJIOBON MJIM aHTUCMBICJIOBOM (popMme. 3a UCKIIIOUEHUEM CITy4YaeB,
KOI/la YKa3aHO MHOe, MOJApPa3yMeBaeTcs, 4YTO ONpeldeNieHHas HYKJICOTHAHAs
MOCJIEIOBATEIbHOCTh ~ TaK)K€  MOTEHUMAJIbHO  BKJIKOYAeT €€  KOHCEPBATUBHO
MOIU(ULIMPOBAHHbIE BapHAaHThl (HAMIPUMEP, 3aMEHbl BBIPOKIEHHBIX KOIOHOB) U
KOMILUIEMEHTAPHBIE  IOCJENOBATEIbHOCTH, A TaKXKe  HANpsIMYyK  YKa3aHHbBbIC
MOCJIEIOBATEIbHOCTH. TEepMUH «HYKJIIEMHOBas KHUCJIOTa» B HACTOSAIIEM JIOKYMEHTE
WCTIOJIb3YETCsl  B3aMMO3aMEHsieMO ¢ TepmMuHamu «reH», «kJIHK», «mMPHK»,
COJIUTOHYKJICOTH» W  TMOJHHYKJICOTHUO». AHAJIOTH HYKJICOTUIOB  BKJIFOYAKOT
HYKJIEOTHIBI ¢ MOAM(UKAMSIMI B XUMHYECKOH CTPYKTYpe OCHOBAHUS, caxapa W/Hu
docdara, B TOM HHCIe, TOMUMO MPOYEro, MOAUMDUKALIUN MTUPUMHUINHA B TIOJIOKEHUH S,
Monu(pUKaMK TypUHA B TOJIOKEHUH 8, MOAU(PUKANNU SK30LUKIMYECKUX aMHHOB
IIUTO3MHA, 3aMeIIeHHne S-0poMO-ypanuia U NoAOOHBIX TPYIIT; U MOAU(UKALIMY caxapa B
TMOJIOKEHUH 2, B TOM YHCJIE, TOMHUMO MPOYero, puOOHYKICOTU b, MOAU(UIIMPOBAHHBIE
caxapoMm, B kotopbix 2'-OH 3amenen rpynmoii, Beiopannoit m3 H, OR, R, ranorena, SH,

SR, NH2, NHR, NR2 unmu CN. Koporkue mmnunpuareie PHK (xmPHK) Taxke moryr
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CoZiep>KaTh HETPUPOIHBIE 3JIEMEHTHI, TAKHUE KaK HEIPHPOIHbIE OCHOBAHUS, HAIPHMED,
WOHO3MH M KCaHTHUH, HENPHUPOIHBbIE caxapa, Hampumep, 2'-MeTOKCHpHOO3y, WIN
HEeNpUpPOAHbIE bochonnzpupHbIe CBSI3H, HanpuMmep, mMeTunpochoHaTHI,

dbochopoTroaTsl U MENTUIBL

Hyxneoruanas MIOCJIENOBATEIBHOCTD ! Tepmun «HYKJICOTUHAs
MOCJIEIOBATEIbHOCTY OTHOCUTCS K OJHO- WM JABYXLEMNOYEYHOMY MOJUMEPY
NEe30KCUPHOOHYKJICOTHIHBIX HJIM PHOOHYKJIEOTUIHBIX OCHOBAHHUH, CUUTHIBAEMBIX,
HauymHas ¢ 5'- k 3'-koHua. OH BKimovaer xpomocomuyto JIHK, camopermuupyromuecs
mwia3munabl, uHpekuuonnsie nomumepsl JTHK umu PHK w IHK wunu PHK, xotopsie
UTPAIOT TJIABHBIM 00Pa3OM CTPYKTYPHYIO poib. « HyKileoTHaHAS MTOCIEN0BATEIbHOCTDY
TaKXX€ OTHOCHUTCS K IOCIENOBATEIBHOMY CIHCKY COKpAIeHUH, OyKB, CHMBOJIOB WJIH
CJIOB, KOTOpBIE O3HA4alOT HYKJIEOTHAbl. B OJHOM BapuaHTe OCYILIECTBJIEHUS
HYKJICMHOBAsl KHCJIOTa MOXKET SIBIISITbCS 30HAOM, KOTOPBIM TpEncTaBisieT COOOH
OTHOCHUTEJIbHO KOPOTKYIO HYKJIEHHOBYI) KHCJIOTY, OOBMHO mimuHOW Menee 100
HYKJIEOTHJIOB. 3a4acTyl0 30HJ Ha OCHOBE HYKJEHHOBOW KHCIOTbl HMEET [JIMHY
npubnu3uTensHO oT S0 HykiIeoTHa0B A0 npudbausutenpbHo 10 Hykineotunos. «lLlenesas
00nacTh» HYKJIEHMHOBOW KHCJIOTBI — MPEACTABISIOINAs MHTEPEC YacThb HYKJIEHMHOBOMN
kucnotsl. «Koaupyromias 001acTh» HYKIEMHOBONW KUCIIOTHI PEACTABIsieT cOO0H 4acTh
HYKJIEMHOBOW  KHCJIOTBl,  KOTOpas  TpaHCKpUOMpyeTcss M TPaHCIUPYETCs
IIOCJIEIOBATENIbHO-CIIELIN(UIECKUM ~ 00pa3oM ¢ TOJYYEHHEM  OIpPEAEJIEHHOIO
NOJIMIENTHAA WK OejKa TMOX KOHTPOJIEM COOTBETCTBYIOIIMX  PETYJISITOPHBIX
nocienosarenbHocTedl. Takum oOpasom, koxmupyromas o0JacTb KOIUPYET TaKoH

MIOJIUIENTU WX OEJIOK.

Onuronykneotun. TepMHH «OJUTOHYKJIEOTHUA» OTHOCHUTCS K OJUTOMEPY HIIH
nojmmMepy puboHykienHoBoH kuciaoTel (PHK) mmn ne3okcupruboHyKIEMHOBOW KUCIOTHI
(JHK) wunm wux MHMETHKaM, a TaKke K OJIMIOHYKJIEOTHAaM, HMEIOLUIUM He
BCTPEUAIOLINECS B MPUPOAE YaCTH, KOTOPbIe (PYHKIMOHHUPYIOT CXOKUM oOpazom. Takue
MOAN(DHUIMPOBAHHBIE WM 3aMEIIEHHBbIE OJUTOHYKJIEOTHAbI YacTO MPENNOYTHTEIbHEE
HATUBHBIX (OPM H3-32 IIENIEBBIX CBOMNCTB, TAaKUX KakK, HANpHUMeEpP, IOBBIIEHHBIN
KJIETOUHBIA 3aXBaT, TMOBBIIIEHHOE CPOJICTBO K LEJNEBOH HYKJIEHMHOBOW KHCIOTE U
NOBBbIIIEHHAss  CTAOMIBHOCTP B NPUCYTCTBUHM  HykjJea3.  OJIHTrOHyKJIEOTHN

NPpEeANOYTUTECIIBHO  BKJIKOYACT JABa WU Oonee HYKJICOMOHOMEpPA, KOBAJICHTHO
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COEMHEHHBIX JApPYyr ¢ JApPyroM cBs3saMu (Hampumep, ¢ochonudrdupamu) wWim

3aMEIArOIMMU CBA3AMMU.

Jlunkuii  koHew: «JIMODkMM KOHEL» — OTO OTHOCHUTENBHO KOPOTKasi
OITHOLIETIOYEYHAs] HYKJIEOTHUAHAS TMOCJEAOBATEIbHOCTh Ha 5'- wiu 3'-rUAPOKCUIIBHOM
KOHLIE JABYXLIETIOUEYHOW OJIMTOHYKJICOTHIHON MOJIEKYJbl (KOTOpasi Takke MOXKET

HNMEHOBATbCs «BBICTYIIAOIINUM KOHLIOM))).

Pactenne: 0ObIMHO MOJ HUM MOHUMAETCS JFOOOH 5yKapUOTUYECKHA OIHO- MJIH
MHOTOKJIETOYHBIH OPTaHU3M HJIH €r0 KJIeTKa, TKaHb, OpPraH, 4YacTh WJIM MaTepHas JJis
pPa3MHOXKEHUs (HarpuMep, CEeMEHa WIIH TUIOABI), CIIOCOOHBIE K (hoTocuHTe3y. JlIs nenei
M300peTeHNs CI01a BKIIFOUEHBI BCE POABI U BUJIbI BHICIIUX U HU3LINX PACTECHUN LAPCTBA
pactenunii. IIpennmoyTHTENbHBI 3TO ONHOJETHHE, MHOTOJIETHHE, ONHONOJIbHBIE H
IBYAOJbHBIE PACTEHUS. JTOT TEPMHH BKJIIOYAET 3peNble PACTEHUs, CEMEHa, MOoOeru u
CESTHLIBI M MX MIPOM3BOJHBIE YACTH, MaTepHaJl AJIsl pAa3MHOXKEHHS (TaKOH Kak CeMEHa M
MHKPOCTIOpPbI), OPTaHbl PACTEHHUH, TKAHH, IPOTOILIACTDI, KAJJIFOCHI U JPYTUE KYJIbTYPHL,
HampHuMep, KJIETOYHbIE KYJbTYPhl U JOObIe APYrye TUIBI TPYI KJIETOK PACTEHHH AJIS
NOJy4eHus! (PYHKIIMOHAIBHBIX HIIH CTPYKTYPHBIX €AMHUL]. 3peJible PACTEHUSI OTHOCSTCS
K pacTeHMsM Ha JIF0OOH skemaeMoN cTaauy pa3BUTHA mocie cranuu cesHua. CesHer
npeAcTaBisieT coOOM MOJIOAOe He3penoe pacTeHHe Ha paHHeH CTaguu pPa3BUTHS.
IIpennoyruTenbHBIMU OPraHU3MaMHU-X 0351€BAMH [T ITOJTyYeHHs TPAHCTEHHBIX PaCTEHHUH
ABJISIFOTCSL OJIHOJIETHUE, IBYJIETHHE, OJHOJOJIbHbIE U JBYHOJbHbIE pacTeHus. Kpome
TOTO, SKCIPECCUsI T€HOB BBITOJHA BO BCEX IAEKOPATUBHBIX PACTEHUSIX, MOJIE3HBIX WM
JIEKOPAaTUBHBIX JI€PEBbsIX, LIBETAX, CPE3aHHBIX LIBETaX, KYCTAPHUKAX WJIH Ta30HaX.
Pactenusi, KOTOpble MOXKHO TPHUBECTH B KadeCTBE MpHMeEpa, HO HE B KauecTBe
OTPAaHUYEHUs], BKJIIOYAIOT IOKPBITOCEMEHHBIE PACTEHMs, MOXOOOpa3Hble, TaKue Kak,
Hanpumep, Hepaticae (neueHouHNKH) 1 Musci (MX1); MAaOpOTHUKOOOPA3HbIE, TAKHE KaK
NANOPOTHUKH, XBOIIM M IUIAYHBL, TOJOCEMEHHbIC, TAaKHE€ KaK XBOWHBIE IEPEBbS,
CarOBHUKM, THHKIO ¥ THETOBHJHBbIE, Bomopociu, Takue kak Chlorophyceae,
Phaeophyceae, Rhodophyceae, Myxophyceae, Xanthophyceae, Bacillariophyceae
(mmatomoBble Bomopocnu) U Euglenophyceae. IlpeanmodTuTenbHBIME — SIBISFOTCS
pacTeHusl, KOTOpPbIe HCIONB3YIOTCS B MHINY WM Al KOPMa, TaKHe KaK CEeMEWCTBO
6000BBIX, TaKHE KaK TOPOX, JIFOLIEPHA U COs; 3JIaKH, TAKUE KaK PHC, KyKypy3a, MIIEHHULA,

SYMEHb, COPro, MPOCO, POXKb, TPUTHKAJIE HIJIH OBEC, CEMENCTBO 30HTHUYHBIX, OCOOEHHO
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pox Daucus, ocobenHo Buabl carota (MOpkOBb) U Apium, ocoOeHHOo Buabl Graveolens
dulce (cenmpnmepeii) m MHorue ppyrue, cemeiictBo Solanaceae, oco0eHHO pox
Lycopersicon, ocobenno Bunbl esculentum (tomater) u poga Solanum, 0cOO€HHO BHIIBI
tuberosum (kaprodens) u melongena (OaknakaHbl), ¥ MHOTHE Ipyrue (Hampumep,
tabak); u poxn Capsicum, ocodbeHHO BuI annuum (Tiepelr) 1 MHOTHUE JPYTUe; CEMENUCTBO
Leguminosae, ocobernno pon Glycine, ocobeHHO BUIbI max (Cosi), JIOLEpPHA, TOPOX,
JroriepHa, OOOBI MM apaxWC W MHOTHE JPYyrHe, M CEMEHCTBO KPECTOLBETHBIX
(Brassicacae), ocobenHo pox Brassica, kpaliHe 0COOEHHO BHABI napus (MacCIUYHBINA
parc), campestris (cBekya), oleracea cv Tastie (kamycra), oleracea cv Snowball Y
(uBetHast xamycta) u oleracea cv Emperor (Opokkonu), u pon Arabidopsis, kpaiine
ocobenno Buaos thaliana m mHOrMX npyrux; cemeiicteo Compositae, 0COOEHHO pox
Lactuca, ocobeHHO BUbI sativa (JJATYK) B MHOTHE JPYTHE; CEMENUCTBO CIIOKHOIBETHBIX,
TaKHUX KaK IIOACOJHEYHHK, 6apX21TLU:;I, JIJaTyK WJIW KaJICHAyJla W MHOIvu€ MOpyrue,
cemeiictBo Cucurbitaceae, Takoe Kak IbIHS, ThIKBA/KaOAYOK WII LIyKUHU U JIbHSTHOE CEMSI.
Taxxe NMPEANNOYTUTCIIBHBIMU  ABJIAAFOTCA XJIOIOK, caxaprH‘/'I TPOCTHHUK, KOHOILIA, JICH,

Nepen Uik U pasJIMYHbIC BUABI JCPEBBEB, OPEXOB U BUH.

[Tomunentun:  TepMuHBI  «IOMUNENTUA»,  KIIENTUA»,  KOJUTONENTHIY,
KTIOJIUNIENTUY, KT€HHBIN MPONYKT», KIIPOAYKT SKCIPECCUN» U «OENOK» NCIOJB3YIOTCS
B HACTOSINEM JOKYMEHTE B3aUMO3aMEHseMO [Uid OOO3HA4YeHHUs MOJHMepa WIN

OJIMroMepa U3 CIENYIOUINX IPYT 38 APYrOM aMUHOKHCIIOTHBIX OCTaTKOB.

[TpenGenok: benok, KOTOPhIH OOBIMHO HALIEJEH HA KJIIETOYHYIO OpPTaHesUTy, TAKYEO

KaK XJIOPOIJIACT, HO IIPU 3TOM BCE K€ COAEPKUT CBOW TPAH3UTHBIN NENTUL.

«TouHplil» B OTHOLIEHWHM BBeAeHHs MoJiekyJsibl noHopHoN JIHK B nenesyro
00JIaCTh O3HA4YaeT, 4YTO MOCIIEAOBATENIbHOCTh NOHOpHOH Monekynbl JIHK BBOgutcs B
eNIeBYI0 00J1acTh 03 KaKMX-JIM00 WHCEPLIMOHHO-IEJICLIMOHHBIX MYTALHH, Ay TUTMKALAN
WM APYTUX MyTalUMid MO CPAaBHEHUIO C HEM3MEHEHHOW nocieaosarenbHOCThO JIHK

1IeJIEBOI O6J'IaCTI/I, KOTOPBIC HE BKJIFOUEHBI B IMOCJIEAOBATEIIbHOCTD MOJICKY JIbI I[OHOpHOfI

JTHK.

Ilepeuunbili  TpaHckpunT: TepMHH  «HIEPBHYHBIA  TPAHCKPUITY», MPH
UCIIOJIb30BAHUU IO TEKCTY HACTOSALIErO JOKYMEHTA, OTHOCUTCS K MPEXAECBPEMEHHOMY

tpaHckpunty PHK rena. Hanpumep, «mepBUYHBIN TPAaHCKPUIIT» BCE €L1€ COMEPIKHUT
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UHTPOHBI W/MIH €Ile HE COAEPIKHUT MONUA-XBOCT MM K3M-CTPYKTYpPY, W/HWIH B HEM
OTCYTCTBYIOT Jpyrue Moau(pUKaluHk, HEOOXOAWMBIE JJIi €ro IPaBHIBHOTO
(YHKLMOHUPOBAHUS B KaueCTBE TPAHCKPHUITA, TaKUe Kak, Hampumep, oOpe3ka HIIn

penaKTHpOBaHUE.

ITpomotop: TepMuHBI «IIPOMOTOP» WM KIIPOMOTOPHAs MOCJIEAOBATEIbHOCTD)
SIBJISIFOTCS SKBUBAJIEHTHBIMU U NIPU UCHOJB30BAHUM MO TEKCTY HACTOALLETO JOKYMEHTA
oTHOCATCA K nocnenosarenbHocTu JIHK, koTopas npu JUrupoBaHUM ¢ UHTEPECYIOLIEH
HYKJICOTHIHOW TMOCJIEOBATENIBHOCTBIO CIOCOOHA KOHTPOJUPOBATh TPAHCKPHITLIHEO
UHTEepecyrolel HykiaeoTuaHon mnocienosareabHoctd B PHK. Takue npomoTopsl
NPUBOIATCS, HATIPUMED, B CICAYIOIUX OOIIENOCTYITHBIX 0a3axX JaHHBIX

http://www.grassius.org/grasspromdb.html,

http://mendel .cs.rhul.ac.uk/mendel. php?topic=plantprom, http://ppdb.gene.nagoya-
u.ac.jp/cgi-bin/index.cgi. [IpencraBneHHbIE B HUX TPOMOTOPBI MOTYT PACCMAaTPUBATHCS C
NPUMEHEHHEM CIIOCOOOB TO H300PETeHHI0 U BKJFOUEHBI B HACTOSINUN JTOKYMEHT
NOCPENCTBOM CCBUIKH. IIpomMoTop pacronokeH mepen (IPOTHB XOAa TPAHCKPHUITLIUH)
CaiTOM Hadajga TPAHCKPUIILUU LEJEeBOW HYKJIEOTUIAHOW MOCJIEN0BAaTEIbHOCTH,
TpaHckpunuued koropoit B MPHK oH ynpasisier, BOMu3u OT Hee, U obecriednBaeT cat
s cnenupuyeckoro cws3biBaHus PHK-monmumepasoit u  gpyrumum  dakropamu
TPAHCKPUIILIUM JUII UHULMALMKM TPAHCKPUMILUHU. YKa3aHHBIM IPOMOTOP COAEPIKUT,
HanpuMep, o MeHblued Mepe, 10 TeIC. 1M.0., HanpuMep, 5 ThIC. M.0. WK 2 THIC. I1.O.,
NPOKCUMAJBHBIX K CalTy Havana TpaHckpuruuu. OH Takke MOXKET BKJIOYATh, IO
MeHblield wmepe, 1500 mo., NPOKCMMANbHBIX K CaWTy Hadaja TPAHCKPUIILINH,
MPEINOYTUTENBHO, TIO MeHbIel Mepe, 1000 m.o., 6oee NpeanoYTHTENbHO, IO MEHBIIIEH
mepe, 500 m.o., eme Oosiee MPEeNnoOYTUTENBHO, O MeHbInel Mepe, 400 1M.0., IO MEHbIIeH
Mepe, 300 n.o., mo menplien mepe, 200 m.o. unu, no meHbleit mepe, 100 m.o. B eme
OTHOM TMPEANOYTUTE]IbHOM BapHaHTE OCYLIECTBICHUs MPOMOTOP COAEPXKHUT, IO
MeHblIeR mepe, 50 1.0., MPOKCUMAJIbHBIX K CANTY HavdaJjla TPAHCKPUILUH, HAIPUMED, O
MeHbIel Mepe, 25 m.0. [IpoMoTop He comepKuT 0dyacTei 3K30HOB W/WUJTH UHTPOHOB WU
5'-Herpanciupyembix obmacreil. [Ipomorop Moxer, HanpuMep, OBITh FeTEPOTOrHIHBIM
WIA  TOMOJIOTUYHBIM IO  OTHOLIEHMIO K  COOTBETCTBYIOLIEMY  PAacCTEHUIO.
ITocnenoBaTenpHOCTh MOJIMHYKIIEOTHAA SBISETCS KTE€TEPOJOrMYHOI 10 OTHOLIEHHIO K
OpraHu3My WJIH BTOPOH MOCJIEA0BATEIbHOCTH MOIUHYKJICOTU A, €CJIH OHA MIPOUCXOAUT

U3 YyXEPOAHOro BHUAA WJIH, €CJIW OHA MPOHUCXOAUT M3 TOTO K€ BHJA, OHA SBJISACTCS
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MOIU(ULIMPOBAHHON MO CPAaBHEHUIO ¢ UCXOmHOH ¢opmoil. Hampumep, mpomotop,
(YHKLMOHAJIBHO CBS3aHHBIA C IeTepOJOrMYHON KOAMPYIOLIEH MOCIeNOBaTENbHOCTHIO,
OTHOCUTCSI K KOIHUPYIOLIEH IMOCIeN0BaTeNbHOCTH BUA, OTJIUYHOTO OT TOrO BUAA, U3
KOTOPOro OBUT MOJIy4eH MPOMOTOpP, WJIM, €CIH OH HMPOUCXOOUT M3 TOTO K€ BUAA, — K
KOJIUPYIOIIEH MOCIe0BaTeIbHOCTH, KOTOpasi B MPUPOJE HE CBsi3aHa C MPOMOTOPOM
(HampuMep, K TreHeTHYeCKH MOAN(UIMPOBAHHON KOAMPYIOLIEH MOCIeNOBATEIbHOCTH
WIM K QUIeNII0 U3 APYroro 3KOoThna wiu coprta). [loxxomsimue mpoOMOTOPBI MOTYT
NPOUCXOAUTh U3 T€HOB KJIETOK-XO35I€B, B KOTOPBIX JAOJUKHA MPOMCXOAMTH SKCIPECCHS,
WM U3 MTATOTEHOB 3THX KJIETOK-XO0351€B (HanpuMep, PaCTeHUs WIH MaTOTeHbl PACTCHHH,
Takve Kak BUPYChI pacTreHuil). CrneruduyuHblii Asl paCTeHUsT TPOMOTOP NMPEACTABIISIET
co0OH MPOMOTOp, MOAXOMAIIMN JUI PEryJUPOBaHHs 3KCrpeccuu B pacteHuH. Ero
MOYKHO TOJTYYUTh M3 PACTEHUs, a TAK)KE U3 MATOT€HOB PACTEHUI, MJIM 3TO MOXKET OBITh
CHHTETHYECKHUI MPOMOTOp, paspadoTaHHbIN denoBekoM. Eciu mpomoTop mpencrasieH
UHIYLHUPYEMBIM MPOMOTOPOM, TO B OTBET HAa MHAYLUPYIOIIUH areHT CKOPOCThb
TPAHCKPHUILUK yBenu4yuBaercsi. KpoMe TOro, mpoMOTOp MOXKET peryJupoBaThCs
TKaHeCTIeUU(UIECKUM WJIU  NPEANOYTHTENIbHBIM  JJIs1 TKAaHH  00pa3oM, IpH
UCTIOJIb30BAaHUH KOTOPOTO OH AKTHUBEH TOJIbKO MJIM MPEUMYLIECTBEHHO B OTHOLIEHUH
TPAHCKPHUIILIUK aCCOLMUPOBAHHON KOAMpYIOIIEH OONacTH B TKAHU OIPENENEHHOrO
TUMNa(OB), TAKOW KakK JIMCThbs, KOPHU WJIM MEpUCTEMA. TepMUH «TKaHeCTeLn(pUIECKUiy,
IPUMEHUTENIBHO K IIPOMOTOPY, OTHOCUTCSI K IPOMOTOPY, KOTOPBIi CIOCOOEH HANPABJIATh
CEJIEKTUBHYIO JKCIIPECCHUI0 MHTEpPEeCYIOlled HYKJIEOTHAHOHN MOCIeAOBaTENIbHOCTH Ha
KOHKPETHBIH THIl TKaHW (HAmpHMep, JIEeNEeCTKH) NPU OTHOCUTEJIbHOM OTCYTCTBHUHU
SKCIPECCUU TOM K€ CaMOM MHTEPECYIOLIEN MOCAEA0BATENIbHOCTH HYKJIEOTHAA B IPYTOM
TUTIE TKaHU (HArpuMep, B KOpHsX). TkaHecnenupuuHOCTh MPOMOTOPA MOKHO OLICHHUTD,
HampuMep, TOCPEACTBOM  (YHKIMOHAJIBHOW  TNPUBSI3KM ~ TEHa-penoprepa K
NIOCJIEIOBATEILHOCTH MIPOMOTOpPA ISl CO3JIAHHs PEMOPTEPHOrO KOHCTPYKTA, BBEACHUS
PETOPTEPHOrO KOHCTPYKTA B TEHOM PACTEHUS TAKUM 00pa3oM, YTOOBI STOT PETIOPTEPHBIH
KOHCTPYKT MHTETPUPOBAJICS] B KAKAYIO OTAENBHYIO TKaHb IOJYYEHHOI'O TPAHCTEHHOTO
pacTeHusl, ¥ BBIIBIEHHUsS SKCIPECCUH T'eHa-peroprepa (Hanpumep, BoisiBaeHne MPHK,
OenKa WM aKTUBHOCTHU OeNlka, KOAMPYEMOro reéHOM-PEMOPTEPOM) B PA3TIMUHBIX TKAHIX
TpaHcreHHoro pacteHus. OOHapykeHHe Ooyiee BBICOKOTO YPOBHSI 3KCIPECCHM TI'eHa-
peropTepa B OTHOM MITH HECKOJIbKUX TKAHSIX 110 CPABHEHHUIO C YPOBHEM HKCIIPECCHH IeHa-
peropTepa B APYTUX TKAHSAX MMOKA3bIBAET, YTO MPOMOTOP SIBISAETCA CHEUPUUHBIM IS

TKaHel, B KOTOPbIX OOHAPYKUBAIOTCS Oojiee BBICOKHE YPOBHHU 3KCIpeccuu. TepmuH



41

«KJIETOYHO-TUIIOCTICHU(PUUECKUI», TPUMEHHTEIBHO K IPOMOTOPY, OTHOCHUTCS K
POMOTOPY, KOTOPBIH CIIOCOOEH HAIPABIISATH CENIEKTUBHYIO 3KCIPECCHIO HHTEPECYIOI e
HYKJIEOTUJIHOH MOCJI€0BATEIbHOCTU HA KOHKPETHBIN TUI KJIETKU IPU OTHOCUTEIbHOM
OTCYTCTBUM 3KCIPECCHMM TOW K€ CaMOll WHTEpecylollell MNoCaeA0BaTeIbHOCTH
HYKJIEOTHJa B JApPYrOM TUIIE KIETKHM B TOH ke TKaHU. TepMUH «KJIETO4YHO-
TUNOCTIeIM(PUIECKHIT»y, TPUMEHHTEIBHO K MPOMOTOPY, TaKXkKe O3Ha4aeT MPOMOTOP,
CIIOCOOHBIN CTUMYJIUPOBATh CEJEKTHUBHYIO 3KCIIPECCHUI0 MHTEPECYIOLIEH HYKIEOTHIHOMN
TIOCJIEIOBATEILHOCTH B 00JIaCTH BHYTPH OIHOM TKaHu. KiieTouHyro TunocnenuduuHoOCTh
IPOMOTOpPa MOXKHO OLIGHUTh C HCIOJB30BAHUEM CIOCOOOB, XOPOLIO HM3BECTHBIX
CHeLMaJIUCTaM B  JaHHOW o0yiacTw, HampuMmep, OKpPAlIMBAHWE AKTUBHOCTH
TJFOKYPOHUIA3bl,  OKpAaIIWBaHHWE  3€JIeHOro  (uyopecueHtHoro  Oenka — win
MMMYHOTHCTOX UMHUYECKOe OKpaluBaHue. TepMUH «KOHCTUTYTHUBHBINY TPUMEHUTEIBHO
K MIPOMOTOPY UJIM MPOUCXOASIIEH OT IPOMOTOpPa SKCIIPECCUH, O3HAYAET, YTO MPOMOTOP
CHOCOOEH HANpaBJIATh TPAHCKPUMNLIMIO (PYHKIMOHAIBHO CBSI3aHHOH — MOJIEKYJIbI
HYKJIEMHOBOW KHCJIOTBI B OTCYTCTBHE CTHMYyJia (HampuMep, TEIJIOBOTO IIOKa,
XUMHYECKHX BEIIECTB, CBETA U JIP.) B OOJNBIINHCTBE PACTUTENbHBIX TKaHEH U KJIETOK Ha
NPOTSLKEHUH MPAKTUUECKHU BCEH JKU3HM PacTeHMs MM YacTu pacteHus. Kax mpasuio,
KOHCTUTYTHBHBIE IPOMOTOPBI CIIOCOOHBI HAINpPAaBIATh 3KCHPECCHIO TPAHCTEHAa B

NPAaKTUYECKHU JTIOOON KIIETKE U TKaHU.

Cneunduunocts mpomoropa: TepMuH «crnenuuIHOCTbY, NPUMEHUTEIBHO K
IIPOMOTOPY, O3Ha4daeT XapakTep OKCIPECCHM, NPUAABAEMBIH COOTBETCTBYIOIIUM
npoMoTopoM. Crieln(pUIHOCTb OMUCHIBAET TKAHU H/HITH CTATYC PA3BUTHUS PACTCHUS MU
€ro 4acTH, B KOTOPOH MPOMOTOpP 0OeCreunBaeT SKCIPECCHI0 MOJIEKYJIbI HYKJIEHHOBON
KUCJIOTBHI TIOZ] KOHTPOJIEM COOTBETCTBYIOIIEro mpoMoTopa. CrienpuIHOCTh MPOMOTOpa
MOYKET TaKK€ BKIIFOYATh YCIOBHS OKPY’KAIOLIEH Cpeabl, MPU KOTOPBIX MPOMOTOP MOXKET
AKTUBUPOBATBCS WM TONABJIATHCS, HANpPUMeEp, WHAYKLUUS WM PErpeccusi
OMONIOTMYECKUMU WITH SKOJIOTUYECKUMH CTPECCAMHM, TAKUMH KaK XOJIOJ, 3aCyXa, pAHEHUE

W HHQEKIHsL.

Ounienneiii: Ilpy ucnonap30BaHUM MO TEKCTY HACTOSILIErO JOKYMEHTa TEPMHH
COYUULICHHBI»  OTHOCUTCSI K  HYKJICOTUAHBIM WJH K  AMHHOKHCJIOTHBIM
MOCJIEOBATEIbHOCTAM, KOTOPBIE YAAJIEHbI, H30JUPOBAHbBI WIH BbIAEIECHBI U3 TPUPOAHON

okpy:xaroieii cpenpl. «CylLeCTBEHHO OYUIIEHHbIE» MOJIEKYJIbl, IO MEHbIIEH Mepe, Ha
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60%, Oornee mpeONMOUYTHUTENILHO, IO MeHbIed wMepe, Ha 75%, u Haubonee
npeAnouTUTeNHEHO Ha 90% CBOOOIHBI OT IPYTUX KOMIIOHEHTOB, C KOTOPBIMH OHU OOBIYHO
CBsA3aHbl B TIPUPOAC. OLII/II_I_IeHHaSI HYKJICOTUAHAA MOCJICAOBATCIIBHOCTE MOXKET

MpeaACTaBJIATh coboii BBIACJICHHYIO HYKJICOTUAHYIO MMOCJICAOBATCIIBHOCTD.

PexomOnHaHTHBIN: TepMUH «peKOMOMHAHTHBINY MO OTHOLIEHHIO K MOJIEKYJaM
HYKJIEMHOBOM KHCJIOTBI O3HA4YaeT MOJEKYJbl HYKJIEUMHOBOW KHCJIOTBI, IOJy4YCHHbBIE
NOMOILIBED  TexHoJiornu  pekoMOuHaHTHRIX JIHK. Mosekynsl  pekOMOMHAHTHBIX
HYKJIEMHOBBIX KHCJIOT MOTYT TaK)K€ BKJIKOYATh MOJIEKYJIbI, KOTOPBIX KAaK TaKOBBIX HE
CYIIECTBYET B MPHUPOJE, HO KOTOPbIE MOAU(DUIIUPOBAHBI, U3MEHEHBI, MyTHPOBAHBI MU
UHBIM 00pa30M U3MEHEHBI 4eJIOBEKOM. [IpennouTuTenbHO, «peKOMONHAHTHAS] MOJIEKYJIa
HYKJICHHOBOW KUCJIOTBD» MPENCTABIISET COOOH HE BCTPEUAIOIIYIOCS B IPUPOAE MOJIEKYITY
HYKJIEMHOBOW KHCJIOTBI, MOCAEAOBATEIbHOCTh KOTOPOH OTJIMYAETCAd OT MNPUPOAHOU
MOJIEKYJIbI HyKJIEHHOBOW KHMCJIOTBI, 10 MEHBIIEH Mepe, Ha OAHY HYKJIEMHOBYI) KUCJIOTY.
«PexoMOMHaHTHAsE MOJIEKyJla HYKJIEHHOBOH KHCIOTBI» MOXKET TakKe BKIFOYATh
«PEKOMOMHAHTHYIO  KOHCTPYKIMIO»,  KOTOpash  BKJIIOYAET,  MNPEATNOYTUTENBHO,
(YHKLMOHATIBHO CBSA3aHHYIO ITOCIIENOBATEIbHOCTD MOJIEKYJI HYKJIEHHOBBIX KHCIIOT, HE
BCTPEUAIOLINXCS B IPUPOAE B TaKOM nopsizike. [IpennoururenpHble CHOCOObI MOTYyYeHUs
yKa3aHHOH peKOMOMHAHTHON MOJIEKYJIbl HYKJIEHHOBBIX KHCJIOT MOTYT BKJIFOYAaTh METO/IbI
KJIOHUPOBAHMsI, HAIPaBJICHHBbIM WA HEHAINPAaBJICHHBIM MyTareHe3, CHUHTE3 WU

peKOM6I/IHaHTHbIe MCTOBbI.

CwpbicnoBoii: ITog TepMUHOM «CMBICIIOBOI» MOHUMAIOT MOJIEKYJTy HYKJIEHHOBOU
KHUCJIOTBI, UMEIOLIYIO MOCJIEN0BATEIbHOCTD, KOTOPAsi KOMIUJIEMEHTapHA WM UAEHTUYHA
LIEJIEBOM MOCIEA0BATENbHOCTH, HATPUMED, NOCIEA0BATEIbHOCTD, KOTOPasi CBA3BIBAECTCS
¢ (pakTopom TpaHCKpUIIMH OeJika U KOTOpasi y4acTBYET B HKCIPECCUH JAaHHOTO reHa. B
COOTBETCTBUM C MPEANOYTUTENBHBIM  BAPUAHTOM  OCYLIECTBIEHUS  MOJEKyJa
HYKJIEMHOBOW KHCJIOTBl COAEPKUT MPEACTABISAIOIIMI HHTEPEC TeH U 3JIEMEHTHI,

O6eCHe‘{HBaIOL[II/Ie SKCIMPECCUID YKA3AHHOTO I'CHa.

3HauUTENbHOE YBEJIUYEHUE WM YMEHbLIeHHe: Y BelIUYeHUe WM YMEHbLIEHUE,
HampuMmep, (pepMEHTATHBHONH AaKTHUBHOCTH WJIM SKCIPECCUH T€HA, MPEBBILIAIOIIEE
JOMYCTUMYK) MOTPEUIHOCTb, MPUCYLIYI0 METOAYy W3MEPEHHs, MNPEANOYTUTEIBHO
yBEJIMYEeHUE WIN YMEHbLICHUE TPUMEPHO B 2 pa3a Wiu 0oJiee aKTHBHOCTH KOHTPOJIBHOTO

dbepMeHTa WM OKCIPECCHH B KOHTPOJBHOW KJIeTKe, Oojiee MPenrnouYTUTETHHO



43

yBeJIMUEHUE WM YMEHbIIEHHWE MpPUMEpHO B S5 pas wim Oojee, u Haubojee

NPEATIOYTUTENBPHO YBEIHMUEHHE WM YMeHbIIeHUe puMepHo B 10 pa3 umm 6oree.

Manele MOJEKyNbl HYKJIEHHOBBIX KHUCJIOT: MOA «MaJlbIMH MOJEKyJaMu
HYKJIEMHOBBIX KHUCJIOT» MOHUMAIOTCSI MOJIEKYJIbI, COCTOSIIIUE U3 HYKJIEMHOBBIX KHUCJIOT
Wi uX npon3BoHbIX, Takux kak PHK uinu [IHK. O MOryT OBITH ABYXLIENOYEYHBIMU
WJTU OJTHOLIETIOYEYHBIMHU U COCTABJISIIOT OKOJIO 15 - okono 30 n.o., Hanpumep, 15 -30 .o,
OoJiee MPEANOYTUTENHEHO OKOJIO 19 - okoJio 26 1.0., Hanpumep, 19 - 26 n.o., eme Oonee
MPEaNOYTUTENBLHO OKoJio 20 - okoyio 25 m.o., Hampumep, 20 - 25 mo. B ocobeHHo
MPEANOYTUTENBHOM BapHaHTE OCYIIECTBIEHUS OJUTOHYKJIEOTU bl UMEIOT pa3Mep OKOJIO
21 - okono 24 m.o., Haripumep, 21 - 24 nm.o. B HauGonee npeaAnodTUTEILHOM BapHaHTE
MaJible MOJIEKYJIbI HYKJIEHHOBOW KMCJIOTBI UMEIOT pa3Mep Ookouso 21 m.o. u okojo 24 nm.o.,

Hampumep, 21 m.o. u 24 n.o.

3HAUYUTENIbHO KOMIUIEMEHTapHbI: B caMOM IIMPOKOM CMBICIIE TEPMUH
«3HAYUTEIHHO KOMILJIEMEHTAPHBIN» MPU HCIOJIb30BAHUU B HACTOSIIEM JOKYMEHTE IO
OTHOLIEHUIO K HYKJIEOTUIHOHN MOCAEA0BATENILHOCTH MO OTHOLIEHUIO K 3TAJIOHHOW WU
LIEeJIEBOU HYKJIEOTUIHOMN MOCJIEIOBATEIbHOCTH, O3Ha4yaeT HYKJIEOTUIHY IO
MOCJEIOBATEIbHOCT € MPOLEHTOM  WAEHTUYHOCTH  MEXIY  CYLIECTBEHHO
KOMIUIEMEHTAPHON HYKJICOTUIHON MOCAEA0BATEIbHOCTBI0 U TOYHON KOMIUIEMEHTAPHOU
NOCJIEIOBATEIbHOCTBI)  YKA3aHHOM  3TAJOHHOM WM LEJIeBOM  HYKJICOTHUAHOMN
MOCJIEIOBATEIbHOCTH, COCTABJISIFOIINM, TI0 MeHbLIeH Mepe, 60%, Gosee JenaTeabHo, 1o
MeHbIe Mmepe, 70%, Oonee skejgatenbHO, 1O MeHbliel mepe, 80% wiu 85%,
MPEINOYTUTENILHO, IO MeHblneil mepe, 90%, Ooyiee MPEANOYTUTETHHO, MO MEHbINEH
Mmepe, 93%, eme Oojiee MPenNnOYTUTEIBHO, MO MeHbIel Mepe, 95% wu 96%, u ee
Oojiee MPEANOYTHTENHHO, MO MeHblnel wepe, 97% wumu 98%, u eme Oonee
NPEANOYTUTENIFHO, IO MeHbIned mepe, 99% wumu Hanbonee npexmoututenbHo 100%
(mocnemHee B JaHHOM KOHTEKCTE€ OSKBUBAJEHTHO TEPMHUHY  HICHTHYHBINY).
IIpennoyTuTeNnbHO HIAEHTUYHOCTb OLICHUBAIOT MO AJIMHE, MO MeHbliel Mepe, 19
HYKJICOTHJIOB, TPEANOUTUTENbHO, MO MeHbled wmepe, S50 Hykimeotuaos, Oonee
MPEANOYTHUTENBHO IO BCEM JIMHE TMOCJAENOBATEIbHOCTH HYKJIEUHOBON KHCJIOTBI
OTHOCHTEJILHO JI0 YKA3aHHOW 3TAJIOHHOW MOCJIeIOBATEIbHOCTH (€CIH HUKE HEe YKA3aHO
uHoe). CpaBHEHHUE MOCIEA0BATENLHOCTEHN MPOBOAAT ¢ ucnonp3oBaHneM GAP-ananmza ¢

HacCTpoMKaMu MO yMoiuaHuio ¢ nomouneio mnpusoxkenus GAP SEQWEB mnakera
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nporpamm  GCG VYauBepcurera mrtata BHCKOHCMH Ha OCHOBAaHHHM aJrOPUTMA
Hupnmana-Bynma (Needleman and Wunsch (1970) J Mol. Biol. 48: 443-453; xak
orpeneneHo Belule). HykieoTuaHas MOCIENOBAaTENbHOCTb, KOTOpasl — SIBJISIETCS
«3HAYUTENPHO KOMIUIEMEHTAPHOI» 3TAJOHHONW HYKJIEOTHIHOH IOCIeN0BaTEIbHOCTH,
TUOPUAN3YETCS C STAIOHHOMN HYKJIEOTUIHOMN MOCIEA0BATEIbHOCTHIO B YCIOBHSIX HU3KOMH
JKECTKOCTH, TMPENNOUTHTEIbHO B  YCJIOBUSIX CpPEAHEH JKeCTKOCTH, Haubosee
NPEANOYTUTENIFHO B YCJIOBUSIX BBICOKOH *KECTKOCTU (B COOTBETCTBUU C ONPEACIICHHEM

BBIIIIE).

«leneBass 0OmacTh», MPU UCIOJB30BAHUU MO TEKCTY HACTOSIIETO IOKYMEHTA,
O3HadaeT o0jacTh, Onm3kyro, Hampumep, kK 10 ocHoBanusiv, 20 ocHoBaHusiM, 30
ocHoBaHusiM, 40 ocHoBanusiM, 50 ocHoBaHusM, 60 ocHOBaHusiM, 70 ocHoBaHusiM, 80
ocHoBaHusiM, 90 ocHoBaHusiM, 100 ocHoBauusiM, 125 ocHoBanmsiM, 150 ocHoBauusiM, 200
ocHoBaHMSM WM 500 OCHOBaHHSIM HIH OOJjiee OT LIEJIEBOrO CailiTa, MJIM BKJIFOYAOLIAS
LIEJIEBOM CalT, B KOTOPOM MOCJIEN0BATEIbHOCTh MOJIeKyJibl foHOpHOU JIHK BBOAMTCS B

I'€HOM KJICTKH.

«lleneBoil calT» NpPU MCHOJIB30BAHUU IO TEKCTY HACTOSILEr0 IOKYMEHTa
O3Ha4aeT MOJIOXKEHHE B N€HOME, B KOTOPOM HMHAYLIUPYETCsl JBYXLIETIOYEUYHBIH pa3pbIB
WIA K€ OJUH WIM I[apa OAHOLENOYEYHBIX pa3pblBOB C HUCIOJIB30BAHUEM
PEKOMOMHAHTHBIX TEXHOJOrMH, Takux kak Zn-finger (umHkoBbiii mnanen), TALEN
(>bdexropHast Hykieasza, MoJOOHAsS AKTUBATOPAM TPAHCKPUIILIUH), PECTPUKLMOHHbIE
¢depmenTbl,  xoymuHr-3HAOHyKJea3bl, PHK-nHampaBnsemble  Hykseasb, PHK-

HarpasJisieMble HUKa3bl, TAKHE Kak Hykyeasbl uin Hukasbl CRISPR/Cas u ..

Tpancren: Ilpu MCHONB30BaHWM IO TEKCTY HACTOSIIETO IOKYMEHTAa TEPMHUH
TPAHCTEH» OTHOCUTCA K JIFOOOH HYKJIEOTHIHOW IOCIENOBATEIbHOCTH, KOTOpas
BBOJIUTCSI B TEHOM KJIETKH IIyTeM 3KCIIEPUMEHTaIbHBIX MoaH(pukauuii. TpaHCTeH MOXKET
NPEACTaBIATh COOOH «IHIOreHHYyI0 nocienosarenbHocTh JJHK» mmu «rereponorudnyro
nocienosatenbHocte  JIHK» (T.e. «uyxepomnyro JIHK»). TepmuH «3HAOreHHas
nocienosatesibHOCTh JIHK» OTHOCHTCS K HYKJIEOTHIHON MOCIEA0BATEILHOCTH, KOTOPasi
HAXOIUTCS B MPUPOIHOM OKPYKEHUH B KJIETKE, B KOTOPYIO OHAa BBEAECHA, IPU YCIOBUH,
YTO OHA HE COAEPKHUT Kakoh-mubo Monmudukaruu (Hampumep, TOUEYHOH MyTalluu,
CENIEKTUPYEMOT0  MAapKepHOro TreHa W T.JA.)  OTHOCHTEIbHO  NPHUPOJHOMN

noCJaea0BaTCIIbHOCTH.
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Tpancrennsiii: TepMUH «TPAHCTEHHBII» TPUMEHUTEIIBHO K OPraHU3My O3HA4aeT
TpaHC(OPMUPOBAHHBINA,  MPEANOYTHTEIBHO  CTAOWIBHO  TPaHCHOPMUPOBAHHBIH,
pexoMmOuHaHTHON Mosieky o JJHK, koTopast mpeArnodTuTeIbHO COASPIKUT MOIX OIS IIIUNA
IIPOMOTOP, (YHKLIMOHAIBHO CBsI3aHHBIN c IPEACTABIISIOLIEH UHTEpEC

nocneaoaTesbHOCTHIO JIHK.

Bektop: B nmaHHOM KOHTEKCTE, TOHSATHE «BEKTOP» OTHOCUTCS K MOJIEKYJIe
HYKJICHHOBOW KHCJIOTBI, CIOCOOHOW MEPEeHOCHTb IPYTYI0 MOJIEKYJY HYKJICHMHOBOM
KUCJIOTBI, C KOTOpOW oOHa cBsizaHa. OOUH THI BEKTOpa MPEACTaBIseT COOOH
WUHTETPUPOBAHHBIN B TEHOM BEKTOP WJIM «UHTETPUPOBAHHBINA BEKTOP», KOTOPBIA MOXKET
ObITh BCTpoeH B xpomocomHyro JIHK kierkm-xo3simHa. Jlpyroit TUm BeKTOpa — 3TO
SMHUCOMANIbHBIA BEKTOp, TO €CThb MOJIEKYJIa HYKJIEHHOBOH KHCJIOTBL, CIOCOOHAas K
BHEXPOMOCOMHOMH peTUTHKaiH. BEeKTOophl, KOTOpPBIE CIIOCOOHBI HAMTPABIISATH SKCIIPECCHEO
T'€HOB, C KOTOPBIMU OHH (DYHKIIMOHAJIBHO CBSI3aHbI, B HACTOSIIEM JJOKYMEHTE HMEHYIOTCS
BEKTOPAMH 3KCIPECCHH. 3a HUCKIIIOUEHHEM CJIy4aeB, KOIrJa U3 KOHTEKCTa SICHO MHOE, B
HACTOSAILEM ONHCAHWU TEPMHHBI  «IUIA3MUAA» M «BEKTOP»  HCIOJIB3YIOTCS
B3aUMO3aMeHsieMO. BekToprl 3kcrnpeccuy, npenHasHadeHHble ais noiydeHuss PHK B
COOTBETCTBHH C OIMCAHMEM B HACTOALIEM AOKYMEHTE in VItro Miu in vivo MOTyT
coIepKaTh  MOCIENOBATEIbHOCTH, pacro3HaBaeMble o000l  PHK-monumepasoi,
BKJIrOUass MutoxoHapuanpHyo PHK-nomumepasy, PHK pol I, PHK pol II u PHK pol III.
OTU BEKTOPBI MOXKHO HCIIOJIb30BaTh JUIsl TPAHCKPUILUK skenaeMoil monekyiasl PHK B
KJIETKy N0 HacTosimeMmy wuzoOperenmto. Ilom BekTOopoMm TpaHchopManuu pacTeHUs

CJIelyeT MOHUMATh BEKTOP, OAXOISIMN AJISl TPOLIecca TPaHC(POPMAIIUU PACTEHUS.

Juknii tun: TepMuH «OUKOro THUMA», <IPUPOAHBIN» WIM KIIPUPOIHOIO
MIPOUCXOKJICHUS» B OTHOIIEHMM OPraHM3Ma, MOJIUNENTHAA WU MOCIENOBATEIbHOCTH
HYKJIEMHOBOW KHUCJIOTBI O3HAYAET, YTO YKA3aHHBIM OPraHU3M BCTPEYAETCs B IPUPOAE UITU
MPUCYTCTBYET, MO MEHBbUIEH Mepe, B OAHOM MNPUPOJHOM OpraHu3Me, KOTOpBIA He

HU3MCHCH, HE MYTHPOBAH U HE NOABCPTraliCad UHbIM MaAHUITYJIALUAM CO CTOPOHBI UEJIOBCKA.
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ITPUMEPDI

XUMHUYECKHE BEIeCTBa U OOIIHe METObI

Ecnu He ykazaHO WHOe, MpoLeAypbl KJIOHUPOBAHUS, MPOBOAMMBIC IS Lejed
HACTOSIIEro M300peTeHHs, BKJIIOYas PECTPUKTa3Hble (parMeHThl, 3yekTpodope3 B
arapo3HOM rejie, OYMCTKY HYKJIEHHOBBIX KHUCIJIOT, JINTUPOBAHNE HYKJIEMHOBBIX KHCIIOT,
TpaHC(HOPMALIHIO, CENIEKIUIO M KYJbTHBHPOBAHNE OAKTEPUATbHBIX KJIETOK, BBITOJHSIIH
COMJIACHO OMHUCAHUIO B JoKyMeHTe (Sambrook et al., 1989). Ananu3 nocienoBaTebHOCTH
pexombunanTHoU JIHK npoBonuics ¢ ucnons3oBanueM cekBeHaropa JJHK ¢ nazepHoii
dbayopecuenmueit (Applied Biosystems, Foster City, CA, CIIIA) ¢ ucnoib30BaHUEM
metona Canrepa (Sanger et al., 1977). Eciu He yka3aHO MHOE, XUMHKATBI U PeareHThI
Oobun monmyvennsl ot Sigma Aldrich (Sigma Aldrich, St. Louis, CIIIA), or Promega
(Madison, W1, CIITA), Duchefa (Haarlem, Hunepnanner) unu Invitrogen (Carlsbad, CA,
CIIA). DHpoHykJea3sl pecTpuknuu Obut mpom3BeneHbl kommanueii New England
Biolabs (Ipswich, MA, CIIIA) unmu Roche Diagnostics GmbH (Penzberg, I'epmanus).
Onuronykneotuns! Obutn cuHTE3UpoBaHbl Komnanueil Eurofins Genomics (Ebersberg,

I'epmanust) nnu Integrated DNA Technologies (Coralville, IA, CIIIA).

IIpumep 1: Cxkpunudr Hauayumeii komOuHauun rPHK u gonopnoin JJHK
AJIsl TOYHOT0 PeJAKTHPOBAHHUSI T€HOB € MOMOIIbLIO FOMOJIOTHYEeCKH HANIPABJIEHHOMH
penapanyH y ajajioreKcanjaouaAHOH MieHHI bl

Ham nmomxox K TOUHOMY pelakTHPOBAHHIO M€HOB Y MINEHUIBI ObLI OCHOBAH HA
NepBOM CKpUHUHTe Habopa pa3nuyabix komOnHauuii rPHK/nonopuoit IHK Ha ypoBHe
IIATKOBOIO  Kaulyca Il ONPENEeNeHUs  MPEANOYTHTENIbHOH  KOMOWHALUU
rPHK/nonopuoit  JIHK, koropas OymeT UCHOAB30BaTbCS  JJISE  TMOJyYEHUs
OTPEeNaKTUPOBAHHBIX MPOPOCTKOB.

B 3TOM npumMepe Mbl ONUCHIBAEM, YTO ISl BBEIEHNUsI KOHKPETHOW 3aMEHBI OJHOU
amuHokucyoTel (I11781L) B KOmMpPYIOIIYIO TOCJIENOBATENBHOCTh T'eHa aneTuia-KoA
KapOOKCUJIa3bl Mbl TPENBAPUTENBHO OTOOpanu S5 pasnuuHbix komOuHaiuii rPHK/
noHopHoit IHK. Beuto pa3padorano nsate pa3nuanbix rPHK, kotopsie HanpasisitoT Cas9
K 5 pa3IN4HBIM LIEJIEBBIM CalTaM PsiOM C KOAOHOM-MHULIEHBIO Ui 3ameHbl 11781L.
crPHK BekToper pBAY02528 (SEQ ID NO: 5), pPBAY02529 (SEQ ID NO: 6),
pBAY02530 (SEQ ID NO: 7), pPBAY02531 (SEQ ID NO: 8) u pPBAY02532 ((SEQ ID
NO: 9) — Bce conmepxkar kaccery s skcnpeccuu rPHK, koropasi MoXxeT HampasJisiTh

Cas9 nna  co3manust  paspeiBa  aByxuernodeunod JIHK B ueneBom  caiite
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nocnenoBarebHOCTH TS1 CTAGGTGTGGAGAACATACA-TGG, mocnenoBaTelbHOCTH
TS2 GAAGGAGGATGGGCTAGGTG-TGQG, MOCJIENOBATEIBHOCTH TS3
ATAGGCCCTAGAATAGGCAC-TGG, MOCJIEIOBATEIBHOCTH TS4
CTCCTCATAGGCCCTAGAAT-AGG, TS5 CTATTGCCAGTGCCTATTCT-AGG,
COOTBETCTBEHHO. bbutn paspaboranbl Tpu Bekropa nonopHoi THK, pBAY 02539 (SEQ
ID NO: 13), pPBAY02540 (SEQ ID NO: 14) u pBAY 02541 (SEQ ID NO: 15) u xaxnpbrii
u3 Hux Bimouaer ¢pparment JJHK pasmepom 803 m.o. Triticum aestivum, cybreHom B
copra Fielder, ren anermn-KoA kapOOKCHIa3bl, COAEPKALIUI JKENAEMYI MYTALHUEO
(3amena I11781L). 3 monopusie JIHK oTiuuaroTcss TOJBKO HECKOJBKUMHU MOJYALIUMU
MyTalMsMHU, 4TOOBI IPeROTBpaTUTh apodaerue noHopuoit JIHK u orpenakrupoBaHHOTrO
amnens ¢ skenaemoit myrtanueii (I1781L1). CepnueBuHHas MOCIEOBATEILHOCTD U3 3 T1.0.
(CTC) B xaxpodi u3 ponopHorn JIHK Obuta ¢raHkupoBaHa J€BBIM H IPAaBBIM
FOMOJIOTHYHBIMU  TJIe4aMud  AJAUHOW  Okojao 400 1m.o., KOTOpble WAECHTUYHBI
nocienoBaTesibHOCTIM  aneTui-KoA  kapOokcunmasel gukoro tuma cybreHoma B.
Oxcnpeccusi Cas9 pBAY02430 (SEQ ID NO: 1; SEQ ID NO: 2) conep:kut KOIOH
HykJea3bl Cas9, ONTHMHM3HPOBAHHBIA IS MIIEHULBI, 1 HAXOAMJIACH IO KOHTPOJIEM
npomotopa pUbiZm u tepmunatopa 3'35S. Ilnasmunnyro JHK BekTopa ¢ Hykiea3oi
Cas9, rPHK, nonopnyro /[IHK cmemamu ¢ mnasmupoit pIB26 (SEQ ID NO: 18),
cozep:katieit rudpuaHbIi rex egfp-bar nsa nposenenus cenexunu no GochUHOTPULIUHY
(®DT) u ckpuHHMHTA 3eJICHOMY (PJIyOPECLIEHTHOMY 0Ky,

Hespenbie 3apoapiiin pazmepoM 2-3 MM OTAENSUIM OT CTEPUIIM30BAHHBIX
KosiockeB mineHuIpl copra Fielder u OomOapaupoBaid ¢ HMCMOIB30BAHHEM CHCTEMbI
noctasku yactul PDS-1000/He B cootBercTBUY ¢ onucanueM B Sparks and Jones (Cereal
Genomics (I'enomuka 3epHoBbix Kyibryp): Methods in Molecular biology (Metonsr B
Monekysipaoit buonorun), Tom 1099, rnasa 17). Jnsg 6oMOapaupOBKH UCTIOIB30BAJH
caeayromue cmecu JIHK:

1) pBAYO02430 (Cas9), pBAY02539 (monopnast IHK-1), pPBAY 02528 (rPHK1), pIB26
2) pBAY02430 (Cas9), pPBAY02539 (nonopnas IHK-1), pBAY 02529 (rPHK2), pIB26
3) pBAY02430 (Cas9), pBAY02540 (monopnas JJHK-2), pPBAY 02530 (rPHK3), pIB26
4) pBAY02430 (Cas9), pPBAY02540 (nonopnas IHK-2), pBAY 02531 (rPHK4), pIB26
5) pBAY02430 (Cas9), pPBAY02540 (nonopnas JJHK-2), pPBAY02532 (rPHKS), pIB26
6) pBAY02430 (Cas9), pBAY02541 (monopnas JJHK-3), pPBAY 02530 (rPHK3), pIB26
7) pBAY02430 (Cas9), pBAY02541 (nonopnas JJHK-3), pPBAY 02531 (rPHK4), pIB26
8) pBAY02430 (Cas9), pPBAY02541 (nonopnas JJHK-3), pPBAY02532 (rPHKS), pIB26
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Hespenbie >MOpHmOHBI, moaBeprmuecss OoMOapaupOBKE, TIOMECTUIH B
HECEJIEKTUBHYIO CPey ISl MHIYKIMH KaJJIF0Ca Ha HECKOJIBKO JTHEH, 3aTeM IepeMeCcTHIIN
B cpeny IJisi cenekumu, comepkamyto PPT, xak omucano B mokymenrte Ishida et al.
(Agrobactertum Protocols (IIporokonsl ¢ ucnosnbp3zoBanueMm Agrobacterium): Tom 1,
Methods in Molecular biology (Merons! B Monekynsipaoit buosorun), 1223, rinasa 15).
UYepes 3-4 nepenu renomuyro JIHK u3Bnekanu u3 IMUTKOBBIX KaJIyCOB OTAENIbHBIX
He3penbix sMOpuonHoB s [I[[P-anammsza. [Ina cneumpuyeckoit ammmmduxanmn
OTpeNaKTHPOBAHHOTO reHa areTii-KoA kapOokcunasbl ObUH pa3pabOoTaHbI CIEAYIOIIHE
napel nparimMepoB: mapa nparimepoB HT-18-111 npsimoti / HT-18-112 obpatsblil s
noHopHoit JIHK pBAY02539 (SEQ ID NO: 13), mapa mnpaiimepo HT-18-113
npsimoit/HT-18-112 obpatnsiii nist noropuoit JIHK pBAY 02540 (SEQ ID NO: 14) u
noHopHo#i JIHK pBAY02541 (SEQ ID NO: 15) (Tabnuua 1). 9 dexkTuBHOCTb TOUHOTO
penaKkTUPOBAHKS TEHOB OblJIa CaMON BBICOKOW MpHU UCMONb30BaHuU noHopHoi JIHK-1
(pBAY02539) (SEQ ID NO:13) B couerannu ¢ rPHK1 pBAY02528 (SEQ ID NO:5).
ITpu npumenenun storo coderanusi TPHK/nonoproii JITHK 13% mUTKOBBIX KaJUTyCOB,
NOJIyYEHHBIX M3 OTHAEJBbHBIX HE3PEeJbIX 3apOJbIIel, NaBald NPU PEOAKTHPOBAHUU
cneruduunbtii [THP, npoaykt ammmndukanuu oxxugaemoro pasmepa (Tadauna 2).

JUnis monyueHusl pacTeHHH MIneHWnbl ¢ MyTtanueil anernin-KoA kapOokcumnasel
(I1781L) MBI mpoBeNy COBMECTHYIO OOMOApIUPOBKY HE3PENbIX 3apOAbIIIEH IMIIEHULIbI
cmeceio JIHK 1) pPBAY 02430 (Cas9) (SEQ ID NO: 1, SEQ ID NO: 2), pPBAY02539
(monopnas /IHK-1) (SEQ ID NO: 13), pPBAY02528 (rPHK1) (SEQ ID NO: 5), pIB26
(SEQ ID NO: 18), u Mbl MOKa3aJid, 4TO PACTEHUsS MIIEHHULIbI, COAEPIKAIINE LIEJIEBYIO
amuHOkucsoTHast 3ameHy (I17811) B OOHOM WMJIH HECKOJIBKHUX TOMEOAIIENSAX, MyTeM
HerpsiMol  ceniekiu Ha PPT MOXXHO OBLIO MOJYYHTh C OTHOCHTENBHO BBICOKOH
CTENEHBI0 YCIEIIHOCTU (CM. TpuMep 2). DTO AEMOHCTPHUPYET, YTO MPEABAPUTEIbHBIN
CKpUHHUHT pa3nuyHbix komOunaiuii TPHK/monopuoit JIHK mis tounoro HR-
OMOCPEIOBAHHOTO PENAaKTUPOBAHHMSI T€HOB B TKAHM IMUTKA W3 TIOABEPTLIMXCS
OoMOapaupPOBKE HE3PENbIX SMOPHOHOB, KaK OMHUCAHO B 3TOM NpPHUMEpE, MO3BOJISIET
CleNaTh XOPOUIMH TPOTHO3 OTHOCHUTENBHO BO3MOXKHOCTH TIIOJNYYEHHsI pPaCTeHHH
NIIEHUIBI, UMEIOIINUX JKEeJATeIbHYI0 MOAM(PHUKALNI0 aMUHOKUCIOTHI B OIHOM WJIH

HECKOJIbKUX TOMEOAIUIEIISIX aJlIOTeKCAIJIOUIHOMN MTITIEHHIIBL.



Taoauna 1. Ipaiimepsr aus pegaxrupyemoii [P (ACCasel1781L)
NpsIMOH npaiimep o0paTHBIH npaiimep
SEQ
ID
aonopuasi IHK | HazBanue NOCJIeA0BATEIbHOCTD NO |Ha3BaHue NnoCJ1eJ0BATEJbHOCTD SEQ ID NO
HT-18- HT-18-
pBAY02540 113 GCTAGGTGTGGAGAACCTC| 30 112 ACTTGCCCAGCACGAGGAAC 29
HT-18- HT-18-
pBAY02541 113 GCTAGGTGTGGAGAACCTC| 30 112 ACTTGCCCAGCACGAGGAAC 29
HT-18- HT-18-
pBAY02539 111 GTTGGGCGTCGAGAACCTC| 28 112 ACTTGCCCAGCACGAGGAAC 29

(§14
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Ta6muna 2. Cxpunusar pasnuyabix komOuHaumii TPHK/monopnoit JIHK mns
penaktupoBanus aueTmwi-KoA kapOokcuiaser 11781L: KomudectBo 00pas3noB TkaHU

IUTKa, MonokuTenbHbiX B mpu [P penaktupoBanuu (auetmn-KoA kapOokcunasa

11781L)

O0pa3ubl ¢ 0KHAAEMBIM

HAocraska THK dbparmenTom 1P

Koa-Bo
o0pa3uos.,
npowenamux | Kou-Bo
aHAJIH3 o0pa3uoB* %

pBAY02430 (Cas9) + pBAY02539
(monopnast JIHK-1) + pBay02528
(rPHK1) + PIB26 265 35 13,2
pBAY02430 (Cas9) + pBAY02539

(monopnast JIHK-1) + pBay02529
(rPHK2) + PIB26 275 5 1,8

pBAY02430 (Cas9) + pBAY02540
(monopnas JIHK-2) + pBay02530
(rPHK3) + PIB26 137 1 0,7
pBAY02430 (Cas9) + pBAY02540
(monopnas JIHK-2) + pBay02531
(rPHK4) + PIB26 109 4 3,6
pBAY02430 (Cas9) + pBAY02540
(monopnas JIHK-2) + pPBAY 02532
(rPHKS5) + PIB26 122 0 0

pBAY02430 (Cas9) + pBAY02541
(monopuast /IHK-3) + pBay02530
(rPHK3) + PIB26 103 0 0
pBAY02430 (Cas9) + pBAY02541
(monopuast JIHK-3) + pBay02531
(rPHK4) + PIB26 182 3 1,6
pBAY02430 (Cas9) + pBAY02541
(monopuast /IHK-3) + pBay02532
(rPHKS5) + PIB26 112 0 0

*  MOJNIOKHUTENIbHBIMH CUHUTAIKNCh TOJBKO O0pasubl ¢ aMIuiupULIUPOBAHHBIM
penaktupyeMbiM ¢pparmerToM [TLP ¢ koHUeHTpamme > 2 HIr/MKJ
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IIpumep 2: 3aBHCHMOE OT IOMOJIOTHH TOYHOE PeIAKTHPOBAHHE I'€HOB JIsl
BBeaeHust myTauuu [1781L B ren anetun-KoA kap0okcuiia3bl ali0reKcanjaon IHou
NIIEeHHUIbI ¢ TOMOWBLI0 HYKJIea3bl Cas9.

Mpl DpPOAEMOHCTPUPOBAIIH, YTO, HCMONB3ys Hykijeasy Cas9 um koMOMHALUIO
rPHK/nonopnoti JIHK, npomeninyto npenBapuTesbHbIi CKPUHIHT Ha €€ CIOCOOHOCTBD K
noreHuuaibHoMy HR-omocpenoBaHHOMY TOYHOMY — pPEAAKTHPOBAHUIO T€HOB B
aJJIOTeKCAIJIONHON MIIeHULIe, KaK OMICAHO B IIpuMepe 1, jKenaeMyr MyTaluo MOXHO
BBECTU B KOAOH-MHIIEHb B OJHOM MJIM HECKOJbKUX romeoainenei. Bextop crPHK
pBAY02528 (SEQ ID NO: 5) comepxur kaccery musi sxcnpeccun rPHK1, xotopas
HanpasiseT Hykiea3y Cas9 st coznanus paspbiBa asyxuenodeuHoil JIHK B nenesom
caiire TS1 (mocnenoBaTeNbHOCTD CTAGGTGTGGAGAACATACA-TGG),
pacmojyioKeHHOM Haja KojmoHom-muineHbto.  Jlonopuas JIHK pBAY2539 Obuta
paspaboTana auis BBeAeHUs 3aMeH 2 ocHOBaHMi B kopoHe-MuineHu (ATA Ha CTC), uto
npuBonmwio k usMeHeHuto [1781L Ha ypose Oenka. JloHopmas JIHK Bkmrouaer
¢parment JIHK pasmepom 803 m.o. Triticum aestivum, cybreHom B copra Fielder, ren
anetni1-KoA kapOokcmiasel, conmepkamui kelaemyro MmyTtanmioo (3ameHa 11781L).
HonopHass JIHK Taxke COmEp>KUT HEKOTOpbIE IPYyrHe MOJYallHe MYTalWH, YTOOBI
npenoTBpaTuTh Apodaenue nonopHoi JJHK u oTpenakTnpoBaHHOTO aymiesst ¢ skenaeMoi
mytauueit (I1781L). CepaueBunHas nocnenosarenbHocTh U3 3 1m.0. (CTC) B noHOpHOM
JAHK 0bina ¢pnaHKupoBaHa JIEBbIM U MPABbIM T'OMOJIOTUUHBIMH IIEYaMHU IJTHHON OKOJIO
400 m.0., KOTOpble HMIOEHTUYHBI IOCIENOBATENBHOCTAM aneTHia-KoA kapOokcuiasbl
OUKOrO THIa cyorenoma B.

Hespenbie 3aponbiiii pasMepoM 2-3 MM OTHENSJIM OT CTEPUIIU30BAHHBIX
KoJIocheB muIeHulbl copta Fielder m GomOapaupoBany ¢ UCMONBb30BAHUEM CHUCTEMBbI
noctasku yactur PDS-1000/He B cootBercTBUY ¢ onucarneM B Sparks and Jones (Cereal
Genomics (I'enomuka 3epHoBbix Kyibryp): Methods in Molecular biology (Metonsr B
Monekymsipaoit buosnorun), Tom 1099, rnmaBa 17). IMnasmugnyro JIHK BekTOpoB
pBAY02430 (nykneaza Cas9) (SEQ ID NO: 1; SEQ ID NO: 2), pBAY02528 (rPHK)
(SEQ ID NO: 5), pBAY02539 (monopnas JAHK) (SEQ ID NO: 13) cmemanu ¢
miasmuzaoit pIB26 (SEQ ID NO: 18). Bexrop pIB26 (SEQ ID NO: 18) comep:kuT CauThIiA
reH egfp-bar moxg xoHTposem mpomoropa 35S. Hespesbie 3MOpHOHBI, MOABEPTIIHECS
O6omOapaupoOBKe, TOMECTUIIM B HECEJIEKTHUBHYIO CPedy Ui MHAYKUWUU Kajutyca Ha 1-2
HEJeNM, 3aTeM MEPEMECTUIIN B Cpeny Ui cenekuuu, coaep:xkamyro PPT, mocne gero

ycroiunBeie kK PPT kamnycel oTOupanu U mepeHOCHIN B CPeny IUIsl pereHepaluu st
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oOpazoBaHus MoOeroB, kak onucaHo B fokymeHre Ishida et al. (Agrobacterium Protocols
(ITporokonsl ¢ ucronb3oBanueM Agrobacterium): Tom 1, Methods in Molecular biology
(Metons! B Monekynsaproit buonorun), 1223, rnasa 15).

Bce pacreHus, KOTOpble Pa3BHJINCh M3 OIHOTO HE3PEJOro 3apojbllia,
paccmarpuBanu kak enuHbid myi. ['enomuyro JIHK skcTparupoBanu 3 00beIuHEHHBIX
B TyJ1 00pa3loB JIMCThEB U CKOHCTpyupoBaiu Habop mparimepos (HT-18-111 Ipsimoii
(SEQ ID NO: 28) / HT-18-112 O6patuseii (SEQ ID NO: 29)) nns cnenuduyeckoi
amruuUKaLMK OTPENaKTUPOBaHHOTrO reHa anerwn-KoA kapOokcunaser. [Ipopoctku B
cocrase TyJia, KoTopble nanu oxkunaemblii [ILP-pparmenT B 310 crietmdudeckoii [P
1-ro pemakTUPOBAHUS, 3aTE€M MEPEHOCHIN B OTAEIbHbIE MPOOUPKH M IOMOJHUTEIBHO
aHATM3UPOBAIU ocpencTBoM BbinosHeHus [TL[P ¢ ncnonb3oBannem Habopa npaiimMepoB
HT-18-111 (SEQ ID NO: 28) /HT-18-112 (SEQ ID NO: 29) u nyrem riy0oKoro
cekBeHnpoBaHus. Beero B 9 sxkcnepumentax 337, 326, 415, 322, 350, 329, 261, 361 u
362 smOpuona OGomOapaupoamn cmechro iasmunaoil JJHK pBAYO02430 (mykieasa
Cas9) (SEQ ID NO: 1; SEQ ID NO: 2), pBAY02528 (rPHK) (SEQ ID NO: 5),
pBAY02539 (monopnas JIHK) (SEQ ID NO: 13) u pIB26 (SEQ ID NO: 18). B pamkax
sTuX 9 sKcnepuMeHTOB ycroiumBbie kK (ochunorpununy (PPT) perenepupyromme
KaJUTyChI MOOEToB OBLITH MOJTy4eHbI U3 B 001mel cinoxHoctu 132,172, 111, 177, 107, 166,

122, 244 wu 279 Hespenbix 5MOpuoHoB. Cnenupuueckas amrudukanms

)
OTpeIaKTHPOBaHHOTO reHa aneTui-KoA kapOokcunasel Habmonanacs B 8, 17, 15, 9, 16,
7, 6, 9 u 8 oObenuHEeHHBIX B myn obOpasuax nuctbeB. Cneundudeckas [P BToporo
penakTUpOBaHuMsl ObLIa POBeNeHa B 001Iel cioskHOCTH Ha 51, 62, 66, 33, 49, 25, 35,42
U 31 oTnenbHBIX pacTeHMsX, Mojy4deHHblx u3 8, 15, 15, 8, 16, 7, 6, 9 u 8 nynoB
IIPOPOCTKOB, OLIEHEHHBIX KaK MOJNIOXUTENbHbIE B pe3ynbrare [ILP 1-ro penaktuposanus,
U crnenuduveckas aMIUTUPUKALUS ~ OTPENaKTHPOBAHHOrO reHa  aneTii-KoA
kapOokcunasel Habmomamace B 16, 28, 12, 25, 19, 19, 13, 21 u 12 oTmenbHbIX
MPOPOCTKaX, MOJYUYEHHBIX U3, COOTBETCTBEHHO, 60, 11, 8, 7, 10, 7, 4, 8 u 8 mynoB
npopocTtkoB (Tadmuna 3). [TockonbKy KaxKabIi My 1 IPOPOCTKOB ObLI MOJTYYeH U3 OJHOTO
HE3pEeJIOro 3apOoAblllia, BCE MPOPOCTKU, MOJYyUYEHHBIE U3 OJHOTO HE3PEJIOrO 3apOjbIia
(TlyJT1 IPOPOCTKOB), PACCMATPUBAIOTCS KaK HE3aBHCHMOE OTPEIaKTHPOBAHHOE COOBITHE,
XOTS 37eChb HENb3sl HUCKIIOYUTh, YTO MOMKET OBITb HECKOJbKO HE3aBHCHMBIX
OTPEeNaKTHPOBAHHBIX COOBITUN MEKAY OTIEIbHBIMU TOOETraMu, TIOJTYYSHHBIMU OT OTHOTO
HE3PeJIoro 3MOPHOHA, OLIEHEHHOIO KakK IOJIOKUTENbHBIH 1o pesyibratam [ILP 2-ro

PEAAKTUPOBAHUS. Ha OJHOM paCTCHHUU H3 KaXXAO0ro CO6I:>ITI/I$I, OLOCHCHHOT'O KakK
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MOJIOKUTENbHOE 1O pe3yibraraMm I[P 2-ro pemakTupoBaHUs, MPOBOAWIN TIyOOKOE
cekBeHupoBanue. (OO0JacTh, OKPYKAIOIIYIO MPEATNojiaraeMblii  IEJIEBON  CaiiT,
ammuuduuuposanu meronom [P ¢ nomumepasoii Beicokoro kadectsa Q5 (M0492L) ¢
nomobto BioxkeHHow IHP. [na 1-i IILP ucnons3zosanu napy npaiimepos HT-18-162
(SEQ ID NO: 34)/HT-18-112 (SEQ ID NO: 29). Otu npaiimepbl ObLIH pacoNOKEHbI 38
npeaenaMu romosiorndeckux rmied nonopuoit JJHK nns ammmdukanum ¢gparmeHrta
muHoM 1736 n.o. s BnoskenHoit TP ¢ uenbto ammmdukaimm o01acTH pasMepoM B
386 1.0. AN CEKBEHUPOBAHMUSI CJIEIYIOLIETO MOKOJICHUS UCTIOB30BaJIU Napy NpaiiMepoB
HT-18-048 (SEQ ID NO: 19)/HT-18-053 (SEQ ID NO: 21).

Mpbl OLeHWIM YacTOTy peNakTHPOBAHUs, pAacCUMUTaB IMPOLIEHT IPOYTEHUMN
MOCJIEI0BATEILHOCTH, JEMOHCTPUPYIOIIMX  HalW4he  KeJIaeMbIX MyTaLui
(aMHHOKHCJIOTHAsI 3aMeHa) B KOJOHe-MHUIIeHH, Kak ykasaHo noHopHoit JIHK, B Bume
IO OT OOIIEero YHciia MPOYTeHHH. DTH JaHHbIe 0000MIeHbl B Tabnuie 4, T1e MmoKa3aH
NPOIIEHT TOYHO OTPENAKTUPOBAHHBIX MPOYTEHHH C JKelaeMOH MyTarueid (3aMeHa
[1781L) 1 mpoueHT NpoYTeHU JUKOTO THITA HA OCHOBE OOIIEeT0 KOJINYeCTBA MPOYTSHUN
st 64 mpOpOCTKOB U3 59 He3aBUCUMBIX cOOBITHI. KOHTpONBHBINH 00pasen u3 mpopocTka
TMTAO0136-Ctrl0001-01$002,  mony4yeHHBIi W3  He3pejaoro  SMOpHOHA,  HE
nozBepriierocsi bomdapaupoBke, mokazan okoyio 100% npodreHuii TUKOTro THMA |, KaK
Y OXKUJAJIOCh, HE UMeJ TOYHO OTPENaKTUPOBAHHBIX IPOUTEHUI.

OTH naHHBIE TIIyOOKOrO CEKBEHHMPOBAHUS MOKA3aJId TOYHOE PENaKTHPOBAHUE
reHOB roMoJioruuHoi pekomOuHarmeii (HR) ot ogHoro no 4 anneneli HATUBHOTO T'eHa
anetnii-KoA kapOoKcHIasbl B aJIOTEKCAIJIOUIHON TMIIEHHULIE.

HR-onocpenoBaHHBIM  TOYHBII ~ AOHOP,  NPUBOAIIIMM K  JKEJIAEMOMU
AMUHOKHCIIOTHON 3aM€HE M BBEACHUIO JOIMOJHUTENBbHBIX MOJUYALINX MyTalMi, Kak
ykazaHo noHopHoit JIHK, Obul MOMOJHUTENBHO MOATBEPKACH CEKBEHHPOBAHUEM IO
Conrepy kionupoBanHbix [II[P-¢pparmentoB. J[lns 11 w3  3Tux  coObITHIA,
NPOAHATM3UPOBAHHBIX C IMOMOIIBIO IIyOOKOro cexkBeHupoBanus, [I1[P-ammmudukanms
HaJ 1eneBoi obnactero ¢ napoit npaiimepoB HT-18-162 mpsimotii (SEQ ID NO: 34) / HT-
18-112 (SEQ ID NO: 29) oOpaTHbIii, KJIOHUPOBaHHE U CeKBeHHpoBaHHE 1Mo CaHTepy
BBITTOJIHSUIOCH JJIs1 CyOreHOMHON XapakTepucTHKU. Ha 01HO coOBpITHE CEKBEHUPOBAIU OT
52 no 96 xioHOB. DTH HaHHBIE 0000MEHbI B TaOMUIE S ¥ TTOKA3BbIBAIOT, UTO PACTEHUS C
TOYHO OTPENAKTUPOBAHHBIM(H) aJlIeIeM(sSIMU ) Hallle BCETO COAEPIKAT TAK:Ke ajliesib(1) ¢
VMHCEPLIMOHHO-/IENICLIUOHHBIMU MYTaLUsAMH, TOJy4YEHHBIMU M3-32 HErOMOJOTHYHOIO

COEIMHEHUs] KOHLIOB, a MHOTAA TaKXKe ayjenb(u) AUKOro tuma. OTH pacteHus TO
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MEPEeHeCH B TETUTUIY JUIsl Pa3BelNCeHUs CeMsiH. PacTeHus U3 He3aBUCUMBIX COOBITUH C

TOYHBIM OTPCAAKTUPOBAHHBIM AJIJICJIEM B PAa3HbIX CY6FGHOMaX MOXHO CKpPCIINBAThb IJIsA

CO3JIaHMsI PACTEHMH C JKenaeMOH aMHHOKMCIOTHOW Monu(ukanuel, Hampumep, Bce 3

TOMEOJIOTHYHbIE KOIMHHU reHa aneTwii-KoA Kap6OKCI/IJ'IaSbI N HEKEJIATCIIbHBIC aJIJICJIN C

WHCEPLUUOHHO-ACICHHUOHHBIMU MYyTalUAMH, I[MOJYYCHHBIMU H3-3a HETOMOJIOTMYHOT'O

COCAUHCHM KOHIOB, YAAJIAKOTCA IMyTEM CeTrperall mOTOMCTBA.

Tabnuua 3. KonuuecTBO OTpegakTUPOBAaHHBIX NPOPOCTKOB aneTtui-KoA

kapOokcuasel 117811 ucxons u3 pe3yapTaToB penakTupoBaHus aHanuza [P

KoJs1-B0o oTAeLbHBIX

Kou-Bo
Kos-Bo MPOPOCTKOB, :p:lf:;:::;
Kon-Bo Kannycst TOTOAHUTEND | IPOBEPEHHUBIX B HOJI(??KHT(EJ‘[LHLIMI/I
IKcm. ’ Heix myjoB | xoae IIIP 2-ro
oomMOapaupoBa | pereHepupyo o pe3yJbTaram
Ne HHBLX e moGern | (WCTPEB B | PEAAKTHDOBAHH ILIP 2-ro
IMOpHOHOB PPTR MIP 1-ro | st (nosryuenmsie peraKTHPOBAHHS
peIaKTHPOB H3 KOJI-Ba
A 108 (mostyueHHbIE H3
AucTBeB*) KOJI-Ba ﬂy.ZOB
JIHCThEB *)

1 337 132 8 51(8) 16 (6)
2 326 172 17 62 (15) 28 (11)
3 415 111 15 66 (15) 12 (8)
4 322 177 9 33(8) 25(7)
5 350 107 16 49 (16) 19 (10)
6 329 166 7 25(7) 19 (7)
7 261 122 6 35(6) 13 (4)
8 361 244 9 42 (9) 21 (8)
9 362 279 8 31(8) 12 (8)

*KaKIbIA OTHENBHBIN MyJI TUCTHEB MOJYYEH U3 OAHOTO HE3PENIOro 3apObIlia




55

Ta6auna 4. ITpouent (%) TOYHO OTPEAAKTHPOBAHHBIX MPOYTEHHH B LIEIEBOM
nokyce auetmn-KoA-kapOokcunassl (ACCase [1781L) B oTmenbHBIX MPOPOCTKAX W3

HE3aBHCHUMBIX COOBITHH, OLIEHEHHBIX KaK MOJOXUTeNbHbIe 1o pesynbrataM [ILP 2-ro

penaKTUPOBAHMS
CexkBeHHpOBaHHE CJIeYIOLIEr0
MOKOJIEeHHsI HA OTAeJbHbIX noderax u3 | CexkBeHHu
He3aBHCHMBbIX COOBITHIH, MPU3HAHHBIX | poBaHHUe
MOJIO’KHTEJIbHBIMH 10 pe3yJibTaTaM no
Co0bITHE I[P 2-ro pexakTUpOBaHUSI CoaHrepy
Mpouent IMpouent
IleneBoe | oTpeaakTHp | NPOYTEHHH
Nnpo4TeHHe OBAHHBIX AUKOr0
NPOYTEeHHI THIIA
TMTAO0136-Ctrl0001-01$002 40709 0 99,78
TMTAO0131-0003-B01-045001 41239 27,75 0,05 X
TMTAO0131-0030-B01-025001 42137 20,53 0,07
TMTAO0131-0089-B01-015001 40069 16,78 53,99 X
TMTAO0131-0091-B01-015001 36830 23,25 17,63 X
TMTAO0132-0005-B01-025001 40995 9,19 51,37
TMTAO0132-0038-B01-013001 42379 8 59,05
TMTAO0132-0058-B01-025001 43429 21,39 0,05
TMTAO0132-0075-B01-0335001 50651 16,35 0,04
TMTAO0132-0079-B01-013001 40691 19,22 32,75 X
TMTAO0132-0082-B01-013001 102234 21,17 0,01
TMTAO0132-0083-B01-015001 44100 20,42 0
TMTAO0132-0084-B01-015001 34262 19,75 17,78
TMTAO0132-0130-B01-025001 28768 21,25 0,02
TMTAO0132-0138-B01-025001 34718 20,91 0
TMTAO0136-0013-B01-015001 42346 60,42 0 X
TMTAO0136-0039-B01-025001 41189 20,05 78,93 X
TMTAO0136-0055-B01-035001 33875 21,23 0,03
TMTAO0136-0081-B01-015001 49956 19,38 13,46
TMTAO0136-0108-B01-015001 51522 27,33 0,01 X
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TMTAO0136-0110-B01-015001 52048 16,69 0
TMTAO0137-0016-B01-025001 19342 17,06 14,67
TMTAO0137-0016-B01-045001 19125 16,88 14,27
TMTAO0137-0017-B01-03%5001 10598 17,42 14,87
TMTAO0137-0018-B01-043001 20526 16,23 15,17
TMTAO0137-0105-B01-013001 23270 4,62 72,13
TMTAO0137-0107-B01-013001 27218 18,93 21,18
TMTAO0137-0155-B01-013001 10940 25,43 0
TMTAO0138-0025-B01-035001 33577 19,53 16,75
TMTAO0138-0028-B01-015001 40346 16,09 0
TMTAO0138-0034-B01-015001 35875 30,22 0,07
TMTAO0138-0035-B01-015001 129047 31,98 0,01
TMTAO0138-0041-B01-015001 44938 18,35 0,02
TMTAO0138-0049-B01-015001 45611 21,59 0,04
TMTAO0138-0058-B01-035001 43272 16,53 12,43
TMTAO0138-0059-B01-025001 39400 24,16 17,8
TMTAO0138-0072-B01-045001 34732 20,41 11,3
TMTAO0138-0083-B01-015001 31915 14,98 12,2
TMTAO0140-0004-B01-045001 40316 22,64 0,02
TMTAO0140-0007-B01-013001 33213 17,7 23,4
TMTAO0140-0013-B01-033001 45408 20,8 0
TMTAO0140-0048-B01-013001 36021 65,03 3,94
TMTAO0140-0050-B01-013001 53818 32,57 0,04
TMTAO0143-0001-B01-013001 35829 24,15 0,03
TMTAO0143-0086-B01-015001 107131 34,64 0,05
TMTAO0147-0001-B01-025001 34822 11,36 18,7
TMTAO0171-0047-B01-025001 26724 11,18 31,67
TMTAO0171-0053-B01-013001 27004 12,49 23,24
TMTAO0171-0053-B01-035001 37877 11,17 26,94
TMTAO0171-0080-B01-025001 26062 7,11 45,67
TMTAO0171-0086-B01-035001 21361 15,46 0,01
TMTAO0171-0086-B01-05%5001 44053 16,87 20,33
TMTAO0171-0134-B01-025001 29626 9,21 0
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TMTAO0171-0220-B01-015001 29826 27,56 16,94
TMTAO0171-0220-B01-035001 35492 29,21 16,84
TMTAO0172-0001-B01-043001 37739 12,56 15,61
TMTAO0172-0180-B01-025001 36540 26,34 16,21
TMTAO0172-0180-B01-053001 43100 25,22 14,44
TMTAO0172-0183-B01-013001 39955 11,93 0,01

Ta6auna S. ['enoruner nokyca anetmi-KoA xapOokcumnaser B 11 pacrenusix TO
U3 HE3aBHCHUMBIX COOBITHH C TIOMOLIBIO CEKBEHHUpOBaHMs 1Mo CHHTepy KIOHHMPOBAHHBIX
¢parmentos III[P. TodHOe penakTHPOBAaHHE OTHOCUTCS K HAJIUYUI TOYHO
oTpelnakTHpoBaHHOrO  ajutenss  aueTwi-KoA  kapOokcmimasel ¢ JkejlaeMoi
AMUHOKHUCJIOTHOM 3aMEHOH U JOMNOJHUTENbHBIMH MOJYAIIUMU MyTalUsIMH B
COOTBETCTBUHU C yKazaHusmHu aoHopHor JIHK, uHCepUUOHHO-AenennoHHass MyTauus
OTHOCHUTCS K HaJW4YMI0 MyTalUuM H3-32 HETOMOJIOTMYHOIO COEAVHEHUs KOHIIOB, a
MOHATHE AUKUN TUI OTHOCUTCS K HAJIMUUIO HATUBHOM [TOC/I€0BaTeIbHOCTH aLeTui1-KoA
kapOoxcuasel qukoro tumna. Liudpe! nepen BbIpakeHUSIMHE «TOYHOE PEIAKTHPOBAHUEY,
«IUKUA THUIY», «UHCEPLUOHHO-NENELMOHHAs MYyTalus» YKas3blBalOT HAa 4YacTOTy, C

KOTOpOH ObUIM MAEHTU(PULMPOBAHBI 3TH 3 pa3HBIX BapuaHTa aiens anetuia-KoA

KapOOKCHIIa3HI.
CexBeHHpOBaHHE
cJieyomero CexBennpoBanue no Canrepy
ColObiTHE MOKOJICHHS
%
%o JAHKOI0
oTpen. |Tuma A B D
14 TouH.
TMTAO0131-0003- . N
B01-04$001 27.75 0.05 45 BctaBok | pea.; 25 HET NPOYTEHUHN
BCTaBOK
TMTAO0131-0089- 7 OT; 16 11 Toun. pen.; 11
B01-01$001 16,78 133.99 28 AT BCTaBOK BcTaBok; 6J[T
17 TouH.
TMTAO0131-0091- . ]
B01-01$001 23.25 17.63 29 BCTABOK pen.; 12 12 BcraBok; 12/1T
BCTaBOK
TMTA0132-0079- 19.22 3275 12 Toun. 9 BctaBok; 10 |18 BcraBok; 12
B01-01$001 ’ ’ pea.; 21 AT |AT BCTaBOK
TMTAO0136-0039- 11 Toumn. .
B01-02$001 20.05 |78.93 34 AT pex.: 24 JIT 1 TouH. pen.; 30 JIT
18 TouH.
TMTAO0136-0108- .
B01-01$001 27.33 0.01 pea.; 17 13 BcTaBok 18 BcTaBok
BCTaBOK
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21 TouH
TMTAO0138-0035- o 12 BCTaBOK;
B01-01$001 31.98 0.01 pea.; 17 20 BCTABOK 14 TouH. pen.
BCTaBOK
33 TouH
TMTA0140-0048- :
B01-01$001 65.03 3.94 28 BCTaBOK pea.; 6 15 Toun. pea.
BCTaBOK
TMTA0140-0050- |0 oo |00, 1‘; YO |7 roun. pen.; |14 voun. pen. 11
B01-01%$001 ’ ’ pea., 22 BCTaBKHU BCTaBOK
BCTAaBOK
14 TouHn. 19 TouH.
TMTA0143-0086- . .
B01-01$001 34.64 0.05 pexa.; 9 pen.; 15 23 BCTaBKU
BCTAaBOK BCTaBOK
TMTA0136-0013-
B01-018001 59 6.79 8 Toun. pea. |31 TouHn. pea. |13 BcraBok

IIpumep 3: 3aBucumoe OT roMoOJIOTHM TOYHOE PeJAKTHPOBAHHE I'eHOB JIsI
BBeaeHust mytaunu [1781L B ren anerun-KoA kap0okcuiia3pl alioreKcanjiouIHoH
MIIEeHUIbI ¢ MTOMOUIbIO ciapeHHoi HuKa3bl Cas9.

B cnepyrommx mnpumepax OINHCAHO 3aBUCUMOE OT TOMOJIOTMM TOYHOE
penakTupoBaHue TreHOB s BBeAeHus wmyrtauun [1781L B ren aunermn-KoA
KapOOKCHJIa3bl AJUIOT€KCAIUIONIHOW MIIEHHUIBI C MOMOIIBIO CriapeHHOW Hukas3bl Cas9.
Ucnonb3ys Hukasy Cas9 u ase crPHK, Begymue Hukasy SpCas9 k 2 caiiTaM-MULIEHSIM
(TS1, T2) B HETOCPENCTBEHHOM OIN30CTH APYT OT Apyra Ha MPOTHBOIOJIOKHBIX LETAX U
B HETIOCPEACTBEHHOM OJIM30CTH OT LeNeBOro kKopoHa anermi-KoA kap6okcunaser 11781
u noHopuoit THK, xenaemyro MyTtanuo MOXKHO 3()(heKTHBHO BBECTH B KOZOH-MUIIEHb.
bt moctpoen Bektop skcnpeccun Hukasbl Cas9 pBay02734 (SEQ ID NO: 3; SEQ ID
NO: 4). I[Iytem MyTauuu acrnapardHOBOW KHCJOTHI B ajlaHuH B mo3unuu 10 B moMeHe
RuvC (myTamust D10A) 6bi1a koo Hukaza Cas9 ObUT ONTUMU3UPOBAH IS MIIEHUIIBI U
HAXOAMJICS IO KOHTpoJieM npomoTtopa pUbiZm u tepmunaropa 3'35S. JIse crPHK Obutu
pa3paboTaHbl AJIs1 HALIEJIMBAHUS HA BCE KOITUH I'€HOB B 3 CyOreHomax mineHuns! A, B u
D u nns popmuposanmst 3'-nunkux koHos JIHK Ha 32 m.0., OXBaThIBAOIIUX LENEBOH
konoH. Bextop crPHK pBAY02528 (SEQ ID NO: 5) copep:kuT KacceTy Iuist SKCIIPECCUn
rPHK1, xoropast Hanpasnser Hukasy Cas9 1is co3gaHus pa3pbiBa OAHOLENIOYEUHOTO
pazpeiBa B mnocaenoBarelbHOCTH CTAGGTGTGGAGAACATACA-TGG uenesoro
caiita TS1. Bextop crPHK pBAY02531 conepxxur KkacceTy Uil 3KCIPECCUU
nocnenpoBatesbHOCTU CTCCTCATAGGCCCTAGAAT-AGG ueneBoro cabita TS2,
HauenenHoro Ha rPHK2. Jlonopnas JIHK pBAY02540 (SEQ ID NO: 14) Obuta

pa3paborana mist BBeneHus 2 3aMeH ocHoBaHull B kopoHne-mutienu (ATA ra CTC), uto
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npusesio k usmenenuto 117811 Ha ypoBue Oenka. Jlonopuast JIHK Bxirouaer ¢pparmMeHT
JTHK pasmepom 803 m.o. Triticum aestivum, cyorenom B copta Fielder, ren anerun-KoA
kapOOKCUIIa3bl, coaepKamuii kenaemyro myTtaiuo (3amena [1781L). Jlonopuas JIHK
TaK)K€ CONEP)KUT HEKOTOpble APYrHe MOJYallie MyTaluH, 4TOOBl MPEeNOTBPATUTh
npobaenue nounopuor JIHK u oTpenakTHpOBAHHOTO ajjieNisi ¢ JKeIaeMOW MyTauuei
(I1781L). CepaueBunnas nocnenosatenbHocTh U3 3 1.0. (CTC) B noHoproit [ITHK Obuia
(JTaHKUPOBAHA JIEBBIM M IMPABbIM FOMOJIOTHYHBIMH IjIedaMH JUTMHON okoyio 400 m.o.,
KOTOpbIE UACHTUYHBI MOCIEOBATENBHOCTAM aleTua-KoA kapOoKcHiIa3bl IUKOrO THIIA
cybreroma B.

Hespenbie 3aponbimid pasMepoM 2-3 MM OTHAENSJIM OT CTEPUIIU30BAHHBIX
kosockeB mineHuIpl copra Fielder u GombOapnupoBaii ¢ MCMOIB30BAHHEM CHCTEMBbI
noctasku yactur PDS-1000/He B cootBercTBUY ¢ onucarneM B Sparks and Jones (Cereal
Genomics (I'enomuka 3epHoBbIx Kynbryp): Methods in Molecular biology (Merons! B
Mounekysipaoit  buonorum), Tom 1099, rmasa 17). Ilnasmupy JIHK BekTopoB
pBAY02734 (aukaza Cas9) (SEQ ID NO: 3; SEQ ID NO: 4), pPBAY02528 (rPHK1)
(SEQ ID NO: 5), pBAY02531 (rPHK2), pBAY 02540 (nonopnas JJHK) (SEQ ID NO:
14) cmemanu ¢ mnasmunoit pIB26 (SEQ ID NO: 18). Bekrop pIB26 (SEQ ID NO: 18)
COIEP>KUT CIUTBIN TeH egfp-bar mox konTponem npomoropa 35S. Hespenbie sMOpHOHB,
noasepruuecs 60MOapIUPOBKE, TIOMECTUII B HECENEKTUBHYIO CPeAy Ui MHAYKLUU
KaJutyca Ha 1-2 Hepenu, 3aTeM NEepeMeCTIIIN B Cpeay IUlsl cenekiuu, coaepsxkamyio PPT,
nocyie 4ero ycroWuuBble K PPT kamnycel orOupanun W NepeHOCHSIM B Cpeay AJis
pereHepauuu 1jisi oOpa3oBaHHUsl MOOEroB, Kak oOnucaHo B nokymeHte Ishida et al.
(Agrobacterium Protocols (IIporokonbl ¢ ucnosib3oBaHueM Agrobacterium): Tom 1,
Methods in Molecular biology (Meronsl B Monekynsipaoit buonorun), Tom 1223, rnasa
15).

Bce pacreHus, KOTOpbIE pa3BIJIMCh M3 OIHOTO HE3PEJIOr0 3apOJbIIIa,
paccMatpuBaiu Kak enuHbiid nyj. 'enomayio JIHK skcTparupoBain u3 o0beTMHEHHBIX
B IyJ1 00pa3LOB JIHCTHEB U CKOHCTpyHpoBanu Hadop mpaiimepos (HT-18-113 Ilpsimoii /
HT-18-112 OGpatHsiii) 1uis crienuduyueckoi aMrin@ukanuy OTPeIaKTUPOBAHHOTO FeHa
anetni-KoA kapOoxcumnasel. IIpopocTku B cocraBe Iysia, KOTOPbIE AU OKUAAEMBIN
ITLP-dparmenT B 3T0# crieruduyeckoit I[P 1-ro penakTupoBaHus, 3aTeEM NEPEHOCUITH
B OT/ENbHBIE MPOOHPKH U JOMOJHUTENBPHO aHAIM3UPOBAIN TTOCPEACTBOM BBITIOJHEHUS
ILP ¢ ucnonb3oBanuem Hadopa npaiimepoB HT-18-113/HT-18-112 u nmyrem riybokoro

cekBeHUpoBaHus. Becero B 6 skcniepumenTtax 358, 423, 365, 355, 409 u 395 smOproHOB
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6ombapauposanu cmechro mazmunHon JJHK pBAY02734 (aukasza Cas9) (SEQ ID NO:
3; SEQ ID NO: 4), pPBAY02528 (rPHK1) (SEQ ID NO: 5), pBAY02531 (rPHK2),
pBAY02540 (nonopnas JIHK) (SEQ ID NO: 14) u pIB26 (SEQ ID NO: 18). B pamkax
9THUX 6 3KCIEepUMEHTOB ycToWumBble K (ochunoTpununy (PPT) perenepupyromue
KaJUTyChl OOETroB ObLIM MOJTy4eHbl U3 B 001el cioxkHoctu 195, 163, 192, 181, 268 u
190 He3penbix 5MOpuoHoB. Crieungpuyeckas aMIuTU(pUKaIFs OTPEAAKTUPOBAHHOTO T'eHa
anetun-KoA kapOokcunasbl HaOmonanacek B 13, 6, 44, 22, 21 u 22 o0beqUHEHHBIX B ITyJT
obpasuax nuctbeB. Cneunduueckas [TLP Broporo penaktupoBaHus Obuia MPOBEIEHA B
oOmeit ciioxkHOCTH Ha 45, 20, 258, 64, 94, 93 OTHENbHBIX PACTEHUSIX, MOTyYEeHHbIX U3 11,
5,39, 17, 16 u 20 nyi0B MPOPOCTKOB, OLIEHEHHBIX KAaK MOJOKUTEIbHBIE B PE3YJIbTATE
[P 1-ro penaktupoBanus. Crierudrueckast aMuTupuKaIys OTPEAAKTHPOBAHHOTO FeHa
anetnyi-KoA kapbokcunassl HaOmonanace B 22, 18, 93, 41, 18 u 35 otnenbHbIX nmoberax,
MOJTYYEHHBIX U3, COOTBETCTBeHHO, 11, 5, 33, 14, 12 u 17 nynos npopoctkos (Tabmuma
6). ITockoJIbKY Ka)KIIbIi MyJT MPOPOCTKOB OBLT MOJyYEH U3 OTHOTO HE3PEJIOTO 3apOIbIIIa,
BCE NPOPOCTKH, MOJYYEHHbIE M3 OJHOIO HE3PeNoro 3aponpima (IyJ MPOPOCTKOB),
paccMaTpUBAIOTCS KaK HE3aBUCHMOE OTPENAaKTUPOBAHHOE COOBITHE, XOTS 3/1€Ch HENb3s
UCKJIFOYUTbh, YTO MOXET OBITh HECKOJIBKO HE3aBUCHMBIX OTPEIAKTHPOBAHHBIX COOBITHI
MEXAy OTHEIbHBIMH NOOeramMy, MOJY4YeHHBIMH OT OJHOTO HE3Peoro >MOpHOHA,
OLICHEHHOI'O KakK MOJIOXKUTENbHBIA 10 pesyabraTtaM IIHP 2-ro pemaxtuposanusi. Ha
OJHOM pPAaCTEeHUH M3 KAXKAOTO COOBITHS, OLEHEHHOrO KaK IIOJIOKHTENIbHOE IO
pesynbratam [ILP 2-ro pemakTupoBaHMs, MPOBOAWIM TIyOOKOE CEKBEHHUPOBAHHE.
O0nacTh, OKPYIKAIOLIYIO MIPEAIoaraeMblil [eJIEBOH CaiT, aMITU(PUIMPOBAIA METOIOM
[P ¢ momumepa3oii Bricokoro kadecta Q5 (M0492L) ¢ nmomorbto BiokeHHO#H TTLP.
Jns 1-i TP ucnonb3oBanu napy npaiimepoB HT-18-162/ HT-18-112. Dtu npatimepsr
ObUIM pACTONIOKEHBI 3a TpenelaMyd ToOMOJIOTHYeckux ried npoHopuHoit JAHK mms
ammmndukannu  ¢pparmenta amuHON 1736 mo. [Jna Brnoxennoit I[P ¢ nenbro
amuukanuu  00JacTH pasmMepoM 386 TM.O. IJIsI CEKBEHHPOBAHHUS CIIEAYIOIIETO
MIOKOJICHUsI HCTIONIb30BaN mapy npaiimepos HT-18-048/ HT-18-053.

Mbl OLeHWIM YacTOTy peNakTHPOBAaHUs, pacCUUTaB IPOLEHT MPOUYTEHUI
MOCJIEIOBATENIBHOCTH, JEMOHCTPUPYIOLIUX HalW4he >KeJaeMOW MyTaluud B KOJOHe-
MHILIEHH, B BHJIE JOJIU OT OOIIEero Yucia mpouTeHuil. i naHHble 00001eHs! B Tadmie

7, rne s 57 MPOPOCTKOB, BCE M3 KOTOPBIX IOJIyYEHHbIE M3 HE3aBUCHUMBIX COOBITHH,

2

NIOKa3aHO 00lIee KOJIMYECTBO MPOYTEHHH, MPOLIEHT NMPOYTEHUH C JKenaeMol MyTauuei

(3amena I1781L), mporieHT mpoYTEeHUH ¢ KelaeMOoi MyTalluei 1 BCe MOJTYaIe My TallHH,
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npucytcreytouue B JIHK noHopa, U mpoueHT npouTeHuil JUKOro Tuma. JTU JaHHbIE
rIyOOKOro CEeKBEHHPOBAHMS IMOKA3aJIH, YTO OT OIHOTrO N0 4 ajuiesnell HaTUBHOTO IeHa
anetni1-KoA kapOokcuiasel B aJUIOr€KCAIUIOWIHON TMIIEHHIE COIEPKaT >KEIaeMyIo
3ameny [1781L. DTu paHHblE Takke IOKAa3bIBAIOT, YTO B PACTEHMSIX C JKEJIAeMOMU
AMUHOKHCJIOTHOW 3aMEHOH He Bcerja ObUIM BBEAEHBI BCE MOJYAIIME MyTalUU U3
penapauunonHoi JIHK. Mosuaiue MyTaluy pacrnosiarajuch BOKPYT LiesneBoro caira TS2
(rPHK2). Otu naHHBIE Takke TOKa3bIBAKOT, 4TO Okojio 50% (28/57) pacrenuii ¢
annenem(siMu) ¢ skenaeMbiM penaktupoBanuem (I11781L) He comep:kaT mpoYTEeHUil ¢
WHCEPLIMOHHO-/IENIELIUOHHBIMU MYTaLUsAMU, MOJyYEHHBIMH H3-32 HErOMOJOTHYHOIO
coequHeHUs KOHLOB. B ocrampHbix 50 % 4YHCIO MNPOYTEHUH C WHCEPLIMOHHO-
JENEUOHHBIMU MYTalUsAMU, TOJIYYEHHbIMH H3-3a HErOMOJIOTUYHOIO COEANHEHUs
KOHILIOB, MHOTJAa OBLIO OU€Hb HU3KWUM. M HampoTHB, NMPH HCIOJBb30BAHUHM HYKJIEA3bl
CRISPR/Cas9 Bmecto Hukassl CRISPR/Cas ot 98% no 100% coOpiTHii ¢ OTHUM WIH
HECKOJIBKUMH TOYHO OTPEAAKTUPOBAHHBIMH AJJIENISIMU TaK)K€ COIEpKaT ayuieib(u) ¢
MHCEPLIMOHHO-/IENIELIUOHHBIMU MYTaLUsMU, MOJyYEHHBIMU H3-32 HErOMOJOTHYHOIO
coenuHeHust KOHUOB (Tabmuua 4).

OtcyTcTBUHE ajutenel ¢ HHCePLMOHHO-/IEJIELINOHHBIMUA MYTaLlHsIMUA B COOBITHSIX C
TOYHO OTPEJAKTHPOBAHHBIMHU AJUIETISIMU C UCTIOJIB30BAHUEM HUKA3bl OOJIETIUT U3yUeHNE
5¢¢dexToB  AO3UPOBKM TPU  BO3ACHCTBUM HA  MPOU3BOAUTENBHOCTH  TOYHO
OTPEAAKTUPOBAHHOTO ayjiessi(eif), MOCKOJNBKY OAMH WJIM HECKOJBbKHX CyOreHOMOB
pacrenunii mmenunsl (A B, D), xoropbie sBistorcs romo3urotHbivu (HH),
remusurotbiMu (Hh) u pactenusimu qukoro tumna (hh), mjst TOYHOTO peaaKTHPOBAHUS
CTaHyT AOCTYIMHBI y>K€ B MOKojeHuu T1 st ganpHelinei OLeHKU MPOAYKTUBHOCTH.
Pactenus n3 He3aBHCUMBIX COOBITHI C TOYHBIM OTPENAKTUPOBAHHBIM AJJIEJIEM B Pa3HBIX
CyOreHOMax MOKHO CKPEIIUBATh AJIsi CO3MIaHUSI PACTEHHH C JKelaeMOi aMUHOKHUCIOTHOM

MoauduKanuen, HanmpuMep, BCe 3 TOMEOJIOTHYHBIE KOIIMH I'eHa IIeJIEBOrO T'eHa.
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Ta6mauna 6. KomumdectBo mpopoctkoB anetun-KoA xapOokcunaser 117811,

OTPCOAAKTUPOBAHHBIX 3a CHUET HCIIOJb30BaHUSA CHapeHbIOﬁ Huka3bpl Cas9 HCXOoOsd U3

PEe3yabTaTOB pefakTupoBanus aHanusa [1LP

Kon-Bo
OTAE/IbHBIX
Kon-so NPOPOCTKOB,
Koo NPOPOCTKOB,
Koj-Bo 01"BO NpPoBEPEHHBIX B MPH3HANHEIX
Dreen GoMBADIHDO Kannycsl, NOJIORUTELHBIX [ TLIP 2-ro MOJIOZKHTE/Ib HHIMH
Ne pAHp pereHepHupYyIHe | MyJI0B JIHCTHEB B A o pe3yJibTaTam
BAHHLIX no6eru PPTR MIP l-ro |PSAAKTHPOBANMA TP 2-ro
3MOpHOHOB (mosTyyeHHbIE H3
penaktTuposamms| © | PeAAKTHPOBAHHS
J'lI/ICTBeZ %) (moJsry4eHHbIE H3
KOJI-BA IYJIOB
JINCThEB *)
1 358 195 13 45 (11) 22(11)
2 423 163 6 20 (5) 18 (5)
3 365 192 44 258 (39) 93 (33)
4 355 181 22 64 (17) 41 (14)
5 409 268 21 125 (19) 18 (12)
6 395 190 22 118 (22) 35 (17)

Ta6auna 7. IIpouent (%) TOYHO OTPEAAKTHPOBAHHBIX MPOYTEHHH B LIEIEBOM

nokyce auetmn-KoA-kapookcunassl (ACCase [1781L) B oTaenbHBIX MPOPOCTKAX M3

HE3aBHCUMBIX COOBITHH, OLIEHEHHBIX KaK MOJOXUTeNbHbIE 1O pesynbrataM [ILP 2-ro

penaKTUPOBAHUS
CexBeHHpPOBaHHE CJIEAYIOUIEr0 TMOKOJIEHUSI HA
OTAEJBbHBIX MO0Erax M3 HE3ABHCHMBIX cO0bITHH, [K0J1-BO
NPU3HAHHBIX NMOJIOKHTEIbHBIMH IO PE3yJIbTATAM [npoYTeH
P 2-ro penakTupoBaHusi Uil ¢
IIpouent HHCepPUH
CoObITHE [pouent OTpeaaKTHP OHHO-
OTPEedAKTH]P OBAHHBIX %  [neyenuo
IMeneBbie
OBAHHBIX I>L + Bce JHKOr0 [HHBIMH
NPOYTEeHHUs!
NMPOYTEHUI | MPOYTEHHs ¢ | THNA [::yTaunﬂ
I>L MoOJTYAlIeH "
MyTanuen
TMTA0252-0018-B01-01$001 22708 31,72 0 29,17
TMTA0252-0020-B01-03$001 58416 14,89 14,29 40,9
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TMTA0252-0022-B01-045001 52965 23,84 0 71,26
TMTA0252-0038-B01-015001 54433 21,98 21,04 56,1

TMTA0252-0072-B01-035001 53496 18,55 0 76,46
TMTA0253-0060-B01-015001 37901 17,46 16,66 73,37
TMTAO0254-0001-B01-035001 53446 29,83 27,68 65,81
TMTA0254-0002-B01-013001 51254 18,46 0 76,5

TMTA0254-0009-B01-0235001 56029 41,18 21,06 53,65
TMTA0254-0010-B01-035001 51141 41,01 20,72 53,37
TMTA0254-0045-B01-013001 39511 21,12 19,94 73,14
TMTA0254-0054-B02-015001 41727 20,19 0 72,78
TMTA0254-0068-B01-015001 43282 15,66 0 56,99
TMTA0254-0070-B01-015001 17115 24,29 23,32 69,83
TMTA0254-0071-B01-05%001 41360 17,06 16,02 76,96
TMTA0254-0080-B02-035001 29495 12,81 0 472

TMTA0254-0082-B01-015001 40045 15,96 0 51,4

TMTA0254-0087-B01-015001 40672 18,24 0 76,34
TMTA0254-0105-B01-025001 42879 22,12 21,27 47,7

TMTA0254-0110-B01-015001 42238 20,13 0 75,73
TMTA0254-0111-B01-015001 42935 45,59 24,6 51,26
TMTAO0254-0120-B01-013001 36683 18,94 18,13 51,47
TMTA0254-0120-B01-073001 39382 17,6 16,9 51,12
TMTA0254-0132-B01-03%001 39999 38,98 37,3 54,96
TMTA0254-0139-B01-033001 43059 41,63 31,03 35,57
TMTA0255-0073-B01-013001 42027 13,74 0 81,48
TMTA0255-0080-B01-015001 43476 63,73 36,67 26,9

TMTA0255-0098-B01-015001 48254 18,38 0 52,77
TMTA0255-0110-B01-013001 38849 30,94 0,17 64,5

TMTA0255-0112-B01-03%5001 48472 26,23 25,19 51,21
TMTA0255-0133-B01-015001 1890532 23,83 232 24,45
TMTA0257-0104-B01-025001 640098 13,8 0 62,47
TMTA0252-0078-B02-015001 76441 14,87 14,17 36,79
TMTA0252-0109-B01-015001 69453 21,27 20,2 72,85
TMTA0252-0142-B01-015001 71863 20,43 19,62 47,18
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TMTA0252-0156-B01-025001 65565 15,87 0 78,3
TMTA0254-0177-B01-013001 67618 15,35 14,35 60,98
TMTA0254-0186-B01-075001 67449 28,60 28,11 14,79
TMTA0254-0187-B01-045001 70634 21,63 20,46 71,54
TMTAO0255-0012-B02-035001 74277 19,47 18,54 52,18
TMTA0255-0040-B01-013001 64076 21,02 0 74,27
TMTA0255-0061-B01-013001 69062 21,75 20,54 72,68
TMTA0257-0040-B01-083001 69229 13,99 13,37 58,78
TMTA0257-0074-B02-013001 72358 11,77 11,07 70,52
TMTA0257-0133-B01-0635001 71008 13,93 13,35 57,74
TMTA0257-0169-B01-025001 73796 4,42 4,2 90,43
TMTA0257-0208-B01-025001 65922 20,94 19,58 75,39
TMTA0258-0019-B01-025001 67969 13,19 0 38,41
TMTA0258-0044-B01-055001 66375 21,75 21,26 32,46
TMTA0258-0051-B02-025001 66099 13,93 13,21 80,61
TMTA0258-0079-B01-015001 68208 15,94 0 56,84
TMTA0258-0084-B01-045001 32557 21,81 20,68 70,33
TMTA0258-0105-B01-015001 70097 18,99 18,09 73,83
TMTA0258-0111-B02-035001 66455 29,7 28,29 65,05
TMTAO0258-0161-B01-013001 69256 22,16 20,87 71
TMTAO0258-0166-B01-073001 69820 21,65 20,31 72,56
TMTA0258-0170-B02-05%001 74311 13,72 0 69,3

IIpumep 4: 3aBucumoe OT roMoOJIOTHH TOYHOE PeJAKTHPOBAHHE I'€HOB JIsI
BBeJIEHHA MYTALUH A2004V B reH anerni-KoA KapOoOKCHIA3BI
AJUTOreKCANJIOHIHON MIIeHHIbI C MOMOIIbI0 HyKJIea3bl Cas9.

Hcnone3ys nykieasy Cas9 u komOunauuto rPHK/nonoproit JIHK, npomenmyro
NpeABApUTENbHBI CKPUHMHI Ha €€ CIOCOOHOCTh K moreHuuambHoMy HR-
OMOCPEIOBAHHOMY TOUYHOMY PEJAKTHUPOBAHUIO N€HOB B AJNIONE€KCAIIONIHON MIIEHMULIE,
KaK OINMCAHO B puMepe 1, Mbl BOCCTAHOBUJIM OTPEAAKTUPOBAHHbIE PACTEHHUS MIIEHULIBL,
UMEIOIINE >KETAEMYI0 aMUHOKHCJIOTHYIO 3aMeHy A2004V B OIHOM MM HECKOJBKHUX
annensx resa auetmi-KoA kapOokcunasel, ¢ nomombio HR-onocpenoBansoro nonopa

LeneBoro paspeia apyxuenodeyHon JHK u mocpencTBoM HempsiMOM CENEKLMU Ha




65

ycroitunBoctb K PPT. Bextop crPHK pBAY 02524 (SEQ ID NO: 10) conepxut xaccety
nns sxenpeccun TPHK, koropas nHanpasisier Hykieasy Cas9 s co3maHusi paspsiBa
asyxuenoudeunoit JIHK B mocnenosarenpHocTH TSTTCCTCGTGCTGGGCAAGTC-
TGG uenesoro caiira TS, pacnosiokeHHON HENOCPEACTBEHHO Mepea KOAOHOM-MULIEHBIO
GCT. Jouopnas JTHK pBAY02536 (SEQ ID NO: 16) Obina pazpaborana ajst BBEASHUS
2 3ameH ocHoBaHuii B komoHe-mumeHu (GCT Ha GTC), 4ro mpuBeno K U3MEHEHHIO
A2004 na yposae Oenka. Jlonopuast JJHK Bxrouaer ¢pparment JIHK pasmepom 787 m.o.
Triticum aestivum, cybreHom B copra Fielder, ren anermn-KoA xkapOokcumassl,
conepsKanii xxenaemyro mytanuto (3amena A2004V). Jlonopuast JIHK Takske comepsxkur
HEKOTOpBIE IPYTHe MOJYAIINE MYTALlHH, YTOObI MPENOTBPATHTb APOOJIEHHE JOHOPHON
JTHK u oTpenakTUpOBaHHOTO ajutesisi ¢ skefaemMoi myTanuen (A2004V). CepnueBuHHas
nocienosatesnbHOCTh U3 3 1.0. (GTC) B nonopnoii JIHK Opina praHkupoBaHa JeBBIM U
MPaBbIM TOMOJIOTMYHBIMHU IUJIEYaMHU JJUHOW OKOJO 390 m.0., KOTOpble WAEHTUYHBI
NocJIenoBaTeNIbHOCTAM aneTii-KoA kapOokcunasbl Tukoro Tuna cyorenoma B.

Hespenbie 3aponbimy pasMepoM 2-3 MM OTHEISUIM OT CTEPUIN30BAHHBIX
kosiockeB mueHunbl copra Fielder u GombapnupoBaii ¢ MCTIOIB30BAHHEM CHCTEMBbI
noctasku yactury PDS-1000/He B cootBercTBuu ¢ onucanueM B Sparks and Jones (Cereal
Genomics (I'enomuka 3epHoBbix Kynbryp): Methods in Molecular biology (Metoznsr B
Monekymsipaoit buonorun), tom 1099, rmasa 17). Ilmasmugnyro JIHK BexTopoB
pBAY02430 (nykneaza Cas9) (SEQ ID NO: 1; SEQ ID NO: 2), pBAY02524 (rPHK)
(SEQ ID NO: 10), pPBAY02536 (monopnas JIHK) (SEQ ID NO: 16) cmemamu ¢
mwiazmunoit pIB26 (SEQ ID NO: 18). Bexrop pIB26 (SEQ ID NO: 18) conep:KuT CIUTBIH
ren egfp-bar moxg xoHTposem mpomoropa 35S. Hespenbie SMOpPHOHBI, MOABEPTIINECS
O6omOapaupoOBKEe, TOMECTHIIM B HECEJIEKTHUBHYIO CPedy Ui MHAYKLHUU Kajulyca Ha 1-2
HEeJleNU, 3aTeM MEPEMECTUNIU B Cpeny s cenekuuu, coaepskamyro PPT, mocne dero
ycroiunBeie kK PPT kamtycel oTOMpany U MepeHOCHIH B CPeAy UIsl pereHepaluu s
oOpazoBaHus MoOEroB, Kak onucaHo B fokymeHTe Ishida et al. (Agrobacterium Protocols
(ITporokonsl ¢ ucronb3oBanueM Agrobacterium): Tom 1, Methods in Molecular biology
(Metons! B Monekynsipaoit buonorun), Tom 1223, rnasa 15).

Bce pacreHus, KOTOppIe pa3BIJIMCh M3 OJHOTO HE3PENIOr0 3apOIbIIIa,
paccmarpuBau Kak enuHbiid myi. ['enomuyro JIHK skctparupoBanu 3 0ObeIMHEHHBIX
B TyJ1 00pa3lOB JIMCTbEB U CKOHCTpyHpoBaiu Habop mpaiimepos (HT-18-101 IIpsmoii
(SEQ ID NO: 25)/ HT-18-102 Ob6parnsbiit (SEQ ID NO: 26)) nnsa cnenuduueckoit

amMIupUKauyu OTpeNakTUpOBaHHOrO reHa auetwi-KoA kapOokcunassl. IIpopoctku B
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cocrase TyJia, KoTopble nanmu oxkunaemblii IILP-pparmenT B 3T0i crienududeckoii TP
l-ro penakTupoBaHMs, 3aT€M MEPEHOCHIIN B OTAEIbHbIE MPOOUPKU U JOTOJHUTEIBHO
aHaTM3UpOBaNu nocpeacTsoM BoinonHeHus [P ¢ ncnonb3oBannem Habopa npaiMepoB
HT-18-101 IIpsamoii (SEQ ID NO: 25)/ HT-18-102 O6patnsiii (SEQ ID NO: 26) u nytem
riaybokoro cekBeHnpoBaHus. Beero B 4 sxcniepumenrax 382, 424, 401 u 375 sMOproHOB
6ombapauposanu cMechro miasmunHon JTHK pBAY02430 (nykineaza Cas9) (SEQ ID
NO: 1; SEQ ID NO: 2),(SEQ ID NO: 1; SEQ ID NO: 2), pPBAY02524 (rPHK1) (SEQ ID
NO: 10), pPBAY02536 (nonopuas AHK-1) u pIB26 (SEQ ID NO: 18). B pamkax 3tux 4
SKCIIEPUMEHTOB ycToiuuBble K ¢ochunorpuuuny (PPT) perenepupyrouiie Kaaycel
noberoB ObutH TONy4eHbl W3 B oO0mmiei cioxHoctu 107, 326, 341 u 300 He3penbIx
sMOpuoHOB. Crierududeckasi amrunuKanus OTPETaKTUPOBAHHOTO TeHa aneTui-KoA
kapOokcuasel Habmoxanacek B 2, 28, 7 u 5 00beqUHEHHBIX B MyJ oOpa3Lax JHCTHEB.
Crnemnduueckas TP 2-ro penakTupoBanus OblUia MpoBeAeHa B OOIIEH CIOKHOCTH Ha
14, 259, 29 n 40 oTnenbHBIX PaCTEHUSIX, MONYYEeHHBIX U3 2, 27, 6 1 5 myJI0B NPOPOCTKOB,
OLIEHEHHBIX KaK IOJIOKUTeNbHbIe B pesynbrate IILIP 1-ro pemaktmpoBanus, u
cneundpuveckas aMI(puKanys OTpeJaKTHPOBAHHOTO reHa aneTii-KoA kapOokcumnasel
HaOmoanack B 7, 58, 7 1 7 OTHEIbHBIX MPOPOCTKAX, MOJTYyUYEHHBIX U3, COOTBETCTBEHHO,
2, 23, 3 u 6 nynos npopocTtkoB (Tadmuma 8). ITockonbky Kaxabli MMyJ1 IPOPOCTKOB OBLI
NOJIy4€H W3 OAHOTO HE3PENOro 3apoAblilla, BCE MPOPOCTKH, MOJYYEHHbIE U3 OJHOTO
He3pesioro 3apopipiua (MyJ NPOPOCTKOB), PAaCCMATPHBAIOTCS KaK HE3aBHCHMOE
OTPeNAaKTUPOBAHHOE COOBITHE, XOTA 3l1eChb HENb3s HCKIIOYUTb, YTO MOXET OBbITh
HECKOJIbKO HE3aBUCUMBIX OTPEIaKTHPOBAHHBIX COOBITUI MEKAY OTIEIbHBIMH ITOOETraMH,
TIOJIY4€HHBIMU OT OJTHOTO HE3Pesioro 3MOPHOHA, OLEHEHHOTO KaK IMOJIOKUTEIbHBIN 10
pesyabratam [P 2-ro penakrupoBanus. Ha pacTeHHsX M3 HE3aBUCHUMBIX COOBITHIA,
OLIEHEHHBIX KaK TNOJOXHTEeNbHbIE TO pesynbratram [P 2-ro penaktupoBaHus,
npoBoawnu riyookoe cexkBeHuposanue. st 1-it TP ucnonp3oBanu napy npaiMepoB
HT-18-101 (SEQ ID NO: 25)/ HT-18-110 (SEQ ID NO: 27). Otu npaiimepsl ObuH
pPacmojio’KeHbl 3a MOpeneiaMu roMmojorudeckux miaed aoHopHod JHK s
ammmndukanuu  ¢pparmenta amuaod 1313 mo. s BnoxkenHo# IIHP ¢ uenbro
ammndukanuu obmactu pazMepoM B 348 1.0. AN CEKBEHHUPOBAHMS CIENYIOLIETO
MIOKOJIEHUs HCTonb3oBan napy npaiimepo HT-18-051 (SEQ ID NO: 20)/ HT-18-054
(SEQ ID NO: 22). DT naHHbIe MOKA3aJI1, YTO HAM yJAJIOCh BOCCTAHOBHUTH PACTEHUS C
OOHUM WJIM JIByMs aJUleIIMH, TOYHO OTPENAKTUPOBAHHBIMH C  JKEJaeMOH

aMUHOKHCIOTHOH 3ameHol A2004V (Tabmuma 9).
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Tabauua 8.
Koa-Bo
Kou-80 OTIeJbHbIX
MPOPOCTKOB,
MPOPOCTKOB,
Koa-Bo NPH3HAHHBIX
Koua-Bo Kanuaycel, NPOBEePEeHHBIX B
MOJIOKHUTEJTbHBIX MOJIOKHUTEJIbHBIMH
JKen.| 6oMOapaANpPOB] pereHepupyH xoae ITIP 2-ro
MyJI0B JIUCTBEB B M0 pe3yJibTaTaM
Ne HHBIX mue noderu PeaaKTHPOBAHHUS
R P 1-ro P 2-ro
3MOpPHOHOB PPT (mosry4yeHHbIe U3
peIaKTHPOBAHHUSA peIaKTHPOBAHUS
KOJ1-BAa MYJIOB
. (mosry4yeHHbIE U3
JINCTHEB )
KOJI-BA IYJIOB
JINCTHEB ™)
1 382 107 2 14 (2) 7(2)
2 424 326 28 259 (27) 58(23)
3 401 341 7 29 (6) 7(3)
4 375 300 5 40 (5) 7(3)

Ta6auna 9. ITpouent (%) TOYHO OTPEAAKTHPOBAHHBIX MPOYTEHHH B LIEIEBOM

nokyce anetni-KoA-kapbokcunaszsl (ACCase A2004V) B OTHEeNbHBIX MPOPOCTKAX U3

HE3aBUCHUMBIX COOBITHH, OLICHEHHBIX KaK MOJIOXKHUTeNbHbIe 1o pesynbratam [P 2-ro

penakTHPOBAHMS
CexkBeHupoBaHHe CJ1eAYIOLIEro MOKOJIEHHUSI
HA OTJeJIbHBIX 00erax u3 He3aBHCHMbIX
cOOBITHIl, NPU3HAHHBIX MOJ0KHTEIbHBIMHU
no pesyabratam IIIP 2-ro
CobbITHE PeraKTHPOBAHUSA
IIpouent IIpouent
[eneBbie | oTpesakTHpOBa | MPOYTEHH
NPOYTEeHHUsI HHBIX Wl 1UKOro
NPOYTEeHUI THIIA
TMTAO0166-0005-B01-0635001 55817 10,79 0,09
TMTAO0170-0097-B01-0735001 51820 16,32 51,08
TMTAO0170-0118-B01-09%001 54705 14,06 0,08
TMTAO0170-0119-B01-025001 48846 18,39 0,15
TMTAO0166-0134-B01-025001 52468 16,34 32,31
TMTAO0167-0135-B01-055001 56139 14,72 13,36
TMTAO0167-0150-B01-013001 53638 14,27 13,11
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TMTAO0167-0152-B01-083001 47913 40,21 0,04
TMTAO0167-0164-B01-05%5001 44855 13,76 10,3
TMTAO0167-0163-B01-045001 56177 15,62 39,62
TMTAO0167-0247-B01-035001 53868 19,72 33,08
TMTAO0167-0235-B01-013001 48851 9,16 63,89
TMTAO0167-0100-B01-043001 59993 12,71 48,52
TMTAO0167-0188-B01-025001 53936 13,45 17,07
TMTAO0167-0124-B01-09%001 55733 2,97 67,63
TMTAO0167-0140-B01-025001 51273 1,93 77,74
TMTAO0167-0102-B01-035001 57154 24,86 31,89
TMTAO0167-0211-B01-025001 51305 64,06 0,01
TMTAO0167-0191-B01-093001 56996 22,33 26,19
TMTAO0167-0214-B01-083001 42659 14,99 37,49
TMTAO0167-0213-B01-015001 59588 10,25 23,7

IIpumep S: 3aBucuMoe OT roMoOJIOTHM TOYHOE PeJAKTHPOBAHHME I'€HOB JIsl
BeaeHuss mytauuun ALSWS48L. B  ren  aumeronakrarcuHTasel  (ALS)
AJVIOreKCANJIOHIHOH MIIEeHHIbI C NOMOIIbI0 HyKJea3bl Cas9.

Hcnonb3yst vHykneasy Cas9 u komOunauunto rPHK/nonopnoii JIHK, npomenmyro
NpefBapUTENbHbI CKPUHMHI Ha €€ CHOCOOHOCTh K mnoTeHnuanpHomMy HR-
OMOCPEOBAHHOMY TOYHOMY PEIAKTUPOBAHMIO N€HOB B AJUIONE€KCAILUIOMIHOMN MUICHULIE,
KaK OINHMCAHO B MpuMepe 3, Mbl BOCCTAHOBUJIN OTPEAAKTHPOBAHHBIE PACTEHUS MIIIEHULIBI,
HMEIOLIME KETAEMYI0 aMUHOKHUCJIOTHYIO 3aMeHy WS548L B OOHOM MM HECKOJIBKUX
alyensx TeHa aleToJaKTaTCHUHTas3bl, ¢ mnomolnpto HR-omocpenoBanHoro moHopa
LeneBoro paspeiBa ApyxuenodeyHoil JIHK u mocpenctBoM HenpsMON CeNeKUUMU Ha
ycroitunBocth K PPT. Hamu Opwio BeIsiBIEHO 2 noaxopsumx Bekropa crPHK. BekToper
crPHK pBAY02524 pBAY02533 (SEQ ID NO: 11) m pPBAY02535 (SEQ ID NO: 12)
conep:kat kaccery mis skcrnpeccun rPHK, xoropas nanpasisier Hykneasy Cas9 nns
co3naHus paspbiBa AByxuenodeyHoi JIHK B mocnenoBarenbHOCTSAX, COOTBETCTBEHHO,
GAACAACCAGCATCTGGGAA-TGG u ATCTGGGAATGGTGGTGCAG-TGG
nenesoro caiira TS. Jlonopnas JITHK pBAY02542 (SEQ ID NO: 17) Obuna pazpadorana
1l BBeieHus 2 3aMeH ocHoBaHHM B konoHe-MumeHu (TGG na CTC), uro mpuseno

usmeHeHnro W548L Ha yposHe Oenka. Jlonopnas JIHK Bxmrowaer ¢parment JIHK
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pasmepom 803 m.o. Triticum aestivum, cybreaom D copra Fielder, ren
alleTOJIAKTATCHHTA3bI, COepIKaIuil skeaaeMyo Mytauuto (3amena W548L). JlonopHas
JHK Taxcke conep>KUT HEKOTOpbIE APYrue MOJYAIlNe MyTalUH, YTOOBI IPEIOTBPATUTD
npobnenne noHopuoi JIHK u oTpenakTHpOBaHHOrO ajuienisi ¢ JKeJaeMOW MyTaruen
(W548L). Cepauesunnas nocnenosarenbHocTs u3 3 1m.o. (CTC) B nonopHoii JIHK Obina
(pmaHKUpOBaHA JIEBBIM U MPABBIM TOMOJIOTUYHBIMH TUIEHYaMHU JJIHHON okoyio 400 m.o.,
KOTOpbIE HICHTUYHBI IOCIEIOBATEIBHOCTSIM aLETOJAKTATCUHTA3bl JUKOrO THIIA
cybreroma D.

Hespenbie 3aponbimii pasMepoM 2-3 MM OTHENSJIM OT CTEPUIIU30BAHHBIX
kosiockeB mineHupl copra Fielder u GombGapnupoBaiiv ¢ UCHONB30BAHUEM CHCTEMBI
noctasku yactury PDS-1000/He B cootBercTBUY ¢ ontucanneM B Sparks and Jones (Cereal
Genomics (I'enomuka 3epHoBbIX KynbTyp): Methods in Molecular biology (Merone! B
Monexynsipaoit buonornm), Tom 1099, rmasa 17). Ilmasmupnayro JIHK BexTopos
pBAY02430 (nykneaza Cas9) (SEQ ID NO: 1; SEQ ID NO: 2), pPBAY02533 (rPHK)
(SEQ ID NO: 11) unmu pPBAY02535 (rPHK) (SEQ ID NO: 12), pPBAY02542 (nonopHas
JHK) (SEQ ID NO: 17) cmemanu ¢ masmunoii pIB26 (SEQ ID NO: 18). Bexrop pIB26
(SEQ ID NO: 18) comepsxkut cnutblii reH egfp-bar mox xkonTposem mpomoropa 35S.
Hespenbie sMOpuoHbl, nmoasepriirecs OOMOapANPOBKE, TOMECTUIIN B HECENEKTUBHYIO
cpeay I MHAYKIMM Kaulyca Ha 1-2 Henmenw, 3aTeM IEpPEeMEeCTHNIM B Cpeny AJis
cenekuuy, copepkamyo PPT, mocne uwero ycroiuuseie k PPT kamnycsl orOupanu u
NEePeHOCWIN B Cpeny IUIsl pereHepanuu myisi oOpa3oBaHMs MOOEroB, KaK OIMUCAHO B
nokymente Ishida et al. (Agrobacterium Protocols (ITpoTokoJbl ¢ HCMOJIB30BAHHEM
Agrobacterium): Tom 1, Methods in Molecular biology (Metoael B MoJeKyJsipHOM
buonorun), Tom 1223, rnasa 15).

Bce pacrenusi, koTopple pa3BUJIMCh W3 OJHOTO HE3PENOro 3apojbllla,
paccmatpuBanu kak enuHbii myn. ['enomuyro JIHK skctparupoBanu u3 oO0beIMHEHHBIX
B TyJ1 00pa3loB JIHCTBEB M CKOHCTpyHpoBaiu Habop mpatimepos (HT-18-135 Ipsmoii
(SEQ ID NO: 32) / HT-18-136 O6patuseii (SEQ ID NO: 33)) mnsa cnenuduueckoit
aMITUHUKaINK OTPEJAKTHPOBAHHOTO F'eHa alleToNAKTaTCHHTAa3bL. [IpopocTku B cocTaBe
nyja, kotopele nanu oxxkumgaembiid [1LP-¢pparment B sToii cneruduueckoii TP 1-ro
PENAKTHPOBAHUS, 3aTeM NEPEHOCWIM B OTAEIbHbIE NPOOHPKU M  JOIOJHHUTEIHHO
aHaTM3UpPOBaIN nocpencTsoM BeinoHeHus [ILP ¢ ncnonb3oBaHneM mapel mpaiMepos
HT-18-135 Ipsimoii (SEQ ID NO: 32) / HT-18-136 O6parnsiii (SEQ ID NO: 33) u nytem

riyOoKkoro cekBeHupoBaHusi. Beero B 4 sxcnepumenrax 325, 467, 385 u 339 sMOpruoHOB



70

6ombapauposanu cvecero maasmunHon JJHK pBAY02430 (mykneasa Cas9) (SEQ ID
NO: 1; SEQ ID NO: 2), pPBAY02533 (rPHK) (SEQ ID NO: 11) unun pBAY02535 (SEQ
ID NO: 12) u pPBAY 02542 (nonopuas /IHK) (SEQ ID NO: 17) u pIB26 (SEQ ID NO:
18) B pamkax sTux 4 »3KCIEepUMEHTOB ycroiumBble k (ochunorpuuuny (PPT)
pereHepupyroLIe Kalychl MOOeroB ObLIM NOJNy4YeHbl M3 B OOINEH CIIOKHOCTH,
COOTBETCTBEHHO, 235, okoyo 258, 112 u 164 He3penbix 3MOproHOB. Crnienuduyieckas
amruiUKaIvs OTPEIAKTUPOBAHHOTO M'eHa alleTOIaKTaTCHHTAa3bl HaOronanacey B 10, 11,
3 u 4 oOvenmHeHHBIX B myn oOpasuax JjuctbeB. Creruduueckas I[P 10-ro
penakTupoBaHMs ObLIa MpOBeAeHa B 00Iel CiokHOCTH Ha 53, 71, 27 u 13 oTaenbHbIX

pactenusix, nonydeHHblx u3 10, 11, 3 u 3 nynoB NPOPOCTKOB, OLEHEHHBIX Kak

)
noyioskutenbHble B pesynbrate IIIP 1-ro pemaktupoBanms, u crneuuduyueckas
amruTi(UKaIs OTPEJAKTUPOBAHHOTO MeHa alleTOJIaKTaTCHHTA3bI HaOFoAanace B 14, 25,
12 u 4 oTHenbHBIX NPOPOCTKAX, MOJYYEHHBIX U3, COOTBETCTBEHHO, 4, 7, 3 u 2 mynos
npopoctkoB (Tabmuua 10). Ha psige pacTeHuil U3 HE3aBUCHMBIX COOBITHIA, OLIECHEHHBIX
KaK MOJIOKUTENTbHBIE 1O pe3ynbratam [ILP 2-ro penakTrupoBaHus, MpOBOAMIIN TITyOOKOE
cexBeHnposanue. /s 1-i I[P ucnonb3oBanu napy npaiimepos HT-18-130 (SEQ ID
NO: 31) / HT-18-136 (SEQ ID NO: 33). Otu npaiimepsl ObUIM pPacHoOJOXKEHbI 3a
npeaenamMu romosiorndeckux rmied noHopHo JHK nns ammmdukamum ¢parmenra
nuHo# 1278 m.o. {nsa snoskennoit TP ¢ uensto ammudukanym o61acti pasmMepom B
320 n.0. AJ CEKBEHUPOBAHUS CIEAYIOIIEro MOKOJEHUs UCTIOIb30BAIN NIapy MpaiiMepoB
HT-18-065 (SEQ ID NO: 23)/ HT-18-066 (SEQ ID NO: 24). OTu naHHble MOKa3aJH, 4TO
HaM yJajoCb BOCCTAHOBUTb pACTE€HUs C OIHUM WIHW JABYMs QJJIEJSIMH, TOYHO
OTPENAKTUPOBAHHBIMU C KE€JIa€MON aMMHOKHCJIOTHOHN 3ameHoit W548L. IIpopoctku ¢

MPOIIEHTOM TOYHOTO peAakTHpoBaHusi Hike 10% CUMTAIOTCS XUMEPHBIMU (HAIIPHMED,

TMTAO0158-0107-B01-01$001, TMTAO0183-0055-B01-01$001) (Tabnuua 11).
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KonnuecTtBo

OTPEAAKTUPOBAHHBIX

IPOPOCTKOB

aneronakrarcuHTasbl W548L ucxons us pe3yabTaToB pefakTupoBanus aHanusa [1L[P

Koa-Bo
Koun-Bo Koa-so nog(}:;ﬂ::mb:;
= ’
Koi-80 Kanuycel, | mojo:xkurebH n;(?:;;):;:::; s NPU3HAHHBIX
Swcn| Gouapaupo | TPy | e | G g | resemeen
Ne BAHHbBIX HoGer TP 1-ro PeAAKTHPOBAHMS ?Iﬂ)i’ 7-ro
3MOpHOHOB (mosry4yeHHbIe U3
PPTR peaakTupoBa KOJ1-BA Y.J10B peaaKTHPOBAHMS
HUSA AHCTeB*) (moJiy4eHHbIE U3
KOJI-Ba MYJIOB
JINCThEB ™)
1 325 ~285 10 53(10) 14(4)
2 467 ~308 11 71 (11) 35(7)
3 385 112 3 27 (3) 12(3)
4 339 164 4 13 (3) 4(2)

Ta6auna 11. Ilpouent (%) TOYHO OTPENAKTUPOBAHHBIX MPOYTEHUI B TEHE

aneronakrarcunTazbl (ALS WS548L) B OTHenpHBIX NPOPOCTKAX W3 HE3aBHCHMBIX

COOBITHH, OLIEHEHHBIX KaK MOJOXUTENbHbIE 1O pe3yabTaTtaM [1LP 2-ro penakruposanus

CexBeHMpPOBaHHeE CJEAYIOLIEro MOKOJIEHUsI HA
OTAeJbHBIX M00erax M3 He3aBHCHMbIX COOBITHI,
NMPU3HAHHBIX MOJI0KUTEIbHBIMH MO Pe3yJIbTaTAM
Coburmue P 2-ro pexgakTHpOBaAHHUS
IIpouent
IIpouenTt N
LeaeBbie NPOYTEeHHUI
OTPEeaIAKTHPOBAHHBIX
NMPOYTEeHHUs! o JHKOI0
NPoYTEeHHUI
THIA
TMTAO0158-0107-B01-01$001 50207 3,95 60,56
TMTAO0180-0050-B01-06%5001 53374 21,69 0
TMTAO0176-0033-B01-04%001 57042 21,09 0
TMTAO0176-0032-B01-01$001 52353 21,71 0
TMTAO0176-0031-B01-01$001 43073 21,7 0
TMTAO0176-0225-B01-01%$001 49785 22,72 0,01
TMTAO0176-0279-B01-01$001 47708 11,02 0
TMTAO0183-0055-B01-01$001 23655 5,86 0
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IIpumep 6: 3aBucuMoe OT rOMOJIOTHM TOYHOE PeJAKTHPOBAHHME I'e€HOB JIsl
BBeaeHust myTauuu [1781L B ren anetun-KoA kap0okcuiia3bl ali0reKcanjaon IHou

MIIEHUIbI ¢ TOMOIIbI0 HyKJea3bl Cas9 u npsiMoii ceJIeKIHH.

bomOapaupoBanHble He3penble SMOPHOHBI, TOABEPINIUCH OOMOapAMpOBKE
cmecero mazmuaHoit JJHK pBAY02430 (Cas9) (SEQ ID NO: 1; SEQ ID NO: 2),
pBAY02528 (rPHK) (SEQ ID NO: 5) u nonopnoii JHK pBAY02539 (SEQ ID NO: 13)
s BHenpenuss mytanmu [1781L B ren auetwin-KoA kapOokcunasel. Hespenbie
SMOPHUOHBI, MOABEPTIIUECS OOMOAPIUPOBKE, TIOMECTHIIM B HECEJIEKTUBHYIO Cpeny IJis
MHAYKLUWHU KaJJTroca Ha 1-2 Henenu, 3aTeM NepeMeCcTHIN B cpeny, coaepskamyro 200 u
300 M xwusanodomna. C ucnons3oBanueM napsl npaiimepoB HT-18-111 ITpsmoii (SEQ
ID NO: 28) / HT-18-112 O6parnbiii (SEQ ID NO: 29) ObuiM BOCCTaHOBJIEHBI
YCTOHYMBBIE K XH3AJIO(OINy JHMHUU, KOTOPBIE SIBISLTUCH TOJokuUTenbHbIMU B [P,
cnenuduUHON AN penakTupoBaHusi. Ha psime pacTeHuil U3 HE3aBUCUMBIX COOBITHIA,
OLICHEHHBIX Kak TMojoXuTenpHple Mo pesyaptatam IIIP 2-ro penaktupoBaHus,
NPOBOAMIN TIIyOOKOE CEKBEHHUPOBAHWE. JTH JAaHHbIE CEKBEHHPOBAHUS CIIENYIOIIEro
MOKOJIEHUsI AOIOJIHUTENBbHO MOATBEP)KIAAIOT, YTO 3TH PAaCTEHUs COAEPKaT OAUH WU
Ooynee TOYHO OTPENAKTHPOBAHHBIX ajuleled ¢ JKeJaeMOW aMHHOKHCIIOTHON 3aMeHOH

I1781L.

IIpumep 7: 3aBHCHMOE OT rOMOJIOTHH TOYHOE PeJAKTHPOBAHHE IeHOB JIsI
BBefeHust myTauuu [1781L B ren anerni-KoA kap6okcuiia3bl a1oreKcanaonHoi
NIIEHHIbI MyTeM PHOOHYKJIEONPOTEHH-0MOCPEIOBAHHONH JOCTABKH KOMIIOHEHTOB
CRISPR/Cas9

Jnst co3nanust puboHykieonporenHOBbIX komruiekcoB CRISPR/Cas9 6enok Cas9
(myxneasza Alt-R® S.p. Cas9 V3, IDT) u crPHK (xpPHK Alt-R® CRISPR-Cas9 XT u
tpakpPHK Alt-R® CRISPR-Cas9, IDT) npenBaputenpHO CMeLIad B COOTBETCTBHH C
npotokojioMm IDT (www.idtdna.com). Ota crPHK 6buta paspaboraHa [uisi HalleIUBAHUS
Ha nocnenoBaTebHOCTE CTAGGTGTGGAGAACATACA-TGG, pacnoniokeHHYO Hal
KOJIOHOM-MHUIIEHBIO B anleTni-KoA kapOokcuiase.

Hespenbie 3>MOpuoHBl  pasmepom 2-3 MM OomOapaupoBaid  CMECHIO
pubonykneonporensa u goHopuoi JIHK pBay02539 (SEQ ID NO: 13) ¢
UCTIONIb30BAaHUEM cHCTeMbl noctaBku vactul PDS-1000/He cormacHo ommcaHuio B

pabore Svitashev et al. 2016. He3penble sMOpuoHBI, moaseprmuecs: 6OMOapAUPOBKE,
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NOMECTUJI B HECEJIEKTHUBHYIO Cpeiy Ul WHAYKLIUHU KaJulloca Ha 2 HENeNH, 3aTeM
NEePEeMEeCTIIIM B CEJIEKTHBHYIO cpeny, coxepskamyro 200 HM xuszanodona. Beero B 2
skcniepumenTtax 298 u 302 smOpuona 6oMOapANPOBAIIN CMECHIO pUOOHYKJIIEOTIPOTENHA U
noHopuori JTHK pBAY02539 (SEQ ID NO: 13). 13 3Tux 2 5KCHEpUMEHTOB ObLIN
HOJTy4YeHbI TOJIEPAHTHBIE K XH3aJa0(orny JuHIU U3 16 1 9 He3penblx SMOPHOHOB, U AJIS
5TUX 25 nuHuil HaOmonmanoch creuudpuveckas aMIuMpUKALUN OTPEIAKTHPOBAHHOTO
reHa anetwi-KoA kapOokcunasbl ¢ Hcmosib3oBaHueM mnapbl npadimepo HT-18-111
Ipsimoit (SEQ ID NO: 28)/HT-18-112 O6parusiii (SEQ ID NO : 29).

I[To 9 He3aBUCUMBIM COOBITHUSIM, OLIEHEHHBIM KaK TIIOJIOKUTENbHBIE IO
pesynbratam [P ¢ penaktuposanuem, Ha 1 pacTeHuu / COOBITHH TPOBOAMIIN TIIyOOKOE
cekBeHupoBanue. (OO0JacTh, OKPYKAIOIIYID MPEATNONiaraeMblii  IEJIEBON  CaliT,
ammumnduuuposanu meronom TP ¢ monumepasoii Beicokoro kadectsa Q5 (M0492L) ¢
nomowbro BiaokeHHOM ILP. [lns 1-i1 ITHP ucnons3osanu napy npaitmepos HT-18-162
(SEQ ID NO: 34)/HT-18-112 (SEQ ID NO: 29). Otu npaiimepbl ObLIIH pacIioNoKEHBI 38
npeaenamMu romosiorndecknx rmied noHopHoi JHK nns ammmdukammm ¢parmenrta
muHou 1736 m.o. s Bnoskennoit TILP ¢ uenbto ammmdukamnym 001acTi pa3Mepom B
386 11.0. 1)1 CEKBEHUPOBAHMS CIEAYIOLIErO MOKOJIEHUS UCOJIb30BAJIU Napy NpaniMepoB
HT-18-048 (SEQ ID NO: 19)/HT-18-053 (SEQ ID NO: 21). Mbl OoueHWIN YacTOTY
pEeIaKTHPOBAHUS, paccuuTan NPOLIEHT  NPOYTEHMH  IOCJIENOBATENIbHOCTH,
JIEMOHCTPUPYIOLINX HAJIWYME JKEJaeMbIX MyTalMi ¢ aMHUHOKUCIOTHON 3aMeHOH
(auetmn-KoA kapbokcunasza [1781L) B komoHe-MuleHH, Kak ykazaHo noHopHoit JJHK,
B BHJIE JOJH OT OOLIEro 4Mcia MPOYTEHUH. DTH JaHHBIE NMOKA3aJIM, YTO HaM YIalloCh
BOCCTAHOBUTH PACTEHUs] aJUIESIMU B KOJIMYECTBE OT OJHOTO 1O TpeX, TOYHO

OTPEIaKTHPOBAHHBIMH C JKEJIaeMOH aMHHOKUCIOTHO#H 3ameHol 117811 (Tabmuna 12).
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Ta6auna 12. ITpouent (%) TOYHO OTPEAAKTHPOBAHHBIX MPOUYTEHUH B LIEJIEBOM
nokyce auetmn-KoA-kapOokcunassl (ACCase [1781L) B oTmenbHBIX MPOPOCTKAX W3

HE3aBHCHUMBIX COOBITHH, OLIEHEHHBIX KaK MOJOXUTEeNbHble N0 pe3yibraTam IILP 2-ro

penaKTUPOBAHUS
CexkBeHHpOBaHHE CJIeIYIOLIEr0 MOKOJEHHUSI HA
OTJeJbHBIX No0erax u3 He3aBHCHMBIX
COOBITHI1, MPU3HAHHBIX MOJIOKUTEIbLHBIMH N0
CoBuiTie pesyabTatam IIP 2-ro pegaktupoBanus
IMpouent
IIpouent
LeaeBbie | 0OTPpeAAKTHPOBA .
NPOYTEeHHUH
NMPOYTEeHHUsI HHBIX
. AUKOr0 THNA
NPOYTEeHHUI
TMTA0406-0002-B01-0535001 32333 20,15 71,48
TMTA0406-0005-B01-0235001 24434 41,73 0
TMTA0407-0002-B01-025001 34153 35,65 18,29
TMTA0407-0004-B01-0635001 29263 20,05 16,86
TMTA0407-0008-B01-065001 30420 18,72 29,71
TMTA0407-0015-B01-0735001 23696 34,95 37,07
TMTA0407-0018-B01-035001 24723 23,44 0
TMTA0407-0026-B01-015001 28637 18,92 29,05
TMTA0407-0027-B01-025001 29306 20,59 60,67

IIpumep 8: 3aBHCHMOE OT rOMOJIOTHH TOYHOE PeJAKTHPOBAHHE TFeHOB AJIs
BBeaeHnst myTanuu 11781L B ren anerns-KoA xkap0oxkcniiazbl anjiorekcanjionaHomn
NIIEeHUIbI ¢ TOMOmbI0 HyKea3nbl Casl2a.

Bektop skcnpeccun Casl2a pBas03568 (SEQ ID NO: 38; SEQ ID NO:39)
comep:kuT komoH Hykieasbl Lb Casl2a u3 Lachnospiraceae bacterium ND2006,
ONTUMH3UPOBAHHBIN ISl IIEHHUIIBI, 1 HAXOIWICS MO KOHTpojieM npomMoropa pUbiZm
u repmuHaropa 3'35S. Ilnasmunnyro JIHK BexTopa ¢ Hykieasoi LbCasl2a (pBas03568,
rPHK pBas03609 (SEQ ID NO: 41 u nonopnoii JJHK (pBas03253 (SEQ ID NO: 42))
cmenrany ¢ asmupoi pIB26 (SEQ ID NO: 18), conepskarueii rubpunHbiii reH egfp-bar.
Bexrop crPHK pBas03609 conepxut kaccery ana skcmpeccun rPHK, koropas
HanpapisieT Hykieasy LbCasl2 nnst cosmanus paspeiBa asyxuenoudewnoid JIHK B
nocnenosatenbHocTH LeeBoro caita 5'-(TCCA)CACCTAGCCCATCCTCCTTCCCC-
3'. Honopuas JIHK pBas03253 Obuia pa3paboTana 1jisi BBEIEHUS 3aMeH 2 OCHOBaHUI B
konoHe-mumeHn (ATA wa CTC), uto mpuBoguno k m3meneHuro 11781L Ha ypoBHE
oenka. lonopras JIHK sxirouana ¢pparment JJTHK pazmepom 803 m.o. Triticum aestivum,

cyorenom B copra Fielder, ren anermn-KoA kapOokcuiasbl, ComepKalluil JKeIaeMyro
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myTtammo (3amena [1781L). Honopnas JHK Ttaxke comepikaja HEKOTOpPbIE Ipyrue
MOJUaIlie MYTaLUuH, 4YTOOBl mpenoTBpaTuth apodbneHne noHopHoi JIHK wu
OTpPENaKTHPOBAaHHOrO amens c¢ okemaemoirt Myrtanueit (I1781L). CepaueBunHas
nocnenoBateibHOCTD U3 3 1.0. (CTC) B nonopuoii JIHK Obuta ¢uiaHkupoBaHa JIEBBIM U
IPaBbIM FOMOJIOTUYHBIMH TUIEYaMU AJIMHON 0k0J10 400 11.0., KOTOpble ObUTH MACHTHYHBI
nocyenoBaTesbHOCTAM aneTmn-KoA xapOokcuinassl qukoro Tuna cyoresoma B.

Hespenbie »>MOpuoHBI, monmBeprumiuecss OOMOapaIUpPOBKE, TOMECTHIA B
HECEJIEKTUBHYIO Cpefy IJIs MHAYKLMU KaJulioca Ha 1-2 Hejenu, 3aTeM MepeMEeCTHIIN B
cenekTUBHYIO cpeny ¢ PPT (Hempsimasi cenekuusi) Uian B cpeny, coneprxamyr 200 HM
xuzanodorna. PacTeHus, mepeKuBIINE TAHHYIO CEJIEKIINIO, JaJiee MOIABEPTIIN aHAIN3Y O
[P ¢ ucnonp3oBanueM napel npaiimepoB HT-19-022/HT-18-112 nns cnienndudeckoit
aMITU KA OTPENaKTHPOBAHHOTO reHa anetni-KoA kapOokcmnasbl. Ha pactenusix,
OLIEHEHHBIX KaK MOJIOKUTeNbHble o pe3ynbTaTam [P ¢ penakTupoBaHueM, NpoBOAUIN
rnyOokoe cexkBeHuposanue. s 1-ii [TLP ncnonp3osanu napy npaiimepos HT-18-162/
HT-18-112. Dtu npaiiMmeps! ObUTH PaCIIONIOKEHBI 3a MpeaeaMi FTOMOJOTHYECKUX TUIed
nonopuoit JIHK mns ammmudukanuu pparmenta mymmaoi 1736 m.o. s Bioxennoi [TLP
ucronb3oBany napy nparimepos HT-18-048/ HT-18-053.

JlaHHbIe TTyOOKOro CEKBEHHPOBAHUS MOKA3aJIH TOYHOE PENAKTHPOBAHNUE TE€HOB
romosiorndHoi pexkomOunauueit (HR) ot ogHoro o 2 anneneii HATUBHOTO I'eHA aLlETHII-
KoA xapOokcuiiasel B aJUIOTeKCArIONIHON MIIEHHIIE, a TAK)KE OJHOTO HJIM HECKOJIbKUX
ajnjenel ¢ ajieasiMi, UMEIIIMMH HHCEPLIMOHHO-AENEHUOHHbIE MyTallUY, TIOJY4YeHHbIE

13-332 HErOMOJIOTUYHOTO coenuHeHus1 KOHoB (Tabuia 4).

Ta6auna 13. ITpouent (%) TOYHO OTPEAAKTHPOBAHHBIX MPOYTCHUH B LIEJIEBOM
nokyce anerwi-KoA-kapookcunaser (ACCase I11781L) B oTpemakTupOBaHHBIX

pacTeHusIx mpu nomoinu Hykieassl LbCasl2a.

IIpouent
. IIpouenT
Pacrenue LleneBbie mpouTeHust | penakTUPOBAHUI
117811 JUKOro THUIA
TMTA0457-0008-B01-01$001 89265 16,95 42,58
TMTAO0505-0025-B01-04$001 84785 8,31 21,65
TMTAO0506-0005-B01-01$001 26042 17,24 14,7
TMTAO0506-0005-B01-08$001 26270 16,91 15,2
TMTA0506-0010-B01-02$001 20672 15,91 79,1
TMTA0506-0010-B01-03$001 19771 16,39 78,3
TMTAO0506-0010-B01-14$001 59046 16,2 75,13
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TMTA0514-0027-B01-025001 83628 16,62 12,7
TMTA0514-0027-B01-045001 20666 14,64 37,5
TMTA0514-0050-B0O1-055001 82890 14,8 0,04
TMTA0514-0050-B01-0635001 21360 15,17 <0.01
TMTA0514-0059-B01-0635001 93636 14,12 0,36
TMTAO0514-0074-B02-013001 83180 18,53 29,26
TMTAO0515-0001-B01-013001 41225 9,06 61,93
TMTAO0515-0001-B01-023001 41251 9,54 61,38
TMTAO0515-0001-B02-013001 37048 12,66 61,2
TMTAO0515-0001-B02-025001 32697 12,17 61,38
TMTAO0515-0009-B01-025001 37952 13,52 54,4
TMTAO0515-0009-B01-0335001 35492 17,64 56,9
TMTAO0515-0012-B01-013001 52360 14,41 27,14
TMTAO0515-0012-B01-0235001 38369 13,53 27,77
TMTA0515-0012-B02-013001 36241 14,55 28,6
TMTAO0515-0012-B02-025001 34213 15,77 29,34
TMTAO0515-0013-B01-013001 36906 14,6 0
TMTA0520-0046-B01-025001 90623 15,32 61,02
TMTA0520-0046-B01-035001 19743 15,07 61,4
TMTA0521-0020-B01-045001 86629 31,83 19,26
TMTA0521-0020-B01-0635001 12979 31,87 19,6
TMTA0521-0049-B01-035001 95950 14,13 31,07
TMTA0522-0014-B01-015001 20473 17,08 0,04
TMTA0522-0014-B01-025001 18943 17,36 <0.01

IIpumep 9: 3aBuCHMOE OT rOMOJIOTHH TOYHOE PeJAKTHPOBAHHE IeHOB AJIs
BBeaeHnst myranuu [1781L B ren anerni-KoA kap0okcniiazbl ajiorekcanjionaHoi
MIIEHHIIBI ¢ MOMOIIBIO capeHHOH HUKa3bl Cas9 npu 0oJiee KPYMHBIX PACCTOSTHHSX
MEKIY ONHOLENO4YeYHBIMH Pa3pbIBAMU.

Jns storo skcnepuMmenTta Obutn paspaboranbl rPHK, Hampasisironiue HUKaszy
SpCas9 k ueneBbIM caliTaM Ha MPOTUBOIOJIOKHBIX LEMAX ¢ paccTosiHueM B 45 mmn 136
HYKJICOTHJIOB MEXKAY ABYMs CAaliTaMU OTHOLIETIOUEYHBIX pa3pbiBOB. Hespenbie sMOpHOHBI
NOJBEPTaI COBMECTHOH OombapaupoBke BekropoM HuKas3bl Cas9 pBas02734 (SEQ ID
NO: 3; SEQ ID NO: 4), nonopnoit IHK pBas04096 (SEQ ID NO: 35) u napoii BeKTopoB
rPHK pBay02528 (SEQ ID NO: 5). u pBas04093 (SEQ ID NO: 37) nnst co3maHus
OHOLIETIOYEYHOI0 pas3pblBa Ha MPOTUBONOJOKHBIX LEMsIX Ha paccrossHuu 136
HYKJICOTHIOB APYyr OT Jpyra, WIH e OHMOPHOHBI TIOABEPraii COBMECTHOMN
O6ombapaupoBke BekropoM HEKa3bl Cas9 pBas02734 (SEQ ID NO: 3; SEQ ID NO: 4),
nonopHoit JIHK pBay02544 (SEQ ID NO: 36) u napoii sekropos rPHK pBay02529 (SEQ
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ID NO: 6) u pBay02531 (SEQ ID NO: 8), kaxnmast U3 KOTOPbIX CO3JJa€T OHOLIETIOYEYHbIH
Pa3pbIB Ha MPOTUBOIOJIOKHBIX LETSX HA PacCTOSTHUU 45 HYKJIEOTHUIOB APYT OT Apyra.
ITocne 6GombapaMpPOBKU HE3pelible SMOPHUOHBI IOMECTUIIN B HECEJIEKTHUBHYIO CPeny IJis
UHIYKIMA KaJUIl0ca Ha 2 HeJeNu, 3aTeM IIePEeMEeCTHJIM B CEJeKTHBHYIO Cpeny,
comepkamyo 200 HM xusanogona. YcrolduBble K XH3aHO(DOINY pacTEeHHs najee
noasepriu anammzy mno TP ¢ ucnonb3oBanmem HaGopa npatimepos (HT-18-113
Ipssmoit  /  HT-18-112  OOpatHeii) 1mas  cnenuduyueckod  aMIUIM(UKALUH
OTpeIaKTHPOBAHHOTO reHa aneTuia-KoA kapOokcuiasel. Ha pacTeHHsIX, OLEHEHHBIX KaK
NoJIOKHUTENbHbIE 1O pesynbratam [ILP ¢ pemakTupoBaHHeM, MPOBOIWIMA TIIyOOKOE
cekBeHHpoBaHue. [l  riyOOKOro  CeKBEHHPOBAaHUS  O0JIACTh,  OKPYKAFOILYIO
npernoiaraeMblii 1esieBoi caiT, amrumnduimponanu meronom [P ¢ momumepasoii
BbICOKOTO KadectBa Q5 (MO0492L) ¢ momombto BnoskeHHout ITP. s 1-it TTLIP
ucrionib3oBau mapy mnpaiimepoB HT-18-162/ HT-18-112. DTtm mpaiimepsr Obutn
pPacrojio’KeHbl 3a MOpeaesaMu TroMoJorudeckux miaed aoHopHord JHK s
amrndukanmuu pparmenta nmHo# 1736 m.o. [{ns snoskennoit P ucnons3oBamm mapy
npaiimepoB HT-18-048/ HT-18-053. Otu nanubie B Tabnuie 14 mokasanm, 4To qaxe mpu
OONBLIMX  PACCTOSHUSAX  MEXIY  OAHOLETOYEYHBIMH  pa3pblBAMH  MOXKHO
UICHTU(QHULUPOBATh PACTEHHs C OJHMM TOYHO OTPEJAKTHPOBAHHBIM aJUleJieM, He
cofieprKaliye ajuleseil ¢ HHCEPLUOHHO-AENEIMOHHBIMI MyTallUsIMU, TTOJy4YE€HHBIMH U3-

3a HCrOMOJIOTHYHOI'O COCAUHCHH A KOHIIOB.

Ta6auna 14. IIpouent (%) TOYHO OTPeNAKTHUPOBAHHBIX MPOUYTEHHI B LIEJEBOM
nokyce anerui-KoA-kapbokcunassl (ACCase 11781L) B pacTeHHsX, YCTOHYMBBIX K

Xu3a10(oITy, OTPENaKTHPOBAHHBIX CIIapeHHON HUKa30i Cas9

Kou-Bo
PaccrosiHue Tpouent aJIesien ¢
MERIY Henesbie | pexaxrn IIpoueHTt | nHCepuuo
Pacrenue OJHOLIemo4e npouTenus| posanmii JAHKOI0 HHO-
YHLIMHA 1781L THIIA ueneugnon
pa3pbIBamMHu HOH
MyTauuen
TMTAO0279-0117-
B01-01 45 »r 75258 24,19 73,29 0
TMTAO0279-0128-
B01-01 45 »r 79808 13,22 37,31 3
TMTAO0280-0153-
B01-01 45 »r 76765 19,71 78,05 0
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TMTA0654-0022-

B01-02 136 HT 122904 16,59 77,96 0
TMTA0654-0022-

B01-03 136 HT 112145 18,06 75,84 0

IIpumep 10: 3aBucuMoOe 0T rOMOJIOTHH TOYHOE PeJAKTHPOBAHHE FeHOB /JIsl
BBeaeHnst mytanuu [1781L B ren anerni-KoA kap0okcniiazbl ajiorekcanjionaHoi
NIIeHUIbI ¢ MOMOIbIO HyKJIea3bl Casl2a.

Bektop skcnpeccun Casl2a pBas03568 (SEQ ID NO: 38; SEQ ID NO:39)
comep:kuT komoH Hykieassl Lb Casl2a u3 Lachnospiraceae bacterium ND2006,
ONTUMH3HPOBAHHBIA JUTsI MIIEHHUIBI, 1 HAXOIUIICS MOJ KOHTposieM mpomoTopa pUbiZm
u repmuHaropa 3'35S. Ilnasmunnyro JIHK BexTopa ¢ Hykieasoi LbCasl2a (pBas03568,
rPHK pBas03609 (SEQ ID NO: 41 u nonopnoii JJHK (pBas03253 (SEQ ID NO: 42))
cmenrany ¢ azmunoit pIB26 (SEQ ID NO: 18), conepskarueti rubpunHbiii reH egfp-bar.
Bexrop crPHK pBas03609 conmepxut kaccery ana skcmpeccun rPHK, koropas
Hanpaisier Hykieasy LbCasl2 nnst cosmanus paspeiBa asyxuenoudewnod JIHK B
nocnenosatenbHOCTH LeneBoro caita 5'-(TCCA)CACCTAGCCCATCCTCCTTCCCC-
3'. Honopuas JJHK pBas03253 Opuia pa3paborana 1Jj1si BBEIEHUS] 3aMEeH 2 OCHOBAHHH B
konoHe-mumeHu (ATA na CTC), uro nmpusomio k usmenenuto 117811 Ha ypoBHe
oenka. lonopuas JIHK Bxirouaer ¢pparment JIHK pazmepom 803 m.o. Triticum aestivum,
cybrenom B copra Fielder, ren auetmn-KoA kapOGokcuiasbl, CopepsKalui KeJIaeMyro
myTtaumio (3ameHa 11781L). Jlonopnas JHK Takxke cOmepKUT HEKOTOpbIE Apyrue
MOJUaIlMe MyTaluH, 4YTOOBI mpenoTBpaTuth apobneHue nonopuoit JHK wu
OTPeNaKTHPOBAHHOTO ayens ¢ okemaemoit wmyrtamumeit (I1781L). CepaueuHHas
nocienosatesibHOCTh U3 3 1.0. (CTC) B nonopHoii JIHK Obuta (hnaHkupoBaHa JEBBIM U
MPaBbIM TOMOJIOTMYHBIMHU IUIedaMu AJIUHON OKoJio 400 m.0., KOTOpble WAEHTUYHBI
NOCJIEOBATENLHOCTSM aneTii-KoA kapOokcuasbl TUKOTo THMa cyoreHoma B.

Hespenpie »>mMOpuoHbI, monBeprimuecss OoOMOapaIUpPOBKE, TOMECTUIN B
HECEJIEKTHBHYIO Cpeny IUIsl MHAYKLWHU KaJulroca Ha 1-2 Hemenu, 3aTeM MepeMecTIUId B
cenekTUBHYIO cpeny ¢ PPT (Hempsimas cenekuusi) uian B cpeny, coneprxkamyr 200 HM
xuzanodorna. PacTeHus, mepeKuBIINE NAaHHYIO CEJIEKIIUIO, Jaee MOABEPTIIN aHAN3Y O
[P ¢ ucnonp3oBanueM napel npaiimepo HT-19-022/HT-18-112 mnsa cnienuduyeckoi
aMITUpHUKaMK OTPENaKTHPOBAHHOTO reHa anetnin-KoA kapOokcmnasbl. Ha pactenusix,

OLICHEHHBIX KaK MOJIOKUTENbHbIE 110 pe3yibTataM I1LIP ¢ penaktuposanuem, npoBOAUIN
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rinyookoe cexkBeHuposanue. s 1-i [P ucnonp3zoBanu napy npatimepos HT-18-162/
HT-18-112. Dtu npaiimeps! ObUTH PacIIONOKEHBI 3a MpeaeaMi FTOMOJOTHYECKUX TUIeY
noHopHoit IHK st amnmuduxanmu pparmenrta anuHoi 1736 n.o. s BinosxxenHoi ITLP
ucronb3oBanu napy nparimepos HT-18-048/ HT-18-053.

JlaHHbIe TTyOOKOrO CEKBEHHPOBAHMS ITOKA3aJId TOYHOE PEAAKTUPOBAHUE T€HOB
romoJjiornyHoi pexomOuHauueii (HR) ot ogHOro o 2 ajneneii HATUBHOTO I'€HA alleTHII-
KoA xapOokcuiia3el B aJUIOreKCArNIONTHON MIIEHHIIE, a TAK)KE OJHOTO HUJIM HECKOJIBKUX
ajnenel ¢ ajesIMU, UMEIOIIMMH HHCEPLIMOHHO-AEIeLIUOHHbIE MyTalliH, MOJy4YeHHbIe

U3-32 HETOMOJIOTHYHOTO coeirHeHus1 KoHIoB (Tabnuua 15).

Ta6auna 15. ITpouent (%) TOYHO OTPEOAKTHPOBAHHBIX MPOYTCHUH B LIEIEBOM
nokyce anetwi-KoA-kapOokcunaser (ACCase I11781L) B  oTpemakTupOBaHHBIX

pacTeHusIx mpu nomoinu Hykieassl LbCasl2a.

P IMeneBbie Tponent o IIpouent
acTeHue npouTenns peAAKTHPOBAHH I AMKOr0 THIA
11781L

TMTA0457-0008-B01-01$001 89265 16,95 42,58
TMTAO0505-0025-B01-04%001 84785 8,31 21,65
TMTA0506-0005-B01-01$001 26042 17,24 14,7
TMTAO0506-0005-B01-08%5001 26270 16,91 15,2
TMTA0506-0010-B01-02%5001 20672 15,91 79,1
TMTA0506-0010-B01-03%$001 19771 16,39 78,3
TMTAO0506-0010-B01-14$001 59046 16,2 75,13
TMTAO0514-0027-B01-02$001 83628 16,62 12,7
TMTAO0514-0027-B01-04%$001 20666 14,64 37,5
TMTAO0514-0050-B01-05%$001 82890 14,8 0,04
TMTAO0514-0050-B01-06%$001 21360 15,17 <0.01
TMTAO0514-0059-B01-06%5001 93636 14,12 0,36
TMTAO0514-0074-B02-01$001 83180 18,53 29,26
TMTAO0515-0001-B01-01$001 41225 9,06 61,93
TMTAO0515-0001-B01-02%001 41251 9,54 61,38
TMTAO0515-0001-B02-01$001 37048 12,66 61,2
TMTAO0515-0001-B02-02%001 32697 12,17 61,38
TMTAO0515-0009-B01-02%001 37952 13,52 54 4
TMTAO0515-0009-B01-03%001 35492 17,64 56,9
TMTAO0515-0012-B01-01$001 52360 14,41 27,14
TMTAO0515-0012-B01-02%001 38369 13,53 27,77
TMTAO0515-0012-B02-01%$001 36241 14,55 28,6
TMTAO0515-0012-B02-02%001 34213 15,77 29,34
TMTAO0515-0013-B01-01$001 36906 14,6 0
TMTAO0520-0046-B01-02%001 90623 15,32 61,02
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TMTA0520-0046-B01-035001 19743 15,07 61,4
TMTA0521-0020-B01-045001 86629 31,83 19,26
TMTA0521-0020-B01-0635001 12979 31,87 19,6
TMTA0521-0049-B01-035001 95950 14,13 31,07
TMTA0522-0014-B01-013001 20473 17,08 0,04
TMTA0522-0014-B01-023001 18943 17,36 <0.01




dopmyJia u3odpeTeHust

1. Cnoco® TOYHOrO BBEHEHHUs, IO MeHbIIEH Mepe, OIHOW MOJIEKYJIbI

noHoprori /THK B wmeneByro 00acTh reéHOMa NINEHHLbI, BKIFOUYAOIIUI CIEAYIOIIUE

STambl:
a.  BBEJEHHUE B KJETKY MIIEHUIIbI
1. 10 MEeHbIIEN Mepe, ONHON AOHOpHOU MoJekynsl JJHK u
ii.  mo meHbuiei mepe, ogaolt PHK-ynpasnsemoit nykieass miun PHK-
YIIPaBJIsIEMON HUKA3BI U
iii. 1o MeHbluel Mepe, ogHoH opnHOouHON Hanpasssroei PHK (crPHK)
nm TpakpPHK u xpPHK, n
b.  WHKYOMpOBaHHE KJIETKH MIIEHULIbI I BBEISHHS YKa3aHHOM, 10 MEHbLIEH
mepe, ogHoit qoHopuoit JIHK B ykazaHHyIO 1eneByr0 00J1acTh reHOMa U
C.  BBIOOp KJIETKH MIIEHHIBI, COIAEprKaIlell MOCIeA0BATENIbHOCTD MOJIEKYJIbI

nonoproit JIHK B ykazanHo# 1nieneBoii oonacry,
npudyem noHopHas JIHK ¢yHkunoHanpHO cBsA3aHa ¢, Mo MeHblued mepe, 30
OCHOBAHUSIMHU Ha ee 5'- u/mu 3'-KOHLIe, KaXI0€e U3 KOTOPBIX, IO MEHbIIEH Mepe,

Ha 80% HOEHTHUYHO MMOCJIEN0OBATEILHOCTHU B LIEJIEBOI 00ACTHU.

2. Cnoco0 nosiyueHus pacTeHus MIIeHUIbI, cofepkamero nonopHyro JJHK B
1[eJIEBOI 00J1aCTH r€HOMa, BKJTFOUYAIOIININ CIEAYIOIINE TAIbI:
a.  BBEJEHHUE B KJETKY MIIEHUIIbI
1. 1o MeHblel Mepe, onHoil noHopHoi JJTHK u
ii.  mo meHbuiei mepe, ogaolt PHK-ynpasnsemoit nykieass! miun PHK-
YIIPaBJIsIEMON HUKA3BI U
iii. o MeHbluel Mepe, ogHoH opnHOouHON Hanpasssroe PHK (crPHK)
nm TpakpPHK u kpPHK, u
b.  uHKYOMpOBaHHE KJIETKH MIIEHHULbI JUI BBEIEHHS YKA3aHHOH, IO MEHbILEH
mepe, ogHoi noropHoi JIHK B neneByro o0nacts reHOMa,
C.  BBIOOp KJIETKH MIIEHHIBI, COMAEpKaIlel MOCIeA0BATENbHOCTD MOJIEKYJIbI
nonoproit JIHK B ykazanHo# 1nieneBoii oonacry,
d.  pereHepupoBaHHE PACTEHHUS MIIEHULBI U3 YKa3aHHOW BBHIOPAHHOHN KIJIETKU

NIICHUIIBI,



npudyeMm noHopHas JIHK ¢yHkunoHanmpHO cBsA3aHa ¢, 1Mo MeHblIed mepe, 30
OCHOBAHUSIMHU Ha ee 5'- u/miu 3'-KOHILIe, KaXKI0e U3 KOTOPBIX, IO MEHBIIIeH Mepe,

Ha 80% HOEHTHUYHO MMOCJIEN0OBATEILHOCTH B LIEJIEBOI 00ACTHU.

3. Cnocob mo m. 1 uiu 2, OTJAHYAKIMIACA TeM, YTO MOCJe 3Tana b. KJIeTKy

NIIEHUIBI HTHKYOUPYIOT Ha Cpere, Coaeprkalneil CeNeKTHBHbIN areHt.

4. Cnocobmomn. 1-3, oranyaromuiics Tem, uro PHK-ynpasisiemas nykieasa

wi PHK-ynpasisiemas Hukasa npencrasisier codboit nykieasy Cas min aukasy Cas.

5. Crnocob mo 1. 1 - 4, oryimuaromumiicss Tem, 4To Hykieaza Cas wim HUKa3a

Cas npencragnsier coboii Hykneasy Cas9 wnu Cas12 wim vukasy Cas9 wim Casl2.

6. Cnocob mo m. 1 - 5, oTimyaromuiicss Tem, 4TO, IO MEHBIIEH Mepe, OIHY
13, 110 MEHBLIEH Mepe, OTHOW HYKJIea3bl WIH, IO MEHbLIEH Mepe, OJHOW HUKa3bl, WIH, 110
Menblen mepe, ogon crPHK wnm, no menpmenn mepe, onnont kpPHK u TpaxkpPHK

BBOJSIT B YKA3aHHYIO KJIETKY, KOAUPYEMYH MOJIEKYJION HYKJIEMHOBON KUCJIOTBHI.

7.  Cpnoco® mo m. 6, OTJHYAKINHICA TeM, YTO MOJEKyJa HYKJIEHMHOBOU
KUCJIOTBl TPEACTAaBJIseT COOONH IIa3sMuAy, COMAEPXKAIlYH KAacCeTy 3KCIPECCHH,
KOZIMPYIOIIYIO YKA3aHHYIO, 10 MEHbIIEH Mepe, OHY HyKJiea3y/HUKa3y UM, 0 MEeHbIIeH

mepe, ogHy crPHK nmm, no menbiueit mepe, onny kpPHK u TpaxpPHK.

8. Cnocob mo m. 6, oTMYAKIMMIICA TeM, YTO HYKJEHHOBAas KHCIOTa

npencrasisier codoit mosekyny PHK.

9. Crnioco0 o 1. 6 to 8, oTJIMYaMiics TeM, YTO, 0 MEHBIIEH Mepe, OTHA
HyKJieasa WM, [0 MEHbLIEH Mepe, OJHa HHKa3a MPeNCTaBJseT CoOOM

MOCJICAOBATCIIBHOCTD, ONITUMU3HUPOBAHHYIO JJIA SKCIIPECCHUHN B NIILICHULIE.

10. Cmocob mo m. 1 - 5, oTiM4yaomuicss Tem, 4TO, IO MEHBIIEH Mepe, OOHY
PHK-ynpasnsemyro Hykieasy win PHK-ynpasnsiemyro HUKa3y u, O MEHBLIEH Mepe,
onny crPHK wunn, no mensment mepe, onHy kpPHK u tpakpPHK BBOAAT B yKa3aHHYIO

KJIeTKy B Buae pubonykieonporensa (PHII), coOpaHHOro BHE yKa3aHHOM KIIETKH.



11. Cnocob no . 1 - 10, oryimyaromuiicss TeM, 4YTO KOMOMHALIMIO JOHOPHOH
JHK u xpPHK/TpaxpPHK wnmu crPHK BbiOupatot npeasaputensHo 11 3h(HEeKTHBHOTO

BBeieHUs MoJiekybl JoHopHo# JIHK B eneByro oOnacTs.

12. Cnocob mo m. 1 - 11, oTsimuaromuiicss TeM, 4TO, IO MEHbIIEH Mepe, OIHY
nonopuyro JIHK u, no mensiueit mepe, onny PHK-ynpasnsemyro nykneasy unu PHK-
yIOPaBIsSEMYI0 HHUKAa3y M, [0 MeHbIIeld Mepe, OIHY OAMHOKYI0 Hampasisiromyro PHK
(crPHK) unu tpakpPHK u kpPHK BBOAST B yKa3aHHYIO KJIETKY C HCIIOJIb30BAaHHEM

OoMOapaAUPOBKH YaCTHIIAMHU WJIH ONOCPENOBAHHOTO arpobakTepusimu BBenenus JJHK.

13. Cnocob mo m. 1 - 12, oTJim4arouuiicas Tem, 4To, 1O MEHbIIIEH Mepe, OHA
PHK-ynpasnsiemas Hykieasa wiy, no menouie mepe, ona PHK-ynpasnsemyas Hukasa

COZIEP>KUT KJIETOYHBII CUTHAJ BHYTPUAIEPHOM JIOKAIU3ALUH.
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